New Process The present invention relates to
pyrrolidin-2-ones according to fornula (1), or salts
wo bsogds7 wherein RL is hydrogen or a nitrogenPCT/EP2008/000142
protecting group, as defined herein, nmethods for their
preparation and their use in the preparation of
NEP-i nhi bitors, particularly in the preparation of
N- (3-car boxyl -1
0 yl)-(4S) - (p-phenyl phenyl net hyl ) - 4- am no- ( 2R) -
Nerrvg?ﬁ%e%%ut anoic acid ethyl ester, or salt thereof.
Endogenous atrial natriuretic peptides (ANP) al so
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theradfal s. - The natural ANF peptides are netabolically
i nactivated, in particular by a degradi ng enzyne which
has been recogni zed to correspond to the enzyne
neutral endopepti dase”(NEP, EC 3.4.24.1 1), which is
al so responsi bl e for the netabolic inactivation
In ke alt biaryl substituted
Id derivatives are known which are useful
endopdpt i dase (NEP) inhibitors, e.g. as
DS~ 0 e ANF- degr adi ng enzyne in manmmal s so
as t prolong and potentiate the diuretic, natriuretic
and jdsasodi | ator properties of ANF in mamral s by
i nhi'biting the degradation tH& eof to less active
met abolites. NEP inhibitors are thus particularly
whlérse?rg H|1 isf I%Fdr})geen ct)rrae g‘l rggé‘é pr%gec(f\ir?gn 8}otu|p,o gss defined herein, methods for
their preparation and their use in the preparation of NEP-inhibitors, particularly in the
preparation of N-(3-carboxyl-1-oxopropyl)-(4S)-(p-phenylphenylmethyl)-4-amino-(2R)-

methyl butanoic acid ethyl ester, or salt thereof.

Endogenous atrial natriuretic peptides (ANP), also called atrial natriuretic factors (ANF),
have diuretic, natriuretic and vasorelaxant functions in mammals. The natural ANF
peptides are metabolically inactivated, in particular by a degrading enzyme which has
been recognized to correspond to the enzyme neutral endopeptidase (NEP, EC
3.4.24.11), which is also responsible for e.g. the metabolic inactivation of enkephalins.

In the art biaryl substituted phosphonic acid derivatives 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.



and di sorders responsive to the inhibition of neutral
endopeptidase (EC 3.4.24.11), particularly
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insufficiency including edeara and salt retention,
pul nonary edema and congestive heart failure.
Processes for preparing NEP-inhibitors are known. US 5
217 996 describes biaryl substituted 4-am no-butyric
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or pro ing NEP inhibitors or
prodrugs thereof, in particular it was an object to
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to 1Vr)PcX)ldeb HF\ aﬁ?t%h?atieg'rga&}onyllou?esheg’process for producing N-(3-carboxyl-1-

oxopropyl)-(4S)-(p-phenylphenylmethyl)-4-amino-(2R)-methyl butanoic acid ethyl ester,

or salt theof.

US 5217 996 discloses the preparation of N-(3-carboxyl-1-oxopropyl)-(4S)-(p-
phenylphenylmethyl)-4-amino-(2R)-methyl butanoic acid ethyl ester. In the preparation
of said compound N-t-butoxycarbonyl-(4R)-(p-phenylphenylmethyl)-4-amino-2-methyi-2-
butenoic acid ethyl ester is hydrogenated in the presence of palladium on charcoal. A
major drawback of said process is that such a hydrogenation step is not very selective
and yields N-t-butoxycarbonyl-(4S)-(p-phenylphenylmethyl)-4-amino-2-methylbutanoic
acid ethyl ester as a 80:20 mixture of diastereomers. Moreover, the process for
preparing N-t-butoxycarbonyl-(4R)-(p-phenylphenylmethyl)-4-amino-(2)-methyi(2)-
butenoic acid ethyl ester requires D-tyrosine as starting material, which is an unnatural

amino acid and is not readily available.



or salt theof. US 5 217 996 di scl oses the preparation
of
wOR(8/0gxsboxyl - 1- oxopropyl ) - (4S) - (pphenyl phenyPeeEP200§/600142
4-am no- (2R) - et hyl butanoix acid ethyl ester. In the
preparation of said conmpound
N-t - but oxycar bonyl - (4R) - ( p- phenyl phenyl net hyl ) - 4- am no
-2-nmet hyl -2- butenoic acid ethyl ester is hydrogenated
in the presence of palladiumon charcoal. A ngjor
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amno a&id and is n}L readi ly avai ab .1t was hence
an object of the present invention t vi de a
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butoxycarbonyl-(4S)-(p-phenylphenyimethyl)-4-amino-(2R)- methylbutanonc acid ethyl

ester, or salt thereof, wherein the above-mentioned hydrogenation step is avoided.

It was a still further object to provide a process for producing compound N-t-
butoxycarbonyI-(4S)-(p-phenylphenylmethyl)-4-amino-2-methylbutanoic acid ethyl ester,
or salt thereof, having a high diastereomeric ratio, wherein the (2R, 4S)-configuration
according to formula (3-a) is preferred. In particular, the diastereomeric ratio is desirably
more than 60 : 40, preferably more than 70 : 30, particularly preferred more than
80:20. More preferred the diastereomeric ratio is more than 90:10. The
diastereomeric ratio can be up to 99 : 1, preferably 100 : 0. Preferred diasteromeric

ratios refer to the ratio of diasteromers (3-a) to (3-b), or salts thereof,
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It was a still further object to provide a process for
produci ng conpound N-tbut oxycar bonyl - (

wa B)spgsophenyl phenyl net hyl ) - 4- am no- 2- net hyl buPErBP2H08/000142
acid ethyl ester, or salt tdhereof, having a high
di astereoneric ratio, wherein the (2R
4S) -configuration according to formula (3-a) is
preferred. In particular, the diastereoneric ratio is
desirably nore than 60 : 40, preferably nore than 70 :
30, particularly preferred nore than 80 : 20. More

The di astereoneric ratio can be up to 99 : 1,

p 100 : 0. Preferred diasteroneric ratios

e ratio of diasteroners (3-a) to (3-b), or

wherein RL is HR2 is t-butoxycarbonyl
and R3 ™s~ethyl. The conversion of a conpound of
formula (3), wherein RL is HR2 is t-butoxycarbonyl
and R3 is eth i NEP i nhi bitor or prodrug
thereof,R%ﬁTNpartlcula into
N- (3- car boxyl - 1- oxopr ogylas (4S) - (p- phenyl phenyl met hyl )
-4- ani no- f3R) - met hyl but anoi B-b)ci d ethyl ester, or
salt theof, has been described, for exanple in the
Journal of Medicinal Chem stry, 1995, 38, 1689. It was

whateypRa s HbR&ds t-butoxycavhary! and BB iscethylt The conversies of a compound

rei® the resulting conpound

Ofﬁﬁﬁwgégbxycarbonyl(48)-(p-pheny|phenylnethyl)-4-an1no-

(2R) net hyl but anoi c acid ethyl ester, or salt thereof,

gan be provided in pure or even in crystalline form
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wherein R1 is H, R2 is t-butoxycarbonyl and R3 is ethyl, into a NEP inhibitor or prodrug
thereof, in particular into N-(3-carboxyl-1-oxopropyl)-(4S)-(p-phenylphenylmethy!)-4-
amino-(2R)-methyl butanoic acid ethyl ester, or salt theof, has been described, for
example in the Journal of Medicinal Chemistry, 1995, 38, 1689.

It was also an object to provide an alternative process, wherein the resulting compound
N-t-butoxycarbonyl(4S)-(p-phenylphenylmethyl)-4-amino-(2R)methylbutanoic acid ethyl

ester, or salt thereof, can be provided in pure or even in crystalline form.

Furthermore, it was an object of the present invention to provide a process wherein
readily available starting compounds, e.g. natural amino acids or derivatives thereof,
can be used and unnatural amino acids as starting material are avoided. Preferably it



readily avail abl e starting conpounds, e.g. natural

am no acids or derivatives thereof, can be used and
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avoi ded. Preferably itwas anh object of the present

invention to provide a process wherein the starting

materials are available fromthe chiral pool/ The

obj ects of the present invention can be achi eved by

rovi din ecific lactam as a key internediate. .
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hereinafter referred to as "Key Lactam (1)". The

i nvention as a whole conprises the foll owi ng sections:
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Key Lactam (1) Section D. Novel and inventive

compounds occurring i I one of the precedent sections
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wherein R1 is hydrogen or a nitrogen protecting group, as defined hereinafter. The
compound according to formula (1), or salt thereof, is hereinafter referred to as "Key

Lactam (1)".
The invention as a whole comprises the following sections:

Section A: The Key Lactam (1) as such

Section B: Use of the Key Lactam (1) in the preparation of NEP-inhibitors

Section C: Preparation methods for the Key Lactam (1) _

Section D: Novel and inventive compounds occurring in one of the precedent
sections

Section E: Examples

The invention specially relates to the processes described in each section. The
invention likewise relates, independently, to every single step described in a process
sequence within the corresponding section. Therefore, each and every single step of

any process, consisting of a sequence of steps, described herein is itself a preferred



Section E: Exanples The invention specially relates to
t he processes described in each section. The invention
WO p008BIe7 r el at es, i ndependently, to every si nBUEHEB108§/000142
described in a process sequence within the
“correspondi ng section. Therefore, each and every
single step of any process, consisting of a sequence
of steps, described hereinis itself a
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being made to salts thereof. Depending on the choice of the starting materials and
procedures, the compouhds can be present in the form of one of the possible isomers
or as mixtures thereof, for example as pure optical isomers, or as isomer mixtures, such
as racemates and diastereocisomer mixtures, depending on the number of asymmetric

carbon atoms.
Section A: The Key Lactam (1) as such

The subject-matter of the present invention is a lactam according to formula (1), or salt
thereof,

0] l
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wherein R1 is hydrogen or a nitrogen protecting group, as defined hereinafter.



or as mxtures thereof, for exanple as pure optical

i soners, or as isoner mxtures, such as racemates and
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asymmetric carbon atons. Sertion A: The Key Lactam (1)

as such The subject-matter of the present invention is

a lactam according to fornmula (1), or salt thereof,

wherein R 1 is hydrogen or a nitrogen protecting

d here er. Wth re ardto
s RN R I R
saltd theyegof care pakdislet her eof, are possi bI e. I n the present

i nventi on conpounds according to fornmula (1-a) (=
S-enantioner) are preferred. In formulae (1), (1-a)

and (1-b), or salts t#iereof, the residue Rl is
hydrogen or a nitrog [otecting group, as defin

. he nitrogen prot
ol i dirhyl net hyl , 1-but oxyqgd
ch as TES) acetfl, \benzyl

0FCh) r rRethyl si |l yet hox | An
per f abI y pivaloyl, pyrrolidinyl hyl ,
t- bqlt oxycar bonyl, benzyl (q srly (such as TES).
Gener ally, in the present a’SpI [ ca | on all (1-b)

pyrrolidin-2-one conpounds, or salts thereof, are
in their keto f in

in PR BB PP Btinge RECEUR IS ormbg (5
preféresce v farmuaet(i ) (1-apane(1als), ot saitstihere ot e reBieide R1 is hydrogen
or g%ﬂr%%grq %?dte&rrng group, as defined hereinafter, preferably the nitrogen protecting
group is pivaloyl, pyrrolidinylmethyl, t-butoxycarbonyl, benzyl, silyl (such as TES),
acetyl, benzyloxycarbonyl (Cbz) and trimethylsilyethoxymethyl (SEM); more perefably
pivaloyl, pyrrolidinylmethyl, t-butoxycarbonyl, benzyl and silyl (such as TES).

enan v (ta”omer) are

Generally, in the present application all pyrrolidin-2-one compounds, or salts thereof,
are usually shown in their keto form. However, in view of the possibly occurring keto-
enol-tautomerism the present invention concerns also the described compounds, or
salts thereof, in their corresponding enol form, as shown below, wherein the asterisk (*)

denotes the point of binding to the rest of the molecule.
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In case of formula (1) a corresponding enol derivative is shown in formula (1'):



salts thereof, in their corresponding enol form as
shown bel ow, wherein the asterisk (* ) denotes the
w@eiosns167 bi nding to the rest of the nol ecul e. PCEPL00§/000142
Rr = HIn case of formula (81) a correspondi ng eno
derivative is showmn in formula (V):wherein R1is
hydr ogen or a nitrogen protecting group, as defined
herei nafter, and R is hydrogen or an oxygen protecting
group, as defined hereinafter. The above applies to
all respective conmpounds o present invention
having a pyrrolidin-2-one B ure, in particular for
i (1), (2), (4), (5),
, as well as for -
erred configuration as shown in
4-a), (5-a), (12-a) and
Q 5 thereof In the present appl i cation
t he ternq"nltrogen protecting group"” generally
conpri sertiany group which is capaplie of reversibly
protecting a nitrogen functionality, preferably an
am no and/or anmide functionality. The term "oxygen
whBF R4 1d AftrBGeHs a eﬁegf@bﬂoveeﬁe Fdup©s Bethed! R EInYdrhna R1
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ence work
(4), (5), (12) and (13), or salts thereof, as well as for compounds having a preferred
configuration as shown in formulae (1-a), (2-a), (4-a), (6-a), (12-a) and (13-a), or salts

thereof.

In the present application the term "nitrogen protecti'ng group" generally comprises any
group which is capable of reversibly protecting a nitrogen functionality, preferably an
amino and/or amide functionality. The term "oxygen protecting group"” generally
comprises any group which is capable of reversibly protecting the oxygen functionality.

Preferably the nitrogen protecting group is an amine protecting group and/or an amide
protecting group. Suitable nitrogen protecting groups are conventionally used in peptide
chemistry and are described e.g. in the relevant chapters of standard reference works
such as J. F. W. McOmie, "Protective Groups in Organic Chemistry", Plenum Press,
London and New York 1973, in T. W. Greene and P. G. M. Wuts, "Protective Groups in
Organic Synthesis", Third edition, Wiley, New York 1999, in "The Peptides"; Volume 3
(editors: E. Gross and J. Meienhofer), Academic Press, London and New York 1981,
and in "Methoden der organischen Chemie" (Methods of Organic Chemistry), Houben
Weyl, 4th edition, Volume 15/1, Georg Thieme Verlag, Stuttgart 1974.

Preferred nitrogen protecting groups generally comprise:
C,-Cs-alkyl, preferably C,-C;-alkyl, more preferably C,-C,-alkyl, most preferably C,-alkyl
which is mono-, di- or tri-substituted by trialkyisilylC,-C;-alkoxy (eg. trimethylsilyethoxy)



such as J. FFW MQme, "Protective Goups in Oganic

Chem stry", Plenum Press, London and New York 1973, in
wa2008/0839¢ene and P. G M Wits, "Protective G PCPEP1008/000142

Organic Synthesis", Third edition, WIley, New York

1999, in "The Peptides”; Volume 3 (editors: E. G oss

and J. Meienhofer), Academ c Press, London and New

York 1981, and in "Met hoden der organi schen Chem e"
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alkiogy, 'GyH0y-alkahoyl-oxy, thalogen hsitre tdymaﬂ ang CF3;
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triadkyislilylCég.Gaetlksibpty car bonyl (preferably

phenyl - C1- C2- al koxycar bonyl eg. benzyl oxycarbonyl);

d. i oal kenyl oxycar bonyl ; Cl1-6al kyl carbonyl (eg. acetyl
Examnples \of preféryed Rifogaraprotexting grogps afel aéatylk benayh chowyl) benzhydryl,

ol B UL BB 9 9 BB ] ligometny
(BQMpup, pwaloyloxyemethyk r i dPOM; | vy trichfordethedyicatbonyly|  (TBoc), 1-
adénﬂgrﬁggx)llcsairééﬂy?' (Adoc), allyl, allyloxycarbonyl, trimethyisilyl, tert.-butyl-
dimethylsilyl, triethylsilyl (TES), triisopropylsilyl, trimethylsilyethoxymethyl (SEM), t-
butoxycarbonyl (BOC), t-butyl, 1-methyl-1,1-dimethylbenzyl, (phenyl)methylbenzene,
pyrridinyl and pivaloyl. Most preferred nitrogen protecting groups are acetyl, benzyi,
benzyloxycarbonyl (Cbz), triethylsilyl (TES), trimethylsilyethoxymethyl (SEM), t-
butoxycarbonyl (BOC), pyrrolidinylmethyl and pivaloyl.

Examples of more preferred nitrogen protecting groups are pivaloyl, pyrrolidinylmethyl,
t-butoxycarbonyl, benzyl and silyl groups, particularly silyl groups according to the
formula SiR7R8R9, wherein R7, R8 and R9 are, independently of each other, alkyl or
aryl. Preferred examples for R7, R8 and R9 are methyl, ethyl, isopropyl, t-butyl and
phenyl.

Particularly preferred as nitrogen protecting groups are pivaloyl and t-butoxycarbony!
(BOC).

Preferred oxygen protecting groups are silyl groups according to the formula
SiR7R8R9, wherein R7, R8 and R9 are, independently of each other, alkyl or aryl.
Preferred examples for R7, R8 and R9 are methyl, ethyl, isopropyl, t-butyl and phenyl.



Exanpl es of preferred nitrogen protecting groups are

acetyl, benzyl, cunyl, benzhydryl, trityl,
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(Fnoc), benzyl oxymet hyl (B@), pival oyl -oxy- net hyl

(POM, trichloroethxoycarbonyl (Troc), 1-

adamant yl oxycar bonyl (Adoc), allyl, allyloxycarbonyl,
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Alkoxy is, for example, C,-C;-alkoxy and is, for example, methoxy, ethoxy, n-propyloxy,
isopropyloxy, n-butyloxy, isobutyloxy, sec-butyloxy, tert-butyloxy and also includes
corresponding pentyloxy, hexyloxy and heptyloxy radicals. C.-C,alkoxy is preferred.

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

Halo or halogen is preferably fluoro, chloro, bromo or iodo, most preferably fluoro, chloro

or bromo.

Halo-alkyl is, for example, halo-C;-Cralkyl and is in particular halo-C4-C,alkyl, such as
trifluoromethyl, 1,1,2-trifluoro-2-chloroethyl or chloromethyl. Preferred halo-C,-C-alkyl is

trifluoromethyl.

Alkenyl may be linear or branched alkyl containing a double bond and comprising
preferably 2 to 12 C atoms, 2 to 10 C atoms being especially preferred. Particularly
preferred is a linear C,4alkenyl. Some examples of alkyl groups are ethyl and the isomers
of propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tetradecyl,
hexadecyl, octacyl and eiposyl, each of which containing a double bond. Especially

preferred is allyl.



Si R7TR8R9, wherein R7, R8 and RO are, independently of

each other, alkyl or aryl. Preferred exanples for R7,
WR0a0889R0 are net hyl, ethyl, isopropyl, t-butpCT/EPZH08/000142

phenyl .In particular, R7, B8 and RO are ethyl or

met hyl . Particular preferred oxygen protecting groups

are Si M3 and SiEt 3. Alkyl being a radical or part of

a radical is a straight or branch (one or, if desired
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alk%x%erm nal or a non-term nal carbon Cycloal kyl is, for

exanpl e, C3-C7-cycloal kyl and is, for exanple,
cycl opropyl, cycl obutyl, cyclopentyl cycl ohexyl and
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Al kanoyl is, for exanple, C2-C8-al kanoyl and is, for
exanpl e, acetyl [-C(=O Me], propionyl, butyryl,
Anyl beipgtamaglicaloer mrt\mlacfydlcal@s f@seanmsyroaryé andds, erefetably a mono-
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atomd, prefergblypheny). and which can be unsubstrtuted or substrtuted by one or more
substituents independently selected from for example, C,-Cs-alkyl, C4-C7-alkoxy-C,-C+-
alkyl or C4-C;-alkoxy.

Aryloxy refers to a Aryl-O- wherein aryl is as defined above.

Unsubstituted or substituted heterocyclyl is a mono- or polycyclic, preferably a mono-, bi-
or tricyclic-, most preferably mono-, unsaturated, partially saturated, saturated or aromatic
ring system with preferably 3 to 14 (more preferably 5 to 14) ring atoms and with one or
more, preferably one to four, heteroatoms independently selected from nitrogen, oxygen,
sulfur, S(=0)- or S-(=0),, and is unsubstituted or substituted by one or more, e.g. up to
three, substitutents preferably independently selected from the Preferred substituents are
selected from the group consisting of halo, C;-Cs-alkyl, halo-C,-C-alkyl, C,-C;-alkoxy,
halo-C,-C;-alkoxy, such as trifluoromethoxy and C,-C;-alkoxy-C,-C;-alkoxy. When the
heterocyclyl is an aromatic ring system, it is also referred to as heteroaryl.

Acetyl is -C(=0)C,-C;alkyl, preferably ~C(=O)Me.

Silyl is =SiRR’'R"”, wherein R, R’ and R” are independently of each other C,_zalkyl, aryl or
phenyl-C, salkyl.



Hal o-al kyl is, for example, halo-C! -Cralkyl and is
in particular halo-C 1-C4al kyl, such as
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chl oronmet hyl . Preferred halin- CrCyal kyl is
trifluoronmethyl. Alkenyl may be linear or branched
al kyl containing a double bond and conpri si ng
preferably 2 to 12 C atons, 2 to 10 C atonms bei ng
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the substitutents nentioned above for alkyl ene.

The term “saponification reagent’ is to be understood as a base which is able to
hydrolyze an ester to form an alcohol and the salt of a carboxylic acid, eg. an alkali
metal hydroxide such as KOH or NaOH.

The term “group which can be saponified” is to be understood as an ester group —CO,R
wherein R is alkyl, aryl or arylalkyl, which can be hydrolized, for example under basic
conditions (e.g. alkalimetal base such as. NaOH, LiOH or KOH) or under acidic
conditions (eg. by the use of mineral acids, such as HCI, H,SO,, HBr, H;PO,) to provide
a carboxylic acid. As an extension, the term “group which can be saponified” can also
include an ester group —CO,R wherein R is ary! or arylalkyl, which can be reacted by
use of a hydrogenation catalyst (eg Pd/C, PY/C, Rh/C, Pd/Al,O;, PtO,), in the presence
of an acid (eg. acetic acid) or a base (eg. triethylamine) or under neutral conditions, to

provide a carboxylic acid.

The term “group which can be decarboxylated” is to be understood as a group —CO.R,
wherein R is hydrogen, alkyl, aryl or arylalkyl, which can be replaced by hydrogen under
reaction conditions such as heating, optionally in the presence of a solvent, preferably
initiated by boiling. An extension of this definition can include an ester group —CO,M,
wherein M is an alkali metal, for example Na or K, in the presence of a crown ether, for
example, 18-crown-6. Suitable solvents are, for example, toluene, o-/m-/p-xylene,
benzene, THF, 1.4-dioxane, DMF, water, tert-butyl methyl ether. Preferably a high



Aryl being a radical or part of a radical is, for
exanple C6.ioaryl, and is, preferably a nonoor
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tricyclic aryl noiety with16 to 10 carbon atons,
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such as trifluoronethoxy and d- C 7-al koxy-Ci -C
7-al koxy. When the heterocyclyl is an aromatic ring
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'P% O)ClC?aIkyI preferably -C(=O Me. Silyl is
anSf hereinyherein R, R and R' are independently of

each other Ci1-7al kyl, aryl or
In the formulae of the present application the term "« nnr” on a C-sp’ represents a
covalent bond, wherein the stereochemistry of the bond is not defined. This means that
the term "\ on a C-sp® comprises an (S) configuration as well as an (R)
configuration of the respective chiral centre. Furthermore, mixtures are also

encompassed.

In the formulae of the present application the term w/ on a C-sp’ indicates the

absolute stereochemistry, either (R) or (S).

In the formulae of the present application the term " R on a C-sp’ indicates the

absolute stereochemistry, either (R) or (S).

Salts are especially pharmaceutically acceptable salts or generally salts of any of the
intermediates mentioned herein, where salts are not excluded for chemical reasons the
skilled person will readily understand. They can be formed where salt forming groups,
such as basic or acidic groups, are present that can exist in dissociated form at least
partially, e.g. in a pH range from 4 to 10 in aqueous solutions, or can be isolated

especially in solid, especially crystalline, form.



phenyl - C*al kyl . Sul fonyl is (unsubstituted or
substituted) G -C7-al kyl sul fonyl, such as
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phenyl met hanesul fonyl, or (unsubstituted or
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be understood as an ester group -CO 2R wherein Ris
| kyl . aryl or V\hlchcnbehdrolle
in fefeserit opoaRel el rattBaS SER B BB PR s Saud By atso
bedoratedasith bizgas, e.gi Midtad or KBHonium satidesuchcastlkali 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.

In view of the close relationship between the compounds and intermediates in free form
and in the form of their salts, including those salts that can be used as intermediates, for
example in the purification or identification of the compounds or salts thereof, any
reference to “compounds”, “starting materials” and “intermediates” hereinbefore and
hereinafter is to be understood as referring also to one or more salts thereof or a mixture
of a corresponding free compound, intermediate or starting material and one or more salts
thereof, each of which is intended to include also any solvate or salt of any one or more of



conditions (eg. by the use of mineral acids, such as

HCl, H2SO»4, HBr, H3PO4) to provide a carboxylic acid.
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saponi fied" can also includg an ester group -CO 2R
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by use of a hydrogenation catalyst (eg Pd/C, Pt/C,
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"bi phenyl ™ or "biphenylic" in expressions herein, such

2% "bitohenéll . . .
The Key Lactam according to formula (1), or salt thereof, wherein R1 is hydrogen can
be converted into a Key Lactam according to formula (1), or salt thereof, wherein R1 is
a nitrogen protecting group, as defined above, according to standard methods of
organic chemistry known in the art, in particular reference is made to conventional
nitrogen protecting group methods described in J. F. W. McOmie, "Protective Groups in
Organic Chemistry", Plenum Press, London and New York 1973, in T. W. Greene and
P. G. M. Wuts, "Protective Groups in Organic Synthesis", Third edition, Wiley, New York
1999 and in Richard C. Larock, “Comprehensive Organic Transformations: A Guide to
Functional Group Preparations”, Second Edition, Wiley-VCH Verlag GmbH, 2000.

The same applies for the Key Lactam according to formula (1'), or salt thereof, wherein
R1' is hydrogen. The conversion of R1' from hydrogen to an oxygen protecting group,
as defined above, can be carried out by known methods; standard conditions for such

methods are described, for example in reference books above-mentioned.

In a first preferred embodiment, R1’ is hydrogen and R1 is a silyl protecting group, as
defined below. In a second preferred embodiment, R1 and R1' are both a silyl
protecting group, as defined below. The preparation of compounds of according to
these two embodiments can be accomplished, for example, as described in US patent



magnesi um hal i de" or "bi phenylic conpound”, are to be

under st ood as neani ng 4- bi phenyl or 4-biphenylic,
wW@b®s/gmbt ed par a- bi phenyl or para- bi phenyl i c, PEDEP2008/000142

exanpl e 4- bi phenyl magnesi uen brom de or

4- br omobi phenyl . The ternms TG', "PGl" and "P&" refer,

i ndependently, to a nitrogen protecting group as

defined herein. In the formul ae of the present

appli.cation i t oroon.a CG-sp3 represents .
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configuration of the respective chiral centre.

Furthernore, m xtures are alkgo~enconpassed. In the

formul ae of the present appg lion the term” n On a

C-sp3 indicates the ) &r eochemi st ry, either

(R or (9 the present application

the term /
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\ " (R) or (S). Salts are
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wherein R7, R8 and R9 are independently, of each other, aryl or alkyl, preferably methyl
or ethyl. Preferred examples for R7, R8 and R9 are methyl, ethyl, isopropyl, t-butyl,
phenyl. In particular, R7, R8 and R9 are ethyl or methyl. Particular preferred protecting
groups are SiMe; and SiEt;.

As mentioned above, the preferred stereochemical configuration is independent of
whether the compounds are provided in the keto form or as enol derivatives. Thus, in a
preferred embodiment compounds according to formula (1"), or salts thereof, are
provided as S-enantiomers according to formula (1"-a)

ROR8R7Si—0O l

)
SiR7R8R9 (1-a)

wherein R7, R8 and R9 are defined as above.

In a preferred embodiment compounds according to formula (1"), or salts thereof, can
be prepared by reacting a compound according to formula (1), or salt thereof, wherein
R1 is hydrogen, with a compound R7R8R9SiX, wherein R7, R8 and R9 are defined as
above and X is a leaving group, preferably, chlorine, bromine, triflate or tosylate.
Preferably, the compound R7R8R9SiX is trimethylsilyl chloride or triethylsilyl chloride.



skilled person will readily understand. They can be
formed where salt form ng groups, such as basic or
w@eoodiog3ogr oups, are present that can exi st in PCI/EP2008/000142
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range from4 to 10 in aqueous sol utions, or can be
i sol ated especially in solid, especially crystalline,
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1 (1,

wherein R1 is hydrogen or a nitrogen protecting group, as defined above, in the
synthesis of an NEP-inhibitor or a prodrug thereof. Preferably the key lactam used has

an S-configuration according to formula (1-a).

In a preferred embodiment the NEP-inhibitor prodrug is N-(3-carboxyl-1-oxopropy!)-
(4S)-(p-phenylphenylmethyl)-4-amino-(2R)-methyl butanoic acid ethyl ester, as shown

in formula (18), or salt thereof:



salts with anmonia or suitable organic am nes, such as
tertiary nonoam nes, for exanple triethylamne or
wao eoog/AsIydr oxyet hyl ) am ne, or heterocyclic baseST/EPIN8/000142
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When a basic group and an acid group are present in
the sane nol ecul e, any of the internedi ates nentioned
herein may also forminternal salts. For isolation or
puri fication purposes of any of the internediates
iioned herein it is also possible to use
maceuti cally unacceptable salts, for exanple
2 perchlorates. In view of the close
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Different crystal forns may be obtainable and then are
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compounds A

Subsection B-1:  Reacting a compound (1) to obtain a methylated lactam (2)

Subsection B-2:  Reacting the methylated lactam (2) to obtain an intermediate (3)

Subsection B-3:  Reacting the intermediate (3) to obtain a NEP-inhibitor or prodrug
thereof, preferably a NEP-inhibitor prodrug according to formula
(18) or sailt thereof.

Subsection B-1: Reacting Compound (1) to Obtain a Methylated Lactam (2)

Another subject of the present invention is a process for producing a compound

according to formula (2) or salt thereof
l g
O

! 2

—2Z

wherein R1 is hydrogen or a nitrogen protecting group, as defined above, comprising
methylating a compound according to formula (1), or salt thereof, preferably methylating



phar maceuti cal preparations, diseases, disorders and
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theQeQrc\) R1 is hydrogen or a nitrogen protecting group, as defined above, and R1' is
hydrogen or an oxygen protecting group, as defined above. in a preferred embodiment,

the compound of formula (2’), or salt thereof, is according to formula (2'-a).

HyC O
a2y

(0]

/

! (2-a)

Generally, the above-described methylation reaction is carried out in the presence of a
methylating agent. Usually, any methylating agent known in the art is suitable.
Examples for suitable methylating agents are methyl iodide, methyl bromide, methyl
chloride, methyl fluoride, dimethylsulphate, methyl triflate (MeOTf), 4-
methylsulfonyltoluene and mixtures thereof. Preferably, methyl iodide or

dimethylsulphate or mixtures thereof are used.

The methylation reaction can be performed at a wide temperature range, e.g. between
-100 °C and +50 °C. Preferably, the reaction is carried out between -80 °C and +20 °C,
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oxygen protecting group, azodefined above, can be

carried out by known nethods; standard conditions for
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dicyclohexylamine and lithium tetramethylpiperidine. Preferable, LDA, KHMDS or
mixtures thereof are used. More preferably the base is lithium tetramethylpiperidine and

potassium bis(trimethylsilyl)amide.

It can also be preferred that a "reaction enhancer” is added. Generally, as reaction
enhancer compounds are suitable that improve the solubility of the formed products or
help to deaggregate the base, thereby making it more reactive. Suitable reaction
enhancers are described in relevant chapters in FA Carey, RJ Sundberg, Organische
Chemie, VCH, Weinheim, 1995 (German translation of English original). Examples of
preferred reaction enhancers are hexamethylphosphoramide (HMPA), N,N'-
dimethylpropyleneurea (DMPU), tetramethylethylenediamine (TMEDA),
dimethylsulfoxide (DMSO) or mixtures thereof. Crown ethers or chiral crown ethers are

also suitable for this purpose.

In a preferred embodiment the reaction can be carried out in two steps. Firstly a
compound according to formula (1), or salt thereof, wherein R1 is hydrogen is reacted
to obtain a compound according to formula (1), or salt thereof, wherein R1 is a nitrogen
protecting group, as defined above. Secondly, a compound according to formula (1), or
salt thereof, wherein R1 is a nitrogen protecting group, as defined above, is reacted to
obtain a compound according to formula (2), or salt thereof, wherein R1 is a nitrogen

protecting group, as defined above.



wherein R7, R8 and RO are defined as above. In a
preferred enbodi nent conpounds according to formul a
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conmpound according to fornmaka (1), or salt thereof,
wherein RL is hydrogen, with a conpound R7R8RISi X
wherein R7, R8 and RO are defined as above and X is a
| eavi ng group, preferably, chlorine, bromne, triflate
or tosylate. Preferably, the conpound R7R8RISI X i s
trimethylsilyl chloride or triethylsilyl
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carried out under thernodynam c control. Therefore

Thhg:garr{&gﬁﬁé] 138%@‘%@ tg or91ru|a &Fh F&@peo?tv'vt%}em%ﬁs a nltrogen

am I n repara‘tlon
prolEGtinigrgrolp, tasrdefi hed abowe, saibpitier befdeptveeqbeceeenthe protecting group

| [ f .
s (SRl T R Sy o ARSI B985 0 5B Yo o
formula (3)eor syaftcblnered:ﬁ, wheiroBp and R20re indegeadsnilg, ofieachlother,

LS =1 nhi bi tar d h
ryBBBSE b hyPoeA OB gl AR boep or ok
(Tiis cemctiomip expldimadinldetillbeddw in subsection B-2.) The deprotected
compound according to formula (2) (i.e. wherein R1 is hydrogen), or salt thereof, can
also be reacted to obtain a compound according to formula (3), or salt thereof, as
detailed below, wherein R1 and R2 are independently, of each other, hydrogen or a

nitrogen protecting group, as defined above, and R3 is hydrogen or alkyl.

The above-described reaction routes are shown in reaction Scheme 1, wherein "PG"
means nitrogen protecting group, as defined above, preferably benzyl,
benzyloxycarbonyl (Cbz), triethylsilyl (TES),. trimethyisilyethoxymethyl (SEM), t-
butoxycarbonyl (BOC), pyrrolidinylmethyl and pivaloyl, more preferably benzyl,
trimethylsilyethoxymethyl, pyrrolidinyimethyl and pivaloyl, most preferably pivaloy! or t-
butoxycarbonyl (BOC):



In a preferred enbodi ment the NEP-inhibitor prodrug is
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or salt thereof:Section B of the present invention
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" Scheme 1

In another embodiment, the present invention relates to the complete reaction
sequence described in Scheme 1, and it also relates to each of the reaction steps. In
still another embodiment, the present invention relates to the product obtained
according to the complete reaction sequence described in Scheme 1, and it also relates
to the product obtained according to each of the reaction steps shown in Scheme 1.

If an embodiment requires the removal of the nitrogen protecting group, as defined
above, the removal usually can be carried out by using known methods. Preferably, the
nitrogen protecting group, as defined above, is removed by using acidic or basic

conditions. Examples for acidic conditions are hydrochloric acid, trifluoroacetic acid,



wherein R1L is hydrogen or a nitrogen protecting group,

as defined above, and Rl11lis hydrogen or an oxygen
wEe@Beg9sNg group, as defined above. In a prefBCT/EP2008/000142

enbodi nent, the conpound of23formula (21) , or salt

thereof, is according to formula (2'-a). Generally,

t he above-descri bed nethylation reaction is carried

out in the presence of a nethylating agent. UsuaIIy,
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"Protectlve Groups in Organic Chemnstry", Plenum Press, London and New York 1973

and in T. W. Greene and P. G. M. Wuts, "Protective Groups in Organic Synthesis",
Third edition, Wiley, New York 1999.

RO9R8R7Si-0O

(2),R1 =

(1" F,

A—-2Z

I
SiR7R8R9

Scheme 2

The methylation reaction is carried out in the presence of a methylating agent (eg.
MeX). Preferred methylating agents are as described above. Furthermore, the reaction
is preferably carried out in the presence of a fluoride source. Preferred fluoride sources
are alkali or earth alkali metal fluoride salts (e.g. LiF, CaF,, CsF, KF) or other fluoride
salts, e.g. tetrabutylammoniumfluoride (TBAF). The fluoride source can be used
catalytically or stoichiometrically. Preferably, potassium fluoride or TBAF are used, in

particular in catalytic amounts.



al kyl, cycloal kyl, heterocyclyl or silyl and Mis an
al kali netal such as Na, Li or K Exanples for
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Scheme 1 is characterized in that the configuration is according to formula (1-a), (S-
enantiomer). Analogously, in a preferred embodiment, the compound of formula (17), or
salt thereof, in Scheme 2 is characterized in that the configuration is according to

formula (1°-a), (S-enantiomer).

If a compound according to formula (1-a), or salt thereof, is used as starting material,
two compounds according to formula (2), or salts thereof, can be obtained, namely two

diastereomers according to formulae (2-a) and (2-b), or salts thereof,

(2-a) (2-b)
wherein R1 is hydrogen or an above-described nitrogen protecting group. Likewise, If a
compound according to formula (17-a), or salt thereof, is used as starting material, two
compounds according to formula (2), or salts thereof, can be obtained, namely two
diastereomers according to formulae (2-a) and (2-b), or salts thereof, wherein R1 is



In a preferred enbodi nent the reaction can be carried
out in tw steps. Firstly a conmpound according to

WO 2008108367 1), or salt thereof, wherein Rl i s hpdr/apmns/ 000142
is reacted to obtain a conmpdund according to fornula
(1), or salt thereof, wherein R1 is a nitrogen
protecting group, as defined above. Secondly, a
compound according to fornula (1), or salt thereof,
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1’5)5( ?%t’&gt%gld%conpound according to fornula (2) (i.e

wherein Rl is hydrogen), or salt thereof, can
It has been found that by employing a process according to the present invention, the
alkylation of a compound of formula (1), or salt thereof, can be achieved in high
diastereoselectivity. The process of the present invention provides means to obtain the
compound of formula (2), or salt thereof, with high diastereoselectivity, by reacting a
compound of formula (1) with a base, as described above, and a methylating agent, as
described above. In particular, the methylation of a cdmpound of formula (1-a),
according to this embodiment, provides the compound of formula (2), wherein the ratio
of diastereomers (2-a) to (2-b) is at least 80 : 20, more preferably at least 85 : 15, yet
more preferably at least 91 : 9. In an embodiment of this preferred methylation reaction,
the base is, for example, RcRdANM, wherein Rc and Rd are independently selected from
alkyl, cycloalkyl, heterocyclyl or silyl and M is an alkali metal such as Na, Li or K.
Preferred bases are lithium diisopropylamide, lithium dicyclohexylamine, lithium
tetramethylpiperidine, lithium bis(trimethylsilyl)amide and potassium
bis(trimethylsilyl)amide; more preferably lithium tetramethylpiperidine and potassium
bis(trimethyisilyl)Jamide. The methylating agent is preferably dimethylsulfate, methyl
iodide or methyl bromide, preferably methyl iodide or dimethylsulfate, more preferably
dimethylsulfate. Preferably, the methylation is carried out at a temperature between a —
78 °C and 20 °C, preferably between —10 °C and 20 °C, more preferably between —
10 °C and 0 °C. It has been surprisingly found, the the methylation reaction proceeds in
high diastereoselctivity and with high yield at 0 °C. The methylation is usually carried
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hydrogen or a nitrogen protecting group, as defined

above, and R3 is hydrogen or alkyl. The
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enbodi ment requires the renoval of the nitro
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wherein R1 is hydrogen or a nitrogen protecting group, as defined above.

In a still further embodiment, a compound of formula (2”), preferably of formula (2"-a), or
salts thereof, wherein R1 is hydrogen or a nitrogen protecting group, as defined above,
can also be prepared by treating the compound of formula (2), preferably of formula (2-
a), or salts thereof, wherein R1 is hydrogen or a nitrogen protecting group, with a base,
as described above, and a methylating agent, as described above.

Compounds according to formula (2-a), or salts thereof, can be obtained as crystalline
solids. Preferably, R1 is pivaloyl or t-butoxycarbonyl, more preferably R1 is pivaloyl.
Optionally, compounds according to formula (2-a), or salts thereof, can be purified by

crystallisation.

In a preferred embodiment the yield of the desired isomer can be enhanced. In this
embodiment reaction steps according to Scheme 3 are carried out. In one embodiment
according to Scheme 3, when R 1 is PG it is preferably pivaloyl or t-butoxycarbonyi.



nitrogen protecting group, as defined above, is
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Scheme 3

In another embodiment, the present invention relates to the complete reaction
sequence described in Scheme 3, and it also relates to each of the reaction steps. In
still another embodiment, the present invention relates to the product obtained
according to the complete reaction sequence described int Scheme 3, and it also relates
to the product obtained according to each of the reaction steps shown in Scheme 3.

In Scheme 3 “PG” means an above defined nitrogen protecting group. R10 is any group
which can be suitably saponified and/or decarboxylated. Preferably, R10 is —O-alkyl, or
~O-aryl in particular -O-Et, “O-phenyl or is —O-alkylaryl such as —O-benzyl; preferably



MeX). Preferred nethylating agents are as descri bed
above. Furthernore, the reaction is preferably carried
wo@eiosiogsoshe presence of a fluoride source. PrePEI/ERTH0S/000142

fluoride sources are al kal 28or earth al kali netal
fluoride salts (e.g. LiF, CaF2, CsF, KF) or other
fluoride salts, e.g. tetrabutyl ammoni unfl uoride
(TBAF). The fluori de source can be used catalytically
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compound of formula (1) into a conmpound of formula (2)
can be achieved by a two step process, nanely,
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Clé&e#teof in Schenme 1 is characterized in that the
iguration is according to formula (1-a),

(b Pragnéntavittrg base, preferably as described in step (a) and a methylating agent
as described above;

(c): Treatment with a saponification reagent (such as base), e.g. sodium hydroxide, or
treatment under hydrogenation conditions, e.g. Pd/C and hydrogen; preferably
treatment with a saponification reagent. If under such saponification reaction conditions
there is simultaneous deprotection of nitrogen, compounds according to the formula
(20-a) wherein R1 = H are formed. If desired, before step (d), re-protection of the
nitrogen such that R1 = PG can be perforrhed. Re-protection can be done on treatment
with a suitable nitrogen protecting agent, as defined above, whereby PG can be the
same or different from the original PG used.;

(d): Treatment under decarboxylation reaction conditions, e.g. heating, preferably in the
presence of a solvent, more preferably initiated by boiling;

(e): Treatment with a suitable nitrogen de-protecting agent, preferably amine de-
protecting agent, for example treatment with an acid or a base, preferably treatment
with p-toluene sulfonic acid; or treatment with a suitable nitrogen protecting agent,
preferably amine protecting agent, as defined above, to protect the N with a protecting
group PG, which can be the same or different from the original PG used. Step (e) is
optional.

(f): Treatment under decarboxylation reaction conditions, e.g. heating, preferably in the

presence of a solvent, more preferably initiated by boiling, optionally in the presence of a
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The decarboxylation step (f) can also provide means to obtain the compound of formula
(2), wherein R1 is hydrogen or a nitrogen protecting group, or salt thereof, with

diastereoselectivity.

In a preferred embodiment compounds of formula (2) obtained upon steps (d), (e) or (f),
in Scheme 3, are according to formula (2-a). In another preferred embodiment for step
(d) R is pivaloyl or hydrogen. In yet another preferred embodiment R1 is a nitrogen

protecting group for compounds of formula (20-a) and/or (2).

Steps (c) or (d) can be performed, for example, as described in Org. Biomol. Chem
2007, 5, 143 and in Org. Lett. 2003, 5, 353.

Subsection B-2: Reacting the Methylated Lactam According to Formula (2) to

Obtain an Intermediate According to Formula (3)

Another subject of the present invention is a process for producing a compound

according to formula (3) or a salt thereof



according to fornula (2-a) is produced in a
di astereoneric ratio of nore than 60 : 40, preferably
wore00s/0839en 70 @ 30, particularly preferred norRCT/ER2008®0142
: 20. More preferred the diddstereoneric ratio is nore
than 90 : 10. The diastereoneric ratio can be up to 99
1, preferably 100 : 0. It has been found that by
enpl oying a process according to the present
vention, the alkylation of a conpound of formula
or salt t hereof, can be achieved in high
jt ereosel ectivity. The process of the present
ovi des neans to obtain the conpound of
or salt thereof, with high
ectivity, by reacting a conmpound of
wl¥ h a pase, as described above, and a
as descri bed above. In particular,
the met hyjat i Bn~Q pound of fornmula (1-a),
according tQ'this enbodi nent, provides the conpound of
formula (2)gy wherein tbe—Ratl of diastereoners (2-a)
to (2-b) is at | east 80 : hnre preferably at | east
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HiG s(tri met hyl and potassium

R1 (2),
wherein R1 is hydrogen or a nitrogen protecting group, as defined above, with a ring
opening agent, as defined below. In a preferred embodiment, R1 and R2 are hydrogen

and R3 is an ethyl group.

Alternatively, in formula (3), or salt thereof, R1 and R2 along with the N atom to which
they are attached to can together form a cyclic ring structure, preferably a five-
membered ring (and thus form a bifunctional cyclic nitrogen protecting group, which
together with said N atom results, for example, in a five-membered ring succinimide- or
maleimide structure). The compound according to formula (2), or salt thereof, is
preferably obtained by a reaction as described above in subsection B-1.

In formula (3), or salt thereof, preferably R1is hydrogen or a nitrogen protecting group
as defined above and R2 is hydrogen. Furthermore, R3 is preferably hydrogen or ethyl.

Generally, following the above-described methylation reaction, a compound of formula
(2) or salt thereof, preferably a compound of formula (2-a) or salt thereof, can be
reacted with a ring opening agent to yield a compound of formula (3) or salt thereof. The

lactam ring opening reaction can occur under basic, neutral or acidic conditions.
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preferably dinmethylsul fatedinethyl iodide or nethyl

brom de, preferably nmethyl iodide or dinethylsulfate,
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sfpafmdl@r(esmlpaémé 4tid ape akesaidble ad aifeq:rdmhér-tﬁolmﬂ)acm such as

er eo base, as.descri bed
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can Iead to a compound of formula (2"), preferably of

2" t
THe B GER8AoRM Y bRl dieai gy YPGB eREalL Prefgtebly. the
ringlopesing lagent is Uséd infdir Aheunt &ahottoéquivalengpound of
formula (2"), preferably of formula (2"-a), or salts

t hereof, wherein R 1 is hydrogen or a nitrogen
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sul\?Mchac?d, t?l‘ri}gr(i")’chloric acid, hydrobromic acid or perchloric acid. Sulphonic acids
such as para-toluenesulphonic acid are also suitable. Especially hydrochloric acid is
used. Alternatively, compounds according to formula (3) can also exist as the free base

(zwitterions).

The ring opening reaction can be performed at a wide temperature range, e.g. between
-10 °C and +150 °C. Preferably, the reaction is carried out between +20 °C and

+125 °C. The reaction can be carried out in a variety of solvents e.g. water, or ethanol
or mixtures of these. Additional solvents such as toluene, isopropyl acetate,
tetrahydrofuran or tert-butylmethylether can be used, Preferably, ethanol and/or water is

used.

In a preferred embodiment the ring opening reaction is carried out such that a
compound having a configuration according to formula (3-a) or a salt thereof is obtained



as descri bed above, and a nethyl ating agent, as

descri bed above. Conpounds according to fornula (2-a),
wm@eoosage7 t her eof , can be obtai ned as cryst al | PEIEEP2008/000142

solids. Preferably, R 1 is3pivaloyl or

t - but oxycar bonyl, nore preferably Rl is pival oyl.

Optional Iy, conpounds according to fornula (2-a), or

salts thereof, can be purified by crystallisation. In

according to Schenme 3, when R1is PGit is
3 pi val oyl or t-butoxycarbonyl.(1l-a) R1 = PG
PG, R11 = H (2) RL = PGor H(2) R1 = PG
in anpt her enbodi nent, the present
invention relaies tp th@e conplete reacti on sequence
descri beghdn wand it also relates to each of
the reaction steps. In\still another enbodi nent, the
present inygntion rel aPesRBo g?g)product obt ai ned
according to the conplete reactidn sequence descri bed
in Schene 3, and it also relates to the product
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thereof, can be obtained if a compound according to formula (2-a), or salt thereof, is

used as starting material.

The compound according to formula (3-a), or salt thereof, is the so-called 2R,4S-
diastereoisomer. Alternatively, also the 2R,4R-diastereoisomer, 2S,4S-diastereocisomer

and 2S,4R-diastereoisomer can be produced.

The reaction from compound (2), or salt thereof, to compound (3), or salt thereof, can
be carried out in various embodiments. For example, a compound according to formula
(2), or salt thereof, wherein R1is hydrogen can be used as starting material. Also a
compound according to formula (2), or salt thereof, wherein R1 is a nitrogen protecting
group, as defined above, preferably a pivaloyl group or a BOC group. If a compound
according to formula (2), or salt thereof, wherein R1 is a nitrogen protecting group, as
defined above, is used as starting material, preferably the nitrogen protecting group is
removed during the ring opening reaction. This means that preferably a compound
according to formula (3), or salt thereof, wherein R1 and R2 are hydrogen, is obtained.

If desired, a compound of formula (3), or salt thereof, wherein R1 and R2 are hydrogen
can be converted again into a compound of formula (3), or salt thereof, wherein either

R1 and/or R2 are, independently of each other, a nitrogen protecting group, as defined
above. This might be the case if R3 of formula (3) should be changed from a hydrogen
atom into an alkyl residue. in Scheme 4 below preferred embodiments are exemplified.
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-O al kyl aryl such as -0O benzyl; preferablyR 10 is
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Rand” R~ i ndependently, of each other, are alkyl, aryl
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(MO 2CO, (EtO 2 (BnO 2CO, Cl CO2Me Cl CO2Kt
Cl CO2Bn; nost prefegably the further reagent is
(MeO)y2CO, (EtO 2CO, CO2Me or CICQREt; (b): Treatnent
W t hlagbase, preferably as described in step (a) and a
met hyl ating agent ag”dgscribed above; (cj r eat ment
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{d)

|
R1
(2-a) R1 = PG2 ‘
. 9

{i) R2 A
HX

—2Z

1 o}
“R3

(3-a) R1 = PG1or PG2 or HR2 = H, R3 = Ak

(k)
optionally

(3-a) R1=PG1 or PG2orH, R2=H, R3 = Alk

Scheme 4
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re-protection of the nitrogen such that Rl = PG can be
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a suitable nitrogen protecting agent, as defined
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The reactions shown in Scheme 4 are not limited to the specific stereochemistry
disclosed. Contrary, they can also be carried out with compounds having any other

possible configuration.

Generally, the reactions (a) to (j) can be carried out under various conditions. Preferred

conditions for each one of the reactions (a) to (j) of Scheme 4 are given below.

(a): Treatment with a suitable nitrogen de-protecting agent, preferably amine de-
protecting agent, for example treatment with an acid or a base, preferably
treatment with p-toluene sulfonic acid;

(b): Treatment with the above-described ring opening agents, preferably with
hydrochloric acid or a mixture of acetic acid and hydrochloric acid;

(c): Treatment with a suitable nitrogen protecting agent, preferably amine protecting
agent, more preferably with di-tert-butyl-dicarbonate;

(d):  Treatment with an aliphatic alcohol, preferably ethanol. Optionally in the presence

of thiony! chloride or an acid, such as a mineral acid, for example HCI, H,SO,, H,PO, or

HBr; preferably optionally in the presence of thionyl chloride. Optionally, when PG1 or

PG2 are acid labile, this step can include treatment with a suitable alkylating reagent, for

example, an alkyl halide (such as ethyl chloride, ethyl bromide or ethyl iodide, preferably

ethyl iodide) in the presence of a base (eg NaH, Cs,CO,).



salt thereof, in a diastereosel ective manner. In one
enbodi nent, the decarboxyl ati on of the conpound of
WO 2008108367 20-a), wherein RL is hydrogen or a nPCT/BBNS/000142
protecting group, preferabBy pivaloyl, and R11 is
nmet hyl , provides the conpound of fornmula (2), wherein
R1 is hydrogen or a nitrogen protecting group,
preferably pivaloyl, in a ratio of diasteronmers (2-a)
to (2-b) of at least 55 : 45. In onother enbodi nent,
t he decar boxyl ati on of the conmpound of fornmula (20-a),
(eMEeatmermthsacWﬁrbmgenn the presente ofjwatep rppéfecdtiyniydyochiqric acid
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orethahol,can be performed, for exanple, as described in

(i):O'préatlrgrlie%rtTWnth aggjeor base in alcoholic solution, preferably hydrochloric acid in
ethanol;

G): Treatment with a ring opening agent, as described above, preferably lithium
hydroxide; optionally, when PG1 is a base labile N-protecting group, this step can
further include further treatment with a suitable nitrogen protecting agent, which
can be the same or different from the original PG1 used,;

(k): Treatment with a suitable nitrogen protecting agent, as defined above, preferably
amine protecting agent, preferably in the presence of a base, such as
triethylamine; or treatment with a suitable nitrogen de-protecting agent, preferably
amine de-protecting agent, for example treatment with Pd/C and hydrogen or

treatment with a base. Step (k) is optional.

The protecting group preferably changes in the reaction routes (a)/(f) and (e)/(c), e.g.
from PG1 to PG2. The protecting group preferably does not change in the reaction

route (j).

In a preferred embodiment, R1 and R2 are H for the compound of formula (3-a) shown

in Scheme 4.

It is preferred that reactions (d), (h) and (i) of Scheme 4 lead to a compound, wherein
"Alk" is ethyl. Said compound is preferably used in the production of an NEP-inhibitor as

described below in subsection B-3.



2007, 5, 143 and in Org. Lett. 2003, 5, 353.

Subsection B-2: Reacting the Methylated Lactam
wWae@engiony to Forrmula (2) to Obtain an | nter mTeERCHER2008/000142

According to Formula (3) Adether subject of the

present invention is a process for producing a

conpound according to fornula (3) or a salt thereof,

wherein R1 and R2 are independently, of each other,

hydrogen or a nitrogen protecting group, as defined

above, and R3 is hydrogen or al kyl, conprising
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structure). The conpound according to formula (2), or
Scﬁglg\tgr‘{ %rgc(r?%%s%%s hﬁ pgﬂ%gg@ ?¥%q3a% cgrrmlte gurakl%n of rcg%%tohr%]s SFformulae
(2) and (3). However, the present invention also relates to the complete reaction
sequences and to each of the reaction steps, wherein any of the compounds (product or
starting material) is a pure diastereomer, or mixture thereof, or enantiomer, or mixtures
thereof, e.g., mixtures of enantiomers, such as racemates. In a preferred embodiment,
step (d) provides a method to prepare a compound of formula (3), preferably wherein
R1 and R2 are H and R3 is ethyl, or salt thereof, in a diastereomeric ratio of (3-a) to (3-
b) of at least 60 : 40, preferably of at least 70 : 30, more preferably of at least 80 : 20,
yet more preferably of at least 90 : 10, most preferably of at least 99 : 1.

Subsection B-3: Reacting the Intermediate (3) to Obtain a NEP-Inhibitor or
Prodrug Thereof, Preferably an NEP-Iinhibitor Prodrug According to Formula (18)

The compound according to formula (3), or salt thereof, especially the compound
according to formula (3-a), or salt thereof, can be used in the production of an NEP-

inhibitor or prodrug thereof.

The term "NEP inhibitor" describes a compound which inhibits the activity of the
enzyme neutral endopeptidase (NEP, EC 3.4.24.11) and it is understood to include

salts thereof.

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.



In formula (3), or salt thereof, preferably Rl is

hydrogen or a nitrogen protecting group as defined
wabwsesmed R2 i s hydrogen. Furthernore, R3 i s PCT/EP2008/000142

preferably hydrogen or ethgl. Cenerally, follow ng the

above-descri bed nethyl ation reaction, a conpound of

formula (2) or salt thereof, preferably a conpound of

formula (2-a) or salt thereof, can be reacted with a

ring opening agent to yield a conpound of forrmula (3)

or salt thereof. The lactamring opening reaction can

Theesforle, ancembdtinaent, ofnthet pratessr ofaik (Présent invention comprises one or
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condi s. Exa es nts are.
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to obtain sxNEPtRhiBitsH di @ grydrugXheteofor | it hi um hydroxi de) or
neutral conpounds such as hydrogenperoxi des (such as
['ithium hydrogenperoxide). Further exanples are Lew s
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bound. aci.ds such as Anberlyst(r). Especially
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S hi onetri.cal | Prefera the r|
Pt RGP oS SRETHIPEYS (IR oS e Jhra; 8 ortAdk reacted to
obﬁimmmm’anamttow dr reg pradriig rthexeaf. (Bértaaﬂaﬂyepreférre& isa tcompound
as, carboxyl.ate salts.o
acedffipg SR Pt o6 Aok AT SoraPReBER L AREGE Besafiipqffana R is
ethyairi ous acids are suitable to produce an acid addition
salt. Preferred are mneral acids, in particular
In a preferred embodiment a compound according to formula (3-a) is further reacted to
obtain the NEP inhibitor prodrug N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino-(2R)-methylbutanoic acid ethyl ester, or salt thereof,
according to formula (18) (known in the art as AHU 377) or a salt thereof.

Hence, another object of the present invention is a process for producing a compound

according to formula (18) or a salt thereof.

HN

o) (18)



sul furic acid, hydrochloric acid, hydrobromc acid or
perchloric acid. Sul phonic acids such as

w@2008/08buenesul phoni c acid are al so suitabl e. PCT/EP2008/000142
Especially hydrochloric aci3sl is used. Alternatively,
conmpounds according to formula (3) can al so exist as
the free base (zwitterions). The ring opening reaction
can be perfornmed at a wi de tenperature range, e.dg.
bet ween -10 0C and +150 OC. Preferably, the reaction

°°F§"§HQBFE €BUt between +20 OC and +125 OC. The
reacti on can be carrled out in a variety of solvents

or eth tures, of the
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acetate, tetrahydrofuran or tert-butyl nmethyl ether can
be used, Preferably, ethanglk_and/or water is used. In
a preferred enbodi ment t g opening reaction is
carried out such that a g nd having a

configuration acc ‘ mula (3-a) or a salt

t her eof /i [ ein RL and R2 are

i ndepend hydrogen or a nitrogen
pr otECt | as”defi ned above, and R3 is hydrogen

or alkyl.jIn a preferred enbodinent, Rl1 and R2 are
hydrogen mand R3 is ethyl. The co qnd according to
formula (3-a), or salt thereof, can be obtained if a
compound according to fornula (2-a), or salt thereof,
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(2-3)

c) reacting the compound according to formula (2-a), or salt thereof, with a ring
opening agent to obtain a compound according to formula (3-a) or a salt thereof

R2\/N
R1 O—R3 (3-a)
d) reacting a compound according to formula (3-a) or a salt thereof to obtain a

compound according to formula (18) or a salt thereof,



Alternatively, also the 2R 4R-di ast ereoi soner,

2S, 4S-di ast ereoi soner and 2S, 4R-di ast ereoi soner can be
w@e@dog®e? The reaction from conpound (2), or BEI/EP2008/000142

thereof, to compound (3), @9 salt thereof, can be
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Generally, the present invention comprises any pharmaceutically acceptable salt of N-
(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-(2R)-methylbutanoic acid

ethyl ester, wherein the calcium salt is preferred.

The NEP inhibitor prodrug N-(3-carboxy-1-oxopropyl)-(4S)-p-phenylphenyimethyl)-4-
amino-(2R)-methylbutanoic acid ethyl ester, or salt thereof, optionally is further reacted
to obtain the active NEP  inhibitor  N-(3-carboxy-1-oxopropyl)-(4S)-p-
phenylphenylmethyl)-4-amino-(2R)-methylbutanoic acid, or salt thereof.

In a preferred embodiment of the present invention the synthesis of N-(3-carboxy-1-
oxopropyl)-(4S)-p-phenylphenylimethyl)-4-amino-(2R)-methylbutanoic acid ethyl ester,
or salt thereof, is carried out according to Scheme 5:



(3-a) R1 =PGL or P or H R2 = H R3 = Alk Schene

41 n anot her enbodi nent, the present invention relates
W 2008/08396D NPl et e reacti on sequences descri bed PeT/BEivesr@0142

4 converting the conpound @b fornula (2-a), as defined

herein, into the conmpound of forrmula (3-a), as define

herein, and it also relates to each of the reaction

steps. In still another enbodi nent, the present

invention relates to the produgt obtained according to

the conpl ete reacti on seque scri bed in Schene 4,
and it also relates to the g it obtai ned according

cach of the reaction step OWR_A chenme 4. In

ene 4 "PGT is a nitrogen protect
ahove, preferably pival oyl.
otecting group, as(@defined above,
3 di fferent from-P&E—» particul & .
"Alk" is¥an al kyl group, preferably ethyjs te
".HX" indicatgs thht the conpound is prefierably
present as i Ition salt, especi y in foPm \
of HCl. THeNreactions, shown in Scheme & ar € not

limted to the speci f@t—rier eochem sty di skl osed.
Contrary, they can also be carried out Wwyth conpounds
havi ng any ot her possible configuration. iGenerally,

the reactions (a) to (j) can be carried But undef

vari ous conditions. Preferred
— — Cat+

(b)

Scheme 5

Generally, reactions (a) to (c) can be carried out under various conditions. Steps (b) and
(c), which provide, respectively, the corresponding sodium and calcium salts thereof,
are optional steps. Preferred conditions for each of the reactions (a) to (c) of Scheme 5

are given below.

