PROCESS AND INTERMEDIATES FOR THE PREPARATION OF 5-
BIPHENYL-4-YL-2-METHY LPENTANOIC ACID DERIVATIVES

The invention relates to a new process for producing NEP inhibitors or prodrugs
thereof, in particular NEP inhibitors comprising a y-amino-3-biphenyl-a-methylaikancic

acld, or acid ester, backbone,

Endogencus atrial natriuretic peptides (ANP), aisc 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 comrespond to the enzyme neutral endopeptidase {NEP, EC

3.4.24.11), also responsible for e.9. the metabolic inactivation of enkephalins.

in the ant biaryl substitited phosphonic acid derivatives are knowr: which are useful as
neutral endopeptidase (NEP) inhibitors, €.g. as inhibitors of the ANF-degrading enzyme
in mammals, so as 10 proiong and potentiate the diuretic, natrivretic and vasodilator
properties of ANF in mammals by inhibiting the degradation thereof {0 less active
metabalites, NEP inhibitors are thus particuiarly useful for the treatment of conditions
and disorders responsive o the inhibltion of neutrai endopeptidase (EC 3.4.24.11),
particularly cardiovascular disorders such as hyperiension, renal insufficiency inciuding
edema and salt retention, puimenary edema and cengestive heart failure.

Processes for praparing NEP-inhibitors are known., US 5217 996 describes blaryl
substitvted 4-amino-butyric acid amide derivatives which are useful as neutral
andopeptidase {NEP) inhibitors, e.g. as inhibitors of the ANF-degrading enzyme in
mammals. U8 § 217 996 discloses the preparation of N-{3-carboxyi-1-oxopropyi)-{4S)-
{(p-phenylphenylmethyl)}-4-aminc-(2R)-methy!  butancic acid ethyl ester. In the
preparation of said compound N-t-butoxycarbonyl-(4R}:{p-phenyiphenyimethyi}-4-
amino-2-methyl-2-butencic acid athy! ester is hydrogenated in the presence of
palladivum on charceal. A major drawback of said process is that such a hydrogenation
step is not very seiective and yields N-t-butoxycarbonyi-(48)-{p-phenyiphenyimethyi}-4-
amino-Z-methylbutanscic acid ethyl ester as a 80:20 mixture of diastereomers.
Moreover, the process for preparing N-t-butoxycarbonyl-{4R}-(p-phenyiphenyimethyl}-4-
amino-(2methyl2)-butenoic acid ethyl ester requires D-iyrosine as starting material,

which is an unnatural amino acid and is not readily available.
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it was hence an object of the present invention to provide an aiternative reaction route
for preparing compound N-t-butoxycarbonyl(48-{p-phenylphenylmethyli}4-aminc-2-
methvibutanoic acid ethyl ester, or sait therec!, preferably a reaction route which avoids
the above-mentioned drawbacks of the prior art process.

it was a further object of the present inventicn {0 provide an alternative hydrogenation
step in a process for producing NEP inhibitors or pradrugs thereof. In pariicular it was
an object to provide an altemative process for producing compounds aceording fo

formula (1), or sali thereof,
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wherein R1 and R2 are, independently of sach other, hydrogen or a nitrogen protecting
group, and R3 is a carboxyl group or an esier group, preferably carboxyl group or atkyl
ester. Compounds of formula (1) can be used as intermediates in the preparation of
NEP irhibitors, or prodrugs thereof, in particutar NE® inhibitors comprising a y-amine-5-

biphenyl-a-methylalkanoic acid, or acid esler, backbone, preferably N-(3-carboxyl1-
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oxopropyl}-(4S)-(p-phenylphenylmethyl}<4-aminc-(2R)-methyl butancic acid ethyl ester,
for example, as described in the Joumnal of Medicinal Chemistry, 1985, 38, 1688,

It was a slili further object o provide a pracass for producing compounds acoording to
formulae {1-a) and {1-C), or salls thereof, wherain R1, R2 and R3 are defined as above,
having a high diastereomeric ratio. Preferably, it was an object to provide a process for
otiaining a diastereomeric ratic of compounds according to formuta {1-a), or salts
therecf, to compounds according to formuda (1-b}, or salts thereof, of at least 80 : 28,
more preferably of at least 90 : 10, most preferably a ratic of (1-a} to (1-b} of at least
99 : 1. It was also an object to provide a process in which the compounds according fo
formula {1-h), or saits thereof, can be completely removed and compounds according t¢

formula {1-a}, or salts thereof, can be provided in pure form,
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The new processes, according to the presert invention, for producing compeunds

according to formula (1), or salt thereof, as defined herain, are sunwnarized in Scheme
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Namely, a compound of formula (8) is converted into a compound of formuia (7), or salt
thereof, whaerein R1 is hydrogen or a nitregen protecting group, according to a method
described in Section A. Next, the compound of formuia (7), or sait thereof, as described
above, is converted into the compound of formula (1) or salt thereof, according to
methods 1 or 2, wherein

- method 1 comprises

a) any one of the methods in Section B io convert (7) into (4),

b} any one of the methods in Seclion C to convert (4} inte (2), and

c) any one of the methods in Section C to convert (2} into (1);

- method Z comprises;
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a} any one of the methods in Section D to convert (7) into (3}, and
b} conversion of the compound of formula (3) inte (13, for exampie, as describad n
Eurcpean patent application 07 100451.8 or WOZ2008/083467.

As discussed below, Sections A, B, C and D as such are also preferred embodiments of
the present invention.

Section A: Preparation of 2 compound of formula (7)

in one aspect, the present invention relates to a process for preparing a compound of
formula (7), or salt thereof,

6]

wherein R1 Is hydrogen or a nitrogen prolecting group and, RS and R7 are,
independently, an alkyl group, an aryl group, an andatkyl group, a cycloatkyl greup or
together R6 and R7 form a cycle, iogether with the nifrogen to which they are aftached,
which cycie may be saturated or unsaturated and may optionally contain one or more
heteroatoms, such a nifrogen, oxygen or sulphur, whereby the cycle contains 3 t0 &,
such as 4 to 7 ring aloms, said process comprising reacting a compound of formuia (8},

or salt thereof,

A
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wherein R1 is hydrogen or a nitrogen proteciing group, with an amine of formuta {(13),

(14} or {15}, or mixiures thereof,

R6 R7 R6 R?
\N/ \N/
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Mok, w (14), 07 707 s

wherein each R6 and each R7 ars, independently, an alkyl group, an aryl group, an
arylatkyl group, a cycloalkyi group or together RE and R7 form a cycle, together with the
nitrogen te which they are aftached, which cycle may be saturated or unsaturated and
may opticnatly contain one or more hetercatoms, such a nitrogen, oxygen or suiphur,
wharaby the cycle contains 3 to 8, such as 4 to 7 ring atoins, and each R8 is,
independently, an alkyl group, an aryl group ¢r an arylalky! groug to obtain the compound

of formuia (7).

The reaction to obtain the enamine of formula (7} can take place neat or in any inert
soivent, preferably in an aprotic solvent such as halogenated hydrocarbons, such as
methylene chloride; ethers, such as THF, dimethoxyethane, or dioxane; or arematic
solvents such as benzene, chlorobenzene, toluene, phenyiethane or xylenes or rmixtures
thereof. Preferably the solvent is tolusne or THF. Yypically, the reactlon can be
conducted at 0 °C to reflux, preferably 0 to 200 °C, more preferably 20 to 140 °C, vet
more preferably 4G to 1008 °C, most preferably 80 to 90 °C.

Preferred examples of the amines of formulae (13}, {14} and (15} include Bredereck’s
reagent {fer-butoxybis{dimethylaminc)methane}, tert-butoxybis{diethylaminojmethane,
methoxybis(dimetnylamino)rethane, fer-pentoxy-bis{dimethylamino)methane,
tns{dimethylarminc)methane, tris{diethylamino)methaneg, and N,AN-dimethylformamide
dimethylacetal (CMFDMA), N N-dimethylformamide diethylacetal, N, N-
dimethylformamide dilsopropylacetal, N.N-gimethyiformarmide di-tert-butylacetal, N N-
dimathylformamide di-tert-pentoxyacetal, or mixtures thereof.

in one embodiment the amine of formuila (14) is preferabiy the Bredereck’s reagent or

tert-pentoxy-bis(dimethylamino)methane. in another embodiment, the amine of formuia
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(13} is preferabiy tris{dimethylamino)methane. in stifi another embediment, the amine of
formula (15} is preferably N N-dimethviformamide di-terl-butylacetal or N N-
dirnethylformarnide di-tert-pentoxyacetal. The amine of formulae {13), (14) or {15), or
mixtures thereof, can he used in an amount of 1.G to 1€ eguivalents, preferably 3 to 10
equivalents, more preferably 3 to 6 equivalents, such as 3 equivaients. Ogplienally, an
alcohn| may be prasent, preferably an alkyl aicohe! such as 1-buianol, 2-butanol, tert-
butanol or 2-methyl-2-butancl. Typically, the alcchel can be used in an amountof 1.0 to
10 equivalents, preferabiy 3 to 10 equivalents, more preferabiy 3 to € equivalents, stch
as 3 equivalents. in one embodiment, the alcohol can be used with (13) to make (14)

and/or (15) in sliu,

These amings can be purchased from suppiiers, such as Aldrich, Fiuka or Acros, or can
pe obfained according to methods known in the art, for example as described in.Adv.
Synth. Catal., 2004, 346, 1081; Encyclopedia of Reagents for Organic Synthesis, 2007,
DO 10.1002/8780470842688.10350 pub2; Tetrahedron Lett., 1983, 25, 285;
Encyclonedia of Reagents for Organic Synthesis, 2007, DOL
10.1002/047084283X.11403; Synlett, 2606, 809; Recuell des travaux chimiques des
Pays-Bas, 1968, 88, 28%; J. Org. Chem., 1885, 50, 3573; 4. Org. Chem., 1880, 45,
3986; Chem. Bar,, 1968, 101, 1885; 4. Chem. Soc., Perkin Trans. 2, 1885, 1669;
Angew. Chem,, Int. £d., 1862, 1, 331; Chem. Ber., 1868, 101, 41; Chern. Ber., 1948,
101, 51; Liehigs Ann. Chem,, 1872 762, 62; Science of Synthesis, 2005, 22, 795; J.
Am. Chem. Scc., 1861, 83, 2588 or in J. Org. Chem., 1862, 27, 3664, or according to

metheds in Section F of the present invention.

in one embodiment, the conversion of a compound of formula {8) into a compound of
formula (7), as described above, takes piace in the presence of a salt, for example an
alkatl metal sait (eg a salt of lithium, sodiurn or potassium), an alkaline earth metal salt {eg
a salt of magnesium or calciurn) or an ammenium sali, wherein the couterion is, for
example, a halide, a carbonate, an amine, perchlorate, hexaflucrophosphale or
hexafluorosilicate. In particular, the salt is selected from lithium hexaflucrephcsphate
(LiPFs), sodium hexaflucrophosphate {NaPFs), potassium hexafiuorophosphate (KPFg),
ammoenium hexaflucrophosphate (NH,PFs), ithium chloride {LICH, lithium bromide (LiBr),
sodium chioride (NaCl), potassium chicride (KCi), magnesium chloride (MgCly), potassium

perchiprate (KCIQy), sodium hexaflucrosilicate {Na,SiFg), lithium amide (LiNHy) and
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fithium carbonate (L,C0;). The salt may also be an ionic liquid, such as 1-butyl-3-methy!
imidazolium tetraflucreborate or 1-butyi-3-methyl imidazolium hexafiuorophosphate. in
one embaodiment, the sait is ithium berafluorephosphate, lithium chioride, magnesium

chioride, or potassium hexafiuorophosphate.

It another embodiment, the conversion of a compound of formuia (8} into a compound of
formula (7}, as described above, takes place in the presence of g salt, as described
above, and an amine. Typically, the amine is & secondary amine, such as a secondary
amine of the formila HNRSR7 wherein R6 and R7 ars independentiy as defined above for
compaunds of formuda 13, 14 or 15, In particdar, the amine s diphenylaming,
diisopropyiamine, dimethylamine or imidazoie, Optionally, a base may be added t0 the
amine of formuia HNRER7 {0 give a species of the formula M-NRERT wherein M is an
alkali metai (eg lithium sodium, potassium) 51’ an alkaline earth metai {eg magnesium,
calcium) and R6 and R7 are independently as definad above. In padicular, M is ar alkali
metal, such as lithium. In cne embodiment, the base is LHMDS and the amine is

diphenyiamine.

In yet a further embodiment, the conversion of & compeund of formuia (8) into a
compound of fermuia (7), as described above, takes placs in the presence of a salf, as
described above, and a crown aether. in particular, the salt is potassium

hexaflucrophosphaie and the crown ether is 18-crown-4.

Typicaily, in the above embodiments, the sall may be used in a catlaiyticorin a
sioichiomatric amount with respect to the compeund of formula (8). In particular, the salt
may be used in an amount of, for exampleg, 0.1 tc 2 equivalents, in particuiar 0.510 2

equivaients, such as 1 t0 2 equivaients.

In a preferred case, suitable reagents for preparing a compound of formula (7), or a sait
thereof, from a compound of formula {8), or a salt thereof, invaives reacting 2
compoeund of formuia (7} with a compound prepared by mixing a compound of formuia
(18),
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wherein R6 and R7 are, independently, defined as before, with an alcohoiate of the
formula M-OR8

whergin,

X is defined as an anion, for example, a halide {eg chiaride, bromide, icdide), an anion
of a suiphonic acid {eg triflucrcmethanesulfonic acid, methanesulphonic acid, 4-
toluenesulphanic acid}, an anion of an alkylsulfate {eg methyisulfate}, a
tetranaiometalaie, for exampie, a telrachlorometaiate {eg tetrachicromanganate,
tetrachlorcaiuminate), hexaflucrophosphate, hexafluoroantimonate, tetrafluoroberats,
perchlorate, alkoxide, for axample, R80" where K8 is defined as before {eg tert-

butoxide, pheneoxide), carboxylate, tribromide.

M is defined as an alkali metal {eg ithium, sodium, potassium, in particular scdium,
potassium) ¢or an alkaling earth metal {eg magnseslum, calclum).

8B is defined as belfore.

RBO is defined as an alkoxy group.

The reaction may be performed neat of in any inart solvent, as defined above.

in a preferred case, an aicoholaie of the formula M-OR& is added, cptionally i

solvent for exampie an inert solvent such as tetrahydrofuran, methyltetrahydrofuran,
totuene, alkanes {such as haptane, hexane}, or mixtures thereof, to a compound
according to formula {18}, optionaily in an inert solvent. M-ORS is typically used in the
range 0.5 10 1.5 equivalents, more preferably in the range 0.8 t0 1.2 eguivalents.
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Typically the mixturs is stirred, typicaily at 0 °C to reflux, preferably 0 t0 120 °C, more

preferably 26 te 80 °C.

Tha mixture i5 reacted with a compournd according to formula (8), or a sait thereof, o

provide a cornpound according to formuia (7), or a salt thereof.

in a preferred case, the mixture can be used in an amount of 1.0 10 10 equivalents,
preferably 3 to 10 equivalents, more preferably 3 to & equivalents, such as 3
equivalents. Typicaily, the equivalents used are reiative tc the compound aceerding to
formula (18). Typicaily, the reaction can be conducted at G °C {o reflux, preferably 0 1o

126 °C, more preferably 20 tc 80 °C.

in one esmbodiment, the mixture of an aiccholate. of the formuia M-OR8 and &
compound according to the formuta (18), opfionaily in a scivent as ¢efined above, which
may he prepared as described above, is reacted with a compound according to formuii:

{8). The mixtura can be added tc¢ (8) in an amount of 1.0 t¢ 10 equivaients, in particular
3 to 10 equivalents, such as 3 to 8 aquivaients, in particular 3 equivalents. When the
amount of aicohoiate M-OR8 and a compound according to the formuia {18) are not
equimotar amounts, the equivalents of the mixture used in relation to (8) are relative to
the amount of (18). Typically, the reaction involving the mixture of alecholate of the
formuta M-OR8 and a compound accorging o the formula (18), optionally in a scivent
as definad above, is conducied at 0 °C fo reflux, in particular 010 120 °C, such as 20 to
8G °C

Compound of the formula (7) can be optionally isolasted as a residue by removal of
volatile substances from the mibture. The distiliate may contain an amine of formula
(13), {14} or {18}, or mixtures thereol. Whare a soiid is present after famation of a
compound of the formula (¥}, this may be coptionally remcved, for example by fiitration,

prior to distifiation. The solid may contain a compound of formuia (18).

in a further preferred case, a compound according to formula (18), optionaily in the
presence of an alcoholate of formula R80O-M, may be reated with a salt of formula

MiX', which panially or fully exchanges the anionic counterion (X} of compounds
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according to formula (18) by an anignic counterion (X'}, wherein X' is defined as
described above for X and M1 is an alkali metal {eg lithium, sodium or potassium), an
aikaline earth melal {eg magnesium or calcium} or ammaonium, in order o give

sompounds of the formula (18).

R J (18

Suitabie reagents for this exchange include alkali metat salts (such as iithium, sodium or
potassium tetrafluorotiorate or hexaflucrophosphate, sodium methylsulfate, sodium
perchiorate}, alkaline earth metal salts {such as magnesium or calcium perchicrate),
ammonium saits {such as ammonium tetraflucroborate or hexafluoophosphate).
Preferably hexalluorephesphate sails or fetraflucrcborate salts are used, more
preferably ammenium hexafluorephosphate or ammeonium tetrafivorgborate of sodium
tetrafluoroborate is used. Most preferably hexafluorcphosphate salts are used,
preferaply ammenium hexaflucrophosphate. Relative o the anionic counterion {X), the
anionic counterion {X'} of suitable reagents may be used in catalytic or stoichiometric

quantities.

The rnixture obiained after such an exchange may be used as-is, such that the mixture
contains both {18) and (18'}, and optionally R8O-M. Alternaiively, the anion of formula
{X) may be removed from the mixtire, for example by filtration, such that the mixture

subsequently contains (18'), and optionally R80-M.

Furthermore, compounds of formula (18) or (18') or mixtures therecf, are suitable
reagents for the present invention. Compcunds according to the formula (187 are,

independently, defined according {o compounds according to the formula (18).

As such, in 2 preferred case, a compound of formuia (8) is converted inlo a compound
according to formula (7) by reaction with a compound of formuia {18) and an alcoholate

of formula RB0O-M, coptionally in the presence of a compaound of formuia (18°).
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Furthermore, in a prefearred case, @ compound of formula (8) is convarted inlc 3
compound according o formula (73 by reaction with a compound of formula (18) and an
alcoholate of formula RBO-M, optionally in the presence of a compound of formula (187

and an amine of formula {13), (14) or (15}, or mixiures thereof.

Optionally, a sompound of formuia (8) can be converted into a compound according to
{ormuia {7} by reaction with a compound of formula {18) and an alcoholate of formulaR80C-
M optionaily in the presence of a compound of formula {18’) and an amine of formuia {13),
{14y or (153, or mixtures thereof, in the presence of an amine, typicaliy of the formuia
HNRERY, whers RS and RT are independenily as defined above. In particuizr, the amins
is giphenyiamine, diiscpiopylamineg, dimethylamine or imidazoie. Optionally, a base may
be added to the amine of formula HMRERT o give a species of formuda M-NRERT where
M is an aikall meial {eg lithium sodium, potassium) or an alkaline carth metal {eg
magnesium, calcium) and RE and R7 are independently as defined above. In particular, M
is an alkali metal, such as lithium. 0 one embodiment, the base is LHMDS and the amine
is giphenyiamine.

Compounds of the formula (18) or (18°) can be purchased fram suppliers such as
Aldrich and Fluka, or can be obtained according to methods knowr in the at, for
example, as described in J. Chem. Scc., Perkin Trans. 1, 2001, 1586, J. Chem. Scc¢,,
Perkin Trans. 1, 1987, 845; Synthesis, 1877, 273; Science of Synthasis, 2008, 22, 221;
Synthesis Communications, 1983, 785; Recueil des travaux chimiques des Pays-Bas,
1883, 88, 289 ; Chem. Res. Chinesa 1., 2008, 21, 177 ; Chem. Ber,, 1983, 126, 1858 ;
Synthetic Communications, 1998, 28, 1223 ; J. Org. Chem., 1865, 2464; 4. Org. Chem,,
1970, 35, 1542; Liebigs Ann. Chem., 1872, 762, 62 J. Am. Chem. Soc., 1861, 83,
2588, 4. Org. Chem,, 1962, 27, 3664 or J. Chem. Soc,, 1948, 3319, or according o
methods in Section £ of the presant invention.

Compounds of the formuia R8O-M can be purchased from suppliers such as Aldrich,
BASF, Chemetall GmbH, or can be obtained according to methods known 16 persons

skilled in the art,

The following preferences apply:
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For compounds of formuta (18) or (18}, R6 and R7 are, independently, an alkyi group,
an aryl group, an atylaliyl groun, a cycloalkyl group or logether R6 and R7 form a cycle,
together with the nitrcgen te which they are attached, which cycle may be saturaled or
unsaturated and may optionally contain one or more hetercatoms, such a nitrogen,
oxygen or suiphur, whereby the cycle containg 3 to 8, such as 4 to 7 ring atoms. Most
praferably, RS is alkyl. S;;ill more preferably RE is methy! or ethyl and R7 is methyl or
ethyl. X is preferably chicride, methyisuiiate, tetraflucroborate or hexaflucrophosphate.
Maost preferaply, X Is chioride or hexaflucrophosphate. in a preferred case, compounds
of formula {18) or {18} are preferably NN N N-tetramethylformamidinium or NN, N N-
tetraethylformamidinium chioride, N NN N-etramethylormamidinium or NN AN N-

tetrasthyiformamidinium hexaflucrophosphate

For compounds of the formula RBO-M, RB is preferably alkyl, most preferably tert-butyl
or amylate. M is preferably an alkali metal, most preferably sodium or potassium.
Further preferred is when RBC-M is sadium tert-butoxide {NalOCMe,) or potassium tert-
hutoxide (KOCMe;) or sodium  amyiate (NaOCMeyEt) or potassium  amyiate
(KOCMe Et).  Most preferred is when R80-M is potassium ter-butoxide or sodium
amylate.

SECTION B: Preparation of a compound of formula {4}

The processes, according ie the present invention, o convert of @ compound of formula
{7), as defined herein, into a compound of formula {4), as defined herein, are outlined in

Schame 2.



WO 2009/690251

PLE/ER2G091

y
1
v

KUY

~
RE & \\\
N k)
N-RT \}‘\/
< "~ "~ N
ra Section B.1 ' ‘f Y Secton 8.2.1 ‘\(/

e
Section £.3.2

NS s N
)\’W')\\‘/ p O‘-gt‘)“ﬁ

)

Y ~ @ - b
Rt S~ Section 8.3.1 R1 it

Section 8.3.3 Section B 4 /

~ clisn
o
RS e 73 RS. R1G Y|/
o ad ¢ \'
i~ N‘-R'l’ D
(‘f i / e
cootonaas . ,)%/3 o /\{
chon B.J. ov"l\N o Section B4 A )&)
f {4 L
R By {10}
Z
-
OH \/Q Section 8.2.3
.
&
.S
0 TV
R 9
Scheme 2

The present inveriion relates thus to the conversion of 2 compound of formula (7), as

described herein, into a compound of formula {4), as described hereln, according to any

one of methods 1 ¢¢ 9, wharain

method 1 comprises

in Section B.1 to convert (7} into {6), and
in Section B.2.1 to convert (8} inte (4};

a) any one of methods

b} any one of methods
method 2 comprises

a) any one of methods in Section B.1 to convert (7} Into (8),

b} any one of methods in Section B.2.2 to convert {6) into {5), and
in Section B.2.3 to convert {5) into {4);

¢} any one of methods

metrod 3 comprises any cne of methods in Section 8.3.1 to convert (7) inte (3);
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method 4 comprises
a} any one of methods in Section 3.3.2 to convert (7) inte (6), and
b) any ohe of methods in Section B.2.1 fo convert (6) into {4);
method 5 comprises
a) any one of methods in Section B.3.2 to convert {7} info (8),

u) any one of methods in Sections §.2.2 to conven (6] into (5), and

(2]

j
)} any one of methods in Section 8.2.3 to convert (5) into (4);
method 8§ comprises
a} any one of methods in Section B.3.3 fo convert (7) into (9],
b} any one of methods in Saction 8.4 tc convert (9) into {10), and
¢} any one of methods in Section B.4 te convert (10) into (4);
method 7 comprises
8} any one of methods in Section B.3.4 to convert (7} inte (5), and
by any one of methods in Section B.2.3 to convert {§) into (4);
method 8 comprises
a) any onhe of methods in Saction 8.5.1 to convart (7) into {16),
b} any one of melhods in Section 8.5.2 1 convert {18) inte (6),
c) any one of methods in Section B.2.2 to canvert (8) into (§), and
d} any one of methods in Section B.2.3 to convert (5) into {4);
method 8 comprises
a) any cne of methods in Section B8.5.1 to convert {7) into {16),
b} any one of methade in Section B.5.2 to convert {18) into {6), and
c) any one of methods in Section B.2.1 to convert () into (4);
preferabily the conversion of @ compound of formula (7}, as described herein, infe a.
compound of formula (4), as described herein, is according to methods 1, 4 or 6; in

particular methods 1 or 4.

Ax discussed below, Sections B.1, B.2.1, B.2.2 B.2.3, B.3.1, 8.3.2 B.3.3 B34, B4,

8.5.1 and B.£.2 as such are also preferred embodimsnis of the present invention.
SECTION B.1:

in another aspect, the present invention relates to a process for preparing a compound

of formula (8) or a tauiomer thereof,
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or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group,

comprising treating a compound of formula (7), or salt thereof,

R85

N—-R7 A
gs ]
A
WY
0:&”— X /\’\"‘w\/ \\ /f"
N
|
K )

wherein R1 is hydrogen or a nitrogen protecting group and R6 and R7 are,
independenily, an alikyt group, an aryl group, an anviaikyl group, a cycloalkyl group or
together RS and R7 form a cycle, together with the nitrogen to which they are aftached,
which oycie may be saturated or unsaturated and may optionally contain one or more
hetercatoms, such a nitrogen, oxygen of sulphur, whereby the cycle contains 3 to 8,
such as 4 to 7 ring atoms, with an acid to cobtain the compound of formula (6},
preferably of the formuia (6-a). in a preferred embodiment, the starting compound of

formula {7}, or salt thereof, is according to forrmula {(7-a), or salt thareof,

RS .
\N-—"R7 = i
,/’\ "\\y/

R~ (7-a),
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wherein R1 is hydrogen or a nilrogen protecting group and R6 and R7 are,
independently, an alkyl group, an aryi graup, an aryiaikyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitogen to which they are atfached,
which cycle may be saturated or unsaturated and may opticnally contain one or more
helercatoms, such a nitregen, oxygen or suiphur, whereby the cycie contains 3 to g,
such as 4 to 7 ring atom’s, more preferably the starting. compound of formula (7), is
according to formuiae (7b) or {7}, or saits thereof, maost preferably accerding 6 formula

(7-b), or salt thereof,

RE /
N--R7 FN

{ ;
\; PN TN
O’JJ\N/ \//

Ri (7-n),

RE 7N

N\

e

/N /

& \/*“*\ |
J\i)“%.//\\\‘«/

N
i
R

==

o

1
(7-c).

wherein Rt is hydrogen or 2 nittogen protecting group and R6 and R7 are,
independently, an alkyl group, an aryl group, an arylaikyl group, a cycloatkyl group or
tegether RS and R7 feim a cycle, together with the nitrogen to which they are attached,
which cycle may be saturated or unsaturated and may optionally contain one or more
hetercatomns, such a nitrogen, oxygen or suiphur, whereby the cycle contains 3 o 8,

such as 4 1o 7 ring atoms.

The compound of formula (6), or salt thereoi, preferably of formula (6-a), or a taulomer

thereof, which is obtained according to the above process can be isolated or used as a
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solution in a subsequent transformation, for example conversion into the compound of

formulza (4), or sait thereof, as defined herein,

in a preferred embodiment, the present invention reiales to 3 process for prepanng a

compound of formula {6-a), or a tautomer thereof

or sait thereof,
wherein R1 is hydrogen or a nitrogen protecting group,

comprising treating a compound of formula (7-a), or salt thereof,

{7-a)

wherein R1 is hydrogen or a nitrogen protecting group and RS and R7 are,
independently, an atkyl group, an aryl group, an aryialkyi group, a cycloalkyl group o
tegether R6 and R7 form g cycle, together with the nitrogen to which they are attached,
which cycle may be saturated or unsaturated and may optionally contain one or more
heterpatonis, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 o 8,
such as 4 fc 7 ring atoms, with an acid to obiain the compound of formuia {(6-3). In a
preferred embodiment, the starding compound of formula (7-3). or sait thereof, is

according to formula {7-b), as defined above.

Preferred examples of acid are agueocus mineral acids, such as hydrochioric acid,

hydrobromic acid, suiphunc acid and phosphoric acid.  Most preferred is agueous
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suifuric acid. Preferably, the amount of zcid employed is such that the pH of the
reaction mixture is of from 1 fo 7, more preferably pH of from 2 to 5, most praferably pH
of from 2 tc 3. A solvent can be used, preferably one that is miscible or partly miscible in
water, for example acetonitriie. Optionally, a phase Wransfer catalyst, such as fetra-n-
butylarnmonium halide, for examgple tetra-n-butylammonium bromide, can be added.
Typlcally the reaction can Ee conducted at -20 to 30 °C, preferabiy -20 t0 20 °C. more
preferably ~10 to 10 °C, most preferably 0 to 10 °C.

Section B.2:
Section &. 2. 4

in another aspect, the present invention relates (o 2 process for preparing a compound

of formuia (4}

AN
\) N \/L
aﬂ"k,N/\l%w/ N
A @

or salt thereaf,
wherein R1 is hydrogen or a niirogen protecting group,

comprising treating a compound of formulza (6), or sait or a tautomer therec!,

/}\

SSOH R ﬁ
\ /\\ /// \ P !

= . //"dv\,\;,,'rj N

o]

R {6}

wherein R1 is hydrogen or a nitrogen protecting group,

PCT/EP2009/0505 14
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with a reducing agent, preferably in the form of an aidehyde, to obtain the compound of

formula (4). In a preferred embodiment, the starting compound of formula (8), or salt

thereof, is according to formula {6-a),

SsOH A ]
A\ //\‘ /L\/
- /[
Q//J\N PN N
L

(8-,
or satlt thereof, wherein R1 is hydregen or a nitrogen protecting group.

in a preferred embodiment, a compound of iormula (6-a), or salt, or a tautomer thereof,

R (6-a)
wherein R1 is hydregen or a nitrogen protecting group,
is ireated with a reducing agent, preferably in the form of an aldehyde, io obtain a

compound of formuia {(4-a), or salt thereof,

2

K\
\ v \«J
T
o= N,/\‘NJ\\\V/
b (4-a)

wherein R1 is hydrogen or a nitrogen protecting group.

The reducing agent is typicaily an aidehyde, more preferably a non-enociisable
aldehyds, aven more preferably an arylaldehyde, such as benzaldehyde, or a
trihaioacetaidehyde, such as chioral, yet more preferably formaidehyde, such as
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maonomeric formaldehyde (eblained by, .g. ‘cracking’ paraformaidehyde), 1.3,5-
tricxane, paraformaldehyde or an aguecus solution of formaldehyde (for example 37 %

in water).

Preferably, the reduction of the compound of formuia (8}, or salt thereof, preferably of
the formula (6-a), or sait thereof, is carried out at pH of from 7, more preferably pH of
from 7 10 14, most preferably pH of from 10tc 11, A base is used to maintain pH of
from 7. Suilable bases are weak bases or strong bases or mixiures of therect.
Preferably, the base is an alkali metal carbonate, such as potassium carbonate, or as
metal alkali hydroxide, such as sedium hydroxide. Most preferably the base is
potassium carbonaie. In a preferred embodiment, the reguction is performed as a
biphasic mixturs of water and an organic solvent, preferably in the presence of 2 phase

transfer catalyst such as telrabutylammaonium hydroxide.
Section B, 2. 2:

in a particular embodimeni, reatment of the compound of formula (8), or salt thereof, as
defined above, with a reducing agent, preferably with hydrogen and a transition metal
catalysi {ag a palladium cataiyst) for exampie as described In Seclion B.3. 3, leads to a
compound of formula (8}, or sait thereof,

(8),
wharein R1 is hydrogen or a nitrogen prolecting group,
or leads fo a mixture of the compounds of formulae {4) and (5).

in another particular embadiment, reaiment of the compound of farmula (6-a}, or salt
thereof, as defined above, with a reducing agent, preferably with hydrogen and a
fransition metal catalyst (eg a palladium catalyst) for exampls as described in Section

B.3. 3, leads to a compound of formula (5-a), or salt thereof,
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wherein K1 is hydrogen or a nitrogen protecting group, preferably of formula (5-b),

(5-b},
or ieads to a mixture of the compounds of formulae (4-a) and (5-a}, preferably a mixture

of the compounds of forrnulae (4-a) ang {5-b).
Section B. 2. 3:
Section B. 2. 3. 1:

in a further aspect, the present invention relates o a process for prepaning a compouny
of formuiz {4)

N

\}______\

N \\/ J
C T
O%K\‘N-/\' e Ry

A @

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising

a) freating a compoungd of formuta {8), or salt thereof,
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wherein R1 is hydrogen cr a nitrogen protecting group,

with an OH-activating agent 1o obtain a compound of formuia (11)

PN

S\

O-—R4
4

4& N
‘ J

O""’:d'\ Paaa el S

¥

A—2Z
>._......

&

(11)
or seit thereof, wherein R1 is hydrogen or a nitrogen protecting group and R4 is an OH-
activating group; and

b} reacting the compound of formula (11), or sall thereof, with a2 base to obtain the

compaound of formula {4).

Steps a} and b) as such are aisc an emboediment of the present invention.

in a preferred embediment, the prasent invention relates 0 a process for preparing a

compound of formula {4-a)

P
N r/,-{;\ ‘//l§§,J
_..,\ ] J
0 “N > S
R1 (4-a3}

or sait thergof,

wherein R1 is hydrogen or 8 nitrogen proteciing group,
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said process comprising

a) treating a compound of formuia (5-a), or sait thereof,

OH

( YR

g \Nf T

R1
(5-a)
wherein R1 is hydrogen or a nitrogen protecting group,

with an OH-activating agent {¢ ohbtain a compound of formula ({1-a)

.
/;/ .

e
)
:/

Y

R AN
I\ o
(”—”/\N/"W/A e
|
R {11-a)

or salt therecf, wherein R1 is hydrogen or a nitrogen protecting group and R4 is an OH-
activating group; and
b) reacting the compound of formula (11-3), or sait thereof, with a base o obtain the

compound of formula {4-a).

Steps a) and b} as such are also a preferred embodiment of the present invention.

Section B. 2. 3. 2:

in a preferred embodiment, the conversion of the OH-group of the compound of formula
{5}, or sait thereof, preferably of formula {5-a), intc an OH-activated group oceurs in the
presence of the base, According to this greferred embodiment, the activation of the OH-
group and the subsequent elimination of the OH-activated group occurs in situ ky give
the compound of formula (4), or salt thereod, preferably of formula (5-a); i.e. without
isoiation of the OH-activated compound of the formula {11}, or salt thereof, preferably of

formuia (11-a).
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in a more preferred embodiment, the present invention relales (o a process for

praparing a compound of formula {4-a)

//
AN r/\\ - ‘§§’ ‘
Vol
Qiﬁ(\ P /l\n’// RN

or sali therect,
wherein- R1 is hydrogen or a nitrogen protecting group,

comprising treating a compound of formula (5-a), or sali therect,

Rt (5-a)
wherein R1 is hydrogen or a nitrogen protecting group,
with an OHe-aclivating agent in ihe presence of a base in oblain the compound of

formula (4-a).

in the above described methods (Sections 2.2.3.1 and B.2.3.2). an OH-aciivaling agent
is any reagent which can convert a hydroxy! group into a leaving group. Exampies of
suitable OH-activaling agents are suiphonating agents, such as mathanesuifonyi- ar
toiuenesulfony! halides, for exampie methanesulfonylchioride or fofuenesuifonylchioride.
Preferred base is, for exampie, an armine, such as 1,8-diazabicycio[5.4.0fundec-7-ena
{DBU), 2,6-lutiding, diisopropyiethylamine, a metal hydnide, such as sodium or
potassium hydride, or bases such as lithiurn, sodium or potassium

bis{irimethylsiiyl}amide and hulyiiithium,
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The conversion of the compaound of the fotmitia (3), preferably of the formula {5-a}, or
salts thereof, into the compound of formula (4), preferably of the formuia (4-a), or salls
thereof, can also be performed, as described in methods above, on a mixture of
compounds {4) and (5), preferably a mixture of compounds {4-8) and (5-a}, or saits

thereot, as shown in Scheme 3.

/‘\‘f\‘\ (/\ 3 | ‘/ 1
Wt Lo el

’f"\l . Jv) ;‘Q/ O’imk"\h‘):%/ - 0N~ m)§ ~

"
Rt @)

Ne

- -~ mixturg

Scheme 3

SectionB8.2.3. 3

In a further aspect, the present invention relales t0 a prucess for preparing a compound

of formula {4)

\ ,//’“\T =
0]
O""’;[\M/)' e e

]

4
1

4)

or sait thereof,
wherein R is hydrogen or a nitrogen protecling group,
said process comprising

a) treating a compound of formula (8), or salt thereof,
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wherein R1 is hydrogen or a nifrogen protecting grougp,

with an OH-activating agent to abtain & compeound of farmuia {(11)

O—R4 ///’\ ’
\/ \\ ~

0/& )"w/ o

or salt thereof, whersin R1i is hydragen or 2 nitragen protecting group and R4 is an OH-

\.

activating group, and
b} converting the compound of formula (11), or salt thereof, inte a compeound of formula

5
{12}

or 8 sait thereof, wherein R1 is hydrogen or 8 nitrogen grotecting group and RS is a
ieaving group; and
¢} reacting the compound of formula (12), or salt thereof, with a base to obtain the

compound of formula (4)

in a preferred embodiment, the present invention relates to a process for preparing a

compound of formuia {(4-a)
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Rt {4-3)

of sait thereof,
wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising

a) treating a compound of formula {5-a), or salt thereof,

CH

(52}
wherein R1 is hydrogen or a nifrogen protecting group,

with an OR-activaling agent (o obtain a compound of formuiz (11-a)

O—R4 7=
/ L
2. ‘//f\ \ N
avwl
FEN v
N
|
R

{i1-a}

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R4 is an OH-
activating group; and
b} converting the compound of formula {11-a), or salt thereof, into 2 compound of

formula {12-a).
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or 2 salt thereof, wherein R1 is hydrogen or a nifrogen protecting group and R5 is a
ieaving group; and

¢} reacting the compound of formula {12-a), or salt thereot, with & base to obiain the
cornpeund of formula (4-a).

Tha conversion of the -OR4 group of the compound of formuiae (11) or (11-a) into a
leaving group is a well-known reaction {0 the perscn skilled in the art, for example as
described in Richard C. Larock, “Comprehensive Crganic Transformations: A Guide to
Functicnal Groug Preparations”, Second Edition, Wiley-VCH Vertag GmbH, 2000, in
particular as described in the relevant chapters thereof, for exampile it may be effected
by the use of a matal halide, such as an alkali metal halde or an alkaline earth meta

halide, In one embodiment the metal halide is, for example, sodium iodide,

Preferred leaving groups are halo, such as bromo or fodo.

Prafesred exampies of a base in step ¢} are amine bases, for exampie, tricthylamine.

In one embodiment, the conversion of a compound according fo formula (12),
preferably of formula (12-a), into @ compound according to formula (4), praferably of
formula (4-a}, is performed in the presence of a reagent which can change the identity
of R1. in one embodiment, a compound according fo the formula (12-a) wherein R1 = H
and RE = { is treated with 3 base {(eg triethylamine) and the reageni di-tert-buty!

dicarbanate to give a compound according to the formula {4-a) wherein R1 = Boc.

Section B, 2. 3. 4:

i3
H
H

£

0
{
10
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Ina _fur‘iher aspect, the present invention reiates to a process for preparing a compound

of farmula (4)

s
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or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group,
s3id process comprising

} converting a compound of formula {5), or sait thereof,

OH v

2 (5)
wherein B 1 is hydrogen cr a nitrogen protecting group,

into a compound of formula (12)

F“‘ (12}
cr salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and RS i
leaving group; and
b) reacting the compound of formula (12), or salt thereof, with a base to oblain the

compound of formuia (4).
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Steps @) as such is also an embodiment of the present invention.

in g preferred embodiment, the present invention relates 10 a process {or preparing a8

compound of formula {4-a)

P
(]
N\ ZFN S
?‘““\\ / ‘
O“‘%N/L"‘%/\ N
|
R (4-3)

o sait thereof,
wherein R1 is hydrogen or a nitregen protecting group.
said process compiising

a} converting a compound of formuia (5-a), or sait thereof,

OH AN
i i
P i
/;\ \ e
[ ]
OAA /‘W’A\V)
"
|
R1 (5-2)

wherein R1 is hydrogen or a nitrogen protecting group,

into a compound of formuia (12-3)

{12-a}
or salt thereof, wherein R1 is hydrogen of a nitrogen protecting group and RS is a

leaving group; and
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b} reacting the compound of formula {12-a), or sait thereof, with a base o obtain the
compound of farmula (4-a).

The conversion of the hydroxyl group of the compound of formulae (8) or (5-a) into a
leaving group Is a well-known reaction to the person skilled in the arl, for exampie as
described in Richard C. Larock, "Comprehensive Organic Transformations: A Guide {0
Functional Group Preparations”, Second Edition, Wiley-VCH Variag GmbH, 2000, i
particuiar as described in the relevant chapters thereof; for exampie it may be effected
by the use of PPhyand k.

Section B.3:
Section B. 3.4:

In ancther aspect, the present invention relates 0 a process for preparing a compound
of farmuia (4)

//

J““
,\/WE

R1 {4)

or salt thereof,
wherein R1 is hydragen of a nitrogen protecting group,

comprlsing freating a compound of formuisia (7),

Rn )
N-—*R] Ja"" ’
O\ o™ T ‘
.T
R4

7
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or salt therecf, wherein R1 is hydrogen ¢r a nitrogen protecting group and, RG and R7
are, independenily, an alkyl group, an aryl group, an arylalkyl group, a cycicalkyl group

or together RE and R7 form a cycle, together with the nitrogen to which they are

m

ttached, which cycie may be saturated or unsaturated and may optionally contain one
or mwore heteroatoms, such a nitrogen, exygen of sulphur, whereby the cycie contains 3
to 8, such as 4 to 7 ring atoms,

with a recusing agent (o obtain the compound of formula (4}, preferably of the formula
{4-a). In a preferred embodiment, the starting compound of formula (7}, or salt thereof,
is accorging to formula (7-a}, or salt thereof, as defired above; more preferably the
starting compound is according to formulze {7-b} or (7-¢), or saills theredt, as defined
above, most preferably the stanting compound is according to formula (7-b), or salts

inerecf, as defined above.

n a preferred embodiment, the present invention relates to a process for preparing a
cormpound of forrnula {(4-a)

e
]
N ////’\\\“/.\\'/
™ [ ]
=\ s
'l?
R

(4-a)

of sait thereof,
whereln R1 is hydrogen or a nitrogen protecting group,

comprising treating a compound of formuia (7-a),

R6 N
\N———-RT (/44 .
B ' J

\ ,,.///"\\ \\\\_’
T\

\
R e e

oD—Z

Py
i

(7-a}
or salt thereof, wherein F1 is hydrogen or a nitrogen protecting group and, R& and 7

are, independently, an alkyl group, an aryl group, an aryiatkyl group, a cycloalky! group
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or together R6 and R7 form & cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaluraied and may oplionally contain one
or more heteroatoms, such 2 nitrogen, oxygen or sulphur, whereby the cycle contains 3.
{o 8, such as 4 {0 7 ring atoms,

with a reducing agenf to obtain the compound of formula (4-a). in a prefemed
embodiment, the slarting compound of formuia {7), or sailt thereof, is according to
formutae (7-b) or (7-¢), or salts thereof, as defined above, preferably of formula (7-b).

Prefarred reducing agents are hydrides, such as metal alkali horohydrides, for example
sodium borohydride, lithium borohydride, potassium barohydride, caicium borchydride,
sodium triacetoxyborohydride, tetramathylammonium borohydride or
triacetoxyborohydride, and atkati metal hydrides, for example, lithium aiuminium
hydride, L-Selectride®, K-Seleciride®, N-Selectride® or diisobutyialuminium hydride.
Preferrad raducing agents are sodium triacetoxyborchydride and diisobutyialuminium
hydride; more preferanly diisobutylaluminium hydride; most preferably
diisobutylaluminium hydride in THF. Preferably, the reaction takes place in an ethereal
solvent, such as THF, dimethoxyethane, or dioxane, preferably the solvent is THF.
Typically the reacticn can be canducted at -78 to 30 °C, preferably -28.io 25 °C, more
preferably 15 to 25 °C.

in yet another embodiment, the treatment of the compound of formuta (7), or sait
thereof, as defined above, with a reducing agent, preferably with hydrogen and a
transition metai catalyst (eg a paliadium catalyst) for example as described in Section
B.3. 3, can lead to a compeund of formula (8), or salt therec, as defined above, or can

lead t¢ a mixiure of the compounds of formulae {4) and (G).

in stiil another embodiment, treatment of ihe compoiind of formula (7-a). or salt therecf,
as definad above, with a reducing agent leads to a compound of formula (6-a), or sait
thereof, as defined above, or leads to a mixiure of the compounds of formulae (4-a} and

(&-a).

Section B, &, 3:
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In a further embodiment, the treatment of the compound of fonmula (7), or sail thereof,
as deflned above, with a raducing agent, preferably with hvdrogen and a8 transiiion

metal catalysi, can lsad 10 a compound of formula (8), or sait thereof,

,;N-—‘Fi'l f},;\}
\ i
O?4<\N/"‘ SO S
. ©)

wherein R7 is hydrogen or a nitrogen protecting group and, R6 ang R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycioalky! group or
{cgether RS and RY forrn a cycle, together with the nitrogen to which they are altached,
which cycle may be saturated or unsaturated and may optionally contain one or more
hetercatoms, such a nitregen, oxygen or sulphur, whereby the cycle contains 3 {6 8§,

such as 4 to 7 ring atoms, or can iead to a mixiure of the compounds of formulae (4)
and {9).

In yet a further embaodiment, the treatmeni of the compound of formuia (7-a}, or salt
thereof, es defined above, with a reducing agent, preferably with hydrogen and a

transition metal catalyst, leads to a compound of formuia (8-a), or sait thereof,

R6
;N—-"R? - \’:
4‘% - /\\’r/\\/’}
\ | :
0”“4‘/\; /\“w/*%/
¥

(9-a)
whereln R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together RS and R7 forrn a cycle, together with the nitrogen to which they are altached,

which cycle may be saturated or unsaturated and may optionally contain one or more
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hetercatoms, such a nitrogen, oxygen or suiphur, wheraby the cycie contains 3 to 8,
such as 4 10 7 ring atoms. In one embodiment, the compound of formula (8-2), or sait

thereof, is according to formula (9-b),

R8
MR N
/
,i’r N ,J‘\\\-§ -~
" *W
O&“{: /\\/’ N _,/’l
&

{91}

wherein R1 is nydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloaiky! group or
togeiner R6 and R7 form a cycle, together with the nitrogen to which they are attached,
which cycle may be saturated or unsaturated and may cplionally contain one or more
hetercatoms, such a nitrogen, oxygen or suiphur, whereby the cycle contains 3 to 8,
such as 4 to 7 ring atoms. In another emboediment, the compound of formuia (9-2}, or

sali thereef, is according to formuta (8-¢),

R6 N
\N —R7 Fj/ \\‘]
/;j/ /\/ ”
o=, Ay
h
R1 (9-c)

wherain R1 is hydrogen of a nilrogen protecting group and, RE and R7 are,
independenily, an alkyi group, an aryl group, an arylalkyl group, a cyclasliyi group or
together R6 and RY form a cycie, together with the nitrogen to which they are attached,
which cycle may be salurated or unsaturated and may optionally containn one or more
hetercatoms, such a nitrogen, oxyger or suiphur, whereby the cycle contains 3 to 8,

such as 4 to 7 ring atoms,

In one embodiment, the reduction of the compound of formula (7}, or salt therecf,

preferabiy of formuda {7-2), tekes place with hydrogen in the presence of a transition
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metal cataiyst, wherein the transition metal is seiested from group 9 or 10 of the
periodic table. Therefore, the transition melal catalyst comprises, for exampie, Cobalt
{Co), Rhodium (Rh), Iridium (Ir}, Nickel (Ni), Paliadium (Pd) and/or Piatinum (Pt). The
reducticn may occur under heteren- Or homogenecus hydrogenation conditions,
preferably under heterogeneous hydrogenation conditions. in particular, the transition
metal is seiacted from Pt, Pd, or Ir; wherein the transition metal may opticnally be
poisoned by, for example, sulfur or lead. Examples of poisoned ransition metals are
Pd(S), Pd(Pb) or PYS). In particular, the transition meial catalyst comprises a transition
metal on a solid support. The loading of the transition metal on the solid suppert is, for
example, of fram 1% to 10% wiw. Solid supparts are, for example, carbon, metal oxides
(e.g. aluminium oxide, zirconium oxide, fitanium oxide or silicon dioxide/aluminium
oxide), sulfates {e.g. barium sulfate} or carbonates (e.g. calcium carhenate and banum
carbonata). in one embodiment, the transition metal catalyst may contain water, for

exampie, of from 0 mass% i 81 mass% cortent of water.

in one embadiment, the hydrogenation takes place in the presence of a base, such as
amine bases {e.g. iriethylamine) or alkali metal bases {e.g. cesium carbonate or

potassium carbonalel.

in particutar, the transilion metal is paiiadium and the sclid suppor is, for example,
carbon, meta! oxides {e.g. aluminium oxide, zirconium oxide, titanium oxide or silicon
dicxide/aluminium oxide), carbonates {e.g. caicium carbonate and barium carbenaie) or

sulfates {(e.g. barium sulfate).

in cne embodiment, the transition metal catalyst is a Pd catalyst selected from the
group consisting cf paliadiun on carbon, stich as 1% Pd/C {e.g. 1% Pd/C type 39), 3%
PUIC {e.g. 3% Pd/C type 38), 5% PA/C {e.g. 5% Pd/C A401102-5. 5% Pd/C A401102,
8% Pd/C AIG8047, 5% Pd/C A405028, 5% P/C A405032, 5% Pd/C A405038, 5%
Pd/C ABG3023, 5% Pd/IC AS03032, §% PdiC ABG3038, 5% PdIC A102023, 5% Pd/C
A102038, 5% Pd/C type 374, 5% Pd/C type 398, 5% Pd/C type 37, 5% Pd/IC type 871,
5% PaiC type 487, §% PdIC type 38, 5% Pd/C type 384, 5% Pd/C type 487 {powder),
5% PJ/C type 472 (powder), 5% Pd/C type 87L {powder}, 5% Pd/C Type 5R394, 5%
Pd/C Type 5R338 or 5% Pd(SYC [e.q. 5% Pd{8)yC A103038)), or 10% Pd/C {e.g. 10%
Pd/C type 374, 10% Pd/C type 394, 10% Pd/C type B87L or 10% PU/C type 37); of
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palladium on aluminium oxide, such as 5% Pd/AlLC; (e.g. 5% Pd/ALO; A302084-5 or
5% Pd/al,0, A302011); of palladium on caicium carbonate, such as 5% Pd/CaCO; (e.g.
5% PdiCaCO; A303G8C or 8% PdiCaCQ; type 408) or 5% Pa{Ph)CaCl; (e.g. 5%
Pd(Po)/CaCOs A 305060); of pailagium on titanium oxide, such as 5% PdITiO; (e.g. 5%
Pd/TiQ, CB8944); of paliadium on barium suifate, such as 5% Pd/BaS0, (e.g. 5%
Pd/BaS0, A 3080583); of palladium on zirconium oxide, such as 5% PdIZr0O; (e 5%
PdiZrG, C7140); and of pailadium on silicon dioxide/aluminium oxide, such as 5%
PdISIC/ AL, (e.g. 5% PAISIOHAIROS3 C7078 or 5% Pd/SIC ALT; C7073); which are
commercially available, for example from Johnson Matthey.

in another embodiment, the transition metal catalyst is a Pt catalyst such as platinum on
carbon, for example 5% PYC (e.g. 5% PYC B103032, 5% PYC B103018, §% PYC
2103014, 5% FPYC B104032, 5% PYC B 501032, §% PYC 81068032 or 5% FPYC
B501018) or 8% PYS)C (e.g 5% PHSYC B106032); which are comrmercially available,
for example fron Johnsen Matthey.

in another embodiment, the transition metal cataiyst is an Ir cataiyst such as iridium on
carbon, for exampie 5% G {e.g. 5% T G-778Q} or on calcium carbonate, for
example 5% ir/CaC0; {e.g. 5% Ir/CaCO; typa 30); which are cornmercially available, for

exampie from johnson Matthey.

The amount of transition metal catalyst to substrate, typically empioyed in the process,
may be in the range of from 1 to 75 wt%, preferably of fram 10 to 5C wi%, more
preferably of from 26 to 50 wi%.

Solvents generally known in the art can be used. Preferred solvents are, for example,
aicohol solverts {e.g. methanol, ethanc’ or isopropanci), ether sclvents (e.q.
fetrahydrefuran, methyltetrahydrofuran or tetrahydrofuran/water, aromatic solvents
{s.g. toluene} or ester solvenis (e.g. ethyl acetate or isopropyi acetate). In one
embodiment the solvend is ethanol or tetrahydrofuran. The amount of solvent employed
may be such that the concentration of substrate is in a the range of from 0.01 to 1 M,
such as 0.05 M, in particular of from 0.1 t0 0.5 M or of from 0.1 t0 0.3 #.
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The hydrogenation usually is carried out at a temperature of from 20 °C to 100 °C, in
particular of from 25 .°C to 75 °C, such as; of from 30 °C to 75 °C, of from 45 °C 1o

75 °C, of fram 25 °C to 65 °C or of from 25 °C to 55 °C. The appiied hydrogen pressure
usually ranges of from 1 bar to 40 bar, such as of from 3 bar te 30 bar, in particular; of

from 5 bar to 30 bar, of from 3 bar to 20 bar or of from 3 bar to 10 bar,

In the above hydrogenation reagclion {he stersochemistry might be of importance. Thus,
it is a further object o provide a process for producing compounds according fo
formulae (9-t:} and {§-c¢}, or salls thereof, as defined above, wherein the molar ratio of
compounds agccording to formula {9-b), or salts thereof, to compounds according o
formuia (9-2), or salts thereof, is at least 50 to 56, in particular at least 80 to 40, such as
at least 71 to 29, in particuiar at least 82 to 18. In particular, this objective can be
achieved by using a transition metal catalyst such as a Pd or Pt catalyst, for example:
patiadium on carbon, such as 5% Pd/C {e.g. 5% Pd/C A401102-5, 5% P&/C A401102,
5% PAIC A102047, 5% Pd/C AB03038, 5% Pd/C A405028, 5% Pa/C A4GS038, 5%
PdiC AS03023, 5% Pd/IC A102023. 5% Pd/C type 37, 5% PdJ/C type 38, 5% Pd/C type
384, 5% PJ/IC type B7L), 3% Pd(SyC [=.g. 5% PJI{SYC A103038}, 5% Pd/C Type
5R3Y4 or 5% Pd/C Type SR338), 10% Pd/C (e.g. 10% Pd/C type 394 or 10% PA/C type
37} 1% PA/C (e.g. 1% PA/C type 38} or 3% Pd/IC {e.g. 3% PA/C type 38); palladium on
varium sulfate, such as 5% Pd/BaSQG, (e.g. 5% Pd/BalC, A 308053); naiiadium on
aluminium oxide, such as 5% Pd/ALD: (e.g. 8% Pd/AIL T, A302084-5); pailadium on
calcium carbonate, such as 5% Pd/CaCO; {e.g 5% Pd/CaC0; A3B3060), paiiadium on
zirconium oxide, such as 5% Pd/ZrO, (e.g 5% Pd/ZrO, C7140); or platinum on carbon,
for example 5% PUC (e.g. 5% PYC B103032, 5% PY/C B103018, 5% PYC B103014, 5%
PYC B104032, 5% FPYC B 501032, 5% PYC B109032 or 5% PHC B501018) or 5%
PUS)/C (e.g 5% PYS)YC B106032); which are commercially available, for exarnple from

Johnson Matthey.

Thus it is a further object to provide a process for proeducing compounds aceerding to
formuiae (9-b) and (8-c}, or saits thereof, as defined above, wherein ihe molar ratio of

compounds according 1o formuie (9-¢), or saits thereof, io compounds accorging o

2

formula (8-B), or salts thereof, is at ieast 50 to 50, in particular at least 67 to 33, In

particular, this objective can be achiaved by using a transition rmetal catalyst such as a

D

Pd or Ft catzlyst; for example: palladium on carbon, such as 5% Pd/IC (e.g. 5% Pd/IC
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AGD1102-8, 8% Pd/C A401102, 5% Pd/C A108047, 5% Pd/C A405028, 5% PdIC
A405032, 5% PdIC A405038, 5% Pd/IC AS03023, 5% Pd/C AB503032, 5% Pd/IC
A102023, 5% Pd3/C A102038, 5% Bd/C type 374, 5% Pd/C type 3598, §% Pd/C type 871
or 5% PdIC type 487), 10% Pd/C {e.g. 10% PJ/C type 87L) or 5% Pd(S)C [e.g. 5%
PA{SYC A103033]; palladium on aluminium oxide. such as 5% Pd/ALG; (e.g. 5%
Pd/AL0; A302084-5 or 5% Pd/AlG; A302011Y, palladium on calcium carbonate, such
as 5% Pd/ICaCO, (eg 5% PdICaCO; type 405) or 5% Pd(Pb)CaCO; {(eg. &%
PA(PDYCaCC, A 305060), palizadium on titanium oxide, such as 5% PdTIO; (e.g. 5%
PAmi, C6944), paHadium on silicon dioxide/siuminium  oxide, such as 5%
PAiISIONALD, (e.g. 5% PdISIOAIROS C7078 or 5% PAISIO/ALD, C7079); or platinum
on carbon, for example 5% PYC {e.g. 5% PYC B501018); which are commercially

available, for example from Johnson Matthey.

Section B. 3. 4:

In onie embodiment, the treaiment of the compound of formula (7}, or salt theredf, as
defined ahave, with a reducing agent, preferably with a nydride reducing agent for
exampie as described in Section B. 3.1 or as described in J. Chem. Soc., Perkin Trans

1, 1896, (11), 1131, can iead {o a compound of farmuia (5), or salt thereof,

OH
e
O W N

(5))
whereln R1 [s hydrogen or a nitrogen protecting group,

or can lead to a mixture of the compounds of formulae (4) ard (5).

in another embodiment, irealment of the compeund of formuda (7-a), or salt thereof, as
defined above, with a reducing agent leads to 8 compound of formuia (5-a). or salt
theraof, as defined above, preferably of formula {5-b}, or salt thereof, or leads fo a
mixture of the compounds of formulae (4-a} and (5-a), preferably a mixture of the

compounds of formuiae (4-a} and (5-b).
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Section B. 3. 5:

in ancther embediment, the treatment of the compound of formula {7), or salt theredf,
as defined above, with a reducing agent, for example, as defined in Secticn B.3.1 o
B.3.4, can iead to a mixtura of compeunds of formulae (5} and {8), or salis thereof, a
mixiure of compounds of formulae (5) and (8}, or sails thereof, a mixiure of compounds
of formulae (6) and {9), or salts thereof, or a mixture of compeunds cf formulae (5}, (6)
and {9}, or saits thereol; wherein each mixture may further comprise the compound of
formula {4), or sait thereof, as defined above. In a preferred embodiment, the treaiment
of the compound of formuia (7-a), or sall thereof, as defined above, with a reducing
agent can lead o a mixiure of compeounds of formulae (5-a) and (8-a), or salts thereof,
a mixture of compounds of formulae {5-a) and {8-a), or salts thereof, a mixture of
compounds of formulas (6-a) and {9-a), or gaits therenf, or a mixture of compounds of
formuiae (5-a), {6-a) and (8-a), or salts thereof, wherein each mixture may further

comprise the compound of formula (4-a), or salt thereof, as defined above.
Section 8. 4;

in anather aspect, the present invention relates o a process for preparing a compound
of formula (4), or salt thersof,

o

4)
wherein R1 is hydrogen cr a nitrogen protecting group,

said process comprising reacting a compound cof formula (8}, or salt thereof,
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whersin R1 is hydrogen or a nitrogen protectng group and, RS and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cyclealky! group or
together RE and RY form a cycle, together with the nifrogen 1o which they are altached,
which cycle may be saturated or unsaturated and may optionally contain one or more
heteroatoms, such a nitrogen, oxygen or suiphur, whereby the cycle contains 30 8,
such as 4§ to 7 fing atoms, '

with a quatemnisation agent and a base to obtain the compeund of formula (4).

in a prelerred embodment, the present invention relates o a process for preparing a

3

compound of formula (4-a), or salt thersof,

wharein R1 is hydrogen of a nitrogen protecting group,

sald process comprising reacting a compouind of formuila (9-a}, or salt thereof,

N-—R7 AN
M LT
O:—;‘*\N )\w/ '\\\.//
|
Rt
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wherein R1 is hydrogen or a nitrogen protecting group and, R6 ang R7 are,
independently, an alkyl group, an aryi group, an aryialkyi group, a cycloalkyi group or
together R6 and R7 form a cycle, together with the nitrogen to which they are altachad,
which cycle may be saturated or unsaturated and may optionally sontain one or mors
helercatoms, such a nitregen, oxygen or sulphur, whereby the cycle contains 3 to 8,
such as 4 {o 7 ning atoms,

with a quatemisation agent and a base to obtain the compound of formula {4).

In another aspect, the present invention retates to a process for preparing a compound

of formuia (4), or sail thereof,

N

v \H
\\/L e g
/A J\ J
o‘f"’*/\\', A N
A1

{4)
wierein R1 is hygregen of a nitrogen protecting group,
said process comprising

a) reacting a compound of formuia (8}, or sal thereof,
RE

AN

/
3 y
]

//
QT-"‘"\.\ )"-fw.// R
A ()

wharain R1 is hydrogen or a nitrogen protecting group and, RE and RY are,
independently, an aikyi group, an ary! group, an arylalkyl group, a cycioaikyl group or
together RS and R7 form a cycle, together with the nitrogen to which they are attached,
which cycle may be saturaled or unsaturated and may optionally contain one or more
hatercatoms, such a niirogen, oxygen or suiphur, whereby the cycle containg 3 (o 8,

such as 4 1o 7 ring atoms,
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with & quatemisation agent to chitain a compound of formula (18}, or salt thereof,

R§ R10

‘\N*/—"R'/ %”5\\]
4, . Ny \/,h
f e
\ o
O~ N W Ry
)
I
R1 (1)

wherein R1 is hydrogen or a nitrogen protecting group, R6 and R7 are, independently,
an aikyl group, an aryi group, an aryiaikyl group, a cycicaikyl group or together R8 and
R7 form a cycle, togsether with the nitfrogen to which they are attached, which cycle may
he saturated or unsaturated and may optionally contain one or more heteroaloms, such
a nifrogen, oxygen or sulphur, whersby the cycle contains 310 8, such as 4 to 7 ring
atoms, £ is a halide {eg icgide, bromide, chioride), an aikyl sulphate (eg methyi
suiphate} or a suifonyi ester (eg trifiate) and R10 is hydrogen, aiky! or aryi; and

b} reacting the compound of formula (10}, or sait thereof, with 2 base io obtain the

compound of formuta (4.

in a preferrad embodiment, the present invention relates o a process for preparing a

cempound of formula (4-a}, or salt thereof,

A\ A
o= )‘wff\\\‘v”

R1

<z

\
H
i

4-
wherein R1 is hydrogen or a nitrogen protectng group,

£

said process comprising

a) reacting a compound of formula {8-a), or sall thereof,
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R1 (6-a)

wherein R1 is hydrogen or a nitrogen protecting group ang, R6 and R7 are,
independently, an aikyl group, an aryl group, an arylalkyl group, a cycicalkyl group or
together RG and R7 form a cyole, together with the nilrogen o which they are attachad,
which cycie may be saturated or unsaturated and may optionaliy contain cne or more
heteroatoms, such a nitrogen, oxygen or suiphur, whereby the cycle contains 3t &,
such as 4 to 7 ring atoms,

with & quatemisation agent t0 obtain & compound of formula (10-a), or salt thereof,

RE R10
\N.;‘_R.y
l/ z
y4
X
A

O‘/’f/:(. //\"'%./

~,

nN—z

{10-a)

wherein R1 is hydrogen or a nitrogen protecting group, R6 and R7 are, independently,
an alkyl group, an aryl group, an arylaikyl group, a cycloatkyl group or together R6 and
R7 form a cycle, together with the nitrogen fo which they are attached, which cycie may
be saturated or unsaturated and may optionally coniain one of more hetercatonss, such
a nitrcgen, oxygen or suiphur, whereby the cycle contains 3 fo 8, such as 4 to 7 ring
atoms, Z° is a halide {eg iodide, bromide, chicride), an aikyl sulphate (eg methyl
suiphate) or a sulfony! ester (eg tiiflate) and R1G is hydrogen, alky! or aryi; and

b) reacting the compound of formula (10-a), or salt thereof, with a base to obtain the

compound of formuta (4-3).

Steps a) and b) as such are also preferred embodiments of the present invention,
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The term quaternisation agent relates to any agent which is able to convert 2 tertiary
amine into a quaternary amine, for examgle, an alky! halide (such as methyl iodide,
methyl bromide, methyl chioride, ethy! chicride, ethyl bromide or ethyi lodide), a
dialkyisulfate {such as dimethylsulfate), a suifonate (such as 4-methylsulfonyltoluene
and methyl trifiate) or a compound of the formuia (R10):0°Z" wherein R1C Is alkyl (such
as methyl or ethyl}, and 27 is tetrafluoroboraie or hexafluorephosphate. More preferably,

the alkylating reagent is methyl iodide or dimethyisulfate.

