PROCESS AND | NTERMEDI ATES FOLrrrr PREPARATI ON OF 5-

Bl PHENYL- 4- YL- 2- METHYLPENTANO C ACI D DERI VATIVES 2 It was hence an object of
the present invention to provide an alternative reaction route for preparing
conmpound N-t-butoxycarbonyl1(43)-(p-phenyl phenyl net hyl) - 4- am no- 2-

nmet hyl but anoi c acid ethyl ester, or salt thereof, preferably a reaction route
whi ch avoi ds the above-nentioned drawbacks of the prior art process. It was a
further object of the present invention to provide an alternative

hydrogenati on st epothssaaNY 18¢E8sESITESRHOAdUE PRI ANEPIONGH sbi t ors or prodrugs

t hereof . | n partisgrdRyLsty MRREBIVIOBN BN OCIpDerivdenan al t er nati ve process for
produci ng conpounds according to formula (1), or salt thereof, NR3 R1(1)
wherein RL and R2 are, independently of each other, hydrogen or a nitrogen
protecting group, and R3 is a carboxyl group or an ester group, preferably
car boxyl groupyor. alkyl ester. Conpoun of for (1) can used as

i nternediates I 'F%gt'oér_rggl%sr g’t? 8_?1?” n}%ceﬁlﬁ_gﬁipﬁ%%'}%t ’g%gs!%“@‘})sp?’o"é?"ﬁ”g_% thereof, in
particul ar NEPhERM ipPeriqusr Nefhiphibierssgmerisipa a mpmipe-ShiPsAdayethyalkaspify| al kanoi ¢
acid, or acid estefacid bagkbonene. preferably N-(3-carboxyl-1- 3

oxopropyl) - (4S) - (p- phenyl phenyl nel hyl ) - 4-am no- (2R) - et hyl but anoi c acid et hyl
ester, for exa e, as.described in our nal, .of i ci nal em stry, 1995,
35, 1680 1t noofere TR B A5 480 bl BUBT IR BTN
conpounds accofdf firefic "PEveHGI2ae "fsﬂe{é)‘a"éfﬁ’d‘”'@f-‘b)”}a’“B‘F's-s etetueh8Meof , wherein Ri,
R2 and R3 are phefidened nztabalioaly @activederd ngarticular bha digedine pr@gmeewhieh haait | 0.
Preferably, itbesaSecaphiRl]teebrdssondt® telehzpned hduGa Senddptidsdet MERI BY a

di ast er eomeri C3} 8l {49 aRf reGR &a@mgms&mga 3 iowmpﬁauf,sl- a), or salts

t hereof, to conpounds according to fornmula (Cl-i)), or salts thereof; of at

| east 80: 20, nore preferably of at least 90 : 10, nost preferably a ratio of
(1-a) to (1-Db)Indte atibianggibstituteg phosphonip acidhgagivatiyes greafovaoyhisb eretusefedvi de a process
i n which the conpaeantseptdacoNEP)ghibitas, fe@r asunhitdrslof e ANB1degading endyiner eof , can be
conpl etely remaveehnR0soCAND PRAS ardGiRAtieNEe liRtetcOfdiilefic 4nl-v@dodid@k Sal ts thereof,

can be pr ovi de[gro,.iueﬂiep %{ ENI'-f |cr)1r rﬂ%mma‘l-_\?by( igiﬁil%}ng the c'j%:lgr(agétigr) thereof to less active
metabolites. NEP inhibitors are thus particularly useful for the treatment of conditions
and disorders responsive to the inhibition of neutral endopeptidase (EC 3.4.24.11),
particularly cardiovascular disorders such as hypertension, renal insufficiency including
edema and salt retention, pulmonary edema and congestive heart failure.

Processes for preparing NEP-inhibitors are known. US 5217 996 describes biaryl
substituted 4-amino-butyric acid amide derivatives which are useful as neutral
endopeptidase (NEP) inhibitors, e.g. as inhibitors of the ANF-degrading enzyme in
mammals. US 6§ 217 996 discloses the preparation of N-(3-carboxyl-1-oxopropyl)-(4S)-
(p-phenylphenylmethyl)-4-amino-(2R)-methyl butanoic acid ethyl ester. In the
preparation of said compound N-t-butoxycarbonyl-(4R)-(p-phenylphenylmethyl)-4-
amino-2-methyl-2-butenoic acid ethyl ester is hydrogenated in the presence of
palladium on charcoal. A major drawback of said process is that such a hydrogenation
step is not very selective and yields N-t-butoxycarbonyl-(4S)-(p-phenylphenylmethyl)-4-
amino-2-methylbutanoic acid ethyl ester as a 80:20 mixture of diastereomers.
Moreover, the process for preparing N-t-butoxycarbonyl-(4R)-(p-phenylphenylmethyl)-4-
amino-(2)-methyl(2)-butenoic acid ethyl ester requires D-tyrosine as starting material,
which is an unnatural amino acid and is not readily available.



The new processes, according to the present invention, for producing conpounds
according to formula (1), or salt thereof, as defined r¥§ﬁ?ﬁ1mm%g§‘§unnarized
in Scheme 1WVSEHERES! Nanely, a compound of formula (8) i< ¢dnveried into a
compound of formula (7), or salt thereof, wherein RL is hydrogen or a nitrogen
protecting group, according to a nethod described in Section A Next, the
conpound of fornula (7), or salt thereof, as described above, is converted
into the conmpound of formula (1) or sald thereof, according to nmethods 1 or 2,
wherein - method 1 conprises a) any one of the methods in Section B to convert
(7) into (4), b) any one of the nethods in Section Cto convert (4) into (2),
and c) any one of the nmethods in Section Cto convert (2) into (1); - nmethod 2
conprises; 5 a).any one of the methods in Section Dto convert (7) into (3),
rmula (3) into (1), for exanple, as
described in E ean patent applica 07100451.9 or W2008/083967. As

di scussed bel ow & rQns A. B, C an . h are al so preferred enbodi nents
of the present Section A: Prepa ion of a conpound of formula (7)

I n one aspect, Sent invention relates tg a process for preparing a
conpound of fornula (7), H al t_ t hef&0f, (7lw/“09£ﬁ9” R1 is hydrogen or a
nitrogen protecting greyp and R7 are,| i ndependently, an al kyl group,

an aryl group, an aryl glkyl up, a cycl oa} gro&bgor t oget her R6 and R7
forma cycle, togethef with the Jnitrogen to m@ﬂ%? they are attached, which
cycle may be saturated nsat urated and nmay~optionally contain one or nore
het er oat ons, such a nitrogen, oxygen or sul phur, whereby the cycle contains 3
to 8, such as 4 to 7 ring atons, said process conprising reacting a conpound
of formul a (8) jtwas nedalah objbrsr@@fpresent Byention to provide an alternative reaction route-

for preparing compound N-t—butoxycarbbnyl(4$)-(p—phenylphenylmethyl)—4—amino-2—
methylbutanoic acid ethyl ester, or salt thereof, preferably a reaction route which avoids
the above-mentioned drawbacks of the prior art process.

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

formula (1), or salt thereof,

R2\N R3

/
R1 (1)

wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen protecling
group, and R3 is a carboxyl group or an ester group, preferably carboxyl group or alkyl
ester. Compounds of formula (1) can be used as intermediates in the preparation of
NEP inhibitors, or prodrugs thereof, in particular NEP inhibitors comprising a y-amino-§-

biphenyl-a-methylalkanocic acid, or acid ester, backbone, preferably N-(3-carboxy!-1-



6 wherein Rl is hydrogen or a nitrogen protecting group, with an am ne of
formula (13 (15), or mxtures thereof, R6R7R6

RG. . " ,,R6R6)WO ""9’3)“2’1 ..... R8 | 4747(13),R7 R6 .".. ‘l’\?ﬂ'(*i"i?ﬁéb“(%s) wher ei n
each R6 and each R7 are, independently, an al kyl group, an aryl group, an
aryl al kyl group, a cycloal kyl group or together R6 and R7 forma cycle,
together with the nitrogen to which they are attached, which cycle may be
saturated or unsaturated and nmay optiomally contain one or nore heteroatons,
such a nitrogen, oxygen or sul phur, whereby the cycle contains 3 to 8, such as
4 to 7 ring atons, and each R8 is, independently, an alkyl group, an aryl
group or an aryl aI V{ ();rou to obtain the conmpound of fornula (7). The
reaction to obPRPAPYHIS-ErrAsRYIREENYMeAATING (AR ey puipndieacid edes'ieat or in any

i nert sol vent, fopeehge abliepcrived imme aqurmetaf Bedibh\idErhistyUtR5. 88, 1689 ogenat ed

hydr ocar bons, such as nethylene chloride; ethers, such as THF,

di met hoxyet ha”ﬁ\Na [ oif! 'fu%é%%@ect f% é)r%,.dQ%Ioke%s %ﬂ)ré’&%gsco%ﬁ]%ﬁ?s accol?é?r[&%c?”e

chl or obenzene, tol ue her eof .

Preferably the °§‘(‘j1'a\‘7é1n"’t) aptg(ﬁbbprgglﬁéhe(r)qof "l’i‘—‘ﬂﬁe'" Ty BY et d\pre defngd Pe2EYG on can be
conduct ed at O0Bvingahigh Higstereopeésfratioafykfgraildy, it waL@PbIEs toyevisle proesbess bl y 20 to 140 C,
yet nore pref esdling 48iadt@eck@Oc Glio BDSMpRINGS aalhy/tobBnia (80Cor Bref erred exanpl es

{OI e: :‘ebS{T‘OQSE : gxﬁre&% %pr%ﬁndé :Lgn))pdlné fo 161r)nu|§’@{jb)( Jr%)ms trﬁh?é;ﬂgﬁat %%Q;%Sr.ﬁ)c‘:n ﬁ o; ﬁg‘?ﬁg;e

net hoxybi s(di nﬁ‘g"ﬁy”}rﬁbﬁé’?%ﬁaﬁaﬁe m@?t prefeé c§"xr tI-°b°|?§1 3‘0 t °ef Q%‘? ﬁo) net hane,
tris(di met hyl afff oY Wexdrame ObJ"E°H°§(°é}F?e? Pryqeasfw WE‘J?hn‘b‘i ‘F?él‘ﬁ%‘"dsaﬁ’iﬁ?’d'”g to

N, N- di et hy| f oformeu (the). dtispisttHerebacs baton(pBlely Diviaygd aNy draibumds deydrdirgrrteram de

di et hyl acet al , fohaid-(1-8y, srehildefeor £ B plviddh inpaRFRPY ! acet al , N, N-di net hyl f or mam de
di-terl-bulylacetal, N,Ndinethylformam de di-tert-pentoxyacetal, or mxtures
thereof. In one enbodinent the amne of fornmula (14) is preferably.the
Bredereck' s re@ or tert-pentoxy-bis(dinmethyl am no)net hane. |In anot her
enbodi nent, the ne of fornula 7

RZ\N . R3

/
R1 (1-a),



(13) is preferabl y tri s(di met hyl am no) net hane. In still another enbodi nent,
the amne of formu 15) is preferably N, N-di net hylforWﬁbw_ S10
di-tert-but W%&%W%ﬂoz%r N, Ndi et hyl f or mam de di-rert-pen CROAP! The ani ne
of fornulae (13), (14) or (15), or mxtures thereof, can be used in an anmount
of 1.0 to 10 equivalents, preferably 3 to 10 equi vaI ents, nore preferably 3 to
6 equi val ents, such as 3 equivalents. Optionally, an al cohol nmay be present,
preferably an al kyl al cohol such as 1-kwutanol, 2-butanol, |edbutanol or
2-nmet hyl - 2- butanol . Typically, the alcohol can be used in an anmpbunt of 1.0 to
10 equivalents, preferably 3 to 10 equivalents, nore preferably 3 to 6
equi val ent s, such as 3 equivalents. 1n one enbodlnent t he al cohol can be used
with (13) to nﬁl?é‘e‘(&’zﬁ‘)esséﬁd’f“‘d?fﬁ'”@i‘é?e Rrgserd jnyqRlionTiRiREQSIUCGi cABROVRSSn e pur chased from
suppl i ers, suc#ecagngdp riuts]), Fisaliteeresf. agdefined hergn, aganmiberizesbit §¢hamel according to
met hods knovvn in the art, for exanple as described in. Adv. Synth. Cater.
2004, 346, 1081; Encycl opedia of Reagents for Organic Synthesis, 2007, DCJ
10. 100219780470842898. r b350Q. pub2; Tetrahedron Lett., 1983, 2 285;
Encycl opedi a of Reagents f Orgaff‘il c__Synt hegl sy 2007, DA :
10. 1002/ 047084289) 01403 Sy ett o] - cUeiI des

‘ ; Org. Chern., 1980,

Pays- Bas, 1969, 88 éd ) )
ectio 18385 PerKi n Trans. 2, 1985,

45, 3986; Chem.Rer » SO
1669; Angew. Cherri‘j lE d., 1982 N1 (?»31 Chem B&ir y 1968, 101, 41; Chem
Ber., 1968, 101, i eb| gs Ann. CRem” 1972, 762, R63? Science of Synthesis,

2005, 22, 795; J. Anl Chem Socsam$®jl 83, 2588 of in J.|gkgnc.Chem, 1962,

adX chi m ques des

27, 3664, or according to nmethods in|Secti e prgsent i nvention. In
one enbodi nent, the conversion of a T 8) into a conpound of
formula (7), as described above, sence of a salt, for
exanple an alkali netal salt (egja pot assi um, an
al kaline earth netal salt (eg & sal't of ghesi um or CT ™) “RAr an anmoni um
salt, wherein the couterion is, fdn Bkanpl a halide, &ica®bonate, an anine,
perchl orat e, hexafl uorophosphate or hexaflugrosilicate. In particular, the
salt is selected fromlithium réxafiiersr SPPPG)2  sodi um

hexaf | uor ophosphat e (NaPF8), pot s SSPUHTRE hosphat e ( KPF6), amoni um
hexaf | uor ophosphate (NH4PF6), lithium ch de (M), . lithium brom de (LiBr),
sodi um chl oride (NaCl), potassium chloride : nagne3|un1chlor|de (MgC12),
pot assi um perchl orate (KCI 04), sodi um hexafl osi | icate (Na2Si F6), |ithium
am de (LiNH2) and 8 lithium carbonate (Li2C03). ¢The salt may al so be an ionic
liquid, such as 1-butyl-3-methyl imdazoliumtey Ry obor ate or

1- butyl -3-nmet hyl i m dazolium hexafl uorophosphat®t {th one enbodi nent, the salt
i s lithium hexéftmot ophosphate, |ithiumchloride, nagnesium chloride, or

pot assi um hexaf | uorophosphate. In another enbodi nent, the conversion of a

conpound of f Oﬁmwaa éo&)podnﬂt:ﬂoraulgﬁm%ogte&)}no a%rﬁB&Lﬁ% of fzgmula% Hescribed above,

t akes place in t nd an am ne.
Typical l'y, t hetharﬁg? V\Rlereln%1 |s§1éé)%ﬂ%n ora mtro?ﬁnHrotectlnggrﬁupagooorg'n t&a)r’qw %réj amine of the

fornul a HN%R?dW@?‘b'F ﬁe%' AaHEf“N’FW@”T%@ﬁ‘é’ﬁd@rﬁ’PV"?fé”iﬂéﬂe?@ﬂedabove for
conpounds of f a@omilsgoni8ied b tigrcohbound af fopauta (il )ousadt therebfhaecadimate i s di phenyl am ne,
di i sopropyl am memodd b®L WyerediTi ne or i mdazole. Optionally, a base may be added
to the am ne of fo[{‘gﬁ clg%lﬁ?@? to give a species of the fornula M NR6R7
wherein Mis an [ eg %ﬁd t hi_um sod|7grrlQ BOt assium or an al kaline
earth nmetal (eg @’P(é’g? ‘?:“h G RP RBHNA""#ar e i ndependent |y as defined
above. In parti cbl amoneafiths "&ﬁoﬁllﬂ@lcﬁ'onm e@hvertéd) ke (As2ndi t hi um | n one

enbodi nent, the bas®e ohsof kMaBodandSedctva Cantonerti(® inthi(phenyl am ne. In yet a further
enbodi ment, the copugidsd QMpRes; @2 conpound of fornula (8) into a conmpound of
fornula (7), as described above, takes place in the presence of a salt, as
descri bed above, and a crown ether. In particular, the salt is potassium
hexaf | uor ophosphate and the crown ether is 18-cr own-6. Typically, in the above
enbodi ments, the salt may be used in a catalytic or in a stoichionetric anount
with respect to the conpound of fornmula (8). In particular, the salt may be
used in an anmount of, for exanple, 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 conpound of fornmula (7), or a salt thereof, froma
conpound of forrmula (8), or a salt thereof, involves reacting a conmpound of
formula (7) with a conpound prepared by m xing a conpound of forrmula (18),

el pem— e N ey w—

ace in the p
of |ithium saqdi




wherein R6 and R7 are, independently, defined as before, with an al cohol ate of
the formula MORS wherein, Xis defined as an anion, for _exanple, a halide (eg
chloride, brof?#&*%%Ydi de), an anion of a sul phonic aci Hcf@g%”/‘b“““
trifluoromethanesul fonic acid, nethanesul phonic acid, 4- toluenesul phonic
acid), an anion of an alkylsulfate (eg nethylsulfate), a tetrahal onetal ate,
for exanple, a tetrachloronetal ate (eg tetrachl oronmanganate,
tetrachl oroal un nate), hexafl uorophosphate, hexaf!| uoroantl nonat e,
tetrafl uoroborate, perchlorate, al koxide, for exanple, R80- where R38 is
defined as before (eg tertbutoxide, phenoxide), carboxylate, tribromde. Mis
defined as an alkali netal (eg lithium sodium potassium in particular
sodi um pot assi uf) awyrongef thglmetibdsiyeSestiantDHo eppvertl (7) ity 3ergnesi um calciun). R8 is
defined as bef org. cdr@sidnSf Hetdnpewid aSorma gl KOXY, §leRinple, akhieschw@ast i on may be
perforned neat Of bl @NNenl PRichion &1¥E81 9 ordt0 A6 dsBRd, above. In a preferred case,
an al coholate of the fornula MOR8 is added, optionally in a solvent for
exanpl e an inert solvent such as tetrahydrofuran, nethyltetrahydrofuran,
t ol uene, al kanéasdifcaasetbelny. Feelpnah®, C hekiaascs)ich agr alsgipreferrecesnbbdiimentsaf | t 0o a conpound
accordi ng to f ®epadéentifvd@pn. Optionally in an inert solvent. MORB is typically
used in the range 0.5 to 1.5 equivalents, nore preferably in the range 0.8 to
1.2 equivalents. 10 Typically the m xture is stirred, typically at 0 Cto
reflux, prefer3ttign & Rrepamesion & a cagpngptfeariadily 20 to 80 C. The nmixture is
reacted with a conpound according to fornula (8), or a salt thereof, to
provi de a conppuwnélaped afdirégntirerfi@ @kledito(alroceIfordrepaing alchitfodfor | N a preferred
case, the m xtppe, GAN DG s i n an anmount of 1.0 to 10 equivalents,
preferably 3 to 10 equivalents, nore preferably 3 to 6 equival ents, such as 3
equi val ents.  Typically, the equivalents used are relative to the conpound
according to for®ula (18). Typicakly, the reaction can be conducted at 0 C to
reflux, preferablyTto 120 C, i preferably 20 to 80C. In one enbodi nent,

i ‘ e/formula MOR8 and a conmpound according to
n a solvent as defined above, which may be
prepared as desc \ s reacted with a conpound according to formul a
(8). The mixtufe carf b& addéd to (8) in an anpunt of 1.0 to 10 equivalents, in
particular 3 to 10|L¢qui val ents, such as 3 to 6 equivalents, in particular 3
equi val ents. \When the anount of al colt@l ate M OR8 and a conpound according to
the fornmul a (18jerar ®1niOthy@6geh Nd| A hitreded Udtecting reupe gid, \RBl efat BDfard he m xt ure used
in relation tojgdindefts, arneahk?tg!m\a& dn Qi &a,pa&rpy?akyparmfp,lmycmmpgraﬁlJry, the reaction
| nvolving the g keq Bleral S9NOLAGG Rt W% didhdiih Bndh iGealighygy compound
according to t 03 '?eor nul’a ?Qfg),yop Yonal’ y 1n E) _soT"vent _Vas e°1h| hed above, is
conduct ed at 0OWECh YClp BRY RpSaualed ShYNSAlWAES Andgnay GPUPHTYY Eontady pAR 05890 to 80 C
Conpound of t heetdrgatamsl such{ 7 hitrggam oly@eroptsulpingl Wherdbg thle ayaedcoatging3 togsi due by renpval
of volatile subigh@C®$ rikd st @1 pricds Wbrfbrising BactigS dombadh®of FEAMUIL@)L 2l N an am ne
of formula (13),r,salgu’lre4goror (15), or mxtures thereof. Wiere a solid is present
after formation of a conpound of the fornmula (7), this nmay be optionally
removed, for exanple by filtration, prior to distillation. The solid may
contain a conpound of fornula (. In a further preferred case, a conpound
according to fornula (18), opti @l in the presence of an al cohol ate of
formula R8B0O-M may be treated a salt of formula MX , which partially or

fully exchanges the—ani onuntri on (X) of conpounds

the formula (18),

(8)



11 according to formula (18) by an anionic counterion (X) wherein X is
defined as descrl bed_above for X and ML is an al kali E |i t hium sodium
or pot assi urﬁ' 2% Kal i ne earth netal (eg magnesi um or ?ﬁylE %089118 3¢ amoni um
in order to give conmpounds of the fornula (18'). R6 ."R7 R6X' R7 Suitable
reagents for this exchange include alkali netal salts (such as lithium sodium
or potassiumtetrafluoroborate or hexafl uorophosphate, sodi um nethyl sul fate,
sodi um perchlorate), alkaline earth net@l salts (such as magnesium or cal cium
perchlorate), amonium salts (such as amoni um tetrafl uoroborate or

hexaf i uor ophosphate). Preferably hexafl uorophosphate salts or
tetrafluoroborate salts are used, nore preferably amoni um hexaf| uor ophosphat e
or armoni um t ePHE BbiSEHEPRE & DRCPTRIPRIREIIUR WGP SHBE Atfemuia (Fhed. Most
preferably hex#&f) adtrspphosphbateedal ts are used, preferably amoni um

hexaf | uor ophosphate. Relative to the anionic counteron (X), the anionic
counterion (X ) qf suyitable rgéigelg;s may be used in catalytic or '
stoichionetric quamtities. The Ri'xture obt al ned after such an exchange may be
used as-is, sung\Nej\ kbe rrkg(tu e cant ai n®et¥ (18) 'and (18'), and optionally
R80- M Alyernatl IyN “the ani- 6 formg (X) may be renoved fromthe

m xture, for exa J«by {15)| tr {El on, Rl g’ xture subsequently
contains (18'), and opti onal |y R80- M urt her ere conmpounds of fornula (18)
or (18') or mxtures thereof, are suitable reagents for the present invention.
Conpounds accorwd?’?ige%RﬁPm‘eﬁwﬁmreainﬁeﬂwdynﬂar%?'kﬂ' genpptrpdeeieyryan def i ned accordi ng
t o conpounds aegalkgpgiagp, & oycbilg Jrapubgetredr®)and AB fostigtycle itayetderpitiether r ed case, a
conmpound of fombgeato(vﬁ)ch{héy&;@méareaem.ch%Qmaymamuadr@mmam to fornula (7)
by r eaCtI on w t Q Qtlgn%[g)mHaln one or more eroato(nl S)UC grognn a)(I e%baos!u Of for mJl a
R80-M opti onal"]{/ d ?5 mil a %%8 ). 12
Furthernore, i %{etﬁr"@f"&i'erc@?)‘a'ﬁsa”s‘és s&”‘c?éﬁ’p?dd‘ﬁ@ia‘?ﬁ‘s F’(S’reﬁﬁ‘lpé's( 8) is converted into
a conmpound acc ddetiendgntycanfatsyligtobim aff 3ty gtwyp or @meryiplivhgrotipt th olaichepowadd of  f or mul a
(18) and an al eoheliatg of fornula R80-M optionally in the presence of a
conpound of forrmula (18'). and an am ne of formula (13) (14) or (15), or

m xtures thereof. )t i onal | ound of for rrul a ( can be converted into
a conpound accoPH? °"tt%°q*aé'}tﬁfiﬁ"§m'(‘9/7f BRu4 ELRP 1EHPIRP P9 A EBHPBlind of formul a
(18) and an al €9Ye0 eifferally in pRPRFqiE PR EUCh BE bRlpopngied hYdPCarpPne.I8ech i3 esence of a
conpound of f omenliene(cdi8idy; ethad, sach s THRINefhofyethamel cadi¢pxbds or afchd)ic or (15), or

m xtures ther e@&venislauch eebelafeas@msreoeq{en@ribluam PRnyidiiahé & a}idngs &mikag formul a

HNRGR7, where BN SRR hMRORNMRR L. SRl hOREGPANE, |0 particular, the

‘amne is dlphﬁg{éamn ||sg[g£o am ne %qjamneorlmdazole
Optional |y, 0 f5do BBt %%%zognfbd’é"eo‘i’e’? AN PNREB7 to give a
speci es of for MTGQFWWRGRV’ QR Es mofpeigrapnbOP RAIG netal (eg |ithi um sodi um
potassium or an al kaline earth nmetal (eg nmagnesium calcium and R6 and R7

are i ndependenbtd’en@@ex@rﬁ;ﬁlésrb@me Qfﬁﬁ’éé%ffor#rﬂla@@rﬁ)t 1@)‘&‘1@-{15) ||MuheSBr@d3re@!l é(al i~ metal, such
as lithium In _one i's

di phenyl am ne. reégem toxy (Q'fn ﬁthyl?m'"oﬁ'ﬁha"?}l@ EWVE%&Q ?";‘:mo)nﬁgarbem chased from
suppliers such "&%‘mﬂl’ E{F'WE‘F\Y'W)"IBI"B%‘e’f@?"‘%ﬁs(ﬂ@e‘ agzcordi ng to methods
known in the atrsdinfetyylar@xamphape, ragliethelsoing)iaithng,nand N, Nreethylidoanide Per ki n Trans. 1,
2001, 1586; J. dkR@phceQQOMFONIYI KN-GimEthPBsamibie didifyfateta@dR; Synthesis, 1977, 273;

Sci ence of Syn 1983, 785;
Recuei | des trtgggmn%mﬁ%%g"sogg%aé% ’E&@ﬁ%g‘g%%@%gapnmem Res. Chi nese
U., 2005, 21, fietn y'@ﬁ'?mde%é?”pe”'fgé?t PoEUredB¥eol Synt heti ¢ Communi cat i ons,

1998, 28, 1223 J. Og. Chem, 1965, 2464; J. Og. Chem, 1970, 35, 1542

Li ebi gs Ann. Cmemibemﬂo%entthlaameBQandla (1A pr&b’lﬂﬂ?th&)@dereclﬂ'.&@ég,en@ﬁ 2588; J. Oq.
Chem, 1962, 2 fort. ﬁﬁ%b@@ln@thylm%etﬁgg Inan&ﬁé}%mbo’é%ﬁt tht.oémlﬁegﬁgﬁrq}mng to nethods in
Section F of the present invention. Conpounds of the formula R80-M can be
purchased from suppliers such as Al drich, BASF, Chenetall GrbH, or can be

obt ai ned according to nethods known to persons skilled in the art. The

foll owi ng preferences apply:



13 For conpounds of forrmula (18) or (18 ), R6 and R7 are independently, an

al kyl group,._an group, an arylal kyl group, a cyclo or together
R6 and R7 fo‘?ﬁf%?wei}/’al together with the nitrogen to wﬁ %P%Oﬁé@?}j%){?e attached,
whi ch cycl e may be saturat ed or unsaturated and nmay optionally contain one or
nore heteroatons, such a nitrogen, oxygen or sul phur, whereby the cycle
contains a to 8, such as 4 to 7 ring atons. Mst preferably, R6 is al kyl.
Still nore preferably R6 is nethyl or ethyl and R7 is nmethyl or ethyl. Xis
preferably chloride, nmethylsulfate, tetrafluoroborate or hexafl uorophosphate.
Most preferably, X is chloride or hexafl uorophosphate. in a preferred case,
conpounds of formula (18) or (18) are preferably

N, N, N, N- t et r anEBHyPeiePhatETAATngImerang. [ stlaerea eThed Medr tatittfihi um chl ori de,

N, N, N, N-t et r an®tringd (f %) isrpregemabtyinay-dimetiopforiaiNdd\jiMitestitylaestahyy IMAGT r nam di ni um

hexaf | uor ophos nnahﬁforﬁenld@@wne@a@fm e biia&88); M) oRBsi & preferably

al kyl, nost pr%xﬁt‘lF gmeééo c%ﬂge L%%Mlan Qrﬂouﬁtryl ﬁkqo ecM I§ntspE>§Ie8BI9Wl?y10an al kali netal,

nost preferably I 'um or potassium erre RBO- M is sodium

tert-but oxi de E‘Nﬁ’ BVR FPre BBy 4445 iﬁHﬁV%'eé}st%ﬁnaaf.eaevatepéme)a Yo" sodi um anyl at e
(NaOCMe2Et ) or ipplaray pepreanyAreieradly WAEKBIR2EP)suchidd S butpnop f-Bytanetiteits when R80-M i s
pot assi um t ert bldatoox -eheth gu2-bateehl. Lnypicanyy tha bieoholSEBHEl el ilBan dfcepariattb on of a

conpound of fOﬁ@wu@alén@pra}t'rgbl)pfQQ@ﬁz@g‘lent@E&QFl@kng§Q>6teal§vd%ﬁ§5s§&t i nvention, to

t of d of
convert of @ caaid Ll e, L P BRI R0, o compound o

present invent AW ('8xt¥s t hus to the conversion of a compound of formula (7),
as described herein, into a conpound of fornula (4), as described, herein,

according to ambés@ﬂﬁné%fcaH’B%tph@ﬁb‘éed]ﬁoﬁn(%u&heré/\’&ﬁﬁ@4KldrﬁﬁtFmQﬂor AcreHpAeah ses a) any
one of met hOdSbé &taﬁ%&%&c&&ngﬁo ;lne&gds(ﬁrq)om.g Itie 3417fzrr‘<(%'§pq)e a(s%)e%:nt%gg\Adv b) any one of

nmet hods in Sectl on of%ef’?e conprises a) any

one of met hods ST ¥t P8H 3 198 Fewiv 6)“("6'): SYWPS%A%0ne of net hods
in Section 8.2D2 {G108YPRIEA7P8ILEIP 3R ryDY: Thtrahedmn Leit) 198 ¢5. 8% of net hods in
Section B. 2.3 EayagasiesiReidents fondarfcBynthds@idoor DB conpri ses any one of nethods

in Section B.34d10090808h8rads! ynleR 2806l 40b; RecaédémxaMchﬂnanmsl ses a) any
one of nethods |n eq%jj el 2%9 J 3\9 og\ég Ba%@il tehpﬁ]})ﬁs b) any one of

met hods in Secf P8 17to conpri ses
3986; Chem. Ber., 1968, 101 1885 J hem. Soc., Perkln rans. 2, 1985, 1669;

Angew. Chem., Int. Ed., 1962, 1, 331; Chem. Ber., 1968, 101, 41; Chem. Ber., 1968,
101, 51; Liebigs Ann. Chem., 1972, 762, 62; Science of Synthesis, 2005, 22, 795; J.
Am. Chem. Soc., 1961, 83, 2588 or in J. Org. Chem., 1962, 27, 3664, or according to

methods in Section F of the present invention.

In one embodiment, the conversion of a compound of formula (8) into a compound of
formula (7), as described above, takes place in the presence of a salt, for example an
alkali metal salt (eg a salt of lithium, sodium or potassium), an alkaline earth metal salt (eg
a salt of magnesium or caicium) or an ammonium salt, wherein the couterion is, for '
example, a halide, a carbonate, an amine, perchlorate, hexafluorophosphate or
hexafluorosilicate. In particular, the salt is selected from lithium hexafluorophosphate
(LiPFg), sodium hexafluorophosphate (NaPFs), potassium hexafluorophosphate (KPFs),
ammonium hexaflucrophosphate (NH4PFsg), lithium chlaride (LiCl), lithium bromide (LiBr),
sodium chloride (NaCl), potassium chloride (KCI), magnesium chloride (MgCly), potassium
perchlorate (KCIO,), sodium hexaflucrosilicate (NazSiFs), lithium amide (LINHz) and



a) any one of nethods in Section 6.3.2 to convert (7) into (6), b) any one of

met hods in Sections 6.2.2 to convert (6) into (5), and [0 L.one of

met hods in SELEVER'E12.3 to convert (5) into (4); net ho%F%Elg)g%%FQ'?gé"es a)
any one of nethods in Section 6.3.3 to convert (7) into (9), b) any one of
met hods in Section BA to convert (9) into (10), and c) any one of nethods in
Section 6.4 to convert (10) into (4); nmethod 7 conprises a) any one of

met hods in Section B.3.4 to convert (78 into (5), and b) any one of

met hods in Section B.2.3 to convert (5) .into (4); nmethod B conpri ses a)

any one of nethods in Section B.5.1 to convert (7) into (16), b) any one of
nmet hods in Section 8.5.2 to convert (16) into ) any one of nethods in
S

. 8 ] . to (6), ¢
Section B. 2.2 fesmrets Lie®) iTht it (8 alsogrgn ionic liayy. sughips dRYIgMef¥t hods in
Section B. 2. 3 imslaptymvierafiu@praferet bbutlk}-metivg tnfidaebliOn bexafjyproghesphate. In @) any one of
met hods i n SecCére@mbdinentlthé aitG&aiMuRHexafiublophddprate(Itim chldjideamdgnesien of et hods i n
Section 6.5.2 Lh%rigqu%gtggsiuklg)aﬂﬁo%posg@e,. and c) any one of nethods in
Section B.2.1 to convert (6) into (4); preferably the conversion of a conpound
of formula (7), as described herein, into a conpound of formula (4), as

descri bed, her eingnotheserghedimenyitierorvesapeldcersroand ofoiulags) intap geapeiredll ar net hods 1
or 4. As di scubseth (Dedsdegcritise atiove rgesBlats in Gie Bredencetof 2 sdlt, asBefrited 6. 3. 1, 6. 3. 2,
8.3.3, 6.3.4, both, afdan arhin@NhiBHydthLarfe iS4EddordbEahs SucR k&S KEdngsly embodi ment s of

Lhe present TSRl R ortNehY hckun Adbr@AOLDGLBRRREbe oG PLERPTT | Tvent | on
relates to a process 1or Joreparl n@ a COIT’POUI’ld_ Op rormul a g or a_taut oner
compounds of formdia 13, 14 or 157 In particular, the amine is diphenylamine,

diisopropylamine, dimethylamine or imidazole. Optionally, a base may be added to the

t her eof .

amine of formula HNRGR?7 to give a species of the formula M-NR6R7 wherein M is an
alkali metal (eg lithium sodium, potassium) dr an alkaline earth metal (eg magnesium,
calcium) and R6 and R7 are independently as defined above. In particular, M is an alkali
metal, such as lithium. In one embodiment, the base is LHMDS and the amine is

diphenylamine.

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

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

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

. equivalents, such as 1 to 2 equivalents.

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



or salt thereof, wherein R1L is hydrogen or a nitrogen protecting group,
conprising treating a conpound of formula (7), or salt thereof. (7) wherein Rl
is hydrogen‘ﬁ?zgwﬂngogen protecting group and R6 and R7CHEBZ0Y 04 endently,
an al kyl group, an aryl group, an arylal kyl group, a cycloal kyl group or
together R6 and R7 forma cycle, together with the nitrogen to which they are
attached, which cycle nmay be saturated or unsaturated and may optionally
contain one or nore heteroatons, such agnitrogen, oxygen or sul phur, whereby
the cycle contains 3 to 8 such as 4 to 7 ring atons, with an acid to obtain

t he conpound of fornula (6), preferably of the fornula (6-a). In a preferred
enbodi nent, the starting conpound of formula (7), or salt thereof, is
according to fgrnula (7-9%, or salt thereof, (7-a), 17 wherein Rl is
hydrogen or a rfi tr8&en"pfotecting group and R6 and R7 are, independently, an
al kyl group, a ﬁgy[jgro p,,2an arylal kyl group, a cycloal kyl group or together
R6 and R7 formla cyicle, fogether with the nitrogen to which they are attached,
whi ch cycle ma beé§atur ted or unsaturated and may optionally contain one or
nore heteroatons, such a nitrden, oxygen or sul phur, whereby the cycle
contains 3 to 8, such as 4 to 7 ring atons, nore preferably the starring

conpound of forAUliRré ddaRr71aR, iﬁ&%g{dg'iﬂ?geftngd 4sQEBM! A af £DhoIRE ofireC) . OF salts

t her eof , nost Qre&;&_ y according to fornmula (7-b), or salt thereof, (7-b),
[

(7-c), wherein S ‘hydrogen or a nitrogen protecting group and R6 and R7
are, independently, an-al kyl group, an aryl group, an arylal kyl group, a
cycl oal kyl growperen, together R6 and R7 forma cycle, together with the
nitrogen to which they are attached, which cycle my be saturated or

unsat urated and iJFPe}fne‘aB% ! Oﬂék.'f%ﬁ%&g%?é htr;v]dgr(le? cRIFridg,%Fo%\iJaﬁgo%feggrﬁ %ﬁEg’ such a

ni trogen, oxygén or sul phur cle ‘contains such as 4 to 7

ring atons. Thé?f%stb‘%‘iﬁ‘iffﬁﬂdSﬁiﬁf“&?f‘ﬁ‘iﬁfha'}g(‘%f)”fic ?f%' LR EBFY Ypref erabl y of
formul a (6-a), taHenesulphepic asibran etieyab arf alkylahipte kegimethylptifait)ned accordi ng to t he above
process can be tdtgi@ogieadteftr edSptk, atrathlordBetalate (eg tetrachloromanganate,

tetrachloroaluminate), hexafluorophosphate, hexafluorocantimonate, tetrafluoroborate,
perchlorate, alkoxide, for example, R8O where R8 is defined as before (eg tert-
butoxide, phenoxide), carboxylate, tribromide.

M is defined as an alkali metal (eg lithium, sodium, potassium, in parlicular sodium,

potassium) or an alkaline earlh metal (eg magnesium, calcium).

R8 is defined as before.

R8O is defined as an alkoxy group.

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

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

according to formula (18), optionally in an inert solvent. M-ORS is typically used in the
range 0.5 to 1.5 equivalents, more preferably in the range 0.8 to 1.2 equivalents.



solution in a subsequent transformation, for exanple conversion into the

conpound of fornmula (4), or salt thereof as defined herein. Ira $ref erred
enbodi nment , ‘Vﬂéooﬁ/ﬁ]@%]nt invention relates to a process f’ST/EB%O%%P Plg a
conpound of formula (6-a), or a tautomer thereof (6-a) or salt thereof,

wherein RL is hydrogen or a nitrogen protecting group, conprising treating a
conpound of fornula (7-a), or salt thereof, (7-a) wherein RL is hydrogen or a
nitrogen protecting group and R6 and RApare, independently, an al kyl group, an
aryl group, an aryl al kyl group, a cycloal kyl 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 nay optionally contain one or nore

het er oat orrs, s Utyfeally theimintysg)ie plirred) pigaliv aldy C sppiirreferapy @it 3) °¢-erecycl e contains 3
to 8, such as 4refebly 20bBg-cat ons, wWith an add to obtain the conpound of fornula
(6-a). In a preferred enbodi nent, the starting conpound of fornula (7-a), or
salt. thereof, is according to fornmula (7-b), as defined above. 19 sulfuric
acid. Pref erably, the anmount - of acid enployed is such that the pH of the
reaction mi xt urfge niguigfis reacpgwith p gompoundrcerdingde iraisl (§. g1 Bt theeeinP2 to 5, nost
preferably pH ofovifer2mmgouhdacdordidy ts BimueaT). ¢ araiigerassed, preferably one that is

m scible or partly m'sci ble in water, for exarrple acetonitrile Optionally, a

phase transfer catag ch .as {etra- but anmmopi r’Q)q of) gor exanpl e
tetra-n-butyl afmoRE am & 5ot H‘ﬁe' AR bs A ”foun ¢ 1% ?ﬁ%] FeACti on can be

conduct ed at QiﬁfefaB'ysaot‘f 1$F@fvé|°°a‘ﬁl’§)°re?09f"£’?5"y26 "CS ?ﬁﬂ?’@ “&’éf“é‘r%‘“b?y -10 to 10 C,
nost pref er abl yauyaleds. 10piclly. SecavigientB uged a@gelativole tiB: @mpaund fogorgipmither aspect, the
present invent iahuid @b)atr@icalyOnélre MG LARSE Se EddliucRt BT OGNR, asmmond of fornula (4)
(4) or salt tq%e moreb"r’QEraEy Fdo S hyqlr ogen or a nitrogen protecting group,

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

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

In a further preferred case, a compound according to formula (18), optionally in the
presence of an alcoholate of formula R80-M, may be treated with a salt of formula’

M1X', which partially or fully exchanges the anionic counterion (X) of compounds



conprising treating a compound of formula (6), or salt or a tautomer thereof,

(6) wherein Rl is h drogen or a nitrogen protecting gro a redUC|ng
agent, pref éY%EﬂOg/O”% the formof an al dehyde, to obtai ny@gpzﬁ[’o)ﬁé\ﬂbwd of

formula (4). In a preferred enbodi nent, the starting conpound of forrula (6),
or. salt thereof, is according to formula (6-a), (6-a), or salt thereof,
wherein Rl is hydrogen or a nitrogen protecting group. In a preferred

enbodi ment, a conpound of formula (6-a)1 or salt, or a tautoner thereof, (6-a)
wherein RL is hydrogen or a nitrogen protecting group, is treated with a
reduci ng agent, preferably in the formof an aldehyde, to obtain a conmpound of
formula (4-a), or salt the eof, (4-a) wherein Rl is hydrogen or a nitrogen
protecting grofferdmhe ?@Hﬁcﬁﬁdwd@éWPmF§°WVﬂWbﬁﬁ Vmﬁﬂ‘glﬁéﬁVB%asnDre preferably

a non- enol i sabliecrbdaiayeder, X et inar @kaf) methide@lthiyn, aedivar 7 lpethbdey de, such as
benzal dehyde, -@kaiife birihhadtdass madrdalty de cal&w®horadnnohili@r al ordeyad gh®re preferably

f or mal dehyde, &H%Huﬁ§mu%%mﬁR98QPr'C f or mal dehyde (obtained by, e.g. 'cracking
par af or mal dehyde), - tri1oxane, paraformal dehyde or. an aqueous sol ution

of formal dehyde (for exanple 37 A in water). Preferably, the reduction of the
conpound of formula (6),7%r salt thereof, preferably of the formula (6-a), or
salt thereof, ils c5$ﬁr d out at pHof from?7, nore preferably pHof from?7 to
14, nost prefe aQéy H of fy/%m 10 to 11. A base is used to maintain pH of from
7. Suitable bagses~gfe we kxbases or strong bases or m xtures of thereof.
Preferably, the bagse is an alkali netal carbonate, such as potassium
carbonate, or as netal kal i (1Bydr oxi de, such as sodi um hydroxi de. Most
preferably the base is potassiumcarbonate. In a preferred enbodi nent, the

reduction is pgﬂnfagé @&én@‘%r @lis exchange include alkali metal salts (such as lithium, sodium or
potassium tetrafluoroborate or hexafluorophosphate, sodium methylsulfa_te. sodium
perchlorate), alkaline earth metal salts (such as magnesium or calcium perchlorate),
ammonium salts (such as ammonium tetrafluoroborate or hexafluorophosphate).
Preferably hexafluorophosphate salts or tetrafluoroborate salts are used, more
preferably ammonium hexafluorophosphate or ammonium tetrafluoroborate or sodium
tetrafluoroborate is used. Most preferably hexafluorophosphate salts are used,
preferably ammonium hexaﬂ_uorophosphate. 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 R80O-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 R8O-M.

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

As such, in a preferred cas'e, a compound of formula (8) is converted into a compound
according to formula (7) by reaction with a compound of formula (18) and an alcoholate
of formula R80O-M, optionally in the presence of a compound of formula (18’).



bi phasic m xture of water and an organic solvent, preferably in the presence

of a phase transfer catalyst such as tetrabutyl amoni um h?\/{g]r)oxg/d_e_. Section B.
2. 2. In a agwqog/mﬂgy enbodi ment, treatnment of the coanﬁ 7Pl a (6), or
salt thereof, as defined above, with a reducing agent, preferably with

hydrogen and a transition netal catalyst (eg a palladiumcatal yst) for exanple
as described in Section B.3. 3, leads to a conpound of fornmula (5), or salt
t hereof, (5), wherein Rl is hydrogen on2za nitrogen protecting group, or |eads
to a mxture of the conpounds of formulae (4) and (5). In another particular
enbodi nent, treatnent of the conmpound of formula (6-a), or salt thereof, as

defined above, _wth a reduci ng agent, preferabl i th hydr n and a
transition met Fa%%f’ﬁ?rﬁl st pr("J r{)“’%a"""g‘%ll"’I %’Hﬁ%d (?5%’3]’%5% 'S ‘6°P¥eét§‘g ? as described
in Section B.3cmBoun agerding t§ fasmdartpryderstionivitt aeamppund pHorgyla (I§tandant t hereof, WO
20091090251 PCTdi&aR2416) 8/fdp 05 RED-0 2op(idnaliy )in thahresesdenf Rbmpauntiyidorageisor a ni trogen

pr ot ect i NG gr Oy an BHAS GFARNY(19)f (14)9F 8] Amixredlnereb®-b) . Or leads to a mixture of
t he conpounds of forrnulae (4-a) and (5-a), preferably a m xture of the

conmpounds of formulae (4-a) and (5-b). Section 0.2. 1: Section B. 2. 1. 1: In
a further, aspegriongiha comrawidof PfMylF & £3nd1 conuprier B 3 BmRPUpt LYY or preparing a
conpou nd of f oﬂomylad?)(oylpeacti@rﬂsyith a compound of formula (18) and an alcoholate of formulaR8O-

M optionally in the presence of a compound of formula (18’) and an amine of formula (13),
(14) or (15), or mixtures thereof, in the presence of an amine, typically of the formula
HNRG6R?7, where R6 and R7 are independently as defined above. In particular, the amine
is diphenylamine, diisopropylamine, dimeihylamine or imidazole. Optionally, a base may
be added to the amine of formula HNR6R?7 to give a species of formula M-NR6R7 where
M is an alkali metal (eg lithium sodium, potaésium) or an alkaline earth metal (eg
magnesium, calcium) and R6 and R7 are independently as defined above. In particular, M
is an alkali metal, such as lithium. In one embodiment, the base is LHMDS and the amine
is diphenylamine.

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

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

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

skilled in the art.

The following preferences apply:



or salt thereof,

process conpr'sin%%g% treating a conpound of fornula (5

(5) wherein 44

wherein RL is hydrogen or a nitrogen protecting group, said

salt_ thereof, 23

or A
rogen or a nitrogen protecting gro%BTmﬁPFWb&HO

OH-activating agent to obtain a conmpound of formula (11) R1(11) or salt
wherein RL is hydrogen or a nitrogen protecting group and R4 is an

t her eof ,

OH activating group; and b)

t her eof ,

with a base to obtain the conpgund of formula (4).

reacting the conmpound of fornula (11), or salt

Steps a) and b) as

such are al so an enbodi rent of the present invention. In a preferred
enbodi nent, the present invention relates to a process for preparing a

conpound of fornul a (4-ag (4-a 24 said process conprising

COfT‘pOUI’]d of f OqupraooegLsa fPrmGIp (8 prt(18t’)h%6r@8]ﬂ, are, independently, an alkyl group,

a) treating a

an aryl group, an arylalkyl group, a cycloalky! group or together R6 and R7 form a cycle,

- together with' the nitrogen to which they are attached, which cycle may be saturated or

unsaturated and may optionally contain one or more heteroatoms, such a nitrogen,

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

preferably, R6 is alkyl. Still more preferably R6 is methyl or ethyl and R7 is methyl or

ethyl. X is preferably chloride, methylsulfate, tetrafluoroborate or hexafluorophosphate.

Most preferably, X is chloride or hexafluorophosphate. In a preferred case, compounds

of formula (18) or (18') are preferably N,N,N,N-tetramethylformamidinium or N,N,N,N-

tetraethylformarhidinium chloride, N,N,N,N-tetramethylformamidinium or NN,N,N-

tetraethylformamidinium hexafluorophosphate

For compounds of the formula R80-M, R8 is preferably alkyl, most preferably tert-butyl

or amylate. M is preferably an alkali metal, most preferably sodium or potassium.

Further preferred is when R80-M is sodium tert-butoxide (NaOCMe;) or potassium tert-

butoxide (KOCMei) or sodium amylate (NaOCMe,Et) or potassium amylate

(KOCMezEt). Most preferred is when R80-M is potassium tert-butoxide or sodium

amylate.

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

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

(7), as defined herein, into a compound of formula (4), as defined herein, are outlined in

Scheme 2.



(5-a) wherein RL is hydrogen or a nitrogen protecting group, with an
CH-activatiqg agent to obtain a conpound of formula (11-3@ El%iéﬁ_gr sal t
t hereof, whef 8PHRY%s hydrogen or a nitrogen protectin5 FOUp AMd R4 i's an
OH activating group; and b) reading the conmpound of formula (11-a), or salt
thereof, with a base | o obtain the conpound of fornula (4-a). Steps a) and b)
as such are also a preferred enbodi nent of the present invention. Section 5.2.
3.2: In a preferred enbodi nent, the comuersion of the OHgroup of the conpound
of formula (5), or salt thereof, preferably of formula (5-a), into an
OH activated group occurs in the presence of the base. According to this
preferred enbodi nent, the activation of the O4group and the subsequent
elimnation of the OHactivated @ioup oc in situ to give the conmpound of
formula (4), or salt thereof, preferably formula (5-a); i.e. wthout
i sol ation of the OH actt¥ t Retf%enmul a (11)/yor salt thereof,
preferably of forrmula (11-a). a nore préferfeé padvnent, the present
invention relates to ja process for *pF8parin fornul a (4-a)
(4-a) or. salt theregf, wherein .RlL is hydrogen ol trogen protecting
group, copprising trefating a conpound of $ or salt thereof,

Section B.1

Section B.3.2 oy :
Sectiong31  R1 ® / FT“ “)
Section B.3.3
\ RS
N—-R7
Section B.3.4

R11(5-a) wherein R ils hydrogen or a nifrogan”pretsect | ﬁm@Pﬁh%!w

‘N-R7

OH Q Section B.2.3

N
Rt

o}

Scheme 2

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

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

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

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

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

c) any one of 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);



with an OHactivating agent in the presence of a base to obtain the corrpound
of formula (4-a | n. the above described nethods (Sectig

8.2.3.2), i}“@ﬁz YR at i ng agent is any reagent which cgﬁé@%ﬂéé ?""5 hydr oxyl
group into a |leaving group. Exanples of suitable O+ activating agents are

sul phonafi ng agents, such as nethanesul fonyl- or toluenesul fonyl halides, for
exanpl e net hanesul fonyl chl ori de or toluenesul fonylchloride. Preferred base is,
for exanple, an am ne, such as 1, 8-di azgbi cycl o[ 5. 4. 0] undec-7-ene (DBU),
2,6-lutidine, diisopropylethylamne, a netal hydride, such as sodium or

pot assi um hydri de, or bases such as |ithium sodium or potassium
bis(trinmethylsilyl)amde and butyllithium 26 The conversion of the conpound
of the fornul ametpd4 gpmefises ably of the fornmula (5-a), or salts thereof, into

t he conpound of fapranpdna of Methodgih écsretd.3to odnvérh@) iftopanda (4-a), or salts

thereof, can al s@)hg, Mehbf MBS sefordLE £k iR byheR); hods above, on a m xture of
corrpounds (4) ar(lag1 é% pref erably a mxture of conpounds (4-a) and (5-a), or

salts thereof, I h hene 3 Section B. 2. 3. 3: In a
further aspect, tahé’“’b‘?”é§€?ﬁ‘h°f’§1'0§?ﬁ'?"cﬁ13?rtélc%{‘ﬁ’%"smt'@@ process for preparing a

conpound of for mb) a@ny ahp of iRdt(oddin ectliga Bl 2tthe@nedf6) iei®rasdn R1 i s hydrogen or a
ni trogen prot ect icNGingdne Wimett®ad il SEXIENEES Sto GO (B)Site@); a) treating a conpound of
formula (5), eﬁ,gé&cotrr[aﬁsregof 27 (5) wherein Rl is hydrogen or a nitrogen

(prlcig eating gr oup, anyone opme(ﬂ]'l_ias .n&ec‘t’&ta' g2 enﬂtmt"g0 (%Pt ain a conpound of fornula
b) any one of methods in Section B.4 to convert (9) into (10), and

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

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

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

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

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

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

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

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

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

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

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

SECTION B.1:

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



(11) or salt thereof, wherein RL is hydrogen or a nitrogen protecting group
and R4 is an OH activating group; and b) converting the d_of fornula
(11), or saMOtH¥PesY, into a conpound of fornula (12) %§§§B@#%3”§L|t t her eof ,
wherein RL is hydrogen or a nitrogen protecting group and R5 is a | eaving
group; and c) reacting the conmpound of formula (12), or salt thereof, with a
base to obtain the conpound of fornula (4) In a preferred enbodi nent, the
present invention relates to a process1éor preparing a conpound of fornula
(4-a) 28 (4-a) or salt thereof, wherein Rl is hydrogen or a nitrogen
protecting group, said process conprising a) treating a conmpound of formula
(5-a), or salt thereof, Si(5-a) wherein RL is hydrogen or a nitrogen
protecting group, owith an OH act¥vagi ng agent to obtain a conpound of fornula
(11-a) '

| - R1 (6)

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

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

R6

\
N—RY7 O
(@) I

N

|
R1 R

wherein R1 is hydrogen or a nitrogen protecting group and R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are attached,
which cycle may be saturated or unsaturated and may optionally contain one or more
heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8,
such as 4 to 7 ring atoms, with an acid to obtain the compound of formula (6),
preferably of the formula (6-a). In a preferred embodiment, the starting compound of

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

R6

N—R7 O

(7-a),



(11-a) or salt thereof, wherein RL is hydrogen or a nitrogen protecting group
and R4 is an ?g—#actlvatl ng group: and b) converting the cogioound of formul a
(11-a), or saPe'%hef¥of, into a conpound of formula (12FPG)EF208¥503192 4) or a
salt thereof, wherein RL is hydrogen or a nitrogen protecting group and R5 is
a leaving group; and c) reacting the conpound of formula (12-a), or salt
thereof, with a base to obtain the conmpound of fornula (4-a). The conversion
of the -OR4 group of the conpound of farwnmulae (11) or (1ll1-a) into a | eaving
group is a well-known reaction to the person skilled in the art, for exanple
as described in Richard C. Larock, "Corrprehen'sive Organi c Transformations: A
Gui de to Functional G oup Preparations Second Edition, WIley-VCH Verl ag
GrbH, 2000, i nWﬁ%{?‘t‘i@ulsagyd&’ge"dé'sér’itﬁ’éﬂ‘ Pittettne SWP APARE EPLFY ¥ t her eof ; for
exanpl e it may indepeadentiycéreakybyrouphan ang erour, am amyietkyé browraLk icghvalkd grodp @s an al kal i
netal halide OfiogaRer®elsid RAEMRAN E) tdaBRAR it 1B hietRen b RhiBBeyRdAdinaENt t he net al

nallde 1S, 1O WA Sray BOGhIINS O dhdfirarclaR @[ﬁgyro%ﬁong@%xmmggromgé are hal o, such

as brono or red_exa ase are am ne bases, for
exanpl e, tri etl’i‘ PR PR SU°l' A "EAEEN e 8|°Fr§’f?f‘”r Pvﬂﬂebéd?f\fé?'gf 3P '%8 conpound
according to fGFQ'MSd 16 129 atpmefrereamspforakif the eterting eempaudd &f fomiuiat(®. & conpound
accordi ng to f atdstdingto(féhnuladrgloeraldr yaite therb@ymasl mefdrébiyaakcordirg tqfemiuar med i n t he
presence of a rfsﬁgcgggmp/gggoph can change the identity of RL. In one enbodi nent,
a compound according to the fornula (12-a) wherein RL Hand R5 = | is treated
with a base (eg triethylamne) and the reagent di-tert-butyl dicarbonate to

gi ve a conpound &Bcording to the f«qrmula (4-a) wherein RL = Boc. Section B. 2.
3. 4 301Ina f uN R aspect tresent invention relates to a process for

(7-c),

wherein R1 is hydrogen or a nifrogen protecting group and R6 and R7 are,
independently, an alkyl group, an aryl g'roup, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitro'gen to which they are attached,
which cycle may be saturated or unsaturated and may optionally contain one or more
heteroatoms, such a nitrogen'. oxygen or sulphur, whereby the cycle contains 3 to 8,

such as 4 to 7 ring atoms.

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

thereof, which is obtained according to the above process can be isolated or used as a



(4) or salt thereof, wherein Rl is hydrogen or a nitrogen protecting group,
sai d proces Q ising a) converting a conpound of fornula (5).  or salt
t her eof , (5§W§ﬁ@$@%ﬁ“Rl i s hydrogen or a nitrogen protegfpﬁﬁ%a%%ﬁﬂ? into a
conmpound of forrmula (12) R1(12) or salt thereof, wherein RL is hydrogen or a
nitrogen protecting group and R5 is a |eaving group; and b) reacting the
conpound of fornula (12), or salt thereof, with a base to obtain the conpound
of formula (4). 31 Steps a) as such is8al so an enbodi nent of the present
invention. In a preferred enbodi nent, the present invention relates to a
process for preparing a conmpound of formula (4-a) (4-a) or salt thereof,

wherein RL is hydrogen or a nitrogen protecting group, said process conprising
solution in a subsequent transformation, for example conversion into the compound of

formula (4), or salt thereof, as defined herein.

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

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

(6-a)

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

(7-a)

wherein R1 is hydrogen or a nitrogen protecting group and R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are attached,
which cycle may be saturated or unsaturated and may optionally contain one or more
heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8,
such as 4 to 7 ring atoms, with an acid to obtain the compound of formula (6-a). In a
preferred embodiment, the starting compound of formula (7-a), or salt. thereof, is
according to formula (7-b), as defined above.

Preferred examples of acid are aqueous mineral acids, such as hydrochloric acid,
hydrobromic acid, sulphuric acid and phosphoric acid. Most preferred is aqueous



a) converting a conpound of formula (5-a), or salt thereof, (5 a) mherein R1
i s hydrogen t[ogen protecting group, into a conpound of la (12-a)
R1(12-a) orvgélﬁwﬁk Yeof, wherein RL is hydr ogen or a nFFT@BQHW%PﬁPectlng
group and R5 is a IeaV|ng group; and 32 b) reacting the conmpound of formula
(12-a), or salt thereof, with a base to obtain the conpound of fornmula (4-a).
The conversion of the hydroxyl group of the conmpound of fornulae (5) or (5-a)
into a leaving group is a well-known reaction to the person skilled in the
art, for exanple as described in R chard a Larock, "Conprehensive Organic
Transformations: A Guide to Functional Goup Preparations, Second Edition,

Wl ey-VCH Verl ag GrbH, 2000, in particular as described in the rel evant

chapt ers t her edffurc 3. Bsersvethp tamﬁ’ﬁS‘/ ohFidetrirely M P obi"ePPh3 and 12.
Section B. 3: SewttioomixBire3s df from fi togfn b erefeesip eld of fromi2do prmestersferablyvent i on rel at es
to a process feffropraparna saigenbcat 68RRY Pebfeably bAY thatlsanisciik or p33|y Alcii@ht t her eof
wherein RL is Qydr %9% % afetdAlthd. O&ﬂ&aw obicl &r&gfegéa%%\ fh%l staﬁa-r@nd R7 are,

i ndependent |y, oup, a cycl oal kyl
| ndependent| Stk I P s 08 '§$&‘f“??é°ﬂ“%% 'trogen 1o whi ch
they are att acHgraimis redstionyen ke cargyct t SBto P @Gfe&b'ycﬁ‘?%%?a‘ﬂ% and may
optional | y contpaferably r® t010 *Anvcst dneddranly@as e, such a ni trogen, oxygen or

sul phur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atons, with a
reduci ng agent ( %8 ABLai n the compound of formula (4), preferably of the
formula (4-a). Tha preferred enbodi nent, the starling conpound of fornula
(7), or salt thereof, is according to fornula (7-a), or salt thereof, as

defi ned above;SﬁQPeBﬁtéferably the starting conpound is according to fornul ae
(7-6) or (7-c), or salts theredf, as defined above, nost preferably the
starling compoyngohe asHe&Qh r&gntgnoenn&rraméﬁoQZro@:)ss fotq*epgrﬁwbtagorﬁrja%de()f as defined
above. In a preLerreg embodi nent, the present invention relates to a process
for preparing a conp dnd of formula (4-a) 34 or together R6 and R7 forma
cycle, together with the nitroge# whi ch they are attached, which cycle may
be saturated or uynsaturated and optionally contain one or nore

het er oat ons, such\a _nitrogé gn or sul phur, whereby the cycle contains 3
to 8, such as 4 tg 5, With a reducing agent to obtain the conpound
of formula (4-aF eferred enbodi nent, the starting conpound of formula
(7). or salt thereof, is according to fornmulae (7-h) or (7-c), or 'salts

t hereof, as defi ned®above, preferablyof fornmula (7-b).

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,



Preferred reduci ng agents are hydrides, such as netal al kali borohydrides,

f or exanpl e S‘ﬁ@ l#]un) &)grlohydrl de, lithium borohydride, potassium baorohydride,

cal ci um bor ohyd |)8 sodi um tri acet oxyborohydri de, tet rgﬁBFR%PPé‘H%Pn um

bor ohydri de or trlacetoxyborohydride, and al kali netal hydrides, for exanple,
l'ithium alum nium hydride, L-Selectride(r), K-Selectride(r), N-Selectride(r)

or diisobutylalum nium hydride. Preferred reducing agents are sodi um

t hacet oxybor ohydri de and dl i sobutyl al urdoni urn hydri de; nore preferably

di i sobutyl al um ni um hydride: nost preferably diisobutylal um nium hydride in
THE. Preferably, the reaction takes place in an ethereal solvent, such as THF,
di net hoxyet hane, or di oxane; prefe rably the solvent is glcally t he
reaction can b&RBFAYHIE gL prefe ngyf‘éheéﬁfxéf angydghvas dpTRipin. tWF‘E’P“Q% 'c, nore
preferably 15 taom@&@) Seetefeted Brbogment, thenstariéng ceprottveaf fasmikn @) wepl!, t he treat ment
of the conpounaheabf, &atcodingtofofhyla @fa),sal t t hereof; as defined above, with a
reduci ng agent, preferably with hydrogen and a transition netal catalyst (eg a
pal | adi um catal yst) for exanple as_described in Section 6.3. 3, can lead to a
conmpound of forrmul® (6), or sal treof , as defined above, or can lead to a
m xture of the cogpounds of for d (4) and (6). In still another enbodi nent,
treatnent of the Cx | ffa (7-a), or salt thereof, as defined above,
with a reduci ng ag a conmpound of forrmula (6-a), or salt thereof,

as defined aboVE 0 a mxture of the compounds of formnul ae (4-a) and
(6-a). 35 1n a further enbodi nent, the treatnent of the conpound of formula
(7), or salt theredt, as defined abOV(e-,a)With a reducing agent, preferably with
hydrogen and aoF!aﬂ%l'e5f'%reW1%hy&@%ﬂloyasrﬁtrogéﬁ%téc%@robp a conpound of formula
(9), or salt thereof wherei'n Rl is hydrogen or a nitrogen protecting
group and, R6 and R7 are, |ndependentI1y an al kyl group, an aryl group, an
aryl al kyl gr oup 2 Rieferipd PBRAIEIPN 37oBRRHNg Pf B B19b P R O5HiaueRrr heiesh a cycl e,
together with the nitrogen to which they are attached, which cycle nay be
saturated or unsat ur at ed and may_sgptionally contain one or nore heteroatons,
such a nitrogen, e@xygen or sulp whereby the cycle contains 3 to 8, such as
4 to 7 ring atons ad a-m xture of the conpounds of fornulae (4)
and (9). In yet a diment, the treatnment of the compound of formula
(7-a), or salt pbe : Yi ned above with a reduci ng agent, preferably
wi t h hydrogen and a\ltransml on netal catalyst, leads to a conpound of fornmula
(9-a), or salt thergof, (9-a) wherein Rl is hydrogen or a nitrogen protecting
group and, R6 and R7 are, mdependent‘?ﬁ an al kyl group, an aryl group, an
aryl al kyl gr ouﬁv,herainB%lhvaqgkmra@r"wpp@tectm@getepher R6 and R7 forma cycle,
together with. theamki tviogeiuding aybitCretehsly rathe foarh baaa@hydehtd obtaicycl e nmay be
saturated or ungadouhak BehuRNHa)BYaQRdopnal [y contain one or nore 36

het eroatons, such a nitrogen, oxygen or sul phur, whereby the cycle contains 3
to 8, such as 4 to 7 ring atons. one enbodi nent, the conmpound of formula
(9-a), or salt t IS 2 toforrrula(9-b), (9-b) wherein Rl is
hydr ogen or a nit nNeg g group and, R6 and R7 are, independently, an
al kyl group, an ayyl ! aryl al kyl group, a cycloal kyl group or together
R6 and R7 form@% cyg gether with the nitrogen to which they are attached,
whi ch cycl e may be baturat ed or unsaturated and nmay optionally contain one or
nore heteroatons, stch a ni trogen, oxX4gen or sul phur, whereby the cycle
contains 3 to &nersluehusaﬁdrdgert@amrbgengro&t:tgrgroupl n anot her enbodi nment, the
conpound of forrmula (9-a), or salt thereof, is according to formula (9-c), R6

Z

S

The reducing agent is typically an aldehyde, more preferably a non-enolisable
aldehyde, even more preferably an arylaldehyde, such as benzaldehyde, or a
trihaloacetaldehyde, such as chloral, yet more preferably formaldehyde, such as



NR7 RI(9-c) wherein RL is hydrogen or a nitrogen protecting group and, R6 and
R7 are, inde endentl an al kyl group, an aryl group, an _arylal kyl group, a
cycl oal kyl 6?86299/8% %/oget her R6 and R7 forma cycl e, toﬁgpﬁé?roow i{’HOthe
nitrogen to which they are attached, which cycle may be saturated or
unsaturated and may optionally contain one or nore heteroatons, such a

ni trogen, oxygen or sul phur, whereby the cycle contains 3 to 8, such as 4 to 7
ring atonms. 37 netal catalyst, whereirithe transition netal is selected from
group 9 or 10 of the periodic table. Therefore, the transition netal catalyst
conprises, for exanple, Cobalt (Co) Rhodi um(Rh) [ridium(lr), N ckel (N),
Pal | adi um (Pd) and/or Platin 3’1 reduction may occur under hetereo- or
honobgeneous hyHPBﬁ@H%P’F’BHe'HWG?tT’?eS %egp?ré‘?‘@? 3P r”ﬁﬂ‘aﬁfge)ﬂé;t %r ogeneous

hydr ogenat i on &orai¢ trpreaknaldghydgryen Pwmuausolut@m‘éformqmssid?(f@mxwteév % s selected from
F1, Pd, or Ir; inMaefein the transition netal may optionally be poisoned by, for
exanpl e, sul fur or |ead. Exarrpl es of poi soned transiti on netals are Pd(S),
Pd(Pb) or Pt(S rticul the tr nS|t| conprises a
transition nmet %{eferablygﬁesrg uction frtfbe Poun forrrul @{lor sal { er%qnéwe?er%ﬁSI tion metal on

t he solid suppdetormga (SfabP' sé&@?fﬁ‘rfé% caggied puyt E}rPﬁP%%‘% TO6PEe@PHPH Jol i d supports
are, for exanplren7aniyams prefeaid pHoXrale® t§ €. @\ bage iswsedto iainiviptlef  zi r coni um oxi de,

titani um oxi de fgh 7. SblithtidsasédiaRX ediedz8d s bidhd bBs 6t flRtlires Stitlefedt €s (€. g. barium
sul fate) or Ca Q%%&%E%éa‘?e.ganéf@ Fﬁ&sﬁ%F&Erlaosﬂé}ata%gags‘lmn%érbéh% o%%’onat e). In one

enbodi nent, I on or exanple, of
From 0 mass06 t GUBIHRBETELHEB S RECEre: Mo PERBVRREBETe Nt ¢ he

hydr ogenat i on Pelkssiomgirbenetei Ima priferrqdremgedimesat, hf redudiendenerfermetasess am ne bases (e. g.
triethylam ne) biphasiaitd of WRérahd SaBgsic §dvel, pref@StlUIMhE preddactat £pate POt assi um
carbonate). |nyRart éawgt@[mh ok Q@abtu{y@,q%,t,dnqu,gﬁ;eal is palladiumand the solid
support is, for exanple, carbon, netal oxides (e.g. alumniumoxide, zirconium
oxi de, titanium oxide or silicon dioxide/alumniumoxide), carbonates (e.g.

cal ci um car bon&e®°BR Bari um carbonate) or sulfates (e.g. bariumsulfate). In
one enbodi nent, the transition nmetal catalyst is a Pd catal yst selected from

the group consnrsetdanigunéafemszﬂlnleadreumemfﬁaéoh@amd SUSRUIAR), b6alPHérbof (8. 9. 1% Pd/ C

type 39), 3% P % d/ C A401102-5,
5% Pd/ C A40110§éf§% IQ-’%/W'%RO S AR Srefibi 'éfgﬁg‘%/ Fug) albg/°6‘:$"AQ£f'(F))5032 5% Pd/ C
AA05038, 5% PdfEaREEappaac "EogBlP B°’/£éﬂf§’d?§‘2 e%%"ﬁ@l F@°’A%63303?§’3 %% Pd/ C AL02023,
5% Pd/ C A102038°mF8%dPﬂfP@Uta@e>f sAtaheregly, Pd/ C type 398, 5% Pd/ C type 37, 5% Pd/ C
type 87L, 5% Pd/ CotHype 487, 5% PgF€ . type 39, 5% Pd/C type 394, 5% Pd/ C type
487 (powder), 5% Pd/ C type: 472 ( der), 5% Pd/ C type 87L (powder), 5% Pd/C
Type 5R394, 5% Pad% ) Pd(S)/C [e.g. 5% Pd(S)/C A1030381), or
10% Pd/ C (e.g. 109 74, 10% Pd/ C type 394, 10% Pd/ C type 87L or 10%
Pd/ C type 37); £ yadi-tm on al um ni um oxi de, such as 5% Pd/ Al 203 (e.g.
5% Pd/ Al 203 A3020885 or 5% Pd/ Al 203 A302011); of palladiumon cal cium
carbonate, such as fa% Pd/ CaCO3 (e.g. 5% Pd/ CaCO3 A303060 or 5% Pd/ CaCO3 type
405) or 5% Pd(Pb)/CaCCB (e.g. 5% Pd( Fg /[ CaCO3 A 305060); of palladium on
titani um oxi de ¥'ggigR? 'égV%QW'PHPI'i'GQZ" '@‘eﬁ'"g YWPPdf Ti 02 C6944); of pal | adi um on
bari um sul f at e or leade lv aayxtEe/6f g/ cBARMHs pHorgulab@s 4ad (BaSO4 A 308053) ; of pal |l adi um
on zirconi um oxi de, such as 5% Pd/ 7r02 (e.g 5% Pd/ Zr02 C7140); and of

pal | adi um on i dn6R8 ik g %mr@aty%l%e@an cBRoARF YR 02/ Al 208 (e.g.
5% Pd/ Si 02/ Al 2(313 C%?O d8f or 5% P bﬁ% e comercially
avail abl e, for "ER8hH1%EMP BYer BHHYE C'Nfb?gf'l’*e%?ee"l’ (B ﬁ°§?" od| ment, the
transition net dRnsiien et satalyskega mladiugy catelysit forgxpiples described N Spstiom car bon, for
exanpl e 5% PVCB(3e3, (padsG8/a Edut(ohd 088 Bda (SEfyoPtalt Gedf03018, 5% PVC 6103014, 5% PVC
B104032, 5% PVC B 501032, 5% Pt/ C 8109032 or 50/0 Pt/ C B501018) or 5% Pt(S)/C
(e.g 5% Pt (S)/C 8106032); which are commercially avail able, for exanple from
Johnson Matthey. In another enbodinment, the transition netal catalyst is an Ir
catal yst such as iridiumon carbon, for exanple 5% Ir/C (e.g. 5%ir/C C 7750)
or on cal cium carbonate, for exanple 5% Ir/CaC>2 (e.g. 5% Ir/CaCO3 type 30);
whi ch are commercially available, for exanple from Johnson Matthey. The anount
of transition netal catalyst to substrate, typically enployed in the process,
may be in the range of from1l to 75 ww% preferably of from10 to 50 wi o,
nore preferably of from20 to 50 wt% Solvents generally known in the art can
be used. Preferred solvents are, for exanple, alcohol solvents (e.g. nethanol,
et hanol or isopropanol), ether solvents (e.g. tetrahydrofuran,




In the above hydrogenation reaction the stereochem stry m ght be of
i nportance. Thus, it is a further object to provide a .. produci ng
conpounds a® PRt o fornul ae (9-b) and (9-c), or saﬁ%g%ﬁﬁg?é%?y)as def i ned
above, wherein the nolar ratio of conpounds according to fornmula (9-b), or
salts thereof, to compounds according to fornmula (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. Imparticular, this objective can be
achieved by using. a transition netal catalyst such as a Pd or Pt catal yst;
for exanple: palladiumon 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 #603023, 5% PdFC AL02023, 5% Pd/ C type 37, 5% Pd/ C type 39,
X 5% Pd(S)/C [e.g. 5% Pd(S)/C A103038], 5%

_ e 5R338), 10% Pd/-C (e.g. 10% Pd/ C type 394 or
10% Pd/ C type 37) g. 1% Pd/C type 39) or 3% Pd/C (e.g. 3% Pd/C
type 39); pall adm ypo am sul fate, such as 5% Pd/ BaSO4 (e.g. 5% Pd/ BaSO4 A
308053) ; -pal | adi umjon al um ni um oxi de, such as 5% Pd/ Al 203 (e.g. 5% Pd/ Al 203
A302084-5); pal | adiftim on cal ci um car lppgate, such as 5% Pd/ CaCO3 (e.g 5%
Pd/ CaCC3 A303080). j LI cani. i 5% Pd/ Zr 02(e. g 5%
Pd/ Zr 02 C7140) ?'Q%er'" Fgﬁéa“ﬁ'ﬂ%eﬁ%”'é%’?i%ﬂ%%‘aé'x"ﬁeﬁe*pﬂbif“@5’}?&%}%’{(e. g. 5% PVC
B103032, 5% Pt/ C 6103018, 5% PVC 8103014, 5% PVC 6104032, 5% PVC B 501032, 5%
PLC 3109032 or 5%®VC 13501018) %Pt(S)/C (e.g 5% Pt (S)/C 13106032); which
are connercially/hvailable, for pl e from Johnson Matthey. Thus it is a
further object td.providesA &ss for produci ng conpounds according to
formul ae (9-b) and ( alts thereof, as defined above, wherein the
nol ar rati o of ceBRPoUR rding to formula (9-c), or salts thereof, to
conpounds accordin@ to formula (9-b), or salts thereof, is at |least 50 to 50,
in particular at |e&ast 67 to 33. In Q@&ticular, this objective can be achieved
by using a transition netal catalyst such a Pd or Pt catalyst; for exanple:
o2 adi am on CRIBEHS 2 ik S Soelco e EalBate PR RIO I 5. 556 P C
A401102, 5% PdpitheArOmoy of fguyiprit@ md (3028, 5% Pd/ C A405032, 5% Pd/ C A405038,
5% Pd/ C A503023, 5% Pd/ C A503032, 5% Pd/ C A102023, 5% Pd/ C A102038, 5% Pd/ C
type 374, 5% Pgdctort 3 pe3:398, 5% Pd/ C type 87L or 5% Pd/ C type 487), 10% Pd/C
(e.g. 10% Pd/C type 87L) or 5% Pd(S)/C [e.g. 5% Pd(S)/C A1030381; pall adi um on
al um ni um oxi de, such as 5% Pd/ Al 203 (e.g. 5% Pd/ Al 203 A302084-5 or 5%
Pd/ Al 203 A30203%f°" B4 +-ddi um on cal ci um carbonate, such as 5% Pd/ CaCC8 (e.g 5%
Pd/ CaCC3 type 405) or 5% Pd(Pb)/CaC33 (e.g. 5% Pd(Pb)/CaCd3 A 305060);
pal | adi um on t intaduithetaspeat thkepressht @lierdien rBidfedl6l b pro&2s forcpregparing Uocdrsbotid02 C6944) ;
pal I adi um on sjdde@nagdi oxi de/ al um ni um oxi de, such as 5% Pd/ Si 02/ Al 203 (e. g.
5% Pd/ Si 02/ Al 203 CVO%S or 5% Pd/ Si.02/ Al 203 C7079); or platinumon carbon, for
exanpl e 5% PVC (e.g. 5% PVC B50f018); which are comercially available, for
exanpl e from JohRgson Matthey. Se bn B. 3.4: In one enbodiment, the treatnent

% , Or salt thereof, as defined above, with a
S \ h a hydri de reduci ng agent for exanple as

descri bed in S€ttiga” B»"3. Tor as described in J. Chem Soc., Perkin Trans 1,
1996, (11), 1131, dan lead to a conpound of fornmula (5), or salt thereof, OH
(5), wherein Rl is"hydrogen or a nitfbgen protecting group, or can lead to a
m xture of the conpounds of fornulae (4) and (5). In another enbodi nent,
treatment of the,cpepeund of formula (7-a), or salt thereof, as defined above,
with a reducingm%gﬁgg Ag%g%o;gig gpngﬁpd of formula (5-a), or salt thereof,
as defined above, pre?grafiy o?‘?or%u?agfglg), or salt thereof, or leads to a
m xture of theS¥PHSBIRUYP YIS f or nul ae (4-a) and (5-a), preferably a mxture of
t he conmpounds aftredtiog arepmaeung d-ferpuladil o(Bk hyreof, 41 Section B. 3. 5: In anot her
enbodi nent, the treatnent of the conpound of fornmula (7), or salt thereof, as
defi ned above, with a reducing agent, for exanple, as defined in Section B.3.1
to B.3.4, can lead to a m xture of conpounds of fornulae (5) and (6), or salts
thereof, a m xture of conpounds of formulae (5) and (9), or salts thereof, a
m xture of conpounds of forrmulae (6) and (9), or salts thereof, or a mxture
of conpounds of formulae (5), (6) and (9), or salts thereof; wherein each
m xture may further conprise the conpound of formula (4), or salt thereof, as
defined above. In a preferred enbodi nent, the treatnment of the conpound
offormula (7-a), or salt thereof, as defined above, with a reducing agent can

Pd/ C Type 5R394 0%




sai d process conprising reacting a conpound of forrmula (9), or salt thereof,
R11 (9) wherein Rl is hydrogen or a nitrogen protecting R6 and R7
are, indepeMRAPINPO24n 4l kyl group, an aryl group, an ar ’@#@Vﬁgngup, a

cycl oal kyl group or together R6 and R7 forma cycle, together with the
nitrogen to which they are attached, which cycle may be saturated or
unsaturated and nay optionally contain one or nore heteroatons, such a

ni trogen, oxygen or sul phur, whereby tla@ cycle contains 3 to 8, such as 4 to 7
ring atonms, with a quatem sation agent and a base to obtain the conmpound of
formula (4). In a preferred enbodi nent, the present invention relates to a
process for preparing a conpound of formula (4-a), or salt thereof, (4-a)
wherein Rl is hydrogen or a nitrogen protecting group, said process conprising
reacting a conpoupd of formula (2 , or salt thereof, (9-a) 43 wherein Rl
is hydrogen or a ) group and, R6 and R7 are, independently,
an al kyl group, an »aryl al kyl group, a cycl oal kyl group or
together R6 and R e, together with the nitrogen to which they are
attached, which B e~saturated or unsaturated and may optionally
contain one or noré heteroatons, such a nitrogen, oxygen or sul phur, whereby
the cycle contains®@ to 8, such as 440 7 ring atoms, with a quatem sation
agent and a basg toR.bE%in t he gonqunq of fornmula (4). In another aspect, the
present invent i*6A°"T & APESIT " A PP EEEFHYBr epari ng a conpound of fornula
(4), or salt t w@r@(ﬂlﬂ,-ac(iv,g)ing agent to obtain a compound of formula (11)

(11)

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

b) reacting the compound of formula (11), or salt thereof, with a base to obtain the
compound of formula (4).