(a):  Treatment with succinic anhydride, preferably in the presence of a base.
Preferred bases are triethylamine, pyridine, sodium carbonate, sodium hydrogen
carbonate and potassium carbonate; more preferably the base is triethylamine;
(b):  Treatment with a sodium base, preferably NaOH

(c): Treatment with a calcium salt, preferably CaCl,.



conditions for each one of the reactions (a) to (j) of
Schene 4 are given below. (a): Treatnent with a
w@i0Bakd9e7 ni t r ogen de-protecting agent, preferedi/gEP2008/000142
am ne deprotecting agent, #tor exanple treatnent with
an acid or a base, preferably treatnment with p-tol uene
sulfonic acid; (b): Treatnment with the above-descri bed
ring openi ng agents, preferably with hydrochloric acid
or a mxture of acetic acid and hydrochl oric acid;
(c): Treatnment wth a suitable nitrogen protecting
in awfe;rewembedlatelny tlamtﬁaetmgnmtenm ifasrghagyfmhesmof N-(3-carboxy-1-

oBhBa ke Ribarishear Fshiyd it AR elitian goa et eser,

or salhthecdof, dacbrduwolschemetﬂ)as |prtlaas€mne>f ah atial a]m;tlon salt HX,

pregfgllg%: I-S&H%r t,hlas d ﬁg%ag t aﬁé?rr& Pag Iragﬁl;o‘éﬁ ing ??/ Scﬁeme 5 requires a

basg@tsuohab Itr}etihyiamirne pyreﬂzm sedmffn darbomatd, sodiliorhydieogen carbonate or
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reagent, for exanple, an al kyl halide (such as et hyl

sefRgic: Phepdiafoh B fordbe BebeckfBIEE SNt
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and hydrogen, when PGl is neither acid not base labile

N-protecting group. Treatment with aC| d or base in the
Supsestiorc6-oiMethod 1

In one embodiment, the subject of the present invention is a process for preparing a

compound according to formula (1), or salt thereof,

o g
N
R1 €))

, wherein R1 is as defined above,
comprising the following steps:

a) providing a compound according to formula (4), or salt thereof,
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R4
R1 @



water is preferred; (f): Treatnment with suitable

nitrogen protecting agent, preferably am ne protecting
W@o®ang3dnbre preferably with BOC, (g): Treat nePCT/HP1008/600142

ring openi ng agent, as desdzi bed above, preferably

[ithium hydroxide; (h): Treatnent with acid or base in

al coholic solution, preferably hydrochloric acid in

ethanol (i): Treatment with acid or base in alcoholic

sol u er ab hydr ochl or i c acid in et

F) nefs Rlas hyapoen o § PGS Binhnd gt a5 0oftaaye and
abora, .s@heiceraawaymblgtdupuas ByfiHe@tettay, optionally, when
PGL is a base labile N-protecting group, this step can
further include further treatnent with a suitable

b) gl ; ;r@@:ﬁiﬁg Itﬂe)écﬂﬁfo'dﬁ.n@ axgending toforaiulc@), drealt h@Tréa[‘rmtI@b biphenylic
| er ent 0 t.ne or r eat nent
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above, preferably am ne protecting agent, preferably
in the presence of a base, such as triethylamne; or

treatnent with a suitableg jogen de-protecting
agent, preferably am ne ¢ tectl ng agent, for
exanpl e treat ment RE_2

wherein R1 is hydrogen or a nitrogen protecting group, as defined above, and

c) reduction, for example by hydrogenation or by using a reducing agent known
in the art (e.g. a hydride reagent such as sodium borohydride), preferably by
hydrogenation, of a compound according to formula (5), or salt thereof, to
obtain a compound according to formula (1), or salt thereof.

In another embodiment, the present invention relates to the above process comprising
the steps (a) to (c) and it also relates to each of the reaction steps (a) to (c). In still
another embodiment, the present invention also relates to the product obtained

" according to each of the reaction steps (a) to (c) and to the product obtained according

to the complete reaction sequence (a) to (c).
Explanations regarding step (4) = (5):

Compounds according to formula (4), or salts thereof, are readily available from
glutamic acid and/or pyroglutamic acid or derivatives thereof, i.e. from the chiral pool.

In formula (4) R4 is a CO-activating group. A suitable CO-activating group generally is
any group which can act as a leaving group. Examples of groups which can act as a



treatment with a base. Step (k) is optional. The
protecting group preferably changes in the reaction
wo owse839%n)/ (f) and (e)/(c), e.g. from PGl to RGEPZIN&000142
protecting group preferabl yw3does not change in the
reaction route (j)- In a preferred enbodi nent, Rl and
R2 are H for the conmpound of formula (3-a) shown in
Schenme 4. It is preferred that reactions (d), (h) and
0 ound wher "ALK" is
coahjfatinggupashtndoFs -5k af BREIT wisin RS pydoten oF
(oﬂl’dadumsubsﬂtwéd)@kyl\ﬁﬁopmduy sastiagedjesyr i bed bel ow in
subsection B-3.1n a further aspect, the present

invention relates to step (d), preferably wherein a
Prefergbty) itk fallowing ubups(ae 3itabldas €OradRvatirggtotd Rarie fdimula (4):
and R2 is a nitrogen protecting group, preferably an
acid |abile nitrogen protecting group such as BOC, is
a) cgn\m$a&ﬂbé aih amidtegreapin lpadncorbr f—olmaRas(\aher)am R12 sad R13 are
t hereo

oret or abrJ EpRpferty seRAed Tt PeldrBi sovintie Bty plsex. av

and aayioxd/, bfylekyi Gndbqﬂ&l&ix,y, @rl‘e&a‘rwlylkhy |£élhy’:lme¢ methyl)aand R13 is
prefe

Dbt SFlRaF L1 e dTauR Botsitod of BREBCeS, mafory ofeth i angony (e
ar © phemikyFant arylkoiy, (c5soer@ory) - 4

R L e N T
pr efsebstmaieablkehylbﬂe doméxamplapiperidioyl, raonpholinyt] S1-alkylpiperazinyl
for %r example 1-methylpiperazinyl), 2-, 3-, 4-alkylpiperidinyl, 1,2,3,6-
tetrahydropyridinyl, pyrrolidinyl or imidazolyl; or
- R12 is alkyl (eg. methyl) and R13 is -X-R14, wherein X is S and R14 is
alkyl (eg. methyl or ethyl), aryl (eg. phenyl) or arylalkyl (eg. benzyl); or
- R12is alkyl (eg. methyl) and R13 is —NRaRb, wherein Ra and Rb are
independently selected from alkyl (eg. methyl or ethyl), aryl (eg. phenyl) or arylalkyl
(eg. benzyl). A
Preferred R4 is a dialkylated amino group, which can be cyclic (e.g. morpholinyl or
imidazolyl) or acyclic (eg. dimethylamino). Cyclic amino groups preferably comprise a 5-
member or 6-member ring, with or without additional substitution, in particular substitution
_ refers to one or more substituents selected from the group consisting of halo, alkyl,
alkoxy, aryl, aryloxy, arylalkyl and arylalkoxy. Also suitable are alkylaryl amino groups
(e.g. phenylmethylamino) or diaryl amino groups (e.g. diphenylamino). Further suitable
are so-called Weinreb derivatives (i.e. derivatives of methylmethoxyamine), in particular —
NR12R13, wherein R12 is methyl or methoxy and R13 is independently selected from
alkyl, alkoxy; aryl, aryloxy, arylalkyl or arylalkoxy . Further suitable are amino groups
possessing an alkyl/aryl group and a coordinating group, e.g. alkoxy, alkylthio.

b) R4 can be a group having the formula -X-R, wherein X is O or S and R is alky! or
aryl. Furthermore, R4 can be a group having the formula -O-CO-R, wherein R is

alkyl or aryl.



(2) and (3). However, the present invention also

relates to the conplete reaction sequences and to each
w@booskgsoseact i on steps, wherein any of the conpOL/REE08/000142

(product or starting materdal) is a pure diastereoner,

or m xture thereof, or enantionmer, or mXxtures

thereof, e.g., mxtures of enantioners, such as

racemates. In a preferred enbodi ment, step (d)

provjdes a nethod to prepare a conmpound of fornula
o) 5y Ry 8 ABp0. birtstalk SRR GG R are 1 and B3 1S
ethyl, or salt thereof, in a diastereoneric ratio of
(3- to (3- f at.| t . AQ, preferahly of .
9| oadtt o bR RISMESSLRES R 1R, oF Beliedbategty R1s s
‘yet unstisstifuted er aubistitutedd tasterbeyati. 90 @ 10, nost
preferably of at least 99 : 1. Subsection B-3:

Reacting the Internediate (3) to Cbtain a
PréfeRably) fhedCOarctioatingrgrouplig stleeteeiffom BinedtiRyladalng, arpholinyl,
. NEP- | nhi bi tor. Prodru ccor di o, Fornmula (18). Th
mE BRI RE AR BRRETG -PIRAhI 5], SRIo: o AcH i and
acelyp @cpartitylait the Clpapivating gauprisimogphoting.or mul a (3-a), or
salt thereof, can be used in the production of an

NEPi nhi bi tor or prodrug thereof. The term "NEP
If thaldiGattivatinglg@ap iideisosan fronpibe aovdgobps apomb)tis farimela (4), the

activity of the enzyme neutral endopeptidase (NEP,. EC ..
rediilg B} esabl T P IO 3 RBTIRTLS Gy & atematively
hydroger.df the T@-attivating grouprisi ghostadiconm thesabdve group c) in formula (4),
ndRTRS Q3G8laoRHRalgaRe Whi ch T admi nistered in an

The compound according to formula (4), or salt thereof, is reacted with a biphenylic

compound.

In a preferred embodiment the biphenylic compound can be activated. A suitable
method for the activation is the preparation of an organometallic complex comprising a

biphenyl ligand.
Preferred activated biphenylic compounds are:

Biphenylmagnesium halide or di(biphenyl)magnesium (Grignard reagents). Suitable
halides generally are chloride, bromide and iodide, wherein bromide is especially

preferred.

Further examples for activated biphenylic compounds are biphenyllithium,
biphenylcuprate (low and higher-order cuprates) and biphenylzinc. Those compounds
can be used individually or in the presence of another metal, e.g. copper, zinc,

palladium, platinum, iron, iridium or ruthenium.

Generally, 2.0 to 2.5 equivalents of biphenylmagnesium halide or
di(biphenyl)magnesium are used. In an embodiment initial deprotonation of the N-H



i nactive (or less active) form Once adm nistered, the

prodrug is nmetabolised in the body in vivo into the
wa@ewswg3oepnpound. Theref ore, an enbodi ment of tPEI/EP2008/000142

process of the present inveftion conprises one or nore

addi ti onal steps wherein the conpound according to

formula (1) is further reacted to obtain an

NEP-i nhibitor or a prodrug thereof. In the present

nventi_on the ter " i bitor™ or "NEP-inhibit .

ardyih, o6 et 8nBher Raonar] Seirolle o Foproympdiesiirh Shigride)
orhhﬁ&é@ig sﬁﬁ&frﬁh?d!ﬁqe) mrbmmd thedibéfpredsddiisradrithe aetiviated
DRI TSP BB AT D1 BOUr L BO oL L Per A ganesi halde or

dl(bbﬁém)rnﬁj;neauﬁ &t thid esmbadientndy tadedqliivigerits, greferablya1.0 to
g; salts thereof, are further reacted to obtain

%"?Wﬁ i€ Y%¥9r a prodrug thereof. Particularly
preferred is a conpound according to formula (3-a), or
salt thereof, wherein Rl and are hydr.oge
CeRiRYy. e ate syl PR ERndMRR S somy briR abaRe me e
redotiohornul a (3-a) is further reacted to obtain the NEP

i nhi bitor prodrug

N- ( 3- car boxy- 1- oxopropyl ) - (4S) - pphenyl phenyl net hyl ) -
1) 4- aReadtiiiRrempbimd ditordity © famiula ¢4)har sattthereof, Wwheseih R4 (the

ther f cording. to for known .i n

3 pruPLi horifiinihe Alkve oS anE  OB sase. an
of tabtvatece@ad) tmeataNated)i biphengliccopipoued g ibr@l’erpblgodrsed rig particular
Conﬂ%%lilpﬂldenylmagnesium halide is used.

2) Reacting a compound according to formula (4), or salt thereof, wherein R4 (the
CO-activating group) is chosen from the above group c). In this case, biphenyl is
preferably used as biphenylic compound. The reaction is preferably carried out
in the presence of a suitable Lewis acid, e.g. aluminium trichloride. Alternatively,
the biphenylic compound may be activated with a suitable functional group (for
example para-silyl) to allow for milder conditions to be used during the Friedel-
Crafts acylation. Furthermore, reference is made to the Friedel Crafts’ method
described in J. Am. Chem. Soc., Vol 103, No.20, 1981, 6157.

Hence, it is preferred that R4 of formula (4) is morpholinyl and the biphenylic compound
used in step b) is a biphenylmagnesium halide,

or

R4 of formula (4) is chloride and the biphenlyic compound used in step b) is biphenyl.

The embodiments 1) and 2) are exemplified in Scheme 6 below.



according to fornula (18) or a salt thereof.

(18)conprising the steps a) providing a conpound
w@ewensiory to formula (1-a), or salt thereof, BJT/EP2008/000142

nmet hyl ati ng the conpound aage¢ording to forrmula (1-a),

or salt thereof, to obtain a conpound according to

formula (2-a), or salt thereof, c) reacting the

compound according to fornula (2-a), or salt thereof,

with ring opening agent to obtain a conmpound

accardi for a or a salt thereof d)

K i Conmp a difig to formula (3-a) or

salt ﬂhere f to-qbtain a conmpound according to fp
(18) or a Mei n in the above formkka
R1 and ar e \i ndependent 'y, of each other ogen

or a nitregew protecting group, as—defined
R3 is hydroé)en or al kyl. In another [
present invention relates to tg{e= a

conprising the steps (a) tg (d) andyit aNso relates to
f the reW(a) to ('a). | @ still
e di he present invention also rel ates
/ rdi ng to each of the
(N—2nd to the product obtained
according”to the conplete reaction sequence (a) to

(d). The reactions fromconpound (1-a), or salt
Scheweéof , to (2-a), or salt thereof, and from

Explanations regarding step (5) > (1):

The reduction of the carbonyl group of a compound according to formula (5), or salt
thereof, for example by hydrogenation or by using a reducing agent known in the art
(e.g. a hydride reagent such as sodium borohydride) forms a compound according to
formula (1) or salt thereof. Preferably the reduction of a compound according to formula
(5), or salt thereof, is accomplished by hydrogeriation. Depending on reaction
conditions, the reaction can be carried out directly, or via the corresponding alcohol
according to formula (13), or salt thereof, as intermediate

OH
R1 (13)

wherein R1 is hydrogen or a nitrogen protecting group, as defined above.

Complete reduction of the carbonyl group (i.e. reaction (5) 2 (1)) can be achieved using a
hydrogenation catalyst, such as palladium on carbon (hereinafter referred to as Pd/C).
This can be done in the presence or absence of an acid. Preferred is Pd/C selected from
the group consisting of 10 % Pd/C type K-0218 (commercially available from Heraeus



compound (2-a), or salt thereof, to (3-a), or salt

t hereof, are descri bed above in the previous
wG@aipseg9sons B-1 and B-2, respectively. Gener abCEP100&000142

present invention conprised7any pharmaceutically

acceptable salt of N

( 3- car boxy- 1- oxopropyl ) - (4S) - p- phenyl phenyl net hyl ) - 4-a

m no- ( 2R) - met hyl but anoi ¢ acid ethyl ester, wherein the
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39, 181% PA/T Gk -39p10198 BAICatypé 69 (RIA00), A01HIPAE tyge, 91011094 PU/C type
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39cardr 1029 RAIC tymc8941(60§5X. 0 Schene 5: Schenme 5 Ceneral ly,
reactions (a) to (c) can be carried out under various
conditions. Steps (b) and (c), which provide,

In pas pmbbdivedny, thé hpdrogemnatiop asdallydgs sarded outatca tealperatane between

| t reo re optiopal. stens eferre
0 TotT50 eerTeisrath, BaWRph 2R € BYET, IhE 2pPieifhygogsn pressure
ustallyeangds beteegn 1 drar bad 80vbal, pjeferablydetveren bahtoAsdwarnTte
re crt]igx %Fnledues’ua ); reafngcr-:-sa gla%ve'eﬂ 1t hhoeur B,ﬁ& §8 ﬂgl?rs?{)re?erggl)s/ %‘etween 5 hours
and 20 hours.

In another embodiment, the hydrogenation usually is carried out at a temperature of
from of 0 °C to 100 °C, preferably of from 20 °C to 80 °C, more preferably of from 40 °C
to 80 °C, most preferably of from 50 °C to 80 °C.

Solvents generally known in the art can be used. Preferred solvents are, for example,,
isopropyl acetate, methyltetrahydrofuran, toluene or a monovalent alcohol., such as
methanol or ethanol. More preferably, toluene is used. The amount of soivent employed
may be such that the concentration of substrate is in a the range of from 0.1 to 1.5 M,
preferably of from 0.2 to 0.8 M.

The amount of hydrogenation catalyst to substrate, typically employed in the process,
may be in the range of from 1 to 30 wet wt%, preferably of from 2 to 25 wet wt%, more

preferably of from 5 to 20 wet wt%.

Depending on reaction conditions, the hydrogenation can be stopped at the
corresponding secondary alcohol (13) (as a mixture of diastereoisomers), which can
then be isolated. Reduction of the carbonyl to the alcohol generally can be achieved
using reducing agents known in the art (e.g. sodium borohydride). Conversion of the
OH into a leaving group, such as halogen, by methods well-known to person skilled in



Preferred bases are triethylamne, pyridine, sodium
carbonat e, sodi um hydrogen carbonate and potassi um

W@ 200808362; nore preferably the base is triet hpdEEPI983/000142
(b): Treatnment with a sodi usn base, preferably NaCOH
(c): Treatnment wth a calciumsalt, preferably
CaCl2.1n a preferred enbodi nent, the starting nateri al
for the synthesis of N (3-carboxy-1-

|) - - p- phenyl phenyl.net hyl ) - 4- ami no- ( 2R) -
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The present invention conprises seven nethods for
ScB?'é‘ﬁ%ﬁit e Key Lactam (1), or salt thereof, which

are descri bed below in subsections C1 to C7.
{
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(4-a),

1 (5-a),

0 l

1 (1-a),

2

D—=z

wherein R1 is hydrogen or a nitrogen protecting group, as defined above, and R4 is an

CO-activating group, as defined above.



a) providing a conmpound according to fornmula (4), or

salt thereof, (4)wherein Rl is hydrogen or a nitrogen
wEe@Beg9sNg group, as defined above, and R4 i SPEMEP2008/000142

CO activating group, as defthned bel ow, b) reacting the

conpound according to fornula (4), or salt thereof,

Wi th a biphenylic conpound to obtain a conpound

according to fornula (5) wherein R 1 is hydrogen or a

' ' fi boye, .and c). . .
1§ aepB, Aol Seterdind 1 Bhnwg i doer Rt todrest Shyatndotg s
prodided, ingrefegably hiks avwonfigurbticn @5 $howe ig formuy (ir3-ale

reagent such as sodi um borohydride), preferably by
hydr ogenati on, of a conpound according to forrmula (5),

or salt thereof, h=ar X a conpound according to
of . I n anot her enbodi nent,
X dfes to the above process

oY= kg e #ps (a)y to (c) and it also relates to
eacNof tRe resetion steps (a) to (c). In still

anot her eohrodi ment, the present invention also rel ates
to the product obtained according to each of the
reaction steps (a) to (c) and to the product obtained
according to the conplete reaction sequence, (a) to
Wheggin R Piiagebelsa PIHGER PItPRing grqup) as Qef?'!ﬁd: ake¥Bpounds

according to fornula (4), or salts thereof, are
i, | ilable f
subs3ction X Medoa? O™

In another embodiment, the subject of the present invention is a process for preparing a

compound according to formula (1), or salt thereof,

0 l

! (1)

A—2Z2

wherein R1 is hydrogen or a nitrogen protecting group, as defined above,

comprising the following steps:

a) providing a compound according to formula (7), or salt thereof,



glutam c acid and/ or pyroglutam c acid or derivatives
thereof, i.e. fromthe chiral pool. In fornula (4) R4

WO 2008/08%ACt | vati ng group. A suitable CO acti vEEtT/BB2008/000142
group generally is any grosp which can act as a
| eavi ng group. Exanples of groups which can act as
aCO activating group are -NR2, -OR, -SR or hal ogen,
wherein R is hydrogen or (optionally substituted)
al kyl _qr (optionally substituted) aryl. Preferably,

the #0l 'lgwi ng groups are suitable as CO activating
gro p Rajfin fornula (4): a) R4 can be an am no group,

2 R12R13, wherein R12 and R13 are -
ected fromthe group consisting of

al kyl, al ko a2hy|, aryloxy, arylal kyl and
arylalkoxy; préeferably R12 is alkyl (eg nethyl) and
R13 is selected framthe, group consisting of al koxy
(eg. methoxy gy_e aryl oxy (eg. phenyl oxy) and
aryl al koxy (eg, §bnzy|oxy) or - together are
unsubsti tut ed orgysubsti t ut ed Bkylene or unsubsti tuted
or substituted al kenyl ene; for’exanple piperidinyl,

nDrphoIinyI 1-al kyl pi perazinyl (for exanple

1- r : Lpi peridinyl .
1, WP REB A pgdheniny. 8 Ao fdrgpé br a itogen
i m gatedting;group, asefinedakdveyl (eg. nethyl) and R13 is
-X-R14, wherein Xis S and R14 is alkyl (eg. nmethyl or
ethyl), aryl (eg. phenyl) or arylal kyl (eg. benzyl);

b) or redRlilg asoaipoyhd Gegprding tdidrnulan(d@), Rt Salt theredRaiRla Wittig reaction

V\’helic? B&aﬁaa @J}ﬁpmdad'cgording to formula (8), or salit thereof,

|ndependent

RS (8)

wherein R1 and R2 are independently, of each other, hydrogen or a nitrogen protecting
group, as defined above, and RS is hydrogen or alkyl,

c) reduction of a compound according to formula (8), or salt thereof, to obtain a
compound according to formula (9), or salt thereof,



i ndependently selected from al kyl (eg. nethyl or
ethyl), aryl (eg. phenyl) or arylal kyl (eg. benzyl).
woe@Blesverd R4 is a dial kyl ated am no group, WhPCHERZRNS/000142
be cyclic (e.g. norpholinylstor imdazolyl) or acyclic
(eg. dinethylam no). Cyclic am no groups preferably
conprise a 5- nenber or 6-nenber ring, with or wthout
addi tional substitution, in particular substitution
refers.to one or nore substituents selected fromthe
sisting of halo, alkyl, alkoxy, aryl,
aryIaIkyI and aryl al koxy. Also suitable are
groups (e.g. phenyl nethyl am no) or

di aryl ps (e.g. diphenylam no). Further
sui tabl e ark sal | ed Weinreb derivatives (i.
derivatives of Byl met hoxyamne), in particular -

NR12R13, wherein or nethoxy and R13 is
|ndependentIng;J S wal kyl , al koxy, aryl,

aryl oxy, arylalky or arylalkoxy . Further suitable
are am no group§1posse53|ng an al kyl/aryl group and a
coordi nating group, e.g. alkaxy, gb Kkylthio. b) R4 can
be a group having the formula -X- wherein X is O or
S and Ris alkyl or aryl. Furthernore, R4 can be a

gro WHeFEﬂ*V RAGnH® 4r8 rﬂHé'p@nthl?Qf%ac%ﬁ{e‘?' Kydrodeh G}l éw {rogen

or aryl.c) R4 can hal o, “preferably chl oro.
can Pisectinggroup, \ﬂ/ﬁé‘ﬁ@nw gboye; and R@PZMOQ%OF@'FX"ned
above, or R15 is unsubstituted or substituted

het erocycl yl .
d) optionally removing the nitrogen protecting groups, thereby yielding a compound

according to formula (10) or a salt thereof

O\
R5 (10)

wherein R5 is hydrogen or alkyl, and

e) reacting the compound according to formula (10) or (9), or salt thereof,
preferably reacting a compound of formula (10), under ring-closing conditions to
obtain a compound according to formula (1), or salt thereof, wherein R1 is

hydrogen or a nitrogen protecting group, preferably R1 is hydrogen.

The present invention relates to the above process comprising the steps (a) to (e) and it
also relates to each of the reaction steps (a) to (e). Moreover, the present invention also



Preferably, the CO activating group is selected from
di nmet hyl am no, norpholinyl, imdazolyl,
woreioBy83yet hoxyam no, -O-nethyl, -Oethyl, chl oPGI/EP2008/000142
brono, pival oyl and acetyl 521 n particular the
CO activating group is norpholine. If the
CO activating group is chosen fromthe above groups a)
or b) in formula (4), the residue Rl is preferably a

refes &6 By SRk e ito BracEet e e SPRRIerS Gllp (e andto
theprodedt dbtaimed dezoadhiy ® the caimple)e deaction saquandeltja) to ().

residue R 1 is preferably hydrogen. The conpound
according to fornula (4), or salt thereof, is reacted

Optibhdllyauporpleadyiig & corappundatcotdingsto forefuta (1), emgattdherenat, under
i n i LEPtbhERD A oAlel Bt 1 By 410 33k v
wh@F@?Rﬂ ﬂegy?drb?t_m, Gr@ﬁg'hag?( V\ﬁthraxfu:itable Qriteogen ginﬁa;zﬂing aggmtcas defined
Pref er ctivate I phenyl.i.c c unds .are:. .
abpyes 2R {HIRNIRGLSVINR A SPPRRITS o oI HE WE TSI s A itrogen
prdtéstingryasup. r eagent s) . Sui tabl e halides generally are
chl oride, brom de and iodide, wherein bromde is

especially preferred. Further exanples for activated
In bippdiemnad embadimeatindsrnaui (1) iRthie ayritragehi protecting group (as defined

above in section A) and R2 is hydrogen. The same applies to formulae (8) and (9).

The compound according to formula (7), or salt thereof, is reacted in a Wittig reaction to
obtain a compound according to formula (8), or salt thereof. In the Wittig reaction
usually the aldehyde according to formula (7), or salt thereof, is treated with a
phosphorus ylide (also called a phosphorane) to obtain the olefin of formula (8), or salt
thereof,. Phosphorus ylides are usually prepared by treatment of a phosphonium salt
with a base and phosphonium salts are usually prepared from a phosphine and an alkyl

halide, by methods well-known to the person skill in the art.

In the present application preferably a compound according to formula
(Ar);P=CH-CO,-R is used in the Wittig reaction, wherein Ar is aryl and R is alkyl. In
particular, Ph;P=CH-CO,-C,H;s is used in the Wittig reaction.

The term " Qo on olefins of the present application represents a covalent bond, which
comprises an (E) stereoisomer as well as a (2) stereoisomer of the respective olefin.
Furthermore, mixtures of (E) and (Z) stereoisomers are also encompassed.

Furthermore, in formula (8) the residue R5 is hydrogen or alkyl. Preferably, R5 is C1-C6
alkyl, more preferably ethyl. The same applies to formulae (9) and (10).

The double bond of the compound according to formula (8), or salt thereof, is
hydrogenated to obtain a compound according to formula (9), or salt thereof,. Generally,



bi phenyl cuprate (I ow and hi gher-order cuprates) and

bi phenyl zi nc. Those conpounds can be used individually
W@ro0BM8I9NE presence of another netal, e.g. COpPET/EP2008/000142

zinc, palladium platinum sBron, iridiumor ruthenium

Generally, 2.0 to 2.5 equival ents of bi phenyl magnesi um

hal i de or di (bi phenyl ) mgnesi um are used. In an

enbodi ment initial deprotonation of the N-Hgroup wth,

for ot her gnard rea&

the Buss O PEAB GARBF GATEr Il POR)ons matheds & releTapl.Jgihygfpgenation

is batfled 86din tRypreserter df PdnE ds bethse addition of the
acti vated bi phenylic conpound to reduce the required

anmount of bi phenyl magnesi um hal i de or
Thdiwmngﬁﬂwn)umgmeusicumedldmt hha entpEpatdienBdtivee® 0 PCtandl605°C,

fer ui val ents are
preiiany ebtesiad I o 28 & aThe puief hieB e reasBcHal nges
betvﬁée@\af haF agaldt30tlih€ p&bfévasm?aween Qdbaf 6228 bam Tf\é}edﬁaﬁh?ﬂwsually
ac oun ccor to fornu 4 or salt thereo
oo DEMPAR! oI nainas, mfﬁr@'b@ dgert & NGB o 2Dy
t he above groups a) or In this case, an acti vat ed
net al ] at ed ompqund i s refera
i et onrepi e grdfs B fﬁrﬁtﬂai% OSSP B FTgIPUp. a5 defined
abdﬁé?@t caa)beRemt/em@ ah @mnﬁﬂuedc(t@ﬁwm by tetiodsowetkrowrvdin the art,
in R4 (the ctivyati
in DG PP R O BIROPE HgPI APt MRrTfopRydn (Rieivantinapters
thebégfhrgbtaih @ compound according to formula (10). If an embodiment requires the
removal of the nitrogen protecting group, the removal usually can be carried out by
using known methods. Preferably, the nitrogen protecting group is removed by using
SOCI,, hydrochloric acid, sulphuric acid or trifluoroacetic acid. In the case of N-benzyl,
as nitrogen protecting group, it can be removed by hydrogenation or some suitable
oxidising agents, e.g. ceric ammonium nitrate (CAN) or 2,3-dichloro-5,6-dicyano-p-

benzoquinone (DDQ).

The compound according to formula (10), or salt thereof, is subjected to ring-closing
conditions to obtain a compound according to formula (1) or salt thereof. Suitable ring
closing conditions are those that employ a base. Preferred bases used are alkylamines
or alkali metal alkoxides. Particularly preferred are triethylamine or sodium methoxide.

In the above reactions the stereochemistry might be of importance. In a preferred
embodiment compounds, or salts thereof, are used having a configuration as shown in
formula (7-a), (8-a), (9-a) and (10-a)



preferably used as bi phenylic conmpound. The reaction
is preferably carried out in the presence of a
W@ 0Bakd9e¢7 Lewi s acid, e.g. alum niumtrichl ori B&I/EP2008/000142
Al ternatively, the biphenylsic conmpound nmay be
activated wth a suitable functional group (for
exanpl e para-silyl) to allow for mlder conditions to
be used during the Friedel- Crafts acylation.
Furthernore, reference is nade to the Friedel Crafts’
iOd described in J. Am Chem Soc, Vol 103, No. 20,
i, 6157. Hence, it is preferred that R4 of formula

porphol i nyl and the bi phenylic conpound used in
# bi phenyl magnesi um hal i de, or R4 of

& (S chloride and the biphenlyic conmpound

used in ep B) is biphenyl. The enbodinents 1) and 2)

are exenmplified in Schenme 6 bel ow Schene 6

Expl anatgfns A€ ng step (5) -> (1): The reduction

of the carbonyl g¢roup of a conpound according to

formula (5)gy or salt the gf for exanpl e by

hydr ogenati on or by US|AZ reduci ng agent known in

the art (e.g. a hydride reagent such as sodi um

bQr ohydride) forns a conpound according to formula (1)

galt thereof. Preferably the reduction of a

ound according to fornula (5), or salt thereof, is
aceony Red by hydrogenation. Dependi ng on reacti on

RS (8-a)



conditions, the reaction can be carried out directly,
or via the correspondi ng al cohol according to fornula
W@ 1®3/083967 sal t thereof, as internedi ate wher ei PCRER2008000142
hydrogen or a nitrogen protecti ng group, as defined
above. Conpl ete reduction of the carbonyl group (i.e.
reaction (5 - (1)) can be achieved using a
hydr ogenati on catal yst, such as palladi umon carbon
ereinafter referred to as PdJC). This can be done in
presence or absence of an acid. Preferred is Pd/C
#dcted fromthe group consisting of 10 % Pd/ C type

o~

@ 3 spuercial ly avail abl e from HeraeusGrbH), 10 %
type P505 DR (comrercially avail able from

BASF) ,
type 39 200)3;, 20 % Pd/ C type 91, 10 % Pd/ C type 338,
10 % Pd/ C type 394, 10 %Pd/ C type 394 (6065), 10 %
Pd/ C type 39 ) % Pd/ C type 395, 10 % Pd/C
type 395 (B8b2), 10 %|Pd/ C type nod (72595), 15 % Pd/C
type A101023 and 15 %ORd/ C type A502085 (which are
commerci al ly avail abl e 50 _;laghnson Mat t hey); nore
preferably 10 % Pd/ C type 8, 10 % Pd/ C Mod (72595),
10 % Pd/ C type 39, 10 % Pd/ C type 394 (6065) and 10 %
.C. : 7
wHE P R3S forle R B SrRiTRY alt s ol kB of forithe (7 to
(10y Berthesmare, oreferablyla gompoundraccerdingde fermula (ledp ef salithereof, as

' debsd N e Ois QbtAdy 60 OC, preferably between 20 OC and
50 0C. The applied hydrogen pressure usually ranges

between 1 bar and 30 bar, preferably between 2 bar to
A prefeh@t-entidiment for the preparation of the Key Lactam (1), or salt thereof,

starting from the compound according to formula (7), or salt thereof, is shown in

Scheme 7 below.



reaction tinme usually ranges between 1 hour and 30
hours, preferably between 5 hours and 20 hours. In
waemslgveenbodi ment, the hydrogenati on usual | yPEBEP2008/000142

carried out at a tenperatuse of fromof 0 OC to 100 0OC
preferably of from20 0OC to 80 OC, nore preferably of
from40 0C to 80 OClnost preferably of from50 0Cto
80 0C. Solvents generally known in the art can be
used. Preferred solvents are, for exanple,, isopropyl
acet at€, et hyl t et r ahydr of ur an, t ol e Oor a

- al cohol ., such as netha Dr et hanol Mor e

substrate is axt he rarw‘epggﬁéﬁﬂ%Olto . 5M
preferably of from 0. anou of =
hydr ogenat i on c o4 to substrate, typi ?:{tazll\INy/\/q"'/
enpl oyed in the,'? ro ess, may be in the rangequ fromol
to 30 wet wt % preferably of from2 to 25 wet w% “R
nore preferably of from5 to 20 wet w % Dependi ng on
reaction condirifdre,= # he hydrogenat igg) g28 HORsStegpped
at the correspondi ng secondary al cohol (13) (as a
m xture of diastereoisoners), which can then be
i sol ated. Reduction of the carbonyl to the al cohol

y reduci ng agent siokrrawn

Conver si on of
2

S SOcCl, R2. = o |

HN EtOH \

. R1 o}

0\R5 “R5
(10-a) R5 = Et (9-a) R2 = H, R5 = Et
;‘/f
optionally ° ’i‘
(1-3) R1= (1-a) R1=PG

Scheme 7

In Scheme 7 “R1” is a nitrogen protecting group, preferably BOC.

In another embodiment, the present invention relates to the complete reaction
sequences described in Scheme 7 converting the compound of formula (7-a), as
defined herein, into the compound of formula (1-a), as define herein, but it also relates
to each of the reaction steps. In still another embodiment, the present invention relates

to the product obtained according to the complete reaction sequence described in



OH into a |l eaving group, such as hal ogen, by nethods

wel | -known to person skilled inthe art, and subsequent
woe@ansmet W th a hydride reagent (for exanpl eP@U/EP2008/000142

sodi um bor ohydri de or diisaébutyl al um ni um hydri de)

woul d yield a conmpound according to fornula (1). If

requi red, the al cohol internediate according to

formula (13), or salt thereof, can al so be obtai ned as

singl e, di astereoi sonmer (eit R or S) by use of,

e AR Sl Bbkt Soiih i of s reacion
stépsshoganaSchemeat al yst, for exanple as described in

Angew. Chem Int. Ed 2001, 40, 40-73, in particular as

described in Schenme 36 therein. In the reactions (4)
Subsectipn @8t Méthod I 1) the stereochem stry m ght be

inportant. In a preferred enbodi nent the configuration

of the conmpounds of fornulae (4), (5) and (1), or
Assdt dlterbdtive @®the reBuction@f e gyl iktdrier dBebafing t- f@l)mulé %)ahat is

rofsib Siaties B 2sobion 2 ushertiprimtioe, e fubiiiesiegying aroup, can

be(@erfaahédat i ng group, as defined above.|f a secondary
al cohol according to formula (13), or salt thereof, as
internediate is produced, it preferably has a

Henoaf a flithat olsject s tresreBerit invieRtidhlis a drécess)foibrepaiing B&omgound
[ trgﬁgln rotecting group, as defined

gen or a
acﬁ%ﬂ\?@ °§f55§‘?c‘t1y(9ﬁs thod 2 I'n another enbodi ment,
the subject of the present invention is a process for
preparing a conmpound agcording to fornmula (1), or salt

t her eof ‘

1 (1

wherein R1 is hydrogen or a nitrogen protecting group, as defined above,
comprising reacting a compound according to formula (11), or salt thereof,

049"’""\

| R6
R1 (11)

wherein R1 is hydrogen or a nitrogen protecting group, as defined above, and R6 is a
leaving group, as defined below, with an activated (e.g. metallated) biphenylic

compound, preferably with a biphenylmagensium halide.

R1 can be a nitrogen protecting group as described above in section A: The Key
Lactam (1), or salt thereof, as such. Preferably, R1 is hydrogen.



wherein R 1 is hydrogen or a nitrogen protecting

group, as defined above, conprising the foll ow ng
WwWGEL@p®s39a) provi ding a conpound accordi ng to fPRCTHEPR08/000142

(7), or salt thereof,whereis® R 1 and R2 are

i ndependently, of each other, hydrogen or a nitrogen

protecting group, as defined above, b) reacting a

compound according to fornmula (7), or salt thereof, in

a Witjig.reaction to obtain_a conpound cording to
Geheraily B (5 SUlAbI lpying Qisio EXaRIES 8 SKDE IgAnggrayps are
anﬁiﬁ&t%m&ﬁyt g8y Metm&y,@ﬁdsuy?,tdaﬁfjoxylgw hﬁbgé\r(\j (KRg.aﬂua)iriEé,dQﬁmide,

rotectjn roup, as defined abqgve, an i S rogen
ornidl| gIeS ScRe RcH RRfIS S Yanao e e BRale AR oSy ate.
Préferaply, Re(i)odidy, tésiidte bh@es@ste. t 0 obtain a conpound

according to fornmula (9), or salt thereof,wherein Rl

and R2 are independently, of each other, hydrogen or a
Rel?ia(tjcﬁ@m t@fnﬁ)rﬁwa}atec gﬂih@blﬂ@c o@ﬁ‘ipdaﬁdl"ﬂﬁé réfefrée to thieCexplanations
ogen or . a , tjona removi ng the nitrogen .
abB%/%{Oé &qtlhqﬁ bf%%?cq%eq?-gbbre}%r@‘ﬂg iﬂi‘?ga%{'ve y||c corgpound is
a gy ihahebiand Rdlide! éspetR)ly Bibhényirahdgndsivenh eedmidber ei n RS
is hydrogen or alkyl, and e) reacting the conpound
according to fornmula (10) or (9), or salt thereof,

Thelrédion bl be@atidd gLt dc€ding ta thedblidwrdipletertekldmbodisent,
-cl.osing conditions to obtain a conpound according

rin )
W'lebe'ggﬂdﬁ ¥IPIEM o salt thereof, wherein Rl is

Starting from known pyroglutaminol (CAS# 17342-08-4), the replacement of the alcohol
with a leaving group (e.g. iodide [CAS# 29266-73-7], tosylate [CAS# 51693-17-5] or
mesylate), according to well-known methods, for example as described in Richard C.
Larock, “Comprehensive Organic Transformations: A Guide to Functional Group
Preparations”, Second Edition, Wiley-VCH Verlag GmbH, 2000, in particular as
described in the relevant chapters thereof, yields a compound according to formula
(11). The following addition of biphenylmagnesium halide, in particular
biphenylmagnesium bromide, (or an alternative metallated biphenyl, e.g. Li, Zn),
optionally in the presence of another metal (e.g. copper, zinc, palladium) in either
catalytic or stoichiometric amounts, yields the compound according to formula (1). -

Iin another embodiment, the coupling of the compound of formula (11), or salt thereof,
wherein R6 is a leaving group, preferably halo (such as bromo or iodo) or a tosylate or a
mesylate group, with a biphenylmagnesium halide takes place under Fe- or Mn-
catalyzed cross coupling reaction conditions, for example by the use of FeCl;, Fe(acac);
or MnCl,, as described, for example, in Angew. Chem. Int. Ed., 2004, 43 3955-3957, in
Org. Lett., 2004, 6, 1297-1299, in Chem. Commun., 2004, 2822-2823, in J. Am. Chem.
Soc., 2004, 126, 3686-3687, in Synlett, 2001, 1901-1903 or in Synthesis, 1998, 1199-
1205. The Fe-catalyzed cross coupling reaction conditions preferably takes place by the

use of FeCl..



hydrogen or a nitrogen protecting group, preferably Rl

i s hydrogen. The present invention relates to the
W@Rwse839sDcess conprising the steps (a) to (e)PErNEPINS/000142

also relates to each of th&9reaction steps (a) to (e).

Moreover, the present invention alsorelates to the

product obtai ned according to each of the reaction

steps (a) to (e) and to the product obtained according

|nt@ﬁ|{$ téé:rfe;mbq%gﬁrr\te tcc'toﬁﬂqgnse Fihecor wngég(géﬁ%mb or salt thereof,
wHepginR6as G1€avinggrosip| prefeistilg aélo (SUBHEds Bromg-of icad) Ba tosylate or a
m?c%]a?e tgp%EZw{lh ?%M@Gylmaqgﬁgggqu?pggqigé ﬂlﬁ&g Hb&quresence of a metal
salt raegm?@ rwn(;m Ehjséd wcétalbhceorrutmbmgmetriaramcmhts PQusEhet mﬂiet?l salt
(S ne appve can VI ge CO oun 0]
2 I Eepaive pisoRPRee) copBeTaDt 7Byl sifesth, ERARGIY Foercurvan,
aldmnamgnﬁbemnmdupmlimahm(m)ﬂtmm\m) futgh]rcmu{(a/)(cﬁ)é:r&huurﬁ(l‘a) salt. Examples
ni trogen otectln S er.l.ne ov ct
of Ryt kSRt 18 GjiesBeting sHetds piemaie ol s rasirg, PairoRie, oxide
1(c8,)-a|Iaermba(e&)sucﬂihae the® apstatechndqeopionalg, ¢.oCH- QI:(BXIH@s §uch, astthe
eacte C on
BRSSO oA PR SO FiEate. Sy qurate

tnﬂd&&frﬂaﬁandsﬂllfbﬂmmW\éﬂ"lageftﬁfaﬁétbObbﬂi&ﬂﬁédlfbn?tb&:r@bdﬁhmgsulfonate.
cordin or .salt thereo is. .t
Prafe{Rd el saf auRtiees frelaobper aS Sukh a8 APy AREPANBR
prefbiabiyrusietién alsedichioraétrit@mvuhea (8), or salt thereof,
Phosphorus ylides are usually prepared by treat ment of
a phosphoniumsalt with a base and phosphoniumsalts

Gemeeallysthalusy opmepathad dne@uivalehbsiEnGrignaad deagent(de wther
metallated species) can be prevented by adding an additional base (eg
isopropylmagnesium chloride or NaH) to remove the NH proton if R1 is hydrogen.

The stereochemistry of the reaction might be of interest. Preferably, a compound, or salt

thereof, having a configuration according to formula (11-a) is used

R6
R1 (11-a)

wherein R1and R6 are defined as above for compounds according to formula (11), or
salts thereof,. Furthermore, preferably a compound according to formula (1-a), or salt

thereof, is obtained.

In addition to the compound of formula (1), preferably of formula (1-a), the
corresponding aziridine according to formula (19), preferably of formula (19-a), or salt
thereof, may form when R1, for the compound of formula (11), preferably of formula

(11-a) is hydrogen.



hal i de, by nethods well-known to the person skill in
the art. In the present application preferably a

W@ 209p083967 accordi ng to formula (Ar)3P=CH CO2- RPRCHEP2)E81000142
inthe Wttig reaction, whebein Ar is aryl and Ris
alkyl. In particular, Ph3P=CH CO2-C2H5 is used in the
Wttig reaction. The term™ ' " on olefins of the

present application represents a coval ent bond, which

conprises an (E) stereoiso s well as a (2

[ r of the respective plefin. Furthernore,

f (E) and (Z) sfereoigoners are al so

. i la (8) the residue

R5 is MNdregen or alkyl. aply, R5 is Cl-C6

pnef erably et hyl. $t9a)applies to
formulae (9) and (10). The doubl e bond of the conpound
according to fornula (8), or salt thereof, is

Thaydmpgendbembrdiog tdhfoamnlag 18)) whizhrisldesaribed imd) @rg. Chemny 1888,

sa{ g, B o 5 BT bl WS VRGPAT, Bt o
fortmutlr @d ¢ruahé @nnipsumanfrﬁoeﬂula 1) to rprddeedl;in e?mp?ais?ifnéagmgﬁ:t
L N DR TR

bet ween 20 0C and 50 OC. The applied hydrogen pressure
Sugggﬁé@/c[ﬂw&ﬁ?gg ween 1 bar and 30 bar, preferably

n-2°barf 10 25 bar. The reaction tinme usually
ranges between 1 hour and 30 hours, preferably between

An%étgﬁ‘%@e ?Fé%ra?aqi B?Hétﬁod b th?‘Ke ‘i%ét‘anP{iZ, c{r%%it tHisest & Bdation of
0 oFmil a 8 ) Ts a nitrogen protecting group, as
thedmrimarg ciicohol of pyroglutaminol to the aldehyde followed by the addition of
activated (e.g. metallated) biphenyl and the removal of the secondary aicohol (e.g. by
hydrogenation or reduction). The addition of activated (e.g. metallated) biphenyl to an
aldehyde of formula (12), or salt thereof, may be achieved by methods well known in
the art, for example, as described in J. Org. Chem., 1987, 562, 4352. Moreover, methods
to prepare compounds of the formula (12), or salts thereof, are described in the

literature, for example, in Biochemistry, 1985, 24, 3907.

Hence, a further subject of the present invention is a process for preparing a compound

according to formula (1), or salt thereof,

o l

1 (M

a—Z2

wherein R1 is hydrogen or a nitrogen protecting group, as defined above,



above, it can be renoved in an optional reaction step,
by nmethods well-known in the art, in particular as
waele®snsided i n reference books above nenti oned, PETEP1968/000142
rel evant chapters thereof, 6to obtain a conpound
according to fornula (10). If an enbodi nent requires
the renoval of the nitrogen protecting group, the
renmoval usually can be carried out by using known
met hods. Preferably, the nitrogen protecting group is
copieRpia thasipllowing §tedScr 2. hydrochl ori ¢ acid, sul phuric
acid or trifluoroacetic acid. In the case of N benzyl,
as nitr,o_gqgn prot ec incq 8{0% it can be renoved by
a) hy dPEYETIAY A GRMBPURS AECading A foamilei (42 Phealtiperral, e g
eerie ammoniumnitrate (CAN) or
2,3-dic 0- 5, 6- di cyano- pbenzoqui none (DDQ . The
conpound acgording to fornula (10), or salt thereof,
[ ' ring-closing conditions to obtain a
conpound Mccorahng to forrmula (1) or salt thereof.
Sui t abl e 4 ng clDsi ng conditions are those that enpl oy
a base. Preferred J3ses used are al kyl amines or al kal i
nmetal al koxi des. Particularly preferred are
triethylam ne or sodi um nethoxide. In the above
r eadhetsaiis Rl iehydragenenha pitregesy prateping seoupr as fgtinechakave.
In a preferred enbodi nrent conpounds, or salts thereof,
are used having a configuration as shown in fornmula
b) ( 7- sgactipg campoyns GR). a5 §alt eregf withan activgfed e anetaliated)
the b?wgh)@quilcf&h?S%uﬁ? é&’ébtaﬁ?a EdtfpdtimdHBoingBftbieda )V ér salt

f or rmul ae
thereof,

! (13)
wherein R1 is hydrogen or a nitrogen protecting group, as defined above, and

) reducing the compound éccording to formula (13), or salt thereof, to obtain the
compound according formula (1), or salt thereof.

In another embodiment, the present invention relates to the above process comprising
the steps (a) to (c) and it also relates to each of reaction steps (a) to (c). In still another
embodiment, the present invention also relates to the product obtained according to
each of the reaction steps (a) to (c) and to the product obtained according to the
complete reaction sequence (a) to (c).

R1 can be a nitrogen protecting group as described above in section A: The Key
Lactam (1), or salt thereof, as such. Preferably, R1 is hydrogen.



(10). Furthernore, preferably a conpound according to

formula (1-a), or salt thereof, as defined above, is
wo@bdioaiossder A preferred enbodi nent for the prepeCEHEPIING/000142

of the Key Lactam (1), or salt thereof, starting from

t he compound according to fornula (7), or salt

thereof, is shown in Schenme 7 below (7-a) R2 = H (8-a)

R2:H R5:Et (1-a) R1 = H(1-a) Rl = PG Schene 7 In

{ t
Regeias 6 teraactv g biRseale CrpsHThuh e rEErEt? thapplanations
aboty fon imetiod eir’géébﬁorﬁ 0;71 lﬁeféﬂdﬂtw mb%tcﬂﬁtéﬁ bmheﬁﬁm&ﬁmnd is a
n C convertiLn e C
malgied BBRen <3 DEnaRATaaRESHET SAC. Bpsr T sy suagnesiam

bréideul a (1-a), as define herein, but it also relates
to each of the reaction steps. I n still another
enbodi ment, the present invention relates to the

Thﬂrs@d(m&arpglbdhdl agccgamggd 'rdrgmutaoma)g %tr s8I0 hepd A, g@%@éliy%n be
equence .descri bed i nSche u
T L A AR TR R R
cofieried intbBaving @Qi&ﬁﬂ?re?erreﬂlbé\ﬂﬁg gl;vt]ltpga% déélthb@?i aBowiin

ive to.the re i on,0 e ar et one
sulecBpnrl SupSFuleht syt e TPdlang gt WeuRUBRSEP 3 compound
ac&ﬂ‘ding it® for@ulas(1Riop bsmuier@dn Suiitable r&d&tﬂﬁg Byérits Gire 8€scribed, for
examgl ngv%rln sgbsecfl on C-1. :

In a preferred embodiment the compounds (12) and (13), or salts thereof, have a

configuration according to formulae (12-a) and (13-a)

OH
1 (13-a)

—Z

wherein R1 is defined as above for compounds (12) and (13). Furthermore, preferably a

compound according to formula (1-a), or salt thereof, is obtained.

The preparation of compounds of formula (12) is described in the literature, for example
in Biochemistry, 1985, 24, 3907.

In a preferred embodiment, the reaction of a compound of formula (12) to provide a
compound of formula (13) is analogous to the Grignard addition described in JOC 1987,
52, 4352.



be perforned. Hence, a further object of the present

invention is a process for preparing a conpound
wa@ewengiony to forrmula (1), or salt thereof, WhBCEEP20BS/100142

i s hydrogen or a nitrogen psotecting group, as defined

above, conprising reacting a conpound according to

formula (1 1), or salt thereof, wherein RL is hydrogen

or a nitrogen protecting group, as defined above, and

R6 is a |l eaving group, as defined below, with an

activated (e.g. netallated) biphenylic conpound,
Subsettonld-5: Methddas bi phenyl magensi um halide. Rl can be

a nitrogen protecting group as descri bed above in

section A: The Key Lactam (1), or salt thereof, as
ArSalRiinative @feardtion, méthod of thi eyJ @btafle (19 ih kdactibl stastiry from 1,5-

sui tabl e | eavin rou Ex | es of swtable | e V|n
A BERRYErOE e vt VTR RS, GP RV 4 RIEMSR #nd EPRRYR Select
hy@Rigeaxtidnedsethe Ray g@p_n (e.g. fluoride, chloride,
brom de, iodide), azide, thiocyanate, nitro, cyanide,
tosylate, triflate and nesylate. Preferably, R6 is
Hened) ai&:nhbg@djaﬂ ef mra presant aﬁ/ent&oﬂeg arpdbms}fmmgﬁmg a ﬁompound
"activate eny conpound” it is referred to the
ac‘é‘?(ﬂl”ﬂﬁ%%‘?rgwg ‘ﬁg éahgferﬁ‘g{)hod 1 in subsection C-1 .
Preferably the activated bi phenylic conpound is a
bi phenyl magnesi um hal i de, especi ally bi phenyl magnesi um

broni de. The reactiqf can be carried out accordi ng to
the follow ng prefer gnbodi ment
1 (1)

wherein R1 is hydrogen or a nitrogen protecting group, as defined above,

comprising the following steps:

a) providing a compound according to formula (14), or sait thereof,
R1 (14)
b) reacting the compound according to formula (14), or salt thereof, with 4-formyl

biphenyl to obtain a compound according to formula (15), or salt thereof,



wherein Rl is hydrogen: Starting from known
pyrogl utam nol (CAS# 17342-08-4), the replacenent of

wo bmsagweohol with a | eaving group (e.g. iodi deP¢TZREH08/000142

c)

29266-73-7], tosylate [ CAS#451693-17-5] or nesyl ate),
according to well -known nethods, for exanple as
described in Richard C. Larock, "Conprehensive Organic
Transformations: A Guide to Functional G oup
Preparations”, Second Editio W | ey- VCH Verl ag GrbH,
2000, in particular as desfribed in the rel evant

chapt er g7ther eof , pFeNds _a /
for i addi tion of

bi pi%nyl 0 Q , in particular

bi phenyl mhgnesi um bromi de, (or an alternative

met al | at &' bi phenyl, e.g. Li, Zn),(18ptionally in the
presence of another netal (e.g. copper, zinc,

pal l adium in either catalytic or stoichionetric

ano inytiogepateigdonigoand ¢hg) ponmshitabereofd tongpthio & compduaend(akcording

I n t i t he coupling of the conpound of
for?rﬁfoé'p]g% q??%g?gﬁggjﬂe&t'f'hereof, wherein R6 is a

| eavi ng group, preferably halo (such as brono or iodo)
or a tosylate or a nesylate _gfoup, wth a

bi phenyl nesi um hali de t/a pl ace under Fe- or
Mnhcat al yzed\ cross D i ng gtion conditions, for
exa by e usg G R

descri bedy for exayple, in Angew. Chem Int. Ed.,

(acac)3 or wnCl 2, as
2004, 43 B955-3957, in Org. Lett., 2004, 6, 1297-1299,
in Chem mrun., 2004, 2822-2823,(16h J. Am Chem

and

d) reducing the compound according to formula (16), or salt thereof, to obtain a
compound according to formula (1), or salt thereof,
wherein in formulae (14) to (16) R1 is hydrogen or a nitrogen protecting group,
as defined above.

In another embodiment, the present invention relates to the above process comprising

the steps (a) to (d) and it also relates to each of the reaction steps (a) to (d). In still

another embodiment, the present invention also relates to the product obtained

according to each of the reaction steps (a) to (d) and to the product obtained according

to the complete reaction sequence.

R1 can be a nitrogen protecting group as described above in section A: The Key

Lactam (1), or salt thereof, as such. Preferably, R1 is hydrogen.

The reaction of the compound according to formula (14), or salt thereof, with 4-formyl

biphenyl preferably is carried out in the presence of a base, particularly sodium

hydroxide.



Soc, 2004, 126, 3686-3687, in Synlett, 2001, 1901-1903
or in Synthesis, 1998, 1199- 1205. The Fe-catal yzed

W@ e@s®8IoUpl i ng reaction conditions preferabl yPCEHER®08/000142
pl ace by the use of FeCl 3.ksa still another enbodi nent,
the coupling of the conpound of formula (11) , or salt
thereof, wherein R6 is a | eaving group, preferably
hal o (such as bronp or iodo) or a tosylate or a

syl ate gro Wi th i phepyl magnesi. um hal i de S
gy isap et Spmbblit (i & SRR N5 bl Bompaind (6Ebr sat
théreofyisguleferablyadaxtigd but byrarséraintibsetettive hgdragendtion, préferably as

usef yl tal salt additive is, for exanple, a
de%‘if@ﬁén”@")"‘{- copper (I'1), zinc(I1), silver(l),
cadm un(i 1), mercury(I1), alumnum(I11), gallium(IIl),

g By SGbaaigbioscofiouti 1oL 7 et leteh 8 ofiph EQBRTA . or sat

thezdufoisipteferablyocdrded outadindealladiambonairison &y catalysidAlternatively, a

comBpiferpimiie eSSl Heritl Carflie tbeRRE b BicdRingung aformuia
(1)ediszitithereof, undénredoctioatcahditiorss; &irekamplep bpties use 4 hydrigle

PR avett, S & Roshishich daifcighcs diediainer,

par a-tol uenesul fonate. Preferred netal salt additives

are_copper, salts.. such.as .copper cyani whi i S . .
in SpEETED Y Sdims e oo AR SRS A (ot Sk e s
acddnding $cefoohulai@-a) han one equi val ent of a Gignard

reagent (or other netall ated species) can be prevented

by addi ng an additional base (eg isopropyl nagnesi um
chloride or NaH) to remoxe the NH proton if Rl is

hy gk=egen. ‘

1 (16-a)

wherein R1is as defined above in formula (16). Furthermore, preferably a compound

according to formula (1-a), or salt thereof, is obtained.

A preferred embodiment of method 5 is exemplified in Scheme 8 below.



The stereochemi stry of the reaction m ght be of
interest. Preferably, a conpound, or salt thereof,
whanosgpoer confi guration according to fornula (PAT/LPZAPS/000142
is used wherein R 1 and R66are defined as above for
conpounds according to formula (11), or salts
thereof,. Furthernore, preferably a conpound according
to fornula (1-a), or salt thereof, is obtained. In
addition to the conpound of formula (1), preferably of
formula (1-a), the correspondi ng aziridi ne acgg0r djng
to formula (19), preferably of fornmula (19-a)
thereof, may formwhen Rl, for the conpound of<fef nul a
( 1 pr ef I f formula (11-a) i ogen. The
oun accgizp*gjfa%fornula 0 § descri bed
g. Chen1 1988 53, 4006 , ereqﬁs)nay
be [ pd al¥ ng t he ooV FOI=6f t he conpound
of f ﬁ%la ( 11) to the conpound of fornula (1) to
proceed in a step-wi se manner. Aitern tE;E l' se§ ?\Vﬁ
lo

conpound of fornulg 9) may be generdt
Subsection C 4: | 4 An alternatiVe preparation
met hod of the Key<l am (1), or salt ythereof, is
oxi dation o ¢ primary al cohol of pyroglutan
i \ | owed by rebgtigsidi tion &

oFeRoNMAs (e.g. by hydrogeprt
red N:tl on). The addition of activated (f.g. (16-a)
net g4 ated) bipRenyl to an R1

Scheme 8

In another embodiment, the present invention relates to the complete reaction
sequences described in Scheme 8 converting the compound of formula (14), as defined
herein, into the compound of formula (1-5), as define herein, and it also relates to each
of the reaction steps shown in Scheme 8. In still another embodiment, the present
invention relates to the product obtained according to the complete reaction sequence
described in Scheme 8, and it also relates to the product obtained according to each of
the reaction steps shown in Scheme 8.

The compound of formula (14), or salt thereof, wherein R1 is hydrogen is commercially
available, for example from suppliers such as J & W Pharmal.ab LLC. Treatment of a
compound of formula (14), wherein R1 is H, with a suitable nitrogen protecting agent, as
defined above, to protect the N with a protecting group PG can be accomplished,
according to the methods described above.

Conversion of a compound of formula (14), or salt thereof, wherein R1 is hydrbgen ora
nitrogen protecting group, into a compound of formula (15), or salt thereof, wherein R1
is hydrogen or a nitrogen protecting group, can be achieved upon reaction with



al dehyde of formula ( 12), or salt thereof, may be
achi eved by nethods well known in the art, for

we@x@spsmwe7 as described in J. Og. Chem, 1987, PGREP2008/000142
4352. Moreover, mnethods toeprepare conpounds of the
formula (12), or salts thereof, are described in the
literature, for exanple, in Biochemstry, 1985, 24,
3907. Hence, a further subject of the present

dnvention js. a,process for epari ng a conpound
bipReny A kshYds e Prespnos,s! abase. PRy axAn SlkplkheipHbage (.9
Né(%H lay /OBY efdr @xarﬁplta,ihég ?&Qlﬂbéh_' i@tﬁdtré.f@\@rﬁpmz, 8% éfﬂﬂf, uped in
apove, co reLsin e rIo oW n steps...a 6] ng a
SRS AOOB L0 IR APy 2052’ 20D, 108} oot

wherein Rl is hydrogen or a nitrogen protecting group,
Cea el Sista e Syt RBeEaRaN Rk O il 1), or
salitidresry WhérefrORP @Uré geridHaAifogencst bleetiifigraap ahd d16orhPound of

forrrtjla (18%lll or salt thereaof (y\lnereln RL is h%;)géo_gen
forgpula, (10-3) 8 therseb Mhergin 14t pydragenea Aitragehpiptecting group, can
beCachiev e yttle UBE of PHEXARTDIE GEPNAetE Hgﬂr&g@hﬁﬁ&rﬁc&ﬁﬁ%ns @fmployed
o ity S tpto s S PR BEN L AR, 181, 20,
51pInasRtidu Jérﬂdr&ﬁ*ﬂt ﬁb?nﬂ@bf(ifo)ﬁﬁttﬂb fa(atd)h mgayr?im lbﬂ§§&§Tcritbed ir; J Org

CcO S1_N steps (a O (C) and I also relates 10O
ChER O%%, SO,

on steps (a) to (c). In still another

Reduction of the compound of formula (16-a), or salt thereof, wherein R1 is hydrogen or
a nitrogen protecting group, into the compound of formula (1-a), or salt thereof, wherein
R1 is hydrogen or a nitrogen protecting group, can be effected, for example, under
hydrogenation conditions, for example, by the use of Pd/C as described, for example, in
Synthesis, 1993, 216, or by the use of a reducing agent, for example by the use of a
hydride reagent, such as NaBH,, as described, for example, in J. Org. Chem, 2006,
71(5), 2173, in particular, as described in the conversion of the compound 8 into the

compound 15, therein.

A preferred embodiment of the method described in Scheme 8 relates to compounds
wherein R1 is hydrogen. A further preferred embodiment of the method described in
Scheme 8 relates to compounds wherein R1 is hydrogen and wherein the reduction of
the compound (16-a) to (1-a) takes place with Pd/C and hydrogen.

Alternatively, a compound of formula (14), or salt thereof, can be converted into a
compound of formula (1), preferably of formula (1-a), or salts thereof, as detailed in
Schemes 9 to 12 below. In a preferred embodiment of the methods described in

Schemes 9 to 12, R1 for compounds therein is hydrogen.



enbodi nent, the present invention also relates to the

product obtai ned according to each of the reaction
weL@pmssoa) to (c) and to the product obtai ned BCTBPZINSIGO142

to the conplete reaction seguence (a) to (c). R 1 can

be a nitrogen protecting group as described above in

section A: The Key Lactam (1), or salt thereof, as

such. Preferably, Rl is hydrogen. Regarding the term

"activated bi phenylic compound” it is referred_to the

expl anati ons above for nethod 1 in section

Preferably the activated bi phenylic conpound

net al | at ed bi phenyl, eg. bi phenyl nagnesi um

7%

especially Wy nmagnesi um br om de.
al (ﬁb acc@l@_o\forrml a (23
o | y Can be reduced acco ; ‘ @ ds.
I'n a'i‘p (ef er r edN&Mbodi ment ¢4 GTelp is converted
intogp | eaving group. Preferred | eaving groups are
descri bed above in subsection ®&4. S b
treatment with a reduci ng agent woul :égﬂ;" g
compound according to fornmula (1), or] sa St eof .
Sui t abl e reduci ng agents are describgd, for exanpl s
above in subsection CG1 . In a preferred enbo ¢
t he conpounds (12) and (13), or salt
configuration according to fornul ae

wherein Rl is defined as above fa
(13). Furthernore, preferably a

econdary
thereof

(1-a)
Scheme 9

In another embodiment, the present invention relates to the complete reaction
sequences described in Scheme 9 converting the compound of formula (14), as defined
herein, into the compound of formula (1-a), as define herein, and it also relates to each
of the reaction steps shown in Scheme 9. In still another embodiment, the present
invention relates to the product obtained according to the complete reaction sequence
described in Scheme 9, and it also relates to the product obtained according to each of

the reaction steps shown in Scheme 9.

