PROCESS AND INTERMEDIATES FOR THE PREPARATION OF 5-
BIPHENYL-4-YL-2-METHYLPENTANOIC 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-methylalkanoic
acid, or acid ester, backbone. ' '

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

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

Processes for preparing NEP-inhibitors are known. US 5217 996 describes biaryl
substituted 4-amino-butyric acid amide derivatives which are useful as neutral
endopeptidase (NEP) inhibitors, e.g. as inhibitors of the ANF-degrading enzyme in
mammals. US 6 217 996 discloses the preparation of N-(3-carboxyl-1-oxopropyl)-(4S)-
(p-phenylphenylmethyl)-4-amino-(2R)-methyl butanoic acid ethyl ester. In the
preparation of said compound N-t-butoxycarbonyl-(4R)-(p-phenylphenylmethyl)-4-
amino-2-methyl-2-butenocic acid ethyl ester is hydrogenated in the presence of
palladium on charcoal. A major drawback of said process is that such a hydrogenation
step is not very selective and yields N-t-butoxycarbonyl-(4S)-(p-phenylphenylmethyi)-4-
amino-2-methylbutanoic acid ethyl ester as a 80:20 mixture of diastereomers.
Moreover, the process for preparing N-t-butoxycarbonyl-(4R)-(p-phenylphenylmethyl)-4-
amino-(2)-methyl(2)-butenoic acid ethyl ester requires D-tyrosine 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 alternative reaction route:
for preparing compound N-t—butoxycarbbnyl(4S)-(p—phenylphenylmethyl)-4-amino-2-
methylbutanocic acid ethyl ester, or salt thereof, preferably a reaction route which avoids
the above-mentioned drawbacks of the prior art process.

It was a further object of the present invention to provide an alternative hydrogenation
step in a process for producing NEP inhibitors or prodrugs thereof. In particular it was
an object to provide an alternative process for producing compounds according to

formula (1), or salt thereof,

RZ\N R3
R1 (1)
wherein 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 carboxyl group or alkyl
ester. Compounds of formula (1) can be used as intermediates in the preparation of

NEP inhibitors, or prodrugs thereof, in particular NEP inhibitors comprising a y-amino-3-

biphenyl-a-methylalkanoic acid, or acid ester, backbone, preferably N-(3-carboxyl-1-
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oxopropyl)-(4S)-(p-phenylphenyimethyl)-4-amino-(2R)-methyl butanoic acid ethyl ester,
for example, as described in the Journal of Medicinal Chemistry, 1995, 38, 1689.

It was a still further object to provide a process for producing compounds according to
formulae (1-a) and (1-b), or salts thereof, wherein R1, R2 and R3 are defined as above,
having a high diastereor’néric ratio. Preferably, it was an object to provide a process for
obta.ining a diastereomeric ratio of compounds according to formula (1-a), or salts
thereof, to compounds according to formula (1-b), or salts thereof; of at least 80 : 20,
more preferably of at least 90 : 10, most preferably a ratio 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 to
formula (1-b), or salts thereof, can be completely removed and compounds according to
formula (1-a), or salts thereof, can be provided in pure form.

R (1'3),

sall)

R1 (1-b)
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The new processes, according to the present invention, for producing compounds
according to formula (1), or salt thereof, as defined herein, are summarized in Scheme
1.

Rt (M

Section Dj

R1 (3)

EP Application 07100451.9 Section C.2
or W02008/083967

R2_
N
!
R

1M

Scheme 1

Namely, a compound of formula (8) is converted into a compound of formula (7), or salt
thereof, wherein R1 is hydrogen or a nitrogen protecting group, according to a method
described in Section A. Next, the compound of formula (7), or salt 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 to convert (7) into (4),

b) any one of the methods in Section C to convert (4) into (2), and

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

- method 2 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) into (1), for example, as described in
European patent application 07100451.9 or WO2008/083967.

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

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

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

N
k
)
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, whéreby the cycle contains 3 to 8,
suchas4to7 ring atoms, said process comprising reacting a compound of formula (8),

or salt thereof,

@)
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wherein R1 is hydrogen or a nitrogen protecting group, with an amine of formula (13),
(14) or (15), or mixtures thereof,

R6 R7 R6, R7
~ N 7 . ~ N/
R )\ R /l\ RO
6 6 R6, R8
~ N N 7 ~ T 0/

» R8 R8
ke ke (13), R7 (14, 07 07 (15)

wherein each R6 and each 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, and each R8 is,
independently, an alkyl group, an aryl group or an arylalkyl group to obtain the compound
of formula (7).

The reaction to obtain the enamine of formula (7) can take place neat or in any inert
solvent, preferably in an aprotic solvent such as halogenated hydrocarbons, such as
methylene chloridé; ethers, such as THF, dimethoxyethane, or dioxane; or aromatic v

- solvents such as benzene, chlorobenzene, toluene, phenylethane or xylenes or mixtures
thereof. Preferably the solvent is toluene or THF. Typically, the reaction can be
conducted at 0 °C to reflux, preferably 0 to 200 °C, more preferably 20 to 140 °C, yet

~ more preferably 40 to 100 °C, most preferably 60 to 90 °C.

Preferred examples of the amines of formulae (13), (14) and (15) include Bredereck’s
reagent {tert-butoxybis(dimethylamino)methane}, tert-butoxybis(diethylamino)methane,
methoxybis(dimethylamino)methane, tert-pentoxy-bis(dimethylamino)methane,
tns(dimethylamino)methane, tris(diethylamino)methane, and N,N-dimethylformamide
dimethylacetal (DMFDMA), N,N-dimethylformamide diethylaéetal, N,N-
dimethylformamide diisopropylacetal, N,N-dimethylformamide di-tert-butylacetal, N,N-
dimethylformamide di-fert-pentoxyacetal, or mixtures thereof.

In one embodiment the amine of formula (14) is preferably the Bredereck’s reagent or
tert-pentoxy-bis(dimethylamino)methane. In another embodiment, the amine of formula
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(13) is preferably tris(dimethylamino)methane. In still another embodiment, the amine of
formula (15) is preferably N,N-dimethylformamide di-iert-butylacetal or N,N-
dimethylformamide di-tert-pentoxyacetal. The amine of formulae (13), (14) or (15), or
mixtures thereof, can be used in an amount of 1.0 to 10 equivalents, preferably 3 to 10
equivalents, more preferably 3 to-6 equivalents, such as 3 equivalents. Optionally, an
alcohol may be'present. préferably an alkyl alcohol such as 1-butanol, 2-butanol, tert-
butanol or 2-methyl-2-butahol. Typically, the alcohol can be used in an amount of 1.0 to
10 equivalents, preferably 3 to 10 equivalents, more preferably 3 to 6 equivalents, such
as 3 equivalents. In one embodiment, the alcohol can be used with (13) to make (14)
and/or (15) in situ.

These amines can be purchased from suppliers, such as Aldn'ch, Fluka or Acros, or can.
be obtained according to methods known in the art, for example as described in.Adv.
Synth. Catal., 2004, 346, 1081; Encyclopedia of Reagents for Organic Synthésis, 2007,
DOI: 10.1002/9780470842898.rb350.pub2; Tetrahedron Lett., 1983, 25, 285;
Encyclopedia of Reagents for Organic Synthesis, 2007, DOI:
10.1002/047084289X.rt403; Synlett, 2006, 809; Recueil des travaux chimiques des
Pays-Bas, 1969, 88, 289; J. Org. Chem., 1985, 50, 3573; J. Org. Chem., 1980, 45,
3986; Chem. Ber., 1968, 101, 1885; J. Chem. Soc., Perkin Trans. 2, 1985, 1669;
Angew. Chem., Int. Ed., 1962, 1, 331; Chem. Ber., 1968, 101, 41; Chem. Ber., 1968,
101, 51; Liebigs Ann. Chem., 1972, 762, 62; Science of Synthesis, 2005, 22, 795; J.
Am. Chem. Soc., 1961, 83, 2588 or in J. Org. Chem., 1962, 27, 3664, or according to
methods 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 place in the presence of a salt, for example an
alkali metal salt (eg a salt of lithium, sodium or potassium), an alkaline earth metal salt (eg
a salt of magnesium or calcium) or an ammonium salt, wherein the couterion is, for '
example, a halidé. a carbonate, an amine, perchlorate, hexafluorophosphate or
hexafluorosilicate. In particular, the salt is selected from lithium hexaflucrophosphate
(LiPFg), sodium hexafluorophosphate (NaPFg), potassium hexafluorophosphate (KPFg),
ammonium hexaflucrophosphate (NHsPFg), lithium chloride (LiCl), lithium bromide (LiBr),
sodium chloride (NaCl), potassium chloride (KCI), magnesium chloride (MgClz), potassium
perchlorate (KCIO4), sodium hexafluorosilicate (Na;SiFs), lithium amide (LINHz) and
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lithium carbonate (Li,CO;). The salt may also be an ionic liquid, such as 1-butyl-3-methyl
imidazolium tetrafluoroborate or 1-butyl-3-methyl imidazolium hexafluorophosphate. In
one embodiment, the salt is lithium hexafluorophosphate, lithium chloride, magnesium
chloride, or potassium hexafluorophosphate.

In another embodiment, the conversion of a compound of formula (8) into a compound of
formula (7), as described above, takes place in the presence of a salt, as described
above, and an amine. Typically, the amine is a secondary amine, such as a secondary
amine of the formula HNR6R7 wherein R6 and R7 are independently as defined above for
compounds of formula 13, 14 or 15. In particular, the amine is diphenylamine,
diisopropylamine, dimethylamine or imidazole. Optionally, a base may be added to the
amine of formula HNR6R? to give a species of the formula M-NR6R7 wherein M is an
alkali metal (eg lithium sodium, potassium) dr an alkaline earth metal (eg magnesium,
calcium) and R6 and R7 are independently as defined above. In particular, M is an alkali
metal, such as lithium. In one embodiment, the base is LHMDS and the amine is
diphenylamine. .

In yet a further embodiment, the conversion of a compound of formula (8) into a
compound of formula (7), as described above, takes place in the presence of a salt, as

" described above, and a crown ether. In particular, the sait is potassium
hexafluorophosphate and the crown ether is 18-crown-6.

Typically, in the above embodiments, the salt may be used in a catalytic orin a
stoichiometric amount with respect to the compound of formula (8). In particular, the salt
may be used in an amount of, for example, 0.1 to 2 equivalents, in particular 0.5 to 2

equivalents, such as 1 to 2 equivalents.

In a preferred case, suitable reagents for preparing a compound of formula (7), or a salt
thereof, from a compound of formula (8), or a salt thereof, involves reacting a
compound of formula (7) with a compound prepared by mixing a compound of formula
(18),
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(18)

wherein R6 and R7 are, independently, defined as before, with an alcoholate of the
formula M-OR8

wherein,

X is defined as an anion, for example, a halide (eg chloride, bromide, iodide), an anion
of a sulphonic acid (eg trifluoromethanesulfonic acid, methanesulphonic acid, 4-
toluenesulphonic acid), an anion of an alkylsulfate (eg methylsulfate), a
tetrahalometalate, for example, a tetrachlorometalate (eg tetrachloromanganate,
tetrachloroaluminate), hexafluorophosphate, hexafluoroantimonate, tetrafluoroborate,
perchlorate, alkoxide, for example, R80" where R8 is defined as before (eg tert-
butoxide, phenoxide), carboxylate, tribromide.

M is defined as an alkali metal (eg lithium, sodium, potassium, in particular sodium.
potassium) or an alkaline earth metal (eg magnesium, calcium).

R8 is defined as before.

R8O is defined as an alkoxy group.

The reaction may be performed neat or in any inert solvent, as defined above.

In a preferred case, an alcoholate of the formula M-OR8 is added, optionally in a
solvent for example an inert solvent such as tetrahydrofuran, methyitetrahydrofuran,
toluene, alkanes (such as heptane, hexane), or mixtures thereof, to a compound

according to formula (18), optionally in an inert solvent. M-ORS is typically used in the
range 0.5 to 1.5 equivalents, more preferably in the range 0.8 to 1.2 equivalents.
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Typically the mixture is étirred, typically at 0 °C to reflux, preferably 0 to 120 °C, more
preferably 20 to 80 °C. )

The mixture is reacted with a compound according to formula (8), or a salt thereof, to

provide a compound according to formula (7), or a sait thereof.

In a preferred case, the mixture can be used in an amount of 1.0 to 10 equivalents,
preferably 3 to 10 equivalents, more preferably 3 to 6 equivalents, such as 3 '
equivalents. Typically, the equivalents used are relative to the compound a‘ccord'ing to
formula (18). Typically, the reaction can be conducted at 0 °C to reflux, preferably 0 to
120 °C, more preferably 20 to 80 °C. '

In one embodiment, the mixture of an alcoholate. of the formula M-ORS8 ahd a
compound according to the formula (18), optionally in a solvent as defined above, which
may be prepared as described above, is réacted with a compound according to formula
(8). The mixture can be added to (8) in an amount of 1.0 to 10 equivalents, in particular
3 to 10 equivalents, such as 3 to 6 equivalents, in particular 3 equivalents. When the
amount of alcoholate M-OR8 and a compound according to the formula (18) are not
equimolar 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 alcoholate of the
formula M-OR8 and a compound according to the formula (18), optionally in a soivent
as defined above, is conducted at 0 °C to reflux, in particular 0 to 120 °C, such as 20 to
80 °C

Compound of the formula (7) can be optionally isolated as a residue by removal of
volatile substances from the mixture. The distillate may contain an amine of formula
(13), (14) or (15), or mixtures thereof. Where a solid is present after formation of a
compound of the formula (7), this may be optionally removed, for example by fiitration,
prior to distillation. The solid may contain a compound of formula (18).

In a further preferred case, a compound according to formula (18), optionally in the
presence of an alcoholate of formula R80-M, may be treated with a salt of formula’
M1X', which partially or fully exchanges the anionic counterion (X) of compounds
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according to formula (18) by an anionic counterion (X'), wherein X' is defined as
described above for X and M1 is an alkali metal (eg lithium, sodium or potassium), an
alkaline earth metal (eg magnesium or calcium) or ammonium, in order to give
oompoUnds of the formula (18).

(18)

Suitable reagents for this exchange inc!u_de alkali metal salts (such as lithium, sodium or
potassium tetrafluoroborate or hexaﬂuorbphosphate, sodium methylsulfate, sodium
perchlorate), alkaline earth metal salts (such as magnesium or calcium perchlorate),
ammonium salts (such as ammonium tetrafluocroborate or hexafluorophosphate).
Preferably hexafluorophosphate salts or tetrafluoroborate salts are used, more
preferably ammonium hexafluorophosphate or ammonium tetrafluoroborate or sodium
tetrafluoroborate is used. Most preferably hexafluorophosphate salts are used,
preferably ammonium hexafluorophosphate. Relative to the anionic counterion (X), the
anionic counterion (X') of suitable reagents may be used in catalytic or stoichiometric
quantities.

The mixture obtained after such an exchange may be used as-is, such that the mixture
contains both (18) and (18’), and optionally R80-M. Alternatively, the anion of formula
(X) may be removed from the mixture, for example by filtration, such that the mixture
subsequently contains (18'), and optionally RBO-M.

Furthermore, compounds of formula (18) or (18’) or mixtures thereof, are suitable
reagents for the present invention. Compounds according to the formula (18’) are,
independently, defined according' to compounds according to the formula (18).

As such, in a preferred case, a compound of formula (8) is converted into a compound
according to formula (7) by reaction with a compound of formula (18) and an alcoholate
of formula R80-M, optionally in the presence of a compound of formula (18’).
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Furthermore, in a preferred case, a compound of formula (8) is converted into a
compound according to formula (7) by reaction with a compound of formula (18) and an
alcoholate of formula R80O-M, optionally in the presence of a compound of formula (18')
and an amine of formula (13), (14) or (15), or mixtures thereof.

Optionally, a compound of formula (8) can be converted into a compound according to
formula (7) by reaction with a compound of formula (18) and an alcoholate of formulaR80-
M optionally in the presence of a compound of formula (18’) and an amine of formula (13),
(14) or (15), or mixtures thereof, in the presence of an amine, typically of the formula
HNR6R?7, where R6 and R7 are independently as defined above. In particular, the amine
is diphenylamine, diisopropylamine, dimefhylamine or imidazole. Optionally, a base may
be added to the amine of formula HNR6R?7 to give a species of formula M-NR6R7 where
M is an alkali metal (eg lithium sodium, potaésium) or an alkaline earth metal (eg
magnesium, calcium) and R6 and R7 are independently as defined above. In particular, M
is an alkali metal, such as lithium. In one embodiment, the base is LHMDS and the amine
is diphenylamine.

Compounds of the formula (18) or (18’) can be purchased from suppliers such as
Aldrich and Fluka, or can be obtained according to methods known in the art, for

" example, as described in J. Chem. Soc., Perkin Trans. 1, 2001, 1586; J. Chem. Soc.,
Perkin Trans. 1, 1987, 845; Synthesis, 1977, 273; Science of Synthesis, 2005, 22, 221;
Synthesis Communications, 1983, 785; Recueil des travaux chimiques des Pays-Bas,
1969, 88, 289 ; Chem. Res. Chinese U., 2005, 21, 177 ; Chem. Ber., 1993, 126, 1859 ;
Synthetic Communications, 1998, 28, 1223 ; J. Org. Chem., 1965, 2464; J. Org. Chem.,
1970, 35, 1542; Liebigs Ann. Chem., 1972, 762, 62; J. Am. Chem. Soc., 1961, 83,
2588; J. Org. Chem., 1962, 27, 3664 or J. Chem. Soc., 1949, 3319, or according to
methods in Section F of the present invention.

Compounds of the formula R80-M can be purchased from suppliers such as Aldrich,
BASF, Chemetall GmbH, or can be obtained according to methods known to persons

skilled in the art.

The following preferences apply:
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For combounds of formula (18) or (18’), 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. Most
preferably, R6 is alkyl. S'till more preferably R6 is methyl or ethyl and R7 is methyl or
ethyl. X is preferably chloride, methylsulfate, tetrafluoroborate or hexafluorophosphate.
Most preferably, X is chloride or hexafluorophosphate. In a preferred case,. compounds
of formula (18) or (18’) are preferably N,N,N,N-tetramethylformamidinium or N,N,N,N-
tetraethylformamidinium chlonde, N,N,N,N-tetramethylformamidinium or N,N,N,N-
tetraethylformamidinium hexafluorophosphate

For compounds of the formula R80-M, R8 is preferably alkyl, most preferably tert-butyl
or amylate. M is preferably an alkali metal, most preferably sodium or potassium.
Further preferred is when R80O-M is sodium tert-butoxide (NaOCMe3;) or potassium tert-
butoxide (KOCMe;) or sodium amylate (NaOCMejEt) or potassium amylate
(KOCMezEt). Most preferred is when RB0-M is potassium tert-butoxide or sodium
amylate.

SECTION B: Preparation of a compound of formula (4)

The processes, according to the present invention, to convert of a compound of formula
(7), as defined herein, into a compound of formula (4), as defined herein, are outlined in
Scheme 2. '
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Scheme 2

The present invention relates thus to the conversion of a compound of formula (7), as
described herein, into a compound of formula (4), as described. herein, according to any
one of methods 1 to 9, wherein »
method 1 comprises

a) any one of methods in Section B.1 to convert (7) into (6), and

b) any one of methods in Section B.2.1 to convert (6) into (4);
method 2 comprises .

a) any one of methods in Section B.1 to convert (7) into (6),

b) any one of methods in Section B.2.2 to convert (6) into (5), and

c) any one of metheds in Section B.2.3 to convert (5) into (4);

method 3 comprises any one of methods in Section B.3.1 to convert (7) into (4);
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method 4 comprises

a) any one of methods in Section B.3.2 to convert (7) into (6), and

b) anyone of methods in Section B.2.1 to convert (6) into (4);
method 5 comprises ' _

a) any one of methods in Section B.3.2 to convert (7) into (6),

b) any one of methodé in Sections B.2.2 to convert (6) into (5), and

é) any one of methods in Section B.2.3 to convert (5) into (4);
method 6 comprises

a) any one of methods in Section B.3.3 to convert (7) into (9), V

b) any one of methods in Section B.4 to convert (9) into (10), and

c) any one of methods in Section B.4 to convert (10) into (4);
method 7 comprises

a) any one of methods in Section B.3.4 to convert (7) into (5), and

b) any one of methods in Section B.2.3 to convert (5) into (4);
method 8 comprises

a) any one of methods in Section B.5.1 to convert (7) into (16),

b) any one of methods in Section B.5.2 to convert (16) into (6),

c) any one of methods in Section B.2.2 to convert (6) into (5), and

d) any one of methods in Section B.2.3 to convert (5) into (4);
method 9 comprises

a) any one of methods in Section B.5.1 to convert (7) into (16),

b) any one of methods in Section B.5.2 to convert (16) into (6), and

c) any one of methods in Section B.2.1 to convert (6) into (4);
preferably the conversion of a compound of formula (7); as described herein, into a.
oompouhd of formula (4), as described herein, is according to methods 1, 4 or 6; in
particular methods 1 or 4.

As discussed be_low. Sections B.1, B.2.1, B.2.2, B.2.3, B.3.1, B.3.2, B.3.3, B.3.4, B4,
B.5.1 and B.5.2 as such are also preferred embodiments of the present invention.

SECTION B.1:

In another aspect, the present invention relates to a process for preparing a compound
of formula (6) or a tautomer 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,

R6

\
N—R7 O
0 ‘

|
R1 @)
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 an acid to obtain the compound of formula (6),
preferably of the formula (6-a). In a preferred embodiment, the starting compound of

formula (7), or salt thereof, is according to formula (7-a), or salt thereof,

(7-a),
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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 atorr{s, more preferably the starting. compound of formula (7), is
accérding to formulae (7b) or (7c), or salts thereof, most preferably according to formula

(7-b), or salt thereof,

(7-c),

wherein R1 is hydrogen or a nitrogen protecting group and R6 and R7 are,
independently, an alkyl group, an aryl g.roup, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitro'gen 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.

The compound of formula (6), or salt thereof, preferably of formula (6-a), or a tautomer
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
formula (4), or salt thereof, as defined herein. '

In a preferred embodiment, the present invention relates to a process for preparing a
compound of formula (6-a), or a tautomer thereof '

OH
0
|
or salt 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 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 satu.rated 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 an acid to obtain the compound of formula (6-a). In a
preferred embodiment, the starting compound of formula (7-a), or salt. thereof, is
according to formula (7-b), as defined above.

Preferred examples of acid are aqueous mineral acids, such as hydrochloric acid,
hydrobromic acid, sulphuric acid and phosphoric acid. Most preferred is aqueous
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sulfuric écid. Preferably, the amount of acid employed is such that the pH of the
reaction mixture is of from 1 to 7, more preferably pH of from 2 to 5, most preferably pH
of from 2 to 3. A solvent can be used, preferably one that is miscible or partly miscible in
water, for example acetonitrile. Optionally, a phase transfer catalyst, such as tetra-n-
butylammonium halide, for example tetra-n-butylammonium bromide, can bé added.
Typically the reaction can Ee conducted at -20 to 30 °C, preferably -20 to 20 °C, more
preférably -10t0 10 °C, mbst preferably 0 to 10 °C.

Section B.2:
Section B. 2. 1:

In another aspect, the present invention relates to a process for preparing a compound
of formula (4) ’

(4)

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group,
comprising treating a compound of formula (6), or salt or a tautomer thereof,

¢ ‘ O
o .

N
|

wherein R1 is hydrogen or a nitrogen protecting group,
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with a reducing agent, preferably in the form of an aldehyde, to obtain the compound of
formula (4). In a preferred embodiment, the starting compound of formula (6), or salt

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

OH
O _ l

|
R

! (6-a),

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group.

In a preferred embodiment, a compound of fo‘rmula (6-a), or salt, or a tautomer thereof,

R1 (6-a)
wherein R1 is hydrogen or a nitrogen protecting group,
. is treated with a reducing agent, preferably in the form of an aldehyde, to obtain a
compound of formula (4-a), or salt thereof,

(o) I

N

R1 (4-a)
wherein R1 is hydrogen or a nitrogen protecting group.

The reducing agent is typically an aldehyde, more preferably a non-enolisable
aldehyde, even more preferably an arylaldehyde, such as benzaldehyde, or a
trihaloacetaldehyde, such as chloral, yet more preferably formaldehyde, such as
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monomeric formaldehyde (obtained by, e.g. ‘cracking’ paraformaldehyde), 1,3,5-
trioxane, paraformaldehyde or an aqueous solution of formaldehyde (for example 37 %

- in water).

Preferably, the reduction of the compound of formula (6), or salt thereof, preferably of
the formula (6-6), or salt tﬁereof. is carried out at pH of from 7, more preferably pH of
from 7 to 14, most preferably pH of from 10 to 11. A base is used to maintain pH of
from 7. Suitable bases are weak bases or strong bases or mixtures of thereof.
Preferably, the base is an alkali metal carbonate, such as potassium carbonate, or as
metal alkali hydrbxide, such as sodium hydroxide. Most preferably the base is
potassium carbonate. In a preferred embodiment, the reduction is performed as a
biphasic mixture of water and an organic solvent, preferably in the presence of a phase
transfer cétalyst such as tetrabutylammonium hydroxide.

Section B. 2. 2:

In a particular embodiment, treatment of the compound of formula (6), or salt thereof, as
defined above, with a reducing agent, preferably with hydrogen and a transition metal
catalyst (eg a palladium catalyst) for example as described in Section B.3. 3, leads to a
compound of formula (5), or salt thereof,

R1

| (5).
wherein R1 is hydrogen or a nitrogen protecting group,
or leads to a mixture of the compounds of formulae (4) and (5).

In another particular embodimeni, treatment of the compound of formula (6-a), or salt
thereof, as defined above, with a reducing agent, preferably with hydrogen and a
transition metal catalyst (eg a palladium catalyst) for example as described in Section
B.3. 3, leads to a compound of formula (5-a), or salt thereof,
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T
R ~ (5-a).

wherein R1 is hydrogen or a nit.r‘ogenv‘protecting group, preferably of formula (5-b), -

(S'b),

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

Section B. 2. 3:

Section B. 2. 3. 1:

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

of formula (4)

o] l

or salt thereof,

A—Z

4)

wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising
a) treating a compound of formula (5), or salt thereof,
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N

|
R1 (5)

wherein R1 is hydrogen or a nitrogen brotecting group,

with an OH-activating agent to obtain a compound of formula (11)

N
|

I (11)
or salt 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 salt thereof, with a base to obtain the

compound of formula (4).
Steps a) and b) as such are also an embodiment of the present invention.

In a preferred embodiment, the present invention relates to a process for preparing a
compound of formula (4-a)

a—Z

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

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

OH

0 l

N
I

R1 (5-a)
wherein R1 is hydrogen or a nitrogen protecting group,
with an OH-activating agent to obtain a compound of formula (11-a)

a ‘ O
o]

|

K . (11-a)
or salt 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-a), or salt thereof, with a base to 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 salt thereof, preferably of formula (5-a), into an OH-activated group occurs in the
presence of the base. According to this preferred embodiment, the activation of the OH-
group and the subsequent elimination of the OH-activated group occurs in situ to give
the compound of formula (4), or salt thereof, preferably of formula (5-a); i.e. without
isolation of the OH-activated compound of the formula (11), or salt thereof, preferably of

formula (11-a).
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In a more preferred embodiment, the present invention relates to a process for
- preparing a compound of formula (4-a)

R1 _ (4-a)

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group,
comprising treating a compound of formula (5-a), or salt thereof,

o) I

N
|

R1 (548)
wherein R1 is hydrogen or a nitrogen protecting group,
with an OH-activating agent in the presence of a base to obtain the compound of

formula (4-a).

In the above described methods (Sections B.2.3.1 and B.2.3.2), an OH-activating agent
is any reagent which can convert a hydroxyl group into a leaving group. Examples of
suitable OH-activating agents are sulphonating agents, such as methanesulfonyl- or
toluenesuifonyl halides, for example methanesulfonylchloride or toluenesulfonylchloride.
Preferred base is, for example, an amine, such as 1,8-diazabicyclo[5.4.0Jundec-7-ene
(DBU), 2,6-lutidine, diisopropylethylamine, a metal hydride, such as sodium or
potassium hydride, or bases such as lithium, sodium or potassium
bis(trimethylsilyl)amide and butyllithium.
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The conversion of the obmpound of the formula (5), preferably of the formula (5-a), or
salts thereof, into the compound of formula (4), preferably of the formula (4-a), or salts
thereof, can also be performed, as described in methods above, on a mixture of
compounds (4) and (5), preferably a mixture of compounds (4-a) and (5-a), or salts -
thereof, as shown in Scheme 3.

(G 07N
R1(4) Ri  (5)
. o -/ mixture
Scheme 3

Section B. 2. 3. 3:

In a further aspect, the present invention relates to a process for preparing a compound
of formula (4)

()

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

a) treating a compound of formula (5), or salt thereof,
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OH

Pewe

N
|

R1 (5)
wherein R1 is hydrogen or a nitrogen protecting group,
with an OH-activating agent to obtain a compound of formula (11)

0—R4

(o) l

N

R ' (11)
or salt thereof, wherein R1 is hydrogen or é nitrogen protecting group and R4 is an OH-
activating group; and
b) converting the compound of formula (11), or salt thereof, into a compound of formula
(12)

O l

N

|
R1 (12)

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

A
[3;]

leaving group; and
c) 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 formula (4-a)
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(4-a)

or salt thereof,

wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising _
a) treating a compound of formula (5-a), or salt thereof,

g ‘ O
0]

N

R1 (5-a)

wherein R1 is hydrogen or a nitrogen protecting group,
with an OH-activating agent to obtain a compound of formula (11-a)

& C O
O 3

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R4 is an OH-

a—=Z

(11-a)

activating group; and
b) converting the compound of formula (11-a), or salt thereof, into a compound of
formula (12-a).
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(12-a)

or a salt thereof, wherein R1 is hydrdgen or a nitrogen protecting group and R5 is a
leaving group; and
c) reacting the compound of formula (12-a), or salt thereof, with a base to obtain the

compound of formula (4-a).

The conversion of the -OR4 group of the compound of formulae (11) or (11-a) into a
leaving group is a well-known reaction to the person skilled in the art, for example as
described in Richard C. Larock, “Comprehensive Organic Transformations: A Guide to
Functional Group Preparations”, Second Edition, Wiley-VCH Verlag GmbH, 2000, in
particular as-described in the relevant chapters thereof; for example it may be effected
by the use of a metal halide, such as an alkali metal halide or an alkaline earth metal
halide. In one embodiment the metal halide is, for example, sodium iodide.

Preferred leaving groups are halo, such as bromo or iodo.
Preferred examples of a base in step c) are amine bases, for example, triethylamine.

In one embodiment, the conversion of a compound according to formula (12),
preferably of formula (12-a), into a compound according to formula (4), preferably 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 to the formula (12-a) wherein R1 = H
and RS = 1 is treated with a base (eg triethylamine) and the reagent di-tert-butyl
dicarbonate to give a compound accordingﬁ to the formula (4-a) wherein R1 = Boc.

Section B. 2. 3. 4.
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In a further aspect, the present invention relates to a process for preparing a compound
of formula (4)

O l

1 @

A—2Z

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,

(o) I

N
|

.wherein R1 is hydrogen or a nitrogen protecting group,

@]
I

into a compound of formula (12)

) ‘ O
o)

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 base to obtain the

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

In a preferred embodiment, the present invention relates to a process for preparing a
compound of formula (4-a)

(4-a)

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

a) converting a compound of formula (5-a), or salt thereof,

g ‘ ‘
0

N
|

R1 ' (5-a)
wherein R1 is hydrogen or a nitrogen protecting group,
into a compound of formula (12-a)

R5

0 l
N

|
L : (12-a)

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

leaving group; and
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b) reacting the compound of formula (12-a), or salt thereof, with a base to obtain the
compound of formula (4-a).

The conversion of the hydroxyl group of the compound of formulae (5) or (5-a) into a
leaving group is a well-known reaction to the person skilled in the art, for example as
described in Richard C. Larock, “Comprehensive Organic Transformations: A Guide to
Functional Group Preparations”, Second Edition, Wiley-VCH Verlag GmbH, 2000, in
particular as described in the relevant chapters thereof; for example it may be effected
by the use of PPhyand I,.

Section B.3:
Section B. 3.1:

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

of formula (4)

R1 (4)

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

comprising treating a compound of formula (7),
R6

@)
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or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and, R6é and R7
are, independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalky! 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 afoms,
with a reducing agent to 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 according to formula (7-a), or salt thereof, as defined above; more preferably the
starting compou’nd is according to formulae (7-b) or (7-c), or salts theredf, as defined
above, most preferably the starting compound is according to formula (7-b), or salts
thereof, as defined above. ‘

in a preferred émbodiment, the present invention relates to a process for préparing a
compound of formula (4-a) '

O I

1 _ (4-a)

—2Z

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

comprising treating a compound of formula (7-a),
R6

R1 (7-a)

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
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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 (4-a). In a preferred
embodiment, the starting compound of formula (7), or salt thereof, is according to
formulae (7-b) or (7-c), or salts thereof, as defined above, preferably of formula (7-b).

Preferred reducing agents are hydrides, such as metal alkali borohydrides, for.example
sodium borohydride, lithium borohydride, potassium borohydride, calcium borohydride,
sodium triacetoxyborohydride, tetramethylammonium borohydride or
triacetoxyborohydride, and alkali metal hydndes, for example, lithium aluminium
hydride, L-Selectride®, K-Selectride®, N-Selectride® or diisobutylaluminium hydride.
Preferred reducing agents are sodium triacetoxyborohydride and diisobutylaluminium
hydride; more preferably 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 reaction can be conducted at -78 to 30 °C, preferably -20 to 25 °C, more
preferably 15 to 25 °C. '

Section B. 3.2:

In yet another embodiment, the treatment of the compound of formula (7), or salt
thereof, as defined above, with a reducing agent, preferably with hydrogen and a
transition metal catalyst (eg a palladium catalyst) for example as described in Section
B.3. 3, can lead to a compound of formula (6), or salt thereof, as defined above, or can
lead to a mixture of the compounds of formulae (4) and (6).

In still another embodiment, treatment of the compound of formula (7-a), or salt thereof,
as defined above, with a reducing agent leads to a compound of formula (6-a), or salt
thereof, as defined above, or leads to a mixture of the compounds of formulae (4-a) and
(6-a). '

Section B. 3. 3:
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In a further embodiment, the treatment of the compound of formula (7), or salt thereof,
as defined above, with a reducing agent, preferably with hydrogen and a transition

metal catalyst, can lead to a compound of formula (9), or salt thereof,

]
R ©
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 fo 8,
such as 4 to 7 ring atoms, or can lead to a mixture of the compounds of formulae (4)
and (9).

in yet a further embodiment, the treatment of the compound of formula (7-a), or salt
thereof, as defined above, with a reducing agent, preferably with hydrogen and a
transition metal catalyst, leads to a compound of formula (9-a), cr salt thereof,

(9-a)

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
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heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8,
such as 4 to 7 ring atoms. In one embodiment, the compound of formula (9-a), or salt
thereof, is according to formula (9-b),

(9-b) .

‘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. In another embodiment, the compound of formula (8-a), or
salt thereof, is according to formula (9-c),

"8
N—R7

a—2Z

. (9-¢)

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.

In one embodiment, the reduction of the compound of formula (7), or salt thereof,
preferably of formula (7-a), takes place with hydrogen in the presence of a transition
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metal cafalyst, wherein the fransition metal is selected from group 9 or 10 of the
periodic table. Therefore, the transition metal cata!yst comprises, for example, Cobalt
- (Co), Rhodium (Rh), Iridium (Ir), Nickel (Ni), Palladium (Pd) and/or Platinum (Pt). The
reduction may occur under hetereo- or homogeneous hydrogenation conditions,
prefefably under heterogeneous hydrogenation conditions. In particular, the transition
metal is selected from Pt Pd, or Ir; wherein the transition metal may optionally be
poisoned by, for example; sulfur or lead. Examples of poisoned transition metals are
Pd(S), Pd(Pb) or Pt(S). In particular, the transition metal catalyst comprises a transition
metal on a solid support. The loading of the transition metal on the solid support is, for
example, of from 1% to 10% w/w. Solid supports are, for example, carbon, metal oxides
(e.g. aluminium oxide, zirconium oxide, titanium oxide or silicon dioxide/aluminium
oxide), sulfates (e.g. barium sulfate) or carbonates (e.g. calcium carbonate and barium
carbonate). In one embodiment, the transition metal catalyst may contain water, for
example, of from 0 mass% to 61 mass% content of water.

In one embodiment, the hydrogenation takes place in the presence of a base, such as
amine bases (e.g. triethylamine) or alkali metal bases (e.g. cesium carbonate or
potassium carbonate).

In particular, the transition metal is palladium and the solid support is, for example,
carbon, metal oxides (e.g. aluminium oxide, zirconium oxide, titanium oxide or silicon
dioxide/aluminium oxide), carbonates (e.g. calcium carbonate and barium carbonate) or
sulfates (e.g. barium sulfate).

In one embodiment, the transition metal catalyst is a Pd catalyst selected from the
group consisting of palladium on carbon, such as 1% Pd/C (e.g. 1% Pd/C type 39), 3%
Pd/C (e.g. 3% Pd/C type 39), 5% Pd/C (e.g. 5% Pd/C A401102-5, 5% Pd/C A401102,
5% Pd/C A109047, 5% Pd/C A405028, 5% Pd/C A405032, 5% Pd/C A405038, 5%
Pd/C A503023, 5% Pd/C A503032, 5% Pd/C A503038, 5% Pd/C A102023, 5% Pd/C
A102038, 5% Pd/C type 374, 5% Pd/C type 398, 5% Pd/C type 37, 5% Pd/C type 87L,
5% Pd/C type 487, 5% Pd/C type 39, 5% Pd/C type 394, 5% Pd/C type 487 (powder),
5% Pd/C type 472 (powder), 5% Pd/C type 87L (powder), 5% Pd/C Type 5R394, 5%
Pd/C Type 5R338 or 5% Pd(S)/C [e.g. 5% Pd(S)/C A103038]), or 10% Pd/C (e.g. 10%
Pd/C type 374, 10% Pd/C type 394, 10% Pd/C type 87L or 10% Pd/C type 37); of
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palladium on aluminium oxide, such as 5% Pd/Al,O; (e.g. 5% Pd/Al,O0; A302084-5 or
5% 'Pd/AI203 A302011); of palladium on calcium carbonate, such as 5% Pd/CaCO; (e.g.
5% Pd/CaCO; A303060 or 5% Pd/CaCO; type 405) or 5% Pd(Pb)/CaCO; (e.g. 5%
Pd(Pb)/CaCO; A 305060); of palladium on titanium oxide, such as 5% Pd/TiO; (e.g. 5%
Pd/TiO, C6944); of palladium on barium sulfate, such as 5% Pd/BaSO, (e.g. 5%
Pd/BaSO4 A 308053); of palladium on zirconium oxide, such as 5% Pd/ZrO; (e.g 5%
Pd/ZrO, C7140); and of palladium on silicon dioxide/aluminium oxide, such as 5%
Pd/SiO,/Al,0;5 (e.g. 5% Pd/SiO,/AI203 C7078 or 5% Pd/SiO,/Al,0; C7079); 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% Pt/C (e.g. 5% PtC B103032, 5% Pt/C B103018, 5% Pt/C
B103014, 5% PYC B104032, 5% Pt/C B 501032, 5% PYC B109032 or 5% PYC
B501018) or 5% Pt(S)/C (e.g 5% Pt(S)/C B106032); which are commercially available,
for example from Johnson Matthey.

In another embodiment, the transition metal catalyst is an Ir catalyst such as iridium on
carbon, for example 5% Ir/C (e.g. 5% Ir/C C-7750) or on calcium carbonate, for
example 5% Ir/CaCO; (e.g. 5% Ir/CaCO; type 30); which are commercially available, for
example from Johnson Matthey. .

The amount of transition metal catalyst to substrate, typically employed in the process,
may be in the range of from 1 to 75 wt%, preferably of from 10 to 50 wt%, more
preferably of from 20 to 50 wt%. '

Solvents generally known in the art can be used. Preferred solvents are, for example,
alcohol solvents (e.g. methanol, ethanol or isopropanol), ether solvents (e.g.

‘ tetrahydrofuran, methyltetrahydrofuran or tetrahydrofuran/water), aromatic solvents
(e.g. toluene) or ester solvents (e.g. ethyl acetate or isopropyl acetate). In one
embodiment the solvent 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 to 0.5 M or of from 0.1 to 0.3 M.
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The hydrbgenation 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 to

75 °C, of from 25 °C to 65 °C or of from 25 °C to 55 °C. The applied hydrogen pressure
usually ranges of from 1 bar to 40 bar, such as of from 3 bar to 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 reaction the stereochemistry might be of importance. Thus,
it is a further object to provide a process for producing compounds according to
formulae (9-b) and (9-c), or salts thereof, as defined above, wherein the molar ratio of
compounds achrding to formula (9-b), or salts theredf, to compounds according to
formula (9-c), or salts thereof, is at least 50 to 50, in particular at least 60 to 40, such as
at least 71 to 29, in particular 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:
palladium on carbdn, such as 5% Pd/C (e.g. 5% Pd/C A401102-5, 5% Pd/C A401102,
5% Pd/C A109047, 5% Pd/C A503038, 5% Pd/C A405028, 5% Pd/C A405038, 5%
Pd/C A503023, 5% Pd/C A102023, 5% Pd/C type 37, 5% Pd/C type 39, 5% Pd/C type
394, 5% Pd/C type 87L), 5% Pd(S)/C [e.g. 5% Pd(S))C A103038], 5% Pd/C Type
5R394 or 5% Pd/C Type 5R338), 10% Pd/C (e.g. 10% Pd/C type 394 or 10% Pd/C type
37), 1% Pd/C (e.g. 1% Pd/C type 39) or 3% Pd/C (e.g. 3% Pd/C type 39); palladium on
barium sulfate, such as 5% Pd/BaSO, (e.g. 5% Pd/BaSO, A 308053); palladium on
aluminium oxide, such as 5°_/o Pd/Al,O3 (e.g. 5% Pd/Al,0; A302084-5); palladium on
calcium carbonate, such as 5% Pd/CaCO; (e.g 5% Pd/CaCO; A303060); palladium on
zirconium oxide, such as 5% Pd/ZrO; (e.g 5% Pd/ZrO, C7140); or platinum on carbon,
for example 5% PYC (e.g. 5% PY/C B103032, 5% PY/C B103018, 5% PYC B103014, 5%
PY/C B104032, 5% Pt/C B 501032, 5% PYC B109032 or 5% Pt/C B501018) or 5%
PYS)/C (e.g 5% Pt(S)/C B106032), which are commercially available, for example from
Johnson Matthey.

Thus it is a furlhér object to provide a process for producing compounds according to
formulae (9-b) and (9-c), or salts thereof, as defined above, wherein the molar ratio of
compounds according to formula (9-c), or salts thereof, to compounds according to
formula (9-b), or salts thereof, is at least 50 to 50, in particular at least 67 to 33. In
particular, this objective can be achieved by using a transition metal catalyst such as a
Pd or Pt catalyst; for example: palladium on carbon, such as 5% Pd/C (e.g. 5% Pd/C
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A401102-5, 5% Pd/C A401102, 5% Pd/C A109047, 5% Pd/C A405028, 5% Pd/C
A405032, 5% PdIC A405038, 5% Pd/C A503023, 5% Pd/C A503032, 5% Pd/C
A102023, 5% Pd/C A102038, 5% Pd/C type 374, 5% Pd/C type 398, 5% Pd/C type 87L
or 5% Pd/C type 487), 10% Pd/C (e.g. 10% Pd/C type 87L) or 5% Pd(S)/C [e.g. 5%
Pd(S)/C A103038]; palladium on aluminium oxide, such as 5% Pd/Al,O; (e.g. 5%
Pd/Al,O; A302084-5 or 5% Pd/Al,O; A302011); palladium on calcium carbonate, such
as 5% Pd/CaCO; (e.g 5% Pd/CaCO; type 405) or 5% Pd(Pb)/CaCO; (e.g. 5%
Pd(Pb)/CaCO; A 305060); palladium on titanium oxide, such as 5% Pd/TiO, (é.g. 5%
Pd/TiO, C6944), palladium on silicon dioxide/aluminium oxide, such as 5%
Pd/SiO./AILO; (e.g9. 5% Pd/SiO,/AI203 C7078 or 5% Pd/SiO,/Al,03 C7079); or pldtinum
on carbon, for example 5% PY/C (e.g..S% Pt/C B501018); which are commercially
available, for example from Johnson Matthey.

Section B. 3. 4:

In one embodiment, the treatment of the compound of formula (7), or salt thereof, as
defined above, with a reducing agent, preferably with a hydride reducing agent for
example as described in Section B. 3.1 or as described in J. Chem. Soc., Perkin Trans
1, 1996, (11), 1131, can lead to a compound of formula (5), or salt thereof,

g C O
0]

N

Ri ®),

wherein R1 is hydrogen or a nitrogen protecting group,
or can lead to a mixture of the compounds of formulae (4) and (5).

In another embodiment, treatment of the compound of formula (7-a), or salt thereof, as
defined above, with a reducing agent leads to a compound of formula (5-a), or salt
thereof, as defined above, preferably of formula (5-b), or salt thereof, or leads to a
mixture of the compounds of formulae (4-a) and (5-a), preferably a mixture of the
compounds of formulae (4-a) and (5-b).
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Section B. 3. 5:

In another embodiment, the treatment of the compound of formula (7), or salt thereof,
as defined above, with a reducing agent, for example, as defined in Section B.3.1 to
B.3.4, can lead to a mixtl;re of compounds of formulae (5) and (6), or salts thereof, a
mixfure of compounds of formulae (5) and (9), or salts thereof, a mixture of compounds
of formulae (6) and (9), or salts thereof, or a mixture of compounds of forrﬁulae (5), (6)
and (9), or salts thereof; wherein each mixture may further comprise the compound of
formula (4), or salt thereof, as defined above. In a preférred embodiment, the treatment
of the compound of formula (7-a), or salt thereof, as defined above, with a reducing
agent can lead to a mixture of compounds of formulae (S-a) and (6-a), or salts thereof,
a mixture of compounds of formulae (5-a) and (9-a), or salts thereof, a mixture of
compounds of forfnulae (6-a) and (9-a), or salts thereof, or a mixture. of compounds of
formulae (5-a), (6-a) and (9-a), or salts thereof; wherein each mixture may further
comprise the compound of formula (4-a), or salt thereof, as defined above.

Section B. 4:

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

of formula (4), or salt thereof,
O l

N

|
R1 @)

wherein R1 is hydrogen or a nitrogen protecting group,

said process comprising reacting a compound of formula (9), or salt thereof,
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N

|
R ©)

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 cycloalky! 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 quatemisation agent and 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 formula (4-a), or salt thereof,

N

R1 ' (4-a)

wherein R1 is hydrogen or a nitrogen protecting group,

said process comprising reacting a compound of formula (9-a), or salt thereof,

R6

N—R7 O

A—2Z

(9-a)
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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,l

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

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

of formula (4), or sait thereof,

R1 (4)

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

a) reacting a compound of formula (9), or salt thereof,

R1

(9)

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 cycloalky! 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,
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with a quaternisation agent to obtain a compound of formula (10), or salt thereof,

R6 R10
\ 7/
N*—R7

R1 (10)

wherein R1 is hydrogen or a nitrogen protecting group, R6 and R7 are, indebendéntly,
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, Z° is a halide (eg iodide, bromide, chloride), an alkyl sulphate (eg methyl
sulphate) or a sulfonyl ester (eg triﬂéte) and R10 is hydrogen, alkyl or aryl; and

b) reacting the compound of formula (10), 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 formula (4-a), or salt thereof, '

o] l

1

—2Z2

(4-a)
wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising

a) reacting a compound of formula (9-a), or salt thereof,



WO 2009/090251 PCT/EP2009/050510

45

R1 (9-a)
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 cycloalkyi group or
together R6 and R7 form a cycle, together with the niirogen 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 quatemisation agent to obtain a compound of formula (10-a), or salt thereof,

R6 R10
\ 7/
N*—R7

1 (10-a)

wherein R1 is hydrogen or a nitrogen protecting group, R6 ahd R7 are, independently,
an alkyl group, an aryl group, an arylalkyl group, a cycloalky! 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, Z° is a halide (eg iodide, bromide, chloride), an alkyl sulphate (eg methyl
sulphate) or a sulfonyl ester (eg triflate) and R10 is hydrogen, alkyl or aryl; and

b) reacting the compound of formula (10-a), or salt thereof, with a base to obtain the
compound of formula (4-a).

Steps a) and b) as such are also preferred embodiments of the present invention.
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The term quaternisatioh agent relates to any agent which is able to convert a tertiary

amine into a quaternary amine, for example, an alkyl halide (such as methyl iodide,

methyl bromide, methyl chloride, ethyl chloride, ethyl bromide or ethyl iodide), a

dialkylsulfate (such as dimethylsulfate), a sulfonate (such as 4-methylsulfonyitoluene

and methyl triflate) or a compound of the formula (R10);0°Z" wherein R10 is alkyl (such

as methyl or ethyl), and Z is tetrafluoroborate or hexafluorophosphate. More preferably, -
the alkylating reagent is methy! iodide or dimefhylsulfate.

Preferred bases in step b) are, for example, amines such as triethylamine, pyridine, 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU). Also preferred is an ionic base, such a 'metal
alkali carbonate (for example sodium carbonate, potassium carbonate and cesium
carbonate), a metal alkali hydride (for example NaH), a metal alkali hydrogen carbonate
(for example NaHCQOj3). More preferably thé base is NaHCOj;.

The reaction to convert the compound of formula (9) to a compound of formula (4) is

preferably ‘step-wise’ in the sense that (9) is quaternised and then treated with a base.
Section B, 5:
_ Section B.5.1

‘In another aspect, the present invention relates to a process for preparing a compound .
~ of formula (16)

(16)

or salt thereof,
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wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each RS, is,
_independently, alkyl, aryl, arylalkyl (eg benzyi) or acétyl or both R9 form together a 4 to
- 7, preferably a 5 to 6 membered acetal ring, '

comprising treating a compound of formula (7),
R6 )

R1 Q)

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7
are, indépéndently, 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 an acetal forming agent to obtain the compound of formula (16).

In a preferred embodiment, the present invention relates to a process for preparing a
compound of formula (16-a),

{16-a)
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and
each RS9, is, independently, alkyl, aryl, arylalkyl (eg benzyl) or acetyl or both RS form
together a 4 to 7, preferably a 5 to 6 membered acetal ring,

said process comprising treating a compound of formula (7-a),
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&
N—R?7
0]
|
R1 (7-a)

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting groub 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 an acetal forming agent to obtain the compound of formula (16-a). In a preferred
embodiment, the starting compound of formula (7-a), or salt thereof, is according to
formulae (7b) or (7c), or salts thereof, as defined above, preferably of formula (7-b).

Preferred “acetal forming” agents are alcohols (eg methanol, ethanoi. isopropanol), a
diol (eg ethylene glycaol, 1,3-propanedviol) or a ftrialkkyl orthoformate (eg dimethyl
orthoformate).  Usually the reactidn is performed in the presence of an acid, for
example a Bronsted acid (such as hydrochloric acid, sulphuric acid) or a sulfonic acid
(such as 4-toluenesulfonic acid). Resin-bound acids such as Amberlyst-15® are also
suitable acids. Conditions whereby an acid is generated in situ (eg acetyl chloride) are
also appropriate. Preferably, the acid is used in catalytic quantities. Preferably a
mineral acid is used, such as hydrochloric .acid, preferably‘ in the presence of an
alcohol, preferably methanol or ethanol are used. Further examples of preferred “acetal
forming” reagents are described, e.g. in 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, Wiley, New Jersey, 2007.

In another aspect, the present invention relates to a process for preparing a compound
of formula (16)
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(16)

or salt thereof, '

wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur and each RS9, is,
independently, alkyl, aryl, arylalkyl (eg benzyl) or acetyl dr both R9 fofm together a 4 to
7, preferably a 5 to 6 membered thioacetal ring,
comprising treating a compound of formula (7),

R6

N—R7 O
) ‘

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7

—Z

- (7)

are, independently, an alkyl group, an aryl group, an arylaikyl 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 thioacetal forming agent to obtain the compound of formula (16).

In a preferred embodiment, the present invention relates to a process for preparing a
compound of formula (16-a),
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(16-a)
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur 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 thioacetal ring,
said process comprising treating a compound of formula (7-a),

R6

N—R7 O
O l

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7

—Z

(7-a)

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 aé 4 to 7 ring atoms,

with a thioacetal forming agent to obtain the compound of formula (16-a). In a preferred
embodiment, the starting compound of formula (7-a), or salt thereof, is according to
formulae (7b) or (7c¢), or salts thereof, as defined above, preferably of formula (7-b).

Preferréd “thioacetal forming” agents are thiols (eg methanethiol, ethanethiol,
thiophenol) or a dithiol (eg 1,2-ethanedithiol, 1,3-propanedithiol). Usually the reaction is
performed in the presenée of an acid, for example, a Brensted acid (such as
hydrochloric acid), a Lewis acid (such as borontrifluoride or titanium tetrachioride) or a
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solid-supported acid (such as Amberlyst-15®). Conditions whereby the acid is
generated in situ (eg dimethylsulfide-bromine complex) are also suitable. Preferably the

- acid is used in cétalytic quantities. Further examples of preferred “thioacetal forming”
reagents are described, e.g. in 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, .Wiley, New Jersey, 2007.

Section B.5.2:

In another aspect, the present invention relates to a process for preparing a compound
-of formula (6), or a tautomer thereof,

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising removal of the acetal functionality in a compound of formula
(16), or salt thereof, '

(16)
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wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each R9, is,
independently, alkyl, aryl, arylalkyl (eg benzyl) or acetyi or both R9 form together a 4 to
7, preferably a 5 to 6 membered acetal ring,

to obtain the compound of formula (6).

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

of formula (6-a), or a tautomer thereof

R1 (6-a)
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising removal of the écetal functionality in a compound of formula
(16-a), or salt thereof,

R9

(16-a)

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 RS9 form together a 4 to
7, preferably a 5 to 6 membered acetal ring, '

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

Suitable conditions for the removal of the acetal functionality include hydrolysis, e.g. the
use of an acid in the presence of water. Suitable acids include Brgnsted acids (such as

hydrochloric acid, acetic acid, trifluoroaceteic acid, oxalic acid), Lewis acids (such as
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iron tn‘cHloride), sulphonic acids (such as 4-toluenesulphonic acid) or conditions that
generate an acid.in situ (eg iodine), as defined above. Other conditions include
hydrogenation (eg Pd/C) [for e.g. arylalkyl, such as when RS is arylakyl] or a base (such
as sodium hydroxide or potassium carbonate [for e.g. diacetylacetals, such as when RS
is an acetyl group, for example an alkylacetyl group [R9 = -C(=O)alky|] such as
methylacetyl [R9 = -C(=O)CH3]. Further examples of preferred agents for the removal
of acetal functionalities are described, e.g. in 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, Wiley, New Jersey, 2007.

-In another aspect, the present invention relates to a process for preparing a compound
of formula (6), or a tautomer thereof,

S g O
0]

! (6)

—2Z

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group, .
said process comprising removal of the thioacetal funbtionality in a compound of
formula (16), or salt thereof,

(16)
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wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur and each RO, is,
independently, alkyl, aryl, arylalkyl (eg benzyl) or acetyl or both R9 form together a 4 to
7, preferably a 5 to 6 membered thicacetal ring,

to obtain the compound of formula (6).

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

of formula (6-a), or a tautomer thereof,

OH

N
|

R1 (6-a)

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

said process comprising removal of the thioacetal functionality in a compound of
formula (16-a), or salt thereof,

(16-a)

wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur 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,

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

This removal of the thioacetal functionality takes place preferably by treatment with a

Lewis acid or by oxidation. Lewis acids (such as silver perchlorate, iron trichloride) or
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oxidising agents {such as iodine, 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ),
peroxides, [bis(tifluoroacetoxy)iodo]benzene or alkylating agents (such as methyl iodide
in the presence of water) or mercury(ll) salts (such as mercury dichloride, mercury
perchlorate, mercury oxide)}. Further examples of preferred agents for removing
thioacetal functionalities are described, e.g. in relevant chapters of standafd'reference
works such as P. G. M.‘ Wuts and T. W. Greene, "Greene’s Protective Groups in
Organic Synthesis’, Fourth Edition, Wiley, New Jersey, 2007.

SECTION C: Conversion of a compound of formula (7) into a compound of

formula (1) viaa compound of formula (2)

The processes, according to the present invention, to convert of a compound of formula
(7), as defined herein, into a compound of formula (1), as defined herein, are outlined in

Scheme 4.

Section B
o T N
R1 R1.
Scheme 4

Thus, in another aspect the present invention relates to a process to convert a
compound of formula (7), as described herein, into a compound of formula (1), as
described herein, said method comprising:

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

As discussed below, Sections C.1 and C.2 as such are also preferred embodiments of
the present invention.