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

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

R1 (4-a)

or salt thereof,

wherein R1 is hydrogen or a nitrogen protecting group,



wherein RL is hydrogen or a nitrogen protecting group, said process conprising
a) reacting a conpound of fornmula (9), or salt thereof, &9& wherein RL is
hydr ogen or'%pﬁW?P%ﬁgn protecting group and, R6 and R7 & E,P?ﬂ%%ﬁﬂﬂdently, an
al kyl group, an aryl group, an arylal kyl group, a cycloal kyl group or together
R6 and R7 forma cycle, together with the nitrogen to which they are attached,
whi ch cycle may be saturated or unsaturated and nmay optionally contain one or
nore heteroatons, such a nitrogen, oxygan or sul phur, whereby the cycle
contains 3 to 8 such as 4to 7 ring atons, 44 with a quatenm sation agent to
obtain a compound of fornmula (10), or salt thereof. (10) wherein Rl is
hydr ogen or a nitrogen protecting group, R6 and R7 are, independently, an
al kyl group, af®&P9rsHPBEB " an aryl al kyl group, a cycloal kyl group or together
R6 and R7 f or maatregfnglagomropnsieof fempulaip-ehoristiigharof. r ogen t o whi ch they are attached,
whi ch cycle may be saturated or unsaturated and nmay optionally contain one or
nore heteroatons, such a nitroge oxygen or sul phur, whereby the cycle
contains 3 to 8, gif atons, r is a halide (eg iodide, bron de,
chloride), an al kj : hyl sul phate) or a sulfonyl ester (eg
Inflate) and RI10 i's or aryl; and b) reacting the conmpound of
formula (10), or__¢ wth a base to obtain the conmpound of formula
(4). In a preféf , the present invention relates to a process for
preparing a conpoqu of formula (4-a), or salt thereof, R (4-a) wherein Rl is
hydrogen or a nitrogen protectng group?d said process conprising a) reacting a
conpound of f omnerkiaR{ 8-hgdrqgesr adtrbgen bhert@gfroup, 45 '

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

o ‘ O
0

|
R1 . (11-a)
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R4 is an OH-

activating group; and
b) reacting the compound of formula (11-a), or salt thereof, wilh a base 1o obtain the

compound of formula (4-a).
Steps a) and b) as such are also a preferred embodiment of the present invention.
Section B. 2. 3. 2:

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

formula (11-a).



(9-a) wherein RL is hydrogen or a nitrogen protecting group and, R6 and R7
are, Independently, an al kyl group, an aryl group, an kyl _group, a

cycl oal kyl ﬁWbﬂﬁw%?k¥ogether R6 and R7 forma cycl e, a%% éP)&F?H]the
nitrogen to which they are attached, which cycle may be saturated or
unsaturated and may optionally contain one or nore heteroatons, such a

ni trogen, oxygen or sul phur, whereby the cycle contains 3 to 8, such as 4 to 7
ring atonms, with a quatem sation agent 260 obtain a conpound of fornmula (10-a),
or salt thereof, (10-a) wherein Rl Is hydrogen or a nitrogen protecting
group, R6 and R7 are, independently, an alkyl. group, an aryl group, an
aryl al kyl group, a cycloal kyl group or together R6 and R7 forma cycl e,
together with the nitrogen to which they are attached, which cycle nay be

sat urat ed or uhsanar rtfetdamebdimant togprresent aivénjioroepteete APioFrss or nor e hel er oat ons,
such a nitr ogeprepdinyg@mp&ihd Srpliai.a) wher eby the cycle contains 3 to 8, such as
4 to 7 ring atons, r is a halide £eg iodide, bromde, chloride), an alkyl

sul phate (eg nethyl sul phate) o iulfonyl ester (eg triflate) and R1O is
hydr ogen, al kyl \q aryl; apd_b aeting the conpound of forrmula (10-a), or
salt thereof, wth-—a base pbt ai'n the conpound of fornmula (4-a). Steps a)
and b) as such a a

_ SO p -'red enbodi nents of the present invention. 46
The term quat eni sat7 o agent relates to any agent which is able to convert a
tertiary amne intqg,a quaternary am ne, for exanple, an alkyl halide (such as
met hyl iodide, methyl bronide, methyl®hloride, ethyl chloride, ethyl bronide
or ethyl iodide), a dialkyisulfate (such as dinethylsulfate), a sulfonate
(such as 4-net bydasbb@anyl t ol uene and nethyl inflate) or a conpound of the
formul a (R10)39%y$m§ﬁﬁhﬂm ngﬁvﬁkgxhagaﬂgamas met hyl or ethyl), and Z" is

tetrafl uoroborate or hexa uorﬁﬁ OSR a%e. Nb?gwpreferably, t he al kyl ating
reagent is met RYIPTEdREHET BromEP e CHY YA o 2io8Sa" BPEPer r ed bases in step b) are,
for exanple, am nes such as triethylam ne. pyridine, 1, 8-
di azabi cycl o[ 5. 4. Q],undec-7-ene (BBY). Also preferred is an ionic base, such a
"metal al kali carbonate (for exa e sodi um car bonat e, potassium carbonate and
cesi um car bonat e) K dride (for exanple NaH), a netal alkal

G e NaHCO3). More preferably the base is NaHCGCS.
The reaction t@=eQnve e, eonpound of fornmula (9) to a conpound of formula
(4) is preferably ep-wi se' in the sense that (9) is quaternised and then
treated with a bases Section B. b: S%géion B.5.1 Rl (16)

v

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

formula (4-a).

In the above described methods (Sections B.2.3.1 and B.2.3.2), an OH-activating agent
is any reagent which can convert a hydroxy! group into a leaving group. Examples of
suitable OH-activating agents are sulphonating agents, such as methanesulfonyl- or
toluenesuifonyl halides, for example methanesulfonylchloride or toluenesulfonylchloride.
Preferred base is, for example, an amine, such as 1,8-diazabicyclo[5.4.0lundec-7-ene
(DBU), 2,6-lutidine, diisopropylethylamine, a metal hydride, such as sodium or
potassium hydride, or bases such as lithium, sodium or potassium
bis(trimethylsilyl)amide and butyllithium.



47 wherein Rl is hydrogen or a nitrogen protecting group, Y is oxygen and each
R9, i independently, alkyl, aryl, arylalkyl (eg benz % or acetyl or both
R9 forn1togé¥ﬂgym@mﬁ'to 7, preferably a5 to 6 nenbered? éE Fﬁ?w??ﬂﬁ

conprising treating a conpound of formula (7), R6 '"N-R7 (7) or salt thereof,
wherein RL is hydrogen or a nitrogen protecting group and! R6 and R7 are,

i ndependent |y, an al kyl group, an aryl group, an arylal kyl group, a cycl oal kyl
group or together R6 and R7 forma cycl2e, together with the nitrogen to which
they are attached, which cycle may be saturated or unsaturated and nmay
optionally contain one or nore heteroatons, such a nitrogen, oxygen or

sul phur, mhereb the c cont aj to 8, such s ? tg 7 ; ng atons, with an
acetal form ng HfENE™P °%m%%mﬁmP% ”@§W38Uﬁh”8?me?ﬁﬁl%WTi@ %n a preferred
enbodi nent, t heatpihersesrinte thagastppingiaf ferahia ‘e Prefarbly opthefeEy!is VT‘%)rOFm“épari ng a
conpound of f omenebfecat A€o @)perforrfickGasalpsobbed g athdihotiheoensn a nkeeeef N R1 i s hydrogen or
a nitrogen prOE@ﬁ% Q&Qgﬁqx&@dﬁﬁaQ%MQ@&c&ﬂQm%@@Q)B%(55ﬁms&@dependent|y

al kyl, aryl, aﬂxr%;%ygj ) Cem or acetyl or both formtogether a 4 to
7, preferably a ere acetal ring, said process conprising treating
a conpound of fornula (7-a), 46 (7-a) or salt thereof, wherein Rl is

hydrogen or a mnitrogen protecting group and, R6 and R7 are, independently, an
al kyl group, an aryl grougZ/—gn aryl al kyf grloup, a cycl oal kyl QuUpP or together
R6 and R7 formja cycle get hef wi t /e ni trogen to whic Yy are attached,
whi ch cycl e may be ﬂ!@ted or ﬁgﬁate and may opt c y contain one or
nor e het er oat onsg 2’ nitragey r sul phuromA\\Wyerebly the cycl e
contains 3 to 8, syghws 4 to 7 le Ng, at ons, ' Rl @)

L ) mixture

Scheme 3
Section B. 2. 3. 3:

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

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,



with an acetal form ng agent to obtain the conmpound of formula (16 a). In a
preferred enbodi nent, the starting conpound of formla I((?T%)m Los lJaIt t her eof ,
i s accordi ng"QB¥YEPH ae (7b) or (7c), or salts t her eof A2YRMTREY above,
preferably of formula (7-b). Preferred "acetal form ng" agents are al cohol s
(eg nmet hanol, ethanol, isopropanol), a diol fed ethylene glycol,

1, 3-propanediol) or a trialkyl orthofornmate (eg di nethyl orthoformate).
Usually the reaction is perfornmed in the presence of an acid, for exanple a
Bronsted acid (such as hydrochloric acid, sulphuric acid) or a sulfonic acid
(such as 4-tol uenesul fonic acid). Resin-bound acids such as Anberl|yst-15(r)
are also suitable acids. Conditions whereby an acid is generated in situ (eg
acetyl chloride) ane al so appropfiate. Preferably, the acid is used in

catal ytic quantities. Pref erabl . ineral acid is used, such as hydrochloric
.acid, preferabl yxi presencesof an al cohol, preferably net hanol or

et hanol are used. /Fu ther pl es of preferred "acetal form ng" reagents are
descri bed, e.go € Chapters of standard reference works such as P. G
M Wis and T. W eene "Greene's Protective Groups in Organic Synthesis',
Fourth Edition, WIRey, New Jersey, 2007. In another aspect, the present

i nvention rel atrge?e";[r% |sr\1/ﬁrrooé%%§§ i en&; tectpar 'rorl a conpound of fornmula (16) 49
(16) or salt t here P HpospTy ?‘I or a nitrogen protecting group, Y
is sulfur and E'MWCt'VF@gaQ%H%ﬁ%’H%W?‘“ If%’p‘l"a“é’ryl aryl al kyl (eg benzyl)
or acetyl or both RO formtogether a 4 to 7, preferably a5 to 6 nmenbered
thioacetal ring, comprising treaking a corrpound of fornmula (7), or salt

t hereof, wherein Rl I's hydrogen A nitrogen protecting group and, R6 and R7
are, independentl S4p,~ an aryl group, an aryl al kyl group, a

cycl oal kyl group ¢ 6 and R7 forma cycle, together with the
nitrogen to whi.ch » ached, which cycle nmay be saturated or

unsat ur ated and may optl onally contain one or nore heteroatons, such a

ni trogen, oxygen or,,lusul phur, whereby the cycle contains 3 to 8, such as 4 to 7
ring atons, with a thioacetal form n{;”.bgent to obtain the conmpound of formula
(16). I n a prefreplibetecdmherdin fibisthydredarormrdrisgantrroteqing arobroad Ralsan &5-t 0 a process
for preparing aticompupcnef formula (16-a), 50 (16-a) or salt thereof,

wher e| N RL is BydfedfihddomBou b QEEN 1P SL8Cthdrddd it eRpoua btSorditih f Ur and each
R9, mdepeg dently, alkyl, aryl, arylalkyl (eg benzyl) or acetyl or both R9
formtogether 4 to 7, preferably a 5 to 6 nenbered thioacetal ring, said
process conprising treating a conpound of fornmula (7-a),

(12)

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

¢) reacting the compound of formula (12), or salt thereof, with a base to obtain the
compound of formula (4) .

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



R1(7-a) or salt thereof, wherein RL is hydrogen or a nitrogen protecting group
and, R6 and R7 are, |ndependently an al kyl group, an .an aryl al kyl
group, a cy®QUMANI2Yroup or together R6 and R7 form aa%(ﬁélfl%(gﬁgggﬂe her with
the nitrogen to which they are attached, which cycle may be saturated or
unsaturated and may optionally contain one or nore heteroatons, such a

ni trogen, oxygen or sul phur, whereby the cycle contains 3 to 8, such as 4 to 7
ring atoms, with a thioacetal formng agent to obtain the conpound of fornula
(16-a). In a preferred enbodi nent, the starting conpound of forrmula (7-a), or
salt thereof, is according to fornmulae (7b) or (7c), or salts thereof, as

defi ned above, preferably of fornula (7-b). Preferred "thi oacetal form ng"
agents are thiols (eg nel hanet hj et hanet hiol, thiophenol) or a dithiol (eg
1, 2- et hanedi t hi ol 1, 3- propaned pl ). Usually the reaction is performed in
t he presence of aw bl e, a Bronsted acid (such as hydrochloric
acid), a Lewis ac/d pcrontrifluoride or titaniumtetrachloride) or a
51 solid- suppop eth 2 ch as Anberlyst-150). Conditions whereby the acid
is generated in si t|u (eg di met hyl sul fi de-brom ne conpl ex) are al so suitable.

Pr ef er abl Y the aci ®'is used i n cat al yd)c quantities. Further exanples of

pr ef erred "t hi oacetal form ng" reagents are described, e.g. in relevant
chapters of stéarr;dl%eqeref erence works such as P. G M Wits and T. W G eene,
"Greene's Protective éroups in Organic Synthesis', Fourth Edition, WIley, New
Jersey, 2007. S%et"l%HS'B"’S’QGZ‘”?Pi"‘?ﬁﬁ’b'frﬂé“r“"ga%%‘@ct the present .invention relates
to a process feadprcepaeimigna conpound of fornula (6), or a tautoner thereof,
(6) or salt thekandacoMpeingiMorlia(5sa)tysit@@esr, or a nitrogen protecting group,
sai d process conprising renoval of the acetal functionality in a conpound of
formula (16), or salt thereof, 6) 52 wherein Rl is hydrogen or a nitrogen

protecting group, O¥ i s oxygen ach R9, is, independently, alkyl, aryl,
(

aryl al kyl (eg bedzyl) or acetyl poth RO formtogether a 4 to 7, preferably
a 5 to 6 nmenberedya

R1

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

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

(11-a)

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

formula (12-2).



to obtain the conmpound of fornmula (6). In another aspect, the present
invention relates to a process for preparing a corrpoun (6 a), or a
tautomer t h&YRBPYPEBY) or salt thereof, wherein Rl is h oF a ni trogen
protecting group, said process conprising renoval of the acetal functionality
in a conpound of fornmula (16-a), or salt thereof, (16-a) wherein Rl is

hydr ogen or a nitrogen protecting group. Y is oxygen and each RO, is,

i ndependent |y, al kyl, aryl, arylalkyl g¢eg benzyl) or acetyl or both RO form
together a 4 to 7, preferably a 5 to 6 nenbered acetal ping, to obtain the
conpound of forrmula (6-a). Suitable conditions for the renoval of the acetal
functionality include hydrolysis, e.g. the use of an acid in the presence of
wat er. Suitable agsds include B ed acids (such as hydrochloric acid,
acetic acid, tri f/I uor oacet eic a oxalic acid). Lews acids (such as 53
iron trlchlorlde) (Ci (such as 4-tol uenesul phonic acid) or
condi ti ons that g idin situ (eg iodine), as defined above. O her
condi ti ons i ncbede ation (eg Pd/C) [for e.g. arylalkyl, such as when
RO is aryl akyll or |a base (such as sodi um hydroxi de or potassium carbonate
[for e.g. diacetyl &etals, such as wher) R9 is an acetyl group, for exanple an
al kyl acetyl group [RO = -C(—O) al kyl ] such as net hylacetyl [1W= -Ct=0)CH3J.
Furt her exanpl es of pref erred agents for the renoval of acetal functionalities
are descri bed, °¢ H" MeRor BreaRt 'Sé‘hdé‘ﬂ?F’ePrsa Yfooet NEHPLITErBY BAGE® wor ks such as
P. G M Wits aahodoun\andG eene, "Greene's Protective Goups in Organic
Synthesis', Fourédetingdiet dodpound/brl f@kivia New), desak egreo @lha bask b @rotther aspect, the
present invent i Qaodn8b@iksa la).@ process for preparing a conpound of fornula
(6), or a tautomer thereof, "(6) or salt thereof, wherein Rl is hydrogen or a

nitr ogen protect i ng gr ourp )
The conversion of the -OR4 group of the compound of formulae (11) or (11-a) into a

'[EPZl?lD

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

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

In one embodiment, the conversion of a compound according to formula (12),
preferably of formula (12-a), into a compound according to formula (4), preferably of
formula (4-a), is performed in the presence of a reagent which can change the identity
of R1. In one embodiment, a compound according to the formula (12-a) wherein R1 = H
and R5 = 1 is treated with a base (eg triethylamine) and the reagent di-tert-butyl

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

Section B. 2. 3. 4:



sai d process conprising removal of the thioacetal functionality in a conpound
of formul a &f or salt thereof, (16) 54 wherein Rl;kﬁng % or a

ni trogen prSfEPYRE4roup, Y is sulfur and each R9, is epent ently, al kyl ,
aryl, arylal kyl (eg benzyl) or acetyl or both RO formtogether a 4 to 7,
preferably a 5 to 6 nenbered thioacetal ring, to obtain the conpound of
formula (6). In another aspect, the present invention relates to a process for
preparing a conpound of fornula (6-a),3@or a tautoner thereof, (6-a) or salt

t hereof, wherein Rl |Is hydrogen or a nitrogen protecting group, said process
conprising removal of the thioacetal functionality in a conpound of forrnula
(16-a), or salt thereof, (16-a) wherein Rl is ydrogen or a nitrogen
protecting grolld furerjpeped P Ripsen Hrertiorplatpzo @ piecess RifessRiRaaRTTRal kyl , aryl ,
aryl al kyl (eg Yémaya () or acetyl or both RO formtogether a 4 to 7, preferably
a 5to 6 nmenbered acetal ring, teg~abtain the conpound of fornula (6-a). 55

i di si i odi 3-di chl oro-5, 6-di cyano- p- benzoqui none
(000), peroxides, ; oxy) i odo] benzene or al kyl ati ng agents (such
as net hyl iodide | ce of water) or nmercury(ll) salts (such as
mercury dichl ogie per chl orate, mercury oxide)). Further exanples of
preferred agents fof renDV|ng t hi oacetal functionalities are described, e.g.
in relevant chapters of standard reference works such as P. G M Wits and T.
W G eene, "Greene' s Protective (}oug' in Organic Synthesis', Fourth Edition,
Wl ey, New Jersey, 2007, SECTION C. Conversion of a conpound of formula (7)
Into a conpoung sefthdrenf.rul a (1) via a conpound of forrmula (2) The processes,
accordi ng to therd RSERbrogd\bERNtilrdQEh préterigaiert of a conmpound of fornula (7),
as defined herghﬂymkggg“@wﬁpnpound of formula (1), as defined herein, are

lin in
out ed SC convertlng a compound of formula (5), or salt thereof,

OH

7\

—2Z

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

into a compound of formula (12)

) ‘ O
@)

I
R1 " (12)

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R5 is a
leaving group; and
b) reacting the compound of formula (12), or salt thereof, with a base 1o obtain the

compound of formula (4).



Schenme 4 Thus, in another aspect the present invention relates to a process to
convert a conpound of fornmula (7), as described herein, i conmpound of
formula (1) VA&'YYLEYi bed herein, said nethod conprisir@%{&ggm%ﬁﬁbgﬁe of
met hods in Section B to convert (7) into (4), 56 b) any one of nethods in
Section C.1 to convert (4) into (2), and c) any one of methods in Section C. 2
to convert (2) into (1). As discussed below, Sections C. 1 and C 2 as such are
al so preferred enbodi nents of the present invention. SECTION C: Ring opening
of a conmpound of formula (4) In another aspect, the present invention relates
to a process for preparing a conpound according to formula (2), R3 (2) or
salt thereof, wherein Rl and R2 are, independentlx of each other, hydrogen or
a nitrogen prot¥8t PAYSGE BaP° ENGeEEN ¥ Mg PEFHORY gr oup or an ester group,
conprising reacting a conpound of forrmula (4) (4)

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

compound of formula (4-a)

(4-a)

or salt thereof,

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

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

OH O
(0] l

N
|

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

) ‘ O
o)
1 : (12-a)
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R5 is a

A—2Z

leaving group; and



or salt thereof, wherein Rl is hydrogen or a nitrogen protecting group, with a
| adam ring r?gemg@ aqent to obtain the conmpound of fornula ﬁoé 57 1n a
preferred e We' a conmpound of forrmula (4-a) (4- afCT@ 205 her eof
wherein RL is hydrogen or a nitrogen protecting group, is treated with a

| actam ring opening agent to obtain a conpound according to fornmula (2-a),
(2-a) or salt thereof, wherein RL and R2 are, independently of each ot her,
hydrogen or a nitrogen protecting groug2 and R3 i's a carboxyl group or an
ester group. Exanples of |actamring opening agents are; nucl eophilic bases
such as al kali netal hydroxides (for exanple sodi um hydroxide or |ithi.um
hydr oxi de), neutral conpounds such as hydrogenperoxi des (such as lithium
hydr ogenper oxi epaciiadheeqmigund At foryiadiza). g pit Bsregiprile a bpeavip sbigip tBr enst ed adds,
m neral acids sepaurdsf sariupldi)i ¢, perchloric and hydrochloric acid, sul phonic
aci ds such as para-tol uenesul phonic acid or polyner-bound acids such as

Anpberlyse. Pr etl' J(%Q\lle}(s’i n oyg R%tr]ol)qgrg}ogp af(%hedco!néoqu gﬂorﬁ\?la%% 6}% Qﬂht!&' ng opening

agent . Preferab y aclds are r an al cohol (such
as net hanol or '8YMLYPYs @ Y& acestan? Hg p%’f)"é‘rﬁ‘llﬁj e At f?f&?‘?"l?@’ Fsed

catal yti cal |y desciedindiharét kareal Cymprehersive Oedohiy Transfrendlierst ARtidd g openi ng agent
is used in an atmtionbl droupnardpataiond ) seghd EdtloR NWitsy-veh &emlig@rhyBIN26302in Reducti on of a

compound of formar ds2kschR itHOleR G aa&&r@rherg@f fLrhﬁarﬂﬁ@l?‘rﬁWbe eﬁyc%@tl on relates to
a process for Bygggsrelop'g:h and?rrpound accordi ng to formul a ,

Section B.3:

Section B. 3.1:

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

. of formula (4)

R )

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

R6

R1 %)



R1(1) or salt thereof, wherein Rl and R2 are, independently of each other,

hydrogen or a nitrogen protecting group, and R3is a c royp or an
Ry

ester groupVYUMPPSing reducing a conpound according 2(2), R1(2)

or salt thereof, wherein RL 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 conpound of formula (1). In particular, R3 is a carboxyl group,
ethyl ester or nmethyl ester. Preferabl §3 a conpound according to formula
(2-a), or salt thereof, 59 Ril(2-a), wherein Rl, R2 and R2 are defined as
above, is used as starling conmpound. If the conpound (2-a), or salt thereof,

is used as starting c oun conpounds .accor di to fornul a -a R3
or salt tﬂereo?,rmnerein 92’1 is hycﬂpgen or a nitrogen protecrt]ugg group and, % and I£71 )

are, independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalky! group
- or together R6 and R7 form a cycle, together with the nitrogen 1o 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 atbms,
with a reducing agent to obtain the compound of formula (4), preferably of the formula
(4-a). In a preferred embodiment, the starting compound of formula (7), or salt thereof,
is according to formula (7-a), or salt thereof, as defined above; more preferably the
starting compou'nd is according to formulae (7-b) or (7-c), or salts theredf, as defined
above, most preferably the starting compound is according to formula (7-b), or salts

thereof, as defined above.

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

O l

1 _ (4-a)

0—2Z

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

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

(7-a)
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7
are, independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group



(1-a), and formula (1-b), R2---NR3 R I(1-b) or salts thereof, wherein Rl, R2
and R3 are defined as above, can be obtained. In a preferred enbodi nent RL =
Boc and/or REPZWMPH anot her preferred enbodi nent, R3 ECEERIYY BN boeEL,, or
CO2" (carboxylate). Most preferably R3 = CO2H. 60 In particular, the group R3
of the compounds of formula (1) or (2), preferably of formula (1-a) or (2-a),
is CO2H CQ2Et or CO2Me. In one enbodi nent, the salts of the conpounds
according to formula (1-a) or (1-b) aredgenerated (e.g. R3 r- CQ2) under the
conditions enpl oyed in accordance with the present invention. The salts can
then be optionally hydrolysed to give the free acid. Preferred salts are those
of alkali nmetals (Li, Na, K) or am nes ﬁ(‘ﬂig di i sopropyl et h’}bll am ne,

triethyl am ne) o [PRERE KPS Y dYMehDEEi HEMET “h&e "YEerat 'Y SRCHIN®Y A€ conpound of
formula (2), ortashdd whitheydsonay bgsettrated by upsafalddgnhipieeri@ally)contaiaies . pl ace with
hydr ogen i n t herpéresadiemndfsueh 4 Mitwha, biygen ondipalr, eimtedl e tyclepsrefireBabl y in the
presence of -a tyanshtd £P 7R} Admscat al yst conprising an organonetal | i c conpl ex

and a chiral ligand r.he may_occur, under, hetereo-_or honpbgeneous

. h a. teducin ag{en? U%Btlaio he ¢empound, of formula (4-a). I a - preferred . .
hydr ogenat i on condi 160ns,9pr ef &r aBI% GAEeI B GeResds hydP 8genat i on
condi tions. | neBR¥ineRhYEi SAZRE coprpEnhelt'rEB-Mof" b Msgeh&otrsortifdi’ogenat i on t akes
pl ace i n the piresdrrgebor (7a) loasis theaeet s defnedrbave. pleéesadly o femgla (1-9)i et hyl am ne,
i Pr2Et N or 1, 4-diazabicycl o[ 2.2.2loctane) or alkali netal bases (e.g. LiOH,
NaCH or KO . eRfageIROMR B nyd 2, DIGHEEOOGARANS, UL QARRM on Lakes pl ace
in the presence an al kal I t%_‘_dl n tga,rtl cular 10 an alhc$do solvent (e.g.
i PrOH, EtOH, Néb‘ﬁij"‘, POFOBY ey AP & RYRTP ROBTHRRSPY T AP PY A “Enbodi ment , t he
hydr ogenat i on, spdinpEgceiPeatreydridpdetmosiiipamenis caghuirdg@nat i on, takes place in the
presence of an tmcdtay®tooiirides anteikhianes bldfiderif@ esdipd, ligfuntapinradd uor obor c aci d.
General ly, the h?o%é[%@l%@,ﬂé&@éﬂéé@ﬁ&%ét%@@ b SoB )41 G fni@Wkyalidd. t he presence of
a transition ng I | is selected from

atal yst. wherein the transjition. .

Group o or 10 OfTRLERERY B TS oGy ST e pRS PR RTUTTS netal cat al yst
conpri ses, for MNEEPIrE Prefergl [disoquBsiuminRRdwMErdenmerRRyeferadli di um (I1r), Nickel (N),
Pal | adi um ( Pd) desacktyoatumirlivit Hysrigenn(TRE ) Preférablyp@e tea@ion t@kes plbdean dnregtieshit | on et al
catal yst is Pt gfhly s af¥HFO@manaaidrakh, SURRAE lorer b heaSivénE P@n. 1 n one
embodi ment._t he ({ LanS) Lo, MEE &l Satal ¥ob d 5 £ Qb LA - The, het er eogeneous
hydr ogenati on i &Gsud] P "Pert 6rRed T n' a SolPveRteeten ‘a8 &t'Re? sol vents (eg
THF), ester solPP&RY 1P @S Sopropyl acetate) or al chohol solvents (eg
i sopropanol, ethanol or nmethanol); in particular isopropyl acetate and
et hanol . 61 Gagealalsl 32: t he hanbgeneous hydrogenation is carried out in the
presence of a transition netal catalySt, wherein the transition nmetal is
selected fromgroup 7, 8 or 9 of the periodic table, Therefore, the transition
motal catalyst LEMIRTiseEmorign e HEREe ot o PRRRPT PLATHE Gt hflganese (M) |
Rheni um (Re), [teia" eEajinearoMe nfith m TRIGN9 aqeshiPpfarab@syith hedipegPtand @) , Rhodi um
(Rh) and/ or |Ir itefstion fétar)catalysn (@ apratzidienrcatalys®Iidy @ekdnpirds dedchieed i Seatint | on et al
cat al yst t Cﬂrrpr 8L, clarmegmgae&rme_ bridlot ﬂoﬁ\u@%wr_@am@m{,asla‘eh{nelealaotvb,hogféand- The -
organonetal lic rise ransi al selected fromgroup 7,
or 9 of the pe#e%gg%cﬁ%g%ﬁg@c%rﬁprOEneo%e?angﬁea%@ea%?F{zﬁsi tion metal rhodium iridium
or rutheniumin particular rhodiumor ruthenium An organonetallic conplex
conpri si ng r hodh Ytrerohenrmbpdireant. edtryenseftttegbrhroundoh rratag&plosnseltthdrect conpl exes can
conprise a si ngk Gefihécdbovel Withh r®Kiad agdht0dids lolh PMEIURT sredime@dTiefliorait s t he
conpl exes can GORR bSRardeBoo0d, ofsEolal BRFE biRRoRlAMs oftbMIEe (4QPLdgonal |y
conprising a az‘tyﬂl - et al bond. In a preferred enbodi ment two netal atons are
bridged via t alides. Cenerally, the organonetal lic conplex, conprises one
or nore transition nmetal atons and suitable achlral I|igands.

Section B. 3. 3:



Suitabl e achiral ligands for the organonetallic conplex generally are a-donor

| i gands, a-donor/u-acceptor ligands or QJT -donor/it- acg nds

Exanmpl es fo™SWYYBPE achiral [igands are anong ot hers éﬁﬁ%ﬁﬁmﬁ%gﬁ

halides (e.g. C, | or Br), phosphines [e.g. tricycl ohexyl phosphine (PCy3)]

al kenyls (e.g. cod, nbd, 2-netallyl), alkynyls, aryls (e.g. pyridine, benzene
p-cynene), carbonyls (e.g. acac, tritluoroacetate or dinethylfonnam de) and

m xtures thereof. Exanples of preferredachiral |igands for the organonetallic
conpl ex are: norbornadi ene (nbd), cyclooctadiene (cod), pyridihne (pyr),

cynene, in particular pcynene, and iodide. 62 organonetallic conplex, such as
[ Rh(nbd) 213F4] or [Rh(cod)2]13F4, or an iridiumorganonetal Iic conplex such as
[ (CY3P)111(pyr)Cl, Dr(cod)2113ArF or ilr(cod)2Cl12; in particular

[ Ru( cod) ( 2- et alalfythgrZmbodirknf, the drp{tOOCHRS) Rinpaynd §f R @4 (7). oyseittveled2; in particul ar
I'1'1 h( NBD) 2] El Fék, défifd (46630) &0 kekndtng Jagét, phdidbly 24itB -redfogenapdh tradstiorone enbodi ment
the organomet a%etelgatg%menqe(ad ko> Jo ﬂ@%ﬂﬁf& ﬁr salt tﬁéré:‘ nor bor nadi ene) r hodi un( 1)
tetrafl uoroborate n anot her odi nent e organonetal lic conplex is

[ Rul2(p-cynene)]2 (= D |odo(pcynene)ruthen|un(ll) dimer): Generally, the term
"chiral |igand" onprises any ligand that is suitable to build chiral
organonetal lic co‘TT xes and t h&t bnpri ses a chiral centre. The transition
nmetal catal yst c@ petallic conplex and a chiral |igand. The

chiral Iigand conp exanpl e, a chiral phosphine and/or a chira
ferrocene. ﬁ i ¢ chiral ferrocene conprises a Cp

(cyclopentadle yl )>nrfoi ety ich is substituted with a chiral group, such as a
chiral am ne, a ch@qal phosphine or a chiral akyl, for exanple as illustrated

herein. In a first enbodi nent, the r&luction of the conpound of fornula (2-a),
or salt thereo#herdir 8¢iiglesdréges QX0 Bilrége® rprat=otingr greipngndt k@ anenpoards according to

formul ae (1-a) mé’e’ﬂgﬂdérlltlp)an am}l g&ﬁ&: taf aﬁyr@(’}@qmamrgedup até}@oﬂ(?ll Pduploat i 0 of

conmpounds accoy di or .salts I npounds accordi ng
to formul a ( i tgogethegRé ar]d R f(i:"Pla cyc(eltogelﬁer wnth tl'le nltro?engqser}lc%(a'f%are aﬁac?er abl y at | east

80 to 20, nor ew'ij‘ihé’P""é? a1 ‘3? Sé't"a?eéél‘s“tnsaéﬂa‘f%a"& My gRiPnaiy Yé’f‘@i"é’ﬁ‘f e east 99 to 1.
63 | n one enbobhten@tpms. tiea tirgesiokyigemersebhal, \wateat e tyceonpainssels 8an

or ganonet al | i cswewapd 8¥ ragdioms, @Ntdhddad kd Hartdre DUGH c@HodrdEemighase 4 gand, a

Josi phos hgand,ngge,Mandyphos |igand, a Wl phos |igand, a Tani aphos Nand, a
Phosphol ane Ilgand an Atropi soner |igand, a BoPhoz |igand, a QUINAPHCS | i gand
or m xtures thereof; in particular the chiral ligand is selected fromthe
group consi sti Rgeof f”'li’@hHﬁ‘t?g‘mleﬁ"g‘aﬁHea"‘ﬁﬁﬁb?fﬁﬁo@mP‘i"Q‘gﬂfd?rmN}ﬁrﬁWp‘Hé%“ | i gand, Wl phos

Nand, Tani apho®erkafgznebfineRrysyehwittameedu¢ingaagent. deferepy wmiydrogergendda or. m xt ur es

t her eof . Josi plsitidningan@Asilyst Wdapl@sorhpodmitesrmubagih o Badndrdogands, Mandyphos
| i gands, Fenphos |igands, Phosphol ane |igands, Atropisoner |igands and BoPhoz
hgands are of the fornmulae: Jcsiphos: Tani aphos:

\
N—R7

(9-a)

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are attached,

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



Fenphos: Phosphol ane: 65 wherein R R and R' are, for exanple,

descri bed in W2006/ 003196, EP-BI 612758, W?2006/ 017045 9%%@%9%%'%87369
W02007/ 1160840 2¥P8#8/ 075166, W2008/ 101' 868, WD2006/ 11 2604/ 099226,
EP0967015, W2004099226, EP0967015, Chem Eur. J., 2002, 8, 843,

W2005/ 108409, W2005/ 356568, EP1582527, US5171892, J. Am Chem Soc., 1991,
113, 8518, W9315091, EP398132, EP646590, W9521151, EP612758, EP564406,
W2002/ 002578, Chem Rev., 2003, 103 (8p, 3029 and references cited therein

and in particular as shown in exanples herein. BoPhoz: Fe pPh2Fe 0 O
R- BoPhozS- BoPhoz wherein R8 and R9 are for exanple as described in: ‘-Boaz, N.
W ; Debenham S. D.; Mckenzi e, Lar ge, . Lett. 2002, 4, 2421

Boaz, N. W: DBYSfeR, sud) mtrogeu:fm@é" °’§“'p'E" W'I\?b*t??’ éhe %‘l'e ‘FQ"‘a"I'%? todhedr on:
Asymretry 2003§ucl14§ 4 BF Y adma,In oe;embpdimeXt, the lcempoud/of Brmulad@la), oSalt H. L. ; Xu, L.;
Lu, G; Yeung, m@%mhsmm&h@nokﬁhméﬁbﬁl Tet r ahedr on: Asymetry 2004, 15 2273 and
Boaz, N. W, Large, S. E.; Ponasik, J. A, Jr.; More, M K ; Barnette, T.;
Nottlnghan1 W D. Og. Process Res. Dev. 2005, 9, 472; Chem Rev., 2003, 103

(8), 3329. In pa'??l CFHI ar R8 and are: R8 = Me, R9= Ph (= MeBoPhoz);

(9-b)

‘wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cyc|oalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are attached,
which cycle may be saturated or unsaturated and may optionally contain cne or more
heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8,
such as 4 to 7 ring atoms. In ancther embodiment, the compound of formula (9-a), or

salt thereof, is according to formula (9-c),
R6

(9-¢)

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are attached,
which cycle may be saturated or unsaturaled 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 fransition



Re = Me = p-fluorophenyl (= p-fluorophenyl -NEBoPhoz) RB = Me, RO=

3, 5-di fI phen 3 5- F2C5H3 I\/eBoPhoz) R8 = Bn, or ophenyl
(= 3 -F2 06%0@%%{1 (R)-binol {= (R)"ﬁ’%ﬁﬁ“’ﬁ/é% ‘ghoz} R8=
: = (S)-binol {.= (S) BI NO_ I\/bBoPhoz}; 66 Re = = p- CF3phenyI (=
p- CF3phenyI - MeBoPhoz); R8 = Bn, RO = Ph (= Bn- BoPhoz), R8 Me,
cycl ohexyl (= Cy-MeBoPhoz); R8 = Me, RO = p-fluorophenyl (= p-F-MBoPhoz): RS
= (S)-phenethyl, Rg = Ph {(S)-phenethyl3sBoPhoz}; R8 = (R)-phenethyl, RO = Ph
{(S)- phenet hyl - BoPhoz}; R8 = (S)-phenethyl, RO = Me {(S)-phenethyl-MBoPhoz};
and (R) - phenet hyl, RO= Me {(R)-phenet hyl - MeBoPhoz); V\/nereln Bl NOL nmeans
2,2 dlhydroxy 1, 1' - di napht
( R) - N- Met hy| - NMERORREHY ﬂR‘tﬁ% %Pﬁﬁ'"sl"of ("SRl B-Blepere iR pIRYs BT ﬁB)Of Bfrocenyl ] et hyl am
ne (_ (R) I\/bBoB\h‘g@) table. Therefore, the transition metal catalyst comprises, for example, Cobalt
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In one embodiment, the hydrogenation takes place in the presence of a base, such as
amine bases (e.g. trnethylamine) or alkali metal bases (e.g. cesium carbonate or
potassium carbonate).

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

In one embodiment, the fransition metal catalyst is a Pd catalyst selected from the
group consistin_g 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% PdIC 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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B501018) or 5% Pt(S)/C (e.g 5% Pt(S)/C B106032); which are commercially available,
for example from Johnson Matthey.

PCT/EP2009/050510

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

example from Johnson Matthey.

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

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

_ tetrahydrofuran, methyltetrahydrofuran or tetrahydrofuran/water), aromatic solvents
(e.g. toluene) or ester solvents (e.g. ethyl acetate or isopropyl acetate). In one
embodiment the solvent is ethanol or tetrahydrofuran. The amount of soclvent employed
may be such that the concentration of substrate is in a the range of from 0.01 to 1 M,
such as 0.05 M, in particular of from 0.1 to 0.5 M or of from 0.1 to 0.3 M.
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The hydrbgenation usually is carried out at a temperature of from 20 °C to 100 °C, in
particular of from 25 °C to 75 °C, such as; of from 30 °C to 75 °C, of from 45 °C to

75 °C, of from 25 °C to 65 °C or of from 25 °C to 55 °C. The applied hydrogen pressure
usually ranges of from 1 bar to 40 bér, such as of from 3 bar to 30 bar, in particular; of
from 5 bar to 30 bar, of from 3 bar to 20 bar or of from 3 bar to 10 bar.

In the above hydrogenation reaction the stereochemistry might be of importance. Thus,
it is a further object to provide a process for producing compounds according to
formulae (9-b) and (9-c), or salts thereof, as defined above, wherein the molar ratio of
compounds accbrding to formula (9-b), or salts theredf, to compounds according to
formula (9-c), or salts thereof, is at least 50 to 50, in particular at least 60 to 40, such as
at least 71 to 29, in particular at least 82 to 18. In particular, this objective can be
achieved by using a transition metal catalyst such as a Pd or Pt catalyst; for example:
palladium on carbbn, such as 5% Pd/C (e.g. 5% Pd/C A401102-5, 5% Pd/C A401102,
5% Pd/IC A109047, 5% Pd/C AS03038, 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/IC type 87L), 5% Pd(S)/C [e.g. 5% Pd(S)y)C A103038], 5% Pd/C Type
5R394 or 5% Pd/C Type 5R338), 10% Pd/C (e.g. 10% Pd/C type 394 or 10% Pd/C type
37), 1% Pd/C (e.g. 1% Pd/C type 39) or 3% Pd/C (e.g. 3% Pd/C type 39); palladium on
barium sulfate, such as 5% Pd/BaSO, (e.g. 5% Pd/BaSO, A 308053); palladium on
aluminium oxide, such as 5°_/o Pd/AlO; (e.g. 5% Pd/AI,O; A302084-5); palladium on
calcium carbonate, such as 5% Pd/CaCO; (e.g 5% Pd/CaCO; A303060); palladium on
zirconium oxide, such as 5% Pd/ZrO, (e.g 5% Pd/ZrO, C7140); or platinum on carbon,
for example 5% PY/C (e.g. 5% P¥/C B103032, 5% Pt/C B103018, 5% Pt/C B103014, 5%
PYC B104032, 5% PYC B 501032, 5% Pt/C B109032 or 5% PtC B501018) or 5%
PYS)/C (e.g 5% PY(S)/C B106032); which are commercially available, for example from
Johnson Matthey.

Thus itis a furthér object to provide a process for producing compounds according to

formulae (9-b) and (9-c), or salts thereof, as defined above, wherein the molar ratio of

compounds according to formula (9-c), or salts thereof, to compounds according to
formula (9-b), or salts thereof, is at least 50 to 50, in particular at least 67 to 33. In
particular, this objective can be achieved by using a transition metal catalyst such as a
Pd or Pt catalyst; for example: palladium on carbon, such as 5% Pd/C (e.g. 5% Pd/C

Josi phos
c
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A401102-5, 5% Pd/C A401102, 5% Pd/C A109047, 5% Pd/C A405028, 5% Pd/C
A405032, 5% Pd/C A405038, 5% Pd/C A503023, 5% Pd/C A503032, 5% Pd/C
A102023, 5% Pd/C A102038, 5% Pd/C type 374, 5% Pd/C type 398, 5% Pd/C type 87L
or 5% Pd/C type 487), 10% Pd/C (e.g. 10% Pd/C type 87L) or 5% Pd(S)/C [e.g. 5%
Pd(S)/C A103038]; palladium on aluminium oxide, such as 5% Pd/Al,O; (e.g. 5%
Pd/AlLO; A302084-5 or 5% Pd/Al,O5 A302011); palladium on calcium carbonale, such
as 5% Pd/CaCO; (e.g 5% Pd/CaCO; type 405) or 5% Pd(Pb)/CaCO; (e.g. 5%
Pd(Pb)/CaCO; A 305060); palladium on titanium oxide, such as 5% Pd/TiO, (é.g. 5%
Pd/TiO, C6944); palladium on silicon dioxide/aluminium oxide, such as 5%
Pd/SiO/AILO; (e.g. 5% Pd/SIO,/AI203 C7078 or 5% Pd/SiO./Al,O; C7079); or platinum
on carbon, for example 5% PYC (e.g..5% Pt/C B501018); which are commercially
available, for example from Johnson Matthey.

Section B. 3. 4:

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

g C O
o)

!
R ).

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

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

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

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

of formula (4), or salt thereof,

o] l

1

o—Z2

(4)
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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et hyDphenyO-

such as 4 to 7 ring atoms,

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

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

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

- (]
! (4-a)

wherein R1 is hydrogen or a nitrogen protecting group,

A—Z

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

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

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

R1

_ (9)

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a 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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phosphi nopheny1l) Jf ef rocenyl | et (3, 5- xyl ypphosphi ne (= Wal phos SL-WO09- 1)
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di (tert-hutyl)phogj 3l phos SL-W12-1) (R)-1-{(R)-2-[41,

51- di net hoxy- 2% phosphi no) phenyl | f errocenyl } et hyl di (bis-(3, 5-
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an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or together R6 and

R7 form a cycle, together with the nitrogen to which they are attached, which cycle may
be saturated or unsaturated and may optionally contain one or more heteroatoms, such
a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such as 4 to 7 ring
atoms, Z is a halide (eg iodide, bromide, chloride), an alkyl sulphate (eg methyl
sulphate) or a sulfonyl ester (eg triﬂéle) and R10 is hydrogen, alkyl or aryl; and

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

compound of formula (4).

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

O l
! (4-a)
wherein R1 is hydrogen or a nitrogen protecting group,

—=Z

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



SL-F135-1: SL-F356-1: 79 SL-F355-1: SL-F365-1: SL- FO55-1: SL-F061-1:
-52=Cl1- 1K cY2P 0 SL-F056-1: 1 N O P SL-F062-1: . 5: ar&(ﬁ'l&!@dﬁ/ﬂgﬂsﬁ)

(R -(9)-1- (NI AN no- et h- 1-y1) - 2-di f ur yl phosphi no- 3-di phenyl phosphi no-
ferrocene (= Fenphos SL-F055-1)

45

(9-a)

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the niirogen to which they are attached,
which cycle may be saturated or unsaturated and may optionally contain one or more
heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8,
such as 4 to 7 ring atoms,

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

R6 R10
N/
N*—R7

1 (10-a)

wherein R1 is hydrogen or a nitrogen protecting group, R6 ahd R7 are, independently,
an alkyl group, an aryl group, an arylalkyl group, a cycloalky! group or together R6 and
R7 form a cycle, together with the nitrogen to which they are attached, which cycle may
be saturated or unsaturated and may optionally contain one or more heteroatoms, such
a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such as 4 to 7 ring
atoms, Z° is a halide (eg iodide, bromide, chioride), an alky! sulphate (eg methyl
sulphate) or a sulfonyl ester (eg triflate) and R10 is hydrogen, alkyl or aryl, and

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

compound of formula (4-a).

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



(R-(S)-1- (D net hyl am no-et h-1-y1) - 2-di et hyl phosphi no- 3- bi s(2- Met hoxyphenyl) -
phosphi no-ferrocene Fenphos SL-F056- 1) ]
(R) - (S)- 1- (BORYHYIAN no- et h- 1- y1) - 2- bi s( 3, 5- di met hy1- £58 Pﬁooof@ao 1eonyl ) phosphi n
0- 3- dl cycl ohexyl phosphi no-ferrocene (= Fenphos SL-F061-1)
(R-(S)-1- (Dl net hyl am no-eth-1-y1)-2-bis(4-trifluoronethyl phenyl ) phosphi no- 3-
di cycl ohexyl phosphi no-ferrocene (= Fenphos SL-F062-1)
(Re)-(Sp)-(Se)-1,1"-Bis[2-(1-N N Di net kgl ani noet hyl ) - 1-ferroceny| ] phenyl phosph
ino ferrocene (= Fenphos SL-F131-1) 80
(Re) - (Sp) (Se)-1-([-(1-N, N-Di net hyI am noet hyl ) - 1- ferrocenyl ] phenyl phosphi no} - 2

-([2-(1- N, ND net hyl am noet ha/IP -ferrocenyl | isopr opg E)hOSphl nol f errocene (=
Fenphos Sl - F13Ehelt?rm quaternisation agenf relates to any agent which is able to Tonvert a tertiary
(Rc) - (Sp) - ( Se) anming P-7 quaiinhly PMimet frydxamiia e ey [hylidg (sugy Fsoeediny lofiggheny |
phosphi no) - 2- ( 2§ Joromide, methyl chloride, ethyl chloride, ethyl bromide or ethyl iodide), a
N, N- Di et hyl anya@etid dich-E QieAGiamik) & ¥GorRexYhPRASRR, RA¥RIEARENe (= Fenphos
SL-F133-1) a h or a componnd.of 1 la (R10 rein R10s ajkyl (such
(Re) - (Sp) - ( Se) 2 EVHMEphor @ PORRoRRIS g fomHaRi WSt HUAgn F1oPedY R genyl ] cycl ohexyl
phoSphi no ferr a%réﬂ@'l Trethptéﬁrﬁiﬁdg leSEme:rglg)zpjelcy hexafluorophosphate. More preferably,
(Rc) - (Sp) - ( Se) i altylatily rsdddnt(simety Nbdide oedimgtiyamiarroet hyO- 1- f err ocenyl ] 1 sopr opyl
phosphi no ferrocene (= Fenphos SL-F135-1)
(Rc)-(Sp)-(Se) h L] enyl phosphl no) -
() (57§50 PN L 208 i s dabgrosgot anery
SL- F355- 1) diazabicyclo[5.4. 0]undec ene ( Iso pr erred |s an ionic base, such a metal
(Rc) - (Sp) - ( Se) aMali(dagorfate- (for Nx4Dipteetddiyin saaibpraeet Rgthspiun-adpraggcandydediwmeny| phosphi no) -
1' - (di cycl ohexabophresihiéta @kalifhgdrid®gor ex@nple RafenpéiaakSilhydradfed edyonétéC) - ( Sp) - ( Se) -
1-([2-(1-N, N(fhrz?anméln@nws@emdmrefzra&y&@traw.eﬁgwddsycl ohexyl phosph | no) -
(di cycl ohexyl phosphi no) ferrocene (= Fenphos SL-F365-1) Exanpl es of
At ropi soner |igands: SL-A116-2: SL-A101-1:
(R) - (+) - (6, 61- Direidfite ﬁ?i‘éﬁ"W‘Ie Pmpaund ol Ui (Y (7 FreRYIGsh e A (= Atropi soner
SL- A101- 1) preferably ‘step-wise’ in the sense that (9) is quaternised and then treated with a base.
(S)-(6, 6J-Di rnet hoxybi phenyl-2,2'-diyl)-bis[bis(3,5-di-tert-butyl -
met hoxyphenyl') ghaspgige) (= Atropi somer SL-Al09-2)
(S)-(6, 61- D met hoxybi phenyl-2, 2r-di y1) bi s(dii sopropyl phosphi ne) At r opi somer
SL- A116- 2)

~ Section B.5.1

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

of formula (16)
R9

(16)

or salt thereof,



(R -(6, 6" - D met hoxybi pheny1-2, 21-di y1) bi s(di cycyl obutyl phosphi ne) (=

étzr opi soner WS()LZIJ'IJA:):I/-O]@§23:1I-) Exanpl es of Tani aphos |i gands: S[lfT-FQPQ&D-W%SOgI'D- T021- 2:
(1S) - Di phenyl phosphi no-2-[ (R) -a- (N, N-di net hyl am no) - o- di phenyl phosphl nopheny1)
- methyliferrooene (= Tani aphos SL-TO001-1)

(1R) - Di phenyl phosphi no-2-[ (S)-a- (N, N-di nel hyl am no) - o- di phenyl phosphl nopheny1l)
- methyll ferrocene (= Tani aphos SL-T00372)

(R) - 1- bi s(4- el hoxy- 3, 5-di et hyl phenyl ) phosphi no- 24(R) - (di net hyl ami no) -[ 2-(bi s
(4- met hoxy- 3, 5- d|nethylphenyl)phosphlno)phenyI|nethygerrocene (= Tani aphos
SL- T003-1)

(S) - 1- di phenyl pireipRi i dyPaget S)a riyaderorgadiog €pyahe isydysho dpshaeAbRpirenyl i met hyliferr
ocene (= Tani aptependSity, 0P 1arR )arEkai g m&ymér@aﬂsmmlmnemlmggmﬂdg to

SL- PO51-1: SL- PQ%TelablyaS&BB membered acetal ring,

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

R1

(7)

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7
are, indépéndently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group
or together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain one
or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3
to 8, such as 4 to 7 ring atoms, .

with an acetal forming agent to obtain the compound of formula (16).

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

compound of formula (16-a),

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

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



SL- P102-1: SL- P104- 2: 2-[(211R 5" R -2',5" -di met hyl phosphol ano] - 11(

R) - di phenyl phosphi noyerrocene (= Phosphol ane SL-P051-1 <

1, 2-Bi s[( 23W9§)"gé’?@-5ﬁi met hyl phosphol ano] et hane (= Phos)gﬁglEg%logg/@BéllglO4- 2)

1, 2-Bi s[ (2R, 5R) - 2, 5-di et hyl phosphol anol benzene (= Phosphol ane SL-P102-1)

(R R R R-2,3-Bis(2,5-dinethyl-phosphol anyl ) henzo[ b] t hi ophene (= Phosphol ane
SL- PO05-1) Exanples for further suitable chiral |igands are -

(S) - C4- TunaPhos: SL- A001-1: PPI2 SE8 MD36- 2: 84

\N__R7 ‘ O
0]

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

A—2Z

(7-a)

are, independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalky! group
or together R6 and R7 form a cycle, together_with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain one
or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3
to 8, such as 4 to 7 ring atoms,

with an acetal forming agent to obtain the compound of formula (16-a). In a preferred
embodiment, the starting compound of formula (7-a), or salt thereof, is according to

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

Preferred “acetal forming” agents are alcohols (eg methanol, ethanoi. isopropanol), a
diol (eg ethylene glycol, 1,3—propaned.iol) or a trialkyl orthoformate (eg dimethyl
orthoformate). Usually the reactidn is performed in the presence of an acid, for
example a Bronsted acid (such as hydrochloric acid, sulphuric acid) or a sulfonic acid
(such as 4-toluenesulfonic acid). Resin-bound acids such as Amberlyst-15® are also
suitable acids. Conditions whereby an acid is generated in situ (eg acetyl chloride) are
also appropriate. Preferably, the acid is used in catalytic quantities. Preferably a
mineral acid is used, such as hydrochloric .acid, preferably in the presence of an
alcohol, preferably methanol or ethano! are used. Further examples of preferred “acetal
forming™ reagents are described, e.g. in relevant chapters of standard reference works
such as P. G. M, Wuts and T. W. Greene, “Greene’s Protective Groups in Organic
Synthesis’, Fourth Edition, Wiley, New Jersey, 2007.

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



SL- MD40- 2: SL- MD41-2: SL- A132- 2

(S)-(6, 6" -D met hyl bi phenyl -2, 2 - di yl ) bi s(di cycl ohexyl ph opi soner
SL- A132- 2) W‘N“P%?”to?fér suitable ligand is a BDPP Ilgandp(g'ggIL [ﬁ? S5 erein
below, in particular (S,S)- BDPP. The preparation of ligand (S)- C4 TunaPhos is
described in J. Og. Chem, 2000, 65, 6223 (Exanple 4). Ligand (R -(+)-BINAP
can be purchased from comrerci al sources such as Al drich. BoPhoz and QUI NAPHCS
| i gands are conmercially avail able fromeJohnson Malthey plc (London, United
Ki ngdom). All other above-nentioned |igands (Mandyphos, Josi phos, Wl phos,
etc.) are commercially available from Solvias AG (Basel, Switzerland). In
particular, suitable chiral |igands are, for exanple: SL-MO04-1, SL-MUO04-2,
SL- MD02-1, SL- IVDOS-?',L, SL- M09-1, S D010-1, SL-MD12-1, SL-JO005-1, SL-J505-1,
SL-J005-2, SL-J - -1, 8 P13-1, SL-J211-1, SL- J301-1, SL-J403-1,
SL-J408-1, SL-J4 - § 31-1, SL-J501-1, SL-J503- 85 1,
SL-J504-1, SL-J505-2 SL=F131-1, SL-F132-1, SL-F133-1, SL-F134-1,
SL- F135-1, SL-F355- ‘ SL- F365-1, SL-TO001-1, SL-TOO1l-2, SL-TO003-1,
SL-T021-2, (S,S ¥ (R) - BoPhoz (S) - MeBoPhoz, (R)-3,5-F2C6H3-BnBoPhoz,
(R - Cy- NEBoPhoz (R)FL Phenet hyl - (R) - BoPhoz (R - Phenet hyl - (S) - BoPhoz,
SL-W01-1, SL- W005- 1, SL-W09-1, SL-W12-1, SL-W24-1, SL-WO08-1, SL-A101-1,
SL-A109-1, SL-A109-2, SL-A118-1, SL- All@-g SL- A132-2, SL-P102-1, SL-P005-1,
SL- P104-2, (R', S6)1Np- QUI NAPHOSI and/ or a RO1Np- QUI NAPHOSI, Particularly
suitable chiral ligands are, for exanple: (R)-Cy-MBoPhoz;

(R) - Phenet hyl - 0Spt BesPHoz; SL- A101-1; SL- A109- 2; SL-A116-2; SL- A118-1;

SL- A132-2; SL- kii&din R} isSlyerbdeB 2+ 4 ;nitrBYenFpldBstird; grdSh.- V& 3diful pndStact-RB5s, 1; SL- F355- 1;
SIS S e i Bl S0
SL- J505- 2; ﬁlﬁbege’iyagﬂ 'fiﬂﬁ'ﬁbeiéd t@f"‘?\%&g 1; SL |v004 1; SL-MD09-1; SL-M10-1;
SL- PO51-1; SL T@MS'EQ"%E‘QTG‘UF‘Z‘“@E’WB(% 1, SL-T021-2; (S,S)-BOPP; SL-WO01-1;
SL-W05-1; SL-WO08-1; SL-WO08-2; SL-WO09-1; SL-W12-1; SL-W?21-1; and/or
SL-W24-1. R6

\
N—R7 O
(@] I

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and, R8 and R7

n—2

(7N

are, independently, an alkyl group, an aryl group, an arylaikyl group, a cycloalkyl group
or together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may oplionally 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 (186).

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

compound of formula (16-a),



Further particularly suitable ligands are, for exanple: SL-A101-1; SL-F131-1;

SL-F132-1; SL-F356-1; SL-J505-1; SL-J008-1; SL-J504-2; étw%g@m s SL- M10- 1;
SL- PO51-1; (MSEUBERB! SL-wo01-1; SL-W05-1; SL-W08-1; 'SL’ Y SL- wW12- 1;

SL-W21-1 Suitabl e conbinati ons of organonetallic conplex and chiral |igand
are, for exanple: rhodium organonetallic conplex and a Fenphos, Wl phos,

Josi phos or a Phosphol ane ligand; In particular [Rh(nbd)2113F4 and a Fenphos,
Wal phos, Josi phos or a PhanePhos |igandp such as Rh(nbd)2JBF4 and SL-WO05-1,
SL-W08-1, SL-F356-1, SL-J008-1, SL-P051-1, SL-WO09-1, SL-WO01l-1, SL-W12-1,
SL-Wp21-1, SL-J505-2 or SL-J504-2; in particular, Rh(nbd)2113F4 and- SL-WO08-1,
SL-J008-1, SL-P051-1, SL-J505-2 or SL-J504-2; ruthenium organonetallic conplex
and an Atropi sorr_erp,“{ Mandyphos or enphos ligand; in particular

[ Rul 2( p- cyrrene)‘*iZ, Ru(cod) (2-neté ) 2] or [Ru(cod)(00CCF3)2] and an

At r opi soner, Mandgyfhos phos or 86 a Fenphos |igand; such as
[ Rul 2( p-cynene) 12, 2 y1l)2] or [Ru(cod)(00CCF3)2] and SL-A101-1,
SL- MD10-1, (S, S)-BDPP, \SL-J5 , SL-F131-1, SL-F132-1 or SL-F134-1; or

i ri di um organonefar riy npl ex and a Fenphos, Wl phos or Josiphos [wand; In
particular [Ir(cod) chlJz and a Fenphos, Wal phos or Josi phos

| i gand; such as [Ir(cod)Cl]2 and SL-F356-1, SL-W24-1 or SL-J504-1. Wen using
t hese conbinations, the reduction of thgggpnpound of fornula (2-a), or salt
thereof , provides, g eqmpositian, conprd sing.the, compounds, ageording to forml ae
(1-a) and (1-bf S0P s3I S THer eOFoITHEF SR RE HOF &P At 8 of "conpounds
according to fBFHRPS (NBepegyentyn el 2t arvield (9PENZYY & BhPHRTYB® 8% or di ng to
formul a (1-Db), togethesah tog. préferniehod § tob srembdragidiitac88 rivaw 45, preferably at | east 80
to 20, nore prefieabis\oddrisih@ratingd@ohmurh,of BB&fa (Ps)ef erably at least 99 to 1. In
a second enbodi nent, the reduction of the conpound of forrmula (2-a), or salt

t hereof, provi de&6 a conposition conprising the conpounds according to fornul ae
(1-a) and (1-b), QLRgalts t her egfs~wherein the nolar ratio of conpounds
according to formula (1-b), or 3 5 thereof, to conpounds according to
formula (1-a), : Ml s at least 55 to 45, preferably at |east 80
to 20, nore preferyably at 5t 91 to 9. In one enbodinent, the transition
metal catal yst jceqpr| 2 ganornetal lic conplexand a chiral |igand such as
a Fenphos |igand, Josi phos ligand, a Mandyphos |igand, a Wl phos ligand, a
Tani aphos |igand, &;Phosphol ane, an A}ropi soner ligand, a BoPhoz |igand, a

QUI NAPHOS | i gand or m xtures thereof ;( “Pn particular the chiral ligand is
selected fromthe group consisting of Jcsiphos |igand, Mandyphos |igand,

Wal phos | i gander shiathera@hasrelni Ryasigydrogénroo p nisaue® protiedtig@groyp aQUIRNARHRS | | gand or

m xtures theregk,indepdnticdl, &n SR &r&\lp, SRSt &h arfidiy Fot8 Yy Goalkplgrotid-32- 2,

O%é 1, SL-A101-1,
01-

A &rddlp, & % & &h
SL- W08- 2, SL- - - -2, SL-1021-2.  Sl- T003- -
SL-J002-1, SL- %‘8%‘%’ Rélf"d%g%”%a %ﬁ?’\]‘gﬁf’ﬁ‘?“hgh‘? %3” id W@L’-‘ﬁ% 1, SL-F356- 1,
SL- MD04- 2, SL- REg§Edwhickeyclyanpy b satuggtedps yrsatyrategpnd, Ry getipnalispontainpse 1 - g - wWp12- 1,
SL-J009- 1, SL- 9508 heteroglomg 50H-aitrodh -3y or bulptBL. -whdrgBi-the aygle ¢oRaINS3 ) 1Np- QUI NAPHCS;
in particul ar &ls; 30084207 Blgatbd®4- 1, SL-WO09-1, SL-J412-1, SL-J503-1
Conbi nati ons ofyiy( GERIRIARIY, beenGOBiifHe ANFourBbiititnuib [183NM A ferkr €xanple: 87
r hodi um or ganonet gl | Tani aphos,

|11, co ex and ap_Atroplsoner, hos, .
Josi phos, _Nandy R8E°By "EuF BT dasiied o e Eﬁ%enﬁsa# gy or
[ Rh( cod) 211 3FAMHRRe 417) Bl 1cb Bi sSirikarect. grdefied gvover aisfesphesormypEidhos, Mandyphos or
a Quinaphos ligand; in particular [Rn(nbd)2113F4 and SL-

Preferred “thioacetal forming” agents are thiols (eg methanethiol, ethanethiol,

thiophenol) or a dithiol (eg 1,2-ethanedithiol, 1,3-propanedithiol). Usually the reaction is
performed in the presence of an acid, for example, a Bronsted acid (such as

hydrochloric acid), a Lewis acid (such as borontrifluoride or titanium tetrachioride) or a



. W08-2, SL-J504-1, SL-WO09-1, SL-J41201 or SL-J503-1; - ruthenium
organonetallic co I ex and an At ropi soner, Tani aphos, ‘ | phos,

Josi phos orWPéH‘BWg@ S}igand; such as [RulZ(pcynene)] 2, I\{%&% g%?qz\‘\anet al l'y1) 21,
[ Ruli p-cyneneth or [Ru(coci) (00CCF3)z] and an Atropi somer, Tani aphos,
Mandyphos, Wal phos, Josi phos or Fenphos |igand. Even nore preferably,

[ Rul2(Pcyrnene)] 2, [Ru(cod)(2-rnetallyl)?2], [Rul2(p-cyrnene)]2 or

[ Ru(cod) (000CF3) 2] and SL-A109-2, SL-T621-2, SL-MO03-1, SL-WO08-1, SL-J301-1,
SL- F356-1, SL-M04-2, SL-M12-1, SL-J002-1, SL-JO013-1, SL-J211 or SL-J503-1;
or iridiumorganonetal lic conplex and a Wal phos or Josiphos ligand; in
particular [Ir(cod)Cl]2 and a Wal phos or Josiphos ligand; such as [Ir(cod)Cl]2
and SL-WD09- 1, sa¢-supperted acig(susp -ayoyarenyst-\aRen Gesfitegs thersky besPriat i ons, the
reduction of t beeceapoineg dhetfysufstbeoning cagplexire gl stitablelrefedably e OVi des a

conposi tion coam.gsgee% &w.&@m@&ndﬁn@s&@mem pmrréﬁhma&e&efo(n;knga) and (1-b), or
salts thereof, \Q/ne[ %Jm r.at qlq coppounds accordin toforrrula(l
f'l en S are geSCl' e 8 daevan chap (as Q S(% arc?re erenﬁe WOl isuc?

b), or salts t accor “or salts
thereof, is at 1%6{‘%t useang §- WSG’e‘fﬂeeF‘éeF&edﬂ Rrotg( ‘i(‘l"ﬂ 9P ngRyernlg SZEf Sffore preferably
at least 91 toF@urthEditpnaWiehiNed Jesep@d7ent , the reducti on of the conpound of
formula (2-a), or salt thereof, provides a conposition conprising the
conmpounds accokgisggeke. fornmul ae (1-a) and (I b), or salts thereof, wherein the
nmol ar ratio of conpounds according to fornmula (1-a), or salts thereof, to
conpounds according to fornmula (1-b), or salts thereof, is at |east 55 to 45,
preferably at F“é’a%“ﬂe’me%‘d“ezptﬁse’}‘rﬁ}‘eé"oﬁF%?‘%r‘%%ﬂ"%e%tforlp@aﬂ‘g 9PMPend  nost
preferably at bigastla®9otatadomertheredne enbodi ment, the transition netal catalyst
conprises a transition netal selected fromthe group 8 or 9, such as rhodium
rutheniumor iridiumand a chiral .lligand sel ected fromthe group consisting of
BoPhoz |igand, BINAP |igand, BI KO |gand a Phosphol ane |i gand, PhanePhos

| i gand, P-Phos | |and QUi Dz &J Lgand, ProPhos 88 ligand, BDPP ligand, DI OP
| i gand, DI PAWVP |i 5 ps |T'gand, NorPhos |igand, BINAM I|igand, CatAsium
| i gand, Si npl ePHY OX 1i gand, ChiraPhos ligand, Ferrotane |igand,

BPE | i gand, TafgPhag ) Jaf aPhos |igand, DuPhos |igand,. Bi naphane |igand

and mixtures theregf. BoPhoz | i gands are of the fornula descri bed above, in
particul ar (R)-4-F-C6H4- MeBoPhoz, (Rf®BI NCOL-(R)-MeBoPhoz, (R)-MeBoPhoz,
(R) - p- F- MeBoPhoz, (R)-Phenethyl - (R) MeBoPhoz, (' S)-BINOL-(R)-MBoPhoz or

(S)tIVBBFPM%Ra@élmNﬁEE@ﬁmlaaeﬁﬂm@,y@Jgen &fa ntub@enm{emdb goglescri bed above, in
articul ar
E)S) 2- (1- Napht ﬁa$ r}%@&ékﬁﬁ?g ho{,lﬁ '?%% %%?”%NA (I;%uﬂd %ﬁ%ﬂglﬂ%acycl ohept a[

2,1-a; 3, 4- aI di H Hrsﬁéff‘%(?f’4 yl) 1, 2- di hydr ogui nol i ne = (Ra, Sc) - 1Np- QUI NAPHOS
(R) 2-(1- Napht hyI) 8- di phenyl phosphl no- 1- (S) - 3, 5- di oxa- 4- phosphacycl ohept a[
2,1-a;3,4-a']di napkd hal en-4-yl)-1, 2-di hydrogui noline = (S,,, Rc)-1Np- QU NAPHCS
BI NA P |i gands ag@e ol the formla:

(16)



(R -BINAP(S)-BI NAP wherein Ris, for exanple, as described in R Noyori, H
Takaya, Acc. Chem Res., 23 345 (1990), for exanple R i 5 Bl NAP) or
tolyl (= ToWOBPNARY2S1 | n particul ar, suitable BINAP |i ge{% E‘}iﬁg@ébe - Bl NAP,
(R)-Tol -BI NAP, (S)-BINAP or (5)- Tol - Bl NAP.

(R -2,2"-Bis(di-p-tolylphosphino)-1,1'-binapthalene = (R -Tol-B | NAP

(S)-2,2" -Bis(di-p-tolyl phosphlno)-1, 1'-bi napt hal ene (S)- Tol - Bl NAP

(R -2, 2" -Bi s(di phenyl phosphi no) -1, 1' - benapt hal ene = (R) - Bl NAP

(S)-2, 2" -Bi s(di phenyl phosphi no) -1, 11- bi napt hal ene = (S)-BI NAP 39 BI NOL

| i gands are of the forrrul a; wherein Ris, for exanple, as described in
Noyori, R ; Tornino, |.; Taninoto, Y.; NIShI zawa, M J. Am_Chem Soc, 106,
6709(1984) : NoW§Fin RIS hydiageR #(c, nitogen melsrtingzaroup ) is OKyoEhs £3& RMS J. Am  Chem
Soc., 106, 671indepdra@y. alkfl.caryl @xkalirglea bemzylphiarepl or(bﬁthBBN@l)ogetmqnaﬁartl cul ar,

sui t abl e Bl NOL7, bic@abgls 5 & eamentvored séarnmb.e, (R)-BI'NOL or (S)-BINOL. PhanePhos

| i gands are Oftorot%nthEdHﬁk%doff%@lEﬁ).n Ar is, for exanple, as descri be'q in K
Rossen, P. J A’ Reaner N. Tsou, R P. Volante, P. J. Reider J.

Am Chem Soc. 119 6207 (1997), for exanple Ar is Ph (= PhanePhos), 4-M-C6H4
(=Tol - Pha}nePho'ﬁ)f=",1<>'h$L m@iv@smsmﬁvemwarf@reh@sa)rzwcss,s@r NEeRRITEHBMPeUnKy | - Phanephos) or
3, 5- Me2- 4- Me0- &aridui{ &-aMeOdyuteniehaerephos) . I n particul ar, suitabl e PhanePhos

| i gands are, for exanple, (R)-PhanePhos, (R)-XylPhanePhos, (S)-Xyl-PhanePhos,
(S) - PhanePhos, (R)-An-PhanePhos, (R)-MO0-Xyl PhanePhos or (R)-Tol -PhanePhos.
(R -4, 12-Bi s(di phg P] - par acycl opent ane = (R) - PhanePhos

(S)-4, 12-Bi s(di pR - par acycl opent ane = (S)-PhanePhos

(R -4, 12-Bi s(di (3)s 0) 42. 2] - par acycl opent ane = (R)- Xyl - PhanePhos
(S)-4,12-Bi s(di phi no)-[ 2. 2] - paracycl opent ane =

(S) - Xyl - PhanePHRss Bi s(di (p-tolyll)phosphlno)[2.2]-paracycl opentane =
(R) - Tol - PhanePhos 190 .

(R -4, 12-Bi s(di (p- Rel hoxyphenyl ) phosf$#) no) 42. 21- par acycl opent ane =

(R) - An- PhanePh@sal(thtreof whék@dn Bi S hirdgéritor BaitréeX protstibg glodpret hyl  phenyl ) phosph no

) 42. 21- par acyCéa%%&géQ:gmEﬂs&mﬁ)eﬁo%g’tﬁg’&étah%ﬁ)ﬁgﬂsn a compound of formula

(16-a), or salt thereof,
R9

(16-a)

wherein R1 is hydrogen or a nitrogen protecting group, Y is oxygen and each RS9, is,
independently, alkyl, aryl, arylaikyl (eg benzyl) or acetyl or both R9 form together a 4 to
7, preferably a 5 to 6 membered acetal ring, '

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

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

hydrochloric acid, acetic acid, trifluoroaceteic acid, oxalic acid), Lewis acids (such as



P- Phos |igands are of the fornula: OvOWw OveOr Ove wherein Ar is, for

exanpl e, as described in C -C Pai, C -W Lin, C -C _Li o Chen, A

S. C. Chan, MR2¥'Whg, J. Am Chem Soc. 122, 11513 ( exanple Ar is
Ph (= P- Phos) 4- Me- C6H4 (=Tol - P- Phos), 4- Me0- C6H4 ( An- P-Phos), 3, 5- Me2- C6H3
(= Xyl -PPhos) or 3,5-Me2-4-M0-C6H2 (= MeO- Xyl -P-Phos). In particular,

sui tabl e P-Phos |igands are, for exanple, (R)-P-Phos, (R)-Xyl-P-Phos,
(S)-P-Phos or (S)-Xyl-P-Phos. 53

(R-2,2",6,6-Tetranet hoxy-4, 4' - bi s(di phenyl phosphi no) - 3, 3' - bi pyri di ne

(R) - P- Phos

(S)-2,2',6,6" -Tet ranet hox g]dl phenyl Bhos phi no) - 3, Joyrl di ne =

( S) - P- Phos - iron trichloride), sul honlc aCIdS (su 4-toluehesulphonic acid) or condmons th

(R -2,2",6, 6" - Jeeerelgnast $risixip -ty £pg-ipdling{. chs (487n8d ahdvgi ) Phed spisitiens) inBidg' - bpyri di ne
(R) - Xyl - P- Phosydrogenation (eg Pd/C) [for e.g. arylalkyl, such as when RS is arylakyl] or a base (such

(S)-2,2",6,6"- I@éoﬁ@rﬂﬁyrvdm%yor‘boéssmmcﬁrqnwa(e?ffor?b &Mlbééggmmcﬁ'@wr%n Rg - bi pyri di ne
(S) - XyI P- Phos . Pr oPh nds. a P_Rh2 or 15R2

wherein R and R af% 8' ?rourp % exa"ip[e an alkyﬁfcgyl 1he ga_ E&Byu 'Pgﬁ °D.: Bosnich, B.
J. Am Chem Sﬁ‘&‘hy'aci'MRg 54@?)@1@7’@‘)"‘”F@f”p'éi%{r?fﬂ'eé’e‘hagei“é foffe 279YaR i s Ph. In
particul ar, a sfscetalfinetioRyitdehars déscripath dsy. in selevhm chaptesrpp btendafi RferPrco Phos.

(R -1, 2-Bi s( di phenylcphoFpial MoRisopaNe W dr&dhe, PEREVRSProt8divdBBRBMs! ihgands ar e of

the formula: PR, PR nthedtFZoliiREdifh, Wiley, New Jersey, 2007.

201}970303
, or

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

of formula (6), or a tautomer thereof,

OH O
0 ‘

! (6)

—Z

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group, .
said process comprising removal of the thioacetal functionality in a compound of

formula (16), or salt thereof,

(16)



wherein Ris, for exanple, as described in Bakos, J.; Toth, I.; Mrko', L. J.
Og. Chem, 46, 5427 (1981), for exanple Ris Ph. In p icular _suabl e BDPP

| i gands areWYQ ¥ %Bple, (R R -BDPP or (S, S)-BDPP. St BiosostH

(2R 4R) - 2, 4- Bi s(di phenyl phosphi no) penl ane = (R, R) - BDPP

(28, 4S) -2, 4- Bi s(di phenyl phosphi no) pentane = (S,S)-BDPP DIOP |igands are of the
formula: O-, oThDR2 A-.'"---PR2 or wherein Ris, for exanple, as described in
Kagan, H B.; Dang, T. P. Chem Communs541971, 481; Kagan, H 13.: Dang, T. P.

J. Am Chem Soc. , 94, 6429 (1972), for exanple Ris Ph. In particular,
suitable DIOP ligands are, for exanple, (S,S)-DIOP or (R R -Dl OP.

(4R, 5R) - 4, 5- Bi s(di phenyl phosphi no-net hyl ) -2, 2-di nel hyl -1, 3- gsi; stol ane =

( R R) -Dl OP wher_ein R1 is"hydrogen or a nitrogen pratecting group, Y is sulfur and each RO, is,
(4S, 55) - 4, 5- Bi BeaephunyEkphodFhiatio-(eotehay) dr-et? odhotheRoHgrin-tdoeBerdi <dx ol ane=
(S, S)- Dl OP DI PAWRdrdbgandss msoerdb idaetd gmul a: 1. rTh R -pP.-"RRI". PP--?R

\R R4/ O whe[gL i, RealitholRd AbGuia@r €xanple, as described in Knowes, W S
Acc. Chem Res. 16, 106 (01983 , for exanple Ris Ph and R is Anisyl. In
particular, a suitable DIPAMP ligand is, for exanple, (R R) -D PAMVP.

(R R) -1, 2- Et hateaeter pipsq.(B-PrRsehinYep fratiajes) pherpritiespiing@ emPeRIR) - DI PAMP - 92
DuanPhos hgandsf famnea @fa) bhetaftoranthe@cf, wherein R is, for exanple, as descri bed
I n PCT/ USO02/ 35788, for exanple Ris tert-butyl. I'n particular, a suitable
DuanPhos ligand is, for exanple, LR R)-DuanPhos. _

OH

1 (6-a)

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

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

formula (16-a), or salt thereof,

(16-a)

wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur and each RS9, is,
independently, alkyi, aryl, arylalkyl (eg benzyl) or acetyl or both R9 form together a 4 to
7, preferably a 5 to 6 membered acetal ring,

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

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

Lewis acid or by oxidation. Lewis acids (such as silver perchlorate, iron trichloride) or



(1R 1'R 28,2'S)-2,2'-Di-tert-butyl-2,3,2",3 -tetrahydro-1H, 1' H (1, 11) bi i sophos
phi ndol y1- = (R, R) - DuanPhos Nor Phos Ilgands are of the fo P PR2 PR2 or
wherein R | #08%/0983?3;1an e, as described In Brunner, %ﬁ@'ﬁ@%ﬂ EZ
Schoenhamer, B.; Streng, K.; Bernal, I|.; Korp, J. Chem Ber . 114 1137
(1981), for exanple Ris Ph. In particular, suitable NorPhos Iigands are, for
exanpl e, (R R)-NorPhos or (S,S)-NorPhos.