Scheme 9 encompasses a particular embodiment of Scheme 8, wherein the
enantioselective hydrogenation of the compound of formula (15), as above detailed,
leads directly to the compound of formula (1-a). Namely, this embodiment refers to the
enantioselective hydrogenation of the compound of formula (15), or salt thereof,
wherein there is no chemoselectivity and thus both the endo and exo C=C bonds of the

pyrrolidinone moiety are reduced under the enantioselective hydrogenation conditions.



compound according to fornula (1-a), or salt thereof,
is obtained. The preparation of conpounds of fornula

w@ 21@p/os®etlescri bed in the literature, for exanptBEP2908/000142
Bi ochem stry, 1985, 24, 3967. In a preferred
enbodi nent, the reaction of a conpound of fornmula (12)
to provide a conpound of fornmula (13) is anal ogous to
the Grignard addition described in JOC 1987, 52,
4352. Subsection C5: Method 5 An alternative
preparati on nethod of the Key Lactam (1) is a
starting from1,5- dihydropyrrol-2-one, or sa
t hereof , enpl oying a chenp- and enanti o- sele

hydr natio key step. Hence,
subj ect of t%o I nventi on )
ing a conpound according/to \ =3 ), o&sfalt
there f (herei @11 i s hydoggenq, . i
prote qlng group, as defined aboye, conpr|5|ng t he
foll owi ng steps: a)_providing a Ronpou acco dtl ng to
formula (14), or thereof, (14) b) g%%’""g& Ehe
[ formula (14), or|salt t reof
to obtain a conpound accor di

with 4-fornyl biph
or SARhcdiere8aliior) hydr ogenat

r salz Retheti@of, to %:Cd
or
0 N 1. Reduction o N
| (1-a) 2. Racemic resolution | (16)
R1 R1
Scheme 10

In another embodiment, the present invention relates to the complete reaction
sequences described in Scheme 10 converting the compound of formula (14), as
defined herein, into the compound of formula (1-a), as define herein, and it also relates
to each of the reaction steps shown in Scheme 10. In still another embodiment, thé
present invention relates to the product obtained according to the complete reaction
sequence described in Scheme 10, and it also relates to the product obtained according

to each of the reaction steps shown in Scheme 10.

Scheme 10 describes an alternative route, wherein the reduction of a compound of
formula 15, or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group, is -
chemoselective and provides the compound of formula (16), or salt thereof, wherein R1 is
hydrogen or a nitrogen protecting group. This chemoselective hydrogenation éan be
accomplished, for example, under conditions which employ Na,(S,0,4) and NaHCO; in
DMF, as described in Monatshefte fuer Chemie 1995, 126(3), 355, in Monatshefte fuer
Chemie 1986, 117(2), 185 and in Liebigs Annalen der Chemie, 1986, 1241. Alternatively,
it can be achieved by the use of Pd/C, for example, as described in Helv. Chim. Acta,
1987, 70(8), 2098. Racemic resolution of the compound of formula (16), or salt thereof, for
example, as described for compound of formula 5 in Helv Chim Acta 1987, 70, 2098 and
subsequent reduction of the resulting compound of formula (16-a), for example, under the
same reactions conditions described in Scheme 8, can lead to the compound of formula



to formula (16), or salt thereof, and d) reducing the
conpound according to fornula (16), or salt thereof,

W 2008008351 a conmpound according to formul a (1)PCDEPRa$/000142
t hereof, wherein in fornmulae (14) to (16) R1 is
hydrogen or a nitrogen protecting group, as defined
above. I n another enbodi nent, the present invention
relates to the above process conprising the steps (a)

t dl.;and it_-alsqg relates to each of, the reacti.on
(1 s 5hit BRTeds’ Tt i Tt febs s e Seiuta 2l iEdugRn can be
peffo@sain revared brden, radnsaly, redaition of thetdamppund offormbibdil 6 or salt

according to each, of the reaction,ste a o (d), and
TSt 108 e BBGCT SBb 1 AT reeE BB cRaTeS drecabe Aad forfhe
compaatd offormala ¢e-a) inflcheate 8)dolidwed by egesmip resahtionrog the compound
of Bpie 3. o REi Iedied P XmuIE e Br g e iee qpdions escribed
abbyeifop greconprunded édrinia @6).t he conpound according to

formula (14), or salt thereof, with 4-fopnyl biphenyl

preferably is carried out in the presence of a base,

particul arly sodi um hydroxi de. The hydr ogenat i
a ¢

conmpound (15), or salt thereof, to obtain cofp v
(16), or salt thereof, is preferably carried

enant i osel ectﬁ' e %drogenati on, preferabpywyp
I:) - — O
o (14) NaOH O%(D\H“

N
l
R1 |
R1
Q Hydrogenation Q
Q Racemic resolution ﬂ/\m Q
0™ ™y SN
| (1-a) l (1)
R1 R1
Scheme 11

In another embodiment, the present invention relates to the complete reaction
sequences described in Scheme 11 converting the compound of formula (14), as
defined herein, into the compound of formula (1-a), as define herein, and it also relates
to each of the reaction steps shown in Scheme 11. In still another embodiment, the
present invention relates to the product obtained according to the complete reaction
sequence described in Scheme 11, and it also relates to the product obtained according

to each of the reaction steps shown in Scheme 11.

Another alternative route to convert the compound of formula (14), or salt thereof, into
the compound of formula (1-a), or salt thereof, is detailed in Scheme 11. According to
this route the reduction of the compound of formula (15), as defined above, or salt
thereof leads directly to the compound of formula (1), as defined herein, or salt thereof.
This reduction can be achieved, for example, under standard hydrogenation conditions,



descri bed bel ow. The hydrogenati on of conpound (16),
or salt thereof, to obtain conpound (1), or salt

wo basogdos7 i s preferably carried out with pal |l aRCT/RP2ZIN8/000142
carbon as catalyst. Alternatively, a conpound of
formula (16), or salt thereof, can be converted into a
conpound of formula (1), or salt thereof, under
reduction conditions, for exanple by the use a

suff B 5O BRERABSed Mbseadaral. BRenptsion. a5 drtssivertabpve.
cah Ihaadoto mtﬁe compdunaiofdbrnagapioa) ds défijed rereinpdr sdltithereof. ,

defi ned above in fornmula (16). Furthernore,
a conpound according to fornula (1-a), or salj
thereof, is obtained. A preferred enbodi nent

5 i errpl if chenme 8 bel ow. Scheye 8
ermb d| seht_i nvent ieenr el at ) the
6 reactl equences descriled j ene §s

conv %g t he @%?onund of @TT Ny , as def | ne)d

her ei nto the conpound of forpula (1-a), as define
herein, and it alsg relates to dch of h@&[ action
st eps shovvn i n ScH 8. In still anotjher odi ment
the present inve reI ates to the roduct obt ai ne
according to_the Cowpl ete reacti on sequence describ
in Schems s (1 it also relates to the produc

E tlve
ng to }?grogenaf %O\rr‘
——
TN e T
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R1 / R1 (21)
Racemic ‘ Hydrogenation
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OQ\/L
)
R1
Scheme 12

In another embodiment, the present invention relates to the complete reaction
sequences described in Scheme 12 converting the compound of formula (14), as
defined herein, into the compound of formula (1-a), as define herein, and it also relates
to each of the reaction steps shown in Scheme 12. In still another embodiment, the
present invention relates to the product obtained according to the complete reaction
sequence described in Scheme 12, and it also relates to the product obtained according
to each of the reaction steps shown in Scheme 12.

According to Scheme 12, the compound of formula (15), as defined herein, or salt
thereof, alternatively, can be reduced chemoselectively to the compound of formula

(21), or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group. This



the reaction steps shown in Schene 8. The conpound of
formula (14), or salt thereof, wherein Rl is hydrogen

WO 200808a%eT ci al | y avail abl e, for exanpl e from seEPEP®O%000142
such as J & WPharmaLab LL@ Treatnent of a conpound
of formula (14), wherein RL is H wth a suitable
nitrogen protecting agent, as defined above, to
protect the Nwth a protecting group PG can be

0 3H e BE L Pl 5B B PR b s i

a) fraSthente8 e&ihsembm'rtm tlneR.’bmmuhty df fogealad2 1 )aaﬂ idtescrgxed herein, or
otet|n r ou |ntoaco

sl g B MR e MO 1 GNP Ss Bt 14T or shiliperdor, under

enpnﬂﬁsetactmghgjmgmatloareatmﬂomcdmm impenamplacas described in J.

Wt n th f a base
orinh a8 PR TR oo e edrl Ve AR S el Gupiifs 7a-
thaeianﬁltemata&lyj standatutty dragehatic, dor eﬂample by tHesetof Rdi@ and
hyérg%ﬁﬂ of sa%ycﬁrﬁl)tgthp%@b f 991%@3(%}) éﬁgﬁé@%{e ? Ia{r;naﬂ% {hle'compound of
foremudan(1i) osedlethiient: Rg@nogmsatuﬂom asfdascnbnq)aimvé odn lead to the

sal i s hydrogen
cofs ol FbBada (28 demhgT b Son of il B E“npound of

formula (16-a), or salt thereof, wherein

hydrogen or a nitrogen protecting group, can be

achi eved, by the use of, for exanple, asymretric
Subrgelctiore G8:iMethodiédi t i ons enpl oyed for enam de

substrates, such as conditions described in

Tetrahedron Asymm, 1991, 2(1), 51, in particular for
Metloth® ton ghse pairing thentien L 8ctamr(d), 8bsalhtinesgofi, alsy camprises the reaction

ste%eﬁ?édtp:ﬁ% a Qon‘}péan% according to formula (16), or salt thereof. However, the
method for preparing compound (16), or salt thereof, differs from method 5.

Method 6 comprises a synthesis from 1,5-dihydropyrrol-2-one, or salt thereof, optionally
using a chiral phase transfer catalyst to establish the desired configuration at the chiral
centre of the compound of formula (16). Subsequent reduction, for example by
hydrogenation, for example, as described above for a compound of formula (16-a) in
Scheme 8, yields the Key Lactam (1), or salt thereof.

Hence, a further subject of the present invention is a process for preparing a compound

according to formula (16), or salt thereof,

comprising reacting a compound according to formula (14), or salt thereof,



Chem 1994, 59(2), 297. Reduction of the conpound of
formula (16-a), or salt thereof, wherein Rl is

wWhy@so8pas7 or a nitrogen protecting group, i ntoPCTEP2008/000142
conmpound of formula (1-a), 78r salt thereof, wherein Rl
is hydrogen or a nitrogen protecting group, can be
effected, for exanple, under hydrogenation conditions,
for exanple, by the use of - Pd/C as described, for
ex e, in Synthesis, 1993, 216, or by the use of a
reduci Rg agent, for exanple by the use of a hydride

o ept, such as NaBH4, as described, for exanple, in
J. g. Chem 2006, 71(5), 2173, in particular, as
desc jbeq éﬁ the conversion of the conpound 8 into the
compound 1 , therein. A preferred enbodi nent of the
nmet hod described in Schene 8 relates to conpounds

urther preferre

il FRVRIED Ao e LRI, dpi 4 RO ineB P Bt Eng 35 FormUia 16), or
salt tigpesfidthevbresence étla baseprifargbly imthe prbsereiervf alttase and a chiral
oS Bl e AR OB TR B8 Firoer
prétectingl grod, 45 definecsabdvet her eof , can be converted into a

conmpound of formula (1), preferably of formula (1-a),
or salts thereof, as detailed in Schenes 9 to 12

R1bednche a hitrogemn pedtenting ¢raupbasddeseribecdodbdviedn settiomds. The Key
d \bed_j.n.S 12 f onpounds therein
Lalctgﬁﬁ{}érog aghﬂ'géﬁo&%ngguc% F’Peferablyﬁ% |sot§ya‘%ogrg)n. unas !

Preferably, a chiral phase transfer catalyst is used to produce compound (16), or salt
thereof, having a configuration as shown in formula (16-a). Preferably the Key Lactam,

or salt thereof, having a configuration according to formula (1-a) is produced.

Generally, known phase transfer catalysts are suitable. Examples of chiral phase
transfer catalysts include chiral crown ethers or, more preferably, cinchona alkaloids.
Specific examples of suitable chiral phase transfer catalysts are given in issue 17,
pages 1 to 15 of "Industrial Phase-Transfer Catalysis ", published by PTC
Communications, Inc., 900 Briggs Road, Suite 145, Mt. Laurel, NJ 08054 USA.

The activated 4-methyl biphenyl is a compound of the formula Ph-Ph-CH»-X, wherein X
is a leaving group. Generally, the explanations given above in subsection C-3 for
leaving groups apply. Preferably, X is halogen, especially. bromide.

In a preferred embodiment, the base used in this step is an alkyllithium base, such as
BulLi, or an alkali metal hydroxide, such as KOH, or is LDA.; for example, as described
in Synlett, 2003, (2), 271, in Synlett, 2004, (2), 247 and in Perkin Transactions 1, 1990,
(8), 2350.

In a particular embodiment of this route, compounds of formula (16) or (1), or salts
thereof, can be resolved, as detailed in subsection C-5, to provide compounds of

formula (16-a) or (1-a), or salts thereof, respectively.



I n anot her enbodi nent, the present invention relates
to the conplete reaction sequences described in Schene
wO®2@8083651 i ng the conmpound of fornula (14), asPdEEPIV681000142
herein, into the conpound o# fornmula (1-a), as define
herein, and it also relates to each of the reaction
steps shown in Schene 9. In still another enbodi nent,
the present invention relates to the product obtained
according to the conpl ete reaction sequence descri bed
in Schene 9, and it also relates to the product
A priefeaieicaBodiiroeti of gnetivo s isexemplified ineSohemem Sihelpw. shown
in Schene 9. Scheme 9 enconpasses a particul ar
enbodi nent of Schene 8, wherein the enantiosel ective
hydr ogenati on of the conpound of fornula (15), A
above detailed, leads diregtly to the conpound

formula (1-g any th¥'s enbodi nent refers e
en f\osel ec ¢ hydrggenation of the copp ]

f (15), ar salt theregf, wherein i
oﬁ@| ectivity gpd thus bot c=C

bonds of the pyrrolidi none rupie s éd
t he fnant i os@lretnhiasetrangtér ogenat i oW condigjd gns. Schene
1@4} n anot héP@¥%bodi nent, the prelsent invention

relates to the conplete reaction Sequences descri beg
in Schene 10 converting the conmpound off fedatiba (14)
as defined herein, into the conpound oy fornul a(1-2

as define herein, and it also rel ates to each
)

reacti on steps shown in Schene 10. In Il a
enbodi nent, the

0

Scheme 13

In another embodiment, the present invention relates to the complete reaction
sequences described in Scheme 13 converting the compound of formula (14), as
defined herein, into the compound of formula (1-a), as define herein, and it also relates
to each of the reaction steps shown in Scheme 13. In still another embodiment, the
present invention relates to the product obtained according to the complete reaction
sequence described in Scheme 13, and it also relates to the product obtained according

to each of the reaction steps shown in Scheme 13.

A preferred embodiment of the method descrjbed in Scheme 13 relates to compounds
wherein R1 is hydrogen. A further preferred embodiment of the method described in
Scheme 13 relates to compounds wherein R1 is hydrogen and wherein the reduction of
the compound (16-a) to (1-a) takes place with Pd/C and hydrogen.

Particularly preferred bases and chiral transfer catalysts of the first step (conversion of a
compound of formula (14), or salt thereof, into a compound of formula (16-a), or salt
thereof) in this embodiment are selected, for example, from the group of bases and
chiral catalysts above mentioned. Subsequent reduction of the compound of formula



present invention relates to the product obtained
according to the conplete reaction sequence descri bed
w0 pooSossase 10, and it also relates to the prodeCI/EP2008/000142
obt ai ned according to each7ef the reaction steps shown
in Schene 10. Schene 10 describes an alternative
route, wherein the reduction of a conpound of fornula
or salt thereof, wherein R 1 is hydrogen or a

15, . . |
(1€’%&{ﬂ?gglgt”(%@f§§%%ﬂ%r q%#q’oglp f%ﬁtql'i)'%;% ective

I
1-a), or sait ﬂ\ne(;eof, can be
actbrapienid, Mheieﬁhpble,%ﬁi:es hidﬁdgé]@ﬁllﬂn ﬁéncﬁtidﬁrs]ttgmﬂ@ Ose of Pd/C or as

rotecting. group. Thi enosel ective hydrogenation
degﬂ'ﬁ’egé" B@g’lﬂ%‘ﬁlsf’g ,""2:6&' exanpl e, under conditions

whi ch enpl oy Na2(S204) and NaHCO3 in DMF as descri bed

in natshette fuer Cheme 1995, 126(3), 355, in
s%ﬁg/ﬁ%éﬁ-jﬁ?‘ﬁﬁﬁe@em e 1986, 117(2), 185 and in

Li ebi gs Annal en der Chemi e, 1986, 1241. Alternatively,

[C, for exanpl

Mathodt 7 Fas Bertinpitia, Regk ALY r SAuboreh s, comiig s the fEaction
stdg3 @8 Ay drog@seting tal compaiuntl A€casraify @o!foimalka (fl B), BHkalt thefdof, tolobtain

sal t eof or exanpl .as described for. ¢ ound
cofporng} (81, 57 sait Iibkedh S refis 3 CoaBoUN gocoxgag M aua (16), or
salf$ uteserql ,uembtai@mw(fémcvémkpeowmuhéréaﬁ Howgper sk dkthod for

or.nul a (16- or a e,.Jnder t S reacti ons

Presiip EounaSnEdE) (o sal ety B o AT ¢ o s e

compound of formula(l-a), or salt thereof. These two

| ast_ st racem c, resol ut.i.on,and reductiaqn, can, be
mesRt 7 3488 ron! S5 GieoBR PR o7 s Rt TBISERY B chemo-
and enartiorskladtivé bydrobendtibn)as tie kepstep.t her eof , for exanpl e

under the sane reactions conditions described above

for the
Hence, a further subject of the present invention is a process for preparing a compound

according to formula (15), or salt thereof,

oWy

1 (15)

—Z

wherein R1 is hydrogen or a nitrogen protecting group, as defined above,

comprising reacting a compound according to formula (17), or salt thereof,

R1 (17)



conmpound of formula (16-a) in Schene 8, followed by
racem c resolution of the conpound of formula (1), or

W@ 2008/0839eT eof , for exanpl e, under the sane reakCT/BPX08/000142
condi ti ons described above76or the conpound of fornula
(16). In another enbodi nent, the present invention
relates to the conplete reacti on sequences descri bed
in Schene 11 converting the conmpound of formula (14),

willari i hmneiaG feavenh Bered oat 2ty Bisheny 36 Hlag: 4 Fay@bound
act&rdimgité forfiuepE 5§ vpwalt trrer&sfha rEpréferret Rntdodirherit 2@t draing to this

enbodj ment, th res nventio rela es
PrEamIBe COBParTILeraTags b1 dat e RlowBhSleitachPuitdt on
sequence described in Schene 11, and it also rel ates
to the product obtained -ccording to each of the
reacti on steps shown enme 11. Another alternative
— nd of fornula (14), or salt
rdl of fornula (1-a), or salt
t herof , 7S OR ed in Schene 11. According to this
rout b the reduction of the conmpound of formula (15),
as d&fined above, or salt thdi8a} |eads directly to
the conpound of fornula (1), as defined herein, or
salt thereof. This reduction can be achi eved, for
whereamBl1ds hynirdgen et anitragen hiotieatigg gedupoas defirdidtabong., such
as Pd/ C and hydrogen. Subsequently, racemnc
resol ution, as descri bed above, can lead to the
Preferably R tl isdfydfegemdra rfittegen, pratectiief groepl ah desdribed@bowa int section

A: ‘rHS k§9fLact§Frhﬁ'5r,Por%?alt thereof, as such. In particular, R1 is pivaloyl or BOC.

The organometallic reagent derived from 4-methyl biphenyl preferably is a compound of
the formula Ph-Ph-CH,-Y, preferably 4-biphenyl-CH,-Y, wherein Y is a nucleophilic
group. Preferred compounds of formula Ph-Ph-CH,-Y, preferably 4-biphenyl-CH,-Y,

are, for example, 4-biphenylmethylmagnesium halides (Grignard reagents). The
nucleophilic group Y is preferably a group MX, wherein X is a halogen and M is Mg or
Zn. Suitable halides generally are chloride, bromide and iodide, wherein bromide is

especially preferred.

Further examples for organometallic reagents derived from 4-methyl biphenyl are 4-
biphenylmethyllithium, 4-biphenylmethylcuprate (low- and higher-order cuprates), 4-
biphenylmethylzinc. These compounds can be used individually or in the presence of
another metal, e.g. copper, zinc, palladium, platinum, iron, iridium or ruthenium.

Preferably, in the above formula Y is MgBr (4-biphenylmethylmagnesium bromide).

A preferred embodiment of method 7 is exémpliﬂed in Scheme 14 below.



I n anot her enbodi nent, the present invention relates

to the conplete reaction sequences described in Schene
wa20080839eTti ng the conpound of fornula (14), arCHEPiON®€H0142

herein, into the conmpound af forrmula (1-a), as define

herein, and it also relates to each of the reaction

steps shown in Schene 12. In still another enbodi nent,

the present invention relates to the product obtained

according to the conpl ete reaction sequence descrijbed

in Schene 12, and it also relates to the producgs

obt ai ned accor gfmy t o/gach MEBt he reaction step

in me 12. f i 0 Schene 12, the conpoetid/of
f or/mul 15), a I med herein, or salt #hery 15
Qit atT®ely, can be reduced chemss o the (15)

conpdund of fornmula (21), or salLj
is h¥drogen or a nitrogen proféctiigg grou - Enantioselective
Thi gigducti on capZbeyeffected, for]lexanpl g, {§grogenation
descri bed for thg

pound of forn®la (16-/ a) in
Schene 8. Subseguderity, the conpound of farnula (/,
d hgrein, or salt thereof, can be con
d of fornmula (1-a), or
p el ective hydr ation 74
OTongjf i , for exanpl e, %g@ ggcribedbin N° Chem Soc,
PerKin Trans 1, 1998, 1403, in particular é described (46.4)
f or Rdonpoundd-a¥a-d therein. Alternatively, standard
hydr ogenati on, for exanple by the use of Pd/C and
Schgwleagen, of said conmpound of fornmula (21), or salt
t hereof, can afford the conpound of fornula (1) or

In %@%ﬁ?rgegnggqec@%?rﬁtsﬁ%ep%genﬁ |ens\’/(e2.lntll'lotnI r%B’tes%% tl(wjg ggr%'p%?edre%gt?ovne’
sequences described in Scheme 14 converting the compound of formula (17), as
defined herein, into the compound of formula (1-a), as define herein, and it also relates
to each of the reaction steps shown in Scheme 14. In still another embodiment, the

present invention relates to the product obtained according to the complete reaction
sequence described in Scheme 14, and it also relates to the product obtained according

to each of the reaction steps shown in Scheme 14.

In this embodiment, a compound of formula (15), or salt thereof, is prepared from a
compound of formula (17), or salt thereof, under Grignard conditions, for example,
analogous to those described in Perkin Transactions 1, 1993, (21), 2567. Next, the
compound of formula (15), or salt thereof, can be converted into the compound of
formula (16-a), or salt thereof, via enantioselective hydrogenation, for example, as
described above. Further reduction of the compound of formula (16-a), or salt thereof,
to yield the compound of formula (1-a), or salt thereof, can be accomplished, for
example, under hydrogenation conditions. In a preferred embodiment, the reduction of
the compound of formula (16-a), or salt thereof, is achieved by the use of Pd/C.
Alternatively, the compound of formula (15), which is prepared from a compound of
formula (17) as described above, can be converted into the compound of formula (1),

preferably of formula (1-a), as described in Schemes 9 to 12.



compound of formula (1-a), as defined herein, or salt

t hereof. Subsection C-6: Method 6 Method 6 for
w@e@pasiony t he Key Lactam (1), or salt thereof PCHEBR08/000142

conpri ses the reaction stepsof reducing a conpound

according to fornula (16), or salt thereof. However,

the nmethod for preparing conpound (16), or salt

thereof, differs fromnmethod 5. Method 6 conprises a

nt hesi.s 0 -di hydropyrrol -2-one, or salt

S%%@FEB’P c'%‘dY'?'g:ﬁél y using a chiral phase transfer

catal yst to establish the desired configuration at the

in &l ipr P oientios e WraverL i RRter. Bl ohbyRistforewia @1, or
saft tHer€dfawhérein R$ |sdw€d$gdh€tﬁ aab@og%nfpmeatur@gfmopruk d¥scribed above,

cap B dusbred fiodia Compaing o ot Boyor shibfheteor WRERE 1 1

hyffogeR bf ainfiiogBh ipfdtettihgagroli) ¢ersekahple, BE Gﬂﬁérlb@ﬂ i Scheme 14.
conmpound according to fornula (16), or salt thereof,
conprising reacting a conpound according to fornul a
(14), or salt thereof, (14} Wth an activated 4-nethyl
bi phenyl to obtain a conp according to formul a
(16), or salt thereof, in tjhie presence of a base,

preferably in the presenceiQf a base and a chiral Q
phase transfer catal yst, @ ein in formul ae (14) and
(16) Rl is hydrogen or a wgfrogen protecting group, a
defn\ned above.
OI%O - > o N on —_— Q/Q\PP
| | l
O R (22) Ri (21
Scheme 14

In another embodiment, the present invention relates to the complete reaction
sequences described in Scheme 14 converting the compound of formula (6), as defined
herein, into the compound of formula (21), as define herein, and it also relates to each
of the reaction steps shown in Scheme 14. In still another embodiment, the present
invention relates to the product obtained according to the complete reaction sequence
described in Scheme 14, and it also relates to the product obtained according to each of

the reaction steps shown in Scheme 14.

In this embodiment, a compound of formula (22), or salt thereof, wherein R1 is
hydrogen or a nitrogen protecting group, is prepared from a compound of formula (6), or
salt thereof, wherein R1 is hydrogen or a nitrogen protecting group, for example, by the
use of an organometallic reagent derived from 4-methyl biphenyl, as described above.
Next, the compound of formula (22), or salt thereof, is converted into the compound of
formula (21), wherein R1 is as above described, or salt thereof, under dehydration
conditions, for example by the use of the Burgess reagent. Alternatively, the tertiary
alcohol maybe activated, for example by being mesylated, and subsequent treatment



R 1 can be a nitrogen protecting group as descri bed
above in section A: The Key Lactam (1), or salt

wo bmsogds7 as such. Preferably, R 1 is hydrogenPCT/EP2008/000142
Preferably, a chiral phase7dransfer catalyst is used
to produce conpound (16), or salt thereof, having a
configuration as shown in fornula (16-a). Preferably
the Key Lactam or salt thereof, having a

configuration according to fornula (1-a) is produced.
wilihBesh 5 x@elin NBrtb ey pde hepmacyey of frua (15 6r san
therebt. abl e. Exanpl es of chiral phase transfer catal ysts

i nclude chiral crown ethers or, nore preferably,

ci nchona al kal oi ds. Specific exanples of suitable

In @hﬂréf@l’ri@ Bﬁfb?gﬁﬁe’m §F@tﬁ'diﬁtgﬁ@ih?éfdéﬁce@§ @ghw frh Séhén?é Iw, the .
ages 0 ndustri a ase- Tr ansf er al ysi s
cobibBigs o1 A (B4 nerdheimRo STPoRe TG, - 900 B 008
Road, Suite 145, M. Laurel, NJ 08054 USA. The
activated 4-nethyl biphegyl is a conmpound of the
formula Ph-Ph-CH 2-X yiher®{n X is a | eaving group.
15 gi ven above in subsection
apply. Preferably, Xis
Ohal dgén, e P y bromde. In a preferred
thé base used in this step is an
al kyR1ithi um base, such as ByRitsa)or an alkali neta
hydr oxi de, such as KOH, or is LDA.; for exanple, as
described in Synlett, 2003, (2), 271, in Synlett,
wh’(é&gl# R1(i€hydraden anal nitiogé&ie protacting arapchs definel, abbe0,
8), 2350.

The compound of formula (21), or salt thereof, preferably of formula (21-a), can be
converted into the compound of formula (1), or salt thereof, preferably of formula (1-a),

or salt thereof, for example, as above described.

Section D: Novel and Inventive Compounds Occurring in One of the Precedent

Sections

In the processes shown above several novel and inventive compounds are involved.
Consequently, further subjects of the present invention are the compounds shown

below.

A compound according to formula (2), or salt thereof,
H;C l O
0]

1 )

A—2Z



In a particul ar enbodi ment of this route, conpounds of
formula (16) or (1), or salts thereof, can be

WO e®else] as detailed in subsection G5, to pPOWER®0S/000142
conmpounds of fornula (16-apgoor (1l-a), or salts
t hereof, respectively. A preferred enbodi nent of nethod
6 is exenplified in Schene 13 bel ow. Schene 13 In

anot her enbodi nent, the present invention relates to
the co ete reacti on sequences described in Schene_13
Wi B R Batr oA BUGHE BIORPagIouP( 25, 5STnes RharP grerably
haingel donfigivafon Becdrding efddmath (2-aj nul a (1-a), as define
herein, and it also relates to each of the reaction
steps shown in Schene 13. In still another enbodi nent,
the present inventiopAselates to the product obtained
according to the co ¢| reacti on sequence descri bed

D
Hi6 Schene 13, apd i @ relates to the product
" toach of the reaction steps shown
o ef erred enbodi nent of the nethod
o=ES 3 j hehe 13 rel ates to conpounds wherein R
1 i sNhydrogen. A further preferred enbodi nent of the
net hbd described in Schene 13 relates to compounds
wher®t n RL is hydrogen and wH@r®i n the reduction of
t he conpound (16-a) to (1-a) takes place with Pd/C and
hydrogen. Particularly preferred bases and chiral )
In apseferred emhodimest of formula é2-8) R is hydeggencas ditregespratecting
&m@é{, f | {d&eof, into a
o f?émfpgfrai%ﬂl g"‘g %é@tgl)o?&cor sngi )

conpound of

A compound according to formula (4), or sait thereof,

Mo
Ty

R4
R1 (4)

wherein R1 is hydrogen or a nitrogen protecting group, as defined above, and R4 is
morpholine, preferably having a configuration according to formula (4-a)

43%0
o

R4
R1 (4-a)

wherein R1 and R4 are defined as above in formula (4).

A compound according to formula (8), or salt thereof,



thereof) in this enbodi nent are selected, for exanple,

fromthe group of bases and chiral catal ysts above
woressBiogaret. Subsequent reduction of the conpouPdI/BP2008/000142

fornmul a(16-a), or salt theseof, to yield the conpound

of formula (1-a), or salt thereof, can be

acconpl i shed, for exanple, under hydrogenation

conditions by the use of Pd/C or as described in

od 7 for preparing the Key Lactam (1), or salt
al so conprises the reaction steps of

Riy1g a conpound according to forrmula ( 15),
eof, to obtain conmpound (16), or salt

to obtain the Key Lactam (1),
or salt theregf. eveg, the nethod for preparing
conmpound2l "t hereof, differs from nethod 5.
Met hod 7 st n N-protected succinimde, or
salt thereaf, followe by a chenpand enanti o-sel ective
hydrogenation as the keRs stepsg) Hence, a further
subj ect of the present invention is a process for
preparing a conpound according to formula (15), or

whefdin Rt hed®RY arewhddpentiefly, bSedty bt ety debgen ¢t 4 hig§eén protecting

ardloaes feflped OGS BaBRERY o 819 bPiRIFTaDY PAbho s canfapration
acddi@ihg & fortaliig)(Bid)h an organonetal | i c reagent derived
from 4-nmet hyl biphenyl to obtain a conpound

e

RS (8-a).

A compound according to formula (9), or sait thereof,

R2— N

N
RS 9)



according to fornula ( 15), or salt thereof. In a
preferred enbodi nent according to this process, the
wa@ eovposdre7 of fornula (15) has the foll owing  PCT/EP2008/000142
stereochem stry wherein R %2is hydrogen or a nitrogen
protecting group, as defined above. Preferably R 1 is,
hydrogen or a nitrogen protecting group as descri bed
above in section A The Key Lactan1(1) or salt
t her eqf , such., In val oyl or .
whegkih R a2 S kendneBat, e o, fudhofh 87 Aioadi protecting
grdupp he dgfiner atfove pdnd/RE $s lydeeggmassatkyh fpréfemblyctiavingsa configuration
Ph- Ph- -Y, preferably 4-bi phenyl -CH2-Y, wherein Y is
a°%°rﬂ'ﬂglt%cg’;25'ﬁ'f’ﬁ @a(ér oup. Preferred conpounds of formula
Ph- Ph- CH2-Y preferably 4-biphenyl-CH 2-Y, are, for
anpl e, 4-bi phenyl net hyl magnesi um hal i des (Gignard
eanents). The nucl eophilic group Y is preferably a

kel i des generally are chloride, brom de and
ein bromde is especially preferred.

from 4- :bi phenyl are 4- bi phenyl met hyllithium

4- biphenylnet' | cuprate (Il ow and higher-order

cupr at ez I yl zinc. These conpounds can be
used |nd|V|ﬁhaIIy or ijn the presence of another netal,
e.g. coppers zinc, pabladium platinum iron, indium
or ruthenium PreferabIR5 i n ghg above formila Yis
MyBr (4- bi phenyl nmet hyl magnesi um br om de).

A compound according to formula (10), or salt thereof,

AN
R5 (10)

wherein R5 is hydrogen or alkyl, preferably having a configuration according to formula
(10-a)



A preferred enbodi nent of nethod 7 is exenplified in

)

Schenme 14 bel ow. Schenme 14 | n anot her enbodi nent, the
wpe@sestoeT nvention relates to the conpl et e r eakCT/BP2008/000142
sequences described in Schese 14 converting the
conmpound of formula (17), as defined herein, into the
conpound of fornmula (1-a), as define herein, and it
also relates to each of the reaction steps shown in
heme 14. In still another enbodi nent, the present
#ntion relates to the product obtained according to
conpl ete reaction sequence described in Schene 14,
apd ™N_al3Q relates to the product obtained according
| of {he reaction steps shown in Schene 14. In
Rpodizient, a conpound of formula (15), or salt
thereof, ~'s prepared froma conpound of fornmula (17),
or salt thered, under %i gnard conditions, for
exanpl e, anal t ose described in Perkin
Transacti o 1, 1993, {(21), 2567. Next, the conpound
of formula (15), or s@lt thereof, can be converted
into the conmpound of foreyg,(16-a), or salt thereof,
vi a enantiosel ective hydrogenation, for exanple, as
descri bed above. Further reduction of the conpound of
A dofiBhd abddfay to Rt (13}, BPE&Pherddf, Vi el d the compound
of formula (1- 3, or salt t ereo%, can be
acconpl i shed, for exanple, under hydrogenation
conditions. In a preferred enbodi nent, the reduction
of the conpound _qQf for 16-a), or salt thereof, is
T
OH
Ri (13)
wherein R1 is hydrogen or a nitrogen protecting group, as defined above, preferably
having a configuration according to formula (13-a)

o N i
\ OH

Ri (13-a).
A compound according to formula (15), or salt thereof,
NeWg el

1 (15)

D—Z

wherein R1 is hydrogen or a nitrogen protecting group, as defined above.



Al ternatively, the conpound of formula (15), which is
prepared froma conpound of fornmula (17) as descri bed
W@bwsmes396¢an be converted into the conmpound of POY/EP1088/000142
(1), preferably of fornulasf§l-a), as described in
Schenes 9 to 12. Subsection C-8: Method 8 In stil
anot her enbodi nent of the present invention, the
conpound of forrmula (21), or salt thereof, wherein R 1
droogen or a_nitro g group, as
ng&xcAingde %rgﬁ"%g'%gr‘g om a conpound of
formula (6), or salt thereof, mhereln R1 i s hydrogen
or a nitrogen protect|no group, for exanple, as
descrlbed in Schene 1F Sshene 14 In anot her

enpodi entlon relates to the
| e rea c&s described in Schene 14
OConwef t i frg T 1 pound of forrmula (6), as defined

herefn, into t e compound of forrmula (21), as define
herdt’hh, and it also relates t{®6kach of the reaction
steps shown in Schene 14. In still another enbodi nent,
the present invention relates to the product obtained

whesin Rdiis\pydrogerher @ oitropen protestiog gomups ag) definsas almyer pieéatably
i I r to the product

ha{é‘ﬂ?gﬁﬁggﬁj&%@&r%&%&' %f89“u|§1(?e{%2 reacti og steps shown
in Schene 14. In th| s enbodi nent, a conpound of

formula (22), or salt thereof, wherein R 1 is hydrogen
@I oup, is prepared froma

’I

R1 (16-a).

A compound according to formula (20), or salt thereof,

(20),

preferably having a configuration according to formula (20-a)

1 (20-a),



salt thereof, wherein RL is hydrogen or a nitrogen

protecting group, for exanple, by the use of an
woe@angayet al | i c reagent derived from 4-net hyl PCPRR2U9$E/000142

as descri bed above. Next, ®he conpound of fornula

(22), or salt thereof, is converted into the conpound

of formula (21), wherein Rl is as above descri bed, or

salt thereof, under dehydration conditions, for

exanmpl e b of the Burgess reagent.
wigreiBm e %’éﬁ" orfy & R1 tsi ydgo &ﬁaltfqe&yugotsevnwpéa as

deff ﬁéd QK@IHJRGOWa @Ridﬂ)g/vtﬂ@@ &érﬁb@gapo’hﬁﬂd%h@ﬁﬁ%@@é\boxylated as
or exanp rovi

Errent W t ?{} 6 qeﬁ] —8
%fﬁﬁbaﬂa i i3 Bydrpgep ?rﬂ?thw Pgeé%abl(yhgﬂg(lﬁ ﬂlkyé in partucular
-qomeéreouﬂs ;ﬁﬁfé@éblﬁ@-Et&ﬁ@Ldldﬁﬁ h@aﬂféﬁlaﬁ"aﬂﬁ%éﬁbﬂ it Besther

und of fornul a has the
Pf?@ﬂ?@ﬁ*}?@d@%eé}‘ ngh%ﬁ?ﬁ"?y)ﬂ%@f EXgMple; ‘qssbeﬂﬂﬂr ogen or a
nltrogen protecting group, as defined above. The

ound of for 21 or salt thereof, preferably
Aﬁ?m Sthacgordng g or% zbé' Fsabtheredd into the conpound

of formula (1) alt thereof, preferably of formula
(1-a), or salt t \, for exanple, as above
descri bed. Secti Novel and Inventive Conpounds

Cccurring i he Precedent Sections In the
processes § above several novel and inventive
coprpounds & ivol ved. Consequently, further subjects
o th i nvention are the conpounds shown
N
I
R1 . (21)

wherein R1 is hydrogen or a nitrogen protecting group, as defined above.

A compound according to formula (22), or salt thereof,

»
o

Ry (22)

wherein R1 is hydrogen or a nitrogen protecting group, as defined above.

A compound according to formula (5), or salt thereof, in crystalline form,



bel ow. A conpound according to formula (2), or salt
thereof, (2)wherein Rl is hydrogen or a nitrogen
w@e@B®eg®sNg group, as defined above, preferabl pChEPiong000142

a configuration according 80 fornula (2-a) In a

preferred enbodi nent of fornmula (2-a) R 1 is hydrogen

or a nitrogen protecting group selected from pival oyl

and t-butyl oxycarbonyl (BOC). A conpound according to
formula (4), or salt thereof, wherein R 1 is hydrogen

or a nitrogen prote ONgroup, as defined above, and

R4 is norpholine, pr dbly having a configuration

according to_gorqu ) wherein RL and R4 are
red as ap n formula (4). A conpound accordi ng
&), gr salt thereof,wherein Rl and R2 are

g1 y,~>0f each other, hydrogen or a nitrogen
pr ot ctl nd\ group, as defined above, and R5 i s hydrogen
or aKyl, preferably having 3 ionfi guration accordi ng
to forrrula (8-a) A conpound é ording to formula (9),
whereirs Rl tis hymrbgm‘i or é B)r‘ogem pi‘dtedﬁﬁg gruipRas defined above, preferably

pen ent ot h drogen or a nitrogen
hahngg ﬂ% a E’ @3(%3% and R5 is hydrogen
or al kyl, preferably havi ng a conflguration accor di ng

toforrmla(9-a) l

R1 (5-a).

In a preferred embodiment the crystalline compounds according to formula (5-a), or
salts thereof, comprise a monoclinic crystal system. Further preferred, the crystalline

products of the invention comprise the space group P21.

In further embodiment, the invention relates to a compound of the formula (1), (1-a), (1-
b), (1), (17), (1*-a), (17-a), (2), (2-a), (2-b), (2)), (2"-a), (2°), (2"-a), (3), (3-a), (3-b), (4), (4-
a), (5), (5-a), (7), (7-a), (8). (8-a), (9), (9-a), (10), (10-a), (11), (11-a), (12), (12-a), (13),
(13-a), (14), (15), (15-a), (16), (16-a), (17), (18), (19), (20), (20-a), (21), (21-a) or (22), or
salts thereof, as defined hereinbefore or hereinafter; more preferably a compound of the
formula (1), (1-a), (1-b), (1"), (17), (1™-a), (2), (2-a), (2-b), (2'), (2'a), (3), (3-a), (4), (4-a),
(5). (5-a), (7), (7-a), (8), (8-a), (9), (9-a), (10), (10-a), (13), (13-a), (15), (16), (16-a), (20),
(20-a), (21) or (22), or salts thereof, as defined hereinbefore or hereinafter; in particular

wherein R1 is selected from the preferred definitions described hereinbefore.

In still further embodiment, the invention relates to a compound of the formula (1), (2),
(3) or (10), preferably (1-a), (2-a) or (10-a), or salts thereof, in crystalline form, as

defined hereinbefore or hereinafter.



A conpound according to formula (10), or salt thereof,

wherein R5 is hydrogen or alkyl, preferably having a
w@emBiogpesat i on according to fornmula (10-a)A coP@DEPZH0S/000142

according to fornmula (13), 8or salt thereof, wherein R

1 is hydrogen or a nitrogen protecting group, as

defi ned above, preferably having a configuration

according to fornula (13-a) A conpound according to

formula (15), or salt thereof, wherein Rl is hydrogen

or a nitrogen protecting group, as defined above. A

PafRURP @%oaﬁ?é?ﬁéjbﬂﬁe iR eh@®nate réviddd in ¥e BRrhple§ERSinvention
wherein Rl is @qen or a nitrogen protecting gr oup

tht@smo?evweepf%%ﬂ/embg Ievest: a@avsmaucra@paurebﬂﬁrthgmrmq gppove
m@ﬁ@ﬁ%ﬂbﬁbﬂsélﬁh&@omﬁb%cfe@r@ﬂ tH MB&GHﬂggﬁéﬁﬁflﬂbr@(aHbles as
fornmula (20), or salt thereof, preferably having a
WeH@ﬁﬁthﬂlﬁea?‘PEﬁ?faé‘i%‘ﬁ'ﬂgl‘fgth?d"‘f%‘}'%l a (20-a)
(20-a),wherein in the above formulae R 1 is hydrogen
or a nitrogen protecting group, as defined above, RI10
Sertion EgFxampi#s ch can be saponified and/ or
decar boxyl at ed, as defined herein, and R 11 is
hydr ogen_or msth |. Preferably, RLO is -O al ky
Thﬁgqllpyvmg Fagamp@gerw ta Qiysm@te B\eénp\@[nggp ylthqyt@mltlr&thp §cope thereof,

whrlt.otl"fé'&)dn thé BtHeARAhE Fprésedt Plefdriedrdngibdimentd ofithatrB8étion steps, inter-
preferred enbodi nent R10 is -Oal kylaryl, for exanple,

medigleseAnd/er. th%p&ﬁ?ﬁ%%‘eeé’&"ﬁf‘ﬁﬁ“ﬁ@‘tpa formula (21), or

salt thereof,

Abbreviations:

d chemical shift

ul microlitre

Ac A acetyl

Bn benzyl

Boc tert-butoxycarbonyl
BOC,0O di-tert-butyl carbonate
Cbz benzyl carbamate

Cbz-Ci benzyl chloroformate

de diastereomeric excess
DMAP 4-(dimethylamino)pyridine
DMF N,N-dimethyilformamide
DMPU 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone
DMSO dimethylsulfoxide

ee enantiomeric excess

ES electrospray

ESI electrospray ionisation

Et ethyl

EtOAc ethyl acetate

h hour(s)

HNMR proton nuclear magnetic resonance



wherein R1L is hydrogen or a nitrogen protecting group,
as defined above. A conpound according to formula
W@ 2038/083967 sal t thereof, wherein Rl is hydr ogenP@I/EP2008/000142
ni trogen protecting group, 8&s defined above. A
conmpound according to fornula (5), or salt thereof, in
crystalline formwherein RL is hydrogen or a nitrogen
protecting group, as defined above, preferably having
configuration accordjng.to formula (5-a) In a
HC&teferred enbodi rren1t’£¥45%’gf<?f39€°(t”angrene conpounds
HRwocor di ng to for multagH Berformafde ifid chrbiatagedphyconpri se
. _a nonoclinic crystal s%/syﬁem Further preferred, the
PErystal line product$°RSPY he invention conprise the
iPrepece group P21 . lisogroisyl Bestatenbodi ment, the invention
relates to a conmpound of, the formula (1), (1-a), (1-
Ry, (). (1), (1 H2%"-q), (2), (2-3), (2-b), (2)
KHMDS a), (2"), (2"- potasstin bi@iragthyl6iBi)amidd 4), (4- a),
L (9. (5-a), (7). (f:a), (8), (8-a), (9), (9-a), (10),
(10-a), ( 1 1), ( T¥€%), (12), (12-a), (13), (13-a),
Lc(Mg) , (15), (15-a) liqliti&hrondtbgraphy-mhés spédtmetlyl9) ,
20), (20-a), (21),,. .21-a% or ZZQ or salts thereof,
LDAs defined her ei nbdfBy8 dBSORTYAMHE t er - nor e
LHMDS erabl y a conpouitiurdbis(titetryisilamigd) , (1-a),
m (-0 (), (1"),n5|'r-ita), (2), (2-a), (2-b), (2),
(Z'a)’ (3)’ (B'a)’ Q!?’Y(4_a)’ (5)’ (5'3), (7)’ (7'3),
m/é8), (8-a), (9), (9nasstoichnge ratid-a), (13), (13-a),
M(15), (16), (16-a), Gﬁﬁﬂ) (20-a), (21) or (22), or
®alts thereof, as {® ed herei nbefore or hereinafter;
mg n particul ar wher enifigldin i s sel ected fromthe
.rpreferred definitions descri bed herei nbefore.
mi mmute?s?

mL , millilitre

mmol(s) mitlimole(s)

mol(s) mole(s)

MS mass spectrometry

NaHMDS sodium bis(trimethylsilyl)amide
nm nanometre

NMR nuclear magnetic resonance
Pd/C palladium on carbon

Ph phenyl

Piv pivaloyl

Piv-Cl pivaloyl chloride

ppm parts per million

psi pounds per square inch

RT room temperature

SEM 2-(Trimethylsilyl)ethoxymethyi
SEM-CI (2-chloromethoxyethyl)-trimethylsilane
TES triethylsilyl

TFA trifluoroacetic acid

THF tetrahydrofuran



In still further enbodi ment, the invention relates to
a conpound of the formula (1), (2), (3) or (10),
wee@Besabty (1-a), (2-a) or (10-a), or salts tPer/Epfops/000142
in crystalline form as deByned herei nbefore or
herei nafter. Parti cul ar enbodi nents of the invention
are provided in the Exanples - the invention thus, in
a very preferred enbodi nent, relates to a conpound of
The formul a above qﬁinti onggroor a3 |t thereof,
el ected fromthe c Hﬁ@{fﬁ 5?%‘1{? t he Exanples, as
TMEDKA as the use theM&hN, Necwamietiyléthylehediamviast i on.
Section E: Exanples The follow ng Exanples serve to
Rillustrate the i nveRENEN WPChout 1inmiting the scope
Tst hereof , whil e theyogyateheosgt her hand represent
preferred enbodi nents of the reaction steps, inter
nedi at es and/ or the process of the present invention.

In 468ting\NMRIJARS thedfolb\GiRy @Bbrewlaitibihs 4fe usedr 9)lsidgle?; d\doublet; t, triplet;
acet%l Bn benzyl Boc ,tgrt-but oxycar bonyl BOC20
9. gyanel quins, AyintetPpBN LIPSt

Example 1-1:  (S)-5{morpholine-4-carbonyl)pyrrolidin-2-one

(6] o)
. O N —_— (e} u
H OH (Nj

o
Method 1

To a mixture of 48 g dicyclohexylcarbodiimide, 30 g commercially available L-
pyroglutamic acid and 3.1 g hydroxybenzotriazole 20.2 g of morpholine were added in
170 ml dichloromethane at about -15 °C. The mixture was allowed to warm to room
temperature. The suspension was filtered and diluted with 290 ml THF. The mixture
was concentrated to obtain a suspension, which was filtered yielding 41 g of (S)-5-

(morpholine-4-carbonyl)pyrrolidin-2-one.

Melting point (hereinafter referred to as "mpt"): 130-132 °C. 'H-NMR (DMSO): 1.87 (1H);
2.19 (1H); 2.28 (1H); 3.35-3.65 (8H); 4.51 (1H); 7.70 (1H). MS (ESI, m/e) 199 [M+H]";
397 [2M+H]".

Enantiomeric excess (ee): 98.0 % (4-a, R1 = H; R4 = morpholine) as determined by GC.

Method 2

A suspension of 5 g S-pyroglutamic acid (38.737 mmol) in 50 ml THF and 250 yl DMF
is cooled to 0°C and 3.09 ml (5.07g, 42.611 mmol) thionylchloride is added within 5 min.



Cbz benzyl carbamate Cbz-Cl benzyl chl oroformate de

di astereoneri c excess DVAP 4-(di net hyl am no) pyri di ne
wrFeshBIei met hyl f or mam de DMPU 1, 3-di net hyl - 3PCT/EP2008/000142

,4,5,6-tetrahydro-2(1 H)-pyei m di none DVMSO

di met hyl sul f oxi de ee enantionmeric excess ES

el ectrospray ESI el ectrospray ionisation Et ethyl

Et OAc et hyl acet ate h hour(s) HNWVR proton nucl ear

T RS PG Ao et YEER B B Er ARy 4t B b B P
resUlingAdearsofutiopyd agairetadled to 0°C and is then treated with 7.25 ml (7.25 g,
170.1 mmol) morpholine. After warming up the reaction mixture to ambient temperature
within 2 h, the suspension is filtered. The filtrate is concentrated under reduced
pressure to give a crude residue. Enantiomeric excess (ee): 98.0 % (4-a, R1 =H; R4 =

morpholine) as determined by GC
Method 3

The reaction vessel is charged with 30 g L-pyroglutamic acid and 4.71 g 1-
hydroxybenzotriazole hydrate. The solids are then suspended in 190 ml anhydrous
acetonitrile and the mixture is then heated to 45°C. Subsequently, 20.24 ml morpholine is
added via a dropping funnel within 20 min, and the dropping funnel is then washed with 5
ml anhydrous acetonitrile. The resulting mixture is then heated to 65°C and 29.32 g N-N'-
diisopropylcarbodiimide added within 1 h via a dropping funnel. After complete addition,
the dropping funnel is washed with 5§ ml anhydrous acetonitrile and the reaction mixture is
stirred at 65°C for an additional 30 min. The resulting suspension is then cooled to
ambient temperature, filtered and the filter cake washed with 3 x 30 ml acetonitrile. The
filtrate is concentrated under heating and reduced pressure to approx. ¥z of its original
volume and the residue is then seeded with 16 mg (S)-5-(morpholine-4-
carbonyl)pyrrolidine-2-one. Concentration under reduced pressure is continued until
approx 1/3 of the original volume of the filtrate is reached. While further concentrating the
filtrate under reduced pressure and removing approx. 95 ml of distillate, simultaneously
210 ml 2-methyltetrahydrofuran is added. The suspension is then cooled to 0°C and the
solids are isolated by filtration. The filter cake is washed with 3 x 20 ml icooled 2-
methyltetrahydrofuran and dried at 55°C under vacuum to give 42.54 g of (S)-5-
(morpholine-4-carbonyl)pyrrolidine-2-one as fine white crystals (98.0% purity by HPLC, ee
(HPLC) > 99.6% [4-a, R1 = H; R4 = morpholine]).

Example 1-2: (R)-5-(morpholine-4-carbonyl)pyrrolidin-2-one



IR infra red KHVDS potassi um bis(trinmethylsilyl)amde
Llitre LCGM liquid chromatography-nass spectronetry

WO DASHEI9kT um di i sopropyl am de LHVDS |ithium  PCT/EP2008/000142
bi s(trinmethylsilyl)amde Mool arity nfe nmass-to-charge
ratio Me nethyl ng mlligrammn mnute(s) nL
millilitre mml(s) mllinole(s) nol (s) nole(s) M5 nmass
spectronmetry NaHVDS sodi um bi s(trinethylsilyl)am de nm
nanonetre

%O © ¢O o
o . /,,,.( o y //,,,(
H OH H N
o
To a mixture of 30 g R-pyroglutamic acid and 4.71 g hydroxybenzotriazole in 200 mi
acetonitrile is added 20.24 g of morpholine at 50°C. The mixture is heated to 60°C and

29.32g N,N’-diisopropylcarbodiimide are added. After 1 h, the suspension is cooled to
room temperature and the precipitate removed by filtration. The mother liquor is distilled

under reduced pressure. During the distillation methyltetrahydrofuran is added. The
resulting suspension is cooled to 0 °C and then filtered. The filter cake is washed with
methyltetrahydrofuran and dried under reduced pressure to yield (R)-5-(morpholine-4-
carbonyl)pyrrolidin-2-one. 'H-NMR (DMSO): 1.88 (1H); 2.11 (1H); 2.32 (1H); 3.46 (4H);
3.59 (4H); 4.54 (1H, dd, J = 3.3, 8.8); 7.72 (1H). MS (ESI, m/e) 199 [M+H]"; 397
[2M+H]". IR (solution in CH,Cl,, vicm™): 3341; 2860; 1709; 1694; 1639; 1462; 1270;
1255; 1116; 655. Enantiomeric excess (ee): 99.6 % (4-b, R1 = H; R4 = morpholine) as
determined by GC

Example 1-3: (R/S)-5{morpholine-4-carbonyl)pyrrolidin-2-one

&O 7()’\'\ °
O —_— O (
N N
H H
e} N
g )

(o)
A mixture of 143 g of pyroglutamic acid methyl ester (1 mol) and 139 g morpholine (1.60
mol) in 900 mi of xylene is heated to 140 °C for 20 h. The xylene is evaporated to a
volume of 500 ml. From the suspension obtained, the precipitate is filtered off, washed
with THF to yield the desired compound after drying in vacuo. From the filtrate the solvent
is evaporated completely. This crude product [(R/S)-5-(morpholine-4-carbonyl)pyrrolidin-2-
one} is filtered over 800 g silica gel with THF as the solvent and evaporated to dryness to
yield a second crop of the desired compound. This compound is used directly in the next

step. HPLC analysis shows the material to be in an enantiomeric ratio : 55.8 :44.2 [(4-a,
R1 = H; R4 = morpholine): (4-b, R1 = H; R4 = morpholine), respectively].



NMR nucl ear magnetic resonance Pd/C pal | adi um on

carbon Ph phenyl Piv pival oyl Piv-Cl pivaloyl chloride
WERIoB08396s per mllion psi pounds per square iPCHERD0S/000142

room tenperature SEM 2- ( Tr ivzret hyl si |l yl ) et hoxynet hyl

SEM CI (2-chl oronet hoxyet hyl)-trimethyl silane TES

triethylsilyl TFA trifluoroacetic acid THF

tetrahydrofuranTLC thin | ayer chronat ography TMEDA

N. N. N. N-t et ramet hyl et hyl enedi amine tR retention tine

Ts tosylate / tosyl In quoting NVR data, the follow ng
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L-pyroglutamic acid methyl ester (23.91g, 177 mmol), morpholine (21.8 g, 250 mmol) and
4-dimethylaminopyridine (0.2 g, 1.64 mmol) are heated under reflux in toluene (130 ml) for
12 hours. The product precipitates as an oil. The oil is separated from the toluene, diluted
with dichloromethane (100 ml) and washed successively with 0.1 M HCI, 0.1 M NaOH and
water (50 ml each). The dichloromethane phase is concentrated to obtain a suspension,
which is filtered yielding the crude product. The crude product is dissolved in THF (200 ml)
at 45 °C and, upon cooling in an ice bath, (S)-5-morpholine-4-carbonyl)pyrrolidin-2-one
precipitates as white crystals. Enantiopurity (GC) 88.7 % (S)-Enantiomer.

Example 1-5: (R/S)-5-(morpholine-4-carbonyl)pyrrolidin-2-one

/ on

A mixture of 14.5 g of pyroglutamic acid methylester (100 mmol) and 13.1 g morpholine
(150 mmol) in 80 ml of toluene is heated to reflux (110 °C) for 48 h. During this reaction
time, methanol formed is distilled from the reaction mixture. Finally two phases are
formed. The upper, toluene phase, was decanted and the lower product phase is
filtered over silica gel (180 g) with ethyl acetate : methanol = 70 : 30. the solvent is
evaporated to yield the product as an oil. The enantiomeric ratio is 93:7 [(4-a, R1 = H;
R4 = morpholine) to (4-b, R1 = H; R4 = morpholine), respectively] and the GC purity is
96.4 % area %.



g, quartet; quint., quintet; m multiplet. Exanple
1-1: (S)-5-(norpholine-4-carbonyl)pyrrolidin-2-one
wOveioko8B987 To a m xture of 48 ¢ PCT/EP2008/000142
di cycl ohexyl carbodiimde, 39 g commercially avail abl e
Lpyroglutam c acid and 3.1 g hydroxybenzotri azol e 20.2
g of norpholine were added in 170 m di chl or onet hane
at about -15 OC. The m xture was allovwed to warmto
roomtenperature. The suspension was filtered and
diluted with 290 ml THF. The m xture was concentrated
HPLCT Mbtlaid(Exampednsi on, which was filtered yielding 4
1 g of (S)-5- (norpholine-4-carbonyl)pyrrolidin-2-one.
Melting point (hereinafter referred to as "npt"):
Cokidh: ThroBiGtic-TH OOVR A(EMROS: urid.. Ribblid Phasea 16.06 MINH,BA28 MeOH +

NP ML e TR

WdvRhgth? 816 nfk. (dol@mnfdmpefdtur&4 g=gror phol i ne) as
determ ned by GC. Method 2 A suspension of 5 g

S-pyroglutamc acid (38.737 nmmol) in 50 mMl THF and 250
RefntibVEimes: cool ed to 00C and 3.09 m (5.07g, 42.61 1

mmol ) thionylchloride is added within 5 mn. The

reaction mxture is allowed to warmup to room

4-4 @ReHaRUY=em¥ighBiidk)2 N. olfigik esul ting clear solution
is agaln cooled to 00C and is then treated with 7.25
4-0h{R1(7HpB4 g morpholine): 2.8 min

GC Method (Example 1):

Column: Fused-Silica-Capillary, CHIRALDEX G-BP; 20 m x 0.25 mm. Pre-column:
Deactivated fused silica, 1 m x 0.53 mm. Injection block temperature: 250 °C. Detector
temperature: 300 °C. Carrier gas: helium, 3.0 ml min™, constant flow. Injection volume:

2.0 ul. Split ratio: 20 : 1. Oven temperature: 200 °C (initial) isocratic for 50 min.

Retention times:

4-a (R1 = H; R4 = morpholine): 27.5 min
4-b (R1 = H; R4 = morpholine): 30.1 min

Example 2-1:  (S)-5-(biphenyl-4-carbonyl)pyrrolidin-2-one

S
b A

E:

Iz

Method 1



170.1 mol ) norpholine. After warm ng up the reaction

m xture to anbient tenperature within 2 h, the
waeepes®son is filtered. The filtrate i s concePCT/EPIAS/000142

under reduced pressure to g#ve a crude residue.

Enantioneric excess (ee): 98.0 % (4-a, R1 =H R4 =

nor phol i ne) as determ ned by GC Method 3 The reaction

vessel is charged with 30 g L- pyrogl utam c acid and

b dra e solids ar
395 s el pariRirecrds Pl GHae 2t Siasmie ese SHepended in
30bh\$l deU?SI degadsed TR ThedbRrtlod Waé%‘ole&t&)s@&u efd b, 2000t a

hol1ne is added via a drop g funnel within 20

2 54 so0ian of RO RSSHIAGGFUDEAMFG oy RU WRES RBGePYa! Aot 20 min

Thﬁﬁﬁ%(@g@itviés g%%ﬁwugthaéhﬁo 69 térﬁgéﬂamre SvER abdik €9 hdulsheRe
eat e (0] an
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|ay@f waelsesartawanm partf E@rﬁcéhﬂﬁ%rﬁﬁ@ldé@ digréGpitaté enigh KBS chkcted
nnel 1s washed with drous acetonitrile

and
bytf H@“P%wd’&‘?ﬁhéﬁ withwaiprandtolyeng ebtét” ¥5eof ) 5&9’1"9“9")’"4‘

ca%ﬂ}llwfﬁ%ln@ooﬁg hpt 188-2085¢ (Héé&nﬁrsnqutDM@)t h% (1 H) 215
cool ed to anbi ent_tenperat ure, ered and
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approx. L of 1tS original volune and the residue is
then seeded with 16 ng (S)-5-(norpholine-4-

The X- Q?'Sf}u)cﬁk‘é bPihe GbRfnedt W&als@gﬁ&m inBriguftl4 URESJe ctive crystal
reduced pressure is continued until
data is as follows:

Empirical formula C4;H,sNO; formula weight 265.30; temperature 100(2) K; wavelength
1.54178 A; crystal system monoclinic; space group P21

unit cell dimensions a = 10.362(3) A, a= 90°, b = 8.236(2) A, b= 90.872(15)°, ¢ =
15.583(4) A, g = 90°; volume 1329.7(6) A3; Z 4; density (calculated) 1.325 mg/m?®;
absorption coefficient 0.698 mm; F(000) 560.