Preferred bases in slep b) are, for exampie, amines such as triethylamine, pyridine, 1,8-
diazabicycio[5.4.0]undec-7-ene (DBU). Also preferred is an ionic base, such a meial
alkali carbonaie {for exampie sodium cabonate, polassium carbonate and cesium
carbonate), a metal aikali hydride {for exampie NaH), a metal aikali hydrogen carbonate

(for example NaHCQO,). More preferably the base is NaHCOs,

The reaction te convert the compound of forrmula (8} o a compound of formula (4} is

preferably 'step-wise’ in the sense that {8)is quaternised and then treated with a base.
Section B. &:
Section B.5.1
Iz ancther aspect, the present invention relates to a process for preparing a compound

of formuta {16)
RS

(16)

or salt theraof,



WG 2009/690251 PCE/EP2BOS/030510

whersin R1 is hydrogen or & nifrogen protecting group, Y is oxygen and each RS, is,
independently, alkyi, aryi, arylaikyi (eg benzyl) or acety! or both R9 form together a 4 fo
7, preferably a 5 t0 € membered acetal ring,

b=

comprising reating a compound of formuia (7),

RE

\N-—"R':‘ 7 ™~
$ j
\ / el

7

or salt thereo!l, wherein R1 is hydrogen or a nitfrogen protecting group and, RS and RY
are, independenily, an alkyl group, an aryl group, an arytaikyl group, a cycloaikyi group
or together R6 and R7 form a cycle, together with the nitrogen to which they are
atached, which cycle may be saluraled or unsaturated ang may oplticnally contain one
or more neteroatoms, such a nitrogen, oxygen or suiphur, whereby the cycie contains 3
{0 8, such as 4 to 7 ring aloms,

with an acetal forming agent 1o ebiain the compound cf formula {16).

in 3 preferred embodiment, the present invention relates to a process for preparing a

compound of formuda {16-a),

R3

\ N
\Y~—< N /J‘/\J
ya [

(16-a}
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen &nd
each RS, is, independently, alkyl, arvl. aryialkyl (eg benzyl} or acetyl or both RS form
togsther a 4 1o 7, preferably a 5 to 8§ membered acetal ring,

said process comprising treating a compound of formuia (7-a),
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R (7-a)

or sait thereof, wherein R1 is hydrogen or a nitrogen protecting group and, 8 and RY
are, independently, an alkyl group, an aryi group, an arylaikyi group, a cycloalky! group
or together R and R7 form a cycle, together with the nitregen to which they are
attached, which cycle may be saturated or unsaturated and may optionaily contain one
or more hetercatorns, such a nitrogen, oxXygen ar sulphur, whereby the cycle contains 3
to 8, such as 4 fo 7 ring atoms,

with an acetai forming agent to cbtain the compound of formula (16-a). in a preferred
embodiment, the starting compound of formula {7-a), or salt thereol, is according to

formulae {7h) or (7¢}, or salts thereof, as defined above, preferably of iormuta (7-b).

Preferred “aceial forming” agents are alcohols (eg rnethanocl, ethangl, isopropanci), a
dial {eg ethylene glycol, 1,3-propanediol) ar a triakkyt orthoformate {eg dimethy
orthoformate).  Usually the reaclion is performed in the presence of an acid, for
exarmnpie a Brensted acid (such as hydrochioric acid, sulphuric acid} or a sulfonic acid
{such as 4-toluenesulfonic acid). Resin-bound acids such as Amberlyst-15® are also
suilable arcids. Conditions whereby an acid is generated in situ {eg acetyl chicride) are
also appropriate.  Preferably, the acid is used in calalytic quantities. Preferably a
mineral acid is used, such as hydrochloric acid, preferably in the presence of an
alconol, preferably methanol or ethano! are used. Further examples of preferred “acetal
forming” reagents are deseribed, 2.g. in relevan! chapters of standarg reference works
such as P. G. M. Wuis and T. W. Greene, “Greene’s Protective Groups in Organic
Synthesis’, Fourth Edition, Wiley, New Jersey, 2007.

in ancther aspect, the present invention relates to a process for preparing a compound

of formuia (16)
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(16)

ar sait therecf,

wherein R1 is hydrogen or a nitrogen protecting group, Y is suifur and each R9, is,
Independently, alkyl, aryl, arylalkyl {eg benzyl} or acetyl or both R form logethera 4 to
7, preferably a 5 to 8 membered thicacetal ring,

comprising reating a compound of formula (73,

R

or sali thereof, wherein R1 is hydrogen or 2 nitrogen protecting group and, R6 and RY
are, independently, an aiky! group, an aryt group, an aryialkyl group, a cycloalkyl group
or together RE6 and R7 forrn a cycle, together with the nitrogen te wiich they are
attached, which cycle may be saturated or unsaturated and may optionally contain one
ar more hetercaloms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3
t0 8, such as 4 0 7 ring atoms,

with a thicacetai forming agent to obtain the compound of formula (16).

in a preferred emoodiment, the present invention ralates fo a process for preparing a

coempound of formuia {18-a),
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(16-a}
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur and
each R, is, independently, alkyl, aryl, arvialkyl {eg benayl) or acetyl or both RE form
tagether & 4 to 7, preferably @ 5 to 6 membered thicacetal ring,

said process comprising treating a compound of formuia (7-a),

(7-a)

or salt thereof, wherein R1 is hydrogen or a niifrogen prolecting group and, R6 and R7
are, indepandently, an alkyl group, an aryi group, an arylalky! group, a eycloalkyl group
or together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain one
or maore heteroatoms, such a nitrogen, oxygen or sulphur, whereby ihe cycle contains 3
1o 8, such as 4 ¢ 7 ring atoms,

with a thioacstai forming agent to obtain the compound of formula (16-a}. in a preferred
embodiment, the starting compound of formula (7-a), or sait thereof, is according to

formulae (7b) or (7c), or salts thereof, as defined above, preferably of formula (7-b).

Preferred “thicacetal forming”™ agenis are thiols {eg methanethiol, ethanethiol,
thiophanol) or a dithiol {eg 1 2-ethanedithiol, 1,3-propanedithicl). Usually the reaction is
performed in the presence of an acid, for example., a Brensted acid (such as

hydrochloric acid), a Lewis acid {(such as borontriflucride or titanium {etrachicride) or a
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solid-supparted acid (such as Ambperlyst-18®). Condilions whereby the acid is
generated in sifu {eg dimethyisulfide-bromine complex} are also suitatle. Preferably the
acid is used in calalylic quantities. Further examples of preferred “thiozcetal forming”
reagents are described, e.4. in relevant chapters of standard reference works such as
P. G. M. Wuts and T. W. Greene, "Greeng’s Protective Groups in Organic Synthesis’

Fourth Edition, Wiley, New Jerssy, 2607.

Section B.5.2:

In ancther aspeact, the present invention relates to a process for preparing a compound

of formuia (6}, or a tautomer thereof,

P N

OH £
{ g
%\._. A g
\ i
o= \N //\ww/’ \\\/
71

——
[22)
~

or salt thereof, wherein R1 is hydrogen or 3 nitrogen protecting group,

said process comprising removal of the acetal functionaiity in a compeound of formula
{18}, or sait thereof,

(16)
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N
N

wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each R9, is
independently, alkyl, aryl, aryialiyi {eg benzyl) or
7, preferably a 5 to 6§ membered acetal ring,

omyire

wsit
{0 obtain the compound of farmula (6)

in another aspect, the present invention reiates to a process for preparing a compound
' of formuzia (6-a), or a tautomer thergof
OH
s

(6-3)
or sait thereof, wherein R1 is hydrogen or a nitrogen
said proce

said process comprising removal of the a
(16-3), or sait thereof

ing group
celal functionality in a
Rg
\\
Rg Y
\

/

compound of formula
’/_’/'\\
ke
ﬁ j
OF NJ\

G z

{16-a)
wherein R1 is hydrogen or

Aly

nitrogen protecting group, Y is oxygen and each RY, is
ingependently, alkyl, aryi, arviaikyl {eg benzyl} or acelyi or both RS form togethsr a

7. preferatily a 5 to 6 membered acetai ring

to cbiain the compound of formuia (6-a)

adto
use of an acid in the presence of water. Su

Suitable condifions for the reroval of the acetal functionality inciude hydreiysis, e.g. the
2NCE

ita

hydrochioric acid, acetic acid, triflucroaceteic acid, oxalic acid)

hle acids include Bransted acids (such as

Lewis acids (such as

etyl or both RY form together a 4 ©



WO 2009/090238 1 PCTEPZOO%/G30519

ron trichloride}, sulphonic acids {(such as 4-tolusnesuiphonic add) or conditions that
generate an acid.in situ {eg icdine), as defined above. Other conditions include
hydregenation (&g Pd/C) ifor e.g. arvlalky!, such as when R9 is arylakyl] or a base (such
as sedium hydroxide or petassium carbonate {[for e.g. diacetylacetals, such as when R8
is an acetyl group, for example an aliylacetyl group [R9 = -C{=O)alkyl} such as
methylacetyl (R9 = -C{=0)CH4}. Further examples of preferred agents for the removal
of acetal functionaiities are described, e.g. in relevant chapters of standard reference
works such as P. G. M. Wuts and 7. W. Greene, “Greene’s Protective Groups in

Organic Synthesis’, Fourth Edition, Wiley, News Jersey, 2007.

In another aspect, the present invention relales 10 a process for preparing a compound

of fermula (8), or a tautomer theraof,

! (6)

or salt therenf, wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising removal of the thicacetal functionalily in a compound cf

formuta (16), or salt thereof,

RO
Re Y / ~
4 a

-y e i

\ i i

i i

O”"’"{\N S

k

~
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wherein R1 is hydregen or a nitrogen proteciing graup, Y is suifur and each RS, is,
independently, alkyi, aryi, arylalkyl (eg benzyl) or acetyl or both RS form together a 4 to
7, preferably a 5 tc 6 membered thioacetal ring,

to obtain the compound of formula (6).

in another aspect, the present inventicn relates (¢ a process for preparing a compound

of forrmusia (6-a). or a tautomer therecf,

OH :'5;}\ :
S ;
3

| ——

\ AN
J b
OF N - e

hla.
<

Rt (&-8)

or sail therec!, wherein R1 is hydrogen or a nitrogen proieciing group,

said process comprising removal of the thioacetal functionality in @ compound of

formuia (1€-3}, or salt thereoi,

{(16-a)

wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur and each R9, is,
independently, alivl, aryl, arylalkyl (eg benzyl} or acetyl or both RS form together a 4 to
7, preferably a 5 tc 6 membered acetal ring,

to obtain the compound of formula (6-a).

This removai of the thicacetal funclionality takes place preferably by treatment with a

Lewis acid or by oxidation. Lewis acids (such as silver perchlorate, iron trichioride) or
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oxidising agents {such as iodine, 2,3-dlchicro-5.8-dicyano-p-benzoguinone (DDG,
peroxides, [bis(tifiucroacetoxy)iodo]benzene or alkylating agents {such as methyl icdide
in the presence of water} or mercury(il) saits (such as mercury dichloride, marcury
perchioraie, mercury oxide)). Furtner examples of preferred agents for removing
thicacetal functionaiilies are descrived, e.g. in relevant chapters of standard reference
works such as P, G, M. Wuls and T. W. Greane, "Greene's Proteclive Groups in

Grganic Synthesis’, Fourth Edition, Wiley, New Jersey, 2667,

SECTION C: Conversion of 3 compound of formuila {7) Inlo a compound of
fermula {1) vla a compeound of formuila {2)
The processes, according o the present invention, to convent of a compound of formula

{7), as defined herein, into 8 compound of formula (1), as defined herein, are cullined in

Scheme 4.
R 7 7 Y,
S ) y i
N-RT \(\*\\/ N \J L‘/ R
N O Vo Y 9N
e o Vb . N .
R L AP S g me, S
U A7) | 4 N * R3
R r1. 4 IIR1 P}

Scheme 4

Thus, in ancther aspect the present invention reiates 10 a process to convert a
campound of formula (7), as deseribed herein, into a compound of formuia (1), as
described herein, said method comprising:

a) any one of methods in Saction B to convert {7) into (4),
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b) any one of methods in Section C.1 to convert {4) intc (2), and
¢} any one of methods in Seclion C.2 to convert (2) into (1},

As discussed beiow, Sections C.1 and C.2 as such are alsa preferred emboediments of

the present invention.
SECTION C.1: Ring opening of a compound of formula {4)

in another aspedt, the present invention reiates to a process for preparing @ compound
according o formula (2),

K‘\ /iL /‘/‘\{
Xy \[ S

Rt @

or sait thereof,
wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen protecting
greup, and R3 is a carboxyl group or an ester group, comprising reacting a compound

of formuia (4}

(4)

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, with 2 lactam ring opening agent
to obtain the compound of formula (2).
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in a preferred embediment, a compound of formula (4-a)

R1 {4-a)

or sait thereof,
wherein R1 is hydrogen or a nitrogen protecting group, is treated with @ iaciam ring

opening agent 1o obtain a compeund accarding to formula {2-a),

£
{
st .m/

RZ\N/\\ R3

R1 (2-a)

or salt thereof,
wherein R1 and R2 are, independantly of each other, hydrogen or a nilrogen protacting

group, and R3 is a carboxyi group or an ester group.

Examples of iactam ring cpening agents are; nucleophilic bases such as alkali metal
hydroxides {for example sodium bydroxide or lithium hydroxide), neutral compounds
such as hydrogenperoxides {such as lithium hydrogenperoxide) and acids. Acids are,
for example, Lewis or Brensted acids, mineral acids such as sulphuric, perchioric and
hydrochloric acid, suiphonic acids such as para-toluenesulphonic acid or polymer-
bound acids such as Amberlyst®. Preferably, hydrochloric acid is used as a iactam ring
opening agent. Preferably acids are used in the presence of water or an alcohol (such
as methanol or ethancl). The lactam ring opening agent can be used cataivtically or
stoichiometrically. Preferably, the lactam ring opening agent is used in an amount from

1 to 10 equivalents.
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SECTION C.2: Reduction of a compound of formula {2}

The subject-matter of the present invention relates o a process for preparing a

cormpound according {o formula (1),

PN
L\\\\_//‘\ \m//\ \j

\

'\/\\ .
S ;\ R3

A
R1 (1)

R2—yy

or salt thersof,
wherein R1 and RZ are, independently of each other, hydrogen or a nitrogen protecting
group, and R3 is a carboxy! group or an ester group, cemprising reducing a compound

according ic formula (2),

=7 “\
N ARy,
L
NP
’,\l\}‘ R3
R1 (2\,

or sait theraof,
wherein R1 and R2 are, independently of each cther, hydrogen or a nitrogen protecting
group, and R3 is a carboxyl group or an ester group, to oblain the compeund of fonmnula

{1). Inparticular, R3 is a carboxyl group, ethyi ester or methyl ester.

Preferably, & compound according to formula {(2-a), or salt thereof,
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P

Ao~y ™ Rr3
/

R1 (2-a),

wherein R1, R2 and R2 are defined as above, is used as starting compound. It the
compound (2-a), or salt therect, is used as starting compound, compounds according {o
formula {(1-a)

7
n /’I L\/ "Reny
g:
[ 1
\;//; \\;
RZ\N/\ R3
s
]
R1 (1-a),
and formula (1-b),
/\l
o
I
L~ >~ .
RZ\N,-"{.\\’ / \\ R3
f
]
R {i-b)

or salts thereci, wherein R1, R2 and R3 are defined as above, can be chtained. ina
preferrad embodiment R1 = Boc and/or R2 = H. in ancther preferred embodiment, K2
= COoH, or COREL, or GO, {carboxylate). Most preferably R3 = COH.
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tn particuiar, the group R3 of the compounds of formula (1) or (2}, preferably of formula
{1-a} or {2-a}, is COH, COLEL or COzMe.

in one embodiment, the salts of the compounds according to fermula (1-8) or (1-b) are
generated {e.g. R3 = CO;) under the conditions empioyed in accordance with the
present invention, The salis can then he optionally hydrolysed to give the free acid.
Preferred caits are those of akkali metals (LI, Na, K} or amines (eg

diisopropyiethylamine, triethylamine).

In @ preferred embodiment, the reduction of the compound of formuia (2), or salt
thereof, preferably of formuia {2-a), takes piace with hydrogen in the presence of a
transition metal catalyst, preferably in thé presence of 2 transition metal catalyst
comprising an organometallic complex and a chiral ligand. The reduction may occur
under heterec- or homogeneous hydrogenation conditions, preferably uncer
homogeneous hydrogenation conditions. In one embodiment, the heterec- or
homogeneous hydgrogenation takes place in the presence of a base, such as amine
bases {(e.g. tricthylamine, iPr,EtN or 1,4-diazabicycio[2.2.2]octane} or alkali metal bases
(e.g. LIOH, NaOH or KOH). [n one embodiment, the hetereogensous hydrogenation
takes place in the presence of an aikali metai, in particuiar In an aicoho! soivent (e.g.
PO, EtOH, MeOH); for example KOH in ethanol. In a further embodiment, the
hydrogenation, in particufar the nhomogeneous hydrogenation, takes place in the

presence of an acid such as methanesulfonic acid or tefrafiuorobaric acid.

Generalily, the helerecgeneous hydrogenation is carried oul in the presence of a transition
metal catalyst, wherein the transition metai is selected from greup 9 or 10 of the pericdic
tabie. Therefore, the transition metal catalyst comprises, for example, Cobait {Co),
Rhaodium (Rh), Indium {Ir), Nickei (Ni), Palladium (Pd} and/or Platinum (Pt). In particular,
the transition metal catalyst is Pi, Pd, or Rh on a solid suppert, such as carbon. Inone

embaodiment the transition metal catalyst is Pd on carbon.

The heterecgenecus hydrogenation is usually performed in a soivent, such as ether
soivents (eg THF), ester solvents (eg isopropyl acetate) or alchohol solvents {eg

isopropanol, ethanot or methanol); in particular isopropy! acetate and ethanci.
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Generaily, the homogeneous hydregenation is carmried out in the presence of a {ransition
metal catalyst, wherein the transition metal is selected from group 7, 8 or 8 of the
periodic table, Thersfore, the transition metal catalyst comprises, for example, the
transitlon metal Manganese (Mn), Rhenium (Re}, lron (Fe), Ruthenium (Ru}, Osmium
(Os), Cobailt (Co), Rhodéur‘n {Rh} and/or iridium (Ir).

in a preferred embodiment, the transition metal catalyst comprises an organometallic

compiex and a chiral ligand.

The organometaiiic complex comprises a iransilion metal selected from group 7. 8 or 8
of the periodic tabis, for example the transition metal rhodium, #idium or ruthenium in
parficuiar rhodium or ruthenium, An organomstaliic compiex comprising rhodium is

particularly suitable.

The organometallic complexes can comprise a single fransition metal atom. In prefermad
embodiments the compiexes can compriee two or more transition metal aloms,
cptionally comprising a metal-metal bond. In a preferred embodiment two metal atoms
are bridged via twe halides. Generally, the organernetaliic complex, comprises one or

more transition metai aloms and suitable achiral ligands.

Suifable achiral ligands for the organometalic complex generally are g-danor ligands,
o=<donar/ir-acceptor ligands or o7 -donorfi-acteptor ligands, Exampies for suilabie
achiral ligands are among others carben moncxide, halides (e.g. CL | or Br),
phosphines {e.g. tricyclohexylphosphine (PCys)], alkenvls {e.g. ced, nbd, 2-metaiiyl),
aikynyls, aryls (e.g. pyridine, banzene, p-cymene), carbonyls (8.¢. acae, iriflucroaceiate

or dimethyliormamide) and mixtures thereof.
Zxamples of preferred achiral ligands for the organometallic complex are:
notbornadiene {nbd), cyclooctadiene {cod), pyridine (pyr), cymene, in particular p-

cymene, and iodide.

Exampies for organcmetatiic complexes are: a ruthenlum organometallic compiex, such

as [Rub{p-cymene)];, [Ru(cod)(2-metaliyl};] or IRu(cod {OOCCF;)4; a rhodium
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organcmetalic complex, such as [Rhinbd},BF | or [Rhicod),|BFs; or an iridium
organometatiic complex such as {(CysPili{pyr)]Cl [Ir{cod);IBAIF or jir{cod),Cl]y; in
particular [Ru(cod){ Z-metaliyly], [Ru{cod {GOCCF;),] or [Ruix{p-cymenel]y; in particular
[Rh(NBDRIBF,, [RU{CODNOGCOF )] or [RuCh{p-cymene)s].

in one embodiment the organometailic complex is [Ri(Nbd),IBF, {=

Bis{norbornadiene rhodium(}) tetrafiuoroborate}.

in another embodiment, the crganomelallic complex is [Rul(p-cymene)], (= Dilodo{p-

cymeneruthenium(li) dimer):

Generally, the term "chiral iigand” comprises any figand that is suilable to build chiral

organometallic complexes and that comprises a chiral centre. The iransition metal

i)

cataiyst comprises an crganometaiic complex and & chiral ligand. The chiral ligand
comprises, for example, a chiral phosphine and/or a chiral ferrocene. In particular, the
chiral ferrocens comprises a Cp (cyclopentadienyl) moiety which is subsiituted with a
chiral group, such as a chiral amine, a chirai phosphine or a chiral akyl, for example as

fiustrated herein,

in a first embodiment, the reduction of the compound of formula (2-z), or salt theredf,
provides & composition comprising the compounds according to formulae (1-a) and (1-
b}, or salts thereof, wherein the molar ratic of compounds according to formula (1-a}, or
safts therect, to compounds according to formula (1-b), or saits thereol, i al ieast
55 to 45, preferably at ieast 80 to 20, more preferably at least 96 t0 4, most preferably
al least 98 tc 1.
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In one embodiment, the transition metai catalyst comprises an organometallic compiex
and a chiral ligand such as a Fenphaos ligand, a Josiphos ligand, a Mandyphos ligand, a
Waiphos ligand, a Taniaphos ligand, a Phosphoiane figand, an Atropisomer ligand, a
BoPhcz kigand, 3 QUINAPHOS ligand or mixtures thereof; in particular the chiral ligand
is selected from the group consisting of Fenphos ligand, Josiphos ligand, Mandyphos
ligand, Walphos ligand, Taniaphos ligand, Phospholane ligand, Alropisomer ligand or

mixtures thereof.

Josiphos ligands, Walphos ligands, Taniaphos ligands, Mandyphos ligands, Fenphos
ligands, Phosphaoiane ligands, Atropisomer ligands and BoPhor ligands are of the

formulae:

Josiphos:
P S
<37
-~ -
RyP ( - Me
)

e

)

A

PR,

ol

/

Walphos:
PRy
] ./,,\,_3
< -

N
N LY j(\Me
| S

//f;f ~T H

Taniaphos:
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Fenphos:
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wherein R, R' and R" are, for example, as described in WO2006/003196, EP-B1-
612758, WOQ2006/017045 |, WG2006/117388, WO2007/116081, WO206/075168,
WQO2008/101868, WG2406/117368, W02004/689226, EPQGS67015, WO2004099226,
EP0S67015, Chem. Bur. J., 2002, 8 843, WO2005/108408, WO2005/056568,
=P1582527, US5471882, J. Am. Chem. Soc., 1981, 113, 8518, W(9315091,
EP308132, EPB48580, WOGS521151, EPS12758, EPS54406, WO2002/002578, Chem.

m

Rav., 2003, 103 (8), 3029 and references cited therein and in particular as shown in

exampies harain.

BePhoz:
R? RY
- 8 ¢
R Pops R Pong
: PPhy i\
/\ = -
S
PP
Fe P Fe
- -
R-BoPhozr S-BoPhoz

wherein R8 and RS are, for example, as described in: Boaz, N. W, Debenham, &. D,;
Mackenzie, E. B.; Large, S. E. Org. Leil. 2002, 4, 2421; Boaz, M. W.; Debenham, S. D;
Large, 8. E,; Moore, M. K. Tetrahedron: Asymmetry 2003, 14, 3575; Jig, X,; Li, X,; Lam,
W. 8, Kok, S. H. L.; Xu, L; Lu, G.; Yeung, C.-H.; Chan, A. 8. C. Tefrahedron: Asymmelry
2004, 15, 2273 and Boaz, N. W,; Large. S. E.; Ponasik, J. A., Jr.; Moore, M. K.; Barneite,
T.; Nottingham, W. D. Org. Process Res. Dev. 2005, 9, 472; Chem. Rev., 2003, 103 (8},
3028. in particular R8 and R9 are;

R = Me, R® = Ph (= MeBoPhoz);

R® = Me, R = p-fluorophenyi (= p-fluorophenyi-MeBoPhoz);
RE = Me, R® = 3,5-difluorcphenyl (= 3,5-F;CeHa-MeBoPhoz);
R® = Bn, R® = 3,5-difluoropheny! (= 3,5-F,CsHa-8nBoPhoz);
R® = Me, R® = (R}-binot {= (R)-BINOL-MeBoPhoz);

R® = Me, R? = (§)-binct {= (S)-BINOL-MeRoPhoz};

PCT/ER2609/030510
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R = Me, R® = p-CFyphenyl {= p-CFyphenyl-MeBoPhoz);

R® = Bn, R = Ph (= Bn-BoPhoz);

R® = Me, R® = cyciohexyl (= Cy-MeBoPhoz);

R® = Me , R® = p-fluaropheny! (= p-F-MeBoPhoz):

Ré = (S)-phenethyl, R* = Ph {{S}--phenethyi--ﬁoPhoz};

R® = (R)-phenethyl, R® = Ph {{S)-phensihyl-BoPhoz};

R® = (S)-phenethyi, R® = Me {(S)-phenethyl-MeBoPhoz}; and

RY = (R}-phenethyl, B° = Me {{R}-phenethyl-MeBoPhoz);
wherein BINCL means 2,2"-dihydroxy-1,1-dinaphthyi.
(R)y-N-Methyl-N-dighenylphosphine-1-{{ S}-2-diphenylphosphinc ferroceny!]ethylamine (=

(RyMeBoPhoz)

{S)-N-Methyl-N-diphenviphosphino-1-[{ R)-2-(diphenylphosphino)ferracenyiethylamine (=
{S)MeBoPhoz)

1-(R}N-0I(3, 5-diflucrophenyliphosphine-N-benzyl-1-[{S}
diphenyiphosphinc]ferracenyllethylaming = (R}-3,5-F :CgH-BnBoPhaoz

1-(R}-N-Bicycichexylphosgphine-N-methyl-1-i S)-diphenyighosphincferrocenyilethyiamine

= {R)}-Cv-MeBoPhoz

1-{R)-N-Diphenyiphosphino-N{(R)-1-phenylethyl]-1-[{ $)-2-
diphenylphosphinolferrocenylethylamine = (R)-Phenethyl-(R}-BoPhoz

1-{ R)}-N-Diphenyiphosphino-N-[(R}-1-phenylethyl}-1-[{R)-2-
diphenylphosphinolferracenylethylamine = (R)-Phenethyi-(S)-BoFhoz

1-(R)-N-Di{4-fiuorophenyijphosphine-N-methyi-1-{{S)
diphenylphosphinolierrocenyllethylamine = (R}-4-F-C8H4-MeBoFhoz



WO Z603/0600251 PCY/EPZHH9/050510

1-(R}-N-DI[{R}-1-phenylethyi]-N-methyi-1-[{ S}-ciphenyiphosphinolferrocenyllethylamine =
{R)-Phenethyl-{R}-MeBofhoz

1-{R)-N-{{ R)-2,2'-Dihydroxy-1. 1’ -dinaphthyi]-N-mathyl-1-{{ S)-
diphenylphosphinofferrocenyilethylamine = (R)-BiINGL(R}-MeBoPhoz

1-(R)-N-[(5)-2,2-Dihydroxy-1, 1'-dinaphthyl-N-methyl-1-{(S)-

diphenylphosphinclfe rrocenylisthyiamine = (8)-BINOL~(R)-MeRoPhoz

1« R)}N-Di{4-fluoraphenyl}phosphine-A-methyl- 1-{(S)

giphenylphiosphinglferrocenyliethylamine = (R)-p-F-MeBoPhoz

QuinaPhos ligands are of the formula:

wherein R and R’ are, for exarnple, as described in G. Francid, F. Faraone, W. Leitner,
Angew. Chem. Int. £d4..38, 1428 (2000}, 39, 1428; Chem. Rev., 2003, 103 (8}, 3029, for
exampie Ris Ph and R’ is naphthyl. In panticular, suitable QuinaPhos ligands are, for
exarnpie, (R, 8- 1Np-QUINAPHOS ar (8, R - IND-QUINAPHOS.

Exampies of suitable chiral ligands are:

Exampies of Mandyphos ligands:
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SL-M001-1: SL.-m004-1:

o
A Y@ s
O

]

{aR,aR}-2 2-Bls{a-N,N-dimethylaminophenylmethy! (8,831, 1"-

bis{diphenylphosphinoferrocene (= Mandyphos SL-MGG1-1)

{aR,aRy2 2" -bis{a-N, N-gimethylamincphenylmethy}-{5,5+1,1-
his{dicyclohexylphosphinojferrocens (= Mandyphos SL-M002-1)

{aR,aR})-2,2"-Bis(c-N,N-dirnethylaminophenylmethyl-(3,8)-1, 1'-bis-
[di{bis-(3,5-trifluoromethylichenyil-phosphinoliarrocene (= Mandyphos SL-MC03-1)

{aR,uR})-2,2"-Bis{a-N N-gimethylaminophenyimethyi)-(S,S)-1,1-his[di(3,5-dimeihyi-4-
methoxyphenyi)pnosphinolierrocene (= Mandyphos SL-M0O04-1)

{a8,a8)-2,2'-Bis{a-N, N-dimethylaminophenylmethyi}- (R R}-1,1-bis[di(3,B-dimethyi-4-

methoxyphenyi)phosphinelferrocene (= Mandyphos SL-M004-2)

{aR,oR}-2,2-Bis{o-N,N-dimethylaminophenylmethyl)-(8,S)-1, 1-bis{di(3.5-
girnethyiphenyl)phosphinolierrccene (= Mandyphos SL-MG03-1}

{1R,1'R}-1,1-Bis[bis(3.5-tert-butyl-4-methoxyphenyliphosphino}-2,2'-bis[{R}
{gimethylamino)phenylmethyilferrocene (= Mandypbos SL-M010-1}
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{aR,aR)}-2,2'-Bis{a-N,N-dimethylamincphenvimethyl)-(8,8)-1,1'-bis[di-(2-
methylphenyljphosphinej-ferrocene (= Mandyphos SL-M012-1}

Exampies of Jesiphos ligands:
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{R}-1-[{8)-2-Diphenylphosphino)ferrocenyl]ethyldi-tert.-butylphosphine (= Josiphes SL-
Jooz-1)

(R)~1-{(8}-2-Dicyciohexylphosphinoerrocenyijathylgicyclohexyighosphine (= Jesiphos
SL.-3003-1)

(R)-1-1{S)-2-{Diphenylphosphino)erraoenyl|ethyldi(3,5-xylyiiphosphine (= Josiphas SL-

JO05-1)

{S)-1-[{ R)-2-(Diphenylprosphino)ferrocenyl|ethyldi(3,5-xylyiyphosphine (= Josiphos SL-

J005-2)

(R)-1-{{5)-2-Di-(3,5-bis{triflucromethy!phenyi}-

phosphinojferrocenyliethyidicyclchexyiphosphine (= Josiphas SL-J008-1)
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{3)-1-[{3)-2-Di-{3,5-bis{trifluoromethyl)phenyi)-

phosphino)ferrocenyilethyidicyciohexylphosphine (= Josiphos SL-J006-2}

(R)-1-[{8)-2-Di~(3,5-bisttriffuoromethyiiphenyl -phosphino}-ferrocenyliethyidi(3,6-
dimathyvlphenyijphosphine {= Josiphos SL-J008-1)

(R)-1-[{S)-2-Dicyclohexylphosphino)ferrocenyijethyidi-tert-butylphosphine (= Josiphos SL-

J008-1)
{R)}1-[{ 8)-2-Di{4 -trifiuoromethyiphenvl)phiosphino errocenyi]ethyidi-tart. -butylphosphing
(= Josiphos SL-J011-1)

{(R)-1-[{Sp)-2-[Bis{4-methoxy-3,5-dimethylphanvi)phosphinolferrocenyl}ethyldi-ter-
butyichosphine {= Josiphos 8L-J013-1}

(R)-1-[{S}-2-bis(2-methyiphe nyl)phosphino)ferrocenyi]ethyl di(tert-butyl}-phosphine (=
Josiphos SL-J211-1)

{(Rl1-[{S)-2-diethyiphosphinoiferrocenvileihyl diftert-butyll-phosphine {= Josighos Sl
J301-1)

(R)-1-[{5)-2-Di-ethylphosphino}ierrocenyijethyidi-{2-methyiphenyijshosphine =

Josiphos SL-J302-1)

(R}-1-[{S)-2-bis(4- trifluoromethylphenyi)phosphino)ferrocenyl]ethyl bis{4-triflucromethyl)-
phosphine {= Josiphos SL-J483-1)

(R)-1-[{8)-2-bis(3,5-dimethylphenyiiphosphinofferrccenyliethyl bis(3,5-dimethyiphenyi)-
phosphine {= Josiphos SL-J408-1)

{R)}1-{{8)-2-bis(3,5-dimethyiphenyliphosphinoferrocenyliethy bisibis-(3,5-iriffuoro-
methyl)phenyl]-phosphine (= Josiphos SL-J412-1
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{R}-1-[{S})-2-bis{Z-methoxyphenyl)phosphinnjferrocenyliethyl bis(2-methoxyphenyl)-
phosphine {= Josiphos SL-J430-1}

(R)-1-[(8)-2-bis{2-isopropoxyphenyi)phosphino)ferrocenyljethyi bis(3,5-dimethyiphenyi)-
phosphine (= Josiphos SL-J431-1)

{R)-1-[{8)-2-di{tert-butyljphosphinoferrocenyilethyt bis(3,5-dimethylphenyl)-phosphine (=

Josiphos SL-4501-1)

(R)-1-[{S)-2-diethyiphosphino)ferrocenyijethyl bis(2-methylichenyi)-phosphine (= Josiphos
SL-4503-1)

(R)-1-[{S}-Z2-cyclohexylphosphingferrocenyijethyl bis(2-methylphenyl}-phosphine (=
Josiphos SL-J504-1}

{S}1-[(R)-2-cyclohexylphosphincierrocenyilathyl bis(2-meathylphenyl}-phosphine (=
Josiphos SL-J504-2)

(R)~1--!_(S)—2~Di—teri.—butyiphos;:-hiﬁo)fe;?ocenyi]eihy!-:ik;yciohexy!phosphine {= Josiphos
SL-J508-1)

{8)-1-{{R}-2-di{tert-butyl)phosphino)ierrocenyilethyi bis(2-methylphenyi)-phosphine (=
Josiphos SL-J505-2}

{R)-1-{(S)-2di{tert-bulyl)phosphino)ferracenyijethy! bis(4-triflucromeihylyphosphine (=
Jesiphos SL-J506-1}

Examples of Walphos ligands:
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(RI-1-[{R}-2~{2.-Diphenyiphosghinephenyl ferrocenytiethyldi(bis-3,5-
iriflueromethyiphenyiphosphine (= Walphos SL-W031-1)

(S)-1-[{S)}-2-{Z2.-Diphenyiphosphinophenyiferrocenyllethyldi(bis-3,5-
triflucromethyiphenyt)phosphine (= Walphos SL-W001-2})

{R}-1-[{R}-2-{2"-Diphenylphosphinaphenyl fferrocenyliethyidicyciohexylphosphine
(= Walphos SL-W003-1)

(R}1-[{R}-2-{2"-DI(3,5-dimethyl-4-methoxy phenyl}-phosphinophenyl}ferrocenylie thyldi(bis-
3.5-triflucromethyiphenyl)phosphine (= Waiphos SL-WC05-1)

(R}-1-[(R}2-{2'-DiphenylphosphinophenylYerrocenyllethyidi(3,5-xyiyl\phosphine (=
Walphos SL-W006-1)

{R}-1-[(R}2-(2'-Dicyclohexylphosphinophenyi ferrocenyllethyidi{bis-(3,5-trifluoromethyt}-
phenyl)-phosphine {= Walphos SL-W008-1)

(S}-1-[(8)2-(2"-Dicyciohexylphesphinophenyiiferrocenyilethyidi(bis-(3,5-triflucromethyi)-
phenyl}-phosphine (= Waiphos SL-W{008-2)

PCT/EP2009/050310
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(R}-1-[{R}-2-(2.-Di-{3,5-xyiyl} phosphinophenyi}-ferrccenyl]ethyici(3,5-xylyliphosphine (=
Waiphos SL-W008-1}

{R}-1-[{R)-2-(2-(DiphenyiphosphinophenyiYerrccenyilethyl di(tert-butyl}-phosphine (=
Walphos SL-W012-1)

(R)-1-{{R)-2-{4", §'-dimethoxy-2-{Diphenyiphosphinojpheny!ierrocenyijethyi di(bis-(3,5-

trifluoromethyiiphenyl}phosphine (= Walphos SL-W021-1)

{R}1-{(R)-2-[2-bis{2-methoxyphenyijphosphinophenyijferrocenylethyl di{bis~(3,5-trifluoro-

(
methyliphenyl}phosphine (= Waiphos SL-W024-1)

Examples of Fenphos ligands:

SL-F131-1: SL-F13241

8iL-F133-1 SL-F134-1:

SL-F135-1: SL-F356-1:
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{R)-{8)1-(Dimethylamino-eth-1-yi}-2-difurylphosphino-3-diphenylphosphine- ferrocene (=
Fenphos SL-FE55-1}

(R)-{S)1-(Dimethyiaming-eth- 1-yi)-2-diethylphosphino-3-his{2-Methoxyphenyl)-
phosphino-ferrocene {= Fenphos SL-F056-1)

{F)-(Sr1-(Dimethylamino-eth-1-yi}-2-bis{3,5-dimethyl-4-methoxyphenyl}phosphino-3-
dicyclohexylohosphinc-ferrocene (= Fenphos SL-F061-1)

(R)-(5)-1-(Dimethylamino-eth-1-yi)-2-his(4-triflucromethylphenylphosphine-3-
dicyciohexylphosphinc-ferrocene (= Fenphos SL-F062-1)

(Rci{Sp)-{Se)-1,1-Bis{2-(1-N,N-Dimethylaminoethyi}-1-ferrocenyljphenylphosphine
ferrocene (= Fenghos SL-F131-1)
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{Rc}-{Sp)-(Se)-1-{i2-{1-N,N-Dimethylaminoethyh}- 1 -ferrocenyliphenylphosphino}-2-{{2-( i -
N,N-Dimethyiamincethyl)- 1-ferrocenyl]isopropyiphosphino}errocene (= Fenphos SL-
F132-1)

{Rc}-(Sp)-(Se)-1-{{2-{1-N.N-Dimethyiaminoethyl}-1-ferrocenyl|phenyl phosphino}2-{[2-(1-
N,N-Dimethyiaminoethyi)-1-ferrocenyllcyciohexyiphosphinoiferrocene (= Fenphos SL.-
F133-1)

{Re)-(Sp)-(Se)-1,1-Bisj2-(1-N.N-Dimethylaminosthyl)- -ferrocenylicyclohexy! phogphino

ferrocene (= Fenphos SL-F134-1)

{Rc)-{Sp}-{Se )1, 1-Bis[2-(1-N,N-Dimethylamincethyl}- 1-ferrocenyl]isoprepyl phosphino

ferrccena (= Fenphos 5L-F135-1)

{Re){Sp)-(Se}-1{i2-(1-N N-Dimethylaminoethyl}- i -ferrocenyljphenylphosphine}- 1" {dilbis-
{3, 5-rfiucromethyliphenyil-phosphino} ferrocene (= Fenphos SL-F355-1)

{Re)-(Sp)-(Se)-1-{i2-{1-N,N-Rimethyiaminoethyi)-1-ferrcoenyi]phenylphosphino}-1°-
{gicyciohexyiphosphing) ferrocene (= Fenphos SL-F356-1)

(Re}-{Spj{Se)1-{i2-(1-N.N-Dimeinyiaminogthyl}- 1-ferrocenyllcyclohexylphosphing}- 1-

{dicyclohexyiphosphino) ferrccene {= Fenphos SL-F365-1)
Examples of Alropisomer ligands:

SL-A116-2: SL-A101-1:
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SL-A109-2: SL-AT18-1

el A
@—\(

(R)}-{+})-(6,6i-Dimethoxybiphenyl-2,2°-divi}-bis(dichenylphosphing) (= Atropisomer SL-
A101-1)

(S)~(6,8™-Dimethioxybiphenyi-2, 2 diyl)-bis[bis(3, 5-di-tert-tutyl-4-
methoxyphenyllphesphine} (= Atropisomer SL-A108-2)

(5)-(6,6-Dimethoxybiphenyl-2,2"-dlyi)bis{diisopropylphosphine) (= Atropisomer SL-A116-
2)

(R)-(6.6"-Dimethaxybiphenyi-2,2'-diy)bis{dicycyiohutylphosphine} (= Alrcpisomer SL-
A118-1)

Exampies of Taniaphos ligands:

SL-T001-1: SL-To24:2
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SL-T003-1: SL-7001-2:
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(15})-Diphenylphosphino-2-{{R}-a~{N,N-dirnethylamino}-o-diphenylphosphinophenyl}-
methyilferrocene (= Tariaphos SL-T001-1)

{1R)-Diphenylphosphine-2-[{S }a~{N,N-girnethylamino}-o-diphenylphosphinophenyi}- -
methyifferrocene (= Taniaphos SL-T001-2) .

{R)-1-bis{4-methoxy-3,5-dimethylphenyljohosphino-2-{{R)- (dimethylamino)-{2-{his{4-
methoxy-3,5-dimethylphenyiiphosphino)phenyiimethyiferrocene (= Tanisphos SL-T003-1)

{S)-1-dipheny!phosphing-2-[{5)-hydroxy-[2-{diphenyiphasphincphenyljmethyllferrocene (=
Taniaphos SL-T021-2)

Examples of phospholane ligands:

SL-PO51-1: SL-PO05-1:
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2-[{2'R,8'R})-2",5 -dimethyiphospholano}- 1-[{ R)-diphenylphosphino]ferrocene (=
Phosgholane SL-P0S1-1)

1,2-Bis[{25,58)-2,5-dimethylphosphoiancijethane (= Phospholane SL-P104-2)
1,2-8is{(2R, 5R}-2,5-diethylphospholancibenzene (= Phospholane SL-P102-1}

(R,R R R}-2,3-8is(2, 5-dimethyl-phospholanylbenzoibjthiophenea (= Phospholane St.-
P005-1)

Examples for further suitable chiral ligands are:

{S)-C4-TunaPhos: SL-AD1-1:
0
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SL-7M040-2: SL-MG41-2:

SL-A132-2:
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{S)-(8,8-Dimethylbiphenyl-2,2'-diyhbis{dicyclohexyiphosphine) (= Atropisomer SL-A132-
2).

A further suitable ligand Is a BDPP ligand as define herein belew, in particuiar (8,S)-
BOPP,

The preparation of ligand (S}-C4-TunaPhos is desecribad in J. Org. Chem., 2000, 85,
6223 (Example 4). Ligand (R}(+)-BiNAP can be purchased from commercial sources
such as Aldrich. BoPhoz and QUINAPHOS ligands are commercially availabie from
Johnson Matthey pic (Londen, Uniled Kingdom). All other above-mentioned ligands
(Mandyphos, Josiphos, Walphos, etc.) are commercially available from Solvias AG
{Basel, Swilzerland).

in particular, suilable chiral ligands are, for example:
SL-MO004-1, SL-M004-2, SL-M0G2-1, SL-M0O03-1, SL-M0OGS-1, SL-MGD10-1, SL-M012-1,

5L-3006-1, SL-J5056-1, SL-J008-2, SL-J008-1, SL-J008-1, SL-J013-1, SL-d211-1, 8L~
J301-1, 5L-J403-1, SL-J408-1, §L-0412-1, SL-d430-1, SL-J431-1, SL-J501-1, SL-J503-
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1, SL-3504-1, SL-JS05-2, SL-d508-1, SL-F131-1, SL-F132-1, SL-F133-1, SL-F134-1,
SL-F135-1, SL-F355-1, SL-F356-1, SL-F385-1, SL-T001-1, SL-7001-2, SL-T003-1, SL-
T021-2, (S,8)}-BDPP, (R)-MeBoPhoz, (S)-MeBoFhoz, {R)-3,5-F,CeHa-BnBoPhoz, (R)-
Cy-MeBoPhoz, {R}-Phenethyi-(R)-BoPhoz, (R)-Phenethyi-(S)-BoPhoz, SL-W001-1, Sl.-
WO05-1, SL-WO0G-1, SL-W(12-1, SL-W024-1, SL-wW008-1, SL-A101-1, SL-A108-1, SL-
A108-2, SL-A118-1, SL‘-A‘, 16.2, SL-A132-2, SL-P102-1, SL-P005-1, SL-P104-2,
{Ra,Sc) 1 Np-QUINAPHCS) and/or {3, R ND-QUINARIHOS},

Paiticutarly suitable chiral figands are, for exampie:

{R)}Cy-MeBoPhoz; {R)-Phenethyi-(5)}-BoPhoz; SL-A101-1; SL-A109-2; SL-A116-2; SL-
A118-1; SL-A132-2; SL-F{31-1; 8.-F132-1; SL-F133-1; SL-F134-1; SL-F135-1; SL-F355-
1; SL-F356-1; Si.-F365-1; SL.-J005-2; Si.-J505-1; SL-JG08-1; SL.-J013-1; §i.~d301-1: Si.-
J403-1; SL-J408-1; SL-J430-1; SL-J431-1; SL-J501-1; SL-3504-1; SL-d504-2; SL-J505-2;
SL-.i506-1; SL-M002-1; SL-M003-1; SL-MO04-1, SL-M000-1; SL-M010-1; SL-POS1-1; BL-
TO01-1; SL-T001-2; SL-TO03-1; EL-T021-2; (S, 8)}-BDPP; SL-W001-1, SL-W005-1; SL-
WO08-1; SL-W{08-2; SL-W009-1; SL-W{12-1; SL-W021-1; and/or SL-W024-1.

Further particularly suitable ligands are, for example:

SL-A131-1; SL-F131-1; SL-F132-1; SL-F336-1; 5L-J505-1; SL-J038-1; SL-J504-2; SL-
J505-2; SL-M010-1; SL-P0S1-1; (8,8)}-BDPP; SL-W001-1; SL-W005-1; SL-W(008&-1; SL-
W0OG09-1; SL-WO12-1; SL-wW021-1

Suitable combinations of organometailic complex and chiral ligand are, for example:

- rhodium organometailic compiex and a Fenphos, Walphos, Josiphos or a
Phosphoiane ligand; in particular [Rh(nbd),]BF, and a Fenghos, Walphos,
Josiphoes or 2 PhanePhas ligand; such as Rh{nbd)l8F, and SL-WOGS-1,
SL-WQ08-1, SL-F358-1, SL-J008-1, SL-F051-1, SL-wW008-1, SL-W001-1,
SL-W012-1, SL-wi21-1, SL-J805-2 ar SL-J504-2; in particutar,
Rh{nbd},|BF, and SL-W(08-1, SL-J008-1, SL-P0S1-1, SL-J505-2 or SL-
J504-2;

- ruthenium organometallic complex and an Atropisomer, Mandyphoes or a
Ferphos ligand; in particular [Rui(p-cymene)l,, [Ru(cod)(2-metallyl),} or
IRu(cod{OOCCF,i] and an Atropisomer, Mandyphos, BDPP, Josiphes or
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a Fenphos ligand; such as [Rul{p-cymens});, [Ru(codi(Z2-metailyi);] or

IRu(cod){OOCCF;),] and SL-A101-1, SL-M0O10-1, {8,8}-BDFE, 8L-J505-1,

SL-F131-1, SL-F132-1 or SL-F{34-1; or

- iridium organometallic complex and a Fenphos, Waiphos or Josiphos

figand; in particular fir{cod)Cil: and a Fenphos, Waiphos or Josiphos

tigand: such as {Ir{cod)Ci}; ang SL-F356-1, SL-W024-1 or SL-J504-1,
When using these combinations, the reduction of the compound of formula (2-a), or salt
thereof, provides a composition comprising the compcunds according tc formulae {1-a)
and (1-b), or saits thereof, wherein the molar ratio of compounds according to formuila (1-
aj}, or salts thereof, to compounds according to formulz (1-b}, or saits therecf, is at'least
£5 to 45, preferably at least 80 tc 20, more preferably at least 96 tc 4, most preferably at

ieast 99 to 1.

in a second embodiment, the reduction of the compound of formuia (2-a), or sait
thereof, provides a composition comprising the compounds according to formulae (1-a)
and (1-b). or saits thereof, wherein the molar ratio of cornpounds accarding to formula
{1-b), or salts thereof, to compounds according to formula (1-a), or salts thereof, is at

ieast 55 to 45, preferably af least 80 tc 20, more preferably at least 91 te 9.

in cne embedimeni, the fransition metal catalyst compiises an organometallic
complexand a chiral ligand such as a Fenphos ligand, a Josiphos ligand, 2 Mandyphos
figand, a Waiphos ligand, a Taniaphos ligand, @ Phospholane, an Atropiscmer ligand, a
goFhoz ligand, 2 QUINARPHQOS ligand or mixtures theredf; in particular the chiral ligand
s selected from the group consisting of Josiphos ligand, Mandyphes figand, Waiphos

iigand, Taniaphos ligand, Atropisemer ligand, GUINAPHCS ligand or mixtures thereof.

Suitable chirai ligands are, for example:

SL-A132-2, SL-W008-2, SL-A108-2, SL-A108-2, SL-T021-2, SL-T003-1, SL-M003-1, SL-
A1G1-1, 8L-J002-1, SL-4504-1, SL-TO01-1, SL-3501-1, SL-WO00B-1, SL-J301-1, SL-F356-
1, SL-MO04-2, SL-M012-1, SL-d013-1, SL-J211-1, SL-WB03-1, SL-J412-1, SL-wD12-1,
SL-J009-1, SL-d503-1, SL-J508-1, SL-d431-1, SL-J430-1 or {R,,S,)INp-QUINAPHCS in
particular SL-W008-2, 8L-J504-1, SL-WCGS-1, SL-J412-1, SL-J503-1

Combinations of organometallic complex and chiral iigand are for exampie:
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- rhodium organcmetallic complex and an Atropisomer, Walphos, Taniaphos,
Josiphos, Mandyphos or Quinaphos ligand; such as [Rn{nhd),iBF. or
{Rh{ccd)2]|BF4 and an Atropisamer, Walphos, T aniaphos, Josiphos,
Mandyphos or a Quinaphos ligand; in particular {Rhinbd},]B8F., and SL-
WOo08-2, SL-J504-1, SL-W009-1, SL.J41201 or SL-J503-1;

- uthenium erganometiallic complex and an Atropisomer, Taniaphos,
Mandyphos, Walphos, Josiphos or Fenphos ligand; such as [Ruly)(p-
cymensa)z, [Rufeod)(2-metaliyi),l, [Ruly{p-cymene)); or
[Ru({cod {OOCCF;);] and an Atropisomer, Taniaphos, Mandyphos,
Walphos, Josiphos or Fenphos ligand. Even more preferably, [Rul:(p-
cymenell;, [Ru(cod¥2-metaiivi),l, iRulx(p-cymeneil, or
IRu(codOCCCF,),) ang SL-A108-2, SL-TG21-2, SL-M003-1, SL-W008-1,
SL-J301-1, SL-F356-1, SL-M004-2, SL-MG12-1, SL-J002-1, SL-d013-1, SL-
J211 or §L-J803-1; or

- indium organometallic complex and a Walphos or Josiphos figand; in
particular {ir{ced}Cil; and a Walphos or Josiphos ligand; such as
jlr{cod)Clj, and SL-WOG9-1, SL-WG12-1 or SL-J009-1.

When using these combinations, the reduction of the compound of formula (2-a), or salt
thereof, provides a composition comprising the compounds according to formuiae (1-a)
and {1-b), or salts thereof, wherein the molar ratic of compounds according to forrmula (1-
b}, or salis thereof, to compounds according to formuia (1-3), or salis thereof, is at least
55 10 45, preferably at least 80 to 20, more preferably atleast 9110 9.

In a third embodiment, the reduction of the compound of formuia {2-a), or sait thereof,
provides a composition comprising the compounds according to formulae (1-a) and (1-
b}, or salts thereof, wherein the molar ratio of compounds according to formuia {1-a), or
salts thereof, to compounds according to formuia {1-b), or salls thereof, is at least
55 tu 48, preferabily at least 80 to 20, more preferably at least 87 {o 3, most preferably

at least 9910 1.

in one embodiment, the fransition metal catalyst comprises a transition metai selected
from the group 8 or 8, such as rhodium, ruthenium or indivm and a chiral ligand
selected from the group consisting of BoPhoz ligand, BINAP ligand, BINCL ligand, a

Phospholane ligand, PhanePhos ligand, P-Phes ligand, QuinaPhos ligand, ProPhos
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tigand, BDPP ligand, DIOP ligand, DIPAMP ligand, DuanPhos ligand, NorfPhos ligand,
BINAM ligand, CatAsium ligand, SimplePHOX ligand, PHOX ligand, ChiraPhos ligand,
Ferrotane ligand, BPE ligand, TangPhos ligand, JafaPhos ligand, DuPhos ligand,

Sinaphane iigand and mixtures thereof.

BoPhoz ligands are of the formula described above, in particutar (R}-4-F-CgH.-MeBofPhoz,
{R-BINOL-{R}MeBoPhoz, (R\-MeBoPhoz, (R)-p-F-MeBoPhoz, (R)-Phenethyl-(R}-
MeBoFhoz, (S)-BINOL-{(R}-MeBoPhoz or {8)-MeBoPhoz.

QUINAPHGOS ligands are of the formula described above, in particular {R,, S 1Np-
QUINAFHOS or {S,,R.)-1Np-QUINAPHOS.

{S)-2-{1-Naphthyl)-8-diphenylphosphinc-1-(R)-3,5-dioxa-$-phosphacycioheptal
2,1-3;3 4-a'|dinaphthalen-4-yi}-1,2-dihydroquinoline = (R, S 1Np-QUINAPHOS

{R)-2-(1-Naphthy!}-8-diphenyiphosphino-1-( 5)-3,5-dioxa-4-phosphacycloheptal
2,1-8,3,4-a"jdinaphthalen-4-y1)-1,2-dihydroguinoline = (85, R} TNp-QUINARPHOS

BINAP ligands are of the formula:

C Q9!
P N
e PR, g \1// PRy

o \[%\rfPR2 v | PR
X \) &v"‘\
(RY-BINAP (S}-BINAP

wherein R is, for exampie, as described in R, Noyori, H. Takaya, Acc. Chiem. Ras,, 23 345
{1990}, for example R is phenyi (= BINAP) or toiyl (= Tol-BINAP). In particular, suitable
BINAP ligands are (R}-BINAP, (R)}Tol-BINAP, (8)-BINAP or (S)-Tol-BINAP.

(R)-2,2"-Bis(di-p-tolyiphosphino)- 1, 1'-binapthalene = (R}-Tol-BINAP
{8)-2,2-Bis{di-p-tolylphosphino)-1, 1'-binapthalene = (S)-Toi-BINAP
{R}-2,2'-Bis{diphenylphosphino)-1, 1 -binapthaiene = (R}-BINAP

{8)-2.2-8Bis{diphenyiphosphine)-1, 1'-binapthalene = {3)}-BINAP
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BINCL tligands are of the formula:

o, oo

e i P S &

=N oR L RINNOR
s N H

P X//J\\IJ/(/H P \If | OR

'\/z-ixv Ny Xy

{R)-BiNOL (S}-RINOCL.
wiierein R is, for example, as described in Noyori, R,; Toming, §.; Tanimoto, Y.; Nishizawa,
M. J. Am. Chem. Soc, 106, 6708 (1884); Noyori, R.; Tomine, 1.; Yamada,. M.; Nishizawa,
M. J. Am. Chem. Soc., 106, 6717 (1984), for exampie is phenyl (= BINQL). In particular,
suitable BINOL ligands are, for example, (R}BINOL or (S)-BINGL.

PhanePnhos ligands are of the formuia:

wherein Ar is, for example, as described in K. Rossen, P. 4. Pye, R. A. Reamer, N. N.
Tsou, R. P. Volante, P, J. Reider J. Am. Chem. Soc. 119, 6207 {1897), for example Ar
is Ph (= PhanePhos), 4-Me-CgHs {(=Toi-Phanefhos), 4-MeO-CgHs (An-FhanePhos},
3,5-Mey-CeMy (= Xyi-Phanephos) or 3,5-Mer4-MeQ-CeHy (= MeO-Xyl-Phanephes). in
particular, suilable PhanePhos ligands are, for example, (R}-PhanePhaos, (R)}-Xvi-
PhanePhos, (S)-Xyl-PhanePhos, (S)-PhanePhes, (R)}-An-PhanePhos, (R)}MeO-Xyl-

PhanePhos or (R)-Tol-PhanePhos.

(R)4,12-Bis(diphenylohosphino)-[2.2]-paracyciepentane = (R}-PhanePhos
(31-4,12-Bis{diphenyiphosphino)-{2.2}-paracyclopentane = (8)-PhanaPhos
{R)-4,12-8is(di{3.5-xyly)phosphino)-{2. 2l-paracyclopentane = (R}-Xyl-PhanePhos
(8)-4,12-Bis{di{3,5-xylyl}phesphino)-[2.2]-paracyciopentane = (8)-Xyl-PhanePhos

(R}-4,12-Bis(di{p-tolyiDphosphino)-[2.2]-paracyciopentane = {R)-Tol-PhanePhos
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(R)-4,12-Bis(ai{p-methoxyphenyl)phasphine)-[2.2)-paracyclopentans = (R}-An-Phanefhcs

{R4,12-Bis(di{p-methoxy-3,5-dimethylphenyiphosphino)-[2.2}-paracyclopentane = {(R)-
MeO-Xyl-PhanePhos

P-Phos ligands are of the formula:

OMe i|3M=3

' '8
e -
MeG™ PAr, :\Aeo’L\«"’ P,

. |
MeO., 3‘gf.\.\rPArz MeD 7
N

OhMe or Oive

wharein Ar is, for example, as descrived in C. -C. Pai, C. -W. iin, C. -C. Lin, C. -C. Chen,
A.S.C. Chan, W. T. Wong, J. Am. Chem. Soc. 122, 11513 (2000), for exampie Aris Ph

(= P-Phos), 4-Ma-CgHa (=TolP-Pnos), 4-MeO-CeHa (An-P-Phos), 3,5-Meg-Cets (= Xyl-P-
Phas) or 3,5-Mex4-Me(Q-CeH, (= MeO-Xyi-P-Phos). in particuiar, suitable P-Phos ligands

are, for exampie, (R)}-P-Phos, {R)-Xyl-P-Phos, (5)-P-Phos or {8)-Xyl-P-Phos.

(R)-2,2',6,8'-Tetramethoxy-4,4'-bis{diphenylphosphino}-3,3'-bipyridine = (R)-FP-Phos
{8)-2,2',8,8"- Tetramethoxy-4,4'-bis(diphenyiphosphinc}- 3,3 -bipydidine = ($)-P-Phos

(R}-2,2.6,6™-Tetramethoxy-4.4-bis{di{3,5-xylyl}phosphine -3, -bipyridine = (R}Xyl-P-
Phas

~

{$5)-2,2',6,6'-Tatramethoxy-4,4"-bis(di(3,8-xylyl) phosphine }-3,3 -bipyiidine = (§)-Xyl-P-Phos
ProPhos ligands are of the formuta:

R R
RPTY ReP”
PPhy o PRy

wherein R and R’ are, for example, as described in Fryzuk, M. D, Bosnich, B. J. Am.

Chem. Soc,, 100, 5491 {1978), for example R’ is Me and R is Ph. In particular, a
suitable ProPhos ligands is, for exampie, {R}-ProPhcs.

{R}-1,2-Bis{diphenyiphosphinojpropane = (R)}-ProPhos
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BDPP ligands are of the formuia:

PR" ?Rg PR, f‘Ro
NN oF \//\\

wherein R is, for example, as descrived in Bakos, J.; Toth, |, Marko’, L. d. Org. Chem,,
46, 5427 {1981), for exampie R is Ph. in particuiar, suitable BDPP ligands are, for
example, (R, R)-BDPP or (8,5}-BDPP.

(2R,4R)-2,4-Bis(diphenylphosphinojpentane = (R,R)-BDPP

(25,45)-2,4-Bis(diphenylphosphino)pentana = (§,S)-BDPP

DHOP Higands gre of the formula:

>< f\PRI “PR,
_PR, X PRQ

or

wherein R is, for example, as described in Kagan, H. B.; Dang, T. P. Chem. Commun.
1971, 481; Kagan, H. B.; Dang, T. P. J. Am. Chein. Soc. , 94, 6429 (1972), for example R
is Ph. in particutar, suitable DIOP ligands are, for example, (8,8)-DIOP or (R .R)-DICP.

{4R,5R 4 5-Bis(dighenylphesphino-methyl)-2, 2-dimethyl-1, 3-dioxolane = (R,R)-DICP

(48,584, 5-Bis{diphenylphosphinc-methyl)-2,2-dimethyl-1,3-dioxclane= (S,5)-DICP

7

DIFPAMP ligands are of the formula:

/N /N
Re—P  PooR - RiP PR
Rle Rr Rl OR!

or
wherein R and R’ are, for example, as described in Knowles, W. S, Acc. Chem. Res.
16, 1086 (15983), for example R is Ph and R’ is Anisyl. [n particular, a suitable DIPAMP
ligand is, for example, (R,R)-DiIPAMP,

(R.R)-1,2-Ethanedivibis[{2-methoxyphenylohenviphesphinels (R, R)-DIPAMP



WO 2009/09625 1 PCT/EP2009/036310

92

DuanPhos ligands are of the formula:

wherein R is, for example, as described in PCTAIS02/357d8, for example R is tert-butyl.

In particular, a suitable DuanFhos ligand is, for exampie, (R,R}-DuanPhos.

{1R1'R.28,2°8)-2.2-Bi~tent-butyl-2,3,2" 3'-tetrahvdro-1H,1'H-{ 1, 1')blisophosphindolyi =
{R,R}-DuanPhos

NorfPnos ligands are of the formula:

N PRe N H
o Iy H T
/-/»-..Téi [’;\Z p’;‘:z

PRy H

or
wherein R is, for example, as described in Brunner, H.; Pieronczyk, W.; Schoenhammer,
B.; Streng, K.; Bernal, i.; Karp, J. Chem, Ber, 114, 1137 (1981), for example R is Ph. in

particular, suitable NorPhos ligands are, for example, (R,R)-NorPhas or (S,5)-NorPhes.

{2R,3R.}-2,3-Bis{diphenylphesphinoibicyclo[2. 2. f|hept-5-ene = (R,R}-NorPimS

(25,38)-2,3-Bis(diphenylphosphina)bicyclo[2.2. 1]hept-5-ene = (S,8)-NarPhos

BINAM ligands are of the formula:

K'\\“/ ~ O A\‘§\:
< PN, . }i
NNFNHR S ORHR

P /J\(NHR f;,\]{,; I NHR
S \//“ or K:// .



WO 2069/890251 PCT/EP2009/050510

83

wherein R is, for example, as described in F-Y. Zhang. C. -C. Pai, A. 5. C. Chan J. Am.
Chem. Soc. 120, 5808 {1998), for example R is PRy, wherein R’ for example is Ph. In
particuiar, suitable BINAM ligands are, for exarple, (Ri-BINAM-P or (S)-BINAM-P,

{R)}-N,N-Bis{diphenylphosphino)-1,1"-binaphthyi-2,2'-diamine = {R}-BINAM-P

(S)-N N-Bis{diphenylphosphine)-1,1'-binaphthyl-2,2'-diamine = (S)-BINAM-P

CatASium ligands are of the formuia:

_p- WP LY R
GX\\ - RR ot . ,A\T RR and \—Nf i or ""N/ i
| N /( = ) o R e R
)/ P >7/ PN\ 7 ]
o L/ G / R' R
Rv.‘ i R "t

wherein R, R’ and R” arg, for example, as described .n Holz, J.; Monsees, A, diao, H.;

You, J.; Komarov, L V.; Fischer, C.; Drauz, K.; Bomer, A. J. Org. Chem., 68, 1701--1707 .
{2033); Holz, J.; Zayas, O. Jiao, H.; Baumann, W.; Spannenberg, A.; Monsees, A

Riermeier, T. H.; Almena, J.; Kadyrov, R.; Bémer, A. Chem. Eur. J, 12, 5001-5013

(2008}, for example, Ris Me, R'is Ph, R” is benzyi and G is O, NMe, N{Me)N{Me}. In

particular, suitable CatAsium ligands are, for example, (R)-CatASium M, (S)-CatASium

M, (R)-CatASium MN, (8}-CatASium MN, (R)-CatASium O or (R}-CatASium MNN.

N-Benzyl-(3R,4R)-bis(diphenyiphosphinopyrrolidine = (R}-CatASium D
2,3-Bis{{2R 5R}-2, 5-dimethyiphosphoianoimaieic anhydride = (R)-CatASium M

2,3-Bis{{2R 5R)-2, 5-dimethyiphospholanol-N-methylmaleimide = {R}-CatASium MN

4,5-Bis[(2R,5R)-2,5-dimethyiphosphoiano]-1,2-dihydro-1,2-dimethyi-3,6-pyridazinedione
= {R)-CatASium MNN

2,3-Bisl(28.58)-2,5-dimeihyiphospholanolmalieic anhydride = (8)-CatASium M

2.3-Bis[(28,58)-2,5-dimethyiphosphcianol-N-methyimaleimide = (8}-CatASium MN
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2 ?I\> PR, N )
R R

wherein R and R’ are, for example, as described in S. Smict, F. Menges, A. Ffaltz, O.rg.
Lett. 6, 2023 (2004, for example R is Cyclchexyl and R’ is tert-butyi. In particular, a
suitable SimplePHOX ligand is, for exampis, {S}-Cy-1Bu-SimplePHOX.

{S)-4-tert-butyi-2-(2-(dicyclohexylphosphinooxry )propan-2-yl)-4 5-diygrooxazaole = {(8yCy-
Bu-SimplePHOX

PHOX ligands are of the formula:

oo G,

RLP \, R,P N.\g
H.' or R

wherein R and R' are, for example, as described in A. Lightfoot, . Schnider, A. Pfaltz,
Angew. Cher. In. Ed., 37, 2897 {1598), for example R is Ph and R’ is iPr. In particular,
a suitable PHOX ligand is, for exampie {S}Pr-PHOX.

{S)-4-tert-Butyi-2-[2-{diphenyiphosphingiphenyli-2-oxazoline = {§)-iPr-PHOX

ChiraPhos ligands are of the formuta:

PR, ?Rz
/”;\g/’ 1/\\‘//

PRy, PRy
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wherein R is, for example, as described in Fryzuk, M. B,; Bosnich, 8. J. Am. Chem, Soc,
88, 6262 (1977); Fryzuk, M. B.; Bosnich, B. J. Am. Chem. Soc, 101, 3043 {1979), for
example R is Ph. in particuiar, a suilable ChiraPhos ligand is, for exampile, (§,5)-
ChiraPhos.

{25,38)(~)-Bis{diphenyiphosphino)butane =({5,8)-Chiraphos

Ferrotane ligands are of the formula:

A

wherein R is, for example, as described in Berens, U.; Burk, M. J.; Gertach, A.; Hems, W,
Angew. Chem., Ini. Ed. Engl. 2600, 30, 1981 (2000}., for sxample R is reathy! or athyl,
preferably ethyl. In particuiar, a suitable ferrctane ligand is, for exampie, (8 S)-El-
Ferrciane.

1,1-Bis[(28,48)-2 4-diethylphospholanciferrocene = (S,SyEt-Ferrctane

BPE iigands are of the formula:

R

\>'"5F!El il

P
/>...mst:o
-

J*‘U

oy

AJ%’ -
e/

A

L.
I}%/m
9

i

Q
=
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wherein R ig, for exampie, as described in Burk, M. J. Acc. Chem. Res, 33, 363 (20060},
for example R is Me or Ph In particular, suitable BPE ligands are, for exampla, (8,8)-
Me-BPE or (8,8)-Ph-BPE.
,2-Bis{(28,55)-2,5-dimethylphospholanolethane = (3,8)-Me-BPE

S

2-Bis[(23,58)-2.5-dIphenylphospholanc]ethane = {

TangPhos ligands are of the farmula:

\P é\P Fi E">
 \ UL |
R o R R

wherein R is, for exampie, as descrbed in Tang, W.; Zhang, X. Angew. Chem,, int. Ed.