SECTION C.1: Ring opening of a compound of formula (4)

In another aspect, the present invention relates to a process for preparing a compound
according to formula (2),

RZ\N R3
R1 2)
" or salt thereof,

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

d (4)

of formula (4)

—=2

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



WO 2009/090251 PCT/EP2009/050510

57

In a preferred embodiment, a compound of formula (4-a_)

(4-a)

or salt thereof, _
wherein R1 is hydrogen or a nitrogen protecting group, is treated with a lactam ring
opening agent to obtain a compound according to formula (2-a),

R3

E\Z

(2-a)

or salt thereof, _
wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen protecting
group, and R3 is a carboxyl group or an ester group.

Examples of lactam ring opening agents are; nucleophilic bases such as alkali metal
hydroxides (for example sodium hydroxide or lithium hydroxide), neutral compounds
such as hydrogenperoxides (such as lithium hydrogenperoxide) and acids. Acids are,
for example, Lewis or Brgnsted acids, mineral acids such as sulphuric, perchloric and
hydrochloric acid, sulphonic acids such as para-toluenesulphonic acid or polymer-
bound acids such as Amberlyst®. Preferably, hydrochloric acid is used as a lactam ring
opening agent. Preferably acids are used in the presence of water or an alcohol (such
as methanol or ethanol). The lactam ring opening agent can be used catalytically 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 to a process for preparing a

compound according to formula (1),

or salt thereo_f,

wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen protecting
group, and R3 is a carboxyl group or an ester group, comprising reducing a compound
according to formula (2),

R2\N R3
R1 2)
or salt thereof,
wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen protecting

group, and R3 is a carboxyl group or an ester group, to obtain the compound of formula

(1). In particular, R3 is a carboxyl group, ethyl ester or methyl ester.

Preferably, a compound according to formulé (2-a), or salt thereof,
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(2-a),
wherein R1, R2 and R2 are defined as above, is used as staning compound. If the

compound (2-a), or salt thereof, is used as starting compound, compounds according to

formula (1-a)

R2~ N R3

/

b (1-a),

()

and formula (1-b),

RZ\N/\/\R3

()

e

R1 (1-b)

or salts thereof, wherein R1, R2 and R3 are defined as above, can be obtained. In a
preferred embodiment R1 = Boc and/or R2 = H. In another preferred embodiment, R3
= CO,H, or CO;Et, or CO; (carboxylate). Most preferably R3 = CO,H.
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In particular, the group R3 of the compounds of formula (1) or (2), preferably of formula
(1-a) or (2-a), is CO,H, CO,Et or CO,Me.

In one embodiment, the salts of the compounds according to formula (1-a) or (1-b) are
generated (e.g. R3 = COy) under the conditions employed in accordance with the
present invention. The salts can then be optionally hydrolysed to give the free acid.
Preferred salts are those of alkali metals (Li, Na, K) or amines (eg
diisopropylethylamine, triethylamine).

In a preferred embodiment, the reduction of the compound of formula (2), or sait
thereof, preferably of formula (2-a), takes place with hydrogen in the presence of a
transition metal catalyst, preferably in thé presence of a transition metal catalyst
comprising an organometallic complex and a chiral ligand. The reduction may occur
under hetereo- or homogeneous hydrogenation conditions, preferably under
homogeneous . hydrogenation conditions. In one ehbodiment. the hetereo- or
homogeneous hydrogenation takes place in the presence of a base, such as amine
bases (e.g. triethylamine, iPr.EtN or 1,4-diazabicyclo[2.2.2]octane) or alkali metal bases
(e.g. LiOH, NaOH or KOH). In one embodiment, the hetereogeneous hydrogenation
 takes place in the presence of an alkali metal, in particular in an alcohol solvent (e.g.
iPrOH, EtOH, MeOH); for example KOH in ethanol. In a further embodiment, the
hydrogenation, in particular the homogeneous hydrogenation, takes place in the .

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

Generally, the hetereogeneous hydrogenation is carried out in the presence of a transition
metal catalyst, wherein the transition metal is selected from group 9 or 10 of the periodic
table. Therefore, the transition metal catalyst comprises, for example, Cobalt (Co),
Rhodium (Rh), Iridium (Ir), Nickel (Ni), Palladium (Pd) and/or Platinum (Pt). In particular,
the transition metal catalyst is Pt, Pd, or Rh on a solid support, such as carbon. In one
embodiment the transition metal catalyst is Pd on carbon.

The hetereogeneous hydrogenation is usually performed in a solvent, such as ether
solvents (eg THF), ester solvents (eg isopropyl acetate) or alchohol solvents (eg
isopropanol, ethanol or methanol); in particular isopropyl acetate and ethanol.
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Generally, the homogeneous hydrogenation is carried out in the presence of a transition
- metal catalyst, wherein the transition metal is selected from group 7, 8 or 9 of the
periodic table. Therefore, the transition metal catalyst comprises, for example, the
transition metal Manganese (Mn), Rhenium (Re), Iron (Fe), Ruthenium (Ru), Osmium
(Os), Cobalt (Co), Rhodiuﬁw (Rh) and/or Iridium (Ir).

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

complex and a chiral ligand.

The organometallic complex comprises a transition metal selected from group 7, 8 or 9
of the periodic table, for exampie the transition metal rhodium, iridium or ruthenium in
particular rhodium or ruthenium. An organometallic complex comprising rhodium is
particularly suitable.

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

are bridged via two halides. Generally, the organometallic complex, comprises one or :
more transition metal atoms and suitable achiral ligands. '

Suitable achiral ligands for tﬁe organometallic complex generally are o-donor ligands,
o-donor/m-acceptor ligands or o,1m -donor/wm-acceptor ligands. Examples for suitable
achiral ligands are among others carbon monoxide, halides (e.g. CI, | or Br),
phosphines [e.g. tricyclohexylphosphine (PCys)], alkenyls (e.g. cod, nbd, 2-metallyl),
alkynyls, aryls (e.g. pyridine, benzene, p-cymene), carbonyls (e.g. acac, trifluoroacetate
or dimethylformamide) and mixtures thereof.

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

Examples for organometallic complexes are: a ruthenium organometallic complex, such
as [Rulz(p-cymene)]z, [Ru(cod)(2-metallyl);] or [Ru(cod {OOCCFs3),]; a rhodium
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organometallic complex, such as [Rh(nbd),BF,] or [Rh(cod),]BF,; or an iridium
orgénometallic complex such as [(Cy3P)ir(pyr)]Cl, [Ir(cod),;]BArF or [Ir(cod),Cl]z; in
particular [Ru(cod)(2-metallyl)], [Ru(cod)(OOCCF;3),] or [Rulx(p-cymene)]z; in particular
[Rh(NBD),]BF,, [Ru(COD)(OOCCF3),] or [RuCly(p-cymene),]. i

In one embodiment the organometallic complex is [Rh(nbd);]BF, {=
Bis(norbornadiene)rhodium(l) tetrafluoroborate}.

In another embodiment, the organometallic complex is [Rulx(p-cymene)], (= Diiodo(p-
cymene)ruthenium(il) dimer): '

Generally, the term "chiral ligand" comprises any ligand that is suitable to build chiral
organometallic complexes and that comprises a chiral centre. The transition metal
catalyst comprises an organometallic complex and a chiral ligand. The chiral ligand
comprises, for example, a chiral phosphine and/or a chiral ferrocene. In particular, the
chiral ferrocene comprises a Cp (cyclopentadienyl) moiety which is substituted with a
chiral group, such as a chiral amine, a chiral phosphine or a chiral akyl, for example as
illustrated herein.

In a first embodiment, the reduction of the compound of formula (2-a), or salt 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 formula (1-a), or
salts thereof, to cdmpounds according to formula (1-b), or salts thereof, is at least
55 to 45, preferably at least 80 to 20, more preferably at least 96 to 4, most preferably
atleast 99 to 1.
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In one embodiment, the transition metal catalyst comprises an organometallic complex
and a chiral ligand such as a Fenphos ligand, a Josiphos ligand, a Mandyphos ligand, a
Walphos ligand, a Taniaphos ligand, a Phospholane ligand, an Atropisomer ligand, a
BoPhoz ligand, a 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, Téniaphos ligand, Phospholane ligand, Atropisomer ligand or

mixtUres thereof.

Josiphos ligands, Walphos ligands, Taniaphos ligands, Mandyphos iigands. Fenphos
ligands, Phospholane ligands, Atropisomer ligands and BoPhoz ligands are of the

formulae:
Josiphos:
PR’,
R,P vo
=y
Walphos:

Taniaphos:

Mandyphos:
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wherein .R, R’ and R" are, for example, as described in W02006/003196, EP-B1-
612758, WO02006/017045 , WO02006/117369, wW02007/116081, WO2006/075166,
W02008/101868,'. WQ02006/117369, W02004/099226, EP0967015, W02004099226,
EP0967015, Chem. Eur. J., 2002, 8, 843, WO02005/108409, WO2005/056568,
EP1582527, US5171892, J. Am. Chem. Soc., 1991, 113, 8518, WO09315091,
EP398132, EP646590, W09521151, EP612758, EP564406, W02002/002578, Chem.
Rev;. 2003, 103 (8), 3029 and references cited therein and in particular as shown in

examples herein,

BoPhoz:
R® RY
. | |
R&. P _g 2 S -
yR pen, )R
Fe PPh, Fe
R-BoPhoz S-BoPhoz

wherein R8 and R9 are, for example, as described in: Boaz, N. W.; Debenham, S. D.;
Mackenzie, E. B.; Large, S. E. Org. Lett. 2002, 4, 2421; Boaz, N. W.; Debenham, S. D;
Large, S. E.; Moore, M. K. Tetrahedron: Asymmetry 2003, 14, 3575; Jia, X,; Li, X.; Lam,
W. S, Kok, S. H. L,; Xu, L.; Ly, G.; Yeung, C.-H.; Chan, A. S. C. Tetrahedron: Asymmetry
2004, 15, 2273 and Boaz, N. W,; Large, S. E.; Ponasik, J. A., Jr.; Moore, M. K.; Barnette,
T.; Nottingham, W. D. Org. Process Res. Dev. 2005, 9, 472; Chem: Rev., 2003, 103 (8),
3029. In particular R8 and R9 are:

R® = Me, R® = Ph (= MeBoPhoz);

R® = Me, R® = p-fluorophenyl (= p-fluorophenyl-MeBoPhoz);
R® = Me, R? = 3,5-diflucrophenyl (= 3,5-F,CsHs-MeBoPhoz);
R® = Bn, R® = 3,5-difluorophenyi (= 3,5-F,CsHs-BnBoPhoz);
R® = Me, R® = (R)-binol {= (R)-BINOL-MeBoPhoz};

R® = Me, R® = (S)-binol {= (S)-BINOL-MeBoPhoz};
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R®=Me, R° = p-CF3phenyl (= p-CFaphenyl-MeBoPhoz);

R® = Bn, R® = Ph (= Bn-BoPhoz);

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

R® = Me, R® = p-fluorophenyl (= p-F-MeBoPhoz),

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

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

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

R® = (R)-phenethyl, R? = Me {(R)-phenethyl-MeBoPhoz},
wherein BINOL means 2,2’-dihydroxy-1,1‘-dinaphthyl.
(R)y-N-Methyl-N-diphenylphosphino-1-[(S)-2-diphenylphosphino)ferrocenyllethylamine (=

(R)MeBoPhoz)

(S)-N-Methyl-N-diphenylphosphino-1-[(R)-2-(diphenylphosphino)ferrocenyllethylamine (=
(S)MeBoPhoz)

1-(R)-N-Di(3,5-difluorophenyl)phosphine-N-benzyl-1-[(S)-
diphenylphosphino]ferrocenyllethylamine = (R)-3,5-F,CsHs-BnBoPhoz

1-(R)-N-Dicyclohexylphosphine-N-methyl-1-[( S)-diphenyiphosphino]ferrocenyllethylamine
= (R)-Cy-MeBoPhoz

1 -(R)-N-Diphenyl phosphino-N-[(R)-1-phenylethyi]-1-[( S)-2-
diphenylphosphino]ferrocenylethylamine = (R)-Phenethyl-(R)-BoPhoz

1-(R)-N-Diphenylphosphino-N-[(R)-1-phenylethyl]- 1-[(R)-2-
diphenylphosphinojferrocenylethylamine = (R)}-Phenethyi-(S)-BoPhoz

1-(R)-N-Di(4-fluorophenyl)phosphine- N-methyl-1-[(S)-
diphenylphosphino]ferrocenyl]ethylamine = (R)-4-F-C6H4-MeBoPhoz
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1-(R)-N-Di[(R)-1-phenylethyl]-N-methyl-1-[(S)-diphenylphosphino]ferrocenyllethylamine =
(R)-Phenethyl-(R)-MeBoPhoz ‘

1-(R)—N-[(R)—2,2'—Dihydroxy-1 ,1’-dinaphthyl]-N-methyl-1-[(S)-
diphenylphosphino]ferrocenyllethylamine = (R)-BINOL~(R)-MeBoPhoz

1-(R)»-N-[(S)-2,2'-Dihydroxy-1,1’-dinaphthyl]-N-methyl-1-[(S)-
diphenylphosphino]ferrocenyl]ethylamine = (S)-BINOL-(R)-MeBoPhoz

1-(R)-N-Di(4-fluorophenyl)phosphine-N-methyl-1-[(S)-
diphenylphosphino]ferrocenyl]ethylamine = (R)-p-F-MeBoPhoz

QuinaPhos ligands are of the formula:

% :'_p'o .o / “:_p'o (0
;z ) 8;2 |

wherein R and R’ are, for example, as described in G. Francio, F. Faraone, W. Leitner,
Angew. Chem. Int. Ed.,39, 1428 (2000), 39, 1428; Chem. Rev., 2003, 103 (8), 3029, for
example Ris Ph and R’ is naphthyl. In .particular, suitable QuinaPhos |igands'are, for
example, (R,,Sc)-1Np-QUINAPHOS or (S,,R.)-1Np-QUINAPHOS.

Examples of suitable chiral ligands are:

Examples of Mandyphos ligands:
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SL-M002-1: ' © SL-M003-1:

SL-M012-1: SL-M004-2:

Q\ \N: \N/ ] OMé . ; OM;
8L
O S
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SL-M00A1-1: SL-M004-1:

(aR,aR)—Z,Z’-Bis(q—N,N-dimethylaminophenylmethyl)—(S,S)—1 -
bis(diphenylphosphino)ferrocene (= Mandyphos SL-M001-1)

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

(aR,aR)-2,2"-Bis(a-N,N-dimethylaminophenylmethyl)-(S,S)-1,1’-bis-
[di(bis-(3,5-trifluoromethyl)phenyl)-phosphino]ferrocene (= Mandyphos SL-M003-1)

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

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

(oR,aR)-2,2-Bis(a-N,N-dimethylaminophenylimethyl)-(S,S)-1,1"-bis[di(3,5-
dimethylphenyl)phosphinojferrocene (= Mandyphos SL-M009-1)

(1R,1'R)-1,1"-Bis[bis(3,5-tert-butyl-4-methoxyphenyl)phosphino]-2,2"-bis[(R)-
(dimethylamino)phenyimethyljferrocene (= Mandyphos SL-M010-1)
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(uR,aR)—2,2’-Bis(a-N,N;dimethylaminophenylmethyl)-(S,S)—1 ,1’-bis[di-(2-
methyiphenyl)phosphino]-ferrocene (= Mandyphos SL-M012-1)

Examples of Josiphos ligands:

SL-J002-1: SL-J003-1:

prdoy
<=

SL-J006-1: ' SL-J006-2:

SL-J009-1: _ SL-JO11-1:

Y k F,c \Yé
%\ps , K(m...CH! ety
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SL-J501-1: SL-J505-1:
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SL-J504-1: SL-J403-1:

Q@ .
Sl K

CF{

SL-J408-1: SL-J430-1:

SL-J505-2: ' . SL-J431-1:
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SL-J506-1: SL-J503-1:
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SL-J504-2: SL-J005-1:

QO
TEo RiEe

(R)-1-[(S)-2-Diphenylphosphino)ferrocenyi]ethyldi-tert.-butylphosphine (= Josiphos SL-
J002-1) '

(R)-1-[(S)-2-Dicyclohexylphosphino)ferrocenyllethyldicyclohexylphosphine (= Josiphos
SL-J003-1)

(R)-1-[(S)-2-(Diphenylphosphino)ferrocenyl]ethyldi(3,5-xylyl)phosphine (= Josiphos SL-
J005-1)

(S)-1-[(R)-2-(Diphenylphosphino)ferrocenyl]lethyldi(3,5-xylyl)phosphine (= Josiphos SL-
J005-2)

(R)-1-[(S)-2-Di-(3,5-bis(trifluoromethyl)pheny!)-
phosphino)ferrocenyl]ethyldicyclohexylphosphine (= Josiphos SL-J006-1)
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(S)-1-[(S)-2-Di-(3,5-bis(trifluoromethyl)phenyl)-
phosphino)ferrocenyl]ethyldicyclohexylphosphine (= Josiphos SL-J006-2)

(R)-1-[(S)-2-Di-(3,5-bis(trifluoromethyl)phenyl)-phosphino)-ferrocenyl]ethyldi(3,5-
dimethylphenyl)phosphine (= Josiphos SL-J008-1)

(R)-1-[(S)-2-Dicyclohexyiphosphino)ferrocenyl]ethyldi-tert-butylphosphine (= Josiphos SL-
J009-1)

(R)-1-[(S)-2-Di(4-trifluoromethylphenyl)phosphino )ferrocenyllethyldi-tert.-butylphosphine
(= Josiphos SL-J011-1)

(R)-1-[(Sp)-2-[Bis(4-methoxy-3,5-dimethylphenyl)phosphino]ferrocenyl}ethyldi-tert-
butylphosphine (= Josiphos SL-J013-1) '

(R)—1-[(S)-2-bis(2-methylphenyl)phosphino)ferrocenyl]ethyl di(tert-butyl)-phosphine (=
Josiphos SL-J211-1)

(R)-1-[(S)-2-diethylphosphino)ferrocenyi]ethyl di(tert-butyl)-phosphine (= Josiphos SL-
J301-1)

(R)-1-[(8)-2-Di-ethylphosphino)ferrocenyl]ethyldi-(2-methylphenyl)phosphine =
Josiphos SL-J302-1)

(R)-1-[(S)-2-bis(4- trifluoromethylphenyl)phosphino)ferrocenyl]ethy! bis(4-trifluoromethyl)- .
phosphine (= Josiphos SL-J403-1)

(R)-1-[(S)-2-bis(3,5-dimethylphenyl)phosphino)ferrocenyllethyl bis(3,5-dimethylphenyl)-
phosphine (= Josiphos SL-J408-1)

(R)-1-[(S)-2-bis(3,5-dimethylphenyl)phosphino)ferrocenyl]ethyl bis[bis-(3,5-trifluoro-
methyl)phenyl]-phosphine (= Josiphos SL-J412-1)
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(R)-1-[(S)-2-bis(2-methoxyphenyl)phosphino)ferrocenyl]ethyl bis(2-methoxyphenyl)-
phosphine (= Josiphos SL-J430-1) '

(R)-1-[(S)-2-bis(2-isopropoxyphenyl)phosphino)ferrocenyl]ethyl bis(3,5-dimethylphenyl)-
phosphine (= Josiphos SL-J431-1) '

(R)-1-[(S)-2-di(tert-butyl)phosphino)ferrocenyl]ethyl bis(3,5-dimethyiphenyl)-phosphine (=
Josiphos SL-J501-1)

(R)-1-[(S)-2-diethylphosphino)ferrocenyl]ethyl bis(2-methyiphenyl)-phosphine (= Josiphos
SL-J503-1)

(R)-1-[(S)-2-cyclohexylphosphino)ferrocenyl]ethyl bis(2-methyiphenyl)-phosphine (=
Josiphos SL-J504-1)

(8)-1-[(R)-2-cyclohexylphosphino)ferrocenyljethyl bis(2-methylphenyl)-phosphine (=
Josiphos SL-J504-2)

(R)-1-[(S)-2-Di-tert.-butylphosphino)ferrocenyljethyldicyclohexylphosphine (= Josiphos
SL-J505-1) '

(S)-1-[(R)-2-di(tert-butyl)phosphino)ferrocenyllethy! bis(2-methylphenyl)-phosphine (=
Josiphos SL-J505-2) :

(R)-1-[(S)-2-di(tert-butyl)phosphino)ferrocenyl]ethyl bis(4-trifluoromethyl)-phosphine (=
Josiphos SL-J506-1) ‘

Examples of Walphos ligands:
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SL-W021-1: SL-W024-1:
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(R)-1-[(R)-2-(2.-Diphenylphosphinophenyl)ferrocenyllethyldi(bis-3,5-

trifluoromethylphenyl)phosphine (= Walphos SL-W001-1)

(8)-1-[(S)-2-(2.-Diphenylphosphinophenyl)ferrocenyllethyldi(bis-3,5-
trifluoromethylphenyl)phosphine (= Walphos SL-W001-2)

(Ry:1-[(R)}-2-(2- Dlphenylphosphlnophenyl)ferrocenyI]ethyld|cyclohexy|phosph|ne
(= Walphos SL-W003-1) '

(R)—1_-[(R)-2-{2’-Di(3,5-diméthyl-4-methoxyphenyl)-phosphinophenyl}ferrocenyl]ethyldi(bis-
3,5-trifluoromethylphenyl)phosphine (= Walphos SL-WC005-1)

(R)}-1-[(R)-2~(2'-Diphenylphosphinophenyl)ferrocenyllethyldi(3,5-xylyl)phosphine (=
Walphos SL-W006-1)

(R)-1-[(R)-2-(2'-Dicyclohexylphosphinophenyl)ferrocenyllethy!di(bis-(3,5-trifluoromethyl)-
phenyl)-phosphine (= Walphos SL-W008-1)

(S)-1-[(S)-2-(2'-Dicyclohexylphosphinophenyl)ferrocenyllethy!di(bis-(3,5-trifluoromethyi)-
phenyl)-phosphine (= Walphos SL-W008-2)
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(R)—1;[(R)—2—(2.—Di-(3,5—xylyl) phosphinophenyl)-ferrocenyl]ethyldi(3,5-xylyl)phosphine (=
Walphos SL-W009-1)

(R)-1-[(R)-2-(2'-(Diphenylphosphinophenyl)ferrocenyljethyl di(tert-butyl)-phosphine (=
Walphos SL-W012-1)

(R)-1-{(R)-2-[4', 5'-dimethoxy-2'-(Diphenylphosphino)phenyljferrocenyl}ethyi di(bis-(3,5-
trifluoromethyl)phenyl)-phosphine (= Waiphos SL-W021-1)

(R)-1 -{(R)-2-[2'-bis(2-methoxyphenyl)phoéphinopheny|]ferroceny|}ethy| di(bis-(3,5-trifluoro-
methyl)phenyl}phosphine (= Walphos SL-W024-1)

Examples of Fenphos ligands:

SL-F131-1: SL-F132-1

SL-F133-1: SL-F134-1:
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(R)-(S)-1-(Dimethylamino-eth-1-yl)-2-difurylphosphino-3-diphenylphosphino- ferrocene (=
Fenphos SL-F055-1) :

(R)-(S)1-(Dimethylamino-eth-1-yl)-2-diethylphosphino-3-bis(2-Methoxyphenyl)-
phosphino-ferrocene (= Fenphos SL-F056-1)

(R)-(S)-1-(Dimethylamino-eth-1-yl)-2-bis(3,5-dimethyl-4-methoxyphenyl)phosphino-3-
dicyclohexylphosphino-ferrocene (= Fenphos SL-F061-1) '

(R)-(S)-1-(Dimethylamino-eth-1-yl)-2-bis(4-trifluoromethylphenyl)phosphino-3-
dicyclohexylphosphino-ferrocene (= Fenphos SL-F062-1)

(Rc)-(Sp)-(Se)-1,1-Bis[2-(1-N,N-Dimethylaminoethyl)-1-ferrocenyl]phenyiphosphino
ferrocene (= Fenphos SL-F131-1)
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(Rc)-(Sp)-(Se)-1{[2-(1-N,N-Dimethylaminoethyl)- 1-ferrocenyl]phenylphosphino}-2-{[2-(1-
N,N-Dimethylaminoethyl)- 1-ferrocenyl]isopropylphosphino}ferrocene (= Fenphos SL-
F132-1) :

(Rc)-(Sp)-(Se)-1{[2-(1-N,N-Dimethylaminoethyl)-1-ferrocenyl]phenyl phosphino}-2-{[2-(1-
N,N-Dimethylaminoethyl)-1-ferrocenyl]cyclohexylphosphino}ferrocene (= Fenphos SL-

F133-1)

(Rc)-(Sp)-(Se)-1,1'-Bis[2-(1-N,N-Dimethylaminoethyl)-1-ferrocenyl]cyciohexyl phosphino
ferrocene (= Fenphos SL-F134-1)

(Rc)-(Sp)-(Se)-1,1-Bis[2-(1 -N,N-Dimethylaminoethyl)—1-ferrocenyl]isopropyl phosphino
ferrocene (= Fenphos SL-F135-1)

(Rc)-(Sp)-(Se)-1{[2-(1-N,N-Dimethylaminoethyl)- 1-ferrocenyljphenylphosphino}-1 *{di[bis-
(3,5-trifluoromethyl)phenyl]-phosphino} ferrocene (= Fenphos SL-F355-1) '

(Rc)-(Sp)-(Se)-1-{[2-(1-N,N-Dimethylaminoethyl)-1-ferrocenyl]phenylphosphino}-1°-
(dicyclohexylphosphino) ferrocene (= Fenphos SL-F356-1)

(Rc)-(Sp)-(Se)-1{[2-(1-N,N-Dimethylaminoethyl)- 1-ferrocenyljcyclohexylphosphino}-1°-
(dicyclohexylphosphino) ferrocene (= Fenphos SL-F365-1)

Examples of Atropisomer ligands:

SL-A116-2: ' SL-A101-1:
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SL-A109-2: SL-A118-1:

(R)~(+)-(6,6{-Dimethoxybiphenyl-2,2'-diyl)-bis(diphenylphosphine) (= Atropisomer SL-
A101-1)

(S)-(6,6'-Dimethoxybiphenyl-2,2’-diyl)-bis[bis(3,5-di-tert-butyl-4-
methoxyphenyl)phosphine) (= Atropisomer SL-A109-2)

(S)-(6,6"-Dimethoxybiphenyl-2,2"-diyl)bis(diisopropylphosphine) (= Atropisomer SL-A116-
2)

(R)—(6.6'-Dimethoxybiphenyl—2.2'-diy|)bis(dicycylobutylphosphine) (= Atropisomer SL-
A118-1)

Examples of Taniaphos ligands:

SL-T001-1: SL-T021-2:
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SL-T003-1: © SL-T001-2:

P

RN

(1S)-Diphenylphosphino-2-[(R)-a-(N,N-dimethylamino)-o-diphenylphosphinophenyl)-
methyl}ferrocene (= Taniaphos SL-T001-1) -

(1R)-Diphenylphosphino-2-[(S }-a-(N,N-dimethylamino)-o-diphenylphosphinophenyl)--
methyl}ferrocene (= Taniaphos SL-T001-2)

(R)-1-bis(4-methoxy-3,5-dimethylphenyl)phosphino-2-{(R)-(dimethylamino){2-(bis(4-
methoxy-3,5-dimethylphenyl)phosphinc)phenyl]methy}ferrocene (= Taniaphos SL-T003-1)

(S)-1-diphenylphosphino-2-[(S)-hydroxy-[2-(diphenylphosphino)phenyllmethyljferrocene (=
Taniaphos SL-T021-2) ‘

Examples of phospholane ligands:

SL-P051-1: SL-P005-1:

=
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SL-P102-1: SL-P104-2:

ol (
T~

2-[(2'R,5'R)-2",5 -dimethylphospholano]-1-[( R)-diphenylphosphino]ferrocene (=
Phospholane SL-P051-1)

1,2-Bis[(28S,5S)-2,5-dimethylphospholano]ethane (= Phospholane SL-P104-2)
1,2-Bis[(2R,5R)-2,5-diethylphospholano]benzene (= Phospholane SL-P102-1)

(R,R,R,R)-2,3-Bis(2,5-dimethyl-phospholanyl)benzo[bjthiophene (= Phospholane SL-
P005-1)

Examples for further suitable chiral ligands are: -

(S)-C4-TunaPhos: ~ SL-A001-1:
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SL-M040-2: . SL-M041-2:

(S)-(6,6"-Dimethylbiphenyl-2,2'-diyl)bis(dicyclohexylphosphine) (= Atropisomer SL-A132-
2).

A further suitable ligand is a BDPP ligand as define herein below, in particular (S,S)-
BDPP.

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

In particular, suitable chiral ligands are, for example:
SL-M004-1, SL-M004-2, SL-M002-1, SL-M003-1, SL-M009-1, SL-M0010-1, SL-M012-1,

SL-J005-1, SL-J505-1, SL-J00S-2, SL-J008-1, SL-J009-1, SL-JO13-1, SL-J211-1, SL-
J301-1, SL-J403-1, SL-J408-1, SL-J412-1, SL-J430-1, SL-J431-1, SL-J501-1, SL-J503-
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1, SL-J504-1, SL-J505-2, SL-J506-1, SL-F131-1, SL-F132-1, SL-F133-1, SL-F134-1,
SL-F135-1, SL-F355-1, SL-F356-1, SL-F365-1, SL-T001-1, SL-T001-2, SL-T003-1, SL-
T021-2, (S,S‘)—BDPP, (R)-MeBoPhoz, (S)-MeBoPhoz, (R)-3,5-F;C¢Hi-BnBoPhoz, (R)-
Cy-MeBoPhoz, (R)-Phenethyl-(R)-BoPhoz, (R)-Phenethyl-(S)-BoPhoz, SL-W001-1, SL-
W005-1, SL-W009-1, SL-W012-1, SL-W024-1, SL-W008-1, SL-A101-1, SL-A109-1, SL-
A109-2, SL-A118-1, SL-'A116-2, SL-A132-2, SL-P102-1, SL-P005-1, SL-P104-2,
(Ra.Sc)1Np-QUINAPHOS} andjor (Sa,Rc)1Np-QUINAPHOS},

Particularly suitable chiral ligands are, for example:

(R)-Cy-MeBoPhoz; (R)-Phenethyl-(S)-BoPhoz; SL-A101-1; SL-A109-2; SL-A116-2; SL-
A118-1; SL-A132-2; SL-F131-1; SL-F132-1; SL-F133-1; SL-F134-1; SL-F135-1; SL-F355-
1; SL-F356-1; SL-F365-1; SL-J005-2; SL-J505-1; SL-J008-1; SL-J013-1; SL-J301-1; SL-
J403-1; SL-J408-1; SL-J430-1; SL-J431-1; SL-J501-1; SL-J504-1; SL-J504-2; SL-J505-2;
SL-J506-1; SL-M002-1; SL-M003-1; SL-M004-1; SL-M009-1; SL-M010-1; SL-P051-1; SL-
T001-1; SL-T001-2; SL-T003-1; SL-T021-2; (S,S)-BDPP; SL-W001-1; SL-W005-1; SL-
W008-1; SL-W008-2; SL-W009-1; SL-W012-1; SL-W021-1; and/or SL-W024-1.

Further particularly suitable ligands are, for example:

SL-A101-1; SL-F131-1; SL-F132-1; SL-F356-1; SL-J505-1; SL-J008-1; SL-J504-2; SL-
J505-2; SL-M010-1; SL-P051-1; (S,S)-BDPP; SL-W001-1; SL-W005-1; SL-W008-1; SL-
WO009-1; SL-W012-1; SL-W021-1

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

- rhodium organometallic complex and a Fenphos, Walphos, Josiphds ora
Phospholane ligand; in particular [Rh(nbd);]BF4 and a Fenphos, Walphos,
Josiphos or a PhanePhos ligand; such as Rh(nbd),|BF, and SL-W005-1,
SL-W008-1, SL-F356-1, SL-J008-1, SL-P051-1, SL-W009-1, SL-W001-1,
SL~W012-1, SL-W021-1, SL-J505-2 or SL-J504-2; in particular,
Rh(nbd),|BF, and SL-W008-1, SL-J008-1, SL-P051-1, SL-J505-2 or SL-
J504-2;

- ruthenium organometallic complex and an Atropisomer, Mandyphos or a
Fenphos ligand; in particular [Ruly(p-cymene)}., [Ru(cod)(2-metallyl),] or
[Ru(cod)(OOCCF3);] and an Atropisomer, Mandyphos, BDPP, Josiphos or
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a Fenphos ligand; such as [Ruly(p-cymene)],, [Ru(cod)(2-metallyl),] or

[Ru(cod)(OOCCF;),] and SL-A101-1, SL-M010-1, (S,S)-BDPP, SL-J505-1,

SL-F131-1, SL-F132-1 or SL-F134-1; or

- iridium organometallic complex and a Fenphos, Walphos or Josiphos

ligand; in particular [Ir(cod)Cl]; and a Fenphos, Walphos or Josiphos

ligand; such as [Ir(cod)Cl], and 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 compounds according to formulae (1-a)
and (1-b), or salts thereof, wherein the molar ratio of compounds according to formula (1-
a), or salts thereof, to compounds according to formula (1-b), or salts thereof, is at'least
55 to 45, preferably at least 80 to 20, more preferably at least 96 to 4, most preferably at
least 99 to 1.

In a second embddiment, the reduction of the compound of formula (2-a), or salt
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 formula
(1-b), or salts thereof, to compounds according to formula (1-a), or salts thereof, is at

least 55 to 45, preferably at least 80 to 20, more preferably at least 91 to 9.

In one embodiment, the transition metal catalyst comprises an organometallic
complexand a chiral ligand such as a Fenphos ligand, a Josiphos ligand, a Mandyphos
ligand, a Walphos ligand, a Taniaphos ligand, a Phospholane, an Atropisomer ligand, a
BoPhoz ligand, a QUINAPHOS ligand or mixtures thereof; in particular the chiral ligand
is selected from the group consisting of Josiphos ligand, Mandyphos ligand, Walphos
ligand, Taniaphos ligand, Atropisomer ligand, QUINAPHOS ligand or mixtures thereof.

Suitable chiral ligands are, for example:

SL-A132-2, SL-W008-2, SL-A109-2, SL-A109-2, SL-T021-2, SL-T003-1, SL-M003-1, SL-
A101-1, SL-J002-1, SL-J504-1, SL-T001-1, SL-J501-1, SL-W008-1, SL-J301-1, SL-F356-
1, SL-M004-2, SL-M012-1, SL-J013-1, SL~J211-1, SL-W009-1, SL-J412-1, SL-W012-1,
SL-J009-1, SL-4503-1, SL-J506-1, SL-J431-1, SL-J430-1 or (R,,S:)1Np-QUINAPHQCS; in
particular SL-W008-2, SL-J504-1, SL-W009-1, SL-J412-1, SL-J503-1

Combinations of organometallic complex and chiral ligand are for example:
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- rhodium organometallic complex and an Atropisomer, Walphos, Taniaphos,
) Jos'iphos, Mandyphos or Quinaphos ligand; such as [Rh(nbd),]|BF, or
[Rh(cod)2]BF4 and an Atropisomer, Walphos, Taniaphos, Josiphos,
Mandyphos or a Quinaphos ligand; in particular [Rh(nbd),]|BF, and SL-
- WO008-2, SL-J504-1, SL-W009-1, SL-J41201 or SL-J503-1;

- ruthenium organometallic complex and an Atropisomer, Taniaphos,
Mandyphos, Walphos, Josiphos or Fenphos ligand; such as [Ruly(p-
cymene)]z, [Ru(cod)(2-metallyl),], [Rulx(p-cymene)], or
[Ru(cod)(OOCCFg)z] and an Atropisomer, Taniaphos, Mandyphos,
Walphos, Josiphos or Fenphos ligand. Even more preferably, [Rulx(p-
cymene)],, [Ru(cod)(2-metallyl);], [Rulx(p-cymene)], or
[Ru(cod)(OOCCF;);] and SL-A109-2, SL-T021-2, SL-M003-1, SL-W008-1,
SL-J301-1, SL-F356-1, SL-M004-2, SL-M012-1, SL-J002-1, SL-J013-1, SL-
J211 or SL-J503-1; or

- iridium organometallic complex and a Walphos or Josiphos ligand; in
particular [Ir(cod)Cl], and a Walphos or Josiphos ligand; such as
[Ir(cod)Cl], and SL-W009-1, SL-W012-1 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 formulae (1-a)
and (1-b), or saits thereof, wherein the molar ratio of compounds according to formula (1-
b), or salts thereof, to compounds according to formula (1-a), or salts thereof, is at least
55 to 45, preferably at least 80 to 20, more preferably at least 91to 9.

In a third embodiment, the reduction of the compound of formula (2-a), or salt 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 formula (1-a), or
salts thereof, to compounds according to formuia (1-b), or salts thereof, is at least
55 to 45, preferably at least 80 to 20, more preférably at least 97 to 3, most preferably
atleast 99to 1.

In one embodiment, the transition metal catalyst comprises a transition metal selected
from the group 8 or 9, such as rhodium, ruthenium or iridium and a chiral ligand
selected from the group consisting of BoPhoz ligand, BINAP ligand, BINOL ligand, a
Phospholane ligand, PhanePhos ligand, P-Phos ligand, QuinaPhos ligand, ProPhos
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ligand, BDPP ligand, DIOP ligand, DIPAMP ligand, DuanPhos ligand, NorPhos ligand,

. BINAM ligand, CatAsium ligand, SimplePHOX ligand, PHOX ligand, ChiraPhos ligand,
Ferrotane ligand, BPE ligand, TangPhbs ligand, JafaPhos ligand, DuPhos ligand,
Binaphane ligand and mixtures thereof.

BoPhoz ligands are of the formula described above, in particular (R)-4-F-CgHs-MeBoPhoz,
(R)-BINOL-(R)}-MeBoPhoz, (R)-MeBoPhoz, (R)-p-F-MeBoPhoz, (R)-Phenethyi-(R)-
MeBoPhoz, (S)-BINOL-(R)-MeBoPhoz or (S)-MeBoPhoz.

QUINAPHOS ligands are of the formula described above, in particular (R,,Sc)-1Np-
QUINAPHOS or (S.,R:)-1Np-QUINAPHOS.

(S)-2-(1-Naphthyl)-8-diphenylphosphino-1 —(R)-3,5—_dioxa-4-phosphacyclohepté[
2,1-a;3,4-a'ldinaphthalen-4-yl)-1,2-dihydroquinoline = (R,,S¢)-1Np-QUINAPHOS

(R)-2-(1-Naphthyl})-8-diphenylphosphino-1-(S)-3,5-dioxa-4-phosphacyclohepta[
2, 1-a;3,4-a’ldinaphthalen-4-yi)-1,2-dihydroquinoline = (S;,R:)-1Np-QUINAPHOS

BINAP ligands are of the formula:

! ! PR, ‘ E PR,
ey XY

(R}BINAP (S)-BINAP

wherein R is, for example, as described in R. Noyori, H. Takaya, Acc. Chem. Res., 23 345
(1990), for example R is phenyl (= BINAP) or tolyl (= Tol-BINAP). In particular, suitable
BINAP ligands are (R)-BINAP, (R)-Tol-BINAP, (S)-BINAP or (S)-Tol-BINAP.

(R)-2,2’-Bis(di-p-tolylphosphino)-1,1'-binapthalene = (R)-Tol-BINAP
(S)-2,2'-Bis(di-p-tolylphosphino)-1,1'-binapthalene = (S)-Tol-BINAP
(R)-2,2'-Bis(diphenylphosphino)-1,1'-binapthalene = (R)-BINAP

(S)-2,2'-Bis(diphenylphosphino)-1,1'-binapthalene = (S)-BINAP
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BINOL ligands are of the formula:

0, o,
el ses

(R)-BINOL (S)-BINOL
wherein R is, for example, as described in Noyori, R.; Tomino, |.; Tanimoto, Y.; Nishizawa,
M. J. Am. Chem. Soc, 106, 6709 (1984); Noyori, R.; Tomino, l.; Yamada,. M.; Nishizawa,
M. J. Am. Chem. Soc., 106, 6717 (1984), for example is phenyl (= BINOL). In particular,
suitable BINOL ligands are, for example, (R}-BINOL or (S)}-BINOL.

PhanePhos ligands are of the formula:

AX PAr2

.

wherein Ar is, for example, as described in K. Rossen, P. J. Pye, R. A. Reamer, N. N.
Tsou, R. P. Volante, P. J. Reider J. Am. Chem. Soc. 119, 6207 (1997), for example Ar
is Ph (= PhanePhos), 4-Me-C¢H, (=Tol-PhanePhos), 4-MeO-C¢H; (An-PhanePhos),
3,5-Me-CeH; (= Xyl-Phanephos) or 3,5-Mex-4-MeO-C¢H2 (= MeO-Xyl-Phanephos). In
particular, suitable PhanePhos ligands are, for example, (R}PhanePhos, (R)-Xyl-
PhanePhos, (S)-Xyl-PhanePhos, (S)-PhanePhos, (R)-An-PhanePhos, (R)-MeO-Xyl-
PhanePhos or (R)-Tol-PhanePhos.

PA M2

(R)-4,12-Bis(diphenylphosphino)-[2.2]-paracyclopentane = (R}-PhanePhos
(S)-4,12-Bis(diphenylphosphino)-[2.2]-paracyclopentane = (S)-PhanePhos
(R)-4,12-Bis(di(3,5-xylyl)phosphino)-[2.2]-paracyclopentane = (R)-Xyl-PhanePhos
(8)-4,12-Bis(di(3,5-xylyl)phosphino)-[2.2]-paracyclopentane = (S)-Xyl-PhanePhos

(R)-4,12-Bis(di(p-tolyll)phosphino)-[2.2]-paracyclopentane = (R)-Tol-PhanePhos
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(R)—4,12-Bis(di(p-methdxyphenyl)phosphino)-[2.2]-paracyclope ntane = (R)-An-PhanePhos

(R)~4,12-Bis(di(p-methoxy-.3,5-dimethylphenyl)phosphino)-[2.2]-paracyc|opentane = (R)-
MeO-Xyl-PhanePhos

P-Phos ligands are of the formula:

OMe OMe

N™ NI N
MeO \# PAr, MeO” N “PArn
MeO A\ _PAr, = MeO. N PA";

NS I Nx i

OMe or OMe

wherein Ar is, for exampie, as described in C -C. Pai, C. -W. Lin, C. -C. Lin, C. -C. Chen,
A.S.C. Chan, W. T Wong, J. Am. Chem. Soc. 122, 11513 (2000), for example Ar is Ph
(= P-Phos), 4-Me-CgH,4 (=Tol-P-Phos), 4-MeO-C¢H4 (An-P-Phos), 3,5-Mez-CeéHj; (= Xyl-P-
Phos) or 3,5-Me;4-MeO-C¢H; (= MeO-Xyl-P-Phos). In particular, suitable P-Phos Iigands
are, for example, (R)-P-Phos, (R)-Xyl-P-Phos, (S)-P-Phos or (S)-Xyl-P-Phos.

(R)-2,2',6,6'-Tetramethoxy4,4‘-bis(diphenylphosphino)—3,3’—bipyridiné = (R)-P-Phos
* (S)-2,2',6,6"-Tetramethoxy-4,4'-bis(diphenylphosphino)-3,3"-bipyridine = (S)-P-Phos

(R)—2.2',6,6'—Tetramethoxy—4,4‘-bis(di(3,5-xy|y[)phosphino)-3,3'-bipyridine = (R)-Xyl-P-
Phos

(5)-2,2',6,6-Tetramethoxy-4,4'-bis(di(3,5-xylyl)phosphino)-3,3’-bipyridine = (S')-XyI-P-Phos
ProPhos ligands are of the formula:
Rzp/\(R RPN

PPhy or PR,

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 example, (R)-ProPhos.

(R)-1 ,2-Bis(diphenylphosphino)propane = (R)-ProPhos
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BDPP ligands are of the formula:

PRz PR, © PRy PR;

or

wherein R is, for example, as described in Bakos, J.; Toth, |.; Marko’, L. J. Org. Chem.,
46, 5427 (1981), for example R is Ph. In particular, suitable BDPP ligands are, for
example, (R,R)-BDPP or (S,S)-BDPP.

(2R,4R)-2,4-Bis(diphenylphosphino)pentane = (R,R)-BDPP

(28,4S)-2,4-Bis(diphenylphosphino)pentane = (S,S)-BDPP

DIOP ligands are of the formula:

WS\

X e X
o~ PRe ;. 7 o PR,

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. Chem. Soc. , 94, 6429 (1972), for example R
is Ph. In particular, suitable DIOP ligands are, for example, (S,S)-DIOP or (R,R)-DIOP.

(4R,5R)-4,5-Bis(diphenylphosphino-methyl}-2,2-dimethyi-1,3-dioxolane = (R,R)—DIOP

(4S,5S)4,5-Bis(diphenylphosphino-methyl)-2,2-dimethyl-1,3-dioxolane= (S,S)-DIOP

DIPAMP ligands are of the formula:

R—P PR+wR RiuP  P==R.

s ~
~ Z)
~ rd

R R o R . R
wherein R and R’ are, for example, as described in Knowles, W. S. Acc. Chem. Res.
16, 106 (1983), for example R is Ph and R' is Anisyl. In particular, a suitable DIPAMP

ligand is, for example, (R,R)-DIPAMP.

(R,R)-1,2-Ethanediylbis[(2-methoxypheny!)phenylphosphine]= (R,R)-DIPAMP
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DuanPhos ligands are of the formula:

wherein R is, for example, as described in PCT/US02/35788, for example R is tert-butyl.
In particular, a suitable DuanPhos ligand is, for example, (R,R)-DuanPhos.

(1R,1'R,28,2'S)-2,2'-Di-tert-butyl-2,3,2',3"-tetrahydro-1H,1'H-(1, 1')biisophosphindolyl =
(R,R)-DuanPhos

NorPhos ligands are of the formula:
PR, . H
7 H 7 PR
ZH / ?PR;’
or H _
‘wherein R is, for example, as described in Brunner, H.; Pieronczyk, W.; Schoenhammer,
B.; Streng, K.; Bernal, |.; Korp, J. Chem. Ber. 114, 1137 (1981), for example R is Ph. In

particular, suitable NorPhos ligands are, for example, (R,R)-NorPhos or (S,S)—NorPhos.

(2R,3R)-2,3-Bis(diphenylphosphino)bicyclo[2.2.1]hept-5-ene = (R,R)—NorPhos

(28,38)—2,3-Bis(diphenylbhosphino)bicyclo[2.2.1]hept-5-ene = (S,S)-NorPhos

BINAM ligands are of the formula:

I NHR | I NHR
l ! NHR i i NHR
or ’
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wherein R is, for example, as described in F.-Y. Zhang, C. -C. Pai, A. S. C. Chan J. Am.
Chem. Soc. 120, 5808 (1998), for example R is PR’;, wherein R’ for example is Ph. In
particular, suitable BINAM ligands are, for example, (R)-BINAM-P or (S)-BINAM-P.

(R)-N,N-Bis(diphenylphosphino)-1,1'-binaphthyi-2,2'-diamine = (R)-BINAM-P

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

CatASium ligands are of the formula:

R R, R R
0O 0 . l\, l‘;,
P—, P R TR
< «P,R' P’R
P P ] ]
(o] . : o] R’ R'
R" R

wherein R, R’ and R” are, for example, as described in Holz, J.; Monsees, A.; Jiao, H.;
~You, J.; Komarov, I. V.; Fischer, C.; Drauz, K.; Bérner, A. J. Org. Chem., 68, 1701-1707
(2003); Holz, J.; Zayas, O.; Jiao, H.; Baumann, W.; Spannenberg, A.; Monsees, A,;
Riermeier, T. H.; Almena, J.; Kadyrov, R.; Bérner, A. Chem. Eur. J, 12, 5001-5013
(2006), for example, R is Me, R’ is Ph, R" is benzyl 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, (S)-CatASium MN, (R)-CatASium D or (R)-CatASium MNN.

N-Benzyl-(3R,4R)-bis(diphenylphosphino)pyrrolidine = (R)-CatASium D
2,3-Bis[(2R,5R)-2,5-dimethylphospholano]maleic anhydride = (R)-CatASium M

2,3—Bis[(2R,5R)—2,5—dimelhylphospholand]-N-methyImaIeimide = (R)-CatASium MN

4,5-Bis[(2R,5R)-2,5-dimethyiphospholano]-1,2-dihydro-1,2-dimethyl-3,6-pyridazinedione
= (R)-CatASium MNN

2,3-Bis[(2S,5S)-2,5-dimethylphospholano]maleic anhydride = (S)-CatASium M

2,3-Bis[(2S,55)-2,5-dimethylphospholano]-N-methylmaleimide = (S)-CatASium MN
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SimplePHOX ligands are of the formula

o) ~-O
Koo X
PRZ N / PR2 N

R or R

wherein R and R’ are, for example, as described in S. Smidt, F. Menges, A. Pfaltz, Org.
Lett. 6, 2023 (2004), for example R is Cyclohexyl and R' is tert-butyl. In particular, a
suitable SimplePHOX ligand is, for example, (S)-Cy-tBu-SimplePHOX.

(S)4-tert-butyl-2-(2-(dicyclohexylphosphinooxy)propan-2-yl)-4,5-dihydrooxazole = (S)-Cy-
tBu-SimplePHOX

PHOX ligands are of the formula:

0]
R,P N\’). R,P N\e

wherein R and R’ are, for example, as described in A. Lightfoot, P. Schnider, A. Pfaltz,

Angew. Chem. In. Ed., 37, 2897 (1998), for example R is Ph and R’ is iPr. Invparticular,
a suitable PHOX ligand is, for example (S)-iPr-PHOX.

(S)-4-tert-Butyl-2-[2-(diphenylphosphino)phenyl]-2-oxazoline = (S)-iPr-PHOX

ChiraPhos ligands are of the formula:

PR, , PR
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wherein R is, for example, as described in Fryzuk, M. B.; Bosnich, B. J. Am. Chem. Soc,
99, 6262 (1977); Fryzuk, M. B.; Bosnich, B. J. Am. Chem. Soc, 101, 3043 (1979), for
example R is'Ph. In particular, a suitable ChiraPhos ligand is, for example, (S,S)-
ChiraPhos.

(28,33)—(-)-Bis(diphenylpﬁosphino)butane =(S,S)-Chiraphos

Ferrotane ligands are of the formula:

wherein R is, for example, as described in Berens, U.; Burk, M. J.; Gerlach, A.; Hems, W.
Angew. Chem., Int. Ed. Engl. 2000, 39, 1981 (2000)., for example R is methyl or ethyl,

preferably ethyl. In particular, a suitable ferrotane ligand is, for example, (S,S)-Et-
Ferrotane.

1,1'-Bis[(2S,4S)-2,4-diethylphosphotano)ferrocene = (S,S)-Et-Ferrotane

$o

BPE ligands are of the formula:

R

)

Py

« T

oY j
t}
pnﬂl\“ i)

o)

“n,

o
=
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wherein R is, for example, as described in Burk, M. J. Acc. Chem. Res, 33, 363 (2000),
for example R is Me or Ph In particular, suitable BPE ligands are, for example, (S,S)-
Me-BPE or (S,S)-Ph-BPE.

,2-Bis[(28,5S)-2,5-dimethylphospholano]ethane = (S,S)-Me-BPE

,2-Bis[(2S,5S)-2,5-dIphenylphospholanolethane = (S,S)-Ph-B'PE

TangPhos ligands are of the formula:

87

=
=
=
=

)

I /l”lln

T Ao
ROI'R

Pl
Dl

wherein R is, for example, as described in Tang, W.; Zhang, X. Angew. Chem., Int. Ed.
Engl, 41, 1612 (2002), for example R is tert-butyl. In particular, a suitable TangPhos
ligand is, for example, (S,S,R,R)-TangPhos.

(1S,1S,2R 2R")-1,1"-Di-tert-butyl-(2,2)-diphospholane = (S,S,R,R)-TangPhos

JafaPhos ligands are of the formula:

O
=
A

o

wherein R and R’ are, for example, as described in Jendralla, H.; Paulus, E. Synlett (E. J.
Corey Special Issue) 1997, 471., for example R is Ph and R’ is isopropyl. In particular, a
suitable JafaPhos ligand is, for example, (R)-JafaPhos.
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[(R)-1.1 '-Bis(diphenylphosphino)-2,2'-bis(N,N-diisopropylamido)ferrocene] = (R)-
JafaPhos '

DuPhos ligands are of the formula:

Rﬁ R,
P P
R

"y
R

9!
R

wherein R is, for example, as described in Burk, M. J. Acc. Chem. Res, 33, 363 (2000),
for example R is Me. In particular, a suitable DuPhos ligand is, for example, (R)-
MeDuPhos.

aY
_ il 20

or R

1,2-Bis[(2R,5R)-2,5-dimethylphospholano]benzene = (R)-MeDuPhos

Binaphane ligands are of formula:

Co O oy O

for example as described in Xiao D, Zhang Z, Zhang X., Org Lett. 1999 Nov
18;1(10):1679. In particular, a suitable Binaphane ligand is, for example, (R)-Binaphane.

(R,R)-1,2-Bis[(R)-4,5-dihydro-3H-binaphtho(1,2-c:2',1-e)phosphepino]benzene = (R)-

Binaphane
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Further suitable chiral ligands 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-mentioned are commercially available from Johnson Matthey plc
(London, United Kingdom) and/or from Solvias AG (Basel, Switzerland).