Reflections in the X-ray diffraction pattern show the following interlattice plane intervals
(average 20 in [°] are indicated with error limit of +0.2): 26 in [°}: 3.8, 5.6, 8.3, 10.1, 13.4,
14.2, 14.6, 17.6, 18.9, 19.8, 20.4, 20.7, 21.1, 22.7. Data taken using a Bruker D8

Advance diffractometer using Cu-Ka radiation.

Method 2

50 g of (S)-5-(morpholine-4-carbonyl)pyrrolidin-2-one are suspended in 450 ml of THF.
The solution is then cooled to about -5 °C. Next, 127 ml of isopropylmagnesium
chloride solution in THF (1.90 M) is added over 30 min. The mixture is stirred for a
further 30 min and then 300 mi of 4-biphenylmagnesium bromide solution in THF (1.01
M) is added. The mixture is warmed to room temperature. Stirring is continued for 10 h.
The mixture is then added to 585 mi hydrochloric acid (2 M) at 0 °C. The mixture is
then warmed to room temperature. Subsequently, 162 mi sodium hydroxide (2 M) is

added. The mixture is heated to 60 °C and the volatile solvents removed under



approx 1/3 of the original volunme of the filtrate is

reached. While further concentrating the filtrate
wapasnsivetiuced pressure and renovi ng approx. 9BCTEPINS/000142

distillate, simultaneously9210 m

2-nmet hyl tetrahydrofuran is added. The suspension is

then cooled to 00C and the solids are isol ated by

filtration. The filter cake is washed with 3 x 20 ni
vablﬁglg,lr %g gzzﬂjrg%edbg lqlg;c&g Al Ogrnotfgmrsgg (a%] d@dr%%ﬁtﬂe?g stisr?ecc:i for 30 min.
Thé RikiaFls i ca6led 16 ASdMR RarhpaRtured 1A $hlia s e?cll@Bt%d&fy ffltlré’(fanHHdtvﬁashed

%gtaﬁ 98 0% purity by HPLC ee (HPLC) 6%

wnp m nq_,anchjf Q (ygqa P??éf]df afgg%p% (§)-§-(blphenyl-4-
ca(b'ahylﬁzy('m.ﬁlzocbndw eEr‘f’arﬁlaﬁkﬂél}ékdd%}é (é&)! 9818 25-aNRTE 1) as

m xture of 30 g f?-pyroglutamc acid and 4.71 g
dWGF’GQW triazole in 200 m acetonitrile is added

20.24 g of norpholine at 500C. The m xture is heated

Exaawi%g%?&ﬁwpﬂ%ﬂvﬁ@-ce eV aRiEZ8BPca (o 1 oom

tenperature and the precipitate renoved by filtration.
The nother liquor is distilled under reduced pressure.

During the distilAation nethyltetrahy [
a . The r@l’@@”%spensi on is @o to 0 OC and
en M{?ered The Illter cake i 8~ i

neﬁhylt trahydrofuran a i ed r reduced pressure
to yie R) - 5- (mor phol i 2 gl,
carbonyl ) pgyrrolidin- Z%neN 1I'1"I3 MR (DMSO): 1.88 (1H);
2.11 © 2.32 (1H); 3.4 (49); 3.59 (4H); 4.54 (1H
dd, J = 3.3, 8.8); 7.72 (1H. M (ESI, me) 199 [ M+H|
+; 397 [2M+H +. IR (solution in CH2CI 2, v/crtT 1) :

35.384lsf (RBEQimotpHoline-21a3fbon)HpfiolidihtLond drelsuspended in 302 ml of

dry, degassed THF. The solution is cooled to -5 °C. 92.3 ml of a solution of

isopropylmagnesiumchloride in tetrahydrofuran (1.9M) is added over 30 min.
Subsequently 210 ml of a solution of 4-biphenylmagnesiumbromide in THF (1.0M) is
added over 20 min. The mixture is allowed to warm to room temperature over 19 hours.
The mixture is quenched by the addition of ice-cold 2 M hydrochloric acid and the
organic solvent removed under reduced pressure. Td the resulting suspension, 133 ml
toluene is added and the precipitate, which is collected by filtration, is washed with
water and toluene. The filter cake is dried under reduced pressure to provide (R)-5-
(biphenyl-4-carbonyl)pyrrolidin-2-one. 'H-NMR (DMSO): 1.93 (1H); 2.17 (2H); 2.55
(1H); 5.33 (1H, dd, J=4.5, 9.6); 7.45 (1H); 7.53 (2H, t, J=7.6); 7.77 (2H, d, J=7.1); 7.89
(3H., t, J=8.5); 8.11 (2H, d, J=8.5). MS (ESI, m/e) 266 [M+H]". IR (solution in CH,Cl,,
viem™): 3203; 3103; 2880; 1699; 1684; 1604; 1407; 1238; 980; 769; 733; 698.
Enantiomeric excess (ee.): 99.0 % (5-b, R1 = H) as determined by hplc.

Example 2-3: (R)-5-(biphenyl-4-carbonyl)pyrrolidin-2-one and (S)-5{(biphenyl-4-
carbonyl)pyrrolidin-2-one



1255; 1 1 16; 655. Enantioneric excess (ee): 99.6 %

(4-b, R1 =H R4 = norpholine) as determ ned by GC
WEXERPOBIH67L - 3: PCT/EP2008/000142

(R/'S) - 5- (nor phol i ne-4-carbeayl ) pyrrolidin-2-one A

m xture of 143 g of pyroglutam c acid nethyl ester (1

nol ) and 139 g norpholine (1.60 nol) in 900 m of

xylene is heated to 140 C for 20 h. The xylene is

evaporated to a volune of 500 ml. From fhe suspension

obt ai ned, the c)jpitate is filtered washed w th

THF, yi e| d twﬂ@l’“@%{ conpound aft & ing i

the filtrate the sol vg

-

s evapor at ed

conpﬁetel . This crude progus -5-(no

|phoI|n carbonyl)pyrro 1 diy se] is filtered
over S;d ilica gel wPih F &s the sol vent and
evapor at to dryness to ylﬁld ® second crop of the

desi red conpound. This conpound is used directly in
t he next step. HPLC anal ysis shows the material to be

ToI 3? @Mg%ﬂimg'soé@élbﬁorf atigy Fgfﬁorﬁbugﬂé‘ny?lr{ {#b0Am| THE issadded. The

hol 1 n 4 r phol i ne),
adpn@grﬂ) @(:tlhp\;@rgy]g épmq)lgphpwgl is done at such a rate, that the reaction mixture

is 5t$}sﬂu'§( (FBF EdepIbtasadition! the MyiktliRYis 'h‘élaieﬁ'f@r &dm@r 1.5 h at reflux.
yroglutamc acid nethyl ester

rmrql plutiomis gdged then qsglutmoof 1 00 g o% (RIS) 5-(morp2wollne-4-
cafboﬁylwﬂ@ua.ammnu Miodd m¢H(=Qa-t 2 -%0 °t. Fhe BB8ING BtIe |s|1%ﬁrfoﬁéd and

under reflux_in toluene (130 m) for 12 hours.
thesiegalipa mixtuse ispitimed cvenriohty TB? reacke mxtyrejis WPE%" with
szr/NH4b|l1§nd USDIET hél bHWf @ik wa&ttbrdh&tm@ imbh'ﬂﬁ@rdal:i?@n mixture

m ) and washed successi vel
is congenisated tq BuelHme i SR .m'?ﬁé the E’ﬁF’Bﬂ%iﬁé%fﬁah'é‘ B!hgléf ét'?'*s b The
precia RNt tidnedlired iPBO@ hi? talusiéSRFOSTAUM is then filtered, to yield after

drying, (S)-5-(biphenyl-4-carbonyl)pyrrolidin-2-one and (R)-5-(bipheny!-4-
carbonyl)pyrrolidin-2-one in a ratio of 64 : 38, respectively, as determined by hplc. 1H-
NMR: (400 MHz;CDCl;): 2.04 — 2.16 (m, 1H), 2.26 — 2.45 (mm, 2H), 2.54-2.67 (m, 1H),
5.08-5.13 (m, 1H),7.32 -7.94 (m, 9 H).

HPLC Method (Example 2):

Column: Chiralpak AS-RH (DAICEL); 150 x 4.6 mm; 5 um. Mobile Phase A (water),
Mobile Phase B (Acetonitrile). Isocratic: 0 min (50 % B); 15 min (50 % B). Flow rate: 0.8
ml min”'. Wavelength: 285 nm. Temperature 25 °C.

Retention times:

5-a (R1=H): 7.1 min
5-b (R1 =H): 6.5 min



which is filtered yielding the crude product. The

crude product is dissolved in THF (200 m) at 45 0C
W@eas/08396h cooling in an ice bath, PCT/EP2008/000142

(S) - 5- nor phol i ne-4-car bonylypyrrolidin-2-one

precipitates as white crystals. Enantiopurity (GO

88.7 % (S)-Enantioner. Exanple 1-5:

(R/'S)-5-(norphol i ne-4-carbonyl ) pyrrolidin-2-one A

m Xt ure of 14. yrogl utam c_acid net hyl este
Examtpie gri) ) ( %béervwmmm@h@-mwey lrawt«‘an (da, R1=

Bf.l toluene is heated to reflux ( 110 0C) for 48 h.

ring this reaction time, nethanol formed is

distilled fromthe reaction mxture. Finally two

phases are fornmed. The upper, toluene phase, was

decanted and the | ower product phase is filtered over

silica gel (1& with ethyl acetate : net =70

30. the sol\ is evaporated to yield the oduct
as an 0| e Ehantioneric ratio is 93; ’ Rl =
oline) to (4-b, Rl =K rphol|ne)

Exanple 1): Columm: CRTroktfofYc-T; 100 x 4.6
mmH 5 ngn Mobil e Phase A (0.01 M NH4QAC in MeOH + 0.1
% TFA). Isocratic: O mn (100 %9; 10 mn (100 %A;).
Flowrate: 1.0 ml mn 1. Wavel ength: 210 nm Col um
tenperature: 10 C. Retention tines: 4-a (RL = H R4 =

Merm(r)glqol ine): 2.3 mn

200 mg of (S)-5-(biphenyl-4-carbonyl)pyrrolidin-2-one of example 2 were suspended in
3 ml THF. 20 mg of sulphuric acid and 5 mg of palladium on carbon 10 % m/m (W. C.
Heraeus GmbH, Type K-0218) were added and the mixture was stirred under 3 bar
hydrogen for about 20 hours. The mixture was neutralised with 50 mg sodium
carbonate and the precipitate removed by filtration. The filtrate was concentrated to
dryness to obtain (S)-5-biphenyl-4-yimethylpyrrolidin-2-one. 'H-NMR (DMSO): 1.66 (1H,
m, 4-CHH); 1.94 (1H, m, 4-CHH), 2.01 (2H, m, 3-CH,); 2.65 (1H, dd, 1-CHH); 2.84 (1H,
dd, 1-CHH); 3.78 (1H, m, 5-CH); 7.30 (2H, d, aromatic); 7.33 (1H, m, aromatic); 7.43
(2H, t, aromatic); 7.57 (2H, d, aromatic); 7.63 (2H, m, aromatic); 7.81 (1H, s, NH). m/z:
252 (MH', 100 %).

The X-ray Structure of the obtained crystals is shown in figure 1.

Crystal data [recorded at 100(2) K]

Empirical formula C7H47;NO
Formula weight 251.32
Crystal system Monoclinic
Space group P21

Cell parameters a=5.7252)A

b =26.815(9) A
c =25.932(8) A



4-b (Rl1 = H R4 = norpholine): 2.8 mn GC Met hod
(Exanple 1): Columm: Fused-Silica-Capillary, CH RALDEX
w@2®BB08R6E7 m x 0.25 mm Pre-colum: Deacti vat edp¢T/IERIH08/000142

silica, 1 mx 0.53 nm |Injesgtion block tenperature:
250 OC. Detector tenperature: 300 OC. Carrier gas:
helium 3.0 M mn 1, constant flow Injection volune:
2.0 mM . Split ratio: 20 : 1. Oven tenperature: 200 0OC
(initial) isocratic for 50 min. Retention tines: 4-a
(RL = H R4 = norptefie): 27.5 nin 4-b (RL = H R4 =
nmorpholine): 30.1 rg8ooaaplsge2-1 :

(S)-5-(bi phenyl -4-carbonyl ) pyrrolidin-2-one Method 139
g of (S)-5-(norpholi®©804a-carbonyl)pyrrolidin-2-one of

VO@@MI% \jer e sus isn 300 mM of dry, degassed
e't]csol ution 5‘%26@%0 ed to about - 15 0C. 200 ni
Z*of a 2.2 M solutionl2f 4-biphenyl magnesi unbronide in
CaT&ﬂfat gnsqtgded overy SOPK %;ng-ﬁ) mn. The m xture was

al T owe

to'warmto room Tenperature over about 19
hour s. The m xture was quenched by the addition of

*(h&ﬁb&%f%s%%ﬁ%ﬂnﬁgm @eidnitdeyd and the organic |ayer

was separat Ial concentration yielded a
precipitate, whi ch was collected by filtration, washed
with water and toluene to obtain 44 g of

Metbod 2- ( bi phenyl -

100 g of (S)-5-(biphenyl-4-carbonyl)pyrrolidin-2-one are suspended in 860 ml THF. 2.4
g of sulphuric acid and 10 g of palladium on carbon 10 % m/m (W. C. Heraeus GmbH,
Type K-0218) are then added. The mixture is then warmed to 40 °C and a pressure of
3 bar hydrogen gas applied. After 10 h, the mixture is cooled to room temperature,
filtered and the filter cake is washed with 300 ml THF. 100 ml water is added to the
combined filtrates and 21.9 g sodium hydroxide solution (2 M) is added. The mixture is
then warmed to 60 °C and the volatile solvents are removed under vacuum. The
resulting suspension is filtered and the cake is washed with 200 ml water. The solid is
then added to 820 ml isopropyl acetate at 65 °C and is partially concentrated. The
mixture is then cooled to 3 °C and the solid collected by filtration to provide, after drying,

(S)-5-biphenyl-4-ylmethylpyrrolidin-2-one.
Method 3

(S)-5-biphenyl-4-yimethylpyrrolidin-2-one (106 mg) is added to toluene (2 mi) and 10 %
Pd/C (10.6 mg, 10 wet wt% loading, type 394 (6249) catalyst, Johnson Matthey) is added.
Hydrogen pressure is applied to 30 psi and the mixture is heated to 70 °C. After 16 h, the

mixture is cooled to room temperature. Analysis by hplc showed 94 % purity.
Method 4

(S)-5-biphenyl-4-yimethylpyrrolidin-2-one (106 mg) is added to toluene (2 ml) and 10 %
Pd/C (10.6 mg, 10 wet wt% loading, type 338 catalyst, Johnson Matthey) is added.



car bonyl ) pyrrolidin-2-one. npt 163-203 0C (deconp.).
IHNWR (DVMSO): 1.88 (1H); 2.15 (2H); 2.53 (1H); 5.30

W@ 10dp/083068B4-7.60 (3H); 7.77 (2H); 7.90 (3H); 8PAT/LP2008/000142
(2H). Enantioneric excess pge): 98.08% (5-a, RL = H)
as determ ned by hplc. The X-ray Structure of the
obtai ned crystals is shown in figure 4. Respective
crystal data is as follows: Enpirical fornmula

C17HI5NQ2; fornmu| a V\Eloght 265. 30; tenperature 100( \)t
HWémQﬁﬁ\Pé?%ﬁﬁ'@% 1§ applied, tpad0npsi @P?&W"‘M@f%@ﬁ%@dq Tr-cMter 16 h, the

SEAgH Sy, Tl el MBS OSSN,

g = 90; volune 1329.7(6) A3; Z 4; density (cal cul ated)

Méth&&% ng/ m 3; absorption coeffi ci ent 0.698 mm 1;
F(OOO) 560. Reflections in the X-ray diffraction
pattern show the followi ng interlattice plane

(S{ Bibﬁih\éﬁ*lﬁ &ua‘\éa{yggeromrz -dre (aos md) @ é‘(ﬁe@ido%lhéheewrﬁl) and 10 %

PaiG; (10.6 Mg, 80 weh wies Iaasting, tis Mod 5(2595) caalyst, J3hngon Sattpey) is

adHBd. aHpaJéséh B 8@eds Bppilearto @8 peidéfﬂr\ﬁé nﬁktﬁfer@‘ﬁb%tt@ 70 °C. After
usi ng” Cu-Ka radi ati on. Method

g
16(hsthegmixtitie pﬂn@qquiietozto@fart%ﬁ?ﬂa)%?r Amlvw hy hoisrilowed 96 % purity.
suspended in 450 mM of THF. The solution is then
cooled to about -5 C. Next, 127 m of
Methed Sopy| magnesi um

(S)-5-biphenyl-4-yimethylpyrrolidin-2-one (848 mg) is added to toluene (4 ml) and 10 %
Pd/C (85 mg, 10 wet wt% loading, type 39 catalyst, Johnson Matthey) is added.
Hydrogen pressure is applied to 30 psi and the mixture is heated to 70 °C. After 16 h, the

mixture is cooled to room temperature. Analysis by hplc showed 97 % purity.
Method 7

(S)-5-biphenyl-4-yimethylpyrrolidin-2-one (5.07 g) is added to toluene (24 ml) and 10 %

Pd/C (0.25 g, 5 wet wt% loading, type 39 catalyst, Johnson Matthey) is added. Hydrogen
pressure is applied to 30 psi and the mixture is heated to 70 °C. After 16 h, the mixture is
cooled to room temperature. The catalyst is filtered. Product is obtained by precipitation

with heptane. Analysis by hplc showed 97 % purity.

Method 8

(S)-5-biphenyl-4-yimethylpyrrolidin-2-one (848 mg) is added to toluene (4 ml) and 10 %
Pd/C (85 mg, 5 wet wt% loading, type 394 (6065) catalyst, Johnson Matthey) is added.

Hydrogen pressure is applied to 30 psi and the mixture is heated to 70 °C. After 16 h, the

mixture is cooled to room temperature. Analysis by hplc showed 97 % purity.

NMethod 9



chloride solution in THF ( 1.90 M is added over 30
mn. The mxture is stirred for a further 30 mn and
w0 b@s/080607 M of 4-bi phenyl magnesi um br om de soOPCIK/ER2008/600142
THF (1.01 M is added. The1ai xture is warnmed to room
tenperature. Stirring is continued for 10 h. The
m xture is then added to 585 m hydrochloric acid (2
M at 0 OC. The mixture is then warned to room
tenperature. Subsequently, 162 m - sodi um hydroxi de (2
(Sivp-birheadcedmettipyiniodinr2eones(848 mad i addesiGo datuensi(4mi and 10 %

Lot ] . , C
PEIES s RN WERIGad R B s OGS SR SHnkclfiafiiey) iFadded
Hy8igogenmpresEluee isi appliedetoi 30 psh aha thet roixtuoe in hestgrbtoaf QUG . After 16 h, the
Solid | I il ' ' 150
iR e L B AR P RS B0
(S) - 5- (bi phenyl -4- carbonyl ) pyrrolidin-2-one.
Exg&apgé hi%gI(&Eﬁ&%@%y&%F&%ﬁyz%lﬁﬁsbn% tkey 1Actas (1-b, R1 =

H)] R) - 5- (bi phenyl - 4- car bonyl ) pyrrol i di n-2-one 35.48 g of
(R) - 5- (nor phol i ne-4-car bonyl ) pyrrolidin-2-one_are

suspended in &0 of dry, degassed THF. Thé | ution
Is cooled to 92.3 nm of a solution of

i sopropyl gpagriesiunchl oride in tetrahydr g . 9M

[ @-\' 30 m n. Subsequent 210

spl uly) sk 74- bi phenytTmagrTesi unkr om,de HF (1.0M

O shdd&d over 20 nmin. The mixPurénfs allowed to warm
to " oomvtenperature over 19 hours™ The mixture is
guenched by the addition of ice-cold 2 M hydrochloric
acid and the

14 g of (R)-5-(biphenyl-4-carbonyl)pyrrolidin-2-one are suspended in 80 ml

tetrahydrofuran. Subsequently 331mg of concentrated sulphuric acid are added and the
reaction vessel is purged with argon. 1.4 g of palladium on carbon 10 % m/m (W. C.
Heraeus GmbH, Type K-0218) is added and the mixture is stirred under an atmosphere
of hydrogen (3 bar) at 30°C for 20 h. The black suspension is filtered and the filter cake
is washed with tetrahydrofuran. After the addition of 50 ml water, the pH of the emulsion
is adjusted to pH 5.5 using sodium hydroxide solution (2M). Under reduced pressure,
the organic solvent is removed and 100 mi of isopropyl acetate are added. The aqueous
layer is then separated and the remaining organic layer is concentrated to approx. half
of its original volume. The suspension is cooled to -5°C and filtered. The filter cake is
washed with cooled isopropyl acetate and is dried under reduced pressure to give (R)-
5-biphenyl-4-ylmethylpyrrolidin-2-one as colourless crystals. 'H-NMR (CDCl): 1.93
(1H); 2.37 (3H); 2.80 (1H, dd, J=8.5, 13.5); 2.92 (1H, dd, J=5.4, 13.5); 3.95 (1H); 5.70
(1H); 7.29 (1H, d, J=7.5); 7.38 (1H); 7.47 (2H); 7.59 (4H). MS (ESI, m/e) 252 [M+H]";
503 [2M+H]". IR (solution in CH,Cl,, viem™): 3191; 3055; 2930; 1692; 1489; 1272;
762; 692.

Example 3-3: (R/S)-5-biphenyl-4-ylmethylpyrrolidin-2-one [Key Lactam (1, R1 = H)]



organi ¢ sol vent renoved under reduced pressure. To the

resul ting suspension, 133 m toluene is added and the
w@e@siogdooat e, which is collected by filtrati onPCT/BP2008/000142

washed with water and tolueme. The filter cake is

dri ed under reduced pressure to provide (R)-5-

(bi phenyl - 4- car bonyl ) pyrrolidin-2-one. 1H NVR ( DVSO):

1.93 (1H); 2.17 (2H); 2.55 (1H); 5.33 (1H, dd, J=4.5,

9.6); 7.45 (1H); 7.53 (2H, t , J=7.6); 7.77 (2H, d,

J=7.1); 7.89 t , J=8.5); 8.11 (2H, d, J#8 . M5

(ESI, ne) 264 H +. IR (solution in CH2C P cm

1): X . 2880; 1699; 1684; 1604; . Y238;
698 Enanti omeric cess : 99.0 %

as tetermrred by _hpl
Red- - 4-carbonyl ) py o NI -2 one and
(S)H5- ( bi phenyl - 4- carbonyl ) pyrroli di n-2-oneTo 32 g My
turni ngs a soI uti on of 289 g 4- Bronbi phenyl in 1100
ition of the startin

A ﬂ“’ﬁ'ﬂ@rﬂﬁ Bﬁ&rgeﬂpp mrgow &W@ér(b@uewlﬁ qaawyl)pwa?hdem% -one, 3.0 g Pd/C

(16 %Pblcmawbm EatalysttBASH)! §5-cohk. trgso;mb@hﬂ THF and 300 ml
addition, the mxture is hHeated for anothe

1.
M@H a1 hydragenatyq hiate pressyre apd heategiatcR) t%‘}fte{ra% the hydrogen
up?éﬂetb%;%n Thé cét@@sgls(ﬁtel(elal of) waskemwitlMkinaforand the resultmg filtrate is

car bonyl ) pyrrolidin-2-one in_ 1000 | THF at < -
coneRNtiaRs] inYgcutTie; evaperaior esidhg it fieselvactiniteiyens 204 fgvashed with
n t filferb#8Ad dried
aq‘uﬁoeﬁ: ﬂﬁ% s{bﬁﬂi&aoﬁ%ah ofﬂ%eprbdiﬁ,@&féﬁgtm% dthEis |$er ah ried in
VaP%(ﬁﬁ Db HPLE grea ol Tis tglueny, eh?%ewaéheW%Wéh HeO "and

evﬁﬁé@@?ﬂtdoﬁkﬂﬁe Otodyidl@ futHHRr Bfudd Bfodiict. IRE fLiRKerUrédd prodaétas purified

renpved bx tration, The
over silica gel ¢ romatography with toluene / methanol = 4 :1, to yield the product. This

product is stirred in 70 ml toluene at 60 °C for 2 h. Then 70 mi heptanes fraction are
added and the precipitate is filtered. The precipitate is dried in vacuo to yield (R/S)-5-
biphenyl-4-ylmethylpyrrolidin-2-one (96.5 % HPLC area %). 1TH NMR (DMSO): 1.69 (1H),
1.96-2.05 (2H), 2.67 (1H), 2.84 (1H), 3.80 (1H), 7.31 (2H), 7.44 (2H), 7.57 (2H), 7.63 (2H),
7.74 (1H).

HPLC Method 1 (Example 3):

Column: YMC-Pack ODS-AQ HP; 150 x 3.0 mm; 3 um. Mobile Phase A (10 mM KH,PO,
in water); Mobile Phase B (Acetonitrile). Gradient: 0 min (25 % B); 7 min (40 % B); 10 min
(40 % B); 12 min (80 % B); 20 min (80 % B); 20.1 min (25 % B). Flow rate: 1.0 ml min™".
Wavelength: 210 nm. Temperature 45 °C.

Retention times:
13 (R1=H): 7.3 min and 7.4 min

5 (R1 = H): 8.9 min
1(R1 = H): 10.9 min



precipitate is then stirred in 400 mM toluene at 70 0OC
and is then filtered, to yield after drying,
w@ 3)086830b1 phenyl - 4- car bonyl ) pyrrol i di n- 2- one aPCI/EP2008/000142
(R) - 5- (bi phenyl -4- carbonyldepyrrolidin-2-one in a
ratio of 64 : 38, respectively, as determ ned by hplc.
IHNVR: ( 400 MHz; CDCI3) : 2.04 - 2.16 (m 1H), 2.26 -
2.45 (mm 2H) 1 2.54-2.67 (m 1H), 5.08 - 5.13 (m
F%5‘};2,7.32 - 7.94 (m 9 H. HPLC Method (Exanple 2):
HRi MethodRi(Examale :s- RH (DAICEL); 150 x 4.6 nm 5 nm
Mobi | e Phase A (water); Mobile Phase B (Acetonitrile).
Isocratic: O min (50 %B); 15 mn (50 %B). Flow rate:
Cadurgn:r@hiralpak AS-Rid/ @A ELN 150 8546 mm; Barme Mabile £hase Odwater);
M@%E%E%%%a%?@ﬁgrﬁ% As6&tic otthin (€0 % BJ: A5%iR (66% B). Piow rate: 0.8
mi(nGh- SWavelesgth: 284 nheldmpargtureo?s t0.n- 2- one [ Key Lact am
(1-a, RL = H] Method 1 200 ng of
(S)-5-(bi phenyl - 4-car bonyl ) pyrrolidin-2-one of exanple
1-2(Rkerél)suspendedmim 3 m THF. 20 ng of sul phuric acid

ang. 5 of p fumon carbon 10 %mm (W C
1- aél,ll-g'anbH, aéré%‘gh K-0218) were added and the mixture

was stirred under 3 bar
Example 4: (S)-5-biphenyl-4-yimethyl-1-(2,2-dimethylpropionyl)pyrrolidin-2-
one (1-a, R1 = pivaloyl)

@]
I
7}

Method 1

20 g of (S)-5-biphenyl-4-ylmethylpyrrolidin-2-one (1-a, R1 = H) of example 3 were
dissolved in 200 ml tetrahydrofuran. The mixture was cooled to about -78 °C and 55 m|
n-butyllithium (1.6 M) were added. After about 0.5 hours, 11.8 ml of pivaloyl chloride
were added. After 1 hour, the mixture was quenched with 210 ml ammonium chloride
solution and extracted with 70 ml ethyl acetate. The mixture was concentrated to
dryness to obtain 26.7 g of (S)-5-biphenyl-4-yimethyl-1-(2,2-
dimethylpropionyl)pyrrolidin-2-one (1, R1 = pivaloyl). '"H-NMR (CDCL;): 1.40 (9H, s,
C(CHa)3); 1.91 (1H, m, 4-CHH); 2.03 (1H, m, 4-CHH); 2.47 (1H, m, 3-CHH); 2.55 (1H,
m, 3-CHH); 2.74 (1H, dd, 1-CHH); 3.18 (1H, dd, 1-CHH); 4.67 (1H, m, 5-CH); 7.34 (2H,
m, aromatic); 7.36 (1H, m, aromatic); 7.46 (2H, m, aromatic); 7.58 (4H, m, aromatic).
m/z: 336 (MH", 100 %).



hydrogen for about 20 hours. The m xture was

neutralised wwth 50 ng sodi um carbonate and the
w@emsigiotat e renoved by filtration. The filtraper/mem08/000142

concentrated to dryness toimbtain

(S)-5-bi phenyl -4-yl met hyl pyrrolidin-2-one. 1H NWVR

(DMBO): 1.66 (1H m 4-CHH); 1.94 (1Hm 4-CHH); 2.01

(2H m 3CH2) ; 265(1H dd 1CHH) 284(1Hdd

X 8& 0 (2H,_d, aromatic);

Th¢ &@w&twqﬁqre mﬁaqtrte'red vw&@lqlz Hhown in figuse At .Se')gle grystal for this
deterfirfhtioR iCoBthiINE from cﬁ%oﬁ@/{?ylemer 3¢ eoétc) : 7.81 (1H, s,

NH) . mz: 252 (M+, 100 % . The X-ray Structure of t he

obtained crystals is shown in figure 1. Crystal data
CrL8R848 Bochied 901GB2}k) Epi ri cal formul a C17HITNO

For mul a wei ght 251 Crystal system Monoclinic Space
Ergpideah fgopilace| | par a@ng'r' 2a = 5.725(2) A b = 26.815(9)
FoPnGlawei§nt932(8) AQta: #9 b = 94.280(18)

Crystal system Monoclinic
Space group P21
Cell parameters a=11.6334)A
b = 8.486(3) A
c=18.894(6) A
a=90°
B =94.429(15) °
y=90°
Volume of unit cell 1859.6(11) A®
z* 4
Calculated density 1.198 mg m*

* (number of asymmetric units in the unit cell)

Method 2

(S)-5-biphenyl-4-ylmethylpyrrolidin-2-one (1-a, R1 = H) (100 g, 398 mmol) and
triethylamine (166 ml, 1.2 mol) are added to toluene (1 L) at room temperature. The
mixture is heated to 60 °C. Pivaloyl chloride (73.5 ml, 597 mmol) is added over 2 h.
After a further 1 h, citric acid solution (237 g in 1 L) is added and the phases are
separated. The water phase is washed with toluene (0.5 L). The organic portions are
combined, washed with water (0.5 L) and then dried (MgSO,). The mixture is
concentrated in vacuo. The residue is suspended in heptane (550 mi) and is heated to
reflux. The mixture is then cooled to room temperature. After 1 h, the mixture is cooled
to 0 °C, and then filtered to give (S)-5-biphenyl-4-ylmethyl-1-(2,2-
dimethylpropionyl)pyrrolidin-2-one (1, R1 = pivaloyl)



g = 90 Volunme of unit cell 3970(2) A3 Z* 12
Cal cul ated density 1.261 ng m3 * (nunber of
W@sysgwsi c units in the unit cell) Method 2 1201/gPmhs/000142
(S)-5-(bi phenyl - 4- car bonyl Jgayrrol i di n-2-one are
suspended in 860 m THF. 2.4 g of sul phuric acid and
10 g of palladiumon carbon 10 %M m (W C. Heraeus
GnbH, Type K-0218) are then added. The mi xture is then
warmed to 40 C and a pressure of 3 bar hydrogen gas
Exaple 8cl:  A(IR5S)5-biphenil-4ryknethyl-142,2stimethyiprapionyl)-3-

& 29 Jlal (b€ 2a filter cake is washed

mvﬁﬁ?ﬁﬁg%m 21‘&3&%?% B&/gg‘g@ is added to the conbi ned
filtrates and 21.9 g sodi um hydroxi de solution (2 M
is added. The m xture is then warned to 60 C .

resul ting sus
washed with

8- water. The so‘f,%idist added to
opyl acetate at 65 C% ' '

, 3 ) =Y 0
oRe 8eeid Tollected by filtration Yo provide, after

dr)N\n‘g<, (S) - 5- bi phenyl - 4-yl met hyl px(r o} i di n- 2- one.
o

Method 1

0.37 ml of n-butyllithium (1.6 M) was added to a solution of 88 pl diisopropylamine in

1 ml tetrahydrofuran at about 0 °C. After about 15 min, 200 mg (S)-5-biphenyl-4-
yimethyl-1-(2,2-dimethylpropionyl)pyrrolidin-2-one (1-a, R1 = pivaloyl) of example 4
dissolved in 2 ml tetrahydrofuran were added. After about 15 min, 59 pl
dimethylsulphate were added. After about 2 hours at about 0 °C, the mixture was
diluted with ammonium chloride solution, extracted with ethyl acetate and concentrated
to dryness (196 mg). According to HNMR analysis, the ratio of diastereoisomers is 83 :
17 [(3R, 5S): (3S, 5S)]. The material was purified by chromatography to afford 43 mg
(3R, 5S)-5-biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)-3-methylpyrrolidin-2-one = 'H-
NMR (DMSO): (2-a, R1 = pivaloyl) 1.07 (3H, d, 1-CH3;); 1.29 (9H, s, C(CH3)3); 1.63 (1H,
m, 4-CHH); 2.03 (1H, m, 4-CHH); 2.81 (2H, m, 3-CH, 1-CHH); 2.94 (1H, dd, 1-CHH),
4.45 (1H, m, 5-CH); 7.34 (3H, m, aromatic); 7.44 (2H, m, aromatic); 7.61 (4H, m,
aromatic). m/z: 350 (MH*, 100 %). Spectroscopic data for (2-b, R1 = pivaloyl) as
Example 5-2.

An X-ray structure of the preferred diastereoisomer (compound according to formula (2-

a)) is shown in figure 2.

Crystal data [recorded at 100(2) K]
Empirical formula C,3H27NO,
Formula weight 349.46




Met hod 3 (S)-5-bi phenyl -4-yl net hyl pyrrolidin-2-one

(106 ng) is added to toluene (2 m) and 10 % Pd/ C
W@ 1®8683v97 10 wet W % | oadi ng, type 394 (6249)PCT/EP2008/000142

catal yst, Johnson Matthey)1iss added. Hydrogen pressure

is applied to 30 psi and the m xture is heated to 70

C. After 16 h, the mxture is cooled to room

tenperature. Analysis by hplc showed 94 % purity.

Met hod 4 (S)-5-bi phenyl -4-yl net hyl pyrrolidin-2-one
Crystalsystgm i s added tMonedliniene (2 m) and 10 % Pd/ C

, 10 wet wt oadi ng, type 338 catal yst,
S[{?%%ﬁg)é{égl\/htthey) isﬁ@ajdded. Hydr ogen pressure is applied

Cellpaggngtets and t he r xBF48(3)A heated to 70 0C. After 16
h, the mxture is 95%119(9 oom tenperature. Analysis
by hplc showed 98 % purity. thod 5
(S) - 5- bi phenyl - 4- ylaetl Ry Aol i di n- 2-one (106 ng) is
added to toluene (2,6 ogh.and 10 % Pd/ C (10.6 ng, 10 wet

wt % | oadi ng, type Nbd 72595) catal yst, Johnson
Matt hey) is added. ply@naged)°pressure is applied to 30
psi and the m xture ig?geat ed to 70 OC. After 16 h,

the mixture is cool®ed”f o roomtenperature. Analysis by

Voluphe osiavetl 96 % plua7giy(e) Akt hod 6
.(S) -5-Dbi phenyl -4-yl pret hyl pyrrolidin-2-one (848 ng) is
Z"added to tol uene (#£mM) and 10 % Pd/C (85 ng, 10 wet

caduiatb®aghsntyg, type 30185inglny3t, Johnson Matthey) is
added.

* (number of asymmetric units in the unit cell)
Method 2

10 g of (S)-5-biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)pyrrolidin-2-one (1-a, R1=
pivaloyl) were dissolved in 150 ml toluene. The mixture was cooled to about 0 °C and
71.5 ml potassium bis(trimethylsilyl)amide solution (0.5 M in toluene) were added. After
15 min, 11 ml dimethyl sulphate were added and the mixture was stirred for a further
hour. The reaction was quenched with ammonium chloride solution and extracted with
ethyl acetate. The combined organic phases were concentrated to dryness to obtain
15.3 g of crude (3R, 5S)-5-biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)-3-
methylpyrrolidin-2-one.. According to HNMR analysis, on the crude, the ratio of
diastereoisomers is 83 : 17 [(3R, 5S): (38, 5S)]. Spectroscopic data for (2-a, R1 =
Pivaloyl) is reported in Example 5-1, Method 1. Spectroscopic data for (2-b, R1 =
Pivaloyl) is reported in Example 5-2.

Method 3

65 ul (60 mg, 0.323 mmol) dicyclohexylamine is dissolved in 1 ml dry THF, and the
solution is then cooled to 0°C. After adding 197 ul buty! lithium in hexane (1.59 M), the
solution is stirred at 0°C for 15 min. A solution of 100 mg (2.84 mmol) (S)-5-biphenyi-4-
yimethyl-1-(2,2-dimethylpropionyl)pyrrolidin-2-one (1-a, R1 = pivaloyl) in 1 ml THF is then



Hydrogen pressure is applied to 30 psi and the m xture
is heated to 70 0OC. After 16 h, the mxture is cool ed
W@ 2008083951 enper at ure. Anal ysis by hpl c showed BGT/##2008/000142
purity. Method 7 106
(S)-5-bi phenyl -4-yl met hyl pyrrolidin-2-one (5.07 g) is
added to toluene (24 m) and 10 % Pd/C (0.25 g, 5 wet
wt % | oadi ng, type 39 catal yst, Johnson Matthey) is
added. Hydrogen pressure is applied to 30 psi and the
addiest dropewise and stierdd ab0Hfod @ furttierdi5 mi6. B0 pt (4¢ Mo .x@.82& minsol) methyl

io ?% ; Eg}eh Jq%grmlﬂﬁ{{%%rrﬁlhuﬁ'ﬁe r;llﬁt r@atInF)IJttYrgtlﬁ sﬁrrfe{ilatt%’ edfor 2 h. The

talne r eci
mikhune 'yssquenblyedqqtnr@g:‘.nhbe\eddlﬁdn %ipmi satyratéd: NhiaQl Q)Iutuon 2 mi water and

ok g o e A AL e B4 B4 0L er ang
evapétatega HiPh @, oft thp aeg8de (@GGB)twoanahylated diasgtersomeric compounds 2-a

Y 1 (S RASERTER 49 0L ety o

the m xture is cooled to roomtenperature. Analysis by

Mg‘ﬁé hovved 97 % purity. Method
? 5- bi phenyl - 4-yl met hyl pyrrolidin-2-one (848 ng) is
added to toluene (4 m) and 10 % Pd/C (42 ng, 5 wet

65 |t(§¢1m db%% viBf _226,8§t§t9a6r§éth§|§§8 iR is J@?Jifé’d“m 1 ml gy THF, and

rogen sure is a
the Sblutiowl i hennmodled & 0 .hardrettie tagidition 06t 193Zf pEbuterhlh;um in hexane

(1%5??\@"% 3&@@0@% §}§%{g‘f &8 SO L eSS BN & 1803575 82 mol) (S)-5-
biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)pyrrolidin-2-one (1-a, R1 = pivaloyl) in 1 ml
THF is then added drop wise and the mixture is stirred at 0°C for a further 15 min. 20 pl
(47 mg, 0.328 mmol) methyl iodide is then added within 20 min. The resulting mixture is
stirred at 0°C for 2.5 h. The mixture is quenched through the addition of 2 ml saturated
NH,CI solution, 2 ml water and 20 ml isopropyl acetate. The organic layer is separated,
dried over MgSO4, filtered and evaporated. HPLC of the residue reveals two methylated
diastereomeric compounds 2-a (R1 = Piv) and 2-b (R1 = Piv); ratio (3R,5S) to (35,5S) 88 :
12.

Method 5

(S)-5-biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)pyrrolidin-2-one (1-a, R1 = pivaloyl) (10
g, 29.8 mmol) is dissolved in toluene (50 ml) and is cooled to 0 °C. 0.5 M Potassium
bis(trimethylsilyl)amide solution in toluene (77.5 ml, 38.7 mmol) is added over a period of
30 min. Dimethylsulfate (4.2 mi, 44.7 mmol) is then added over 0.5 h. After 15 min, 1 M
HCI (50 ml) is added and the mixture allowed to warm to room temperature. The phases
are separated and the organic phase is washed with 1 M NaOH (50 ml) and then with
water (50 ml). Solvent is then removed from the organic phase in vacuo to yield a residue
containing the product. Residue contains (3R, 5S)-5-biphenyl-4-yimethyl-1-(2,2- '
dimethylpropionyl)-3-methylpyrrolidin-2-one (2-a, R1 = pivaloy!). Ratio (3R,5S) to (3S,5S)
86 : 14 as determined by hplc..



Exanpl e 3-2: (R)-5-bi phenyl - 4-yl et hyl pyrrolidin-2-one
[ Key Lactam (1-b, RL = H] 14 g of

W@ R)08H8IhT phenyl - 4- car bonyl ) pyrrol i di n- 2- one aPE&I/EP2008/000142
suspended in 80 m tetrahytrofuran. Subsequently 331
ng of concentrated sul phuric acid are added and the
reaction vessel is purged with argon. 1.4 g of
pal | adi um on carbon 10 % mMm (W C. Heraeus GrbH, Type
K-0218) is added and the m xture is stirred under an

Thetresida isrheatgd atyafiogiametBaneh (50 mb. Yéater (Ganl) isthan agded and the

i r ) e .
LR K OO TR D s R A s Ko 4 Gy gna s
stired fertaefurthemhehp A sofid isheollected by bitratien, avjshed adththe @H/HROS(S m,
MS| i j | g4 : I .
o: i LA 86} JRTe Be e ikt rodllh, RABTIREEIN RS o5 84 16
asi detgrmiped byahyee.at e are added. The aqueous | ayer is then
separated and the remaining organic |ayer is

concentrated to approx. half of its original vol une.
Meathed$uspension is cooled to -5C and filtered. The

filter cake is washed with cool ed i sopropyl acetate

and is dried under reduced pressure to give (R - -
(ShS5tvinitenplyd-yimefiyidt(@y2-giethylprepionylppmelidins 2 onledira, 89s= pivaloyl) (5

rystals.. 1 . ' ' 3{n & = M- ;
9. i 8ThAl 1, BN Yl 2. B s hbiegtta 210 4Giobig i Pilassium
bisgtrigrtetifyldilyt)arbidéGo(utibih jin foluzae (388 md, 1994 hnmol) isadddd evel) a period of
A H) el I 5 : .
anbytfa it | CumPuafidrA) 2, 1Moz Bl ey ot bler giin. Afer 30
mif O Byrafiesidd,Cl 48@xtiol 22Z52ml) and water (25 ml) are added. Phases are separated
and the aqueous phase is washed with toluene (25 ml). The combined organic phases

are dried (MgSQ,). Solvent is then removed from the organic phase in vacuo to yield a
residue containing the product: Ratio (3R,5S) to (3S,5S) 92 : 8 as determined by hplc.

Method 7

(S)-5-biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)pyrrolidin-2-one (1, R1 = pivaloyl) (10
g, 29.8 mmol) is dissolved in toluene (50 ml) and is cooled to 0 °C. 0.5 M Potassium
bis(trimethylsilyl)amide solution in toluene (77.5 ml, 38.7 mmol) is added over a period of
30 min. Dimethylsulfate (4.2 ml, 44.7 mmol) is then added over 0.5 h. After 15 min,
morpholine (2.6 ml, 29.8 mmol) is added. After 0.5 h, 1 M HCI (50 ml) is added and the
mixture allowed to warm to room temperature. The phases are separated and the organic
phase is washed with 1 M NaOH (50 ml) and then with water (50 ml). Solvent is then
removed in vacuo from the organic phase to yield a residue containing the product: Ratio
(3R,5S) to (3S,5S) is 86 : 14 as determined by hplc.

The residue is heated at reflux in methanol (50 ml). Water (5 ml) is then added and the
mixture is cooled to room temperature. After 1 h the mixture is cooled to 0 °C and is
stirred for a further 1 h. A solid is collected by filtration, washed with MeOH/H,0O (5 mi,
9:1) and then dried in vacuo to give a further purified solid containing the product: ratio
(3R,5S) to (35,5S) 86 : 14 as determined by hplc.



762; 692. Exanple 3-3:
(R/'S) - 5- bi phenyl - 4-yl net hyl pyrrolidi n-2-one [Key
wohamBasosl, RL = H]A m xture of 26.5 g (100 np@I/EP2008/000142
(R/'S) - 5- (bi phenyl - 4- car bonyis) pyrrol i din-2-one, 3.0 g
Pd/C (10 % PD CP 4505 D/R Catal yst, BASF), 5 g cone.
H2SO in 300 M THF and 300 mM MeOH are hydrogenat ed
at latm pressure and heated at 50 0OC. After 10 h the
hydrogen upt ake stops. The catalyst is filtered off,
wi th nmethanol and the r¢sulting filtrate is
concentrated in vacuo. The evaiorati on residue is
di ssolved in toluene and is washed with aqueous Na2CO3
(Sd-hiphenyl-4Almethyl- bf2. 2-6ingthdprestonyiryafidinarene @nR1i=spivaloyl) (5 g,
I I PH§o@r v
145 EER FAENEH IR falcho 354D drdlkoRi b P LG G 85 Mooteifm
blswﬂiy'eﬂyy)?”lldﬁ soletian if Ltnlu¢11§3r(1814udle3§n80nmq|b is addes over a period of
36 rr‘ hﬁ. et a% V\;ﬂd‘ﬁﬁ\i 2:284 rRH'nro fdlseé?lﬁ/ga ﬁ'{Tﬁ# &éﬁf'ﬁ lg‘f‘ﬂen added over

romat ogra uene
zq/mm dAﬁdﬁéOpmodmotpholfm . @rrdzoabt mivel)ds addesti After7ich, rﬂl M HCI (50 ml)

.sta%h&?grg% filer rﬁgu{?«g I&Le&om?%{\gra?@ gel,rpp?%g@ dé”ﬁeﬁﬁésfe@a‘?é‘

are a recipl
sepacateghancithe drganic pbelse in wasbed with wates|(3) x 5Q/nd).- Bhases separated.

SRS oL O AL Bl 18550 s 68 e e
produdt, R&icBBR3H)to $3B6S] 8%) 15 as date(mirpd by hple. (2H), 7. 57
(2H), 7.63 (2H)1 7.74 (1H). HPLC Method 1 (Exanple 3):

Col um: YMC-Pack ODS-AQ HP; 150 x 3.0 mm 3 mm Mbbile
Mpthwd® A (10 nmM KH2PO4

(S)-5-biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)pyrrolidin-2-one (1, R1 = pivaloyl) (5 g,
14.9 mmol) is dissolved in toluene (15 ml) and is cooled to ca 0 °C. 0.5 M Potassium
bis(trimethylsilyl)amide solution in toluene (19.4 mi, 38.8 mmol) is added over a period of
30 min. This mixture is then transferred over 30 min to a solution of dimethyl sulfate (2.1
mi, 22.4 mmol) in toluene (2 ml) at 0 °C. After 30 min, morpholine (2.0 mi, 22.4 mmol) is
added. After 1 h, 1 M HCI (50 ml) is added and the mixture allowed to warm to room
temperature. The phases are separated and the organic phase is washed with water (3 x
50 ml). Phases are separated and the solvent is then removed from the organic phase in
vacuo to yield a residue containing the product: ratio (3R,5S) to (3S,5S) 91 : 9 as
determined by hpilc.

Method 10

(S)-5-biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)pyrrolidin-2-one (i, R1 = pivaloyl) (5 g,
14.9 mmol) is dissolved in toluene (10 ml) and is cooled to 0 °C. This solution is
transferred to a vessel containing 0.5 M Potassium bis(trimethylsilyl)amide solution in
toluene (19.4 ml, 38.8 mmol) maintained at 0 °C. The mixture is then transferred over 30
min to a solution of dimethyl sulfate (2.1 mi, 22.4 mmol) in toluene (2 mi) at 0 °C. After 30
min, morpholine (2.0 mi, 22.4 mmol) is added. After 1 h, 1 M HCI (50 ml) is added and the

mixture is allowed to warm to room temperature. The phases are separated and the



in water); Mbile Phase B (Acetonitrile). Gadient: 0O
mn (25 %B); 7 mn (40 %B); 10 mn (40 %B); 12 mn
w@ 3®sA8BF7 20 mn (80 % B); 20.1 mn (25 % B).PE/BP2008/000142
rate: 1.0 mM mn . Wavel engbbh: 210 nm Tenperature 45
0C. Retention tines: 13 (RL =H): 7.3 mn and 7.4 mn
5(RL=H: 89 nmn1l1 (Rl =H: 10.9 m nHPLC Met hod 2
(Exampl e 3): Columm: Chiral pak AS-RH (DAICEL); 150 x
4.6 mm 5 mm Mobile Phase A (water); Mbile Phase B )
orgamiephasetis washed withywater (3 x 50 mil. iPhases sreRseparatediand tigpsolvent is
0 . . i MK .
i By b4 s el Vo SR S50kl SRy g o
rat® BRBJF) tex3HPpBrt: 9 as determined by hplc.
(S) - 5-bi phenyl -4-yl met hyl - 1- (2, 2- di nmet hyl propi onyl ) pyr
rolidin-2- one (1-a, RL = pivaloyl) Method 1 20 g of
Methpdd1pi phenyl - 4- yl et hyl pyrrolidin-2-one (1-a, Rl =
H) of exanple 3 were dissolved in 200 m

tetrahydrofuran. The m xture was cool ed to about -78
(SpEbiphgngst-yimethyl-1-(2,2-dimethylpropionyl)pyrrolidin-2-one (1, R1 = pivaloyl) (10

g, 29.8 mmol) is dissolved in toluene (50 mi) and is cooled to 0 °C. 0.66 M Potassium
bis(trimethylsilyl)amide solution in toluene (58.6 mi, 38.7 mmol) is added over a period of
about 30 min. Dimethylsulfate (4.2 ml, 44.7 mmol) is then added over 0.5 h. After about
15 min, morpholine (3.9 ml, 44.7 mmol) is added. After 0.5 h, 1 M HCI (50 ml) is added
and the mixture allowed to warm to room temperature. The phases are separated and the
organic phase is washed with 1 M NaOH (50 ml) and then with water (50 ml). Solvent is
then removed from the organic phase in vacuo to yield a residue containing the product:
ratio (3R,5S) to (3S,5S) 87 : 13 as determined by hplc.

Example 5-2: (3S, 5S)-5-biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)3-
methylpyrrolidin-2-one (2-b, R1 = pivaloyl) '

Prepared during the reaction (1) to (2) as given in Example 5-1, Method 1. Separated
by chromatography eluting with 7:1 Heptane/Ethyl acetate [R¢ (2-a = 0.33); (2-b = 0.26))}.
'"H-NMR (DMSO): 1.10 (3H, d, CH3); 1.29 (9H, s, C(CHs)3); 1.46 (1H, m, 4-CHH); 2.15
(1H, m, 4-CHH); 2.57 (2H, m, 3-CH, 1-CHH); 3.19 (1H, m, 1-CHH); 4.31 (1H, m, 5-CH);
7.29-7.63 (9H, 4 x m, aromatic). m/z: 350 (MH", 100 %); 320 (11); 266 (10).

An X-ray structure of the other diastereoisomer (compound according to formula (2-b))

is shown in figure 3. The X-ray also shows some of compound (2-a) which co-



n-butyllithium (1.6 M were added. After about 0.5

hours, 11.8 m of pivaloyl chloride were added. After
wWAa2008/083961 he mi xture was quenched with 210 m BCTBP1008000142

chloride solution and extrawted with 70 m et hyl

acetate. The m xture was concentrated to dryness to

obtain 26.7 g of (S)-5-bi phenyl -4-yl nmet hyl - 1- (2, 2-

di met hyl propi onyl ) pyrrolidin-2-one (1, RL = pivaloyl).

1H NMR (CDCI 3): 1.40 (9H, s, C(CHa 3) ; 1.91 (1H, m
cryptatiiggd: sinceghe §?JHPM Wag magture;of dipsterggisqpers.- Murezcogg)ound
cah HbwdVer, IedBtined vidtoluhin ctitgmatby ; 3.18 (1H dd,

1-CHH); 4.67 (1HIm 5-CH); 7.347(2H m arorratlc);

7.36 (1H m aromatic); 7.46 (2H, m aromatic); 7.58
c%&bbdéﬁ[réé&aééhpioogtziﬂl 336 (M, 100 % .The X-ray

ructure o e obtarned crystals is shown in figure

Enopiricgl fgallacr yst al  f@xHeNCGs det ermination is obtai ned

Fofrrhﬁl'&‘v&iédd;tﬁom opyl et hgyg 4 solvent. Crystal data
frecorded at 100(2) Kl Enpirical fornula C22H25NO2

Crygdalfystenhei ght 335.Menadlifist al syst em Monocl i ni ¢ Space
S&E@BR)UBZl Cel |l pargppters a = 11.633(4) A b = 8.486(3)
A

Cell parameters a=5.969(2) A
b=7.678(2) A
c=21.212(4) A
a=90°
B=97.788(9) °
y=90°

Volume of unit cell 963.2(4) A

z* 2

Calculated density 1.205 mgm?

* (number of asymmetric units in the unit cell)

Example 5-3: (R)-5-Biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)-3,3-dimethyl-

pyrrolidin-2-one

10 g (3R, 5S)-5-biphenyl-4-yimethyl-1-(2,2-dimethylpropionyl)-3-methylpyrrolidin-2-one (2-
a, R1 = Piv) is added to THF (100 mi). The mixture is cooled to -30 °C. Lithium
diisopropylamide (17.16 ml, 2 M) is added and the mixture is stirred for 1 h. Methyl iodide



c = 18.894(6) Aa =90 b =94.429(15) g = 90 Volune

of unit cell 1859.6(1 1) A3 Z* 4 Calcul ated density
wWa29883%y7 nB * (nunber of asynmetric units in PCEEP2U0$/000142

cell) Method 2 111

(S)-5-bi phenyl -4-yl met hyl pyrrolidin-2-one (1-a, Rl =

H (100 g, 398 mmol ) and triethylamne (166 m, 1.2

nol) are added to toluene ( 1 L) at room tenperature.

The m xture is heated to 60 O0C. Pivaloyl chloride

(5¢4ma)) & aededzyd therfixtuieds glitrafong &r Amincetpylethanalamine (et mi) is
adtliﬁg 'anﬁ ke inft A idwathed foUd d Qirfel for 19 mirS S@&gﬁﬂ g&ﬂ (12 g)is

ases are separated. The water phase
thew adr_iadolTu@rmlx'(Lme B cmrcemr@ed)mg@nue ap@tha realgualtai(en up in toluene.

%ﬁfg{'e %éﬁ%ﬁb%’d V"\'ﬁ$or‘ﬁ§ﬁn@ hadk R éo%c%ﬂpatéchﬂrba%b $ﬂd taken up in

m xture i°s c ncentrat N vacC
metbanal (300 @D@@sqﬂgndélm dooling: pheaprecipiiate isrtgliediad bysfiltnationdd give

(R? 8. Eh@ﬁéa P’?] 1X62Ui ﬁm%eirﬁ}lﬁ} mB.oﬁ)af-g,%idcgﬁwggﬁgﬁgyg’roudin-z-one. H
NMR (DMSO): 104 (3H), 115(3H) 1.28 (9H). 1.72 (1H), 1.38 (1H), 2.59 (1H), 3.14 (1H),

4.37 (1H), 7.31 (3H), 7.45 (2H), 7.62 (4H).

Example 5-4: (R)-5-Biphenyl-4-yIlmethyl-3,3-dimethylpyrrolidin-2-one

0 o
1.0 0

O N fe)
o)\'<

6g (R)—5-Biphenyl-4-ylmethyl-1-(2,2—dimethylpropionyl)-3,3-dimethyl—pyrrolidin'-2-one is
added to THF (6 ml). Lithium hydroxide (15.6 ml, 3 mol L") is added followed by tetra-
butylammonium bromide (0.15 g). This mixture is then added to a mixture of hydrogen
peroxide (4.54 g) and THF (12 ml) at 0 °C. After 2.5 h, sodium bisulfite solution (12 g, 38-
40 %) is added. THF is removed in vacuo. Toluene (70 ml) is added and the phases
separated. The organic phase is washed with water (15 ml). The phases are separated.

Iz

The organic phase is concentrated in vacuo and then heptane (60 ml) is added and the
mixture cooled to 0 °C). The precipitate is collected by filtration and dried in vacuo to give
(R)-5-Biphenyl-4-yimethyl-3, 3-dimethylpyrrolidin-2-one 'H NMR (DMSO): 0.96 (3H), 0.97
(3H), 1.52 (1H), 1.78 (1H), 2.61 (1H), 2.93 (1H), 3.75 (1H), 7.32 (3H), 7.45 (2H), 7.58
(2H), 7.63 (2H), 7.70 (1H).

HPLC Method (Examples 5-1 to 5-4):



to 0 C, and then filtered to give

(S)-5-bi phenyl -4-yl met hyM (2, 2-
Wa@lewen$Bpbpr opi onyl ) pyrrolidin-2-one (1, RL = PCI/EP2008/000142

pi val oyl ) Exanpl e 5-1: (3Rl112

5S) - 5- bi phenyl - 4-yl net hyl - 1- (2, 2- di et hyl pr opi onyl ) - 3-

nmet hyl pyrrolidin-2-one (2-a, RL = pivaloyl) Method 1

0.37 m of n-butyllithium( 1.6 M was added to a

solution of 88 m diisopropylamine in 1 m
qu@nnemwmﬁﬁmna&(%bmme@md 504f 3. @ mmpbbum: MobilerPhasg@ (0.01 M

0, 0,
(Ng?)rl;%%? ?H ?); ée fbhﬁe P {pcetonitrie), Gradient: 0 min (40 % A; 60 % BY; 15

ml(‘I‘*Qt% R 80 % B); ¥aImyp (30 %fA @Oa%‘pﬁ)e?mmm @95k Ve 80i% 32 26 1 min (40 %
(o Ry e e 1
:?@ Z’ﬁzy F 4gt/§w\}vgr8eﬁa d rg“ﬁk te b, 8‘5}9 i gvﬂ%ur ﬁtﬁ“ nm-

about 0 OC, the m xture was dl!uted vvlth ammoni um
RéMtRMitgsSOl ution, extracted with ethyl acetate and

concentrated to dryness (196 ng). According to HNWVR

analysis, the ratio of diastereoisoners is 83 : 17

E ,_ﬁS) (3S 59 ]47Fng material was purified by
romat’ogr aphy to }Zord 43 ng (3R
2-@3371 5H)i phenyl - 4-yl 280Kyl - 1- (2, 2- di net hyl propi onyl ) - 3-

rroI|d|n2 1HNMR ( DVBO 2-a, R1 =
Ezglﬁvlpai% %/) 1.07 ?3?"' ;(1 29)(9I(—|, s, C(CHB) 3)

-a(F116 V1H1 m6 2. 03 (1H m 4-CHH); 2.81 (2H,
22«( B= %949%), 2§Qn(|'JrH dd, 1-CHH); 4.45 (1H m

m aromatic); 7.44 (2H, m aromatic);
267(%11 4’4\91 (@Rﬁ)onat&@)mmriz 350 (M+, 100 9.
ExaRfpfd 5.8scopi ¢ data {4 nfig-b, RL = pivaloyl) as

Ratio of diastereoisomers (3R,5S):(3S,5S) {-5-biphenyl-4-ylmethyl-1-(2,2-
dimethylpropionyl)-3-methylpyrrolidin-2-one (2-a)] is determined from the peak areas of
peaks for 2-a (R1 = Piv) [8.6 min] and 2-b (R1 = Piv) [8.2 min).

Example 6: (3R, 5S)-5-biphenyl-4-yimethyl-3-methylpyrrolidin-2-one (2-a, R1
= H)

be

2 g (3R, 5S)-5-biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)-3-methylpyrrolidin-2-one of
example 5 and 2 g para-toluene sulfonic acid in 40 ml toluene were heated under reflux
for about 1 hour. Afterwards, the solution was cooled to room temperature and
neutralized with 10 ml diluted aqueous sodium carbonate solution. The organic phase
was separated, washed with water and concentrated to dryness. The residue was



Exanple 5-2. An X-ray structure of the preferred
di ast ereoi soner (conpound according to fornmula (2- a))

wo 200840837 i n figure 2. Crystal data [recorded BET/ERD)R)00142
KI Enpirical fornmula C23H2118Q2 For mul a wei ght
349. 46Crystal system Monoclinic Space group P21 Cell
paraneters a = 5.645(3) A b = 9.949(5) A c = 17.443(9)
Aa=90 b =091.47(3) g =90 Vqurre of unit cell
79.3(9) A3 z* 2 Cal cul ated density

*
CrpStalieRet oSt ooy AU ACP EIRIRGIEN 1 Walg 1 i o1 GB) P)-b-biphenyi-t
yimethyl-3-methylpyrrolidin-2-one (2-a, R1 = H). 'H-NMR (CDCls): 1.90 (3H, s, CHy);
1.83 (1H, m, 4-CHH); 2.12 (1H, m, 4-CHH); 2.42 (1H, m, 3-H); 2.82 (2H, m, 1-CH,);
3.87 (1H, m, 5-CH); 7.10 (1H, s, NH); 7.26 (2H, d, aromatic); 7.34 (1H, t, aromatic); 7.43
(2H, m, aromatic); 7.54 (2H, m, aromatic); 7.58 (2H, m, aromatic). m/z: 266 (MH*, 100

%).

The X-ray Structure of the obtained crystals is shown in figure 7. Single crystal for this
determination is obtained from isopropylacetate as solvent.