Engl, 41, 1612 (2002}, for example R is teri-butyl. In particuiar, a suitable TangPhos

ligand is, for sxample, (8,8,K,R)-TangPhos.

(18,18 2R 2R"}-1, 1"-Di-tert-butyl-(2,2"»diphosphoiane = {S,8,R,R}-TangPhos

JafaPhos ligands are of the formula:

. b/
@:_:;?\\ \NR’Z

@ PRy
L

wherein R and R’ are, for example, as described in Jendralia, H.; Paulus, E. Synlett (E. J.
Corey Special Issue) 1997, 471, for example R is Ph and R’ is iscpropyl. in particular, a

suitable JafaPhos ligand is, for exampie, (R)-JafaPhos.
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{(R)-1,1'-Bis{diphenyiphosphino)-2,2"-bis{N N-diiscpropylanido)ferroceneg] = (R}
JafaPhos
DuPhos digands are of the formula:

R% R“q"’ﬁ (/\\
\ L/
P, P
N YR ‘/&\} R
. B
P P\
k yl\>
R or R

wherein R is, for examgle, as described in Burk, M. J. Acc. Chem. Res, 33, 363 (2000),
for exampie R is Me. In particular, a suitabie DuPhos ligand is, for examiple, (R}

MeBDuPhaos.

1,2-Bis[(ZR,5R)-2,5-dimethylphospholancibenzene = (R}-MeDuFhos

Binaphane ligands are of formula:

for exampie as descrived in Xiao B, Zhang Z, Zhang X, Org Leth, 1899 Nov

18;1{10):187%. In particular, a suitable Binaphane ligand is, for example, (R)-Binaphana.

(R.R)-1,2-Bis{{R)-4,5-dihydro-3H-binaphtho(1,2-¢:2",1'-e)phosphepinolbenzene = (R)-
Binaphane
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Further suitabie chiral igands and chiral groups are given, for example, in Tang, W and

Zhang, X, Chem. Rev., 2003, 103 (8}, 3029 and references cited therein.

The ligands above-menticned are commergially available from Johnson Matthey ple

(London, United Kingdom) and/or from Sclvias AG (Basel, Switzerland).

in one embodirnent, the transition metai catalyst comprises, for example:

- the transiticn metal rhodium and a chira! ligand such as a P-Phos, a
PhanePhos, a Phospholane, a BoPhoz, a DIOP, a BINAP, a CatAslum, a
TangPhos, a JafaPhos, a DuPhos, a 8FE, a Ferrotane, a BINAM, a

LanPhos, @ NorPhos, a BDPP, a ProPhos. a DIPAMP, a ChisaPhos
ligand or 2 Binaphane ligand. For example, the transition meial catalyst
comprises the fransition metal rhodium and a chiral ligand such as SL-
P104-2, SL-P102-1, SL-POQS-1, (R}-P-Phas, {8)-P-Phos, (S-PhanePhos,
{(R)-FhanePFhos, {(R}An-PhanePhos, (R}-MeO-Xyl-PhanePhos, {(R}Xyi-
FhanePhos, {R)}-Tol-FhanePhos, (8)-MeRcePhoz, (5.8)-DIGF, (R.R)-DICP,
(S)}-BINAP, (S)-Toi-BINAP, (R}-CatASium M, (S5)-CatASium M, (R}
CatASium MN, (8)-CatASium MN, (R)-CatASium D, (R)-CatASium MNN,
(8,8 .R,R)-TangPhos, (R)-JafaPhos, (Ry-MeDuPhos, (S,5)-Me-BPE, (5,.8}-
Ph-BPE, (S,S)-Et-Ferrotane, (8)-BINAM-P, {R)}-BINAM-P, (R.R}-DuanPhos,
{R,R}-NorPhos, {8,5)-NorPhos, (R,R}-BEPP, (5,5)-BDPP, (R}-ProPhos,
(RR}-CIPAMP, (8,S)-ChiraPhos or (R)-Binaphane. Particularly suitabie
fransition melal catalyst are for example: {Rh{CODYSL-P104-2}] C;8CF,,
[RRMCOD)SL-P102-1)]BF s, IRMCODYSL-FPO0S-1)BF,, [Rh{CODYSL-
P102-1)] O3SCF;, [(R)-P-Fhos Rh{COD)BF., [(S1-P-Phos Rh{COD)BF.,
[{R}-PhanaPhos RR{COD)BF,, [(S)-PhanePhos Rh(COL)BF,, [{R)-Xyi-
FPhanePhos Rn{COD)BF., [(S)rMeBoPhoz Rh{COD)BF,, [(8,8)-DI0P
RhCOD)BF4, {(SF-BINAP Rh{COD}IBF,, [(R}-CatASium M Rh(COD}|BF.,
[(8)-CathSium M Rh{COD)}BF,, [(R)-CatASiurn MN Rh{COD}BF,, {{S)-
CatASium MN Rh(CODYBF,, [(R)-CatASium D Rh{COD)BF,, {{S,.S.R.R}-
TangPhos Rh{CODJIBF,, [(R}-JafaPhos Rh{COD)IBF,, [(R)-MeDuPhos
Rh(CODYBF,, {(8.8)-Me-BPE Rh{COD)IBF,, [{$,5)-Ph-BPE RHMCOD)BF,,
[{8,S-Et-Ferrotane RN(COD}BF,, [(R)-An-PhanePhos RMCGD)BF,, [(R)-
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CatASium MNN Rh(COD)BF,, {S)-Tol-BINAP RR{COD)IRF,, [(S}-BINAM-
P RR(COB)BF,, [(R)-BINAM-P Rh(COD).8F,, [(RR)-DuanPhos
Rh{COD)IBF,, [{R}-Binaphane RR{COD)IEF,, {(R.R)-NorPhos
Rh(CODY)BF,, [{S,5)-NorPhos Rh(CCD)BF,, (R, R)-BDPP Rh(CODYBF,,
[(S,5)-BDPP Rh(CODYBF,, {R.R)}-DIOP RR{COD)BF,, [(Rz-P.roPho_.
Rh(COD)jIBF,, [(RR}-DIPAMP Rh{COD)|BF,, [(8,S)-ChiraPhos
Rh{COD)IBF,, [(R}-MeO-Xyl-PhaneFhos Rh{COD)BF, or {{R)-Toi-
PhanePhos RhCOD}BF,; in particuiar [Rh{COD)SL-P102-1}|BF,,
[RR{CODYSL-P005-1)jBF,, [RR{COD){SL-P102-1)] O;SCF;, [{R)»-
PhanePhos RCODYBF,, [(R)Xyi-PhanaPhos R{COD)BF,, {(8,8)-0i0P
Rh(COD)IBF.. [(8)-BINAP Rh{COD)IBF,, [(R)-CatASium M Rr{COD)IBF.,
[{R)-CatASium MN Rh{COD)IBF,, {(S}-CatASium MN Rh(CCD]IBF.,
{S,5,R,R}TangPhos Rh{CODR)IBF,, [(3,8):-Me-BPE Rh(CCD}IBF,, {S5,S)
Ph-BPE Rh{COD)|BF,, [{R)-An-PhanePhos RR{COD)BF . [(R)-CatASium
MNN Rh{COD)BF., [{S)Tol-BINAP Rh(CCD}IBF,, [(S)-BINAM-P
Rr(COD)BF,, [{RRF-DuanPhos Rh(CCDNBF,, [{R)-Binaphane
Rh{COD)IBF,, [(5,.8)-NorPhaos Rh(COD)IBF., [(R,R)-BDFP RR{CCD)IBF,,
[{S,SyBDPP RR(COD)IBF,, [(R,R)-DIOP RR{COD)|BF,, [{R)-ProPhos
Rh(COD)]BF,, [(R.R}-DIPAMP RR{COD)IBF,, [(8,8)-ChiraPhos
Ri{CODIBF,, [{(RiMaO-Xyl-PhanePhos RR{CCD)IBF: or [{(R)-Tol-
PhanePhos Rh{COD}|BF,; such as [Rh{COD)(SL-P102-1}]18F,,
[Rh(COD}SL-POO5-1)]BF,, [(R)PhanePhos RR(COD)]BF,, [(R)Xyl-
PhanePhos RMCOD)BF,, [(R)CatASium M Rh{CODJIBF,, [{(R)CatASium
MN Ri{COD}IBF,, [{S.S.R R)TangPhos Rh{COD)IBF,, {(3,S)Ph-BPE
Ru(COD)8F,, [(RjAn-PhaneFhos RR(COD}BF,, [(R.R)DuanPhos
Rh{COD)1BF,, [{8.8)NorPhos RR{COD)BF, or [{R)MeD-Xyi-PhanePhos
Rh{COD)BF,;
the wansition metal ruthenium and a chiral ligand such as a BoPhoz, a
BINAP, a BINOL, a PhanePhos, a P-Phos or a QUINAPHGCS ligand. For
example, the transiticn melal cataiyst comprises the transition metal
ruthenium and a chiral ligang such as (R}4-F-CgHa-MeBoFhoz, (R)-BINAP,
(R}-BINOL-(R}-MeBoPhoz, (R}-MeBoFhoz, (R)-p-F-MeBoPhoz, (R)-
PhanePhos, {(R)-Phenethyl-(R}MeBoPhoz, (R)-P-Phos, (R}-Tol-BINAP,
{Ry-Xyl-Phanefhos, (R)-Xyt-P-Phos, (RS INp-QUINAPHOS, (8)-BINAP,
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(8}-BINOL-(R-MeBoFhoz, (S)-P-Phos, {S)-Xyl-Phanefhos, {8} Xyi-P-
Phos or (Sa,RcyINp-QUINAPHOS. Particulariy suitable transition metal
catalyst are for example: [(R)-4-F-CgHy-MeB oPhoz Ru{benzene)CHCI, [(R)-
BINAP RuCl{benzene)iCi, [(R}-BINOL~-{R)-MeBoPhoz Ru(benzene)CiCl,
[{R}¥MeBoPhoz RuCi{Benzene)ICl, [(R}-p-F-MeBoPhoz RuCl(Benzene)|Cl,
[(R}FPhanePhos RuCl{dmf)], [{R)-Prenethyi-{R}-MeBoPhoz
Ru(benzene)CIICl, [(R)-P-Phos RuCl{benzene}|Cl, [(R}-Tol-BINAP
RuCi{benzene}|Cl, [(R}-Xyi-PhanePhos RuClh{dmf),], [(R)}-Xyi-P-Phos
RuChy{dmf)z}, [(R,, 5, INp-QUINAPHOS RuClz{dmf)), [(S)-BINAP
RuCl{venzene}|Cl, {(S)-BINOL-(R)-MeBoPhoz Ru(benzene)CICI, [(S)-P-
Phos RuCi{benzene}]Cl, [{S}-Xyl-PhanePhos RuCl,{dm{),], [{S)-Xyl-P-Phcs
RuCh{dmiiol, [(Se, R} INp-QUINAPHGS Rully{amf},), [(R}-F-FPhos
Rufascac),), [(R)-Xyi-P-Phos Fliu(acac)zf of [(R}-Xyl-P-Phos
RuCl{benzene}]Cl, in particular, [(R}-4-F-CsHs-MeBoPhoz
Ru(benzene)CICi, [(R}BINAP RuCi{benzeneliCl, [(R}-MeBoPhoz
RuCi{Benzene)lCt, [{R)-p-F-MeBoFPhoz Rull{Benzene)iCl, [(R)-
PhanePhos Rulh{dmfy], [(R)-Fhenethyl-{R}-MeBoPhoz
Ru(benzene)ClICl, [(R)-P-Phos RuCl{benzene)|Cl, [{R)-Tol-BINAP
RuCl{benzene)|Cl, [(R}»-Xy-P-Phos RuCh{admi),] , [(S)-BINAP
RuCl{venzene)|Cl, ({S)}-BINOL-{R)-MeBoPhoz Rulbenzene)CIJCI, [{S)-P-
Phas RuCi{benzene)]Cl, [(S}-Xyi-PhanePhos RuCl.{dmi);], {{Sa,Rc)1Np-
QUINAPHOS RuCix{dmf),], [(R)-P-Phos Ru{acac)], [(R)-Xyi-P-Fhos
Ru(acac),j or [{R)-Xyl-P-Phos RuCl{benzene)lC}; or
- the transiticn metal iridium and a chiral ligand such as a P-Phos, a BoPhoz,

a SimplePHGX or 2 PHOX ligand. For example, the transition metai
catzlyst comprises the transition metal iridium and a chiral ligand such as
{S)-P-Phios, (S}-Xyl-P-Phos, (S}MeBoPhoz, (R)-MeBoFhoz, (S}-Cy-tBu-
SimplePHOX or (8)-IPr-PHOX. Particularly suitable transition metal
catalyst are for exampile: [{S)-P-Phos ifCOD)C, [{S)»Xyi-P-Phos
I(CODJC), [(SH-MeBoPhoz Ir(CODNCH [(R)»-MeBoPhoz r(CODJCL [(8)-
Cy-tBu-simplePHOX ir{COD)BArF or {(S}iPr-PHOX ir(COD)BAIF.

When using these combinations, the reduction of the compound of formula {2-a), or salt

thereof, providas a composition comprising the compounds according to formuiae {1-a)

and {1-b), or salts thereof, wherein the molar ratio of compounds accerding to formuia (1-
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a}, of saits thereof, tc compounds according to formula (1-b), or saits thereof, is at least
55 to 45, preferably at least 80 to 20, more preferably at least 97 (o 3, most preferably at
least 89 fo 1.

in a fourth embediment, the reducticn of the compound of formuia (2-a), or salt thereof,
provides a composition comprising the compounds according to formulae {1-a) and (1-
5), or salts thereof, wherein the molar ratio of compaunds according to formuia (i-h), or
salts thereof, to compounds according to formula (1-a), or salts thereof, is at least

58 w0 45, preferably al least 70 to 30, more preferably at least 76 to 24.

In che embadiment, the transition metal catalyst comprises, for example:

- the transition metai rhodium and a chiral ligand such as a PhanePhos, 2
BoPhez, a JataPhos, a CaiASium, a BINAM or a NorPhos ligand. For
example, the iransiticn metal cataivst comprises the transition metal
rhodium and a chiral ligand such as {S)-PhanePhos, {(€)-MeBoPhoz, (R}
JafaPhos, (S}-CatASium M. (R1-BINAM-P or {R Ri-Norphos. Particularly
suitabie transition metai catalyst are for example: [(S)-PhansPhos
Rh(CODJIBF,, [(5)-MeBaPhoz Rh(COD)|BF,, [(R)-JafaFhos Rh{COD)IBF,,
[(S)-CatASium M Rn(COD)IBF,, [(R-BINAM-P Rh{COD)BF, or i(R.R)-
NorPhos Ri{COD}BF,;

- the fransition metai ruthenium and & chiral ligand such as a PhanePhos, a
P-Phos, a BINCL, a QUINAPHQOS, a BoPhoz or a BINAP ligand. For
example, the transition metal catalyst comprises the transition metal
ruthenium and g chiral ligand such as (S)-Xyl-PhanePhos, (8)-Xyi-P-Phos,
(R}-BINOL-{R}-MeBoPhoz, (R, S} 1Np-QUINAPHGOS or (R)-Tol-BINAP.
Particularly suitable transition metal cataiyst are for example [(S}Xyi-
PhanePhos RuCh(dmf),], [{SIXy-P-Phos RuCk{dmf),], [(RIBINOL-(R)-
MeBoPhoz RufbenzeneCIICH, [{(Ra,S:)INp-QUINAPHOS RuCl{dmf),] or
[{R)Tol-BINAP RuCi{benzene)]CH; or

- the transition metal iridium and a chiral ligand such 2s a P-Phos or BoPhoz
ligand, for example {S)-Xyl-P-Phos or (3)-MeBoPhoz. Particuiary suitable
transition metal catalyst are for exampie ((S)-Xyi-P-FPhes Ir(COB)Cl or [(8)-
MeBoPhoz 11{CO)CI.
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When using these combinations, the reduction of the compound of formula {2-a), or salt
therect, provides a compasition comprising the compoungs according to formuiae {1-a)
and (1-b), or salts thereof, wherein the moiar ratio of compounds according fo formuia
(1-b), or saits thereof, to compounds according to formula {1-a), or salts thereof, is at

least 55 to 45, preferably at least 70 to 30, more preferably at ieast 76 to 24,

in a further preferred embodiment, the reduction of the compound of formula (2-a), or
salt therecf, provides 8 composition comprising the compounds according to formulae
{1-a} and (1-b), or salls thereof, wherain the molar ratio of compounds according to
formula {1-a), or zaits therenf, to compounds according to formuila {1-b), or 3alts thereof,

is at least 88 to 12, preferably at least 90 to 10, more preferably at ieast 99 (o 1.

SECTION D: Conversicn of a compound of formula (7} inte a compound of

formuia {1) via a compound of formula (3}

The methods, accerding to the present invention, to convert a compoung formula (7}, as

described herein, intc a compound of formuia (3), as described herein, are surmmarized

in Scheme 5.
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Thus, in another aspect the present invention relates o the conversion of a compound
of formula (7), as described hergin, into a compound of formula (3), as described
herein, according to any one of methods 1 te §, wherein
method 1 comprises

a) any one of methods in Section B to convart {7} into (5), and

b) any one of methads in Section 0.1 fo convert {5} into (3);
meihod 2 comprises any one of methods in Section D.2 to convert (7) inte (3);
method 3 comprises

a) any one of methods in Section B to convert (7) into {6},

b} any one of methods in Section B {o convert (6} into (5). and

¢} any one of methods in Section .1 to convert (§) into (3);
method 4 comprises

2} any one of methods in Section B to convent (7) into (6), and

b any one of methods in Section 3.3 to convert (6} into (3);
method 5 comprises

a) any one of methods in Section B {0 convert (7) into {6),

b) any ane of methods in Section B tc convert (6) into (4}, and

¢} any one of mathods in Section [.4 to convart (4) into (3);

in particular accerding to methods 1, 2, 4 or §; panticularly according {0 method 5.

As discussed below, Sections D.1, 0.2, D.3 and D.4 as such are z2iso preferred
embaodiments of the present invention..

SECTION D.i: Converslon of a compound of formula {5) inte a compound of

formula {3)

In a further aspect, the present invention reiates o a process for preparing a compound

of formuia (3)
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or sait thereof,

whereint R1is hydrogen or a nitrogen pratecting group, said process Comprising
a) conwverting a compound of formula (8), or sail thereof,

A AN
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wnerein R is hydrogen or @ nitrogen protesting group, into a compound of formuia (12)
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or salt thereof, whersinn R1 is hydragen or & nitrogen protecting group and R5 s a
leaving group; and

b) reacting the compound of formuia (12), or salt thereof, with 2 reducing ageni 1o
obtain the compeund of forrmula (33

o

Staps a) and b) as such are also an embadiment of ihe present invention.

In a preferred embodiment, the present invention relales tc a process for preparing a
compound of formula (3-a}
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or sait thereof,

PCT/EP2009/050510

wherein R1 is hydrogen or a nitregen prolecting group, said process comprising

a} converting a8 compound of formuia (5-b), or sait thereof,

GH E
'4_,' . / ~.. Y/
R f 7
/ -
o‘%\’ /LV/A}\ -~
"
"

wherein R1 is hydrogen or a nitrogen pretecting group,

inta a compound of formula (12-b)

N

H

S

(&-b)

or sait thereof, wherein R1 is hydrogen or a nitrogen protecting group and R5 is a

ieaving group; and

b) reacting the compound of formula (12-b), or salt thereof, with a reducing agent fo

chiain the compound of formuia (3).

Typical reducing agents are well known in the art and can be taken e.g. from relevant

chapters of standard reference works such as P. G. M, Wuts and T, W. Greene,

‘Greene's Protective Groups in Organic Synthesis’, Fourth Edition, Wiiey, New Jersey,

2007 and inciuds:

- hydrides (eg iithium aluminium hydride, sodium borohydride, sodium
cyanoborohydride), metals (eg zing, tin dichloride, tributyltin hydride

hiumj,

hydrogenation {(eg hydrogen and a hydrogenation cataiyst such as Pd/C, for exampie

as described in Section B.3.3) [espedially when RS = halide],
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- hydrides (eg lithium aluminium hydride, sodium borohydride, diiscbuty! aluminium

hydride) or fributyltin hydride-scdium iedide. [especially when RS = sulphonate]
in general, these methods work for both halides and suphonates
Sieps a) and b} as such are also @ preferred embodiment of the present invention,

The conversion of a OH-group intc a leaving group and the subsequent treatment with
a reducing agent are well-known reactions o the person skilled in the ari, for example
as described in Richard €. Larock, “Comprehensive Organic Transformations: A Guide
to Functional Group Preparations”, Secend Edition, Wiley-VCOH Verlag GrooH, 2000, in
particular as described in the relevant chapters thereof. Preferred leaving groups are
haio, such as bromo or indn, or a slilphonate group, such as tosyiate, mesylate or
trifate. Preferred reducing agents are, for exampie, hydrides (LiAlH,, NaBH,) and
hydregen in the presence of a hydrogenation catalysts (eg Pd/C) [see Section 8.3.3

above].

SECTION D.2: Conversion of a compound of formaia (7) inte a compound of

formuia (3}

In @ further aspect, the present invention relates to a process for preparing a compound

of foermula (3)

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, said process comgrising treating

a compound of forrmula (7),
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{7

or sait thereof, wherein R1 is hydrogen or a nitrogen pretecting group and, RS and R7
are, independently, an aiky! group, an aryl group, an arylalkyi group, a cycloalkyl group
or together R6 and R7 form a cycie, together with the nitrogen to which they are
altachad, which cycle may be salurated or unsaturaled and may optionally contain cne
or more hetercatoms, such @ nitrogen, oxygen or sulphur, whereby the cycle contains 3
{c 8, such as 4 to 7 ring atoms,

with a reducing agent to obtain the compound of farmuta (3), or sait thereof, wherein R1
is hydrogen or a nitrogen protecting group, preferably of formulae (3-a) or (3-b}), more
preferably of formula {3-3),

/
/.I/':\\ S
r/
H,’_QC,' /\ P i\ ’ . H3C {/ <\
Y Y \ /
L] a4
o, s AN
|
R4 (3-a) R% {3-b).

In a preferred embodiment, the starting compound of formuia (7), or salt thereof, is
according to formuia {7-a), or salt thereof, as defined above, more preferably the
starting compound is according fo formulae {79) or {7¢}, or salts thereof, as defined
above.

Preferred reducing agents are, for example, hydrogen in the presence of a
heterogeneous hydrogenation catalysts, for example, paltadiurn or platinum on a solid

support, for example, on carbon, alumina, barium carbonate or calcium carbonate, if
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particular on carbon, alumina or barium carbonate. Preferably, palladium on carbon
FaiG) or palladium on calcium carbonate (Pd/GaC,;) which is poisoned with lead
{ p { 3 P

{known in the ari as Lindlar catalyst) is used, in parlicuiar pailadium on carbon (Pd/C).

In a preferred embodiment, the reduction of the compound of formula (7-a), or salt
therecf, provides a composition comprising the compounds according io formuise {3-3)
and (3-b), or salts thereof, wherein the motar ratic of compounds according tc formuia
{3-a), or salts thereof, to compounds accerding to formula (3-b), or salts thersof, is at

least 88 to 12, preferably at least 86 to 10, more preferably atieast 38 10 1.

SECTION B.3: Cenversion of a compound of formula {6} into a compound of

formula (3

In a further aspect, the present invention relates to a process for preparing a compound

0
‘??7.....__ .%//\\J// d \\/
|

0”/";‘/'\“ /\'Vm__‘,/ \\v

& -

of formula (3)

or salt thereof,
wherain R1 is hydrogen or a nitregen protecting group, said process comprising treating

a compound of formula (8),
{1—: /[//;W

©

of salt therecf, wherein R1 is hydrogen or 2 nitregen protecting group,
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with a reducing agent, for exampie as described in Secticn B.3.3, {c obtain the
compound of forrmula (3), or salt thereof, wherein R1 is hydrogen or 8 nitrogen
protecting group, preferably of formulae (3-a) or (3-b), as defined herein, more

preferably of formula (3-a), as defined herein.

In a3 preferrad embodiment, the starting compound of formula (6), or sait therecf, is

according to formula (6-a), or salt therect, as defined herein.

in a praferred embpodiment, the reduction of the compound of formula {8-3), or sait
therecf, provides a compgsition comprising the compounds according to formulae (3-a)
and (3-b), or salis thereof, wherein the molar ratic of compounds according to formula
{3-a), or salts therenf, to compounds according t¢ formula (3-8}, or sails thereof, is at

ieast 88 to 12, preferably at ieast 80 to 10, more preferably at least 98 1o 1.
SECTION D.4: Reduction of 3 compound of formulz {4)

in a further aspect, the present invention relates to a process for preparing a compound
aceording to formula {3),

N

|

b"':_‘ /\\ N /’L
A O
O:;’—<'~. //“\-'\/u.,‘*.r’ \\,/

A—2Z

or sait thereof,
wherein R1 is hydrogen or & nitrogen protecting group, comprising reducing a

compound according to formula (4),
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)

or salt thereof,

formula (3).

Preferably, a campound according to formula (4-a), or salt thereof,

wherein R1 is hydrogen or @ nitrogen proteciing group, is used as starting compound. if

D 13
the compound (4-a}, or sait thereof, is usad as starling compound, compounds

Preferably R1 is BCC.

according to fermula (3-a3 and formule (3-b), as defined herein, can be obtained.

In a preferred embodiment, the reduction of the compound of formula (4), or sait
thereof, takes place with hydrogen i the presence of a transition metai cafalyst,
s, }

preferably in the presence of a transition metal catalyst and a chiral ligand. The
)

reduction may occur under helereo- or homogenecus nydrogenaiion conditions,
preferably under homggenesous hydrogenation conditions.

In one embodiment, the reduction of the compound of formula (4}, or sait thereof, takes
place under hetereogeneous hydrogenation conditions.

PCT/EPIGO%/G30510

wherein R1 is hydrogen or a nltrogen proteciing group, to cbtain the compound of
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Generally, the hetereogenecus hydrogenation is carried out in the presence of a transition
metal catalyst, wherain the ransition metal is selected from group 3 or 10 of the periosic

tabie. Therefore, the transition metal catalyst comprisss, for example, Cobalt (Co),
Rhodium (Rh), Iridium {ir}, Nickel (Ni}, Palladium (Pd} and/or Platinum {Pt). in particular,
the iransition metal catalyst is Pt, Pd, or Rb, preferably on a solid support, such as carbon.
in one embaodiment the fransition metal catalyst is Pt on carbon (PYC) or Pd on carcon

(PA/C).

The heterogeneous hydrogenation of the compound of formula {4), or salt thereof,
praovides a composition comprising the compounds according to formulae {3-a and (3-b),
ar salts thereof, wherein the molar ratio of compounds according to formula (3-b, or salts
thereof, 1o compounds according to formula (3-a), or salts thereof, is of from at ieast 67 to

33, preferably of fror at least 85 to 15,

The hetereagenecus hydrogenation is usually performed in a solvent, such as ether
soivents (eg THF), ester solvents (eg iscpropyl acetate) or aichohol soivents (&g

isopropanol, ethanol or methanal); in particular an aicoho! or ester solvent, such etianol

or isopropyl acetate. in one embodiment, Pd/C is used with ethanoci or isopropyl acelate

as solvent. In another embodiment, PUC is used with isopropyt acetate as solvent.

Generaily, the homagenecus hydrogenation is camried out in the presence of a transition
metai catalyst, wherein the transition metal is selected from group & or S of the pericdic
tabie. Therefcrs, the transition metal catalyst comprises, [or example, the transilion
metal lron (Fe), Rutherium (Ru), Osmium (Os), Cobalt {Co), Rhodium (Rh) andior

Indium (ir).

in a preferred embodiment, the fransition metal catalyst comprises an organometallic

compiex and optionally a chiral ligand.

The organometallic complex comprizes a transition metal selected from group 8 or § of
the pericdic table, for example the transilion metal rhodiurn, iridivm or ruthenium in

particutar rhodiur or ruthenium. The organometallic compiexes can comprise 3 singie
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transition metal atom. in preferred embodiments the complexes can comprise two or
more transition metal atoms, optionally comprising a metai-metal bond. In a preferred
embcdiment two metal atomns are bridged via two halides. Generally, the organometallic

complex, comprises one ¢r more transition metal aloms and suitable achiral igands.

Suitable achiral ligands for the organomelailic complex generally are o-donor ligands,
ag-gonor/fmr-aceeptor ligands or o7 -donorfm-acceplor ligands. Examples for suitable
achiral ligands are among others carbon moncxide, halides {e.g. Ci, | or Br),
phosphines [e.g. tricyclohexylphosphine {(PCy,)]. alkenvis {e.g. cod, nbd, 2-metallyi),
alkynyis, aryls {e.g. pyridine, benzene, p-cymene), carbonyls (e.g. acac, triflucroacetate

or dimethylformamide} and mixtures thereof.

Examples of preferred achiral ligands for the organometallic complex are:
norbormnadiene (nbd), cycloociadiene {cod), pyridine {(pyr), cymene, in pardicular p-

cymene, and iodide.

Examples for arganometallic complexes are: a ruthenium organomeiallic complex, such
as [Rulx{p-cymene)l, IRu{cod X2-metallyi)y] or [Ru{cod{QOCCF,};) a rhedium
organeretallic complex, such as [Rh{nbd}:BF.] or [Rhi{cod}:]BF; or an iridium
organometallic complex such as {CysP)ir{pyr)|Clor [ir{cod).Cily; in particuiar [Ru({cod)(2-
metallyi);], [Ru(cod{COCCF;)) or [Rul{p-cymene)ls; in particular [R(NBD)LIBF,,
[Ru(CODHOOQCCF ;)] or [RuClkip-cymenel).

The transition metal catalyst comprises an organometallic comgplex and a chiral tigand.

The chiral figand comprises, for exampie, 8 chiral phosphine and/or a chiral ferrocens.
In particular, the chiral ferrocene comprises a Cp-ligand which is substituled with a
chiral group, such as a chiral amine, a chiral phosphine or a chiral akyt, for example as

iflusirated herein.

Suitable chiral iigands are, for exampie, an Atropisomer ligand {e.g. SL-A101-2), a
Fenphos tigand {e.g. SL-F115-1}, a Mandyphos ligand {e.g. 5L-M0C4-2), a Walphos
ligand {e.g. SL-W008-1), a Josiphes ligand {e.g SL-J504-1 or SL-J002-2} or mixtures
thereof. Atropisomer ligands, Fenphos ligands, Mandyphes ligands, Walphos ligands and
Jesiphos ligands are of the formulae described in Section C.2.
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Suitabie combinations ¢f organometallic complex and chiral ligand are, for example:

- rhodium organometallic cornplex and a Fenphos or Walphos ligand; in
particular [Rh{nbd):jRF, and SL-F115-1 or SL-WEG8B-1; or

- ruthenium crganometaliic complex aneg an Alropisomer a Mandyphos o5 a
Josiphos ligand; in particular [Rulx{p-cymene)], or [Ru{COD}OOCTF,))
and SL-A101-2, SL-MG04-2, SL-J504-1 or SL-3602-2.

in cne ermbodiment, the reduction of the compound of formulz {4.a), or salt thereof,
provides a composition comprising the compeotinds according to formulae (3-a) and (3-
), of saits thereof, wherein the molar ratio of compounds according te formula (3-2), or
salts thereof, to compounds according to formula (3-b), or salts thereof, is at ieast

88 io 12, preferably at least 80 to 10, more preferably at least 8810 1.

in ancther embodiment, the reduction of the compound of formula (4-a), or salt thereof,
provides a composition comprising the compeunds accerding to formulae (3-a) and (3-
b), or salts thereof, wherein the molar ratio of compounds according to formula (3-2). or
saits therenf, o compounds according to formule (3-b), or sails thereof, is at least 53 {o

5
47, preferably at least 71 to 29, more preferably af ieasi 82 to 18.
Alternative combinations of organomeiallic complex and chiral ligand are, for exampie:

- rhodium organometallic compiex and a Fanphos or Waigphos ligand; in
particular [Rn{nbd),jB8F, and SL-W008-1.
i another ermmbodiment, the reduction of the compound of formula {4-a), or sait thereof,
provides a composition cornprising the compounds according to formutae (3-a) and (3-
b), or aaits ihereof, wherein the molar ratio of compounds according to formula (3-b), or

DY
salts thereof, to compounds according o forrmula (3-a), or salts thereof, is at ieast 73 to

~r
i.

{53

SECTION E:
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In the processes shown above several novel and inventive cempounds are involved.
Censequently, further subjects of the present invention are the compounds shown

pelow.

A cornpound according o forrnula (2),

7
i‘\\\y//.k\‘.lf//t = .
PN
2
,C{2.\\’N}\ v/\Qs
F(I‘l 2)

or salt thereof,
wherain R1 and R2 are, independently of each other, hydrogen or a nitrogen protecting
group, and R3 is a carboxyl group or an ester group, preferably having a configuration

according te formula (2-a),

) i}

s \/J\

Ri (2-a).

R3

in a preferred embodiment of formulae (2) or (2-a), R1is BOC andjor RZ is H.

in a preferred embodiment of formulae (2) or (2-a), R3 is COH.

A compound of formuia (4)
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!
A @)

or salt thergof,
wherein R1 is hydrogen or a nitrogen protecting group, preferably having a

configuration according to formula (4-a),

=
e
> o \T/ N
Ri (4-a).

in a preferred embodiment of formulae (4) or (4-a), R1 is BOC or Piv.
A compound of formula (5), or salt thereof,

. ‘
o )fw\,./ Xy

L (5.
wherein R1 is hydrogen or a nitrogen protecting group, preferably of formulae (5-a), (5-

&

AB—Z

b) or (5-¢), more preferably (5-b),




WO 2009/690251 PCT/EP2009/050310

116
OH 7 ‘
S N
- \
T
= (5-a),
{5-b).
(5-¢).

in a preferred embodiment of formutae (5), (5-a}, (5-b) or (5-¢}, R1 is BOC.

A compound of formuila (6), or a tautomer thereof,
OH 7

i A \!

L (8)

or sait thereof,
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wherein R1 is hydrogen or a nilrogen protecting group, preferably having a

configuration according io formula (8-a),

‘_//‘/’\‘\

OH ;
¢ sl
\ 7 \l S
aa
o= '\M,}W’/&//
Ri (6-a).

in a preferred embodiment of formulae (8) or (8-a), R1 is BOC or Piv.

A compound of formula (7), or salt thereof,

R6
N—R7 AN
b H
$ |
\\ /_///'\\T/, \\ /
e
,.}-}-A /’V‘”Jw - \v
N %

wherein R1 is hydrogen or a nitrogen profecting group and, 8 and R7 are,
independertly, an alityl group, an ary! group, an arylaikyl group, a cycloalkyl group or
together RE and R7 iorm a cycie, 1ogsther with the nitrogen 16 which they are altachsd,
which cycie may be saturated or unsalurated and may optionally contain one or more
heterpatoms, such a nitrogen, oxygen or suiphur, whereby the cycle contains 3 to 8,
such as 4 {o 7 ring atoms, preferably having 3 configuration according o formula (7-a),

(7-b) or {7-c}, more preferably (7-b},
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N—RK? Fa
& u
§§‘ ////}"\\ TN

/N H

R1 (/-a),

R& .
N—RT 27T
{ L \‘
. L |
\\\ /..f-';"\\\ 7 .-\\\x://
e ‘1
RN
= N /)m N
N
|
R1 L
{7-b),
_(_f;\\
R&
\
N —Q 7N R !
/ \\ ,,/, e S
RT P |
VAN
g= /W, g
2]
|
4

(7-c).

I a preferred embodirnant of formutae (7, (7-a} or (7-b), Rt is BOC or Piv.

I & preferred embodiment of formulae (7), {7-a) or {(7-B), RE is Methyl or Etiw! andlor

R7 s Mathyl or Ethyl

A coempeound of formula (9-8), or salt thereot,
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e W
"
|
a (©)

wherein Rt is hydrogen or a nitrogen protecting group and, R6 ang R7 are,
independently, an alky! group or together are an alkylene group, preferably having a

configuration according to formuia (8-a) (8-b) or {8-¢}, more preferabiy (8-b),

R6
N—R7 N
) )
4\_’ A A
. AN
e { i
\ i
O"’;<.\ /)w)\\'t/
N
R {Q-a)
e

)
R (s-8),
Rﬁum—m r;f”\\l
e
05 /\ /\)“’%//J\\\\/L

R {8-c).
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In 2 preferred embodiment of formutae (9), (8-a), (9-b) or {8-c), R1is Boc.

In 8 preferred embodiment of formutas (8), {8-3), (8-b) or {9-c}, RS is Methyl and R7 is
fethyi.

A compound of formuia (10}, or salt thereof.

R (10)

wherein R1 is hydrogen or a nitrcgen protecting group, R6 and R7 are, independentiy,
an alkyl group, an aryi group, an arviaiky! greup, a cycicalkyl group or together R6 ang
R7 form a cyzcie, tegether with the nitrogen te which they are attached, which cycie may
be saturated or unsaturaled and may oplionally contain one or more hetercatoms, such
a nitrogen, oxygen or suiphur, whereby the cycle contains 3 to 8, such as 4 to 7 ring
atoms, Z° is a halide (eg iodide, bromide, chionde), an alkyl sulphale {eg methyi
suiphate) or a sulfonyi ester {eg trifiate) and R10 is hydrogen, alkyl or aryl; preferably
having a configuration according ic formuia (10-aj, (10-b) or (10-¢3, more preferably
{10-b},

RE R10
46/5(1(1

NE-RT AN
% 7 T R
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)
R {10-b),
R6E /R10
R Y
I
. =~ - [\)
O%\N)\/ \\
|
R1 {10-c).

In a preferred embadiment of formutae (10), {10-a), (10-b) or (10-c}, R1 is Bee.

in a preferred embodiment of formulae (10}, (10-a), (10-b) or (10-c), R6 is Methyi, R7 is
Methyl and/or R10 is Methyl.

A compound of formula (11)

p—-‘R4
Z~
o= /M"”“ \
R1

(1)

or salt therecf, wherein R1 is hydrogen or a nitrogen protecting group and R4 is an OH-
activating group, preferably having a configuration according to formuia (11-a), (11-b) or
{11-¢), more preferably {11-b),
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4 PN AN
22 P N
R
awY
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Ri {11-a)
O—Rd e '\\l
2
/ , )
% ;ﬁ\{,—» S
+ A"-\ [ ',
(:/:;\‘-N/\'“W" T
R1 (11-p}
<N
0—-R4 &y
4
%\ /\\;/,/\ Ny A
/]
O\ ’/\"“W// \\k\\/’/‘
N
R {14-c).

PCT/EP2O89/950510

in a preferred embediment ot formuiae (11}, {11-a), (11-b} or {11-c}, R1is Boc.

in a preferred embodiment of formuiae {11}, {11-a), (11-b}

A cormpeund of formula (125

e
RE AN
A i
/ i
i
2, 2 X 4
4’/ \
- N -
5 //V\,\_,‘ PG

or {11~c), R4 is mesylate,
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or salt thereof, wherein R1 is hydrogen or a nitregen protecting group and RS is a

ieaving groug; preferably of formuiae (12-a), {12-b) or (12-¢), more preferably (12-b),

R (12-a),

N
&1
b (12-b),
RS 7 F
( J
,/ﬁ \%/
\ |
i\ i
Ofa"d\\ } \/
N
R (12-).

in a preferred embodiment of formulae (12), (12-a), (12-b) or {12-¢), R1 is Boc.

In a preferred embodiment of formulae (12), {12-a), {12-b) or (12-c), RS is a halide,

preferably bromide or iodide.

A compound of formula {16)
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)
Ri
(18)

or salt thereof,

PCT/EP2009/630510

wherein R1 is hydrogen or a nitrogen protecting group, Y is © or S and each RS, is,

indepsnidently, alkyl, aryi, aryialkyi or acetyl.

preferably having a configuration according o formula {(16-a),

RO
RY Y / 3
\Y < N ’: o H
[ _/4‘/ \\.] L . ‘//
— {
/ i
0N L )\w/ g
N
|
R1

{18-a).

In a preferred embodiment of farmulae (16} or {18-a), R1 is Boc.

in a preferred embodiment of formulae (18) or {(16-a), RY is methy! or ethyl.

in a preferred embodiment of formulae (16) or (16-3), Y is oxygen.

General Terms:

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

foliowing meanings:
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ha term "ester group" compiises any ester of a carboxyl greup generally known in the
ari; for example groups ~COOR, wherein R is selected from the group consisling of: Cy.
calkyl, such 'as methyl, eifwyl or t-butyl, C,salkoxyCgalkyl, heterocyclyl, such as
tetrahydrofuranyl, CeiparyioxyCigalkyl, such as benzyloxymethyl {BOM), silyi, such as
trimethylsiiyl, t-butyldimethyisilyl-and t-butyldiphenylsityl, cinnamyl, allyl, C,.eaikyl which
is mono-, di- or tnsubstituted by halogen, silyl, cyano or Cysaryl, wherein the aryl ring is
unsubstituted or substituted by ong, two or three, residues seiected from the group
consisting of Cyzatkyl, Cyaikoxy, halogen, nitro, cyano and CFy; or Cy qalkyi substituted
by 8-fluorenyl. in a grefemred embodiment, the “ester group” is ~COOR, wherein R is a

Ci-gatkyl residue. in particular, R is methyl or ethyl.

Thea term "nittogen protecting group” comprises any group which is capable of
reversibly protecting 8 nitrogen funclionality, preferably an amine and/or amide
funclionality. Preferably the nitrogen protecting group is an amine protecting group
and/or an emide protecting group, Suitable nitregen oratecting 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 Crganic
Chemistry", Plenum Frass, London and New York 1973, in B. G. M. Wuts and T. W.
Greene, "Greene’s Protective Groups in Crganic Synthesis', Fourth Edition,
Wiley, New Jersey, 2007, in "The Peptides™ Vaiume 3 (editors: E. Gross and J.
Meienhofer), Academic Press, London and New York 1881, and in "Methoden der orga-
nischen Chemig” {Methods of Organic Chemistry), Houben Weyl, 4th edition, Volume
5/, Georg Thieme Veriag, Stuttgart 1974,

Preferred nitrogen protecting groups generally comprise:

C,-Cg-alkyl, preferably C-Cy-alkyl, more preferably C,-C,-alkyl, miost preferably C,-alkyi
which is mono-, di- or iri-substiiuted by trialkylsilyiC-Co-atkoxy {eg. trimethylsilyathoxy)
aryl, preferably phenyl, cr an heteracysiic group, preferabiy pyrroiidinyt, wherein the aryl
ring or the heterocyolic group is unsubstituted or substituted by one or more, e.g. two ar
three, residues, e.g. selected from the group consisting of C,-Cr-alkyl, hydroxy, C-Co-
alkoxy, C-Cg-alkanoyl-cxy, halogen, nitro, cyano, and CF;; aryi-C1-C2-alkexycarbonyl
{preferably phenyl-C1-C2-aikoxycarbonyi eg. benzyioxycarbonyl); Cy.
waikenyloxycarbonyl, C,salkylcarbonyl {eg. acetyl or pivaloyl), Csicaryicarbonyl; Ci.

saikoxycarbony! (eq. kbutoxycarbonyl), Ce.paiviCiealkoxycarbonyt; allyl or cinnamyl;
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suifonyl or sulfenyi; succinimidyl group, silyl, e.g. trianyisilyi or ftrialkylsiiyl {(eg.

triethylsityl).

Exampies of preferred nitrogen protaciing groups are acetyl, benzyl, cumyl, benzhydryl,
trityl, benzyloxycarbonyt {Cbz), S-lucrenvimethyioxycarbony (Fimoc), benzyloxymethyl
{80M}), pivaloyl-oxy-methyl {POM]), trichloroethxoycarbonyl {Troc), 1-
adamantyioxycarbonyl (Adoc), allyl, allyloxycarbonyi, trimethylsilyl,  tert-butyl-
dimethyisilyl, triethylsityl (TES). triisopropyisilyl, trimethyisilvethoxymethyl {SEM), G-
butoxycarbonyl (BOC), toutyl, 1-methyl-1,1-dimethyibenzy!, (phenyi)methyibenzene,
pyrridinyl and pivaloyl. Most preferred nitrogen prolecling groups are acetyl, benayl,
venzyloxycarbonyl (Chz), triethyisiyl (TES), trimethyisilyethoxymethyl (SEM), &
hutoxycarbonyi (BOC), pyrroiidinyimethyl and pivaloyi.

Examples of more preferred pitrogen protecting groups are pivaloyl, pyrrolidinyimethyt,
t-butoxycarbonyl, benzyl and slyl groups, particularly silyl groups accarding to the
formula SIR1T1R12R13, wherein R11, R12 and R13 are, independently of each other,
aikyl or aryl. Preferred exampies for R11, R12 and R13 are methyl, sthyi, isopropy}, &
putyl and phervl.

Particularly preferred as nitrogen protecting groups are pivaicyl and i-butoxycarbony!
(BOC).

Alkyl is defined as a radical or part of a radicai is a straight or branch (one or, if desired
and possibie, more times) carbon chain, and is especially C,-C;-alkyl, preferably Cy-Ce-

alkyl.

The term “Cy-Cr-" delines a moiely with up to and including maximaily 7, especially up te
and including maximally 4, carbon atoms, said moiely being branched {one or more times)

of straight-chained and bound via a tersinal or a non-terminal carben

Cycleaikyi is, for example, Ci-Cr-cycloalkyl and is, for example, cyclopropyl, cyclobutyi,
cyclopenty, cyclohexyl and cycichepty!. Cyclopeniyt and cyclohexy are preferred.
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Alkoxy is, for example, Cq-Cr-alkoxy and is, for example, methoxy, ethoxy, n-propyicxy,
isopropylaxy, n-butyloxy, isobutyloxy, sec-butyloxy, tert-butyloxy ang also includes

corresponding pentyioxy, hexyloxy and heptyloxy radicais. Cy-C.alkoxy is preferred.

Alkznoyl is, for example, Cx-Ce-aikancyl and is, for example, acetyl [-C(=0OMe], propionyl,

butyry!, isobutyryl or pivaloyl. C;-Cs-Alkanoyl is preferred, especially acetyl.

Haio or halogen is preferably fiucro, chlore, bromo or iode, most greferabily, chioro,

bromo, or icdo.

-Haio-alkyl is, for exampie, halo-Cq-Craikyl and is in particular halo-Cq-Cyalkyl, such as
triflucromethyl, 1,1,2-{rifluoro-2-chloroethyl or chloremethvl, Preferrad halo-Cy-Cyatkyl is

trifluoromethyl.

Alkeny! may be linear or branched alkyl containing = double bond and comprising
preferably 2 to 12 C atoms, 2 tc 10 C atoms being espaciaily preferred. Paricuiarly
preferred is a linear Coualkenyl. Some examples of aikyl groups are ethyl and the iscmers
of propyl, butyl, pentyl, hexyl, heptyl, octy, nonyl, decyi, undecyl, dodecyi, tetradecyl,
hexadecyl, octacy! and sicosyl, each of which containing 2 Jouble bond. Especially

prefemred is aliyl,

Alkylene is a bivalent radical derived from C,salkyl and is especially C4-Cralkylene or Cp-
Cr-alkylene and, optionally, can be interrupled by one or more, e.g. up o three, O, NR14
or §, wherain R14 is aliyl, each of which can be unsubstituted or substituted, by ene or
rmore substituents independently selected from for exarnpie, Cy-Cr-alkyl, C4-Cr-alkoxy-Cq-

Cr-alkyl or C4-Co-alkoxy.

Alkenyiene is 3 bivalent radical derived from Cp.73ikenyl and can be interrupted by, one or
more, e.g. up 1o three, O, NR14 or §, wherein R14 is alkyl, and is unsubstituted or
substituied by one or maore, €.g. up to three, substitutents preferably independently

selected from the substituients meniioned above for alkylene.

Aryt being a radicai or part of a radical is, for exampie Cg.iearyi, and is, preferably a mono-

or poiyeyclic, especially monocyclic, bicyclic or tricyelic aryl moiety with 6 to 10 carbon
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atoms, preferably phenvl, and which can be unsubstituted or substituted, by one or more
substituents independenily selected from for example, C,-Cralkyl, C.-Cr-alkoxy-Cy-Cy-

alkyi or Cy-Cr-alkoxy.

The term arylatkyl refers to aryl-C+-Cr-alkyil, wherein aryl is as defined herein and is for

example benzyi.

The term carboxyl refers to ~CCyH.

Aryioxy refers to a Aryl-O- wherein aryi is as defined anove.

Unsubstituted or substiisted heterocyclyl is a mono- or polycyctic, preferably a meno-, bi-
or tricyche-, most preferably mono-, unsaturated, partially saturated, salurated or aromatic
1ing systemn 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 8-{=0);, and is unsubstituted or substituted bv one or more, e.g. up te
three, substitulents preferably independently seiecied from the Preferred substituents are
selected from the group consisting of halo, C-Cr-alkyl, halo-Cy-Cr-alkyl, C.-Cralkoxy,
halo-C.-Cr-alkoxy, such as triflucremethoxy and G,-Cr-alkony-Cy-C-alkoxy. ¥hen the

heterocyclyl is an aromatic ring systern, it is also referred to as hetercaryl.

Acetyl is ~C{=0)C,-Craikyl, preferably ~C(=0)Me.

Silyl is ~SIRR'R”, wherain R, R’ ang R” are ndependentiy of each cther C.,alkyi, anyl or
phenyi-Ciqatkyl.

Suifonyt is {unsubstituled or substituted) C,-Cr-alkylsulfonyl, such as methylsuifonyi,
(unsubstituted or substituted) phenyi- or naphthyl-C-Cr-alkylsulfonyl, such as phenyl-
methanesulfonyl, or (Unsubstitited or substituied) phenyi-or naphthyl-suifonyl; wherein if
more than one substituent is present, 8.g. one o thres substitutents, the substituents are
selected independently from cvano, halo, hain-C-Cralkyi, haio-Ci-Cy-alkyloxy- and C-Cy-
alkyloxy. Especially preferred is C,-Cr-alkyisulfonvl, such as methylsuifonyl, and {shenyl-

or naphihyl}-C,-Cy-alkyisulfonyl, such as phenylmethanesulfony!.



WO 2089/090251 PCT/EPZOHYOSO5I

129

Sulfenyi is {unsubstituted or substituted) Cs.0aryl-Ci-Cralkylsulfenyl or {unsubstituted or
substituted) Cs.apatyisulfenyl, wherein if more than one substituent is present, e.g. one to
four substitutents, the substituents are selected independenily from nitre, halo, halo-O4-

Cralkyt and Cy-Cr-alkyioxy.

A "hieterogeneous” catalyst as used herein refers 10 a catalyst supporied on a carrier,
typically although not necessarily a substrate comprised of an incrganic material, for
example, a porous malerial such as carben, silicon and/or aluminum oxide. In one
smbadiment, the hetercgeneous catalyst is a hydrogenation caialyst, in particuiar those

described in Section D.4.

A "hamogeneous” catalyst as used herein refers {0 a catalyst that is not supported on a
carrier. In one embodiment, the hornugeneous catalyst is a hydrogenation catalyst, in

particuiar those describad in Section D.4.

The termn ‘“iransition metal catalyst” refers ¢ z2n organgmetallic catalyst, an
organometailic complex or an organcmetallic complex and a chiral ligand. Transition
metal catalysts are in particular those described in Sections C.1, B 3.3 and D.4.

The term “organomatallic complex” refers to compiexes derived from a transition metal
and one or mere (for example up fo four) achiral (non chiral) ligands; for exampie,
ruthenium organcmetatiic complexes, such as [Ru!z(p~~cymehe}]z, [Ru({cod)(2-metaiiyi),]
or [Ru{cod{OOCCF,):] rhodiim organometallic complexes, such as [Rhnbd),BF,} or

[Rh{cod),]BFs; or an irdium organometallic complexes, such as {Cy:P)iripyn)|Cl or
[ir{cod),Cl}.

The term “organcmetaiiic catalyst” refers to a catalysts derived from a transition metal

and one or more {for example up to four} chiral ligands.

The term “ligand” means any compound, achiral or ¢chirai, that can form a complex wit
a transition metal. Chiral and achiral igands are in particular those described in Section
C.1
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The term “calalyst’ means any substance that affects the rate of 2 chemicai reaction by

Inwering the activation energy for the chemical reaction.
The term “powder” means a catalyst with a water contain of from 0 to 30 mass%.

The term “substrate to catalyst ratio” {S/C) refers to the molar ratio of starting

compounds, or salts therecf, to "transition metal catalyst”.

The term "chiral" refers to moiecules which have the property of non~-superimposability

"

on their mirrer image partner, while the term "achiral” refers 1o moleciiles which are

superimposable on their mirrar image pariner.

The term “fautomar” refers in parlicular (0 the enol tautomer of ihe pyrrolidin-d-one
moiely of the compounds of the present invention. Additionally, the term "fautomer”
also refers in parhicular to tne aldehyde tautomer of compounds of the present
invention, e.g9. compounds of the formula (6), where such compounds can exists in

either an enal or aldehyde form, or mixtures thereof.

In the formulae of the present application the term “wwane® an a C-sp® represents a
covalent tond, wherein the stersocchemistry of the bond is not defined. This means that
the term "vwnn an a C-sp” comprises an (S) configuration as well as an (R}
configuration of the respective chiral centre. Furthermore, mixtures are also
encompassed, ¢.g., mixtures of enantiomers, such as racemates, are encompassad by
the present invention.

In the formulae of the present application the term " v " on a C-3p° represents a
covalent bond, wherein the stereochemistry or the geometry of the bond is not defined
This means that the term "wvwwar on a C-sp? comprises z cis {Z) configuration as weli as
a trans (E) configuration of the respective double tond. Furtharmoere, mixtures are aiso
ancompassed, 2.q., mixtures of double bond isomers are encompassed by the present

invention.

The compounds of the presant invention can possess one or more asymmetric centers.

The preferred abselute configurations are as indicated herein specificaiy.
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In the formulae of the present application the term " or a C-sp” indicates the

ahsclute stereochemistry, either (R) or (8).

&

In the formulae of the present application the term ® ~ "ona C-sp® indicates the

absclhite sterecchemistry, either (R} or (S).

in the formutae of the present application, the term “====" indicates a Csp’~Csp® bond

ot a Csp*-Cep? bond.

Salts are especially pharmaceutically acceptable salts or generally salts of any of the
intermediales rentioned herein, where salts are not excluded for chemical reasons the
skilled persen will readily understand. They can be formed where salt ferming groups.
such as basic or acidic groups, are present that can exist in dissociated form at least
partially, e.g. in a pM range from 4 {0 10 in agueous solutions, or can be isclated

espaciaily in solid, especially crystaiiine, form.

Such silts are formed, for example, as acid addition salls, preferably with crganic or inor-
ganic acids, from compounds or any of the intermediates menticned herein with a basic
nitrogen atom (e.g. Imine or aminge), especiaily the pharmaceuticaily acceptable salts.
Suitable inorganic acids are, for exampie, halogen acids, such as hydrochloric acid,
sulfuric acid, or phosphoric acid. Suitabie organic acids are, for example, carboxviic,
phosphonic, suifonic or sulfamic acids, for example acetic acid, propionic acid, factic acid,
furnaric acid, succinic acid, citric acid, amino acids, such as glutamic acid or aspartic acid,
maieic acig, hydroxymaleic acid, methylmaleic acid, benzoic acid, methane- or ethane-
suifonic acid, ethane-1,2-disulfonic acid, benzenesuifonic acid, 2-naphthalenesulfenic
acid, 1,5-naphthalene-disulionic acid, N-cyclohexylaulfamic acid, N-methyl-, N-athyl- or N-

propyl-suifamic acid, or sther organic protonic acids, such as ascorbic acid.

in the presence of negatively charged radicals, such as carboxy or sulfo, salts may alse
be formed with bases, 2.g. metal or ammonium saits, such as akali metal or aliatine earth
metal saits, for example sodium, potassium, magnesium or calcium saits, or ammonium

salts with ammonia or suitable organic amines, such as tertiary monoamines, for example
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triethylarine or #ri{2-hysroxyethyl}amine, or heterocyclic bases, for exarnple N-ethyl-

piperidine or N,N'-dimethyipiperazine.

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

intermediates mentioned herein may aise form internal salls.

For isolation or purification purposes of any of the intermediales mentioned herein it is
also possitle to use pharmaceutically unacceptable salts, for exampie picrates or

perchiorates.

in view of the clese reiationship between the compounds and intermediates in free form
and in the form of their salls, including those saits that can be used as intermediates, for
example in the purification or identification of the compounds or salis thereof, any
reference to “compounds’, “starfing materials” and “intermediates” hereinbefore and
hereinafier is {0 be understood as referring also to apne or rore salts thereof or a mixture
of a corresponding free compound, inferrediate or starting material and one or more salis
thereof, each of which is intended tc include also any solvate or salt of any cne or more of
these, as apbropriate and expedient ang if not explicitly menfioned otherwise. Different

crystal ferms may be obtainable and then are also included.

Where the piural form is used for compounds, starting materials, intermediates, saits,
pharmaceutical preparations, diseases, discrders and ths like, this is intended to mean
one {preferred) or more single compound{s), saif(s), pharmaceuticai preparation(s},

disease(s), disorder{s) or the iike, where the singular or the indefiniie arlicle (“&", “an”) is
’

used, this is not intended to exciude the piural, but only preferably means “one’.

Any of the lactams according to the present invention, or saifs thereof, wherein Ri is

hydrogen can be converled into a corresponding protected izctam, or sait thereof,

wherein R1 is a nifrogen protecting group, as defined above, according to standard

methods of organic chemistry known in the ari, in particular reference is made to
conventional nitrogen protesting group methods described in J, F. W. McOmie,
"Proigctive Groups in Organic Chemishry”, Plenum Press, London and New York 1973,
in P. G. M. Wuts and T. W. Greene, "Greene’'s Protective Groups in Organic Synthesis’,

Fourth Edition, Wiley, New Jersey, 20607 and in Richard C. Larock, *Comprehensive
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QOrganic Transformations: A Guide to Functionat Group Preparations”, Second Edition,

Wiey-VCH Verlag GmbH, 2000, in particular, in the relevant chapters thereof.

Analogously, any of the lactams according to the present invention. ¢r sait thereof,
wherain R1 is a nitrogen protecting group, can be converted into the coresponding
lactam, or salt thereof, whéreén R1 is a hydrogen, according to standard methods of
organic chemistry known in the art, in particular reference is made to conventional
nitrogen protecting group methods descrived in the bocks mentioned above, in

particuiar, in the relevant sections.

Section F: Examples

The following Examples serve to dlustrate the invention without limiting the scope thereof,
while they on the cther hand represent prefeTed embodirents of the reaction steps,

intermediates and/or the process of the present invention.

Abbreviations:

& chemical shift

uf microlitre

AC acetyl

acac acetylacetone

An anusyt {4-methoxyphenyl)
AR fetrakis{3,5-bis{triflucromethyliphenyliboron
8iNCL 2,2-dihydroxy-1,1-dinaphthyl
Bn kenzyi

Boe terf-butoxycarbonyl

80C,0 di-tert-butyl carbonate

CODB = cod cyclooctadiene

Cp cyciopeniadienyl

Cy cyciohexyi

DABCO 1. 4-diazobicyclo[2.2. 2joctane
de dizastereomernc excess

dr diastereomeric ratio
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DMAP
DMF = dmf
DMPU
DMSO
ee
ES
ESI
Et
EtQAc
EtOH
h
HNMR
HPLC
Pr
iProAc
iPrOH
IR
L
LC-MS
LHMDS
M

/e
Me
2-MaTHF = Me-THF
MeCH
mg
min
mi
mmol(s)
mol{s}
M3
nm
NMR
NDB = nbd
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4-{dimethylamino)pyridine

N, N-dirmethyfformamide
1,3-dimethyl-3,4,5,8-tetrahydre-2{1H)-pyrimidinone
dimethylsuifoxide

enantiomeric excess

etectrospray

electrospray ionisation

ethy!

ethyl acetate

ethanol

hour{s)

proton nuclear magnetic resonance
high performance liguic chromatography
isopropyt

isopropy! acetate

isopropanot

infra red

litre

liquid chromatography-mass spectrometry
lithium bis(trimethylsilylJamide
nmolarity

mass-to-charge ratio

methyl

2-Methyltetrahydrofuran

methanoi

mitligram

minute(s)

mitlilitre

mitfimele(s)

mole(s)

mass spectrometry

nanometre

nuciear magnetic resonance

norbornadiene
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Np naphthyi
Pd/C pailadium on carbon
Ph phenyl
Piv pivaloyl
Piv-Ci pivaloyi chioride
ppm parts per miilion
PiC platinum on carbon
nyr pyridine
RhiC rhedium on carbon
Rf=rn rocm temperature
tBu terttary-butyt
TFA triflucroacetic acid
THF tetranydroturan
TLC thin layer chromatography
T™MG 1,1,3,3-tetramathyiguanidine
Tol toluene
ta retention time
Xyl Xyiene

in gquoling NMR data, the following abbreviations may be used: s, singiet; d, doublet; §,
triplel; g, quantet; quint., guintet; m, multipiet.

Exampie 1: N,N,N,N'-Tetramethyiformamidinium methylsulfate {(18; R6 = Me, R7 = Me)

Q0
b +NMen
]

A

Me N H Nieof MeS0,”

A midure of N.N-dimathyifermamice (7.31 g} and dimethylsulfate (12.6C g} are heated io 60
°C for 4 h. Then dimethylamine in THE (106 mi, 2 M soiution) and toluene (15 ml) are
added and the resulting mixture is stitred at refiux for 1 h. The reaction mixture is cocled {0
room temperature and the phases are separated. The lower iayer is washed three times
with anhydrous teri-butyl methy! ether io give N N N’ N'-tetramethylfermamidinium
methylsulfaie (18, R6 = Me, R7 = Me). 'H NMR (CsDs), 7.95 (1H), 3.70 (3H). 3.32 (6H),
3.29 {(6H),
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Example 2;: N,N,N’,N'-Tetramethyiformamidinium para-toluenesulfonate {18, RS = Me,
R7 = Me}

(J)\ I
—_— - H
- 5
MayN H Mo 4-MePhSTy

A mixture of p-toluenesulfonyl chicride (20.0 g) and dimethylformamide {38.3 g} is aliowad
to stans for 2h at reom temperature. The mixture is then stirred at 120°C for2 . The
mixture is then cooled to room temperature and the precipitates are removed by filiration.
The mother liguor is gitited with acetone and the midure conied to § °C. Filtration affords
NN N N -tetramethyiformamidinium para-toluenesulfonate (15, R6 = Me, R7 = Me) as
white crystals. 'H NMR (2,0}, 7.65-7.60 {2H), 7.39 (1H), 7.30-7.25 {2H), 3.14 {(6H), 3.05
(6H), 2.31 (3H).

The X-ray Structure of the obtained crystals is shown in figure 1.

Crysial data recorded at 100(2) K]

Empirical formula CrabhagN 055
Formula weight 272.36
Crystal system Monoclinic
Space group- Cc

Cell parameters a=7.998(2; A

b= 14331 A
c=11.953(2)A

a=90°
B = 103.645(4) °
v=90°

Volume of unit cell 1331.5(4) A®

Z 4

Calculated density 1.359 mg m”

* {number of asymmetric unils in the unit cail)

PCT/EPOOY/050310
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Example 3: NN N' N'-Tetramethyiformamidinium hexafluorophosphate {18, RS = Me,
RY = Me)

+Nie, 1 HMe,

Ma,N fMaSD,” MegN pFE-

NN N N'tetramethyiformamidinium methyisulfate (3g) is added to waler (25 i) and the
resulting mixture is cocied to G °C. This mixture is then added fo a cooled solution of
ammonium hexaflucrophosphate (4.6 g) in water (25 ml). The so formed precipitate is then
collected by fiitration. The precipitate is washed with cold water (2 x 10 ml} and then with
diethyi ether (10 mil). Drving in vacue gives NN, N’ N-etramethylformarmidinium
hexafluorophosphate (18, R6 = Me, R7 = Me) 25 a white solid. 'H NMR (DMSC-d6), 7.80

{1H}, 3.26 (6H}, 3.14 {8H).

Example 4: NN, N' W -Tetraethylformadinium methyisulfate {18, RE= Et, R7 = EY}

i +REL;
j G

Bt MeSOs

A mixture of N.N-diethyiformamice (30 g) and dimethylsuifate {37.5 g) are heated to 50°C
for 4 h. Thaen a mbdure of disthyiamine (32.8 @) and toluene (20 mi) are added and the
resulting mixture is stirred af reflux for 1 h. The reaction mixiure is cnoled to room
termperature and the phases are separated. The iower layer is washad ten times with
diethyi ether to give N,N,N' N'-tetraethylformamidinium methylsuifate (18, R6 =E|, R7 =
Et). 1H NMR (DMSO-d8), 7.28 (1H), 3.5 (8H), 3.42 {3H), 1.24 (12H) ppm.

Example 5: N,N,N°N'-Tetraethviformamidinium tetrafiluoroborate {18, RE = Et, RY = Et}

*NEY

+ fFEig
— g

EtN”  MeSCy EtNT  BFy

NN NN -Tetraethy¥ormamidinium methvisulfate (4 g) is added tc water (25 ml) and the

resulting mixture is copied to G °C. This mixture ig then added to a cooled solution of
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ammonium tetraflucroborate (3.15 g) in watar (25 mi). The mixture is then exiracied with
dichioromethane. Remaval of the dichioromethane gives N N, N'N'-tetraetnylforrmamidinium
tetrafiuoraborate (18, RE = Et, R7 = £1) as a white salid . 1H NMR (DMSC-ds), 7.80 (1H),
3.70-3.40 {8H), 1.40-1.33 {128}

The X-ray Structure of the obtained crystals is shown in figure 2.

Crystal data lrecorded at 160{2) K]

Empirical formula CsHaBF 4N,
Formuia waight 24408
Crystal system Manaclinic
Space group p2iic
Cell paramsters a2 =8.738(2) A
b= 8.580(2) A
c=15518(2) A
¢=580°
p = 100.840(6)°
y=980"
Volume of unit cell 1273.5(4) A°
z: 4
Calcuiated density 1273 mgm?

{number of asymmetric units in the unit cell)

Exampie 6: NN, N’ N'-Tetrasthyiformamidinium hexafluorophosphate (18, R8 = Et, RY

= £t}

+NEL, +NEt,

ELNT  MeSOy ELN’ PFg

NN, NN -Tetraethyiformamidinium methyisuifate {4 q) is added to water (25 ml) and the
resulting mixiure is coolad to 0 °C. This mikture is then added 10 & coaled saiution of
ammaonium hexafucrophosphate {4.9 g) in water (28 mi). The formed precipitate is

collected by filiration. The precipitate is then washed with coid water {Z x 10 ml) and then



WO 2069/090251 PCT/EP2009/630510

138

with diethyl ether (10 ml}. Drying in vacuo gives N N, N',N'-tetraetnylformamidinium
hexaflucrophosphate (18, R6 = Et, R7 = Et) as a yeliow solid. 1H NMR (DMS0-46), 7.82
{1H), 3.85-3.84 (BH), 1.45-1.38 (12H}.

Exampile 7: 1-Pyrrolidin-i-yimethylene-pyrrotidinium methyisuifate (18, RE/RY =
Pyrrotidiny!)