In one embodiment, the transition metal catalyst comprises, for example:
the transition metal rhodium and a chiral ligand such as a P-Phos, a
PhanePhos, a Phospholane, a BoPhoz, a DIOP, a BINAP, a CatAsium, a
TangPhos, a JafaPhos, a DuPhos, a BPE, a Ferrotane, a BINAM, a
DuanPhos, é NorPhos, a B_DPP, a ProPhos, a DIPAMP, a ChiraPhos
ligand or a Binaphane Iigand: For example, the transition metal catalyst
comprises the transition metal rhodium and a chiral ligand such as SL-
P104-2, SL-P102-1, SL-P005-1, (R)-P-Phos, (S)-P-Phos, (S)}-PhanePhos,
(R)-PhanePhos, (R)-An-PhanePhos, (R)-MeO-Xyl-PhanePhos, (R)-Xyl-
PhanePhos, (R)-Tol-PhanePhos, (S)-MeBoPhoz, (S.S)-DIOP, (R,R)-DIOP,
(S)-BINAP, (S)-Tol-BINAP, (R)}-CatASium M, (S)-CatASium M, (R)-
CatASium MN, (S)-CatASium MN, (R)-CatASium D, (R)-CatASium MNN,

~ (8,S,R,R)-TangPhos, (R)-JafaPhos, (R)-MeDuPhos, (S,S)-Me-BPE, (S,S)-
Ph-BPE, (S,S)-Et-Ferrotane, (S)-BINAM-P, (R)}-BINAM-P, (R,R)—DuanPhos,
(R,R)-NorPhos, (S,S)-NorPhos, (R,R)-BDPP, (S,S)-BDPP, (R)-ProPhos,

" (R.R)-DIPAMP, (S,S)-ChiraPhos or (R)-Binaphane. Particularly suitable
transition metal catalyst are for example: [Rh(COD)SL-P104-2)] O;SCF;,
[Rh(COD)(SL-P102-1)]BF,4, [Rh(COD)SL-P005-1)]BF,, [Rh(COD)(SL-
P102-1)] O3SCF3, [(R)-P-Phos Rh(COD)]BF,, [(S)-P-Phos Rh(COD)]BF,,
[(R)-PhanePhos Rh(COD)]BF,, [(S)-PhanePhos Rh(COD)]BF,, [(R)-Xyl-
PhanePhos Rh(COD)]BF,, [(S}-MeBoPhoz Rh(COD)]BF,, [(S,S)-DIOP
Rh(COD)]BF.,, [(S)}-BINAP Rh(COD)]BF,, [(R)-CatASium M Rh(COD)]BF,,
[(S)-CatASium M Rh(COD)]BF,, [(R)-CatASium MN Rh(COD)|BF,, [(S)-
CatASium MN Rh(COD)]BF;, [(R)-CatASium D Rh(COD)]BF,, [(S,S,R,R)—
TangPhos Rh(COD)]BF,, [(R)-JafaPhos Rh(COD)]BF,, [(R)-MeDuPhos
Rh(COD)]BF,, [(S,S)}-Me-BPE Rh(COD)|BF4, [(S,S)-Ph-BPE Rh(COD)]BF,,
[(S,S)-Et-Ferrotane Rh(COD)]BF,, [(R)-An-PhanePhos Rh(COD)]BF., [(R)-
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CatASium MNN Rh(COD)]BF,, [(S)-Tol-BINAP Rh(COD)|BF,, [(S)-BINAM-
P Rh(COD)]BF., [(R)-BINAM-P Rh(COD)]BF4, [(R,R)-DuanPhos

" Rh(COD)]BF4, [(R)-Binaphane Rh(COD)|BF4, [(R,R)-NorPhos

Rh(COD)]BF,4, [(S,S)-NorPhos Rh(COD)]BF,, [(R,R)-BDPP Rh(COD)]BF,,
[(S,S)-BDPP Rh(COD)]BF,, [(R,R)-DIOP Rh(COD)]BF,, [(R)-ProPhos
Rh(COD)]B'Fa. [(R,R)-DIPAMP Rh(COD)]IBF,, [(S,S)-ChiraPhos
Rh(COD)]BFa. [(R)-MeO-Xyl-PhanePhos Rh(COD)]BF, or [(R)-Tol-
PhanePhos Rh(COD)|BF,; in particular [Rh(COD)(SL-P102-1)]BF,,
[Rh(COD)(SL-P005-1)]BF,, [Rh(COD)SL-P102-1)] O;SCF3;, [(R)-
PhanePhos Rh(COD)]BF., [(R)Xyl-PhanePhos Rh(COD)]BF,, [(S,S)-DIOP
Rh(COD)]BF, [(S)-BINAP Rh(COD)]BF,, [(R)-CatASium M Rh(COD)]BF,,
[(R)-CatASium MN Rh(COD)|BF,, [(S)-CatASium MN Rh(COD)]BF,,
[(S,S,R,R)-TangPhos Rh(COD)|BF,, [(S,S)-Me-BPE Rh(COD)]BF,, [(S,S)-
Ph-BPE Rh(COD)|BF,4, [(R)-An-PhanePhos Rh(COD)]BF,, [(R)-CatASium
MNN Rh(COD)]BF,, [(S)Tol-BINAP Rh(COD)]BF,, [(S)-BINAM-P
Rh(COD)]IBF., [(R,R)-DuanPhos Rh(COD)]BF,, [(R)-Binaphane
Rh(COD)]BF4, [(S,S)-NorPhos Rh(COD)]BF., [(R,R)-BDPP Rh(COD)]BF,,
[(S,S)-BDPP Rh(COD)]BF,, [(R,R)-DIOP Rh(COD)]BF4, [(R)-ProPhos

'Rh(COD)]BF,4, [(R,R)-DIPAMP Rh(COD)]BF,, [(S,S)-ChiraPhos

Rh(COD)]BF., [(R)-MeO-Xyl-PhanePhos Rh(COD)]BF, or [(R)-Tol-
PhanePhos Rh(COD)|BF,; such as [Rh(COD)(SL-P102-1)|BF.,
[Rh(COD)(SL-P005-1)]BF,, [(R)PhanePhos Rh(COD)]BF4, [(R)Xyl-
PhanePhos Rh(COD)]BF,, [(R)CatASium M Rh(COD)IBF,, [(R)CatASium
MN Rh(COD)]BF;, [(S.S.R,R)TangPhos Rh(COD)|BF.4, [(S,S)Ph-BPE
Rh(COD)]BF,, [(R)An-PhanePhos Rh(COD)]BF, [(R,R)DuanPhos
Rh(COD)IBF4, [(S,S)NorPhos Rh(COD)]BF. or [(R)MeO-Xyl-PhanePhos
Rh(COD)]BF;

the transition metal ruthenium and a chiral ligand such as a BoPhoz, a
BINAP, a BINOL, a PhanePhos, a P-Phos or a QUINAPHOS ligand. For
example, the transition metal catalyst comprises the transition metal
ruthenium and a chiral ligand such as (R)}4-F-C¢Hs-MeBoPhoz, (R)-BINAP,
(R)-BINOL-(R)-MeBoPhoz, (R)-MeBoPhoz, (R)-p-F-MeBoPhoz, (R)-
PhanePhos, (R)-Phenethyl-(R)-MeBoPhoz, (R)-P-Phos, (R)-Tol-BINAP,
(R)-Xyl-PhanePhos, (R)-Xyl-P-Phos, (Ra,Sc)1Np-QUINAPHOS, (S)-BINAP,
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(S)-BINOL-(R)}-MeBoPhoz, (S)-P-Phos, (S)-Xyl-PhanePhos, (S)-Xyl-P-
Phos or (Sa,Rc)1Np-QUINAPHOS. Particularly suitable transition metal
catalyst are for example: [(R)-4-F-C¢Hs-MeBoPhoz Ru(benzene)CI|CI, [(R)-
BINAP RuCl(benzene)]Cl, [(R)}-BINOL-(R)-MeBoPhoz Ru(benzene)Cl|Cl, -
[(R}-MeBoPhoz RuCl(Benzene)]Cl, [(R)-p-F-MeBoPhoz RuCl(Benzene)ICl,
[(R}-PhanePhos RuCly(dmf),], [(R)-Phenethyl-(R)-MeBoPhoz
Ru(benzene)CI]CI, [(R)-P-Phos RuCl(benzene)]Cl, [(R)-Tol-BINAP
RuCl(benzene)]Cl, [(R)-Xyl-PhanePhos RuCl,(dmf),], [(R)-Xyl-P-Phos
RUCly(dmf);], [(Ra,Sc)1Np-QUINAPHOS RuCly(dmf),], [(S)-BINAP
RuCl(benzene)]Cl, [(S)-BINOL-(R)-MeBoPhoz Ru(benzene)CI]Cl, [(S)-P-
Phos RuCl(benzene)]Cl; [(S)-Xyl-PhanePhos RuCly(dmf),], [(S)-Xyl-P-Phos
RUCI,(dmf)2], [(Sa,Re)1INp-QUINAPHOS RuCly(dmf),], [(R)-P-Phos
Ru(acac),], [(R)-Xyl-P-Phos il?u(acac)z] or [(R)-Xyl-P-Phos
RuCli(benzene)]Cl; in particular, [(R)}4-F-CsHs-MeBoPhoz
Ru(benzene)CI]CI, [(R)-BINAP RuCl(benzene)]Cl, [(R}-MeBoPhoz
RuClI(Benzene)]Cl, [(R)-p-F-MeBoPhoz RuCl(Benzene)]ClI, [(R)-
PhanePhos RuCly(dmf).], [(R)-Phenethyl-(R)-MeBoPhoz
Ru(benzene)CI]ICI, [(R)-P-Phos RuCl(benzene)]Cl, [(R)-Tol-BINAP

“RuCl(benzene)ICl, [(R)-Xyl-P-Phos RuClx(dmf),] , [(S)-BINAP
'RuCl(benzene)]Cl, [(S)-BINOL-(R)-MeBoPhoz Ru(benzene)CIICI, [(S)-P-

Phos RuCl(benzene)]Cl, [(S)-Xyl-PhanePhos RuCl,(dmf),], [(Sa,Rc)1Np-
QUINAPHOS RuCly(dmf),], [(R)-P-Phos Ru(acac),], [(R)-Xyl-P-Phos

" Ru(acac),] or [(R)-Xyl-P-Phos RuCl(benzene)]CI; or

the transition metal iridium and a chiral ligand such as a P-Phos, a BoPhoz,
a SimplePHOX or a PHOX ligand. For example, the transition metal
catalyst comprises the transition metal iridium and a chiral ligand such as
(S)-P-Phos, (S)-Xyl-P-Phos, (S)-MeBoPhoz, (R)-MeBoPhoz, (S)-Cy-tBu-
SimplePHOX or (S)-iPr-PHOX. Particularly suitable transition metal
catalyst are for example: [(S)-P-Phos I{COD)]CI, [(S)-Xyl-P-Phos
Ir(COD)]CI, [(S)-MeBoPhoz Ir(COD)]CI, [(R)-MeBoPhoz Ir(COD)]CI, [(S)-
Cy-tBu-simplePHOX Ir(COD)IBArF or [(S)-iPr-PHOX Ir(COD)]BArF.

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

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 formula (1-
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a), or salts thereof, to compounds according to formula (1-b), or salts thereof, is at least
55 to 45, preferably at least 80 to 20, more preferably at least 97 to 3, most preferably at
least99to 1.

Ina f_burth embodiment, the reduction of the compound of formula (2-a), or salt thereof,
provides a corhposition 'colmprising the compounds according to formulae (1-a) and (1-
b), 6r salts thereof, wherein the molar ratio of compounds according to formula (1-b), or
salts 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 least 76 to 24.

In one embodiment, the transition metal catalyst comprises, for example:

- thé transition metal rhodium and a chiral ligand such as a PhanePhos, a
BoPhoz, a JafaPhos, a CatASium, a BINAM or a NorPhos ligand. For
example, the transition metal catalyst comprises the transition metal
rhodium and a chiral ligand such as (S)-PhanePhos, (S)-MeBoPhoz, (R)-
JafaPhos, (S)-CatASium M, (R)-BINAM-P or (R,R)-Norphos. Particularly
suitable transition metal catalyst are for example: [(S)-PhanePhos
Rh(COD)]BF.,, [(S)-MeBoPhoz Rh(COD)|BF,, [(R)—JafaPhds Rh(COD)]BF,,

" [(S)-CatASium M Rh(COD)]BF4, [(R)-BINAM-P Rh(COD)]BF, or [(R,R)-
NorPhos Rh(COD)|BFy;

- the transition metal ruthenium and a chiral ligand such as a PhanePhos, a
P-Phos, a BINOL, a QUINAPHOS, a BoPhoz or a BINAP ligand. For
example, the transition metal catalyst comprises the transition metal
ruthenium and a chiral ligand such as (S)-Xyl-PhanePhos, (S)-Xyl-P-Phos,
(R)-BINOL-(R)-MeBoPhoz, (R.,S.)1Np-QUINAPHOS or (R)-Tol-BINAP.
Particularly suitable transition metal catalyst are for example [(S)Xyl-
PhanePhos RuCl,(dmf),], [(S)Xyl-P-Phos RuCl;(dmf),], [(R)BINOL-(R)-
MeBoPhoz Ru(benzene)CI|Cl, [(Ra,S.)1Np-QUINAPHOS RuCly(dmf),] or
[(R)To-BINAP RuCl(benzene)]Cl; or

- the transition metal indium and a chiral ligand such as a P-Phos or BoPhoz
ligand, for example (S)-Xyl-P-Phos or (S)-MeBoPhoz. Particularly suitable
transition metal catalyst are for example [(S)-Xyl-P-Phos Ir(COD)]CI or [(S)-
MeBoPhoz Ir(COD)]CI.
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When using these combinations, the reduction of the compound of formula (2-a), or salt
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 formula
(1-b), or salts 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 least 76 to 24.

In a further preferred embodiment, the reduction of the compound of formula (2-a), or
salt 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
formula (1-a), or salts thereof, to compounds according to formula (1-b), or salts thereof,
is at least 88 to 12, preferably at least 90- to 10, more preferably at least 99 to 1.

SECTION D: Conversion of a compound of formula (7) into a compound of

formula (1) via a compound of formula (3)

The methods, according to the present invention, to convert a compound formula (7), as

described herein, into a compound of formula (3), as described herein, are summarized

in Scheme 5.
R6
. N-R7 OH

Q Section B

O N 7 N

i Y] , 0 (O]
I . Section D.4
Section D1
O O

|
R
EP Application 07100451.9
WQ2008/083967 - .

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

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

b) any one of methOdS in Section D.1 to convert (5) into (3);
method 2 comprises any one of methods in Section D.2 to convert (7) into (3);
method 3 comprises

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

b) anyone of methods in Section B to convert (6) into (5), and

c) any one of methods in Section D.1 to convert (5) into (3);
method 4 comprises

a) van).l one.of methods in Section B to convert (7) into (6), and

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

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

b) any one of methods in Section B to convert (6) into (4), and

c) any one of methods in Section D.4 to convert (4) into (3);
in particular according to methods 1, 2, 4 or 5; pérticularly according to method 5.

As discussed below, Sections D.1, D.2, D.3 and D.4 as such are also preferred
embodiments of the present invention..

SECTION D.1: Conversion of a compound of formula (5) into a compound of

formula (3)
In a further aspect, the present invention relates to a process for preparing a compound
O l

of formula (3)

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

a) converting a compound of formula (5), or salt thereof,

OH

o) l

N

R1 (5)
wherein R1 is hydrogen or a nitrogen protecting group, into a compound of formula (12)

RS

0 ‘

N
|

R1 (12)

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and RS 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).

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

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

compound of formula (3-a)

1 (3-a)



WO 2009/090251 PCT/EP2009/050510

105

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, said process comprising
a) conVerting a compound of formula (5-b), or salt thereof,

N
|

wherein R1 is hydrogen or a nitrogen protecting group,
into a compound of formula (12-b)

(12-b)

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-b), or salt thereof, with a reducing agent to
obtain the compound of formula (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, Wiley, New Jersey,
2007 and include:

- hydrides (eg lithium aluminium hydride, sodium borohydride, sodium
cyanoborohydride), metals (eg zinc, tin dichloride, tributyltin hydride, lithium), »
hydrogenation (eg hydrogen and a hydrogenation catalyst such as Pd/C, for example
as described in Section B.3.3) [especially when RS = halide],
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- hydrides (eg lithium aluminium hydride, sodium borohydride, diisobutyl aluminium
hyd'ride) or tributylitin hydride-sodium iodide. [especially when R5 = sulphonate]

In general, these methods work for both halides and suphonates
Steps a) and b) as such are also a preferred embodiment of the present invention.

The conversion of a OH-group into a leaving group and the subsequent treatment with
a reducing agent are well-known reactions to the person skilled in the art, for example
as described in Richard C. Larock, “Comprehensive Organic Transformations: A Guide
to Functional Group Preparations”, Secohd Edition, Wiley-VCH Verlag GmbH, 2000, in
particular as described in the relevant chapters thereof. Preferred leaving groups are
halo, such as bromo or iodo, or a sulphonaté group, such as tosylate, mesylate or
triflate. Preferred reducing agents are, for example, hydrides (LiAiH4, NaBH,) and
hydrogen in the presence of a hydrogenation catalysts (eg Pd/C) [see Section B.3.3
above].

SECTION D.2: Conversion of a compound of formula (7) into a compound of
formula (3) '

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

1 3)

of formula (3)

A—=Z

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, said process comprising treating
a compound of formula (7),



WO 2009/090251 PCT/EP2009/050510

107

(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.héteroatoms, 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 nitrogen protecting group, preferably of formulae (3-a) or (3-b), more
preferably of formula (3-a),

(3-a) (3-b).

In a preferred embodiment, the starting compound of formula (7), or salt thereof, is
according to formula (7-a), or salt thereof, as defined above; more preferably the
starting compound is according to formulae (7b) or (7c), or salts thereof, as defined -

above.

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

support, for example, on carbon, alumina, barium carbonate or calcium carbonate, in



WO 2009/090251 PCT/EP2009/050510

108

particular on carbon, alumina or barium carbonate. Preferably, palladium on carbon
(Pd/C) or palladium on calcium carbonate (Pd/CaCQj3) which is poisoned with lead
(known in the art as Lindlar catalyst) is used, in particular palladium on carbon (Pd/C).

In a preferred embodiment, the reduction of the compound of formula (7-a), or salt
thereof, provides a composition comprising the compounds according to formulae (3-a)
and (3-b), or salts thereof, wherein the molar ratio of compounds according to formula
(8-a), or salts thereof, to compounds according to formula (3-b), or salts thereof, is at
least 88 to 12, preferably at least 90 to 10, more preferably at least 99 to 1.

SECTION D.3: Conversion 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 -
of formula (3)

—2Z

1 (3)

or salt thereof,

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

a compound of formula (6),

(6)

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group,
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with a reducing agent, for example as described in Section B.3.3, to obtain the
compound of formula (3), or salt thereof, wherein R1 is hydrogen or a nitrogen

- protecting group, preferably of formulae (3-a) or (3-b), as defined herein, more
preferably of formula (3-a), as defined herein.

In a preferred Vembodiment, the starting compound of formula (6), or salt thereof, is
according to formula (6-a), or salt thereof, as defined herein.

In a preferred embodiment, the reduction of the compound of formula (6-a), or salt
thereof, provides a composition comprising the compounds according to formulae (3-a)
and (3-b), or salts thereof, wherein the molar ratio of compounds according to formula
(3-a), or salts thereof, to compounds according to formula (3-b), or salts thereof, is at
least 88 to 12, preferably at least 90 to 10, more preferably at least 99 to 1.

SECTION D.4: Reduction of a compound of formula (4)

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

according to formula (3),

o) l

or salt thereof,

a—2Z

wherein R1 is hydrogen or a nitrogen protecting group, comprising reducing a
compound according to formula (4),
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—2=2

1 (4)
or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, to obtain the compound of

formula (3).

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

—=Z

1 (4».3)

wherein R1 is hydrogen or a nitrogen protecting group, is used as starting compound. If
the compound (4-a), or salt thereof, is used as starting compound, compounds
according to formula (3-a) and formula (3-b), as defined herein, can be obtained.

Preferably R1 is BOC.

In a preferred embodiment, the reduction of the compound of formula (4), or salt
thereof, takes place with hydrogen in the presence of a transition metal catalyst,
preferably in the presence of a transition metal catalyst and a chiral ligand. The
reduction may occur under hetereo- or homogeneous hydrogenation conditions,

preferably under homogeneous hydrogenation conditions.

In one embodiment, the reduction of the compound of formula (4), or salt thereof, takes

place under hetereogeneous hydrogenation conditions.
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Generally, the hetereogeneous hydrogenation is carried out in the presence of a transition
metal catalyst, wherein the transition metal is selected from group 9 or 10 of the periodic
table. Therefore, the transition metal catalyst comprises, for example, Cobalt (Co),
Rhodium (Rh), Iridium (Ir), Nickel (Ni), Palladium (Pd) and/or Platinum (Pt). In particular,
the transition metal catalygt is Pt, Pd, or Rh, preferably on a solid support, such as carbon.
In one embodiment the transition metal catalyst is Pt on carbon (Pt/C) or Pd on carbon
(Pd/C).

The heterogenebus hydrogenation of the compound of formula (4), or salt thereof,
provides a composition comprising the compounds according to formulae (3-a and (3-b),
or salts thereof, wherein the molar ratio of compounds acéording to formula (3-b, or salts
thereof, to compounds according to formula (3-a), or salts thereof, is of from at least 67 to
33, preferably of from at least 85 to 15.

The hetereogeneous hydrogenation is usually performed in a solvent, such as ether
solvents (eg THF), ester solvents (eg isopropyl acetate) or alchohol solvents (eg
isopropanol, ethanol or methanol); in particular an alcohol or ester solvent, such ethanol
or isopropyl acetate. In one embodiment, Pd/C is used with ethanol or isopropyl acetate
as solvent. In another embodiment, Pt/C is used with isopropy! acetate as solvent.

Generally, the homogeneous hydrogenation is carried out in the presence of a transition
metal catalyst, wherein the transition metal is selected from group 8 or 9 of the periodic
table. Therefore, the transition metal catalyst comprises, for example, the transition
metal Iron (Fe), Ruthenium (Ru), Osmium (Os), Cobalt (Co), Rhodium (Rh) and/or
Iridium (Ir).

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

complex and optionally a chiral ligand.

The organometallic complex comprises a transition metal selected from group 8 or 9 of
the periodic table, for example the transition metal rhodium, iridium or ruthenium in

particular rhodium or ruthenium. The organometallic complexes can comprise a single
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transition metal atom. In preferred embodiments the complexes can comprise two or
more transition metal atoms, optionally comprising a metal-metal bond. In a preferred
embodiment two metal atoms are bridged via two halides. Generally, the organometallic,

complex, comprises one or more transition metal atoms and suitable achiral ligands.-

Suitable achiral ligands for the organometallic complex generally are o-donor ligands,
o-donor/mr-acceptor ligands or o,1r -donor/mr-acceptor ligands. Examples for suitable
achiral ligands are among others carbon monoxide, halides (e.g. Cl, | or Br),
phosphines [e.g. tricyclohexylphosphine (PCys)]. alkenyls (e.g. cod, nbd, 2-metaliyl),
alkynyls, 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:
norbornadiene (nbd), cyclooctadiene (cod), pyridine (pyr), cymene, in particular p-
cymene, and iodide.

Examples for organometallic complexes are: a ruthenium organometallic complex, such
as [Ruly(p-cymene)],, [Ru(cod)(2-metallyl),] or [Ru(cod)(OOCCF;),]; a rhodium
organometallic complex, such as [Rh(nbd),BF,] or [Rh(cod),]BFs; or an iridium
organometallic complex such as [(CysP)Ir(pyr)]Cl or [Ir(cod).Cl]; in particular [Ru(cod)(2-
metallyl);], [Ru(cod)(OOCCF,),] or [Rulx(p-cymene)]z; in particular [Rh(NBD),|BF 4,
[Ru(COD)(OOCCF3;),] or [RuClx(p-cymene),].

The transition metal catalyst comprises an organometallic complex and a chiral ligand.
The chiral ligand comprises, for example, a chiral phosphine and/or a chiral ferrocene.
In particular, the chiral ferrocene comprises a Cp-ligand which is substituted with a
chiral group, such as a chiral amine, a chiral phosphine or a chiral akyl, for example as

illustrated herein.

Suitable chiral ligands are, for example, an Atropisomer ligand (e.g. SL-A101-2), a
Fenphos ligand (e.g. SL-F115-1), a Mandyphos ligand (e.g. SL-M004-2), a Walphos
ligand (e.g. SL-WO008-1), a Josiphos ligand (e.g SL-J504-1 or SL-J002-2) or mixtures
thereof. Atropisomer ligands, Fenphos ligands, Mandyphos ligands, Walphos ligands and
Josiphos ligands are of the formulae described in Section C.2.
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Suitable combinations of organometallic complex and chiral ligand are, for example:

- rhodium organometallic complex and a Fenphos or Walphos ligand; in
particular [Rh(nbd),]BF4 and SL-F115-1 or SL-W008-1; or

- ruthenium 6rganometal|ic complex and an Atropisomer a Mandyphos or a
Josiphos ligand; in particular [Rul,(p-cymene)], or [Ru(COD)(OOCCF3),]
and SL-A101-2, SL-M004-2, SL-J504-1 or SL-J002-2.

In one embodiment, the reduction of the compound of formula (4-a), or salt thereof,
provides a composition comprising the compounds according to formulae (3-a) and (3-
b), or salts thereof, wherein the molar ratio of compounds according to formula (3-a), or
salts thereof, to compounds according to formula (3-b), or salts thereof, is at least
88 to 12, preferably atleast 90 to 10, more preferably at least 99 to 1.

In another embodiment, the reduction of the compound of formula (4-a), or salt thereof,
provides a composition comprising the compounds according to formulae (3-a) and (3-
b), or salts thereof, wherein the molar ratio of compounds according to formula (3-a), or
salts thereof, to compounds according to formula (3-b), or salts thereof, is at least 53 to
47, preferably at least 71 to 29, more preferably at least 82 to 18.

Alternative combinations of organometallic complex and chiral ligand are, for example:

- rhodium organometallic complex and a Fenphos or Walphos ligand; in
particular [Rh(nbd);]BF, and SL-W008-1.

In another embodiment, the reduction of the compound of formula (4-a), or salt thereof,

provides a composition comprising the compounds according to formulae (3-a) and (3-

b), or salts therebf. wherein the molar ratio of compounds according to formula (3-b), or
salts thereof, to compounds according to formula (3-a), or salts thereof, is at least 73to
27.

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

below.

A compound according to formula (2),

RZ\N J\R3

/
R1 (2)

or sait thereof,
wherein 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 havihg a configuration
according to formula (2-a),

R1 (2-a).
In a preferred embodiment of formulae (2) or (2-a), R1 is BOC and/or R2 is H.
In a preferred embodiment of formulae (2) or (2-a), R3 is CO,H.

A compound of formula (4)
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4)

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

configuration according to formula (4-a),

R1 . (4-a).
In a preferred embodiment of formulae (4) or (4-a), R1is BOC or Piv.

A compound of formula (5), or salt thereof,

g ‘ O
O
N .

ki (5),

wherein R1 is hydrogen or a nitrogen protecting group, preferably of formulae (5-a), (5-
b) or (5-c), more preferably (5-b),
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T
R (5-a),
(5-b),

T
Ri (5-c).

In a preferred embodiment of formulae (5), (5-a), (5-b) or (5-c), R1is BOC.

A compound of formula (6), or a tautomer thereof,

¢ ‘ O
o

R1 (6)

=z

or salt thereof,



WO 2009/090251 PCT/EP2009/050510

117

wherein R1 is hydrogen or a nitrogen protecting group, preferably having a
configuration according to formula (6-a),

(6-a).

In a preferred embodiment of formulae (6) or (6-a), R1 is BOC or Piv.

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

|
R

1

(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),
(7-b) or (7-c), more preferably (7-b), .
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N
I
R (7-a),
R6 .
O
!
Ri (7-b),

(7-c).
In a preferred embodiment of formulae (7), (7-a) or (7-b), R1 is BOC or Piv.

In a preferred embodiment of formulae (7), (7-a) or (7-b), R6 is Methyl or Ethyl and/or
R7 is Methyl or Ethyl.

A compound of formula (9-a), or salt thereof,
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©).

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group or together are an alkylene group, preferably having a
configuration according to formula (8-a) (8-b) or (8-c), more preferably (9-b),

A—=Z

(8-2)

(8-b),

|
R

(8-c).
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In a preferred embodiment of formulae (9), (9-a), (9-b) or (9-c), R1 is Boc.

In a preferred embodiment of formulae (9), (9-a), (9-b) or (9-c), R6 is Methyl and R7 is
Methyl. ' '

A compound of formula (10), or salt thereof,

R6 R10
\ 7
N‘*_—R7

1 (10)

wherein R1 is hydrogen or a nitrogen protecting group, R6 and R7 are, independently,
an alkyl group, an aryi 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, Z° is a halide (eg iodide, bromide, chloride), an alkyl sulphate (eg methyl
‘sulphate) or a sulfonyl ester (eg triflate) and R10 is hydrogen, alkyl or aryi; preferably
having a configuration according to formula (10-a), (10-b) or (10-c), more preferably
(10-b),

R6 R10
N*—R7

1 (10-a)
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N
é‘ ' (10-b),

(10-c).
In a preferred embodiment of formulae (10), (10-a), (10-b) or (10-c), R1 is Boc.

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

A compound of formula (11)

0—R4 O
0 ‘

i (11)

a—z

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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|
R1 (11-a)
|
R (11-b)
|
Ri ~ (11c).

In a preferred embodiment of formulae (11), (11-a), (11-b) or (11-c), R1 is Boc.
In a preferred embodiment of formulae (11), (11-a), (11-b) or (11-c), R4 is mesylate.

A compound of formula (12)

(12)
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or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and RS is a
- leaving group; preferably of formulae (12-a), (12-b) or (12-c), more preferably (12-b),

(12-a),

(12-b),

(12-c).
In a preferred embodiment of formulae (12), (12-a), (12-b) or (12-c), 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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(16)

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, Y is O or S and each RS, is,
independently, alkyl, aryl, arylalkyl or acetyl.

preferably having a configuration according to formula (16-a),

(16-a).

In a preferred embodiment of formulae (16) or (16-a), R1 is Boc.

In a preferred embodiment of formulae (16) or (16-a), R9 is methyl or ethyl.

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

General Terms:

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

following meanings:
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The term "ester group" comprises any ester of a carboxyl group generally known in the
art; for example groups -COOR, wherein R is selected from the group consisting of: Cy.

- galkyl, such "as methyl, ethyl or t-butyl, CisalkoxyC,salkyl, heterocyclyl, such as
tetrahydrofuranyl, Ce sparyloxyCisalkyl, such as benzyloxymethyl (BOM), silyl, such as
trimethylsilyl, t-butyldimethylsilyl-and t-butyldiphenyisilyl, cinnamyl, allyl, C,salkyl which
is mono-, di- or tn'substitut'ed by halogen, silyl, cyano or C,saryl, wherein the aryl ring is
unsubstituted or substituted by one, two or three, residues selected from the group
consisting of Cq.7alkyl, Cy.7alkoxy, halogen, nitro, cyano and CFs3; or C1_2alkyl substituted
by 9-fluoreny!. In a preferred embodiment, the “ester group” is -COOR, wherein R is a
Ci-galkyl residue. In particular, R is methyl or ethyl. v

The term "nitrogen protecting group” comprises any group which is capable of
reversibly brotecting a nitrogen functionality, preferably an amine and/or amide
functionality. Preférab|y the nitrogen protecting group is an amine protecting 'group
and/or an amide protecting group. Suitable nitrogen protecting groups are
conventionally used in peptide chemistry and are described e.g. in the relevant chapters
of standard reference works such as J. F. W. McOmie, "Protective Groups in Organic
Chemistry”, Plenum Press, London and New York 1973, in P. G. M. Wuts and T. W.
Greene, “Greene’s Protective Groups in Organic Synthesis', Fourth Edition,
Wiley, New Jersey, 2007, in "The Peptides"; Volume 3 (editors: E. Gross and J.
Meienhofer), Academic Press, London and New York 1981, and in "Methoden der orga-
nischen Chemie"” (Methods of Organic Chemistry), Houben Weyl, 4th edition, Volume
15/1, Georg Thieme Verlag, Stuttgart 1974, '

Preferred nitrogen protecting groups generally comprise:

C,-Cg-alkyl, preferably C4-Cy-alkyl, more preferably C,-C,-alkyl, most preferably C,-alkyl
which is mono-, di- or tri-substituted by trialkylsilylC4-C7-alkoxy (eg. trimethylsilyethoxy)
aryl, preferably phenyl, or an heterocyclic group, preferably pyrrolidinyl, wherein the aryl
ring or the heterocyclic group is unsubstituted or substituted by one or more, e.g. two or
three, residues, e.g. selected from the group consisting of C;-Cralkyl, hydroxy, C4-C;-
alkoxy, C,-Cs-alkanoyl-oxy, halogen, nitro, cyano, and CFj; aryl-C1-C2-alkoxycarbonyl
(preferably phenyl-C1 -‘CZ-alkoxycarbonyl eg. benzyloxycarbonyl); Ci.
walkenyloxycarbonyl; C,galkylcarbonyl (eg. acetyl or pivaloyl); Ce.jparylcarbonyl; C.
salkoxycarbonyl (eg. t-butoxycarbonyl); Cs 1parylCssalkoxycarbonyl; ailyl or cinnamyl;
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sulfonyl or sulfenyl; succinimidyl group, silyl, e.g. ftriarylsilyl or trialkylsilyl (eg.
triethyisilyl). '

Examples of preferred nitrogen protecting groups are acetyl, benzyl, cumyl, benzhydryl,
trityl, benzyloxycarbonyl (Cbz), 9-fluorenylmethyloxycarbony (Fmoc), benzyloxymethyl
(BOM), pivaloyl-oxy-methyl (POM), trichloroethxoycarbonyl (Troc), 1-
adamantyloxycarbonyl (Adoc), allyl, allyioxyca_rbonyl, _trimethylsily), tert.-butyl-
dimethyisilyl, triethylsilyl (TES), triisopropylsilyl, trimethyisilyethoxymethyl (SEM), t-
butoxycarbonyl - (BOC), t-butyl, 1-methyl-1,1-dimethylbenzyl, (phenyl)methylbenzene,
pyrridinyl and pivaloyl. Most preferred nitrogen protecting groups are acetyl, benzyl,
benzyloxycarbonyl (Cbz), triethylsilyl .(TES), trimethylsilyethoxymethyl (SEM), t-
butoxycarbonyl (BOC), pyrrolidinyimethyl aqd pivaloyl.

Examples of more preferred nitrogen protecting groups are pivaloyl, pyrrolidinylmethyl,
t-butoxycarbonyl, benzyl and silyl groups, particularly silyl groups according to the
formula SiR11R12R13, wherein R11, R12 and R13 are, independently of each other,
alkyl or aryl. Preferred examples for R11, R12 and R13 are methyl, ethyl, isopropyl, t-
butyl and phenyil.

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

Alky! is defined as a radical or part of a radical is a straight or branch (one or, if desired

and possible, more times) carbon chain, and is especially C;-Cr-alkyl, preferably C;-Cs-

alkyl.

The term “C4-C7-* defines a moiety with up to and including maximally 7, especially up to
and including maximally 4, carbon atoms, said moiety being branched (one or more times)
or straight-chained and bound via a terminal or a non-terminal carbon

Cycloalkyl is, for example, C5-Cs-cycloalkyl and is, for example, cyclopropyi, cycldbutyl,
cyclopentyl, cyclohexyl and cycloheptyl. Cyclopentyl and cyclohexyl are preferred.



WO 2009/090251 PCT/EP2009/050510

127

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

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

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

bromo, or iodo.

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

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

Alkylene is a bivalent radical derived frbm Ci7alkyl and is especially C,-Cs-alkylene br C,-
Cr-alkylene and, optionally, can be interrupted by one or more, e.g. up to three, O, NR14
or S, wherein R14 is alkyl, each of which can be unsubstituted or substituted, by one or
more substituents independently selected from for example, C,-C;-alkyl, C4-C;-alkoxy-Ci-
Cr-alkyl or C4-C;-alkoxy.

Alkenylene is a bivalent radical derived from C,.;alkenyl and can be interrupted by, one or
more, e.g. up to three, O, NR14 or S, wherein R14 is alkyl, and is unsubstituted or
substituted by one or more, e.g. up to three, substitutents preferably independently

selected from the substitutents mentioned above for alkylene.

Aryl being a radical or part of a radical is, for example Cg.1paryl, and is, preferably a mono-
or polycyclic, especially monocyclic, bicyclic or tricyclic aryl moiety with 6 to 10 carbon
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atoms, preferably phenyl, and which can be unsubstituted or substituted, by one or more
substituents independently selected from for example, C4-C-alkyl, C4-Cs-alkoxy-C4-C-
alkyl or C4-C;-alkoxy.

The term arylalkyl refers to aryl-C4-C;-alkyl, wherein aryl is as defined. herein and is for
example benzyl.

The term carboxyl refers to -CO,H.

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

Unsubstituted or substituted heterocyclyl is a mono- or polycyclic, preferably a mono-, bi-
or tricyclic-, most preferably mono-, unsaturated, partially saturated, saturated or aromatic
ring system with preferably 3 to 14 (more preferably 5 to 14) ring atoms and with one or
more, preferably one to fbur. heteroatoms independently selected from nitrogen, oxygen,
sulfur, S(=0)- or S-(=0),, and is unsubstituted or substituted by one or more, e.g. up to
three, substitutents preferably independently selected from the Preferred substituents are
selected from the group consisting of halo, C,-C;-alkyl, halo-C,-Cs-alkyl, C4-C+-alkoxy,
halo-C;-Cr-alkoxy, such as trifluoromethoxy and C-Cr-alkoxy-C-C;-alkoxy. When the

heterocyclyl is an aromatic ring system, it is also referred to as heteroaryl.
Acetyl is -C(=0)C;-Cralkyl, preferably —C(=0)Me.

Silyl is —~SiRR'R", wherein R, R’ and R" are independently of each other Cy.7alkyl, aryl or
phenyl-Ci.alkyl. '

Sulfonyl is (unsubstituted or substituted) C;-Cs-alkylsulfonyl, such as methylsulfonyl,
(unsubstituted or substituted) phenyl- or naphthyl-C,-Cs-alkylsulfonyl, such as pheny!-
methanesulfonyl, 'or (unsubstituted or substituted) phenyl-or naphthyl-sulfonyl; wherein if
more than one substituent is present, e.g. one to three substitutents, the substituents are
selected independently from cyano, halo, halo-C4-Cralkyl, halo-C4-Cr-alkyloxy- and C4-C;-
alkyloxy. Especially preferred is C4-Cr-alkylsulfonyl, such as methylsulfonyl, and (phenyi-
or naphthyl)-C,-C;-alkylsuifonyl, such as phenylmethanesulfonyl.
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Sulfenyl is (unsubstituted or substituted) Cs.10aryl-C4-Cs-alkylsulfenyl or (unsubstituted or
substituted) Cg.1parylsulfenyl, wherein if more than one substituent is present, e.g. one to
four substitutents, the substituents are selected independently from nitro, halo, halo-C;-
Cralkyl and C4-Cs-alkyloxy.

A "heterogeneous” catalyst as used herein refers to a catalyst supported on a carrier,
typically although not necessarily a substrate comprised of an inorganic material, for
example, a porous material such as carbon, silicon and/or aluminum oxide. In one
embodiment, the heterogeneous catalyst is a hydrogenation catalyst, in particular those
described in Section D.4.

A "homogeneous" catalyst as used herein refers to a catalyst that is not supported on a
carrier. In one embodiment, the homogeneous catalyst is a hydrogenation catalyst, in
particular those described in Section D.4.

The term “transition metal catalyst” refers to an organometallic catalyst, an
organometallic complex or an organometallic 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 “organometallic complex” refers to complexes derived from a transition metal
and one or more (for example up to four) achiral (non chiral) ligands; for example,
ruthenium organometailic complexes, such as [Rul(p-cymene)k, [Ru(cod)(2-metallyl),]
or [Ru(cod)(OOCCF3),]; rHodium organometallic complexes, such as [Rh(nbd),BF,] or
[Rh(cod),]BF,4; or an iridium organometallic complexes, such as [(Cy,P)Ir(pyr)ICI or
[Ir(cod),Cll,. '

The term “organometallic 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 chiral, that can form a complex with
a transition metal. Chiral and achiral ligands are in particular those described in Section
C.1
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The term “catalyst” means any substance that affects the rate of a chemical reaction by
lowering 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 thereof, to "transition metél catalyst”.

The term "chiral" refers to molecules which have the property of non-superimposability
on their mirror image partner, while the term "achiral" refers to molecules which are

superimposable on their mirror image partner.

The term “tautomer” refers in particular td the enol tautomer of the pyrrolidin-2-one
moiety of the compounds of the present invention. Additionally, the term “tautomer”
also refers in particular to the aldehyde tautomer of compounds of the present
invention, e.g. compounds of the formula (6), where such compounds can exists in
either an enol or aldehyde form, or mixtures thereof.

In the formulae of the present application the term " v, on a C-sp®represents a
covalent bond, wherein the stereochemistry of the bond is not defined. This means that
the term "vvn” on a C-sp? comprises an (S) conﬁguration as well as an (R)
configuration of the respective chiral centre. Furthermore, mixtures are also
encompassed, e.g., mixtures of enantiomers, such as racemates, are encompassed by

the present invention.

In the formulae of the present application the term "v»nr" on a C-sp? represents a
covalent bond, wherein the stereochemistry or the geometry of the bond is not defined.
This means that the term "v " on a C-sp? comprises a cis (Z) configuration as well as
a trans (E) configuration of the respective double bond. Furthermore, mixtures are also
encompassed, e.g., mixtures of double bond isomers are encompassed by the present

invention.

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

The preferred absolute configurations are as indicated herein specifically.
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In the formulae of the present application the term e on a C-sp® indicates the

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

In the formulae of the present application the term” ~* “ona C-sp® indicates the

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

In the formulae of the present application, the term “==="indicates a Csp°>~Csp® bond

or a Csp>Csp? bond.

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

Such salts are formed, for examplé. as acid addition salts, preferably with organic or inor-
ganic acids, from compounds or any of the intermediates mentioned herein with a basic
nitrogen atom (e.g. imino or amino), especially the pharmaceutically acceptable salts.
Suitable inorganic acids are, for example, halogen acids, such as hydrochloric acid,
sulfuric acid, or phosphoric acid. Suitable organic acids are, for example, carboxylic;
phosphonic, sulfonic or sulfamic acids, for example acetic acid, propionic acid, lactic acid,
fumaric acid, succinic acid, citric acid, amino acids, such as glutamic acid or aspartic acid,
maleic acid, hydroxymaleic acid, methylmaleic acid, benzoic acid, methane- or ethane-
sulfonic acid, ethane-1,2-disulfonic acid, benzenesulfonic acid, 2-naphthalenesulfonic
acid, 1,5-naphthalene-disulfonic acid, N-cyclohexylsulfamic acid, N-methyl-, N-ethyl- or N-
propyl-sulfamic acid, or other organic protonic acids, such as ascorbic acid.

In the presence of negatively charged radicals, such as carboxy or sulfo, salts may also
be formed with bases, e.g. metal or ammonium salts, such as alkali metal or alkaline earth
metal salts, for example sodium, potassium, magnesium or calcium salts, or ammonium

salts with ammonia or suitable organic amines, such as tertiary monoamines, for example
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triethylamine or tri(2—hydroxyethyl)amine, or heterocyclic bases, for example N-ethyl-

piperidine or N,N'-dimethylpiperazine.

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

intermediates mentioned herein may also form internal salts.

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

perchlorates.

In view of the close relationship betweenbthe compounds and intermediates in free form
and in the form of their salts, including those salts that can be used as intermediates, for
example in the purification or identification c;f the compounds or salts thereof, any
reference to “compounds”, “starting materials” and “intermediates" hereinbefore and
hereinafter is to be understood as referring also to one or more salts thereof or a mixture
of a corresponding free compound, intermediate or starting material and one or more salts
thereof, each of which is intended to include also any solvate or salt of any one or more of
these, as appropriate and expedient and if not explicitly mentioned otherwise. Different
crystal forms may be obtainable and then are also included.

Where the plural form is used for compounds, starting materials, intermediates, salts,
pharmaceutical preparations, diseases, disorders and the like, this is intended to mean
one (preferred) or more single compound(s), salt(s), pharmaceutical preparation(s),
disease(s), disorder(s) or the like, where the singular or the indefinite article (“a”, “an") is

used, this is not intended to exclude the plural, but only preferably means “one”.

Any of the lactams according to the present invention, or salts thereof, wherein R1 is
hydrogen can be converted into a corresponding protected lactam, or salt thereof,
wherein R1 is a nitrogen protecting group, as defined above, according to standard
methods of organic chemistry known in the art, in particular reference is made to
conventional nitrogen protecting group methods described in J. F. W. McOmie,
"Protective Groups in Organic Chemistry", Plenum Press, London and New York 1973,
in P. G. M. Wuts and T. W. Greene, “Greene’s Protective Groups in Organic Synthesis',
Fourth Edition, Wiley, New Jersey, 2007 and in Richard C. Larock, “Comprehensive
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Organic Transformations: A Guide to Functional Group Preparations”, Second Edition,

Wiley-VCH Verlag GmbH, 2000, in particular, in the relevant chapters thereof.

Analogously, any of the lactams according to the present invention, or salt thereof,
wherein R1is a nitrogen protecting group, can be converted into the comesponding
lactam, or salt théreof, whérein 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 described in the books mentioned above, in
particular, in the relevant sections.

-Section F: Examples
The following Examples serve to illustrate the invention without limiting the scope thereof,

while they on the other hand represent preferred embodiments of the reaction steps,

intermediates and/or the process of the present invention.

Abbreviations:

5 chemical shift

pl microlitre

Ac acetyl

acac acetylacetone

An anisyl (4-methoxyphenyl)
BArF tetrakis[3,5-bis(trifluoromethyl)phenyl]boron
BINOL : 2,2'-dihydroxy-1,1'-dinaphthyl
Bn benzyl

Boc tert-butoxycarbonyl

BOC,0 di-tert-butyl carbonate

COD = cod cyclooctadiene

Cp cyclopentadienyl

Cy cyclohexyl

DABCO 1,4-diazobicyclo[2.2.2]octane
de diastereomeric excess

dr diastereomeric ratio
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DMAP 4-(dimethylamino)pyridine
DMF = dmf " N,N-dimethylformamide
DMPU 1 ,3-dimethyi-3,4,5,6-tetrahydro-2(1 H)-pyrimidinone
DMSO _ dimethylsulfoxide
ee ' enantiomeric excess
ES electrospray
ESI electrospray ionisation
Et ethyl
EtOAc ethyl acetate
EtOH ethanol
h hour(s) -
HNMR ' proton nuclear magnetic resonance
HPLC high perforrﬁaﬁce liquid chromatography
iPr isopropyl
iPrOAc v isopropyl acetate
iPrOH isopropanol
IR infra red
L litre
. LC-MS _ liquid chromatography-mass spectrometry
- LHMDS lithium bis(trimethylsilyl)amide
M molarity
mle mass-to-charge ratio
Me ’ methyl
2-MeTHF = Me-THF 2-Methyltetrahydrofuran
MeOH methanol
mg _ ‘ milligram
min minute(s)
mi millilitre
mmol(s) . millimole(s)
mol(s) ; mole(s)
MS mass spectrometry
nm nanometre
NMR nuclear magnetic resonance

NDB = nbd norbornadiene
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Np naphthyl
Pd/C palladium on carbon
- Ph ' phenyl
Piv - pivaloyl
Piv-Cl : pivaloyl chloride
ppm I parts per million
Pt/C platinum on carbon
pyr pyridine -
Rh/C rhodium on carbon
RT=rt ' room temperature
tBu tertiary-butyl
TFA trifluoroacetic acid
THF tetrahydrofuran
TLC ' thin layer chromatography
T™MG 1,1,3,3-tetramethylguanidine
Tol toluene
tr retention time

Xyl xylene

In quoting NMR data, the following abbreviations may be used: s, singlet; d, doublet; t,
triplet; g, quartet; quint., quintet; m, multiplet.

Example 1: N,N,N’,N'-Tetramethylformamidinium methylsulfat_e (18, R6 = Me, R7 = Me)

o +NMe,

Me,N” H Me,N~ MeSOy

A mixture of N.N-dimethylformamide (7.31 g) and dimethylsulfate (12.60 g) are heated to 60
°C for 4 h. Then dimethylamine in THF (100 ml, 2 M solution) and toluene (15 ml) are
added and the resulting mixture is stirred at reflux for 1 h. The reaction mixture is cooled to
room temperature and the phases are separated. The lower layer is washed three times
with anhydrous tert-butyl methyl ether to give N,N,N’,N’-tetramethylformamidinium
methylsulfate (18, R6 = Me, R7 = Me). 'H NMR (CgD¢), 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, R6 = Me,
R7 = Me)

+Tl Me,
—_—

Me,N H Me,N 4-MePhSOy"

A mixture of p-toluenesulfonyl chloride (20.0 g) and dimethyiformamide (38.3 g) is allowed
to stand for 2h at room temperature. The mixture is then stirred at 120°C for 2 h. The
mixture is then cooled to room temperature and the precipitates are removed by filtration.
The mother liquor is diluted with acetone and the mixture cooled to 0 °C. Filtration affords
N,N,N’,N'-tetramethylformamidinium para-toluenesulfonate (18, R6 = Me, R7 = Me) as
white crystals. 'H NMR (D,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.

Crystal data [recorded at 100(2) K]

PCT/EP2009/050510

Empirical formula C12H20N203S

* Formula weight 272.36
Crystal system Monoclinic
Space group- Cc
Cell parameters a=7.998(2)A

b=14.331(2) A
c=11.953(2)A

a=90°
B = 103.615(4) °
y=90°

Volume of unit cell 1331.5(4) A3

Al 4

Calculated density 1.359 mg m*

* (number of asymmetric units in the unit cell)
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Example 3: N,N,N’,N’-Tetramethylformamidinium hexafluorophosphate (18, R6 = Me,
R7 = Me)

+r|quz ‘ TJMez
—_—

Me;N~.  MeSOy : Me,N PFe’

N.N,N',N'-tetramethylformamidinium methylsulfate (3g) is added to water (25 ml) and the
resulting mixture is cooled to 0 °C. This mixture is then added to a cooled solution of
ammonium hexafluorophosphate (4.6 g) in water (25 ml). The so formed precipitate is then
collected by filtration. The precipitate is washed with cold water (2 x 10 ml) and the.n with
diethyl ether (10 ml). Dryingin vacho gives N,N,N’ N’-tetramethylformamidinium
hexafluorophosphate (18, R6 = Me, R7 = Me) as a white solid. 'H NMR (DMSO-d6), 7.90
(1H), 3.26 (6H), 3.14 (6H).

Example 4: N,N,N’,N’ -Tetraethylformadinium methylsulfate (18, R6 = Et, R7 = Et)

1, —
:

Et,N H ' ELN MeSO,’

A mixture of N.N-diethylformamide (30 g) and dimethylsulfate (37.5 g) are heated to 50°C

for 4 h. Then a mixture of diethylamine (32.6 g) and toluene (20 ml) are added and the

resulting mixture is stirred at reflux for 1 h. The reaction mixture is cooled to room

temperature and the phases are separated. The lower layer is washed ten times with

diethyl ether to give N,N,N’,N’-tetraethylformamidinium methylsulfate (18, R6 = Et, R7 =

Et). 1H NMR (DMSO-d6), 7.26 (1H), 3.51 (8H), 3.42 (3H), 1.24 (12H) ppm.

Example 5: N,N,N’N'-Tetraethylformamidinium tetrafluoroborate (18, R6 = Et, R7 = Et)

+NEt; +NEt;
_ s

Et;,N MeSO, EtN BF4

N,N,N',N’ -Tetraethylformamidinium methyisulfate (4 g) is added to water (25 ml) and the

resulting mixture is cooled to 0 °C. This mixture is then added to a cooled solution of
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ammonium tetrafluoroborate (3.15 g) in water (25 ml). The mixture is then extracted with

dichloromethane. Removal of the dichloromethane gives N,N,N'N’-tetraethylformamidinium
tetrafluoroborate (18, R6 = Et, R7 = Et) as a white solid . 1H NMR (DMSO-d6), 7.80 (1H),

3.70-3.40 (8H), 1.40-1.33 (12H).
The X-ray Structure of the obtained crystals is shown in figure 2.

Crystal data [recorded at 100(2) K]

Empirical formula CgH21BF4N»
Formula weight 24409
Crystal system Monaclinic
Space group P21/c
Cell parameters a=9.738(2) A
b = 8.580(2) A
c=15.519(2) A
a=90°
B =100.840(6) °
y=90°
Volume of unit cell 1273.5(4) A®
VAl 4
Calculated density 1.273mg m*

* (number of ésymmetric units in the unit cell)

Example 6: N,N,N’,N'-Tetraethylformamidinium hexafluorophosphate (18, R6 = Et, R7

= Et)

+NEt, +NEt,

_ =

MeSO,’ EtoN PFg"

N,N,N",N’ -Tetraethylformamidinium methylsulfate (4 g) is added to water (25 ml) and the

resulting mixture is cooled to 0 °C. This mixture is then added to a cooled solution of

ammonium hexafluorophosphate (4.9 g) in water (25 ml). The formed precipitate is

collected by filtration. The precipitate is then washed with cold water (2 x 10 ml) and then
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with diethyl ether (10 ml). Drying in vacuo gives N,N,N’,N'-tetraethylformamidinium
hexafluorophosphate (18, R6 = Et, R7 = Et) as a yellow solid. 1H NMR (DMSO-d6), 7.92
- (1H), 3.85-3.54 (8H), 1.45-1.38 (12H).

Example 7: 1-Pyrrolidin-1-ylmethylene-pyrrolidinium methylsulfate (18, R6/R7 =
Pyrrolidinyl) '

A mixture of N-formylpyrrolidine (100 g) and dimethyisulfate (126 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 cooled to room
temperature and the phases are separated. The lower layer is concentrated in vacuo and
triturated with diethyl ester. The precipitate is collected by filtration and recrystallised
using ethyl acetate to give 1-pyrrolidin-1-ylmethylene-pyrrolidinium methyisulfate (18,
R6/R7 = Pyrrolidinyl). 1H NMR (DMSO-d6), 8.28 (1H), 3.90-3.85 (4H), 3.68-3.62 (4H),
3.38 (3H), 1.99-1.90 (4H), 1.86-1.77 (4H). '

Example 8: 1-Pyrrolidin-1-ylmethylene-pyrrolidinium hexafluorophosphate (18, R6/R7
= Pyrrolidinyl)

1-pyrrolidin-1-ylmethyiene-pyrrolidinium methylsulfate (5 g) is added to water (25 ml) and
the resulting mixture is cooled to 0 °C. This mixture is then added to a cooled solution of
ammonium hexafluorophosphate (6.2 g) in water (25 ml). The formed precipitate is

collected by filtration. The precipitate is washed with cold water (2 x 10 ml) and then with
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diethyl ether (10 ml). Drying in vacuo gives 1-pyrrolidin-1-ylmethylene-pyrrolidinium
hexéﬂuorophosphate (18, R6/R7 = Pyrrolidinyl) as a white solid. m.p. 229-231 °C. 1H
NMR (DMSO-d6), 8.25 (1 H), 3.91-3.83 (4 H), 3.67-3.60 (4 H), 1.99-1.90 (4 H), 1.868-1.77.
(4 H). ' ’

Example 9: N,N,N’,N’-Tetraisopropylformamidinium chloride (18, R6 = iPr, R7 = iPr)
0

+NiPr,

iProN H PrN cr

A mixture of phosphorus oxychloride (10.58 g) and diethyl ether (50 m!) is stirred at 0 °C for
10 min. Diisopropylformamide (8.91 g) in diethyl ether (20 ml) is then added drop-wise over
a period of 10 min. The resulting mixture is then stirred at room temperature for 30 min.
The formed precipitate is allowed to settle and the supernatant removed. Dichloromethane
(60mL) is then added to the mixture.. Diisopropylamine (6.98 g) in dichloromethane (20 ml)
is then added drop-wise at 0 °C over 10 min. The mixture is then warmed at room
temperature and stirred for a further 1.5 h. Diethyl ether (30 ml) is added and the resulting
precipitate is removed by filtration. The mother liquor is concentrated ih vacuo. Acetone
(30 ml) is added and the mixture filtered. The mother liquor is then concentrated in vacuo

“and subsequently is crystallised with diethyl ether (30 ml) to give N,N,N’,N’-
tetraisopropylformamidinium. chloride (18, R6 = iPr, R7 =iPr). 1H NMR (DMSO-d6), 7.49
(1H), 4.15-3.95 (4H), 1.33 (12H), 1.31 (12H).

Example 10: N,N,N’,N’-Tetraisopropyiformamidinium hexafluorophosphate- (18, R6 =
iPr, R7 =iPr) :

+NiPr,

iProN H iProN PFe

A mixture of N,N-diisopropylliformamide (10 g) in anhydrous dichloromethane (40 mL) is
added to a solution of phosphorus oxychloride (11.8 g) in dichloromethane (100 mi) at -78
°C. The resulting mixture is stirred for 30 min at -78 °C. The reaction mixture is then

warmed to room temperature and stirred for a further 2 h. The mixture is then cooled to 0
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°C. To this mixture, a solution of diisopropylamine (10.9 mi) and triethylamine (10.7 ml) in
dichloromethane (50 ml) is added dropwise over a period of 30 min. The reaction mixture is
then allowed 'to warm slowly to room temperature and stirred for a further 2 h. The mixture
is then concentrated in vacuo. Water (25 mi) is added and the resulting mixture is cooled to
0 °C. This mixture is thep added to a cooled solution of ammonium hexafluorophosphate
(14.9 g) in water (25 ml). The formed precipitate is collected by filtration. The precipitate is
washed with cold water (2 x 10 ml) and then with diethyl ether (10 ml). The material is dried
in vacuo and then recrystalised from acetone to giVe N,N,N" N'-
tetraisopropylformamidinium hexafluorophosphate (18, R6 = iPr, R7 = iPr) as a colourless
solid. TH NMR (DMSO-dG), 7.48 (1 H), 4.15-4.00 (4 H), 1.36-1.29 (24 H).

Example 11: N,N,N’,N’-Tetraisopropylformamidinium tetrafluoroborate (18, R6 = iPr,
R7 =iPr)

9 +NiPr,

iper H iPer _BF[

A mixture of N.N—diisopropyllformafnide (10 g) in anhydrous dichloromethane (40 ml) is
added to a solution of phosphorus oxychloride (11.9 g) in dichloromethane (100 ml) at-78
°C. The reaction mixture is then warmed to room temperature and stirred for 2 h. The
mixture is then cooled to 0 °C. To this mixture, a solution of diisopropylamine (7.8 g) and
triethylamine (10.8 ml) in dichloromethane (50 ml) is added dropwise over a period of 30
min. The reaction mixture is then allowed to warm slowly to room femperature and stirred
for a further 2 h. The reaction mixture is washed with aqueous sodium hydroxide (20 ml,
2 M) and saturated sodium tetrafluoroborate (13.2 g) and extracted with dichloromethane.
The organic layer is dried (MgSQ,) and then concentrated in vacuo. The residue is taken
up in acetone. Addition of a mixture of diethyl ether and pentane (4:1, 20.5 ml) followed
by filtration gives N,N.N‘,N‘-tetraisopropylformaniidinium tetrafluoroborate (18, R6 = iPr,
R7 =iPr). 1H NMR (DMSO-d6), 7.48 (1 H), 4.15-3.95 (4 H), 1.35-1.30 (24 H).

Example 12: Diisopropyl(piperidin-1-yimethylidene)ammonium hexafluorophosphate
(18, R6 = iPr, R7 = Piperidinyl)
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+NiPr.
o 2

)k N) .
iProN H O PFg

A mixture of N,N-diisopropyliformamide (5 g) in anhydrous dichloromethane (40 mL) is
added to a solution of phosphorus oxychloride»(5.9 g) in dichloromethane (100 ml) at -78
°C. The resuiting mixture is stirred for 30 min at-78 °C. The reaction mixture is then
warmed to room temperature and stirred for a further 2h. The mixture is then cooled to 0.
°C. To this mixture, a solution of piperidine (3.3 g) and triethylamine (3.92 g) in
dichloromethane (50 ml) is added dropwise over a period of 30 min. The reaction mixture is
then allowed to warm slowly to room temperaturé and stirred for a further 2 h. The mixture
is then concentrated in vacuo. Water (25 ml) is then added and the resulting mixture is
cooled to 0 °C. This mixture is then added to a cooled solution of ammonium »
hexafluorophosphate (6.3 g) in water (25 ml). The precipitate is collected by filtration. The
precipitate is washed with cold water (2 x 10 ml) and then with diethyl ether (10 ml). The
material is dried in vacuo and then recrystallised from acetone to give diisopropyl(piperidin-
1-ylmethylidene)ammonium hexafluorophosphate (18, R6 = iPr, R7 = Piperidinyl) as a
colourless solid. m.p. 239-240°C. 1H NMR (DMSO-d6), 7.83 (1 H), 4.30-3.80 (2 H), 3.64-
. 3.59 (4 H), 1.63-1.71 (6 H), 1.30-1.24 (12 H).

