
PROCESS AND INTERMEDIATES FOR THE PREPARATION OF 5-
BIPHENYL-4-YL-2-METHYLPENTAN0IC ACID DERIVATIVES 

The invention relates to a new process for producing NEP inhibitors or prodrugs 

thereof, in particular NEP inhibitors comprising a y-amino~8~biphenyi-a-methyla!kanoic 

acid, or acid ester, backbone. 

Endogenous atrial natriuretic peptides (ANP), aiso called atrial natriuretic factors (ANF) 
have diuretic, natriuretic and vasorelaxant functions in mammals. The natural ANF 
peptides are metabolically Inactivated, In particular by a degrading enzyme which has 

been recognized to correspond to the enzyme neutral endopeptidase (NEP, EC 
3,4.24.11), also responsible for e.g. the metabolic inactivation of enkephalins. 

Sn the art blaryl substituted phosphonic acid derivatives are known which are useful as 
neutral endopeptidase (NEP) inhibitors, e.g. as inhibitors of the ANF~degrading enzyme 
in mammais, so as to prolong and potentiate the diuretic, natriuretic and vasodilator 

properties of ANF in mammals by inhibiting the degradation thereof to less active 
metabolites. NEP inhibitors are thus particularly useful for the treatment of conditions 

and disorders responsive to the inhibition of neutral endopeptidase {EC 3.4.24.11), 
particularly cardiovascular disorders such as hypertension, renal insufficiency including 
edema and salt retention, pulmonary edema and congestive heart failure. 

Processes for preparing NEP-inhlbitors are known. US 5 217 996 describes blaryl 

substituted 4-amino-butyric acid amide derivatives which are useful as neutral 
endopeptidase (NEP) inhibitors, e.g. as inhibitors of the ANF-degrading enzyme in 
mammals. US 5 217 996 discloses the preparation of N-(3-carboxyl-1-oxopropyi)-(4S)-
(p-phenyiphenylmethyl)-4-amlnG-(2R)-methyl butanoic acid ethyl ester, in the 
preparation of said compound N-t~butoxycarbonyl-(4R}-{p-ph8nyipheny!me!hyl}-4-
amlno-2-methyl-2-butenoic acid ethyl ester is hydrogenated in the presence of 
palladium on charcoal, A major drawback of said process is that such a hydrogenation 
step is not very selective and yields M-t-b<Jtoxyc3rbonyl-(4S)-(p-phenylphenylmethyi)-4-

amino-2-methylbutanoic acid ethyl ester as a 80:20 mixture of diastereomers. 
Moreover, the process for preparing N-t-butoxycarbonyl-(4R}-{p-pheny!pheny!methyl}~4-
amino-(2)~methyl(2}-buter!oic acid ethyl ester requires D-iyrosine as starting materiai, 
which is an unnatural amino acid and is r.ot readily available. 
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!t was hence an object of the present invention to provide an alternative reaction route 
for preparing compound N-t-buto>cycarbor!yl(4S)-{p-phenylphenylmethyi)-4-aminc-2-

methylbutanoic add 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 sait thereof, 

wherein R1 and R2 are, independently of each other, hydrogen or 3 nitrogen protecting 
group, and R3 Is a carboxyl group or an ester group, preferably carboxyl group or alky! 
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-5-

biphenyl-a-rnelhyialkanolc acid, or acid esier, backbone, preferably N-(3-carboxyl-1-

/ 
R1 (1) 
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oxopropyl)-(4S)-(p-phar:ylphenylmethy!)~4-;iiTii:io-{2R)--[nethyl butanolc 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 3re 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 : 1. It was also an object to provide a process in which the compounds according to 

formula (1-b), or salts thereof, can be completely removed and compounds according to 

formula (1-a), or salts thereof, can be provided in pure form. 

/ 
R1 (1-a), 

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

Scheme 1 

Nameiy, a compound of formula (8) is converted into a compound of formula (7), or sait 
thereof, wherein R1 is hydrogen or a nitrogen protecting group, according to a method 
described in Section A. Next, the compound of formula (7), or salt thereof, as described 
above, is converted into the compound of formula (1) or salt thereof, according to 
methods 1 or 2, wherein 

method 1 comprises 
a) any one of the methods in Section B to convert (7) into (4), 
b) any one of the methods in Section C to convert (4} into (2), and 

c) any one of the methods In Section C to convert (2) Into (1); 
method 2 comprises; 
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a) any one of she 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 07100451,8 or WG20G8/083967. 

As discussed below. Sections A, S, 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 sait thereof, 

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are, 
independently, an alkyl group, an aryl group, an ar/lalkyl group, a cycloaikyl group or 
together R6 and R7 form a cyde, together with the nitrogen to which they are attached, 
which cycle may be saturated or unsaturated and may optionally contain one or more 
heteroatoros, 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, 
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wherein R1 is hydrogen or a nitrogen protecting group, with an amine of formula (13), 

(14) or (15), or mixtures thereof, 

R6 JK! R6 ,H? 
"N "N 

R6 ,R? 
R6 sK. m R8 x. m N 

~~N N '"N G I 
•II I R8 -R8 

R7 R7 (13), R7 (14), 0 (15) 

wherein each R6 and each R7 are, independently, an alkyl group, an aryl group, an 

arylalkyi group, a cycloaikyl group or together R6 and R7 form a cycle, together with the 

nitrogen tc which they are attached, which cycie 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 cr an arylalkyi group to obtain the compound 

of formula (7). 

The reaction to obtain the enamine o? 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: cr aromatic 

solvents such as benzene, chlorotaenzene, toluene, phenyletharse or xylenes or mixtures 

thereof. Preferably the solvent is toluene or THF. Typically, the reaction can be 

conducted at 0 "C to reflux, preferably 0 to 200 °C, more preferably 20 io 140 °C, yet 

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

Preferred examples of the amines of formulae (13), (14) and (15) include Bredereck's 

reagent {tert-butGxybis(dlmethyiamino)methane}, ferf-butoxybis(dlethylamino)m8;harie, 

methoxybis(dimethy!amino)rnethane, ter('-pentoxy-bis(dim8thylamino)methane, 

iri5(dlmethylamino)rnethane, tris{diethylamino)methane, and ;V,A/-dimethylformamide 

dimethylacetal (DMFDMA), fy/V-dimethyifortnamide diethylacetal, N,N-

dimethylformamlde dlSscpropylacetai, ft/.W-Cimethylforrmamide di-tert-butylacetal, N,N-

dimethylformamide di-ferf-pentaxyacetal, or mixtures thereof. 

In one embodiment the amine of formula (14) is preferably the Bredereck's reagent or 

?ert-pentoxy-bis{dimethylarrsirio)methane. in another embodiment, the amine of formula 
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(13) is preferably trls(dimethylamino)methane. !n still another embodiment, the amine of 
formula (15) is preferably MN-dimethylformamide di-!ert-buty:acetai or N,N-
dirnethylformamide dl-tert-pentoxyacetal. The amine of formulae (13), (14) or (15), or 
mixtures thereof, can be used in an amount of 1.0 to 10 equivalents, preferably 3 to 10 
equivalents, more preferably 3 to 6 equivalents, such as 3 equivalents. Optionally, an 
alcohol may be present, preferably an alkyl alcohol such as 1-buSanol, 2-butanol, tert-
butanol or 2-methyl-2~bu?anol. 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, suc.h 

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. Ca'.al., 2004, 346, 1081; Encyclopedia of Reagents for Organic Synthesis, 2007, 

DOI: 10.1002/9780470842898.rb35C.pub2; Tetrahedron Lett., 1983, 25, 285: 

Encyclopedia of Reagents for Organic Synthesis, 2007, DOI: 
10 1002''Q47Q84289X.rt403; Synlett, 2006, 009; Recueil des travaux chimlques des 
Pays-Bas, 1969, 88, 289; J. Org. Chem., 1985, 50, 3573; J. Org. Chem., 1980, 45, 
3986; Chem. Ber., 1968, 101, 1885; J. Chem. Soc.. Perkin Trans. 2, 1985, 1669; 
Angew, Chem., Int. Ed., 1962, 1, 331; Chem. Ber., 1968,101, 41; Chem. Ber., 1968, 
101, 51; Liebigs Ann. Chem., 1972, 762, 62; Science of Synthesis, 2005, 22, 795; J. 
Am. Chem. Soc., 1981, 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 sait of magnesium or calcium) or an ammonium salt, wherein the couterion Is, for 

example, a haiitie, a carbonate, an amine, perchlorate, hexafluorophospha'e or 

hexafluorosilicate. in particular, the salt Is selected from lithium hexafluorophcsphate 
(LiPFfj), sodium hexafluorophosphate (NaPF3), potassium hexafiuorophosphate (KPFS), 
ammonium hexaHucrcphosphate (NH4PF6), lithium chloride (LiCI), lithium bromide (LiBr), 
sodium chloride (NaCI), potassium chloride (KCI), magnesium chloride (MgCIs), potassium 
perchiorate (KCIO4), sodium hexafluorosilicate (Na2SiF6), lithium amide (LiftHj) and 
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lithium carbonate (Li^COs). The salt may also be an ionic liquid, such as 1-butyl-3-methyl 

Irnidazolium tetrafiucrcborate or 1-butyl-3-rnethyl irnidazolium hexafiiiorophosphate. In 

one embodiment, the sait is lithium hexaSuorophdsphate, 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 sait, as described 

above, and an amine. Typically, She 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, 

dilsopropylsmine, 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 

diphenyiamlne. 

In yet a further embodiment, the conversion of a compound of formula (8) into a 

compound of formula (7), as described aboye, takes place in the presence of a salt, as 

described above, and a crown ether, in particular, the salt is potassium 

hexafluorophcsphate 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 formuia 

(18). 
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RO R7 
N 
II 

R6 
"N 

I 
R7 

wherein R6 and R7 are, independently, defined as before, with an alccholate of the 

formula M-OR8 

wherein, 

X is defined as an anion, for example, a halide (eg chloride, bromide, iodide), an anion 

of a suiphonic acid (eg trifluorcmethanesulfonic acid, methanesulphonie acid, 4-

Soiuenesulphonic acid), an anion of an aikylsulfate (eg methylsuifate), a 

tetrahalometala-e, for example, a tetrachlorometaiate (eg tetrachloromanganate, 

tetraehloroaluroinate), hexafiuorophosphate, hexafluoroantlmonaie, tetrafluoroborate, 

perchlorate, alkoxlde, for example, R80' where R8 is defined as before (eg tert-

fcutoxlde, 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 aicchclaie of the formula M-OR6 is added, optionally in a 

solvent for example an inert solvent such as tetrahydrofuran, methyitetrahydrofuran, 

toluene, alkanes (such as heptane, hexane), or mixtures thereof, to a compound 

according to formula (18), optionally in an inert solvent. M-QR8 is typically used In the 

range 0.5 to 1.5 equivalents, more preferably in the range 0.8 to 1.2 equivalents. 

a x 
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Typically She mixture is stirred, typicaiiy at 0 °C to reflux, preferably 0 to 120 °C, snore 

preferably 20 to 80 "C. 

The mixture is reacted with a compound according to formula (8), or a sait 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. Typicaiiy, the equivalents used are reiative to the compound according to 

formula (18). Typicaiiy, 'he reaction can be conducted at 0 °C to reflux, preferably 0 to 

120 °C, more preferably 20 to 80 QC. 

In one embodiment, the mixture of an alcohoiate of the formula M-OR8 arsd a 
compound according to the formuia (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 alcohoiate M ORS and a compound according to the formula (18) are not 
equi'Tiolar amounts, the equivalents of the mixture used in relation to (8) are relative to 
the amount of (18). Typicaiiy, the reaction involving the mixture of alcohoiate of the 
formula MORS 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 So 120 CC, 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 soiid is present after fosxnation 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 alcohoiate of formula R80-M, may be treated with a salt of formula 
M1X', which partially or fully exchanges the anionic counterfoil (X) of compounds 
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according to formula (18) by an anionic counterion (X'), wherein X' is defined as 
described above for X and Ml is an alkali metal (eg lithium, sodium or potassium), an 
alkaline earth metal (eg magnesium or calcium) or ammonium, in order !o give 

compounds of the formula {18'). 

R6 ^,R7 
"\N 

RS 
N I 
R7 

Suitable reagents for this exchange include alkali meta! salts (such as lithium, sodium or 
potassium ietrafiuoroborate or hexafluorophosphate, sodium rnethvlsulfate, sodium 
perchiorate), alkaline earth metal salts (such as magnesium or calcium perchiorate), 
ammonium salts (such as ammonium tetrafluoroborate or hexafSuorophosphate). 
Preferably hexafluorophosphate salts or Ietrafiuoroborate salts are used, more 
preferably ammonium hexafluorophosphate or ammonium tetrafluoroborate or sodium 
tetrafluoroborate is used. Most preferably hexafluorophosphate salts are used, 
preferably ammonium hexafluorophosphate. Relative to the anionic counterion (X), the 

anionic counterion (X') of suitable reagents may be used in catalytic or stoichiometric 
quantities. 

The mixture obtained after such an exchange may be used as-is, such that the mixture 
contains both (18) and (18'), and optionally R80-M. Alternatively, the anion of formula 

(X) may be removed from the mixture, for example by filtration, such that the mixture 
subsequently contains (18'), and optionally R80-M. 

Furthermore, compounds of formuia (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 formuia (8) is converted into a compound 
according to formula (7) by reaction with a compound of formuia (18) and an alcohoiate 
of formula R80-M, optionally in the presence of a compound of formula (18'). 

X' 
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Furthermore, in a preferred case, a compound of formuia (8) is converted into a 
compound according to formula (7) by reaction with a compound of formula (18) and an 
alcohoiate 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 alcohoiate of formu!aR80-
•M optionally in the presence of a compound of formula (18") and an amine o? formula (13), 
(14) or (15), or mixtures thereof, In the presence of an amine, typicaiiy of the formuia 
HMR6R7, where R6 and R7 are Independeniiy as defined above, in particular, the amine 
is diphenylamine, diisopropyiamine, dimethylamlne 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 aikali 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 formuia (18) or (18') can be purchased from suppliers such as 
Aldrich and Fluka, or can be obtained according to methods known In the art, for 

example, as described in J. Chem. Soc., Perkin Trans. 1, 2001, 1586; J. Chem. Soc., 
Perkin Trans. 1,1987, 845; Synthesis, 1977,273; Science of Synthesis, 2005, 22, 221; 
Synthesis Communications. 1983, 785; Recueii des travaux chlmlques 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 formiila R80-M can be purchased from suppliers such as Aidrich, 
BASF, Chemetall GmbH, or can be obtained according to methods known to persons 
skilled in the art. 

The following preferences apply: 
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For compounds of formuia (18) or (18'), R6 and R7 are, Independently, an alkyl group, 
an aryl group, an arylaiky! group, a cycloalkyl group or together R6 and R7 form a cycle, 
together with the nitrogen tc which they are attached, which cycle may be saturated cr 

unsaturated and may optionally contain one or more heteroatcms, such a nitrogen, 
oxygen or sulphur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atoms. Mas! 
preferably, R6 is alkyl Still more preferably R6 is methyl or ethyl and R7 is methyl or 
ethyl- X is preferably chloride, methyisuftate. tetrafluoroborate or hexafluorophosphate. 

Most preferably, X is chloride or hexafluorophosphate. Sn a preferred case, compounds 
of formula (18) or (18 ) are preferably N.N.iV.AMeiramethylformamidinium or N,N,N,N-
tetraethyiformamidinium chloride, /v'.W.W.jV-tetramethylformamidinlum or N,N,N,N-
tetraethyiformarriidlnium hexafluorophosphate 

For compounds of the formula R80-M, R8 is preferably aikyl, 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 (NaQCMei) or potassium tert-
butcxide (KOCMe3) or sodium amylate (NaOCMe2E?) or potassium amylate 
(KOCMe2Et). Most preferred is when R80-M is potassium tert-buSoxide or sodium 
amylate. 

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

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

Scheme 2. 
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Scheme 2 

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

method 1 comprises 
a) any one of methods in Section B. 1 to convert (7) Into (6), and 
b) any one of methods in Section B.2.1 to convert (6) into (4); 

method 2 comprises 
a) any one of methods In Section B.1 to convert (7) into (6), 
b) any one of methods in Section 6.2,2 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); 
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method 4 comprises 
a; any one of methods in Section 8.3.2 to convert (7) Into (6), and 
b) any one of methods in Section B.2.1 to convert (6) into (4); 

method 5 comprises 
a) any one of methods in Section B.3.2 to convert (7) Into (6), 

fa) any one of methods in Sections B.2.2 to convert (6) into (5), and 
c) any one of methods in Section B.2.3 to convert (5) Into (4); 

method 6 comprises 
a) any one of methods in Section B.3 3 to convert (7) into (9), 

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

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

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

a) anyone of methods in Section B.5.1 to convert (7) Into (16), 
b) any one of methods in Section 3.5.2 to convert (16) Into (6), 
c) any one of methods in Section 3.2.2 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 8.5.2 to convert (16) Into (8), and 
c) any one of methods in Section B.2.1 to convert (6) into (4); 

preferabiy the conversion of a compound of formula (7), as described herein, into a 

compound of formuia (4), as described herein, is according to methods 1, 4 or 8; in 

particular methods 1 or 4. 

As discussed below, Sections R 1, B.2.1, B.2.2, B.2.3, B.3.1, B.3.2, B.3.3, B.3.4, B.4, 

B.5.1 and B.5.2 as such are also preferred embodiments of the present Invention. 

SECTION 8.1; 

In another aspect, the present invention relates to a process for preparing a compound 
of formula (6) or a tauiomer thereof. 
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or salt thereof, 
wherein R1 is hydrogen or a nitrogen protecting group, 
comprising treating a compound of formula (7), or sail thereof. 

wherein R1 is hydrogen or a nitrogen protecting group and R6 and R7 are, 
independently, an alkyl group, an aryi group, an arylalkyi 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 formisia (8~a). In a preferred embodiment, the starting compound of 
formula (7), or salt thereof, is according to formula (7-a), or salt thereof, 



WO 2009/090251 PCT/EP20O9/O5051O 

17 

wherein R1 Is hydrogen or a nitrogen protecting group and R6 and R7 are, 
independently, an alkyl group, an aryl group, an arylalkyi group, a cycloalkyl group or 
together R6 and R7 form a cycle, together with the niirogen tc 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 cyde contains 3 to 8, 
such as 4 to 7 ring atoms, more preferably the starting compound of formula (7), is 
according to formulae (7b) or (7c), or salts thereof, most preferably according to formula 
(7-b), or salt thereof, 

I 
R1 

(7-C), 

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

independently, an alkyi group, an aryl group, an arylalkyi group, a cycloalkyl group or 
together R6 and R7 form a cycle, together with the nitrogen tc which thoy are attached, 
which cycle may be saturated or unsaturated and may optionally contain one or more 
heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, 
such as 4 to 7 ring atoms. 

The compound of formula (6), or salt thereof, preferably of formula (6-a), or a tautomer 

thereof, which is obtained according to the above process can be isolated or used as a 
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formula (4), or sait thereof, as defined herein. 

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

compound of formuia (6-a), or a tautomer thereof 

OH 

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 aryiaikyi 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 suiphur, whereby the cycle contains 3 to 8, 

such as 4 to 7 ring atoms, with an acid to obtain ihe compound of formula (6-a). In a 

preferred embodiment, the starting compound of formula (7-a). or salt thereof, is 

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

Preferred examples of acid are aqueous mineral acids, such as hydrochloric acid,. 

hydrobrGmic acid, sulphuric acid and phosphoric acid. Most preferred is aqueous 
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sui?uric acid. Preferably, the amount of acid employed is such that the pH of ths 
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 mlscible in 

water, for example acetonitriie. Optionally, a phase transfer catalyst, such as Setra-n-
butylammonium halide, for example ietra-n-butylammonium bromide, can be added. 

Typically the reaction can be conducted at -20 to 30 4C, preferably -20 to 20 °C. more 

preferably -10 to 10 "C, most preferably 0 to 10 °C. 

Section B.2: 

Section B. 2.1: 

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

>4 

(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, 
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with a reducing agent, preferabiy in the form of an aldehyde, to obtain the compound of 
formula (4). In a preferred embodiment, the starting compound of formuia (6), or salt 

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

(6-a), 
or sait thereof, wherein R1 is hydrogen or a nitrogen protecting group. 

a preferred embodinent, a compound of formula (6-a), or salt, or a tautomer thereof, 

OH 

R1 (6-a) 
wherein R1 is hydrogen or a nitrogen protecting group, 

is treated with a reducing agent, preferabiy in the form of an aldehyde, to obtain a 
compound of formula (4-a), or sal? thereof, 

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

The reducing agent is typically an aidehyde, more preferabiy a non-enoiisable 
aldehyde, eyen more preferabiy an arylaldehyde, such as benzaidehyde, or a 
trihaioacetaldehyde, such 3S chloral, yet more preferably formaldehyde, such as 
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morsomerlc formaldehyde (obtained by, e.g. 'cracking' paraformaldehyde), 1,3,5-
trioxane, paraformaldehyde or an aqueous solution of formaldehyde (for example 37 % 
in water). 

Preferably, the reduction of the compound of formula (6), or sait 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 oi 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. 
Preferabiy, the base is an alkali metal carbonate, such as potassium carbonate, or as 
metal alkali hydroxide, S'jch as sodium hydroxide. Most preferabiy the base is 
potassium carbonate. In a preferred embodiment, the reduction is performed as a 
biphasic mixture of water arsd an organic solvent, preferably in the presence of a phase 
transfer catalyst such as teirabutylarnrnoniurrs 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 formuia (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, preferabiy with hydrogen and a 
transition metal catalyst (eg a palladium catalyst) for example as described in Section 

B.3. 3, leads to a compound of formula (5-a), or salt thereof. 
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OH 
( 

0= 
N 

R1 

wherein R1 is hydrogen or a nitrogen protecting group, preferably of formuia (5-b), 

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

Section B. 2. 3: 

Section B. 2. 3. 1: 

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

R1 (5-b), 

(4) 

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

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

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

activating group; and 

b) reacting the compound of forrrsLiia (11), or sal! 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 reiates to a process for preparing a 
compound of formula (4-a) 

or sait thereof, 

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

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

wherein R1 Is hydrogen or a nitrogen protecting group, 

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

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

activating group; and 

b) reacting the compound of formuia (11 -a), or salt thereof, with a base to obtain ihe 

compound of formuia (4-a). 

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

Section B. 2. 3. 2: 

In a preferred embodiment, the conversion of the OH-group of the compound of formuia 

(5), or sait thereof, preferabiy of formuia (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, preferabiy of formula (5~a); i.e. without 

isolation cf she OH-actlvated compound of the formula (11), or salt thereof, preferably of 

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

preparing a compound of formula (4-a) 

or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, 

comprising treating a compound of formula (5-a), or sal; thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, 

with an OH-actlva'ing agent in the presence of a base io obtain the compound of 

formula (4-a). 

Sn the above described methods (Sections 3.2.3.1 and B.2.3.2), an OH-activating agent 

is any reagent which can convert a hydroxy! group into a leaving group. Examples of 

suitable OH-activating agents are sulphonating agents, such as rnethanesuifonyi- or 

toiiienesuifcny! haiides, for example methanesulfonylchloride or tofuenesuifonylchioride. 

Preferred base is, for example, an amine, such as 1,8-dlazaS!cycio[5.4.Qjundec-7-er!e 

(DBU), 2,6-lutidine, diisopropyiethyiamine, a metal hydride, such as sodium cr 

potassium hydride, or bases such as lithium, sodium or potassium 

bis(trimethylsi!yl)amide and butyllithium. 
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The conversion of the compound of the formula (5), preferably of She formula (5-a), or 
sails thereof, into the compound of formula (4), preferabiy of the formula (4-a), or salts 

thereof, can aiso 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 
•hereof, as shown in Scheme 3. 

Scheme 3 

Section S, 2, 3, 3: 

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

I 1 
R1 (4) R, (5) R1 (4) 

mixture 

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, 



WO 201)9/090253 PCT/EP2009/0505J0 

OH 

( 

/^Vvv/' 

5^ 

N 

R1 (5) 

wherein R1 is hydrogen or a nitrogen protecting group, 

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

O—R4 

or sait 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 sait thereof, into a compound of formula 

'•VA 

(12) 

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

ieaving group; and 

c) reacting the compound of formula (12), or salt thereof, with a base to obtain the 

compound of formuia (4) 

in o preferred embodiment, ihe present invention relates to a process for prepanng a 

compound of formula (4-a) 
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K' (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), cr 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) 

o—R4 

/ 
X 

/~—1 

R1 11-a) 

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

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

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

ieaving group; and 

c) reacting the compound of formula (12-a), or sait thereof, with a base to obtain the 

compound of formula (4-a). 

The conversion of the -OR4 group of the compound of formulae (11) or (11-a) into a 

leaving group is a well -known reaction to the person skilled in the art, for example as 

described in Richard C. Larock, "Comprehensive Organic Transformations: A Guide to 

Functional Group Preparations", Second Edition, Wiley-VCH Verlag GmbH, 200Q, 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 haltie or an alkaline earth metal 

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

Preferred leaving groups are halo, such as brcrno or iodo. 

Preferred examples of a base in step c) are amine bases, for example, triethylarnine. 

In one embodiment, the conversion of a compound according to formula (12), 

preferably of formula (12-a), into a compound according to formula (4), preferabiy 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 = l is treated with a base (eg triethylarnine) and the reagent di-tert-bufyl 

dicarbonate to give a compound according to the formula (4-a) wherein R1 = Boc. 

Section B, 2, 3, 4; 
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In a further aspect, the present invention relates to a process for preparing a compound 

of formula (4) 

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, 

wherein R1 is hydrogen cr a nitrogen protecting group 

into a compound of formula (12) 

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

leaving group; and 

b) reacting the compound of formula (12), or salt thereof, with a base to obtain the 

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

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

compound of formula (4-a) 

K' (4-3) 

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

said process comprising 
a} converting a compound of formula (5-a), or sait thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, 

into a compound of formula (12-a) 

K! (12-a) 
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R5 is a 
leaving group; and 
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b) reacting the compound of formula (12-a), or sait thereof, with a base So obtain the 
compound of formula (4-a). 

The conversion of the hydroxyl group Gf the compound of formulae (5) or (5-a) into a 
leaving group Is a well-known reaction to the person skilled In the art, for example as 

described in Richard C. Larock, "Comprehensive Organic Transformations: A Guide to 
Functional Group Preparations", Second Edition, Wiley-VCH Verlag GmbH, 2000, in 

particular as described in the relevant chapters thereof; for example it may be effected 
by the use of PPh^and l2. 

Section B.3: 

Section B. 3.1: 

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

R1 (4) 

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

R.6 

R1 
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or salt thereof, wherein R1 Is hydrogen or a nitrogen protecting group and, R.6 and R7 

are, independently, an alkyl group, an aryl group, an arylaikyl group, a cycloalkyl group 

or together R6 and R7 form a cycle, together with the nitrogen to which they are 

attached, which cyde may be saturated or unsaturated and may optionally contain one 

or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cyde contains 3 

to 8, such as 4 to 7 ring atoms, 

with a reducing agent to obtain the compound of formuia (4), preferabiy of the formula 

(4-a). In a preferred embodiment, the starting compound of formula (7), or salt thereof, 

is according to formula (7-a), cr salt thereof, as defined above; more preferabiy the 

starting compound is according to formulae (7-b) or (7-c), or salts therecsf, as defined 

above, most preferably the starting compound is according to formula (7-b), or salts 

(hereof, as defined above. 

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

compound of formula (4-a) 

or sait thereof. 

wherein R1 is hydrogen or a nitrogen protecting group, 

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

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

are, independently, an alkyl group, an aryl group, an arylalkyi group, a cycloalkyl group 
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or together R8 and R7 form a cycle, together with !he nitrogen to which ihey 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 aioms, 
with a reducing agent to obtain the compound of formula (4-a). In a preferred 

embodiment, the starting compound of formula (7), or salt thereof, is according to 
formulae (7-b) or (7-c), or salts thereof, as defined above, preferabiy of formuia (7-b). 

Preferred reducing agents are hydrides, such as metal alkali borohydrides, for example 
sodium borohydride, lithium borohydride, potassium borohydride, calcium borohydride, 
sodium triacetoxyborohydride, teiramethylammoniurn borohydride or 
triacetoxyborohydride, and alkali metal hydrides, for example, lithium aluminium 

hydride, L-Selectride®, K-Selectride®, N-Selectride® or diisobutylalurninium hydride. 

Preferred reducing agents are sodium triacetoxyborohydride and dilsobutyialurninlurn 
hydride; more preferably diisobutylalurninium hydride; most preferably 

diisobutylalurninium hydride in THF. Preferably, the reaction takes place in an ethereal 

solvent, such as THF, dlmethoxyethane, or dioxane; preferably the solvent is THF. 

Typically the reaction can be conducted at -78 to 30 °C, preferably -20 to 25 °C, more 
preferably 15 to 25 "G, 

Section B, 3,2; 

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

In still another embodiment, treatment of the compound cf 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) arid 
(6-a). 

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

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

wherein R1 is hydrogen or a nitrogen protecting group and. R6 and R7 are, 
independently, an alkyl group, an aryl group, an arylalkyi group, a cycloalkyl group or 

together R8 and R7 form a cycle, together with the nitrogen to which they are attached, 
which cycle may be saturated or unsaturated and rnay 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 formuia (7-a), or salt 
thereof, ss denned above, with a reducing agent, preferably with hydrogen and a 
transition metal catalyst, leads to a compound of formula (9-a), or sait thereof, 

R6 

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are, 
independently, an alkyl group, an aryl group, an arylalkyi group, a cycloalkyl group or 
together R6 arid R7 form a cycle, together with the nitrogen to which they are attached, 
which cycle may be saturated or unsaturated and may optionally contain one or more 
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heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycie 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 alkyi group, an aryl group, an arylalkyi group, a cycloaikyl group or 

together R6 and R7 form a cycle, together with the nitrogen to which they are attached, 
which cycle may be saturated cr 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 
sail thereof, is according to formula (9-c), 

R6 

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are, 
independently, an alkyi group, an aryl group, an atylaikyl group, a cycloalkyl group or 

together R6 and R7 form a cycle, together with the nitrogen to which they are attached, 
which cycle may be saturated or unsaturated and may optionally contain one or more 

heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, 
such as 4 to 7 ring atoms. 

In one embodiment, the reduction of the compound of formula (7), or salt thereof, 
preferably of formula (7-a), takes place with hydrogen In the presence of a transition 
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metal catalyst, wherein the transition metal Is selected front 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 Pt, Pd, or Ir; wherein the transition metal may optionally be 

poisoned by, for example, sulfur or lead. Examples of poisoned transition metals are 

Pd(S), Pd(Pb) or Pi(S). In particular, the transition metal catalyst comprises a transition 

metal on a solid support. The loading of the transition metal on the solid support is, for 

example, of from 1% to 10% w/w. Solid supports are, for example, carbon, metal oxides 

(e.g. aluminium oxide, zirconium oxide, titanium oxide or silicon dioxide/aluminium 

oxide), sulfates (e.g. barium sulfate) or carbonates (e.g. calcium carbonate and barium 

carbonate). In one embodiment, the transition metal catalyst may contain water, for 

example, of from 0 mass% to 81 mass% content G( water. 

In one embodiment, the hydrogenation takes place in the presence of a base, such as 

amine bases (e.g. triethylarnine) 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) cr 

sulfates (e.g. barium sulfate). 

In one embodiment, the transition metal catalyst Is a Pd catalyst selected from the 

group consisting of palladium on carbon, such as 1% Pd/C (e.g. 1% Pd/C type 39), 3% 

Pd/C (e.g. 3% Pd/C type 39), 5% Pd/C {e.g. 5% Pd/C A401102-5. 5% Pd/C A401102, 

5% Pd/C A109047, 5% Pd/C A405028, 5% Pd/C A405032, 5% Pd/C A405038, 5% 

Pd/C A503023, 5% Pd/C A503032, 5% Pd/C A503038, 5% Pd/C A102023, 5% Pd/C 

A102038, 5% Pd/C type 374, 5% Pd/C type 398, 5% Pd/C type 37, 5% Pd/C type 87L, 

5% Pd/C type 487, 5% Pd/C type 39, 5% Pd/C type 394, 5% Pd/C type 487 (powder), 

5% Pd/C type 472 (powder), 5% Pd/C type 87L (powder), 5% Pd/C Type 5R394, 5% 

Pd/C Type 5R338 or 5% Pd(S)/C: [e.g. 5% Pd(S)/C A103038]), or 10% Pd/C (e.g. 10% 

Pd/C type 374, 10% Pd/C type 394, 10% Pd/C type 87L or 10% Pd/C type 37); of 
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palladium on aluminium oxide, such as 5% Pd/Al203 (e.g. 5% Pd/AijO.-i A3Q2084-5 or 

5% Pd/AijOn A302011); of palladium on calcium carbonate, such as 5% Pd/CaC03 (e.g. 

5% Pd/CaCOj A303060 or 5% Pd/CaCO:, type 405) or 5% Pd(Pb)/CaC03 (e.g. 5% 

Pl|P'o)/CaC03 A 305060); of palladium on titanium oxide, such as 5% Pd/TiO^ (e.g. 5% 
Pd/TiO? C6944); of palladium on barium sulfate, such as 5% Pd/3r:S04 (e.g. 5% 

Pd/BaS04 A 308053); of palladium on zirconium oxide, such as 5% Pd/ZrOj (e.g 5% 
Pd/ZrOz C7140); and of palladium on silicon dioxide/aluminium oxide, such as 5% 

Pd/SiOj/AloCb (e.g. 5% Pd/Si02/AI203 C7078 or 5% Pd/StOa/AljQj C7079); which are 
commercially available, for example from Johnson Matthey. 

!n another embodiment, the transition metal cataiyst is a Pi catalyst such as platinum on 

carbon, for example 5% Pt/C (e.g. 5% Pt/C 8103032, 5% Pt/C B103018, 5% Pt/C 
B103014, 5% Pt/C B104032, 5% Pt/C B 501032, 5% Pt/C 8109032 or 5% Pt/C 
B501018) or 5% Pt(S)/C (e.g 5% Pt(S)/C B106032); which are commercially available, 
for example from Johnson Matthey. 

In another embodiment, the transition metal cataiyst is an Ir catalyst such as iridium on 
carbon, for example 5% ir/C (e.g. 5% Ir-'C G-7750) or on calcium carbonate, for 
example 5% lr/CaC03 (e.g. 5% lr/CaC03 type 30); which are commercially available, for 
example from Johnson Matthey. 

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

Solvents generally known in the art can be used. Preferred solvents are, for example, 

alcohol solvents (e.g. methanol, etbsno! or isopropanol), ether solvents (e.g. 
tetrahydrofuran, methvltetrahydrofuran 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 
such as 0.05 M, in particular of from 0.1 to 0.5 M or of from 0.1 to 0.3 M. 
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The hydrogenation usually is carried out at a temperature of from 20 °C to 100 °C, In 

particular of from 25 °C to 75 "C, such as; of from 30 °C to 75 °C, of from 45 °C to 

75 °C, of from 25 °C to 65 °C or of from 25 °C to 55 °C. The applied hydrogen pressure 

usually ranges of from 1 bar to 40 bar, such as of from 3 bar to 30 bar, in particular; of 

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

In the above hydrogeriation reaction the stereochemistry might be of importance. Thus, 

it is a further object to provide 3 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)r 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 car. be 

achieved by using a transition metal catalyst such as a Pd or Pt cataiyst; 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 A1030381, 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/BaSOfl (e.g. 5% Pd/BaSO« 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/CaC03 (e.g 5% Pd/CaC0.3 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% Pt/C B103032, 5% Pt/C B103G18, 5% Pi/C B103014, 5% 

Pt/C B104032, 5% PVC B 501032, 5% Pt/C B109032 or 5% Pt/C 8501018) or 5% 

P1(S)/C (e.g 5% Pt(S)/C B106032); 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 cari be achieved by using a transition metal catalyst such as a 

Pd or Ft catalyst; for example: palladium on carbon, such as 5% Pd/C (e.g. 5% Pd/C 
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A401102-5, 5% Pd/C A4011G2, 5% Pd/C A109047, 5% Pd/C A405C28, 5% Pd/C 
A405032, 5% Pd/C A405038, 5% Pd/C A503023, 5% Pd/C A503032, 5% Pd/C 
A102023, 5% Pd/C A102033, 5% Pd/C type 374, 5% Pd/C type 398, 5% Pd/C type 871 
or 5% Pd/C type 487), 10% Pd/C (e.g. 10% Pd/C type 87L) or 5% Pd(S}/C [e.g. 5% 
Pd(S)/C A103038]; palladium on aluminium oxide, such as 5% Psi/Ab&t (e.g, 5% 
Pd/Al203 A302084-5 or 5% Pd/Al203 A302011); palladium on caicium carbonate, such 
as 5% Pd/CaC03 (e.g 5% Pd/CaC03 type 405) or 5% Pd(Pb)/CaC03 (e.g. 5% 

Pd(Pb)/CaC03 A 305060); palladium on titanium oxide, such as 5% Pd/Ti02 (e.g. 5% 
Pd/TiO? C6944); palladium on silicon dioxide/aiuminium oxide, such as 5% 
Pd/SiCVAbOn (e.g. 5% Pd/3i0z/A!203 C7078 or 5% Pd/SiGj/AljO-* C7079): cr platinum 
on carbon, for example 5% Pt/C (e.g. 5% Pt/C B501Q18); 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. Chen. Soc., Perkin Trans 

5,1996, (11), 1131, can lead to a compound of formuia (5), or sail thereof, 

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

in another embodiment, treatment of the compound of formuia (7-a), cr sait 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 So a 
mixture of the compounds of formulae (4-a) and (5-a), preferably a mixture of the 
compounds of formulae (4-a) and (5-b). 
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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 6,3.1 to 

B.3.4, can lead to a mixture or compounds of formulae (5) and (6), or sal's 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 sails thereof; wherein each mixture may further comprise the compound of 

formula (4), or sait thereof, as defined above. In a preferred embodiment, the treatment 

of the compound of formuia (7-a), or sait Ihereof, 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-a) and (S-a), or salts ihereof, 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, 

wherein R1 is hydrogen or a nitrogen protecting group, 

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

N' 

R1 

wherein R1 Is hydrogen or a nitrogen protecting group and, R8 and R7 are, 
independently, ari alkyi group, an aryl group, an arylalkyi group, a cycloaikyi 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 io 8, 
such as 4 to 7 ring atoms, 
with a quatemisation agent and a base to obtain She compound of formula (4), 

in a preferred embodiment, the present invention relates to a process for preparing a 
compound of formuia (4-a), or salt thereof, 

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

R1 (4-a) 

R6 

R1 (9-a) 
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wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are, 

Independently, an alkyl group, an aryl group, an arylalkyi group, a cycloaikyi group or 

together R6 csnd R7 forrn a cycle, together with the nitrogen So which they are attached, 

which cycle may be saturated or unsaturated and may optionally contain one or more 

heisroatoms, 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 formuia (4), or sail thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, 

said process comprising 

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

R8 

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

independently, an alkyi group, an aryl group, an arylalkyi group, a cycloalkyl group or 

together R6 and R7 forrn a cycle, together with the nitrogen to which they are attached, 

which cycle may be saturated or unsaturated and may optionally contain one or more 

heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, 

such as 4 to 7 ring atoms, 
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with a quatemisation agent to obtain a compound of formula ('0), or sait thereof. 

wherein R1 is hydrogen or a nitrogen protecting group, R6 and R7 are, independently, 

an alkyi group, an aryi group, an aryiaiKy! group, a cycioaikyl 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 aikyi sulphate (eg methyl 

sulphate) or a sulfony! ester (eg inflate) and R10 is hydrogen, alkyi or aryi; and 

b) reacting the compound of formula (10), or sait 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 sait thereof, 

R1 (10) 

R1 

wherein R1 is hydrogen or a nitrogen protecting group, 

said process comprising 

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

R1 ;9-a) 

wherein R1 Is hydrogen or a nitrogen protecting group and, R6 and R7 are, 

independently, an alky! group, an aryl group, an arylalkyi group, a cycloalkyl group cr 

together R6 and R7 form a cycle, together with the niirogen Jo 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 qustemisation agent to obtain a compound of formuia (10-a), or salt thereof, 

wherein R1 Is hydrogen or a nitrogen protecting group, R6 and R7 are, independently, 

an alkyl group, an aryl group, an arylalkyi group, a cycloalkyl group or together R6 and 

R7 form a cycle, together with the nitrogen to which ihey 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 RIO is hydrogen, alkyl or aryl; and 

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

compound of formula (4-a). 

R6 R10 

R1 (10-a) 

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

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

methy! bromide, methyl chloride, ethyl chloride, ethyl bromide or ethyl Iodide), a 

dialkylsulfate (such as dimethyisuifate), a sulfonate (such as 4-methylsulfonyltoluene 

and methyl trifiate) or a compound of the formula (R1Q)30*Z" wherein RIG is alkyl (such 

as methyl or ethyl), and Z is tetrafluoroborate or hexafluorophosphate. More preferably, 

the alkylating reagent is methyl Iodide or dimethyisuifate. 

Preferred bases in step b) are, for example, amines such as triethylarnine, pyridine. 1,8-

diazabicycio[5.4.Q]undec-7-ene (DBLi). Also preferred is an ionic, base, such a'meial 

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 NarlCOa). More preferably the base is NaHCOj. 

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

preferably 'step-wise' in the sense that (9) is quaternlsed and then treated with a base. 

Section B, 5: 

Section B,5 1 

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

of formula (16) 

R9 
\ 

R1 

(16) 

or salt thereof, 
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wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each R9, is, 

independently, alkyi, aryi, aryialkyi (eg benzyl) or acetyl or both R9 form together a 4 to 

7, preferably a 5 to 6 membered aceta! ring, 

comprising treating a compound of formula (7), 

R6 

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 aryialkyi group, a cycloaikyi group 

or together R6 and R7 form a cycle, together with the nitrogen to which they are 

attached, which cyde may be saturated or unsaturated and may optionally contain one 

or more heteroi3toms, 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), 

R9 

i 
R1 

(16-a) 

cr salt ihereof, wherein R1 Is hydrogen or a nitrogen protecting group, Y is oxygen snd 

each R9, is, independently, alkyl, aryl. aryialkyi (eg benzyl) or acetyl or both R9 form 

together a 4 to 7, preferabiy a 5 to 6 membered acetal ring, 

said process comprising treating a compound of formula (7-a), 
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or saii thereof, wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 

are, independently, an alkyi group, an aryl group, an aryialkyi 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, sucn a nitrogen, oxygen or sulphur, whereby the cycle contains 3 

to 3, such as 4 to 7 ring atoms, 

with an acetai forming agent to obtain the compound of formuia (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 (eg ethylene glycol 1.,3-propanedioi) or a trialkyi orthoformate {eg dimethyi 

crtnofonmate). Usually the reaction is performed in {he presence of an acid, for 

example a Bronsted acid (such as hydrochloric acid, sulphuric acid) or a sulfonic acid 

(such as 4-toluenesulfonic acid). Resin-bound acids such as Amberlyst-15® are also 

suitable acids. Conditions whereby an acid Is generated in situ (eg acetyl chloride) are 

also appropriate. Preferabiy, 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 ethanoi are used. Further examples of preferred "acetal 

forming" reagents are described, e.g. in relevant chapters of standard reference works 

such as P. G. M. Wuts and T. W. Greene, "Greene's Protective Groups in Organic 

Synthesis', Fourth Edition, Wiley, New Jersey, 2007, 

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

of formuia (16) 
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R9 
\ 

(16) 

or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur and each R9, is, 

Independently, alkyl, aryl, arylalkyi (eg benzyl) or acetyl or both RS form together a 4 to 

7, preferabiy a 5 to 6 membered thioacetal ring, 

comprising treating a compound of formula (7), 

or salt thereof, wherein R1 is hydrogen or 3 nitrogen protecting group and, R6 and R7 

are, independently, an alkyl group, an aryl group, an aryialkyi 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). 

Rf 

R1 (?) 

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

compound of formuia (16-a), 
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RS 
\ 

V 

(16-a) 

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

each R9, is, independently, alkyl, aryi, aryialkyi (eg benzyl) or acetyl or both R*l form 

together a 4 to 7, preferably a 5 So 6 membered thioacetal ring, 

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

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

are, independently, an alkyl group, an aryi group, an arylalkyi 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 thioacetai forming agent to obtain the compound of formula (16-a). In a preferred 

embodiment, the starting compound of formula (7-a), or salt ihereof, 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 methanethiol, etnanethiol, 

thiophenol) or a dithiol (eg 1,2-ethanedithiol, 1,3-propanedithicl). Usually the reaction is 

performed in the presence of an 3cid, for example, a Bronsted acid (such as 

hydrochloric acid), a Lewis acid (such as bcrontrifiuoride or titanium tetrachloride) or a 

R6 

R1 (7-a) 
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solid-supported acid (such as Amberlyst-15®). Conditions whereby the acid is 

generated ir, situ (eg dimeihylsulfide-bromine compiex) 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. VVuts and T. W. Greene, "Greene's Protective Groups in Organic Synthesis', 

Fourth Edition, Wiley, New Jersey, 2007. 

Secllon B.5.2: 

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

of formula (6), or a tautomer thereof, 

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

said process comprising removal of the acetal functionality in a compound of formula 

(16), or sail thereof, 

(16) 
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wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each R9, is, 

independently, alkyl, aryl, aryialkyi (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 compcund 

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

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

said process comprising removal of the acetai functionality In a compound of formula 

(18-a), or sait thereof, 

(16-a) 

wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each R9, is, 

independently, alkyi, aryi, arylaikyl (eg benzyl) or acetyl or both R9 form together a 4 to 

7, preferably a 5 to 6 membered acetal ring, 

to obtain the compound of formula (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 Breiristed acids (such as 

hydrochloric acid, acetic acid, trlfluoroaceteic acid. ox3lic acid), Lewis acids (such as 
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iron trichloride), sulphoriic acids (such as 4-tolu8nesu!phonic acici) or conditions that 
generate an add in situ (eg iodine), as defined above. Other conditions include 
hydrcgen.aticn (eg Pd/C) [for e.g. arylalkyi, such as when R9 is arylakyl] or a base (such 

as sodium hydroxide or potassium carbonate [for e.g, diacetyfacetals, such as when R9 
is an acetyl group, for example an alkylacetyl group [R9 = -C(=0)alkylj such as 
meihylacetyi [R9 = -C(=Q)CH3j. Further examples of preferred agents for 'he removal 

of acetal functionaiities 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 relales to a process for preparing a compound 
of formula (6), or a tautomer thereof, 

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

said process comprising removal of the thioacetal functionality in a compound cf 
formula (16), or salt thereof, 
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wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur and each R9, is, 

independently, alkyi, aryl, aryialkyi (eg benzyl) or acetyl or both R9 form together a 4 to 

7, preferabiy a 5 tc 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, 

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

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

formula (16-a), or salt thereof, 

(16-a) 

wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur and each R9, is, 

independently, aikyi, aryl, aryialkyi (eg benzyl) or acetyl or both R9 form together a 4 tc 

7, preferabiy a 5 to 6 membered acetal ring, 

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

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

Lewis acid or by oxidation, Lewis acids (such as silver perchiorate, iron trichloride) or 
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oxidising agents (such as iodine, 2,3-dlchloro-5,6~dicyana-p-benzQqu!none (DDQ), 

peroxides. [bls{tifiuoroaceioxy)iodo]benzene or alkylating agents {such as methyl iodide 

in the presence of water) or mercury(ll} salts (such as mercury dichioride, mercury 

perchiorate, 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 formuia (7) Into a compound of 

formula (1) via a compound of formuia (2) 

The processes,, according to the present invention, to convert of a compound of formula 

(7), as defied herein, into a compound of formula (1), as defined herein, are outlined in 

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 (?) into (4), 

Scheme 4 
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b) any one of methods in Section C.1 So convert (4) Into (2), and 

c) any one of methods in Section C.2 to convert (2) Into (1). 

As discussed beiow, Sections C.1 and C.2 as such are also preferred embodiments of 

the present invention. 

SECTION C.1: Ris'jg opening of a compound of formula (4) 

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

according So formula (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 lactam ring opening agent 

to obtain the compound of formula (2). 
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in a preferred embodiment, a compound of formula (4-a) 

R1 (4-a) 

or sait thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, is treated with s lactam ring 

opening agent to obtain a compound according to formula (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 iactam ring opening agents are; nucleophiiic bases such as alkaii 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 acids, mineral acids such as sulphuric, perchloric and 

hydrochloric acid, sulphonic acids such as para-toluenesulphonic acid or polymer-

bound acids such as Amberlyst®. Preferably, hydrochloric acid is used as a lactam ring 

opening agent. Preferably acids are used in the presence of water or an alcohol (such 

as methanol or eihanol). The lac-tarn ring opening agent can be used cataiyticaily or 

stolchiometricaliy- Preferabiy. the lactam ring opening agent is used in an amount from 

1 to 10 equivalents. 

/ R1 (2-a) 
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SECTION C.2: Reduction of a compound of formuia (2) 

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

compound according tc formuia (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 tc formula (2), 

/ 

or salt thereof. 

wherein R1 arid R2 are, independently of each ether, 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, 
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wherein R1, R2 and R2 are defined as above, is used as starting compound. If the 

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

formula (1-a) 

and formula (1-b), 

i 
R1 

R3 

(1-b) 

or salts thereof, wherein R1, R2 and R3 are defined as above, can be obtained, in a 

preferred embodiment R1 ss Boc and/or R2 = H. In another preferred embodiment, R3 

= CCr , or C02Et, or CCV (carboxyiate). Most preferably R3 = C02H. 
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In particular, the group R3 of the compounds of formula (1) or (2), preferabiy of formula 

(1-a) or (2-a), is COzH, C02ct or C02Me. 

In one embodiment, the salts of the compounds according to formula (1-a) or (1-b) are 

generated {e.g. R3 - C02') under the conditions employed in accordance with the 

present invention. The salts can then be optionally hydroHysed to give the free acid. 

Preferred salts are those of alkali metals (Li, Na, K) or amines (eg 

diisopropyiethyiamine, triethylarnine). 

In a preferred embodiment, the reduction of the compound o? formula (2), or salt 

thereof, preferably of formula (2-a), takes place with hydrogen in the presence of a 

transition metal catalyst, preferabiy in the presence of a transition metal catalyst 

comprising an organometallic complex and a chiral llgand. The 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. triethylarnine, IPfeEtN or 1,4-diazabicycio[2.2.2]octane) or alkali metal bases 

(e.g. LiOH, NaOH or KOH). In one embodiment, the hetereogeneous hydrogenation 

takes place in the presence of an alkali metal, in particular In an alcohol solvent (e.g. 

iPrOH, EtOi-i, MeOHJ; 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 telrafiuoroboric acid 

Generally, the hetereogeneous hydrogenation is carried out in the presence of a transition 

rnetal catalyst, wherein the transition rnetai is selected from group 9 or 10 of the periodic 

table. Therefore, the transition metal cataiyst comprises, for example, Cobalt (Co), 

Rhodium (Rh), Iridium (Ir), Nickel (Ni), Palladium (Pd) and/or Platinum (Pt). In particular, 

the transition metal cataiyst 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 soivent, such as ether 

solvents (eg THF), ester solvents (eg isopropyi acetate) or alchohol solvents (eg 

isopropanol, ethanol or methanol); in particular isopropyi acetate and ethanol. 
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Generally, the homogeneous hydrogenation is carried out in the presence of a transition 

metal catalyst, wherein the transition metal is selected from group 7, 8 or 9 of the 

periodic table, Therefore, the transition metai 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 cataiyst comprises an organometallic 

complex and a chira! iigand. 

The organometallic complex comprises a transition mete! 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 car, comprise two cr 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 achirai ligands. 

Suitable achirai ligands for the organometallic complex generally are a-dorsor ligands, 

o-donor/TT-acceptor ligands cr O,TI -donor/tt-acceptor ligands. Examples for suitable 

achirai ligands are among others carbon monoxide, halides (e.g. CI. i or Br), 

phosphlnes e.g. tricydohexylphosphine (PCy3}j, alkenyls (e.g. cod, nbd, 2-metallyl), 

aikynyls, aryls (e.g. pyridine, benzene, p-cymene), carbonyls (e.g. acac, irinuoroacetate 

or dimethylformamirie) and mixtures thereof. 

Examples of preferred achirai ligands for the organometallic complex are 

norbornadiene (nbd), cyclooctadsene (cod), pyridine (pyr), cymene. In particular p-

cyrnene, and iodide. 

Examples for organometallic complexes are: a ruthenium organometallic complex, such 

as [Rijl2(p-cymene)]2, [Ru(cod){2-metal!yl)2] or [Ru(codXOOCCF3)2j; a rhodium 
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organornetaliic complex, such as [RhfnbdfeBFd or [Rh(cod)2jBF«i; or an iridium 

organometallic complex such as i(Cy3P)lr(pyr)]CI, [lr(cod)23BArFor }Er(cod)-C!]2; in 

particular [Ru(cod)(2-metaliylk1. [Ru(cod)(OOCCF3)2] or [Rui2(p-cymene)]2; in particular 

[Rh(NBD)j]8Fa. [Ru(COD)(OOCCF3)d or [RuCI2(p-cymene)2j. 

in one embodiment the organometaiiic complex is [Rh(nbd)2jBF,i {= 

Eis(norborr:adlene)rhodium(l) tetrafiuoroboraie}. 

In another embodiment, the organomelallic complex is [Rubfp-cymene)]; (= Diiodotp-

cymene)njthenium(li) 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 

cataiyst comprises an organometaiiic complex and a chiral ligand. The chiral llgand 

comprises, for example, a c.hiral phosphine and/or a chiral ferrocene. In particular, the 

chiral ferrocene comprises a Cp (cyclopentadienyl) moiety wh-.ch 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 sait thereof, 

provides a composition comprising the compounds according to formulae (1-a) and (1-

b), or salts thereof, wherein the molar ratio of compounds according to formula (1-a), or 

salts thereof, to compounds according to formula (1-b), cr salts ihereof, is ai leas! 

55 to 45, preferably at least 80 to 20, more preferably at least 96 to 4, most preferably 

a! least 99 tc 1. 
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In one embodiment, the transition metai catalyst comprises an organometallic complex 

and a chiral ligand such as a Fenphos ligand, a -.Josiphos ligand, a Mandyphos iigand, a 

Walphos ligand, a Taniaphos ligand, a Phospholane iigand, an Atropisomer ligand, a 

BoPhcz iigand, 3 QUINAPHOS ligand or mixtures thereof; in particular the chiral iigand 

is selected from the group consisting of Fenphos ligand, Josiphos ligand, Mandyphos 

ligand, Walphos iigand, Taniaphos iigand, Phospholane ligand, Airopisorner ligand or 

mixtures thereof. 

Josiphos ligands, Walphos ligands, Taniaphos ligands, Mandyphos ligands, Fenphos 

liganas, Phospholane ligands, Atropisomer ligands and BcPhoz ligands are of the 

formulae: 

Josiphos: 

Walphos: 
PR, 

Taniaphos: 

Mandyphos. 
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Fenphos: 

<CCJ? 1 -*•••••• ^ ^ 
© "R,: 

or 

5> 
H 

AJropisomer: 

MeO 

MeO 

NM«j 

Me 

PR2 

PR2 

Phospholane 

R"v R" 

R 

P" 
I 

R' 

,NIY!e2 

R/ A 
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wherein R, R' and R" are, for example, as described In W02006/003196, EP-B1-

612758, W02006/017045 , WG2006/117369, WO2007/116081, W02006/075166, 

W02008/10T868, W02006/117369, W02004/099226, EP0967015, W02004099226, 

EP0967015, Chem. Eur. J., 2002, 8, 843, W02G05/108409, W02005/056568, 

EP15S2527, US5171892, J. Am. Chem. Sqc„ 1991, 113, 8518, W09315091. 

EP398132, EP64QS90, W09521151, EP612758, EP5S44Q6, W02002/002578, Chem. 

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

examples herein. 

wherein R8 and R9 are, for example, as described in: Boaz, M. 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, C.-H.; Chan, A. S. C. Tetrahedron: Asymmetry 

2G04, 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, S, 472; Chem. Rev,, 2003, 103 (8), 

3029, in particular R8 and R9 are; 

R8 -- Me, R9 - Ph (= MeBoPhoz); 

R" = Me, R" - p-f!uorophenyi ( • p-fluorophenyi-MeBcPhoz); 

R8 ~ Me, R9 = 3,5-difis.ioropheryl {= 3,5-F2C6H3-MeBoPhoz): 

R8 = Bn, R® = 3,5-difluoropheny! {= 3,5-F2C6H3-BnBoPhoz;: 

R8 = Me, R9 = (Rj-bino! {= (R)-BINOL-MeBoPhoz}; 

R8 = Me, R9 = {SJ-bino! (= (S)-BINOL-MeBoPhoz}; 

BoPboz: 

R-8oPhoz S-BoPhoz 
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Rs = Me, R8 = p-CF3phenyl (= p-CF^phenykMeBoPhoz); 

R8 = Bn, R9 a Ph (= Bn-BoPhoz}: 

R8 Me, R5 = cyclohexyl (-Cy-MeBoPhoz); 

RH = Me , R9 = p-fluorophenyl p-F-MeBoPhoz); 

R° := fSJ-phene?hyi, R9« Ph {fSJ -phenethyi-BoPhoz}; 

R8 = (WJ-phsnethyl, R9 = Ph {fSJ-phenethyl-BoPhoz}; 

Re = ('Sj-phenethyl, R3 = Me {|^S;-phene?hyl-MeBoPhoz}; and 

Re(Pj-pheriethyl, R9 ~ Me {('RJ-phenethyl-MeBoPboz}; 

wherein BINOL means 2,2'-dlhydroxy-1,1'~dinaphlhyi. 

(R)-Af-N'1ethyl-iV-diphenylphosphino-1-[(.S)-2-diphenylphosphirso)ferrocenyl]ethyiamine (=' 

(R)MeBoPhoz) 

(S)-N-Me!hyl-W-dipher:y!ph0sphir!0~1-[{R)-2-(dipher!ylph0sphirsG}fefTQcenyi]ethylasnine (= 

(S)MeBoPhoz) 

1-(R)-W-Di(3,5-diJ)uoropheriyi}phosphine-iV-benzyl-1-[(S>-

diphenyiphosphlnojferrocenyljethylamine = (R)-3,5-r2C6H3-BnBoPhoz 

1-(R)-W-DicyciGh«;xylphosphine-W-methyl-1-i{S)-ciipt!etiyiphosphlno3ferro;;enyl]8!hyUi!nine 

= (R)-Cy-MeBoPhoz 

1-{R)-;V-Diphenyiphosphino-)V-[(R}-1-phenylethyl]-1-[lS)-2-

dlphenyiphosphlnolferrocenyiethyiamine ~ (R}-PhenethyKR)-BoPhoz 

1-(R)-A/-Dipheny!phosphino-W-[(R)-1-phenylethyl]-1-[(R)-2-

diphenylph05phino]ferrocenylelhy!amine = (R)-Phenethyi-(S)-BoPhoz 

1-(R)-W-Dt(4-flLioropheRy!}phosphlne-A/-meihyi-1-[(S)-

diphenylphosphinolferrocenylleShylamine = (R)-4-F-C6H4-MeBoPhoz 



WO 2009/090255 PCT/EP2009/050510 

67 

1-(R}~W--Di[(R)-1~phenylethyi]-W-!Ti8thyi-1-[(S>diphGRy!phQsphir!o]ferroGeriyneihyiarnine = 

(R)-Phenethyl-(R)-MeBaPhoz 

1-(R)-W-f(R)-2,2'-Dihydroxy-1.1'-ciinaphthyi]-W-.tiethyl-1-((S)-

dipheny!phosphino]ferrocenyi]eShy!amine = (R}-BiNOL-(R}-MeBoPhoz 

l-(R)-W-[(S)-2,2'-Dlhydroxy-1,r-clinaphthyl]-/\(-methyl-1-[(S)-

diphenylphQsphincJferrocenyljethyiarriine - (S)-BINOL-(R)-MeBoPhoz 

1-(R)-W-D!{4-fluorophenyl)phosphine-W-methyl--1--[(3}-

diphenylphosphincJferroceriyljeShylaniine - (R)-p-F-MeBoPhoz 

QuinaPhos ligands are of 'he formula: 

wherein R and R' are, for example, as described In G. Francid, F, Faraone, W. Leltner, 

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, (R3,§£)-1Np QUtNAPKOS or (S^Rj INp-QUINAPHQS. 