/ N H \N/ Me30,”
N /

o

A mixture of N-formyipyrrolidine (100 g) and dimethylsulfate (128 g) are heated to 80 °C
for 4 h. Then a mixture of pyrrolidine {71 g} and toluene {100 ml) are added and the
resulting mixture is stirred at reflux for 1 h. The reaction mixture is conted ¥ room
temperature and the phases are separated. The lower layer is concentrated in vacuo and
triturated with diethyi ester. The precipitate is collected by fiitration and recrystatised
using ethy! acetate to give 1-pyrrelidin-1-yimethylene-pyrrolidinium methylsuifate {18,
RBIR7 = Pyrrolidinyl). 1H NMR (DMSG-06), 8.28 {1H), 3.90-3.85 {4H), 3.68-3.62 (4H),
3.36 {3H), 1.89-1.90 (4H), 1.86-1.77 (4H).

Exampile 8: 1-Pyrrolidin-t-yimethylene-pyrrolidinium hexaflucrophosphate {18, R6/R7
= Pyrrolidinyi)

N N*
] — s

/‘"\.“/ MeSO,” (’/\N, PFS'
-t .t
\_ N

1-pyrrolidin-1-yimethyiene-pyrrolidinium methylsulfate {6 g) is added tc water (25 ml} and
the rasulting mixture is cooled to § °C. This mixture is then added {o 2 cooled solution of
ammoniurn hexaflucrophosphate (6.2 g} in water (25 ml). The formed precipitaie is

collected by filiration. The precipitate is washed with cold water (2 x 10 mi) and then with
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diethyl ether {10 mi}. Drying in vacuo gives 1-pyrrolidin- 1-yimethylene-pyrrolidinium
hexafiuorophosphate (18, RE/R7 = Pyrrclidinyl) as a while solid. m.p. 228-231 °C. 1H
NMR {DMSO-dB}, 8.25 (1 H}, 3.91-3.83 {4 H), 3.67-3.60 {4 H), 1.99-1.90 (4 H}, 1.86-1.77
(4 H).

Example & NN N’ | N' -Tetraisopropyiformamidinium chioride {18, RE = iPr, R7 = iPr)

+NiPry

PN H PN CF

A mixture of phosphorus exychloride (16.56 g) and diethyl ether {50 ml} is sfirred at 0 °C for
10 min. Diisopropylformamide (8.91 g) in diethy! ether (20 mi) is then added drop-wise over
a period of 10 min. The resulling mixture is then stimed at room temperature for 30 min.
The formed precipitate is allowed o setile 2nd the supernatant remaved. Dichloromethane
{60mi.} is then added to the mixhire. Diisopropylamine {6.98 g) in dichloremethane (26 mi)
is then added drop-wise at G °C over 10 min. The mixture is then warmed at rcom
temperature and stirred for a further 1.5 h. Diethy! ether (30 i) is added and the resulting
precipitate is removed by filtration. The mether liguor is concentrated in vacuo. Aceione
{30 ) is added and the mixture fitered. The mother liquar is then concentrated in vacuo
and subsequentiy is crystallised with diethy: ether {30 mi) to give N.N,N' N'-
tetraiscpropylformamidinium chioride (18, R§ = iPr, R7 = iPr), 1H NMR (DMS(O-d6), 7.42
{1H), 4.15-3.95 (4H), 1.33 (12H), 1.31 (12H).

Example 1¢: NN N N'-Tetraisopropytformamidinium hexafluorophosphate {18, R =
IPr, R7 = iPr)

+NiPry
D ~ ]

PN TH Pen” PRy

A mixture of N N-diisupropyllformamide {10 g) in anhydrous dichloromethane (40 mb) is
added o a sojution of phosphorus oxychloride {11.8 g) in dichioromethane (100 mi) at -78
°C. The resuilting mixture is stirred for 30 min at -78 °C. The reaction mixture is then

warmed {o room temperature and stirred for a further 2 h. The mixture is then cooled 10 0
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°C. To this mixture, a solution of diisopropyiamine {10.9 mi) and tiethyiamine (10.7 ml) in
gichloromethane (50 ml) is added dropwise over a8 pariod of 36 min. The reaction mixiure is
then allowed to warm siowly tc room temperature and stirred for a further 2 h. The mixture
is then concenirated in vacuo. Water (25 mil) is added and the resulting mixture is couled to
0 °C. This mixfure is then added tc a cooled solution of ammonium hexafluorophosphate
{14.8 g} in water (25 ml). The formed precipitate is collacted by filiration. The precipitate is
washed with cold water (2 x 10 mi) and ther with diethvi ether (10 ml). The material is dried
in  vacuce and then  recrysiallised from acetone to  give NUNGN N -
tetraisopropylformamidinium hexafluorophosphate {18, R6 = iPPr, R7 = iPr} as a colourless
solid. 1H NMR (DMS0-d6), 7.48 (1 H), 4.15-4.00 {4 H}, 1.38-1.28 {24 H).

Example 11: NN, N' N'-Tetraisopropylformamidinium tetrafiuorchorate {18, RG = iPr,
RY = iPr)

+NiPr,

A mixture of N ,N-diisopropyliformamide {10 g) in anhydrous dichloromethane (40 ml) is
added te a solution of phosphorus oxychlonde {11.9 g) in dichioromethane (100 ml) at -78
°C. The reaction mixture is then warmed to room temperature and stimed for 2 h. The
mixture is then cocled to 0 °C. To this mixture, 3 seiution of dilsopropytamine (7.8 g} and
triethylamine (10.8 ml) in dichloromethane {30 mi} is added dropwise over a period of 30
min. The reaction mixture is then allowed to warm siowly io reom ternperature and stirred
for a further 2 h. The reaction mixture is washed with aqueous sodium hydroxide (20 mi,
2 M) and saturated sodium tetraflucrcborate (13.2 g) and exiracted with dichlcromethane.
The organic layer is dried (MgS0,) and then concentrated in vacuo. The residue is taken
up in acetcne. Addition of a mixiure of disthyl ether and pentane (4:1, 20.5 ml) foliowed
by fitration gives N, NN’ N'-tatraisopropyiformamidinium tefrafluoroborate (18, R6 = iPr,
R7 = iPr). 1H NMR (DMS0-d8), 7.48 {1 H), 4.15-3.85 (4 H), 1.35-1.30 (24 H).

Exampie 12: Diisopropyi{piperidin-1-ylmethylidenejammonium hexafiuorophosphate
{18, R§ = iPr, RY = Piperidinyl)
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+NiPre
0 H

e /‘
\N'

A mixture of N N-diisopropyiiformamide {5 g) in anhydrous dichioromethane (40 mi} is

PN H

added to a solution of phosphorus oxychioride (5.9 g} in dichioromethane (100 mi} at -78
°C. The resuiling mixture is stirred for 30 min at -78 °C. The reaction mixtura is then
warnmed to roem temnperature and stired for a further 2h. The mixture is then cooled to O
*C. To this mixture, a sohitlon of piperidine (3.3 g) and tiethylamine (3.92 g) In
dichioromethane {50 mi} is added dropwise over a perod of 30 min. The reaction mixture is
then allowed to warm slowly to room ternperature and stirred for a further 2 h. The mixture
iz then concentrated In vacuo. Water (25 ml) is then added and the resulting mixture is
cooled to 0 °C. This mixture is then added ta a cooled solution of ammeoenium
hexafluorophosphate (6.3 g) in water (25 ml). The precipitate is coliected by filtration. The
precipitate is washed with cold water {2 x 10 ml} and then with diethyl ether (10 mi}, The
material is dried in vacuo and then recrystaiiised from acetone to give diisopropyl(piperidin-
1-yimethylidene)ammonium hexafluorophosphate (18, R6 = iPr, RT = Piperidinyi} as a
coiourless solid. m.p. 236-240°C. 1H NMR {(DMSO-d6}, 7.83 {1 H), 4.30-3.80 (2 H), 3.64-
358 (4 M), 1.63-1.71 {6 H), 1.30-1.24 (12 H).

The X-ray Structure of the cobtained crystais is shown in figure 3.

Crystal data [recorded at 100(2)

Empirical formula CiaHasFeN,P
Formula weight 342.31

Crystal system Crinorhombic
Space group P212121

Call parameters a= 93152} A

Volume of unit ¢ell

b= 12.051(2) A
e=14.134(21 A

1586.6(5) A°
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Z 4

Caicutated density 1.433mg m™

* (number of asymenetric units in the unit cedl)

Exampie 13: Tris(morpheolinejmethane {13, RE/RT = mgrphcﬁnc)

/O
“
b

HC(OE, — Py
E/\\N N_/‘A\.\:
i i i
N o

A mixture of triethylorthoformate (62.2 g), morpholine (54.5 g) and glacial acetic acid (1.26
g} is stirred at 18C °C for 5 h. During this time, the ethanol formed is continucusly
removed by distillation. The reaction mixture is left to cool to room temperature overnight.
The resulting precipitate is fillered and washed with heptane. The solid is re-crystallised
using toliene to give tris(morpholino)methane, 13 (RE/RT = morpholing). 1H KMR
{CDCly), 3.66-3.60 (12 M), 3.26 (1 H), 2.80-2.70 (12 H).

Example 14: Tris{dimethylaminojmetbane (13, RE = Me, R7 = Me}, Tert-Butoxy-
bis{dimethyiaminojmethane (i34, R6 = Me, R7 = Me, R8 = By} and N A&
Dimethyformamide di-tert-butyl acetal {15, R& = Me, R7 = Ms, R8 = tBu}

M, Nie, Kie, Nio,
H ! + +
Mo X MeN™ Nbe, MeN” “0iBu ©uo” omu
Method 1

N,N,N' N’-tetrarnethylformadinium meihyl sufate (5 g) {prepared according o Example 1, X
= MeSOC,) is added to a solution of potassium tert-butoxide in THF {(23.6 ml, 1 M). The
mixtire is then stirred for 1 h at 6C “C. The reaction mixture is then fiitered under argon.
The mother liguor is then concentrated in vacue to afford a residue (1.60 g) containing 13,
14 and 15 {R6 = Me, R7 = Me, R8 = tBu). 1H NMR {Cslg): 1.08, 1.16, 1.24, 2.29, 2.33,
3.02, 4.06, 5.00. Relative amounts of 13 (R6 = Me: R7 = Me), 14 (R6 = Me, R7 = Me, R8 =
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iBu), 15 (R6 = Me, R7 = Me, R8 = Me} are datermined by integration of signals at 3.02, 4.06
and 5.00 ppm, respeciively.

Method 2

NN, N N-tetramethylformadinium para-toluenesulfonate (500 mg) (prepared according to
Example 2, X = 4-MePhSC;} is added to a solution of potassium teri-butoxide in THF (1.8
ml, 1 M), The mixture is then stired for 1 b at 50 °C. The reaction mixture is then filtered
unider argon. The mother liquor is then concentrated in vacuo to afferd a residue containing
13, 14 and 15 (R6 = Me, R7 = Me, R8 = {Bu).

tethod 3

NN N N'-tetramethyiformadinium hexafluorophosphate (500 mg) (prepared according to
Example 3, X = PFg) is added o a solution of potassiunm tert-butoxide in THF {2 mi, 1 M).
The mixture is then stirred for 1 h at 5C °C. The reaction mixture is then filtered under
argon. The mother liquor is then concentrated in vacuo to afford a residue containing 13,
14 and 15 (R6 = Me, R7 = Ms, R8 = iBu).

Example 15: Tris{diethylaminc}methane (13, RS = Et, RY = £}, Tert-Butoxy-
bis{diethylamino)methane (14, R = B, RT = E¢, R8 = {Bu} and N N-Diethyiformamide
di-tert-hutyl acetal {15, R6 = E{, R7 = i, R8 = 1By}

+?I*;‘E=z NEY, TE:; NEi,
) — s
Bt MeSOy BN NEL N o 0™ Oty
Method 1

NN N W tetraethyiformadinium methyl sulfate (5g) (prepared according to Example 4, X =
MeSCy) is added to a solution polassium lert-butoxide in THF {18.7 ml, 1 M}, The resulting
mixture is then stirred for 1h at 60 °C. The reaction mixture is fikered under argon and the
mother liquor is then concentrated in vacuo to afford a residue {1.31 g) containing 13, 14

and 18 (R6 = Ef, R7 = Ef, R8 = 1Bu). 1H NMR (CeDs): 0.55-0.59, ¢.81-0.85, 0.98-1.06,
1.18. 1.24, 2.46-2.862, 2.64-2.8C, 3.04-3.00, 3.80, 4.56, 5.18. Relative amounts of 13 (R =
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Et; R7 = Et}, 14 (R6 = E, R7 = Et, R8 = tBu), 15 (R6 = Et, R7 = Et, R8 = Bu) are

determined by integration of signals at 3,80, 4.56 and 5.18 ppm, respectively,
Methed 2

N,N‘N',N‘-tetraethy?fermac‘;inium tetrafluoroborate (50C mg) {prepared according o Example
5, X = BF,) is added o a sciution of polassium terd-butoxide in THF (2.05 mi, 1 M). The
mixture is then stirred for 1 h at 50 °C. The reaction mixture is then filtered under argon.
The mother liquor is then concentrated in vacue te afford a residue containing 13, 14 and
15 (RS = Bt, R7 = £t, R8 = tBu).

Method 3

N,N.N' N'-tefrasthyiformadinium hexafluorephosphate (50C mg) (prepared acconding to
Example 6, X = PFg) is added to 8 solulion of potassium teri-buloxide in THF (1.86 mi, 1 M}.
The mixture is then sfirred for 1 h at 50 °C. The reaction mixture is then fillerad under
argon. The mother liquor is then concentrated in vacuo to afford a residue containing 13,
14 and 1§ (R6 = Et, R7 = £1, R8 = tBu}.

Example 18-1; (R}-5-Biphenyld-yimethyl-3-{ 1 -dimethylaminometh-{E/Z}-ylidene]-2-
oxo-pyrrolidine~{-carboxylic acid tart-buty! ester (7-3, R1 = Bog, RE = Me, R7 = Me)

F’ﬁ M f/”“‘\
J‘/ﬁ/&\\”/' i\&“ /"]/’:\\/ﬁ
f/——\\ N [ e O";< .\‘ //'\\\ .

o= \,\E/’)W/ S N/"wssv X
>
O%L"(_) o g
,/%\'\ ™~

Method 1
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A mixture of 1 g (8)-2-Bipnhenyi-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid ten-butyl
aster (8-a, R1 = Bog) and 0.7 ml tris{dimethylamine)methane (13, R6 = Mg, R7 = Me)
{Aldrich, #221058) in toluene (5 ml) are heated for 18 h at 115 °C. The mixture is
concentrated in vacuo o give (R)-5-biphenyl-4-yimethyl-3-[1-dimethylaminomeath-(&/2)-
viidene}-2-oxo-pyrrolidine-t-carboxylic acid teri-butyt ester {7-a, R1 = Boc, R6 = Me, RY =

Me) as determined by hplc.
Method 2

To 1 g {S}2-Biphenyl-4-yimethyi-5-0xo-pyrrolidine- 1-carbosylic acid tert-butyl ester (8-a,
R1 = Boe) in soiution In 8 mi toluene are added 3 g of tls{dimethylamino)methane (13, R6
= Mg, R7 = Me) (Algrich, #221058) and 1 ml tert-butanol. The mixture is stired at 80°C for
24 h 1o yield after concentration to dryness nearly pure {(R)-5-biphenyi-d-yimathyl-3-[1-
dimethylaminomath-(£/2)-ylideneg]-2-oxa-pyrolidine~1-carboxylic acic fert-butyi ester (7-a,
R1 = Boe, R6 = Me, R7 = Me) as determined by hplc.

Method 3

To a mixture of 200 mg (S}-2-Biphanyi-4-yimethyi-5-oxo-pyrrolidine- {-carboxylic acid ter-
butyi ester (8-a, R1 = Boc) and 0.48 mi tis{dimethylaminc)methans {13, R6 = Mg, R7 =
Me) {Aldrich, #221058), tert-butanoi (0.21 ml} is added. The mixture is stirred at 80°C for
24 i {o vield after concentration to dryness (R)-5-biphienyl-4-yimethyt-3-[1-
dimethylaminometh-{£/7}-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (7-a,

R1 = Bog, RS = Me, R7 = Me} as determined by hplc.
Method 4

To a mixture of 200 mg (S)-2-Biphenyi-4-yimethyi-S-oxo-pyrrolidine-~1-carboxylic acid tert-
bityt ester {8-a, R1 = Boc) and (.49 m! tris(dimethylamine)methane (13, R6 = Me, R7 =
Me) (Alarich, #221058), isobutyi alcohol {0.21 ml) is added. The mixture is stirred at 80°C
for 24 hto yield after concentration to dryness {R}-8-biphenyl|-4-yimethyi-3-1-
gimethylarninormeth-{£/2)-ylidene-2-oxo-pyrmlidine-1-carboxylic acid tert-hutyi ester (7-3,

H1 = Boe, R6 = Me, R7 = Me) as determined by hpic.
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tMethod 5

To a mixture of 200 mg (S)-2-Biphenyl-d-yimethyi-5-oxc-pyrrelidine-1-carboxylic acid tert-
butyl esier {B-a, R1 = Boc) and .49 mi tris(dimethylamino)methane (13, R6 = Me, R7 =
Me) {Aldrich, #221058), isopropyl aicchol (0.17 mi} is added. The mixture is stirred at
80°C for 24 h o yieid after concentration to dryness (R)-5-biphenyl-d-ylmelhyi-3-{1-
dimethylaminometh-(£/Z})-ylideng]-2-oxo-pyrrolidine~1-carboxylic acid tert-buty! ester (7-a,

R1 = Bog, RE6 = Me, R7 = Me) as determined by hpic.

fsthod 8

To a mixture of 200 mg (8)-2-Biphenyl-4-ylmethyi-S-oxc-pyrrofidine- 1~carboxylic acid tert-
butyl esier (8-a, R1 = Boc) and €.43 mi tris(dimethylamino)methane (13, Ré = Me, R7 =
Me) (Aldrich, #221058), dimethoxyethane (0.2 mi} is added. The mixture is stirred at 80°C
for 24 h to yield afler concentration to dryness {R)-5-biphenyi-4-yimethyl-3-[1-
dimethylaminometh-(£/Z)-yiideng}-2-oxe-pyrrolidine-1-carboxviic acid fert-butyl ester (7-8,
R1 = Bee, R6 = Me, R7 = Me} as determined by hplc.

Method 7

Tert-butanol {3.87 g) is added io 1.65 g tris{dimethylaminoYmethane (13, RE = Me, R7 =
Me) (Aldrich, #221088) and the resuiting mixture is slirred for 1 hat 86 °C. (8)-2-
Biphenyl-4-yimethyi-5-oxo-pyrrolidine-t-carboxylic acid tert-tutyl ester (8-a, R1 = Bog)
{1.00 g) is added and the resulting mixture heated at 80 °C for & h. The reaction mixiure
is cooled to room temperaiure and concentrated in vaeuo. Azeotropic distiliation using
toiuene affords (R)-8-biphenyl-4-ylmethyl-3-{1-dimethylaminometh-(£/Z}-ylidene}-2-oxo-~
pyrrolidine-1-carboxylic acid fert-butyl ester {7-a, R1 = Bocg, R8 = Me, R7 = Me} as

determined by hpic.
fethod 8
1 g of {8)-2-Biphenyi-d-yimethyi-5-oxo-pyirolidine-1-carboxylic acid tert-butyl ester (8-a,

K1 = Boc) is addad o 10 g of a nixture containing 13, 14 and 15 (R6 = Me, R7 = Me, R8
= CMe,Et) (prepared according to Example 36, Method 1) and heated to 80 °C. Afler 2
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hours, the reaction is shown tc be complete and is concentrated under vacuum to yieid
(R)-5-bighenyl-4-yimethyl-3-[1-dimethyiaminomath-{ E/Z)-ylidene]-2-oxo-pyrrolidine-1-

carboxyiic acid teri-bityl ester (7-a, Rt = Boc, R8 = Me, R7 = Me) as determined by hple.
tethod 8

NLNN N -tetramethviformamidiniur methylsulfate (302 mg) (prepared according fo
Example 1} is added 1o a 1 M solution of potassium-teit-butoxide in THF {1.14 mi). The
resuiting mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-yimethyi-5-oxo-
pyrrolidine-1-carboxylic acid fert-butyl ester {8-a, R1 = Boc) (100 mgq) is then added and the
mixture stirred at 60 °C for 3 h. The mixture is then cooled o room temperature and diluted
by additicn of 10 ml isopropyl acetate. The mixture is then filtered through silica and
concentrated in vacuo to afford (R)-5-biphenyl-d-yimethyl-3-[ 1-dimethylaminometh-(E/2)-
viidene}-2-oxo-pyrroliding- 1-carboxylic acid teri-butyi ester {7-a, R1 = Boc, R = Me, R7 =

Me) as determined by hipic,
Method 10

NN N N-tetramethyiformamidiniurn para-toiuenesuifonate (1.93 g} (prepared according to
Exampie 2) is added to a 1 M solution of potassium-tert-butoxide in THF (5.83 mi). The
resulting mixture is then stirred for 1 h at 50 “C. (S)-2-Biphenyl-t-yimethyi-5-oxo-
pyrrolidine-1-carboxylic acid ferd-butyl ester {8-a, R1 = Boc) (560 mg) is then added and the
mixture stirred at 80 °C for 10 h, The mixture is then cooled to room temperature and
diluted by additicn of 10 mi isopropyl acetate. The mixture is then filtered through silica and
cohcentrated in vacuo o afford {R)-5-tiphenyl-<4-yimethyl-3-[ 1-dimethylaminometh-(£/Z)-
ylidene}-2-oxo-pyrrolidine- i-carboxylic acid terf-butyt ester {(7-a, R1 = Bog, R6 = Me, R7 =

Me) as determined by hpic,

Method 11

NN N N -Tetramethylformamidinium hexafluorcphosphats (1.75 g) (prepared according to
Exampie 3) is added to a 1 M solution of potassium-tert-butoxide in THF (588 mi). The
resulting mixture is then stirred for 1 h at 50 °C. (8)-2-Biphenyl<4-vimethyi-5-0xo-

pyrrolidine-1-carboxylic acid fert-butyl ester {8-a, R1 = Boc} (500 mg) is then added and the
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mixture stirred at 80 °C for 1 h. The mixtura is then cocled to room lemperature and diluled
by addition of 10 mi isopropyl acetate. The mixture is then filtered through silica and
concentrated in vacuo fo afford (R)-S-biphenyl-4-yimethyi-3-[1-dimethylaminometh-(£/2)-
yiidene]-2-oxo-pyrroiidine-~1-carboxylic acid tert-butyi ester (7-a, R1 = Boc, R6 = Me, R7 =

Me) as determined by hplc.
Method 12

10 g (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-bubyd ester {8-a, R4
= Boc) in 75 mi 1,2-dimethoxyethane. 17.8 mi tert-butoxy-bis{dimetnylamino)methane
{14, R8 = Me, R7 = Me, R8 = tBu) (Fiuka #20428) is added and the mixture stirred
overnight at 75 °C. The mixiure is concentrated in vacuo to give (R)-5-biphenyi-4-
ylimethyl-3-[1-dimethylaminometh-(£/7)-vlidene}-2-oxo-pyrrolidine-1-carboxylic acid tsn-
butyl ester (7-a, R1 = Bog, R6 = Me, R7 = Me) as determined by hplc.

Method 43

A mixiure of (8)-2-biphenyl-4-yimethyi-8-oxo-pyrrolidine-1-carbexylic acid fert-butyi ester (8-
2, R1 = Boc) {1 g} and a mixture containing 13, 14 and 15 {(R6 = Me, R7 = Me, R8 = {By)
{prepared according to Example 14, Method 1) are heated at 80 °C for 4 h. The mixture is
then cooled to room temperature and diluted by addition of 10 mi isopropyl acetate. The
mixture is then filtered through silica and concentrated in vacue to afford (R)-5-biphenyi-4-
ylmethyl-3-[1-dimethylaminometh-{(£/2Z2)-ylidene}-2-oxo-pyrrolidine- 1-carboxylic acld fert-
butyl ester {7-a, R1 = Bog, R6 = Me, R7 = Me) as determined by hpk:.

Method 14

Mixture of 10 g (8)-2-biphenvi-4-yimethyl-5-oxo-pyrrolidine- 1-carboxylic acid tert-butyl
ester {8-a, R1 = Boc) and 52 g tert-butoxy-bis{dimethylamino)methane (14, RS = Me, R7
= Me, R8 = tBu} is heated at 83 °C for 4 hours, The mixture is concentrated in vacuo to
give {R)-5-biphenyl-4-yImethyl-3-[1-dimethyiaminomsth~{£/2)-yidene}-Z2-oxa-pyrroliging-1-

carbaxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determinad by hplc.

Method 15
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A mixture of 2 g (5)-2-Biphenyl-4-yimethyl-5-oxc-pyrrolidine-~-1-carboxylic acid ferf-butyl
ester (8-a, R1 = Boc) and 8.7 mi methoxy-bis(dimethyiaming)methane {14, R6 = Mg, R7 =
Me, R8 = Me) (Fluka #84875) is heated at 80 °C for 4C hours. The mixture is then
concentrated in vacuo. The residue is dissclved in isopropyl acelate and passed through
Kieseigel. The filtrate Is concentrated o give {(R)-5-biphenyi-4-yimethyl-3-[1-
dimethyiaminometh-{E/Z)-viidene}-2-cxe-pyrralidineg-1-carboxylic acid fert-butyl ester (7-a,
R1 = Boc, R = Me, R7 = Me) as determined by hpic.

Method 16

A mixture of 1 g (8)-2-Biphenyl-4-yvimethyl-5-oxo-pyrroliding-1-carboxylic acid ferf-butyl
ester {B8-a, R1 = Boc)and 1.2 mi N,N—dimeﬁ;yi.formamide diisopropyl acetal (15, RS = Me,
R7 = Me, R8 = iPr} (Aldrich #178535} are heated at 105 °C overnighl. A further portion of
N.N-gimethylformamide diisopropyl acetal (15, R8 = Me, R7 = Me, R8 = iPr) is added and
the mixture is stirred for 2 days at 105 °C. The mixture is then concentrated to give {R)-5-
hiphenyl-4-yimethyl-3-[1-dimethylaminometh-( &2 ylidene]-2-oxo-pyrrolidine-1-carb oxylic
acid ten-butyl ester (7-a, R1 = Bo¢, R6 = Me, R7 = Me) as determined by hplc.

Meothod 17

Te 0.2 g (8)-2-Biphenyi~4-yimethyl-3-oxo-pyrrolidine-1-carpoxylic acid fer-butyi ester (8-a,
R1 = Boc) in solution in 0.7 mi tetrahydrofuran are added 0.4 g of
tris{dimethylamineimethane {13, R6 = Me, R7 = Me) (Aldrich, #221058) and 0.17 mi tert-
butancl. The mixture is stirred at 80°C for 8 h {o yield after concentration tc dryness to
give {R}-5-biphenyi-4-yimathyl-3-[1-dimethyiaminometh-{&/Z})-viidene]-2-oxo-pyrroliding-1-
carboxylic acid tert-butyl esier (7-3, R1 = Boc, RE = Me, R7 = Me) as determinad by hplc,

Method 18

A mixture of 1 g (S)-2-biphenyl-4-yimethyl-8-oxc-pyrrolidine-1-carboxylic acid fer-butyl
estar (8-a, R1 = Boc) and 3.4 mi N, N-dimethylformamide di-tert-buty! acetai {15, R6 = Me,
R7 = Me, R = {Bu) {Aldrich #358800} are heated at 50 °C overnight. The mixiure is then

concentrated to give (R}-5-Biphenyi-4-yimethyl-3-[ 1-dimethyiaminometh-(£/2)-yiidena}-2-



WG 2609/090251 PCT/EPIOGOHSG510

151

oxo-pyriclidine-1-carpoxylic acid tert-buty! ester (7-a, R1 = Bocg, RE = Me, R7 = Me) as
determined by hple.

Mathed 19

7 g of {§)-2-Biphenvi-4-yimethyl-5.-oxo-pynviidine-1- carboxyhc acid fert-butyl ester (8-a,

R1 = Boc) is added te 5.6 g of a mixture containing 13, 14 and 15 (R6 = Me, R7 = Me, RS
= CMe,Et) {prepared according to Example 38, Methed 2) and heated to 85 °C. The
resuiting rnixiure is stirred at this temperature for 48 h. The mixture is then concentrated
in vacuo tc give {R}-5-biphenyi-4-ylmethyl-3-[1-dimethylaminometh~(E/Z)-ylidenej-2-oxo-
nyrrolidine-1-carboxylic acid terf-ixityl ester (7-8, R1 = Boc, RS = Me, R7 = Me) as
determined by hpic.

Mathod 20

7 g of {3)-2-Biphenyl-4-yimethyl-5-oxo-pymolidine-1-carboxylic acid fert-butyl ester (8-a,

= Boc) is added to 7.5 g of a mixture containing 13, 14 and 15 (RS = Me, R7 = Me, R8
= CMe,Et) {prepared according to Example 36, Method 2) and heated tc 85 °C. The
resuiting rixture is stirred at this temperature for 48 h. The mixture is then concentrated
in vacuo ¢ give {R}-5-biphenyi-4-yimethyi-3-[1-dimethylaminometh~(£/2)-ylidenej-2-oxo-
pyrralidine-1-carhoxylic acid tert-butyl ester {7-8, R1 = Boc, RG = Me, R7 = Me) as
determined by npic.

Method 21

7 g of {8)-2-Biphenvl-4-yimethyl-5-0xo-pyrrolidine- 1-carboxylic acid tert-butyl ester (8-a.
R1 = Boc) is added to 11.3 g of a mixture containing 13, 14 and 15 (R6 = Me, R7 = Me,
R8 = CMe,Et) {prepared according to Example 36, Method 2) and heated to 85 °C. The
resulting mixture is stirred at this temperature for 24 h. The mixture is then concentrated
in vacuo tc give {R}-5-biphenyi-4-ylmethyi-3-[1-dimethylaminometh-(£/Z}-ylidene}-2-0xo-
pyrrolidine-1-carboxylic acid fer-butyl ester {7-3, R1 = Bog, R6 = Mg, R7 = Me) as
determined by hpic.

Method 22
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7 g of (3)-2-Biphenyl-<4-ylmethyl-5-oxo-pyrrolidine- 1-carboxylic acid tert-butyl ester {8-2,
R1 = Bac) is adgded to 18.8 g of a mixture containing 13, 14 and 15 (R6 = Me, R7 = Me,
R8 = ChMezEt) {prepared according to Example 38, Method 2) and heated to 85 °C. The
resuiting mixture is stirred at this temperature for 24 h. The mixture is then concenirated
in vacuo o give (R)-5-biphenyl-d~yirethyl-3-{1-dimethylaminometh-(E/Z}-ylidene]- Z-oxo-
pyrrolidine-1-carboxylic acid tert-butyi ester (7-a, R1 = Bog, RE = Me, R7 = Me} as
determined by hplc.

tethod 23

N, NN’ N'-Tetrarnethylformamidinium hexafluorophosphate (350 mg) {prepared according
to Example 3) is added to a 1 M solution of potassium-tert-butoxide in THF (1.1 ml). The
resulting mixture is then stirred for 1 h at room: temperature. {S)-2-Biphenyi-4-yimethyl-5-
oxo-pyrrclidine-1-carboxyiic acid tert-buty! ester {8-a, R1 = Boc) (100 mg) is then added
and the mixture is heated to 55 °C. The mixiure is then slirred at this lemperatire for 3 h.
The mixture is then cooled o room temperature and diiuted by addition of 5 mi isopropyl
acstate. The mixture is then filtered through silica and concentrated in vacuo to afford
{R)-5-biphenyi-4-yimethyl-3-[1-dimethylaminometh-{£/Z)-vlidena}-2-oxo-pyrrolidine-1-
carboxylic acid tert-buty! ester (7-a, 1 = Bog, R6 = Me, R7 = Me) as detemmined by hplc.

Method 24

NN N N-etramethylformamidinium methyisulfate (302 myg) (prepared accorging to
Exampie 1) is added 10 a 1 M soiution of potassium-fert-butoxide in THF (1.1 mi). The
resuiting mixture is then slirred for 1 h at 50 °C. The mixture is then cooled fo room
temperature, (8)-2-Biphenyl-4-yimethyi-5-oxo-pyrrofidine-1-carboxylic acid tent-butyl ester
{8-a, R1 = Boc) {302 mg) is then added and the mixiure is then siirred ovemight. The
mixture is then concentrated in vacuo 0 afford (R}-5-biphenyi-4-yimethyl-3-[1-
dimathylaminometh-(£/2)-ylidene}-2-oxo-pyrrolidine-1-carboxylic acis fert-butyl ester (7-a,
F1 = Bee, R6 = Me, R7 = Me) as determined by hple.

Method 25
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N, N,N' N'-etramethylformamidinium para-ticluenesulfonate (1.9 g} {prepared according to
Exarnpie 2} is added to a 1 M solution of potassium-tert-butoxide in THF {5.7 mi). The
resulting mixiure is then stirred for 1 h 8t 50 °C. The mixture is then ceoled to room
temperature. {S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid teri-butyl ester
(8-3, R1 = Boc) (500 mgy) is then added and the mixture Is then stirred ovemight. The
mixture is then concenirated in vacuo te afford (R}-5-biphenyl-4-yimetnyl-3-[1-
dimethylaminometh-{E/Z}-ylidere]-2-ox0-pyrrolidine-1-carboxylic acid fert-buty! ester (7-a,
R1 = Boc, Ré = Me, R7 = Me) as determined by hpic.

Method 26

N, NN N -tetramethyiformamidinium hexafluorophosphate (1.75 g) (prepared according (o
Example 3} is added tc a 1 M solution of potassium-teri-butoxide in THF (5.7 mi). The
resulting roixture is then stirred for 1 h at 53 °C. The mixture i3 then cocled to reom
temperature. (S)2-Biphenyi-d-yimethyl-5-oxo-pyirolidine-1-carboxyiic acid lert-bulyl ester
{83, R1 = Boc} {500 mg} is then added and the mixiure is then stirred overnight. The
mixture is then concentrated in vacuo to afford {R}-S-bipheny!-4-yimsthyl-3-[1-
dimethylaminometh-{£/Z}-yhdene]-2-oxo-pyrrofidine-1-carboxylic acid tart-butyi ester (7-a,

R1 = Boc, R6 = Me, R7 = Ms) as determined by hple.
HPLC Method (Example 16-1, Methods 1-28)

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH3 (32 %} in
water); Mobile Phase B (Acetonitriie). Gradient: 0 min {20 % 8); 3 min {40 % B}, & min
{40 % B); 7 min (50 % B), 11 min (50 % B}; 13 min (80 % B); 16 min {80 % BY; 16.1 min

{20 % B); 20 min {20 % B). Fiow rate: 1.4 ml min™", Wavelength: 210 or 254 nm.

Temperature 6¢ + 2 °C. e T

T ]
_____ _ ——Ratenfion times:
8-a {R1 = Boc): 10.4 min

7-a (R1 = Bog; Ré = Me; R7 = Me}): 11.0 min
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Example 16-2; Work-up/Purlfication of {R)-5-Biphenyl-4-vimethyl-3-[1-
dimethylaminometh{E2Z)-ylidene]-2-oxopyrrolidine-1-carpoxylic acid tert-bButyl
ester (7-a3, R1 = Boc, R6 = Me, R7 = Me}

{R}-§-Bipheny!-4- yimethyl-3-{1 -dimethylaminometh-(£/2}-ylidere]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Bog, RS = Me, R7 = Me} can be used directly
from the reaction or can be purified, as required. This optional purification step can be
performed to remave soivents, reagents, andjor products generated from said reagents,

for exampile.
Method 4

Solution of 7-a (R1 = Boc, RE = Me; R7 = Me) {0.2 g in 2 mi isopropyl acetate) prepared
according to Exampie 16-1, Method 14, Activated charcoal (ca 50 mg) is added and the
mixture stirred at room temperature for 1 h. The mixture is filtered and concentrated in

vacuo to give 7-a (R1 = Boc; RE = Me; R7 = Me) as determined by hpic. Speciroscopic

data as for Example 18-2, Method 7.
Method 2

Solution of 7-a (R1 = Boc; RE = Me; R7 = Me) (0.2 g in 2 ml isopropyl acetate) prepared
accarding to Exampie 16-1, Method 14, -Activated chiarcoal {ca 50 my) is added and the
mixture stirred ai reflux for 1 h, The mixture is filtered and concentrated in vacuo to give
7-a (R1 = Boc; RS = Me; R7 = Me) as determinad by hpic. Spectroscopic data as for
Exampie 16-2, Method 7.

fethod 3

Sclution of 7-a (R1 = Boc; RS = Me; R7 = Me) (0.2 g in 2 mi isopropyl acetate) prepared
according to Example 16-1, Method 14. The mixiure is passed through a pad of Celite.
The filtrate is then concentrated in vacuo to give 7-a (R1 = Boe, RS = Me; R7 = Me} as

determined by hpic. Speciroscopic data as for Exampie 16-2, Meihod 7.

Method 4
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Solution of 7-a {R1 = Boc; R6 = Me; R7 = Me) (0.2 g in 2 m isopropy! acetate) prepared
according to Example 16-1, Methed 14. The mixture is passed through a pad of
Kieselgei, The filtrate is then cancentrated in vacue to give 7-a (R1 = Boc;, R6 = Me; R7 =

Me} as determined by hplc. Spectroscopic data reported as for Example 16-2, Method 7.

Method 5

11 g of 7-a (R1 = Boc; R6 = Me; R7 = Me) prepared according to Example 16-1, Mathad
14 is dissolved in 15 mi isopropy! acetate. The mixture is passed through a pad of
Kieselge!l and washed with iscpropyl acetate (5 x 20 m!). The filirate is concentrated in
vacuo lo give 7-a (R1 = Boc; R6 = Me; R7 = Me) as determined by hple. Speciroscopic

data as for Exampie 16-2, Method 7.

Method §

8 g of 7-a (R1 = Boc; R6 = Me; R7 = Me) prepared according to Example 16-2, Method 5

is added toluene (50 mi). The solvent is then removed in vacuo. Further poriions of

toluene (3 x 50 ml} are added and the solvent successively removed in vacuo to give 7-a

{R1 = Bag; RE = Me; R7 = Me) as determined by hplc. Spectioscopic data as for Example
162, Method 7.

Method 7

9 g of 7-a (R1 = Bog, R6 = Me; R7 = Me) prepared according to Example 16-2, Method 6
is added heptane (15 mi). Solvent is removed in vacuo. Ethyl acetate (5 mi) and the
mixture is heated e 50 °C. Heptane (10 mi} is added. The mixture is then cooled {c room
temperature fien concentrated in vacuo fo give 7-a (R1 = Boc; R6 = Me; R7 = Me),
Spectroscopic dala for 7-b (R1 = Bog; RE = Me; R7 = Me}: R 0.43 (ethylacetate). &, (400
MHz: DMSG) 1.48 (9H), 2.63 (2H), 2.78 (1H), 2.93 (6H), 3.06 {1H), 4.19 (1H), 6.96 (1H),
7.32 (3H), 7.44 (2H), 7.83 (4H), m/z (ES+)1407.1 (IMH’, 71 %), 351 (100), 307 (41).

HPLEC Method {(Example 18-2, Methods 1.7)
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Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A {0.1 % N3 (32 %) in
water); Moblle Phase B (Acetonitrile). Gradieni: 0 min (20 % B}; 3 min (40 % B); 5 min
(40 % B); 7 min (50 % B); 11 min (50 % B); 13 min (80 % B); 16 min: {8C % 8); 16.1 min
(20 % B)Y; 20 min {20 % B). Flow rate: 1.4 mimin’'. Wavelength: 210 or 254 nm.

Temperature 60 + 2 °C.

Retention imes:

8-a (R1 = Boc): 10.4 min

7-a {R1 = Boc, RE8 = Me; R7 = Me): 11.0 min

Example 17: {R)-5-Biphenyl-4-yimethyl-3.[1-diethylaminometh(E/Z}-ylidene]-2-0x0-
pyrrelidine-f-carboxylic acid {erf-butyl ester {7-a, R1 = Boe, RE = Et, R7 = E{}

Metheod 1

A mixture of {(S}-2-biphenyl4-yimethy-5-oxo-pyrrolidine-1-carboxyiic acid fert-bulyi ester
{8-a3, R1 = Boc) {1.41 g) tert-butoxy-bis(diethylamino)methane {14, R6 = E{, R7T = E{, R8 =
tBu} (3.76 g, prepared according to Example 15) is heated at B0 °C for 1 h. The mixture is
then dilutad with 10 mi isopropyl acetate and filtered through silica. The filtrate is then
concentrated in vacuo and arsolroped successively with xyiene (3 x 10 mi), toluene (3 x
10 mi), isopropyl acetate {3 x 10 mi} and diethyl ether (3 x 10 mi). Matedal is dried in
vacuo fo afford 1.54 g of (R)-5-biphenyl-4-yimethy!-3-[1-giethylaminometh-(E/Z)-ylidene]-
2-oxe-pyrrolidine-{-carboxyiic acid ten-butyl ester (7-a, Rt = Boc, R6 =Et, R7 = Ef). Ry
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.41 (sthyl acetate). §, (400 MHz, CoDe) 0.59 (6H), 1.63 {SH), 2.37 (2H), 2.44 (4H), 2.58
(1H), 3.50 (1H). 4.48 (1H), 7.10-7.28 (BH), 7.42-7.45 (4H).

Method 2

NN, N, N -tetraethyiformamidinium methyisuifate {1.81 g, prepared according 1o Example 4)
is zdded to a 1 M solution of potassium-tert-butoxide in THF (5.69 mi). The resulting
mixture is then stirred for 1 b at 56 °C. (S)-2-8iphenyi-4-vimethyl-5-oxc-pyrrolidine-1-
carboxviic acid tert-buiyl ester (8-a, R1 = Boc) {500 mg) is then added and the mixiure
shirred at 60 °C for 1 h. The mixture is then ooled to room temperature an shuted by
addition of 10 mi isopropyl acetate. The mixture is then filtered through siica and
concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyi-3-i 1 -disthylaminometh-{£/2)-
ylidene}-2-cxo-pyrrolidine-1-carboxylic acid ter-butyl ester (7-a, R1 = Boc, R6 = Et, R7 =

Ef). Spectrescopic data as for Example 17, Method 1.
ethod 3

N, NN N -tetraethyiformamidinium tetraflucroborate (347 mg, prepared according o
Example 5) is-added to a 1 M solution of polassium-tert-butoxide in THF (1.14 ml). The
resuiting mixture is then stimed for 1 h at 50 °C. {S}-2-Biphenyi-d-yimethyk-5-0x0-
pyrroiidine-1-carboxylic acid teré-putyl ester (8-a, R1 = Baag) (100 mg) is then added and the
mixture stirred at 80 °C for 1 h. The mixture is lhen cooled to reom temperature and diluted
by addgition of 10 ml isopropyl acetate. The mixture is then fillered throtgh sifica and
concentrated in vacuo {o afford (R}-5-biphenyl-4-vimethyi-3-{1-diethylaminometn-(&£/2})-
yiidenal-2-oxo-pyrrolidine-{-carboxylic acid fert-butyl ester {7-a, R1 = Bo¢, R = Ef, R7 =

Et). Spectroscopic data as for Example 17, Method 1.
Method 4

N, NN’ N-Teiraethyiformamidinium hexafluorophosphate (430 mg, prepared according to
Example 8) is added to a 1 M solution of potassium-tert-butoxide in THF (1.14 ml). The
resulting mixture s then stirred for 1 h at 80 °C, (8)-2-Biphenyi-4-vimethyl-5-0x0-
pyrrotidine-~i-carboxylic acia ferf-butyl ester (8-a, R1 = Boc) {100 mg) is then added and the

mixture stirred at 60 °C for 1 h. The mixlure is then cocled o rocam femperature ang diluted
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by addition of 10 ml isopropyl acetate. The mixture is then filtered threugh silica and
concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyi-3-[1-diethylaminometh-(£/Z)-
ylidene]j-2-oxG-pyrrolidine- 1-carboxylic acid terf-butyl ester (7-a, R1 = Bog, R6 = E{, R7 =

Ef). Speclroscopis data as for Example 17, Method 1.

Mathod 5

NN N N-Tetraethylformamiginium hexafluorophosphate {430 mg) {prepared accerding to
Example 6)is added o a 1 M solution of potassium-tert-butoxide in THF {1.1 mi}. The
resulting mixture is thep stirred for 1 h at room temperaiure. (8)-2-Biphenvhd-yimeidhyi-5-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester {8-a, R1 = Boc) (100 mg) is then added
and the mixiure is heated to 55 °C. The mixiure is then stirred at this temperature for 3 h.
The mixture is then cooled {0 room temperature and diluled by addition of 5 mi isopropyl
acetate. The mixture is then filtered through silica and concentrated in vacuo to afford
{R)}-5-biphenyl-4-ylmethyt-3-{1-diethyiamincmeth-(E/2Z)-ylidenej-2-oxo-pyrroiidine-1-
carboxylic acid fert-butyl ester (7-a, R1 = Bog, RE = Et, R7 = Et}. Spectroscopic data as
for Example 17, Method 1,

Method €

N NN N <etrasthylformamidinium methylsulfale (1.8 g) {prepared according to Example
4)is added to a 1 M solution of potassium-teri-butoxide in THF (5.7 mi}. The resulting
mixture is then stirred for 1 h 2t 36 °C. The mixture Is then cocled to roem temperature.
{8;-2-Biphenyi-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acld ferf-butyl ester {8-a, Rt =
Boe) (500 rng} is then added and the mixture is then stirred overnight. The mixtura is then
concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyi-3-{ t-diethylaminometh-(£/}-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester {7-a, R1 = Boc, R6 = Et, R7 =
Et). Spectroscopic data as for Example 17, Method 1,

Method 7

N NN N -tetraethyviforrnamidinium hexafluorophosphate (430 mg) (prepared according fo
Example 6) is added to a 1 M solution of potassium-tert-butoxide in THF (1.1 mi}. The

resulting mixture is then stirred for 1 n at 50 °C. The mixture is then cooled ic room
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temperature. {S)-2-Biphenyl-4-ylimethyi-5-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester
{8-a, R1 = Boc) {100 mg) is then added and the mixture is then stirred overnight. The
mixture is then concentrated in vacuo o afford (R)-5-biphenyl-4-yimethyl-3-{1-
dimethylaminometh-(E2Z}-ylidene]-2-oxo-pyrralidine-1-carboxylic acid tert-butyt ester {7-a,

R1=Boc, R6 = Et, R7 = E1). Speciroscopic data as for Example 17, Method 1.
Method 8

MN,N,N' N'-tetraethyiformamidinium tefraftuoroporale (347 mg) {prepared according i
Example 5} is added to a 1 M soluticn of potassium-tert-butoxide in THF (1.1 mi}. The
resulting mixture is then stirred for 1 © at 53 °C. The mixture is then cooled ic room
{emperature. (8)-2-Biphenyl-4-yimethyi-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
{8-a, R1 = Boc) (100 mg) is then added and the mixture is then stirred overnight. The
mixiure is then concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyl-3-{1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyTolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Bog, R6 = Et, R7 = Et}. Spectroscopic data as for Example 17, Method 1.

Method §

NN, N’ N'-etraethyiformarmidinium tetrafluoroborate (347 mg) (prepared according to
Example §) is added to a 1 M solution of polassium-tert-putoxide in THF (1.1 mi}. The
resUiting mixiure is then stirred for 1 h at 50 °C. The mixture is then cooled to raom
temperature. (8}-2-8iphenyi-4-yimethyl-5-oxc-pyrrolidine-1-carboxylic acid ferf-butyl ester
{8-a, R1 = Boc) {100 mg) and ammonium hexaflucrophosphate {ca 1 mg) are then addad
and the mixture is then stirred overnight. The mixiure is then concentrated in vacuo to
afiord (R})-5-biphenyl-4-yimethyi-3-{ 1-dimethylaminometh-{£/Z}-ylidene}-2-oxc-pyrrolidine-~
1-carboxyiic acid fert-butyl ester {7-a, R1 = Boc, R8 = Et, R7 = Et). Spectroscepic data as
for Example 17, Method 1.

Example 18: (R)-5-Biphenyl-4-yimetnyl-3-[1-pyrrolidin-{-yl-meth-(E/Z)-yiidens]-2-
oxo-pyrrolidine-1-carboxylic acid fesrt-butyl ester {7-a3, R1 = Bog, R6/R7 =
Pyrrodidinyt)
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Method 1

A mibture of 1-pyrrolidin-1-yimethylenepyrrolidinium methyisuliate (18.5 g, prepared
according fo Example 7) and potassium tert-butoxide {6.3 g) in tcluene {40 mi) are stirred
for 1 . (S}-2-Biphenyi-4-yimethyl-S-oxo-pyrrolidine-1-carboxylic acid feri-biutyl ester (8-,
R1 = Boc) (5 g) is added and the mixture heated to 80 °C. After 1.5 h, the mixture is
cooled to room temperature, diluted with iscpropyl acetate and filtered through silica to
give {7-a, R1 = Boc, RO/RT = Pyrrolidingl). Purification by chromatography (isopropyl
acelate) gives (R)-5-biphenyi-4-yimethyi-3-{1-pyrrolidin-1-yl-meth-(£/Z}-vlidene]- 2-ox0o-
pyrrotidine-1-carboxylic acid ferf-outyl ester {7-a, R1 = Bog, RG/R7 = Pyrrolidingl). R, 3.32
(sthyl acetate). dx (400 MHz, DMSO} 1.50 (9H), 1.80 (4H), 2.62 (1H), 2.71 (1H), 2.82
{1H), 3.06 (1H), 3.46 (4H), 4.18 (1K), 7.19 (1H), 7.34 (ZH), 7.36 (1H), 7.46 (2), 7.62
(2H), 7.65 (2H). m/z (ES+) 433 (fMH}", 100 %), 377 {64), 333 {38).

Method 2

A mixture of 1-pyrralidin-1-yimethylene-pyrrofidinium hexafluorophosphaie (424 mg.
prepared according to Exampie §) and potassiurmn tert-butoxide {1 M in THF, 1.1 ml Y are
siirred for 1 1 at 8C “C. (§)-2-Biphenyl-4-ylmethyl-E-oxo-pyrrolidine- 1-carboxylic acid fert-
butyl ester {8-a, R1 = Boc) (0.1 g) is added and the mixiure heated to 60 °C. After 1,50,
e mixiure is cooled (¢ reom temperature, diluled with isopropyl acelate and fillered
through silica to give {R)-5-biphenyl-4-ylmethyl-3-{1-pyrrolidin-1-yl-meth-{ £/Z)-ylidene}-2-
oxc-pyrrolicdine-1-carboxylic acic terf-buiyt ester {7-a, R1 = Boc, R6/R7 = Pyrrolidiny).
Spectroscopic data as for Exampie 18, Method 1.
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Method 3

A mixture of 1-pyrrdlidin-i-yimethylenepyrrolidinium methylsulfate (380 myg, prepared
acoording {o Example 7) and sodium fert-butoxide (0.1 mi) in tcluene are stirred
ovemight. {S)-2-Biphenyl-4-yimethyl-5-oxo-pyrroiidine-1-carboxylic acid tert-butyl ester
{8-a, R1 = Boc) (1063 mg) is added and the mixture heated to 80 °C. After 4 h, the mixture
is coolad o room lemperatire and concentrated in vacuo to give (7-&, R1 = Boc, R&/R7 =

Pyrrolidinyt}. Spectroscopic data as for Example 18, Method 1.

tethod 4

i-Pymolidin-1-vimethylene-pyrrolidinium hexafluorophosphate (424 mg) (prepared
according to Exampie 8) is added tc a 1 M soiution of potassium-tert-butoxide in THF (1.1
mi}. The resulting mixture is then stirred for 1 h at room temperature. (S)-2-Biphenyl-4-
yimethyl-5-oxo-pyrrolidine-1-carboxvlic acid tert-butyi ester {(8-a, R1 = Boc) {160 mg) is
then added and the mixture is heaied {6 55 °C. The mixture is then stirred at this
temperature for 3 h. The mixture is then cocled to room ternperature and dituted by
addition of 5 mi isopropyi acetale, The mixture is then filtered through silica and
concentrated in vacuo o afford (R)-5-biphenyi-4-yimethyl-3-[ 1-pyrraiigin-1-yl-meth-(£/Z)-
ylidenej-Z-oxo-pyrrolidine-1-carboxvylic acid terf-buty! ester (7-a, Rt = Boc, R6RT7 =
Pyrroiidinyl). Spectroscopic data as for Example 18, Methed 1.

Method 5

1-Pyrrolidin-1-yimethyiene-pyrrolidinium hexafluorophosphate (424 mag) (prepared
according te Exampie B) is added io a 1 M sciution of potassium-tert-buloxide in THF {1.1
mi}. The resulting mixture is then stirred for 1 h at 50 °C. The mixture is then cocled to
room temperature. (S)-2-Biphenyl-4-ylimethyl-8-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester {8-a, R1 = Boe) {100 g} is then added and the mixture is then stimed overnight.
The mixture is then concentrated in vacuo to afford {{R)-5-biphenyi-d-yimethyi-3-{1-
pyrrolidin-1-yi-meth-(£/2)-ylidenej-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,

R1 = Boc, R6/R7 = Pyrrolidinyi). Speciroscopic data as for Example 18, Method 1.



W 2009/49023F PCT/ER2009/050510

162

Example 18: (R)-5-Biphenyl-4-yimethy|-3-[1 diisopropylaming-meth-{E}-ylidene]-2-
oxo-pyrrolldine~i~carboxylic acid tert-butyl ester {7-a; R1 = Boc, R6 = Pr, R7 = iPr)

/
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Method 1

A 1 M solution of potassium teri-butoxide in THF (11.7 ml} is added to
diisogropyi{piperidin-1-yimeihylidene jammenium hexafluorophosphate (5 g, prepared
according to Example 12). The resulting mixture is then stirmed for 1 h at 80 °C. (8)-2-
Biphenyl-4-yimethyi-5-oko-pyrolidine-1-carboxylic acid tert-butyi ester (8-a, R1 = Bec) (1
g} is then added to the reaction and the resulling mixiure is stired for 1 h atroom
temperature. The mixture is diluted with isopropyl acetate and fitered through silica. The
residue is concenirated in vacuo then purifiad by column chromatography {ethyi acetate)
to give (R)-5-biphenyl-4-yimethyl-3-{1-diisopropylamino-meth-(E)-ylidene]-2-oxo-
pyrrofidine-1-carboxylic acid fert-butyl ester {7-a. R1 = Bog, R6 = iPr, R7 = iPr). R;0.55
{ethyl acetate). 1TH NMR (DMSO-d6), 7.65-7.62 (2 H), 7.61-7.58 2 R), 7.47-742 (2 H},
7.37-7.31 (1 H), 7.29-7.25 (2 H), 7.01 (1 H}, 4.28-4.20 (1 H}, 3.84-3.70 (2 H), 3.07-3.01 (1
H}, 2.82-2.73 {1 ), 2.71-2.63 (1 H} 2.49-2.44 (1 H}, 148 (B H}, 1.13-1.0B {12 H).

Method 2

N.N.N',N'-tetraisopropyiformamidinium tetrafluoroborate (2.13 g, prepared according to
Example 11} is added lo a 1 M solution of potassium-tert-butoxide in THF (5.89 ml). The

resuiting mixture is then stirred for 1 h at 56 °C. {S}-2-Biphenyl-4-yimethyl-5-0xo-

pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) {500 mg) is then added and
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ihe mixture stirred at 60 °C for 1 h. The mixiure is then cooled to room temperature and
diluted by addition of 1¢ mi isopropy! acetate. The mixture is then filtered through silica
and concentratad in vacuc fo afford {R}-5-biphenyi-4-yimethyi-3-[1-diisopropylamino-
meth-{E)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester (7-a, R1 = Bog, R6 =
iPr, R7 = iPr). Spectroscopic data as for Example 19, Method 1.

Example 20 {R)-5-Biphenyl-d-yimethyl3-{1-tdimethylamino-meth-{E/viidene]-1-
{2,2-dimethylpropionyi)pyrrolidin-2-one (7-a, R1 = Piv, RE = Me, R = Me)

ke
,4‘//)\} ;N--‘Me # :
\- e A A

N
: P i '
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A mixture of {S)-5-Biphenyi4-vimethyi-1-(2 2-dimethyl-propionyl}-pyrrolidin-2-one {8-a, R1
= Piv) (1.0 g, 3 mmoi) and tert-butoxy-bis(dimethylaminc)methane {14, RS = Me, R7 = Me,
R8 = tBu) (Fluka #20425) (5.5 g) are stirred at 80 °C for 17 h. The mixture is then cooled
éo room temperaiure and concentraied in vacun. The residue is then dissclved in
isopropyl acetate and filtered through Kieselgel. The filtrate is concenirated in vacuo to
give {R}-S-biphenyi-4-yimethvl-3-[1-dimeathylaminc-meth-(£/2)-viidene}-1-(2,2-
dimethylpropionylipyrrolidin-2-one (7-a, R1 = Piv, R6 = Me, R7 = Me). 34 (400 MHz;
DMSO) 1.31 (9H), 2.57 {1H), 2.70 (1H), 2.81 (1H) 2.98 (6H), 3.00 (1H), 4.40 (1K), 7.06
(1H), 7.33 (3H), 7.45 (2H), 7.60 (2H), 7.65 (2H). m/z (ES+) 391 ([MH]", 100 %).

Exampie 21: {R)-5-Biphenyl-4-yimethyi-3-{1-hydroxymeth-(E/Z)-ylidene]-2-ox0-
pyrralidine-1-carboxylic acid tert-butyl ester {6-a, R1 = Bog),

PCT/EP2009/630540
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Method 4

(R)-5-Biphenyi-4-yimethyl-3-[1-dimethyiaminometh-(£/2)-yiidene |- 2-oxo-pyrrotidine- -
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) {1 g, 2.5 mmol) is
dissolved in THF {& mi} and cocted to € °C. ac. Hydrochloric acid (37 %: 0.2 mi) is added
followed by water (2.1 mi). Mixiure is stirred at rcom temperaiure for 1.5 . The phases
are separated and the organic phase dried (MgSQ,) and concentrated in vacuo to glve
{R}-5-biphenyi-4-yImathyl-3-[ 1-hydroxymeth-(E/Z7 ) viidenel-2-oxo-pyrrolidine- t~carboxylic
acid tert-butyl ester (6-a, R = Boc). 5, (400 MHz, DMSC) 1.51 {8H), 2.40 (1H), 2.50
{1H), 2.67 (1H), 3.11 (1H), 4.34 (1H), 7.26 (3H), 7.42 (2H}, 7.58 {4H), 10.27 (1H); §4 (400
MHz, CDCi3) 1.53, 1.76-1.80, 1.88-1.96, 2.27-2.33, 2.35-2.43, 2.48-2.81, 2.80-2.86, 3.00-
3.11, 3.16-3.21, 3.51-3.54, 3.65-3.70, 4.254.36, 7.15-7.20, 7.26-7.30, 7.34-7.39, 7.46-
7.53, 8.74 (0.4 H), 9.75 (0.2 H), 10.86 (0.4 H). m/z (+) 380 ([MH]", 5 %), 324 (1C0).

Wethod 2

(R)-5-Biphenyl-4-yimethyl-3-[{-dirnethylaminometh-{£/2)-ylidenej-Z-oxo-pyrrolidine- 1~
carboxylic acid tert-butyl ester (7-a, R1 = Boe, R6 = Et, R7 = Et) (1 g) Is dissoived in THF
(6.9 ml) and cooled to 10-15 °C. A solution of concentrated suifuric acid {0.08 mi) in water
(3 ml) is added. Mixture is stirred at room temperature for 1.5 h. The phases are
separated and the aqueous phase is extracted with isopropyl acetate. The combined
organic phases are dried (MgS0,) and concentratad in vacuo to give {(R}-5-hiphenyl-4-
yimethyi-3-[1-hydroxymeth-~(E/Z}-ylidene|-2-oxo-pyrrolidine~1-carboxylic acid tert-butyl
ester (6-a, R1 = Boc). Ry 0.43 {ethyi acetate). Speciroscopic data as for BExample 21,
tdathod 1.
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Method 3

{R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-{ £/2Z)-yiidene}-2~oxo-pyrrolidine- 1-
carboxylic acid tert-buty! ester {7-a, R1 = Boc, R6 = Et, R7 = £} (32.5 g) is dissolved in
THF {180 mi} at 80 °C. The mixture is then cooled to 10-15 °C. An aqueous sclution of 1
M suifuric acid (96 ml} is added over a period of 30 min, giving a solution pH 2. Mixture is
stirred at room temperature for 0.5 h. The phases are separated and the organic phase
washed with 1 M potassium carbonate solution (5C mi). The phases are segarated. The
organic phase is dried (MgS0,) and concentrated in vacuo to give (R}-5-biphenyi-4-
vimethyi-3-{1-hydraxymeth-{E/Z)ylidene]-2-oxo-pyrrofidine-1-carboxylic acid tert-butyl
ester {§-8, R1 = Boc). R,0.43 {ethyi acetate). Spectroscopic data as for Example 21,
Method 1.

Example 22 Enol form: {R}-5-Biphenyi-d-yimethyi-1-{2, 2-dimethyipropionyi}3-{1-
hydroxymeth( £, Z)-yiideneipyrrolidin-2-one (§-a, R1 = Piv).
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{R)-5-Biphenyi-<4-yimethyl-3-[1-dimethylamircmeth-(£/Z)-yiidenel-2-oxo-pyrrolidine- 1-
carboxylic acid fert-buty! ester (7-a, R1 = Piv, R6 = Me, R7 = Me) (827 mq) is dissolved in
THF {5 mi} and cooiled to 10 °C. Hydrochloric acid (1 M; 2.6 ml) is added followad by
water (2.1 mi). Mixture is stirred at roony temperature for 17 h. The mixiure is diluted with
ethyl acstate (5 ml} and the phases separated. The crganic phase is washed with water,
brine then dried (MySC.). Concentrated in vacuo to give {R}-5-biphenyi-4-yimethy)-1-
(2,2-dimethyipropionyi}-3-{1-hydroxymeth-{E, Z}-vlidene]pyrrotidin-2-one (6-a, R1 = Piv).
&y (40C MHz; DMS0) 1.31 (8H), 2.43 (1H], 2.50 (2H), 3.01 (1H}, 4.53 {1H}, 7.28 (2H),
7.35 (1H), 7.45 (2H), 7.67 (2H), 7.64 (2H), m/z (ES+) 384 (IMH]", 100 %).
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Example 23: {R)-5-Biphenyl-4-yimethyi-3-methylene-2-oxo-pyrrolidine-{-carboxylic
acid feri-butyl ester {4-a3, R1=Bog)
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NMethod 1

(R)-5-Biphenyl-4-yimathyi-3-11-dimethylaminometh-(£/Z)-viidene}-2-oxo-pyrretidine-1-
carboxylic acid fert-butyl ester (7-a, R1 = Boe, R6 = Mg, R7 = Me) (7 g) is added lo THF
(240 mi) and the resulting mixture cocled t0 -78 °C. Diisobutyiaiuminium hydride (109 nv,
103 mmel 0.95 M in THF) is added over 1.5 h, To the mixture is then added Rochelle’s
Salf {430 ml; 1.2 M in water) and the mixture stirred vigorously. Ethyi acefate (400 ml)is
added and the phases are separated. The organic phase s concenirated in vacuo. The
resulting residue is dissolved in ethyl acetate (20 ml) and washad with brine (20 mi).
Phases ars separated. The organic phase is then concentrated in vacuo, Bisthyl siher
{80 mi) is added, fitered and the filtrate concentrated to give (R)-5-biphenyl-4-ylimethyi-3~

methylene-2-oxe-pyrrolidine- 1-carboxyiic acid tert-butyl ester (4-a, R1=Boc).

Crude (R)-5-biphenyi-4-ylmethyl-3-methylene-2-oxo-pyrrolidine- 1-carboxylic acid tert-buty!
gster {4-3, R1 = Boc) can be oplionally purified by column chromatography eluting with
3:1 heptane/ethyl acetate. 1H NMR: 3, (400 MHz, CDCls) 1.62 {(9H), 2.56 (1H), 2.6C (1H),
270 (1H), 3.26 (1H), 4.43 (1H), 5.45 (1K), 6.17 {1H)}, 7.26 (2H), 7.34 (1H), 7.44 (2H), 7.54
(2H), 7.57 (2H); m/z (+ESE) 381 ((MNa]’, 7 %), 364 {((MH]", 12}, 308 (100}, 264 {10).

{R)-5-Bighenyl-4-vimethy!-3-methylene-2-oxc-pyrrolidine- i-carboxyiic acid tort-bulyl ester
{4-a, R1 = Boc) is a crystaiiine solid and can be charaderised by single crystal Xeray
analysis and X-ray powder patterns. Reflections in the X-ray diffraction pattern show the

following interiatiice plane intervais (average 20 in [ are indicated with error iimit of 20.2):
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28in[°1: 4.7,8.3, 105, 133, 13,9, 15.3, 169, 180, 186, 185, 20.9, 21.8. 22.9, 23.3,

27.5, 28,1, 30.7, 34.8. The most intensive reflections in the X-ray diffraction patiem show

the following interiattice plane intervals (average 26 in [°] are indicated with error fimit of
0.2 28in[°]: 4.5, 10.5, 13.3, 13.8, 16.9, 18.6, 18.8, 20.8. Data taken using a Bruker 08

Advance diffractometer using Cu-Ka radiation.

The X-ray Siructure of the obtained crystals is shown I figure 4. Single crystal for this

determination is obtained from methanci/water as solvent.

Crystal data [recorded at 100(2) K}

Empirical formula
Formuia weight
Crystal system

Space group

Cell parameters

Volume of unit cell

Zu

Calcuiated density

CoaHusNOy
383.44
Monociinic
P21

= 115122 A

a
b=8.197(2) A

8=94.737(7}°
y=90°

i

1.204 mg m*

* {number of asymmetric units in the unit ceii)

Method 2

{R}-5-Biphenyi-4-yimetryl-3-[ 1-dimethyiaminemeth-(E/Z}-ylidens]-2-oxc-pyrolidine-1-

carboxylic acid tert-buty! ester (7-a, R1 = Bog, RE = Me, R7 = Me) {100 mg, 0.25 mn

Jis
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added to THF (0.5 mi) at ¢ “C. Sodiurn triacetoxyborohydride {111 mg, §.50 mmol) is then
added. The mixture is stirred for 1h then stirred at room temperatire overnignt. Water (5
mi} is added and then extracted with foluene. Organic phase dried (Mg&0,) and
concentrated in vacuo to give {R)-5-Biphenyl-4-vimethyi-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyi ester (4-a, R1=Boc). Spectroscopic data as for Exampie 23,
Method 1.