The X-ray Structure of the o'btained crystals is shown in figure 3.

Crystal data [recorded at 100(2) K]

Empirical formula C12H2sFsN2P

Formula weight - 342.31

Crystal system Orthorhombic

Space group P212121

Cell parameters a=9.3152)A
b=12.051(2) A
c=14.134(2) A
a=90°
B=90°
y=90°

Volume of unit cell 1586.6(5) A®
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z* ‘ 4
Calculated density 1.433 mg m™

* (number of asymmetric units in the unit cell)

Example 13: Tris(morpholino)methane (13, R6/R7 = morpholino)

HC(OEt); ———

b
A
rQ

A mixture of triethylorthoformate (62.2 g), rhorpholine (54.5 g) and glacial acetic acid (1.26
g) is stirred at 180 °C for 5 h. During this time, the ethanol formed is continuously
removed by distillation. The reaction mixture is left to cool to room temperature overnight.
The resulting precipitate is filtered and washed with heptane. The solid is re-crystallised
using toluene to give tris(morpholino)methane, 13 (R6/R7 = morpholine). 1TH NMR
(CDCl3), 3.66-3.60 (12 H), 3.26 (1 H), 2.80-2.70 (12 H).

Example 14: Tris(dimethylamino)methane (13, R6 = Me, R7 Me),'Tert-Butoxy-
bis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 tBu) and N,N-
Dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu)

+NMe; NMe, NMe, NMe,

. )\ + /k + )\

Me,N X Me,N NMe, Me N OtBu tBuO OtBu
Method 1

N,N,N’,N’-tetramethylformadinium methyl sufate (5 g) (prepared according to Example 1, X
= MeSO,) is added to a solution of potassiﬁm tert-butoxide in THF (23.6 ml, 1 M). The
mixture is then stirred for 1 h at 60 °C. The reaction mixture is then filtered under argon.
The mother liquor is then concentrated in vacuo to afford a residue (1.60 g) containing 13,
14 and 15 (R6 = Me, R7 = Me, R8 = tBu). 1H NMR (CgDs): 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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tBu), 15 (R6 = Me, R7 - Me, R8 = Me) are determined by integration of signals at 3.02, 4.06
and 5.00 ppm, respectively. '

Method 2

N,N,N’,N’-tetramethylformadinium para-toluenesulfonate (500 mg) (prepared according to
Example 2, X = 4-MePhSQ;) is added to a solution of potassium tert-butoxide in THF (1.8
ml, 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 vacuo to afford a residue containing
13, 14 and 15 (R6 = Me, R7 = Me, R8 = tBu). '

Method 3

N,N,N’,N'-tetramethylformadinium hexafluorophosphate (500 mg) (prepared according to
Example 3, X = PFs) is added to a solution of potassium tert-butoxide in THF (2 ml, 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 vacuo to afford a residue containing 13,
14 and 15 (R6 = Me, R7 = Me, R8 = tBu).

Example 15: Tris(diethylamino)methane (13, R6 = Et, R7 = Et), Tert-Butoxy-
bis(diethylamino)methane (14, R6 = Et, R7 = Et, R8 = tBu) and N,N-Diethylformamide
di-tert-butyl acetal (15, R6 = Et, R7 = Et, R8 = tBu)

+NEt, NEt, NEt, NEt,

——

EBLN MeSO, Et,N NEt, EtN OtBu tBuO OtBu
Method 1

N,N,N’,N'-tetraethylformadinium methyl sulfate (5g) (prepared according to Example 4, X=
MeSQ,) is added to a solution potassium tert-butoxide in THF (18.7 ml, 1 M). The resulting
mixture is then stirred for 1h at 60 °C. The reaction mixture is filtered under argon and the
mother liquor is then concentrated in vacuo to afford a residue (1.31 g) containing 13, 14
and 15 (R6 = Et, R7 = Et, R8 = tBu). 1H NMR (CsDs): 0.55-0.59, 0.81-0.85, 0.98-1.06, -
1.19, 1.24, 2.46-2.52, 2.64-2.80, 3.04-3.09, 3.80, 4.56, 5.18. Relative amounts of 13 (R6 =
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Et; R7 = Et), 14 (R6 = Et, R7 = Et, R8 = tBu), 15 (R6 = Et, R7 = Et, R8 = tBu) are
determined by integration of signals at 3.80, 4.56 and 5.18 ppm, respectively.

Method 2

N,N,N’.N‘-teUaethyIformadinium tetrafluoroborate (500 mg) (prepared according to Example
5, X=BFy)is added to a solution of potassium tert-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 Onder argon.
The mother liquor is then concentrated in vacuo to afford a residue containing 13, 14 and
15 (R6 = Et, R7 = Et, R8 = tBu).

Method 3

N,N,N',N‘-tetraethylformadinium hexafluorophosphate (500 mg) (prepared according to
Example 6, X = PFg) is added to a solution of potassium tert-butoxide in THF (1.66 ml, 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 vacuo to afford a residue containing 13,
14 and 15 (R6 = Et, R7 = Et, R8 = tBu).

Example 16-1: (R)-5-Biphenyl-4-ylmethyl-3-[1 -dimethylaminometh-(E/Z)-Ylidene]-2— .
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)

Method 1
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A mixture of 1 g (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (8-a, R1 = Boc) and 0.7 ml tris(dimethylamine)methane (13, R6 = Me, R7 = Me)
(Aldrich, #221058) in toluene (5 ml) are heated for 16 h at 115 °C. The mixture is
concentrated in vacuo to give (R)-5-biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)-
ylidene]-2-oxo-pyrrolidine—1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 =
Me) as determined by hplc. '

Method 2

To 1 g (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,
R1 = Boc) in solution in 5 ml toluene are added 3 g of tris(dimethylamino)methane (13, R6
= Me, R7 = Me) (Aldrich, #221058) and 1 _m! tert-butanol. The mixture is stirred at 80°C for
24 h to yield after concentration to dryness nearly pure (R)-5-biphenyl-4-yimethyl-3-[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) as determined by hpic.

Method 3

To a mixture of 200 mg (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (8-a, R1 = Boc) and 0.49 ml tris(dimethylamino)methane (13, R6 = Me, R7 =
Me) (Aldrich, #221058), tert-butanol (0.21 ml) is added. The mixture is stirred at 80°C for
24 h to yield after concentration to dryness (R)-5-biphenyl-4-yimethyl-3-[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 =Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 4

To a mixture of 200 mg (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (8-a, R1 = Boc) and 0.49 ml tris(dimethylamino)methane (13, R6 = Me, R7 =
Me) (Aldrich, #221058), isobutyl alcohol (0.21 ml) is added. The mixture is stirred at 80°C
for 24 h to yield after concentration to dryness (R)-5-biphenyl-4-ylmethyl-3-[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.
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Method 5

To a mixture of 200 mg (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (8-a, R1 = Boc) and 0.49 ml tris(dimethylamino)methane (13, R6 = Me, R7 =
Me) (Aldrich, #221058), isopropyl alcohol (0.17 ml) is added. The mixture is stirred at
80°C for 24 h to yield afte‘r concentration to dryness (R)-5-biphenyl-4-yimethyl-3-[1-
diméthylaminometh-(E/Z)—yIidene]-2—oxo—pyrro|idine-1_-carboxylic acid tert-buty! ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 6

Toa mixtu_re of 200 mg (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (8-a, R1 = Boc) and 0.49 m tris(dimethylamino)methane (13, R6 = Me, R7 =
Me) (Aldrich, #221058), dimethoxyethane (0.2 ml) is added. The mixture is stirred at 80°C
for 24 h to yield after concentration to dryness (R)-5-biphenyl-4-yImethyl-3-[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) as determined by hpic.

Method 7

Tert-butanol (0.67 g) is added to 1.65 g tris(dimethylamino)methane (13, R6 = Me, R7 =
Me) (Aldrich, #221058) and the resulting mixture is stirred for 1 h at 80 °C. (S)-2-
Biphenyl-4-ylmethyi-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc)
(1.00 g) is added and the resuiting mixture heated at 80 °C for 8 h. The reaction mixture
is cooled to room temperature and concentrated in vacuo. Azeotropic distillation using
toluene affords (R)-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene}-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc.

Method 8
1 g of (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,

R1 = Boc) is added to 10 g of a mixture containing 13, 14 and 15 (R6 = Me, R7 = Me, R8
= CMe,Et) (prepared according to Example 36, Method 1) and heated to 80 °C. After 2
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hours, the reaction is shown to be complete and is concentrated under vacuum to yield
(R)-5-biphenyl-4—ylmethyl-3—[1 -dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyi ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 9

N,N,N’,N'-tetramethylformamidinium methylsulfate (302 mg) (prepared according to
Example 1) is added to a 1 M solution of potassium-tert-butoxide in THF (1.14 ml). The
resulting mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-ylmethyl-5-oxo- '
pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (100 mg) is then added and the
mixture stirred at 60 °C for 3 h. The mixture is then cooled to room temperature and diluted
by addition of 10 ml isopropyl acetate. The mixture is then filtered through silica and
concentrated in vacuo to afford (R)—5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (7-a, R1 = Boc, R6 = Me, R7 =
Me) as determined by hplc.

Method 10

N.N,N’,N'-tetramefhylfonnamidinium para-toluenesulfonate (1.93 g) (prepared according to

- Example 2) is added to a 1 M solution of potassium-tert-butoxide in THF (5.69 mi). The
resulting mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-yimethyl-5-oxo-
pyrrolidine-1—_carboxy|ic acid tert-butyl ester (8-a, R1 = Boc) (600 mg) is then added and the
mixture stirred at 60 °C for 10 h. The mixture is then cooled to room temperature and
diluted by addition of 10 ml isopropyl acetate. The mixture is then filtered through silica and
concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E£/Z)-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 =
Me) as determined by hplc.

Method 11

N,N,N',N’-Tetramethylformamidinium hexafluorophosphate (1.75 g) (prepared according to
Example 3) is added to a 1 M solution of potassium-tert-butoxide in THF (5.69 mi). The
resulting mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-ylmethyl-5-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (500 mg) is then added and the
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mixture stirred at 60 °C for 1 h. The mixture is then cooled to room temperature and diluted
by addition of 10 ml isopropyl acetate. The mixture is then filtered through silica and
concentrated'in vacuo to afford (R)-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E£/Z)-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl 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-butyl ester (8-a, R1
=Boc)in 75 ml i,2-dimethoxyethane. 17.8 ml tert-butoxy-bis(dimethylamino)methane
(14, R6 = Me, R7 = Me, R8 = tBu) (Fluka #20425) is added and the mixture stirred
overnight at 75 °C. The mixture is concentrated in vacuo to give (R)-5-biphenyl-4-
ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 13

A mixture of (S)-2-biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-
a, R1 =Boc) (1 g) and a mixture containing 13, 14 and 15 (R6 = Me, R7 = Me, R8 =tBu)
(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 vacuo to afford (R)—S-biphenyl-4-
yImethyl-S—[1—dimethylaminometh-(E/Z)—yIidene]—2—oxo—pyrro!idine—1—carboxylic acid tert-
butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 14

Mixture of 10 g (S)-2-biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (8-a, R1 =Boc)and 52 g tert-butoxy-bis(dimethylamino)methane (14, R6 = Me, R7
= Me, R8 = tBu) is heated at 80 °C for 4 hours. The mixture is concentrated in vacuo to
give (R)-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(£/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 15
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A mixture of 2 g (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (8-a, R1 = Boc) and 8.7 ml methoxy-bis(dimethylamine)methane (14, R6 = Me, R7 =
Me, R8 = Me) (Fluka #64875) is heated at 80 °C for 40 hours. The mixture is then
concentrated in vacuo. The residue is dissolved in isopropyl acetate and passed through
Kieselgel. The filtrate is concentrated to give (R)-5-biphenyl-4-yimethyl-3-[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 16

A mixture of 19 (S)-2-Biphenyl-4-y|methyl-sl-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (8-a, R1 = Boc) and 1.2 ml N,N-dimethylformamide diisopropyl acetal (1'5, R6 = Me,
R7 = Me, R8 = iPr) (Aldrich #178535) are heated at 105 °C overnight. A further portion of
N,N-dimethylformamide diisopropyl acetal (15, R6 = 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-
biphenyi-4-yimethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 17

To 0.2 g (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid terl-bdtyl ester (8-a,
" R1= Boc) in solution in 0.7 mi tetrahydrofuran are added 0.4 g of
tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (Aldrich, #221058) and 0.17 ml tert-
butanol. The mixture is stirred at 80°C for 8 h to yield after concentration to dryness to
give (R)-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 18

A mixture of 1 g (S)-2-biphenyl-4-yImethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl

ester (8-a, R1 = Boc) and 3.4 ml N,N-dimethylformamide di-tert-butyl acetal (15, R6 = Me,
R7 = Me, R8 = tBu) (Aldrich #358800) are heated at 50 °C overnight. The mixture is then
concentrated to give (R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-(£/Z)-ylidene]-2-
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oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc.

Method 19

7gof (S)-2-BiphenyM—yIrﬁethyl—S-oxo-pyrroIidine-1 -carboxylic acid tert-butyl ester (8-a,
R1 = Boc) is added to 5.6 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 48 h. The mixture is then concentrated
in vacuo to give (R)—5—biphenyl-4-ylmethyl-3—[1—dimethylaminometh-(E/Z)—ylidene]—2-oxo—
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc.

Method 20

7 g of (S)-2-Biphenyl-4-yImethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,
R1 = Boc) is added to 7.5 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 48 h. The mixture is then concentrated
in vacuo to give (R)-5-biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc.

Method 21

7 g of (S)-2-Biphenyl-4-ylmethyl-5-oxo-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 to give (R)-5-biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E£/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc.

Method 22
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7 g of (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,
R1 = Boc) is added to 18.8 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 to give (R)-5-biphenyl-4-yimethyi-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc. '

Method 23

N,N,N',N'-Tetramethylformamidinium 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-Biphenyl-4-ylmethyl-5-
oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (8-a, R1 = Boc) (100 mg) is then added
and the mixture is heated to 55 °C. The mixture is then stirred at this temperature for 3 h.
The mixture is then cooled to room temperature and diluted by addition of 5 ml isopropyl
acetate. The mixture is then filtered through silica and concentrated in vacuo to afford
(R)-5-biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 24

N,N,N’,N'-tetfamethylformamidinium methylsulfate (302 mg) (prepared according to
Example 1) 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 50 °C. The mixture is then cooled to room
temperature. (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 = Boc) (302 mg) is then added and the mixture is then stirred overnight. The
mixture is then concentrated in vacuo to afford (R)-5-biphenyl-4-ylmethyl-3-[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 25
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N,N,N',N'-tetramethylfofmamidinium para-toluenesulfonate (1.9 g) (prepared according to
Example 2) is added to a 1 M solution of potassium-tert-butoxide in THF (5.7 ml). The
resulting mixture is then stirred for 1 h at 50 °C. The mixture is then cooled to room
temperature. (S)-2-Biphenyl-4-yimethyi-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 = Bac) (500 mg) is then added and the mixture is then stirred ovemnight. The
mixture is then concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyl-3-[1-
dimethylaminometh-(E£/Z)-ylidene}-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 26

N,N,N’,N’-tetramethylformamidinium hexafluorophosphate (1.75 g) (prepared according to
Example 3) is added to a 1 M solution of potassium-tert-butoxide in THF (5.7 ml). The
resulting mixture is then stirred for 1 h at 50 °C. The mixture is then cooled to room
temperature. (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 = Boc) (500 mg) is then added and the mixture is then stirred overnight. The
mixture is then concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyl-3-[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) as determined by hplc. . '

HPLC Method (Example 16-1, Methods 1-26)

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH3 (32 %) in
water); Mobile Phase B (Acetonitrile). Gradient: 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 (80 % BY); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 mI min™'. Wavelength: 210 9[2.59 nm.

+ —

Temperature 60 + 2 °C. /__x_/f—f

s et

___..——Retention times:

8-a (R1 = Boc): 10.4 min

7-a (R1 =Boc; R6 = Me; R7 = Me): 11.0 min
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Example 16-2: Work-up/Purification of (R)-5-Biphenyl-4-yimethyl-3-[1-
dimethylaminometh-(E/Z)-yIidene]-2-oxo-pyrrolidine-1 -carboxylic acid tert-butyl
ester (7-a, R1 = Boc, R6 = Me, R7 = Me)

(R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl éster (7-a, R1 = Boc, R6 = Me, R7 = Me) can be used directly
from the reaction or can be purified, as required. This optional purification step can be
performed to remove solvents, reagents, and/or products generated from said reagents,
for example.

Method 1

Solution of 7-a (R1 = Boc; R6 = Me; R7 = Me) (0.2 g in 2 ml isopropy! acetate) prepared
according to Exarﬁple 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; R6 = Me; R7 = Me) as determined by hplc. Spectroscopic
data as for Example 16-2, Method 7.

Method 2

Solution of 7-a (R1 = Boc; R6 = Me; R7 = Me) (0.2 g in 2 ml isopropy! acetate) prepared
according to Example 16-1, Method 14. ‘Activated charcoal (ca 50 mg) is added and the
mixture stirred at reflux for 1 h. The mixture is filtered and concentrated in vacuo to give
7-a (R1 = Boc; R6 = Me; R7 = Me) as determined by hplc. Spectroscopic data as for
Example 16-2, Method 7.

Method 3

Solution of 7-a (R1 = Boc; R6 = Me; R7 = Me) (0.2 g in 2 mi isopropyl acetate) prepared
according to Example 16-1, Method 14. The mixture is passed through a pad of Celite.
The filtrate is then concentrated in vacuo to give 7-a (R1 = Boc; R6 = Me; R7 = Me) as

determined by hplc. Spectroscopic data as for Example 16-2, Method 7.

Method 4
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Solution of 7-a (R1 = Boc; R6 = Me; R7 = Me) (0.2 g in 2 ml isopropyl acetate) prepared
according to Example 16-1, Method 14. The mixture is passed through a pad of
Kieselgel. The filtrate is then concentrated in vacuo 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, Method
14 is dissolved in 15 ml isopropyl acetate. The mixture is passed through a pad of
Kieselgel and washed with isopropyl acetate (5 x 20 ml). The filtrate is concentrated in
vacuo to give 7-a (R1 = Boc; R6 = Me; R7 = Me) as determined by hplc. Spectroscopic
data as for Example 16-2, Method 7. ‘

Method 6

Qg of 7-a (R1 = Boc; R6 = Me; R7 = Me) prepared according to Example 16-2, Method 5

is added toluene (50 ml). The solvent is then removed in vacuo. Further portions of

toluene (3 x 50 m!) are added and the solvent successively removed in vacuo to give 7-a

(R1 =Boc; R6 = Me; R7 = Me) as determined by hplc. Spectroscopic data as for Example
.16-2, Method 7.

Method 7

9 g of 7-a (R1 = Boc; R6 = Me; R7 = Me) prepared according to Example 16-2, Method 6
is added heptane (15 ml). Solvent is removed in vacuo. Ethyl acetate (5 ml) and the
mixture is heated to 50 °C. Heptane (10 ml) is added. The mixture is then cooled to room
temperature then concentrated in vacuo to give 7-a (R1 = Boc; R6 = Me; R7 = Me).
Spectroscopic data for 7-b (R1 = Boc; R6 = Me; R7 = Me): R 0.49 (ethylacetate). &y (400
MHz; DMSO) 1.48 (SH), 2.63 (2H), 2.79 (1H), 2.93 (6H), 3.06 (1H), 4.19 (1H), 6.96 (1H),
7.32 (3H), 7.44 (2H), 7.63 (4H); m/z (ES+) 407.1 (IMH*, 71 %), 351 (100), 307 (41).

HPLC Method (Example 16-2, Methods 1-7)
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Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH; (32 %) in
water); Mobile Phase B (Acetonitrile). Gradient: 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 (80 % B); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 mi min™'. Wavelength: 210 or 254 nm.
Temperature 60 + 2 °C. '

Retention times:
8-a (R1 = Boc): 10.4 min

7-a (R1 = Boc; R6 = Me; R7 = Me): 11.0 min

Example 17: (R)-5-Biphenyl-4-ylmethy!-3-[1-diethylaminometh-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl éster (7-a, R1 = Boc, R6 = Et, R7 = Et)

Method 1

A mixture of (S)-2-biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 = Boc) (1.41 g) tert-butoxy-bis(diethylamino)methane (14, R6 = Et, R7 = Et, R8 =
tBu) (3.76 g, prepared according to Example 15) is heated at 80 °C for 1 h. The mixture ié
then diluted with 10 ml isopropyl acetate and fﬁltered through silica. The filtrate is then
concentrated in vacuo and azeotroped successively with xylene (3 x 10 ml), toluene (3 x
10 ml), isopropy! acetate (3 x 10 mi) and diethyl ether (3 x 10 ml). Material is dried in
vacuo to afford 1.54 g of (R)-5-biphenyl-4-yimethyl-3-{1-diethylaminometh-(E/Z)-ylidene]-
2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Et, R7 = Et). Ry
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0.41 (ethyl acetate). 54 (400 MHz, C¢Ds) 0.59 (6H), 1.63 (9H), 2.37 (2H), 2.44 (4H), 2.59
(1H), 3.50 (1H), 4.46 (1H), 7.10-7.29 (6H), 7.42-7.45 (4H).

Method 2

N,N,N’,N’-tetraethylformamidinium methylsulfate (1.91 g, prepared according to Example 4)
is added to a 1 M solution of potassium-tert-butoxide.in THF (5.69 ml). The resulting
mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (8-a, R1 = Boc) (500 mg) is then added and the mixture
stirred at 60 °C for 1 h. The mixture is then cooled to room temperature and diluted by
addition of 10 ml isopropyl acetate. The mixture is then filtered through silica and
concentrated in vacuo to afford (R)-5-biphenyl-4-ylmethyl-3-[1-diethylaminometh-(E/Z)-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Et, R7 =
Et). Spectroscopic data as for Example 17, Method 1. '

Method 3

N,N,N',N’-tetraethyiformamidinium tetrafluoroborate (347 mg, prepared according to
Example 5) is added to a 1 M solution of potassium-tert-butoxide in THF (1.14'm|). The
resulting mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-ylmethyl-5-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (100 mg) is then added and the

~ mixture stirred at 60 °C for 1 h. The mixture is then cooled to room temperature and diluted
by addition of 10 ml isopropyl acetate. The mixture is then filtered through silica and
concentrated in vacuo to afford (R)-5-biphenyl-4-ylmethyl-3-[1-diethylaminometh-(E/Z)-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Et, R7 =
Et). Spectroscopic data as for Example 17, Method 1.

Method 4

N,N,N’,N‘-TetraethYIformamidinium hexafluorophosphate (430 mg, prepared according to
Example 6) is added to a 1 M solution of potassium-tert-butoxide in THF (1.14 ml). The
resulting mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-yimethyl-5-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (100 mg) is then added and the

mixture stirred at 60 °C for 1 h. The mixture is then cooled to room temperature and diluted
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by additidn of 10 ml isopropyl acetate. The mixture is then filtered through silica and
concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyl-3-[1-diethylaminometh-(E/Z)-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Et, R7 =
Et). Spectroscopic data as for Example 17, Method 1.

Method 5

N,N,N’,N’-Tetraethylformamidinium hexafluorophosphate (430 mg) (prepared according to
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 h at room temperature. (S)-2-Biphenyl-4-ylmethyl-5-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-6, R1 = Boc) (100 mg) is then added
and the mixture is heated to 55 °C. The mixture is then stirred at this temperature for 3 h.
The mixture is then cooled to room temperature and diluted by addition of 5 ml isopropyl
acetate. The mixture is then filtered through silica and concentrated in vacu6 to afford
(R)-5-biphenyl-4-yimethyi-3-[1-diethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Et, R7 = Et). Spectroscopic data as
for Example 17, Method 1.

Method 6

N,N,N’,N’-tetraethylformamidinium methylsulfate (1.9 g) (prepared according to Example
4) is added to a 1 M solution of potassi’ufn-tert-butoxide in THF (5.7 ml). The resulting
mixture is then stirred for 1 h at 50 °C. The mixture is then cooled to room temperature.
(S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 =
Boc) (500 mg) is then added and the mixture is then stirred overnight. The mixture is then
concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyl-3-[1-diethylaminometh-(E/Z)-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Et, R7 = .
Et). Spectroscopic data as for Example 17, Method 1.

Method 7

N,N,N’,N'-tetraethylformamidinium hexafluorophosphate (430 mg) (prepared according to
Example 6) 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 50 °C. The mixture is then cooled to room
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temperature. (S)-2—Biphenyl-4-y|methyl-5-oxo—pyrro|idine—1-carboxylic acid tert-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 to afford (R)-5-biphenyl-4-ylmethyl-3-[1- _
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Et, R7 = Et). Spectroscopic data as for Example 17, Method 1.

Method 8

N,N,N’,N'-tetraethylformamidinium tetrafluoroborate (347 mg) (prepared according to
Example 5) is added to a 1 M soluticn of potassium-tert-butoxide in THF (1.1 ml). The
resulting mixture is then stirred for 1 h at 50 °C. The mixture is then cooled to room
temperature. (S)-2-Biphenyl-4-yimethyl-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
mixture is then concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyl-3-[1-
dimethylaminometh-(£/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Et, R7 = Et). Spectroscopic data as for Example 17, Method 1. v

Method 9

- N,N,N’,N'-tetraethylformamidinium tetrafluoroborate (347 mg) (prepared according to
Example 5) is added to a 1 M solution of potassium-tert-butoxide in THF (1.1 ml). The
resuiting mixture is then stirred for 1 h at 50 °C. The mixture is then cooled to room
temperature. (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 = Boc) (100 mg) and ammoniuin hexafluorophosphate (ca 1 mg) are then added
and the mixture is then stirred ovemight. The mixture is then concentrated in vacuo to
afford (R)-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E£/Z)-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Et, R7 = Et). Spectroscopic data as
for Example 17, Method 1. )

Example 18: (R)-5-Biphenyl-4-yImethyl-3-[1-pyrrolidin-1-yl-meth-(E/Z)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6/R7 =
Pyrrolidinyl)
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Method 1

A mixture of 1-pyrrolidin-1-ylmethylenepyrralidinium methylsulfate (18.5 g, prepared
according to Example 7) and potassium tert-butoxide (6.3 g) in toluene (40 ml) are stirred
for1h. (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,
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 isopropyl acetate and filtered through silica to
give (7-a, R1 = Boc, R6/R7 = Pyrmolidinyl). Purification by chromatography (isopropyl
acetate) gives (R)-5-biphenyl-4-ylmethyl-3-[1-pyrrolidin-1-yl-meth-(E/Z)-ylidene}-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6/R7 = Pyrrolidinyl). R;0.32
(ethyl acetate). 3u (400 MHz, DMSO) 1.50 (9H), 1.80 (4H), 2.62 (1H), 2.71 (1H), 2.82
(1H), 3.06 (1H), 3.46 (4H), 4.19 (1H), 7.19 (1H), 7.34 (2H), 7.36 (1H), 7.46 (2H), 7.62
(2H), 7.65 (2H). m/z (ES+) 433 ([MH]", 100 %), 377 (64), 333 (36). ‘

Method 2

A mixture of 1-pyrrolidin-1-ylmethylene-pyrrolidinium hexafluorophosphate (424 mg,
prepared according to Example 8) and potassium tert-butoxide (1 M in THF, 1.1 ml ) are -
stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (8-a, R1 = Boc) (0.1 g) is added and the mixture heated to 60 °C. After 1.5 h,
the mixture is cooled to room temperaturé, diluted with isopropyl acetate and fittered
through silica to give (R)-5-biphenyl-4-ylmethyi-3-[1-pyrrolidin-1-yl-meth-(E/Z)-ylidene)-2-
oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (7-a, R1 = Boc, R6/R7 = Pyrrolidinyl).
Spectroscopic data as for Example 18, Method 1.



WO 2009/090251 PCT/EP2009/050510

161

Method 3

A mixture of 1-pyrrolidin-1-ylmethylenepyrrolidinium methylsulfate (380 mg, prepared
according to Example 7) and sodium tert-butoxide (0.1 ml) in toluene are stirred
overnight. (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 =Boc) (100 mg) is added and the mixture heated to 80 °C. After 4 h, the mixture
is cooled to room temperature and concentrated in vacuo to give (7-a, R1 = Boc, R6/R7 =
Pyrrolidinyl). Spectroscopic data as for Example 18, Method 1.

Method 4

1-Pyrrolidin-1-ylmethylene-pyrrolidinium hexafluorophosphate (424 mg) (prepared
according to Example 8) 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-Biphenyl-4-
ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (100 mg) is
then added and the mixture is heated to 55 °C. The mixture is then stirred at this
temperature for 3 h. The mixture is then cooled to room temperature and diluted by
addition of 5 ml isopropyl acetate. The mixture is then filtered through silica and
concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyl-3-[1-pyrrolidin-1-yl-meth-(E/Z)-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6/R7 =
_Pyrrolidinyl). Spectroscopic data as for Example 18, Method 1.

Method 5

1-Pyrrolidin-1-yimethylene-pyrrolidinium hexafluorophosphate (424 mg) (prepared
according to Example 8) 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 50 °C. The mixture is then cooled to
room temperature. (S)-2-Biphenyl-4-ylmethyl-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 mixture is then concentrated in vacuo to afford ((R)-5-biphenyl-4-ylmethyl-3-[1-
pyrrolidin-1-yl-meth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6/R7 = Pyrrolidinyl). Spectroscopic data as for Example 18, Method 1.
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Example 19: (R)-5-Biphenyl-4-yimethyl-3-[1-diisopropylamino-meth-(E)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester'(7-a,- R1 = Boc, R6 =iPr, R7 = iPr)

Method 1

A 1 M solution of potassium tert-butoxide in THF (11.7 ml) is added to
diisopropyl(biperidin-1-ylmethylidene)ammonium hexafluorophosphate (5 g, prepared
according to Examplé 12). The resulting mixture is then stirred for 1 h at 50 °C. (S)-2-
Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (1
g) is then added to the reaction and the resulting mixture is stirred for 1 h at room
temperature. The mixture is diluted with isopropyl acetate and filtered through silica. The
residue is concentrated in vacuo then purified by column chromatography (ethyl acetate)
fo give (R)-5-biphenyl-4-y|methy|—3-[1-diiéopropylamino—mélh-(E)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = iPr, R7 =iPr). R;0.55
(ethyl acetate). 1H NMR (DMSO0O-d6), 7.65-7.62 (2 H), 7.61-7.58 (2 H), 7.47-7.42 (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 H), 2.71-2.63 (1 H) 2.49;2.44 (1 H), 1.49 (9 H), 1.13-1.08 (12 H).

Method 2

N,N,N',N’-tetraisopropylformamidinium tetrafluoroborate (2.13 g, prepared according to
Example 11) is added to a 1 M solution of potassium-tert-butoxide in THF (5.69 ml). The
resulting mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-yimethyli-5-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (500 mg) is then added and
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the mixture stirred at 60 °C for 1 h. The mixture is then cooled to room temperature and
dilufed by addition of 10 ml isopropyl acetate. The mixture is then filtered through silica
and concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyl-3-[1-diisopropylamino-
meth-(E)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 =
iPr, R7 = iPr). Spectroscopic data as for Example 19, Method 1.

Example 20: (R)-5-Biphenyl-4-ylmethyl-3-[1 -dimefhylamiho-meth-(E/Z)-yIidenejd-
(2,2-dimethylpropionyl)pyrrolidin-2-one (7-a, R1 = Piv, R6 = Me, R7 = Me)

o oy

A mixture of (S)-5-Bipheny|-4—ylmethyl-1-(2,2—dimethyl-propionyl)—pyrroiid in-2-one (8-a, R1

- =Piv) (1.0 g, 3 mmol) and tert-butoxy-bis(dimethylamino)methane (14, R6 = Me, R7 = Me,

‘ R8 = tBu) (Fluka #20425) (5.5 g) are stirred at 80 °C for 17 h. The mixture is then cooled

'fo room temperature and concentrated in vacuo. The residue is then dissolved in
isopropyl acetate and filtered through Kieselgel. The filtrate is concentrated in vacuo to
give (R)-5-biphenyl-4-ylmethyl-3-[1-dimethylamino-meth-(E/Z)-ylidene]-1-(2,2-
dimethylpropionyl)pyrrolidin-2-one (7-a, R1 = Piv, R6 = Me, R7 = Me). &4 (400 MHz;
DMSO) 1.31 (9H), 2.57 (1H), 2.70 (1H), 2.81 (1H) 2.98 (6H), 3.00 (1H), 4.40 (1H), 7.06
(1H), 7.33 (SH), 7.45 (2H), 7.60 (2H), 7.65 (2H). m/z (ES+) 391 (IMH]*, 100 %).

Example 21: (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc).
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Method 1

(R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) (1 g, 2.5 mmol) is
dissolved in THF (5 ml) and cooled to 0 °C. aqg. Hydrochloric acid (37 %; 0.2 ml) is added
followed by water (2.1 ml). Mi)kture is stirred at room temperature for 1.5 h. The phases
are separated and the organic phase dried (MgSQO,) and concentrated in vacuo to give
(R)-5-biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (6-a, R1 = Boc). 8y (400 MHz, DMSO) 1.51 (9H), 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); 54 (400
MHz; CDCls;) 1.53, 1.76-1.80, 1.88-1.96, 2.27-2.33, 2.35-2.43, 2.49-2.61, 2.80-2.86, 3.00-
3.11, 3.16-3.21, 3.51-3.54, 3.65-3.70, 4.25-4.36, 7.15-7.20, 7.26-7.30, 7.34-7.39, 7.46-
7.53,9.74 (0.4 H), 9.75 (0.2 H), 10.86 (0.4 H). m/z (+) 380 ([MH]", 5 %), 324 (100).

Method 2

(R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Et, R7 = Et) (1 g) is dissolved in THF
(6.9 ml) and cooled to 10-15 °C. A solution of concentrated sulfuric acid (0.09 ml) in water
(3 ml) is added. Mixture is stirred at room tempe.rature for 1.5 h. The phases are
separated and the aqueous phase is extracted with isopropyl acetate. The combined
organic phases are dried (MgS0O,) and concentrated in vacuo to give (R)-5-biphenyl-4-
ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (6-a, R1 = Boc). R¢0.49 (ethyl acetate). Spectroscopic data as for Example 21,
Method 1.
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Meth_od 3

(R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Et, R7 = Et) (32.5 g) is dissolvedin
THF (190 ml) at 60 °C. The mixture is then cooled to 10-15 °C. An aqueous solution of 1
M sulfuric 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 (50 ml). The phases are separated. The
organic phase is dried (MgSO,) and concentrated in vacuo to give (R)-5-biphenyl-4-
vimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (6-a, R1 = Boc). R 0.49 (ethyl acetate). Spectroscopic data as for Example 21,
Method 1.

Example 22: Enol form: (R)-5-Biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)-3-[1-

S O

hydroxymeth-(E,2)-ylidene]pyrrolidin-2-one (6-a, R1 = Piv).

(R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E£/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboXyIic acid tert-butyl ester (7-a, R1 = Piv, R6 = Me, R7 = Me) (927 mg) is dissolved in
THF (5 ml) and cooled to 10 °C. Hydrochioric acid (1 M; 2.6 ml) is added followed by
water (2.1 ml). Mixture is stirred at room temperature for 17 h. The mixture is diluted with
ethyl acetate (5 ml) and the phases separated. The organic phase is washed with water,
brine then dried (MgS0O,). Concentrated in vacuo to give (R)-5-biphenyl-4-ylmethyl-1-
(2,2-dimethylpropionyl)-3-[1-hydroxymeth-(E, Z)-ylidene]pyrrolidin-2-one (6-a, R1 = Piv).
8n (400 MHz; DMSO) 1.31 (9H), 2.43 (1H), 2.50 (2H), 3.01 (1H), 4.53 (1H), 7.28 (2H),
7.35 (1H), 7.45 (2H), 7.61 (2H), 7.64 (2H); m/z (ES+) 364 ([MH]", 100 %).
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Example 23: (R)-5-Biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1=Boc)

Me,

Method 1

(R)-5-Biphenyl-4-ylmethy|-3-[1-dimethylaminometh-( E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) (7 g) is added to THF
(210 mi) and the resuiting mixture cooled to -78 °C. Diisobutylaluminium hydride (109 ml,
103 mmol; 0.95 M in THF) is added over 1.5 h. To the mixture is then added Rochelle’s
Salt (430 ml; 1.2 M in water) and the mixture stirred vigorously. Ethyl acetate (400 ml)is
added and the phases are separated. The organic phase is concentrated in vacuo. The
resulting residue is dissolved in ethyl acetate (20 ml) and washed with brine (20 ml).
Phases are separated. The organic phase is then concentrated in vacuo. Diethyl ether
(50 ml) is added, filtered and the filtrate concentrated to give ,(R)—5—biphenyl-4-y|methy|-3-
methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1=Boc).

Crude (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-bdtyl
ester (4-a, R1 = Boc) can be optionally purified by column chromatography eluting with
3:1 heptane/ethyl acetate. 1H NMR: &, (400 MHz, CDCl3) 1.62 (9H), 2.56 (1H), 2.60 (1H),
2.70 (1H), 3.26 (1H), 4.43 (1H), 5.45 (1H), 6.17 (1H), 7.26 (2H), 7.34 (1H), 7.44 (2H), 7.54
(2H), 7.57 (2H); m/z (+ESI) 381 ([MNa]*, 7.%), 364 ([MH]", 12), 308 (100), 264 (10).

(R)-5-Biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(4-a, R1 = Boc) is a crystalline solid and can be characterised by single crystal X-ray
analysis and X-ray powder patterns. Reflections in the X-ray diffraction pattern show the

following interlattice plane intervals (average 26 in [°] are indicated with error [imit of +0.2):
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26in[°]:4.7,9.3,10.5, 13.3, 13.9, 15.3, 16.9, 18.0, 18.6, 19.6, 20.9, 21.8, 22.9, 23.3,
27.5, 28.1, 30.7, 34.9. The most intensive reflections in the X-ray diffraction pattern show
the following interlattice plane intervals (average 26 in [°] are indicated with error limit of
$0.2): 26in[°]: 4.6, 10.5, 13.3, 13.9, 16.9, 18.6, 19.6, 20.9. Data taken using a Bruker D8

Advance diffractometer using Cu-Ka radiation.

The X-ray Structure of the obtained crystals is shown in figure 4. Single crystal for this

determination is obtained from methanol/water as solvent.

Crystal data [recorded at 100(2) K]

Empirical formula ~ Ca3H2sNO;

Formula weight 363.44

Crystal system Monoclinic

Space group P21

Cell parameters a=11512(2) A
b=9.197(2) A
¢ =19.002(3) A
a=90°
B =94.737(7)°
y=90°

Volume of unit cell 2005.0(6) A®

Z* 4

Calculated density 1.204 mg m?

* (number of asymmetric units in the unit cell)

Method 2

(R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pymrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) (100 mg, 0.25 mmol) is
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added to THF (0.5 ml) at 0 °C. Sodium triacetoxyborohydride (111 mg, 0.50 mmol) is then
added. The mixture is stirred for 1h then stirred at rbom temperature overnight. Water (5

- ml) is added and then extracted with toluene. Organic phase dried (MgSO,) and
concentrated in vacuo to give (R)}-5-Biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1=Boc). Spectroscopic data as for Example 23,
Method 1.

Example 24: (R)-S-BiphenyI-4-y|methyI-3-methylehe-2-oxo-pyrroIidine-1 -carboxylic
acid tert-butyl ester (4-a, R1 = Boc)

Me,

B SSa NN B W

P P b
A b X
Method 1

Crude (R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E£/Z)-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) (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 temperatu‘re for 2 h. Phases are
separated. To the organic phase is added formaldehyde solution (37 % in water; 138 ml).
Potassium carbonate (31.8 g) is added portionwise over 4 h. 1 % Tetra-n-
butylémmoniumhydroxide solution (14.2 ml) is added followed by sodium hydroxide
solution (30 % in water) until pH 10.5. The mixture is stirred 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 'ml). The phases are
separated. The organic phase is extracted with a sodium chloride solution (20 %; 50 ml),
dried (Na2SO,) and concentrated in vacuo to give (R)-5-biphenyl-4-ylmethyl-3-methylene-
2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) (63 g). The material
can be recrystallised as follows: crude (R)-5-biphenyl-4-ylmethyl-3-methylene-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) (58.4 g) is dissolved in
methanol (525 ml) at 50 °C. Water (175 ml) is added and the mixture is cooled to 0 °C.

The solid is collected by filtration and the cake washed with a mixture of methanol (53 ml)
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and water (18 ml). The solid is then driedin vacuo, giving (R)-5-biphenyl-4-yimethy|-3-
methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1=Boc).
Spectroscopic data as Example 23.

Method 2

Crude (R)-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(£/Z)-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) (66.7 g) is dissolved
in THF (340 ml) and cooled to 10 °C. Sulphuric acid (96 %; 6.9 ml) is added followed by
water (152 ml). The mixture is stirred at room temperature for 0.5 h. Phases are
separated. The organic phase is added to formaldehyde solution (37 % in water; 138 ml).
1% Tetra-n-butylammoniuhhydroxide solution (14.2 ml) is added. Potassium carbonate
(27.8 g) is added portionwise over 0.5 h. Sédium hydroxide solution (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 sodium bisulfite solution (21.4 g). Toluene (100 ml) and
sodium chloride solution (50 ml) added. The phases are separated. The organic phasé is
extracted with sodium chloride solution (20 %; 50 ml), dried (Na,SO,) and concentrated in
vacuo to give (R)—5-Biphenyl-4-ylmethyl-3-methylene—2-oxo-pyrrolidine-1—carboXyIic acid
tert-butyl ester (4-a, R1 = Boc) (63 g). Material can be recrystallised as follows: crude (R)-
5-biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a.
R1 = Boc) (58.4 g) is dissolved in methanol (525 ml) at 50 °C. Water (175 ml) is added
and the mixture is cooled to 0 °C. The solid is collected by filtration and the cake washed
with a mixture of methanol (63 ml) and water (18 ml). The solid is then dried in vacuo,
giving (R)-5-biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (4-a, R1=Boc). Spectroscopic data as in Example 23.

HPLC Method (Example 24)

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NHs (32 %) in
water);, Mobile Phase B (Acetonitrile). Gradient: 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 (80 % B); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 ml min™". Wavelength: 210 or 254 nm.
Temperature 60 + 2 °C.
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Retention times:
6-a (R1 = Boct): 2.62 min
7-a (R1 = Boc; R6 = Me; R7 = Me): 11.0 min

4-a (R1 =Boc): - 12.0. min

Example 25: (R)-5-Biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1 = Boc) and (3R/S, 5S)-5-Biphenyl-4-yimethyl-3-
hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (5-a, R1 = Boc)

Dol e D
A 2N A

Method 1

2.0 g of crude (R)-5-biphenyi-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc) in 10 ml THF is submitted to
react with 5.0 g 37 % aq. formaldehyde solution and 0.7 g sodium carbonate. After 1 h
stirring at room temperature the aqueous phase is removed. The organic phase is diluted
with toluene, washed with water and concentrated to dryness to yield an oily residue. The
latter is then submitted to a silica-gel chromatography (100 g silicagel Merck), eluting with
a mikture 1:1 of ethyl and isopropyl acetate to separate (R)-5-biphenyl-4-ylmethyl-3-
methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (4-a, R1 = Boc) and (3R/S,
58)-5-biphenyl-4-ylmethyl-3-hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (5-a, R1 = Boc).

Spectroscopic data for (R)-5-biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc) as in Example 23. '

Spectroscopic data for (3R/S, 5S)-5-biphenyl-4-yimethyl-3-hydroxymethyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (5-a, R1 = Boc): 8, (400 MHz, DMSO) 1.51
(9H), 1.89 (1H), 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); m/z (ES+) 382 ([MH]", 9 %), 326 (100),
282 (12).

Method 2

1 g (R)-5-biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to THF (2.5 ml) at room
temperature. 37 % Formaldehyde solution (1.3 ml) is then added. Potassium carbonate
(0.28 g) is then added portionwise and the resulting mixture is then stirred for 72 h at room

- temperature. Water (1 ml) and sodium bisulfite solution (0.5 ml) are subsequently added.
The phases are separated and organic phase dried (MgSO,). The mixture is
concentrated in vacuo to give (R)-5-biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Bolc) and 20 % (5-a, R1 = Boc) (by nmr).
Spectroscopic data as for Example 25, Method 1.

Method 3

7.4 g (R)-5-biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) dissolved in 50 ml THF are mixed together
with 4.4 g 37 % aq. formaldehyde solution, 0.13 g tetrabutylammonium hydroxide 40 %
solution and 40 ml potassium carbonate 1 M solution. After 1 h stirring at 40°C, the two
phases are separated. The organic phase is diluted with 50 ml toluene and concentrated
under vacuum to about 20 ml. The residue is again diluted with 85 ml toluene. 2.4-
diazabicycloundecene is added followed with 0.42 g methanesulfonyl chloride. After 1 h at
room temperature, 10 ml water were added and the mixture acidified with several drops of
sulfuric acid. The aqueous phase is removed, the organic phase washed with 10 ml of ,
water and concentrated under vacuum to dryness. The residue is dissolved in 100 ml
methanol at 50°C and saturated at the same temperature with 25 mi water. The
suspension is afterwards cooled to 0°C, filtered, washed with 12 ml methanol/water 2:1
and dried under vacuum to yield (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (4-a, R1 = Boc). Spectroscopic data as for Example 25,
Method 1.

Method 4
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A mixture of potassium carbonate solution in water (1 M, 2.3 ml), tetrabutylammonium
hydroxide solution (40 %, 0.01 ml) and formaldehyde solution (37 % in water, 0.32 ml) is
added to (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-buty| ester (6-a, R1 = Boc). The resulting mixture is stirred rapidly and
heated to 50 °C. After 4 h: the mixture is cooled to room temperature and concentrated in
vacuo. Ry (ethyl acetate): 0.77 (4-a, R1 = Boc); 0.44 (5-a, R1 = Boc). Spectroscopic data
as for Example 25, Method 1.

Method 5

To a solution of (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z}-ylidene]-2-oxo-
pyrrolidine—1—carboxylic acid tert-butyl ester (6-a, R1 = Boc) in THF (3.8 g) (prepared
according to Exam.ple 21, Method 3) is added potassium carbonate (2.8 g in 20 ml water),
tetrabutylammonium hydroxide solution (40 %, 0.03 g) and formaldehyde solution (37 % in
water, 2.2 ml) to give a solution of pH 11. The mixture is then stirred for 2 hat45°C. The
mixture is then cooled to room temperature and the phases are separated. The organic
phase is diluted with toluene (20 mi) and washed with sodium bisulfite solution (20 ml, 40
%) and then brine (20 ml). The organic phase is then dried (MgSO0,) and concentrated in
vacuo to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1 = Boc). Spectroscopic data as for Example 25, Method 1.

Method 6

To a solution of (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E£/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc) in THF (3.8 g) (prepared
according to Example 21, Method 3) is added potassium carbonate (2.8 g in 20 ml water),
tetrabutylammonium hydroxide solution (40 %, 0.03 g) and chloral (4.4 g) to give a
solution of pH 11. The mixture is then stirred for 2 h at 45 °C. The mixture is then cooled
to room temperature 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
ml). The organic phase is then dried (MgSQ,) and concentrated in vacuo to give (R)-5-
biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a,
R1 = Boc). Spectroscopic data as for Example 25, Method 1.
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Method 7

To a solution of (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E£/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc) in THF (3.8 g) (prepared
according to Example 21, Method 3) is added aqueous potassium carbonate (0.2 ml, 1
M), tetrabutylammonium hydroxide solution (40 %, 0.07 g) and formaldehyde solution (37
% in water, 2.2 ml) to give a solution of pH 8. The mixture is then stirred for 2 h at 45 °C.
The mixture is then cooled to room temperature 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 ml). The organic phase is then dried (MgSO,) and
concentrated in vacuo to give (R)-5-biphenyj-4-ylmethyl—3—methylene-2—oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc). Spectroscopic data as for Example 25,
Method 1. '

Method 8

To a solution of (R)-5-Biphenyl-4-yImethyl-3-[ 1-hydroxymeth-(E/Z)-ylidene]-2-0xo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc) in THF (3.8 g) (prepared

" according to Example 21, Method 3) is added a 1 M aqueous sodium formate solution (20
ml), tetrabutylammonium hydroxide solution (40 %, 0.07 g) and formaldehyde solution (37
% in water, 2.2 ml) to give a solution of pH 7. The mixture is then stirred for 4 h at 45 °C.
The mixture is then cooled to room temperature 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 ml). The organic phase is then dried (MgSO,) and
concentrated in vacuo to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc). Spectroscopic data as for Example 25,
Method 1.

Method 9
To a solution of (R)-5-Biphenyl-4-ylmethyi-3-[1-hydroxymeth-(E/Z}-ylidene]-2-oxo-

pyrrolidine-1-carboxylic acid fert-butyl ester (6-a, R1 = Boc) in THF (3.8 g) (prepared
according to Example 21, Method 3) is added a 1 M aqueous sodium acetate solution (20



WO 2009/090251 PCT/EP2009/050510

174

ml), tetrabutylammonium hydroxide solution (40 %, 0.07 g) and formaldehyde solution (37
% in water, 2.2 ml) to give a solution of pH 8. The mixture is then stirred for 4 h at 45 °C.

" The mixture is then cooled to room temperature 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 (MgSO,) and
concentrated in vacuo to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc). Spectroscopic data as for Example 25,
Method 1. '

Method 10

To a mixture of 3.79 g (R)-5-biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxy|ic acid tert-butyl ester (6-a, R1 = Boc) in tetrahydrofuran (0.4 M
solution) is added botassium carbonate (20 ml, 1 M solution in water) and '
tetrabutylammonium hydroxide (0.07 ml, 40 %wt in water). Formaldehyde (2.2 ml, 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 diluted with toluene (20 ml). The
organic phase is then washed with sodium bisulfite solution (20 ml, 40 %wt in water) and
then with brine (5 ml). The separated organic phase is then dned (MgSQ,) and
concentrated under reduced pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 11

To a mixture of 3.79 g (R)-5-biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc) in tetrahydrofuran (0.4 M
solution) is added potassium carbonate (20 ml, 1 M solution in water) and
tetrabutylammonium hydroxide (0.07 ml, 40 %_wt_in water). Formaldehyde (2.2 ml, 37 %wt
in water) is then added to the mixture. The pH of the mixture is adjusted to pH 14 by the
addition of a sodium hydroxide solution (1 M in water). The resulting mixture is stirred for
2h at45 °C. The phases are separated. The organic phase is diluted with toluene (20
ml). The organic phase is then washed with sodium bisulfite solution (20 mi, 40 %wt in
water) and then with brine (5 ml). The separated organic phase is then dried (MgSO,)
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and concentrated under reduced pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-
2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 12

200 mg (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). Sodium
hydrogen carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide
(3.5 pl, 40 %wt in water) are added to the mixture. Formaldehyde (0.12 ml, 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 diluted with toluene (5 ml). The organic
phase is then washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then with
brine (56 ml). The separated organic phase is then dried (MgSQO,) and concentrated under
reduced pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 13

200 mg (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/2)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). Cesium
carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 pul, 40
%wt in water) are added to the mixture. Formaldehyde (0.12 ml, 37 %wt in water) is then
added to the mixture. The resulting mixture is stirred for 2 h at4s °C. The phases are
separated. The organic phase is diluted with toluene (5 ml). The organic phase is then
washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then with brine (5 ml).
The separated organic phase is then dried (MgSQ,) and concentrated under reduced
pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 14
200 mg (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-

carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). Sodium

carbonate (1.05 mi, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 ul, 40
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%wt in water) are added to the mixture. Formaldehyde (0.12 ml, 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 oi‘ganic phase is diluted with toluene (5 ml). The organic phase is then
washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then with brine (5 ml).
The separated organic phgse is then dried (MgSO,) and concentrated under reduced
pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrolidine-1-carboxylic
acid. tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 15

200 mg (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine- 1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofdran (2 ml).
Potaséium carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide
(3.5 ul, 40 %wt in water) are added to the mixture. Formaidehyde (0.12 ml, 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 diluted with toluene (5 ml). The organic
phase is then washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then with
water (5 ml). The separated organic phase is then dried (MgSO,) and concentrated under
reduced pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 16

200 mg (R)—5-Biphenyl-4-ylmethyl-3-[1—hydroxymeth-(E/Z)—yIidene]-2-ox0—pyrrolidine—1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 mi).
Dimethylsulfoxide (1 ml) is then added. Potassium carbonate (1.05 ml, 1 M solution in
water) and tetrabutylammonium hydroxide (3.5 pl, 40 %wt in water) are added to the
mixture. Formaldehyde (0.12 ml, 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 diluted with toluene (5 ml). The organic phase is then washed with sodium
bisulfite solution (5 ml, 40 %wt in water) and then with water (5 ml). The separated
organic phase is then dried (MgS0,) and concentrated under reduced pressure to give
(R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(4-a, R1 = Boc) as determined by hplc.



WO 2009/090251 PCT/EP2009/050510

177

Method 17

200 mg (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(£/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). 1-
Methyl-2-pyrrolidinone (1 ml) is then added. Potassium carbonate (1.05 ml, 1 M solution
in water) and tetrabutylammonium hydroxide (3.5 ul, 40 %wt in water) are added to the
mixture. Formaldehyde (0.12 ml, 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 diluted with toluene (5 ml). The organic phase is then washed with sodium
bisulfite solution (5 ml, 40 %wt in water) and then with water (5 ml). The separated
organic phase is then dried (MgSO,) and concentrated under reduced pressure to give
(R)-5-biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(4-a, R1 = Boc) as deterrnined by hplc. ’

Method 18

200 mg (R)-5-Biphenyl-4-yImethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine- 1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). 1,3-

. Dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (1 ml) is then added. Potassium
carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 ul, 40
%wt in water) are added to the mixture. Formaldehyde (0.12 ml, 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 diluted with toluene (5 ml). The organic phase is then
washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then with water (5 ml).
The separated organic phase is then dried (MgSO,) and concentrated under reduced
pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 19
To a mixture of 200 mg (R)-5-biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-

pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc) in tetrahydrofuran (2 ml) is.
added formaldehyde (0.12 ml, 37 %wt in water) and tetrabutylammonium hydroxide (3.5
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ul, 40 %wt in water). The pH of the mixture is adjusted to pH 9 by the addition of a
potassium carbonate solution (1 M in water). The resulting mixture is stirred for 2 h at 45
" °C. The phases are separated. The organic phase s diluted with toluene (5 ml). The
organic phase is then washed with sodium bisulfite solution (5 ml, 40 %wt in water) and
then with water (5 ml). The separated organic phase is then dried (MgSO,) and
concentrated under reduced pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-
oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (4-a, R1 = Boc) as determined by hplc.

Method 20

200 mg (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to acetonitrile (2 ml). Potassium
carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 ul, 40
%wt in water) are added to the mixture. Formaldehyde (0.12 ml, 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 diluted with toluene (5 ml). The organic phase is then
washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then with water (5 ml).
The separated organic phase is then dried (MgSO,) and concentrated under reduced
pressure to give (R)-5-biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1 = Boc) as determined by hpilc. '

Method 21

200 mg (R)-5-Biphenyl-4-yImethyl-3-[1-hydroxymeth-(£/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to acetone (2 mi). Potassium
carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 pl, 40
%wt in water) are added to the mixture. Formaldehyde (0.12 ml, 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 phasé is diluted with toluene (5 ml). The organic phase is then
washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then with water (5 ml).
The separated organic phase is then dried (MgSO,) and concentrated under reduced
pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1 = Boc) as determined by hpilc.
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Method 22

200 mg (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylide ne]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tertiary-butanol (2 ml).
Potassium carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide
(3.5 ul, 40 %wt in water) are added to the mixture. Formaldehyde (0.12 ml, 37 %wt in
water) is then added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The
mixture is diluted with water (5 ml) and ethyl acetate (5 ml). The phases are separated.
The organic phase is then washed with sodium bisulfite solution (5 ml, 40 %wt in water)
and then with water (5 ml). The separated organic phase is then dried (MgSO,) and
concentrated under reduced pressure to give (R)-5-biphenyi-4-ylmethyl-3-methylene-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 23

200 mg (R)-5-Biphenyl-4-yimethyl-3-[1 -hydroxymeth-(E/Z)—ylidene]-2-oxo—pyrro|idine—1-.
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml).
Potassium carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide
(3.5 pl, 40 %wt in water) are added to the mixture. Formaldehyde (0.10 ml, 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 diluted with ethyl acetate (5 ml). The
organic phase is then washed with sodium bisulfite solution (5 mi, 40 %wt in water) and
then with water (5 ml). The separated organic phase is then dried (MgSQO,) and
concentrated under reduced pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 24

200 mg (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml).
Potassium carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide
(3.5 pl, 40 %wt in water) are added to the mixture. Formaldehyde (0.16 ml, 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 diluted with ethyl acetate (5 ml). The
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organic phase is then washed with a sodium bisulfite solution (5 ml, 40 %wt in water) and
then with water (5 ml). The separated organic phase is then dried (MgSO,) and

- concentrated under reduced pressure to give'(R)-S-biphenyl-4-ylmethy|-3-methylene—2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

HPLC Method (Example 25, Methods 1-24)

Column: 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: 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 (80 % B); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 ml min™'. Wavelength: 210 or 254 nm.
Temperature 60 + 2 °C.