Examples of suitable chiral ligands are: 

Examples of Mandyphos ligands: 
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{aR.aR)-2,2'-Bls{a-N,f\i-dimethylaroinophenylmethyl)-(S,S)-i, 1 

bis(diphenylphosph!r;o)ferrocene Mandyphos SL-M001-1) 

(aW,af?)-2,2'-bis(a-A/,/,i/-dlr!ie!hy!atninophe!iylrne'hyl)-(S,S)-1,1'-

bis(dicyc!ohexylphosphino)ferrocene {= Mandyphos SL-M002-1) 

(aR,aR)-2,2'-Bis(a.-N,N-dimethylarn!nophenylmethyl)-(SlS)-1,1'-bj3-

[di{b!S-(3,5-tritluoromethyl)phenyl)"phosphino]ferrccene (= Mandyphos SL-M003-1) 

(aR,aR)-2,2'-Bis{a-N,NJ-dimethyiaminopher!yimethyi)-{S,S)-1,1'-bis[di(3,5-dime(hyi-4-

methoxyphenyljp^osphinojferrocene (- Mandyphos SL-MGG4-1) 

(aS,aS}-2,2'-Bis(a-N,i\i-dliTiethy!a?riinophenyimethy!)-(R,R}-1,1 '-his[d!(3,5-dime(hy!-4-

m8thoxyphenyl)phosphino]ferrocene (= Mandyphos SL-M004-2) 

(aR,aR)-2,2'-Bis(a.-!M,N-dimethylamir:ophenylmethyl)-(S,S}-1,1'-bis[di(3,5-

dirns'.hyiphenylJphosDhinoJferrocene (= Mandyphos SL-M009-1) 

(1R,1'R)-1,1 -Bis[bis(3,5-teri-butyl-4-methoxyphenyl)phosphinoj-2,2'-bis[(R)-

(riimethylamino}phenyirnethyi]ferrccene Mandyphos SL.-M010-1) 
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(aR,aR)-2>2'-Bis(G-N,N-dimethy!amincphenylmethyl)-{S,S)-1l1'-bis[di-(2-

methylphenyi)phosphino]-ferrocene {= Mandyphos SL-M012-1) 

Examples of Josiphos ligands: 

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

"XT' 

Fe,! H 

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

F,CW ^ H 

Cf, 

SL-J009-1: 

£ 
«-e r" /r\ 

v/ 
a>, 

SL-J011-1: 

SL-J013-1: 

"Vjc p-^\ 

^Fe) 

© TCH-

SL-J3Q2-1: 

r? sU 
Fej H 

SL-J501-1: SL-J505-1: 
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SL-J013-1: SL-J301-1: 
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SL-J505-2: SL-J431-1: 
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(R)-1-[(S)-2-Diphenylphosphlno)ferroceny!]e{hyldi-tert.-buty!phosphine {= Josiphos SL-

J002-1) 

(R)-1-[(S)-2-Dicyciohexy!phosphinQ)ferroc:ersy'j]ethylc!!cyclobexyipho3phirie (= Josiphos 

SL-J'3 0,3-1) 

{R)-1-[(S)-2-{Diphenylphosphino)ferrocenyijeShyldi(3,5-xyiyl)phosph!rie (= Josiphos SL-

J005-1) 

(S)-1-[{R)-2-{Dipheriylphospiiino)ferrocenyl]e!hylcii(3,5-xy!yl)phosphlne (- Josiphos SL-

J005-2) 

(R)-1-[(S}-2-Di-(3,5-bis(triflijorarr!e{hy!)phenyl)-

phosphino)ferrocenyl]ethy!ciicyclohexyiphosphine (= Josiphos SL-J006-1) 



WO 2009/090251 PCT/EP2009/0505H! 

74 

(S)-1-[(S)-2~Di-(3,5-bis(trifluoromethy!)pheny!)-

phosphino)ferrocenyi]ethyidicyc!ohexy!phosphine (- Josiphos SL-J006-2) 

(R)-14(S)-2-Di-(3,5-bis(trifluoromeShyl)phenyl)-phosphino)-ferracsnyl]ethyldi(3,5-

dimethylphenyOphospbine (s Josiphos SL-J008-1) 

(R)-1-[(S)-2-Dicyc!ohexylphosphino)ferrocenyj]ethyidi-ferf-butylphosphine (= Josiphos SL-

JQ09-1) 

(R)-1-[(S)-2-Di(4-Srifi,jorofneihylphenyl)phosphino)ferroceny!]eShyidi-tert,-buSy!phosphlrie 

(= Josiphos SL-J011-1) 

(R)-1-[{Sp)-2-[Bis{4-rrietho>cy-3!5-dirnethy!phenyi)phosph!no]ferroceny!}ethyld!-f8rt-

butyiphosphine (~ Josiphos SL-J013-1) 

(R)-1-[(S)-2-bls(2-meihylphenyl)phosphino)fsrroceny!]e{hyl di(tert-butyl)-phosphine (= 

Josiphos SL-J211-1) 

(R)-l-[(S)-2-die}hylphosphino)ferrocenyljeihyl di(tert-butyl)-phosphine (- Josiphos SL-

J301-1) 

(R)-1-[{S)-2-Di-elhy!phosphinoSferToceriyi]ethy!di-(2-rnethylpheriy;)phosphine (= 

Josiphos SL-J3C2-1) 

(R}-1-[(S)-2-bis(4- trifluoromethylphenyl)phosphino)ferrocenyl]ethyl bis(4-trifluoromeihy!)-

phosphine (:- Josiphos SL-J403-1) 

(R)-1-[(S)-2-&is(3,5-dlmethylphenyl)phcisphino)ferrocenyl]ethyl bis(3,5-dimeihyiphenyi)-

phosphine {= Josiphos SL-J408-1) 

(R)-1-i(S)-2-bls(3,5-dimethyiphenyl)phosphino)ferroceriy!]ethy! bis[bis-(3,5-irif;uoro-

methyl)phenyl]-phosphins (= Josiphos SL-J412-1) 
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(R)-1-[(S)-2-bis{2-meihoxyphenyl)phosphino)ferroceny!jethyl bis(2-methoxyphenyl)" 

phosphine {•- Josiphos SL-J430-1) 

(R)-1-[(S)-2-bis(2-isopropoxyphenyi)phosphino)ferroceny!]&thyi bis(3,5-dimethylphenyl)-

phosphine {= Josiphos SL-J431-1) 

(R)-1-[(S)-2-di(tert-buty!)phosphin.o)ferrocenyi]ethy! bis(3,5-dimethy!phenyl)-phosphir!e (-

Josiphos SL-J5Q1-1) 

(R)-1-[(S)-2-diethylphosphir!o)ferTocenyl]ethyi bis(2-meihy!ph9rsyl}-phosphiRe (- Josiphos 

SL-J503-1) 

(R)-1-[(S)-2-cyclohexylphosphino)ferrocenyi]ethyl bis(2-methylphenyl)-phosphine p 

Josiphos SL-J5G4-1) 

(S)-i-[{R)-2-cyciohexylphosphino}ferroceny1]9thyi bis(2-methylphenyl)-phosphine (= 

Josiphos SL-J504-2) 

{R)-1-[(S)-2-DI-tert.-butylphosphino)feiToceny!]e!hyldicyc!ohexy!phosphine (- Josiphos 

SL-J505-1) 

(S)-1-[(R)-2-di{tert-butyl)phosphino)ferroce,ny!]ethyi bis(2-methylphenyl)-phosphine {= 

Josiphos SL-J5Q5-2) 

(R)-1-[(S)-2-di{terE-buty!)phosphino)ferrocer!yi]e!hyi bis(4-trifluorome'hyi)-phosphine (~ 

Josiphos SL-J506-1) 

Examples of Walphos ligands: 
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SL-W008-1: SL-W001-1: 

SL-W003-1; SL-W0G1-2: 

S L-W0G6-1: 

SL-W012-1: 
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(R)-1-[{R)-2~(2.-Dipheny!phosphlnophenyi}ferro(:eny!]ethyldi(biS"3,5-
trifluoromethy!phenyi)phosphlne (= Walphos SL-W001-1) 

(S)-1-[(S)-2-(2.-Diphenyiphosphinophenyi)ferrccenyl]ethyldi(bis-3,5-
lrif!uorornethyipheny:)phosphlne (~ Walphos SL-W001-2) 

(R)-1-[(R)-2-(2'-Dlphenylphcsphinophenyl)ferrocenyl]ethyidicyclohexylphosphlne 
(= Walphos SL-W0G3-1) 

(R}-1-[(R)-2-{2'-Di(3,5-dime!hyl-4-mefhoxy phenyl )-phosphinophenyl}?erf orenyl]ethyldi(bjs-' 
3,5-trifiuoromethyiphenyl)phosphine (= Walphos SL-WC05-1) 

(R)-1-[{R)-2-(2,-Diphenylphosphinophenyl)ferrocenyljethyldK3,5-xylyl)phosphirie (= 
Walphos SL-W006-1) 

(R)-1-[{R)-2-{2'-Dicyclohexy!phosphinophenyi}ferrocenyi:ethy!dl(bis-(3,5-tnflijorome!hy!)-
phenyl)-phosphine Walphos SL-W008-1) 

(Sy-1-[(S)~2-(2'-Oioyc.lohexylphcsph!nophenyl}ferrocenyl]e{hyidl{bis-(3,5-trifiucrome!hy1)-
phenyl)-phosphine {= Waiphos SL-W008-2) 
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(R)-1-[(R)-2-(2.-Di-{3,5-xyiyl) phosphinopheny!)-ferrocenyi]elhyidi(3,5-xy!yl)phosphine 
Waiphos SL-W009-1) 

(R)-1-[(R)-2-{2'-(Dlphenylphosphinophenyi)ferrQcenyj]e?hyl di(tert-butyl)-phosphine {= 
Walphos SL-W012-1) 

(R)-1-((R)-2-[4', 5'-climethoxy-2'-(Dip[ienyiphosphino)pheny!jTerroceriy!}eShy! cli(bls-(3,5-
trifluororne'ihyl)pheny!>-phosphirie {= Walphos SL-W021-1) 

(R)-1-{(R)-2-[2i-bis(2-methoxyphenyl)phosphiriopheny!]ferrocenyl}ethyl d!(bis-(3,5-trifluoro~ 
rrv8thyl}phenyl}-ph03phine (= 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: 
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SL-F355-1: SL-F365-1: 
CF. 

c 

SL-F055-1; 

. JL 
«sp- (W) "p>P 

<55X>V 
SL-F061-1: 

^ Q-e) *N 
<2S2> 

ja 

h. r 
© 

p.— 

SL-F056-1: 

od . S~\ P-

SL-F062-1: 

5 

J, 

cy/ ,0 p 

CF, 

(R)-(S)-1-(Dimethy!amino-e4h-1-yl)-2-difurylphosphino-3-diphenylphosphino- ferrocene {= 
Fenphos SL-FG55-1) 

(R)-(S)-1-(Dime?hyismino-e'<h-1-yi)-2-dietiiylphosphino-3-bis(2-'Methoxypheny!)-
phosphino-ferrocene {= Fenphos SL-F056-1) 

(R)-(S)-1~(C)imeihy;aniino-eSh"1-y!)-2-bis{3,5-diniethyl-4-methoxyphenyl}phosphino-3-

dicyclobexylphosphino-'errocene (= Fenphos SL-FQ61-1) 

(R)-(S)-1-(Dimethylamino-eth-1-yl)-2-bis(4-trif!uoromethylphenyl)phosphir!o-3-
dlcyclohexylphosphino-ferrocene (= Fenphos SL-F062-1) 

(Rc5-(SpKSe)-1,1'-Bis[2-(1-l\J,N-Dimethylarninoethyi}-1-ferrocenyljphenylphosphino 
ferrocene (- Fenphos SL-F 131-1) 
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{Rc)-(SpHSehH[2-(1"N,N-Dir!'!ethy!3minoethyi)-1-ferrocenyl]phenYiphosphino}-2-{[2-(1-
N,N-Dimethy!arriinoethyl)-1-ferroceriyl]isopropy!phosphino}ferrocene (= Fenphos SL-
F132-1) 

(Rc)-(Sp)-(Se)-1-{[2-(1-N,N-Dlmethylaminoethyi)-1-ferrocenyl]pheiiyl phosphlno}-2-[[2-{1-
N,N-Dirnethy!amir!oethy!}-1-ferrocenyl]cyoiohexyiphosphir:o}ferroc8ne (= Fenphos SL-
F133-1) 

{Rc)-(Sp)-(Se)-1,1'-Bis[2-(1 -N,N-Difr.ethyiaminoethyi)-1-ferro:;enyijcyc!ohexy: phosphino 
ferrocene (= Fenphos SL-F 134-1) 

{Rc)-(Sp)-(Se}-1,1'-Bls[2-(1-N,N-Dirnethy!aminoeihyl)-1-ferrocenyl]isopropyi phosphino 
ferrocene {= Fenphos SL-F 135-1) 

{RcHSpHSe)-H[2-(1-N,N-Dimethylaminoeihyi)-1-f6rrocenyl]pheriylph.osphino)-1'{ci[bis-
(3,5-trif!uorome!hy!)pheny!]-phcsphino} ferrocene (= Fenphos SL-F355-1) 

(Rc)-(Sp)-(Se)-H[2-{1-N,N-Dimethylaminoethy[)-1-ferrcoenyl]phenylphosphino}-1'-
{dicyclohexylphosphino) ferrocene {= Fenphos SL-F356-1) 

{RcHSpHSe)-H[2-{1-N,NDinieihyiarr:irioeihyi)-1-ferroceriy!]cyclohexylphosphlnQVr-
{dicyclohexylphosphino) ferrocene (m Fenphos SL-F385-1) 

Examples of Airopisorrser ligands: 

SL-A116-2: SL-A101-1: 

2 
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SL-A1QS-2: SL-A118-1: 

2 

(R)-(+)-{6,6l-Diirethoxybiphenyl-2,2'-Giyl)-bls{diphenylphosphlne) {= Atropisomer SL-
A101-1) 

(S)-{6,6'-Dimethoxybiphenyi-2,2'-diyl)-bis[bis(3,5-di-iert-butyl-4-
rriethoxyphenyl)phosphine) {= Atropisomer SL-A109-2) 

(S)-(6,6'-Dimethoxybipheny!-2,2'-dlyi)bis(diisopropy!phosphine) (= Atropisomer SL-A116-
2) 

(R)-(6,6'--Dijrte?hox-ybiphenyl-2,2'-diyl)bis(dicycyiobutylphosphine) (= Atropisomer SL-
A118-1) 

Examples of Taniaphos ligands: 

SL-TQ01-1: SL-T021-2: 



WO 2009/090257 P'€T/EP2009/0$S§p 

SL-T0Q3-1: SL-T001-2: 

T 

(1S)-Diphenylphosphino-2-;(R)-a-{N,N-dimethylamino}-o-dipheiiy!phosphinophersyl)-

meShy!]ferrocene (= Taniaphos SL-T001 -1) 

(1R)-Dipheny!phosphino-2-[(S)-a-(N,N-ciirnethylarnino)-o-diphenylphosphinopheny))-

methyljferrocene (= Taniaphos SL-T0Q1-2) 

(R)-1-b:s(4-methoxy-3,5-dlmethylpheriyl)phosphino-2-{(R)-(dimethylarr!ino}-t2-(bis(4-
methoxy-3,5-dimethylphenyl)phosphino)phenyi]methy}ferrocene (= Taniaphos SL-TQ03-1) 

{S)-1-dipheny!phosph!no-2-[(S)-hydroxy-[2-(dipheoyiphosphino)phenyljmeShyl]ferrocene (= 
Taniaphos SL-T021-2) 

Examples of phospholane ligands; 

SL-P051-1: SL-P005-1: 
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SL-P102-1: SL-P104-2: 

/ 

2-[(2'R.5'R)-2',5~-dinRe4hylphospho!ano]-1-[( R)-diphenylphosphino]ferrocene (= 

Phospholane SL-P05M) 

"S,2-3is[(2S,5S)-2,5-dimethyiphospholano]ethane {= Phosphoten.e SL-P104-2) 

i,2-3is[{2R,5R)-2,5-diethylphospholano]benzene {- Phospholane SL-P1Q2-1) 

(R!R,R,R)-2,3-Bis(2,5-dimethyl-phosphoiany!)benzo[b]thioph0ne (= Phospholane SL-

P005-1) 

Examples for further suitable chiral ligands are: 

(S)-C4-7unaPhos: SL-A001-1: 

{R)-(+)-B!NAF SL-M038-2: 



WO 2009/090251 PCT/EP2009/G50510 

84 

(S)-(6,6'-Dimethylbipheny!-2,2'-diy!)bis(dicyclohexy!phosph!ne) Atropisomer SL-A132-

2). 

A further suitable iigand is a BDPR ligand as define herein below, In particular (S,S)-

BDPP, 

The preparation of ligand (S)-C4-7iinaPhos is described in J. Org. Chem., 2000, 65, 

6223 (Example 4). Ligand (Rj-(+)-BiNAP can be purchased from commercial sources 

such as Aldrich. SoPhoz and QiJSNAPHOS ligands are commercially available from 

Johnson Matthey pic (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-M0G2-1, SL-M003-1, SL-M009-1, SL-MG010-1, SL-M012-1. 

SL-J005-1, SL J5Q5-1, SL-J005-2. SL-J008-1. SL-JQ09--1, SL-J013-1, SL-J211-1. SL-

J3U1-1, SL-J403-1, SL-J408-1, SL-J412-1, SL-J430-1, SL-J431-1, SL-J501-1, SL-J503-
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1, SL-J504-1, SL-J505-2, SL-J506-1, SL-F131 -1, SL-F132-1, SL-F133-1, SL-F134-1, 

SL-F135-1, SL-F355-1, SL-F356-1, SL-F365-1, SL-T001-1, SL-T001-2, SL-T003-1, SL-

T021-2, £S,S>BDPP, (R)-MeBoPhoz, (S)-MeBoPhoz, {R5-3,5-F2C6H3-BnBoPhoz, (R)-

Cy-MeBoPhoz, (R)-Phenethyl-(R)-BoPhoz, (R)-Phenethyl-<S)-BoPhoz, SL-W001-1, SL-

W605-1, SL-W0C9-1, SL-W012-1, SL-W024-1, SL-W0G8-1, 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-P1C4-2, 

(Ra,Sc)1Np-QUINAPHOS) anci/or (S4,Rt)1Np-QUlNAPHOS}, 

Particularly suitable chiral iigands are, for example: 

(RVCy-MeBoPhoz; (R)-PhenethyHS)-BoPhaz: SL-A101-1; SL-A109-2; SL-A116-2; SL-

A118-1; SL-A 132-2; 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-J00S-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; 3L-M004-1; SL-M0G9-1; SL-M010-tj SL-P051-1; SL-

T001-1; SL-TQ01-2; SL-T003-1; SL-T021-2; (S.SV-BDPP; SL-W001-1, SL-W005-1: SL-

W008-1; SL-W008-2; S1.-W009-1; SL-W012-1; SL-W021-1; and/or SL-W024-1. 

Further particularly suitable ligands are, for example: 

SL-A101-1; SL-F 131*1; SL-F132-1; SL-F356-1; SL-J505-1; SL-J008-1; SUJ504-2; SL-

J5G5-2; SL-M010-1; SL-P051-1; (S,S}-BDPP; SL-W001-1; SL-VV005-1; BL-WG08-1; SL-

W009-1; SL-W012-1; SL-W021- : 

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

rhodium organometallic complex and a Fenphos, Walphos, Josiphos or a 

Phospholane ligand, In particular [Rh(nbd)2]BF4 and a Fenphos, Walphos, 

Josiphos or a PhanePhos ligand; such as Rh(nbd)2]8F4 and SL-W0Q5-1, 

SL-W008-1, SL-F35G-1, SL-J008-1, SL-P051-1, SL-W009-1, SL-W001-1, 

SL-W912-1, SL-W021-1, SL-J5G5-2 or SL-J504-2; in particular, 

Rh(nbd)j]BF4 and SL-W008-1, SL-J00S-1, SL-PG51-1, SL-J505-2 or SL-

J504-2, 

ruthenium organometallic complex and an Atropisomer, Mandyphos or a 

Fenphos llgand; in particular [Rul2(p-cymene)}2, [Ru(cod)(2-metallyl)2] or 

JRu(cod)(OOCCF3)2] and an Atropisomer, Mandyphos, BDPP, Josiphos or 
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a Fenphos ligand; such as [Rul^p-cymeneJJj, (Ru(codJ$E-meta!lyi)?] or 

[Ru(cod)(OOCCF3)2j and SL-A101-1, SL-M010-1. (S,S)-BDPP, SL-J505-1, 

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

iridium organometallic complex and a Fenphos, Waiphos or Josiphos 

iigand; in particular Nr(cod)Cn2 and a Fenphos, Walphos or Josiphos 

ligand: such as [lr(ood)CI]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 sait 

thereof, provides a composition comprising the compounds according to formulae (1-a) 

and (1-b), or salts thereof, wherein the molar ratio of compounds according to 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 tc 20, more preferably at least 96 tc 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 formuia 

(1-b), or salts thereof, to compounds according to formula (1-a), or saits thereof, is at 

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

In one embodiment, the Iransition metal cataiyst comprises an organometallic 

compiexand a chiral ligand such as a Fenphos ligand, a Josiphos ligand, a Mandyphos 

iigand, a Walphos ligand, a Taniaphos ligand, a Phospholane, an Atropisomer iigand, a 

BoPhoz ligand, a QUiNAPHOS ligand or mixtures the*eof; in particular the chiral ligand 

is selected from the group consisting of Josiphos iigand, Mandyphos iigand, Waiphos 

iigand, Taniaphos ligand, Atropisomer ligand, QUINAPHOS ligand or mixtures thereof. 

Suitable chiral ligands are, for example: 

SL-A132-2, SL-W008-2, SL-A109-2, SL-A 109-2, SL-T021-2, SL-TOO 3-1, SL-MQ03-1, SL-

A101-1, SL-J002-1, SL-J504-1, SL-TQ01-1, SL-J501-1, SL-W008-1, SL-J301-1, SL-F356-

1, SL-MQ04-2, SL-MC12-1, SL-J013-1, SL-J211-1, SL-W009-1, SL-J412-1, SL-W012-1, 

SL-J009-1, SL-J503-1, SL-J508-1, SL-J431-1. SL-J430-1 or (Ra,Ss)1Np-QUINAPHOS; in 

particular SL-W008-2, SL-J504-1, SL-W0G9-1, SL-J412-1, SL-J503-1 

Combinations of organometallic complex and chiral iigand are for example: 
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rhodium organometallic complex and an Atropisomer, Walphos, Taniaphos, 
Josiphos, Mandyphos or Quinaphos ligand; such as [Rh(nbd)23BFi or 
[Rh(cod)2]BF4 and an Atropisomer, Walphos, Taniaphos, Josiphos, 
Mandyphos cr a Quinaphos ligand; in particular [Rh(nbd)2]BF4 and SL-

W0G8-2, SL-J504-1, SL-WQ09-1, SL-J41201 or SL-J503-1; 
- ruthenium organometallic complex and an Atropisomer, Taniaphos, 

Mandyphos, Walphos, Josiphos or Fenphos ligand; such as [Rui2(p-

cymene)]2, [Ru(cod)(2-meta!;yi)2j, [Rul2(p-cymene)]2 or 

[Ru(cod)(OOCCF3)2] and an Atropisomer, Taniaphos, Mandyphos, 
Walphos, Josiphos or Fenphos ligand. Even more preferably, [Rui2(p-
cyrnene)]2, [Ru(ccd){2-rneta!!yi}2j, [Rul2(p-cymer>e)]2 or 
[Ru(cod)(OOCCF3)2] and SL-A1G9-2, SL-T021-2, SL-M003-1, SL-W008-1, 
SL-J301-1, SL-F356-1, SL-M004-2, SL-MG12-1, SL-J002-1, SL-J013-1, SL-
J211 orSL-J603-1; or 
iridium organometallic complex and a Waiphos or Josiphos ligand; in 
particular [lr{ccd)Ci]2 arid a Walphos or Josiphos ligand; such as 
[lr(cod)CI]2 and SL-W0G9-1, SL-W012-1 or SL-J009-1. 

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

thereof, provides a composition comprising the compounds according to formulas (1-a) 

and O-b), or salts thereof, wherein 'he molar ratio of compounds according to formula (1-
ta), or sal's thereof, to compounds according to formula (1-a), or sal's 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 (1-

b), or salts thereof, wherein the molar ratio of compounds according to formula (1-a), or 
salts thereof, to compounds according to formuia (1-b), or salts thereof, is at least 
55 to 45, preferably at least 80 to 20, more preferably at least 97 to 3, most preferabiy 
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 llgand, BINOL ligand. a 
Phospholane ligand. Phan&Ph.os ligand, P-Phcs llgand, QuinaPhos iigand, ProPhos 
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iigand, 8DPP ligand, D!OP ligand, D1PAMP ligand, DuanPhos iigand, NorPhos ligand, 

BINAIVI ligand, CatAsium ligand, SimpiePHGX ligand, PHOX ligand, ChiraPhos ligand, 

Fsrrotane iigand, BPE ligand, TangPhos iigand, JafaPhos iigand, DuPhos liganc, 

Binaphane ligand and mixtures thereof. 

BoPhoz ligands are of the formula described above, in particular {R)~4-F-CGH/.-MeBoPhoz, 

{R)-BINQL-{R)-MeBoPhoz, (R)-MeBoPtioz, (R)-p-F-MeBoPhoz, (R)-Phenethyl-(R)-

MeBoPhoz, (S)-B!NOL-(R)-MeBoPhoz or (S)-MeBoPhoz. 

QUINAPHOS ligands are of the formuia described above, in particular (Ra,Sc)-1Np-

QUINAPHOS or (S0,Rc)-1Np-QUiNAPHOS. 

{S)-2-(1-Naphthyl)-8~diphenylphosphino-1-(/?)-3,5-dioxa-4-phosphacyc!ohep{a[ 

2,1-a;3,4-a']dinaphth3len-4-yl}-1,2-dihydroq!i!noiine «(Ra,Sc)-1Np-QUINAPHOS 

(R}-2-(1-Naphthy!)-8-dipheny!phosphino-1-(S)-3,5-dioxa-4-phosphacyc!ohepta[ 

2,1-a;3,4-a']dinaphthaieri-4-y!)-1,2-dihydroquinoline = (Sa,Rc)-1 Mp-QUINAPHOS 

BINAP ligands are of the formula: 

oqa, 
OCT 

(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 phenyi (= B!NAP}or toiyl (= Tol-BINAP). In particular, suitable 

BINAP ligands are (R)-BINAP, (R)-Tol-BINAP, (S)-BINAP or (S)-To!-B!NAP, 

(R)-2,2!-3is(di-p-!olyiphosphino)-1,T-binaptbaiene = (R)-Tol-BiNAP 

{S)-2,2'-Bis{di-p-tolylphosphlno)-1,1'-blnapthalene = (S)-Toi-BINAP 

(R)-2,2'-Bis(diphenylphosph!no)-1,1'-binapth3lene = (R)-BINAP 

{S)-2,2'-Bis(d;phenyiphospiiino)-1,1 '-binapthalene - (S>-B!NAP 
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BiNOL ligands are of the formula: 

(R)-BiNOL (S)-BINOL 

wherein R is, for example, as described in Noyori, R,; Tornino, I.; Tanimoto, Y.; Nishizawa, 

M. J. Arn. Chem. Soc, 106, 8709 (1984); Noyori, R.; Tominc, 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)-3INOL of (SVBINGL. 

PhanePhos ligands are of the formuia: 

wherein Ar is, for exampie, as described in K. Rossen, P. J. Pye, R. A. Reamer, N. N. 

Tsou, R. P. Voiante, P. J, Relder J. Am, Chem, Soc. 119, 6207 (1997), for example Ar 

is Ph (- PhanePhos), 4-Me-CKH„ (^Toi-PhanePhos), 4-MeO-C6H, (An-PnanePhos), 

3,5-MerCeHj (= Xyi-Phanephos) or 3,5-Me2-4-MeO-CeH2 (= MeO-Xyl-Phanephos). In 

particular, suitable PhanePlios ligands are, for example, (R)-PhanePhos; (R)-Xyl-

PhanePhos, (S)-Xyl-PhanePhos, (S)-PhanePhos, (R)-An-PhanePhos, (R)-MeO-Xyl-

PhanePhos or (R)-Tol-PhanePhos. 

(RH,12-Bis(diphenylphosphino)-[2.2]-paracyclopentane = (R)-PhanePhos 

(S)-4,12-Bis(diphenylphosphino)-[2.2]-paracyc.lopen'iane = (S)-PhanePhos 

(R)-4,12-Bis(di(3.5-xylyi)phosph!no)-{2.2j-paracyclopentane = {R)-Xyl-PhanePhos 

(S)-4,12-Bis(di(3,5-xy!yl)phosphino)-[2.2]-paracyciopentane »(S)-Xyl-PhanePhos 

(R)-4,12-Bis(di(p-{olyll)phosphino)-[2.2]-paracyclopentane = (R)-To!-PhanePhos 
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(R)-4,12-Bis(di(p-methcxyphenyf)phosphinc)-[2.2]-paracyclopentane = (R)-An-PhanePhcs 

{R>-4-'i2-Bis(di(p-methoxy-3,5-d!methylphenyi)phosphlnoH2.2]-paracyclcpenEane = (R)-
MeQ-Xyl-PhanePhos 

P-Phos ligands are of she formula: 

OMe OMe 

Qfvie or OWe 

wherein Ar is, for exampie, as described in C, -C. Pai, C. -W. Lin, C. -C. Lin, C. -C. Chen, 

A. S. C. Chars, W. T. Wong, J. Am. Chem. Soc. 122, 11513 (2000), for example Aris Ph 

P-Phos), 4-Me-C6H4 (=Tol-P-Phos), 4-MeO-C6H^ (An-P-Phos), 3,5-Me2-C6H3 (= Xyl-P-

Phos) or 3,5-Me2-4-MeO-CsH2 (= MeO-Xyl-P-Phos). in particular, suitable P-Phos ligands 

are, for example, (R)-P-Phos, (R)-Xyi-P-Phos, (S)-P-Phos or {S)-Xyl-P-Phos. 

(R)-2,2',6t6'-TetrameShoxy-4,4'-biS';diphenylphosphlno)-3,3'-bipyridine = (R)-P-Phos 

(S)-2,2!,6,6'-Tetramethoxy-4,4'-bis(diphenyiphosphino)-3,3'-bipyridirie = (S)-P-Phos 

(R)-2,2',6,6'-Tetrame1hoxy-4,4'-bis(di(3,5-xyly!)phosph!no)-3,3'-bipyridine = (R)-Xyl-P~ 
Phos 

(S)-2,2!,6,6'-Tetramethcxy-4,4'-bis(di(3,5-xylyl)phosphifio}-3,3'-bipyndine (S)-Xyl-P-Phos 

ProPhos ligands are of the formuia: 

R2R'^VR 

PPh2 Qr PRS 

wherein R and R' are, for example, as described in Fr/zuk, ty! 0.; Bosnich, B. J. Am. 

Chem. SGC., 100, 5491 (1978), for example R' Is Me arid R is Ph. in particular, a 

suitable ProPhos ligands is, for example, (Rj-ProPhos. 

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

PR2 PR2 PR-> PR, 
-v A" AJ 

whereto R is, for example, as described in Bakos, J.; Toth, I.; Marko", L. J. Org. Chem., 
46, 5427 (1981), for exampie R is Ph. in particular, suitable BDPP ligands are, for 
exampie, (R,R)-BDPP or (S.S)-BDPP 

(2R,4R)-2,4-Bis(diphenylphosphino)pentane * (R,R)~BDPP 

(2S,4S)-2,4-Bis(diphenyiphosphino)pentane = (S,S)-BDPP 

DiOP ligands are of the formula: 

OY^PRJ 
0^'-^PR2 or 0J^'PR2 

wherein R is, for example, as described in Kagan, H. B.; Dang, T. P. Chem. Commun. 

1971, 431; Kagarr, H. S.; Dang, T. P. J. Am. Chem. Soc., 94,6429 (1972), for exampie R 
is Ph. In particular, suitable DiOP ligands are, for example, (S.S)-DIOP or (R.R)-DIOP. 

(4R,5R)-4,5-B!s;dipbenylphosphino-rnethyl)-2,2-d!rrsetbyM ,3-dioxolane - {R,R)~DIOP 

(4S,5S)-4,5-Bls(diphenylphosphino-methyl)-2,2-dimethyl-1,3-dioxoiane= (S,S)-DSOP 

DIPAMP ligands are of the formula: 

/ \ / \ 
R—P P-'»R R F?.—"R 

R'" R' or R'^ V 
wherein R and R' are, for example, as described in Knowles, W. S. Acc. Chem. Res. 
16, 106 (1983), for exampie R is Ph and R' is Anisyl. In particular, a suitable DiPAMP 
ligand is, for example, (R,R)-D:PAMP. 

{R,R)-1,2-Ethaneriiylbis[(2-methoxyphenyi)phenylpho.'5phine]= (R.R)-DIPAMP 
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DuanPhos ligands are of the formula: 

J : r | 
R R or R R 

wherein R is, for example, as described In PCI/USQ2/357B3, for example R is tert-butyl. 

In particular, a suitable DuanPhos ligand is, for example, (R,R)-DuanPhos, 

(1Rsl15,2S,2^}-2,2'-Di4ert-butyi-2,3,2',3,4etraftytiro-1H,1,H-(1.,1')biisophosphi:fidolJ/l = 

(R,R)-Duar)Phos 

NorPhos ligands are of the formula: 

K /R? \ H 
/ H £/*PR;2 

PR2 or H 

wherein R is, for example, as described in Brunner, H.; Pieronczyk, W.J Schoenhammer, 

B.; Strang, K.; Bernai, i.; Korp, J. Chem. Ber, 114,1137 (1981), for example R is Ph. irs 

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

(2R,3R)-2,3-Bls(diphenylphosphino)bicyclo[2.2.1]hept-5-ene ~ (R,R}-NorPhos 

(2S,3S)-2,3-Bis(diphenylpho3phino)bicyclo[2.2.1]hep}-5-ene = (S.S)-NorPhos 

BIHAM ligands are of She formula: 
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wherein R is, for example, as described in F.-Y. Zhang, C. -C. Pai, A. S. C. Chan J. Am. 

Chem. Soc. 120, 5808 (1998), for exampie R is PR'2, wherein R* for example la Ph. in 

particular, suitable BINAM ligands are, for example, (R)-BINAM-P or (S)-B!NAM-P. 

(R)-W,W-Bis(diphenylphpsphinq|-1r1'-Binaphtbyi-2,2r-diamiFJe = (R)-BINAM-P 

(S}-W,W-Bis(d!phenylpi"!Osphir!o}-'!,1'-binaphtbyl-2,2'-dir!rr!jne = (S)-B!NAM-P 

CstASium ligands are of the formula: 

wherein R, R' and R" are, for example, as described ;h Holz, J.; Morssees, A.; Jiao, H.; 

You, J.; Komarov, \. V.; Fischer, C.; Drauz, K.; Bomer, A. J. Org. Chem., 68, 1701-1707 

(2003); Holz, J.; Zayas, Q.: Jiao, H,; Baumann, W.; Spannenberg, A.; Monsees, A.; 

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

(2008), for example, R is Me, R1 is Ph, R" is benzyl and G is O, NMe, N(Me)N(Me). In 

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

M, (R)-CatASium MN, (S)-CatASium MN, (R/CatASium O or (R)-CaiASium MNN 

N-Be;nzyl-(3R,4R)-bis{dipheny!phosphirso)pyrrclidine » (R)-CatASium D 

2,3-Bis[(2R,5R)-2,5-dimethyiphosphoianojrT]aieic anhydride = (R)-CatASiurn M 

2,3-Bis[(2R,5R)-2,5-dirriethy!phospho!ano]-N-rrielhylrnaleimide = (R)-CatASiuirt MN 

4,5-Blsr(2R,5R)-2,5-dimethyiphosphosano]-1,2--dihydro-1,2-d!rrieihy:-3,6-pyrida2inedione 

= (R)-CaSASium MNN 

2,3-Bis[(2S,5S)-2,5-dirneihylphospholano]maielc anhydride * (S)-CatASjum M 

2,3-Bis[(2S,5S)-2,5-dimethy!phosphoiano]-N-methylmaleiffiide * (S)-CatASium MN 
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SirnplePHOX ligands are of the formula: 

wherein R and R' are, for example, as described in S. Smidi, F. Menges, A. Pfaltz, Org. 

Lett. 6, 2023 (2004), for example R is Cyciohexyi and R! is tert-butyi, in particular, a 

suitable SirnplePHOX ligand is, for example, (S)-Cy-tBu-SimplePHGX. 

(S)-4-tert-butyl-2-(2-{dicyclohexylphosphinooxy)propan-2-yi)~4,5-<iihydrooxaza!e = (SVCy-

tBii-SimplePHOX 

PHOX ligands are of the formula: 

wherein R and R1 are, for example, as described in A. Llghtfoot, P. Scbnlder, A. Pfaltz, 

Angew. Chem. in. Ed., 37, 2897 (1998), for example R is Ph and R" Is iPr. In particular, 

a suitable PHOX iigand is, for exampie (SV-IPr-PHOX. 

(S)-44ert-Butyi-2-[2-(diphenyjphosphinQ)pher!ylj-2-oxazoiine - (S)-iPr-PHOX 

ChiraPhos ligands are of the formula: 

R' or R' 

PR2 or PR2 
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wherein R is, for example, as described in Frysuk, M, 8.; 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{diphenyiphosphlno)butane =(S,S)-Chiraphos 

Ferrotane ligands are of the formuia: 

wherein R is, for example, as described in Berens, U.; Burk, M J.; Gerlach, A,; Hems, W. 

Angew. Chem., Ini. Ed. Engl. 2000, 39, 1981 (2000)., for example R is methyl or ethyl, 
preferably ethyl. In particular, a suitable ferrotane ligand is, for example, (S,S>Et-
Ferrotane. 

1,1'-Bis[(2S,4S)-2,4-diethyiphosphotano)ferroc8ne - (S,S)-Et-Ferrotane 

BPE ligands are of the formuia: 

\ 

R 

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

Me-BPE or (S.S)-Ph-BPE. 

,2-Bis[(2S,5S)-2,5-dimethylphcspholano]ethane - (S.S)-Me-BPE 

,2-Bls[(2S,5S)-2,5-dlphenylphospholano]ethane = (S.S)-Ph-BPE 

TangPhos iigands are of the formula: 

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 
llgand is, for example, (S,S,R,R)-TarigPhos. 

(1S,1S',2R,2R')-1 ,r-DI-tert-butyl-(2,2')-dlphosphoiane = (S,S,R,R)-TangPhos 

JafaPhos ligands are of the formula: 

wherein R and R' are, for example, as described in JeridraSia, H.; Paulus, E. Svnlett (6, J. 

Corey Special Issue) 1997, 471., for example R is Ph and R' is isopropyi. In particular, a 
suitable JafaPhos iigand is, for example, (R)~jafaPhos. 

o 
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((R)-1 (1'-Bis(diphenyiphosphino)-2,2'-bis(N,N-dllsGpropyiamldo)ferrocene] = (R)-

JafaPhos 

DuPhos iigands are of the forfmJa 

wherein R is, for example, as described in Burk, M. J. Acc Chern. Res, 33, 363 (2000), 

for example R is Me. In particular, a suitable DuPhos ligand Is, for exampie, {R}-

MeDuPhos. 

1,2-Bis[{2R,5R)-2,5-dime{hylphospholanc]berizene = (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 exampie, {R)-Binaphane. 

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

Blnaphane 
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Further suitable chiral ligands and chirai groups are given, for example, in Tang, W and 

Zhang, X, Chem. Rev., 2003, 103 (3), 3029 and references cited therein. 

The ligands above-mentioned are commercially available from Johnson Matthey pic 

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

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

- the transition metal rhodium and a chiral ligand such as a P-Phos, a 

PhanePhos, a Phospholane, a BoPhoz, a DIOP, a BINAP, a CatAsium, a 

TangPhos, a JafaPhos, a DuPhos, a BPE, a Ferrotane, a BINA?t4, 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 metai rhodium and a chiral ligand such as SL-

P104-2, SL-P102-1, SL-PG05-1, (R}-P~Phos, (S}-P-Phos, (S;-PhanePhos, 

(R)-PhanePhos, (R)-An-PhanePhos, (R)-ivleO-Xyl-PhanePhos, (R)-Xyl-

Phanerhos, (R)-Toi-PhanePhos, {S)-MsBcPhoz, (3,S}-DIOP, (R.R)-DIOP, 

(S)-BINAP, (S)-Tol-BINAP, (RVCatASium M, (S)-CatASium M, (R)-

CatASium MN, (S)-CatASium MN, {R)-CatASium D, (R)-CatASiuro MNN, 

(S,S,R,R)-TangPhos, (R)-JafaPhos, (R)-MeDuPhos, (S,S)-Me-BPE, (S,S)-

Ph-BPE, (S,S}-E1-Ferrotar>e, (S)-BINAM-P, (RJ-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)-Blnaphane Particularly suitable 

transliion metal cataiyst are for example: (R.h(COD){SL-P1Q4-2}| 03SCF3l 

[Rh{COD)(SL-P102-1)]BF4, [Rh{eOD){SL-P005-1}]BF4. [Rh(COD)(SL-

P102-1)] 03SCF3, [(R)-P-Phos Rh(COD)]BF4, [{S}-P-Phos Rh(COD)jBFfl, 

[(R)-PhanePhos Rh{COD)jBF4. [(S)-PhanePhos Rh(COD)]BF,, [(R)-Xyl-

FhanePhos Rn{CQD)]8F4, [[SVMeBoPhaz Rh(COD)]BF4, [{S,S)-D!OP 

Rh(C0D)]BF4, [(SJ-BINAP Rh(COD)jBF„, [(RVCatASium M Rh(COD}lBF4, 

[(S)-CatASium M Rh(COD)]BF4, [(R)-CatASiurn MN Rh(COD)jBFa, [(S)-

CatASium MN Rh(COD)]BF4, [(R)-CatASium D Rh(COD)]BF<, [(S,S.R,R>-

TangPhos Rh(COD)]BF«, [(R)-JafaPhos Rh{COD)]BF4, [(R)-MeDuPhos 

Rh(COD)]BF4, [(S.,S)-Me-BPE Rh{C0D)|EF4> [{S,S)-Ph-BPE Rh{COD)]BF4i 

[{S,S)-Ei-Ferrotane Rh(COD)]3F4, [(R)-An-PhanePhos Rh(COD)]BF4, [(RJ-
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CatASium MNN Rh(COD)]BF4l [{S)-To!-BsNAP Rh(COD)]BF4, [(S)-BiNAM-

P Rh(COD}]BF4, [(R)-BINAM-P Rh(COD)jBF„. [(R,R)-DuanPhos 

Rh(CQD)]8F4, [(R)-Sinaphane Rh(COD)]BF4, [(R,R)-NorPhos 

Rh(COD)]BF4, [(S.S)-MorPhos Rh{COD))BF4, [(R,R)-BDPP Rh(COD)]BF4, 

[(S,S)-BDPPRh(COD)]BF4l |{R,R)-D!OP Rh(COD)]BF„, [(R)-ProPhos 

Rh(COD)]BF4, [(R.R)-DIPAMP Rh(COD)]BF4, [(S.S)-ChiraPhos 

Rh(COD)]BF4, [{R)~MeO-X.yl-PhanePhos Rh(C0D)]BF4 or {(R)-Toi-

PhanePhos Rh(COD)jBF4; in particular [Rh(COD)(SL-P102-1)]BF4, 

[Rh(COD)(SL-P005-1)]BF4, [Rh(COD)(SL-P102-1)j OjSCF* [;{R)-

PhanePhos Rh(COD)]BF„, [(R)Xyl-PhsnePhos Rh(COD)]BF„, [(S.S)-DIOP 

Rh(COD)]BF4. [{S)-BINAP Rh(COD)]8F4, [(R)-CatASium M Rh(CQD)]BF4, 

[(R)-CatASium MN Rh(C0D)]BF4. [(S)-CatAS:um MN Rh{C0D}jBF4, 

[{S,S,R,R)-TangPhos Rh{COD)]BF4, |(S,S)-Me-BPE Rh(CGD)]BF4, f(S,S)-

Ph-BPt Rh{COD)]BF4, [{R)-An-PhanePhos Rh(CQD)]BF„. [(R)-CatASium 

MINN Rh(COD)|BF,rl [(S)Tol-BINAP Rh(COD)]BF4, [(S)-BINAM-P 

Rh(CC)D)]BF4, [(R,R)-DuanPhos Rh(C0D)]BF4, [(R)-Binaphane 

Rh(COD)lBF4, [(S,S)-NorPhos Rh(COD)]BF4, [(R,R)-BDPP Rh(COD)]BF4, 

[{S,S)-BDPP Rh(COD)]BF4, [(R.R)-DIOP Rh(COD)]BF4, [{R)-ProPhos 

Rh(COD)]BF4, [(R,R>-DiPAMP Rh(COD)]BF4, [{S,S)-ChiraPhos 

Rh(COD)]BF4, [(RrMeG-Xyl-PhanePhos Rh{COD)JBF* or [{R)-Toi-

PhanePhos Rh(COD}]BF4; such as [Rh(COD)(SL-P102-1)]BF4, 

[Rh(COD){SL-P005-1)]BF4, [(R)PhanePhos Rh(COD)JBF4, [(R)Xyl-

PhanePhos Rh(COD)]BF4, [(R)CatASium M Rh(COD)]BF4, {{R)CatASiym 

MN Rh(COD)]BF4l f{5,S,R.R)TangPhos Rh{COD)3BF4, [(S.S)Ph-BPE 

Rh(COD)]8F4, [(R)An-PhanePhos Rh(C0D}]BF4l [(R,R)DuanPhos 

Rh(COD)]BF4, [(S.S)NorPhos Rh{COD)]BF4 or [{R)MeO-Xyi-PhanePhos 

Rh(COD)]BF4; 

the transition rnetai ruthenium and a chiral iigand such as a BoPhoz, a 

BINAP, a BINOL, a PhanePhos, a P-Phos or a QUINAPHOS ligand. For 

example, the transition metal cataiyst comprises the transition metal 

ruthenium and a chiral ligand such as (R)-4-F~C6H4-Me8oPhoz, (R)-B'NAP, 

(R)-BINOL-(R)-MeSoPhoz, (R)-MeBoPhoz, (R)-p~F-MeBoPhoz, (R)-

PhanePhos, (RJ-PhenethyHRJ-MeBoPhoz, (R)-P-Phos, (R)-Tol-BINAP, 

(R)-Xyl-PhanePhos, {R)-Xyl-P-Phos, (Ra.Sc)1Np-QUINAPHOS, (S}-BiNAP, 
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(S)-8iNGL-(R)-MeBoPhoz, (S)-P-Phos, (S)-Xyl-Ph»?ePhos, (SyXf-F~ 

Phos or (Sa,Rc)1Np-GUINAPHOS. Particularly suitable transition metal 

cataiyst are for example; [(R)-4-F-CsH4-MeBoPhoz Ru(benzene)C!]CI, [(R)-

BiNAP Ru CI (benzene )!Ci, [(R)-B!NOL.-(R)-MeBoPhoz Ru(benzene)C!]CI, 

[{R)-MeBoPhoz RuCi(Benzene)]CI, [(R)-p-F-MeBoPhoz RuCI(Berszene)]CI, 

[(R)-PhanePhos RuCl^dmfy, [(R)-Phenethyl-(R)-MeBoPho2 

Ru(benzene)CI]Cl, [{R)-P-Phos RuCI(benzene)]CI, [(R}-Tol-BINAP 

RuCI(benzene)]CI, [(R)-Xyi-PhanePhos RuCI2(dmf)2], [(R)-Xyl-P-Phos 

RuCl2(drr!f)2j, [(R^.S^INp-QUSNAPHOS RuCI2(dmf}2], [(S)-BINAP 

RuC!(benzeno}]Ci, [(S)-B!NOL-(R)-MeBoPhoz Ru(benzene)CI]CI, [(S)-P-

Phos RuCI(benzene)]CI, [(S)-Xyl-PhanePhos RuCMdmQJ, [(S)-Xyl-P-Phos 

R.uCI2(drnf)2], [(Sa,Rc)1 Np-QUINAPHQS RuCI2(dmf)2], [(R)-P-Phos 

Ru(acac)2], [(R)-Xyl-P-Phos Ru(acac)2j or [(R)-Xyl-P-Phos 

RuCI(benzene}]Ci; In particular, [(RV-4-F-CBH/,-MeBoPhoz 

Ru(benzene)CI]CL [(RVBINAP RuC!(benzene)3CI, [(RVMeBoPhoz 

RuCI(Benzene)]Ci, [(R)-p-F-MeBoPhoz RuCI(Benzene)]Ci, [(R)-

PhanePhos RijCl;>(cJmf)2j, [{R)-Phene?hyl-(R)-MeBoPhoz 

Ru(benzene)Cl]CI, [(R)-P-Phos RuCI(benzene)]CI, [(R)-Tol-BINAP 

RuCI{bei"!zene)]CI, [(R)-Xyl-P-Phos RuC^dmf)?], [(S)-BINAP 

RuC!(benzene)]CI, :(S)-BiNOL-(R)-MeBoPhoz Ru(benzene)C!]CI, [(S)-P-

Phos RuCi{benzene}]CI, [(S)-Xyl-PhanePhos RuCI2(dmf)2], [(Sa,Rc)1Np-

QUINAPHOS RuCi2(dmf)2], [(R)-P-Phos Ru(acac)2j, [(R)-Xyi-P-Phos 

Ru(acac)23 or [{R)-Xyl-P-Phos RuCI(benzene)}CI: or 

- She transition metal iridium and a chirai ligand such as a P-Phos, a BoPhoz, 

a SirnplePHOX or a PHOX ligand. For example, the transition metal 

catalyst comprises the transition metal indium and a chiral ligand such as 

(S)-P-Phos, (S)-Xyi-P-Phos, (S)-MeBoPhoz, (R)-MeBoPhoz, (S)-Cy-tBu-

SlmplePHOX or (S)-iPr-PHOX. Particularly suitable transition metal 

cataiyst are for exampie: [(S)-P-Phos ir{COD)jCi, [(S)-Xyl-P-Phos 

!r(COD)JCI, [(S)-MeBoPhoz lr(COD)jCi, [(R)-MeBoPhoz ir(COD|CL |(S)-

Cy-tBu-simplePHOX lr(COD)]BArF or [(S)-iPr-PHOX !r(COD)jBArF. 

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 She molar ratio of compounds according to formula (1-
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a), or salts thereof, to compounds according to formuia (1-b), or salts thereof, is at least 

55 to 45, preferabiy a! least 80 to 20, more preferabiy at least 97 to 3, most preferably at 

least 99 to 1. 

In a fourth embodiment, the reduction of the compound of formuia (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 

saits thereof, to compounds according to formula (1-a), or salts thereof, is at least 

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

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

the transition metal rhodium and a chiral iigand such as a PhanePhos, a 

BoPhoz, a JafaPhos, a CalASium, a BINAM or a NorPhos ligand. For 

example, the transition metal cataiyst comprises the transition metal 

rhodium and a chiral ligand such as (S)-PhanePhos, (S)-MeBoPhoz, (RV 

JafaPhos, (S)-CatASium (RJ-BtNAM-P or (R.R)-Norphos, Particularly 

suitable transition metal catalyst are foe example: [(S)-PhanePhos 

Rh(COD)]BF4, [(S)-MeBoPhoz Rh(COD)]BF4, [(R)-JafaPhos Rh(COD)]BF4, 

[(S)-CaSASIum M Rh(COD)jBF„, [(R)-BINAM-P Rh(COD)]BF4 or [(R.R)-

NorPhos Rh(COD)]BF4; 

- the transition metai ruthenium arid a chiral ligand such as a PhanePhos, a 

P-Phos, a BiNOL, a GUINAPHOS, a BoPhoz or a BINAP ligand. For 

example, the transition metal catalyst comprises the transition metal 

ruthenium and a chira! ligand such as (SJ-Xyl-PhanePhos, (S)-Xyi-P-Phos, 

(R)-BINOL-(R)-MeBoPhoz, (Ra>Sc)1 Np-QUiNAPHOS or (R)-Tol-BINAP. 

Particularly suitable transition metal cataiyst are for example [(S}Xyl-

PhanePhos RuC^dmf)^, [(S)Xyl-P-Phos RuCI2(dmf)2], [(R)BiNOL-(R)-

MeBoPhoz Ru{benzene)CI]CI, [{Ra,Sc)1 Np-QUiNAPHOS RuCydmffe] or 

[(R)Tol-BINAP RuCI(benzene)]CI: or 

- the transition metal iridium and a chiral ligand such as a P-Phos or BoPhoz 

ligarid, for example (S)-Xyl-P-Phos or (S)-MeBoPho2 Particularly suitable 

transition metal catalyst are for example [(S)-Xyl-P-Phos lr(COD)]C! or [(S>-

MeBoPhoz lr(COD)]Ci. 
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When using these combinations, the reduction of the compound of formula (2-a), or salt 

thereof, provides a composition comprising the compounds according to formulae (1-a) 

and (1-b), or salts thereof, wherein the molar ratio of compounds according to formula 

(1-b), or salts thereof, to compounds according to formula (1-a), or salts thereof, is at 

least 55 to 45, preferabiy 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), cr salts thereof, to compounds according to formula (1-b), cr salts thereof, 

is at ieast 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 

formuia (1) via a compound of formuia (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. 

EP Application 071QW51.9 
WQ2008/083987 

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

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

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

method 3 comprises 
a) any one of methods in Section B to convert (7) into (6), 
b) any one of methods in Section B to convert (6) into (5), and 
c) any one of methods in Section D.1 to convert (5) into (3): 

method 4 comprises 
a) 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 tc convert (6) into (4), and 
c) any one of methods in Section D.4 to convert (4) into (3); 

in particular according So methods 1, 2, 4 or 5; particularly according to method 5. 

As discussed below, Sections D.1. D.2, D.3 and D.4 as such are also preferred 

embodiments of the present invention. 

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

formuia (3) 

In a further aspect, the present invention relates to a process for preparing a compound 
of formuia (3) 

R-1 (3) 
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or salt thereof, 

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

a) converting 3 compound of formula (5), or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, info a compound of formuia (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 formuia (12), or salt thereof, with a reducing agent to 

obtain the compound of formula (3). 

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

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

compound of formula (3-a) 

R1 

R1 (12) 

R1 
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or sait thereof, 
wherein R1 i£ hydrogen or a nitrogen protecting group, S3id process comprising 

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

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

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

leaving group; and 

b) reacting the compound of formuia (12-b), or salt thereof, with a reducing agent to 
obtain the compound of formuia (3). 

Typical reducing agents are weii 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 

cyanoborohydrlde), metals (eg zinc, tin dichloride, tributyltin hydride, lithium), 

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

as described in Section B.3.3) [especially when R5 = halide], 
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- hydrides (eg lithium aluminium hydride, sodium borohydride, diisobuty; aluminium 

hydride) or tributyltin hydride-sodium iodide, [especially when R5 = sulphonatej 

In general, these methods work for both halides and suphonates 

Steps a) and b) as such are also a preferred embodiment of She 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 Irs 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 lodo, or a sulphonate group, such as tosylate, mesylate or 
trifiate. Preferred reducing agents are, for exampie, hydrides (LiAiH*, NaBHjJ and 
hydrogen in the presence of a hydrogenation catalysts (eg Pd/C) [see Section 3.3.3 
above]. 

SECTION 0,2: Conversion of a compound of formula (7) into a compound of 
formuia (3) 

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

of formula (3) 

R1 (3) 

or salt thereof, 

wherein R1 is hydrogen cr a nitrogen protecting group, said process comprising treating 
a compound cf formula (7), 
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\ 
Nj—R7 

t 
0' 

(7) 

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

are, independently, an a iky' group, an aryi group, an aryialkyi 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), cr 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 formuia (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. 

Ri (3-a) (3-b). 

Preferred reducing agents are, for example, hydrogen in She presence of a 

heterogeneous hydrogenation catalysts, for exampie, palladium or platinum on a solid 

support, for example, on carbon, alumina, barium carbonate or calcium carbonate, in 
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particular on carbon; alumina or barium carbonate. Preferably, palladium on carbon 
(Pd/C) or palladium on calcium carbonate (Pd/CaCQ3) 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 sal! 

thereof, provides a composition comprising the compounds according to formulae (3-a) 
and (3-b), or salts thereof, wherein the moiar ratio of compounds according tc 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 for?nula (3) 

or salt thereof, 

wherein R1 Is hydrogen or a nitrogen protecting group, said process comprising treating 
a compound of formula (6), 

R1 (3) 

N 

R1 

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

compound of formula (3), or sal! thereof, wherein R1 is hydrogen or a nitrogen 

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

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

In a preferred embodiment, She 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 formuia (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, So compounds according to formula (3-b), or sails thereof, is at 

least 88 to 12, preferably at least 90 to 10, more preferably at least 99 to 1. 

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

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

according to formula (3), 

or salt thereof, 

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

compound according to formula (4), 
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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 sait 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. 

Preferabiy R1 is BOC. 

In a preferred embodiment, the reduction of the compound of formula (4), or sait 

thereof, takes place with hydrogen in the presence of a transition metai catalyst, 

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

reduction may occur under hetereo- or homogeneous hydrogenation conditions, 

preferably under homogeneous hydrogenation conditions. 

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

place under hetereogeneous hydrogenation conditions. 
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Generally, the hetereogeneous hydrogenation is carried out in the presence of a transition 

metal catalyst, wherein the transition metal Is selected from group 9 or 10 of the periodic 

tat>!e. 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, 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 (3-3 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 ihereof, is of from at least 67 to 

33, preferably of from at least 85 to 15, 

The hetereogeneous hydrogenation is usually performed in a solvent, such as ether 

solvents (eg THF), ester solvents (eg isopropyi acetate) or aichohol solvents (eg 

isopropanol, ethanol or methanol); in particular an alcohol or ester solvent, such ethanol 

or Isopropyi acetate. In one embodiment, Pd/C Is used with ethanol or isopropyi acetate 

as solvent. In another embodiment, Pt/C is used with isopropyi acetate as solvent. 

Generally, the homogeneous hydrogenation is carried out in the presence ot a transition 

metal catalyst, wherein the transition meta! is selected from group 8 or 9 of the periodic 

table. Therefore, the transition metai 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 anci optionally a chiral ligand. 

The organometallic complex comprises a transition metal selected from group 8 or 9 of 

the periodic table, for example the transition metal rhodium, iridium or ruthenium in 

particular rhodium or ruthenium. The organometallic complexes can comprise a single 
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transition metal atom, in preferred embodiments the complexes cars comprise two g; 

more transition metal atoms, optionally comprising a rnetai-meta! bond. In a preferred 

embodiment two metal atoms are bridged via two halides. Generally, the organometallic 

complex, comprises one or more transition metal atoms arsd suitable achirai ligands. 

Suitable achirai ligands for the organometaiiic complex generally are a-donor ligands, 

a-donor/rr-acceptar ligands or a,Tr -donor/TT-acceptor ligands. Examples for suitable 

achirai ligands are among others carbon monoxide, halides (e.g. CI, I or Br), 

phosphines [e.g. tricydohexylphosphine (PCy3)], alkenyls (e.g. cod, nbd, 2-m€;tailyl), 

alkynyls, aryis (e.g. pyridine, benzene, p-cymene), carbonyls (e.g. acac, trifluorcaceiate 

or dimethylformamide) and mixtures thereof. 

Examples of preferred achirai ligands for the organometaiiic complex are: 

norbomadiene (nbd), cycioocladiene (cod), pyridine (pyr), cymene, in particular p-

cymene, and iodide. 

Examples for organometallic complexes are: a ruthenium organometallic complex, such 

as [Ruhtp-cymerce)]?, [Ru{cedX2-met3llyl)j] or [Ru(cod)(OOCCF5)2j; a rhodium 

organometallic complex, sueft as [Rh(nbd)5BFJ or [RhicodjJBF^ or an iridium 

organometaiiic complex such as [(Cy3P)lr(pyr)]CI or [lr(CGd)2C!]^; in particular [Ru(cod)(2-

meiallyi);.], [Ru(cod)(QOCCF3)2] or [Rulj(p-cymene)j2; in particular [Rh(NBD)j]BF4. 

[Ru(COD)(OOCCF3)2] or [RuCyp-cymene/j]. 

The transition metai catalyst comprises an organometallic compiex and a chiral iigand. 

The chiral iigand comprises, for exampie, a chiral phosphine and/or a chiral ferrocene. 

In particular, the chiral ferrocene comprises a Cp-ligand which is substituted with a 

chiral group, such as a chiral amine, a chiral phosphine or a chiral akyl, for example as 

illustrated herein. 

Suitable chiral ligands are, for example, an Atropisomer ligand (e.g. SL-A101-2), a 

Fenphos llgand (e.g. SL-F115-1), a Mandyphos ligand (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 iigands, Mandyphos ligands, Walphos ligands and 

Josiphos ligands are of the formulae described in Section C.2. 
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Suitable combinations of organometallic complex and chiral iigand are, for example: 

rhodium organometallic complex and a Fenphos or Walphos iigand; in 

particular [Rh(ribci)2]BF4 and SL-F115-1 or SL-W008-1; or 

ruthenium orgarsometailic complex and an Atropisomer a Mandyphos or a 

Josiphos ligand; in particular [Riil2(p-cymene)]; or [Ru(CGD)(OGCCF;j)2] 

and SL-A1G1-2, SL-M004-2, SL-J5G4-1 or SL-J002-2. 

In one embodiment, the reduction of the compound of formula (4-a), or sait 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 formuia (3-a), or 

salts thereof, to compounds according to formula (3-b), or salts thereof, is at least 

88 to 12, preferably at leas! 90 to 10, more preferabiy a! 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 ihereof, wherein the molar ratio of compounds according to formula (3-a), or 

salts thereof, to compounds according to formula (3-b), or salts ihereof, is at least 53 to 

47, preferabiy at least 71 to 2S, more preferably at least 82 to 18. 

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

rhodium organometallic complex and a Fenphos or Walphos iigand; in 

particular [Rh(nbd)2jBF4 and SL-W008-1. 

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

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

b), cr salts ihereof, wherein the molar ratio of compounds according to formula (3-b), or 

salts thereof, to compounds according lo formula (3-a), or salts thereof, is at least 73 to 

SECTION £: 
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In She processes shown above several novel and inventive compounds are involved. 

Consequently, further subjects of the present invention are the compounds shown 

below. 

or salt thereof, 

wherein R1 and R2 are, independently of each oiher, hydrogen or a nitrogen protecting 

group, and R3 is a carboxyl group or an ester group, preferably having g configuration 

according to formula (2-a), 

"N 
/ ! 

R1 

R3 

(2-a). 

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

In a preferred embodiment of formulae (2) or (2-a), R3 is C02H. 

A compound of formula (4) 



WO 2009/1)91(251 PCT/EP2009/0505J 0 

115 

or salt thereof, 

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

configuration according to formula (4-a), 

V 

V 
R1 (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 (5c), more preferably (5-b), 
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(5-a), 

(5-b). 

(5c). 