(2R, 3R) - 2, 3- Bi s(di phenyl phosphi no) bi cyebo[ 2. 2. 1Jhept - 5- ene (R, R) - Nor Phos
(2S, 39) - 2, 3- Bi s(di phenyl phosphi no) bi cycl of 2. 2. 1] hept - 5- ene (S, S) - Nor Phos

BI NAM | i gands are of the forrrul a 93 wherein Ris, for exarrpl e, as described
in F.-Y. Zhang, C. -C Pai, Chan J. Am Chem Soc. 120, 5808 (1998),
for exanple R prdispoy age”‘Msé‘F'blaﬁ ‘CI-Q‘”ef &P-digloserpf-dicyaro-pbenzqiyngse PPl ar, suit abl e
Bl NAM | i gands parexides, (is(tiyospapsitay)ioddRen 8N\ Patiog age®y (sBInNANEPRY! iodiRy - N, | V-B

i s(di phenyl phosphd pregenck, dt'watdh) e plictiny(ily saits (sudhi A hdi@ry=didhRjide Bhabiélvgy P

(S)-N. Ne-B s(gbm%&yel RRASHIAA). - Furber BaRABN b b Zegefll A difovg (S)-BI NAME O
RH N p. e? descri bed in Hol z,

J° M ns e e s, thloa?jataﬁ@nctui_r]ahtlesYsra eeﬁ:n)_ed Ie(ﬂ’rﬁfgé)’am cgapvrs orfTEimdérﬁ é erenée Dr auz, K -
B6rner, A J. maf‘gs such@frP, Gol; Wetprnd T707 Gfﬁ(ez%)(j@')?e"eﬁdif%ect"@ GFO%&yfas 0.; Jiao,
H.; Baumann, WOrgarSpanthesish €outh Edition, W:tenmaﬂserseA 200Ri ernmeier, T. H; A nena, J.,;
Kadyrov, R ; Borner, A Chem Eur , 12, 5001-5013 (2006) for exanple, Ris

Me, R is Ph parti cul ar,
sui tabl e Cat As%?#\"?u Ee&éwrs' ? O#PEoUQu °NF/'§'U|3I}|&|\{E£QX§% tlj'r‘# (S)-Cat ASium M
(R) - Cat ASi um Mgmyia(! f%lf 293?”6?1’1‘ formida (Zat ASi um D or (R) - Cat ASi um M\N.
N- Benzyl - (3R, 4R) - bi s(di phenyl phosphi no) pyrrolidine (R)-Cat ASi um D
2, 3- Bi s[ ( 2R, 5Rynedydnedésimitryihgab b8 plaghaimnention kedooven bityedhpoded orfofni)a- Cat ASIi um M
2.3 81 sl (2% SRip 3, SadldbeihOhOSBIRL 0o NTS! kTRl Bh BB raa() - CaLASI um M
45 Bis[(2R 5 h2§d|methy phosphol ano] -1, 2- ro-1

, 2-di met hyl- 3, 6-pyridazi nedi one (R)-CatASi um M\IN

Section C.1

—_—e

N ~
1 N R3
4
R1. (4 "“ 2
' Section C.2

Scheme 4

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

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



2, 3-Bi s[ (25, 5S) -2, 5-di net hyl phosphol ano] nal ei ¢ anhydride = (S)-Cat ASium M

2, 3-Bi s[(25,59) -2, 5-di met hyl phosphol ano] - N- et hyl mal ei mj = - Cat ASi um WN
94 Si npl ePH@)@X”P%f%?Wdé are of the formula: wherein R a?ﬁ%pz(g)ﬁ)@m or exanpl e,
as described in S. Smdt, F. Menges, A Pfaltz, Og. Lett. 6, 2023 (2004), for
exanple Ris Cyclohexyl and R is tert-butyl. In particular, a suitable

Si npl ePHOX ligand is, for exanple, (S)-Cy-tBu-SinplePHOX.
(S)-4-1ert-butyl-2-(2-(di cycl ohexyl phosghi nooxy) propan-2-y1l) -4, 5-di hydr ooxazol
e = (5)-Cy tBu-Sinpl ePHOX PHOX |igands are of the formula: wherein R and R
are, for exanple, as described in A Lightfoot, P. Schnider, A Pfaltz, Angew.
Chem In. Ed., 37, 2897 (1998), for exanple Ris Ph and R is iPr. In

particul ar, a suPk &mloae PREReIsin2eEiPnC, to gopyertéd iigdPeand S) - i Pr - PHOX.

(S)-4- lert - But yl e)2py-<obeif platbpdslirpdeo®p I¢i2nojoplrei®@d) bjo-(2- oxazol i ne = (S) -i Pr- PHOX
ChiraPhos ligands are of the fornula: 95 wherein Ris, for exanple, as
described in F . I.C ) . 262(1977);
Fryzuk, M B. ;%@%ﬁ?s%%e"’gz S?E)Q'i% agﬁ(e;'?]as é&gémfﬁ%grggpéﬁ%%%@ ts,o‘éf or exanple R
i s’ Ph. In part ["BEPEF ™E"8Yi t abl e ChiraPhos ligand is, for exanple, (S, S)-

Chi raPhos. (2S, 3S)-(-)-Bis(diphenyl phosphi no)butane =(S, S)-Chiraphos Ferrotane
Il gands are of stdwaonN O.H:I’R]Ji@dpening of a compound of formula (4)

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

RZ\N R3
R1 )
" 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

R1 (4)

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).



R R wherein Ris, for exanple, as described in Berens, U ; Burk, M J.
Gerl ach, A ; Henms, W Angew. Chem, Int. Ed. Engl. 200 (2000) for
exampl e R | ¥GEMYP23br ethyl, preferably ethyl. In par'(t)ll’ ﬁl‘[gparﬂ;/%ﬁ‘ *Suitabl e’
ferrotane ligand is, for exanple, (S,S)-EtFerrotane.
1, 11 - Bi sR2S, 4S) - 2, 4- di et hyl phosphot ano) ferrocene = (S, S)-Et-Ferrotane BPE
| igands are of the forrmula: 96 wherein Ris, for exanple, as described in
Burk. M J Acc. Chem Res. 33.363 (2006), for exanple Ris Me or Ph In
particular, suitable BPE |igands are, for example, (6,3)- Me-BPE or
(S, S)-Ph-BPE. , 2-Bis[(23,56)-2,5-dirnethyl phosphol ano] et hane = (S, S) - Me- BPE
, 2- Bi sR26, 68) - 2 5-dl phenyl phosphol anol et hane = (3, S)-Ph-BPE TangPhos | i gands
are of the forfraPmgleredgnopgimenyqapraropdR! ounuai4?) exanpl e, as described in Tang,
W: Zhang, X. Angew. Chem, Int Engl, 41, 1612 (2002), for exanple Ris
tert-butyl. In particular, a su e TangPhos ligand is, for exanple,

§- (18,137 RR2R y-1,1'-Di-tert-butyl- (2 2' ) -di phosphol ane =
(S S R R) - TangPho @ gands are of the formula: wherein R and R are,
for exanple, ag=d KNed~\p-Jendralla, H; Paulus, E. Synlett (E. J. Corey
Speci al |ssue) 199 471., for exanple R is Phand R is i sopropyl In
particular, a suitable Jaf aPhos |igand) i for exanmple, (R)-JafaPhos. 97
[(R-1,11- Bi s(di phenyl phosphi no) - 2, 21 i)l s( N, N- di i sopropyl am do) ferrocene] =(R) -
Jaf aPhos'

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

opening agent to obtain a compound according to formula (2-a),
R2— A) J\Ra

N
/
Ri1 ' (2-a)

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

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

1 to 10 equivalents.



DuPhos |igands are of the formnul a: wherein Ris, for exanple, as described
in Burk, M J. Ace. Chem Res, 33, 363 (2000), for exa [oSi< I n
particul ar, P YWY e DuPhos ligand is, for exanpl e, %ﬁ[@@ﬁ%@s

1, 2- Bi s[(2R 5R) - 2, 5- di net hyl phosphol ano] benzene = (R)-MeDuPhos Bi naphane
Iigands are of for mul a: for exanple as described in Xiao D, Zhang Z, Zhang
X, Og Lett. 1999 Nov 18:1(10):1679. In parti cuI ar, -a suitabl e Bi naphane
ligand is, for exanple, (R)-Binaphane. 58

(R R -1, 2-Bi st(R) -4, 5-di hydr o- 3H bi napht ho(1, 2-c: 2", 1' - e) phosphepi not benzene =
(R - Binaphane 98 Further suitable chiral |igands and chiral groups are
given, for exanple, in Tang, Wand Zhang, X, Chem Rev., 2003, 103(8), 3029
and references cited therein. The |igands above-nentioned are commercially
avai | abl e fron$ERIHHEOR Rebedtibeyf azompéundetiomuld @l t ed Ki ngdom) and/or from

Sol vias AG (Basel, Switzerland). In one enbodi nent, the transition netal

cat al yst CO”p”rr%eémje{]%ne‘%@rfﬂy ﬁese?\t lﬁvehtroﬁ‘r}ﬂétgé Q)n %t:@sls f&rg?%; H‘@ éand a chiral

| i gand such as hane osphol ane, hoz, a DIOP, a

Bl NAP, a Cat Asf°ﬂ}’??unga°f8rﬂ'§?3'ﬁ6°§m”'%Qﬂaf aPhos, a DuPhos. a BPE, a Perrotane, a

BI NAM a DuanPhos, a NorPhos, a BDPP, a ProPhos,' a DI PAVP, a ChiraPhos |igand
or a Bi naphane gand. For exarrple the transition netal catalyst conprises
the transition al rhodiumand a chiral ligand such as SL-P104-2, SL-P102-1,
SL- P0O05-1, (R)-R PP ) - P- Phos, (S)-PhanePhos, (R)-PhanePhos,

(R) - An- PhanePhos, (R - Xyl - PhanePhos, (R)-Xyl PhanePhos, (R)-Tol-PhanePhos,
(S) - MeBoPhoz, (S, S)-D~CP R R.-D OP, (S)-BINAP, (S)-Tol-BINAP, (R)-CatASi um
M (S)-CatASium M (R)- i m MN, (S)-Cat ASium M\, (R)-CatASi um D,

(R) - Cat ASium M\N, (S, &R R oRhos, (R)-JafaPhos, (R)-MDuPhos,

(S, S)-Me-BPE, (S,9)- Ph-ljbE, (S,S)-Et-Ferrotane, (S)-BINAMP, (R)-BINAM P,

(R, R) - DuanPhos, (R, R)-No®Phos, (5, %))-NorPhos, (R R)-BDPP, (S,S)-BDPP, .

(R) - ProPhos, (R R-DIPAMP, (S, S)-ChiraPhos or (R)-Binaphane. Particularly

sui tabl e tranS|t| OFere tal catalyst are for exanple: [Rh(COD)(SL-P104-2)]
03SCF3, [ Rh(CXd) 102-1) 1B F4, [ Rnh(CODXSL- P005- 1)JBF4 th(CCD)(SLPlOZ D1
03SCF3, [(R) -P¥ RiRmd Béa)ern@mderfh( "yeagp ofpRip By IRBNCODYI'BED PORENd PhanePhos

Rh( CO D) ] BF4, §rot) arieirametaosxyRin¢ GODr 8Fed grapRyomKydinghemedsrroemRgCOD) | BF4,

[ (S)-MeBoPhoz Rh&&kd) RBiaia gl S, S)- Dl OP Rh(CONBRI, [ (S)-BI NAP Rh( COD) 113F4.

[ (R)-Cal ASium M Rh(COD)] BF4, 1(S)-CatASium M Rh(COD)]BF4, KR)-Cat ASi um WN

Rh( COD) ] BF4. 1(5) - Cal ASi um MN Rh(COD)] B F4, [(R)-Cat ASi um D-Rh( COD)] 8F4,

ps Rh(COD)]BF4, [(R)-JafaPhos Rh(COD)]8 F4, [(R)-MeDuPhos
- BPE Rh( COD) ] BF4, [(5, 5)-Ph-BpE Rh(COD)] BF4,
[(S,S)-Et-Ferrotane h(CPD) | BF4. [ (R) - An- PhanePhos Rh(COD)] 3F4, [(R)- 99

Cat ASi um MNN Rh( COD) E4 [ (S)-Tol - Bl NAP Rh(COD)] BF4, [(S)-BI NAMP

Rh(COD) 113F4, [(R) - Bl NAM P3Rh( GOD) ] BF4, KR, R) - DuanPhos Rh( COD) 1BF4,

[ (R - Bi naphane Rh( COD)] BF4 R_R) - Nor Phos Rh( COD) ] BF4, [ (5, 5) - Nor Phos
Rh(COD)] 13F4, [(R R)-BRBPR/Rh{CODREBF4, [(8,5)-BDPP Rh(COD)18F4, | (R R -DI OP
Rh(C01413F4, [(R)-ProPhog Rh(COD)]BF4. [(RR) -D PAVMP Rh(COD)] BF4,

RS, S) - Chi raPhos Rh(COD) ] BF4, [(R)- NMB0- Xyl - PhanePhos Rh(COD)] BR, or

[ (R) - Tol PhanePhos Rh(COD)JBF4; in particular [Rh(COD)(SL-P102-1) 1BE4,

[ Rh( COD) ( SL- P0&53|ﬂ4),&ao3F4 [Rh(COD) (S L-P102-1)] 03SCF3, [(R) - PhanePhos

Rh( COD) | BF4, e s P3F4,

[(S)- Bl NAP Rh( éﬁﬁ;ﬁim‘%ﬁﬁé‘% Hﬁlﬁﬁ Cc{‘a1 @ hi 9& &gﬁ | um MN

Rh( COD) 113F4, £ WP’M\?“HH(’WT’B’#% ‘T‘( ré“?a” ﬂé‘iﬂﬁtﬂ% Rh( COD) | BF4,

[ (S, S)- Me- BPE Rh(rCamf]aBrs is { @8o:g) grouphetiBpsteRp("Eth) e§t$r3F4 KR) - An- PhanePhos
Rh(COD) ] BF4, [(R)-Cat ASi um MNN Rh( COD)JBF4. [(S) Tol - Bl NAP Rh( COD) ] BF4,

| RS) - BI NAM P RAGO0EY 1B Apoubd BRariguibRhas. &tk GRMRE, [ (R) - Bi naphane

Rh( COD) ] BF4, [ (8, 8)-NorPhos Rh( )P3F4. [ (R R)-BDPP Rh(COD) 113F4, [(S.S)-BDPP
Rh(COD)] BF4. [(R R)-DI OP Rh(CONI 3F4, [(R)-ProPhos Rh(COD)18F4, [(RR)-D PAMP
Rh(COD) 113F4, RS, S)- ChiraPhos Rh(COD)] BF4, [(R)-Me0- Xyl - PhanePhos Rh( COD) 113F4
or [(R)-Tol PhanePhos Rh(COD)]BF4; such as [Rh(COD)(SL-P102-1) PF4,

[ Rn( COD) ( SL- PO05- 1) 1B F4, RR) PhanePhOS Rh( COD)] BF4, [(R) Xyl PhaneP hos

Rh(COD) ] 3F4, [(R) Cat ASi um M Rh(COD)]BF4, [(R)CatASi um MN Rh(COD)] ! EIl F4,

S, S, R R) TangPhos Rh(CQOD)] 3F4, [(S,S)Ph-BPE Rh(COD)]BF4, [(R)An-PhanePhos
(COD) ] BF4, [(R, R)DuanPhos Rh(COWPF4, RS, S)Norphas Rh(COD) W or

R) Me0- Xyl - PhanePhos Rh(COD)] BF4. the transition nmetal rutheniumand a chiral
gand such as a BoPhoz, a BINAP, a BINOL, a PhanePhos, a P-Phos or a

§:

[
i

_rN

2



100 (S)-BINOL- (R) - MeBoPhoz, (S)-P-Phos, (S)-Xyl-PhanePhos, (S)-Xyl-PPhos or
(Sa, Rc)le INAPHOS Partlcularly SU|tabIetranS|t|on la|yst are for
exanpl e: Q A0¢°HE3H4- MeBoPhoz Ru(benzene)Cl 1 Cl, [(R)- %&99)% 3

RudC (benzene) ICl, [(R-BINOL-(R) -MBoPhoz Ru(benzene)CI iCl, [(R-MBoPhoz
RuCl (Benzene)] C, [(R)-p-F- MeBoPhoz RuCl (Benzene)]Cl, [(R)-PhanePhos
RuC12(dnf) 2], [(R)-Phenethyl-(R)-MBoPhoz Ru(benzene)d ICl, [(R)-P-Phos

RuC (benzene)]Cl, [(R) -Tol-Bl NAP RuC (bg¢nzene)] C, [(R)-Xyl-PhanePhos

Rud 2(dnf) 21, [(R -Xyl-P-Phos Rud 2(dnf)21. [(Ra, Sc)1Np- QUI NAPHCS

Rud 2(dnf)21, [(S)-BINAP Rud (benzene)]Cl, [(S)-BINOL-(R)-MBoPhoz

Ru(benzene) COCl, [(S)-PPhos RuC (benzene)]C, [(S)-Xyl-PhanePhos RuCl2(dn02],
[(S)- Xyl -P-Phos RuC 2(dnf)21, RSa, RO)1Np-00lI NAPHOS Rud 2(dnf)21. [(R)-P-Phos
Ru(acac) 2], [(R»Xyl-P-Pnos Ru(acac)?2] or [(R)-Xyl-P-Phos Rud (benzene)JCl: in
particular, [( F- C6H4- MeBoPhoz Ru(benzene)d 1Cl, [(R)-BINAP

Rud (benzene)] ' MeBoPhoz RuCl (Benzene)] Cl, [(R)-p-F-MeBoPhoz

RuCl (Benzene) ] Cl, hanePhos Rud 2(dnf) 2], [(R) -Phenethyl-(R)-MBoPhoz
Ru( benzene)d 1 C , 3 Cl (benzene)]C, [(R) -Tol - Bl NAP

Rud (benzene)I d, [(R) - XyI P—P 0os RuCl2(dnf)21 , [(S)-BINAP Rud (benzene)] d,
[ (S)-BINOL- (R) - I\/eBoPh% Yailca, [(S)-PPhos Rud (benzene)]di

[ (S)- Xyl - PhanePhos Rud 2(/'\Hm‘)21 [ (Sa, Rc) 1NpQUI NAPHOS Rud 2(dnf) 2],

[ (R -P-Phos Ru(acac)?2], R(R)-Xyl-P-Phps Ru(acac)?21 or [(R)-Xyl-P-Phos

Rud (benzene)]Cl; or - the transi tion nmetal iri di umand a chiral |igand such
as a P-Phos, a BoP 0z, | ePHOX or a PHOX |igand. For exanple, the
transition net ‘é(Tereérh?hIVsat"d 55r?ff‘r‘fe§@§ af ﬁ%""fr%ﬁ?i’laf‘ AReEIPO T 5P m and a chiral
| i gand such ascqBpunP{PHox salttr@)eofxiy IsePapPpizgting corg)ounge BoPhigs actqnoNe BoPhoz,

(S) - Cy-t BuSi nploeRRi@Xapr (S)-iPr-PHOX. Particularly suitable transition netal
catalyst are for exanple: [(S)-P-Phos Ir(CONCl, [(S)-Xyl7P-Phos Ir(COD)]C,

[ (S)-MeBoPhoz IrfCOD)]Cl, [(R)-MBoPhoz Ir(CONCI, [(S)- Cy-tBu-sinplePHOX
lr(COD)]BArF o -1 Pr-PHOX Ir(COD)] BArF. When using these conbinations, the
reduction of t . : d of formula (2-a), or salt thereof, provides a
conposition conprisit Ne conpounds according to fornul ae (1 a) and (1-b), or
salts thereof, wherei nol ar ratio of compounds according to formula (1-
101 a), or salts thereof, ito npounds according to formula (1-b), or salts
thereof, is at |east 55 to3=45, preferably at | east 80 to 20, nore '‘preferably
at Ieast 97 to 3, nostR%preterabl yRat least 99 to 1; In a fourth enbodi nent,

t he reduction of the cor‘r# und of fod;mgla (2-a), or salt thereof, provides a
conposition conprising the conpounds “according to forrmulae (1-a) and (l- b),
or salts thereof, wherein the nolar ratio of conpounds according to formula
(1-b), or sal tgndtfdfuenletjfb). to conmpounds according to formula (1-a), or salts
thereof, is at Least 55 to 45, preferably at least 70 to 30, nore preferably
at least 76 to I'n one enbodinent, the transition nmetal catalyst conprises,
for exanple: th 3 on metal rhodiumand a chiral Nand such as a
PhanePhos, a BoPhoz, af aPhos, a Cat ASium a BINAM or a Nor Phos |igand. For
exanpl e, the transitianmtal catalyst conprises the transition. netal rhodium
and a chiral ligand such as (S)= PhanePhos, (S)-MeBoPhoz, (R)- JafaPhos,
(S)-Cat ASium M . (R) - BINA R) Norphos, Parti cul arI y suitable transition
metal catal yst are for ex MS) PhanePhos Rh(CCOD)[ BF4, [(S)-MeBoPhoz

Rh( COD) ] BF4, [(R)-JafaPh Rh(COD) JBR#, [(S)-Cat ASi um M Rn( COD) P3P4,

[ (R) - Bl NAM P Rh( COW3F4 or [(R R)- NorPhos Rh( COD) JI 3F4;

or salts thereof, wherein R1, R2 and R3 are defined as above, can be obtained. In a
preferred embodiment R1 = Boc and/or R2 = H. In another preferred embodiment, R3
= COzH, or CO;Et, or CO; (carboxylate). Most preferably R3 = CO,H.



the transition netal rutheniumand a chiral |igand such as a PhanePhos, a

P- Phos, a BINOL, a QU NAPHCS, a BoPhoz or a BINAP |igan X l e, the
transition M APYPABA| yst conprises the transition met PCVEB 0egﬁ'l 'ﬁs%and a
chiral ligand such as (S)-Xyl-PhanePhos, (S)-Xyl-P-Phos,

(R) - BI NOL- (R) - MeBoPhoz, (Ra, S, ) 1Np- QU NAPHOS or (R -Tol-BINAP. Particularly
suitable transition netal catalyst are for exanple [(S) Xyl PhanePhos
RuC12(dn0D2], [(S)Xyl-P-Phos Rud 2(dnD2kg [(R) BI NOL- (R)- MeBoPhoz

Ru(benzene)d 1 C, [(R "SJ1Np-COCl NAPHOS Rud 2(dnf)2] or [(R) Tol - Bl NAP

Rud (benzene)]d; or the transition netal iridiumand a chiral |igand such as
a P-Phos or BoPhoz |ligand, for exanple (S)-Xyl-P-Phos or (S)-MBoPhoz.
Particularly suitable transition netal catalyst are for exanple

[ (S)- Xyl - P- Phow phdiduGOkHNGHoup R3 bf(H8) cotvisBadRloiamiua (1PGNG), preferb@ of\@na usi ng t hese
combi nati ons, whgorRAUCEOPNCOkE: &rit@ompound of formula (2-a), or salt thereof,
provi des a conposition conprising the conpounds according to fornul ae (1-a)
and (1-b), or salts thereof, wherein the nolar ratio of conpounds according to
formula (1-b), népe eafopimentas satsof the somromiss arraEn o HTH? He) Pb“‘Pb"i"?ml a (1-a), or
salts ther eof , gdngratat (d. @ &St= 662t wdetShe pndifiops abblgyediin dceasdnce/ @it be 30, nor e

pref er abl y at Lre@sﬁmvmlohorh24anslcan thed b bietaipryeblset esl gispodiameit , t he reduction

of the conpoung,pf.d os;g B (58) o QaP b NEY 2L (PTGVifigs, Acgompost ti on

conprising the c formul ae or salts

t her eof , wher e?'ﬁ°p?q%éet Ml tPea\'fyaB““ corrpounds accor ding to Formula (1-a), or
salts thereof, to compounds according to formula (1-b), or salts thereof, is
at | east 88 t 0inl2 prefoiraif artatimyntathe Fedagion &0thdé condByndnad fe@emps ef.esradalt y at | east 99
to 1. SECTI ON [RereSfORMEHS &r?orﬁ‘nfjlaQ-Z aoma%@e Qith AyalhaAl iR te Tleskdat @ & compound of

formula (1) vig, g;GonRqu Q%gs? pre@ra%n thb d)efseﬂag F‘S‘ttf(‘ag%n &%‘F%&Q%&g to the

present invention, to conv I bed herein,

into a conpountP BfSNIGR RARCTeRic Cﬂ%pedﬁﬁFlcﬂ@H"gﬁ@r éi‘en'edﬂ‘i?"é‘ QY PEF i zed in Schene
5. 103 Thus, unerareteieer oasiperetentde pydegenation| nedititrisorprafesdbivt eigder 0 t he
conversion of Bon®gérReUd NEydherb@h Mdnditidnd) In @ke GBEdiMddEdihdlafe®tdd, ok Nt 0 a conpound

of formila (3) hon%ﬁen%ﬁ%par&%ﬁat.ae(a@asmac@mm&bgagcet&a%aae ong o9Lnet hods 1 to 5,
wher ei n et hod on B to convert

(7 o (5) - e ©5 @V‘aa R i U R A
(3): nethod 2 ESnpPHSHOHRBhdn be prRRCABER. thhhaueaopspusghydrogepatiebnvert (7) into

(3); method 3 GlowpacsBshe preser®y obamyallehneetaf in patidoladis ah Alcdeckivan(eB®.t 0 convert (7)

into (6), b) amoroERoIMAER:NedSaidle ROOLH @Mhark ti0 2 GMEESboliSRntl B60 (5), and

C) any one of ngoBQQt?onl ﬂ é?\ﬁ:&l!aroﬂ %‘oé‘log}e?e Gé)lﬂyogc{ggné( tékgst gla((e‘?’)n(%gre'[ hod 4

conpri ses nvert into (6), and
b) any one of Teﬂ??d’éa'} aﬁ'dgécelaf Bﬁth"’lﬂe%"f‘inﬁ a@%?f\}%rta?m?%‘}m F‘f‘ﬂ o (3); method 5
conpri ses

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

metal catalyst, wherein the transition metal is selected from group 9 or 10 of the periodic
table. Therefore, the transition metal catalyst comprises, for example, Cobalt (Co),
Rhodium (Rh), Iridium (Ir), Nicke! (Ni), Palladium (Pd) and/cr Platinum (Pt). In particular,
the transition metal catalyst is Pt, Pd, or Rh on a solid support, such as carbon. In one

embodiment the transition metal catalyst is Pd on carbon.

The hetereogeneous hydrogenation is usually performed in a solvent, such as ether
solvents (eg THF), ester solvents (eg isopropyl acetate) or alchohol solvents (eg

isopropanol, ethanol or methanol); in particulaf isopropyl acetate and ethanol.



a) any one of methods in Section B to convert (7) into (6), b) any one of
nmet hods in Section B to convert (6) into (4), and C mﬁ%?sﬂI nmet hods in
g to

e )

Section 114WMBR¥RPEt (4) into (3); in particular accordin et hods 1, 2,
4 or 5; particularly according to nethod 5. As discussed bel ow, Sections D.1,
D.2, D.3 and DA as such are also preferred enbodi nents of the present

i nvention. SECTION D.1: Conversion of a conmpound of fornula (5) into a
conmpound of forrmula (3) In a further agpect, the present invention relates to
a process for preparing a conpound of forrmula (3) 13/ 104 or salt thereof,
wherein RL is hydrogen or a nitrogen protecting group, said process conprising
a) converting a conpound of formula (5), or salt thereof, (5) wherein Rl is
hydrogen or a nitrogen protecting group, into a conpound of formula (12) (12)
or salt ther eoGgnemenehamobhess hiyderagens @rriedounintie@gaencpofattecttiong gr oup and RS

is a leaving ghQslRatafdidvhelin thefskilidhomdidi & &REBOWAH oRfp .08 B & thel2) , or salt
thereof, with A Ledubl nGeRBENl,\0GBh 3l LNG-COMAUIG 0L haLTH @ (3). Steps a)
ﬁs’o an ef od nt OP ihe rJe;g’ent’ @

and b) as such are a e , ~Inventron. In a preferred
embodi ment , t h&@"Hicasett Mpnggesst (Mh Rreniut €8 'y GepRyeaye Ry OBtEbaring a
conmpound of f ofOsufeba ®okRhodium (Rh) and/or Iridium (Ir). .

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

complex and a chiral ligand.

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

The organometallic complexes can comprise a single fransition metal atom. In preferred
embodiments the complexes can comprise two or more transition metal atoms,
optionally comprising a metal-metal bond. In a preferred embodiment two metal atoms
are bridged via two halides. Generally, the organometallic complex, comprises one or
more transition metal atoms and suitable achiral ligands.

Suitable achiral ligands for the organometallic complex generally are o-donor ligands,
o-donor/m-acceptor ligands or o, -donor/m-acceptor ligands. Examples for suitable
achiral ligands are among others carbon monoxide, halides (e.g. Cl, | or Br),
phosphihes [e.g. tricyclohexylphosphine (PCys)], alkenyls {e.g. cod, nbd, 2-metallyl),
alkynyls, aryls (e.g. pyridine, benzene, p-cymene), carbonyls (e.g. acac, trifluoroacetate

or dimethylformamide) and mixtures thereof.

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

cymene, and iodide.

Examples for organometallic complexes are: a ruthenium organometallic complex, such
as [Rula(p-cymene))y, [Ru(cod)(2-metallyl),] or [Ru(cod {OOCCF3)2]; a rhodium



Ri (3-a) 105 or salt thereof, wherein Rl it hydrogen or a nitrogen protecting
group, said process conprising a) converting a conpou (5-b), or
salt ther eof‘!oo 1878 Nherein RL i s hydrogen or a ni troggﬂcﬁépozp@@’%hg group,
into a conpound of formula (12-b) (12-b) or salt thereof, wherein RL is
hydrogen or a nitrogen protecting group and R5 is a | eaving group; and b)
reacting the conpound of fornula (12-b), or salt thereof, with a reducing
agent to obtain the conpound of formul @ (3). Typical reducing agents are well
known in the art and can be taken e.g. fromrelevant chapters of standard
reference works such as P. G M Wits and T. W Geene, "G eene's Protective
G oups in Oganic Synthesis', Fourth Edition, WIley, New Jersey, 2007 and
i ncl ude: - hydepabegetfiisgonplexhiughasdRirhdhBrdrer Rpded4RE s osandidivm bor ohydri de, sodi um
cyanobor ohydr i egdnpmeraitcabrspléx@gchzis ICy;P)iripth)di [CladaprEAtRRy [Itchbd)jmut wl t h hydri de,
lithium, hydroQRRaRADK Lkl Byy@Bec WPRNRINEAN, GAicabyst such as
Pd/ C, for exanﬁlﬁggéz e@j: iogﬁégigg@#gfag?gﬁ%%g@[g?ge)%i ally when RS =
hal ide], 106 * 'hy Pife u%Deg PURPEM af uht Hiam iydri de, sodi um borohydri de,
di | sobutyl alum nium hydride) or tributyltin hydride-sodium i odide.
[ especi al ;I y whernd&Enbodigert ik ogartomptallic complex is [Rh(nbd).]BF {=

Bis(norbornadiene)rhodium(l) tetrafluoroborate}.

In another embodiment, the organometallic complex is [Rul(p-cymene)), (= Diiodo(p-

cymene)ruthenium(il) dimer):

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

illustrated herein.

In a first embodiment, the reduction of the compound of formula (2-3), or salt thereof,
provides a composition comprising the compounds according to formulae (1-a) and (1-
b), or salts thereo'f. wherein the molar ratio of compounds according to formula (1-a), or
salts thereof, to compounds according to formula (1-b), or salts thereof, is at least
55 to 45, preferably at least 80 to 20, more preferably at least 96 to 4, most preferably
atleast9Sto 1.



In general, these methods work for both halides and suphonates Steps a) and b)
as such are also a preferred enbodi ment of the present ﬁ nﬁg&bBQH The

conver si on SV)ﬂmﬁﬁwgﬂoup into a | eaving group and the stUbSequent treat ment
with a reducing agent are well-known reactions to the person skilled in the
art, for exanple as described in R chard C. Larock, "Conprehensive O ganic
Transformations: A Guide to Functional G oup Preparations”, Second Edition,

W ey-VCH Verl ag GrbH, 2000! in particetar as described in the rel evant
chapters thereof. Preferred | eaving groups are halo, such as brono or iodo, or
a sul phonate group, such as tosylate, nmesylate or inflate. Preferred reducing
agents are, for exa drides (Li AIRt, NaBH4) and hydrogen in the presence
of a hydr ogena‘c”|°8‘°ne’g%1 5.‘F'§}s‘%/es" "F”B?"tf)ata[yﬁé%m@é‘%?tafﬂﬁa'@mﬁ i copBiPe] . SECTI ON D. 2:
Conver si on of andachifsbligad sofh a6 @ Fenphes ligany. al Jatirhosligesing ¥ enddPhot "gﬁf@r@‘rul a(3) Ina
further aspect wabhe lighe SeTaniaphoy Rjahd, @rPhésphaine Sgab@ aa ApSIR0@&Sigdnara prepari ng a
co[rpound of I Oéfﬂﬂl)zahggr%)a Ql(ll?l)\PH(SgllgﬁloTr mhddfeE ﬁ\grfeof M"B:ﬁfct%ﬂh&hrélﬁgam’dr ogendor f a

ni trogen protectin sai 5S.,.C0 sin reati,n gonpound o
formula (7), SFH?%FQmPQQE m?cmhﬁ{ ‘mﬁfsmg Jﬁ“ ] k"'%?‘np%f)rogen prot ecting
group and, R6 AeH Rpiragsdgang, n@é’b@ﬁ‘ﬁ'@ﬁ'ﬂ Jhoseiylang 'Eﬁfﬁme'é'ﬁanéPS/I group, an
aryl al kyl groupixtues thyredfoal kyl group or together RB and R7 forma cycle,
together with the nitrogen to which they are attached, which cycle nay be
saturated of URSBAHNGIEES vl @ PLhAR Exmgohw;naypn?sqragndgrpenm@ het er oat ons,

such a nltrogen Qxygen or e contains 3 to 8, such as
4 to 7 ring at SRS éﬁ?ﬂwﬁm%%ﬁmgnﬁ&paﬂgﬁwmw§ 8Ht%$ﬁufﬁgw86ﬁb8uﬂﬁ of formula
(3), or salt tWEW@@f, wherein Rl is hydrogen or a nitrogen protecting group,
preferably of fornmulae (3-a) or (3-b), nore preferably of fornmula (3-a), In
a preferred enpdidgent, the starting conpound of fornmula (7), or salt thereof,
is according to formula (7-a), or salt thereof, as defined above; nore
preferably the st coppound is according to formulae (7b) or (7c), or
salts thereof, ra i above Preferred reduci ng agents are, for exanple,
hydrogen in the presésce of "a het er ogeneous hydrogenation catal ysts, for
exanpl e, pal | adi unmer plati numon a solid support, for exanple, on carbon,

al um na, barium carbonate or cal cium carbonate, in

Walphos:

Mandyphos:



108 particul ar on carbon, alum na or barium carbonate. Preferably, palladium
on carbon (Pd/ C;} or ﬁal | adi um on cal G um car bonate (Pd/ CaCCB) which is
poi soned w t‘?‘lolz@%%f nown in the art as Lindlar catal ystPfT/FE OB n
particul ar palladiumon carbon (Pd/C). In a preferred enbodi nent, the
reduction of the conpound of forrmula (7-a), or salt thereof, provides a
conposition conprising the conpounds according to fornulae (3-a) and (3-b), or
salts thereof, wherein the nolar ratiosaf conmpounds according to formula
(3-a), or salts thereof, to conpounds according to formula (3-b), or salts
thereof, is at least 88 to 12, preferably at |least 90 to 10, nore preferably
at least 99 to 1. SECTION D.3: Conversion of a conmpound of fornula (6) into a
conmpound of f or s &) NMer aspect, the present invention relates to
a process for i neH of fornmula (3) (3) or salt thereof,
wherein RL is pgen protecting group, said process conprising
Rt(6) 109 with a reducing agent, for

L 2ECN to obtain the conmpound of forrmula (3),
or salt thereof, wherein RlL % h gen or a nitrogen protecting grdup,
preferably of formulae (3-a) or (3-b), as defined herein, nore preferably of
formula (3-a), as defined herein. In a preferred enbodi nent, the starting
conmpound of foFewha: (6), or salt thereof, is according to forrmula (6-a), or
salt thereof, as defined herein. Inga preferred enbodi nent, the.reduction of
t he conmpound of formula (6-a), or salt thereof, provides a conposition
conpri sing the conpounds .r@‘: o fornulae (3-a) and (3-b), or salts
t hereof, wherein the nolar rag0o of Mounds accordingR\o formula (3-a), or
salts thereof, to conmpounds ording to fornmula (3-b), orpsaiRts thereof, is

at | east 8810 12, pr®{erab | east 90 to 10, nore p grably at least 99 to
1. SECTION D. 4: Redu%\t(ivtm/@orrpound of fornmul ‘.’

a further aspect,
the present inveption/relates to a profess fOfR\pIP sMBund accor di ng
to fornmula (3), NMe, /S

LD
Me

exanpl e as descri bed

:

Atropisomer:

MeO/)i\PRz
MeO I _PR,
\/




111(3) or salt thereof, whereln Rl is hydrogen or a nitrogen protecting group,
conprising reduci ng._a conpound according to fornmula (4) Lt thereof,
wherein Rl i“éomw”gﬁén or a nitrogen protecting group, %COT/%%goglﬂﬁuﬂ%e conmpound
of formula (3). Preferably, a conpound according to fornmula (4-a), or salt
thereof, (4-a) wherein RL is hydrogen or a nitrogen protecting group, is
used as starting conpound. If the conmpound (4-a), or salt thereof, is used as
starting conmpound, conpounds accordingsso fornula (3-a) and forrmula (3-b), as
defined herein, can be obtained. Preferably RL is HOC. In a preferred

enbodi nent, the reduction of the conpound of forrmula (4), or salt thereof,
takes place with hydrogen in the presence of a transition netal catalyst,
preferably in FHEDHReBeHER oFe ot @7 orFcrhet Al WO%BRIVEPe &hcP'a chiral 1 gand.
The reduction #&Y580HRRCORIHARS h&(G2PE17369. WORFE HOBUSWARAIP/BFasat i on

condi ti ons, prabesahbyss) vieroodOmERy e Weces/ ooz, Epeseat ispwoeaadkioviepns. 111

2 Transi 11 on mepa et oo e o e el ok . e b ed from
group 9 or 10%%%%%%? %%Z@?%Wa’%?'eeh%esﬁ’@f g'rg%,' 1lt1ge8¥§‘agdso|9%1§8%‘rret al catal yst
conpri ses, for ER3PAIRE EFOAC8HAIR95LERY FPRRGYI Efrot48FH)WOL0P1/feeith ¢PEG; , Nickel (Ni),
Pal | adi um ( Pd) Rea@0es; 163 (AX B?ARM| fetefencek nitguaretdincand ar partichlg dsrsbavsiit | on net al

catal yst i S PtexaRgesRfeinRn, preferably on a solid support, such as carbon. In
one enbodi ment the transition netal catalyst is Pt on carbon (Pt/C) or Pd on
carbon (Pd/ C). _The heterogeneous hydrogenation of the conpound of fornula (4),
or salt ther eo?‘,’thﬁ'ovi des a conposition conprising the conpounds according to
formul ae (3-a and (3-b), or salts thereof, wherein the nolar ratio of
conpounds accordi ng R0 fornul ae(@}?b, or salts thereof, to conpounds accordi ng
to formul'a (3-a),RarPsalts thEredfre is of fromat least 67 to 33, preferably
of fromat |east _8%to 15. e’ het er eogeneous hydrogenation is usually
performed in a nt, suc s ether solvents (eg THE), ester solvents (eg

i sopropyl acetafe) of al choltel solvents (eg isopropanol, ethanol or nethanol):
in particular #2al cohol or&gster solvent, such ethanol or isopropyl acetate.
I n one enbodinent . Pd/ C is uged,with ethanol or isopropyl acetate as sol vent.
I n anot her enbodi ment, Pt/C s used with i sopropyl acetate as sol vent.

General |l y, the honogeneous hydrogenation-.is carried out in the presence of a

transition met @Ler&rﬁ%?%&ld%%?%mg% A-nﬂ)let Qseders.gr@ iiw:té-ogﬂ m;adebénﬁan?eé. %Ct ed from group

8 or 9 of the perio erefore, the transiti'on netal_catalyst
conprises, for VBXEHEI & B itAEe 5 Endf1eh et 221 PHH T ML) DebelithehPam (Ru), Osmi um
(Cs), Cobalt (&59e SFhdCENV( RITpraasdidnofsymmpldi 2803, (1413975 Jin Xa LpKetatred
enbodi ment, thw. sreamss. H ofxuneila) G.oaled, psi.; aenpr §.Se setamsdangapanayal | i ¢ conpl ex
and optional | y¢4CMi 204 ankiiggdNd.w Large, S. E.; Ponasik, J. A., Jr.; Moore, M. K.; Barnette,

T.; Nottingham, W. D. Org. Process Res. Dev. 2005, 9, 472; Chem. Rev., 2003, 103 (8),

3029. In particular R8 and R9 are:

R® = Me, R® = Ph (= MeBoPhoz);

R® = Me, R® = p-fluorophenyl (= p-fluorophenyl-MeBoPhoz);
R® = Me, R® = 3,5-difluorophenyl (= 3,5-F,CsHs-MeBoPhoz);
R®=Bn,R®= 3,5-diflucrophenyi (= 3,5-F,CsH3-BnBoPhoz);
R® = Me, R® = (R)-binol {= (R)-BINOL-MeBoPhoz};

R® = Me, R® = (S)-binol {= (S)-BINOL-MeBoPhoz};



The organonetallic conplex conprises a transition netal selected fromgroup 8
or 9 of the periodic table, for exanple the transition tal. rhodjum |ridium
or rutheni uMQAYEPE! cul ar rhodi um or ruthenium The or%g%%&%"t”g?"ﬂ“c conpl exes
can conprise a single 112 transition netal atom In preferred enbodi nents the
conpl exes can conprise two or nore transition netal atons, optionally
conprising a netal-netal bond. In a preferred enbodi nent two netal atons are
bridged via two halides. Generally, thesorganonetallic conplex, conprises one
or nore transition netal atons and suitable achiral |igands. Suitable achiral
| i gands for the organonetallic conplex generally are 'u-donor- |Iigands,

BF- donor/ Tr-acceptor |igands or air -donor/n-acceptor |igands. Exanples for
sui t abl e achi r al R4 pRUSp-aF,EheayTBPICFMNBE - BeBRRKAON NMONOXi de, halides (e.g. d, |
or Br), phosphines [e.g. tricycl ohexyl phosphine (PCy3)], alkenyls (e.g. cod,
nbd,. 2-netall yl'}‘e,:%r 'ﬁgyzrfﬁ‘l(?s‘?”‘é‘?"??@ (e.g. pyridine, benzene, p-cynene),
carbonyls (e.d. GG RIS bfclohl)i@a6Blddobnogy di met hyl f or mam de) .and m xtures

t hereof. Exanples of preferred achiral |igands for the crganonetal lic conpl ex
are: nor bor nadi eRe Ny p-fieopphengcE adivaiePhodod) , pyridine (pyr), cynene, in
particul ar pcyneg : Moo IR [ < S .organonetal lic conpl exes are: a
r ut heni uﬂg or gano%(gwgngkhglgknp%&a%%%@%&g%’2( p-cynene)] 2, .

[ Ru( cod) ( 2- net al RA=lRAJhemthy|| R RhAH)-FHEOBERABPRYz;: a r hodi um organonetal lic

conpl ex, such as_{ Ra(nbd)2BEA4] or_ [ Rh(cod BF4; or an iridiumorganonetallic
conpl ex such as T (¢ @f’l%&/gfz,&@e {BSr"L'[ef’ét?ng%BZ"%@f]' 39 i n particul ar [Ru(cod)(2-
metal 1 yl) 2], [ RuRicQs){ne@Meur)=Ne ¥)-phdrbthy pBaPMsrRNE) 12: i n particul ar

[ Rh(NBD) 2] EI F4, t Ru(COD) (00CCF3)21 or [Rud 2(p-cynene)?2]. The transition netal
cat al yst conpr s BROIOhGaaDMBhaldxi-¢, 1Gaapingx and a chiral [igand. The chiral
|'i gand conprises, for exanple, a chiral phosphine and/or a chiral ferrocene.

| n particul ar, (R-ee¥it-¢phenvipnespitieonid (B8phangrissrainfsrocetydsttyaiiie€h i s substi t ut ed
with a chiral @resgoPhoguch as a chiral amne, a chiral phosphine or a chiral
akyl, for exanple as illustrated herein. Suitable chiral Wands are, for

exanmpl e, an Atfopi Bf ol e o Skr 2\ i gand (e.qg.
SL-F115-1), a R%Zﬁ@ﬁgﬁ?éd'%aﬂﬁﬁg 'é’?’gﬁ‘%?%é%&‘%?’” "é’?‘i?é?%ﬂ%@ﬁ?'{“g%nd (e.g.
SL-W08-1), a F¥ B'E(Bé) ligand (e.g SL-J504-1 or SL-J002-2) or mi xtures

t hereof . Atropisoner |igands, Fenphos |igands, Mandyphos |igands, Wi phos

| i gands and Jos{Ryveas(3bidigangsenglipgospiiinetteentydr-tsh ae described in Section C. 2. WO
2009/ 0911251 PCliAERAROBhiPERLEy Helngiamivé £ gk 6 FetEnBabONS of organonetal lic

conplex and chiral ligand are, for exanple: rhodi um organonetallic conplex and
a Fenphos or Wl phos ligand; in particular [Rh(nbd)013 F4 and SL-F115-1 or
SL-W08-1; or FitA&RveeRc oyt 2Py -¢ R ruRnagpiiroka R Y I p¥dier a Mandyphos
or a Josi phos fiRy&pndfteBaPhoparti cul ar [ Rul2(p-cynmene)] 2 or [ Ru( COD)(0000F3) 21
and SL-A101-2, SL-M04-2, SL-J504-1 or SL-J002-2. In one enbodi ment, the

reduction of t heGORROYRHsHind @i AUl Aerydn Al @b Sal T thereof, provides a
conposition conpri §i nsg t hfe conﬁﬁqnc?s _azgc%r L9 - hor mul ae (3-a) and (3- b),
or salts ther et e ePEPHeTHEYREY ST gent y(:(oi'r%g Hds according to fornul a
(3-a), or salts thereof, to conpounds according to fornmula (3-6), or salts

t hereof, is at 1{R&dlPh8& phaptiR;N-[FIofrberabthyl-1dtR)-east 90 to 10, nore preferably
at | east 99 t Ogidhenylphosphinolferrocenyiethylamine = (R)-Phenethyl-(S)-BoPhoz '

1{R)-N-Di(4-fluorophenyl)phosphine-N-methyl-1-[(S)-
diphenylphosphinolferrocenyllethylamine = (R)-4-F-C6H4-MeBoPhoz



I n anot her enbodi nent, the reduction of the conpound of fornula (4-a), or salt
thereof, provides a conposition conprising the corrpoun to formul ae
(3-a) and (MOBI98Tsalts thereof, wherein the nol ar CtTf?é:P(i&'frg'}acog$r;{ﬁ)ounds
according to fornula (3-a), or sal ts thereof, to corrpounds according to
formula (3-b), or salts thereof, is at |least 53 to 47, preferably at least 71
to 29, nore preferably at |least 82 to 18. Alternative conbinations of
organonetal lic conplex and chiral |igagd are, for exanple: rhodium

organonetal | ic conpl ex and a Fenphos or Wl phos ligand; in particular

[ Rn(nbd) 2] Ei F4 and SL-W08-1. In another enbodi nent, the reduction of the
conpound of formul a é4- a), or salt thereof, provides a conposition conprising
t he conpounds &€HdrRiiMY oY iRiBYIftreley- (B gphearenoprinclfgrocepylielgyaming <t her eof

wher ei n t he nolRPhenathyl-(RyMeBadnpounds according to fornmula (3-6). or salts

t hereof, to conmpounds according to fornmula (3-a), or salts thereof, is at

| east 73 to 27, C shown above several novel and
'ﬁl’:‘ggg%l Eﬁ1r¥dro1]y]14l 4 JJL&Oth] Apm&wff%w

i nventive conpou further subjects of the
present |nventFHﬁ“%ﬁhéSPP'ﬂ‘ﬂfe%?ﬁ%WH%"“gﬁ@)&ﬁ'”&’éﬁ BAP"®®npound according to
formula (2), R3 (2) or salt thereof, wherein- Rl and R2 are, independently of
each other, hydrgear) op [ﬁ!yﬂ?biyﬁ(]@@rﬁhpﬁﬁ)ﬂ}fh@ﬁdtﬂyﬂ@[@!OUD and R3 is a carboxyl

group or an eSEﬁ{enﬂﬂhgéﬁpno]fgﬁcﬁgr@ﬁ@maéﬁmpa‘(@)—ﬁﬁ‘lcﬁ(@)%5%5 ation according to
formula (2-a preferred enbodi nent of fornulae (2) or

(2-a), R1 |s BOC and/or R2 |s H In a Ereferred enbodi nent of formul ae (2) or
( 2. a) . R3is CHFHpN-Di(d-fluorophenyl}phosphine-N-methyl-1 -[(S

diphenylphosphino]ferrocenyl]lethylamine = (R)-p-F-MeBoPhoz

QuinaPhos ligands are of the formula:

% :'_p'o .o / “:'_p'o (IO
CHES G105

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

Examples of suitable chiral ligands are:

Examples of Mandyphos ligands:



A conpound of formu a (4) or salt thereof, wherein RL is hydrogen or a
nitrogen praqtecti ng.,group, pr ef erably having a configuration according to
formula (4-aY02%"F°%'preferred enbodi ment of fornul ae (AYVEFP2PUALHYP R1L is BoC
or Piv. A conpound of fornula (5), or salt thereof, (5), wherein Rl is
hydrogen or a nitrogen protecting group, preferably of forrmulae (5-a), (5- b)
or (5-c), nore preferably (5-b), 116 In a preferred enbodi nent of
fornmulae (5), (5-2), (5-b) or (5-c), Rlsgs BOC. A conpound of formula (6), or
a tautomer thereof, (6) _

SL-M002-1: ' © SL-M003-1:

SL-MO12-1: SL-M004-2:




117 wherein R is hydrogen or a nitrogen protecting group, preferably having a
configuration according to formula (6-a), R1(6-a). In iy enbodi nent
of fornul aeWOP"6P'%6-a), RL is BOC or Piv. A conpoundlﬁ?ﬂ%gﬁﬁgfgg(7), or salt
thereof, (7) wherein RL is hydrogen or a nitrogen protecting group and, R6 and
R7 are, independently, an al kyl group, an aryl group, an arylal kyl group, a
cycl oal kyl group or together R6 and R7 forma cycle, together with the
nitrogen to which they are attached, wBgch cycle may be saturated or
unsaturated and nmay optionally contain one or nore heteroatons, such a

ni trogen, oxygen or sul phur, whereby the cycle contains 3 to 8, such as 4 to 7
ring atonms, Preferably having a configuration according to formula (7-a),

(7-b) or (7-c)S-MBt'e:preferably (7-b), S¥M8%(7-a), (7-b), (7-¢). In a
preferred enbodi nent of fornulae (7), (7-a) or (7-b), RL is BOC or Ply. In a
preferred enbodi nent of fornulae (7), (7-a) or (7Z-b), R6 is Methyl or Ethyl
and/or R7 is Methyl t hyl . ]

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

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

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

(aR,aR)-2,2-Bis(a-N,N-dimethylaminophenylmethyl)-(S,S)-1, 1"-bis[di(3,5-dimethyl-4-
methoxyphenyl)phosphinojferrocene (= Mandyphos SL-M004-1)

(aS,a8)-2,2'-Bis(a-N,N-dimethylaminophenyimethyi}-(R,R)-1,1-bis[di(3,5-dimethyl-4-
methoxyphenyl)phosphinolferrocene (= Mandyphos SL-M004-2)

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

(1R, 1'R)-1,1"-Bis|bis(3,5-tert-butyl-4-methoxyphenyl)phosphino]-2,2'-bis[(R)-
(dimethylamino)phenyimethyljferrocene (= Mandyphos SL-M010-1)



A conpound of formula (9-a),

or salt thereof,

119 R1(9)

hydrogen or a nitrogen protecting group and, R6 and R?
al kyl groupY&+2'¥°9&her are an al kyl ene group, preferab
configuration according to formula (9-a) (9-b) or (9-c),

(g_b)1
(9-a),
(9-a),

(10),

(9-a) (9-Db), (9-¢)

(9-b) or (9-c). Rl is Boc.

(9-b) or (9-c), R6 is Methyl
or salt thereof, (10)

andoR7 is Methyl.

(aR,aR)-2,2"-Bis(a-N,N-dimethylaminophenylmethyl)-(S,S)-1, 1*-bis[di-(2-

methylphenyl)phosphino}-ferrocene (=

Examples of Josiphos ligands:

SL-J002-1:
@L@g/ﬁk

p HCH°
O/ <>
SL-J006-1:

Y
~g

Y

Q@

SL-J501-1:

belas

Mandyphos SL-M(012-1)

SL-J003-1:

S

" SL-J006-2:

'
TR,

H
<> KNI

CF,

. Y
Far

SL-J011-1:

SL-J302-1:

J
Concl

<>

SL-J505-1:

wherein RL is
p2bBfSGRRNdeNt 1y,
aying a

nore preferably

an

120 In a preferred enbodi nent of formulae (9),
In a preferred enbodi nent of formulae (9),
A conpound of fornula



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

i ndependent | an al kyl group, an aryl group, an arylalk roup, a cycl oal kyl
group or to QAW OB and R7 form a cycle, together with ¥H@9WF%E8§3n to which
they are attached, which cycle may be saturated or unsaturated and nmay
optionally contain one or nore het er oat ons, such a nitrogen, oxygen or

sul phur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atons, Zis a
hal i de (eg iodide, brom de, chloride), mn al kyl sul phate (eg nethyl sul phate)
or a sulfonyl ester (eg triflate) and R10 is hydrogen, alkyl or aryl;
preferably having a configuration according to fornmula (10-a), (10-b) or
(10-c), nore preferably (10-b), (10-a) 121 (10-b), (10-¢). In a
preferred enbodi nent of | ae (10), (10-a), (1 or (10-c), RL is Soc. In
a preferred enbodi ment o ghnulae (10), (10-a), iﬁ;ﬁ or (10-c), R6 is

Met hyl, R7 is- / 0 is Methyl f formula (11) fit or
salt thereof, +@i, hydr ogen or §%$ fqprpt ecting group and R4 is
an C]—I-actlvatln Breferably havi ng?é |g't|rat|on according to fornul a
(11-a), (11-b) or T , hore preferably (f%zﬁ?? 122

SL-J008-1: SL-J211-1: -

S

SL-J005-2: SL-J412-1:

SL-J013-1: SL-J301-1:



(11-a) (11-b) In a preferred enbodi mrent of formulae (11), (11-a), (11-b) or
(11-c), RL is Boc. In a preferred enbodi nent of formnul ae 112 (%11 a), (11-b)
or (11-c), Qﬁolz@wﬂgé)wl ate. A compound of formula (12) PIORYSOYP “sal t
thereof, wherein Rl is hydrogen or a nitrogen protecti ng group and R5 is a
| eavi ng group; preferably of formulae (12-a), (12-b) or (12-c), nore.
preferably (12-b), (12-a), (12-c). .

72

SL-J504-1: ' © SL-J403-1:

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

é}ﬁi . @@CEQ '

SL-J505-2; _ SL-J431-1:



In a preferred enbodi nent of formulae (12), (12-a). (12-b) or (12-c), Rl is
Boc. In a preferred enbodi nent of fornulae (12), (12-a) - D). (12-¢), R5
is a halideWoe¥8¥%ably brom de or iodide. A conpound 5,T&%%Wd%§9?16) 124
(16) or salt thereof, wherein RL is hydrogen or a nitrogen protecting group, Y
is 0 or S and each R9, is, independently, alkyl, aryl, arylalkyl or acetyl,
preferably having a configuration according to formula (16-a), (16-a). In a
preferred enbodi nrent of fornulae (16) @ (16-a), RlL is Boc. In a preferred
enbodi ment of forrmulae (16) or (16-a), RO is nethyl or ethyl. In a preferred
enbodi ment of formulae (16) or (16-a), Y is oxygen. Ceneral Terns: The general
definitions used above and bel ow, unles fined differently, have the

fol |l ow ng nean?ﬁﬁ?@“ 125 The term "este Lg‘%ﬂp" conprises any ester of a
carboxyl group generally known in the art; for exanple groups -COOR, wherein R
is selected fromthe group nsisting of: C_ BAW s as nethyl, ethyl or
t-butyl, Cl.6al koxyCl. . sal k heterocycl yl, such a§E§? hydr of ur anyl ,

Ce_maryl oxyd . sal kyl, such ﬁ?yloxynethyl such as

cyano or Cl. 6aryl, t'he aryl ring is unsghsstituted or substituted by
one, two or three, ges sel ected fromthe group consisting of C l1l4al kyl,
Cl. 7al koxy, hal ogen, nitro, cyano and C F3; or C. 1.2al kyl substituted by
9-fluorenyl. In referred enbodi nent, "ester group” is -COOR, wherein R
is aCcC realkylskg@?&ue. In particular, ﬁLpﬁwﬁethyl or ethyl.

%PQ }3@;@0

H @O H’CH‘

trinmethylsilyl, t-Rkut et AYTSi |yl and t: butyHatshenyl iiyl, ci nnanyl ,
allyl, Cl.6alkyl whi % %16 n@s, di- or tri\s,dbsut%B’y hal ogen, silyl,
el

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

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

(R)-1-[(8)-2-(Diphenylphosphino)ferrocenyllethyldi(3,5-xylyl)phosphine (= Josiphos SL-
JO05-1)

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

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



The term "nitrogen protecting group' conprises any group which is capable of
reversibly protecti n a nitrogen functionality, prefer e and/ or

ani de functi %‘?P?“Pﬂ}z’ Preferably the nitrogen protecti ng‘pdgﬁl%‘ﬁg“ﬁgﬂ g’n ani ne
protecting group and/or an am de protecting group. Suitable nitrogen
protecting groups are conventionally used in peptide chem stry and are
described e.g. in the relevant chapters of standard reference works such as J.
F. W MQOrmie, "Protective Goups in Oganic Chemistry", Plenum Press, London
and New York 1973, in P. G M Wts and T. W Geene, "Geene's Protective

G oups in Oganic Synthesis', Fourth Edition, WIley, New Jersey, 2007, in "The
Peptides'; Volune 3 (editors: E. Goss and J. Meienhofer), Academ c Press,
London and New York 1981, and in Wethoden der organi schen Chem e" (Mt hods of
Organi ¢ Chem stsi-y)($)-Hohems(Mdplometdtpheedk t | on, Vol une 15/ 1, Georg Thi ene
Verlag, St uttgswo&phﬂa%Zeﬂoceﬁ’;]aﬁﬁac@mempﬁgsmm REiphoset-bddg2gr oups general Iy
conprise: Cl-C6-al ky , preferably Cl C4 kyI m)re preferably Cl- C2- al kyl
nost preferably Cl-a d-substituted by

trial kylsilyl dRr tﬁﬁﬁ%ﬁﬁ%%@f‘mmﬁﬁﬁw ﬁ'gﬂ“éﬂ“@%’t‘ hwyyceawwv'd«b?ef erably phenyl, or
an heterocycl i émghirigny!) Ayesphies GRPsPhepALr@l&di nyl , wherein the aryl ring or the
heterocycllc group i s unsubstituted or substltuted by one or nore, e.g. two or
three, resi due@Q 1?392 D.&@lhﬁe%&gspfu H&ﬂhéc@:@l]&ﬂyfa“@n GRBRbBhi hJ}QJ&fph&JSLQ al kyl,

hydr oxy, Cl-Cr 3 Cral kanoyl - oxy, hal ogen, nitro, cyano, and CF3

aryl - C1- C2- al kd ycar bonyI (preferably phenyl -Cl: C2-al koxycar bonyl eg.

benzyl oxycarbonyl ); Cs_ thal kenyl oxycarbonyl; C1.6al kyl carbonyl (eg. acetyl or
pi val oyl ); Cs. (Rba{(yl—zalaﬁbrﬂlnwmetr@phenﬁmhmr}owgromwwhyl@e@t -butyipberpliney car bonyl ) ;

C6- 10ar y1Cl4al kaxyghas ranyd-1y al lyl or cinnanyl: 126 sul fonyl or sulfenyl

succi nimdyl group, silyl, e.g triarylsilyl or trialkylsilyl (eg.

triethylsilyl) es of rr nitro rotetln roups are acetyl,
benzyl , cunyl, %‘ﬁf%ﬁ?é@ 1meuf$“(§ 51"'"“*@@?%‘5%%3?%5?]@ A ?‘Mﬁjg')erg
9-f I uor enyl met PHAIRIRSPLRR bd‘i’ﬂPh‘(SFﬁﬁfd@)“ benzyl oxynet hyI _

(BOM, pi val oyl - oxy-met hyl (POM, tri chl or oet hxoycar bonyl (Troc), 1-

adamant y| oxycam@nyi 2. r(.g‘eﬂmaawphaflyba«bsph.ad foYdeORY N RARAYty)-ghbdpRRE @Y1 sl yl,
tert.-butyldi mt?s' NOS%LJ%HW triethylsil yI (TES), triisopropylsilyl,
trimethylsilye ho (SEM, tbutoxycarbonyl (BOC), t-butyl,

1-nethyl -1, 1- dlnethylbenzyl, (phenyl ) et hyl benzene, pyrridi nyl and pi val oyl .
Most pr ef er r ed(Rnl{(Plotyéathyjphestiinbf¢regengllethyl gistetabutyl) Rbesbhyre, (= $nsiphop SL-

benzyl oxycar bomgph-1( Cbz), triethylsilyl (TES), trinethylsilyethoxynmethyl (SEM,
t but oxycarbonyl (BOC). pyrrolidinylmethyl and pivaloyl. Exanples of nore
preferred nitr tectin oups rroI|d|n 1 et hyl ,

t - but oxycar bon;%g?r}lsopm F]yl?ihod%m e"° gy']alhy%' meﬂ’ly 'Yen{])f’ y ®si | yl ¥gr oups accordi ng
to the fornul alosPRePRIPRIB, wher e| n R11, R12 and R13 are, independently of
each other, alkyl or aryl. Preferred exanples for Rl1l, R12 and R13 are nethyl,
ethyl, isopropyisye- Mwﬂumtrﬂmmwbhosmmfdne@h@ethybip(aam@fcrn@d\yms ni trogen
protecting gr OLRSHHRA ngg%gg Q_yj“o@ﬂd - but oxycar bonyl (BOC). Al kyl is defined as
a radical or part of a radical I1s a straight or branch (one or, if desired and
possi ble, nore tinmes) carbon chain, and is especially C, -C7-al kyI , preferably
G -ar al kyl. THe @ is(i’-fldi@?‘bV'Phﬁﬁ'ﬁﬁhﬁ@Bi"Céfe’WF@HW‘VWS@%'W"W@“@&‘M'H i ncl udi ng

maxi mal ly 7, espeminal=Jgsiphps $la)4adt) i ncl udi ng maximal ly 4,. carbon atons, said
noi ety being branched (one or nore tines) or straight-chained and bound via a

term nal or 2 B R AL SARONNDUSAERLIn b f s SXRIRe, C-CT- oyl cal ky!

and is, for ex ﬁ ) cyclohexyl and
cycl oheptyl . CJ& WB’Z?HW)}WSQ (o3 (C\ﬁflpﬁﬁec’kyf d? e pr ef err ed 127



Al koxy is, for exanple, Cl-Cr-alkoxy and is, for exanple, nelhoxy, elhoxy,

n- propyl oxy, isopropyl oxy, n-butyl oxy, isobutyl oxy, SeG;, P%o %3510

terl-butyl oW?zﬁWd’)%?P o includes correspondi ng pentyl oxy, exy oxy and

heptyl oxy radicals. Cral al koxy is preferred. Al kanoyl is, for exanple,

C2- C8- al kanoyl and is, for exanple, acetyl [-C(=0)Me], propi onyl, butyryli

i sobutyryl or pival oyl. C2-05-Al kanoyl is preferred, especially acetyl. Halo
or halogen is preferably fluoro, chloras bromo or iodo, nost preferably,
chloro, brono, or |odo. Halo-alkyl is, for exanple, halo-Cl-Cralkyl and is in
particul ar hal o-Cl- G4al kyl, such as trifluoronethyl,

1,1, 2- trrfluoro 2 chl oroeth | or chloronethyl . Preferred hal o-Cl - C, al kyl is
trifl uoromet hyR-1ASKERHE "‘ﬁiﬁ?‘y'b’@”)l' PW?é%TF‘O&F°?9P%LJﬁ‘E¥‘IE'E{2 FPRPIYPIEDMT ai ni ng a doubl e
bond and conpr edspiipept Skieroably43p-110 12 C atons, 2 to 10 C atons being
especially preferred. ‘Particul arl y preferred is a linear C2.4al kenyl. Sone
exarrpl es of al i@éh & QUipé |s@;fr8po pﬁ&gh omsro'ce%gfgﬁ‘rpl%rsfé% Me%%llwenylpu'[yl pentyl
hexyl, heptyl, t eﬁ un ecy , dodecy tetradecyl, hexadecyl
octacyl and ei 8B§§’){"e eg’éﬁ BF- h' contai ning a doubl e bond. Especially
preferred is allyl. A kylene is a bivalent radical derived from Cl. 7al kyl and
is especially G-1@sak-kiyérengmospbige)fe@rcatykattyemes adidethymbéryppiaisthine (tan be
interrupted by @mRosd-BPLH, €.9. up to three, 0. NRL4 or S. wherein Rl4 is

al kyl , each of which can be unsubstituted or substituted, by one or nore
substituents i ndependent|y sel ected fromfor exarrpl e, 01-Cr7-al kyl, -

Cl- C7- al koxy- CiR-'diS4P- R‘?‘PV'%‘PSPEM YermaseREstyY! bisk rewwhew%p'iephgebrwr’@%t radi cal
derived from C24d%Réhyl and can be interrupted by, one or nore, e.g. up to
three, 0, NR14 or S. wherein R14 is alkyl, and is unsubstituted or substituted
by one or mor €,r)8.1$) ZEWIOF\& Iﬁﬁagdﬁﬁo feﬁb@%létcﬁ"gQPE&th@rfyﬁFﬁJgéuryne ndependent Iy

sel ected fromtheh ) 1Lﬁlen s mentioned above for "al kyl ene. 128 at ons,
preferably phed§iP % dJ Whi'ch can be unsubstituted or substituted, by one or
nore substituents i ndependent |y selected fromfor exanple, Cl- O al kyl , al kyl
or Cl - Cral koxy (S)TH@®)-2-excloheygHosdhing)ferrocehydietisy! bisi2-metydiphEly)-Onasetlineyt , wherein aryl is
as defined her gigpréyl-ss@-fyor exanpl e benzyl. The term carboxyl refers to
-CO2H. Aryl oxy refers to a Aryl-O0- vvherei n aryl is as defi ned above.

Unsubst i tut ed or b i tuted heteroc no- cI ic, preferably
a nono-, bi- offf [i |‘rf&:bt"y'rP8§°[h'"f)re5¥ éﬁ%ﬁ'%ﬁ%ﬁ,"y'phﬁﬁ'&’ﬁt ré 8 parti ally

sat ur at ed, sat@#-dﬁféd or aromatic ring systemwth preferably 3 to 14 (nore
preferably 5 to 14) ring atons and with one or nore, preferably one to four,
het er oat ons Inql@nqmi@a térvbu@%hegphﬁgfefr&em]&ryrtr.mﬁahymwgerbsprﬁmi ur, S(=0)-
S-(=0)2, and I%OSIHE Hte or substituted by one or nore, e.g. up to three.
substitutents pr er ab I'ndependently selected fromthe Preferred
substituents are sel ect ed fromthe group consisting of halo,

G - Cral kyl , G - @Gi1aiSkaxivert-twt o ©hineabckonathy! Batehlwomethy Fdhesprionet hoxy and

Cl - G7- al koxy- Clesprhad dtaxgs-Mhen t he heterocyclyl is an aromatic ring system it
is also referred to as heteroaryl. Acetyl is -C(=0)Cl-Cal kyl, preferably
-C(=0)Me. Sihil i ein R R and R' are independently of each
other G _ial kyrxa"@rrefm V@?phﬁﬂéﬁ’w Cl1. 4al kyl .



Sul fonyl is (unsubstituted or substituted) Cl -Cral kyl sul fonyi, such as

met hyl sul f onyl unsubstituted or substituted) phenyl- or o

napht hyl - Cl -‘%?5?0 ?/?Oéﬂl fonyl, such as phenyl net hanesul foﬁﬂf,‘:mt??s'/o(”ﬂﬂgubsti tuted
or substituted) phenyl-or naphthyl-sul fonyl; wherein if nore than one
substituent is present, e.g. one to three substitutents, the subsfituents are
sel ected i ndependently from cyano, hal o, hal o-Cl-Cral kyl, hal o-Cl -C, al kyl exy-
and G -C7- al kyl oxy. Especially preferriéd is Cl-Cr7al kyl sul fonyf such as

nmet hyl sul fonyl, and (phenyl-or naphthyl)-C1-Cral kyl sul fonyl, .such as

phenyl met hanesul fonyl . 129 Sulfenyl is (unsubstituted or substituted):

Ce loaryl-Cl - OSE%XAV_\}S]_UI fenyl or (unsubstjtuted or substituted)

C6_10aryl sul fenyl, ierein if rore than SoW8%lbstituent is present, e.g. one

to four substitutents, the substituents are selected independently fromnitro,
porous material sug

» _ _ Ql yst, in

3 r{mbd % n Section D. 4.
enbodi ment, the honbgeneous catalyst is a hydro n catalyst, in
an organonet al | icg K .ex axchiral |} d. ansi on netal catalysts are
in particular th cr Ngad Section@,p .3 ayd D. 4. The term
e

exanpl e, rutheniumorg i c conpl exes 5 .I'ﬁlle( p-cynene)] 2,
[ Ru(codX2-netal lyl)2] or [ Ru(cod)(00CCF3)2); s or ganonetal | i ¢ conpl exes,

such as [Rh(nbgd)gRE4l or [Rh(cod)?2] 13F4, 1 i ridi um or ganonetal lic
conpl exes, sucﬁ aéﬁl:sﬁ]( Cy3P)Ir(pyr)]d or St'wo?eggd) 2Clh. The term "organonetal lic

catalyst' refers to a catalgsts derived Qm i-6n ,metal and one or
more (for exanpt@®@,uap~to S~ G Rl | @W gand" neans any
conpound, achiral c ; 4’ f oryn ar‘conpl ex M transition netal .
Chiral and achiral Tigdgands_are ko ti cul a Rt @S C din Section C 1
130 The term"cataly rernsl | fbst anc fecls the rate of a

chem cal reaction by @-@. the” acti vati on“engggys for the chemi cal reaction.
The term "powder neans a<c@Batyst with a water contain of fromO to 30 mass%

The term "subsgragp.ito catal yst ratio” ggvgl}mr.ef ers to the nolar ratio of
starting conmpounds, or salts thereof, to "transition netal catalyst”. The term

"chiral" refers to no|ecul es which have the properly.of non-superinposability
on their mrror inmage~pa iIethetermhi{@" refers to nol ecul es
whi ch are superi npo t m@m rror imagepartner. Tké\z_erm"tautomer"

refers in particular taolthese aut orer of the ot~ n-2- one noi ety of

t he conpounds of the pe@ Wfiventi on. Addition e“term "tautoner" al so
refers in particular to tf&al dehyde tautonmer of conpdunds of the present

i nvention, e.g. conpounds of the formula (6), where such conpounds can exists
in either an enol or al dehyde form or mxtures thereof. In the fornul ae of
the present application the term"aulnr” on a C spa represents a coval ent

bond, wherein the stereochem stry of the bond is not defined. This neans that
the term"a-LP-et,'" on a Csp3 conprises an (S) configuration as well as an
(R) configuration of the respective chiral centre. Furthernore, m xtures are
al so enconpassed, e.g., mxtures of enantioners, such as racemates, are
enconpassed by the present invention. In the fornmul ae of the present
application the term"flartr" on a Csp2 represents a coval ent bond, wherein
the stereochem stry or the geonetry of the bond is not defined. This neans
that the term"-ruw' on a C-sp2conprises a cis (Z) configuration as well as a
trans (E) configuration of the respective double bond. Furthernore, mxtures
are al so enconpassed, e.g.. mxtures of double bond isoners are enconpassed by
the present invention.

hal o, hal o- C1- al kyla and Cl - Gral kyl oxy. A "hejerogenegus.catal yst as used
herein refers tofa FFy ppFrted o ar ,F;Q (PIeE t yepal t hough not
¢ S Eb _

enbodi nent, the hg Q

A atdgbyst as used
herein refers to a catsEMmt that is not supp
particul ar thosewdeszri bed in Section Osdwodfeg term"transition netal
"organonetal lic - férs to conpl eXes®derived grRer transi ti on netal

necessarily a s B of "an =g/ mat ri 2 (or exanple, a
iIiconad/ [ Inone
particul ar those ' ! :
a carrier. In one
catalyst" refers tgo an organonetallic catalyst, an organonetallic conplex or
and one or nor &% (fome p to four) ac » o chiral) |igands;. for

3




131 In the fornmul ae of the present application the term"”/ " on a C sp3
i ndi cates the absol ute stereochem stry, either (R or (5. f or mul ae of

t he present WM E& on the termt .3 " on a C sp3 indi cpa%%TéEsplz'{;bﬁ}g%g )sol ut e
stereochem stry, either (R) or (S). In the formul ae of the present

application, the term"--" indicates a Cspl-Csp3 bond or a Csp2-Csp2 bond.
Salts are especially pharnmaceutically acceptable salts or generally salts of
any of the internedi ates nentioned herern, where salts are not excluded for
chem cal reasons the skilled person will readily understand. They can be
formed where salt form ng groups, such as basic or acidic groups, are present
that can exist in dissociated format |east partially, e.g. in a pHrange from
4 to 10 in aquéot’§?'sbl utions, or can besf'g‘@F‘gf:ed especially in solid,
especially crystalline, fo Such salts are fpr nmed, for. exanple, as acid
addi tion salts, prefel@ﬁ“%ni C or inovgan ci’dcg, f rom conpounds or
any of the internediat&s nmentio erein w(’?l nitr ogen atom (e.g.

| Mno or am no), especi @%ﬁ"phar fraceut i cal |l e salts. Suitable

i norgani c acids are, for jexa@pte, hal ogen aci .@

*as\hydrochl ori c acid,

sul furic acid, or phosphoric acid. Suitable orgafifc acids are, for exanple,

carboxylic, phosphonic, sulfonic or sulfamc acids, for exanple acetic acid,

pr opi oni c add’slﬁﬁ@é? acid, fumaric acid, succinic acid, citric acid, am no
u

acids, such as’g itar c acid or aspartic acid, naleic acid, hydroxynaleic

acid, methyl mal ej,g* ,mz ic acid, nethane- or ethanesulfonic acid,
et hane-1, 2- di sul W ) e@nesul fonic acid, 2-naphthal enesul fonic acid,
1, 5- napht hal ene- QAL ci d, N-cycl ohexyl sul fam c acid, N nethyl-,

N-ethyl - or NprB®pyl B§HT {@m(c Jaci d, or other organic protonic acids, such as
ascorbic acid. In the p¥eBence of negatively charged radicals, such as carboxy
or sulfo, salts may also be fornmed with bases, e.g. nmetal or ammonium salts,
such as alkali metal or alkaline earth nmetal salts, for exanple sodium

pot assi um mag el -GrDienerhasphiseph ey ferprenydipiyiiciim sal t s wi t h ammoni a or

sui t abl e or gantrfucamemngsheng)di®phas (4 Walthoasywpripam nes, for exanple 132
triethylamne or tri(2-hydroxyethyl)am ne, or heterocyclic bases, for exanple
N- et hyl pi peri dine. NN di i i Wen .a basic group and an acid
group are pr esgg? [(ig%z Ph@lphs?gur@g%@ﬁggﬁ 'g‘g"%‘géﬁﬂﬁ%‘?mﬁgﬁi nt er nedi at es nmenti oned
herein may al sEMBIHMYPREBYRMEPAES (F WalPheyyL- g%rzéti on or purification purposes of
any of the internedi ates nentioned herein it is also possible to use

phar maceut i cal kR}-1uRaz epibreby @osaihdpsenyliforocayrmplieycphegyimbesinor perchl orates. I n
view of the cl esgafel alivessihi p bet ween the conpounds and internediates in free
formand in the formof their salts, including those salts that can be used as
intermedi ates, for exanple in the purification or identification of the
conpounds or séﬁ)‘ﬂé‘%ﬁ@?@@fsfd”%ﬁ‘fy""r"é‘f‘@?"é’ﬁ?f‘é')'P'BSph@E’)‘?‘?ﬁ’HUfﬁW”,y']e"gidﬁ?sf ing materials"
and "i nt er medi d6¢@tordrethgiprepeiporsehingritlWREoe BlndPeeY) i s to be understood as
referring also to one or nore salts thereof or a mxture of a corresponding
free compound, ¢nt@g ABdbatery PbeohbhdbiholBl Rhl:als s395Aag (- mor & sal ts

t hereof , each 9{ I oS Intended to 1 nclude al so any solvate or salt of any
one or rore of FRESE-EE Hopropriate and expedient and if not explicitly
mentioned otherwise. Different crystal forns may be obtainable and then are

al so i ncl uded. (RMeRe2-{2heicypbhexathofpoinsphérs)fersedhyifeoy diberpHUndeMmestiar t i ng
materials, interdapdingdoRise -SRphss sLMAEARCeut i cal preparations, diseases,

di sorders and the like, this is intended to nmean one (preferred) or nore

si ngl e compound(s) o salt(s), )thar maceut i cal @r epar at | on_{ s? , di sease(s),

di sorder (s) or ‘PHESH R eI HY T aren gty HEshaEteire®ar ticle ("a",
"an") is used, PrelysphpsphinofE Watrhesrftde¥Pog-8) excl ude the plural, but only preferably
means "one". Any of the lactans according to the present invention, or salts

t hereof, wherein Rl is hydrogen can be converted into a correspondi ng
protected |actam or salt thereof, wherein RL is a nitrogen protecting group,
as defined above, according to standard methods of organic chem stry known in
the art, in particular reference is nade to conventional nitrogen protecting
group net hods described in J. F. W MOre, "Protective Goups in Organic
Chem stry", Plenum Press, London and New York 1973, in P. G M Wits and T. W
Greene, "Geene's Protective Goups in Organic Synthesis', Fourth Edition,

W1l ey, New Jersey, 2007 and in Richard C. Larock, "Conprehensive




133 Organic Transformations: A Guide to Functional G oup Preparations", Second
Edition, WI|ey-VCH Verlag GrbH, 2000, in particular, i vant chapters
t her eof . An&“%@$U§P?1 any of the lactans according to t(é%g?ggLﬁ{ﬂ?nventlon

or salt thereof, wherein RL is a nitrogen protecting group, can be converted
into the corresponding | actam or salt thereof, wherein Rl is a hydrogen,
according to standard nethods of organic chem stry known in the art, in
particular reference is nade to convent’/Bonal nitrogen protecting group nethods
described in the books mentioned above, in particular, in the rel evant
sections. Section F: Exanples The follow ng Exanples serve to illustrate the
invention without limting the scope thereof, while they on the other hand
represent preferred enbodi ments of the reaction steps, internediates and/ or
the process of (MHAHRp#H-Es@nd S ersphinerhepiyiereogsndieinyfie:S- By IvaasPlingl = shi f t
plmcrolitre Avapeisyl-vaoatacetyl acet one Anani syl (4-nmethoxyphenyl)

BAr Ft et r aki s[ 3, 5- bis(trifluoronethyl)phenyl]boron

Boc20di -t ort h%%gﬁﬁ R DA e R R e R B eV e i ey

Cycycl ohexyl Sk 4 Yobi cycl of 2. 2. 2]octane

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

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

Examples of Fenphos ligands:

SL-F131-1: SL-F132-1

SL-F133-1: SL-F134-1:

SL-F135-1: SL-F356-1:



dedi ast ereonmerc excess drdiastereoneric ratio
DVAPA4- (di met hyl am no) pyri di ne DMF = dnf N, N-di net hyl for%
DVPUL, 3- di mMtO/03931 5 6-t et r ahydr o- 2( 1H) - pyri mi di none

134

009/050510 .
I 'met hyl sul f oxi de

eeenanti omeri c excess ESel ectrospray ESIel ectrospray ionisation Etethyl
acet at e El OHet hanol hour (s) HNVRproton nucl ear nagnetic resonance
HPLChi gh perfornmance |iquid chromatography iPrisopropyl |PrQAci sopropyl

Et OAcet hyl

acet ate i PrCHi sopropanol 79
SL-F355-1: SL-F365-1:
CF,
CFJ\Q l
<" i / @’Pﬂ
Nee—. \Q/ N
- ".._"@ . CFy p_:’@
226% | O
SL-F055-1; SL-F056-1:

w g
s=TrT ey
Ph,P gj @: .