Example 24: (R)-5-Biphenyi-<d-yimethyl-3-methyiene-2-0xg-pyrrolidine-1-carboxylic
acid tort-butyl ester (4-a, R1 = Bocg)

Mo, r~

c} e fij; i o f" \E ) G
'\__‘ ™ ' Ny . Py

e ‘ c/L‘o e
A pS B
fethod 1

Crude (R)-5-Biphenyl4-yimethyl-3-[1-dimethyiaminometh-{ £/2)-yiidane]-2-oxce-pyrrolidine-
1 -carboxylic acid tert-buty! ester {7-a, R1 = Boc, R6 = Me, R7 = Meg) {67.5 g) is dissolved
in THF {340 ml) and cooled to 0 °C. Hydrochloric acid (37 % 13.1 ml) is added followed
by water (143.4 ml). Mixture is stirred at room temperature for 2 h. Phases are
separaled. To the organic phase is added formaldshyde solution {37 % in water; 138 mi).
Potassium carbonate (31.8 g} is added portionwise cver 4 n. 1 % Tetra-n-
butylammaoniumbydroxide solution (14.2 mi)is added faliowed by sodium hydroxice
solution {30 % in water) unti pH 10.5. The mixiure is stired for 2 h. The phases are
separated. The organic phase is washed with water {100 ml} and sodium bisulfite (20 g)
added. Toluene (100 ml) and sodium chloride solution (20 %; 50 mi). The phases are
separated. The crganic phase is extracted with a sodium chioride solution (20 %; 50 ml},
dried {Na,S0,) and concentrated in vacuc to give (R)-5-biphenyi-4-ylmethyl-3-methylane-
2-oxc-pyrrofidine-1-carboxylic acid fert-butyl ester {4-2, R1 = Boc) (63 g). The malerial
can be recrysiallised as follows: crude {R)-5-biphenyl-4-yimethyi-3-methyiene-2-oxo-
pyrrofidine-1-carboxviic acid ter-butyl ester {4-a, R1 = Bog) (58 4 g) is dissalved in
methanol (525 ml} at 50 °C. Water (175 mi} is added and the mixture is cooled to 0 °C.

The sotid Is collected by filtration and the cake washed with a mixture of methanol (53 m})
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and water {18 mi}). The solid is then dried in vacuo, giving (R)-S-biphenyl-4-yimethyi-3-
methylene-2-axo-pyrroiidine-1-carboxylic acid tert-buty! ester (4-a, R1=Bec).

Spectrescopic data as Exampls 23.
Method 2

Crude (R)-5-biphenyl-4-yimethyi-3-{1-gimethylaminometh-(£/2}-ylidene]-2-oxc-pyrroligine-
1-carboxylic acid ten-buty! ester (7-a, R1 = Boc, RS = Me, R7 = Me) (66.7 g) is dissclved
in THF (340 ml} and cooled to 10 °C. Sulphuric acid (96 %; 6.8 mi) is added followed by
water (152 mi). The mixture is stired at room temperature for 8.5 h. Phases are
separated. The organic phase is added o formaldehyde solution (37 % in water; 138 mi).
1 % Tetra-n-butyiammoniumhydroxide so!utjon {14.2 mi) is added. Potassium carbonate
(27.8 g) i added portionwise over 0.8 h. Sodium hydroxide sciution {15.1 g) is added
over 3 h, maintaining pH 10.5. The phases are separated. The organic phase is washed
with water (100 ml) followed by sadium bisulfite sclution {21.4 g). Tolusne (180 mi) and
sodium chioride solution {5C mi) added. The phases are separated. The organic phase is
extracted with sodium chloride sclsticn (20 %; 50 mi), dried (Na,50,} and concentraled in
vacuo to give (R)-5-Biphsnyi-d-yimethyl-3-methylene-2-oxo-pyrratidine-{-carboxylic acid
tert-butyl esier (4-a, R1 = Bac) (63 g). Material can be recrystallised as follows: crude (R)-
S-hiphenyk4-yimethyl-3-mathyiene-2-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester (4-a,
R1=Boc) (56.4 g)is dissolved in methanoi (525 mi) at 50 °C. Watar (175 mi) is added
and the mixiure is cooled o () °C. The soiid is coliected by filtraticn and the cake washed
with a mixture of methanol (53 mi} and water (18 mi). The solid is then dried in vacuo,
giving {R})-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid ter-butyl

aster (4-a, R1=Bec). Spectroscopic data as in Example 23.
HPLC Method {Exampie 24}

Column: X-BRIDGE C18; 150 x 3.0 mm: 3.5 um. Mobile Phase A (0.1 % NiHg (32 %} in
water); Mchile Phase B (Acetoniirile). Gradient: 0 min (26 % B); 3 min (40 % B); 5 min
{(4C % B); 7 min (30 % BY; 11 min (50 % B); 13 min (80 % B); 16 min {8} % B); 16.1 min
(20 % B}, 20 min (20 % B). Flow raie: 1.4 mimin"'. Wavelength: 210 or 254 nm.

Ternperature 60 £ 2 °C,
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Retention tmes:
6-a (R1 = Bob) 2.62 min
7-a (R1 = Boc; R6 = Me; R7 = Me): 1.8 min
4.a {R1 = Boc): 12.0. min

Example 25: {R}-5-Biphenyl-4-yimethyl-3-methylene-2-cxo-pyrrolidine-i-carboxylic
acid fert-butyl ester {4-a, R1 = Boc) and (3R/S, 58)-5-Biphenyi-4-yimethyi-3-
hydroxymethyi-2-oxo-pyrrofidine-f-carboxyiic acld tert-butyl ester {5-a, R1 = Bog)

on - AN o / \\:
% N /O }m‘ N L\/Il ‘/7.. //’\\,‘/= ‘”J :
o-’(,:)w/ \,J E—— o/\N)v «J . o""(..:\)'ev/J‘\/‘ .
c,,fi\? O/‘L-.? ozf”l‘\ .
A A A
Method 1

2.0 g of crude (R)-5-biphenyl-4-yimethyi-3-{1-hydroxymeth-(£/Z}-ylidene]-2-oxo-
pysroiidine-1-~carbexylic acid fert-outyl ester (6-a, R1 = Boc) in 10 mi THF is submitted tc
react with 5.0 g 37 % aqg. formaldehyde sciution and 0.7 g sodium carbonate. After 1 h
stirring at rcom temperature the agueous phase is removed. The organic phase is diluted
with tcluena, washed with water and concentrated to diyness to yield an oily residue. The
latter is then submitted to a silica-gel chromategraphy (100 g silicagel Merck), eiuting with
a mixture 1:1 of ethyl and iscpropyl acelate to separate (R)-5-biphenyl-4-vimethyi-3-
methylene-2-axo-pyrrofidine-1-carboxylic acid tert-buly! ester (4-a, R1 = Boc) and {3R/S,
58)-5-biphenyl-4-yImethyl-3-hydroxymethyi-2-oxo~-pyrrolidine-1-carboxyiic acid tert-buiyl

aster (5-a, R1 = Boce).

Spectroscopic data for (R)-5-biphenyl-4-yimethyil-3-methylene-2-oxo-pyrrolidine-1-
carhoxylic acid ferl-hutyi ester (4-a, R1 = Boc) as in Exampie 23,

Spectroscopic data for (3R/S, 88)-5-biphenyi-d-yimethyl-3-hydroxymethyi-2-0x0-
pyrraliding-1-carboxylic acid fert-putyl ester (5-a, R1 = Boc): 84 (400 MHz, DMS0) 1.51
(9H), 1.86 (1K), 1.98 (1H), 2,55 {1H), 2.85 {1H), 3.50-2.62 (2H), 4.24-4.30 (1H), 4.45 (1H),
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7.28-7.34 (3H}, 7.41-7.45 (2H). 7.58-7.63 (4H); miz (ES+) 382 ((MH]", 9 %), 3286 (100),
282 {12).

Method 2

1 g {R)-5-biphenyl-4-yimethyl-3-{1-hydroxymeth-{£/2}-viidena}-2-oxo-pyrrofidine- -
carboxylic acig tert-butyl ester (6-a, R1 = Beoc) is added to THF (2.5 mit) at room
temperature. 37 % Formaldehyde solution (1.3 ml} is then added. Potassium carbonate
(0.28 g} is then added portionwise and the resuiting mixture is then stirred for 72 1 atrcom
temperafure. Water (1 mi) and sodium bisulfite solution (0.8 ml) are subseguently'added.
The phases are separated and organic phase dried (MgSC4). The mixture is
cencentrated in vacue o give {R}-5-biphenyl-4-yimethyl-3-methylene-Z-oxo-pyrrofidine-1-
carboxylic acid tert-nuty! ester (4-a, R1 = Boc) and 20 % (5-a3, R1 = Boc) {by nmr).
Spectroscopic data as for Exampie 25, Maethod 1.

Method 3

7.4 g (RYy-5-biphenyi-4-yimethyl-3-{ 1-hydroxymeth-(£/2)-ylidene]-2-oxo-pyrrolidine- 1-
carboxylic acid tert-uutyl ester (6-a, R1 = Boc) dissoived in 50 mi THF are mixed together
with 4.4 g 37 % ag. formaldehyde sclution, 0.13 g tetrabutylammonium hydroxide 40 %
soiution and 40 mi pofassium carbonate 1 M solution. After 1 h stirring at 46°C, the two
phases are separated. The organic phase s diluted with 50 mi toluene and concentrated
under vacuum to about 20 rl. The residue is again diluted with 85 mi toluene. 2.4~
diazabicycioundecene is added followed with 0.42 g methanesulfony! chlonide. After 1 h at
room temperature, 10 mi waler were added and the mixture acidified with several drops of
sutfuric acid. The agueous phase is removed, the organic phase washed with 10 mi of
water and concentrated under vacuum o dryness. The residue is dissolved in 160 mi
methanol at 50°C and saturated at the sarme temperature with 25 mi water. The
suspension is afterwards cocled to §°C, fillered, washed with 12 mi methanoi/water 2:1
and dried unger vacuum {0 yield (R)-5-biphenyi-4-yimethyt 3-methylene-2-oxo-pyrrolidine-
1-carboxylic acid fert-buiyl ester {(4-a, R1 = Bec). Spectroscopic data as for Example 25,
Mathod 1.

Method 4
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A mixture of potassium carbonate solution in water {1 M, 2.3 mi), tetrabutylammonium
hydroxide soiution (40 %, 0.01 mi) and formaldehyde solution {37 % in water, 0.32 mi) is
added to (R)-5-Biphenyl-4-yimethyl-3-[t-hydroxymeth- (E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester {6-a, R1 = Boc). The resulting mixture is stired rapidiy and
heated to 50 °C. After 4 h, the mixture is cooled to room temparature and concentrated in
vacuo. R;{ethyl acetate}. 8.77 {4-a, R1 = Bocy; 0.44 (5-a, R1 = Boc). Speciroscopic data

as for Example 25, Method 1.
Method §

To 8 solulion of (R-5-Biphenyid-yvimethyl-3-[ 1-hydroxymeth-{£/Z-ylidene]-2-0x0-
pyrrolidine-1-carboxylic acid ferf-buty| ester (6-a, R1 = Bog) in THF {3.8 g) {prepared
according to Example 21, Method 3} is added potassium carbonate (2.8 g in 20 mi water),
tetrabutyiammonium hydroxide solution (40 %, 0.3 g} and formaidehyde solution (37 % in
water, 2.2 i} to give a sclution of pH 11. The mixture is then stirred for 2 hat 45°C. The
mixture is then coocled to room temperature and the phases are separated. The organic
phase is diluted with toluene (20 mi) and washed with scdium bisulfite sclution {20 mi, 40
%) and then brine {20 ml). The organic phase is then dried (MgSQG,) and concentrated in
vacuo to give {R)-8-biphenyl-4-yimethyi-3-methylene-2-oxo-pyrrolidine - 1-carpoxyiic acid

tari-buty! ester (4-a, R1 = Boc). Spectroscopic data as for Example 25, Method 1.
Method 6

T 3 soiution of (R)-5-Biphenyi4-yimethy-3-[1-hydroxymeth-{£/Z}-ylidene]-2-oxo-
pyrolidine~1-carboxylic acid fert-buty| ester (6-a, R1 = Boc) in THF {3.8 g) {prepared
according to Example 21, Mathod 3} is added potassium carbonate (2.8 g in 20 mi water),
tetrabulyiammenium hydroxide solution {40 %, 0.03 g} and chicral (4.4 g} togive a
soiution of pH 11, The midure is then stirred for 2 h at 45 °C. The mixture is then cooled
{o room ternperature and the phases are separated. The organic phase is diluted with
toluene (20 ml) and washed with sodium bisulfite solution (20 ml. 40 %) and then brine (20
mi). The organic phase is then dried {Mg30,) and concentrated in vacuo to give {R}-5-
biphenyl-4-yimethyl-3-methyiene-2-oxo-pyrrolidine-1-carboxylic acid teri-butyl esler (4-a,

R1 = Boc). Specircscopic data as for Example 25, Method 1.
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Methad 7

To a soiution of (R)-5-Biphenyl-4-yImethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid {erf-buty! ester (§-a, R1 = Boc) in THF (3.8 g} (prepared
according to Example 21, Method 3) is added agueous potassium carbonate (0.2 mi, 1
M), tetrabutylammenium hydroxide solution (46 %, 0.07 g} and formaldehyde solution (37
% in water, 2.2 mi) to give a sciution of pH 8. The mixiure is then stirred for 2 h at 45 °C.
The mixture is then coeled to raem temperature and the phases are separated. The
organic phase is difuted with toluene (20 mij and washed with sodium bisuifite solution (20
ml, 40 %) and then brine (20 ). The organic phase is then dried (MgS0,) and
concentrated in vacuo to give (R}-5-biphenyl-4-yimethyi-3-methylene-2-oxg-pyrrolidine-i-
carboxylic acid fert-buty! ester (4-2, R1 = Boc). Spectroscapic data as for Examplae 25,
Method 1.

fethod 8

To a solution of {R}-5-Biphenyl4-yimethyl-3-{1-hydroxymeth-(E/Z}-ylidene]-2-oxo-
pyrolidine-1-carboxylic acid terf-bulyl ester (6-a, R1 = Boc) in THF (3.8 g) (prepared
according to Exampie 21, Method 3) is added a 1 M agueous sodium formate solution {20
mi}, tetrabutylammonium hydroxide solution (40 %, 0.07 g} and formaldehyde solution (37
% in water, 2.2 mi} to give a saiution of pH 7. The mixture is then stirred for 4 hat 45 °C.
The mixiure is then cooled to room temperature and the phases ar2 separaied. The
organic phase is diluted with toluene {26 mi} and washed with sodium hisulilte solution (20
mi, 40 %} and then brine (20 ml). The organic phase is then dried (MgSQ.) and
concenirated in vacuo to give (R)-5-biphenyi-4-yimethyi-3-methylene-2-oxo-pyrrofidine-1~
carboxylic acid ter-buty! ester (4-a, R1 = Boe). Spectroscopic data as for Example 25,
Method 1.

Methed 8
Te a solution of {R)-5-Biphenyl-4-ylmethyl-3-{ t-hydroxymeth-(E/Z)-ylidene]-2-oxc-

pyrratiding-1-carboxylic acid fert-outyl ester {6-a, R1 = Boc) in THF (3.8 g) (prepared
according fo Example 21, Methad 3) is added a 1 M aqueous sodium acetate solution (20
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ml}, tetracutylammonium hydroxide solution (40 %, 0.07 g) ang formaidehyde solution (37
% in water, 2.2 ml) to glve a soiution of pH 8. The mixture is then slirred for 4 h at 45 °C.
The mixture is then cooled fc room temperature and the phases are separated. The
organic phase is diluled with {cluene (20 mi} and washed with sodium bisulfite soiution {20
mi, 4C %) and then brine (20 ml). The organic phase is then dried (MgSC,) and
concentrated in vacuo to give (R)-S-biphenyi-4-vimethyk-3-mathviene-3-cxo-pyrrolidine- 1-
carboxylic acid ferf-outyl ester {4-a, R1 = Bocg). Spectroscopic data as for Exampie 25,
Method 1.

Method 10

To a mixture of 3.79 g (R)-5-biphenyl-4-yimathyl-3-[1-hydroxymeth-(&/Z)-yiidena]-2-ox0-
pyrreiidine~1~-carboxylic acid fert-butyl ester (6-a, R1 = Bog) in tetrahydrofuran (0.4 M
solution) is added potassium carbonate (20 mi, 1 M soiution in water) and
tetrabutylammonium hydroxide {(0.07 ml, 40 %wi in water), Formaldehyde (2.2 mi, 37 %wt
in water) is then added to the mixture. The resuiting mixture is stirred for 2 h at 45 °C.
The phases are separated. The organic phase is diluted with toluene (20 mi). The
organic phase Is then washed with sedium bisulfite soiution (20 mi, 40 %wt in water) and
then with brine (5 mi}. The separated organic phase is then dried (MgSQ,) and
concentrated under reduced pressure o give (R)-5-hiphenyb-4-yimethyl-3-methylene-2-
oxo-pyriciidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) as datermined by hpic.

Method 11

To a mixture of 3.79 g {R)-5-biphenyl-4-yimethyi-3-[1-hydroxymeth-{£/Z}-yiidene]-2~-oxo-
pyrrolidine-~1-carboxylic acid fer-butyl esier {(6-a, R1 = Boc) in tetrahydrofuran (0.4 M
soiution) is added potassium caroonate (20 ml, 1 M soiution In water) and
tetrabutyiammonium hydroxide (0.07 mi, 40 %wt in water). Formaidehyde (2.2 mi, 37 %wt
in water) is then added io the mixiure. The pH of the mixiure is adjusted to pH 14 by the
addition of a sodium hydroxide solution (1 M in water). The resulting mixture is stirred for
2h at 45 °C. The phases are separated. The organic phase is diluted with toluene (20
mi}. The organic phase is then washed with sodium bisulfite soludion {20 ml, 4C %wt in

water) and then with brine {5 mi). The separated organic phase is then dried (MgSQ,)
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and concentrated under reduced pressure 10 give (R}-5-biphenyl-4-yimethyi-3-methylanse-

2-oxo-pyrrofidine-1~carboxylic acid tert-bulyi ester (4-a, R1 = Beoc) as determined by hple.
Method 12

260 mg (R)-5-Biphenyl-4-yimethyi-3-[1-hydroxymeth-(E/Z)-vlidene}-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 mi). Sodium
nydrogen carbonate (1.05 m, 1 M solution in water} and tefrabutylammaoniuny hydroxide
{3.5 1, 4C %wt in water} are added {0 the mixture. Formaldehyde (.12 mi, 37 Y%wt in
water) is.then added to the mixture. The restiting mixture is stirred for 2 h at 45 °C. The
phases are separated. The organic phase s giluted with toluene (5 mi). The organic
phase is then washaed with sodium bisulfite sofution {§ mi, 40 %wa in water} and then with
brine (5 mi}. The separated organic phase is then dned {(MgBQy) and concerirated under
reduced pressure 1o give (R)-5-tiphenyi-4-yvimethyl-3-methylene-2-oxo-pyrralidine-1-
carboxylic acid fert-butyl ester {(4-a, R1 = Boc) as determined by hplc.

Meothod 13

200 mg {R)-5-Biphenyi~d-yimethyl-3-[ 1-hydroxymeth-{Z/Z}-ylidene}-2-oxo-pyrrolicine~- 1~
carboxylic acld fert-butyl ester (6-a, R1 = Boc) is added to telrahydrofuran (2 mi). Cesium
carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.8 pi, 46
%wt in water) are added o the mixiure. Formaldehyde (0.12 ml, 37 %wt in water) is then
added to the mixiure. The resulling mixture is stirred for 2 b at 45 °C. The phases are
separated. The organic phase is dituted with toluene (& ml). The organic phase is then
washed with sodium bisuifite solution (5 mi, 46 %wt in water} and then with brine {5 mi).
The separalied organic phase is then dried (MgS0y) and concenirated under reduced
nressure o give (R}-S-biphenyi-d-yimethyl-3-methyiene-Z-oxo-pyrrolidine- 1-carboxyiic

acid tert-butyl ester (4-a, R1 = Boc) as determined by hple.
Method 14

200 mg (R)-5-Biphenyl-4-yimethyl-3-{1-hydroxymeth-{E/Z)-vlidene}-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 mi). Sodium

carbonate (1.05 mi, 1 M soiution in water) and tetrabutylammonium hydroxide (3.5 ul, 40
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%wt in water) are added to the mixture. Formaidehyde (0.12 mi, 37 %wt in water) is then
added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The phases are
separated. The organic phase is dituted with toluene (§ mi). The organic phase is then
washed with sodium bisulfite soluticn (5 mi, 40 %wt in water} and then with brine (5 mi).
The separated organic phgse is then dried (MgSQO,} and cancentrated under rediiced
pressure to give (R)-5-biphenyi-4-yimethyl-3-methyiene-2-oxc-pyrrolidine- 1-carhoxyiic
acid {sn-butyl ester (4-a, R1 = 80c} as detemmined by hplc.

Method 15

200 mg {R})-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-{£/2)-ylidene}-2-oxo-pyrrolidine- 1
carboxyiic acid {erf-butyl ester {S-2, R1 = Boc) is added o telrahydrofuran (2 mi}.
Potassium carbenate {1.08 mi, 1 M solution in water) and tetrabutylammonium hydroxide
{3.5 ul, 40 %wt in water} are added {c the mixture. Formaldehyde {0.12 mi, 37 %wtin
water) is then added to the mixture. The resulting mixture is stirred for 2 hat 45 °C, The
phases are separated. The organic phase is diluted with {cluene (8 mi). The organic
phase is then washed with sodiurm bisulfite solution (&5 mi, 40 %wt in water} and then with
water {8 mi). The separated organic phase is then dried (MaSQ0,) and concentrated under
reduced pressure 1o give (R)-8-biphenyl-4-yimethyl-3-methylene-2-cxo-pymrolidine-1-

carboxylic acid fert-butyl ester {4-a, Rt = Boc) as determined by hplc.
Method 16

200 mg (Ry-5-Biphenyl-4-vimethyi-3-[ 1-hydroxymeth-{£/Z)-vlideng]-2-oxo-pyrrofidine- 1-
carboxylic asid fert-butyl ester {8-a, R1 = Boc) is added G tetrahydrofuran {2 mij.
Dimethylsuifoxide (1 mi) is then added. Potassiurn carbonate {1.05 ml, 1 M soiution in
water) and tetrabutylammonium hydroxide (3.5 ul, 40 %wt in water) are added to the
mixture, Formaidehyde (0.12 mi, 37 %wt in water) is then added to the mixture. The
resuiting mixture is stirred for 2 h at 45 °C. The phases are separated. The organic
phase is diluted with toliiene {5 mi). The oiganic phase is then washed with sodium
bisuifite solution (& mi, 40 Y%wt in water) and then with water (& mi}. The separated
arganic phase is then dried (MgSQCy) and concentrated under reduced pressure 16 give
{R}-5-biphenyi-4-yimethyt-3-mathyiene-2-cxe-pyrroligine~1-carboxyiic acid ferf-hutyl ester

{4-a, R1 = Boc) as determined by hplc.
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Method 17

200 mg {R}-5-Biphenyi-d-yimethyl-3-[1-hydrexymeth-(&/Z-ylidene]-2-oxo-pyrrelidine- 1~
carboxylic acid fert-huty! ester (8-a, R1 = Bec) is added o tetrahydrofuran (2 mi). 1-
Methyk2-pyrrolidincne (1 mi} is then added. Potassium earbonate {1.05 ml, 1 M solution
in water} and tetrabutylammonium hydroxide (3.5 ui, 40 %wi in water)} are added 10 the
mixture. Formaldehyde (6.12 ml, 37 %wt in water) is then added to the mixture. The
resulting mixture is stirred for 2 1 at 45 °C. The phases are separated. The ¢rganic
phase is diluted with toluene {5 mi). The organic phase is then washed with sedium
bisulfite solution {5 mi, 40 %wt in water} and then with water (5 mi). The separated
organic phase is then dried (MgSQ0,) and concentrated under reduced pressure to give
{R}-5-biphenyl-4-yimethyi-3-methylene-2-oxo-pyrralidine-1-carboxylic acid ferf-butyl aster
{4-3, R1 = Boc) as determined by hple.

Method 18

206 mg (R)-5-Biphenyi-4-yimethyl-3-[ 1-hydroxymeth-(E/2)-ylidenel-2-oxo-pyrrclidings1-
carboxylic acid feri-butyl ester {6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). 1,3~
Dimethyi-3,4,5,6-tetrahydro-2{ 1H}-pyrimidinone {1 mi) is then added. Potassium
carbonate {1.05 ml, 1 M sciuticn in water) and tetrabutylammonium hydroxide (3.5 ui, 40
Y%wt in water) are added {o the mixture. Formaidehyde (0.12 mi, 37 %wit in water) is then
added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The phases are
separated. The organic phase is diluted wilh toluene (§ ml). The organic phase is then
washed with sodium bisulfite solution (5 mi, 40 %wt in water) and then with water {§ mi).
The separated crganic phase is then dried (Mg80,} and concenlrated under reducad
prassure to give (R})-5-biphenyl-d-yimethyl-3-methyiene-2-oxo-pyrroligine-1-carboxylic

acid tert-butyi ester {(4-a, R1 = Bac) as determined by hple.
Kiethod 19
Yo a mixture of 200 myg (R)-5-bighenyl-4-yimethyi-3-{ 1-hydroxymeth-(£/2Z)-ylidens]-2-oxo-

pyrrolidine-1-carboxylic acid feri-butyl ester {(6-a, R1 = Boc}) in tetrahydrofuran (2 ml} is.

added fermaldehyde {0.12 mi, 37 %wt in water) and tetrabutyiammonium nydroxide (3.5
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ul, 4G %wi in water). The oM of the mixture is adjustad to pH 8 by the addition of a
potassium carbonate solution (1 M in water). The resulting mixture is stirred for 2 h at 48
°C. The phases are separated. The organic phase is diluted with toluene (5 mi). The
organic phase is then washed with sadium bisulfite sciution (5 ml, 40 %wt in water) and
ther with water (3 mi). The separated organic phase is then dried (MgS0,) and
concentrated under reduced pressure to give (R)-5-biphenyl-d-yimethyl-3-methylene-2-

{

oxo-pyrrciiding-1-carboxyiic acid tert-butyl ester {4-a, R1 = Boc) as determined by hplc.
iMethod 20

200 mg (R}-5-Biphenyi-4-yimethyl-3-[1-hydroxymeth-(£/Z)-ylidene}-2-0xc-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R = Boc) is added io acetonitrile (2 mi). Potassium
carbonate (1.05 mi, 1 M solution in water) and tetrabutylammenium hydroxide (3.5 pl, 40
%wt in water) are added to the mixture. Formaidehyde (0.12 mi, 37 %wt in water) is then
added to the mixture. The resuiting mixture is stirred for 2 h at 45 °C. The phases are
separated. The arganic phase is diluted with toluene (& mi). The organic phase is then
washed with sodium bisulfite soiulion (5 ml, 40 %wt in water) and then with water (& mi).
The separated crganic phase is ther dried (Mg80,) and concentrated under reduced
prassure o give (R)-8-biphenyl-4-vimethyl-3-methylene-2-oxo-pyrrolidine- {-carboxyiic
acid tert-buty! ester {(4-a, R1 = Boc) as determined by hplc.

#ethod 21

200 mg (R)-5-Biphenyl-4-yimethyl-3-[ i-hydroxymeth-{E/2Z)-vlidene}-2-oxo-pyrrolidine-1-
carpoxylic acid tert-buty! ester (6-a, R1 = 8cc) is added 0 aceione (2 mi). Poiassium
carponate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 i, 40
Y%wi in water) are added fo the mixture, Formaidehyde (0.12 ml, 37 %wt in water) is then,
added to the mixture. The resuiting mixiure is stirred for 2 h at 45 “C. The phases are
separated. The organic phase is diluted with toluene (5 mi). The organic phase is then
washed with sodium bisulfite sclution (8 mi, 40 %wt in water} and then with water {5 mi).
The separated crganic phase is then dried (MgS80;) and cancentrated under reduced
pressure to give {R)-5-biphenyl-4-yimethyl-3-methylene-2Z-oxo-pyrrolidine-1-carboxylic

acid tert-butyi ester {(4-a, R1 = Boc) zs determined by hple.
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Method 22

200 mg (R)-5-Biphenyl-4-yimethyi-3-[ 1-hydroxymeth-(£/2)-yiidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester {6-a, R1 = Boc} is added to tertiary-butanol {2 mij.
Potassium carbonate (1.05 ml, 1 M solution in water) and tetrabutyiammaonium hydroxide
(3.5 1, 40 %ewl in water) are added {o the mixture. Formaidehyde (0.12 mi, 37 %wt in
water} is then added o the mixiure. The resulting mixiure is stirred for 2 h at 45 °G. The
mixture is diluted with water (§ mil} and ethyl acetate (5 ml). The phases are separated,
The organic phase is then washed with sodium bisulfite sciution (8 mi, 40 %wi in watsr)
and then with water (S ml). The separated organic phase is then dried (MgSQy} and
concenirated under reduced pressure to give {R)-S-biphenyl-4-yimethyi-G-methyiene-2-

oxo-pyrrotidine-1-carboxyiic acid terf-buty! ester {(4-a, R1 = Boc) as determined by hplc.
Method 23

200 mg {R)-5-Biphenyi-4-yimethiyl-3-[ 1-hydroxymeth-(£/2)-ylidena|-2-oxa-pyrrofidine- 1~
carboxylic acld tert-butyi ester (6-a, R1 = Boe) is added to tetrahydrofuran (2 mi).
Potassium carbonate (1.05 ml, 1 M solulion in water) and ietrabutylammonium hydroxide
(3.5 ui, 40 %wt in waler) are added to the mixture. Formaldehyde {0.10 ml, 37 %wl in
water) is then added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The
phases are separated. Theorganic phase is diluted with ethy! acetate {5 mi). The
organic phase is then washed with sodium bisulfite solution {5 mi, 40 %wt in water} and
then with water (5 mi). The separated organic phase is then dried (Mg8Cy) and
concerirated under reduced pressure {0 give (R}-5-biphenyl-4-ylmethy|-3-methyiene-2-

oxo-pyrrofidine-1-carboxylic acid terf-bulyi ester (4-a, R1 = Boc) as determined by hpic.
Method 24

200 mg (R)-5-Biphenyi-4-yimethyl-3-[1-hydroxymeth-(E/Z)-yiidene}-2-oxo-pyrrolidine-1-
carboxylic acid tert-buty] ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 mi},
Potassium carbonate (1.05 ml, 1 M sclution in water) and tetrabutylammonium hydroxide
(3.5 i, 40 %wi in water) are added to the mixture. Formmaldehyde (6.16 mi, 37 %wt in
water) i3 then added to the mixture. The resuiting mixture is stirre for 2h at 45 °C. The

phases are separated. The organic phase is diluted with ethyl acetale (S ml). The
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arganic phase is then washed with a sodium bisulfite sciution (5 mi, 4C %wt in water) and
then with water (5 mi). The separated organic phase is then dried (MgS0,) and
concentrated under reduced pressure to give (R)-5-biphenvi-4-yimethyi-3-meihyiene-2-
oxg-pyrrolidine-1-carboxylic acid ferf-butyl ester (4-a, R1 = Boc} as determined by hiplc.

HPLL Methed {Exampls 25, Methods 1-24)

Column: X-BRIDGE C18, 153 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH; (32 %) in
water); Mobiie Phase B (Acelonitrile). Gradient: 0 min {20 % B); 3 min (46 % B); 5 min
{46 % B); 7 min {50 % B); 11 min (50 % B); 13 min (80 % B); 16 min (80 % B); 16.1 min
{20 % B): 20 min (20 % B). Fiowrate: 1.4 mi min™. Wavelength: 210 or 254 nm.

~

Temperature 60 + 2 °C.

Retertion times:

§~a (R1 = Boc) 2.62 min
5-a {R1 = Bock 8.39 min
4-a (R1= Boc): 12.0 min

Example 26: {R}-5-Blphenyl-4-yimethyi-3-methylene-2-oxe-pyrrolidine-1-carboxylic
acid tert-butyl ester {4-a, R1 = Boc)

o~ i L 4 ) e
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30 g {S}-2-Biphenyl-4-yimethyt-5-oxo-pymrolidine-1-carboxytic acid teri-butyi ester (8-a, R1
= Boc) and 261 g Bredereck's reagent (14, R6 = Me, R7 = Me, R8 = 1Bu) are stirred at 80
°C for 24 h and concenirated aftenwards under vacuum to yieid 67.85 g of a viscous
residue. The laler is dissolved in 340 ml THF 2nd mixed with 13.1 ml hydrechloric acid 37
% in 143 mi water. Aiter 1 h stirring al room temperalure, the lower agueous phase is
removed, and 150.2 g agueous formaidenyde 37 % is added foilowed with 30 ¢ potassium

carbonate added portions wise at 20-25 °C. Again after 3 hour stirring, the agueous
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phase is removed. The remaining organic phase is diluted with 100 ml loluene, washed
with 50 mi brine and concentrated under vacuum 1o leave 58.4 g of a viscous residus.
The latter Is dissoived in 525 mi methanol at 556°C, and saturated at the same temperature
with 175 ml water. The resulting suspension is cooled ta G °C, filterad to collect the
crystals, washed with 60 ml methanol/water 2:1 and dried under vacuum o yield of white
crystais of {R}-5-Biphenyl-4-yimethyl-3-methylene-2-oxo-pyirolidine-1-carboxylic acid fert-
buty! ester {(4-a, R1 = Boc). Spectroscopic datz as in Example 23.

HPLC Method {Exampie 26}

Coiurnn: X-BRIDGE C18; 150 x 3.0 ram; 3.5 um. Mobilz Phase A (CG.1 % NH; (32 "’/o)
water); Mobile Phase B {Acetonitrile). Gradient: § min {20 % B); 3 min (40 % B); 5 min
{40 % BY; 7 min {50 % BY; 11 min (50 % B); 13 min (8C % B); 16 min (80 % B); 16.1 min
(20 % 3); 20 min (20 % B). Flow rate: 1.4 mi min"'. Wavelength: 210 or 254 nm.

Temperaiure 60 1 2 °C.

Retention times:

6-a (R1 = Boc): 2.62 min

8-a {(R1 = Boc): 16.4 min
7-a {R1 = Bog; RE = Me, R? = Me}): 11.0 min
4-a {R1 = Boc): 12.0 min

Example 27: (R)-5-Biphenyl-4-yimethyl-1-(2,2-dimethyipropionyl}-3-
methyienepyrrolidin-2-one (4-3, R = Piv}

{R})-5-biphenyl-4-yimethyi-3-[ 1-hydroxymeth-(E/Z)-ylicene}-2-oxo-pyrrolidine-1-carboxylic
acid fert-butyl ester (8-a, R1 = Piv) (880 mg) is disscived in THF (3.5 mi) at room
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ternperature. Formaldehyde soluticn (1.8 ml, 37 % in waler) is added foliowed by the
porticnwise addition of potassiurn carbonate (388 mg). The mixiure is then stirred for 70
h. Water (1 mi) and scdium bisulfite solution (0.5 mi) are subsecuently added. The
phiases are separated and organic phase dried (MgSQ0.). The crude material is purified by
chromatography (heptane/ethyl acetate, 10:1) to give (R}-5-biphenyi-4d-yimetnyl-1-(2,2-
dime'ihy!pmpionyl)~3~me!h§§enepyrroéiu‘in--;’g—one {4-a, R1 = Piv). &4 {400 MHz, DMBO
1.34 (9H), 2.85-2.84 (2H), 2.7C (1K), 3.26 {1H}, 4.59 (1H), 5.85 (1K), £.98 (1H), 7.26 (2r),
7.34 (1H), 7.44 (2H), 7.53-7.58 (4H). mv/z (ES+) 248 ((MH]", 100 %).

Example 28: {R}-5-Biphenyl-d-yimethyl-3-methylenepyrrolidin-2-one {4-a, R1 = H)

\\>\"-\ Y
¢ \ i
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{R})-5-Biphenyi-4-yimethyl-3-methylene-2-oxo-pyrrofidine-{-carboxylic acid fer-butyl ester
(4-a, R1 = Boe) {508 mg) is dissolved in dichloromethane (1C mi). Mixture is cooled ta G
°C and trifluoroacetic acid (0.5 ml) is added. The mixture is then stirred for 2 h then
extracted with saturated sodium carbonate soiution (20 ml}. Phases are separaied. The
organic phase is dried (MgSG,) and consentrated t¢ give (R)-5-biphenyl-4-yimethyi-3-
methylenepyrrofidin-2-one (4-a, R1 = H). §, (400 MHz, DMSO) 2.47 (1H), 2.68 (1H), 2.74
(1H), 2.87 (1K), 3.87 (1H), 5.22 (1H), 5.64 (1H), 7.33 (3H), 7.45 (2H), 7.80 (2H), 7.65
(2H), 8.32 (1H); rm/z (+} 264 (IMH]", 100 %), mvz (+ESI} 264 {{IMH]", 100 %).

(R)-5-Biphenyi-4-yimethyl-3-methylenepyrrolidin-2-one {4-a, R1 = H) is a crystalline sclid
and can be charactarised by an X-ray powder pattern. Raflections in the X-ray diffraction
pattern show the foiiowing interiattice plane intervals (average 26 in [°] are indicated with

erroriimit of 16.2): 26in {°]: 7.1,13.3, 13.7, 14,5, 16.6, 17.7, 18.2, 19.4, 21.4, 225, 236,
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24.G,25.5, 27 .8, 25.1,28.9. Data taken using a Bruker D8 Advance diffractometer using

Cu-Ka ragiation.

HPLC Method (Example 28)

Column: X-BRIDGE C18; 150 x 3.0 mmy; 3.5 pm. Mobile Phase A (0.1 % NH; (32 %) in
water); Mobile Phase B (Acetonitiiie). Gradient, 0 min {20 % B); 3 mm (80 % 8); 5 min
(40 % B}, 7 min (80 % B); 11 min (80 % BY; 13 min (80 % B); 16 min (80 % B}; 16.1 min
{20 % BY; 20 min {20 % B). Flow rate: 1.4 ml min"'. Waveiength: 210 or 254 nm

Temperature 60 % 2 °C.
Retention limes:

-3 {(R1=H): 5,70 min
4-a (R1 = Boc): 12.0 min

Example 23 (3R/S,58)-5-Biphenyi-d-yimethyl-d.dimethoxymethyi-2-oxo-pyrrolidine-
i-carboxylic acid feri-butyl ester {16-3, R1= Bog, R§=Mea, RS = Me, Y= )

Ma,

\
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1.1 g (R}5-Biphenyi-d-yimethvl-3-[1-dimathyiaminometh-(£/2) viidene]-2-0xo0-pyrrolidine-
1-carboxylic acid tert-buty! ester (7-a, R1 = Boc, Ré = Mg, R7 = Me) is dissolved in 12 ml
of methanol. HC!in methanol (prepared by feed pipe of gaseous HCi to methanol;
determination of the HCI contentis made by weight) is added until a pH of 2 is achieved.
The resulting yellow solution is stirred for additional 4 hours, then quenched by addition of
10% aguecus sedium carbonate solution to give a pH above 7, After extraction with

dichioromethane the combined organic phase are dried over sodium sulfaie, fitered and
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evaporated to dryness. The resulting yellow oil is purified by column chromaiography to
give (3R/S,58)-5-biphenyl-4-yimethyl-3-dimethaxymethyi-2-oxo-pyrrolidine-~t-carboxylic
acid ferf-butyl ester (16-a, R1 = Boc, RS = Me, R9 = Me) as 2 88 12 mixiure of
diasterecmers [ratic of (38) : (3R) diasterecmers, respectively], 1H NMR (CDC): Data
for mixture of diastereomers: 1.62, 1.64, 1.89, 2.02, 2.26, 2.40, 268, 2.81, 2.92, 3.14,
3.20, 3.33, 3.44, 347, 3.52, 4.2G,4.40, 4.69, 7.27-7.39, 7.46, 7.56-7.62. Ratio of
diastereomers determined by iniegration of the pairs of signals at 3.39 ppm and 3.44 ppm
{major and minor diastereomer, respectively) or 3.47 ppm and 3.52 ppm (major and minor

diastereomer, respectively}.

{3R/S,58)-5-biphenyl-4 -yimethyi-3-dimethoxymethyi-2-oxo-pyrrolidine- 1 -carboxylic acid
tert-butyl estar (16-a, K1 = Bocg, R9 = Me, RS = Me) as a 88 ; 12 mixiure of diastereomers
fratic of (33) : (3R) diastereomers, respeactively] can he recrystailised frem tert-
butyimethviether to afford (38,58}-5—Bipheny£-4—ylmethyi-a-dimeihoxymethyl-z-axo—
pyrrolidine-t-carboxylic acid tert-butyl ester (16-a, R1 = Boc, RS = Me. R9 = Me).

The X-ray Structure of the oblained crygtals is shown in figure &a.

Crystal data [recorded at 120(2) K]

Empidical formula Cost3iNO,
Formuia weight 425.51

Crystal system Orthorhombic
Space group pziziai

Cell parameters a=6.645(2) A

b= 15.761(4) A
G = 22.439(6) A

a=80°

B=g0°

y=90°
Voiume of unit call 2356111 A°

2" 4
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Caiculated density 1.203 mg m”

> (number of zsymmetric units in the unit cell}
{3R/3,58)-5-biphenyl-4-yimethyl-3-dimathaxymethyl-2-oxo-pyrrolidine-1-carhoxylic acid
tert-putyl ester {(16-a, R1 = Bec, RS = Me, RS = Me) as a 88 : 1Z mixture of diasteraormer:
fratio of (33} : (3R) diastereomers, respectively] can be recrystallised from ethyi
acetate/heptane to afford (35,5S)-5-Biphenyl-4-yimethyl-3-dimethoxyimethyl-2-oxo-
nvrrolidine-1-carboxylic acid tart-butyl ester (16-a, R1 = Boc, RS = Mg, RS = Me). '

The X-ray Struchire of the obtained crystals is shown in figure Sb.

Crysial data [recorded af 100({2) K}

Empirical formuia CoeHyy NGy
Formuia weight 42551
Crystai system Ortherhombic
Space group P2izizi
Cell parameters a=5.838(3) A
b=15.746(6) A
¢ = 22.420(8) A
a=90°
= g °
y =80 °
Volume of unit celi 2343.4(16) A°
Z* 4

Caiculated density

4.206 mg m™

* (number of asymmetric units in the unii cell)
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Example 38: {{3R/S,58})-5-Bipheny|-4-yimethyl-1-ter-butoxycarbonyi-2-oxo-
pyrrolidin-3-yimethyljtrimethylammonium jodide (18-, R1 = Bog, R = Me, R7 = Me,
Ri0 = Me)

/"‘"‘”“2 _K\\ﬂ /NMeg’I‘ 7 |
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(3RVS,BG)-biphenyl4-yimethyi-3-dimethyiaminomethyl-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (8-a, R1 = Bog, R6 = Mg, R7 = Me) (108 mg} {ratic of diastereamers (33) :
{3R), 85 : 15 according to NMR analysis) is diluted with 4 ml methanol and 328 ui methyl
icdide is then added. The reaction mixture is then stirred at room temgperature for 17 h.
The mixkiure is then concentrated 10 dryness to give ((3R/S,55)-5-Biphenyt-4-yimethyi-1-
tert-butoxycarbonyi-2-oxe-~pyrrolidin-3-yimethyijtrimethylammeonium iodide (16-a, R1 =
Boc, B6 = Me, BR7 = Me, R10 = Me). 1H NMR (DMSO): 1.61 {SH), 1.98 {(1H), 2.18 {1H),
3.00 {1H), 3.08 (1H}, 3.13 (SH), 3.38-3.43 {2H), 3.72 (1H), 4.25 (1), 7.38 (1H), 7.42 (21},
7.48 (2H), 7.67 {4H). m/z: 423 (M}, 100 %). IR {solution in CHCl,, viern™): 3040; 1781;
1742; 1724; 1487; 1371; 12988; 1277; 1150; 965. On the basis of NMR, the ratio of
diasterenmers {3S): {3R)is 85 . 15.

Example 31: {R}-5-Biphenyl-4-yvimethyl-3+methylene-2-oxo-pyrrolidine-1~carboxylic
acid tere-butyl ester {4-a, R1 = Bog)

r/ ™ I g >
I [ \ \J
AN Sy — 0PN, AN
o o ofj\g
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Crude (3R/S,58)-biphenyl-4-ylimethyl-3-dimethylaminomethyl-Z-oxc-pyrrafidine- 1~
carboxylic acid terf-butyi ester (8-a, R1 = Boc, R6 = Me, R7 = Me) (13.8 g} is diluted with
40 mi methanot and 16.9 mi methyl iodide is then added. The reaction mixture is then
stirred at room temperature overnight and is subsequentily concentrated to dryness. 30 mi
saturated NaHCO; solution and 15 ml dichloromethane are then added lo the residue.
The fesulting emulsion is stirred at room temperature for 10 h. The organic layer is then
separated, washed with water, dried over MgSQ,, fillered and concentrated in vacuo. The
residue is purified using column chromatography (pentane/terf-butyl methyl ether =82 10
7:3) to give {R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid len-

buty! ester {4-a, R1 = Boc). Spectroscopic data as in Example 23.

HPLC Method {Exampie 31}

Coiurnn: X-BRIDGE C18; 150 x 3.0 mm: 3.5 um. Mobile Phase A (0.1 % NH; (32 %) In
water), Mobile Phase B (Acetenitrite). Gradient: € min (20 % B); 3 min (40 % B); 5 min
{46 % B); 7 min {5C % B); 11 min (50 % B); 13 min (80 % B); 16 min (80 % B); 16.1 min
{2C % BY); 2¢ min (20 % B). Flow rate: 1.4 mimin”. Wavelength: 210 or 254 nm.

Temperature 60 + 2 °C.

Retention times:

3-b (R1 = Boc; REG = Me; R7 = Me): 10.5 min
9-¢c {R1 = Beg; RE = Me; R7 = Me): 11.0 min
4-a (R1=Boc). 12.0 min

Example 32! (R)-5-Biphenyl-4-yi-4-terl-butoxycarbonylamine-2-methyienepentancic
acid (2-8, R1 = Bog, R2 = H, R3 = CQ,H)
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{R)-5-Biphenyl-4-yimethyl-3-methylene-2-oxo-pyrroliding- 1-carboxylic acid ferf-butyl ester
{4-a, R1 = Boc) (27.7 g) is dissolved in THF {270 ml) at room temperature.
Tetrabutylammonium bromide {0.24 g} is added followed with water {10 ml). The mixture
is then cocled to 16 °C. A soiution of lithium hydroxide {7.3 g} in water {92 ml} is added
over 2 h. Phosphoric acid {37 g, 85 %) is added untii pH 3. Phases are then separated.
The organic phase is diluted with toiuene (100 ml} and washed with brine. Phases are
separated. The organic phase is then concentrated in vacuo. The residue is dissolved in
acetonitrile (350 mi) at B0 °C and azeotropicaily distilled. Further acetonilrile is added
{150 ml) and the mixture cocled to 0 °C. The solid is collected by fiitration and dried, to
afferd {R})-5-biphenyl-4-yi-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1
= Boc, R2=H, R3= COH) {25.7 o). 8x {400 MHz, DMSO) 1.30G (9H), 2.28 (1H), 2.50
{1H}, 2.75 (2H}, 3.91 {8H}, 5.62 (1H), 6.09 {1H), 6.86 {1H), 7.28 (2H), 7.33 (1H), 7.44
{(2H), 7.56 {2H), 7.63 (2H).

{R)-5-Biphenyl-4-yi-4-tert-butoxycarhonylamina-2-methyienspentanoic acid (2-a, R1 =
Boc, R2 =H, R3 = CO.H} is a crystaliine solid. Reflections in the X-ray diffraction patiemn
show the following interlattice plane intervals (average 26 in {°! are indicated with error
imit of t0.2) 26 iIni°L 4.4, 6.2, 8.6,9.0,9.8, 125, 134, 13.8, 141, 16.0, 17.8, 184, 193,
20.8, 21.7,22.2,23.1,24.6,25.0, 25.7, 27.6. The most intensiva reflections in the X-ray
diffraction pattern show the following interlattice plane intervals (average 29 in [*] are
indicated with error limit of £0.2): 25 in{°: 4.3, 6.2, 8.6,9.9.12.5 134, 16.0, 17.8, 184,

19.3. Data izken using a Bruker DB Advance diffractometer using Cu-Ka radiation.

HPLC Method (Exampie 32)
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Colurnn: X-BRIDGE C18; 180 x 3.0 mm; 3.5 um, Mabile Phass A (0.1 % NH; (32 %} in
water); Mebile Phass B (Acstonitrite). Gradient: O min (20 % B); 3 min (40 % B} Smin
{40 % B); 7 min {56 % B}); 11 min (50 % B}; 13 min (80 % B}; 16 min {80 % B); 16.1 min
{20 % B}, 20 min {20 % B). Flow rate: 1.4 ml min™. Wavelength: 218 or 254 nm.

Temperature 60 + 2 °C.
Retention times:

2-a (R1= Boc, R2 = H; R3 = COH): 2.40 min
4-a2 (R1 = Boe): 12.0 min

Example 33: (R}-5-Biphenyl-4-yi-d-tert-butoxycarbonylamino-2-methylenepentancic
acid {2-a,. R1 = Bog, R2= M, R3 = CO,H)

¢ /1\ OH
Tﬁ o ¢ '
/[\

210 g (8)-2-Biphenyi-4-yimeihyl-5-oxo-pyrrotidine-1-carboxylic acid fert-bulyi ester {8-a,
R1 = Boc} is added to 1285 g (2060C mi) of a mixure containing compounds of formula 13,
14, 15 {wherein RO = Me, R7 = Me, R8 = By} at room lemperature. The solution is
heated to 80-85°C and siirred for about 15 h. The soiution is concentrated under vasuum
(80 °C, 30 mbar) to vield a residue. (The collected distillate, containing compotinds of
forrmuta 13, 14, 15 {(wherein RS = Me, R7 = Me, R8 = 1Bu)}, may be optionally reused In
subsequent reactions, where appropriate). The residue is dissolved in 1430 ml
tetrahydrofuran. 37.8 g suifuric acid diluted in 638 mi water is then added. The mikiure is
subsequently vigorcusly stirred at 10-15°C. During this time, the pH is maintained in the
range pH 2-3 by the addition of further porticns of sulfuric acid, as required. After 1 h the

lower aqueous phase is removed, and the remaining organic phase washed with aboul 6

PCT/EPZO89/030510
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g saturated potassium carbonate solution. 1194 g Potassium carbonate solution (1M
solution) is then added, followed by 3.94 g letra butyvl ammonium hydroxide solution (40
%) and 133 g aqueous formaidenyde sofution {37 %). This mixiure is heated to 46-45°C
and stirred heavily for about 2 hours, The aqueocus phase is then removed. To the
remaining crganic phase, 300 mi water is added., 87 g Sodium sulfite soiution (40 %) is
then addad whilst maintaining the temperature below 40 °C, Afterwards, the agueous
phase is rernoved and is replaced with 800 mi of fresh water. The THF is removed by
distiflation (jacket 50°C, 100-200 mbar) to provide a white suspension. 1500 mi toluene is
added at 50°C. Again the lower aqusous phase is removed andg the remaining organic
phase is washed with about 20C ml water. The lafter is partially conceniraied under
vacuum in order to remove any water by azeotrope distiliation while the distiliate is
replaced with fresh toluene. Afterwards, 54 g diazabicycioundecene (DBU) is added as
well as 17 g methansulfonylchloride, cautiously al 20-25°C. After one hour stirring, about
300 ml water is added followed by 1.4 g concentrated sulfuric acid in arder (o lower the pH
to 6-7. The agueous phase is removed and the remaining organic phase washed with 300
mi waler 600 m| Waler is added and the solvent removed by distillation under reduced
pressure {0 yield a white suspension, About 1500 mi THF is then added followed by 57 @
lithium hydroxide dissolved In 300 mi water. The mixture is stirred heavily at 10-15 °C for
about 2 hours. 100 g Phasphoric acid (58 %) is then added cautiously in order to adjust
the pH towards 3-4. About 300 mi teluene is then added, and the aqueous phase
removed. The remaining organic phase is washed with 20C mi brine and concentrated to
ong haif the original volume under vacuum. The residue is diluted with 300 m| THF and
filtered. The THF is then replaced by acelonitrile by distillation, while maintaining the
yolume constant by distillation under vacuum. After removal of the maierity of THF the
desired product crystallizes giving rise to a thick siurry. The later is cooled {o 0 °C, and the
saiia recoverad by filtration. The (ater is dried under vacuum at 50 °C to yield (R)-5-
Biphenyi-4-yi-4-tert-butoxycarbonyiamino-2-methylenepentancic acid (2-a, R1 = Boc, R2

= H, R3 = CO;H). Spectroscopic data as Exampie 32,

HPLC Method {Example 33)

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (3.1 % NHa (32 %) in
water); Mobile Phase B {Acefonitriie). Gradient. 0 min (20 % 3); 3 min (40 % B}; 5 min

(40 % B); 7 min (50 % B); 11 min (50 % BY; 13 min {80 % B); 16 min (80 % B); 18.1 min
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(20 % B): 20 min (Z0 % B). Flow rate: 1.4 mimin™. Wavelength: 210 or 254 nm,

Temperature 60 + 2 °C.

Fetention times:

2-a (R1 =Boc; R2=H; R3=CCH) 2.40 min
6-a {R1 = Boc): 2.62 min

5-a {R1 = Boc): 8.39 min
8-a {R1 = Boc): 18.4 min
7-a (Rt = Boc; RE = Me; R7 = Me}: 11.8 min
4-a (R1 = Boc): 12.0 min

Example 34: (3R, 58)-5-Biphenyi-4-yimethyl-3-methyl-2-oxo-pyrrolidine-i-carboxylic
acid tert-butyi ester (3-a, R1 = Boc) and {35, §58}-5-Bipheayl-d-yimethyl-3-methyl2-
oxo-pyrrolidine-i-carboxylic acid tert-butyl ester {3-b, R1 = Bog)

IMe; rf/ \r // |
¢ ! H
) S
P —— o S
,’//A G o/)\ Ro)
e {\\ RN
Method 1

1.3 g {R)-5-biphenyi-4-yimethyl-3-{ 1-dimethylaminometh-{£/-ylidene]-2-oxo-pyrroliding-
1-carboxylic acid tert-butyi ester (7-a, R1 = Boc, RE = Me, R7 = Me) is dissolved in 40 mi
of ethyl acetate. After addition of 0.3 g 10% Pd/C (Engelhard 4505) the system is flushed
several times with hydregen and subsequently stirred at 20°C and 4 bar hydrogen for 5
days. The resuiting reaction mixture is filtered through ceilficck and concentrated to
dryness vielding (3R, 5S)-5-biphenyi-4-yImethyl-3-mathyl-2-oxo-pyrroiidine-1-carboxylic
acid tert-bulyl ester (3-a, R1 = Boc) and (35, 58)-5-biphenyl-4-yimethyl-3-methyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-buty! estar (3-b, R1 = Boc). Diastereomer ratio 33 : 67

(3-a, R1 = Boc : 3-b, R1 = Boc} as determined by hple.

PCT/EP2009/H506310
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Method 2

{R)-5-biphenyl-4-yimethyi-3-[1-dimethylaminometh-{£/2}-ylidene}-2-oxc-pyrrofidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Bog, R6 = Me, R7 = Me) is added to
tetrahydrofuran, o achievé a substrate concentration of 0.08 M. Triethviamine (1
equivalent) is added to the mixture, 5 % Pd/C A102023 (25 %whw} is then added {o the
mixture. The mixiure is then pressurised under a hydrogen atmosphere tc 20 bar, The
mixture is stirred at 40 °C for 3 h. The mixture is then fillered to remove the catalyst and
concentrated under reduced prassure. The diasterecmer ratio is 38 : 67 {3-a, R1 =Boc:

3-b, R1 = Boc) as determined by hplc.
General Procedure {(Methods 3-8}

(R)-5-biphenyl-4-vimethyi-3-{ 1-dimethylaminometh-(E/Z)-vlidens]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butvl aster {7-a, R1 = Boc, R8 = Me, R7 = Me) is added to
t{etrahiydrofuran, methano! or iscoropyl acetaie at ambient temperature, (o achieve a
substrate concentration of 0.05 M, 0.167 M or 0.25 M. A heterecgeneous catalyst {25
mas% with respect fo 7-a) is then added o the mixture. The mixture is then pressurised
under a hygrogen aimosphere to 20 bar. The mixture is stirred at 40 °C, 45 °C, 55 °C or
85 °C for 1.5 or 3 . The mixture is then filterad to remove the catalyst and concentrated

under reduced pressure.
Method 3

Catalyst: 8 % Pd(S)/C A103038; Tetrahydrofuran; 0.05 M; 55 °C; 3 h. Diastereomer ratic

28:71(3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.
#Method 4

Catalyst: 5 % Pd/C type 39; Methano!; 0.05 M; 55 *C; 3 h. Diastereomer ratic 42 : 58 {3-

a, R1 = Boc : 3-b, R1 = Boc) as determined by helc.

Method 5
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Catalyst. %

d({S)/C A103038; Telrahydrofuran; 0.167 M; 40 °C; 1.5 h. Diastereomer

ratic 14 : 86 (3-a, R1 = Boc : 3-b, R1 = Boc} as determined by hpic.
Method 8

Catalyst: § % Pd(SYC A103038; Tetrahydroluran; 0.167 M; 40 °C; 3 h. Diastereomer ratio
21 :79(3-a, Rt = Boc : 3-b, R1 = Boc) as determined by hpic.

Method 7
Catalyst: § % Pd/C type 37, isopropyl acetale; 0.167 M; 65 °C; 3 h. Diastereomner ratio 34

: 66 (3-a3, R1 = Boc: 3-b, R1 = Bog) as determined by hple,
Method 8

Catalyst: 5 % Po/C type 38; Tewrahydrofuran; 0.25 M; 65 °C, 3 h. Diastersorner ratio 39 :
61 {3-a, R1 = Boc: 3-b, R1 = Boc) as determinad by hple.

Method 9

1.3 g {F)-5-Biphenyl-4-yirnethyi-3{1-dimethyiamincmeth-(£/2)-yiidens]-2-oxo-pyrrotidine-
1-carboxylic acid tert-butyl ester {7-a, R1 = Boc, R6 = Me, R7 = Me) is added 1o ethy!
acetate (40 ml) at ambient temperature. 0.3 g of 10 % Palladium on Carbon (Engelhard
4508} and water (0.3 mi) is added to the mixture. The mixture is then pressurised under a

-

hydrogan aimosphere to 4 bar. The mixture is stirred at ambient temperature and 4 biar
hydrogen pressure for 4 days. The mixture is then fiitered to remove the catalyst and
concentrated under reduced pressure. The residue is then purified by colurnn
chromatography {ethyl acetate/hexane, 70:30) to afford (3R, §S})-3-bighenyi-4-yimethyl-3-
methyi-2-oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (3-a, Rt = Boacjand (35, 53)-5-
biphenyl4-ylmethyl-3-methyl-2-0xo-pyrrolidine-1-carboxylic acid tart-buiyi ester (3-b, R1 =

Roc). Diastereomer ratio 87 : 33 (3-a, R1 = 3¢ : 3-b, R1 = Bac) as determined by hpic.

Method 10
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1.3 g {(R)-5-Biphenyi-4-yimethyi-3-{ {-dimethylaminometh-( £/Z)-ylidene]-2-oxo-pyrrolidine~
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, RE = Me, R7 = Me) is added to ethyl
acetate (40 ml) at ambient temperature, 0.3 g of Lindlar Cataiyst (ex Aldrich) is added to
ihe mixture. The mixture is then pressurised under a hydrogen aimosphere to 2 bar. The
mixture is stirred at ambient temperature and 2 bar hydrogen pressure for 3days. The
mixture is then fiitered {o remove the catalyst and concentrated under reguced pressure.
The residue is then purified by column chromatography (ethyi acstate/hexane, 70:30) fo
afford (3R, §8)-5-tiphenyl-4-yimethyl-3-methyl-2-oxo-pyrrclidine- {-carboxylic acid ferl-
buty! ester (3-a, R1 = Boc)and {38, 5S)-S-biphenyi-4-yimethyi-3-methyl-2-oxo~
pyrrolidine-1-carboxylic acid fert-butyl ester (3-b, R1 = Boc). Diasterecmer ratio 892 : 0.8
(3-a, R1=18oc: 3-b, R1 = Boc) as determinad by hplc.

Method 11

1.3 g (R)-5-Biphenyl-4-vimethyl-3-[1-dimethylaminometh-{( £/&)-ylidene}-2-oxo-pyrrciidine-
{-carboxylic acid tert-butyl ester {7-a, R1 = Boc, RS = Me, R7 = Me) is added to ethyl
acetate (40 mil} at ambient temperature. 0.3 g of 10 % Palladium an Carbon (Engeihard
4508) is added to the mixture. The mixture is then pressurised under a hydrogen
aimosphers to 2 bar. The mixture is stirred al ambient femperature and 2 bar hydrogen
pressure for 3 days. The mixture is then filtered o remove the catalyst and concentrated
under reduced pressure. The residue is then purified by column chromatography (ethyd
acetate/hexane, 70:30) to afford (3R, §8)-5-biphenyi-4-ylimethyl-3-methyl-2-oxo-
pyrroligine-1-carboxylic acid fert-butyt ester (3-a, R1 = Boc) and (38, 58}-5-biphenyi-4-
yimethyl-3-methyi-2-oxc-pyrrolidine-1-carboxylic acid ferf-butyl ester (3-b, R1 = Boc).

Diastereomer ratic 88.8 : 11.2 {3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.
Method 12

1.3 g (R)-5-Biphenyl-4-yimethyl-3-[1-dimethyiaminometh-{£/Z)-yiidene}-2-oxo-pyrrofidine-
1-carboxyiic acid fert-butyl ester (7-3, R1 = Boc, RS = Me, R7 = Me) is added to ethyl
acetate (40 mi) at ambient temperature. 0.3 g of 10 % Palladium on Carbon (Engethard
4505} and one drop of aguecus scdium hydroxide solution are added to the mixture. The

mixture is then pressurised under a hydrogen atmaesphere te 4 bar. The mixture is stimed
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at ambient temperature and 4 bar hydrogen pressure for 4 days. The mixture is then
filterad to remove the catalyst and concentrated under reduced pressure. The residue is
then purified by calumn chromatography (et acelate/hexane, 70:30) to afford (3R, 55}
S-biphenylk-4-yimethyi-3-methvi-2-oxa-pyrrolidine-1-carboxylic acid fert-butyl ester (3-a, R1
=Boc) and (38, §5}-5-biphanyi-4-yimethyl-3-methyl-2-oxc-pyrrclidine- 1-carboxylic acid
feri-butyl ester (3-b, R1 = Boc). Diasterecmer ratio 76 24 (3-a, R1 = Boc : 3-b, R1 = Boc)

as determined by hpic.

HPFLC Method 1 (Example 34, Methods 1, 8, 10, 11 and 14)

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % Ni; (32 %) in
water); Mobile Fhase B (Acetonitrile). Gradient ¢ min {2¢ % B); 3 min {40 % B); 5 min
(40 % By 10 min (70 % B), 11 min {70 % B), 13 min (B0 % B), 16 min {80 % B), 16.1 min
(20 % B}, 19 min 20 % B). Flow rate: 1.4 mimin". Wavelength: 210 or 254 nm.

~

Temperature §5 £ 2 °C.

Reatention times:

7-a (R1 = Boe; R6 = Me; R7 = Me): 9.6 min
3-a and 3-b (R1 = Boc) 10.3 min

HPLE Method 2 (Example 34, Meihods 1. 9, 10, 11 and 12}
Column: Chiralpai AD-RH, 150 x 2.6 mm, 5.0 um. Mobile Pnase A {Water); Mobile
Phase B (Acelonitrile). Isocratic: O min {80 % B); 15 min {80 % B). Flow rate: 8.5 mi min’

. Wavelengih: 210 nm.

Retention times:

3-a, R1=Bocg: 8.3 min
3eb, R1 = Boc: 8.9 min

HPLC Method 3 {Example 34, Methods 2-8)
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Column: AD-RH Chiralpak; 150 x 4.6 mm. Mobile Phass A (water), Mobiie Phase B
{Acetonitriie). isocratic: O min (20 % B); 15 min (20 % B). Flow rate: 0.5 mi min™".

Wavalength 21C nm. Column temperaturs 40 °C,
Retentior: times:

{3-z, Rt = Boc): 6.2 min
{3-b, Rt = Boc): 6.8 min

Example 35: Tris{dimsthylamincymethane {13, Ré = Me, R7 = Me}, Tert-Butoxy-
bis{dimethylamino)methane {14, RE = Me, R7 = Me, RB = tBu} and M-
Bimethylformamide di-tert-butyl acetal (15, RE = Me, R7 = Me, R8 = {Buy)

N, Nide, Niie, e, Nibdey

+ | :
; —

. - ™~
MeN” N, 0”0y o e, Mo “OtBu Bue” Oy

Method 1

A mixture of 1.01 g N N-dimethyiformamide di-tert-buty! acetal (15, R6 = Me, R7 = Me, R&
= tBu) (Aldrich #358800) and 0.73 g tis(dimethylamino)methane {13, R6 = Me, R7 = Me)
{Aldrich, #221082) are stirred at room temperature overnight. The resuiting mixture is
conled to reom temperature, affording a sciution containing 13, 14 and 15 (R6 = Me, R7 =

Me, R8 = Me) as determined by nimr (spacirascopic data as in Exampie 14, Methed 1).
Method 2

A mixtura of 1.01 g N.N-dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8
= 18u) (Aldrich #358800) and ¢.73 g tris{dimethylamino)methane (13, RS = Me, R7 = Me)
(Aldrich, #221058) ar2 heated at 45 °C for 4 h. The resulting mixture is cooled (0 room
temperaiure, affording a sclution containing 13, 14 and 15 (R6 = Me, R7= Me, R8 = Ma)

as determinad by nmr (spaciroscopic data as in Example 14, Method 1},

Method 3
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A mixture of 1.01 g N .N-dimethviformamide di-teri-butyl acetal (15, RE = Me, R7 = Me, R&
= {By) {Aldrich #358800) and 0.73 g tris(dimethyiaminc)methane (13, R = Me, R7 = Me)
(Aldrich, #221058) are heated at 80 °C for 1 h. The resuiting mixtitre is cooled tc room
temparature, affording 2 solution containing 13, 14 and 15 (R8 = Me, R7 = Me, R8 = Me)

as determined by nmr {spectroscopic data s in Example 14, Method 1),

Example 36! Tris{dimethylaminojmethane {13, R6 = Me, R7 = Me), Tert-pentoxy-
nis{dimethylamino)methane {14, R8 = Me, R7 = Me, R8 = CMe Bt} and N, ¥-
Dimethyiformamide di-tert-pentoxyacets! {15, R6 = Me, R7 = Me, RE = Chie,Ft)

+l|‘gMez Nk, NMe, ] /ll\fezk
Mo G Me-..-w'/L\NMez M o7 T 0T e
Method 1

57.% g N.NN N-tetramethyiforrnamidinium chicride is added {0 83 g sodium amylate 40 %
solution in toluene. The resulting mixiure is stirred at rcom temperaturs for48 h. The
mixtura is then filtered and the cake washed with toluene {22 g) to afford a solution
containing 13, 14 and 15 {R6 = Me, R7 = Me, R8 = CMe;Et). A sample of the filtrate is
concentrated in vacuo. 1H NMR (Cslg): 0.81-0.84, 0.92-0.98, 1.02, 1.1G, 1.20, 1.30-1.34,
1.47-1.62, 2.29, 2.33, 3.02, 4.08, 5.02. Relative amounts of 13 (R6 = Me; RY = Me), 14
{R8 = Me, R7 = Me, R8 = tBu), 15 (R6 = Me, R7 = Mg, R8 = Me) are determined by
infegration of signals at 3.02, 4.06 and 5.02 ppm, respectively.

