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PROCESS AND INTERMEDIATES FO1rrrr PREPARATION OF 5-
BIPHENYL-4-YL-2-METHYLPENTANOIC ACID DERIVATIVES  2  It was hence an object of
the present invention to provide an alternative reaction route for preparing
compound N-t-butoxycarbony1(43)-(p-phenylphenylmethyl)-4-amino-2-
methylbutanoic 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,  NR3 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-Sbiphenyl-a-methylalkanoic
acid, or acid ester, backbone, preferably N-(3-carboxy1-1-  3
oxopropy1)-(4S)-(p-phenylphenylmelhyl)-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 diastereomeric ratio.
Preferably, it was an object to provide a process for obtaining 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 : I. 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.  R3 (1-a),   R1(1-b) 



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. 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;  5  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 W02008/083967. As
discussed 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, (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,  (8)  



6 wherein R1 is hydrogen or a nitrogen protecting group, with an amine of
formula (13), (14) or (15), or mixtures thereof, R6R7R6 _,...R7 -NI- N
R6..",,R6R6"....-..." .....R8 I 4747(13),R7 R6 ."..,R7 N (14),00(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 chloride; ethers, such as THF,
dimethoxyethane, or dioxane; or aromatic 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 0C to reflux, preferably 0 to 200 C, more preferably 20 to 140 C,
yet more preferably 40 to 100 C, most preferably 60 to 90C. Preferred examples
of the amines of formulae (13), (1 4) and (15) include Bredereck's reagent
{terr-butoxybis(dimethylamino)methane}, tert-butoxybis(diethylamino)methane,
methoxybis(dimethylamino)methane, tert-pentoxy-bis(dimethylamino)methane,
tris(dimethylamino)methane, tris(diethylamino)methane, and
N,N-dimethylformamide dimethylacetal (DMFDMA), N,N-dimethylformamide
diethylacetal, N,N- dimethylformamide diisopropylacetal, N,N-dimethylformamide
di-terl-bulylacetal, N,Ndimethylformamide di-tert-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  7 



(13) is preferably tris(dimethylamino)methane. In still another embodiment,
the amine of formula (15) is preferably N,N-dimethylformamide
di-tert-butylacetal or N,Ndimethylformamlde di-rert-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,
preferably an alkyl alcohol such as 1-butanol, 2-butanol, ledbutanol or
2-methyl-2-butanol. 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 Aldrich, Fluka or Acros, or can be obtained according to
methods known in the art, for example as described in.Adv. Synth. Cater.,
2004, 346, 1081; Encyclopedia of Reagents for Organic Synthesis, 2007, DOI:
10.100219780470842898.rb350.pub2; Tetrahedron Lett., 1983, 25, 285;
Encyclopedia of Reagents for Organic Synthesis, 2007, DOI:
10.1002/047084289)01403; Synlett, 2006,809; Recueil des travaux chimiques des
Pays-Bas, 1969, 88, 289; J. Org. Chem., 1985, 50, 3573; J. Org. Chern., 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 halide, a carbonate, an amine,
perchlorate, hexafluorophosphate or hexafluorosilicate. In particular, the
salt is selected from lithium hexafluorophosphate (LiPF6), sodium
hexafluorophosphate (NaPF8), potassium hexaflucrophosphate (KPF6), ammonium
hexafluorophosphate (NH4PF6), lithium chloride (MI), lithium bromide (LiBr),
sodium chloride (NaCI), potassium chloride (KCI), magnesium chloride (MgC12),
potassium perchlorate (KCI04), sodium hexafluorosilicate (Na2SiF6), lithium
amide (LiNH2) and  8 lithium carbonate (Li2CO3). 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 HNR6R7 to give a species of the formula M-NR6R7
wherein M is an alkali metal (eg lithium sodium, potassium) 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. 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 salt is potassium
hexafluorophosphate and the crown ether is 18-crown-6. Typically, in the above
embodiments, the salt may be used in a catalytic or in 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),
RhR7 R6 R17 



wherein R6 and R7 are, independently, defined as before, with an alcoholate of
the formula M-ORS wherein, Xis 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,
tetrachloroalumlnate), hexafluorophosphate, hexafluoroantlmonate,
tetrafluoroborate, perchlorate, alkoxide, for example, R80- where R8 is
defined as before (eg tertbutoxide, 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. R80 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-0R8 is added, optionally in a solvent for
example an inert solvent such as tetrahydrofuran, methyltetrahydrofuran,
toluene, alkanes (such as heptane, hexane), or mixtures thereof, to a compound
according to formula (18), Optionally in an inert solvent. M-ORB is typically
used in the range 0.5 to 1.5 equivalents, more preferably in the range 0.8 to
1.2 equivalents.  10 Typically the mixture is stirred, 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 salt 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
according to formula (18). Typically, the reaction can be conducted at 0 C to
reflux, preferably 0 to 120 C, more preferably 20 to 80C. In one embodiment,
the mixture of an alcoholate of the formula M-0R8 and a compound according to
the formula (18), optionally in a solvent as defined above, which may be
prepared as described above, is reacted 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-0R8 and a compound according to
the formula (18) are not equimolar amounts, the equivalentsof 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-0R8 and a compound
according to the formula (18), optionally in a solvent 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 filtration, 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 MIX', which partially or
fully exchanges the anionic counterion (X) of compounds  



11 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 compounds of the formula (18').   R6 ..."R7 R6X' R7 Suitable
reagents for this exchange include alkali metal salts (such as lithium, sodium
or potassium tetrafluoroborate or hexafluorophosphate, sodium methylsulfate,
sodium perchlorate), alkaline earth metal salts (such as magnesium or calcium
perchlorate), ammonium salts (such as ammonium tetrafluoroborate or
hexafiuorophosphate). 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 counteron (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 R80-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').  12
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 R80-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 forrnulaR80- 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
HNR6R7, where R6 and R7 are independently as defined above. In particular, the
'amine is diphenylamine, diisopropylamine, dimethylamine or imidazole.
Optionally, a base may be added to the amine of formula HNR6R7 to give a
species of formula M-NR6R7 where M is an alkali metal (eg lithium sodium,
potassium) 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 Fluke, 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:  



13 For compounds 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 a to 8, such as 4 to 7 ring atoms. Most preferably, R6 is alkyl.
Still 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,Ntetraethylformamidinium chloride,
N,N,N,N-tetramethylforrnamidinium or N,N,N,Ntetraethylforrnamidinium
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 RBO-M is sodium
tert-butoxide (Na0CMe3) or potassium tertbutoxide (KOCMe3) or sodium amylate
(Na0CMe2Et) or potassium amylate (KOCMe2Et). Most preferred is when R80-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.  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 8.2.2 to convert (6) into (5), and  c) any one of methods 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);  15 method 4 comprises     a) any
one of methods in Section 6.3.2 to convert (7) into (6), and     b) any one of
methods in Section 6.2.1 to convert (6) into (4); method 5 comprises 



a) any one of methods in Section 6.3.2 to convert (7) into (6), b) any one of
methods in Sections 6.2.2 to convert (6) into (5), and     c) any one of
methods in Section 6.2.3 to convert (5) into (4); method 6 comprises     a)
any one of methods in Section 6.3.3 to convert (7) into (9),     b) any one of
methods in Section BA to convert (9) into (10), and c) any one of methods in
Section 6.4 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 B comprises     a)
any one of methods in Section B.5.1 to convert (7) into (16), b) any one of
methods in Section 8.5.2 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 6.5.2 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 compound of formula (4), as
described herein, is according to methods 1, 4 or 6; in particular methods 1
or 4. As discussed below, Sections B.1, 6.2.1, 6.2.2, B.2.3, 6.3.1, 6.3.2,
8.3.3, 6.3.4, 6.4, 6.5.1 and 8.5.2 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. 



or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group,
comprising treating a compound of formula (7), or salt thereof, (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, 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),  17 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, more preferably the starring
compound of formula (7), is according to formulae (7b) or (7c), or salts
thereof, most preferably according to formula (7-b), or salt thereof,  (7-b),
(7-c), 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. 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  18 



solution in a subsequent transformation, for example conversion into the
compound of formula (4), or salt thereof, as defined herein. Ira preferred
embodiment, the present invention relates to a process for preparing a
compound of formula (6-a), or a tautomer thereof  (6-a)  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 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 add 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.  19 sulfuric
acid. 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-nbutylammonium halide, for example
tetra-n-butylammonium bromide, can be added. Typically the reaction can be
conducted at -20 to 30C, preferably -20 to 20 C, more preferably -10 to 10 C,
most preferably 0 to 10 C. Section B.2: Section 6.2. 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,
(6) wherein R1 is hydrogen or a nitrogen protecting group,  20 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), (6-a), or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group. In a preferred
embodiment, a compound of formula (6-a), or salt, or a tautomer thereof, (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 the eof, (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  21 monomeric formaldehyde (obtained by, e.g. 'cracking'
paraformaldehyde), 1,3,5-   trioxane, paraformaldehyde or an aqueous solution
of formaldehyde (for example 37 A  in water). Preferably, the reduction of the
compound of formula (6), or salt thereof, preferably of the formula (6-a), or
salt thereof, 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 hydroxide, 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 catalyst 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, (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
embodiment, 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,  WO
20091090251PCTTEP2009/050510 22 (5-a), wherein R1 is hydrogen or a nitrogen
protecting group, preferably of formula (5-b), (5-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 0.2. 1: Section B. 2. 1. 1: In
a further 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, said
process comprising a) treating a compound of formula (5), or salt thereof,  23
(5) wherein R1 is hydrogen or a nitrogen protecting group, with an
OH-activating agent to obtain a compound of formula (11) R1(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)  (4-a)  24 said process comprising  a) treating a
compound of formula (5-a), or salt thereof, 



(5-a) wherein R1 is hydrogen or a nitrogen protecting group, with an
OH-activating agent to obtain a compound of formula (11-a) (11-a) or salt
thereof, wherein R1 is hydrogen or a nitrogen protecting group and R4 is an
OH-activating group; and  b) reading the compound of formula (11-a), or salt
thereof, with a base lo obtain the compound of formula (4-a). Steps a) and b)
as such are also a preferred embodiment of the present invention. Section 5.2.
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).  25 In a more 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, comprising treating a compound of formula (5-a), or salt thereof,
R11(5-a) wherein RI 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 8.2.3.1 and
8.2.3.2), an OH-activating agent is any reagent which can convert a hydroxyl
group into a leaving group. Examples of suitable OH-activating agents are
sulphonafing agents, such as methanesulfonyl- or toluenesulfonyl halides, for
example methanesulfonylchloride or toluenesulfonylchloride. Preferred base is,
for example, an amine, such as 1,8-diazabicyclo[5.4.0]undec-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.  26 The conversion of the compound
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.  - 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)  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,  27 (5) wherein R1 is hydrogen or a nitrogen
proteating group, with an OH-activating agent to obtain a compound of formula
(11) 



(11) or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group
and R4 is an OH-activating group; and b) converting the compound of formula
(11), or salt thereof, into a compound of formula (12) (12) or a salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group and R5 is a 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)  28  (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,  Si(5-a) wherein R1 is hydrogen or a nitrogen
protecting group, with an OH-activating agent to obtain a compound of formula
(11-a)  



(11-a)  or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group
and R4 is an OH-activating group: and  b) converting the compound of formula
(11-a), or salt thereof, into a compound of formula (12-a).  29  (12-a)  or a
salt thereof, wherein R1 is hydrogen 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 -0R4 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 R5 = I is treated
with a base (eg triethylamine) and the reagent di-tert-butyl dicarbonate to
give a compound according to the formula (4-a) wherein R1 = Boc. Section B. 2.
3. 4:  30 In a further 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,
said process comprising a) converting a compound of formula (5), or salt
thereof, (5) wherein R1 is hydrogen or a nitrogen protecting group, into a
compound of formula (12)  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).  31 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, (5-a) wherein R1
is hydrogen or a nitrogen protecting group, into a compound of formula (12-a)
R1(12-a) or salt thereof, wherein R1 is hydrogen or a nitrogen protecting
group and R5 is a leaving group; and  32 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 a 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 PPh3 and 12.
Section B.3: Section 6.3.1: In another aspect, the present invention relates
to a process for preparing a compound of formula (4)  33 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 lo 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), preferably of the
formula (4-a). In a preferred embodiment, the starling 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
(7-6) or (7-c), or salts theredf, as defined above, most preferably the
starling compound is according to formula (7-6). or salts thereof, as defined
above. In a preferred embodiment, the present invention relates to a process
for preparing a compound of formula (4-a)  34 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-h) or (7-c), or salts
thereof, as defined above, preferably of formula (7-b). 



Preferred reducing agents are hydrides, such as metal alkali borohydrides,
forexample sodium borohydride, lithium borohydride, potassium borohydride,
calcium borohydride, sodium triacetoxyborohydride, tetramethylammonium
borohydride or triacetoxyborohydride, and alkali metal hydrides, for example,
lithium aluminium hydride, L-Selectride(r), K-Selectride(r), N-Selectride(r)
or diisobutylaluminium hydride. Preferred reducing agents are sodium
thacetoxyborohydride and dlisobutylaluminiurn hydride; more preferably
diisobutylaluminium hydride: most preferably diisobutylaluminium hydride in
THE. 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 25C. 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 6.3. 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).  35 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, (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, 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), or 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  36
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 (9-a), or salt thereof, is according to formula (9-c), R6 



N-R7 RI(9-c) 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.  37 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). The reduction may occur under hetereo- or
homogeneous hydrogenation conditions, preferably under heterogeneous
hydrogenation conditions. In particular, the transition metal is selected from
F1, 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 100/0 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), 50/0 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% PclIC 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 A1030381), 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  38 palladium on aluminium oxide, such as 5% Pd/Al203 (e.g.
5% Pd/Al203 A302084-5 or 5% Pd/Al203 A302011); of palladium on calcium
carbonate, such as 5% Pd/CaCO3 (e.g. 5% Pd/CaCO3 A303060 or 5% Pd/CaCO3 type
405) or 5% Pd(Pb)/CaCO3 (e.g. 5% Pd(Pb)/CaCO3 A 305060); of palladium on
titanium oxide, such as 5% Pd/1102 (e.g. 5% PdfTi02 C6944); of palladium on
barium sulfate, such as 5% Pd/BaSO4 (e.g. 5% Pd/BaSO4 A 308053); of palladium
on zirconium oxide, such as 5% Pd/7r02 (e.g 5% Pd/Zr02 C7140); and of
palladium on silicon dioxide/aluminium oxide, such as 5% Pd/S102/Al203 (e.g.
5% Pd/Si02/Al203 C7078 or 5% Pd/Si02/Al203 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% PVC (e.g. 5% PVC 6103032, 5% Pt/C 6103018, 5% PVC 6103014, 5% PVC
B104032, 5% PVC B 501032, 5% Pt/C 8109032 or 50/0 Pt/C B501018) or 5% Pt(S)/C
(e.g 5% Pt(S)/C 8106032); 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/CaCO2 (e.g. 5% Ir/CaCO3 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 wrio,
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.  39 The hydrogenation usually is carried out at a
temperature of from 20 C to 100 C, in particular of from 25C to 75 C, such as;
of from 30 C to 75 C, of from 45 C to 75C, of froth 25C to 65 C or of from 25C
to 55C. 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 according to formula (9-b), or
salts thereof, 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 carbon, 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/BaSO4 (e.g. 5% Pd/BaSO4 A
308053); palladium on aluminium oxide, such as 5% Pd/Al203 (e.g. 5% Pd/Al203
A302084-5); palladium on calcium carbonate, such as 5% Pd/CaCO3 (e.g 5%
Pd/CaCO3 A303060); palladium on zirconium oxide, such as 5% Pd/Zr02(e.g 5%
Pd/Zr02 C7140); or platinum on carbon, for example 5% Pt/C (e.g. 5% PVC
B103032, 5% Pt/C 6103018,5% PVC 8103014, 5% PVC 6104032, 5% PVC B 501032, 5%
PLC 3109032 or 5% PVC 13501018) or 5% Pt(S)/C (e.g 5% Pt(S)/C 13106032); which
are commercially available, for example from Johnson Matthey. 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 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  40 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 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 A1030381; palladium on
aluminium oxide, such as 5% Pd/Al203 (e.g. 5% Pd/Al203 A302084-5 or 5%
Pd/Al203 A302011); palladium on calcium carbonate, such as 5% Pd/CaCO3 (e.g 5%
Pd/CaCO3 type 405) or 5% Pd(Pb)/CaCO3 (e.g. 5% Pd(Pb)/CaCO3 A 305060);
palladium on titanium oxide, such as 5% Pdffi02 (e.g. 5% Pd/Ti02 C6944);
palladium on silicon dioxide/aluminium oxide, such as 5% Pd/Si02/Al203 (e.g.
5% Pd/Si02/Al203 C7078 or 5% Pd/Si02/Al203 C7079); or platinum on carbon, for
example 5% PVC (e.g. 5% PVC 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, OH
(5), 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).  41 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 mixture of compounds of formulae (5) and (6), or salts
thereof, a mixture 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 formulae (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 preferred embodiment, the treatment of the compound
offormula (7-a), or salt thereof, as defined above, with a reducing agent can
lead to a mixture of compounds of formulae (5-a) and (6-a), or salts thereof,
a mixture of compounds of formulae (5.1,a) and (9-a), or salts thereof, a
mixture of compounds of formulae (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, (4) wherein R1 is hydrogen or a nitrogen protecting group, 



said process comprising reacting a compound of formula (9), or salt thereof,
R11 (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 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, (4-a)
wherein R1 is hydrogen or a nitrogen protecting group, said process comprising
reacting a compound of formula (9-a), or salt thereof,  (9-a)  43 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 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 salt thereof, (4) 



wherein R1 is hydrogen or a nitrogen protecting group, said process comprising
a) reacting a compound of formula (9), or salt thereof, (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,  44 with a quatemisation agent to
obtain a compound of formula (10), or salt thereof.  (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, r is a halide (eg iodide, bromide,
chloride), an alkyl sulphate (eg methyl sulphate) or a sulfonyl ester (eg
Inflate) 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, RI(4-a) wherein R1 is
hydrogen or a nitrogen protectng group, said process comprising a) reacting a
compound of formula (9-a), or salt thereof,  45 



(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 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,  (10-a)  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 heleroatoms,
such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such as
4 to 7 ring atoms, r 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.  46
The term quaternisation 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 dialkyisulfate (such as dimethylsulfate), a sulfonate
(such as 4-methylsulfonyltoluene and methyl inflate) or a compound of the
formula (R10)302 wherein R10 is alkyl (such as methyl or ethyl), and Z" is
tetrafluoroborate or hexafluorophosphate. More preferably,  the alkylating
reagent is methyl iodide or dimethylsulfate. Preferred bases in step b) are,
for example, amines such as triethylamine. pyridine, 1,8-
diazabicyclo[5.4.0]undec-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 NaHCO3). More preferably the base is NaHCO3.
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 RI (16) 



47 wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each
R9, is, i 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 (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 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 R9, is, independently,
alkyl, aryl, arylalkyl (09 benzyl) or acetyl or both R9 form together a 4 to
7, preferably a 5 to 6 membered acetal ring, said process comprising treating
a compound of formula (7-a),  46  (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 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, ethanol, isopropanol), a diol fed ethylene glycol,
1,3-propanediol) or a trialkyl orthoformate (eg dimethyl orthoformate).
Usually the reaction 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(r)
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. Wuis 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)  49
(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
thioacetal ring, comprising treating 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, 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),  50  (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), 



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 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-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 "thioacetal forming"
agents are thiols (eg melhanethiol, ethanethiol, thiophenol) or a dithiol (eg
1,2-ethanedithiol, 1,3-propanedithiol). Usually the reaction is performed in
the presence of an acid, for example, a Bronsted acid (such as hydrochloric
acid), a Lewis acid (such as bcrontrifluoride or titanium tetrachloride) or a
51 solid-supported acid (such as Amberlyst-15O). Conditions whereby the acid
is generated in situ (eg dimethylsulfide-bromine complex) are also suitable.
Preferably the acid is used in catalytic 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,
(6)  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)  52 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, 



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 (6-a) 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-a), or salt thereof,  (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 R9 form
together a 4 to 7, preferably a 5 to 6 membered acetal ping, 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 Bronsted acids (such as hydrochloric acid,
acetic acid, trifluoroaceteic acid, oxalic acid). Lewis acids (such as  53
iron trichloride), 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
R9 is arylaky11 or a base (such as sodium hydroxide or potassium carbonate
[for e.g. diacetylacetals, such as when R9 is an acetyl group, for example an
alkylacetyl group [R9 = -C(=0)alkyl] such as methylacetyl [1W = -Ct=0)CH3J.
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,  (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)  54 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, 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, (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 forrnula
(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).  55
oxidising agents (such as iodine, 2,3-dichloro-5,6-dicyano-p-benzoquinone
(000), peroxides, [bis(tifluoroacetoxy)iodo]benzene or alkylating agents (such
as methyl iodide in the presence of water) or mercury(II) 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 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 C: Conversion of a compound of formula (7)
Into a compound of formula (1) via a 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. 



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),  56 b) any one of methods in
Section C.1 to convert (4) into (2), and c) 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 Cl: 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),  R3 (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 of formula (4)  (4)  



or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group, with a
ladam ring opening agent to obtain the compound of formula (2).  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),
(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 Brensted adds,
mineral acids such as sulphuric, perchloric and hydrochloric acid, sulphonic
acids such as para-toluenesulphonic acid or polymer-bound acids such as
Amberlyse. 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.  58 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), 



R1(1) 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),    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 formula
(2-a), or salt thereof,  59  Ril(2-a), wherein R1, R2 and R2 are defined as
above, is used as starling compound. If the compound (2-a), or salt thereof,
is used as starting compound, compounds according to formula (1-a)  R3 



(1-a),  and formula (1-b),  R2---NR3 Ril(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 = CO2H, or CO2Et, or
CO2" (carboxylate). Most preferably R3 = CO2H.  60 In particular, the group R3
of the compounds of formula (1) or (2), preferably of formula (1-a) or (2-a),
is CO2H. CO2Et or CO2Me. In one embodiment, the salts of the compounds
according to formula (1-a) or (1-b) are generated (e.g. R3 r- CO2) 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 salt thereof, preferably of formula (2-a), takes .place with
hydrogen in the presence of a transition metal catalyst, preferably in the
presence of a transition metal catalyst comprising an organometallic complex
and a chiral ligand. "rhe reduction may occur under hetereo- or homogeneous
hydrogenation conditions, preferably under homogeneous hydrogenation
conditions. In one embodiment, the hetereo- or homogeneous hydrogenation takes
place in the presence of a base, such as amine bases (e.g. triethylamine,
iPr2EtN or 1,4-diazabicyclo[2.2.2Ioctane) or alkali metal bases (e.g. Li0H,
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, Et0H, Me0H); 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 tetrafluoroborc 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.  61 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), Rhodium
(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 example 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 achlral ligands. 



Suitable achiral ligands for the organometallic complex generally are a-donor
ligands, a-donor/u-acceptor ligands or OJT -donor/it-acceptor ligands.
Examples for suitable achiral ligands are among others carbon monoxide,
halides (e.g. CI, I or Br), phosphines [e.g. tricyclohexylphosphine (PCy3)],
alkenyls (e.g. cod, nbd, 2-metally1), alkynyls, aryls (e.g. pyridine, benzene,
p-cymene), carbonyls (e.g. acac, tritluoroacetate or dimethylfonnamide) and
mixtures thereof. Examples of preferred achiral ligands for the organometallic
complex are: norbornadiene (nbd), cyclooctadiene (cod), pyridine (pyr),
cymene, in particular pcymene, and iodide.  62 organometallic complex, such as
[Rh(nbd)213F4] or [Rh(cod)2]13F4, or an iridium organometallic complex such as
[(CY3P)111(pyr)CI, Dr(cod)2113ArF or ilr(cod)2C112; in particular
[Ru(cod)(2-metally1)2], [Ru(cod)(00CCF3)2] or [Ru12(p-cymene)]2; in particular
Illh(NBD)2]ElF4, [Ru(COD)(00CCF3)2] or [RuC12(3-cYmene)2]. In one embodiment
the organometallic complex is [Rh(nbd)2]BF4 fr: Bis(norbornadiene)rhodium(1)
tetrafluoroborate). In another embodiment, the organometallic complex is
[Ru12(p-cymene)]2 (= Dliodo(pcymene)ruthenium(11) 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 (lb), or salts thereof, wherein the molar ratio of
compounds according to formula (1-a), or salts thereof, to compounds according
to formula (it), 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.
63 In one embodiment, the transition metal catalyst comprises an
organometallic complex and a chiral ligand such as a Fenphos ligand, a
Josiphos hgand, a Mandyphos ligand, a Walphos ligand, a Taniaphos Nand, 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
Nand, Taniaphos ligand, Phospholane ligand, Atropisomer ligand or mixtures
thereof. Josiphos ligands, Walphos ligands, Taniaphos ligands, Mandyphos
ligands, Fenphos ligands, Phospholane ligands, Atropisomer ligands and BoPhoz
hgands are of the formulae: Jcsiphos:   Taniaphos:   



Fenphos:    Phospholane:   65  wherein R, R' and R" are, for example, as
described in W02006/003196, EP-BI612758, W02006/017045 , W02006/117369,
W02007/116081, W02006/075166, W02008/101'868, W02006/117369, W02004/099226,
EP0967015, W02004099226, EP0967015, Chem. Eur. J., 2002, 8, 843,
W02005/108409, W02005/356568, EP1582527, US5171892, J. Am. Chem. Soc., 1991,
113, 8518, W09315091, 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:    Fe pPh2Fe 0 0
R-BoPhozS-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.;
Lu, G.; Yeung, CA-I.; 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), 3329. In particular R8 and R9 are: R8 = Me, R9= Ph (= MeBoPhoz); 



Re = Me, R9 = p-fluorophenyl (= p-fluorophenyl-MeBoPhoz); RB = Me, R9=
3,5-difluorophenyl (= 3,5-F2C5H3-MeBoPhoz); R8 = Bn, R9 = 3,5-difluorophenyl
(= 3,5-F2C6H3-BnBoPhoz): RB = Me, R9 = (R)-binol {= (R)-BINOL-MeBoPhoz}; R8=
Me, R9= (S)-binol {.= (S)-BINOL-MeBoPhoz};  66 Re = Me, R9= p-CF3phenyl (=
p-CF3phenyl-MeBoPhoz); R8 = Bn, R9 = Ph (= Bn-BoPhoz); R8 = Me, R9 =
cyclohexyl (= Cy-MeBoPhoz); R8 = Me, R9 = p-fluorophenyl (= p-F-MeBoPhoz): R8
= (S)-phenethyl, Rg = Ph {(S)-phenethyl-BoPhoz}; R8 = (R)-phenethyl, R9 = Ph
{(S)-phenethyl-BoPhoz}; R8 = (S)-phenethyl, R9 = Me {(S)-phenethyl-MeBoPhoz};
and R8 = (R)-phenethyl, R9= Me {(R)-phenethyl-MeBoPhoz); wherein BINOL means
2,2'-dihydroxy-1,1'-dinaphthyL
(R)-N-Methyl-N-diphenylphosphino-1-[(S)-2-diphenylphosphino)ferrocenyl]ethylam
ine (= (R)MeBoPhoz)
(S)-N-Methyl-N-diphenylphosphino-1-[(R)-2-(diphenylphosphino)ferrocenyliethyla
mine (= (S)MeBoPhoz) 1-(R)-N-Di(3,5-ditluorophenyl)phosphine-N-benzy1-1-[(S)-
diphenylphosphinoperrocenyl]ethylaniine = (R)-3,5-F2C6H3-BnBoPhoz
1-(R)-N-Dicyclohexylphosphine-N-methy1-1-[(S)-diphenylphosphino]ferrocenylethy
lamine = (R)-Cy-MeBoPhoz
1-(R)-N-Diphenylphosphino-N-[(R)-1-phenylethy1]-1-[(S)-2-
diphenylphosphino]ferrocenylethylamine = (R)-Phenethyl-(R)-BoPhoz
1-(R)-N-Diphenylphosphino-N-[(R)-1-phenylethy1]-1-[(R)-2-
diphenylphosphino]ferrocenylethylamine = (R)-Phenethyl-(S)-BoPhoz
1-(R)-N-Di(4-fluorophenyl)phosphine-N-methy1-1 -RS)-
diphenylphosphinollerrocenyllethylamine = (R)-4-F-C6H4-MeBoPhoz  67 1-
(R)-N-Di [(R)-1-phenylethyI]-N-methyl-1-[(S)-diphenylphosphin
o]ferrocenyl]ethylamine = (R)-Phenethyl-(R)-MeBoPhoz
1-(R)-N-[(R)-2,2'-Dihydroxy-1,1'-dinaphlhy1]-N-methyl-1-[(S)-
diphenylphosphino]ferrocenyl]ethylamine = (R)-BINOL-(R)-MeBoPhoz 



1-(R)-N-RS)-2,2'-Dihydroxy-1,1'-d ina phlh y IEN-met hyl-. 1 -[(S)- diphenylp
hosphino]ferrocenylethylamine = (5)-BINOL-(R)-MeBoPhoz
1-(R)-N-Di(4-fluorophenyl)phosphine-N-methyl-1-[(S)-
diphenylphosphino]ferrocenylethylamine = (R)-p-F-MeBoPhoz QuinaPhos Ilgands
are of the formula:  wherein R and Rare, 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 R is Ph and R' is naphthyl.
In particular, suitable QuinaPhos ligands are, for example,
(R8,Se)-1Np-QUINAPHOS or (Sa,R,)-1Np-QUINAPHOS. Examples of suitable chiral
ligands are: Examples of Mandyphos ligands:    69 SL-M001-1:SL-M004-1:
(aR,aR)-2,2'-Bis(a-N,N-dime(hylaminophenylmethyl)-(S,S)-1,11-
bis(diphenylphosphino)ferrocene (= Mandyphos SL-M001-1)
(aR,oR)-2,21-bis(a-N,N-dimethylaminophenylnethyl)-(S,S)-1,11-
bis(dicyclohexylphosphino)ferrocene (- Mandyphos SL-M002-1) (aR,aR)-2
Z-Bis(a-N,N-dirnethyl a
minophenylmethyl)-(S,S)-1,1cbis[di(bis-(3,5-trifluoromethyl)phenyl)-phosphinoy
errocene (= Mandyphos SL-M003-1)
(aR,aR)-2,7-Bis(a-N,N-dimethylaminophenylme(hyl)-(S,S)-1,1'-bis[di(3,5-dimethy
l-4- methoxyphenyl)phosphino]terrocene (= Mandyphos SL-M004-1)
(aS,aS)-2,21-Bis(a-N,N-dimethylaminophenylnethyl)-(R,R)-1,1'-bis[di(3,5-dimeth
yl-4- methoxyphenyl)phosphinollerrocene (= Mandyphos SL-M004-2)
(aR,aR)-2,2'-Bis(a-N,N-dimethylaminophenylmethyl)-(S,S)-1,1'-bis[di(3,5-
dimethylphenyl)phosphinoiferrocene (= Mandyphos SL-M009-1)
(1R,1'R)-1,1.-Bis[bis(3,5-tert-buty1-4-methoxyphenyl)phosphino]-2,2'-bis(R)-
(dirnethylamino)phenylmethyl]ferrocene (= Mandyphos SL-M010-1) 



70 (aReR)-2,7-Bis(a-N,N-dimethylaminophenylmethyl)-(S,S)-1,1'-bis[di-(2-
methylphenyl)phosphino]-ferrocene (= Mandyphos SL-M012-1) Examples of Josiphos
ligands: SL-J002-1:SL-J003-1:    SL-J009-1:SL-J011-1:    SL-J013-1: *jc
P5nt.Thir-? CH QV3 44CC:0 H H $ CO, SL-J501-1:SL-J505-1:  