Lo
SL-F061-1: SL-F062-1:
NS N~
o P p o p N
<< .<!E!>
? - CFy |,

(R)-(S}1-(Dimethylamino-eth-1-yl)-2-difurylphosphineo-3-diphenylphosphino- ferrocene (=
Fenphos SL-F055-1) :

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

(R)-(S)1-(Dimethylamino-eth-1-yl)-2-bis(3,5-dimethyl-4-methoxyphenyl)phosphino-3-
dicyclohexylphosphino-ferrocene (= Fenphos SL-F081-1) '

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

(Rc)-(Sp)-(Se)-1,1-Bis[2-(1-N,N-Dimethylaminoethyl}-1-ferrocenyl]lphenylphosphino
ferrocene (= Fenphos SL-F131-1)



IRinfra red litre LC-MSIiquid chromat ography-mass spectronetry LHVDS| it hium

bi s(IrimethylsilyOarnide nolarity m enmass-to-charge ratj tb(% 2- MeTHF =
Me- THF2- Met %“%¥99mdr of uran MeOHmet hanol ngmi ||l gram %&ﬁﬁn@%@% lsoﬁ
mMmllilitre mol (s)m I linole(s) nol (s)nole(s) Msnass spectronetry

fI Mhanonmetre NMRnucl ear magnetic resonance NDB = nbdnor bomadi ene 135

80

(Rc')-(Sp)—(Se)-1-{[2-(1—N,N-Dimethy|aminoethy|)-1-ferrocenyl]phenylphosphino}-2-{[2-(1- '
N,N-Dimethylaminoethyl)- 1-ferrocenyl]isopropylphosphino}ferrocene (= Fenphos SL-
F132-1)

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

F133-1)

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

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

(Rc)-(Sp)-(Se)-1 -{[2-(1—N,N-Dimethylaminoethyl)-1-ferrocenyl]phenylphosphino}-1‘{di[bi$—
(3,5-trifluoromethyl)phenyl]-phosphino} ferrocene (= Fenphos SL-F355-1) '

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

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

Examples of Atropisomer ligands:

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




Npnapht hyl Pd/ Cpal | adi um on carbon Phphenyl Pl ypival oYl Piv-Cl pival oyl

chl oride ppnparts per mllion Pt/ Cplatinumon carbon py ,di.ne -Rhi Crhodi um
on car bon RPr’Epo:zﬂPW&ﬁh] tenmperature tButertiary-butyl TF,&{Cﬁ%llﬁzﬂ%)raﬁ)gﬁgti c acid
THFt et rahydrof uran TLCt hin | ayer chromat ography

RI Gl, 1, 3, 3-tetranet hyl guani di ne Toltoluene tRretention time Xyl xylene In
quoting NVR data, the follow ng abbrevi ati ons may be used: s, singlet; d,
doublet; t, triplet; q, quartet; quintgg quintet; m multiplet. Exanple 1:

N, N, N, N -Tetranet hyl f ormanM ni um net hyl sul fate (18, R6 r-- Me, R7 rz Me)

SL-A109-2: SL-A118-1:

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

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

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

(R)-(6,6'-Dimethoxybiphenyl-2,2'-diyl)bis(dicycylobutylphosphine) (= Atropisomer SL-
A118-1)

Examples of Taniaphos ligands:

SL-T001-1: SL-T021-2:

©/ﬁ. "~



rirve2 Me2N. ivie004- me2NH A mxture of N.N-dinethylformam de (7.31 g) and
di met hyl sul f oy 09) are heated to 60 C for 4 h. Then di nethyl amne in THF
(100 M, 2 M Sof Ut | on) and toluene (15 m) are . added affd/E¥H&08%H ting
mxture is stirred at reflux for 1 h. The reaction mxture is cooled to room
tenperature and the phases are separated. The lower |ayer is washed three
times with anhydrous tert-butyl nethyl ether to give

N, N, Nr, N -tetranmethyl forman di nium nethy] sulfate (18, R6 = Me, R7 = Me). H NWR
(CeD6), 7.95 (1H), 3.70 (3H), 3.32 (6H), 3.29 (6H). 136 Exanple 2:

N, N, N1, N11- Tet r anet hyl f or mam di nl um par a-t ol uenesul fonate (18, R6 = M, R7 =
Me) tri Me2 Me2N4- MePhS03" Me2NH A m xture of p-toluenesul fonyl chloride
(20.09) and di nettegs-f:or mam de (38,39) issalrbooed to stand for 2h at room
tenperature. The mxture is thep<stirred at 120¢-for 2 h. The m xture is then
cool ed to room tenperat ur ‘é@ e preci pitates@ removed by filtration. The

mot her liquor is dilute ‘h-ackilone and the m c@ed to OC. Filtration
affords N, N, NL',NL-tetr "hgd 1 Pm+ nami di ni um 2 ul fonate (18, R6 =
Me, R7 = Me) as white orystafs” 1H NWR (D20), 7265 0®2H), 7.39 (11-1),

7.30-7.25 (2H), 3.14 (6H), 3.05 (6H), 2.31 (3H).

(1S)-Dipheny!phosphino-2-[(R)-a-(N,N-dimethylamino)-o-diphenylphosphinophenyl)-
methyllferrocene (= Taniaphos SL-T001-1) :

(1R)-Diphenylphosphino-2-[(S }-a-(N,N-dimelhylamino)-o-diphenylphosphinophenyl)-
methylliferrocene (= Taniaphos SL-T001-2)

(R)-1-bis(4-methoxy-3,5-dimethylphenyl)phosphino-2-{(R)-(dimethylamino)-[2-(bis(4-
methoxy-3,5-dimethylphenyl)phosphino)phenyljmethy}errocene (= Taniaphos SL-T003-1)

(S)-1-diphenylphosphino-2-[(S)-hydroxy-[2-(diphenylphosphino)phenyllmethyl]ferrocene (=
Taniaphos SL-T021-2)

Examples of phospholane ligands:

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



The X-ray Structure of the obtained crystals is shown in figure 1. Crystal
data [record bo/dg(2) Ki Enpirical formulad 2H20hl 203S For nul a wei ght 272. 36
Crystal systenmibnocl inic Space groupCc Cell paranetersa 2CTERRO®BO00510 b =
14.331(2)A C = 11.953(2)A a 90 13 = 103.615(4) y = 90 Volunme of unit

cel 11331.5(4) A Z*4 Calcul ated densityl.359 ng ril-3 * (nunber of asymetric
units in the unit cell) 137 Exanple 3: N, N, N, Nl-Tet ranet hyl f or mam di ni um
hexaf | uor ophosphate (18, R6 = Me, R7 = BB) +NMO2 Me2N . MeSO4- *Nve 2
Me2NPFs-

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

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

1,2-Bis[(28,5S)-2,5-dimethylphospholanolethane (= Phospholane SL-P104-2)
1,2-Bis[(2R,5R)-2,5-diethyiphospholano]benzene (= Phospholane SL-P102-1)

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

Examples for further suitable chiral ligands are: -

(S)-C4-TunaPhos: . SL-A001-1:




N, N, N, Nr-1etranmet hyl formam di ni um nethyl sulfate (3g) is added to water (25
m) and the {eshldd ]n‘ixture is cooled to 0 C. This mxture is then added to
a cool ed sol uti'on of amoni um hexaf | uor ophosphate (4.6 JTER2REPEF19(25 ).
The so forned precipitate is then collected by filtration. The precipitate is
washed with cold water (2 x 10 mMl) and then wth diethyl ether (10 m ). Drying
in vacuo gives NN, N ,N -tetranet hyl formam di ni um hexaf | uor ophosphate (18, R6
= Me, R7= Me) as a white solid. H NVR (&VWSO-d6), 7.90 (1H), 3.26 (6H), 3.14
(6H). Exanple 4: N,N,N,N -Tetraethylformadiniumnethylsulfate (18, R6 = Et,
R7 = Et) A mxture of N.N-diethylformam de (30 g) and dirnethylsulfate
(37.5 g) are heated to 50C for 4 h. Then a m xture of diethylamne (32.6 Q)
and tol uene (20°M9403r e added and the reStMPi'riy mixture is stirred at refl ux
for 1 h. The reaction~g xture is cool ed to rogpf™Nyenperature and the phases are
separated. The | owgL§ d washed ten tig \ (: ether to give

N, N, a, NAet r aet hyl ] Reegh met hyl sul f atie §18sCRG—*— R7 = Et). 1H NMR
(DVBO-d6), 7.26 ( ] ' 24 _(F Pm Exanpl e 5:

N, N, Nl C- Tet r aet h¥y B nl um t et r af | uotoek % = Et, R7 = Et) NEt2

Ei 2N) MeSO, - 2NBE( 138

(8)-(6,6"-Dimethylbiphenyl-2,2'-diyl)bis(dicyclohexylphosphine) (= Atropisomer SL-A132-
2). :

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

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

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

SL-J005-1, SL-J505-1, SL-J00S-2, SL-J008-1, SL-J009-1, SL-J013-1, SL-J211-1, SL-
J301-1, SL-J403-1, SL-J408-1, SL-J412-1, SL-J430-1, SL-J431-1, SL-J501-1, SL-J503-



ammoni um tetrafl uoroborate (115 g) in water (25 m). The m xture is then
extracted WI‘R,B i9}f:.p()lzor onet hane. Renoval of the dichlor orret hane[%

N, N, NW t et r aet'h ami di ni um tetrafl uoroborate (18, RECLEE009 9”1 Et) as a
white solid 1H NVR (DMSO-d6), 7.80 (1H), 3.70-3.40 (81- 1) 1.40-1.33 (12H).
The X-ray Structure of the obtained crystals is shown in figure 2. Crystal
data [recorded at 100(2) K1 Enpirical formlaCOH2113F4142 Formul a wei ght 244. 09
Crystal systemnmbnoclinic Space groupP2lds Cell paranetersa = 9.738(2) A b =
8.580(2) A c= 15.519(2)A a = 90 13= 100.840(6) y = 90 Volune of unit

cel 11273.5(4) A3 Z' 4 Cal cul ated densityl. 273 ng rn-3 (nunber of asymmetric
units in the unit cell) Exanple 6: N, N, N7, NLTet raet hyl f or mam di ni um

hexaf | uor ophosph&t-dS#185L-#65-2 $+JS0GR7 St- FH1)1 SNE1 2-1EERN)3 31 Blo6L34-1. +NEt 2
Et 2NPF6" SL-F135-1, SL-F355-1, SL-F356-1, SL-F365-1, SL-T001-1, SL-T001-2, SL-T003-1, SL-

T021-2, (S,S)-BDPP, (R)-MeBoPhoz, (S)-MeBoPhoz, (R)-3,5-F,C¢Hjs-BnBoPhoz, (R)-
Cy-MeBoPhoz, (R)-Phenethyl-(R)-BoPhoz, (R)-Phenethyl-(S)-BoPhoz, SL-W001-1, SL-
WO005-1, SL-W009-1, SL-W012-1, SL-W024-1, SL-w008-1, SL-A101-1, SL-A109-1, SL-
A109-2, SL-A118-1, SL;A116-2, SL-A132-2, SL-P102-1, SL-P005-1, SL-P104-2,
(Ra.Sc)1 Np-QUINAPHOS}.and/or (Sa,Rc)1Np-QUINAPHOS},

Particularly suitable chiral ligands are, for example:

(R)-Cy-MeBoPhoz; (R)-Phenethyl-(S)-BoPhoz; SL-A101-1; SL-A109-2; SL-A116-2; SL-
A118-1; SL-A132-2; SL-F131-1; SL-F132-1; SL-F133-1; SL-F134-1; SL-F135-1; SL-F355-
1; SL-F356-1; SL-F365-1; SL-J005-2; SL-J505-1; SL-J008-1; SL-J013-1; SL-J301-1; SL-
J403-1; SL-J408-1; SL-J430-1; SL-J431-1; SL-J501-1; SL-J504-1; SL-J504-2; SL-J505-2;
SL-J506-1; SL-M002-1; SL-M003-1; SL-M004-1; SL-MC09-1; SL-M010-1; SL-P051-1; SL-
T001-1; SL-T001-2; SL-T003-1; SL-T021-2; (S,S)-BDPP; SL-W001-1; SL-W005-1; SL-
W008-1; SL-W008-2; SL-W009-1; SL-W012-1; SL-W021-1; and/or SL-W024-1.

Further particularly suitable ligands are, for example:

SL-A101-1; SL-F131-1; SL-F132-1; SL-F356-1; SL-J505-1; SL-J008-1; SL-J504-2; SL-
J505-2; SL-M010-1; SL-P051-1; (S,S)-BDPP; SL-W001-1; SL-W005-1; SL-wW008-1; SL-
W009-1; SL-W012-1; SL-W021-1

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

- rhodium organometallic complex and a Fenphos, Walphos, Josiphds ora
Phospholane ligand; in particular [Rh(nbd),IBF4 and a Fenphos, Walphos,
Josiphos or a PhanePhos ligand; such as Rh(nbd),|BF, and SL-WO005-1,
SL-W008-1, SL-F356-1, SL-J008-1, SL-P051-1, SL-W009-1, SL-W001-1,
SL-W012-1, SL-w021-1, SL-J505-2 or SL-J504-2; in particular,
Rh(nbd),|BF, and SL-w008-1, SL-J008-1, SL-P051-1, SL-J505-2 or SL-
J504-2;

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



N, NN, N -Tetraethylformam diniumnethylsulfate (4 g) is added to water (25
m ) and t he &&%H)' Ml m xture is cooled to 000. This mxture is then added to
a cool ed solu ammni um hexaf i uor ophosphate (4.9 5?“?5520\9\%?33590( 25 m).
The fornmed precipi tate is collected by filtration. The precipitate is then
washed with cold water (2 x 10 mM) and then 139 with diethyl ether (10 m).
Drying in vacua gives N,N,N , N -tetraethyl formam di ni. um hexaf | uor ophosphat e
(18, R6 = Et, R7 = Et) as a yeIIow soligh 1H NWVR (DMBO-d6), 7.92 (1H),
3.85-3.54 (8H), 1.45-1.38(121-1). Exanple 7:

1-Pyrrolidin-1-yl methyl ene-pyrrolidiniumnmethylsulfate (18, R61R7 =
Pyrrolldinyl) ci) MeSO4- A mxture of N-fornylpyrrolidine (100 g) and

di methyl sul fate (126 g)27zrechiatetch & BOC-oenadz RuCTh@rineiWklet ure of
pyrrolidine (71 g) and [RatadfeCCrLRi@nar)}A@r-¢ Shatbedt, ahd)-20ne, $1e08-1,i ng m xture i s
stirred at reflux for IlgbriztheLreacitd enFisyxidire i s cooled to room tenperature

and the phases are Sepaaedandlifule Wl A Elonk, SRICRN Kahed | 0 vacua and

triturated with diethyl clpit IS C y filtration and
recrystallised using et ﬁ?ﬂd '%aé’fcé{l?ré"({’%’) } 37d @ Fenphos, Walphos °’J°s'ph°5

1-pyrrolidin-1-yl met hylleans- g asdrfadiGi Emﬁrﬁlrréiﬁﬁyl%{w(??&ﬂer $1B804-R61R7 =
Pyrrolidinyl). vitdnbivig t{ebBorolbps, fBe B8uctichbf the compoBB of3orBbia (241, ot 9ajt
3.68-3.62(411) 7the3e03 ro‘(i&km’con:]pogt%n;]:o glﬁkz]tﬂxgcomaouﬁ&al‘cozi?n o4rk’)nulapE(>ﬁ‘% le 8:
1-Pyrrolidin- 19#91% y qﬁr%&r nl|umt ?< gﬁlgurdsnpaf %%18 R61R7 =
Pyrrol I dinyl) PoyE O TErHMS YR R RYIERE: °|8’“P‘%””1’“ R4 LAY T sul fate (5 g)
is added to wat®rr e S‘h‘ﬁf"f ‘%ﬁﬁ’ﬁl‘P‘t“ﬁ§ aﬁ@ﬁ’tquf?f@“'ﬁﬂxbc)d’f%’“? gergdo aél?af’t‘o 0 C This

m xture is therssadtbemetéraplycat BawBEtd 26 Olowtpreterablyfat Ieasnase 4 mestex&fdbiyer ophosphat e

(6.29) in waterestdbigd.). The fornmed precipitate is collected by filtration.
The precipitate i s washed vvith_ col d wat'er (2 x 10 mM) and then with 140

di et hyl ether (10 #{ %jl i n vacuo ﬂ]

1- pyrrol i di n- 1-'yPrEERS 1°ER b 161 PYCRN & “ﬁe%?ﬁ?cluﬁ‘bf’f SYERaL & fd's, R/ R7 =
Pyrrolidirtyl) tesseoh pigkidasa caonositin camyisin@Pe cppounds ackpingVRIfTNABO-e)6) , 8. 25(1 H),
3.91-3.83 (4 H)and B-th &r Sait® Bedof Yherel. te:Omdar 946 41 ddjnpoutkdsBioeclding fo fodnuld) .  Exanpl e 9
N, N, N N Tetrai S(Q_Q)l’ Qr%lksftpgrmm EUandAHQ &:@ér@rﬁd tg?orr(ldé?’(ﬂ-aﬁ%r saltd Rgreof,RZ at::l-l:r )

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

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

Suitable chiral ligands are, for example:

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

Combinations of organometallic complex and chiral ligand are for example:



NiPr2 iPr2N) C iPr2NH A m xture of phosphorus oxychloride (10.589) and
di et hyl ethe ( is stirred at 0 C for 10 mn. D||so ropyl f or mam de (8.91
g) in diethy 02%%/0%2%'20 mM) is then added drop-w se overf 2%?/6?931& 10 min.
The resulting mxture is then stirred at roomtenperature for 30 min. The
formed precipitate is allowed to settle and the supematant renoved.

Di chl oronet hane (60nL) is then added to the mi xture. Diisopropylamne (6.98 Q)
in dichloromethane (20 mM) is then addegy drop-wise at 0 C over 10 min. The

m xture is then warnmed at roomtenperature and stirred for a further 1.5 h.
Diethyl ether (30 mM) is added and the resulting precipitate is renoved by
filtration. The nother |iquor is concentrated in vacuo. Acetone (30 m) is
added and the mixture filtered. The nother liquor is then concentrated in
vacuo and subsequent |y isdier agdnahdtdlis@cphdx bt dhi Agbdphmerctviigtios, (T30apnbs) to gi ve

NNN,N - tetraisopr opydsﬁ;%mﬂhdglou@a&Brho@mga%s&olgs [RR@b ZE!FP&: R7 = iPr). 1H
NVR (DIVISOd6) 7.49 (1 2H) Exanpl e 10:

N, N, N, N -Tetrai sopr op;?RPBCOdﬁéém(?P 7" p{m!h_gomer Wa'Bho(slr%msﬁhﬂs tJOS'p?c’(f = M, R7 =
#N i Pr2 i Pc2N) PF6- i Pr¥agdyphos OFAQH*P%B‘BFH'@”H?'” NW'&MR’%@HMBWWF %‘cr mani de (10 g)
i n anhydrous di chl or oneWnegre SK-&04-ilS) -Was-adtiedh 20 bor&L8¥BUt | on of phosphor us
oxychl onde (11.8 g) in AinchlnOsrgRBhdidR@okpldd@ndUn)atrdlisoméSTdaiaprblie resul ting

mxture is stirred for 30 .m0 akiordbS) IN8hfagkl AN A Xtde. 1 s then warnmed to
roomtenperature and st ﬁrndw Yor a ogprﬁ pﬁ E#hn ol tI[JI‘ e&)l s then cooled to
0 cymene)]z, [Ru(ood)(2 metallyl)z] [Rulz(p cymene)l, or

[Ru(cod)(OOCCFa)z] and an Atropisomer, Taniaphos, Mandyphos,
Walphos, Josiphos or Fenphos ligand. Even more preferably, [Rulx(p-
cymene))s, [Ru(cod)(2-metallyl)], [Rula(p-cymene)); or
[Ru(cod)(OOCCF;),] and SL-A109-2, SL-T021-2, SL-M003-1, SL-W008-1,
SL-J301-1, SL-F356-1, SL-M004-2, SL-M012-1, SL-J002-1, SL-JO13-1, SL-
J211 or SL-J503-1; or
- iridium organometallic complex and a Walphos or Josiphos ligand; in
particular [Ir(cod)Cl], and a Walphos or Josiphos ligand; such as
[Ir(cod)Cl], and SL-W009-1, SL-W012-1 or SL-JO09-1.
When using these combinations, the reduction of the compound of formula (2-a), or salt
thereof, provides a composition comprising the compounds according to formulae (1-a)
and (1-b), or salits thereof, wherein the molar ratio of compounds according to formula (1-
b), or salts thereof, to compounds according to formula (1-a), or salts thereof, is at least
55 to 45, preferably at least 80 to 20, more preferably a_t least 91to0 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 formula (1-b), or salts thereof, is at least
55 to 45, preferably at ieast 80 to 20, more preférably at least 97 to 3, most preferably
atleast 99to 1.

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



141 C. To this m xture, a solution of diisopropylamne (10.9 m) and
triethylam ng ( ) in dichloronmethane (50 m) is added dropw se over a
peri od of 30%02%%/0'@125] reaction mxture is then allowed t'¢TEEFHPEI®W y to room
tenperature and stirred for a further 2 h. The m xture is then concentrated in
vacuo. Water (25 ml) is added and the resulting m xture is cooled to O C. This
m xture is then added to a cool ed sol ution of ammoni um hexafl uor ophosphat e
(14.9 g) in water (25 m). The formed pggecipitate is collected by filtration.
The precipitate is washed with cold water (2 x 10 ml) and then with diethyl
ether (10 m). The material is dried in vacuo and then recrystallised from
acetone to give N,N,N.,N - tetrai sopropyl formam di ni um hexaf | uor ophosphat e
(18, R6 = i Pr, IBghd-BRAPYiigargisDIQP digdnd RPAMISIiggl PednPibEiddMR NOBDMB(M9e®) , 7. 48(1 H),
4.15-4.00 (4 H)BINAV Bfind, C386id4 iiddhd, SEpRROR lighild, PHOX ligand, ChiraPhos ligand,

N, N, WNcTetrai S#%RIBth%YngBRJ %%Eﬂu sr{a' kr'éﬂgh%fsrneénhua#a@h&r %taﬁ‘u (OhBhos RGaraPr, R7 = 1Pr) 1

i Pr2NH m xture of N-dl'1 sopropyl i formamni de
(10 g) in anhydEli%aﬁganalgc?ﬂ‘{%'ﬁwel’?gﬁgd(40 m) is added to a solution of -
phosphorus oxychloride (11.9 g) in dichloronethane (100 ml) at -78 C. The
reaction m Xt ur 8Phe ligdhesereeitreamiiodesobem dbewpe patcuprgRAECSE-MeBe®tlod or 2 h. The
mxture is t henreEeAbeRMIBEPhEZ, RIMebdbhsz, m)ﬁweg@phaz #0lPHde@n-@f di i sopropyl am ne

(7.8 g) and trigthyl ggk)r@qé &?ﬁem’%ﬁﬁop@g Lps,omet hane (50 m) is added

dropwi se over a perio fon mxture is then allowed to warm
slowmwy to roomtenperature and stirred for a further 2 h. The reaction mxture
is washed with QENERNES et wm ¢fyieh DxiutbedefPBedmbove? inNjartigyid (BsfkiNat ed sodi um
t et raf | uor obor ah@NiAHDSZ0)s. andnestinaed@s] Wi t h di chl or omet hane. The organic
| ayer is dried (MgSH) and then concentrat ed in vacua. The residue is taken up

in acetone. Addj entane (4:1, 20.5 nl
ol Foved by 111 eHag R odehulibr i Sarint sBFrranaalia: o um :
t et r af | uor obor at k2¢4-8]dinpghthalep-py!l)- -1 WW@"OPLP]O)'“‘? =R NVINPCENBOREB) , 7.48(1 H),
4.15-3.95(4 H), 1.35-1.30(24 H). Exanple 12:

Dii sopr opy! (pi P@i-s-AlintprnyyIBERhRYIbAGHE ) RETER M- b}%@«taéyus}reaaposphate (18, R6 =
I Pr, = Pi per ?L gyl %na&fh%lgr@»l%?{gdlhf{]%gﬂme

N, N-dl | sopr opyI I'n an rous cf”c)hwgr oneprHane (40 nmL) is added
to a solution of phosphorus oxychloride-(5.9 g) in dichloronmethane (100 m) at
-78 C. The resufNimigands giegftee forpulgt i rred for 30 min at -78 C. The reaction

mxture is then warnmed to roomtenperature and stirred for a further 2h. The

m xture is then g ed to 0 C. Tathis mxture, a solution of piperidine (3.3
g) and triethylg (3 92 g) i hl orom ethane (50 m) is added dropw se
over a period o Mm#R. The reactign Afxture is then allowed to warm slowy

8 fRerther 2 h. The mixture is then
concentrated in s then added and the resulting m xture

is cooled to O C This mxture is then added to a cool ed sol utlon of anmmoni um
(R)}-BINAP (S)-BINAP

to roomtenperajs

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

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

(S)-2,2'-Bis(diphenylphosphino)-1,1'-binapthalene = (S)-BINAP



hexaf | uor ophosphate (6.30) in water (25 nil). The preci pi tate is collected by
filtration. v-vrB }’Ogbi. itate is washed with cold water x 10 nUH_and t hen

wi th di et hyl mM). The material is dried in va@ﬁyEgﬁ’HW’ i
recrystalli sed from acet one to give

di i sopropyl (pi peridi nl-yl net hyl i dene) ammoni um hexaf | uor ophosphate (18, R6 =
iPr, R7 = Piperdinyl) as a colourless solid. mp. 239-240C. 1H NVR ( DMSO- d6),
7.83(1 H, 4.30-3.80(2 H, 3.64- 3.59 (¢ H, 1.63-1.71 (6 H), 1.30 -1.24 (12
H). The X-ray Structure of the obtained crystals is shown in figure 3. Crystal
data (recorded at 100(2) K ( Enpirical formul aCl2H25F6N2R For mul a wei ght 342. 31
Crystal systentOrthorhonbic Space groupP212121 Cell paranetersa = 9.315(2)A b=
12.051(2)A ¢ = 14.134(2)Aa =90 p =90 y =90 Volune of unit cell 1586. 6(5)
A3 143 7*4 Calsnbaigads seashd yrbud33 ng rn-3  (nunber of asymmretric units in
the unit cell) Exanple 13: Trls(norpholino)nmethane (13, R61R7 = norpholino) O

(I 1
OR . OR
™ oy

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

PhanePhos ligands are of the formula:

A PAI’z

.

PA 2

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

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

(R)-4,12-Bis(di(p-tolyll)phosphino)-[2.2]-paracyclopentane = (R)-Tol-PhanePhos



HC(CEt)3 cco A m xture of tdethylorthoformate (62.2 g), norpholine (54.5g) and
gl aci al acet\-gvgzﬁ’o%jng)zg]l' 26 g) is stirred at 180C for 5 h. Duri ng this tinme, the
et hanol formed “I's continuously renmoved by distillation. PFHEPTEEBII'Bn ni xture
is left to cool to roomtenperature overnight. The resulting precipitate is
filtered and washed with heptane. The solid is re-crystallised using tolueneto
give. tris(norpholino)nethane, 13 (R61R7 = norpholine). 1H NVR (CDCl 3),
3.66-3.60 (12 H), 3.26 (1 H), 2.80-2.70y( 12 H). Exanple 14:

Tri s(di met hyl am no) net hane (13, R6 = Me, R7 = M),

Tert - But oxybl s(di net hyl am no) net hane (14, R6 = Me, R7 = Me, R8 = tBu) and

N, NDi et hyl formam de di-tert-butyl acetal (15, R6 = Me, R7 = Mg, R8 a tBu)
+NMVe2 Me2N-j  NRERNNERNMeRthoxye2npiosihNI NOtrBetyiBre0@re= (R)-An-Riandihes 1

N, N, N , N-tetrangt hyl formadj ni um et hyl suf ate epared, according to
Exanple 1, X m&ﬁggﬁwﬁ%{%‘@%ﬁ”%?%ﬁ“'”8? éﬁg‘%ags’gﬁroﬂér?ﬁ% er tbut oxi de in
TI-1F (23.6 M, 1 M. The mxture is then stirred for 1 h at 60C. The reaction

m xture is therpfi lsﬁg%ﬁc%‘ireﬁ:'f‘ﬂ@fo}n%\'agon- The nother liquor is then concentrated
in vacuo to afford a resi due (1.60 g) containing 13, 14 and 15(R6 = Mg, R7 =

Me, R8 = tBu). 1H NMR (CON): 1.08, 1.16, 1.24, 2.29, 2.33, 3.02, 4.06, 5.00.
= MeMR7 = Me), 14 (R6 = Me, RY = Me, RB = 144

Rel ative anounts of 9¥8 (R6 =
_ N N7
| |
MeO” F “PAr, MeO” 5 “PAr,
MeO z PAr, . MeO Z | PAr;
No I N
' OMe OMe

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

(R)-2,2",6,6'-Tetramethoxy-4,4'-bis(diphenylphosphino)-3,3-bipyridine = (R)-P-Phos
" (S)-2,2',6,6"-Tetramethoxy-4,4"-bis(diphenylphosphino)-3,3"-bipyridine = (S)}-P-Phos

(R)—2,2’,6,6’-Tetramethoxy—4,4'—bis(di(3,5—xy|y|)phosphino)-3.3'-bipyridine = (R)}-Xyl-P-
Phos

(S)-2,2',6,6'-Tetramethoxy-4,4’-bis(di(3,5-xylyl)phosphino)-3,3’-bipyridine = (S')-XyI-P-Phos

ProPhos ligands are of the formula:

wherein R and R’ are, for example, as described in Fryzuk, M. D.; Bosnich, B. J. Am.
Chem. Soc., 100, 5491 (1978), for example R’ is Me and R is Ph. In particular, a
suitable ProPhos ligands is, for example, (R}-ProPhos.

(R)-1 ,2-Bis(diphenylpﬁosphino)propane = (R)-ProPhos



tBu), 15 (R6 = Me, R7 = Me, R8 = Me) are determ ned by integration of signals
at 3.02, 4. .00 ppm respectively. Method 2 o
N, N, N, N -tce{'??gﬁ)g/toﬁ"ﬁlf or madi ni um par a-t ol uenesul f onat e fg%PW')°8ﬂPepar ed
according to Exanple 2, X = 4-MePhS03) is added to a solution of potassium
tert-butoxide in THF (1.8 M, 1 M. The mxture is then stirred for 1 h at 50
C. The reaction mxture is then filtered under argon. The nother liquor is
then concentrated in vacuo to afford a gsidue containing 13, 14 and 15 (R6 =
Me, R7 = Me, R8 = tBu). Method 3 N, N, N N-1etranethyl f or madi ni um
hexaf | uor ophosphate (500 ng) (prepared according to Exanple 3, X = PF6) is
added to a solution of potassiumtert-butoxide in THF (2 m, 1 M. The m xture
i s then stirreddPBrigahdsaredf te®r@ila: The reaction m xture is then filtered under
argon. The nother liquor is then concentrated in vacuo to afford a residue
contai ning 13, 1AR2a,;¢g .15PF(2R§2: Me, R7 = Me, R8 = tBu). Exanple 15:
Tri s(di et hyl am ng)'nefhang (13, R6 = Et, R7 = Et),
Tert - But oxybi s(di &t hyl°ani o) et hane (14, R6 = Et, R7 = Et, R8 = tBu) and
N, N-Di et hyl formam de dl -tert-butyl acetal (15, R6 = Et, R7 = Et, R8 = tBu)
t hl Et 2NEI 2NEt 2Ninkin Rlis) Ny exambi®4s Es2bbiEh BEo2 ! Tothl TMaBat, BuQOg Bthedvbt hod 1
N NN, Naet 1 aetdardiboiiislp Ly BR ! n sl EndiRopk RiRBAg e, accor ding to
Example 4, X = S iRé‘fﬁD?gdegﬁQ -y solution potassiumtert-butoxide in THF
(18.7 m, 1 M .OFHRE R RS> 5?re is then stirred for 1h at 60C. The
reaction mxture is filtered under argon and the nother liquor is then
concentrated i uwa 0. L du | g) containing 13, 14 and 15
(R6 = Et, R7:%E'?'%%gdis?d'%%’iyfaﬁ%ﬁ%ﬁk‘}%ﬁ%&%%& ?3%55-0.59, 0.81-0.85, 0.98-1.086,
1.19, 1.24, 2. 48s45)33.BisRlifbéhyRhaSthinoBerdahe 3-(0$8)-BI32FB0, 4.56, 5.18. Rel ative
anounts of 13 (R6 = 145 Et; R7 = Et), 14 (R6 = Et, R7 = Et, R8 = tBu), 15 (R6
= Et, R7 = Et, OR8PtyatdBuje cathefoth@taer m ned by integration of signals at 3.80,
4.56 and 5.18 ppm respectively. Method 2 N,N,N ,N -tetraethyl formadi ni um
tetrafl uoroborate, (500 ng) (prepared according to Exanple 5, X = BF4) is added
to a solution of(pdtagsiu e]'\t‘-h%“fatoxi de in THF (2.05 mM, 1 M. The nixture is
then stirred for @ h-8f & ) Bereaction mixture is then filtered under
argon. The nother liquor is then concentrated in vacuo to afford a residue
containing 13, 14 and 15 = Et. k7 = Et, R8.= tBY) hod 3
NN N N et AR R ey artiesT i Bk Beniia e (60 BT pr epar ed
according to 1971,481; Kagan, H. B.; Dang, T. P. J. Am. Chem. Soc. , 94, 6429 (1972), for example R
is Ph. In parlicular, suitable DIOP ligands are, for example, (S,S)-DIOP or (R,R)-DIOP.

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

(48,55)4,5-Bis(diphenylphosphino-methyl)-2,2-dimethyl- 1,3-dioxolane= (S,S)-DIOP

DIPAMP ligands are of the formula:

R—P PR+"R RmP P==R.

~ -
N .
~ Z

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

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

(R,R)-1,2-Ethanediylbis[(2-methoxypheny!)phenylphosphine]= (R,R)-DIPAMP



Exanpl e 6, X = PF6) is added to a solution of potassiun1tert but oxi de in THF
(1.66 m, 20EM?2£‘Xture is then stirred for 1 h at C. The reaction

m xture is t PUT'Per ed under argon. The not her I|quorPFEETH@Hm%ﬁHcentrated
in vacuo to afford a residue containing 13, 14 and 15 (R6 = Et, R7 = Et, R8 =
t Bu). Exanple 16-1:

(R) - 5-Bi phenyl14- ylnethyl 3-[ 1- di net hyl ani noret h- (E/ Z) -yl i denel - 2-
oxo-pyrrolidlne-1-carboxylic acid tert-gutyl ester (7-a, RL = Boc, R6 = M2, R7
= Me) Method 1 146 A mixture of 1 g

(S)-2-Bi phenyl - 4-yl met hy1- 5- oxo-pyrrolidine-I-carboxylic acid tert-butyl ester
(8-a, RL = Boo) and 0.7 m tris(dinethylamne)nmethane (13, R6 = M, R7 = Me)
(Al drich, 4221058) in toluene (5 mM) are heated for 16 h at 115 C. The m xture
i S concentr at ebuakPhéaGEs i@ oQha/Brmula: '

(R) - 5-bi phenyl-4-yl nmet hyl- 3-[ 1- di net hyl am nonet h- (E/ 7) -

yl i dene] - 2- oxo-pyrrolidine-1- carboxyllc acid tert-butyl ester (7-a, RL = Boo,
R6 = Me, R7 = M)~ _ negd By | ethod 2 To 1 g

(S)-2-Bi phenyl - ' -1-carboxylic acid tert-butyl ester
(8-a, RL = Boo) I 4tiun In 0l uene are added 3 g of
trls(dlneﬂhylanln. P — R7 = Me) (Aldrich. #221058) and 1 ni
tert-butanol. The q% reis stlrred 80C for 24 h to yield after
concentration to dryness neaffly p e ('R)-5-bi phenyl-4-yl nethyl-341-

di met hyl ami nomret h- (E/ Z) - yl i dene] - 2- oxo- pyrrol i-di ne- 1- carboxylic acid

tert-butyl est %hfel(ez'Rals foRéxaﬁHg 'as %cr’betM? PC'BLZSO?B% f&%x%‘e@‘\r menggylby hpl c. Method

3 To a mxture 0O

(S) - 2- Bi pheny 14" §AHe h%%—"??—'e&ﬁ'lpﬁysr gy °heé‘-a'19'%éﬁ"5)'d%?§"plh8s' acid tertbutyl ester
(8-a, RL = Boc) and 0.49. m tris(dinethylarnino)nmethane (13, R6 = Me, R7 =
Me) (Al drich, #2R1R382's)-12Diterbbltydn &b, 3{t8raRybroniH)1H-S, 1gutlgberebsphind@yl A Xt ure i s
stirred at 80C k@j.pdfhrtbst 0 yel d after concentration to dryness

(R) - 5- bi phenyl1-4-yl met hy1-3-[ 1-

di met hyl am nonet h- (E/ Z) -yl i dene] - 2- oxo- pyrrol i di ne-1-carboxylic acid
tert-butyl estéwm?7“§““ﬁim”“ﬁﬂem”ﬁ5 = Me, R7 = Me) as deternined by hplc.
Met hod 4 To a m xture of 200 ny

(S)-2-Bi phenyl ;hy pxo-pyrrolidine-1-carboxylic acid tertbutyl ester
(8-a, RL = Boc)Li%gf lfﬁ;#ﬁgs(dlnethylan1no)nethane (13, R6 = Me, R7 =

‘wherein R Is, for example, as described in Brunner, H.; Pieronczyk, W.; Schoenhammer,
B.; Streng, K.; Bernal, |.; Korp, J. Chem. Ber. 114, 1137 (1981), for example R is Ph. In
particular, suitable NorPhos ligands are, for example, (R,R)-NorPhos or (S,S)-NorPhos.

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

(28,38)—2,3-Bis(diphenylbhosphino)bicyclo[Z.Z.1]hept-5-ene = (S,S)-NorPhos

BINAM ligands are of the formula:

I | NHR I I NHR
] l NHR ! l NHR
or °



Me) (Aldrich, #221058), isobutyl alcohol (0.21 m) is added. The m xture is
stirred at 8@% &B 04 h to yield after concentration to dr

(R) - 5- bi phen {V?rz?'let hyl - 3- 1- PCTALR3009/050310

di met hyl am nonet h- (E/ Z) -yl i dene] - 2- oxo- pyrradi ne- 1-carboxylic acid tert-butyl
ester (7-a. Rl = Boo, R6 = Me, R7 = Me) as determ ned by hplc. 147 Method 5
To a mxture O 200 ny _

(S)-2-Bi phenyl - 4-yl met hy1l- 5- oxo- pyrrol i®#i ne- 1-carboxylic acid ten-butyl ester
(8-a, RL = Boc) and 0.49 m tris(dimethylam no)nethane (13, R6 = Mg, R7 = Me)
(Al drich, #221058), isopropyl aI cohol (0.17 m) is added. The m xture is
?}?I)rgegl SLGESS v;ing, ‘n%éi rixagggl S descrlbet?lr'n FCYorZ]P?a?\QtCr Pa|r)\ go %L%r?legr%

di met hyl am norré?chﬁm(%CZ')?Q APRPEI&98) fopexgnple Bya iR WitiraineR Ifer @sanpsig/fh 0 aci d
tert-butyl est efrtifularayitalRd BNABOGandRoe, for bampl&(R)BIN-P agS)eketAM-Pi ned by hpl c.
I\/ethod6Toan1xture of 200 ngy '

(S)-2-131pheny I pyrrolidi - car acid fed-butyl ester
(8-a, RL = Boc) R*N &%?‘JA"@X’M"’?‘%S '"°( di b'”?‘ﬁl“q 2 d'a et Eﬁ%ﬁ* £37 ke = Mo, R = Me)
(Al dri ch, #221Q5)8&/,v mh(cmaédwaweﬁr{aanebi(ma;mzylmz)d.anmeaQQSezINAMThe m xture is stirred
at 80C for 24 hto yield after concentration to dryness

(R) - 5- bi pheny1-4-yl met hyl - 341-

di met hyl am norreéali)xs(uﬁa@a&@ érggrp@fon%ulg)xo pyrrolidine-1-carboxylic acid tea-butyl

ester (7-a, = Me) as determined by hplc. Method 7

Tert - but anol s addeth . 659 tris(di mekhyl am no) nethgne (13, RB =
Me, R7 = Me) ( #2210%8) p d the result pixture is stFl\hred for 1 h
at 50C. (9)- ||q en Qtyl; yRSaUko pw-m@‘él;lne P-ca lic acid
tert-butyl ester § 1 009) is ad ¢5nd t he resu Ft’ﬁng m xture
heated at 80C fd&t 8 The r(eac n mxture is c®oled to room Renperature and

concentrated in vécuo. Azeot ro‘bl c distillation using toluene affords

(R) - 5- bi pheny1-4-v] r&kl{}xé Bélr% fg'em#:@yéfmcﬂ%g? @Og( F/@Sé%lsl de@g}%Z oxo;oyr rolidin

e-1-carboxylic aci d
det ermi ned by h’f?f’ o K%atn%ldv3=$ Y q),rorauz K;'Borner, A. J. Org."Chem., 68, 170’| 1707 .

(S)-2-Bi phenyl -(2009); hietr Wy Zafs.oR-0igpy Hr. Glaireinned | Serardpony 1A-dMaagdedl Aert - butyl ester
(8-a, Rl = Boc)ridrsei@ddead; Ai@enh0J.grdafron RYIBsinGT @. Clent aurnd,mg, %081-544 and 15 (R6 =
Me, R/ = Me, R&zone)%&grhale RRE QDR @dha@weﬁiﬂy%dbck Ewmhwe%e)l\/ﬁt hod 1) and

heated to 80 C. rhcuﬁfr suu?able %atﬁsut:ml’]ands a(f hrxga rbakAglum W&aﬁnsllue COITp| ete and

i s concentrated” )éc 1-3- [1
- di met hyl ani noéth-: ‘{aE‘)GX)”"ﬂH (RrEABT LD MYX(GL &R %S'M'B‘bxyl ic acid
tert-butyl ester (7-a, RL = Boc, R6 = M, R?- Me) as determ ned by hplc.

Met hod 9 N, N, N N-Bénzyf eshrmnmmmbimhmoqbymlmmms byhsuh bat e (302 ng) (prepared
according to Exa r’g)le 1% is added to a 1 Msolution of potassiumtert-butoxide
in THF (1.14 ni33BiRRSRZ&TPeEhesrholaneiealsicantyade SRI-¢3&dT¥r 1 h at 50 C.

(S) - 2- Bi pheny1- 25 8L BB ERYAls S @R Bhospholanc]-N-methyimaleimide = (R)-CatASium MN

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

2,3-Bis[(2S,55)-2,5-dimethylphospholano]maleic anhydride = (S)-CatASium M

2,3-Bis[(2S,55)-2,5-dimethylphospholano]-N-methylmaleimide = (S)-CatASium MN



pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, Rl = Boc) (100 ng) is

t hen added qu @’§m31xture stirred at 60 Cfor 3 h. The mxture is then cool ed

to roomtenpe ACPEAnd di | ut ed by addition of 10 m |SBBT@B§?W%8ﬂPate The

m xture is then filtered through silica and concentrated in vacua to afford

(R) - 5- bi phenyl-4-yl nmet hyl- 341-di net hyl am nonet h- (E1' Z) -

yl i dene] - 2- oxo- pyrrol | di ne-1-carboxylic acid tert-butyl ester (7-a, Rl = Boc,

R6 = Me, R7 = Me) as determ ned by hpl ce4 Met hod 10

N, N, N, N -tetranet hyl f ormam di ni um par a-tol uenesul fonate (1.93 g) (prepared

according to Exanple 2) is added to a 1 Msolution of potassiumtert-butoxide

In THF (5.69 nl The resulting mxture is then stirred for 1 h at 50 C

(S) - 2- Bi pheny1- mmpmﬂwd?r%%%EfW? ol i di ne-1-carboxylic acid tert-butyl

ester (8-a, Rl = Boc) (SOC nmg) is then added and the m xture stirred at 60C

for 10 h. The mixyure is en cooled to roomtenperature and diluted by

addition of 10 opro cetate. The mi xture is then filtered through

silica and concent.g?edPRva cua to afford

(R) - 5- bi phenyl - 4- ylmgthyl 3-%.1-di met hyl am nomet h- (E/ Z) -

ylldene] é 0XO0- pyrrolldlne -carboxylic acid terf-butyl ester (7-a, RL = Bac,
7 = Me) as determ ned by hplc. Method 11

N N N N - Tetralvtetern)ﬂafnd)RrﬁaErﬁOdemmnlmaheesalbbdm!SMSprmges APfanE Q. ( pr epar ed

accor di ng to Exatyl w28kodss raektpie Re: Gycldnell sl Rk teribu@f In paicasiss um t ed- bul oxi de

0 THE (5. 69 M dtan [ BRAK Idafile B BlabE. (&, BBEmlached for 1 h at 50 C

(S) - 2- Bi phenyl-4-yl methyl-5-oxo- pyrrolidine-1-carboxylic acid ted-butyl ester

(8-a, RL = Boc) (500 ng) is then added and the 149 m xture stirred at 60C for

1 h. The mxturg js then cooled to roo erature a by addition of

10 m isopr opyI(g)éflétg'it'é‘f"g'?'(2T(ﬂ'§ycm?f'w%"?‘i”%ox’f)?ln%"Tzl bﬂf‘éf"@ﬂp FﬁZE)'ﬁg%S?'g?’j ica and

concentrated" i'Ru-YREERIA0 afford

(R) - 5- bi phenyl- 4-yl met hyl- 3-[ 1- di net hyl am nonet h- (E/ Z) -

yIidene]-2-oxo-£ rrolidine-1-carboxylic acid tert-butyl ester (7-a, RL = Boc,

R6 = Me, R7 = N@/O"a{ga”&%‘?r%f’fﬁ‘ieﬁ%”‘ﬁy hpl c. Method 12 10 g

(S)-2-Bi phenyl - 4- ylnethyl 5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester

(8-a, Rl = Boc) 75 |nethoxyethane 17.8 m
tert- butoxy-bis% yl drethane (14, R6 = Me, R7 = Mg, R8 = tBu) (Fluke
#20425) is addedland XtM stirred overnight at 75 C. The m xture is

concentrated in Vacu to le R) - 5- bi pheny1- 4-
yl met hy1- 341- dlnethylﬁnvnonethR(EZ) yl i dene] - 2- oxo- pyrr.ol i di ne- 1-carboxylic
acid tell-butyl ester (7-a, Rl = Boc, R6 = Me, R7 = Me) as deternmined by hplc.

Method 13 A m )@hlélrefﬁ F\and R are for example, as descrlbed |nA Lig htfoot P. Schnlder A, Pfaltz

(S)-2- blphenyl th I ne y ic acid tert-butyl ester
(8- a, Rl = BOY E&j irhﬁ 39@??6%‘9@6%’?2?%#9&‘@% QPLNPTEIT R = Me, R7 =
Me, R8 = tBu) (ap?Uéaﬁ E@* desedie dor ety (B8 14, Method 1) are heated at 80C
for 4 h. The mxture is then cooled to roon1tenperature and diluted by

addi tion of 10 (B}a- tleﬁugmyli?@lddup@éﬁ@&t@&pﬁmo)ﬁ%ﬁyl]@dﬁ&ﬁﬁn@ =i §.id-peoxfi | tered through
silica and concentrated in vacuo to afford (R)-5-biphenyl-4-

yl met hyl - 3- 11- di et hyl am nomet h- (E2) -yl i denel - 2- oxo- pyrrol i di ne-I-carboxylic
acid | ed-butyl @simbs|g@rdaareRtithefoidol, R6 = Me, R7 = Me) as determ ned by hplc.
Met hod 14 leture of 10 g.

(S)-2-bi phenyl - nethy - 0xo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, RL = Boc) 52 g t - but oxy- bi s(di net hyl am no) met hane (14, R6 = M,
R7 = Me, R8 =t } at 80C for 4 hours. The m xture is concentrated

in vacuo to give
(F0-5-bipheny1-4-yF§Bmhy1-§f?-cl|nethylaninoneth-(SZ)-yIidene]-2-oxo-pyrro|im
ne-1- carboxylic acid tert-butyl ester (7-a, RL = Boc, R6 = Me, R7 = Me) as
determ ned by hplc. 150 A m xture of 29

(S)-2-Bi ph-enyl-4-yl net hyl-5-oxo-pyrrolidine-I-carboxylic acid tert-butyl



ester (8-a, Rl = Boo) and 8.7 ml methoxy-bi s(di net hyl am ne) met hane (14 R6 =
Me, R7 = Me, R8 (Fluka #64875) is heated at 80C for 40 hour

m xture is t\%%ﬁoowo%% centrated in vacuo. The residue ISPHT@E%’PV@&D]PH |sopr opyl
acetate and passed through Kieselgel. The filtrate is concentrated to give

(R) - 5- bi phenyl1-4-yl met hyl-341-

di met hyl am nonet h- (E/ Z) -yl i dene] - 2- oxo- pyrrol i di ne-1-carboxylic acid tea-butyl
ester (7-a, Rl1 = Boc, R6 = Me, R7 = Me)gsas determ ned by hplc. Method 16 A

m xture of 1 g (S)-2-Biphenyl-4-yl nmethyl-5-o0xo0-pyrrolidlne-1-carboxylic acid.
tea-butyl ester (8-a, RL = Boo) and 1.2 m N, N-di net hyl f or mam de di i sopr opyl
acetal (15, R6 = Mg, R7T = M, R8 = Pr) (Al drich #178535) are heated at 105C
over ni ght. A furelieR ipér exaopie.gf decredip reruiyN-Bo BpmighiBde A $heopPespyl acetal (15,
R6 = Me, R7 = M, 62B8(1977); Pydukine Badekadh, and AtnhEhetiii Sdcmoe 3043 (7o) feed for 2 days at
105 C. The mi Xté,égrﬁpué ﬁ.sbn%aﬁem%ﬁﬁk%qlrmog.b%@.s(fa)exénpne (S.S)-

bi phenyl- 4-yl rrehh 3-[1 -di methylam nonmet h-(E/ Z) - yI I dene] 2- 0X0- pyrrol

i di ne-1-carboxyTiC acid tert- butyl ester (7-a, Rl = Boo, R6 = Mg, R7 = Me) as
determ ned by hplc. Method 17 To 0.2 g :

(S) - 2- Bi phenyl -(ﬁ,%)m%hwibhﬁylmoephmybmwiei=d€i.$)éih[taputasr boxylic acid tert-butyl ester
(8-a, RL = Boc) in solutionin 0.7 mM tetrahydrofuran are added 0.4 g of
tris(dimethyla Me, R7 = Me) (Aldrich, #221058) and 0.17
m terl butanol. e ﬁ'_ﬂgﬁﬁéﬁﬁaﬁ%&@’f%rﬁ%red at 800 for 8 hto yield after
concentration to dryness to give

(R) - 5- bi phenyl - 4-yl met hyl1- 3-[ 1- di met hyl am nonet h- (E/ Z2) -yl i dene] - 2- oxo-pyrrolid
i ne-1- carboxylic acid trea-butyl ester (7-a, RL = Boo, R6 = Me, R7 = Me) as
determ ned by hplc. Methgd 18 A m xture of 1 g

(S) - 2-bi phenyl - 4-yl met hyA=5; oxo- pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 = Boo) 3.4p N, N-di net hyl forrnam de di-tert-butyl acetal (15, R6
= Me, R7 = Mg, Bu) ¢Al drich #358800) are heated at 50C overnight. The
mxture is then qggcentrdted to give

(R) - 5- Bi phenyl - 4751 set hy1-8- 11- di net hyl am nonet h- (E/ Z) -yl i denel-2- 151

oxo- pyrrolidine- c acid ferf-butyl ester (7-a, RlL = Boc, R6 = M, R7Y
= Me) as determ ned by h . Method 19 7 g of

(S) - 2- Bi phenyl - 4-yl met hy1-5- oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, RL = Boc) is addecRto 5.6 g of a mxture containing 13, 14 and 15 (R6 =
Me, R7 = Me, R8 = CMezEt) (prepared according to Exanple 36, Method 2) and
heated t0 85 C.ynlf RERLLIAY UL Hen el bIdR0NAS; ddhlch, A GERENAL UT e for 48 h.

The m xture is then_concen

(R) - 5- bi pheny1- AZTQW (PR Ty - F‘E? ?"f' gqoﬂ‘é’tg }9?1 (%?Oﬂbrzfgf’f?me'ﬁﬁi? R’%’ryi?ismﬂ] 2- oxoDyr rolidi
ne- 1- car boxyl i @'%?Wet'*é'rbpmwaéﬂ‘?‘éﬁr 1forang ligapgis, for pxpmplets. SxENE, R7 = Me) as
det erm ned by Ieha@aneMet hod 20

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

BPE ligands are of the formula:

R

b il 0
p w0
Pl

;U//% E>-



7 g of (S)-2-Bi phenyl 4-yl met hyl - 5- oxo- pyrrolidine-1-carboxylic acid
tert-butyl esBer Rl = Boc) is added to 7.5 g of a m xture containing 13,
14 and 15 (RECZ 2?17 = Me. R8 = CMezEt) (prepared accSFEERY' Y "BRanpl e 36,
Met hod 2) and heated to 85C. The resulting mxture is stirred at this
tenperature for 48 h. The m xture is then concentrated in vacuo to give

(R) - 5- bi phenyl-4-yl net hyl-311-dl net hyl am nonet h- (E/ Z) -yl i denel- 2- oxopyrrolidin
e-1-carboxylic acid tert-butyl ester (7¢a, Rl = Boo, R6 = Me, R7 = Me) as
determ ned by hpI c. Method 21 7 g of

(S)-2-Bi phenyl - 4-yl nmet hy1- 5- oxo- pyrrolidine-1-carboxylic acid tert butyl ester
(8-a, R1 = Boc) is added to 11.39 of a mixture containing 13.14 and 15 (R6 =
Me, R7 = Me, RovherenNHS Ay pxappleeisdpseibea Cordy Hq\OEthERzﬁ?ﬁPé%% (20%%t hod 2) and
heated to 85 C.forldvanmieeR islMd andPhiin xettignia, sugabtAPErigghdadre tfbriesantpen(seirat ure for 24 h.
The m xture is m@m&mmtgpgt ed in vacuo to give

(R) - 5-bi phenyl-4-yl net hyl- 3 [1 di rret hyI am nomet h- (E/ Z) -yl i dene] - 2- oxopyrrol i di
ne-1-carboxylic _acid tert & Rl = Boo, R6 = Mg, R7 = Me) as
det erm ned by hﬁ-PE[Z 518_)5%5 9|m§th¥5prhospholano]et ane—(SS )-Me-BPE

(S)-2-Biphenyl - ﬁhaag!%hy&dléne%&oﬁxé|gngieihmeaeeséy%ﬂ@oxylIc acid terf-butyl ester
(8-a, Rléoc) i's addedto 18.8 g of a mxture containing 13, 14 and 15 (R6 =

Me, R7 = Me, R8;g %ggxdga,gg;,@eq%@g according to Exanple 36, Method 2) and
heated to 85 C. T%e resulting mxture is stirred at this tenperature for 24 h.
The mixture is then concentrated in vacuo to give

(R) - 5- bi pheny1- ] 1-di hyl apirqmet h- (E/ Z) -yl i dene] - 2- oxopyrrolidin
e- 1- car boxyfic i er{-but\yl geste -a, R1 = Boc, R6 = Me, R7 = Me) as
determ ned by hp g-23 I\E r amet hyl f or mami di ni um

hexal | uor ophosphate (380 gu) (pre ar edT according to Exanple 3) is added to a 1
M sol ution of pot@&siumtRgrt- but ide inRTHE (1.1 m). The resulting mxture
is then stirred for 1 h at roomtenperature (S) - 2- Bi phenyl-4-yl net hyl- 5-

ox0- pyrrol i di ne¥"Bregdy b giame'e a8 depcivet i Tpngt Y Zwese. érA’\QBN &hery! nt—Eﬂéoc) (100 ng) is
t hen added and #rges4nmedR (R0€R)ifs ekrppie@ds ewbihb Ir(rartifiee, axuddbEMengPsost hen stirred at
this tenperat urgadi® foBexBmpld €s RIRKFahgehob.S t hen cool ed to room tenperature and
diluted by addition of 5 nl isopropyl acetate. The mixture is then filtered

t hrough silica and concentrated in vacuo to afford

(R) - 5- bi phenyl -@4sy$ areRiyl+-B[-tarn- dJWZhwpmhmanmnt(B«S(IHQ)ZI)angPIhosdene] 2- oxo- pyrrolidi
ne-1- carboxylic acid terf-butyl ester (7-a, RL = Boc, R6 = M, R7 = Me) as
determ ned by hpfe€hoshghtsade @beldriNydN , N' -t et r anet hyl f or mami di ni um et hyl sul fate
(302 ny) (prepared according to Exanple 1) is added to a 1 M sol ution of
potassiumtert-butoxide in THE (1.1 m ). The resulting mxture is then stirred
for 1 h at 50C. The mxtjure is then cooled to roomtenperature.

(S)-2-Bi phenyl- -5-0xo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, Rl = Boc) ns; t hen added and the mxture is then stirred
overnight. The m RRs then concentrated in vacuo to afford

(R) - 5- bi pheny1- thyl-3-]1-

di et hyl am nonet PRl i dene] - 2- oxo- pyrrol i di ne-1-carboxylic acid
tert-butyl ester (j7-a, RL = Boc, R6 = Me, R7 = Me) as determ ned by hplc.

Met hod 25 153 4 NR,

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

suitable JafaPhos ligand is, for example, (R)-JafaPhos.



N, N, N, V-tetramet hyl for mam di ni um para-tol uenesul fonate (1.99) (prepared
accordi ng tw&ml e 2) is added to a 1 Msolution of patassiunmtert-butoxide
in THF (5.7 )2 Sresul ti ng mxture is then stirred PEVERRRPS1B0 C. The

m xture is then cooled to roomtenperature.

(S)-2-Bi phenyl - 4-yl met hyl - 5- oxo- pyrrofidi ne-1-carboxylic acid tett-butyl ester
(8-a, RL = Boc) (500 ng) is then added and the m xture is then stirred
overnight. The mixture is then concentrgted in vacuo to afford

(R) - 5- bi pheny1-4-yl met hyl1- 341-

di met hyl am nonet h- (E/ Z) -yl i dene] - 2- oxo- pyrrol i d| ne- 1-carboxylic acid
tett-butyl ester (7-a, RL = Boc, R6 = M, R7 = Me) as deternined by hplc.

Met hod 26 N, N, 141, N 4et r anmet hyl f or mami di ni um hexaf | uor ophosphate (1.75 Q)
(prepared accor(ng-gigdidbeappdsehird)-2,p'disathdaisloptapyiamido)dr@elelt i on ¢F)-
potassiumtert- pgb@gi de in THF (5.7 ml). The resulting m xture is then stirred
for 1 h at 50 C. The mxture is then cooled to roomtenperature.

(9) - 2-Bi phenyl - | met hy1- 5- oxo- pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, Rl = Boc)P ”(%?fd‘gff?ﬂﬁa’F%fﬂleH‘eﬁ“'%ldded and the mixture is then stirred

overni ght. The mxture is then concentrated in vacuo to afford

(R) - 5- bi pheny1- 4- YR 1-341- R,

di met hyl am nonet h- ( Z) I i dene] - -pyrrolidine-1-carboxylic acid

tert-butyl ester - Boc, I\/e R7 = Me) as determ ned by hplc. HPLC
) CO

Met hod ( Exanpl e Rum: X-BRIDGE C18; 150 x 3.0 mm 3.5
prn. Mobile Phas 299 Rin water); Mobile Phase B (Acetonitrile).
Gadient: 0 mn 3 mA (4% B); 5 mn (40%B); 7 mn (50%11 mn (50%
13); 13 m*n(80%B), ; 1.1 mn (20%B); 20 min (20%B). Flow
rate: 1.4 m ninl. eng)th A 254 nm - Tenperature 60 2 C - -
-Retention tines: 8 a (RL = Boc): 10. 4 mn 7-a (RL f= Boc;. R6 = Me; R7 =
Me):11.0 min 154 Exanple 16-2: Work-up/Purification of

(R) - 5- Bi pheny| -wheeinifes, ity &xadipid-as described in Burk, M. J. Acc. Chem. Res, 33, 363 (2000),

di et hyl am norrermx&n% lsmbllﬁis‘aaeha@a Qmmewbﬁdgh.gaﬁéasn&e;lan%r@pxyl lc acid
ten-butyl ester é .Boc, R6 = M, Me)

(R) - 5- Bi phenyl % rmet hyl -. 3[ 1- di net hyl a

m nonet h- (E/2) ylldene] 2-oxo-pyrrolid ne-1- carboxylic acid tert-butyl ester
(7-a, RL = BOC, 1 RoismrMR)-2 BhmainMRbsphtioizdhs €GR)licbgbl y from the reaction or
can be purifi ed as required. This optional purification step can be perforned
to renove solvents, reagents, and/or products generated from said reagents,

for exanpl e. I\/e?"I’?BEP”?L"QSMSGfGP&‘I”‘HP 7-a (RL = Boc; R6 = Me; R7 = Me) (0.2 gin 2
m i sopropyl acetate) prepared accordl ng to Exarrpl e 16-1, Method 14. Activated

charcoal (ca 50 ny) ed an 3 oomtenperature for 1
h. The m xture |} ‘ p i 7 |ve7a(R1:Boc R6
= Me; R7T = Me) . as for Exanple 16-2,

Met hod 7. Met hog = M) (02 gin2mn

i sopropyl acet at . Vet hod 14. Activated
charcoal (ca 50 ny) 7is added and the‘"m xtufe stirred at reflux for 1 h. The
m xture is filtered and concentrated in vacuo to give 7-a (RL = Boc; R6 = M,

R7 = Me) as detrdtmpchsyschidl (- XiaoPEBHahS epl ., dRiLat. ashoie¥
18;1(10):1679. In particular, a suitable Binaphane ligand is, for example, (R)-Binaphane.

(R,R)-1,2-Bis[(R)-4,5-dihydro-3H-binaphtho(1,2-¢:2’,1"-e)phosphepinolbenzene = (R)-
Binaphane



Exanpl e 16-2, Method 7. Method 3 Solution of 7-a (RL = Boc; R6 = Me; R7 = Me)
(0.2 gin 2 I pyI acetate) prepared according to 16-1, Method
14. The ni xtU éhﬁl%@gjoﬁgssed through a pad of Celite. The t‘PFF[tEEg’Pe%P%'”then
concentrated in vacuo to give 7-a (RL = Boc; R6 = Me; R7 = Me) as determ ned
by hplc. Spectroscopic data as for Exanple 16-2, Method 7. 155 Sol ution of
7-a (RL = Boc; R6 = Me; R7 = M) (0.2 gin 2 m isopropyl acetate) prepared
according to Exanple 16-1, Method 14. Tée m xture is passed through a pad of
Kieselgel. The filtrate is then concentrated in vacuo to give 7-a (Rl = Boc;
R6 = Me; R7 = Me) as determ ned by hplc. Spectroscopic data reported as for
Exarrple162 Met hod 7. I\/etod51190f7a (R1 = Boc; = Me; R7 = Me)
prepar ed accor di*ftf" Y2t [leanap@rd chirgarerps gepien. é"ﬂ?@%‘%l“\ﬂéﬂg W45 n i sopropyl
acetate. The m dteng & Ghem fes.sed3. 1101 (BlufRY endpeleteroés Keddkadigel and washed with

i sopropyl acetate (5x 20 mM). The filtrate is concentrated In vacuo to give

7-a (Rl = Boc; aboRmat scoftﬁte.tlptaoagmwormthﬁson%ﬁlﬁﬁéyrascop' c data as

ror e 1o T e Ui 6 e =1

solvent is then removed in vacue. Further portions of toluene (3 x 50 nl) are
added and the sol vent successively renpoved in vacuo to give 7-a (RlL = Boc; R6

= Me; R7 = Me) jgsndd@ib6difanh 8 trihbitibHthetal cabRBCbiRREORI &afidd:a as for Exanple _1672,
Met hod 7. Met hod 7 99

Jrepared according
to Exanple 16-2, Metho dthg rans't'onn%mm "tandaca'?ri'gg%;uc'%ﬁpgﬁ% I's renoved in
vacuo. Ethyl acetate (5PW3Pha%aPt%@‘°ﬁt&fa?Pé°t§D at B TG BEEM dHept ane (10 m)
i s added. The m xture i $nyften agefaithesl atDgPhop @rfPEaafpeeterteus BINAM@n concentrated in
vacua to give 7-a (RL —DLBthosaﬁdoFPhM?a BEYP, & PABYos, SSpRadF, QSJ&QPiuﬁ; data for 7-b (RL

= Boc; R6 = Me; R7 = ofc;' gmagﬁar{eﬁgdﬂxlmarﬁ;ﬁee%etr§1'§|tlc(n41QaQa st DVBO) 1.48

3 s s IR, B T

(3H). 7.44 (2H). 7.63 ( i
HPLC Met hod (Exanpl e 16EW4-2netfiBas St-P795-1. (R36-Powst @hﬁph%(mm ©18; 150 x 3.0
mm 3.5 km Mobi | e Phas®)-Pheh€rhbs, BHRHPh{n8Rp, (RirMefexXyePhanePhbh(R)-&ylPhase B
(Acetonitrile). G adi enbranébhBd, (Ry{ré@Haridpros IsMidBokifR Y6 B)sI0R (WRPDI@#O% B);, 7 Mn
(50% B); 11 mn (50%B), ¢Sy ér%Alg‘ T@?Qhﬁiﬂmc%&&%ﬁt &gg#@m géﬁ) mn (20% B); 20
mn (20 v B) Flowrate C tASlum M (S) CatAStum ?R)-%atASmm D, (R)-CatASium MNN
~ (8,S,R,R)-TangPhos, (R)-JafaPhos, (R)-MeDuPhos, (S,S)-Me-BPE, (S,S)-
Ph-BPE, (S,S)-Et-Ferrotane, (S)-BINAM-P, (R}-BINAM-P, (R,R)-DuanPhos,
(R,R)-NorPhos, (S,S)-NorPhos, (R,R)-BDPP, (S,S)-BDPP, (R)-ProPhos,
" (R,R)-DIPAMP, (S,S)-ChiraPhos or (R)-Binaphane. Particularly suitable

transition metal catalyst are for example: [Rh(COD)(SL-P104-2)] O;SCF;,

[Rh(COD)(SL-P102-1)]BF4, [Rh(COD)SL-P005-1)]|BF., [Rh(COD)(SL-

P102-1)] O;SCF;3, [(R)-P-Phos Rh(COD)]BF4, [(S)}-P-Phos Rh(COD)|BF,,

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

PhanePhos Rh{COD)]BF.,, [(S}-MeBoPhoz Rh(COD)]BF,, [(S,S)}-DIOP

Rh(COD)]BF,, [(S}-BINAP Rh{(COD)]BF,, [(R)-CatASium M Rh(COD)]BF,,

[(S)-CatASium M Rh(COD)]BF,, [(R)-CatASium MN Rh(COD)|BF,, [(S)-

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

TangPhos Rh(COD)]BF,, [(R)-JafaPhos Rh(COD)]BF,, [(R)}-MeDuPhos

Rh(COD)]BF,, [(S.S}-Me-BPE Rh(COD)]BF4, [(S,S)-Ph-BPE Rh(COD)|BF,,

[(S,S)-Et-Ferrotane Rh(COD)]BF,, [(R)-An-PhanePhos Rh(COD)]BF,, [(R)-



Tenperature 60 2 C. Retention tines: 8-a (RL = Boc).10.4 mn 7-a (Rl = Boc;

R6 = Me; R7 = Mﬁ“ 9 m n Exanple 17:

(R) - 5-Bi phen%) DT Rt hyl- 341-di et hyl am nonet h- (67) -yl i HEWEfZO?’[B%ByrroI | dl ne-
1-carboxyllc acid tert-butyl ester (7-a, Rl = Roc, R6 = Et, R7 = Et) Method 1
A m xture of (S)-2-biphenyl-4-ylnmethyl-5-oxo- pyrrol i di ne-1-carboxylic acid
tert-butyl ester (8-a, RL = Boc) (1.41 g)

tert-butoxy-bis(cilethylam no)nethane (d94, R6 = Et, R7 = Et, R8 = tBu) (3.76
g, prepared according to Exanple 15) is heated at 80C for 1 h. The m xture is
then diluted with 10 nl isopropyl acetate and filtered through silica. The
filtrate is then concentrated in vacuo and azeotroped successively with xyl ene
(3 x 10 m), toluene (3°3ASgn MY RAEQBIRF o By ToLRIMARRECPRIBE - KB)-8NAM-and di et hyl
ether (3 x 10 m). Mat eP RACOP¥BFA(REBMNAMPRAOPD) B, [HFR)DuahPhos54 g of

(R) - 5- bi phenyl - 4- yl net hydede)jsks, dRpsitaphAaRNOOBIER:, (ERZNorhds dene] -

2- i di ne- 1- B - E
Rr = e R 157 0,41 (R REs ikt RRHQ@“ [t C‘%’E’S (or), 1.63

(9H), 2.37 (2H), 2.44 &Sm% E%’fpé‘@(c i . BRE DAIB% 9°57 10-7.29 (6H),
7.42-7.45 (4H). Met hod 'Eh(@xPWlBIEIGKBRt @?ﬁ&%BW?PPWWﬂﬁﬁU?WﬁEﬂW met hyl sul fate (1.91
g, prepared according tRn(Es@IEsl @RAed-5/-Rradatod Rh(@OMIBM & WR)doi-on - of

pot assi umt ert - but oxi depjzRephbik &;@@Fm},an,c'ljlaqRﬁ(ggyj(gLLﬂgg Wexjure is then
stirred for 1 h at 50 21(38}3% ?E;}y[ s gﬂ, g) (R?{I‘I‘Oﬂdlne 1-
carboxylic acid tert- bu e <§Pé B S then added and
the mixture stirred at %’@@W‘&?R"ic JBﬁ'ﬁ@RM'fPﬁTF%‘% h(f:ﬂ@ e85PE3°Fo room
tenperature and di | ut edRQORLEH:. {(F)FHNAFT RMTOBF 4, KRSIat\giph MIieE@R)IBF. The m xture i s
then filtered through sjg)jiczasantinoeem)iraiedatabiuwasusdap)etf or d

(R) - 5- bi phenyl - 4-yl net hb(sls §4&¥Tﬂb%?¥k@%)%m§(ts§j I(ngé;li) Rh(COD)IBFy, (S,

ylldene] 2- 0x0- pyrrolidine-] oxylic acl )7 a, Rl = Boc,
o OOy 2 kT SRR e s miss g PV IRRRTRBAT 1™ net hod 3

N, N, N , Ni -t etraet hyl f or MNRUCHPIR: {EITPIEYAFSIGHBNIEE (P BAAMRY, prepar ed

accordi ng to Exanpl e 5)Ricomibde (IR RpD@EnAoMRODDNBFOMRBEIngpbdnassi umt er t - but oxi de

in THF (1.14 m). The rm@b@nmu%mwr@s hﬁcbﬂ% fRIRI-BGEP RidocheR, at 50 C.

S)- 2- 81 pheny1- 4yl et hyd | d ter/-butyl
color (Ba R1 = Boo) (K09 Le) nepas SRR (e b

for 1 h. The mixture |sR'i(ﬁ%W CoRBYPIPOME 8’599@@%&‘?3% TePeRd dil uted by
additional 10 nl i sopr oPyYFORIEEL REMeOTREPIaNSRher RNGEP)BRem [(RiTTot er ed t hr ough
silica and concent r at edrhaRePnaCRIaCAI))BRS: §uol & [Rh(COD)(SL-P102-1)]BF,,

( ﬁ) dgngi pgegié 4- )rllr gﬁf 2 ﬁ(g@D*ﬂL Stk Y, f[’(ﬁ]PﬂQJEBﬂoQRE(E%b)]BF,, RXE o o Boc
Ro = Et, R7 = EL). Spect: et é&’g’ﬁ& g@é?‘kg i CI%B’]%T ettt 1™ wethod 4
N, N, N, Ni - Tet r aet hyl f or Mﬁﬁf(ﬁpﬁll‘i‘fm[(ﬁ%wi’j‘@?@ﬁﬁb@ﬁ WFe [EAH0-8R5, prepar ed
accor di ng to Exanpl e 6)Ri(€ORiHHe dRMo-PEaniPhivs BWCOR)iBHR [(BR)Pethassi um t er t - but oxi de
In THF (1.14 rrfL) The rrgobb)BRY (TENoh& RnECIDNBH, obir)MEESy1PRdnednol at 50 C.
(S)-2-Bi phenyl - 4-yl net hﬁ(r{l(céo KO-

ihe transition metal ruthenium and a chiral ligand such as a BoPhoz, a

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

example, the transition metal catalyst comprises the transition metal

ruthenium and a chiral ligand such as (R}4-F-C¢Hs-MeBoPhoz, (R)-BINAP,

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

PhanePhos, (R)-Phenethyl-(R)-MeBoPhoz, (R)-P-Phos, (R)-Tol-BINAP,

(R)-Xyl-PhanePhos, (R)-Xyl-P-Phos, (Ra,Sc)1Np-QUINAPHOS, (S)-BINAP,



pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, Rl = Boc) (100 ng) is

t hen added 3\98 {)0%9lﬂljxture stirred at 60C for 1 h. The m xture is_then cool ed

to roomtenpera ure and diluted 158 by addition of 10 AT FE@W%WP acet at e.

The m xture is then filtered through silica and concentrated in vacuo to

afford (R)-5-bi phenyl-4-yl net hyl - 3-11-di et hyl am nonet h- (E/ Z) -

yl i dene] - 2- oxb- pyrrol i di ne-1-carboxylic acid tert-butyl ester (7-a, Rl = Boc,

R6 = Et, R7 =- Et). Spectroscopic dataigs for Exanple 17, Method 1. Method 5

N, N, I NV, N1- Tet r aet hyl f or mam di ni um hexaf | uor ophosphate (430 ng) (prepared

according to Exanple 6) is added to a 1 Msolution of potassiumtert-butoxide

in THF (1.1 m). The resulting mxture is then stirred for 1 h at room

tenperature. (S)-2-Bi ph@h§NOLRHERIREA: (S5E-Paoso/Sp¥-Plsnertheh &MV Ear boxyl i ¢ aci d

tert-butyl ester (8-a, Mibsor(Bot)INpLONARYDS.iFertitlmensutatacingtiodmetaie m xture |s

heat ed to 5:3hc TheI mdxgataryaaresorrelzmbs[tnmrpagmaieabdmo@Rm(sém%)@ncur (& or ? g mThe

m xture is en cool e ion o

i sopropyl acetate. The g“BA'{E'Q én%mﬁéﬁ&?!élﬁogl%gg%r oﬁ'gﬁb%xzeﬁg&? ‘and '

concentrated in vacuo t[8? Y azRuCI(Benzene)]CI [(R)}-p-F-MeBoPhoZ"'RuCl(Benzene)]Cl,

(R) - 5- bi pheny1-4-yl met h[ﬂ}PB@EEWBPW"ém[%HWHM ErMefeAneene] - 2- oxo- pyrrol i di ne

-1- carboxylic acid terkuizuieyé)CEs @) P{Dr?osauCR&nzeneﬁom(R)R& BNARt, R7 = Et).

ﬁpﬁcw Of‘/c?pltc d?Lal as f Ui Eéé@el?ﬁ@yl]cﬁ’ (RE xMM%BMQSQuaz §$; 4 dina
-tetraethylforr ni pared according to

Exanple 4) is added to 'gacn]dﬂ)b’%é(#n% gﬁﬂ MHH{)géuscl' 1? u?om de in THF (5.7

m ). The resulting ni xtwbqnéenﬁ)ﬂ%rﬂ(s)s?'i“?ll’@d”??ﬂph% Wba"azewﬂé' [($He mixture is

t hen cool ed to room t enfres BtGibenzene)ICl; [(S)-Xyl-PhanePhos RuCly(dmf),], [(S)-Xyl-P-Phos

E g) - 2- gilphegyl ;4E35/gget hiylor, BBt s PALF B A PROS. R G da DX MIR)-B- pa&sihd tert- bu;I yl ester

-a, = Boc ny : 1. x1 is then stirre

overni ght. The m xture %Us(éc?ﬂziﬂﬁgé)ﬁggﬁ%r@{ggaéhﬂﬁ[@l@ ﬁjﬁr{%(s) afford

(R) - 5- bi pheny1- 4- y| met W EAT I MRS RS HrECptMeRg o

yl i dene] - 2- oxo- pyr r ol i druteenzen®gitdy GRYPINEP BuG!(BengeneiCl OR-YpBaE_eZer (7-a, R1 = Boc,

R6 = Et, R7 = . Et). SprciBasaei  RipraeBsPhbaruCERampEc (R} Met hod |. Method 7

N, N, NW t et r aet hyl f or mrmaﬁgpnbgﬁmcp@pﬁgz k(mhgm|s(ﬁmgagp,(o430 ng) (prepared

according to Exanple 6)_,i,s a iumtert-butoxide
in THE (1.1 m). The reR“d‘fepze"f%@'ﬂ% i‘?bap”l"sw‘]?ﬁ’enze“e E'rﬁ&ﬁ'%@ﬁ h at 50 C. The

mxture i s then cool ed R PEEHRAILEE)-RERPRIAGREN: . [(S)]BINAP
(S) - 2- Bi phenyl - 4-yl met hjuEi(BengselGh e FBINPdiRrEeBoPpezrRutbryzenadCligt [(B)-R-er t - but yl ester
(3-a, Rl = Boc) (100 NYPhob Budi(b@Renagicl gcb)-aytehdnbmosRoA e, i [(Ga REy@wp-St i rred

overni ght. The mixture d;@NAmjs FRNERAS, fREREhd RuMAEH Qrh-Ry1didhes d
(R) 5- bi phenyl 4- yl met h%& cacklor * IPPhosRuCI bepzeng)lC
di net hyl am nonet h- (E/ 2) 15 é(fﬁy 1% Pzaenélcarboxyllc aci d
tert-butyl ester (7-4, ‘P&“a“s'ﬁ’ﬁe‘e‘al'\"?}"”m EEF""C’FQ?' ligangpuch asghfBRIOBFROGPZc data as for
Exanmpl e 17, Method 1. Me$inpePHOXNr APNONDandt Bt paeblhyieftenstemmnetaini um
tetrafl uor obor ate (347 &RystcphipR edraddtieOmneslh Rigiuh andaxamplinduci & added to a 1 M
sol ution of potassi umt@gﬁp%gt(%*yﬂgphdg e B(;Qho% (,QMGBO,;,Q(% (é)eaqélpl ng mxture is
then stirred for 1 h SlmpIePHOX or (S)-1Pr- éH(yX E‘F‘.':lrncularly suitable transition meta

catalyst are for example: [(S)-P-Phos I{COD)|CI, [(S)-Xyl-P-Phos

I(COD)ICI, [(S)-MeBoPhoz I(COD)]CI, [(R)-MeBoPhoz I(COD)CI, [(S)-

Cy-tBu-simplePHOX If{COD)IBATF or [(S -iPr-PHOX Ir(COD)|BArF.