Retention times:

6-a (R1 = Boc): 2.62 min
5-a (R1 = Boc): _ 8.39 min
4-a (R1 = Boc): 12.0 min

Example 26: (R)-5-Bipheny!-4-yImethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1 = Boc) '

R

50 g (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1
= Boc) and 261 g Bredereck’s reagent (14, R6 = Me, R7 = Me, R8 = tBu) are stirred at 80
°C for 24 h and concentrated afterwards under vacuum to yield 67.5 g of a viscous
residue. The later is dissolved in 340 ml THF and mixed with 13.1 ml hydrochloric acid 37
% in 143 ml water. After 1 h stirring at room temperature, the lower aqueous phase is
removed, and 150.2 g aqueous formaldehyde 37 % is added followed with 30 g potassium
carbonate added portions wise at 20-25 °C. Again after 3 hour stirring, the aqueous
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phase is removed. The remaining organic phase is diluted with 100 ml toluene, washed
with 50 ml brine and concentrated under vacuum to leave 58.4 g of a viscous residue.

The latter is dissolved in 525 ml methanol at 50°C, and saturated at the same temperature
with 175 ml water. The resulting suspension is cooled to 0 °C, filtered to collect the -
crystals, washed with 60 ml methanol/water 2:1 and dried under vacuum to yield of white
crystals of (R)-5-Biphenyl-4-yImethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (4-a, R1 = Boc). Spectroscopic data as in Example 23.

HPLC Method (Example 26)

Column: 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: 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 (80 % B); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 ml min"'. Wavelength: 210 or 254 nm.
Temperature 60 £ 2 °C.

Retention times:

6-a (R1=Boc): . 2.62 min
~ 8-a(R1=Boc): 10.4 min
~ 7-a (R1 = Boc; R6 = Me; R7 = Me): 11.0 min
4-a (R1 =Boc): ' 12.0 min

Example 27: (R)-5-Biphenyl-4-yimethyl-1-(2,2-dimethylpropionyl)-3-
methylenepyrrolidin-2-one (4-a, R1 = Piv}

S oMY v oM

(R)-5-biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (6-a, R1 = Piv) (680 mg) is dissolved in THF (3.5 ml) at room
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temperature. Formaldehyde solution (1.8 ml, 37 % in water) is added followed by the
portionwise addition of potassium carbonate (388 mg). The mixture is then stirred for 70
h. Water (1 ml) and sodium bisulfite solution (0.5 ml) are subsequently added. The
phaseé are separated and organic phase dried (MgS0,). The crude material is purified by
chromatography (heptane/ethyl acetate, 10:1) to give (R)-5-biphenyl-4-yimethyl-1-(2,2-
dimethylpropiohyl)»3-methylenepyrrolidin-2-one (4-a, R1 = Piv). 64 (400 MHz, DMSO)
1.34 (9H), 2.55-2.64 (2H), 2.70 (1H), 3.26 (1H), 4.59 (1H), 5.55 (1H), 5.98 (1H), 7.26 (2H),
7.34 (1H), 7.44 (2H), 7.53-7.58 (4H). m/z (ES+) 348 ([MH]", 100 %).

Example 28: (R)-5-Biphenyl-4-ylmethyl-3-methylenepyrrolidin-2-one (4-a, R1 = H)

(U

Iz

(R)-5-Biphenyl-4-yImethyl—3-methylene-2—o$(o-pyrrolidine-1-carboxy|ic acid tert-butyl ester
(4-a, R1 = Boc) (509 mg) is dissolved in dichloromethane (10 ml). Mixture is cooled to 0
°C and trifluoroacetic acid (0.5 ml) is added. The mixture is then stirred for 2 h then
extracted with saturated sodium carbonate solution (20 ml). Phases are separated. The
organic phase is dried (MgSO,) and concentrated to give (R)-5-biphenyl-4-yimethyl-3-
methylenepyrrolidin-2-one (4-a, R1 = H). 8y (400 MHz, DMSO) 2.47 (1H), 2.68 (1H), 2.74
(1H), 2.87 (1H); 3.87 (1H), 5.22 (1H), 5.64 (1H), 7.33 (3H), 7.45 (2H), 7.60 (2H), 7.65
(2H), 8.32 (1H); m/z (+) 264 ([MH]", 100 %); m/z (+ESI) 264 ([MH]*I, 100 %).

(R)-5-Biphenyi-4-ylmethyl-3-methylenepyrrolidin-2-one (4-a, R1 = H) is a crystalline solid’
and can be characterised by an X-ray powder pattern. Reflections in the X-ray diffraction
pattern show the following interlattice plane intervals (average 26 in [°] are indicated with
error limit of £0.2): 28in [°]: 7.1, 13.3, 13.7, 14.5, 16.6, 17.7, 18.2, 19.4, 21.4, 22.5, 23.6,
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24.0, _26.5, 27.6, 29.1, 2'9.9. Data taken using a Bruker D8 Advance diffractometer using

Cu-Ko, radiation.

HPLC Method (Example 28)

Column: 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: 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 (80 % B); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 ml min”'. Wavelength: 210 or 254 nm.
Temperature 60 % 2 °C. ’

Retention times:

4-a (R1=H): 5.70 min
4-a (R1 = Boc): 12.0 min -

Example 29: (3R/S,5S)-5-Biphenyl-4-yimethyl-3-dimethoxymethyl-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me, Y = O)

1.1 g (R)-5-Biphenyl-4-ylmethyl-3-[ 1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is dissolved in 12 mi
of methanol. HCI in methanol (prepared by feed pipe of gaseous HCI to methanol;
determination of the HCI content is 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% aqueous sodium carbonate solution to give a pH above 7. After extraction with
dichloromethane the combined organic phase are dried over sodium sulfate, filtered and
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evaporated to dryness. The resulting yellow oil is purified by column chromatography to
give (3R/S,58)-5-biphenyl-4-yimethyl-3-dimethoxymethyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me) as a 88 : 12 mixture of
diastereomers [ratio of (3S) : (3R) diastereomers, respectively]. 1H NMR (CDCl;): Data
for mixture of diastereomers: 1.62, 1.64, 1.89, 2.02, 2.26, 2.40, 2.69, 2.81, 2.92, 3.14,
3.20, 3.39, 3.44, 3.47, 3.‘52, 4.29, 4 .40, 4.69, 7.27-7.39, 7.46, 7.56-7.62. Ratio of
diastereomers determined by integration 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-ylmethyl-3-dimethoxymethyl-2-oxo-pyrrolidine- 1-carboxylic acid
tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me) as a 88 : 12 mixture of diastereomers
[ratio of (38) : (3R) diastereomers, respectively] can be recrystallised from tert-

butylmethylether to afford (3S,5S)-5-Biphenyl-4-yimethyl-3-dimethoxymethyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me).

The X-ray Structure of the obtained crystals is shown in figure 5a.

Crystal data [recorded at 120(2) K]

Empirical formula . C2sH31NOsg
Formula weight 425.51

Crystal system Orthorhombic
Space group P212121

Cell parameters a=6.645(2) A

b=15.761(4) A
c =22.439(6) A
a=90°
B=90°
y=90°

Volume of unit cell 2350.1(11) A

i 4
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Calculated density 1.203 mg m®

* (number of asymmetric units in the unit cell)
(3R/S,58)-5-biphenyl-4-yimethyl-3-dimethoxymethyl-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me) as a 88 : 12 mixture of diastereomers
[ratio of (3S) : (3R) diastereomers, respectively] can be recrystallised from ethyl
acetate/heptane to afford (3S,5S)-5-Biphenyl-4-yimethyl-3-dimethoxymethyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me). '

The X-ray Structure of the obtained crystals is shown in figure 5b.

Crystal data [recorded at 100(2) K]

Empirical formula Ca2sH31NOs
Formula weight 425.51
Crystal system Orthorhombic
Space group P212121

Cell parameters a=6.638(3) A

b = 15.746(6) A
c =22.420(8) A

a=90°
B=90°
y=90°
Volume of unit cell 2343.4(16) A®
z . - 4
Calculated density 1.206 mg m*

* (number of asymmetric units in the unit cell)
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Example 30: ((3R/S,5S)-5-Biphenyl-4-ylmethyl-1-tert-butoxycarbonyl-2-oxo-
pyrrolidin-3-ylmethyl)trimethylammonium iodide (10-a, R1 = Boc, R6 = Me, R7 = Me,
- R10 = Me)

(3R/S.58);biphenyl-4-ylmethyl-3-dimethylaminomethyl-z-oxo-pyrroIidine-1-carboxylic acid
tert-butyl ester (Q-é, R1 = Boc, R6 = Me, R7 = Me) (108 mg) (ratio of diastereomers (3S) :
(3R), 85 : 15 according to NMR analysis) is diluted with 4 ml methanol and 328 ul methyl
iodide is then added. The reaction mixture is then stirred at room temperature for 17 h.
The mixture is then concentrated to dryness to give ((3R/S,5S)-5-Biphenyl-4-ylmethyl-1-
tert-butoxycarbonyl-2-oxo-pyrrolidin-3-yimethyl)trimethylammonium iodide (10-a, R1 =
Boc, R6 = Me, R7 = Me, R10 = Me). 1H NMR (DMSO): 1.51 (9H), 1.98 (1H), 2.18 (1H),
3.00 (1H), 3.08 (1H), 3.13 (9H), 3.38-3.43 (2H), 3.72 (1H), 4.25 (1H), 7.38 (1H), 7.42 (2H),
7.48 (2H), 7.67 (4H). m/z: 423 ([M]", 100 %). IR (solution in CH,Cl,, vicm™): 3040; 1781;
1742; 1724; 1487; 1371; 1298; 1277; 1150; 985. On the basis of NMR, the ratio of
diastereomers (3S) : (3R) is 85 : 15. o

Example 31: (R)-5-Biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acld tert-butyl ester (4-a, R1 =Boc)
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Crude (3R/S,5S)-biphenyl-4-yimethyl-3-dimethylaminomethyl-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (9-a, R1 = Boc, R6 = Me, R7 = Me) (13.8 g) is diluted with
40 ml methanol and 16.9 ml methyl iodide is then added. The reaction mixture is then
stirred at room temperature overnight and is subsequently concentrated to dryness. 30 ml
saturated NaHCO; solution and 15 ml dichloromethane are then added to the residue.
The resulting emulsion is stirred at room temperature for 10 h. The organic layer is then
separated, washed with water, dried over MgSQ,, filtered and concentrated in vacuo. The
residue is purified using column chromatography (pentane/tert-butyl methyl ether = 8:2 to
7:3) to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (4-a, R1 = Boc). Spectroscopic data as in Example 23.

HPLC Method (Example 31)

Column: 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: 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 (80 % B); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 ml min". Wavelength: 210 or 254 nm.
Temperature 60 + 2 °C.

Retention times:

9-b (R1 = Boc; R6 = Me; R7 = Me): 10.5 min
9-c (R1 = Boc; R6 = Me; R7 = Me): 11.0 min
4-a (R1 = Boc): 12.0 min

Example 32: (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic
acid (2-a, R1 = Boc, R2 = H, R3 = CO;H)
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(R)-5-Biphenyl-4-yImethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-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 cooled to 10 °C. A solution of lithium hydroxide (7.3 g) in water (92 ml) is added
over 2 h. Phosphoric acid (37 g, 85 %) is added until pH 3. Phases are then separated.
The organic phase is diluted with toluene (100 ml) and washed with brine. Phases are
separated. The organic phase is then concentrated in vacuo. The residue is dissolved in
acetonitrile (350 ml) ét 80 °C and azeotropically distilled. Further acetonitrile is added
(150 ml) and the mixture cooled to 0 °C. The solid is collected by filtration and dried, to
afford (R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1
= Boc, R2 = H, R3 = CO;H) (25.7 g). & (400 MHz, DMSO) 1.30 (9H), 2.29 (1H), 2.50
(1H), 2.75 (2H), 3.91 (8H), 5.62 (1H), 6.09 (1H), 6.66 (1H), 7.28 (2H), 7.33 (1H), 7.44
(2H), 7.56 (2H), 7.63 (2H). '

(R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 =
Boc, R2 = H, R3 = CO;H) is a crystalline solid. Reflections in the X-ray diffraction pattern
show the following interlattice plane intervals (average 26 in [°] are indicated with error
limit of £0.2): 26 in [°]: 4.4, 6.2, 8.6, 9.0, 9.9, 12.5, 13.4, 13.8, 14.1, 16.0, 17.8, 18.4, 19.3,
20.8,21.7,22.2,23.1, 24.6, 25.0, 25.7, 27.6. Thé most intensive reflections in thé X-ray
diffraction pattern show the following interlattice plane intervals (average 26 in [°] are
indicated with error limit of +0.2): 26 in [°]: 4.3, 6.2, 8.6, 9.9, 12.5, 13.4, 16.0, 17.8, 18.4,

19.3. Data taken using a Bruker D8 Advance diffractometer using Cu-Ka radiation.

HPLC Method (Example 32)
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Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mabile Phase A (0.1 % NH; (32 %) in
water); Mobile Phase B (Acetonitrile). Gradient: 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 (80 % B); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 ml min™'. Wavelength: 210 or 254 nm.
Temperature 60 + 2 °C.

Retention times:

2-a (R1=Boc; R2 = H; R3 = CO,H): 2.40 min
4-a (R1 = Boc): 12.0 min

Example 33: (R)-S-Biphenyl-4-y|-4-tert-bultoxycarbonyIamino-2-methylenepentanoic
acid (2-a, R1 = Boc, R2 = H, R3 = CO;H)

| (
oY oy

(o)

OH

A
210 g (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,
R1 = Boc) is added to 1285 g (2000 ml) of a mixure containing compounds of formula 13,
14, 15 (wherein R6 = Me, R7 = Me, R8 = tBu) at room temperature. The solution is
heated to 80-85°C and stirred for about 15 h. The solution is concentrated under vacuum
(90 °C, 30 mbar) to yield a residue. (The collected distillate, containing compounds of
formula 13, 14, 15 (wherein R6 = Me, R7 = Me, R8 = tBu), may be optionally reused in
subsequent reactions, where appropriate). The residue is dissolved in 1430 ml
tetrahydrofuran. 37.8 g sulfuric acid diluted in 638 ml water is then added. The mixture is
subsequently vigorously stirred at 10-15°C. During this time, the pH is maintained in the

range pH 2-3 by the addition of further portions of sulfuric acid, as required. After 1 h the

lower aqueous phase is removed, and the remaining organic phase washed with about 6
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g saturatéd potassium carbonate solution. 1194 g Potassium carbonate solution (1M
solution) is then added, followed by 3.94 g tetra butyl ammonium hydroxide solution (40
%) and 133 g aqueous formaldehyde solution (37 %). This mixture is heated to 40-45°C
and stirred heavily for about 2 hours. The aqueous phase is then removed. To the
remaining organic phase, 300 ml water is added., 97 g Sodium sulfite solution (40 %) is
then added whilst maintaiﬁing the temperature below 40 °C. Afterwards, the aqueous
phase is removed and is replaced with 600 ml of fresh water. The THF is removed by
distillation (jacket 50°C, 100-200 mbar) to provide a white suspension. 1500 ml toluene is
added at 50°C. Again the lower aqueous phase is removed and the remaining organic
phase is w_ashed with about 200 mi water. The latter is partially concentrated under:

" vacuum in order to remove any water by azeotrope distillation while the distillate is
replaced with fresh toluene. Afterwards, 54 g diazabicycloundecene (DBU) is added as
well as 17 g methansulfonylchloride, cautiously at 20-25°C. After one hour stirring, about
300 mi water is added followed by 1.4 g concentrated sulfuric acid in order to lower the pH
to 6-7. The aqueous phase is removed and the remaining organic phase washed with 300
ml water. 600 m|l Water is added and the solvent removed by distillation under reduced
pressure to yield a white suspension. About 1500 ml THF is then added followed by 57 g
lithium hydroxide dissolved In 300 ml water. The mixture is stirred heavily at 10-15 °C for
about 2 hours. 100 g Phosphoric acid (58 %) is then added cautiously in order to adjust
the pH towards 3-4. About 300 m! toluene is then added, and the aqueous phase
removed. The remaining organic phase is washed with 200 ml brine and concentrated to
one half the original volume under vacuum. The residue is diluted with 300 ml THF and
filtered. The THF is then replaced by acetonitrile by distillation, while maintaining the
volume constant by distillation under vacuum. After rerﬁoval of the majority of THF, the
desired product crystallizes giving rise to a thick slurry. The later is cooled to 0 °C, and the
solid recovered by filtration. The later is dried under vacuum at 50 °C to yield (R)-5-
Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2
=H, R3 = CO;H). Spectroscopic data as Example 32.

HPLC Method (Example 33)

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH3 (32 %) in
water); Mobile Phase B (Acetonitrile). Gradient: 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 (80 % B); 16.1 min



WO 2009/090251 PCT/EP2009/050510

191

(20 % B); 20 min (20 %'B). Flow rate: 1.4 ml min”. Wavelength: 210 or 254 nm.,
Terhperature 60+ 2 °C.

Retention times:

2-a (R1 =Boc; R2 = H; R3 = CO.H): 2.40 min
6-a (R1 = Boc): 2.62 min

5-a (R1 = Boc): ' 8.39 min
8-a (R1 = Boc): 10.4 min
7-a (R1 = Boc; R6 = Me; R7 = Me): 11.0 min
4-a (R1 = Boc): ' 12.0 min

Example 34: (3R, 5S)-5-Biphenyl-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (3-a, R1 = Boc) and (3S, 5S)-5-Biphenyl-4-yImethyl-3-methyl-2-
oxo-pyrrolidine-1 -carquylic acid tert-butyl ester (3-b, R1 = Boc)

SoM o n oM

O)N\O . i O)\O

Method 1

1.3 g (R)-5-biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E£/Z)-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is dissolved in 40 ml
of ethyl acetate. After addition of 0.3 g 10% Pd/C (Engelhard 4505) the system is flushed
several times with hydrogen and subsequently stirred at 20°C and 4 bar hydrogen for 5
days. The resultingj reaction mixture is filtered through celiflock and concentrated to
dryness yielding (3R, 5S)-5-biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (3-a, R1 = Boc) and  (3S, 5S)-5-biphenyl-4-yimethyl-3-methyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Boc). Diastereomer ratio 33 : 67
(3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.
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Method 2

(R)-5—biphenyl—4-ylmethyl-3—[1 -dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added to
tetrahydrofuran, to achievé a substrate concentration of 0.05 M. Triethylamine (1
equivalent) is added to the mixture. 5 % Pd/C A102023 (25 %w/w) is then added to the
mixture. The mixture is then pressurised under a hydrogen atmosphere to 20 bar. The
mixture is stirred at 40 °C for 3 h. The mixture is then filtered to remove the catalyst and
concentrated under reduced pressure. The diastereomer ratio is 39 : 61 (3-a, R1 =Boc:
3-b, R1 = Boc) as determined by hplc.

General Procedure (Methods 3-8)

(R)-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(£/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added to
tetrahydrofuran, methanol or isopropyl acetate at ambient temperature, to achieve a
substrate concentration of 0.05 M, 0.167 M or 0.25 M. A hetereogeneous catalyst (25
mas% with respect to 7-a) is then added to the mixture. The mixture is then pressurised
under a hydrogen atmosphere to 20 bar. The mixture is stirred at 40 °C, 45 °C, 55 °C or
65 °C for 1.5 or 3 h. The mixture is then filtered to remove the catalyst and concentrated
under reduced pressure.

Method 3

Catalyst: 5 % Pd(S)/C A103038; Tetrahydrofuran; 0.05 M; 55 °C; 3 h. Diastereomer ratio
29:71 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.

Method 4

Catalyst: 5 % Pd/C type 39; Methanol; 0.05 M; 55 °C; 3 h. Diastereomer ratio 42 : 58 (3-
a, R1 =Boc : 3-b, R1 = Boc) as determined by hplc.

Method 5
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Catalyst: 5§ % Pd(S)/C A103038; Tetrahydrofuran; 0.167 M; 40 °C; 1.5 h. Diastereomer
ratio 14 : 86 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.

Method 6

Catalyst: 5 % Pd(S)/C A103038; Tetrahydrofuran; 0.167 M; 40 °C; 3 h. Diastereomer ratio
21:79 (3-a, R1 =Boc: 3-b, R1 = Boc) as determined by hplc.

Method 7

Catalyst: 5 % Pd/C type 37; Isopropyl acetate; 0.167 M; 65 °C; 3 h. Diastereomer ratio 34
: 66 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.

Method 8

_Catalyst: 5§ % Pd/C type 39; Tetrahydrofuran; 0.25 M; 65 °C; 3 h. Diastereomer ratio 39 :
61 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.

- Method 9

1.3 g (R)-5-Biphenyl-4-yimethyl-3-1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added to ethyl
acetate (40 ml) at ambient temperature. 0.3 g of 10 % Palladium on Carbon (Engelhard
4505) and water (0.3 ml) is added to the mixture. The mixture is then pressurised under a
hydrogen atmosphere to 4 bar. The mixture is stirred at ambient temperature and 4 bar
hydrogen pressure for 4 days. The mixture is then filtered to remove the catalyst and
concentrated under reduced pressure. The residue is then purified by column
chromatography (ethyl acetate/hexane, 70:30) to afford (3R, 5S)-5-biphenyl-4-ylmethyl-3-
methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (3-a, R1 =Boc)and (3S, 5S)-5-
biphenyl4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 =
Boc). Diastereomer ratio 67 : 33 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hpic.

Method 10
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13g (R)-5-Bipheny|—4—yImethy|-3—[1-dimethylaminorheth-(E/Z)—ylidene]-2-oxo-pyrro|idine—
1-carboxylic acid ?en-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added to ethyi
acetate (40 ml) at ambient temperature. 0.3 g of Lindlar Catalyst (ex Aldrich) is added to
the mixture. The mixture is then pressurised under a hydrogen atmosphere to 2 bar. The
mixture is stirred at ambieﬁt temperature and 2 bar hydrogen pressure for 3 days. The
mixture is then filtered to remove the catalyst and concentrated under reduced pressure.
The residue is then purified by column chromatography (ethyl acetate/hexaﬁe, 70:30) to
afford (3R, 5S)-5-biphenyl-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (3-a, R1= Boc)and (3S, 5S)-5-biphenyl-4-ylmethyl-3-methyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Boc). Diastereomer ratio 99.2 : 0.8
(3-a, R1 =Boc: 3-b, R1 = Boc) as determined by hpic. '

Method 11

1.3 g (R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-( E/Z)}-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added to ethyl
acetate (40 ml) at ambient temperature. 0.3 g of 10 % Palladium on Carbon (Engelhard
4505) is added to the mixture. The mixture is then pressurised under a hydrogen
atmosphere to 2 bar. The mixture is stirred at ambient temperature and 2 bar hydrogen
pressure for 3 days. The mixture is then filtered to remove the catalyst and concentrated
under reduced pressure. The residue is then purified by column chromatography (ethyl
acetate/hexane, 70:30) to afford (3R, 5S)-5-biphenyl-4-ylmethyl-3-methyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1 = Boc) and (3S, 5S)-5-biphenyl-4-
ylmethyi-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Boc).
Diastereomer ratio 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-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added to ethyl
acetate (40 ml) at ambient temperature. 0.3 g of 10 % Palladium on Carbon (Engelhard
4505) and one drop of aqueous sodium hydroxide solution are added to the mixture. The
mixture is then pressurised under a hydrogen atmosphere to 4 bar. The mixture is stirred
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at ambient temperature and 4 bar hydrogen pressure for 4 days. The mixture is then
filtered to remove the catalyst and concentrated under reduced pressure. The residue is
then purified by column chromatography (ethyl acetate/hexane, 70:30) to afford (3R, 5S)-
5-biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1
=Boc)and (3S, 58)—5-biphenyl-4-y|vmethyl-3-methy|-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (3-b, R1 = Boc). Diastereomer ratio 76 : 24 (3-a, R1 = Boc : 3-b, R1 = Boc)
as determined by hplc.

HPLC Method 1 (Example 34, Methods 1, 9, 10, 11 and 12)

Column: X-BRIDGE C18; 150 x 3.0 mm; .3.5 um. Mobile Phase A (0.1 % NH3 (32 %) in
water); Mobile Phase B (Acetonitrile). Gradient: 0 min (20 % B); 3 min (40 % B); 5 min
(40 % B); 10 min (70 % B), 11 min (70 % B), 13 min (80 % B), 16 min (80 % B), 16.1 min
(20 % B), 19 min 20 % B). Flow rate: 1.4 ml min™". Wavelength: 210 or 254 nm.
Temperature 55 + 2 °C.

Retention times:

7-a (R1 = Boc; R6 = Me; R7 = Me): 9.6 min
. 3-aand 3-b (R1 = Boc): 10.3 min

HPLC Method 2 (Example 34, Methods 1, 9, 10, 11 and 12)

Column: Chiralpak AD-RH, 150 x 2.6 mm, 5.0 um. Mobile Phase A (Water); Mobile
Phase B (Acetonitrile). Isocratic: 0 min (80 % B); 15 min (80 % B). Flow rate: 0.5 ml min
'. Wavelength: 210 nm.

Retention times:

3-a, R1 = Boc: 6.3 min
3-b, R1 =Boc: 6.9 min

HPLC Method 3 (Example 34, Methods 2-8)
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Column: AD-RH Chiralpak; 150 x 4.6 mm. Mobile Phase A (water); Mobile Phase B
(Acetonitrile). Isocratic: 0 min (20 % B); 15 min (20 % B). Flow rate: 0.5 ml min™".

Wavelength 210 nm. Column temperature 40 °C.
Retention times:

(3-a, R1 = Boc): 6.2 min
(3-b, R1 = Boc): 6.8 min

Example 35: Tris(dimethylamino)methane (13, R6 = Me, R7 = Me), Tert-Butoxy-
bis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 = tBu) and N,N-
Dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu)

NMe, NMe, NMe, NMe; NMe;
+ J\ 3 + +
MeN” “NMe, tBu0” TOtBu MepN NMe, Me,N~  ~OtBu 1Bu0” “OtBu
Method 1

A mixture of 1.01 g N,N-dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8
= tBu) (Aldrich #358800) and 0.73 g tris(dimethylamino)methane (13, R6 = Me, R7 = Me)
(Aldrich, #221058) are stirred at room temperature overnight. The resulting mixture is
cooled to room temperature, affording a solution containing 13, 14 and 15 (R6 = Me, R7 =
Me, R8 = Me) as determined by nmr (spectroscopic data as in Example 14, Method 1).

Method 2

A mixture of 1.01 g N,N-dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8
= tBu) (Aldrich #358800) and 0.73 g tris(dimethylamino)methane (13, R6 = Me, R7 = Me)
(Aldrich, #221058) are heated at 45 °C for 4 h. The resuiting mixture is cooled to room '
temperature, affording a solution containing 13, 14 and 15 (R6 = Me, R7= Me, R8 = Me)
as determined by nmr (spectroscopic data as in Example 14, Method 1).

Method 3
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A mixiure of 1.01 g N,N-dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8
= tBu) (Aldrich #358800) and 0.73 g tris(dimethylamino)methane (13, R6 = Me, R7 = Me)
(Aldrich, #221058) are heated at 80 °C for 1 h. The resulting mixture is cooled to room
temperature, affording a solution containing 13, 14 and 15 (R6 = Me, R7 = Me, R8 = Me)
as determined by nmr (spectroscopic data as in Example 14, Method 1).

- Example 36: Tris(dimethylamino)methane (13, R6 = Me, R7 = Me), Tert-pentoxy-
bis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 = CMe;Et) and N,N-
Dimethylformamide di-tert-pentoxyacetal (15, R6 = Me, R7 = Me, R8 = CMe;Et)

+|NMez NMe, NMe, NMe;,
Me,N cr MeN” “NMe;, Me,N” O o” O

Method 1

57.5 g N,N,N,N-tetramethylformamidinium chloride is added to 93 g sodium amylate 40 %
solution in toluene. The resuiting mixture is stirred at room temperaturé for48 h. The
mixture 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 (CgD¢): 0.81-0.84, 0.92-0.98, 1.02, 1.10, 1.20, 1.30-1.34,
1.47-1.62, 2.29, 2.33, 3.02, 4.06, 5.02. Relative amounts of 13 (R6 = Me; R7 = Me), 14
(R6 = Me, R7 = Me, R8 = tBu), 15 (R6 = Me, R7 = Me, R8 = Me) are determined by
integration of signals at 3.02, 4.06 and 5.02 ppm, respectively.

Method 2

41 g N,N,N,N-tetramethylformamidinium chloride is added to 67 g sodium amylate 40 %
solution in toluene. The resulting mixture is stirred at room temperature for 48 h. The
mixture is filtered and the cake washed with toluene (2 x 10 ml). The mixture is then
diluted to a total volume of 100 ml to afford a solution containing 13, 14 and 15 (R6 = Me,
R7 = Me, R8 = CMe;Et). Spectroscopic data as for Example 36, Method 1.
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Example 37: (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid diisopropylethylammonium salt (1-a, R1 = Bo¢, R2 = H, R3 = CO;[NHIPr;Et]")

&
o o] H J\
1 g (2R,4S)-5-Biphenyl-4-yi-4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 =

Boc, R2 = H, R3 = CO;H) is added to ethanol (10 ml). Diisopropylethylamine (0.454 ml) is
then added and th_e mixture is stirred at room temperature for 30 minutes. The mixture is

1

then concentrated in vacuo to afford (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-

2-methylpentanoic acid diisopropylethylammonium salt (1-a, R1 = Boc, R2 = H, R3 = CO;
[NHiPrEt]"). 1H NMR (DMSO-d6): 0.95-0.98 (15 H), 1.04 (3H), 1.32 (9H), 1.36 (1H), 1.74
(1H), 2.38-2.49 (3' H), 2.67 (2H), 2.99 (2H), 3.66 (1H), 6.29 and 6.70 (1H), 7:23-7.25 (2H),
7.33-7.37 (1H), 7.42-7.46 (2H), 7.55-7.57 (2H), 7.62-7.64 (2H).

Example 38: (2R,4S)-5-biphenyli-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid triethylammonium salt (1-a, R1 = Boc, R2 = H, R3 = CO;[NHEt;]*)

&
i

1 g (2R,4S5)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-a,

R1 = Boc, R2 = H, R3 = CO,H) is added to ethanol (10 ml). Triethylamine (0.264 ml) is

then added and the mixture is stirred at room temperature for 30 minutes. The mixture

is then concentrated in vacuo to afford (2R,4S)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid triethylammonium salt (1-a, R1 = Boc, R2
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= H, R3 = CO,[NHEt]*). 1H NMR (DMSO-d6): 0.95 (9 H), 1.04 (3H), 1.32 (9H), 1.36
(1H), 1.74 (1H), 2.38-2.50 (7 H), 2.67 (2H), 3.65 (1H), 6.29 and 6.70 (1H), 7.23-7.25
(2H), 7.33-7.37 (1H), 7.43-7.48 (2H), 7.55-7.57 (2H), 7.62-7.64 (2H).

Example 39: (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid sodium salt (1-a, R1 = Boc, R2 = H, R3 = CO,'Na*)

(] &

1 g (2R.4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (R1 =
Boc, R2 = H, R3 = CO,H) is added to ethanol (10 ml). Sodium methoxide (141 mg) is
then added and the mixture is stirred at room temperature for 30 minutes. The mixture
is then concentrated i/n vacuo to afford (2R,485)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid sodium salt (1-a, R1 = Boc, R2=H,R3=
COzNa’). 1H NMR (DMSO-d6): 0.91 (3H), 1.29 (1H), 1.34 (9H), 1.61 (1H), 2.12 (1H),

' 2.68-2.81 (2H), 3.60 (1H), 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). '

Example 40: (2R,4S5)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO;H), (25,4S)-5-biphenyl-4-yl-

4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-b, R1 = Boc, R2=H, R3 =
COzH),

.
HN'

770 T
(o) o

Method 1
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20 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,

- R1=Boc,R2 = H'. R3 = CO,H) is added to ethanol (400 ul). 10 % Palladium on carbon (2
mg, 50 % water wet, Degussa type E101 NE/W) is then added. Hydrogen gas at ambient
pressure is applied to the mixture. The mixture is stirred at ambient temperature and
pressure overhight. The mixture is then filtered over Celite and washed with ethanol (2 x
05 hl). The mixture is then concentrated in vacuo to give (2R,4S)-5-biphenyl-4-y|-4-tert-
butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO,H) and
(2S,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-b, R1 =
Boc, R2 =H, R3 = CO,H). 1H NMR (CDCl,): 1.11-1.16, 1.21 and 1.33, 1.39-1.53, 1.70-
1.92, 2.32-2.81, 3.72-3.97, 4.44-4.50, 6.41 and 6.56, 7.16-7.49, 10.84.

Method 2

20 mg (R)-5-Bipheny|-4-yl-4-tert-butoxycarbonylamino-2-methylenebentanoic acid (2-a,
R1 =Boc, R2 = H, R3 = CO,H) is added to isopropyl acetate (400 u!). 10 % Palladium on
carbon (2 mg, 50 % water wet, Degussa type E101 NE/W) is then added. Hydrogen gas
at ambient pressure is applied to the mixture. The mixture is stirred at ambient
temperature and pressure overnight. The mixture is then filtered over Celite and washed
with isopropyl acetate (2 x 0.5 ml). The mixture is then concentrated in vacuo to give

(2R 4 S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 =
Boc, R2 = H, R3 = CO,H) and (2S,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid (1-b, R1 = Boc, R2 =H, R3 = COZH). Spectroscopic data as in
Example 40, Method 1.

Method 3

20 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 =Boc, R2 = H, R3 = CO,H) is added to isopropyl acetate (400 ul). 10 % Platinium on
carbon (2 mg) is then added. Hydrogen gas at ambient pressure is applied to the mixture.
The mixture is stirred at ambient temperature and pressure overnight. The mixture is then
filtered over Celite and washed with isopropyl acetate (2 x 0.5 ml). The mixture is then
concentrated in vacuo to give (2R,4 S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO,H) and (25,4 S)-5-biphenyl-4-yl-4-
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te/t-butoxycarbonylamiho—2-methylpentanoic acid (1-b, R1 = Boc, R2 = H, R3 = CO,H).
Spectroscopic data as in Example 40, Method 1.

Method 4

20 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Boc, R2 = H, R3 = CO,H) is added to isopropyl acetate (400 ul). 5 % Rhodium on
carbon (2 mg) is then added. Hydrogen gas at ambient pressure is applied to the mixture.
The mixture is stirred at ambient temperature and pressure overnight. The mixture is then
filtered over Celite and washed with isopropyl acetate (2 x 0.5 ml). The mixture is then
concentrated in vacuo to give (2R,4S)—5-biphenyl—4—yl-4—Ien‘-butoxycarbohylamino-2-
methylpentanoic acid (1-a, R1 = Boc, R2 = H R3 = COH) and (2S,4 S)-5-biphenyl-4-yl-4-
tert-butoxycarbonylamino-2-methylpentanocic acid (1-b, R1 = Boc, R2 = H, R3 = CO,H).
Spectroscopic data as in Example 40, Method 1.

Example 41: (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic
acid potassium salt (2-a, R1 = Boc, R2 = H, R3 = CO;K)

500 mg (R)-5-biphenyi-4-yi-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1=Boc, R2 = H, R3 = CO,H) is added to ethanol (6 ml) at room temperature. 2.6 ml of
a 0.5 M Potassium hydroxide in ethanol solution is added to the mixture over a period of 5
minutes. The resuiting mixture is stirred for 1 h at room temperature. The solvent is then
removed under reduced pressure. Toluene (10 ml) is added to the mixture. The solvent
is then removed under reduced pressure to give (R)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylenepentanoic acid potassium salt (2-a, R1 = Boc, R2 = H,
R3 = CO:K). 1H NMR (DMSO): 1.35 (9H), 2.24-2.37 (2H), 2.67-2.84 (2H), 3.69-3.80 (1H),
5.04 (1H), 5.79 (1H), 7.12-7.17, 7.23-7.35, 7.42-7.46, 7.54-7.57, 7.62-7.67.
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Example 42: (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid potassium salt (1-a, R1 = Boc, R2 = H, R3 = CO;K) and (2S,4S)-5-biphenyl-4-yl-
4-tert-butoxycarbonylamino-2-methylpentanoic acid potassium salt (1-b, R1 = Boc,
R2 =H, R3 = CO:K)

Method 1-

100 mg (R)-5-Biphenyl-4-y|-4-tert-butoxycarbonylamino-2-methylenepéntanoic acid
potassium salt (2-a, R1 = Boc, R2 = H, R3 = CO.K) (prepared according to procedure in
Example 42) is added to ethanol (1 ml). 10 % Palladium on carbon (10 mg, 50 % water
wet, Degussa type E101 NE/W) is then added. Hydrogen gas at ambient pressure is
applied to the mixture. The mixture is stirred at ambient temperature and pressure
ovemnight. The mixture is then filtered over Celite and washed with ethanol (2 x 1 ml).
The mixture is then concentrated in vacuo to give (2R,4S)-5-bipheny!-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid potassium salt (1-a, R1 = Boc, R2=H, R3 =
CO,K) and (2S,4S)-5-biphenyl-4-yl-4-tér1-butoxycarbonylamino-2-methylpentanoic acid
potassium salt (1-b, R1 = Boc, R2 = H, R3 = CO,K). 1H NMR (CDCl;): 1.06-1.12, 1.31-
1.36, 1.80-.193, 2.25-2.49, 2.62-2.92, 3.74-4.08, 4.81 and 5.27, 6.20 and 6.54, 7.24-7.57.

Method 2

100 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
potassium salt (2-a, R1 = Boc, R2 = H, R3 = CO.K) (prepared according to procedure in
Example 42) is added to isopropyl acetate (1 ml). 10 % Palladium on carbon (10 mg, 50
% water wet, Degussa type E101 NE/W) is then added. Hydrogen gas at ambient
pressure is applied to the mixture. The mixture is stirred at ambient temperature and
pressure overnight. The mixture is then filtered over Celite and washed with isopropyl
acetate (2 x 1 ml). The mixture is then concentrated in vacuo to give (2R,4S)-5-biphenyl-
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4-yi-4-tert-butoxycarbonylamino-2-methylpentanoic acid potassium salt (1-a, R1 = Boc, R2
= H'. R3 = CO.K) and (25,4 S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid potassium salt (1-b, R1 = Boc, R2 = H, R3 = CO;K). Spectroscopic
data as in Example 42, Method 1. ‘

Method 3

100 mg (R)-5-Biphenyi-4-yl|-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
potassium salt (2-a, R1 = Boc, R2 = H, R3 = CO,K) (prepared according to procedure in
Example 42) is added to isopropyl acetate (1 ml). 10 % Platinium on carbon (10 mg) is
then added. Hydrogen gas at ambient pressure is applied to the mixture. The mixture is
stirred at ambient temperature and pressure ovemight. The mixture is then filtered over
Celite and washed with isopropyl acetate (2 x 1 ml). The mixture is then concentrated in
vacuo to give (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid
potassium salt (1-a, R1 = Boc, R2 = H, R3 = CO,K) and (2S,4S)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid potassium salt (1-b, R1 = Boc, R2 =H, R3 =
_ CO:K). Spectroscopic data as in Example 42, Method 1. ’

Method 4

100 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
‘potassium salt (2-a, R1 = Boc, R2 = H, R3 = CO.K) (prepared according to procedure in
Example 42) is added to isopropyl acetate (1 ml). 5 % Rhodium on carbon (10 mg) is
then added. Hydrogen gas at ambient pressure is applied to the mixture. The mixture is
stirred at ambient temperature and pressure overnight. The mixture is then filtered over
Celite and washed with isopropyl acetate (2 x 1 ml). The miXture is then concentrated in
vacuo to give (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid
potassium salt (1-a, R1 = Boc, R2 = H, R3 = CO,K) and (2S,4S)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid potassium salt (1-b, R1 = Boc, R2 = H,R3 =
CO2K). Spectroscopic data as in Example 42, Method 1.

Example 43: (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO,H), (2S,4S)-5-Biphenyl-4-yl-
4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-b, R1 = Boc, R2=H, R3 =
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COH), (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid salt (1-a, R1 = Boc, R2 = H, R3 = CO;) or (2S,4S)-5-Biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid salt (1-b, R1 = Boc, R2=H, R3 =
CO,)

General Procedure 1

A mixture of Organometallic Catalyst (C) and (R)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 = CO.H) is
added to the Solvent‘ (S) (volume and identity of solvent given in the Table of Example 43)
to achieve the concentration of 2-a (R1 = Boc, R2 = H, R3 = CO;H) given in the Table of
Example 43 and an S/C ratio as given in the Table of Example 43.

Optionally and according to 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 Example 43.
The amount of additive to be used is relative to the moles of (R)-5-biphenyi-4-yl-4-tert-

butoxycarbonylamino-2-methylenepentanocic acid (2-a, R1 = Boc, R2 = H, R3 = CO,H)

used.

Hydrogen has is then applied to the vessel containing the mixture (temperature, time and
pressure are given in the Table of Example 43).

The volatiles are removed under reduced pressure and the resulting residue analysed by
hplc to determine the ratio of (1-a, R1 = Boc, R2 = H, R3 = CO,H) or (1-a, R1 = Boc, R2 =
H, R3 =CO;") to (1-b, R1 = Boc, R2 =H, R3=COzH) or (1-b, R1 =Boc, R2=H, R3 =
COy).
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General Procedure 2

Solvent (S) (volume and identity of solvent given in the Table of Example 43) is added to a
mixture of the Organometallic Complex (A) and the Chiral Ligand (L). The mixture is
stirred for 0.5 h at room temperature. (R)-5-Biphenyl-4-yi-4-tert-butoxycarbonylamino-2-
methylenepentanoic 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 ,
concentration 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 atom of
metal within the Organometallic Complex is given in the Table of Example 43.

Hydrogen gas is then appliéd to the vessel containing the mixture (temperature, time -and

pressure is given in the Table of Example 43).

The volatiles are removed under reduced pressure and the resulting residue analysed b_y
hplc to determine the ratio of (1-a, R1 = Boc, R2 = H, R3 = CO;H) or (1-a, R1 =Boc, R2 =
H, R3 = COy) to (1-b, R1 = Boc, R2 = H, R3 = CO,H) or (1-b, R1 =Boc, R2 =H, R3 =
€oy).

General Procedure 3

(R)-5-Biphenyl-4-yl4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 =
Boc, R2 = H, R3 = CO,H) in a Solvent (S) (0.244 ml|, identity of solvent given in the Table
of Example 43) is added to the vessel containing the Organometallic Catalyst (C). Further
solvent (identity given in the Table of Example 43) is added to give a final concentration of ‘
2-a ((R1 = Boc, R2 = H, R3 = CO;H) given in the Table of Example 43. The S/C ratio is
given in the Table of Example 43.

Optiohally and according to 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 Examplé 43.
The amount of additive to be used is relative to the moles of (R)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 = CO,H)
used.
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The mixture is then stirred at the temperature and pressure given in the Table of Example
43 for a period of time also indicated in the Table of Example 43.

The érude reaction solutions are analys_ed by hplc to determine the ratio of (1-a, R1 = Boc,
R2=H,R3= CO;H) or (1-a, R1 =Boc, R2=H, R3 =CO;) to (1-b, R1=Boc, R2=H, R3
= CO.H) or (1-b, R1 = Boc, R2 = H, R3 = C0Oy).

General Procedure 4

The Organometallic Complex (A) and Chiral Ligand (L) are added to a mixture of ethanol
(0.041 'ml) and dichloroethane (0.135 ml). The mixture is stirred for 0.5 h. The solvent is
then removed under reduced pressure. (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 = CO,H) in a Solvent (S) (0.244 ml,
identity of solvent given in the Table of Example 43) is added to the vessel containing the
Organometallic Complex (A) and Chiral Ligand (L). Further solvent (identity given in the
Table of Example 43) is added to give the final concentration of 2-a (R1 = Boc, R2 = H,

R3 = CO,H) shown in the Table of Example 43. The S/C ratio is given in the Table of
Example 43. The ratio of Chiral Ligand per atom of metal within the Organometallic
Complex is given in the Table of Example 43.

Optionally and according to the Table of Example 43, an Additive (D) may be added at
this stage. The identity and amount of the additive is gfven in the Table of Example 43.
The amount of additive to be used is relative to the moles of (R)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-z-methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 = CO,H)
used.

Hydrogen gas is 'the applied to the vessel containing the mixture (temperature, time and
pressure is given in the Table of Example 43).

The crude reaction solutions are analysed by hplc to determine the ratio of (1-a, R1 = Boc,
R2 = H, R3 = CO;H) or (1-a, R1 = Boc, R2 = H, R3 = CO;) to (1-b, R1 =Boc, R2=H, R3
= COzH) or (1-b, R1 =Boc, R2 = H, R3 = COy).
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General Procedure 5

Solvent (S) (volume and identity of solvent given in the Table of Example 43) is added to a
mixture of the Organometallic Complex (A) and the Chiral Ligand (L) in Vessel A. The

mixture is stirred for 15 min at room temperature.

Solvent (S) (volume and identity of solvent given in the Table of Example 43) is added to
(R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 =
Boc, R2 = H, R3 = CO,H) in Vessel B. '

The contents of Vessel A and Vessel B are transferred to Vessel C (empty). The final
concentration 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 atom of
metal within the Organometallic Complex is given in the Table of Example 43.

Hydrogen gas is then applied to Vessel C (temperature, time and pressure is given in the
Table of Example 43).

The crude reaction solutions are analysed by hplc to determine the ratio of (1-a, R1 = Boc,
R2 =H, R3 = CO;H) or (1-a, R1 = Boc, R2=H, R3 = CO;) to (1-b, R1 =.Boc, R2 = H, R3
= COzH) or (1-b, R1 = Boc, R2 = H, R3 = COy).

General Procedure 6

Solvent (S) (volume and identity of solvent given in the Table of Example 43) is added to a
mixture of the Organometallic Complex (A) and the Chiral Ligand (L) in Vessel A. The

mixture is stirred for 0.5 h at room temperature.

The mixture is transferred to Vessel B containing (R)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 = CO;H)
and optionally (as indicated in the Table of Example 43) ,4-diazobicyclo[2.2.2]octane
(amount given in the Table of Example 43). The amount of 1,4-diazobicyclo[2.2.2]octane
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used is rélative to the moles of (R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylenepentanoic acid (2-a, R1 =Boc, R2 = H, R3 = CO,H) used. The final
concentration 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 atom of
metal within the Organomgtallic Complex is given in the Table of Example 43.

Optionally and according to the Table of Example 43, methanesulphonic acid may be
added at this stage to Vessel B. The amount of methanesulphonic acid used is relative to
the moles of (R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid .
(2-a, R1 = Boc, R2 = H, R3 = CO,H) used and is given in the Table of Example 43.

Hydrogen gas is then applied to Vessel B and its contents at the temperature, time and
pressure given in the Table of Example 43.

The crude reaction solutions are analysed by hplc to determine the ratio of (1-a, R1 = Boc,
R2 =H, R3 = CO.H) or (1-a, R1 = Boc, R2 = H, R3 = CO;) to (1-b, R1 = Boc, R2 = H, R3
= COzH) or (1-b, R1 = Boc, R2 =H, R3 = COy).

General Procedure 7

Solvent (S) (volume and identity of solvent as given in the Table of Example 43) is added
to a mixture of the Organometallic Complex (A) and the Chiral Ligand (L) in Vessel A.
Hydrogen gas (1 bar) is applied to Vessel A and the mixture stirred for 5 min at ambient

temperature.

Solvent (volume and identity of solvent given in the Table of Example 43) is added to (R)-
5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2
=H, R3 = CO,H) in Vessel B.

The contents of Vessel A and Vessel B are transferred to Vessel C (empty). The final
concentration 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 atom of
metal within the Organometallic Complex is given in the Table of Example 43.
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Hydrogen gas is then applied to Vessel C and its contents (temperature, time and
pressure is given in the Table of Example 43.

The crude reaction solutions are analysed by hplc to determine the ratio of (1-a, R1 = Boc,
R2 = H, R3=CO;H) or (1-a, R1 = Boc, R2 = H, R3 = CO;) to (1-b, R1 =Boc, R2=H, R3
= CO,H) or (1-b, R1 = Boc, R2 =H, R3 = COy).

General Procedure 8

Solvent (S) (volume and identity of solvent given in the Table of Example 43) is added to a
mixture of the Organometallic Complex (A) and the Chiral Ligand (L) in Vessel A. The

mixture is stirred for 15 min at room temperature.

Solvent (volume and identity of solvent given in the Table of Example 43) is added to (R)-
5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2
=H, R3 = CO,H) in Vessel B. The mixture is heated at 70 °C for 0.5 h

The contents of Vessel A and Vessel B are transferred to Vessel C (empty). The final
concentration 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 atom of
metal within the Organometaliic Complex is given in the Table of Example 43.

Hydrogen gas is then applied to Vessel C (temperature, time and pressure is given in the
Table of Example 43.

The crude reaction solutions are analysed by hplc to determine the ratio of (1-a, R1 = Boc,
R2 = H, R3 = COzH) or (1-a, R1 = Boc, R2 = H, R3 = CO;) to (1-b, R1 = Boc, R2 = H, R3
= COzH) or (1-b, R1 = Boc, R2 = H, R3 = COy).

HPLC Method 1 (Reactions performed according to Example 43, General Procedures 1
or 2).
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Column: Chiralpak QD-AX; 150 x 4.6 mm; 5 um. Mobile Phase A: Methanal, 0.05 %
AcOH (v/v), 0.01 % NH4OAc (m/v). Isacratic: 0 min (100-% A); 15 min (100 % A). Flow

rate 0.8 mi min™. .Wavelength: 254 nm. Column temperature: ambient (20-25 °C).

Retention times: o

(1-a, R1 = Boc, R2 = H, R3 = CO,H): 8.3 min
(1-b, R1 = Boc, R2 = H, R3 = COzH): 5.0 min
(2-a, R1 = Boc, R2 = H, R3 = CO_H): 5.7 min

HPLC Method 2 (Reactions performed according to Example 43, General Procedures 3,
4,5,6,7, or 8). '

Column: Chiralpak QD-AX; 150 x 4.6 mm; 5 um. Mobile Phase A: Methanol; 0.05 %
AcOH (v/v), 0.01 % NH,OAc (m/v). Isocratic: 0 min (100 % A); 20 min (100 % A). Flow

rate: 0.8 ml min". Wavelength: 220 nm. Column temperature: 25 °C.
Retention times:
(1-a, R1=Boc, R2 = H, R3 = CO,H): 5.0 min

(1-b, R1 = Boc, R2 = H, R3 = CO,H): 5.8 min
(2-a, R1=Boc, R2 = H, R3=CO,H): - 8.4 min
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Table of Example 43:

DA bW N

4
3
1
3
6
4

.
.

A-2
A-5

L-48
L-36

100

25
500
100

S-1
S-12
81

211

20

16
16
16
16
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7

8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

F O N e, TN, O O

—_

N N O - N - = R -

c-27

C-48

Cc-27

C-5

c-27
c-27

Cc-27

C-41

C-17

C-38

c-27

A4

A-2

A-2

A-2

-A-1

L-2

L-25

L-48

L-28

L-16
L-29

- L48

L-12

L-17

L-27
L-14

L-42

1.20

1.20

1.05

1.05

1.20

1.20

1.20

1.20

1.20

1.20
1.20

1.20

25
1000
25
100
2500
100
100
2500
25
25
1000
1000
25
100
25
100
25
100
25
25
100
25
2500

0.042
0.6
0.042
0.3
1.31
0.3
0.3
2.62
0.042
0.042
0.6
0.6
0.042
0.3
0.042
0.3
0.042
0.3
0.042
0.042
0.3
0.042
0.79

S-1
S-1
S-1
S-1
S-1
S-1
S-1
S-1
S-1
S-5
S-1
S-1
S-1
S-1
S-1
S-1
S-1

S-1
S-1
S-1
S-1
S-8

212

0.5

0.5

10

20

0.5

0.5

6.5

0.5

0.5

0.5
0.5

0.5

84.0

200.0
84.0

100.0
131.0
100.0
100.0

131.0

84.0
84.0
200.0
200.0
84.0
100.0
84.0
100.0
84.0
100.0
84.0
84.0
100.0
84.0
263.3

D-6

D4

D4

D-3
D-7
D-6
D-4
D-1

D4

D4

D-6

0.5

25

30

50
50

25
25

30

30

50

50

25

20
20
20

20
20

20
20

20
20
20
20

20
20
20
20

16
16
16
16
16
16

16

16
16
16
16
16

16 |

16
16
16
16
16
16
16
16
16
16

60.7

95.5

48.2
82.0
921
92.5
46.5
90.8
34.6
91.5
93.0
95.5
50.9
93.5
749
840
28.1
63.0
9.0
61.8
52.5
44.9
50.0

39.3
4.5
51.8
18.0
7.9
75
53.5
9.2
65.4
8.5
7.0
4.5
49.1
6.5
251
16.0
719
37.0
91.0
38.2
47.5
55.1
50.0
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

w

B A W 2O a2 a2 Bd A BANADBD S A a RN A h A

C-3
C-19

C-24

C-20
C-27
C-10

C-39
c-27

c-27
C-1

A-2
A-2
A7
A-2
A-2

L-12
L-21
L-36

L-51

1.20
1.20
1.05

1.20

25
100
25
25
2500
100
25
100
1000
100
25
25
100
25
25
25
100
1000
500
500
25
25
25

0.042
0.3
0.042
0.042
1.31
0.3
0.042

0.3
0.6
0.3
0.042
0.042
0.3
0.042
0.042
0.042
0.3
0.79

- 0.66

0.79
0.042
0.042
0.042

S-1

S-1
S§-1
S-1
S§-1

S-1
S-1
S-1
S-1
S-1
S-1
S-1
S-1
S-1
S-1
S-1
S-1

S-9

S22

S§-1
S-6

213

0.5
0.5
0.5

10

0.5

84.0
100.0
84.0
84.0
131.0
100.0
84.0
100.0
200.0
100.0
84.0

84.0 -

100.0
84.0
84.0
84.0
100.0
263.3
132.0
263.3
84.0
84.0
84.0

D-6
D-4

D-4
D-6

D6

0.9

0.5

S agdaazx8a

25

50
25

25

20
20
20

15
20

20
20
20
20

20

20

20

20

20

20

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

92.9
62.0
78.9
52.0
92.2
62.5
35.2
61.0
95.5
735
74.7
9.8
52.5
751
404
77.7
41.5
95.5
819
96.0
701
79.5
59.1

7.1
38.0
211
48.0

7.8
375
64.8
39.0

4.5
26.5
25.3
90.2
47.5
24.9
59.6
22.3
58.5

4.5
18.1

4.0
29.9
20.5
40.9
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53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

(6)]

N =2 2 & ph 2 o O P 2 00 2 =2 B b b0 O b~ o0

A-2

A-2

L-48
L-36
L-3
L-33
L-48
L-48
L-27
L-12
L-16

L-48
L-48
L-17

L-48

L-21
L-50

L-48

1.05
1.05
1.20
1.05
1.20
1.05
1.20
1.20
1.20

1.10
1.05
1.20

1.05

1.20
1.20

1.10

5000
100
25
25
25
500
25
25
25
100
2500
500
2500
100
25
2500
2500
500
25
25
100
100
5000

2.62
1.31
0.042
0.5
0.042
0.66
0.042
0.042
0.042
0.3
0.79
262
2.62
0.3
0.042
2.62
0.79
0.3
0.042
0.042
0.3
0.3
21

S-1
S-1
S-1
S-1

S-1
S-1
S-3
S-1
S-1
S-1
S-1
S-1
S-1

S-8
S-1
S-1
S-5
S-9
S-1
S-1

214

16

75

10

20
10
0.5
15
0.5

0.5
0.5
0.5

20

20

0.5
20

131.0

131.0
84.0

33.3
84.0
132.0
84.0
84.0
84.0
100.0
263.3
131.0
131.0
100.0
84.0
131.0
263.3

3 .| 100.0

0.5
0.5

85

84.0

84.0

100.0
100.0
262.5

D-6
D-4

D-3

D-4

20
15
20

20
20

20
20

20
20
20

20
20

20
20
20

16
16
16
16
16
16

16

16
16
16
16
16

16

16
16

16

16
16
16
16
16
16
17

95.2
87.6
61.6
74.0
45.2

795

10.5
80.7

-26.8

44.0
95.0
94.0
93.2
68.0
31.9
77.5
96.5
78.5
67.2
88.1

62.0

70.0
95.9

48
12.4
384
26.0
54.8
20.5
89.5
19.3
732
56.0
5.0
6.0
6.8
32.0
68.1
225
35
215
32.8
11.9
38.0
30.0
4.1
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Case 52466A

76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

O O S Y. Y T S Y SO O U T S Y- J

C40

c-14

C-27

C-65

C-37

C-28

C-27

A-2

L-48
L-48
L-28
L-19
L-30

L-25

L-16

L-48

L-48

L-29

L-42

L-32

L-51

1.05
1.05
1.05
1.20
1.20

1.20

1.20

1.05

1.10

1.20

1.20

1.20

1.20

1000
500
500

2500

25
25
100
25
100
100
25
100

2500
500

2500
100

25
100
25
100
25
1000
25

0.6
0.66
1.31
2.62

0.042
0.042
0.3
0.042
0.3
0.042
0.042

0.3
2.62
2.62

21

0.3

0.042
0.3
0.042
0.3
0.042
0.79
0.042

S-1
S-1
S-1
S-1

S-1
S-9
S-1
S-9
S-1

S-1
S-1
S-1
S-1
S-1

S-1
S-1
S-1
S-1
S-8
S-1

215

20
0.5
0.5
0.5

0.5
0.5

20

20

0.5

0.5

0.5

0.5

200.0
132.0
262.0
131.0
84.0
84.0
100.0
84.0
100.0
84.0
84.0

100.0-

131.0
131.0
262.5
100.0
84.0
100.0
84.0
100.0
84.0
263.3
84.0

D-4
D-3

D-8

D-4

D-1

D-1
D-8

0.5
0.1

0.08

0.08
0.5

25

A4 32 a2 a3 a

50
65

25
60

50

50

25

20

20

20
20
20

20

20
20

20
20
20
20
20

16
16
16
16
16
16
16
16
16
16
16
16
16

16

18
16
16
16
16
16
16
16
16

93.5
90.3
85.3
83.8
57.2
736
735
53.4
41.0
82.9
26.0
52.5
92.7
93.9
94.0
57.0
76.4
56.5
61.5
52.5
56.3
97.0
84.1

6.5

9.7

14.7
16.2
42.8
26.4
26.5
46.6
59.0
17.1
74.0
4715
7.3
6.1
6.0
43.0
23.6
435
38.5
475
43.7
3.0
15.9
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Case 52466A

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

4w W h A s B A B aOBN A DN D B2 W a o

C-7
C-7
C-2
c-27

c-4

L-48
L-27
L-36
L-43

L-5
L-31

L-42
L-52
L-48
L-1

L-36

L-22
L-42

1.05
1.20
1.20
1.20

1.20
1.20

120
1.20
1.10
1.20
1.20

1.20
1.20

100

100
25
1000
100
25
25
25
100
25
25
100
25
25
5000
25
25
100
25
25
25
25
100

0.3
0.3
0.042
0.79
1.31
0.042
0.042
0.042
0.3
0.042
0.042
0.3
0.042
0.042
21
0.042
0.042
0.3
0.042
0.042
0.042
0.042
0.3

S-1
S-9
S-3
S-10
S-1
S-1

S-1
S-1
S-1
S-1
S-9
S-1
S-1
S-1
S-1

S-1
S-4
S-1
S-2

S-1

216 .