71  F,C.'0`sp. C53=r1. F,C   p5C4.1.:,c5) S   3 SL-J211-1:
SL-J005-2:SL-J412-1:    SL-J013-1:SL-J301-1:  72  SL-J504-1: V99 



-- CC> SL-J408-1: SL-J403-1:  SL-J430-1:    SL-J505-2:SL-J431-1:    WO
20091090251 73 SL-J506-1:SL-J503-1: CF3 CP, P  



SL-J504-2:   SL-J005-1: TIJCP H).(5?
(R)-1-[(S)-2-Diphenylphosphino)ferrocenyl]ethyldi-tert-butylphosphineJosiphos
SL- J002-1)
(R)-1.-[(S)-2-Dicyclohexylphosphino)ferrocenyllethyldicyclohexylphosphine (=
Josiphos SL-J003-1)
(R)-1-[(S)-2-(Diphenylphosphino)ferrocenyl]ethyldi(3,5-xyly0phosphine (=
Josiphos SL-J005-1)
(S)-1-1(R)-2-(Diphenylphosphino)ferrocenyl]ethyldi(3,5-xylyOphosphine (=
Josiphos SL-J005-2) (R)-1-(S)-2-Di-(3,5-bis(thfluorornethyl)pheny1)-
phosphino)ferrocenyl]ethyldicyclohexylphosphine (= Josiphos SL-J006-1)  WO
2009)091)251PCI1EP2009/8511518 74
(S)-1-[(S)-2-Di-(3,5-bis(trifluoromethyDpheny0-
phosphino)ferrocenyl]ethyldicyclohexylphosphine (= Josiphos SL-J006-2)
(R)-1-[(S)-2-Di-(3,5-bis(trifluoromethyl)pheny1)-phosphinoyferrocenyl]ethyldi(
3,5- dimethylphenyl)phosphine (= Josiphos SL-J008-1)
(R)-1-[(S)-2-Dicyclohexylphosphino)ferrocenyfiethyldi-tert-butylphosphine (=
Josiphos SL-J009-1)
(R)-1-[(S)-2-Di(4-trifluoromethylphenypphosphino)ferrocenyliethyldi-tert.-buty
lphosphine (= Josiphos SL-J011-1)
(R)-1-[(Sp)-2-[Bis(4-methoxy-3,5-dimethylphenyl)phosphino]ferrocenyl)ethyldi-t
ertbutylphosphine Josiphos SL-J013-1)
(R)-1-[(S)-2-bis(2-methylphenyOphosphino)ferrocenyllethyl
di(tert-buty0-phosphine (= Josiphos SL-J211-1) 



(R)-1-[(S)-2-diethylphosphino)ferrocenyfiethyl di(tert-butyl)-phosphine (=
Josiphos  SL-J301-1)
(R)-1-[(S)-2-Di-ethylphosphino)ferrocenyl]ethyldi-(2-melhylphenyl)phosphine(=
Josiphos SL-J302-1) (R)-1-[(S)-2-bis(4-
trifluoromethylphenyl)phosphinoyerrocenyfiethyl bis(4-trifluoromethyl)-
phosphine (- Josiphos SL-J403-1)
(R)-1-[(S)-2-bis(3,5-dimethylphenyl)phosphino)ferrocenyl]ethyl
bis(3,5-dimethylphenyI)- phosphine (= Josiphos SL-J408-1)
(R)-1-[(S)-2-bis(3,5-61methylphenybphosphino)ferrocenyl]ethyl
bis[bis-(3,5-trifluoromethybphenyI]-phosphine (= Josiphos SL-J412-1)  75
(R)-1-[(S)-2-bis(2-methoxyphenyl)phosphino)ferrocenylJethyl
bis(2-methoxyphenyI)- phosphine (= Josiphos SL-J430-1)
(R)-1-[(S)-2-bis(2-isopropoxyphenyi)phosphinoyerrocenylethyl
bis(3,5-dimethylphenyI)- phosphine (= Josiphos SL-J431-1)
(R)-1-1(S)-2-di(tert-butyl)phosphino)ferrocenyl]ethyl
bis(3,5-dimethylphenyI)-phosphine (= Josiphos SL-J501-1)
(R)-1-[(S)-2-diethylphosphino)ferrocenyliethyl bis(2-methylphenyI)-phosphine
(= Josiphos SL-J503-1) (R)-1-[(S)-2-cyclohexylphosphinoyerrocenyl]ethyl
bis(2-methylpheny1)-phosphine (= Josiphos SL-J504-1)
(3)-14(R)-2-cyclohexylphosphino)1errocenyllethyl bis(2-methylphenyI)-phosphine
(= Josiphos SL-J504-2)
(R)-1-1(S)-2-Di-tert.-butylphosphino)ferrocenyllethyldicyclohexylphosphine (=
Josiphos SL-J505-1) (3)-1-[(R)-2-di(tert-butyl)phosphino)ferrocenyflethyl
bis(2-methylphenyI)-phosphine (= Josiphos SL-J505-2)
(R)-1-1(S)-2-di(tert-butyl)phosphino)ferrocenyl]ethyl
bis(4-trifluoromethyl)-phosphine (= Josiphos SL-J506-1) Examples of VValphos
ligands:   



77 SL-W021-1:SL-W024-1
(R)-1-[(R)-2-(2.-Diphenylphosphinophenypferrocenyllethyldi(bis-3,5-
trifluoromethylphenyl)phosphine (= Walphos SL-W001-1)
(S)-1-[(S)-2-(2.-Diphenylphosphinophenyl)ferrocenyflethyldi(bis-3,5-
lnfluoromethylphenyl)phosphine (= Walphos SL-W001-2)
(R)-1-[(R)-2-(T-Diphenylphosphinophenypferrocenyliethyldicyclohexylphosphine
(= Walphos SL-W003-1)
(R)-17[(R)-2-(2'-D1(3,5-dimethy1A4melhoxypheny1)-phosphinophenyllferrocenyliet
hyldi(b1s3,5-trifluoromethylphenypphosphine (= Walphos SL-W005-1)
(R)-1-KR)-2-(21-Diphenylphosphinophenyl)ferrocenylIethyldi(3,5-xyly0phosphine
(= Walphos SL-W006-1)
(R)-1-[(R)-2-(21-Dicyclohexylphosphinophenyl)ferrocenyllethyldi(bis-(3,5-trifl
uoromethyl)- pheny1)-phosphIne (= Walphos SL-W008-1)  78
(R)-1-[(R)-2-(2.-Di-(3,5-xyly1)
phosphinopheny1)-ferrocenylIethyldi(3,5-xylypphosphine (= Walphos SL-W009-1)
(R)-1-[(R)-2-(21-(Diphenylphosphinophenyl)ferrocenyliethyl
di(tert-butyl)phosphine (= Walphos SL-W012-1) (R)-1-{(R)-2-[41,
51-dimethoxy-21-(Diphenylphosphino)phenyllferrocenyl}ethyl di(bis-(3,5-
trifluorornethyl)pheny1)-phosphineWalphos SL-W021-1)
(R)-1-{(R)-2-[2-bis(2-methoxyphenyl)phosphinophenyl]ferrocenyl)ethyl
di(bis-(3,5-trifluoromethyl)pheny1)-phosphine (= Walphos SL-W024-1) Examples
of Fenphos ligands: SL-F131-1:SL-F132-1  SL-F133-1:SL-F134-1: 



SL-F135-1:SL-F356-1:  79 SL-F355-1:SL-F365-1:    SL-F055-1:  SL-F061-1:
-52=C1-1K cY2P 0 SL-F056-1: 1 N 0 P SL-F062-1:    .5:artN GY2P 0 P
(R)-(S)-1-(Dimethylamino-eth-1-y1)-2-difurylphosphino-3-diphenylphosphino-
ferrocene (= Fenphos SL-F055-1) 



(R)-(S)-1-(Dimethylamino-eth-1-y1)-2-diethylphosphino-3-bis(2-Methoxypheny1)-
phosphino-ferrocene Fenphos SL-F056-1)
(R)-(S)-1-(Dimethylamino-eth-1-y1)-2-bis(3,5-dimethy1-4-methoxyphenyl)phosphin
o-3- dlcyclohexylphosphino-ferrocene (= Fenphos SL-F061-1)
(R)-(S)-1-(DImethylamino-eth-1-y1)-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]phenylphosph
ino ferrocene (= Fenphos SL-F131-1)  80
(Rc)-(Sp)-(Se)-1-([-(1-N,N-Dimethylaminoethyl)-1-ferrocenyl]phenylphosphino}-2
-([2-(1- N,N-DimethylaminoethyI)-1-ferrocenyllisopropylphosphinolferrocene (=
Fenphos SL-F132-1)
(Rc)-(Sp)-(Se)-1-(12-(1-N,N-Dimethylaminoethyl)-1-ferrocenyllphenyl
phosphino)-2-([2-(1-
N,N-Dimethylaminoethyl)-1-ferrocenylIcyclohexylphosphinoyerrocene (= Fenphos
SL-F133-1)
(Rc)-(Sp)-(Se)-1,11-Bis12-(1-N,N-Dimethylaminoethyl)-1-ferrocenyl]cyclohexyl
phoSphino ferrocene (= Fenphos SL-F134-1)
(Rc)-(Sp)-(Se)-1,1'-Bis[2-(1-N,N-Dimethylaminoethy0-1-ferrocenyl]isopropyl
phosphino ferrocene (= Fenphos SL-F135-1)
(Rc)-(Sp)-(Se)-1-([2-(1-N,N-Dimethylaminoethyl)-1-ferrocanyl]phenylphosphino)-
1'iditbis(3,5-trifluoromethypphenyll-phosphino} ferrocene (= Fenphos
SL-F355-1)
(Rc)-(Sp)-(Se)-1-([2-(1-N,N-Dimethylaminoethyl)-1-ferrocenyl]phenylphosphino)-
1'- (dicyclohexylphosphino) ferroc,ene (= Fenphos SL-F356-1) (Pc)-(Sp)-(Se)-
1-([2-(1-N, N-Dimethylaminoethyl )-1-ferrocenylkyclohexylphosph I no)-
(dicyclohexylphosphino) ferrocene (= Fenphos SL-F365-1) Examples of
Atropisomer ligands: SL-A116-2:SL-A101-1:
(R)-(+)-(6,61-Dimethmbipheny1-2,21-diy1)-bis(diphenylphosphine) (= Atropisomer
SL-A101-1)
(S)-(6,6J-Dirnethoxybipheny1-2,2'-diy1)-bis[bis(3,5-di-tert-butyl-4-
methoxyphenyl)phosphine) (= Atropisomer SL-A109-2)
(S)-(6,61-Dimethoxybipheny1-2,2r-diy1)bis(diisopropylphosphine)Atropisomer
SL-A116- 2) 



(R)-(6,6'-Dimethoxybipheny1-2,21-diy1)bis(dicycylobutylphosphine) (=
Atropisomer SL-A118-1) Examples of Taniaphos ligands: SL-T001-1:SL-T021-2:
82
(1S)-Diphenylphosphino-2-[(R)-a-(N,N-dimethylamino)-o-diphenylphosphInopheny1)
- methyliferrooene (= Taniaphos SL-T001-1)
(1R)-Diphenylphosphino-2-[(S)-a-(N,N-dimelhylamino)-o-diphenylphosphInopheny1)
- methyllferrocene (= Taniaphos SL-T001-2)
(R)-1-bis(4-melhoxy-3,5-dimethylphenyl)phosphino-24(R)-(dimethylamino)-[2-(bis
(4- methoxy-3,5-dimethylphenyl)phosphino)phenylimethygerrocene (= Taniaphos
SL-T003-1)
(S)-1-diphenylphosphino-2-[(S)-hydroxy42-(diphenylphosphino)phenylimethyliferr
ocene (= Taniaphos SL-7021-2) Examples of phospholane ligands:
SL-P051-1:SL-P005-1:   83  



SL-P102-1:SL-P104-2:    2-[(211R,5'R)-2',5'-dimethylphospholano]-11(
R)-diphenylphosphinoyerrocene (= Phospholane SL-P051-1)
1,2-Bis[(23,53)-2,5-dimethylphospholano]ethane (= Phospholane SL-P104-2)
1,2-Bis[(2R,5R)-2,5-diethylphospholanolbenzene (= Phospholane SL-P102-1)
(R,R,R,R)-2,3-Bis(2,5-dimethyl-phospholanyl)henzo[b]thiophene (= Phospholane
SL-P005-1) Examples for further suitable chiral ligands are -
(S)-C4-TunaPhos:   SL-A001-1:  PPI2  SL-M036-2:   84 



SL-M040-2: SL-M041-2:   SL-A132-2:
(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 Malthey 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-J005-2, SL-J038-1, SL-J009-1, SL-J013-1, 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-  85 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-F2C6H3-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, (R",S6)1Np-QUINAPHOSI and/or (Sa,R01Np-QUINAPHOSI, 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)-BOPP; 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; (SS)-BDPP; SL-W001-1; SL-W005-1; SL-W008-1; SL-W009-1; SL-W012-1;
SL-W021-1 Suitable combinations of organometallic complex and chiral ligand
are, for example: rhodium organometallic complex and a Fenphos, Walphos,
Josiphos or a Phospholane ligand; In particular [Rh(nbd)2113F4 and a Fenphos,
Walphos, Josiphos or a PhanePhos ligand; such as Rh(nbd)2JBF4 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)2113F4 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
[Rul2(p-cymene)12, [Ru(cod)(2-metally1)2] or [Ru(cod)(00CCF3)2] and an
Atropisomer, Mandyphos, BDPP, Josiphos or  86 a Fenphos ligand; such as
[Rul2(p-cymene)12, [Ru(cod)(2-metally1)2] or [Ru(cod)(00CCF3)2] 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 organometarric complex and a Fenphos, Walphos or Josiphos [wand; In
particular [Ir(cod)Cl]2 and a Fenphos, Walphos or Josiphos
ligand; such as [Ir(cod)C1]2 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 atleast 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 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-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 organornetallic 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 Jcsiphos ligand, Mandyphos ligand,
Walphos ligand, Taniaphos ligand, Atropisomer ligand, QUINAPHOS ligand or
mixtures thereof. Suitable chiral Fonds 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-J503-1, SL-J506-1, SL-J431-1, SL-J430-1 or (Ra,S,)1Np-QUINAPHOS;
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:  87
rhodium organometallic complex and an Atropisomer, Walphos, Taniaphos,
Josiphos, Mandyphos or Quinaphos ligand; such as [Rh(nbd)2]13F4 or
[Rh(cod)2113F4 and an Atropisomer, Walphos, Taniaphos, Josiphos, Mandyphos or
a Quinaphos ligand; in particular [Rh(nbd)2113F4 and SL- 



. W008-2, 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 [Ru12(pcymene)]2, [12u(cod)(2-metally1)21,
[Rulip-cymeneth or [Ru(coci)(00CCF3)z] and an Atropisomer, Taniaphos,
Mandyphos, Walphos, Josiphos or Fenphos ligand. Even more preferably,
[Ru12(Pcyrnene)]2, [Ru(cod)(2-rnetally1)2], [Rul2(p-cyrnene)]2 or
[Ru(cod)(000CF3)2] 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)C1]2 and a Walphos or Josiphos ligand; such as [Ir(cod)C1]2
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
salts thereof, wherein the molar ratio of compounds according to formula (l-
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 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 (lb), 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 97 to 3, most
preferably at least 99 to 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  88 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, TangPhos ligand, JafaPhos ligand, DuPhos ligand,. Binaphane ligand
and mixtures thereof. BoPhoz ligands are of the formula described above, in
particular (R)-4-F-C6H4-MeBoPhoz, (R)-BINOL-(R)-MeBoPhoz, (R)-MeBoPhoz,
(R)-p-F-MeBoPhoz, (R)-Phenethyl-(R)- MeBoPhoz, (S)-BINOL-(R)-MeBoPhoz or
(S)-MeBoPhoz. QUINAPHOS ligands are of the formula described above, in
particular (Ra,Sj-1NpQUINAPHOS or (Sa,RJ-1Np-QUINAPHOS.
(S)-2-(1-Naphthyl)-8-diphenylphosphino-1-(R)-3,5-dioxa-4-phosphacyclohepta[
2,1-a;3,4-aldinaphthalen-4-y1)-1,2-dihydroguinoline = (Ra,Sc)-1Np-QUINAPHOS
(R)-2-(1-Naphthyl)-8-diphenylphosphino-1-(S)-3,5-dioxa-4-phosphacyclohepta[
2,1-a;3,4-a']dinaphlhalen-4-yI)-1,2-dihydroguinoline = (S,,,Rc)-1Np-QUINAPHOS
BINAP ligands are of the formula:  



(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 (5)-Tol-BINAP.
(R)-2,2'-Bis(di-p-tolylphosphino)-1,1'-binapthalene = (R)-Tol-B I NAP
(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)-1,11-binapthalene = (S)-BINAP  39 BINOL
ligands are of the formula;    wherein R is, for example, as described in
Noyori, R.; Tornino, I.; Tanimoto, Y.; Nishizawa, M. J. Am. Chem. Soc, 106,
6709(1984); Noyori, R.; Tomino, I.; 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:  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-C6H4
(=Tol-PhanePhos), 4-Me0-C6H4 (An-PhanePhos), 3,5-Me2-C6H3 (= Xyl-Phanephos) or
3,5-Me2-4-Me0-C6H2 (= Me0Xyl-Phanephos). In particular, suitable PhanePhos
ligands are, for example, (R)-PhanePhos, (R)-XylPhanePhos, (S)-Xyl-PhanePhos,
(S)-PhanePhos, (R)-An-PhanePhos, (R)-Me0-XylPhanePhos or (R)-Tol-PhanePhos.
(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)42.2]-paracyclopentane = (R)-Xyl-PhanePhos
(S)-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  90
(R)-4,12-Bis(di(p-melhoxyphenyl)phosphino)42.21-paracyclopentane =
(R)-An-PhanePhos (R)-4 ,12-Bis(d i(p-methoxy-3,5-d imethyl phenyl)phosph no
)42.21-paracyclopentane = (R)- Me0-Xyl-PhanePhos 



P-Phos ligands are of the formula: OMeOMe    OMeOrOMe wherein Ar is, for
example, 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-C6H4 (=Tol-P-Phos), 4-Me0-C6H4 (An-P-Phos), 3,5-Me2-C6H3
(= Xyl-PPhos) or 3,5-Me2-4-Me0-C6H2 (= Me0-Xyl-P-Phos). In particular,
suitable P-Phos ligands are, for example, (R)-P-Phos, (R)-Xyl-P-Phos,
(S)-P-Phos or (S)-Xyl-P-Phos.
(R)-2,2',6,6-Tetramethoxy-4,4'-bis(diphenylphosphino)-3,3'-bipyridine
(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-xylyi)phosphino)-3,3'-bpyridine =
(R)-Xyl-P- Phos
(S)-2,2',6,6'-Tetramethoxy-4,4'-bis(di(3,5-xyly0phosphino)-3,3'-bipyridine =
(S)-Xyl-P-Phos ProPhos ligands are of the formula: R2PM" R2P P Rh2 or15R2
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  91 BDPP ligands are of
the formula: PR2 PR2 ' PR2 PR2 or 



wherein R is, for example, as described in Bakos, J.; Toth, I.; Marko', L. J.
Org. Chem., 46, 5427 (1981), for example R is Ph. In particular, suable BDPP
ligands are, for example, (R,R)-BDPP or (S,S)-BDPP.
(2R,4R)-2,4-Bis(diphenylphosphino)penIane = (R,R)-BDPP
(28,4S)-2,4-Bis(diphenylphosphino)pentane = (S,S)-BDPP DIOP ligands are of the
formula: 0-, oThDR2 A-.'"---PR2 or wherein R is, for example, as described in
Kagan, H. B.; Dang, T. P. Chem. Commun. 1971,481; Kagan, H. 13.: 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-dimelhyl-1,3-dioxolane =
(R,R)-DIOP
(4S,55)-4,5-Bis(diphenylphosphino-methyl)-2,2-dimethyl-1,3-dioxolane=
(S,S)-DIOP DIPAMP ligands are of the formula: I. rTh R -pP.-"RRI".PP--?R
\R'R'4/ Or 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-EthanediyIbis[(2-methoxyphenyl)phenylphosphine]= (R,R)-DIPAMP  92
DuanPhos hgands 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-(1,11)biisophos
phindoly1-= (R,R)-DuanPhos NorPhos ligands are of the formula:  PR2 PR2 PR2 or
wherein R Is, for example, as described In Brunner, H.; Pieronczyk, W.;
Schoenhammer, B.; Streng, K.; Bernal, I.; 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[2.2.1Jhept-5-ene = (R,R)-NorPhos
(2S,3S)-2,3-Bis(diphenylphosphino)bicyclo[2.2.1]hept-5-ene = (S,S)-NorPhos
BINAM ligands are of the formula:  93 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'2, wherein R' for example is Ph. In particular, suitable
BINAM ligands are, for example, (R)-B1NAM-P or (S)-BINAM-P. (R)-N,IV-B
is(diphenylphosphino)-1,1'-binaphthy1-2,2'-diamine = (R)-B1NAM-P
(S)-N,Ne-Bis(diphenylphosphino)-1,1*-binaphthyl-2,2'-diamine = (S)-BINAM-P  Or
RH-N p.. IR' 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.;
B6rner, A. J. Org. Chem., 68, 1701-1707. (2003); Holz, J.; Zayas, 0.; Jiao,
H.; Baumann, W.; Spannenberg, A.; Monsees, A.; Riermeier, T. H.; Almena, J.;
Kadyrov, R.; Borner, A. Chem. Eur. J, 12, 5001-5013 (2006), for example, R is
Me, R' is Ph, R" is benzyl and G is 0, 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-dimethylphospholano]-N-methylmaleimide = (R)-CatASium MN
4,5-B is[(2R,5R)-2,5-dimethylphospholano]-1,2-di hyd ro-1
,2-dimethy1-3,6-pyridazinedione (R)-CatASium MNN 



2,3-Bis[(25,5S)-2,5-dimethylphospholano]maleic anhydride = (S)-CatASium M
2,3-Bis[(25,5S)-2,5-dimethylphospholano]-N-methylmaleimide = (S)-CatASium MN
94 SimplePHOX ligands are of the formula:  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)-4-1ert-butyl-2-(2-(dicyclohexylphosphinooxy)propan-2-y1)-4,5-dihydrooxazol
e = (5)-Cy tBu-SimplePHOX PHOX ligands are of the formula:  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. In
particular, a suitable PHOX ligand is, for example (S)-iPr-PHOX.
(S)-4-1ert-Butyl-2[2-(diphenylphosphino)pheny1]-2-oxazoline = (S)-iPr-PHOX
ChiraPhos ligands are of the formula:  95 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. (2S,3S)-(-)-Bis(diphenylphosphino)butane =(S,S)-Chiraphos Ferrotane
Ilgands are of the formula:  



R R  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)-EtFerrotane.
1,1I-BisR2S,4S)-2,4-diethylphosphotano)ferrocene = (S,S)-Et-Ferrotane BPE
ligands are of the formula:  96 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, (6,3)- Me-BPE or
(S,S)-Ph-BPE. ,2-Bis[(23,56)-2,5-dirnethylphospholano]ethane = (S,S)-Me-BPE
,2-BisR26,68)-2,5-dlphenylphospholanolethane = (3,S)-Ph-BPE TangPhos ligands
are of the formula:  HA Or  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. (18,13',2R,2R')-1,1'-Di-tert-butyl-(2,2')-diphospholane =
(S,S,R,R)-TangPhos JafaPhos ligands are of the formula:  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.  97
[(R)-1,11-Bis(diphenylphosphino)-2,21-bis(N,N-diisopropylamido)ferrocene]=(R)-
JafaPhos' 



DuPhos ligands are of the formula:    wherein R is, for example, as described
in Burk, M. J. Ace. Chem. Res, 33, 363 (2000), for example R is Me. In
particular, a suitable DuPhos ligand is, for example, (R)- MeDuPhos.
1,2-Bis[(2R,5R)-2,5-dimethylphospholano]benzene = (R)-MeDuPhos Binaphane
ligands are of formula:  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-Bist(R)-4,5-dihydro-3H-binaphtho(1,2-c:2',1'-e)phosphepinotbenzene =
(R)- Binaphane  98 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 CatAslum, a TangPhos, a JafaPhos, a DuPhos, a BPE, a Perrotane, a
BINAM, a DuanPhos, a NorPhos, a BDPP, a ProPhos, a DIPAMP, a ChiraPhos ligand
or a Binaphane ligand. 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)-Me0-Xyl-PhanePhos, (R)-XylPhanePhos, (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, (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, (5,5)-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)]
03SCF3, [Rh(COD)(SI--P102-1)1B F4, [Rh(CODXSL-P005-1)]BF4, [Rh(COD)(SLP102-1)1
03SCF3, [(R)-P-phos Rh(COD)113F4, [(S)-P-Phos Rh(COD)IBEL, KR)-PhanePhos
Rh(COID)]BF4, [(S)-PhanePhos Rh(COD)1BF4,1(R)-XylPhanePhos Rh(COD)]BF4,
[(S)-MeBoPhoz Rh(COD)PF4, [(S,S)-DIOP Rh(CONBRI, [(S)-BINAP Rh(COD)113F4.
[(R)-CalASium M Rh(COD)]BF4, 1(S)-CatASium M Rh(COD)]BF4, KR)-CatASium MN
Rh(COD)]BF4.1(5)- CalASium MN Rh(COD)]B F4, [(R)-CatASium D Rh(COD)]8F4,
[(S,S,R,R)- TangPhos Rh(COD)]BF4, [(R)-JafaPhos Rh(COD)]8 F4, [(R)-MeDuPhos
Rh(COD)PF4, US,SYMe-BPE Rh(COD)]BF4, [(5,5)-Ph-BpE Rh(COD)]BF4,
[(S,S)-Et-Ferrotane Rh(COD)]BF4. [(R)-An-PhanePhos Rh(COD)]3F4, [(R)-  99
CatASium MNN Rh(COD)113F4, [(S)-Tol-BINAP Rh(COD)]BF4, [(S)-BINAMP
Rh(COD)113F4, [(R)-BINAM-P Rh(COD)]BF4, KR,R)-DuanPhos Rh(COD)1BF4,
[(R)-Binaphane Rh(COD)]BF4, [(R,R)-NorPhos Rh(COD)]BF4, [(5,5)-NorPhos
Rh(COD)]13F4, [(R,R)-BDPP Rh(COD)]BF4, [(8,5)-BDPP Rh(COD)18F4, l(R,R)-DIOP
Rh(C01413F4, [(R)-ProPhos Rh(COD)]BF4. [(RR)-DIPAMP Rh(COD)]BF4,
RS,S)-ChiraPhos Rh(COD)]BF4, [(R)-Me0-Xyl-PhanePhos Rh(COD)]BR, or
[(R)-TolPhanePhos Rh(COD)JBF4; in particular [Rh(COD)(SL-P102-1)1BE4,
[Rh(COD)(SL-P005-1)113F4, [Rh(COD)(S L-P102-1)] 03SCF3, [(R)- PhanePhos
Rh(COD)]BF4, [(R)Xyl-PhanePhos Rh(COD)]BF4, [(S,S)-DIOP Rh(COD)P3F4,
[(S)-BINAP Rh(COD)]BF4, [(R)-CatASium M Rh(COD)1BF4, [(R)-CatASIum MN
Rh(COD)113F4, [(S)-CatASium MN Rh(COD)]BF4, [(S,S,R,R)-TangPhos Rh(COD)]BF4,
[(S,S)-Me-BPE Rh(COD)]BF4, [(S,S)- Ph-BPE Rh(COD)113F4, KR)-An-PhanePhos
Rh(COD)]BF4, [(R)-CatASium MNN Rh(COD)JBF4. [(S)Tol-BINAP Rh(COD)]BF4,
IRS)-BINAM-P Rh(COD)]BF4, [(RR)-DuanPhos Rh(COD)PF4, [(R)-Binaphane
Rh(COD)]BF4, [(8,8)-NorPhos Rh(COD)P3F4. [(R,R)-BDPP Rh(COD)113F4, [(S.S)-BDPP
Rh(COD)]BF4. [(R,R)-DIOP Rh(CONI3F4, [(R)-ProPhos Rh(COD)18F4, [(RR)-DIPAMP
Rh(COD)113F4, RS,S)-ChiraPhos Rh(COD)]BF4, [(R)-Me0-Xyl-PhanePhos Rh(COD)113F4
or [(R)-TolPhanePhos Rh(COD)]BF4; such as [Rh(COD)(SL-P102-1)PF4,
[Rh(COD)(SL-P005-1)1B F4, RR)PhanePhOS Rh(COD)]BF4, [(R)XylPhaneP hos
Rh(COD)]3F4, [(R)CatASium M Rh(COD)]BF4, [(R)CatASium MN Rh(COD)]IEIF4,
[(S,S,R,R)TangPhos Rh(COD)]3F4, [(S,S)Ph-BPE Rh(COD)]BF4, [(R)An-PhanePhos
Rh(COD)]BF4, [(R,R)DuanPhos Rh(COMPF4, RS,S)Norphas Rh(COD)W4 or
[(R)Me0-Xyl-PhanePhos Rh(COD)]BF4. 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-C61-14-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,Se)1Np-QUINA P HOS,
(S)-BI NAP , 