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

thereof, provides a composition comprising the compounds according to formulae (1-a)
and (1-b), or salts thereof, wherein the molar ratio of compounds according to formula (1-



tenperature. (S)-2-Bi phenyl 4-yl met hy1- 5- oxo- pyrrolidi ne-1-carboxylic aC| d
tert-butyl ég@ {2&’ = Boc) (100 ng) is then added and the m Xxture is
then stirred P é The mixture is then concentrat e§“TEPPEEGE o afford
(R) - 5- bi pheny1-4-yl met hyl 311-

di met hyl am nonet h- (E/ Z) -yl i dene] - 2- oxo- pyrrol i di ne-1-carboxylic acid fertbutyl
ester (7-a, Rl Boc, R6 = Et, R7 = Et). Spectroscopic data as for Exanple 17,
Met hod 1. Method 9 N, N, Nr, N -tetraet hylpf or mam di ni um tetraffuoroborate (347
nmg) (prepared according to Exanple 5) is added to a 1 M sol uti on of
potassiumtert-butoxide in THF (1.1 m). The resulting m xture is then stirred
for 1 h at 50 C. The m xture is then cooled to roomtenperature.

(S) - 2- Bi phenyl -#&-oyateergol-tocopreyngiaceasinadh frauke (chirdh ealy Inpreofdedtégatter t - but yl ester
(8-a, Rl = Bo00)55(td40preferpbloa thag Ao 2D, invrelpesteadbly wbieBpdTos P imatterefecshly Bt ng) are t hen
added and the niastdsreqi s then stirred overnight. The m xture is then
concentrated in vacuo to afford :
(R) - 5- bi pheny1- 4-¥I di met hyl am nonet h- ()2 | i dene] - 2- oxo- pyrrol i di
nel- carboxylic '58i°d“'l°é’?hf’d"8ﬂ1‘5'le rgtigp of the.cgmpqed of f ﬂg”jaﬁhere ®7 = Et).
Spectroscopi ¢ duvalesas campesitex eamplieng e, Comm@rdlmfnm@e 118) and (1-

(R) - 5- Bi pheny| -#-oy bawethbyds-vdherkin Iherplar @lid & kéinpburgb ad@rtih to o) (7ib), dene] - 2-

0Xx0- pyrrolidi negls ﬁéré&?%%bﬁm;?ouﬁo@'a@cofo%tto Rithod (185 R als Greoor, RlatTedi0C, R61127 =

rrolidinyl
i)ypyr roli d?/n) 1- gsIe}met %mffrg?\’éat 'eFS?B t°§§ rrﬁ°hrﬁrené?bﬁ Alegst 402" (18.5 g, prepared
according to Exarrpl e 7) and potassiumterl -but oxide (6.39) in toluene (40 m)
are stirred forindndembéd@hent thBirpisiiondnesal setatvet daydrisés: oxeauye:r ol | di ne- 1- car boxylic
acid tert-butyl ester. (geaans.mmtaaasd)un{aﬁd @ 3hirkiSigandl e\R el ad¥ehabdPRosTh Xt Ur e heated to
80C. After 1.5 h, the n} ﬁ;fa%hgsog)b% ana%mmotrgmg,q q#,gg Fofi luted with

i sopropyl acetate and filtere i ca = Boc, R6/R7 =
Pyrrolidinyl). PurificaPf8pe "E’F'ﬂ’8'}1’8‘?%@?‘%{’6}1?"’(’735%‘5‘?‘619 1'°"5’€}§'lt ate) gives
(R) - 5- bi pheny1-4-yl net h@hidjl{MaI'd pyrRldipandisyeh as (Pl-Eneaerhog, (PreaPheretfe] - 2- oxopyrrolid
i ne-1-carboxylic acid: terfiPhdauisyCatesinem, (R)/BIBAM-Rir (R,RBRGrphoRGalRdulary Pyr r ol i di nyl ).
Rf 0.32 (ethyl acetate) sunéereMraﬁsélQQm&(k%ataMQor ekamfle ﬁgﬁhenebnéo (4H), 2.62 (1H),
2. 7L (11, 282 (1. S0k k) (spubniotRhcobiek? (kb b icbodily 734 (2H),

[(S)-CatASium M Rh(COD)]BF,, [(R}-BINAM-P Rh(COD)]BF, or [(R,R)-

NorPhos Rh(COD)]BF,;

- the transition metal ruthenium and a chiral ligand such as a PhanePhos, a

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

example, the transition metal catalyst comprises the transition metal

ruthenium and a chiral ligand such as (S)-Xyl-PhanePhos, (S)-Xyl-P-Phos,

(R)-BINOL-(R)-MeBoPhoz, (R,,S¢)1Np-QUINAPHOS or (R)-Tol-BINAP.

Particularly suitable transition metal catalyst are for example [(S)Xyl-

PhanePhos RuCi;(dmf),], [(S)Xy!-P-Phos RuCl;(dmf);], [(R)BINOL-(R)-

MeBoPhoz Ru(benzene)CI|Cl, [(Ra,S.)1Np-QUINAPHOS RuCly(dmf),] or

[(R)Tol-BINAP RuCl(benzene)ICI; or

the transition metal indium and a chiral ligand such as a P-Phos or BoPhoz

ligand, for example (S)-Xyl-P-Phos or (S)-MeBoPhoz. Particularly suitable

transition metal catalyst are for example [(S)-Xyl-P-Phos Ir(COD)]CI or [(S)-

MeBoPhoz Ir(COD)]CI.



(2H), 7.62 (2H), 7.65 (2H). mz (ES+) 433 ([M-1J, 100 %, 377 (64), 333 (36).
Met hod 2A [ 1-pyrrolidin-1-yl nethyl ene- pyrroI|d|n|

hexaf | uor oph é%ﬁ’3$9"9(]424 ngy, prepared according to ExanﬁFE’E%OO%'H&“Bot assi um
tert-butoxide (1 Min THF, 1.1 m ) are stirred for 1 h at 50C.

(S)-2-Bi phenyl - 4-yl met hy1- 5- oxo- pyrrolidine-1-carboxylic acid (a'!-butyl ester
ester (8-a, RL = Boc) (0.1 g) is added and the m xtur.e heated to 60C. After
1.5 h, the mxture is cooled to roomteoperature, diluted with isopropyl
acetate and filtered through silica to give

(R) - 5- bi phenyl -4-yl met hy1-3[ 1-pyrrolidin-1-yl-net h4E/ Z) -yl i dene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester $7 a, RL = Boc, R6/R7 =
Pyrrolidinyl). ‘Gs8etihdies prbngiera hgseiden EX8yIRUES! fonwiarel: o sat 161 Met hod 3 A
m xture of 1- pytharek,ipdiides b-cphpretidnydopprsipy the odrirdinds anweriied faydrsukef(&te (380 nm,
prepared accor ounalg: 8) Cor B8 HRle6r, Wherai e SO8HraBlol @bouRkl 2% 1§ Bmiua ) 1 n tol uene

are stirred OV |hstartsthee to col unds accordjng to fqrmui 1a o]
alts thereof, is
(S)-2-Bi phenyl - [ oé 00D ol i dihe-1-¢ 5 ) r ac dI erf butyl ester

4
(8- RL = Boc)*t E[%M?ggl’ef?’gb"éﬁ!fé%;%ﬁ&om@Pfﬁ‘%&bbrraé'e bl o soc After 4 h
the mxture is cooled to roomtenperature and concentrated in vacuo to give
(7-a, Rl = Boc,In RfrtRf prefdtyd érttotichemythe redubp@ ok the saaping of @tnalagds-af, o Exanpl e 18,
Method 1. Net hag $erlofPa45Jd9Asganrboén.oxl Y tﬂ@&mQWnﬁ@Jadchnﬁﬂ 4 Brmulae

hexaf | uor ophosp pal accqord L0 S added to a 1
M sol ution of %f’a?sné’l(hﬁ)‘?er% %gr?%m ree'"ltrﬁe 3 q’iwrﬁ’ o mrﬁ'@%fﬂtl ng nixture

is then sti rred°’f“6'? (112).10r $lts Peyeitn e eopeingi agragding tedprmylia tﬁﬁéfﬂ}f‘ thgreof,

yl met hy1- 5- oxo-ipsticasies diiAerelorapiyrabensyd0itc10amord peferably udayti99 &sit er (8-a, R1 = Boc)
(100 nmg) is then added and the m xture is heated to 55C. The m xture is then
stirred at thi ' oled to room

t enperature an?#%ggﬁkmé‘g’q ?oo"ntbow;{%gf%m%g))gﬁoa;cfwg@‘gt%gte The m xture is
then filtered tRAYBIRIH V& E‘Bmﬁ'ﬁ(?"(‘,’ﬁ?fﬂ"e(ﬁ)trat ed in vacuo to afford

(R) - 5- bi phenyl - 4- yI met hy1- 3[ 1- pyrrolidin-1-yl-netha)-

yl i dene] - 2- 0x0- Ty Frebbds dictredigtetas preseptlinventirC toctordverk 4 edaipbuptl foersulaay), 4s7 a, Rl = Bon,
R6/ R7 = . Pyrr ol jegtkibbihkrein SRES LS &RARE i@l 3 Sedk@ed Eeﬁame%w{lﬁanzé\ﬁet hod 1.

in Scheme 5.

R6
"N—R7
Secllon B Secﬂon B
0 N
Q Section D.1
0™y O

EP Application 07100451.9
WQ02008/083967 - .

Scheme 5



Met hod 5 1-Pyrrolidin-1-yl nmethyl ene-pyrrolidini um hexafl uorophosphate (424 ny)
(prepared acgordi to Exanple 8) is added to a 1 Msolution of

pot assi umte%—zgtgf%g&zfge in THF (1.1 ml). The resul ti ng MYAFPEPE5hen stirred
for 1 h at 50C. The m xture is then cooled to room tenperature.

(S)-2-Bi phenyl - 4-yl met hy1- 5- oxo- pyrrolidine-1-carboxylic acid fert-butyl ester
(8-a, RL = Boc) (100 ng) is then added and the mi xture is then stirred
overnight. The mixture is then concentraged in vacuo to afford

((R) -5-bi phenyl-4-yl nmet hyl - 341-
pyrrolidin-1-yl-nmeth-(52)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid
fed-butyl ester (7-a, RL = Boc, R6/R7 Pyrrolidinyl). Spectroscopic data as for
Exanpl e 18, Met Hys iqqnothq[@g)e%m@t ipgpntion relates to the conversion of a compound

(R) - 5- Bl pheny 1- #-orhute hysldeSeribdd-heiein sap r opppbandiotfomnie (3n-aé gserpbd dene] - 2-

0XO0- pyr r ol i di Nenelesidf; adchraxytoiaky A6 blthetrRlid ribsItybreigst er (7-a, RL = Boc, R6 =i Pr,
R7r =iPr) Method 1 1%0%prMsSOl ution of potassiumten-butoxide in THF (11.7 m)
is added to dii sog}ro yiipi peri di ntlél met hyl i dene) ammoni um hexaf | uor ophosphat e
(5 g, prepared ac®of WA M ededhysren BX ovPAE) P3P ng mi xture is then stirred
for 1 h at 50 C p)Syny2ne @mghedsynSedtiop Dride ¢epert ) ised3)pyr r ol i di ne- 1- car boxylic
acid tert-butyl meBddercotBisés, anfdnesf Bd@)s i0 $edign D Stolchrert @deled)t o t he reacti on and
the resul ting myxhdi€ohsisatirred for 1 h at roomtenperature. The mixture is

diluted with isopropyl acetate and filtered fthrough silica. The residue is
concentrated in v%?cg%°F?1.gr'?e§ﬁrsif”faél?e§tﬁ’"é§°%B‘eﬁﬁ%&'"{%’ﬁébn&t ography (ethyl acetate)
to gi ve b) any one of methods in Section B'to convert (6) into (5), and

(R) - 5- bi pheny1- 4- gl aatohe/d m@thddsdh $estop Papyoaverti ing8)M E) - yl i dene] - 2- oxopyrrol i di
ne- 1- car boxyl i cmagddth b@prisebut yl ester (7-a, Rl = Boc, R6 = iPr, R7 =iPr). R
0.55 (ethyl acetage : A (2 H), 7.61-7.58(2 H),
7.47-7.42(2 H), ShS oA Jﬁo%%}f@g?“’f%?ﬁg’) \Z—'6°Qg’7a,%81 (1 H. 4.28-4.20(1 H),
3.84-3.70(2 H), 3%0FY8ndA mpiodgyn SestiogH-330 GPQ%‘%T @lo B 712 63(1 H) 2.49-2. 44(1

H, 1.49(9 H), Teth@.Seon8ees2 H). Method 2 N, N, N , N -tetrai sopropyl formam di ni um
t et raf |l uor obor at ea)( 2hyb3e @ mefps R PESeetbn BacoR@H (IYinloge)Exanpl e 11) is added to a 1 M
sol ution of potasg) Lch&srtebdstdedonBRo cbhler (Finfs)dhy- The resulting mxture is

then stirred for h at . . . ,
(S) - 2- Bi pheny1- 4- i ARCAYE MENERENTFIPOLdh Reve L8 ky1 i ¢ acid fert-butyl ester

. 5-'0X0pyrro . _
(8-a, R1 = Boc) in Gm'ahﬁf‘”?'@ to ﬁ@?pdaa&eﬁorémﬂmcularly according to method 5.

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

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

formula 3

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

of formula (3)

o) ]

A—Z



163 the m xture stirred at 60 Cfor 1 h. The mxture is then cooled to room

t enperat ure ilyted by addition of 10 ml isopropyl acetate. The mxture is
then filter e‘ggqﬁoglg%]éﬁ] silica and concentrated in vacuo t&T&FF8¥ S0

(R) - 5- bi phenyl-4-yl nmet hyl- 341-dii sopropyl am nomet h- (E) -yl i dene] - 2- oxo-pyrrolid
i ne-1-carboxylic acid tert-butyl ester (7-a, RL = Boc, R6 = iPr, R7 =iPr).
Spectroscopic data as for Exanple 19, Method 1. Exanpl e 20:

(R) - 5- Bi phenyl - 4-yl et hyl -. 311- di net hyl@ai no-nmet h- (E/ Z) -yl i dene] - 1-

(2, 2-di nmet hyl propi onyl ) pyrrolidin-2-one (7-a, RL = Pitt, R6 = Me, R7T = M) A
m xt ure of :

(S)-5-Bi phenyl-4-yl net hyl-1-(2, 2-di met hyl - propi onyl)-pyrrolidin-2-one (8-a, Rl
= Piv) (1.0 g, 3 mol) and tert-butoxy-bis(dinethylam no)nmethane (14, R6 = M,
R7 = Me, R8 = tdudittfekdotika #20425) (5.5 g) are stirred at 80 C for 17 h. The

mxture is thenycRAIRAG HGodnem &t%ﬁ&ﬁﬁ&édﬂg%ro@@dan&&%%h&kﬁ&' in vacuo. The
residue is then, dé’ 0l \é%cqmﬂ n d!o?BPnu%Bé/ or?a(ﬁ‘?r;[ atp and filtered through Kiesel gel.
The filtrate is conceﬁtrate In vac c}

(R) - 5- bi phenyl - 4-yl met hy1- 3- 11- di net hyI am no rreth (E/Z2)-ylidene]-1-(2, 2-

di met hyl propi onyl )gyrrolidin-2-op€~/-a, RL = Ply, R6 = M, R7 = Me). 8H (400
MHz DVSO) 1.31 (9H), (1H), 2.81 (1H 2.98 (6H), 3.00 (1H),
4.40 (1H), 7.06 ( %45 (2H), 7.60 (2H), 7.65 (2H). mz (ESt)
391 (NW 100 9/0).
(R) - 5- Bi phenyl - =¥ fAYE- 3xY1- hydr oxynmet h- (E/ Z) -yl i dene] - 2- oxopyrrol i di ne-1-c
arboxylic acid tert-']‘butyl ester (6-a, RL = Boc). R6 Method 1 -

(R) - 5-Bi phenyl - 4-yl ret hy1- 3-[ 1- di et hbég am norreth (E/Z) yI i dene] 2-oxo-pyrrolid
i ne-1- carboxyll tert - but , RT = M) (1
o2 oty ) SRR Vot S b e 1 o o iy ochl'of i ¢
acid (37% 0.2 m) is added followed by water (2.1 m). Mxture is stirred at
roomtenperature for 1.5 h. The p¥ases are separated and the organic phase
dried (MgS™4) and /concentrated | uo to give

(R) - 5- bi phenyl - 4-y| met hy1- yeroxynmet h- (E/ Z) -yl i dene] - 2- oxo- pyrrolidi ne- 1-
carboxylic acid te er (6-a, RL = Boc). 3,4(400 MHz, DVsO 1.51
(9H), 2.40 (1H) 4 67 (1H), 3.11 (1H), 4.34 (1H), 7.26 (3H), 7.42
(2H), 7.58 (4H), 10N27 (1H) 8,4(400 MHz; CDC13) 1.53, 1.76-1.80, 1.88-1.96,
2.27-2.33, 2.35-2.48y 2.49-2.61, 280(1 .86, 3.00- 311 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 Hyseihesd yrsrep RY's wipgen of ayiragsy p(°(emqsr9f°sp 959 R854 (100). Met hod
2 leaving group; and

(R) - 5- Bi pheny 1-#-rydomgtiiey domgdubd @i aRiukyhaNernamekidof( &hs) reglidnd @get +o2- 0xo- pyrrol i di
ne-1- carboxyl '&ta%hedco%ﬁ{uﬁd&%'fnwm(@)s'[er (7-a, RL = Boc, R6 = Et, R7 = Et) (1 9)
is dissolved in THF and cool ed to 10-15C. A sol ution of concentrated
sul furic acid (0.09 rri) |n water (3 mM) is added. Mxture is stirred at room
t enper at ur e f orS!9PsB) 4 bIF§EUP REES agrePodBpA PiAtePEPSeMveNt®- aqueous phase i's
extracted with i sopropyl acetate. The conbi ned organi c phases are dried

( :\/96?;1) 1agd[ ioﬂlﬁelaﬁefeaéo%%b'bdﬂméh@;ﬁégiegégt ig\ieiﬂﬁ%E feRles @-ahirda!sglgr&sé ;reﬂemrig 2 byl i -

yl met hy -(ElZ)-ylidene]-2-o0xo-pyrrolidine-1-carboxylic aci
tert-butyl esteéréq’%%?-%@%még/é%c). Rf 0.49 (ethyl acetate). Spectroscopic data
as for Exanple 21, Method 1. '

1 ' (3-a)



165 Met hod 3

(R) - 5-Bi phe | met hy1l- 3[ 1- di et hyl am nonet h- (E/Z) yli dene - 2- 0X0- pyrrolidi
ne- 1- carbox%%”?:ogé Yo tert- butyl ester (7-a, Rl = Boc, 7@1)9/0 70 = Et)
(32.59) is dissolved in THF (190 m) at 60C The m xture is then cooled to
10-15 C. An aqueous solution of 1 Msulfuric acid (96 m) is added over a
period of 30 min, giving a solution pH 2. Mxture is stirred at room
tenperature for 0.5 h. The phases are s@parated and t he organi c phase washed
with 1 M potassium carbonate solution (50 m). The phases are separated. The
or gani ¢ phase |s dried (MgSO4) and concentrat ed in vacuo to give

(R) - 5- bi phenyl - :

yl met hy1- 341- hydr oxynet h- (E/ Z) -yl i dene] - 2- oxo- pyrrol i di ne-1-carboxylic acid
tert-bUyl estersqigheseot,R1 = Boc). R 0.49 (ethyl acetate). Spectroscopic data
as for Exanpl e uhbreinVatidtgatoden o2¢atispéneproladting lgroop, sdi@prodess comprising

(R) - 5- Bi phenyl é}o%b%lg%&nék@r%o?fomumé Byér9£|meqnyl) 3-1.1-

hydr oxyrnot h- (E, 2) -yl i denel pyrrolidin-2-one (6-a, R = PM

(R) - 5- Bi phenyl - 4-yl et hy1- 3[ 1- di net hyl am nonet h- (E/ Z) -yl i dene] - 2- oxo- pyrrol i di
ne-1- carboxylic aeid tert-butyl er (7-a, RL = Ply, R6 = Me, R7 = Me) (927
ng) is dissolved 1/n THF (5 n1) poled to 10C, Hydrochloric acid (1 M 2.6
m) is added fol | éyed by we ml). Mxture is stirred at rcom
tenmperature for 17/ h.\ The ure is diluted with ethyl acetate (5 m) and the
phases separ at ec: € e” phase |Is washed with water, brine then dried
(MgS™4) . Concentrat &d in vacua to give (R) S5- bi pheny1-4-yl met hy1- 1-

(2, 2-di met hyl propi oRy1) - 341- hydr oxynmefshy (E, Z) -yl i denel pyrrolidi n-2-one (6-a,

Rl = Piv). 5h. 2.43 (1H), 2.50 (2H), 3.01 (1H),
4.53 (1H), 7.28 “%?EI)%N‘??%’ geefki""m%g“zﬂé&e(%gm“% 61 (2H), 7.64 (2H): mz (ES¥)
364 ([M—|Y 100 P9 compegd oG 1-bh 3

(R) - 5- Bi phenyl - 4-yl et hy1- 3- met hyl ene- 2- oxo- pyrrol i di ne- 1 carboxylic acid

tert-butyl ester (45a R1=Boc) Z
(R) - 5- Bi phenyl - yl met hy1l-3-[1-d
ine-1- carboxyliczacid ter

yl am nonet h- (E/ Z) -yl i dene] - 2- oxo-pyrrolid
’ ster (7-a, RL = Boc, R6 = M, R7 = M) (7
g) is added to THE' d the resulting m xture cooled to -78 C.
Di i sobutyl al um pis 09 m, 103 nrnol: 0.95 Min THE) is added over
1.5 h. To the mxtunNé is then added Rochelle's Salt (430 M; 1.2 Min water)
and the mxture stigjed vigorously. é X acetate (400 nm) |s added and the
phases are separated. The organic pha &% s concentrated in vacuo. The
resulting residue is dissolved in ethyl acetate (20 m ) and washed with brine
(20 ml). PhasesoranlethsregaviztedcR1 hedraegana eitrpeasetecthgtghen acdRe et rated in
vacua. Diethyl giRgh ,o,(&g)ndM) is added, filtered and the filtrate concentrated
to give (R)-5- ne- 1- car boxylic
acid tert-but ylbtg)Pegfq ?t% a%ngnﬁhfyfgm%fﬁrg@ or&al?&lereo wot?\(gregycmggl;enqg
(R) - 5- bi phenyl -2t ?Féf"ﬁw”‘g"f Ya/flene- 2- oxo- pyrrol i di ne- 1- carboxylic acid
tert-butyl ester (4-a, RL = Boc) can be optionally purified by colum
chr omat ogr aphy wBhitd ieB@ingladdts 3ie velnieplmin @k @k Byl catseatiat eg. frbklrdNVIRt SH (400 MHz,

E:?% 3) 6116732( g-a)H)naptgs gf@tan(d%"d)refer@nc@@or{(sudlh as% (qui (/\Mé)and '13 V@@ e(etlé_') 4 43( (2|%|)H) , I’5I ﬁS
NNgfeene s?’réysctlveé%%pt |(1 f\)}ﬁam i@zlesms 6&%@&” Iﬁié A\%(v féﬁey

(+ESI) 381 (]
(R) - 5- Bi pheny1- ?@OKI?W'H% 3- et hyl ene- 2- oxo- pyrrol i di ne- 1- car boxylic acid
tert-butyl esteryqidesseg IRlum=alBI O hiysride, sediystaadhidrie seioini d and can be

characterised hyarbdiehy@ids) Hekidkg Hnd @kicRBRENRuSIiIRIEdK; fiyh),powder patterns.

Reflections i n ﬁygrggg}atfeﬁ%g detofge%hkﬂ%rola%go% Qal?sltqgj\% Lshi%/c for example

as described in Section B.3.3) [especially when R5 = halide],



following interlattice plane intervals (average 20 in [] are indicated W th
error limt @é @w%%) 167 20 in []: 4.7, 9.3, 10.5, 13. C 13. %i 3, 16.9,
18.0, 18.86, 6%, 21.8, 22.9, 23.3, 27.5, 28.1, 36 ?El’%“ﬂ’@“"%e nost
intensive reflections in the X-ray diffraction pattern show the foll ow ng
interlattice plane intervals (average 20 in 11 are indicated with error limt
of 0,2): 20 in ph 4.6, 10.5, 13.3, 13.9, 16.9, 18.6, 19.6, 20.9. Data taken
usi ng a Bruker D8 Advance diffractonetapsusing Cu-Ka radiation. The X-ray
Structure of the obtained crystals is shown in figure 4. Single crystal for
this determnation is obtained from nmethanol/water as solvent. Crystal  data

[recorded at 100(2) KI Enpirical formula Fornula weight Crystal systen1Space

group Cel | par afmétigqsdealiPymaupENmiRdnds 3odum aotshvsieds; fisRPUpZmgiuR 11, 512(2)A b =
9.197(2)A c = Y @idORRKIBiyitiA hiride-DGum iodide. adpeaalngn RSy sulp@Bate]Vol une of unit cell
2005. 0(6) A3

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

The conversion of a OH-group into a leaving group and the subsequent treatment with
a reducing agent are well-known reactions to the person skilled in the art, for example
as described in Richard C. Larock, “Comprehensive Organic Transformations: A Guide
to Functional Group Preparations”, Secohd Edition, Wiley-VCH Verlag GmbH, 2000, in
particular as described in the relevant chapters thereof. Preferred leaving groups are
halo, such as bromo or iodo, or a sulphonaté group, such as tosylate, mesylate or
triflate. Preferred reducing agents are, for example, hydrides (LiAlH,, NaBH,4) and
hydrogen in the presence of a hydrogenation catalysts (eg Pd/C) [see Section B.3.3

above].

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

formula (3)

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

O l
R 3)
or salt thereof,

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

a compound of formula (7),



Z' 4 Calculated density 1.204 ng ni 3 (nunber of asymmetric units in the unit
cel l ) Met ho
(R) - 5- Bi pheg\ﬁ)2 P0PRet hy 1- 3[ 1- di met hyl ani nonet h- (E/ Z) - y PEYERBPYBYP%0- pyrrol i di
ne- 1 car boxylic aC|d tert butyl ester (7-a, Rl1 = Doc, R6 = M, R7 = Me) (100
ng, 0.25 mol) is 168 added to THF (0.5 m) al 0 C Sodi um
triacet oxyborohydride (111 ng, 0.50 mmol) is then added. The m xture is
stirred for 1h then stirred at roomtemperature overnight. Water (5 nl) is
added end then extracted with toluene. O ganic phase dried (MgSO™) and
concentrated in vacuo to give
(R) - 5- Bi phenyl - | met hy1- 3- met hyl ene- 2- oxo-pyrrolidine-1- carboxylic acid
terl-butyl ester F{Gﬁ a, Rl=Boc). gt roscopi c data as for Exanple 23, Method
1. Exanple 24:
(R) - 5- Bi phenyl -
tert-butyl ester /
(R) - 5-Bi phenyl- 4=y 41-di met hyl am nomet h- (E/ Z) -yl i dene] - 2- oxo- pyrrol i di
nel-carboxylic acidhtert-butyl ester (7-a, Rl = Roe, R6 = M, R7 = Me) (67.5
g) is dissolved in T,tHF (340 nl) and cooled to 0 C. Hydrochloric acid (37%
13.1 m) Is added foll owed by water (@13 4 mM). Mxture is stirred at room
tenperature for 2 h. Phases are

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

- 2-oxo-pyrrolidine-|-carboxylic acid
Met hod 1 Crude

are, independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group
or logether 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'he'teroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3
to 8, such as 4 to 7 ring atoms,

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

(3-a) (3-b).

In a preferred embodiment, the starting compound of formula (7), or salt thereof, is
according 1o formula (7-a), or salt thereof, as defined above; more preferably the
starting compound is according 1o formulae (7b) or (7c), or salts thereof, as defined
above.

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

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



separated. To the organic phase is added fornal dehyde. sol uti on (37 A In water;
138 ). POt‘gM“ﬁ%%ﬁr bonate (31.89) is added portionw se _over %
Tetra- nbut yl Vdroxide solution (14.2 m) is addgﬁTﬁEB?OP%%ﬁHOby sodi um
hydr oxi de solution (30%in water) until pH 10.5. The m xture is stirred for 2
h. The phases are separated. The organic phase is washed with water (100 m)
and sodiumbisulfite (20 g) added. Tol uene (100 m ) and sodium chloride
solution (20% 50 m). The phases are sléparated. The Organic phase is
extracted with a sodiumchloride solution (20% 50 m), dried (Na2504) and
concentrated in vacuo to give

(R) - 5- bi phenyl-4 abrboxyl ic acid

am ujar on %n %Iunﬁg n l ene2 bgna%qmge'; %I a,l 'J.um on C
tert-butyl est df Jta BO )) (a ? erifal canhe” recrystallised as
foll ows: crude (Pd/ )or paIIadlum on calcium carbonate (Pd/CaCQO3;) which is p0|soned with lead

(R) - 5- bi pheny 1-#royh mytelayt s Brdiae tdtaplsia @se2 -inpantpylarpalaiiah precatboe drieoxyl i ¢ aci d
tett-butyl ester (4-a, RL = Boc) (58.4 g) is dissolved in rrethanol (525 m) at
50 C. Wwater (17 j a T i The solid is
col I ected by. fi F rgrgferllet? eﬁigogiﬁgﬂt ng iﬁ&.o%&ﬁ&&%pb%d%?%ﬁ% 7% o][ sér‘l;tet hanol (53 m)
169 and wat er (i%“ﬁﬂ“'defﬁémgms'f‘d’ PIPERBRE BMPRYIHAGHR R f°QT“<He R
(R) - 5- bi pheny1-a9d {3-theer pajth th@reofywelpir| thnmold rafig of ppeundsi agfandting e errdsoxyl i ¢ aci d
tert-butyl estgp-a) 4rais tRsBaE JompaPEc hdcO&EEOP ifEmdaizad), a6 sdix aafpdfSis 2t3. Met hod 2
Crude . Ieast 8810 12 preferably at least 90 to 10, more preferably at Ieast 99 to 1.
(R) - 5- bi pheny1- 4-yl met hy1- 3-T 1- di net hyl arni nornet h- (E/ Z) -yl i dene] 2- oxo- pyrrol
i di nel-carboxylic acid tert butyl ester (7-a, RL = Boc, R6 = Me, R7 = Me)
(66.7 g) is di SSESTPMP-3: GomgrsiqnaApcampeundef fewpp @i I"f"o"’"J‘.’!J‘QZN“'SG’I‘phur| c acid (96%
6.9 m) is addddmiuid(Blowed by water (152 nl). The m xture is stirred at room
tenperature for 0.5 h. Phases are separated. The organic phase is added to
f or mal dehyde s A 0 :
Tetra- n- but yl aqL thlh%'}‘ S(fgcrzoth;ph%en\g@feﬁ{ﬁnoreﬁ%i% %ocngs)fo/r?prsepgg%ae?mp%@t assi um
carbonate (27.& 6’5‘“ Yedadded portionwi se over 0.5 h. Sodi um hydr.oxi de sol ution
(15.1 g) is added over 3 h, mainFaiyj ng pH 10.5. The phases are separated. The
organi c phase is washed w t h wat 00 m) followed by sodiumbisulfite
and sodi um chl oride solution (50 m)
added. The phases ar e sep gd. The organi c phase is extracted with sodi um

is by dr| ed (Na2SO4) and concentrated in vacua to
give (R)-5-Bi phenyl 14 yl met hy1- 3- met hyl ene- 2- oxo- pyrrol i di ne-1-carboxylic acid
tert-butyl ester (4Rf, Rl = Boc) (63 @ . Material can be recrystallised as
follows: crude (R)-
5- bi phenyl- 4-yl net th § met hyI ene- 2- oxo- pyrrol i dine-|-carboxyfi ¢ acid
tert-butyl este¥{4°E"R1 = Boo) (58.4 g) is dissolved in methanol (525 nl) at
50C. Water (175vhfep Rids ’MI%WWWWFWCWGFOEP isgd prerspsedmerisingtr@lindThe solid i s
col | ected by fiddompdundet feamub jae cake washed with a m xture of nethanol (53 m)
and water (18 m). The solid is then dried in vacuo, giving
(R) - 5- bi phenyl - 4- ydamet hyl 3- met hyfene- 2- oxo- pyrrol i di ne-1-carboxylic acid
tert-butyl ester roscopic data as in Exanple 23. HPLC
I\/bthod(ExarrpIeZ B C18; 150 x 3.0 mm 3.5 WM Mobil e Phase A
(0.1 % NH3 (32% bil e Phase B (Acetonitrile). Gradient: 0 mn (20
% B); 3 mn (4009 40% B); 7 mn (50%B); 11 min (50 %B); 13 mn

(60%B); 16 m'n(80§‘/oB) 16.1 min (20%B); 20 mn (20 %B). Flowrate: 1.4 nil
m nd. Wavel ength: 280 or 254 nm Tenpgyature 60 2 C. 170 Retention tines:
6-a (RL = Bob):2.62 mn :

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



7-a(R1:Boc R6 = Me; R7 = Me):11.0 min 4-a (Rl = Boo):12.0 m n Exanple 25:
(R) - 5-Bi phen I hy1- 3- net hyl ene- 2- oxo- pyrrolidi ne-1-carboxyllc acid
tert- but yl eég)ezﬁo%aﬁgf Rl Boc) and (3RS, 59)-5-Bi pheny A5 HEAHYI- 3-

hydr oxynet hyl - 2- oxo- pyrrol i di ne-1-carboxyllc acid tert-butyl ester (5-a, 121 =
Boc) Method 1 2.0 g of crude

(R) - 5- bi phenyi - 4-yl met hy1- 341- hydr oxynet h- (67) - yhdene] - 2- oxopyrrol i di ne-1-carb
oxylic acid tert-butyl ester (6-a, RL =pBoo) in 10 ml THE is submitted to
react wwth 5.0 g 37 % aq. fornmal dehyde sol ution and 0.79 sodi um car bonat e.
After 1 h stirring at roomtenperature the aqueous phase is renoved. The
organi c phase is diluted with toluene, washed with water and concentrated to
dryness to yi el #tha@redyingagensdor @epsple pheeskired iepedien Bhete odlabhMiet ted to a silica-gel
chr omat ogr aphy ¢oid@ung ofSériniile B3y el saMberedt)whereih Rt ismgdradet br aanitiaect ur e 1: 1 of et hyl
and i sopr opyI a&&&ﬁﬁgﬁr&@ ﬁ&&ﬁf@?@mﬁ:& r35a7l9rl Bbeylnfba o ilanl- 3-

nmet hyl ene- 2- oxo- B lyof%ogéurpaewa) anepne§¥6r| c acid tert-butyl ester (4-a, Rl = Boc)
and (3RS, '

5S) - 5- bi pheny1: 4- yI met hyl - 3- hydr oxynet hyl - 2- oxo- pyrrol i di ne-1-carboxylic acid
tert-butyl estein a Befgred RinbadinBot Yhe sGpiwe conms gipif dormad ), fopisalt thereof, is

(R) - 5- bi pheny 1- cytitRb Ryduads-BRérRyi tedhér, 2s @xedpyeinol | di ne-1- carboxylic acid
tert-butyl ester (4-a, Rl = Boc) as in Exanple 23 Spectroscopi c data for
(3RS, 59)- 5b||phen 1-4- rreth 1- 3- hydr oxynet h 20xo rrolldlnelcarboxyllc
acid tert-butyl "&stEpTLT °""F€T hegggton &f %ﬁ of @/ 2sY EHH), 1.89 (1H),
1.98 (1H), 2. 55"‘?'1@‘!)”0"'26%00(“&%)"0“ PMBFing "Gzommds aﬂ:OQ’HJQZPfQO‘“'E‘%L@I)a) 4.45 (1H),
171 7. 28-7. 34 (3W)3-b)/ordalts Thefbf, (vRerdin thanﬁl&-thno&{Bcc(naran)js adbrdind ESHpuB82 (VWHY, 9 9,
326 (100), 282 &Ja?)or seﬁt@th@r@g 8 C(;fn ddunds acoordm to formula (3-b), or salts lhereof is at

(R oo pheny1- gl bEth el MM WRITR L g L de] 2 6o pyrrol i ne- 1

carboxylic acid tert-bu to THF(25n1) at
roomtenperature. 37% For mal dehyde solution (1.3 m) is then added. Potassium
carbonat e (0. 28SEQTIOND.#:iReductiduiefd compouind affoamulagdd t he resulting m xture is then
stirred for 72 h at rood tenperature. Water (1 m) and sodiumbisulfite

sol ution (0.5 Mk E{dﬁgstﬁtgyrgs%t NeRGfiethes TG RUARLHAG SERALAL 6d and organic
phase dried (M504 § ure I's concentrated I n vacuo to give

(R) - 5- bi phenyl - Y AP 1uedInet hyl ene- 2- oxo- pyrrol i di ne-1- carboxylic add
tort-butyl ester (4-a, RL = Boc) and 20% (5-a, R1L = Boc) (by nnr). :
Spectroscopi c data as for Exanpl Met hod 1. Method 3

! @)

or salt thereof, _
whereln R1 is hydrogen or a nitrogen protecting group, comprising reducing a

compound according to formula (4),



7.4 ¢
(R) - 5-bi phe thyl 3-11- hydroxynet h- (E/ Z) -yl i dene] - 2- oxo0- yrrol i di ne-1-
car boxylic aC| (% [{9 rg‘abutyl ester (6-a, Rl = Boc) dissol \ll)ky FWO%@ W THF are

m xed together with 4.4 g 37 % aq. fornmal dehyde solution, 0.13 g

t et rabut yl ammoni um hydr oxi de 40% sol uti on and 40 ml potassi um carbonate 1 M
solution. After 1 h stirring at 40C, the two phases are separated. The organic
phase is diluted with 50 ml toluene andigoncentrated under vacuumto about 20
m . The residue is again diluted with 85 m toluene. 2.4- diazabicycl oundecene
is added followed with 0.42 g nethanesul fonyl chloride. After 1 h at room
tenperature, 10 m water were added and the m xture acidified with several
drops of sulfuric acid. The aqueg phase i s renoved, the organic phase washed
with 10 m of watgr and concentr under vacuumto dryness. The residue is
di ssolved in 100 m™® t € and saturated at the sane tenperature with
25 m water. The 4 afterwards cooled to OC, filtered, washed with
12 m et hanol / o [ dried under vacuumto yield

(R) - 5- bi pheny1- 4-yl et hyl 3- net hyl ene- 2- oxo- pyrrolidi nel-carboxylic acid
tert-butyl ester (4%a, Rl Boc). Spect«oscopic data as for Exarrple 25, Met hod
1. 172 A m xture of potassium carbonate solution in water (1 M 2.3 nl),

t et rabut yl ammoni u yd oxi de solution (40% 0.01 m) and formal dehyde sol ution
(37% i n water, %éh is added to

(R) - 5- Bi phenyl “!t'eS‘?I”r%1 ypdroger oL A PSR PIRISCITS OEHRr) e GPtRIR B15ePmRRUB% 8- pyr r ol i di ne- 1-
carboxylic aci dofrgd¢ut yl ester (6-a, RL = Boc). The resulting mxture is
stirred rapidly and heated to 50 C. After 4 h, the mxture is cooled to room
tenperature an etate): 0.77 (4-a, Rl =
Boc); 0.44 (5 ¢r&9WQLJn%B®qa%cgg¥€%g€'3%§g atgg':sgwgesr&?or Exanpl e 25, Method 1.

Met hod 5 To a sol ution of

(R) - 5-Bi phenyl-4-yl met hyl- 341- hyd
rboxylic acid farg-butyl ester (
according to Exa

)

met h- (E/ Z) -yl i dene] - 2-oxopyrrol i di ne-1-ca
Rl = Boc) in THE (3.8 g) (prepared

s added potassium carbonate (2.89 in 20 m
wat er), tetrabutyl roxi de solution (40% 0.03 g) and formal dehyde
solution (37 % oFFy M) to give a solution of pH 11. The m xture is
then stirred for 2 at 450 The m xture is then cooled to roomtenperature
and the phases are Beparated. The orga#si ¢ phase is diluted with toluene (20

m ) and washed with sodi um bi sul fite solution (20 m, 40 % and then brine (20
ml). The or gan'vﬁ.er‘% A rotpgr rr0 eend ‘%@ roz |sused%9 c nntrr%toed |n vacuo to give
(R) - 5- bi pheny1 Shy %S et hyPene-5T 316 eqcf) Rarboxylic acid
fert-butyl estéFe‘(’ﬂ‘P‘é‘”déf) °rSBBE’E‘?reOfS,‘i)‘é&‘i?Sé?B'B?JWE‘pME‘éi°”é%°”“l'd6r Exanpl e 25, Met hod
|. Method 6 To agcosdirigid fpromla d¥-a) and formula (3-b), as defined herein, can be obtained.

(R) - 5-Bi pheny1-4-yl met hyl1- 341- hydr oxynet h- (E/ Z) -yl i dene] - 2- oxopyrrol i di ne-1-ca
rboxylic acid t@gfgrag}%y%&ster (6-a, RL = Boc) in THE (3.8 g) (prepared
according to Exanple 21, Method 3) is added potassium carbonate (2.8 g in 20
m water), tetrabutylamoni um hydroxide solution (40% 0.039) and chloral (4.4
g) to give a sdiathrgeiregfempediment. Mphgdugiiortafithe jogpeune Rl Suler @b of &t 2 h at 45C.
The m xture is thdndn ta@olpck With Mydopant ie Mmaepredetivecof anthntilve pPhaeslyadr e separ at ed.
The organi ¢ phaggerhsty #ithdib@end¥ bha traHsti@NGetbhi 2Qtalfit)an@RdcaSihad. Wet h sodi um

bisulfit | ut | 4 t T h
bi sul f1'te 501 U@l 20, ey 40, 808 NThRELNG,L 30Tkl TR oS gant © phase is

bi pheny1- 4-yl ne%’?{‘ifib'yé‘"%PWP%%“SQY%%S”%%CP’&"'P’& ne- 1-carboxylic acid tert-butyl
ester (4-a, RlL = Boc). Spectroscopic data as for Exanple 25, Method 1. 173
Met hod 7 To a d0brstendsdiradnt, the reduction of the compound of formula (4), or salt thereof, takes

(R) - 5- Bi pheny 1- Aoy LiiBtHad bogindobs MYAEA%NEIBEdE/ 7) - y1 i dene] - 2- oxopyrrol i di ne-1-¢
arboxylic acid tert-butyl ester (6-a, RL = Boc) in THF (3.8 g) (prepared
according to Exanple 21, Method 3) is added aqueous potassium carbonate (0.2
m, 1




M, tetrabutyl anmoni um hydroxi de sol ution (40% 0.079) and formal dehyde
sol ution (37w€{°5¥0'3/ Iler, 2.2 mM) to give a solution of BH 8. The m xture is
then stirred P& % 'at 45C. The mixture is then cool ed CHEFBEH I Uhper at ur e
and the phases are separated. The organic phase is diluted with toluene (20

m ) and washed with sodiumbisulfite solLition (20 m, 40% and then brine (20
m ). The organic phase is then dried (MJSO4) and concentrated in vacuo to give
(R) - 5- bi phenyl - 4-yl et hyl - 3- met hyl ene- 34pxo-pyrrolidine-1- carboxylic acid
tert-butyl ester (4-a, RL = Boc). Spectroscopic data as for Exanple 25, Method
1. Method 8 To a solution of :

(R)-5-Bi phenyl-4-yl net hyl-3-[ 1- hydroxynet h- (E/ 2) -yl i dene] - 2- oxopyrrolidi ne-1-c
arboxylic acid tert-butyl ester (6-a, RL = Boc) in THF (3.8 g) (prepared
accordi ng to BExnphig, tklheteMpgdnents B)rogshamd dedried dlit iMha praeacsof 8 oghsitim f or mat e

sol ution (20 mMeq tRhEaMEN RTRRIK BN R%EARMIAIuS bR of A& 07 9) and

f or mal dehyde SQ.":\bll’let +h0eﬂafo(' 3gwe%’:)ml ip nmrr?éga?r gl'c2 rﬁsgs ftoroex% Yeecgqaﬁgoytl on of pH 7. The
m xture is then sti rrecF‘_ or i ch a %f%a& ,?’H"e rﬁxturep i'S =N cool ed to room

t enperat ure andPHE FHiaLigiem 4. Nickel By 28 izdym (R andhy Flafue (BhAPatisr-di | ut ed with

t ol uene (20 m )thedradsitinambieldatalyt s Pt Bdlioulth. biefenably ort ssoliiuproiteach(a@Gerpin, 40 % and
then brine (20 idne.emidifnedt tgaRhioPRaSIRathiFst s PE caibdrdyd) MDA karedid concent r at ed
in vacuo to gi vgd,&)R) - 5- bi phenyl - 4-yl met hy1- 3- met hyl ene- 2- oxo- pyrrol i di ne- 1-

car boxylic acici tert-butyl ester (4-a, RL = Boc). Spectroscopic data as for
Exanpl e 25, Method 1. Method 9 To a sol ution of

(R) - 5- Bi pheny 1-The (ateiggerppas 3dregeRstian of XipreermaeurfdRf Bimupal (4) s prll]thetrobx opyr r ol i di ne- 1- ca
rboxylic acid fpedidéat gpinpasitredomprdingithe RilnpaunBoa}ordiiy td bmu(ad (Ba ap (I tpr epar ed

aCFOE di ng( t28 EX%F% ﬁergc;k,iwh%@ik Ew@?molééraﬁo%f &%&ﬁdﬁac&ng@&Hﬁ@Hf@-&@ﬁda%ﬂ icet)at)s )

sol ution ' et r abut \ i i de. sol ution , 0. g
and T or e dehydisblospresihe 39y BRRIANN BORRLE st el B, 5 O ol s
The nixture is Py Faptfeatt8%ofSat 45C. The mixture ie then cooled to room
tenperature and the phases are separated. The organic phase is diluted with
toluene (20 m) and washed with sodium bisulfite solution (20 M, 40 % and

j[ hen brine (20 lme eter eQJsg?d%ggnaQMf&uéllzpérJa%d m’alsgmen(. Q{Qﬁ%&he@nd Con_ce_nt rated
in vacuo to give R3 - b- gl}en%/ll _fl_ey'mtwill_ts( met'lpél ni- %-@xo- pyrrolidine-1-
car boxyl i ¢ aci dYBFEHIITY PGSR [ o§PomipeasipSEs ol eleme 68 oot ¢ dat a as 1 or
Exanpl e 25, Metit98@raro. sipepH gdnef@noipn aartifizhalalsohgfor gstey golygnt. such ethanol

(R) - 5- bi pheny 1-odisgrapyi@tdtatel -1Bht -etnpadinerty PdEE i ugeEWT) othdnol desrplopRadta@pyr r ol | di ne- 1-c¢
arboxyl i c aci d g esentirbydtheLSHbaiméd rac isRdeswitBRéptopliRcdifd 4sabydit of uran (0.4 M
solution) is added potassium carbonate (20 mM, 1 Msolution in water) and
tetrabutyl ammonj um hydroxide (0.07 m, 40 % in wat er‘)se.Lﬂ For mal dehyde (2.2 ml,
37 % nt in wat erePY BHERRAEUNEEITRE" fHickTeu M PRECIBEN £ WG Wi xture is
stirred for 2 Hret catah!, wergl thrhiagaton mets! is eglpaled tramtigrouprierr B pighatiedodshase is di | ut ed
wi th tol uene (2&lenttherefdrbiaheorrgaimnongid ast@yst sortpien, wasdeple whd tansioi um bi sul fite
sol ution (20 mMmet Qo). IROYRIEIRL), BRiUNGS), Bbdalt (§9)] RR4i(m (&fl))ane/dhe separ at ed
organi ¢ phase ||sd.utmt}%n dried (MgSO4) and concentrated under reduced pressure to
give (R) -5-bi phenyl-4-yl met hyl- 3- met hyl ene-2- oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, RL = Boc) as determ ned by hplc. Method 11

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

complex and optionally a chiral ligand.

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

particular rhodium or ruthenium. The organometallic complexes can comprise a single



To a mxture of 3.79 g

(R) - 5- bi phe thyl 341- hydr oxymet h- (Er Z) -yl i dene oxo rroI icline-1-c
ar boxylic ayézgoﬁﬁ%n utyI ester (6-a, Rl = Boc) in tetr%ﬁ{/&F@f’ In-uk (0.4 M
solution) is added potassium carbonate (20 mM, 1 Msolution In water) and

t et rabut yl ammoni um hydroxide (0.07 m, 40 %w in water). Formal dehyde (2.2 nl,
37 Vowt in water) is then added to the m xture. The pH of the mxture is
adjusted to pH 14 by the addition of a1spdi um hydroxide solution (1 Min
water). The resulting m xture is stirred for 2 h at 46C. The phases are
separated. The organic phase is diluted wth toluene (20 nl). The organic
phase is then washed with sodium bisulfite solution (20 mM, 40 %\ in water)
and then with HePsiEn metahalgm. Inprefesss eabad raens JRe,oPlexes S BPMPESeLMR Al dr i ed (MySat )
175 and concentmed easilipndetal atedu cptdn3ly egwasr@ & roetggimgl bond. In a preferred

(R) - 5- bi pheny 1-dmydim@t Y kedrdBais R eaed oM hpMés Géredi@e dnsambany! i ¢ aci d

tert butyl estegnbd: pféLsone%wa%{e%sﬂ&tﬂmmdan?yun LniralfBLdQd 12 200 ny

(R) - 5- Bi phenyl - f ydr oxynet h- (E/ dene] - 2- oxo- pyrroli di ne-1-
carboxylic aC|d tert butyl ester (6-a. Rl = Boc) is added to tetrahydrofuran
(2 nml). ?dl um Hirblecgifg! ligandp én de @ gprengsiligFomplpx NR”S'@'JFVLRF? greoehliggrgser ) and

t et r abut yl ammoni-donorhyadeeptor thends3ar .1t tdpnodB-aldagiori ligandatBxarppiarfer audkdbed to t he

m xture. For naléianyﬁ@an&soar%n%g o%zrsp&vwonlnnbnmteemndéss(et hen agdded to the
m xture. The resul

| . The phases are
separated. The oré’Fmes * "%’Homéyl'pﬁ h'"e @Ewlt%keF ﬁ{]é’ & %%{g th@l)le organi ¢ phase
i s then washed IV LHIEIAYE ’heu'PeP’fef“é ‘*scéﬂ“iﬁ‘ﬂ B (e a°‘2f0‘” aelflepat er) and t hen
with brine (5 mtyimefMifermgeidelrapd miflures Yerrdf.c phase i s then dried (My504) and
concentrated under reduced pressure to give

(R) - 5- bi pheny1- r:‘kar){;hé?fohy stedrel NEhiY | E}Qr%'szfopxtge %an%éta‘mcngongﬂexcgrgboxyl ic acid
tort-butyl est thod 13 200 rig

(R) - 5- Bi pheny! "Zfrbg "?féet"ﬁ)ﬂ dé[ci';?oﬁgta 0% 3?’?%% ﬁyr(’f—ﬁ)py PYUENal" 828K Byrrol i di ne- 1-
car boxyl i ¢ aci oFY’f‘@}eta“Bl&’f"ﬁ ester (6 a, Rl = Boc) is added to tetrahydrofuran
(2 m). Cesiumcarbonate (1.05 m, 1 Msolution in water) and

tetrabutyl ammréxb?ﬁbl&)‘(d'b@&%ﬂ\@talﬁ@ooﬁpl%s artQ dniuindrgdRinRia)ic @Bre@gled to the

m xture, For mal W& W&Q\e)}Z[medg m@z] rrh“%éf CCIFa ahﬁglslgdded to the m xture.

The resulting m Xt U ?’ es are separated. The
organi ¢ phase .%gaa‘?"‘%ﬂ"é&m\kdef ﬁ“‘?‘d”F ﬁ’%ﬁgd) g“]ﬂ‘i hicofBF 4o rdgﬂi’iﬁmphase is then washed
wi t h sodi um bi stgafenetalis efriptex gieh pS(GyiP)ir Wolmmi'f(qowz%t@la?'c%ﬁﬁ*”%(ﬁ with brine (5
m ). The separ atexlylal [BapddOPOSE] of Rulk(eymeok): ethattiMBEHNERMBFCcONCcent r at ed under
reduced pressurRutep@OEEF,),] or [RuCk(p-cymene),].

(R) - 5- bi phenyl - 4-yl rret hyl 3 met hyl ene- 2- oxo- pyrrolidine-I-carboxylic acid
tert-butyl ester { - = Boo) as determ ned by hplc. Method 14 200 ng

(R) - 5- Bi pheny1- rA’PeW'}?‘é‘fW"" §a‘T YBL FRPSEX SPHEIRCT Y SOMRItERLE B2l d989pyr r ol i di ne- 1-
car boxyl i ¢ aci drhe erifalligandypmmsisgsefor ¢x@mpie. aRlirabphBepbipe pnslopglchird fergcdanet r ahydr of ur an
(2 nml). Sodi umiecashanRate dila Grotthe cdnphtes @l Th:ligeia whith Waku@Etuteanith a

tetrabutyl ammmh’r%rg%dgﬁﬁ(!a@ch(r;f arﬁinpla chlépphonZﬁe Mchllana Wreé’xgm & added t O the

m xt ure. For nal Staye(a%e” %v in water) is then added to the m xture.
The resulting mMoxtur et e stl rred for 2 h at 450 The phases are separated. The
organi c phase is diluted with toluene (5 m). The organic phase is then washed
W t h sodi um bi sssitdbjetchirasi@hngt prerfor(esample, and(rofiéatnern ligandidd @ 6)-Atnd). then with brine (5
m). The separ atefghoOig@iNe.& sPRABEI) laMahdyBrids ahe@ o (IVDBOEY), andipiencent rat ed under

reduced pressurge. t, K
(R) - 5- bi phenyl “g ?e@ h%oo&n aJoTﬁphIos WWandge: >S<lb{504 F ?roﬁl' Jo?znzéorimxélg?sboxyl ic acid

fert-butyl estéf® %’EAQW'S er loaadse § "&'éos&géf"ﬁrwi”%’ SB'?"’”H?JIV"@""’%?GI%SCF"‘iS

Josiphos ligands are of the formulae described in Section C.2.



200 ngy
(R) - 5-Bi phe -4- t hyl- 3[ 1- hydroxynet h- (E/ Z) -yl i dene] - 2- oxo- pyrrol i di ne-1-
carboxylic g%lbal][{gé%l{q?]butyl ester (6-a, RL = Boc) is add%&T/Fgmp%@%ﬂHydrofuran
(2 m). Potassium carbonate (1.05 m, 1 Msolution in water) and
t et rabut yl ammoni um hydroxide (3.5 ni, 40 %4 In water) are added to the
m xture. Formal dehyde (0.12 m, 37 %v in water) is then added to the m xture.
The resulting mxture is stirred for 213 at 45C. The phases are separated. The
organi ¢ phase is diluted with toluene (5 m). The organic phase is then washed
Wi th sodiumbisulfite solution (5 mM, 40 /owm in water) and then with water (5
m ). The separated organic phase is then dried (My304) and concentrated under
reduced pressure to give
(R) - 5- bi pheny| -Sitgplepambiptions ofpsqepgreiafie complsx endilyiret ligpridd@renter ekemiigir boxyl i ¢ add
tert-butyl ester (4-a,” RL = Boc) as determined by hplc. Method 16 200 rag
(R) - 5-Bi pheny! - 4- Y| met hydg 3r chden i X34k bl lefhoydr WdBRRligaRa: a0~ pyT r ol i di ne- 1-
carboxylic acid tort-butyl S H ?rbd)§]§|;.% ¢ ST BOG) i Bs.fdded to tetrahydrofuran
(2 m). Dinethyl sul f oxi 'de l(a_L rTr\r) S ‘t Ren ad%lecf. I%t assium carbonate (1.05 m,
1 Msolution in water) HREMMAIABIRAIE SRPIH PRAT RYRPBRE M YPIPS Q12 40 ot i n
wat er) are added to theJosphes lizard: inPerticvir Relkp-dene(@L: ¢2RUEODIPOW:] i n water) i s
t hen added to the m xt ussL-AhE-2 sisMbdaiong-Jsoxt srse-goe-2stirred for 2 h at 45C.
The phases are separated. The organic phase is diluted with toluene (5 m).
The organi c phase is then shed wth sodiumbisulfite solution (5 m, 40 Wowt
' vater) and SHaR GIERMGEL B oo o FREUahel aTeE PR AP Bidse i 5 | hen
dried (My304) atfideoheosnestian exnPivigdie eapRyedsdcieriing dafpenules (3g) gl (3-
(R) - 5- bi pheny! -t4-oybarenhbryd-vdeme tHeyloan@ticof conpoPits scodrilich themiuac@apoxyl i ¢ aci d
Eggt'sblét ylh eslt &aits( lﬂa&;f.ﬁ%rﬁpo%%)a&@ﬁiing% t%ﬁﬁﬂla”%@).@_smlt&i‘eofé:’ggt it hOdI 15 2001ng
- 5- Bi phenyl -4-vl.ne - - r.oxynet h- - ene] - 2- oxo- pyrrolidi ne- 1-
car boxylic aci da%ttéeqrzt Er?)fﬁr%%/“fg[gg?gér/toeg-”ﬁfep 1era(:b|;§g(é%/sléggo gdded to tetrahydrofuran
(2 ni). 1- Methyl-2-pyrrolidinone (1 m) is then added. Potassium carbonate
(1.05 m, 1 M Jobknsthesmbediment therrgductinel ofttietcomibpytdydf formaten(@-anptepltitherkéfde (3.5 J, 40
oWt in wat er) afr&idadgathpbdion E@pﬁ@iﬂgtthﬂcﬁmpdaﬂdsma&odﬁlby&lﬁr.n{u@e 82a) .Bﬁd,(3-3.7 o in
water) is then gddegs & erediNihedh oMo ralld¥ conPeiHal bddsaiRd 8 tortha (39), 8t i rred for 2 h
at 45C. The phasgsih ar e, separ af ed. dThg)forr@a&lbg PhﬁlStE '?'dahl u;%ol with toluene (5
ml). The organiG phase ds then washed W th sodi ini bl suffite sofutibn (5 m, 40
ot in water) affdPERERY Hi'PH Tht@rmyePreigely atliest &pat at ed or gani ¢ phase is then
dried (MgSO4) and concentrated under reduced pressure to give
(R) - 5- bi pheny 1-gephinetdpihatdnd Bebianb@aQtic2odlexRid dhddi ligahd £6 1ok e@ploxyl i ¢ aci d
tert-butyl ester (4-a, RL = Boc) as determ ned by hplc. Method 18 200 ng

(R -5-Bi p henyl-4-yl net hyl-341- hydr ox th- (E/ 2)-ylidepe]-2-oxo-pyrrolidine-1-
carboxylic acid tert-bu‘f’%}“me%?ag?'xe@é'-c5%/""%%13"9 aé:(%%m%/‘g Wzi@g"édgatnﬁ "t et r ahydr of ur an
(2 ml). 1,3- . Dinet hylragicdariRhGie)dRT-ar8er\¥08(11H) - pyri mi di none (1 nl) is then
added. Pot assium carbonate (1.05 m, 1 Msolution in water) and

t et rabut yl ammonj, oy Ho8eiae teJedactigh of 1 Qok¥und & IoWRNiEGh), 8B @ckdgd to the

m xture. Formal dehyd .12 37 %t in er) is . th ed.to the m xture.
The resulting rﬁ"%désr agcﬁ(ng-osjénto? ?‘%”’*é’as "Pér}e Cfm%ouaci’é%ﬁqg@ngﬁfgmﬁﬁgggdgg%d‘rj% separated. The
organi ¢ phase i% A" PEEWNERN {5IMAEABIQS CWPPUNITPREOHRYA U HRAESE i s t hen washed
wi th sodi um bi satsftheresf, dojompquods at®rdimio to fd@uliika)i onsaatherdf. insidbastidte with water (5
ml). The separadred organi c phase is then dried (MJSO4) and concentrated under
reduced pressure to give

(R) - 5- bi phenyl - 4-yl nmet hy1- 3- met hyl ene- 2- oxo- pyrrol i di ne-1-carboxylio acid
tert-butyl ester (4-a, RL = Boo) as determ ned by hplc. Method 19 To a m xture
of 200 ngy " SECTION E:

(R) - 5-bi phenyl-4-yl net hyl- 341- hydr oxymet h- (E/ Z) - sAi dene] - 2- oxopyrrol dne-1-carb
oxylic acid tert-butyl ester (6-a, RL = Boc) in tetrahydrofuran (2 m) is



added formal dehyde (0.12 m, 37 9% in water) and tetrabutyl amoni um hydroxi de
(3.5 178 13‘% 40 % in water). The pH of the mxture is adjusted to pH 9 by
the addition 81‘2003/0%)5?]assi um car bonate solution (1 Min \K/ﬁ?’@?%opg/%ﬂﬂoresul ting

m xture 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 mM, 40 % in water) and then with water (5 m).
The separated organi c phase is then driied (My304) and concentrated under
reduced pressure to give (R)-5-biphenyl-4-yl nmethyl- 3-nethyl ene- 2- :
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, RL = Bac) as

determ ned by hplc. Method 20 200 ng

(R) - 5-Bi phenyl-4-yl met hy1l- 311- hydr oxymet h- (F2) -yl i dene] - 2- oxo- pyrrol i di ne-1-
car boxyl i c. aci dn theprbeebsgh yiowe glioee se(Gal agvelRbd mveBie pormwuraid de thvdhedacet onitrile (2

m ). Potassi um @ asR@ndt RrtdelsuBiRctéids ine brebbnsibleHiioh @M tHeRowaliRsk shovAd

t et rabutyl amon) HTr:lp hydroxide (3.5 pi, 40 % in water) are added to the

m xture. Formal de yde (0.12 ml, 37 %M in water) is then added to the m xture.
The resulting mxture is stirred for 2 h at 45C. The phases are separated. The
organi ¢ phase iAcogpdund eqdording thfrrala@ne (5 ml). The organi c phase is then washed
with sodiumbisulfite solution (5 mM, 40 %t in water) and then with water (5
ml). The separated_organi c phase is then dried (MgSO4) and concentrated under
reduced pressur gi ve

(R) - 5- bi pheny1- ;
tert-butyl ester

= Boc) as determ ned by hplc. Method 21 200 ng

(R) - 5- Bi phenyl- 4-yl e - 11- hydr oxymet ha) - yl i dene] - 2- oxo- pyrrolidi ne- 1-
carboxylic acid tert-butyl ¢ (6-a, RL = Boc) is added to acetone (2 m).
Pot assi um car bonate (1_05 p# solution in water) and tetrabutyl anmoni um
hydroxi de (3.5 pl, 40 %N n wat eF‘? are added to the m xture. Formal dehyde
(0.12 m, 37 %v in watergy is then.(2 dded to the m xture. The resulting

m xture 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
sodi um bi sul ri teesadleeion (5 m, 40 %w in water) and then with water (5 m).
The separat ed osrganira aphRBSe.iirglefeh@ntyc ea2ial otadvly$idgen andnitegecenddimt ed under

reduced_ pr essurg@oub,oanghygacarboxyl roup or an ester group, preferably ha_vihgaconﬂguration . .

(R) - 5- bi phenyl -4- | n%fgﬁﬁ?@ tghyf)ene- 2- oxo- pyrrolidine-1-carboxylic acid
tert-butyl est erwbl"-ga, = Bon) as determned by hplc. 179 Method 22 200 ny
(R) - 5-Bi phenyl-4-yl met hyl- 3-[1| - hydroxynet h- (E2) -yl i dene] - 2- oxo- pyrrolidi ne- 1-
carboxylic acidAert-butyl ester (6-a, RL = Boo) is added to tertiary-butanol
(2 m). Potassi ar bonate (1.05 m, 1 Msolution in water) and

t et rabul yl amtmonTwear hygrox{de (3.5 il, 40 %v in water) are added to the

m xture. Formal dehyde 12 m, 37 %t in water) is then added to the m xture.
The resulting mxture ~gstirreq for 2 h at 45C. The mi xture is diluted with
water (5 m) and ethyl acem m ). The phases are separated. The organic
phase is then washed wrbh, goth-dm-hRssul fite solution (5 m, 40 % in water)
and then with water (5 ml). The separated organic phase is then dried (MgSOH)
and concentrated under réduced presgme to give

(R) - 5- bi pheny1-4-yl met hyl1- 3- net hyl ene-2- oxo-pyrrolidine-1-carboxylic acid

tert-butyl ester, grée}fér?‘éd eﬁﬁ%oﬁnge%?of%%nuga%t(ﬁ%rr&-g),e% i%o@ erid(/\o'r R2 is H.

In a preferred embodiment of formulae (2) or (2-a), R3 is CO.H.

A compound of formula (4)



Met hod 23 200 ng

(R) . 5-Bi phenyl-4-vyl| net hyl- 341- hydr oxynel h- (E/ Z) -yl i dene] - 2- oxo- pyrrolidi ne- 1-
car boxylic a‘g%dm?é?otz?'butyl ester (6-a, Rl = Bac) is add HT’FBZOP%@:HHydr of ur an
(2 m). Potassium carbonate (1.05 m, 1 Msolution in water) and

t el rabut yl ammoni um hydroxide (3.5 al, 40 % in water) are added to the

m xture. Fornmal dehyde (0.10 m, 37 %t in water) is then added to the

m xture. The resulting m xture is stirried for 2 h at 45C. The , phases are
separated. The organic phase is diluted with ethyl acetate (5 m ). The organic
phase is then washed with sodiumbisulfite solution (5 m, 40 % in water)
and then with water (5 ml). The separated organic phase is then dried (MySH)
and concentrated under reduced pg re to give

(R) - 5- bi pheny1-4-yl met hyl -2- oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (d-a, Rl ¥3” determ ned by hplc. Method 24 200 ny

- hydr oxynet h- (E/ Z) -yl i denel- 2- oxo- pyrrolidine-1-
carboxylic aci do¥e [0 dster (6-a, RL = Boc) is added to

t et rahydr of uranml) . | Pot assi um carbonate (1.05 ml, 1 Msolution in water) and

t et rabut yl ammoni um Rydroxi de (3.5 al ,440 % in water) are added to the

m xture. Fornmal dehyde (0.16 m, 37 %u in water) is then added to the m xture.
The resulting thIL('r,re ;s stirred for 2 h at 45C. The phases are separated. The
organi ¢ phase i%°%i1°Ufed with ethyl acetate (5 m). The 180 organic phase is
t hen washed wi t'We&"sBHi'tMYHPISDI §i £ OBINUPTPEHING TP, PRBrabML "R \dat er) and t hen
wth water (5 ni)figudive agepay ateduorgani c phase is then dried (M504) and
concentrated under reduced pressure to give

(R) - 5-bi phenyl-4-yl net hyl- 3- met hyLene- 2- oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, Rl = determ ned by hplc. HPLC Met hod (Exanpl e
25, Met hods 1-24)\Col um: DGE 018; 150 x 3.0 mm 3.5 pm Mbbile Phase A
(0.1 % NH3 (32% ip—w bi | € Phase B (Acetonitrile). Gadient: 0 mn
(20%B); 3 min - 7 (40% B); 7 min (50%B); 11 min (50%B); 13 nin
(80%B): 16 mn-(80R6B); 16.1 mn (20%B); 20 mn (20%B). Flowrate: 1.4 ni
mn'. Wavel engt h: 2&10 or 254 nm Tenperature 60 2 C Retention tines: 6-a (RL
= Boc):2.62 mn 5-a (Rl = Boc):8.39 nffA-4-a (RL = Boo):12.0 nin

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

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

g ‘ O
0]
N :

Ri (5),

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



Exanpl e 26:
(R) - 5-Bi phe ‘g | met hyl- 3- net hyl ene- 2- oxo- pyrrolidine-1-car boxa}gl ic acid
tert-butyl Pé? #7234 R1L = Boc) 0)-1, 50 g e RSt
(S)-2-Bi phenyl - 4-yl met hy1- 5- oxo- pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1L Boc) and 261 g Bredereck's reagent (14, R6 = Me, R7 = Me, R38 = tBu)
are stirred at 80 C for 24 h and concentrated afterwards under vacuumto yield
67.5 g of a viscous residue. The later 116 dissolved in 340 ml THE and m xed
with 13.1 m hydrochloric acid 37 %in 143 m water. After 1 h stirring at
roomtenperature, the | ower aqueous phase is renoved, and 150.29 aqueous
formal dehyde 37 % is added followed with 30 g potassium carbonate added
portions wise at 26425 C. Again @ 3 hour stining, the aqueous 181 phase
[ g2mai ni [ ase is diluted with 100 m tol uene, washed
with 50 m brlne and_concest rgted~under vacuumto | eave 58.4 g of a viscous
residue. The lattef i ed in 525 m nethanol at 50C, and saturated at
t he sane tenperea#l - ITR5"mM water. The resulting suspension is cooled to
0C filtered to coPI ect the crystals, washed with 60 m nethanol/water 2:1
and dried under vacBUmto y| eld of whigg crystals of
(R) -5-Bi phenyl 4-yl met hyl- 3- et hyl ene- 2- oxo- pyrrolidi ne-1-carboxylic acid
tettbutyl ester (4-a, Rl = Boc). Sectroscopl c data as in Exanple 23. HPLC
Met hod ( Exanpl e 29¢HCOI um: X- BR 5, C18; 150 x 3.0 mm 3.5 am Mbbil e Phase A
(0.1 % NH3 (32% ¥n water); ase B (Acelonitrile). Gadient: 0 mn (20
% B) ; 3mn(40%B' ' By 7 min (50%B); 11 mn (50 %B); 13 min
(80%B); 16 mn (8% ) mn (20 %B); 20 mMn (20 %B). Flowrate: 1.4 n
. St 4 nm Tenperature 60 2 C. Retention tines: 6-a
(R1 = Boc):2.62 mn|8 a (Rl =Boc):10.4 min 7-a (Rl = Boc; R6 = Mp; R7 =
Me):11.0 min- (5-b), .

- ‘ O
0

R1

(5-c).

ina preferred embodiment of formulae (5), (5-a), (5-b) or (5-¢), R1is BOC.

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

" ‘ O
(0]

R1 (6)

or salt thereof,



4-a (Rl i= Boc):12.0 m n Exanple 27:

(R) -5-Bi phe 4 thyl 1- (2, 2-di net hyl propi onyl) -

net hyl enepyrréll lr)l > one (4-a, RL a Piv) 182 terrper at GIEP2RUYAUP dehyde
solution (1.8 m, 37%in water) is added foll owed by the portionw se addition
of potassium carbonate (388 ng). The mxture is then stirred for 70 h. Water
(1 M) and sodiumbisulfite solution (0.5 m) are subsequently added. The
phases are separated and organi ¢ phasedried (MgSO4). The crude naterial Is
purified by chromatography (heptane/ethyl acet at e, 10:1) to gi ve

(R) - 5- bi phenyl-4-yl net hyl 1- (2, 2- '

di et hyl propl a \Xl% 3-meth Ienepg/rrol_i di n- 2- onezyéO = Piv %l 8H (400 Mz,
OVBO) 1.34 (9H)¥resinsglgs 4"’ T B g9 piptectss “(’1Pf)efe’aﬁ'ys'§“(‘ ¥, 5.55 (1H),
5.98 (1H), 7. 26900@1*1)“,@"79°8r4mqtmli4ymula7(§z¢h (2H), 7.53-7.58 (4H). mz (ES+) 348
([VHY, 100 % . Exanple 28:
(R) - 5- Bi phenyl - 4-yl et hy1- 3- met hyLenepyrrolidin-2-one (4-a, Rl = H)

(R) - 5- Bi pheny1- 4- e e- 2- oxo- pyrrolidine-1-carboxylic acid
tea-butyl ester -‘\ _ 9 ng) i's dissolved in dichloronmethane (10
m). Mxture is cop and trifluoroacetic acid (0.5 m) is added. The
m xture i s then_ st h then extracted with saturated sodi um carbonate
solution (20 mS’ PhaseS are separated. The organic phase is dried (MgSO4) and
concentrated to gi v% (R) - 5-bi phenyl-4-yl net hyl- 3- net hyl enepyrrolidin-2-one
(4-a, RL = H). 8H (400 MHz, DVBO) 2. 4§23\ 1H), 2.68 (1H), 2.74 (1H), 2.87 (1H),
3.87 (1H), 5.22 (1H) 5.64 (1H), 7.33 (3H), 7.45 (2H), 7.60 (2H), 7.65 (2H),
8.32 (1H); m z if #preRAeddmbbdimenidBri@ae @YbZe-brHESE Bo26dPid [ MHY, 100 /0).

(R) - 5- Bi phenyl - 4-yl net hy1- 3- net hyl enepyrrolidin-2-one (4-a, RL = H) is a
crystalline solid and can be characterised by an X-ray powder pattern.
Reflections in the X-ray diffraction pattern showthe followng interlattice
pl ane i nt erval sA AvRNagdorpaa {7hoTspittherecti ndi cated with error limt of 0.2): 20
in[O01l:7.1, 13.3, 13.7, 14.5, 16.6, 17.7, 18.2, 19.4, 21.4, 22.5, 23.6, 183
24.0, 26.5, 27. 6R629 1, 29.9. Data taken using a Br uker D8 Advance

di ffractoneter usnngCu ka radi % HPLC Met hod (Exanple 28) Col um:

X-BRI DGE C18; 150¢x 3.0 mm 3.5 Mobi | e Phase A (0.1 % NH3 (32% in water);
Mobi | e Phase B ( Ack Sxefent: 0 min (20%B); 3 min (40%B); 5 min
(40%B); 7 mn (50 %), n (50%B); 13 min (80%B); 16 mn (80%B); 16.1
mn (20 % B); 2'n 3 " Flow rate: 1.4 m mn-1. Wavel ength: 210 or 254
nm Tenperature 60 |2 C. Retention tines: 4-a (RL = H:5.70 min 4-a (Rl =
Boc):12.0 mn R1 @) '

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

independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are attached,
which cycle may be saturated or unsaturated and may optionally contain one or more
heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8,
such as 4 to 7 ring atoms, preferably having a configuration according to formula (7-a),
(7-b) or (7-c), more preferably (7-b),



Exanpl e 29:

(3RJS, 5S5)-5-Bi - 4-yl met hy1- 3- di met hoxynet hy1- 2- oxo- pyrrolidi nel-carboxyli
c acid tert-gﬁﬁ£@m%s &r (16-a, RL = Boc, RO = Me, RO = NEET/EP2U090SI0) 1 ¢

(R) - 5-Bi phenyl -4-yl net hy1-3[ 1

- di nmet hyl am nonet h- (E2) -yl i dene] - 2- oxo- pyrrol i di nel-carboxylic acid tert-butyl
ester (7-a, RL = Boc, R6 = Me, R7 = Me) is dissolved in 12 m of nethanol. HCl
i n net hanol (prepared by feed pipe of gagseous HCl to nethanol; determn nation
of the HCI content is nmade 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 sodi um carbonate solution to give a pH above 7.
After extraction Wﬁj;g di chl oronet prane t he conbi ned organi c phase are dried
over sodiumsulfa iltered an B84 evaporated to dryness. The resulting
yellow oil is pur chromat ogr aphy to give

(3R/'S, 5S) - 5- bi phenjt—=d- vyl 1- 3-di net hoxynet hyl - 2- oxo- pyrrol i di ne- 1- car boxyl
ic acid tert-bué,. ‘ $6-4, RL = Boc, RO = M, RO = Me) as a 88 : 12

m xture of diasteregfers [ratio of (38): (3R diastereoners, respectively]. 1H
NVR (CDCI 3) : Data'fg{ m xture of diastereonmers: 1.62, 1.64, 1.89, 2.02. 2.26,
2.40, 2.69, 2.81, 2.92, 3.14, 3.20, 3.8%, 3.44, 3.47, 3.52, 4.29, 4.40, 4.69,
7.27-7.39, 7.46, 7.56-7.62. Ratio of diastereoners determ ned by integration
of the pairs of segnals at 3.39 ppmand 3.44 ppm (maj or and m nor

di ast ereomer, respeerively) or 3 ppm and 3. 52 ppm (nmejor and m nor

di astereoner, respectively).
(3R/S,58)-5-biphe\\ =1 Ny di met hoxynet hyl - 2- oxo- pyrrol i di ne-1-car boxyl
l Rl = Boc, RO = M, RO = Me) as a 88 : 12

ic acid tert-butyl A,

m xture of diaso-'»R P ratio of (38) : (3R) diastereoners, respectively]
can be recrystallised fromtertbutyl methylether to afford :

(3S, 58) - 5- Bi phenyl - Btyl met hy1- 3-cl i metghgxynet hyl - 2- oxopyrrol i di ne-1-car boxylic
acid terf-butyl ester (16-a, RL = Boc, RO = Me, RO = Me). The X-ray Structure
of the obtained crystals is shown in figure 5a. Crystal data [recorded at
120(2) K] Enpirkreal fornmul aC251-13] p Formul a wei ght425.51 Crystal

syst emOr t hor hombiyg—S P212] Cel | paranetersa = 6.645(2) A b=

15. 761( 4) A o

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

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

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



c = 22.439(6) A a. =90 /3 =90 V = 90 Vol une of unit cell 2350.1 (1 1

) A3 Z'

4
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9.

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

E—Z

(S-a)

(g-b),

(9-c).