In a preferred embodiment of formulae (5), (5-a), (5-b) or (5-c), R1 is BOC. 

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

OH 

(6) 

Of-

1 
N 

R1 

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

16-a). 

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

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

R6 \ U--R7 

Ci J 
{7) 

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

independently, an alky! group, an an/I group, an arylalkyi group, a cycloalkyl group or 
together R8 and R7 form a cycle, together with the nitrogen to which they are attached, 
which cycle may be saturated or unsaturated and may optionally contain one or more 

heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, 
such as 4 to 7 ring atoms, preferably having a configuration according to formula (7-a), 
(7-b) or (7-c), more preferably (7-b), 
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(7-c). 

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

Iri a preferred embodiment of formulae (7), (7-a) or (7-b), R6 Is Methyl or Ethyl and/or 

R7 is Methyl or Efhy!. 

A compound of formula (9-a), or sait thereof, 
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wherein R1 is hydrogen or a nitrogen protecting group and, R6 ano R7 are, 
Independently, an alky! group or together are an alkyiene group, preferably having a 
configuration according to formuia (9-a) (9-b) or (9-c), more preferabiy (9-b), 

RS 
\i~R7 

V / \ !, J 
N 
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In a preferred embodiment of formulae (9), (9-a), (9-b) or (9-c), R1 is Boc. 

in 3 preferred embodiment of formulae (9), (9-a), (9-b) or (9-c), R6 Is Methyl and R7 is 

Methyl. 

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

wherein R1 is hydrogen cr a nitrogen protecting group, R6 and R7 are, independently, 

an alkyl group, an arvs group, an aryiaikyi group, a cycloalkyl group or together R6 and 

R7 form a cycle, together with the nitrogen tc which they are attached, which cycie 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 alky! sulphate (eg methyl 

sulphate) or a sulfonyl ester (eg triflate) and R10 is hydrogen, alkyl or aryl; preferabiy 

having a configuration according to formuia (10-a), (10-b) or (10-c), more preferably 

R6 R1C 

R1 (10) 

(10-b), 

R6 R10 
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R6 R10 \ / 
N*-R7 

(10-b), 

R6 H10 \ / 
N'-R7 

(10-c). 

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

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

A compound of formula (11) 

O—R4 

/ 

N 

R1 

\ 

•v.. 

(11) 

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

activating group, preferably having a configuration according to formula (11-a), (11 -b) or 
(11-c), more preferably (11-b), 
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0—R4 

{11-a) 

o—R4 
/ 

0= 

(11-b) 

O—R4 

Jh- : 

(11-c). 

!n a preferred embodiment of formulae (11), (11-a), (11-b) or (11-c), R1 is Bcc. 

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

A compound of formula (12) 

R1 (12) 
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or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R5 Is a 

ieaving group; preferably of formulae (12-a), (12-b) or (12-c), more preferably (12-b), 

(12-a), 

R5 

N 

R1 
(12-b), 

(12-c). 

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

In a preferred embodiment of formulae (12), (12-a), (12-b) cr (12-c), R5 is a haiide, 

preferably bromide or iodide. 

A compound of formula (16) 
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RS 
\ 

R9 \ 
Y 

'N 

or salt thereof, 

wherein R1 Is hydrogen or a nitrogen protecting group, Y is O or S and each R9, is, 

independently, alkyl, aryl, aryialkyi cr acetyl, 

preferably having a configuration according to formula (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 niethyi or ethyl. 

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

General Terms: 

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

following meanings: 

R9 

(16-a). 
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The term "ester group" comprises any ester of a carboxyl group generally known in the 

art; for example groups-COOR, wherein R is selected from the group consisting of: C,. 

6a!kyi, such 'as methyl, ethyl or t-butyl, Ci^.alkoxyCi^alkyl, heterocycly!, such as 

tetrahydrofuranyi, C&.learylos<yCi.6a'kyl1 such as benzyloxymethyi (BOMJ, silyl, such as 

trimethylsliyl, t-butyldimethylsilyl and t-butyidlphenyisiiyl, cinnamyl, ally!, C,^,alky! which 

is mono-, di- or tnsubstituted by halogen, silyl, cyano or C^ary!, wherein the aryl ring is 

unsubstltuted or substituted by one, two or three, residues selected from the group 

consisting of Ci.yaikyI, C^alkoxv, halogers, nltro, cyano and CF3; or Gi.23ikyi substituted 

by 9-fluorenyl. In a preferred embodiment, the "ester group" is -COOR, wherein R is a 

Oi-6aikyl 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. McOrnie, "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 "Meth'jden derorga-

riischeri Chemie" (Methods of Organic Chemistry), Mouben Weyl, 4th edition, Volume 

15/1, Georg Thieme Verlag, Stuttgart 1974. 

Preferred nitrogen protecting groups generally comprise: 

CrCe-alkyl, preferably Ci-CValkyl, more preferabiy C;-Cralkyl, most preferably Cralkyi 

which is mono-, di- or fri-substituted by trialkylsiiylCpC7-alkoxy (eg. trimethylsiiyethoxy) 

aryl, preferabiy phenyl, cr an heterocyclic group, preferabiy pyrrolidinyl, wherein the aryl 

ring or She heterocyclic group is unsubstituted or substituted by one or more, e.g. two or 

three, residues, e.g. selected from the group consisting of CrCv-alkyl, hydroxy, C1-C7-

alkoxy, C;-C,ralkanoyl-oxy, halogen, nitro, cyano, and CF3; a ryi -C1 -C 2 -a I ko xy ca r bony I 

(preferably phenyi-C1-C2-aikoxycarbonyi eg. benzyloxycarbonyi); C-j. 

loalkenyloxycarbonyl; Ci^aikylcarbony! (eg. acetyl or pivaicyl); Ce-ioarylcarbonyl; Ct. 

eaikoxycarbony! (eg. i-butoxycarbonyl); Cs-ioarylC^alkoxycarbonyt; allyi or cinnamyl; 
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sulfonyl or sulfenyi; succinimldyl group, silyl, e.g. triarylsilyl or trialkylsilyl {eg, 

triethylsilyl). 

Examples of preferred nitrogen protecting groups are acetyl, benzyl, cumyl, benzhydryl, 

trityl, benzyloxycarbonyi (Cbz), 9-flucreriylmethyioxycarbony (Fmoc), benzyloxymethyl 

{BOM}. pivaloyl-oxy-methyl (POM), tfichloroethxoycarbonyl (Troc), 1-

adamantyioxycarbonyl (Adoc), allyl, allyioxycarbonyi, irimethylsilyl. tert.-butyf-

dimefhylsllyl, iriethylsiiyi (TES), trllsopropyisilyl, trimethyisllyethoxymethyf (SEtVS), t-

butoxycarbonyl (BOG), t-butvl. 1-methyl-1,1-c!imethylbenzy!, (pheriyOmethylbenzene, 

pyrrid'inyl and pivaloyl. Most preferred nitrogen protecting groups are acetyl, benzyl, 

benzyloxycarbonyi (Cbz), triethylsilyl (TES), trimethylsilyethoxyrnethyl (SEM), 5-

butoxycarbonyl (BOC), pyrrolidinylrnethyl and pivaloyl. 

Examples of more preferred nitrogen protecting groups are pivaloyl, pyrrolidinyimethyl, 

t-butoxycarhonyl. benzyl and silyl groups, particularly silyl groups according to the 

formula SiR11R12R13, wherein R11, R12 and R13 are, independently of each other, 

alkyl or aryl. Preferred examples for R11, R12 and R13 are methyl, ethyl, isopropyi, i-

butyS and phenyl. 

Particularly preferred as nitrogen protecting groups are pivaloyl and t-butoxycarbonyl 

(SOC). 

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-aikyl, preferably C--C4-

aikyl. 

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 v:a a terminal or a non-terminal carbon 

Cycloalkyi is, for example, C3-C,r cycloalkyl and is, for example, cyclopropyl, cyclobutyi, 

cyclopentyl, cyciohexyi and cycioheptyl. Cyclopentyl and cyciohexyi are preferred. 
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Alkoxy is, for example, C,-C7~alkoxy and is, for example, methoxy. ethoxy, n-propyloxy, 

isopropyi oxy, n-butyloxy, isobutyloxy, sec-butyloxy, tert-butyloxy and also includes 

corresponding pen?y!oxy, hexyloxy and heptyloxy radicals. CrCcalkoxy is preferred. 

Alkanoyl is, for example, C2-C0-aik3ncy! and is, for example, acetyl [-C(=0)Me], propionyl, 

butyryl, isGbutyryl or pivaloyl. Cj-Cj-Alkanoyl is preferred, especially acetyl. 

Halo or halogen is preferably flucro, chloro, brumo or iodo, most preferably, chloro, 

bromo, or iodo. 

Halo-alkyl Is, for example, halo-CrC7alky! arid rs in particular halo-CrGjalkyl, such as 

trliluorornethyl, 1,1,2-trinuoro-2-chloroethyl or chloromethyl. Preferred halo-C, -C-alkyl is 

{rifluoromethyl. 

Alkeny! 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^alkenyl. Some examples of alkyl groups are ethyl and the isomers 

of propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, fetradecyl, 

hexadecyl, octacyl and eicosyl, each of which containing a double bond. Especially 

preferred is allyl. 

Alkylerie is a bivalent radical derived from C,.Talkyi and is especially C^-Cr-alkylene or C2~ 

C7-alkylene and, optionally, can be interrupted by one or more, e.g. up to three, O, NR14 

or S, 'wherein R14 is alkyi, each of which can be unsubstituted or substituted, by one or 

more substituents independently selected from for example, CrC7-aikyl, CrC,-alkoxy-C,-

CT-alkyi or C,-C7-alkoxy. 

Alkenyiene is a bivalent radical derived from C^alkenyl and can be interrupted by, one or 

more, e.g. up to three, O, NR14 or S, wherein R14 is alkyi, 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. 

Aryi being a radical or part of a radical is, for exampie C6.10aryl, and is, preferably a meno-

or polycystic, especially monocyclic, bicyelic or tricyclic aryl moiety with 6 to 10 carbon 
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atoms, preferably phenyl, and which can be unsubstituted or substituted, by one or more 

substituents independently selected from for example, (VCr-alky!, C-.-Cr-alkoxy-Crw-

alkyl or C! -C7- alkoxy. 

The term arylalkyi refers to aryl-Ci-C7-alkyi, wherein aryl is as defined herein and is for 

exampie benzyl. 

The term carboxyl refers to -CO;H. 

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

Unsubstituted or substituted heterocyclyl is a mono- or poiycyciic, 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 unsubstituted or substituted bv one or more, e.g. up to 

three, substitulents preferably independently selected from the Preferred substituents are 

selected from the group consisting of halo, Ci-C7-alkyi, halo-CrCr-alkyl, CrCy-alkoxy, 

ha!o-Ci-C? -alkoxy, such as trifluoromethoxy and C.-C7-alkoxy-Ci-C/--alkoxy. When the 

heterocyclyl is an aromatic ring system, it is also referred to as heteroary!. 

Acetyl is-C{=0)Ct-C7aikyl, preferably-C(=0)Me. 

Silyl is -SIRR'R", wherein R, R* and R" are independently of each other C;.7alkyi, aryl or 

phenyl-Ci^aikyl. 

Sulfonyl is (unsubstituted or substituted) Ci-Cr-alkylsulfonyi, such as methylsulfonyi, 

(unsubstituted or substituted) phenyl- or naphthyl-CrCy-alkylsu!fonyl, such as phenyi-

methanesu'foriyl, or (unsubstituted or substituted) phenyl-or naphthyl-sulionyi; wherein If 

more than one substituent is present, e.g. one to three substltutents, the substituents are 

selected independently from cyano, haSo, haio-CrCzaikyi, haio-Ci-C-/-alkyloxy- and C1-C7-

alkyioxy. Especially preferred is C.-Cj-alkylsulfonyl, such as rnethylsulfonyi, and (phenyl-

or naphthyl)-CrC7-a!ky!sulfonyi, such as phenyimethanesulfonyL 
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Sulfenyi is (unsubstituted or substituted) Cs-ioaryi-Ci-C-ralkylsulfersyl or (unsubstituted or 

substituted) C6.io3fylsulfenyl, wherein if more than one substituent is present, e.g. one to 

four substltutents, the substituents are selected independently from nitre, haio, haSo-Cr 

C?alkyl and CrCr-alkyloxy. 

A "heterogeneous" catalyst as used herein refers to a catalyst supported on a carrier, 

typically although not necessarily a substrate comprised of an inorganic material, for 

exampie, a porous material such as carbon, silicon and/or aluminum oxide, in one 

embodiment, the heterogeneous catalyst is 3 hydrogenation cataiyst, 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 cataiyst, in 

particular those described In Section 0.4. 

The term "transition metai catalyst" refers to an organometallic cataiyst, an 

orgaRometaillc complex or an organometallic complex and a chiral ligand. Transition 

metal catalysts are in particular those described in Sections C.1, B 3.3 and D.4. 

The term "organometallic complex" refers to complexes derived from a transition metal 

and one or mere (for example up to four) achlra! (non chiral) ligands; for example, 

ruthenium organometaiiic complexes, such as [Rul2(p-cymehe)]2, [Ru(ood)(2-metaliyi)2] 

or [Ru(cod){OOCCF3)2]; rhodium organometallic complexes, such as [Rhfnbd^BF^ or 

[Rh(cod)?]BF4; or an iridium organometallic complexes, such as [(Cy3P)lr(pyr)]Ci or 

[ir(cod)2CI]2. 

The term "organometaiiic catalyst" refers to a catalysts derived from a transition metal 

and one or more (for example up to four) chiral ligands. 

The term "ligand" means any compound, achirai or chiral, that can form a complex with 

a transition metal. Chiral and achirai ligands are in particular those described in Section 
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The term "catalyst" means any substance thai affects the rate of a chemical reaction by 

lowering the activation energy for the chemical reaction. 

The term "powder" means a catalyst with a water contain of from 0 to 30 mass%. 

The term "substrate to catalyst ratio" (S/C) refers to the molar ratio of starting 

compounds, or salts thereof, to "transition metal catalyst". 

The term "chiral" refers to molecules which have the property of non-superirnposabiiity 

on their mirror image partner, while the term "achirai" refers to molecules Which are 

superirnposable on their mirror image partner. 

The term "tautomer'' refers in particular to the enol tautomer of the pyrrolldin-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 'he present application 'he term " v/wv^" on a C-sp5 represents a 

covalent bond, wherein the stereochemistry' of the bond is not defined. This means, that 

the term "vww" 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 ">/wv" on a C-sp? represents a 

ccvaient bond, wherein the stereochemistry or the geometry of the bond is riot defined. 

This means that the term "-JWV" on a C-sp2 comprises a cis (Z) configuration as well as 

a trans (E) configuration of the respective double bond. Furthermore, mixtures are also 

encompassed, e.g., mixtures of double bond isomers are encompassed by the present 

Invention. 

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

The preferred absolute configurations are as indicated herein specifically. 
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!ri the formulae af the present application Hie tei-rn " ' " or: a C-spJ indicates the 

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

Iri the formulae of th8 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 indicates a Csp3-CspJ bond 

or a Csp2-Csp2 bond. 

Salts are especially pharmaceutical)? acceptable salts or generally salts of any of She 
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 sails, preferably with organic, or inor­
ganic acids, from compounds or any of the intermediates mentioned herein with a basic 
nitrogen atom (e.g. imino or amino), especially the pharmaceutical acceptable salts. 
Suitable Inorganic acids are, for exampie, halogen acids, such as hydrochloric acid, 

sulfuric acid, or phosphoric add. Suitable organic acids are, for example, earboxylic, 

phosphonic, sulfonic or sulfamic acids, for example acetic acid, propionic acid, lactic acid, 

fumaric add, succinic acid, citric acid, amino acids, such as glutamic acid or aspartic acid, 
maieic acid, hydroxymaleic acid, methylmaleic acid, benzoic acid, methane- or ethane-

sulfonic acid, ethane-1,2-disulfonic acid, benzenesuifonic acid, 2-naphthalenesulfonic 
acid, 1,5-naphthalene-disulfonic acid, N-cyclohexylsulfamic acid, N-methyl-, N-ethyl- or N-
propyl-sulfamic acid, or other organic protcnic acids, such as ascorbic acid. 

In the presence of negatively charged radicals, such as carboxy or sulfa, 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 saits, or ammonium 
salts with ammonia or suitable organic amines, such as tertiary monoamines, for example 
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triethylarnine or !ri(2-hydroxyethyl)amine, or heterocyclic bases, for example N-ethyl-

plpendine 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 o? the intermediates mentioned herein it is 

also possible to use pharmaceutical!1/ unacceptable salts, for example picrates or 

perchiorates. 

Irs 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 

exampie 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 riot explicitly mentioned otherwise. Different 

crystal forms may be obtainable and then are also included. 

Where the piurai 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 exciude the plural, but only preferabiy means "one". 

Any of the lactams according to the present invention, or saits 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. McOmle, 

"Protective Groups in Organic Chemistry", Plenum Press, London and New York 1973, 

In P. G. M. Wuts and T. W Greene, "Greene's Protective Groups in Organic Synthesis', 

Fourth Edition. Wiley, New Jersey. 2007 and in Richard C. Larock, "Comprehensive 
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Organic. Transformations: A Guide to Functional Group Preparations", Second Edition, 

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

Analogously, any o? the lactams according to the present invention, or salt thereof, 

wherein R1 is a nitrogen protecting group, can be converted Into the corresponding 

iactam, 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: 

5 chemical shift 

ul microiitre 

Ac acetyl 

acac acetylacetone 

An amsyl (4-methoxyphenyl) 

3ArF Setrakis[3,5-bis{lrifluoramefhyl)pher!yljboron 

BINOL 2,2'-dihydroxy-1,1'~dinaphthyl 

Bn benzyl 

Boc tert-butoxycatbonyi 

B0C20 di-tert-butyl carbonate 

COD = cod cyclooctadiene 

Cp cydopeniadienyl 

Gy cydohexyi 

DABCO 1,4-diazobicyclo[2.2.2]octane 

de diastereomeric excess 

dr diastereomeric ratio 
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DMAP 4-(dimethylamino)pyridine 

DMF = dmf N.N-dirnethytformamide 

DMPU 1,3-dimethy!-3,4,5,6-tetrahydro-2(1 H)-pyrimidinone 

DMSO dimethylsuifoxide 

ee enantiomeric excess 

ES electrospray 

ESI eiectrospray ionisatlon 

Et ethy! 

EtOAc ethyl acetate 

EfOH ethanol 

h hour(s) 

HNMR proton nuclear magnetic resonance 

HPLC high performance liquid chromatography 

IPr isopropyi 

iPrOAc isopropyi acetate 

iPrOH isopropanoi 

IR infra red 

L litre 

LC-MS liquid chromatography-mass spectrometry 

LHMDS liihium bis(trimethylsiiyl)amide 

M molarity 

m/e mass-to-charge ratio 

Me methyl 

2-MeTHF = Me-THF 2-Methyltetrahydrofuran 

MeOH methanol 

mg milligram 

min minute(s) 

ml rniiliiitre 

mmol(s) miilimole(s) 

.'riol(s) moie(s) 

MS mass spectrometry 

nm nanometre 

N M R nuclear magnetic resonance 

NDB = nbd norbomadiene 
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Np rsapiilhy! 

Pd/C palladium on carbon 

Ph phenyl 

piv pivaloyl 

piv-CI pivaloyi chloride 

ppm parts per million 

Pi/C platinum on carbon 

pyr pyridine 

Rh/C rhodium on carbon 

RT = rt room temperature 

!Bu tertiary-butyl 

TFA triflucroaceticacid 

THF tetrahydrofuran 

TLC thin layer chromatography 

TMG 1,1,3,3-tetramethylguanidine 

Tol toluene 

tR retention time 

Xyl xylene 

in quoting NMR data, the following abbreviations may be used: s, singlet; d, doublet; t, 

triplet; q, quartet; quint., quintet; m, multlplet. 

Example 1: N.N.N'.N'-TetramsthylformamidiniurTi methyisuifate (18, RG= Me, RT = Me) 

MejN WeS04" 

A mixture of N.N-dimethyifcrmamide (7.31 g) and dimethyisuifate (12.80 g} are heated to 80 

°C for 4 h. Then dimeihylamine in THF (ICO 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 test-butyl methyl ether to give N,N,N\N'-tetramethy!fermamidinium 

methyisuifate (18, R6 = Me, R7 = Me). 1H NMR (C6D6), 7.95 (1H), 3.70 (3H), 3.32 (6H), 

3.29 (6H). 

Me»N" A, 
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Example 2; N,N,f^',N'-Tetramethylforrnarnidirsium para-toluersesulfonate (18, RS = Rfe, 
R7 = ^e) 

i-NMe2 

Me2N"^ 4-MePhSCy 

A mixture of p-toluenesuiforcyl chioride (20.0 g) and dimethylformamlde (38.3 g) is allowed 
to stand for2h at room temperature. The mixture is then stirred at 120°C for 2 h. The 
mixture is then cooled to room temperature and the precipitates are removed by filtration. 

The mother liquor is diluted with acetone and the mixture cooled to C- °C. Filtration affords 
N.N.N'.N'-fetrarnethyiformarTildirilijm para-toluenesulfonate (18, R6 = Me, R7 * Me) as 

white crystals. 'H NMR (D20), 7.65-7.60 (2H), 7.39 (1H), 7.30-7.25 (2H), 3.14 (6H), 3.05 
(6H), 2.31 (3H). 

The X-ray Structure of the obtained crystals is shown In figure 1. 

Crystal data [recorded at 100(2) K1 

Empirical formula C12H20N2O3S 

Formula weight 272.36 

Crystal system Monoclinic 

Space group Cc 

Cell parameters a = 7.998(2) A 

b = 14,331(2} A 

c = 11.953(2) A 

a = 90° 

(3^ 103.615(4)° 

y = 90 u 

Volume of unit cell 1331.5(4) A3 

Z" 4 

Calculated density 1.359 mg rrr' 

W 

A 

* (number of asymmetric units in the unit ceif) 



WO 2009/090251 PCT/EP20G9/0505J1) 

137 

Example 3: N,N,N\N'-Tetramethyif©rmarnldirtiusri hexafluorophosphate (18, R6 = Me, 
R7 = IVSe) 

N,N,N\N'-tetrarr>ethyiforrnarrsidiniurn methyisuifate (3g) is added to water (25 ml) and She 

resulting mixture is cooled to G °C. This mixture is then added to a cooled solution of 
ammonium hexafiuorophosphate (4.6 g) in water {25 ml). The so formed precipitate Is then 

collected by filtration. The precipitate is washed with cold water (2x10 ml) and then with 
diethyl ether (10 ml). Drying in vacuo gives N,N,N'.N'"tetramethylformamidjnium 
hexafluorophosphate (18, R6 = Me, R7 = Me) as a white solid. 'H NMR (DMSO-d6), 7.90 
(1H), 3.26 (6H), 3.14 (8H). 

Exampie 4: N,N,N',M' -Tetraethyiformadinium methyisuifate (18, R6 = Et, R7 ~ Et) 

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

for 4 h. Then a mixture of diethyiamine (32.6 g) and toluene (20 ml) sre added and the 
resulting mixture is stirred at reflux for 1 h. The reaction mixture is cooled to room 
temperature and the phases are separated. The lower layer is washed ten times with 
diethyl ether to give N,N,N',N'-tetraethylformamidiriium methyisuifate (18, R6 = Et, R7 = 
Et). 1H NMR (DMSO-d6), 7.26 (1H), 3.51 (8H), 3.42 (3H), 1.24 (12H) ppm. 

Exampie 5: N.N.N'N'-Tetraethyiforrrsamidinfsjrtu tetrafluoroborate {18, R6~ Et, R7 = Et) 

-T NMe-

O 

Et2N'"^ BF4-Et2N' MeSC4 

N.N.N'.N' -Tetraethylformamidinium methyisuifate (4 g) is added to water (25 ml) and the 

resulting mixture is cooled to 0 °C. This mixture is then added to a cooled solution of 
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ammonium tetrafluoroborate (3.15 g} in water (25 ml). The mixture Is then extracted with 
dichioromethane. Removal of the dichiororneihane gives N.N.N'N'-tetraethyiformamidinium 
tetrafluoroborate (18, R6 = Et, R7 ~ Et) as a white solid . 1H N.MR (DMSO-d6), 7.80(1H), 

3.70-3.40 (8H), 1.40-1.33 (12H). 

The X-ray Structure of the obtained crystals is shown in figure 2 
/ 

Crvsta! data recorded at 100(2) K1 
Empirics! formula C5H21BF4M2 

Formula weight 244.09 
Crystal system Monoclin'c 
Space group P21/c 
Cel! parameters a = 9.738(2) A 

b = 8.580(2) A 
c = 15.519(2) A 

a « 90 0 

P= 100.840(6)' 
y = 90 * 

Volume of unit cell 1273.5(4) A3 

r 4 
Calculated density 1.273 mg m"3 

* (number of asymmetric units in the unit cell) 

Example 8; N.N.N'.N'-TetraathySformamidlniuirs hexafluorophosphate (18, R8 = Et, R7 
• Et) 

JjEi2 +NEt2 

EtjN Me$0„ E;t2N PfV 

N,N,N',N' -Telraethyiformamidinlum methyisuifate (4 g) Is added to water (25 ml) and the 

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

ammonium hexafluorophosphate (4.9 g) in water (25 mi). The formed precipitate is 
collected by filtration. The precipitate is then washed with coid water (2 x 10 ml) and then 
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with diethyl ether (10 ml). Drying Irs vacuo gives N,N,N\N'-tetraethylforrr!amidinium 

hexafluorophosphate (18, R6 = Et, R7 = Et} as a yeiSow solid. 1H NMR (DMSO-d6), 7.92 

(1H), 3.85-3.54 (8H), 1.45-1.38 (12H). 

Exampie 7: 1-Pyrroiidln-l-yirnethyiene-pyrroMdirslurn methyisuSfale {18, R6/R? -

Pyrroiidfnyl) 

\ i O MaSOj' 

A mixture of N~fcrmylpyrrclid;ne (100 g) arid dimethyisuifate (126 g) are heated to 80 "C 

for 4 h. Then a mixture of pyrrolidine (71 g) and toluene (100 ml) are added and the 

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

temperature and the phases are separated. The lower layer Is concentrated In vacuo and 

triturated with diethyl ester. The precipitate is collected by filtration and recrystallised 

using ethyl acetate to give 1-pyrrciidin-1-y!methyiene-pyrrolidinium methyisuifate (18, 

R6/R7 = PyrroKdinyl). 1H NMR (DMSO-d6). 8 28 (1H), 3.90-3.85 (4H), 3.68-3.62 <4H), 

3.36 (3H), 1.99-1.90 (4H), 1.86-1.77 (4H). 

Exampie 8: l-Pyrrolsdirt-l-yirrsethylene-pyrrolidinlurri hexafluorophosphate (18, R6/R? 

= Pyrrolidinyi) 

/ N MeSO,: 

\J 
PF6' 

" -pyrrolidin-1-ylmethylene-pyrrolidinium methyisuifate (5 g) is added tc water (25 ml) and 

the resulting mixture is cooled to 0 °£, This mixture is then added to a cooled solution of 

ammonium hexafluorophosphate (6.2 g} in water (25 ml). The formed precipitate is 

collected by filtration. The precipitate is washed with cold water (2 x 10 ml) and then with 
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diethyl ether (10 mi). Drying in vacuo gives 1~pyrralidin~1-ylmethyiene~pyrrolidinium 

hexafiuorophosphate (18. R6/R7 = Pyrrclldinyl) as a while solid. m.p. 229-231 °C. 1H 

NMR. (DMSO-d6), 8.25 (1 H), 3.91-3.83 (4 H), 3.67-3.60 (4 H), 1,99-1,90 (4 H), 1.86-1.77 

(4 H). 

Exampie 9; N.N.N'.N'-TetraisopropylformamSdinluro chloride (18, RS - iPr, R7 # IPr) 

A mixture of phosphorus oxychloride (10.5B g) and diethyl ether (50 ml} is stirred at 0 °C for 

10 min. Oiisopropylformamide (8.91 g) in diethyl ether (20 mi) is then added drop-wise over 

a period of 10 rrsin. The resulting mixture is then stirred ai room temperature for 30 min. 

The fanned precipitate is allowed to settle and the supernaiant removed. Dlchlorometfeane 

(60ml) is then added |o the mixture. Oiisopropylamine (6,98 g) In dlchloromethane (2G 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 rn!) 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'~ 

tetraisopropylformamldinlum 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'-Tetraisopropylformamidmlum hexafluorophosphate (18, R6 -

IPr, R7 = iPr) 

A mixture of N.N-diisopropyllformamlde (10 g) in anhydrous dlchloromethane (40 ml) is 

added to a solution of phosphorus oxychloride (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 

G 

O <\i|: 
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°C. To this mixture, a solution of diisopropylarnine (10.9 mi) and triethyiamine (10.7 ml} in 

dlchloromethane (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 arid the resulting mixture is cooled to 

0 "C, This mixture is then added to a cooled solution of ammonium hexafluorophosphate 

(14.9 g) iri water (25 ml). The formed precipitate Is collected by filtration. The precipitate is 

washed with cold water (2 x 10 mi) and then with diethyl ether (10 ml). The material is dried 

in vacuo and then recrystallised from acetone to give 

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'.N'-Tetraisopropyiformamldiniusn tetrafluoroborate (18, R6 « sPr, 

R7 = iPr) 

A mixture of N.N-diisopropyllformamlde (10 g) in anhydrous dichloromeihane (40 mi) Is 

added tc a solution of phosphorus oxychloride (11.9 g) in diciiioromethane (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 diisopropylarnine (7.8 g) and 

triethyiamine (10.8 ml) in dichloromethane (50 ml) is added dropwise over a period of 30 

min. The reaciion mixture is then allowed to warm slowly lo 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 (13.2 g) and extracted with dlchloromethane. 

The organic layer is dried (MgSO*) and then concentrated in vacuo. The residue Is taken 

up in acetone. Addition of a mixture of diethyl ether and pentane (4:1, 20.5 ml) followed 

by filtration gives N.N.N'.N'-tetraisopropylformarnidinium 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). 

o 

Exampie 12: Diisopropyi(piperfdin-1-ylmelhy!idene)amrirtonti!m hexafluorophosphate 

(18, R6 = iPr, R7 = PSpersdinyl) 
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A mixture of N.N-diisopropyllformamide (5 g) in anhydrous dichlororrsethane (40 mL) is 
added to a solution of phosphorus oxychloride (5.9 g) in dichioromethane (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 triethyiamine (3,92 g) in 
diehioromeihane (50 ml) is added dropwise over a period of 30 min. The reaction mixture is 
then allowed to warm slowiy 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 (6.3 g) In water (25 ml). The precipitate is collected by filtration. The 
precipitate Is washed with cold water (2x10 ml) and then with diethyl ether (10 ml). The 
materia! is dried in vacuo and then recrystaillsed from acetone to give diisopropyl(piperidirs-
1-yimethyiider:e)ammonium hexafluorophosphate (18, R6 = iPr, R7 = Piperidinyl) as a 
colourless solid, rn.p. 239-240°C. 1H NMR (DMSO-d6), 7.63 (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. 

Ciystai data [reoordec I at 100 [2) K] 

Empirical formula CIJHJSFSNJP 

Formula weight 342.31 

Crystal system Orthorhombic 

Space group P212121 

Ceil parameters a = 9.3:5(2) A 

b = 12.051(2) A 

c - 14,134(2! A 

a = 90 c' 

3 - 90 0 

y ~ 30 g 

Volume of unit cell 1586.6(5) A3 
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T 4 

1.433 mg m"3 Calculated density 

' (number of asymmetric units in the unit ceii) 

Example 13: Tr!s(mo!phoHfio)metharse (13. RS/R7 = morphoiino) 

HC(OEt)3 

A mixture of triethylcrthoformale (62.2 g), morphcline (54.5 g) and glacial acetic acid (1,26 

g) is stirred at 180 °C for 5 h. During this time, the ethanol formed is continuously 

removed by distillation. The reaction mixture is left to cooi to room temperature overnight. 

The resulting precipitate is filtered and washed with heptane. The solid is re-crystallised 

using toluene to give tris(morpholino)methane, 13 (R6/R7 = morpholine). 1H NMR 

(CDCI3), 3.66-3.60 (12 H), 3.26 (1 H), 2.80-2.70 (12 H). 

Example 14: Trisfdimethylaminolrriethane (13, R6 = Me, R7 = Me), Terf-Butoxy-

bisfdimetftyiaminojmethane (14, R6 = Me, R7 - Wie, R8 - !Bu) and 

DimsShyiformafnide di-iert-butyl acelai (15, R6 = S^e, R7 = Ms, R8 = tBu) 

NMe-5 NM©> 

N,N,N',N"-tetramethylfcrmadin!um methyl siitate (5 g) (prepared according to Example 1, X 

= MeSC*) is added to a solution of potassium tert-butoxide in THF (23,6 ml, 1 M), The 

mixture is then stirred for 1 h at 60 C'C. The reaction mixture Is then filtered under argon. 

The mother liquor Is then concentrated in vacuo to afford a residue (1.60 g) containing 13, 

14 and 15 (R6 = Me, R7 - Me, R8 - tBu). 1H NMR (C6D6): 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 » 

+ 

Method 1 
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tBu), 15 (R6 = Me, R7 = Me, R8 - Me) are determined by integration of signals at 3.02, 4.06 

and 5.00 ppm, respectively. 

ft/Sethod 2 

N.N.N'.N'-tetramethylforrnadinium 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 

mi, 1 M), The mixture is then stirred for 1 h ai 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'-tetramethy!formadinium hexafluorophosphate (500 mg) (prepared according to 

Example 3, X = PFS) is added to a solution of potassium tert-butoxide in THF (2 mi, 1 M). 

The mixture is then stirred for 1 h at 50 °C. The reaction mixture Is then filtered under 

argon. The mother liquor is then concentrated in vacuo to afford a residue containing 13, 

14 and 15 (R6 - Me, R7 - Me, R8 - !Bu). 

Exampfe 15: Tris(diGtbylarriir5e}nriethane (13, R6 = Et, R7 - Et}, Terf-Butexy-

bls(diethylarnino)?nethane (14, R§ » Et, R7 - Et, R8 - tBu) and W,A/-Diethylformamide 

di-tert-butyi acetai (15, R8 = Et, R7 Et, R8 = tBu) 

+NEI2 

J £yr MeSOi 

Method 1 

N,N,N\N'-tetraethylformadinium methyl sulfate (5g) (prepared according to Example 4, X = 

MeSOi) is added to a solution potassium tert-butoxide in THF (18.7 ml, 1 M), The resulting 

mixture is then stirred for 1h at 80 °C. The reaction mixture is filtered under argon and the 

mother liquor is then concentrated in vacuo to afford a residue (1.31 g) containing 13,14 

and 15 (R6 = Et, R7 = Et, R8 = tBu). 1H NMR (OA): 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 = 

NGt, 

X EtzN NEU 

NE:3 

EbN^^OtBu 

NEtjj 



WO 2009/090253 PCT/EP2009/0505J0 

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. 

N,N,N',N'-tetraethy!formadinium tetrafluoroborate (500 mg) (prepared according to Example 

5, X - BF4) is added to a solution of potassium tert-butoxide in THF (2.05 mi, 1 M). The 

mixture is then stirred for 1 ft 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, R? = Et, R8 * tBu). 

N.N.N'.N'-tetraethyiformadintum hexafluorophosphate (500 mg) (prepared according to 

Example 6, X * PF6) is added to a solution of potassium teri-bu!oxide 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). 

Exampie 16-1: {R)-5-8[pheny!4-y!methyi^41«dsmethy!amiriometh-{£/Z)-yiidene;j">2-

oxo-pyrroiidine-l-Hcartooxycic acid tert-buty! ester (7-a, R1 - Boc, RS = Me, R7 ~ Me) 

Method 2 

Method 3 

n N—Me 

O-
N 

"O 

Method 1 
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A mixture of 1 g (S)-2-Biphenyi-4-ylmethyl~5-oxo-pyrrolidine-1-carboxy!ic acid fe/t-butyl 
ester (8~a, R1 ~ Boc) and 0.7 mi iris(dimethylamine)rr:ethanf- (13, R6 ~ Me, R7 = Me} 

(Aldrich, #221058) in toluene (5 ml) are heated for 16 h at 115 °C. The mixture is 

concentrated in vacuo to give (R)-5-biphenyl-4-ylmeihy!-3-[1-dlmethylaminometh-(&JZ)-

y!idenej-2~oxQ-pyrrclidine-1-carboxylic acid ?en-butys ester (7-a, R1 = Boc, R6 = Me, R7 = 

Me) as determined by hpic, / 

Method 2 

To 1 g (S}-2-Biphenyi-4-yimethyi-5-oxo-pyrroiidins-1-carbo>:yiic acid ferf-butyl ester (8-a, 
R1 = Boc) in solution In 5 mi toluene are added 3 g of trls(dimethylam!no)methane (13, R6 
- Ms, R7 = Me) (Aldrich, #221058) and 1 ml tert-butanoi. The mixture is stirred at 80°C for 
24 h to yield after concentration to dryness nearly pure (R)-5-&ipheriyi~4-ylmethyl-3-[1-
dirnethylaminometh-(£/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid 'erf-butyl ester (7-a, 
R1 = Boc, R6 = Me, R7 = Me) as determined by hplc. 

Method 3 

To a mixture of 200 mg (S)-2-Bipheny!-4-ylmethyl-5-oxopyrrolidine-1-carboxylic acid fert-
butyi ester (8-a, Rl = Boc) and 0.4S.mi !ris(dimethylaminc)iriethane (13, R6 - Me,.R7 -
Me) (Aldrich, #221058), tert-butanoi (0.21 ml) is added. The mixture is stirred at 80°C for 
24 h tc yield after concentration to dryness (ft)-5-biphenyl-4-ylmethy!-3-[1-

dimethylaminometh-(£/Z)-ylidenej-2-oxo-pyrroiidine-1-carboxylic acid ferf-buty! ester (7-a. 

R1 M Boc, R8 ~ Me, R7 = Me) as determined by hplc. 

Method 4 

To a mixture of 200 mg (S)-2-Biphenyl-4-ylnnethyl-5-oxo-pyrrolidine-1-carboxylic acid fert­
ility i ester (8-a, R1 = Boc) and 0.49 ml tris(dirr.ethylamino)methane (13, R6 = Me, R7 = 
Me) (Aldrich. #221058), isobutyi alcohol (0.21 ml) is added. The mixture is stirred at 8G°C 

for 24 h to yield after concentration to dryness (f?)-5-bipheriyl-4-y!methyi-3-[1-
dirnethylarninometh-(£-7Z}-ylidenej-2-oxo-pyrrolidine-1-C!afboxylic acid Jsrf-butyi ester (7-a, 
R1 = Boc, R6 = Me, R7 = Me) as determined by hpic. 
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Method 5 

To a mixture of 200 mg (Sy^-BiphenyM-ylmethyi-S-oxo-pyrrclidine-l-carboxylic acid ten-

butyl ester (8-a, R1 m Boc) and 0.49 ro! tr:s(dimethylamino)methane (13, R6 ~ Me, R7 = 

Me) (Aidrich, #221058), Isopropyi alcohol (0.17 mi) is addsd, The mixture is stirred at 

80°C for 24 h to yield after concentration to dryness (f?)--5-biphenyl-4-ylrneihyi-3-[1-

dimethylamlnorneth-(£'Z}-ylidenej-2-oxo-pyrrolidine-1-carboxylic acid fed-buty! ester (7-a, 

R1 = Soc, R6 = Me, R7 = Me) as determined by hplc. 

Method S 

To a mixture o! 200 mg (S}-2-Biphersyl-4-ylmethyi-5-oxG-pyrroSidine-1-carboxyiic acid tert-

butyi ester (8-a, R1 = Boc) and 0.49 ml tris'(dimethylamino)methane (13, R6 = Me, R.7 = 

Me) (Aldrich, #221058), dimethoxyethane (0.2 ml) is added. The mixture is stirred at SOX 

for 24 h to yield after concentration to dryness (R)-5-biphenyl-4-yimethyl-3-[1-

dimethylaminometh-(F/Z)-ylidenej-2-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester (7-a, 

R1 - Boc, R8 = Me, R7 = Me) as determined by hplc. 

Method 7 

ert-butanoi (0.87 g) is added to 1.65 g tris(dlmethylamino)methane (13, R6 = Me, R7 = 

Me) (Aldrich, #221058) and the resulting mixture is stirred for 1 h at 80 °C. (S)-2-

BiphenyM-ylsmethyi-S-oxo-pyrrolidine-l-carboxylic acid iert-buty! ester (8-a, R1 • Boc) 

(1.00 g) is added and the resulting mixture heated at 80 °C for 8 h The reaction mixture 

is cooied to room temperature and concentrated in vacuo. Aseotropic distillation using 

toluene affords (/?)-5-blpheny!-4-ylmethyf-3-[1-dl!T!ethyiaminometh-(£/Z)-ylidene]-2-oxc-

pyrrolidine-1-carboxyiic acid fcrf-buiyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as 

determined by hpic. 

Method 8 

1 g of (S)-2-Blphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxyllc acid fed-butyl ester (8-a, 

R1 = Boc) is added to 10 g of a mixture containing 13, 14 and 15 (R8 = Me, R7 = Me, R8 

= CMe2Et) (prepared according to Example 36, Method 1) and heated to 80 "C. After 2 
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hours, the reaction Is shown to be complete and is concentrated under vacuum to yield 
(R)-5~biphenyl-4-ylmethyl-3-'[1-dirnefhylaminometh~(E'Z}-ylidene]~2-oxG-pyrrDlidsr;e-1-
carboxylic acid ten-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hpic, 

Method 9 

N,N,N',M'-ietramethyiform3midin!um methyisuifate (302 mg) (prepared according to 

Example 1) is added io a 1 M solution of potassium-tert-butoxide in THF (1,14 mi). The 

resulting mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyl-4~y!meihy!-5-oxo-

pyrrolidine-1-carboxylic acid <erf-butyi ester (8-a, Ri * 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 isopropyi acetate. The mixture is then filtered through silica and 
concentrated in vacuo to afford (f?)-5-biphenyl-4-yimethyl-3-[1-dimefhy!aminometh-(E'Z)-
yiidene]-2-oxo~pyrrolidine-1-carboxylic acid fert-butyl ester (7-a, R1 - Boc, R6 ~ Me. R7 -
Me) as determined by hplc. 

Method 10 

N.N.N'.N'-teiramethylformamidiniurn para-toiuenesiiifonate (1.93 g) (prepared according to 
Example 2) is added to a 1 M solution of potassium-tert-butoxide in THF (5.69 mi), The 

resulting mixture Is then stirred for t h at 50 C'C. (S)-2-Biphenyl-4-ylmeihyl-5-oxo-

pyrrolidine-1-carboxylic acid feW-toUtyl ester (8-a, RI - Boc) (500 mg) is then added and the 

mixture stirred at 60 C'C for 10 h. The mixture Is then cooled to room temperature and 

diluted by addition of 10 ml isopropyi acetate. The mixture is then filtered through silica and 
concentrated in vacuo to afford (R;-5-biphenyW-yimethyl-3-[1-dirrseShyl3minorneilv(£''Z)-
yiidene]-2-oxo-pyrrolldine-1-carboxylic acid Jerf-buty! ester (7-a, R1 = Boc, R6 Me, R7 -
Me) as determined by hpic. 

Method 11 

N,N,N',N'-Tetramethylformamidinium hexafluorophosphate (1.75 g) (prepared according to 
Exampie 3) Is added to a 1 M solution of potassium-tert-butoxide in THF (5.89 mi). The 

resulting mixture Is then stirred for 1 h at 50 "C. (S)-2-Biphenyl-4-ylmethyi-5-oxo-

pyrrolidlne-1-carboxylic acid teri-butyl ester (8-a, Ri * Boc) (500 mg) is then added and the 
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mixture stirred at 60 °C for 1 h. The mixture is then cooled to room temperature and diluted 

by addition of 10 mi isopropyi acetate. The mixture is then filtered through silica and 
concentrated'in vacuo to afford (R)-5-biphenyl-4-ylmethyi-3-[1-dimethylaninometh-(BZ)-
ylidene]-2-oxo-pyrro!!dine-1 -carboxylic acid fert-buty! ester (7-a.. R1 = Boc, R6 = Me, R7 = 
Me) as determined by hplc. 

iMethod 12 

10 g (S)-2~Bipheny!-4-ylmethy!-5-oxo-pyrrolidine-1 -carboxylic acid ferr-butyl ester (8-a, R1 
= Boc) in 75 mi i ,2-dimethoxyethane. 17.8 mi tert-buioxy-bis(dimethylamino)inethsne 
{14, R6 = Me, R7 = Me, R8 = tBu) (Fluka #20425) is added and the mixture stirred 

overnight at 75 °C. The mixture is concentrated in vacuo to give (R)-5-biphenyM-
ylmethyl-3-[1-dimethylarr)inomeSfi-(&Z)-yiidene]-2-oxo~pyrrolidlne-1 -carboxylic acid tert-

butyl ester (7-a, R1 m Boc, R6 = Me, R7 = fi/Se) as determined by hpic. 

Method 13 

A mixture of (S)~2-biphenyl-4-yime?hyi-5-o>io-pyrrolidine-1 -carboxylic acid fert-butyl ester (8-
a, R1 = Boc) (1 g) and a mixture containing 13, 14 and 15 (R6 = Me, R7 = Me, R8 = tBu) 

(prepared according to Example 14, Method 1) are heated at 80 °C. for 4 h. The mixture is 

then cooled to room temperature and diluted by addition of 10 rrsi isopropyi acetate. The 
mixture is then filtered through silica and concentrated in vacuo to afford (R)-5-blphenyi-4-

ylmethyl-3-[1-dimethylaminome1h-(£/Z)-y1idene]-2-oxo-pyrrofidine-1-carboxylic acid ten-

butyl ester {7-a, R1 ~ Boc, R6 - Me, R7 - Me) as determined by hplc. 

Method 14 

Mixture of 10 g (S)-2-bipheny!-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid lert-butyl 
ester (8-a, R1 - Boc) and 52 g tert-butoxy-bis{dimethylamino)methane (14, R6 = Me, R7 

» Me, R8 w tBu) is heated at 80 CC for 4 hours. The mixture is concentrated In vacuo to 

give (,£?)-5-bipheny!-4-ylmethyl-3-[1-dirnethyiamlnom8th-(EXZ)-ylidenej-2-oxo-pyrrol!dine-1-

carboxylic acid fert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 m Me) as determined by hplc. 

Method 15 
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A mixture of 2 g (S)-2-Biphenyl-4-ylmethyl-5-oxc-pyrrolidine-1-carboxylic acid fe/t-butyl 
ester (8-3, R1 = Boc) and 8.7 mi methoxy-biS(dimethyiamine)methane (14, R6 = IV!e, R7 = 

Me, R8 = Me) (Fluka #64875) is heated at 80 °C for 40 hours. The mixture is then 

concentrated in vacuo. The residue is dissolved in isopropyi acetate and passed through 

Kieselgel. The filtrate Is concentrated to give (ft)-5-biphenyi-4-yimethyl-3-[1-
dimethyiarriinorneth-(E7Z)-yiidene]~2-oxo-pyrro!idir!e'1-carboxylic acid fert-buty! ester (7-a, 
R1 = Boc, R6 = Me, R7 = Me) as determined by hplc. 

Method 18 

A mixture of 1 g (S)-2-Bipheny!~4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid ferf-butyl 
ester (8-3, R1 = Boc) and 1.2 mi N,N-dimethy!formamide diisopropyl acetal (15, R6 = Me, 

R7 = Me, R0 = iPr) (Aldrich #178535) are heated at 105 aC overnight, A further portion of 
N,N-dimethylformarr!ide 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 (fi)-5-

bipheny!-4-ylmethyl-3-[1 -dimefhy!aminome!h-(E/Z)-ylider!e]-2--oxo-pyrrolidine-1 -carboxylic 
acid fert-bufyl ester (7-a, R1 ~ Boc, R6 = Me, R7 = Me) as determined by hplc. 

Method 17 

To 0.2 g (S)-2-Bipheny!-4-y!methyl-5-Qxo-pyrrol!dir!8-1 -carboxylic acid .'erf-butyl ester (8-a. 
R1 = Boc) in solution in 0,7 ml teSrahydrofuran are added 0.4 g of 
1ris{d:methyiarnino)methane (13, R6 ~ Me, R7 =• Me) (Aldrich, #221058} and 0.17 ml tert-
butanol. The mixture is stirred at 80°C for 8 h to yield after concentration tc dryness to 

give (R)-5-blphenyl-4-ylmethyl-3-[1-dimethyiaminometh-(£/Z)-yi!dene]-2-oxo-pyrrolidine-1-

cartooxyilc acid terf-butyl ester (7-a, R1 - Boc, R6 = Me, R7 - Me) as determined by hplc. 

Method 18 

A mixture of 1 g (S}-2-biphenyl-4-ylmethy!-5-oxo-pyrroiidine-1-carboxylic acid tert-butyl 
ester (8-a, R1 = Boc) and 3.4 mi N.N-dimethylformamide di-tert-buty! acetal (15, R6 - Me, 
R7 = Me, R8 = tBu) (Aldrich #358800) are heated at 50 °C overnight. The mixture is then 

concentrated to give (R)-5-Biphenyi-4-ylmethyl-3-[1~dirnethylarriinometh-(£/2)-yiidene]-2-
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oxo-pyrroiidine-1-carbcxyiic acid terf-butyl ester (7-a, R1 ~ Boc, R6 - Me, R7 = Me) as 
determined by hplc. 

Method 19 

7 g of (S)-2-3lphenyl-4~ylmethyi~5' OXQ-pyrroiid!ne-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 

= CMe2Et) (prepared according to Example 36, Method 2) and heated to 85 °C. The 
respiting mixture :s stirred at this temperature for 48 h. The mixture is then concentrated 
in vacuo tc give (R)-5-biphenyl-4-ylmethyl-3-[1-dirnethylarninoiTieth-(£'Z}-ylideneS-2-oxo-
pyrrolidine-1 -carboxylic acid tenf-butyl es'er (7-a, R1 = Boc, R6 = Me, R7 = Me) as 

determined by hplc, 

Method 20 

7 g of {S)-2-Biphenyl-4-ylmethy!-5-oxo-pyrro!idirie-1 -carboxylic acid ^'erf-butyl ester (8-a, 
R1 = Boc) Is added tc 7.5 g of a mixture containing 13.14 and 15 (R6 = Me. R7 = Me. R8 
= CMeiEt) (prepared according to Example 36, Method 2) and heated tc 85 °C. The 
resulting mixture is stirred at this temperature for 48 h. The mixture is then concentrated 
in vacuo tc give (,R)-5-biphenyl-4-ylmethyl-3-[1-dirnethyiam!nometh-{£/Z)-ylidene]-2-oxo-
pvrrolidine-1 -carboxylic acid fert-butyi esier/7-a, R1 = Boc, R6 = Me, R7 = Me) as 
determined by hplc. 

Method 21 

7 g of (S)-2-Bipheny!-4-yl!riethyl-5-oxo pyrroiidir;e-1-carboxylic acid fert-butyl ester (8-a. 
R1 = Boc) is added tc 11.3 g of a mixture containing 13, 14 and 15 (R6 -- Me, R7 = Me, 
R8 m CM%©) (prepared according to Exampie 36, Method 2) and heated to 85 °C. The 

resulting mixture is stirred at this temperature for 24 h. The mixture is then concentrated 
in vacuo tc give (R>-5-biphenyl-4-ylmethyi-3-[1-dimethylamip.ometh-(£XZ)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid ferf-butyl ester {7-a, R1 m Boc, R6 = Me, R7 = Me) as 
determined by hplc. 

Method 22 
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7 g of (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carbcxyl!c acid fert-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 = CMejEt) {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-bipheny!-4~ylmethyl-3-[1-dimeihylaminomeih-(£'Z}-ylidene]-2-oxo-
pyrroiidine-1-carboxylic acid fert-buty! ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as 
determined by hplc. 

Method 23 

N.N.N'.N'-Tetramethylforrnamidinium hexafluorophosphate (350 mg) (prepared according 
to Exampie 3) is added to a 1 M solution of potassium-tert-faLitoxide in THF (1.1 ml). The 
resulting mixture is then stirred for 1 h at room temperature. (S)-2-BiphenyM-yiroethyl-5-

oxo-syrrolidine-1 -carboxylic acid terf-buiyi 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 Isopropyi 

acetate. The mixture is then filtered through silica and concentrated in vacuo to afford 

(ft^5-biphenyi-4-ylmethyi-3-[1-dimethylaminorneth-(£/Z>ylidene]-2-oxo-pyrfolidine--1-

carboxylic acid terf-butyi ester (7-a, R1 Boc, R6 = Me, R7 = Me) as determined by hp!c. 

Method 24 

N,N,N\N'-tetramethylformamidinium methyisuifate (302 mg) (prepared according to 
Exampie 1) is added to a 1 M solution of potassium-tert-butoxide in THF (1.1 ml). The 

resulting mixture is then stirred for 1 h at 50 °C. The mixture is then cooled to room 

temperature, (S)-2-Bipher.yl-4-ylmethyi-5-oxo-pyrro!idine-1-c3rboxylic acid tert-butyl ester 

(8-a, R1 - Bex;) (302 mg) is then added and the mixture is then stirred overnight. The 
mixture is then concentrated in vacuo to afford (W)-5-biphenyl~4-ylmethyl-3-[1-
dimethylaminometh-(E<Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid ferf-butyl ester (7-a, 
R1 = Boc, R6 = Me, R7 = Me) as determined by hplc. 

Method 25 
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N,N,N\N'-tetram8thylformamidiriium para-toiuenesuifonate (1.9 g} (prepared according to 

Exampie 2) is added tc 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)-2-3iphenyl-4-ylmeihy!-5-oxo-pyrroiidine-1-carboxyi:c acid fort-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-biphercyl-4-ylrrsethyl--3-[1-

dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrro!idine-1-carboxylic. acid 'erf-butyl ester (7-a, 

R1 ~ Boc, R6 = Me, R7 = Me) as determined by hpic. 

N,N,N\N!-tetr3methyiformamidir>ium hexafluorophosphate (1.75 g) (prepared according to 

Example 3} is added to a 1 M solution of potassium-tert-butoxide in THF (5.7 ml). The 

resulting mixture is then stirred for 1 h at 50 °C. The mixture is then cooled to room 

temperature. (S)-2~Blphenyi~4-ylmethyl-5-oxa-pyiT0!!d!ne-1 -carboxylic acid terf-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 (/?)-5-bipheny'-4-ylmethyl-3-[1-

dlmethy!aminometh-(£yZ)-yi:derie]-2-oxo-pyrro!idine-1-carboxylic acid fsrf-butyl ester (7-a, 

R1 = Boc, R6 = Me, R7 = Me) as determined by hpic. 

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

Column: X-BRIDGE C18; 15G x 3.0 mm; 3.5 nm, Mobile Phase A (0.1 % NH3 (32 %) in 

water); Mobile Phase B (Acetonltriie). Gradient: 0 min (20 % B); 3 min (40 % 8); 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 .t. 2 °C. . 

MeShod 26 

-Retention times: 

8-a (R1 = Boc): 

7-a (R1 * Boc; R6 Me; R7 ~ Me): 

10.4 min 

11.0 min 
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Example 16-2: Wcrk-up/Purlficatson of (/?)-5-Biphenyi«4-y!methyl-3-[1-

dirnethy!am!norneth-{£'Z)-yi!der!e]-2-oxo-pyrrolit!ine-1-cafboxyilc acid fert-butyi 

ester (7-a, R1 ~ Boc, R6 - Me, R7 = Me) 

(R)-5-Bipheny!-4-ylmethyi-3~t1 -dirneShylamino!Tieth-(£,Z)-ylidene]-2-oxo-pyrrolidine~1-

carboxylic acid fe/f-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 soivents, 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 isopropyi acetate) prepared 

according to Exampie 16-1, Method 14, Activated charcoal (ca 50 mg) Is added and the 

mixture stirred at room temperature for 1 h. The mixture is filtered and concentrated in 

vacuo to give 7»a (Ri ~ Boc; R6 = Me; R7 - Me) as determined by hpic. 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 mi isopropyi acetate) prepared 

according to Exampie 16-1, Method 14. Activated charcoal (ca 50 rng) is added and the 

mixture stirred at reflux for 1 h. The mixture is filtered and concentrated In vacuo to give 

7-a (Ri = Boc; R6 = Me; R7 « Me) as determined by hpic. 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 isopropyi acetate) prepared 

according to Example 16-1, Method 14. The mixture is passed through a pad of Celite, 

The filtrate is then concentrated in vacuo to give 7-a (R1 = Boc; R6 = Me; R7 = Me) as 

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

Method 4 
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Solution of 7-a (RI = Boc; R6 m Me; R7 = Me} (0.2 g In 2 ml isopropyi acetate) prepared 

according to Example 16-1, Method 14, The mixture is passed through a pad of 

Kieseigel. 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 Exarr.ple 16-2, Method 7. 

i 
Method 5 

11 g of 7-a (RI - Boc; R6 - Me; R7 - Me) prepared according to Example 16-1, Method 

14 Is dissolved in 15 mi isopropyi acetate. The mixture is passed through a pad of 

Kieseigel and washed with isopropyi acetate (5 x 20 m'). The filtrate is concentrated in 

vacuo to give 7-a (RI = Boc; R6 = Me; R7 = Me) as determined by hplc. Spectroscopic 

data as for Example 16-2, Method 7. 

Method 6 

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

is added toluene (50 mi). The solvent is then removed in vacuo. Further 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 

16-2, Method 7, 

Method 7 

9 g of 7-a (R1 * Boc; R6 = Me; R7 = Me) prepared according to Example 16-2, Method 6 

is added heptane (15 ml). Solvent is removed in vacuo. Ethyl acetate (5 ml) and the 

mixture is heated to 50 °C. Heptane (10 mi) is added. The mixture is then cooled to room 

temperature then concentrated in vacuo to give 7-a (RI « Boc; R6 ~ Me; R7 = Me). 

Spectroscopic data for 7-b (R1 - Boc; R6 = Me; R7 = Me); R> 0.49 (ethylacetate). 5h (400 

MHz; DMSO) 1.48 (9H), 2.63 (2H), 2.79 (1H), 2.93 (6H), 3.06 (1H), 4.19 (1H), 6.96 (1H), 

7.32 (3H), 7.44 (2H), 7.63 (4H); m/z (ES+) 407.1 ([MM", 71 %), 351 (100), 307 (41). 

HPLC Method (Example 16-2, Methods 1-7} 
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Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 Li.ro. Mobile Phase A (0.1 % Nri3 (32 %) in 

water); Mobile Phase B (Acetonltriie). Gradient: 0 min (20 % S); 3 min (40 % B); 5 min 
(40 % B); 7 min (50 % B); 11 min (50 % B); 13 min (80 % B); 16 min (80 % B); 16.1 min 

(20 % B); 20 min (20 % B). Flow rate; 1.4 mi rnirfWaveiength: 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: (/?5-5-8iphersyl-4~y!methy!-3"[1-dsethylarriiR©rneth-(£/Z}~yHder!eJ-2-0XO-
pyrrolidine-1 -carboxylic acid fert-butyl ester (7-3, R1 - Boc, R6 = Et, R7 ~ Et) 

cr "o 

i^i 

r 

Method 1 

A mixture of (S)-2-biphenyl-4~ylmethy:-5-oxo-pyrro!idine-1-carboxyilc acid fert-butyl ester 
(8-a, RI = Boc) (1.41 g) lert-butoxy-bis(diethylamino)methane (14, R6 = Et, R7 = Et, R8 = 

tBu) (3.76 g, prepared according to Example 15) is heated at 80 °C for 1 h. The mixture is 

then diluted with 10 ml isopropyi acetate and filtered through silica. The filtrate is then 
concentrated in vacuo and azeoiroped successively with xylene (3 x 10 ml), toluene (3 x 
10 ml), isopropyi acetate (3 x 10 ml) and diethyl ether (3 x 10ml). Material Is dried in 
vacuo to afford 1.54 g of (R)-5-biphenyl-4-ylmethy!-3-[1-dlethylaminometh-(£/Z)-ylidene]-
2-oxo-pyrroiidlne-l-csrboxyiic acid tert-butyl ester (7-a, RI = Boc, R6 = Et, R7 = Et). Rf 
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0.41 (ethyl acetate). (400 MHz, C6D6) 0.59 (6H), 1.63 (9H), 2.37 (2H), 2.44 (4H), 2.59 

(1H), 3.50 ( ?H), 4.46 (1H), 7.10-7.29 (6H), 7.42-7.45 (4H). 

Method 2 

N.N.N^'-tetrsetbylformamidlnium methyisuifate (1.91 g, prepared according to Example 4) 

is added to a 1 M solution of potassium-tert-butoxide in THF (5.6S rrsi). The resulting 

mixture is then stirred for 1 h at 50 °0, (S)-2-8iphenyi-4-ylmethyl-5-oxo-pyrrt)lldlne-1-

carboxviic acid tisvf-butyl ester (8-a, R1 - Boc) (500 nig) is then added and the mixlure 

slirred at 60 °C for 1 h. The mixture Is then cooled to room temperature arid diluted by 

addition of 10 mi isopropyi acetate. The mixture is then filtered through silica and 

concentrated in vacuo to afford (R)-5-blpheflyl-4-y!methyi-341-diethy!amiriometh-(£yZ)-

ylldene]-2-oxa-pyrrolidine-1-carboxylic acid ferf-butyl ester (7-a, RI = Boc, R6 = Et, R7 = 

Et). Spectroscopic data as for Example 17, Method 1. 