Crystal data [recorded at 100(2) K]

Empirical formula C1gH1oNO

Formula weight 265.34

Crystal system Monoclinic

Space group P21

Cell parameters a=10.591(3) A
b =8.832(2) A
c=15.319(4) A
a=90°
B =92.986(12) °
y=90°

Volume of unit cell 1431.0(6) A®

Z* 4

Calculated density 1.232mgm’

* (number of asymmetric units in the unit cell)

Example 7: (2R, 4S)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid
hydrochloride (3-a, R1 = R2=R3 =H)



Met hod 2 10 g of
(S) - 5-bi phenyl -4-yl nmet hyl - 1- (2, 2- di et hyl pr opi onyl ) pyr
WO 2008ai83962- one (1-a, Rl = pivaloyl) were di SsSoP@UEEP1008/000142
150 m toluene. The m xture4was cooled to about 0 C
and 71.5 m potassium bis(trinmethylsilyl)am de
solution (0.5 Min toluene) were added. After 15 m n,
11 m di methyl sul phate were added and the m xture was
stirred for a further hour. The reaction was quenched
wi t h ammoni u ) [ A uty on and extracted with
et hyl acetate he conbi ned or gani ¢ phases were
concentr 15.3 g of crude (3R,
d et hyl pr opi onyl ) - 3-

[ d| n- Lon&ﬁ, Accor ding o VR anal ysi s,
0%0 , the ratio of diastgy is 83 : 17
[(3‘R 5S): (3S 5S)]. Spectroscopic data flor (2-a, Rl =

Pivaloyl) is reported in Example 5+&, Mthod 1.
Spectroscopic data for (2-b, RL = Pivaloyl) is
reported in Exanple 5-2. Method 3 65 mM (60 ng, 0.323

5 gr(m bsylscaw{éhbex-ylrﬁéﬂmﬂ% matrﬁlpsjﬁalhdi@d dné of e%mﬂre)S witfe, mixed

solutjon_is then cool ed C. After adln

W'tfcﬁnmwsm geeticiac] apd FencrakalRe h(f!fos'@lom acig (30 wlfalp; lop and
stltréd §|ﬁdlérrr€ﬂhx8fbr 26Yut TQthr?&Es. lﬂ'hi solBtiGPlvis tHen ddhcdritfatédunder

e -4- . .
va %PH&‘/ fhey eé‘%“? Caisﬁ%'?s}??%f‘bﬁ%'ﬁwﬂﬁ?w grstatetoyigld 4.7 g of (2R,
4S§-=min&b- mprﬁédyahqyb)métnylaem‘anawclu ﬁy&d&:@ﬁl@ﬁd@(ﬁ drnp R2=R3=
H b REL RS0k TiR BH. ety 1.8 (1H mI' oA, Tl (1A m CHiy; 2.64
(1H, m, 4-CH); 2.88 (1H, dd, 5-CHH); 3.01 (1H, dd, 5-CHH); 3.45 (1H, m, 2-CH); 7.38
(3H, m, aromatic); 7.47 (2H, m, aromatic); 7.66 (4H, m, aromatic); 8.07 (2H, s, NH);
12.25 (1H, s, CO.H). m/z: 284 (MH", 100 %); 267 (25); 249 (47); 221 (13); 193 (24).

The X-ray Structure of the obtained crystals is shown in figure 5. Single crystal for this

determination is obtained from acetonitrile/methanol as solvent.

Crystal data [recorded at 100(2) K]

Empirical formula C1sH2,CINO,

Formula weight 319.82

Crystal system Monoclinic

Space group C2

Cell parameters a=37.419(8) A
b=5587(2)A
c=7.807(2) A
a=90°
B=94431(8) °
y=90°

Volume of unit cell 1627.3(8) A

Z* 4

Calculated density 1.305 mg m?



iodide is then added within 20 mn. The resulting
m xture is stirred at 00C for 2 h. The mxture is
wa@e@sos67 t hrough the addition of 2 ml sat ur at BC/EPEAEE/000142
solution, 2 mM water and 20i5mM i sopropyl acetate. The
organic layer is separated, dried over MgpSH, filtered
and evaporated. HPLC of the residue reveals two
nmet hyl at ed di ast ereoneric conmpounds 2-a (RL = Piv) and
2-b (RL = Piv). Ratio (3R 5S) to (3S.55) 85 : 15 as
determ ned by hplc. Method 4 65 ml (60 ng, 0.323 nmol)
*(gurgbé}'cﬁ'gﬁhﬁéWJNtE%Wdrﬁ'd%ﬁ is dissolved in 1 nl dry
THF, ang he solution is then cooled to 0O0C. After the
addition of 197 ml butyl lithiumin hexane (1.59 M
Ex%peplng gl ut i fznus) sIu.\sﬁ&ﬂnat 10ferf-Bitokjcaibony AnsiabL-1 On
mﬁhm@nﬁmc 9F'ﬁd§’rﬁrlml- CZR% TBB8IF/Hbr opi onyl ) pyrrol i di
n-2-one (1-a, pivaloyl) in 1 mM THF is then added
drop w se and the m xture is stirred at 00C for a
urther 15 min. 20 m 1' ) 0.328 mmol ) net hyl
jide is then added wi ' The resulting
b h. The m xture is
‘ ‘ m saturated NH4Cl
N0 2 m water and 20 m isoproffyl acetate. The
organic |ayerYis separated; dri g@/‘&(ﬁ&ﬁgsoﬁl, filtered
and evagRot . LC of the resipue reveals two
met hyl at ed di asjereoneric conp 2-a°R1 = Piv) and
2-b (R1 sxdPiv); ratio (3R 59 to)F\S.SS) 88 : 12.

3.2 g of (2R, 4S)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid hydrochloride (3-a,
R1 = R2 = R3 = H) were mixed with 3.2 g di-tert-butyl-dicarbonate, 5 g potassium
carbonate and 50 ml water/iso-propanol mixture 1 : 1 and stirred at room temperature
for 1 hour. Afterwards, the mixture was acidified with diluted phosphoric acid, extracted
with iso-propyl acetate, washed with water, concentrated and crystallised from iso-
propyl acetate/heptane to yield 2.8 g of (2R,4S)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid (3-a, R1=BOC, R2 = R3 = H). Mpt 146-
147 °C; &y (500 MHz; DMSO) 1.07 (3H, d, J 7.0, 1-CH;), 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, CO,H); 8¢ (500 MHz, DMSO) 18.1 (1-
CHjs), 28.3 [(CH3)3), 35.9 (2-C), 37.9 (3-C), 40.7 (5-C), 50.0 (4-C), 77.4 [(C(CH5)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); m/z (+ESI) 406 ((MNa]’,
6%), 384 (MH]’, 31), 328 (100), 284 (19); Found: [MH]", 384.21691. C,3H3,NO,
requires MH 384.21693.

Example 9-1: (2R, 4S)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid ethyl
ester hydrochloride (3-a, R1 = R2 = H, R3 = Et)



Met hod 5
(S)-5-bi phenyl -4-yl net hyl - 1- (2, 2- di et hyl pr opi onyl ) pyr
WO 200848396 2- one (1l-a, RL = pivaloyl) (10 g, 29.BCTEP10)8/000142
is dissolved in toluene (506m ) and is cooled to 0 OC.
0.5 M Potassium bis(trinmethylsilyl)amde solution in
toluene (77.5 m, 38.7 mvol) is added over a period of
30 min. Dinethylsulfate (4.2 m, 44.7 mol) is then
added over 0.5 h. After 15 min, 1 MHCQ (50 m) is
added and the m xture allowed to warmto room
enperature. The phases are sepals
se is washed with 1 M NaCH (
Wt 20 m ). Solvent is then

f ) and then with
omt he
cont ai ni ng

Resi due corgt@ins (3R

5S) - 5- bi pheny| ¥ 4- yI methyt=1=2, 2- H
di met hy|jpr opd = 3-nmet hyl pyrrolidin-24 - N 1
= pivaloyl). Ratio (3R 5S) to (3S.55) #6 : 14 as

det er npfietp by hp?Hc.The residue is heated at refl &xNin

nmet hanol Om). Water (5 nl) is then added and the

m xture- s oled to roomtenperature. After 1 h the

m xture is cooled to 0 OC and is stirred for a further
Methad 1A solid is coll ected by filtration, washed with

MeOH H2O (5 m, 9:1), then dried in vacuo to give

further purified product. Ratio (3R 5S) to (3S. 5?2 .84
150 gl(gRa4§)&pugpgﬁyﬁédl-ﬁg}eﬁ-ﬁp@xywpw%arglno-2-meth Ipentarioic acid (3-a,
RSB0, WPHRAW Hw¥ld@médanedtn 1 80@ il efRahBYAtI0CR). ABYhIdP Hiony!

rolidin-2-one (1-a, Rl = pivaloyl) )
chloride were then added over about 1 hour. Thé mixture was then stirred for a further 2

hours. The mixture was concentrated to dryness and then suspended in 3400 ml
heptane. The precipitate was collected by filtration, yielding 133 g of (2R, 4S)-4-amino-
5-biphenyl-4-yl-2-methylpentanoic acid ethyl ester hydrochloride (3-a, R1 =R2 = H, R3
= Et). '"H-NMR (DMSO): 1.05 (3H, t, 1-CHs); 1.08 (3H, t, CH,CH,); 1.61 (1H, m, 3-CHH);
1.85 (1H, m, 3-CHH); 2.74 (1H, m, 2-CH); 2.81 (1H, dd, 5-CHH); 3.08 (1H, dd, 5-CHH),
3.36 (1H, m, 4-CH); 3.95 (2H, q, CH,CH3); 7.31 (1H, m, aromatic); 7.35 (2H, m,
aromatic); 7.43 (2H, m, aromatic); 7.62 (4H, m, aromatic); 8.30 (3H, s, NH3"). m/z 312
(MH*, 100 %)

Method 2

150 g (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (3-a,
R1 = BOC, R2 = R3 = H) are added to 1500 ml ethanol at room temperature. The mixture
is then warmed to an internal temperature of 60-70 °C. 42.8 ml Thionyl chloride is then
added over a period of 1 h to the reaction mixture. The mixture is then stirred for a further
2 h. 810 ml of the solvent is removed by distillation under reduced pressure. 1460 ml
Heptane fraction is then added. 1310 ml of solvent is then removed by distillation under
reduced pressure. 1460 ml Heptane fraction is then added. 520 ml of solvent is then
removed by distillation under reduced pressure. 1460 ml Heptane fraction is then added.
The mixture is then cooled.to room temperature over a period of 1 h. The mixture is then
stirred at room temperature for 2 h. The solid is then collected by filtration. The solid is



g, 14.9 mol) is dissolved in toluene (25 mM) and is
cooled to -10 OC. 0.5 M Pot assi um

whe@gnsionet hyl sil yl ) am de solution in tol uene PGBEB2008/000142
19.4 mmol ) is added over aiperiod of about 30 nin.
Dinethylsulfate (2.1 m, 22.4 mmol) is then added over
40 mn. After 30 min, saturated NH4Cl solution (25 m)
and water (25 nl) are added. Phases are separated and
t he aqueous phase is washed with toluene (25 m). The

theromeshedvitbrheptane frastioe 600rmal) and died tpate (2R, 4Sot4raminors
oo S Bl 1O 53R 40, P -

ue contalinin uct :
Ety Bpespsappic data gs given ¢ hxaraple9y1 Method et hod 7
(S) - 5- bi phenyl -4-yl met hyl - 1- (2, 2- di net hyl propi onyl ) pyr
rolidin-2-one (1, Rl = pivaloyl) (10 g, 29.8 mmol) is
Sigfiificant mﬂqctionsﬁroiheéheay(dj{f)raﬁﬂiqn ratiern shavotileddllquing inderlattice plane

- b . PR Lyl ) A < Py
RGeS B SO 202 1 s, 77
1130 1215n 170 224 H34.9.uDAta takgmusingrh Bruker D8vidbiance diffraciameter using
Cu%ggled. ver 0.5 h. After 15 min, norpholine (2.6 nm,
.éadrlr%gf' is added. After 0.5 h, 1 MHCO (50 m) is
added and the m xture allowed to warmto room

The KB Sty aLe RISl S S B i officed Rfid AR single
crystdl o ttfiS Aeterinatton iserbtained frévamceteniile dsisnlveat uo f r om

the organic phase to yield a residue containing the
product: Ratio (3R 5S) to (3S.5S) is 86 : 14 as

Cryisthietata inexbrdind atA93(2) K]

Empirical formula C20H26CINO,

Formula weight 347.87

Crystal system Monoclinic

Space group C2

Cell parameters a=40.672(12) A
b =6.543(2) A
c=14.757(4) A
a=90°
B=99.167(13) °
y=90°

Volume of unit cell 3877(2) A®

z* 8

Calculated density 1.192 mg m>

* (number of asymmetric units in the unit cell)

Example 9-2: (2R, 4S)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid ethyl ester
hydrochloride (3-a, R1=R2 =H, R3 =Et)

(3-a, R1 = R2 = H, R3 = Et) prepared in accordance Example 9-1 and is crystallised

according to the following Methods:



The residue is heated at reflux in nmethanol (50 nl).
Water (5 m) is then added and the m xture is cool ed
WO 200808391 enperature. After 1 h the m xture i sPCOBPAS/000142
to 0 OCand is stirred for1® further 1 h. Asolidis
collected by filtration, washed with MeOH H2O (5 m ,
9:1) and then dried in vacuo to give a further
purified solid containing the product: ratio (3R 5S)
to (3S.5S) 86 : 14 as determ ned by hplc. Method 8
(S)-5-bi phenyl -4-yl met hyl - 1- (2, 2- di met hyl propi onyl ) py
Méthoq!1 clin-2-one (1, R1L = pivaloyl) (5 g, 14.9 mol)
is dissolved in toluene (25 m) and cooled to -10 OC.
0.5 M Potassiumbis(trinethylsilyl)am de solution in

5do%gl@z“l¢ 4S)%-4mitb-5-BiBhéh |)z man,aﬁl@lﬁain&a S&d%ﬂﬂ%h@@l of

Di et hyl sul t at e ) di'ssol ved

thdFPC'FHF'd? 631 R1 r'sR% figh P@oﬂga l%%dedzte 3rﬁ"rf°'”AF? af room temperature.
THM&H% ls"lﬁer‘ ﬁe&emto 7@20 ‘énmﬂ}reb%t ﬁﬁéjfé%qugthPé uri'tll the rhaterial has

i s added m xt ure war m
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prO&igE & %hé‘ég? by fif@gted with water (3 x 50 nl). Phases

separate ol vent 1's then renoved fromthe organic
phase in vacuo to yield a residue containing the
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222 ha ?%%Péﬁ%{?g%%%* fé?'f\%%a el tidctofibact JHHRY &1 cadiation.
0.5 M Pot assi um

Method 2

500 mg (2R, 4S)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid ethyl ester
hydrochloride (3-a, R1 = R2 = H, R3 = Et) is added to 3 ml xylene at room temperature.
The mixture is then heated to 80 °C and is stirred at this temperature until the material is
dissolved. The mixture is then cooled to room temperature and stirred for 16 h. The

precipitate is collected by filtration.

Significant reflections in the X-ray diffraction pattern show the following interlattice plane
intervals (average 20 in [°] are indicated with error limit of £0.2): 20 in [°]: 16.9, 18.2, 22.2,

22.7, 23.9. Data taken using a Bruker D8 Advance diffractometer using Cu-Ka radiation.

Method 3

500 mg (2R, 4S)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid ethyl ester
hydrochloride (3-a, R1 = R2 = H, R3 = Et) is added to 5 ml ethyl acetoacetate at room
temperature. The mixture is then heated to 80 °C and is stirred at this temperature until
the material is dissolved. The mixture is then cooled to room temperature and stirred for

16 h. The precipitate is collected by filtration.



bis(trinmethylsilyl)am de solution in toluene (19.4 m ,

38.8 mmol ) is added over a period of 30 min. This
WOorRooBH083®67 s t hen transferred over 30 mn to a BOI/EP10081000142

of dinmethyl sulfate (2.1 nml19 22.4 mmol) in toluene (2

m) at 0 OC. After 30 mn, norpholine (2.0 M, 22.4

mol ) is added. After 1 h, 1 MHC (50 m) is added

and the m xture allowed to warmto roomtenperature.

The phases are separated and the organi c phase is )
S'Q\!@l&‘f?@ﬂ reflectipngdp &he Xsaydifftaction Pattqﬁra§g@~ olieuing interpttice plane
mt@%ls‘(‘&@eé?é‘é@, péret.n&eaté&vmu%%i ﬁrﬁ.'ffbflt? 20" #AR &ﬁ Phase2, 185,

I n vacuo yield a residue contal ning e product
2241229, 23R. IRta take3IGirGS) BAuker D8 adwoee:tlfﬁ'anhonwmlemmg Cu-Ka

ra!é‘%i&rt N.Et hod 10 . :
- 5- bi phenyl - 4-yl net hyl - 1- ( 2, 2- di net hyl propi onyl ) pyr
rolidin-2-one (1, Rl = pivaloyl) (5 g, 14.9 nmol) is
3 | ved in toluene (10 m) and is cooled to 0 OC.
I'S solution is transferred to a vessel containing
0.5 M Potassiumbis(trinethylsilyl)amde solution in
e
500%hd' PIK 49 dhntbis-BiBndh IS IBhIAIRSC Bid SufiestEl®
hydfoctlionide (3+b, BUFfR& & H, 831‘ Bt) is agtied tononl)etiyl aceﬂateeatero()m

termgmra;jlfr STQ%@ ﬁtnte% ttlﬁe?‘n I?aﬂed %ﬂ}‘ufh%g}} g(ﬁ;lr? s%en ééo gd to room

temperatune ani stimed:for 46 &l | Theguiecipitai@mismotiected byrfi Itratlon
tenperature. The phases are separated and theorganic
phase is washed with water (3 x 50 m ). Phases are
Sigréficantitefdctiong in the X-oaywdifitaction pattemn skowthedollovang irtterlattice plane

mt?wg%gk?&d%g?is lr{ fg] gr%ﬁ#é?cét@d Wtﬁ ﬂoﬁ nrn?gf +CBJf) %% ?‘l] n} §9|7 0, 18.3,

22.2, 22.8, 24.0. Data taken using a Bruker D8 Advance diffractometer using Cu-Ka

radiation.
Method 5

500 mg (2R, 4S)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid ethyl ester
hydrochloride (3-a, R1 = R2 = H, R3 = Et) is added to 5 ml xylene at room temperature.
The mixture is then heated to an external oil bath temperatufe of 120 °C and is stirred at
this temperature until the material is dissolved. The mixture is then cooled to room
temperature and stirred for 4 h The mixture is then cooled to 0 °C and stirred for 1 h. The
mixture is then stirred at room temperature for ca 72 h. The precipitate is collected by

filtration.

Significant reflections in the X-ray diffraction pattern show the following interlattice plane
intervals (average 26 in [°] are indicated with error limit of +0.2): 20 in [°]: 7.6, 17.1, 18.3,
19.7, 22.4, 22.8, 24.0. Data taken using a Bruker D8 Advance diffractometer using Cu-Ka

radiation.

Method 6



ratio (3R 5S) to (3S.55) 9 1 : 9 as determ ned by
hpl c. Method 11

w@ 3)088839sphenyl - 4-yl net hyl - 1- (2, 2- di net hyl pr opPGHEPI0P8/000142
rolidin-2-one (1, Rl = pivalooyl) (10 g, 29.8 mmol) is
di ssolved in toluene (50 mM) and is cooled to 0 OC.
0. 66 M Potassium bis(trinmethylsilyl)am de solution in
toluene (58.6 m, 38.7 mmol ) is added over a period of
about 30 min. Dinethylsulfate (4.2 m, 44.7 mmol) is
t hen added over 0.5 h. After about 15 m n, norpholine

5d03n§ (2R, 4 &-gmm blphénﬁd%d-mé’tﬁylﬁéntgnéicBcudjetMl ldsder (50

m xture al to warmto room
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det er m ned (3S
teE‘B?EaQ-lfﬁlf?fh@ﬂ/ITm RFP%B%%?!&CPJ'?CZGQMF"W@%'WI pr opi onyl ) 3-
nmet hyl pyrrolidin-2-one (2- b Rl = pival oyl) Prepared

during the reaction (1) to (2) as given in Exanp
Slgmflcan?/éqfﬁgtdpnf in haydrray gla‘ra@yo% Rattara shew Q’p.hfyll@ylgg ,uﬁgrlattlce plane
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2253 2@(7(;}23 03)Data 1aké6 using, a Biukdr TBAdyarkeldiffradtemeter usmg Cu Ka
raq@ﬂ[g 2.57 (2H m 3-CH, 1-CHH); 3.19 (1H, m
4.31 (1H, m 5-CH);

Method 7

500 mg (2R, 4S)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid ethyl ester
hydrochloride (3-a, R1 = R2 = H, R3 = Et) is added to 5 ml ethyl acetoacetate at room
temperature. The mixture is then héated to an external oil bath temperature of 120 °C
and is stirred at this temperature until the material is dissolved. The mixture is then
cooled to room temperature and stirred for 16 h. The precipitate is collected by filtration.

Significant reflections in the X-ray diffraction pattern show the following interlattice plane
intervals (average 26 in [°] are indicated with error limit of £0.2): 28 in [} 7.5, 16.1, 16.9,
18.2, 20.2, 22.2, 22.7, 23.9. Data taken using a Bruker D8 Advance diffractometer using

Cu-Ka radiation.

Example 10:  (S)-5-((S,R)-biphenyl-4-yl-hydroxymethyl)pyrrolidin-2-one (13, R1
= H)



7.29-7.63 (9H, 4 x m aromatic) mz: 350 (MH#, 100 %;

320 (1 1); 266 (10). An X-ray structure of the other
wa@le@sngveni soner (conpound accordi ng to formul BCT/RP1)S/000142

is shown in figure 3. The Riray al so shows sone of

conmpound (2-a) which cocrystallised since the sanple

was a m xture of diastereoi soners. The pure conpound

can, however, be obtained via colum chromatography.

Crystal data frecorded at 100(2) Kl Enpirical fornula

C23H27NO2 For my wei ght 349.46 Crystal system
Monocl i ni ¢ Spad pup P21 Cell paraneters a =
5.969(2) ALk = 8(2) Ac = 21.212(4) A a =90 =

&t 90 Vopgwe of unit cell 963.

\

N
H

2 g of (S)-5-(biphenyl-4-carbonyl)pyrrolidin-2-one were dissolved in 40 ml THF. 200 mg
Palladium on carbon were added and the mixture was stirred under a hydrogen
atmosphere for 14 hours. The removal of the catalyst by filtration and concentration of
the filtrate to dryness yielded the desired product (13) as a mixture of alcohol
diastereoisomers. 'H NMR (CDCl;): 1.71-2.35 (4H); 3.66-3.87 (1H); 4.45 (about 0.7H)
and 4.60 (about 0.3H); 5.70 (about 0.3H) and 6.24 (about 0.7H); 6.85-7.66 (9H). The
resulting alcohol can then be converted into (S)-5-biphenyl-4-ylmethylpyrrolidin-2-one
by using for example the same conditions as used above in example 3. Ratio of
diastereoisomers is calculated to be 70 : 30 (1H NMR), based on the integrations of the
signals at 4.45 ppm (0.7 H) and 4.60 (0.3 H).

Example 11: (2-a, R1 = pivaloyl) to (3-a, R1 =R2 =R3 = H)

:

H,N
OH

Method 1

0.5 g (3R, 5S)-5-biphenyl-4-yimethyl-1-(2,2-dimethylpropionyi)-3-methylpyrrolidin-2-one
in 2.5 ml water, 2.5 ml concentrated hydrochloric acid and 2 ml ethyl acetate were
heated at about 80 °C for about 15 hours. The mixture was evaporated to dryness to
obtain (2R, 4S)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid hydrochloride (3-a, R1
= R2 = R3 = H, hydrochloride salt). Spectroscopic data as reported in Example 7.



Cal cul ated density 1.205 ng nB * (nunber of asymmetric
units in the unit cell) Exanple 5-3:
w@ RosBsBsphenyl - 4-yl net hyl -1 - (2, 2-di met hyl pr opCDRP2008/000142
l')-3,3-di nethyl pyrrolidin-12-one 10 g (3R
5S) - 5- bi phenyl - 4-yl net hyl - 1- (2, 2- di et hyl pr opi onyl ) - 3-
nmet hyl pyrrolidin-2-one (2- a, R1 = Piv) is added to
THF (100 m). The mixture is cooled to -30 OC. Lithium
dii sopropylamde (17.16 m, 2 M is added and the
m xture is stirred for 1 h. Methyl iodide(5.4 m) is
Méedd® and the m xture is stirred for 3 h.
Ami noet hyl et hanol amine (6.1 nl) is added and the
m xture is warned to 40 OC and stirred for 15 mn.

0.54!(BRUB3)B- Baﬁhéhﬂ-ll%/lrﬁéthyﬁ (thlal|rﬁ&ﬁﬁﬂrop'ﬁhﬂ&mmém&@ynﬁhdln -2-one
a

concentrated in vacuo and the residue taken u
in bl hwArobrorpie agid{(48 36)and smpalhylacgtaterwerehenied ét Frea$ 80 °C for

ablofit PORGRE LTI RRtIrE v&é@%%p@r@féd&@b%eé@td Sbt&NR (PR S)-4-3Rho-5-
On coolin precipitate is

iRy A TVIelhyine DG 251 Bisrgbgetde (3.4, R1 < R2 =R3 = H,
A d I 3.
hygRbréinigl BQ"’B’y“?‘? {5 s, 480 SCEP T PHANBRDIY 1313194 (3),
193?(3@ 0@ 1.28 (9H), 1.72 (1H), 1.38 (1H), 2.59 (1H),
3.14 (1H), 4 37 (1H), 7.31 (3H)1 7.45 (2H), 7.62 (4H).
npl 5-
E)mms@ i1 Ry = mivalony to 68 R1 727 PFoRBAdEY di n- 2- one

6 g
(R) - 5-Bi phenyl - 4-yl net hyl -
3-di met hyl - g ol i di n-2- @
'thhlumhyd de (15.6 m

1- (2, 2-di net hyl propi onyl ) -3,
is added to THF (6 m).
L 1) is added

~ Method 1

0.5 g (3R, 5S)-5-biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)-3-methylpyrrolidin-2-one,
5 ml ethanol and 0.5 ml concentrated hydrochloric acid were heated at about 80-120 °C
for about 24 hours. The mixture was evaporated to dryness to obtain (2R, 4S)-4-amino-
5-biphenyl-4-yl-2-methylpentanoic acid ethyl ester (hydrochloride salt). Spectroscopic
data as reported in Example 9.

Method 2

0.5 g (3R, 5S)-5-biphenyl-4-yimethyl-1-(2,2-dimethylpropionyl)-3-methylpyrrolidin-2-one
, 5 ml ethanol and 0.3 ml concentrated sulphuric acid were heated at about 80-120 °C
for about 24 hours. The mixture was evaporated to dryness to obtain (2R, 4S)-4-amino-
5-biphenyl-4-yl-2-methylpentanoic acid ethyl ester (hydrogen sulphate salt).
Spectroscopic data as in Example 44.



brom de (0.15 g). This mxture is then added to a

m xture of hydrogen peroxide (4.54 g) and THF (12 m)
W@2008/088367 After 2.5 h, sodium bisulfite sol utiBCI/ERD0O00142

38- 40 % is added. THF isixenoved in vacuo. Tol uene

(70 M) is added and the phases separated. The organic

phase is washed with water (15 ml). The phases are

separated. The organi c phase is concentrated in vacuo

and then heptane (60 m) is added and the m xture

cooled to 0 0C). The precipitate is collected by
méthblirsati on and dried in vacuo to give

(R) - 5- Bi phenyl - 4-yl met hyl - 3, 3- di met hyl pyrrolidin-2-one

1H NVR (DMBO: 0.96 (3H), 0.97 (3H), 1.52 (1H1 1.78
0.4 %"(’bR %)Gslbugﬂuéhymg):n%th?llﬁkz 2-%1ﬂéhﬁlé«:j}:lonz'e)%éfﬁ?%yrrZIid‘iﬁZ -one
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e Phase B [Acetonitr

yl- Mhﬂn@ﬁtamlﬁ"ﬁﬁld@&f@)’l ostar (pG(Ph%rE!P saitp NM&&@QN 16‘6’ @),

0. 2
1%)3(311-6 1%{21@?/ ﬁgb%‘}s"gﬁ) é’sﬁpfﬂ) 83 IPQ 68(0@/0Hg)7832759
(13o®21BE). 0.8 l nmin 1. Vavel ength 254 nm Retention
times: 1-a (RL =H: 1.7 mn 2-a (RL=H: 2.0 mn
Exanple 5-4: 2.3 nmin
Method 4

0.5 g (3R, 5S)-5-biphenyl-4-yimethyl-1-(2,2-dimethylpropionyl)-3-methylpyrrolidin-2-one
, 5 mi ethanol and 1.1 g para-toluenesulphonic acid were heated at about 80-120 °C for
about 24 hours. The mixture was evaporated to dryness to obtain (2R, 4S)-4-amino-5-
biphenyl-4-yl-2-methyipentanoic acid ethy! ester (p-toluenesulphonate salt). 1H NMR
(CDCl;): 1.08 (3H), 1.16 (3H), 1.87 (1H), 1.95 (1H), 2.38 (3H), 2.77 (1H), 2.92 (1H),
3.15 (1H), 3.69 (1H), 4.07 (2H), 7.16-7.77 (13H), 9.89 (3H).

Example 13: (2-a, R1 =H) to (3-a, R1 =R2=H, R3 = Et)

Method 1

1 9 (3R, 5S)-5-biphenyl-4-ylmethyl-3-methylpyrrolidin-2-one (2-a, R1 = H), 10 ml
ethanol and 1.4 ml concentrated hydrochloric acid were heated at about 80-120 °C for
about 24 hours. The mixture was evaporated to dryness to obtain (2R, 4S)-4-amino-5-



l-a (RL = Piv): 6.4 mn 2-b (RL = Piv) = (355S5: 8 .2

mn 2-a (RL =Piv) = (3R5S) : 8.6 mn Exanple 5-3:
wQae08/08d967 Rat i o of di astereoi somers (3R, 5S): ( 38 BEP2008/000142

[ - 5- bi phenyl - 4-yl et hyl - 1- (A, 2-

di met hyl propi onyl ) - 3-net hyl pyrrolidin-2-one (2-a)] is

determ ned fromthe peak areas of peaks for 2-a (Rl =

Piv) [8.6 min] and 2-b (Rl = Piv) [8.2 nin]. Exanple

6: (3R o . .
b'B@’WB“ﬂ |- %W%Q{S}Y'P%t?'l‘%?ﬁweﬂyj ﬁ%‘?h@‘b’ﬁ'}i’PP'BF‘i’% p3lt)2 Spgetroscopic
ddtd ad regdtted itlExdmple(BR _ _
5S) - 5- bi phenyl - 4-yl nmet hyl - 1- (2, 2- di et hyl pr opi onyl ) - 3-
met hyl pyrrolidin-2-one of exanple 5 and 2 ¢

Methoda-4 ol uene sulfonic acid in 40 mM toluene were
heat ed under reflux for about 1 hour. Afterwards, the
sol ution was cooled to roomtenperature and

1 Qm rsd)iszigighanyi-- ymaemkl -SlirlethyBs) rdfidI B2 LsneS@H, WM = H) 1o mi

carbonat e sol ution e organi ¢ phase was separ at

ethanpahand Qi4 ! cancentraiad SE'BH'é"é‘n@Q'%WéG hesteg %?@@yt 86 80 °C for

atoBif 24 HEurderfitd bﬁ%&lﬁ"elvi/iseg/aﬁﬁt%@d t%quFHe@QYd obtain (2R, 4S)-4-amino-5-
acet ate/ heptane to yi el

bigtenylsd-yt- %rn@ﬁwlpentaw%ﬂﬁﬂhyse%ﬁ (hngrsgfsm s¥ipbte-salthne

3) : 1.90 (3H, s, CHB) :
S‘{e%trasw?kdatg%s-'%ﬁkw 2(4%)0(1)H m 4- CI(—|H) > 42 ()1H, m

3-H); 2.82 (2H m 1-CH2) ; 3.87 (1H, m 5-CH); 7.10
méthgds, NH); 7.26 (2H, d, aromatic); 7.34 (1H t ,
aromatic); 7.43
1 g (3R, 5S)-5-biphenyl-4-ylmethyi-3-methylpyrrolidin-2-one (2-a, R1 = H), 10 mi
ethanol and 1.4 g para-toluenesulphonic acid were heated at about 80-120 °C for about
24 hours. The mixture was evaporated to dryness to obtain (2R, 4S)-4-amino-5-
biphenyl-4-yl-2-methylpentanoic acid ethyl ester (p-toluenesulfonate sait).

Spectroscopic data as in Example 12.

Example 14: (2-a, R1 = H) to (3R, 5S)-5-biphenyl-4-ylmethyl-3-methyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (2-a, R1 = BOC)

5 g (3R, 5S)-5-biphenyl-4-ylmethyl-3-methylpyrrolidin-2-one (2-a, R1 = H) in solution in
50 ml ethyl acetate were mixed with 6.6 g di-tert-butyl-dicarbonate, 3.5 g triethylamine
and 1 g dimethyl-aminopyridine. After 1 hour at 50 °C the solution was mixed with

water. After separation of the layers the organic phase was concentrated under vacuum



(2H m aromatic); 7.54 (2H m aromatic); 7.58 (2H, m
aromatic), mz: 266 (MH, 100 %9 The X-ray Structure
wW@RooBlg399bt ai ned crystals is shown in figure 7PCBEPIDE000142
crystal for this determ natason i s obtained from
I sopropyl acetate as solvent. Crystal data frecorded at
100(2) KI Enpirical formula C18H1I9NO For nmul a wei ght
265. 34 Crystal system Monoclinic Space group P21 Cell
paraneters a = 10. 591(3% A b =8.832(2) A
anq glilged with haptane. Bie crystalliog sgms@ta!amed yas cgﬂﬁct%aran@ﬂ%ﬁ under

vacliting td:ﬁélh alaégt]SSQ(cﬁ)@F%%% 5-6|phenyl-4-ylmethyl—3 methyl-2-oxo-

pyrrolidine-1-carboxylic acid tert-butyl ester (2-a, R1 = BOC).

Material may be buriﬂed by column chromatography, eluting ethyl acetate/heptane
(6:1).

'H-NMR (DMSO): 0.95 (3H, d, 1-CH3); 1.42 (9H, s, C(CH3),); 1.56 (1H, m, 4-CHH),
1.90 (1H, m, 4-CHH); 2.50-2.57 (2H, m, 3-CH,); 2.78 (1H, dd, 1-CHH), 2.99 (1H, dd, 1-
CHH); 4.14 (1H, m, 5-CH); 7.25-7.31 (3H, m, aromatic); 7.39 (2H, m, aromatic); 7.58

(4H, m, aromatic).

Example 15: (2-a, R1 = BOC) to [(2R,4S)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid] (3-a, R1 = BOC, R2 = R3 = H)

OH

5 g (3R, 5S)-5-biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-
buty! ester (2-a, R1 = BOC) was dissolved in 50 mi of a mixture of THF anda 2 M
lithium hydroxide solution (ratio 1:1). After 1 hour at room temperature, phosphoric acid
was added to neutralise the excess of lithium hydroxide. The slurry was concentrated
under vacuum to remove most of the solvent and extracted with iso-propy! acetate. The
organic phase was then washed with water, partially concentrated under vacuum and
brought to crystallisation upon addition of heptane. The crystalline solid obtained was
collected and dried under vacuum to yield about 3.6 g of [(2R,4S)-5-biphenyl-4-y|-4-tert-
butoxycarbonylamino-2-methylpentanoic acid] (3-a, R1 = BOC, R2 = R3 = H). Mpt 146-
147 °C; 8y (500 MHz; DMSO) 1.07 (3H, d, J 7.0, 1-CH3), 1.34 (9H, s, (CH,)s), 1.38 (1H,
m, 3-H,), 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-



Cal cul ated density 1.232 ng m3 * (nunber of
asymmetric units in the unit cell) Exanple 7: (2R

wa@ g)osaszni no- 5- bi phenyl - 4-yl - 2- met hyl pent anoi cPEEP2008/000142
hydrochloride (3-a, Rl = R26= R3 = H5 g (3R
5S) - 5- bi phenyl - 4-yl net hyl - 3- et hyl pyrrolidi n-2-one of
exanple 6 were mxed with a mxture of acetic acid and
concentrat ed hydrochloric aci d (50 m rati o 1 1) and

rred under reflux for hou

H)m%§4 {Hh . S W Zt28d2b'nae( 8 anuwm%ﬁé"h)hé 3%@%1 ue! 7.0, Ar-
(p@t;yﬁﬂ)l 7. aegzn‘i oy &L AvyBhamb@Ldt P (2aes.al ot Ar-Hetd-H(Ph),

7. %S?Hgdah? OAB(%)WWL 4291 (3 ne OQH vt (BAG MHZ OMBO) 18.1 (1-
T
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%@é (’VMTE 9 ; 267 (25); 249 (47); 221 (13); 193
? eX-ray Structure of the obtained crystals is
shown in figure 5. Single crystal for this

Exgﬁltpfé yé:nat (S%rb bﬁ)h@?&ﬁh&ﬁﬂefﬁyﬂm(?ﬁ%ﬁ&lhé-ﬁQH?BB)@;HRJ acid tert-
as sol vent stal "data [récorded "at 100(2
buBfi}?istqfd&-la,RéméQQ)ClSHzZCI N2 Formul a wei ght 319. 82

§ )

Iz

Method 1

520 mg di-tert-butyldicarbonate and 12 mg 4-(dimethylamino)pyridine were added to a
'suspension of 500 mg (S)-5-biphenyl-4-ylmethylpyrrolidin-2-one (1-a, R1 = H) in 3 ml
acetonitrile. After about 20 hours, the mixture was concentrated to dryness. The mixture
was partitioned between ethyl acetate and aqueous potassium hydrogen sulphate and
the organic layer separated and evaporated to dryness to yield 630 mg of (S)-5-
biphenyl-4-ylmethyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (1-a, R1 = BOC).
'H-NMR (CDCly): 1.62 (SH, s, C(CHa)3); 1.88 (1H, m, 4-CHH); 2.03 (1H, m, 4-CHH);
2.34-2.43 (2H, m, 3-CH,); 2.80 (1H, dd, 1-CHH); 3.21 (1H, dd, 1-CHH); 4.42 (1H, m, 5-
CH); 7.28 (2H, m, aromatic); 7.76 (1H, m, aromatic); 7.46 (2H, m, aromatic); 7.59 (4H,
m, aromatic). m/z: 352 (MH", 14 %); 337 (16); 296 (100); 293 (13); 252 (25).

The X-ray Structure of the obtained crystals is shown in figure 10. Single crystal for this
determination is obtained from diethylether as solvent.



Crystal system Monoclinic Space group C2 Cell

paraneters a = 37.419(8) A b =5.587(2) Ac = 7.807(2)
wWA2@868¥607 b = 94.431(8) g = 90 Vol une of unPCT/ER1008/000142

1627.3(8) A3 Z* 4 Cal cul atedd density 1.305 ng m 3*

(nunmber of asymmetric units in the unit cell) Exanple

8:

(2f ?,4S) - 5- bi phenyl - 4-yl -4-fert-butoxycarbonyl am no- 2-

math(yl entanoic acid (3-a, RL = BOC, R = R3 = H 3.2
Cryst eda bi phenyl - 4-y| - 2- net hyl pent anoi ¢

Endsifichl fargiuRchl oride ¢ 3HANOR 1 = R2 = R3 = H) were m xed
with 3.2 g di-tert-butyl-dicarbonate, 5 g potassium
FopmulBaYRid " and 50 m33eft%er /i so- propanol mixture 1 : 1

Crdtsl sybiend ed at roommémgmreeat ure for 1 hour.
Afterwards, the mxture was acidified with dil uted

SP3R®EIBri ¢ aci d, eXt4dlacted
Cell parameters a=5801(2) A

b = 8.180(2) A
c=19.891(4) A
a=90°
B=96.278(9) °
y=90°

Volume of unit cell 938.2(4) A®

zZ* 2

Calculated density 1.244 mg m’

* (number of asymmetric units in the unit cell)
Method 2

8.6 g (S)-5-Biphenyl-4-yimethylpyrrolidin-2-one (1-a, R1 = H) (34.22 mmol) is dissolved in
135 ml methylene chloride. 4.2 g DMAP (34.22 mmol) is added. The mixture is further
diluted with 10 mi methylene chloride. Then 14.9 g BOC,O (68.44 mmol) is added and
further 10 ml methylene chloride is added. This reaction mixture is then stirred at reflux for
7.5 h. Then a further 3.7 g BOC,0 is added. After a total reaction time of 24 h at reflux
the solvent is evaporated completely. The evaporation residue is then filtered over 460 g
of silica gel with an eluent of toluene : ethyl acetate 4 : 1. The product fractions are
concentrated in vacuo to yield the crude product, which is recrystallised from methylene
chloride / heptane fraction 1 : 6, to yield (S)-5-biphenyl-4-yimethyl-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (1-a, R1 = BOC).

Method 3

(S)-5-Biphenyl-4-ylmethylpyrrolidin-2-one (1-a, R1 = H) (100 g, 398 mmol) is added to
toluene (1 L) at room temperature. N,N-Dimethylaminopyridine (4.9 g, 29.8 mmol) is then



with iso-propyl acetate, washed with water,

concentrated and crystallised fromi sopropyl
waecwsasmwsthept ane to yield 2.8 g of PCT/EP2008/000142

(2R, 4S) - 5- bi phenyl - 4-yl - 4-1mr t but oxycar bonyl am no-

2-met hyl pentanoic acid (3-a, RL = BOC, R2 = R3 = H).

Mpt 146- 147 0C, dH (500 MHz; DwvsO) 1.07 (3H, d, J

7.0, 1-CH3) , 1.34 (9H, s (CH3 3), 1.38 (1H, m 3HA)

, 1.77 (1H, m 3-HB) 43(1Hm 2-H), 2.70 (2H,
ad¢e@follgwg91 py Yiegylamine (ﬁ? mL 51Ammgl).7 Zhe nyixtue is ghen hmd to 65 °C.
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(1481 RV=trhethylpyiribdlidin)
(2R, 4S) - 5- bi phenyl -4-yl -4-tert-but oxycarbonyl am no-2-m
et hyl pentanoic acid (3-a, RL = BOCR2 = R3 = H were

Q0 m ethanol at 70 OC. 4 of

di ssol ved in
t hi onyl Q

A mixture of 500 mg (S)-5-biphenyl-4-ylmethylpyrrolidin-2-one (1-a, R1 = H), 329 nl
pyrrolidine and 415 ul formaldehyde in 3.5 ml ethanol were heated at reflux for 3 h. A
further quantity of 164 pl pyrrolidine and 148 pl formaldehyde were added and the
mixture refluxed for about 24 h. The mixture was concentrated to dryness and purified
by chromatography to obtain 5§33 mg of (S)-5-biphenyl-4-ylmethyi-1-pyrrolidin-1-
ylmethylpyrrolidin-2-one (1-a, R1 = methylpyrrolidin). 'H NMR (DMSO): 1.69 (4H, m, 2 x
NCH,CH,); 1.68-2.15 (4H, m, 3-CH,, 4-CH,); 2.50 (4H, 2 x NCH,); 2.66 (1H, dd, 1-
CHH); 3.12 (1H, dd, 1-CHH); 3.94 (1H, d, NCHHN); 4.21 (1H, d, NCHAHN); 7.29 (2H, d,
aromatic); 7.33 (1H, t, aromatic); 7.44 (2H, t, aromatic); 7.59 (2H, d, aromatic); 7.64
(2H, d, aromatic). m/z: 335 (MH*, 100 %)

Example 18: (3R, 5S)-5-biphenyl-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (2-a, R1 = BOC)



chloride were then added over about 1 hour. The
m xture was then stirred for a further 2 hours. The
wWOoroos8®6as concentrated to dryness and then BUEPRIVIE0142
in 3400 m heptane. The prewi pitate was col |l ected by
filtration, yielding 133 g of (2R 4S)-4-am no-
5- bi phenyl -4-yl - 2- et hyl pent anoi ¢ acid ethyl ester
hydrochloride (3-a, RL = R2 = HR3 = Et). 1H NWR
(DVMSO) : 1.05 (3H t , 1-CH3); 1.08 (3H, t, CH2CH3) ;
1.61 (1H QHH); 1.85 (1HmMm 3-CHH); 2. &4 (H m
dd, 5-CHH); 3.08 (1H dd, »
; 395(2Hq, ; I(1H m
. 35 (2H1lm aromatlc) 43
2 .62 (4H—m—aromaticj;
m31 (M—|I\/L'D°/<) Met hod 2 1507¢g N

(;Q\4S) 5- bi phenyl -4-yl -4-tert- k%]gxycar bonyl am no-2-m
hyPpent anoic acid (3-a, R1 =BOCPR2 = R3 = H) are
addaj\to 1500 m et hanol at roomtei:perature. The
mxture is then warned to an internal tenperature of
60-70 C. 42.8 ml Thionyl chloride is then added over a
period of 1 h to the reaction m xture. The m xture is
Methed 1stirred for a further 2 h. 810 m of the sol vent
is renmoved by distillation under reduced pressure.
1460 mM Heptane fraction is then added. 1310 m of
4690 dilsapropytamine wereedisseldedin 2anktetralysiroforanatdeiC. 0.2 mi of n-

butyllithium (1.6 M in hexanes) were added and the mixture stirred for about 15 min.

The mixture was then cooled to -78 °C. 100 mg of starting material (1-a, R1 = BOC)
dissolved in 1 ml tetrahydrofuran were added. After 15 min, 71 ul methyl iodide were
added and the mixture was stirred at -78 °C for a further 5 hours. The reaction was
quenched by adding ammonium chloride solution and extracted with ethyl acetate. The
organic phase was separated and concentrated to dryness to give a mixture of
(3R,55):(3S,59) diastereocisomers of 57 : 43, respectively. Ratio as determined by
HPLC analysis.

Spectroscopic data for major diastereomer (2-a, R1 = Boc) is in agreement with the

data provided in Example 14 (2-a, R1 = Boc).
Method 2

459 ul (331 mg, 3.27 mmol) diisopropylamine is dissolved in § ml dry THF and is cooled to
0 °C. After the addition of 1.97 ml butyl lithium in hexane (1.59 M), the solution is stirred at
0 °C for 15 min. Subsequently the reaction mixture is cooled to -78°C and a solutionof 1 g
(2.84 mmol) (S)-5-biphenyl-4-yimethyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(1-a, R1 =BOC), and 1.03 ml (1.09 g, 8.52mmol) 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone (DMPU) in 5§ m! THF are added over 156 min. After stirring for 15 min, 708 pl
(1.61g, 11.38mmol) methyl iodide is added over 10 min. The resulting mixture is stirred at
-78 °C for 3 h. The reaction is quenched through the addition of 1 ml morpholine followed
by 1 ml saturated NH,ClI solution and 15 ml isopropyl acetate. The organic phase is
separated and washed with water (3 x 10 ml). The organic layer is separated, dried over



reduced pressure. 1460 ml Heptane fraction is then
added. 520 m of solvent is then renoved by
waele@siosisat i on under reduced pressure. 1460 m PEPEPR2U6S/000142
fraction is then added. Theom xture is then cooled to
roomtenperature over a period of 1 h. The mxture is
then stirred at roomtenperature for 2 h. The solid is
then collected by filtration. The solid isthen washed
with heptane fraction (600 m) and dried to give $2R,
MaS§y4, zfﬂtafﬁdrﬁﬁdaevaspfﬂmm L& of|theragidur yeyrals treonethylated
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Method 3

100 mg (0.284 mmol) (S)-5-biphenyl-4-ylmethyl-2-oxo-pyrrolidine-1-carboxylic acid tert-
buty! ester (1-a, R1 = BOC) is dissolved in 2 ml THF and the solution is cooled to -78 °C.
Subsequently, 312 pl Lithium bis(trimethylsilyl)-amide in THF (1 M) is added over 5 min.
After stirring for 15 min, 71 pl (161 mg, 1.136 mmol) methy! iodide is added. The resulting
mixture is stirred for 5 h and then quenched with morpholine and water. According to

HPLC analysis the ratio of diastereoisomers is determined to be 67 : 32.
HPLC Method (1):
Column: CC 125/3 Nucleosil 10-3. Mobile Phase A (Water); Mobile Phase B

(Acetonitrile). Gradient: 0 min (90 % A; 10 % B); 20 min (10 % A; 90 % B); 25 min (0 % A;
100 % B); 25.1 min (90 % A; 10 % B). Flow rate: 1.0 mI min™'. Wavelength: 254 nm.

Retention times:

1-a, R1 = Boc: 14.9 min
2-a, R1 = Boc and 2-b, R1 = Boc: 15.9 min

Under these hplc conditions, no separation of 2-a, R1 = Boc and 2-b, R1 = Boc is
observed. Consequently, the residues from the reactions are treated with trifluoroacetic

acid prior to HPLC analysis in order to remove the Boc protecting group.



Cell paraneters a = 40.672(1 2) A b = 6.543(2) Ac =
14.757(4) Aa =90 b =99.167(13) g = 90 Vol une of
wa@eios/083bT 3877(2) A3 Z* 8 Cal cul ated density BCT/BPR200§/000142
rrT3 * (nunber of asymetrix units in the unit cell)
Exanple 9-2: (2R
4S) - 4- am no- 5- bi phenyl - 4-yl - 2- net hyl pent anoi ¢ aci d
et hyl ester hydrochl oride (3-a, RL = R2 = H R3 = Et)
%@ = H R3 = Et) prepared in accordance
R \?ﬂlt'é“eg 1 and is crystallised according to the
foll ow ng Methods: Method 1 500 ng (2R,
FL 4- am no- 5-bi£henyl 4-yl - 2- met hyl pent anoic acid
1-3thl T Hester hyl@b®loride (3-a, R1 = R2 = H, R3 = Et)

1-b, Redeed to 3 i3 i uene at roomtenperature The
mxture is then heated to 75 0C and is stirred at this

tenperature until the material has
HPLC Method (2):

Column: Chiralpak AD-RH, 150 x 2.6 mm, 5.0 um. Mobile Phase A (Water); Mobile
Phase B (Acetonitrile). Isocratic: 0 min (80 % B); 15 min (80 % B). Flow rate: 0.5 ml min
. Wavelength: 210 nm.

Retention times:

2-a, R1 = Boc: 6.3 min
2-b, R1 = Boc: 6.9 min

Example 19: (3R, 5S)-5-biphenyl-4-yimethyl-3-methyl-1-pyrrolidin-1-
yimethylpyrrolidin-2-one (2-a, R1 = methylpyrrolidin)

Method 1

93 ul Diisopropylamine were dissolved in 2 mi tetrahydrofuran at 0 °C. 0.4 ml of n-
butyllithium (1.6 M in hexanes) was added and the mixture stirred for about 30 min.
200 mg of starting material (1-a, R1 = methylpyrrolidin) dissolved in 1 ml
tetrahydrofuran were added. After 30 min, 41 ul methyl iodide were added and the

mixture was stired at 0 °C for a further 2 hours. The reaction was quenched by adding



di ssol ved. The m xture is then cooled to room

tenperature and stirred for 16 h. The precipitate is
waoelosegwed by filtration. Significant reflecti PCIBFEPI008/000142

the X-ray diffraction pattexn show the foll ow ng

interlattice plane intervals (average 2Qn [] are

indicated with error Iimt of 0.2): 2Qn []: 16.9,

18.2, 22.2, 22.7, 24.0. Data taken using a Bruker D8

Advance diffractoneter using Cu-Ka radi ation. Mthod 2
anypeniyy chiorde solution and extracted with ethyl acetate. The organic phase was

sefiavatetr &8 HRcontRAted Ry néssytb oBtaired éB/Jn@Qﬂ Eﬂml ;ﬁo&fdt d
et hyl ester hydrochloride (3-a = Et)

is added to 3 nl xyl ene at roomtenperature The
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enperature until the material is dissolved
= W?W@V@O'Idé" 185! %%P@at'w A SimatsAPland 244RBMt i rr ed
for 16 h. The precipitate is coIIected by fiItration

ificant reflections in th ffractio
AR (M BoMeicH 1er A1 PaSaFTH P 9911 R b8 WL M, 4-CHH); 1.69
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is added to m ethyl acetoacetate at room
Method 2

(1-a, R1 = methylpyrrolidin) (200 mg, 0.6 mmol) is dissolved in THF (3.4 ml). The mixture
is cooled to 0 °C. Lithium bis(trimethylsilyl)amide (0.66 ml, 1M in THF) is added and the
mixture is stirred for 1 h. Methyl iodide (40.9 pl, 0.65 mmol) is added and the resuiting
mixture is stirred for 4 h at 0 °C. The reaction is quenched by the addition of saturated
ammonium chloride solution (2 ml), water (1 ml) and ethyl acetate (1 mi). Phases are
separated. The organic phase is washed with brine, dried (MgSQO,) and concentrated in
vacuo (222 mg crude). According to NMR analysis, ratio 2-a R1 = methylpyrrolidin : 2-b,
R1 = methylpyrrolidin is 66 : 34.

Example 20: (3R, 5S)-5-biphenyl-4-ylmethyl-3-methyl-1-pyrrolidin-1-
yimethylpyrrolidin-2-one (2-a, R1 = methylpyrrolidin)




tenperature. The mixture is then heated to 80 0C and

is stirred at this tenperature until the material is
waele@sosiverd. The m xture is then cool ed to roonPCT/EP2008/000142

tenperature and stirred for33l6 h. The precipitate is

collected by filtration.Significant reflections in the

X-ray diffraction pattern show the foll ow ng

interlattice plane intervals (average 2Qn [] are

jindicated with error_limt of 0.2): 2Qn o717, .
(3R89 8 ety etrib3 srethupirondiaZhon e Rk (8. 3.8 mmon i
addkd keéthBiol ] i 8'mHsi Idehyde (393

ALl 0 6154 Bk 85 St omaldenyce
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I'S added to ethyl acetate at room tenperature o
ylirretbylrd-sethye 1ipyrrokicim 1 Hémetwlipywolidit-2-gre (ZaeRiti=maethglpygolidin).
I : F‘Qg;.;‘ e and stirred for 16 h.
S#Eg&p#g@i%??étgreépi%gg%gf ect@gqu filtration.
Significant reflections in the X-ray diffraction
Exaatple 2h: SR HS)-Beiphenydvi-ylmethyld-{2:2-dincethplpgapionyl)-3

' {3V € ) are indicated with error
m%tﬂk,lﬁ{y\‘r?fh‘%a{—g)o?{eg%%hﬁ%:PMS’ 17.0, 18.3, 22.2, 22.8,
24.0. Data taken using a Bruker D8 Advance
sing Cu-Ka radiation. Method

di ffract onet er
(2R 4S)-4- «@ 5- bi phenyl - 4- yI - 2- et hyl pe
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(3R, 5S)-5-biphenyl-4-ylmethyi-3-methylpyrrolidin-2-one (2-a, R1 = H) (500 mg, 1.9 mmol)
is dissolved in THF (5 ml) at room temperature. The mixture is cooled to -78 °C and then
butyllithium (1.3 ml, 1.6 M) is added. After 0.5 h, pivaloyl chloride (278 pl, 2.3 mmol) is
added and the mixture is warmed to room temperature. After 0.5 h, the mixture is diluted
with ethyl acetate and quenched by addition of saturated ammonium chloride solution
followed by water. The phases are separated. The organic phase is washed with brine,
dried (MgSO,) and concentrated in vacuo The crude material is purified by column
chromatography, by eluting with ethyl acetate/heptane (1:6) to give (3R, 5S)-5-biphenyl-4-
ylmethyl-1-(2,2-dimethylpropionyl)-3-methylpyrrolidin-2-one (2-a, R1 = Piv).
Spectroscopic data as reported in Example 5-1, Method 1.

Example 22: ((S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidin-1-yl)acetonitrile (1-a, R1

= cyanomethyl)



hydrochloride (3-a, R1 = R2 = H R3 = Et) is added to

5 mM xylene at roomtenperature. The m xture is then
whe@BesBosD an external oil bath tenperature of PARBPIE/000142

and is stirred at this tenpgrature until the material

Is dissolved. The mxture is then cooled to room

tenperature and stirred for 4 h The mxture is then

cooled to O OC and stirred for 1 h. The mxture is

then stirred at roomtenperature for ca 72 h. The

precipitate ioIIected by filtration. |f|cant

reflections e X-ray diffraction pat show t he
attice plane | nterv average 2Qn
tated with error ): 2Qn []:
8.3 19. 7, é S . Dat a t aken
O7usinrg Bruker D8 Advance i ffYactometer using Cu-Ka
radi ati on. Met hod 6500 ng (2§
4S) - 4- am no- 5- bi phenyl - 4- yIN/2 met hyl pent anoi c aci d
ethyl ester hydrochloride (3-a, Rl = R2 = H, RS = Et)
is added to 5 m xylene at room tenperature.

1.59 4.8f ane) Kﬁbﬁrbw@sﬂw Y'WGHW'FBWPM'MrOQﬁ (", Bat ﬁi) is dissolved in

1 5trFFI'H?€ TRAFUNR dBBIe@%Q P> @NGhek %hesédditfo?lq)f at1 3 &Jt%_l lithium in hexane
(1ﬁp£Berature until the material i1s dissolved

he
dhe yelow salutionds BirtedsatodB yC for 3008 Babyrauaniy. é7‘éwéf855
mgf‘ PRy ﬁw%l)‘ﬂ’rorﬁ&é(&ft&htn OiH ?gJ{Snd"rfLﬁétdﬁ&ﬁré B Wdthiedi 5dtb
roomtenpera ure € preci itate |
temmrlatm everpight. iThe rraaqtlen is t8eg Auenchedonrasitioptof 3@ snlisaturated

NH,,B?s(?S];t'idePfgdev&J @}ﬁ@b%dﬂ% P56 Pl WA dnBand Rlt@ i8 Extracted with
2x40 ml ethyl acetate. The combined organic layers are separated, dried over MgSO,,
filtered and evaporated. The resulting residue is purified by column chromatography
(dichloromethane : methanol = 99 : 1) to give ((S)-2-Biphenyl-4-ylmethyl-5-oxo-
pyrrolidin-1-yl)acetonitrile (1-a, R1 = cyanomethyl) as off-white solid. NMR (400 MHz,
DMSO-ds, d/ppm): 7.65(m,4H);7.47 (t, J=7.4,2H), 7.40 (m, 3 H), 4.57 (d, J=17.7,
1H); 444 (d, J=17.7, 1H); 3.91 (m, 1 H); 3.19(dd, J= 3.9, 13.8, 1 H); 2.70 (dd, J =
9.2,13.8, 1 H); 2.18 (m, 2 H); 1.95 (m, 1 H); 1.77 (m, 1 H). MS (ESI, m/e) 291 [M+H]".
IR (solution in CH,CL,, viecm™): 3025; 2985; 2257; 1697; 1688; 1486; 1421; 1323; 1271;

1182; 760; 699.

Example 23: (S)-1-Acetyl-5-biphenyl-4-yImethyl-pyrrolidin-2-one (1-a, R1 = Ac)

)
————»” o

N

Iz

(S)-5-biphenyl-4-ylmethylpyrrolidin-2-one (1-a, R1 = H) (5 g, 19.9 mmol) is dissolved in
THF (50 ml). The mixture is cooled to -78 °C and n-butyllithium (14 ml, 1.6 M) added.



intervals (average 2Qn [] are indicated with error
l[imt of 0.2): 2Q@n []: 7.5, 17.0, 18.3, 22.3, 22.7,
wQ@2008/08Pat a t aken using a Bruker Advance  PCT/EP2008/000142

di ffractometer using Cu-Kaiisadi ati on. Method 7 500 ngy
(2R 45) - 4- am no- 5- bi phenyl - 4-yl - 2- et hyl pent anoi ¢ aci d
ethyl ester hydrochloride (3-a, R1 = R2 = HL R3 = Et)

is added to 5 m ethyl acetoacetate at room

tenperature. The mixture is then heated to an external

Aftgr 0-Hitacetyb apjerida (1 embi24mmol ¢s agdedanddbe mixtereds atipwed to warm

to 6 ?érﬁééi’éﬁjré‘ Nhftdr 1 Hth.ﬁu&eaL qliéncied $7th\s&tlirattB&mmonium
mxture is then cooled to roomtenperature and stirred

chigside {40 ml) andawateediognb and ethyl acstate é%%ra')we prded. stheerganic

phaké iy \Xléé}\%ﬂtwmﬂgr‘r{éc Bhéﬂ‘@wggb}) RRd Xor'i@:%trgiefdflﬁ @Eédcptﬁ give (S)-1-
pattern show t [ow ng Interlattice

Aqeﬁt' érW@T%‘VtﬁV&F%ﬂ PZQOhd'[' Cmee(ﬁan&%af\@d WNMRe(FRQ's) 1.84 (1H),
1. é3 WH) @fsog1 ), 2. 3&@19) [j 50 (3HY; 2.38 (h), 369911-1)1& 55 (1?—9 220 (2H), 7.28

a takeén using a Bruker D8 Advance
Wd? fﬂWa@H)n%t‘%K“ U)Sl ng Cu Ka radi ati on. Exanple 10:
(S)-5-((S, R - bi phenyl - 4-yl - hydr oxyret hyl ) pyrrolidin-2-

one (13, R1 = H)2 of . . L '
E)@S)n's26b(§)rﬁ;ﬁgnhe!i!vgéwﬂfaﬁmmaglf'PWFSd!anvhmbfﬁe'"Jeer%o"e (1-a,R1=
TeE#)ssol ved in 40 m THF. 200 ng Pal | adi um on carbon

vvere added and the m xture was stirred under a

hydr ogen at nosphere for 14 hours. The renoval of the
catalyst by filtration and concentration

A dry flask is charged with 1.256 g (5 mmol) (S)-5-biphenyl-4-yimethylpyrrolidin-2-one
(1-a, R1 =H) and 15 mi dry THF. To the resulting clear solution, 2.02 g (20 mmol)
triethylamine is added followed by 904 mg (6 mmol) triethylchlorosilane (TES-CI). The
reaction mixture is stirred at room temperature for 4 h and then quenched on addition of
5 mi saturated NaHCO; solution, 10 ml water and 10 ml isopropyl acetate. The layers
are separated and the aqueous layer extracted with 10 ml isopropyl acetate. The
combined organic layers are dried over MgSQO,, filtered and evaporated. The resulting
residue is purified by column chromatography (dichloromethane + 1% v/v triethylamine)
to give (S)-5-Biphenyl-4-yimethyl-1-triethylsilanyl-pyrrolidin-2-one (1-a, R1 = TES) as a
yellow oil. NMR (300 MHz, DMSO-ds, 8/ppm): 7.63 (m, 4 H); 7.65(m, 2 H); 7.32 (m, 3
H); 3.80 (m, 1 H); 2.85(m, 1 H), 2.70 (m, 1 H), 2.10-1.70 (m, 4 H), 1.02-0.80 (m, 15 H).
MS (ESI, m/e) 366 [M+H]"; 731 [2M+H]". IR (solution in CH,Cl,, vicm™): 3426; 3047,
2957, 1698; 1672; 1487; 1378; 1242; 1114, 1008.