185 Cal cul ated densityl.203 nmg rri3 " (nunber of asymetric units in the unit
cel l) WO 2009/090251 . P 5

(3R/' S, 5S) - 5- bi p2heny =4-y| met hy1- 3- di met hoxynet hyl - 2- oxo-FJAF31%PAIAY- 1- car boxyl
ic acid tert-butyl ester (16-a, RL = Bcc, RO = M, RO = M) as a 88: 12

m xture of diastereoners [ratio of (3S): (3R) diastereoners, respectively] can
be recrystallised fromethyl acel ate/heplane to afford

(3S, 55) - 5- Bi pheny1-4-yl met hy1- 3- di met hopgygnet hyl - 2- oxopyrrol.i di ne-1-carboxylic
acid tert-butyl ester (16-a, Rl = Boc, RO = Me, RO = Me). ' The X-ray
Structure of the obtained crystals is shown in figure 5b. Crystal data:
[recorded at 100(2) K] Enpirical fornulaC25H3I NO5 Fornmul a wei ght 425. 51 Cryst al
syst enOrt hor honbi ¢ Space groupP212121 Cell paranetersa = 6.638(3) A b =

15. 746(6) A c = 122 pkRO¢dBmbAdirmendd formuae39), (9-5)=00) ded-oriet iofocuni t cel | 2343. 4(16) A3
4 Cal cul ated densityl.206 ng m 3

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

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

R6 R10
N7
N*—R7

1 (10

wherein R1 is hydrogen or a nitrogen protecting group, R6 and R7 are, independently,
an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or together R6 and
R7 form a cycle, together with the nitrogen to which they are attached, which cycle may
be saturated or unsaturated and may optionally contain one or more'heteroat'oms, 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
.sulphale) or a sulfonyl ester (eg triflate) and R10 is hydrogen, alkyl or aryl; preferably
having a cohﬁguration according to formula (10-a), (10-b) or (10-c), more preferably
(10-b),

R(\i JR10
N*—R7

1 (10-a)



" (nunber of asymmetric units in the unit cell) 186 Exarrpl e 30:
((3R/S 55) - 5 Bi_ phenyl-4-yl net hyl-1-tert-butoxycarbonyl-2-oxo-
pyrrolidin-3¥9P? ﬁ”@f% ™ tri met hyl anmmoni um i odi de (10-a, RfCﬂEBQBQ/O’IQQHO— Me, R7 =
Me, R10 =Me)
(31K S, 56) - b| phenyl - 4-yl met hyl - 3- di met hyl ami nonet hyl - 2- oxo- pyrrol i di ne-1-carbo
xylic acid tert-butyl ester (9-a, RL = Boc, R6 = Me, R7 = M) (108 ng) (ratio
of diastereoners (38) : (3R), 65: 15 aceording to NVR analysis) is diluted
with 4 mM nethanol and 328 [I] nmethyl iodide is then added. The reaction
mxture is then stirred at roomtenperature for 17 H The mixture is then
concentrated to dryness to give ((3R/ 8,58)-5-Biphenyl-4-ylnethyl-1-
tert - but oxycar borﬂ?l;RQQ oxo- pyrroli -3-ylnethyl)trinet hyl anmoni um i odi de
(10-a, RL = Boc, R & Me, R7 = M6, RLO = Me). 1H NMR (DMBO): 1.51 (9H), 1.98
(lH) 2.18 (1H), @0(1H) 3.13 (9H). 3.38-3.43 (2H), 3.72 (1H),
.25 (1H), 7.38 (1 b 7. 48 (2H), 7.67 (4H). rn/z: 423 ([M, 100 9.
IR (solution in Cf2C 2, : 3040, 1781; 1742; 1724; 1487, 1371; 1298;
1277; 1150; 985970 N € pasts of NVR, the ratio of diastereonmers (38): (3R) is
85: 15, Exanpl e 31: '
(R) - 5- Bi phenyl - 4-yl ﬁjet hy1- 3- net hyl enel'@Yoxo- pyrrolidlne-1-carboxylic acid
tett-butyl ester (4-a, RL = Boc) 187

R6 R10
\ 7
N*—R7

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

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

A compound of formula (11)
0—R4 O

R1 (11)

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R4 is an OH-
activating group, preferably having a configuration according to formula (11-a), (11-b) or

(11-c), more preferably (11-b),



Crude
(3RIJS, 53) - bi | met hyl - 3-di net hyl am nonet hyl - 2- oxo- pyrrolicline-1-

car boxylic a@?&'&mmﬁ %utyl ester (9-a, Rl = Boc, R6 = MICTEPZLIRMSI013.89) is
diluted with 40 m nethanol and 16.9 m . nethyl iodide is then added. The
reaction mxture is then stirred at roomtenperature overnight and is
subsequently concentrated to dryness. 30 ml saturated NaHCO3 sol ution and 15
m di chl oronmet hane are then added to the2residue. The resulting enulsion is
stirred at roomtenperature for 10 h. The organic layer is then separated,
washed with water, dried over MgSH4, filtered and concentrated in vacuo. The
residue is purified using colum chronmatography (pentane/tert-butyl nethyl
ether = 8.2 to 7:3 [
(R) - 5- bi phenyl -
fed-butyl ester (4

¢- 2- 0X0- pyrrolidine-1-carboxylic acid
pectroscopi c data as in Exanple 23. HPLC

Met hod ( Exanple 31 -RIDGE Cl18; 150 x 3.0 mm 3.5 p.m Mobile Phase
A (0.1 % NH3(320% N Mobi | e Phase B (Acetonitrile). Gradent: 0 mn
(20 % B); 3 mn (40&/ B) 5mn (40%B); 7 min (50 %B); 11 mn (50 %B); 13
mn (80%B); 16 m nR(80% B); 16.1 m n(1(30% B); 20 mn (20 % B). Flowrate: 1.4
mM mn-1. Wavel ength: 210 or 254 nm Tenperature 60 -.2 C. Retention tines:
9-b (RL = Boc; R6 = Me; R7 = M):10.5 mn 9-¢c (RL = Boc; R6 = Me; R7 =
Me):11.0 min 4-a (PRt Boc):12.0 Exampl e 32:

(R -5- Blphenyl 4- 1 4- tert butox) ponyl an no- 2- nethylenepentan0|c acid (2-a,
Rl = Boc, R2 = H, % A
(R -5- Blphenyl 4-yf met hy1- hyl ene- 2- ox0- pyrrolidine-1-carboxylic acid
terf-butyl estep™(% \\-oc) (27.7 g) is dissolved in THF (270 m) at room
t enper at ur e. Tetrabqtylannnnlun1bron1de (0.249) is added followed wth water
(10 mM). The mxturé&'is then cool ed te1bPC. A solution of |ithium hydroxide
(7.3 g) inwater (92 mM) is added over 2 h. Phosphoric acid (37 g, 85 % is
added until pH 3. Phases are then separated. The organic phase is diluted with
toluene (100 M) aA e, Phases are separated. The organic
phase is then congentrated i The residue is dissolved In acetonitrile

N

(R) - 5- blphenyl 4- y1|4 tert - but oxycar bonyl am no- 2- net hyl enepent anoi ¢ acid (2-a,
Rl = Boc, R2 (11-c).

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

A compound of formula (12)

R1 (12)



H R3 = CQ2H) (25.7 g). 8a (400 Mz, DvsO) 1.30 (9H), 2.29 (1H), 2.50 (1H),
;Zi Egl;i)b :;WZ%ZO'%%E%Z,S] ? gg E%I;DD 6.09 (1H), 6.66 (1H), 7P'c2T/8EP 020905’05170' 33 (1H),
(R) - 5-Bi phenyl-4-yl-4-terl-butoxycarbonyl am no- 2- net hyl enepentanoi c acid (2-a,
Rl = Bac, R = H R3 =CQ2H) is a crystalline solid. Reflections in the X-ray
diffraction pattern show the followng intedattice plane intervals (average 20
in 11 are indicated with error limt of128.2): 20 in [1. 4.4, 6.2, 8.6, 9.0,
9.9, 12.5, 13.4, 13.8, 14.1, 16.0, 17.8, 18.4, 19.3, 20.8, 21.7, 22.2, 23.1,
24.6, 25.0, 25.7, 27.6. The nost intensive reflections in the X-ray
diffraction pattern show the followng interlattice plane intervals (average
20 in 1:] are indicated with error Iimt of 0.2): 20 in [1l: 4.3, 6.2, 8.6,
9.9, 12.5, 13. 4¢rsdBhddgof, Wier8n R18 hykiogdrbar 3 nitrdet erotectk@groupsinaBs ima Br uker D8 Advance

diffractoneter. fé&in@Qrog-Bilpr'é@raBl?—E#if@ﬁwLI%HZ-a),](&Qb) or (12-c), more preferably (12-b),

(12-a),

(12-b),

. ‘ ‘
O

A—Z

(12-c).
In a preferred embodiment of formulae (12), (12-a), (12-b) or (12-c), R1 is Boc.

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

preferably bromide or iodide.

A compound of formula (16)



Colum: X-BRIDGE C18; 150 x 3.0 mm 3.5 um Mbile Phase A (0.1 % NH3 (32% in
wat er) ; NbbigEHE@%@SP (Acetonitrile). Gadient: 0 mn (20%B);, 3 mn (40 %
B); 5 nin (40%B); 7 min (50%B); 11 nin (50%B); 13 m d{48BYSH6 nmin (800/
B); 16.1 min (20%B); 20 mm (20 %B). Flowrate: 1.4 m mnd. Wavel ength: 210
or 254 nm Tenperature 60 2 C. Retention tinmes: 2-a (Rl = Bac; R = H R3 =
CO2H):2.40 mn 4-a (RL = Boc):12.0 m n Exanple 33: :
(R) - 5- Bi phenyl - 4-y1-4-tert-butoxycar bomgham no- 2- met hyl enepent anoi ¢ acid (2-a,
Rl = Boo, R2 =11, R3 = CO2H) 210 g
(S)-2-Bi phenyl -4-yl met hy1-5- oxo-pyrrolidine-1-carboxylic add tert-butyl ester
(8-a, RL = Boa) is added to 1285 g (2000 m) of a m xure containing conpounds
of formula 13, 14, ™5 (wherein R6 \ R7 = Me, R8 = tBu) at room
tenperature. Th& sol 80-85C and stirred for about 15 h. The
solution is concen ! 90 C, 30 nbar) to yield a residue. (The
collected distillate) < i conpounds of formula 13, 14, 15 (wherein R6 =

‘ ptionally reused in subsequent reactions,
5Sidué is dissolved in 1430 ml tetrahydrofuran. 37.8
g sulfuric add diluted in 638 Ml water is then added. The mixture is
subsequent|ly vi gorousm/ stirred at 10-15C. During this tinme, the pHis
mai ntai ned in the range pH 2-3 by the adgg)tion of further portions of sulfuric
acid, as required. After 1 h the | ower aqueous phase is renoved, and the
remai ni ng organi ¢ phase washed with about 6 190 g saturated potassium
car bonat e sol ut¢ropttherepd4 g Pot assi um carbonate sol ution (1M solution) is then
added, f ol | owedwhyein3ROi4 hgirdger sraa MitetigyH prateatmngreu® Nisdy onxs et eacl Re, ispn (40 % and
133 g aqueous fggergmdg@p,)éq%amla fik@0r dcff. X9 . This mixture is heated to 40-45C
and stirred heavily for about 2 hours. ;I;Qgrmaggg_oys phase i's then renoved. To
the remai ni ng o‘?gam’é pﬂ%lse, HBE" FFOREE &S ded 97 g Sodiumsulfite
solution (40% is then added Wil st nmintaining the tenperature bel ow 40 C.
Af terwards, the aqu®ous phase is renpved and is replaced with 600 m of fresh
water. The THF Rs removed by disti fon (jacket 50C, 100-200 nbar) to
provide a white spensi on. 1500 L uene is added at 50C. Again the |ower

r ermel ni ng organi ¢ phase is washed with about

200 M water. The latte ially concentrated under vacuumin order to
remove any water By 3 opexdistillation while the distillate is replaced
with fresh toluene. Afterwards, 54 g diazabicycl oundecene (DBU) is added as
wel | as 17 g net hansufRftonyl chloride, cautiously at 20-25C. After one hour
stirring, about 300 mM water is added fo{g%gwed by 1.4 g concentrated sulfuric
acid in order to lower the pHto 6-7. Th ’aﬁueous phase is renoved and the
remai ni ng organi ¢ phase washed with 300 mMl water. 600 ml Water is added and
t he sol vent renbaedfdyd anbstimért eftfiromac (il er(1¢-@IceBbcpr essure to yield a white
suspensi on. About 1500 mMl THF is then added followed by 57 g |ithium hydroxide
di ssolved In 30 - 1 renl S« Shidd: il,y at 10-15C for about
2 hours. 100 g @ﬁ(ﬂegﬁgérﬁboggggm?%@%@)gﬁ(gtﬁéhﬁggsg £ ?%\éll?ki ously in order to
adj ust the pH towards 3-4. About 300 m toluene is then added, and the aqueous
phase renoved. MHerefeEpbdnbedigendeidamilee (hags-2)sY nagbrdd with 200 m brine and
concentrated to one half the original volume under vacuum The residue is
diluted with 308cdtta fdids-and filtered. The THE is then replaced by acetonitrile
by distillation, while maintaining the volume constant by distillation under
vacuum After renoval of the majority of THE, the desired product crystallizes
giving rise to Het9RTeEKkOEMpT yeed e ng pepw. priest P SieEnty heve Bhd t he sol i d
recovered by fifotowamt meming§¥he | ater is dried under vacuumat 50C to yield
(R) -5- Bi phenyl -4-y1-4-tert-butoxycarbonyl am no-2- et hyl enepent anoi ¢ aci d
(2-a, RL = Boc, R = H R3 = CO2H). Spectroscopic data as Exanple 32.




HPLC Met hod ( Exanpl e 33) Col um: X-BRIDGE C18; 150 x 3.0 nm 3.5 pm Mbile
Phase A (0. 1W§2Nm9§2 E in water); Mbile Phase B (Acetonitrile Gadient: O
mn (20% B) 40 % B); 5 mn (40%B); 7 nmin (50% BCTVERIH 5(50% B) : 13
mn (80%B); 16 min (80%B); 16,1 mn 191 (20%B); 20 min (20%B). Flaw
rate: 1.4 m mn-1. Wavel ength: 210 or 254 nm Tenperature 60 2 C Retention
times: 2-a (Rl =Bac; R = H R3 =CQ2H):2.40 mn 6-a (RL = Boc): 5-a (Rl =
Boc): 8-a (Rl = Boc): 7-a (Rl = Boc; R6i25 Me; R7 = Me): 4-a (R1L = Boc): 2.62
mn 839 mn10.4 mn 11.0 mn 12.0 mn Exanple 34: (3R

5S) - 5- Bi pheny1- 4-yl net hy1- 3- net hyl - 2- oxo- pyrrol i di ne-1-carboxylic acid
tett-butyl ester (3-a, RL = Boc) and (3S,

5S) - 5- Bl pheny| - eyarieasiey 9ro®- pasrisph ay-estgnad 2 parppd biceR geaeraly keavbdxta i ¢ aci d
tert-butyl est esr; (oBexbmpidlroups BOOJR, Mbérbind islseldctd fgm the group consisting of: Cy.

(R) - 5- bi phenyl - 4n<ylsn%mxlmem;t edw@rtbaa 218, OB E Nalkyr/ Welerdtldyil el aZ- 0X0- pyrrol i di

T oY SRR BEN B8 G & ol o gy B 1) 1

( Engel har d 4505')"’“?‘?\‘@"%3}Q'E‘@ﬁ’f’i“‘i"%y'sf'ﬁ' Efé’Hé’H“%‘@\?@f’%‘l et 2 Creaky dPBhen and
subsequent | y stis mped dapr (20 ilted byihalpgen. bilyideyergenCisayl. Wetkatie anThe iy esul ti ng
reaction m xtur@sitstitltéd sresuBsitufed bp B vedr ItfrdeO edsiodn elsCRA thelg@th t 0 dr yness
yl el di ng (3R conS|st|ng ofC17a|k 1, C17alkoxy halogen nitro, cyano and F3 or o{Fialkyl subshtuted

58) 5- bi phenyl yfgorgnyhﬁla prefgreg eXmLorg.iHneoége pegter group Is n@o y I ¢ acid

tert-butyl est e?
5S) - 5- bi phenyl - QAE?’I‘%?'Wl‘”B@%'F’hﬁﬁ "Elha'ﬁbﬂky# rolidine-1-carboxylic acid
tert-butyl ester (3-b, RL = Boo). Diastereoner ratio 33 : 67 (3-a, Rl = Boo :

3-b, Rl = BOO) e téﬂﬁtrﬁfogénrb%cw gRBb"Gomprises any group which is capable of

reversibly protecting a nitrogen functionality, preferably an amine and/or amide

wﬁe rel n

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

Preferred nitrogen protecting groups generally comprise:

C,-Ce-alkyl, preferably C,-C;-alkyl, more preferably C;-C,-alkyl, most preferably C,-alkyl
which is mono-, di- or tri-substituted by trialkylsilylC1-C-alkoxy (eg. trimethylsilyethoxy)
aryl, preferably phenyl, or an heterocyclic group, preferably pyrrolidinyl, wherein the aryl
ring or the heterocyclic group is unsubstituted or substituted by one or more, e.g. two or
three, residues, e.g. selected from the group consisting of C,-Cr-alkyl, hydroxy, Cy-Cs-
alkoxy, C,-Cg-alkanoyl-oxy, halogen, nitro, cyano, and CF;; aryl-C1-C2-alkoxycarbonyi
(preferably phenyI-C1-'CZ-alkoxycarbonyl eg. benzyloxycarbonyl); Ci.
sealkenyloxycarbonyl; Cigalkylcarbonyl (eg. acetyl or pivaloyl); Ce.jearylcarbonyl; C.
galkoxycarbonyl (eg. t-butoxycarbonyi); CeparylCsealkoxycarbonyl; allyl or cinnamyl;



192 Met hod 2

(R) - 5- bi phe t hyl- 3[ 1-di net hyl am nonmet h- (E/ Z) -yl i denel oxo pyrrolidi
ne-1- car bo%blzgmébcl‘ d fed-butyl ester (7-a, Rl = Boc, RECY Kfé’”””ﬁ‘?s L M) is
added to tetrahydrofuran, to achieve a substrate concentration of 0.05 M
Triethylam ne (1 equival ent) is added to the m xture. 5 % Pd/ C A102023 (25
%/ w) is then added to the m xture. The m xture is then pressurised under a
hydr ogen at nosphere to 20 bar. The m xtigge is stirred at 40C for 3 h. The

m xture is then filtered to renove the catal yst and concentrated under reduced
pressure. The diastereomer ratiois 39 : 61 (3-a, Rl = Boc : 3-b, Rl = Boc) as
determ ned by hplc. CGeneral Procedure (Methods 3-6)

(R) - 5- bi pheny| -s¥f9pyn#t HawB Y@yt BPPantHofet HeYENZP: Jiakdeie(92- oxo- pyrrol i di
ne-1- carboxyl itdetativd. tett-butyl ester (7-a, RL = Boc, R6 = Me, R7 = M) is
added to tetrahydrofuran, nethanol or isopropyl acetate at anbient

temperature, {0a6hiey g re%%prgéeg%xo%c@egv;aﬁpﬁtareaawrge&; &?Qﬁaamhg% 167 Mor 0.25

M A heter eogeneous ca % hen added to
t he mxture THEY PR EPYY: (iRR Hraseipeyey e BH mec) ¥IF"%t nosphere to 20

bar. The ni xt ur@OMy s pivaigyeety-aeth ¥ 0C(PASC, _t%@o@hxo@@@orﬁy@r (F'OS) or 8 h. The
m xture i s thendamrty@keabdrg r@doy e alyhe agakahrystl, andetsyensenért-aitgd under reduced

pressure. Met hoghdh i, «w fsiyi ;P];é;gdﬁSplo{;yﬁﬁoﬁﬁxaﬁﬁs..yt%mwgr(@hwam 0.05 M 55C
d

3 h. Di d d
by hpl . Mbt hodAp-EAPayl EPO) o /éehaét;e L R T N

Di ast er eoner r aRY["ging and BB“'O(Y'SMmé prefered-nifgen protgetipy aKRUPs-araell §82det er mi ned by
hpl c. WD 2009/ @8HR&S#EHY EFRDR0 HidHHyBHL ATHD.3 trgzthalkiysoxyrgity PdSES))/ € A103038;
Tet r ahydr of ur anBuk@arbdvyl (BOKY, pyrolidingimettiyl A8 bigdisgomer ratio 14 : 86(3-a, Rl = Boc
3-b, R1L = Boc) as det errri ned by hpI c. Method 6 Catal yst 5% Pd(S)/C A103038;
Tet r ahydr of ur an; g @ . Di astereoner rati [ "‘g‘ | = Boc
3-b, Rl = Boc) m %ﬁ%F”ﬁier?ée "B “"iﬁ‘iSF'bpm‘R?rS?gn%ﬂJps/ar&&'tv%{‘l’yy&m"W) y'c type 37;
| sopropyl acet dtbatoxygariony. kgnzy3( silyl Hourh) Pagiewarle Gitvk Broyrat dceprdig to the

formula SiR11R12R13, wherein R11, R12 and R13 are, independently of each other,

alkyl or aryl. Preferred examples for R11, R12 and R13 are methyl, ethyl, isopropyl, t-
butyl and phenyl.

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

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

alkyl.

The term “Cy-C;-* defines a moiety with up to and including maximally 7, especially up to
and including maximally 4, carbon atoms, said moiety being branched (one or more times)

or straight-chained and bound via a terminal or a non-terminal carbon

Cycloalkyl is, for example, C3-C;-cycloalkyl and is, for example, cyclopropyl, cycldbutyl,
cyclopentyl, cyclohexyl and cycloheptyl. Cyclopentyl and cyclohexy! are preferred.



66(3-a, RL = Boc : 3-b, Rl = Boc) as determned by hplc. Method 8 Catalyst: 5
% Pd/ C type ; hydrofuran; 0.25 M 65 C, 3 h. Diastereoner ratio 39:
61(3-a, Rl :\%éomco-g%g@%b Rl = Boc) as determined by hpl c PCMEFHEWY. 3 ¢

(R) - 5-Bi phenyl - 4-yl et hy1- 341- di net hyl am nonet h- (E/ 7) -yl i dene] - 2- oxo- pyrrol i di
nel-carboxylic acid tert-butyl ester (7-a, RL = Boc, R6 = M, R7 = M) is
added to ethyl acetate (40 nl) at anbient tenperature. 0.3 g of 10 % Pal | adi um
on Carbon (Engel hard 4505) and water (028 ml) is added to the m xture. The

m xture is then pressurised under a hydrogen atnosphere to 4 bar. The m xture
is stirred at anmbient tenperature and 4 bar hydrogen pressure for 4 days The
m xture is then filtered to renove the catal yst and concentrated under reduced
pressure. The rdSTduer Pampif&mCpalenf el BeFtleuRtiheheBrat BRYPRSHY (et hyl

acet at e/ hexane,isopiGpy88y, nbatylad fiobdyldx@ Rec-taShxbteltbpiien yid-abo ynklpaes hy 1- 3-

met hy 1- 2- 0X0- pybkddpdndihg¥ntlios ey hddhegidxdratiedis chUfaybxy @tetiired.3- 2, R1 = Boc)
and (33, 53)-5- biphenyl-4-ylnethyl-3-nethyl-2-o0xo-pyrrolidine-1-carboxylic

acid tert-butyl ester (3-b, Rl = Boc). Diastereoner ratio 67 : 33(3-a, Rl =
o - o b ) il et Sadbe R ram Bl B e G B o |

(R) - 5- apheny 1- 4ulytyimisebhtyryLogavalodi fefrifeacyl imeiefeTad- SECE-a¢tyldenel - 2- oxo- pyrrolidin
el-carboxylic acid tert-butyl ester (7-a, RL = Boc, R6 = Me, R7 = M) is added

to ethyl acetatifo(cffhiddknis hie@SPAuERL chloRNIRHA MEE modd prdte@biPfcnibb ndl ar  Cat al yst (ex
Aldrich) is added to.the m xture. The m xture is tﬁen pressurised under a

hydr ogen at rr[)sprocra“roé0 ti°8°_'2 bar. The m xture is stirred at anbient tenperature
and 2 bar hydrogen pressure for 3 days. The mxture is then filtered to renove
t he cat al yst arttlockpdeiat examnrie halgr@ef-alkvband etpapicdar balp-61-Calkd st due i s t hen
purified by coltmsometyr, omatmgrapiiordedtiBydhiodsehatreddied adnec,-Gaky89) to afford
(3R, 53)-5-bi phanybndsy! met hyl- 3- met hyl - 2- oxo- pyrrolidine-I-carboxylic acid
test-butyl ester (3-a, Rl = Boc) and (33, o . .

55) - 5- bi phenyl - 4-yl net hyl - 3- net hyl - 2- oxo- pyrrolidine-|-carboxylic acid
tert-butyl ester -b,, Rl = Boc). Diastereonger ratio 99.2 : 0.8 (3-a, Rl =iBoc
. 3-b, R = Boc%'keayi’“%i’e‘ieé?eﬁ{ °ﬁ§’8"‘%‘§f’ %ﬁi'l °8’?‘a"i')‘§ta|rw%tﬁb'elbf”‘%1?"§ cgnensing

(R) - 5- Bi phenyl _p,gp_f%ﬂbllygttqﬂzlcg QTrps, 2 to 10 C atoms being especially preferred. Particularly

- di met hyl am norpetfdred &4 Feand.i.aient 1SoRe exeowipysf riRy brdips ek-ethanhdirgikinersaci d
tert-butyl est e prbpfr Butyl BantyE hBQChepfBock, My, d8éyi TinddR)), dogecadélaghcfio et hyl acetate
(20 m) at ambighbied COmE) Bldtichy Duorfothnh coh@hERUdBE LA PRy bon (Engel hard
4505) is added tg t he m xture. The mxture 1s then pressurised under a
hydrogen at nosffe¥"&?$8"2 bar. The nmixture is stirred at anbient tenperature
and 2 bar hydrogen pressure for 3 days. The mixture is then filtered to renove
t he catal yst andkyeersesitarcatratitaltaded franeduadigthnp sessulalie C-Thakyeesirdide i s t hen

Eg;i ; i gpl Ey cglc;m%&eagﬁiagnﬁmﬁe ‘flf‘e%rlh]a‘l/eld b@%%ﬂ@&é!&%@?ﬂ@hre&ﬁiﬁﬂiq to afzI ord (3R
- o- DI PNENY Lo e Yok AR %l’isaﬂ i 106 ¥ ki -g@%@&. le bﬂ.ﬁss ht%&"“}r St ! ¢ acl

tert-butyl ester (3-a _:ylgocc) and , -5-bI pheny 2

yl met hyl - 3- met HWQSE-%QS‘-'%WP%‘P?'HY??59‘3‘-{@5}@63@”91%01' PTG ester (3-b,

Rl = Boc). D astrekdoreiCralgtxy-o 88.8 : 11.2 (3-a, RL = Boc : 3-b, RlL = Boc) as

determ ned by hplc. Method 12 1.3 g

( R) -5-Bi pheny1'A4F(Tab()}len‘§;s|3¥'rlé|§14ljaaigil EQ%LJAYA)@@BIQ tand éaﬂ)pza\feéﬁljpilqu .%;lle'(;' 0XO0- pyr rolidi
nel-carboxylic acid tert-bu R7 = Me) is

butyl ester (7-g, Rl = Baoc, R6 = Me, RY
added to et hyl ’“a?éeef'&t"g'°(‘?fﬁe'??1'§R1§t‘"§r%‘§'8’h?*ﬁ'%?rﬁé?rgt'ﬁ’r"é“.bs'tﬁ“.'%“° of 10 % Pal | adi um
on Carbon ( EngelbfiiFtgd 059 morfde-eie todireso substitiggis @isipeby dderspeAYYdr oxi de sol uti on
are added to t hselesaddomtte. subklitetents méntioned atove freikyipreessur i sed under a hydrogen
at nosphere to 4 bar. The m xture is stirred
Aryl being a radical or part of a radical is, for example Ce.1paryl, and is, preferably a mono-

or polycyclic, especially monocyclic, bicyclic or tricyclic aryl moiety with 6 to 10 carbon



195 at anbient tenperature and 4 bar hydrogen pressure for 4 days. The m xture

is then fil t&/roezgw;o Lk Enove the catal yst and concentrated under reduced

pressure. The residue is then purified by col um chronmat'¢JfERpHY éthy |

acet at e/ hexane, 70:30) to afford (3R, 5S)-

5- bi phenyl - 4-yl met hy1- 3- met hy1-.2- oxo- pyrrolidi ne-1-carboxylic acid tert-butyl
ester (3-a, RlL = Boc) and (3S,

5S) - 5- bi phenyl - 4-yl net hy1- 3- net hyl - 2- oxi@8 pyrr ol i di ne- 1- car boxyl i ¢ add
tert-butyl ester (3-b, RL = Boc). D astereoner ratio 76 : 24(3-a, Rl = Boc :
3-b, R1L = Boc) as determined by hplc. HPLC Method 1 (Exanple 34, Methods 1, 9,
10, 11 and 12) Col um: X- BRI DGE %:18; 150 x 3.0 mm._ 3.5 tan. Mbile Phase A
(0.1 9% NH3 (32 3™ eHAER"T™" RSN 3BP8 s us A A HPY PeJe °CP%li ent: 0 min
(20 % B); 3 mni rsupsiQentByderandentinselegiodfop) for exampig en-G-Pl%o BYC-21Ky-Ri-er- (70% B), 13 nin
(80% B), 16 m naiyiB0&e-Blakosk6. 1 mn (20% B), 19 mn 20%B). Flowrate: 1.4 nil
min-1. Wavel ength: 210 or 254 nm Tenperature 55 2 C. Retention tines: 7-a
(R1L = Boc; R6 = . R7 = 9. h 3-a and 3-b (R1 = Boc):10.3 mn HPLC

Vot hod 2. ( Example e /Bt ko 5o s it Bo joRsgraRSteas 2 1ok aDr
150 x 2.6,nrn, BAPRLEAYMobile Phase A (Water); Mobile Phase B (Acetonitrile).
| socratic: O mn (80%B); 15 mn (80%B). Flowrate: 0.5 mM mn-1. Wavel engt h:
210 nm Ret ent i 08 tdith BRSoxyl Bfedtto RI0,# Boc: 6.3 min 3-b, Rl = Boc:6.9 mn HPLC

Met hod 3 (Exanple 34, Methods 2-8) 196 Col unmm: AD-RH Chiral pak;- 150 x 4.6 nmm
Mobi | e Phase A}%at eE{fﬁ); N?bi(ée Phase B %Acetoni trile). Isocratic: O mn (20%
B): 15 min (20%"B)Y oA rHEE YN S FHi%REY v el engt h 210 nm  Col umm
tenperature 40 C '

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

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

Siiyl is —SiRR'R", wherein R, R’ and R" are independently of each other C,_alkyl, aryl or
phenyl-Cialkyl. '

Sulfonyl is (unsubstituted or substituted) C,;-Cs-alkylsulfonyl, such as methylsulfonyl,
(unsubstituted or substituted) phenyl- or naphthyl-C;-Cs-alkylsulfonyl, such as phenyl-
methanesulfonyl, .or (unsubstituted or substituted) phenyl-or naphthyl-sulfonyl; wherein if
more than one substituent is present, e.g. one to three substitutents, the substituents are
selected independently from cyano, halo, halo-C4-Cralkyl, halo-C;-Cs-alkyloxy- and C4-C;-
alkyloxy. Especially preferred is C;-C;-alkylsulfonyl, such as methylsulfonyl, and (phenyl-
or naphthyl)-C4-Cs-alkylsuifonyl, such as phenylmethanesulfonyl.



Retention tines: (3-a, RL = Boc):6.2 mn (3-b, R = Boc):6.8 mn Exanple 35:
Tri s(di met hy% @%{EEF hane (13, R6 = M, R7 = M), o

Tert - But oxybl's(d Ayl ani no) net hane (14, R6 = Me, R7 = H(B/EPREYLSUEY,) and

N, NDi et hyl formam de di-tert-butyl acetal (15, R6 = Me, R7 = Mg, R8 = tBu)
Nme2 Me2N7LNMe2 Nme2 t Bu001Bu  NMe2NVE2NME2 71\ Me2NNMe2Me2NA Dul BuOVLO Bu
Method 1 A m xture of 1.01 g N, N-dinethylformam de di-tert-butyl acetal (15,
R6 = M, R7 = Me, R8 = tBu) (Al drich #358800) and 0.73

tris(di met hyl am no) net hane (13, R6 = Me, R7 = Me) (Al drich, #221058) are
stirred at roomtenperature overnight. The resulting m xture is cooled to room
tenperature, affording a solution containing 13, 14 and 15 (R6 = Me, R7 = Me,

R8 = Me) as det effivhednsystitad of St Sedpr- %ﬁkﬁsﬁ@yi%(%ﬁ'ﬁq‘%‘ (4, Method 1).

Met hod 2 substituted) Cg.1parylsulfenyl, wherein if more than one substituent is present, e.g. one to
-four substitutents, the substituents are selected independently from nitro, halo, halo-C;-
Cralkyl and C,-C+-alkyloxy.

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

described in Section D.4.

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

particular those described in Section D.4.

The term “transition metal catalyst” refers to an organometallic catalyst, an
organometallic complex or an organometallic complex and a chiral ligand. Transition

metal catalysts are in particular those described in Sections C.1, B 3.3 and D.4.

The term “organometallic complex” refers to complexes derived from a transition metal
and one or more (for example up to four) achiral (non chiral) ligands; for example,
ruthenium organometallic complexes, such as [Rulz(p—cymehe)]z, [Ru(cod)(2-metallyl),]
or [Ru(cod)(OOCCF3),]; rHodium organometallic complexes, such as [Rh(nbd),BF,] or
[Rh(cod),;|BF,; or an iridium organometallic complexes, such as [(CyiP)Ir(pyr)]CI or
[Ir(cod),Cll,. '

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

and one or more (for example up to four) chiral ligands.

The term “ligand” means any compound, achiral or chiral, that can form a complex with
a transition metal. Chiral and achiral ligands are in particular those described in Section
CA1



A mxture of 1.01 g N,N-dinethylformam de di-tert-butyl acetal (15, R6 = M,
R7 = Me, R8 v:vol(\%Eﬂé)o l{,ﬂ drich #358800) and 0.739 tris(dinet hyl am nc) met hane (13.
R6 = Me. R7 = (Afdrich, #221058) are heated at 45C P& ERZWYOSPRY resul ti ng
m xture is cooled to roomtenperature, affording a solution containing 13, 14
and 15 (R6 = Me, R7= Me, R8 = Me) as determ ned by nmr (spectroscopic data as
in Exanple 14, Method 1). 197 A mxture of 1.01 g N Ndirrethylformarride
di-tert-butyl acetal (15, R6 = Me, R7 =13k, R8 = tBu) (Al drich #358800) and
0.73 g tris(dinethylam no)nmethane (13, R6 = Me, R7 = Me) (Aldrich, #221058)
are heated at 80C for 1 h. The resulting mxture is cooled to room
tenperature, affording a solution containing 13, 14 and 15 (R6 = Me, R7 = Mg,
R8 = Me) as det BFHAREAENS T3NS ¥ pREiErE SCHIPES Bals o5 CeRicREEAIN &Y 14, Met hod 1) .
Exanpl e 36: Tr ilsWednatkd dvjNatamenadyfotiieahenial8actid®Rc = Me, R7 = M),

Tert - pent oxybi s(di met hyl am no) net hane (14, R6 = M, R7 = Me, R8 = CMe2Et) and

Nz nezna R R s NS R e T e et 1

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-superimposability
on their mirror image partner, while the term "achiral” refers to molecuies which are

superimposable on their mirror image partner.

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

either an enol or aldehyde form, or mixtures thereof.

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

the present invention.

In the formulae of the present application the term " vvw" on a C-sp? represents a
covalent bond, wherein the stereochemistry or the geometry of the bond is not defined.
This means that the term “«nn® on a C-sp? comprises a cis (Z) configuration as well as
atrans (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.



57.5 g NNN, N, N-tetramethyl formam diriumchloride is added to 93g sodi um

anyl ate 40%?9;2”“ g‘?} | n toluene. The resultling mxture is stirred at room

t enper at ur e Vie:d The mixture is then filtered and tMd/f3W&'R&Shed wi t h
toluene (22 g) to afford a solution containing 13, 14 and 15 (R6 = Me, R7 =
Me, R8 = CMe2EO. A sanple of the filtrate is concentrated in vacuo. 1H NWMR
(CeD8): 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 ambuntgiof 13 (R6 = Me: R7 = M), 14 (R6 =
Me, R7 = Me, R8 = tBu), 15 (R6 = M, R7 = Me, R8 = Me) are determ ned by
integration of signals at 3.02, 4.06 and 5.02 ppm respectively. Method 2 41 g
N, N, N, N-tetranet hyl formam di nium chloride is added to 67 g sodium anylate 40 %
solution in toluene. The resulting mxture is stirred at roomtenperature for
48 h. The m xt ulrn(ﬂ\elf&mJIéelotfmgErgsemgplltglgn ﬁ:\@'lléﬁn Msaﬁéjcg\ﬁatﬂcgtgétl-}@ne (2 x 10 m).
The m xture is then dilu , {R?t§ volume of 100 ml to afford a solution
cont ai ni ng 13, ibi°"é{?18eriq§he("ﬁé'y e'rﬁé ¥ Me, R8 = CMe2Et). Spectroscopic data
as for Exanple 36, Method 1. 198 Exanple 37:

(2R, 48) - 5- bi phe ylea ent anoi ¢ acid

di sopr opyI et hyl gmﬁﬁéﬁﬁth% Ff‘r’ééen&'d&%%r?@é QW %Q% sgﬁﬁﬁéat}l/lcr;%z' NHI Pr2Etr) 1 g
(2R, 4S) - 5- Bi phefRjauast§rgechertisy 'te"'l?ﬁ{Ré%r)f@ar bonyl am no- 2- met hyl pent anoi ¢ aci d
(1-a, R1 i Boc, R2 = H R3 = CX®2H) is added to ethanol (10 nml).

Di i sopropyl et hyinh&w@itsheuidelbr thé fresh)appiBatibh) €4 tewd e d=—aindlcatéa @ B> dspTend s stirred at
roan tenper aturg:r al Q2.3 ?(put es. The m xture is then concentrated in vacua to
afford (2R 4S)-5-bi phenyl-4-y1-4-tert-butoxycarbonyl am no2- met hyl pent anoi ¢
acid d||sopropyl et hylammniumsalt (1-a, Rl = Boc, R2 = H R3 = CO2-

INHi Pr2Etr). 1|—{5NR/RG€{BR/%El@)":‘acﬂ{ﬁ‘@!ﬁlW@BP'S?"WF,QGT!@HSG{‘%W’}Y01‘."32 (9H), 1.36
(1H), 1.74 (1H)ipte@ediBte@mehB¢ndd hdrgin, @hddsa(t24r) not 2xcB@:d (d2 Efjemicdl.r&Bonk 1Hel) , 6. 29 and
6.70 (1H), 7: 23skmed?p%r5612\l\7|)l reac?ly@%ér&a?grr(e}wn be70n4€%1.«1%er‘4@alt(ﬂ%lﬁ‘hggrgupg?5 7.57 (2H),
(2R 48} 5- bt pheiii] SRy 3 B TR T B RI Bht anoi o aci d
triethyl ammonl u?ﬁ“??;ﬂ?g(”la | rangg fram gigt '“I?S“e"usﬁm”'ﬁgs oreemR flit%n 1 g

(2R, 4S) - 5- Bi pheme_aamtIyidldeﬁF@Fl#lwyM$tailwydwbonyI am no- 2- net hyl pentanoic acid
(1-a, RL = Soc. R = H R3 = CO2H) is added to ethanol (10 ml). Triethylam ne

(0 264 m) is té‘@cﬂ sﬁgg@%n%dfortehgnﬁg Xéééfd%dduén §a‘ité BrrePeFi;b@Rm{ &&%Bﬁr@er at ure for 30
m nutes. The m xture

(2R, 43) - 5- bi phel Taﬂds f_?Lonn °°f” Bouf’%u‘)tr Xy Fctger erme?'at?’ﬁ me"ﬁ?eé)hef%" Vf'tpa B3%ihoi ¢ aci d

tri et hyl ammoni ufh$8l Qm"( (p-9gminpgr am'"Bh&Spe‘F@V'h‘i%rmcwtm%’ac“ep F‘NH EN.). 1H NWMR
(DVBSO- d6) . 0. 95syitgblé-hgrgahic @dds(aBHpr exdmBE h{I&hel) acid. sBé aé hydyochldricEdd, ( 1H) , 2. 38- 2. 50
(7 H, 2.67 (2Huurd 68 o(éhbgphon@aacﬁsaﬁae @rga?@ atide e, fof ex@Ppld, 02r5ox§I2H) 7.33-7.37
(1H) 7.43-7.48 h()gdﬁQ)mc Zulfér#c o?sﬁg Ié g&ds ]fgr 'ex an@%cezlc 946 Sr‘gwmc aﬁé%ﬁ’é a%nd39

(2R, 4S) - 5- bl phetr%arﬁqu sg:((jglc aei_;éamgtﬁf?c?(égﬁo[acewucﬁ"aéa tamuiacgd or Xspgelngcadnm ¢ acid

sodi um sal t

(2R, 4S) - 5- Bi phemﬂicmdy'lvd@xmeielca%mwy@a@wwyﬁeamwgd nefhereh gl efert anoi ¢ aci d (RL
= Boc, R2 = H, #Boriz 2CORIMpN-52-Achkant atio, beizbranobni @, Tiapnthdsoedutomicnet hoxi de (141
ng) is then addgg, a@ﬁ'aphhﬁedgld?éﬁlﬂdﬁ@adcﬁNa%}cloﬁé’x@gjlfﬁﬁuc£<ﬂor¢hkﬁﬂpﬁfeﬁylm?ﬂ for 30

m nutes. The m Bﬁﬂf S?Ifa Cazfl or Otﬁ% ofg nic I‘réa[ amd sucﬁ‘gsa% orblca fof ord

(2R, 48) - 5- bi phen carb ‘am no- 2-r1 nefdhyl pent anoi ¢ acid
sodiumsalt (1-a, R1:Boc, R2 H R3- CONa4). 1H NVR (DVSO-d6): 0.91 (3H),
1.29 (1H) , 1. 34In(t@ldjesente @ hegalvely ,chame!!@d%alsﬂ}qch25.@@0@.08&1"!(. 24y maBal®0 (1H),
7.25-7.27 (2H), beffordidd With3Bsek, lekd) metdl.ofdadnntonidrh s§id Hich aé aldli-métabof akalitd sartid. 64- 7. 66

(25 7m§§5h§ |1H) metﬁégmr%%p(e?s&.#boéssm BRndbld ofeakindale G bt Ay car bonyl am

(25, 45) - 5- bi phen"&ﬁ“"ﬁ‘a?‘f“ﬁ”‘?%(rsﬁ'%ﬂﬁ?'SWcag?“BsoﬁifFﬁiﬁe Ty ?°”r?§'?ﬁ%fr fB’elr‘_‘n%"éPnem c acid (1-b,
Rl = Boc, R = H R3 = C2B),



200 20 ng (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonyl am no-2-net hyl enepent anoi ¢
acid (2-a, .RR =H R3 =CX®2H) is added to ethanol 400 |II) 10%

Pal | adi um 051786%? F@gdzi]Z ng, 50% water wet, Degussa type E %(%I st hen
added. Hydrogen gas at anbient pressure is applied to the mxture The m xture
is stirred at anmbi ent tenperature and pressure overnight. The m xture is then
filtered over Celite and washed with ethanol (2 x 0.5 m). The mi xture is then
concentrated in vacuo to give 132

(2R, 46) - 5- bi pheny1-4-y1-4-tertbutoxycarbonyl am no- 2- net hyl pent anoi ¢ aci d (1-a,
Rl = Hoc, R2 = H R3 = CQ2H) and

(2S, 48) - 5- bi phenyl 4-y1-4-ted-but oxycar bonyl am no- 2-net h Ipent anoi ¢ aci d (1-b,
Rl = Hoc, R2 F?‘hyﬁf?'”e-°'df@|1’()d’°’°flqyﬁwe (EIRgregyclic 'iasislf"rlexi’Bp'e N9 and 1. 33,

1. 39 1.53, 1. 70>lpe1dlr@2rNE -BetRIp@drazir®. 72- 3. 97, 4.44-4.50, 6.41 and 6. 56,
7.16-7.49, 10.84. Method 2 20 ngy

R) - 5- Bi ph 1- tanoic acid (2-a,
(55 e oot b S s g 5
Pal | adi um on ca?t%rﬁﬁd"‘(“?r??ﬂ'°"%%’657"\m8?° Tﬁ’ig%%a type E101 NENV) is then

added. Hydrogen gas at anbient pressure i s applied to the m xture. The m xture
is stirred at divbisedatidn dreuriietiat puresea pichnysf ¢ Sitamaeddtee mantighed herdihéism Xt ure is then

filtered over Gebipt®ibettdis¥eamedeutdalyunbeaibRR) s, [dGRIndleRictads¥r 0. 5 rﬂ) The
m xture is therbe%@gﬁtgptrat ed in vacuo to give

(2R, 48) - 5- bi pheny y1l-4-tert-butoxycarbonyl am no- 2- net hyI pent anoi ¢ acid
(1-a, RL = Hoc, R = H R3 = CO2H) and

(2. 3, 4. 3) - 5- bi pheeyd thgcloge rgatiopship bejweenthpcarieatdy pediiterpedatesieftenjdpent anoi ¢ aci d
(1-b, RL = Hoc,anR® ti fdrin oBeirzsalSGRdu)ing e cbits @B0BR beustddsantasedidtesfranpl e 40,

Met hod 1. Met hc@arﬁbl&@thggunﬁcatlon or identification ofthe compounds or salts thereof, any

G L5 B pheny 1 e bbbt QAHERLRANY LTI LB DU EREPRRt a0l © ac) d (2-a,

Pl ati ni um on ca[}eES’tS'ﬁ“e( E“Hﬁ)"” e§‘°f"|’1%9rief%’&9é’&° ‘W%I?’G@é*rfa'&é’sere&fméﬁﬁ‘i‘“éent pressure is
appl i ed to the dfpxdmgspendinflifree spmround. éntamgedsitel or startihganatesiatpndeont ortneongpeltsat ur e and
pressure over nitgddos, eddi B wHiok islirit@dédlo hO@R aikd drk €51RE 00¥R bf debreloemaaer washed wi th

| sopropyl acet Re Qzaa&rognaﬁeamhLXpeJ&?am%&lé;p%c.dy%emﬁ& FHRAREHifeRied i n vacuo to

give (2R, 4S)-5- en ony am no- 2- net hyI pent anoi c
acid (1-a, RL £ %nm ""Lbeyﬁbta’ﬁ?}’ea”‘é:bm o E’g %" 48) - 5- bi phenyl -4-y1-4- 201

tert-tutoxycarbonyl am no-2-net hyl pentanoic acid (1-b, Rl = Boc, R2 =R3 =
CO2H) . Spect r oswigy toe ad! &orras used fdexa@npplngs, 4@rtindvisdtdnale intermdditel aditsd

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 amcle( a”, “an”) is

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

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



20 mg (R)-5-Bi phenyl-4- yl 4-tert-but oxycar bonyl am no- 2- net hyl enepent anoi ¢ aci d
(2-a, R1L = = C2H) is added to isopropyl acetate (400 al). 5 %
Rhodi um on 581 tz%oﬁ%?%m“ g) is then added. Hydrogen gas afCHFBI%HE0 %Pessure i's
applied to the mxture. The mxture is stirred at anbi ent tenperature and
pressure overnight. The m xture is then filtered over Celite and washed with

i sopropyl acetate (2 x 0.5 m). The mxture is then concentrated In vacuo to
give (2R, 4S)-5-bi phenyl-4-yl-4-tert-butiexycar bonyl am no-2- mnet hyl pent anoi c
acid (1-a, RL = Boc, R2 = H R3 = CO®2H) and (2S, 45)-5-bi phenyl-4-y1-4-

tert - but oxycar bonyl ar ni no- 2- net hyl pent anoic acid (1-b, Rl = Boc, R2 = H R3 =
CO2H) . Spectroscoplc data as in Exanple 40, Method 1. Exanple 41:

(R) - 5- Bi phenyl - 49%’/‘TT'@"?‘§'F‘?"°’PJSU€‘8R'9%‘8F %W?'%Uﬂgfe?fﬁgqshﬁ@ﬁ% Rf-anoi ¢ acid

pot assi um sal t Wigy-4GH Rtlag-GiBejt 200Q2n parifqularRB the: re@ERKEhaptg s (heref-

(R) - 5-bi phenyl- 4-0- 4-tert-but oxycar bonyl am no- 2- et hyl enepent anoi ¢ acid (2-a,

Rl = Boc, R2 = ff, sly, arﬁ}Q?ﬂhQ Iaét%s@%%gqﬂh@&&%m\/enﬂé msglttﬁetreof oom tenperature.
2.6 Ml of a 0.5 e ir et U|on|saddedtothe

m xture over a pgl?m%t1 'Sa"'"gge" p%%f""ggr°%8a"rbee§°d'f’et”ed '”O%e PTEEY stirred for 1 h

at room t enper atdffmeor satteerech Wopin R] i§ a hygegen: é“r?ﬁf%@mﬁ‘ﬁ’d’é'id negetctd pressure.
Tol uene (10 ml )orgasic etdaidttly Knowrtilbe arl, jotpartieiar refeenead i@ to dosvettiossh r enoved under

EeR;jUgeg pLeSSl{rrﬁroéipg*e\éﬁ\g group methods degcribedlin the bookszmentionﬁd ellbove, in ) i d

- 5- bi phenyl1-4-y1-4-1ert but oxycar bonyl am no- 2- net hyl enepent anoi ¢ aci

pot assi um sal t p?'é'-a,rﬁﬂle 2 %otcs, ')F{?r% = H R3 = CO2K). 1H NWR (DVS0): 1.35 (911),
2.24-2.37 (2H), 2.67-2.84 (211), 3.69-3.80 (1H), 5.04 (11-1), 5.79(11-1),
7.12-7.17, 7.23eRiopF; ExampRs7 46, 7.54-7.57, 7.62-7.67. 202 Exanple 42:

(2R, 4S) - 5- Bi pheny1-4-yi - 4-tert-but oxycar bonyl ani no- 2- net hyl pent anoi ¢ acid

pot assi um sal t Tng-foﬁ’omeJExa'mpBQQerve@nlustrelte tilwe inf&Rtion wm#ﬂ)mtlﬁgﬂ% scope thereof,
(25,49)-5-bi phe% tBeyqﬁhr]eOEerh%n rute(%érycafe onﬂb%ﬁoa%mﬁd%l ent anoi c acid

pot assi um sal t iOO
(R) - 5- Bi pheny1- "Zierg?id'adestaé‘&°rb’lﬁtpf?2%f€&fr”k?d’l‘Fy?T"éWi’et'ﬂ'P“Z met hyl enepent anoi c acid
potassiumsalt (2-a, RL = Boc, R2 = H R3 = CO2K) (prepared according to
procedure in Exappli@ofs?) |sS added to et hanol (1 mM). 10% Pal | adi um on car bon
(10 ng, 600/0 water wet, Degussa type E101 NENV) is then added. Hydrogen gas
at anbient pressure is applled to the mxture. The m xture is stirred at
anbi ent terrperffture and pr essur &°BGR ght. The m xture is then filtered over
Celite and washéd with et hanol #fiolrel m ). The m xture is then concentrated in
vacuo to give (&R 4S)-5-bi phenydee¢- y1-4-t ed-
but oxycar bonyl agjnc- 2- met hyl penf apgignaci d potassiumsalt (1-a, R = Boo R2 =
H R3 = CO2K) and :
(2S, 4S) - 5- bi phélly1- 4- y1- 4-f er t - BEVSKPEEPBERYP ani no- 2- net hyl pent anoi ¢ aci d
potassium salt M~ b, Rl = Boc, RekERBFbisfifucconmtpiiohenyiigrorVR (CDC13): 1.06-1. 12,
1.31- 1.36, 1.8N0OW93, 2.25-2.492-dBydRy-21'QPDaphBy74-4. 08, 4.81 and 5.27, 6.20
and 6.54, 7.24-gh. 57. Method 2 1QQ,40
(R) -5-Bi phenyl-4-yl-4-tert- but 0%83& m no- 2- net hyl enepent anoi ¢ acid
pot assi um sal t 5-a, RL = = CO2K) (prepared according to
procedure in Egﬁ:ﬁq’e 42) |s add‘@iéF"thW'cé@‘f!ﬂaprl acetate (1 nm). 10 A Palladium
on carbon (10 AP0 5@4% wat er wetyco@aderssa t ype E101 NE/W is then added.
Hydr ogen gas atcpanbi ent pressure@&cb@napgli ed to the m xture. The m xture is
stirred at arrbl nt tenperature apgeRjiessure overnight. The mi xture is then
filtered over Le and washed X\ndgzrgblcsl [%rgg acetate (2 x 1 m). The m xture
i s then concentra ed in vacua to grvacfs }/ "B- bi phenyl -

dlas ereomenc excess

dr diastereomeric ratio



203 4- yl 4 tert - but oxycar bonyl am no- 2- met hyl pent anoi ¢ aci d potassi um salt
(1-a, B@%zo@%% sfh R3 = C2K) and

(2S, 4S) 5- bi pheny y1-4-tert-butoxyc, ar bonyl ani no- 2- rEt"HYFPER"aloi ¢ aci d
potassiumsalt (1-b, Rl = Boc, R = H R3 = CO2K). Spectroscopic data as In
Exampl e 42, Method 1. Method 3 100 ny

(R)-5-Bi phenyl-4-yl-4-tert-butoxycarbonyl am no- 2- net hyl enepent anoi ¢ aci d
potassiumsalt (2-a, RlL = Boc, R2 = H, #83: CO2K) (prepared according to
procedure in Exanple 42) is added to isopropyl acetate (1 nil). 10 % Pl ati ni um
on carbon (10 rig) is then added. Hydrogen gas at anbient pressure is applied
to the mxture. The mxture is stirred at anbient tenperature and pressure
overm ghl . The nmARure is then fHdrestydmpoeyiditl ite and washed with isopropyl
acetate (2 x 1 pdj=anfthe m Xt ur eNinsditdvgiorcameent rated in vacuo to give

(2R, 49) - 5- bi phefyds 4-y1- 4-t ea- butaqmé@,@r;;bq,rmg@mdm(aﬂ gp,;,mﬁb@ent anoic acid

pot assi um sal t < Rl = Boc, RZ = H. R3 = C2 K) and

(2S, 4S) - 5- bi pheny1- 7 4- yl- 4 tert- Eupyoxycar bonyl am no- 2- et hyl penten0| c acid
potassium salt 1-b, Rl = Boc, RPMOMICYEsS COpK). Spectroscopic data as in
Exampl e 42, Met#od 1. Method 4 #edosmpy

(R) - 5-Bi phenyl-gsiyl-4-tert - but oxy&asphnmykass no- 2- nel hyl enepent anoi ¢ aci d
potassiumsalt §2-a, RL = Soc. w=1-1, R3 = CO2K) (prepared according to
procedure in Exlg}npl e 42) Is adde to i sopropyl acetate (1 nml). 5% Rhodi um on
carbon (10 ng) et hen added. Hfi ﬁg’ﬁe gas at anbient pressure is applied to
the m xture. Th'iéo'rh xture is stifhed at anbient tenperature and pressure

overnight. The tm xture is then héklered over Celile and washed with isopropyl

acetate (2 x 1 wiwr The m Xt ur epion hRRE negREeRidh#ed i n vacuo to give

(2R, 49) - 5- bi phe, 4-y1- 4 tert- rret hyl pent anoi ¢ aci d

pot assi um sal t rE:’Lﬂsa Rl = Boc &gﬁ&’%ﬁ%&gﬁ’@éé&ﬁ%mﬁa

(2S, 49) - 5- bi pheRy1- 4-y1-4- tert- SPRIPYX y car bonyl ami no- 2- met hyl pent anoi ¢ aci d
pot assium salt PPAb, Rl = Boc, Roprepylacdate R3 = CO2K). Spectroscopic data as in
Exanpl e 42, Metih@ei 1. Exanpl e 483bopropanol

(2R, 4S) - 5- BI phelﬂyl 4 yl-4- tert hyi Qxycar bonyl am no- 2- net hyI pent anoi c acid
(1-a, RL = Boc H R3 I;i)

(28, 48) - 5- Bi ph L@/ yI 4- tert but ox%/car bonxl am no- 2- net hyl pentanoi c acid (1-h,
Rl = Boc, = 204 th_q}_] chromatography-mass spectrometry

(2R, 45) - 5- BI phelrir3MD$4 yl-4-tert- hﬁbit!romy(cialplbmylaam no- 2- met hyl pentanoi ¢ acid salt
(1-a, Rl = Sac,MR2 = H R3 = COolérity

(25, 45) - 5- Bl phepyl-4i 1- 4 tertbu;ngggxgg;agggyg am no- 2- net hyl pent anoi ¢ acid salt
(1-b, R1 Boc, 3& H R3 = C2) Ge;nera Procedure 1

methy
2-MeTHF = Me-THF 2-Methyltetrahydrofuran
MeOH methanol
mg _ ' milligram
min minute(s)
mi millilitre
mmol(s) millimole(s)
mol(s) . mole(s)
MS mass spectrometry
nm nanometre
NMR nuclear magnetic resonance

NDB = nbd norbormadiene



A mxture of Organonetallic Catalyst (C) and (R)-5-biphenyl-4-yl-4-tert-

but oxycar bo 1,no-2-met hyl enepentanoic acid (2-a, Rl = Boc, R2 = H R3 =
C2H) is adggeoé%{;Uo)B?%é Sol vent (S) (vol ume and identity SETVEBINURLSBiven in the
Tabl e of Exanple 43) to achieve the concentration of 2-a (Rl Boc, R2 = H R3 =
CO2H) given in the Table of Exanple 43 and an S/C ratio as given in the Table
of Exanple 43. Optionally and according to the Table of Exanple 43, an
Additive (D) may be added at this stagaeasThe identity and anount of the
additive is given in the Table of Exanple 43. The anpunt of additive to be
used is relative to the nol es of

(R) -5-bi phenyl-4-yl-4-tertbutoxycarbonyl am no-2- net hyl enepent anoi ¢ acid (2-a,
Rl Boc, R2 = HNR3 = CO2H) used™@Pppdrogen has is then applied to the vessel
cont ai ni ng the mM¥Xt ure (tenper apaladym dnicagorand pressure are given in the Table
of Exanple 43).pnThe vol atil es apgnyienoved under reduced pressure and the
resul ting resi anal ysed by haba%-lto determne the ratio of (1-a, Rl = Boc,
R2 = H R3 = ’H). or (1l-a, R = dc R2 =H R3=CXR) to (1-b, RlL = Boc, R2
= H R3= CopH) Q¥C(1-b, RL = BoBYoshiidy 3’ = cp-). 205 General Procedure 2
Sol vent (S) (volrne and identit getepergdiovent gi ven in the Table of Exanple 43)
is added to a neucture of the O ganotreta@bth c Conplex (A and the Chiral Ligand
(L). The mixturg,is stirred for,Qgm h at room tenperature.

(R) -5-Bi phenyl-%l- 4-tert-buto .%(QPQPALnam no- 2- met hyl enepent anoic acid
(2-a, Rl = Boc, = H R3 = in a solvent (volune and identity of

sol vent given iffithe Table of E°SHTESAYY is then added. The fi nal
concentration oBu2-a (Rl = Boc, teR@yautl, R3 = CO2H) is given in the Tabl e of
Exanpl e 43. Therral C ratio i s gividBrohéetiédte Tabl e of Exanple 43. The ratio of
Chiral Ligand pgf atom of netal W {hidl.the O ganometallic Conplex is given in
the Tabl e of |l e 43. ‘Hydr oggn&gas IS theF applied to the vessel containing
the mixture (te%rature, time SREVPERLLUPEPM% given in the Table of Exanple
43). The volatil are renoved Uhdérerpatiyldeddpeessure and the resulting

resi due anal ysew by hplc to detewsiene the ratio of (1-a, RL = Boc, R2 = H R3
= C2H) or (1-a, R1 = Boc, R2 =cnticR8meCA) to (1-b, Rl = Doc, R2 = H R3 =
CO2H) or (1-b, = Boc, R2 = 3 = CA). General Procedure 3

(R) - 5-Bi phenyl-4-yl-4-tert-but o%yc‘ar bonyl am no- 2- met hyl enepent anoi ¢ acid (2-a,
RlL =- Boo, R = H R3 =C3Q2H) in a Solvent (S) (0.244 nl, identity of solvent
given in the TadbhetingfNMBcImphefolp®ing peprexidipagimayde Lisd: sy eiraips|d, aoamtdi ni ng t he
Organonet al | i ¢ tGadtal ysiet, (@t ofvetirhetutigal vent (identity given in the Table of
Exanple 43) is added to give a final concentration of 2-a ((RlL = Boc, R2 = H,

R3 = C2H) giv intl |_e, of ample. 43. T C.ratiq,l ven in the
Tabl e of Exarrpiar::-;)-‘aﬂgl.e t"&?'Fg'ggf‘ﬁ/meéhﬁdmg%g@'r"&mn'agtFygsuﬁétg“?’Z%ﬁl_ceheoﬁ ’ E)I\gg)rrpl e 43, an
Additive (D) may be added at this stage. The identity and anount of the
additive is given in the Tabl eQof Exanple 43. Theuwanount of additive to be
used is relative to the noles |

(R) -5-bi phenyl -4-y1-4-tert B‘ﬁ’c”oxfcar bonyl anmi nde2 met¥9d enepent anoi ¢ acid (2-a,
Rl = Boc, R = H R3 = CO2H) used. 206 The mixture is then stirred at the
tenperatur e and, BiGsSHER BBzt o1 ERbk GrBhy X AL 6 fihlieddo T 00 OF time

al so indicated jn the. . Exanpl e “43.. The crude reac n solutions are
anal ylsedI by hpl & 8 PSR PR REe e ﬁ%‘?‘%?”i'fz"le"él?”)g?f“’i“eB%‘é%;“‘ S

added and the resulting mixture is stirred at reflux for 1 h. The reaction mixture is cooled to

room temperature and the phases are separated. The lower layer is washed three times
with anhydrous tert-butyl methyl ether to give N,N,N’,N’-tetramethylformamidinium
methylsulfate (18, R6 = Me, R7 = Me). 'H NMR (C;Ds), 7.95 (1H), 3.70 (3H), 3.32 (6H),
3.29 (6H).



R2 = H R3 = CO2H) or (1a, Rl = Boc, R = H R3 =0C®2-) to (1-b, Rl = Boc, R2
= H R3 = C%lzpz &/0%2’] Rl = Boc, R2 = H R3 = COA Ceneral Procedure 4 The
O ganonetal | 1'¢ 60 (A) and Chiral Ligand (L) are add&d/BP3"¥O¥5%t ure of

et hanol (0.041 rri) and di chl oroethane (0.135 ml). The m xture is stirred for
0.5 h. The solvent is then renoved under reduced pressure.

(R)-5-Bi phenyl-4-yl-4-tert-butoxycarbonyl am no-2- nethyl enepentanoic acid
(2-a, R1 = Boc, R2 = H R3 = CO2H) in agzsolvent (S) (0.244 nl, identity of
solvent given in the Table of Exanple 43) is added to the vessel containing
the Organonetallic Conplex (A and Chiral Ligand (L). Further sol vent
(identity given in the Table of Exanple 43) is added to glve the final
concentration of 2-a (RL = Boc, R2 = H R3 = CO2H) shown in the Tabl e of
Exanpl e 43.. ThéxaBpIE 2r MNINON'ITetrgnetigafoimamidirdunT pdvd-@lughesEtamtiel(t8, BB Mg he rati o of
Chiral Ligand per=mgom of netal within the Organonetallic Conplex is given in
the Tabl e of Exanple 43. Optionally and according to the Table of Exanple 43,
an Additive (D) nay be added at this stage. The identity and anount of the
additive is given in the Tablg of Exanple 43. 'T'eezam)unt of additive to be
used is relative to the ngj.& '

(R) -5-bi phenyl-4-yl1-4- tertbut oxycar bonyl am n"c')zNZ rref‘ﬁy? énepent anoi c acid (2-a,
Rl = Boc, Rz = H R3 = CO2H) used. Hydrogen gas is the appli ed to the vessel
cont ai ni ng the AmxiuktloBp-(OlueiBE6HE dloftie (20015 ariNhehlIRFSHICR (163 JisWlided N the Tabl e

of Exanple 43). tol-tlaﬁ‘d fGrrzHgﬁanﬁ@TﬁRzﬁzéré?d? SAL hduRASIn @ B NAd Y288 2y rhpl ¢ to determ ne
the ratio of (l-a. Rl =8 i R3 = CQP RR = H R3

= C®) to (1-b, mlﬁirelsttg&?ooleﬁéo rgorﬁemgegatu_rew'q)preg%lta(efa% renﬁiedﬁb]ygg?:tlon = H R3 =
C2-). 207 GenBealothprigins i died BitiSesktgesrand hsnixiueshelsrdo Affd Filthdentaffergs of sol vent
given in the TabNev Whettnanirbehadidhiui pardatettsiionate (T8 )R6WMe, RT = bj)as Or ganonet al | i ¢
Conpl ex (A)and m@cr@u.sra.hwhg%asivé&) 60 S@H)V$§§ﬁ|-!) AsoTBE0 XI4EH, 46 Sstirred for

15 min at room &Eﬂg ture | vent (vol une and |dent|ty of sol vent given
in the Tabl e of %‘pe43) IS addedto
(R) - 5-bi phenyl 4-y1-4-tert - but oxycar bonyl ani no- 2- net hyl enepent anoi ¢ acid (2-a,

R1 = Boc, He XR3y stru@R bi)thel antallesgyelals B.shdinan figomtient s of Vessel A and Vessel
B are transferred to Vessel C (enpty). The final concentration of 2-a (Rl =
Boc, R2 = H, R3.z, al ?;rédsat%o in the Table of Exanple 43. The SICratio
is given in the 3. The ratio of Chiral Ligand per atom of

metal within th%m‘ﬁﬂpaécﬁﬁ%t aI | i cCGEﬁ’ffpé%( is given in the Table of Exanple 43.
Hydr ogen gas i sFaménweighpl i ed t 02X%&¥sel C (tenperature, time and pressure is
given in the Tableal efstebxanpl e 48pnociidvte crude reaction solutions are anal ysed
by hplc to deteg,gw@o@he ratlo @f: (1 a Rl = Boc, RR= H R3 = CO2H) or (1-a,
R1:BocR21%£¥ara (zé (2 = Boc, R_2—H,R3:C02H)or(1-b,R1
= Boc, R2 P '&%ﬁ"); Generafa roée)dure 6 Sol vent (S) (volune and identity
of solvent given in the Table of “B%aH@ 43) is added to a nixture of the
Organonetal | ic Conplex (A) and the! edAl Ligand (L) in Vessel A The mixture
is stirred for 0.5 h at roomtem;egbature The m xture is transferred to Vessel
B contai ni ng

(R) - 5- bi phenyl-4-yl-4-tertbut oxycar S/‘ ani no- 2- net hyl enepent anoi ¢ acid (2-a,
Rl = Boc, R2 = H R3 = CO2H) and~ B‘ib‘tlonally (as indicated in the Table of
Exanpl e 43) , 4- dilazobingyal o] 2. 2.1216¢h) Ahe (anmount given in the Table of Exanple
43). The anountzof 1A-di azobicygl o[ 2. 2. 2] oct ane

Calculated density 1.359 mg m”

* (number of asymmetric units in the unit cell)



208 used is relative to the noles of

(R) - 5- bi phenyl; 4-y1-4-tert-butoxycarbonyl am no-2- nethyl enepentanoi c aci d
(2-a, RL = BX‘J(QZ%%UJJ%ZDH R3 = CO2H) used, The final concdftifRAEPM%SH 2-a (RL =
Boc, R = H R3 = CO2H) is given in the Table of Exanple 43. The S/Cratio is
given in the Table of Exanple 43. The ratio of Chiral Ligand per atom of netal
within the Organonetallic Conplex is given in the Table of Exanple 43.
Optionally and according to the Tabl e ofsg7Exanpl e 43, net hanesul phonic acid nmay
be added at this stage to Vessel B. The anount of methanesul phonic acid used
is relative to the nol es of '

(R) - 5- bi phenyl -4-y1-4-tert-butoxycarbonyl am no- 2- net hyl enepent anoic acid .
(2-a, Rl = Boc, BRyple 3-N.NREN-Tefrmpethyligaramidinigm hexafjjayenhosahate hd8, RE5I1Ne. of Exanpl e
43. Hydrogen gaR7#Me)t hen applied to Vessel B and its contents at the
tenperature, tine and pressure given in the Table of Exanple 43. The crude
reaction solutions are analysed by hplc to det ern*im;,ezt he ratio of (1-a, Rl =
Boc, R2 = H, R3= CO2H) or (1-d, Rl = Boe,—R2-=H, = C®") to (1-b, R1L =
Boc, R2 = H R3 = CO2H) orwmdnt=bmeddl = Boc, R2 =wéh" RFF= CO01l). Ceneral
Procedure 7 Solvent (S) (volume and identity of solvent as given in the Table
of Exanple 43) is added to a m xture of the O ganonetal hc Conplex (A) and the
Chiral Ligand (M"N-N-g@asByformamigiph SEERSAL GRS Hdd vaerdsiia8Y "t o Vessel A and
the m xt Ore sti resuidg migtureSs qopled tad *Griibis @ure iethgreadgddie @cooBdolutiertof (vol ume and
isdg_nt iht y Iof 48ollmﬁﬁniug.ihu@nu&dahasbratem@m, vatker 25 NPT 4 Bmddprediih@s théh ((]I R%_z o

- bi phenyl -4-y1-4- - Bt , AaCi -a, =
Boc, R2 = H, Rscéﬂec%%g @.ﬁ%{f/@ﬁ%ﬁﬂ%& '?%%Q%@H?@%&bﬁérg@@@g&g?%’pﬂﬁd Vessel B are
transferred to VERSE E0MENBYYY ™ varra'ves NN SoREERMYRIPER M 2-a (RL = Soc. R2
= H, F13 = CO2Hjexaflgorgrihgsehate (18t fife= M Bl & MeFasEyeditpriol. A8NMRKMSGH8).7 88 0 i s gi ven
in the Tabl e of 1Exaepke), &8 6Hhe rati o of Chiral Ligand per atom of netal
within the Organonetallic Conplex is given in the Tabl'e of Exanple 43. 209
Hydr ogen gas is_thepn apgpl)ed.-to Vessel .C and its ¢ t egperature, tine
and pressure i sE’S’lm\F/'Qer??'iP'ﬁ'dt’ﬁéTéf'ggp’g °0 ad&ué"n'ﬁggy'ﬁ?tegﬂbésgf Etd‘é;?g@cti on sol utions
are anal ysed by hplc to determne the ratio of (1-a, Rl Boc, R = H R3 =
CO2H) or (1-a, Rl = Boc, R2 :ﬂ R3 = CXR21 to (wbp RL = Boc, R = H R3 =
CO2H) or (1-b, R1 = Boc, RZE': HRS—-G@?—)—*.' Genejal Procedure 8 Solvent (9S)
(vol ume and identity of solV&nt ‘Given in the Tabl eMs5P Exanpl e 43) is added to
a mxture of the Organonetallic Conplex (A and the Chiral Ligand (L) in

Vessel A The M bl iR-oRfnbifofrfhide 8o of tha TrfindlurkO B LAIPRER] Wisec Sol vent
(vol ume and |de8;|t 43) i's added to

of solvent given | n the Table Exanpl
(R)- 5 bi phenyl P45 P53 Brre BL4T5a5 BoRgN AR HE £ORATAGHIBERE anoi ¢ aci d
(2-a, Rl = Soc. refglingmixigrs isstigrgdgpy refux for ) h\/ihg seaptiommixtpeds gepled lafemi s heat ed at 70C
for 0.5 h The cemnbenirsarafthe\btbssedre feparaed. ibe batr Id3erds vastadzamsifheswidd t o Vessel C
_(err{)th y)-T Lhe f;manhw &I@Hﬂﬁ)@;ﬁ&N@tﬂ',ﬂﬂet&@th@bfaaﬁ\&iuﬁ rR@Gsulrie (1'_8,IH5§|_ BﬁTF_ CfO2El)X isI gi Xgn
in the Table o i D e Table o anmpl e :
The ratio of m%‘%ﬁ%ﬁﬁ@é%gé'hg%%ﬁﬁ&ogfﬁr(fée'-ﬁ'a:":"é\%nﬂt)'\é??}(1'[2 ﬁ)eptp% ganonetal | i ¢ Conpl ex
is given in the Table of Exanple 43. Hydrogen gas is then applied to Vessel C
(tenperature, tPRepRIFdN.NNIEJetrasthyiformaidiniuprietrafgorgiamte (19f REEINT TEN 3.

+NEt; jEtz

EtN MeSO, Et,N BF4

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

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



The crude reaction solutions are anal ysed by hplc to determne the ratio of
(1-a, R1L = . = C2H) or (1-a, Rl = Boc, = H R3 = CO2' o]
(1-b, Rl = §9§20%9UEHH R3 = CCH) or (1-6, Rl = Boc, RECLERPOOMSISIOCp )~ HpLC
Met hod 1 (Reactions perfornmed according to Exanple 43, General Procedures 1 or
2). 210 Columm: Chiral pak OD-AX; 150 x 4.6 mm 5 km Mbbil e Phase A

Met hanol , 0.05% AcOH (v/v), 0.01 % NH40Ac (mv). Isocratic: O mn (100% A); 15
mn (100% A). Flowrate 0.8 m mle. Wagel ength: 254 nm Col um tenperature:
anbient (20-25 C). Retention times: (1-a, RL = Bac, R2 = H R3 = CR2H):8.3 mn
(1-b, R1 = Bac, RR =H R3 =CXR2H):50mn (2-a, RL = Boc, R = H R3 =
CO2H):5.7 mn HPLC Met hod ZagaReactl ons eperfor med accordl‘g% to Exanpl e 43,

Gener al Procedlﬁ"?é?"'émtelfaﬂ“%mb te (715 @n vger (28U M- ™8T F 4P WEX; 150 x 4.6
mm 5 km Mobi | €nhPiegsteana: RWﬁaﬂmd'Ch@fF’@S‘%“A@@% "{’\’/M‘)‘?"@lhﬂffk"“%“rqmum% (mv).

| socratic: O m tarafididemtd)(]8, RO= A, R7 £ E&HwA)te sofid .aw NV (BMSQdE, 7d0 (tH)n" ' .

Wavel engt h: 22037’@@40@4)qm61t3g(mﬁ)rature 25 C. Retention tinmes: (1l-a, Rl = Boo,
R2 =H R3=CQ2H:50mn (1-b, RL = Boc, R = H R3=CX®2H):58 mn (2-a, R1
= Bac, R = H R3=CO2H):8.4 mn

| The X-ray Structure of the obtained crystals is shown in figure 2.

Crystal data [recorded at 100(2) K]

Empirical formula CgH»1BF4N>

Formula weight 244 .09

Crystal system Monaclinic

Space group P21/c

Cell parameters a= 9.738(2)/-‘\'
b =8.580(2) A
c=15.519(2) A
a=90°
B = 100.840(6) °
y=90°

Volume of unit cell 1273.5(4) A®

VA 4

Calculated density 1.273 mg m?

* (number of ésymmetric units in the unit cell)

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

+N E!z +N Etz
—_——

Et,N MeSO,’ EtN PFg

N,N,N",N’ -Tetraethylformamidinium methyisulfate (4 g) is added to water (25 ml) and the
resulting mixture is cooled to 0 °C. This mixture is then added to a cooled solution of
ammonium hexaflucrophosphate (4.9 g) in water (25 ml). The formed precipitate is

collected by filtration. The precipitate is then washed with cold water (2 x 10 ml) and then



.(30.1 male),- . ti 1100 JOHz 03 = CU "H=rd 130a r 10 chi:..

H Lc! 01. co. 122cI| ' Nast Wee' (.4,03 40 H402 al i Tel '3013 : =
Sid111.:1 C@éfoaog}éé%ﬁ' gg' ME rii 2gr'Eri (snpg) auti ti Bﬁygﬁ@w“’””m
CDO(OCD.t.olD .OMO ekligSaid. N1,--t,-r-- CV I (3,,),einmeli’ |Itua||Itetet co

.. eAllIPPV. Jo sWBIB,Albbj. 0 0. (a) eASTOPY

139

with diethyl ether (10 ml). Drying in vacuo gives N,N,N',N'-tetraethylformamidinium
hexafluorophosphate (18, R6 = Et, R7 = Et) as a yellow solid. 1TH NMR (DMSO-d6), 7.92
- (1H), 3.85-3.54 (8H), 1.45-1.38 (12H).

Example 7: 1-PyrroI|d|n-1 -ylmethylene-pyrrolidinium methylsulfate (18, R6/R7 =
Pyrrolidinyl)

N)I\H - )lN* -
C/ @ MeSO,

A mixture of N-formylpyrrolidine (100 g) and dimethyisulfate (126 g) are heated to 80 °C
for 4 h. Then a mixture of pyrrolidine (71 g) and toluene (100 ml) are added and the
resulting mixture is stirred at reflux for 1 h. The reaction mixture is cooled to room
temperature and the phases are separated. The lower layer is concentrated in vacuo and
triturated with diethyl ester. The precipitate is collected by filtration and recrystallised
using ethyl acetate to give 1-pyrrolidin-1-ylmethylene-pyrrolidinium methylsulfate (18,
R6/R7 = Pyrrolidinyl). 1H NMR (DMSO-d6), 8.28 (1H), 3.90-3.85 (4H), 3.68-3.62 (4H),
3.38 (3H), 1.99-1.90 (4H), 1.86-1.77 (4H).

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

1-pyrrolidin-1-yimethylene-pyrrolidinium methylsulfate (5 g) is added to water (256 ml) and
the resulting mixture is cooled to 0 °C. This mixture is then added to a cooled solution of
ammonium hexafluorophosphate (6.2 g) in water (25 ml). The formed precipitate is

collected by filtration. The precipitate is washed with cold water (2 x 10 ml) and then with
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diethyl ether (10 ml). Drying in vacuo gives 1-pyrrolidin-1-yimethylene-pyrrolidinium
hexéﬂuorophosphate (18, R6/R7 = Pyrrolidinyl) as a white solid. m.p. 229-231°C. 1H
NMR (DMSO-dg), 8.25 (1 H), 3.91-3.83 (4 H), 3.67-3.60 (4 H), 1.99-1.90 (4 H), 1.86-1.77
(4 H). ' '

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

+NiPr,

iProN H iPrN cr

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

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

Example 10: N,N,N’,N’-Tetraisopropylformamidinium hexafluorophosphate: (18, R6 =
IPr, RT =iPr)

+NiPr,

iProN- H PN~ PFg

A mixture of N,N-diisopropyllformamide (10 g) in anhydrous dichloromethane (40 mL) is
added to a solution of phosphorus oxychloride (11.8 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 2 h. The mixture is then cooled to 0
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°C. To this mixture, a solution of diisopropylamine (10.9 mi) and triethylamine (10.7 ml) in
dichloromethane (50 ml) is added dropwise over a period of 30 min. The reaction mixture is
then allowed to warm slowly to room temperature and stirred for a further 2 h. The mixture
is then concentrated in vacuo. Water (25 ml) is added and the resulting mixture is cooled to
0 °C. This mixture is then added to a cooled solution of ammonium hexafluorophosphate
(14._9 g) in water (25 ml). The formed precipitate is collected by filtration. The precipitate is
washed with cold water (2 x 10 ml) and then with diethyl ether (10 ml). The material is dried
in vacuo and . then recrystalised from acetone to giVe N,N,N’ N'-
tetralsopropylformamldmlum hexafluorophosphate (18, R6 = iPr, R7 = iPr) as a colourless
solid. TH NMR (DMSO -d6), 7.48 (1 H), 4.15-4.00 (4 H), 1.36-1.29 (24 H).

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

0]

) L

iPreN PN BF.
A mixture of N,N-diisopropylliformamide (10 g) in anhydrous dichloromethane (40 ml) is
added to a solution of phosphorus oxychloride (11.9 g) in dichloromethane (100 ml) at-78
°C. The reaction mixture is then warmed to room temperature and stirred for 2 h. The
mixture is then cooled to 0 °C. To this mixture, a solution of diisopropylamine (7.8 g) and
triethylamine (10.8 ml) in dichloromethane (50 ml) is added dropwise over a period of 30
min. The reaction mixture is then allowed to warm slowly to room femperature and stirred
for a further 2 h. The reaction mixture is washed with aqueous sodium hydroxide (20 ml,
2 M) and saturated sodium tetrafluoroborate (13.2 g) and extracted with dichloromethane.
The organic layer is dried (MgS0,) 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’-tetraisopropylformamidinium tetrafluoroborate (18, R6 = iPr,
=iPr). 1H NMR (DMSO-d6), 7.48 (1 H), 4.15-3.95 (4 H), 1.35-1.30 (24 H).

Example 12: Diisopropyl(piperidin-1-yimethylidene)ammonium hexafluorophosphate
(18, R6 = iPr, R7 = Piperidinyl)

ul! 1441 m
(1).
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+NiPr,

J

2”\ N _.
iProN H O PFg

A mixture of N,N-diisopropyliformamide (5 g) in anhydrous dichloromethane (40 mL) is

added to a solution of phosphorus oxychloride-(5.9' g) in dichloromethane (100 ml) at -78

°C. The resuiting mixture is stirred for 30 min at-78 °C. The reaction mixture is then

warmed to room temperature and stirred for a further 2h. The mixture is then cooled to 0.

°C. To this mixture, a solution of piperidine (3.3 g) and triethylamine (3.92 g) in

dichloromethane (50 ml) is added dropwise over a period of 30 min. The reaction mixture is

then allowed to warm slowly to room temperaturé and stirred for a further 2 h. The mixture

is then concentrated in vacuo. Water (25 mil) 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). T'he precipitate is collected by filtration. The

precipitate is washed with cold water (2 x 10 ml) and then with diethyl ether (10 ml). The

material is dried in vacuo and then recrystallised from acetone to give diisopropyl(piperidin-

1-ylmethylidene Jammonium hexafluorophosphate (18, R6 = iPr, R7 = Piperidinyl) as a
colourless solid. m.p. 239-240°C. 1H NMR (DMSO-d6), 7.83 (1 H), 4.30-3.80 (2 H), 3.64-

3.59 (4 H), 1.63-1.71 (6 H), 1.30 -1.24 (12 H).