0.5

10
0.5
05
0.5

0.5
0.5

0.5
05
160
05
0.5

0.5
0.5
0.5
0.5

100.0
100.0
84.0
263.3
131.0
84.0
84.0
84.0
100.0
84.0
84.0
100.0
84.0
84.0
131.3
84.0
84.0
100.0
84.0
84.0
84.0
84.0
100.0

D-4
D-2

60
60

25

60

20
20

20

20

20

20

20

20

20

20

20

20
20

16
16
16

16

16
16

16

16
16
16
16
16
16
16
16

16

16
16
16
16
16
16
16

82,5
69.5
27.4
50.0
94.6
50.7
90.4
71.3
84.0
435
57.6
34.0
62.5
82.8
95.8
80.9
65.9
76.0
12.8
64.6

65.4

414
39.0

17.5
30.5
72,6
50.0
54
49.3
9.6
287
16.0
56.5
424
66.0
37.5
17.2
42
19.1
341
240
87.2
354
34.6
58.6
61.0
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Case 52466A

122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

PN

T T T N L B s R N & 1 B 2 T R

C-56
c-41

C-40
C-2

c-27
C-56

A-2

1.20

1.20
1.20
1.20

1.20
1.05

1.20

1.10
1.20
1.20
1.20

1.20
1.20
1.20

25
100
100

25

25

25

2500

25
500
100
100
100

2500

25
25
25
100

25
25
25
25

2500
100

0.042

03
03
0.042
0.042
0.042
0.79
0.042
0.66
03
0.042
0.3
21
0.042
0.042
0.042
0.3
0.042
0.042
0.042
0.042
21
0.3

S-1

S-1

S-1

S-1
S-1
S-3
S8
S-1

217

0.5

0.5
05
05

0.5

0.5

80
05
05
0.5

0.5
0.5
0.5
0.5

84.0
100.0
100.0
84.0
84.0
84.0
263.3
84.0
132.0
100.0
84.0

100.0

262.5
84.0
84.0
84.0

100.0
84.0
84.0
84.0
84.0

262.5
100.0

D-4
D4

60
50

35
60

20
20
20
20
20
20

20

20

20

20
20

20

20
20

16
16
16
16
16
16
16
16
16
16
16
16
16

16

16
16
16
16
16
16
16
18
16

65.7
61.0
83.0
61.5
55.7
40.7
96.0
27.0
96.4
26.0
89.5
52.5
93.1
62.5
84.2
50.3
87.5

42.7

40.8
60.7
34.6
96.0
52.5

343
39.0
17.0
38.5
443
59.3
40
73.0
3.6
74.0
10.5
47.5
6.9
37.5
158
49.7
12.5
57.3
59.2
39.3
65.4
4.0
47.5
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Case 52466A

145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167

B %2 S B4 ) R . T T B & T S N S O I

C-15

L-49

L-35

L-48
L-48
L-48
L-34

L-48

1.20

1.20

500
25
25
25
100
100
25
100
100
100
25
25
100
100
25
100
100
500
2500
2500
25
1000
100

0.79
0.042
0.042
0.042
0.3
0.3
0.042
0.3
03
0.3
0.042
0.042
03
03
0.042
0.3
0.3
1.31
21
11.8
0.042
0.79
0.042

S-10

S-1
S-1
S-1
S-1

-1
S-1
S-1
S-1
S-1
$-10
S-1
S-1
S1
S-1
S-1
S-1
S-1
S-1
S-1
S-1

218

70
60

10
30

0.5
0.5
0.5

0.5

0.5
0.5

0.5

263.3
84.0
84.0
84.0
100.0
100.0
84.0
100.0
100.0
100.0
84.0
84.0
100.0
100.0
84.0
100.0
100.0
131.0
262.5
131.1
84.0
263.3
84.0

D4
D-2

D-4
D4

D-1

D4

0.5

25

50
60

50
30
30

60
60

60
50
65

20
20

20
20
20

20
20
20

20
20
20
20
20
20

20

20
20

16
16
16
16
16
16

16

16
16
16
16
16

16 .

16
16
16
16
16
16
16
16
16
16

50.0

63.0

30.4
67.7

340

52.5
34.4
375
79.0
83.0
93.1
63.1
42.5
75.0
71.6
65.0
62.0
94.3
92.1
95.4

48.2

96.0

948

50.0
37.0
69.6
32.3
66.0
47.5
65.6
62.5
21.0
17.0
6.9
36.9
57.5
25.0
28.4
35.0
38.0
57
79
4.6
51.8
4.0
5.2
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Case 52466A

168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190

PR N © ) T & ; [ N o e G - S S L T S & R U S N & » [ < SR - N O % I T Y

C-27

C-25
C-27
C-40
C-23

C-18
C-40

A-5
A-2

| A-2

A-2

L-48

L-48

1.20
1.20
1.06

1.20

1.20

1.06
1.20

1.05
1.05

100

2500
25
100
100
25
25
5000
100
25
25
25
500
500
25
100
1000
1000
100
100
2500
100
500

0.3
0.79
0.042
0.3
0.3
0.042
0.042
2.62
0.3
0.042
0.042
0.042
0.3
1.31
0.042
0.3
0.79
0.6
0.3
1.31
1.31
0.3
0.3

S-1
S-1
S-1
S-11
S-1
S-1
S-1
S-1

S-1
S-7
S-1
S-1
S-1
S-1
S-9
S-1
S-1
S-1
S-13
S-10
S-2

219

0.5

100.0
263.3
84.0
100.0
100.0
84.0
84.0
131.0

' 100.0

84.0
84.0

84.0

100.0
131.0
84.0
100.0
263.3
200.0
100.0
131.0
1871
100.0
100.0

D-4
D-8

D-4

D-2
D4

D-6
D-7
D4

D4
D4

50
25

50
60

50
65

50
25
25
50

60

50

20
20
20
20
20
20
20
14
20

20

20

20

20

20
20

20
20

16
16
16
16
16
16
16
16
16
16
16
16
16

16

16
16
16
16
16
16
16
16
16

57.0
96.5
39.9
85.0
81.0
47.9
73.8
81.5
90.0
79.1
20.1
36.4
91.56
93.4
37.8
83.0
96.0

' 86.5
- 54.0

91.4
87.9
440
92.5

43.0
35
60.1
15.0
19.0
52.1
26.2
18.5
10.0
20.9
79.9
63.6
8.5
6.6
62.2
17.0
4.0
13.5
46.0
8.6
12.1
56.0
75
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Case 52466A

191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213

(S I S B - T T - - N ¢ BT G I . T S & 1 B & )

C-40

A-2

A-5
A-5
A-3
A-7
A-2

L-36

L-28

L-44
L-15
L-34
L-36

L-28

L-16
L-13

L-13
L-45
L-25
L-54
L-48

1.05

1.05

1.20
1.20
1.20
1.05

1.05

1.20
1.20

1.20
1.20
1.20
1.13
1.05

100
500
100
100
100
1000
1000
25
25
25
100
1000
2500
100
100
25
25
100
25
25
25
100
2500

0.3
1.31
0.3
1.31
0.3
0.6
0.79
0.042
0.042
0.042
1.31
0.6
2.62
0.3
0.3
0.042
0.042
0.3
0.042
0.042
0.042
0.3
2.62

S-1
51
S-1
S-1

s-11
S-1
S-8
S-1
S-1
S-1
S-1
S-1
S-1

S-10
S-1
sS4
S-1
S-1
S-1
S-1
S-1
S-1
S-1

220

16

10

10

0.5
0.5
0.5
10

10

0.5

0.5

0.5

0.5

0.5

20

100.0
131.0
100.0
131.0
100.0
200.0
263.3
84.0
84.0
84.0
131.0
200.0
262.0
100.0
100.0
84.0
84.0
100.0
84.0
84.0
84.0
100.0
131.0

D-4

D-4

D4

D-6
D-6

0.75
0.9

50
65
30

60
25
25

16
16
16

16

16
16

16

16
16
16
16
16
16
16
16

16

16
16
16
16
16
16
16

57.0
87.0
84.5
87.8
825
95.5
97.0
49.3
711
28.2
91.5
92.5
96.7
81.0
47.0
284
63.9
73.0
52.6
43.5
53.0
525
89.6

43.0

13.0
15.5
12.2
17.5
4.5
3.0
50.7
28.9
7.8
8.5
75
3.3
19.0
53.0
71.6
36.1
27.0
47.4
56.5
47.0
47.5
104
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Case 52466A

214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236

B ST A~ S T R T - T S N~ -

C-18
C-40

C-25

A-7

A-2
A-5
A-2

A-7

A-5

A-2

A4

A-5

A-2

L-56
L-22

L-29

L-50

L-22
L4

L-15

L-7

L48

L-105

L-36
L-48

L7

L-6

L-39

1.13
1.20

1.20

1.20

1.20
1.20

1.20
1.20
1.20

1.13
1.20
1.10
1.20

1.20

1.20

100
25
100
25
2500
25
100
25
25
500
100
25
25
100
1000
100
500
25
2500
25
25
100
25

0.3
0.042
0.3
0.042
0.79
0.042
0.3
0.042
0.042
0.3
0.042
0.042
0.042
0.3
0.6
0.3
0.3
0.042

262

0.042
0.042
0.3
0.042

S-1

S-1
S-1
S9
S-1
S-1
S8
S-2

S-1
S-1
S-10
S-1

221

0.5

0.5

0.5

0.5
0.5

0.5
0.5

w w W w

0.5

0.5
0.5

0.5

100.0
84.0
100.0
84.0
263.3
84.0
100.0
84.0
84.0
100.0
84.0

84.0 -

84.0
100.0
200.0
100.0
100.0

84.0
131.0

84.0

84.0
100.0

84.0

D4
D-6

D-4

50

50

25

60

50

A Z2aazaazgaiaa=xa

20

20

20

20

20

20

20
20
20
20
20

20

20

16
16
16
16
16
16
16
16
16
16
16
16
16

16

16
16
16
16
16
16
16
16
16

52.5
335
84.5
839

955

9.9
52.5
332
785
94.0
89.9
74.4
94.1
60.5
94.0
445
83.5
86.1
94.9
61.5
91.6
85.0
80.3

47.5
66.5
16.5
16.1
4.5
90.1
47.5
66.8
21.5
6.0
101
25.6
5.9
39.5
6.0
55.5
16.5
13.9
51
38.5
8.4
15.0
19.7
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Case 52466A

237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259

H

E S | . A =2 T - N - N - S N & ) B - S - NG B I

C-42
C-18
C-9

A-5

A-5
A-5
A-2

A3 |

A-5

L-27
L-39

L-48
L-48
L-7

L-36
L-36
L-43
L-23
L-1
L-33
L-15
L-48
L-59

L-24
L-48
L-33

1.20

1.20

1.06
1.056
1.20

1.20
1.05
1.20
1.20
1.20
1.20
1.20
1.05
1.13

1.20
1.05
1.20

25
100
25
100
100
2500
25
100
25
2500
25
25
25
25
25
25
100
100
100
100
25
2500
25

0.042
0.3
0.042
0.3
1.31
2.62
0.042
0.3
0.042
1.31
0.042
0.042
0.042
0.042
0.042
0.5
0.3
0.3
0.3
0.3
0.042
262
0.042

S-1
S-1
S-5
S-1
S-1
S-1
S-3
S-1
S-1
S-1
S-1

S-1
S-1
S-2
S-1
S-1
S-1
S-9
S-1
51

S-1

222

84.0

100.0
84.0

100.0
131.0
131.0
84.0
100.0
84.0
156.0
84.0
84.0
84.0
84.0
84.0
333
100.0
100.0
100.0
100.0
84.0
131.0
84.0

0.08

60

30
65

20

16
16
16
16
16
16

16

16
16
16
16
16
16
16
16

16

16
16
16
16
16
16
16

51.6
59.0
91.8
83.5
944
95.5
88.7
50.0

-90.5

87.0
70.3
64.8
83.0
65.9
87.4
92.0

62.0-

240
58.5
64.5
242
85.1
63.9

48.4
41.0
8.2
16.5
56
4.5
11.3
50.0
9.5
13.0
29.7
35.2
17.0
34.1
12.6
8.0
38.0
76.0
41.5
35.5
75.8
14.9
36.1
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Case 52466A

260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282

E-N

E ¢ B e S ) B T N - N N 45 B N o > B N

C-54

C-22

C-66
Cc-27
C-25
C-57
C-31
C-40

A-2

| A2

A-2
A2
A-2

L-53

L-50

L-29

L-36

L-2

L-50

L-47

L-28
L-48
L-48
L-50

1.20
1.20
1.20
1.10
1.20
1.20

1.20

1.05
1.05
1.10
1.20

25
1000
2500
25
25
100
100
25
100
100
25
100
25
100
2500
1000
100
100
500
500
100
2500
25

0.042

0.6
0.79
0.042
0.042
0.3
1.31
0.042
0.042
0.3
0.042
03
0.042
0.3
0.79
06
03
03
0.3
1.31
1.31
1.8
0.042

S-1

S-8

S-1
S-1
S-1
S-1
S-1
S-1
S-8
S-1
S-1
S-1
S-1
S-1
S-1
S-1
S-2

223

60

30

0.5

84.0
200.0
263.3

84.0

84.0
100.0
163.8

84.0

84.0
100.0

84.0

100.0°

84.0
100.0
263.3
200.0
100.0
100.0
100.0
131.0
163.8
1311

84.0

D-5
D-6

D4
D-6
D-5
D4
D4
D4

0.8
0.9

0.9
0.8

25
25

A3 8 a3a8a3az3araBJasn

40
25
60
50
50
65

20
20

20

20

20

20
20
20
20
20
20
20
20
20

16
16
16
16
16
16
16
16
16
16
16
16
16

16

16
16
16
16
16
16
16
16
16

68.2
835
96.5
323
76.5
52.5
885
47.0
446
56.0
13.4
525
68.8
81.0
945
84.0
61.5
50.0
92.0
93.3
94.6
95.3
257

31.8
165
35
67.7
23.5
475
115
53.0
55.4
44.0
86.6
47.5
31.2
19.0
55
16.0
38.5
50.0
8.0
6.7
54
4.7
74.3

[£2060/600T OM

0I£050/6002dH/LDd



Case 52466A

283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
306

1
4
1
4
1
1
1
3
4
1
1
1
1
1
1
1
4
1
1
4
4
1
1

C-32

C-43

Cc-27

C-36

c-27
C-1

c-27
c-27
C-30
C-55
C-40
C-53
c-27

C-48

c-27

C-25
C-57

A-2
A-5

L-36

L-19

1.20

1.20

100
.25
500
25
2500
100
1000
25
25
1000
1000
100
100
1000
100
1000
25
100
1000
25
25
500
100

0.3
0.042
03
0.042
0.79
03
0.79
0.042
0.042
06
0.6
0.3
03
0.6
03
06
0.042
03
0.79
0.042
0.042
03
03

S-1
S-1
S-2
S-1
S-1
S-1

S-3
S-1
S-1
S-1

S9
S-1
S-1
S-1
S-2
S-1
S-1
S-1
S-1
S-1
S-1

224

0.5

0.5

0.5
0.5

100.0

84.0

100.0
84.0
263.3
100.0
263.3
84.0
84.0
200.0
200.0
100.0
100.0
200.0
100.0
200.0
84.0
100.0
263.3
84.0
84.0
100.0
100.0

D-4

D4

D-6

0.9

0.5

50

50

40
50
25

25
25
50
60
25
50
25

30
25

20
20
20
20
20
20
20

20
20
20
20
20
20
20

20
20
20
20
20
20

16
16
16
16
16
16

16

16
16
16
16
16

16 |

16
16

16

16
16
16
16
16
16
16

70.5
70.4
81.0
354
93.5

870

97.0
64.4
85.1
95.0
95.5
455
30.0
93.5
47.5
95.0
89.7
78.0
96.5
11.8
56.6
85.5
59.0

29.5

29.6
19.0
64.6
6.5
13.0
3.0
35.6
14.9
5.0
4.5
54.5
70.0
6.5
52.5
5.0
10.3
22.0
35
88.2
43.4
145
41.0

1€2060/600T OM

0IS0S0/600TdH/LDd



Case 52466A

306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328

B e - N > T e N - e N & ) [ < N e e T . T N ~ S Y

C-46
c-27

c-27

C-25
C-45

C-64

C-54

C-30
C-50

C-20

C-58
C-26

A-2
A-5
A-5

A-2

L-20
L-48

L-2

L-30

L-48

L-29
L-5

L-50

1.20

113

1.20

1.20
1.10

1.20

1.20
1.10

1.20
1.20

1.20

100
1000
25
500
100
100
100
25
100
25
100
100
25
100
100
25
100
2500
25
25
100
100
25

0.3
0.6
0.042
0.3
0.3
0.3
0.3
0.042
0.3
0.042
2.62
0.3
0.042
0.3
0.3
0.042
0.3
1.31
0.042
0.042
0.3
0.3
0.042

S-1
S-1
S-1
S-2

S-1
S-1
S-3
S-1
S-1
S-1

S-1
S-1
S-9
S-1
S-1

S-1
S-1
S-1
S-1
S-3

225

200

0.5

0.5

10

0.5
0.5

0.5

100.0
200.0
84.0
100.0
100.0
100.0
100.0
84.0
100.0
84.0
13.1

100.0

84.0
100.0
100.0
84.0
100.0
131.0
84.0
84.0
100.0
100.0
84.0

D-4
D-4

D-4

D-4
D4
D-3
D-4

60
50

50
50
30
60

60

60

50
50

60

60
50

20
20

20
20

20

20

20

20

20

20

20

20

20
20

16
16
16
16
16
16
16
16
16
16
16
16
16

16

16
16
16
16
16
16
16
16
16

66.5
915
89.6
89.0
52.5
91.0
525
88.3
46.0
50.8
95.1
52.5
38.7
37.5
29.0
28.8
68.5
93.9
54.4
62.0
69.5
52.5
11.9

33.5
85
10.4
11.0
475
9.0
475
11.7
54.0
49.2
4.9
47.5
61.3
62.5
71.0
71.2
315
6.1
456
38.0
30.5
475
88.1

1£2060/600C OM

0I50€0/6002d3d/1LDd



Case 52466A

329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351

w

R O & ) I R - N & L D - S - SR U W N U N S & 1 N N i W U Y

C-41
c-27
C-21
C-62
C-13

C40
c-27

C-34

C-43
c-27

c-27

C-31

C-60
C-27

A-2

L-48

L-15
L-33
L-48

L-12

L-48
L-5

1.05

1.20
1.20
1.05

1.20

1.05
1.20

100
100
1000
100
100
100
500
1000
1000
100
100
500
1000
25
25
500
100
25
100
2500
25
100
1000

1.31
0.3
0.79
0.3
0.3
0.3
1.31
0.6
0.79
0.3
0.3
0.3
0.6
0.042
0.042
1.31
0.3
0.042
0.3
2.62
0.042
0.3
2.1

S-1
S-1
S-1
S-1
S-1
S-1

S-1
S-1
S-1
S1
S8
S-1
S-1
S-1
S-1
s-1
S-1
S-1
S1
S-1
S-1
S8

226

131.0
100.0
263.3
100.0
100.0
100.0
131.0

200.0

263.3
100.0
100.0
100.0
200.0
84.0
84.0
131.0
100.0
84.0
100.0
131.0
84.0
100.0
262.5

D4
D-8

D-4
D-4
D-1

D-1
D-4
D-6

0.08

0.9

65
50
25
60
50
50

25

25

50
50
50
25

30

50

60
25

20
20
20
20
20
20
20
20
20
20
20

20
20

20

20
14
20
20
20

16
16
16
16
16
16
16

16

16
16
16
16

16

16
16

16

16
16
16
16
16
16
18

94.7
60.0
96.5
63.5
42.5
63.0
87.3
94.0
96.0
51.5
40.5
75.0
95.0
67.8
732
94.7
94.0
72.0
62.0
81.5
54.0
735
97.0

5.3

40.0
35
36.5
57.5
37.0
12.7
6.0
4.0
48.5
59.5
25.0
5.0
32.2
26.8
5.3
6.0
28.0
38.0
18.5
46.0
26.5
3.0

1£2060/600T OM

0I€0€0/600TdA/LDOd



Case 52466A

352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374

R o I N L I & B - - S - R 4 B R L

C-35

A-2

A2

A-2
A-2

L-37
L-11
L-1
L-14
L-19

L48
L-8

L-44
L-6

L-35
L-6

L-48
L-48

L-6

L-48
L-15

1.20
1.20
1.20
1.20
1.20

1.10
1.20
1.20
1.20
1.20
1.20

1.10
1.05

1.20

1.05
1.20

100
25
25
25
25
25
100
5000
25
25
25
25
25
100
100
100
500
500
100
25
100
2500
25

0.3
0.042
0.042

10.042
0.042
0.042

0.3

21 -
0.042
0.042
0.042
0.042
0.042

0.3

1.31
1.31
0.3
0.3

0.3 .

0.042
0.3
1.31

0.042

S-1
S-1
S-1
S-1
S-1
S-1
S-1
S-1
S
S-3
S-1
S-1
S-1
S-1
S-1
S-8
S-2
S-1
S-1

S$-13
S-1

227

0.5
0.5
0.5
0.5
0.5

160
0.5
0.5
0.5
0.5
0.5

160
10

0.5

10
0.5

100.0
84.0
84.0
84.0
84.0
84.0

100.0

131.3
84.0
84.0
84.0
84.0 -
84.0

100.0

8.2

131.0

100.0

100.0

100.0
84.0

100.0

131.0
84.0

D-4

A 2 2 32 3

(4]
o

A 2 3 3 3 3

65
50
50
60

50

20
20
20
20
20
20
20

20

20
20
20

20
20
20
20
20

20

16
16
16
16
16
16
16
16
16
16
16
16
16

16

16
16
16
16
16
16
16
16
16

58.0
46.3
775
826
752
313
86.5
93.9
775
54.6
76.2
69.3
93.3
395
95.2
93.2
89.0
86.5
40.0
76.6
825
87.9
90.9

42.0
53.7
225
17.4
24.8
68.7
135
6.1
22.5
45.4
23.8
30.7
6.7
60.5
48

6.8

11.0
13.5
60.0
23.4
17.5
121
9.1

I€2060/600T OM

0I€0€0/600TdA/LDd



Case 52466A

375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397

H

N S R I T T e 4 O O T T’ A T 7S T N

c4
C-44

A-2
A-3
A-2
A-2
A-5
A-2

A4

L-4

L-36
L-53

L-48
L-23

L-27
L-11
L-22

L-27
L-48
L-48
L-45
L-2
L-25
L-48

L-33

1.20

1.20
1.20

1.05
1.20

1.20
1.20
1.20

1.20
1.05
1.20
1.20
1.20
1.20
1.05

1.20

25
1000
25
25
100
25
5000
25
100
25
25
25
25
100
25
100
25
25
25
25
500
25
25

0.042
0.6
0.042
0.042
0.3
0.042
2.62
0.042
0.3
0.042
0.042
0.042
0.042
0.3
0.042
1.31
0.042
0.042
0.042
0.042
0.66
0.042
0.042

S-1
S-1

S-1
S-1
S-1
S-1
S-1
S-1
S-1
S-1

S-1
S-9
S-1
S-1
S-1
S-1
S-1
S-1
S-1
S-1
S-1

228

0.5

0.5
0.5

0.5
20
0.5

0.5
0.5
0.5
0.5

0.5
15
0.5
0.5
0.5
0.5

0.5
0.5

84.0
200.0
84.0
84.0
100.0
84.0
131.0
84.0
100.0
84.0
84.0
84.0
84.0
100.0
84.0
87.3
84.0
84.0
84.0
84.0
132.0
84.0
84.0

0.08

0.08

25

60

45

60

S a

- 4 32 32 32 32 a4 a2 3

20
20
20

20
20

20
20
20

20
20
20

20
20
20
20

20
20

16
16
16
16
16
16

16

16
16
16
16
16

16 .

16
16

16

16
16
16
16
16
16
16

706
94.5
92.0
75.0
66.5
922
83.1
32.3
67.5
53.2
745
407
412
68.0
54.3
94,5
50.6
62.6
52.7
60.3
84.9
93.7
66.4

294
5.5
8.0

25.0

33.5
7.8

16.9

67.7

325

46.8

25,5

59.3

58.8

32.0

45.7
55

494

374

473

39.7

15.1
6.3

33.6

I£2060/600T OM

0I€0S0/6007dA/1.Dd



Case 52466A

398
399
400
401

402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420

»

(3 I T T <> B - o) B N N T T T T

c-27
c-27

A-2

A-7
A-2
A-2

A-2

A4

A-2
A-5
A-2

A-2
A-2
A4
A5

A-2
A-2

L-15

L-58
L-29
L-48

L-12

L-32

L-48
L-36
L-48

L-47
L-48
L-31

L-15

L-16

L48

1.20

1.13
1.20
1.20

1.20

1.20

1.20
1.20
1.10

1.20
1.06
1.20
1.20

1.20
1.05

25
100
2500
100
25
25
1000
25
100
100
25
100
25
25
1500
100
25
500
25
25
2500
25
2500

0.042

03
2.1
03

0.042

0.042
0.6

0.042
0.3
03

0.042
0.3

0.042

0.042

6.53
03

0.042
0.66

0.042

0.042
0.79

0.042

2.62

s3
S-1
S8
S-1
S-4
S-3
S-1
S-1
S-1
S-1
S-1
S-1
S-4
S7
S-1

S-1
S-1
S-1
S-1
S-1
S-3
S-1

229

0.5

0.5
0.5

0.5

0.5

0.5

0.5

25

0.5

0.5
0.5

05
10

84.0
100.0
262.5
100.0

84.0

84.0
200.0

84.0
100.0
100.0

84.0

100.0°

84.0
84.0
261.2
100.0
84.0
132.0
84.0
84.0
263.3
84.0
262.0

0.9

0.1

0.1
0.1

50

40

50

50

50
50

50

20
20
20

20

20
20
20
20

20
20

20
20
20

16
16
18
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

89.2
70.5
94.5
52.5
73.2
94.8
78.0
79.7
87.5
46.0
28.6
47.5
62.1
723
947
67.0
88.8
39.2
55.7
71.3
96.5
26.0
94.6

10.8
29.5
55
47.5
26.8
52
22.0
20.3
12.5
54.0
714
52.5
379
27.7
53
33.0
11.2
60.8
443
28.7
3.5
74.0
5.4

I€2060/600C OM

0I£0€0/6002dd/L0d



Case 52466A

421
422
423
424

(o]

a N =

C-27

A-2| L48

A-7| L-57
A-2 | L-48

1.05 | 2500

- | 1000
1.13 | 100
1.10 | 2500

1.31
0.6
0.3
21

S-1
S-1
S-1
S-1

230

8 |2]10
s | = | 3
2 1] 3
60 | 20| 80

131.0
200.0
100.0
262.5

t| 7

D-5( 08 |25] 20

50 | 20
t | 20

16
16
16
16

91.5
9.5
56.5
95.5

8.5

8.5
435
45

I€2060/600T OM

0I€0€0/600TdA/LDd



WO 2009/090251 PCT/EP2009/050510

231

For the purpose of Example 43, the following abbreviations apply:
Organometallic Catalyst (C)

C-1 = [Rh(COD)(SL-P005-1)]BF, = [Rh(COD)(L-38)|BF,

C-2 = [Rh(COD)(SL-P102-1)]0;SCF;3 = [Rh(COD)(L-40)]0;SCF

C-3 = [Rh(COD)(SL-P102-1)]BF, = [Rh(COD)(L-40)|BF,

C-4 = [Rh(COD)(SL-P104-2)|0;SCF3 = [Rh(COD)(L-41)]0sSCF4

C-5 = [(S)MeBoPhoz Rh(COD)]BF, = [(L-55)Rh(COD)]BF,

C-6 = [(R)4-F-C6H4-MeBoPhoz Ru(benzene)ClCl = [(L-60)Ru(benzene)CIICI
C-7 = [(R)Phenethyl-(R)-MeBoPhoz Ru(benzene)CIICI = [(L-61)Ru(benzene)CIICI
C-8 = (R)BINOL-(R)-MeBoPhoz Ru(benzene)CIIC! = [(L-62)Ru(benzene)CICl
C-9 = [(S)BINOL~(R)-MeBoPhoz Ru(benzene)CI|CI = [(L-63)Ru(benzene)CI|CI
C-10 = [(R)MeBoPhoz RuCl(Benzene)|C! = [(L-54)RuCl(Benzene)|CI

C-11 = [(R)p-F-MeBoPhoz RuCl(Benzene)]Cl = [(L-64)RuCl(Benzene)]Cl

C-12 = [(S)MeBoPhoz Ir(COD)ICI = [(L-55)Ir(COD)]CI

C-13 = [(R)MeBoPhoz If(COD)ICI = [(L-54)Ir(COD)]CI

C-14 = [(R,R)BDPP Rn(COD)|BF4 = [(L-65)Rn(COD)|BF4

C-15 = [(S,S)BDPP Rh(COD)]BF, = [(L-66)Rh(COD)]BF4

C-16 = [(R)Binam-P Rh(COD)]BF,

[(L-67)Rh(COD)]BF,

C-17 = [(S)Binam-P Rh(COD)]BF,

[(L-68)Rh(COD)|BF,

C-18 = [(R)Tol-BINAP RuCl(benzene)ICl = [(L-69)RuCl(benzene)]C
C-19 = [(S)Tol-Binap Rh(COD)]BF, = [(L-70)Rh(COD)|BF,

C-20 = [(R)Binap RuCl(benzene)|Cl = t(L-71)(benzene)]Cl

C-21 = [(S)Binap RuCl(benzene)|Cl = [(L-72)(benzene)]Cl

C-22 = [(S)BINAP Rh(COD)|BF, = [(L-72)Rh(COD)]BF,

C-23 = [(R)Binaphane Rh(COD)|BF, = [(L-73)Rh(COD)|BF,
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C-24 = [(S,S)Me-BPE Rh(COD)JBF, = [(L-74)Rh(COD)|BF4

C-25 = [(S,S)Ph-BPE Rh(COD)|BF, = [(L-75)Rh(COD)|BF,

C-26 = [(R)CatASium D Rh(COD)]B.F,; = [(L-76)Rh(COD)|BF4

C-27 = [(R)CatASium M Rh(COD)|BF4 = [(L—77)Rh(COD)]BF4

C-28 = [(R)CatASium MN Rh(COD)|BF, = [(L-78)MN Rh(COD)|BF,
C-29 = [(R)CatASium MNN Rh(COD)JBF; = [(L-79)MNN Rh(COD)|BF, -
C-30 = [(S)CatASium M Rh(COD)]BF, = [(L-80)M Rh(COD)]BF,

C-31 = [(S)CatASium MN Rh(COD)IBF, = [(L-81)Rh(COD)JBF.

C-32 = [(S,S)ChiraPhos Rh(COD)|BF, = [(L-82)Rh(COD)|BF,

C-33 = [(R,R)DIOP Rh(COD)]BF,

[(L-83)Rh(COD)]BF,

C-34 = [(S,S)DIOP Rh(COD)|BF; = [(L-84)Rh(COD)|BF4

C-35 = [(R,R)DIPAMP Rh(COD)JBF, = [(L-85)Rh(COD)IBF,
C-36 = [(R,R)DuanPhos Rh(COD)]BF, = [(L-86)Rh(COD)]BF.
C-37 = [(R)MeDuPhos Rh(COD)|BF, = [(L-87)Rh(COD)]BF,
C-38 = [(S,S)Et-Ferrotane Rh(COD)|BF, = [(L-88)Rh(COD)IBF,

C-39 = [(R,R)NorPhos Rh(COD)|BF,

[(L-89)Rh(COD)]BF,

C-40 = [(S,S)NorPhos Rh(COD)|BF

[(L-90)Rh(COD)]BF4

C-41 = [(R)PhanePhos Rh(COD)]|BF,

[(L-91)Rh(COD)]BF,

C-42 = [(S)PhanePhos Rh(COD)|BF 4

[(L-92)Rh(COD)]BF,
C-43 = [(R)Xyl-PhanePhos Rh(COD)IBF, = [(L-92)Rh(COD)IBF,
C-44 = [(R)Xyl-PhanePhos RuCly(dmf)s] = [(L-93)RuCly(dmf);]
C-45 = [(S)Xyl-PhanePhos RuCl(dmf);] =. [(L-94)RuCl,(dmf),]
C-46 = [(R)PhanePhos RuCl,(dmf);] = [(L-91)RuCl,(dmf),]

C-47 = [(R)An-PhanePhos Rh(COD)|BF, = [(L-96)Rh(COD)]BF,

C-48 = [(R)MeO-Xyl-PhanePhos Rh(COD)]BF, = [(L-97)Rh(COD)]BF,
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C-49 = [(R)Tol-PhanePhos Rh(COD)]BF, = [(L-95)Rh(COD)|BF,
C—5'0=[(S)iPr-PHOX I(COD)]BAIF = [(L-98)I(COD)JBArF

C-51 = [(S)Cy-tBu-SIMPLEPHOX Ir(COD)|BAIF = [(L-99)Ir(COD)|BArF
C-52 = [(R)P-Phos Rh(COD)]BF = [(L-100)Rh(COD)IBF

C-53 = [(S)P-Phos Rh(COD)IBF,

[(L-101)Rh(COD)|BF,

C-54 = [(R)Xyl-P-Phos RuCly(dmf);] = [(L-102)RuCl,(dmf)]

C-55 = [(S)Xyl-P-Phos RuCly(dmf),]

[(L-103)RuClz(dmf),]
C-56 = [(S)P-Phos RuCl(benzene)]CI

[(L-101)RuCl(benzene)]Cl

C-57 = [(R)P-Phos RuCl(benzene)]CI

[(L-100)RuCl(benzene)]C|
C-58 = [(R)P-Phos Ru(acac)] = [(L-100)Ru(acac);]

C-59 = [(R)Xyl-P-Phos Ru(acac),] = [(L-102)Ru(acac);]

C-60 = [(R)Xyl-P-Phos RuCl(benzene)]Cl = [(L-102)RuCl(benzene)|CI
C-61 = [(S)P-Phos I(COD)]CI = [(L-101)Ir(COD)|CI

C-62 = [(S)Xyl-P-Phos Ir(COD)ICI = [(L-103)I(COD)ICI

C-63 = [(R)ProPhos Rh(COD)JBF4 = [(L-104)Rh(COD)]BF,

C-64 = [(R,,Sc)INp-QUINAPHOS RuCly(dmf);] = [(L-105)RuCl,(dmf);]
C-65 = [(Sa.Rc) INp-QUINAPHOS RuCly(dmf);] = [(L-106)RuClx(dmf).]
C-66 = [(S,S,R,R)TangPhos Rh(COD)]BF, = [(L-107)Rh(COD)|BF,

C-67 = [(R)-JafaPhos Rh(COD)]BF, = [(L-108)Rh(COD)IBF, _

Organometallic Complex (A)
A-1 = [I(COD)CI];

A-2 = [Rh(NBD),IBF

A-3 = [Ru(COD)(2-metallyl),]
A-4 = [Ru(COD)(OOCCF3),]

A-5 = [Rulz(p-cymene)],
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A-6 = [(CysP)Ir(pyr)ICI
A-7 = [Rh(COD),|BF.

Chiral Ligand (L)

L-1 = Atropisomer SL-A1 01-1
L-2 = Atropisomer SL-A109-2
L-3= Atropisomer SL-A116-2
L-4 = Atropisomer SL-A118-1
L-5= Atropisomer SL-A132-2
L-6 = Fenphos SL-F131-1
L-7 = Fenphos SL-F132-1

L-8 = Fenphos SL-F133-1
L-9 = Fenphos SL-F134-1
L-10 = Fenphos SL-F135-1
L-11 = Fenphos SL-F355-1
L-12 = Fenphos SL-F356-1
L-13 = Fenphos SL-F365-1
L-14 = Josiphos SL-J005-2
L-15 = Josiphos SL-JOOS-I1
L-16 = Josiphos SL-J009-1
L-17 = Josiphos SL-J013-1
L-18 = Josiphos SL-J211-1
L-19 = Josiphos SL-J301-1
L-20 = Josiphos SL-J403-1
L-21 = Josiphos SL-J408-1

L-22 = Josiphos SL-J412-1

234
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L-23 = Josiphos SL-J430-1
L-24 = Josiphos SL-J431-1
L-25 = Josiphos SL-J501-1 v
L-26 = Josiphos SL-J503-1
L-27 = Josiphos SL-J504-1
L-28 = Josiphos SL-J504-2
L-29 = Josiphos SL-J505-2
L-30 = Josiphos SL-J506-1
L-31 = Mandyphos SL-M002-1
L-32 = Mandyphos SL-M003-1
L-33 = Mandyphos SL-MOO4-1
L-34 = Mandyphos SL-M004-2
_ L-35 = Mandyphos SL-M009-1
L-36 = Mandyphos SL-M010-1
L-37 = Mandyphos SL-M012-1
L-38 = Phospholane SL-P005-1
L-39 = Phospholane SL-P051-1
L-40 = Phospholane SL-P102-1
L-41 = Phospholane SL-P104-2
L-42 = Taniaphos SL-T001-1
L-43 = Taniaphos SL-T001-2
L-44 = Taniaphos SL-T003-1
L-45 = Taniaphos SL-T021-2
L-46 = Walphos SL-W001-1
L-47 = Walphos SL-W005-1

L-48 = Walphos SL-W(008-1
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L-49 = Walphos SL-W008-2

L-50 = Walphos SL-W009-1
L-51= .Walp'hos SL-W012-1

L-52 = Walphos SL-W021-'1

L-53 = Walphos SL-W024-1

L-54 = (R)-MeBophoz

L-55 = (S)-MeBoPhoz

L-56 = (R)-3,5-F2C6H3-BnBoPhoz
L-57 = (R)-Cy-MeBoPhoz

L-58 = (R)—Phenethyl-(R)—BoPhoz
L-59 = (R)-Phenethyl-(S)-BoPhoz
L-60 = (R)4-F-C6H4-MeBoPhoz
L-61= (R)—Phenethyll-(R)-MeBoPhoz
L-62 = (R}-BINOL-(R)-MeBoPhoz |
L-63 = (S)—BINOL-(R)-MeBthoz
L-64 = (R)-p-F-MeBoPhoz

L-65 = (R,R)-BDPP

L-66 = (S,S)-BDPP

L-67 = (R)BINAM-P

L-68 = (S)-BINAM-P

L-69 = (R)-Tol-BINAP

L-70 = (S)-Tol-BINAP

L-71 = (R)-BINAP

L-72= (S)-BINAP

L-73 = (R)-Binaphane
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L-74 = (§,5)-Me-BPE

L-75 = (S,S)-Ph-BPE

L-76 = (R)-CatASium D
L-77 = (R}-CatASium M
L-78 = (R}-CatASium MN
L-79 = (R)-CatASium MNN
L-80 = (S)-CatASium M
L-81 = (S)-CatASium MN
L-82 = (S8,S)-ChiraPhos
L-83 = (R,R)-DIOP

L-84 = (S,S)-DIOP

L-85 = (R,R)-DIPAMP
_ L-86 = (R,R)-DuanPhos
L-87 = (R-MeDuPhos
L-88 = (S,S)-Et-Ferrotane
L-89 = (R,R)-NorPhos
L-80 = (S,S)-NorPhos

L-91 = (R)-PhanePhos
L-92 = (S)}-PhanePhos
L-93 = (R)}-Xyl-PhanePhos
L-94 = (S)-Xyl-PhanePhos
L-95 = (R)-Tol-PhanePhos
L-96 = (R)-An-PhanePhos
L-97 = (R)-MeO-Xyl-PhanePhos
L-98 = (S)-iPr-PHOX

L-99 = (S)-Cy-tBu-SIMPLEPHOX
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L-100 = (R)-P-Phos

L-101 = (S)-P-Phos

L-102 = (R)-Xyl-P-Phos

L-103 = (S)—XyI-P-Phos

L-104 = (R)-ProPhos

L-105 = (R, S.)-1Np-QUINAPHOS
L-106 = (S,,Rc)-1Np-QUINAPHOS
L-107 = (S,S,R,R)TangPhos

L-108= (R)-JafaPhos (= (R)-(+)-1,1-Bis(diphenylphosphino)-2,2"-bis(N,N-
diisopropylamido)ferrocene)

Solvent (S)
S-1:  Ethanol
S-2. Methanol

S-3:  Ethanol/lsopropanol (1:1) _

S-4:  Ethanol/Trifluoroethanol/2-Methyltetrahydrofuran (48:47:5)
S-5:  Ethanol/Isopropanol (18:1) .
S-6:  Trifluoroethanol/Ethanol (1:1)

S-7: | 2-Methyltetrahydrofuran/Ethanol (5:95)

S-8: Isopropanol

S-9: Dichloroethane

S-10: Ethyl acetate

S-11: Tetrahydrofuran

S$-12:  2-Methyitetrahydrofuran

S-13: Ethanol/Water (7:3)
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Additive (D)
D-1: Tetrafluoroboric acid etherate
D-2: Methanesulbhonic acid
D-3: 1,4-Diazobicyclo[2.2.2]octane
D-4: Triethylamine
D-5: Potassium ethoxide
D-6: Diisopropylethylamine
D-7: 1,1,3,3-Tetramethylguanidine
D-8: Sodium methoxide
Example 44 (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-

methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO;H)

/\/é\’}° b W° — o
HN' HN
x T -

OH
o o}

For a given reaction, after the reaction time indicated in the table shown in Example 43,
the solvent may be optionally removed, for example, under reduced pressure. The

residue may then be used in subsequent transformations.
Method 1

Ethanol (1.2 ml) is added to the reaction concentrate obtained from Example 43, Method
351 (240 mg). The mixture is heated to reflux. Water (0.6 ml) and acetic acid (43 ul) are
added. The mixture is cooled to 0 °C and stirred at this temperature for 1 h. The solid is
collected by filtration and washed with an ethanol-water mixture (2 ml, 2:1). The solid is
then dried under vacuum to give (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
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methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO,H). Ratio of diastereomers 99.8 :
0.2 (1-a, R1 =Boc, R2 = H, R3 = COH : 1-a, R1 = Boc, R2 = H, R3 = COH) from hplc.

Method 2 -

Isopropyl acetate (1.5 ml) i‘s added to the reaction concentrate obtained from Example 43,
Method 351.(240 mg). Citric acid (145 mg) dissolved in 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 organic phase is then concentrated in vacuo to give (2R,4S)-5-
biphenyl-4-y|—4-tért-butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 =Boc, R2 =H,
R3 = CO;H) and (2S,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid (1-b, R1 = Boc, R2 = H, R3 = CO;H). Ratio of diastereomers 97.7 : 2.3 (1-a,R1 =
Boc, R2 = H, R3=CO.-H : 1-a, R1 = Boc, R2 = H, R3 = CO.H) from hplc.

Optionally, the material obtained from General Procedures 1 and 2 can be subsequently
and repeatedly recrystallised, for example, by following General Procedure 3.

Method 3

A mixture of 174 mg (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO;H) obtained from Example 44,
Method 2 in isopropyl acetate (350 pl) is heated to give a solution. Heptane (700 pl) is
added. The mixture is cooled to 0 °C and stirred at this temperature for 1 h. The solid is
collected by filtration and washed with an isopropyl acetate : heptane mixture (1 ml, 1 : 2).
The solid is then dried under vacuum to give (2R,4S)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO,H). Ratio
of diastereomers 99.9: 0.1 (1-a, R1 =Boc, R2 = H, R3 = CO;H : 1-a, R1 =Boc, R2 = H,
R3 = CO;H) from hplc.

Performing of reactions in accordance with Methods 1, 2 or 3 is independent of whether
an additive, for example, a base, is used during the reaction given in Example 41.

Reactions performed in the absence of a base may also be subsequently processed
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according to methods given in Methods 1,.2 or 3. Alternatively, they may be processed
according to methods described in W02008/031567, for example, Examples 2 or 3-

HPLC Method (reactions performed according to Example 44, Methods 1, 2 or 3)

Column: Daicel QN-AX; 150 x 4.6 mm; 5 um. Mobile Phase A: Methanol-Ethanol (1:1),
0.1 % AcOH (v/v), 0.1 % NH,OAc (m/v). Isocratic: 0 min (100.% A); 20 min (100 % A).

Flow rate: 0.5 mi min™. Wavelength: 254 nm. Column temperature: 10 °C.
Retention times:

(1-a, R1 =Boc, R2 = H, R3 = CO,H):7.8 miq
(1-b, R1 =Boc, R2 = H, R3 = CO,H):10.3 min
(2-a, R1 =Boc, R2 = H, R3 = CO,H):14.3 min

Example 45: (3R, 5S)-5-Biphenyl-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (3-a, R1 = Boc) and (3S, 5S)-5-biphenyl-4-yimethyl-3-methyl-2- '
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Boc)

Method 1

Ethanol (1 ml) is added to a mixture of 100 mg (R)-5-biphenyl-4-yimethyl-3-methylene-
2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) and 10 % palladium
on carbon (10 mg, 50 % water wet, Degussa type E101 NE/W). Hydrogen gas is
applied to the mixture. The mixture is stirred at ambient temperature and pressure for

24 h. The mixture is then filtered over Celites and washed with ethanol (2 x 0.5 ml).
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The mixture is then concentrated in vacuo to give (3R, 5S)-5-biphenyi-4-yimethyi-3-
methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1 = Boc) and (3S, 5S)-

: 5-bipheny|-4-ylmeihyl-3-methyl-2-oxo-pyrrolidine-1—carboxylic acid tert-butyl ester (3-b,
R1 = Boc). Diastereomer ratio 20 : 80 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by
hplc. Spectroscopic data ‘in described in WO/2008/083967, for example, Examples 14
and 18. ' ’

Method 2

Isopropyl acetate (1 ml) is added to a mixture of 100 mg (R)-5-biphenyl-4-yimethyl-3-
methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) and 10 %
palladium on carbon (10 mg, 50 % water wet, Degussa 'type E101 NE/W). Hydrogen
gas is' applied to the mixture. The mixture is stired at ambient temperature and
pressure for 24 h. The mixture is then filtered over Celite and washed with isopropyl
acetate (2 x 0.5 ml). The mixture is then concentrated in vacuo to give (3R, 5S)-5-
biphenyi-4-ylmethyi-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester (3-a, R1
= Boc) and (3S, 5S)-5-biphenyi-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (3-b, R1 = Boc). Diastereomer ratio 15 : 85 (3-a, R1 = Boc) : 3-b, R1 =
Boc) as determined by hplc. Spectroscopic data in described in WO/2008/083967, for
example, Examples 14 and 18. '

Method 3

Isopropyl acetate (1 ml) is added to a mixture of 100. mg (R)-5-biphenyl-4-yimethyl-3-
methylebne-2-oxo—pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) and 10 %
platinium on carbon (10 mg). Hydrogen gas (ambient pressure) is applied to the
mixture. The mixture is stirred at ambient temperature and pressure for 4 h. The
mixture is then filtered over Celites and washed with isopropyl acetate (2 x 0.5 ml). The
mixture is then concentrated in vacuo to givé (3R, 5S)-5-biphenyl-4-yImethyl-3-methyl-
2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1 = Boc) and (3S, 5S)-5-
biphenyi-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1
= Boc). Diastereomer ratio 33 : 67 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by
hplc. Spectroscopic data in described in WO/2008/083967, for example, Examples 14
and 18.
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Method 4

Isopropyl acetate (1 ml) is added to a mixture of 100 mg (R)-5-biphenyl-4-ylmethyl-3-
methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) and 10 %
rhodium on carbon (10 mg). Hydrogen gas (ambient pressure) is applied to the mixture.
The mixture is stirred at ambient temperaluré and pressure for 50 h. The mixture is
then filtered over Celites and washed with isopropyl acetate (2 x 0.5 ml). The mixture is
then concentrated in vacuo to give (3R, 5S)-5-biphenyl-4-yimethyl-3-methyl-2-oxo- -
pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1 = Boc) and (3S, 5S)-5-biphenyl-4-
yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Boc).
Diastereomer ratio 21 : 79 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.
Spectroscopic data in described in WO/2068/083967, for example, Examples 14 and
18.

HPLC Method 1 (Methods 1-4)

Column: AD-RH Chiralpak; 150 x 4.6 mm. Mobile Phase A (water); Mobile Phase B
(Acetonitrile). Isocratic: 0 min (20 % B); 15 min (20 % B). Flow rate: 0.5 m| min™.
Wavelength 210 nm. Column temperature: 40 °C.

Retention times:

(3-a, R1 =Boc): 6.2 min
(3-b, R1 =Boc): 6.8 min

HPLC Method 2 (Methods 1-4)

Column: Zorbax SB-C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.01 M KH,PO, in
water); Mobile Phase B (Acetonitrile). Gradient: 0 min (30 % B); 10 min (80 % B); 15 min
(80 % B); 15.1 min (30 % B); 18 min (30 % B). Flow rate: 1.0 ml min™'. Wavelength: 210

nm. Temperature 50 °C.

Retention times:
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(4-a, R1 = Boc): 9.8 min
(3-a, R1=Boc; 3-b, R1 = Boc): 10.1 min

Example 46: (3R, 5S)-5-biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (3-a, R1 = Boc) and (3S, 5S)-5-bipheny|-4-yimethyl-3-methyl-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Boc)

o noM
PN

General Procedure for Methods 1-7

To a mixture of 0.5 mmol (R)-5-Biphenyl—4—y|methyl-3-methylene—2-oxo-pyrroIidine—1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc) in methanol or ethanol (5 ml) at ambient
temperature, a solution 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 methanol
or ethanol (5 ml). A hydrogen pressure of 20 bar is applied for 20 h at ambient
temperature. The solvent is then removed in vacuo to provide the corresponding
product. The samples are analysed by hpic to determine the ratio of (3R, 5S)-5-
biphenyl-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1
= Boc) to (3S, 5S)-5-biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (3-b, R1 = Boc). Spectroscopic data in described in W0/2008/083967,
for example, Examples 14 and 18.

Method 1

Chiral Ligand {(S)-(-)-(6,6'-Dimethoxybiphenyl-2,2’-diyl)-bis(diphenylphosphine) = (S)-
Ph-MeOBIPHEP = SL-A101-2}; Organometallic Complex {dichloro(p-
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cymene)ruthenium(ll) dimer}; Ethanol. Diastereomer ratio 82 : 18 (3-a, R1 = Boc : 3-b,
R1= Boc) as determined by hpic.

Method 2

Chiral Ligand {(aS, «aS)-2,2"-Bis(a-N,N-dimethylaminophenylmethyl)-(R,R)-1,1’-
bis[di(3.5-dimethyl-4—methoxyphenyl)phosphinb]ferrocene = (8)-(R)-NMe,-P(3,5-Me-4-
MeOPh),-Mandyphos =  SL-M004-2}; Organometallic Complex {dichloro(p-
cymene)ruthenium(ll) dimer}; Ethanol. Diastereomer ratio 82 : 18 (3-a, R1 = Boc : 3-b,
R1 = Boc) as determined by hplc. '

Method 3
Chiral Ligand {(R)-1-[(S)-2-Di-cyclohexylphosphino)ferrocenyl]ethyldi-(2-
methylphenyl)phosphine = (R)-(S)-Cy.PF-P°Tol, = SL-J504-1}; Organometallic

Complex {dichloro(p-cymene)ruthenium(ll) dimer}; Methanol. Diastereomer ratio 53 :
47 (3-a, R1=Boc : 3-b, R1 = Boc) as determined by hplc.

Method 4

Chiral Ligand { (R,R)-2,2"-Bis[(S)-1-(diarylphosphino)ethyl]-1,1"-biferrocene = SL-F115-
1}; Organometallic Complex {bis(norbornadiene)rhodium(l) tetrafluoroborate}; Methanol. .
Diastereomer ratio 71 : 29 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.

Method 5

Chiral Ligand {(S-1-[(R)-2-Diphenylphosphinoferrocenyl]ethyldi-tert.-butylphosphine =
(S)-(R)-PPF-PtBu, = SL-J002-2}; Organometallic Complex { bis(trifluoroacetoxy)(1,5-
cyclooctadiene)ruthenium(ll)}; Methanol. Diastereomer ratio 56 : 44 (3-a, R1 = Boc : 3-
b, R1 = Boc) as determined by hplc.

Method 6
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Chiral Ligand {(R)-1-[(R)-2-(2'-Dicyclohexylphosphinophenyl)ferroceny|]ethyldi(bis-(3,5-
trifluoromethyl)phenyl)phosphine = (R)-(R)-cy.PPhFCHCH,P(3,5-CFsPh), = SL-W008-
1-1}; Orgaﬁométallic Complex {bis(norbornadiene)rhodium(l) tetrafluoroborate};
Methanol. Diastereomer ratio 27 : 73 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by
hplc. '

Method 7

Chiral Ligand {(S-1-[(R)-2-Diphenylphosphinoferrocenyl]ethyldi-tert.-butylphosphine =
(S)—(R)—PPF-PtBuz =  SL-J002-2)}; Organometalic = Complex  {dichloro(p-
cymene)ruthenium(ll) dimer}; Methanol. Diastereomer ratio 61 : 39 (3-a, R1 = Boc : 3-
‘b, R1 = Boc) as determined by hplc.

HPLC Method (Methods 1-7)

Column: Gemini C6 Phenyl; 150 x 3.0 mm;.3.0 um. Mobile Phase A (0.01 M KH,POj, in
water); Mobile Phase B (Methanol). Gradient: 0 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). Flow rate:
0.7 ml min”'. Wavelength: 210 nm. Temperature 50 °C.

Retention times:

(4-a, R1 = Boc): 12.3 min
(3-a, R1 = Boc): 12.9 min
(3-b, R1 = Boc): 13.2 min

Example 47: (3R/S,5S)-biphenyl-4-ylmethyl-3-dimethylaminomethyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (9-a, R1 = Boc, R6 = Me, R7 = Me)
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General Procedure for Methods 1-178

Solvent is added to a vessel containing (R)-5-biphenyl-4-yimethyi-3-[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) to achieve a final concentration as indicated in the Table of
Example 47 (Methods 1-178).