Method 3 

N.N.N'.N'-tetraethylforniamidiniiini tetrafluoroborate (347 nig, prepared according to 

Example 5) is-added to a 1 M solution of potassium-tert-butoxide in THF (1.14 nil). The 

resuming mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyi-4-ylmethyl-5-oxo-

pyrroiidine-1-carboxylic acid'fert-butyl ester (8-a, R1 = Boo) (100 mg) is then added and She 

mixture stirred at 80 °C for 1 ii. The mixture is then cooled So room temperature and diluted 

by addition of 10 ml isopropyi acetate. The mixture is then filtered through silica and 

concentrated in vacuo to afford (R)-5-biphenyl-4-yirnethyi-3-[1-diethy!aminometh-(£/Z)-

yiidene]-2-oxo-pyrrolidine-1-carboxylic acid tort-butyl ester (7-a, RI = Boc, R6 ~ Et, R7 = 

Et). Spectroscopic data as for Example 17, Method 1. 

Method 4 

N.N.N'.N'-Tefraethylforroamidiniurri hexafluorophosphate (430 mg, prepared according to 

Example 6) is added to a 1 M solution of potassium-tert-butoxide in THF (1.14 ml). The 

resulting mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyi-4-ylmethyl-5-oxo-

pyrrolldine-1 -carboxylic acid ferf-butyl ester (8-a, R1 * Boc) (100 mg) is then added and the 

mixture stirred at 60 °C for 1 h. The mixture is then cooled to room temperature and diluted 
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by addition of 10 ml isopropyi acetate The mixture is then filtered through silica and 
concentrated In vacuo to afford (R)-5-b!phenyl-4-ylmethy!-3-[1-diethylamlnometh-(E'Z)-
ylid8nej-2-ox6-pyrroi!dine-1 -carboxylic acid ferf-butyi ester (7-a, R1 = Boc, R6 = Et, R7 * 

El). Spectroscopic data «s for Example 17, Method 1. 

Method 5 

N,N,N\N'-Tetraethylformamidiniiim 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 slirred for 1 h at room temperature. (S)-2-Biphenyt-4-ylmelhyi-5-
oxo-pyrrotidine-1-carboxylic acid fert-butyf ester (8-a, R1 = Boc) (100 nig) is then added 

and the mixture is heated 'to 55 °C. The mixlure is then stirred at this temperature for 3 h. 

The mixture is then cooled to room temperature and diluted by addition of 5 ml Isopropyi 

acetate. The mixture is then filtered through silica and concentrated in vacuo to afford 
(K)-5-biphenyl-4-ylmethyi-3-[1~dlethyi3minometh~(£'Z)-ylidene]-2-oxo-pyrroiidhe-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Et, R7 = Et). Spectroscopic data as 
for Example 17, Method 1. 

Method 8 

N,N,N\N'-tetraethylforrnamidinium methyisuifate (1,9 g) (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-Blpheny!-4-yimethyl-5-oxo-pyrrolidine-1-carboxylicacld ferf-butyl ester (8-a, RI ~ 

Boc) (500 mg) is then added and the mixture is then stirred overnight. The mixture is then 
concentrated in vacuo to afford (R)-5-biphenyl-4-ylme'hy!-3-[1-diethylaminonnefh-{£/Z)-
ylidene]-2-oxo-pyrrolidine-1 -carboxylic acid ferf-buty! ester (7-a, R1 = Boc, R6 = Et, R7 = 
Et). Spectroscopic data as for Example 17, Method 1, 

Method 7 

N,N,N\N'-tetraethy)formamidinium hexafluorophosphate (430 mg) (prepared according to 
Example 6) is added to a 1 M solution of potassium-tert-butoxide In THF (1.1 ml). The 

resulting mixture is then stirred for 1 h at 50 ®C» The mixture is then cooled to room 
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temperature. (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1 -carboxylic acid ferf-butyl ester 

(8-a, RI = Boc) (100 mg) is then added and the mixlure is then stirred overnight. The 

mixture is then concentrated in vacuo to afford (R)-5-bipheny!-4-y!methyl-3-[1-

dimethylamlnometh-(£'Z)-ylidene]-2-oxo-pyrrolidine-1-carbcxylic acid ferf-butyl ester (7-a, 

RI = Boc, R6 = Et, R7 = El). Spectroscopic data as for Example 17, Method 1. 

Method 8 

N.N.N'.N'-tetraethylformamsdjniurr! 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~B!phenyl~4-ylmethyi-5-oxo-pyrrolidine-1 -carboxylic acid ferf-butyl ester 

(8-a, R1 = Boc) (100 mg) is then added and the mixture is then stirred overnight. The 

mixlure is then concentrated in vacuo to afford (R)-5-biphenyl-4-y!me5hyi-3-! 1-

dimethylaminometh-(&Z)-ylfdene]-2-oxo-pyToiidlne-1 -carboxylic acid ferf-butyl esier (7-a, 

R1 = Boc, R6 = Et, R7 = Et). Spectroscopic data as for Example 17, Method 1, 

Method 9 

N,N,N:,N'-ietraethylf ormamidiniurn tetrailuorcborate (347 mg) (prepared according to 

Example 5) is added toa 1 M solution of poiassium-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-Biphenyi-4-ylmethyl-5-oxo-pyrrolidine-1 -carboxylic acid ferf-butyl ester 

(8-a, RI = Boc) (100 mg) and ammonium hexafluorophosphate (ca 1 mg) are then added 

and the mixlure is then stirred overnight. The mixture is then concentrated in vacuo to 

afford (R)-5-biphenyl-4-yimethyi-3-[1-dimethylam!rsometh-(&Z)-ylidenej-2-oxo-pyrrolid!ne-

1-carboxyiic acid ferf-butyl ester (7-a, RI = Boc, R6 » Et, R7 = Et). Spectroscopic data as 

for Example 17, Method 1. 

Example 18: (R)-5-Biphemyl-4-ylmethyi-3-[1-pyrro!Sdin-1-y!-meth-(&Z)-y!ldene]-2-

©xo-pyrroSidirie-1 -carboxylic acid Jerf-butyi ester (7-a, R1 = Boc, R6/R7 = 

Pyrroifctinyl) 
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A mixture of l-pyrrolidin-l-ylrieShyleriepyrrolidinlum methyisuifate (18.5 g, prepared 

according to Exampie 7) and potassium tert-butoxide {6.3 g) in toluene (40 ml) are stirred 

for 1 h. (S)-2-Biph8riyl-4-ylmethy!-5-cxo-pyrrolidlne-1-carbcxylic acid terf-buty! ester (8-a, 

R1 = Boc) (5 g) is added and the mixture heated to 80 °C. After 1.5 h, the mixture is 

cooled to room temperature, diluted with isopropyi acetate and filtered through silica to 

give (7-a, R1 = 3oc, R6/R7 = Pyrrolidinyl), Purification by chromatography (isopropyi 

acetate) gives (R)-5-biphenyi-4-ylmethyl-3-[1-pyrroiid!n-1-yi-meth-(£i2)-ylidenej-2-oxo-

pyrrolidine-1-carboxylic acid ferf-buty! ester (7-a, R1 = Boc, R6/R7 » Pyrroli(iinyl). Rf 0.32 

(ethyl acetate). (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 (1 H), 7.19 (1H), 7.34 (2H), 7.36 (1H), 7.46 (2H), 7.62 

(2H), 7.65 (2H). m/z (ES+) 433 ([MHf, 100 %), 377 (64), 333 (36). 

Method 2 

A mixture- of 1-pyrrolidin-l-ylrne'hyterie-pyrrclidlriiurn hexafluorophosphate (424 nig 

prepared according to Exampie 8) and potassium tert-butoxide (1 M in THF, 1.1 ml) are 

stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic scid (erf-

butyl ester (8-a, RI = Boc) (0.1 g) Is added and the mixture heated to 60 °C. After 1,5 h, 

(he mixture Is cooled to room temperature, diluted with isopropyi acetate and filtered 

through silica to give (R)-5-bipbenyl-4-ylmethyl-3-[1-pyrrolidin-1-yl-meth-(£XZ)-yliderie]-2-

oxo-pyrroSidirse-1-carboxylic acid terf-butyi ester (7-a, RI - Boc, R6/R7 = Pyrrolidinyl). 

Spectroscopic data as for Exampie 18, Method 1, 
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Method 3 

A mixture of 1-pyrroiidiri-l-ylmethylenepyrrolidinium methyisuifate (380 mg, prepared 

according to Example 7) and sodium tert-butoxide (0.1 mi) in toluene are stirred 
overnight. (S)-2-Biphenyl-4-yirrsethy!-5-oxo-pyrrolidine-1 -carboxylic acid ferf-butyl ester 

(8-a, RI = Boc) (100 mg) is added and the mixture heated to 80 °C. After 4 h, the mixture 
is cooled to room temperature and concentrated in vacuo to give (7-a, RI = Boc, R6/R7 = 

Pyrroiidiny!}. Spectroscopic data as for Example 18, Method 1. 

Method 4 

1-Pyrroiidin-1-ylmethylene-pyrrolidinium hexafluorophosphate (424 mg) (prepared 
according to Exampie 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-BiphenyM-
ylmethyl-5-oxo-pyrrolldine-1 -carboxylic acid tenf-butyi ester (B-a, RI = 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 isopropyi acetate, The mixture is then filtered through silica and 
concentrated in vacuo to afford (R)-5~bipheny!-4-yimethyl-3-[1-pyrroiidin-1-yi-meth-(£/Z)-
ylldenej-2-oxo-pyrrolidine-1-carboxylic acid 'erf-butyl ester (7-a, RI = Boc, R6/R7 = 
Pyrroiidiny!}. Spectroscopic data as for Example 18, Method 1. 

Method 5 

* -Pyrrolidin-1 -ylmethyiene-pyrrolidinium hexafluorophosphate (424 mg) (prepared 
according to Exampie 8) is added to a 1 M section of potsssiurn-tert-butoxide in THF (1.1 

ml). The resulting mixture is then stirred for 1 h at 50 SC» The mixture is then cooled to 

room temperature (S)-2-BiphenyM-ylmethyi-5-oxo-pyrro!idine-1-carboxylic acid ferf-butyl 
ester (8-a. R1 = Boc) (100 rng) is then added and the mixture is then stirred overnight 
The mixture is then concentrated in vacuo to afford ((R)-5-bipheny!-4-yimefhyl-3-[1-
pyrrolidin-1-yi-meth-(£XZ)-ylidene]-2-oxo-pyrrolidine-1 -carboxylic acid ferf-butyl ester (7-a, 
RI = Boc, R6/R7 = Pyrroiidiny:). Spectroscopic data as for Example 18, Method 1. 
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Example 19: (R)-5-Bipbeny!-4-ylme?hyl-3-[1-<fi 
oxo~pyrrolldirse-1-carboxy!ic acid tert-butyl ester (7-a< 

meth-(E)-yildesie3~2-
= Boc, R8 = iPr, R7 = iPr) 

Method 1 

AIM solution of potassium ?er!-butoxide in THF (11.7 rnl) is added to 

diisopropy!(piperidin-1-yimeihyiidene)ammcnium hexafluorophosphate (5 g, prepared 

according to Example 12). The resulting mixture is then stirred for 1 h a' 50 "C. (S)-2-
Biphenyi-4-yirmethyi-5-oxo-pyrTOlidine-1-(:3rboKylic acid terf-buiyi 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 isopropyi acetate and filtered through silica. The 
residue is concentrated in vacuo then purified by column chromatography (ethyl acetate) 
to give (R}-5-biph6nyl-4-y!methyi-3-[1-diisopropylamirio-rTieth-(E)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid ferf-butyl ester (7-a. R1 * Boc, R6 - iPr, R7 = iPr). R( 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'-fetraisopropy]forrnamidinium tetrafluoroborate (2.13 g, prepared according to 
Example 11} is added to a 1 M solution of potassium-tert-butoxide in THF (5.69 ml). The 

resulting mixture Is then stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-yimethyl-5-oxo-

oyrrolidine-1 -carboxylic acid ferf-butyl ester (8-a, R1 » Boc) (500 mg} is then added and 
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the mixture stirred at 60 CC for 1 h. The mixture is then coated to roorn temperature and 

diluted by addition of 10 m! isopropy! acetate. The mixture is then filtered through silica 
and concentrated in vacuo to afford {R)-5-bipheny!-4-ylmethy!-3-[1-diisopropyiamino-
meth-(E)-y!idene]-2-oxo-pyrroHdine-1-carboxylic acid ferf-butyl ester (7-a, RI - Boc, R6 = 
IPr, R7 - iPr). Spectroscopic data as for Example 19, Method 1. 

Example 28: (/?)«5»Biphenyl-4-y!imethyS-3-[1-<i!melhyi3riiino-rir!eSh^&/Z)-y!idene]=1-

{2,2-tiimethylpropi©rsy!)pyrroiid!i>2-orse {7-a, R1 - Piv, R6 - Me, R7 ~ Me) 

A mixture of (S)-5-Bipheny!-4-y!methyi-1-{2,2-dimethyl-propionyl)-pyrrolidin-2-Qne {8-a, R1 
- Piv) (1.0 g, 3 mmoi) and tert-biitoxy-bis{dimethyiarrsino)methane {14, R8 = 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 
isopropyi acetate and filtered through Kieselgei. The filtrate is concentrated in vacuo to 

give (R)~5-&iphenyi-4-ylmethyl-3-[1~dimeihyiaminG-rneth-{&Z)-y!ldene3~1-{2,2-

dimethylpropionyl)pyrrolidin-2-one (7-a, R1 = Piv, R6 at Me, R7 = Me). SH (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 {[MH]+, 100 %). 

Example 21: {$)-S-Biphenyl-4-yimethyS-3-[1~hydroxymeth-f£/Z)~ylidene]-2-oxo-
pyrroisdine-1 -carboxylic acid ferf-butyi ester (6-a, R1 = Boc), 
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Method 1 

(R)-5-8iphenyi-4~ylmethyl-3-[1"dimethy!arnl.nometh-(&Z>yiidenej-2-oxo-pyrro!!dine-1-

carboxylic acid fe/7-butyl ester (7-a, RI = Boc, R6 - Me, R7 = Me) (1 g, 2.5 mmol) is 

dissolved in THF (5 mi) and cooled to 0 °C. aq. Hydrochloric acid (37 %; 0.2 ml) is added 

followed by water (2.1 mi). Mixlure is stirred a? room temperature for 1.5 h. The phases 

are separated and the organic phase dried (MgSQ4) and concentrated in vacuo to give 

(R)-5-biphenyi-4-ylrnethyl-3-[1-hydroxyrr!ei.fv(,&,2)-ylidene3-2-oxo-pyrro!idine-1 -carboxylic 

add ferf-butyl ester (6-a, RI = Boc). SH (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); SH (400 

MHz; GDQb) 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). rn/z (+) 380 ([MHf, 5 %), 324 (100). 

Method 2 

(R)-5-Biphenyl-4-ylmethyl-3-[1-dirnethyiarnincmeth-(£/Z)-yl:dene]-2-oxo-pyrrolidine-1-

carboxylic acid tert-bu?yi ester (7-a, R1 = Boc, R6 = Et, R7 = Et) (1 g) is dissolved in THF 

(6.9 ml) and cooled to 10-15 °C. A solution of concentrated sulfuric acid (0.09 ml) in water 

(3 ml) is added. Mixture is stirred at room temperature for 1.5 h, The phases are 

separated and the aqueous phase is extracted with isopropyi acetate. The combined 

organic phases are dried (MgSG<) and concentrated in vacuo to give (fl)-5-biphenyl~4-

yime!hyi-3-[1 -hydroxyrneth-(E'Z}-y!idenel-2-oxo-pyrraiidlne-1-carboxyiic acid tert-butyl 

ester (6-a, RI = Boc). Rf 0.49 (ethyl acetate). Spectroscopic data as for Example 21, 

Method 1. 
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Method 3 

(R)-5-Bipheny!-4-ylmethyi-3-[1-dimethylamir!ometh-(£ZZ)-ylidenej--2-oxo-pyrrolidine-1-

carboxylic acid tet-buty! ester (7-a, RI = Boc, R6 = Et. R7 = Et) (32.5 g) is dissolved in 

THF (190 ml) at 60 °C. The mixture is then cooled to 10-15 *C, An aqueous solution of 1 

M sulfuric acid (98 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 mi). The phases are separated. The 

organic phase Is dried (MgSO^) and concentrated in vacuo to give (ff>-5-biphenyM-

ylmethy!-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrroildine-1-carboxy!ic acid tert-b'utyi 

ester (6-a, RI = Boc). R, 0.49 (ethyl acetate). Spectroscopic data as for Example 21, 

Method 1. 

Exampie 22: Enol form: {f?}-5-Biphenyi-4-yim&thyM-{2,2-dimethylpropjorsyi)°3-[1-

hydroxymeth^e^-yiidenejpyrrolidirs^-ofie (8-a, R1 = Piv). 

(R)-5-BiphenyM-ylmethy!-3-[1-dirr!ethylamir:cmeth-(£/Z)-yiidene]-2-oxo-pyrroiidine-1-

carboxylic acid tert-buty! ester (7-a, RI = Piv, R6 = Me, R7 = Me) (927 mg) is dissolved in 

THF (5 ml) and cooled to 10 °C. Hydrochloric acid (1 M; 2.6 ml) is added followed by 

water (2.1 ml). Mixture is stirred at room temperature for 17 h. The mixture is diluted with 

ethyl acetate (5 ml) and the phases separated, The organic phase is washed with water, 

brine then dried (Mg-SCv.). Concentrated in vacuo to give (ff)-5-bipheny!-4~ylmethyl-1~ 

(2.2-dimethylpropionyi)-3-[1-hydroxymeth-(£',Z)-yliderie]pyrrolidin-2-one (6-a, RI = Piv). 

SH (400 MHz; DMSO) 1.31 (9H), 2.43 (1H), 2.50 (2H), 3 01 (1H), 4.53 (1H), 7.26 (2H), 

7.35 (1H). 7.45 (2H), 7.61 (2H), 7,64 (2H); m/z (ES+) 364 ([MHf, 100 %). 
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Example 23: {R)-5-Slphenyl-4-ylmethyS-3-methylene-2-o>to-pyrrolidir!e-1-carboxylic 

acid terf-buty! ester (4-a, R1=Boc) 

Method 1 

(R)-5"Biphenyl~4-yl!me;hyi-3-[1-dlmethylaminomeSh-(£/Z)-ylidene]-2-oxo-pyrroildine-1-

carboxylic acid ferf-butyl ester (7-a, R1 = Boc, R6 ~ Me, R7 = Me) (7 g) is added to THF 

(210 mi) and the resulting mixture cooled to -78 °C. Diiscbutylalumlnium hydride (109 mi, 

103 mrrsoi; 0.95 M in THF) Is added over 1.5 h. To the mixture is then added Rochelle's 

Salt (430 ml; 1.2 M in water) and the mixture stirred vigorously. Ethyl acetate (400 ml) is 

added and the phases are separated. The organic phase is concentrated in vacuo. The 

resulting residue is dissolved in ethyl acetate (20 ml) and washed with brine (20 ml). 

Phases are separated. The organic phase is then concentrated in vacuo. Diethyl ether 

(50 mi) is added, filtered and the filtrate concentrated to give.(R)-5-biphenyl-4-ylmethyl-3-

methylerie-2-Qxo-pyrrolidine-l-carboxyiic acid ferf-butyl ester (4-a, R1=Boc). 

Crude (R)-5-bipheny!-4-y!methyl-3-methylene-2-oxo-pyrrolldine~1-carboxy!ic acid ferf-butyl 

ester (4-a, R1 = Boc) can be optionally purified by column chromatography eluting with 

3:1 heptane/ethyl acetate. 1H MMR: 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); m/z (+ESi) 381 ([MNa]+, 7 %), 364 ([MH]+, 12), 308 (100), 264 (10) 

(R)-5-B!phenyl-4-ylmethyl-3-methy!ene-2-oxo-pyrro!idirte-1-carboxyHc acid ferf-buiyl ester 

(4-a, Ri - Boc) is a ctystaiiine 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 29 In [°] are indicated with error limit of ±0.2): 
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26 in [°j: 4.7, 9.3, 10.5, 13.3, 13.9, 15.3, 18.9, 18 Q, 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 shew 

the following interlattice plane intervals (average 20 in [°] are indicated with error limit of 

±0.2): 26 in ["]: 4.6, 10.5, 13.3, 13.9, 16.9, 18.6, 19.6, 20.9. Data taken using a Brisker D8 

Advance diffractometer using Cu-Ka radiation. 

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

determination is obtained from methanol/water as solvent. 

Crystal data [recorded at 100(2) K] 

Empirical formuia C2-.IH2SN03 

Formula weight 363.44 

Crystal system Monoclinic 

Space group P21 

Cell carameters a = 11.512(2) A 

b = 9.197(2) A 

C = 19.002(3) A 

a = 90 ° 

P = 94.737(7) 0 

y = 90 ° 

Volume of unit eel! 2005.0(6) A3 

Calculated density 1,204 mg r?v 

* (number of asymmetric units in the unit ceii) 

Method 2 

(R)-5-Bipheny!-4-ylmethyl-3-[1-dimethy!amincmeth-{E/Z)-ylider<e]-2-oxo-pyrrolidlne-1-

carboxylic acid tert-buty! ester (7-a, R1 = Boc, R6 = Me, R7 = Me) (100 mg, 0.25 mmo!) is 
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added to THF (0.5 mi) at Q "C. Sodium triacetoxyborohydride (111 mg, 0.50 mmo!) is then 

added. The mixture is stirred for 1h then stirred at room temperature overnight. Water (5 

ml) is added and then extracted with toluene. Organic, phase dried (MgS04) and 

concentrated in vacuo to give (R)-5-B!phenyl-4-y!methyi-3-nnethy!ene-2-oxa-pyrrojidir:e-1-

carbcxylic acid tert-butyi ester (4-a, R1=Boc). Spectroscopic data as for Example 23, 

Method 1. 

Example 24: (R)-5»Blph8nyi-4>yimethyi-3-methyleiie-2»oxG»pyrroiidine»1 -carboxylic 

acid feft-buty! ester (4-a, R1 - Boc} 

Crude {W)-5-Bipher,yl-4-ySrneihyi-3-[1-riimiethy;ami?io!TietM£^-yiidenej-2-{)xo-pyrro|iriirie-

1-carboxylic acid ferf-butyi ester (7-a, RI » Boc, R6 = Me, R7 = Me) (87.5 g) is dissolved 

in THF (340 mi) and cooled tc 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 % in water; 138 ml). 

Potassium carbonate (31.8 g) Is added portionwise over 4 h. 1 % Tetra-n-

butylammoniumhydroxide solution (14,2 ml) is added followed by sodium hydroxide 

solution (30 % in water) Until pH 10.5. The mixture is stirred for 2 h. The phases are 

separated. The organic phase is washed with water (100 ml) and sodium bisulfite (20 g) 

added. Toluene (100 ml) and sodium chloride solution (20 %; 50 ml). The phases are 

separated. The organic phase is extracted with a sodium chloride solution (20 %; 50 ml), 

dried {Na2SO<i) and concentrated in vacuo to give (R)-5-biphenyi~4~ylmethyl-3-rnethylene-

2-oxc-pyrrolidine-l-carboxylic acid tert-butyi ester (4-3, R1 ~ Boc) (63 g). The materia; 

can be recrystallised 3S follows: crude (R)-5-biphenyl-4-ylrrielhyl-3-me5hylene-2-oxo-

pyrrolidine-1 -carboxylic acid terf-bufyl ester (4-a, RI = Boc) (58 4 g) is dissolved in 

methanol (525 ml) at 50 °C. Water (175 ml) Is added and the mixture is cooled to 0 °C. 

The solid Is collected by filtration and the cake washed with a mixture of methanol (53 ml) 
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and water (18 mi). The solid is then dried in vacuo, giving (R)-5-biphenyl-4-yimethyl-3-

rnethylene-2-oxo-pyrrolidine-l-carboxylic acid tert-butyi ester (4-a, R I =Boc). 

Spectroscopic data as Example 23. 

Method 2 

Crude (R)-5-blphenyl-4-yimethyi-3-[1-ciimethylaminometh-(E<Z)-ylidene]-2-oxo-pyrrolicilne-

1-carboxylic acid fert-buty! ester (7-a, RI = Boc, R6 = Me, R7 = Me) (66.7 g) is dissolved 

in THF (340 ml) and cooled to 10 °C. Sulphuric acid (96 %; 6,9 ml) is added followed by 

water (152 ml). The mixture is stirred at room temperature for 0.5 h. Phases are 

separated. The organic phase is added io formaldehyde solution (37 % in water; 138 ml). 

1 % Tetra-n-bii'yiarmmoniumhydroxide solution (14.2 rnS) 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 soiiition (21.4 g). Toluene (100 mi) and 

sodium chioride solution (50 ml) added. The phases are separated. The organic phase is 

extracted with sodium chloride solution (20 %; 50 ml), dried (Na^GO*) and concentrated in 

vacuo to give {R)-5-Biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrroiidine-1 -carboxylic acid 

ferf-butyl ester (4-a, RI = Boc) (63 g). Material can be recrystailised as follows: crude (R)-

5-biphersyl-4-yimethyl-3-methyiene-2-oxc-pyrrolid:ne»1-carboxyiie acid tert-butyi ester (4-a, 

RI = Boc) (58.4 g) is dissolved In metharsoi (525 ml) at 50 °C. Water (175 mi) is added 

and the mixture is cooled to 0 °C. The solid Is coliected 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-yime?hyl-3-methylene-2-oxa-pyrrolidine-1 -carboxylic acid tert-butyl 

ester (4-a, R1=Bcc), Spectroscopic data 3s in Example 23. 

HPLC IVSethod (Example 24) 

Column: X-BRiDGE C18; 150 x 3.0 mm: 3 5 jtffc Mobile Phase A (0.1 % (32 %) in 

water); Mobile Phase 3 (Acetoni'rile). 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 UC. 
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Retention times: 

6-a (R1 - Roc): 2.62 min 

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

4-a (RI = Boc): 12.0.min 

Exampie 25: {R)-5-Bipheny!-4-y!methyl-3-me£hylene-2"Gxo-pyrrQlidirse-1-carboxylic 

acid ferf-buty! ester (4-a. R1 - Boc) and (3R/S, SS)-5»Biphenyj-4-yimethyi-3-

hydroKymethyf-2-oxo-pyrrolidine-1-carboxy:ic acid ferf-butyi ester {5-a, R1 - Boc) 

Method 1 

2.0 g of crude (ft)-5-blpher!yl-4-y;rriethyi-3-i1-hydroxyrTieth-('£'Z)-yliderie]-2-oxo-

pyrroiidine-1 -carboxylic acid fer?-butyi ester (6-a, R1 - Boc) in 10 mi THF is submitted to 

react with 5.0 g 37 % aq. formaldehyde solution and 0.7 g sodium carbonate. After 1 h 

stirring at room temperature the aqueous phase is removed. The organic phase is diluted 

with toluene, washed with water and concentrated to dryness to yield an oily residue. The 

latter is then submitted to a silica-gel chromatography (100 g siiicage! Merck), eluting with 

a mixture 1:1 of ethy! and isopropyi acetate to separate (R)-5-biphenyi-4-ylmethy!-3-

rrsethyiene-2-cxo-pyrroiidine-1-carboxylic acid terf-butyi ester (4-a, R1 - Boc) and (3R/S, 

5S)-5-bipher!yl-4-ylmethyl-3-hydroxymethy!-2~oxo-pyrrolidiRe- j-carboxyllc acid ?er?~bulyl 

ester (5-a, R1 = Boc). 

Spectroscopic data for (R)-5-biphenyl-4-ylmethyl-3-methylene-2~oxo-pyrrolidine-1-

carboxylic acid fert-butyi ester (4-a, R1 = Boc) as in Example 23. 

Spectroscopic data far (3R/S, 5S)-5-bipheny!~4-ylmethyl-3-hydroxymethyl-2-oxo-

pyrrolidine-1 -carboxylic acid fetf-buty! ester (5-a, R1 = Boc): 8* (400 MHz, DMSO) 1.51 

(9H| 1.89 (1H), 1,98 (1H), 2.55 (1H), 2.85 (1H), 3.50-2.62 (2H), 4.24-4.30 (1H), <1.45 (1H), 
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7.28-7.34 (3H), 7.41-7.45 (2H). 7.58-7.63 (4H); m/z (ES+) 382 ([MKT, 9 %), 326 (100), 

282(12). 

Method 2 

1 g (R)-5-biphenyl-4-y'methyl-3-[1-hydroxymeth-|'£/Z)-yiidenej-2-oxo-pyrrolidine-1-

cartooxylic acid fett-suiyi ester (6-a, RI - Boc) is added to THF (2.5 ml) at room 

temperature. 37 % Formaldehyde solution (1.3 ml) is then added. Potassium carbonate 

(0.28 g) is then added portionwise and the resulting mixture is then stirred for 72 h at room 

temperature. Water (1 mi) and sodium bisulfite solution (0.5 ml) are subsequently'added. 

The phases are separated and organic phase dried {MgSOJ, The mixture is 

concentrated in vacuo to give (R)-5-blpheny1-4~yimethyl-3-methylene-2-oxc-pyrrolidine-1-

carboxylic acid ferf-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 (ff)-5-biphenyl-4-ylmethyl-3-[1-hydroxymeth-(&Z)-y!idene]-2-oxo-pyrrolidine-1-

carboxylic acid ferf-butyl esier (6-a, R1 - Boc) dissolved In 50 ml THF are mixed together 

with 4.4 g 37 % aq. formaldehyde solution, 0.13 g tetrabufylammonium hydroxide 40 % 

solution and 40 ml potassium carbonate i M solution. After 1 h stirring at 40°C, the two 

phases are separated. The organic phase Is diluted with 50 ml toluene and concentrated 

under vacuum to about 20 ml. The residue is again diluted with 85 ml toluene. 2.4-

diazabicycioundecene 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 scid. The aqueous phase is removed, the organic phase washed with 10 ml of 

water and concentrated under vacuum to dryness. The residue is dissolved in 100 ml 

methanol at 50°C and saturated at the same temperature with 25 mi water. The 

suspension is afterwards cooled to G°C, filtered, washed with 12 ml methanol/water 2:1 

arid dried under vacuum to yield (R)-5-biphenyi-4-ylmethy!-3-methylene-2-oxo-pyrrolidine-

1-carboxylic acid ferf-butyl ester (4-a, R1 = Boc). Spectroscopic data as for Exampie 25, 

Method 1. 

Method 4 



WO 2099/090251 PCT/EP2009/05051 0 

172 

A mixture of potassium carbonate solution in water (1 M, 2.3 mi), teirabutylammonium 

hydroxide solution (40 %, 0.01 ml) and formaldehyde solution (37 % in water, 0.32 mi) is 

added to (ff)-5-Bipheny!-4-ylmethyl-3-[1 hydroxyrrieth-f£V2)-yiidene]-2-oxo-pyrrolidirie-1-

carboxylic acid ferf-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, RI - Boc); 0.44 (5-a, R1 - Boc). Spectroscopic data 

as for Example 25, Method 1, 

Method 5 

To a solution of (Rj-5-BiphenyM-ylmethy!-3-[1-hydroxymeth-{'E/2'}-yiidene]-2-oxG-

pyrrolidine-1-carboxylic acid ferf-butyl ester (6-a, R1 - Boc) in THF (3.8 g) (prepared 

according to Exampie 21, Method 3) is added potassium carbonate (2.8 g in 20 mi 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 45 "C. The 

mixture Is then cooled to room temperature and the phases are separated. The organic 

phase is diluted with toluene (20 ml) and washed with sodium bisulfite solution (20 rni, 40 

%) and then brine (20 ml). The organic, phase Is then dried (MgSQ,.) and concentrated in 

vacuo to give (R)-5-biphenyl-4~ylme?hyi-3-methylene-2-oxo-pyrroiidine-1 -carboxylic acid 

ferf-butyl ester (4-a, R1 = Boc). Spectroscopic dasa as for Example 25, Method 1. 

Method 6 

To a solution of (R)-5-BiphenyM~y!rriethyi-3-[1 -hydroxymeth-f£/Z}-yiidene]"2-oxG" 

pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 ~ Soc) in THF (3.8 g) (prepared 

according to Example 21, Method 3) is added potassium carbonate (2.8 g in 20 m! water), 

•etrabuiylammoriium hydroxide solution (40 %, 0.03 g) and chloral (4.4 g) to give a 

solution of pH 11. The mixture is then stirred for 2 h at 45 °C. The mixture is then cooled 

So room temperature and the phases are separated. The organic phase is diluted with 

toluene {20 ml) and washed with sodium bisulfite solution (20 ml. 40 %) and then brine (20 

mi). The organic phase is then dried (MgS04) and concentrated in vacuo to give (R)~5~ 

biphenyl-4-y!me?hyl-3-methyiene-2-oxo-pyrrolidine-1-carboxylic acid ferf-butyl ester (4-a, 

RI = Boc). Spectroscopic data as for Example 25, Method 1. 
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Method 7 

To a solution of (f?)-5-Biphenyi-4-ylmethyl-3-[1-hydroxymeth-{'£/Z)-ylidene]-2-oxo-
pyrroiidine-1-carboxylic acid terf-buty! ester (6-a, RI = Boc) in THF (3,8 g) (prepared 
according to Example 21, Method 3) is added aqueous potassium carbonate (0.2 rnl, 1 
M), tetrabutylammonium hydroxide solution (40 %. 0.07 g) and formaldehyde solution (37 

% in water, 2.2 ml) to give a solution of pH 8, The mixture is 'hen stirred for 2 h at 45 °C. 
The mixture is then cooled to room temperature and the phases are separated. The 

organic phase is diluted with toluene (20 ml) and washed with sodium bisulfite solution (20 
nil, 40 %} arid Sheri brine (20 rnl). The organic phase is then dried (MgSO*) and 
concentrated in vacuo to give {R)-5-bipheny1-4-ylmethyl-3-methylene-2-oxo-pyrro!idlne-1-
cartsoxylic acid tert-butyl ester (4-a, RI = Boc). Spectroscopic data as for Example 25, 
Method 1. 

Method 8 

To a solution of (ft)-5-3iphenyl-4-ylmethyl-3-[1-hydroxymeth-f£'Z)-ylidene]-2-oxo-
p-yrroildine-1-carboxylic acid ferf-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 mi) to give a solution of pH 7. The mixture is then stirred for 4 h at 45 °C. 

The mixlure 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 
mi, 40 %) and then brine (20 ml). The organic phase is then dried (MgSO*) arid 
concentrated in vacuo to give (R)-5-biphenyi-4-ylmethyl-3-methylene-2-oxo-pyrrolidlne-1-
carboxylic acid ferf-butyl ester (4-a, R1 = Boc). Spectroscopic data as for Example 25, 
Method 1. 

Method 9 

To a solution of (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-f'E/Z)-ylidene]-2-oxo-
pyrroiidine-1 -carboxylic acid ferf-butyl ester (8-a, R1 - Boc) In THF (3.8 g) (prepared 
according to Example 21, Method 3) is added a 1 M aqueous sodium acetate solution (20 
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ml), tetrabutylammonium hydroxide solution (40 %, 0.07 g) and formaldehyde solution (37 

% in water, 2.2 ml) to give a solution of pH 3. The mixture is then stirred for 4 h at 45 °C. 

The mixture is then cooled to room temperature and the phases are separated. The 
organic, phase is diluted with toluene (20 rrsi) and washed with sodium bisulfite solution (20 
ml, 40 %) and then brine (20 ml). The organic phase is then dried (MgS04) and 

concentrated in vacuo to give (R)-5-biphenyi-4-ylmethyi-3-rnethylene-2-cxo-pyrralidine-1-

carboxylic acid ferf-buSyt ester (4-a, R1 = Boc). Spectroscopic data as for Exampie 25, 

Method 1. 

Method 10 

To a mixture of 3,79 g (R)-5-biphenyl-4-ylrriethyl-3-[1-hydroxymelh-f&'Z;-ylidene]-2-oxo-
pyrroiidine-1-carboxylic acid ferf-butyl ester (6-a, R1 = Boc) in tetrahydrofuran (0.4 M 

solution) is added potassium carbonate (20 mi, 1 K) solution in water) and 
tetrabutylammonium hydroxide (0.07 ml, 40 %wt in water), Formaldehyde (2.2 ml, 37 %wt 

in water) is then added to the mixture. The resulting mixture is stirred for 2 h at 45 CC. 

The phases are separated. The organic phase is diluted with toluene (20 rnl). 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 (MgSOi) and 

concentrated under reduced pressure to give (R)-5-biphenyl-4-ylmethyl-3-methylene-2-

oxo-pyrroiidine-1 -carboxylic acid 'erf-butyl ester (4-a, R1 - Boc) as determined by hplc. 

Method 11 

To a mixture of 3,79 g (R)-5-biphenyl-4-y!rr>ethyl~3~[1-hydroxymeth-f£/,Z)-yiider:ej-2-oxo-
pyrroiidine-1 -carboxylic acid ferf-butyl esier (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 %wiir: water). Formaldehyde (2.2 ml, 37 %wt 
in water) is then added to the mixture. The pH of the mixture is adjusted to pri 14 by the 
addition of a sodium hydroxide solution (1 M in water). The resulting mixture is stirred for 

2 h a' 45 °C. The phases are separated. The organic phase Is diluted with toluene (20 

ml). The organic phase Is then washed with sodium bisulfite solution (20 ml, 40 %wt in 
water) and then with brine (5 ml). The separated organic phase is then dried (MgS04) 
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and concentrated under reduced pressure to give (R)-5-biphenyl-4-yimethyj-3~methylen9-
2-oxo-pyrro!idine-1 -carboxylic acid ferf-butyl ester (4-a, R1 « Boc) as determined by hplc. 

Method 12 

20Q mg (ft)-5-Bipheny!-4-y!methyl-3-[1-hydroxyrneth-|'£/Z)-ylidenej-2-Gxo-pyrroiidlne-1-
carboxylic acid terf-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). Sodium 
hydrogen carbonate (1.05 mi, 1 M solution in water) and tetrabutylammonium hydroxide 

(3.5 (.si 40 %wt in water) are added to the mixlure. Formaldehyde (0.12 mi, 37 %wt in 

water) is.then added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The 

phases are separated. The organic phase m dliuted with toluene (5 mi). The organic 

phase is then washed with sodium bisulfite solution (5 rnl, 40 %wt in water) and then with 
brine (5 mi). The separated organic phase is then dried (MgSCV) and concentrated under 
reduced pressure to give (R)-5-biphenyi-4-ylmethyl-3-methylene-2~oxo~pyrrolldine-1-
carboxylic acid ferf-butvi ester (4-a, RI = Boc) as determined by hplc. 

Method 13 

200 mg (R)-5-Biphenyi-4-yimethyl~3-[1-hydroxymeth-j'j5'Z)-ylidenej-2-oxo-pyrrclidine~1-
carboxylic acid tort-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). Cesium 

carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 p.!, 40 

%wt in water) are added to the mixture. Formaldehyde (0.12 ml, 37 %wt in water) is then 

added to the mixture, The resulting mixture is stirred for 2 h at 45 °C. The phases are 

separated. The organic phase is diluted with toluene {5 ml). The organic phase is then 

washed with sodium bisulfite solution (5 mi, 40 %wt in water) and then with brine (5 ml). 
The separated organic phase is then dried (MgSO^) and concentrated under reduced 
pressure to give (R)-5-b!pheny!~4-ylrnethyl-3-methylene-2-oxo-pyrralidine-1-carboxy!ic 

acid .'erf-butyl ester (4-3, R1 = Boc) as determined by hplc. 

Method 14 

200 mg (R)-5-Bipheny!-4-ylrnethyl-3-[1-hydroxymetlW&Z)-y!idene}-2-oxo-pyrrolidine-1-
fiarboxyiie acid ferf-butyl ester (6-a, R1 = 3oc) is added to tetrahydrofuran (2 ml). Sodium 

carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 pi, 40 



WO 2!M)<)/09!>2Si PCT/EP2009/050510 

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 45 °C, The phases are 

separated. The organic phase is diluted with toluene (5 mi). The organic phase is then 

washed with sodium bisulfite solution (5 mS, 40 %wt in water) and then with brine (5 ml). 

The separated organic phase is then dried (MgS04) and concentrated under reduced 

pressure to give (R)-5-bipheny!-4-ylmethyl-3-methyiene-2-oxo-pyiTolidine-1-carboxylic 

acid rert-butyl ester (4-a, RI = Boc) as determined by hplc. 

Method 15 

200 mg (R)-5-Blphenyl-4-y!fneihytS-[T'hydroxyrneth-.f6/Z)-yiidenei5-2'Oxo-pyrrolidine-1-

carboxylic acid terf-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 pi, 40 %wt In water) are added to the mixture. Formaldehyde (0.12 rnl, 37 %wt in 

water) Is then added to the mixture. The resulting mixture is stirred for 2 h at 45 -C, The 

phases are separated. The organic phase is diluted with toluene (5 ml). The organic 

phase is then washed with sodium bisulfite solution (5 ml, 40 %w? in water) and then with 

water (5 mi). The separated organic phase is then dried (MgSGO concentrated under 

reduced pressure to give (R)-5-biphenyM-ylmethyl-3-rnethylene-2-cxo-pyrralidine-1-

carboxylic acid ferf-butyl ester (4-a, RI - Boc) as determined by hplc. 

Method 16 

200 mg (f?)-5-BiphenyM-ylmethyi-3-[1-hydroxymeth-('£^Z)-ylidene]-2-oxo-pyrroi;dine-1-

carboxyiic acid /erf-butyl esier (6-a, RI = 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 |xl, 40 %wt in water) are added to the 

mixture. Formaldehyde (0.12 ml, 37 %wt in water) is then added to the mixture. The 

resulting mixture is stirred for 2 h at 45 °C. The phases are separated. The organic 

phase is diluted with toluene (5 ml). The organic phase is then washed with sodium 

bisulfite solution (5 ml, 40 %wt in water) and then with water (5 ml). The separated 

organic phase is then dried (MgSO<) and concentrated under reduced pressure to give 

(R)-5-bipheny!-4-ylmethyl-3-methy!ene-2-oxo-pyrroikJine-1 -carboxylic acid terf-butyi ester 

(4-a, RI = Boc) as determined by hplc. 
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Method 17 

200 mg (R)-5-Blphenyl-4-ylmethyl-3-[1-hydraxymeth-(£/Z)-ylidene]-2-oxo-pyrrclidlne~1-

carboxylic acid fert-buty! ester (6-a, R1 = Boc) is added So tetrahydrofuran (2 ml). 1-

Methyl-2-pyrroiidincne (1 m!) is then added. Potassium carbonate (1.05 ml, 1 M solution 

in water) and tetrabuiyiammonium hydroxide (3.5 ui, 40 %wt in water) are added ?o 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 mi). The organic phase is then washed with sodium 

bisulfite solution (5 ml, 40 %w! in water) and 'hen with water (5 ml). The separated 

organic phase is then dried (MgSG*) and concentrated under reduced pressure to give 

(R}-5-biphenyl-4-yimethyi-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid ferf-butyl ester 

(4-a, R1 ~ Boc) as determined by hplc. 

Method 18 

200 mg (/?)-5-Biph8nyi-4-ylm8thyl-3-[1-hydroxymeth-('&Z)-ylidenej-2-oxo-pyrroiiciine-1-

carboxylic acid ferf-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). 1,3-

Dimethy{-3,4,5,6-tetrahydro-2{1M)-pyrirnidinone (1 m!) is then added. Potassium 

carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 p.1, 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 mixlure is stirred for 2 h at 45 °C. The phases are 

separated. The organic phase is diluted with toluene (5 ml). The organic phase is then 

washed with sodium bisulfite solution (5 ml, 40 %wt In water) and then with water (5 ml) 

The separated organic phase is then dried (MgSO«) and concentrated under reduced 

pressure to give (R)-5-biphenyl-4-ylmethyl-3-methyiene-2-oxo-pyrrolidine-1 -carboxylic 

acid ferf-butvi ester (4-a, R1 = Boc) as determined by hplc. 

Method 19 

To a mixture of 200 mg (K)-5-biphenyl-4-yimethyl-3-(1~hydroxymeth-{E/2}-y]idene]-2-Gxo-

pyrrolidine-1-carboxylic acid ferf-butyl ester (6-a. R1 = Boc) in tetrahydrofuran (2 ml) is 

added formaldehyde (0.12 ml, 37 %wt in water) and tetrabutylammonium hydroxide (3.5 
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nl, 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 a! 45 

°C. The phases are separated. The organic phase is diluted with toluene (5 mi). 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 (MgS04) and 

concentrated under reduced pressure !o give {R)-5-bjpheny|-4-ylmethyl-3-rnethylene-2-

oxo-pyrroiidine-1 -carboxylic acid tert-butyl ester (4-a, RI = Boc) as determined by hpic. 

Method 20 

200 mg (R)-5-Biphenyi-4-ylmethyi-3-[1-hydroxymeth-f&Z)-ylidenej-2-oxo-pyrro!idine-1-

carboxylic acid ferf-butyi ester (6-a, R1 = Boc) is added to acetonltriie (2 ml). Potassium 

carbonate (1.05 mi, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 f.i!, 40 

%wl in water) are added to the mixture. Formaldehyde (0.12 ml, 37 %wt In water) is then 

added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The phases are 

separated. The organic phase is diluted with toluene (5 ml). The organic phase Is then 

washed with sodium bisulfite solution (5 rri, 40 %wt in -water) and then with water (5 ml). 

The separated organic phase is then dried (MgS04) and concentrated under reduced 

pressure to give (R)-5-biphenyl-4-ylme!hyi-3-rneihy!er!e-2-oxo-pyrrolidlne-1-carboxyr!C 

acid ferf-butyl ester (4-a, R1 * Boc) as determined by hplc. 

Method 21 

200 mg (/?)-5-Bipheny!-4-ylmethyl-3-[1-hydroxymeth-j/E>Z)-ylidene]-2-oxo-pyrrolidine-1-

carboxylic acid fert-buty' 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 jii, 40 

%wt in water) are added to the mixture. Formaldehyde (0.12 ml, 37 %wt in water) is then 

added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The phases are 

separated. The organic phase is diluted with toluene (5 ml). The organic phase is then 

washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then With water (5 mi). 

The separated organic phase is then dried (MgS04) and concentrated under reduced 

pressure to give (R)-5-biphenyW-ylmethyl-3-methyiene-2-oxo-pyrrolidirie-1-carboxy!lc 

acid tert-butyl ester (4-a, R1 = Soc) as determined by hplc. 
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Method 22 

200 mg (R)-5-8lphenyl-4-y!methy4-3-[1-hydroxymeth-f£'2)-yliden8]-2-oxo-pyrroiidine-1-

carboxylic acid fert-butyl esier (6-a, RI = Boc) is added to tertiary-butanol (2 ml). 

Potassium carbonate (1.05 ml. 1 M solution in water) and tetrabutylammonium hydroxide 

(3,5 nl, 40 %wl in water) are added to the mixture. Formaldehyde (0.12 ml, 37 %w? In 

water) is then added to the mixture. The resulting mixture is stirred for 2 h a? 45 °C. The 

mixture is diluted with water (5 ml) and ethyl acetate (5 ml). The phases are separated. 
The organic phase is then washed with sodium bisulfite solution (5 m!, 40 %w! In water) 
and then with water {5 ml). The separated organic phase is then dried (MgS04) and 
concentrated under reduced pressure to give (R)-5-biphenyl-4-ylmethyl-3-methyiene-2~ 
oxo-pyrrolldine-1-carboxyiic acid ferf-butyl ester (4-a, R1 = Boc) as determined by hplc. 

Method 23 

200 mg (/?)-5~Biphenyi-4-ylmethy!-3-[1-hydrcxymeth-(£>Z)-yiidenei-2-oxG-pyrrolidine-1-
carboxylic acid ferf-butyl ester (6-a, R1 * Boc) is added to tetrahydrofuran (2 mi). 

Potassium carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide 
(3.5 ill, 40 %wt in water) are added to the mixture. Formaldehyde (0.10 ml. 37 %wt in 

water) is then added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The 
phases are separated. The organic phase Is diluted with ethyl acetate (5 ml). The 
organic phase Is then washed with sodium bisulfite solution (5 mi, 40 %wt in water) and 
then with water (5 mi). The separated organic phase is then dried (MgS04) and 
concentrated under reduced pressure to give (R)-5-biphenyl-4-ylrnethy!-3~methyjen<?-2-
oxo-pyrrolidine-1-carboxylic acid Jeff-butyl ester (4-a, RI = Boc) as determined by hpic. 

Method 24 

200 mg (/^-S-BiphenyM-ylrnethyl-S-JI-hydroxymeth-fE^-yiidenel^-oxo-pyrrolidine-l-
carboxylic acid tert-butyi 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 ul, 40 %wt in water) are added to the mixture. Formaldehyde (0.16 ml, 37 %wi 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 eJhyi acetate (5 ml). The 
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organic phase is then washed with a sodium bisulfite solution (5 ml, 40 %wt in water) and 
then with water (5 ml). The separated organic phase is then dried (MgS04) and 
concentrated'under reduced pressure to give {R)-5-biphenyl-4-ylrneihyj-3-rne;hyiene-2-
oxo-pyrrolidine-1-carboxylic: acid (erf-Dutyl ester (4-a, R1 - Boc) as determined by hplc. 

HPLC Method (Example 25, Methods 1-24) 

Column: X-BRIDGE C18, 150 x 3.0 mm; 3.5 nm. 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). Fiow rate: 1.4 ml min"1. Wavelength: 210 or 254 nm. 

Temperature 60 ± 2 °C. 

Retention times: 

6-a (R1 « Boc): 2.62 rnin 
5-a (R1 = Boc): 8.39 min 
4-a (R1 = Boc): 12.0 min 

Example 26: (RJ-S-BlphenyM-ylrnethy'-S-methyiene-^-oxo-pyfrondine-l-carfooxyHc 
acid fert-biityl ester {4-a, RI ~ Boc) 

50 g (S)-2-Biphenyl-4-y!methy!-5-oxo-pyrrolidine-1 -carboxylic acid ferf-butyl ester (8-a; RI 
~ Boc) arid 261 g Bredereck's reagent (14, R6 = Me, R? = Me, R8 = tBu) are stirred at 80 
*C for 24 h and concentrated afterwards under vacuum to yieid 67.5 g of a viscous 
residue. The later is dissolved in 340 mi THF and mixed with 13.1 ml hydrochloric acid 37 
% in 143 ml water. After 1 h stirring al room temperature, the lower aqueous phase is 
removed, and 150.2 g aqueous formaldehyde 37 % is added followed with 30 g potassium 
carbonate added portions wise at 20-25 "C. Again after 3 hour stirring, the aqueous 



WO 2009/09025] PCT/EP2009/050510 

181 

phase is removed. The remaining organic phase is diluted with 100 ml Soluene, washed 

with 50 ml brine and concentrated under vacuum to leave 58,4 g of a viscous residue. 

The latter Is dissolved in 525 rnl methanol at 50°C, and saturated at the same temperature 

with 175 ml water. The resulting suspension is cooled to 0 °C, filtered to collect the 
crystals, washed with 60 ml methanalAv3ter2:1 and dried under vacuum to yield of white 
crystals of (R)-5-Biphenyl-4-ylmethyl-3-methy!ene-;2-oxo-pyrroiidine-1-carbaxylic acid ferf-
butyl ester (4-a, R1 » Boc). Spectroscopic data as In Example 23. 

HPLC Method (Example 26/ 

Column; X-BRiDGE C18; 150 x 3.0 mm; 3.5 urn. 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 mi min'1. Wavelength: 210 or 254 run. 

Temperature 60 ± 2 °C. 

Retention times: 

6-a (R1 = Boc): 2.62 min 
8-a (R1 = Boc): 10.4 min 
7-a (RI = Boc; R6 - Me; R7 = Me): 110 min 
4-a (RI = Boc): 12.0 min 

Example 27: (R)-5-BipheKiyi-4-yimethyi-1-(2,2-dirrsethyiprop!orsy!)-3-
m©thy!ertepyrro!idin-2-one (4-a, R1 Piv) 

(R)-5-blphenyl-4-ylme?hyi-3-[1-hydroxymeth-('&2.')-ylider!e]-2-oxo-pvrrolidine-1-carboxylic 
acid ferf-buiy! ester (6-a, R1 « Piv) (680 mg) is dissolved in THF (3.5 mi) at room 
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temperature. Formaldehyde solution (1,8 ml, 37 % in water) is added followed by the 

portionwise addition of potassium carbonate (388 mg). The mixture Is then stirred for 70 

h. Water (1 rh!) and sodium bisulfite solution (0.5 ml) are subsecuently added. The 

phases are separated and organic phase dried (MgS04). The crude material is purified by 

chromatography (heptane/ethvl acetate, 10:1) to give (R)-5-biphenyi-4-y!methyl-1-(2,2-

dimethylpropionyl)-3-methylenepyrroildin-2-one (4-a, RI = Piv). 6H (400 MHz, DMSO) 

1.34 (9H), 2.55-2.64 (2H), 2.70 (1H), 3.26 (1H), 4.59 (1H), 5.55 (1H), 5.98 (1H), 7.26 (2H), 

7.34 (1H), 7.44 (2H), 7.53-7.58 (4H). m/z (ES+) 348 ([MHf, 100 %). 

Example 28: (R)-5"Bipheny!-4-yitTseShyl-3-methyienepyrro!idm-2-orse (4-a, R1 = Hj 

(R)-5-Biphenyi-4-ylmethyl-3-methylene-2-oxo-pyrro!idine-1-carboxylic acid ferf-butyl ester 

(4-a, R1 = Boc) (509 mg) Is dissolved in dichicrcmethane (10 ml). Mixture is cooled to 0 

"C and trifiuoroacetic 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 (MgS04) and concentrated to give (R)-5-biphenyl-4-ylmethyi-3-

methylenepyrrolidin-2-one (4-a, RI = H). S„ (400 MHz, DMSO) 2.47 (IK), 2.68 (1H), 2.74 

(1H), 2.37 (IN), 3.87 (1H), 5.22 (1H), 5,64 (1H), 7.33 (3H), 7.45 (2H), 7.60 (2H), 7.65 

(2H), 8,32 (1H); rn/z {*) 264 (PMHf, 100 %). rrv't (+ESI) 264 ([MH]", 100 %) 

(R)-5-Biphenyl-4-ylmethyl-3-methylenepyrrolldin-2~one (4-a, RI = 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-i.0.2): 28 in [°|: 7.1,13.3, 13.7,14,5, 16.6, 17.7,18.2,19.4,21.4,22.5, 23.6, 

H 
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24.G, 26.5, 27.6, 29.1, 29,9. Data taken using a Broker DS Advance diffractometer using 

Cu-Ka radiation. 

HPLC Method (Exampie 28) 

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 pro. Mobile Phase A (0.1 % NH3 (32 %) in 

I water); Mobile Phase B (Acetonitriie). Gradient; 0 min (20 % 3); 3 mrsi (40 % 3); 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 rale: 1.4 ml min"'. Wavelength: 210 or 254 nrn. 
Tempera5ure 60 ± 2 °C. 

Retention times: 

4-a (R1 - H): 5,70 min 

4-a (RI » Boc): 12.0 min 

Example 23: {3Fys,5S5-5-B5phenyi-4-ylrrsethyf»3''d!methaxymetSiyS-2-oxQ"pyrrondir8e-

1-csrboKylic acid feri-butyl ester (16-a, RI - Boc, RS = Me, RS = Me, Y = O) 

11 g (R)-5-Biphenyi~4-ylmethyl-3-[1-c:irr!ethyiaminorneth-(E/Z)-yiidene]-2-oxo-pyrrolidine-

1-carboxyiic acid fert-buty! ester (7-a, R1 = Boc, R6 » Me, R7 = Me) is dissolved in 12 mi 

of methanol. HCi in methanol (prepared by feed pipe of gaseous HCI to methanol; 

determination of the HCI content is made by weight) is added until a pH of 2 is achieved. 

The resulting yellow solution is stirred for additional 4 hours, then quenched by addition of 

10% aqueous sodium carbonate solution to give a pH above 7, After extraction with 

dichioromethane the combined organic phase are dried over sodium sulfate, filtered and 
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give (3R/S,5S)-5-biphenyl-4-ylmethyl-3-dimethoxymethyl-2-oxo-pyrrolidine-1-carboxyllc 

acid ferf-butyj esier (16-a, RI - Boc, R9 = Me, R9 = Me) as a 83 ; 12 mixture of 

diastereomers [ratio of (3S): (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 

diastereoiners determined by integration of the pairs of signals at 3.38 ppm arid 3.-14 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-yimethyl-3-dimethoxymethyl-2-oxo-pyrrolidine-i-carboxylic acid 

fert-butyi ester {16-a, RI - Boc, R9 = Me, R9 = Me) as a 8S : 12 mixture of diastereomers 

[ratio of (3S): (3R) diastereomers, respectively] can be recrystallised from tert-

butyimethylether to afford (3S,5S)-5-Biphenyl-4-ylmethy!-3-dime1hoxymethyl-2-Gxo-

pyrrolldine-1-carboxylic acid tenf-butyi ester (16-a, R1 = Boc, R9 = Me, R9 = Me). 

The X-ray Structure of the obtained crystals is shown in figure 5a. 

Crystal data [recorded at 120(2) K] 

Empirical formula CjsHiiNOs 

Formuia weight 

Crystal system 

Space group 

425.51 
Orthorhcmbie 

P212121 

Cell parameters a = 6.645(2) A 

b = 15.761(4) A 

c - 22.439(6) A 
a = 90° 

3 = 90° 

y = 90 " 

Volume of unit cell 2350.1 (11) A3 

Z4 4 
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Calculated density 1.203 mg rn"3 

' (number of asymmetric units in the unit cell} 

(3R/S,5S)-5-biphsny!-4-ylmsthyl-3-dimethoxymethyl-2-oxo-pyrrolidine-1-cattioxylic acid 
terf-butyi ester (16-a, R1 = Dcc, R9 = Me, R9 = Me) as a 88 : 12 mixture of diastereomers 

[ratio of (3S): (3R) diastereomers, respectively] can be recrystallised from ethyi 

acetate/heptane to afford (3S,5S)-5-Blphenyl-4-ylmethy!-3-dirr!ethoxymethyl-2-oxo-
pyrroiidine-1-carboxylic acid ferf-butyl ester (16-a, R1 * Boc, R9 = Me, R9 = Me). 

The X-ray Staicture of the obtained crystais is shown in figure 5b. 

Crystal data [recorded a} 100(2) K] 
Empirical formuia C25H31N05 
Formula weight 425.51 

Crystal system Orlhorhombic 
Space group P212121 

Cell parameters 

Volume of unit ceil 

Z* 

Calculated density 

8 — 6.838(3) A 
b = 15.746(6) A 
c = 22.420(8) A 
a = 90 c 

fj« 90 » 

y = 90 

2343.4(16) A3 

4 

1.206 rng ro"3 

* (number of asymmetric units in the unit cell) 
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Example 30: {{3R/S,5S)-5-Biphercyi-4~y!methyM-«ert-butQxyc3rboriy!-2-0Xo-
pyrroli«3in-3-ySmethyl)trlmethyiammoniym iodide (10-a, R1 = Boc, R6 = (Vie, R7 = Me, 
RID = Me) 

(3R/S,5S)-biphenyl-4-ylmethyi-3-dimethylaminomethyl-2-oxo-pyrroiidine-1-carboxylic acid 
ferf-biityl ester (9-a, RI = Boc, R6 = Me, R7 = Me) {108 mg) (ratio of diastereomers (38): 

(3R), 85 : 15 according to NMR analysis) Is diluted with 4 ml methanol and 328 jil methyl 

iodide is then added. The reaction mixture is then stirred at room temperature for 17 h. 
The mixture is then concentrated to dryness to give ((3R/S,5S)-5-Biphenyl-4.-ysme!hyi-1-
/8/t-butoxyca!'bonyi-2-oxo-pyrrolidin-3-ylmethyl)trimethyiammon!um iodide (10-a, R1 = 
Soc, R6 = Me, R7 = Me, R10 = Me). 1H NMR (DMSO): 1.51 (9H), 1,98 (1H), 2,18 (1H), 

3.00 (1H), 3.08 (1H). 3.13 (9H), 3.38-3.43 (2H), 3.72 (1H), 4.25 (1H), 7.38 (1H), 7.42 (2H), 

7.48 (2H), 7.67 (4H). m/z: 423 <[MJ*. 100 %). IR (solution in CHjCfe, v/cm"'): 3040; 1781; 
1742; 1724: 1487; 1371; 1298; 1277; 1150; 985. On the basis of NMR, the ratio of 

diastereomers (3S): (3R) is 85 . 15, 

Exampie 31: (R)-5-Biphenyi-4-yimethyl-3-methylene-2-0X0-pyrr0!idine~1-cart30xylic 
acid ferr-butyl ester {4-a, R1 = Boc) 
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Crude (3R/S,5S)-biphenyM~ylmethyl-3-dimethylarr:!nomethyi-2-oxc-pyrreiidine-1-

carboxylic acid tort-butyl ester (9-a, RI = Boc, R6 = Me, R7 = Me) (13,8 g) is diluted with 

40 ml methanol and 16.9 ml methyl iodide is then added, The reaction mixture is then 

stirred at room temperature overnight and is subsequently concentrated to dryness. 30 ml 

saturated NaHC03 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 MgSO«, filtered and concentrated in vacuo. The 

residue Is purified using column chromatography (pentane'ferf-butyl methyl ether = 8:2 to 

7:3) to give (R)-5-biphenyl-4-yimethyl-3-rnethylene-2-oxo-pyrro!idir!e-1-carbQxy!lc ^cid tari-

butyl ester (4-a, RI - Boc). Spectroscopic data as in Example 23. 

HPLC Method (Exampie 31) 

Column: X-BRIDGE C18; 150 x 3,0 mm: 3.5 urn. Mobile Phase A (0.1 % NH3 {32 %) in 

water); Mobile Phase B (Aeetcnltrile). Gradient: G rnin (20 % B); 3 min (40 % B); 5 min 

(40 % B); 7 min (50 % B); 11 min (50 % B), 13 min (80 % B); 16 min (80 % B); 16.1 min 

(20 % B); 20 min (20 % B). Flow rate: 1.4 mi rnin"1. Wavelength: 210 or 254 nm. 