100 (S)-BINOL-(R)-MeBoPhoz, (S)-P-Phos, (S)-Xyl-PhanePhos, (S)-Xyl-PPhos or
(Sa,Rc)1Np-QUINAPHOS. Particularly suitable transition metal catalyst are for
example: [(R)-4-F-C6H4-MeBoPhoz Ru(benzene)CIICI, [(R)- BINAP
RuCl(benzene)ICI, [(R)-BINOL-(R)-MeBoPhoz Ru(benzene)CliCI,  [(R)-MeBoPhoz
RuCI(Benzene)]CI, [(R)-p-F-MeBoPhoz RuCI(Benzene)]CI, [(R)-PhanePhos
RuC12(dmf)2], [(R)-Phenethyl-(R)-MeBoPhoz Ru(benzene)ClICI, [(R)-P-Phos
RuCl(benzene)]CI, [(R)-Tol-BINAP RuCl(benzene)]CI, [(R)-Xyl-PhanePhos
RuCl2(dmf)21, [(R)-Xyl-P-Phos RuCl2(dmf)21. [(Ra,Sc)1Np-QUINAPHOS
RuCl2(dmf)21, [(S)-BINAP RuCl(benzene)]CI, [(S)-BINOL-(R)-MeBoPhoz
Ru(benzene)COCI, [(S)-PPhos RuCi(benzene)]CI, [(S)-Xyl-PhanePhos RuC12(dm02],
[(S)-Xyl-P-Phos RuCl2(dmf)21, RSa,R0)1Np-00INAPHOS RuCl2(dmf)21. [(R)-P-Phos
Ru(acac)2], [(R)-Xyl-P-Pnos Ru(acac)2] or [(R)-Xyl-P-Phos RuCl(benzene)JCI: in
particular, [(R)-4-F-C6H4-MeBoPhoz Ru(benzene)ClICI, [(R)-BINAP
RuCl(benzene)]CI, [(R)-MeBoPhoz RuCI(Benzene)]CI, [(R)-p-F-MeBoPhoz
RuCI(Benzene)]CI, [(R)- PhanePhos RuCl2(dmf)2], [(R)-Phenethyl-(R)-MeBoPhoz
Ru(benzene)ClICI, [(R)-P-Phos RuCl(benzene)]CI, [(R)-Tol-BINAP
RuCl(benzene)ICl, [(R)-Xyl-P-Phos RuC12(dmf)21 , [(S)-BINAP RuCl(benzene)]CI,
[(S)-BINOL-(R)-MeBoPhoz Ru(benzene)ClICI, [(S)-PPhos RuCl(benzene)]Cli
[(S)-Xyl-PhanePhos RuCl2(dmf)21, [(Sa,Rc)1NpQUINAPHOS RuCl2(dmf)2],
[(R)-P-Phos Ru(acac)2], [(R)-Xyl-P-Phos Ru(acac)21 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-tBuSimplePHOX or (S)-iPr-PHOX. Particularly suitable transition metal
catalyst are for example: [(S)-P-Phos Ir(CONCI, [(S)-Xyl7P-Phos Ir(COD)]CI,
[(S)-MeBoPhoz Ir(COD)]CI, [(R)-MeBoPhoz Ir(CONCI, [(S)- Cy-tBu-simplePHOX
Ir(COD)]BArF 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-
101  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 least 99 to 1; In a fourth 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 (l-  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 one embodiment, the transition metal catalyst comprises,
for example: the transition metal rhodium and a chiral Nand 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)[BF4, [(S)-MeBoPhoz
Rh(COD)]BF4, [(R)-JafaPhos Rh(COD)JBF4, [(S)-CatASium M Rh(COD)P3P4,
[(R)-BINAM-P Rh(COMP3F4 or [(R,R)- NorPhos Rh(COD)JI3F4; 



the transition metal ruthenium and a chiral ligand such as a PhanePhos, a
P-Phos, a BINOL, a OUINAPHOS, 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, (Ra,S,)1Np-QUINAPHOS or (R)-Tol-BINAP. Particularly
suitable transition metal catalyst are for example [(S)XylPhanePhos
RuC12(dm02], [(S)Xyl-P-Phos RuCl2(dm02], [(R)BINOL-(R)- MeBoPhoz
Ru(benzene)ClICI, [(R,"SJ1Np-OCINAPHOS RuCl2(dmf)2] or [(R)Tol-BINAP
RuCl(benzene)]Cl; or the transition metal iridium 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(COINCI or [(S) MeBoPhoz Ir(CONCI.  102 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.  103 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 0.2 to convert (7) into
(3); method 3 comprises     a) any one of methods in Section B to convert (7)
into (6), b) any one Of methods in Section B to convert (6) into (5), and
c) any one of methods in Section 0.1 to convert (5) into (3); method 4
comprises     a) any 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 114 to convert (4) into (3); in particular according to methods 1, 2,
4 or 5; particularly according to method 5. As discussed below, Sections D.1,
D.2, D.3 and DA 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 of formula (3)  13/  104 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, (5) wherein R1 is
hydrogen or a nitrogen protecting group, into a compound of formula (12) (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). 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) 



Ri(3-a)  105 or salt thereof, wherein R1 it hydrogen or a nitrogen protecting
group, said process comprising  a) converting a compound of formula (5-b), or
salt thereof, (5-b) 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, tributylth hydride,
lithium), hydrogenation (eg hydrogen and a hydrogenation catalyst such as
Pd/C, for example as described in Section 0.3.3) [especially when R5 =
halide],  106 - hydrides (eg lithium aluminium hydride, sodium borohydride,
dilsobutyl aluminium hydride) or tributyltin 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", Second 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 sulphonate group, such as tosylate, mesylate or inflate. Preferred reducing
agents are, for example, hydrides (LiAIRt, NaBH4) 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 of formula (3)  (3)  or salt thereof, wherein R1 is hydrogen or a
nitrogen protecting group, said process comprising treating 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, 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),    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  



108 particular on carbon, alumina or barium carbonate. Preferably, palladium
on carbon (Pd/C) or palladium on calCium carbonate (Pd/CaCO3) 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
(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.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)  (3)  or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, said process comprising
treating a compound of formula (6),  Rt(6)  109 with a reducing agent, for
example as described in Section B.33, to obtain the compound of formula (3),
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting grdup,
preferably of formulae (3-a) or (3-b), as defined herein, more preferably of
formula (3-a), as defined herein. In a preferred embodiment, 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 8810 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),  



111(3) or salt thereof, whereln R1 is hydrogen or a nitrogen protecting group,
comprising reducing a compound according to formula (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,  (4-a)  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 HOC. 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.  111
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 (10,, Nickel (Ni),
Palladium (Pd) and/or Platinum (Pt). In particular, the transition metal
catalyst 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 heterogeneous 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 according 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 THE), 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 isopropyl 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  112 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 u-donor ligands,
BF-donor/Tr-acceptor ligands or air -donor/n-acceptor ligands. Examples for
suitable achiral ligands are among others carbon monoxide, halides (e.g. Cl, I
or Br), phosphines [e.g. tricyclohexylphosphine (PCy3)], alkenyls (e.g. cod,
nbd,. 2-metally1), 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 crganometallic complex
are: norbornadiene (nbd), cyclooctadiene (cod), pyridine (pyr), cymene, in
particular pcymene, and iodide. Examples for organometallic complexes are: a
ruthenium organometallic complex, such as Pul2(p-cymene)]2,
[Ru(cod)(2-metally1)2] or [Ru(cod)(00CCF3)2]; a rhodium organometallic
complex, such as [Rh(nbd)2BF4] or [Rh(cod)2[BF4; or an iridium organometallic
complex such as [(Cy3P)InpyrACI or [Ir(cod)2C1]2; in particular [Ru(cod)(2-
metally1)2], [Ru(cod)(00CCF3)2] or [Rul2(p-cymene)12: in particular
[Rh(NBD)2]EIF4, tRu(COD)(00CCF3)21 or [RuCl2(p-cymene)2]. 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 Wands are, for
example, an Atropisomer ligand (e.g. SL-A101-2), a Fenphos ligand (e.g.
SL-F115-1), a Mandyphos kgand (e.g. SL-M004-2), a Walphos ligand (e.g.
SL-W008-1), a Josiphos ligand (e.g SL-J504-1 or SL-J002-2) or mixtures
thereof. Atropisomer ligands, Fenphos ligands, Mandyphos ligands, Waiphos
ligands and Josiphos ligands are of the formulae described in Section C.2.  WO
2009/0911251PCT/EP2009/050510 113 Suitable combinations of organometallic
complex and chiral ligand are, for example: rhodium organometallic complex and
a Fenphos or Walphos ligand; in particular [Rh(nbd)013 F4 and SL-F115-1 or
SL-W008-1; or ruthenium organometallic complex and an Atropisomer a Mandyphos
or a Josiphos ligand; in particular [Ru12(p-cymene)]2 or [Ru(COD)(0000F3)21
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 (3-6), or salts
thereof, is at least 88 to 12, preferably at least 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)2]EiF4 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 thereof,
wherein the molar ratio of compounds according to formula (3-6). or salts
thereof, to compounds according to formula (3-a), or salts thereof, is at
least 73 to 27. SECTION E:  114 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),  R3 (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).  R2---NR3 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 COzH. 



A compound of formu a (4)  or salt thereof, wherein R1 is hydrogen or a
nitrogen protecting group, preferably having a configuration according to
formula (4-a),  In a preferred embodiment of formulae (4) or (4-a)! R1 is BOC
or Piv. A compound of formula (5), or salt thereof, (5), wherein R1 is
hydrogen or a nitrogen protecting group, preferably of formulae (5-a), (5- b)
or (5-c), more preferably (5-b),  116      In a preferred embodiment of
formulae (5), (5-2), (5-b) or (5-c), R1 is BOC. A compound of formula (6), or
a tautomer thereof,  (6) 



117 wherein RI is hydrogen or a nitrogen protecting group, preferably having a
configuration according to formula (6-a),  R1(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, (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),  118  (7-a),   (7-b),    (7-c). In a
preferred embodiment of formulae (7), (7-a) or (7-b), R1 is BOC or Ply. 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,  119  R1(9) 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 haying a
configuration according to formula (9-a) (9-b) or (9-c), more preferably
(9-b),  (9-a)  (9-b),   (9-c)  120 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,  (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),  (10-a)  121  (10-b),   (10-c).  In a
preferred embodiment of formulae (10), (10-a), (10-b) or (10-c), R1 is Soc. 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)  fit 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),  122 



(11-a)  (11-b)   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)  123 or salt
thereof, wherein R1 is hydrogen or a nitrogen protecting group and R5 is a
leaving group; preferably of formulae (12-a), (12-b) or (12-c), more
preferably (12-b),  (12-a),    (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), R5
is a halide, preferably bromide or iodide. A compound of formula (16)  124
(16) or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group, Y
is 0 or S and each R9, 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:  125 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: Cl_ BAWL such as methyl, ethyl or
t-butyl, C1.6alkoxyC1..salkyl, heterocyclyl, such as tetrahydrofuranyl,
Ce_maryloxyCl.salkyl, such as benzyloxymethyl (BOM), silyl, such as
trimethylsilyl, t-butyldimethylsily1 and t:butyldiphenylsilyl, cinnamyl,
allyl, CI.6alkyl which is mono-, di- or trisubstituted by halogen, silyl,
cyano or C1.6aryl, wherein the aryl ring is unsubstituted or substituted by
one, two or three, residues selected from the group consisting of C.14alkyl,
C1.7alkoxy, halogen, nitro, cyano and C F3; or C.1.2alkyl substituted by
9-fluorenyl. In a preferred embodiment, the "ester group" is -COOR, wherein R
is a C realkyl residue. In particular, R is methyl or ethyl. 



The term "nitrogen protecting group' comprises any group which is capable of
reversibly protecting a nitrogen functionality, preferably an amine and/or
amide functionality. Preferably the nitrogen protecting group is an amine
protecting group and/or an amide protecting group. Suitable nitrogen
protecting groups are conventionally used in peptide chemistry and are
described e.g. in the relevant chapters of standard reference works such as J.
F. W. McOmie, "Protective Groups in Organic Chemistry", Plenum Press, London
and New York 1973, in 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 Wlethoden der organischen Chemie" (Methods of
Organic Chemistry), Houben Weyl, 4th edition, Volume 15/1, Georg Thieme
Verlag, Stuttgart 1974. Preferred nitrogen protecting groups generally
comprise: C1-C6-alkyl, preferably C1-C4-alkyl, more preferably C1-C2-alkyl,
most preferably C1-alkyl which is mono-, di- or td-substituted by
trialkylsilylCi-C7alkoxy (eg. tdmethylsilyethoxy) 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 C1-Cralkyl,
hydroxy, CI-Cr alkoxy, CrCralkanoyl-oxy, halogen, nitro, cyano, and CF3;
aryl-C1-C2-alkoxycarbonyl (preferably phenyl-C1:C2-alkoxycarbonyl eg.
benzyloxycarbonyl); Cs_ thalkenyloxycarbonyl; C1.6alkylcarbonyl (eg. acetyl or
pivaloyl); Cs.loarylcarbonyl; Ci. ealkoxycarbonyl (eg. t-butoxycarbonyl);
C6-10ary1C14alkoxycarbonyl; allyl or cinnamyl:  126 sulfonyl or sulfenyl
succinimidyl group, silyl, e.g triarylsilyl or trialkylsilyl (eg.
triethylsilyl). Examples of preferred nitrogen protecting groups are acetyl,
benzyl, cumyl, benzhydryl, trityl, benzyloxycarbonyi (Cbz),
9-fluorenylmethyloxycarbony (Fmoc), benzyloxymethyl
(BOM),pivaloyl-oxy-methyl(POM),trichloroethxoycarbonyl(Troc),1-
adamantyloxycarbonyl (Adoc), allyl, allyioxycarbonyl, trimethylsilyl,
tert.-butyldimethylsilyl, triethylsilyl (TES), triisopropylsilyl,
trimethylsilyethoxymethyl (SEM), tbutoxycarbonyl (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),
tbutoxycarbonyl (BOC). pyrrolidinylmethyl and pivaloyl. Examples of more
preferred nitrogen protecting groups are pivaloyl, pyrrolidinylmethyl,
t-butoxycarbonyl, benzyl and silyi 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, !- butyl and phenyl. Particularly preferred as nitrogen
protecting groups are pivaloyl and t-butoxycarbonyl (BOC). Alkyl 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,-C7-alkyl, preferably
Ci-ar alkyl. The term "C1-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, C3-C7-cycloalkyl
and is, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl. Cyclopentyl and cyclohexyl are preferred.  127 



Alkoxy is, for example, C1-C7-alkoxy and is, for example, melhoxy, elhoxy,
n-propyloxy, isopropyloxy, n-butyloxy, isobutyloxy, sec-butyloxy,
terl-butyloxy and also includes corresponding pentyloxy, hexyloxy and
heptyloxy radicals. Cralalkoxy is preferred. Alkanoyl is, for example,
C2-C8-alkanoyl and is, for example, acetyl [-C(=0)Me], propionyl, butyryli
isobutyryl or pivaloyl. C2-05-Alkanoyl is preferred, especially acetyl. Halo
or halogen is preferably fluoro, chloro, bromo or iodo, most preferably,
chloro, bromo, or lodo. Halo-alkyl is, for example, halo-C1-C7alkyl and is in
particular halo-C1-G4alkyl, such as trifluoromethyl,
1,1,2-trifluoro-2-chloroethyl or chloromethyl. Preferred halo-CI-C,alkyl is
trifluoromethyl. Alkenyl may be linear or branched alkyl containing a double
bond and comprising preferably 2 to 12 C atoms, 2 to 10 C atoms being
especially preferred. Particularly preferred is a linear C2.4alkenyl. 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 from C1.7alkyl and
is especially C2-Cralkylene or 02- Cralkylene and, optionally, can be
interrupted by one or more, e.g. up to three, 0. 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, 01-C7-alkyl,
C1-C7-alkoxy-C1- Cralkyl or C,-C,alkoxy. Alkenylene is a bivalent radical
derived from C24alkenyl and can be interrupted by, one or more, e.g. up to
three, 0, 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.  128 atoms,
preferably phenyl, and which can be unsubstituted or substituted, by one or
more substituents independently selected from for example, C1-Cralkyl, alkyl
or CI-Cralkoxy. The term arylalkyl refers to aryl-Cl-Crialkyl, wherein aryl is
as defined herein and is for example benzyl. The term carboxyl refers to
-CO2H. Aryloxy refers to a Ary1-0- wherein aryl is as defined above.
Unsubstituted or substituted heterocyclyl is a mono- or polycyclic, preferably
a mono-, bi- or tricyclic-, most preferably mono-, unsaturated, partially
saturated, saturated or aromatic ring system with preferably 3 to 14 (more
preferably 5 to 14) ring atoms and with one or more, preferably one to four,
heteroatoms independently selected from nitrogen, oxygen, sulfur, S(=0)- or
S-(=0)2, and is unsubsfituted 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,
Ci-Cralkyl,Ci-CrialkoxY, halo-C1-C,alkoxy, such as trifluoromethoxy and
CI-G7-alkoxy-C1-Cralkoxy When the heterocyclyl is an aromatic ring system, it
is also referred to as heteroaryl. Acetyl is -C(=0)CI-C2alkyl, preferably
-C(=0)Me. Sihi! is -SiRRR", wherein R, R' and R" are independently of each
other Ci_ialkyl, aryl or phenyl-C1.4alkyl. 



Sulfonyl is (unsubstituted or substituted) CI-Cralkylsulfonyi, such as
methylsulfonyl, (unsubstituted or substituted) phenyl- or
naphthyl-CI-Cralkylsulfonyl, such as phenylmethanesulfonyl, or (unsubstituted
or substituted) phenyl-or naphthyl-sulfonyl; wherein if more than one
substituent is present, e.g. one to three substitutents, the subsfituents are
selected independently from cyano, halo, halo-C1-C7alkyl, halo-CI-C,alkylexy-
and Ci-C7- alkyloxy. Especially preferred is C1-C7alkylsulfonyf such as
methylsulfonyl, and (phenyl-or naphthyl)-C-I-Cralkylsulfonyl, such as
phenylmethanesulfonyl.  129 Sulfenyl is (unsubstituted or substituted)
Ce_loaryl-CI-Cralkylsulfenyl or (unsubstituted or substituted)
C6_10arylsulfenyl, wherein if more than one substituent is present, e.g. one
to four substitutents, the substituents are selected independently from nitro,
halo, halo-C1- C7alkyl and CI-Cralkyloxy. 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 0.4. 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 Cl, 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 organometallic complexes, such as [Ru12(p-cymene)]2,
[Ru(codX2-metally1)2] or [Ru(cod)(00CCF3)2); rhodium organometallic complexes,
such as [Rh(nbd)2BF4] or [Rh(cod)2]13F4; or an iridium organometallic
complexes, such as [(Cy3P)Ir(pyr)]Cl or [Ir(cod)2C1h. 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 "Ilgand" 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
130 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" (SIC) refers to the molar ratio of
starting compounds, or salts thereof, to "transition metal catalyst". The term
"chiral" refers to molecules which have the properly 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 to 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 "aulnr" on a C-spa represents a covalent
bond, wherein the stereochemistry of the bond is not defined. This means that
the term "a-LP-et,'" on a C-sp3 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 "flartr" on a C-sp2 represents a covalent bond, wherein
the stereochemistry or the geometry of the bond is not defined. This means
that the term "-ruw" on a C-sp2comprises 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. 



131 In the formulae of the present application the term "/ " on a C-sp3
indicates the absolute stereochemistry, either (R) or (S). In the formulae of
the present application the term" .3 " on a C-sp3 indicates the absolute
stereochemistry, either (R) or (S). In the formulae of the present
application, the term "--" indicates a Csp1-Csp3 bond or a Csp2-Csp2 bond.
Salts are especially pharmaceutically acceptable salts or generally salts of
any of the intermediates mentioned herein, where salts are not excluded for
chemical reasons the skilled person will readily understand. They can be
formed where salt forming groups, such as basic or acidic groups, are present
that can exist in dissociated form at least partially, e.g. in a pH range from
4 to 10 in aqueous solutions, or can be isolated especially in solid,
especially crystalline, form. Such salts are formed, for example, as acid
addition salts, preferably with organic or inorganic acids, from compounds or
any of the intermediates mentioned herein with a basic nitrogen atom (e.g.
Imino or amino), especially the pharmaceutically acceptable salts. Suitable
inorganic acids are, for example, halogen acids, such as hydrochloric acid,
sulfuric acid, or phosphoric acid. Suitable organic acids are, for example,
carboxylic, phosphonic, sulfonic or sulfamic acids, for example acetic acid,
propionic add, 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 ethanesulfonic acid,
ethane-1,2-disulfonic add, benzenesulfonic acid, 2-naphthalenesulfonic acid,
1,5-naphthalene-disulfonic acid, N-cyclohexylsulfamic acid, N-methyl-,
N-ethyl- or Npropyl-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  132
triethylamine or tri(2-hydroxyethyl)amine, or heterocyclic bases, for example
N-ethylpiperidine or N,N'-dimethylpiperazine. When a basic group and an acid
group are present in the same molecule, any of the intermediates mentioned
herein may also form internal salts. For isolation or purification purposes of
any of the intermediates mentioned herein it is also possible to use
pharmaceutically unacceptable salts, for example picrates or perchlorates. In
view of the close relationship between the compounds and intermediates in free
form and in the form of their salts, including those salts that can be used as
intermediates, for example in the purification or identification of the
compounds or salts thereof, any reference to "compounds", "starting materials"
and "intermediates" hereinbefore and hereinafter is to be understood as
referring also to one or more salts thereof or a mixture of a corresponding
free compound, intermediate or starting material and one or more salts
thereof, each of which is intended to include also any solvate or salt of any
one or more of 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  



133 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 R1 is a nitrogen protecting group, can be converted
into the corresponding lactam, or salt thereof, wherein 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: 5chemical shift
plmicrolitre Acacetyl acacacetylacetone Ananisyl (4-methoxyphenyl)
BArFtetrakis[3,5-bis(trifluoromethyl)phenyl]boron
BINOL2,2'-dihydroxy-1,1'-dinaphthyl Bnbenzyl Bootert-butoxycarbonyl
BOC20di-tert-butyl carbonate COD = codcyclooctadiene Cpcyclopentadienyl
Cycyclohexyl DABCO1,4-diazobicyclo[2.2.2]octane 



dediastereomerc excess drdiastereomeric ratio  134
DMAP4-(dimethylamino)pyridine DMF = dmfN,N-dimethylformamide
DMPU1,3-dimethy1-3,4,5,6-tetrahydro-2(1H)-pyrimidinone DMSOdimethylsulfoxide
eeenantiomeric excess ESelectrospray ESIelectrospray ionisation Etethyl
Et0Acethyl acetate EIOHethanol hour(s) HNMRproton nuclear magnetic resonance
HPLChigh performance liquid chromatography iPrisopropyl IPrOAcisopropyl
acetate iPrOHisopropanol 



IRinfra red litre LC-MSliquid chromatography-mass spectrometry LHMDSlithium
bis(lrimethylsily0arnide molarity miemass-to-charge ratio Memethyl 2-MeTHF =
Me-THF2-Methyltetrahydrofuran Me0Hmethanol mgmillIgram minminute(s)
mlmillilitre mmol(s)millimole(s) mol(s)mole(s) MSmass spectrometry
flMnanometre NMRnuclear magnetic resonance NDB = nbdnorbomadiene  135 



Npnaphthyl Pd/Cpalladium on carbon  Phphenyl PlypivaloYI Piv-CIpivaloyl
chloride ppmparts per million Pt/Cplatinum on carbon pyrpyridine RhiCrhodium
on carbon RI = rtroom temperature tButertiary-butyl TFAtrifluoroacetic acid
THFtetrahydrofuran TLCthin layer chromatography
RIG1,1,3,3-tetramethylguanidine Toltoluene tRretention time Xylxylene In
quoting NMR data, the following abbreviations may be used: s, singlet; d,
doublet; t, triplet; q, quartet; quint., quintet; m, multiplet. Example 1:
N,N,N',N'-TetramethylformamMinium methylsulfate (18, R6 r-- Me, R7 rz Me) 



rirMe2 Me2N. ivie004- me2NH    A mixture of N.N-dimethylformamide (7.31 g) and
dimethylsulfate (12.609) 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,Nr,N'-tetramethylformamidinium methylsulfate (18, R6 = Me, R7 = Me). H NMR
(C6D6), 7.95 (1H), 3.70 (3H), 3.32 (6H), 3.29 (6H).  136 Example 2:
N,N,N1,N11-TetramethylformamIdinIum para-toluenesulfonate (18, R6 = Me, R7 =
Me)   triMe2 Me2N4-MePhS03" Me2NH    A mixture of p-toluenesulfonyl chloride
(20.09) and dimethylformamide (38.39) is allowed to stand for 2h at room
temperature. The mixture is then stirred at 120C 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 0C. Filtration
affords N,N,N1',N1-tetramethylforrnamidinium para-toluenesulfonate (18, R6 =
Me, R7 = Me) as white crystals. 1H NMR (D20), 7.65-7.60 (2H), 7.39 (11-1),
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) Ki Empirical formulaCl2H20hl203S Formula weight272.36
Crystal systemMonoclinic Space groupCc Cell parametersa = 7.998(2) A b =
14.331(2)A C = 11.953(2)A a 90  13 = 103.615(4)  y = 90  Volume of unit
cell1331.5(4) A' Z*4 Calculated density1.359 mg ril-3 * (number of asymmetric
units in the unit cell)  137 Example 3: N,N,N',N1-Tetramethylformamidinium
hexafluorophosphate (18, R6 = Me, R7 = Me) +NMO2 Me2N . MeSO4-        *NMe2
Me2NPFs- 



N,N,N',Nr-letramethylformamidinium 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 then with diethyl ether (10 ml). Drying
in vacuo 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)    A mixture of N.N-diethylformamide (30 g) and dirnethylsulfate
(37.5 g) are heated to 50C 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,a,NAetraethylformamidinium 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,NIC-TetraethylformamidinIum tetrafluoroborate (18, R6 = Et, R7 = Et) NEt2
Ei2N) MeS0,-       -ENEt2 Et2NBE(     138 



ammonium tetrafluoroborate (115 g) in water (25 ml). The mixture is then
extracted with dichloromethane. Removal of the dichloromethane gives
N,N,NW-tetraethylformamidinium tetrafluoroborate (18, R6 = Et, R7 = Et) as a
white solid 1H NMR (DMSO-d6), 7.80 (1H), 3.70-3.40 (81-1), 1.40-1.33 (12H).
The X-ray Structure of the obtained crystals is shown in figure 2. Crystal
data [recorded at 100(2) K1 Empirical formulaC9H2113F4142 Formula weight244.09
Crystal systemMonoclinic Space groupP21/c Cell parametersa = 9.738(2) A b =
8.580(2) A c= 15.519(2)A a = 90  13= 100.840(6)  y = 90 Volume of unit
cell1273.5(4) A3 Z'4 Calculated density1.273 mg rn-3 (number of asymmetric
units in the unit cell) Example 6: N,N,N7,NLTetraethylformamIdinium
hexafluorophosphate (18, R6 = Et, R7 = Et) +NEt2 Et2N) MeE06-        +NEt2
Et2NPF6" 



N,N,N',N' -Tetraethylformamidinium methylsulfate (4 g) is added to water (25
ml) and the resulting mixture is cooled to 000. This mixture is then added to
a cooled solution of ammonium hexafiuorophosphate (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  139 with diethyl ether (10 ml).
Drying in vacua 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(121-I). Example 7:
1-Pyrrolidin-1-ylmethylene-pyrrolidinium methylsulfate (18, R61R7 =
Pyrrolldinyl) ci) MeSO4- A mixture of N-formylpyrrolidine (100 g) and
dimethylsulfate (126 g) are heated to 80C 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 vacua and
triturated with diethyl ester. The precipitate is collected by filtration and
recrystallised using ethyl acetate to give
1-pyrrolidin-1-ylmethylene-pyrrolidinium methylsulfate (18, R61R7 =
Pyrrolidinyl). 1H NMR (DM80-d6), 8.28 (11-1), 3.90-3.85 (41-I),
3.68-3.62(411), 3.38 (3H), 1.99-1.90(411), 1.86-1.77 (4H). Example 8:
1-Pyrrolidin-1-ylmethylene-pyrrolidinlum hexafluorophosphate (18, R61R7 =
Pyrrolldinyl)    1-pyrrolidin-1-ylmethylene-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
(6.29) 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  140
diethyl ether (10 m1). Drying in vacuo gives
1-pyrrolidin-1-ylmethylene-pyrrolidinium hexafluorophosphate (18, R6/R7 =
Pyrrolidirtyl) as a white solid. m.o. 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), 1.86-1.77 (4 H). Example 9:
N,N,N'N-Tetraisopropylformamidinium chloride (18, R6 = iPr, R7 =11=r) 



NiP r2 iPr2N) Cr iPr2N-H    A mixture of phosphorus oxychloride (10.589) and
diethyl ether (50 ml) 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 supematant 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 in 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'-Tetraisopropylformamidlnium hexafluorophosphate (18, R6 = Mr, R7 =
+N iPr2 iPc2N) PF6- iPr2Nti    A mixture of N,N-diisopropyllfcrmamide (10 g)
in anhydrous dichloromethane (40 mL) is added to a solution of phosphorus
oxychlonde (11.8 g) in dichloromethane (100 ml) 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 



141 C. To this mixture, a solution of diisopropylamine (10.9 ml) 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 ml) is added and the resulting mixture is cooled to 0 C. This
mixture is then 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 recrystallised from
acetone to give N,N,N.,N'- tetraisopropylformamidinium hexafluorophosphate
(18, R6 = iPr, R7 = iPr) as a colourless solid. 1H NMR (DMSO-d6), 7.48(1 H),
4.15-4.00 (4 H), 1.36-1.29(24 H). Example 11:
N,N,W,NcTetraisopropylfornamidinium tetrafluoroborate (18, R6 iPr, R7 = IPr) 1
iPr2NH         +NiPr2 iPr2NI3F4-     A mixture of N,N-dlisopropyliformamide
(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 temperature and stirred for a further 2 h. The reaction mixture
is washed with aqueous sodium hydroxide (20 ml, 2 M) and saturated sodium
tetrafluoroborate (13.29) and extracted with dichloromethane. The organic
layer is dried (MgSO4) and then concentrated in vacua. 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,V,NAetraisopropylformamidinium
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-ylmethylidene)ammonium hexafluorophosphate (18, R6 =
iPr, R7 = Piperidinyl)  142 aNiPr2 iPr2NFl A mixture of
N,N-diisopropyllformamide (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 resulting 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 , dichloromi ethane (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 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 (6.30) in water (25 m1). 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(piperidin1-ylmethylidene)ammonium hexafluorophosphate (18, R6 =
iPr, R7 = Piperdinyl) as a colourless solid. m.p. 239-240C. 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 obtained crystals is shown in figure 3. Crystal
data (recorded at 100(2) K.( Empirical formulaC12H25F6N2R Formula weight342.31
Crystal systemOrthorhombic Space groupP212121 Cell parametersa = 9.315(2)A b=
12.051(2)A c = 14.134(2)A a = 90  p = 90  y = 90  Volume of unit cell1586.6(5)
A3  143 7*4 Calculated density1.433 mg rn-3  (number of asymmetric units in
the unit cell) Example 13: Trls(morpholino)methane (13, R61R7 = morpholino) 0 



HC(OEt)3 cco A mixture of tdethylorthoformate (62.2 g), morpholine (54.5g) and
glacial acetic acid (1.26 g) is stirred at 180C 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 tolueneto
give. tris(morpholino)methane, 13 (R61R7 = morpholine). 1H NMR (CDCI3),
3.66-3.60 (12 H), 3.26 (1 H), 2.80-2.70 (12 H). Example 14:
Tris(dimethylamlno)methane (13, R6 = Me, R7 = Me),
Tert-Butoxybls(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 = tBu) and
N,NDimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 a tBu)
+NMe2 Me2N-j  NMe2NMe2NMe2  me?.nwie2Me2NOtBeII3u0OtE     Method 1
N,N,N',N-tetramethylformadinium methyl sufate (5 g) (prepared according to
Example 1, X   MeSO4) is added to a solution of potassium tert-butoxide in
TI-IF (23.6 ml, 1 M). The mixture is then stirred for 1 h at 60C. 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 (CON): 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 =  144 



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-MePhS03) 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-letramethylformadinium
hexafluorophosphate (500 mg) (prepared according to Example 3, X = PF6) 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-Butoxybis(diethylamino)methane (14, R6 = Et, R7 = Et, R8 = tBu) and
N,N-Diethylformamide dl-tert-butyl acetal (15, R6 = Et, R7 = Et, R8 = tBu)
thlEt2NEI2NEt2NEt2 E12N) me504.Et24NEI2El2N"--1ThtButBuO01Bu Method 1
N,N,N',N4etraethylformadlnIum methyl sulfate (5g) (prepared according to
Example 4, X = MeSO4) Is added to a solution potassium tert-butoxide in THF
(18.7 ml, 1 M). The resulting mixture is then stirred for 1h at 60C. 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 (G6D6): 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 =  145 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'-tetraethylformadinium
tetrafluoroborate (500 mg) (prepared according to Example 5, X = BF4) is added
to a solution of potassium tert-butoxide in THF (2.05 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, k7 = Et, R8 = tBu). Method 3
N,N,N',N'-tetraethylformadinium hexafluorophosphate (500 mg) (prepared
according to 