Example 25: (3R,5S)-5-Biphenyl-4-yImethyl-3-methyl-1-triethylsilanyi-pyrrolidin-2-
one (2-a, R1 = TES) and (3S,5S)-5-Biphenyl-4-yImethyl-3-methyl-1-triethylsilanyl-
pyrrolidin-2-one (2-b, R1 = TES)



the filtrate to dryness yielded the desired product
(13) as a mxture of al cohol diastereoisoners. 1H NWR
W@ @o8RP67 1.71-2.35 (4H); 3.66-3.87 (1H); 4. 4eCT/EP20E/000142
0.7H) and 4.60 (about 0.3H}36 5.70 (about 0.3H) and
6.24 (about 0.7H); 6.85-7.66 (9H). The resulting
al cohol can then be converted into
(S) - 5-bi phenyl - 4-yl met hyl pyrrolidin-2-one by using for
exanpl e the same conditions as used above in exanple
3. Ratio of diastereoisoners is calculated to be 70 :
30 (1H NVR) based on the integrations of signal s

/| propi onyl ) - 3-

o2 : 2.5 n
coﬁtentrated hydrochl ori c aC|dl&gd 2 m ethyl acetate
weriésheat ed at about 80 OC for out 15 hours. The

m xture was evaporated to dryness to obtain (2R

4S) - 4- am no- 5- bi pheny! - 4-yl - 2- net hyl pent anoi ¢ acid

10'@%&15 ;2?5@&%%% n(35-8: Bu's'% LK Imet@-ﬁnéhﬂéﬁér&&%ﬁliﬁ?z -one (1-a, R1

Sectr scopi c S reported
= ?Emgs H@golge@m § nqlgquene and the solution is cooled to 0 °C. After slow addition

oS54 B (ki A9 3 i G
0 dhidr 45 n’nn e&db;bqwﬂlyal 3 w80 hgatl 59 rarhol) dimeeth@Sulfate fscadded to the
BB o P YRR Ty e R YD B ih. e o HABRSs

quenched by addition of 2 ml saturated NH,Cl solution, 2 ml water followed by 20 ml

isopropyl acetate. The organic phase is washed with water (3 x 10 ml), separated, dried
over MgSQ,, filtered and evaporated. HPLC of the residue reveals conversion to the two
methylated diastereomeric compounds [(3R,5S)-5-Biphenyl-4-yimethyl-3-methyl-1-
triethylsilanyl-pyrrolidin-2-one (2-a, R1 = TES) and (3S,5S)-5-Biphenyl-4-ylmethyl-3-
methyl-1-triethylsilanyl-pyrrolidin-2-one (2-b, R1 = TES)].

Example 26: (S)-2-Biphenyl-4-yImethyl-5-oxo-pyrrolidine-1-carboxylic acid benzyl
ester (1-a, R1 = Cbz)

S 0S

T
e
N

1 g (4 mmol) (S)-5-biphenyl-4-ylmethylpyrrolidin-2-one (1-a, R1 = H) is dissolved in 10
ml dry THF and cooled to -78 °C. After the addition of 2.76 ml buty! lithium in hexane
(1.59 M), the yellow solution is stirred at -78 °C for 30 min. Subsequently, 676 i (820
mg, 4.8 mmol) benzyl chloroformate (Cbz-Cl) is added and stirring is continued at -78
°C for 2 h. The reaction is then quenched by addition of 12 ml saturated NH,Cl solution



bi phenyl - 4-yl - 2- et hyl pent anoi ¢ aci d hydrobrom de

(3-a, RL = R2 = R3 = H hydrobromde salt). M5 (ES+):
wWQahsP$IN] +, 100 %9, 267 (17), 249 (18), 221 (E()T/Emclsmoomz

(3), 193 (25), 167 (4). Exwmmple 12: (2-a, Rl =

pivaloyl) to (3-a, RL = RR = H R3 = Et) Method 1 0.5

g (3R

5S) - 5- bi phenyl - 4- yI rret hyI 1- (2, 2-di net hyl propi onyl ) - 3-

rroI|d|n 5 mM ethanol and 0.5

met hyl p
fO'E’UﬁQéWt le\aatﬁya%m@nmrectae with\gex 40 mé iserepPat a%ﬁﬂhe tayers
arS8epatied ani @ﬁe @J@@Hk I&fer @&He‘éi ovERf1 ge;ost filfefed\@Rd evaporated. The

evapor at ed yness to o bt ai n -4 am no-

resyitifg REAye (14?§Q>J%pwmeﬁwr\o@'ﬂra'h shre"@éqgﬂarétm(wch@geraﬁthane
métné/rdﬂ ecgl@' 53m éﬁto&ﬂé 05) ﬁ@ﬁéﬁmgmbﬁyd%wrrblm -4 Rdrboxylic
anpl e

aCQS)ensylkﬁStﬁﬁéh?l RA -y¢b?ét&ﬁwff- \(!h'(ezsoildleW KA0Mblgi BMBO-dg 5/ppm):

6&3@‘ Y 7'ed hﬂ'zrh)zﬂﬁe 735&:“1 B‘nghﬁ nda% gHﬂszs (s, 2 H);

Centrate hurl C acil wer eate
4. @dﬂﬂd*b@%dddabo@ﬁ 23. 17 ddDs2-88Hed. A X B9r é3\2l/aé H); 2.45 (m, 1 H);
V, r t { N

2.5 (gqu 2 9‘6%91 h(H]O 1ngi])t ﬁa\}rl% %@IEg\I % meé 988 [2M+NH,"].
IR (W@imge ﬁll-hGIszame) §@92) 295$p Yol e A @@.p14@8d 313%6 é§01’r n1 287, 1231,

thod 30.5¢g (3R
11%(3@5 ép%eny] -4- yI nmet hyl - 1- ( 2, 2- di net hyl propi onyl ) - 3-
nethylpyrrolldln -one

Example 27: (3R,5S)-5-Biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-
carboxylic acid benzyl ester (2-a, R1 = Cbz) and (3S,5S)-5-Biphenyl-4-yimethyl-3-
methyl-2-oxo-pyrrolidine-1-carboxylic acid benzyl ester (2-b, R1 = Cbz)

()
A~ e

O

Method 1

119 mg (0.309 mmol) (S)-2-Biphenyi-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid benzyl
ester (1a, R1 = Cbz) is dissolved in 1.5 ml toluene and the solution is cooled to -78 °C.
After the addition of 665 pul potassium-bis-(trimethyisilyl)-amide in toluene (0.57 M) the
solution is stirred at -75 °C for 20 min. Subsequently, 117 pl (1565 mg, 1.23 mmol)
dimethyisulfate is added to the orange solution over 5 min. The resulting mixture is stirred
at -78 °C for 3 h and then warmed to 0 °C over 1 h. The reaction is then quenched by
addition of 2 ml saturated NH,CI solution, 2 ml water followed by the addition of 20 ml
isopropyl acetate. The organic phase is washed with water (3 x 10 ml), dried over MgSO,,
filtered and evaporated. HPLC and LC-MS of the residue reveals the two methylated
diastereomeric compounds [(3R,5S)-5-Biphenyl-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-
carboxylic acid benzyl ester (2-a, R1 = Cbz) and (3S,5S)-5-Biphenyl-4-yimethyl-3-methyl-



, 5 mM ethanol and 0.3 m perchloric acid were heated
at about 80-120 OC for about 24 hours. The m xture was
weraposxted to dryness to obtain (2R PCT/EP2008/000142
4S) - 4- am no- 5- bi phenyl - 4- yd8- 2- met hyl pent anoi ¢ aci d
ethyl ester (perchlorate salt). 1H NMR (CDCI 3): 1.17
(3H), 1.20 (3H) 1.98 (2H)1 2.76 (1|—|) 12.96 (1H1 3.29
(1H), 3. 82 (1H) 3 96 (2H) 7.32-7.59 (13H), 8.21 (3H).
Met hod 4
2- @Q‘pﬁr%ﬁ'ﬁﬁén‘}ﬁm%WF %@WPZHEEET 2-Bi %rlﬁhzé} &’ﬁ‘!‘%‘ﬁ&/’?’? Iingeparable

fronE bRy AidthéroIMSl (S IF-3u3gMH)S 87 [(adRAgt. and 1.1 ¢
par a- t ol uenesul phoni ¢ acid were heated at about 80-120

OC for about 24 hours. The m xture was evaporated to
Mahuaqss to obtain (2R, 4S)-4-am no- 5-
phenyl - 4 %I - 2- et hyl pentanoi ¢ _acid ethyl ester

30 (PR A28 IS DR BT i HeSRIVE B! 3)-cnt THE anh cooled to

0 ‘%: ggteﬂ r}'é')add%loﬁéf %ﬁgu %&ggﬁy%@ h?%ggfi %%'TOI) ﬁw e ol&,ﬁ%s stired at

0 (leeH)O rrﬂn sngb(ssqgenﬂExanplu@om@ (S -Z-Baphqmll-é-ymethyi- -gxapyrrolidine-1-

cagé{)?lglz%ld' é_rllzyf‘)&ier Etg tF{:fm ) ll]! 1]m?TI-G E]?ddg vsr 10 m|n followed by

the additiorRif 24 ;tHXﬂ4 m@ W?SMmmbmeﬂwdlomdé aver S onioethe aiselﬂng mixture

o YRS RLG R A DR Bonitl ST Bl

NH,CI sdittiong 1(r@Ryater and 5 mI ethyl acetate. The organic phase is separated and
the‘%ﬁké{*fe%%i&%%ﬁpwg a%lr%a%' r{‘l?yé}é B g %e?ﬂg§04 filtered

et hyl “ester ydriochlori de pectroscoplc
and evaporated. HPLC and LC-MS of the residue reveals the two methylated
diastereomeric compounds [(3R,5S)-5-Biphenyl-4-yimethyl-3-methyi-2-oxo-pyrrolidine-1-
carboxylic acid benzyl ester (2-a, R1 = Cbz) and (3S,5S)-5-Biphenyl-4-yimethyl-3-methyl-
2-oxo-pyrrolidine-1-carboxylic acid benzyl ester (2-b, R1 = Cbz)], which were inseparable

from one another..

Example 28: (S)-5-Biphenyl-4-yimethyl-1-(2-trimethylsilanylethoxymethyl)pyrrolidin-
2-one (1-a, R1 = SEM)

s
Q =

!
SEM

Iz

804 mg (3.2 mmol) (S)-5-biphenyl-4-ylmethylpyrrolidin-2-one (1-a, R1 = H) is dissolved in
16 ml dry THF and cooled to -78 °C. After the addition of 2.21 ml butyl lithium in hexane
(1.59 M), the yellow solution is stirred at -78 °C for 30 min. Subsequently, 680 ul (640 mg
= 3.84 mmol) (2-chloromethoxyethyl)-trimethylsilane (SEM-CI) is added and stirring is
continued at -20 °C for 5 h. The mixture is then allowed to warm up'to room temperature
overnight. The reaction is then quenched by addition of 10 ml saturated NH,ClI solution



data as reported in Exanple 9. Method 2 1 g (3R
5S) - 5- bi phenyl - 4-yl net hyl - 3- net hyl pyrrolidi n-2-one
w@ 2008/0887 = H), 10 m ethanol and 0.4 nl conceptT/BPEAS/000142
sul phuric acid were heat edizamt about 80-120 OC for
about 24 hours. The m xture was evaporated to dryness
to obtain (2R, 4S)-4-am no-5-
bi phenyl - 4-yl - 2- net hyl pent anoi ¢ acid ethyl ester

fol@éaaygl%hlswu nat e%?alftt%i gﬁzftttorrglsl(s:g&opyl%%tet%teasl'hieqayers are
seEEr)atéifMdahela anfbwmwovar Mgst)ylﬂawerd?éddcwaparm The resulting

t hanol
residiren(ty Biob is ruitii HSR colemhrematogesahy (ighloramethangy. istpylamine
=885 105 alzmuﬂoraﬂaehﬁués meliighol thbthyRMIRS = D80T a0 8Yitd give (S)-5-

ness
BifiepHehy M- G- ot Ry st o Ee i 2z0edi-a. R1 = SEM) as
a y(eﬂoxk%h uwgm tdd‘oq\nﬁi ecsel, té/pprﬁpe@ar (%Sgqu q. ﬁa(gﬁi 229); 7187 (m, 1 H);
7. @517‘1 é’-'ﬁ) ér@ér{ﬁ'l J 73 1§)qurét"|’~}y§’ 78 (ﬁe-f fiy P62 a—»o@%@» it dDind-59 (m, 2 H);
3. zg:r%ar@%)d 118.424i: berfiahutyb 129821 13- 233 (tlu= S8A HP, 2010 (m, 1
H)5E1 gnpi piieh? (M. 3 Hyed 6/ (s. 8-Hre MS (Br ME)i38R2AMIHE, &63 [2M+HT".
lRQ?ouﬁ 8n33rCH2 ), v/BmSP':s@B? 0195'1”1% Hhgetianh; iiz‘tﬁi élb?s Y92 836; 759;

di'-ter't-butyl -dicarbonat e,
59?{| et hyl anmi ne

Example 29: (3R,5S)-5-Biphenyl-4-ylmethyl-3-methyl-1-(2-
trimethylsilanylethoxymethyl)pyrrolidin-2-one (2-a, R1 = SEM) and (3S,5S)-5-
Biphenyl-4-yimethyl-3-methyl-1-(2-trimethylsilanylethoxymethyl)pyrrolidin-2-one (2- .

8
QQ Daus

O

n—2

118 mg (0.309 mmol) (S)-5-Biphenyl-4-ylmethyi-1-(2-
trimethylsilanylethoxymethyl)pyrrolidin-2-one (1-a, R1 = SEM) is dissolved in 1.5 mi
toluene and the solution is cooled to 0 °C with an ice bath. After the slow addition of 664 nl
potassium-bis-(trimethylsilyl)-amide in toluene (0.57 M), the solution is stirred at 0 °C for
15 min. Subsequently, 114 ul (151 mg, 1.2 mmol) dimethylsulfate is added to the orange
solution over 5 min. The resulting mixture is stirred at 0 °C for 2 h. Then, the reaction is
quenched by addition of 2 ml saturated NH,ClI solution, 2 ml water, and 20 ml isopropyl
acetate. The organic phase is separated, washed with water (3 x 10 ml), dried over
MgSQ,, filtered and evaporated. HPLC of the residue (100 mg) reveals the two
methylated diastereomeric compounds [(3R,5S)-5-Bipheny!-4-yimethyl-3-methyl-1-(2-



and 1 g dinethyl-am nopyridine. After 1 hour at 50 0OC
the solution was m xed with water. After separation of
wo bmslosdper s t he organi ¢ phase was concent r at edPCIER2008/000142
vacuumand diluted with heptsane. The crystalline solid
obt ai ned was col |l ected and dried under vacuumto yield
about 5.5 g of (3R
5S) - 5- bi phenyl ~4-yl et hyl - 3- rret hyI 2 oxopyrrol i di ne-
1-carboxylic acid tert-butyl ?
tripgthyisiianylsipoxvmetiybieyFrolidin- B;Pneé?ﬁnw aﬁ%ﬁ%f%% 5-Biphenyl-4-

ylrﬁéﬂhgwgﬁm;}gy1(24%&&9@(@@!&%@@6%&; rrotidintdBné %@u = SEM)] and

l) 72 1. 56
25% uacf@ngsd startig matgfialiS)-2- %v'&thw'é 2t 2H, m
tm%e(ﬁzg)lanyleaha)@n{ ﬁ?rrolﬁr@*‘d)\e (17—a9ﬁ1 EldEmydump an@f;‘kl)s,mdtcates an

B0 3K, ol OhBHBERCISpiers §BPeiASFRPISSIAMT (05 MIRUEERAINGS (400 Mz

cnﬁ@rﬁb/ d%él 7 58, 49); 7:47 (m, 2 H), 7.35 (m, 1 H): 7.25 (m, 2 H). 5.00 (m, 1 H);
(i S))-S bi phenyl - 4-'yl - 4-t er f but oxycar bonyl am no-

(ot hi): ée?ﬁ(ﬁhdu ). §C5I5c(]" RH)a3 1R(m=1 Bﬁx? 6ftm=1kY; Z3py(mg 1 H);
2@53(?33 H); 165(m 1H); 1.16, 1. 13(2xdwnthrat|02 8,J=7.2,70,3H);090(m,2
'S-bi'p | et hyl - -mat7y A-oxo-pyrrolidine-i-ca

H); B@ﬁ)ﬁl%"’hd\"é (Eéf ek 395 BT, @21%\/'1"1531 = BOO) was
di ssolved in 50 mMl of a mxture of THF and a 2 M
l'i t hi um hydroxi de solution (ratio 1). After 1

Example 3f (%Tﬁp@paﬁuvlé-v!m}&p&wrrobdabmnﬁdlée&&ae@m & a,R1 = H)]
neutralise the excess of |ithium hydroxide. The slurry
was concentrated under vacuumto renove nost of the
solvent and extracted with iso-propyl acetatg

(o] : (o]

N
H

Iz

11 g of Mg turnings (452 mmol) are placed into a reactor. A solution of 93.2 g 4-
bromobiphenyl (400 mmol), dissolved in 380 ml THF is added. Formation of the
corresponding Grignard reagent starts after the addition of 5 % of the total volume of the
above solution and after the addition of a 10 mg I,. The THF solution of the 4-
bromobiphenyl is added at such a rate, that the IT can be kept at 50 — 55 °C (duration of
the addition: 1 h). After the addition is complete, the reaction mixture is heated to reflux for
1.5 h. Then the mixture is cooled to rt, and next 800 ml THF are added, followed by 22 g
1,4-dioxane.Then the mixture is cooled in an ice bath and 18.0 g CuCN (200 mmol) are
added. The reaction mixture is then cooled to — 40 °C and then over 40 minutes a solution
of 27 g (100 mmol) toluene-4-sulphonic acid-(S)-5-oxo-pyrrolidin-2-ylmethyl ester in 270
ml THF is added. After complete addition of the tosylate solution, the mixture is heated for
0.5 hto IT 35 °C. The reaction mixture is stirred at that temperature overnight. Then, the
reaction mixture is cooled to 20 °C and 200 ml 25 % NHj; (aq), followed by 900 ml NH,CI
29 % (aq) are added. The phases are separated and the aqueous phase is re-extracted
with 250 ml THF. The combined organic phases are washed twice with 200 mi 15 % NaCl
solution and are concentrated in vacuo to give 74.5 g of crude product. This crude product



organi ¢ phase was then washed with water, partially
concentrated under vacuum and brought to
W@ roossdobT sat i on upon addition of heptane. ThePCT/EP2008/000142
crystalline solid obtai nediatas col |l ected and dried
under vacuumto yield about 3.6 g of
[ (2R, 4S) - 5- bi phenyl - 4-yl - 4-t ert but oxycar bonyl am no-
2- et hyl pentanoic acid] (3-a, R1L = BOC R2 = R3 = H).
I\/E 146- 147 500 MHz; DI\/SO% 3H, d . J .
is puri edltw%ver glh@gezl uent: to{u@p‘g) g)et anflg:g hie ylﬁ{d (8)-biphenyl-4-
Iri¢thyl ralzjlr( dldnelKe té‘dﬁﬁam 12, R3 <), spectroskd lcaatEQas(la*Exam le 3.
yd, gp)}r 5-H), m‘(%9(1H(m 4I—|)ﬂ]1 65%74 1|—? P
NH), 7. 27 (2H, d, 8.0, Ar-ortho-H(Ph)), 7 36 (1H t ,
Exhanle 31»“{3)-5( B’theaﬁmyhhethilp%oﬁam 3-oné [Ke Lactam (1-a, R1 = H)]
-(Ph)-net-H) 7 (2 .0. Ar-net-H(Ph), 64
(2H d. J 7.5, Ar-(Ph) orf/7o H), 12.01 (1H, s, COZH)
dc (500 MHz, DMSO) 18.1 (1- CH3) , 28.3 [(
35.9 (2-C) 37.9 (3-C 40.7 (5-C) 50.0 (4-0,
[(C(CH 3)3] , 126.3, 126.5, 127.2, 128.9, 1258
(Ar-CH), 137.7 (Ar-/pso-C(Ph)), . % - far a-

140.1 (Ar-(Ph)-/pso-O), 177. 2
z (+ESI) 406 ([ M\a] gAXTMH +, 31),

o
328¥(100), 284 (19); Found: [M—|]+ﬁ 384. 21691.
C23H30NO4 requires IMH 384.21693. Exanpl e 16:

(S) - 5- bi phenyl - 4-yl met hyl - 2- oxo- pyrrol i di ne- 1- car boxyl

(S)-6- I@@dnﬁ’etﬁ;ﬁﬁ%ﬁ!ﬁ%@-@ﬁé e325(rhgAs aeéed:to%qalutw&%hgldréag|ron(lll)

di-tert di car bonat € an

chbﬂe'q (B Hy -2 ﬁbwif/)r i diersixiyse is th%éga%t%f’ °C.
Biphenylmagnesium bromide (5 mi, 0.5 M in THF) and TMEDA (180 pl) are added
dropwise over 0.5 h. The mixture is stirred for a further 10 min. Water (2 ml) is added.
The mixture is extracted using dichloromethane (3 x 5 mi). The combined organic
extracts are washed with 2 M HCI (2 x 5 ml), dried (Na,SO,), and then concentrated in
vacuo. Purification by column chromatography provides (S)-5-biphenyl-4-
ylmethyipyrrolidin-2-one [Key Lactam (1-a, R1 = H)]). Spectroscopic data as in

Example 3.

Example 32: (S)-5-biphenyl-4-ylmethylpyrrolidin-2-one [Key Lactam (1-a, R1 = H)]

g
o )

N O

3o

8.9 g of (S)-5-biphenyl-4-yimethyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (1-a,
R1 = BOC) (25.3 mmol) is dissolved in 90 ml methylene chloride. Then 5 ml CF;COOH
are added. This mixture is stirred at rt for 1.5 h. The reaction mixture is concentrated.



suspensi on of 500 ngy

(S)-5-bi phenyl -4-yl net hyl pyrrolidin-2-one (1-a, RL =
wooosnsPeni acetonitrile. After about 20 hour SPCT/BR2008/000142

m xture was concentrated tof2dryness. The m xture was

partitioned between ethyl acetate and aqueous

pot assi um hydrogen sul phate and the organic | ayer

separated and evaporated to dryness to yield 630 ng of

S)-5-
Hq(ﬂ"%Weffﬂﬂﬁomsfhﬁ%?ﬁWd to_the Frsiduer dhe arasctis caystabizer; The obtained
pré’cﬁ]cﬂlstdfé(sbt\kkltld’ lohi%?k%nd(tﬂe@rt |smzzshe8% Nél-llt qgggglgr) The

orgary¢ laper lgemrbrat(e:(g tgwe@? @S(Qmenm-4-glrr@1|zglpyrgohg@-:{ ope Heey Lactam
(1-55 ﬁ"l‘"ﬂ)H)]%r?el:trG%pldj@ata%sﬂ'@amﬂeéz (1H m 5- CH);
aromati c) (1H m aromatic); 7.46

(2H m arorratlc) 7 59 (4H m aromatic), mz: 352
ExaMpte 3%%»3&%%%%#&& iy 1-RPfolidhi-ord@ -4, 480 = Bn)

The X-ray Structure of t'he obtained crystals is shown

in figure 10. Single crystal for this determ nation is

obt ai ned fromdi et hyl ether as sol vent. Cr | data
(2) KI Enpirical fornuld 3 H25NC3

1 .43 Crystal system Mattselinic Space
paraneters a = 5.801 A b = 8.180(2)

N
H

6.1 g of (S)-5-biphenyl-4-ylmethylpyrrolidin-2-one [Key Lactam (1-a, R1 = H)] (24 mmol) is
dissolved in 100 ml THF. Then 4.5 g of benzyl bromide are added. This mixture is cooled
inin ice bath and 1.2 g NaH is added. The ice bath is removed and the reaction mixture is
stirred overnight at rt. Then 50 ml H,O is added. Toluene is added and the phases are
separated. The combined organic phases are washed with H,O and the solvent is
evaporated under reduce pressure. The crude product is purified by column
chromatography on 150 g silica gel, to yield (S)-1-Benzyl-5-biphenyl-4-ylImethyl-pyrrolidin-
2-one (1-a, R1 = Bn). 'H NMR (400 MHz, DMSO): 1.79 (1H), 1.93 (1H), 2.31 (2H), 2.61
(1H), 3.03 (1H), 3.69 (1H), 4.02 (1H), 5.10 (1H), 7.12 (2H), 7.26 (2H), 7.33 (4H), 7.42
(2H), 7.49 (2H), 7.56 (2H).

Example 34: (3R,5S)-1-Benzyl-5-biphenyl-4-ylmethyl-3-methyl-pyrrolidin-2-one (2-
a, R1=Bn)

Method 1



c =19.891(4) Aa =90 b =96.278(9) g = 90 Vol une
of unit cell 938.2(4) A3 Z* 2 Calcul ated density 1.244
WOorgnoa®s3967 nunber of asymretric units in the unPCT/ER100§/000142

Method 2 8.6 ¢ 143

(S)-5-Bi phenyl -4-yl met hyl pyrrolidin-2-one (1-a, R1 =

H (34.22 mml) is dissolved in 135 ml nethyl ene
chloride. 4.2 g DVAP (34.22 mml) is added. The

m xture is further diluted wwth 10 m net hyl ene

chl oride. Then 14.9 g BOC20 (68.44 mmvol ) is added and

Urder aRers r01 M LiNErg), ene aeaédxblz@enllmradfﬂmson}mn% cooled to—78
reaction m xture is then stirred at reflux fo

h.
"CrihBen avar it RiBktes asqjuisn 89 %@d’d@ﬂ"zykﬁt%?he&'y%ﬂmethy"

pyfr8fidihi208het (118 qu @ﬂ? i 20 mf B I9added asol7gent Thé addltlon funnel is
evaporated co The evaporation residu

ringeq with dqnioUdfr- rﬁ@d“@‘t%? issheatedtofeiC 3fd sfiread far b%m"“{s?s at that

ternPeratte. ThePlthy reattibh Aligurd i |s c&olecT B@mﬁ’ fcp-d V8t°Cfdrﬁ<3\ﬁe95$nlnutes a
are concentrated in vacuo r_y ude product,
soltirg Rf 1.87 ,gé'E?SI;\gltlaqilpg %QSF?'JIH n@@ﬂ??% ﬁl’éme addltlon funnel is rinsed

with 0.5 ml THF. This reaction mixture is stirred for 18 h at -78 °C. Then it is quenched
by the addition of 18 ml! saturated NH,Cl (aq) solution. Then 36 ml toluene is added,
followed by 9 ml H,O. The phases are separated. The aqueous phase is re-extracted
with 10 ml toluene and the combined organic phases are washed twice with 25 ml of
H,O. The solvent is evaporated under reduced pressure, to yield the crude product.
NMR analyisis reveals a mixture of diasteromers 77 : 33 (2-a, R1 =Bn/2-b, R1 = Bn).
Purification by column chromatography on silica gel with ethyl acetate : heptane fraction
(4:6) provides (3R,5S)-1-Benzyl-5-biphenyl-4-ylmethyl-3-methyl-pyrrolidin-2-one (2-a,
R1 =Bn). 'H NMR (400 MHz, CDCls): 1.20 (3H), 1.59 (1H), 2.07 (1H), 2.40 (1H), 2.66
(1H), 2.99 (1H), 3.63 (1H), 4.02 (1H), 5.11 (1H), 7.14 (2H), 7.24 (2H), 7.33 (4H), 7.43
(2H), 7.50 (2H), 7.56 (2H).

Method 2

Reaction is performed in accordance with the procedure given in Method 1 with the
following change: after addition of methyl iodide and rinsing of the funnel with THF, the
mixture is stirred for 4 h at -78 °C as appose to the 18 h indicated in Method 1. The
reaction is quenched and worked up using the same conditions employed in Method 1.
Under such conditions, on the basis of NMR analysis, the ratio of diastereoisomers is 88 :
12 (2-a, R1 =Bn/ 2-b, R1 = Bn).

Example 35: (E/Z){R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylaminopent-2-enoic
acid ethyl ester (8-a, R1 = Boc, R2 = H, R5 = Et)



chloride / heptane fraction 1 : 6, to yield

(S) - 5- bi phenyl - 4-yl net hyl - 2- oxo- pyrrol i di ne-1-
w@20080%3¢b7 c acid tert-butyl ester (1-a, Rl = BRC/EP2008/000142
Met hod 3 (S)-5-Bi phenyl - 4- W4net hyl pyrrol i din-2-one
(1-a, R1 = H (100 g, 398 mol ) is added to toluene (
1 L) at roomtenperature. N N D nethyl am nopyri di ne
(4.9 g, 29.8 mmol ) is thenadded foll owed by
triethylamne (72 m, 517 mol The m xture is then

gt ed to 65 0C. Di-tert-but gi carbonate (104 g, 478
i s then added over 0.5 After 0.5 h, the
’S concentrated in va : residue is then
ed in methanol ( 1 L) and /;d to 60 0C. 400
m of sélvent is renoved. Water (108 m): i s then added

and the méur%is—eem—ed—t—e»roomtenpg/ﬁa\t%g.@r%ﬁter 2
ft

h, the mntu I's further cooled to ®NOC. 1 h,
the mxtyre ijs filtered and the solid)washed w_t h
et hana” water (5 : 1, 30 m x 3) nPXt ufe. Theélond

is dried i vacuo to yield

(S)-5-bi Nyl - 4- yl met hyl - 2- oxo- pyrrol1 di he-

1-carboxylic acid tert-butyl ester (1-a, RL = BOC).

Exanple 17: (S)-5-bipheny |-4-ylnmethyl-1 -pyrrolidin-1

-yl met hyl pyrrolidin-2-one (1-a, Rl = t hyl | | di
ToAg ﬁl%{qﬁ%g F%Q gﬁ@-ﬁﬁ)henyM-yIS -formyl-ethyl)caanam\{c ggl& rtgn-k)utlymster
(7eSR1 5-2 %éd[gd manyHy iﬁl-iy%;repm&:@maer(glz (o] ?-aﬂd@? gtrgylt- a, F%13=5

H), rrolidine an .or ma| | .
(oSO AYORLRER & TS TRe FRuTE 1 STRSq firdhairs, Tothe
mikiuAisiddde@h sbfafiorrbf Eiicraeld (#0 GF insted 4BOMNI).f Afterad Belry the

wer e added and thﬁ .
phases are separated and the organic phase concentrated to dryness. The crude
mixture is purified by chromatography (heptane/ethyl acetate) to give (E/Z)-(R)-5-
biphenyl-4-yl-4-tert-butoxycarbonylaminopent-2-enoic acid ethyl ester (8-a, R1 = Boc,
R2 = H, R5 = Et) as a mixture of cis and trans isomers. 'H NMR (DMSO) major (trans
double bond isomer): 1.19 (3H, t, CH,); 1.30 (9H, s, C(CHj,);); 2.74 (1H, m, 5-CHH);
2.90 (1H, dd, 5-CHH); 4.11 (2H, m, CH,CH;); 4.41 (1H, m, 4-CH); 5.85 (1H, d, 2-CH);
6.89 (1H, dd, 3-CH); 7.32 (3H, m, aromatic); 7.43 (2H, m, aromatic);, 7.57 (2H, m,
aromatic); 7.62 (2H, m, aromatic). m/z: 413 (MNH,", 100 %), 396 (MH", 17); 340 (60);

296 (96); 250 (11).

Example 36: (S)-5-Biphenyl-4-yi-4-tert-butoxycarbonylaminopentanoic acid ethyl
ester [9-a, R1 =Boc, R2 =H, R5 = E{]

Ay e

|



m xture refluxed for about 24 h. The m xture was
concentrated to dryness and purified by chromatography
wo eooslos®@sn 533 ng of PCT/EP2008/000142
(S)-5-bi phenyl -4-yl met hyl - i45pyrrol i di n-1-
yl met hyl pyrrolidin-2-one (1-a, RL = nethyl pyrrolidin).
IH NVMR (DMBSO): 1.69 (4H, m 2 x NCH2CH2); 1.68-2.15
(4H, m 3-CH2, 4-CH2) ; 2.50 (4H, 2 x NCH2); 2.66 (1H,
dd, 1- CHH); 3.12 (1H, dd, 1-CHH); 3.94 (1H, d,
NCHHN) ; 4.21 (1H, d, NCHHN); 7.29 (2H, d, aromatic);

115. 29'3& (EIHL(RI- 5*BI@‘&WJYM4GI‘7 bdtfx djo%?’bon&lamlﬂéﬁé'ﬁﬁkléhblc acidPéthyl ester

aronmati c

aromat i c )l n 335
(B@Nﬁl [i% R% g%pq %t) f8dl s(ogﬁd in isopropyl acetate (1.2 L). Palladium on
cafah (50 lob RIagimg! 1£5) @éd&éh'aﬁd Wolfdybn fa@l@%d&?éd &) theivassel. After

- carboxylic acid terf ester
abgeicd bR yESSe! irepurpedinity a&%&y#é‘?ﬁ FREaliELTS remaisd bydiitration. The

soiitith isl @Incahysle@iddighesd! a@or@ﬁg 8)- Q-E!iﬁhe‘hf,'l-ll-?m Yért-i t hi um

u; 6 Min hexanes) were ad and the m xture stlrred "
b W%{B@feﬁ'awowwan%QC'm%vuP%lew&%at'ﬁérr ReSoRéd HoRo 7t

Nl@l@(Dﬂl@b)WMf(SﬁttaCHb)ng :m‘(gﬁw @(CHR 1. 5%1<1F| BD@)CHH) 171 (1H, m,
rofuran were ded. After

'l
> GHER 250, el Z 58 1E oL e A, Aokl sl @Fa,
CHYEH, 5679 @HI, af NHY- & . mzﬁ-pﬁ éwromaht;)her335(1hpubsoméirw 7.43 (2H, t,

reaction was b anmmopni i
ardnie 55 L o paboe 8% O L ARy anay i 556 Wi 3P0y 42 52
20Bfieme was separated and concentrated to dryness to

give a mxture of (3R, 5S):(3S,5S) diastereoi soners of

57 : 43, respectively. Ratio as determ ned by

Example 37: (S)-4-Amino-5-biphenyl4-yl-pentanoic acid ethyl ester hydrochloride
[10-a, R5 = E{]

o o

o /({)\ w j

To a solution of (S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylaminopentanoic acid ethyl ester
[9-a, R1 =Boc, R2 = H, R5 = Et] (115 g) in ethanol (1.1 L) at 70 °C is added thionyl
chloride (32 ml) over 45 min. After a further 1.5 hours, the mixture is concentrated to
dryness. The crude material is suspended in ethyl acetate and filtered to give (S)-4-
Amino-5-biphenyl-4-yl-pentanoic acid ethyl ester hydrochloride [10-a, R5 = Et]. 'H NMR
(DMSQ): 1.08 (3H, d, CH,); 1.73 (2H, m, 3-CH,); 2.35-2.52 (2H, m, 2-CHy); 2.79 (1H, dd,
5-CHH); 2.97 (1H, dd, CHH); 3.38 (1H, m, 4-CH); 3.97 (2H, q, CH,CH,); 7.30 (3H, m,
aromatic); 7.40 (2H, m, aromatic); 7.58 (4H, m, aromatic); 8.15 (3H, s, NH;'). m/z: 298
(MH’, 100 %); 281 (4); 235 (3).



HPLC anal ysis. Spectroscopic data for major

di astereoner (2-a, RL = Boc) is in agreenent with the
wa@l2408/0g396%i ded i n Exanple 14 (2-a, Rl = Boc). RML/RAPZHOK000142

459 m (331 ny, 3.27 nmol)14ii sopropylamne is

dissolved in 5 M dry THF and is cooled to O OC. After

the addition of 1.97 ml butyl lithiumin hexane (1.59

M, the solution is stirred at 0 OC for 15 mn.

Subsequently the reaction mxture is cooled to -78C .
Thefsray Stydure shthse otltalgeq Q(yggpls‘fﬁémwn in figure 11. Single crystal for this
detepmiratioh 6ttiined fiohimbihaholZes®efeRl r 1 ol i di ne- 1- car boxyl

ic acid tert-butyl ester (1-a, RL = BOC), and 1.03 ni

(1.09 g, 8.52mmvol)

Cristat ghtaReborded att1Go(By Kpt r ahydr o- 2( 1H) - pyri mi di none
)\Y I n are added over 15 min. After
Endpinca! figusr 15 i nCoe®NP2 (1. 619, 11. 38mmol) et hy!

For@diadgeigit added oveg33lgy min. The resulting mxture is
stirred at -78 0C for 3 h. The reaction is quenched

Cry#talRY§e™ he addi ti oHB9™MEMRIC nor phol i ne fol l owed by 1

Spikce gadupr at ed NHACI ppiaqpion and 15 m i sopropyl
acetate. The organic phase is separated and washed

Cellinaramgiesy (3 x 10 WP&?@% ganic layer is
separated, dried oveeNgIM(4)fA | tered and evaporat ed.

HPLC of the residue r §I nmet hyl at ed

di ast ereoneric conp‘bﬁ%ég P?@%‘D

5S) - 5- bi phenyl - 4- yl gretdpyl - 3- et hyl - 2- oxo- pyrrolidine-1
- carboxylic acid tg/fg;)butyl ester (2-a, RL = BOC) and
(3S, 5S)-5-bi phenylBZ230°net hyl - 3-

nmet hyl - 2- oxo- pyrr ol 'g'?ae- 1-carboxylic acid te/f-butyl

ester (2-b, R1L = BCO) HNVR
Volume of unit cell 3498.0(18) A®
z* 8
Calculated density 1.268 mg m*

* (number of asymmetric units in the unit cell)

Example 38: (S)-5-biphenyl-4-ylmethylpyrrolidin-2-one [Key Lactam (1-a, R1 = H)]

(
)
( ~
HCI Ow N

To a mixture of (S)-4-Amino-5-biphenyl-4-yl-pentanoic acid ethyl ester hydrochloride [10-
a, R5 = Et] (86 g) in isopropyl acetate (1 L) is added triethylamine (43 g). The mixture is
then stirred at about 55 °C for 1 h and then filtered. The filtrate is heated at reflux for 24

hours. To the mixture is added saturated ammonium chloride solution and the phases are

xI
[
Z
:“Il-
e}
o



indicates a 50 : 50 ratio of the two di astereoi soners.

(Spectroscopic data for diastereoner m xture).NVR (300
WORMSNOENBO- d6, d/ppm): 7.50 (m 4 H); 7.37 (m PQI/ER2008/000142

7.27 (m 1 H; 7.18 (m 2 H7, 4.29-4.12 (m 1 H); 3.45

(m 1 H; 3.10(m 1 H); 2.73-2.34 (m 2 H; 2. 17-

1.97 (m 1 H; 1.54, 1.51 (2xs, 9H); 1.13, 1.09 (2xd

vvith ratio approx 1.1, J =7.2, 7.0, 3 H. M (ESI,

g +|\/|ethod3100 ngléfgl.284 nmol ) )

se@35 ted %’ﬂ?["cia%ﬂf %?WPU@%Q Pess ang enestallized frem jsopropyl
adefaté‘@d ef’dﬁS) -BLbi en9§4-9fme(tﬂy1®rro'ﬁémzz Méyia@tﬁg N &M = H)).

i n the solution is cooled to -
Swgmﬁat?,ag@fz'\"m datp previdadiAbeve s i met hyl si | yl ) - ani de
in THF (1 M is added over 5 min. After stirring for
15 nmn, 71 n %1,61 ,. 1.136 mmol ) nethyl iodide is

Exaopls 3912, Ak SEIPhRP4 T B-42sbremaathemicarbanyi-and
propRIhylhiftine]20méthyipdithnbie |acib(324) R @S xo-pémandicitid 2-
HPLC anal ysis the ratio of diastereoisoners is

bromasthwl ester B25HA3 =B) HpLC Method (1): Colum: CC
125/ 3 Nucl eosi| 10-3. Mobile Phase A (Water); Mobile

Phase B (Acetonitrile). Gadi ent Omn (90 %A 10 %

20 min (10 %A, 90 % B); (0 %A, 100 %B);

1N (90 % A, 10 % B). Flow : Om mn.
ph: 254 nm Retention ti

OH o\/\B
r

(2R,4S)-5-Biphenyl-4-yl-4-(3-carboxypropionylamino)-2-methylpentanoic acid ethyl ester
(3-a, R1 = 4-oxo-pentanoic acid, R2 = H, R3 = Et) (5.5 g) is dissolved in toluene (33 ml) at
room temperature. Dimethylformamide (0.1 ml) is added. Thionyi chloride (2.4 ml) is then
added. The solution is cooled to 0 °C and 2-bromoethanol (0.94 ml) is added. The
mixture is stirred at 0 °C for 2 h and then at room temperature for a further 1 h. A further
portion of 2-bromoethanol (0.94 ml) is added and the mixture stirred for 0.5 h at room
temperature. A further portion of 2-bromoethanol (0.94 ml) is then added and the
resuiting mixture stirred for 16 h at room temperature. The mixture is concentrated in
vacuo to give the crude product. Purification by chromatography 'Heptane/EtOAc (2:1)
gives (2R,4S)-5-Biphenyl-4-yl-4-[3-(2-bromoethoxycarbonyl)propionylamino]-2-
methylpentanoic acid (3-a, R1 = 4-oxo-pentanoic acid 2-bromoethy! ester, R2 = H, R3 =
Et). 'H NMR (DMSO): 1.07 (3H), 1.14 (3H), 1.41 (1H), 1.79 (1H), 2.37 (2H), 2.48 (1H),
2.50 (2H), 2.71 (2H), 3.66 (2H), 3.94 (1H), 3.99 (2H), 4.33 (2H), 7.25 (2H), 7.35 (1H), 7.46
(2H), 7.57 (2H), 7.64 (2H), 7.78 (1H).



l1-a, R1 =Boc: 14.9 mn 2-a, RL = Boc and 2-b, R 1 =

Boc: 15.9 mn Under these hplc conditions, no
w@epanstoson of 2-a, RL = Boc and 2-b, R 1 = BoRCT/BP2008/000142

observed. Consequently, thesresi dues fromthe

reactions are treated wth trifluoroacetic acid prior

to HPLC analysis in order to rermve the Boc protecting

group. Retention tines: 1- = H 12.1 mn 1-b, Rl—

H 12.3 mn HPLCI\/Ieth.'%yf5 : Colunn Chi ral pak AD-R
Exaowple 49: (GRAR)-SBiphany! #H@.Seigxepyr emewl)-%msm\fépentanow
acldéhgl &teAcetonitrile). Isocratic: O mn (80 %B); 15

mn (80 %B). Flowrate: 0.5 mM mn 1. Wavel ength: 210

nm Retention tines: 2-a, RL = Boc: 6.3 mn 2-b, Rl =
: 6.9 mn Exanple 19: (3R
J) - 5- bi phenyl - 4-yl net hyl - 3- et h)
etk pyrrolidin-2-one (2-a, |

-1-pyrrolidin-1-
et hyl pyrrolidin)

o\/\Br

(2R ,4S)-5-Biphenyl-4-yl-4-[3-(2-bromoethoxycarbonyl)propionylamino}-2-methylpentanoic
acid (3-a, R1 = 4-oxo-pentanoic acid 2-bromoethyl ester, R2=H, R3 =Et) (6 g, 11.6
mmol) is dissolved in DMF (30 ml). Cesium carbonate (8.2 g, 23.2 mmol) is added and
mixture is stirred at 50 °C for 2 h. Water (150 ml) is then added followed by addition of
ethyl acetate (150 ml). Next, the phases are separated. The organic phase is washed
with brine, dried (Na,SO,) and concentrated in vacuo. The mixture is purified by
chromatography: Heptane/EtOAc (2:1) to afford (2R,4S)-5-Biphenyl-4-yl-4-(2,5-
dioxopyrrolidin-1-yl)-2-methylpentanoic acid ethyl ester. 'H NMR (DMSO): 1.05 (3H), 1.14
(3H), 1.94 (1H), 2.20 (1H), 2.39 (1H). 2.51 (4H), 2.98 (1H), 3.12 (1H), 4.01 (2H), 4.29
(1H), 7.18 (2H), 7.32 (1H), 7.43 (2H), 7.56 (2H), 7.62 (2H).

Example 41: (2R,4S)-5-Biphenyl-4-yl-4-(3-carboxypropionylamino)-2-methyl-
pentanoic acid (3-a, R1 = 4-oxo-pentanoic acid, R2 = H, R3 = H)



93 m Diisopropylam ne were dissolved in 2 n
tetrahydrofuran at 0 OC. 0.4 m of nbutyllithium( 1.6
wWORM0R/08B ANES) was added and the m xture stirrRCI/ER2008/000142

about 30 min. 200 ng of stawting material (1-a, Rl =

met hyl pyrrolidin) dissolved in 1 m tetrahydrofuran

were added. After 30 mn, 4 1 m nethyl iodide were

added and the m xture was stirred at 0 OC for a

further 2 hours. The reaction was quenched by

addi nganmoni um chl ori de sol uti on ang bracted with
gt hyl acetate. The organi ¢ phase wap arat ed and
entrated to dryness to obtain 138
According to NVR anal ysis the d| ;
Rl = methyl pyrrolidin: 2-b, Rl

nmet hy olidin is 85:15 (integrations of signats a
3.06 and 3.40 p . 1H NMBR_(DVBQO,_ Maj or stergm
0.99 @3H d, = ; 455 (1H m 4-CHH); (4H

2 X . 1H m 4-CHH); 2.20 (1H, CH)
2.50 (4H, - 2.69 (1H, dd, 1-CHH); 3.06| (1H,
dd, 1- m 5-CH); 3.93 (1H, mPsNCHHN) ;

4.22 (1H, m NCHHI\I) 7.30 (2H, d, aromatic); .34 (1H,
t , aromatic); 7.44 (2H, t , aromatic); 7.60 @, d,
aromatic); 7.65 (2H d, aromatic) mz: 349 (M+, 100
% . Method 2 (1-a, R 1 = nethylpyrrolidin) (200 ng,
(2R 48)- BrBhbt)en’ryM{jI—&-sw Badiskopyrrdlidin-{ -y1)2-miedhylpEheansicddid ethylsester

RN E A N QAT CALNAN,
Thé nkixtubdeis Isyrlredl fodi16éh. (PHR Bixtdre iOdifedwith yates (2Qichdchnaretracted
witF\ ti]seoprroepsilp.lact:(iitar\]t%. The water phase is acidified with 1 M HCI (5 ml) and extracted
with isopropy!l acetate. The combined organic phases are dried (MgSO,) and
concentrated in vacuo to give (2R,4S)-5-Biphenyl-4-yl-4-(3-carboxypropionylamino)-2-
methyl-pentanoic acid (3-a, R1 = 4-oxo-pentanoic acid, R2 = H, R3 = H). 'H NMR
(DMSO): 1.05 (2H), 1.35 (1H), 1.79 (1H), 2.29 (2H), 2.39 (3H), 2.70 (2H), 3.97 (1H),
7.25 (2H), 7.34 (1H), 7.44 (2H), 7.56 (2H), 7.63 (2H), 7.74 (1H), 12.01 (2H).

Example 42: (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid ethyl ester (3-a, R1 = BOC, R2 = H, R3 = Et)

i

OH )\ o

50 g of (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (3-
a, R1 =BOC, R2 = R3 = H) is added to dimethylformamide (80 mi). Cesium carbonate



m xture is stirred for 4 h at 0 0OC. The reaction is
guenched by the addition of saturated ammoni um

W@ k0081083967 sol ution (2 m), water ( 1 m) and eRC¢HEP2008/000142
acetate ( 1 m). Phases ar&oseparated. The organic
phase is washed with brine, dried (MySO) and
concentrated in vacuo (222 ng crude). According to NWR
analysis ratio 2-a Rl = net hyl pyrrolidin . 2-b, R1 =

(o58) 0 2l S0 i 19160 i R RS0 307 05 Py i stimed

ovEinight By topy teMpetttire? \Vuater (200anl) idladded to the mixture and the mixture

>Vreth L.din) (3 | |
s eh BB B bl asatgte (320091 5T eqmbing srags phases are
wdsBe@witRbrire Hried (Mg80,Barltl doMebatrateéd RodRUote gk {RRAS){5/

MR TR R T AR

BOG, Aeat£®3at Ef¢hd gx "HMMR (DMS"(b)emnzx(BHo e1.1$ (31X 1.36 (9H), 1.53

(113)0?' ed(aﬁqg 2{%&“@6@?@ !@'t')phgﬁ3?'qh COM F&b& i 73R, 7.30

(1), met1gH), 3-SR 2ky) | 7.57 H) ok JES+)L 4Y2 ([RIHTY, | 100r% R [356i1(63)2312
:gne (2-a, R1 = nethylpyrrolidin). Spectroscopic data
(73 reported i n Exanpl e 19. Exanple 21: (3R
5S) - 5- bi phenyl - 4-yl net hyl - 1- (2, 2- di net hyl propi onyl ) -3

met hyl pyrrol j din-2-on -a, Rl = Pi 3R . .
ExgRpid Y I Ao piAmeby LA oAZBe s els.asig ethyl ester
hydrobronide 3-&)R{ SRR ##, RB.DEfI ) is dissolved in THF

(5 M) at roomtenperature. The m xture is cooled to

-78 0C and then butyllithium (1.3 M, 1.6 M is added.
er 0.5 h, pivaloyl chloride |]l m, 2.3 mol) is

10 g (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (3-a,
R1 =BOC, R2 = R3 = H) are added to ethanol (100 ml). The mixture is heated to 65
°C..3 ml of thionyl bromide is then added over 0.5 hour. The mixture is then stirred for a
further 1 hour. The ethanol is removed and heptane added. Further azeotropic
distiliations are performed using heptane to remove any residual ethanol. The solvent
is removed in vacuo to afford (2R, 45)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid
ethyl ester hydrobromide (3-a, R1 = R2 = H, R3 =Et). 'H NMR (DMSO): 1.11 (6 H),
1.61 (1H), 1.87 (1H), 2.73 (1H), 2.84 (1H), 3.04 (1H), 3.42 (1H), 4.01 (2H), 7.36 (3H),
7.47 (2H), 7.65 (4H), 8.03 (3H). m/z (ES+) 312 ((MH]", 100 %).

Example 44: (2R, 4S)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid ethyl
ester hydrogen sulphate (3-a, R1 = R2 = H, R3 = Et)



added and the m xture is warmed to roomtenperature.
After 0.5 h, the mxture is diluted with ethyl acetate
w@easqgsserhed by addition of saturated anmoni UPCT/EP2008/000142
chl oride solution foll owedidnay water. The phases are
separated. The organi c phase is washed with brine,
dried (MgSOX4) and concentrated in vacuo The crude
material is purified by columm chronat ography, by
eluting with ethyl acetate/ heptane (1:6) to give (3R
) - 5- bi phenyl -
th | -1-(2, 2- d| met hyl pr opi ong
& ( a, RlL = Piv). SpectroscopicYa

pt hyl pyrrolidin-
3 as reported
anple 5-1, Method XktoHExanpl e 22:

((S)-2 pheny - 4- yl methyl-5-0x0-pyrroltdin- 1- I)aceto
nitrile (1= cyanonethyl)1.5 g (5. 9Z=
(S)-5- bf! henyl -yl met hyl pyrrolidin-2- ot (1, R H)

is dis ed ino5 m dry THF and coole¥sto -78 Og’i
xane

After the pddition of 4.13 m butyl lithiumin he
(.59 M yellow solution is stirred at -78 0C

30 min. Subsequently, 475 m (855 ng, 7.16 mmol)
bronpacetonitrile is added and the m xture i s warned
up _to room tenperature overni The reactjon is_ then

108 ERARP- B’ﬁh%ﬁt!ﬂ"&ﬁeﬁfbumy?ﬁrg%'aﬁm'ﬁt’ ZdmRihyeentanois %%(3-
R1fo9BboVRD HR3t=Y) aafadhé@fb &thafol 11 00/Al) € Tha MtixfuReisHestdd 1 65

is extracted with 2x40 et hyl acetate. The conbi ned

°Co? gu.Af eoncgpisated aP@hg%a@@tSetBen afdestovsy Or5 yiheymixture is then

stifréd B\%rﬁghtanﬂ'\eeéftﬁWI & Rehovéi8né BEptahé BEdEE SEGHHRriaSeotropic
puri f col utm chr omat ogr aphy (di chl or onet hane

distjlatieap are p_ergagmed wpingdregtape to remove any residual ethanol.. The solvent
is lemoved Bl 081y hffdra b REAEYA-amirfd 2 BYhER 4% D-methylpentanoic acid
ethyl ester hydrogen sulphate (3-a, R1 = R2 = H, R3 = Et). '"H NMR (DMSO): 1.12 (6H),
1.56 (1H), 1.87 (1H), 2.67 (1H), 2.78 (1H), 2.98 (1H), 3.76 (2H), 7.34 (3H), 7.47 (2H),
7.64 (4H), 8.57 (3H). mvz (ES+) 312 ([MH]", 100.

Example 45: (2R, 4S)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid
hydrochloride (3-a, R1 =R2 = R3 =H)

A mixture of 37 % hydrochloric acid (85 ml), ethyl acetate (100 ml) and water (100 ml) is
heated to an external oil bath temperature of 130 °C. 50 g (2R,4S)-5-biphenyl-4-yl-4-
tert-butoxycarbonylamino-2-methylpentanoic acid (3-a, R1 =BOC, R2=R3 =H) in



l-yl)acetonitrile (1-a, RL = cyanonethyl) as off-white
solid. NWR (400 MHz, DMSO-d6, d/ppm: 7.65 (m 4 H) ;
wWQa2008/083967J = 7.4, 2 H); 7.40 (m 3 H); 4.57 (BCT/BP2008/000142
17.7, 1 H; 4.44 (d, J = 17’27, 1 H); 3.91 (m 1 H);
3.19 (dd, J = 3.9, 13.8, 1 H); 2.70 (dd, J = 9.2,
13.8, 1 H; 2.18 (m 2 H; 1.95 (m 1 H; 1.77 (m 1
H. M5 (ESI, nmle) 291 [MtH . IR (solution in CH2Cl 2,
v/ cm 1@: 3025 2985: 2257; 1697; 1688; 1486; 1421;
ethys agetatex(140 mj)llgﬂaenn;@edegg'\e rg;xgﬁgpéerz@ min. The mixture is stirred

for(as)urtil\elA? Rl yl"he %l%@@qﬁén G5oldd"BIIVE amtY fhe Yolidl LBIedted Y filtration

to gsﬂszﬁih%aminmﬁiplph@nﬁyﬂ yrmelhyipentanoigaeid hydsochRride (3-a, R1
y1 | 50 The
- 'Fn&it('%rgﬁ 'sg Qctﬁégb%.c dg[?dé%%pé\ﬁ/ngctﬁ‘l?ﬁ‘ut AN i(t hi um) (14 i,
1.6 M added. After 0.5 h, acetyl chloride (1.7 m, 24

& 4b ngpz?zdﬁ)ds Bi}ﬁmeﬁ-{}h'vmt Erze-ﬁhfetﬁ\%%gn V18RS e °

mte fat'ure ure 1's quenc

meﬂhvlpegaanmtaaeld ethykestent3chIRsr 7 Biv, R2G Hi R3get) wat er (10
m) and ethyl acetate (20 m) are added. The organic
phase is washed with brine, dried (MJSO™) and
oncentrated in vacuo tg give (S)-1-

et yl - 5- bi phenyl - 4-yl n rrolidin-2-one (1-a, Rl
\ 1H NWVR (CDClI 3) ), 1.93 (1H), 2.30
32 (1H), 250(3H)12 (1H), 3.09 (1H), 4.56
(1H) Z-R0 (2H), 7.28 (1H), 7.37 (&
Exanpl e 24:

—_— ~ O
(S)-5- BJNHWCM met hyl - 1-tri§‘why<lsi | hny! - pyrrol i din

-2-one (1l-a, RI = TES) o W

.HCi

10 g (28, 4S)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid ethyl ester hydrochioride
(3-a, R1 = R2 = H, R3 = Et) in isopropyl acetate (50 ml) is added to a mixture of pivaloyl
chloride (4.1 ml) in isopropyl acetate (50 ml). The mixture is then stirred for 40 min at
room temperature. Triethylamine (10.3 ml) in isopropyl acetate (30 ml) is then added
over a period of 1 h. The resuiting mixture is stirred for 16 h. Citric acid (7.5 g)
dissolved in water (30 ml) is added and the phases are separated. The organic phase
is washed twice with water (30 ml) and concentrated in vacuo to give (2R,4S)-5-
Biphenyl-4-yl-4-(2,2-dimethylpropionylamino)-2-methylpentanoic acid ethyl ester (3-a,
R1 =Piv, R2 = H, R3 = Et). 'H NMR (DMSO): 1.05 (9H), 1.09 (3H), 1.15 (3H), 1.54
(1H), 1.78 (1H), 2.48 (1H), 2.72 (2H), 3.97 (1H), 4.00 (2H), 7.15 (1H), 7.25 (2H), 7.34
(1H), 7.45 (2H), 7.55 (2H), 7.62 (2H).

Example 47: (3S, 5S)-5-biphenyl-4-ylmethyl-3-methylpyrrolidin-2-one (2-b, R1 = H)



A dry flask is charged with 1.256 g (5 nmol)
(S)-5-bi phenyl -4-yl net hyl pyrrolidin-2-one (1-a, RL =
worooangBods M dry THF. To the resulting clear BOI/EP10081000142
2.02 g (20 nmol ) triethylam3ne is added fol |l owed by
904 ng (6 mml) triethylchlorosilane (TES-Cl). The
reaction mxture is stirred at roomtenperature for 4
h and then quenched on addition of 5 m saturated
NaHCC3 sol ution, 10 m water and 10 ni |soproyl
et ate. The Iayers are separated and the agfiedus
extracted with 10 nml i sopropyl acetate

co ﬂd organic layers are driedyover , filtered
and ®vapgrat.ed. The resulting resi Yrified by
col um chr orfat ggr aphy (di chl or onet % v/v

t riHet WsN" ani'ney to give H
(S)-5-Bi phenyP<4-yl methyl -1-triethylsilanyl-pyrrolidin
-2-one (1-a, Rl =TES) as a yellow oil. NWR (300 Mz,
DVSO-d6, d/ppm: 7.63 (m 4 H; 7.55 (m 2 H; 7.32
(m 3 H; 33.80(m 1 H; 2.85(m 1 H) , 2270 (m 1
ToH) mixturd @f 25/ ASh manﬁnbl)s.-tla\ﬁhé?@t-@-yfi@ _ntethylgéntahoic N&d(eﬁﬁli ester

solution in

thrpe?alpyde éeRFq SR FoBa: EN gl Gintipsmoisamermitsl25. 45) 2R,

3-]%%%0 r?é)éﬁ g%ﬁﬁebgl ?@tﬁg}%ﬁ?ﬁﬁr@t{;ylﬁgme ﬁ41 8 mg) is added. The mixture

is thep stired 59 Aniar wy«?rp thea fi herzd dhefi (trztea's heated af refjux {24
ho(n%s Tohe %lﬁh@‘i@ %he&smh&édﬂa&m%nm a?%rld’e §cﬂut%rBHd5thé phases are

[idin- 2- -
se%afg e;ir (()Tgl)e éggrl@wggseﬂs g@ﬂ%ﬂﬁ@t%tp dﬂrte.ss th? r%ﬁlcitt@dy |pug§;ed by
ch&oﬁné%g?rsbhw eﬂmﬁa %rs(: With |P)%Hl=eptan£55) tHeh viIhSS RTiGd 1: ’ﬂtolaffbrd (38,

uene and the solution is cooled to 0 OC Aft
5S)-bhipheayi-4-ymethyl-3-methylpyrrolidin-2-one (2-b, R1 = H) and (3R, 58) -5-biphenyl-

4-ylmethyi-3-methylpyrrolidin-2-one (2-a, R1 = H). Ratio of diastereocisomers determined
by 1H NMR to be 9:1 [(3S, 5S) : (3R, 5S)]. 'H NMR (CDCls) for (2-b, R1=H): 1.15 (3H),
1.38 (1H), 2.42 (2H), 2.63 (1H), 2.82 (1H), 3.75 (1H), 5.51 (1H), 7.17 (2H), 7.28 (1H), 7.37
(2H), 7.49 (4H). Spectroscopic data for (2-a, R1=H) as in Example 6.

Example 48: (3S, 5S)-5-biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)-3-
methylpyrrolidin-2-one (2-b, R1 = pivaloyl)

3 T .
A<

146 mg (3S, 5S)-5-biphenyl-4-yimethyl-3-methylpyrrolidin-2-one (2-b, R1 =H) [9: 1
diastereoisomer mixture [(2S, 4S) : (2R, 4S)]] is added to 10 mi THF. The mixture is
cooled to -78 °C and 381 wl butyllithium (1.59 M in hexane) are added. 81 ul Pivaloyl

chloride is then added. After 4 h, the mixture is warmed to room temperature. The

Iz



of 628 m potassiumbis-(trimethylsilyl)-amde in
toluene (0.57 M, the solution is stirred at 0 OC for
W@ 200808896 Bubsequent |y, 113 m (150 ng, 1.19 mMmBCY/EP2008/000142

di met hyl sul fate is added t &4t he suspension over 5 mn.
The m xture is then stirred at 0 Cfor 1 h. The

reaction is quenched by addition of 2 nl saturated

NHACI solution, 2 mM water followed by 20 m isopropyl
acetate. The orgam c phase is washed with water

mixiyreris)then gpenched by the radifion e salygaied ammmonip Ghlogide soltion and
is6OpLasIER. THBlghaREs LRPedpRRiteSnd SRdni PRI &edIMgBO) and

he two net hyl at ed _di ast er eoneri c. conpounds
thfr{ gcp;@oggﬁra ted Wyﬂhg r9§|ﬁqéq mun@eq@)‘g ﬁ%—'mﬂ _chromatography, by
elmtrngew.thybgprbpmbeﬂawm&dahéIanr & 1001&) afford (386 S3-51bigherdid-yimethyl-
I RIOP RO BT PGV T oD@ 31D 2R b 7Y, ang(38, 55)-5-

blﬂﬂ(:—:-ﬁ)lh EI 19(2226d|methylproplonyl) 3- methylpyrrohdln-z one (2-a, R1=
- 2- Bi phenyl - 4-yl met’hyl - 5- oxo- t}érr0| di ne- 1- car box

|
P'\raéovacRat'%eh%?te@gtserne(ad%e"mﬂ!e@ HNMR o bg 435 53}/ @R,
551) )r#NMRotwmb)ﬂwxi BERhw'pyﬂrogl ndumsﬁy qrEd (ol . 1 201-

i sSsol F and cooled to -
€3é+> ?r fé %%IHHH)oﬂ 3af4 50 ﬂ#%? 28tk 33 O Rl%ﬁﬁ?fieﬁ"ﬁei Eﬁ@ is
dé&mﬁ%dMy mfeaﬁaméﬁlolf fné ﬁéi’r'slﬂf b@ﬁalb St Est(b:{ mﬁﬁ (ZUa R?& rﬁm érﬂi 3.27

Subseq ng &n '¥
PPEH{200. G o7 NS Lo (e 4419 31 SPAH@R: Pl A (80 Ren (5.8, 1 = Piv)

fromPiiel THIRMRBS pectrBnO Spb&tfoséopic dafador @a£ IR Hfastnh €Rample 5.
guenched by addition of 12 m saturated N

solutionfoll owed by 10 ml water and then extracted

Exéinigle 49X1-8&ndy1-5-bijiHeP)-yhhiethyl-s-hy lhexy-pyiebRdiat Bone
separated and the organic layer is dried over MySO4,
filtered and evaporated. The

. -

N -

9.5 g N-Benzylsuccinimide is added to 120 ml THF and the mixture is then cooled to -78
°C. A solution of 4-methylbiphenylmagnesium chloride in THF (1.3 eq) is-then added.
The subsequent mixture is then stirred for 2 h at -78 °C. The mixture is then warmed to
10 °C and 100 ml saturated ammonium chloride solution is added. The phases are
separated and the aqueous phase is extracted with toluene. The combined organic
phases are washed with water then brine and then concentrated in vacuo. The crude
material is crystallized from toluene to give 1-Benzyl-5-biphenyl-4-yimethyl-5-hydroxy-
pyrrolidin-2-one. 'H NMR (DMSO): 1.72 (1H), 1.91 (1H), 2.27 (2H), 2.72 (1H), 2.97
(2H), 4.40 (1H), 4.55 (1H), 7.21-7.66 (14H).