Temperature 60 ± 2 :,C. 

Retention times: 

9 -b (R1 m Boc; R6 = Me; R7 = Me): 10.5 min 

9-c (R1 = Bcc; R6 = Me; R7 = Me): 11.0 min 

4-a (R1 = Boc): 12.0 min 

Example 32: (R3-5-Biphersyl-4-yl-4-tert-biitoxycarbonyiasnlr!o*2-methyieneperst8noic 

acid (2-a, R1 = Boc, R2 = H, R3 = CG2H) 
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(R)-5-Biphenyi-4-yirne?hyl-3-methylene-2-oxo-pyrrolidine-1-carfcoxylic acid ferf-butyl ester 

(4-a, R1 = Boc) (27.7 g) is dissolved in THF (270 ml) at room temperature. 

Tetrabutylammonium bromide (0.24 g) is added followed with water (10 ml). The mixture 

is then cooied to 10 °C. A solution of lithium hydroxide (7.3 g) in water (92 ml) is added 

over 2 h. Phosphoric acid (37 g, 85 %) is added untii pH 3. Phases are then separated. 

The organic phase is diluted with toluene (100 mi) and washed with brine. Phases are 

separated. The organic phase is then concentrated in vacuo. The residue is dissolved in 

acefonitrile (350 m!) at 60 °C and azeotroplcally distilled. Further acetonilrile is added 

(150 ml) and the mixture cooled to 0 °C. The solid Is collected by filtration and dried, to 

afford (R)-5-biphenyl-4-yi-4-tert-butoxycarbonylamino-2-methyienepentanoic acid (2-a, R1 

= Boc, R2 - H, R3 = COzH) (25.7 g). SH (400 MHz, DMSO) 1.30 (9H), 2.29 (1H), 2.50 

(1H), 2.75 (2H), 3.91 (8H), 5.62 (1H), 6.09 (1H), 6.66 (1H), 7,28 (2H), 7.33 (1H), 7.44 

(2H), 7.56 (2H), 7.63 (2H). 

(R)-5-Biphenyl-4-y!-4-tert-butoxycarbonylam!no-2-methyienepentanolc acid (2-a, R1 = 

Boc, R2 = H, R3 = C02H) is a crystalline solid. Reflections in the X-ray diffraction pattern 

show the following interlattice plane intervals (average 28 in [c] are indicated with error 

limit of ±0.2): 26 in [°J: 4.4, 6.2, 8.G, 9.0,9.9, 12.5, 13.4, 13.0, 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 29 in [c] are 

indicated with error limit of T.0.2): 20 in j°j: 4.3, 6.2, 8.6, 9.9. 12.5, 13.4, 16.0, 17,8, 18.4, 

19.3. Data taken using a Bruker D8 Advance diffractometer using Cu-Ka radiation. 

HPLC Method (Example 32} 
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Column: X-BRIDGt C18; 150 x 3.0 mm; 3.5 (im. Mobile Phase A (0.1 % NH3 (32 %) in 

water); Mobile Phase B (Acetonitrtfe). Gradient: 0 min (20 % B); 3 min (40 % B); 5 rnin 

(40 % B); 7 min (50 % B); 11 min (50 % B); 13 rnin (80 % B); 16 min (80 % B); 16.1 rnin 

(20 % B); 20 min (20 % B). Flow rate: 1.4 mi min"1. Wavelength: 210 or 254 nm. 

Temperature 60 ± 2 °C. 

Retention times: 

2-a (R1 = Boc; R2 ~ H; R3 - CO.H); 2,40 min 

4-a (R1 = Boc): 12.0 min 

Example 33: {R)-5-Bspher>y!-4-y!-4-tert-bi!toxysarl)ony!amino-2-methylenep8ntarsoio 

acid <2-a, R1 = Boc, R2 = H, R3 = C02H) 

or^t) 

210 g (S)-2-Biphenyl-4-y!melhyi-5-oxo-pyrroiidlne-1 -carboxylic acid tert-butyl ester (8-a, 

R1 = Boc) is added to 1285 g (2000 ml) of a mixure containing compounds of formula 13, 

14, 15 (wherein R6 - Me, R7 s Me, R8 - !Bu) at room temperature, The solution is 

heated to 80-85°C and stirred for about 15 h. The solution is concentrated under vacuum 

(90 °C, 30 mbar) to yield a residue. (The collected distillate, containing compounds of 

formula 13, 14, 15 (wherein R6 * Me, R7 " Me, R8 ~ tBu), may be optionally reused In 

subsequent reactions, where appropriate). The residue is dissolved in 1430 ml 

tetrahydrofuran. 37.8 g sulfuric add diluted in 638 mi water is then added. The mixture is 

subsequently vigorously stirred at 10-15°C During this time, the pH is maintained in the 

range pH 2-3 by the addition of further portions of sulfuric acid, as required. After 1 h the 

lower aqueous phase is removed, and the remaining organic phase washed with about 6 
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g saturated potassium carbonate solution. • 194 g Potassium carbonate solution (1M 

solution) is then added, followed by 3.94 g ietra butyl ammonium hydroxide solution (40 

%) and 133 § aqueous formaldehyde solution (37 %). This mixture is heated to 40-45°G 

and stirred heavily for about 2 hours. The aqueous phase is then removed. To the 

remaining organic phase, 300 mi water is added.. 97 g Sodium sulfite solution (40 %) is 

then added whilst maintaining the Semperature beiow 40 "C. Afterwards, the aqueous 

phase is removed and is replaced with 600 ml of fresh water. The THF is removed by 

distillation (jacket SCC, 100-200 mbar) to provide a white suspension. 1500 mi toluene is 

added at 50°C. Again the lower aqueous phase is removed arid 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 diazabicyeloundecerie (DBU) is added as 

well as 17 g methansulfonylchloride, cautiously at 20-25X. 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 800 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 10-15 °C for 

about 2 hours. 100 g Phosphoric acid (58 %) is then added cautiously in order to adjust 

the pH towards 3-4. About 300 ml toluene is then added, and the aqueous phase 

removed. Tne remaining organic phase is washed with 200 ml bririe and concentrated to 

one half the original volume under vacuum. The residue Is diluted with 300 ml THF and 

filtered. The THF is then replaced by acetonltriie by distillation, while maintaining the 

volume constant by distillation under vacuum. After removal of the majority of THF, the 

desired product crystallizes giving rise to a thick slurry. The later is cooled to Q "C, and the 

solid recovered by filtration. The later Is dried under vacuum at 50 °C to yield (R}-5-

Biphenyl-4-yl-4-tert-butoxycarbonyiamlno-2-methylenepentanoic acid (2-a, RI = Boc, R2 

= H, R3 = C02H). Spectroscopic data as Exampie 32. 

HPLC Method (Example 33} 

Column: X-BRIOGE C18; 150 x 3.0 mm; 3.5 urn. Mobile Phase A (0.1 % NH, (32 %} In 

water); Mobile Phase 8 (Acetonitrile). Gradient: 0 min (20 % 3); 3 rnin (40 % B); 5 min 

(40 % B); 7 min (50 % B); 11 min (50 % B); 13 min (80 % B); 16 min (80 % B); 16.1 rnin 
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(20 % B); 20 min (20 % B). Flow rate: 1.4 ml min"1. Wavelength: 210 or 254- nm. 

Temperature 60 ± 2 •*€. 

Retention times: 

2-a (RI * Boc; R2 * H; R3 = CGZH): 2.40 min 

6-a (RI = Boc): 2.62 min 

5-a (RI = Boc): 0.39 rnin 

8-a (RI = Boc): 10.4 rnin 

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

4-a (RI = Boc): 12.0 min 

Example 34: (3R. 5S)-5-Biphenyi-4-ylfrsetlry!-3-me?hyS~2-oxQ-pyrrQlidine-1-carboxyiic 

acid ferf-butyl ester (3-a, RI = Boc) and (33, 5S)-5-Blpheny!-4«ylmethy!-3-rrc&thyl-2-

oxcs-pyrrcSidine-l-earboxyiic acid fert-butyi ester (3-b, RI * Boc) 

Method 1 

1 3 g (R)-5-biphenyl-4-yimethyl-3-[1-dimethyiaminometh-(&Z)-ylidene]-2-oxo-pyrrolidine-

1 -carboxylic acid Jert-butyi ester (7-a, R1 - Boc, R6 = Me, R7 «* Me) is dissolved in 40 ml 

of ethyl acetate. After addition of 0.3 g 10% Pd/C (Engelhard 4505) the system is flushed 

several times wiih hydrogen and subsequently stirred at 20:'C and 4 bar hydrogen for 5 

days. The resulting reaction mixture is filtered through ceilfiock and concentrated to 

dryness yielding (3R, 5S)-5-blphenyl-4-ylmeihyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic 

acid ferf-buiyl esier (3-a, R1 = Boc) and (3S, 5S)-5-bipheny!-4-yimethyl-3-rr,ethyi-2-oxo-

pyrrolidine-1 -carboxylic acid Jert-butyi ester (3-b, RI = Boc). Diastereomer ratio 33 : 67 

(3-a, RI = Boc : 3-b, R1 =s Boc) as determined by hplc. 
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Method 2 

(R)-5-biphenyl-4-y!methyi-3-[1-dirnethylarninorr>eth-(E/Z)-y!idenej-2-oxo-pyrrolidine-1-

carboxylic acid fe,t-butyl ester (7-a, R1 = Boc, R6 = Me, R7 » Me) is added to 

tetrahydrofuran, to achieve a substrate concentration of 0.05 Ivi. Triethylarnine (1 

equivalent) is added to the mixture. 5 % Pd/C A102023 (25 %w/w) is then added So the 

mixture. The mixture is {hen pressurised under a hydrogen atmosphere tc 20 bar. The 

mixture is stirred at 40 °C for 3 h. The mixture is then filtered to remove the catalyst and 

concentrated under reduced pressure. The diastereomer ratio is 39 : 61 (3-a, R1 = Boc : 

3-b, R1 ~ Boc) as determined by hpic. 

General Procedure (Methods 3-8) 

(/R)-5-biphenyi-4-ylmethyi-3-[1-dimethyiaminometh-(&,Z)-ylidene]-2-oxo-pyrroiidlne-1-

eartooxvlie acid fe/t-butvl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added to 

tetrahydrofuran, methanol or isopropyi acetate at ambient temperature, to achieve a 

substrate concentration of 0.05 M, 0.167 M or 0.25 M. A hetereogeneous catalyst (25 

mas% with respect to 7-a) is then added to the mixture. The mixture is then pressurised 

under a hydrogen atmosphere to 20 bar. The mixture Is stirred at 40 °C, 45 °C, 55 °C or 

65 °C for 1.5 or 3 h. The mixture Is then filtered to remove the catalyst and concentrated 

under reduced pressure. 

Method 3 

Catalyst: 5 % Pd(S)/C A103038; Tetrahydrofuran; 0.05 M; 55 aC; 3 h. Diastereomer ratio 

29 : 71 (3-a, RI - Boc : 3-b, R1 = Boc) as determined by hplc. 

Method 4 

Catalyst: 5 % Pd/C type 39; Methanol; 0.05 M; 55 °C; 3 h. Diastereomer ratio 42 : 58 (3-

a, R1 = Boc : 3-b. R1 = Boc) as determined by hpic. 

Method 5 
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Catalyst: 5 % Pd(S)/C A1Q3Q38; Tetrahydrofuran: 0.167 M; ^0 "C; 1.5 h Diastereomer 

ratio 14 : 06 {3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hpic. 

Method 8 

Catalyst: 5 % Pd{S)/C A103038; Tetrahydrofuran; 0.167 M; 40 °C; 3 h. Diastereomer ratio 

21 : 79 (3-a, RI * Boc : 3-b, R1 s Boc) as determined by hpic. 

Method 7 

Catalyst: 5 % Pd/C type 37; isopropyi acetate; 0.167 M; 65 "C; 3 h. Diastereomer ratio 34 

: 66 (3-a, R1 - Boc : 3-b, RI - 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, RI = Boc) as determined by hpic. 

Method S 

1.3 g (/?)-5-3iphenyl-4-yime;hy!-3-[1-dimethyiarT!inGineth-(£/Z>yiidene]-2-oxo-pyrrolidirie-

1-carboxylic. acid ferf-butyl ester (7-a, Ri = Boc, R6 p Me, R7 = We) 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-biphenyi-4-ylmethy1-3-

methy!-2-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester (3-a, RI * Boc) and {3S, 5S)-5-

bipheny!-4-ylmethyl-3-methyl-2-oxo-pyrro!ld!ne-1-carboxylic acid fart-butyl ester (3-b. RI -

Boc). Diastereomer ratio 67 : 33 (3-a, R1 = Sos : 3-b, R1 = Boc) as determined by hplc. 

Method 10 
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1.3 g {R)-5-BiphenyM~ylmethyl-3-[1-d!mefhylaminometh~(G/Z)-ylidene]~2-oxo-pyrrolidine~ 

1-earboxylic &cid fert-butyl ester (7-a, RI = Boc, R6 = Me, R7 = Me) Is added to ethy! 

acetate (40 ml) at ambient temperature, 0.3 g of Lindlar Catalyst (ex Aldrich) is added to 

She 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 (ethy! acetate/hexane, 70:30) to 

afford (3B, 5S)-5-biph8nyi-4-yim6thyl-3-methyl-2-oxo-pyrroisdirse-1-carbcxylic acid tert-

fcutyi ester (3-a, R1 « Boc) and (3S, 5S)-5-bipheny!-4-y!methyl-3-methyl-2-oxo-

pyrrolidine-1 -carboxylic acid ferf-butyl ester (3-b, RI = Boc). Diastereomer ratio 99.2 : 0.8 

(3-a, R1 = Boc : 3-b, RI = Boc) as determined by hplc, 

Method 11 

1.3 g (ft)-5"Biphenyl~4-ylmethyl"3~[1~dimethylamiriometh-(E''Z)-y!idene]-2-oxo-pyrroiid:ne-

1-carboxylic acid ferf-butyl ester (7-a, R1 = 3oc, 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 al 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-blphenyi-4-ylmethyl-3-methyl-2-oxo-

pyrrolidine-1-earboxyjic acid ferf-butyl ester (3-a, R1 = Boc) and (3S, 5S)-5-biphunyi-4-

ylmethyl-3-methy!-2-oxo-pyrrolidine-1-carboxy!ic acid ferf-butyl ester (3-b, R1 = Boc). 

Diastereomer ratio 88.8 :11.2 (3-a, R1 = Boc.: 3-b, R1 » Boc) as determined by hpic. 

Method 12 

1.3 g (R)-5-Biphenyl-4-ylmethyl-3-[1-dimethyiaminometh-{£/Z)-ylideneJ-2-oxo-pyrrolidine-

1-carboxylic acid tort-butyl ester (7-a, R1 = 3oc, R8 = Me, R7 = Me) is added to ethyl 

acetate (40 ml) at ambient temperature. 0.3 g of 10 % Palladium on Carbon (Engelhard 

4505) and one drop of aqueous sodium hydroxide solution are added to the mixture. The 

mixture is then pressurised under a hydrogen atmosphere to 4 bar The mixture Is stirred 
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at ambient temperature and 4 bar hydrogen pressure for 4 days. The mixture is then 

filtered to remove the catalyst and concentrated under reduced pressure. The residue is 

then purified by column chromatography (ethy) acetate/hexane, 70:30) to afford (3R, 5S>-

5-biphenyl-4~ylmethyj-3-rnethyi-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, RI 

= Boc) and (3S, 5S)-5-blphenyl-4-ylmethyl-3-methyl-2-oxo-pyrrclidlne-1-carbGxyilc acid 

fert-butyi ester (3-b, RI = Boc). Diastereomer ralio 76: 24 (3-a, R1 = Boc : 3-b, RI = Boc) 

as determined by hplc. 

HPLC Method 1 (Example 34, Methods 1, 9,10,11 and 12) 

Column: X-BRiDGE CIS; 150 x 3.0 mm; 3.5 >im. Mobile Phase A <0.1 % NH3 (32 %) in 

water); Mobile Phase B (Acetonltriie). Gradient: 0 min (20 % B); 3 rnin (40 % B); 5 rnin 

(40 % B): 10 min (70 % B), 11 min (70 % B), 13 min (80 % B), 16 min (80 % B), 16.1 min 

(20 % B), IS mirs 20 % B). Flow rate: 1.4 ml min"1. Wavelength: 210 or 254 nm. 

Temperature 55 ± 2 °C. 

Retention times 

7-a (RI =! Boc; R6 = Me; R7 = Me): 9.6 min 

3-a and 3-b (R1 = Boc): 10,3 min 

HPLC Method 2 (Example 34, MeihotSs 1, 9,10, 11 arid 12) 

Column: Chiralpak AD-RH, 150 x 2.6 mm, 5.0 um. Mobile Phase A (Water); Mobile 

Phase 3 (Acetonitrile). Isocratic: 0 min (80 % B); 15 min (80 % B). Flow rate: 0.5 mi min" 

\ Wavelength; 210 nm. 

Retention times 

3-a, RI = Boc: 6.3 min 

3-b, R1 - Boc: 6,9 min 

HPLC Method 3 (Exampie 34. Methods 2-8) 
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Column: AD-RH Chiralpak; 150 x 4.6 mm Mobile Phase A (water): Mobile Phase B 
(Aceionitriie). 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, RI = Boc): 6.2 min 

(3-b, RI = Boc): 6.8 min 

Exampie 35: Tris{dirrtethyiaiTsifso)methane (13, R8 ~ Me, R7 = Me), 7ert-Butoxy» 
bis{dimethylarTsirso)methane (14, R6 - Me, R7 ~ Me, R8 = ?Bu) and N,N-
Dlmethyiforrnarnide di-tert-buty! aceta! (15, RS = Me, R7 - Me, R8 = tBu) 

NMQ, NMe? NMe, NMe? SV.ej 
j ! ^ I * l 

We2^ !BuO'^sOI3u Mejtt ^0?6u '8uO VOi 

Method 1 

A mixture of 1.01 g N.N-dimethyiformamlde di-tert-buty! acetai (15, R6 = Me, R7 = Me, R8 
- tBu) (Aldrich #358800) and 073 g tris(dirnethylamino)meihane (13, R6 = Me, R7 = Me) 
(Aldrich, #221058) are stirred at room temperature overnight. The resulting mixture is 
cooled to room temperature, affording a soiuSion 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-dimeihylformamide di-iert-buty! acetai (15, R6 = Me, R7 = Me, R8 

= t3u) (Aldrich #358800) and 0,73 g tris(dimethylarnino)methane (13, R6 = Me, R7 = Me) 

(Aldrich, #221058) are heated at 45 °C 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 (specSroscopic data as in Example 14, Method 1). 

Method 3 



WO 2009/090251 PCT/EP2009/050510 

197 

A mixture of 1.01 g N.N-dlmethylformamide di-tert-butyl acetal (15, R6 = Me, R7 - Me, R8 

= tBu) {Aldrich #358800) arid 0.73 g tris(dimethylannino)methane (13, R6 = Me, R7 = Me) 

(Aidrich, #221058) are heated at 80 °C for 1 h. The resulting mixture is cooled to room 

temperature, affording a solution containing 13,14 and 15 (R6 = Me, R7 = Me, R8 = Me) 

as determined by nmr (spectroscopic data ss in Example 14, Method 1). 

Example 36: Tris{dime£hyiarnirtQ)nrsetharsa (13, R6 ~ Me; R7 - Me), 7'ert-pentosy-

bss(diniethylamlno)rnethane (14, RS = Me, R7 ~ Me, R8 ~ CMe2Et) snd N,N-

Dimethyiformamide di-tert-pentosyaceta! (15, R6 = Mes R7 = MR, R8 - CMsjEt) 

+NMe, 

J lwl 

NMs, 

A NMo? 

NMft? x: A 

Method 1 

57.5 g N.N.N,N-ietraniethylformamidlnium chloride is added io 93 g sodium amylate 40 % 

solution in toluene. The resulting mixture is stirred at room temperature for 48 h. The 

mixture is then filtered and the rake washed with toluene (22 g) to afford a solution 

containing 13, 14 and 15 (R6 ® Me, R7 = Me, R8 = CMesEt). A sample of She filtrate is 

concentrated in vacuo. 1H NMR (C6D6): 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 (R8 = Ms, 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-tetramethylformamidin!um chloride is added to 67 g sodium amylate 40 % 

solution in toiuene. The resulting mixture is stirred at room temperature for 48 h. Tne 

mixture is filtered and the cake washed with toluene (2x10 ml). The mixture is then 

diluted to a total volume of 100 ml to afford a solution containing 13, 14 and 15 (R6 = Me. 

R7 = Me, R8 = CMe>Et). Spectroscopic data as for Example 36, Method 1. 
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Example 37: (2#?,4S}-5-biphenyl-4-yi-4-?ert-butQxycarbo!T>y!amlno-2-iTsethylpentanoic 

acid diisopropyietrsylammonium sait (1-a, RI = Boc, R2 = H, R3 = COs'fNHiPrjet]*) 

1 g {2ff,4S}-5-8lphenyl-4-yl~4-?ert-butoxycarbcnylamino-2-methy!pentanoic acid (1-a, R1 = 

Boc, R2 = H, R3 = C02H) is added to etharioi (10 mi). Dllsopropyle'ihyiamine (0.454 ml) is 

{hen added and the mixture is stirred at room temperature for 30 minutes. The mixture is 

then concentrated in vacuo to afford (2f?,4S)-5-biphenyl-4-yl-4-ferf-butoxycarbanylamino-

2-nriethylpentanosc acid diisopropylethylammonium salt (1-a, Ri « Boc, R2 = H, R3 = C02" 

[NHiPrjEt]*). 1H NMR (DMSO-d6): 0.95-0.98 (15 H), 1.04 (3H), 1.32 (9H), 1.36 (1H). 1.74 

(1H), 2.33-2.49 (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: (2/?:4S)-5-biphenyi-4-y!-4-(ert-byioxycarboriyiamino-2-rfsethylpentanoic 

acid trSethylammonium salt (1-a, R1 = Boc, R2 - H, R3 = COg'fNHEy*} 

1 g {2R,4S)~5-Bipheny!-4-y!-4-feri-butoxycarbony!afninQ-2-!nethylpenianoic acid (1-a, 

RI = Boc, R2 = H, R3 = GQ;jH) is added to ethanol (10 ml). Triethyiamine (0.264 ITS!) is 

then added and the mixture is stirred at room temperature for 30 minutes. The mixture 

is then concentrated in vacuo to afford (2/?,4S)-5-bipheny!-4-yl-4-terf-

butoxycarboriylamino-2-methylp9ntanoic acid triethyiammonlum salt (1-a, R1 = Boc, R2 

J 
NT 
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= H, R3 = CCVfNHEtaf). 1H NMR (DMSO-dQ): 0.95 (9 H), 1.04 (3H), 1.32 (9H), 1.36 

(1H), 1.74 (1H), 2.38-2.50 (7 H), 2.67 (2H), 3.65 (1H), 6.29 and 6.70 (1H), 7.23-7,25 

(2H), 7.33-7.37 (1H), 7.43-7.48 (2H), 7.55-7.57 <2H), 7.62-7.64 (2H). 

Example 39; (2RI4S}-5-blph8nyi-4-yl-4-fert-butoxycarborsy!am!rio-2-iT!ethy!per!tano!c 

acid sodium salt (1-a, R1 = Boc, R2 = H, R3 - C02"Na'} 

1 g (2R,4S)-5-Biphenyl-4-yl-4-ter/-butoxycarbortylarriino-2-iT!elhylperiiano!c acid (R1 = 

Boc, R2 = H, R3 = C02hi) is added to ethanol (10 ml). Sodium methoxide (141 mg) is 

then added and the mixture is stirred at room temperature for 30 minutes. The mixture 

is then concentrated in vacuo to afford (2R,4S)-5-bipheny!-4-yi-4-fert-

birtoxycarbonylamino-2-m.ethyipentarioic acid sodium salt (1-a, R1 = Boc, R2 = H, R3 = 

CO^Na4). 1 H NMR (DMSO-d6): 0.91 (3H), 1.29 (1H), 1.34 (9H), 1.61 (IN), 2.12 (1H), 

2.68-2.31 (2H), 3.60 fiH), 7.25-7.27 (2H), 7.32-7.36 {1H>, 7.43-7.47 (2H), 7.55-7.57 

(2H), 7.64-7.66 (2H). 7.76 (1H). 

Example 40: (2f?,4S)-5-b!phenyi-4-y!~4~fe#f-butoxycarbGny!amino~2-

metbyipeniarsote acid (1-a, RI = Boc, R2 = H, R3 = C02H}, (2S,4S)-§-bSphenyi-4-yl-

4-?eft-butoxycarbony!amino-2-!T!ethy!pai'itanoic acid (1-b, RI =: Boc, R2 - H, R3 = 

C02H), 

Method 1 
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20 mg (R)--5--Riphenyl-4-yj"4--tef'-bu<oxycarbcry!amino-2-methy[er!epentanoic acid (2-a, 

R1 = Boc, R2 = H, R3 = C02H) is added to ethanol (400 pi), 10 % Palladium on cartoon (2 

mg, 50 % water wet, Degussa type E101 NE/W) is She?"! 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 (2ff,4S)-5-bipheny!-4-yi-4-{ert-

butoxycarbonylamino-2-methyipentanoic acid {1-a, RI - Boc, R2 = H, R3 - C02H)and 

(2S,4S)-5-biphenyl-4~yl-4-?ert-bL!tcxycarbonylamino-2-me?hy:pentanoic acid (1-b, R1 = 

Boc, R2 = H, R3 = C02H). 1H NMR (CDCij); 1.11-1.16, 1.21 and 1.33, 1.39-1.53,1.70-

1.92, 2.32-2 81, 3,72-3.9?, 4.44-4.50, 6.41 arid 8.56, 7.16-7.49, 10,64 

Method 2 

20 mg (R}-5-3iphenyi-4-yl-4-tert-butoxycart)onylamino-2-methylenepentanoic acid (2-a, 

RI = Boc, R2 = H, R3 = C02H) is added to isopropyi acetate (400 p.!). 10 % Palladium on 

carbon (2 rug, 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 isopropyi acetate (2 x 0.5 mi). The mixture is then concentrated in vacuo to give 

(2/?,4S)-5-biphenyi-4-yl-4-tert-butoxycarbonylarnino-2-methylpenSanoic acid (1-a, RI = 

Boc, R2 = H, R3 = C02H) and (2S,4S)-5-bipheny!-4-yl-4-f8rt-butQxycarbonylamino-2-

roethyipentanole acid (1-b, RI - Boc, R2 = H. R3 = C02h), Spectroscopic data as in 

Example 40, Method 1. 

Method 3 

20 mg (R)-5-Biphenyi-4-yi-4-tert-butoxycarboriylamino-2-methylenepentanolc acid (2-a, 

R1 = Boc, R2 = H, R3 = C02H) is added to isopropyi acetate (400 fit). 10 % Piatinium 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 isopropyi acetate (2 x 0.5 ml). The mixture is then 

concentrated in vacuo to give (2R,4S)-5-biphenyi-4-yl-4-terf-butoxycarbonyiamino-2-

meihylpentartoic acid (1-a, Ri = Boc, R2 = H, R3 = C02H) and (2S,4S)-5-biphenyl-4-yl-4-
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fenr-butoxycarbonylamino-2-metftylpentanoic acid (1-b, R1 = Boc, R2 - H, R3 = COzH). 

Spectroscopic data as in Example 40, Method 1. 

20 mg (R)-5-Biphenyi-4-yl-4-tert-butoxycarbony!amino-2-methylenepentanoic acid (2-a, 

Ri = Boc, R2 = H, R3 - CO2H) is added to isopropyi acetate {400 j4), 5 % Rhodium on 

carbon (2 rng) is then added. Hydrogen gas at ambient pressure is applied to the mixture. 

The mixture is stirred 3t ambient temperature and pressure overnight. The mixture is then 

filtered over Celite and washed with isopropyi acetate {2 x 0.5 ml). The mixture is then 

concentrated in vacuo to give (2f?,4S)-5-biphenyl-4-yl-4-terf-&utoxycarbonylamino-2-

methylpentanoic acid (1-a, R1 = Boc, R2 = h, R3 = C02H) and (2S,4S)-5-biphenyM-y!-4~ 

i'e/t-buioxycarbonyiamino-2 rnethyipentanoic acid (1-b, R1 = Boc. R2 = H, R3 = C02H). 

Spectroscopic data as in Example 40, Method 1. 

Example 41: {R)-5-Bipheriy!~4-yl-4-te9l-bytoxycarbofsylamino-2-roethylenepentanolc 

acid potassium salt (2-a, R1 « Boc, R2 = H, R3 = C02K) 

500 mg (R)-5-biphenyl-4-yi-4-tert-butoxycarbcnylamino-2-methyienepentar)oic acid (2-a, 

RI = Boc, R2 = H, R3 = CO?M) is added to ethanol (5 ml) at room temperature. 2.6 mi of 

a 0.5 M Potassium hydroxide In ethanol solution is added to the mixlure 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-bipheny!-4-yl-4-tert-

butoxycarbony!aminc-2-mettiyienepentanoic acid potassium salt (2-a, RI = Boc, R2 = H, 

R3 = C02K). 1H NMR (DMSO): 1.35 (9H), 2.24-2.37 (2H), 2.67-2.84 (2H), 3.69-3.80 (1H), 

5.04 (1H), 5.79 (1HV 7.12-7.17, 7.23-7.35, 7.42-7.46, 7.54-7.57, 7.62-7.67. 

Method 4 
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Exampie 42: {2R4S)-5-BiphenyM-yi-4-*8rf-buiQxycarb©nylarninG-2»meihyipentar!G!c 

acid potassium sait {1-a, R1 ~ Boc, R2 = H, R3 ~ C02K) and (2S,4S)-5-blpheny^-4-yl-

4-ferf-bytoxyfiarbonyfamino-2-rTsethyipen{ano!C acicS potassium salt (1-b, R1 = Boc, 

R2 = H, R3 = G02K) 

100 mg (R)-5-8iphenyl-4-y!"4-tert~butoxycarbony!amino-2-methy!eneperi!anoic acid 

potassium salt (2-a, RI = Boc, R2 = H, R3 = CO^K) (prepared according to procedure in 

Exampie 42) is added tc ethanol (1 mi), 10 % Palladium on carbon (10 mg. 50 % water 

wet, Degussa type E101 NE/W) is then added. Hydrogen gas at ambient pressure is 

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 mi). 

The mixture is then concentrated in vacuo to give (2/?,4S)-5-biphenyl-4-y!-4-fe?t-

butoxycarbonylaminc-2-methylpentanoic acid potassium salt (1-a, R1 = Boc, R2 = H, R3 = 

CG2K) and (2S,4S)-5-biphenyl~4-yl~4-te;f-buioxycarbonyiamino-2-methylpentano!c, acid 

potassium salt (1-b, RI = Boc, R2 = H, R3 = COjK). 1H NMR (CDC!3): 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. 

100 mg (R)-5-Biphenyl-4-yl-4-tert-buto>:ycarbonylamirco-2-methylenepen$anoic acid 

potassium salt (2-a, R1 • Boc, R2 = H, R3 = COjK) (prepared according to procedure in 

Example 42) is added to isopropyi acetate (1 ml). 10 % Palladium on carbon (10 mg, 50 

% water wet, Degussa type E101 NEW) 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 isopropyi 

aceta'e (2 x 1 mi). The mixture Is then concentrated in vacuo to give (2^,4S)-5-biphenyl-

Method 1 

Method 2 
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4-yl-4-fert-butoxycarbonylamino-2-methylpentanoic acid potassium salt (1-a, R1 » Boc, R2 

= H, R3 = C02K) and (2S,4S)-5-bipheny!-4-yl-4-ter<-butoxycarbonylamino-2-

methylpentanoic acici potassium sait (1-b, RI = Boc, R2 = H, R3 = CO2K). Spectroscopic 

data as in Example 42, Method 1. 

Method 3 
i 

100 mg (R)-5-BiphenyS-4-yl-4-!ert-butoxycarbonylamino-2-methylerieperrtanoic acid 

potassium salt (2-a, RI = Boc, R2 = H, R3 = C02K) (prepared according to procedure in 

Exampie 42) is added to isopropyi acetate (1 ml). 10 % Platiniurn on carbon (10 nig) is 

then added. Hydrogen gas at ambient pressure is applied to the mixture. The mixture is 

stirred at ambient temperature and pressure overnight. The mixlure Is then filtered over 

Celite and washed with isopropyi acetate (2x1 ml). The mixture is then concentrated in 

vacuo to give (2R4S}-5-biphenyl-4-yl-4-feri-butoxycart>onyl3mino-2--methylpentanoiG acid 

potassium salt (1-a, RI = Boc, R2 = H, R3 = C02K) and (2S,4S)-5-biphenyl-4-y!-4-terf-

butoxycarbony'amirio-2-methylpentanoic acid potassium sait (1-b, RI = Boc, R2 = H, R3 = 

C02K). Spectroscopic data as in Example 42, Method 1. 

Method 4 

100 mg (R)-5-Biphenyi-4-y!-4"tert-butoxycarbonylarrsino-2-rneihylenepentanoic acid 

potassium sait (2-a, RI = Boc, R2 = H, R3 = CQ2K) (prepared according to procedure in 

Exampie 42) is added tc isopropyi acetate (1 ml). 5 % Rhodium on carbon (10 mg) is 

then added. Hydrogen gas at ambient pressure is applied to the mixture. The mixture is 

stirred a! ambient temperature and pressure overnight. The mixture is then filtered over 

Celite and washed with isopropyi acetate (2 x 1 ml). The mixture is then concentrated in 

vacuo to give (2R,4S)-5-biphenyi-4-yM-ferf-butoxycarbonyiamino-2-methylpentanoic acid 

potassium salt (1-a, R1 - 3oc, R2 H, R3- C02K) and (2S,4S)-5-biphenyl-4-yl-4-terf-

butcxycarbonylamino-2-methylpenlanoic acid potassium sait (1-b, RI = Boc, R2 - H, R3 " 

C02K). Spectroscopic data as in Example 42, Method 1. 

Example 43: (2/?,45)~5~BtphenyM-yl-4-ter?-butoxycarbcny!amino-2-

rnethylperstarsoic acid (1-a, RI = Boc, R2 = H, R3 - C02H), (2S,4S}-5-8iphenyl-4-yl-

4-leff-butoxyearbonylam!nQ-2-nrieShy!perita<>osc acid (1-b, R1 ~ Boc, R2 = H, R3 = 
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CO;H), {2R,4S)-5~Biphenyl-4-y[~4-fer?-i>utQxycarberiyiammG-2-methy:per!tarioic 
acid sait (1-a, R1 = Boc, R2 = H, R3 ~ COj'j or {28,4S5-5-Biphenyf-4-y!-4"fert-

butoxycarbdriyl3mino-2-rr8ethyipe!itanoic acid sait {1-b, R1 - Boc, R2 ~ H, R3 ~ 

C02") 

General Procedure 1 

A mixture of Organometallic Catalyst (C) and (R)-5-blphenyl-4-yl-4-tert-
butoxyc3rbonylamir!Q-2-methylenepentanoic acid (2-a, RI ~ Boc, R2 = H, R3 = C02H) 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 (RI = Boc, R2 = H. R3 = CQ2H) given iri the Table of 
Example 43 and an S/C ratio as given in the Table of Exampie 43. 

Optionally and according to the Tabie of Exampie 43, an Additive (D) may be added at 
this stage. The identity and amount of the additive is given in the Tabie of Example 43. 

The amount of additive to be used is relative to the moles of (R)-5-biphenyl-4-yI-4-tert-

bLitoxycarbonylamino-2-methyienepentanoic acid (2-a, RI = Bcc, R2 = H, R3 = C02H) 

used. 

Hydrogen has is Shen applied so the vessel containing the mixture (Semperature, time and 
pressure are given in the Table of Example 43). 

The volatile? are removed under reduced pressure and the resulting residue analysed by 
hplc to determine the ratio of (1-a, R1 * Boc, R2 M, R3 -- C02H) or (1-a, RI * Boc, R2 :-
H. R3 = C02") tc (1-b, RI = Boc, R2 = H, R3 = C02H) or (1-b, R1 = Boc: R2 = H, R3 = 

CDs"). 
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General Procedure 2 

Sciveni (S) (volume and identity of solvent given In the Tabie of Example 43) is added to a 

mixture of the Organometallic Complex (A) and the Chira! Ligand (L). The mixture is 

stirred for 0.5 h at room temperature. (R5-5-Biphenyi~4-yl~4-tert-butoxycarbonylaminQ-2-

methyienepentancic acid (2-a, RI = Boc, R2 = H, R3 = CQ;H) in a solvent (volume and 

Identity of solvent given in the Table of Example 43) is then added. The final 

concentration of 2-a (RI = Boc, R2 = H, R3 = C02H} 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 Exampie 43. 

Hydrogen gas is then appiied to the vessel containing the mixture (temperature, time and 

pressure is given in the Table of Example A3). 

The voiatiles are removed under reduced pressure and the resulting residue analysed by 

hplc to determine the ratio of (I s, RI = Boc, R2 = H, R3 = C02H) or (1-a, RI = Boc, R2 = 

H, R3 = C02-) to (1-b, RI =; Boc, R2 - H, R3 a CQ2H) or (1-b, R1 - Boc, R2 = H, R3 = 

CC'2 ). 

General Procedure 3 

(R)-5-Biphenyi-4-yi-4-tert-butoxycsrbonylamino-2-methylenepentanoic acid (2-a, R1 -

Boc, R2 s= H, R3-s CO?H) in a Solvent (S) (0.244 ml, identity of solvent given in the Table 

of Example 43) Is added to the vessel containing the Organometallic Cataiyst (C). Further 

solvent (identity given in the Table of Exampie 43) is added to give a final concentration of 

2-a {{RI = Boc, R2 = H, R3 = C02H) given In the Table of Example 43, The S/C ratio is 

given in the Table of Exampie 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-yl-4-tert-

butoxycarbonyiamino-2-methyienepentanolc acid (2-a, RI - Boc, R2 = H, R3 « CO?H) 

used. 
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The mixture is then slirred at the temperature and pressure given in ihe 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 = C02H) or (1-a, R1 = Boc, R2 = H, R3 = C02) in (1-b, RI = Boc, R2 = H, R3 

= C02H) or (1-b, RI - Boc, R2 = H, R3 = C02). 

General Procedure 4 

The Organometallic Complex (A) and Chiral Ligand (L) are added to a mixture of ethanol 

(0.041 ml) and dicnioroeihane (0,135 mi). The mixture Is stirred for 0.5 h. The solvent is 

then removed under reduced pressure. (R>5-BiphenyW-yl-4-tert-butoxycarbonyiamino-2-

methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 = C02H) 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 Llgand (L). Further solvent (identity given in the 

Table of Example 43) Is added to give the final concentration of 2-a (R1 = Boc, R2 = H, 

R3 m COjH) 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 Organometaiiic 

Complex is given In the Table of Example AZ. 

Optionally and according to the Table of Exampie 43, an Additive (D) may be added at 

this stage. The identity and amount of the additive is given in the Tabte of Example 43. 

The amount of additive to be used is relative to the moles of (R)-5-biphenyl-4-yl-4-tert-

butaxycarbonylamlno-2-methyienepentanolc acid (2-a, R1 = Boc, R2 = H, R3 = C02H) 

used. 

Hydrogen gas is the applied to the vessel containing ihe mixture (temperature, time and 

pressure is given in the Tabie of Exampie 43). 

The crude reaction solutions are analysed by hplc to determine the ratio of (1-a, RI = Boc., 

R2 = H, R3 = COjH) or (1-a, Ri - Boc, R2 = H, R3 - C02") to (1-b, R1 • Boc, R2 = H, R3 

- C02H) or (1-b, R1 = Boc, R2 = H, R3 = C02"). 



WO 2009/090251 PCT/EP2009/0505.10 

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 Organometaiiic Complex (A) and the Chirai Ligand (L) Irs Vessel A. The 

mixture is stirred for 15 rrsln at room temperature. 

Solvent (S) (volume and identity of solvent given in the Table of Exampie 43) is added to 

(R)-5-b(phehyl-4-y{-4-tert-butcxycarbonyiaroino-2-methylenepentanoic acid (2-a, R1 = 

Boc, R2 = H, R3 = C02H) in Vessel B. 

The contents of Vessel A and Vessei B are transferred to Vessel C (empty). The final 

concentration of 2-a (R1 = Boc, R2 = H, R3 = COaH) is given in the Tabie of Exampie 43. 

The S/C ratio is given in the Table of Example 43. The ratio of Chiral Ligand per atom of 

metai 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 Exampie 43). 

The crude reaction solutions are analysed by hplc to determine the ratio of (1-a, RI = Boc, 

R2 = H, R3 = C02H) or (1-a, R1 = Boc, R2 = H, R3 = C02") to (1-b, RI = Boc, R2 = H, R3 

- C02H) or (1-b, R1 - Boc, R2 - H, R3 = CO?") 

General Procedure 8 

Solvent (S) (volume and identity cf 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 Vessei B containing (R5-5-biphenyl-4-yi~4~?ert-

butoxycarborsylamino-2-methylenepentarioic acid (2-a, RI = Boc, R2 = H, R3 = C02H) 

and optionally (as indicated in the Table of Example 43) ,4-diazobicyclo[2.2.2]oetanc 

(amount given in the Table of Example 43). The amount of 1,4-diazobicycio[2.2.2]octarie 
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used is relative to the moles of (R)-5-biphenyl~4-yl~4-tert-butoxycarbonylamino-2-
rnethylersepentanoic acid (2-a, R1 = Boc, P2 ~ H, R3 = C02H) used. The final 
concentration of 2-a (R1 = Boc, R2 = H, R3 = C02H} is given in the Table of Example 43. 

The S/C ratio Is givers in the Tabie of Example 43. The ratio of Chiral Llgand per atom of 
metal within the Organometallic Complex Is given Irs the Table of Example 43. 

Optionaiiy and according to she 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-biphenyi-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid 
(2-a, R1 = Boc, R2 = H, R3 = C02H) used and is given in the Table of Exampie 43. 

Hydrogen gas !s then applied to Vessei 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 ihe ratio of (1-a, R1 = Boc, 
R2 = H, R3 » C02H) or (1-a, RI = Boc, R2 = H, R3 = C02) to (1-b, R1 e Boc, R2 = H, R3 
= C02H) or (1-b, R1 = Boc, R2 = H, R3 = CO/), 

GeneraS Procedure 7 

Soivent (S) (volume and identity of solvent as given in the Table of Example 43) is added 
to a mixture of the Organometallic Complex (A) and the Chiral Ligand (L) Ir- Vessel A. 
Hydrogen gas (1 bar} is applied to Vessel A and the mixture stirred tor 5 min at ambient 
temperature. 

Solvent (volume and identity of solvent given in the Tabie of Example 43) is added to (R)-
5-blphenyi-4-yl-4-teri-butoxycarbonylamino-2-methylenepentanoic acid (2-a, RI = Boc, R2 
« H, R3 « CG2H) in Vessel B. 

The contents of Vessel A and Vessel 3 are transferred lo Vessel C (empty). The final 
concentration of 2-a (R1 n Boc. R2 = H, R3 = CG2H) is given in the Table of Exampie 43. 
The S/C ratio is given in the Table of Example 43. The ratio of Chiral Ligand per atom of 

metai within Ihe Organometallic Complex Is given In the Table of Exampie 43. 
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Hydrogen gas is then applied to Vessel C and its contents (temperature, time and 

pressure is given in the- Tabie of Exampie 43. 

The crude reaction solutions are analysed by hplc to determine the ratio of (1-a, R1 - Boc, 

R2 = H, R3 = C02H) or (1-3, RI = Boc, R2 = H, R3 = C02 ) to (1-b, RI * Boc, R2 ® H, R3 

= C02H) or (1-b, R1 = Boc, R2 = H, R3 = C02'). 

Genera! Procedure 8 

Solvent (S) (volume and identity of soivent given in the Table of Example 43) is added to a 

mixture of the Organometaiiic Complex (A) arid the Chirai Ligand (L) in Vessei A. The 

mixture is stirred for 15 min at room temperature. 

Soivent (voiume and identity of solvent given in the Table of Example 43) is added to (R)-

5-biphenyi-4-yi-4-tert-butoxycarbony!amlno-2-methylenepentanoic acid (2-a, R1 ~ Boc, R2 

= H, R3 ~ C02H) in Vessel 3. The mixture is heated at 70 °C for 0.5 h 

The contents of Vessel A and Vessel B are transferred to Vessel C (empty)- The final 

concentration of 2-a (R1 - Boc, R2 - H, R3 = COzH) 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 Organcme-allic Complex is given in [he Table of Example 43 

Hydrogen gas is then applied to Vesse! 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 = CCMH) or {1-a, RI = Boc, R2 * H, R3 - CO?') to (1-b, RI = Boc, R2 « H, R3 

= C02H) or (1-b, R1 = Boc, R2 = H, R3 ~ C02"). 

HPLC Method 1 (Reactions performed according to Example 43, General Procedures 1 

or 2). 
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Coiumn: Chiraipak QD-AX; 150 x 4.6 mm; 5 nm. Mobile Phase A: Methanol, 0.05 % 
AcOH (v/v), 0.01 % NH4OAG (mN). Iscicratic: 0 min (100 % A}; 15 min (100 % A). Plow 

rate 0.8 ml min"1. Wavelength: 254 nm. Column temperature: ambient (20-25 °C). 

Retention times: 

(1-a, R1 - Boc, R2 = H, R3 = COzH): 8.3 rnin 

(1-b, R1 - Boc, R2 = H, R3 = COjH): 5.0 min 
(2-a, R1 = Boc, R2 = H, R3 = CO?H): 5.7 min 

HPLC Method 2 {Reactions performed according to Example 43, Genera! Procedures 3, 
4, 5, 6, 7, or 8). 

Column: Chiralpak OD-AX; 150 x 4.6 mm; 5 jam. Mobile Phase A: Methanol, 0.05 % 
AcOH (v/v), 0.01 % NH„OAc (m/v). isocratic: 0 min (100 % A); 20 min (100 % A). Flow 

rate: 0.8 ml min"1. Wavelength: 220 nm. Column temperature: 25 °C. 

Retention times: 

(1-a, RI = Boc, R2 = H, R3 = C02H) 

(1-b, RI = Boc, R2 = H, R3 = CO^H) 

(2-a, R1 = Boc, R? = H, R3 = COzH) 

5.0 min 

5.8 min 

8.4 min 
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Tabte of Example 43: 

m 
siWM' « » < 
£ I£ if 

ffep W&4M' wwm mi 
88.8 11.2 

93.9 6.1 
52.5 47.5 
63.1 36,9 

49.2 50,8 
90.8 9.2 
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7 4 - A-4 L-2 1.20 25 0,042 S-1 - - 0.5 84.0 - - rt 20 16 60.7 39.3 

8 1 C-27 - - - 1000 0.6 S-1 - - 3 200.0 D-6 0.5 25 20 16 95.5 4.5 

9 4 - A-2 L-2 5 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 48.2 51.8 

10 1 C-48 - - - 100 0.3 S-1 - - 3 100.0 D-4 1 30 5 16 82.0 -18.0 

11 6 A-2 L-48 1.05 2500 1.31 S-1 0 10 10 131.0 - - rt 7 16 92.1 7.9 

12 1 C-27 - - - 100 0.3 S-1 - - 3 100.0 D4 1 50 20 16 92,5 7.5 

13 1 C-S - - - 100 0.3 S-1 - - 3 100.0 - - 50 20 18 46.5 53.5 

14 5 - A-2 L-28 1.05 2500 2.62 S-1 16 4 20 131.0 - - rt 7 16 90.8 9.2 

15 4 - A-1 L-16 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 34.6 65,4 

18 4 - A-2 L-29 1.20 25 0.042 S-5 - - 0.5 84.0 D-3 0.5 rt 7 16 91.5 8,5 

17 1 C-27 - - 1000 0.6 S-1 - - 3 200.0 D-7 1 25 20 16 93.0 7.0 

16 1 C-27 - - - 1000 0.6 S-1 - - 3 200,0 D-6 0.5 25 20 16 95.5 4.5 

19 4 - A-5 L 48 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 50.9 49.1 

20 1 C-27 - - - 100 0.3 S-1 - - 3 100.0 D-4 1 30 5 16 93.5 6.5 

21 4 - A-3 L-12 1.20 25 0.042 S-1 - - 0.5 84.0 D-1 0.08 rt 20 16 74.9 25.1 

22 1 C-41 - - - 100 0.3 S-1 - - 3 100.0 D4 1 30 20 16 84.0 16.0 

23 4 - A-5 L-17 1.20 25 0.042 S-1 - - 0 5 84.0 - - rt 20 16 28.1 71.9 

24 1 C-17 - - 100 0.3 S-1 - - 3 100.0 D-4 1 50 20 16 63.0 37.0 

25 4 - A-2 L-27 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 9.0 91.0 

26 4 - A-5 L.-14 1.20 25 0.042 S-1 - - 0.5 84.0 - - r! 20 16 61.8 38.2 

27 1 C-38 - - - 100 0.3 S-1 - - 3 100.0 - - 50 20 16 52.5 47.5 

28 4 - A-2 L-42 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 44.9 55.1 

29 1 C-27 - - - 2500 0.79 S-8 - - 3 263.3 D-6 0.5 25 20 16 50.0 50,0 
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30 3 C-3 - - - 25 0.042 S-1 - - 0.5 84.0 - - ri 20 16 92.9 7.1 

31 •5 S-19 - 100 0.3 S-1 - - 3 100.0 D-4 1 50 20 16 62.0 38.0 

32 4 - A-5 1-12 1.20 25 0.042 S-1 - - 0.5 84,0 - - rt 20 16 78.9 21.1 

33 4 - A-2 L-21 1.20 25 0.042 S-1 - - 0.5 84.0 - - rf 7 16 52.0 48.0 

34 5 A-5 L.-36 1.05 2500 1.31 S-1 8 2 10 131.0 - ri 15 16 92.2 7,8 

35 1 C-24 - - - 100 0.3 S-1 - - 3 100.0 - - 50 20 16 62.5 37.5 

36 4 - A-1 L-51 1.20 25 0.042 S-1 - - 0.5 84,0 - - tt 7 16 35.2 64.8 

37 1 C-20 - 100 0.3 S-1 - - 3 100.0 - - 60 20 16 61.0 39.0 

38 1 C-27 - - - 1000 0.6 S-1 - - 3 200.0 D-6 0.25 25 20 16 95.5 4.5 

39 1 C-10 - - - 100 0.3 S-1 - - 3 100.0 D-4 1 60 20 16 73.5 26.5 

40 4 - A-2 L-11 1.20 25 0.042 S-1 - - 0.5 84.0 - - rf 20 16 74.7 25.3 

41 4 - A-2 L-26 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 9.8 90.2 

42 2 - A-7 L-106 1.13 100 0.3 S-1 2 1 3 100.0 - 50 20 16 52.5 47.5 

43 4 - A-2 L-6 1.20 25 0.042 S-1 - 0.5 84.0 - rt .7 16 75.1 24.9 

44 4 - A-2 L-1 1.20 25 0,042 S-1 - - 0.5 84.0 - - rt 20 16 40.4 59.6 

45 4 - A-5 L-11 1.20 25 0.042 S-1 - - 0.5 84.0 - - ri 20 16 77.7 22.3 

46 1 C-39 - 100 0.3 S-1 - 3 100.0 D-4 1 50 20 16 41.5 58.5 

47 1 C-27 - - - 1000 0.79 S-1 - - 3 263.3 D-6 0.9 25 20 16 95.5 4.5 

48 6 - A-2 L-48 1.05 500 0.66 S-2 0 5 5 132.0 - - rt 7 16 81.9 18.1 

4S 1 C-27 - - 500 0.79 S-9 - - 'j <.• 263.3 D-6 0.5 25 20 16 96.0 4.0 

50 3 C-1 - - - 25 0.042 S-2 - - 0.5 84.0 - - rt 7 16 70.1 29.9 

51 4 - A-2 1-10 1.20 25 0.042 S-1 - - 0.5 84,0 - - rt 7 16 79.5 20.5 

52 4 - A-5 L-6 1.20 25 0.042 S-6 - 0,5 84.0 - - ri 7 16 59.1 40.9 
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53 5 - A-2 L-48 1.05 5000 2.62 S-1 16 4 20 131.0 - - rt 7 16 95.2 4.8 

54 5 •• A-5 L-36 1.05 100 1.31 S-1 8 2 10 131.0 - - 65 7 16 87.6 12.4 

55 4 •• A-2 L.-3 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 61.6 38.4 

56 6 - A-5 L-33 1.05 25 0.5 S-1 0 15 15 33.3 - - rt 15 16 74.0 26.0 

57 4 - A-4 L-48 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 45.2 54.8 

58 6 - A-2 L-48 1.05 500 0.66 5-8 0 5 5 132.0 - - rt 7 16 79.5 20.5 

59 4 - A-2 L-2 7 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 10.5 89,5 

60 4 - A-2 L-12 1.20 25 0.042 S-1 - 0.5 84.0 - - rt 20 16 80.7 19.3 

61 4 •• A-2 L-16 1.20 25 0.042 S-3 - - 0.5 84.0 - - rt 7 16 26.8 73.2 

62 1 €-64 - - - 100 0.3 S-1 - - 3 100.0 - - 60 20 16 44.0 56.0 

63 1 0
 

1 - - - 2500 0.79 S-1 - - 3 263.3 D-6 0.9 30 20 16 95.0 5.0 

64 6 - A-2 L-48 1.10 500 2.62 S-1 0 20 20 131.0 - - rt 7 16 94.0 6.0 

65 5 - A-2 L-48 1.05 2500 2.62 S-1 16 4 20 131.0 - - rt 20 16 93.2 6.8 

66 1 C-44 - - - 100 0.3 S-1 - - 3 100.0 - - 60 20 16 68.0 32.0 

67 4 • A-2 L-17 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 31.9 68.1 

68 5 •• A-2 L-48 1.05 2500 2.62 S-1 16 4 20 131.0 - - rt 7 16 77.5 22.5 

69 1 0
 

1 -
N
!
 