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

Crystal data [recorded at 100{2) K]

Empirical formula
Formula weight
Crystal system
Space group

Cell parameters

Volume of unit cell

CaoHasFeN2P
342.31
Orthorhombic
P212121
a=9.3152)A
b=12051(2) A
c=14.134(2) A
a=90°
B=90°
y=90°
1586.6(5) A*

U
)
(0

) CO
Cq
oD
oD

7
CD

9
oD
N
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z* 4
Calculated density 1.433mgm™

* (number of asymmetric units in the unit cell)

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

)

HC(OEt); ————

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

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

+NMe; NMe, NMe; NMe,

: )\ + /k + )\

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

N,N.N’,N'-tetramethylformadinium methyl sufate (5 g) (prepared according to Example 1, X
= MeSQO,) is added to a solution of potassiﬁm tert-butoxide in THF (23.6 ml, 1 M). The
mixture is then stirred for 1 h at 60 °C. The reaction mixture is then filtered under argon.
The mother liquor is then concentrated in vacuo to afford a residue (1.60 g) containing 13,
14 and 15 (R6 = Me, R7 = Me, R8 = tBu). 1H NMR (CsDs): 1.08, 1.16, 1.24, 2.29, 2.33,
3.02, 4.06, 5.00. Relative amounts of 13 (R6 = Me; R7 = Me), 14 (R6 = Me, R7 = Me, R8 =
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lBu),__15 (R6 = Me, R7 = Me, R8 = Me) are determined by integration of signals at 3.02, 4.06
and 5.00 ppm, respectively.

Method 2

N,N,N’,N’-tetramethylformadinium para-toluenesulfonate (500 mg) (prepared according to
Example 2, X = 4-MePhSQ;) is added to a solution of potassium tert-butoxide in THF (1.8
ml, 1 M). The mixture is then stirred for 1 h at 50 °C. The reaction mixture is then filtered
under argon. The mother liquor is then concentrated in vacuo to afford a residue containing
13, 14 and 15 (R6 = Me, R7 = Me, R8 = tBu). '

Method 3

N,N,N’,N’-tetramethyiformadinium hexafluorophosphate (500 mg) (prepared according to
Example 3, X = PFs) is added to a solution of potassium tert-butoxide in THF (2 ml, 1 M).
The mixture is then stirred for 1 h at 50 °C. The reaction mixture is then filtered under
argon. The mother liquor is then concentrated in vacuo to afford a residue containing 13,
14 and 15 (R6 = Me, R7 = Mg, R8 = tBu).

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

+NEt, NEL, NEt, NE,

Et;N MeSO,’ EtN NEt, EIN OtBu tBuO OtBu

Method 1

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

Method 2

N,N,N',N‘-teUaethyIformadinium tetrafluoroborate (500 mg) (prepared according to Example
5 X=BF,)is added to a solution of potassium tert-butoxide in THF (2.05 mi, 1 M). The
mixture is then stirred for 1 h at 50 °C. The reaction mixture is then filtered Onder argon.
The mother liquor is then concentrated in vacuo to afford a residue containing 13, 14 and
15 (R6 = Et, R7 = Et, R8 =1Bu).

Method 3

N,N,N’,N’-tetraethyiformadinium hexafluorophosphate (500 mg) (prepared according to
Example 6, X = PFg) is added to a solution of potassium tert-butoxide in THF (1.66 ml, 1 M).
The mixture is then stirred for 1 h at 50 °C. The reaction mixture is then filtered under

argon. The mother liquor is then concentrated in vacuo to afford a residue containing 13,
14 and 15 (R6 = Et, R7 = Et, R8 = tBu).

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

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

Method 2

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

Method 3

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

Method 4

To a mixture of 200 mg (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (8-a, R1 = Boc) and 0.49 ml tris(dimethylamino)methane (13, R6 = Me, R7 =
Me) (Aldrich, #221088), isobutyl alcohol (0.21 ml) is added. The mixture is stirred at 80°C
for 24 h to yield after concentration to dryness (R)-5-biphenyl-4-yimethyl-3-[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.
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Method 5

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

Method 6

To a mixtu_re of 200 mg (S)-2-Biphenyl-4-ylmethy!-5-oxo-pyrrolidine-1-carboxylic acid tert-
butyl eéter (8-a, R1 =Boc) and 0.49 ml t'ris'(dimethylamlno)methane (13, R6 = Me, R7 =
Me) (Aldrich, #221058), dimethoxyethane (0.2 ml) is added. The mixture is stirred at 80°C
for 24 h to yield after concentration to dryness (R)-5-biphenyi-4-ylmethyl-3-[1-
dimethylaminometh-(E/2)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 7

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

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

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

Method 9

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

Method 10

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

- Example 2) is added to a 1 M solution of potassium-tert-butoxide in THF (5.69 ml). The

resulting mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-yimethyl-5-oxo-
pyrrolidine-1—_carboxylic acid fert-buty! ester (8-a, R1 = Boc) (500 mg) is then added and the
mixture stirred at 60 °C for 10 h. The mixture is then cooled to room temperature and
diluted by addition of 10 ml isopropyl acetate. The mixture is then filtered through silica and
concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)- .
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (7-a, R1 = Boc, R6 = Me, R7 =
Me) as determined by hplc.

Method 11

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

Method 12

10 g (S)-2-Biphenyl-4-yImethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1
=Boc)in 75 ml 1,2-dimethoxyethane. 17.8 ml tert-butoxy-bis(dimethylamino)methane
(14, R6 = Me, R7 = Me, R8 = tBu) (Fluka #20425) is added and the mixture stirred
overnight at 75 °C. The mixture is concentrated in vacuo to give (R)-5-biphenyl-4-
ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 13

A mixture of (S)-2-biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-
a, R1 =Boc) (1 g) and a mixture containing 13, i4 and 15 (R6 = Me, R7 = Me, R8 = tBu)
(prepared according to Example 14, Method 1) are heated at 80 °C for 4 h. The mixture is
then cooled to room temperature and diluted by addition of 10 mi isopropyl acetate. The
mixture is then filtered through silica and concentrated in vacuo to afford (R)-5-bipheny|—4-
ylmethyl-3-[1—dimethylaminometh—(E/Z)—yIidene]—2-oxo—pYrroIidine—1—carboxylic acid fert-
butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 14

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

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

Method 16

A mixture of 1 g (S)-2-BIphenyl-4-y|methyI-SI-oxo-pyrrolidIne-1-carboxylic acid tert-butyi
ester (8-a, R1 = Boc) and 1.2 ml N,N-dimethylformamide diisopropyl acetal (1'5, R6 = Me,
R7 = Me, R8 = iPr) (Aldrich #178535) are heated at 105 °C overnight. A further portion of
N,N-dimethylformamide diisopropyl acetal (15, R6 = Me, R7 = Me, R8 = iPr) is added and
the mixture is stirred for 2 days at 105 °C. The mixture is then concentrated to give (R)-5-
biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determine_d by hplc.

Method 17

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

Method 18

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

ester (8-a, R1 = Boc) and 3.4 ml N,N-dimethylformamide di-tert-butyl acetal (15, R6é = Me,
R7 = Me, R8 = tBu) (Aldrich #358800) are heated at 50 °C overnight. The mixture is then
concentrated to give (R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-(£/Z)-ylidene]-2-
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oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc.

Method 19

7 g of (S)-2-BiphenyM—yIrﬁethyI—S—oxo-pyrroIidine-1 -carboxylic acid tert-butyl ester (8-a,
R‘I_ = Boc) is added to 5.6 g of a mixture containing 13, 14 and 15 (R6 = Me, R7 = Me, R8
= CMe;,Et) (prepared according to Example 36, Method 2) and heated to 85 °C. The
resulting mixture is stirred at this temperature for 48 h. The mixture is then concentrated
in vacuo to give (R)-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc.

Method 20

7 g of (S)-2-Biphenyl4-yImethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,
R1 = Boc) is added to 7.5 g of a mixture containing 13, 14 and 15 (R6 = Me, R7 = Me, R8
= CMe;Et) (prepared according to Example 36, Method 2) and heated to 85 °C. The
resulting mixture is stirred at this temperature for 48 h. The mixture is then concentrated
in vacuo to give (R)-5-biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc.

Method 21

7 g of (8)-2-Biphenyl-4-yImethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,
R1 = Boc) is added to 11.3 g of a mixture containing 13, 14 and 15 (R6 = Me, R7 = Me,
R8 = CMe,Et) (prepared according to Example 36, Method 2) and heated to 85 °C. The
resulting mixture is stirred at this temperature for 24 h. The mixture is then concentrated
in vacuo to give (R)-5-biphenyl-4-yimethyl-3-[ 1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl estef (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc.

Method 22



4uicri LOo0O )-- COCOcOCYCR3 O tri O, 0O, eri O, O0co (O

WO 2009/090251 PCT/EP2009/050510

162

7 g of (S)-2-Biphenyl-4-ylmethyl-5-oxa-pyrolidine-1-carboxylic acid tert-butyl ester (8-a,
R1 = Bac) is added to 18.8 g of a mixture containing 13, 14 and 15 (R6 = Me, R7 = Me,
R8 = CMe,Et) (prepared according to Example 36, Method 2) and heated to 85 °C. The
resulting mixture is stirred at this temperature for 24 h. The mixture is then concentrated
in vacuo to give (R)-5-biphenyl-4-yimethyl-3-[1-dimethylaminometh-(£/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as
determined by hplc. '

Method 23

N,N,N',N'-Tetramethylformamidinium hexafluorophosphate (350 mg) (prepared according
to Example 3) is added to a 1 M solution of potassium-tert-butoxide in THF (1.1 ml). The
resulting mixture is then stirred for 1 h at room temperature. (S)-2-Biphenyl-4-ylmethyl-5-
oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (8-a, R1 = Boc) (100 mg) is then added
and the mixture is heated to 55 °C. The mixture is then stirred at this temperature for 3 h.
The mixture is then cooled to room temperature and diluted by addition of 5 ml isopropyl
acetate. The mixture is then filtered through silica and concentrated in vacuo to afford
(R)-5-biphenyl-4-yImethyl-3-]1-dimethylaminometh-(E/Z}-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

Method 24

N,N,N’,N’-tetfamethylformamidinium methylsulfate (302 mg) (prepared according to
Example 1) is added to a 1 M solution of potassium-tert-butoxide in THF (1.1 ml). The
resulting mixture is then stirred for 1 h at 50 °C. The mixture is-then cooled to room
temperature. (S)—2—Biphenyl-4-y|methyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, R1 =Boc) (302 mg) is then added and the mixture is then stirred ovemight. The
mixture is then concentrated in vacuo to afford (R)-5-biphenyl-4-ylmethyl-3-[1-
dimethylaminometh-(£/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) as determined by hplc.

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

Method 26

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

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

Column: X—BRIDGE €18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH; (32 %) in
water); Mobile Phase B (Acetonitrile). Gradient: 0 min (20 % B}, 3 min (40 % B); 5 min
(40 % B); 7 min (50 % B); 11 min (50 % B); 13 min (80 % B); 16 min (80 % B); 16.1 min
{20 % BY); 20 min (20 % B). Flow rate: 1.4 ml min"'. Wavelength: 210 cz|:25§ nm.

P

Temperature 60 + 2 °C.

.———Retention times:

—

8-a (R1=Boc): 10.4 min

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

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

for example.
Method 1

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

Method 2

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

Method 3

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

PCT/EP2009/050510
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Solution of 7-a (R1 = Boc; R6 = Me; R7 = Me) (0.2 g in 2 ml| isopropyl acetate) prepared
according to Example 16-1, Method 14. The mixture is passed through a pad of
Kieselgel. The filtrate is then concentrated in vacuo to give 7-a (R1 = Boc; R6 = Me; R7 =
Me) as determined by hplc. Spectroscopic data reported as for Example 16-2, Method 7.

Method 5

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

Method 6

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

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

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

(R1 = Boc; R6 = Me; R7 = Me) as determined by hplc. Spectroscopic data as for Example
_16-2, Method 7.

Method 7

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

HPLC Method (Example 16-2, Methods 1-7)
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Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % 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"'. Wavelength: 210 or 254 nm.
Temperature 60 2 °C. '

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

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

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

Method 1

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

Method 2

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

Method 3

N,N,N’,N’-tetraethyiformamidinium tetrafiuoroborate (347 mg, prepared according to
Example 5) is-added to a 1 M solution of potassium-tert-butoxide in THF (1.14'm|). The
resulting mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-ylmethyl-5-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (100 mg) is then added and the
mixture stired at 60 °C for 1 h. The mixture is then cooled to room temperature and diluted

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

Method 4

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

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

Method 5

N,N,N',N'-Tetraethylformamidinium hexaflucrophosphate (430 mg) (prepared according to
Example 6) is added to a 1 M solution of potassium-tert-butoxide in THF (1.1 mi). The
resulting mixture is then stirred for 1 h at room temperature. (S)-2-Bipheny+4-yimethyl-5-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (100 mg) is then added
and the mixture is heated to 55 °C. The mixture is then stirred at this temperature for 3 h.
The mixture is then cooled to room temperature and diluted by addition of 5 ml isopropyl
acetate. The mixture is then filtered through silica and concentrated in vacub to afford
(R)-5-biphenyl-4-yimethyl-3-[1-diethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Et, R7 = Et). Spectroscopic data as
for Example 17, Method 1.

Method 6

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

Method 7

N,N,N’,N'-tetraethylformamidinium hexafluorophosphate (430 mg) (prepared according to
Example 6) is added to a 1 M solution of potassium-tert-butoxide in THF (1.1 ml). The

resulting mixture is then stirred for 1 h at 50 °C. The mixture is then cooled to room

PCT/EP2009/050510
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temperature. (S)-2-Biphenyl-4-y|methy|-5-oxo-pyrrolidine—1-carboxylic acid tert-butyl ester
(8-a, R1 = Boc) (100 mg) is then added and the mixture is then stirred overnight. The
mixture is then concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyl-3-{1-
dimethylaminometh-(£/2)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Et, R7 = Et). Spectroscopic data as for Example 17, Method 1.

Method 8

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

Method 9

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

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

A mixture of 1-pyrrolidin-1-ylmethylenepyrralidinium methylsulfate (18.5 g, prepared
according fo Example 7) and potassium tert-butoxide (6.3 g) in toluene (40 ml) are stirred
~ for 1 h. (S)-2-Biphenyl-4-ylmeihyI-5-oxo-pyrroIidine-1-carboxy|ic acid tert-butyl ester (8-a,
R1=Boc) (5 q)is added and the mixture heated to 80 °C. After 1.5 h, the mixture is
cooled to room temperature, diluted with isapropyl acetate and filtered through silica to
give (7-a, R1 = Boc, R6/R7 = Pyrrolidinyl). Purification by chromatography (isopropyi
acetate) gives (R)-5-biphenyl-4-yimethyl-3-[1-pyrrolidin-1-yl-meth-(£/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6/R7 = Pymolidinyl). R;0.32
(ethyl acetate). 3y (400 MHz, DMSO) 1.50 (9H), 1.80 (4H), 2.62 (1H), 2.71 (1H), 2.82
(1H), 3.06 (1H), 3.46 (4H), 4.19 (1H), 7.19 (1H), 7.34 (2H), 7.36 (1H), 7.46 (2H), 7.62
(2H), 7.65 (2H). m/z (ES+) 433 ([MH]’, 100 %), 377 (64), 333 (36). .

Method 2

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

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

Pyrrolidinyl). Spectroscopic data as for Example 18, Method 1.

Method 4

1-Pyrrolidin-1-ylmethylene-pyrrolidinium hexafluorophosphate (424 mg) (prepared
according to Example 8) is added to a 1 M solution of potassium-tert-butoxide in THF (1.1
ml). The resulting mixture is then stirred for 1 h at room temperature. (S)-2-Biphenyl-4-
ylmethyl-5-oxo-pyrrolidine- 1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (100 mg) is
then added and the mixture is heated to 55 °C. The mixture is then stirred at this
temperature for 3 h. The mixture is then cooled to room temperature and diluted by
addition of 5 ml isopropyl acetate. The mixture is then filtered through silica and
concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyl-3-[1-pyrrolidin-1-yl-meth-(E/Z)-

- ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6/R7 =
_Pyrrolidinyl). Spectroscopic data as for Example 18, Method 1.

Method 5

1-Pyrrolidin-1-yimethylene-pyrrolidinium hexafluorophosphate (424 mg) (prepared
according to. Example 8) is added to a 1 M solution of potassium-tert-butoxide in THF (1.1
ml). The resulting mixture is then stirred for 1 h at 50 °C. The mixture is then cooled to
room temperature. (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (8-a, R1 = Boc) (100 mg) is then added and the mixture is then stirred overnight.
The mixture is then concentrated in vacuo to afford ((R)-5-biphenyl-4-ylmethyl-3-[1-
pyrrolidin-1-yl-meth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-buty! ester (7-a,
R1 = Boc, R6/R7 = Pyrrolidinyl). Spectroscopic data as for Example 18, Method 1.
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Example 19: (R)-5-Biphenyl-4-yImethyl-3-[1-diisopropylamino-meth-(E)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester'(T-a,- R1 = Boc, R6 =iPr, R7 = iPr)

H

Method 1

A 1 M solution of potassium tert-butoxide in THF (11.7 ml) is added to
diisopropyl(piperidin-1-ylmethylidene)ammonium hexafluorophosphate (5 g, prepared
according to Examplé 12). The resuiting mixture is then stirred for 1 h at 50 °C. (S)-2-
Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (1
g) is then added to the reaction and the resulting mixture is stirred for 1 h at room
temperature. The mixture is diluted with isopropyl acetate and filtered through silica. The
residue is concentrated in vacuo then purified by column chromatography (ethyl acetate)
to give (R)-5-biphenyl-4~y|methy|-3-[1-diiéopropylamino—meth-(E)-ylidene]—2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 =iPr, R7 =iPr). R{0.55
(ethyl acetate). 1H NMR (DMSO-d6), 7.65-7.62 (2 H), 7.61-7.58 (2 H), 7.47-7.42 (2 H),
7.37-7.31 (1 H), 7.29-7.25 (2 H), 7.01 (1 H), 4.28-4.20 (1 H), 3.84-3.70 (2 H), 3.07-3.01 (1
H), 2.82-2.73 (1 H), 2.71-2.63 (1 H) 2.49;2.44 (1 H), 1.49 (9 H), 1.13-1.08 (12 H).

Method 2

N,N,N'.N'-tetraisopropylformamidinium tetrafluoroborate (2.13 g, prepared according to
Example 11) is added to a 1 M solution of potassium-tert-butoxide in THF (5.69 ml). The
resulting mixture is then stirred for 1 h at 50 °C. (S)-2-Biphenyl-4-yimethyl-5-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (500 mg) is then added and



o] , CO Lo thco u) co uywen Ww(l) wwwww\Wiv 0O000O0LOOLOOOODO
OcpLOO00O_LOLOOQ OO o
WO 2009/090351 PCT/EP2009/050510

163

the mixture stirred at 60 °C for 1 h. The mixture is then cooled to room temperature and
diluted by addition of 10 ml isopropyl acetate. The mixture is then filtered through silica
and concentrated in vacuo to afford (R)-5-biphenyl-4-yimethyl-3-{1-diisopropylamino-
meth-(E)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 =
iPr, R7 = iPr). Spectroscopic data as for Example 19, Method 1.

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

Me,

O —_—
[e] [¢]

A mixture of (S)—5-Biphenyl-4—ylmethyl-1-(2,2-dimethyl-propionyl)-pyrroiidin-2-one (8-a, R1

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

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

'fo room temperature and concentrated in vacuo. The residue is then dissolved in
isopropyl acetate and filtered through Kieselgel. The filtrate is concentrated in vacuo to
give (R)-5-biphenyl-4-yimethyl-3-[1-dimethylamino-meth-(E/Z)-ylidene]-1-(2,2-
dimethylpropionyl)pyrrolidin-2-one (7-a, R1 = Piv, R6 = Me, R7 = Me). &4 (400 MHZz;
DMSO0) 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: (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc).
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Method 1

(R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)}-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester {(7-a, R1 = Boc, R6 = Me, R7 = Me) (1 g, 2.5 mmol) is
dissolved in THF (5 ml) and cooled to 0 °C. aq. Hydrochloric acid (37 %; 0.2 ml) is added
followed by water (2.1 ml). Mikture is stirred at room temperature for 1.5 h. The phases
are separated and the organic phase dried (MgSQO,) and concentrated in vacuo to give
(R)-5-biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (6-a, R1 = Boc). &4 (400 MHz, DMSO) 1.51 (9H), 2.40 (1H), 2.50
{1H), 2.67 (1H), 3.11 (1H), 4.34 (1H), 7.26 (3H), 7.42 (2H), 7.58 (4H), 10.27 (1H); 54 (400
MHz; CDCl;) 1.53, 1.76-1.80, 1.88-1.96, 2.27-2.33, 2.35-2.43, 2.49-2.61, 2.80-2.86, 3.00-
3.11, 3.16-3.21, 3.51-3.54, 3.65-3.70, 4.25-4.36, 7.15-7.20, 7.26-7.30, 7.34-7.39, 7.46-
7.53,9.74 (0.4 H), 9.75 (0.2 H), 10.86 (0.4 H). m/z (+) 380 ([MH]", 5 %), 324 (100).

Method 2

(R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid'ten-butyl ester (7-a, R1 = Boc, R6 = Et, R7 = Et) (1 g) is dissolved in THF
(6.9 ml) and cooled to 10-15 °C. A solution of concentraled sulfuric acid (0.09 ml) in water
(3 ml) is added. Mixture is stirred at room tempe.rature for 1.5 h. The phases are
separated and the aqueous phase is extracted with isopropyl acetate. The combined
organic phases are dried (MgS0O,) and concentrated in vacuo to give (R)-5-biphenyl-4-
ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (6-a, R1 = Boc). Rf0.49 (ethyl acetate). Spectroscopic data as for Example 21,
Method 1.
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Method 3

(R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-buty! ester (7-a, R1 = Boc, R6 = 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 (96 ml) is added over a penod of 30 min, giving a solution pH 2. Mixture is
stirred at room temperature for 0.5 h. The phases are separated and the organic phase
washed with 1 M potassium carbonate solution (50 ml). The phases are separated. The
organic phase is dried (MgS0O,) and concentrated in vacuo to give (R}-5-biphenyl-4-
vimethyi-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxc-pyrrolidine-1-carboxylic acid tert-butyl
ester (6-a, R1 = Boc). R;0.49 (ethyl acetate). Spectroscopic data as for Example 21,
Method 1.

Example 22: Enol form: (R)-5-Biphenyl-4-ylmethyl-1-(2,2-dimethylpropionyl)-3-[1-
hydroxymeth-(E,2)-ylidene]pyrrolidin-2-one (6-a, R1 = Piv).

(R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboﬁ(ylic acid tert-butyl ester (7-a, R1 = Piv, R6 = Me, R7 = Me) (927 mg) is dissolved in
THF (5 ml) and cooled to 10 °C. Hydrochicric 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 (MgSQ,). Concentrated in vacuo to give (R)-5-biphenyl-4-ylmethyl-1-
(2,2-dimethylpropionyl)-3-[1-hydroxymeth-(£, Z)-ylidene]pyrrolidin-2-one (6-a, R1 = Piv).
&n (400 MHz; DMSO) 1.31 (9H), 2.43 (1H), 2.50 (2H), 3.01 (1H), 4.53 (1H), 7.28 (2H),
7.35 (1H), 7.45 (2H), 7.61 (2H), 7.64 (2H); m/z (ES+) 364 ([MH]*, 100 %).
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Example 23: (R)-5-Biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1=Boc)

Me,
\

Method 1

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

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

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

following interlatlice plane intervals (average 26 in [°] are indicated with error limit of £0.2):
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20in[°]: 4.7,9.3, 105, 13.3, 13.9, 15.3, 16 9, 18.0, 18.6, 19.6, 20.9, 21.8, 22.9, 23.3,

27.5, 28.1, 30.7, 34.9. The most intensive reflections in the X-ray diffraction pattern show

the following interlaftice plane intervals (average 26 in [°] are indicated with error limit of
+0.2): 28in[°): 4.6, 10.5, 13.3, 13.9, 16.9, 18.6, 19.6, 20.9. Data taken using a Bruker D8

Advance diffractometer using Cu-Ka radiation.

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

determination is obtained from methanol/water as solvent.

Crystal data [recorded at 100(2) K]

Empirical formula
Formula weight
Crystal system
Space group

Cell parameters

Volume of unit cell

Zt

Calculated density

C23H25N03
363.44
Monoclinic
P21

a=11.512(2) A
b=9.197(2) A
¢ = 19.002(3) A
a=90°
B=94.737(7)°
y=90°

2005.0(6) A®

1.204 mg m>

* (number of asymmetric units in the unit cell)

Method 2

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

- ml) is added and then extracted with toluene. Organic phase dried (MgSO,) and
concentrated in vacuo to give (R)-5-8iphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1=Boc). Spectroscopic data as for Example 23,
Method 1.

Example 24: (R)-5-BiphenyI-4-y|methyI-3-methy|ehe-2-oxo-pyrroIidine-1 -carboxylic
acid tert-butyl ester (4-a, R1 = Boc)

Mo,

Lo | 5o

A e A
e 1 X
Method 1

Crude (R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E£/Z)-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) (67.5 g) is dissclved
in THF (340 ml) and cooled to 0 °C. Hydrochloric acid (37 %; 13.1 ml) Is added followed
by water (143.4 ml). Mixture is stirred at room temperature for 2 h. Phases are
separated. To the organic phase is added formaldehyde solution (37 % in water; 138 ml).
Potassium carbonate (31.8 g) is added portionwise over 4 h. 1 % Tetra-n-
bulylémmoniumhydroxide 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 scdium 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 (Na,SO,) and concentrated in vacuo to give (R)-5-biphenyl-4-yimethyl-3-methylene-
2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) (63 g). The material
can be recrystallised as follows: crude (R)-5-biphenyi-4-ylmethyl-3-methyiene-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) (58.4 g) is dissolved in
methanol (625 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)



"t"t"t"tCO'L"t"tLnCONICO -LOLO
WO 2009/090251 PCT/EP2009/050510

169

and water (18 ml). The solid is then dried in vacuo, giving (R)-5-biphenyl-4-ylmethy|-3-
methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1=Boc).
Spectroscopic data as Example 23.

Method 2

Crude (R)-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(£/Z)-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) (66.7 g) is dissolved
in THF (340 ml) and cooled to 10 °C. Sulphuric acid (96 %; 6.9 ml) is added followed by
water (152 ml). The mixture is stirred at room temperature for 0.5 h. Phases are
separated. The organic phase is added to formaldehyde solution (37 % in water; 138 ml).
1% Tetra-n-butylammoniuhwhydroxide solution (14.2 ml) is added. Potassium carbonate
(27.8 g) is added portionwise over 0.5 h. Sodium hydroxide solution (15.1 g) is added
over 3 h, maintaining pH 10.5. The phases are separated. The organic phase is washed
with water (100 ml) followed by sodium bisulfite solution (21.4 g). Toluene (100 ml) and
sodium chloride solution (50 ml) added. The phases are separated. The organic phasé is
extracted with sodium chioride solution (20 %; 50 ml), dried (Na,SOs) and concentrated in
vacuo to give (R)-5-Biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1 = Boc) (63 g). Material can be recrystallised as follows: crude (R)-
5-biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a,
R1 =Boc) (58.4 g)is dissolved in methanol (525 ml) at 50 °C. Water (175 ml) is added
and the mixture is cooled to 0 °C. The solid is collected by filtration and the cake washed
with a mixture of methanol (63 ml) and water (18 ml). The solid is then dried in vacuo,
giving (R)-5-biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (4-a, R1=Boc). Spectroscopic data as in Example 23.

HPLC Method (Example 24)

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NHs (32 %) in
water); Mobile Phase B (Acetonitrile). Gradient: 0 min (20 % B); 3 min (40 % B); 5 min
(40 % B); 7 min (50 % B); 11 min (50 % B); 13 min (80 % B); 16 min (80 % B); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 ml min"'. Wavelength: 210 or 254 nm.
Temperature 60 £ 2 °C.
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Retention times:

6-a (R1 = Bot): 2.62 min
7-a (R1 =Boc; R6 = Me; R7 = Me): 11.0 min
4-a (R1 =Boc) - 12.0.min

Example 25: (R)-5-Biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1 = Boc) and (3R/S, 5S5)-5-Biphenyl-4-ylmethy|-3-
hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (5-a, R1 = Boc)

LoV xo® Lot
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A A

Method 1

2.0 g of crude (R}-5-biphenyi-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]}-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc) in 10 ml THF is submitted to
react with 5.0 g 37 % aq. formaldehyde sclution and 0.7 g sodium carbonate. After 1 h
stirring at room temperature the aqueous phase is removed. The organic phase is diluted
with toluene, washed with water and concentrated to dryness to yield an oily residue. The
latter is then submitted to a silica-gel chromatography (100 g silicagel Merck), eluting with
a mihure 1:1 of ethyl and isopropyl acetate to separate (R}-5-biphenyl-4-ylmethyl-3-
methylene-2-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester (4-a, R1 = Boc) and (3R/S,
58)-5-biphenyl;4-ylmethyl-3-hydroxymethyl-2-oxo-pyrro|idine-1-carboxylic acid tert-butyl
ester (5-a, R1 = Boc).

Spectroscopic data for (R)-5-biphenyi-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc) as in Example 23.

Spectroscopic data for (3R/S, 5S)-5-biphenyl-4-yimethyl-3-hydroxymethyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (5-a, R1 = Boc): &4 (400 MHz, DMSO) 1.51
(SH), 1.89 (1H), 1.98 (1H), 2.55 (1H), 2.85 (1H), 3.50-2.62 (2H), 4.24-4.30 (1H), 4.45 (1H),
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7.28-7.34 (3H), 7.41-7.45 (2H), 7.58-7.63 (4H); m/z (ES+) 382 (IMH]", 9 %), 326 (100),
282 (12).

Method 2

1 g (R)-5-biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to THF (2.5 ml) at room
temperature. 37 % Formaldehyde solution (1.3 ml) is then added. Potassium carbonate
(0.28 g) is then added portionwise and the resulting mixture is then stirred for 72 h at room
- temperature. Water (1 ml) and sodium bisulfite solution (0.5 ml) are subsequently added.
The phases are separated and organic phase dried (MgSO,). The mixture is
concentrated in vacuo to give (R)-5-biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Bolc) and 20 % (5-a, R1 = Boc) (by nmr).
Spectroscopic data as for Example 25, Method 1. '

Method 3

7.4 g (R)-5-biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) dissolved in 50 mi THF are mixed together
with 4.4 g 37 % aq. formaldehyde solution, 0.13 g tetrabutylammonium hydroxide 40 %
solution and 40 ml potassium carbonate 1 M solution. After 1 h stirring at 40°C, the two
phases are separated. The organic phase is diluted with 50 ml toluene and concentrated
under vacuum to about 20 ml. The residue is again diluted with 85 ml toluene. 2.4-
diazabicycloundecene is added followed with 0.42 g methanesulfonyl chloride. After 1 h at
room temperature, 10 ml water were added and the mixture acidified with several drops of
sulfuric acid. The aqueous phase is removed, the organic phase washed with 10 ml of .
water and concenlrated 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
suspersion is afterwards cooled to 0°C, filtered, washed with 12 ml methanol/water 2:1
and dried under vacuum to yield (R}-5-biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (4-a, R1 = Boc). Spectroscopic data as for Example 25,
Method 1.

Method 4
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A mixture of potassium carbonate solution in water (1 M, 2.3 ml), tetrabutylammonium
hydroxide solution (40 %, 0.01 ml) and formaldehyde solution (37 % in water, 0.32 ml) is
added to (R)-5-Biphenyi-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-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. Ry (ethyl acetate): 0.77 (4-a, R1 = Boc); 0.44 (5-a, R1 = Boc). Spectroscopic data
as for Example 25, Method 1.

Method 5

To a solution of (R}-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z}-ylidene]-2-0xo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc) in THF (3.8 g) (prepared
according to Example 21, Method 3) is added potassium carbonate (2.8 g in 20 ml water),
tetrabutylammonium hydroxide solution (40 %, 0.03 g) and formaldehyde solution (37 % in
water, 2.2 ml) to give a solution of pH 11. The mixture is then stirred for 2 hat45°C. The
mixture is then cooled to room temperature and the phases are separated. The organic
phase is diluted with toluene (20 ml) and washed with sodium bisulfite solution (20 ml, 40
%) and then brine (20 ml). The organic phase is then dried (MgSQ,) and concentrated in
vacuo to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (4-a, R1 = Boc). Spectroscopic data as for Example 25, Method 1.

Method 6

To a solution of (R)-5-Biphenyl-4-yImethyl-3-[1-hydroxymeth-(£/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid terf-butyl ester (6-a, R1 = Boc) in THF (3.8 g) (prepared
according to Example 21, Method 3) is added potassium carbonate (2.8 g in 20 ml water),
tetrabutylammonium hydroxide solution (40 %, 0.03 g) and chloral (4.4 g) to give a
solution of pH 11. The mixture is then stirred for 2 h at 45 °C. The mixture is then cooled
to room temperature and the phases are separated. The organic phase is diluted with
toluene (20 ml) and washed with sodium bisulfite solution (20 ml, 40 %) and then brine (20
ml). The organic phase is then dried (MgS0,) and concentrated in vacuo to give (R)-5-
biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a,
R1 = Boc). Spectroscopic data as for Example 25, Method 1.
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Method 7

To a solution of (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E£/Z)}-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc) in THF (3.8 g) (prepared
according to Example 21, Method 3) is added aqueous potassium carbonate (0.2 ml, 1
M), tetrabutylammonium hydroxide solution (40 %, 0.07 g) and formaldehyde solution (37

% in water, 2.2 ml) to give a solution of pH 8. The mixture is then stirred for 2 h at 45 °C.

The mixture is then cooled to room temperature and the phases are separated. The
organic phase is diluted with toluene (20 ml) and washed with sodium bisulfite solution (20
mi, 40 %) and then brine (20 ml). The organic phase is then dried (MgSQ,) and
concentrated in vacuo fo give (R)—5—biphenyj-4-y|methyl-3-methylene-2-0x0-pyrrolidine-1-
carboxylic acid fert-butyl ester (4-a, R1 = Boc). Spectroscopic data as for Example 25,
Method 1.

Method 8

To a solution of (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z}-ylidene]-2-0xo-
pymrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc) in THF (3.8 g) (prepared
according to Example 21, Method 3) is added a 1 M aqueous sodium formate solution (20
ml), tetrabutylammonium hydroxide solution (40 %, 0.07 g) and formaldehyde solution (37
% in water, 2.2 ml) to give a solution of pH 7. The mixture is then stirred for 4 h at 45 °C.
The mixture is then cooled to room temperature and the phases are separated. The
organic phase is diluted with toluene (20 ml) and washed with sodium bisulfite solution (20
ml, 40 %) and then brine (20 ml). The organic phase is then dried (MgSO,) and
concentrated in vacuo to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc). Spectroscopic data as for Example 25,
Method 1.

Method 9
To a solution of (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z}-ylidene]-2-0xo-

pyrrolidine-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 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 8. The mixture is then stirred for 4 h at 45 °C.

" The mixture is then cooled to room temperature and the phases are separated. The
organic phase is diluted with toluene (20 ml) and washed with sodium bisulfite solution (20
ml, 40 %) and then brine (20 ml). The organic phase is then dried (MgSQ,) and
concentrated in vacuo to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc). Spectroscopic data as for Example 25,
Method 1.

Method 10

To a mixture of 3.79 g (R)-5-biphenyl-4-ylmethy!-3-[1-hydroxymeth-{E£/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc) in tetrahydrofuran (0.4 M
solution) is added botassium carbonate (20 ml, 1 M solution in water) and
tetrabutylammonium hydroxide (0.07 ml, 40 %wt in water). Formaldehyde (2.2 ml, 37 %wt
in water) is then added to the mixture. The resulting mixture is stirred for 2 h at 45 °C.
The phases are separated. The organic phase is diluted with toluene (20 ml). The
organic phase is then washed with sodium bisulfite solution (20 ml, 40 %wt in water) and
then with brine (5 ml). The separated organic phase is then dned (MgSQO,) and
concentrated under reduced pressure to give (R)—5—biphenyl-4-ylmethyl-3—methylene-2—
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hpilc.

Method 11

To a mixture of 3.79 g (R)-5-biphenyl-4-yImethyl-3-[1-hydroxymeth-(£/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc) in tetrahydrofuran (0.4 M
solution) is added potassium carbonate (20 ml, 1 M solution in water) and
tetrabutylammonium hydroxide (0.07 ml, 40 %wt in water). Formaldehyde (2.2 ml, 37 %wt
in water) is then added to the mixture. The pH of the mixture is adjusted to pH 14 by the
addition of a sodium hydroxide solution (1 M in water). The resulting mixture is stirred for
2 h at45°C. The phases are separated. The organic phase is diluted with toluene (20
ml). The organic phase is then washed with sodium bisulfite solution (20 mi, 40 %wt in
water) and then with brine (5 ml). The separated organic phase is then dried (MgSO,)
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and concentrated under reduced pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-
2-oxo-pyrrolidine- 1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 12

200 mg (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). Sodium
hydrogen carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide
(3.5 pul, 40 %wt in water) are added to the mixture. Formaldehyde (0.12 ml, 37 %wt in
water) is.then added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The
phases are separated. The organic phase is diluted with toluene (5 ml). The organic
phase is then washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then with
brine (5 ml). The separated organic phase is then dried (MgSQ,) and concentrated under
reduced pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc) as delermined by hplc.

Method 13

200 mg (R)-5-Biphenyl-4-yimethyl-3-| 1-hydroxymeth-(E/Z)-ylidenel-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). Cesium
carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 p|; 40
%wit in water) are added lo the mixture. Formaldehyde (0.12 ml, 37 %wt in water) is then
added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The phases are
separated. The organic phase is diluted with toluene (5 ml). The organic phase is then
washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then with brine (5 ml).
The separated organic phase is then dried (MgSQ.) and concentrated under reduced
pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-buty| ester (4-a, R1 = Boc) as determined by hplc.

Method 14
200 mg (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-

carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). Sodium

carbonate (1.05 mi, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 pl, 40
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%wt in water) are added to the mixture. Formaldehyde (0.12 ml, 37 %wt in water) is then
added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The phases are

- separated. The ofganic phase is diluted with toluene (5 ml). The organic phase is then
washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then with brine (5 ml).
The separated organic phase is then dried (MgS0O.) and concentrated under reduced
pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pymrolidine- 1-carboxylic
acid. tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 15

200 mg (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine- 1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to 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 (0.12 ml, 37 %wt in
water) is then added to the mixture. The resulting mixture is slirred 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 (MgS0O,) and concentrated under
reduced pressure o give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 16

200 mg (R)—5—Biphenyl-4-YImethyI-3-[1—hydroxymeth-(E/Z)—ylidene]—Z-oxo—pyrroIidine—1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 mi).
Dimethylsulfoxide (1 ml) is then added. Potassium carbonate (1.05 ml, 1 M solution in
water) and tetrabutylammonium hydroxide (3.5 pl, 40 %wt in watef) are added to the
mixture. Formaldehyde (0.12 ml, 37 %wt in water) is then added to the mixture. The
resulting mixture is stirred for 2 h at 45 °C. The phases are separated. The organic
phase is diluted with toluene (5 ml). The organic phase is then washed with sodium
bisulfite solution (5 ml, 40 %wt in water) and then with water (5 ml). The separated
organic phase is then dried (MgS0,) and concentrated under reduced pressure to give
(R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-buty! ester
(4-a, R1 = Boc) as determined by hplc.
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Method 17

200 mg (R)-5-Biphenyl-4-ylmethyl-3-[ 1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). 1-
Methyl-2-pyrrolidinone (1 ml) is then added. Potassium carbonate (1.05 ml, 1 M solution
in water) and tetrabutylammonium hydroxide (3.5 ul, 40 %wt in waler) are added to the
mixture. Formaldehyde (0.12 ml, 37 %wt in water) is then added to the mixture. The
resulting mixture is stirred for 2 h at 45 °C. The phases are separated. The organic
phase is diluted with toluene (5 ml). The organic phase is then washed with sodium
bisulfite solution (5 ml, 40 %wt in water) and then with water (5 ml). The separated
organic phase is then dried (MgSO,) and concentrated under reduced pressure to give
(R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester
(4-a, R1 = Boc) as determined by hplc.

Method 18

200 mg (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml). 1,3-

. Dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (1 ml) is then added. Potassium

carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 ul, 40
%wt in water) are added to the mixture. Formaldehyde (0.12 ml, 37 %wt in water) is then
added to the .mixture. The resulting mixture is stirred for 2 h at 45 °C. The phases are
separated. The organic phase is diluted with toluene (5 ml). The organic phase is then
washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then with water (5 ml).
The separated organic phase is then dried (MgSO,) and concentrated under reduced
pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 19
To a mixture of 200 mg (R)-5-biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-

pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc) in tetrahydrofuran (2 ml) is.
added formaldehyde (0.12 ml, 37 %wt in water) and tetrabutylammonium hydroxide (3.5

et) 0000CO O
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ul, 40 %wt in water). The pH of the mixture is adjusted to pH 9 by the addition of a
potassium carbonate solution (1 M in water), The resulting mixture is stirred for 2 h at 45
" °C. The phases are separated. The organic phase 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 (MgS0O,) and
concentrated under reduced pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 20

200 mg (R)-5-Biphenyi-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to acetonitrile (2 ml). Potassium
carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 pl, 40
%wt in water) are added to the mixture. Formaldehyde (0.12 ml, 37 %wt in Water) is then
added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The phases are
separated. The organic phase is diluted with toluene (5 ml). The organic phase is then
washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then with water (5 ml).
The separated organic phase is then dried (MgS0O,) and concentrated under reduced
pressure to give (R)-5-biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid fert-butyl ester (4-a, R1 = Boc) as determined by hplc. .

Method 21

200 mg (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to acetone (2 mi). Potassium
carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide (3.5 ul, 40
%wt in water) are added to the mixture. Formaldehyde (0.12 ml, 37 %wt in water) is then
added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The phases are
separated. The organic phase is diluted with toluene (5 ml). The organic phase is then
washed with sodium bisulfite solution (5 ml, 40 %wt in water) and then with water (5 ml).
The separated organic phase is then dried (MgS0O,) and concentrated under reduced
pressure to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.
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Method 22

200 mg (R)-5-Biphenyi-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylide ne]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tertiary-butanol (2 ml).
Potassium carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide
(3.5 pl, 40 %wt in water) are added to the mixture. Formaldehyde (0.12 ml, 37 %wt in
water) is then added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The
mixture is diluted with water (5 ml) and ethyl acetate (5 ml). The phases are separated.
The organic phase is then washed with sodium bisulfite solution (5 ml, 40 %wt in water)
and then with water (5 ml). The separated organic phase is then dried (MgSO.) and
concentrated under reduced pressure to give (R)-5-biphenyl-4-ylmethyl-3-methylene-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 23

200 mg (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml).
Potassium carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide
(3.5 pl, 40 %wt in water) are added to the mixture. Formaldehyde (0.10 ml, 37 %wt in
water) is then added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The
‘phases are separated. The organic phase is diluted with ethyl acetate (5 ml). The
organic phase is then washed with sodium bisulfite solution (5 mi, 40 %wt in water) and
then with water (5 ml). The separated organic phase is then dried (MgSQO.) and
concentrated under reduced pressure to give (R)-5-biphenyl-4-yImethyl-3-methylene-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

Method 24

200 mg (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-buty! ester (6-a, R1 = Boc) is added to tetrahydrofuran (2 ml).
Potassium carbonate (1.05 ml, 1 M solution in water) and tetrabutylammonium hydroxide
(3.5 pl, 40 %wt in water) are added to the mixture. Formaldehyde (0.16 ml, 37 %wt in
water) is then added to the mixture. The resulting mixture is stirred for 2 h at 45 °C. The

phases are separated. The organic phase is diluted with ethyl acetate (5 ml). The
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organic phase is then washed with a sodium bisulfite solution (5 ml, 40 %wt in water) and

then with water (5 ml). The separated organic phase is then dried (MgSO,) and

- concentrated'under reduced pressure to give'(R)-5-biphenyl-4-y|methyl-3-methylene-2-

oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) as determined by hplc.

HPLC Method (Example 25, Methods 1-24) -

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH; (32 %) in
water); Mobile Phase B (Acetonitrile). Gradient: 0 min (20 % B); 3 min (40 % B); 5 min
(40 % B); 7 min (50 % B); 11 min (50 % B); 13 min (80 % B); 16 min (80 % B); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 ml min'. Wavelength: 210 or 254 nm.
Temperature 60 £ 2 °C.

Retention times:

6-a (R1 = Boc): 2.62 min
5-a (R1 = Boc): 8.39 min
4-a (R1 =Boc): 12.0 min

Example 26: (R)-5-Biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1 = Bog) '

Pl S Mg_iwcr@ FWen
+ [

50 g (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1
= Boc) and 261 g Bredereck’s reagent (14, R6 = Me, R7 = Me, R8 = {Bu) are stirred at 80
°C for 24 h and concentrated afterwards under vacuum to yield 67.5 g of a viscous
residue. The later is dissolved in 340 ml THF and mixed with 13.1 ml hydrochloric acid 37
% in 143 ml water. After 1h stirring at room temperature, the lower agueous 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

00

..t 0
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phase is removed. The remaining organic phase is diluted with 100 ml toluene, washed
with 50 ml brine and concentrated under vacuum to leave 58.4 g of a viscous residue.

The latter is dissolved in 525 ml methanol at 50°C, and saturated at the same temperature
with 175 ml water. The resulting suspension is cooled to 0 °C, filtered to collect the
crystals, washed with 60 ml methanol/water 2:1 and dred under vacuum to yield of white
crystals of (R)-5-Biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (4-a, R1 = Boc). Spectroscopic data as in Example 23.

HPLC Method (Example 26)

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH; (32 .%) in
water); Mobile Phase B (Acetonitrile). Gradient: 0 min (20 % B);' 3 min (40 % B); 5 min
(40 % B); 7 min (50 % B); 11 min (50 % B}); 13 min (80 % B); 16 min (80 % B); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 ml min™'. Wavelength: 210 or 254 nm.
Temperature 60 1 2 °C.

Retention times:

6-a (R1=Boc). 2.62 min

8-a (R1 = Boc): 10.4 min
7-a (R1 =Boc; R6 = Me; R7 = Me): 11.0 min
4-a (R1 = Boc): ' 12.0 min

Example 27: (R)-5-Biphenyl4-ylmethyl-1-(2,2-dimethylpropionyl)-3-
methylenepyrrolidin-2-one (4-a, R1 = Piv}

3 O O
o= O - 0O O

(R)-5-biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (6-a, R1 = Piv) (680 mg) is dissolved in THF (3.5 ml) at room
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temperature. Formaldehyde solution (1.8 ml, 37 % in water) is added followed by the
portionwise addition of potassium carbonate (388 mg). The mixture is then stirred for 70
h. Water (1 ml) and sodium bisulfite solution (0.5 ml) are subsequently added. The
phaseé are separated and organic phase dried (MgS0,). The crude material is purified by
chromatography (heptane/ethyl acetate, 10:1) to give (R)-5-biphenyl-4-yimethyl-1-(2,2-
dimethylpropiohyl)-3-meth)IlIenepyrro|idin-2-one (4-a, R1 = Piv). 6y (400 MHz, DMSO)
1.34 (9H), 2.55-2.64 (2H), 2.70 (1H), 3.26 (1H), 4.59 (1H), 5.55 (1H), 5.88 (1H), 7.26 (2H),
7.34 (1H), 7.44 (2H), 7.53-7.58 (4H). mvz (ES+) 348 ([MH]", 100 %).

Example 28: (R)-5-Biphenyl-4-ylmethyl-3-methylenepyrrolidin-2-one (4-a, R1 = H})

4

(R)-5-Bipheny|-4—y|methyl-3-methylene-2—o$(o-pyrrolidine-1-carboxylic acid tert-butyl ester
(4-a, R1 = Boc) (509 mg) is dissolved in dichloromethane (10 ml). Mixture is cooled to 0
°C and trifluoroacetic acid (0.5 ml) is added. The mixture is then stirred for 2 h then
extracted with saturated sodium carbonate solution (20 ml). Phases are separated. The
organic phase is dried (MgSQO,) and concentrated to give (R)-5-biphenyl-4-yimethyl-3-
methylenepyrrolidin-2-one (4-a, R1 = H). &y (400 MHz, DMSO) 2.47 (1H), 2.68 (1H), 2.74
(1H), 2.87 (1H), 3.87 (1H), 5.22 (1H), 5.64 (1H), 7.33 (3H), 7.45 (2H), 7.60 (2H), 7.65
(2H), 8.32 (1H); m/z (+) 264 (IMH]", 100 %); m/z (+ESI) 264 ([MH]*I, 100 %).

(R)-5-Biphenyi-4-ylmethyl-3-methylenepyrrolidin-2-one (4-a, R1 = H) is a crystalline solid’
and can be characterised by an X-ray powder pattern. Reflections in the X-ray diffraction
pattern show the following interlattice plane intervals (average 28 in [°] are indicated with

error limit of £0.2): 20in [°]: 7.1, 13.3, 13.7, 14.5, 16.6, 17.7, 18.2, 19.4, 21.4, 22,5, 23.6,
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24.0, 26.5, 27.6, 29.1, 29.9. Data taken using a Bruker D8 Advance diffractometer using

Cu-Ka radiation.

HPLC Method (Example 28)

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH;, (32 %) in

/ water); Mobile Phase B (Acetonitrile). Gradient: 0 min (20 % B); 3 min (40 % B); 5 min
(40 % B); 7 min (50 % B); 11 min (50 % B); 13 min (80 % B); 16 min (80 % B); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 ml min"'. Wavelength: 210 or 254 nm.,
Temperature 60 £ 2 °C.

Retention times:

4-a (R1 =H): 5.70 min
4-a (R1 = Boc): 12.0 min -

Example 29: (3R/S,5S)-5-Biphenyl-4-yImethyl-3-dimethoxymethyl-2-oxo-pyrrolidine~
1-carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9=Me, Y =0)

1.1 g (R)-5-Biphenyl-4-yImethyl-3-[ 1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is dissolved in 12 mi
of methanol. HCI in methanol (prepared by feed pipe of gaseous HCI to methanol,
determination of the HCI content is made by weight) is added until a pH of 2 is achieved.
The resulting yellow solution is stirred for additional 4 hours, then quenched by addition of
10% aqueous sodium carbonate solution to give a pH above 7. After extraction with
dichloromethane the combined organic phase are dried over sodium sulfate, filtered and
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evaporated to dryness. The resulting yellow oil is purified by column chromatography to
give (3R/S,5S5)-5-biphenyl-4-yimethyl-3-dimethoxymethyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me) as a 88 : 12 mixture of
diastereomers [ratio of (3S) : (3R) diastereomers, respectively]. 1H NMR (CDCl;): Data
for mixture of diastereomers: 1.62, 1.64, 1.89, 2.02, 2.26, 2.40, 2.69, 2.81, 2.92, 3.14,
3.20, 3.39, 3.44, 347, 3.'52. 4.29,4.40, 4.69, 7.27-7.39, 7.46, 7.56-7.62. Ratio of
diastereomers determined by integration of the pairs of signals at 3.39 ppm and 3.44 ppm
(major and minor diastereomer, respectively) or 3.47 ppm and 3.52 ppm (major and minor
diastereomer, respectively).

(3R/S,58)-5-biphenyl-4-ylmethyl-3-dimetlhoxymethyl-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me) as a 88 : 12 mixture of diastereomers
[ratio of (3S) : (3R) diastereomers, respectively] can be recrystallised from tert-
butylmethylether to afford (3S,5S)-5-Biphenyl-4-yimethyl-3-dimethoxymethyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me).

The X-ray Structure of the obtained crystals is shown in figure 5a.

Crystal data [recorded at 120(2) K]

Empincal formula . C25H31NOs
Formula weight 425.51
Crystal system Orthorhombic
Space group P212121

Cell parameters a=6645(2) A

b=15.761(4) A
c=22.439(6) A
a=90°
p=90°
y=90°

Volume of unit cell 2350.1(11) A

2* 4



cr) c7) c"). c7) (0 a) CNJCv cvev Cv ¢V 'r
r,c2 co . 0000 -... 000 000 0O o0 ©6
1, LO 10 ‘6060(’%%9236010 100000D CVDIr

0

Calculated density

185

1.203 mg m™®

* (number of asymmetnic units in the unit cell)

(3R/S,58)-5-biphenyl-4-yimethyl-3-dimethoxymethyl-2-0xo-pyrrolidine-1-carboxylic acid
tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me) as a 88 : 12 mixture of diastereomers

[ratio of (3S) : (3R) diastereomers, respectively] can be recrystallised from ethyl

acetate/heptane to afford (3S,5S)-5-Biphenyl-4-yimethyl-3-dimethoxymethyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me). '

The X-ray Structure of the obtained crystals is shown in figure 5b.

Crystal data [recorded at 100(2) K]

Empirical formula

Formula weight
Crystal system
Space group

Cell parameters

Volume of unit cell

Zi

Calculated density

C25H31N05
42551
Orthorhombic
P212121

a=6.638(3) A
b =15.746(6) A
©c=22.420(8)A
a=90°
p=90°
vy=90°

2343.4(16) A®

1.206 mg m

* (number of asymmetric units in the unit cell)
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Example 30: ((3R/S,5S)-5-Biphenyl-4-ylmethyl-1-tert-butoxycarbonyl-2-oxo-
pyrrolidin-3-ylmethyl)trimethylammonium iodide (10-a, R1 = Boc, R6 = Me, R7 = Me,

- R10 = Me)

(3R/S,58)—.biphenyl-4—ylmethyl-3-dimethylaminomethyl-z-oxo—pyrro|idine-1-carboxylic acid
tert-butyl ester (Q—é, R1 =Boc, R6 = Me, R7 = Me) (108 mg) (ratio of diastereomers (3S):
(3R), 85 : 15 according to NMR analysis) is diluted with 4 ml methanol and 328 ul methyl
iodide is then added. The reaction mixture is then stirred at room temperature for 17 h.
The mixture is then concentrated to dryness to give ((3R/S,5S)-5-Biphenyl-4-ylmethyl-1-
tert-butoxycarbonyl-2-oxo-pyrrolidin-3-yimethyl trimethylammonium iodide (10-a, R1 =
Boc, R6 = Me, R7 = Me, R10 = Me). 1H NMR (DMSO): 1.51 (9H), 1.98 (1H), 2.18 (1H),

3.00 (1H), 3.08 (1H), 3.13 (9H), 3.38-3.43 (2H), 3.72 (1H), 4.25 (1H), 7.38 (1H), 7.42 (2H),

7.48 (2H), 7.67 (4H). m/z: 423 ([M]’, 100 %). IR (solution in CH,Cl,, v/iem™): 3040; 1781;
1742; 1724; 1487; 1371; 1298; 1277; 1150; 985. On the basis of NMR, the ratio of
diastereomers (3S) : (3R) is 85 : 15. '

Example 31: (R)-5-Biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acld tert-butyl ester (4-a, R1 = Boc)
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Crude (3R/S,5S)-biphenyl-4-yimethyl-3-dimethylaminomethyl-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (9-a, R1 = Boc, R6 = Me, R7 = Me) (13.8 g) is diluted with
40 ml methanol and 16.9 ml- methyl iodide is then added. The reaction mixture is then
stirred at room temperature overnight and is subsequently concentrated to dryness. 30 ml
saturated NaHCQ; 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/tert-butyl methyl ether = 8:2 to
7:3) to give (R)-5-biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (4-a, R1 = Boc). Spectroscopic data as in Example 23.

HPLC Method (Example 31)

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH3 (32 %) in
water); Mobile Phase B (Acetonifrile). Gradient: 0 min (20 % B); 3 min (40 % B); 5 min -
(40 % B); 7 min (50 % B); 11 min (50 % B); 13 min (80 % B); 16 min (80 % B); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 ml min". Wavelength: 210 or 254 nm.

Temperalure 60 + 2 °C,

Retention times:

9-b (R1 = Boc; R6 = Me; R7 = Me): 10.5 min
9-c (R1 = Boc; R6 = Me; R7 = Me): 11.0 min
4-a (R1 = Boc): 12.0 min

Example 32: (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic
acid (2-a, R1 = Boc, R2 = H, R3 = CO;H)
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(R)-5-Biphenyl-4-yImethyl-3-methylene-2-oxo-pyrrolidine- 1-carboxylic acid ten‘-butyl ester
(4-a, R1 =Boc) (27.7 g) is dissolved in THF (270 ml) at room temperature.
Tetrabutylammonium bromide (0.24 g) is avdded followed with water (10 ml). The mixture
is then cooled to 10 °C. A solution of lithium hydroxide (7.3 g) in water (92 ml) is added
over 2 h. Phosphoric acid (37 g, 85 %) is added until pH 3. Phases are then separated.
The organic phase is diluted with toluene (100 ml) and washed with brine. Phases are
separated. The organic phase is then concentrated in vacuo. The residue is dissolved in
acetonitrile (350 ml) ét 80 °C and azeotropically distilled. Further acetonifrile is added
{150 ml) and the mixture cooled to 0 °C. The solid is collected by filtration and dried, to
afford (R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1
= Boc, R2=H, R3 = CO,H) (25.7 g). &u (400 MHz, DMSO) 1.30 (9H), 2.29 (1H), 2.50
(1H), 2.75 (2H), 3.91 (8H), 5.62 (1H), 6.09 (1H), 6.66 (1H), 7.28 (2H), 7.33 (1H), 7.44
(2H), 7.56 (2H), 7.63 (2H). '

(R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 =
Boc, R2 = H, R3 = CO;H) is a crystalline solid. Reflections in the X-ray diffraction pattern
show the following interiattice plane intervals (average 26 in [°] are indicated with error
limit of +0.2): 26 in [°]: 4.4, 6.2, 8.6, 9.0, 9.9, 12.5, 13.4, 13.8, 14.1, 16.0, 17.8, 18.4, 19.3,
20.8,21.7,22.2,23.1,24.6,25.0,25.7, 27.6. Thé most intensive reflections in thé X-ray
diffraction pattern show the following interlattice plane intervals (average 26 in [°] are
indicated with error limit of +0.2): 26in[°]: 4.3, 6.2, 8.6, 9.9, 12.5, 13.4, 16.0, 17.8, 184,

19.3. Data taken using a Bruker D8 Advance diffractometer using Cu-Ka radiation.

HPLC Method (Example 32)
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Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH; (32 %) in
water); Mobile Phase B (Acetonitrile). Gradient: 0 min (20 % B); 3 min' (40 % B); 5 min
(40 % B); 7 min (50 % B); 11 min (50 % B); 13 min (80 % B); 16 min (80 % B); 16.1 min
(20 % B); 20 min (20 % B). Flow rate: 1.4 ml min™. Wavelength: 210 or 254 nm.
Temperature 60 + 2 °C,

Retention times:

2-a (R1=Boc; R2 = H; R3 = CO,H): 2.40 min
4-a (R1 = Boc): 12.0 min

Example 33: (R)-5-Bipheny|-4-y|-4-tert-bultoxycarbonylamino-2-methylenepentanoic
acid (2-a, R1 = Boc, R2=H, R3 = CO_H)
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210 g (S)-2-Biphenyl4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,
R1 = Boc) is added to 1285 g (2000 ml) of a mixure containing compounds of formula 13,
14, 15 (wherein R6 = Me, R7 = Me, R8 = tBu) at room temperature. The solution is
heated to 80-85°C and stirred for about 15 h. The solution is concentrated under vacuum
(90 °C, 30 mbar) to yield a residue. (The collected distillate, containing compounds of
formula 13, 14, 15 (wherein R6 = Me, R7 = Me, R8 = tBu), may be optionally reused in
subsequent reactions, where appropriate). The residue is dissolved in 1430 mi
tetrahydrofuran. 37.8 g sulfuric acid diluted in 638 ml water is then added. The mixture is
subsequently vigorously stirred at 10-15°C. During this time, the pH is maintained in the
range pH 2-3 by the addition of further portions of sulfuric acid, as required. After 1 h the

lower aqueous phase is removed, and the remaining organic phase.washed with about 6
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g saturated potassium carbonate solution. 1194 g Potassium carbonate solution (1M
solution) is then added, followed by 3.94 g tetra butyl ammonium hydroxide solution (40
%) and 133 g aqueous formaldehyde solution (37 %). This mixture is heated to 40-45°C
and stirred heavily for about 2 hours. The aqueous phase is then removed. To the
remaining organic phase, 300 ml water is added., 97 g Sodium sulfile solution (40 %) is
then added whilst maintaiﬁing the temperature below 40 °C. Afterwards, the agqueous
phase is removed and is replaced with 600 ml of fresh water. The THF is removed by
distillation (jacket 50°C, 100-200 mbar) to provide a white suspension. 1500 ml toluene is
added at 50°C. Again the lower aqueous phase is removed and the remaining organic
phase is washed with about 200 mi water. The latter is partially concentrated under

" vacuum in order to remove any water by azeotrope distillation while the distillate is
replaced with fresh toluene. Afterwards, 54 g diazabicycloundecene (DBU) is added as
well aé 17 g methansulfonylchloride, cautiously at 20-25°C. After one hour stirring, about
300 mi water is added followed by 1.4 g concentrated sulfuric acid in order to lower the pH
to 6-7. The agueous phase is removed and the remaining organic phase washed with 300
ml water. 600 m| 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. The remaining organic phase is washed with 200 ml brine and concentrated to
one half the original volume under vacuum. The residue is diluted with 300 ml THF and
filtered. The THF is then replaced by acetonitrile by distillation, while maintaining the
volume constant by distillation under vacuum. After rerﬁoval of the majority of THF, the
desired product crystallizes giving rise to a thick slurry. The later is cooled to 0 °C, and the
solid recovered by filtration. The later is dried under vacuum at 50 °C to yield (R)-5-
Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2
=H, R3 = CO;H). Spectroscopic data as Example 32.

HPLC Method (Example 33)

Column: X-BRIDGE C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH; (32 %) in
water); Mobile Phase B (Acetonitrile). Gradient: 0 min (20 % B); 3 min (40 % B); 5 min
(40 % B); 7 min (50 % B); 11 min (50 % B); 13 min (80 % B); 16 min (80 % B); 16.1 min
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(20 % B); 20 min (20 %'B). Flow rate: 1.4 ml min™. Wavelength: 210 or 254 nm,
Terhperature 60 £ 2 °C.

Retention times:

| 2-a (R1=Boc; R2 = H; R3 = CO;H): 2.40 min
6-a (R1 = Boc): 2.62 min
5-a (R1=Boc): ' 8.39 min
8-a (R1 = Boc): 10.4 min
7-a (R1=Boc; R6 = Me; R7 = Me): 11.0 min
4-a (R1 = Boc): ' 12.0 min

Example 34: (3R, 5S)-5-Biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (3-a, R1 = Boc) and (3S, 55)-5-Biphenyl-4-ylmethyl-3-methyl-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Boc)

& O O

N N
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Method 1

1.3 g (R)-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is dissolved in 40 ml
of ethyl acetate. After addition of 0.3 g 10% Pd/C (Engelhard 4505) the system is flushed
several times with hydrogen and subsequently stirred at 20°C and 4 bar hydrogen for 5
days. The resulting reaction mixture is filtered through cellflock and concentrated to
dryness yielding (3R, 5S)-5-biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (3-a, R1 = Boc) and™ (35, 5S)-5-biphenyl-4-yimethyl-3-methyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Boc). Diastereomer ratio 33 : 67
(3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.
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Method 2

(R)-5-biphenyl-4-ylmethyl-3—[1-dimethylaminometh—(E/Z)—yIidene]-2-oxo-pyrro|idine-1—
carboxylic acid tert-buty! ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added to
tetrahydrofuran, to achievé a substrate concentration of 0.05 M. Triethylamine (1
equivalent) is added to the mixture. 5 % Pa/C A102023 (25 %w/w) is then added to the
mixture. The mixture is then pressurised under a hydrogen atmosphere to 20 bar. The
mixture is stirred at 40 °C for 3 h. The mixture is then filtered to remove the catalyst and
concentrated under reduced pressure. The diastereomer ratio is 39 : 61 (3-a, R1 =Boc:
3-b, R1 = Boc) as determined by hplc.

General Procedure (Methods 3-8)

(R)-5-biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added to
tetrahydrofuran, methanol or isopropyl acetate at ambient temperature, to achieve a
substrate concentration of 0.05 M, 0.167 M or 0.25 M. A hetereogeneous catalyst (25
mas% with respect to 7-a) is then added to the mixture. The mixture is then pressurised
under a hydrogen atmosphere to 20 bar. The mixture is stirred at 40 °C, 45 °C, 55 °C or
65 °C for 1.5 or 3 h. The mixture is then filtered to remove the catalyst and concentrated
under reduced pressure.

Method 3

Catalyst: 5 % Pd(S)/C A103038; Tetrahydrofuran; 0.05 M; 55 °C; 3 h. Diastereomer ratio
29: 71 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.

Method 4

Catalyst: 5 % Pd/C type 39; Methanol; 0.05 M; 55 °C; 3 h. Diastereomer ratio 42 : 58 (3-
a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.

Method 5
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Catalyst: 5 % Pd(S)/C A103038; Tetrahydrofuran; 0.167 M; 40 °C; 1.5 h. Diastereomer
ratio 14 : 86 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.

Method 6

Catalyst: 5 % Pd(S)/C A103038; Tetrahydrofuran; 0.167 M; 40 °C; 3 h. Diastereomer ratio
21:79(3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hpilc.

Method 7

Catalyst: 5 % Pd/C type 37; Isopropyl acetate; 0.167 M; 65 °C; 3 h. Diastereomer ratio 34
: 66 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.

Method 8

_Catalyst: 5 % Pd/C type 39; Tetrahydrofuran; 0.25 M; 65 °C; 3 h. Diastereomer ratio 39 :

61 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.

- Method 9

1.3 g (R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added to ethyl
acetate (40 ml) at ambient temperature. 0.3 g of 10 % Palladium on Carbon (Engelhard
4505) and water (0.3 ml) is added to the mixture. The mixture is then pressurised under a
hydrogen atmosphere to 4 bar. The mixture is stirred at ambient temperature and 4 bar
hydrogen pressure for 4 days. The mixture is then filtered to remove the catalyst and
concentrated under reduced pressure. The residue is then purified by column
chromatography (ethyl acetate/hexane, 70:30) to afford (3R, 5S)-5-biphenyl-4-ylmethyl-3-
methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1 =Boc)and (3S, 55)-5-
biphenyl-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 =
Boc). Diastereomer ratio 67 : 33 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.

Method 10
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1349 (R)-S-Biphenyl-4-y|methyl-3-[1-dimethylaminorheth—(E/Z)—ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid ien-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added to ethyl
acetate (40 ml) at ambient temperature, 0.3 g of Lindlar Catalyst (ex Aldrich) is added to
the mixture. The mixture is then pressurised under a hydrogen atmosphere to 2 bar. The
mixture is stirred at ambieﬁt temperature and 2 bar hydrogen pressure for 3 days. The
mixture is then filtered to remove the catalyst and concentrated under reduced pressure.
The residue is then purified by column chromatography (ethyl acetate/hexahe, 70:30) to
afford (3R, 5S)-5-biphenyl-4-yimethyi-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (3-a, R1= Boc)and (3S, 5S)-5-biphenyl-4-ylmethyl-3-methyl-2-0x0-
pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Boc). Diastereomer ratio 99.2 : 0.8
(3-a, R1 =Boc: 3-b, R1 = Boc) as determined by hplc. '

Method 11

1.3 g {R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(£/Z)-ylidenel-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added to ethyl
acetate (40 ml) at ambient temperature. 0.3 g of 10 % Palladium on Carbon (Engelhard
4505) is added to the mixture. The mixture is then pressurised under a hydrogen
atmosphere to 2 bar. The mixture is stirred at ambient temperature and 2 bar hydrogen
pressure for 3 days. The mix_ture is then filtered to remove the catalyst and concentrated
under reduced pressure. The residue is then purified by column chromatography (ethyl
acetate/hexane, 70:30) to afford (3R, 5S)-5-biphenyl-4-ylmethyl-3-methyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1 = Boc) and (38, 5S)-5-biphenyl-4-
ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester {3-b, R1 = Boc).
Diastereomer ratio 88.8 : 11.2 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.

Method 12

1.3 g (R)-5-Biphenyl-4-yImethyl-3-[ 1-dimethylaminometh-( E/Z)-ylidene]-2-oxo-pyrrolidine-
1-carboky|ic acid tert-butyl ester {(7-a, R1 = Boc, R6 = Me, R7 = Me) is added to ethyl
acetate {40 ml) at ambient temperature. 0.3 g of 10 % Palladium on Carbon (Engelhard
4505) and one drop of agueous 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 (elhyl acetate/hexane, 70:30) to afford (3R, 5S)
5-biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester (3-a, R1
=Boc) and (3S, 58)-5-biphenyl-4-yl'methyl-3—methy|-2-oxo-pyrrolidine-1—carboxy|ic acid
tert-butyl ester (3-b, R1 = Boc). Diastereomer ratio 76 : 24 (3-a, R1 = Boc : 3-b, R1 = Boc)
as determined by hpilc.

HPLC Method 1 (Example 34, Methods 1, 9, 10, 11 and 12)

Column: X-BRIDGE C18; 150 x 3.0 mm; .3.5 um. Mobile Phase A (0.1 % NHj (32 %) in
water); Mobile Phase B (Acetonitrile). Gradient: 0 min (20 % B); 3 min (40 % B); 5 min
(40 % B); 10 min (70 % B), 11 min (70 % B}, 13 min (80 % B), 16 min (80 % B), 16.1 min
(20 % B), 19 min 20 % B). Flow rate: 1.4 ml min™". Wavelength: 210 or 254 nm.
Temperature 55 + 2 °C.

Retention times:

7-a (R1 =Boc, R6 = Me; R7 = Me): 9.6 min

" . 3-aand 3-b (R1=Boc): 10.3 min

HPLC Method 2 (Example 34, Methods 1,9, 10, 11 and 12)

Column: Chiralpak AD-RH, 150 x 2.6 mm, 5.0 ym. Mobile Phase A (Water); Mobile
Phase B (Acetonitrile). Isocratic: 0 min (80 % B); 15 min (80 % B). Flow rate: 0.5 ml min
'. Wavelength: 210 nm.

Retention times:

3-a, R1 =Boc: 6.3 min
3-b, R1 = Boc: 6.9 min

HPLC Method 3 (Example 34, Methods 2-8)
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Column: AD-RH Chiralpak; 150 x 4.6 mm. Mobile Phase A (water); Mobile Phase B
(Acetonitrile). Isocratic: 0 min (20 % B); 15 min (20 % B). Flow rate: 0.5 ml min™.

Wavelength 210 nm. Column temperature 40 °C.,
Retention times;

(3-a, R1 = Boc): 6.2 min
(3-b, R1 = Boc): 6.8 min

Example 35: Tris(dimethylamino)methane (13, R6 = Me, R7 = Me), Tert-Butoxy-
bis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 = tBu) and N,N-
Dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu)

NMe, NMe, NMe; NMe; NMe,

T /I\ ’ )\ : /I\ :
OtBu MaeyN

Me,N NMe, 1BuQ NMe, Me,N OtBu 1BuO OtBu

Method 1

A mixture of 1.01 g N,N-dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8
= tBu) (Aldrich #358800) and 0.73 g tris(dimethylamino)methane (13, R6 = Me, R7 = Me)
(Aldrich, #221058) are stirred at room temperature overnight. The resulting mixture is
cooled to room temperature, affording a solution containing 13, 14 and 15 (R6 = Me, R7 =
Me, R8 = Me) as determined by nmr (spectroscopic data as in Example 14, Method 1).

Method 2

A mixture of 1.01 g N,N-dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8
= tBu) (Aldrich #358800) and 0.73 g tns(dimethylamino)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 (spectroscopic data as in Example 14, Method 1).

Method 3
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A mixiure of 1.01 g N,N-dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8
= tBu) (Aldrich #358800) and 0.73 g tris(dimethylamino)methane (13, R6 = Me, R7 = Me)
(Aldrich, #221058) are heated at 80 °C for 1 h. The resulting mixture is cooled to room
temperature, affording a solution containing 13, 14 and 15 (R6 = Me, R7 = Me, R8 = Me)

as determined by nmr (spectroscopic data as in Example 14, Method 1).

~ Example 36: Tris(dimethylamino)methane (13, R6 = Me, R7 = Me), Tert-pentoxy-
bis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 = CMe,Et) and N,N-
Dimethylformamide di-tert-pentoxyacetal (15, R6 = Me, R7 = Me, R8 = CMe;Et)

»flluma2 NMe, NMe, NMe,
Me,N”~  OF Mo o rLo o

Me:zN NMe-

Method 1

57.5 g N,N,N,N-tetramethylformamidinium chloride is added to 93 g sodium amylate 40 %
solution in toluene. The resulting mixture is stirred at room temperaturé for48 h. The
mixture is then filtered and the cake washed with toluene (22 g) to afford a solution

' containing 13, 14 and 15 (R6 = Me, R7 = Me, R8 = CMe;Et). A sample of the filtrate is
-concentrated in vacuo. 1H NMR (Cg¢Ds): 0.81-0.84, 0.92-0.98, 1.02, 1.10, 1.20, 1.30-1.34,
1.47-1.62, 2.29, 2.33, 3.02, 4.06, 5.02. Relative amounts of 13 (R6 = Me; R7 = Me), 14
(R6 = Me, R7 = Me, R8 = tBu), 15 (R6 = Me, R7 = Me, R8 = Me) are determined by
integration of signals at 3.02, 4.06 and 5.02 ppm, respectively.

Method 2

41 g N,N,N,N-tetramethylformamidinium chloride is added to 67 g sodium amylate 40 %
solution in toluene. The resulting mixture is stirred at room temperature for 48 h. The
mixture is filtered and the cake washed with toluene (2 x 10 ml). The mixture is then
diluted to a total volume of 100 ml to afford a solution containing 13, 14 and 15 (R6 = Me,
R7 = Me, R8 = CMe;Et). Spectroscopic data as for Example 36, Method 1.
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Example 37: (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid diisopropylethylammonium sait (1-a, R1 = Boc¢, R2 = H, R3 = CO,[NHiPr;Et]")

PRIS
e

1 g (2R,4 S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 =
Boc, R2 = H, R3 = CO,H) is added to ethanol (10 ml). Diisopropylethylamine (0.454 ml) is
then added and the mixture is stirred at room temperature for 30 minutes. The mixture is
then concentrated in vacuo to afford (2R,4 S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-
2-methylpentanoic acid diisopropylethylammonium salt (1-a, R1 = Boc, R2 = H, R3 = CO,
[NHIPr2Et]"). 1H NMR (DMS0O-d6): 0.95-0.98 (15 H), 1.04 (3H), 1.32 (9H), 1.36 (1H), 1.74
(1H), 2.38-2.49 (3 H), 2.67 (2H), 2.99 (2H), 3.66 (1H), 6.29 and 6.70 (1H), 7:23-7.25 (2H),
7.33-7.37 (1H), 7.42-7.46 (2H), 7.55-7.57 (2H), 7.62-7.64 (2H).

Example 38: (2R,4S)-5-biphenyl-4-y|-4-tert-butoxycarbonylamino-2-methylpentanoic
acid triethylammonium salt (1-a, R1 = Boc, R2 = H, R3 = CO,[NHEt;]")

&
i

P

1 g (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-a,

R1 = Boc, R2 = H, R3 = CO,H} is added to ethanol (10 ml). Triethylamine (0.264 ml) is

then added and the mixture is stirred at room temperature for 30 minutes. The mixture

is then concentrated in wvacuo to afford (2R,4S)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid triethylammonium salt (1-a, R1 = Boc, R2



03 030 ,,1",
664 054-dN coo

CO LO LI) 00}5‘62‘1"%{0’&6100 00 r er) Oer) N6 6 NN IIINctI

CC inoooo 0 0O CO0OO0O0OO0O0COO0O O O 000 O0 inOCOOOOCO6

0O cCo o0 o0 oe, o0 CCDCDCONNCOCOCIQ
I NI

199

= H, R3 = COz[NHEL]"). 1H NMR (DMSO-d6): 0.95 (9 H), 1.04 (3H), 1.32 (9H), 1.36
(1H), 1.74 (1H), 2.38-2.50 (7 H), 2.67 (2H), 3.65 (1H), 6.29 and 6.70 (1H), 7.23-7.25
(2H), 7.33-7.37 (1H), 7.43-7.48 (2H), 7.55-7.57 (2H), 7.62-7.64 (2H).

Example 39: (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid sodium salit (1-a, R1 = Bo¢, R2 = H, R3 = CO,'Na")

OO [
- S
j\% j\/\/’\f

o To . @ o Na+
BN BN

1 g (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (R1 =
Boc, R2 = H, R3 = CO;H) is added to ethanol (10 ml). Sodium methoxide (141 mg) is
then added and the mixture is stirred at room temperature for 30 minutes. The mixture
is then concentrated in vacuo to afford (2R,45)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid sodium salt (1-a, R1 = Boc, R2 = H, R3 =
CO2Na*). 1H NMR (DMSO-d6): 0.91 (3H), 1.28 (1H), 1.34 (9H), 1.61 (1H), 2.12 (1H),
2.68-2.81 (2H), 3.60 (1H), 7.25-7.27 (2H), 7.32-7.36 (1H), 7.43-7.47 (2H), 7.55-7.57

(2H), 7.64-7.66 (2H), 7.76 (1H).

Example 40: (2R,4S5)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid (1-a, R1 = Bog¢, R2 = H, R3 = CO;H), (25,45)-5-biphenyl-4-yl-
4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-b, R1 = Boc, R2 = H, R3 =
CO.H),

HN HN
oH H

Method 1

chgg 009/ H(h] 0
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20 mg (R)—5-Biphenyl—4-yl-4-ter1—butoxycarbonylamiho-z-methylenepentanoic acid (2-a,

- R1=Boc,R2 = H', R3 = CO;H) is added to ethanol (400 ul). 10 % Palladium on carbon (2

mg, 50 % water wet, Degussa type E101 NE/W) is then added. Hydrogen gas at ambient
pressure is applied to the mixture. The mixture is stirred at ambient temperature and
pressure overhight. The mixture is then filtered over Celite and washed with ethanol (2 x
05 hl). The mixture is then concentrated in vacuo to give (2R,4S)—5—biphenyl—4-yl-4-tert—
butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO,H) and
(2S5,45)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-b, R1 =
Boc, R2 =H, R3 = CO;H). 1H NMR (CDCl;): 1.11-1.16, 1.21 and 1.33, 1.39-1.53, 1.70-
1.92,2.32-2.81, 3.72-3.97, 4.444.50, 6.41 and 6.56, 7.16-7.49, 10.84.

Method 2

20 mg (R)-5-Biphenyi-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1=Boc, R2 = H, R3 = CO,H) is added to isopropyl acetate (400 ul). 10 % Palladium on
carbon (2 mg, 50 % water wet, Degussa type E101 NE/W) is then added. Hydrogen gas
at ambient pressure is applied to the mixture. The mixture is stirred at ambient
temperature and pressure overnight. The mixture is then filtered over Celite and washed
with isopropyl acetate (2 x 0.5 ml). The mixture is then concentrated in vacuo to give
(2R,4S}-5-biphenyl-4-yl4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 =
Boc, R2 = H, R3 = CO,H) and (25,4 S}-5-biphenyl-4-yl4-tert-butoxycarbonylamino-2-
methylpentanoic acid (1-b, R1 = Boc, R2 =H, R3 = CO_zH). Spectroscopic data as in
Examp!_e 40, Method 1.