Example 6, X = PF6) 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-Bipheny14-ylmethy1-3-[1-dimethylaminometh-(E/Z)-ylidenel-2-
oxo-pyrrolidlne-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7
= Me)  Method 1  146 A mixture of 1 g
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-l-carboxylic acid tert-butyl ester
(8-a, R1 = Boo) and 0.7 ml tris(dimethylamine)methane (13, R6 = Me, R7 = Me)
(Aldrich, 4221058) in toluene (5 ml) are heated for 16 h at 115 C. The mixture
is concentrated in vacuo to give
(R)-5-bipheny1-4-ylmethy1-3-[1-dimethylaminometh-(E/7)-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boo,
R6 = Me, R7 = Me) as determined by hplc. Method 2 To 1 g
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 = Boo) in solution In 5 ml toluene are added 3 g of
tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (Aldrich. #221058) and 1 ml
tert-butanol. The mixture is stirred at 80C for 24 h to yield after
concentration to dryness nearly pure (R)-5-bipheny1-4-ylmethy1-341-
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
3 To a mixture of 200 mg
(S)-2-Bipheny14-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid tertbutyl ester
(8-a, R1 = Boc) and 0.49. ml tris(dimethylarnino)methane (13, R6 = Me, R7 =
Me) (Aldrich, #221058), tert-butanol (0.21 ml) is added. The mixture is
stirred at 80C for 24 h to yeld after concentration to dryness
(R)-5-bipheny1-4-ylmethy1-3-[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-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tertbutyl 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 80C for 24 h to yield after concentration to dryness
(R)-5-bipheny1-4-ylrnethyl-3-[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrradine-1-carboxylic acid tert-butyl
ester (7-a. R1 = Boo, R6 = Me, R7 = Me) as determined by hplc.  147 Method 5
To a mixture Of 200 mg
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid ten-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 80C for 24 h to yield after concentration to dryness
(R)-5-bipheny1-4-ylmethy1-3-11-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-l-carboxylic acid
tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.
Method 6 To a mixture of 200 mg
(S)-2-131pheny1-4-ylmelhy1-5-oxo-pyrrolidine-1-carboxylic acid fed-butyl ester
(8-a, R1 = Boc) and 0.49 ml tris(dimethylamino)methane (13, R6 = Me, R7 = Me)
(Aldrich, #221058), dimethoxyethane (0.2 ml) is added. The mixture is stirred
at 80C for 24 h to yield after concentration to dryness
(R)-5-bipheny1-4-ylmethyl-341-
dimethylaminometh-(E2)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tea-butyl
ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc. Method 7
Tert-butanol (0.679) is added to 1.659 tris(dimethylamino)methane (13, RB =
Me, R7 = Me) (Aldrich, #221058) and the resulting mixture is stirred for 1 h
at 50C. (S)-2- Bipheny1-4-ylmethy1-5-oxo-pyrrolidine-l-carboxylic acid
tert-butyl ester (8-a, R1 = Boc) (1.009) is added and the resulting mixture
heated at 80C for 8 h. The reaction mixture is cooled to room temperature and
concentrated in vecuo. Azeotropic distillation using toluene affords
(R)-5-bipheny1-4-ylmelhy1-341-dimethylaminometh-(E/Z)-ylidene]-2-oxopyrrolidin
e-1-carboxylic acid fed-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc. Method B 1 g of
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-l-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 = CMe2Et) (prepared according to Example 36, Method 1) and
heated to 80 C. After 2  148 hours, the reaction is shown to be complete and
is concentrated under vacuum to yield (R)-5-biphenyl-4-ylmethy1-3-[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 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-Bipheny1-4-ylmethy1-5-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 vacua to afford
(R)-5-bipheny1-4-ylmethy1-341-dimethylaminometh-(E1'Z)-
ylidene]-2-oxo-pyrrolldine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc,
R6 = Me, R7 = Me) as determined by hplc. Method 10
N,N,N',N'-tetramethylformamidinium 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 m1). The resulting mixture is then stirred for 1 h at 50 C.
(S)-2-Bipheny1-4-ylmethy1-5-oxo- pyrrolidine-1-carboxylic acid tert-butyl
ester (8-a, R1 = Boc) (50C mg) is then added and the mixture stirred at 60C
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 vacua to afford
(R)-5-biphenyl-4-ylmethy1-3-[1-dimethylaminometh-(E/Z)-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid terf-butyl ester (7-a, R1 = Bac,
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-ted-buloxide
in THF (5.69 ml). The resulting mixture is then stirred for 1 h at 50 C.
(S)-2-Bipheny1-4-ylmethy1-5-oxo- pyrrolidine-1-carboxylic acid ted-butyl ester
(8-a, R1 = Boc) (500 mg) is then added and the  149 mixture stirred at 60C 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 vacua to afford
(R)-5-bipheny1-4-ylmethy1-3-[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-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 = Boc) in 75 ml 1,2-dimethoxyethane. 17.8 ml
tert-butoxy-bis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 = tBu) (Fluke
#20425) is added and the mixture stirred overnight at 75 C. The mixture is
concentrated in vacuo to give (R)-5-bipheny1-4-
ylmethy1-341-dimethylaminometh-(E2)-ylidene]-2-oxo-pyrrolidine-1-carboxylic
acid tell-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.
Method 13 A mixture of
(S)-2-biphenyl-4-ylmethy1-5-oxo-pyrrolidine-l-carboxylic acid tert-butyl ester
(8- a, R1 = BOG) (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 80C
for 4 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-bipheny1-4-
ylmethyl-3-11-dimethylaminometh-(E2)-ylidenel-2-oxo-pyrrolidine-l-carboxylic
acid led-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.
Method 14 Mixture of 10 g
(S)-2-biphenyl-4-ylmethy1-5-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 80C for 4 hours. The mixture is concentrated
in vacuo to give
(R)-5-bipheny1-4-ylmethy1-341-climethylaminometh-(8Z)-ylidene]-2-oxo-pyrrolidi
ne-1- carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc.  150 A mixture of 29
(S)-2-Biph-eny1-4-ylmethy1-5-oxo-pyrrolidine-l-carboxylic acid tert-butyl 



ester (8-a, R1 = Boo) and 8.7 ml methoxy-bis(dimethylamine)methane (14, R6 =
Me, R7 = Me, R8 = Me) (Fluka #64875) is heated at 80C 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-bipheny1-4-ylmethy1-341-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tea-butyl
ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc. Method 16 A
mixture of 1 g (S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidlne-1-carboxylic acid.
tea-butyl ester (8-a, R1 = Boo) and 1.2 ml N,N-dimethylformamide diisopropyl
acetal (15, R6 = Me, R7 = Me, R8 = Pr) (Aldrich #178535) are heated at 105C
overnight. A further portion of N,N-dimethylforrnamide 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-
bipheny1-4-ylmethy1-3-[1 -di methylaminometh-(E/Z)-ylidene]-2-oxo-pyrrol
idine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boo, R6 = Me, R7 = Me) as
determined by hplc. Method 17 To 0.2 g
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 = Boc) in solution in 0.7 ml tetrahydrofuran are added 0.4 g of
tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (Aldrich, #221058) and 0.17
ml terlbutanol. The mixture is stirred at 80C for 8 h to yield after
concentration to dryness to give
(R)-5-biphenyl-4-ylmethy1-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolid
ine-1- carboxylic acid tea-butyl ester (7-a, R1 = Boo, R6 = Me, R7 = Me) as
determined by hplc. Method 18 A mixture of 1 g
(S)-2-biphenyl-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 = Boo) and 3.4 ml N,N-dimethylforrnamide di-tert-butyl acetal (15, R6
= Me, R7 = Me, R8 = tBu) (Aldrich #358800) are heated at 50C overnight. The
mixture is then concentrated to give
(R)-5-Biphenyl-4-ylmethy1-3-11-dimethylaminometh-(E/Z)-ylidene1-2-  151
oxo-pyrrolidine-1-carboxylic acid ferf-butyl ester (7-a, R1 = Boc, R6 = Me, R7
= Me) as determined by hplc. Method 19 7 g of
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-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 = CMezEt) (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-bipheny1-4-ylmethy1-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxoDyrrolidi
ne-1-carboxylic acid tert-butyl ester (7-a, R1 = Bac, R6 = Me, R7 = Me) as
determined by hplc. Method 20 



7 g of (S)-2-Biphenyl-4-ylmethyl-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 = CMezEt) (prepared according to Example 36,
Method 2) and heated to 85C. The resulting mixture is stirred at this
temperature for 48 h. The mixture is then concentrated in vacuo to give
(R)-5-bipheny1-4-ylmethy1-311-dImethylaminometh-(E/Z)-ylidene1-2-oxopyrrolidin
e-1-carboxylic acid tert-butyl ester (7-a, R1 = Boo, R6 = Me, R7 = Me) as
determined by hplc. Method 21 7 g of
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 = Boc) is added to 11.39 of a mixture containing 13.14 and 15 (R6 =
Me, R7 = Me, R8 = CMe2Et) (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-bipheny1-4-ylmethy1-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxopyrrolidi
ne-1-carboxylic acid tert-butyl ester (7-a, R1 = Boo, R6 = Me, R7 = Me) as
determined by hplc.  152 7 g of
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid terf-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 = CMe2Et) (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-bipheny1-4-ylmethy1-341-dimethylaminometh-(E/Z)-ylidene]-2-oxopyrrolidin
e-1-carboxyfic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc. Method 23 N,N,N',N'-Tetramethylformamidinium
hexalluorophosphate (350 mg) (prepared according to Example 3) is added to a 1
M solution of potassium-tert-butoxide in THE (1.1 ml). The resulting mixture
is then stirred for 1 h at room temperature. (S)-2-Bipheny1-4-ylmethy1-5-
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-ylmethy1-3[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidi
ne-1- carboxylic acid terf-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc. Method 24 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 THE (1.1 ml). The resulting mixture is then stirred
for 1 h at 50C. The mixture is then cooled to room temperature.
(S)-2-Bipheny1-4-ylmethy1-5-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-bipheny1-4-ylmethy1-3-[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  153 



N,N,N',V-tetramethylformamidinium para-toluenesulfonate (1.99) (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-ylmethyl-5-oxo-pyrrofidine-1-carboxylic acid tett-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-bipheny1-4-ylmethy1-341-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid
tett-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.
Method 26 N,N,141,Nl4etramethylformamidinium hexafluorophosphate (1.75 g)
(prepared according to Example 3) is added to a 1 M solution of
potassium-tert-butoxide in THF (5.7 m1). The resulting mixture is then stirred
for 1 h at 50 C. The mixture is then cooled to room temperature.
(9)-2-Biphenyl-4-ylmethy1-5-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-bipheny1-4-ylmethy1-341-
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
prn. 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% 11 min (50%
13); 13 mm (80% B); 16 min (80% B); 16.1 min (20% B); 20 min (20% B). Flow
rate: 1.4 ml nin1. Wavelength; 210 or 254 nm. - Temperature 60  2 C. - -
-Retention times: 8-a (R1 = Boc):10.4 min 7-a (R1 f= Boc; R6 = Me; R7 =
Me):11.0 min  154 Example 16-2: Work-up/Purification of
(R)-5-Biphenyl-4-ylmethy1-3[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolicline-1-carboxyllc acid
ten-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)
(R)-5-Biphenyl-4-ylmethyl-.3[1-dimethyla
minometh-(E/2)-ylidene]-2-oxo-pyrrolid ne-1- carboxylic acid tert-butyl ester
(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 isopropyl acetate) prepared according to Example 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
isopropyl 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 ml 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.  155 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 9g 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 vacue. Further portions of toluene (3 x 50 ml) 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 _1672,
Method 7. _ Method 7 9g of 7-a (R1 a 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
vacua to give 7-a (R1 = Bac; R6 = Me; R7 = Me). Spectroscopic data for 7-b (R1
= Boc; R6 = Me; R7 = Me): ft 0.49 (ethylacetate). 8H (400 MHz; DM50) 1.48
(9H), 2.63 (2H), 2.79 (1H), 2.93(6K). 3.06 (1H), 4.19 (1H), 6.96 (1H), 7.32
(3H), 7.44 (2H), 7.63 (4H); m/z (ES+) 407.1 (IMW, 71 %), 351 (100), 307 (41).
HPLC Method (Example 16-2, Methods 1-7)  156 Column: X-BRIDGE C18; 150 x 3.0
mm; 3.5 km. 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 (20% B); 20
min (20 % B). Flow rate: 1.4 ml 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-ylmethy1-341-diethylaminometh-(67)-ylidene]-2-oxopyrrolldlne-
1-carboxyllc acid tert-butyl ester (7-a, R1 = Roc, R6 = Et, R7 = Et)  Method 1
A mixture of (S)-2-bipheny1-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (8-a, R1 = Boc) (1.41 g)
tert-butoxy-bis(cilethylamino)methane (14, R6 = Et, R7 = Et, R8 = tBu) (3.76
g, prepared according to Example 15) is heated at 80C for 1 h. The mixture is
then diluted with 10 ml isopropyl acetate and filtered through silica. The
filtrate is then concentrated in vacuo and azeotroped successively with xylene
(3 x 10 ml), toluene (3 x 10 ml), isopropyl acetate (3 x 10 ml) and diethyl
ether (3 x 10 ml). Material is dried in vacuo to afford 1.54 g of
(R)-5-biphenyl-4-ylmethy1-3-[1-diethylaminometh-(E/Z)-ylidene]-
2-oxo-pyrrolidine-1-carboxylic acid tett-butyl ester (7-a, R1 = Boc, R6 = Et,
R7 = Et). Rf  157 0.41 (ethyl acetate). 6H (400 MHz, C6D6) 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,NcNi-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-ylmethy1-5-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (8-a, R1 = Boa) (500 mg) is then added and
the mixture stirred at 60C 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-ylmethy1-341-diethylaminometh-(E/Z)-
ylidene]-2-oxo-pyrrolidine-l-carboxylic acid tett-butyl ester (7-a, R1 = Boc,
R6 = E(, R7 = Et). Spectroscopic data as for Example 17, Method 1. Method 3
N,N,N',Ni-tetraethylformamidinium tetrafluoroborate (347 mg, prepared
according to Example 5) 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-Bipheny1-4-ylmethy1-5-oxo- pyrrolidine-1-carboxylic acid ter/-butyl
ester (8-a, R1 = Boc) (100 mg) is then added and the mixture stirred at 60C
for 1 h. The mixture is then cooled to room temperature and diluted by
additional 10 ml isopropyl acetate. The mixture is then filtered through
silica and concentrated in vacua to afford
(R)-5-bipheny1-4-ylmethy1-3-11-diethylaminometh-(E2)-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tett-butyl ester (7-a, R1 = Boc,
R6 = Et, R7 = Et). Spectroscopic data as for Example 17, Method 1. Method 4
N,N,N',Ni-Tetraethylformamidinium hexafluorophosphate (430 mg, prepared
according to Example 6) is added to a 1 M solution of potassium-tert-butoxide
In THF (1.14 m1). The resulting mixture is then stirred for 1 h at 50 C.
(S)-2-Biphenyl-4-ylmethy1-5-oxo- 



pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (100 mg) is
then added and the mixture stirred at 60C for 1 h. The mixture is then cooled
to room temperature and diluted  158 by addition of 10 ml isopropyl acetate.
The mixture is then filtered through silica and concentrated in vacuo to
afford (R)-5-bipheny1-4-ylmethyl-3-11-diethylaminometh-(E/Z)-
ylidene]-2-oxb-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,INV,N1-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 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-bipheny1-4-ylmethy1-341-diethylaminometh-(E2)-ylidene]-2-oxo-pyrrolidine
-1- carboxylic acid tert-butyl ester (7-a, R1 = Soc. R6 = Et, R7 = Et).
Spectroscopic data as for Example 17, Method 1. Method 6
N,N,N',V-tetraethylforrnamidinium methylsulfale (1.99) (prepared according to
Example 4) 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-ylmethy1-5-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-bipheny1-4-ylmethy1-341-diethylarninometh-(ER)-
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 I. Method 7
N,N,NW-tetraethylformarnidinium hexafluorophosphate (430 mg) (prepared
according to Example 6) is added to a 1 M solution of potassium-tert-butoxide
in THE (1.1 ml). The resulting mixture is then stirred for 1 h at 50 C. The
mixture is then cooled to room  159 temperature.
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(3-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-bipheny1-4-ylmethy1-341-
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,V,N11-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 resulting mixture is
then stirred for 1 h at 50 C. The mixture is then cooled to room 



temperature. (S)-2-Biphenyl-4-ylmethy1-5-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-bipheny1-4-ylmethy1-311-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid fertbutyl
ester (7-a, R1 Boc, R6 = Et, R7 = Et). Spectroscopic data as for Example 17,
Method 1. Method 9  N,N,Nr,N'-tetraethylformamidinium tetraffuoroborate (347
mg) (prepared according to Example 5) 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-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 = Boo) (100 mg) and ammonium hexafluorophosphate (ca 1 mg) are then
added and the mixture is then stirred overnight. The mixture is then
concentrated in vacuo to afford
(R)-5-bipheny1-4-ylmethy1-3-[1-dimethylaminometh-(62)-ylidene]-2-oxo-pyrrolidi
ne1-carboxylic acid terf-butyl ester (7-a, R1 = Boc, R6 = Et, R7 = Et).
Spectroscopic data as for Example 17, Method 1. Example 18:
(R)-5-Biphenyl-4-ylmethyl-3-1:1-pyrrolldln-1-yl-meth-(E/Z)-ylldene]-2-
oxo-pyrrolidine-1-carboxylic acid fert-butyl ester (7-a, R1 = Boc, R61127 =
Pyrrolidinyl)  160  Method A mixture of
1-pyrrolidin-1-ylmethylenepyrrolidinium methylsulfate (18.5 g, prepared
according to Example 7) and potassium terl-butoxide (6.39) in toluene (40 ml)
are stirred for 1 h. (S)-2-Biphen4-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (8-a, R1 = Boc) (5 g) is added and the mixture heated to
80C. 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 =
Pyrrolidinyl). Purification by chromatography (isopropyl acetate) gives
(R)-5-bipheny1-4-ylmethy1-341-pyrrolidin-1-yl-meth-(07)-ylidene]-2-oxopyrrolid
ine-1-carboxylic acid tort-butyl ester (7-a, R1 = Boc, R6/R7 = Pyrrolidinyl).
Rf 0.32 (ethyl acetate). ary (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). miz (ES+) 433 ([M}-1J, 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 TH F, 1.1 ml ) are stirred for 1 h at 50C.
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid (a'!-butyl ester
ester (8-a, R1 = Boc) (0.1 g) is added and the mixture heated to 60C. After
1.5 h, the mixture is cooled to room temperature, diluted with isopropyl
acetate and filtered through silica to give
(R)-5-biphenyl-4-ylmethy1-3[1-pyrrolidin-1-yl-meth4E/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.  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-ylmethy1-5-oxo-pyrrolidine-l-carboxylic acid ferf-butyl ester
(8-a, R1 = Boc) (100 mg) is added and the mixture heated to 80C. 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-
ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid terf-butyl ester (8-a, R1 = Boc)
(100 mg) is then added and the mixture is heated to 55C. 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-ylmethy1-3[1-pyrrolidin-1-yl-metha)-
ylidene]-2-oxo-pyrrolidine-l-carboxylic acid fert-butyl ester (7-a, R1 = Bon,
R6/R7 = .Pyrrolidiny1). Spectroscopic data as for Example 18, Method 1. 



Method 5 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 50C. The mixture is then cooled to room temperature.
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester
(8-a, R1 = Boc) (100 mg) is then added and the mixture is then stirred
overnight. The mixture is then concentrated in vacuo to afford
((R)-5-bipheny1-4-ylmethyl-341-
pyrrolidin-1-yl-meth-(52)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid
fed-butyl ester (7-a, R1 = Boc, R6/R7 Pyrrolidinyl). Spectroscopic data as for
Example 18, Method 1.  162 Example 19:
(R)-5-Blpheny1-4-ylmethy1-3-[I-dilsopropylamino-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 ten-butoxide in THF (11.7 ml)
is added to diisopropyfipiperidintylmethylidene)ammonium hexafluorophosphate
(5 g, prepared according to Example 12). The resulting mixture is then stirred
for 1 h at 50 C. (S)-2- Bipheny1-4-ylmethy1-5-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)
to give
(R)-5-bipheny1-4-ylmethy1-341-diisopropylamino-metM(E)-ylidene]-2-oxopyrrolidi
ne-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = iPr, R7 = iPr). RI
0.55 (ethyl acetate). 1H NMR (DMSO-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 m1). The resulting mixture is
then stirred for 1 h at 50C.
(S)-2-Bipheny1-4-ylmethy1-5-oxopyrrolidine-1-carboxylic acid fert-butyl ester
(8-a, R1 = Boc) (500 mg) is then added and  



163 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-bipheny1-4-ylmethy1-341-diisopropylaminometh-(E)-ylidene]-2-oxo-pyrrolid
ine-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-.311-dimethylamino-meth-(E/Z)-ylidene]-1-
(2,2-dimethylpropionyl)pyrrolidin-2-one (7-a, R1 = Pitt, R6 = Me, R7 = Me)  A
mixture of
(S)-5-Bipheny1-4-ylmethy1-1-(2,2-dimethyl-propiony1)-pyrrolidin-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 to 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-ylmethy1-3-11-dimethylamino-meth-(E/Z)-ylidene]-1-(2,2-
dimethylpropionyl)pyrrolidin-2-one (7-a, R1 = Ply, R6 = Me, R7 = Me). 8H (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 (3H), 7.45 (2H), 7.60 (2H), 7.65 (2H). m/z (ES+)
391 (NW, 100 9/0). Example 21:
(R)-5-Biphenyl-4-ylmethy1-3-11-hydroxymeth-(E/Z)-ylidene]-2-oxopyrrolidine-1-c
arboxylic acid tert-butyl ester (6-a, R1 = Boc).  R6  Method 1
(R)-5-Biphenyl-4-ylmethy1-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolid
ine-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. aq. Hydrochloric
acid (37%; 0.2 ml) is added followed by water (2.1 ml). Mixture is stirred at
room temperature for 1.5 h. The phases are separated and the organic phase
dried (MgSO4) and concentrated in vacuo to give
(R)-5-biphenyl-4-ylmethy1-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc). 3,4(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); 8,4(400 MHz; CDC13) 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). trilz (+) 380 ((MHY, 5 %), 324 (100). Method
2
(R)-5-Bipheny1-4-ylmethy1-311-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidi
ne-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 10-15C. A solution of concentrated
sulfuric acid (0.09 ml) in water (3 ml) is added. Mixture is stirred at room
temperature for 1.5 h. The phases are separated and the aqueous phase is
extracted with isopropyl acetate. The combined organic phases are dried
(Mg604) and concentrated in vacuo to give (R)-5-bipheny1-4-
ylmethy1-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (6-a, R1 = Boc). Rf 0.49 (ethyl acetate). Spectroscopic data
as for Example 21, Method 1.  



165 Method 3
(R)-5-Biphenyl-4-ylmethy1-3[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidi
ne-1- carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Et, R7 = Et)
(32.59) is dissolved in THF (190 ml) at 60C. 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 (MgSO4) and concentrated in vacuo to give
(R)-5-biphenyl-4-
ylmethy1-341-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-ylmethy1-142,2-dimethylpropiony1)-3-1.1-
hydroxyrnoth-(E,2)-ylidenelpyrrolidin-2-one (6-a, RI = PM.
(R)-5-Biphenyl-4-ylmethy1-3[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidi
ne-1- carboxylic acid tert-butyl ester (7-a, R1 = Ply, R6 = Me, R7 = Me) (927
mg) is dissolved in THF (5 ml) and cooled to 10C, Hydrochloric acid (1 M; 2.6
ml) is added followed by water (2.1 m1). Mixture is stirred at rcom
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
(MgSO4). Concentrated in vacua to give (R)-5-bipheny1-4-ylmethy1-1-
(2,2-dimethylpropiony1)-341-hydroxymeth-(E,Z)-ylidenelpyrrolidin-2-one (6-a,
R1 = Piv). 5h., (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 ([MHY, 100 /0).  166 Example 23:
(R)-5-Biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1=Boc)  Method 1
(R)-5-Biphenyl-4-ylmethy1-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolid
ine-1- carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) (7
g) is added to THE (210 ml) and the resulting mixture cooled to -78 C.
Diisobutylaluminium hydride (109 ml, 103 mrnol: 0.95 M in THE) 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 m1). Phases are separated. The organic phase is then concentrated in
vacua. Diethyl ether (50 ml) is added, filtered and the filtrate concentrated
to give (R)-5-bipheny14-ylmethy1-3- methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1=Boc). Crude
(R)-5-biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1 = Boc) can be optionally purified by column
chromatography eluting with 3:1 heptanefethyl acetate. 1H NMR: SH (400 MHz,
CDCI3) 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); rrik
(+ESI) 381 ([MNali, 7 %), 364 ((MN., 12), 308 (100), 264 (10).
(R)-5-Bipheny1-4-ylmethy1-3-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 20 in [] are indicated with
error limit of 0.2):  167 20 in []: 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 20 in 11 are indicated with error limit
of 0,2): 20 in ph 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) Kl Empirical formula Formula weight Crystal system Space
group Cell parameters C23 H 25N 03 363.44 Monoclinic P21 a = 11.512(2)A b =
9.197(2)A  c = 19.002(3) A a = 90    = 94.737(7)  y = 90  Volume of unit cell
2005.0(6) A3 



Z' 4 Calculated density 1.204 mg ni3   (number of asymmetric units in the unit
cell) Method 2
(R)-5-Biphenyl-4-ylmethy1-3[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidi
ne-1- carboxylic acid tert-butyl ester (7-a, R1 = Doc, R6 = Me, R7 = Me) (100
mg, 0.25 mmol) is  168 added to THF (0.5 ml) al 0 C. Sodium
triacetoxyborohydride (111 mg, 0.50 mmol) is then added. The mixture is
stirred for 1h then stirred at room temperature overnight. Water (5  ml) is
added end then extracted with toluene. Organic phase dried (MgSO4) and
concentrated in vacuo to give
(R)-5-Biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1- carboxylic acid
terl-butyl ester (4-a, R1=Boc). Spectroscopic data as for Example 23, Method
1. Example 24:
(R)-5-Biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-l-carboxylic acid
tert-butyl ester (4-a, R1 = Boc)    Method 1 Crude
(R)-5-Bipheny1-4-ylmethy1-341-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidi
ne1-carboxylic acid tert-butyl ester (7-a, R1 = Roe, 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
temperature for 2 h. Phases are 



separated. To the organic phase is added formaldehyde.solution (37 A In water;
138 m1). Potassium carbonate (31.89) is added portionwise over 4 h. 1 %
Tetra-nbutylammoniumhydroxide 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 (Na2504) and
concentrated in vacuo to give
(R)-5-bipheny1-4-ylmethy1-3-methylene2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1 = Boc) (63 g). The material can be recrystallised as
follows: crude
(R)-5-bipheny1-4-ylmethy1-3-methylene-2-oxopyrrolidine-1-carboxylic acid
tett-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)
169 and water (18 m1). The solid is then driedin vacua, giving
(R)-5-bipheny1-4-ylmethyl-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-bipheny1-4-ylmethy1-3-[1-dimethylarninorneth-(E/Z)-ylidene]-2-oxo-pyrrol
idine1-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 10C. Sulphuric acid (96%;
6.9 ml) is added followed by water (152 m1). 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-butylammoniumhydroxide solution (14.2 ml) is added. Potassium
carbonate (27.8 g) is added portionwise over 0.5 h. Sodium 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 phase is extracted with sodium
chloride solution (20% 50 ml), dried (Na2SO4) and concentrated in vacua to
give (R)-5-Biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1 = Boc) (63 g). Material can be recrystallised as
follows: crude (R)-
5-bipheny1-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-l-carboxyfic acid
tert-butyl ester (4-a, R1 = Boo) (58.4 g) is dissolved in methanol (525 ml) at
50C. 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)
and water (18 ml). The solid is then dried in vacuo, giving
(R)-5-biphenyl-4-ylmethy1-3-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 WM 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
(60% B); 16 min (80% B); 16.1 min (20% B); 20 min (20 % B). Flow rate: 1.4 nil
mind. Wavelength: 210 or 254 nm. Temperature 60  2 C.  170 Retention times:
6-a (R1 = Bob):2.62 min 