- - - 2500 0.79 3-8 - - 3 263.3 D-6 0.9 30 20 16 96.5 3.5 

70 1 C-43 - - - 500 0.3 S-1 - - 3 100.0 D-4 1 50 20 16 78.5 21.5 

71 4 - A-5 L-21 1.20 25 0.042 S-1 - - 0.5 84,0 - - rt 7 16 67.2 32.8 

72 4 - A-2 L-50 1.20 25 0.042 S-5 - - 0.5 84.0 D-3 0.5 rt 7 16 88.1 11.9 

73 1 C-13 - - - 100 0.3 5-9 - - 3 100.0 - - 50 20 16 62.0 38.0 

74 1 C-44 - - - 100 0.3 S-1 - - 3 100,0 D-4 1 60 20 16 70.0 30.0 

75 5 - A-2 L-48 1.10 5000 21 S-1 75 10 85 262.5 - - rt 20 17 95,9 4.1 
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Case 52466A >16 

99 4 C-7 - - - 100 0.3 S-1 - - 3 100.0 0-4 1 60 20 "!6 82.5 17,5 

100 1 C-7 - - 100 0.3 S-9 - - 3 100.0 D-4 1 50 20 16 69.5 30.5 

101 3 C-2 - - - 25 0.042 S-3 - - 0.5 84.0 - - rt 7 16 27.4 72,6 

102 •< C-27 - - - 1000 0.79 5-10 - - 3 263.3 D-6 0.5 25 20 16 50.0 50.0 

103 5 - A-2 L-48 1.05 100 1.31 S-1 8 2. 10 131.0 - - rt 7 16 94.6 5.4 

104 4 - A-1 L-27 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 50.7 49,3 

105 4 - A-5 L-36 1.20 25 0.042 S-3 - - 0.5 8-1.0 D-3 0.5 rt 7 16 90.4 9.6 

106 4 - A-5 L43 1.20 25 0.042 S-1 - 0.5 84.0 - - rt 20 16 71.3 28,7 

107 i C-43 - - - 100 0.3 S-1 - - 3 100.0 D-4 1 30 5 16 84.0 16,0 

108 4 - A-2 L-5 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 43.5 56.5 

109 4 - A-3 L-31 1.20 25 0,042 S-1 - - 0.5 84.0 D-1 0.08 rt 20 16 57.6 42,4 

110 •< C-45 - - - 100 0.3 S-9 - - 3 100.0 - - 60 20 16 34.0 66.0 

111 4 - A-5 L-42 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 62.5 37.5 

112 4 - A-2 L-52 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 82.8 17,2 

113 5 - A-2 L-48 1.10 5000 21 S-1 100 60 180 131.3 - - ri 7 16 95.8 4,2 

114 4 - A-4 L-1 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 80.9 19.1 

115 4 - A-2 L-36 1.20 25 0.042 s-1 - 0.5 84.0 - - rt 7 16 65.9 34,1 

116 1 C-18 - - - 100 0.3 S-1 - - 3 100.0 D-4 1 60 20 16 76.0 24.0 

117 4 - A-2 L-2 2 1.20 25 0.042 S-4 - - 0.5 84.0 D-2 0.1 rt 7 16 12.8 87.2 

118 4 - A-4 L-42 1.20 25 0,042 S-1 - - 0.5 84.0 - rt 20 16 64.6 35.4 

119 3 C-2 - - - 25 0,042 S-2 - - 0.5 84.0 - - rt 7 16 65,4 34.6 

120 3 C-4 - - - 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 41.4 58,5 

121 1 C-8 - - - 100 0.3 S-1 - - 3 100.0 - - 60 20 16 39.0 61.0 
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Case 52466A 217 

122 4 - A-5 L-24 1.20 

123 1 C-56 - - -
124 1 C-41 - - -
125 4 - A-2 L 31 1.20 

126 4 - A-5 L-3 1.20 

127 4 - A-2 L-37 1.20 

123 1 C-27 - - -
129 4 - A-2 L-16 1.20 

130 6 - A-2 L-2 8 1.05 

131 1 C-42 - - -
132 4 - A-5 L-6 1.20 

133 1 C-21 - - -
134 5 - A-2 L-48 1.10 

135 4 - A-3 L-19 1.20 

136 4 A-5 L-6 1.20 

137 4 •• A-5 L-48 1.20 

138 4 C-40 - - -
139 3 c-z - - -
140 4 - A-2 L-18 1.20 

141 4 - A-1 L-12 1.20 

142 4 - A-2 L-2 2 1.20 

143 1 C-27 - - -
144 1 C-56 - - -

0.042 S-1 - -
0.3 S-1 - -
0.3 S-1 - -

0.042 S-1 -
0.042 S-1 - -
0.042 S-1 - -
0.79 S-1 - -
0.042 S-2 - -
0.66 S-1 0 5 

0.3 S-1 - -
0.042 S-1 - -
0.3 S-1 - -
21 S-1 60 20 

0.042 S-1 - -
0.042 S-2 - -
0.042 S-1 - -

0.3 S-1 - -
0.042 S-6 - -
0.042 S-1 - -
0.042 S-1 - -
0.042 S-3 - -

2.1 S-8 - -
0.3 S-1 - -

25 

100 

100 

25 

25 

25 

2500 

25 

500 

100 

100 
100 

2500 

25 

25 

25 

100 

25 

25 

25 

25 

2500 

100 

84.0 - - it 7 16 65.7 34.3 

100.0 D-4 1 60 20 16 61.0 39.0 

100.0 D-4 1 50 20 16 83.0 17.0 

84.0 - - rt 20 16 61,5 38.5 

84.0 - rt 20 16 55.7 44.3 

84.0 - - rt 20 16 40.7 59.3 

263.3 D-6 0.5 25 2Q 16 96.0 4.0 

84.0 - - rt 7 16 27.0 73.0 

132.0 - - rt 7 16 96.4 3.6 

100.0 - - 50 20 16 26.0 74.0 

84.0 - - r! 7 16 89.5 10.5 

100.0" - - 60 20 16 52.5 47.5 

262.5 - - rt 7 16 93.1 6.9 

84.0 D-1 0.03 rt 20 16 62.5 37.5 

84.0 - - rt 7 16 84.2 15.8 

84.0 - - rt 20 16 50.3 49.7 

100.0 D-4 1 50 20 16 87.5 12.5 

84.0 - - rl 7 16 42.7 57.3 

84.0 - rt 20 16 40.8 59.2 

84.0 - - rt 7 16 60.7 39.3 

84.0 - - rt 7 16 34.6 65.4 

262.5 D-6 0.9 35 20 18 96.0 4.0 

100.0 - - 60 20 16 52.5 47.5 
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Case 52466A 218 3| 
O 

145 1 C-27 - - - 500 0.79 S-10 - - 3 263.3 D-6 0,5 25 20 16 50.0 50.0 

146 4 •• A-5 L--49 1.20 25 0.042 S-1 - •• 0.5 84.0 - - rt 20 16 53.0 37,0 

147 3 C-2 - - - 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 30.4 69.6 

148 4 - A-5 L-35 1.20 25 0.042 S-1 - • - 0.5 84,0 - - rt 20 16 67.7 32.3 

149 1 C-12 - - - 100 0.3 S-1 - - 3 100.0 - - 50 20 16 34.0 66.0 

150 1 C-55 •• - 100 0.3 S-1 - 3 100.0 D-4 1 60 20 16 52.5 47.5 

151 3 C-2 - - - 25 0.042 S 7 - - 0.5 84,0 D-2 0.1 rt 7 16 34.4 65.6 

152 1 C-50 - - - 100 0.3 S-1 - - 3 100.0 - - 50 20 16 37.5 62.5 

153 1 C-49 - - 100 0.3 S-1 - - 3 100.0 D-4 1 30 20 16 79.0 21.0 

154 1 C-47 - - - 100 0.3 S-1 - - 3 100.0 D-4 1 30 20 16 83.0 17.0 

155 4 - A-2 L-48 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 93.1 6.9 

156 4 - A-4 L--5 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 63.1 36.9 

157 1 C-18 - - - 100 0.3 S-10 - - 3 100.0 - - 60 20 16 . 42.5 57.5 

158 1 C-7 - - - 100 0,3 S-1 - - 3 100.0 - - 60 20 16 75.0 25.0 

159 4 - A-3 L-17 1.20 25 0.042 S-1 - •• 0.5 84.0 D-1 0.08 rt 20 16 71.6 28.4 

160 1 C-6 - - - 100 0.3 S-1 - - 3 100.0 - - 60 20 16 65.0 35.0 

161 1 C-15 - - 100 0.3 S-1 - - 3 100.0 D-4 1 50 20 16 62.0 38.0 

162 5 - A-2 L-48 1.05 500 1.31 S-1 8 2 10 131.0 - - 65 7 16 94,3 5.7 

163 5 - A-2 L-48 1.10 2500 21 S-1 70 10 80 262.5 - - rt 20 16 92.1 7.9 

164 5 - A-2 L^8 1.10 2500 11.8 S-1 60 30 90 131.1 - rt 7 16 95.4 4.6 

165 4 - A-5 L-34 1.20 25 0.042 S-1 - - 05 84,0 - - rt 20 16 48.2 51.8 

166 1 C-27 - - - 1000 0.79 S-1 ~ - 3 263.3 D-6 0.5 25 20 16 96.0 4.0 

167 4 - A-2 L^B 1.20 100 0.042 S-1 - - 0.5 84.0 - - rt 7 16 94.8 5.2 
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Case 52486A 

168 1 C-33 - - - 100 0.3 S-1 - - 3 100.0 D-4 1 50 20 16 57.0 43,0 

169 1 C-27 •- - - 2500 0.79 S-1 - - 3 263.3 D-8 0.5 25 20 16 96.5 3.5 

170 3 C-4 - - - 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 39.9 60.1 

171 1 0-43 - - - 100 0,3 S-1 - - 3 100.0 D-4 1 50 20 16 85.0 15.0 

172 1 C-7 - - - 100 0.3 s-11 - - 3 100.0 - - 60 20 16 81.0 19.0 

173 4 - A-5 L-18 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 47.9 52.1 

174 4 •• A-2 L-32 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 73.8 26.2 

175 5 - A-2 L-48 1.05 5000 2.62 S-1 16 4 20 131.0 - - rt 14 16 81.5 18.5 

176 1 C-25 - - - 100 0.3 S-1 - - 3 100.0 D-4 1 30 20 16 90.0 10.0 

177 4 - A-5 L-9 1.20 25 0.042 S-1 - - 0.5 84.0 - •• rt 7 16 79.1 20.9 

178 4 - A-4 L-12 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 20.1 79.9 

179 3 C-1 - - - 25 0.042 S-7 - - 0.5 04.0 ̂ D-2 0.1 rt 7 16 36.4 63.6 

180 1 C-27 - - - 500 0.3 S-1 •• - 3 100.0 D-4 1 50 20 16 91.5 8.5 

181 5 •• A-2 L-2 8 1.05 500 1.31 S-1 8 10 131.0 - - 65 7 16 93.4 6.6 

182 4 - A-5 L-26 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 37.8 62.2 

183 1 C-25 - - - 100 0.3 S-1 - - 3 100.0 •• - 50 20 16 83.0 17.0 

184 1 C-27 - - 1000 0.79 S-9 - - 3 263.3 D-6 0.5 25 20 16 96.0 4.0 

185 1 C-4Q - - - 10(30 0.6 S-1 - - 3 200.0 D-7 1 25 20 16 86.5 13.5 

186 1 C-2 3 - - - 100 0.3 S-1 - - 3 100.0 D-4 1 50 20 16 54.0 46.0 

187 5 - A-2 L-48 1.05 100 1.31 S-1 8 2 10 131.0 - - rt 7 16 91.4 8.6 

188 6 - A-2 L-48 1.05 2500 1.31 s-13 0 7 -f 
i 187.1 - - rt 7 16 87.9 12,1 

189 1 C-18 - - - 100 0.3 S-10 - - 3 100.0 D-4 f 60 20 16 44.0 56,0 

190 1 C-40 - •• 500 0.3 S-2 - •• 3 100.0 D-4 1 50 20 16 92.5 7.5 



Case 52466A 

191 1 C-63 - - - 100 0,3 S-1 - - 3 100.0 D-4 1 50 20 16 57.0 43.0 

192 5 - A-5 L-36 1.05 500 1.31 S-1 8 2 10 131.0 - - 65 15 16 87.0 13.0 

193 1 C-43 - - - 100 0.3 S-1 - - 3 100.0 D-4 1 30 20 16 84.5 15,5 

194 5 - A-2 L-28 1.05 100 1.31 S-1 8 2 10 131.0 - - ri 7 16 87.8 •12.2 

195 1 C-7 - - - 100 0.3 S-11 •• - 3 100,0 D-4 1 60 20 16 82.5 17.5 

196 1 C-27 - - - 1000 0.6 S-1 - 3 200.0 D-6 0.75 25 20 16 95.5 4.5 

197 1 C-27 - - - 1000 0.79 S-8 - - 3 263.3 D-6 0.9 25 20 16 97.0 3.0 

198 4 • A-2 L-44 1.20 25 0.042 S-1 - - 0,5 84.0 - - rt 20 16 49.3 50.7 

199 4 - A-4 L-15 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 71.1 28.9 

200 4 - A-2 L-34 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 28.2 71.8 

201 «; 
vy - A-5 L-36 1.05 100 1,31 S-1 8 2 10 131,0 - - ri 50 16 91.5 8.5 

202 1 C-40 - - - 1000 0.6 S-1 - - 3 200.0 D-7 0.5 25 20 16 92.5 7.5 

203 5 - A-2 L.-28 1.05 2500 2.62 S-1 8 2 10 262.0 •• - rt •7 
i 16 96.7 3.3 

204 1 C-7 •• 100 0.3 S-10 - - 3 100.0 •• - 60 20 16 81.0 19.0 

205 1 C-45 - - - 100 0.3 S-1 - - 3 100.0 - - 60 20 16 47.0 53.0 

206 4 - A-2 1.-15 1.20 25 0.042 S-4 - - 0.5 84,0 D-2 0.1 ri 7 16 28.4 71.5 

207 4 - A-2 L-13 1 20 25 0.042 S-1 - - 0.5 84.0 - - ri 20 16 63.9 36.1 

208 1 C-43 - - - 100 0.3 S-1 - - 3 100.0 - - 50 20 16 73,0 27.0 

209 4 - A-5 L-13 1.20 25 0.042 S-1 - - 0.5 84,0 - - rt 20 16 52.6 47.4 

210 4 • A-5 L.-45 1.20 25 0.042 S-1 - - 0,5 84.0 - - rt 20 16 43.5 56.5 

211 4 - A-3 L-25 1.20 25 0.042 S-1 - - 0.5 84.0 D-1 0.08 rt 20 16 53.0 47.0 

212 2 - A-7 L-54 1.13 100 0.3 S-1 2 1 3 100.0 - - 50 20 16 52.5 47.5 

213 5 - A-2 L-48 1.05 2500 2.62 S-1 16 4 20 131.0 - - rt 7 16 89.6 10.4 



Case 52466A 221 
O 

214 2 - A-7 L-56 1.13 too 0.3 S-1 2 1 3 100.0 - 50 20 16 52.5 47.5 

215 4 •• A-2 L-22 1,20 25 0.042 S-2 - - 0.5 84.0 - - rt '7 16 33.5 66.5 

216 1 C-29 - - - 100 0.3 S-1 - - 3 100.0 D-4 1 50 20 16 84.5 15.5 

217 4 - A-2 L-29 1.20 25 0.042 S-1 - - 0.5 84.0 •• rt 7 16 83.9 16.1 

218 1 C-27 - - - 2500 0.79 S-1 - - 3 263.3 0-6 0.9 25 20 16 95.5 4.5 

219 4 - A-2 L-50 1.20 25 0.042 S-6 - - 0.5 84.0 - - rt 7 16 9.9 90,1 

220 1 C-18 - - - 100 0.3 S-11 - - 3 100.0 D-4 1 60 20 16 52.5 47.5 

221 4 - A-2 L-22 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 33.2 66.8 

222 4 •• A-2 L-4 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 78.5 21.5 

223 1 C-27 • - - 500 0.3 S-3 - - 3 100.0 D-4 1 50 20 16 94.0 6.0 

224 4 - A-2 1.-1-5 1.20 100 0.042 S-1 - - 0.5 84.0 - - rt 7 16 89.9 10.1 

225 4 - A-5 L-7 1.20 25 0.042 S-1 - - 0.5 84.0 " - - rt 7 16 74.4 25.6 

226 4 • A-2 L-48 1.20 25 0.042 S-1 - - 0,5 34.0 - - rt 20 16 94.1 5,9 

227 1 C-18 - - - 100 0.3 S-9 - - 3 100.0 D-4 1 60 20 16 60.5 39.5 

228 1 C-40 - - - 1000 0.6 S-1 - - 3 200.0 D-6 1 25 20 16 94.0 6.0 

229 2 - A-7 L-105 1.13 100 0.3 S-1 2 1 3 100,0 - - 50 20 16 44.5 55.5 

230 1 C-25 - - 500 0.3 S-8 - - 3 100.0 D-4 1 50 20 16 83.5 16.5 

231 4 - A-5 L-36 1.20 25 0.042 S-2 - - 0.5 84.0 - - ri 7 16 86.1 13.9 

232 5 - A-2 L-48 1.10 2500 2.62 S-1 16 4 20 131.0 - - rt 1 16 94.9 5.1 

233 4 - A-4 L-17 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 61.5 3B.5 

234 4 A-5 L-6 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 91.6 8,4 

235 1 C-7 - - - 100 0.3 S-10 - - 3 100.0 D-4 1" 60 20 16 85.0 15.0 

236 4 - A-2 L-39 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 80.3 19.7 
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Case 52486A 224 

283 1 C-32 - - - 100 0.3 S-1 - - 3 100,0 D-4 A 50 20 16 70.5 29.5 

284 4 - A-2 L-36 1.20 25 0.042 S-1 - - 0.5 84,0 - - rt 20 16 70.4 29.6 

285 1 C-43 - - - 500 0.3 S-2 - - 3 100.0 D-4 1 50 20 16 81.0 19.0 

286 4 - A-5 L-19 1.20 25 0.042 S-1 - - 0.5 84,0 - rt 2.0 16 35.4 64.6 

287 1 C-27 - - - 2500 0.79 S-1 - - 3 2.53.3 D-6 0.9 40 2.0 16 93.5 6.5 

288 1 C-36 - - - 100 0.3 S-1 - - 3 100,0 D-4 1 50 20 16 87.G 13.0 

289 1 C-27 - - - 1000 0.79 S-8 - - 3 263.3 D-6 0.5 25 20 16 97,0 3.0 

230 3 C-1 - - - 25 0.04?. S-3 - - 0.5 84.0 - - rt 7 16 64.4 35.6 

291 4 - A-2 L.-46 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 85.1 14.9 

292 1 C-27 - - - 1000 0.6 S-1 - - 3 200.0 D-6 1 25 20 16 95.0 5.0 

293 1 C-27 - - - 1000 0.6 S-1 - - 3 200.0 D-6 0.1 25 20 16 95.5 4.5 

294 1 C-30 - - - 100 0.3 S-1 - - 3 100.0 - - 50 20 16 45.5 54.5 

295 1 C-55 - - - 100 0.3 S-9 - - 3 100.0 - - 60 20 16 30.0 70.0 

296 1 C-40 - - - 1000 0.6 S-1 - - 3 200.0 D-6 0.5 25 20 16 93.5 6.5 

297 1 C-53 - 100 0.3 S-1 - - 3 100,0 - - 50 20 16 47.5 52,5 

298 1 C-27 - - - 1000 0.6 S-1 - - 3 200,0 D-7 0.5 25 20 16 95.0 5.0 

299 4 - A-2 L-48 1.20 25 0.042 S-2 - - 0.5 84.0 - - rt 7 16 89.7 10.3 

300 1 C-48 - - •• 100 0.3 S-1 - 3 100.0 DA 1 30 20 16 73,0 22.0 

301 1 C-27 - - - 1000 0.79 S-1 - - 3 2.63.3 D-8 0,5 25 20 16 96.5 3.5 

302 4 - A-2 L-49 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 11.8 88.2 

303 4 - A-5 L-31 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 56.6 43.4 

304 1 C-25 - - - 500 0.3 S-1 - - 3 100.0 D-4 1 50 20 16 85.5 14.5 

305 1 C-57 - - - too 0.3 S-1 - - 3 100.0 - - 60 20 16 59,0 41.0 
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Case 52466A 227 

352 1 C-35 - - - 100 0.3 S-1 - - 3 100.0 04 1 50 20 16 58.0 42.0 

353 4 - A-5 L-37 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 46.3 53.7 

354 4 - A-5 L-11 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 77.5 22.5 

355 4 - A-5 L-1 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 82.6 17.4 

356 4 - A-2 L-14 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 75,2 24.8 

357 4 - A-2 L-19 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 31.3 68,7 

358 1 C-51 - - - 100 0.3 S-1 - - 3 100.0 - 50 20 16 86.5 13.5 

359 5 - A-2 L-48 1.10 5000 21 S-1 100 60 160 131.3 - - rt 7 IS 93.9 6.1 

360 4 - A-5 L-8 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 77.5 22.5 

361 4 - A-5 L-44 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 54.6 45.4 

362 4 - A-2 L-6 1.20 25 0.042 S-3 - - 0.5 84.0 D-3 0.5 rt 7 16 76.2 23.8 

363 4 - A-2 L-35 1.20 25 0.042 S-1 - 1 - 0.5 84.0 • - - rt 20 16 69.3 30.7 

364 4 - A-5 L-6 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 93.3 6.7 

365 1 C-61 - - - 100 0.3 S-1 - - 3 100.0 - •• 50 20 16 39.5 60.5 

366 5 - A-2 L48 110 100 1.31 S-1 100 60 160 8.2 - - rt 7 16 95.2 4.8 

367 5 - A-2 L-48 1,05 100 1.31 S-1 8 2 10 131.0 - - 65 7 16 93.2 6.8 

368 1 C-40 - - - 500 0.3 S-8 - - 3 100.0 D4 1 50 20 16 89.0 11.0 

369 1 C-25 - - - 500 0.3 S-2 - - 3 100.0 D4 1 50 20 16 86,5 13.5 

370 1 C-18 - - - 100 0.3 S-11 - - 3 100.0 - - 60 20 16 40,0 60.0 

371 4 - A-2 L-6 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 76.6 23.4 

372 1 G-47 - - - 100 0.3 S-1 - - 3 100.0 D-4 1 50 20 16 82.5 17.5 

373 6 - A-2 L-48 1.05 2500 1.31 S-13 0 10 10 131.0 - - rt .7 16 87.9 12.1 

37-1 4 - A-2 L-15 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 90,9 9.1 
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Case 52466A 228 

375 4 - A-5 L-4 1.20 25 0.042 S-1 - 0.5 84.0 - - rt 20 16 70.6 29.4 

376 1 C-27 - 1000 G.6 S-1 - - 3 200.0 D-4 1 25 20 16 94.5 5.5 

377 4 - A-5 L-36 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 92.0 8.0 

378 4 - A-1 L-53 1.20 25 0.042 S-1 - •• 0.5 84.0 - - ri 7 16 75.0 25.0 

379 1 C-11 - - - 100 0.3 S-1 - - 3 100.0 D-4 1 60 20 16 66.5 33.5 

380 3 C-3 - - - 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 92.2 7.8 

381 5 - A-2 L48 1.05 5000 2.62 S-1 16 4 20 131.0 - - 45 7 16 83.1 16.9 

332 4 - A-2 L-2 3 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 7 16 32.3 67.7 

383 1 C-59 - - - 100 0.3 S-1 - - 3 100.0 - - 60 20 16 67 5 32.5 

384 4 - A 4 L-27 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 53 2 46.8 

385 4 A-2 L-11 1.20 25 0.042 S-1 - - 0.5 84.0 - rt 20 16 74.5 25.5 

386 4 - A-2 L-22 1.20 25 0.042 S-3 - - 0.5 84.0 D-3 9.5 rt 7 16 40.7 59.3 

387 3 C-4 - - - 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 41.2 58.8 

388 1 C-44 - - - 100 G.3 S-9 - - 3 100.0 - - 60 20 16 68.0 32.0 

389 4 - A-3 L-27 1.20 25 0.042 S-1 - - 0.5 84.0 D-1 0.08 rt 20 16 54.3 45.7 

390 7 - A-2 L48 1.05 100 1.31 S-1 12 3 15 87.3 - - rt 1 16 94.5 5.5 

391 4 - A-3 L48 1.20 25 0.042 S-1 - - 0,5 84.0 D-1 0.08 rt 20 16 50 6 49.4 

392 4 - A-2 L45 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 62,6 37.4 

393 4 - A-2 L-2 1.20 25 0,042 S-1 - - 0,5 84.0 - - rt 20 16 52,7 47,3 

394 4 - A-5 L-25 1.20 25 0,042 S-1 - - 0.5 84.0 - - rt 20 16 60.3 39.7 

395 6 - A-2 L-48 1.05 500 0.66 S-1 0 5 5 132.0 D-3 0.5 rt 7 16 84.9 15.1 

396 3 C-3 - - - 25 0.042 S-1 - - 0,5 84.0 - - rt 20 16 93.7 6.3 

397 4 - A4 L-33 1.20 25 0.042 S-1 - - 0.5 84.0 - - rt 20 16 65.4 33.6 
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Case 52468A 

421 8 - A-2 L-48 1.05 2500 1.31 S-1 8 2 10 131.0 - - rt 7 16 91.5 8.5 

422 1 C-27 - - - 1000 0.6 S-1 - - 3 200.0 D-5 0.8 25 20 16 91.5 8.5 

423 2 - A-7 L-57 1.13 100 0.3 S-1 2 1 3 100.0 - - 50 20 16 56.5 43.5 

424 5 - A-2 L-48 1.10 2600 21 S-1 60 20 80 262.5 - - rt 20 16 95.5 •4.5 
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For the purpose of Exampie 43, the following abbreviations apply: 

Organometaiiic Cataiyst {Cj 

C-1 = [Rh(COD)(SL-PO()5-1)]8F4 = [Rh(COD)(L-38)JBF4 

C-2 = [Rh(COD)(SL-Pl02-1)]G3SCF3 * [Rh{COD)(L~40)]C3SCF3 

C-3 [Rh(COD)(SL-P102-1 )]8F« = [Rh(CGD){L-40)jBF4 

C-4 = [Rh(COD}(SL-P104-2)i03SCF3 « [Rh(COD){L-41 )]03SCF3 

C-5 a [(S)MeBoPboz Rh(COD)]BF4 = [(L-55)Rh(COD)]BFa 

C-6 = [(R)4-F-C6H4-MeBoPhcz Ru(benzene)CljCI = [(L-60)Rii(benzene)CljCI 

C-7 = [(R)Phenethyi-(R)-M6BoPhoz Ru(benzene)CI]CI = |(L-61)Ru(benzene)CI]Ci 

C-8 m(R)BINOL-(R)-MeBoPhoz Rii(benzene)Ci]C! = [(L-62)Ru(benzene)C;JC! 

C-9 P [(S)BINOL-(R)-MeBoPhoz Ru(benzene)CI]Ci # [(L-63)Ru(benzene)CI]CI 

C-10 = [(R)MeBoPhoz RuCI(Benzer!e)]CI = [(L-54)RuCI(Benzene)]CI 

C-11 = [(R)p-F-MsBoPhoz RuCI(Benzene)]CI = [(L-64}RuCI(Ben2ene)jCI 

C-12 «= [(S)MeBoPhoz lr(COD)lCI = |(L-55}lr{COD)]CI 

C-13 = [(R)MeBoPhoz ir(COD)]CI = [(L-54)ir(COD)jC! 

C-14 = [(R,R)BDPP Rh(COD)]BF4 = [(L-65)Rh(COD)]BF4 

C-15 = [(S,S}BDPP Rh(COD)lBF4 = [{L-66)Rh(COD)]BF4 

C-16 = [(R}3in3m-P Rh(COD)|BF4 = [(L-67)Rh(COD}pF4 

C-17 = [(S)BinanvP Rb(COD)]BF4 = [(L-68)Rh(COD)]BF4 

C-18 -• [(R)Tol-BINAP RuC!(beazerie)]C! - i(L-69)RuCi(benz8r!e)]C! 

C-19 = [(S)To!-B!napRh(COD)]BF, = [(L-70)Rh(COD)]BF4 

C-20 = [(R)Blnap RuCI(benzene)]CI = [{L~71 )(benzene)]Ci 

C-21 = [{S)Binap RiiCI(benz«ne)]CI = [(L-72)(benz«ne)]CI 

C-22 ^ [(S)BINAP Rh(COD)jBF4 ^ [(L-72)Rh{COD)]BF4 

C-23 = [(R)Binapharie Rh(COD)]BF, = i(L-73)Rh(COD)]3Frf 
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C-24 = |(S,S)Me-3PE Rh(COD)jBF4 = [(L-74)Rh(COD)]BF„ 

C-25 = [(S,S)Ph-BPE Rh(COD)]BF4 = [(L-75)Rh{CCD)]BF« 

C-26 = [(R)CaiASium D Rh(CGD)]BF4 = [{L-76)Rh(COD)]BF4 

C-27 ~ [(R)CaiASium M Rh(COD)]BF4 = [(L-77)Rh(CQD)jBF4 

C-28 = ((R)CatASium MN Rh{COD);BF, * [(L-78)MN Rh(GOD)]BF4 

C-29 = |{R)CatASiurn MNN Rh(COD)]BF4 a [(L-79}MNN Rh(COD)]BF4 

C-30 = [(S)CaSASIufn M Rh(COD)]BF« ~ [(L-80}M Rh(COD)]BF4 

C-31 ~ l(S)CatASiurri MN Rh(COD)]BF4 = [(L-81)Rh(CC)D)jBF, 

C-32 - ;(S,S)Ch!raPhos Rh(COD)]BF4 = [(L-62)Rh(COD)]BF4 

C-33 = [(R,R)DIOP Rh(COOVBF, = [(L-33!Rh(COD)]BF4 

C-34 = [(S,S)DIOP Rh{COD)jBF< = [(L~84)Rh(COD)]BF4 

C-35 = [(R,R)D!PAMP Rh(CQD)]BF4 = [(L-85)Rh(COD)]6F4 

C-36 = [(R,R)DuanPhOS Rh(COD)]BF4 = [(L-86)Rh(COD)]BF4 

C-37 = [(R)MeDuPhos Rh(COD)]BF4 ~ [(L-87)Rb(CQD)]BF4 

C-38 = [(S,S)E?-Ferrotane Rh(COD)]BF4 = [(L-88)Rh(COD)]BF4 

C-39 = [(R.R)NorPhos Rh(COD)]BF4 = [(L-89)Rh(COD)]BF4 

C-40 = [{S,S)NorPhos Rh{COD)jBF4 = [{L-90)Rh(COD)JBF4 

C-41 = [(R}PhanePhos Rh(CODj]BF4 = [{L-91)Rh(COD)]BF< 

C-42 = [(SJPhanePhos Rh.(CGD)]BF4 « [(L-92)Rh(COD)jBF4 

C-43 = [(R)Xyl-PhanePhcs Rh(CGQ)]BF< = [{L-92)Rh{COD)]BF,. 

C-44 = [(R)Xyl-PhanePhos RuCI2(dmf)2] = [{L-93}RuCI2(dfrJ)^] 

C-45 = [(S)Xyl-PbsnePhos RuCi2(dmf)2j = . [(L-94)RuC)2(dmf)2] 

C-46 = [(R)PhanePhos RuCI2(dmf!2] ^ [(!.-91)RuCls(dmf)2] 

C-47 = [(R)An-PhanePhos Rh(COD)j3F, = [(L-96)Rh(COD)]BF„ 

C-48 = [(R)MeO-Xyi-PhanePhos Rh(COD)]BF4 = [{L-97)Rh{COD)]BF4 
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C-49 = [(R)To!-PhanePhos Rh(COD)]BF4 = [(L-95)Rh<COD)]BF4 

C-50 = E(S):Pr-PHOX lr(COD))8ArF = f(l.-98)!r(COD}jBArF 

C-51 - !(S)Cv-tBu-SIMPLEPHOXIr(COD)]BArF = [(L-99)!r(COD)jBArF 

C-52 - [(R)P-Phas Rh{COD)|BF4 = [(L-1<)0}Rh(COD}]BF4 

C-53 = [(S)P-Phos Rh(COD)jBF4 = [(L-101)Rh(COD)]BF4 

C-54 = [(R)Xyl-P-Phos RuCI2(dmr)2j « [(L-102)RuC!2(dmf)2] 

C-55 - [(S)Xyl-P-Phos RuCb(dmf}j] = [(L-IOSJRuCl^dmf^] 

C-56 = [(S)P-Phos RuCI(benzene)]CI = [(L-101 )RuC!(benzene)]CI 

C-57 = [(R)P-Phos RuC!(benzsne)]Ci ~ [(L-100)RuCI(benzene)]CI 

C-58 = [(R)P-Phos Rufacac;)?] = f(L-1G0)Ru{acac)?J 

C-59 = [(R)Xyi-P-Phos RuCacacy S [{L-102)Ru(acac)2j 

C-60 = [(R)Xyl-P-Phos RuCI(benzene)]Ci = [(L-1G2)RuCI{benzerie)]CI 

C-61 = [(S)P-Phos !r(COD)lCI = [(L-101 )ir(COD)]CI 

C-62 = [(S)Xyl-P-Phos lr{COD)]Ci = [(L-103)lr(COD)]Ci 

C-63 = [(R)ProPhos Rh(COD)]BF4 = [(L-104)Rh(COD)]BF4 

C-64 = [(RatSe)! Np-QUiNAPHOS RuCI?(dmf);J = RU105)RuCb(dmf}a] 

C-65 = [(Sa,Rc)1 Np-QUiNAPHOS RuCI2(dmf}2] s [(L-106)RisC!2(dmf)2l 

C-66 = [{S,S,R,R)TangPhos Rh(COD)]6F4 = [(L-107)Rh(COD)]BF4 

C-67 = [(RVJafaPhos Rh(COD)]BF4 = [(L-108)Rh{COD)j3F4 

Organometaiiic Complex (A) 

A-1 = [lr(COD)CI]2 

A-2 - [Rh(NBD)?]BF„ 

A-3 m [Ru(COO)(2-metally!)23 

A-4 at [Ru(COD)(OOCCF3)23 

A-5 = [Rul2(p-cymene)]2 
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A-6 - [<Cy3P)lr(pyr}]C! 

A-7 = [Rh(COD)2]BF4 

CMral LSgand {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-F 133-1 

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-J0G5-2 

L-15 = Josiphos SL-J008-1 

L-16 = Josiphos SL-J009-1 

L-17 = josiphos SL-JG13-1 

L-18 = Josiphos SL-J211-1 

L-19 = Josiphos SL-J301-1 

L-20 = Josiphos SL-J403-1 

L-21 = Josiphos SL-J4G8-1 

L-22 = Josiphos SL-J412-1 
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L-23 = Josiphos SL-J430-1 

L-24 = Josiphos SL-J431-1 

L-25 = Josiphos SL-J501-1 

L-26 = Josiphos SL-J503-1 

I L-27 = Josiphos SL-J504-1 

L-28 = Josiphos SL-J504-2 

L-29 = Josiphos SL-J505-2 

L-30 = Josiphos SL-J508-1 

L-31 = Mandyphos SL-MG02-1 

L-32 - Mandyphos SL-M003-1 

L-33 = Mandyphos SL-M004-1 

L-34 = Mandyphos SL-M004-2 

L-35 = Mandyphos SL-MGOS-1 

L-36 - Mandyphos SL-M010-1 

L-37 = Mandyphos SL-MC12-1 

L-38 = Phospholane SL-P005-1 

L-39 = Phospholane SL-P051-1 

L-40 = Phospholane SL-P1Q2-1 

L-41 = Phospholane SL-P104-2 

L-42 = Taniaphos SL-T001-1 

L-43 = Taniaphos SL-T001-2 

L-44 = Taniaphos SL-T003-1 

L-45 = Taniaphos SL-T021-2 

L-46 = Walphos SL-W001-1 

L-47 = Waiphos SL-W005-1 

L-48 = Waiphos SL-W008-1 
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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-F2C6H3-BnBoPhoz 

L-57 = (RrCy-MeBoPhoz 

L-58 = (R)-Phensthyl-(R)-BoPhoz 

L-59 = (R)-Phenethyl-{S)-BoPhoz 

L-SO = (R}-4-F-C8H4-MeBoPhcz 

L-61 = (R)-Phanethyl-(R)-Me8oPhoz 

L-62 = (R}-BINOL-(R)-MeBoPhoz 

L-63 = (S)-BINOL-(R)-MeBoPhoz 

L-64 = (R)-p-F-MeBoPhoz 

L-65 = (R.R)-BDPP 

L-66 = (S,S)-BDPP 

L-67 = (R)BiNAM-P 

L-68 = (S)-BINAM-P 

L-69 = (RfTol-BINAP 

L-70 = (S)-Toi-BINAP 

L-71 = (R)-3INAP 

L-72= (S)-BINAP 

L-73 = {R)-3inaphane 



WO 2009/090251 PCT/EP2009/0505 i 0 

237 

L-74 = (S,S)-Me-8PE 

L-75 " (S.S)-Ph-BPE 

L-76 = (R)-CatASium D 

L-77 = (R)-C.atASium M 

L-78 = (R)-CatASiurn MN 

L-79 = (R)-C3lASium MNN 

L-80 = (S}-CatASium M 

L-81 = (SJ-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)-OuanPhos 

L-87 = (R)-MeDuPhoK 

L-88 = (S,S)-Et-Ferro?ane 

L-GS = (R,R)-!s!orPhos 

L-9G = (S.S)-NorPhos 

L-91 = (R)-PhanePhos 

L-92 = (S)-PhanePhos 

L-93 - (RVXyl-PhanePhos 

L-94 = (S)-Xyi-PhanePhos 

L-95 = (RVTol-PharcePhos 

L-96 = (R)-Ars-PhanePhos 

L-97 = (R)-MeO-Xyl-PhanePhos 

L-98 - (S)-iPr-PHOX 

L-99 = (S)-Cy-tBu-SiMPLEPHOX 
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L-100 = (R)-P-Phos 

L-101 = (S>-P-Phos 

L-102 = (R)-Xyl-P-Phos 

L-103 = (S)-Xy!-P-Phos 1 

L-104 = (R)-ProPhos 

L-105 = (Ra,Sc)-1Np-QUINAPHOS 

L-106 = (So.RcJ-INp-QUINAPHQS 

L-107 = (S,S,R,R)TangPhos 

L-108= (R)-JafaPhos (~ {R)-(+)-1 ,1'-Bis(diphenylphQsphino)-2,2'-bis(N,N-

dilsopropylamldo)ferrocene) 

Solvent (S) 

S-1: Ethanol 

S-2: Methanol 

S-3: Ethanol/lsopropanol (1:1) 

S~4: Ethanol/Tri?luoroethanol/2-Me!hyitetr3hydro?uran (48:47:5) 

S--5: Eihanol/lsopropanol (18:1) 

S-6: Trifiuoroethanol/Ettianol (1:1) 

S-7: 2-Methyltetrahydrofuran/Ethanol (5:95) 

S-8: Isopropanol 

S-9: Dichioroethane 

S-10: E!hy! acetate 

S-11: Tetrahydrofuran 

S-12: 2-Methyltetrahydrofuran 

S-13: Ethanol/Water (7:3) 
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Additive (D) 

D-1: Tetrafluoroboric acid etherate 

D-2: Methanesulphonic acid 

D-3: 1,4-Diazobicyclo[2.2.2joctane 

D-4: Triethyiamine 

D-5: Fotassium ethoxlde 

D-6: Diisopropylethylamine 

D-7: 1.1,3.3-Tetramethylguanldine 

D-8: Sodium methoxide 

Exampie 44: (2#?,4S)-S-Bipher!yl-4-yl-4-f£;t-butoxycarbonylamino-2-

methylpentarsoie acid (1-a. R1 = Boc, R2 = H, R3 = COjH) 

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. 

Ethanol (1.2 ml) is added to the reaction concentrate obtained from Example 43, Method 

351 (240 mg). The mixture is heated to refiux. Water (0.6 ml) and acetic acid (43 M!) are 

added. The mixture is cooled to 0 °C and stirred at this temperature for 1 h. The solid is 

collected by filtration and washed with an ethanol-water mixture (2 ml, 2:1). The solid Is 

then dried under vacuum to give (2W,4S)-5-&iphenyi-4-y!-4-ferf-butoxycarbonylamino-2-

Method 1 
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methylpentanolc acid (1-a, R1 * Boc, R2 = H, R3 = CG2H). Ratio of diastereomers 99.8 : 
0.2 (1-a. R1 = Boc, R2 = H, R3 = C02H : 1-a, R1 = Boc, R2 = H, R3 = C02H) from hplc. 

Method 2 

Isopropyi acetate (1.5 ml) is added to She reaction concentrate obtained from Exampie 43 
Method 351 {240 mg). Citric acid (145 mg) dissolved in water (1.3 mi) is added. The 

phases are separated. The organic phase is washed with water {1.5 ml}. The phases are 
then separated. The organic phase is then concentrated in vacuo to give (2R,4S)-5-
bipheny1-4-yl~4-ie/t-butoxycart)onylamino-2-methyipentanoicacid (1-a, RI - Boc, R2 = H, 
R3 = CG2H) and (2S,4S)-5-bipheny!-4-y!-4-terf-butoxycarbonylamino-2-methyipentanoic 
acid (1-b, R1 = Boc, R2 = H, R3 = C02H). Ratio of diastereomers 97.7 : 2.3 (1-a, R1 = 
Boc, R2 = H, R3 = C02H : 1-a, R1 = Boc, R2 = H, R3 = C02H) from hpic. 

Optionally, the material obtained from Genera! 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-blphenyl-4-yi-4-ierf-butoxycarfconylamino-2-
methylpentanoic acid (1-a, RI = Boc, R2 = H, R3 = C02H) obtained from Example 44, 

Method 2 in isopropyi acetate (350 ui) Is heated to give a solution. Heptane (700 pi) Is 

added. The mixture is cooled to 0 °C and stirred a! this temperature for 1 h. The solid is 

collected by filtration and washed with an isopropyi acetate : heptane mixture (1 ml, 1 :2) 
The solid is then dried under vacuum to give (2R4S)-5-biphenyl-4-y!-4~?erf-

butoxycarbonylamino-2-methylpenianoic acid (1-a, RI = Boc, R2 = H, R3 = CQ2H). Ratio 
of diastereomers 99,9 : 0.1 (1-a, RI = Boc, R2 = ri, R3 » CQ2H : 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 exampie, a base, is used during the reaction given in Example 41. 
Reactions performed in the absence of a base may also be subsequently processed 
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according to methods given in Methods 1, 2 or 3. Alternatively, they may be processed 

according to methods described in W02008/031567, for example, Examples 2 or 3r 

HPLC Method (reactions performed according to Example 44, Methods 1, 2 or 3) 

Column: Daicei QN-AX: 150 x 4.6 mm; 5 ,nm. Mobile Phase A: Methanol-Ethanol (1:1), 

0.1 % AcOH (v/v), 0.1 % NH4OAc (m/v). Jsocratie: 0 min (100 % A); 20 min (100 % A). 

Flow rate: 0.5 ml min'1. Wavelength: 254 nm. Column temperature: 10 °C. 

Retention times: 

(1-a, R1 = Boc, R2 = H, R3 = C02H);7.8 rnin 

(14), R1 - Boc. R2 - H, R3 - C02H):10.3 min 

(2-a, RI = Boc, R2 = H, R3 = C02H):14.3 min 

Example 45: (3R, 5S)-5-Biphenyi-4-yl!nethy!~3-meth^-2-osc-pyrroildirse~1-c3rboxyifc 

acid feft-butyi ester {3-a, R1 = Boc) and (3S, 5S)-5-blphersyf-4-ylmethyi-3-rnethy!-2-

oxo-pyrrolidine-1 -carboxylic acid fert-butyl ester {3-b, R1 = Boc) 

Ethanol (1 mi) Is added to a mixture of 100 mg (R)-5~biphenyl-4-ylmethyl-3-methylene-

2-oxo-pyrrolidlne-1-carboxylic acid fert-buty! ester (4-a, R1 = Boc) and 10 % palladium 

on carbon (10 mg, 50 % water wet, Degussa type E101 NE/W). Hydrogen gas is 

applied to the mixture. The mixture is stirred at ambient temperature and pressure for 

24 h. The mixture is then filtered over Celites and washed with ethanol (2 x 0.5 mi). 

Method 1 
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The mixture is then concentrated in vacuo to giye (3R, 5S)-5-biphenyl-4-yimethyl-3-

methyi-2-oxo-pyrroiidine-l-carbGxyiic acid ferf-butyl ester (3-a, R1 = Boc) and (3S, 5S)-

5-biphenyl-4--yimethyk3-methy!-2-oxo-pyrro!idine-1-r,ai1x)xylic acid fert-butvi ester (3-b, 

R1 = Boc). Diastereomer ratio 20 : 80 (3-a, RI = Boc: 3-b, RI = Boc) as determined by 

hpic. Spectroscopic data in described In WO/2008/083967, for exampie, Examples 14 

and 18. 

Method 2 

isopropyi acetate (1 mi) is added to a mixture of 100 mg (R)-5-biphenyi-4-ylmethyl-3-

methyiene-2-oxo-pyrroiidine-l-carboxylic acid ferf-butyl ester (4-a, RI - Boo) and 10 % 

palladium on carbon (10 mg, 50 % water wet, Degussa type E101 hiE/W). Hydrogen 

gas Is applied to the mixture. The mixture is stirred at ambient temperature and 

pressure for 24 h. The mixture is then filtered over Celite and washed with isopropyi 

acetate (2 x 0.5 ml). The mixture is then concentrated in vacuo to give (3R, 5S)-5-

biphenyM-y!methy!-3-rriethyl-2-oxo-pyrrolldine-1-carboxylic acid ferf-butyl ester (3-a, R1 

= Boc) and (3S, 5S)-5-b!phenyl-4-yimeihy!-3-me!hyi-2-oxo-pyrroiidine-1 -carboxylic acid 

ferf-butyl ester (3-b, R1 = Boc). Diastereomer ratio 15 : 85 (3-a, R1 = Boc): 3-b, R1 = 

Boc) ffi determined by hplc. Spectroscopic data iri described in WO/2008/083967, for 

example, Examples 14 and 18. 

Method 3 

Isopropyi acetate (1 mi) is added to a mixture of 100 mg (R)-5-bipheny!-4-ylmethyl-3-

methylene-2-oxo-pyrroiidine-l -carboxylic acid ferf-butyl ester (4-a, RI s Boc) and 10 % 

platinium on carbGn (10 mg). Hydrogen gas (ambient pressure) is applied to the 

mixture. The mixlure is stirred at ambient temperature and pressure for 4 h. The 

mixture is then filtered over Celites and 'washed with isopropyi acetate (2 x 0.5 ml). The 

mixture is then concentrated in vacuo to give (3R, 5S)-5-biphenyi-4-ylmethyl-3~rnettiyl-

2-oxo-pyrrolldine-1-carboxylic acid ferf-butyl ester (3-a, RI = Boc) and (3S, 5SJ-5-

biphenyl-4-yimethyl-3-methyi-2-oxo-pyrrolidine-1-carboxylic acid ferf-butyl ester (3-b, R1 

= Boc). Diastereomer ratio 33 : 67 (3-a, RI = Boc : 3-b, R1 ~ Boc) as determined by 

hpic. Spectroscopic aata in described in WG/2008/083967. for example, Examples 14 

and 18. 
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Method 4 

isopropyi acetate {1 mi} is added to a mixture of 100 mg (R)-5-bipheny!-4-ylmethyi-3-

methylene-2-o>:o-pyrroiidine-1-carboxylic acid fert-butyl ester {4-a, RI = 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 isopropyi acetaSe (2 x 0,5 ml). The mixture is 

then concentrated in vacuo to give (3R, 5S)-5-biphenyl-4-ylmethyi-3-methy!-2-oxo-

pyrroiidirie-1-carboxyiic acid ?erf-buty! ester (3-a, RI = Boc} and (3S, 5S)-5-blphenyl~4-

yimethyi-3-methyl-2-oxo-pyrroiidine-1-carboxylic acid fert-butyl ester (3-b, R1 = Boc). 

Diastereomer ratio 21 : 79 (3-a, RI = Boc : 3-b, RI - Bcc) as determined by hplc. 

Spectroscopic data in described in WQ/20Q8/083957, for exampie, Examples 14 arid 

HPLC Method 1 (Methods 1-4) 

Column: AD-RH Chiralpak; 150 x 4.6 mm. Mobile Phase A (water); Mobile Phase B 

(Acetoriitrlie). Ssocratic: 0 min (20 % 8); 15 min (20 % B). Fiow rate: 0.5 m! min"'. 

Wavelength 210 nm. Column temperature: 40 °C. 

Retention times: 

(3-a, RI = Boc): 6,2 min 

(3-b, R1 = Boc): 6.8 min 

HPLC Method 2 (Methods 1-4) 

Column: Zortsax SB-C18; 150 x 3,0 mm; 3.5 (.im. Mobile Phase A (0 01 M KH2P04 in 

water); Mobile Phase B (Acetonitrile). Gradient: 0 min (30 % B); 10 min (80 % B); 15 mir, 

(80 % B); 15.1 min (30 % B); 18 min {30 % B). Flow rate: 1,0 mi min"1. Wavelength: 210 

nm. Temperature 50 °C. 

Retention times: 
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(4-a, R1 = Boc): 9.8 rnin 
(3-a, R1 = Boc; 3-b, R1 = Boc): 10.1 rriin 

Example 46: (3R, 5S)-5-biphenyl-4-ylmethyi-3-rrsethyl-2~oxe-pyrro!idine-1-carfooxySic 
acid ferf-bistyi ester (3-a, R1 = Boc) and (3S, 5S)-5-bipheny!-4-yirnethyl-3-rr!eShyi-2-
oso-pyrrolSdine-1-carboxylic acid ferf-buty! ester (3-b, R1 ~ Boc) 

r 

"N 
3^^ 

O- 0 
J. o^ ""o 

General Procedure for Methods 1-7 

To a mixture of 0.5 mmoi (R)-5-Bipheny!-4-ylmethyl-3-mefhylene-2-oxo~pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc) In methanol or ethanol (5 rrsi) at ambient 
temperature, a solution of Organometallic Complex (S/C ratio of 50 or 100) and Chiral 
Ligand (1.1 eq per rnetal atom within the organometallic complex) is added in methanol 

or ethanol (5 ml). A hydrogen pressure of 20 bar is applied for 20 h at ambient 

temperature, The solvent Is then removed in vacuo to provide the corresponding 
product. The samples are analysed by hplc to determine the ratio of (3R, 5S)-5-
b!phenyi-4-y!methy!-3-methyl-2-oxo-pyrroiidine-1-carbcxylic acid (erf-butyl ester (3-a, R1 
= Boc} to (3S. 5SV5-bipheriyl-4-yimethyi-3-rnethyl-2-cxo-pyrroiidine-1-carboxylic acid 
ferf-butyl ester (3-b, R1 = Boc). Spectroscopic daia in described in VVO/2008/083967, 

for example, Examples 14 and 18. 

Method 1 

Chiral Llgand {(S)-(-)-(6!6,-DimethoxybiphenyS-2,2'-diyl)-bis(diphenylphosphine) = (S)-
Ph-MeOBIPHEP = SL-A101-2); Organometallic Complex {ti!ch!oro(p-
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cymene)ruthenium(ll) dimer}; EShanol. Diastereomer ratio 82 : 18 (3-a, R1 - Boc : 3-b, 
RI Boc) as determined by hplc. 

Method 2 

Chiral Ligand {(aS, aS)-2,2I-Bis(a-N,N-dirr!ethy!arTi:nophenylmethyl}-(R,R)-1,V~ 

bis[di(3,5-dimethyl-4-methoxyphenyl)phosphinoJferrocer,e =. (S)-(R)-NMe2-P(3,5~Me-4-

MeOPh)2-Mandyphos = SL-M004-2}; Organometallic Complex {dichloro(p-

cymene)ruthenium{ll) dimer}; Ethanol. Diastereomer ratio 82 : 18 (3-a, RI ~ Boc : 3-b, 
RI = Boc) as determined by hpic. 

Method 3 

Chiral Ligand {(R)-1-[(S)-2-Di-cyclohexyiphosphino)ferrocenyl]ef hyidi-(2-
methylphenvl)phosphlne m (R)-(S)-Cy2PF-P°Tol; - SL-J504-1}; Organometaiiic 

Complex {dichioro(p-cymene)riithenium(il) dimer}; Methanol. Diastereomer ratio 53 : 
47 {3-a, R1 * Boc ; 3-b, RI =• Boc) as determined by hpic 

Method 4 

Chiral Ligand { (Ri^?)-2,2"-Bis[{S)-1-(dlarylphosphlrio)ethyl]-1 ,r-blfenrocerse • SL-F 115-
1}; Organometallic Complex {bls(norbornadiene)rhodiurrs(!) tetrafiiioroborate}; Methanol. 
Diastereomer ratio 71 ; 29 (3-a, R1 = Boc: 3-b, RI = Boc) as determined by hpic. 

Method 5 

Chiral Llgand {(S-1 -[(R)-2-Dlphenylphosphino?errocenyl38thyldi-t8rt.-butylphosphine -
(S)-(R}-PPF-RBij2 = SL-J0G2-2}; Organometallic Complex { bss(tritluoroacetoxy)(1,5-
cyciooctadierie)rii)henium(ll)}, Methanol. Diastereomer ratio 56 44 (3-a, RI = Boc : 3-
b, R1 - 8GC) as determined by hpic. 

Method 6 
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Chiral Ligand {{R)-1-[(R)-2-(2'-DicycioheKy!phosphlnophenyi)ferrocenyljethy!di(bis-{3l5-

tri<iuoromethy!)pheriyi)phosphlne - (R)-(R)-cy2PPhFCHCH3p(3,5-CF3Ph)2 = SL-W008-
1-1}; Organometallic Complex {bis(norbornadlene)rhodium{l) tetrafluoroborate}; 
Methanol. Diastereomer ratio 27 : 73 {3-a, RI = Boc : 3-b, RI = Boc) as determined by 
hpic. 

Method 7 

Chira! Ligand {(S-1-[{R)-2-Diphenyiphosphinoferrocenyl]eShyldi-tert.-bu!yiphosphine = 
(S)-(R)-PPF~P?RU2 = SL-J002-2}; Organometallic Complex {dichlorofp-
cy me n e) rut h en i u m (! I) dimer}; Methanol. Diastereomer ratio 61 : 39 (3-a, R1 =: Boc : 3-
b, R1 - Bcc) as determined by hpic. 

HPLC Method (Methods 1-7) 

Column; Gemini C6 Phenyl; 150 x 3.0 mm; 3.0 jam. Mobile Phase A (0.01 M K.H2PO4 in 
water); Mobile Phase B (Methanol). Gradient: 0 min (40 % B); 5 min (70 % B); 12 min (70 

% B); 13 min (8Q % B); 21 min (80 % B); 21.1 min (40 % B); 25 min (40 % B). Fiow rate: 
0.7 mi min*1. Wavelength: 210 nm. Temperature 50 °C. 

Retention times: 

(4-a, RI - Boc): 12.3mtrt 
(3-a, RI = Bcc): 12.9 min 

(3-b, RI - Bcc): 13.2 min 

Example 47: (3R/S,5S}-bipheny!-4-y!methyl~3-dimethy!aminomethy!-2-oxo-
pyrroiidlne-1 -carboxylic acid £ert~foutyl ester (9-a, R1 = Boc, R6 = Me, R7 = Me) 
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General Procedure for IVIethods 1-178 

Solvent Is added io a vessel regaining (R)-5-blphenyl-4-ylmethy!-3-[1-
dlf!ielhyiaminomeih-{&^)-ylidene3-2-oxo-pyrrolidine-1-cs!t)oxylic acid terf-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 Tabie of Example 47 {Methods 1-178), The 
amount of additive to be used is relative to the moles of (R)-5-bipheny!~4-ylmethyl-3-[1-

dimethylanninometh-(E/Z)-ylidenej-2-oxo-p'yrroiidine-1carboxylic acid ferf-butyl ester (7-a, 
R1 = Boc, R8 = 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 
Tabie of Example 47 (Methods 1-178), Thfi mixture is then stirred at the temperature and 
pressure given in the Table of Example 47 (Methods 1-178) for a period of time a!sc 
Indicated in the Table of Exampie 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); 2.46 (dd. J fc 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. 
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Table of Example 47 {Methods 1-178): o 
V5 o 

'H r> 
a 



Case 5246GA 249 $ 
C 

6 5% Pd/C 

A4G1102 

25 Th'F 0.05 - 40 20 16 55 45 

7 5% Pd/C 25 MeOH 0.05 - 45 5 3 67 33 

8 

type 37 

5% Pd/AIjOa 50 THF 0.05 CsjCO-j 1 40 3 2 36 64 

A302084-5 

9 5% Pd/C 

A109047 

50 £10 Ac 0.05 - - 25 3 4 67 33 

10 5% Pd/C 

A401102 

25 THF 0.05 - - 55 3 16 55 45 

11 5% Pd/C 

A401102 

25 THF 0.05 - 1 55 10 16 48 52 

12 5% Pd/C 10 THF 0.25 • 70 20 3 57 43 

13 

type 37 

5% Pd/C 

A4C1102 

25 THF 0.05 - - 40 3 18 57 43 

14 5% Pd/C 10 THF 0.25 - - 70 20 3 58 42 

15 

type 37 

5% Pd/C 

A109047 

50 iPrOH 0.05 - 25 3 4 75 25 

16 5% Pd/C 25 THF 0,167 - - 60 20 1.5 61 39 

17 

type 37 

5% Pd(S)/C 25 THF 0.05 - 40 20 3 54 46 

l_cf 
O 

w "•d 
to 
o 
o 



Case 52468A 250 

A103G38 

18 5% Pd/C 

type 37 

25 THP 0.25 * 75 20 1.3 58 42 

19 5% Pd/C 

A4011G2 

10 EtOH 0.05 40 10 16 53 47 

20 5% Pd/C 

A4011G2 

25 THF 0.05 K2C03 2 40 10 16 62 38 

21 5% Pd/C 

A109047 

50 EtOH 0.05 - - 25 3 4 60 40 

22 5% Pd/C 

type 37 

25 THF 0.05 - 45 20 3 64 36 

23 5% Pd/AljCb 

A302034-5 

50 EtOH 0.05 ~ 25 3 4 75 25 

24 5% Pt/C 

B103018 

25 THF 0.05 - ~ 40 10 16 67 33 

25 5% Pd/C 

type 37 

25 i-PrOAc 0.25 - 65 20 3 50 50 

26 5% Pd/C 

A4011Q2 

25 THF 0.05 - - 40 10 16 52 48 

27 5% Pd/C 

type 39 

25 THF 0.05 - ~ 45 5 3 64 36 

28 5% Pt/C 

B5Q101S 

25 THF 0.05 

' 
45 5 3 60 40 

£ 
o 
w 

O 
O o 

n 

\j\ 



Case 52466A 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

5% Pi/C 

B501032 

5% Pd/C 

type 37 

5% Pd/C 

type 37 

5% Pd/C 

A4011G2 

5% Pt/C 

B501018 

5% Pd/C 

type 37 

5% Pd/C 

type 39 

5% Pd/C 

type 398 

5% 

Pd/SiCVAijOj 

C7079 

5% Pd/C 

type 37 

5% Pd/C 

type 37 

25 

40 

10 

25 

25 

25 

25 

10 

25 

25 

25 

THF 

THF 

THF 

EtOH 

MeOH 

THF 

THF 

THF 

THF 

THF 

Me-THF 

40 10 16 66 34 

75 20 1.3 64 36 

40 10 16 62 38 

40 10 18 59 41 

45 5 3 67 33 

75 5 3 67 33 

65 20 3 62 38 

40 10 16 49 51 

40 10 16 44 56 

60 20 3 61 39 

75 20 1.5 57 43 

o 

s 

'M 
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40 5% Pd/CaC03 

type 405 

10 THF 0.05 ~ 40 10 16 50 50 

41 5% Pd/C 

type 37 

25 THF 0.25 " 65 20 4.5 73 27 

42 S% Pd/CaCOg 

A303060 

25 THF 0.G5 - 40 10 16 55 45 

43 5% Pd/C 

type 39 

25 THF 0.05 " ~ 45 20 3 64 36 

44 5% Pd/C 

type 37 

27 THF 0.25 ~ 75 20 2 61 39 

45 5% Pd/C 

A401102 

25 THF 0.05 40 10 16 53 47 

46 5% Pd/C 25 EtOH 0.05 - 25 10 16 54 46 

A4011O2 

47 5% Pd/C 

A401102 

25 THF 0.05 - 25 3 16 53 47 

43 5% Pd(S)/C 

A103038 

10 THF 0.05 " 40 10 16 52 48 

49 5% Pd/C 

type 37 

25 THF 0.25 - 65 20 1.5 63 37 

50 5% Pd/C 

A401102 

25 THF 0.05 CsjCO.-, 1 40 10 16 45 55 

51 5% Pd/C 50 THF 0.05 - - 25 3 4 67 33 

o 
o 

o 

Vl 

T3 c 
T3 

Ui 
c? 
•J) 
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A109047 

52 5% Pd/C 
type 37 

25 THF 0.25 65 20 3 63 37 

53 5% Pd/C 

A102023 

10 THF 0.05 40 10 16 50 50 

54 5% Pd/Al203 

A302Q84-5 
50 THF 0.05 25 3 4 60 40 

55 5% Pd/C 
A405032 

10 THF 0.Q5 ~ 40 10 15 48 52 

56 5% Pt/C 
B501018 

25 THF 0.05 - 40 10 16 61 39 

57 5% Pt/C 
B501018 

25 THF 0.05 Et3N 1 40 20 3 50 50 

58 5% Pd/C 

type 37 
25 i-PrOAc 0.25 ~ - 65 20 3 52 48 

59 5% Pd/C 
type 37 

25 i»PrOAc 0.25 ~ 65 20 3 58 42 

60 5% Pd/C 
type 37 

25 Me-THF 0.25 "" *" 65 20 3 66 34 

61 5% Pd/AijOrj 
A302011 

25 THF 0.05 40 10 16 38 62 

62 5% Pd/C 
type 37 

25 THF 0.05 " " 75 20 3' 65 35 

< 
O 

•o o 
'Jl 

T3 
Ci 
H 
ft 
"0 

'J I 
IKU 

O 
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63 5% Pd/C 

A4Q1102 

25 THF 0.05 55 20 16 53 47 

64 5% Pd/C 25 THF 0.05 - - 40 10 16 52 43 

A405028 

65 5% Pd/C 

type 39 

25 THF 0.05 ~ 60 20 3 63 38 

66 5% Pd/C 

type 37 

10 THF 0.05 " ** 75 20 3 57 43 

67 5% Pd/C 

A102023 

25 THF 0.05 " 40 10 16 52 48 

68 5% Pd/C 

type 37 

27 THF 0.25 " 75 20 2.5 64 36 

69 5% Pd/AlzOa 

A302084-5 

50 THF/H20 {9:1) 0.05 " ~ 25 3 4 60 40 

70 5% Pd/C 

type 37 

25 THF 0.167 " 60 20 3 61 39 

71 5% Pd/C 

A405028 

50 EtOH 0.05 " 25 3 4 82 18 

72 5% Pd/C 

type 37 

25 THF 0.167 - 45 20 3 59 41 

73 5% Pd/C 

type 37 

25 THF 0.167 ~ ~ 45 20 1.5 61 3S 

74 5% Pd(S)/C 25 THF 0.05 Et3N 1 40 20 3 48 52 

O 

r* 

Wi 

<£> 



lasts 52486A 

A1Q3038 

5% Pd/C 

type 394 

5% Pd/C 

At02023 

5% Pd/C 

A503038 

5% Pd/C 

type 39 

5% Pd/C 

type 37 

5% Pd/C 

type 37 

5% Pd/C 

type 37 

5% Pd/C 

type 37 

5% Pd/C 

type 37 

5% Pd/C 

type 37 

255 

75 

76 

77 

78 

79 

80 

81 

82 

63 

85 5% Pd/C 

A405038 

10 

25 

10 

^5 

25 

15 

25 

25 

THF 

THF 

HF 

Me-THF 

THF 

THF 

THF 

THF 

THF 

THF 

THF 

0.05 

0.05 

0.05 

0.25 

0.25 

0.167 

0.25 

0.25 

0.05 

0.25 

0.05 

40 10 18 57 43 

40 20 3 45 55 

40 10 16 51 49 

65 20 3 63 37 

65 20 1.5 56 44 

45 20 8 60 40 

65 20 4 60 40 

65 20 1.5 60 40 

60 20 3 61 39 

75 20 1.3 57 43 

40 10 16 52 48 

O 

v3 

o 
rj>t 

o 
H 

"S3 

o 



Case S2466A 

86 5% Pd/C 25 THF 
A102038 

67 5% Pd/C 15 THF 
type 37 

88 5% Pd/C 25 THF 
A405032 

89 5% Pd/C 27 THF 
type 37 

90 5% 25 THF 
Pd{Pb)/CaC03 

A 305060 
91 5% Pd(S)/C 25 THF 

A103038 

92 5% Pd(S)/C 25 THF 
A103038 

33 5% Pd/C 10 THF 
type 487 

94 5% Pd/C 25 THF 
type 37 

95 5% Pd/C 25 THF 
type 39 

96 5% Pd(S)/C 25 THF 
A103038 

75 

75 

40 

40 

40 

60 

65 

10 

20 

10 

20 

10 

20 

20 

10 

20 

20 

55 I 20 

16 

1.3 

16 

1.3 

16 

7.5 

72 

16 

45 : 55 

56 : 44 

48 : 52 

58 : 42 

50 : 50 

51 : 49 

80 : 20 

45 : 55 

62 : 38 

59 : 41 

45 : 55 

C 

v-S> 
o 
ixt 
'Ji 

T3 
Ci 
H 
ft 
"0 



Case 52466A 

97 

100 

101 

102 

103 

104 

105 

106 

107 

5% PdfC 
type 37 
5% Pd/C 
A503038 
10% Pd/C 
type 394 
5% 

Pd/Si02/Al203 
C7078 
5% Pd/C 
type 37 
5% Pd/C 
type 37 

5% Pd/C 
A4011Q2 

5% Pt/C 
8501016 
5% Pd/C 
type 37 
5% Pd/C 
A4G1102 

5% Pd/C 
type 37 

25 

25 

10 

25 

25 

25 

25 

25 

15 

25 

25 

THF 

THF 

THF 

THF 

EtOAc 

THF 

iPrOH 

THF 

THF 

THF 

THF 

65 20 4.5 72 28 

40 10 16 53 47 

40 10 18 58 42 

40 10 16 46 54 

65 20 3 61 39 

75" 20 3 63 37 

40 10 16 60 40 

30 20 3 80 40 

75 20 1.3 58 42 

55 10 16 56 44 

65 20 1.5 56 44 

C 

v-S> o 
'Jl 

T3 
Ci 
H 
ft 
"0 

'J I 
IKU 

O 



>ase 52466A 258 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

11? 