Example 50: 1-Benzyl-5-[1-biphenyl-4yl-meth«(E/Z)-ylidene]-pyrrolidin-2-one



resulting residue (1.73g) is purified on colum

chr omat ogr aphy (di chl oronet hane : nethanol = 99.5 :
WQ@2®3/083967i ve PCT/EP2008/000142

(S) - 2- Bi phenyl - 4-yl met hyl - 550x0- pyrrol i di ne-1-car boxyl

ic acid benzyl ester (1-a, R1 = Cbz) as off-white

solid. NWR (400 MHz, DMSO-d6, d/ppm: 7.66 (m 2 H);

7.60 (m 2 H: 7.51 - 7.34 (m 8 H); 7.26 (d, J = 8.2,
2 H:; 5.28 (s, 2 H; 4.37 (m 1 H; 3.05 (dd, J = 3.3,
13.1, 1 H); 2.88 (dd, J = 9.0, 13.1, 1 Hy; 2.45 (m 1

H; 2.28
(ESI, m
in CH2Cl
1304; &(; 1231; 1139; 1043; 952; 750. Ex
(3R 5Sf- 59Bi phenyl - 4-y

- met hyl - 2- oxo- pyrrolidine-1 - boxyl ic acid
ester (2=a—Ri»= Cbz) and
p 5- Bi phenyl - 4-yl net hyl - 87 ™y

yI 2- 0xo-pyrrolidine-1-carkxylic acid benzyl
@ er (2-b, RL = Cbz) Method @| my (0.309 mol)
~ ) - 2- Bi phenyl - 4-yl net hyl - 5- oxe€pyrrol i di ne-1- car boxyl

ic acid benzyl ester (la, R1 = Cbz) is dissolved in
1.5 mM toluene and the solution is cooled to -78 bC.
5.9\¢ t1eBenziied-hiphenyl-dry methy65-hydroxy-pyrrolidin-2-one is added to

t - i .d | , (.
d:%%r?r‘ﬁéih‘éﬂ} P4l o FSBR) Forhdchilld - 2Pt drd BEHE B (trh added
ang(ihs eagulting hyxtulmls aliowed ®stingyernighB Theoinixture is then filtered and
concentrated in vacuo. Toluene (100 ml) and saturated sodium hydrogen carbonate

1 H; 2201 (m 1 H; 1.77 (m 1 H. M
386 [ MtH] +, 788 [2MtNH4 +] . IR (sol ution
vicm): 3092; 2957; 1756; 1705; 8; 1396;

(50 ml) are added to the residue. The phases are separated and the organic phase is
concentrated in vacuo. The residue is added to 30 ml methanol and heated to reflux.
The mixture is then cooled to room temperature, filtered and dried in vacuo to afford 1-
Benzyl-5-[1-biphenyl-4yl-meth-(E/Z)-ylidene]-pyrrolidin-2-one. *H NMR (DMSO): (E-
Isomer): 2.67 (2H), 3.07 (2H), 4.80 (2H), 5.83 (1H), 7.26-7.36 (8H), 7.44 (2H), 7.59
(2H), 7.63 (2H). m/e (ES+): 340 ([MH]", 100 %), 262 (28), 249 (63).

Example 51: (R)-5-Biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyi)-1,5-
dihydropyrrol-2-one

1.68 g (S)-5-biphenyl-4-yimethyl-1-(2,2-dimethylpropionyl)pyrrolidin-2-one (1, R1 =
pivaloyl) is added to 10 ml toluene. The mixture is then cooled to -15 °C. 5.5 ml
Lithium bis(trimethylsilyl)amide (1 M in THF) is then added. After 1 h, a mixture of 1.3 g



di methyl sulfate is added to the orange sol ution over 5

mn. The resulting m xture is stirred at -78 0C for 3
wo2@sds3oben warnmed to 0 OC over 1 h. The reactPCHEPH08/000142

t hen quenched by addition of6 2 nl saturated NH4Cl

solution, 2 mM water followed by the addition of 20 ni

i sopropyl acetate. The organic phase is washed with

water (3 x 10 rr1) dried over MgSH4, filtered and

ev %%&%P{Ct?rg 'B. %‘éé'gsawgps%dggﬁﬁég%&n%er 50 ?n?n 10t0 mi water
is bddﬁ& Sthe phasep BRNdpafatyd BRY thel or&%bﬁ%e&n@éﬂreﬂdd in vacuo.
T?%ggliigllé% gs_t%l_(enct% lkr)wof%y rlnI gthacalcgta?e gr%&/ Jhen 1errn| I(\yzd_rgg’;enR%eraxide (37

%X@Sdﬁé‘d aﬁthﬂb&fpﬂaéékgy |Amier Myl the-prabéy hré-separabdd s6d ihdidiganic
i enzyl este

PR BRSE Wit pSafiates PEOFM e sisonEle SAbToRg Y thepydried
(MgBY,). , THELRixtutdid\tdhcentrdtBd troghcdo aRd lﬂ&hnﬁe’iﬁay‘l@alurﬁn 379

chiteptbarapht RinB vl Nsetanglatty SERateckia g plrd RIS Hany 4
yirhethyil1-{2, 2-QimethyipropRyaine, S(dm)'&ﬁoMrrol-thmeS OHWNMRICODEL,): 1.28

o3} 25 el 1 247 e b 8L f&%“é&}ér (19 Grler 1 8. 7.1

(4dpr boxylic acid benzyl ester (1-a, =Cbhz) inlmnm
THF i s added over 10 min foll owed by the addi ti on of
24 m (54 ng, 0.379 mol ) nethyl iodide over 5 mn.
Exahiple 621(3R, 8B)-51Bipherylisynidthyleti(22-dim&hylpropidnyl)-3-methyi-2-

oxgieltdife-traep oSt RV ener BV RICDEL: Kinfie) and (s,

5R)45€!Bmhenyml-9lrﬂétgam -@2,plmethy$pmplzmwrseﬂemyd-2tdmﬂpyrrolid ine-3-

i oS B3 i i) <V

2.0 g (S)-5-biphenyl-4-yimethyl-1-(2,2-dimethylpropionyl)pyrrolidin-2-one (1-a, R1 =
pivaloyl) in 7.5 ml toluene is added to 26.2 ml potassium bis(trimethylsilyl)amide (0.5 M
in toiuene) at-10 °C. After 1 h, 568 pl ethyl chloroformate is added and the mixture is
stirred for 1.5 h at -5 to 0 °C. 733 pl Dimethylsulfate are then added and the mixture is
stirred at room temperature for 1.5 h. 8 ml saturated ammonium chloride solution are
then added, along with 10 ml water and 20 ml ethyl acetate. The aqueous phase is
extracted with ethyl acetate and the combined organic phases are then washed with
brine, dried (MgSO,) and concentrated in vacuo. According to HNMR analysis the ratio
of diastereoisomers is 62 : 38. The residue is purified by column chromatography,
eluting with ethyl acetate/heptane (1:12) to afford (3R, 5R)-5-Biphenyl-4-ylmethyl-1-



and evaporated. HPLC and LC-MsS of the residue reveals
the two nethyl ated di astereoneri c conpounds
W ¢@R083$7 5- Bi phenyl - 4-yl net hyl - 3- net hyl - 2- ox OP@I/EP208/aD0142
i ne-1- carboxylic acid benmyl ester (2-a, Rl = Cbz)
and (3S, 5S)-5-Bi phenyl - 4-yl net hyl - 3- net hyl -
2- oxo- pyrrolidine-1-carboxylic acid benzyl ester (2- b,
Rl = Cbz)], which were inseparable from one anot her.

2 %@m@mvmw@ S ol g ertsry s #Rid sthyhester
(RAEPR; RID= GESEW— ?rg?h:{S% @)fg?ib%?ngm ylmethyl-1-(2,2-
LS AT PLU R R ATt L

RAY=0RL; Rh&m@dlFtraaramefcoata&ﬂngnbotbutayierédnédmetmawc&ﬁmae@
| | oy sol utlon is stirred at_-78 0C for

Atg:erqnﬁgnto "g‘ﬂM ﬁfslt e ragfiopf mas(eggfgsq{ﬁers 1562 43%1611 j\lMR (CDCls5)
Méjer dibstercorRirnnxy em)yh)wt(gumtny(bﬂy |166E(1Q-§E.‘M2§'(2H)| 2.95 (1H)

icrj 0

G781, 238 (P00 2loan ot BTl MR e Bl (incs Giacteunpapia OuHdaH.
1. tBlégH)l b6 (3Hh & 51qa\), 12070 {2H) HEB (TH)ER QN EZHDY. aOkdm 1 7003-7.37
gab é ) g‘l sat ura%ﬁd NHACI sol utionfol |l owed by 10
(Otfht Rt dormidire QEHEREIGAIPMELR0 M i sopropyl acet at e.

The Iayers are separ ated and the organic |layer dried

overlagg E@ lgﬁ ?Iqj y@v&ptﬁg ¢ %&j@{ T-exé-%iyrlo ldln%-1 3-
dued“rbemwgéuapuhger( du@hberemeéth%ter_ (R4 =$db;|R3IW=OEtCR99=Iﬁe) and
(3§’8‘9%}'5 g hl o a'tﬁ\;emn@}yli] g-oxo-pyrrolide rtup X acrp careboxyllc acid-1-

te&u@hﬁredter%-ytmtebwr (R1EBOC R1e+OEL; R1Mame) et hoxynet hyl)
pyrrolidin-2-one (1-a, R1 = SEM as

) S

. — X
) S
o~ 0

2.0 g (S)-5-biphenyi-4-yimethyl-1-(2,2-dimethylpropionyl)pyrrolidin-2-one (1-a, R1 =
pivaloyl) in 7.5 ml toluene is added to 25 ml potassium bis(trimethylisilyl)amide (0.5 M in
toluene) at -10 °C. After 1 h, 542 ul ethyl chloroformate is added and the mixture is
stirred for 1.5 h at -5 to 0 °C. 733 pl Dimethylsulfate are then added and the mixture
stirred at room temperature for 1.5 h. 8 ml saturated ammonium chloride solution are
then added, along with 10 mi water and 20 ml ethyl acetate. The aqueous phase is
extracted with ethyl acetate and the combined organic phases are then washed with
brine, dried (MgSQO,) and concentrated in vacuo. According to HNMR analysis the ratio
of diastereoisomers is 55 : 45. The residue is purified by column chromatography,
eluting with ethyl acetate/heptane (1:6). Pure samples of each diastereoisomer are



a yellowoil. NWR (400 MHz, CDCI 3, d/ppm: 7.58 (m 4
H; 747 (m 2 H,; 7.37 (m 1 H,; 7.30(m 2 H); 5.04
W@ 2008d8396710. 6, 1 H); 4.70 (d, J = 10.6, 1 H); BECDBPZn3/000142

1 H; 359 (m 2H; 3.24 (8d, J = 4.2, 13.4, 1 H;
2.67 (dd, J =9.1, 13.4, 1 H; 2.33 (t, J =8.2, 2 H);
2.10 (m 1 H; 1.81 (m 1 H; 1.00 (m 2 H); 0.06 (s,
9 H. M5 (ESI, me) 382 [MH +; 763 [2M+H +. IR
olution in ; 2951; 1702; .1
ork o S o S o i S a9 8, .41
219 R.53oHy-Br P b a4 (yHyretsayh HP-3128 () 4.16 2tH), 4.19 (2H), 7.22
( ?’ 55;1;4? t]1EF‘I‘)ét,ho>-g rrg?h I§ srrollhdl)n £ )(1% o
(3|=|) g@,\,p(zép,ov [ I-!:)S) AXR (CD ot Min ord.astereomer& 0.17): 1 15('3H)

1@@h§nvb4(19ml BBRYH, &see(tmzlzsg m&lsummth(enylmhqm
rroli |n 2-one
748550 RH ) §30 BTG - vi mochyl o 2-

trlmsthylsHanyI ethoxynethyl)pyrrolldln 2- one (1 a, R
SEM is _dissolved in t ol uene and

Exgmn!e PAHRs 58&)ér%‘&h?BY'O"b@%Nh:"m?t!‘\&'ez'ﬁé?ﬂy" idine-3ne
caﬂbt?&lyllédﬂ:id R’&I—PfRﬁ)&@tl-LﬂRﬂ-lMe) and (38, 5R)-5-B|phenyl-4-ycl)mgt7hyl-3-
assi um rinme n en
mpYEE Reo A e P g e Acid (16 FOFOTE Riiiae)
Subsequently, 114 m (151 ng, 1.2 mmol)
dimethyl sul fate is added to the orange sol ution over 5
m xture is stirred at 0 OC for 2 h.

h i s quenched by addition o
fCl “solution, 2 m watgy, and 20
O~/

252 mg (3R, 5R)-5-Biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)3-methyl-2-oxo-
pyrrolidine-3-carboxylic acid éthyl ester (R1=Piv; R10=0Et; R11=Me) [62 : 38 mixture of
C3-isomers] is added to 1 ml acetonitrile at 0 °C. 0.3 ml 3 M Sodium hydroxide solution
is added and the mixture stirred at room temperature for 20 h. Two further 50 pl
portions of 3 M sodium hydroxide are added. Stirring is continued for another 2 h. The
mixture is concentrated in vacuo. 2.5 mi of water is added to the residue and it is then
extracted twice with 1 ml toluene. 5 ml Ethyl acetate is added to the aqueous phase,
which is then cooled to 0 °C. 500 ul 2 M Hydrochloric acid is added and the phases are
separated. The aqueous phase is then extracted with ethyl acetate. The combined
organic phases are combined, dried (MgSO,) and concentrated in vacuo to afford (3R,
5R)-5-Biphenyl-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-3-carboxylic acid (R1=H;
R10=0H; R11=Me) and (3S, 5R)-5-Biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-3-
carboxylic acid (R1=H; R10=0H; R11=Me). According to HNMR analysis there is a 66 :
34 mixture of C3-stereoisomers. Identity of major isomer not determined. 'H NMR

. (DMSO) [mixture of stereoisomers]: 1.21 (3H), 1.59, 1.84, 2.20, 2.29 (total 2H), 2.66
(1H), 2.93 (1H), 3.81 (1H), 7.31 (3H), 7.44 (2H), 7.60 (4H), 8.10, 8.15 (total 1H), 12.58
(1H).



acetate. The organic phase is separated, washed with
water (3 x 10 m), dried over MgSH, filtered and
weraposmsed. HPLC of the residue (100 ng) reveRd HEP1968/000142
two net hyl at ed di ast ereoneti9c conmpounds
[ (3R, 5S5) - 5- Bi phenyl - 4-yl nmet hyl - 3-nmet hyl - 1-(2-tri et hyl
si | anyl et hoxynet hyl ) pyrrolidin-2-one (2-a, RL = SEM
and (3S, 5S) - 5-Bi phenyl - 4-
yl met hyl - 3- et hyl - 1- (2-tri net hyl si | anyl et hoxynet hyl ) py
rrolidin-2-one (2-b, Rl = SEM] and 25% unchanged
Exahipié 559 3RBER)-5Biphenhyiat-PinkdtAphd (2 2 diet idndl)-3-methyl-2-
tr?irret%y si | a?1 I eP_hoxgme?'hyl_) gxr-;ol i di n-@%rr?g%’?l)a R1 y
oxo-pyrrgli 'Wﬁ%@%i%?ﬁﬁﬁﬁ'éé 197 @it R11iMe)andy (38 5R)-5-
Bigh&H1aLARict . 2-dPREM o pRINYD-FliethyID-ok 6Py okt inecd-
R oA B2 ety ‘%?“‘3‘?28 CR RGN
caphox Fﬁ'ﬂﬁ“flﬁ)'?‘dﬁ%'% =Me)): 5.00 (m 1 H: 4. 63
(m 1 H; 3.96(m 1H,; 3.55(m 2H,; 3.15 (m 1 H);
2.60(m 1 H,; 2.30(m 1 H; 2.05(m 1 H; 1.65 (m
1 H; 1.16, 1 (2xd with ratio 2 : 8, J = 7.0,
dh; 0.90 ( , 0.06 (s, 9 Hon M5 (ESI, ) 395
KhH) +, 793 F2NFHF . Exanpl e 309~/
a) - 5- bi vl - 4-yl met hyl pyrr ol i ey Lactam

[l 3
p into a reactor. A soluti%nmef ¥3.2 g 4-
br &obi phenyl (400 nmol ), dissolved in 380 Ml THF is
added. Formation of the corresp [ G ignard reagent
starts after the addition of 5 %of |the total vol une

of the above solution and after the addition of a 10

ng | 2. The THF sol ution of the Abronobi phenyl is added
44 %C?u@‘l‘@;ﬁ, ﬁ?)é?Bﬁ)hehiila@-ylﬁ%ﬂl—@-rﬁé‘tﬂylbzioJ(&Birr&hin'éOB-ca%xﬁi@ acid

ration
(R1=H; R10=0H; R11=Me) [66 : 34 mixture of C3-sterecisomers] are added to 10 ml

toluene. 119 ul Triethylamine are added and the resulting mixture warmed to 60 °C. 52
ul Pivaloyl! chloride are added and the mixture is stirred for 4 h. The mixture is then
cooled to room temperature. 250 mg Citric acid in water (5 ml) is added and the phases
are separated. The organic phase is washed with water, dried (MgSO,) and ‘
concentrated in vacuo to give (3R, 5R)-5-Bipheny|-4-y|methyl—1—(2,2;dimethylpropionyl)-
3-methyl-2-oxo-pyrrolidine-3-carboxylic acid (R1=Piv; R10=0OH; R11=Me) and (3S, 5R)-
5-Biphenyl-4-yimethyl-1-(2,2-dimethylpropionyl)-3-methyl-2-oxo-pyrrolidine-3-carboxylic
acid (R1=Piv; R10=0OH; R11=Me). According to HNMR analysis the ratio of C3
diastereoisomers is 65 : 35. Identity of major diastereomer not determined. 'H NMR
(CDCI,) [Mixture of stereoisomers]: 1.19 (9H), 1.21 (3H), 1.73-1.91 (1H), 2.23 (1H), 2.50
(2H), 3.12-3.33 (1H), 4.45-4.60 (1H), 7.19 (1H), 7.27 (2H), 7.37 (2H), 7.46 (4H).

Example 56: (3R, §S)-5-biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)3-
methylpyrrolidin-2-one (2-a, R1 = pivaloyl) and (3S, 5§S)-5-biphenyl-4-yImethyl-1-
(2,2-dimethylpropionyl)-3-methylpyrrolidin-2-one (2-b, R1 = pivaloyl)



the addition: 1 h). After the addition is conplete,
the reaction mxture is heated to reflux for 1.5 h.
w(ah@s/0s3re7 m xture is cooled to rt, and next 8O0PCTEP2ZIBE000142
are added, followed by 22 wol, 4-di oxane. Then the
m xture is cooled in an ice bath and 18.0 g CuCN (200
mmol ) are added. The reaction mxture is then cool ed
to - 40 OC and then over 40 minutes a solution of 27 g
t ol uene- 4- sul phoni c

in 270

yl ester

e~’eacti on mixture oS, ed at fhat
gxerni ght. Then, the reaction mxture is oled to 20
Cland 200 ml 25 % NHE (dv), fol | owed by 90 NH4Cl
29 % (aq) are added. The phases are separated and the
aqueous phase is re-extracted with 250 m THF. The

e . .
L e e R R s
pygphdinera-carbgxplic apidithe! 5t RIOEOHTIN14 =Mel (85 piSordtio of €3 isomers] is
ad?rgcg Lo]; %%’I% g:gﬂe?l‘é7$’ﬁ${r%§t¥ﬂliﬂeqc@ix?§% js(gféba:t%ﬂfé)hr’;ﬁ&f'ﬁd@tirred for 16 h. The
mixtlirests Hyarpgaalest todbom2emperafuce pnd wesbed guccessiraly with)10 ml aqueous
soBBFHARERTAIRE el ol mEReTo e ol MR, i (fg500 and
copiceniratediin ¥a¢gq to(afprd(AR SSrdthighenyl4-yinethyl-12(2o4rdingetydpropionyl) 3-
S Lyt j o R
mNpRIEACEE 28 RP el Hna S Biphblia yimbthy 122
direesby!pr@piooy0-3gusthpippiielidin-Awgedaibuf 5t Riwlay) asams,: 45 diastereomer
miif]tpr%ﬁé:s)peétﬂgl T%&%i&%%@tﬂ@ 4)»? RIVR e;g%ﬁgﬁgf opwi se over 0.5

mxtudre 1s stirred r 10 mn. Water
(2 mM) is added.

Example 57: (3R, 56S)-5-biphenyl-4-ylmethyl-3-methylpyrrolidin-2-one (2-a, R1 = H)
and (3S, 5S)-5-biphenyl-4-ylmethyl-3-methylpyrrolidin-2-one (2-b, R1 = H)

15 mg (3R/S, 5R)-5-Biphenyl-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-3-carboxylic acid
(R1=H; R10=0OH; R11=Me) [66 : 34 mixture of C3-stereoisomers] is added to 25 ml

- toluene. The resuiting mixture is heated to reflux and stirred for 16 h. The mixture is
then cooled to room temperature and washed successively with 10 ml aqueous sodium
hydrogen carbonate, brine and water. The organic phase is dried (MgSQO,) and
concentrated in vacuo to afford (3R, 5S)-5-biphenyl-4-ylmethyl-3-methylpyrrolidin-2-one
(2-a, R1 = H) and (3S, 5S)-5-biphenyl-4-yimethyl-3-methylpyrrolidin-2-one (2-b, R1 = H)
as a 29 : 79 diastereomer mixture, respectively , according to the 1H NMR spectrum.

Example 58: 1-Benzyl-5-[1-biphenyl-4-yl-meth-(E/Z)-ylidene}-1,5-dihydro-pyrrol-2-

one



The m xture is extracted using dichloronethane (3 x 5
m ). The conbi ned organic extracts are washed with 2 M
woiaos39%7 5 m ), dried (Na2SO4) , and t hen conPENEPRDE0142
in vacuo. Purification by oal uim chronmat ography
provi des (S)-5-biphenyl-4- ylnethyl pyrrolidin-2-one
[Key Lactam (1-a, R 1 = H)]. Spectroscopic data as in
Exanpl e 3. Exanple 32:
(S)-5-bi phenyl -4-yl met hyl pyrrolidin-2-one [Key Lactam
(1-a, RL = H] 8.9 g of
(S) - 5-bi phenyl - 4-yl net hyl - 2- oxo-p
ic acid tert-butyl ester (1-a, R
i s dissolved in 90 m nethyle
CE are added. This =+ S stirred at rt for
97 OThe reaction mx [ ncentr at ed. Hept ane
ragtion is then added t ¢ the resi due. The product is
[i;pgtalllzed The obtainmed product is dissolved in
| uene and then it washed wi th NaHCO3 (aq)
sol ution. The organi ayer is evaporated to yield
(S) 5 biphenyl 4-yl met hyl pyrrolidi n-2-one [Key Lactam

H)]. Spectroscopic data as in Exanple 3.
3. @zg@alelmlde is added to 35 ml THF and the mixture is then cooled to 0

°C( $) solut%%? Mlméthgbl%hgﬁ)ﬂhaéné’én’ffﬁtcmbhdmﬂ TREi(SBRY, 3:69M) is then

ad(!@; OBTﬁOM'én |he@u9$¢m{en§/mpwﬁcb$ thgn stized fas Kbt (989 am
terﬁr%eraturé?lsau@tid én%ﬂudi‘m‘\ thbﬁd&é&ﬁﬁf& \C/fsd rﬁlﬂthQQn Glided nd the

g enzy brom de are a his m xture
_ mixtgrecglipreddorn 20 min. | he phashs arfisepapated mh%a%eea phaseeis

exir&@e PAMR tdiSere MHEOniitked &ﬁaﬁn@?ﬁ&é&%r%iﬂlég with water then brine
stirred overnight at rt. O i s added.

and ghangeacerirateriibyasHer The resiceds thendaken up in dichloromethane (35
ml). Trifluoroacetic acid is then added over 5 min and the mixture stirred for 3 h at room

['i di ne-1-carboxyl
BOC) (25.3 nmol)
Yride. Then 5 m

temperature. Mixture is then concentrated in vacuo. Toluene (50 ml) and saturated
sodium hydrogen carbonate solution (50 ml) are added and the phases are separated.
The organic phase is washed with water, then concentrated in vacuo. Methanol (2 ml)
is added to the residue and heated to reflux whereby a hot filtration is performed. The
filtrate is concentrated in vacuo to afford 1-Benzyl-5-[1-biphenyl-4-yl-meth-(E/Z)-
ylidene]-1,5-dihydro-pyrrol-2-one. 1H NMR (DMSO): 4.96 (2H), 6.50 (1H), 6.70 (1H),
7.26-7.76 (15 H).

Example 59: 1-Benzyl-5-biphenyi-4-yimethyl-pyrrolidin-2-one



separated. The conbi ned organi c phases are washed with

H20 and the solvent is evaporated under reduce
wQe@sssa9e¢7 The crude product is purified by coPCHRP2008/000142

chr omat ogr aphy on 150 g sild2ca gel, to yield

(S)-1-Benzyl - 5- bi phenyl - 4-yl net hyl -pyrrolidin- 2-one

(1-a, RL = Bn). 1H NWR (400 MHz, DMSO: 1.79 (1H),

1.93 (1H), 2.31 (2H), 2.61 (1H), 3.03 (1H), 3.69 (1H),

308 g1 -%H%yl-ﬁgq 5@92Wﬂ-@%@-5%5@"05%?;&%0%@&2%“3 % ddddarto
ett{3i@) 3n)) 3t Benvipmpsraiineh cify%-PY/E, 5ec%witeSwete@Byhg)y adddd and
o A o L el b i Bl 2
at oot tednpepature/ 8T r@&atarym_ri\s emaved Oy rﬁitnaﬁbeandttrmoﬁlmgﬁeqmnoéntrated
n i3 o N SR 4 iR owson
1. 7A@ HAdUBE (169), 2.061(21H), RS3r(1 HE S021H), 363 1H)HF.21T ), 4.82 (1H),
T Qo Ble T B G R S TR T i e s

cool ed down to - 78 OC and over 5 m nutes a solution

. j o] ' = | ded. Th
exdingle BG: ApRRaE-bishEhiEaymctngi-fymdifin2pRE 00 The
reaction mxture is stirred for 18 h at -78 0C. Then

it is guench y the addition of 18 m saty
NHACl (aqg) s i on. Then 36 m toluene is

fol | onwed p y
e is re-extracted

aqueous @ Q
[e] N == oﬂN’\/
50 mg 1-Benzyl-5-[1-biphenyl-4-yl-meth-(E/Z)-ylidene}-1,5-dihydro-pyrrol-2-one is
added to methanol (1.5 ml) at room temperature. 10 % Pd/C, 50 % water wet (15 mg)

is added and a blanket of hydrogen gas applied to the vessel. The resulting mixture is
stirred for 1 h at room temperature. The catalyst is removed by filtration and the filtrate

concentrated in vacuo, to afford 1-Benzyl-5-biphenyl-4-ylmethyl-pyrrolidin-2-one.
Spectroscopic data reported in Example 59.

Example 61: (3R, 5S)-5-biphenyl-4-yimethyl-1-(2,2-dimethylpropionyl)-3-
methylpyrrolidin-2-one (2-a, R1 = pivaloyl) and (3S, 5§S)-5-biphenyl-4-ylmethyl-1-
(2,2-dimethylpropionyl)-3-methylpyrrolidin-2-one (2-a, R1 = pivaloyl)

Iz



with 10 m toluene and the conbi ned organi c phases are

washed twice with 25 m of H20. The solvent is
we@raposated under reduced pressure, to yield tPer/EP2dg000142

product. NVR analyisis reveals a m xture of

di asteronmers 77 : 33 (2-a, Rl = Bn/ 2-b, R1L = Bn).

Purification by colum chromatography on silica gel

with ethyl acetate : heptane fraction (4:6) provides

25084 (e BB e PR RGg:f-ohs FF Ry 0B adpepli ey (4 mo

The rdsultthg(rBidure is thén cadied ta2-78 2C( U8 mﬂse@btﬁtillht)'lluni(ﬁﬁ Min

cyél%l’i&(fapgj_i? %he(plgge(jez’arq?j%hé ) lti(\g iq?ixtu  ig ghr@q{_&or]o# %g%? Methyl
iodfdeSretREN addéRi &Hhe nifaBrd diprdirsr PR bf Served Séﬂuraied amrr’?onlum

accordance with the procedure given in

chioride ﬁ@M'Qﬂ\ﬁf@')C%%iﬁg@ mpapd ﬁtfyumqt@te %5 B1) afetaﬁ*g;’ﬁd iapd thgemixture
waiidd td *T{‘@n?erétht% f‘IW%'}ﬁJasé‘é SR s-EHEr’atéd"'eTﬁb H‘%Hn‘i’c pifase is

stlrre as appose to th

washed with beine polnkiar @gpqratevhéﬂ Qhand cemréﬁ\&fﬁt@a’ ig ygcuo to
affw(bﬂdsgps %fdh@awwﬁw 199 Qcﬁlhb@ngﬁr&dﬁﬂyﬂyﬁﬂwdﬁyld\ﬁd}@iﬂ -2-one

such conditions,

(2-an8n ysm\ealoxtlh@dr@& 6Sb5 btnhagyléirsé@ieﬁwhﬂ% 2;dimgthylppoRionyd)-3-
méﬂgl r%gdnh Zzoﬁe R B valo%ﬁ%gm\&tu 2-a) to (2- b) in a 20:80 ratlo as

phenyl - tel/t-butoxycarb ’Rﬁamno
detqrmmeé r@ntﬂdéWRetSn?Ptr@w@F datafar (Zm 58 @s ingrxam

Spect%s)cgﬂic%aﬁaoﬂoHF eeriH)Ja'éan @Exﬁfng
phenyl yl ornyl - et hyl ) carbam ¢ acid tert-butyl
ester



(7-a, R1 =Boc, RL = H) in isopropyl acetate (3.2 L)
i s added et hyl (t ri phenyl phosphor anyl i dene) acetate
W@ 1@9/088967 The nmixture is stirred for 2 hours. AGI/EPE08/000142
m xture is added a sol utiom4of citric acid (79 g) in
water (400 m ). After 1 hour, the phases are separated
and the organi c phase concentrated to dryness. The
crude m xture is purified by chromatography
c%ﬁqﬂqt ane/ ethyl acetate) to give (E/2)-(R)-5-
enyl -4-yl -4-tert-but oxycar bonyl am nopent - 2- enoi ¢
acid ethyl ester (8a = Boc, =H R5 =Et) as a

m xt.ur e of r nS|s 1H NVR O) .maj or
1. (i Eitpbiatedinh 6 B 0T S ayamel KR sbBlgRa ™S 50
(9Hs, C(CH3 3) ; 2.74 (1H, m 5-CHH); 2.90 (1H, dd,
5-CHH); 4.1 1 (2H, m 2CH3); 4.41 (1H, m 4-CH);
5.85 (1H, d, 2-CH); (1H, dd, 3-CH); 7.32 (3H, m
aromatic); 7.43 (2H gromatic); 7.57 (2H, m
aromatic); 7,6 Q. -aromatic) mz: 413 (MNH4 , 100
340 (60); 296 (96); 250 ( 1 1).

¢ 4-yl -4-tert-butoxycarbonyl am nopent anoi

c acjd ethyl ester [9-a, Rl = Boc, Rz = H R5 = Et]115

g ofR1 (1)

(E/ Z2) - (R) - 5-Bi phenyl -4-yl -4-tel/t-butoxycarbonyl am nope

nt-2-enoic acid ethyl ester (8-a, RL = Boc, R2 = H RS
wherdiid R11i$hytir6§ét desinitrBgérd pidteivg grrpt ate (1.2 L).

Pal | adi um)caongf:ﬂar bon (% g/'z?l oadél’ ng; 911 5 ¢g) is added

and hydrogen gas is applied to the vessel. After about

2.1 ha édﬂﬁ)o‘ﬂﬁa%@hortjﬁlgﬂbl&ﬂﬁﬁ1V\brttaut%ﬁﬁ9rbr%aﬁ tHerBofC Mathdtefized in

is rempved by filtration.
that the configuration is according to formula (1-a)

o I

! (1-a)

A—2

wherein R1 is hydrogen or a nitrogen protecting group.

3. A compound according to claim 1 or 2, wherein R1 is hydrogen.

4. A compound according to claim 1 or 2, wherein R1 is a nitrogen protecting group
selected from pivaloyl, pyrrolidinylmethyl, t-butoxycarbonyl, benzyl, silyl, acetyl,

benzyloxycarbonyl (Cbz) and trimethylsilyethoxymethyl (SEM).

5. A compound according to any of claims 1 to 4, characterized in that the

compound is the enol-tautomer according to formula (1)



solution is concentrated to dryness, affording
(S)-5-Bi phenyl -4-yl -4-tertbut oxycar bonyl am nopent anoi ¢
wa@edod/ogohyl ester [9-a, RL = Boc, R2 = H, R5 =PEL/FP2008/000142
IHNMR (DMSO): 1.14 (3H, t 165CH3) ; 1.31 (9H, s,
C(CH3)3) ; 156 (1H m 3-CHH); 1.71 (1H m 3-CHH);
2.28 (2Hm 2-CH2) ; 2.69 (2H, m 5-CH2) ; 3.62 (1H,
m 4-CH); 4.01 (2H, g, CH2CH3) ; 6.75 (1H d, NH); 7.25
(2H, d, aromatic); 7.33 (1H. t, aromatic); 7.43 (2H, t
, aromatic); 7.55 (2H, t matic); 7.62 (2HL1,
aromatic) nmlz: 398 (M+, [100 9%; 342 (52); 298 (59).
Exanpl e 37: (S)-4-AmMno-5YQ phenyl - 4-yl - pentanoi c acid
, -a, R5 = Et] To a

: : terf - but oxycar bonyl am nopent anoi

c acid e¥hyl ester [9-a, Rl = Boc, RR = H R5 = Et]
(115 g) kn ethanol (1.1 L) at 70 OC is added thionyl
chl ori deR1(32 m) over 45 mn. Ait'er a further 1.5
hours, the m xture is concentrated to dryness. The
crude material is suspended in ethyl acetate and

wherein &1dsl hydrogeéwv er & Bitroden protecting group and R1' is hydrogen.
Am no- 5- bi phenyl - 4-yl - pentanoic acid ethyl ester
hydrochloride [10-a, R5 = Et]. 1H NMR (DVSO: 1.08

6. ( 3HA ehm@iR accdrdir® to 2e¢imuty (13; @HAIt therdoB5-2. 52 (2H, m
2-CH2); 2.79 (1H, dd, 5-CHH_ 2.97 (1H, dd, CHH); 3.38
(1H, m 4-CH); 3.97 (2H, CRRCH3); 7.30 (3H, m
aromatic); 7.40 (2H, m c); 7.58 (4H, m
aromatic); 8.15 (3H

R1'—-0O
! (1)

wherein R1 is hydrogen or a nitrogen protecting group and R1' is hydrogen or an
oxygen protecting group.

7. A compound according to claim 6 having a structure as shown in formula (1")

RYR8BR7Si—0 l

|
SiR7R8R9 ",

wherein R7, R8 and R9 are independently, of each other, aryl or alkyl, preferably methyl
or ethyl.



+) . mz: 298 (MH, 100 %; 281 (4); 235 (3).The X-ray
Structure of the obtained crystals is shown in figure

wa 100888391 e crystal for this determ nation i s POL/AEPIVEE000142
from nmet hanol as solvent. @Geystal data [recorded at
100(2) KI Enpirical fornmula C19H24CI NO2 For mul a wei ght
333.84 Crystal system Orthorhonbi c Space group P212121
Cell paranmeters a = 5.307(2) A b = 16.570(4) Ac =
39.778(10 a =90 b =90 = 90 Vol une uni t

8. cei 1A BIPSE SOt Bioaugng 2 Someapind sgaudina i ryienSh g Hrtorper. or

saft thereof,

HsC O
¢ ‘

1 )

a—2Z2

wherein R1 is hydrogen or a nitrogen protecting group, comprising methylating a

compound according to formula (1), or tautomer, or salt thereof,

R1 (1

wherein R1 is hydrogen or a nitrogen protecting group,

preferably methylating a compound according to formula (1-a), or tautomer, or salt
N

R1 (1-a)

wherein R1 is hydrogen or a nitrogen protecting group.

thereof,

o) l

9. A process according to claim 8,
comprising treating the compound of formula (1), or tautomer thereof, or salt thereof,



(nunmber of asymmetric units in the unit cell) Exanple
38: (S)-5-biphenyl-4-yl met hyl pyrrolidin-2-one [Key
wohamBas9sl-a, RL = H)] To a mi xture of PCT/EP2008/000142
(S) - 4- Ami no- 5- bi phenyl - 4- ylé7pent anoi ¢ aci d et hyl ester
hydrochl oride [10- a, RS = Et] (86 g) in isopropyl
acetate ( 1 L) is added triethylamne (43 g). The
m xture is then stirred at about 55 0C for 1 h and
hen filtered, The filtr tels refl ux
wiliase a4 Rethwaia rerden aipleanbdieanos Bt comRRhaA formula (1-
a) Cdtltavtbser Befadf] cisaiseredfe phases areseparated. The
organic layer is concentrated to dryness and
crystallized fromisopropyl acetate to yield
10( R)prérels RbEdHing 4o wiaimk Bhydrimtising: | di n- 2- One [Key Lactam

(a)ﬁf%\%pg‘?{? %B@]ndg? gcfpﬁ]uiaoégodo ItaCut<()]|n§tetar he or saltt nwereof first with a

ba& Endlﬁbenfw@l @b@ﬁyburﬂd’ M|thélfo[n3ulézdeDMMD(W§hbtb@¥h Jor —OR’

oGRS AT A0k L L RSO G R 25 i ot

a daﬁpound of formula (20), or salt thereof,
(2R, 4S5) - 5- Bi phenyl - 4-yl - 4- (3 car boxypr opi onyI am no) - 2-
nmet hyI pentanoi c acid ethyl ester (3-a, Rl1 =
- pent anoi ¢ aci d =H R3=E) (5.5¢9) is
m) at room tenperature.
¥) is added. Thionyl chloride
% . The solution is cooled to 0 OC
(0.94 M) is added. The m xture is
q ﬁ 2 h and then at roomtenperature
for |further 1 h. Afurther portion of 2-bronpethanol
(0.94rm ) is added and thggyi xture stirred for 0.5 h

at _room
wherein R1 is hydrogen or a nitrogen protecting group, R11 is hydrogen and R10 is OR

wherein R is alkyl, aryl or arylalkyl;

b) reacting the resuiting compound of formula (20) with a base and a methylating
reagent to obtain a compound of formula (20), or salt thereof, wherein R1 is hydrogen
or a nitrogen protecting group, R11 is methyl and R10 is OR wherein R is alkyl, ary! or
arylalkyl;

c) optionally, treating the compound of formula (20) wherein R1 is hydrogen or a
nitrogen protecting group, R11 is methyl and R10 is OR wherein R is alkyl, aryl or
arylalkyl, with a saponification reagent, to obtain a compound of formula (20), or salt
thereof, wherein R1 is hydrogen or a nitrogen protecting group, R11 is methyl and R10
is OH;

d) treating the compound obtained in step (b) or (¢) under decarboxylation conditions to

obtain the compound of formula (2).

11. A process according to claim 10, characterized in that the configuration of the
compound of formula (20) is according to formula (20-a)



tenperature. A further portion of 2-bronoethanol (0.94
m) is then added and the resulting m xture stirred
wo 2008083967 at room t enperature. The m xture i s PCT/EP2008/000142
concentrated in vacuo to giese the crude product.
Purification by chromatography Heptane/ Et OAc (2:1)
gi ves
(2R, 4S) - 5- Bi phenyl - 4-yl - 4-[ 3- (2- br onpet hoxycar bonyl)pr
opi onyl am no] - 2- net hyl pentanoic acid (3-a, Rl =
4- ox@- pent anoi ¢ aci d prnonoet hyl ester, R2 = H R3 =
R1Bt) (3H) 1 1.14 (3%0, 1.41 (1H)
: ‘, A48 (1H), 2.50 (2H), 2.71 (2H
H1 3.99 (2H), 4.33 (2H), 7.25 (2H)
H, 7.57 (2H), 7.64 (2H), 7.78

H) . IiKanp

(2R, 45*» 5- Bi phenyl 4-yl -4-(2,5-di oxopyrrolidin-1
-yl)-Z'net hyl pent anoi ¢ aci d @By ester
(2R, 4S) - 5- Bi phenyl - 4-yl - 4-[ 3- (2- br onpet hoxycar bonyl)pr
opi onyl am no] - 2- net hyl pentanoic acid (3-a, Rl

124 - oxfoPipsessaansotding toRny-aneqisiaing B te40.avherein a:cqmpmd—or

tal%eimeﬁ %r ggIF %éﬁ(%f e'“%r)gzé éoﬁﬁ?gfaglbﬂ ‘égﬁr&ng%: é)é’:%gla'ﬂz) ) is produced

m xture is stlrred at 50 OC for 2 h. Water (150 m) is
t hen added foll owed by~addition of et hyl acetate (150
ea

m). Next, the phasg g separated. The organi c phase
H3@ washed with _bring ed (Na2SO4) and concentrated
The r purified by chromatography:
1) to afford

A A-4-yl-4-(2,5-
Oi o epyrrolidin-1-yl)-2-nmethyl pentanoic acid ethyl
estef. 1H NWVR (DMSO): 1.05 (3H) 1.14

R1 (2-3)

I nNZzvacuo.

wherein R1 is hydrogen or a nitrogen protecting group.

13. A process according to claim 8, wherein a compound according to formula (1-a),
or tautomer, or salt thereof, is used as starting material and a compound according to
formula (2-a), or tautomer, or salt thereof, is produced in a diastereomeric ratio of more
than 60 : 40, preferably of more than 70 : 30.

14. A process according to claim 9, wherein the compound according to formula (1),
or tautomer, or salt thereof, is characterized by having the configuration according to
formula (1-a) and wherein the compound according to formula (2) is produced in a ratio

of diasteromers (2-a) to (2-b)



(3H), 1.94 (1H), 2.20 (1H), 2.39 (1H). 2.51 (4H), 2.98
(1H), 3.12 (1H)1 4.01 (2H), 4.29 (1H) 7.18 (2H) 7.32
W@ 10dp/033948 (2H) 7.56 (2H) 7.62 (2H). Exanpl e 4BCT/EP2008/000142
(2R, 4S) - 5- Bi phenyl - 4-yl - 4- (63- car boxypr opi onyl am no) - 2-
nmet hyl pentanoic acid (3-a, Rl = 4-o0xo0-pentanoic acid,
R2 = H R3 =
H) (2R, 4S) - 5- Bi phenyl - 4-yl - 4- (2, 5- di oxopyrrolidin-1-yl)
- 2-nmet hyl pentanoi c acid ethyl ester (590 ng) is—added
to a mxture of 1 MNaCOH (2.75 m), THF (9 ni

0
ethanol (9 m). The mxture is stirred for 16e
water (20 m) and extr petred

mxture is diluted w
wi th isopropyl acet§
meth 1 MHC (5 m) 5

acet ate. Thezfony of gani ¢ pha%des are rie?l(l\/gSO4)
centrfated|in vacuo to give
-5- Brhepyl - 4-yl - 4- (3- caLk« ,
-pentanoic acid (3-a, Rl = 4-mxo-pentanoi c acid,
H R3 =H). 1HNWR (DMSO: 1.0% (2H), 1.35 (1H)1
1. 7R 1H), 2.29 (2H), 2.3@93H), 2.7%b (2H), 3.97 (1H2-b)
7.25 (2H), 7.34 (1H), 7.44 (2H), 7.56 (2H), 7.63 (2H),
7.74 (1H), 12.01 (2H). Exanple 42:
of aleast£Q):-20, pbigherehlylat leagt 9Y:9.e/ f - but oxycar bonyl ani no- 2-
nmet hyl pent anoi ¢ acid ethyl ester (3-a, RL = BOC, R2 =
H R3 = Et) 50 g of )
15( 2f A preyess-asicpreaing/lo-daipis-19-ar d/1t wheneinipe gempayndaseasding to
forggﬁcﬁggl),pcﬁ%lﬁemeﬁﬁ?%b@tt{e‘?’ecﬁgs (:g%r%ﬁs'é)n%a:b Ty ﬁvrlnﬁg {2 confyurafion

to di met or mam

aceeidibotafasel (gya)iandiwharein dhreepmmunglaccergingeto farmuta (9) is
prddiick§fia AADEH dRidtbrb t@res:@)zgig%@z&ﬂs stirred overnight at

room t enperature.
m xture and the m xture

is added to the

(2-a) 1 (2-b)

of at least 55 : 45.

16. A process according to claims 10 or 11, wherein the compound according to
formula (1), or tautomer, or salt thereof, is characterized by having the configuration
according to formula (1-a) and wherein the compound according to formula (2) is

produced in a ratio of diasteromers (2-a) to (2-b)



is then extracted with isopropyl acetate (2 x 200 m).

The conbi ned organi c phases are washed with brine,
wa@leiosdsobpSO4) and concentrated in vacuo to gi REI/EP2008/000142

(2f?,4S) - 5- 170
bi phenyl - 4-yl -4-te/t-butoxycar bonyl am no- 2- net hyl pent a
noic acid ethyl ester (3-a, RL = BOC, R2 = H R3 = Et)
(56 g). 1H NWR (DVMSO: 1.12 (3H), 1.19 (3H), 1.36
(9H), 1.53 (1H), 1.84 (1H), 2.55 (1H), 2.75 (2H)
(1H) 4.05 (2H) 6.04 (1H), 7.23 (2H) 7.30 (1H)
(2H), 7.50 (2H), 7.57 (2H). mz (ESt): 412 (]
100 %9, 356 (63), 31 [3). Exanple 43: (2R
4S) - 4- am no- 5- bi phe yl - 2- met hyl pent an0| c/acid

‘ (3-a, = R3, = Et)

-4-tert-butoxy arb AmM No- 2- m
¢ ¢ R1 5B =/R3 = H) are
i t o et hanol (100 m) The™m xtn IS heated to 65
OC. 3 ml of thionyl bromde is then]added over 0.5
houR' The mixture is then2sa)irred fBt a further 1 (2-b)
hour. The ethanol is renoved and heptane added.
Further azeotropic distillations are performed using
of atdeasdi20 :78. renove any residual ethanol. The solvent is
renmoved in vacuo to afford (2R,
4S) - 4- am no- 5- bi phenyl - 4-yl - 2- net hyl pent anoi ¢ acid
17 et hW presassiforyrddading aicdmpp8rc acqrtding RpformilaiB) or as3it thereof
IHNWR (DMSO): 1.1 1 (6 H1 1.61 (1H), 1.87 (1H), 2.73
(1H), 2.84 (1H 3.04 (1H), 3.42 (1H, 4.01 (2H), 7.36
)

O—R3
R1 (3)

comprising reacting a compound according to formula (2), or tautomer, or salt thereof,
with a ring opening agent

H,C ] O

o)

1 (2

a—Z

wherein in the above formulae R1 and R2 are independently, of each other, hydrogen

or a nitrogen protecting group and R3 is hydrogen or alkyl.



7.47 (2H)1 7.65 (4H) 8.03 (3H). mz (ES+) 312 ([ M +,
100 % . Exanple 44: (2R

wa@ g)osaszni no- 5- bi phenyl - 4-yl - 2- met hyl pent anoi cPEEP2008/000142
et hyl ester hydrogen sul phatte (3-a, RL = R2 = H R3 =

Et)10 g
(2R, 4S) - 5- bi phenyl - 4-yl - 4- tert but oxycar bonyl am no- 2-m
et hyl pentanoi c acid (3-a, :BOCRZ:RS:H) are

added to et hano]. ( m xtyre is heate
189C Pzp'RFeﬁra‘tPBHJé% Cg"f'@d? ‘Ehaﬁ‘r’ﬁ}?”’@dd%! fpt |as°°mPé’H"93'alé'89 a
cof ratibnfaddordiritftoTbemiuls €3-fort 1641t thbieof RCbbRaiREdi ght . The
anol is renoved and heptane added. Further
azeotropic distillations are performed using heptane
o~ enove any residual ethanol.. The solvent is
pved in vacuo to afford (2R
0- 5- bi phenyl - 4-yl - 2- net hyl pent anoi ¢ aci d
S hydrogen sul phate (3-a, RL = R2 = H R3 =
(DVMBO): 1.12 (6H), 1.56 (1H) 1.87 (1H)
& (1H)12.98 (1H), 3.76 (2H), 7.34 (3H,
7.47 (ZFD 7. 64 (4 8. 57 (3H). mz (ES+) 312 ([ M +,
100. Exanpl e :
4S) - 4- anf%re- i phenyT{ 4 yl - 2- met hyl pent anoi ¢ aci d
hydrochl ori de (3-a, R1 R3 =H A mxture of 37
% hydrochl &¥li ¢ acid (8 nE? @-ayl acetate (100 nl)

and ter 00 .m ) i n external oil .
whiiin B 2 17 G HipesRenipbf adnbti RidrEhdRer € lipd8h Brptecting
grduprdndR@ Bxhydeogearoy latieyl. no- 2- net hyl pent anoi ¢ acid ( 3-a,

Rl = BOC, R = R3 = H) inethyl acetate (100 m) is

then added to the m xture over 45 mn. The mxture is
19sA ipraceds acgording to tlaiens 17 bor. 18] lndherein ther eompounidest farowllae(®) is

prep%red QC%O?JJIQQ {onﬁe %%cegs oP LJ, gf tRé{ cla|n|1§ é% llg n

20. A process according to claims 17 or 18, wherein R1 and R2 are hydrogen and

R3 is an ethyl group.

21. A process for producing a compound according to formula (18) or a salt thereof

HN

o (18)

comprising the steps



to give (2R

4S) - 4- am no- 5- bi phenyl - 4-yl - 2- net hyl pent anoi ¢ aci d
whyasogdboride (3-a, RL = R2 = R3 = H). Spect rpSIBP1008/000142

data as given in Exanpl e 7172Exanpl e 46:

(2R, 4S) - 5- Bi phenyl - 4-yl -4- (2, 2-di net hyl propi onyl ar ni no

)-2- nethyl pentanoic acid ethyl ester (3-a, RL = Piv,

R2 = H R3 =Et) 10 g (2S,

4S) - 4- am no- 5- bi phenyl - 4-yl - 2- net hyl pent anoi ¢ aci d

et hyl ester hydrochloride (3-a, R1 = R2 = H R3 = Et)
a)i N ipseiding ¥lcompelnd acddr@ingto forauladader), draa@oniexdirsalt Giereof,

pival oyl chloride (4.1 m) in isopropyl acetate (50

m). The mxture is then stirred for 40 mn at room

tenperature. TriethylLamye (10.3 m) in isopropyl
acetate (30 m) ist §dded over a period of 1 h.
The resul ting ;i xt upg stirred for 16 h. Citric acid
(7.5 q) dissgfvedyin water (30 ml) is added and the
phases are sg af ed. The organi c phase is washed

‘ e~ (30 m) and concentrated in vacuo to

Ogl ve\l(ZR 45S) - 5-
Bi phbnyl 4-yl -4-(2, 2-di met hyI rop| onyl am no) - 2- net hyl p
ent dhbi ¢ aci d et hyl ester = Piv, R = H R3 =
Et). 1H NWR (DVMBO): 1.05 (9H)1 1 09 (3H) 1.15 (3H),

1.54 (1H), 1.78 (1H), 2.48 (1H) 272$H)397(1H)

b) 4. o@we{tmnngﬁhggo(nppynd gecpeding 19 formulg 41-a). 19y tautomsr, o sglt
the7re§r5to(c?dfam a coﬁ?po@gh{)acccﬁ&ﬁgm) forfhia @3, or tautomer, or salt thereof,
bi phenyl - 4-yl met hyl =3- net hyl pyrrol i di n-2- one

(2 b Rl = HTo a m xture of (2S,

4S) - 4- am no- 5- bi phen 4-yl - 2- met hyl pent anoi ¢ aci d
et hyl ester hydrochl (3-b, R1 =R =H R3=H)

H;® @ 1 diastergoisong Ixture [(2S, 4S) : (2R

~
Z
E~

1 (2-a)

c) reacting the compound according to formula (2-a), or tautomer, or salt thereof,
with a ring opening agent to obtain a compound according to formula (3-a) or a salt

thereof

) O—R3 (3 o

d) reacting a compound according to formula (3-a) or a salt thereof to obtain a

compound according to formula (18) or a salt thereof,



4S5)]1] (840 ng) in isopropyl acetate (10 m)
triethylamne (418 ng) is added. The m xture is then
wa@risngddernt 55 0C for 1 h and then filtered. TPEI/EP2008/000142
filtrate is heated at reflus for 24 hours. To the
m xture i s added saturated anmoni um chl oride sol ution
and the phases are separated. The organic layer is
concentrated to dryness. The residue is purified by
chromat ogr aphy, eluting first with | PA/Heptane 2:1
then wwth a m xture 1:1 to afford (3S1
wHéfaln n tlhb rmeve/fomhubalem ind R3 al‘éahbeﬁemdénw, iofleach’ether hydrogen or
a g R P HBOR PP AT S YRR
%er?e?rﬂS?F' WBPR;? 'd %fPﬂe'k’ (2-a, RL = H).

Rati o of diastereoisoners determned by 1H NVR to be 9

1 [(3S,. 5 : (3R, 59 1. 1H NWVR (CDCI
22p1=#) Pmi‘?sfél’t %’ﬁs’a’i"’gﬁ §é']"f)‘ill'—'5|é, acgol 9('?%6’)’%“'%&1) 'Fbg“?"ée! or
salt iHdreof3. 75 (1H)1 5.51 (1H) 1 7.17 (2H), 7.28 (1H 7.37
(2H) 7.49 (4H). Spectroscopic data for (2-a, Rl=H) as
in Exanple 6. Exanple 48: (3S,
5S) - 5- bi phenyl - 4-yl npthyd - 1- (2, 2- di met hyl pr opi onyl ) - 3-
met hyl pyrrolidin-2- -b, R1L = pivaloyl) 146 ny
(3S,

e) are added. 8 1 m Pivaloyl chloride is then
After 4 h, the mxt{lle is warmed to room

wHefdTR &1 34 Hycﬁogérrh@m Kirdgen potddiRg gfipnched by the
addi ti on of sSaturated anmoni um chl ori de sol uti on and

CompHPNg iR FOkRUNGFIEPSThe phases are separated and the
organi ¢ phase dried (MySO 4) and

- A
cooéEd to -78 0C and 381 ni butylllthl um (1.59 Min

a) providing a compound according to formula (4), or tautomer, or salt thereof,
g
© N
| R4
R1 4)

wherein R1 is hydrogen or a nitrogen protecting group and R4 is a CO-activating group,

b) reacting the compound according to formula (4), or salt thereof, or tautomer,
with a biphenylic compound to obtain a compound according to formula (5), or
tautomer, or salt thereof,



then concentrated in vacuo. The residue is purified by

col unmm chr omat ogr aphy, by eluting with isopropyl
waewsaswbhexane 3:1 to 1:0 to afford (3S, PCT/EP2008/000142

5S) - 5- bi phenyl - 4-yl et hyl - 174

1- (2, 2-di net hyl propi onyl ) - 3- net hyl pyrrolidin-2-one

(2-b, RL = pivaloyl) and (3R, 5S)-5-

bi phenyl - 4-yl met hyl - 1- (2, 2- di net hyl propi onyl ) - 3- et hyl

pyrrolidin-2-one (2-a,_Rl = pivaloyl). Ratio of

di ast er eoi soirers deted by IH NV\R to be 4 : 1

[(3S, 5S) : (3R 59 i NVR (CDCl 3) for (2-b,

R1=Pi v): AR 1A RYY, 1.30 (9H), 1.34 (1H), 2.01-
. 3.27 (1H), 4.31, 4.50 (1H), 7.21-7.53

and 3.27 ppm(2-b, R1 = Piv)] or those at
= Piv) ang5 .50 ppm (2-a, Rl =
Piv)] fromthe 1H NWR spectr Spectroscopi c data for
(2-a, R1=Piv) as in Exanple 5. Exanple 49:

- £ 5 hj o - ANSF Xy-pyrrolidin-2-
whETFBAAS RaBRBT T bivdah Prolehig Bram Y PY 001 e
and the m xture is then cooled to -78 C. A solution of
4- i i & ' [ . '
) el P OO FRERESIR 6 tud B, & iilamiel ot s inerot, to
obfairha abmp@@hddgticoridieg to frtronla (1)sort thetomesraorsait therédf. 0C and
100 m saturated anmmoni um chl ori de solution is added.
The phases are separated and the aqueous phase is
23 ek pravese tbrwreparing laucompount eceuding trefdrouigdd), or thdemer, or salt
thef washed with water then brine and then concentrated
I'n Yacuo. The crude

o)
© N

| R4
R1 (4)

wherein R1 is hydrogen or a nitrogen protecting group and R4 is a CO-activating group
said process comprising reacting a compound of formula (4), or tautomer, or salt
thereof, wherein R1 is hydrogen or a nitrogen protecting group and R4 is hydroxyl, with

hydroxybenzotriazole.

24. A process for preparing a compound according to formula (5), or tautomer, or salt

thereof,

! ©)



material is crystallized fromtoluene to give

1- Benzyl - 5- bi phenyl - 4-yl nmet hyl - 5- hydr oxypyrrol i di n-
wQ@2m80839¢H NVR (DMSO): 1.72 (1H), 1.91 (1H), Z2rQUEPDBE/000142

12.72 (1H), 2.97 (2H), 4.48 (1H), 4.55 (1H),

7.21-7.66 (14H). Exanple 50: 1-Benzyl-5-[1

- bi phenyl -4yl -met h-{E/ Z) -yl i dene] - pyrrol i di n-2-one5. 5

whmeﬁiy'%msdéag? ST biioae FEbqtna Bl Y o Toom ¢ F

saildgrpersa icomprisiag redctimyg iaf dourqpoaad etdotdiag talforraulal{4)) oatkitamer, or
d th resulting mxture is allowed to stir

sa@@ﬁ? $i'ght. The m xture is then filtered and
concentrated in vacuo. Toluene (100 nl) and saturated

hydr ogen carbonate (50 m) are added to the

. Thgy phases are separated and the organic

ncentrated in vacuo. The residue is added

hanol and heated to reflux. The mxture is

t hergcool ed % é{oonwtenperature filtered and dried in

vacuo to affo

Benzyl 5-[ 1- bi phenyl -4yl -neth- (E/ Z) -yl i dene] - pyrrol i di

sty R s pyogRfor ShBihen pieedg e 200 g 119 G0 rove,

withi 258ipHetiylic ForBBoyriHp obtirtheESmpousd of f@[’mﬁﬂa{ﬁ) 00GUgmer, or salt

the2 2f (28), 249 (63). Exanple 51:
(r - 5-Bi phenyl -4-yl nethyl -1 - (2, 2-di et hyl propi onyl )-1
, 5- di hydropyrrol -2-one 1.68 ¢

e e

theredfuene. The m xture is then cooled to -15 0C. 5.5 nl

o) l
R1 €))

N
wherein R1 is hydrogen or a nitrogen protecting group

said process comprising reducing a compound according to formula (5), or tautomer, or

L ©)

salt thereof,

wherein R1 is hydrogen or a nitrogen protecting group



Lithiumbis(trimethylsilyl)amde ( 1 Min THF) is then

added. After 1 h, a mxture of 1.3 gphenyl selenyl
whe@siogei n 10 m toluene is added. After a furPCTiEP2089000142

mn, 100 mMl water is added176The phases are separated

and the organi c phase concentrated in vacuo. The

residue is taken up in 25 m ethyl acetate and then

5.1 m hydrogen peroxi de (37 % is added at room

t er at ted d
to pRERIF shreottbebomRLy. i el o el e G0gi um
hydrogen carbonate solution and then dried (I\/gSO)

m xture is goncen at ed Jghvac 0 and urifi

26, FERHE S RPATBLT GBI 25eh PR “H cqfisge KpRtment with

hydrgekatadd a:chtdlgstaf f ord (R) - 5- Bi phenyl -
ylnethyl-l-(2,2-dinethylpropionyl)-1,5-dihydropyrrol-2
-one. 1H NWR (CDCI 3): 1.28 (9H), 2.70 (1H), 3.30 (1H),
274 ADfodebblacor8ifig td thint 20 6witetein tie ¢&alygtds PdIC.31 (2H),
7.41 (4H). Example 52: (3R
5R) - 5- Bi phenyl - 4-yl net hyl - 1- ( 2, 2- di net hyl pr opi onyl ) - 3-
28MRtphydes? aceotding ¢ tlaln d7 nehateinahd PiAC catalgstiisl setebtgd from the

oréie Gnsising ot ] - JERTOZIE 12 ot EBIGT 9900 PURyA SR e

3921 Oyl Pa/myoe 9. T00%i RH/C ey 3 (12D0) 2% PaltG typetdty 10 &6 PdIC type

=P Rl O= Rl
33pai0 2 BT 7% g ety 1P S (606 RISt 1GR90 10
% Pdlct tyipe-385 OT(E%(Hd/G typel 385 (ﬁooa) a91% PdrC typb nmdd (7QE9%N &5 % Pd/C
ot bi s(trinmethylsilyl)am de
@ﬂ%??r‘?“g&%déﬁ’@re 1P @3@%{" After 1 h, 568 nl et hyl
chI oroformate is added and the mxture is
29. A process according to any one of claims 22 to 24, wherein the CO-activating
group is selected from dimethylamino, morpholinyl, imidazolyl, methylmethoxyamino,

methyl, ethyl, chloro, bromo, pivaloyl and acetyl.

30. A process according to claim 29, wherein R4 of formula (4) is morpholinyl and
the biphenylic compound used in step b) is a biphenylmagnesium halide,

or

R4 of formula (4) is chloride and the biphenylic compound used in step b) is biphenyl.