Optionally and according to the table, an additive may be added at this stage. The identity
and amount of the additive is given in the Table of Example 47 (Methods 1-178). The
amount of additive to be used is relative to the moles of (R)-5-biphenyl-4-yimethyl-3-[1-
dimethylaminometh-(E/Z}-ylidene]-2-oxo-pyrrolidine-1-carboxylic 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 applied to the vessel containing the mixture at the pressure given in the
Table of Example 47 (Methods 1-178). The mixture is then stirred at the temperature and
pressure given in the Table of Example 47 (Methods 1-178) for a period of time also
indicated in the Table of Example 47 (Methods 1-178).

Spectrocopic daté: 1H NMR (DMSO). 9-b (R1 = Boc, R6 = Me, R7 = Me): 7.66 (m, 4H),
747 (t, =78, 2H); 7.39-7.26 (m, 3H); 4.25 (m, 1H); 3.04 (dd, J = 3.7, 13.1, 1H); 2.91
(m, 1H); 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 (s, 9H). 9-c (R1 = Boc, R6 = Me, R7 = Me) separable signals at 1.51,
1.62, 2.08, 2.17, 3.28 ppm.



Case 52466A

Table of Example 47 (Methods 1-178)

5% Pd/C
type 37
2 | 5% Pd(syc
A103038
3 | 5% Pd(S)/C
A103038
4 |5%Pdc
A401102
5 |5%pPuC
B104032

25

25

25

25

THF

EtOAc

THF

0.167

0.05

0.05

248

45

40

40

40

40

20

20

10

10

1.5

16

16

63

51

53

53

65

37

49

47

47

35

I$2060/600T OM
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Case 52466A

6 5% Pd/C
A401102

7 5% Pd/C
type 37

8 | 5% Pd/AI,04
A302084-5

9 |5%PdiC
A109047

10 | 5% Pd/C
A401102

11 | 5% Pd/IC
A401102

12 | 5% Pd/IC
type 37

13 | 5% Pd/iC -
A401102

14 | 5% Pd/C
type 37

15 | 5% Pd/C
A109047

16" | 5% Pd/C
type 37

17 | 5% Pd(S)/C

25

25

50

50

25

25

10

25

10

50

25

25

THF
MeOH
THF
EtOAc
THF
THF
THF
THF
THF
iPrOH
THF

THF

0.05
0.05
0.05
0.05
0.05
0.05
0.25
0.05

0.25

. 0.0

0.167

0.05-

249

CSzC 03

40

45

40

25

55

55

70

40

70

25

60

40

20

10

20

20

20

20

16

16

16

16

1.5

55

67

36

67

55

48

57

57

58

75

61

45

33

64

33

45

- 562

43

43

42

25

39

46

[€2060/600T OM

0I£0£0/6002d3/LIDd



Case 52466A
A103038
18 | 5% PdiC
type 37
19 | 5% Pd/C
A401102
20 |5% Pdic
A401102
21 | 5% Pdic
A109047
22 | 5% PdiC
type 37
23 | 5% PdiALO,
A302084-5
24 |5%pPyc
B103018
25 | 5% Pdic
type 37
26 | 5% PdiC
A401102
27 | 5% PdiC
type 39
28 | 5% PtC
B501018

25

10

25

50

25

50

25

25

25

25

25

THF
EtOH
THF
EtOH
THF
EtOH

THF

i-PrOAc .

THF
THF

THF

0.25
0.05
0.05
0.056
0.05
0.05
0.05
0.25
0.05
0.05

0.05

250

K>CO3

75

40

40

25

45

25

40

65

40

45

45

20
10

10

20

10

20

10

1.3

16

16

16

16

58

53

62

60

64

75

67

50

52

64

60

42

47

38

40

36

25|

: .33

50

48

- 36

40

1§2060/6007 OM

0I€0€0/6002dd/LId



Case 52466A
29 | 5% PtC
B 501032
30 | 5% Pd/iC
type 37
31 | 5%Pd/iC
type 37
32 | 5%PdiC
A401102
33 | 5% Pt/C
B501018
34 | 5%Pd/C
type 37
35 | 5% PdiC
type 39
36 | 5% PdiC
type 398
37 | 5%
Pd/SiO,/Al,03
C7079
38 | 5% Pd/iC
type 37
39 |5%PdiC
type 37

25
40
10
25
25
25
25
10

25

25

25

THF

THF

THF

EtOH

MeOH

THF

THF

THF

THF

THF

Me-THF

0.05

0.25

0.05

0.05

0.05

0.05

0.25

0.05

005

0.05

0.25

251

40

75

40

40

45

75

65

40

40

60

75

10

20

10

10

20

10

10

20

20

16

1.3

16

16

16

16

15

66

64
62
59
67
67
62
49

44

61

57

34

36

38

41

33

33

38

51

56

39

143
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Case 52466A

40 | 5% Pd/CaCO;
type 405

41 | 5% Pd/C
type 37

42 | 5% Pd/CaCO;,
A303060

43 | 5% Pd/IC
type 39

44 | 5% Pd/C
type 37

45 | 5% Pd/C
A401102

46 | 5% Pd/IC
A401102

47 | 5% Pd/IC
A401102

48 | 5% Pd(S)/C
A103038

49 | 5% Pd/IC
type 37

50 | 5% Pd/IC

‘ A401102
51 | 5% Pd/C

10

25

25

25

27

25

25

25

10

25

25

50

THF

THF

THF

THF

THF

THF

EtOH

THF

THF

THF

THF

THF

0.05
0.25
0.05
0.05
0.25
0.05
0.05
0.05
0.05
0.25
0.05

0.05

252

CSzCOg

40

65

40

45

75

40

25

25

40

65

40

25

10

20

10

20

20

10

10

10

20

10

16

45

16

16

16

16

16

1.5

16

50
73
55
64
o1

53

53
52
63
45

67

50

27

45

36|

39

47

46

47

48

37

55

33
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Case 52466A

A109047

52 | 5% Pd/C
type 37

§3 | 5% Pd/IC
A102023

54 | 5% Pd/AL,O;
A302084-5

55 | 5% Pd/IC
A405032

56 | 5% PYC
B501018

57 |5%PUC
B501018

58 | 5% Pd/C
type 37

59 | 5% Pd/C
type 37

60 | 5% Pd/IC
type 37

61 | 5% Pd/AIL,O3
A302011

62 |5%PdiC
type 37

25

10

50

10

25

25

25

25

25

25

25

THF

THF

THF

THF

THF

THF

i-PrOAc

- i-PrOAc

Me-THF
THF

THF

0.256

0.05

0.056

- 0.05

0.056

0.05

0.26

0.26

0.25

0.05

0.05

253

EtsN

65

40

25

40

40

40

65

65

65

40

75

20

10

10

10

20

20

20

20

10

20

16

16

16

16

63
50
60
48
61
50
52
58
66
38

65

37

50

40

52

39

50

48

7

62

35

I€2060/600T OM
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Case 52466A

63 | 5% Pd/C
A401102

64 | 5% Pd/C
A405028

65 | 5% Pd/C
type 39

66 | 5% Pd/C
type 37

67 | 5% Pd/C
A102023

68 | 5% Pd/C
type 37

69 | 5% Pd/Al,O;
A302084-5

70 | 5% Pd/C
type 37

71 | 5% Pd/C
A405028

72 | 5% Pd/IC

v type 37

73 | 5% Pd/C
type 37

74 | 5% Pd(S)/C

25

25

25

10

25

27

- 50

25

50

25

25

25

THF
THF
THF
THF
THF
THF

THF/H,0 (9:1)
THF

EtOH
THF
THF

THF

0.05

0.05

0.05

0.05

0.05

0.25

0.05

0.167

0.05

0.167

0.167

0.05

264

Etz:N

55

40

60
75
40
75
25
60
25
45
45

40

20

10

20

20

10

20

20

20

20

20

16

16

16

25

1.5

53

52

63

57

52

64

60

61

82

59

61

48

47

48

38

43 |

48

36

40|

39

18

41

39

52

1€2060/600T OM
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Case 52466A
A103038
75 | 5% Pd/C
type 394
76 | 5% Pd/C
A102023
77 | 5% Pd/C
A503038
78 | 5% Pd/C
type 39
79 | 5% Pd/C
type 37
80 | 5% Pd/C
type 37
81 |5%Pd/C
type 37
82 | 5%Pd/iC
type 37
83 | 5% Pd/C
type 37
84 | 5% Pd/IC
type 37
85 | 5% Pd/C
A405038

10

25

10

25

25

25

15

15

25

15

25

THF
THF
HF

Me-THF
THF
THF
THF
THF
THF

THF

THF

0.05

0.05

0.05

0.25

0.25

0.167

0.25

0.25

0.05

0.25

0.05

255

Et;N

40

40

40

65

65

45

65

65

60

75

40

10

20

10

20

20

20

20

20

20

20

10

16

16

1.5

1.5

1.3

16

57

45

51

63

56

60

60

60

61

57

52

43

55

49

37

44

40

40

40 |

39

43

48
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Case 52466A

86 |5% Pd/iC
A102038

87 | 5% Pd/C
type 37

88 | 5% Pd/C
A405032

89 | 5% PdiC
type 37

90 |5%
Pd(Pb)/CaCOs
A 305060

91 | 5% Pd(S)C
A103038

92 | 5% Pd(S)IC
A103038

93 | 5% PdIC
type 487

94 | 5% Pdic
type 37

95 |5%PdiC

type 39

96 | 5% Pd(S)IC
A103038

25

15

25

27

25

25

25

10

25

25

25

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

0.05

0.25

0.05

0.25

0.05

0.167

0.167

0.05

0.05

0.25

0.05

256

40

75

40

75

40

40

40

40

60

65

55

10

20

10

20

10

20

20

10

20

20

20

16
1.3
16>
1.3

16

7.5
72

16

45

56

48

58

50

51

80

45

62

59

45

55
44
52
42

50

49
20
55
38
41

55

I€2060/600T OM
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Case 52466A
97 | 5% PdIC
type 37
98 | 5% Pd/C
A503038
99 | 10% Pd/C
type 394
100 | 5%
Pd/SiO./Al,0,
C7078
101 | 5% Pd/C
type 37
102 | 5% Pd/IC
type 37
103 | 5% Pd/C
A401102 -
104 | 5% Pt/C
B501018
105 | 5% Pd/IC
type 37
106 | 5% Pd/C
A401102
107 | 5% Pd/IC
type 37

25

25

10

25

25

25

25

25

15

25

25

THF

THF

THF

THF

EtOAc

THF

iPrOH

THF

THF

THF

THF

0.25

0.05

0.05

0.05

0.25

0.05

0.05

0.05

0.25

0.05

0.25

257

65

40

40

40

65

75"

40

30

75

55

65

20

10

10

10

20

20

10

20

20

10

20

4.5

16

16

16

16

13

16

15

72
53
58

46

61
63
60

60

58

56

56

28

47

42

54

39

37

40

40|

42
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Case 52466A

108

109

110

111

112

113

114

115

116

117

118

119

5% Pd/C
A405038
5% Pd/C
A401102
5% Pd/C
A401102
5% PY/C
B501018
5% Pd/C
type 37
5% Pd/C
type 37
5% Pd/C
WpeSQ
5% Pd/C
type 37
5% Pd/fTiO,
C6944

5% Pd/AI,O5
A302084-5
5% Pd/C
A109047
5% Pt/C

10

10

15

25

25

15

.25

25

25

50

10

25

THF

THF

THF

MeOH

THF

THF

MeOH

THF

THF

THF

THF

THF

0.05

0.05

0.05

0.05

0.05

0.167

0.05

0.25

0.05

0.05

0.05

0.05

258

40

40

40
45
60
a0
45
75
40
40
40

40

10
10
10
20
30

20

20

10

10

10

16

16

16°

16

1.3

16

16

16

48

50

53

71

61

62

63

57

49

47

68

52

50

47

29

39

38

37

43

51

56

53

32

1$2060/600T OM

01€050/6002dd/1LDd



Case 52466A

120
121
1'22
123
124
125
126
127
128
129

130

B103014
5% Pd/C
A401102
5% Pd/C
type 37

5% PYC
B103032
5% PYC
B109032
5% Pd/C
type 37

5% Pd/C
A401102-5
5% Pd(S)/IC
A103038
5% Pd/C
A405028
5% Pd/BaSO,
A308053
5% Pd/ZrO,
C7140

5% Pd(S)/C
A103038

25

25

25

25

25

50

25

50

25

25

25

iPrOH

THF

THF

THF

THF

THF

THF

EtOAc

THF

THF

THF

0.05

0.05

0.05

0.05

0.167

0.056

0.05

0.05

0.05

0.05

0.05

259

K2COs

40

40

40

40

30

40-

40

25

40

40

40

10

10

10

10

20

10

10

10

20

16

16

16

16

72

16

16

16

62

66

63

69

57

50

69

54

53

46

38

34

37

31

43

.50

31

46

46

147
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Case 52466A

131
132
133
134
135
136
137
138
139
. 140
141

142

5% Pd/C
A405028
5% Pd/IC
A102023
5% Pd/IC
A405028
5% Pd/C
type 37

5% Pd/C
A401102

5% Pd(S)/C

A103038
5% Pd/IC
type 37

5% Pd/IC
A503032
5% Pd/C
type 39

5% Pd/IC
type 5R394
5% Pd/C

type 37
5% Pd/C

50

25

10

25

10

25

18

25

10

25

25

50

iPrOH

THF

THF

MeOH

THF

THF

THF

THF

THF

THF

THF

THF

0.05
0.05
0.05
0.05
0.05

0.167
0.25
0.05
0.05
0.05

0.167

0.05

260

25

40

40
45
40
%
75
40
40
40
60

25

10

10

20

10

20

20
10
10
10

20

16

16

16

1.3
16
16
16

4.5

64
53
50
65
55
53
58
50
62
57
62

67

36

47

50

35|

45

47

42

50

38

43

38

33
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Case 52466A

143

144

145

146

147

148

149

150

151

152

153

A405028
3% Pd/C
type 39
5% Pd/C
type 39
5% Pd/C
type 374
5% Pd/C
A401102
5% Pd/C
A401102
5% PY(S)/C
B106032
5% Pd/C
type 37
5% Pd/C
type 37
5% Pd/C
A102023
5% PtC
B501018
5% Pd/IC
type 5R338

10

25

10

25

25

25

10

25

25

25

25

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

0.056

0.05

0.05

- 0.05

0.056

0.05

0.25

0.05

0.05

0.05

0.05

261

CSzCOa

40

40

40

40

25

40-

70

60

40

45

1 40

10

10

10

10

10

10

20

20

20

10

16

16

16

16

16

16

16

75

60

44

54

42

64

57

60

50

61

59

25

40

56

46

58

36

1. 43

: 40

50

39

M
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Case 52466A

154

155

156

157

158

159

160

161

162

163

164

165

5% Pd/IC
type 37
5% Pd/C
A401102
1% Pd/C
type 39
5% Pd/C
A503023
5% Pd/IC
type 39
5% Pd/IC
type 37
5% Pd(S)/C
A103038
5% Pd/C
A401102
5% Pd/C
type 87L
5% Pd/C
type 39
5% Pd/IC

type 37
5% Pd/C

10

25

10

10

25

25

- 25

25
10
25
15

25

THF

THF

THF

THF

THF

THF

THF

EtOH

THF

MeOH

THF

THF

0.25

0.05

0.05

0.05

0.05

0.167

0.05

0.05

0.05

0.05

0.25

0.05

262

Et;N

K.CO3

70

25

40
40
60
“
40
40
40
45
65

40

20

20

10

10

20

20

10

20

20

10

16

16

16

4.5

16

16

16

60
58
74
49
62
59
53
57
44
62
60

58

40

42

26

51

41

47

43

56

38

40

42
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Case 52466A

166

167

168

169

170

171

172

173

174

175

176

A401102
5% PdIC
A405028
10% Pd/C
type 37

5% Pd/Al,05
A302084-5
5% PdIC

type 37
5% Pd/C

type 37

5% Pt/C
B501018
5% Pd/AI,03
A302084-5
5% Pd/C
type 37

5% Pd/C
A401102
5% Pd/C
A503023
5% Pd(S)/C
A103038

50

7.5

50

25

25

25

50

25

25

25

25

Toluene
THF
iPrOH
THF
THF
THF
EtOH
THF
E-tOH
THF

THF

0.05

0.25

0.05

- 0.25

0.25
0.05
0.05
0.25
0.05
0.05

0.05
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25

65

65
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40
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40
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20
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20
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1.5
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16

16

16
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55
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62
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58
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52
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27

45

38

38

36

39

67
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50

48
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Case 52466A

177 | 5% Pd/C
A109047
178 | 5% Pd/C
A503032

25

10

THF

THF

0.05

0.05
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40

40

10

10

16 | 46

16 | 50
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50
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HPLC Method (Exampl'e 47, Methods 1-178)

Column: X-BRIDGE; 75 x 4.6 mm; 3.5 um. Mobile Phase A (0.1 % NHs; (32 %) in water);
Mobile Phase B (Acetonitrile). Gradient: 0 min (40 % B); 1 min (40 % B); 15 min (70 % B);
18 min (70 % B); 19 min (40 % B); 20 min (40 % B). Flow rate: 1 ml min™'. Wavelength:
254 nm. Column temperature: 10 °C. ' '

Retention times

9-b (R1 = Boc, R6 = Me, R7 = Me): 9.4 min
9-c (R1 =Boc, R6 = Me, R7 = Me): - 10.4 min
7-a (R1 = Boc): 11.5 min
4-a (R1 = Boc): 14.1 min
3-a (R1 = Boc) and 3-b (R1 = Boc): 14.9 min

Example 48: (3R/S, 5S)-5-Biphenyl-4-yimethyl-3-hydroxymethyl-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (5-a, R1 = Boc)

{;VQ/@ gjﬂ@_ﬁ i/}@@
A4 A R

The residue obtained from Example 69 containing (3R, 5S)-5-biphenyl-4-ylmethyl-3-
methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (34a, R1 = Boc), (3S, 5S)-5-
biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 =
Boc) and (3R/S, 5S)-5-biphenyl-4-ylmethyl-3-hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (5-a, R1 = Boc) is purified by column chromatography, eluting with
ethyl acetate-heptane (1:1) to give (3R/S, 5S)-5-biphenyl-4-ylmethyi-3-hydroxymethyl-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (5-a, R1 = Boc) as a 62 : 38 mixture of
(38,58):(3R,58) diastereoisomers, respectively, as determined by NMR. 1H NMR
(DMSO): 1.49-1.51, 1.67-1.72, 1.81-1.85, 1.93-2.04, 2.56-2.63, 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, 4.94-4.96, 7.30-7.36,
7.43-7.46,7.62-7.66. |

Example 49: (3R/S,58)-5-Biphenyl-4-yimethyl-2-oxo-3-(toluene-4-
sulfonyloxymethyl)-pyrrolidine-1-carboxylic acid tert-butyl ester (11-a, R1 = Boc, R4

= quyl)
. Z OZI{: |
1 P
Method 1

20 mg (3R/S, 5S)-5-Biphenyl-4-yimethyl-3-hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (5-a, R1 = Boc) (prepared according to Example 48) is added to
chloroform (5 ml) at room temperature. Triethylamine (11 pl) is added to the mixture. 4-
Toluenesulphonic acid anhydride (20.5 mg) is then added to the mixture. The mixture is
then stirred for 20 h at room temperature. The volatiles are removed under reduced
pressure and the resulting crude material is purified by column chromatography, eluting
with heptane-ethyl acetate (2:1) to afford (3R/S,5S)-5-biphenyl-4-ylmethyl-2-oxo-3-
(toluene-4-sulfonyloxymethyl}-pyrrolidine-1-carboxylic acid- tert-butyl ester (11-a, R1 =
Boc, R4 = Tosyl) as a 69 : 31 mixture of diasterecisomers as determined by NMR. 1H
NMR (CDCl3): 1.51-1.53, 1.67-1.80, 2.08-2.17, 2.36, 2.64-2.79, 3.01 and 3.33, 3.89-4.16,
4.20-4.36, 7.15-7.69.

Method 2

100 mg (3R/S, 5S)-5-Biphenyl-4-ylmethyl-3-hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (5-a, R1 = Boc) (prepared according to Example 48) is added to
chloroform (3 ml) at room temperature. Triethylamine (110 pl) is added to the mixture. 4-
Toluenesulphonic acid anhydride (128 mg) is then added to the mixture. The mixture is
then stirred for 20 h at room temperature. Ethyl acetate (2 ml) is added to the mixture.
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The mixture is washed with saturated sodium hydrogen carbonate solution (2 x 1 ml). The
organic phase is dried (MgSQ,) and concentrated under reduced pressure. Punfication by
column chromatography, eluting with hep‘tane-ethyl acetate (2:1) affords (3R/S,5S)-5-
biphenyl-4-yimethyl-2-oxo-3-(toluene-4-sulfonyloxymethyl)-pyrrolidine-1-carboxylic acid
tert-butyl ester (11-a, R1 = Boc, R4 = Tosyl). LC-MS (+ES): 480 ([MH-CsHs]", 100 %),
553 ([MNH,]", 55), 1088 ([2M+NH,]", 20).

Example 50: Potassium[(R)-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butYI ester]hexafluorophosphate
(7-a, R1 = Boc, R6 = Me, R7 = Me)

Potassium tert-butoxide solution (16 ml, 0.5 M in tetrahydrofuran) is added to 2.46 g
N.N,N',N'-tetramethylformamidinium 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 cooled to ambient temperature . 1 g (S)-
2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) is
added to the mixture. The resulting mixture is stirred for 20 h at ambient temperature.
The mixture is then diluted with water (20 ml) and toluene (20 ml). The phases are then
separated. The organic phase is washed with saturated sodium carbonate solution (2 x
20 ml) and then with brine (20 ml). The organic phase is dried (MgSQO,) and concentrated
under reduced pressure. The residue is purified by column chromatography, eluting with
40 % ethyl acetate in hexane. Diethyl ether is added to the residue after concentration
and the resulting solid is collected by filtration and dried. 1H NMR (CDCl3): 1.57-1.59,
2.57-2.63, 2.68-2.71, 2.79-2.84, 3.00, 3.24-3.28, 4.30-4.34, 7.17,7.30-7.60. 19F NMR
(CDCl3): -74.9 ppm.
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The X-ray Structure of the obtained crystals is shown in figure 6. Single crystal for this
determination is obtained from tert-butylmethylether as solvent.

Crystal data [recorded at 120(2) K] )
Empirical formula C27.5H36F 3K0.sN203 5Po s

Formula weight 542.62

Crystal system Triclinic -
Space group P1

Cell parameters a=15.089(9) A

b = 17.068(10) A
c=18.798(12) A

o =88.79(4) °
B =67.67(3)°
y=72.63(4)°

Volume of unit cell 4251(4) A3

z" 6

Calculated density 1.272mg m3

* (number of asymmetric units in the unit cell)

Example 51: (R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminomefh-(E/Z)-yIidene]-Z-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)

General Procedure for Methods 1-35
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(S)¥2-Biphenyl—4-ylmethyl-5-oxo—pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 =
Boc) (amount in mmol given in the Table of Example §1 (Methods 1-35)) is added to an
ionic salt (identity and amount given in the Table of Example 51 (Methods 1-35)).
Optionally, a solvent (volume and identity given in the Table of Example 51 (Methods 1-
35)) is added. Bredereck’s reagent [Tris(dimethylamino)methane (13, R6 = Me, R7 = Me),
Tert-Butoxy-bis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 = tBu) and N,N-
Dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu)] (volume given in
the Table of Example 51 (Methods 1-35)). The mixture is then stirred at ambient
temperature for 3 h to afford (R)-5-biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)-
yIidene]-2-oxo-pyrro|idine—1-carboxylicaéid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 =
Me) or a salt thereof. The solutions are analysed by TLC (50 % ethyl acetate in hexane).
Re 0.21 (salt of 7-a, R1 = Boc, R6 = Me, R7I= Me); R 0.27 (7-a, R1 = Boc, R6 = Me, R7 =
Me); Rr 0.68 (8-a, R1 = Boc). '

Table of Example 51 (Methods 1-35):

NH, PFg
1-Butyl-3-methyl imidazolium PFs
1-Butyl-3-methyl imidazolium BF

NaCl
KCI
KCIO4
NaPFs
LiPFs
LiCl

1
1
1
1
1 -
1
1
1
1

N DD NN NN NN NN

R R T
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1| 2 4 LiBr 1 :

12 | 2 4 Na,SiFs 1 :

13 | 1 2 LiNH, 1 .

14 | 1 2 Li,CO; 1 .

15 | 1 2 KPFg 1 .

16 | 1 1 KPFg 1 THF 1
17 | 1 2 KPFe 0.5 .

18 | 1 2 KPFe 0.1 -

19 | 1 2 LiPFs 1 -

20 | 1 1 LiPFg 1 THF 1
21 | 1 0.6 LiPFs 1 | THF 1.4
2| 1 | 04 LIPFs 1 THF 16
23 | 1 0.3 LiPFs 1 THF 1.7
24 | 1 1 LiPFe 02 | THF 1
25 | 1 0.6 LiPFs 02 | THF 1.4
26 | 1 0.3 LiPFs 02 | THF 1.7
27 | 1 LiCl 1 -

28 | 1 LiCl 1 -

29 | 1 LiCI 1 THE 1
30 | 1 06 LiCI 1 THF 1.4
31 | 1 0.4 | LiCl 1 THF 16
32 | 1 2 LiCl 0.2 2

33 | 1 1 LiCl 02 | THF 1
34 | 1 0.6 LiCl 02 | THF 1.4
35 | 1 0.4 LiCl 02 | THF 16
Method 36

(S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 =
Boc) (2 mmol) is added to potassium hexafluorophosphate (1 eq) and 18-crown-6 (1 eq).
Bredereck’s reagent [Tris(dimethylamino)methane (13, R6 = Me, R7 = Me), Tert-Butoxy-
bis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 = tBu) and N,N-
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Dimethylformamide di-térl-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu)] (4 ml) is added.
The mixture is then stirred at ambient temperature for 3 h to afford (R)-5-biphenyl-4-
yimethyl-3-[1-dimethylaminometh-( £/2)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are
analysed by TLC (50 % ethyl acetate in hexane). Rg 0.21 (salt of 7-a, R1 = Boc, R6 = Me,
R7 = Me); Re 0.27 (7-a, R1 = Boc, R6 = Me, R7 = Me); Rr 0.68 (8-a, R1 = Boc)..

Example 52: (R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-{E/Z)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)

Method 1

A mixture of lithium tert-butoxide (2.8 eq, 2.8 mmol, 1 M solution in THF) and N,N,N'N’-
tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me) (3 eq, 3 mmol) is
stirred at 60 °C for 1 h. The mixture is then cooled to room temperature. The mixture is
then diluted with tetrahydrofuran to a total volume of 5 ml. (S)-2-Biphenyl-4-yimethyl-5-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (1 eq, 1 mmol) is then
added to the mixture. The mixture is then stirred at room temperature for 3 h. The
volatiles are removed under reduced pressure. Ethyl acetate (20 ml) is added to the
mixture. The phases are separated and the organic phase washed with saturated sodium
carbonate solution (2 x 20 ml) and brine (20 ml). The organic phase is dried (Na2SOs)
and concentrated under reduced pressure to afford (R)-5-Biphenyl-4-yimethyl-3-[1-
dimethylaminometh-(E/Z}-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are analysed by TLC (50 %
ethyl acetate in hexane). Rr 0.21 (salt of 7-a, R1 = Boc, R6 = Me, R7 = Me); R 0.27 (7-a,
R1 = Boc, R6 = Me, R7 = Me); Re 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 N,N,N'N’-
tetramethylformamidinium chloride (18, R6 = Me, R7 = Me) (3 eq, 3 mmol) are stirred at
60 °C for 1 h. The mixture, is then cooled to room temperature. The mixture is then
dilutéd with tetrahydrofuran to a total volume of 5 ml. (S)-2-Biphenyl-4-yimethyl-5-oxo-
pyrrolidine-1-carboxylic acid terf-butyl ester (8-a, R1 = Boc) (1 eq, 1 mmol) is then added
to the mixture. The mixture is then stirred at room temberatUre for 3 h. The volatiles are
removed under reduced pressure. Ethyl acetate (20 ml) is added to the mixture. The
phases are separated and the organic phase is washed with saturated sodium carbonate
solution (2 x 20 rﬁl) and brine (20 ml). The organic phase is dried (Na;S0,) and
concentrated under reduced pressure to afford (R)-5-Biphenyl-4-ylmethyl-3-[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrroIidine-1 -carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are analysed by TLC (50 %
ethyl acetate in hexane). Rr 0.21 (salt of 7-a, R1 = Boc, R6 = Me, R7 = Me); Rr 0.27 (7-a,
R1 = Boc, R6 = Me, R7 = Me); Rr 0.68 (8-a, R1 = Boc)..

Method 3

A mixture of potassium tert-butoxide (2.8 eg, 2.8 mmoal, 1 M solution in THF) and
N,N,N'N'-tetramethylformamidinium chioride (18, R6 = Me, R7 = Me) (3 eq, 3 mmol) are
stirred at 60 °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-yimethy!-5-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (1 eq, 1 mmol) and lithium
chloride (1 eq, 1 mmol) is then added to the mixture. The mixture is then stirred at room
temperature for 3 h. The volatiles are removed under reduced pressure. Ethyl acetate
(20 ml) is added to the mixture. The phases are separated and the organic phase washed
with saturated sodium carbaonate solution (2 x 20 ml) and brine (20 ml). The organic
phase is dried (Na,SO,) and concentrated under reduced pressure to afford (R)-5-
biphenyl-4-yimethyl-3-[1-dimethylaminometh-( £/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions
are analysed by TLC (50 % ethyl acetate in hexane). Rg 0.21 (salt of 7-a, R1 = Boc, R6 =
Me, R7 = Me); R¢ 0.27 (7-a, R1 = Boc, R6 = Me, R7 = Me); R¢ 0.68 (8-a, R1 = Bac)..
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Example 53: (R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)

Method 1

351 mg (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,
R1 =Boc) (1 eq, 1 mmol) and lithium hexafluorophosphate (1 eq) is added to
tetrahydrofuran (10 ml). N,N-Dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 =
Me, R8 = tBu) (3 eq) and dimethylamine (0.5 eq) are added to the mixture. The mixture is

~ stirred at room temperature for 3 h. The volatiles are removed under reduced pressure.
Ethyl acetate (20 ml) is then added. The mixture is washed with saturated sodium
carbonate solution (2 x 20 ml) and then with brine (20 ml). The organic layer is dried
(Na;SO4) and concentrated under reduced pressure to afford (R)-5-biphenyl-4-yimethyl-3-
[1-dimethylaminometh-(E£/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-
a, R1=Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are analysed by TLC (50
% ethyl acetate in hexane). Rg 0.21 (salt of 7-a, R1 = Boc, R6 = Me, R7 = Me); R 0.27
(7-a,R1 = Bbc, R6 = Me, R7 = Me); R: 0.68 (8-a, R1 = Boc)..

General Procedure for Methods 2-6

351 mg (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (8-a,
R1 = Boc) (1 eq, 1 mmol) and lithium hexafluorophosphate (1 eq) is added to
tetrahydrofuran (10 ml). Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (1.5 eq, 2
eq or 3 eq) and N,N-Dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 =
tBu), diisopropylamine or diphenylamine (1 eq, 1.5 eq, 3 eq or 4 eq) are added to the
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mixture. The mixture is stirred at room temperature for 3 h. The volatiles are removed
under reduced pressure. Ethyl acetate (20 mi) is then added. The mixture is washed with
- saturated sodium carbonate solution (2 x 20 ml) and then with brine (20 ml). The organic
layer is dried (Na,SO,) and concentrated under reduced pressure to afford (R)-5-biphenyl-
4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (7-a'. R1= BOc,‘ R6 = Me, R7 = Me) or a salt thereof. The solutions are
anaiysed by TLC (50 % ethyl acetate in hexane). Rr 0.21 (salt of 7-a, R1 = Boc, R6 = Me,
R7 = Me); Re 0.27 (7-a, R1 = Boc, R6 = Me, R7 = Me); R 0.68 (8-a, R1 = Bbc)..
Method 2

Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (1 5 eq); N,N-Dimethylformamide di-
tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu) (1.5 eq)

Method 3

Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (3 eq); diisopropylamine (3 eq)
Method 4

Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (3 eq); Diphenylamine (3 eq)
Method §

Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (2 eq); Diphenylamine (4 eq)
Method 6

Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (3 eq); Diphenylamine (1 eq)

Example 54: (R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)
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A A

General Procedure for Methods 1-8

351 mg (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,
R1 = Boc) and N,N,N’N‘-tetramethylformémidinium hexafluorophosphate (18, R6 = Me,
R7 = Me) (0.1 or 1 eq) are dissolved in 10 ml of a solvent (tetrahydrofuran, 1 % dioxane in
tetrahydrofuran, 5 % dioxane in tetrahydrofuran, 20 % dioxane in tetrahydrofuran, dioxane
or tetrahydrofuran containing 50 mol% N,N,N’'N’-tetramethylethylenediamine). 520 pl '
Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) is added to the mixture. Tertiary
butanol (1 eq or 3 eq) is then added to the mixture. The resulting mixture is stirred at
ambient temperature for 3 h. The volatiles are then removed under reduced pressure.
Ethyl acetate (20 ml) is added to the mixture. The mixture is then washed with saturated
sodium carbonate solution (2 x 20 ml) and then with brine. The organic phase is dried
'(NapS0,) and concentrated under reduced pressure to afford (R)-5-biphenyl-4-yimethyl-3-
[1-dimethylaminometh-(E£/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-
a, R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are analysed by TLC (50
% ethyl acetate in hexane). Rr 0.21 (salt of 7-a, R1 = Boc, R6 = Me, R7 = Me); R 0.27
(7-a, R1 = Boc, R6 = Me, R7 = Me); R¢ 0.68 (8-a, R1 = Boc)..

Method 1

N,N,N’N’-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 1 eq;
Tertiary butanol (3 eq); Solvent: Tetrahydrofuran

Method 2
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N,N,N’'N’-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 1 eq;
Tertiary butanol (1 eq); Solvent: Tetrahydrofuran
Method 3

N,N,N’'N’-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq;
tertiary butanol (1 eq); Solvent: 1 % Dioxane in Tetrahydrofuran

Method 4

N,N,N’N'-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq;
tertiary butanol (1 eq); Solvent: 5 % Dioxane in Tetrahydrofuran

Method 5

N,N,N’N'-tetramethyiformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq;
tertiary butanol (1 eq); Solvent: 10 % Dioxane in Tetrahydrofuran

Method 6

N,N,N’N’-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq;
tertiary butanol (1 eq); Solvent: 20 % Dioxane in Tetrahydrofuran

Method 7

N,N,N’'N'-tetramethyiformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq;
tertiary butanol (1 eq); Solvent: Dioxane '

Method 8
N,N,N'N’-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq;

tertiary butanol (3 eq); Solvent: Tetrahydrofuran containing 50 mol% N,N,N'N’-

tetramethylethylenediamine
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Example 55: (R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)

General Procedure for Methods 1-3

351 mg (1 mmol) (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (8-a, R1 = Boc) and magnesium chloride (0.1, 1 or 2 eq) are added to
tetrahydrofuran (10 ml). The mixture is stirred at room temperature. _
Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (3 eq) and tertiary butanol (3 eq) are
added. The mixture is stirred at room temperature for 3 h. The volatiles are removed
under reduced pressure. Ethyl acetate (2 x 20 ml) is added. The mixture is washed with
saturated sodium carbonate solution (2 x 20 ml) and brine (20 mi). The organic phase is
dried (Na;SO;) and concentrated under reduced pressure to afford (R)-5-biphenyl-4-
ylmethyl-3-[1-dimethylaminometh-(£/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are
analysed by TLC (50 % ethyl acetate in hexane). Rg 0.21 (salt of 7-a, R1 = Boc, R6 = Me,
R7 = Me); Re 0.27 (7-a, R1 = Boc, R6 = Me, R7 = Me); Re 0.68 (8-a, R1 = Boc)..

Method 1
Maghesium chloride (0.1 eq)
Method 2

Magnesium chloride (1 eq)
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Method 3
Magnesium chloride (2 eq)

Example 56: (R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)

LHMDS (1 M solution in THF, 2 ml, 2 mmol) is added to a mixture of diphenylamine (340
mg, 2 mmol) and N,N,N',N’-tetramethylformamidinium hexafluorophosphate (492 mg, 2
mmol) in tetrahydrofuran (2 ml). The mixture is then stirred at room temperature for 0.5 h.
The mixture is diluted by addition of tetrahydrofuran (5 ml). (S)-2-Biphenyl-4-ylmethyl-5-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (351 mg, 1 mmol) is then
added to the mixture. The mixture is stirred for 15 min at room temperature. The volatiles
are removed under reduced pressure. Ethyl acetate (20 ml) is added to the mixture. The
mixture is washed with saturated sodium carbonate solution (2 x 20 ml) and brine (20 ml).
The organic phase is dried (Na,CO3) and concentrated under reduced pressure to afford
(R)-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E£/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The
solutions are analysed by TLC (50 % ethyl acetate in hexane). RF.0.21 (saltof 7-a, R1 =
Boc, R6 = Me, R7 = Me); Rr 0.27 (7-a, R1 = B'oc., R6 = Me, R7 = Me); R 0.68 (8-a, R1 =
Boc)..

Example 57: (S)-1-benzyl-5-biphenyl-4-ylmethyl-pyrrolidin-2-one (8-a, R1 = Benzyl)
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Iz

2.51 g S)-5-Biphenyl-4-ylmethyl-pyrrolidin-2-one (8-a, R1 = H) and sodium hydride (312
mg, 13 mmol) are added to tetrahydrofuran, with stirring. Benzyl bromide (1.43 ml) Is
added and the resulting mixture stirred for 4 h. The volatiles are removed under reduced
pressure. Ethyl acetate (50 ml) is added to the mixture. The organic phase is washed
with saturated sodium carbonate solution '(2'x 40 ml) and brine (40 ml). The organic
phase is dried (Na;SO.) and concentrated under reduced pressure. The residue is
purified by column chromatography (60 % ethyl acetate in hexane) to afford (S)}-1-benzyl-
5-biphenyl-4-yimethyl-pyrrolidin-2-one (8-a, R1 = Benzyl). 1H NMR (DMSO): 1.6-1.9 (2
H), 2.1 (2 H), 2.6 (1 H), 3.0 (1 H), 3.5-3.7 (1 H), 4.2 (1 H), 4.8 (1 H), 7.1-7.7 (14 H).

Example 58: Tris(dimethylamino)methane (13, R6 = Me, R7 = Me), Tert-Butoxy-
bis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 = tBu) and N,N-
Dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu)

NMe, NMe, NMe, NMe, NMe,

e Y
Me;N NMe, tBuO' OtBu MeoN NMe; MezN 1Bu tBuO OtBu

General Procedure for Methods 1-39

Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (0.1 eq or 0.25 eq or 0.5 eq or 0.75
eq or 0.9 eq) is added to N,N-Dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 =
Me, R8 = tBu) (0.1 eq or 0.25 eq or 0.5 eq or 0.75 eq or 0.9 eq) at room temperature.
Optionally, potassium hexafluorophosphate (0 eq or 0.2 eq or 1 eq) is added to the
mixture. Optionally, lithium chloride (0 eq or 1 eq) is added to the mixture. The resulting

mixture is then stirred at room temperature or at elevated temperature (45 °C or 60 °C or
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80°C) for agiventime (1hor2hor4 hor16 hor 18 h or 21 h) to afford a mixture of
tris(dimethylamino)methane (13, R6 = Me, R7 = Me), tert-butoxy-
bis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 =tBu) and N,N-
dimeth'ylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu). Spectroscopic
data as in Example 14, Method 1. ' "

1 0.5 5 0 0 rt 16
2 0.5 0.5 1 0

3 0.9 0.1 0 0 45 16
4 0.9 0.1 0 0 45 4
5 0.25 0.75 0 0 45 1
6 0.75 0.25 0 0 45 16 !
7 0.5 0.5 0 0 80 4
8 0.9 0.1 0 0 80 16
9 0.1 0.9 0 0. 80 4
10 0.25 0.75 0 0 80 1
11 0.5 0.5 0 0 80 i
12 0.25 0.75 0 0 80 4
13 - 0.5 0.5 0 0 80 16
14 0.9 0.1 0 0 80 1
15 0.9 0.1 0 0 45 1
16 0.1 0.9 0 0 45 16
17 0.75 0.25 0 0 45 1
18 0.5 0.5 0 0 rt 1
19 0.5 0.5 1 0 21
20 0.5 0.5 0 0 45 16
21 0.5 05 0 0 45 4
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22 075 | 025 0 0 80 4

23 0.75 0.25 0 0 80 - 16
24 0.1 0.9 0 0 80 16
25 0.1 0.9 0 0 45

26 0.25 0.75 0 0 45

27 0.25 0.75 0 0 80 16
28 0.1 0.9 0 0 45 1

29 0.5 0.5 1 0 o 18
30 0.75 0.25 0 0 80 9

31 0.5 0.5 0 0 t 4
32 0.75 0.25 0 0 45 4

33 0.9 0.1 0 0 80 4

34 0.5 05 0 1 60 2

35 0.5 05 1 0 60 2
36 0.1 0.9 0 0 80 1

37 05 0.5 0.2 0 60 2

38 0.5 05 0 0 45 1

39 0.25 0.75 0 45 16

Example 59: (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO;Me)

2 g (2R 4 S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 =
Boc, R2 = H, R3 = CO;H) prepared according to Example 2 in WO/2008/031567 is added
to 2.55 g caesium carbonate. Dimethylformamide (4 ml) is then added. Methyl iodide
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(0.55 ml). is then added and the mixture is stirred for 16 h at room temperature. Water (10
ml) and isopropyl acetate (10 ml) are added. The phases are separated. The aqueous

- phase is washed with isopropyl acetate (2 x 10 ml). The combined organic phases are
washed with 20 % aqueous sodium chloride solution (15 ml) and then dried (MgS0Oy). The
mixture is concentrated under reduced pressure to afford (2R,4S)-5-biphenyl-4-yl-4-tert-
butoxycarbohyiamino—2-'méthylpentanoic acid methyl ester (1-a, R1 = Boc, R2=H, R3 =
COéMe). 1H NMR (CDCl): 1.18 (3H), 1.41 (9H), 1.51 (1H), 1.95 (1H), 2.66 (1H), 2.85
(2H), 3.70 (3H), 3.94 (1H), 4.36 (1H), 7.25 (2H), 7.35 (1H), 7.45 (2H), 7.53 (2H), 7.59
(2H).

Example 60: (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO;Me) and (2S,4S)-5-biphenyl-4-y|-4-
tert-butoxycarbonylamino-2-methylpentanoic acid methyl ester (1-b, R1 = Boc, R2 =
H, R3 = CO,Me) ‘

C
C 1

’ /T\ ’ /T\ )
2 g (2R,4 S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 =
Boc, R2 = H, R3 = CO;H) and (25,4 S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-

methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO,H), ratio of diastereomers of 80:20
ratio, respectively, prepared according to Example 3 in W0/2008/031567, is added to 2.55

g caesium carbonate. Dimethylformamide (4 ml) is then added. Methyl iodide (0.55 ml) 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 organic phases are washed
with 20 % aqueous sodium chloride solution (15 ml) and then dried (MgS0,). The mixture
is concentrated under reduced pressure to afford (2R,4S)-5-biphenyl-4-yi-4-tert-
butoxycarbonylamino-2-methylpentanoic acid methyl ester (1-a, R1 = Boc, R2 =H, R3 =
CO;Me) and (28,4 S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid
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methyl ester (1-a, R1 ='Boc, R2 =H, R3 = CO,Me) as an 80 : 20 mixture of
diastereomers, respectively. 1H NMR (CDCl3): 1.17-1.20, 1.25-1.26, 1.41, 1.46-1.63,
1.76-1.85, 1.92-1.99, 2.51-2.59, 2.61-2.71, 2.76-2.85, 3.70, 3.83-3.99, 4.09-4.40, 7.25-
7.28,7.33-7.37, 7.43-7.47, 7.53-7.55, 7.59-7.61. Ratio of diastereomers 80:20 (1-a, R1 =
Boc, R2 = H, R3 = CO,Me : 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 1.92-1.99 (1-a, R1 = Boc, R2 = H,
R3 = CO;Me).

Example 61: (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentandic acid
methyl ester (2-a, R1 = Boc, R2 = H, R3 = CO,Me)

(J

" 30g (R)—5—Biphenyl-4-yl-4-tert-butocharbonylamino-2-methy|enepentanoic acid (2-a, R1
= Boc, R2 = H, R3 = CO.H), prepared according to Example 33 is added to38.4g
caseium carbonate. Dimethylformamide (50 ml) is then added. Methyl iodide (8.26 ml) is
then added and the mixture is stirred for 16 h at room temperature. Water (1200 ml) and
isopropy! acetate (120 ml) are added. The phases are separated. The aqueous phase is
washed with isopropyl acetate (2 x 120 ml). The combined organic phases are washed
with 20 % aqueous sodium chloride solution (180 ml) and then dried (MgS0O,). The
mixture is concentrated under reduced pressure to afford (R)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylenepentanoic acid methyl ester (2-a, R1 = Boc, R2=H, R3
= COMe). 1H NMR (CDCl5): 1.40 (SH), 2.38 (1H), 2.61 (1H), 2.86 (1H), 2.91 (1H), 3.78
(3H), 4.07 (1H), 452 (1H), 5.64 (1H), 6.25 (1H), 7.29 (2H), 7.35 (1H), 7.45 (2H), 7.55
(2H), 7.59 (2H).

Example 62: (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO,Et)
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2 g (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methyipentanoic acid (1-a, R1 =
Boc, R2 = H, R3 = CO;H) prepared according to Example 2 in WO/2008/031567 is added
to 2.55 g caesium carbonate. Dimethylformamide (4 ml) is then added. Ethyl iodide (0.55
ml) is then added and the mixture is stirred for 16 h at room temperature. Water (10 ml)
and isopropyl acetate (10 ml) are added. The phases are separated. The aqueous phase
is washed with isopropy! acetate (2 x 10 ml). The combined organic phases are washed
with 20 % aqueous sodium chloride solution (15 ml) and then dried (MgS0,). The mixture
is concentrated under reduced pressure to afford (2R,4S)-5-biphenyl-4-yi-4-tert-
butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-a, R1 = Boc, R2 =H, R3 =
CO,Et). 1H NMR (CDCl5): 1.18 (3H), 1.27 (3H), 1.42 (3H), 1.49 (1H), 1.95 (1H), 2.62
(1H), 2.85 (2H), 3.94 (1H), 4.16 (2H), 4.36 (1H), 7.26 (2H), 7.35 (1H), 7.45 (2H), 7.55
(2H), 7.59 (2H). '

Example 63: (2R,4S)-5-blphenyl-4-yl;4-tert-butoxycarbonylamino-2-methylpentanolc
acid ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO,Et) and (2S,4S)-5-biphenyl-4-yl4-
tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-b, R1 = Boc, R2 =
H, R3 = CO.Et)

OH
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2 g (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 =
Boc, R2 =H, R3 = CO;H) and (2S,4S)-5-Biphenyl-4-yi-4-tert-butoxycarbonylamino-2-
methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO,H), ratio of diastereomers of 80:20
ratio, respectively, prepared according to Example 3 in WO/2008/031567, is added to 2.55
g caesium carbonate. Dimethylforrmamide (4 ml) is then added. Ethyl iodide (0.55 ml) is
then added and the mixture is stirred for 16 h at room temperature. Water (10 ml) and
isopropyl acetate (10 ml) are added. The phases are separated. The aqueous phase is
washed with isopropyl acetate (2 x 10 ml). The combined organic phases are washed
with 20 % aqueous sodium chloride solution (15 ml) and then dried (MgSQs). The mixture
is concentrated under reduced pressure to afford (2R,4S)-5-bipheny!-4-y|-4-tert-
butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-a, R1 = Boc, R2=H, R3 =
CO,Et) and (2S,4 S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid
ethyl ester (1-a, R1 =Boc, R2=H, R3 = CdzEt) as an 80 : 20 mixture of diastereomers,
respectively. 1H NMR (CDClg): 1.16-1.20, 1.25-1.29, 1.42, 1.47-1.52, 1.56-1.62, 1.76-
1.84, 1.92-1.98, 2.48-2.57, 2.58-2.67, 2.77-2.88, 3.77-4.01, 4.10-4.18, 4.32-4.41, 7.26-
7.28,7.33-7.37, 7.43-7.47, 7.53-7.55, 7.59-7.60. Ratio of diastereomers 80:20 (1-a, R1 =
Boc, R2 = H, R3 = COEt : 1-b, R1 = Boc, R2 = H, R3 = CO;Et) by integration of signals at
1.76-1.84 (1-b, R1 = Boc, R2 = H, R3 = CO,Et) and 1.92-1.98 (1-a, R1 = Boc, R2 = H, R3
= CO,Et).

Example 64: (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic
acid ethyl ester (2-a, R1 = Boc, R2 = H, R3 = CO;Et)

| .
My
1.

30 g (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1
= Boc, R2 = H, R3 = CO;H), prepared according to Example 33 is added to 38.4 g
caseium carbonate. Dimethylformamide (50 ml) is then added. Ethyl iodide (8.26 ml) is

$

then added and the mixture is stirred for 16 h at room temperature. Water (1200 ml) and
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isopropyl. acetate (120 mi) are added. The phases are separated. The aqueous phase is
washed with isopropy! acetate (2 x 120 ml). The combined organic phases are washed
with 20 % aqueous sodium chloride solution (180 ml) and then dried (MgSOy). The
mixture is concentrated under reduced pressure to afford (R)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylenepentanoic acid ethyl ester (2-a, R1 = Boc, R2 =H, R3 =
CO.Et). 1H NMR (CDCI3)£ 1.31 (3H), 1.40 (9H), 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), 7.29 (2H), 7.35 (1H), 7.45
(2H), 7.54 (2H), 7.59 (2H).

Example 65: (2R,4S)-5-biphenyl-4-yI-4-tert-butoxycarbonylamino-2-methy|pentanoic
acid ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO,Et) and (2S,4S)-5-biphenyl-4-yl-4-
tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-b, R1 = Boc,R2=
H, R3 = CO,Et) '

Method 1

409 mg (R)-5-Biphenyl-4-yi-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
ethyl ester (2-a, R1 = Boc, R2 = H, R3 = CO,Et) is added to ethanol (9 ml) in Vessel A.
14.9 mg [Rh(NBD),]BF, and 39.6 mg (R)-1-[(R)-2-(2'-dicyclohexylphosphinophenyl)-
ferrocenyl]ethyldi(bis-(3,5-trifluoromethyl)phenyl)-phosphine (= Walphos SL-W008-1)
are added to ethanol (3 ml) in Vessel B. The contents of Vessel B are stirred for 0.5 h
at room temperature. The contents of Vessel A and Vessel B are then transferred to
Vessel C. Vessel C is purged with hydrogen (20 bar) and then pressurised under a
hydrogen atmosphere at 20 bar. The mixture is stirred for 16 h. The volatiles are
removed under reduced pressure. The residue is analysed by hplc to determine the
ratio of (2R,4 S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid
ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO.Et) to (25,4S)-5-biphenyl-4-yl-4-tert-
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butox_ycarbonylamino-2-methy|pentanoic acid ethyl ester (1-b, R1 =Boc, R2=H, R3 =
CO;Et). Diastereomer ratio 50.2 : 49.8 (1-a, R1 = Boc, R2=H, R3 = COEt: 1-b,R1 =
Boc, R2 = H, R3 = COEt) as determined by hplc.

Method 2

409 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
ethyl ester (2-a, R1 = Boc, R2 = H, R3 = CO;Et) is added to ethanol (9 ml) in Vessel A.
17.4 mg [Ru(COD)(CF;C0.).] and 44.2 mg (aR,aR)-2,2'-bis(a-N,N-
dimethylaminophenylmethyl)-(S,S)1,1'-bis[di(3,5-dimethyl-4-
methoxyphenyl)phosphinolferrocene (= Mandyphos SL-M004-1) are added to
dichloroethane (3 mi) in Vessel B. The contents of Vessel B are stirred for 0.5 h at 50
°C. The volatiles are removed from the mixiure in Vessel B under reduced pressure.
Ethanol (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
pressurised under a hydrogen atmosphere at 20 bar. The mixture is stirred for 16 h.
The volatiles are removed under reduced pressure. The residue is analysed by hplc to
determine the ratio of (2R,4 S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid ethyl ester (1-a, R1.= Boc, R2 = H, R3 = CO,Et) to (25,45)-5-
biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-b, R1 =
Boc, R2 =H, R3 = CO,Et). Diastereomer ratio 25.5:74.5 (1-a, R1 =Boc, R2=H, R3 =
COEt: 1-b,R1 = Boc, R2 = H, R3 = COEt) as determined by hpic.

General Procedure (Example 65, Methods 3-12)

The Organometallic Complex (A) and Chiral Ligand (L) are addéd to a mixture of ethanol
(0.041 ml) and dichloroethane (0.135 ml). The ratio of Chiral Ligand per atom of metal
within the Organometallic Complex used is 1.20 : 1. The S/C ratio is 25. The mixture is
stirred for 0.5 h. The solvent is then removed. (R)-5-Biphenyl-4-yl-4-tert- |
butoXycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 = CO;Et) in
ethanol or dichloroethane (0.244 ml) is added to the vessel containing the Organometallic
Compléx (A) and Chiral Ligand (L). Further solvent is added to give the final
concentration of 2-a (R1 = Boc, R2 = H, R3 = CO,H) of 84 mM.
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Hydrogen gas at 20 bar is the applied to 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 hplc to determine the ratio of (1-a, R1 = Boc, R2 =
H, R3 = CO,Et) and (1-b, R1 = Boc, R2 = H, R3 = CO,Et). '

Method 3

Chiral  Ligand  {(2S,4S)-2,4-Bis(diphenylphosphino)pentane =  (S,S)-BDPP}
Organometallic -~ Complex {bis(trifluoroacetoxy)(1,5-cyclooctadiene)ruthenium(ll)};
Solvent: Ethanol. Diastereomer ratio 85 : 15 ((1-a, R1 = Boc, R2 = H, R3 = COEt) : (1-
b, R1 = Boc, R2 = H, R3 = CO,Et) as determined by hplc.

Method 4

Chiral _ Ligand {(R)-1-[(S)-2-Di-tert.-
butylphosphino)ferrocenyl]ethyldicyclohexylphosphine = SL-J505-1}; Organometallic
Complex ({bis(trifluoroacetoxy)(1,5-cyclooctadiene)ruthenium(il)}; Solvent: Ethanol.
Diastereomer ratio 71 : 29 ((1-a, R>1 =Boc, R2 = H, R3 = CO;Et) : (1-b, R1 = Boc, R2 =
H, R3 = CO,Et) as determined by hpilc.

Method 5

Chiral Ligand {(1 S)-Diphenylphosphino-z-[(R)-q-(N,N-dimethylamino)-o-
diphénylphosphinophenyl)—methyl]ferrocene = SL-T001-1}; Organometallic Complex
{bis(trifluoroacetoxy)(1,5-cyclooctadiene)ruthenium(ll)}; Solvent: Ethanol. Diastereomer
ratio 70 : 30 ((1-a, R1 = Boc, R2 = H, R3 = COEt) : (1-b, R1 = Boc, R2 = H, R3 =
CO,Et) as determined by hplc. '

Method 6
Chiral Ligand {(R)-1-[(S)-2-(Diphenylphosphino)ferrocenyl]ethyldi(3,5-xylyl)phosphine =

SL-J005-1}; Organometallic Complex {bis(trifluoroacetoxy)(1,5-
cyclooctadiene)ruthenium(ll)}; Solvent: Ethanol. Diastereomer ratio 67 : 33 ((1-a, R1 =
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Boc, R2 = H, R3 = COEt) : (1-b, R1 = Boc, R2 = H, R3 = CO,Et) as determined by
hplc.

Method 7

Chiral Ligand {(S)-(-)-(6,6’-Dimethoxybiphenyl-2,2'-diyl)-bis(diphenylphosphine) = (S)--
Ph-MeOBIPHEP = SL-A101-2}; Organometallic Complex {[Ir(COD),}BArF}, Solvent:
Dichloroethane. Diastereomer ratio 63 : 37 ((1-a, R1 = Boc, R2 = H, R3 = CO,Et) : (1-b,
R1 =Boc, R2 = H, R3 = CO;Et) as determined by hplc.

Method 8

Chiral Ligand {(S)—1-[(R)-2-(Dipheny|phospﬁino)ferrocenyl]ethy|di(3,5-xy|y|)phosphine =
SL-J005-2}; Organometallic Complex {bis(norbomadiene)rhodium(l) tetrafluoroborate};
Solvent: Ethanol. Diastereomer ratio 58 : 42 ((1-a, R1 = Boc, R2 = H, R3 = COEt) : (1-
b, R1=Boc, R2 = H, R3 = CO,Et) as determined by hplc.

Method 9

"~ Chiral Ligand {(R)-1-(R)-2-(2.-Diphenylphosphinophenyl)ferrocenyl]ethyldi(bis-3,5-
trifluoromethylphenyl)phosphine = SL-w001-1}; Organometallic Complex
{bis(norbomadiene)rhodium(l) tetrafluoroborate}; Solvent: Ethanol. Diastereomer ratio .
31:69 ((1-a, R1 = Boc, R2 = H, R3 = CO,Et) : (1-b, R1 = Boc, R2 = H, R3 = CO;Et) as
determined by hplc.