Method 2

41 g NN N, N-tetramethylformamidinium chioride is added {6 67 g sodium amyiate 40 %
solution in tciuene. The resulting mixture is stirred at room temperature for 48 h. The
mixture is fitered and the cake washed with toluene (2 x 10 mi). The mixture is then
dgiluted to a totatl volume of 100 mi to afford 2 solution containing 13, 14 and 15 {R6 = Me.
R7 = Me, R8 = CMayEtl). Spectroscopic data as for Example 36, Method 1.
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Example 37: (2R ,48)-5-bighenyi-4-yi-d-tert-butoxycarbonylamino-2-methyipentanoic
acid dilsopropylethylammoniem salt (1-z, R = Bog, RZ = H, R3 = CO, [NHiPr.E]")

A .
|\\,¢’/’i\ Ny (f-’l\,/-‘\\
| O L
Hi}'/}\/ i‘?//c T HN/é \\} \(G
oo S S
A A TN

1 g (2R.48)-5-Biphenyl-4-yi-4-teri-butoxycarbenylamino-2-methylpentanoic acid (1-a, R1 =
Boc, R2 = H, R3 = CO,H) is added te ethanci (10 mi). Dilscpropylethyiamine {0.454 mi)is
then added and thg mixture is slirred at room temperature for 30 minutes. The mixdure is
then concentrated in vacuo to afford (2R, 45)-5-biphenyl-4-yl-4-fert-butoxycarbonylamine-
2-methyipentancic acid diisopropylethylammonium salt (1-2, R1 = Hoc, R2 = H, R3 = GOy’
[NHIPrEL"). 1H NMR (DMSO-dE): 0.05-0.96 (15 M), 1.04 (3H), 1.32 (SH), 1.36 {1H)}, 1.74
{(1H), 2.38-2.49 {3 H), 2.67 (2H), 2.99 (2H), 3.66 (1H). 8.28 and 6.70 {1H), 7:23-7.25 (2H),
7.33-7.37 (1M}, 7.42-7.46 {2H), 7.55-7.57 (2H), 7.62-7.64 (2H}.

Example 38: {2R,48)-5-biphenyl-$-yi-4-tert-butoxycarbonylaminoc-2-methyipentanocic
acid triethyiammeniom salt {1-a, R1 = Boc, R2 = H, R2 = CO,[NHEL])
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1 g {2R48)-5-Biphenyi-4-yl-4-fert-butoxycarbonylamino-2-methylpentancic acid (1-a,
R1 = Boc, R2 = H, R3 = CO;HM) is added to ethanct (10 mi). Triethylamine (0.264 mi) is
ther added and the mixture is stirred at room temperature for 30 minutes. The midiure
is then concentrated in wvacuo to afford (2R 45)-5-biphenyi-4-yi-4-fert-

bistoxycarbonylamine-2-methylpseniancic acid triethylammonium salt (1-a, R1 = Boc, R2
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= H, R3 = COINHEL]"). 1H NMR (DMSC-d8): .95 (8 H), 1.04 (3H), 1.32 {8H), 1.36
(1H), 1.74 (1 1),258250 (7 H), 2.67 (2H)}, 3.85 {1H), 8.29 and 5.70 (1), 7.23-7.25
(2+), 7.33-7.37 (1), 7.43-7 48 (2H), 7.55-7 57 (ZH), 7.62-7.64 (2H).

Exampie 39: (2R,48}-5-biphenyl-4-yi-4-ter-butoxycarbonylamino-2-methylpentanoic
acid sodium salt (1-a, R1 = Bog, R2 = H, R3 = CO,Na")

I/’ ™
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1 g {2R.48)-5-Biphenyl-4-yi-4-fert-butoxycarbonylamine-2-methyipentanocic acid {(R1 =
Boc, R2 = H, R3 = CQ,H) is added ta ethanol (10 mi}). Sadium methoxide (141 mg} is
then added and the mixture is stirred at reom temperature for 30 minutes. The mixture
is then concentrated /n vacuo 1o afford (2R 48)-5-biphenyi-4-yi-4-tert-
butoxycarconylamino-2-methyipentanoic acid sodium salt {1.a, R1 = RBoc, R2=H, R3=
CO, /Na'). 1H NMR (DMSO-d6): 0.91 (3H), 1.28 (1H), 1.34 (SH), 1.61 (1H), 2.12 (1H},
2.68-2.81 (2H}, 3.60 (1K), 7.25-7.27 (2H), 7.32-7.36 {1H), 7.43-7.47 {2H}, 7.55-7.57
{2H}, 7.64-7.66 (2H), 7.76 (1H).

Exampie 40: (2R, 48]-5-biphenyi-<4-yi-4-tert-bitoxycarbonyiamino-2-
methyipentanoie acid {1-3, R1 = Bog, R2 = H, R3 = CO,H}, (28,48)-5-biphenyl-4-yi-

4-tert-butoxycarbonylamino-Z-methyipantancic acid {1-b, R1 = Boc, R2 = H R3=
CO,H),

\i«\}\)lvf“ T V::é\j\ '
(‘}\ o ‘LH o': ]
B A

Method 1
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20 mgy (R)-5-Biphenyl4-yi-4-tert-buloxycarsenylaming -2-methylenepantancic acid {2-a,
R1=Boc, R2 = H, R3 = CO.H) is added to ethanol (400 ul). 10 % Palladium on carbon (2
mg. 5C % water wet, Degussa type E101 NEAV) is then added. Hydrogen gas at ambient
pressure is applied tc the mixture. The mixiure is stirred at ambient temperature and
pressure overnight. The mixture is then fillered over Celite and washed with ethanol {2 x
0.5 mi}. The mixture is then concendrated in vacuo {o give (2R,45)-5-biphenyi-4-yl-4-tert-
vutoxycarbonylamine-2-methyipentancic acid {1-a, R1 = Bec, R2 = H, R3 = CO,H) and
(285,453-5-piphenyl-4-yl-4-terf-butoxycarbonyiamino-2-methyipentancic acid (1-b, R1 =
Bog, R2 = H, R3 = COH). 1H NMR (CDCK) 1.11-1.18, 1.21 and 1.33, 1.38-1.53, 1.70-
1.82, 2.32.2.81, 3.72-3.97, 4.44-4 .50, 6.41 and .58, 7.16-7.49, 10.84,

Method 2

20 mg {R}-5-Biphenyi-4-yi-4-tert-butoxycarbonylamino-2-methylenepentancic acid {2-a,
R1 = Boc, RZ = H, R3 = CO,H) is added t0 isopropy! acetate {400 pl). 16 % Paliadiumon
carbon (2 mg, 50 % water wet, Degussa lype E101 NE/W) is then added. Hydrogen gas
at ambient pressure is applied to the mixture, The mixture is stimed at ambient
temperaiure and pressure overnight. The mixiure is then fitered over Celite and washed
with isopropyl acetate (2 x 0.5 mi}. The mixture is then concerntrated in vacuo fo give

(2R 4 3)-5-biphenyl-4-yi-4-ferf-butoxycarbonylamine-2-methylpentanoic acid (1-a, R1 =
Boc, R2 = H, R3 = CO.H) and (28,4S8)-5-biphenyi-4-yl-4-fan-butoxycarbonylaming-2-
mathyipentanoic acid (1-b, R1 = Boc, R2=H, R3 = CO;H}. Spectroscopic dala as in
Example 44, Method 1.

Meihod 3

20 mg {R}-5-Biphenyi-4-yi-4-terl-butoxycarbonylamino-2-methylenepertancic acid (2-a,
R1 =Bec, R2Z = H, R3 = CO,H;j is added to isopropyi acetate {400 ul). 10 % Piatinium on
carbon (2 mg} is then added. Hydregen gas at ambient pressure is applied o the mixture.
The mixture is stirred at ambient femperature and pressure ovemnight. The mixture is then
filtered over Celile and washed with isopropyl acetate (2 x 0.5 mi). The mixture is then
ceneentrated in vacuc to give (2R,4 5)-5-biphenyi-4-yl-4-fert-butoxycarbonylamino-2-
methyipentancic acid {1-a, R1 = Boc, RZ = H, R3 = CO;H} and {25,4S}-5-biphenyl-4-yl-4-
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fert-Dutcxycarbonylamino-2-methylpentancic acis (1-b, R1 = Bog, R2 = H, 3 = COH).
Spectroscopic data as in Example 40, Method 1.

Methad 4

20 mg {R}-5-Biphenyi-4-yl-d-fert-butoxycarbonviaming-2-methylenepentanocic acid (2-2,

1 = Boc, R2 = H, R3 = CO,H} is added lo isopropyl acetate (400 pi). 5 % Rhodium on
carbon {2 mg) is then added. Hydrogen gas at ambient pressure is applied to the mixiure.
The mixture is stirred at ambient temperature and pressure ovemight. The mixture is then
fitered over Celite and washed with isopropys acetate (2 x 3.5 mi). The mixture is then
concenirated in vacuo o give (2R 48)%5-biphenyl-4-vi-4-feri-butoxycarbonylamino-2-
methylpentanoic acid (1-a, R1 = Boc, R2 = 1, R3 = CO.H} and {25,4S8})-5-biphenyl-5-yi-4-
tert-butoxycaroonyiaming-2-methyipentanoic acid (1-h, R1 = Boc, R2 = H, R3 = COH).

Specirescopic data as in Example 40, Meihod 1,

Example 41: (R}-5-Biphenyl-4-yid-tert-butoxycarbonylamine-2-methylenepentancic
acid potassium salt {2-a, R1 = Bog, R2 =H, R3 = CO,K)

O Q.
/A/ﬂv T \/\/}\)\(}n

,J-\ ; ur J\ o

506 mg (R)-5-biphenyl4-yi-4-tert-butoxycarbonylamino-2-methyienepentanoic acid (2-a,
R1=Boc, R2 = H, R3 = CO.H)is added to ethano! (5 mi} at room temperature. 2.6 mi of
a (1.5 M Potassium hydroxide in ethanol soiution is added to the mixiure over a pericd of 5
minutes. The resuiting mixture is stimed for 1 h at room temperature. The solvent is then
rermoved under reduced pressure. Toluene (10 ml) is added to the mixture. The solvent
is then remeved under reduced pressure to give (R)y-5-biphenyl-d-yi-d-teri-
butoxycarbonylamine-2-methylenepentanocic acid potassium salt (2-a, R1 = Boc, R2 = H,
R3 = CO.K). 1H NMR (DMSQ) 1.35(BH), 2.24-2.37 (2H), 2.67-2.84 (2H), 3.69-2.80 (1H),
5.04 (1H), 5.79 {1H), 7.12-7.17, 7.23-7.35, 7.42-7 .46, 7.54-7.87, 7 .62-7.67.
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Example 42: {2R 48)-5-Bighenyi-4-yl-4-tert-butoxycarbonylamino-2-methyipentanolc
acid potassium salt {(1-a, R1 = Bog, R2 = H, R3 = CO.K} and {25 438)-8-biphenyi-4-yl-
4-tert-butoxyearhonylamine-2-methylpentancic acid petassium salt {1-b, R1 = Bog,
R2=H, R3=C0OK)
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fiethed 1

100 mg (R)-5-Biphenyi-4-yi-4-tent-butoxycarbonylamino-2-methylenepentanoic acid
potassium salt (2-a, RY = Bog, RZ2 = H, R3 = COK]} (prepared according to procedure in
Exampie 42) is added te ethanol (1 mi}. 10 % Palladium on carbon (10 mg. 50 % water
wet, Degussa type £101 NE/W; is then added. Hydrogen gas at ambient pressure is
applied to the mixture. The mixture is stirred at ambient femperature and pressure
ovemight. The mixture is then filtered over Celile and washed with ethanol (2 x 1 mi).
The mixiure is then concentrated in vacuo to give (2R,48)-5-biphenyl-4-yi-4-tert-
hutoxycarbonylaminc-Z-methylpentanoic acid potassium salt (1-a, R1 = Bo¢, R2=H, R3 =
CO,K) and (25,4 S}-8-biphenyl-4-yl-4-tert-butoxycarbonyiamino-2-methyipentanoic acid
potassium salt {1-b, R1 = Boc, R2 = H, R3 = COK). 1H NMR (CDCh): 1.06-1.12, 1.31-
1.36, 1.80-.193, 2.25-2.49, 2.62-2.92, 3.74-4.08, 481 and 5.27,6.20 and 6.54, 7.24-7.57.

fethod 2

100 mg {R}-5-Biphenyi-4-yi-4-{ert-hutoxycarbonylaminc-2-methylenespentancic acid
potassium salt (2-a, R1 = Bog, RZ2 = H, R3 = CC,K) (prepared according to procedure in
Exampie 42) i5 added 1o isopropy! aceiate {1 mi). 10 % Palladium on carbon (10 mg, 50
% water wet, Degussa type E101 NE/W) is then added. Hydrogen gas at ambient
pressure is appiied to the mixture. The mixture is stirred at ambient temperature and
pressure overnight. The mixture is then fiitered over Celite and washed with iscprepyl

acetale (2 x 1 mi). The mixture is then consentratad in vasuo to give (2K,45)-5-biphenyi-

PCT/EP2009/05051 1)
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4-yi-4-tert-butoxycarbonylaminc-2-methylpentanoic acid potassium salt {1-a, R1 = Bor, R2
=H, R3 = CO,K) and (25,4 S}-5-biphenyl-4-yi-4-fert-bistoxycarbonylamino-2-
methylpentanoic acid potassium sait (1-b, R1 = Boc, R2 = H, R3 = CO,K). Speciroscopic

data as in Exampie 42, Mathod 1.
Method 3

106 mg (R)-5-Biphenyl-d-yl-d-tert-buloxycarbenyiamine-2-methylenepentancic acid
polassium salt (2-a, R1 = Bog, RZ = H, R3 = COK) (prepared according to procedure in
Exampie 42) is added to isopropyl acetate {1 ml). 10 % Platinium on carbon (10 mg)is
then added. Hydrogen gas al ambient pressure is applied to the mixiure, The mixiture is
stirred at ambient tampersture and pressure ovemight. The mixiure is then filtered over
Celite and washed with isopropy! acetate (2 x 1 ml). The mixture is then concentrated in
vacue 0 give (2R.4 S)-5-biphenyi-4-yi-4-fert-butoxycarbonylamino-2-methyineniancic acid
potassium salt {(1-a, R1 = Boc, RZ = H, R3 = CO;K) and (25, 45)-5-biphenyl-4-vi-4-larf-
sutexycarbonylamino-2-methylpentanoic acid potassium sait {(1-b, R1 = Bog, R2=H, R3 =
CO.K). Spectroscopic data as in Example 42, Method 1.

Method 4

103 mg (R)-5-Biphenyi-4-yi-d-fert-butexycarbonyiamine-2-melhylenepeniancic acid
petassium salt (2-a, B1 = Bog, RZ = M, R3 = CO.K) {prepared according to procediire in
Exampie 42) is added {0 isopropyi acetate (1 ml). 5 % Rhodium on carbon (10 mg)is
then added. Hydrogen gas at ambient pressure is appiied to the mixdure, The mixture is
stirred a8t ambient temperaiure and pressure gvernight. The mixture is then filkered over
Celite and washed with isopropyi acetate (2 x 1 mi). The mixture is then concentrated in
vacuc to give {ZR,45)-5-biphenyi-4-yi-4-ter-butoxycarbonyiamino-2-methylpentancic acid
potassivm salt (1-a, R1 = Boc, R2 = H, R3 = COLK) and (25,4 5)-5-biphenyl-d-yl-4.{ert-
nutoxycarbonyiamine-2-methylpentancic acid potassium sait (1-b, R1 = Boc, Rz =H, R3 =

COK}). Spectroscopic data as in Example 42, Method 1.

Exampie 43: (2R.438}-5-Biphenyi4-yi-d-teri-butoxycarhonylamino-2-
methyipentanoic acid (1-3, R1 = Bog, B2 = H, R3 = CO.H), (25,48)-5-Biphenyl-4-yi-

4-tert-butoxycarbonyiamine-2-methylipentanoic acid {(1-b, R1 = Bog, R2=H, R3 =
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CO.H), (2R, 45)-5-Biphenyl-4-yi<4-feri-butorycarbenylamine-2-methyipentanoic
acid salt {1-a, R1 = Bog, R2 = H, R3 = CGy) or {28,45}-5-Bighenyi-4-yi-4-fert-
butoxycarkonylamino-2-methyipentancic acid salt {1-b, R1 = Bog, R2=H, R3 =
€32)
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General Progcedure 1

A mixture of Organometallic Catalyst {C) and (R)-5-biphenyl-§-yi-4-tert-
butoxycarbonyiaminc-2-methylenepentancic acid {(2-a, R1 = Bog, RZ = M, R3I=COH} is
added to the Solvent (S} (volume and identity of solvent given in the Tabie of Exampie 43)
0 achieve the concsniration of 2-a (R1 = Boe, R2 = H, R3 = CO.H) given in the Table of

Exampile 43 and an S/C ratio as given in the Table of Exampie 43.

Optionally and according 10 the Table of Example 43, an Additive {D) may be added at

this stage. The identity and amount of the additive is given in the Table of Exampie 43,
The amount of additive 1c be used is relative o the moles of (R)-5-biphenyl-4-yi-4-tert-

butoxycarbonylamino-Z-methylenepentanoic acid (2-a, R1 = Boe, RZ = M, R3 = CO,H)

used.

Hydrogen has is then applied o the vessel containing the mixture {lemperature, time and
pressure are given in the Table of Example 43).

The voiatiles are removed under reduced pressure and the resuiting residue analysed by
hpic to determine the ratio of {1-3, R1 = Bog, RZ = H, R3 = CO,H) or (1-a. R1 = Bog, R2 =
. R3=CO;)tc(1-b,R1=8Boc, RZ2=H R3=CO;H)or{1-b,R1=Boc. R2=H, R3=
CG)

PCT/ER2009/650510
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(3eneral Procedure 2

Soiveni (5) (volume and identily of solvent given in the Table of Example 43} is added o a
mixture of the Organcmetallic Complex (A) and the Chiral Ligand (L). The mixiure is
stirred for £.5 h at roam temperature. (R)-5-Riphenyi-4-yi-<4-tent-butoxycarbonyiamino-2-
methyienepentancic acid {2-a, R1 = Boc, R2 = H, R3 = CO;H} in a solvent (volume and
identity of solvent given in the Table of Example 43} is then added. The final
conceniration of 2-a (R1 = Boc, R2 = H, R3 = CO,H) is given in the Table of Example 43.
The S/C ratic is glvenin the Tabie of Example 43. The ratio of Chiral Ligand per atom of

metal within the Organometallic Complex is given in the Table of Example 43.

Hydrogen gas is then applied to the vessel containing the mixture {(femperature, time and

pressure is given in the Tabie of Examplie 43).

The volatiles are removed under reduced pressure and the resulling residue analysed by
hpic to determine the ratio of (1-a, R1 = Bog, R2 = H, R3 = COH) or {1-a8, R1 = Bog, RZ =
H, R3=CO; Mo {1-b, R1 = Boc, RZ2=H, R3=COH}or {4-b, R1 = Bog, R2=H R3 =
CG2).

General Procedure 3

{R)-8-Biphenyi-4-yl-4-tert-putoxycarbonylamino-2-methylenepentancic acid (2-a, R1 =
Boc, R2 = H, R3 = CO,H) in a Solvent {S}(0.244 mi, identity of solvent given in the Table
of Example 43} is added 10 the vesse! containing the Organometallic Catalyst (C). Further
soivent (identity given in the Table of Example 43) is added to give a final concentration: of
2-a {{R1=Bog, R2 = H, R3 = CG,H) given in the Table of Example 43. The S/C ratio is

given in the Table of Exampie 43.

Optionaily and according 10 the Table of Example 43, an Additive (D) may be added at
this siage. The identity and 2mount of the additive is given in the Table of Example 43,
The amount of additive to be used is relative to the moles of (R)-5-biphenyl-4-yl4-tert-
butcxycarbonylamine-2-methyienepentancic acid (2-g, R1 = Bog, R2 = H, R3 = CO,H}

used,
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The mixture is then stirred at the temperature and pressure given in the Tabie of Exampie

43 for a period of time also indicated in the Table of Example 43,

The crude reaction solutions are analysed by hplc to determine the ratic of (1-a, R1 = Bog,
RZ2=H, R3=CCH}or{i-a3, R1 =Boe, RZ2=H, R3I=CO, ) o (1-b, R1 = Bog, RZ2 = H, R3
= COHMYor {1-b, R1 = Bog, R2 = H, B3 = CO,).

General Procedure 4

The Organometallic Compiex {A) and Chiral Ligand (L} are added to a mixture of ethanol
{0.041 mi) and dgichicreethane (0.135 mi). The mixturs is stirved for 5.5 h. The solventis
then removed under reduced pressure. (R)-S-Biphenyl-4-vi-d-tert-tutoxycarbenylamino-2-
methylenepentancic acid {2-a, R1 = Boc, RZ = H, R3 = COzH) in a Solvent (S} {C.244 mi,
identity of solvent given in the Table of Example 43} is added to the vessei containing the
Grganometallic Compiex (A) and Chirai Ligand (L). Further soivent (identity given in the
Table of Example 43) is added {0 give the final conceniration of 2-a (R1 = Bog, R2=H,
R3 = CO,H) shown in the Table of Example 43. The S/ ratio is given in the Tabie of
Exampie 43. The ratio of Chiral Ligand per atom of metal within the Crganomestallic

Complex is given in the Table of Example 43.

Optionally and according io the Table of Example 43, an Additive (D) may be added at
this stage. The identity and amount of the addifive is giver: in the Table of Exampie 43.
The amount of additive {6 be used is relative io the moles of (R)-5-biphenyl-4-yi-4-teri-
butoxycarbonyiaming-2-methylenepentancic acid (2-a, R = Boc, R2 = H, R3 = CO;H}

tsed.

Hydrogen gas is the appilied to the vessel containing the mixture {temperature, time and

pressure is given in the Tabie of Exampie 43).

The crude reaction sciutions are analysed by hplc to determine the ratio of (1-a, R1 = Bog,
R2=H RI=C0OMH)ar (12, R1=Boc, R2=H, R =COM o (1-b, R1 = Bos, R2=H, R3
=CO0:H)or (1-b, R1 =Boc, R2=H, R3=CO;).
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Gengral Procedure 5

Solvent {S) (volume and identity of solvent given in the Table of Example 43} is addedto a
mixture of the Orgarometallic Complex {A) and the Chirat Ligand (L) in Vessel A. The

mixture is stired for 16 min at room temperature.

Solvent {S} (volume and identity of soivent given in the Table of Examiple 43} is added to
(R)}-5-hiphenyi-4-yhd-tert-biutoxycarbonylamino-2-methylenepentanocis acid (2-a, R1 =
Boc, R2 = M, R3 = CO.H) in Vessel B. '

The contents of Vesse! & and Vessel B are transferred to Vessel C {empty). The final
soncentration of 2-a (R1 = Bog, RZ = H, R3 = CO.H} is given in the Tabie of Exampie 43,
The S/C ratic is given in the Tabie of Example 43. The ratic of Chiral Ligand per atom of

metal within the Organometallic Compiex is given in the Table of Example 43.

MHydrogen gas is then applied to Vesse! C {temperature, time and pressure is given in the

Table of Example 43).

The crude reaction soluficns are analysed by hple to determine the ratic of (1-a, Rt = Boc,
R2=H,R3=CO)or (1-a, R1=Boc, R2=H,R3=COy ) to {1-b, R1 = Boc, RZ2 = H, R3
= COMy or {(1-b, R1 = Bog, B2 = H, R3 = Ty

General Procedure §

Solvent {8} (volume and ideniity of solvent given in the Table of Example 43) is added to a
mixture of the Organometallic Compiex (A) and the Chiral Ligand (L) in Vessel A. The

mixture is stirred for 0.5 h at room temparature.

The mixture is ransferred 10 Vessel B containing (R)-5-biphenyl-4-yi-4-tert-
butoxycarbonylamino-2-methylenepentancic acid (2-a, R1 = Boc, R2 = H, R3 = CO,H)
and optionaily {as indicated in the Table of Example 43} 4-diazcbicyslo[2.2.2jootane

{amount given in the Tabie of Exampie 43). The amouni of 1.4-diazobicycio[2.2.2lcctane
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used is relative to the motes of (R)-S-biphenyl-4-yl-4-iert-buloxycarbonyiamine-2-
methylenepeniancic acid (2-a, R1 = Boc, R2 = H, R3 = CO,H) used. The final
concaniration of 2-a (R1 = Boc, R2 = H, R3 = CO,H} i3 given in the Tabie of Exampie 43,
The S/C ratic is given in the Tabie of Example 43. The ratlo of Chiral Ligand per atom of

metal within the Crganometallic Complex is given in the Table of Exampie 43.

Optionally and according to the Table of Example 43, methanesuiphonic acid may be
added at this stage 1o Vessel B. The amouni of methanesuiphonic acid used is relative io
tha moies of (R}-5-biphenyi-4-yl-4-tert-butoxycarbonylamino-2-methylenepentancic acid
{Z2-a, R1 = Boc, R2 = H, R3 = COH) used and is given in the Table of Example 43.

Hydrogen ¢as is then applied to Vessel B and its contents at the temperaiure, time and
pressure given in the Tabie of Example 43.

The crude reaction solutions are analysed by hplc o determine the ratic of (1-a, R1 = Bog,
R2=H, R3=COM)or {1-a, R1 = Boc, RZ=H, R3=CO 30 (1-h, R1 = Bae, RZ = H. R3
= COM) or (1-b, R1 = Bog, R2 = H, R3 = COy).

General Procedure 7

Soiverd (8) (volume and identily of solvent as given in the Table of Example 43) is added
to a mixiure of the Organometaiiic Complex (A) and the Chiral Ligand (L) in Vessel A.
Hydrogen gas (1 bar) is appliad to Vessel A and the mixiure stirred for 5 min at ambiani

ternperature.

Solveni {volume and identity of solvent given in the Table of Example 43} is added to (R})-
5-biphenyi-4-yl-4-tert-butoxycarbonyiamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2
= M, R3 = COHj in Vessel B.

The contents of Vessel A and Vessel 8 are transferred to Vessel C {emgpty). The final
concentration of 2-3 {R1 = Boe, R2 = H, R3 = C0,H) is given in the Table of Exampie 43.
The §/C ratio is given in the Tabie of Example 43. The ratic of Chiral Ligand per atom of

metal within the Crganometaitic Complex is given in the Table of Exampie 43.
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vdrogen gas is then applied to Vessel C and its contents {temperature, time and

pressure is given in the Table of Exampie 43.

The crude reaction solutions are analysed by hplc to determine the ratio of {1-a, R1 = Boc,
RZ2=H, R3=CGH)or {1-a, R1 =Boc, RZ=H, R3=COy)to {1-h, R1 = Boc, R2 = H, R3

A

= COHY or (1-b, R1 = Bog, R2 = H, R3 = L0y}

General Procedure 8

Solvent {S} (volume and identity of solvent given in the Table of Example 43) is added to a
mixtura of the Organometallic Complex {A) and the Chirai Ligand (L} in Vessel A. The

niixture is stirred for 15 min at room femperature.

Solvent (volume and ideniity of solvent given in the Table of Example 43) is added to (R)-
5-biphenyi-4-yi-4-tert-butoxycarbonylaming-2-meihyvlenepentancic acid (2-a, R1 = Boc, R2

= H, R3 = CO,H} in Vessel 8. The mixture is heated at 70 °C for0.5h

The contents of Vessel A and Vessel B are transferred to Vessel C {empty). The final
soncentration of 2-a (R1 = Boc, R2 = H, R3 = CO.H) is given in the Table of Example 43,
The S/C ratio is given in the Table of Example 43. The ratio of Chiral Ligand per atorn of

metal within the Crganometallic Compiex is given in the Tabie of Exampie 43.

Hydrogen gas is then applied {o Vessel C {femperature, tirme and pressure is given in the

Table of Exarnple 43,

The crude reaction sohulions ara analysed by hple to determine the ratic of {1-a, R1 = Boc,
R2 = H, R3 = COH) or {1-a, R1 = Boc, RZ= H, R3 =GO} to (1-b, R1 = Bog, R2=H,R3
= COzH) or (1-b, R1 = Boc, R2=H, R3 = CO; 7).

HPLC Method 1 (Reactions performed according o Example 43, General Procedures 4
ar 2).
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Coiume Chiraipak QI3-AX; 150 x 4.8 mny; 5 um. Mchile Phase A: Methanoi, 0.05 %
AcOH (wivy, 0.01 % NELOAS (miv), Iscoratic: O min {100 % A); 15 min (100 % A). Flow

rate 0.6 mimin”. Wavelengtnh: 254 nm. Column temperature: ambient (20-25 <C).
Retention times:

{1-a, R1 = Bog, R2 = H, R3 == CO,H): 8.3 min
{1-b, R1 = Boc, R2 = H, R3 = COH): 5.0 min
{2-a, R1 = Boe, R2 = H, R3 = COMH): 5.7 mm

H2LC Methoad 2 (Reactions perfermed according to Example 43, General Procedures &,
4,5,6,7, or 8B).

Column: Chiralpak QD-AX; 150 x 4.6 mm; § um. Mobile Phase A Methanaol, 0.05 %
ACOM {vivy G.01 % NH,GAC (mfv). isocratic: O min (100 % A); 20 min (100 % AL Flow

rate: 6.8 mi mn™. Wavelength: 220 nm. Column temperature: 25 °C.
Retenticn times:
{1-a, R1=Boe, R2=H, R3 = COM): 5.0 min

{i-b, R1 = Bog, RZ = H, R3 = COH) 5.8 min
{2-3, R1=Boc, R7 = H, R3 = COH): 8.4 min
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For the pumose of Example 43, the following abbreviations apply:
Organometallic Catalyst {C)

-1 = [Rh{COD}SL-PO05-1)18F, = IRR{COD)L-3B)IBF,

C-2 = [Rh(CODYSL-P102-1)iC,8CF; = [RM{CODYL40)]C,SCF,

C-3 = [Rh(CODYSL-P102-1)IBF, = {Rh(CCB)L40})iBF.

C4 = [Rh(CODYSL-P104-2)i0;8CF; = [RR(CODY.-41)}0;SCF;

C-5 = [(8)MeBoPhoz Rh{COD)IBF, = [{L~-55)Rh{COD)IBF.

C-8 = [{R)4-F-C8H4-MeBoPhoz Ru{penzene)CHC! = [{L-80)Ru(benzene)CIiCI
C-7 = [{R}Phenethyi-(R}-MeBoPhoz Ru(bezn:zene)CI]O = [(L-81)Ru(banzene)ClC}
-8 = (R)BINOL-(R)}-MeBoPhoz Ru(benzene}CHCI = [(L-62)Ru(benrenea)CHCI
C-9 = [(S)BINOL-(R)-MeBoPhoz Ru(benzene)Ci]Cl = {(L-83)Ru({benzene)CilCl
C-10= [{R}MeBoPhoz Ruli(Benzene)|Cl = [(L-54)RuCl{Benzene}|C!

C-11 = [{Rip-F-MeBoPhoz RuCi{Benzene)]Cl = [{L.-64)RuCl{Benzene)iCi
C-12 = [{S)MeBoPhoz I{CODYCI = {L-55)r(CCDYCI

C-13 = [{RiMeBoPhoz ICOD)ICI = [{L-54)I1{CCD)C!

C-14 = [(R,R)BDPP Rh{COD)|BF, = [{L-65)Rn(COG)|BF,

C-16 = [(3,S)BDPP Rh{CODYBF, = [{L-66)RCOD)BF,

>-16 = [(R)Binam-P RW(COD)8BF,; = {(L-67)RMCOD}BF,

C-17 = [{8)Binam-P Rh{COBRYBF, = [{L-68)RHMCOD)BF,

C-18 = [(R)Tol-BiNAP RuClibenzena)iCl = {(L-89)RuCi{benzene)|C!

C-19 = [(8)Tol-Binap RWCOD)BF, = [(L-70)Rh{COD)|BF.,

C-20 = [(R)Binap RuCl{benzene}]Cl = [{L-71)}benzene}]Ci

-21 = [(S)Binap RuCl(benzene)iCl = [{L-72)}benzene)iCl
C-22 = [{S)BINAR RhCODYBF, = {{L-TZ2)RH(CCDY3E,
C-2

3 = {(R)Binaphane Rh{(COD)BF, = {L-73)Rn(COD)BF,
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C-24 = [(S.5)Me-BPE Rh(COD)JBF, = [(L-74)Rh(COD)IBF,

C-25 = [(S,S)Ph-BPE Rh(COD)|SF, = [{L-75)Rh(CCD)|BF,

C-26 = [(R)CatASium D Rh(COD)BF, = [(L-76)Rh(COD)IBF,

C-27 = [(R)CatASium M Rh(COD}|BF4 = [(L-77)Rh(COD)]BF4

C-28 = [(R)CatASium MN RR(COD)BF. = [(L-78)MN Rh{(CGD)|BF:
€-29 = {R)CatASium MNN Rh(COD)BF, = [(L-79}MNN Rh{COD}IBF,
C-30 = {(S)CatASium M RM{COD)BF, = [{L-80)M RMCOD)BF,

C-31 = [(S)CatASium MN Rh(COD}ISF, = [{L-81)Rh(COD)|BF.

C-32 = {(8,8)ChiraPhos RR{COD)BF, = [{L-82)RR{COD)|BF,

{t

C-33 = {(R,R)DIOP Rh{COD)]|BF, = {(L-83)Rh(COD}|BF,

C-34 = {(S,S)DIOP Rh{COD){BF,

ft

{(L-84)Rh(COD)IBF,
C-35 = [(R,R)DIPAMP Rh(COD)BF, = [(L-85)Rh(COD)IBF,
G-36 = [(R.R}DuanPhos RR{CODJIBF, = [(L-86)RN{COD)[BF,
C-37 = [(RMeDuPhos Rh{COD)|BF, = [(L-87)Rh{COD)|BF,

C-38 = [(3,5)Et-Ferrotane Rh(COD)|SF, = [(L-88)Rh(COD)|SF,

G-39 = [(R,R)NorPhos RR(COD)BF: = [(L-89)RN(COD)BF,

C-40 = [(S,S)NorPhos RH{COD)BF,

[(L-90)RN(CODYBF,

C-41 = [{R)PhanePhos Rh(COBR}BF, = [{L-81;Rh(COD)IBF,
C-42 = [(S)PhanePhos RM{CODBF, = [L-S2)RhCOD)IBF,
C-43 = [{R)Xyl-PhanePhos Rh(COD)BF, = [(L-92)RnN(CODYRF,
C-44 = [{R}Xy-PhanePhos RuCh(amfls] = [(L-93)RuCl{dmf),}
C-45 = [(S)Xyl-PhanePhos RuCh(dmf)l = [(L-94)RuCl(dmf},}
C-46 = [{R}PhanePhos RuCh{dmf)] = [{L-81)RuCk{dmf),]

C-47 = [(RAn-PhanePhos Rh{COLjIBF, = {{L-98)RK{COD)BF,

C-48 = [{R)MeO-Xyi-PhanePhos RR(COM)BF, = [(L-97)Rh{COD)BF,
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C-49 = [{R)Tci-PhanePhos Rh(CODYBF, = [{L-85)RMCOD)|BF,

G-50 = (SHP-PHOX IMCODNBAF = {(L-98)HCODYBAF

C-51 = {(S)Cy-tBu-SIMPLEPHOX IHCODYBAIF = [(L-09MAH(COD)BAF
C-52 = (R)P-Phas Rh(COD)|BF, = [(1-100)RMCOD)BF,

G-53 = [{S)P-Phos RMCOD)|BF, = [{L-101)RRCOD}IBF,

C-54 = {R)Xy:-P-Phos RuCl{émi);] = [(L-102)RuClx{dmf)

C-55 = [(S)Xyl-P-FPhas RuCl{(dmf),] = [{L-103)RuCl{dmf)]

-56 = [{S)P-Fhos RuCl{benzene}]Cl = [{L-101)RuCi{benzene)]Ct

c
C-87 = [{R)P-Phos RuCi{benzene)Ct

{(L-100)RuCl(benzene)]CI
C-58 = [{R)P-Phos Rulacac)s) = {L-100)Ru(acac)]

C-59 = [{(RXyi-P-Phos Rufacac)] = [{(L-102)Ru{acac):i

C-8C = [(R}Xyi-P-Phos RuCi{benzene)|Ci = [{L-102)RuClbenzene)]Cl
C-61 = {{S)P-FPhos I{COD)ICl = [{L-101)ICOD)ICH

C-62 = [{S)Xyl-P-Phos Ir{COD)Cl = [{L-103)ICOL}C

C-63 = [(R)ProPhos Rh{COD)|BF4 = [(L-104)Rh(COD)JBF,

&
o
&

= [{Ra: ScHND-QUINAPHOS RuCla{dmi);] = [{(L~135RuCl{dmf);]

]
o

§ = [{S4, R ) INg-QUINAPHOS RuCl{dmi);] = {L-106)RuCly(dmi);]

66 = [(S.5.R.RiTangPhos RAMCOD}BF, = [{L-107)RCOD)BF,
6

O

0

7 = [(R)-JafaPhos Rh(CODYBF, = [(L-108)RHCOD)BE,

Organornetallic Complex (&)
A-1 = [I{CODYCH,

A-2 = [RE{NBD)IBF,

A-3 = [Ru{COD)H2-melallyi)]
A4 = [Ru{CODHOOCTF;),

= [Rulz{p-cymene}),
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A-6 = [{CyP)lr(pyr}IC:

A7 = (RM{COD), BF,

Chiratl Ligand (L}

L-1 = Atropisemer SL-A101-1
L~2 = Atropisemer SL-A109-2
L-3 = Atropisomier SL-A116-2
L~4 = Afropisomer SL-A118-1
L5 = Atropisomer SL-A132-2
L6 =
i.7 =

L8

Fenphos SL-F131-1

Fenphos SL-F132-1

s Fenphos SL-F133-1

i-§ = Fenpnos SL-F134-1

£-10
Lot
112
i-13
114
L-15

L-16

£-20

1214

L322

= Fenphos SL-F135-1
= Fenphos SL-F355-1
= Fenphos SL-F356 1
= Fenphos SL-F365-1
= dnsiphos SL-J005-2
= Josiphos SL-J0G8-1
= Josiphos SL-J0098-1

= josiphoes SLeJd(313.1

= Josiphos SL-J403-4
= Jonsiphos SL-J4GR-3

= Josiphos SL-d412 1

POTRP2062/GR051¢
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L-23 = Jesiphos SL-Jd430-1
L-24 = Josiphos S1.-J431-1
L-25 = Jesiphos SL-J501-1
L-26 = Jesiphos SL-J503-1
127 = Josiphos SL-J504-1
L-28 = Josiphes SL-J504-2
L-28 = Josipnos SL-J505-2
136 = Jasiphos 8L-J506-1
L-31 = Mandyphos SL-MQG2-1
L-32 - Mandyphos S_.-MG03-4
L-33 = Mandyphos SL-MG04-1
L-34 = Mancyphes SL-MC04-2
L-35 = Mandyphos SL-MGQOS-1
L-38 = Mandyphos SL-MG16-1
L-37 = Mandyphos SL-MC12-1
1-38 = Pnospnolane S1L-P00S-1
1.-39 = Phosphalane S1-PU51-1
L-4C = Pheospholane 3L-P102-1
L-41 = Phospholane S_-P104-2
i-4Z = Taniaphos SL-TO01-1
£-43 = Taniaphos SL T001-2
L-44 = Tanigpbos SL-TD03-1
148 = Taniaphos Si..T021-2
L-48 = Walphos S1L-WEOH1-1
L~47 = Waliphos SL-WH05-1

L-48 = Walphos SL-WO0B-1
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L-49 = Walphos SL-W008-2

L-50 = Walphos SL-W008-1

L-51 = Walphos SL-W012-1

L-52 = Walphos SL-W021-1

L-53 = Walphos SL-W024-1

L-54 = (R)-MeBophaoz

L-58% = (S)-MeBoPhoz

L-58 = {R}-3,5-F2C6H3-BnBoPhoz
L-57 = (R}-Cy-MeBoPhoz

L-58 = {(R}-Phenethyl-(R)-BoPhoz
1-58 = {R}-Phenathyl-(S)-BoPhoz
L-80 = (R}4-F-C8H4-MeBoPhoz
L-61 = {R)-Phanethyl-(R)-MeBoPhaor
L-62 = {F}-BINOL-(R)-MeBoPhoz
L-62 = {E}BINOL-{R)-MeBoPhaoz
L-64 = (R}p-F-MeBoPhoz

L-85 = (R.R}-BDFP

L-86 = {8,3}-BDPP

L-67 = (R)BINAM-P

L-68 = (S)-BiNAM-P

L-69 = (R)-Tol-BINAP

L-76 = (S)-Tol-BINAP

L-71 = (R)-BiNAP

L-72= (S}-BINAP

L-73 = {R}-Binaphane
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L-74 = (8.8)-Me-BPE
L-78 = (§,8)-Ph-BPE
L-78 = (R)-CathSium D
L-77 = (R}PCatASium M
78 = (R}-CatASium MN

W78 = (RRCBIASIUM MNN

L-B8G = {SyCatASium M
L-81 = (8)-CatASium MN

L-82 = (8,8)-ChiraPhos
(-83 = (R,R)-DIOP

L-84 = (§,8)-DIoP

L-88 = (R.R)-DiPAMP
L-88 = (R,R)-DuanPhos
L-87 = (R}-#MeDuPhos
L-38 = (8,8)-Et-Ferrotane
L-69 = (R,R}FNorFhos
L-9C = (8 8)-NorPhos
L-81 = (R}-PhbanePhos
L-92 = (S}¥-PhanePhos
L-83 = (RyXyl-PhanePhos
L-84 = (8)-Xyi-PhanePhos
L-85 = (R} Tol-PhanePhos
L.-86 = (R}-An-Phanefhos
L-97 = (R)-MeD-Xyl-PhanePhcs
1~88 = (SPr-PHOX

1-98 = {8)-Cy-18u-SIMPLEPHOX

N\

-~

POR/EPIOGY/O50510
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L-100 = (R)-P-Fhos

i-161 = (S)-P-Phos

L-102 = (R)-Xyl-P-Phos

L-1G3 = (3)-Xyi-P-Phos

L-104 = (R}-ProPhos

L-105 = (R,, Sc3- 1Np-QUINAPHOS
L-108 = (S,R - INp-QUINAPHDS
L-107 = (8,8,R,R)TangPhos

L-10B= (R)-JafaPhos (= (R)-{+)-1,1-Bis{diphenyiphosphino}-2,2'-bis{M.N-
diisopropylamido)ferracene)

Solvent (8)

§-3:  Ethanolfisopropanct {1:1}

S4:  EthanoliTrfluoroethanal/? -Methyitetrahydrofuran {48:47:5)
S§-&  Ethanollsopropanc! (184}

$-8:  Trifluoroethanci/Ethanol (1:1)

§-70 2-Metnyhtetranydrofuran/Ethanc! (8:88)

8-8: isopropanol

5-9:  Dichicroethane

3-10;  Ethyl acetate

8-11: Tetrahydrofuran

S-120 2-MethyRetrahydrofuran

S-1%: Ethanol/Water {7:3)
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Additive {B}
D-1.  Tetrafluorobaric acid etherate
D-2:  nethanesulphonic acid
D-3.  1,4-Diazobicyclo[2.2.2joctane
D-4:  Triethylaming
D-5  Potassium ethoxide
0-6:  Diisepropylethylamine
D-7.  1.1,3.3-Tstramethylguanicine
D-8. Sodium methoxide
Example 44: {2R,43})-5-Biphenyi-4-yi-d-tart-butoxycarbonylamino-2-

methyipentanoic acld (1-a, R1 = Boc, RZ= H, R3 = CQ;H}

) ) ®
(/J\I/\ ):;d\(j k/jl\/\‘:\

I 33 L1
LN AP aivdion i \}.\ #© B e e Vo\’
n&'j\ o 0)\0 é’ 0‘9’]\_ cl-‘”

“h A 2N

For a given reaction, after the reaction time indicated in the table shown in Example 43,
the scivent may be opticnally removed, for exampie, under reduced pressure. The

residie may then be used in subsequent transformations.
Method 1

Ethanol (1.2 ml) is added io the reaction concentrale cbtained frem Example 43, Method
351 {240 mg). The mixiure is heated fo refiux. Water (0.6 ml} and acetic acid (43 ul) are
added. The mixture is cooled tc 0 °C and stirred at this temperature for 1 h. The solidis
coliected by filiration and washed with an ethanol-water mixture {2 mi, 2:1). The solid is

then dried under vacuum {0 give (2R 48)-5-biphenyi-4-yi-4-tert-butoxycarbonylaminog-2-
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methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO,H}. Ratic of diastereomers 89.8
0.2 {1-a, R1 = 80c, R2 = H, R3 = COyH : 1-a, R1 = Boe, R2 = H, R3 = CO,H;} from hple.

Method 2

sopropyt acetate (1.5 mi) |s added o the reaction concentrate ablained from Example 43,
Methed 351 (240 myg]. Citric acid (145 mg) dissolved ir water {1.3 ml} is added. The
phases are separated. The organic phase is washed with water {1.5 ml}. The phases are
then separated. The crganic phase is then concentrated in vacuo to give (2R,45)-5-
biphenyl-4-yi-4-{ert-butoxycarponylamino-Z-methyipentancic acid {1-a, Rt = Bog, R2 = H,
R3 = CO,H) and (25,435)-5-biphenyi-4-yl-4-terf-butoxycarbonylamine-2-methylpentanocic
acid (1-b, R1 = Bog, R2 = H, R3 = CO.H). Ratic of diastereomers 87.7 : 2.3 (1-a, Rl =
8ecc, R2=H, R3 = COH : 1-a, R1 = Boc, RZ = H, R3 = CO,H) from hplc.

Optionally, the matenal gbtained from Generai Procedures 1 and Z can be subsequently
and repeatedly recrystaliised, for exampie, by following General Procedure 3.

Method 3

A mixture of 174 mg (2R 45})-5-biphenyi-4-yi-4-fert-butoxycarbonylamino-2-
methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO,H) abtained from Exarnple 44,
Method 2 in isopropyl acetate (350 ui) is heated to give a solution. Heptane (700 pl} is
added. The mixiure is cocied t0 0 °C and stitved af this temperature for 1 h. The solid is
collecied by filiration and washed with an isoprapyl acetate : heptane mixture (1 mi, 1:2).
The solid is then dried under vacuum to give (2R.48)-5-biphenyl-4-yi-4-tert-
butexycarbonylamine-2-methylpenianocic acid {1-a, R1 = Boc, R2 = H, R3 = CO,H). Ratio
of diasterenmers 88.9: 0.1 {1-a, R1 = Boc, R2 = H, R3= COH : 1-8, R1 = Boe, R2 = H,
R3 = CO;H} frorm hple.

Performing of reactions in accordance with Methods 1. 2 or 3 is independent of whether
an additive, for exampie, a base, is used during the reaction given in Example 41.

Reactions periormed in the absence of a base may also be subsequently processed
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according to methods given in Methods 1, Z or 3. Altematively, they may be procsssed

according to methods described in WO2008/631567, for exampile, Examples 2 or &
HMPLC Method {reactions performed according to Example 44, Methods 1, 2 or 3)

Column; Daicel GN-AX; 150 x 4.6 mm; 5 um. Mobile Phase A: Methanol-Ethanal (1:1),
G.1 % ACOH (viv}, 0.1 % NH.OAC (myv). Isocratic: 8 min (100 % A); 20 min {100 % A).

Fiow rate: 0.5 mi min". Wavelength: 254 nm. Column temperature: 10 °C.
Retention times:

{(i-a, R1=Boc, R2 = H, R3 = CO;M}.7.8 min
{1-b, R1 = Boc, R2 = H, R3 = CO,HY10.3 min
{2-a, R1 = Boc, R2 = H, R3 = CO,H}:14.3 min

Example $5: (3R, 58)-5-Biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrotidine~1-carboxytic
acid tert-butyi ester (3-a, R1 = Boc} and (38, 58}-5-biphenyi-d-yimethyl-3-methyl-2-
axo-pyrrofidine-1carboxylic acid tert-butyl ester (3-b, R1 = Boc}

N .
‘\M\ (/” \J/\\ v = [ T
[ ot N o o S o N Sy
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/ A{\\\ -
fethod 4

Ethanol {1 mi) is added to a mixture of 100 mg (R)-5-biphenyi-4-yimethyl-3~methylene-
2-oxe-pyrroiidine-1-carboxytic acld terf-buty! ester (4-a, R1 = Boc) and 10 % pailadium
on carbop {10 mg, 50 % water wet, Degussa type E101 NEAW)., Hyvdrogen gas is
applied to the mixture. The mixlure is stirred at ambient temperature and pressure for

24 h. The mixture is then fillered over Celites and washed with ethanci (2 x 0.5 mi).
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The mixture is then concentrated in vacuo o give {3R, 58)-5-biphenyl4-yimsthyl-3-
methyi-2-oxo-pyrroiidine-1-carboxyiic acid ten-butyl ester (3-a, R1 = Boc) and {3S, §5)-
5-biphenyl-4-yimethyi-3-methyl-2-oxo-pyrrolidine- 1-carboxylic acid ferf-butyl ester (3-b,
R1 = Bog). Diastereomer ratio 26 : 80 (3-a, R1 = Boc: 3-b, R1 = Boc) as determined by
hpic. Spectroscopic data in described in WC/2008/083967, for example, Exampies 14
and 18.

Method 2

lsopropyl acefate {1 mi) is added to & mixture of 100 mg (R}-S-biphenyid-yimethyl-3-
methylene-2-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester (4-a, R1 = Boc) and 10 %
palladium on carbon (10 mg, 50 % water wet, Degusza type E101 NE/W). Hydrogen
gas is applied fo the mixture. The mixiurs is stired at ambient lemperature and
pressure for 24 h. The mixture is then filtered over Celite and washed with isepropyl
acelate (2 x 0.5 ml). The mixfure is then concentrated in vacuec to give (3R, 58)-5-
biphenyl-4-yimethyi-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-putyl ester (3-a, R1
= Boc} and (33, 58)-5-bighenyl-4-yimethyl-3-methyi-2-oxo-pyrralidine-1-carboxyiic acid
tert-butyl ester (3-b, R1 = Boc). Diastereomer ratio 15 85 {3-3, R1 = 8o¢) 1 3-b, R1 =
Bon} as determined by hplc. Spectroscopic data in described in WO/2008/083967, for

exampie, Examples 14 and 18.
Method 3

Isapropyl acetate (1 mi) is added 10 a mixture of 100 mg (R}-5-biphenyi-4-yimethyl-3-
methylene-2-oxo-pyrrolidine-1-carboxylic acid ter-butyl ester {4-a, R1 = Bec) and 10 %
platinium on carbon (16 mg). Hydrogen gas {ambient pressure) is applied to the
mixture. The mixiure is stimed at ambieni temperature and pressure for 4 h. The
mixture is then filtered over Celites and washed with iscpropyi acetate (2 x 0.5 mi). The
mixture is then concentrated in vacuo to give (3R, §%)-5-biphenyl-4-yimethyl-3-methyl-
2-oxo-pyroiidine-1-carboxylic acid tert-butyl ester {3-a, R1 = Bogc) and (38, 55})-5-
biphenyl-4-yimethyi-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl sster {3-b, R1
= Boe). Diasterecmer ratic 33 : 67 (3-a, R1 = Boc : 3-b, R1 = Boc} as determined by
hpic. Spectroscopic data in described in WC/R008/083967, for example, Examples 14
and 18.
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ffethod 4

isepropy! acetate {1 mi} is added to a mixiure of 100 mg (R)-5-biphenyl-4-yimethyl-3-
mefthylene-2-oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (4-a, Rt = Bocj and 10 %
mhaodium on carbon (10 mg). Hydrogen gas (ambient pressure) is applied to the mixiure.
The mixture is stimed at ambient temperature and pressure for 50 h. The mixture is
then fillered over Celites and washed with isopropyi acetate (2 x 0.5 mi). The mixiure is
then concenirated in vacuo o give (3R, 55)-S-biphenyl4-yimethyi-2-methyi-2-0xo-
pyrrolidineg-1-carboxyiic acid tert-butyl ester (3-8, R1 = Bee) and (35, 58)-5-biphanyi-4-
yimethyt-3-methyl-2-oxo-pymreildine-1-carboxyiic acid fer-butyl ester (3-b, R1 = Bog).
Diastereomer ratio 21 : 78 (3-a, R1 = Boc : 3-b, R1 = Boe) as delermined by hplc.
Spectroscopic dala in described in WOIZDISS/GGES%?, for example, Examples 14 and
i8.

-

HPLC Method 1 (Methods 1-4)

Column: AD-RH Chiralpak, 15G < 4.6 mm. Mokbile Phase A {water); Mobile Phase B
{Acetonitrite}. isccratic: ¢ min (20 % BY; 15 min (2C % B). Flow rate: 6.5 mi min".
Wavealangth 210 nm. Column temperature: 40 °C.

Retention times:

1 =EBoc): 6.2 min

R
3-b, R1 = Bog): 5.8 min
HPLC Method 2 {(Methods 1-4}
Column: Zorbax SB-C18; 150 x 3.0 mm; 3.5 nm. Mobile Phase A {G.01 M KHPO, in
water), Mobiie Phase B (Acetonitrile). Gradient: O min (3¢ % B}, 10 min (80 % B}, 15 min
(80 % B); 15.1 min {30 % 8); 18 min (30 % B). Fiow rate: 1.0 mi min™, Wavelength: 210

nm. Temperature 5¢ °C,

Retention times.
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{d-a, R1 = Boc): 9.8 min
(3-a, R1 = Boc; 3-b, R1 = Bocy: 10.1 min

Example 46: 3R, §5)-8-biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic
acld tere-buiyi ester (3-a, R1 = Boc) and (38, §8)-5-biphenyi-d-yimethyl-3-methyi-2-
exo-pyrrolidine~i-carboxylic acid fert-butyl ester (3-b, R1 = Boc}
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General Procedure for Methods 1.7

To & midure of 0.5 mmoi (R}-S~B'|phenyl-fl—ylme2hyl-3—meihylene—2—oxo—pyrroIidine-1-
carhoxyiic acid tert-butyl ester (4-a, R1 = Boc) in methanol or ethanol (5 mij at ambient
temperature, a soiution of Organometallic Complex {S/C ratio of 50 or 100} and Chiral
Ligand {1.1 eq per metal atom within the organometallic complex) is added in methanci
or ethancl (5 ml). A hydrogen pressure of 20 bar is applied for 20 h at ambient
temperature.  The solvent is then removed in vacuo t¢ provide the corresponding
product. The samples are analysed by hpic lo determine the ralio of (3R, 5S5)-5-
piphenyi-d-yimethyl-3-methyi-2-oxo-pyrroiidine-1-carboxylic acid fert-butyl ester {3-z, R1
= Boc} to (35, 58)5-biphenyld-yimethyi-3-methyl-2-cxo-pyrrofidine- 1-carboxylic acid
tert-buty! ester (3-b, R1 = Boc). Spectroscopic data in described in W(/2008/083967,

for example, Exampies 14 and 18,

Method 4

’;

Chiral Ligand {(S}{-}-{6.6'-Dimethoxybiphenyi-2,2’-diyl}-bis{diphenylphosphine) = {S}-
Ph-MeOBIPHEP = 5L-A101-2}; Qrganometallic Complex {dichlorofp-
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cymenelrathenium(il dimer}; Ethanol. Diastercomer ratic 82 : 18 (3-a, R1 = Boc : 3-k.

R1 = Boc) as determined by hplc.

Method 2

Chiral  Ligand  {aS, o8)-2,2-Bis{a-N,N-gimethyiarninoghenylmethyl}-(R,R}-1,1’-
bis{di{3,5-dimethyl-4-methoxyphenyliphosphinclferracene = (S}{R)}-NMe,-P(3,5-Me-4-
MeCOPh)-Mandyphos =  SL-M004-2}; Orgenometallic  Compiex  {dichloro(p-
cymeneyruthenium(li) dimer}; Ethanol. Diasterecmer ratic 82 © 18 (3-a, R1 = Boc : 3-b,

R1 = Boc) as determined by hpic.

Methed 3
Chiral Ligand {R)-1-[{Sy-2-Di-cyclahexyinhosphinoferroceny lethyldi-(2-
methylphenyl)phosphine = (R}{S)-Cy,PF-P°Tol; = 8L-4804-1}; Organometaliic

“omplex {dichioro(p-cymeneyutheniumil} dimer}, Methanol. Diastereomer ratic 53 :
47 {3-a, 1 = Boc : 3-b, R1 = Boc) as detarmingd by hpic.

Method 4

Chiral Ligand { (R,R)-2,2"-Bis{(S)-1-{diarylphosphino)ethyl}-1,1"-biferrocene = SL-F{15-
1}; Crganometallic Complex {bis(norbomadienerhadium{l) tefrafivoroborate}; Metharnol.

Diastereoimer ratio 71 : 28 (3-3, R1 = Boc: 3-b, R1 = Boe) as determined by hplc.

Method 8

Chiral Ligand {{S-1-{R}-2-Diphenylghosphinoferrocenyliethyldi-tert.-butylphosphine =
{(SHRF-PPF-PIBu, = SL-J002-2}; Organcmetaliic Complex { bis{iriluoroacetoxy)1,5-
cyciooctadieneruthenium(l}}; Methanol. Diastereomer ratic 86 44 (3-a, R1 = Boc @ 3-

b, R1 = Boe) as determined by hplc.

Method 6
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Chiral Ligand {(R}-1-i(R}-2-(2'-Dicycichexyiphosphinophenyi)ferrocenyliethyldi(bis-{3,5-
triflucromethyliphenyl)phosphine = {R)}{R)-cy,PPhFCHCH,P(3,5-CFsPh), = SL-WG0B-
1-1}; Orgariometallic Complex {bis(norbornadiene)rhodium{l} tetrafluoroborate};
Methanol. Diastersomer ratio 27 : 73 (3-a, R1 = Rog @ 3-b, R1 = Boc) as determinad by

hpic.

Method 7

Chiral Ligand {{S-1-[(R)-2-Diphenyiphosphinoferrocenyilethyldi-tent.-butyiphosphine =
(S){R}-PPF-FIBL, = 8L-J002-2}); Crganometallic  Comgplax  {dichloro{p-
cymenejruthenium(it) dimer}; Methancl. Diastereomer ratio €1 : 39 (3-a, R1 = Boo : 3-
D, R1 = Boc) as determined by hpic.

HPLC Method {Methods 1.7}

Coiumn: Gemini C6 Phenyl; 180 x 3.0 mm; 3.0 um. Mobiie Phase A (0.01 M KHPQ4 in
water); Mobile Phase B (Methano!). Gradient: G min (40 % B); 5 min (70 % B}; 12 min (70
% B): 13 min {80 % B); 21 min (80 % B); 21.1 min (40 % B); 25 min {40 % B). Fiow rate:
0.7 mi min”". Wavelength: 210 nm. Temperature 50 °C.

Retention limes:
{4-a, R1 = Boc): 12.3 min
{3~a, R1 = Boe): 12.9 min

(3-b, R1 = Bace): 13.2 min

Example 47: (3R/S,58)-biphenyi-4-yimethyi-3-dimethylaminomethy{-2-axo0-
pyrrolidine-1-carboxylic acld tert-butyl aster (8-a, Rt = Boc, RS = Me, RT = Re)
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General Procedure for Methods 1-178

Soivent is added {o a vessel containing (R}5-biphenyl-4-yimethyl-3-{1-
dimethylaminemeth-(£/7)-yiidene}-2-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester {7-a,
R1 = Boc, R6 = Me, R7 = Me) fo achisve a finzl concentration as indicated in the Table of
Exarnple 47 (Methods 1-178).

Optionaily and according io the fable, an additive may be added af this stage. The identify
and amount ¢f the additive is given in the Table of Example 47 (Methods 1-178). The
amouint of additive to be used is relative to the moles of {R}-E-biphenyi-4-yimethyl-3-[1-
dimethylaminometh-(E/2)-yviidene}-2-oxc-pyrrofidine-1-carboxvlic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) used.

The catalyst is then added. The type and amount of catalyst used is given in the Table of
Example 47 (Methods 1-178).

Hydrogen gas is appiied o the vessel containing the mixture at the pressures given in the
Tabie of Exampie 47 (Metheds 1-178). The mixture is then stirred at the tamyperature and
pressure given in the Table of Exampie 47 {Methods 1-178) for a pariod of time also
indicaied in the Table of Example 47 (Methads 1-178)

Specirocopic data: 1H NMR (BMSG). 9-h (R1 = Boc, RS = Me, R7 = Me): 7.66 {m, 4H),
747 (£, J=7.8, 2H); 7.39 - 7.26 {m, 3H); 4.25 {m, 1H); 3.04 (dd, J = 3.7, 13.1, 1H); 2.31
(. 1HY 2.6 (m, 1H); 2.46 (dd, J = 4.1, 12.2, 1H); 2.27 {m, 1H);, 2.08 (s, 6H); 1.95 (m, 1H);
1.78 (m, 1H); 1.51 {5, 8H). S-¢ (R1 = Boc, RG = Me, R7 = Me) separable signals at 1.51,

1.62, 2.08, 2.47, 3.28 ppm.
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Casge 524664

6 | 5% PdiC
A401102

7 5% PdIC
type 37

8 | 5% Pd/aL0;
A3C2084-5

9 {5%PdC
A109047

16§ 5% PdiC
A4G1102

11 5% Pd/iC
A4G1102

12§ 5% PdiC
type 37

13 | 5%Pd/IC
A4C1102

14§ 5% PdiC
type 37

18 5% PdiC
A10a047

16§ 5% PdiC
type 37
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Case 52466A
A103038
18 | 5% PdIC
type 37
18 | 5% PdiC
4401102
20 { 5% PdiC
A401102
21 { 5% PdiC
~A1008G47
22 5% PdiC
type 37
23 | 5% PdiALD;
A302034-5
24 5% PHC
8163018
25 { 8% PqgiC
type 37
26 | 5% PdiC
A401162
27 1 8% PdiC
type 38
28 5% PHC
B50i1018
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Case 524664
2% { 5% PUC
B 501032
3C | 5% Pd/C
type 37
31 158%PdiC
type 37
32 {5%PdiC
A401102
33§ 5% PUC
B501018
34 {5%PdiC
type 37
35 5% PdC
type 39
38 | 5% PdiC
type 398
37 {5%
PdiSIC/ALO;
C7079
38 | 5% PdIC
type 37
38 | 5% PdiC
type 37
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Case52466A

45 | 5% Pd/ICaC0;,
type 405

4% { 8% PdIC
type 37

42 1§ 5% PdiCatQ;
A303060

43 { 5% PdIC
type 39

44 1 5% PdiC
type 37

45 | 5% PdiC
A4C1102

48 | 5% PdIC
A4011C2

47 5% Pd/IC
~401102

48 | 5% Pd(S)IC
A103038

4G | 5% PdiC
type 37

§5G 15%PdIC
A401102

51 | 5% PdiC
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Case 52466A

A109047

52 {5%PdIC
type 37

53 | 5%Pd/C
A102023

54§ 5% PdiALD,
A302084-5

55 | 5% Pd/C
A406032

56 5% PYC
B501018

57 | 5% PEC
B501018

58 5% Pd/IC
type 37

59 | 5% PdIC
type 37

860 | 5% Pd/C
type 37

61 | 5% PA/ALD;
A302011

82 | 5% Rd/C
type 37
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{ase 52450A

83 | 5% Pd/iC
A401102

64 3% PaiC
A405028

68 % Pd/IC
type 39

66 | 5% Pd/C
type 37

87 | 5% Pd/C
A102023

68 | 5% Pd/C
type 37

89 | 5% PdlAlD,
A302084-5

70 {5% Pd/C
type 37

71 {5%Pd/iIC
A405028

72§ 5% PdiC
type 37

73 15%PdiC
type 37

74 | 5% PJ{SyC
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Case 52466A
A103038
75 §15%Pd/IC
fype 394
78§ 5% PdiC
A162023
77 {5%PdIC
AS5G3038
78 | 8% Pd/C
type 39
79 | 5% PdIC
type 37
80 | 5% PdiC
type 37
81 | 5% Pd/C
type 37
82 §5%PdIC
type 37
83 | 5% Pa/C
type 37
84 | $%PdiC
type 37
85 | 5% Pd/C
A405038
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Case 524564

86 | 5% Pd/C
A102038

87 1§ 5% Pd/C
type 37

88 | 5% Pd/IC
A405032

89 5% PdiC
type 37

90 %
PA(PLYCaCO;
A 305060

g1 | 5% Pd(SH
A103038

92 5% Pd(8)C
A103038

93 % PdrC
type 487

94 § 5% PdiC
type 37

95 |5%PdiC
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96 § 5% Pd(SYC
A103038
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Case 524864
97 §{ 5% PdIC
type 37
38 5% PdIC
AB03038
93 §10% Pd/C
fype 384
100 § 5%
Pd/SIOALD,
C7078
101 § 5% Pd/C
type 37
102 §{ 5% PdiC
type 37
103 § 5% Pd/C
AAB1102
104 § 5% PYC
BEG1018
105 § 5% PdiC
type 37
106 § 5% PdiC
A401102
107 §{ 5% PdiC
type 37
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Case H2466A

112
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§% Pd/C
A405038
5% ParC
A401102
5% PdiIC
A4(31102
5% PUC
B501018
5% Pd/C
tvpe 37
5% Pd/IC
type 37
5% Pg/C
type 39
5% PdIC
type 37
5% PdiTIO,
Ce844

5% Fd/AlO5
A302084-3
5% Pc/C
A108047
5% PYC
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Case 52466A

3103014

120 | 5% Pd/C
A401102

121 | 8% PdiC
type 37

122 { 8% MC
8103032

123 | 5% PYC
B163032

124 | 5% Pd/C
type 37

1286 | 5% PdiC
A431102-5

126 | 8% Pd(8YC
AT(3038

127 | 5% PdIC
ALQEG28

128 | 5% Pd/BaSQ,
A308083

128 | 5% PdZroO;
CT140

130 | 5% P4(SYC
A103038
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Case 524664
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137
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v 140

141

5% PdiC
AADEG28
5% Pd/C
A102023
5% Pd/IC
A405028
5% PdiC
type 37

5% Pd/C
AAD1102

&% PA{S)C

A103038
5% PdIC
fype 37
5% PdiIC
AZ03032
5% PaiC
type 38
5% PJ/C
typa 5R324
5% Pd/C
fype 37
5% Po/C
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Case 524654
A405028
143 | 3% Pd/C
type 38
144 { 8% Pd/C
tvpe 38
145 { 5% PdiC
type 374
146 | 5% Pd/C
A401102
147 | 5% Pd/C
5401102
148 | 5% PYS)C
E106032
149 | 5% Pd/C
type 37
150 § 5% Pd/C
tvpe 37
151 | 5% Pd/iC
A102023
152 § 5% FuC
E501018
183 | 5% Pd/C
type 8R338
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Case 524864
154 | 5% Pd/C
type 37
155 | 5% Pd/C
A401102
156 | 1% PdiC
type 38
157 | 5% FaiC
A503023
158 | 5% Pd/C
type 33
159 | 5% Pd/IC
typa 37
166 | 5% PA{SYC
A103038
161 | 5% Pd/C
A401102
162 | 5% Pd/iC
type 87L
1863 | 5% Pd/C
type 39
184 | 5% Pd/C
type 37

165 § 5% Pd/C
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Case 52488A

A401102
§% Pd/C
A405028
10% Pd/C
type 37

5% PdiALO,
A302084-5
5% PdiC
type 37

5% PdIC
type 37

5% PYC
B501018
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A302084-5
5% PdIC
type 37

5% PdIC
A401102
5% PdiC
AS03023
5% Pd(3)/C
A103038
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Case 5I460A
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HPLC Method (Example 47, Methods 1-178)

Column: X-BRIDGE; 75 x 4.6 ram; 3.5 pm. Mobile Phase A {0.1 % NHj (32 %) in water);
Motile Phase B {(Acetonitrile). Gradient: 0 min {40 % B); 1 min {40 % BY; 18 min (70 % B);
18 min {70 % BY; 19 min (40 % B); 20 min (40 % B). Flow rate: 1 ml min™. Wavelength:

254 pm, Column femperature: 10 °C.