31. A process according to any of claims 22 to 30, wherein the configuration of the
compounds of formulae (4), (5) and (1), or tautomers, or salts thereof, is according to

formulae (4-a), (5-a) and (1-a), or tautomers thereof

&0

o N

| R4
R (4-a),



stirred for 1.5 h at -5 to 0 0C. 733 ni
Di met hyl sul fate are then added and the m xture is
W@ eiosHngI6nt roomtenperature for 1.5 h. 8 nl SBCT/ER100§1000142
amoni um chl ori de sol utiontare then added, along with
10 M water and 20 ml ethyl acetate. The aqueous phase
is extracted with ethyl acetate and the conbi ned
organi ¢ phases are then washed with brine, dried
(MyS™) and concentrated in vacuo. According to HNWVR
analysis the ratio g 1stereoisoners Is 62 : 38. The
residue is purified dl utm chr omat ogr aphy, eluting
with ethyl St ane (1:12) to afford (3R
y| met hyl - 1- (2, 2-di et hyl propi onyl ) - 3-
ol i di ne-3-carboxylic acid ethyl ester
; RH=Me) and (3S,
-4-yl net hyl - 1- (2 2-
hyl propi onyl ) - 3- net hyl - qﬁf pyrrolidi ne-3-carbox
ylic acid ethyl ester (Rl=PiV, O=CEt; RH=Me).
Fracti ons containing both dlastere0|soners are

combi ned. According t o~HNVR anal ysis the ratio of
38. 1H NVR (CDCI 3) Maj or

di ast ereoi sonmers is
di ast er eoner: 1.17 (9H), 1.23 (3H)1 1.62
(1H) 2.26 ( , 4.07 (2H), 4.30 (1H),
| NMVR (CDCl 3) M nor di astereoner:
. H, 1.25 (3H) 1.51 (1H), 2.20 (2H),
073 13 . 4.34 (1H), 7.03-7.37 (9H). Data
for rnxture of di astere0| soners. Exanple 53: (3R
5R) -Bt Bi phenyl - 4-yl net hyl - 3-rnehhyl - 2- oxo- pyrrol i di ne-
1,3- dicarboxylic acid-1 -tert-buty | ester-3-ethyl
ester (R1=Boc; RI O=CEt; RH=Me) and
wherein R1 is hydrogen or a nitrogen protecting group and R4 is a CO-activating group.

32. A process for preparing a compound according to formula (1) , or tautomer, or
salt thereof,

O l
1 (1)
wherein R1 is hydrogen or a nitrogen protecting group,

comprising the following steps:

a) providing a compound according to formula (7), or salt thereof,



(ZS,
5R) - 5- Bi phenyl - 4-yl net hyl - 3- net hyl - 2- oxo- pyrrolidi ne-1

WQ eodiogsboxylic acid-1 - tert-butyl ester-3- e¢EHEP2008/000142
ester (R1=Boc; RIO=COEt; RHfm®E) 2.0 g
(S) - 5- bi phenyl -4-yl met hyl - 1- (2, 2- di nmet hyl propi onyl ) pyr
rolidin-2-one (1-a, R1 = pivaloyl) in 7.5 m toluene
is added to 25 m potassium bis(trinethylsilyl)amn de

0.5 Min toluene) at -10 0C. After 1 h, 542 nml ethyl

grof ormate is added and the m xture is stirred for

h at -5to 0 0C. 733 ml D nethylsulfate are then

wdded gad{he mi xture stirred at roomtenperature for
1.5 h. saturat ed ammoni um chl oride solution are
ded

along with 10 M water and 20 nml et hyl
he &queous phase is extracted with ethyl
acetate and tHe coqgined organi ¢ phases are then
washed wkd h brine ried (MgSO) and concentrated in
vacuo. AccofMing{to HNWVR analysis the ratio of

di ast ereoi snersHi s 55 :745. The residue is purified
by col umm c ronatograph%,)eluting wi th ethyl

acetate/ heptane ( 1:6). Pure sanples of each

di astereqgispner. areohtal ned for .analysis. 1H N .
Wi R R PR BB AE B oaeh cyPE Sy dendrapifBaqn prptecting
grqupt) , 1.54 (9H), 1.72 (1H), 2.43 (1H), 2.59 (1H), 3.28

(1H) 4.16 (1H), 4.19 (2H), 7.22 (3H), 7.37 (2H), 7.47

(4H). 1H NMR (CDCI 3) M nor diastereonmer (Rf 0.17):

b) 1. 15edchihy a conipouOd Blrcording 4o fobriiila (7), 5B8sdlftHered?. iB @ Wittid) reaction

t0 3038 4 Gifooriizopbiy ool @) Saf el o (o™

5R) - 5- Bi phenyl - 4-yl net hyl - 3- et hyl - 2- oxo- pyrroli di ne-3

acetate.

wherein R1 and R2 are independently, of each other, hydrogen or a nitrogen protecting

group and R5 is hydrogen or alkyl,

c) reducing a compound according to formula (8), or salt thereof, to obtain a
compound according to formula (9), or salt thereof,



carboxylic acid (FM=H, R O=OH;, RH=Me) and (3S1
5R) - 5- Bi phenyl - 4-yl net hyl -
WOoreaoRP83927 oxo- pyrrol i di ne- 3-carboxylic acid ( RIGHEP2008/000142
R O=CH, RH=Me) 252 ngy (3R 179
5R) - 5- Bi phenyl - 4-yl met hyl - 1- (2, 2- di met hyl propi onyl ) 3-m
et hyl - 2- oxopyrrol i di ne- 3-carboxylic acid ethyl ester
(R1=Piv; RIO=CEt; RH=Me) [62 : 38 m xture of
C3-isoners] is added to 1 m acetonitrile at 0 OC. 0.3

§ M Sodi um hydroxi de solution is added and the
jlure stirred at roomtenperature for 20 h. Two
L . S portions of 3 M sodium hydroxide are
. ing is continued for another 2 h. The
d eQncentrated in vacuo. 2.5 nl of water is
added tothe residue and it is then extracted tw ce
with 1 m tolugne. 5 n Ethyl acetate is added to the
aqueous Rhases wath~Ng”Tthen cooled to 0 0OC. 500 m 2
M Hydrochl off ¢ acid i 4 added and the phases are
separ at ed. '1/'he aqueou® phase is then extracted with
et hyl acet ate The corrt}Tmed ganl c phases are
conmbi ned, dried (MJSO4) and concentrated in vacuo to
afford (SR
{
wr_éi%{? ﬁrg% Ifrgfgtel .ﬁaé@éﬁ%&ﬁw ﬁf% diwéFEch/gzsaemw H#tr'ogéﬁ‘ Brofecting
grep)amst LﬁWgﬁdﬂ-%ﬂQﬂM hyl - 3- net hyl - 2- oxo- pyrrol i di ne- 3
- carboxylic acid (Rl=H R O=0O4 RH=Me). According to
HNMR anal ysis there is a 66 : 34 m xture of
d) C3- ptenally semeyiag theftieganpratecting Foups dhereby, gbtaining a

f st
co%t)gﬁd‘h&ﬁ)‘#dlng.}% Mwﬁuﬁ%@r a[s{QIt)fﬁézfggf( ?ot Z | er2le-l;)l ngggs]

AN
R5 (10)
wherein RS is hydrogen or alkyl, and
e) reacting the compound according to formula (10), or salt thereof, wherein RS is
hydrogen or alkyl, under ring-closing conditions to obtain a compound according to

formula (1), or tautomer, or salt thereof, wherein R1 is .

33. A process for preparing a compound according to formula (8), or salt thereof,



(1H), 2.93 (1H), 3.81 (1H), 7.31 (3H), 7.44 (2H), 7.60
(4H) 8.10, 8.15 (total 1H), 12.58 (1H).Exanpl e 55:

W@ 3RB/083967 PCT/EP2008/000142
5R) - 5- Bi phenyl - 4-yl et hyl - 180( 2, 2- di et hyl pr opi onyl ) - 3-
met hyl - 2- oxo-pyrrolidi ne-3-carboxylic acid (RL=Piv;

R O=CH, RH=Me) and (3S, 5R)-5-
Bi phenyl - 4-yl net hyl - 1- (2, 2- di et hyl pr opi onyl ) - 3- net hyl

- 0X0- pyrrolidine-3- carboxylic acid (R1=Piv; Rl O=0H;

ye) 44 ng (3RS,

5 Blphenyl 4-yl met hyl - 3- met hyl - 2- oxo- pyrrol i di ne-3

&y acid (Rl=H, RIO=OH;, RH=Me) [66 : 34

st ereoi somers] are added to 10 m

The m Xtpye | e gfed to roomtenperature. 250 ng
Gitric acidNn water (5 m) is added and the phases
are separatﬁéd The org){nl c phase is washed wth water,
dried (MgSO4) and concemtsrat in vacuo to give (3R
5R) - 5- Bi phenyl - 4-yl net hyl - 1- (2, 2- di met hyl propi onyl ) -
3- et hyl - 2- oxo- pyrrolidi ne- 3- carboxyl ic acid (R1=Piv;
thFeQFQﬁ angmﬁe ﬁlﬂ@ ém ):>f each other, hydrogen or a mtro en protecting
5-Bi frret 2-di met hy¥ propi onyl) g th
graup. M%tsﬁvﬂrqsencnr@ﬁw!s car boxyl ic acid (RL=Piv;
saB'ingés c@ﬂ?l’@h g réSaRg @ d%ﬁoﬁnb*%rrﬁﬂlﬁ'(ﬁs bﬁsélhlﬁeFéHf 10
I astereo0i soners is 65 : . ldentity of nmjor
d| aster eomer not determ ned. 1H NI\/R (CDCI3) [Mxture
fstereoisoners]: 1.19 (9H) 1.21 (3H), 1.73-1.91 (1H)
B (1H)1 2.50

/
R1 H (7)

wherein R1 and R2 are independently, of each other, hydrogen or a nitrogen protecting
group, in a Wittig reaction to obtain the compound of formula (8).

34. A process for preparing a compound according to formula (9), or salt thereof,

RZ\N

R1 SN
RS (9)



(2H), 3.12-3.33 (1H), 4.45-4.60 (1H), 7.19 (1H), 7.27
(2H)1 7.37 (2H) 7.46 (4H). Exanple 56: (3R,
wGB)sBsIsphenyl - 4-yl net hyl - 1- (2, 2- di net hyl pr opP@IEPI088/000142
met hyl pyrrolidin-2-one (2-81 RL = pivaloyl) and (3S1
5S) - 5- bi phenyl - 4-yl et hyl -
(2, 2- di met hyl propi onyl ) - 3- net hyl pyrrolidin-2-one (2-Db,
pi val oyl ) 63 ng (3R/S

5R Bi
w -%%1 SRS ipadheiray, of ‘éé\‘?’b‘éi&fl’ Feerggr ol RatiBeh protecting
grd%po?ﬂ-RS EH#yNngeh&ﬁ alkyB5.rati o of i somers] is added
TSR S S oIS 1 v
cool ed to roomtenperature and washed successi veI y

ith 10 m aqueous sodi um hydrogen carbonate, brine
water. The organic phase is dried (MySO 4) and

yl -4-yl met hyl - 1- (2 2- dlnethylproplonyl)s-

i din-2-one (2-a, pi val oyl ) and (3S,

R I-4-y|nethy|-1-(2,2-

pT opi gnyl ) - 3-net hyl pyrrolidin-2-one (2-b, Rl =
: Last ereomer m xture,

o the 1H NWR spectrum

respectip
Exarrpl e 57 3R,

5S) - 5- bi ph@éyl 4-yl meOyl - 3- net hyl pyrrolidin-2-one

(2-8_, Rl = H and (3S, Rrs (8

5S) - 5- bi phenyl - 4-yl net hyl - 3- me% hyl pyrrolidin-2-one

(2-b, RL =H 15 nmg (3RS, SR -
whefiPRe '&YIMRQ £F€t Mpeﬁdgmth eadﬁ’%?hé?}’ﬁy‘d%éé“ ] ﬁtr@éérbﬂ?&’ectmg

litc acid (ry m xture
grogp-anddiisi éf?@ﬁ@]or iaHWbéFd@Qian @ sompounsl efdpanula Kﬂ%
resulting mxture is heated to reflux and stirred for

16 h. The m xture is _
35. A process according to any one of claims 32 to 34, wherein the configuration of

the compounds, or tautomers, or salts thereof, is according to formulae (1-a), or
tautomer thereof, and (7-a) to (10-a)

O l

1 (1-a)

a—2



then cooled to roomtenperature and washed
successively with 10 mM aqueous sodi um hydrogen
w@ 200808862, brine and water. The organi ¢ phasePCBHEPI00E0142
(MgSO 4) and concentrated i82 vacuo to afford (3R
5S) - 5- bi phenyl - 4-yl net hyl - 3- et hyl pyrrolidin-2-one
(2-a, R1 =H and (3S,
5S) - 5- bi phenyl - 4-yl et hyl - 3- met hyl pyrrol i di n-2-one
-b, RL =H as a 29 : 79 diastereoner m xture,
nectively , according to the 1H NVMR spectrum

1- bi phenyl - 4-yl -neth-(E/ 2)-ylidene] -1, 5-d
-2- one3.55 g N-Benzyl nal ei m de i s added
and the mxture is then cooled to 0 0OC. A
sol uti on>~0f 4-yret hyl bi phenyl magnesi um chloride in THF
(5.6 g, O. 69I® is then added over 30 min. The
subsequegy m s then stirred for 1.5 h at room
tenperatureN Sat yrat ed ammoni um chl oride sol ution (50
m) is the@Jadded and thg mxture stirred for 20 m n.
The phases are separated #Md the aqueous phase is
extracted with toluene. The conbi ned organi c phases

acuo. The residue is then taken up in
| oromethane (35 m). Trifluoroacetic acid is then
K QVEY mn and the mxture stirred for 3 h at

i .ture. M xture is then concentrated in

ition (50 mM) are added and the phases
are separated.z The orgaqbc phase is washed with water,

t hen conggg%{ t uo. Methanol (2 m)
RS (8-a)

RZ\N

R1

~
Hine
O
/
O

R5  (9-a)



is added to the residue and heated to reflux whereby a
hot filtration is perfornmed. The filtrate is

w@eorvsestosat ed in vacuo to afford PCT/EP2008/000142

1- Benzyl - 5- [ 1- bi phenyl - 4-yis83net h- (E/ Z) - ylidene]-1

, 5-di hydro-pyrrol -2-one. 1H NVR (DMSO): 4.96 (2H),

6.50 (1H), 6.70 (1H), 7.26-7.76 (15 H). Exanple 59:

1- Benzyl - 5- bi phenyl - 4-yl net hyl - pyrrol i di n-2-one300 ny

1- Benzyl - 5-[ 1- bi phenyl -4yl -nmet h- (E/ Z) -yl i dene] - pyrroli

ity2-one is added to ethanol (3 m) at room

. 10 % PdJC, 50 %water wet (30 ng) is
1 bl anket of hydrogen gas applied to the
resulting mxture is stirred for 72 h at
g it ure. The catal yst is renoved by
filtrati® & the filtrate concentrated in vacuo, to
af ford H
1- Benzyl - 5- bi ot Pet hyl - pyrrolidin-2-one. 1H
NVR (DNS())H:MWSG (1H), 2.16 (2H), 2.63 (1H),
3.02 (1H), 3.63 (1H),04.21 (1H), 4.82 (1H 7.23 (2H),
7.30 (3H), 7.35 (3H), %Rgs ((%ED 7.57 (2H),. 7. 64 (2H).
Exanpl e 60: “a)
1- Benzyl 5- bi phenyl - 4-yl net hyl - pyrrolidin-2-one 50 ng
1- Ben he
whiesy e 3Bvs oA ag 2 ofF BHersngRaty. of gasheingl, hvdrogen
or gmitiogso lprdteding gndyp aid RO dtshyideogeer atalkye. 10 % PdJC, 50
% water wet ( 15 ng) is added and a bl anket of
hydr ogen gas applied to the vessel. The resulting
36m xtAu;rrecéss fort preparthgf acorhpdurat accomting terfpemwda (it)eor tabtomer, or
Slg@}?eé%ﬁ is renoved by filtration and the filtrate
C&htrated in vacuo, to afford
1- Benzyl - 5- bi phenyl - 4-yl net hyl - pyrrol i di n-2- one.

o) I

L (1)

-—2Z

wherein R1 is hydrogen or a nitrogen protecting group,

comprising reacting a compound according to formula (11), or tautomer, or salt thereof,

0¢Q ’”""\

| R6
R1 (11)

wherein R1 is hydrogen or a nitrogen protecting group and R6 is a leaving group, with
an activated (e.g. metallated) biphenylic compound, preferably with an '
biphenylmagnesium halide.



Spectroscopi c data reported in Exanple 59. Exanple 61:
(3R,
wG3)08H839sphenyl - 4-yl net hyl - 1- (2, 2- di rnet hyl pr opCTIREP10pS/@0142
- methyl pyrrolidin-2-one (B4a, Rl = pivaloyl) and (3S,
5S) - 5- bi phenyl - 4-yl et hyl -
(2, 2-di nmet hyl propi onyl ) - 3- et hyl pyrrolidin-2-one (2-a,
= pival oyl ) 250 ng
(S)-5-bi phenyl -4-yl met hyl pyrrolidin-2-one (1-a, Rl =
H is added to THF (4 m). The resulting mxture is
37t herbdée@ lbeﬁ)rﬂlﬁg 1()7&31%33?] ]wf@ejlgkhél%@gﬁbﬁh ofthé bb1nbbhr6doﬁ fdrmula
cl ohexane added and the resultin
(1 {fwih arse= g 7 Bumefupted bBhEm e ShPRMCHpRSY BlgeaandsidFe- or
Mri- &mayﬁ&ﬂadsaa&muh@ rédclibml Eénditions [ srefeirabily By theatise ofd-el,
£ é?t r at mmoni um chl oride solution (5 m), water (3
€ acetate (5 m) are added and the m xture
warmed to roon1tenperature The phases are separated .
The or ani c ha e |s ed wth brine
38 A GEEa AOCHNALD ¢ RGSEmIRIG eI Lo e FHm PR fgrmula
(1 ﬁfvf torzh a(c:&%teﬁ@ gSmbtanbtedybipenylicresmpburid takes place in the

h onyl ) - 3- et hyl pyrrolidin-2-one
presoite ofe fetal SpbARBNG and (35,
58) 5- bi phenyl - 4- ylnethyl 1- (2, 2- dinethylpropionyl) 3-

?\H E ?rsrfoalglfg i 9%5? F‘ﬁ ogbl@@s clegUP #é;@: :gy v)z;\greln the compound

of Rbﬁheléml nedr n‘aume”tj-bN\dR théspefc havisg a poafigladtionf @ocofdingito formula
11%)?—0 as in Exanple 6. Spectroscopic data for (2-b,
( S in Exanple 47.Clains 1. A conpound accordi ng

to fornmula (1), or tautoner, or salt thereof, wherein

Rl As-hydrogen or a nitrogen protecting group.
04_3\

R6
1 (11-a)

—2Z2

wherein R1 is hydrogen or a nitrogen protecting group and R6 is a leaving group.

40. A process for preparing a compound according to formula (1), or tautomer, or
salt thereof,

o : O

1 (1)

D—Z

wherein R1 is hydrogen or a nitrogen protecting group,

comprising the following steps:



2. A compound according to claim1, or tautoner, or
salt thereof, characterized in that the configuration

WO 2008083951i ng to fornmula (1-a) wherein Rl i s hpdr/Bpzens/000142
or a nitrogen protecting gtssup. 3. A conpound
according to claim1 or 2, wherein Rl is hydrogen. 4.
A conpound according to claiml or 2, wherein RL is a
nitrogen pr otecting group sel ect ed from pi val oyl ,

gé/(rar o'\}réj chep{g)gér&%%%oﬁé}t OX ?yu g%&) orta tho¥nér or saYt thereof,

trinmet hyI si | yet hoxynet hyl (SEI\/p. 5. A conpound
ing to any of clains 1 to 4, characterized in

wherein Rl is hydrogen or a nitrogen

o)
prot'gcting xgroup and R is hydrogen. 6. A conpound
acc |ngto 19 mula (V), or salt thereof wherein R1
i's hydrogen 0 nitrogen protecting group and RV is

hydrogen or an oxygen protecting group. 7. A conpound
o claim havi structure as shown in

Wh%g?%ﬂhqggﬁﬁérfg%% & ORE" Pg?g“i'ﬂ%rgﬁé"f’ar e i ndependently,

of each other, aryl or alkyl, preferably nethyl or

thyl.8 A d d
o 2 i BoBSIRE ) U R B BRSPS
meidllatexd) bjptheagEcompaaindite vbtginna onapaeet iacgorgingup formula (13),0r
tau‘ic?rﬂgrr, Iors’le,aqpthereort]yl ating a

1 (13)
wherein R1 is hydrogen or a nitrogen protecting group, and

c) reducing the compound according to formula (13), or tautomer, or salt thereof, to

obtain the compound according formula (1), or tautomer, or salt thereof.

41. A process for preparing a compound according to formula (13),or tautomer, or salt

thereof,

oWgat

|
R1 (13)

wherein R1 is hydrogen or a nitrogen protecting group,



compound according to fornula (1), or tautoner, or
salt thereof, wherein RL is hydrogen or a nitrogen
wWEe@Beg9sNg group, preferably nethylating a cor@DEPIN0S/000142
according to fornula (1-a)1860or tautoner, or salt
thereof, (1-a) wherein Rl is hydrogen or a nitrogen
protecting group. 9. A process according to claimS8,
conprising treating the conmpound of forrmula (1), or
oner_t of r salt thereof wt
sl RGHeR o P B gaastna el 5o o Brfie 2 e Butpmer. or
sabbthéresful a (1- a), or tautomer thereof, or salt
thereof. 10. A process according to cl ai m 8,
conprising: (a) treating the conmpound of formula (1),
Wommthereof or salt thereof, first with a
e then with a conpound of theforrmla YCO2R,
OWhe s hal ogen or -OR and wherein R and R are
i ndependentdy selected fromal kyl, aryl and aryl al kyl,
to oRtain a cdapound of fornula (20), or salt thereof,
(20) wherein R 1 is hydrogen or a nitrogen protecting
group, R11 is hydrogen and R10 is OR wherein Ris
wherdiy R1 ighydrogen ar g hitrloggh protecting group with an activated (e.g.

metallated) biphenylic compound to obtain the compound of formula (13).

42. A process for preparing a compound according to formula (1), or tautomer, or salt
thereof,

O l

1 (M

—2Z2

- wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising reducing a compound according to formula (13),or tautomer, or

salt thereof,

eWgal

|
R1 (13)

wherein R1 is hydrogen or a nitrogen protecting group,

to obtain the compound according formuia (1), or tautomer, or salt thereof.



b) reacting the resulting conmpound of formula (20)

W th a base and a nethylating reagent to obtain a
w@oooposare of fornula (20), or salt thereof, WhECEEP20RE/000142

i s hydrogen or a nitrogen m7otecting group, R11 is

methyl and R10 is OR wherein Ris alkyl, aryl or

arylalkyl; c) optionally, treating the conpound of

formula (20) wherein RL is hydrogen or a nitrogen

tecti RL1 i t hyl 0.is .OR wh i
oo PGk 5B Bty e 30T 2 Qe GG or
forhﬁmazeemh ?) ar\i;\%)(mb),.tcaita;tamem,rﬁosmﬁ thérebfohavd a tc()ﬂl@urattbh agbiding to
t her eqf , rein i, S rogen or a nitrogen
fo ee@?manééﬁ%sz' °hilat‘1°'f‘§'¥g‘é‘?fﬁ9/f and RIO i s Oh d)
treating the conpound obtained in step (b) or (c)

decar boxyl ati on conditions to obtain the
pound of Hfornmula (2). 11. A process according to

t he ‘tonpou of formula (20) is according to formula

(20-g 12. prQ%eis according to any one of clains 8

to 10, mhereiﬁ 12 onpound, or tautomer, or salt

t hereof, having a configuration according to fornul a

(2-a) is produced wherein R1 is hydrogen or a nitrogen

pr o 13.‘ﬂ/b ocess according to claim38

a0 ordv gto formula (1-a), or

ther®ots is used as starting

pound according to

I
R1 : (13-a)
wherein in above formulae R1 is hydrogen or a nitrogen protecting group.

44, A process for preparing a compound according to formula (1), or tautomer, or
salt thereof,

O ]

1 (M

A—2

wherein R1 is hydrogen or a nitrogen protecting group,
comprising the following steps:

a) providing a compound according to formula (14), or salt thereof,



formula (2-a), or tautonmer, or salt thereof, is
produced in a diastereoneric ratio of nore than 60 :
waospswberably of nmore than 70 : 30. 14. A prBCEEB2008/000142
according to claim9, whereisn t he conpound accordi ng
to fornmula (1), or tautoner, or salt thereof, is
characterized by having the configuration according to
formula (1-a) and wherein the conpound according to
formula (2) is produced in a ratio of diasteromners
(2/a) {o (2-b)of at least 80 : 20, preferably at | east
0 : 9. 15. A process according to clains 10 or 11,
wher®in the conpound according to fornula (1), or
t aut r, or salt thereof, is characterized by having
t he confléﬁkatlon accordlng to formula (1-a) and
wherei n the conpound according to fornula (2) IS
produced in a ratio of djasteroners S - é -59 of
b)at readingdee compounggaccardiiafedamula ¢4 cﬂfﬁ@"tﬂlff Plapitl 4fgrmyl
bighenfikto oBE 8icBmbbénd acaeraingltoXemaS (18), srosditansrdbs (1),
or tautoner, or salt thereof, is characterized by
havi ng t he conflguratlon accordlng to fornula (1-a)

and wherein the conpopsd~according to formula (2) is
pr ed in a , di gsteroners (2-a) to (2-b)of
¢ P

ocess for producing a
ofrmula (3) or a salt thereof
co i sing r edc ng a conpound accordlng to formul a
(2) ,gpr tautoner, or salt thqu

c) hydrogenating compound (15), or salt thereof, to obtain a compound according

to formula (16), or salt thereof,

I
R1 (16)
and

d) reducing the compound according to formula (16), or salt thereof, to obtain a

compound according to formula (1), or tautomer, or salt thereof,
wherein in formulae (14) to (16) R1 is hydrogen or a nitrogen protecting group.

45. A process for preparing a compound according to formula (16), or tautomer, or salt

thereof,



with a ring opening agent wherein in the above
formulae R1 and R2 are independently, of each ot her,
WwWhy@s0867 or a nitrogen protecting group and RBCT/BP2008/000142
hydrogen or al kyl.18. A prooess according to claim17
characterized in that a conmpound having a
configuration according to fornula (3-a) or a salt
t hereof is obtained wherein R1 and R2 are
i ndependent|ly, of each_gther, hydrogen or a nitrogen
nd R s, hydrogen or al kyl. 19. A
to s 17 or 18, wherein the
a ( 5 prepared according to the
protess of amny n@ of the clainms 8 to 16. 20. A
prockss according to claims 17 or 18, wherein Rl and
hydrogen and R3 is an (&hyl group. 2 1. A

R2 e
I cording to fornmul a
WA RA3: hithoBb POl e BRIRAHE BT Snsa)
saidrpecess tgmarisiogpypdnodenating it cempaundaacatding to-fenmulal15), or salt
tonmer, or salt thereof, b) nethylating the conpound

theg%%:*brdi ng to fornula (1-a), or tautoner, or salt

thereof, to obtain a conmpound according to formula
(2-a), or tautoner, or_salt thereof, c) reacting the
co nd according tg yla (2-a), or tautomer, or
saft thereof 2 openi ng agent to obtain a
o h? accl te la (3-a) or a salt thereof
l
R1

(15)

wherein R1 is hydrogen or a nitrogen protecting group.

to obtain the compound of formula (16).

46. A process for preparing a compound according to formula (1), or tautomer, or salt
thereof,

O l

1 (1)

A—Z

wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising reducing the compound according to formula (16), or salt

thereof,

NeWga¥



d) reacting a conpound according to fornmula (3-a) or a
salt thereof to obtain a conpound according to fornula
W@ 1@p/08396n salt thereof,wherein in the above fPRPCTEPRES/HR0142
1 and R2 are independentlyj90f each other, hydrogen or

a nitrogen protecting group and R3 is hydrogen or
al kyl. 22. A process for preparing a conpound
according to fornula (1), or tautoner, or salt
dro en or a nitrogen
Wr}?fﬂf'&?t'?ﬁgg)@% Bgr €8H’p9rgieglpﬁ‘8 ?"'I’l‘@ ¥R -owi ng steps: a)
to PHRIA thie@MPpoaadaEtoiding & RTLIAY1Y, Or fadtdiheraor sbit théteof.
tautomer, or salt thereof, wherein R 1 is hydrogen or
a nitrogen protecting group and R4 is a CO activating
479 APidcesB Yor fr@sdringta EdrepsLmarrusrdingaé eorehiul( 1), Corftauitommes or salt
%4% or salt thereof, or tautoner, with a biphenylic
th ound to obtain a conpound according to fornula
(5), or tautoner, or salt thereof,wherein R1is
hydrogen or a nitrogen.protecting group and c)

reduci ng a conpound @& conding to formula (5), or
taut omer, or salt t ereod
N g

, to obtain a conpound
or tautomer, or salt

or tautoner, or salt
RA1 (1
wherein R1 is hydrogen or a nitrogen protecting group,

said process comprising hydrogenating the compound according to formula (15), or salt

thereof,

L0

I
R1 (15)

wherein R1 is hydrogen or a nitrogen protecting group.

to obtain the compound according to formula (1), or tautomer, or salt thereof.

48. A process for preparing a compound according to formula (1), or tautomer, or salt
thereof,

o) l

1 (1)

—2Z



wherein RL is hydrogen or a nitrogen protecting group
and R4 is a CO activating group said process

W@ wp8®shg reacting a conpound of fornula (4)PCDEP2008/000142
tautoner, or salt thereof,19herein R 1 is hydrogen or
a nitrogen protecting group and R4 is hydroxyl, with
hydr oxybenzotri azol e. 24. A process for preparing a
compound according to fornula (5), or tautoner, or

sal.t thereof 5) wher ei n .S _hydrogen or a nitrogen
wisfeip s higbet 8l 3 O5iogeR PotetBOdHR i ng r eacti g a
saitprpeass toapeising inydrdgenitingttié sompdunddccordiigtoeformula (21), or salt

salt thereof, wherein R 1 is hydrogen or a nitrogen
thefedh ecting group and R4 is a CO-activating group, with
a bi phenylic conmpound to obtain the conpound of
formula (5), or tautone or salt thereof. 25. A
process for preparing pound according to fornul a
(1Y, oy tautgre hereof, (1) wherein R1 is

ro or A ot ecting group said process

co I Si r ey g a conpound according to fornul a
(5),épr t aut omer, or

o)

(21)
wherein R1 is hydrogen or a nitrogen protecting group,

to obtain the compound according to formula (1), or tautomer, or salt thereof.

49. A process for preparing a compound according to formula (1), or tautomer, or
salt thereof,

O l

1 (1

—=Z

wherein R1 is hydrogen or a nitrogen protecting group,

comprising the following steps:

a) providing a compound according to formula (14), or salt thereof,
R1 (14)
b) reacting the compound according to formula (14), or salt thereof, with 4-formyl

biphenyl to obtain a compound according to formula (15), or sait thereof,



salt thereof, wherein RL is hydrogen or a nitrogen

protecting groupto obtain the conmpound of fornula (1),
wW@ra0ansser, or salt thereof. 26. A process acRCI/EP2998/000142

to claim25, wherein the reduction conprises treatnent

wi th hydrogen and a catal yst. 27. A process according

to claim 26, wherein the catalyst is Pd/C. 28. A

process according to claim 27, wherein the Pd/C

catalyst is selected fromthe group consisting of 10 %

Pd/Ctype K- 0218, 10 %type PD CP 4505 DR 5 % Pd/C

peE—3 10 % Pd/ C type 39 (7200),

9 g/ C type 338, 10 % Pd/C type
@~ 3¢ (6065). 10 % Pd/ C type 394
) Pd/ @/ t ype 395, 10 % Pd/ C type 395 (6002),
% Pd/ C type~mod (72595), 15 % Pd/ C type A101023 and
LPd/C type A502085. 29. A( gy ocess accor ding to any
one of clainms 22 to 24, vvherelnthe CO activating
group is selected from di met hyl am no, norpholinyl,
I m daz ol tdamd
) br oakinine EEPEAPLOT Rk Yoo Mbtain 8Bl ouflgidang o
foreulg @ﬂB@”Wﬁ@f ar salt ereodbr mul a (4) is nor phol i nyl and
t he bi phenylic conpound used in step b) is a
bi phenyl magnesi um hal i de, or

C

gj

(21)

and

d) hydrogenating the compound according to formula (21), or salt thereof, to obtain
a compound according to formula (1), or tautomer, or salt thereof,

wherein in formulae (14), (15) and (16) R1 is hydrogen or a nitrogen protecting group.

50. A process for preparing a compound according to formula (1), or tautomer, or salt
thereof,

O l

1 (1

A—Z

wherein R1 is hydrogen or a nitrogen protecting group,
comprising the following steps:

a) providing a compound according to formula (14), or salt thereof,



R4 of fornmula (4) is chloride and the biphenylic

conpound used in step b) is biphenyl. 3 1. A process
wW@ewsngiony to any of clains 22 to 30, wherei n PECIEFEP2008/000142

configuration of the conpowsds of formulae (4), (5)

and (1), or tautoners, or salts thereof, is according

to fornulae (4-a), (5-a) and (1-a), or tautoners

t hereof (4-a),wherein Rl is hydrogen or a nitrogen

protecting group and R4 is a CO activating group. 32.

A process for preparing a conpound according to

fo (1) , or tautoner, or salt thereof, wherein Rl

sl _hydpogen or a nitrogen protecting group, conprising
O%he NOl Il ow ng steps: a) providing a conpound accordi ng

to fpbrmula (7), or salt thereof,wherein Rl and R2 are

i ndépendg¢nd) y, of each other, hydrogen or a nitrogen

protecting group, b) reacting a conpound according to

formula (7), or salt thereof, in a Wttig reaction to
b) obt aédttiag erangumpelindceesdinytto fornfutd (4),2or (sA)t thereofs @th 4-formyl

.thereof  wherein Rl and F re ind ndent | of each
biRYBAUTS ohipl S GERPRIRCL Ao AR B ol L WPk BergOhnd e
i s hydrogen or alkyl, c) reducing a conpound accordi ng
to formula (8), or salt _fhereof, to obtain a conpound

according to fornul a or salt thereof,wherein R1
an are i peFependen of each other, hydrogen or a

ro pro
T

R1 (15)
c) hydrogenating the compound (15), or salt thereof, to obtain the compound

according to formula (1), or tautomer, or salt thereof,
wherein in formulae (14) and (15) R1 is hydrogen or a nitrogen protecting group.

51. A process according to any one of claims 44, 45, 47, 48 and 49, wherein the
hydrogenation takes place under enantioselective hydrogenation reaction conditions.

52. A process according to any one of claims 44 to 51, wherein the compounds of
formulae (1) and (16), or tautomers, or salts thereof, have a configuration according to

formulae (1-a) and (16-a), or tautomers thereof,



group and R5 is hydrogen or alkyl, d) optionally
renovi ng the nitrogen protecting groups, thereby
W@ DRiaisdony a conpound according to fornula (10PCDEPZ08/000142
salt thereof wherein R5 isi4ydrogen or al kyl, and e)
reacting the conmpound according to fornula (10), or
salt thereof, wherein R5 is hydrogen or al kyl, under
ring-closing conditions to obtain a conpound accordi ng
to fornmula (1), or tautoger, or salt thereof, wherein
Rl is . 33. A proces pr epari ng a conpound
acgoray ng to S or salt thereof,wherein R1
aAd R2)\are, : v’ of each other, hydrogen or a
ni t rggen pPr otg ng group and R5 is hydrogen or al kyl,
saidlprocess conprising reacting a conmpound of formula
(7) Rlor salt thereof, wherei1®8)and R2 are

. f - i
WP RERSR ot R b op TN TRoRETh PlobRPhe

conpound of forrmula (8). 34. A process for preparing a

c ' r
sS{RPRREREIASEAA0R efrtheabrbil o Bro ol g erer
ot her, hydrogen or a nitrogen protecting group and R5
i s hydrogen or al kyl. [ﬁd process conprising reducing

a ound accordi ng O mula (8), or salt thereof,
ro or
T
R1 (15)

pendent|y, of each other,
wherein R1 is hydrogen or a nitrogen protecting group,

ot ecting

-
v,

said process comprising reacting a compound according to formula (14), or salt thereof,
RA1 (14)
with 4-formyl biphenyl to obtain the compound of formula (15).

54. A process for preparing a compound according to formula (21), or tautomer, or salt

thereof,

FsWga¥

R1 (21)
wherein R1 is hydrogen or a nitrogen protecting group.
said process comprising reducing the compound according to formula (15), or salt

thereof,



group and R5 is hydrogen or alkyl, to obtain the
conpound of formula (9). 35. A process according to
w@roosossedf clains 32 to 34, wherein the confiPBCr/EP10081000142

of the conpounds, or tautomsrs, or salts thereof, is
according to fornulae (1-a), or tautoner thereof, and
(7-a) to (10-a)(9-a)wherein in the above fornmulae R 1

and R2 are independently, of each other, hydrogen or a
nitrogen protecting group and R5 is hydrogen or al kyl.

36. A process for prep Ng a conpound according to
(O or salt thereof, wherein Rl
ger’ protecting group, conprising

fofmul\a (1)

L _hy en o '

reaN’ ng coypand according to fornmula ( 1 1), or
tautbner, or salt thereof, wherein Rl is hydrogen or a
nitr’?ﬂgen protecting group andi$6 is a | eaving group,

it ] j . . bi phenylic
whiich R T At b 6 fofln BRIRMMELEER, | 2 nosi um
to ehthindee sgmpaunst efdersmulatddor ding to cl ai m 36, wherein
the reaction of the conmpound of fornmula ( 11) wth an
activated (e.g. netallated) biphenylic conpound takes
55p| adepraeassfoerepaingvhcerpeungasdordingds ferowhd (16, or salt thereof,
reaction conditions, preferably by the use of FeC 3,
Fe(acac)3 or MiCl 2. 38. A process according to claim
36, wherein the reacts Qf the compound of formula (

11 nth an aetiyat ed nmet al | at ed) bi phenylic
cgnmpound tak
© N

R1 (16)

wherein R1 is hydrogen or a nitrogen protecting group,

comprising reacting a compound according to formula (14), or salt thereof,

R1 (14)
wherein R1 is hydrogen or a nitrogen protecting group,
with a 4-methyl biphenyl compound of the formula 4-biphenyl-CH,-X, wherein X is a
leaving group, to obtain a compound according to formula (16), or sait thereof, in the
presence of a base, preferably in the presence of a base and a chiral phase transfer

catalyst.

56. A process according to claim 55 wherein the configuration of compound (16), or

salt thereof, is according to formula (16-a)

R1 , (16-a)



presence of a netal salt additive. 39. A process
according to any one of clains claim36 to 38, wherein

wo b@sogaypound of formula ( 1 1), or tautomer, BCT/BRI0D8/000142
t hereof, having a confi gur#tsi on according to formula (
11-a) is used wherein R1 is hydrogen or a nitrogen
protecting group and R6 is a |l eaving group. 40. A
process for preparing a conpound according to fornmula
(1), or tautoner, or salt thereof, wherein Rl is
hydrogen or a nitrogen protecting group, conprising

whiehain Rdli$ bydrngersbeasitayem pmiedinggraupconpound accor di ng
to fornmula (12), or tautomer, or salt thereof, wherein
R1 is hydrogen or a nitrogen protecting group, b)

57r eadt progessdopprepdriridl2 tompourtdeadcoriing, todornada {18) harsattfthereof,
wWth an activated (e.g. netallated) biphenylic
compound to obtain a conpound according to formula

gaf i\t hereof, wherein R1 is

gt ecting group, and c)

ording to formula (13), or

of, to obtain the conmpound

according formuta (1), or tautomer, or salt thereof. 4

1. ARprocess for preparing a(qupound according to

formula (13),or tautoner, or salt

“wherein R1 is hydrogen or a nitrogen protecting group,

comprising reacting a compound according to formula (17) , or salt thereof,

R1 (17)
wherein R1 is hydrogen or a nitrogen protecting group,
with an organometallic reagent derived from 4-methyl biphenyl to obtain a compound

according to formula (15) , or salt thereof.

58. The use of a compound according to formula (1), or tautomer, or salt thereof,

o) l

1 (M.

A—2

wherein R1 is hydrogen or a nitrogen protecting group, in the synthesis of an NEP-

inhibitor or a prodrug thereof.



t hereof, wherein Rl is hydrogen or a nitrogen
protecting group,said process conprising reacting a

W@ 209p08a967 according to fornula (12), or tautoneCT/ER2008/000142
salt thereof, wherein R 1 1% hydrogen or a nitrogen
protecting group with an activated (e.g. netall ated)
bi phenyl i ¢ conpound to obtain the conpound of fornula
(13). 42. A process for preparing a conpound according

to formula (1 r _fautane or,,salt thereo wher ei n
59”1 e s debarbinadp cla sBr Bhers™ g Batnppulil. 8 biyther ot et
thgreofc hasa comfyurationgaceeding to foramutp(tpglund according to

formula (13),or tautomer, or salt thereof, wherein Rl

i s hydrogen or a nitrogen protecting group, to obtain

t he conpound accordi pgfQrnula (1), or tautoner, or
salt thereof.43. A 4s according to any one of
d t he conpounds of fornmul ae

claims 40 to 42 :
tautonmers, or salts thereof, have a
prding to fornmul ae (12-a) and (13-a),
o PG : , Wherein in above fornmulae Rl is

hydriwgen or a nitrogen protecting group. 44. A process
for lkgrepari ng a conpound according to forrmula (1), or
t aut r, or salt thereof,(1-a)

wherein R1 is hydrogen or a nitrogen protecting group.
60. The use according to claim 58 or 59, wherein the NEP-inhibitor prodrug is N-(3-
carboxyl-1-oxopropyl)-(4S)-(p-phenylphenylmethyl)-4-amino-(2R)-methyl butanoic acid

ethyl ester or salt thereof.

61. A compound according to formula (2), or tautomer, or salt thereof,

2

wherein R1 is hydrogen or a nitrogen protecting group, preferably having a
configuration according to formula (2-a), or tautomer, or salt thereof,

(2-a).



wherein R 1 is hydrogen or a nitrogen protecting
group, conprising the follow ng steps: a) providing a
W@ 209p08a967 according to fornula (14), or salt PCT/EP2008/000142
t hereof, (14) b) reacting ti8 conpound according to
formula (14), or salt thereof, with 4-fornyl biphenyl
to obtain a conpound according to fornmula (15), or
salt thereof, c) hydrogenating conmpound (15), or salt
thereof, to obtain a conmpound according to formula
(16), or salt thereof, and d) reducing the conpound
62ac c d¥ chimppund acoendingao cladh 61owheraint inférerudan(2-a)x R1 sthyalregen or a

oo BRALARGRAE Y Soofed fion B ahd | pufloxhhaiTF ROt
hydrogen or a nitrogen protecting group 45. A process
for r 6), or

63, auf SRR belo ERERG K AERT ol ol R sbbredt ), ©
nitrogen protecting group. said process conprising

enati ng the conpound according to formula (15),

t hexeof , wherein RL is hydrogen or a nitrogen

wherein R1 is hydrogen or a nitrogen protecting group and R4 is morpholinyl preferably

having a configuration according to formula (4-a), or tautomer thereof

W

N
| R4
R1 (4-a)

wherein R1 and R4 are defined as above in formula (4).

64. A compound according to formula (8), or salt thereof,

wherein R1 and R2 are independently, of each other, hydrogen or a nitrogen protecting
group and RS is hydrogen or alkyl, preferably having a configuration according to

formula (8-a)



46. A process for preparing a conpound according to
formula (1), or tautoner, or salt thereof, wherein Rl

WO 3008989emen or a nitrogen protecting group, SBETIEP2008/000142
process conpri sing reduci ngst he conpound according to
formula (16), or salt thereof, (16)wherein R1 is
hydrogen or a nitrogen protecting group. to obtain the
compound according to fornula (1), or tautoner, or
salt thereof. 47. A process for preparing a conmpound
according to fornmula (1), or tautoner, or salt

. eof, wherein RL is hydrogen or a nitrogen

{lecti ng group, said process conprising

agepat ng the conpound according to fornmula (15),

eof, wherein Rl is hydrogen or a nitrogen

formul a ‘ of tautoner, or salt thereof. 48. A
process for prgparing a conmpound according to fornul a

(1), or &guto‘ ® thereof, (1)wherein Rl is
hydr ogenor-M ni t]T oger]f protecti ng group,
/ H o
R1
RS (8-a).

65. A compound according to formula (9), or salt thereof,

R2—y
R1 SN

R5 (9)

wherein R1 and R2 are independently, of each other, hydrogen or a nitrogen protecting
group and R5 is hydrogen or alkyl, preferably having a configuration according to

formula (9-a)



sai d process conprising hydrogenating the conpound

according to fornmula (21), or salt thereof, wherein Rl
WO 3008989emen or a nitrogen protecting group, tBCDBPADSI000142

t he conpound according to fwrnula (1), ortautoner, or

salt thereof. 49. A process for preparing a conpound

according to fornmula ( 1), or tautoner, or salt

thereof, wherein R 1 is hydrogen or a nitrogen

oeD! O BB R SRR B RSt eR,
salt thereof, (14) b) reacting the conpound accordi ng
t hereof, with 4-fornyl

toforrrula(14), or sal

bi phenyl to obtain a ound according to formul a
(1% or salt \ educi ng the compound (15),

Zai-A a conmpound according to

O o a automer, or salt thereof, and d)
hydrlogen ng t he conpound according to for mula (21),
or salt tf 'éreof to obtain a § ound according to
formula (1), or tautoner, or salt thereof, wherein in

formul ae (14), (15) and (16) Rl is hydrogen or a
whBteid RY 5 mRIrderCdr! 4'8itr85@Y Protecting group, preferably having a

configuration according to formula (13-a), or tautomer thereof,

FoWgaV

OH
1 (13-a).

D—2Z

67. A compound according to formula (15), or salt thereof,

eWga¥

I
R1 (15)
wherein R1 is hydrogen or a nitrogen protecting group.

68. A compound according to formula (16), or salt thereof,

I
R1 (16)



50. A process for preparing a conpound according to
formula (1), or tautoner, or salt thereof, wherein Rl

WO 20089896men or a nitrogen protecting group, CRPOPEPR0SIG0142
the followi ng steps: a) pramidi ng a conmpound accordi ng
to fornmula (14), or salt thereof,(14) b) reacting the
conpound according to fornula (14), or salt thereof,
with 4-fornyl biphenyl to obtain a conpound according

to.faornula (15), or_salt thereof, c) hydrogenating the
whetsin BT h{orogsn o4 nGBen piri s oreu. BIRSTRRY g &
cofifjipationchcasaigton@nivta (&gl a (1), or tautomer, or
salt thereof, wherein in fornulae (14) and (15) R 1 is
hydrogen or a nitrogen protecting group. 5 1. A
process according to aeg~one of clains 44, 45, 47, 48
enat i on takes place under
dtion reaction conditions.

1, &-eonpounds of fornulae (1) and (16), or

tautgners, or salts thereof,(q§$ a configuration

according to fornulae (1-a) an ?16-a), or tautoners

thereof, (1-a)wherein in above formulae R1is

60X b ABEEPL A INBER. BTG LhngleBp- 53, A process
or preparing a taompound ‘act

ording to’'formula (15), or

salt thereof,

(20),

preferably having a configuration according to formula (20-a)

R10

(20-a),

wherein in the above formulae R1 is hydrogen or a nitrogen protecting group, R10 is a
group which can be saponified and/or decarboxylated and R11 is hydrogen or methyl.

70. A compound according to formula (5), or salt thereof, in crystalline form,



wherein R 1 is hydrogen or a nitrogen protecting
group, said process conprising reacting a conpound
wa@ewsngiony to forrmula (14), or salt thereof, WECTEP2008/000142
4-formnyl bi phenyl to obtai22the conpound of fornula
(15). 54. A process for preparing a conpound according
to formula (21), or tautonmer, or salt thereof, wherein
R1 is hydrogen or a nitrogen protecting group. said
process conprising reducing the conpound according to
formula (15), or sal reof ,wherein R 1 is hydrogen
or a nitrogen proteq group, to obtain the conpound
of fornula ( ocess for preparing a

Z \
0 to formula (16), or salt thereof,
. hyd

rogen or a nitrogen protecting group,
{ reaeting a conpound according to fornula
(14) dalt thereof, (14) wherein R1L is hydrogen or
a nu&rogeﬁ)protectlng group, ﬁLth a 4-net hyl bi phenyl
conpound of the formnula 4- b| nyl-CH 2-X, wherein X
whegeim Rl eenifrogengprotegting groapt preferably baying a doafigurativmacdooding to
fmﬁgkmgl (16), or salt thereof, in the presence of a

referably in the presence of a base and a
chiral phase transfer

R1 (5-a)

o

71. A compound according to formula (21), or tautomer, or salt thereof,

I
R1 (21)
wherein R1 is hydrogen or a nitrogen protecting group.

72. A compound according to formula (22), or tautomer, or salt thereof,



catal yst. 56. A process according to claim55 wherein
the configuration of conpound (16), or salt thereof,
WO 2008083951i ng to forrmula (16-a) (16-a)wherei n RCIWEP208/000142
hydrogen or a nitrogen protscti ng group. 57. A process
for preparing a conpound according to formula ( 15),
or salt thereof, wherein R 1 is hydrogen or a nitrogen
protecting group, conprising reacting a conpound
accordlng o formula (17) , or salt thereof, (17)
wher ei n hS hydrogen or a nitrogen protecting
gr oup, an organonetallic reagent derived from
4- et hyl ~phenyl to obtain a conpound according to
formula (35) , or salt thereof. 58. The use of a
agcording to fornula (1), or tautoner, or
, Wherein Rl is hydrogen or a nltrogen
group, in the synthesis of an NEPi nhi bitor
ug thereof.59. The use according to claim
Nergi n the conmpound, or tautoner, or salt
£~ has a configuration according to formula
O(1-. grein R1 is hydrogen or a nitrogen protecting
gro%g. 50. The use according to claim58 or 59,
wherdi n t he NEE2) nhibitor prodrug is N (3-

wherein R1 is hydrogen or a nitrogen protecting group.

73. A compound according to formula (7), or salt thereof,

RZ\N

(N

wherein R1 and R2 are independently, of each other, hydrogen or a nitrogen protecting
group, preferably having a configuration according to formula (7-a)

RZ\jﬂ/h\7%¢o

R1 H (7-a)



car boxyl -

- oxopropyl )-(4S) - (p-phenyl phenyl net hyl ) - 4-am no-(2R)-m
w@eeplos3set anoi ¢ acid ethyl ester or salt ther eRET/EB2008/000142

A conpound according to foeagula (2), or tautomer, or

salt thereof, wherein R1 is hydrogen or a nitrogen

protecting group, preferably having a configuration

according to fornula (2-a), or tautoner, or salt

there ing to. clai 1
4, R B &R [ e 2 CoFRTRRCHarBRGa By 2 frage or ot
thepeaft ecti ng group sel ected from pival oyl and

t - but yl oxycarbonyl (BOC). 63. A conmpound according to

formula (4), or tautonmer, or salt thereof, wherein Rl

is hydrogen or a nit protecting group and R4 is
nor phol i nyl pr ef er aly Avi ng a configuration
according to nul 2 a), or tautoner thereof
P are defined as above in fornula (4).
ording to formula (8), or salt

" Rl and R2 are independently, of each
ot hdy, hydrogen or a nitrogen protecting group and R5

IS drogen or al kyl, preferably havi ng a

configuration accor d| ng t 8% ormul a (8-a)65. A conpound

according to fornmula (9), or salt thereof, wherein Rl

and R2 are independentl of each ot her, hydrogen or a
whgrein Bddhhyireeetes ?1@'"@9?1{5’05‘?93”9@“1”8 hydr ogen or al kyl,
compadifg el fislidvang B@pa: configuration according to

a) providing a compound according to formula (6), or salt thereof,

(6)

b) reacting the compound according to formula (6), or salt thereof, with an
organometallic reagent derived from 4-methyl biphenyl to obtain a compound according
to formula (22), or salt thereof,

-0

1 (22)

D—2

c) dehydrating the compound of formula (22), or salt thereof, to obtain the

compound according to formula (21), or tautomer, or salt thereof,



formula (9-a) (9-a)66. A conpound according to fornula
(13), or tautoner, or salt thereof, wherein R1 is
wWhy@sogpas7 or a nitrogen protecting group, prefRCHBP2008/000142
having a configuration accasding to fornmula (13-a), or
tautoner thereof , 67. A conmpound according to formula
( 15), or salt thereof, wherein R 1 is hydrogen or a
nitrogen protecting group. 68. A conpound according to
formula (16), or salt thereof, (16)wherein R1is
O ecting group, preferably

(20 h) wherein in the above formulae R 1 is hydrogen
or &Rhitrogen protecting grougi) RI0 is a group which
can be saponified and/ or decarboxylated and R11 is
hydrogen or nethyl. 70. A conmpound according to

d) hpdrogeraatind the compalrid (2 e oesdlt thereof; ity sbtain tha@ompound according

Qr rein lan Qgep protecting group,
t°&f@mg\r/@glof/kar%?m%rgoﬁs%éﬁ?fe%@ﬂr ation according to formul a
whekeim)n fédmulde (®)NTR2)add &) & idE hgdroged or amitr@géR pFotecting group.

tautoner, or salt thereof, wherein RL is hydrogen or a

ni trogen protecting group.
75. A process for preparing a compound according to formula (22), or salt thereof,

Tt
R1 (22)

wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising reacting the compound according to formuia (6), or salt

N

thereof,

N

I
Rt (6)
wherein R1 is hydrogen or a nitrogen protecting group,
with an organometallic reagent derived from 4-methyl bipheny! to obtain the compound

according to formula (22), or salt thereof.

76. A process for preparing a compound according to formula (21), or salt thereof,

FeWga¥

R1 (21)

wherein R1 is hydrogen or a nitrogen protecting group,



72. A conpound according to formula (22), or tautoner,
or salt thereof,wherein RL is hydrogen or a nitrogen
wWEe@BMeg®sNg group. 73. A conpound accordi ng t oP¢DEP2DE000142
(7), or salt thereof, whergmién RL and R2 are
i ndependently, of each other, hydrogen or a nitrogen
protecting group, preferably having a configuration
according to fornula (7-a) (7-a)74. A process for
eparing a compoun ccording to formpul 1),
safl B ens B S GaE b daRaos comas aroRiona Bpdtugdiaopr st
thérebft ogen protecting group, conprising the follow ng
steps: a) providing a conmpound according to fornula
(6), or salt thereof, (6) b) reacting the conpound
according to fornula (&F~\or salt thereof, with an
derp ved from 4-net hyl biphenyl
¢ scco/ding to formula (22), or
5 ~ fehydrati ng the conpound of fornula
(22)N or salt\:-hereof, to obtain the conmpound
acco&ﬁing to formula (21), or g utonmer, or salt
t hereof ,d) hydrogenati ng the @ ﬁpound (21), or salt
wHebein &ifis hjdrogdi ad anitloges pravedting geaupor di ng to fornul a

r tautoner, or. salt thereaf, wherein in formlae
to pipin (35 sp e e ias Fa ol 5 BnerdPUG R rsbferedt
protecting group.
77. A process according to claim 74, wherein the hydrogenation takes place under

enantioselective hydrogenation reaction conditions.

78. A process according to claims 74 or 77 wherein the compound of formula (1), or
tautomer, or salt thereof, has a configuration according to formulae (1-a), or tautomer

thereof,

eWa el

R1 (1-a).

wherein in above formulae R1 is hydrogen or a nitrogen protecting group.

79. A process for producing a compound according to formula (18) or a salt thereof



75. A process for preparing a conpound according to
formula (22), or salt thereof, wherein Rl is hydrogen
W@®@R008/08896T ogen protecting group, said process PCT/EP2008/000142
conprising reacting the compgound according to fornula
(6), or salt thereof, (6) wherein R 1 is hydrogen or a
nitrogen protecting group, with an organonetallic
reagent derived from 4-nmethyl biphenyl to obtain the
cQnpound according to fornula (22), or salt thereof.
A process for preparing a conpound according to
la (21), or salt thereof, wherein Rl is hydrogen
LA~ TRgen protecting group, said process conpri sing
wherein Rl is hydrogen or a nitrogen
0 obtain the conpound according to
formula (21), Zor tautoper, or salt thereof. 77. A
process ac [ aim 74, wherein the

a conpound according to fornmula (22), or

hydr ogenat t akes phace under enanti osel ective

hydr ogenat | reacti ofcopditions. 78. A process
accordi ngpto ainms 74 or \7/7 wherein the conmpound of
fornula'%%), tautoner, or salt thereof, has a

confi guraty according to fornulae (1-a), or tautoner

o) (18)
comprising the steps

a) providing a compound according to formula (1), or tautomer, or salt thereof,

eW e

|
R1 (1)

b) methylating the compound according to formula (1), or tautomer, or salt thereof,

to obtain a compound according to formula (2), or tautomer, or salt thereof,

H3C I O
O

1 | )

0—2



thereof, wherein in above fornmulae Rl is hydrogen or a
nitrogen protecting group. 79. A process for producing
wa@2esngsvend according to forrmula (18) or a sal BCT/EP2008/000142

t her eof conpri sing the stepssa) providing a conmpound
according to fornula (1), or tautoner, or salt
thereof, b) nethylating the conpound according to
formula (1), or tautomer, or salt thereof, to obtain a
compound according to fornul 2),.,.0r tautoner, o
o) ol Feaian 35 Sormagih Fchtinedy Tehld chmatoREE o arhihares.
withad iing epenihg agent tavbtaires condfoundlatcdriing @ formaid (3) ar &isal
ogqning agent to obtain a conpound according to
ther80fula (3) or a salt thereof d) reacting a conpound
according to fornula (3) or a salt thereof to obtain a
cQnpound according to fornula (18) or a salt thereof,

]ein in the above fornulae R1 and R2 are
gpendently, of each other, hydrogen or a nitrogen

e HMRgroup and R3 is hydrogen or al kyl. 80. A
proces rdi ng to claim79, wherein the conpound of

8 or tautoner, or salt thereof, is prepared
according”to the prgcess defined in any one of clains

81. The gy ecord/ng to claim79, wherein
R/1 O—R3 4
d) reacting a compound according to formula (3) or a salt thereof td obtain a

compound according to formula (18) or a salt thereof,
wherein in the above formulae R1and R2 are independently, of each other, hydrogen or

a nitrogen protecting group and R3 is hydrogen or alkyl.

80. A process according to claim 79, wherein the compound of formula (1), or tautomer,
or salt thereof, is prepared according to the process defined in any one of claims 22, 25,
32, 36, 40, 42, 44, 46, 47, 48, 49, 50 or 74.

81. The process according to claim 79, wherein

- the compound of formula (1), or tautomer, or salt thereof, is prepared according
to the process defined in any one of claims 22, 25, 32, 36, 40, 42, 44, 46, 47, 48, 49, 50
or 74, and

- the compound of formula (2), or tautomer, or salt thereof, is prepared according

to any one of claims 8 to 16.

82. A process according to any of claims 79 to 81, wherein the configuration of the
compounds of formulae (1), (2) and (3), or tautomers, or salts thereof, is according to

formulae (1-a), (2-a) and (3-a), or tautomers thereof,



the conpound of fornula (1), or tautoner, or salt
thereof, is prepared according to the process defined
w0 pooang3oone of clainms 22, 25, 32, 36, 40, 42, BAI/EER)8/000142
47, 48, 49, 50 or 74, and 2de conpound of fornula (2),
or tautoner, or salt thereof, is prepared according to
any one of clains 8 to 16. 82. A process according to
any of clainms 79 to 81, wherein the configuration of
t he conmpounds of for ae (1) , (2) and (3), or

tautoners, or salts ﬁof, Is according to formnul ae
¢f tautoners thereof,83. A
oxfernmula (3), or salt thereof, in

(1-a), (2-a) and (3-
‘wherein RL and R2 are independently,

confjguration according to fornula (3-a)84. A conpound
accartding to claim83, whereifg4fl and R2 are hydrogen
and R3 is alkyl. 85. A _conpound according to formula
(2), or tautoner, or thereof, in crystalline

rm wherein Rl is [ [

a configuration according to
tautoner t hereof, 86. A crystal form
- 5- bi phenyl - 4-yl - 2- net hyl pent anoi c

R1 (2-a)

R/1 O—R3 3

83. A compound according to formula (3), or salt thereof, in crystalline form,

RZ\N

O
(3)
wherein R1 and R2 are independently, of each other, hydrogen or a nitrogen protecting
group and R3 is hydrogen or alkyl, preferably having a configuration 'according to

formula (3-a)



ester hydrochloride, the term"crystal fornf including

a solvate form87. A crystal formaccording to claim
wW@2eoosasawa? Modi fication A, characterized by an PETRED2008/000142

powder diffraction pattern2z®how ng the follow ng peaks

gi ven at degrees 2Theta +/- 0.2 degrees: 17.0, 18.3,

22.2, 22.7 and 24.0 88. A crystal formof (2R

4S) - 4- am no- 5- bi phenyl - 4-yl - 2- net hyl pent anoi ¢ aci d
drochloride, the term"crystal fornf including a
Solyate form 89. A crystal formaccording to claim
86, |{|wherein the space group is nonoclinic C2. 90. A

2 gcording to forrmula (9), or salt thereof, in
form wherein Rl and R2 are independently,
&y, hydrogen or a nitrogen protecting
group, preferably and R2 are hydrogen, and R5 is
hydr ogen or alkyl, ably having a configuration
-a), (9-a).

e OTR (3a).

84. A compound according to claim 83, wherein R1 and R2 are hydrogen and R3 is
alkyl.

85. A compound according to formula (2), or tautomer, or salt thereof, in crystalline

form,

)

wherein R1 is hydrogen or a nitrogen protecting group, preferably having a

configuration according to formula (2-a), or tautomer thereof,

(2-a).

86. A crystal form of (2R, 4S)-4-amino-5-biphenyi-4-yl-2-methyipentanoic acid ethyl
ester hydrochloride, the term “crystal form” including a solvate form.



WO 2008/083967 PCT/EP2008/000142
211

87. A crystal form according to claim 86 named Modification A, characterized by an X-Ray
powder diffraction pattern showing the following peaks given at degrees 2Theta +/- 0.2
degrees: 17.0, 18.3, 22.2, 22.7 and 24.0

88. A crystal form of (2R, 4S)-4-amino-5-biphenyl-4-yl-2-methylpentanoic acid

hydrochloride, the term “crystal form” including a solvate form.

89. A crystal form according to claim 86, wherein the space group is monoclinic C2.

90. A compound according to formula (9), or salt thereof, in crystalline form,

R2— N

R/1 0\

wherein R1 and R2 are independently, of each other, hydrogen or a nitrogen protecting
group, preferably R1 and R2 are hydrogen, and R5 is hydrogen or alkyl, preferably

having a configuration according to formula (9-a),

Rz\/N/\/Y °

R1 SN
RS (9-a).