7-a (R1 = Boc; R6 = Me; R7 = Me):11.0 min 4-a (R1 = Boo):12.0 min Example 25:
(R)-5-Bipheny1-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxyllc acid
tert-butyl ester (4-a, R1 Boc) and (3RIS, 5S)-5-Bipheny1-4-ylmethyl-3-
hydroxymethyl-2-oxo-pyrrolidine-1-carboxyllc acid tert-butyl ester (5-a, 121 =
Boc)  Method 1 2.0 g of crude
(R)-5-biphenyi-4-ylmethy1-341-hydroxymeth-(67)-yhdene]-2-oxopyrrolidine-1-carb
oxylic acid tert-butyl ester (6-a, R1 = Boo) in 10 ml THE is submitted to
react with 5.0 g 37 % aq. formaldehyde solution and 0.79 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 mixture 1:1 of ethyl
and isopropyl acetate to separate (R)-5-bipheny1-4-ylmethy1-3-
methylene-2-oxo-pyrrolidine-l-carboxylic acid tert-butyl ester (4-a, R1 = Boc)
and (3R/S,
5S)-5-bipheny1:4-ylmethyl-3-hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (5-a, R1 = Boc). Spectroscopic data for
(R)-5-bipheny1-4-ylmethy1-3-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-bipheny1-4-ylmethy1-3-hydroxymethy1-2-oxopyrrolidine-1-carboxylic
acid tert-butyl ester (5-a, R1 = Boc): 3 (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),
171 7.28-7.34 (3H), 7.41-7.45 (2H), 7.58-7.63 (411); m/z (ES+) 382 (WHY, 9 %),
326 (100), 282 (12). Method 2 1 g
(R)-5-bipheny1-4-ylmethy1-3-[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 rood' temperature. Water (1 ml) and sodium bisulfite
solution (0.5 ml) are subsequently'added. The phases are separated and organic
phase dried (Mg504). The mixture is concentrated in vacuo to give
(R)-5-biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1- carboxylic add
tort-butyl ester (4-a, R1 = Boc) 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-ylmethy1-3-11-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 40C, the two phases are separated. The organic
phase is diluted with 50 ml toluene and concentrated under vacuum to about 20
mi. 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 50C and saturated at the same temperature with
25 ml water. The suspension is afterwards cooled to 0C, filtered, washed with
12 ml methanol/water 2:1 and dried under vacuum to yield
(R)-5-bipheny1-4-ylmethy1-3-methylene-2-oxo-pyrrolidine1-carboxylic acid
tert-butyl ester (4-a, R1 Boc). Spectroscopic data as for Example 25, Method
1.  172 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-Bipheny1-4-ylmethy1-3-[1-hydroxymeth-(E/7)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid fed-butyl 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. R, (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-Bipheny1-4-ylmethy1-341-hydroxymeth-(E/Z)-ylidene]-2-oxopyrrolidine-1-ca
rboxylic acid fart-butyl ester (6-a, R1 = Boc) in THE (3.8 g) (prepared
according to Example 21, Method 3) is added potassium carbonate (2.89 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 h at 45C. 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
m1). The organic phase is then dried (Mg804) and concentrated in vacuo to give
(R)-5-bipheny1-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-l-carboxylic acid
fert-butyl ester (4-a, R1 = Boc). Spectroscopic data as for Example 25, Method
I. Method 6 To a solution of
(R)-5-Bipheny1-4-ylmethy1-341-hydroxymeth-(E/Z)-ylidene]-2-oxopyrrolidine-1-ca
rboxylic acid tert-butyl ester (6-a, R1 = Boc) in THE (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%, 0.039) and chloral (4.4
g) to give a solution of pH 11. The mixture is then stirred for 2 h at 45C.
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 m1). The organic phase is
then dried (MgSO4) and concentrated in vacuo to give (R)-5-
bipheny1-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (4-a, R1 = Boc). Spectroscopic data as for Example 25, Method 1.  173
Method 7 To a solution of
(R)-5-Bipheny1-4-ylmethy1-3-[1-hydroxymeth-(E/7).ylidene]-2-oxopyrrolidine-1-c
arboxylic 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%, 0.079) 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 45C. 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 solLition (20 ml, 40%) and then brine (20
ml). The organic phase is then dried (MgSO4) 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. Method 8 To a solution of
(R)-5-Bipheny1-4-ylmethy1-3-[1-hydroxymeth-(E/2)-ylidene]-2-oxopyrrolidine-1-c
arboxylic 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 45C. 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 m1). The organic phase is then dried (M9SO4) and concentrated
in vacuo to give (R)-5-biphenyl-4-ylmethy1-3-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-Bipheny1-4-ylmethy1-341-hydroxymeth-(E/Z)-ylidene]-2-oxopyrrolidine-1-ca
rboxylic acid fed-butyl ester (6-a, R1 = Boc) in THE (3.8 g) (prepared
according to Example 21, Method 3) is added a 1 M aqueous sodium acetate
solution (20  174 ml), tetrabutylammonium hydroxide solution (40 A, 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 45C. The mixture ie 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 (MgSO4) and concentrated
in vacuo to give (R)-5-biphenyl-4-ylmethy1-3-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-bipheny1-4-ylniethy1-341-hydroxymeth-(E/Z)-ylidene]-2-oxopyrrolidine-1-c
arboxylic 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 mi, 40 %wt in water). Formaldehyde (2.2 ml,
37 %int in water) is then added to the mixture. The resulting mixture is
stirred for 2 h at 45C. The phases are separated. The organic phase is diluted
with toluene (20 m1). 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 dried (MgSO4) and concentrated under reduced pressure to
give (R)-5-bipheny1-4-ylmethy1-3-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-bipheny1-4-ylmethy1-341-hydroxymeth-(ErZ)-ylidene]-2-oxopyrrolicline-1-c
arboxylic 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 Vowt 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 2 h at 46C. The phases are
separated. The organic phase is diluted with toluene (20 m1). The organic
phase is then washed with sodium bisulfite solution (20 ml, 40 %wt in water)
and then with brine (5 m1). The separated organic phase is then dried (MgSat)
175 and concentrated under reduced pressure to give
(R)-5-bipheny1-4-ylmethy1-3-methylene2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1 = Boc) as determined by hplc. Method 12 200 mg
(R)-5-Biphenyl-4-ylmethy1-3-0 -hydroxymeth-(E/2)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a. R1 = Boc) is added to tetrahydrofuran
(2 m1). Sodium hydrogen carbonate (1.05 ml, 1 M solution in water) and
tetrabutylammonium hydroxide (3.5 il, 40 %wt in water) are added to the
mixture. Formaldehyde (0.12 ml, 37 pkwt 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 m1). The organic phase
is then washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then
with brine (5 m1). The separated organic phase is then dried (Mg504) and
concentrated under reduced pressure to give
(R)-5-bipheny1-4-ylmethy1-3-rnethylene-2-oxo-pyrrolidine-1- carboxylic acid
tort-butyl ester (4-2, R1 = Boo) as determined by hplc. Method 13 200 rig
(R)-5-Biphenyl-4-ylmethy1-3[1-hydroxymeth-(E2)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran
(2 m1). Cesium carbonate (1.05 ml, 1 M solution in water) and
tetrabutylammonium hydroxide (3.5 41, 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 45C. The phases are separated. The
organic phase is diluted with toluene (5 m1). 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 (MgSO4) and concentrated under
reduced pressure to give
(R)-5-biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-l-carboxylic acid
tert-butyl ester (4-a, R1 = Boo) as determined by hplc. Method 14 200 mg
(R)-5-Bipheny1-4-ylmethy1-3-[1-hydroxymeth-(E2)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boo) Is added to tetrahydrofuran
(2 m1). Sodium carbonate (1.05 ml, 1 M solution in water) and
tetrabutylammonium hydroxide (3.5 pi, 40  176 %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 45C. 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 (MgSO4) and concentrated under
reduced pressure to give
(R)-5-biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
fert-butyl ester (4-a, R1 = Boc) as determined by hplc. Method 15 



200 mg
(R)-5-Biphenyl-4-ylmethy1-3[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 ni, 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 45C. 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 /owt in water) and then with water (5
ml). The separated organic phase is then dried (Mg304) and concentrated under
reduced pressure to give
(R)-5-biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1- carboxylic add
tert-butyl ester (4-a, R1 = Boc) as determined by hplc. Method 16 200 rag
(R)-5-Biphenyl-4-ylmethy1-3-11-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tort-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran
(2 ml). Dimethylsulfoxide (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 45C.
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 Wowt
in water) and then with water (5 ml). The separated organic phase is then
dried (Mg304) and concentrated under reduced pressure to give
(R)-5-biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1 = Boc) as determined by hplc.  177 Method 17 200 mg
(R)-5-Biphenyl-4-ylmethy1-3[1-hydroxymeth-(E2)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Bac) is added to tetrahydrofuran
(2 m1). 1- Methyl-2-pyrrolidinone (1 ml) is then added. Potassium carbonate
(1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 J, 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 45C. The phases are separated. The organic phase is diluted with toluene (5
m1). The organic phase is then washed with sodium bisuffite solution (5 ml, 40
%wt in water) and then with water (5 m1). The separated organic phase is then
dried (MgSO4) and concentrated under reduced pressure to give
(R)-5-bipheny1-4-ylmethy1-3-methylene-2-on-pyrrolicline-1-carboxylic acid
tert-butyl ester (4-a, R1 = Boc) as determined by hplc. Method 18 200 mg
(R)-5-Bip heny1-4-ylmethy1-341-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran
(2 m1). 1,3- . Dimethy1-3,4,5,6-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 45C. The phases are separated. The
organic phase is diluted with toluene (5 ml). The organic phase is then washed
with sodium bisuffite solution (5 ml, 40 %wt in water) and then with water (5
m1). The separated organic phase is then dried (MgSO4) and concentrated under
reduced pressure to give
(R)-5-biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylio acid
tert-butyl ester (4-a, R1 = Boo) as determined by hplc. Method 19 To a mixture
of 200 mg
(R)-5-bipheny1-4-ylmethy1-341-hydroxymeth-(E/Z)-sAidene]-2-oxopyrroldne-1-carb
oxylic 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  178 111, 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 is diluted with toluene (5 m1). 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 (Mg304) and concentrated under
reduced pressure to give (R)-5-bipheny1-4-ylmethy1-3-methylene-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Bac) as
determined by hplc. Method 20 200 mg
(R)-5-Bipheny1-4-ylmethy1-311-hydroxymeth-(F2)-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 pi, 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 45C. The phases are separated. The
organic phase is diluted with toluene (5 m1). The organic phase is then washed
with sodium bisulfite solution (5 ml, 40 %wt in water) and then with water (5
m1). The separated organic phase is then dried (MgSO4) and concentrated under
reduced pressure to give
(R)-5-bipheny1-4-ylmethy1-3-methylene-2-oxa-pyrrolidine-l-carboxylic acid
tert-butyl ester (4-a, R1 = Boc) as determined by hplc. Method 21 200 mg
(R)-5-Bipheny1-4-ylmethyl-3-11-hydroxymetha)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to acetone (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
(0.12 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 bisulrite solution (5 ml, 40 %wt in water) and then with water (5 ml).
The separated organic phase is then dried (MgSO4) and concentrated under
reduced pressure to give
(R)-5-biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1 = Bon) as determined by hplc.  179 Method 22 200 mg
(R)-5-Bipheny1-4-ylmethy1-3-[l-hydroxymeth-(E2)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boo) is added to tertiary-butanol
(2 ml). Potassium carbonate (1.05 ml, 1 M solution in water) and
tetrabulylammonlum hydroxide (3.5 il, 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 45C. 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 (MgSO4)
and concentrated under reduced pressure to give
(R)-5-bipheny1-4-ylmethy1-3-methylene-2- oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1 Boc) as determined by hplc. 



Method 23 200 mg
(R).5-Bipheny1-4-ylmethy1-341-hydroxymelh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Bac) is added to tetrahydrofuran
(2 ml). Potassium carbonate (1.05 ml, 1 M solution in water) and
telrabutylammonium hydroxide (3.5 al, 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 45C. 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 ml, 40 %wt in water)
and then with water (5 m1). The separated organic phase is then dried (MgSO4)
and concentrated under reduced pressure to give
(R)-5-bipheny1-4-ylmethyl-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-Bipheny1-4-ylmethy1-3-11-hydroxymeth-(E/Z)-ylidene1-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to
tetrahydrofuranm1). Potassium carbonate (1.05 ml, 1 M solution in water) and
tetrabutylammonium hydroxide (3.5 al, 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 45C. The phases are separated. The
organic phase is diluted with ethyl acetate (5 ml). The  180 organic phase is
then washed with a sodium bisulfite solution (5 ml, 40 %wt in water) and then
with water (5 m1). The separated organic phase is then dried (M604) and
concentrated under reduced pressure to give
(R)-5-bipheny1-4-ylmethy1-3-methylene-2- oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1 = Boo) as determined by hplc. HPLC Method (Example
25, Methods 1-24) Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 pm. 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 (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 = Boo):12.0 min 



Example 26:
(R)-5-Biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1 = Boc)  0)-1,  50 g
(S)-2-Biphenyl-4-ylmethy1-5-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 THE 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 150.29 aqueous
formaldehyde 37 % is added followed with 30 g potassium carbonate added
portions wise at 20-25 C. Again after 3 hour stining, the aqueous  181 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 50C, 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-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
tettbutyl 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 am. Mobile Phase A
(0.1 % NH3 (32%) in water); Mobile Phase B (Acelonitrile). 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-1. 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 i= Boc):12.0 min Example 27:
(R)-5-Biphenyl-4-ylmethy1-1-(2,2-dimethylpropiony1)-3-
methylenepyrrolidin-2-one (4-a, R1 a Piv)   182 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 MI) and sodium bisulfite solution (0.5 ml) are subsequently added. The
phases are separated and organic phase dried (MgSO4). The crude material Is
purified by chromatography (heptane/ethyl acetate, 10:1) to give
(R)-5-bipheny1-4-ylmethy1-1-(2,2-
dimethylproplany1)-3-methylenepyrrolidin-2-one (4-a, R1 = Piv). 8H (400 MHz,
OM80) 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
([MHY, 100 %). Example 28:
(R)-5-Biphenyl-4-ylmethy1-3-methylenepyrrolidin-2-one (4-a, RI = H)
(R)-5-Bipheny1-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
tea-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 (MgSO4) and
concentrated to give (R)-5-bipheny1-4-ylmethy1-3- methylenepyrrolidin-2-one
(4-a, R1 = H). 8H (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 ([MHY, 100 /0).
(R)-5-Biphenyl-4-ylmethy1-3-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 20 in [] are indicated with error limit of 0.2): 20
in [01:7.1, 13.3, 13.7, 14.5, 16.6, 17.7, 18.2, 19.4, 21.4, 22.5, 23.6,  183
24.0, 26.5, 27.6, 29.1, 29.9. Data taken using a Bruker D8 Advance
diffractometer using Cu-ka radiation. HPLC Method (Example 28) Column:
X-BRIDGE C18; 150 x 3.0 mm; 3.5 pm. 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 (20 % B); 20 min (20% B). Flow rate: 1.4 ml min-1. 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:
(3RJS,5S)-5-Bipheny1-4-ylmethy1-3-dimethoxymethy1-2-oxo-pyrrolidine1-carboxyli
c acid tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me, Y = 0)  1.1 g
(R)-5-Biphenyl-4-ylmethy1-3[1
-dimethylaminometh-(E2)-ylidene]-2-oxo-pyrrolidine1-carboxylic acid tert-butyl
ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is dissolved in 12 ml 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  184 evaporated to dryness. The resulting
yellow oil is purified by column chromatography to give
(3R/S,5S)-5-biphenyl-4-ylmethy1-3-dimethoxymethyl-2-oxo-pyrrolidine-1-carboxyl
ic 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]. 1H
NMR (CDCI3): 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,5S)-5-biphenyl-4-ylmethy1-3-dimethoxymethyl-2-oxo-pyrrolidine-1-carboxyl
ic 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 tertbutylmethylether to afford
(3S,58)-5-Biphenyl-4-ylmethy1-3-climethoxymethyl-2-oxopyrrolidine-1-carboxylic
acid terf-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 formulaC251-131N 05 Formula weight425.51 Crystal
systemOrthorhombic Space groupP212121 Cell parametersa = 6.645(2) A b=
15.761(4)A 



c = 22.439(6) A  a. = 90 /3 = 90     V = 90   Volume of unit cell 2350.1 (1 1
) A3 Z' 4    



185 Calculated density1.203 mg rri3 " (number of asymmetric units in the unit
cell)
(3R/S,5S)-5-bipheny1-4-ylmethy1-3-dimethoxymethyl-2-oxo-pyrrolidine-1-carboxyl
ic acid tert-butyl ester (16-a, R1 = Bcc, R9 = Me, R9 = Me) as a 88: 12
mixture of diastereomers [ratio of (3S): (3R) diastereomers, respectively] can
be recrystallised from ethyl acelate/heplane to afford
(3S,55)-5-Bipheny1-4-ylmethy1-3-dimethoxymethyl-2-oxopyrrolidine-l-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 formulaC25H3IN05 Formula weight425.51 Crystal
systemOrthorhombic Space groupP212121 Cell parametersa = 6.638(3) A b =
15.746(6)A c = 22.420(8) A = 90  p= 90  y=90 Volume of unit cell2343.4(16) A3
4 Calculated density1.206 mg m-3 



" (number of asymmetric units in the unit cell)  186 Example 30:
((3R/S,55)-5-Bipheny1-4-ylmethy1-1-tert-butoxycarbony1-2-oxo-
pyrrolidin-3-ylmethyl)trimethylammonium iodide (10-a, R1 = Boc, R6 = Me, R7 =
Me, R10 =Me)
(31R/S,56)-biphenyl-4-ylmethyl-3-dimethylaminomethyl-2-oxo-pyrrolidine-1-carbo
xylic acid tert-butyl ester (9-a, R1 = Boc, R6 = Me, R7 = Me) (108 mg) (ratio
of diastereomers (38) : (3R), 65: 15 according to NMR analysis) is diluted
with 4 ml methanol and 328 [II 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/8,58)-5-Biphenyl-4-ylmethy1-1-
tert-butoxycarbony1-2-oxo-pyrrolidin-3-ylmethyl)trimethylammonium iodide
(10-a, R1 = Boc, R6 = Me, R7 = Me, R10 = Me). 1H NMR (DM80): 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). rn/z: 423 ([Mr, 100 %).
IR (solution in CH2Cl2, v/cm-1): 3040; 1781;  1742; 1724; 1487; 1371; 1298;
1277; 1150; 985. On the basis of NMR, the ratio of diastereomers (38): (3R) is
85: 15. Example 31:
(R)-5-Biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidlne-1-carboxylic acid
tett-butyl ester (4-a, R1 = Boc)  187 



Crude
(3RJS,53)-biphenyl-4-ylmethyl-3-dimethylaminomethyl-2-oxo-pyrrolicline-1-
carboxylic acid tert-butyl ester (9-a, R1 = Boc, R6 = Me, R7 = Me) (13.89) 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 NaHCO3 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 MgSO4, 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-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
fed-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 p.m. Mobile Phase
A (0.1 % NH3(32 %) in water); Mobile Phase B (Acetonitrile). Gradent: 0 min
(20 % B); 3 min (400/ 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-I. 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-Bipheny1-4-y1-4-tert-butoxycarbonylamlno-2-methylenepentanoic acid (2-a,
R1 = Boc, R2 = H, R3 = CO2H)  188
(R)-5-Biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
terf-butyl ester (4-a, R1 = Boc) (27.7 g) is dissolved in THF (270 ml) at room
temperature. Tetrabutylammonium bromide (0.249) is added followed with water
(10 ml). The mixture is then cooled to 10C. 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) at 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-bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Boc, R2 



H, R3 = CO2H) (25.7 g). 8a (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-Bipheny1-4-y1-4-terl-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Bac, R2 = H, R3 = CO2H) is a crystalline solid. Reflections in the X-ray
diffraction pattern show the following intedattice plane intervals (average 20
in 11 are indicated with error limit of 0.2): 20 in [1. 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. The most intensive reflections in the X-ray
diffraction pattern show the following interlattice plane intervals (average
20 in 1:] are indicated with error limit of 0.2): 20 in [1: 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.  189 



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 (800/
B); 16.1 min (20% B); 20 mm (20 % B). Flow rate: 1.4 ml mind. Wavelength: 210
or 254 nm. Temperature 60  2 C. Retention times: 2-a (R1 = Bac; R2 = H; R3 =
CO2H):2.40 min 4-a (R1 = Boc):12.0 min Example 33:
(R)-5-Biphenyl-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Boo, R2 = II, R3 = CO2H)    210 g
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic add tert-butyl ester
(8-a, R1 = Boa) 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 80-85C 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 add diluted in 638 ml water is then added. The mixture is
subsequently vigorously stirred at 10-15C. 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  190 g saturated 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 40-45C
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 maintaining 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 50C, 100-200 mbar) to
provide a white suspension. 1500 ml toluene is added at 50C. Again the lower
aqueous phase is removed and the remaining organic phase is washed with about
200 ml 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 20-25C. After one hour
stirring, about 300 ml 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 ml 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 10-15C for about
2 hours. 100 g Phosphoric acid (58 %) is then added cautiously in order to
adjust the pH towards 3-4. About 300 ml 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 THE and filtered. The THE is then replaced by acetonitrile
by distillation, while maintaining the volume constant by distillation under
vacuum. After removal of the majority of THE, 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 50C to yield
(R)-5- Biphenyl-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
(2-a, R1 = Boc, R2 = H, R3 = CO2H). Spectroscopic data as Example 32. 



HPLC Method (Example 33) Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 pm. 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  191  (20% B); 20 min (20% B). Flaw
rate: 1.4 ml min-I. Wavelength: 210 or 254 nm. Temperature 60  2 C. Retention
times: 2-a (R1 = Bac; R2 = H; R3 = CO2H):2.40 min  6-a (R1 = Boc): 5-a (R1 =
Boc): 8-a (R1 = Boc): 7-a (R1 = Boc; R6 = Me; R7 = Me): 4-a (R1 = Boc):  2.62
min 8.39 min 10.4 min 11.0 min 12.0 min  Example 34: (3R,
5S)-5-Bipheny1-4-ylmethy1-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid
tett-butyl ester (3-a, R1 = Boc) and (3S,
5S)-5-Blphenyl-4-ylmethyl-3-methyl-2- oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (3-b, R1 = Boo) Method 1 1.3 g
(R)-5-biphenyl-4-ylmethy1-341-dimethylaminameth-(E/Z)-ylidene1-2-oxo-pyrrolidi
ne1-carboxylic acid tert-butyl ester (7-a, R1 = Boo, R6 = Me, R7 = Me) is
dissolved in 40 ml of ethyl acetate. After addition of 0.39 10% Pd/C
(Engelhard 4505) the system is flushed several fines with hydrogen and
subsequently stirred at 20C and 4 bar hydrogen for 5 days. The resulting
reaction mixture is filtered through cellflock and concentrated to dryness
yielding (3R,
5S)-5-biphenyl-4-ylmethy1-3-methyl-2-oxo-pyrralidlne-1-carboxylic acid
tert-butyl ester (3-a, R1 = Boo) and (3S,
5S)-5-biphenyl-4-ylmethy1-3-methy1-2-axopyrrolidine-1-carboxylic acid
tert-butyl ester (3-b, R1 = Boo). Diastereomer ratio 33 : 67 (3-a, R1 = Boo :
3-b, R1 = Boo) as determined by hplc.  



192 Method 2
(R)-5-biphenyl-4-ylmethy1-3[1-dimethylaminometh-(E/Z)-ylidenel-2-oxo-pyrrolidi
ne-1- carboxylic acid fed-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is
added to tetrahydrofuran, to achieve 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 40C 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 3-6)
(R)-5-biphenyl-4-ylmethy1-341-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidi
ne-1- carboxylic acid tett-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 40C, 45C, 55C or 65C 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; 55C;
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; 55C; 3 h.
Diastereomer ratio 42 :58 (3- a, R1 = Boc : 3-b, RI = Boc) as determined by
hplc.  WO 2009/09025JPCT/EP2009/050511 193 Catalyst: 5% Pd(S)/C A103038;
Tetrahydrofuram 0167 M; 40C; 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; 0167 M; 40C; 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; 65C; 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-ylmethy1-341-dimethylaminometh-(E/7)-ylidene]-2-oxo-pyrrolidi
ne1-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-ylmethy1-3-
methy1-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1 = Boc)
and (33, 53)-5- bipheny1-4-ylmethy1-3-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 hplc. Method 10  194 1.3 g
(R)-5-apheny1-4-ylmethy1-341-dimethylaminometh-(E/Z)-ylidenel-2-oxo-pyrrolidin
e1-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 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 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, 53)-5-biphenyl-4-ylmethy1-3-methyl-2-oxo-pyrrolidine-l-carboxylic acid
test-butyl ester (3-a, R1 = Boc) and (33,
55)-5-biphenyl-4-ylmethyl-3-methyl-2-oxo- pyrrolidine-l-carboxylic acid
tert-butyl ester (3-b, R1 = Boc). Diastereomer ratio 99.2 : 0.8 (3-a, R1 =iBoc
: 3-b, RI = Boc) as determined by hplc. Method 11 1.3 g
(R)-5-Biphenyl-4-ylmethy1-3[l
-dimethylaminometh-(E/Z)-ylidene1-2-oxo-pyrrolidine1-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-bipheny1-4:y1rnethyl-3-methyl-2-oxopyrrolidine-1-carboxylic acid
tert-butyl ester (3-a, R1 = Boc) and (3S, 55)-5-bipheny1-4-
ylmethyl-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-Bipheny1-4-ylmethy1-341-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidi
ne1-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 



195 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-ylmethy1-3-methy1-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (3-a, R1 = Boc) and (3S,
5S)-5-biphenyl-4-ylmethy1-3-methyl-2-oxo-pyrrolidine-1-carboxylic add
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 tan. 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 nil
m1n-1. Wavelength: 210 or 254 nm. Temperature 55  2 C. Retention times: 7-a
(R1 = Boc; R6 = Me; R7 = Me):9.6 min 3-a and 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 mrn, 5.0 um. Mobile Phase A (Water); Mobile Phase B (Acetonitrile).
lsocratic: 0 min (80% B); 15 min (80% B). Flow rate: 0.5 ml min-1. 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)  196 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-1. Wavelength 210 nm. Column
temperature 40 C. 



Retention times:  (3-a, R1 = Boc):6.2 min (3-b, Ri = Boc):6.8 min Example 35:
Tris(dimethylamino)methane (13, R6 = Me, R7 = Me),
Tert-Butoxybis(dImethylamino)methane (14, R6 = Me, R7 = Me, R8 = tBu) and
N,NDimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu)
Nme2 Me2N7LNMe2  Nme2 tBu001Bu  NMe2NMe2NMe2 71\ Me2NNMe2Me2NOlDuIBuOVLOIBu
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 = (Bu) (Aldrich #358800) and 0.739 tris(dimethylaminc)methane (13.
R6 = Me. R7 = Me) (Aldrich, #221058) are heated at 45C for 4 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).  197 A mixture of 1.01 g N,N-dirrethylformarride
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 80C 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 rm. (spectroscopic data as in Example 14, Method 1).
Example 36: Tris(dimethylamino)methane (13, R6 = Me, R7 = Me),
Tert-pentoxybis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 = CMe2Et) and
N,NDimethylformamide di-tert-pentoxyacetal (15, R6 = Me, R7 = Me, R8 = CMe2Et)
NMe2 Me2NCI"         NMe2NMe2 Me2NNMe2me2N0  NMe2 0 0       Method 1 



57.5 g N,N,N,N-tetramethylformamidirium chloride is added to 93g sodium
amylate 40% solution in toluene. The resultIng mixture is stirred at room
temperature for 48 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 = CMe2E0. A sample of the filtrate is concentrated in vacuo. 1H NMR
(C6D8): 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 r Me, R8 = CMe2Et). Spectroscopic data
as for Example 36, Method 1.  198 Example 37:
(2R,48)-5-bipheny1-4-y1-4-rert-butoxycarbonylamino-2-methylpentanoic acid
disopropylethylammonium salt (1-a, R1 = Boc, R2 = H, R3 = CO2INHIPr2Etr)  1 g
(2R,4S)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid
(1-a, R1 = Boc, R2 = H, R3 = CO2H) is added to ethanol (10 m1).
Diisopropylethylamine (0.454 ml) is then added and the mixture is stirred at
roan temperature for 30 minutes. The mixture is then concentrated in vacua to
afford (2R,4S)-5-bipheny1-4-y1-4-tert-butoxycarbonylamino2-methylpentanoic
acid diisopropylethylammonium salt (1-a, R1 = Boc, R2 = H, R3 = CO2-
1NHiPr2Etr). 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,48)-5-biphenyl-4-y1-4-tert-butoxycarbonylamIno-2-methylpentanoic acid
triethylammonlum salt (1-a, R1 = Boc, R2 = H, R3 = CO2INHEtan 1 g
(2R,4S)-5-Bipheny1-4-y1-4-ferf-butcxycarbonylamino-2-methylpentanoic acid
(1-a, R1 = Soc. R2 = H, R3 = CO2H) is added to ethanol (10 m1). Triethylamine
(0.264 ml) is then added and the mixture is stirred at room temperature for 30
minutes. The mixture is then concentrated in vacua to afford
(2R,43)-5-bipheny1-4-y1-4-tertbutoxycarbonylamino-2-methylpentanoic acid
triethylammonium salt (1-a, R1 = Bac, R2  199 = H, R3 = CO2INH EN.). 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 (21-1), 7.62-7.64 (2H). Example 39:
(2R,4S)-5-blpheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid
sodium salt (1-a, R1 = Boc, R2 = H, R3 = CO2'Nlat)  1 g
(2R,4S)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid (R1
= Boc, R2 = H, R3 = CO2H) is added to ethanol (10 m1). Sodium methoxide (141
mg) is then added and the mixture is stirred at room temperature for 30
minutes. The mixture is then concentrated in vacua to afford
(2R,48)-5-bipheny1-4-y1-4-fertbutoxycarbonylamino-2-rnethylpentanoic acid
sodium salt (1-a, R1 = Boc, R2 = H, R3 = COINa4). 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). Example40:(2R,45)-5-blphe ny1-4-y1-4-tert-butoxycarbonylam
Ino-2- methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO2H),
(25,45)-5-biphenyl-4-yl4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-b,
R1 = Boc, R2 = H, R3 = CO2B), 



200 20 mg (R)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic
acid (2-a, R1 = Hoc, R2 = H, R3 = CO2H) is added to ethanol (400 ill). 10%
Palladium on carbon (2 mg, 50% water wet, Degussa type E101 NENV) 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 ethanol (2 x 0.5 ml). The mixture is then
concentrated in vacuo to give
(2R,46)-5-bipheny1-4-y1-4-tertbutoxycarbonylamino-2-methylpentanoic acid (1-a,
R1 = Hoc, R2 = H, R3 = CO2H) and
(2S,48)-5-bipheny1-4-y1-4-ted-butoxycarbonylamino-2-methylpentanoic acid (1-b,
R1 = Hoc, R2 = H, R3 = CO2H). 1H NMR (CDCI3): 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-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 Boc, R2 = H, R3 = CO2H) is added to isopropyl acetate (400 pl). 10%
Palladium on carbon (2 mg, 50 % water wet, Degussa type E101 NENV) 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,48)-5-bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid
(1-a, R1 = Hoc, R2 = H, R3 = CO2H) and
(2.3,4.3)-5-bipheny1-4-y1-4-tett-butoxycarbonylamino-2- methylpentanoic acid
(1-b, R1 = Hoc, R2 = H, R3 = CO2H). Spectroscopic data as in Example 40,
Method 1. Method 3 20 mg
(R)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Hoc, R2 = H, R3 = CO2H) is added to isopropyl acetate (4000). 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,4S)-5-bipheny1-4-y1-4-tert-butoxycarbonylamino-2- methylpentanoic
acid (1-a, R1 = Boc, R2 = H, R3 = CO2H) and (28,48)-5-biphenyl-4-y1-4-  201
tert-tutoxycarbonylamino-2-methylpentanoic acid (1-b, R1 = Boc, R2 =R3 =
CO2H). Spectroscopic data as in Example 40, Method 1. Method 4 



20 mg (R)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
(2-a, R1 = Boc, R2 = H, R3 = CO2H) is added to isopropyl acetate (400 al). 5 %
Rhodium on carton (2 rig) 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-bipheny1-4-y1-4-tert-butoxycarbonylamino-2- methylpentanoic
acid (1-a, R1 = Boc, R2 = H, R3 = CO2H) and (2S,45)-5-bipheny1-4-y1-4-
tert-butoxycarbonylarnino-2-methylpentanoic acid (1-b, R1 = Boc, R2 = H, R3 =
CO2H). Spectroscopic data as in Example 40, Method 1. Example 41:
(R)-5-Biphenyl-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
potassium salt (2-a, R1 = Boc, R2 = H, R3 = CO2K)  500 mg
(R)-5-bipheny1-4-0-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Boc, R2 = H, R3 = CO2H) is added to ethanol (5 ml) at room temperature.
2.6 ml of a 0.5 M Potassium hydroxide ir ethanol solution is added to the
mixture over a period of 5 minutes. The resulting 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-bipheny1-4-y1-4-tertbutoxycarbonylamino-2-methylenepentanoic acid
potassium salt (2-a, R1 = Boc, R2 = H, R3 = CO2K). 1H NMR (DMS0): 1.35 (911),
2.24-2.37 (2H), 2.67-2.84 (211), 3.69-3.80 (1H), 5.04 (11-1), 5.79(11-1),
7.12-7.17, 7.23-7.35, 7.42-7.46, 7.54-7.57, 7.62-7.67.  202 Example 42:
(2R,4S)-5-Bipheny1-4-yi-4-tert-butoxycarbonylamino-2-methylpentanoic acid
potassium salt (1-a, R1 = Boc, R2 = I-1, R3 = CO2K) and
(25,4S)-5-biphenyl-4-yl4-tert-butoxycarbonylamino-2-methylpentanoic acid
potassium salt (1-b, R1 = Boc, R2 = H, R3 = CO2K)  Method 1 100 mg
(R)-5-Bipheny1-4-y1-4-ted-butoxycarbonylamino-2-methylenepentanoic acid
potassium salt (2-a, R1 = Boc, R2 = H, R3 = CO2K) (prepared according to
procedure in Example 42) Is added to ethanol (1 ml). 10% Palladium on carbon
(10 mg, 600/0 water wet, Degussa type E101 NENV) 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 ethanol (2 x 1 ml). The mixture is then concentrated in
vacuo to give (2R,4S)-5-bipheny1-4-y1-4-ted-
butoxycarbonylaminc-2-methylpentanoic acid potassium salt (1-a, RI = Boo R2 =
H, R3 = CO2K) and
(2S,4S)-5-bipheny1-4-y1-4-fert-butoxycarbonylamino-2-methylpentanoic acid
potassium salt (1-b, R1 = Boc, R2 = H, R3 = CO2K). 1H NMR (CDC13): 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-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
potassium salt (2-a, R1 = Boc, R2 = H, R3 = CO2K) (prepared according to
procedure in Example 42) is added to isopropyl acetate (1 ml). 10 A. 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 vacua to give (2R,45)-5-biphenyl-  