Retention times

9-b (R1 = Boc, R6 = Me, RT = Me): 8.4 min

3-c {(R1 = Boc, R6 = Me, R7 = Me} 10.4 min
7-a {R1 = 8oc): 14.5 min
4-a (R1 = Boc): 4.1 min
3-z (R1 = Boc) and 3-b (R1 = Boc): 14.9 min

Example 48: (3R/G, 58)-5-Biphenyl-d-yimethyl-3-hydroxymethyh-2-oxo-pyrrofidine~i-
carboxylic acid feri-butyi ester {5-3, R1 = Boc}

o s o =4
on
/L, ¢\/*\J 4-: ,;\f/Q

/ v/ | . "
e ,}v’i - N o"l\ ,Lz«—/\\* —_— ci&)\/L’%f g
1

L7

The residue oblained from Example 68 containing (3R, §38)-5-biphenyl-4-yimethyi-3-
methyi-2-oxc-pyrrclidine-1~-carboxyiic acid terf-butyi esier {3-a, R1 = Bog), (38, 58)-5-
hiphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine- 1-carboxylic acid tert-butyl ester (3-o, R1 =
Boc) and (3R/S, 58)-5-binhenyi-d-yImethyl-3-hydroxyrmethyl-2-oxo-pyrrofiding-1-carboxylic
acid tert-butyt ester (5-a, R1 = Boc) is purified by column chromatography, eluting with
ethyl acelate-heptane (1:1) to give {3R/S, 58)-5-biphenyi-4-ylmethyl-3-hydroxymethyl-2-
oxo-pyrrofidine-1-carboxylic acid ferf-butyl ester (5-a, R1 = Boc) as a 62 : 38 mixture of
{35,55}:(3R,58) diasterecisomers, respectively, as determined by NMR. 1H NMR
{DMSO): 1.49-1.51, 1.87-1.72, 1.81-1.85, 1.93-2.04, £.56-2.63, 2.72-2.77,2.81-2.85,
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3.03-3.06, 3.28-3.32, 3.46-3.52, 3.57-3.63, 4.17-4.27,4.72-4.74, 4.34-4.96, 7.30-7.35,
7.43-7.48, 7.62-7.66.

Example 49: (3R/8,58}-5-Biphenyl-4-yimethyl-2-oxo-3-{toiuene-4-
su!;‘onyioxymethyi)-pyrrg!idineA -carboxylic acid tert-buty! ester {11-a, R1 = Boc, R4

= Tosyl}
&f
O 0
L (f\ﬂ/ A 2‘___‘ y’}/ S
o-"’(h_/\"ﬁoJ ot e - 0 \,/\*o-’)\
O/“\? 0”#‘\(’)
,./;‘\ /]\\
Mothod 1

20 mg (3R/S, 58)-5-Biphenyi-4-yimethy|-3-hydroxymethyl-2-cxo-pyrralidine-1-carboxylic
acid tert-butyl ester {5-a, R1 = Boc) {prepared according to Example 48) is added t¢
chioroform (5 mi) at room temperature. Triethylamine (11 ui) is added to the mixture, 4-
Toluenesulphonic acid anhydride {20.5 ma)is then added o the mixture. The mixture is
then stirred for 20 h at room temperature. .The voiatiles are removed under reducad
pressure and the resulting crude material is purified by column chramatography, eluting
with heptane-ethyl aceiate (2:1) to afford (3R/S.58)-5-biphenyl-4-yImethyl-2-0x0-3-
{fohuene-d-sulfonyioxymethyl Fpyrrolidine-1-carboxylic acid fert-butyl ester {11-a, R1 =
Boe, R4 = Tosyl) as 2 63 « 31 mixiure of diasterecisomers as determined by NMR. 1H
NMR {CDCiy): 1.51-1.53, 1.67-1.80, 2.08-2.17, 2.36, 2.64-2.79, 3.01 and 2.33, 3.80-4.16,
4.20-4.38, 7.15-7.69.

Method 2

100 mg (3RS, §5)-5-Biphenyl-4-yimethyi-3-hydroxymethyl-2-0x0-pyrrclidine-1-carboxylic
acid tert-butyl ester (5-3, Rt = Boc) {prepared according to Example 48} is added to
chloreform (3 ml) at rcom temperature. Triethylamine (110 ul) is added to the mixture. 4~
Toluenesulphonic acid anhydride {128 mg} is then added to the mixture. The mixture is

then stirred for 20 © af roem temperature,. Ethyl acetate (2 mil) is added to the mixture,
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The mixiure is washed with saturated sodium hydrogen carbonate solution {2 x 1 mi). The
organic phase is dried (MgS04) and concertrated under reduced pressure. Purification by
column chromatography, eluting with heptane-etnyl acetate (2:1) afords (3R/S.58)-5-
biphenyl-4-vimethyl-2-oxo-3-(foluene-4-suifonyloxymethyij-pyrroiidine-1-carboxylic acid
fert-butyl ester (11-a, R1 = 8oc, R4 = Tosyl). LC-MS (+£S): 480 (IMH-C.Hgl", 100 %),
553 ([MNH,]", 55), 1088 (i2M+NH,]", 20).

Example 50: Potassiumi{R}-5-biphenyl-d-yimethyl-3-{1-dimethyiaminometh-{£/2)-
ylidenegl-2-oxo-pyrrelidine-t-carboxylic acid tert-butyi esterlhexafiuorophosphale
{7-a, R1 = Boc, RS = Me, R7 = Me)

Potassium tert-butoxide sciution {18 ml, C.5 M in telrahydrofuran) is added 10 2.46 ¢

NN, N',N'-tetramethyiformamicinium hexafluorophosphate (18, R6 = Me, R7 = Me)
{(prepared according to Example 3). The resulting mixture is heated to 60 °C and stirred at
this temperature for 1 h. The resulting mixture is cooied to ambient temperature . 1 g {S)-
2-Biphenyl-d-yimethyl-5-oxo-pyroiidine-1-carboxylic acid terf-bulyl ester (8-a, R1 = Boc}is
added fo the mixture. The resulting mixture is stirred for 20 n at ambient temperature.
The mixture is then diluted with water {20 mi} and toiuene (20 mil). The phases are then
separated. The organic phase is washed with safurated sedium carbonate solution (2 x
2¢ mi) and then with brine (20 ml}. The crganic phase is dried (MySQ.) ang concentrated
under reduced pressure. The residue is purified by solumn chromatography, eluting with
4G % ethyl acetate in hexana. Diethyl sther is added to the residue after concentration
andg the resulting solid is collected py filiration and drieg. 1H NMR (CDCi): 1.57-1.88,
2.57-2.683, 2.68-2.71, 2.79-2.84, 3.00, 3.24-3.28, 4.30-4.34, 7.17, 7.30-7.60. 18F NMR
(GDCI) -74.9 ppm,
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The X-ray Siructurs of the oblained crystals is shown in figure 6. Single crystai for this

determination is obtained from tert-butylmethylether as soivent.

Crysial data [recorded at 1202} Ki

Empiricai formuia Cor.sHasFaKosNCs 5P 5
Formuia weight 542.62

Crystal system Triclinic

Space group P1

Ceii parametars a= 15.083(N A

b= 17.068(10) A
¢ =18.798(12) A
o = 88.79(4) °
8= 67.67(3)°
¥ = 72.63(4) °

Volame of unit cell 425 A®
z 6
Calauiated density §.272 mg

* (number of asymmetric unils in the unit cell}

Example 51: (R}-S-Bipheny!-&-yimethy!-}[i-dimethy!amincmeﬁh-(E/Z)-yiidene}z«
oxo-pyrrofidine-i-carboxylic acid fert-butyl ester {7-a, R1 = Boc, RE = Me, R7 = Mo}

0 QO
\ A =\

A0 ue

e ,x.,,,, AN

5/ o 0')\;

General Procedure for Methods 1-35
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{S}-2-Biphenyl-4-yimethyl-S-oxo-pyrrolidine-1-carboxyiic acid tert-butyl ester {8-a, R1 =
goc) (amount in mmol given in the Table of Example 51 (Methods 1-35)) is added to an
ionic sait {identity and amount given in the Table of Exampie §1 (Methods 1-38)).

Optionatly, a solvent {(volume and idenfity given in the Table of Example 51 (Methods 1-

PCT/EPIDU9/05051 1

350 is added. Sredereck’s reagent [Tris{dimethylamino)methane (13, R6 = Me, R7 = Me),

Tert-Butoxy-bis{dimethytamino}methane {14, RS = Me, R7T = Me, R& = 18u) and NN-

Dimethylformamide di-tert-butyi acetal {15, R6 = Me, R7 = Me, R8 = tBu)] (volume given in

the Tasle of Exampie 51 (Methods 1-35)). The mixture is then stirred at ambient
temperature for 3 h o afferd {R)-5-biphenyl-4-yimethyl-3-[1-dimethylaminometh~{£/2)-

ylidene]-2-oxo-pyrrolidine- 1-carboxylic acid feri-butyl ester (7-a, R1 = Boc, RE = Me, R7 =

Me) or a salt thereof. The solutions are anaiysed by TLE {5C % ethyi acetate in hexane).
Re 0.21 (sait of 7-a, R1 = Boc, R6 = Me, R7 = Me); R 0.27 (7-a. R1 = Boc, R6 = Me, R7 =

Me); R 0.68 {8-3, R1 = Boc).

Table of Example §1 {Methods 1-35):

2 2 4 NH, PFg i -
3 2 4 1-Butyl-2-methyl imidazolium PFs 1 -
4 2 4 1-Butyl-3-methyl imidazolium BF, 1 -
5 2 4 NaCl 1 -
6 2 4 RCH 1 -
7 2 4 KCIOq 1 -
8 2 4 NaFF; 1

S 2 4 LiPFg 1 -
10 2 4 LiCH 1 -
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1mMi 2 4 LiBr 1
12 1 2 4 Na,SiFg 1 -
13§ 1 2 LiNH, 1 -
14 i 1 2 Li;CO; 1 -
15 ] 1 2 KPF, 1 -
18 1 1 KPFg G THF H
17 | 1 2 KPFq 0.5 -
18 q 2 KPFs 0.1 -
19 1 2 LiPFs 1 -
201 1 1 LiPFe 1 THF 1
21 1 0.6 LiPFg 1 THF 1.4
22 1 0.4 LiRFg THF 1.6
23 | 1 0.3 LiPFg 1 THF 1.7
24 1 1 LiPF, 0.2 THF 1
25 | 1 0.8 LiPFs 02 | THF 14
26 | 1 0.3 LiPFg 0.2 | THF 1.7
27 1 2 LiC 1 -
28 | 1 LiCl 1 -
29 | 1 1 LiGH 1 THF 1
30 1 0.6 LiCl i THF 1.4
31 1 0.4 LiC 1 THE 1.6
32 1 2 LiCH 0.2 -
33 | 1 LiCl 2 | THF 1
34 | 1 0.6 LiC 0.2 | THF 1.4
35 1 04 ] 0.2 THF &

Method 38

{3)-2-Biphenyi-4-yimethyl-5-cxo-pyrrolidine- i -carboxylic acid ten-butyl ester {8-a, R1 =
Boc} {2 mmol) is agded to potassium hexaflucrophesphate (1 eq) and 18-crown-6 (1 eq).
Bredereck's reagent { Tris{dimethylaminojmethane (13, REé = Ma, R7 = Me), Terf-Butoxy-
bis{dimethylamino)methane {14, RE = Me, R7 = Me, R8 = tBu) and NN-
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Dimethyiformamide di-lert-butyl acetal {15, RE = Me, R7 = Me, R8 = tBu)] (4 mi} is added.
The mixture is then stirred &t ambient temperature for 3 h to afford (R)-8-biphenyl-4-
yimethyl-3-[1-dimethylaminometh-(E/4)-vlidene}-2-oxo-pyrrolidine-1-carbaxylic acid fern-
butyl ester (7-a, R1 = Bog, R6 = Me, R7 = Me) or a salt thereof. The solutions are
analysed by TLL (50 % ethyl acetate in hexane). Re 0.21 (sait of 7-a, R1 = Bog, R6 = Me,

R7 = Me), Re 0.27 {7-a, R1 = Boc, R6 = Me, K7 = Me), Rr 0.68 (8-, Rt = Boc)..

Example 82: (R)-5-Biphenyi-4-ylmethyl-3-[1-dimethylaminometh-{£/2)-yiidene}-2-
oxo-pyrrolidine-1 carboxylic acid fert-butyl ester {7-a, R1 = Boc, RE = Me, R7 = Me)

Method 4

A mixture of lithium tert-tutoxide (2.8 eq, 2.8 mmol, 1 M solution in THF) and N N.N'N'-
tetramethylformamidinium hexafluorophosphate (18, R = Me, R7 = Me) (3 eq, 3 mmol} is
stirred at 60 °C for 1 h. The mixiure is then ceoled to reom {emperature. The mixiure is
then diliuted with tetrahydrofuran o a total volume of S ml. (Sr2-Biphenyl-4-yimethyl-5-
oxo-pyrrolidine-1-carboxylic acid fert-butyl ester (8-a, R1 = Boc) {1 eg, 1 mmol)is then
added to the mixture. The mixture is then stirred at room temperature for 3 h. The
voiatites are remaoved under reduced pressure. Tthyi acetate (20 mil) is added io the
mixiure. The phases are separaied and the crganic phase washed with salurated sodium
carbonate soiution (2 x 20 mi} and brine (2C ml). The crganic phase is dried {Na;S0Qy)
and concentrated under reduced pressure to afford (R)-5-Biphenyl-4-yimethyl-3-{1-
dimethylaminometh-{E/Z}-ylidene]-2-oxo-pyrrolidine-1-carbexyiic acid fer-butyl ester {7-a,

1 = Boc, R6 = Mg, R7 = Me) ara salt thereof. The soiutions are analysed by TLC (50 %
ethy! acetate in hexane). Re .21 (salf of 7-a, R1 = Boc, RS = Me, R7 = Me); Re 0.27 {7-2,
R1 = Bece, RG = Me, R7 = Me); R: 0.68 (8-a, R1 = Boc}..
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Method 2

A mixture of lithium tert-butoxide (2.8 eq, 2.8 mmol, 1 M solution in THF) and KN N'N'-
tetramethylformamidinium chioride (18, R6 = Me, R7 = Me) {3 eq, 3 mmoi) are stirred at
80 °Cfori1h. The rnixturej is then cooled t6 room femperature. The mixture is then
diluted with tetfrahydrofuran to a tolal volume of 5 ml. (8)-2-Biphenyl-4-yimethyl-5-oxa-
pyrrolidine-1-carboxylic acid terf-buiyi ester (8-a, R1 = Boc) (1 eq, 1 mimol} is then added
to the mixture. The mixture is then stirred at room tembefature for 3 h. The volatiles are
removed under reduced pressure. Ethyl acetate (20 mi) is added {6 the mixiure, The
phases are separated and the crganic phase is washed with saturated sodium carbonate
solution {2 x 2 mi) and brine (20 mi). The organic phase is dried {Na;50,) ang
concentrated under reducad pressure to afford (R)-5-Bipheanyi-4-yimethyl-3-{1-
dimethylaminometh-(£/Z)-ylidenel-2-oxo-pyrraiiding-1-carboxylic acid terf-butyl ester (7-a,
R1 = Boe, RS = Me, R7 = Mg) or a sali thereof. The solutions are analysed hy TLC (50 %
ethyl acetate in hexane). Re 0.21 (sait of 7-a, R1 = Bac, RE = Me, RY = Me), R: 0.27 (7-3,
R1 = Bog, R§ = Me, R7 = Me); R .68 (8-a, R = Bog)..

Method 3

A mixture of potassium tert-butoxide (2.8 agq, 2.6 mmal, 1 M solution in THF) and
N,N,N'N"-tetramethyiformamidinium chloride {18, RS = Me, R7 = Me} {3 eq, 3 mmol) are
stirred at 80 °C for 1 h. The mixture is then cooled to room témperature. The mixture is
then diluted with tetrahydrofuran to a total volume of 5 ml. {S}-2-Biphenyl-4-yimethyi-5-
oxo-pyrrofidine-i-carboxyiic acid tert-butyl ester (8-a, R1 = Boe) (1 ea, 1 mmol) and lithium
chieride (1 eg, 1 mmol) is then added to the mixture. The mixture is then stirred at room
temperature for 3 h. The velatiles are removed under reduced pressure. Ethyl acelate
{20 ml) is added to the mixture. The phases are separated and the organic phase washed
with saturated sodium carbonate solution {2 x 20 mi) and brine (20 ml). The organic
phase is dried {Na;504} and concentrated under reduced pressure to afford (R)-5-
biphenyi-4-yimethyl-3-{1-dimethylaminometh-{ £/2)-ylicene]-2-oxn-pyrrolidine-1-carboxytic
acid tert-buiyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) or a sali therec!. The sclutions
are analysed by TLC (50 % ethyl acetate in hexane}. R 0.21 (sall of 7-a, R1 = Boc, R6 =
Me, R7 = Mej; Rr 0.27 {7-a3, R1 = Bec, RS = Me, R7 = Me); Rr 0.68 (8-3, R1 = Boc)..
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Example 53 (R}-5-Biphenyl-4-yimethyh-3-[{-dimethylaminometh-(E/2}-yiidene}-2-
axo-pyrrofidine.- carboxylic acid fert-butyi aster {7-a, R1 = Bee, RE = Me, R7 = Me)

=]

M
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Method 1

351 mg {S}-2-Biphenyi-4-yimethyl-8-oxo-pyrrolidine-1-carboxylic acid terf-butyl esier {B-a,
R1 = Bog) (1 &g, 1 mmoi) and lithium hexafluorophosphate {1 eq) is added to
tetrahydrofuran (10 ml). N, MN-Dimethylformamide di-tant-butyl acetal (18, R8 = Me, R7 =
Me, R8 = tBuj (3 eq) and dimethylamine (0.5 eq) are added fo the mixture. The mbdure is
stirred at room temperature for 3 h. The volatiles are removed under reduced pressure.
Ethyl acetate (20 mi) is then added. The miture is washed with saturated sodium
carbonate solution {2 x 20 ml) and then with brine (20 ml}. The organic iayer is dried
{Na,S0,) and concentrated under reduced pressure to afford (R)-3-biphenyi4-yimethyl-3-
{t-dimethylamincmeth-{&/Z)-ylidene]-2-oxo-pyrrolidine- 1 -carboxylic acid feri-butyl ester {7
a, R1 = Bog, Ré = Me, R7 = Me) or a sail therect, The soiulions are analysed by TLC (50
% ethy! acetaie in hexane). Rg 0.21 {sait of 7-a, R1 = Boc, R6 = Me, R7 = Me}; R;: 0.27
{7-a, R1 = Boe, R6 = Me, R7 = Me): Re 0.88 (8-a, R1 = Boc)..

General Procedure for Methods 2-6

351 mg (S)-2-Biphenyi-4-yimethyl-B-oxo-pyrrolidine-1-carboxyiic acid fert-butyl ester {8-a,
R1 = Boc) (1 eq, 1 romol) and lithium hexaflucrophosphate {1 eq) is added o
tetrahydrofuran (10 ml). Tris{dimethylaminoymethane (13, R6=Me, R7 = Me) {(1.5eg,2
eq or 3 eg) and N N-Dimethyiformamide di-tert-butyl acetal {15, R6 = Me, R7 = Me, R8 =
tBu), diisopropylamine or diphenylamine {1 eg, 1.5 eq, 3 eq or 4 eg) are added io the
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mixture. The mixture is stirred at rcom temperature for 3 . The volatiies are removed
under reduced pressure. Ethyl acetate {20 ml) is then added. The mixture is washed with
saturated sodium carbonate sciution {2 x 20 mi) and then with brine (20 mi). The organic
iayer is dried (Na,50,) and concentrated under reduced pressure {o afford (R)-5-biphenyi-
4-yImethyl-3-[ 1-dimethylaminometh-(E/Z)-viidenel-Z-oxo-pyrrolidine-1-carboxylic acid tert-
putyl ester {(7-3, R1 = Boc, R6 = Me, R7 = Me) or a salt thareof. The solutions are
analysed by TLC (50 % ethyl acetate in hexane). Ry 0.21 (saltof 7-a, R1 = Boc, RS = Mg,
RY = Me); Re 0.27 {(7-a, R1 = Boe, R8 = Me, R7 = Me); Re £.68 {8-3, Rt = Bac)..

Method 2

Tris{dimethyiaminc)methane {13, RB = Me, R7 = Me) (1.5 eq); NA-Dimethyliormamide di-
tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu) {1.5eq)

Meothod 3

Tris(dimethylaminoimethane {13, R6 = Me, R7 = Me) (3 eq); diisopropylamine {3 eq)

Method 4

Tris{dimethyiaminc)methane {13, R6 = Me, R7 = Me) (3 eq); Diphenylamine {3 eq}

Method 5

Tris{dimethyiamino)methane {13, RE = Me, R7 = Me} (2 eq); Diphenylamine {4 eq)

Method €

Tris{dimethylamino)methane {13, R8 = Me, R7 = Me} (3 eg); Diphenylamine {1 &g)

Example 54: {R)~53-Biphenyl-<d-yimethyl-3-[1-dimethylaminometh{&/Z}-yiidene]-2-
oxo-pyrrofidine-1-carboxylic acid tert-butyi ester (7-a, R1 = Boc, RS = Me, R7 = Me)
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General Procedure for Methods 1.8

351 mg (S)-2-Biphenvl-4-yimethyi-S-oxo-pyrrolidine-1-carboxylic acid tert-butyi ester (8-a,
R1 = Boc) and N,N,N'N'-tetramethviformamidinium hexafhiorophosphate (18, RS = Me,
R7 = Me) (0.1 or 1 eq) are dissolved in 10 mi of a solvent (tetrahydrofuran, 1 % dioxane in
tetrahydrofuran, 5 % dioxane in tetrahydrofuran, 20 % dioxane in tetrahydrofuran, dioxane
or tetrahydrofuran containing 50 moi% N, N,N'N'-tetramethyiethylenediamine). 520 ui
Tris{dimethylamino)methane (13, RS = Me, R7 = Me) is added te the mixture. Tertiary
butanol {1 eq or 3 eq} is then added o the mixdiure. The resulting mixture is stirred at
ambient femperature for 3 . The volaliles are then removed under reduced pressure.
Ethyt acetate (20 mi) is added (0 the mixiure. The mixiure is then washed with saturated
sodium carbonate solution (2 x 20 mi) and then with brine. The organic phase is dried
{Na;S0,} and concentrated under reduced pressure fo afford {R)-5-biphenyl-4-yimethyi-3-
[1-dimethylaminometh-{£/Z)-ylidenel-2-oxa-pyrrolidine-1-carbexyiic acld tert-hutyl aster (7-
a, R1 = Boc, RS = Me, R7 = Me) or a salt thereof. The solutions are analysed by TLC (80
% ethyl acetate in hexane}. Re 0.21 (salt of 7-3, R1 = Boe, RS = Me, R7 = Ma); Re 0.27
{7-a, R1 = Bog, R6 = Me, R7 = Me}; Re 0,68 (8-3, R1 = Boc)..

#ethod 1

NN, NN -tetramethyiformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me}: 1 eq;

Tertiary butanol (3 eg); Solvent: Tetrahydrciuran

fethed 2
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N, N, N'N'tstramethyiformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 1 eq;
Tertiary butano! {1 eq); Solvent: Tetrahydrofuran
Method 3

NN, N'N'-tetramethyiformamidinium hexafiucroghosphate (18, R6 = Me, R7 = Me); 0.1 eg;
tertiary butanol! {3 eq); Solvent: 1 % Dioxane in Telrahvdrofuran

Method 4

NN NN Htetramethyiformamidiniom hexafiticrophosphate (18, R6 = Me, R7 = Me): 0.1 eq;
tertiary hutanol (1 eq); Sclvent: & % Dioxane in Tetrahydrofuran

iethod §

NN.N'N'-tetrametnyifoermamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): C.1 eg;

tertiary butanol {1 eq}; Sclvent: 16 % Dioxane in Tetrahydrofuran
Method €

NN, NN -tetramethyHormamidinium hexaflucrophosphate {18, RS = Me, R7 = Me): 6.1 eg;

fertiary butanol {1 eq); Solvent: 20 % Dioxane in Tetrahydrofuran
Mathod 7

N.N,N'N'-tetramethyiformamidinium hexafiuorophasphale {18, R6 = Me, R7 = Me): 6.1 eg;

fertiary hutanol (1 eq), Soivent: Dicxane
Meihod 8
N.N.N'N'-tetramethylformamidinium hexaflucrophosphate (18, R6 = Me, R7 = Me): 0.1 eg;

tertiary butanol {3 eq}; Soivent: Tetrahydrofuran containing 50 mol% N,N,N'N'-
tetrarnethylethyienadiaming
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Exampie 535 (R}-S5-Biphenyl-d-yimethyl-3-{1-dimethylaminometh-(&Z)-ylldene}-2-
oxo-pyrrolidine~i-carboxylic acid tert-butyl ester {7-a, R1 = Boc, R§ = Me, RV = Me)

Me -
N-—Me 7
.
[ s LK
s N o= \ X
o o 0% o

General Procedure for Methods 1-3

351 mg {1 mmoi) (S)-2-Biphenyl-4-vIimethyl-&-oxo-pyrmlidine-1-carboxylic acid fteri-butyl
ester (8-a, R1 = Boc) and magnesium chioride (0.1, 1 or 2 eq) are added t©
tetrahydrofuran (10 mi}. The mixture is stirred at room temperature.
Tris{dimethylamino)mathane (13, RE = Me, RY = Me) (3 eq} and tertiary buianol (3 eq} are
added. The mixlure is stirred at room temperature for 3 h. The volatiles are removed
under reduced pressure. Ethyl acetate (2 x 20 mi) is added. The mixture is washed with
saturated sodium carbonate solution (2 x 20 mii} and brine {20 mi). The organic phase is
dried {Na;SG,) and concentrated under reduced prassure to afford {R)-5-biphenyi-4-
yimethyl-3-[{-dimethylaminomeih-(£42)-ylidene]-2~-cxo-pyrrolidine-1-carboxylic acid ter-
hutyl ester (7-3, R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are
analysed by TLC {50 % ethyl acetate in hexane). Re0.29 (saltof 7-3, Rt = Boc, R8 = Me,
R7 = Me}; Rr 0.27 {7-a, R1 = Bog, R6 = Me, R7 = Me); R 0.68 (8-3, R1 = Bog)..

fethod 4

Magnesium chioride (0.1 eq)

Method 2

Magnesium chloride (1 eq)
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Method 3
Magnesium chloride (2 eq)

Example 58: (R}-5-Biphenyi4-yimethyi-3.{1-dimethylaminometh-(E/Z)-yviidene}-2~
axo-pyrrolidine-1-carboxytic acid tert-butyl ester (7-a, R1 = Bog, R8 = Me, R7 = Me)

/ ~ \N-——Me J/\r

i | i

S ./= '\‘\)i i\ e ‘§\\Q’/
Joue] sue
R N —— oA e

/'T !
o o 0¥ Mo
H

TN //IE\\\

LHMDS {1 M solution in THF, 2 mi, 2 mmaol} is added to a mixture of diphenylamine (340
mg, 2 mmoi} and N,N.N', N'-tetramethylformamidinium hexaflucrephosphaie (492 mg, 2
mimoct) in tetrahydrofuran (2 ml). The mixiure is then stired at room temperature for 0.5 h.
The mixture is diluted by adsition of teirahydrofuran (5 mi). (8)}-2-Biphenyl-d-yimethyi-§-
oxo-pyriclidine- {-carboxylic acid tert-buty! ester (8-a, R1 = Boc) (351 mg, 1 mmoi) is then
added {0 the mixture. The mixture is stirred for 15 min at room lemperature. The volatiles
are remaved under reduced preasure. Ethyl acetate (20 mi) is added to the mixture. The
mixture is washed with saturated sodium carbonaie soiution (2 x 20 mit) and brine (20 mi},
The arganic phase is dried (Na,CC3) and concentrated under reduced pressure to afford
(R)-5-biphenyl-4-ylmethyt 3-{1-dimethylaminometh-{£/Z)-viidenel-2-oxo-pyrroliding-1-
carboxylic acid terf-buty: ester (7-a, R1 = Boc, R6 = Me, R7 = Me) or a sail thereof. The
solutions are anaiysed by TLC (50 % ethyi acetate in hexane). Rx0.21 (saltof7-a, Rt =
Boc, R6 = Me, R7 = Me) Re 0.27 (7-3, R1 = Boc, R6 = Me, R7 =Me): Re 0.68 (8-a, R1 =
Boc)..

Exarnple 57: {8)-1-benzyl-S-biphenyi-4-yimethyl-pyrrolidin-2-one {(8-3, R1 = Benzyl)
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2.51 g S)-5-Biphenyl-4-yimethyl-pyrrolidin-Z-one (8-a, R1 = M) and sadium hydride (312
mg, 13 mmoi} are added to tetranydrofuran, with stirring. Benzyi bromide (1.43 mi} s
added and the resulting mixture stirred for 4 h. The volatiles are removed under reduced
pressure. Ethyi acetate (50 mi) is added 10 the mixture. The organic phase is washed
with saturated sodium carbonate solution (ZIx 40 mi) and brine (40 ml). The urganic
phase is dried {(Na>SC,) and concentrated under reduced pressure. The residue is
purified by column chromatography (60 % ethyl acetate in hexane) to afford (Sk1-benzyi-
3-biphenyi-4-yimethyl-pyrrciidin-2-one (8-3, R1 = Benzyl). 1+ NMR {DMSO): 1.6-1.8(2
H), 21 {2 H), 26 (1 H), 3.0 (1 H}, 3.5-2.7 {1 H). 4.2 (1 H), 4.8 (1 H), 7.1-7.7 (14 H).

Example 58: Tris(dimethylamino}methane {13, R8 = Me, R7 = Me)}, Tert-Butoxy-
bis{dimethylamino)methane {14, R = Me, R7 = Me, R8 = {Bu) and N,N-
Dimethyiformamide di-tert-butyl acetal {15, RS = Me, R7 = Me, R8 = tBy}

NMe;, KMoy Nbdey NMe, NMe,
i + +

™~
MeN” nime, B0~ 0By MezN/\NMez MeNT oty Bus” OB

General Procedure for Methods -39

Tris{dimethyiamincimethane {13, R6 = Me. R7 = Me) (0. 1ec or0.28 eqor 0.5 6q0r 0.78
eg or 0.9 eq) is added t¢ N,N-Dimethvifcrmamide di-lert-butyt acetal (15, R6 = Me, R7 =
Me, R8=1Bu} (0.1 eqor 0.25 eg or 0.5 eqor 8.75 eg or 0.9 eg) at rocom temperatura.
Opticnally, potassium hexafluorophosphate {G eq or 0.2 eg or 1 eq) is added to the
mixture. Optionally, #thium chioride (0 eq or 1 eq) is added to the mixture. The resulling
mixture Is then stirred at rcom temperature or at elevated temperature (45 °C or 6 °C or
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data as In Example 14, Method 1.
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Exampie 5%: (2R,48)-5-Biphenyl-4-yid-fert-butoxycarbonylamino-2-methylpentanoinc
acid methyl ester {1-a, R1 = Boc, R2 = M, R3 = CO,Me)
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4 {2R.48)-5-Biphenyl4-yi-4-test-butoxycarhonylamino-2-methyipeniancic acid (1-a, R1 =
Boc, RZ = H, R3 = CO,H) prepared according 1o Example 2 in WO/2068/031567 is added

o 2.55 g caes:

um carbonate. Dimethylformamide {4 mi) is then added. Methyi iodide
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[0.55 ml} is then added and the mixture is slirred for 18 h ai room temperature. Water {10
mi) and isopropyi acetate {10 ml) are added. The phases are separated. The agueous
phase is washed with isopropyi acetate {2 x 10 mi). The combined organic phases are
washed with 20 % aguecus sodium chicride solution (15 mi} and then dried {MgS(,). The
mixture is concentrated under reduced pressure {o afferd (2R,48)-5-biphenyl-4-yi-4-fort-
butoxycarbonylamino-2-methylpentancic acid methyl ester {1-a, R1 = Boc, R2=H, R3 =
CO,Me). 1H NMR {CDCL): 1.18 (3H), 1.41 (8H), 1.51 (1H), 1.95 (1H), 2.86 {1H), 2.85
(2H), 3.70 {3}, 3.94 (1H), 4.38 (1H), 7.25 (2H), 7.35 (M), 7.45 (2H). 7.53 (2H), 7.59
{2H).

Example 68: {(2R,45)-5-Biphenyl-4-yi-4-teri-butoxycarbonylamine-2-methylpentancic
acld methyi ester {1-g, R1 = Bog, R2 = H, R3 = CO:Me) and {25,45)-5-biphenyi-4-yl-4-
tert-butexycarbonylamine-2-methyipentanocic acid methyl ester {1-b, R1 = Bog, R2 =
H, R3 = CO,Me}
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2 5 {2R 4 5)-5-Biphenyl-4-yi-d-ter-butoxycarbonylamino-2-methyipentanoic acid {(1-a, R1 =
Bec, R2 = H, R3 = CO,H) and (25,4 8)-5-Biphenyi-d-vi-4-tert-butoxycarbonylamine-2-
methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO,M), ratio of diastercomers of 80:20
ratio, respeclively, prepared according to Exampie 3 in WO/2008/031567, is added to 2.55
g caesium carbonate. Dimethylformamide {4 mi) is then added. Methyl iodide {0.55 mi}is
then added and the mixiure is stirred for 16 h at room temperature. Water (10 mi} and
isopropy! acetate (10 ml) are added. The phases are separated. The atueous phase is
washed with isoprepyl acetate (2 x 10 mi). The combined organic phases are washed
with 20 % aquesus sodium chicride solution (15 mi} and then dried {(MgS0,). The mixture
i5 concenirated unger reduced pressure to afford (2R,45)-5-binhenyl-4-yi-4-tert-
butoxycarbonylamine-2-methylpentanoic acid metnyl esier {1-a, R1 = Boc, R2=H, R3 =

COyMe} and (25 ,4S}-5-binphenyl-4-yi-4-tert-hutoxycarbonylaminec-2-methylpentanoic acid

PCTIEP2O09/050510
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meth_yl ester {1-a, R1 = Bog, R2 = H, R3 = CO,Me) as an 8G : 20 mixture of
diastereomers, respectively. 1M NMR (CDChL): 1.17-1.20, 1.25-1.26, 1.41, 1.46-1.63,
1.76-1.85, 1.92-1.98, 2.51-2.58, 2.61-2.71, 2.76-2.85, 3.70, 3.83-3.99, 4.08-4,40, 7.25-
7.28,7.33-7.37, 7.43-7 47, 7.53-7.55, 7.58-7.61. Ratic of diastereomers 80:20 {1-a, R1 =
Boc, R2 = M, R3 = CO,Me : 1-b, R1 = Boc, R2 = M, R3 = CO,Me) by integration of signhals
at 1.76-1.85 (i-b, R1 = Boc, R2 = H. R3 = CO:Me) and 1.92-1.90 (1-3. R1 = Boc, R2 = H,
R3 = CCMe).

Example 81: (R}-5-Biphenyi-4-yi-4-tert-buloxycarbonylamino-2-methylenepeniandgic acid
methyi ester {2-a, R1 = Bec, R2 = H, R3 = COMe}
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30 g (R)»-5-Biphenyl-4-yi-4-teri-butoxycarbonylamino-2-methyienepentanoic acid (2-a, R1
= Boc, R2 = H, R3 = COzH), prepared according {o Example 33 is added i038.4 g
caseium carbonate. Dimethylformamide {50 mi) is then added. Mathyl iodide (8.26 mi}is
tnen addad and the mixtire is stirred for 16 h at room temperature, Water (1260 mi) and
isopropyt acelate (120 mi) are added. The phases are separated. The agueous phase is
washed with isoprepyl acetate (2 x 120 ml). The combined organic phases are washed
with 20 % aguecus sodium chioride scittion (180 mi} and then dried (MgS0,). The
mixture Is concentrated under reduced pressure to afford (R}-5-biphenyl-4-yi-4-tert-
butoxycarbonyiamino-2-methylanepentancic acid methy! ester (2-a, R1 = Bog, R2 = H, R3
= CO,Me). 1H NMR (CDCl3): 1.40 (9H), 2.38 (1H), 2.61 (1H), 2.86 {1H), 2.91 (1H), 3.78
(3H), 4.07 (1H), 4.52 (1H), 5.64 (1H), 6.25 (1H), 7.29 (2H), 7.35 {1H)}, 7.45 (2H}, 7.55
{2H), 7.39 (2H).

Example 62: {ZR,48}-5-biphenyl4-yl.4.fert-butoxycarbonylamino-Z-methyilpentanoic
acid ethyl ester {1-a, R1 = Boc, RZ = H, R3 = CO,EH)



W3O ZH9/69025] PCT/EP2009/050510

284

A -‘:\\
\y /1//
SN
O
\ 74

. S

H.-_q/é\\/g\ #° By N 0

‘O'//;\G D P L? O\I
= A

2 g (2R .4 S)-5-Biphenyl-4-yi-4-tert-butoxycarbonylamino-2-methylpenianoic acid {1-a, R1 =
Boc, R2 = H, R3 = CCH} prepared according io Example 2 in WO/2008/031567 is acded
10 2.55 g caesium carbonate. Uimethviformamide {4 ml} is then added. Ethyl iodide (0.55
mi) is then added and the mixturs is stirred for 16 h ai room temperature. Water (1C mi)
and isopropyl acetale (10 mi) are added. The phases are separated. The aquecus phase
is washed with isopropy! acetate {2 x 10 mi}. The combined organic phases are washed
with 20 % aqueous sodium chleride solution (15 mi} and then dried (MgS0,). The mixture
is concentrated under reduced pressure to afford (27,4 5)-5-biphenyi-4-yl-4-tert-
butoxycarbonviarmino-2-methyipentanoic acid ethyl ester (1-a, R1 =Bo¢, R2 =H, R3 =
COLED. 11 NMR (CDCL): 1.18 (3H), 1.27 (3H), 1.42 (8H), 1.4 (1H), 1.95 {1H), 262
(1H), 2.85 (2H), 3.94 (1H}, 4.16 {2H), 4.36 (1H), 7.26 (2H), 7.35 (1H), 7.45 (2H), 7.55
(24), 7.59 (2H).

Example §3: (ZR.45)-5-biphenyi-4-yi-4-tert-butoxycarbonylamine-2-methyipentancie
acid ethyl ester {i-a, R1 = Bog, R2 = H, R3 = CO,EL) and (28,48)-5-biphenyl4-y|4-
tert-hutoxycarbonylaminc-2-methylpentanocic acid ethyl ester {i-b, R1 = Bo¢,R2 =
H, R3 = CO,E8)}
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2 7 (2R 45} 5-Biphenyl-4-yl-4-tert-bistoxycarbonylamine-2-methylpentancic acld {1-a, R1 =
Bee, R2 = H, R3 = COyH) dnd (28,4 8)-5-Biphenyi-4-yi-4-ferf-butoxycarbonylaming-2-
methylpentanoic acid {1-a, R1 = Boc, R2 = H, R3 = CO,H), ratie of diastereamers of 80:20
ratio, respectively, prepared according to Example 3 in WO/2008/031567, is added 6 2.55
g caesium carbonate. Dimethyiforrnamide {4 ml) is then added. Ethyl iodide (0.58 mi} is
then added and the mixture is stirred for 16 h at room temperature. Water (10 ml) and
isopropyl acetate {10 mi) are added. The phases are separated. The aqueous phase is
washed with isopropyl acetate {2 x 10 ml). The combined crganic phases are washed
with 2C % aguecus sodium chioride soiution (15 mi) and then dried (MgSOy). The mixture
is concentrated under reduced pressure to afford (2R.45)-5-biphenyi-4-yl-4-tert-
butoxycarbonylamino-2-methylpentancic acid ethyl ester (1-3, R1 = Bog, RZ=H, R3 =
COpEt) and (25,4 5)-5-biphenyi-4-yi-4-tert-butoxycarbonylaming-2-methyipertancic acid
ethyl ester (1-a, R1 = Bog, R2 = H, R3 = C(}IzEt) as an 80 : 20 mixture of diastereomers,
respectively. 1H NMR (CDCly): 1.16-1.20, 1.25-1.29, 142, 1.47-1.52, 1.56-1.62, 1.76-
1.84, 1.92-1.98, 2.48-257, 2.58-2.67,2.77-2.88, 3.77-4.01, 4.10-4.18, 432-4.41, 7.26~
7.28,7.33-7.37. 7.43-7 47, 7.53-7.55, 7.56-7.60. Ratic of diasterecmers 80:20 {1-a3, Ri =
Boe, R2 = H, R3 = CO.EL: 1-b, R1 = Boc, R2 = H, R3 = CO,Et) by integration of signals at
1.78-1.84 (1-b, R1 = Bog, RZ = H, R3 = CO,&t) and 1.92-1.88 {1-a, R1 = oo, R2=H, R3
= CC,EL).

Example 64: (R}-5-Biphenyi-4-yl-4-tert-butoxycarbenylamine-2-methylenspentanoic
acid ethyi ester (2-a, R1 = Bog, R2 = H, R3 = CO.EY
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30 g (R)-5-Biphenyl-4-yi-4-tert-butoxycarbonylamino-Z-methylenepentanoic acid (2-a, R1
= Bog, R2 = H, R3 = CO,H), prepared according to Example 33 is added t0 38.4 g
caseium carbonate. Dimelhylformamide (50 mi) is then added. Ethyi iodide (8.28 mi}is

then added and the mixture is stirred for 1€ h at room temperature. Water {1200 mi) and

PFCT/EP2049/030310
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isopropyl acetate {120 mi) are added. The phases are separated. The agueous phass is
washed with isopropyl acetate (2 x 120 mi). The combined organic phases are washed
with 20 % aqueous sodium chioride solution (180 m!) and then dried (MgSOs). The
mixture is concentrated under reduced pressure to afford (R)y-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylenepeniancic acid athy! ester (2-a, R1 = Boc, RZ = H, R3 =

2GLEY. 14 NMR (CDCE;)£ 1.31 (3H), 1.40 (8H), 2.37 (1H), 2.59 (1H), 2.84 (1H), 2.93
{1H), 4.06 (1H), 4.24 {2H), 4.56 {1H), 5.62 (1H), 6.25 {1H), 7.28 (2H), 7.35 {1H), 7.45
(21), 7.54 (2H), 7.59 {2+,

Examnple 85 {2R,4S}~5-b5phenyi-4-yE-é-fertnbutoxycarbonyiamino-z-meihy!pantanoic
acid ethyl ester {1-3, R1 = Bog, R2 = H, R3 = CO,Et) and {28,45)-5-biphenyi-d-yi4-
tert-butoxycarbenylamine-2-methylpentanocic acid ethyl ester {1-b, R1 = Boe, R2=
H, R3 = CO,EL)

C O
\il/j ~F \W \1

NN ' SN

;.rq/\\«/l:\(: ml/é =
. )\
O‘/ G O‘j

AN AN

Method 1

409 myg {R)}-5-Biphenyl-4-vi-4-teri-butoxycarbonyiamino-2-meathylenepentanoic acid
ethyl ester (2-a, R1 = Bog, R2 = H, R3 = CO:E1) is added to ethanoi {8 mi) in Vessel A
14.9 mg [Rh{NBD}JEF, and 35.6 mg (R} 1{(R)-2-(2-dicycionexyiphosphinophenyi}-
ferrocenyilethyigi{bis-(3, 5-trifluoromethyl)phenyl)-phosphine (= Walphos SL-w008-1)
are addsd o ethanal (3 ml) in Vessel B. The gonfents of Vessel B are stirred for 0.5 h
at room temperature. The contents of Vessel A and Vesse! B are then transferred to
Vessel G, Vessel G is purged with hydrogen {20 bar) and then pressurised under a
hydrogen atmosphere at 20 oar. The mixture is stirred for 18 n. The volatiles are
removed under reduced pressure. The residue is analysed by hpic te determine the
ratio of (2,4 S)-5-biphenyi-4-yi-4-tert-butoxycarbonylaminc-2-methylpentancic acid
ethyl ester (1-a, R1 = Boc, R2 = M, RS = CC.EL} to (25,43}-5-biphenyl-4-yi-d-tfert-
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butoxycarbonylamine-Z-methyipentanoic acid ethyi ester (1-b, R1 = Boc, R2=H, R3 =
COyEY). Diastereomer ratic 50.2 49.8{1-a, R1 =8o¢c R2=H R3I=COEt: 1-b, R1 =

Boc, R2 = H, R3 = COEY as determines by hple.
Method 2

4908 mg {R}5-Biphenyl-4-yi-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
ethyi ester (2-a, R1 = Boe, R2 = H, R3 = CO,E) is added to ethanol {3 mi} in Vessel A
17.4 mg [RU(COD)CFCO.)] and 44.2 mg (aR,gR)-2,2-is{a-N.N-
dimethyiaminophenylmethyl}-(8,8+1,1-bis[di{3,5-dimethyi-4-
methoxyphenyl)phosphinolferrocene {= Mandyphos SL-M0C4-1) are added to
dichiorocethane (3 mi} in Vessel 8. The contents of Vessel B are stirrad for 0.5 h at 50
°C. The volatiles are remaoved from the mixture in Vessei B under reduced pressure.
Ethano! (3 ml) is then added to Vessel B. The contents of Vessel A and Vessel B are
then transferred to Vessel C. Vessel C is purged with hydrogen {20 bar)} and then
prassurised under a hydrogen atmesphere al 20 bar. The mixture is stirred for 16 h.
The votatiles are removed under reduced pressure. The residue is anatysed by hpic to
determine the ratio of (2R, 43)-5-biphenyi-<4-yl-4-tert-butoxycarbonviaming-2-
methylpeniancic acid ethyl ester {1-a, R1.= Boc, RZ = H, R3 = CO;E!) to (25,48)-5-
biphenyl-d-yl-d-tert-butoxycarbonylarsino-2-methyipentanoic acid ethyl ester {1-b, R1 =
Boc, R2 = H, R3 = CO,EL). Diastereomer ratio 25.5:74.5 {(1-a, R1 = 8Bo¢, R2=H, R3 =
CQEt: 1-b, R1 = Boc, Rz = H, R3 = COEt) as determined by hplc.

General Procedure (Exampie €5, Methods 3-12}

The Organometaliic Complex (A} and Chiral Ligand (L} are added to a mixture of ethano!
{0.041 mi) and dichioroethane (0,135 mi). The ratic of Chiral Ligand per atom of melal
within the Organometallic Compiex usad is 1.20 1 1. The §/C ratiois 25. The mixture is
stirred for 0.5 h. The sclvent is then removed. (R)-5-Biphenyi4-yi-4-tert-
hutoxycarbonvizmino-2-methyienepentznoic acid {2-a, R1 = Bog, R2=H, R3 = CC;El in
ethano! or dichloroethanea (0.244 ml) is added to the vessel containing the Organometaliic
Gomplex (A) and Chirai Ligand {L). Further soivent is added {o give the final
concentration of 2-a (R{ = Boc¢, R2 = 1, R = CO,H) of 84 mhd,
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Hydrogen gas at 20 bar is the appiied o the vessel containing the mixture. The mixture is
stirred at 20 bar hydrogen pressure and at room temperature for 16 hours.

The reaction solutions are analysed by hpic to determine the ratic of {1-a. R1=B8og, R2 =
H, R3 = CO,EY and {1-b, R1 = Bog, R2 = H, R3 = CO;E).

Method 3

Chira}  Ligand  {{25,45)24-Bis(diphenyiphosphino)pentane = (8,8)-8DPP};
Crganometaliic  Complex {bis{trifivoroacetoxy){1,5-cyclooctadiene)ruthenium{ll};
Soivent: Ethanol. Diastereomer ratio 85 15 {{(1-a, R1 = Boc, R2 = H, R3 = COL.EN : (1-
b, R1 = Boc, R2 = H, R3 = COEL) as deterrnined by hplc.

Method 4

Chiral Ligand {{R)-1-[{S}-2-Di-tert.-
butylphosphinoiferrocenyliethyidicyciohexylphosphine = 3L-J505-1}; Organometaliic
Complex {bis{trifluoroacetoxy{1,5-cycloociadieneluthenium(il}y, Solvent: Ethanol.
Diastersomer ratio 71 : 29 ({i-a, R1 = Bo¢, R2 = H, R3 = COEl : (1-b, R1 = Bog, RZ2 =
H, R3 = CO.Et) as detemmined by hple.

Method 8

Chiral Ligand {{1 8)-Diphenylphosphinc-2-[(R}-a-(N,N-dimethylamino}-o-
diphenylphosphinophenyii-methyllferrocene = SL-T001-1}; Organometallic Complex
{bis{trifluoroacetoxy)(1,5-cyclooctadieneruthenium(il}}; Solvent: Ethanol. Diastereomer
ratic 70 : 30 {{(1-5, R1 = Boc, RZ = H, R3 = CO:Et} : (1-b, R1 = Boc, R2=H, R3
COEL) as determined by hple.

]

Methed 8

Chiral Ligand {{R)-1-{{S)-2-{Diphenyiphosghinoferrocenytlethyidi{3,5-xyiyl)phosphine
SL-JGG5-1}; Organomeiallic Compiex {bis{trifluoroacetexy}{1,5-
cyclooctadieneruthenium{il)); Solvent: Ethanol. Diastereomer ratic 67 : 33 {{t-a, R1 =
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Buc, RZ = M, R3 = COEt) : (i-b, R? = Boc. R2 = H, R3 = CO,Et) as determined by

Method 7

Chiral Ligand {{S)}-}-{6,6"-Dimethoxybiphenyl2 2"-diy}-bis(diphenylphosphine} = (5)-
Pr-MeOBIPHEP = SL-A101-2}; Crgancmetallic Complex {[I{COD)IBAF}), Scivent:
Dichiorogthane. Diastereomer ratio 83 : 37 {{1-a, R1 = Boc, R2 = M, R3 = CO,Ef) : {1-b,

K1 = Boc, RZ = H, R3 = COEt) as determined by hpic.

Mothod 8

Chliral Ligand {S)1-i(R)-2-(Diphenyiphosphinejferrocenyllethvidi(3,5-xylyl)phosphine =
8i-J005-2}, Organometallic Complex {bis{ncrbomadienerhodium{l} tetrafluoroborate};
Solvent: Ethanol, Diastereomer rafio 58 1 42 ({1-a, R1 = Boc, RZ2 = 1, R3 = CO.EL} : (1-
b, R1 = Boc, R2 = M, R3 = CQ,Et) as determined by hpic.

Method §

Chiral  Ligand {{R}-1-{{R}-2-{2.-Diphenyiphosphincpheny! fferrocenyliethyidi{bis-3,5-
{rifivoromethyiphenyilphosphine = SL-WE01-1) Organcmetallic Compiex
{bis(norbomadiene)rhodium(l) tetrafluoroborate}; Soivent: Ethanol, Diastereomsr ralic
31:68{(1-a, R1 =Boc, RZ = H, R3 = CO.Et) : {1-b, R1 = Boc, R2 = H, R3 = CO,Et) as
determined by hplc.

Method 10

Chiral Ligand {{S)-1-{{8)-2-{2-Dicyclohexyiphosphinophenyiiferrccenyliethyldi{bis-(3,5-
iriflucromethyl)phenyl}-phosphine = 5L-W(G38B-2), Organometallic  Compiex
{bis{inorbormadiene)rnodium(l) tetraflucroborate); Solvent: Ethanol. Diasterecmer ratio
16 : 84 {{1-a, R1 = Boc, R2 = H, R3 = COE : (1-b, R1 = Boc, R2 = M, R3 = CO;Et) as
determined by hplc.
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fMethod 11

Criral Ligand {{R)-1-{{S)-2-Diphenyiphosphinoferrocenyiethyidi-tert.-bulyiphosphing =
SL-J002-1}; Orgenometallic Complex { bis(norbomadiene rhodium{l} tetrafluoroborate };
Solvent: Ethancl. Diastereomer ratio 2 88 ({1-a, R1 = Boc, R2 = H, R3 = CO.EL) @ {1-b,

R1 = Boc, RZ = H, R3 = CO,Et) as determined ty hple.
RMethod 12

Chiral Ligand {{R}-1-{{8)-2-diethylphosphino)ferrocenyliethyl diftert-butyl)-phosphine =
SL~J301-1}; Organometaliic Complex { bis{norbornadienejrhodium(l} tetrafluoroborate};
Solvent; Elhanol, Diastereomer ratio 5: 95 ({1-a, R1 = Boc, R2=H, R3 = COEL) : (1-b,

R1 = Boe, RZ = H, R3 = COE1) as determined by hplc.

HPLC Method {(Example 65, Methods 1-12)

Coluran: Chiraicel OJ-RH: 150 x 4.6 mm; § um. Mcbile Phase A {water); Mobile Phase B
{Acetonitrile). lsceratic: 0 min (80 % B); 15 min (80 % B). Flow rate: 0.8 ml min™.
Waveiengln 254 nm. Column temperature. 10 °C.

Retention times:

1-b (R1 = Boc, RZ = H, R3 = CO;E):9.8 min

1-a {R1 = Boe, RZ = H, R3 = CO.E1):10.8 min

2-a {R1 = Boc, R2 = H, R3 = COE4):15.2 min

Example §8: {(R})-5-Biphenyld-yimsthyl-3-{1-hydroxymeth-(£Z}-ylidenel-2-cxo-
pyrrolidine-t~carboxylic acid tert-butyl ester {6-3, R1 = Boc}
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.05 g of (3R/S 58}-5-Biphenyl-4-yimethyl-3-dimethoxymethyi-Z-oxo-pyrrolidine-4~
carboxyiic acid tert-puty| ester (18-a, 1 = Boc, R = Me, RY = Me, ¥ = Q) are dissoived
in 1 mi of acetone under argon. Then 18 mg of water and 40 mg of amberiyst 15 are
added. The mixiure is stirred for 3 days, then fiitered and concentrated in vacuo to afford
{R}-5-Biphenyi-4-yvimethyl-3-[ {-hydroxymeth-(E/Z)-ylidene}-Z-oxc-pyrrolidine- t-carboxylic

acid tert-butyl ester (6-a, R1 = Boc) as determined by hpic.
HPLC Mathod

Coium: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH» (32 %) in
water}), Mobile Phase B (Acetonitrile). Gradient: G min (20 % B); 3 min (46 % B}; 5 min
{40 % B}, 7 min (30 % 8); 11 min {50 % BY, 13 min (80 % B); 16 min (80 % B); 16.1 min

{20 % B 20 min (20 % B). Flow rate: 1.4 mimin™. Wavelsngth: 210 or 254 nm.
Temperature 60 °C.

Relention limes

2-8 (R1 = Bog, R2 = H, R3 = COzH): 2.3 min
g-a (R1 = Boc): 2.5 min
4-a {R1 =H} 5.6 min
5-a {R1 = Bock: 8.3 min
8-a {1 = Boc): 10.3 min
9-b {R1 = Boc, RE = Me, R7 = Ma): 10.4 min
9-¢ (R1 = Boe, RE = Me, RT = Me): 10.8 min

4-a {(R1 = Bocl:

11.9 min
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Example §7: (3R/§,55)-5-Biphenyl-4-yimethyl-3-(bis-butyisulianyl-methyi)-2-oxo-
pyrrolidine~-1-carboxylic acid tert-buty! sster (18-a, R1 = Bog, R8 = nBy, RE=nBy, Y

= S)
/
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0.5 g of 5-Biphenyl-4-yimethy!-3-{ 1-dimethylamino-meth-(E/Z}-vlidene]}-2-oxo-pyrrolidine-
1-carboxyilc acid fert-butyl ester {7-a, B1 = Boc, R6 = Me, R7 = Me] are added to 5 mi of
n-butane-1i-thiol. After the addition of 0.2 g of p-toluenesulfonic acid the mixiure is stimed
for 6 days at 25°C, then healed to 60 °C for 16 hours. The mixture is then quenched by
addition of 5 ml of an 8% aguenus bicarbonate soiution and any remaining n-butane-1-
thiol distiiled off under reduced pressure at 40 °C. The aqueous phase is extracied 3 times
with 5 ml ethyl acetate each and the combined organic phase evaporated to dryness at 40
°C under reduced pressure. The residue is purified by coltimn chromatography (heptane:
ethyi acetate 75:28) to afford {3R/5,5S)-5-biphenyl-4-vimethyi-3-{bis-butylsulfanyi-methyl}-
2-oxg-pyrrolidine-1-carboxylic acid tert-putyl ester {16-a, R1 = Boc, Re=nBuy, RS =nkuy, Y
= 3). Ratic of C-3 diastereomers determined as 70 : 30 {{38,58) : {3R,55)
diastersomers, respectively). 1H NMR (CDCLy): Data for mixture of diastereomers: 0.86-
0.96 (6H), 1.32 - 1.47 (4H)), 1.50 - 1.68 (4H), 1.62 {OH), 1.94 - 2.30 {2H). 2.48 - 2.74 {4H),
2.80 - 2.89 {2H), 3.10-3.16 (1H), 3.55-3.59 (1H, minor sterecisomer), 4.23-4.31 (1M, minor
sterenisomer), 4.30 (1H), 4.38 {1H, minor sterecisomer), 4.43-4.47 {1H), 7.27-7.30 (2H},
7.32-7.40 {1R), 7.44-7.50 (2H), 7.56-7.65 {&H).

Exampile 88: {R)-5-Biphenyi-d-yimethyi-3-{1-hydroxymeth-{£/2)-ylidene]-2-oxo-
pyrrofidine-1-carboxylic acid ferf-butyl ester (8-a, R1 = Boc}
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0.101 g { 0.18 mmoi} of (3R/S,58)-5-Biphenyi-4-yvimethyi-3-(bis-butyisulfanyl-methyi}-2-
oxo-pyrrolidine-1-carboxylic acid fert-butyl ester {16-a, R1 = Boc, RO = nBuy, RS = nBu, Y =
S} are dissolved in a mixture of 1.6 m! acetonitrile and 0.4 ml water. Afier addition 0f 0.115
g HgCl; and 0.048 g calcium carbonate, the suspension is stirred over night. Diethyl ether
{10 mi) and 18 % aq. ammonium chicride solution {5 ml) are acded to the mixiure. The
rnixture is then fiftered and the phases are separated. The organic phase is washed with
water and bring and then concentrated under reduced pressure o give (R}-5-Biphenyi-4-
yimethyl-3-] 1-hiydroxyrmeth- (E/Z)-ylidene}-2-oxa-pyrraiigine-1-carboxyiic acid fert-butyi

ester (6-a, R1 = Beoe). Material analysed by hpic (hplc method for Example 66)

Example §3: (3R, 58}-5-Biphenyi-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyi ester {3-a, R1 = Bog) and (38, §8)-5-biphenyi-4-yimethy-3-methyl-2-

oxo-pyrrolidine-i-carboxylic acid fert-butyl ester (3-b, R1 = Boc)
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0.24 g (R)-5-Biphenyl-4-yimethyl-3-{ 1-hydroxymeth-(£/Z}-ylidene}-2-oxo-pyrrolidine-1-
carkoxylic acid lert-butyl sster {(8-a, R1 = Bog) is added {o a mixiure of ethyl acetate (10.8
mi} and methanol (1.2 ml} at 22 °C. C.1 g of 10 % Palladium on carbon {Engelhard 4505)
is added {0 the mixture along with water {0.3 mi). The mixture is fliushed with hydrogen

and subseguently s stirred at 22 °C and 4 bar hydrogen pressure for five days. The
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mixturs is then filtered through Ceilflock and concantrated under reduiced pressure o
afford (3R, 558)-5-biphenyi-4-ylmethyl-3-methyl-2-oxo-pyrrotidine- 1~carboxylic acid tert-
butyl ester (3-a, R1 = Boc}, (35, 55)-5-hiphenyl-4-yimethyl-3-methyl-Z-oxo-pyrrolidine-1-
carboxylic acid fer-tutyl esler {3-b, R1 = Boc) and (3R/S, 58)-5-Biphenyi-4-vimetnyl-3-
hydroxymethyi-2-oxo-pyrrolidine-1-carboxylic acid tert-butyt ester (5-a, R1 = Boc) as

determined by hpic. HPLC Conditions as given in Example 66 and Example 71.

Exampile 70 (3R/S, 58})-5-Biphenyl-4-yimethyi-3-hydraxymethyl-2-oxo-pyrrolidine-~1-
carboxylic acid tert-butyi ester (5-a, R1 = Boc)

9§ mg (R)-5-Biphenyl-d-yimethyl-3-[ {-hydroxymeth-(&/ 2} -viidene}-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to a mixture of tohuene (.25 mi}
and water (0.25 mi) at room temperature. Tetrabutyiammonium bromide {18.7 mg) is then
added. The mixture is then cooled to 0 °C. Sodium borchydride {(20.8 mg) is then added
and the resulting mixture is stirred 3t 0 °C for 1 h. The mixiure is then warmed e room
termperature and stirred overnight. Water (10 mi} and luene {10 mil) are then added o
the mixture. The phases are separated. The organic phase is washed with water (10 ml},
dried (MgS0.} and concentrated in vacue to afford (3R/S, 53)-5-hiphenyl-4-yimethyi-3-
hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (5-a, R1 = Boc) as
detected by LC-MS. m/z{+ESI): 266 (10 %), 282 {2}, 310 (20), 326 {100}, 366 {15), 382
{IMH"], 8). 1H NMR (DMSQ}: 1.22-1.52, 1.56-1.65, 1.80-1.87, 1.94-2.03, 2.10-2.18, 2.57-
2.89, 3.02-3.41, 53.15-3.30, 3.34-3.44, 3.46-3.68, 3.67-3.79, 3.82-3.93, 4.16-4.38, 4.63-
4.69, 4.72-4.77,4.83-5.00, 5.14-5.27, 5.40-5.83, 5.86-5.78, £.23-6.28, 6.63-6.28, 6.63-
8.67, 7.12-7.20, 7.23-7.37, 7.43-7.47, 7.55-7.88.

Example 71: (R}-5-Biphenyl-4-yimethyl-3-{1-hydroxymeth-(&/Z)-vlidene}-2-0x0-
pyrrolidine-t-carboxyiic acid fert-butyl ester {6-a3, R1 = Boc)
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tethod 4

100 mg (R)-5-Biphenyi-4-yimetnyl-3-[ 1-dimethylaminometh-{&/Z}-ylidene]-2-0x0- -
pyrrolidine-1-carboxylic acid tert-butyl ester (7-3, R1 = Boc, Ré = Me, R7 = Me} is added
10 ethanol {0.5 mi). 160 mg Cesium carbenate is added tc the mixture. 30 mg Palladium
on Carpon (10 % ioading, 50 % water wet, Degussa £101 NE/W) is added to the mixiure.
Hydrogen gas is applied o the mixture. The mixture is then stirred at ambient
temperatiire and pressure overnight. The cataiyst is then filtered and the mixtire
conicentrated under reduced pressure. The residue is analysed by hplc to identify (R)-5-
biphenyl-4-yimethyi-3-[1-hydroxymeth-(E/-Z)-ylidene]-2-oxo-pyrrolidine-i-carboxylic acid

tert-butyl ester (6-a2, R1 = Boc).
fethod 2

185 mg (R)-5-Biphenyi-4-yimethyl-3-[1-dimethyiaminometh-(£/2)-ylidene}-2-oxo-
nvrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, RS = Me, R7 = Me) is added
o ethanoi (1.5 mi). 108 ul 2,5-Lutidine are added to the mixture. 57 myg Paiiadium on
Carbon (10 % loading, 56 % wailer wet, Joinson Matthey type 39) is added 1o the mixture,
Hydrogen gas is applied to the mixture. The mixture is then stirred at ambient
temperatire and pressure overnight. The catalyst is then fillered and the mixture
concentrated under reduced pressure. The residue is analysed by hiplc to identify (R)}-S
biphenvi-4-yimethyl-3-{1-hydroxymeth-(£/Zrylidene]-2-oxa-pyrroliding- i~-carboxylic acid
tert-butyt ester (6-a3, R1 = Boc).

HPLC Method 1 (Example 71)

Column: Zorbax Extend C18; 150 x 4.6 mm: 3.5 yum. Mobile Phase A (0.1 % NH; (32 %)

in water); Mobile Phase B (Acetonitriie); Mobile Phase C (Methanol}, Gradient: 8 min (5

POT/EP2009/050518
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% B; 50 %C), 1min{5%B;50%C),S5min(5%B;75%C); 15 min (5 % B; 756 % C}),
15,1 min (5 % B; 50 % C}; 18 min (5 % B; §0 % C). Fiow rate: 1.2 mi min”, Wavelength:
254 nm. Column temperature: 10 °C.

Retention times:

6-a (R1 = Bocy: 4.1 min

8-bh (R1 = Bog, R6 = Me, R7 = Me): 9.8 min

g.¢ (R1 = Boc, RE = Me, R7 = Me):. 10.5 min
4-a {R1 = Boc): 11.2 min
7-a {R1 = Boc): 11.5 min
3-a (R1 = Boc): 12.1 min
3-b {R1 = Boc). 12.5 min

HPLC Method 2 {(Example 71)

Column: X-BRIDGE; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH; {32 %) in water);
Mobile Phase B (Acetonifrile). Gradient: 0 min {20 % B), 3 min (40 % B}: & min (40 % B);
7 min (50 % B, 11 min (50 % B}, 13 min (8¢ % B); 16 min (80 % BY; 16.1 min (20 % B);
20 min (20 % B). Flow rate: 1.4 mi min”. Wavelength: 254 nm. Column temperature: 60
0.