Method 10

Chiral Ligand {(S)-1-[(S)-2-(2'-Dicyclohexylphosphinophenyl)ferrocenyl]ethyldi(bis-(3,5-
trifluoromethyl)phenyl)-phosphine = SL-W008-2};  Organometallic ~ Complex
{bis(norbornadiene)rhodium(l) tetrafluoroborate}; Soivent: Ethanol. Diastereomer ratio
16 : 84 ((1-a, R1 = Boc, R2 = H, R3 = CO,Et) : (1-b, R1 = Boc, R2 = H, R3 = CO,Et) as
determined by hplc. '
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Method 11

Chiral Ligand {(R)-1-[(S)-2-Diphenylphosphino)ferrocenyljethyldi-tert.-butylphosphine =
SL-J002-1}; Organometallic Complex { bis(norbornadiene)rhodium(!) tetrafluoroborate };
Solvent: Ethanol. Diastereomer ratio 2 : 98 ((1-a, R1 = Boc, R2 = H, R3 = CO.Et) : (1-b,
R1 = Boc, R2 = H, R3 ='CC;E() as determined by hplc.

Method 12

Chiral Ligand {('R)-1-[(S)-2-die(hylphosphino)ferrocenyl]ethyl di(tert-butyl)-phosphine =
SL-J301-1}; Organometallic Complex { bis(norbornadiene)rhodium(l) tetrafluoroborate};
Solvent: Ethanol. Diastereomer ratio 5 : 95 ((1-a, R1 = Boc, R2 = H, R3 = CO,Et) : (1-b,
R1 = Boc, R2 = H, R3 = CO,Et) as determined by hplc.

HPLC Method (Example 65, Methods 1-12)

Column: Chiralcel OJ-RH; 150 x 4.6 mm; 5 um. Mobile Phase A (water); Mobile Phase B
(Acetonitrile). Isocratic: 0 min (60 % B); 15 min (60 % B). Flow rate: 0.8 ml min™.
Wavelength 254 nm. Column temperature: 10 °C.

Retention times:
1-b (R1 = Boc, R2 = H, R3 = CO,Et):9.8 min
1-a (R1 =Boc, R2 = H, R3 = CO,Et): 10.8 min

2-a (R1=Boc, R2 = H, R3 = CO.Et): 15.2 min

Example 66: (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc)
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0.05 g of (3R/S,5S)-5-Biphenyl-4-yimethyl-3-dimethoxymethyl-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me, Y = O) are dissolved
in 1 ml of acetone under argon. Then 15 mg of water and 40 mg of amberlys‘t 15 are
added. The mixture is stirred for 3 days, then filtered and concentrated in vacuo to afford
(R)-5-Biphenyl-4-ylmethyl-3-[ 1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (6-a, R1 = Boc) as determined by hplc.

HPLC Method

Column: 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: 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 (80 % B); 16.1 min

(20 % B); 20 min (20 % B). Flow rate: 1.4 mi min”". Wavelength: 210 or 254 nm.
Temperature 60 °C.

Retention times

2-a (R1 =Boc, R2 = H, R3 = COH): 2.3 min
6-a (R1 = Boc): 2.5 min
4-a (R1=H): 5.6 min
5-a (R1=Boc): 8.3 min
8-a (R1 = Boc): 10.3 min
9-b (R1=Boc, R6 = Me, R7 = Me): 10.4 min
9-c (R1 =Boc, R6 = Me, R7 = Me): 10.9 min

4-a (R1 = Boc): 11.9 min
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Example 67: (3R/S,5S)-5-Biphenyl-4-yimethyl-3-(bis-butylsulfanyl-methyl)-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = nBuy, R9 = nBu, Y
= S)

0.5 g of 5-Biphenyl-4-yimethyl-3-[1-dimethylamino-meth-(E/Z)-ylide ne]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) are added to 5 ml of
n-butane-1-thiol. After the addition of 0.2 g of p-toluenesulfonic acid the mixture is stirred
for 6 days at 25°C, then heated to 60 °C for 16 hours. The mixture is then quenched by
addition of 5 mi of an 8% aqueous bicarbonate solution and any remaining n-butane-1-
thiol distilled 6ff under reduced pressure at 40 °C. The aqueous phase is extracted 3 times
with 5 ml ethy!l acetate each and the combined organic phase evaporated to dryness at 40
°C under reduced pressure. The residue is purified by column chromatography (heptane:
ethyl acetate 75:25) to afford (3R/S,5S)-5-biphenyl-4-yImethyl-3-(bis-butylsulfanyl-methyl)-
2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = nBu, R9 = nBu, Y
= S). Ratio of C-3 diastereomers determined as 70 : 30 ((3S,5S) : (3R,5S)
diastereomers, respectively). 1H NMR (CDCI;): Data for mixture of diastereomers: 0.86-
0.96 (6H), 1.32 - 1.47 (4H), 1.50 - 1.68 (4H), 1.62 (9H), 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 stereoisomer), 4.23-4.31 (1H, minor
stereoisomer), 4.30 (1H), 4.38 (1H, minor stereoisomer), 4.43-4.47 (1H), 7.27-7.30 (2H),
7.32-7.40 (1H), 7.44-7.50 (2H), 7.56-7.65 (4H). '

Example 68: (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-0xo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc)
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0.101 g ( 0.19 mmol) of (3R/S,5S)-5-Biphenyl-4-yimethyl-3-(bis-butylsulfanyl-methyl}-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = nBu, R9=nBu, Y =
S) are dissolved in a mixture of 1.6 ml acetonitrile and 0.4 ml water. After addition of 0.115
g HgCl, and 0.048 g calcium carbonate, the suspension is stirred over night. Diethyl ether
(10 ml) and 18 % ag. ammonium chloride solution (5 ml) are added to the mixture. The
mixture is then filtered ahd the phases are separated. The organic phase is washed with
water and brine and then concentrated under reduced pressure to give (R)-5-Biphenyl-4-
ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-buty!
ester (6-a, R1 = Boc). Material analysed by hplc (hplc method for Example 66)

Example 69: (3R, 5S)-5-Biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (3-a, R1 = Boc) and (3S, 5§S)-5-biphenyl-4-ylmethyl-3-methyl-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Boc)

L0 po” Lo
D X e
2N K A

0.24 g (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to a mixture of ethyl acetate (10.8
ml) and methanol (1.2 ml) at 22 °C. 0.1 g of 10 % Palladium on carbon (Engelhard 4505)
is added to the mixture along with water (0.3 ml). The mixture is flushed with hydrogen

and subsequently is stirred at 22 °C and 4 bar hydrogen pressure for five days. The
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mixture is then filtered through Cellflock and concentrated under reduced pressure to
afford (3R, 5S)-5-biphenyl-4-yImethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (3-a, R1= Boc), (3S, 5S)-5-biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (3-b, R1 = Boc) and (3R/S, 58)-5-Biphenyl-4-ylmethyl-3-
hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (5-a, R1 = Boc) as
determined by ’hplc‘ HPLé Conditions as given in Example 66 and Example 71.

Example 70: (3R/S, SS)-S-Biphenyl-4-ylmethyl-3-hydroxymethyl-2-oxo—pyrr6|idine-1-
carboxylic acid tert-butyi ester (5-a, R1 = Boc)

- - J
S N
1
99 mg (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z}-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to a mixture of toluene (0.25 ml)

and water (0.25 ml) at room temperature. Tetrabutylammonium bromide (19.7 mg) is then
added. The mixture is then cooled to 0 °C. Sodium borohydride (20.8 mg) is then added
and the resulting mixture is stirred at 0 °C for 1 h. The mixture is then warmed to room
temperature and stirred overnight. Water (10 ml) and toluene (10 ml) are then added to
the mixture. The phases are separated. The organic phase is washed with water (10 ml),
dried (MgS0,) and concentrated in vacuo to afford (3R/S, 5S}-5-biphenyl-4-yimethyl-3-
hydroxymethyi-2-oxo-pyrrolidine-1-carboxyiic acid tert-butyl 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 (DMSO): 1.22-1.52, 1.59-1.65, 1.80-1.87, 1.94-2.03, 2.10-2.18, 2.57-
2.89, 3.02-3.11, 3.15-3.30, 3.34-3.44, 3.46-3.66, 3.67-3.79, 3.82-3.93, 4.16-4.38, 4.63-
4.69, 4.72-4.77, 4.93-5.00, 5.14-5.27, 5.40-5.63, 5.66-5.78, 6.23-6.29, 6.63-6.29, 6.63-
6.67,7.12-7.20, 7.23-7.37, 7.43-7.47, 7.55-7.68.

Example 71: (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc)
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Method 1

100 mg (R)-5-Biphenyi-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo- .
pyrrolidihe-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added
to ethanol (0.5 ml). 160 mg Cesium carbonate is added to the mixture. 30 mg Palladium
on Carbon (10 % loading, 50 % water wet, Degussa E101 NE/W) is added to the mixture.
Hydrogen gas is applied to the mixture. The mixture is then stirred at ambient
temperature and pressure overmight. The catalyst is then filtered and the mixture
concentrated under reduced pressure. The residue is analysed by hpic to identify (R)-5-
biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidenel]-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (6-a, R1 = Boc).

Method 2

189 mg (R)-5-Biphenyl-4-ylmethyi-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added
to ethanol (0.5 ml). 108 ul 2,6-Lutidine are added to the mixture. 57 mg Palladium on
Carbon (10 % loading, 50 % water wet, Johnson Matthey type 39) is added to the mixture.
Hydrogen gas is applied to the mixture. The mixture is then stirred at ambient '
temperature and pressure ovemight. The catalyst is then filtered and the mixture
concentrated under reduced pressure. The residue is analysed by hplc to identify (R)-5-
biphenyl-4-y|methyl-3-[1-hydroxymeth-(E/Z)—yIidene]—2—oxo—pyrroIidine-1-cér‘ooxylic acid
tert-butyl ester (6-a, R1 = Boc).

HPLC Method 1 (Example 71)

Column: Zorbax Extend C18; 150 x 4.6 mm; 3.5 um. Mobile Phase A (0.1 % NH3 (32 %)
in water); Mobile Phase B (Acetonitrile); Mobile Phase C (Methanol). Gradient: 0 min (5
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% B; 50 % C); 1 min (5 % B; 50 % C), 5min (5 % B; 75 % C); 15 min (5 % B; 75 % C);
15.1 min (5 % B; 50 % C); 18 min (5 % B; 50 % C). Flow rate: 1.2 mi min™. Wavelength:

254 nm. Column temperature: 10 °C.

Retention times:

6-a (R1 = Boc):

9-b (R1 = Boc, R6 = Me, R7 = Me):

9-c (R1 = Boc, R6 = Me, R7 = Me):
4-a (R1 = Boc):
7-a (R1 = Boc):
3-a (R1 = Boc):
3-b (R1 = Boc):

HPLC Method 2 (Example 71)

4.1 min

9.9 min

10.5 min
11.2 min
11.5 min
12.1 min
12.5 min

Column; X-BRIDGE; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NHj3 (32 %) in water);
Mobile Phase B (Acetonitrile). Gradient: 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 (80 % B); 16.1 min (20 % B);
20 min (20 % B). Flow rate: 1.4 ml min™. Wavelength: 254 nm. Column temperature: 60

°C.
Retention times

6-a (R1 = Boc):
9-b (R1 = Boc, R6 = Me, R7 = Me):
9-c (R1 = Boc, R6 = Me, R7 = Me):
4-a (R1 = Boc):
3-a (R1 = Boc) and 3-b (R1 = Boc):

2.6 min

10.7 min
11.2 min
12.2 min
12.8 min

Example 72: (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO;Et) and (2S,4S)-5-biphenyl|-4-y|-4-
tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-b, R1 = Boc, R2 =

H, R3 = COEt)
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500 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid ethyl
ester (2-a, R1 = Boc, R2 = H, R3 = CO;Et) is added to ethanol (5 ml) at ambient
temperature. Triethylamine (170 pl) is then added to the mixture. 50 mg Palladium on
carbon (10 %, 50 % water-wet, Degussa E101 NE/W) is then added. Hydrogen gas at
ambient pressure is applied to the mixture. The mixture is then stirred overnight at
ambient temperature and pressure. The mixture is then filtered and concentrated under
reduced pressure to afford 2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO,Et) and (25,4 S)-5-
biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-b, R1 =
Boc, R2 = H, R3 = CO,Et). Spectroscopic data as in Example 63. Ratio of diastereomers
70:30 (1-a, R1=Boc, R2=H,R3 = COzEt: 1-b, R1 = Boc, R2 = H, R3 = CO,Et) as
determined by hplc (hplc method as in Example 65)

Example 73: (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO,Me) and (2S,4S)-5-Biphenyl-4-yl-4-
tert-butoxycarbonylamino-2-methylpentanoic acid methyl ester (1-b, R1 = Boc, R2 =
H, R3 = CO;Me) ’

OO | OO
Y
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500 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
methyl ester (2-a, R1 = Boc, R2 = H, R3 = CO;Me) is added to ethanol (5 ml) at ambient
temperature.’ Triéthylamine (176 pl) is then added to the mixture. 50 mg Palladium on
carbon (10 %, 50 % water-wet, Degussa E101 NE/W) is then added. Hydrogen gas at
ambient pressure is appliqd to the mixture. The mixture is then stirred overnight at
ambient tempefature and pressure. The mixture is then filtered and concentrated under
reduced pressure to afford 2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO,Me) and (2S,4S)-5-
biphenyl-4-yi-4-tert-butoxycarbonylamino-2-methylpentanoic acid methyl ester (1-b, R1 =
Boc, R2 =H, R3 = CO,Me). Spectroscopic data as in Example 60. Ratio of
diastereomers 66:34 (1-a, R1 =Boc, R2=H, R3 =CO;Me : 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
1.92-1.99 (1-a, R1 = Boc, R2 = H, R3 = CO,Me).

Example 74: (3R/S,58)-5-Biphenyl-4-ylmethyl-2-oxo-3-(toluene-4-
sulfonyloxymethyl)-pyrrolidine-1-carboxylic acid tert-butyl ester (11-a, R1 = Boc, R4
= Tosyl) and (R)-5-Biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1=Boc)

Q- '
S0 LoV xno®
P P! X

20 mg (3R/S, 5S)-5-Biphenyl-4-yimethyl-3-hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (5-a, R1 = Boc) (prepared according to Example 48) is added to
chloroform (5 ml) at room temperature. Triethylémine (11 pl) is added to the mixture. 4-
Toluenesulphonic acid anhydride (20.5 mg) is then added to the mixture. The mixture is
then stirred for 20 h at reflux. Ethyl acetate (1 ml) and water (1 ml) 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 acetate
(1:1) to afford (3R/S,5S)-5-biphenyl-4-ylmethyl-2-oxo-3-(toluene-4-sulfonyloxymethyl)-
pyrrolidine-1-carboxylic acid tert-butyl ester (11-a, R1 = Boc, R4 = Tosyl) and (R)-5-
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biphe_nyl—4—y|methy|-3-methy|ene-2-oxo-pyrrolidine-1 -carboxylic acid tert-butyl ester (4-a,
R1=Boc). Spectroscopic data for (3R/S,5S)-5-biphenyl-4-ylmethyl-2-oxo-3-(toluene-4-
sulfonyloxymethyl)-pyrrolidine-1-carboxylic acid tert-butyl ester (11-a, R1 = Boc, R4 =
Tosyl) as for Example 49, Method 1. Spectroscopic data for (R)-5-biphenyl-4-ylmethyl-3-
methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1=Boc) as for
Example 23, Method 1.

Example 75: (3R/S,58)-5-Biphenyl-4-ylmethyl-3-iodomethyl-pyrrolidin-2-one (12-a,
R1=H,R5=1)" .

122 mg (3R/S,58)-5-Biphenyl-4-ylmethyl-2-oxo-3-(toluene-4-sulfonyloxymethyl)-
pyrrolidine-1-carboxylic acid terf-butyl ester (11-a, R1 = Boc, R4 = Tosyl) prepared
according to Example 49, Method 2 is added to acetonitrile (3 ml). Sodium iodide (105
mg) is then added to the mixture. The resulting mixture is heated at reflux overnight. The
mixture is then concentrated under reduced pressure. Purification by column
chromatography, eluting with ethyl acetate-heptane (1:1) gives (3R/S,5S)-5-biphenyl-4-
yimethyl-3-iodomethyl-pyrrolidin-2-one (12-a, R1 = H, R5 = ). ;IH NMR (CDCl3): 2.13
(2H), 2.69 (2H), 2.82 (1H), 3.28 (1H), 3.35 (1H), 3.85 (1H), 5.84 (1H), 7.17 (2H), 7.28
(1H), 7.37 (2H), 7.49 (4H).

Example 76: (R)-5-Biphenyl-4-ylmethyi-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1=Boc)



WO 2009/090251 PCT/EP2009/050510

300

5 mg (3R/S,5S)-5-Biphenyl-4-yImethyl-3-iodomethyl-pyrrolidin-2-one (12-a, R1 =H, R6 =
1) is added to toluene (1 ml). 4-(Dimethylamino)pyridine (0.1 mg) and triethylamine (1 pl)
are then added to the mixture. The mixture is heated to 70 °C. Di-tert-butyl 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 pressure. Ethyl acetate (1 ml) and water (1 ml) are added.
The phasés are separated. The organic phase is concentrated under reduced pressure to
give (R)-5-Biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (4-a, R1=Boc). Spectroscopic data as for Example 23, Method 1.

Example 77: (3R, 5S)-5-Biphenyi-4-ylmethyl-3-methylpyrrolidin-2-one (3-a, R1 = H)
and (3S, 5S)-5-Biphenyl-4-ylmethyl-3-methylpyrrolidin-2-one (3-b, R1 = H)

el

4 mg (3R/S,5S)-5-Biphenyl-4-yimethyl-3-iodomethyi-pyrrolidin-2-one (12-a, R1 = H, R5 =
1) is added to ethanol (1 ml) at ambient temperature. Triethylamine (5 ul) is then added to
the mixture. 0.4 mg Palladium on carbon (10 %, 50 % water-wet, Degussa E101 NE/W) is
then added. Hydrogen gas at ambient pressure is applied to the mixture. The mixture is
then stirred overnight at ambient temperature and pressure. The mixture is then filtered
and concentrated under reduced pressure to afford (3R, 5S)-5-biphenyl-4-yimethyi-3-
methylpyrrolidin-2-one (3-a, R1 = H) and (38, 5§S)-5-biphenyl-4-yimethyl-3-
methylpyrrolidin-2-one (3-b, R1 = H. Ratio of diastereomers 22 : 88 (3-a, R1 = H to 3-b,
R1 = H) as determined by nmr. Spectroscopic data for 3-a (R1 = H) as for Example 6 in
WO/2008/083967. Spectroscopic data for 3-b (R1 = H) as for Example 47 in
WO/2008/083967.
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Preferred embodiments:

Embodiment 1: °
A process for preparing a compound of formula (7), or salt thereof,

R6

\
e
\

! (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,

said process comprising reacting a compound of formula (8), or salt thereof,

0) l

|
R
! (8)
wherein R1 is hydrogen or a nitrogen protecting group,
- with an amine of formula (13), (14) or (15)

R6 R7 R6, R7
~ N/ \N/
/I\ )\ RS\ g *
R6 R6 R6, R8 N
\rij T/ \ITI O/

R8_ _R8
R7 R7 (13), R7 (14), O (@) (15)
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and optionally a salt, such as an alkali metal salt, an alkali earth meatl salt, an

ammonium salt or an ionic liquid;

- or with a compound prepared by mixing a compound of formula (18),

(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 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, and each R8 is,
independently, an alkyl group, an aryl group or an arylalkyi group;

X and X' are, independently, an anion, for example, a halide, an anion of a sulphonic
acid, an anion of an alkylsulfate, a tetrahalometaiate, 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).

Embodiment 2:

A process for preparing a compound of formula (6), or a tautomer thereof,


IP-TEMP
Rectangle


OH

a—2Z

or salt théreof,
wherein R1 is hydrogen or a nitrogen protecting group,

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

i
N—R7

\

|
o ™

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 an acid to obtain the compound of formula (6).

Embodiment 3:

A process for preparing a compound of formula (4)

A—2Z

1 (4)
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or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group,

comprising treating a compound of formula (6), or salt or a tautomer thereof,

" J
e
@)

N
|

R1 ©)
wherein R1 is hydrogen or a nitrogen protecting group,
with a reducing agent preferably in the form of an aldehyde to obtain the compound of

formula (4).

Embodiment 4:
A process for preparing a compound of formula (5), or salt thereof,

i O

i
R1 (5),

wherein R1 is hydrogen or a nitrogen protecting group,

comprising treating a compound of formula (6), or salt or a tautomer thereof,

N

wherein R1 is hydrogen or a nitrogen protecting group,

with a reducing agent to obtain the compound of formula (5).
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Embodiment 5:

A process for preparing a compound of formula (4)

R1 4)

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

a) treating a compound of formula (5), or salt thereof,

0 l

N

@]
T

R1 (5)
wherein R1 is hydrogen or a nitrogen protecting group,
with an OH-activating agent to obtain a compound of formula (11)

0—R4

N
|

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R4 is an
OH-activating group; and
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b) reacting the compound of formula (11), or salt thereof, with a base to obtain the
compound of formula (4).

Embodiment 6:
A process for preparing a compound of formula (4)

) l

! (4)

—2

or salt thereof,

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

treating a compound of formula (5), or salt thereof,

OH

0 l

1 (5)

a—2

with an OH-activating group in the presence of a base.

Embodiment 7:

A process for preparing a compound of formula (4)
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or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group,
comprising treating a compound of formula (7),

R6

N
N—R7 O
\

(7)

or sait 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 (4).

Embodiment 8:

A process for preparing a compound of formula (6)

OH

a—2Z
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or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group,

comprising treating a compound of formula (7),

Re
N—R7

\

N

|
R1 @)

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 (6).

Embodiment S:
A process for preparing a compound of formula (9) or a salt thereof

&
N—R7

|
R1 9)

wherein R1 is hydrogen or a nifrogen 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,
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comprising reducing with a reducing agent the double bond of a compound of formula

(@),

(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,

to obtain the compound of formula (9).

Embodiment 10: )
A process according to embodiment 9, 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 periodic table, such as Pd, Pt or Ir; and optionally in

the presence of a base.

Embodiment 11:
A process according to embodiment 10, wherein the catalyst is selected from:

palladium on carbon, palladium on aluminium oxide, palladium on calcium carbonate,
palladium on titanium oxide, palladium on barium sulfate, palladium on zirconium
oxide, palladium on silicon dioxide/aluminium oxide, platinum on carbon, iridium on

carbon, and iridium on calcium carbonate.

Embodiment 12:
A process for preparing a compound of formula (5), or salt thereof,
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OH

N
|

R1
®),
wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising treating a compound of formula (7), or salt thereof,

R1 e
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.

Embodiment 13:
A process for preparing a compound of formula (4), or salt thereof,

—2Z

! 4)
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wherein R1 is hydrogen or a nitrogen protecting group,

said process comprising reacting a compound of formula (9), or salt thereof,

o8
N—R7

|
R1 9)

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 quaternisation agent and a base to obtain the compound of formula (4).

Embodiment 14:
A process for preparing a compound of formula (4), or salt thereof,

N
|

R1 (4)
wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising
a) reacting a compound of formula (8), or salt thereof,
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R1 ©)

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 quaternisation agent to obtain a compound of formula (10}, or salt thereof,

R6 R10
\ 7
N*—R7

R1 (10)

wherein R1 is hydrogen or a nitrogen protecting group, R6 and R7 are, independently,
an alkyl 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 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, Z° is a halide (eg iodide, bromide, chloride), an alkyl
sulphate (eg methyl sulphate) or a sulfonyl ester (eg triflate) and R10 is hydrogen,
alkyl or aryl; and

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

compound of formula (4).

Embodiment 15:
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A process for preparing a compound of formula (16)
R9

R1

(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),

Re
N—RY7

\

—=Z

! @

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and, R6é 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 an acetal forming agent to obtain the compound of formula (16).

Embodiment 16:
A process for preparing a compound of formula (16)
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R1

(16)

or salt thereof,

wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur 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),

R6
\
N—R7

\

D—2Z2

L (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 cycloalky}
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 thioacetal forming agent to obtain the compound of formula (16).

Embodiment 17:
A process for preparing a compound of formula (6), or a tautomer thereof,
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! (6)

—=Z

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising removal of the acetal functionality in a compound of formula
(16}, or salt thereof,

(16)

wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each RO, is,
independently, alkyl, arylalkyl (eg benzyl) or acetyl or both R9 form together a 4 to 7,
preferably a 5 to 6 membered acetal ring,

to obtain the compound of formula (6).

Embodiment 18:
A process for preparing a compound of formula (6), or a tautomer thereof,
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L (6)

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising removal of the thioacetal functionality in a compound of

formula (16), or salt thereof,

(16)

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

to obtain the compound of formula (8).

Embodiment 19:
A process for preparing a compound according to formula (2),
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R1 )

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

comprising reacting a compound of formula (4)

1 (4)

(@]
a—Z

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

Embodiment 20:
A process for preparing a compound according to formula (1),

R2—\ R3

R1 (1)
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or salt thereof,
wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen
protecting group, and R3 is a carboxyl group or an ester group, comprising reducing a

compound according to formula (2),

RZ\N R3

R1 @)

or salt thereof,
wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen protecting

group, and R3 is a carboxyl group or an ester group, to obtain the compound of formula

(1).

Embodiment 21:
A process according to embodiment 20, wherein the reduction reaction is carried out
with hydrogen in the presence of a transition metal catalyst, optionally in the presence of

a base or an acid.

Embodiment 22:
A process according to embodiment 22, wherein the transition metal catalyst comprises

an organometallic complex comprising a transition metal selected from the group 7, 8 or

9 of the periodic table and a chiral ligand.

Embodiment 23:
A process according to embodiment 22, wherein the organometallic complex is selected

from the group consisting of [Ruly(p-cymene)],, [Ru(cod)(2-metallyl),],
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[Ru(cod)(OOCCFs3),], [Rh(nbd).BF,], [Rh(cod),]BF 4 [(CysP)Ir(pyr)]CI. [Ir(COD),]BAFF and
[Ir(cod).Cl],; preferably [Rh(NBD),]BF, or [RuCl,(p-cymene),).

Embodiment 24:

A process according to embodiments 22 or 23, wherein the chiral ligand is selected

from a Fenphos ligand, a Josiphos ligand, a Mandyphos ligand, a Walphos ligand, a
Taniaphos ligand, a Phospholane ligand, an Atropisomer ligand, a BoPhoz ligand, a
QUINAPHOS ligand or mixtures thereof; in particular the chiral ligand is selected from
the group consisting of Fenphos ligand, Josiphos ligand, BDPP ligand, Mandyphos
ligand, Walphos ligand, Taniaphos ligand, Phospholane ligand, Atropisomer ligand
and mixtures thereof,

Embodiment 25:

A process according to any one of embodiments 22 to 24, wherein the chiral ligand is
selected from BoPhoz (R)-Cy-MeBoPhoz; BoPhoz (R)-Phenethyl-(S)-BoPhoz;
Atropoisomer SL-A101-1; Atropoisomer SL-A109-2; SL-A116-2; Atropoisomer SL-A118-
1, Atropoisomer SL-A132-2; Fenphos SL-F131-1; Fenphos SL-F132-1; Fenphos SL-
F133-1; Fenphos SL-F134-1; Fenphos SL-F135-1; Fenphos SL-F355-1; Fenphos SL-
F356-1; Fenphos SL-F365-1; Josiphos SL-J005-2; SL-J505-1; Josiphos SL-J008-1;
Josiphos SL-J013-1; Josiphos SL-J301-1; Josiphos SL-J403-1; Josiphos SL-J408-1;
Josiphos SL-J430-1; Josiphos SL-J431-1; Josiphos SL-J501-1; Josiphos SL-J504-1;
Josiphos SL-J504-2; Josiphos SL-J505-2; Josiphos SL-J506-1; Mandyphos SL-M002-1;
Mandyphos SL-M003-1; Mandyphos SL-M004-1; Mandiphos SL-M009-1; Mandiphos
SL-M010-1; Phospholane SL-P051-1; Taniaphos SL-T001-1; Taniaphos SL-T001-2;
Taniaphos SL-T003-1; Taniaphos SL-T021-2; (S,S)-BDPP; Waiphos SL-W001-1;
Walphos SL-W005-1; Walphos SL-W008-1; Walphos SL-W008-2; Walphos SL-W009-1;
Walphos SL-W012-1; Walphos SL-W021-1; or Walphos SL-W024-1.

Embodiment 26:
A process according to embodiment 22, wherein the the organometallic complex

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 Walphos, a Josiphos or a PhanePhos ligand; such as Rh(nbd),]BF, and
Walphos SL-W005-1, Walphos SL-W008-1, Fenphos SL-F356-1, Josiphos SL-J008-1,
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Phospholane SL-P051-1, Walphos SL-W009-1, Walphos SL-W001-1, Walphos SL-
W012-1, Walphos SL-W021-1, Josiphos SL-J505-2 or Josiphos SL-J504-2; in particular,
Rh(nbd),]BF4; and Walphos SL-W008-1, Josiphos SL-J008-1, Phospholane SL-P051-1,
Josiphos SL-J505-2 or Josiphos SL-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)],, [Ru(cod)(2-metallyl),]
or [Ru{cod)(OOCCF3),] and an Atropisomer, a Mandyphos, BDPP,
Josiphos, or a Fenphos ligand; such as [Ruly(p-cymene)];, [Ru(cod)(2-
metallyl),] or [Ru(cod)(OOCCF3),] and Atropisomer SL-A101-1,
Mandyphos SL-M010-1, (S,S)-BDPP, Josiphos SL-J505-1, Fenphos SL-
F131-1, Fenphos SL-F132-1 or Fenphos SL-F134-1; or

- an iridium organometallic complex and a Fenphos, a Walphos or a
Josiphos ligand; in particular [Ir(cod)Cl], and a Fenphos, a Walphos or a
Josiphos ligand; such as [Ir(cod)Cl], and Fenphos SL-F356-1, Walphos
SL-W024-1 or Josiphos SL-J504-1.

Embodiment 28:
A process according to embodiment 21, wherein the transition metal catalyst comprises

a transition metal selected from the 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 the chiral ligand is a BoPhoz ligand,

a BINAP ligand, a BINOL ligand, a Phospholane ligand, a PhanePhos ligand, a P-
Phos ligand, a QuinaPhos ligand, a ProPhos ligand, a BDPP ligand, a DIOP ligand, a
DIPAMP ligand, a DuanPhos ligand, a NorPhos ligand, a BINAM ligand, a CatAsium
ligand, a SimplePHOX ligand, a PHOX ligand, a ChiraPhos ligand, a Ferrotane ligand,
a BPE ligand, a TangPhos ligand, a JafaPhos ligand, a DuPhos ligand, a Binaphane

ligand or mixtures thereof.
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Embodiment 30:

A process according to embodiment 28, wherein the transition metal catalyst comprises

the transition metal rhodium and a chiral ligand selected from a Phospholane, a P-Phos,
a PhanePhos, a BoPhoz, a DIOP, a BINAP, a CatAsium, a TangPhos, a JafaPhos, a
DuPhos, a BPE, a Ferrotane, a BINAM, a DuanPhos, a NorPhos, a BDPP, a ProPhos, a
DIPAMP, a ChiraPhos and a Binaphane ligand, such as SL-P104-2, SL-P102-1, SL-
P005-1, (R)-P-Phos, (S)-P-Phos, (S)-PhanePhos, (R)-PhanePhos, (R)-An-PhanePhos,
(R)-MeO-Xyl-PhanePhos, (R)-Xyl-PhanePhos, (R)-Tol-PhanePhos, (S)-MeBoPhoz,
(8,5)-DIOP, (R,R)-DIOP, (S)-BINAP, (S)-Tol-BINAP, (R)-CatASium M, (S)-CatASium M,
(R)-CatASium MN, (S)-CatASium MN, (R)-CatASium D, (R)-CatASium MNN, (S,S,R,R)-
TangPhos, (R)-JafaPhos, (R)-MeDuPhos, (S,S)-Me-BPE, (S,S)-Ph-BPE, (S,S)-Et-
Ferrotane, (S)-BINAM-P, (R)-BINAM-P, (R,R)-DuanPhos, (R,R)-NorPhos, (S,S)-
NorPhos, (R,R)-BDPP, (S,5)-BDPP, (R)-ProPhos, (R,R)-DIPAMP, (S,S)-ChiraPhos or
(R)-Binaphane.

Embodiment 31:

A process according to embodiments 28 or 30 wherein the transition metal catalyst is
selected from [Rh(COD)(SL-P104-2)] O;SCF3;, [Rh(COD)(SL-P102-1)]BF4,
[Rh(COD)(SL-P005-1)]BF4, [Rh(COD)(SL-P102-1)] O3SCF3, [(R)-P-Phos Rh(COD)]BF,,
[(8)-P-Phos Rh(COD)]BF4, [(R)-PhanePhos Rh(COD)IBF., [(S)-PhanePhos
Rh(COD)]BF4, [(R)-Xyl-PhanePhos Rh(COD)]BF, [(S)-MeBoPhoz Rh(COD)]BF,, [(S,S)-
DIOP Rh(COD)|BF4, [(S)-BINAP Rh(COD)]BF,, [(R)-CatASium M Rh(COD)]BF,, [(S)-
CatASium M Rh(COD)]BF,, [(R)-CatASium MN Rh(COD)]BF, [(S)-CatASium MN
Rh(COD)]BF4, [(R)-CatASium D Rh(COD)]BF,, [(S,S,R,R)-TangPhos Rh(COD)]BF,,
[(R)-JafaPhos Rh(COD)]BF,, [(R)-MeDuPhos Rh(COD)|BF,, [(S,S)-Me-BPE
Rh(COD)]BF4, [(S,S)-Ph-BPE Rh(COD)]BF,, [(S,S)-Et-Ferrotane Rh(COD)]BF, [(R)-An-
PhanePhos Rh(COD)]BF4, [(R)-CatASium MNN Rh(COD)]BF,, [(S)-Tol-BINAP
Rh(COD)]BF,, [(S)-BINAM-P Rh(COD)]BF,, [(R)-BINAM-P Rh(COD)]BF,, [(R,R)-
DuanPhos Rh(COD)]BF4, [(R)-Binaphane Rh(COD)]BF,, [(R,R)-NorPhos Rh(COD)]BF,,
[(8,8)-NorPhos Rh(COD)]BF,, [(R,R)-BDPP Rh(COD)]BF., [(S,S)-BDPP Rh(COD)]BF,,
[(R,R)-DIOP Rh(COD)]BF,, [(R)-ProPhos Rh(COD)]BF,, [(R,R)-DIPAMP Rh(COD)]BF.,
[(S,S)-ChiraPhos Rh(COD)]BF., [(R)-MeO-Xyl-PhanePhos Rh(COD)]BF, or [(R)-Tol-
PhanePhos Rh(COD)]BF,; in particular [Rh(COD)(SL-P102-1)]BF,4, [Rh(COD)(SL-P005-
1)]BF4, [Rh(COD)(SL-P102-1)] O3SCF3, [(R)-PhanePhos Rh(COD)]BF4, [(R)Xyl-
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PhanePhos Rh(COD)]BF,, [(S,S)-DIOP Rh(COD)]BF,, [(S)-BINAP Rh(COD)]BF,, [(R)-
CatASium M Rh(COD)]BF,, [(R)-CatASium MN Rh(COD)]BF,, [(S)-CatASium MN
Rh(COD)]BF,, [(S,S,R.R)-TangPhos Rh(COD)]BF,, [(S,S)-Me-BPE Rh(COD)]BF,,
[(S,S)-Ph-BPE Rh(COD)]BF,, [(R)-An-PhanePhos Rh(COD)]BF,, [(R)-CatASium MNN
Rh(COD)]BF4, [(S)Tol-BINAP Rh(COD)]BF,, [(S)-BINAM-P Rh(COD)]BF,, [(R,R)-
DuanPhos Rh(COD)]BF,, [(R)-Binaphane Rh(COD)|BF,, [(S,S)-NorPhos Rh(COD)]BF,,
[(R,R)-BDPP Rh(COD)]BF,, [(S,S)-BDPP Rh(COD)]BF,, [(R,R)-DIOP Rh(COD)]BF,,
[(R)-ProPhos Rh(COD)]BF,, [(R,R)-DIPAMP Rh(COD)]8F,, [(S,S)-ChiraPhos
Rh(COD)]BF,, [(R)-MeO-Xyl-PhanePhos Rh(COD)]BF, or [(R)-Tol-PhanePhos
Rh(COD)IBF4; in particular [Rh(COD)(SL-P102-1)]BF,, [Rh(COD)(SL-P005-1)]BF,,
[(R)PhanePhos Rh(COD)]BF,, [(R)Xyl-PhanePhos Rh(COD)]BF,, [(R)CatASium M
Rh(COD)]BF,, [(R)CatASium MN Rh(COD)]BF,, [(S,S,R,R)TangPhos Rh(COD)|BF,,
[(S,S)Ph-BPE Rh(COD)]BF,, [(R)An-PhanePhos Rh(COD)]BF,, [(R,R)DuanPhos
Rh(COD)]BF,, [(S,S)NorPhos Rh(COD)]BF, or [(R)MeO-Xyl-PhanePhos Rh(COD)]BF..

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-C¢H4-MeBoPhoz, (R)-BINAP, (R)-BINOL-(R)-MeBoPhoz, (R)-MeBoPhoz,
(R)-p-F-MeBoPhoz, (R)-PhanePhos, (R)-Phenethyl-(R)-MeBoPhoz, (R)-P-Phos,
(R)-Tol-BINAP, (R)-Xyl-PhanePhos, (R)-Xyl-P-Phos, (Ra,S.) 1Np-QUINAPHOS,
(S)-BINAP, (S)-BINOL-(R)-MeBoPhoz, (S)-P-Phos, (S)-Xyl-PhanePhos, (S)-Xyl-
P-Phos or (S:,R.) INp-QUINAPHOS; or

- the transition metal iridium and a chiral ligand selcetd 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-SimplePHOX or (S)-iPr-PHOX.

Embodiment 33:

A process according to embodiments 28 or 32 wherein the transition metal catalyst is
selected from [(R)-4-F-CgHs-MeBoPhoz Ru(benzene)CIICl, [(R)-BINAP
RuCl(benzene)]Cl, [(R)-BINOL-(R)-MeBoPhoz Ru(benzene)CIICI, {(R)-MeBoPhoz
RuCl(Benzene)]Cl, [(R)-p-F-MeBoPhoz RuCl(Benzene)]Cl, [(R)-PhanePhos
RuCl,y(dmf),], [(R)-Phenethyl-(R)-MeBoPhoz Ru(benzene)CI|CI, [(R)-P-Phos
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RuCl(benzene)]Cl, [(R)-Tol-BINAP RuCl(benzene)]Cl, [(R)-Xyl-PhanePhos RuCl,(dmf)],
[(R)-Xyl-P-Phos RuClI,(dmf);], [(Ra,Sc) 1INp-QUINAPHOS RuCly(dmf),], [(S)-BINAP
RuCl(benzene)]Cl, [(S)-BINOL-(R)-MeBoPhoz Ru(benzene)CI]CI, [(S)-P-Phos
RuCl(benzene)]Cl, [(S)-Xyl-PhanePhos RuCly(dmf),], [(S)-Xyl-P-Phos RuCl,(dmf),],
[(Sa,Rc)INp-QUINAPHOS RuCl,y(dmf),], [(R)-P-Phos Ru(acac),], [(R)-Xyl-P-Phos
Ru(acac),] or [(R)-Xyl-P-Phos RuCl(benzene)]ClI; in particular, [(R)-4-F-C¢H4-MeBoPhoz
Ru(benzene)CIICI, [(R)-BINAP RuCl(benzene)]C!, [(R)-MeBoPhoz RuCl(Benzene)]Cl,
[(R)-p-F-MeBoPhoz RuCl(Benzene)]Cl, [(R)-PhanePhos RuCl,(dmf),], [(R)-Phenethyi-
(R)-MeBoPhoz Ru(benzene)CIICI, [(R)-P-Phos RuCli(benzene)]Cl, [(R)-Tol-BINAP
RuCl(benzene)]Cl, [(R)-Xyl-P-Phos RuCl,(dmf),] , [(S)-BINAP RuCl(benzene)]Cl, [(S)-
BINOL-(R)-MeBoPhoz Ru(benzene)CI|CI, [(S)-P-Phos RuCl(benzene)]Cl, [(S)-Xyl-
PhanePhos RuCl,(dmf),], [(Sa,Rc)1Np-QUINAPHOS RuCl,(dmf),], [(R)-P-Phos
Ru(acac),], [(R)-Xyl-P-Phos Ru(acac),], [(R)-Xyl-P-Phos RuCl(benzene)]Cl, [(S)-P-Phos
Ir(COD)]CI, [(S)-Xyl-P-Phos Ir(COD)]CI, [(S)-MeBoPhoz Ir(COD)]CI, [(R)-MeBoPhoz
Ir(COD)]CI, [(S)-Cy-tBu-simplePHOX Ir(COD)]BArF or [(S)-iPr-PHOX Ir(COD)]BATrF.

Embodiment 34:
A process for preparing a compound of formula (3)

0 l

R1 (3)

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

a) converting a compound of formuta (5), or salt thereof,
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(@)

|
R1 (5)

wherein R1 is hydrogen or a nitrogen protecting group, into a compound of formula
(12)

A
a

|
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).

Embodiment 35:
A process for preparing a compound of formula (3)

) ]

R1 (3)

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

treating a compound of formula (7),
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|
R1 )
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 nitrogen protecting group.

Embodiment 36:

A process for preparing a compound of formula (3)

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

treating a compound of formula (6),
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|
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.

Embodiment 37:
A process for preparing a compound according to formula (3),

o) l

R1 (3)

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

compound according to formula (4),

R1 4)

or sait thereof,
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wherein R1 is hydrogen or a nitrogen protecting group, to obtain the compound of

formula (3).

Embodiment 38:

A process for converting a compound of formula (7), or salt thereof,

R6
\
N—R7

\

|
R1 @
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),

R (7-a),

into a compound of formula (4), or salt thereof,
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wherein R1 is hydrogen or a nitrogen protecting group, preferably having a
configuration according to formula (4-a),

N

R (4-a),
according to any one of methods 1 fo 9:
wherein
method 1 comprises
a) converting the compound of formula (7) into the compound of formula (6)
according to the process defined in embodiment 2, and
b) converting the compound of formuta (6) into the compound of formula (4)
according to the process defined in embodiment 3;
method 2 comprises
a) converting the compound of formuia (7) into the compound of formuia (6)
according to the process defined in embodiment 2,
b) converting the compound of formula (6) into the compound of formula (5)
according to the process defined in embodiment 4, and
c) converting the compound of formula (5) into the compound of formula (4)
according to the process defined in embodiments 5 or 6;
method 3 comprises converting the compound of formula (7) into the compound of
formula (4) according to the process defined in embodiment 7;

method 4 comprises
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a) converting the compound of formula (7) into the compound of formula (6)
according to the process defined in embodiment 8, and
b) converting the compound of formula (6) into the compound of formula (4)
according to the process defined in embodiment 3;
method 5 comprises
a) converting the compound of formula (7) into the compound of formula (8)
according to the process defined in embodiment 8,
b) converting the compound of formula (6) into the compound of formula (5)
according to the process defined in embodiment 4, and
c) converting the compound of formula (5) into the compound of formula (4)
according to the process defined in embodiments 5 or 6 ;
method 6 comprises
a) converting the compound of formula (7) into the compound of formula (9)
according to the process defined in embodiment 9, and
b) converting the compound of formula (9) into the compound of formula (4)
according to the process defined in embodiments 13 or 14;
method 7 comprises
a) converting the compound of formula (7) into the compound of formuia (5)
according to the process defined in embodiment 12, and
b) converting the compound of formula (5) into the compound of formula (4)
according to the process defined in embodiments 5 or 6 ;
method 8 comprises
a) converting the compound of formula (7) into the compound of formula (16)
according to the process defined in embodiment 15,
b) converting the compound of formula (16) into the compound of formula (6)
according to the process defined in embodiment 17,
c) converting the compound of formula (6) into the compound of formula (5)
according to the process defined in embodiment 4, and
d) converting the compoundof formula (5) into the compound of formula (4)
according to the process defined in embodiments 5 or 6 ;
method 9 comprises
a) converting the compound of formula (7) into the compound of formula (16)

according to the process defined in embodiments 15 or 16,
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b) converting the compound of formula (16) into the compound of formula (6)
according to the process defined in embodiment 17, and
c) converting the compound of formula (6) into the compound of formula (4)
according to the process defined in embodiment 3;
preferably according to methods 1, 4 or 6; in particular methods 1 or 4.

Embodiment 39:

A process for converting a compound of formula (7), or salt thereof,

(7)

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 ére,
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),

Z ="
)

R (7-a),

into a compound of formula (2), or sait thereof,
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RZ\N J\R3

R1 @)

wherein 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 to formula (2-a),

RZ\N R3

e

R (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
b) converting the compound of formula (4) into the compound of formula (2)

according to the process defined in embodiment 19.

Embodiment 40:

A process according to embodiment 39, wherein the compound of formula (7) is

prepared according to embodiment 1.

Embodiment 41:
A process for converting a compound of formula (4), or salt thereof,
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R (4)

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

~ configuration according to formula (4-a),

o) l

! (4-a),

A—2Z

into a compound of formula (1), or salt thereof,

RZ\N R3

R1 1)
wherein 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 carboxyl
group or alkyl ester, preferably having a configuration according to formula (1-a)
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i

N R3

R1 (1-a),

comprising the steps
a) converting the the compound of formula (4) into the compound of formula (2)
according to the process defined in embodiment 19, and
b) converting the compound of formula (2) into the compound of formula (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 according to the process defined in embodiment 38.

Embodiment 43:
A process for converting a compound of formula (8), or salt thereof,

) l

! (8)

a—2Z

wherein R1 is hydrogen or a nitrogen protecting group,

into a compound of formula (1), or salt therof
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R1 )
wherein 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 carboxyl
group or alkyl ester, preferably having a configuration according to formula (1-a)

R2\N

R3

i (1-a),
comprising the steps of
a) converting the compound of formula (8) into the compound of formula (7)
according to the process defined in embodiment 1,
b) converting the compound of formula (7) into the compound of formula (4)
according to the process defined in embodiment 38, and
¢) converting the compound of formula (4) into the compound of formula (1)

according to the process defined in embodiment 41.

Embodiment 44:
A process for converting a compound of formula (7), or salt thereof,
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1

(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 cycloalky! 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),

R6

N—R7 O
\

R1

—_

(7-a),

into a compound of formula (6), or salt thereof,

OH

a—2Z

! ()
wherein R1 is hydrogen or a nitrogen protecting group, preferably having a

configuration according to formula (6-a),
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R1 (6-a)

according to methods 1 or 2:
method 1 comprises converting the compound of formula (7) into the compound of
formula (6) according to the process defined in embodiments 2 or 8;
method 2 comprises
a) converting the compound of formula (7) into the compound of formula (16)
according to the process defined in embodiments 15 or 16, and
b) converting the compound of formula (16) into the compound of formula (6)
according to the process defined in embodiments 17 or 18;
in particular according to method 1.

Embodiment 45:

A process for converting a compound of formula (7), or salt thereof,

i
N—R7

\

|
R1 %

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),
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\
N—R7 O
\

O—2Z

(7-a),

into a compound of formula (5), or salt thereof,

OH

|
R (5),

wherein R1 is hydrogen or a nitrogen protecting group,
preferably having a configuration according to formula (5-b),

(5-b),

according to any one of methods 1 or 3:
method 1 comprises
a) converting the compound of formula (7) into the compound of formula (6)
according to the process defined in embodiments 2 or 8, and
b) converting the compound of formula (6) into the compound of formula (5)
according to the process defined in embodiment 4;
method 2 comprises converting the compound of formula (7) into the compound of
formula (5) according to the process defined in embodiment 12;
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method 3 comprises
a) converting the compound of formula (7) into the compound of formula (16)
according to the process defined in embodiments 15 or 16,
b) converting the compound of formula (16) into the compound of formula (6)
according to the process defined in embodiment 17, and
c) converting the compound of formula (6) into the compound of formula (5)

according to the process defined in embodiment 4.

Embodiment 46:
A process for converting a compound of formula (7), or salt thereof,

R6

\
i
s e

O

R1

—Z

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 hetercatoms, 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),

Ri (7-b),
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into a compound of formula (3), or salt thereof,

R1 )
wherein R1 is hydrogen or a nitrogen protecting group, preferably having a
configuration according to formula (3-a),

(3-a)

according to any one of methods 1 to 4.
method 1 comprises
a) converting the compound of formula (7) into the compound of formula (5)
according to the process defined in embodiment 45, and
b) converting the compound of formula (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 compound of
formula (3) according to the process defined in embodiment 35;
method 3 comprises
a) converting the compound of formula (7) into the compound of formula (6)
according to the process defined in embodiment 44, and
b) converting the compound of formula (6) into the compound of formula (3)
according to the process defined in embodiment 36;

method 4 comprises
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a) converting the compound of formula (7) into the compound of formula (6)
according to the process defined in embodiment 44,

b) converting the compound of formula (6) into the compound of formula (4)
according to the process defined in embodiment 3, and

¢) converting the compound of formula (4) into the compound of formula (3)
according to the process defined in embodiment 37;

in particular according to method 2 or method 4.

Embodiment 47:
A process according to embodiment 46, wherein the compound of formula (7) is

prepared according to the process defined in embodiment 1.

Embodiment 48:
A compound according to formula (2),

R1 2)

or salt thereof,
wherein 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 to formula (2-a),


IP-TEMP
Rectangle


R2—_ N R3

Jo

Embodiment 49:
A compound of formula (4)

0 l

R1 (4)

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

configuration according to formula (4-a),

1 (4-a).

—=Z

Embodiment 50:
A compound of formula (5), or salt thereof,



IP-TEMP
Rectangle


300pp

. ‘ O
(o)

N

|
R (5).

wherein R1 is hydrogen or a nitrogen protecting group, preferably of formulae (5-a),
(5-b) or (5-¢), more preferably (5-b),

OH O
0 ‘

R1

(5-a),

(5-b),

OH O
0 ‘

Embodiment 51:
A compound of formula (8), or a tautomer thereof,

(5-c).
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or salt thereof,

wherein R1 is hydrogen or a nitrogen protecting group, preferably having a
configuration according to formula (6-a),

Rl (6-a).

Embodiment 52:

A compound of formula (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 safurated or unsaturated and may optionally contain

one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle
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contains 3 to 8, such as 4 to 7 ring atoms, preferably having a configuration according

to formula (7-a), (7-b) or (7-c), more preferably (7-b),

|
R1 (7-3).
e
N—R7 O
O l
|
i (7-b),
R6
/
R7 \
0
N
|
R1
(7-0).

Embodiment 53:

A compound of formula (9-a), or salt thereof,
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wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group or together are an alkylene group, preferably having a
configuration according to formula (9-a) (9-b) or (9-c), more preferably (9-b),

R6

by
N—R7 O
0 ‘

(9-a)

(9-b),

A—=Z

(9-c).
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Embodiment 54:

A compound of formula (10), or salt thereof,

R6 R10
\ 7/
N+,.—R7

R1 (10)

wherein R1 is hydrogen or a nitrogen protecting group, 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, Z is a halide (eg iodide, bromide, chloride), an alkyl sulphate (eg methyl

sulphate) or a sulfonyl ester (eg triflate) and R10 is hydrogen, alkyl or aryl; preferably

having a configuration according to formula (10-a), (10-b) or (10-c), more preferably (10-

b),

R6 R10
N /
N*—R7

R1 (10-a)
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(10-c).

Embodiment 55:

A compound of formula (11)

0—R4 ‘
0 ‘

1 (11)

A—Z

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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0—R4

1 (11-a)

(11-b)

0—R4 O

R1 (11-c).

Embodiment 56:
A compound of formula (12)

) O

R1 (12)

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and RS is a
leaving group; preferably of formulae (12-a), (12-b) or (12-c), more preferably (12-b),
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RS. O

(12-a),

i (12-b),
R5
O
|
R (12-c).
Embodiment 57:
A compound of formula (16)
R9
\
R9 Y
\
Y
0
|
R1
(16)

or salt thereof,
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wherein R1 is hydrogen or a nitrogen protecting group, Y is O or S and each RS, is,
independently, alkyl, aryl, arylalkyl or acetyl.
preferably having a configuration according to formula (16-a),

(16-a).

Embodiment 58:

The use of a compound according to anyone of embodiments 48 to 57, in the

synthesis of an NEP-inhibitor or a prodrug thereof, such as a NEP inhibitor or prodrug
thereof comprising a y-amino-8-biphenyl-a-methylalkanoic acid, or acid ester,

backbone

Embodiment 59:
The use according to embodiment 58, wherein the NEP-inhibitor is N-(3-carboxy-1-

oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-(2R)-methylbutanoic acid or a salt or
a prodrug thereof,

Embodiment 60:
The use according to embodiment 58, wherein the NEP-inhibitor prodrug is N-(3-

carboxyl-1-oxopropyl)-(4S)-(p-phenylphenylmethyl)-4-amino-(2R)-methyl butanoic acid

ethyl ester or salt thereof.
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Claims:
1. A process for preparing a compound of formula (3)
0) l

|

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 O
O I

N

R1 (5)

wherein R1 is hydrogen or a nitrogen protecting group, into a compound of formula (12)

) O

)
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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—=

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, said process comprising treating a
compound of formula (7),

ne
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 nitrogen protecting group.

3. A process for preparing a compound of formula (3)
o)

|

R1 (3)

or salt 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),

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, comprising reducing a compound
according to formula (4),

DeWe
R1 (4)

or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, to obtain the compound of formula

(3).
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5. A process for converting a compound of formula (7), or salt thereof,

i
N—R?7

\

o)

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),

R6

‘N-——R7 O
\

a—2Z

(7-b),

into a compound of formula (3), or salt thereof,

N

|
R1 (3)

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

according to formula (3-a),
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wherein said process comprises

a) converting a compound of formula (7), or salt thereof,

RS
N—R7

\

A—=Z

1 (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),

R6
\
N—R?7

it (7-a),

into a compound of formula (5), or salt thereof,
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g ‘ O
O

N

|
RT 5),

wherein R1 is hydrogen or a nitrogen protecting group,

preferably having a configuration according to formula (5-b),

(5-b),

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,
OH O

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).
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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)

(16)

or salt thereof,

wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each RS9,
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

converting a compound of formula (16) or salt thereof wherein R1 is hydrogen or
a nitrogen protecting group, Y is sulfur and each RS9, is, independently, alkyl, aryl,
arylalkyl (eg benzyl) or acetyl or both R9 form together a 4 to 7, preferably a 5 to 6
membered thioacetal ring,

comprising 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 formula (6)
comprising removal of the acetal functionality or the thioacetal functionality,
respectively, in a compound of formula (16), or salt thereof, to obtain the

compound of formula (6) and
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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 for converting a compound of formula (7), or salt thereof,

&
N—R7

\

a—2Z2

(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 hetercatoms, 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),

R
N—RY7

\

A—Z

(7-b),

into a compound of formula (3), or sait thereof,
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|
R1 (3)
wherein R1 is hydrogen or a nitrogen protecting group, preferably having a configuration

according to formula (3-a),

(3-a)

wherein said process comprises converting the compound of formula (7) into the

compound of formula (3) according to the process defined in claim 2.
7. A process for converting a compound of formula (7), or salt thereof,

R6

\
N—R7 O

(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),
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N—R7
[
o

i (7-b),

a—=

into a compound of formula (3), or salt thereof,

R1 (3)
wherein R1 is hydrogen or a nitrogen protecting group, preferably having a configuration

according to formula (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
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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)

(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

converting the compound of formula (7) into the compound of formula (16)
wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur 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 thioacetal ring,

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

&
N—R7

\

A—2Z2

(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
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),

(7-b),

into a compound of formula (3), or salt thereof,
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Aa—=2

! (3)
wherein R1 is hydrogen or a nitrogen protecting group, preferably having a configuration

according to formula (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

A—=Z

! (8)

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 (8) or treating a
compound of formula (7), or salt thereof with a reducing agent to obtain the

compound of formula (6);



314

method 2 comprises

a)  converting the compound of formula (7) into the compound of formula (16)

(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

converting the compound of formula (7) into the compound of formula (16)
wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur and each R9,
is, independently, alkyl, aryl, arylalkyl (eg benzyl) or acetyl or both RO form
together a 4 to 7, preferably a 5 to 6 membered thioacetal ring,

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

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 3 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,

O ]
|
R
(8)
wherein R1 is hydrogen or a nitrogen protecting group,
- with an amine of formula (13), (14) or (15)

1
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R6_ _R7
R6_ _R6 R6_ _R8 N
N" N

11?7 !]Q7 (13),

and optionally a salt, such as an alkali metal salt, an alkali earth meatl salt, an ammonium

salt or an ionic liquid;

- or with a compound prepared by mixing a compound of formula (18),

B ®
R6_ _R7
I °
R6 .2 X
i
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 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, and each R8 is, independently, an alkyi group, an aryl group or an
arylalky! 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).