203 4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid potassium salt
(1-a, R1 = Boc, R2 = H, R3 = CO2K) and
(2S,4S)-5-bipheny1-4-y1-4-tert-butoxyc,arbonylamino-2- methylpentanoic acid
potassium salt (1-b, R1 = Boc, R2 = H, R3 = CO2K). Spectroscopic data as In
Example 42, Method 1. Method 3 100 mg
(R)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
potassium salt (2-a, R1 = Boc, R2 = H, R3: CO2K) (prepared according to
procedure in Example 42) is added to isopropyl acetate (1 m1). 10 % Platinium
on carbon (10 rig) is then added. Hydrogen gas at ambient pressure is applied
to the mixture. The mixture is stirred at ambient temperature and pressure
ovemighl. The mixture is then filtered over Celite and washed with isopropyl
acetate (2 x 1 m1). The mixture is then concentrated in vacuo to give
(2R,4S)-5-bipheny1-4-y1-4-tea-butoxycarbonylamino-2-methylpentanoic acid
potassium salt (1-a, R1 = Boc, R2 = H, R3 = CO2K) and
(2S,4S)-5-bipheny1-4-y1-4-tert- butoxycarbonylamino-2-methylpentenoic acid
potassium salt (1-b, R1 = Boc, R2 = H, R3 = CO2K). Spectroscopic data as in
Example 42, Method 1. Method 4 100 mg
(R)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-melhylenepentanoic acid
potassium salt (2-a, R1 = Soc. R2 = I-1, R3 = CO2K) (prepared according to
procedure in Example 42) Is added to isopropyl acetate (1 m1). 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 Celile and washed with isopropyl
acetate (2 x 1 m1). The mixture is then concentrated in vacuo to give
(2R,4S)-5-bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid
potassium salt (1-a, R1 = Boc, R2 = H, R3 = CO2K) and
(2S,4S)-5-bipheny1-4-y1-4-tert- butoxycarbonylamino-2-methylpentanoic acid
potassium salt (1-b, R1 = Boc, R2 = I-1, R3 = CO2K). Spectroscopic data as in
Example 42, Method 1. Example 43:
(2R,4S)-5-Bipheny1-4-y1-4-tert-hutoxycarbonylamino-2- methylpentanoic acid
(1-a, R1 = Boc, R2 = H, R3 = CO2H),
(28,48)-5-Biphenyl-4-yl4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-h,
R1 = Boc, R2 = H, R3 =  204 CO211),
(2R,45)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid salt
(1-a, R1 = Sac, R2 = H, R3 = CO) or
(25,45)-5-Blpheny1-4i1-4-tertbutoxycarbonylamino-2-methylpentanoic acid salt
(1-b, R1 Boc, R2 H, R3 = CO2)    General Procedure 1 



A mixture of Organometallic Catalyst (C) and (R)-5-bipheny1-4-y1-4-tert-
butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 =
CO2H) 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 =
CO2H) 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-bipheny1-4-y1-4-tertbutoxycarbonylamino-2-methylenepentanoic acid (2-a,
RI Boc, R2 = H. R3 = CO2H) 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 = CO2H) or (1-a, RI = Boc, R2 = H, R3 = CO2) to (1-b, R1 = Boc, R2
= H, R3= CO2H) or (1-b, R1 = Boc, R2 = H, R3 = CO2-).  205 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-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2- methylenepentanoic acid
(2-a, R1 = Boc, R2 = H, R3 = CO2H) 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 = CO2H) is given in the Table of
Example 43. The SIC 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 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 by hplc to determine the ratio of (1-a, R1 = Boc, R2 = H, R3
= CO2H) or (1-a, R1 = Boc, R2 = H, R3 =COI) to (1-b, R1 = Doc, R2 = H, R3 =
CO2H) or (1-b, R1 = Boc, R2 = H, R3 = COI). General Procedure 3
(R)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 =- Boo, R2 = H, R3 = CO2H) 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 = CO2H) given in the Table of Example 43. The S/C ratio 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 given in the Table of Example 43. The amount of additive to be
used is relative to the moles of
(R)-5-biphenyl-4-y1-4-tertbutoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Boc, R2 = H, R3 = CO2H) used.  206 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 crude reaction solutions are
analysed by hplc to determine the ratio of (1-a, R1 = Boc, 



R2 = H, R3 = CO2H) or (1-a, R1 = Boc, R2 = H, R3 = CO2-) to (1-b, R1 = Boc, R2
= H, R3 = CO2H) or (1-b, R1 = Boc, R2 = H, R3 = COA 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 m1). The mixture is stirred for
0.5 h. The solvent is then removed under reduced pressure.
(R)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2- methylenepentanoic acid
(2-a, R1 = Boc, R2 = H, R3 = CO2H) 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 glve the final
concentration of 2-a (R1 = Boc, R2 = H, R3 = CO2H) 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 given in the Table of Example 43. The amount of additive to be
used is relative to the moles of
(R)-5-bipheny1-4-y1-4-tertbutoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Boc, R2 = H, R3 = CO2H) 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 = Soc. R2 = H, R3 = CO2H) or (1-a, R1 = Boc, R2 = H, R3
= CO2) to (1-b, R1 = Boc, R2 = H, R3 = CO2H) or (1-b, R1 = Boc, R2 = H, R3 =
CO2-).  207 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-bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Boc, R2 = H, R3 = CO2H) 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 = CO21-1) is given in the Table of Example 43. The SIC 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 = CO2H) or (1-a,
R1 = Boc, R2= 11, R3 = CO2-) to (1-b, R1 = Boc, R2 = H, R3 = CO2H) or (1-b, R1
= Boc, R2 = H, R3 = CO2) 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-bipheny1-4-y1-4-tertbutoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Boc, R2 = H, R3 = CO2H) and optionally (as indicated in the Table of
Example 43) ,4-diazobicyclo[2.2.2loctane (amount given in the Table of Example
43). The amount of 1A-diazobicyclo[2.2.2]octane 



208 used is relative to the moles of
(R)-5-biphenyl-4-y1-4-tert-butoxycarbonylamino-2- methylenepentanoic acid
(2-a, R1 = Boc, R2 = H, R3 = CO2H) used, The final concentration of 2-a (R1 =
Boc, R2 = H, R3 = CO2H) 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.
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-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid .
(2-a, R1 = Boc, R2 = H, R3 = CO2H) 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= CO2H) or (1-a, R1 = Boc, R2 = H, R3 = CO2") to (1-b, R1 =
Boc, R2 = H, R3 = CO2H) or (1-b, R1 = Boc, R2 = H. R3 = C01). 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 Organometalhc Complex (A) and the
Chiral Ligand (L) in Vessel A. Hydrogen gas (1 bar) is applied to Vessel A and
the mixtOre 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-y1-4-ted-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 =
Boc, R2 = H, R3 = CO2H) in Vessel B. The contents of Vessel A and Vessel B are
transferred to Vessel C (empty). The final concentration of 2-a (R1 = Soc. R2
= H, F13 = CO2H) 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.  209
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 =
CO2H) or (1-a, R1 = Boc, R2 = H, R3 = CO21 to (1-bp R1 = Boc, R2 = H, R3 =
CO2H) or (1-b, R1 = Boc, R2 = H, R3 = CO2). 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-y1-4-teit-butoxycarbonylamino-2-methylenepentanoic acid
(2-a, R1 = Soc. R2 H, R3 = CO21-1) in Vessel B. The mixture is heated at 70C
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 = CO2H) is given
in the Table of Example 43. The SIC ratio is given in the Table of Example 43.
The ratio of Chiral Lgand 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 = Soc. R2= H, R3 = CO2H) or (1-a, R1 = Boc, R2= H, R3 = CO2") to
(1-b, R1 = Boc, R2 = H, R3 = CO2H) or (1-6, R1 = Boc, R2 = H, R3 = CO2-). HPLC
Method 1 (Reactions performed according to Example 43, General Procedures 1 or
2).  210 Column: Chiralpak OD-AX; 150 x 4.6 mm; 5 km. Mobile Phase A:
Methanol, 0.05% AcOH (v/v), 0.01 % NH40Ac (m/v). Isocratic: 0 min (100% A); 15
min (100% A). Flow rate 0.8 ml mile. Wavelength: 254 nm. Column temperature:
ambient (20-25 C). Retention times: (1-a, R1 = Bac, R2 = H, R3 = CO2H):8.3 min
(1-b, R1 = Bac, R2 = H, R3 = CO2H):5.0 min (2-a, R1 = Boc, R2 = H, R3 =
CO2H):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 km. Mobile Phase A: Methanol, 0.05% AcOH (v/v), 0.01 % NRIOAc (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 = Boo,
R2 = H, R3 = CO2H):5.0 min (1-b, R1 = Boc, R2 = H, R3 = CO2H):5.8 min (2-a, R1
= Bac, R2 = H, R3 = CO2H):8.4 min    
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con- co lLO _II _1         N tNI' C?1 N N C?1 'Cr Izt 'Cr 'CI'  231 For the
purpose of Example 43, the following abbreviations apply: Organometallic
Catalyst (C) C-1 = [Rh(COD)(SL-P005-1)1BF4= [Rh(COD)(L-38)]8F4 



C-2 = [Rh(COD)(SL-P102-1)]03SCF3 = [Rh(COD)(L-40)103SCF3 C-3 =
[Rh(COD)(SL-P102-1)1B F4 = [Rh(COD)(L-40)16F4 C-4 = [Rh(COD)(SL-P104-2)1038CF3
= [Rh(COD)(L-41)103SCF3 C-5 = [(S)MeBoPhoz Rh(COD)]BF4 = [(L-55)Rh(COD)]BF4
C-6 = [(R)4-F-C6H4-MeBoPhoz Ru(benzene)Cl]Cl = [(L-60)Ru(benzene)Cl]Cl C-7 =
[(R)Phenethyl-(R)-MeBoPhoz Ru(benzene)a]Cl = [(L-61)Ru(benzene)C11C1 C-8 =
(R)BINOL-(R)-MeBoPhoz Ru(benzene)ClICI = [(L-62)Ru(benzene)C11C1 0-9 =
[(S)BINOL-(R)-MeBoPhoz Ru(benzene)ClICI = [(L-63)Ru(benzene)ClICI C-10 =
[(R)MeBoPhoz RuCI(Benzene)1C1 = [(L-54)RuCI(Benzene)1C1 C-11 =
[(R)p-F-MeBoPhoz RuCI(Benzene)]CI = [(L-64)RuCI(Benzene)]CI C-12 =
[(S)MeBoPhoz Ir(COD)]CI = [(L-55)0(CONCI C-13 = [(R)MeBoPhoz Ir(COD)]CI =
[(L-54)1r(COD)]CI C-14 = [(R,R)BDPP Rh(COD)JBF4 = [(L-65)Rh(COD)]8F4 C-15 =
[(S,S)BDPP Rh(COD)JBF4 = [(L-66)Rh(COD)]BF4 C-16 = [(R)Binam-P Rh(COD)113F4 =
[(L-67)Rh(COD)113F4 C-17 = [(S)Binam-P Rh(COD)]BP4 = [(L-68)Rh(COD)113F4 C-18
= [(R)Tol-BINAP RuCl(benzene)ICI = [(L-69)RuCl(benzene)]CI C-19 =
[(S)Tol-Binap Rh(COD)IBF4 = [(L-70)Rh(COD)113F4 C-20 = [(R)Binap
RuCl(benzene)]CI = [(L-71)(benzene)]CI C-21 = [(S)Binap RuCl(benzene)1C1 =
[(L-72)(benzene)]Cl C-22 = [(S)BINAP Rh(COMISF, = [(L-72)Rh(COD)]BE4 



C-23 = [(R)Binaphane Rh(COD)1BF4 = [(L-73)Rh(COD)]BF4  232 C-24 = [(S,S)Me-BPE
Rh(COD)(13F4 [(L-74)Rh(COD)]BF4 C-25 = [(S,S)Ph-BPE Rh(CONSF4 =
[(L-75)Rh(CONSF4 C-26 = [(R)CatASium D Rh(COD)]BF4 = [(L-76)Rh(COD)PF4 C-27 =
[(R)CalASiurn M Rh(COD)IBF4 = [(L-77)Rh(COD)JBF4 C-28 = [(R)CatASjum MN
Fth(COD)]BF4 = [(L-78)MN Rh(COD)]8F4 C-29 = [(R)CatASium MNN Rh(COD)]BF4 a
[(L-79)MNN Rh(COD)18P4 C-30 = [(S)CatASium M Rh(COD)JBF4 = [(L-80)M
Rh(COD)J8F4 C-31 = [(S)CatASium MN Rh(CO0)]BF4 a [(L-81)Rh(COD)PF4 C-32 =
RS,S)ChiraPhos Rh(COD)]BF4 = [(L-82)Rh(COD)]BF4 C-33 = [(R,R)DIOP Rh(COD)PF4 =
[(L-83)Rh(CONEF4 C-34 = Rsispop Rh(COD)JBF4 = [(L-84)Rh(COD)JSF4 C-35 =
[(R,R)DIPAMP Rh(COD)W4 = [(L-85)Rh(COD)]BF4 C-36 = [(R,R)DuanPhos Rh(COD)113F4
= [(L-86)Rh(COD)JBF4 C-37 = [(R)MeDuPhos Rh(COD)113F4 = [(L-87)Rh(COD)113F4
C-38 = [(S,S)Et-Ferrotane Rh(COD)]SF4 = UL-88)Rh(COD)]SF4 C-39 = [(R,R)NorPhos
Rh(COD)]BF4 = [(L-89)Rh(CONSF4 C-10 = [(S,S)NorPhos Rh(COD)JBF4 =
[(L-90)Rh(COD)1BF4 



C-41 = [(R)PhanePhos Rh(COD)P3F4 = [(L-91)Rh(COD)113F4 C-42 = [(S)PhanePhos
Rh(COD)jBF4 = [(L-92)Rh(COD)]SF4 C-13 = [(R)Xyl-PhanePhos Rh(COD)]13F4 =
[(L-92)Rh(COD)1BF4 C-44 = KR)Xyl-PhanePhos RuCl2(dmf)2] = [(L-93)RuCk(dmf)2]
C-45 = [(S)Xyl-PhanePhos RuC12(dmf)21 = [(L-94)Ru012(dmt)21 C-46 =
[(R)PhanePhos RuCl2(dmf)21 = [(L-91)Ru012(dmf)21 C-47 = [(R)An-PhanePhos
Rh(COD)]BF4 = [(L-96)Rh(COD)ISF4 C-48 = [(R)Me0-Xyl-PhanePhos Rh(COD)]BF4 =
[(L-97)Rh(COD)]SP4  233 C-49 = [(R)Tol-PhanePhos Rh(COD)W1F4 =
[(L-95)Rh(COD)P3F4 C-50 = [(S)iPr-PHOX Ir(COD)]BArF = [(L-98)1r(COD)]BArF C-51
= [(S)Cy-tBu-SIMPLEPHOX Ir(COD)JBArF = [(L-99)1r(C00)]ElArF C-52 = [(R)P-Phos
Rh(COD)]BF4 = [(L-100)Rh(000)PF4 C-53 = [(S)P-Phos Rh(COMISF4 =
[(L-101)Rh(COMPF4 C-54 = [(R)Xyl-P-Phos RuC12(dm[)21 = [(L-102)RuC12(dro021
C-55 = [(S)Xyl-P-Phos RuC12(drn02] = [(--103)RuC12(dm021 C-56 = [(S)P-Phos
RuCl(benzene)]Cl = [(L-101)RuCl(benzene)K1 C-57 = [(R)P-Phos RuCl(benzene)]CI
= [(L-100)RuCl(benzene)ICI C-58 = [(R)P-Phos Ru(acac)2] = [(L-100)Ru(acac)2]
C-59 = [(R)Xyl-P-Phos Ru(aoao)2] = [(L-102)Ru(acac)2] 



C-60 = [(R)Xyl-P-Phos RuCl(benzene)]Cl = [(L-102)RuCl(benzene)]CI C-61 =
[(S)P-Phos Ir(COD)]CI = [(L-101)1r(COD)ICI C-62 = [(S)Xyl-P-Phos Ir(COD)]CI =
[(L-103)1r(COD)]CI C-63 = [(R)ProPhos Rh(COD)JBF4 = [(L-104)Rh(COD)]BF4 C-64 =
[(Ra,Sc)1Np-OUINAPHOS RuCl2(dmf)21 = [(L-105)RuC12(dmf)2] C-65 =
[(Sa,R41Np-QUINAPHOS RuC12(dmf)21[(L-106)RoC12(dm02] C-66 = [(S,S,R,R)TangPhos
Rh(CODPF4 = [(L-107)Rh(COD)18F4 C-67 = [(R)-JafaPhos
Rh(COD)]BF4[(L-108)Rh(COD)]SF4 Organometallic Complex (A) A-1 = [Ir(COD)C1]2
A-2 = [Rh(NBD)2][3F4 A-3 = [Ru(COD)(2-metally1)21 A-4 = [Ru(COD)(OOCCF3)2] A-5
= [Rul2(P-GYmene)12  A-6 = [(Cy3P)Ir(pyr)]Cl A-7 = [Fth(COD)21BF4 Chiral
Llgand (L) L-1 = Atropisomer SL-A101-1 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 - Josi ph os SL-J008-1 L-16 = Josiphos SL-J009-1 1-17 =
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 = Joslphos SL-J412-1 



1-23 = Josiphos SL-J430-1 L-24 = Josiphos SL-J431-1 L-25 = Josiphos SL-J501-1
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-M004-1 L-34 = Mandyphos
SL-M004-2 L-35 = Mandyphos SL-M009-1 1-36 = Mandyphos SL-M010-1 1-37 =
Mandyphos SL-M012-1 L-38 = Phospholane SL-P005-1 L-39 = Phospholane SL-P051-1
1-40 = Phospholane SL-P102-1 L-41 = Phospholane SL-P104-2 



L-42 = Taniaphos SL-T001-1 1-43 = Taniaphos SL-1001-2 1-44 = 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 S1-W008-1  L-49 = Walphos SL-W008-2 L-50 = Walphbs
SL-W009-1 L-51 = Walphos 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-F2C61-13-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)-Phenethyl-(R)-MeBoPhoz L-62 = (R)-BINCL-(R)-MeBoPhoz L-63 =
(S)-BINOL-(R)-MeBoPhoz L-64 = (R)-p-F-MeBoPhoz L-65 = (RR)-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  L-74 =
(SS)-Me-BPE L-75 = (SS)-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 = (S,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-90 =
(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)-Me0-Xyl-PhanePhos L-98 = (S)-iPr-PHOX L-99 =
(S)-Cy-tBu-SIMPLEPHOX 



238 L-100 = (R)-P-P hos L-101 = (S)-P-Phos L-102 = (R)-Xyl-P-Phos L-103 =
(S)-Xyl-P-Phos L-104 = (R)-ProPhos L-105 = (Ra,Sc)-1Np-QUINAPHOS L-106 =
(S8,RJ-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 5-2:Methanol
5-3:Ethanol/lsopropanol (1:1)
8-4:Ethanol/Tdfluoroethano1/2-Methyltetrahydrofuran (48:47:5)
8-5:Ethanol/lsopropanol (18:1) 5-6:Trifluoroethanol/Ethanol (1:1)
8-7:2-Methyltetrahydrofuran/Ethanol (5:95) 



8-8:lsopropanol S-9:Dichloroethane 8-10: Ethyl acetate S-11: Tetrahydrofuran
8-12: 2-Methyltetrahydrofuran 8-13: Ethanol/Water (7:3)  239 Additive (D) D-1:
Tetrafluoroboric acid etherate D-2: Methanesulphonic 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-Tetramethylg uanidine D-8: Sodium methoxide
Example44:(2R,4S)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-
methylpentanoic acid (1-a, R1 = Boc, R2 s I-1, R3 = CO2H)  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 toot 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,45)-5-biphenyl-4-y1-4-tent-butoxycarbonylamino-2-  240
methylpentanoic acid (1-a, R1 = Boo, R2 = H, R3 = CO2H). Ratio of
diastereomers 99.8 : 0.2 (1-a, R1 = Boo, R2= H, R3= CO2H : 1-a, R1 = Bon, R2 =
H, R3 = CO2H) from hplc. Method 2 Isopropyl acetate (1.5 ml) is 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,48)-5-
bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 =
Boo, R2 = H, R3 = CO2H) and
(2S,4S)-5-bipheny1-4-y1-4-fert-butoxycarbonylamino-2-methylpentanoic acid
(1-6, R1 = Boc, R2 = H, R3 = CO2H). Ratio of diastereomers 97.7 : 2.3 (1-a, R1
= Boo, R2 = H, R3 = CO2H : 1-a, R1 = Bon, F12 = H, R3 = CO2H) 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-bipheny1-4-y1-4-terf-butoxycarbonylamino-2- methylpentanoic acid
(1-a, R1 = Boc, R2 = H, R3 = CO2H) obtained from Example 44, Method 2 in
isopropyl acetate (350 AI) is heated to give a solution. Heptane (7001.11) 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-bipheny1-4-y1-4-tert- butoxycarbonylamino-2-methylpentanoic acid
(1-a, R1 = Boo, R2 H, R3 = CO2H). Ratio of diastereomers 99.9 : 0.1 (1-a, R1 =
Boc, R2 = H, R3 = CO2H : 1-a, R1 = Boc, R2 = H, R3 = CO2H) 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  241 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 ON-AX; 150 x 4.6
mm; 5 pril. Mobile Phase A: Methanol-Ethanol (1:1), 0.1 % AcOH (v/v), 0.1 %
NH40Ac (rn/v). lsocratic: 0 min (100% A); 20 min (100% A). Flow rate: 0.5 ml
min-1. Wavelength: 254 nm. Column temperature: 10C. 



Retention times:  (1-a, R1 = Boc, R2 = H. R3 = C071-1):7.8 min  (1-b, R1 =
Boc, R2 = H, R3 = CO21-1):10.3 min (2-a, R1 = Boc, R2 = H, R3 = CO2H):14.3 min
Example 45: (3R,
55)-5-Bipheny1-4-ylmethyl-3-rnethyl-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (3-a, R1 = Boc) and (3S,
5S)-5-biphenyl-4-ylmethy1-3-methy1-2- oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (3-b, 121 = Boc)  Method 1 Ethanol (1 ml) Is added to a
mixture of 100 mg
(R)-5-biphenyl-4-ylmethy1-3-methylene2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1 = Boc) and 10 111/0 palladium on carbon (10 mg, 50 %
water wet, Degussa type E101 NENV). 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).
242 The mixture is then concentrated in vacuo to give (3R,
5S)-5-bipheny1-4-ylmethy1-3- methyl-2-oxo-pyrrolidine-1-carboxyfic acid
tert-butyl ester (3-a, R1 = Boc) and (3S, 58)-
5-bipheny1-4-ylmethy1-3-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-bipheny1-4-ylmethy1-3-
methylene-2-oxo-pyrrolidine-l-carboxylic acid tert-butyl ester (4-a, R1 = Boc)
and 10% palladium on carbon (10 mg, 50 % water wet, Degussa type E101 NENV).
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 Celite
and washed with isopropyl acetate (2 x 0.5 m1). The mixture is then
concentrated in vacuo to give (3R, 5S)-5-
biphenyl-4-ylmethy1-3-methy1-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (3-a, R1 = Boc) and (3S,
5S)-5-biphenyl-4-ylmethy1-3-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-bipheny1-4-ylmethy1-3-
methylene-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
give (3R, 5S)-5-bipheny1-4-ylmethy1-3-methyl2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (3-a, R1 = Boc) and (35, 5S)-5-
biphenyi-4-ylmethy1-3-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.  243 Method 4 Isopropyl acetate (1 ml) is
added to a mixture of 100 mg (R)-5-bipheny1-4-ylmethy1-3-
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 temperature 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 vacua to give (3R,
58)-5-bipheny1-4-ylmethy1-3-methy1-2-oxopyrrolidine-1-carboxylic acid
tert-butyl ester (3-a, R1 = Boc) and (38, 5S)-5-bipheny1-4-
ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tett-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/2008/083967, 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 (Acetonitrile).
Isocratic: 0 mm (20 % B); 15 mm (20% B). Flow rate: 0.5 ml 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 p.m. Mobile Phase A
(0.01 M KH2PO4 in water); Mobile Phase B (Acetonitrile). Gradient: 0 min (30 %
B); 10 min (80% B); 15 min (80% B); 15.1 min (30% 6); 18 min (30 % 6). Flow
rate: 1.0 ml min-1. Wavelength: 210 nm. Temperature 50 C.  244 (4-a, R1 =
Boo):9.8 min (3-a, R1 = Boc; 3-b, R1 = Boc):10.1 min Example 46: (3R,
5S)-5-biphenyl-4-ylmethy1-3-methy1-2-oxo-pyrrolidine-1-carboxylic acid
ferf-butyl ester (3-a, RI = Boc) and (3S,
5S)-5-biphenyl-4-ylmethy1-3-methyl-2- oxo-pyrrolldlne-1-carboxylic acid
tert-butyl ester (3-b, RI = Boc)  General Procedure for Methods 1-7 To a
mixture of 0.5 mmol (R)-5-Biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-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 m1). 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 hplc
to determine the ratio of (3R, 5S)-5-
bipheny1-4-ylmethy1-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (3-a, R1 = Boc) to (3S,
5S)-5-biphenyl-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (3-b, R1 = Boc). Spectroscopic data in described in
WO/2008/083967, for example, Examples 14 and 18. Method 1  245
cymene)ruthenium(II) dimer); Ethanol. Diastereomer ratio 82 : 18 (3-a, R1 =
Boc : 3-b, R1 = Boc) as determined by hplc. Method 2
ChiralLigand((aS,aS)-2,2-Bis(a-N,N-dimethylaminophenylmethyl)-(R,R)-1,1- 



bis[di(3,5-dimethyl-4-methoxyphenyl)phosphino]terrocene =
(S)-(R)-NMe2-P(3,5-Me-4- Me0Ph)2-Mandyphos = SL-M004-2}; Organometallic
Complex (dichloro(pcymene)ruthenium(11) dimer); Ethanol. Diastereomer ratio 82
: 18 (3-a, R1 = Boc : 3-b, R1 Boc) as determined by hplc. Method 3
ChiralLigand((R)-i -RS )-2-Di-cyclohexyl phosph no)ferrocenyl]ethyldi-(2-
methylphenyl)phosphine = (R)-(S)-Cy2PF-PTo12 = SL-J504-1); Organometallic
Complex fdichloro(p-cymene)ruthenium(11) dime* Methanol. Diastereomer ratio 53
: 47 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc. Method 4 Chiral
Ligand { (R,R)-2,7-Bis[(S)-1-(diarylphosphino)ethyl]-1,1"-biferrocene =
SL-F115- 1); Organometallic Complex (bis(norbornadiene)rhodium(1)
letrafluoroboratel; 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-Diphenylphosphinoferrocenyllethyldi-tert-butylphosphine =
(S)-(R)-PPF-RtBu2 = SL-J002-2); Organometallic Complex (
bis(trifluoroaceloxy)(1,5- cyclooctadiene)ruthenium(11)); Methanol.
Diastereomer ratio 56 : 44 (3-a, R1 = Boc : 3- b, R1 = Boc) as determined by
hplc. Method 6  246 Chiral Ligand
{(R)-1-[(R)-2-(2'-Dicydohexylphosphinophenyl)ferrocenyliethyldi(bis-(3,5-
trifluoromethyl)phenyl)phosphine = (R)-(R)-cy2PPhFCHCH3P(3,5-CF3Ph)2 =
SL-W006-1); Orgahometallic Complex Ibis(norbornadiene)rhodium(1)
tetrafluoroboratel; Methanol. Diastereomer ratio 27 : 73 (3-a1 R1 = Boo: 3-b,
R1 = Boo) as determined by hplc. Method 7 Chiral Ligand
{(S-1-KR)-2-Diphenylphosphinoferrocenyllethyldi-tert.-butylphosphine =
(S)-(R)-PPF-PtBu2 = SL-J002-21; Organometallic Complex
fdichloro(pcymene)ruthenium(II) dimert Methanol. Diastereomer ratio 61: 39
(3-a, R1 = Boo : 3- b, R1 = Bac) as determined by hpic. HPLC Method (Methods
1-7) Column: Gemini C6 Phenyl; 150 x 3.0 mm; 3.0 km. Mobile Phase A (0.01 M
KH2PO4 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). Flaw rate: 0.7 ml min1. Wavelength: 210 nm. Temperature 50C.
Retention times: (4-a, R1 = Boc):12.3 min (3-a, R1 = Boo):12.9 min (3-b, R1 =
Boo):13.2 min 



Example 47:
(3RJS,56)-bipheny1-4-ylmethyl-3-dimethylaminomethyl-2-oxopyrrolidine-1-carboxy
lic acid tert-butyl ester (9-a, R1 = Boc, R6 = Me, R7 = Me)  WO 2009/090251
247 PCT/EP2009/050510   General Procedure for Methods 1-178   Solvent is added
to a vessel containing (R)-5-biphenyl-4-ylmelhy1-341-
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-ylmethy1-3-[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 data: 1H NMR (DMSO). 9-b (R1 = Boc,
R6 = Me, R7 = Me): 7.66 (m, 4H), 7.47 (t, J = 7.8, 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); 2A6
(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.  n494.,01,?0=.W1L0-5.:: CO (atIVCAI: Wit !non 1:21
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HPLC Method (Example 47, Methods 1-178) Column: X-BRIDGE; 75 x 4.6 mm; 3.5 pm.
Mobile Phase A (0.1 % NH3 (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-1. Wavelength: 254 nm. Column
temperature: 10C. Retention times 9-b (R1 = Boc, R6 = Me, R7 = Me): 



9-c (R1 = Boc, R6 = Me, R7 = Me): 7-a (R1 = Boc): 4-a (R1 = Boc): 3-a (R1 =
Boc) and 3-b (R1 = Boc): 9.4 min 10.4 min 11.5 min 14.1 min 14.9 min  Example
43: (3R/S, SS)-5-Blpheny1-4-ylmethy1-3-hydroxymethyl-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (5-a, R1 Boc)    The residue obtained from
Example 69 containing (3R, 55)-5-bipheny1-4-ylmethy1-3-
methyl-2-oxo-pyrrolidine-l-carboxylic acid tert-butyl ester (3-a, R1 = Boc),
(3$, 5S)-5- bipheny1-4-ylmethy1-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (3-6, R1 = Boc) and (3R/S,
5S)-5-biphenyl-4-ylmethy1-3-hydroxymethyl-2-oxo-pyrrolidine-l-carboxylic acid
tert-butyl ester (5-a, R1 = Boc) is purified by column chromatography, eluting
with ethyl acetate-heptane (1:1) to give (3R/$,
5S)-5-bipheny1-4-ylmethy1-3-hydroxymethy1-2- oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (5-a, R1 = Boc) as a 62 : 38 mixture of (38,58):(3R,5S)
diastereoisomers, respectively, as determined by NMR. 1H NMR (DMS0):
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,
266 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:
(3PJS,55)-5-Blpheny1-4-ylmethyl-2-oxo-3-(toluene-4-
sulfonyloxymethyl)-pyrrolidine-1-carboxylle add tert-butyl ester (11-a, R1 =
Bee, R4 Tosy I)  Method 1 20 mg (3R13,
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 (5 ml) at room temperature. Triethylamine (11 al) 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,58)-5-bipheny1-4-ylmethy1-2-oxo-3-
(toluene-4-sulfonyloxymethyl)-pyrrolidine-1-carboxylic acid tert-butyl ester
(11-a, R1 = Boc, R4 = Tosyl) as a 69 : 31 mixture of diastereoisomers as
determined by NMR. 1H NMR (CDCI3): 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
(3RJS,
5S)-5-Biphenyl-4-ylmethy1-3-hydroxymethy1-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (5-ai R1 = Boc) (prepared according to Example 48) is added
to chloroform (3 ml) at room temperature. Triethylamine (110 MI) 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. 