5% Pd/C 

M05038 

5% Pd/C 

A4011Q2 

5% Pd/C 

A4011Q2 

5% Pt/C 

B501018 

5% Pd/C 

type 37 

5% Pd/C 

type 37 

5% Pd/C 

type 39 

5% Pd/C 

type 37 

5% Pd//Ti02 

C6944 

5% Pd/Al203 

A302084-5 

5% Pd/C 

A109047 

5% Pt/C 

10 

10 

15 

25 

25 

15 

25 

25 

25 

50 

10 

25 

THF 

THF 

THF 

MeQH 

THF 

THF 

MeQH 

THF 

THF 

THF 

THF 

THF 

0.05 

0.05 

0.05 

0.05 

0.05 

0.167 

0.05 

0,25 

0,05 

0.05 

0.05 

0.05 

o 
40 10 16 48 52 

40 10 16 50 50 

40 10 16 53 47 

45 20 3 71 29 

60 30 3 61 39 

30 20 16 62 38 

45 5 3 63 37 

75 20 1.3 57 43 

40 10 16 49 51 

40 3 2 44 56 

40 10 16 47 53 

40 10 16 68 32 

ss 
O 

*0 

H s 
c 
o 
o 
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3103014 

120 5% Pd/C 

A401TQ2 

25 iPrOH 0.05 K2CO3 1 40 10 16 54 46 

121 5% Pd/C 

type 37 

25 THF 0.05 - 40 10 16 62 38 

122 5% Pt/C 

B103032 

25 THF 0.05 - - 40 10 16 66 34 

123 5% PLC 

B109032 

25 THF 0.05 - • 40 10 16 63 37 

124 5% Pd/C 

type 37 

25 THF 0,167 " - 30 20 72 69 31 

125 5% Pd/C 

M01102-5 

50 THF 0.05 ~ - 40" 3 2 57 43 

126 5% Pd(S)/C 

A103038 

25 THF 0.05 40 10 16 50 50 

127 5% Pd/C 

A405028 

50 iftOAc 0.05 - - 25 3 4 69 31 

128 5% Pd/BaSQ* 

A308053 

25 THF 0.05 - 40 10 16 54 46 

129 5% Pd/ZrOj 

C1140 

25 THF 0.05 - 40 10 16 54 46 

130 5% Pd(S)/C 

A103038 

25 THF 0.05 - 40 20 3' 53 47 

£ 
C 
M 
C 
O 
vS 
O 
\C 

n 
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131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

5% Pd/C 
A405028 
5% Pd/C 
A102023 
5% Pd/C 

A405028 
5% Pd/C 
type 37 
5% Pd/C 
A401102 
5% Fd(S)/C 
A103038 

5% Pd/C 

type 37 
5% Pd/C 

A503032 

5% Pd/C 
type 39 
5% Pd/C 

Syps 5R334 

5% Pd/C 
type 37 
5% Pd/C 

50 

25 

10 

25 

10 

25 

15 

25 

10 

25 

25 

50 

iPrOH 

THF 

THF 

MeQH 

THF 

THF 

THF 

THF 

THF 

THF 

THF 

THF 

0.05 

0.05 

0.05 

0.05 

0.05 

0.167 

0.25 

0.05 

0.05 

0.05 

0.167 

0.05 

25 3 4 64 36 

40 10 16 53 47 

40 10 16 50 50 

45 20 3 65 : 35 

40 10 16 55 45 

40 20 3 53 47 

75 20 1.3 58 42 

40 10 16 50 50 

40 10 16 62 38 

40 10 16 57 43 

60 20 4.5 62 38 

25 3 4 67 33 

O 
o 

n 
H 
Si "•o 

S3 

rJi 

o 
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A405028 

143 3% Pd/C 10 THF 0,05 40 10 16 75 25 

type 39 

144 5% Pd/C 25 THF 0.05 - - 40 10 16 60 40 

type 39 

145 5% Pd/C 

type 374 

10 THF 0.05 • 40 10 16 44 56 

146 5% Pd/C 

A4011Q2 

25 THF 0.05 CS2CO3 1 40 10 16 54 46 

147 5% Pd/C 

A401102 

25 THF 0.05 - - 25 10 16 42 58 

148 5% Pi{S)/C 25 THF 0.05 40" 10 16 64 36 

B106032 

149 5% Pd/C 

type 37 

10 THF 0.25 - - 70 20 1 57 43 

150 5% Pd/C 

type 37 

25 THF 0.05 - 60 5 3 60 40 

151 5% Pd/C 

A102023 

25 THF 0.05 - - 40 20 3 50 50 

152 5% Pt/C 

B501018 

25 THF 0.05 - - 45 20 3 61 39 

153 5% Pd/C 

type 5R338 

25 THF 0.05 ~ ~ 40 10 16 59 41 
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O 
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o 
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P* 

CP o 
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i 54 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

5% Pd/C 

type 37 

5% Pd/C 

A401102 

1% Pd/C 

type 39 

5% Pd/C 

A503023 

5% Pd/C 

type 39 

5% Pd/C 

type 37 

5% Pd(S)/C 

A103038 

5% Pd/C 

A4011Q2 

5% Pd/C 

type 87L 

5% Pd/C 

type 39 

5% Pd/C 

type 37 

5% Pd/C 

10 

25 

10 

10 

25 

25 

25 

25 

10 

25 

25 

THF 

THF 

THF 

THF 

THF 

THF 

THF 

EtOH 

THF 

MeOH 

THF 

THF 

0.25 

0.05 

0.05 

0.05 

0.05 

0.167 

0.05 

0.05 

0.05 

0,05 

0.25 

0.05 

70 20 1 60 40 

25 20 16 58 42 

40 10 16 74 26 

40 10 16 49 51 

60 5 3 62 38 

45 20 4.5 59 41 

40 20 3 53 47 

40 3 16 57 43 

40 10 16 44 56 

45 20 3 62 38 

65 20 3 60 40 

40 10 16 58 42 

O o 
VS 

"9 

*6 
o 
5 
(Ji 



Case 

166 

167 

170 

172 

174 

175 

176 

52466A 

" A4G11Q2 

5% Pd/C 

A405028 

10% Pd/C 

type 37 

5% Pd/AI2Q3 

A3G2084-5 

5% Pd/C 

type 37 

5% Pd/C 

type 37 

5% Pt/C 

B5Q1Q18 

5% Pd/AlfcOa 

A302084-5 

5% Pd/C 

type 37 

5% Pd/C 

A401102 

5% Pd/C 

A503023 

5% Pd(S)/C 

A103038 

263 

50 

7.5 

50 

25 

25 

25 

50 

25 

25 

25 

25 

Toluene 

THF 

iPrOH 

THF 

THF 

THF 

EtOH 

THF 

EtOH 

THF 

THF 

0.05 

0.25 

0.05 

0.25 

0.25 

0.05 

0.05 

0.25 

0.05 

0.05 

0.05 

25 3 4 73 27 

75 20 1.3 55 45 

25 3 4 63 38 

65 20 1.5 62 38 

65 20 3 64 36 

40" 20 3 61 39 

40 3 2 33 67 

75 20 0.5 58 42 

25 3 16 50 50 

40 10 16 52 4S 

40 10 16 51 49 

C 

v-S> o 
'Jl 

T3 
Ci 
H 
ft 
"0 

'J I 
IKU 

O 
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177 5% Pd/C 

A109047 

25 THF 0.05 ~ " 40 10 16 

178 5% Pd/C 

A503032 

10 THF 0.05 ~ " 40 10 16 

46 : 54 

50 : 50 

O 
w o o 

n 
re >v 

O 
© 
(Si 

C^i 
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HPLC Wtethod {Example 47, Methods 1-178) 

Column: X-BRIDGE; 75 x 4.6 mm; 3.5 wm. Mobile Phase A (0.1 % NHa (32 %) in water); 

Mobile Phase B (Acetonitrile). Gradient: 0 min (40 % S); 1 min (40 % B); 15 rnin (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: 10 °C, 

Retention times 

9-b (R1 = Boc, R6 = Me, R7 = Me): 9.4 min 
9-c (RI = Boc, R6 U Me, R7 = Me): 10.4 min 
7-a (R1 = Boc): 11.5 min 
4-a (R1 = Boc): 14.1 min 

3-a (R1 = Boc) and 3-b (R1 = Boc): 14.9 min 

Example 48: (3R/S, 5S)-5'8!phenyi-4-yimethyS-3-hydroxymethyi~2-oxo~pyrro5!dine-1~ 
carboxylic acid fert-butyi ester (5-a, R1 - Boc) 

r^' 

VN** 

A, 
4-

The residue obtained from Example 69 containing (3R, 5S)-5-bipheriy!-4-ylmethyl-3-
methyl-2-oxc-pyrrolidine-l-earboxyilc acid tea-butyl ester (3-a, RI - Boc), (3S. 5S)-5-
biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylicacid ferf-butyl ester (3-b, RI = 
Boc) and (3R/S, 5S)-5-blphenyi-4-ylmethyl-3-hydroxymethyl-2-oxo-pyrrolidine-1 -carboxylic 
acid ferf-butyl ester (5-a, R1 = Boc) Is purified by column chromatography, elutlng with 
ethyl acetate-heptane (1:1) to give (3R/S, 5S)-5-blph8nyM-ylmethyl-3-hydroxymeihyl-2-

oxo-pyrrolidsne-1-carboxylic acid terc-butyi ester (5-a, RI - Boc) as a 62 : 38 mixture of 
(3S,5S):(3R,5S) diastereoisomers, respectively, as determined by NMR. 1H NMR 
(DMSO): 1.49-1,51, 1.67-1.72, 1.81-1.85, 1.93-2.04, 2.56-2.63, 2.72-2.77, 2,81-2.85, 
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3.03-3.06, 3.28-3.32, 3.46-3,52, 3.57-3.63, 4.17-4.27, 4.72-4.74, 4,94-4.96, 7,30-7.36, 
7.43-7.46, 7.62-7.66. 

Example 49: (SR/S.SSI-S-BiphersyM-yimethyl-a-GXG-S-Ooiuene-iJ-
suifonyfoxymethyl)-pyrrofidine-1-carboxync acid fert-botyi ester {11-a, R1 » Boc, R4 
= Tosy!) 

-T-

WSethod 1 

20 mg (3R/S, 5S)-5-Biphenyl-4-ylmethyl-3-hydroxymeihyl-2-oxo-pyrrGiidine-1-carboxylic 
acid lert-buiyi ester (5-a, R1 = 3oc} (prepared according to Example 48} is added to 
chloroform (5 ml) at room temperature. Triethyiamine (11 ui) is added to ihe mixture. 4-

Toiueriesulphonic acid anhydride (20.5 mg) is then added to ihe mixture. The mixture is 
then stirred for 20 h at room temperature. The voiatiles are removed under reduced 
pressure and the resulting crude material is purified by column chromatography, elutlng 

with heptane-ethyi acetate (2:1) to afford (3R/S,5S)-5-biph6nyl-4-ylmethyi-2-oxo-3-

(to!uene-4-sulfonyloxymethyl)-pyrroiidine-1-carboxylic acid fert-bulyl ester (11-a, R1 = 

Boc, R4 = Tosv!) as a 69 : 31 mixture of diastereoisomers as determined by NMR. 1H 

NMR (CDCh): 1.51-1.53. 1.67-1.80, 2.08-2.17, 2.36, 2.64-2.79, 3.01 and 3.33. 3.69-4.16, 
4.20-4.36,7.15-7,69. 

Method 2 

100 mg (3R/S, 5S>-5-8iphenyi-4-y!methy;-3-hydroxymethyl-2-oxo-pyr.rolidine-1-carboxylic 
acid tert-butyl ester (5-a, RI - Boc) (prepared according to Example 48) is added to 

chloroform (3 ml) ai room temperature. Triethyiamine (110 pi) is added to the mixture. 4~ 

Toluenesulphonic acid anhydride (128 mg) is then added to the mixlure. The mixture is 
then stirred for 20 h at room temperature. Ethy! acetate (2 ml) is added tG the mixture, 
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The mixture is washed with saturated sodium hydrogen carbonate solution (2 x 1 ml). The 
organic phase is dried (MgSOi) and concentrated under reduced pressure. Purification by 
column chromatography, eluting with heptane-ethyl acetate (2:1) affords (3R/S,5S}-5-
b!phenyl-4-ylmethyl-2-Qxa-3-(toluene-4-sulfony!oxymethy!)-pyrroildine-1 -carboxylic acid 
tert-butyl ester (11-a, R1 = Soc, R4 = Tosyl). LC-MS (+ES): 480 ([MH-C4H8]+, 100%) 

553 ([MNH4]\ 55), 1088 ([2M+NHJ-, 20). 

Exampie 50: P©tas$!«m[(/?}-5-bipheny£-4-ylmelhyl-3-[1~dimethylam!nometh-(£'2!)-
yHdenejj-2-exo-pyrroiidSne-l-carboxylic acid tert-butyl esterjhexafiueropfoosphate 

(7-a, R1 ~ Boc, R8 - Me, R7 - IVie} 

Potassium iert-butoxide solution (18 ml, 0.5 M in tetrahydrofuran) is added to 2.46 g 

N.N.N'.N'-tetramethylformamiGlnium hexafluorophosphate (18, R6 = Me, R7 = Me) 

(prepared according to Example 3). The resulting mixture is heated to 80 °C and stirred at 

this temperature for 1 h. The resulting mixture is cooled to ambient temperature . 1 g (S)-
2-Biphenyl~4-yimethyl-5-o)!o-pyrrol!dine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc.) is 
added to the mixture. The resulting mixture is stirred for 20 h at ambient temperature. 
The mixture is then diluted with water (20 mi) and toiuene (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 (MgSOi) and concentrated 

under reduced pressure. The residue is purified by column chromatography, eluting with 
40 % ethyl acetate in hexane Oiethyl 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.Q0, 3.24-3.28, 4.30-4.34, 7.17, 7.30-7.60. 19F NMR 

(CDCb): -74.9 ppm. 
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The X-ray Structure of ihe obtained crystals is shown In figure 6. Singie crystai for this 
determination is obtained from tert-biitylmethyieiher as solvent. 

Crystal data I 

Empirical formuia 

Formula weight 

Crystal system 

Space group 

Cell parameters 

Volume of unit cell 
Z* 
Calculated density 

Gs.sHssrsKQ.sNzGa 5P0 s 
542.62 

Tricllnic 
PI 
3 - 15.089(9) A 
b = 17,068(10) A 
c = 18.798(12) A 

a - 88.79(4)0 

p = 67.67(3)« 

y " 72.63(4} 0 

4251(4) A3 

6 
1.272 mg m"3 

4 (number of asymmetric uriiis in the unit cell) 

Example 51: (R)-5-Biphenyl-4-yimethyl-3-f1-difrsethylaminometh-(BZ)-yl!dene]-2-
oxo-pyrroiidine-1-carboxyHo acid left-butyl aster (7-a, R1 ~ Boc, RS - Me, R7 = Me) 

Ms. 
N—Me 

-n 
Cr O 

General Procedure for Methods 1-35 
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(S)-2-3lphenyi-4-y;methyl-5-oxo~pyrrolidine-1-carboxyilc acid ferf-butyl ester (8-a, RI m 

Boc) (amount In mmoi given in the Tabie of Example 51 (Methods 1-35)} is added to an 

ionic salt (identity and amount given iri 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 fTris(dimethyiamino)rr!ethane (13, R6 = Me, R7 = Me), 

rert-BuiGxy-bis(dimethy!aminQ)rnetharie (14, R6 - Me, R7 - Me, R8 - tBu) and N,N-

Dimethylformamide di-teri-butyi acetal (15, R6 ~ Me, R7 = Me, R8 w tBu)] (volume given In 

the Table of Example 51 (Methods 1 -35)). The mixture is then stirred at ambient 

temperature for 3 h io afford (R)-5-biphenyM--ylrnethyl-3-[1 -dimeihylamihorneth-tE'Z}-

y!idene]-2-oxQ-pyrro!idine~1-carboxylic acid ferf-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = 

Me) or a salt thereof. The solutions are analysed by TLC (50 % ethy! acetate in hexane). 

RF 0.21 (salt of 7-a, RI =. Boc, R6 = Me, R7 = Me); RF 0.27 (7-a, RI = Boc, R6 = Me, R7 = 

Me); RF 0.68 (8-a, R1 = Boc). 

Table of Example 51 (Methods 1-35}: 

2 4 NM* PF6 

2 4 1 -Butyl-3-methyl irnidazolium PP5 

s 4 1-Butyl-3-methyl irnidazolium BR, 

2 4 NaCI 

2 4 KCI 

2 4 KCIO< 

4 NaPFfi 

2 4 LiPF6 

2 4 LiCi 
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11 2 4 L i Br A -
12 2 4 1 -
13 1 2 LiNHz 4 -
14 1 2 LJ2CO3 -j -
15 1 2 KPFS 1 -
16 1 1 KPF6 A THF A 

17 1 2 KPFe 0.5 -
18 1 2 KPF6 0.1 -
19 1 9 LiPFp < -
20 1 1 LiPF6 1 THF 1 

21 1 0.6 JLiPFg 1 THF 1.4 

22 1 0.4 LiPFs i THF 1.6 

23 1 0.3 LiPFg 1 THF 1.7 

24 1 -! LiPF'c 0.2 THF 1 

25 1 0.6 LiPF6 0,2 THF 1.4 

26 1 0.3 LiPFg 0.2 THF 1.7 

27 1 2 LiCI 1 -
28 1 2 LiCI 1 -
29 1 LiCI THF 1 

30 1 0.8 LICI 1 THF 1.4 

31 1 0.4 i.i'Ci 1 THF 1.6 

32 1 2 LiCI 0,2 -
33 1 1 LiCI 0.2 THF 1 

34 1 0.6 LiCI 0.2 THF 1.4 

35 1 0.4 LICI 0.2 THF 1.6 

Method 36 

{5)-2-Biphenyi-4-ysmethyl-5-cxo-pyrrolidine-1-carboxylic acid fert-butyl ester (8-a, RI » 
Boc) (2 mmoi) is added to potassium hexafluorophosphate (1 eq) and 18-ciowr>6 {1 eg), 
Bredereck's reagent [rris{dimethylami!io)methane (13, R6 m Me, R7 = Me), 7erf-Biitoxy-
bis{cJirtiethylarrii!io)meihane (14, R6 = Me, R7 = Me, R8 = tBu) and N,N-
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Dimethylformamide di-tert-buty! acetal (15, R6 = Me, R7 = Me. R8 = tBu)] (4 mi) is added. 

The mixture is then stirred at ambient temperature for 3 h to afford (K)-5-biphenyl-4-

yimethyl-3-[1-dimethylaminometh-{E/Z)-ylidene]-2-oxo-pyrrolidine-l-carboxylic acid tert-

butyl ester (7-a, Rf « Boc, R6 = Me, R7 = Me) cr a salt thereof. The solutions are 

analysed by TLC (50 % ethyl acetate in hexane). RF 0,21 (sait of 7-a, R1 = Boc, R6 - Me, 

R7 = Me); RF 0,27 (7-a, RI = Boc, R6 = Me, R7 = Me); RF 0.68 (8-a, RI = Boc).. 

Example 52: {/?)-5-Biphenyi-4-ylir!ethyi-3-[1-dlmcthyla!inSnosrsgth-(&2)-yiidene]-2-

oxo-pyrroildine-1-carboxylic acid fert-butyi ester {7-a, R1 ~ Boc, R6 = Me, R7 - Me) 

0'~' N' 

C""y "O 

Method 1 

A mixture of lithium tert-butoxide (2.8 eq, 2.8 mmoi, 1 M soiution in THF) and N.N.N'N'-

tetramethylfoimamidinium hexafluorophosphate (18, R6 = Me, R7 = Me) (3 eq, 3 mmoi) is 

stirred at 60 °C for 1 h. The mixture is then cooled to room temperature. The mixture is 

then diluted with tetrahydrofuran to a total volume of 5 ml. (S)-2-Biphenyl-4-ylmethyl-5-

oxo-pyrrolidine-1-carboxylic acid terf-huty! ester (8-a. RI = Boc) (1 eq, 1 mmoi) is then 

added to the mixture. The mixture is then stirred at room temperature for 3 h. The 

volatiies 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 rnl) and brine (20 ml). The organic phase is dried (NajSC^) 

and concentrated under reduced pressure to afford (W)-5-Biphenyl-4-yimethyi-3-[1-

dimethylaminometh-(£/Z)-ylidene]-2-oxo-pyrrclidine-1-carbcxyiic acid tert-butyl ester (7-a, 

RI = Boc, R6 ~ Me, R7 ~ Me) era salt thereof. The solutions are analysed by TLC (50 % 

ethy! acetate in hexane). RF 0.21 (sait of 7-a, R1 = Boc, R6 = Me, R7 « Me); RF 0.27 (7-a, 

RI = Boc, R6 = Me, R7 = Me); Re 0.68 (8-a, R1 = Boc).. 
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Method 2 

A mixture of iith:u>ri tert-butoxide (2,8 eq, 2.8 mmoi, 1 M solution in THF) and N,N,N'N'-

tetramethylformamidinlum chloride (18, R6 = Me, R7 = Me) (3 eq, 3 mmoi) are stirred at 

80 °C for 1 h. The mixture is then cooled to room temperature. The mixture is then 

diluted with tetrahydrofuran to a total volume of 5 ml. (S)-2-Biphenyl-4-yimethyl-5-Gxo-

pyrroildhie-l-carboxylic acid I'erf-bur/i ester (8-a, Ri = Boc) (1 eq, 1 mmoi) is then added 

to the mixture. The mixture is then stirred at room temperature for 3 h. The volatiies are 

removed under reduced pressure. Ethy! acetate (20 ml) is added tG the mixture. The 

phases are separated and the organic phase is washed with saturated sodium carbonate 

solution (2 x 20 ml) and brine (20 mi). The organic phase is dried (Na2S04) and 

concentrated under reduced pressure to afford (R}-5-Biphenyi-4-ylmethyl-3-[1-

dimethyi3minometh-(£/Z)-yiidenei-2-oxo-pyrroiidine-1-carboxylie acid ferf-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, RI « Boc, R6 - Me, R7 = Me); RF 0.27 (7-a, 

R1 = Boc, R6 m Me, R7 = Me); RF 0.68 (S-a, RI = Boc).. 

Method 3 

A mixture of potassium tert-butoxide (2.8 eq, 2.8 mmoi, 1 M solution in THF) and 

N.N.N'N'-tetramethyiformamidinium chloride (18, R6 = Me, R7 = Me) (3 eq, 3 mmoi) 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 tota! volume of 5 ml. (S)-2-Bipbeny!-4-ylmethy!-5-

oxo-pyrrolidine-1 -carboxylic acid tert-butyi ester (8~a, RI = Boc) (1 eq, 1 romo!) and lithium 

chloride (1 eq, 1 mmoi) is then added tc the mixture. The mixture is then stirred at room 

temperature for 3 h. The volatiies are removed under reduced pressure. Ethyi acetate 

(20 rnl) is added to the mixture. The phases are separated ana the organic phase washed 

with saturated sodium carbonate solution (2 x 20 mi) and brine (20 ml). The organic 

phase is dried (Na^SO*) and concentrated under reduced pressure to afford (R)-5-

biphenyi-4-ylmethyl-3-[1-dimethy!aminon,ie!h-(£/Z)-yliciene]-2-oxa-pyrrolidine-'!-carboxyiic 

acid tert-butyl ester (7-a, RI = 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, RI = Boc, R6 = 

Me, R7 = Me); RF 0.27 (7-a, R1 ® Boc, R6 # Me, R7 = Me); RF 0.68 (8-a, R1 = Boc).. 
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Example 53: (#?}~5-8ipheny!«4«ylmsthyS-3-[1 -dimethylaminometh-{£/Z)-yMd8rss]"2» 
axo-pyrroiidine-1-carboxylic acid ferf-buty! ester (7-a, R1 = Soc, RS = Me, R? - Me) 

Method 1 

351 mg (S)-2-Biphenyi-4-ylmethyl-5-oxo-pyrrolidine-1-carbcxyiic acid ferf-butyl esier (8-a, 
R1 = Boc) (1 eq, 1 mmoi) and lithium hexafluorophosphate (1 eq) is added to 
tetrahydrofuran (10 ml). N,N-D imeihyformamide di-tert-butyl acetai (15, R6 = Me, R7 = 
Me, R8 = tBu) {3 eq) and dimethviamine (0.5 eq) are added to trie mixture. The mixture is 

stirred at room temperature for 3 h. The volatiies 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 iayer is dried 

(NajSQ-i) and concentrated under reduced pressure to afford (ff)-5-blphenyi-4-ylmethyl-3-
(1-dimethylamincmeth-(£^Z)-y!idene]-2-oxo-pyrroiidine-1-carboxylic acid ferf-butyl ester (7-
a, RI = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are analysed by TLC (50 
% ethyl acetate in hexane). Rp 0.21 (salt of 7-a, R1 = Boc, R6 = Me, R7 = Me); Rp 0.27 
(7-a, RI = Boc, R6 = Me, R7 = Me): RF 0.68 (8-a, R1 = Boc).. 

General Procedure for Methods 2-6 

351 mg {S)-2 -Biphenyi-4-yimethyl -5~oxo-pyrrolidine-1 carboxylic acid ferf-butyl ester (8-a, 
R1 = Boc) (1 eq, 1 mmoi) and lithium hexafluorophosphate (1 eq) is added to 

tetrahydrofuran {10 m!). Ths(dirnethylamino)methane (13, R6 - Me, R7 - Me) (1,5 eq, 2 
eq or 3 eq) and W,/V-Dimethylformam!de di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = 

tBu), diisopropylarnine or diphenylamine (1 eq, 1,5 eq, 3 eq or 4 eq) are added io the 
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mixture. The mixture is stirred at room temperature for 3 h. The volatiies 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 (NafS04) and concentrated under reduced pressure !o afford (R)-5-biphenyi-
4-y!methyl-3-[1-dimethy!aminometh-(&2)-y!idenej-2-oxo-pyrrolidine-1-carboxylic acid iert-
butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are 
analysed by TLC (50 % ethy! acetate In hexane). RF 0.21 (salt of 7-a, RI = Boc, R6 = Me, 
R7 = Me); RF 0.27 (7-a, R1 = Boc, R6 = Me, R7 = Me); RF 0.68 (8-a, Ri = Boc).. 

Method 2 

Tris(dim8thyiarnino)rnelhane {13, R6 :: Ms, R7 = Me) (1.5 eq); N, W- 01 rn e t by I forma m id e di-
tert-butyl aceta! (15, R6 = Me, R7 = Me, R8 = tBu) (1.5 eq) 

Method 3 

Tris(dimethy!amino)metfrane (13, R6 = Me, R7 = Me) (3 eq); diisopropylarnine (3 eq) 

Method 4 

Tris(dimethylamino)me{hane (13, R6 = Me, R7 » Me) (3 eq); Diphenylamine (3 eq) 

Method S 

Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (2 eq); Diphenylamine (4 eq) 

Method 6 

Tris(dimethyiamino)methane (13, R6 = Me, R7 = Me) (3 eq); Dipheriylamine (1 eq) 

Exampie 54: {/^S-BiphenyM-ylmethyi-S-n -dimethylaminorr!eth~{B2)-yl!der»e3-2-
oxQ-pyrroHdine-1-carfooxySic acid fert-buty! ester {7-a, Ri ~ Boc, R8 ~ Me, R7 = Me) 
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General Procedure for Methods 1-8 

351 mg (S)-2-Biphenyl-4-ylmethyl-5-oxG-pyrrQlidine-1 -carboxylic acid tert-butyl ester (8-a, 
RI = Boc) and N.N.N'N'-teSrameihylformarnldinlurr: hexafluorophosphate (18, R6 = Me, 

R7 - Me) (0.1 or 1 eq) are dissolved in 10 rnl of a solvent (tetrahydrofuran, 1 % dioxane In 
tetrahydrofuran, 5 % dioxane in tetrahydrofuran, 20 % dioxans in tetrahydrofuran, dioxane 

or tetrahydrofuran containing 50 roo!% N.N.N'N'-tetraroefhylethylenediamine). 520 pi 
Tris(dirnethylamino)methane (13, R6 = Me, R7 » Me) is added to the mixture. Tertiary 

butanol (1 eq or 3 eq) is then added So the mixture. The resulting mixture Is stirred at 
ambient temperature for 3 h. The volatiies are then removed under reduced pressure 
Ethyl acetate (20 mi) Is added to the mixture. The mixture is then washed with saturated 
sodium carbonate solution (2 x 20 m!) and then with brine. The organic phase is dried 
(Na2S04) and concentrated under reduced pressure to afford (R)-5-biphenyW-y!methy!-3-
[1-dimethy!aminometh-(&Z)-ylideneS-2-oxo-pyrrolidine-1-carboxyiic acid tert-butyl esier (7-
a, RI = Boc, R8 = Me, R7 = Me) or a salt thereof. The solutions are analysed by TLC (50 
% ethyl acetate in hexane). RF 0.21 (sait of 7-a, RI = Boc, R6 = Me, R7 = Ms); RF 0.27 
(7-a. RI s Boc, R6 = Me, R7 = Me); RF 0,68 (8-a, RI = Boc),. 

Method 1 

N,N,N'N'-tetramethyiformamidinkim hexafluorophosphate (18, R6 = Me, R7 = Me); 1 eq; 
Tertiary butanol (3 eq); Solvent; Tetrahydrofuran 

Method 2 



WO 2009/090251 PCT/EP2009/050510 

276 

N.N.N'N'-tetramethylforrnamidiniijm hexafluorophosphate (18, R6 = Me, R7 = Me): 1 eq; 
Tertiary butanol (1 eq); Solvent: Tetra'nydrofuran 

Method 3 

N^.N'N-tetramethyiformamidiniurri hexafluorophosphate (18, R6 = Me, R7 a Me): G.1 eq; 
tertiary bulanol (1 eq); Soivent: 1 % Dioxane in Tetrahydrofuran 

Method 4 

N,N,N'N'-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq; 

tertiary butanol (1 eq); Solvent: 5 % Dioxane In Tetrahydrofuran 

Method 5 

N,N,N'N'~tetrametriylformamidinlurri ftexafiiiorophosphale {18, R6 ~ Me, R7 = Me): 0.1 eq; 
ternary butanol (1 eq); Solvent: 10 % Dioxane in Tetrahydrofuran 

Method 6 

N.N.N'N'-tetramethylforrrtamidiniurn hexafluorophosphate (18, R6 = Me, R7 m Me): 0.1 eq; 
tertiary butanol (1 eq); Solvent: 20 % Dioxane in Tetrahydrofuran 

Method 7 

N,N,N'N'-tetramethy!formamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq; 
tertiary butanol (1 eq); Soivent: Dioxane 

Method 8 

N,N,N'N'-tetramethyl?orniamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq; 
tertiary butanol {3 eq); Solvent; Tetrahydrofuran containing 50 mol% N,N,N'N'-
tetramethylethylenedlamine 
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Exampie 55: (RJ-S-BiphenyM-ylmethyl-S-n-dirneihylamlnometh-iS^-y^deriej-Z-

oxo-pyrrolidine-1-carboxylic acid fe?t-butyl ester (7-a, R1 = Boc, R6 « Me, R7 = Me] 

Me 

General Procedure for Methods 1-3 

351 mg <1 mroo!) (S)-2-Bipheny1-4-ylmethyl-5-QXo-pyiTolidine-1 -carboxylic acid ferf-butyl 

ester (8-a, R1 = Boc) and magnesium chloride (0.1, 1 or 2 eq) sre added to 

tetrahydrofuran (10 ml). The mixture Is stirred at room temperature. 

Tris(dimethy!amino)<Tiethan8 (13, R6 = Me, R7 = Me) (3 eq) and tertiary bu>anol (3 eq) are 

added. The mixture is stirred at room temperature for 3 h. The volatiies 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 (29 ml). The organic phase is 

dried {N32SO4) and concentrated under reduced pressure to afford {f?)-5-biphenyl-4-

ylmethyl-3-[1-dimethylamiiiome!h-{&'Z)-ylldene]-2-oxo-pyrro!idine-1-carboxylic acid tert-

butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are 

analysed by TLC (50 % ethyl acetate in hexane). RF 0,21 {salt of 7-a, Ri = Boc, R6 = Me, 

R7 = Me); RF 0.27 (7-a, R1 = Boc, R6 ~ Me, R7 * Me); RF 0.88 (8-a, RI = Boc),. 

Method 1 

Magnesium chloride (0,1 eq) 

Method 2 

Magnesium chloride (1 eq) 
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Method 3 

Magnesium chloride (2 eq) 

Exampie 56: {f?)-5-Bsphenyf-4-y!nrs8thyi-3-[1-ciirnethytarninonieth-(£/Z)-y!!dens]-2 

Gxo-pyrrelrdine-1-earbQxySie acid fert-buty! ester {7-a, R1 = Boc, R8 - Me, R7 Me) 

LHMDS {1 M solution in THF, 2 mi, 2 rnmol) is added to a mixture of diphenylamine (340 

mg, 2 mmoi) and N.N.N'^'-tetrafnethylformaroidiniurri hexaflucrcphosphaie (4S2 mg, 2 

mrnol) in tetrahydrofuran (2 ml). The mixture is then stirred at room temperature tor 0.5 h. 

The mixture is diluted by addition of tetrahydrofuran (5 ml). (S)-2-Biphenyi-4-yime'hyi-5-

oxo-pyrrolidine-1-carboxylic acid fert-buty! ester (8-a, RI = Boc) (351 rng, 1 mmo!) is then 

added to ihe mixture. The mixture is stirred far 15 min at room temperature. The volatiies 

are removed under reduced pressure. Ethy! acetate (20 ml) is added to the mixture. The 

mixture is washed with saturated sodium carbonate solution (2 x 20 ml) and brine (20 ml). 

The organic phase is dried (NajCC/3) and concentrated under reduced pressure to afford 

(R)-5-biphenyl-4-ylmethyl-3-{1-dimethylaminometh-{£'Z')-ylidenej-2-Qxa-pyrrolidine-1-

carboxylic acid ferf-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, RI * 

Boc, R6 = Me, R7 « Me); RF 0.27 (7-a, R1 « Boc, R6 = Me, R7 = Me): RF 0.68 (8-a. R1 = 

Boc).. 

Example 57: ^S)-1-benzyl-5-biphenyi-4-ylmethyi-pyrroi!disi-2-one (8-a, R1 « Benzyl) 
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2.51 g S)-5-Bipheriyj-4-ylmethyl-pyrrolidiri-2-one (8-a, Ri = H) and sodium hydride (312 
mg, 13 mmoi) are added to tetrahydrofuran, with stirring. Benzyl bromide (1.43 ml) Is 
added and the resulting mixture stirred for 4 h. The volatiies are removed under reduced 
pressure. Ethyl aeetafe (50 ml) is added to the mixture. The organic phase is washed 
with saturated sodium carbonate solution (2 x 40 mi) and brine (40 ml). The organic 
phase is dried (Na2SO^) and concentrated under reduced pressure. The residue is 
purified by column chromatography (60 % ethyl acetate in hexane) to afford (SM-benzyl-
5-biphenyi-4-ylmethy!-pyrrolidin-2-one (8-a, R1 Benzyl). 1H NMR (DMSO): 1.6-1.9 (2 
H), 2.1 (2 H), 2.6 (1 H), 3.0 (1 H), 3,5-3.7 (1 H), 4.2 (1 H), 4.8 (1 H), 7.1-7.7 (14 H). 

Exampie 58; Tris(dimethyiajriino)m®thane (13, R8 - Me, R7 ~ Me), Tert-Biitoxy-
&is(dirr!ethy!amino}jriethane (14, R6 = Mo, R7 = Me, R8 = tBu) and N,N-
Dfmethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 ~ tBu) 

NM®, 

Me2N 
X NMe2 NMe3 NMS2 

MSiN^^OIBu (BuO XOIBu 

General Procedure for Methods 1-39 

Trls(dime?hyiamino)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 ;V,/V-Dimethy!formamide di-tert-butyl acetal (15, R6 - Me, R7 = 
Me, R8 = 4Bu) (0.1 eq cr 0.25 eq or 0.5 eq or 0.75 eq or 0,9 eq) at room temperature. 
Optionally, potassium hexafluorophosphate (0 eq or 0.2 eq or 1 eq) is added to the 
mixture. Optionally, lithium chloride (0 eq or 1 eq) is added to the mixture. The resulting 
mixture Is then stirred at room temperature or at elevated temperature (45 °C or 60 °C or 
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80°C) for 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 

?ris(dimethylamino)methane (13, R6 * Me, R7 # Me), tsrf-buloxy-
bls(dim8thylamirso)m9thane (14, R.6 = Me, R7 = Me, R8 = IBu) and N,N~ 
dimeihylformamide di-tert-buty! acetal (15, R6 = Me, R7 = Me, R8 = tBu). Spectroscopy 
daia as in Example 14, Method 1, 
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22 0.75 0.25 0 0 80 4 

23 0.75 0.25 0 0 80 16 

24 0.1 0.9 0 0 80 16 

25 0.1 0.9 0 0 45 4 

26 0.25 0.75 0 0 45 4 

27 0.25 0.75 0 0 80 16 

26 0.1 0.9 0 0 45 1 

29 0.5 0.5 1 0 rt 18 

30 0.75 0.25 0 0 80 1 

31 0.5 0.5 0 0 rt 4 1 

32 0.75 0.25 0 0 45 4 

33 0.9 0.1 0 0 80 4 

34 0.5 0.5 0 1 60 2 

35 0.5 0.5 1 0 60 2 

36 0.1 0.9 0 0 80 1 

37 0.5 0.5 0.2 0 60 2 

38 0.5 0.5 0 0 45 1 

39 G.25 0.75 0 0 45 16 

Example 53: E2f?,4S}-5-8ipherty!-4-y!-4-fe/1-t5utexyca?bonylamlno-2-methylper5tanoic 
acid methyl esier (1-a, R1 = Boc, R2 = H, R3 = C02Me) 

2 a {2f?.4S)-5-Bipheny!-4-y!-4-fert-butoxycarbonylarr,lno-2-rr:ethyipentar)oic acid (1-3, R1 = 

Boc, R2 = H, R3 = C02H) prepared according jo Example 2 in WO/2008/031567 is added 
to 2.55 g caesium carbonate. Dimethylformamide (4 m!) is then added. Methyl iodide 
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[0.55 ml) is then added and the mixture is stirred for 16 h al room temperature. Water (10 

ml) and isopropyi acetate (10 ml) are added. The phases are separated. The aqueous 

phase is washed with isopropyi acetate (2 x 10 ml). The combined organic phases are 

washed with 20 % aqueous sodium chloride solution (15 ml) and then dried (MgSOa). The 

mixture is concentrated under reduced pressure to afford (2,c?,4S)-5-blphenyl-4-yi-4-?ert-

butoxycarbony!amino-2~methylpentanoic acid methyl esier (1-a, RI ~ Boc, R2 = H, R3 = 

C02Me). 1H NMR (CDCb): 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 68: {2/?,4S)-5-Blpheny!-4-yl-4-fert-butQxycarborsy!amino-2-methyl!per!taneic 

acid methyl ester (1-a, R! = Boc, R2 = H, R3 = C02SSe) and (2S,4S)-5-biphenyi-4-yl-4-

tert-butosycarbonySamirso-2-methylpentsrioic acid methyl ester (1-b, R1 = Boc, R2 -

H, R3 = COjMe) 

2g (2/?,4S)-5-Biphenyl-4-yl-4-fer?-butoxycarbonylamino-2-methyipen{anoicatid (1-a, R1 = 

Boc, R2 = H, R3 = C02H) and {2S,4.S)-5"Blphenyi-4-yi-4-i's;f-buioxycarbonylami(io-2-

methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = C02H), 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. Dimethylformamide (4 ml) is then added, Methyl iodide (0.55 mi) is 

then added and the mixture is stirred for 16 h at room temperature. Water (10 ml) and 

isopropyi acetaie (10 ml) are added. The phases are separated. The aqueous phase is 

washed with isopropyi acetate (2x10 ml). The combined organic phases are washed 

with 20 % aqueous sodium chloride solution (15 ml) and then dried (MgSO^). The mixture 

is concentrated under reduced pressure to afford (2R,4S)-5-blphenyl-4-yl-4-fert-

butoxycarboriylamino-2-methylpenianoic acid methyl esier (1-a, RI m Boc, R2 = H. R3 = 

COjMe) and (2S,4S)-5-biphenyl-4-yl-4-fert-butoxycarbonylamino-2-methylpentanoic acid 
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methyl ester (1-a, RI = Boc, R2 == H, R3 = COjMe) as an 80 ; 20 mixture of 

diastereomers, respectively. 1H NMR (CDCb): 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, RI = 

Boc, R2 = H, R3 = CO^Me : 1-b, R1 = Boc, R2 = H, R3 = C02Me) by integration o? signals 

at 1.76-1.85 (1-b, R1 = Boc, R2 = H, R3 = C02Me) and 1.92-1.99 (1-a. R1 == Boc, R2 - H, 

R3 ^ COjMe). 

Example 61: (Rj-5-Biph8nyi-4-yi-4-tert-biiioxycarbony!aminQ-2-methylen9penianoic acid 

methyi ester (2-a, RI = Boc, R2 - H, R3 - C02Me) 

30 g (R)-5-Biphenyi-4-yi-4-tert-butoxycarbonylamlr:o2-methyienepentar!oicacid (2-a, R1 

= Boc, R2 - H, R3 = COjH), prepared according !o Example 33 is added to 38.4 g 

caseium carbonate. Dimethylformamide (50 mi) 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 

isopropyi acetate (120 ml) are added. The phases are separated. The aqueous phase is 

washed with isopropyi acetate (2 x 120 ml). The combined organic phases are washed 

with 20 % aqueous sodium chloride solution (180 ml) and then dried (MgSOi). The 

mixture is concentrated under reduced pressure to afford (R}-5-biphenyl-4-yi-4-tert-

butoxycarborTylamino-2-methylenepentancic acid methyi ester (2-a, R1 * Boc, R2 - H, R3 

= CC2Me). 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). 

Example 62: (2/?,45}-5-bipheriyl-4-yl-4>ferf-butcxycarbonyiamifio-2-rrsethyipentaraoic 

acid ethyi ester (1-a, RI = Boc, R2 - H, R3 = COjEt) 
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2 g (2R4SV5-Biphenyl-4-y:-4-fert-butoxycarboriylamino-2-methylpenianoic acid (1-a, R1 = 
Boc, R2 = H, R3 = COjH) prepared according \o 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 18 h at room temperature. Water (10 ml) 
and isopropyi ac-etaie (10 mi) are added. The phases are separated. The aqueous phase 
Is washed with isopropyi acetate (2x10 ml). The combined organic phases are washed 
with 20 % aqueous sodium chloride solution (15 ml) and then dried (MgSO,*). The mixture 
is concentrated under reduced pressure to afford (2R,4S)-5-biphenyi-4-yl-4-fert-
butoxycarbonylamlno-2-methyipenJanoic acid ethyi ester (1-a, R1 = Boc, R2 = H, R3 = 

COjEt). 1H NMR (CDClj): 1.18 (3H), 1.27 (3H), 1.42 (SH), 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). 

Exampie 63: (2R,4S)-5-biphsnyl-4-yi-4-Jeff-b!itoxycarborsylarnino-2-tTsethy[p8ntenoic 
acid ethyi ester {1-a, R1 - Boc, R2 = H, R3 = COjEt) and (25,4S)-5-bipfre!iyl-4-yl-4-
feff-butoxycarbonylarTiinO"2-rn8thylpentanoic acid ethy! ester {1-b, R1 = Boc, R2 = 
H, R3 = C02Et) 
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2g {2R,4S)-5-Btphenyl-4-yl-4-fert-b;jioxyc3fbony!afnlrio-2-me?hylper:taRGic acid (1-a»R1 ~ 

Boc, R2 ::: H, R3 =- CO^H) and (2S,4S>-5-Bipheny!-4-yl-4-fert-butoxycarbony!amino-2-

methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = COjH), ratio of diastereomers of 80:20 

ratio, respectively, prepared according to Example 3 in WO/2008/031567, Is added ic 2,55 

g caesium carbonate. Dimethylfon-namide (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 

Isopropyi acetate (10 mi) are added. The phases are separated. The aqueous phase is 

washed with isopropy! acetate (2x10 ml). The combined organic phases are washed 

with 20 % aqueous sodium chloride solution (15 ml) and then dried (MgSO*}. The mixture 

Is concentrated under reduced pressure to afford (2R4$)-5-biphenyl-4-yl-4-fe/t-

butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-a, R1 = Boc. R2 = H, R3 = 

C02B) and (2S,4S}-5-bipheny!-4-yl-4-fert-biitcxycaft5ony!amino-2-methy!pentanoic acid 

ethyl ester (1-a, RI = Boc, R2 = H, R3 = C02Et) as an 80 : 20 mixture of diastereomers, 

respectively. 1H NMR (CDCk): 1.16-1.20.1.25-1.29,1.42,1.47-1.52, 1.56-1.62, 1.76-

1.84, 1.92-1.98, 2.48-2 57, 2.58-2.67, 2.77-2.88, 3.77-4.01, 4.10-4.18, 4.32-4.41, 7.26-

7.28, 7.33-7.37. 7.43-7.47, 7.53 7.55, 7.59-7.60. Ratio of diastereomers 80:20 (1-a, RI = 

Boc, R2 = H, R3 = C02Et: 1-b, R1 = Boc, R2 = H, R3 = COjEt) by integration of signals at 

1.76-1.84 (1-b, RI « Boc, R2 = H, R3 = C02Et) and 1.92-1.98 (1-a, R1 a Boc, R2 » H, R3 

= COjEt). 

Example 64: (R)-5-Bipbenyi~4-yl-4-tert-butoxycarlbonySamino-2~metbyienepent3noie 

acid ethyl ester (2-a, RI = Boc, R2 = H, R3 - CQ2Et) 

30 g (R)-5-Biphenyl-4-yi-4-tert-butoxycarbcnylamlno-2-methylenepentanoicacid (2-a, R1 

= Boc, R2 = H, R3 = CG2H), prepared according to Example 33 is added to 38.4 g 

caseium carbonate. Dimethylformamide (50 ml) is then added. Ethyl iodide (8.26 ml) is 

then added and the mixture is stirred for 16 h at room temperature. Water (1200 ml) and 
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isopropyi acetate (120 m!) are added. The phases are separated. The aqueous phase is 

washed with isopropyi acetate (2 x 120 ml). The combined organic phases are washed 
with 20 % aqueous sodium chloride solution (180 m!) and then dried (MgSO^). The 

mixture is concentrated under reduced pressure to afford (R}-5~blphenyl-4-yl-4-tert-

buioxycarbonylamino-2-meihyleneperiianoic acid ethyi ester (2-a, R1 « Boc, R2 = H, R3 = 
C02Et). 1H NMR (CDCI3): 1.31 (3H), 1.40 (9H), 2.37 (IH), 2.59 (1H), 2.84 (IH), 2.93 
(1H), 4.06 (IH), 4.24 (2H), 4.56 (1H), 5.62 (1H), 6.25 (1H), 7.29 (2H), 7,35 (IH). 7.45 

(2H), 7.54 (2H), 7.59 (2H), 

Example 85; (2/?,4$)-5-biphenyl-4-yi-4~terf~butoxycarbor\y!amin0-2-r!tethy!per!tanGic 
acid ethyl ester (1-a, R1 = Boc, R2 = H, R3 = COsEt) and {2S,4S)*5-biphenyi-4-yl-4-
terf-butexycarbony!amlnc>-2-rrsethy!pentano!c acid ethyi ester (1-b, R1 « Boc, R2 = 
H, R3 ~ C02Et) 

409 mg (R>-5-Biphenyl-4-y!-4-tert-butoxyc2rboriy!amino-2-methylenepentanoic acid 
ethyl ester (2-a, R1 - Boc, R2 = H, R3 = C02Ei) is added to ethanai (9 rnl) in Vessel A. 

14.9 mg [Rh(NBD)2jBF4 and 39.6 mg (R)-1-[(R)-2-(2'-dicyclohexy!phosphinophenyl)-

ferrocenyi]ethyidi(bis-(3,5-trifluorometbyl)phenyl)-phosphine (= Walphos SL-W008-1) 

are added to ethanol (3 ml) In Vessel B. The contents of Vessel B are stirred for 0.5 h 
at room temperature. The contents of Vessel A and Vessel B are then transferred to 
Vessel C. Vessel C is purged with hydrogen (20 bar) and then pressurised under a 
hydrogen atmosphere at 20 bar. The mixture Is stirred for 16 h. The volatiies are 
removed under reduced pressure. The residue is analysed by hpic to determine the 

ratio of (2R4S)-5-biphenyl-4-yl-4-fert-butoxycart)ony!amino-2-methylperitancic acid 

ethyl esier (1-a, R1 # Boc, R2 = H, R3 = COjEt) to (2S,4SV5-biphenyl-4-yl-4-fert-

Method 1 
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butoxycarbonylarnirso-2-iTieihylpentanoic acid ethyl ester (1-b, RI 1 Boc, R2 = H, R3 = 
CO^Et). Diastereomer ratio 50.2 49.8 (1-a, R1 = Boc, R2 = H, R3 = COEt: 1-b, R1 = 
Boc, R2 = H, R3 = COR) as determined by hplc. 

Method 2 

409 mg (R)-5-Biphenyl-4-yj-4-tert~butoxycarbonylamirio-2-methylenepentanolc acid 

ethyl ester (2-a, RI = Boc, R2 = H, R3 = C02Et) is added to ethanol (9 rnl) In Vessel A. 
17,4 mg [Ru(C0D)iCF,C02>23 arid 44,2 mg {aR,aR)-2,2:-b!s(a-N,N-
dimethylaminophenyimethy!)-(3,S}-1,1'-bis[di{3,5-dimethyi-4-
methoxyphenyOphosphlnojferrocene (= Mandyphos SL-M004-1) are added to 
dlchloroethane (3 ml) in Vessel B. The contents of Vessei B are stirred for 0.5 h at 50 

"C. The volatiies are removed from the mixture in Vessel B under reduced pressure. 

Ethanol (3 ml) is then added to Vessel B. The contents of Vessel A and Vessel B are 
then transferred io Vessel C. Vessel C Is purged with hydrogen (20 bar) and then 
pressurised under a hydrogen atmosphere si 20 bar. The mixture is stirred for 18 h. 
The volatiies are removed under reduced pressure. The residue is analysed by hpic to 

determine the ratio of (2R,4S)-5~biphenyi-4-yl-4-?erf bu!oxycarbonylamino-2-

methylpentanoic acid ethy! ester (1-a, R1 - Boc, R2 = H, R3 = C02Et) to (2S,4S)-5-
biphenyi-4-yl-4-?erf-butoxycarbonylamino-2-melhylpentanoic acid ethyl ester (1-b, R1 = 
Boc, R2 - H, R3 = C02Et). Diastereomer ratio 25.5 : 74.5 {1-a, R1 = Boc, R2 = H, R3 = 

COEt: 1-b, R1 = Boc, R2 = H, R3 = COEt) as determined by hplc. 

General Procedure (Example 85, Methods 3-12) 

The Organometaiiic 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 L.igand 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-Bipheny!-4-yl-44ert-
butoxycarbonyi3mino-2-methyienepentanoic acid (2-a, RI = Boc, R2 = H, R3 = COjEt) in 

ethanol or dlchloroethane (0.244 ml) is added to the vessel containing the Organometaiiic 

Complex (A) and Chiral Ligand (L). Further solvent is added to give the final 
concentration of 2-a |R1 = Boc, R2 = H, R3 = CO?H) of 84 smM, 
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Hydrogen gas at 20 bar is the applied to the vessei containing the mixture. The mixture is 
stirred at 20 bar hydrogen pressure and at room temperature for 16 hours. 

The reaction solutions are analysed by hpic to determine the ratio of (1-a, R1 = Boc, R2 = 
H, R3 = C02Et) and (1-b, R1 = Boc, R2 = H, R3 = C02Et), 

Method 3 

Chira! Ligand {(2S,4S)-2,4-Bis(diphenyiphosphirio)pentane » (S.S)-BDPP}; 
Organometaiiic Complex {bis(trifsiioroacetoxy)(1l5-cyc!ooctadiene)ruthenium(l!)}; 
Solvent: Elhanol, Diastereomer ratio 85 : 15 ({1-a, RI = Boc, R2 = H, R3 = C02Et): (1 -

b, RI - Boc, R2 - H, R3 - C02Et) as determined by hpic, 

Method 4 

Chira! Llgand {(R)-1-[(S)-2-Di-tert,-
bijtylphosphino)ferrocenyl]ethyldicyc!ohexyiphosphine = SL-J505-1}; Organometaiiic 
Complex {bis(trifluoroacetoxy){1,5-cyclooctadiene)ruthen!iim(il)}; Solvent: Ethanol. 
Diastereomer ratio 71 : 29 ((1-a, R1 = Boc, R2 = H, R3 = C02E!): (1-b, R1 = Boc, R2 = 
H, R3 = COjEt) as determined by hplc. 

Method S 

Chiral Ligand {(1 S)-Diphenylphosphino-2-[(R}-a-(N,N-dimethylamlno)-o-

diphenylphosphinophenyl)-methyl]ferrocene = SL-T001-1}: Organometallic Complex 
{bis(trifiuoroacetoxy){1,5-cyc!ooctadieri9)ruihenium(l!)}; Solvent: Ethanol. Diastereomer 

ratio 70 : 30 ((1-a, R1 ^ Boc, R2 - H, R3 - COzEt) : (1-b, R1 * Boc, R2 - H, R3 M 
COjEt) as determined by hplc. 

Method 8 

Chirai Llgand {{R)-l-[(S)-2-(Dipheny!phosphino)ferrocenyi]ethyIdi(3,5-xylyl)phosphine » 
SL-J005-T}; Organometallic Complex {bis(tri fl u oroa cetoxy)(1.5-
cyciooctadiene)ruthenium(H)}; Solvent: Ethanol. Diastereomer ratio 67 : 33 ((1-a, R1 = 
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Boc, R2 = H, R3 = C02Et) : (1-b, RI = Boc. R2 = H, R3 - C02Et) as determined by 

hplc. 

Method 7 

Chiral Ligand {(S)-(-)-(6,6"-Dlmethoxybiphenyl-2,2'-diyl)-bls(diphenylphosphine) * (S)-
Ph-MeOBIPHEP = SL-A1Q1-2}; Organometallic Complex {[!r(COO)2)BArF}; Solvent: 

Dichloroethane. Diastereomer ratio 63 : 37 {(1-a, R1 m Boc, R2 = H, R3 = CO?Et): (1-b, 
R1 = Boc, R2 = H, R3 = C02Et) as determined by bpSc. 

Method 8 

Chiral Ligand {(S}-1-[(R)-2-(Dlphenyiphosphino)?erroceny!]ethyldi(3,5-xylyl)phosphine -
SL-J005-2}; Organometallic Complex {bis(ncrbomadiene)rhodium(l) tetrafluoroborate); 
Soivent: Ethanol, Diastereomer ratio 58 : 42 ((1-a, RI = Boc, R2 = H, R3 = CG2E!): (1-

b, R1 = Boc, R2 - H, R3 = COjEt) as determined by hplc. 

Method 9 

Chiral Ligand {(R)-1-[(R)-2-(2.-Qiphenylphosphinophenyi)ferrocenyl]ethyidi(bis-3,5-
irifluoromethylphenyi)phosphine m SL-W001-1}; Organometaiiic Complex 
{bis(norbomadiene)rhodium(l) tetrafluoroborate}; Solvent: Ethanol, Diastereomer ratio 
31 : 69 ((1-a, RI = Boc, R2 = H, R3 = C02Et): (1-b, RI = Boc, R2 = H, R3 = COjEt) as 

determined by hpic. 

Method 10 

Chiral Ligand {(S)-1-[(S)-2-(2,-Dicyclohexylphosphinopheny!)ferrccenyi]eihy!di(bis-(3,5-

trifluoromethyl)phenyl)-phosphine = SL-WOQS-2}; Organometallic Complex 
{bis(norbornadierie)rhcdium{!) tetrafluoroborate); Solvent: Ethanol, Diastereomer ratio 
16 : 84 ((1-a, R1 m Boc, R2 » H, R3 = CO^Et): (1-b, R1 J= Boc, R2 = H, R3 = CO?Ei) as 

determined by hplc. 
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Method 11 

Chira! Ligand {(R)-1-[(S)-2~Dipheny!phosphina)ferroGenyi]ethyidi-tert.-bu'yiphosphirie -

SL-J0G2-1}; Organometaiiic Compiex { bls(norbomadiene)rhodium(l) tetrafluoroborate }; 

Solvent: Ethane!. Diastereomer ratio 2 : 98 ((1-a, Ri * Boc, R2 = H, R3 « COjE!): (1-b, 

RI = Boc, R2 = H, R3 = C02Et) as determined by hplc. 

Method 12 

Chiral Llgand {(R}-'-:(S)-2-dietriylphosphino}ferroceriyl]ethyl dlftert-butyi)-phosphine ~ 

SL-J301-1}; Organometallic Complex { bis(norbornadiene)rhodium(l) tetrafluoroborate}; 

Solvent: Elhanoi, Diastereomer ratio 5 : 95 ((1-a, RI - Boc, R2 = H, R3 - C02Et); (1-b, 

Ri = Boc, R2 = H, R3 = C02E!) as determined by hplc. 

hfPLC Method (Exampie 65, Methods 1-12) 

Column: Chiralcel OJ-RH; 150 x 4.6 rnm; 5 |im. Mobile Phase A (water); Mobile Phase B 

(Acetonltriie). Isocratic: 0 min (60 % B); 15 min (60 % B). Flow rate: 0.8 rnl min*1. 

Wavelength 254 nm. Column temperature. 10 °C. 

Retention times: 

1-b (RI = Boc, R2 = H, R3 =• C02Et):9.8 mn 

1-a (RI = Boc, R2 ~ H, R3 = C02Et):10-8 min 

2-a (R i = Boc, R2 = H, R3 = C02Et}:15.2 min 

Example 66; {/?)-5-6iphesiy!-4»ylfT!ethy!-3-[1 -hydroxymeth-(£'2)-yiid8rse]-2-oxo-

pyrroMne-1-carboxylic acid fert-butyi esier (6-a, R1 = Boc) 
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0.05 g of (3R/S,5S)-5~Bipheriyl-4-ylmethy!-3-dirnethGxyrne!hyl-2-oxo-pyrroiidine-1-
carboxyllc acid tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 « Me, Y = O) are dissolved 

in 1 ml of acetone under argon. Then 15 ing of water and 40 mg of amberiyst 15 are 

added, The mixture is stirred for 3 days, thsn filtered and concentrated jn vacuo to afford 

(R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymee!h-f£/Z)-y!ldenel-2-oxo-pyrrolidine-1-carboxylic 
acid tert-butyl ester (6-a, R1 = Boc) as determined by hpic. 

HPLC Method 

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 jam. Mobile Phase A (0.1 % NH3 (32 %) in 

water); Mobile Phase B (Acetonitrlle). Gradient: 0 min (20 % B); 3 min (40 % B); 5 min 
(40 % B); 7 min (50 % B); 11 min (50 % B): 13 min (80 % B); 16 min (80 % B); 16.1 min 
(20 % B); 20 min (20 % B). Flow rate: 1.4 mi min"1. Wavelength: 210 or 254 nm. 
Temperature 60 °C. 

Retention times 

2-a (Ri = Boc, R2 = H, R3 = C02h): 2.3 min 

6-a (R1 = Boc): 2.5 min 

4-a (R1 - H): 5.6 min 

5-a (RI = Boc}: 8.3 min 

8-a (RI = Boc): 10.3 m:n 

9-b (RI = Boc, R6 « Me, R7 = Me): 10.4 mm 

9-c (R1 Boc, R6 Me, RT « Me): 10.9 min 

4-a (RI -- Boc): 11.9 min 
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Example 87: (3R/S,5$)-5-Biphenyl~4-y3ittethy!-3-(fois-butylS8jlfanyi-roethy!)-2~©}t©-

pyrroHdine-l -carboxylic acid ferf-butyS ester (16-a, R1 = Boc, R9 = nBu, R9 = nBu, Y 

-S) 

0.5 g of 5-Biphenyl-4-ylme!hyl-3-[1-dimsthyiarr::riO-rneth-(E/Z}-ylidene]-2-oxo-pyrrolidine-

1 -carboxylic acid ferf-butyl ester {7 -a, R1 - Boc, R6 » Me, R7 - Me) are added to 5 mi of 

n-butane-1-thiol. After the addition of 0.2 g of p-toiuenesulfanic acid the mixture Is stirred 

for 6 days at 25CC, then heated to 80 °C for 16 hours. The mixture is then quenched by 

addition of 5 ml of an 8% aqueous bicarbonate solution and any remaining tt-butane-1-

Ihiol distilled off under reduced pressure at 40 °C. The aqueous phase is extracted 3 times 

with 5 ml ethyl acetate eacn and the combined organic phase evaporated to dryness at 40 

°C under reduced pressure. The residue Is purified by column chromatography (heptane: 

ethyl acetate 75:25} to afford (3R/S,5S}-5-biphenyl-4-ylme!hyi-3-{bis-Duty!sulfany!-methyl)-

2-oxo-pvrrolidine-1 -carboxylic acid tert-butyl ester {16-a, RI = Boc, R9 - nBu, R9 = nBu, Y 

= S). Ratio of C-3 diastereomers determined as 70 : 30 ((3S.5S): (3R.5S) 

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 (2H), 2.48 - 2.74 (AH), 

2,80 - 2.89 (2H). 3.10-3.16 (1H), 3.55-3.59 (1H, minor stereoisomer), 4,23-4.31 (1H, minor 

stereoisomer), 4.30 (IH), 4.38 (1H, minor stereoisomer), 4.43-4,47 (1H), 7.27-7,30 (2H), 

7.32-7.40 (1H), 7.44-7.50 {2H), 7.56-7.65 {4H), 

Example 68: {ff)-5-Biphenyi~4~ylmethyi-3-[1-hydroxymeth-{'£®-y!idene]-2-oxo-

pyrroiidine-l-earboxySie acid ferf-butyS ester (8-a, R1 = Boc) 
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0.101 g { 0.19 mmoi) of (3R/S,5S)-5-Biphenyl-4-yimethy!-3-(bis-butylsiilfanyl-roethyl)-2-

oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (16-a, RI - Boc, R9 * nBu, R9 = nBu, Y = 

S) are dissolved in a mixture of 1.6 mi acetohi'rile and 0.4 ml water. After addition of 0.115 

g HgCb and 0.048 g calciiim carbonate, the suspension is stirred over night. Diethyl ether 

{10 ml) and 18 % aq, ammonium chloride solution (5 ml) are added to Use 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 (W)-5-Biphenys-4-

ylmethyi-3-|1-hydroxyrneth-f£/Z)-yj!denej-2--QXG-pyrrolidine-1-carboxyiic acid ferf-butyl 

ester (6-a, R1 = Boc). Material analysed by hplc {hplc method for Example 66) 

Example 89: (3R, SS)-5-BiphersyS-4-yimethyl-3-nr!ethyl-2-oxo-pyrro[idlne-1-carboxyHc 

acid terl-bistyi ester {3-a, R1 = Boc) and (38, 5S)-5~biphenyi-4-ylmethyl-3-methyi-2-

oxo-pyrroI Idine-1-carboxylic acid fert-foutyi ester {3-b, R1 = Boc) 

0.24 g {R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-

earboxylic acid tert-butyl ester (6-a, R1 = Bcc) is added to a mixture of ethyl acetate (10.8 

ml) and methanol (1,2 ml) at 22 °C. 0.1 g of 10 % Palladium on carbon (Engelhard 4505) 

is added to the mixture along with water (0.3 ml). The mixture is flushed with hydrogen 

and subsequently is stirred at 22 UC and 4 bar hydrogen pressure for five days. The 
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mixture is then filtered through Cellflock and concentrated under reduced pressure to 

afford (3R, 5S}-5-biphenyi4-ylmethyl-3-methyl-2-cxo-pyrrolidine-1-carboxylic acid ferf-

butyl ester (3-a, R1 = Boc), (3S, 5S)-5-biphenyl4-y!methyl-3-methyl-2-oxo-pyrrolidine-1-

carboxylic acid ferf-butyl ester (3-b, RI = Boc) arid (3R/S, 5S)-5-8ipheriyl4-yimelhyl-3-

hydroxymethyi-2-oxo-pyrrolidine-1-carboxylic acid ferf-butyl ester (5-a, R1 = Boc) as 

determined by hpic. HPLC Conditions as given in Example 66 and Example 71 

Example 70: (3R/S, 5S)-S-8ipheny!-4-ylmethyl-3-hydro>:yrneihy!-2-axo-pyrrolldine~1-

carboxylic acid ferf-butyi ester (5-a, R1 = Boc) 

99 rng (R)-5-Biphenyl4-ylmethyl-3-[1-hydroxyme<h-f'£/Z}-ylldenej-2-oxo--pyrrclidine-1-

carboxylic acid ferf-butyl ester (6-a, R1 = Boc) is added to a mixture of toluene (0.25 ml) 

and water (0.25 ml) at room temperature. Tetrabutyiammonium bromide (19.7 rrsg) is then 

added. The mixture is then cooled to 0 °C. Sodium borohydride (20.8 mg) is then added 

and the resulting mixlure is stirred at 0 °C for 1 h. The mixture Is then warmed to room 

temperature and stirred overnight. Water (iO rnl) and toluene (10 ml) are then added to 

the mixture. The phases are separated. The organic phase is washed with water (10 ml), 

dried (MgSCXt) and concentrated in vacuo to afford (3R/S, 5S)-5-biphenyl-4-ylmethyi-3-

hydroxymethyl-2-oxo-pyrro!idine-1-carboxylic acid ferf-butyl ester (5-a, RI = Boc) as 

detected by LC-MS. m/z(+ESI): 266 (10 %), 282 (2), 310 (20), 326 (100), 366 (15), 382 

8). 1H NMR (DMSO): 1.22-1.52, 1.59-1.65, 1.80-1.87, 1.94-2.03, 2.10-2.18,2,57-

2.89, 3.02-3.11, 3.15-3.30, 3.34-3.44, 3.46-3.66, 3.67-3.79, 3.82-3.93, 4.16-4.38, 4.63-

4.69, 4.72-4,77, 4,93-5.00, 5.14-5.27, 5.40-5.63, 5.56-5.78, 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. 