Retention times

68-a (R1 = Boc): 2.6 min

g-t (R1 = Boc, R§ = Me, R7 = Me).  10.7 min
9-¢ (R1 = Boc, R6 = Me, R7 = Me): 11.2min
4-2 (R1 = Boc): 12.2 min
3-a {R1 = Boc) and 3-b (R1 = Boc): 12.8 min

Exampie 72: {2R,45)-5-Biphenyi-4-yi-4-tert-butoxycarbonylamine-2-methylpentanoic
acid ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO,Et) and (25,45)-5-biphenyi-4-y|-4~
tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester {1-b, R1 = Boc, R2 =
H, R3 = COE®)
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500 mg (R)-5-Biphenyl-4-yi-4-tert-butoxycarbonylamine-2-metnylenepentanoic acid ethyl
ester (2-a, R1 = 8cc, R2 = H, R3 = CO,EY is added to ethann! {§ mi) at ambient
temperature. Triethylamineg {170 ui) is then added to the mixture 50 mg Palladium on
carbon {10 %, 50 % water-wet, Dagussa E101 NE/NW) is then added. Hydrogen gas at
ambient pressure is applied o the mixture. The midure is then slirred overnight at
ambient iemperature and pressure. The mixiure is then fitered and concentrated under
reduced pressure to afford 2R .4 5)-8-Biphenyl-4-yi-4-teri-butcxycarbonylamino-2-
methylpenianoic acid ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO,Et) and (25,4 S)-5-
biphenyi-d-yl-4-ten-butoxycarbonylamino-2-methyipentancic acid ethyl ester (1-b, R1 =
Boc, R2 = H, R3 = COEL). Spectroscopic data as in Example 63, Ratic of diastereomers
70:30 {1-a, R1 = Boc, R2 = H, R3 = CO,Et: 1-b, R1 = Bog, R2 = H, R3 = CO,E) as

determined by hpic (hplc method as in Example 65)

Exampie 73: (2R.45)-5-Bipheny|-4-yl-4-fert-butoxycarbonylamine-2-methyipentanoic
acid methyl ester {1-a, R1 = Bog, R2 = H, R3 = CO,Me) and {28,48)-5-Biphenyl-4-yi-4-
tert-butoxycarbonylamino-2-methyipentancic acid methyl ester {1-b, R1 = Boc, R2=
H, R3 = CO,Me}
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500 mg (R)-5-Riphenyi-4-yl-4-tert-butoxycarbonylamino-2-methylenepentancic acid
methyl ester (2-a, R1 = Bog, R2 = H, R3 = C:Me) is added to ethanol (5 mi}) at ambient
temperature.’ Triethylamine (176 ul) is then added o the mixture. 50 mg Paliadium on
carbon (18 %, 50 % waler-wat, Degussa E1C1 NE/W) is then added. Hvdrogen gas at
arnbient pressure is app!igd to the mixture. The mixture is ihen stirred cvernight at
ambient temperature and pressure. The mixture is then fiitered and concentrated under
reduced prassure o afford 2R,48)-5-Biphenyl-4-yi-4-tort-buioxycarbonyiaming-2-
methylpentanoic acid methyi ester (1-a, R1 = Boc, R2 = H, R3 = CO,Me} and {285,48}-5-
biphenyl-4-yi-d-tert-butoxycarbonylamino-Z-methyipentanoic acid methyl ester {1-b, R1 =
Boc, R2 = H, R3 = COMe}. Spectroscopic data as in Example 60. Ratic of
diastereomers 86:34 {i~a, R1 = Boe, R2 = H, R4 = COMe - 1-b, R1 = Boc, R2=H, R3 =
CO:Me} by integration of signals at 1.76-1.85 {1-b, R1 = Boc, R2 = H, R3 = CO:Me)} and
1.92-1.98 (1-2. R1 = Bog, R2 = H, R3 = CO.Me).

Example 74: {3R/§,58)-5-Bipheanyl-4-yimethyl-2-ox0-3-{tciusng-4-
sulfonyloxymethyli-pyrrofidine-1-carboxylic acid fert-buty! ester (14-a, R1 = Boe, R4
= Tosyi} and {R}-3-Biphenyl-4-yimethyl-3-methyiene-2-oxo-pyrrolidine-1-carboxylic
acld tert-butyl ester (4-a, R1=Bog}
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20 mg (3R/S, 58)-5-Biphenyi-4-ylimethyl-3-hydroxymethyl-2-oxo-pyriciidine-1-carboxyiic
acid tert-butyl ester {5-a, R1 = Boc) {preparad according to Example 48) is added to
chioroform {5 mi} at room temperature. Triethylamine {11 nl) is added fo the mixture. 4-
Toluenesuiphonic acld anhydride {20.5 mg) is then added {6 the mixture. The mixiure is
then stirred for 20 b at refiux. Ethyl acetate {1 mi) and water (1 mi} are added. The
phases are separated. The organic phase is concentrated under reduced pressure. The
residue is then purified by column chromatography, eluting with heptane-ethyl acelate
(1:1} to afford {3R/S,58)-5-biphenyi-4-yimethyi-Z-oxo-3-{tcluene-4-suifonyloxymathyi)-
pyrrolidine-1-carboxylic acid teri-butyl ester (11-a, R1 = Bog, R4 = Tosyl} and (R)-5-



WO 2009/090251 PCT/REP2IO9/U50510

299

biphenyl-4-yimethyi-3-methyiene-2-oxo-pyireiidine-1-carboxylic acid fert-butyi ester (4-3,
R1=Boc). Spectroscopic data for {3R/S,55}-5-biphenyi-3-yimethyl-Z-oxo-3-(toluene-4-
sutfonyloxymethivi}-pyrrolidine-1-carboxylic acid fert-butyt ester {11-a, R1 = Bog, R4 =
Tosyl) as for Example 48, Mathed 1. Spectroscopic dala for (R)-5-biphenyi-4-yimethyl-3-
methylene-2-oxo-pyrroiidine-1-carboxylic acid fert-butyl ester {4-a, Ri=Boc) as for

Exampie 23, Method 1.

Exampie 75: {(3R/S,58)-5-Biphenyi-d-ylimethyil.3-ladomethyl.pyrrolidin-2-one {12-a,
Ri=H,R5=1}
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122 mg {3R/8,58}-E-Biphenyi-4-vimethyl-2-0xg-3-(toluene-4-suifonyloxymethyi}-
pyrrolidine-1-carboxylic acid terft-bulyl ester {11-a, R1 = Boc, R4 = Tosyi) prepared
according fo Example 48, Method 2 is added to aceloniirile (3 mi). Sodium icdide (105
mg} is then added to the mixture. The resuiting mixture is heated at reflux ovemight. The
mixture is then concenirated under reduced pressure. Furification by column
chromatograpny. eiuting with athy! acetate-heptane {1:1) gives (3R/8,58)-5-biphenyi-4-
yimethyl-3-iodomethyl-pyrrolidin-2-one (12-a, R1 = H, RE =}, 1H NMR {CDCis): 2.13
(2H), 2.65 (2H), 2.82 (14}, 3.28 (1H), 3.35 (1H}, 3.85 {1H), 5.84 {1H), 7.17 (2H), 7.28
{tH), 7.37 (2H), 7.49 (4H).

Example T8: {R)-5-Biphenyi-d-yimethyi-3smethylene-2-oxg-pyrrolidine-1 -carboxylic
acid fert-butyl ester {4-a, Ri=Bog)
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5 mg (3R/S,55)-5-Biphenyl-4-yimethyl-3-icdomethyl-pyrrolidin-2-one {12-a, R1 = H, RS =
I} is added to toluene (1 mi). 4-{Dimethylamino)pyridine (0.1 mg) and triethyiamine (1 )
are then added 1o the mixture. The mixture is heated tc 70 °C. Di-tert-butyi dicarbonate
(2 mg}is then added to the mixture. The mixture is stirred for 1 h at 70 °C. The mixture is
concentrated under reduced prassure. Ethyd acelate (1 mi) and water (1 mi) are added.
The phases are separated. The organic phase is concenirated under reduced pressure to
give (R}-3-Biphenyt-4-yimethyl-3-methyiene-2-ox0o-pymolidine- t-carboxylic acid fert-buty
ester {4-a, R1=Boc). Spectroscopic data as for Example 23, Method 1.

Examptle 77: (3R, 58}-5-Biphenyl-4-yimethyl-3-methyipyrrolidin-2-one {3-a, R1 = H)
and (35, 55)-3-Biphenyi4-yimethyl-3-methylpyrrolidin-2-one (3-b, R1 = H)

oY By e

4 mg (3R/5,55)-5-Biphanyl-4-yimethyi-3-icdomethyl-pyrrofidin-2-one (12-a, R1 = H,R5 =
i) is added to ethanol {1 mi) at ambient temperature. Triethyiamine (& ui) is then added t©
the mixture. 0.4 mg Palladium on carbon (10 %, 50 % water-wet, Degusss E101 NE/W) is
then added. Hydrogen gas at ambient pressure is apyplied {o the miiure. The mixture is
then stirred ovemight at ambient temperature and pressure. The mixture is then filtered
and concentrated under reduced pressure to afford (3R, 5§5)-5-biphenyl-4-ylimethyl-3-

nethylpyrroiidin-2-one (3-a, R1 = H) and (38, 58}-5-bighenyl-4-vimethyl-3-
methylpyrralidin-2-one (3-b, R1 = H. Ratio of diasterecrners 22 - 88 (3-a, R1 = H 1o 3-b,
R1 = H) as cetermined by nmy. Specirescopic data for 3-a (R1 = H) asfor Example §in
WQO/2008/083967. Spectroscopic data for 3-b (R1 = H) as for Example 47 in
WO/2008/083987.
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Preferred embodiments:

Embodiment 1:
A process for preparing a compound of formuia {7}, or salt therecf,

%

wherein R1 is hydrogen or a nitrogen protecting group and, RS and R7 are,
independsntly, an aiky! groug, an aryl group, an arylaikyl group, a cycloalkyl group or
together RE and R7 form & cycle, together with the nitrogen to which they are
aftached, which cycle may be saturated or unsaiurated and may optionally contain
one of more haleroatorns, such a nitrogen, oxygen or sulphur, whereby the cycle
contains 3 t¢ 8, such as 4 {0 7 ring atoms,

said process comprising reacting a compound of formuia {8}, or salit thered,

" ®

wherein R1 is hydrogen or a nitrogen proiecting group,

- with an amine of formuia {13), (14} or {15)

R& _R7 R&_ _R7
~ N/ \N/
i R6 _R7
R6_ /J\\ R8 RE_ A _R8 N7
N N NT O /i
| ! | R&_ A _R8



and optionally a salt, such as an alkall metal salt, an alkali earth meat! salt, an

ammonium salt or an ionic liguid;

- or with a compotind preparad by mixing a compound of formula (18),

- ®
‘ R6_ _R7
N 3
i =
R, J X

T
i\ A {‘38)

with an alcoholaie of the formula M-0-R8 and optionally treating said compound with a
sait M1X;

- or with mixtures thereof;

wherein

each R8 and each R7 are, independently, an alkyl group, ar aryl group, an arylalkyi
group, & cycioalkyl group or together R6 and R7 form a cycle, together with the nitrogen
to which they are attached, which cycle may be saturated or unsaturated and may
optionally contain cne or more heteroatoms, such a nitrogen, oxygen or sulphur,
whereby the cycie contains 3 10 8, such as 4 to 7 ring atoms, and each R8s,
independently, an aikyl group, an aryi group or an aryiaikyl group;

X and X are, independently, an anion, for exampie, a halids, an anion of a sulphonic
acid, an anion of an alkylsulfate, a tetrahalometaiate, such as a tetrachlorometalate,
hexaflucrophosphate, hexafluorcantimonate, tetrafiuorcborats, perchlorate, alkoxide
R8-0O wherein R is defined as before, carboxylate, or tribromide;

M is an aliali metal or an alkaline earth metat; and

M1 is an alkali metal, an aikaline earth matal or ammonium;

to obtain the compound of formula (7).

Embodiment 2.

A process for preparing a compound of formula (€), or @ tautemer thereof,
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o sait thereof,
wherain R1 18 hydrogen or a nitrogen protecting group,

comprising treating a compound of formula (7), or salt theraof,

RL:\'} .
N—RY 7N
o .
5, N ]
\ ~ i J
\\\\ ///’/ 7NN // \/ g
/ —\‘
O:J";<A. /)\Jl,.\/bv/,/ \\/ -
i
R1

()
wnerein R1 ig hydrogen or a nitrogen protecting group and R6 and R7 are,
independentiy, an alkyl group, an aryl group, an arylalkyi group, a cycloalkyl group or
together R8 and R7 form a cycie, together with the nitrocen to which they are attached,
which cycle may be saturated or unsaturated and may optionally contain one or more
heteroatoms, such a nitrogen, oxygen or suiphur, whereby the cycle contains 3 tc §,

such as 4 to 7 ring atoms, with an acid {0 obtain the compound of formula (6).

Embodiment 3:

A process for preparing a compound of formuia (4)
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or salt thereof,

where:n K1 is hydrogen or a nitrogen protecting group,

comprising treating a compound of formula (6), or sait or a tautomer therect,

/T
\

/ H
vy PN
(’_-){/ \ ,/LM’U\—// AN
N

R1 (6)

wherein R1 is hydrogen or a ritrtogen protacting group,
f

with g reducing agent preferably in the form of an aidehyde to obtain the compound of

formdla (4).

ring a compound of formula (5), or salt therszof,
N

|

i) AN -
7 N Sy
N 2 "
Il {
/ 1
/ ~ '
- AN -
f\.__,/d\ A T TR
G . // (P N

N
Ri ),

wherein R1 is hydrogen or a nitragen protecting group,
comprising treating a compeund of formuia (8}, or salt or a tautomer thereof,

LN
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PN //J\//
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&
Sy
N
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A
/ N
o PN -
O (\,_\ PR U T

1 (8)
wharein R1is hydrogen or a nitrcgen protaciing group,

with @ reducing agent to obtain the compound of iormula (5).



Embodiment 5:

A process for preparing & compound of formula {(4)

7
r
\\\> N
—
vy
O—";_“\\i ,,/)"’1—'\,\/ \\\\/ d
N
i
i (4)

or salt therecf,

wharein R1 is hydrogen or a nitrogen protecting group,
said process comprising

a) freating a compound of formuia (5), or sait thereof,

“|
® (5)
wherein R1 is hvdrogen or a nifrogen protecting group,

with an OfH-activating agent to obtain a compound of formula (11}

/o——--R4 N

4 . s :
£y N Ny
lf“ —\‘ } 1
i ]
\ s
0N, MM Ty 7
N
R4 "
(11)

or salt thereof, wherein R1 is hydregen or a nitrogen protecting group and R4 is an

OH-activating group; and
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b} reacting the compound of formuia {11), or sait thereof, with a base to obtain the

compound of formula {4).

Embodiment 6:
A process for preparing a compound of formula (4)

o AN
R (4)

or sait thereof,

wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising

treating a compound of formula (5), or salt thereof,

with an OH-activating group in the presence of a base.

Embodiment 7:
A process for preparing a2 compound of formuia (4)




or sait thereot,
wherein R1 is hydrogen or a nitregen protecting groun,

comprising treating a compound of formula (7),

R6 P
N—RT 77
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R @)
or sait therect, wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7
are, independently, an alkyl group, an aryl group, an arylalkyl group, a cycioalkyi
group or together RG and R7 form a cycle, together with the nitrogen tc which they are
attached, which cycle may be saturated or unsaturated and may optionally contain
one o more heteroatoms, such a nitrogen, oxygen or sulghur, whereby the cycle
contains 3 to 8, such as 4 to 7 ring atoms,
£

with a reducing agent o obtain the compound of formula (4).

X
3
3
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or sait thereof,

wherain R1 s hydrogen or a nitrogen protecting group,

comprising treating a compound of formula (7),
RE

N "\_
N-—R7 N
2, o~ A P
\ T e
A HI
/ \ i
e \L~ TN :
G NI e -~
)
R* P
(71
or salt thereof, wherein R1 is hydrogan or z nitrogen protecting group and, R& and R7

are. indgpendently, an aikyl group, an aryl group, an arylaikyl group, a cycloalkyl
group or together RE and R7 form a cycle, together with the nitrogen to which they are
aitached, which cycle may e saturated or unsaturated and may optionally contain
one or more hetercatoms, such a nitrogen, oxygen of suiphur, whereby the cycie
contains 3 to 8, such as 4 to 7 ring atoms,

with a reducing agent to obtain the compound of formula {8).

e

A process for preparing a compound of formula (9) or a salt thereof
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wherein R1 is hydrogen or a nirrogen protecting group and, R6 and R7 are,
independenily, an alkyi group, an aryl group, an arylatkyl group, a cycicalky! group or
together RS and R7 form a cycic, together with the nitrcgen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain
one cr more heteroatoms, such a nitrogen, oxygen or suiphur, whareby the cycle

contains 3 {0 §, such as 4 to 7 ring atoms,
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comprising reducing with a reducing agent the doubie bond of a compound of formula

N
(7).
IN¢
N _ PN
N—R7 = ~
B i
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%
or salt thareof, wherein R1 is hydrogen or a nitrogen protecting group and, RS and R7
arz, independently, an alkyl group, an aryl group, an aryiakyi grows, a cycloatkyl
group of together R6 and R7 form a cycie, tegether with the nitrogen {o which they are
attached, which cycle may be saturated or unsaturated and may optionaily contain
one or more hetercatoms, such a nitrogen, oxygen or suiphur, whereby the cycle
containg 310 §, such as 4 to 7 ring atoms,

to obizain the compourd of formula (9).

Embodiment 10 .

A pracess according to embodimant 8, wherein the reduction reaction is carried out with
hydrogen in the presence of a transition metal catalyst, wherein the transition metal is
selected from group 9 or 10 of the pericdic table, such as Pd, Pt or ir; and optionally in

the presence of a base,

A process according to embodiment 10, wherein the cataiyst is selected from:

paliadium on carben, pailadium on auminium oxide, paliadium on calcium carbonate.
paliadium on titanium oxide, pailadwum on barium sulfate, paliadiwn on zirconium
oxide, pailadium orn silicon dioxide/aluminium oxide, platinum on carbon, iFdium on

carbon, and iridium on calcium carbonate.

Embodiment 12:

N

A process for preparing a compeund of formuia (5), or sait thereaf,




R1 ,
5},

wherein R1 is hydrogen or a nitrogen protecting group,

said precess comprising trealing a compound of formula (7), or salt thereof,

:Q N
N—R7 ///,/ \\\_
3 i
S

)

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and

Ik

R7 are,

independently, an alkyl aroup, an aryl group, an aryialkyl group, & cycioalkyi group or

together RB and R7 form a

cycla, together with the nitrogen to which they are

attached, which cycle may be saturated or unsaturated and may optionally centain

cne or more hetercatoms, such a nitrogen, oxygen or sulphur,
conizins 3 {o &, such as 4 t¢ 7 ring atoms,

with a reducing agent.

Embodiment 13:

A process for preparing a compound of formuia {4), or salt thereof,
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whereby the cycie
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wherein R1 is hydrogen or a nitrogen protecting group,

said precess comprising reacling a compound of formula (9), or salt thereof,

R6 N
/\N-—~R? I/// \}
, N Ny

i ©)
wherein R1 is hydrogen or a nitfrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl grotp, an arylaikyl group, a cycloalkyl group or
together RB and R7 form a cycie, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may cptionally contain
one or more hetercatoms, such a nitrogen, oxygen or suiphur, whereby the cysle
contains 3 to 8, such as 4 o 7 ring atoms,
with a quataernisation agent and a hase to oblain the compound of formuia (4).

Embodiment 14:
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R is hydrogen or a niirogen protecting group and, R6 and R7 are,
independently, ar alkyl group, an ary! group, an arylaikyl group, a cycloaikyl group or
together RS and R7 form a cycle, together with the nitrogen to which they are
altached, which cycle may be saturated or unsaturated and may optionally contain
one or more neteroatoms, such a nitrogen, oxygen or suiphur, whereby the cycle
contains 3 te 8, such as 4 to 7 ring atoms,

with a qualernisation agent to obtain a compound of formula (10}, or salt thereof,

RLE /R'l 0 PN
N*-—~R7 -
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2 - Z /\(/ \\Qi\ el
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f‘|l
R1 ( 4 O)

wherein R1is hydrogen or a nitrcgen protecting group, R6 and R7 are, independently,
an alkyi group, an aryl group, an arylalkyl group, a cycloalky!l group or together R6 and
R7 form a cycle, together with the nitrogen to which they are attached, which cycle
may be saturated or unsaturated and may optionzlly contain one or more
heterocatoms, such a nifrogen, oxygen or sulphur, whereby the cycie contains 3 to B,
such as 4 to 7 ring atoms, Z is a halide {eq iodide, bromide, chioride), an alkyl
suiphate (eg methyi sulphate) or a sulfonyl ester (eg triflate) and R10 is hydregen,
alicyl or aryl; and

b} reacting the compound of formula (10), or sal thereof, with 2 base {¢ obtain the

compound of formuia {4).

iment 15;




A process for pregaring a compound of formuia (18)

RO
\'\ s
R9 Y Z
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or sail thereof,

wherein R1 s hydrogen or g nitregen protecting group, Y is oxygen and each RS, is,
incependently, alikyi, aryl, arylalkyi (eg benzyi) or acety! or both RS form together a 4
to 7, prefaradly a 5 {0 6 membered acetad ring,

comprising treating a compound of formula (73,

RS

\T\J e Rr i 7 ~o

I
R1 -
(7

~r

or salt thereof, wherein R1 is hydrogen or e nitrogen proleciing group and, 6 and R7
are, independenily, an akyl group, an aryl group, an arylalkyl group, a cycloalkyt
group or togetner R6 and R7 farm a cycie, together with the nitrogen to which they are
attached, which cycle may be seturated or unsaturated and may optionally contain
one or more heteroztoms, such a nitrogen, oxygen or sulphur, whereby the cycle
contains 3 to 8, such as 4 to 7 ring atoms,

with an acetad forming agent to obtain the compound of formula (18).

Embodiment 16:
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or sali thereof

wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur and each RS, is,
independently, alkyl, aryl, arylalkyl (eg benzyl) or acatyl or both RO form together a 4
to 7, prefarably a 5 to 6 membered acetal ring

comprising treating @ compound of formula {7),
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R

or sakt theraof, wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7
are, independently, an alkyl group, an aryl group, an arylalikyl group, a cycicalkyi
group or logether RSB and R7 form a cycle, togathar with the nitrogen to which they are
attached, which cvcle may be saturated or unsaturated and may optionally contain
one or more heteroatorns, such & nitrogan, oxygan or sulphur, whereby tha cycle
contamns 3 to 8, such ag 4 to 7 ring atoms,

with a thioacetal forming agent to obtain the compound of formula (16).

Embodiment 17:

A process for praparing a compound of fermula (8), or a tautomer thereof,
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or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising removal of the acetal {unctionality in a compound of formula
{16}, or salt thereof,

RY \Y s

Y*<\« . /l\j/ /\\J
()-""’)/\N)’ww/k -
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R1

(16)

wherein R1 is hydrogen or a hitrogen protecting group, Y is oxygen and sach R9, is,
independently, alkyi, aryiaikyl (eg benzy!) or acetyl or both RY form together a 4 to 7,
preferably a 5 {0 6 membered acetal ring,

to obtain the compound of formuia (8},

Embodiment 18:

A process for preparing a compound of formula (8), or a tautomer thereof,
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or sait thereof, wherein R1 is hydregen or & nitrogen protecting group,
said process comprising removal of the thioacetal functionality in a compound of

formula (18), or salt thereof,

.~
—
@

~

whearein R1 is hydrogen or a nitrogan protecting group, Y is sulfur and each R9Y, is,
independently, alkyl, aryi, aryiaikyl (eg venzyl) or acetyl or both R9 form together a3 4
to 7, preferably a 5 to 8 membered acetal ring,

to obtain the compound of formula (6).

Embodir

A process for preparing a compound according to formula (2,
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or salt thereof,
wherein R1 and R2 are, independently of each other, hydrogern or a nitrogen
retecting group, and R3 is a carboxyi group or an ester group,

comprising reacting a compound of formula {4)
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of salt thersof

wherzain R1 I8 hydrogen or a nitrogen protecting group, with a lactam ring opening agent

o obtain the compound of formula (2).

Embodiment 20;

A process for preparing a compound according to formula (1),
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or sait thereof,
wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen
protecting group, and R3is a carboxyl group or an ester group, comprising reducing a

compound according t¢ formuia (2),

R @)

or sait thereof,
wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen protecting

group, and R3 is a carboxyi group or an ester group, to obtain the compound of formula

A process according to embodiment 20, wherein the reduction reaction is ¢arried out
with hydrogsn in the prasence of a transition metal catalyst, optionally in the presence of
a base or an acid.

-

Embodiment 22
A process accerding to embodiment 22, wherein the fransition metal catalyst comprises
an grganometatllic complex comprising a iransition metal selected from the group 7, 8 or

9 of the periodic table and a chiral ligand.

Embodimant 23

A process according to embodiment 22, wherein the organometallic complex is selected

from the group consisting of {Ruiy(p-cymene)],, {Ru{cod){Z-metaliyil,],



[RU{cod)(OOCCF3),}, [Rh(nbd).BF,), [Rh(cod}s]BF s {CyP)ir(pyn)iC! [IF(CCD),IRAF and
fir(cod).Cli,; preferably [Rh{NBD),]BF, or [RUCkL{p-cymene),).

A process according to embodimants 22 o 23, wherein the chiral ligand is selected
from a Fenphos ligand, a Josiphos figand, a2 Mandyphos ligand, a Walphos ligand, a
Taniaphos ligand, a Phospholane ligand, an Atropiscmer ligand, a BoPhoz ligand, a
QUINAPHOS ligand or mixtures therecf: in particular the chiral ligand is selected from
the group consisting of Fenphos ligand, Josiphos iigand, BOPP ligand, Mandyphos
ligand, Walphos ligand, Taniaphos ligand, Phospholane ligand, Atropisomer iigand

and mixiures thereof,

Embodiment 25:

A process according to any ong of embodiments 22 to 24, wherein the chiral ligand is
selected from BoFPhoz {(R)-Cy-MeBaPhoz; BoPhoz (R)-Phenethyl-(S)-BoPhoz;
Atropoisoimer SL-A1071-1; Atropoisomer SL-A108-2; SL-A116-2; Atropoisomer SL-A118-
1, Atropoisomer SL-A132-2; Fenphos SL-F131-1; Fenphos SL-F132-1; Fenphos SL-
F133-1; Fenphos S|-F134-1; Fenphos SL-F135-1; Fenphos $1.-F355-1; Fenphos SL-
F-358-1; Fenphos SL-F365-1; Josiphos SL-J0058-2; SL-J505-1; Josiphos SL-J008-1,
Josiphos 5i-J013-1; Josiphos SL-J301-1; Josiphos SL.-J403-1; Josiphos SL-J408-1;
Josiphos SL-J430-1; Josiphos SL-J431-1; Josiphos S1.-J5C1-1; Josiphos SL-J504-1;
Josiphcs SL-J504-2; Josiphos SL-J505-2; Josiphos SL-J506-1; Mandyphos SL-M002-1;
Mandyphos SL-M003-1, Mandyphoes SL-M004-1; Mandiphos SL-M00S-1; Mandiphos
SL-MC10-1; Phospholane SL-P051-1; Tanlaphos SL-T001-1; Taniaphos SL-T001-2;
Taniaphos SL-7003-1; Taniaphos SL-T021-2; (S.8)-BDPP; Walphos SL-W0{(1-1,
Waiphos SL-WO005-1; Walphos SL-W008-1; Walphos SL-W008-2; Walphos SL-W009-1;
Walphos SL-WO012-1; Walphos SL-W021-1: or Walphos SL-W024-1.

Embodiment 26:

A process according to embadimeni 22, wherein the the organcmetaliic compiex
comprises rhodium and wherein the chiral ligand is selected from a Fenphos, a
Walphos, a Josiphos or a Phospholane ligand; in particular {Rh{nbd)};|BF,; and a
Fenphos, a Waiphos, a Jesiphos or @ PhaneFhos ligand; such as Rh(nbd):)BF, and
Waiphos SL-W005-1, Walphos SL-W008-1, Fenphos SL-F35€-1, Josiphos SL-J0G8-1,
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Phespholane SL-P051-1, Walphos SL-W003-1, Walphos SL-W001-1, Walphos SL-
W012-1, Walphos SL-W021-1, Josiphos SL-J505-2 or Josiphos SL-J504-2; in particuar,
Rh{nbd),]8F, and Walphos SL-W008-1, Josiphos SL-J0C8-1, Phospholane SL-F051-1,
Josiphos SL-J5058-2 or Josiphos Si-J504-2.

Embodiment 27:
A process according to embodiment 22, wherein the organometallic complex and the
chiral ligand is selected from:

- aruthenium organometallic complex and an Atropisomer, a Mandyphos
or a Fenphos ligand; in particular [Rul(p-cymene}l.. [Ru{cod)(2-metallyi),]
or [Ru{cod)(OQCCF4),] and an Atropisomar, a Mandyphos, BOPP,
Josiphos, or a Fenphos ligand, such as [Ruly(p-cymene)l:, [Ru(cod)(2-
metallyl),] or [Ru(ced)(QCCCF,),] and Atropisomer SL-A101-1,
Mandyphos SL-M010-1, (S,8}-8DPP, Josiphos SL~J505-1, Fenphos SL-
F131-1, Fenphos SL-F132-1 or Fenphos SL-F134-1; or

- aniridium organometallic complex and a Fenphos, a Walphos or a
Josiphos ligand; in particuiar {ir{cod)Cl], and a Fenphos, a Walphos ¢r a
Josiphos ligand; such as [Ir(cod)Cl]; and Fenphos SL-F356-1, Walphos
SL-W024-1 or Josiphos SL-0504-1.

Embodiment 28:
A process according to embodiment 21, wherein the transition metal catalyst comprises
a transition metal selected from tha group 7, 8 or 9 of the periodic table, such as

rhodium, ruthenium or iridium, and a chiral ligand.

Embodiment 29:

A process according to embodiment 28, wherein tha chiral ligand is a BoPhoz ligand,
a BINAP ligand, a BINCL ligand, a Phospholane ligand, a PhanePhos figand, a P-
Phos ligand, a QuinaPhos ligand, a ProPhos ligand, a BDPP ligand, a DIOP ligand, a
DIPAMP ligand, & DuanPhos ligand, a NorPhos ligand, a BINAM ligand, & CatAsium
ligand, a SimpiePHOX ligand, a PHOX ligand, & ChiraPhos figand, a Ferrotane ligand,
a BPE ligand, a TangPhos ligand, a JafaPhos ligand, a DuPhos ligand, & Binaphane

ligand or mixtures thereof.



[
2
<3
o

Embcdiment 30:

A process according to embodiment 28, wherein the transition metal catalyst comprises
the transition metal rhodium and a chiral ligand selected frony a Phospholane, a P-Phos,
a PhanePhos, a BoPhoz, a DIOP, g BINAP, a CatAsium, a TangPhos, a JafaPhos, a
DuPhos, a BPE, a Ferrotane, a BINAM, a DuanPhos, a NorPhos, a BDPP, a ProPhos, &
DIPAMP, a ChiraPhos and a Binaphane ligand, such as SL-P104-2, SL-P102-1, SL-
POO5-1, (R)-P-Phos, (S)-P-Phos, (8)-PhanePhos, (R)-Phanefhos, (R)-An-PhanePhos,
(R)-MeO-Xyi-PhanePhos, (R)-Xyl-PhanePhos, (R)-Tol-PhanePhos, (S)-MeBoPhoz,
(S,9)-DIOP, (R,R)-DIOP, (S)-BINAP, (8)-Tol-BINAP, (R)-CatASium M, (8)-CatASium M,
(R)-CatASium MN, {8)-CatASium MN, (R)-CatASium D, (R)-CatASium MNN, (§,S R, R}-
TangPhos, (R)-JafaPhas, (R)-MeDuPhos, (3,8)-Me-BPE, (8.8)-Ph-BPE, {(§,8}-Et-
Ferrotane, (S)-BINAM-P, (R)-BINAM-P, (R ,R}-DuanPhos, (R,R)-NorPhos, (S,5)-
NorPhos, (R,R)-BDPP, (§,8}-BDPP, (R)-ProPhos, (R, R)-DIPAMP, (8,8)-ChiraPhos or

(R)-3inaphans.

A process according to embadiments 28 or 30 wherein the ransition metal catalyst is
salected from [Rh(COD)(SL-P104-2)] O3SCF,, [Rh{COD)(SL-P102-1)]BF,,
[RICOD)SL-P00S-1)|BF,, [R(CCD)SL-P102-1}] O38CF;, [(R)-P-Fhos Rh(COD)BF.,
[(8)-P-Phos RR({CCDYIBF,, [{R)-PhanePhos Rh{COD)IBF., [(S)-PhanaPhos
Rh(COD)BF,, [{R)-Xyl-PhanePhos Rh{COD}IBF,, [(S)-MeBoPhoz RH(COD)BF., [(8,8)-
DiOP Rh{COD)IBF,, [{S)-BINAP Rh(CCD)IBF,, {(R)-CatASium M RHCOD)IBF,, [(S)-
CatASiurn M Rh(CODJIBF,, [{R}-CataSium MN Rh{COD)IBF,, [{(5}-CatASium VN
R(COD)IBF,, HR)-CatASium D RnNCOD)IBF., [{$,8,R,R)-TangFPhos RCODMBF,,
[{R)-JafaPhos Rh(COD}BF,, [(R)-MeDuPhos Rh(COD)|BF,, [{S,S)-Me-BPE
RR(COD)BF, i{8,S3)-Fn-BPE Rh{COD)IBF,, [(8,8)-Et-Ferrotane Rh(COD)IBF,, [((R)-An-
FnanePhos Rh{COD)YBF,, [(RI-CatASium MNN Rh{COD)BF,, [(S)-Toi-BINAP
Rh(CCD)IBF,, [{(S)-BINAN-P Rh{(COD))BF., [(R)-BINAM-P RhCOD)IBF., [(R.R)-
DuanPhos Rh{COD)]BF,, {(R)-Binaphane Rh{COM)BF,, [(R,R}-NorPhos Rh(COD)|EF,,
(8 ,8)-NorPhos Rh{COD)BF,, [(RR)-BDPRP Rh(COD)IBF,, [(8,5)-BDFPP RhCCD}|BF,,
[(R,R}-DICP Rh{COD)|BF,, [(R)-ProPhos Rh{COD)IBF,, [(R,R)-DIPAMP RR{COD}BF,,
[{8,8)-ChiraPhos Rh(GOD)IBF,, [(R)-MeO-Xyi-PhanePhos RR(COD)|BF, or [(R)-Tol-
PhanePhos Rh{CCD)IBF,; in particular [Rh(COD)(SL-P102-1)IBF,, IRRCOD)SL-FC05-
NIBF,, [Rh(CODYSL-P102-1)] O;SCF,, {(R)-PhanePhos RR(COD)IBF,, {(R)Xyl-
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PhanePhos Rh{CODJIBF,, [(8,5)-DIOP RhCODR)IBF,, [(S)-BINAP RR(COD)BF,, [(R)-
CatASium M Rh(CODR)BF,, [(R)-CatASium MN Rh(COD)IBF,, [(S)-CatASium MN
Rh(COD)BF,, {(8,8.R,R)-TangPhos Rh(CCD)BF,, i(S,S)-Me-BPE Rh(COD}IRF,,
(($,5)-Ph-BPE RR(COD}IBF,, [(R)-An-PhanePhos Rh(COD)BF,, [(R)-CatASiurn MNN
Rh(COD)IBF,, [(S)Tol-BINAP Rh(COD)IBF,, [{S)-BINAM-F RR(CODYIBF,, [(R,R)-
DuanPhos R(COD}]BF,, [(R}-Binaphane Rh{COD)BF., {(8,8)-NorPhos Rh{COD))8F,,
[(R.R)}-BDPP Rh{(COD)IBF,, {(8,8)-BDPP RR(CODYBF,, [(R,R)-DIOP Rh{COD)|BF,,
[{R)-ProPhos Rh{COD}BF,, [{R.R)-DIPAMP RR(COD)IBF, [{8,8)-ChiraPhos
Rh(COD)IBF,, [(R)-MeQ-Xyl-PhaneFhos Rh{COD)IBF, or [(R}-Toi-PhanePhos
Rh(CODYIBF; in particular IRKCODYSL-P102-1)iBF,, [RCOD)SL-PDO0S5-1)]BF,,
{(R)PhanePhos Rh{COD)|BF,, [(R)Xyi-PhanePhos Rh(COD)]BF,, [(R)CatASium M
RR{CODYBF,, [(R)CatASium MN Rh(COD)BF,, [(8,5,R,R)TangPhos Rh(COD)|BF,,
[(S,S)Ph-BPE Rh(CODYBF,, [((R)An-PhanePhos Rh{(COD)IBF,, [(R.R)DuanPhos
Rh{CODYIBF,, [(S,S)NorPhos RR(COD)BF, or [{R)MeO-Xyi-PhanaePhos Rh(COD)IBF

Embodiment 32

A process according to embodiment 28, wherein the transition metal catalyst comprises:
- the transition metal ruthenium and a chiral ligand selected from a BoPhoz, a
BINAP, a BINOL a PhanePhos, a P-Phos and a QUINAPHOS ligand; such as
(R)-4-F-CsH4-MeBoPhoz, (R)-BINAP, (R)-BINOL-{R)-MeBoFhoz, (R)-MeBcPhoz,
(R}-p-F-MeBoPhoz, (R)-PhanePhos, (R)-Phenethyl-(R)-MeBoPhoz, (R)-P-Fhos,
(R)-Tol-BINAP, (R)-Xyl-PhanePhos, (R)-Xyi-P-Phos, (R,,S:) INp-QUINAPHOS,
(S)-BINAP, (8)-BINOL-{R}-MeBoPhoz, (S)-P-Phos, (S)-Xyk-PhanzPhos, {(3}-Xyl-
P-Phos or (S5 Re) INp-QUINAPHOS; or
- the transition metal iridium and a chiral ligand selcstd from a P-Phos, a BoPhoz,
a SimplePHOX and a PHOX ligand; such as (S)-P-Phos, (S)-Xyl-P-Phos, (S}-
MeBoPhoz, (R)-MeBoPhoz, (S)-Cy-tBu-SimpilePHOX or {8)-iPr-PHOX.

Embodiment 33;
A process according 1o emboediments 28 or 32 wherein the transition metal catalystis
selected from [(R)-4-F-CsHi-MeBoPhoz Ru(benzene)CIICI, [(R)-BINAFP
RuCl{benzene)]Ci, [{R)-BINOL-(R)-MeBoPhoz Ru(benzeng)CHCI, [(R)-MeBoFPhoz
RuCl(Benzene)ICl, [{R)-p-F-MeBoPhoz RuCi(Benzene)|Cl, [(R)-PhanePhos

RuCly(gmf,l, [(R}-Phenethyl-(R)}-MeBoFhoz Ru(kenzene)CHCl, [(R)-P-Phos
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RuClbenzene}iCl, [(R}-Tol-BINAP RuCl(benzene)iCl, [(R)-Xyl-PhanePhos RuCly(dmf),)],
[(R)-Xyl-F-Phos RuCh{dmf),), [{R,, S 1Np-QUINARPHOS RuChL(dmi),], [(2)-BINAP
RuCi(benzene)]Cl, {{(S)}-BINOL-(R}-MeBoPhoz Ru{benzene)CI|CI, [(S)-P-Phos
RuCi(benzene)iCl, [(S)-Xyl-PhanePhos RuCh{dmf),], [(8)-Xy-P-Phos RuCl,(dmf),},
[(Ba,Rc)TNp-QUINAPHOS RuCl(dmf), {(R)-P-FPhos Ruf{acac),], [(R)-Xyl-P-Phos
Ru(acac),} or {{R)-Xyi-P-Phos RuCl{benzeng)]Cl; in particular, [(R)-4-F-CsH,-MeBoPhoz
Ru(benzene)CHCI, [(R)-BINAP RuCl{benzene)]Cl, [(R)-MeBoPhoz RulCl(Benzene)iCl,
[(R)-p-F-MeBoPhnoz RuCl(Benzene}iCl, [(R)-FPhanaPhos RuCly(dmf),], [(R)-Phenethyi-
(R)-MeBoPhoz Ru(benzene)CiiCl, [(R)-P-Phos RuCl{berizene)]Cl, [{R}-TolBINAP
RuCkbenzene)]Cl, [(R)-Xyl-P-Phos RuCly{dmf},] , [(S)-BINAP RuCl(benzene)]Cl, {{S)-
BINOL-(R)-MeBoPhoz Ru(benzens)CICI, [(8)-P-Phos RuCl(benzene)]Ci, [{S)-Kyl-
PhanePhos RuCly(dmf)zl, i(Sa,Re)INp-QUINAPHDOS RuCh{dmf),], [(R)-P-Phos
Ru(acac)], [(R)-Xyi-P-Phos Ru(acac)y], [(R)-Xyi-P-Phos RuCl(benzene)]Cl, [(S)-P-Phes
\k,CD)] , [{8)-Xyi-P-Phos ir(COD)CY, [(S)-MeBoPhoz Ir{COD)ICI, [(R)-MeBoPhoz
{CODYCL, {(S)-Cy-tBu-simpisPHCOX ir(COD)BAF of h\,)-,Pr—PHO)\ IH(COD)BATE.
mbodiment 34:

A piocess for preparing a compound of formuia (3)

9‘,_2 ///',\\\ /L \\§//E
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or salt therecf,
wherein R1 is hydrogen or a nitrogen protecting group, said precess comprising

a) converting a compound of formula (B), or sali theraof,
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R (12)
or salt thereof, wharein R1 is hydrogen or @ nifrogen protecting group and R5 is a
leaving group; and
b} reacting the compound of formula (12}, of salt thercof, with a reducing agent {0
obtain the compound of formula (3)

Embodiment 35;

A process for preparing a compound of formula (3)
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or salt thereof,
wherein R1 is hydrogen or a nifrogen protecting group, said process comprising
treating a compound of formuia (7),
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)
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7
are, independently, an alkyi group, an aryl group, an arylalkyl group, a cycloalkyl
group or together R6 and R7 form a cycie, together with the nitrogen 1o which they are
attached, which cycle may be saiurated or unsalurated and may optionally contain
one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle
contains 3 to 8, such as 4 to 7 ring atoms,
with a reducing agent to obtain the compound of formula (3}, or salt therecf, wherein R1

is hydrogen or a nitrogen protecting group,

Embodiment 36:

A process for preparing a compound of formula (3)
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or salt thereof,
wherein R1 is hydrogen or a nitregen protecting group, said process comprising

treating a compound of formuia {8),



(€)
or sali thereof, wherein R1 s hydrogan of & nitregen protecting group,
wil a reducing agent to obtain the campound of formula (3), or salt thereof, wherein R

is hydrogen or a nitrogen protecting group.

tmbodiment 37:

A process for preparing & compound according to formuta {3)

A

N
s ~
i |
i |
i
’?'2. 2 ’A\v\_ -
o - .
e -~
d

R1 (3)

or salt theraof,

D

wherein R1 is hydiogen or a nitrogen protecting group, comgrising reducing a

compound according to formuia {4},

or salt thereof,
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wherein R1 is hydrogen or a nitrogen protecting group, to obtain the compound of

formula (3).

R (7)

wherein R1 is hydrogen or a nifrogen protecting group and, R&6 and R7 arg,

independently, an alkyl group, an anyl group, an arylalkyl group, a cycloalkyl group or
iogether R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionaily contain
one or more heteroatems, such a nitregen, oxygen or suiphur, whereby the cycle
containg 3 to 8, such as 4 to 7 ring atoms, preferably having a configuration according

to formula {7-a),

i (7-a),

into & compound of formula (4), or salt thereof,



wherein R1 is hydrogen or a nitrogen protecting group, preferably having a

configuration according to formula (4-a),

i
\ /\ /\\ J
b J
o‘*d\-\N,N TN
|
Rt (4-a)

mathod 1 comprises
a) converting the compound of formuia (7} into the pound of formula (8)
according to the process defined in embediment 2, and
by converting the compotund of formuia (8) into the compound of fermula (4)
according te the process defined in embediment 3;
meathod 2 comprises

ay converting the compound of formuia (7} into the compaound of formula (8)

=

accerding to the process defined in embodiment 2,
b}y converiing the compound of formuia (8) into the compound of formula (5}
according te the process defined in emboediment 4, and
c) converting the compound of formuia (5) into the compound of formula (4)
according to the process defined in embodiments 5 or 6;

method 3 comprises converling the compound of formuia {7} into the compound of

formuia (4) according to the process defined in embodiment 7,

methed 4 comprises



a) converting the compound of formula (7) into the compound of formuia {(8)
cording te the orocess definad n embodiment 8, and
b) convarting the compotind of formuia {8} into the compound of fermula (4)
according to the process defined in embodiment 3;
method & comprises
a) converting the compound of formula (7) into the compound of formula (6)
according to the process defined in embodiment 3,
5) converting the compound of formula (6) into the compourid of formula (5)
according fo the process defined in embodiment 4, and

’

converting the compound of formula {5) inte the compound of formuia {4}

O

according to the process defined in embodiments S or g,
method 6 comprises
&) converting the compound of formula (7) into the compound of formuia (9)
according to the process defined in embodiment 9, and
3y converting the compound of formula {8} into the compound of formula (4)
according 16 the process defined in embodiments 13 or 14,
method 7 comprises
a) converting the compound of formuia (7} into the compound of formula (5)
according to the process defined i embodiment 12, and
Iy converting the compound of formuia (8} into the compound of formuta (4)
according to the process defined in embodiments S or 6
methed & comprises
a} converting the compound of formuia (7) into the compound of fermula (16)

according te the process defined in embodiment 15,

(=3

converiing the compound of formula (1€) into the compound of formula (G)

accerding {o the process definad in embodiment 17,

¢) converting the compound of formuia (8} inio the compound of formula (§)
according to the process defined in embodimeant 4, and

d) converting the compoundof formuia {8) into the compound of formula (¢)
aceording to the process defined in embodiments 8 ar 8 ;

method 9 comprises
a) converting the compound of formuida (7} into the compound of formuia (16)

according to the process defined in embodiments 15 or 18,



by wenvarting the compound of formula (16) into the compound of formula (8)

according to the process defined in embodiment 17, and

)
——

carwerting the compound of farmuia (6} into the compound of formula (4)
according to the process defined in embodiment 3;

preferably according to methods 1, 4 or §; in particular methods 1 or 4.

Ernbodiment 39:

A process for converting a compound of formuia (7), or salt thereof,
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wherein K1 is hydrogen or a niirogen prolecting group and, RE and R7 are,
independently, an aikyl group, an aryl group, an aryiaikyl group, a cycloalky! group or
together R6 and R7 form a cycle, together with the nitrogen (o which thay are
altached, which cycle may be saturated or unsaturated and may optionally contain
one or more heteroatoms, such a nitrogen, oxygen or sulphur, wheareby the cycle
contains 3 to 8, such as 4 (¢ 7 ring atorns, preferably having a configuration according

to formuila {7-3),

\ PN
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N\ AR
\\\ L N
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- R,

into & cempound of formuia (2), or salt thersof,
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wherein R1 and RZ2 are, independently of each other, hydrogen or a niirogen
protecting group, and R3 is a carboxyl group or an ester group, prefarably having a

configuration according to formula (2-a)

o
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N N
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M

nendilf

Re— > Rs
/
® (2-a)

comprising the steps of
a) converting the compound of formula (7) into the compound of formula (4)
according to the process defined in embodiment 38, and
D) converting the compound of formula (4) inte the compound of formula (2)

according to the process defined in embodiment 19,

Embadiment 40:
A process accerding to embodiment 38, wherein the compound of formuia {7} is

prepared according to ambodiment 1.

Embediment 41;

A process for converting a compound of formula (4), or sait thereof,
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wherein R1 is hydrogen or & nitregen protecting group, praferably having a

configuration according to formula (4-aj,

o \,
\ /’“\/'&\)
- i |J
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{4-a},

into a2 compound of fermuta (1), or salt thereof,

2 2
F
s TN
Ro— 7R3
N
=l (1)

wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen
protecting group, and R3 is a carboxyl greup o an ester group, preferably carboxyl

groun or aikyl ester, preferably having a configuration aceording o formula (1-a)
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R (1-a),

comprising the steps
a) converting the the compound of formuia {4) into the compound of formuia (2)
according to the process defined in embadiment 19, and
)

converting the compound of formuia (2} into the compound of farmula (1)
according to the process defined in embodiment 20,

Embodiment 42;

A process according to embodiment 24, wherein the compound of formula (4) is
prepared accerding to the process defined in embodiment 38,
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wherein R1is hydregen oran

trogen protecting group,
into 2 compound of formula (1), or salt therof
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wirerein R1 and R2 are, independently of each
protecting group, and R3 is a carboxyl group or an

group o aikyl ester, preferably having a configuration

S

\

N
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R0 N/ o Ngg
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R1 {1-a),

comprising the steps of

other, hydrogen or a nitrogen
aster group, preferably carboxyl

according to formula {(1-a)

a) converting the compound of formula (8) into the compound of formula (7)

according to the process defined in embodiment 1,

b) convaiting the compound of formula (7) into the compound of formula (4)

according to the process defined in embodiment 38, and

O
N

cenverting the compound of formuia (4) into the compound of formula (1)

according to the process defined in ambodiment 41,

Embodiment 44:

A process for converting a compound of formuia (7), or salt thereof,
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wherein R1 is hydrogen or a nitrogen profecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arvlalky! group, a cycicalky! group or
together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain
one or more heteroatoms, such a nitrogen, oxygen or suiphur, whereby the cycle
coritains 3 to 8, such as 4 fo 7 ring atoms, preferably having a configuration according

o formula (7-8),
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(7-a),

info & compound of formula (8), or salt thereof,
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wherein R1 is hydrogen or a nitrogen protecting group, preferably having a

configuration according to formula (6-a),




according to methods 1 or 2:

method 1 comprises converting the compounc of formula (7) inte the compound of
formula (8) according to the process defined in embodiments 2 or §;

method 2 comprises

&} converting the comopound of formula (7) into the compound of formula (18)

.

according to the process defined in embodiments 15 or 16, and
b} converting the compound of formula (16) info the compound of formula {(6)

7

according to the procass defined in embodiments 17 or 18;

in particudar according to method 1.

Embodiment 45

A process for converting a compound of formula (73, or sait thereof,
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wherein R1 i3 hydrogen or a nitrogen protecting greup and, RE6 and R7 ars,
independently, an alkkyi group, an aryi group, an arylaliyl group, a cycloaikyl group or
together RE and R7 forrm 8 cycle, together with the nitrogen to which they are
attachad, which cycle may be saturated or unsaiurated and may optionally contain
one or more hetercatoms, such a nilregen, oxygen or suiphur, whereby the cycle
contains 3 to 8, such as 4 to 7 ring atoms, preferably having a configuration according

to formuia (7-a),
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(7-a),

into @ compound of formula (5), or sait thereof,
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wherein R1 is hydrogen or a nitrogen protecting group,

preferabiy having a configuration according to formula (5-b),

according to any one of methods 1 or 3:

methed 1 comprises

a) converting the compound of formuda {7) into the compound of formula (8}

o

according to the precess defined in embodiments 2 or 8, and

(&)

b} converting the cormpound of formuia {8) into the compound of formutla (5}

\&/
according to the process dafined in embodiment 4;
method 2 comprises converting the compound of formuia (7) into the cempound of

formula {5) according to the procass defined in ambodiment 12;
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method 3 comprises
a} converting the compound of formula (7) into the compound of fermuia (1€)
according te the process defined in embodiments 15 or 16,
b) converting the compound of formuia (16) into the compound of formula (6)

according to the process defined in embodiment 17, and

2
e

cenvearting the compound of formula (6) into the compound of formula (5)

according to the process defined in embodiment 4.

Embodiment 48:

A process for converting 2 compound of formula (7), oF sait thereof,
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wherein R1 is hydrogen or 2 nitrocgen prolecting group and, R6 and R7 are
independently, an alkyl group, an aryl group, an arylalkyl group, & cycioaikyl group of
together R6 and R7 form a cycie, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain
one of more hateroatoms, such a nitrogen, oxygen or suiphur, whereby the cycle
contains 3 1o &, such as 4 fo 7 ring atoms, preferably having a configuration according

to formula (7-b),

\
/ % N
!
R1 (7-b;’,



into a compound of formula (3), or sait thereof,
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wherein R1 is hydrogen or a nitrogen protecting group, preferably having
zonfiguration according to formuia (3-a),

H3C,
Y
\
0N
Ri

(3-a)

according to any one of methods 1 to 4
method 1 comprises
a) convarting the compound of formuia (7} into the compound of formula (5)
according to the process defined in embodiment 45, and
b) converling the compound of formuia (5) into the compound of formula (3}
according to the process defined in embodiment 34;
method 2 comprises converting the compound of formula (7) into the cempound of
formuta {3) according to the process definad in embodiment 35;
method 3 comprises

[

a) converling the compound of formuia {7) into the cempound of formula (5)
according to the process defined in embediment 44, and

3y converting the compound of formuia (8) into the compound of formula (3)
according to the process defined in embodiment 36,

method 4 comprises
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ay converting the compound of formula (7) into the compound of formula (6)
according to the process defined in embodiment 44,

by converiing the compound of formuia (B) into the compound of formula (4}
according to the process definad in embodiment 3, and

¢} converting the compound of formula (4) into the compound of formuia (3)
according to the process defined in embodiment 37,

in particular according to method 2 or method 4.

Embediment 47
A process according to embodiment 48, wherein the compound of formula (7) is

prepared according to the process defined in embodiment 1.

Embodiment 48:
A compound according to formuia (2},

or sait thereof,
wherein R1 and R2 are, independently of sach other, hydrogen or a nitrogen
protecting group, and R3 is a carboxyl group or an aster group, preferably having a

configuration acccrding to formula (2-a),
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Ernpodiment 49:

A compound of formuia {4)

£

wherein R1 is hydrogen or a nitrogen protecting group, prefarably having a

configuration according to formula (4-a),

R ”
(6-a).

Embodiment 50:

A compound of formula (8}, or sait thereof
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wherein R1 is hydrogen or a nitrogen protecting group, preferably of formulae (5-3),

{5-b} or {5-c), more preferably (5-b),
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Embodiment 51:

A cornpound of formula (6), or a taeutomer thereof,
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wherein R1 is hydrogen or a nitrogen protecting group, preferably having a

configuration according to formula (6-a),

OH FN
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Embpodiment 53:

A compound of formula (7), or salt thereof,

{7)

wherein R1 is hydrogen or a nifrogen protecting groun and, R6 and R7 are,
independently, an aikyi group, an aryi groip, an aryiaikyl group, @ cycloaikyl group or
iogether R6 and R7 form a cycle, together with the nitrogen fo which they are
attached, which cycle may be saturated or unsaturated and may opticnaily contain

one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle
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Cmbodiment 53.
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A compolind of formula (8-a), or salt thereof,
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whereln R1

is nydrogen or a nitrogen protecting group and, RE and R7 are,
configurati

incependently, an alkyl group or together are an alkviene group, preferably having a

on according io formula {8-3) (3-) or (3-¢), more preferably (8-b),
R&
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Embodiment 54:

A compound of formula {10), or salt thereof,

s Py
NT—R7 =~ \j
/
/ i
Lz . N J
L-7 ~ ’4 /\\\'/ \\\/ P
7= | f
! 1 H n
/ ‘\ i i
{ A ~
OFN. A "
N’
Ri {10}

wherzin R1 is hydrogen or a nitrogen protecting greup, R6 and R7 are, independently,
an alkyl group, an aryl group, an arylalkyi group, a cycloalky! group or togsther RS and
R7 form a cycie, togathor with thi nitrogen te which they aro attached, which cycie may
e saiurated or unsaturated and may optionally contain ene or more helercatoms, susn
a nitrogen, oxygen or suiphur, whereby the cycie contains 31 8, such as 4 to 7 ring
atoms, 77 is a nalide (eg indide, bromide, chioride}, an aikyi sulphate (eg methyl
sulphate) or a sulfonyl ester {ey {riffata) and R10 is hydrogen, alky! or aryl: prefecably
naving a configuration according (o formuia {10-a), (10-b) or (10-c), more preferably {16-

0),

R& /R'H)

N
R1 (10-a)



R (10-b),

R1 (10-c}.

Embodiment 55:

A compound of formuia {11)

0—R4 i///’\r
%, NN
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0= \N/)” v N
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or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R4 is an
OH-activating group, preferably having a configuration according to formula (11-a),

(11-b) or {11-c), more preferably (11-b),
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Embodiment 58:

A compound of formuila (12)

7

(12)

or salt

—

herenf, wherein R1 is hydrogen or a nitro

gen protecting group and R5is 2

leaving group; preferably of formulae (12-a), (12-b) or (12-0), more preferapiy (12-b),
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wherein R1 is hydrogen or a nitrogen protecting group, Y is O or § and each R, is,

independsnily, alkyl, aryl, arylalkyl or acetyi. ‘
preferably having a configuration according to formuia (16-a),

R9
\ AN
RY Y N
/ :
N ) § |’
\ / N e \\J/
_.,_\\ ‘
7 1
0N P S
"
R4

(16-a).

Embodiment £8:
The use of a compound according to anyone of embodiments 48 tc 57, in ithe
synthesis of an NEP-inhibitor or a prodrug thereof, such as a NEF inhibitor or prodrug

thereof comprising a y-amino-8-biphenyi-a-methylalkanocic acid, or acid ester,

backbone

Ermnbodirnent 59:
The use according fo embodiment 58, wherein the NEP-inhibitor is N-{3-carboxy-1-
oxopropyl)-(4S)-p-phenyiphenylmethyl}-4-amino-(2R)-methyibutanoic acid or a salt or

a prodrug thereof,

Embodiment 69:
The use according to embodiment 58, wherein the NEF-inhibitor prodrug is N-(3-
carboxyl-1-oxopropy!)-{4S)-(p-phenylphenyimethyi)-4-amino-(2R)-methyl butanoic acid

ethyi ester or sait thereof.
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Claims:
1. A process for preparing a compound of formula (3)
O

N

|

R1 (3)

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, said process comprising

a) converting a compound of formula (5), or salt thereof,

OH

N

wherein R1 is hydrogen or a nitrogen protecting group, into a compound of formula (12)

R5

0]
N

R1 (12)
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R5 is a leaving
group; and

b) reacting the compound of formula (12), or salt thereof, with a reducing agent to obtain

the compound of formula (3).

2. A process for preparing a compound of formula (3)
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N

R1 (3)
or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group,

said process comprising treating a compound of formula (7),

%
N—R7

\

|
R1 (7)
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are attached,
which cycle may be saturated or unsaturated and may optionally contain one or more
heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such
as 4 to 7 ring atoms,

with a reducing agent to obtain the compound of formula (3), or salt thereof,

wherein R1 is hydrogen or a nitragen protecting group.

3. A process for preparing a compound of formula (3)
@)

|

R1 (3)

or sait thereof,
wherein R1 is hydrogen or a nitrogen protecting group, said process comprising treating a

compound of formula (6),
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OH

\

|
R1
(6)
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group,
with a reducing agent to obtain the compound of formula (3), or salt thereof, wherein R1 is

hydrogen or a nitrogen protecting group.

4. A process for preparing a compound according to formula (3),
o)

|

R1 (3)

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, comprising reducing a compound

according to formula (4),

0) l

N

|
R1 (4)

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, to obtain the compound of formula

(3).

5. A process for converting a compound of formula (7), or salt thereof,
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(7)

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are, independently,
an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or together R6 and R7
form a cycle, together with the nitrogen to which they are attached, which cycle may be
saturated or unsaturated and may optionally contain one or more heteroatoms, such a
nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atoms,

preferably having a configuration according to formula (7-b),

0
N—RY7

\

i (7-b),
into a compound of formula (3), or salt thereof,

o)
N

R1 (3)
wherein R1 is hydrogen or a nitrogen protecting group, preferably having a configuration

according to formula (3-a),

wherein said process comprises



305

a) converting a compound of formula (7), or salt thereof,

0
N—R7

\

a—2Z

! (7)

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are, independently,
an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or together R6 and R7
form a cycle, together with the nitrogen to which they are attached, which cycle may be
saturated or unsaturated and may optionally contain one or more heteroatoms, such a
nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atoms,

preferably having a configuration according to formula (7-a),

&
N—R7

\

O

a—Z

! (7-a),

into a compound of formula (5), or salt thereof,

OH

@]
)
R1 (5),

wherein R1 is hydrogen or a nitrogen protecting group,

preferably having a configuration according to formula (5-b),

(S'b),
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according to any one of methods 1 to 3:
method 1 comprises
a)  converting a compound of formula (7) into the compound of formula (6) or a

tautomer thereof, or salt thereof,

\

@)
N

|
R1 (6)

wherein R1 is hydrogen or a nitrogen protecting group,
comprising treating a compound of formula (7), or salt thereof, with an acid to
obtain the compound of formula (6) or treating a compound of formula (7), or salt

thereof with a reducing agent to obtain the compound of formula (6) and

b)  converting a compound of formula (6) into the compound of formula (5)
comprising treating a compound of formula (6), or salt or a tautomer thereof, with

a reducing agent to obtain the compound of formula (5).

method 2 comprises treating a compound of formula (7), or salt thereof, with a reducing

agent;

method 3 comprises

a) converting the compound of formula {7) into the compound of formula (16)

R1

(16)
or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each RS,
is, independently, alkyl, aryl, arylalkyl (eg benzyl) or acetyl or both R9 form

together a 4 to 7, preferably a 5 to 6 membered acetal ring,
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comprising treating a compound of formula (7), or salt thereof, with an acetal
forming agent to obtain the compound of formula (16) or treating a compound of
formula (7), or sait thereof, with a thioacetal forming agent to obtain the
compound of formula (16);

b)  converting the compound of formula (16) into the compound of formula (6)
comprising removal of the acetal functionality or the thioacetal functionality in a
compound of formula (16), or salt thereof, to obtain the compound of formula (6)

and

c) converting the compound of formula (6) into the compound of formula (5)
comprising treating a compound of formula (6), or salt or a tautomer thereof, with

a reducing agent to obtain the compound of formula (5);

and
b) converting the compound of formula (5) into the compound of formula (3) according

to the process defined in claim 1.

6. A process according to claim 2, wherein the compound of formula (7), or salt thereof,

has a configuration according to formula (7-b),
R6

- 9
I
o)

|
o (7-b),

and the compound of formula (3), or salt thereof,

o) l

)
R1 (3)

has a configuration according to formula (3-a),




308

H3C,

04
|

R1 (3-a)

7. A process for converting a compound of formula (7), or salt thereaof,

@
N—R?7

1. 0
O%T
R1 (7)
wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are, independently,
an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or together R6 and R7
form a cycle, together with the nitrogen to which they are attached, which cycle may be
saturated or unsaturated and may optionally contain one or more heteroatoms, such a

nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atoms,

preferably having a configuration according to formula (7-b),

&
N—R7

o

o)
N

R1 (7-b),

into a compound of formula (3), or salt thereof,

O

R1 (3)
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wherein R1 is hydrogen or a nitrogen protecting group, preferably having a configuration

according to formula (3-a),

(3-a)
wherein said process comprises
a) converting a compound of formula (7) into the compound of formula (6) or a
tautomer thereof, or salt thereof,
OH
O
|
R1 (6)

wherein R1 is hydrogen or a nitrogen protecting group,

according to any one of methods 1 or 2:

method 1 comprises
converting a compound of formula (7) into the compound of formula (6) or a
tautomer thereof, or salt thereof, comprising treating a compound of formula (7),
or salt thereof, with an acid to obtain the compound of formula (6) or treating a
compound of formula (7), or salt thereof with a reducing agent to obtain the

compound of formula (6);

method 2 comprises

a) converting the compound of formula (7) into the compound of formula (16)
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R9
R9 \Y
\Y
© N
b
(16)
or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each R9,
is, independently, alkyl, aryl, arylalkyl (eg benzyl) or acetyl or both R9 form
together a 4 to 7, preferably a 5 to 6 membered acetal ring,
comprising treating a compound of formula (7), or salt thereof, with an acetal
forming agent to obtain the compound of formula (16) or treating a compound of
formula (7), or sait thereof, with a thioacetal forming agent to obtain the
compound of formula (16);
b)  converting the compound of formula (16) into the compound of formula (6)
comprising removal of the acetal functionality or the thioacetal functionality in a
compound of formula (16), or salt thereof, to obtain the compound of formula (6)
and
b) converting a compound of formula (6) into the compound of formula (3) or a salt

thereof, according to the process defined in claim 3.

8. A process for converting a compound of formula (7), or salt thereof,

R6
\
N—R7

\

N

R1 (7)

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are, independently,

an alkyl group, an ary! group, an arylalkyl group, a cycloalkyl group or together R6 and R7
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form a cycle, together with the nitrogen to which they are attached, which cycle may be
saturated or unsaturated and may optionally contain one or more heteroatoms, such a
nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atoms,

preferably having a configuration according to formuta (7-b),

R6
‘N—R7
\

0

1

—2Z

(7-b),
into a compound of formula (3), or salt thereof,

O
|

wherein R1 is hydrogen or a nitrogen protecting group, preferably having a configuration
according to formula (3-a),

HaC,

o,

N
|

s

Ri1 (3-a)
wherein said process comprises
a) converting a compound of formula (7) into the compound of formula (6) or a

tautomer thereof, or salt thereof,

OH

\

N

1

wherein R1 is hydrogen or a nitrogen protecting group,
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according to any one of methods 1 or 2:

method 1 comprises
converting a compound of formula (7) into the compound of formula (6) or a
tautomer thereof, or salt thereof, comprising treating a compound of formula (7),
or salt thereof, with an acid to obtain the compound of formula (6) or treating a
compound of formula (7), or salt thereof with a reducing agent to obtain the

compound of formula (6);

method 2 comprises

a)  converting the compound of formula (7) into the compound of formula (18)

R1

(18)
or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each RS,
is, independently, alkyl, aryl, arylalkyl (eg benzyl) or acetyl or both R9 form
together a 4 to 7, preferably a 5 to 6 membered acetal ring,
comprising treating a compound of formula (7), or salt thereof, with an acetal
forming agent to obtain the compound of formula (16) or treating a compound of
formula (7), or salt thereof, with a thioacetal forming agent to obtain the
compound of formula (16);

b)  converting the compound of formula (16) into the compound of formuia (6)
comprising removal of the acetal functionality or the thioacetal functionality in a

compound of formula (16), or salt thereof, to obtain the compound of formula (6);
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b) converting a compound of formula (6) into the compound of formula (4)

oA

N

|
a (4)

or a salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group,
comprising treating a compound of formula (6), or salt or a tautomer thereof, with a

reducing agent, preferably in the form of an aldehyde to obtain the compound of formula

(4)

and
c) converting a compound of formula (4) into the compound of formula (3) or a salt

thereof, according to the process defined in claim 4,

9. A process according to any of claims 2 or 5 to 8, wherein the compound of formula (7) is

prepared by a process comprising reacting a compound of formula (8), or salt thereof,

N

R1 (8)

wherein R1 is hydrogen or a nitrogen protecting group,
- with an amine of formula (13), (14) or (15)

R6 R7
\N/
R6_ _R7
R6_ _R6  Re_ _R8 N
o

f R8_ R8
R7 R7  (13), R7 (14), 0)\0/ (15)

and optionally a salt, such as an alkali metal salt, an alkali earth meatl salt, an ammonium

salt or an ionic liquid;
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- or with a compound prepared by mixing a compound of formula (18),

_ _®
R6_ _R7
| ©
R6_ 2 X
b
R7

- = (18)
with an alcoholate of the formula M-O-R8 and optionally treating said compound with a salt
M1X’;

- or with mixtures thereof;

wherein

each R6 and each R7 are, independently, an alkyl group, an aryl group, an arylalky! group, a
cycloalkyl group or together R6 and R7 form a cycle, together with the nitrogen to which they
are attached, which cycle may be saturated or unsaturated and may optionally contain one or
more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8,
such as 4 to 7 ring atoms, and each R8 is, independently, an alky! group, an aryl group or an
arylalkyl group;

X and X' are, independently, an anion, for example, a halide, an anion of a sulphonic acid,
an anion of an alkylsulfate, a tetrahalometalate, such as a tetrachlorometalate,
hexafluorophosphate, hexafluoroantimonate, tetrafluoroborate, perchlorate, alkoxide R8-O°
wherein R8 is defined as before, carboxylate, or tribromide;

M is an alkali metal or an alkaline earth metal; and

M1 is an alkali metal, an alkaline earth metal or ammonium;

to obtain the compound of formula (7).