267 The mixture is washed with saturated sodium hydrogen carbonate solution (2
x 1 ml). The organic phase is dried (Mg304) and concentrated under reduced
pressure. Purification by column chromatography, eluting with heptane-ethyl
acetate (2:1) affords (3R/3,53)-5-
bipheny1-4-ylmethy1-2-oxo-3-(toluene-4-sulfonyloxymethyl)-pyrrolidine-1-carbox
ylic acid /err-butyl ester (11-a, R1 = Soc. R4 = Tosyl). LC-MS (4-ES): 480
([MH-C4I-18]., 100%), 553 ([MNH4r, 55), 1088 ([2M+NH4], 20). Example 50:
Potassium [(R)-5-biphenyl-4-ylmethyl-3[I-dimethylaminometh-(E/Z)-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl este
hexafluorophosphate (7-a, 121 = 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',N1-tetramethylformarnidlnIum hexafluorophosphate (18, R6 = Me, R7 = Me)
(prepared according to Example 3). The resulting mixture is heated to 60C and
stirred at this temperature for 1 h. The resulting mixture is cooled to
ambient temperature . 1 g (S)
2-Bipheny1-4-ylmethy1-5-oxo-pyrrolidine-l-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 (Mg304) 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 (CDCI3): 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 (CDCI3): -74.9 ppm.  WO
2009/090251PCT/EP2009/050510 268 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) K1
Empirical formulaC275H36F3K05N203 5P0 5 Formula weight542.62 Crystal
systemTriclinic Space groupP1 



Cell parametersa = 15.089(9)A I, = 17,068(10) A c = 18.798(12) A a = 88.79(4)
p = 67.67(3)0 y = 72.63(4)0 Volume of unit cell4251(4) A3 Zr6 Calculated
density1.272 mg M-3 * (number of asymmetric units in the unit cell) Example
51: (R)-5-Blpheny1-4-ylmethy1-3[I -dimethylaminometh-(E2)-ylidene]-2-
oxo-pyrrolldine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7
= Me)  General Procedure for Methods 1-35  269
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrobdine-1-carboxylic acid fert-butyl ester
(8-a, R1 = Boo) (amount in mmol given in the Table of Example 51 (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
Rris(dimethylamino)methane (13, R6 = Me, R7 = Me),
Tefl-Butoxy-bis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 = tBu) and
N,NDimethylformamide 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-ylmethyl-3-[1-dimethylarnlnometh-(E/Z)-
yhdene]-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). RE 0.21 (salt of 7-a, 131 = Bac, R6 = Me, R7 = Me);
RF 0.27(7-a, R1 = Boo, R6 = Me, R7 = Me); RE 0.68 (8-a, R1 = Boo). Table of
Example 51 (Methods 1-35): 117:i...74:-.)x)171-117016.17. -
9111/9kitS1,,PUIF:T 
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0.6 LICI 0.2 THF 1.4 35 1 0.4 LiCI 0.2 THF 1.6  Method 36
(S)-2-Bipheny1-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid teri-butyl ester
(8-a, R1 = Boc) (2 mmol) is added to potassium hexatluorophosphate (1 eq) and
18-crown-6 (1 eq). Bredereck's reagent Rds(dimethylamino)methane (13, R6 = Me,
R7 = Me), Tert-Butoxybis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 =
tBu) and N,N-  271 Dimethylformamide di-ted-butyl acetal (15, R6 = Me, R7 =
Me, R8 = tBu)I (4 ml) is added. The mixture is then stirred at ambient
temperature for 3 h to afford (R)-5-bipheny1-4-
ylmethyl-341-dimethylaminometh-(E2)-ylidene]-2-oxo-pyrrolidine-1-carboxylic
acid tert- . butyl ester (7-a, R1 a 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 = Boo, R6 = Me, R7 = Me); RE 0.27 (7-a, R1 = Boo, R6 = Me, R7 =
Me); RE 0.68 (8-a, R1 = Boo).. Example 52:
(R)-5-Biphenyl-4-ylmethy1-311-dImethylamlnometh-(E2)-ylidene]-2-
oxo-pyrrolidine-1-carboxylio 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 pC 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-Bipheny1-4-ylmethy1-5-
oxo-pyrrolidine-1-carboxylic acid fed-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 m1). The organic phase is dried (Na2SO4) and concentrated under
reduced pressure to afford (R)-5-Bipheny1-4-ylmethy1-3-[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid ted-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); FtF 0.27 (7-a, R1 = Boc, R6 = Me, R7 = Me); RE 0.68
(8-a, R1 = Boc)..  272 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 60C 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-ylmethy1-5-oxopyrrolidine-1-carboxylic acid fed-butyl ester
(8-a, R1 = Boc) (1 eq. 1 rnmol) 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 is washed with saturated sodium carbonate
solution (2 x 20 ml) and brine (20 ml). The organic phase is dried (Na2SO4)
and concentrated under reduced pressure to afford
(R)-5-Biphenyl-4-ylmethy1-3[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid
fert-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 (salt of
7-a, R1 = Boc, R6 = Me, R7 = Me); RF 0.27 (7-a, R1 = Boc, R6 = Me, R7 = Me);
RE 0.68 (8-a, R1 = Boc).. Method 3 A mixture of potassium tert-butoxide (2.8
eq. 2.8 mmol, 1 M solution in THF) and N,N,NV-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 diluted
with tetrahydrofuran to a total volume of 5 ml. (S)-2-13ipheny1-4-ylmethy1-5-
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
carbonate solution (2 x 20 ml) and brine (20 ml). The organic phase is dried
(Na2SO4) and concentrated under reduced pressure to afford (R)-5-
biphenyl-4-ylmethy1-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Soc. 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 = Soc. R6 = Me, R7 = Me); RE 0.27 (7-a, R1 = Boc, R6 =
Me, R7 = Me); RE 0.68 (8-a, R1 Boc)..  273 Example 53:
(R)-5-Biphenyl-4-ylmethy1-3(I-dimethylaminometh-(E2)-ylidene]-2-
oxo-pyrrolldine-1-carhoxyllc acid fert-butyl ester (7-a, R1 = Boc, R6 = Me, R7
= Me)  Method 1 351 mg
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 = Boo) (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 dirnethylamine (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 nil) 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 (Na2SO4) and concentrated
under reduced pressure to afford (R)-5-biphenyl-4-ylmethy1-3-
11-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid
terf-butyl ester (7- a, R1 = Boo, R6 = Me, R7 = Me) or a salt thereof. The
solutions are analysed by TLC (50 % ethyl acetate in hexane). RF 0.21 (salt of
7-a, R1 = Boc, R6 = Me, R7 = Me); RF 0.27 (7-a, R1 = Boc, R6 = Me, R7 = Me);
RF 0.68 (8-a, R1 = Boo).. General Procedure for Methods 2-6 351 mg
(S)-2-Biphenyl-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid terf-butyl 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  274 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 (Na2804) and concentrated under reduced pressure to afford
(R)-5-biphenyl4-ylmethy1-3-11-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidi
ne-1-carboxylic acid tertbutyl 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 (salt of 7-a, R1 = Boc, R6 = Me, R7 = Me); RF 0.27 (7-a, R1 =
Boc, R6 = Me, R7 = Me); RF 0.68 (8-a, R1 = Boc).. Method 2 



Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (1.5 eq); N,N-Dimethylf
ormamide ditert-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 5 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-ylmethy1-3(1-dimethylamlnometh-(E/Z)-ylldene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7
= Me)  275  General Procedure for Methods 1-8 351 mg
(S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester
(8-a, R1 = Boo) and N,N,N'N'-tetramethylformamidinium hexafluorophosphale (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 letrahydrofuran, dioxane or tetrahydrofuran
containing 50 mot% 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 volaflles 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 (Na2SO4) and concentrated
under reduced pressure to afford (R)-5-biphenyl-4-ylmethy1-3-
[1-dimethylarninomelh-(57)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid
ferf-butyl ester (7- a, R1 = Boo, R6 = Me, R7 = Me) or a salt thereof. The
solutions are analysed by TLC (50 % ethyl acetate in hexane). RF 0.21 (salt of
7-a, R1 = Boc, R6 = Me, R7 = Me); RF 0.27 (7-a, R1 = Boo, R6 = Me, R7 = Me);
RF 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  276 



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,NN-tedamethylformamidinium hexafluorophosphate (18, R6 = Me, R7 =
Me): 0.1 eq; tertiary butanol (1 eq); Solvent: 5% Dioxane in Tetrahydrofuran
Method 5 N,N,N1M-tetramethylformamidinium 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'-tetramethylformamidinium
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  277 Example 55:
(R)-5-Blpheny1-4-ylmethyl-341-climethylaminometh-(ErZ)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = HOC, R6 = Me, R7
= Me)  General Procedure for Methods 1-3 351 mg (1 mmol)
(S)-2-Bipheny1-4-ylmethy1-5-oxo-pyrrolidine-1-carboxylic acid ferf-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 ml). The organic phase is dried (Na2SO4) and concentrated
under reduced pressure to afford (R)-5-bipheny1-4-
ylmethyl-341-dirnethylarninorneth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxyli
c acid ter:- 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 (salt
of 7-a, R1 = Boc, R6 = Me, R7 = Me); RF 0.27 (7-a, R1 = Doc, R6 = Me, R7 =
Me); RF 0.68 (8-a, R1 = Boc).. 



Method 1 Magnesium chloride (0.1 eq) Method 2 Magnesium chloride (1 eq)  278
Method 3 Magnesium dhloride (2 eq) Example 56:
(R)-5-13Iphenyl-4-ylmethyl-341-dimethylamlnometh-(E/Z)-ylidene]-2-
oxo-pyrrolldine-1-carboxylic acid fert-butyl ester (7-a, R1 = Boc, R8 = 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,Nr-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-Bipheny1-4-ylmethy1-5-
oxo-pyrrolidine-1-carboxylic acid tett-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 m1). The organic phase is dried
(Na2CO3) and concentrated under reduced pressure to afford
(R)-5-biphenyl-4--ylmethy1-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrroli
dine-1- carboxylic acid tett-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 (salt of 7-a, R1 = Boc, R6 = Me, R7 = Me); RF 0.27(7-a, RI =
Boo, R6 = Me, R7 = Me); RF 0.68 (8-a, R1 = Boo).. Example 57:
(S)-1-benzy1-5-biphenyl-4-ylmethyl-pyrrolidin-2-one (8-a, R1 = Benzyl)  279
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 tor 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 (Na2SO4)
and concentrated under reduced pressure. The residue is purified by column
chromatography (60% ethyl acetate in hexane) to afford
(S)-1-benzyl5-bipheny1-4-ylmethyl-pyrrolidin-2-one (8-a, R1 = Benzyl). 1H NMR
(DM80): 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 :E
Me, R7 = Me), Tert-Butoxybls(dimethylamlno)methane (14, R6 = Me, R7 = Me, R8 =
tBu) and N,NDimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 =
tBu)  NMe2NMeu Me2N ? NMe2IBuO  OlBu 



NMe2NMe2NMe2 MerNMe2Me2N)NtlfluIBuOX0IBu  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 NiN-Dimethylformamide di-tert-butyl acetal
(15, R6 = Me, R7 = Me, R8 = Su) (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 (45C or 60 C or  280 80C) for a given
time (1 h or 2 h or 4 h or 16 h or 18 h or 21 h) to afford a mixture of
tris(dimethylamino)methane (13, R6 Me, R7 = Me),
terr-butoxybis(dirnethyliminctnethane (14, R6 = Me, R7 = Me, R8 = tBu) and
N,Ndimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu).
Spectroscopic data as in Example 14, Method 1.  ,  - Egivatfints,of 15 (R6 =
fAo, Me) awqdsoidoonexeq "iturfis,"Frod14: 40 016foillizba wnlq;;p Jo
stip51,681000  
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0 45 1   39 0.25 0.75 0 0 45 16   Example 59:
(2R,45)-5-Biphenyl-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid
methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO2Me)   2 g
(2R,4S)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid
(1-a, R1 = Boc, R2 = H, R3 = CO2H) prepared according to Example 2 in
WO/2008/031567 is added to 2.559 caesium carbonate. Dimellhylformarnide (4 ml)
is then added. Methyl iodide  282 



(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 m1).
The combined organic phases are washed with 20% aqueous sodium chloride
solution (15 ml) and then dried (Mg304). The mixture is concentrated under
reduced pressure to afford
(2R,4S)-5-biphenyl-4-y1-4-tertbutoxycarbohylamino-2-methylpentanoic acid
methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO2Me). 1H NMR (CDCl2): 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-Blpheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid
methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO2Me) and
(2S,48)-5-biphenyl-4-y1-4- rert-butoxycarbonylamino-2-rnethylpentanoic acid
methyl ester (1-b, R1 Boc, R2 = H, R3 = CO2Me)  2 g
(2R,4S)-5-Biphenyl-4-y1-4-teMbutoxycarbonylamino-2-methylpentanoic acid (1-a,
R1 = Boc;R2 = H, R3 = CO2H) and
(2,3,45)-5-Biphenyl-4-y1-4-tert-butoxycarbonylamino-2- methylpentanoic acid
(1-a, R1 = Boc, R2 = H, R3 = CO2H), 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. Dimethylforrnamide (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 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 (MgSO4). The mixture is concentrated under
reduced pressure to afford
(2R,4S)-5-biphenyl-4-y1-4-tertbutoxycarbonylamino-2-methylpentanoic acid
methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO2Me) and
(2S,4S)-5-biphenyl-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid  283
methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO2Me) as an 80 : 20 mixture of
diastereomers, respectively. 1H NMR (CDCI3): 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 = Boo, R2 = H, R3 = CO2Me : 1-b, R1 =
Boo, R2 = H, R3 = CO2Me) by integration of signals at 1.76-1.85 (1-b, R1 =
Boc, R2 = H, R3 = CO2Me) and 1.92-1.99 (1-a, R1 = Boc, R2 = H; R3 = CO2Me).
Example 61:
(R)-5-Biphenyl-4-y1-4-tert-butoxycarbonylamlno-2-rnethylenepentangic acid
methyl ester (2-a, R1 = Boo, R2 = H, R3 = CO2Me)  HN_Ly      30 g
(R)-5-Biphenyl-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1   Boo, R2 = H, R3 = CO2H), prepared according to Example 33 is added to
38.4 g 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 isopropyl 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
chlohde solution (180 ml) and then dried (MgSO4). The mixture is concentrated
under reduced pressure to afford
(R)-5-bipheny1-4-y1-4-tertbutoxycarbonylamino-2-methylenepentanoic acid methyl
ester (2-a, R1 = Boc, R2 = H, R3 = CO2Me). 1H NMR (CDCI3): 1.40 (9H), 2.38
(1H), 2.61 (1H), 2.86 (1H), 2.91 (1H), 3.78 (3H), 4.07 (1H), 4.52 (1H), 5.64
(1H), 6.25 (1H), 7.29 (2H), 7.35 (1H), 7.45 (2H), 7.55 (2H), 7.59 (2H).  



284  2 g (2R,4S)-5-Biphenyl-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic
acid (1-a, R1 = Boc, R2 = H, R3 = CO2H) 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 isopropyl
acetate (2 x 10 ml). The combined organic phases are washed with 20 % aqueous
sodium chloride solution (15 ml) and then dried (Mg504). The mixture is
concentrated under reduced pressure to afford
(2R,43)-5-blpheny1-4-y1-4-tertbutoxycarbonylamino-2-methylpentanoic acid ethyl
ester (1-a, R1 = Boc, R2 = H, R3 = CO2Et). 1H NMR (CDCI3): 1.18 (3H), 1.27
(3H), 1.42 (9H), 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,45)-5-blpheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid
ethyl ester (1-a, R1 ra Boc, R2 = H, R3 = CO2Et) and
(2S,43)-5-biphenyl-4-y1-4- tert-butoxycarbonylamino-2-methylpentanoic acid
ethyl ester (1-b, R1 = Boo, R2 = H, R3 = CO2Et)   285 29
(2R,4S)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid
(1-a, R1 =- Boo, R2 = H, R3 = CO2H) and
(2S,4S)-5-Biphenyl-4-y1-4-terf-butoxycarbonylarnino-2- methylpentanoic acid
(1-a, R1 = Boc, R2 = H, R3 = CO2H), ratio of diastereomers of 80:20 ratio,
respectively, prepared according to Example Sin WO/2008/031567, is added to
2.55 g caesium carbonate. Dimethylforrnamide (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 m1).
The combined organic phases are washed with 20% aqueous sodium chloride
solution (15 ml) and .then dried (MgSO4). The mixture is concentrated under
reduced pressure to afford (2R,4S)-5-bipheny1-4-y1-4-terf- '
butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-a, R1 = Boc, R2 = H,
R3 = CO2E0 and
(28,4S)-5-biphenyl-4-y1-4-fert-butoxycarbonylamino-2-methylpentanoic acid
ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO2E0 as an 80 : 20 mixture of
diastereomers, respectively. 1H NMR (CDCI3): 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, 7,267.28, 7.33-7.37, 7.43-7.47, 7.53-7.55,
7.59-7.60. Ratio of diastereomers 80:20 (1-a, R1 = Boo, R2 = H, R3 = CO2Et :
1-b, R1 = Boo, R2 = H, R3 = CO2Et) by integration of signals at 1.76-1.84(1-b,
R1 = Bac, R2 = H, R3 = CO2Et) and 1.92-1.98(1-a! R1 = Boc, R2 = H, R3 =
CO2Et). Example 64:
(R)-5-Blpheny1-4-y1-44ert-butoxycarbonylamino-2-methylenepentanolc acid ethyl
ester (2-a, R1 = Boc, R2 = H, R3 = CO2Et)   



HM y0 e%LN.OH 0 0            30 g
(R)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Boo, R2 = H, R3 = CO2H), prepared according to Example 33 is added to
38.49 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  286 isopropyl 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 (Mg304). The mixture is concentrated
under reduced pressure to afford
(R)-5-bipheny1-4-y1-4-tertbutoxycarbonylamino-2-methylenepentanoic acid ethyl
ester (2-a, R1 = Boc, R2 = H, R3 = 



CO2Et). 1H NMR (CDC13): 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,45)-5-biphenyl-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid
ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO2Et) and (28,45)-5-biphenyl-4-y1-4-
tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-b, R1 = Boc,
R2= 11, R3 = CO2Et)  Method 1 409 mg
(R)-5-Bipheny1-4-0-4-tert-butoxycarbonylamino-2-methylenepentanoic acid ethyl
ester (2-a, R1 = Boc, R2 = H, R3 = Q02Et) is added to ethanol (9 ml) in Vessel
A. 14.9 mg [Rh(NBD)2]13F4 and 39.6 mg
(R)-1-[(R)-2-(2'-dicyclohexylphosphinophenyI)-
ferrocenyllethyldi(bis-(3,5-trifluoromethyl)phenyI)-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,4,5)-5-bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid
ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO2Et) to
(2,3,4S)-5-bipheny1-411-4-tert-  287 butoxycarbonylamino-2-methylpentanoic
acid ethyl ester (1-6, R1 = Boc, R2 = H, R3 = CO2E1). Diastereomer ratio 50.2
: 49.8 (1-a, R1 = Boc, R2 = H, R3 = COEI : 1-b, R1 = Boc, R2 = H, R3 = COEt)
as determined by hplc. Method 2 409 mg
(R)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid ethyl
ester (2-a, R1 = Boc, R2 = H. R3 = CO2Et) is added to ethanol (9 ml) in Vessel
A. 17.4 mg (Ru(COD)(CF3CO2)2] and 44.2 mg
(aR,aR)-2,2'-bis(a-N,Ndimethylaminophenylmethy1)-(S,S)-1,1'-bis[di(3,5-dimethy
l-4- methoxyphenyl)phosphino]ferrocene Mandyphos SL-M004-1) are added to
dlchloroethane (3 ml) In Vessel B. The contents of Vessel B are stirred for
0.5 h at 50 'C. The volatiles are removed from the mixture in Vessel B under
reduced pressure. Ethanol (3 ml) is then added lo 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,4S)-5-biphenyl-4-y1-4-tert-butoxycarbonylamino-2- methylpentanoic acid
ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO2E0 to (2S,4S)-5-
biphenyl-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester
(1-b, R1 = Boc, R2 = H, R3 = CO2Et). Diastereomer ratio 25.5 : 74.5 (1-a, R1 =
Boc, R2 = H, R3 = COEt : 1-b, R1 = Boc, R2 = H, R3 = COE0as determined by
hplc. 



General Procedure (Example 65, Methods 3-12) The Organometallic Complex (A)
and Chiral Ligand (L) are added 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-Bipheny1-4-y1-4-tertbutoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Boc, R2 = H, R3 = CO2Et) in ethanol or dichloroethane (0.244 ml) is added
to the vessel containing the Organometallic Complex (A) and Chiral Ligand (L).
Further solvent is added to give the final concentration of 2-a (R1 = Boc, R2
= H, R3 = CO2H) of 54 mM.  288 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 = CO2Et)
and (1-6, R1 = Boc, R2 = H, R3 = CO2Et). Method 3
ChiralLigand1(23,43)-2,4-Bis(diphenylphosphino)pentane=(S,S)-BDP13);
Organometallic Complex {bisgdfluoroacetoxy)(1,5-cyclooctadiene)ruthenium(11)}:
Solvent: Ethanol. Diastereomer ratio 85 : 15 ((1-a, R1 = Boc, R2 = H, R3 =
CO2Et) : (1- b, R1 = Boc, R2 = H, R3 = CO2Et) as determined by hplc. Method 4
ChiralLigand((R)-I -[(S)-2-Di-terl-
butylphosphinoyerrocenyllethyldicyclohexylphosphine = SL-J505-11;
Organometallic Complex {bisarifluoroacetoxy)(1,5-cyclooctadiene)rutheniumOiill
Solvent: Ethanol. Diastereomer ratio 71: 29 ((I-a, R1 = Boc, R2 = H, R3 =
CO2Et) : (1-b, R1 = Boc, R2 = H, R3 = CO2Et) as determined by hplc. Method 5
ChiralLigand1(13)-Diphenylphosphino-2-[(R)-a-(N,N-dimethylamino)-o-
diphenylphosphinopheny1)-methyliferrocene = SL-T001-11; Organometallic Complex
Ibis(trifluoroacetoxy)(1,5-cyclooctadiene)ruthenium(11)}: Solvent: Ethanol.
Diastereomer ratio 70 : 30 ((1-a, R1 = Boc, R2 = H, R3 = CO2Et) : (1-b, R1 =
Boc, R2 = H, R3 = CO2E0 as determined by hplc. Method 6 Chiral Ligand
{(R)-1-[(S)-2-(Diphenylphosphino)ferrocenynethyldi(3,5-xyly1)phosphine =
SL-J005-1};OrganometallicComplex{bis(trifluoroacetoxy)(1,5-
cyclooctadiene)ruthenium(11)); Solvent: Ethanol. Diastereomer ratio 67 : 33
((1-a, R1 =  



289 Boo, R2 = H, R3 = CO2E1) : (1-b, R1 = Boo, R2 H, R3 = CO2Et) as determined
by hplc. Method 7 Chiral Ligand
{(S)-(-)-(6,6'-Dimethoxybipheny1-2,2'-diy1)-bis(diphenylphosphine) = (5)-
Ph-MeOBIPHEP = SL-A101-21; Organometallic Complex {[Ir(COD)2}BArFl; Solvent:
Dichloroethane. Diastereomer ratio 63 :37 ((1-a, R1 = Boo, R2 = H, R3 = CO2E0
: (1-b, R1 = Boo, R2 = H, R3 = CO2Et) as determined by hplc. Method 8 Chiral
Ligand {(S)-1-[(R)-2-(Diphenylphosphino)ferrocenyl]ethyldi(3,5-xylyl)phosphine
= SL-J005-21; Organometallic Complex (bis(norbomadiene)rhodium(I)
tetrafluoroboratel; Solvent: Ethanol. Diastereomer ratio 58 : 42 ((1-a, R1 =
Boc, R2 = H, R3 = CO2Et) : (lb, R1 = Boo, R2 = H, R3 = CO2Et) as determined by
hplc. Method 9 ChiralLig and((R )-1-[(R)-2-(2.-Di phenyl phosph
nophenyl)ferrocenyllethyldi(bis-3 ,5- thfluoromethyl phenyl)phosphine =
SL-W001-11; 0 rganometa llic Complex (bis(norbomadiene)rhodium(1)
tetrafluoroborale); Solvent: Ethanol. Diastereomer ratio 31 : 69 ((l-a, R1 =
Boo, R2 = H, R3 = CO2Et) : (1-b, R1 = Boo, R2 = H, R3 = CO2E0 as determined by
hplc. Method 10 Chiral Ligand
{(S)-1-[(S)-2-(2'-Dicyclohexylphosphinophenyl)ferrocenyfiethyldi(bis-(3,5-
trifluoromethyl)pheny1)-phosphine = SL-W008-21; Organomelaffic Complex
fbis(norbomadiene)rhodium(1) tetrafluoroborate); Solvent: Ethanol.
Diastereomer ratio 16 : 84 ((l-a, R1 = Boo, R2 = H, R3 = CO2Et) : (1-b, R1 =
Boo, R2 = H, R3 = CO2Et) as determined by hplc.  290 Method 11 Chiral Ligand
l(R)-1-[(S)-2-Diphenylphosphinoyerrocenygethyldi-tert.-butylphosphine =
SL-J002-1); Organometallic Complex (
bis(norbomadiene)rhodium(1)tetrafluoroborate ); Solvent: Ethanol. Diastereomer
ratio 2 : 98 ((1-a, R1 = Boc, R2 = H, R3 = CO2E0 : (1-6, R1 = Boc, R2 = H, R3
= CO2E0 as determined by hplc. Method 12 Chiral Ligand
{(R)-14(S)-2-diethylphosphinoyerrocenyllethyl di(tert-butyI)-phosphine =
SL-J301-1); Organometallic Complex { bis(norbornadiene)rhodium(I)
tetrafluoroborate); Solvent: Ethanol. Diastereomer ratio 5 : 95 01-a, R1 =
Boc, R2 = H, R3 = CO2Et): (1-b, R1 = Boc, R2 = H, R3 = CO2E1) as determined by
hplc. HPLC Method (Example 65, Methods 1-12) Column. Chiralcel 0.1-RH; 150 x
4.6 mm; 5 km. Mobile Phase A (water); Mobile Phase B (Acetonitrile).
Isocrafic: 0 min (60 % B); 15 min (600/ B). Flow rate: 0.8 ml Wavelength 254
nm. Column temperature: 10C. 