Exampie 71: (R)-5-Bipheny!-4»y!methy!-3-[1-hycjrox"ymeth-f©Z}-ylider5e]-2-oxo-

pyrroltdsne-1-carboxylic acid fert-butyi ester (6-a, R1 = Boc} 
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Method 1 

100 mg (R)-5-BiDhenyi-4-ylmethyl-3-[1-d!methy!aminometh-(£'Z)-ylidene]-2-oxo-

pyrrolidine-1-carboxylic acid ferf-butyl ester (7-a, R1 = Boc, R6 » Me, R7 = Me) is added 

to ethanol (0.5 ml). 160 mg Cesium carbonate is added to the mixture. 30 mg Palladium 

on Carbon (10 % loading, 50 % water wet, Degussa E101 NE/W) is added to the mixture. 

Hydrogen gas is applied to the mixture. The mixture is then stirred at ambient 

temperature and pressure overnight. The catalyst is then filtered and the mixture 

concentrated under reduced pressure. The residue Is analysed by hplc to identify (R)-5-

biphenyl-4-yimethy!-3-[1-hydroxymeth-(E''Z)-ylidene]-2-ox!>pyrrolidine-1-carbGxy!ic acid 

ferf-butyl ester {6-a, RI - Boc). 

Method 2 

189 n-.g {R)-5-Biphenyi-4'ylmethyl-3-[1-dimethyia!T!inometh-{£/Z)-y!idenej-2-oxo-

pyrrolidine-1-carboxylic acid ferf-butyl ester (7-a, R1 ~ Boc, R6 = Me, R7 = Me) is added 

to ethanoi {0.5 mi). 108 ul 2,6-lutidine are added to the mixture. 57 mg Palladium on 

Carbon (10 % loading, 50 % water wet, Johnson Matthey type 39) is added to the mixture. 

Hydrogen gas is applied to the mixture. The mixture is then stirred at ambient 

temperature and pressure overnight. The cataiyst is then filtered and the mixture 

concentrated under reduced pressure. The residue is analysed by hplc to Identify (R)-5-

biphenyM-y!methyl-3-[1-hydrcxymeth-f£/Z)-y!ldene]-2-oxo-pyrrQlidine-1-carboxy!ic acid 

ferf-butyl ester (6-a, RI = Boc). 

HPLC Method 1 (Example 71) 

Column: Zorbax Extend C18; 150 x4.6 mm: 3.5 ^m. Mobile Phase A (0.1 % NHj (32 %) 

in water); Mobile Phase B (Acetonitriie); Mobile Phase C (Methanol). Gradient: 0 mirs (5 
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% B; 50 % C); 1 min (5 % B; 50 % C); 5 min (5 % B; 75 % C); 15 min (5 % B; 75 % C); 

15,1 rnin (5 % B; 50 % C}; 18 min (5 % B; 50 % C). Fiow rate: 1.2 mi min"'. Wavelength: 

254 nm. Column temperature: 10 °C. 

Retention times: 

HPLC Method 2 (Example 71) 

Column: X-BRIDGE: 150 x 3.0 mm: 3.5 Mobile Phase A (0.1 % (32 %) in water); 

Mobile Phase B (Acetonitriie). Gradient: 0 min (20 % B); 3 min (40 % B): 5 min (40 % B); 

7 min (50 % B); 11 min (50 % B); 13 min (80 % B); 16 min (80 % B); 16.1 min (20 % B); 

20 min (20 % B). Flow rate: 1.4 ml min"'. Wavelength: 254 nm. Column temperature: 60 

Retention times 

6-a (RI = Boc): 2.6 mm 

9-b (RI = Boc, RS = Me, R7 = Me): 10.7 min 

9-c (R1 = Boc, R6 = Me, R7 = Me): 11.2 min 

4-a (R1 = Boc): 12.2 min 

3-a (R1 = 3oc) and 3-b (R1 = Boc): 12.8 min 

Exampie 72: (2R,4S}-5-Biphenyi-4-y£-4-fert-butoxycarbonylamiric-2-rnethylpentar!oic 

acid ethyl ester (1-a, R1 = Boc, R2 = H, R3 = C02Et) and (2S,4S)-5-biphenyi-4-yl-4-

fert-buto)sycarbonylamino-2-methyipentanosc acid ethyi ester (1-b, R1 = Boc, R2 -

H, R3 = CO^E?) 

6-a (R1 = Boc): 

9-b (R1 = Boc, R6 = Me, R7 = Me): 

9-c (RI = Boc, R6 = Me, R7 = Me): 

4.1 min 

4-a (R1 = Boc): 

7-a (RI = Boc): 

3-a (RI = Boc): 

3-b (RI = Boc): 

9.9 min 

10.5 min 

11.2 min 

11.5 min 

12.1 min 

12.5 min 
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500 mg (R)-5-Biphenyl-4-yM-{ert-butoxycarbonyiamino-2-methylenepen!anoic acid ethyl 

ester (2-a, R1 = Soc, R2 »H, R3 - C02Et) is added to ethanol (5 ml) at ambient 

temperature. Triethyiamine (170 jut) is then added to the mixture 50 mg Palladium on 

carbon (10 %, 50 % water-wet, Degussa E101 NE/W) is then added. Hydrogen gas at 

ambient pressure is applied to the mixture. The mixture is then stirred overnight at 

ambient temperature and pressure. The mixture is then filtered and concentrated under 

reduced pressure to afford 2R,4S)-5-Biphenyl~4-y!-4-terc~butoxyrarbonylamino-2-

methyipentanoic acid ethyl ester (1-a, R1 - Bcc, R2 = H, R3 = C02Et) and (2S,i S)-5-

biph.enyl-4-yl-4-fert-butoxycarbonylamino-2-methySpentancic acid ethyl ester (1-b, RI = 

Boc, R2 ~ H, R3 • COjEt). Spectroscopic data as in Exampie 83. Ratio of diastereomers 

70:30 (1-a, RI = Boc, R2 = H, R3 = CC2Et: 1-b, RI = Boc, R2 = H, R3 = COzEt) as 

determined by hplc (hplc method as in Example 65) 

Exampie 73: (2/?,43}-5-Bsphersyl~4~y!-4-terf-bistGxycarb0nylamir!o-2-rttethyipentarsoic 

acid methy! ester (1-a, R1 = Boc, R2 - H, R3 - C02!Vle) and (2S,4S)-5-Sipbenyl-4-yi-4-

terf-butoxyearbonyiamino-2-methyfperstanoic acid methy! ester (1-b, R1 = Boc, R2 = 

H, R3 = C02Me) 
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500 mg (R)-5-Biphenyi-4-yl-4-?@rt-bi.!toxycarbony!arr!ino-2-methy!enepentanoic acid 

methyl ester (2-a. R1 = Boc, R2 -- H, R3 ~ C02Me) Is added to ethanol (5 mi) at ambient 

temperature.' Triethyiamine (176 LA!) is then added to She 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 !o afford 2R)4S)-5-Bjphenyl-4-yi--4-terf-bulo:<ycarbor)yiamino-2-

methylpentanoic acid methyl ester (1-a, RI - Boc, R2 = H, R3 = C02Me) and (2S,4S)-5-

biphenyl-4-yj-4-terf-butoxycarbonylarnino-2-fnethylpentarioic acid methyl ester (1-b, R1 -

Boc, R2 = H, R3 = C02Me). Spectroscopic daia as in Example 60. Ratio of 

diastereomers 66:34 (1~a, RI » Boc, R2 = H, R3 m COjMe : 1-b, R1 = Boc, R2 - H, R3 = 

C02Me) by integration of signals at 1.76-1.85 (1-b, RI = Boc. R2 = H, R3 = C02Me) and 

1.92-1.99(1-a. R1 = Boc, R2 = H, R3 = C02Me). 

Example 74: {3R/S,5S)-5-Biphenyl-4-yinncthy!-2-oso-3-{toiuene-4-

sulfonyiosymethyfl-pyrraSidine-l-carboxylic acid ferf-butyl ester {11-a, Ri ~ Boc, R4 

= Tosyl) and {R}-5-Biphenyi-4-yimethyW-methyiene-2-oKo-pyrrolidine-1-carboxy!Sc 

acid fsrf-buty! ester (4-a, R1 =Boc) 

20 mg (3R/S, 5S)-5-Biphenyl-4-ylmethyl-3-hydroxymelhyi-2-oxo-pyrrolidine-1 -carboxylic 

acid ferf-butyl ester (5-a, R1 =: Boc) (prepared according to Example 48) is added to 

chloroform (5 ml) at room temperature. Triethyiamine (11 jil) is added to the mixture. 4-

Toluenesuiphonic acid anhydride (20,5 mg) is then added to the mixture. The mixture Is 

then stirred for 20 h at refiux. 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/SirtS)-5-bipheriyi-4-ylrrie!hyl-/:-oxo-3-(foi;jene-4-su;fonyioxyniethyi)-

0|yrrolidine-1-carboxylic acid fert-buty! ester (11-a, R1 = Boc, R4 = Tosyl) and (R)-5-
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blphenyl-4-ylmeihyi-3-methyiene-2-oxo-pyrroi!dine-1-carboxylic acid tert-butyl ester (4-a, 

R1=Boc). Spectroscopic data for (3R'S,5S}-5-bipheny:-4-yimet.hyl-2-oxo-3-(t.oluene-4-

sulfonyloxymethyl)-pyrrolidine-1 -carboxylic acid tert-butyl esier (11-a, R1 - Boc, R4 -

Tosyl) as for Example 49, Method 1. Spectroscopic data for (R)-5-blphenyM-y!rnethyl-3-

methylene-2-oxo-pyrroiidine-1-carboxylic acid tert-butyl ester (4-a, R1=Boc] as for 

Example 23, Method 1, 

Examp-e 75: (3RiS15S)-5-8iphenyi-4-y!iTriethyi-3-lGdomeihyl-pyrro|idin-2-Qne (12-a, 
R1 = H, RS = I) 

122 rng {3R/S,5S)-5-Biphenyl-4-ylmethyl-2-oxo-3-(tQiuene-4-siilfonyloxymethy!)-

pyrrolidine-1-carboxylic. acid tert-butyl ester (11-a, RI = Boc, R4 = Tosyl) prepared 

according to Example 49, Method 2 Is added to acetonltriie (3 ml). Sodium iodide (105 

mg) is then added to the mixture. The resulting mixture is heated at reflux overnight. The 

mixture is then concentrated under reduced pressure Purification by column 

chromatography, eluting with ethyl acetate-heptane (1:1) gives (3R/S,5S}-5-bipheny!-4-

ylmethyl-3-iodomethyl-pyrrolidin-2-or:e (12-a, R1 = H, R5 = I). IH NMR (CDCIs): 2.13 

(2H), 2.69(21-1), 2.82 (IH), 3.28 (IH), 3.35 (IH), 3.85 (IH), 5.84 (1H), 7.17 (2H), 7.28 

(IH), 7.3? (2H). 7.49 (4H). 

Example 76: (R)-5-Biphenyi-4-yimethyi-3-rrsethyi8f?e-2-oxo-pyrrofidiri8-1 -earboxyiic 

acid tert-butyi ester (4-a, R1=Boe) 
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5 mg (3R/S,5S)-5-Biphenyi-4-ylmethyl-3-iodGmethy!-pyrrolidln-2-one (12-a, RI - H, R5 = 

I) is added to toiuene (1 mi). 4-(Dimet'nyianninG)pyridte (0.1 mg) and triethyiamine (1 ^l) 

are then added to the mixture. The mixture is heated tc 70 °G. Di-tert-butyl dicarbonate 

(2 mg) is then added to the mixture. The mixture is stirred for 1 h at 70 °C. The mixture is 

concentrated under reduced pressure. Ethyl acetate (1 mi) and water (1 mi) are added. 
The phases are separated. The organic phase is concentrated under reduced pressure to 
give (R)-5-Biphenyl-4-y!methyl-3-methylene-2-oxo-pyrrolidine- 1-carboxyiic acid ferf-butyl 
ester (4-a, RI =Bcc). Spectroscopic data as for Example 23, Method 1. 

ExampSe 77: (3R, 5S)-5~Biph8nyl-4-yirnethy!-3-rrsethylpyrroiidin~2~one (3-a, R1 ~ H) 
and {3S, 5S)-5-Bipheny!-4-ylrr!ethy!-3-methy!pyrrolici!n-2»on€ (3-b, R1 - H) 

4 mg (3R/S,5S)-5-Biphenyi-4-yimeihyi-3-iodoiT!ethyl-pyrrol!dln-2-one (12-a, RI = H, R5 = 

f) is added to ethanol (1 mi) at ambient temperature. Triethyiamine (5 jti) Is then added to 

the mixture, 0.4 mg Palladium on carbon (10 %, 50 % water- wet, Degussa E101 NE/W) is 
then added. Hydrogen gas at ambient pressure is applied to the mixture. The mixture is 
then stirred overnight at ambient temperature and pressure. The mixture is then filtered 
and concentrated under reduced pressure to afford (3R, 5S)-5-bipheny!-4~ylmethyl~3-

methylpyrroiidin-2-one (3-a, RI = H) and (3S, 5S)-5-biphenyl-4-y!methyl-3-
methvipyrroiidin-2-one (3-b, RI = H. Ratio of diastereomers 22 • 88 (3-a, R1 = H to 3-b, 
RI = 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 (RI = H) as for Example 47 In 
woe'2008/083987. 
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Preferred embodiments: 

Embodiment 1: 
A process for preparing a compound of formula (7), or salt thereof, 

wherein RI is hydrogen or a nitrogen protecting group and, RS and R7 are, 
independently, an aikyi group, art aryl group, an aiylaikyi 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 sait thereof, 

(8) 
wherein RI is hydrogen or a nitrogen protecting group, 

- with an amine of formula (13), (14) or (15) 

R6 :m 
VN 

R6 
"N' 

I 
R7 

N 
i 

R7 

R6^ x R7 
"N 

R6 ,XR8 tr Q 
I 

(13), R? 

R6 ,R7 
"N' 

R8 R8 
(14), *0' 0 (15) 
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and optionally 3 salt, such as an alkali metai salt, an alkali earth meatl sait, an 
ammonium salt or an Ionic liquid; 

or with a compound prepared by mixing a compound of formula (18), 

RS ,R7 

R6 
"N" 

I 
R7 

© 

© 

(18) 

with an alcohoiate of the formula M-G-R8 and optionally treating said compound with a 
salt MIX'; 

- or with mixtures thereof; 

wherein 
each R6 and each R7 are, independently, an alkyi group, ar aryl group, an arylalkyi 
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 aryialkyi group; 

X and X' are, Independently, an anion, for exampie, a halide, an anion of a su(phonic 

acid, an anion of an alkylsulfate, a tetrahalometalate, such as a tetrachlorometalate, 
hexafluorophosphate, hexafluorcantimonate, tetrafluoroborate, perchiorate, alkoxide 
R8--0" wherein R8 is defined as before, carboxylate, or trlbromide; 

M is an alkali metal or an alkaline earth metal; and 

IV!1 is an alkali rnetal, an alkaline earth metai or ammonium; 
to obtain the compound of formula (7). 

Embodiment 2; 
A. process for preparing a compound of formula (6), or a tautomer thereof, 



Aviy 
NJ 
I 

RI (6) 

or sait thereof. 

wherein R1 is hydrogen cr a nitrogen protecting group, 

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

RB \ 
N— R7 c 

0^ 
N 

Ri (7) 

wnerein RI is hydrogen or a nitrogen protecting group and R6 and R7 are, 

independently, an alkyl group, an aryl group, an arylalkyi group, a cycloalkyl group or 

together R6 and R7 form a cycie, together with the nitrogen to which they are 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) 

X 
Q~-'" 

Ri (4) 
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or salt thereof, 

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

OH 
S 

O' 

R1 (6) 
wherein RI 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, 

Ohi 
/ 

V-

v' 
R1 (5). 

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

OH 

\ 

O 
N 

1 

R1 (6) 
wherein R1 is hydrogen or a nitrogen protecting group, 
with a reducing agent to obtain the compound of formula (5). 
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Embodiment 5: 
A process for preparing a compound of formula (4) 

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

OH 

o~ A 

r 

N 

R1 (5) 

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

O—R4 
/ 
V 

•I, 

/l 
RI (11) 

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

compound of formula (4). 

Embodiment 6: 

A process for preparing a compound of formula (4) 

or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, 

said process comprising 

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

with an OH-activating group in the presence of a base. 

Embodiment 7: 

A process for preparing a compound of formuia (4) 
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or salt ihereof, 

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

or sait thereof, wherein RI is hydrogen or a nitrogen protecting group and, R6 and R7 
are, independently, an alky! group, an aryi group, an arylalkyi group, a cycloalkyl 
group or together RS and R? 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 3: 
A process for preparing a compound of formula (6) 



300 h 

or salt thereof, 

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

V-R7 

O 
/ \ \ 
v 
R1 

AT 

(7) 

or salt thereof, wherein RI is hydrogen or a nitrogen protecting group and, RS and R7 
are, independently, an aikyi group, an aryl group, an arylalkyi 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 

K . 
N 

RI (9) 
wherein R1 Is hydrogen or a nitrogen protecting group and, R6 and R7 are, 
independently, an alkyl group, an aryl group, an arylalkyi group, a cycloalkyl group or 
together R6 and R7 form a cycle, together with the nitrogen to which they are 

attached, which cycle may be saturated or unsaturated and may optionally contain 
one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle 

contains 3 to 8, such as 4 to 7 ring atoms, 
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comprising reducing with a reducing agent the double bond of a compound of formula 

(7), 

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

are, Independently, an alkyl group, an aryl group, an aryialkyi group, a cycloalkyl 

group or together R6 and R7 form a cycle, together with the nitrogen to which they are 

attached, which cycle may be saturated or unsaturated and may optionally contain 

one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle 

contains 3 to 8, such as 4 to 7 ring atoms, 

to obtain the compound of formula (9). 

Embodiment 10: 

A process according to embodiment 9, wherein the reduction reaction is carried out with 

hydrogen in the presence of a transition metal catalyst, wherein the transition metal is 

selected from group 9 or 10 of the periodic table, such as Pd, Pt or Ir; and optionally in 

the presence of a base. 

Embodiment 11: 

A process according to embodiment 10, wherein the catalyst is selected from: 

palladium on carbon, palladium on aluminium oxide, palladium on calcium carbonate, 

palladium on titanium oxide, palladium on barium sulfate, palladium on zirconium 

oxide, palladium on silicon dioxide/aluminium oxide, platinum on carbon, iridium on 

carbon, and iridium on calcium carbonate, 

Embodiment 12: 

A process for preparing a compound of formula (5), or salt thereof, 
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/ / 

wherein RI is hydrogen or a nitrogen protecting group, 

said process comprising treating a compound of formula (7), or sait thereof, 

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

independently, an alkyl group, an aryl group, an arylalkyi 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. 

13: 

A process for preparing a compound of formula (4), or salt thereof, 



300 k 

wherein RI is hydrogen or a nitrogen protecting group, 

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

wherein RI is hydrogen or a nitrogen protecting group and, R6 and R7 are, 

independently, an aikvl group, an aryi group, an aryiaikyl group, a cycloalkyi group or 

together R6 and R7 forrn a cycie, 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 formuia (4) 

Embodime 

A process for preparing a compound of formuia (4), or salt thereof, 

R6 

(9) 

wherein RI is hydrogen or a nitrogen protecting group, 

said process comprising 

a) reacting a compound of formula (9), or salt thereof, 
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R6 
N—R7 
/ 

RI 

wherein RI is hydrogen or a nitrogen protecting group and, R6 and R7 are, 

independently, an alkyl group, an aryl group, an arylalkyi group, a cycloalkyl group or 

together R6 and R7 form a cycle, together with the nitrogen to which they are 

attached, which cycle may be saturated or unsaturated and may optionally contain 

one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle 

contains 3 to 8, such as 4 to 7 ring atoms, 

with a quaternisation agent to obtain a compound of formula (10), or sait thereof, 

wherein R1 is hydrogen or a nitrogen protecting group. R6 and R7 are, independently, 

an alkyl group, an aryl group, an arylalkyi 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 alkyi 

sulphate (eg methyl sulphate) or a sulfonyl ester (eg triflate) and R10 is hydrogen, 

alkyi or aryl; and 

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

compound of formuia (4). 

R6 R-IO 

Ri (10) 

Embodiment 15: 
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A process for preparing a compound of formula (16) 

R9 

R9 
\ 

RI 

(16) 

or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each R9, is, 

independently, alkyi, aryl, arylalkyi (eg benzyl) or acetyl or both R9 form together a 4 

to 7, preferably a 5 to 6 membered acetal ring, 

comprising treating a compound of formula (7), 

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

are, independently, an aikyi group, an aryl group, an arylalkyi 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 (18). 

R8 

R1 

Embodiment 16: 

A process for preparing a compound of formula (16) 
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RS 

R9 
\ 

Y ( 

RI 

(16) 

or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur arid each R9, is, 

independently, aikyi, aryl, aryialkyi (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 

{ 

RI (7) 

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

are, independently, an alkyl group, an aryi group, an arylalkyi group, a cycloalkyi 

group or together R6 and R7 form a cycle, together with the nitrogen to which they are 

attached, which cycle may be saturated or unsaturated and may optionally contain 

one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle 

contains 3 to 8, such as 4 to 7 ring atoms, 

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

Embodiment 17: 

A process for preparing a compound of formula (6), or a tautomer thereof, 
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or salt thereof, wherein RI is hydrogen or a nitrogen protecting group, 
said process comprising removal of the acetai functionality in a compound of formula 
(16), or salt thereof, 

R1 

wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each R9, is, 
independently, alkyl, arylalkyi (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), 

tmbodiment 18: 
A process for preparing a compound of formula (6), or a tautomer thereof, 
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or salt thereof, wherein RI is hydrogen or a nitrogen protecting group, 

said process comprising removal of the thioacetal functionality in a compound of 
formuia (16), or sail thereof, 

wherein RI is hydrogen or a nitrogen protecting group, Y is sulfur and each R9, is, 

independently, alkyi, aryi, aryialkyi (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). 

ErnbodisTieni IS: 
A process for preparing a compound according to formula (2), 
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or salt thereof, 
wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen 
protecting group, and R3 is a carboxyl group or an ester group, 
comprising reacting a compound of formula (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), 
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or sait ihereof, 

wherein RI 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), 

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 

Embodiment 21 

A process according to embodiment 20, wherein the reduction reaction Is carried out 

with hydrogen in the presence of a transition metal catalyst, optionally in the presence of 

a base or an acid. 

Embodiment 22. 

A process according to embodiment 22, wherein the transition metal catalyst comprises 

an organometallic complex comprising a transition metal selected from the group 7, 8 or 

9 of the periodic table and a chiral ligand. 

i 
R1 (2) 

(1). 

Embodiment 23: 

A process according to embodiment 22, wherein the organometallic complex is selected 

from the group consisting of [Rui2(p-cymene)]2, [Ru(cod)(2-metal!yl)a], 
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[RU(cod)(OOCCF3)2], [Rh(nbd)2Bb4], [Rh(cod)4]BF« [(Cy9P)ir<pyr)]CI. [lr(COD)2]BArF and 

[lr(cod)2C!]2; preferably [Rh(NBD)2]BF„ or [RuC!2(p-cymene)2]. 

Embodiment 24: 

A process according to embodiments 22 or 23, wherein the chira! ligand Is selected 

from a Fenphos ligand, a Josiphos iigand, a Mandyphos ligand, a Walphos. iigand, 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 iigand, BDPP ligand, Mandyphos 

iigand, Walphos ligand, Taniaphos ligand, Phospholane iigand, Atropisomer iigand 

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.)-Phenethy!-(S)-BoPhoz, 

Atropolsomer SL-A 101-1; Atropoisomer SL-A1QQ-2; SL-A 116-2; Atropolsorner SL-A118-

1; Atropolsomer SL-A132-2; Fenphos SUFI31-1; Fenphos SL-F132-1; Fenphos SL-

F133-1; Fenphos SL-F134-1; Fenphos SL-F135-1; Fenphos SL-F355-1; Fenphos SL-

f358-1; Fenphos SL-F365-1; Josiphos SL-J005-2; S.L-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-MQQ4-1; Mandiphos SL-M009-1; Mandiphos 

SL-MQ10-1; Phospholane SL-P051-1; Taniaphos SL-T0Q1-1; Taniaphos SL-T001-2; 

Taniaphos SL-T003-1; Taniaphos SL-T021-2; (S,S)-8DPP; Walphos SL-W0Q1-1, 

Walphos SL-W005-1; Walphos SL-WQ08-1; Walphos SL-W008-2; Waiphos SL-W009-1; 

Walphos SL-W012-1; Walphos SL-WQ21-1: or Walphos SL-WQ24-1. 

Embodiment 26" 

A process according to embodiment 22, wherein the the organometallic complex 

comprises rhodium and wherein the chiral llgand is selected from a Fenphos, a 

Walphos, a Josiphos or a Phospholane ligand; in particular [Rh(nbd)2]BF<i and a 

Fenphos, a Walphos, a Josiphos or a PhanePhos ligand; such as Rh(nbd)2]BF4 and 

Walphos SL-W005-1, Walphos SL-W008-1, Fenphos 3L-F356-1, Josiphos SL-J0G8-1, 
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Phospholane SL-P051-1, Walphos SL-W009-1, Walphos SL-W0G1-1, Walphos 3L-
W012-1, Walphos SL-W021-1, Josiphos SL-J505-2 or Josiphos SL-J504-2; In particular, 
Rh(nbd)2]3F4 and Waiphos 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 organometaiiic complex and the 
chiral ligand is selected from: 

a ruthenium organometallic complex and an Atropisomer, a Mandyphos 
or a Fenphos ligand; in particular [Rul2(p-cymene)j2, [Ru(cod)(2-metallyl)2] 
or [Ru(cod)(OOCCF3)2] and an Atropisomer, a Mandyphos, BDPP, 
Josiphos, or a Fenphos ligand; such as ;Rul2(p-cymene)]2, [Ru(cod)(2-
metaliyl)2] or [Ru(cod)(OOCCF3)2] and Atropisomer SL-A101-1, 
Mandyphos SL-M01Q-1, (S.S)-BDPP, Josiphos SL-J5G5-1, Fenphos SL-
F131-1, Fenphos SL-F132-1 or Fenphos SL-F134-1; or 
an iridium organometallic complex and a Fenphos, a Walphos or a 

Josiphos ligand; in particular [ir{cod)CI]2 and a Fenphos, a Walphos or a 
Josiphos ligand; such as [lr(cod)CI]2 and Fenphos SL-F356-1, Waiphos 
SL-W024-1 or Josiphos SL-J504-1. 

Embodiment 26: 
A process according to embodiment 21, wherein the transition metal catalyst comprises 

a transition metal selected from tha group 7, 8 or 8 of the periodic tabie, 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 llgand, a 3INOL ligand, a Phospholane ligand, a PhanePhos llgand, a P-
Phos llgand, a QuinaPhos iigand, a ProPhos ligand, a BDPP ligand, a DIOP ligand, a 

DIPAMP iigand, a DuanPhos ligand, a NorPhos ligand, a BINAM ligand, a CatAsium 
iigand, a SirnplePHOX ligand, a PHOX ligand, a ChiraPhos ligand, a Ferrotane ligand, 

a BPE ligand, a TangPhos iigand, a JafaPhos iigand, a DuPhos ligand, a Binaphane 
iigand or mixtures thereof 
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Embodiment 30: 

A process according to embodiment 28, wherein the transition metai catalyst comprises 

the transition metal rhodium and a chira! iigand 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 iigand, such as SL-P104-2, SL-P 1.02-1, SL-

P005-1, (R)-P-Phos, (S)-P-Phos, (S)-PhanePhos, (R)-PhanePhos, (R)-An-PhanePhos, 

(R)-MeO-Xyl-PhanePhos, (R)-Xyl-PhanePhos, (R)-Tol-PhanePhos, (S)-MeBoPhoz, 

(S.S)-DiOP, (R,R)-DIOP, (S)-BINAP, (S)-Tol-BINAP, (R)-CatASium M, (S)-CatASium M, 

(R)-CatASiurn MN, (S)-CatASium MN, (R)-CatASium D, (R)-CatASium MNN, (S,S,R,R)-

TangPhos, (R)-JafaPhos, (R)-MeDuPhos, (S.S)-iVle-BPE, (S.S)-Ph-BPE, (S,S)-Et-

Ferrotane, (S)-BINAM-P, (R)-BINAM-P, (R,R)-DuanPhos, (R,R)~NorPhos, (S,S)-

NorPhos, (R,R)-BDPP, (S,S)-BDPP, (R)-ProPhos, (R,R)-DIPAMP, (S,S)-ChiraPhos or 

(R)-Blnaphane. 

Embodiment 31: 

A process according to embodiments 28 or 30 wherein the transition metal cataiyst is 

selected from [Rh(COD)(SL-P 104-2)] 03SCF3, [Rh(COD)(SL-P102-1)]BF4> 

[Rh<COD)(SL-P005-1)]BF4, [Rh(COD)(SL-P102-1)j 03SCF3, [(R)-P-Phos Rh(COD)]BF„. 

[(S)-P-Phos Rh(COD)]BF4, [(R)-PhanePhos Rh(COD)]BF4, [(S)-PhanePhos 

Rh(COD)]BF4, [(R)-Xyl-PhanePhos Rh(COD)]3F4, [(S)-MeBoPhoz Rh(COD)]BF,„ [(S,S)-

DiOP Rh(COD)]BF4, [(S)~BINAP Rh(COD)]BF4, [(R)-CatA.Sium M Rh(COD)]BF4, [(S)-

CsLASium M Rh(COD)]BF4, [(R)-CatASium MN Rh(COD)]3F4, [(S)-CatASium MN 

Rh(CQD)jBF,„ [(R)-CatASium D Rh(COD)]BF4, [{S,S,R,R)-TangPhos Rh(COD)lBF», 

[(R)- JafaPhos Rh(COD)]BF4, [(R)-MeDuPhos Rh(COD)]BF4, [(S.S)-Me-BPE 

Rh(COD)]BF4, [(S,S)-Ph-BPE Rh(COD)]BF4i [(S,S)-Et-Ferrotane Rh(COD)]BF4, [(R)-An-

PhanePhos Rh(COD)]BF4, [(R)-CatASium MNN Rh(COD)]BF4, [(S)-Toi-BINAP 

Rh(COD)]BF«, [(S)-BINAM-P Rh(COD)]BF4, [(R)-BINAM-P Rh(COD)]BF,, [(R,R)-

DuanPhos Rh(COD)]BF4, [(R)-Binaphane Rh(COO)]8F4, [(R,R)-NorPhos Rh(COD)]BF4, 

[(S,S)-NorPhos Rh(COD)]BF4, [(R.R)-BDPP Rh(COD)]BF4, [(S.S)-BDPP Rh(CGD)]BF„, 

[(R,R)-DiOP Rh(COD)]BF4l [(R)-ProPhos Rh(COD)]BF„, [(R,R)-DIPAMP Rh(COD)]BF4, 

[(S,S)-ChiraPhos Rh(COD)jBF4, [(R)-MeO-Xyi-PhanePhos Rh(COD)]3F„ or [(R)-Tol-

PhanePhos Rh(COD)]BF„; in particular [Rh(COD)(SL-PlG2-1)]3F4, [Rh(COD)(SL-P005-

1)]BF4, [Rh(COD)(SL-P1C!2-1)j 03SCF3, [(R)-PhanePhos Rh(COD)]BF4, [(R)Xyl-
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PhanePhos Rh{COD)]BF4, [(S.S)-DiOP Rh(COD)jBF4, [(S)-BINAP Rh(COD)]BF4, [(R)-

CatASium M Rh(pOD)]BF,„ [(R)-CatASfum MN Rh(COD)jBF,, E(S)-CatAS!um MN 

R'n(COD)]BF„, [(S,S,R,R)-TangPhos Rh(COD)]BF4, [(S.S)-Me-BPE Rh(COD)jBF4, 

[(S,S)-Ph-BPE Rh(COD)]BF4, [(R)-An-PhanePhos Rh(COD)]BF„, [(R)-CatASium MNN 

Rh(COD)]BF4, [(S)Tol-BiNAP Rh(COD)]BF4, [(S)-BINAM-P Rh(COD)]BF4, [(R,R)-

DuanPhos Rh(COD)]3F„, [(R)-Binaphane Rh(COD)]BF„, [(S,S)-NorPhos Rh(COD)]BF4, 

E(R,R)-6DPP Rh(COD)]BF4, [(S,S)-BDPP Rh(COD)]BF4, [(R,R)~D!OP Rh(COD)]BF4, 

[(R)-ProPhos Rh(COD}]BF4, l(R,R)-DIPAMP Rh(COD)]3F4, [(S.S)-ChiraPhos 

Rh(COD)]BF„, [(R)-MeO-Xyl-PhanePhos Rh(COD)]BF4 or [(R)-Tol-PhanePhos 

Rh(COD)]BF4; in particular [Rh(COD)(SL-P102-1 )]BF4> [Rh(COD)(SL-P005-1)]BF<p 

{(R)PhanePhos Rh(COD)]BF4, [(R)Xyi-PhanePhos Rh(COD)]BF„, t(R)CafASiurn M 

Rh(CGD)]BF4l [(R)CstASium MN Rh(COD)]BF4, [(S,S,R,R)TangPhos Rh(COD)]BF4, 

[(S.S)Ph-BPE Rh(COD)]BF4l [(R)An-PhanePhos Rh(COD)]BF4, [(R.R)DuanPhos 

Rh(COD)]BF4, [(S.S)NorPhos Rh(COD)]BF4 or [(R)MeO-Xyl-PhanePhos Rh(COD)]BF4. 

Embodiment 32: 

A process according to embodiment 28, wherein ihe transition metal cataiyst 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 iigand; such as 

(R)-4-F-C5H4-MeBoPhoz, (R)-BINAP, (R)-BINOL-(R)-MeBoPhoz, (R)-MeBcPhoz, 

(R)-p-F-MeBoPhoz, (R)-PhanePhos, (R)-Phenethyl-(R)-MeBoPhoz, (R)-P-Phos, 

(R)-Tol-BiNAP, (R)-Xyl-PhanePhos, (R)-Xyi-P-Phos, (Ra,Sc)1Np-QU.iNAPHQS, 

(S)-BINAP, (S>BINOL-(R)-MeB©Phoz, (S)-P-Phos, (S)-Xyi-PhanePhos, (S)-Xyl-

P-Phos or (Sa,Rc)1 Np-QUiNAPHOS; or 

- the transition metal iridium and a chiral ligand selcetd from a P-Phos, a BoPhoz, 

a SirnplePHOX and a PHOX iigand; such as (S)-P-Phos, (S)-Xyi-P-Phos, (S)-

MeBoPhoz, (R)-MeBoPhoz, (S)-Cy-tBu-SimplePHOX or (S)-iPr-PHOX, 

Embodiment 33: 

A process according to embodiments 28 or 32 wherein the transition metal catalyst is 

selected from [(R)-4-F-CsH4-MeBoPhoz Ru(benzene)CI]CI, [(R)-BINAP 

RuCI(benzene)]CI, [{R)-BlNOL-(R)-MeBoPhoz Ru('benzene)CllCI, [(R)-IVieBoPhoz 

RuCI(Benzene)]CI, [(R)-p-F-MeBoPhoz RuCI(Benzene)]CI, [(R)-PhanePhos 

RuCI2(dmf)2], [(R)-Phenethyl-(R)-MeBoPhoz Ru(benzene)CI]CI, [(R)-P-Phos 
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RuCI(benzene)]CI, [(R)-Tol-BINAP RuCI(benzene)]CI, [(R)-Xyl-PhanePhos RLiCI2(dmf)2], 
[(R)-Xyi-P-Phos RuCI2(dmf)2], [(Ra,Sc)1 Np-QUINAPHOS RuC;2(dmf)J, [(S)-BINAP 
RuCi(benzene)]CI, [(S)-3iNQL-(R)-MeBoPhoz Ru(benzene)CI]CI. [(S)-P-Phos 
RuCj(benzene)]Cl1 [(S)-Xyl-PhanePhos RuCI2(dtrif)2]1 [(S)-Xy!-P~Phos RuCI2(dmf)2], 
[(Sa,Rc)1 Np-QUINAPHOS RuCI2(dmf)2], [(R)-P-Phos Ru(acac)J, [(R)-Xyl-P-Phos 
Ru(acac)2] or [(R)-Xyi-P-Phos RuCtpjenzene)]CI; in particular, [(R)~4-F-C6H4-MeBoPhcz 
Ru(benzene)CI]CI, [(R)-BINAP RuCI(benzene)]Ci, [(R)-MeBoPhoz RuCI(Benzene)]CI, 
[(R)-p-F-MeBoPhoz RuCI(Benzene)}CI, [(R)-PhanePhos RuCla(dmf)2], [(R)-Phanethyl-
(R)-MeBoPhoz Rii(benzene)CijCI, [(R)-P-Phos RuCI(benzene)]Ci, [(R)-Toi-BINAP 
RuCi(benzene)]CI, [(R)-Xyl-P-Phos RuCI2(dmf)2], [(S)-BINAP RuCI(benzene)]CI, ;(S)-
BINOL-(R)-MeBoPhoz Ru(beRzene)CI]CI, [(S)-P-Phos RuCi(benzene)]CI, [(S)-Xyl-
PhanePhos RuCI2(dmf)2], l(Sa,Rc)1 Np-QUiNAPHOS RuCI2(dmf)^, [(R)-P-Phos 
Ru(acac)-J, [(R)-Xyi-P-Phos Ru(acac)2], [(R)-Xyl-P-Phos RuCI(benzene)]CI, [(S)-P-Phos 
lr(COD)]Ci, [(S)-Xyl-P-Phos ir(COD)]Gf, [(S)-MeBoPhoz lr(COD)]CI, [(R)-MeBoPhoz 
lr(COD)]CI, l(S)-Cy-tBu-simpiePHOX lr(COD)]BArF or [(S)-iPr-PHOX lr(COD)]BArF. 

Embodiment 34: 
A process for preparing a compound of formula (3) 

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

a) converting a compound of formuia (5), or salt thereof, 
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(5) 
wherein RI is hydrogen or a nitrogen protecting group, into a compound of formula 
(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 ot formula (3) 

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

treating a compound of formuia (7), 
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or salt thereof, wherein R1 Is hydrogen or a nitrogen protecting group and, R6 and R7 

are, independently, an alkyl group, an aryl group, an aryialkyi group, a cycloalkyl 

group or together R6 and R7 form a cycle, together with the nitrogen to which they are 

attached, which cycle may be saturated or unsaturated and may optionally contain 

one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle 

contains 3 to 8, such as 4 to 7 ring atoms, 

with a reducing agent to obtain the compound of formula (3), or salt thereof, wherein R1 

Is hydrogen or a nitrogen protecting group. 

Embodiment 36: 

A process for preparing a compound of formula (3) 

or salt thereof, 

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

treating a compound of formula (5), 



OH 

Or 

<5 

V / I 

R1 (6) 

or salt thereof, wherein R1 is hydrogen or £ 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), 

or salt thereof, 
wherein RI is hydrogen or a nitrogen protecting group, comprising reducing a 

compound according to formuia (4), 

(4) 

or salt thereof, 
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wherein R1 is hydrogen or a nitrogen protecting group, to obtain the compound of 
formula (3). 

Embodiment 36: 
A process for converting a compound of formula (7), or salt thereof, 

wherein RI is hydrogen or a nitrogen protecting group and, R6 and R7 are, 
independently, an alkyl group, an aryl group, an arylalkyi 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), 

into a compound of formula (4), or salt thereof, 
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V--, 

R1 (4) 

wherein RI is hydrogen or a nitrogen protecting group, preferably having a 

configuration according to formula (4-a), 

according to any one of methods 1 to 9: 

wherein 

method 1 comprises 

a) converting the compound of formuia (7) into the compound of formuia (6) 

according to the process defined in embodiment 2, and 

b) converting the compound of formuia (6) into the compound of formula (4) 

according to the process defined In embodiment 3; 

method 2 comprises 

a) converting the compound of formuia (7) into the compound of formuia (6) 

according to the process defined in embodiment 2, 

b) converting the compound of formula (6) Into the compound of formula (5) 

according to the process defined In embodiment 4, and 

c) converting the compound of formula (5) into the compound of formula (4) 

according to the process defined in embodiments 5 or 6; 

method 3 comprises converting the compound of formula (7) into the compound of 

formula (4) according to the process defined in embodiment 7; 

method 4 comprises 

R1 (4-a), 
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a) converting She 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 formuia (4) 
according to the process defined in embodiment 3; 

method 5 comprises 

a) converting the compound of formula (7) into ihe 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 So the process defined in embodiment 9, and 

b) converting the compound of formula (9) Into the compound of formula (4) 
according tc the process defined in embodiments 13 or 14; 

method 7 comprises 
a) converting the compound of formula (7) into the compound of formuia (5) 

according to the process defined in embodiment 12, and 
b) converting the compound of formuia (5) into the compound of formuia (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 tc the process defined in embodiment 15, 

b) converting the compound of formuia (16) into the compound of formula (6) 
according to the process defined in embodiment 17, 

c) converting the compound of formula (6) Into the compound of formula (5) 

according to the process defined in embodiment 4, and 
d) converting the compoundof formula (5) into the compound of formula (4) 

according to the process defined in embodiments 5 or 6 ; 

method 9 comprises 
a) converting the compound of formula (7) into the compound of formula (16) 

according to the process defined in embodiments 15 or 16 , 
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b) converting the compound of formula (16) into the compound of formula (6) 
according to the process defined in embodiment 17, and 

c) converting the compound of formuia (6) into the compound of formula (4) 
according to the process defined in embodiment 3; 

preferably according to methods 1, 4 or 8; in particular methods 1 or 4. 

Embodiment 39: 

A process for converting a compound of formuia (7), or salt thereof, 

N—R? 

N 

R1 (7) 

wherein RI is hydrogen or a nitrogen protecting group and, R6 and R7 are, 
independently, an aikyi group, an aryl group, an arylaikyl group, a cycloalkyl group or 

together R6 and R7 form a cycle, together with the nitrogen to which they are 
attached, which cycle may be saturated or unsaturated and may optionally contain 

one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle 
contains 3 to 8, such as 4 to 7 ring atoms, preferably having a configuration according 

to formuls -aV 

(7-a), 

into a compound of formula (2), or salt thereof, 



wherein RI and R2 are, independently of each other, hydrogen or a nitrogen 
protecting group, and R3 is a carboxyl group or an aster group, preferably having a 
configuration according to formula (2-a), 

comprising the steps of 

a) converting the compound of formula (7) into the compound of formula (4) 
according So ths process defined in embodiment 38, and 

b) converting the compound of formula (4) into the compound of formula (2) 

according to the process defined in embodiment 19. 

Embodiment 40: 
.A process according to embodiment 39, wherein the compound of formula (7) is 

prepared according to embodiment 1. 

Embodiment 41: 
A process for converting a compound of formula (4), or salt thereof, 
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J \ 
0-'-\ 

N 

RI (4) 

wherein R1 is hydrogen or a nitrogen protecting group, preferably having a 
configuration according to formula (4-a), 

Q 
\ ^=4 

N" 

RI (4-£ 

into a compound of formula (1), or salt thereof, 

wherein RI 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 aiKy! ester, preferably having a configuration according to formula (1-a) 
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i 

K2— "~N 
/ 

RI 

R3 

comprising the steps 

a) converting the the compound of formula (4) into the compound of formuia (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, 

Em 

A process for converting a compound of formula (8), or salt thereof, 

R1 

wherein R1 is hydrogen or a nitrogen protecting group, 

into a compound of formula (1), or salt therof 
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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 aikyi ester, preferably having a configuration accord ng to formula (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 formuia (7), or salt thereof, 



wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are, 
independently, an alkyi group, an aryl group, an arylalkyi group, a cycloalkyi 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), 

into a compound of formula (6), or salt thereof, 

OH ^ \ 

J o- \ 
N' 

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

according to methods 1 or 2: 

method 1 comprises converting the compound of formula (7) into the compound of 
formuia (6) according to the process defined in embodiments 2 or 8; 
method 2 comprises 

a) converting the compound of formuia (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 cr 18; 

in particular according to method 1. 

Embodiment 45: 

A process for converting a compound of formula (7), or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group end, R6 and R7 are, 
independently, an alkyi group, an aryi group, an arylalkyi 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 ling atoms, preferably having a configuration according 

to formuia (7-a), 
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into a compound of formuia (t>), or sait thereof, 

wherein R.1 is hydrogen or a nitrogen protecting group, 
preferably having a configuration according to formula (5-b). 

according to any one of methods 1 cr 3. 

method 1 comprises 
a) converting the compound of formula (7) into the compound of formula (6) 

according to the process defined in embodiments 2 or 8, and 
b) converting the compound of formula (6) into the compound of formula {5} 

according to the process defined in embodiment 4; 
method 2 comprises converting the compound of formula (7) into the compound of 
formula (5) according to the process defined in embodiment 12; 
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method 3 comprises 

a) converting the compound of formula (7) into the compound of formula (16) 

according to the process defined in embodiments 15 or 16, 

b) converting the compound of formula (16) into the compound of formuia (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, 

wherein RI is hydrogen or a nitrogen protecting group and, R6 and R7 are. 

independently, an alkyl group, an aryl group, an arylalkyi group, a cycloalkyl group or 

together R6 and R7 form a cycle, together with the nitrogen to which they are 

attached, which cycle may be saturated or unsaturated and may optionally contain 

one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle 

contains 3 to 8, such as 4 to 7 ring atoms, preferably having a configuration according 

to formula (7-b), 
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into a compound of formula (3), or salt thereof, 

\ 'V 

N 

R1 (3) 
wherein RI is hydrogen or a nitrogen protecting group, preferably having a 
configuration according to formula (3-a), 

R< (3-a) 

according io any one of methods 1 to 4; 
method 1 comprises 

a) converting the compound of formula (7) into the compound of formula (5) 
according to the process defined in embodiment 45, and 

b) converting the compound of formula (5) into the compound of formula (3} 
according to the process defined in embodiment 34; 

method 2 comprises converting the compound of formula (7) into the compound of 
formula (3) according to the process defined in embodiment 35; 
method 3 comprises 

a) converting the compound of formuia (7) into the compound of formula (6) 
according to the process defined in embodiment 44, and 

b) converting the compound of formula (6) into the compound of formula (3) 
according to the process defined in embodiment 36, 

method 4 comprises 
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a) converting the compound of formula (7) into the compound of formula (6) 
according to the process defined in embodiment 44, 

b) converting the compound of formula (6) into the compound of formula (4) 
according to the process defined in embodiment 3, and 

c) converting the compound of formula (4) into the compound of formuia (3) 
according to the process defined in embodiment 37; 

in particular according to method 2 or method A. 

Embodiment 47: 
A process according to embodiment 46, wherein the compound of formuia (7) is 
prepared according to the process defined in embodiment 1. 

Embodiment 48: 
A compound according to formula (2), 

or sait thereof, 
wherein R1 and R2 are, Independently of each other, hydrogen or a nitrogen 
protecting group, and R3 is a carboxyl group or an ester group, preferabiy having a 

configuration according to formula (2-a), 
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Embodiment 49: 

A compound of formuia (4) 

or salt thereof, 

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

configuration according to formula (4-a), 

Embodiment 50: 

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

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

(5-b) or (5-c), more preferably (5-b), 

OH 

/ 

o 
\ 

N 

RI (5-a), 

OH 

0 N 

RI (5-b), 

OH 

O* 
N 

RI (5-C). 

Embodiment 51: 

A compound of formula (6), or a tautomer thereof, 
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R1 (6) 

or salt thereof, 

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

O 

OH 

V 
N 

RI (6-a). 

Embodiment 52: 
A compound of formula (7), or salt thereof, 

R1 tj\ \t I 

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

independently, an alkyl group, an aryl group, an arylalkyi 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 
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contains 3 to 8, such ss 4 to 7 ring atoms, preferably having a configuration according 
to formula (7-a), (7-b) or (7-c), more preferably (7-b), 

R6 
\ 
N— R7 

V 
°^N--

R1 f7-a), 

RS \ 
N-—R7 

< 

0-

(7-b), 

R6 
\ 

R7 

0s 
N 

r 
kv 

RI 
(7-C). 

hmbodiment 53: 
A compound of formula (9-a), or salt thereof, 
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wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are, 
independently, an alkyl group or together are sn alkyiene group, preferably having a 
configuration according to formula (9-a) (3-b) or (9-c). mors preferably (9-b). 
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Embodiment 54: 

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

R6 R10 

wherein R1 is hydrogen or a nitrogen protecting group, R6 and R7 are, independently, 

an alkyl group, an aryl group, an arylalkyi 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 haiide (eg iodide, bromide, chloride), an alkyl sulphate (eg methyl 

sulphate) or a sulfonyl ester (eg inflate) 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). 

R1 (10-a) 
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R6 R10 
V-R7 

L z-

0^\. 
N 

R1 (10-b), 

(10-c). 

Embodiment 55: 

A compound of formuia (11) 

O—R4 

O-

< X 
N 
I 
R1 

\ -L 
J 

(11) 

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

OH-activating group, preferabiy having a configuration according to formula (11-

(11-b) or (11 -c), more preferably (11-b), 
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O—R4 

i 
RI (11-a) 

O—R4 
/ 

N 

R1 {11-b) 

0~—R4 

0^\ 
H 

R1 

-V. 

(11-c). 

Embodiment 56: 

A compound of formula (12) 

R5 

/ 

J "\ . 0"'- \ 
N 

R1 (12) 

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

leaving group; preferably of formulae (12-a). (12-b) or (12-c), more preferabiy (12-b), 
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(12-a), 

(12-b), 

R5 

O -
N 

RI 
(12-C). 

Embodiment 57; 
A compound of formula (16) 

R9 \ 
R9 V 
V—( 

YA 
O 

R1 

(16) 

or salt thereof, 
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wherein R1 is hydrogen or a nitrogen protecting group, Y is O or S and each R9. is, 
independently, alkyl, aryl, arylalkyi or acetyl. 
preferably having a configuration according to formuia (16-a), 

Ri 

(16-a). 

Embodiment 53: 

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-amlno-5-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-
oxcprapyl)-(4S)-p-pheny!phenylmethyl)-4-arnino-(2R)-methyfbutanoic acid or a salt or 

s prodrug thereof, 

Embodiment 60: 
The use according to embodiment 58, wherein the NEP-lnhibitor prodrug Is N-(3-
carboxyl-1-oxopropy!)-(4S)-{p-phenylphenylmethyi)-4-amino-(2R)-methyl butanoic acid 
ethyl ester or salt thereof. 
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Claims: 

1. A process for preparing a compound of formula (3) 

(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, 

nH 

(5) 

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

R5 

N 

R1 (12) 

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

group; and 

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

the compound of formula (3). 

2. A process for preparing a compound of formula (3) 
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or sait 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 arylalkyi group, a cycloalkyl group or 

together R6 and R7 form a cycle, together with the nitrogen to which they are attached, 

which cycle may be saturated or unsaturated and may optionally contain one or more 

heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such 

as 4 to 7 ring atoms, 

with a reducing agent to obtain the compound of formula (3), or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group. 

3. A process for preparing a compound of formula (3) 

or salt thereof, 

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

compound of formula (6), 



303 

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

with a reducing agent to obtain the compound of formula (3), or salt thereof, wherein R1 is 

hydrogen or a nitrogen protecting group. 

4. A process for preparing a compound according to formula (3), 

or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, comprising reducing a compound 

according to formula (4), 

(4) 

or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, to obtain the compound of formula 

(3). 

5. A process for converting a compound of formula (7), or salt thereof, 



304 

(7) 

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are, independently, 

an alkyl group, an aryl group, an arylalkyi group, a cycloalkyi group or together R6 and R7 

form a cycle, together with the nitrogen to which they are attached, which cycle may be 

saturated or unsaturated and may optionally contain one or more heteroatoms, such a 

nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atoms, 

preferably having a configuration according to formula (7-b), 

(7-b), 

into a compound of formula (3), or salt thereof, 

N 

R1 (3) 

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

according to formula (3-a), 

N 

R1 (3-a) 

wherein said process comprises 



305 

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 arylalkyi 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 (5), or salt thereof, 

OH 

(5), 

wherein R1 is hydrogen or a nitrogen protecting group, 

preferably having a configuration according to formula (5-b), 

OH 
/ 

(5-b), 
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according to any one of methods 1 to 3: 

method 1 comprises 

a) converting a compound of formula (7) into the compound of formula (6) or a 

tautomer thereof, or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, 

comprising treating a compound of formula (7), or salt thereof, with an acid to 

obtain the compound of formula (6) or treating a compound of formula (7), or salt 

thereof with a reducing agent to obtain the compound of formula (6) and 

b) converting a compound of formula (6) into the compound of formula (5) 

comprising treating a compound of formula (6), or salt or a tautomer thereof, with 

a reducing agent to obtain the compound of formula (5). 

method 2 comprises treating a compound of formula (7), or salt thereof, with a reducing 

agent; 

method 3 comprises 

a) converting the compound of formula (7) into the compound of formula (16) 

(16) 

or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each R9, 

is, independently, alkyl, aryl, arylalkyi (eg benzyl) or acetyl or both R9 form 

together a 4 to 7, preferably a 5 to 6 membered acetal ring, 
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comprising treating a compound of formula (7), or salt thereof, with an acetal 

forming agent to obtain the compound of formula (16) or treating a compound of 

formula (7), or salt thereof, with a thioacetal forming agent to obtain the 

compound of formula (16); 

b) converting the compound of formula (16) into the compound of formula (6) 

comprising removal of the acetal functionality or the thioacetal functionality in a 

compound of formula (16), or salt thereof, to obtain the compound of formula (6) 

and 

c) converting the compound of formula (6) into the compound of formula (5) 

comprising treating a compound of formula (6), or salt or a tautomer thereof, with 

a reducing agent to obtain the compound of formula (5); 

b) converting the compound of formula (5) into the compound of formula (3) according 

to the process defined in claim 1. 

6. A process according to claim 2, wherein the compound of formula (7), or salt thereof, 

has a configuration according to formula (7-b), 

R1 (7-b), 

N 

R1 (3) 

has a configuration according to formula (3-a), 
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(3-a) 

7. 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 arylalkyi group, a cycloalkyl group or together R6 and R7 

form a cycle, together with the nitrogen to which they are attached, which cycle may be 

saturated or unsaturated and may optionally contain one or more heteroatoms, such a 

nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atoms, 

preferably having a configuration according to formula (7-b), 

(7-b), 

into a compound of formula (3), or salt thereof, 

(3) 
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wherein R1 is hydrogen or a nitrogen protecting group, preferably having a configuration 

according to formula (3-a), 

(3-a) 

wherein said process comprises 

a) converting a compound of formula (7) into the compound of formula (6) or a 

tautomer thereof, or salt thereof, 

OH 

(6) 

wherein R1 is hydrogen or a nitrogen protecting group, 

according to any one of methods 1 or 2: 

method 1 comprises 

converting a compound of formula (7) into the compound of formula (6) or a 

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

or salt thereof, with an acid to obtain the compound of formuia (6) or treating a 

compound of formula (7), or salt thereof with a reducing agent to obtain the 

compound of formula (6); 

method 2 comprises 

a) converting the compound of formuia (7) into the compound of formula (16) 
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R9 

(16) 
or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each R9, 

is, independently, alkyl, aryl, arylalkyi (eg benzyl) or acetyl or both R9 forrn 

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

comprising treating a compound of formuia (7), or salt thereof, with an acetal 

forming agent to obtain the compound of formula (16) or treating a compound of 

formula (7), or salt thereof, with a thioacetal forming agent to obtain the 

compound of formula (16); 

b) converting the compound of formula (16) into the compound of formula (6) 

comprising removal of the acetal functionality or the thioacetal functionality in a 

compound of formula (16), or salt thereof, to obtain the compound of formuia (6) 

b) converting a compound of formula (6) into the compound of formula (3) or a salt 

thereof, according to the process defined in claim 3. 

8. A process for converting a compound of formula (7), or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are, independently, 

an alkyl group, an aryl group, an arylalkyi group, a cycloalkyl group or together R6 and R7 
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form a cycle, together with the nitrogen to which they are attached, which cycle may be 

saturated or unsaturated and may optionally contain one or more heteroatoms, such a 

nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atoms, 

preferably having a configuration according to formula (7-b), 

(7-b), 

into a compound of formula (3), or salt thereof, 

N 
I 

R1 (3) 

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

according to formula (3-a), 

N 

R1 (3-a) 

wherein said process comprises 

a) converting a compound of formula (7) into the compound of formula (6) or a 

tautomer thereof, or salt thereof, 

OH 

N 
I 
R1 (6) 

wherein R1 is hydrogen or a nitrogen protecting group, 
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according to any one of methods 1 or 2: 

method 1 comprises 

converting a compound of formula (7) into the compound of formula (6) or a 

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

or salt thereof, with an acid to obtain the compound of formula (6) or treating a 

compound of formula (7), or salt thereof with a reducing agent to obtain the 

compound of formula (6); 

method 2 comprises 

a) converting the compound of formula (7) into the compound of formula (16) 

R1 

(16) 
or salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each R9, 

is, independently, alkyl, aryl, arylalkyi (eg benzyl) or acetyl or both R9 form 

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

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

forming agent to obtain the compound of formula (16) or treating a compound of 

formula (7), or salt thereof, with a thioacetal forming agent to obtain the 

compound of formula (16); 

b) converting the compound of formula (16) into the compound of formula (6) 

comprising removal of the acetal functionality or the thioacetal functionality in a 

compound of formula (16), or salt thereof, to obtain the compound of formula (6); 
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b) converting a compound of formula (6) into the compound of formula (4) 

(4) 

or a salt thereof, 

wherein R1 is hydrogen or a nitrogen protecting group, 

comprising treating a compound of formula (6), or salt or a tautomer thereof, with a 

reducing agent, preferably in the form of an aldehyde to obtain the compound of formula 

(4) 

c) converting a compound of formula (4) into the compound of formula (3) or a salt 

thereof, according to the process defined in claim 4. 

9. A process according to any of claims 2 or 5 to 8, wherein the compound of formula (7) is 

prepared by a process comprising reacting a compound of formula (8), or salt thereof, 

(8) 

wherein R1 is hydrogen or a nitrogen protecting group, 

- with an amine of formula (13), (14) or (15) 

R6 ,R7 
~"N 

R6 R6 R6 

R6 .R7 

O' 

R6 R7 
R8 N 

R8 
0 (15) 

N N N' 
II I 
R7 R7 (13), R7 (14), O-

and optionally a salt, such as an alkali metai salt, an alkali earth meatl salt, an ammonium 

salt or an ionic liquid; 
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- or with a compound prepared by mixing a compound of formula (18), 

© 
R6 .R7 

© 
X 

R7 (18) 

with an alcohoiate of the formula M-0-R8 and optionally treating said compound with a salt 

M1X'; 

- or with mixtures thereof; 

wherein 

each R6 arid each R7 are, independently, an alkyl group, an aryl group, an arylalkyi group, a 

cycloalkyl group or together R6 and R7 form a cycle, together with the nitrogen to which they 

are attached, which cycle may be saturated or unsaturated and may optionally contain one or 

more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, 

such as 4 to 7 ring atoms, and each R8 is, independently, an alky! group, an aryl group or an 

arylalkyi group; 

X and X' are, independently, an anion, for example, a halide, an anion of a sulphonic acid, 

an anion of an alkylsulfate, a tetrahalometalate, such as a tetrachlorometalate, 

hexafluorophosphate, hexafluoroantimonate, tetrafluoroborate, perchiorate, alkoxide R8-0" 

wherein R8 is defined as before, carboxylate, or tribromide; 

M is an alkali metal or an alkaline earth metal; and 

M1 is an alkali metal, an alkaline earth metal or ammonium; 

to obtain the compound of formula (7). 