Retention times: 1-b (R1 = Boc, R2 = H, R3 = CO2E0:9.8 min 1-a (R1 = Boc, R2 =
H, R3 = CO2E0:10.8 min 2-a (R1 = Boc, R2 = H, R3 = CO2E0:15.2 min Example 66:
(R)-5-Biphenyl-4-ylmethy1-341-hydroxymeth-(E/Z)-ylidene]-2-oxopyrrolidine-1-ca
rboxylic acid tert-butyl ester (6-a, R1 = Boc)  291  0.05 g of
(3R/S,55)-5-Biphenylat-ylmethy1-3-dimethoxymethy1-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me, Y = 0) are
dissolved in 1 ml of acetone under argon. Then 15 mg of water and 40 mg of
amberlyst 15 are added. The mixture is stirred for 3 days, then filtered and
concentrated in vacuo to afford
(R)-5-Bipheny1-4-ylmethy1-341-hydroxymetit/Z)-ylidene]-2-oxo-pyrrolidine-1-car
boxylic 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 prn. 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 (20 % B); 20 min (20% B). Flow rate: 1.4 ml min-I.
Wavelength: 210 or 254 nm. Temperature 60 C. Retention times  2-a (R1 = Boc,
R2 = H, R3 = CO2H): 6-a (R1 = Boc): 4-a (R1 = H). 5-a (R1 = Boc): 8-a (R1 =
Boc): 9-b (R1 = Boc, R6 = Me, R7 = Me):  9-c (R1 = Boc, R6 = Me, R7 = Me): 4-a
(R1 = Boc):  2.3 min 2.5 min 5.6 min 8.3 min 10.3 min 10.4 min 10.9 min 11.9
min  292 



Example 67:
(312/6,5S)-5-Blphany1-4-ylmethy1-3-(bis-butylsulfanyl-methyl)-2-oxopyrrolidine
-1-carboxylic acid ten-butyl ester (16-a, R1 = Boc, R9 = nBu, R9 = nBu, Y =S)
0.5 g of
5-Biphenyl-4-ylmethy1-3-[1-dimethylamino-meth-(E/Z)-ylidene]-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 25C, then heated to 60C for 16
hours. The mixture is then quenched by addition of 5 ml of an 8% aqueous
bicarbonate solution and any remaining n-butane-1- thiol distilled off under
reduced pressure at 40C. The aqueous phase is extracted 3 times with 5 ml
ethyl acetate each and the combined organic phase evaporated to dryness at 40
C under reduced pressure. The residue is purified by column chromatography
(heptane: ethyl acetate 75:25) to afford
(3R/S,5S)-5-bipheny1-4-ylmethy1-3-(bis-butylsulfanyl-methyl)-
2-oxo-pyrrolidine-1-carboxylic acid tett-butyl ester (16-a, R1 = Boc, R9 =
nBu, R9 = nBu, Y = S). Ratio of C-3 diastereomers determined as 70 : 30
((38,53): (3R,58) diastereomers, respectively). 1H NMR (CDCI3): 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 (21-1), 2.48 -2.74 (4H), 2.80 - 2.89 (21-1), 3.10-3.16
(1H), 3.55-3.59 (1H, minor stereoisomer), 4.23-4.31 (1H, minor  stereoisomer),
4.30 (1H), 4.38 (11-1, 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-ylmethy1-3-11-hydroxymeth-(E2)-ylidene]-2-oxopyrrolldine-1-ca
rboxylic acid ten-butyl ester (6-a, R1 = Boc)  293  



0.101 g ( 0.19 mmol) of
(3RIS,55)-5-Biphenyl-4-ylmethyl-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 HgC17 and 0.048 g calcium carbonate, the
suspension is stirred over night. Diethyl ether (10 ml) and 18% aq. ammonium
chloride solution (5 ml) are added to the mixture. The mixture is then
filtered and 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-
ylmethy1-341-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (6-a, R1 = Boc). Material analysed by hplc (hplc method for
Example 66) Example 69: (3R,
59)-6-Biphenyl-4-ylmethy1-3-methyl-2-oxo-pyrrolldlne-1-carboxylic acid
tert-butyl ester (3-a, RI = Boc) and (3$,
58)-5-biphenyl-4-ylmethy1-3-methyl-2- oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (3-15, RI = Boo)  0.24 g (R)-5-Biphenyl-4-ylmethy1-3-[1-hyd
roxymeth-(E/Z)-ylidene]-2-oxo-pyrrol idine-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 22C. 0.1 g of 10% Palladium on carbon (Engelhard 4505) is added to
the mixture along with water (0.3 m1). The mixture is flushed with hydrogen
and subsequently is stirred at 22 C and 4 bar hydrogen pressure for five days.
The  294 mixture is then filtered through Cellflock and concentrated under
reduced pressure to afford (3R,
5S)-5-biphenyl-4-ylmethy1-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid
tertbutyl ester (a-a, R1 = Boc), (35,
5S)-5-bipheny1-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1- carboxylic acid
tert-butyl ester (3-b, R1 = Boc) and (3R/S, 5S)-5-Bipheny1-4-ylmethy1-3-
hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (5-a, R1 =
Boc) as determined by hplc. HPLC Conditions as given in Example 66 and Example
71. Example 70: (3R/S,
5S)-5-Bipheny1-4-ylmethy1-3-hydroxymethyl-2-oxo-pyrrolidine-1- carboxylic acid
tert-butyl ester (5-a, R1 = Boc) 99 mg
(R)-5-13ipheny1-4-ylmethyl-341-hydroxymeth-(&2)-ylidenel-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boo) is added to a mixture of
toluene (0.25 rni) 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 0C
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 (MgSO4)
and concentrated in vacua to afford (3R/S, 5S)-5-bipheny1-4-ylmethy1-3-
hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (5-a, R1 =
Boc) as detected by LC.-MS. nilz(4-ESI): 266 (10 %), 282(2). 310 (20), 326
(100), 366 (15), 382 ([M1-11, 8). 1H NMR (DMS0): 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-ylmethy1-341-hydroxymeth-(E2)-ylidene]-2-oxopyrrolldine-1-car
boxylic acid tert-butyl ester (6-a, R1 = Boc)  295 



Method 1 100 mg
(R)-5-Bipheny1-4-ylmethyl-341-dimethylaminometh-(E/Z)-ylidene]-2-oxopyrrolidin
e-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is
added to ethanol (0.5 m1). 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 overnight. The catalyst is
then filtered and the mixture concentrated under reduced pressure. The residue
is analysed by hpic to identify (R)-5-
bipheny1-4-ylmethy1-3-41-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carbox
ylic add tert-butyl ester (6-a, R1 = Boc). Method 2 189 mg
(R)-5-Bipheny1-4-ylmethy1-3-[1-dimethylaminometh-(02)-ylidene]-2-oxopyrrolidin
e-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc R6 = Me, R7 = Me) is added
to ethanol (0.5 m1). 108 pl 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 overnight. The catalyst is
then filtered and the mixture concentrated under reduced pressure. The residue
is analysed by hplc to identify (R)-5-
bipheny1-4-ylmethy1-3-[1-hydroxymeth-(E/Z)-ylIdene]-2-oxo-pyrrolidine-1-carbox
ylic acid tert-butyl ester (6-a" R1 = Boc). H PLC Method 1 (Example 71)  296 %
B; 50% C); 1 min (5% B: 50 % C); 5 min (5% B; 75% C); 15 min (5% B; 75% C);
15.1 min (6% B; 50% C); 18 min (5% B; 50% C). Flow rate: 1.2 ml min'.
Wavelength: 254 nm. ColUmn temperature: 10C. 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 =
Sac): 7-a (R1 = Boc): 3-a (R1 = Boo): 3-b (R1 = Boo): 4.1 min 9.9 min 10.5 min
11.2 min 11.5 min 12.1 min 12.5 min  HPLC Method 2 (Example 71) 



Column: X-BRIDGE: 150 x 3.0 mm; 3.5 pm. 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% 8); 11 min (50% B); 13 min (80% B); 16 min (80% 13);
16.1 min (20 % B); 20 min (20% B). Flow rate: 1.4 ml min-1. Wavelength: 254
nm. Column temperature: 60 C. Retention times 6-a (R1 = Boo):2.6 min 9-b (R1 =
Boo, R6 = Me, R7 = Me): 10.7 min 9-c (R1 = Boo, R6 = Me, R7 = Me): 11.2 min
4-a (R1 = Boc):12.2 min 3-a (R1 = Boc) and 3-b (R1 = Boo): 12.8 min Example
72: (2R,45)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid
ethyl ester (1-a, R1 = Boc, R2 = H, R3 = COzEt) and (25,4S)-5-bipheny1-4-y1-4-
tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-b, R1 = Boo, R2
= H, R3 = CO2Et)  297  500 mg
(R)-5-Biphenyl-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid ethyl
ester (2-a, R1 = Boc, R2 = H, R3 = CO2Et) 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,45)-5-Biphenyl-4-y1-4-tert-butoxycarbonylamino-2- methylpentanoic acid
ethyl ester (1-a, R1 Boc, R2 = H, R3 = CO2Et) and (25,4S)-5-
bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid ethyl
ester(1-b, R1 = Boc, R2 = H, R3 = CO2Et). Spectroscopic data as in Example 63.
Ratio of diastereomers 70:30 (1-a, R1 = Bac, R2 = H, R3 = CO2Et : 1-b, R1 =
Boc, R2 = H, R3 = CO2Et) as determined by hplc (hplc method as in Example 65)
Example 73:
(2RAS)-5-Biphenyl-4-y1-4-tert-butoxycarbonylamino-2-methylpentanolc acid
methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO2Me) and
(2S,4S)-5-Biphenyl-4-y1-4- tert-butoxycarbonylamino-2-methylpentanoic acid
methyl ester (1-b, R1 = Boc, R2 = H, R3 = CO2Me)   298 500 mg
(R)-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
methyl ester (2-a, R1 = Boc, R2 = H, R3 = CO2Me) is added to ethanol (5 ml) at
ambient temperature. Triethylamine (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 applied to the mixture. The mixture is
then stiffed overnight at ambient temperature and pressure. The mixture is
then filtered and concentrated under reduced pressure to afford
2R,451-5-Bipheny1-4-y1-4-tert-butoxycarbonylamino-2- methylpentanoic acid
methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO2Me) and (26,46)-5-
bipheny1-4-y1-4-tert-butoxycarbonylamino-2-methylpentanoic acid methyl ester
(1-b, R1 = Boc, R2 = H, R3 = CO2Me). Spectroscopic data as in Example 60.
Ratio of diastereomers 66:34 (1-a, R1 = Boc, R2 = H, R3 = CO2Me : 1-b, R1 =
Boc, R2 = H, R3 = CO2Me) by integration of signals at 1.76-1.85 (1-b, R1 =
Boc, R2 = H. R3 = CO2Me) and 1.92-1.99 (1-a, R1.= Boc, R2 = H, R3 = CO2Me).
Example 74: (3Ft/S,5S)-5-Bipheny1-4-ylmethy1-2-oxo-3-(toluene-4-
sulfonyloxymethyl)-pyrrolldine-1-carboxylic acid tert-butyl ester (11-a, R1 =
Boc, R4 = Tosyl) and
(R)-5-Blpheny1-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1=13oc)  20 mg (3PJS,
55)-5-Bipheny1-4-ylmethy1-3-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. Thethylamine (11 ul) is added to the
mixture. 4- Toluenesulphonic add 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,53)-5-bipheny1-4-ylmethyl-2-oxo-3-(toluene-4-sulfonyloxymethyl)-
pyrrolidine-1-carboxylic acid tert-butyl ester (11-a, R1 = Boc, R4 = Tosyl)
and (R)-5- 



299 biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
fert-butyl ester (4-a, R1-=Boc). Spectroscopic data for
(3R/S,5S)-5-bipheny1-4-ylmethy1-2-oxo-3-(toluene-4-
sulfonylcowmethyl)-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-ylmethy1-3- methylene-2-oxo-pyrrolidine-1-carboxylic acid
fert-butyl ester (4-a, R1=13oc) as for Example 23, Method 1. Example 75:
(3Ft/5,55)-5-Biphenyl-4-ylmethy1-3-lodomethyl-pyrrolidin-2-one (12-a, R1 = H,
R5 = I) 122 mg
(3R/S,5S)-5-13ipheny1-4-ylmethy1-2-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 m1).
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 .(3RJS,5S)-5-bipheny1-4-
ylmethy1-3-iodomethyl-pyrrolidin-2-one (12-a, R1 =R5 =1). 1H NMR (CDCI3): 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-ylmethy1-3-methylene-2-oxo-pyrrolidlne-1-carboxylic acid
tert-butyl ester (4-a, R1=Boc)  300  5 mg
(3R/5,55)-5-Biphenyl-4-ylmethyl-3-iodomethyl-pyrrolidin-2-one (12-a, R1 = H,
R5 = I) is added to toluene (1 ml). 4-(Dimethylamino)pyridine (0.1 mg) and
triethylamine (1 ill) are then added to the mixture. The mixture is heated to
70 C. Di-tert-butyl dicarbonste (2 mg) is then added to the mixture. The
mixture is stirred for 1 h at 70C. The mixture is concentrated under reduced
pressure. Ethyl acetate (1 ml) and water (1 ml) are added. The phases are
separated. The organic phase is concentrated under reduced pressure to give
(R)-5-Biphenyl-4-ylmethy1-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1=Boc). Spectroscopic data as for Example 23, Method
I. Example 77: (3R, 5S)-5-Bipheny1-4-ylmethyl-3-methylpyrrolidln-2-one (3-a,
R1 = H) and (3S, SS)-5-Blpheny1-4-ylmethy1-3-methylpyrrolidin-2-one (3-6, R1 =
H) 4 mg (3R/S,55)-5-Biphenyl-4-ylmethyl-3-iodomethyl-pyrrolidin-2-one (12-a,
R1 = H, R5 = I) is added to ethanol (1 ml) at ambient temperature.
Triethylamine (50 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,
55)-5-biphenyl-4-ylrnethyl-3- methylpyrrolidin-2-one (3-a, R1 H) and (35,
55)-5-biphenyl-4-ylmethy1-3- methylpyrrolidin-2-one (3-b, R1 = H. Ratio of
diastereomers 22 : 88(3-a, R1 = H to 3-h, 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.  300
a Preferred embodiments: Embodiment 1: ' A process for preparing a compound of
formula (7), or salt thereof,  



Si(7) wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7
are, independently, an aikyl group, an aryl group, an arylalkyl group, a
cycloakyl group or together 56 and 57 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,  Si(8)
wherein R1 is hydrogen or a nitrogen protecting group, - with an amine of
formula (13), (14) or (15)  300 b and optionally a salt, such as an alkali
meta 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), 0 ..R7 8 R6 ,X
RI7  (18) with an alcoholate of the formula M-0-R8 and optionally treating
said compound with a salt M  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 7s, independently, an alkyl group, an aryl group or an
arylalkyl group; X and X' are, independently, an anion, for example, a halide,
an anion of a sulphonic acid, an anion of an alkylsulfate, a
tetrahalometalate, such as a tetrachlorometalate, hexafluorophosphate,
hexafluoroantimonate, tetrafluoroborate, perchlorate, alkoxide R8-0- wherein
R8 is defined as before, carboxylate, or tribrornide; 



M is an alkali metal or an alkaline earth metal; and M-1 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,  300 c   (6)  or salt thereof, wherein R-1 is hydrogen or a
nitrogen protecting group, comprising treating a compound of formula (7), or
salt thereof,  Ri(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, with an acid to obtain the compound of formula (6). Embodiment 3:
A process for preparing a compound of formula (4)  (4) 



300 d 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,
R1 (5) 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, (5). wherein R1 is hydrogen or a nitrogen protecting group,
comprising treating a compound of formula (6), or salt or a tautomer thereof,
(6) wherein R1 is hydrogen or a nitrogen protecting group, with a reducing
agent to obtain the compound of formula (5).  300 e 



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, (5)
wherein R1 is hydrogen or a nitrogen protecting group, with an OH-activating
agent to obtain a compound of formula (11) R1(11) or salt thereof, wherein R1
is hydrogen or a nitrogen protecting group and R4 is an OH-activating group;
and  300 f 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)  (4)   



or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group, said
process comprising treating a compound of formula (5), or salt thereof,  (5)
with an OH-activating group in the presence of a base. Embodiment 7:  A
process for preparing a compound of formula (4)  300 g.  R1(4) or salt
thereof, wherein R1 is hydrogen or a nitrogen protecting group, comprising
treating a compound of formula (7), R6 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 (4), Embodiment 8:  A
process for preparing a compound of formula (6)  (6)  300 h or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, comprising treating a
compound of formula (7), R6 N--R7 (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 (6). Embodiment 9:  A process for preparing a compound
of formula (9) or a salt thereof R6 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, 



300 i comprising reducing with a reducing agent the double bond of a compound
of formula (7), R6 N- R7 (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,  300  (5). wherein R1 is hydrogen or a nitrogen
protecting group, said process comprising treating a compound of formula (7),
or salt thereof, 



(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, with a
reducing agent. Embodiment 13:  A process for preparing a compound of formula
(4), or salt thereof,  (4)  300 k wherein R1 is hydrogen or a nitrogen
protecting group, said process comprising reacting a compound of formula (9),
or salt thereof, (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, (4) wherein R1 is hydrogen or a nitrogen protecting
group, said process comprising a) reacting a compound of formula (9), or salt
thereof,  



300  I (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 neteroatoms, such a
nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such as 4 to 7
ring atoms, with a guaternisation agent to obtain a compound of formula (10),
or salt thereof, 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: and b) reacting the compound of formula (10), or salt thereof,
with a base to obtain the compound of formula (4). Embodiment 15:  300 m A
process for preparing a compound of formula (16) R9 R9  R1 (16) or salt
thereof, wherein RI 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), R6 N-R7 (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 an acetal forming agent to obtain the compound of formula
(16). Embodiment 16:  A process for preparing a compound of formula (16)  300
n  (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),  R1(7) or
salt thereof, wherein R1 is hydrogen or a ritrogen 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 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,  300 o  



(6)  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 R9, 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,  300 p
(6)  or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group,
said process comprising removal of the thioacetaf 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 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). Embodiment 19:  A process for preparing a
compound according to formula (2),  300 q  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 of formula (4)  R1(4) 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),  R3 



(1)  300 r 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),  R3
(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 tie compound of formula (1). Embodiment 21:  A process
according to embodiment 20, wnerein the reduction reaction is carried out with
nydrogen 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 [Rul2(p-cymene)]2, [Ru(cod)(2-metally1)2],  300 s
[Ru(cod)(0000F3)21. [lPh(nbd)2BF4], [Rh(cod)2]I3F4 [(Cy3P)Ir(pyr)1C1,
[ir(000)2]BArF and [Ir(cod)2C1]2; preferably {Rh(NBD)2}13F4 or
[RuCl2(p-cymene)2] 



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)-Bolphoz; 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: Walphos 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)2j13F4 and a Fenphos,
a Walphos, a Josiphos or a PhanePhos ligand; such as Rh(nbd)2IBF4 and Walphos
SL-W005-1, Walphos SL-W008-1, Fenphos SL-F356-1, Josiphos SL-J008-1,  300 t
Phospholane SL-P051-1, Walphos SL-W009-1, VValphos SL-W001-1, Walphos
SL-W012-1, VValphos SL-W021-1, Josiphos SL-J505-2 or Josiphos SL-J504-2; in
particular, Rh(nbd)2113F4 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: a ruthenium organometallic complex and
an Atropisomer, a Mandyphos or a Fenphos ligand; in particular
[Pu12(p-cymene)]2, [Ru(cod)(2-metally1)21 or [Ru(cod)(00CCF3)2] and an
Atropisomer, a Mandyphos, BDPP, Josiphos, or a Fenphos ligand; such as
[Ru12(p-cymene)]2. [Ru(cod)(2- metally1)2] or [Ru(cod)(00CCF3)21 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 VValphos or a Josiphos Nand; in
particular pr(cod)Clb and a Fenphos, a VValphos or a Josiphos ligand; such as
[Ir(cod)C1]2 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 PPhos ligand, a QuinaPhos ligand, a
ProPhos ligand, a BOPP 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 iigand, a Ferrotane ligand, a BPE ligand, a
TangPhos ligand, a JafaPhos ligand, a DuPhos ligand, a Binaphane ligand or
mixtures thereof.  300 u Embodiment 30:  



A process according to embodiment 28, wherein the transition metal catalyst
comprises the transition metal rhodium and a chira igand 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)-Me0-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, (S,S,R,R)- TangPhos, (R)-JafaPhos,
(R)-MeDuPhos, (S,S)-Me-BPE, (S,S)-Ph-BPE, (S,S)-EtFerrotane, (S)-BI NAM-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.
Embodiment 31:  A process according to embodiments 28 or 30 wherein the
transition metal catalyst is selected from [Rh(COD)(SL-P104-2)] 03SCF3,
[Rh(COD)(SL-P102-1)IBF4, [Rh(COD)(SL-P005-1)]BF4, [Rh(COD)(SL-P102-1)] 03SCF3,
[(R)-P-Phos Rh(COD)]BF4, [(S)-P-Phos Rh(COD)113F4, [(R)-PhanePhos
Rh(COD)]13F4, [(S)-PhanePhos Rh(COD)]BF4, [(R)-Xyl-Phanephos Rh(COD)11BF4i
[(S)-MeBoPhoz Rh(COD)P3F4, RS,S)- DIOP Rh(COD)]BF4, [(S)-BINAp Rh(COD)P3F4,
[(R)-CatASium M Rh(COD)P3F4, [(S)- CatASium M Rh(DOD)]BF4, [(R)-CatASium MN
Rh(COD)]BF4, [(S)-CatASium MN Rh(COD):113F4, [(R)-CatASium D Rh(CONSF4,
[(S,S,R,R)-TangPhos Rh(COD)]BF4, I(R)-JafaPhos Rh(COD)PF4, [(R)-MeDuPhos
Rh(COD)JIBF4, [(S,S)-Me-BPE Rh(COD)]BF4, [(S,S)-Ph-BPE Rh(000)]BF4,
[(S,S)-Et-Ferrotane Rh(000)P3F4, [(R)-AnPhanePhos Rh(COD)]BE4, [(R)-CatASium
MNN Rh(CONBF4, [(S)-Tol-BINAP Rh(COD)]BE4, [(S)-BINAIVI-P Rh(COD)]BF4,
[(R)-BINAM-P Rh(COD)]BF4, [(R,R)- DuanPhos Rh(COD)]BF4, [(R)-Binaphane
Rh(COD)]BF4, [(R,R)-NorPhos Rh(COD)JBF4, [(S,S)-NorPhos Rh(COD)]BF4,
[(R,R)-BDPP Rh(COD)ThF4, [(S,S)-BDPP Rh(COD)]BF4, [(R,R)-DIOP Rh(COD)P3F4,
[(R)-ProPhos Rh(COD)]BF4, [(R,R)-DlPAMP Rh(000)]BF4, RS,S)-ChiraPhos
Rh(OOD)JBF4, [(R)-Me0-Xyl-PhanePhos Rh(COD)]BF4 or [(R)-TolPhanePhos
Rh(COD)]BF4; in particular [Rh(COD)(SL-P102-1)PF4, [Rh(COD)(SL-P005- 1)]BE4,
[Rh(COD)(SL-P102-1)] 038CF3, [(R)-PhanePhos Rh(COD)PF4, [(R)Xyl-  300 v
PhanePhos Rh(000)113F4, [(S,S)-DIOP Rh(COD)113F4, [(S)-BINAP Rh(COD)]BF4,
[(R)- CatASium Ni Rh(COD)]BEI, [(R)-CatASium MN Rh(COD)]BF4, RS)-CatASium MN
Rn(COD)JBF4, RS,S,R,R)-TangPhos Rh(COD)]BF4, [(S,S)-Me-BPE Rh(000)]BF4.
[(S,S)-Ph-BPE Rh(000)]BF4, [(R)-An-PhanePhos Rh(COD:IPF4, [(R)-CatASium MNN
Rh(COD)]BEI, [(S)Tol-BINIAP Rh(COD)P3F4, [(S)-BINAM-P Rh(COD)PF4, [(R,R)-
DuanPhos Rh(COD)jBF4, [(R)-Binaphane Rh(COD)]BF4, [(SS)-NorPhos Fth(COD)JBEL
[(RR)-BDPP Rh(COD)]BF4, [(SS)-BDPP Rh(COD)]BF4. [(RR)-DIOP Rh(COD).113F4.
[(R)-ProPhos Rh(COD)IBF4, [(R,R)-DIPAMP Rh(COD)]3E4, [(S,S)-ChiraPhos
Rh(COD)13F4, KR)-Me0-Xyl-PhanePhos Rh(COD)]BF4 or [(R)-Tol-PhanePhos
Rh(COD)]BF4, in particular [Rh(COD)(SL-P102-"I)]BF4, [Rh(000)(SL-P005-1)]BF4,
[(R)PhanePhos Rh(COD)]8F4, [(R)Xyl-PhanePhos Rh(COD)113P4, [(R)CatASium M
Rh(COD)JBF4, [(R)CatASium MN Rh(COD)J13F4, [(S,S,R,R)TangPhos Rh(000)PF4.
[(S.S)Ph-BPE Rh(COD)113F4, [(R)An-PhanePhos Rh(000)IBF4, [(R,R)DuanPhos
Rh(COD)113F4, [(S,S)NorPhos Rh(000)]BF4 or [(R)Me0-Xyl-PhanePhos Rh(000)113F4.
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-C6H4-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)-XylP-Phos or (S,"Re)1Np-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-t8u-SimplePHOX or (S)-iPr-PHOX. Embodiment 33:
A process according to embodiments 28 or 32 wherein the transition metal
catalyst is selected from KR)-4-F-C61-14-MeBoPhoz Ru(benzene)CIICI, RR)-BINAP
RuCl(benzene)]Cl, [(R)-BINOL-(R)-MeBoPhoz Ru(benzene)CUCI, KR)-MeBoPhoz
RuCI(Benzene)]Cl, [(R)-p-F-MeBoPhoz RuCI(Benzene)]Cl, [(R)-PhanePhos
RuCl2(dm021. [(R)-Phenethyl-(R)-MeBoPhoz Ru(benzene)ClICI, [(R)-P-Phos  300 w
RuCl(benzene)101, [(R)-Tol-BINAP Rua(benzene)1C1, [(R)-Xy]-PhanePhos
RuC12(dmf)21. [(R)-Xyl-P-Phos RuCl2(drnf)21. RRaiSO'INp-QUINAPHOS
RuC12(dmf)2], RS)-BI NAP RuCl(benzene)]CI, [(S)-BINOL-(R)-MeBoPhoz
Ru(benzene)ClICI, [(S)-P-Phos RuCl(benzene)]CI, [(S)-Xyl-PhanePhos
RuCl2(dmf)21, [(S)-XSII-P-Phos RuC12(dm021, [(Sa,Rc)1Np-QUINAPHOS
RuCl2(drne2l, [(R)-P-Phos Ru(acac)21, [(R)-Xyl-P-Phos Ru(acac)21 or
[(R)-Xyl-P-Phos RuCl(benzene)]CI; in particular, [(R)-4-F-C6H4-MeBoPhoz
Ru(benzene)ClICI, [(R)-BINAP RuCl(benzene)]CI, [(R)-MeBoPhoz RuCI(Benzene)]CI,
[(R)-p-F-MeBoPhoz Ruci(Benzene)]CI, [(R)-PhanePhos RuCl2(dmf)21
[(R)-Phenethyi(R)-MeBoPhoz Ru(benzene)ClICI, [(R)-P-Phos RuCl(benzene)pl,
[(R)-Tol-BINAP RuCl(benzenelCI, [(R)-Xyl-P-Phos RuCl2(dmf)21, [(S)-BINAP
RuCl(benzene)]CI, [(5)- BINOL-(R)-MeBoPhoz Ru(benzene)ClICI, [(S)-P-Phos
RuCl(benzene)]CI, [(S)-XylPhanePhos RuCl2(dmf)21 [(Sa,Rc)1Np-QUINAPHOS
RuCl2(dm021, [(R)-P-Phos Ru(acac)2], [(R)-Xyl-P-Phos Ru(acac)2],
[(R)-Xyl-P-Phos RuCl(benzene)]CI, [(S)-P-Phos Ir(000)1C1, [(S)-Xyl-P-Phos
Ir(COD)]CI, [(S)-MeBoPhoz Ir(CONCI, [(R)-MeBoPhoz Ir(COD)]CI,
[(S)-Cy-tBu-simplePHOX Ir(COD)]BArF or [(S)-iPr-PHOX Ir(000)113ArF. Embodiment
34:  A process for preparing a compound of formula (3)  (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,
300 x (5) wherein R1 is hydrogen or a nitrogen protecting group, into a
compound of formula (12) (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)  (3)  or salt thereof, wherein R1 is hydrogen or a nitrogen
protecting group, said process comprising treating a compound of formula (7),
300  (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. Embodiment 36:  A
process for preparing a compound of formula (3)  R1(3) or salt thereof,
wherein R1 is hydrogen or a nitrogen protecfng group, said process comprising
treating a compound of formula (6),  300 z  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),  R1(3) or salt thereof, wherein R1 is hydrogen or a
nitrogen protecting group, comprising reducing a compound according to formula
(4),  



R,(4)  300 aa 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, (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-a),  into a compound of formula (4), or salt thereof,
300 bb   (4)  wherein R1 is hydrogen or a nitrogen protecting group,
preferably having a configuration according to formula (4-a), R1(4-a), 



according to any one of methods 1 to 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 formula (6) into the compound of formula (4) according to the
process defined in embodiment 3; method 2 comprises  a) converting the
compound of formula (7) into the compound of formula (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  300 cc 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 (6)
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 formula (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 ,  300dd 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 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),  R1(7-a),  300ee
(2)  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),  (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, 



300 if  R1(4) wherein R1 is hydrogen or a nitrogen protecting group,
preferably having a configuration according to formula (4-a),  (4-a),  into a
compound of formula (1), or salt thereof,  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 carboxyl group or alkyl
ester, preferably having a configuration according to formula (1-a)  300 qg
(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,  (8)
wherein R1 is hydrogen or a nitrogen protecting group, into a compound of
formula (1), or salt therof  300 hh   R3 (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)  R3 (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 c) 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,  300   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-a),
(7-a),  into a compound of formula (6), or salt thereof,  R1(6) wherein R1 is
hydrogen or a nitrogen protecting group, preferably having a configuration
according to formula (6-a),  300 ji  



Ri (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, (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),  300 kk    



R1 (7-a),  into a compound of formula (5) or salt thereof,  Al(5), wherein R1
is hydrogen or a nitrogen protecting group, preferably having a configuration
according to formula (5-b),  F21(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;  300 II  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,  (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),
(7-b),  300-nm into a compound of formula (3), or salt thereof, (3) 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 Ito 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  300 nn
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 c) 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),  R/1(2) or sad 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),  



300 oo      Nr R1 (2-a).  Embodiment 49:  A compound of formula (4)   (4)  or
salt thereof, wherein R1 is hydrogen Or a nitrogen protecting group,
preferably having a configuration according to formula (4-a),  (4-a).
Embodiment 50:  A compound of formula (5), or salt thereof, 



300 PP (5), wherein R1 is hydrogen or a nitrogen protecting group, preferably
of formulae (5-a), (5-b) or (5-c), more preferably (5-b),      Embodiment 51:
A compound of formula (6), or a tautomer thereof,  300 cfq  (6)  or salt
thereof, wherein R1 is hydrogen or a nitrogen protecting group, preferably
having a configuration according to formula (6-a),  R1(6-a) 



Embodiment 52:  A compound of formula (7), or salt thereof, (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 cycre may be saturated or unsaturated and may optionally contain one or
more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle  300
ri 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),  (7-a),   (7-b),   R6 0 R1  (7-c).  Embodiment 53:  A compound of
formula (9-a), or salt thereof, 



300 SS   (9)  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),  (9-a)  (9-b),   (9-c)  300 tt Embodiment 54:  A
compound of formula (10), or salt thereof,  A1(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, 1 is a
halide (eg iodide, bromide, chloride), an alkyl sulphate (eg methyl sulphate)
or a sulfonyl ester (eg trifiate) 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),  RI(10-a)  Embodiment 55:  A compound of
formula (11) 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),
Embodiment 56:  A compound of formula (12)   (12)  300ww      



Embodiment 57:  A compound of formula (16) R9 R9   (16)  300 xx wherein R1 is
hydrogen or a nitrogen protecting group! Y is 0 or S and each R9 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-
oxopropy1)-(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-
carboxy1-1-oxopropy1)-(4S)-(p-phenylphenylmethyl)-4-amino-(2R)-methyl butanoic
acid ethyl ester or salt thereof  301 



Claims: 1. A compound according to formula (2),  R3 (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.  2. A compound
according to claim 1 having a configuration according to formula (2-a),  R2
NR3 R1(2-a).  3. A compound of formula (4)  302  (4)  or salt thereof, wherein
R1 is hydrogen or a nitrogen protecting group. 



4. A compound according to claim 3 having a configuration according to formula
(4-a),  R1(4-a).  5. A compound of formula (5), or salt thereof, (5), wherein
R1 is hydrogen or a nitrogen protecting group.  303  (5-a),   (5-b),    (5-c).
A compound of formula (6), or a tautomer thereof,  (6)  or salt thereof, 



wherein R1 is hydrogen or a nitrogen protecting group.  304  8. A compound
according to claim 7 having a configuration according to formula (6-a),
(6-a).   9. A compound of formula (7), or salt thereof, (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.  10. A compound according to claim
9 having a configuration according to formulae (7-a), (7-b) or (7-c)  305
(7-a),    R1 (7-b),   



R1 (7-c). 11.A compound of formula (9), or salt thereof,  (9)  306 wherein R1
is hydrogen or a nitrogen protecting group and, R6 and R7 are, independently,
an alkyl group or together are an alkylene group.  12. A compound according to
claim 11 having a configuration according to formulae (9-a), (9-b) or (9-c),
(9-a)   R1 (9-b),  (9-c).   13. A compound of formula (10), or salt thereof, 



307  (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. 14.A compound according to claim 13 having a configuration
according to formulae (10-a), (10-b) or (10-c),  (10-a)   R1(10-b),  308
(10-c).   15. A compound of formula (11)  



or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R4
is an OH-activating group.  16. A compound according to claim 15 having a
configuration according to formulae (11-a), (11-b) or (11-c),  (11-a)  309
(11-b)  (11-c).   17. A compound of formula (12)  R1(12) or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group and R5 is halo.  18. A
compound according to claim 17 having a configuration according to formulae
(12-a), (12-b) or (12-c),  310  



(12-a),  (12-b),   (16)  311 wherein R1 is hydrogen or a nitrogen protecting
group, Y is 0 or S and each R9, is, independently, alkyl, aryl, arylalkyl or
acetyl. 20.A compound according to claim 19 having a configuration according
to formula (16-a),  (16-a).  21. The compound according to anyone of claims 1
to 20, for synthesizing a NEPinhibitor or a prodrug thereof, such as a NEP
inhibitor or a prodrug thereof comprising a
y-amino-S-biphenyl-a-methylalkanoic acid, or acid ester, backbone  22. The
compound of claim 21, wherein the NEP-inhibitor is N-(3-carboxy-1-
oxopropy1)-(4S)-p-phenylphenylmethyl)-4-amino-(2R)-methylbutanoic acid or a
salt or a prodrug thereof, wherein the prodrug is
N-(3-carboxy1-1-oxopropy1)-(4S)-(pphenylphenylmethyl)-4-amino-(2R)-methyl
butanoic acid ethyl ester or salt thereof.  23. A process for preparing a
compound according to formula (1),  R3 (1)  



312 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),  R3 (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). 24. A process for converting a compound
of formula (4), or salt thereof,  (4)  wherein R1 is hydrogen or a nitrogen
protecting group, into a compound of formula (1), or salt thereof,  313
R2---NR3 / 



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,
comprising the steps of a) preparing a compound according to formula (2),  R3
(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, by reacting a compound of formula (4)  (4)  314 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); and b) converting the
compound of formula (2) into the compound of formula (1) according to the
process defined in claim 23.   