Method 3

20 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Boc, R2 = H, R3 = CO,H) is added to isopropyl acetate (400 ul). 10 % Platinium on
carbon (2 mg) is then added. Hydrogen gas at ambient pressure is applied to the mixture.
The mixture is stirred at ambient temperature and pressure ovemight. The mixture is then
filtered over Celite and washed with isopropyl acetate (2 x 0.5 ml). The mixture is then
concentrated in vacuo to give (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO;H) and_(28,48)—5-bipheny|-4-y|—4—

OTFACO ACOCOO) A0 N (0aC00/ 0) (000" 1" N 00(00) 0 00 0 0 0 O
00000 0 0000000 ""co 1....ocolLai..."00lL000" CV CV CV
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tert-butoxycarbonylamiho—2-methylpentanoic acid (1-b, R1 = Boc, R2 = H, R3 = COZH).
Spectroscopic data as in Example 40, Method 1.

Method 4

20 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 = Boc, R2 = H, R3 = CO,H) is added to isopropyl acetate (400 pl). 5 % Rhodium on
carbon (2 mg) is then added. Hydrogen gas at ambient pressure is applied to the mixture.
The mixture is stirred at ambient temperature and pressure overnight. The mixture is then
filtered over Celite and washed with isopropyl acetate (2 x 0.5 ml). The mixture is then
concentrated in vacuo to give (2R.4S)—-5-biphenyl—4—yl-4-ten-butoxycarbohylamino-z-
methylpentanoic acid (1-a, R1 = Boc, R2 = H R3 = CO;H} and (25,4 S)-5-biphenyl-4-yl-4-
tert-butoxycarbonylamino-2-methylpentanocic acid (1-b, R1 = Boc, R2 = H, R3 = CO,H).
Spectroscopic data as in Example 40, Metho.d 1.

Example 41: (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic
acid potassium salt (2-a, R1 = Boc, R2 = H, R3 = CO;K)

0 /J\KU
HN Oj\

e
+ A

500 mg (R)-5-biphenyi-4-yi-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a,
R1 =Boc, R2 = H, R3 = CO,H) is added to ethanol (5 ml) at room temperature. 2.6 ml of
a 0.5 M Potassium hydroxide in ethanol solution is added to the mixture over a period of 5
minutes. The resuiting mixture is stired 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-biphenyi-4-yl-4-tert-
butoxycarbonylamino-2-methylenepentanoic acid potassium salt (2-a, R1 = Boc, R2 = H,
R3 = CO.K). 1H NMR (BDMSO}): 1.35 (9H), 2.24-2.37 (2H), 2.67-2.84 (2H), 3.69-3.80 (1H),
5.04 (1H), 5.79 (1H), 7.12-7.17, 7.23-7.35, 7.42-7.46, 7.54-7.57, 7.62-7.67.
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Example 42: (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid potassium salt (1-a, R1 = Boc, R2 = H, R3 = CO;K) and (2S,4S)-5-biphenyl-4-yl-
4-tert-butoxycarbonylamino-2-methylpentanoic acid potassium salt (1-b, R1 = Boc,
R2 =H, R3 = CO:K)

Method 1-

100 mg (R)-5-Biphenyl-4-y|-4-ten-butoxycarbonylamino-2-methylenepéntanoic acid
potassium salt (2-a, R1 = Boc, R2 = H, R3 = COK) (prepared according to procedure in
Example 42) is added to ethanol (1 ml). 10 % Palladium on carbon (10 mg, 50 % water
wet, Degussa type E101 NE/W) is then added. Hydrogen gas at ambient pressure is
applied to the mixture. The mixture is stirred at ambient temperature and pressure
ovemight. The mixture is then filtered over Celite and washed with ethanol (2 x 1 ml).
The mixiure is then concentrated in vacuo to give (2R,4S)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid potassium salt (1-a, R1 = Boc, R2=H, R3 =
CO,K) and (28,4S)-5-biphenyl-4-y|-4-tér1—butoxycarbonylami_no-2-methy|pentanoic acid
potassium salt (1-b, R1 = Boc, R2 = H, R3 = CO.K). 1H NMR (CDCY,): 1.06-1.12, 1.31-
1.36, 1.80-.193, 2.25-2.49, 2.62-2.92, 3.74-4.08, 4.81 and 5.27, 6.20 and 6.54, 7.24-7.57.

Method 2

100 mg (R)-5-Biphenyl-4-yi-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
potassium salt (2-a, R1 = Boc, R2 = H, R3 = CO,K) (prepared according to procedure in
Example 42) is added to isopropy! acetate (1 ml). 10 % Palladium on carbon (10 mg, 50
% water wet, Degussa type E101 NE/W) is then added. Hydrogen gas at ambient
pressure is applied to the mixture. The mixture is stirred at ambient temperature and
pressure overnight. The mixture is then filtered over Celite and washed with isopropyl

acetate (2 x 1 ml). The mixture is then concentrated in vacuo to give (2R,4S)-5-biphenyl-
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4-y|-4-tert-butoxycarbonylamino-2-methylpentanoic acid potassium salt (1-a, R1 = Boc, R2
= HI. R3 = CO,K) and (25,4 S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid potassium salt (1-b, R1 = Boc, R2 = H, R3 = CO,K). Spectroscopic
data as in Example 42, Method 1.

Method 3

100 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentancic acid
potassium salt (2-a, R1 = Boc, R2 = H, R3 = CO;K) (prepared according to procedure in
Example 42) is added to isopropyl acetate (1 ml). 10 % Platinium on carbon (10 mg) is
then added. Hydrogen gas at ambient pressure is applied to the mixture. The mixture is
stirred at ambient temperature and pressure ovemight. The mixture is then filtered over
Celite and washed with isopropyl acetate (2 x 1 ml). The mixture is then concentrated in
vacuo to give (2R,4 S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid
potassium salt (1-a, R1 = Boc, R2 = H, R3 = CO.K) and (25,4 S)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid potassium salt (1-b, R1 = Boc, R2=H, R3 =
COzK). Spectroscopic data as in Example 42, Method 1.

Method 4

100 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
potassium salt (2-a, R1 = Boc, R2 = H, R3 = CO;K) (prepared according to procedure in
Example 42) is added to isopropyl acetate (1 ml). 5 % Rhodium on carbon (10 mg) is
then added. Hydrogen gas at ambient pressure is applied to the mixture, The mixture is
stirred at ambient temperature and pressure overnight. The mixture is then filtered over
Celite and washed with isopropyl acetate (2 x 1 ml). The mikture is then concentrated in
vacuo to give (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid
potassium salt (1-a, R1 = Boc, R2 = H, R3 = CO_K) and (25,4 S)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid potassium salt (1-b, R1 = Boc, R2=H, R3 =
CO2K). Spectroscopic data as in Example 42, Method 1.

Example 43: (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO;H), (2S,4S)-5-Biphenyl-4-yl-
4-tert-butoxycarbonylamino-Z-methylpentanoic acid (1-b, R1 =Boc, R2=H, R3 =
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CO.H), (2R,45)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid salt (1-a, R1 = Boc, R2 = H, R3 = CO;) or (2S5,4S)-5-Biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid salt (1-b, R1 = Boc, R2=H, R3 =
C0,)

S

General Procedure 1

A mixture of Organometallic Catalyst (C) and (R)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2 =H, R3 = CO,H) is
added to the Solvent.(S) (volume and identity of solvent given in the Table of Example 43)
to achieve the concentration of 2-a (R1 = Boc, R2 = H, R3 = CO,H) given in the Table of
Example 43 and an S/C ratio as given in the Table of Example 43.

Optionally and according to the Table of Example 43, an Additive (D) may be added at
this stage. The identity and amount of the additive is given in the Table of Example 43.
The amount of additive to be used is relative to the moles of (R)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 = CO,H)
used.

Hydrogen has is then applied to the vessel containing the mixture (temperature, time and
pressure are given in the Table of Example 43).

The volatiles are removed under reduced pressure and the resulting residue analysed by
hplc to determine the ratio of (1-a, R1 = Boc, R2 = H, R3 = CO:H) or (1-a, R1 = Boc, R2 =
H, R3 =CO;) to (1-b, R1 =Boc, R2 =H, R3=CO_H) or (1-b, R1 =Boc, R2=H, R3 =
COy).
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General Procedure 2

Solvent (S) (volume and identity of solvent given in the Table of Example 43) is added to a
mixture of the Organometallic Complex (A) and the Chiral Ligand (L). The mixture is
stirred for 0.5 h at room temperature. (R)-5-Biphenyl-4-yi-4-tert-butoxycarbonylamino-2-
methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 = CO,H) in a solvent (volume and
identity of solvent given in the Table of Example 43) is then added. The final
concentration of 2-a (R1 = Boc, R2 = H, R3 = CO;H) is given in the Table of Example 43.
The S/C ratio is given in the Table of Example 43. The ratio of Chiral Ligand per atom of

metal within the Organometallic Complex is given in the Table of Example 43.

Hydrogen gas is then appliéd to the vessel containing the mixture (temperature, time -and

pressure is given in the Table of Example 43).

The volatiles are removed under reduced pressure and the resuiting residue analysed by
hplc to determine the ratio of (1-a, R1 = Boc, R2 = H, R3 = CO;H) or (1-a, R1 = Boc, R2. =
H, R3 = CO;) to (1-b, R1 = Boc, R2 = H, R3 = CO,H) or (1-b, R1 = Boc, R2 = H, R3 =
coy).

General Procedure 3

(R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 =
Boc, R2 = H, R3 = COzH) in a Solvent (S) (0.244 mi, identity of solvent given in the Table
of Example 43) is added to the vessel containing the Organometallic Catalyst (C). Further
solvent (identity given in the Table of Example 43) is added to give a final concentration of
2-a ((R1 = Boc, R2 = H, R3 = CO;H) given in the Table of Exampie 43. The S/C ratio is
given in the Table of Example 43.

Optiohally and according to the Table of Example 43, an Additive (D) may be added at '
this stage. The identity and amount of the additive is given in the Table of Examplé 43.
The amount of additive to be used is relative to the moles of (R)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 = CO,H)

used.
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The mixture is then stirred at the temperature and pressure given in the Table of Example
43 for a period of time also indicated in the Table of Example 43.

The érude reaction solutions are analysed by hplc to determine the ratio of (1-a, R1 = Boc,
R2 =H, R3 = CO;H) or (1-a, R1 =Boc, R2=H, R3=C0;) to (1-b, R1 =Boc,R2=H, R3
= COzH) or (1-b, R1 = Boc, R2 = H, R3 = COy).

General Procedure 4

The Organometallic Complex (A) and Chiral Ligand (L) are added to a mixture of ethanol
(0.041 'ml) and dichloroethane (0.135 ml). The mixture is stirred for 0.5 h. The solvent is
then removed under reduced pressure. (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 = CO;H) in a Solvent (S) (0.244 m|,
identity of solvent given in the Table of Example 43) is added to the vessel containing the
Organometallic Complex (A) and Chiral Ligand (L). Further solvent (identity given in the
Table of Example 43) is added to give the final concentration of 2-a (R1 = Boc, R2 = H,
R3 = CO,H) shown in the Table of Example 43. The S/C ratio is given in the Table of
Example 43. The ratio of Chiral Ligand per atom of metal within the Organometallic
Complex is given in the Table of Example 43.

Optionally and according to the Table of Example 43, an Additive (D) may be added at
this stage. The identity and amount of the additive is 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-
butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2=H, R3 = CO;H)
used.

Hydrogen gas is ihe applied to the vessel containing the mixture (témperature, 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 = Bog,
R2 = H, R3 = CO;H) or (1-a, R1 = Boc, R2=H, R3 =CO;) to (1-b, R1 = Boc, R2=H, R3
=CO:zH) or (1-b, R1 =Boc, R2 = H, R3 = CO;y).
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General Procedure 5

Solvent (S) (volume and identity of solvent given in the Table of Example 43) is added to a
mixture of the Organometallic Compléx (A) and the Chiral Ligand (L) in Vessel A. The

mixture is stirred for 15 min at room temperature.

Solvent (S) (volume and identity of solvent given in the Table of Example 43) is added to
(R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 =
Boc, R2 = H, R3 = CO;H} in Vessel B.

The contents of Vessel A and Vessel B are transferred to Vessel C (empty). The final
concentration of 2-a (R1 = Boc, R2 = H, R3 = CO;H) is given in the Table of Example 43.
The S/C ratio is given in the Table of Example 43. The ratio of Chiral Ligand per atom of
metal within the Organometallic Complex is given in the Table of Example 43.

_ Hydrogen gas is then applied to Vessel C (temperature, time and pressure is given in the
Table of Example 43).

The crude reaction solutions are analysed by hplc to determine the ratio of (1-a, R1 = Boc,
R2 =H, R3 = CO;H) or (1-a, R1 = Boc, R2=H, R3 =CO;) to (1-b, R1 =.Boc, R2 = H, R3
= COzH) or {1-b, R1 = Boc, R2 = H, R3 = COy).

General Procedure 6

Solvent (S) (volume and identity of solvent given in the Table of Example 43) is added to a
mixture of the Organometallic Complex {A) and the Chiral Ligand (L) in Vessel A. The

mixtu_re is stirred for 0.5 h at room temperature.

The mixture is transferred to Vessel B containing (R)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 = CO,H)
and optionally (as indicated in the Table of Example 43) ,4-diazobicyclo[2.2.2]octane
{amount given in the Table of Example 43). The amount of 1,4-diazobicyclo[2.2.2]octane
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used is rélative 1o the moles of (R)-5-biphenyl-4-yl-4-tert-butoxycarbenylamino-2-
methylenepentanoic acid (2-a, R1 = Boc, R2 = H, R3 = CO,H) used. The final
concentration of 2-a (R1 = Boc, R2 = H, R3 = CO;H) is given in the Table of Example 43.
The S/C ratio is given in the Table of Example 43. The ratio of Chiral Ligand per atom of

metal within the Organometallic Complex is given in the Table of Example 43.

Optionally and according to the Table of Example 43, methanesulphonic acid may be
added at this stage to Vessel B. The amount of methanesulphonic acid used is relative to
the moles of (R)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid .
(2-a, R1 = Boc, R2 =H, R3 = CO;H) used and is given in the Table of Example 43.

Hydrogen gas is then applied to Vessel B and its contents at the temperature, time and

pressure given in the Table of Example 43.

The crude reaction solulions are analysed by hplc to determine the ratio of (1-a, R1 = Boc,
R2 = H, R3 = CO,H) or (1-a, R1 = Boc, R2 = H, R3=C0O;) to (1-b, R1 = Boc, R2 = H, R3
= CO;H) or (1-b, R1 = Boc, R2 = H, R3 = COy).

General Procedure 7

Solvent (S) (volume and identity of solvent as given in the Table of Example 43) is added
to a mixture of the Organometallic Complex (A) and the Chiral Ligand (L) in Vessel A.
Hydrogen gas (1 bar) is applied to Vessel A and the mixture stirred for 5 min at ambient

temperature.

Solvent (volume and identity of solvent given in the Table of Example 43) is added to (R)-
5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2
= H, R3 = CO,H) in Vessel B.

The contents of Vessel A and Vessel B are transferred to Vessel C (empty). The final
concentration of 2-a (R1 = Boc, R2 = H, R3 = CO,H) is given in the Table of Example 43.
The S/C ratio is given in the Table of Example 43. The ratio of Chiral Ligand per atom of
metal within the Organometallic Complex is given in the Table of Example 43.
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Hydrogen gas is then applied to Vessel C and its contents (temperature, time and
pressure is given in the Table of Example 43.

The crude reaction solutions are analysed by hplc to determine the ratio of (1-a, R1 = Boc,
R2 = H, R3=CO;H) or (1-a, R1 = Boc, R2 = H, R3 = CO;) to (1-b, R1 =Boc, R2 = H, R3
= CO,H) or (1-b, R1 = Boc, R2 = H, R3 = COy).

General Procedure 8

Solvent (S) (volume and identity of solvent given in the Table of Example 43) is added to a
mixture of the Organometallic Complex (A) and the Chiral Ligand (L) in Vessel A. The

mixture is stirred for 15 min at room temperature.

Solvent (volume and identity of solvent given in the Table of Example 43)is added to (R)-
5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc, R2
= H, R3=CO,H) in Vessel B. The mixture is heated at 70 °C for 0.5 h

The contents of Vessel A and Vessel B are transferred to Vessel C (empty). The final
concentration of 2-a (R1 = Boc, R2 = H, R3 = 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 Organometallic Complex is given in the Table of Example 43.

Hydrogen gas is then applied to Vessel C (temperature, time and pressure is given in the
Table of Example 43.

The crude reaction solutions are analysed by hplc to determine the ratio of (1-a, R1 = Boc,
R2 =H, R3 = CO;H) or (1-a, R1 = Boc, R2=H, R3 = CO;) to {1-b, R1 = Boc, R2=H, R3
= COzH) or (1-b, R1 = Boc, R2 = H, R3 = COy).

HPLC Method 1 (Reactions performed according to Example 43, General Procedures 1
or 2).
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-72) (benzene)]d C 22 = [(S)BINAP Rh(COM SF, = [(L-72)Rh(CCOD)]BE4

(1-a, R1 = Boc, R2 = H, R3 = CO_H): 8.3 min

(1-b, R1 = Boc, R2 = H, R3 = COH): 5.0 min

(2-a, R1 =Boc, R2=H, R3 = CO_H): 5.7 min
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HPLC Method 2 (Reactions performed according to Example 43, General Procedures 3,
4,5,6,7,0r8). '

Column; Chiralpak QD-AX; 150 x 4.6 mm; 5 um. Mobile Phase A: Methanol; 0.05%
AcOH (v/v), 0.01 % NH,OAc (m/v). Isocratic: 0 min (100 % A); 20 min (100 % A). Flow

rate: 0.8 ml min”". Wavelength: 220 nm. Column temperature: 25 °C.
Retention times:
(1-a, R1=Boc, R2 =H, R3 = COH): 5.0 min

(1-b, R1 = Bocg, R2 = H, R3 = CO,H): 5.8 min
(2-a, R1=Boc, R2 =H, R3 =CO,H): - 8.4 min
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(D) D-1:

239 Additive
For a given

iPﬁT;‘BE'?:?I)‘)/[IS(DSI ]
under reduced pressure.

acetate S-11: Tetrahydrofuran
(7:3)

drofuran 8-13: Ethanol /Water

R3 = CO2H)
for exanpl e,

Boc, R2 s |-1,

1,1, 3, 3-Tetranet hyl g uani di ne D-8: Sodi um net hoxi de

et herate D-2: Met hanesul phonic ac
R1

Y

h
%

S-9: Di chl oroet hane 8-10: Et hyl
a

tet
508

1, 4- Di azobi cycl o[ 2. 2. 2] octane D-4: Triethylam ne D-5: Potassi um et hoxi de D-6:

Di i sopropyl et hyl am ne D-7:
after the reaction tine indicated in the table shown in Exanple 43,

Exanpl e44: ( 2R, 4S) - 5- Bi phenyl-4-y1-4-tert-butoxycarbonyl am no- 2-
The residue may then be used in subsequent transformations.

nmet hyl pent anoi ¢ acid (1-a,

reaction,
the sol vent may be optionally renoved,

8- 8: | sopr opanol
8-12: 2-Met
Tetrafl uoro
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Met hod 1 Ethanol (1.2 ml) is added to the reaction concentrate obtained from
Exanpl e 43, t 91 (240 ng). The m xture is heated to reflux. Water (0.6
m) and acet%zg@ﬁ' .%_(1}13 ul) are added. The nmixture is cd&i"@F¢85Und stirred
at this tenperature for 1 h. The solid is collected by filtration and washed
wi th an ethanol -water m xture (2 ml, 2:1). The solid is then dried under
vacuumto give (2R 45)-5-bi phenyl -4-y1-4-tent-butoxycarbonyl am no-2- 240

nmet hyl pentanoic acid (1-a, RL = Boo, RR = H R3 = CO2H). Ratio of

di astereomers 99.8 : 0.2 (1-a, Rl = Boo, R2= H R3= CO2H : 1-a, Rl = Bon, R2
H R3 = CO2H) fromhplc. Method 2 |sopropyl acetate (1.5 ml) is added to the
reaction concentrate obtained from Exanple 43, Method 351 (240 ng). CGitric
acid (145 ny) di%el—ved—pn—wa{—er—g.—s—m—)—l—s-added—'Fhe—phases—aJe separ at ed.
The organi ¢ phaSegd § shed @i Bh et € §1252n0) 2 Theg phaSeg & & then
separated. The MMMM_LMJe (2R, 48) 5-
bi phenyl- 4-y1l- 4wt er to butwxycar bo Icamn® Q weth nt anobcead ¢ (1l-a, Rl =
BogRBZ/:HyRSmmC@@ %mmg’y 3 3?‘?835588(

(28, 43) - 5- bi phegyE- % Yol-&- b6t bW @Qé&as b@nw 3MJNG 25 NBL Bylpentanoi ¢ aci d
(1-6, Rl 7 Boc,”RZ = H_ "RI =—CPH) ™ RatTo of di istereqners™@7 7 : 2.3 (1l-a, Rl
= Boo, R2 = H RK3—=CR; :~18ar RLZF rBoh, QFR23=H 8 = @ORHR fiy om hpl c.

Optional |y, the—mvm@-nvdﬁm-eem—ﬁ-mmreri—%gd—z can be
subsequent |y and Fefedi edl § Pe&r ystl T i Sel, 3f 6 Texanpl &, tb§ IS owi ng General

Procedure 3. Method 3 Agyrixture of 174 ng,

(2R, 4S) - 5- bi pheny1l-4-y1-A-terf- ‘but oxycar bonyl ani no- 2- et hyI pent anoi c acid
(1-a, Rl = Boc, RZ = H &3 =5CO2H) bt al nedyf Lom Exanpl e 44, yMethod 2 in

i sopropyl acetate (350 A) 'iS heat&d to gi ve & soldution. Hepfane (7001.11) is
added. The m xtgre is L£Looledote @ © andsséi eredaate this besperature for 1 h.
The solid is cofl dcted iy $i Bt Bati & =rd¥l Baghgd Swg I¥ ap BsBpSopy| acetate :
hept ane m xt ur e—&nﬁ-)—'ﬁﬁe—sd—l—d—l—?t—haﬁ—w&t—ed—mﬁdef—vacuum to give
(2R, 4S) - 5- bi pheny & 4 A -a-Lert 2 BuroxycarBonyam mo-2-&e€hidl rert anoi ¢ aci d
(1-a, R1=Boo—R2—H—R3——0621=D—Rah—0—Uf—d1—a§r€remTErs—99—9—01(la R1L =
Boc, R2 = H, R3"="CCPH : ' 1‘a’ Rl = Boc, 'R2 = H, "R3' =" CC»H) 'fr'om hplc.

Per f or i ng of rgactl ons | n,agcqrdance, V\4th Vet heds, 1, & or 3 ,is, i ndependent of
whet her an aﬂdluﬁ_muxamm_l_s_usg_d_du_l_ng_wf_ﬁaptl on given in
Exanpl e 41. React ions Jperforaed in4 he absepce of 4 Hase-maycalso be
subsequent|y précésged @44 acordithg® t® fethéde ¢t ven?i A ¥ewvheds 1, 2 or 3.
Alternatively, TRy TRy DeyPT ORESsEd QCLOLUI Mg O MELMody gescigbed in

W2008/ 031567, FoB @(Meo Exdnmd €5 2 3r332 BPLC Id h@do(gegctﬁ ons perforned
according to E)mrrﬁ’l e A ° MRt hofs®1 2 Dr® ’2? Col umm:_Dai cEl SON-AX: 150 x 4.6
mm 5 pril. Mbgle %1&568% g/etohan(g gtds\anﬂog glgl)s 9.8 .%Acg%({gv/v) 0.1 %
NH40Ac (rn/v). Fsocraticy O win (160% A); 20 R m (“16?50/55 A)'. “Flow rate: 0.5 ni
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Retentiontirres (1-a, R1 = Boc, RR = H R3 = C071-1):7.8 mn (1b R1 =
Boc, 53 C0211)103mn(2a Rl = Boc, R = H R3 =CO2H:14.3 mn
Exarrpl o 45 \z/ 09/090251 PCT/EP2009/050510

55) - 5- Bi pheny1- 4-yl net hyl - 3-r net hyl - 2- oxo- pyrrol i di ne-1-car boxylic acid
tert-butyl ester (3-a, Rl = Boc) and (3S,

5S) - 5- bi phenyl - 4-yl met hy1- 3- net hy1- 2- oxo-pyrrolidi ne-1-carboxylic acid
tert-butyl ester (3-b, 121 = Boc) Method 1 Ethanol (1 m) |Is added to a

m xture of 100 ny o

(R) - 5- bi phenyl - 4-yl et hy1- 3- net hyl ene2- oxo- pyrrolidi ne-1-carboxylic acid
tert-butyl ester (4-a, RL = Boc) and 10 111/0 pall adium on carbon (10 ng, 50 %
water wet, Degussa—type ELO0L NENV). Hydrogen—gas—is—appled—to-the mxture.
The mixture is StErred at an®i Bnt Cerpe} ot ufelamd presSufledl Gr 24 h. The
mxture i s then“iFlfered over €efites dhd wished W th BtRahol (2 x 0.5 n).

242 The m xtureci & then concendr at ed « e vaceost e _3tR,~, - o

5S) - 5- bi pheny1-@- §l Fethyil-8-Sn8t By £ ¢k o2 pr Bob g -Bafkb&x@ic acid
tert-butyl esteg b3 féaL J;‘O&%) a'%dd@,obé)o ©© 0O ©oe oo

5- bi pheny1-4-yl idtert-butyl
ester (3-b, Rl g Soe) w Dbagtrergomeez rgatuqazg ~8@ @8@ = Bo® : 3- b, RL =
Boc) as deternine 11 ' T ' +——n—W0' 2008/ 083967,
for exanple, Ex&npl Es mlzig and= 18. tI\/l=5>t tfod: 2‘I§o’p’r (’fpﬁ "acfet<at§ Fl"rri) is added to
a mxture of 100 myg(R)-5-biphenyl-4-yl meghyl-3- L

net hyl ene- 2- oxo- pyr Fol’i di ne-¥- car boxyl icacid tert-butyl ester c(4 a, Rl = Boc)
and 10% pal | adi um or garbon £10 ny, 50 %water wet, Pegussa type EL101 NENV).
Hydrogen gas i s appAi & to tRe mxture The mi'xture9s s®irredSt anbient
tenperature andoppe&swre:f@rom B. oThe dnxtyre s 4 kenefel bered, over Celite
and washed with3 |§oﬁr(§p)& %C@tata BXD.3 BLE ST FHXtErE ©s 3 hen
concentrated i r—vacto—to UI ve \ '_r;} 5=

bi phenyl - 4- yl meEhpl<3<ms @].OZQO&O@)H rdl S dEn&- & carboxyti & &id tert-butyl
ester (3-a, R1 = BOC) and—(3S;

5S) - 5- bi phenyl - 4- y| et 'hy1-3- fret hyl 02 0X0- pyrrol rdine- 1: car boxXyl'i ¢ acid
tert-butyl egter (3-b, Ig;.\ Bog). Diastereoner ratjo, 15 . 854(3-a, RL = Boc)
3-b, Rl = Bdd) WMMnbed in

WO 2008/ 083967,rf0r wexanple, - Exagples. 14 and 18- Method 3 Lsopropyl acetate (1
m) is added to%a®nmi?xture @©f»1009ng (R 52 b phery 12 42 yb nét iy B 3

nmet hyl ene- 2- oxrwm—mgmmﬂmj—mrt—burw—egmrjﬂ a, Rl = Boc)

and 10% pl ati ni &nf2od @arﬂbm $10 By HEIrdg8ndgds J LR eBt oppe§sur e) is
applied to the fixtire The TixtBre % 3tPrPed at anbi ent ’Pprm(?r ature and

pressure for 4 B. gThe gnxtdre gsof Bem fub lbeqed oveg Legiges 8ndh washed with
i sopropyl acet at'e™ (2 £ ¢ Rn)T Thé& m ot e § théeh Toncentr& &4 i n vacuo to
give (3R, 59)-5¢gbi pkenyls 4s ybret by tayb2o0x0<pyrrol i dign car boxylic
acid tert- butylvester (3-a~ ®1'=-B (?c)%gd‘:(g& ég% 8 %%

bi phenyi - 4-yl rre;hyl 3- maﬂgh,yl - 2- 040 PY 1ol | dg.,ng I car boxyl ¢ acld tert-butyl
ester (3-b, Rl & Bo(fj) I)”a},t_ereof’f’et"’ ratd o_lsg o 6733 a; RI5=3B6t : 3-b, RL =
Boc) as det er nined_by h3 ctr oscopic- } bed 1 WO 2008/ 083967,
for exanpl e, Exﬁrrpl &s 14} a}‘ld"’18 p ZA@ I\‘@atﬁoﬁ % Qs@pr opyl afeffate (1 m) is
added to a m xt

met hyl ene- 2- oxo0- p§r r.ol§ di ne- 1- ear.boxyl ic acid.tert- bxut%I"’ester (4-a, R1L = Boc)
and 10 % rhodi um on catbon (10°ng). Hydrogen gas (artbient pressure) is applied
to the m xtur:,% <« The dmMxtdre &S-sti i ed @t<agbkert & ehperature and pressure for
50 h. The mgweﬁ—s—kheﬂ—H4+eFed—eve1h€eH+es—&ﬁd—w&s-hed—w+h—lsopropyl
acetate (2 x0.8 § B he YXtArg & I ¥ clngedd fareddi § gadud to give (3R
58) - 5- bi phen%‘l 4-yimethyt=3=-methyi=2-oxopyrrotidime=i=carboxytitc aci d
tert-butyl ester (3-a, Rl = Boc) and (38, 5S)-5-biphenyl-4-

yl met hyl - 3- net hyl - 2- oxo- pyrrol i di ne-1-carboxylic acid tett-butyl ester (3-b,
Rl = Boc). Diastereoner ratio 21 : 79 (3-a, RlL = Boc : 3-b, RL = Boc) as
determ ned by hplc. Spectroscopic data in described in WY 2008/ 083967, for
exanpl e, Exanples 14 and 18. HPLC Method 1 (Methods 1-4) Colum: AD-RH

Chiral pak; 150 x 4.6 mm Mobile Phase A (water); Mdbile Phase (Acetonitrile).

| socratic: O mm (20 %B); 15 mMm (20%B). Flow rate: 0.5 m Wavel ength 210 nm
Col um tenperature: 40 C

- -




Ret enti on tirres (3 a, RL = Boc):6.2 mn (3-b, RL = Boc) 6.8 m'n HPLC Met hod 2
(Met hods 1-4) umm: Zorbax SB-C18; 150 x 3.0 mm 3. B bi | e Phase A
(0.01 M KH2 z'f”ﬁm\’/\/é?' er); Mobile Phase B (Acetoni tr| | e). CWE’&P@H’P""O mn (30 %
B); 10 mn (80%B); 15 mn (80%B); 15.1 mn (30%6); 18 mn (30 %6). Flow
rate: 1.0 M mn-1. Wavel ength: 210 nm Tenperature 50 C. 244 (4-a, Rl =
Bo0):9.8 mn (3-a, RL = Boc; 3-b, RL = Boc):10.1 mn Exanple 46: (3R

5S) - 5- bi phenyl - 4-yl net hy1- 3- met hy1- 2- oxo- pyrrol i di ne-1-carboxylic acid
ferf-butyl ester (3-a, RI = Boc) and (3S,

5S) - 5- bi phenyl - 4-yl net hy1- 3- net hyl - 2- oxo-pyrrol | dl ne-1-carboxylic acid
tert-butyl ester (3-b, RI = Boc) GCeneral Procedure for Methods 1-7 To a

m xture of O. SM_@R)ﬁS_BI_phenw_A_yuxethLIJ_n@LtyLene;Loxo_pyrrolidi ne- 1-
carboxylic acid2t@ri-hutylZest@r § & RIZ=ZBacf ih dred ranal ~of; et hanol (5 m)
at anbi ent tenp@rat lr & 5 Sot ufi &n Jof® O ganontt al [ @ GBnpl €x~(S/ C ratio of 50
or 100) and Chi«xab i gand £ ]mloeq: per< netal cabhom w tchien $he er ganonetal lic
conpl ex) is addﬁdml 3 ﬁbt&aﬁ]o% Br Eeﬁlé'-hd* fESoonﬁ) A Iﬁ/(ﬂo%eﬁ Br é’ssure of 20 bar

is applied for ITE - , enoved in
vacuo to provi de The c'or“‘r eép‘Ondl rrg“pr“odUc‘r sin:p:[e‘s E[E EDEI ysed by hplc
todetermnethregagle.o.fga’rR 58)351\033333 S &~~~

bi pheny1l- 4- yI_- i i —oX0= i—eh car-boxy acte tert-butyl
ester (3-a, Rl & o&’)“t&( 3 3

5S) - 5- bi phenyl - 4 %l get hyI 3- rre&:hyl 2- 0XO0- pyrrgl Ldi ne- 1-car boxylic acid
tert-butyl ester €3cb,” RL = Boe) SpectroscopPcedata i'n described in

WO 2008/ 083967, Tar cexanple, Exanples 14 and 18, Neth 1 245

cymene) r ut heni un('lﬂl}fj di ner); 'Efhanol .’ D astereofeld rat®0'82 ' 18 (3-a, Rl =
Boc : 3-b, Rl =,Bech @sgeiedam,ne,dcby:, hplg. oMot BOh 2> o o « =

Chi ral Li gand((a§ 8Sk- 2 25 B sEazNINdizges @I%nﬁn@of&’e@l%h@l E—@Q R -1, 1-

W [ToRT)) w oW w Ty} o o w
P e B e T I B = ]
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bi s[di (3, 5- dinethyl 4- nethoxyphenyl)phosphino]terrocene =

(S)-(R) -Nwe2-P(3, 5- Me-4- MeOPh) 2- Mandyphos = SL- MD04- anonetal lic

Conmpl ex (di che 318 {‘i%%lnene)rut heni um(11) di ner); Ethanol PcﬂEg PePedier ratio 82
: 18 (3-a, RL = Boc : 3-b, Rl Boc) as determ ned by hplc. Method 3

Chiral Ligand((R)-i -RS )-2-Di-cycl ohexyl phosph no)ferrocenyl]ethyldi-(2-

nmet hyl phenyl ) phosphine = (R)-(S)-Cy2PF- PTol2 = SL-J504-1); Organonetallic
Compl ex fdichl oro(p-cynene)ruthenium 11) di me* Methanol. D astereoner ratio 53
. 47 (3-a, RL = Boc : 3-b, Rl = Boc) as determ ned by hplc. Method 4 Chiral
Ligand { (R R -2,7-Bis[(S)-1-(diaryl phosphino)ethyl]-1,1"-biferrocene =
SL-F115- 1); Organonetallic Conpl ex (bis(norbornadi ene)rhodi un(1)

| etrafl uorobor atel:_ Mt hanol Diastereoner ratio 71 - 29 (’% a_ Rl = Boc : 3-b,
R1 = Boc) as degegnPnébl wpy2 hpl €. 2Met od? 52 Chi r:ab 3 gand & o 9

{(S-1-[(R) - 2- Di phényl $hd% phi Aofert Scehy? Iet RyPdi™ rert -BuByFpHosphi ne =
(S)-(R) - PPF- Rt Bd2<=cSkr JA02-2) & O ganonetal bi e Corplexn (o © v o

bi s(trifluoroacgl 8xyp) (1,%-5cyclosctads ehedr it kel @13) v fethdhol .
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For the purpose of Example 43, the following abbreviations apply:
Organometallic Catalyst (C)

C-1 = [Rh(COD)(SL-P005-1)]BF, = [Rh(COD)(L-38)|BF ,

C-2 = [Rh(COD)(SL-P102-1)]0;SCF; = [Rn(COD)(L-40)]0,SCF,

C-3 = [Rh(COD)(SL-P102-1)|BF, = [Rh(COD)(L40)]BF,

C-4 = [Rh(COD)(SL-P104-2)|0,SCF; = [Rh(COD)(L-41)]0sSCF

C-5 = [(S)MeBoPhoz Rh(COD)]BF, = [(L-55)Rh(COD)]BF4

C-6 = [(R)4-F-C6H4-MeBoPhoz Ru(benzene)Cl|Cl = [(L-60)Ru(benzene)CIICl
C-7 = [(R)Phenethyl-(R)-MeBoPhoz Ru(benzene)CIICI = [(L-61)Ru(benzene)CIICI
C-8 = (R)BINOL-(R)-MeBoPhoz Ru(benzene)CICI = [(L-62)Ru(benzene)ClICl
C-9 = [(S)BINOL~(R)-MeBoPhoz Ru(benzene)CI|Cl = [(L-63)Ru(benzene)CIICI
C-10 = [(R)MeBoPhoz RuCl(Benzene)|Cl = [(L-54)RuCl(Benzene)]Cl

C-11 = [(R)p-F-MeBoPhoz RuCl(Benzene)|Cl = [(L-64)RuCl(Benzene)]Cl

C-12 = [(S)MeBoPhoz Ir(COD)|CI = [(L-55)I(COD)]Cl

C-13 = [(R)MeBoPhoz ICOD)ICI = [(L-54)I(COD)]CI

C-14 = [(R,R)BDPP Rh(COD)|BF4 = [(L-65)Rh(COD)|BF4

C-15 = [(S,S)BDPP Rh(COD)]BF, = [(L-66)Rh(COD)]BF,

C-16 = [(R)Binam-P Rh(COD)|BF, = [(L-67)Rh(COD)|BF,

C-17 = [(S)Binam-P Rh(COD)|BF.

[(L-68)Rh(COD)]BF,
C-18 = [(R)Tol-BINAP RuCl(benzene)Cl = [(L-69)RuCl(benzene)]Cl
C-19 = [(S)Tol-Binap Rh(COD)]BF, = [(L-70)Rh(COD)|BF,

C-20 = [(R)Binap RuCl(benzene)|ClI

[(L-71)(benzene)]Cl

C-21 = [(S)Binap RuCl(benzene)ICI

[(L-72)(benzene)|CI
C-22 = [(S)BINAP Rh(COD)]BF, = [(L-72)Rh(COD)|BF,

C-23 = [(R)Binaphane Rh(COD)]BFs = [(L-73)Rh(COD)|BF.

Te.

gar
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C-24 = [(S,S)Me-BPE Rh(COD)|BF4 = [(L-74)Rh(COD)|BF 4

C-25 = [(S.S)Ph-BPE Rh(COD)|BF, = [(L-75)Rh(COD)|BF,

C-26 = [(R)CatASium D Rh(COD)]EF4_ = [(L-76)Rh(COD)|BF,

C-27 = [(R)CatASium M Rh(COD)|BF4 = [(L-77)Rh(COD)|BF4

C-28 = [(R)CatASium MN Rh(COD)]BF, = [(L-78)MN Rh(COD)|BF,
C-29 = [(R)CatASium MNN Rh(COD)IBF, = [(L-79)MNN Rh(COD)|BF,
C-30 = [(S)CatASium M Rh(COD)|BF, = [(L-80)M Rh(COD)|BF,

C-31 = [(S)CatASium MN Rh(COD)|BF; = [(L-81)Rh(COD)JBF,

C-32 = [(S,S)ChiraPhos Rh(COD)|BF, = [(L-82)Rh(COD)]BF,

C-33 = [(R,R)DIOP Rh(COD)|BF, = [(L-83)Rh(COD)|BF,

= [(S.S)DIOP Rh(COD)|BF, = [(L-84)Rh(COD)|BF,

C-35 = [(RR)DIPAMP Rh(COD)IBF, = [(L-85)Rh(COD)]BF:
C-36 = [(R,R)DuanPhos Rh(COD)|BF, = [(L-86)Rh(COD)]BF,
C-37 = [(R)MeDuPhos Rh(COD)JBF, = [(L-87)Rh(COD)|BF,
C-38 = [(S,S)Et-Ferrotane Rh(COD)[BF; = [(L-88)Rh(COD)IBF,

C-39 = [(R,R)NorPhos Rh(COD)BF4

[(L-89)Rh(COD)]BF,

C-40 = [(S,S)NorPhos Rh(COD)|BF

[(L-90)Rh(COD)|BF

C-41 = [(R)PhanePhos Rh(COD)]BF, = [(L-91)Rh(COD)]BF,

C-42 = [(S)PhanePhos Rh(COD)|BF

[(L-92)Rh(COD)]BF,
C-43 = [(R)Xyl-PhanePhos Rh(COD)IBF, = [(L-92)Rh(COD)|BF,
C-44 = [(R)Xyl-PhanePhos RuCly(dmf)] = [(L-93)RuCly(dmf)]
C-45 = [(S)Xyl-PhanePhos RuCl,(dmf);] =. [(L-94)RuCl,(dmf);]
C-46 = [(R)PhanePhos RuCl,(dmf);] = [(L-91)RuCl,(dmf),]

C-47 = [(R)An-PhanePhos Rh(COD)|BF, = [(L-96)Rh(COD)]BF,

C-48 = [(R)MeO-Xyl-PhanePhos Rh(COD)|BF; = [(L-97)Rh(COD)|BF,
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C-49 = [(R)Tol-PhanePhos Rh(COD)|BF, = [(L-95)Rh(COD)]BF,
C-50 = [(S)iPr-PHOX I(COD)|BArF = [(L-98)Ir(COD)|BArF
C-51 = [(S)Cy-tBu-SIMPLEPHOX Ir(COD)[BATF = [(L-99)ICOD)|BArF

C-52 = [(R)P-Phos Rh(COD)]BF4

[(L-100)Rh(COD)|BF.4

| C-53 = [(S)P-Phos Rh(COD)|BF,

[(L-101)Rh(COD)|BF,

C-54 = [(R)Xyl-P-Phos RuCl,(dmf);]

[(L-102)RuCl,(dmf),]

C-55 = [(S)Xyl-P-Phas RuCly(dmf),]

[(L-103)RuClz(dmf),]

C-56 = [(S)P-Phos RuCl(benzene)]Cl

[(L-101)RuCl(benzene)]Cl

C-57 = [(R)P-Phos RuClbenzene)]Cl

[(L-100)RuCl(benzene)|Cl
C-58 = [(R)P-Phas Ru(acac)y] = [(L-100)Ru(acac);]

C-59 = [(R)Xyl-P-Phos Ru(acac)] = [(L-102)Ru(acac),]

C-60 = [(R)Xyl-P-Phos RuCl(benzene)]Cl = [(L-102)RuCl(benzene)|Cl
C-61 = [(S)P-Phos I(COD)|CI = [(L-101)I(COD)|CI

C-62 = [(S)Xyl-P-Phos I(COD)ICI = [(L-103)I(COD)ICI

C-63 = [(R)ProPhos Rh(COD)|BF4 = [(L-104)Rh(COD)]BF,

C-64 = [(Ra,Sc)1Np-QUINAPHOS RuCl(dmf);] = [(L-105)RuCl,(dmf),]
C-65 = [(S2,Rc)INP-QUINAPHOS RuCly(dmf)s] = [(L-106)RuClz(dmf);]
C-66 = [(S.S,R,R)TangPhos Rh(COD)|BF, = [(L-107)Rh(COD)JBF,

C-67 = [(R)-JafaPhos Rh(COD)|BF, = [(L-108)Rh(COD)]BF,

Organometallic Complex (A)
A-1 = [Ir(COD)CIL,

A-2 = [Rh(NBD);]BF

A-3 = [Ru(COD)(2-metallyl);]
A-4 = [Ru(COD)(OOCCF3);]

A-5 = [Rula(p-cymene));
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A6 = [(CysP)Ir(py)C

A-7 = [Rh(COD);|BF,

Chiral Ligand (L)

L-1 = Atropisomer SL-A1 01-1
L-2 = Atropisomer SL-A109-2
L-3 = Atropisomer SL-A116-2
L-4 = Atropisomer SL-A118-1
L-5= Atropisomer SL-A132-2
L-6 = Fenphos SL-F131-1
L-7 = Fenphos SL-F132-1
L-8 = Fenphos SL-F133-1
L-9 = Fenphos SL-F134-1
L-10 = Fenphos SL-F135-1
L-11 = Fenphos SL-F355-1
L-12 = Fenphos SL-F356-1
L-13 = Fenphos SL-F365-1
L-14 = Josiphos SL-J005-2
L-15-= Josiphos SL-J008-.1
L-16 = Josiphos SL-J009-1
L-17 = Josiphos SL-J013-1
L-18 = Josiphos SL-J211-1
L-19 = Josiphos SL-J301-1
L-20 = Josiphos SL-J403-1
L-21 = Josiphos SL-J408-1

L-22 = Josiphos SL-J412-1
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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

| | L-27 = Josiphos SL-J504-1
L-28 = Josiphos SL-J504-2
L-29 = Josiphos SL-J505-2
L-30 = Josiphos SL-J506-1
L-31 = Mandyphos SL-M002-1
L-32 = Mandyphos SL-M003-1
L-33 = Mandyphos éL-MOO4-1
L-34 = Mandyphos SL-M004-2
L-35 = Mandyphos SL-M009-1
L-36 = Mandyphos SL-M010-1
L-37 = Mandyphos SL-M012-1
L-38 = Phospholane SL-P005-1
L-39 = Phospholane SL-P051-1
L-40 = Phospholane SL-P102-1
L-41 = Phospholane SL-P104-2
L-42 = Taniaphos SL-T001-1
L-43 = Taniaphos SL-T001-2
L-44 = Taniaphos. SL-T003-1
L-45 = Taniaphos SL-T021-2
L-46 = Walphos SL-W001-1
L-47 = Walphos SL-W005-1

L-48 = Walphos SL-W008-1
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L-49 = Walphos SL-W008-2

L-50 = Walphos SL-W009-1

L-51 = .Walp'hos SL-W012-1

L-52 = Walphos SL-W021-'1

L-53 = Walphos SL-W024-1

L-54 = (Ry-MeBophoz

L-55 = (S)-MeBoPhoz

L-56 = (R)-3,5-F2C6H3-BnBoPhoz

L-57 = (R)-Cy-MeBoPhoz

L-58 = (R)-Phenethyl-(R)-BoPhoz

L-59 = (R)-Phenethyl-(S)-BoPhoz

L-60 = (R)-4-F-C6H4-MeBoPhoz

L-61 = (R)-Phenethyl.-(R)-MeBoPhoz

L-62 = (R)-BINOL-(R)-MeBoPhoz

L-63 = (S)-BINOL-(R)-MeBoPhoz

L-64 = (R)-p-F-MeBoPhoz

L-65 = (R,R)-BDPP
=(S,S)-BDPP

L-67 = (R)BINAM-P

L-68 = (S)-BINAM-P

L-69 = (R)-Tol-BINAP

L-70 = (S)-Tol-BINAP

L-71 = (R)-BINAP

L-72= (S)-BINAP

L-73 = (R)-Binaphane
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L-74 = (S,S)-Me-BPE
L-75 = (S,S)-Ph-BPE
L-76 = (R)-CatASium D
L-77 = (R}-CatASium M

| L-78 = (R}-CatASium MN
L-79 = (R}-CatASium MNN
L-80 = (5)-CatASium M
L-81 = (S)-CatASium MN
L-82 = (S,S)-ChiraPhos
L-83 = (R,R)-DIOP
L-84 = (S,S)-DIOP
L-85 = (R,R)}-DIPAMP
L-86 = (R,R}DuanPhos
L-87 = (RyrMeDuPhos
L-88 = (5,S)-Et-Ferrotane
L-89 = (R,R}>NorPhos
L-90 = (S,S)-NorPhos
L-91 = (R)-PhanePhos
L-92 = (S)}-PhanePhos
L-93 = (R}-Xyl-PhanePhos
L-94 = (S)-Xyl-PhanePhos
L-95 = (R}-Tol-PhanePhos
L-96 = (RyAn-PhanePhos
L-97 = (R)-MeO-Xyl-PhanePhos
L-98 = (S)-iPr-PHOX

L-99 = (S)-Cy-tBu-SIMPLEPHOX
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(R)-P-Phos

L-101 = (S)-P-Phos

L-102 =
L-103 =
L-104 =
L-105 =
L-106 =

L-107 =

(R)-Xyl-P-Phos
(S)-XyI-P-Phos
(R)-ProPhos
(Ra,Sc)-1Np-QUINAPHOS
(Sa.Rc)-1Np-QUINAPHOS

(S,S,R,R)TangPhos

L-108= (R)-JafaPhos (= (R)-(+)-1,1"-Bis(diphenyiphosphino)-2,2"-bis(N,N-
diisopropylamido)ferrocene)

Solvent (S)

S-1:  Ethanol

§-2:  Methanol

S-3:  Ethanol/lsopropanol (1:1)

S-4:  Ethanol/Trifluoroethanol/2-Methyltetrahydrofuran (48:47:5)
S-5:  Ethanol/lsopropanol (18:1) .
S-6:  Trifluoroethanol/Ethanol (1:1)

S-7: | 2-Methyltetrahydrofuran/Ethanol (5:95)

S-8:  Isopropanol

S-9:  Dichloroethane

S-10: Ethyl acetate

S-11: Tetrahydrofuran

S-12:  2-Methyitetrahydrofuran

S§-13: Ethanol/Water (7:3)
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Additive (D)
D-1.  Tetrafluoroboric acid etherate
D-2: Methanesu|phonic acid
D-3: 1 ,4-Diazobicyclo[2.2.2]octane
/ D-4: Triethylamine
D-5: Potassium ethoxide
D-6: Diisopropylethylamine
D-7.  1,1,3,3-Tetramethylguanidine
D-8: Sodium methoxide
Example 44: (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-

methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO;H)

40 andor [ J R — o
ja\ HN HN

29 S o
For a given reaction, after the reaction time indicated in the table shown in Example 43,

the solvent may be optionally removed, for example, under reduced pressure. The

residue may then be used in subsequent transformations.
Method 1

Ethanol (1.2 ml) is added to the reaction concentrate obtained from Example 43, Method
351 (240 mg). The mixture is heated to reflux. Water (0.6 ml) and acetic acid (43 pl) are
added. The mixture is cooled to 0 °C and stirred at this temperature for 1 h. The solid is
collected by filtration and washed with an ethanol-water mixture (2 ml, 2:1). The solid is
then dried under vacuum to give (2R 4 S)-5-biphenyl-4-yi-4-tert-butoxycarbonylamino-2-
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methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO,H). Ratio of diastereomers 99.8 :
0.2 (1-a, R1 = Boc, R2 = H, R3 =CO;H : 1-a, R1 = Boc, R2 = H, R3 = CO,H) from hplc.

Method 2 -

Isopropyl acetate (1.5 ml) fs added to the reaction concentrate obtained from Example 43,
Method 351.(240 mg). Citric acid (145 mg) dissolved in water (1.3 ml) is added. The
phases are separated. The organic phase is washed with water (1.5 ml). The phases are
then separated. The organic phase is then concentrated in vacuo to give (2R,4S)-5-
biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 = Boc, R2 = H,
R3 = CO;H) and (2S,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid (1-b, R1 = Boc, R2 = H, R3 = CO;H). Ratio of diastereomers 97.7 : 2.3 (1-a, R1 =
Boc, R2 =H, R3=CO.H : 1-a, R1 = Boc, R2 = H, R3 = CO_H) from hplc.

Optionally, the material obtained from General Procedures 1 and 2 can be subsequently
and repeatedly recrystallised, for example, by following General Procedure 3.

Method 3

A mixture of 174 mg (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO;H) obtained from Example 44,
Method 2 in isopropyl acetate (350 pl) is heated to give a 'solution. Heptane (700 pl) is
added. The mixture is cooled to 0 °C and stirred at this temperature for 1 h. The solid is
co||ected by filtration and washed with an isopropyl acetate : heptane mixture (1 ml, 1 : 2).
The solid is then dried under vacuum to give (2R.4S)-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 = Boc, R2 = H, R3 = CO,H). Ratio
of diastereomers 99.9: 0.1 (1-a, R1 =Boc,R2=H, R3=CO.H : 1-a, R1 =Boc, R2 = H,
R3 = CO;H) from hplc.

Performing of reactions in accordance with Methods 1, 2 or 3 is independent of whether
an additive, for example, a base, is used during the reaction given in Example 41.
Reactions performed in the absence of a base may also be subsequently processed
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according to methods given in Methods 1,.2 or 3. Alternatively, they may be processed
according to methods described in W0O2008/031567, for example, Examples 2 or 3:

HPLC Method (reactions performed according to Example 44, Methods 1, 2 or 3)

Column: Daicel QN-AX; 150 x 4.6 mm; 5 um. Mobile Phase A: Methanol-Ethanol (1:1),
0.1 % AcOH (v/v), 0.1 % NH,OAc (m/v). Isocratic: 0 min (100 % A); 20 min (100 % A).

Flow rate: 0.5 ml min™. Wavelength: 254 nm. Column temperature: 10 °C.
Retention times:

(1-a, R1 =Boc, R2 = H, R3 = CO;H):7.8 miq
(1-b, R1 =Boc, R2 = H, R3 = CO,H):10.3 min
(2-a, R1 =Boc, R2 = H, R3 = CO;H):14.3 min

Example 45: (3R, 5S)-5-Biphenyl-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (3-a, R1 = Boc) and (3S, 55)-5-biphenyl-4-yimethyl-3-methyl-2- '
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Boc)

0 e
A A

Method 1

Ethanol (1 ml) is added to a mixture of 100 mg (R)-5-biphenyl-4-ylmethyl-3-methylene-
2-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester (4-a, R1 = Boc) and 10 % palladium
on carbon (10 mg, 50 % water wet, Degussa type E101 NE/W). Hydrogen gas is
applied to the mixture. The mixture is stirred at ambient temperature and pressure for
24 h. The mixture is then filtered over Celites and washed with ethanol (2 x 0.5 ml).
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The mixture is then concentrated in vacuo to give (3R, 5S)-5-biphenyl-4-yimethyi-3-
methyli-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1 = Boc) and (3S, 5S)-

: 5-biphenyI-4-yIme(hyl-3-methyl-2-oxo-pyrrolidine—1—carboxylic acid tert-butyl ester (3-b,

R1 = Boc). Diastereomer ratio 20 : 80 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by
hplc. Spectroscoplc data i in described in W0/2008/083967, for example, Examples 14
and 18

Method 2

Isopropyl acetate (1 ml) is added to a mixture of 100 mg (R)-5-biphenyl-4-yimethyl-3-
methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1 = Boc) and 10 %
palladium on carbon (10 mg, 50 % water wet, Degussa 'type E101 NE/W). Hydrogen
gas is applied to the mixture. The mixture is stired at ambient temperature and
pressure for 24 h. The mixture is then filtered over Celite and washed with isopropyl
acetate (2 x 0.5 ml). The mixture is then concentrated in vacuo to give (3R, 5S)-5-
biphenyi-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1
= Boc) and (3S, 58)-5-biphenyl-4-yImethyl-3-methyi-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (3-b, R1 = Boc). Diastereomer ratio 15 : 85 (3-a, R1 = Boc) : 3-b, R1 =
Boc) as determined by hplc. Spectroscopic data in described in WO/2008/083967, for
example, Examples 14 and 18. '

Method 3

Isopropyl acetate (1 ml) is added to a mixture of 100.mg (R)-5-biphenyl-4-yimethyl-3-
methyle'ne-2—oxo—pyrrolidine-1-carboxylic acid fert-butyl ester (4-a, R1 = Boc) and 10 %
platinium on carbon (10 mg). Hydrogen gas (ambient pressure) is applied to the
mixture. The mixture is stirred at ambient temperature and pressure for 4 h. The
mixture is then filtered over Celites and washed with isopropyl acetate (2 x 0.5 ml). The
mixture is then concentrated in vacuo to give (3R, 5S)-5-biphenyl-4-yImethyl-3-methyl-
2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1 = Boc) and (3S, 5S)-5-
biphenyi-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1
= Boc). Diastereomer ratio 33 : 67 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by
hplc. Spectroscopic data in described in WO/2008/083967, for example, Examples 14
and 18.
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Method 4

Isopropyl acetate (1 ml) is added to a mixture of 100 mg (R)-5-biphenyl-4-ylmethyl-3-
methylene-2-oxo-pyrrolidine-1-carboxylic acid fert-butyl ester (4-a, R1 = Boc) and 10 %
rhodium on carbon (10 mg). Hydrogen gas (ambient pressure) is applied to the mixture.
The mixture is stired at ambient temperaluré and pressure for 50 h. The mixture is
then filtered over Celites and washed with isopropyl acetate (2 x 0.5 ml). The mixture is
then concentrated in vacuo to give (3R, 5S)-5-biphenyl-4-yimethyl-3-methyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1 = Boc) and (3S, 5S)-5-biphenyl-4-
yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Bog).
Diastereomer ratio 21 : 79 (3-a, R1 = Boc¢ : 3-b, R1 = Boc) as determined by hplc.
Spectroscopic data in described in WO/2068/083967, for example, Examples 14 and
18.

HPLC Method 1 (Methods 1-4)

Column: AD-RH Chiralpak; 150 x 4.6 mm. Mobile Phase A (water); Mobile Phase B
(Acetonitrile). Isocratic: 0 min (20 % B); 15 min (20 % B). Flow rate: 0.5 ml min™.

Wavelength 210 nm. Column temperature: 40 °C.
Retention times:

(3-a, R1 =Boc): 6.2 min
(3-b, R1 =Boc): 6.8 min

HPLC Method 2 (Methods 1-4)

Column: Zorbax SB-C18; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.01 M KH,PO, in
water); Mobile Phase B (Acetonitrile). Gradient: 0 min (30 % B); 10 min (80 % B); 15 min
(80 % B); 15.1 min (30 % B); 18 min (30 % B). Flow rate: 1.0 ml min™. Wavelength: 210

nm. Temperature 50 °C.

Retention times:
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(4-a, R1 = Boc): 9.8 min
" (3-a, R1 = Boc; 3-b, R1 = Boc): 10.1 min

Example 46: (3R, '5S)-5-piphenyI-4-yImethyl-3-methyl-2-oxo-pyrro|Idine-1 -carboxylic
acid ten-bufyl ester (3-a, R1 = Boc) and (3S, 5S)-5-biphenyl-4-yimethyl-3-methyl-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Boc)

General Procedure for Methods 1-7

To a mixture of 0.5 mmol (R)—5-BiphenyI-4-yImethyl-3-methylene-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (4-a, R1 = Boc) in methanol or ethanol (5 ml) at ambient
temperature, a solution of Organometallic Complex (S/C ratio of 50 or 100) and Chiral
Ligand (1.1 eq per metal atom within the organometallic complex) is added in methanol
or ethanol (6 mi). A hydrogen pressure of 20 bar is applied for 20 h at ambient
temperature. The solvent is then removed in vacuo to provide the corresponding
product. The samples are analysed by hpic to determine the ratio of (3R, 5S)-5-
biphenyl-4-ylmethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1
= Boc) to (3S, 5S)-5-biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (3-b, R1 = Boc). Spectroscopic data in described in WO/2008/083967,
for example, Examples 14 and 18.

Method 1

Chiral Ligand {(S)(-}-(6,6'-Dimethoxybiphenyl-2,2’-diyl)-bis(diphenylphosphine) = (S)-
Ph-MeOBIPHEP = SL-A101-2}; Organometallic Complex {dichloro(p-
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cymene)ruthenium(ll) dimer}; Ethanol. Diastereomer ratio 82 : 18 (3-a, R1 = Boc : 3-b,
R1 = Boc) as determined by hplc.

Method 2

Chiral Ligand {(aS, «aS)-2,2-Bis(a-N,N-dimethylaminophenylmethyl)-(R,R})-1,1'-
bis[di(3.5-dimethyl-4—methoxyphenyl)phosphinb]ferrocene = (S)-(R)-NMe,-P(3,5-Me-4-
MeOPh),-Mandyphos =  SL-M004-2}; Organometallic Complex {dichloro(p-
cymene)ruthenium(ll) dimer}; Ethanol. Diastereomer ratio 82 : 18 (3-a, R1 = Boc : 3-b,
R1 = Boc) as determined by hplc. '

Method 3
Chiral Ligand {(R)-1-(S)-2-Di-cyclohexylphosphino)ferrocenyl]ethyldi-(2-
methylphenyl)phosphine. = (R)-(S)}-Cy.PF-P°Tol, = SL-J504-1}; Organometallic

Complex {dichloro(p-cymene)ruthenium(ll) dimer}; Methanol. Diastereomer ratio 53 :
47 (3-a, R1=Boc : 3-b, R1 = Boc) as determined by hplc.

Method 4

Chiral Ligand { (R,R)-2,2"-Bis[(S)-1-(diarylphosphino)ethyl}-1,1"-biferrocene = SL-F115-
1}, Organometallic Complex {bis(norbornadiene)rhodium(l) tetrafluoroborate}; Methanol. .
Diastereomer ratio 71 : 29 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by hplc.

Method 5§

Chiral Ligand {(S-1-[(R)-2-Diphenylphosphinoferrocenyl]ethyldi-tert.-butylphosphine =
(S)-(R)}-PPF-PtBu,; = SL-J002-2}; Organometallic Complex { bis(trifluoroacetoxy)(1,5-
cyclooctadiene)ruthenium(ll)}; Methanol. Diastereomer ratio 56 : 44 (3-a, R1 = Boc : 3-
b, R1 = Boc) as determined by hplc.

Method 6
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Chiral Ligand {(R)-1-[(R)-2-(2'-Dicyclohexylphosphinophenyl)ferrocenyl]ethyldi(bis-(3,5-
trifluoromethyl)phenyl)phosphine = (R)-(R)-cy.PPhFCHCH;P(3,5-CFsPh), = SL-W008-
1-1}; Organométallic Complex {bis(norbornadiene)rhodium(l) tetrafluoroborate};
Methanol. Diastereomer ratio 27 : 73 (3-a, R1 = Boc : 3-b, R1 = Boc) as determined by
hplc.

Method 7

Chiral Ligand {(S5-1-[(R)-2-Diphenylphosphinoferrocenyl]lethyldi-tert.-butylphosphine =
(S)-(R)—PPF-P'tBuz = SL-J002-2}; Organometallic Complex  {dichloro(p-
cymene)ruthenium(ll) dimer}; Methanol. Diastereomer ratio 61 : 39 (3-a, R1 = Boc : 3-
b, R1 = Boc) as determined by hplc.

HPLC Method (Methods 1-7)

Column: Gemini C6 Phenyl; 150 x 3.0 mm;. 3.0 um. Mobile Phase A (0.01 M KH,PQ, in
water); Mobile Phase B (Methanol). Gradient: 0 min (40 % B); 5 min (70 % B); 12 min (70
% B); 13 min (80 % B); 21 min (80 % B); 21.1 min (40 % B); 25 min (40 % B). Flow rate:
0.7 ml min"'. Wavelength: 210 nm. Temperature 50 °C.

Retention times:

(4-a, R1 = Boc): 12.3 min
(3-a, R1 =Boc): 12.9 min
(3-b, R1 =Boc): 13.2 min

Example 47: (3R/S,5S)-biphenyl-4-ylmethyl-3-dimethylaminomethyl-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (9-a, R1 = Boc, R6 = Me, R7 = Me)
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General Procedure for Methods 1-178

Solvent is added to a vessel containing (R}-5-biphenyl-4-yimelhyl-3-[1-
dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) to achieve a final concentration as indicated in the Table of
Example 47 (Methods 1-178).

Optionally and according to the table, an additive may be added at this slage. The identity
and amount of the additive is given in the Table of Example 47 (Methods 1-178). The
amount of additive to be used is relative to the moles of (R)-5-biphenyl-4-ylmethyl-3-[1-
dimethylaminometh-(E/Z})-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid ter-butyl ester (7-a,
R1=Boc, R6 = Me, R7 = Me) used.

The catalyst is then added. The type and amount of catalyst used is given in the Table of
Example 47 (Methods 1-178).

Hydrogen gas is applied to the vessel containing the mixture at the pressure given in the
Table of Example 47 (Methods 1-178). The mixture is then stirred at the temperature and
pressure given in the Table of Example 47 (Methods 1-178) for a period of time also
indicated in the Table of Example 47 (Methods 1-178).

Spectrocopic daté: 1H NMR (DMSO). 9-b (R1 = Boc, R6 = Me, R7 = Me): 7.66 (m, 4H),
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. N1
(m, 1H); 2.6 (m, 1H); 2.46 (dd, J = 4.1, 12.2, 1H); 2.27 (m, 1H); 2.08 (s, 6H); 1.95 (m, 1H);
1.78 (m, 1H); 1.51 (s, 9H). 9-c (R1 = Boc, R6 = Me, R7 = Me) separable signals at 1.51,
1.62, 2.08, 2.17, 3.28 ppm.
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HPLC Met hod"( %?WB?"&"M Met hods 1-178) Col urm: X- BRI DGEX VFB2 %98 vm 3.5 pm
Mobil e Phase A (0.1 % NH3 (32% in water); Mobile Phase B (Acetonitrile).
Gadient: O mn (40%B); 1 mn (40%B); 15 mn (70%B); 18 mn (70%B); 19 mn
(40%B); 20 mn (40%B). Flowrate: 1 mM mn-1. Wavel ength: 254 nm Col um
tenmperature: 10C. Retention tinmes 9-b @& = Boc, R6 = Me, R7 = Me):

HPLC Method (Exampl'e 47, Methods 1-178)

Column: X-BRIDGE; 75 x 4.6 mm; 3.5 um. Mobile Phase A (0.1 % NH; (32 %) in water);
Mobile Phase B (Acetonitrile). Gradient: 0 min (40 % B); 1 min (40 % B); 15 min (70 % B);
18 min (70 % B); 19 min (40 % B); 20 min (40 % B). Flow rate: 1 ml min™". Wavelength:

254 nm. Column temperature: 10 °C.

Retention times

9-b (R1 = Boc, R6 = Me, R7 = Me): 9.4 min
9-c (R1 =Boc, R6 =Me, R7 = Me): 10.4 min
7-a (R1 = Boc): 11.5 min
4-a (R1 = Boc): 14.1 min
3-a (R1=Boc) and 3-b (R1 = Boc): 14.9 min

Example 48: (3R/S, 5S)-5-Biphenyl-4-yimethyl-3-hydroxymethyl-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (5-a, R1 =Boc)

The residue obtained from Example 69 containing (3R, 5S)-5-biphenyl-4-yimethyl-3-
methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, R1 = Bog), (3S, 5S)-5-
biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 =
Boc) and (3R/S, 5S)-5-biphenyl-4-ylmethyl-3-hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (5-a, R1 = Boc) is purified by column chromatography, eluting with
ethyl acetate-heptane (1:1) to give (3R/S, 5S)-5-biphenyl-4-yImethyi-3-hydroxymethyi-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (5-a, R1 = Boc) as a 62 : 38 mixture of
(3S,58):(3R,58) diastereoisomers, respectively, as determined by NMR. 1H NMR
(DMSO): 1.49-1.51, 1.67-1.72, 1.81-1.85, 1.93-2.04, 2.56-2.63, 2.72-2.77, 2.81-2.85,



9-c¢c (Rl = Boc, R6:NE R7 = M): 7-a (RL = Boc): 4a(R1:Boc):3-a(R1:

Boc) and 3-h ): 994 mn 10.4 mn 11.5 mn 14. '/rl]: . mn Exanpl e
43: (3RS, 2@9/§?Oﬁﬂeny1 4-yl met hy1- 3- hydr oxynet hyl - 2- 8§B 5@%’/ P:i di ne- 1-
carboxylic acid tert-butyl ester (5-a, Rl Boc) The resi due obtained from

Exanpl e 69 containing (3R 55)-5-bi phenyl-4-yl net hyl- 3-

met hyl - 2- oxo- pyrrolidine-1-carboxylic acid tert-butyl ester (3-a, Rl = Boc),
(3%, 5S)-5- biphenyl-4-ylnethyl-3-nmet hgbé 2- oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (3-6, RL = Boc) and (3RS,

5S) - 5- bi phenyl - 4-yl met hy1- 3- hydr oxynet hyl - 2- oxo- pyrrol i di ne-1-carboxylic acid

f;”}g,‘:w: :ié%@é%? 531% 3(4%8%% 352 3?&&%%@5’49?'4%@ o§1,guBt ography, el uting

5S) - 5- bi pheny1-74‘337I4Fr€t6H37f53 hydr oxymet hy1-2- oxo-pyrrolidine-1-carboxylic acid

tert-butyl ester (5-a, Rl = Boc) as a 62 : 38 mxture of (38,58):(3R 59)

di ast er eoi SONMElgxampiEad s %, 14l h@{h@mas?mum 1H NMVR ( DVBO) :
e

L5, Lt B S i g, 202

4.94- 4. 96 7.30-7rsWs, 7.43-7.46, 7.62-7.66, Exanple 49:
(3PJS, 55) - 5- Bl phenyl-4-yl net hyl - 2- oxo- 3- (t ene- 4-
sul f onyl oxymet hyl ) - pyrrol i di ne- 1-car boxyl I dd tert-butyl ester (11-a, Rl =

Bee, R4 Tosy |) Method ]7, 20 rrg P
5S) - 5- Bi phenyl - 4-yl net hyls- rret hyl - 2- oxo- py i ne- 1- car boxylic acid
tert-butyl ester (5-a, (prepared a to Exanple 48) is added

to chloroform (5 nl) at rg\omtenperature Trlgybyl amne (11 al) is added to
the m xture. 4- Tol uenes(l ghonic acid anhydri 20.5 ny)-is then added to the
m xture. The mixture is tHen stirred for 20 h at' roomtenperature. The
vol atil es are renoved under reduced pressure and the resulting crude materi al
is purified by ssloddn chromat ography, eluting with heptane-ethyl acetate (2:1)
to afford (3RS, 58) - 5- bi phenyl 4-yl met hy1- 2- oxo- 3-

ester

(tol uene-4-sul fonyl OR@/ erol i di ne-1-carboxylic acid tert-butyl
(11-a, Rl = Boc?d mMa43r fﬁ’s’\/'%/' Henykd-ymeley-3-hysitoxyiefy 7 o-BYolfingdroRPRYics omer s as
det er m ned by NVRfertDEYINMR (§-CBTI=3pe) (Frerdrkd dccr8ing th E€mple, 4805 added8- 2. 17, 2. 36,
2.64-2.79, 3. 0knhe@dmds&B.at rBer®@mpbordtie. HictBflantinedB1, ul)fs aided fo B mixivRt hod 2 100 ny

(3RIS, Tol Iphoni hydride (20.5 t add dt th lxtu The mixture i
5S) - 5- Bi phenyl - Xuer]eswﬂcac “h y?f‘ 85 or VN Xo-pyrrolidine-i-car boxylic acid

tert-butyl esté'i’e" bred | °'¥91ha“°8%é mp(’yﬁ‘"é 5'%/ V(‘]'atﬁ??@f?r gf{‘f’( ‘fnﬂer@?&ﬁ‘ﬂl e 48) is added
to chloroform (F@esﬁﬂf% ang the resgiinotceifipadterialis rurifie by edumpchipn#HeorPviOutiop) i s added to
the m xture. A4-witloéptraaesyhq@hent o) esbd (@nhys)sbieen(ibBremy)2-dxs31 hen added to the
m xture. The masu,weea duﬁﬁm;.&@metﬁ,tppyrroﬁ‘dﬂqeh%rba@ncac.atenrbmmt&@ﬁpﬁhat: ure. Ethyl
acetate ( 2 m ) do% F& %QI) asa égh%1 mIX?l(Jll;e oI; gasteremsomers as determined by NMR. 1H

NMR (CDCl,): 1.51-1.53, 1.67-1.80, 2.08-2.17, 2.36, 2.64-2.79, 3.01 and 3.33, 3.89-4.16,

4.20-4.36, 7.15-7.69.

Method 2

100 mg (3R/S, 5S)-5-Biphenyl-4-yimethyl-3-hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (5-a, R1 = Boc) (prepared according to Example 48) is added to
chloroform (3 ml) at room temperature. Triethylamine (110 pl) is added to the mixture, 4-
Toluenesulphonic acid anhydride (128 mg) is then added to the mixture. The mixture is
then stirred for 20 h at room temperature. Ethyl acetate (2 ml) is added to the mixture.



267 The m xture is washed wth saturated sodi um hydrogen carbonate solution (2
x 1 m). The ‘Sr@anl ¢c_phase is dried (My304) and concentrgt ed upder, reduced
pressure. pu¥ P £1¢E %N by col unmm chronmat ography, el uti nS Wt E% dne- et hyl
acetate (2:1) affords (3R/ 3,53)-5-

bi phenyl- 4-yl met.hyl- 2- oxo- 3- (t ol uene- 4-sul f onyl oxynet hyl ) - pyrrol i di ne- 1- car box
ylic acid /err-butyl ester (11l-a, RL = Soc. R4 = Tosyl). LC-Ms (4-ES): 480
([ M+ C41-18]., 100%, 553 ([ MNH4r, 55),262088 ([ 2MtNH4], 20). Exanple 50:

Pot assi um [ (R) - 5- bi phenyl - 4-yl met hyl - 3[ | - di met hyl am nomet h- (E/ Z) -

yl i dene] - 2- oxo- pyrrolidi ne-1-carboxylic acid tert butyI este

hexaf | uorophosphate (7-a, 121 = Boc, R6 = M, Pot assi_um

tert-butoxi de SOF TP yaBedHith siﬁ‘f’@e‘f\ﬂ°f"ﬁ“?>@f°lg%ﬂf§@?’8felff'é‘ﬁ’)‘ Gx'3HdBY to 2.46 g

N, N, N, N1-t et r aamgabihyhabois died fivafiOalaptrohesxtcatdduoteo shospitessere.(ABficalRg by Me, R7 = Me)
(pr epar ed accordiumg cirémdogapil @utidd with hBRank@6U latdtdtgy2n) atbrd¢ BREESSheat ed t o 60C and
stirred at thi Sb&h@rﬁpﬁﬁrﬁétw ?oio%r(toﬂ:erQ4 shRRyI Gy h oD RidHeX U EykSici§ 00! ed to

anbi ent tenper _ o

2- Bi pheny1- 4- a?ﬁ,g? ‘iSteé(1g>?o "l’:oﬁ4 “dofva: FCUE 8L 30 R 1987 butyl ester
(8-a, RL = Boc)55?§ e t“éﬁf’t{ "é*'\'ﬁdxtz@re The resulting mixture is stirred for
20 h at anbient tenperature. The m xture is then diluted wwth water (20 m)
and toluene (20 nm). The phases are then separated. The organic phase is
washed with satExaapledo:Pothssiur [(RH5Dphatyed-gidkihyligndimdthyladonbth-ERd t hen with
brine (20 nl). ylib&e i-&@fﬂyﬁolmslecalb'%xﬂi&b&&iteﬂl\ﬁépe‘}.)er]ﬁ&@mfo%ﬂﬁe{bth&@t ed under
reduced pressur ,%’ 16, I &3 l,SMg%I’IfI ed by col unmm chromat ography, el uting
with 40% et hyl ace ate1n 'heXa ethyl ether is added to the residue after
concentration and the resulting solid is collected by filtration and dried. 1H
NVR (CDCI 3): 1.57-1.59, 2.57-2.63, 2.68-2.71, 2M9-2.84, 3.00,.3.24-3. 28,
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Potassium tert-butoxide solution (16 ml, 0.5 M in tetrahydrofuran) is added to 2.46 g
N,N,N',N’-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me)
(prepared according to Example 3). The resulting mixture is heated to 60 °C and stirred at
this temperature for 1 h. The resulting mixture is cooled tc ambient temperature . 1 g (S)-
2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) is
added to the mixture. The resulting mixture is stirred for 20 h at ambient temperature.

The mixture is then diluted with water (20 ml) and toluene (20 ml). The phases are then
separated. The organic phase is washed with saturated sodium carbonate solution (2 x
20 ml) and then with brine (20 ml). The organic phase is dried (MgSQ,) and concentrated
under reduced pressure. The residue is purified by column chromatography, eluting with
40 % ethyl acetate in hexane. Diethyl ether is added to the residue after concentration
and the resulting solid is collected by filtration and dried. 1H NMR (CDCl3): 1.57-1.59,
2.57-2.63, 2.68-2.71, 2.79-2.84, 3.00, 3.24-3.28, 4.30-4.34, 7.17, 7.30-7.60. 19F NMR
(CDCly): -74.9 ppm.
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(S)-2-Bi phenyl - 4-yl net hy1- 5- oxo- pyrrobdege- 1- car boxylic acid fert-butyl ester
(8-a, RL = Boo) (anpunt in nmol given in the Table of Exanple 51 (Mt hods
1-35)) is added to an ionic salt (identity and anount given in the Table of
Exanpl e 51 (Methods -1-35)). Optionally, a solvent (volune and identity given
in the Table of Exanple 51 (Methods 1- 35)) is added. Bredereck's reagent
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RF 0.27(7-a, RUPZ“BOS® R6 = Me, R7 = RE 0.68 (8-a, RL = Boo). Table of
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9111/9kitSl,,PUF.T b =17.068(10) A

¢ =18.798(12) A
a =88.79(4)°
B=67.67(3)°
y=72.63(4)°

Volume of unit cell 4251(4) A®

z" 6

Calculated density 1.272 mg m*®

* (number of asymmetric units in the unit cell)

Example 51: (R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)

General Procedure for Methods 1-35
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{S)-2-Biphenyl-4-yimethyl-5-0xo-pyrrolidine-1-carboxylic acid fert-butyl ester (8-a, R1 =
Boc} (amount in rmmal given in the Table of Example 51 (Methods 1-35)) is added to an
ionic sait {identity and amount given in the Table of Example 51 (Methods 1-35}}.
Optionally, a solvent {(volume and identity given in the Table of Example $1 (Methods 1-
35))is added. Bredereck's reagent [Tris{(dimethylamino)methane (13, R6 = Me, R7 = Mg},
Tert-Butoxy-bis(dimethylaming)methane (14, R6 = Me, R7 = Mg, R8 = 1Bu) and N, N-
Dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu)] (volume givenin
the Table of Example 51 (Methods 1-35)). The mixture is then stirred at ambient
temperature for 3 h to afford (R}-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z}-
ylidene]-2-oxo-pyrrolidine-1-carboxylic acid terf-butyl ester (7-a, R1 =Boc, R6 = Me, R7 =
Me) or a salt thereof. The solutions are analysed by TLC (50 % ethyl acetate in hexane).
Re 0.21 (salt of 7-a, R1 = Boc, R6 = Me, R7 = Me}; Ry 0.27 (7-a, R1 = Boc, R6 = Mg, R7 =
Me): Rr 0.68 (8-a, R1 = Boc).

Table of Example 51 (Methods 1-35):

NH4 PFg
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LiBr
Na,SiFs
LiNH;
LioCO3
KPFg
KPFg
KPFg
KPFg
LiPFg
LiPFs
LiPFs
LIPFs
LiPFg
LiPFg
LiPFg
LiPFs
LiCl
LiCl
LiCl
LiCl
LiCl
LiCl
LiCl
LiCl
LiCl

A A = A o

0.5
0.1

- = A A =

0.2
0.2
0.2

- A = A

0.2

0.2

0.2
0.2

- 1- But yl - 3- net hyl

PCT/EP2009/050510
THF 1
THF 1

 THF 1.4
THF 1.6
THF 1.7
THF 1
THF 1.4
THF 1.7
THF 1
THF 1.4
THF 16
THF 1
THF 1.4
THF 16

(S)-2—Bipheny|-4-ylmethy|-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 =

Boc) (2 mmol) is added to potassium hexafluorophosphate (1 eq) and 18-crown-6 (1 eq).
Bredereck's reagent [Tris(dimethylamino)methane (13, R6 = Me, R7 = Me), Tert-Butoxy-
bis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 = tBu) and N,N-

11
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Dimethylformamide di-tén~buty| acetal (15, R6 = Me, R7 = Me, R8 = tBu)] (4 ml) is added.
The mixture is then stirred at ambient temperature for 3 h to afford (R)-5-biphenyl-4-
ylmethyl-3-[1-dimethylaminometh-( £/2)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert- .
butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are
analysed by TLC (50 % ethyl acetate in hexane). Rg 0.21 (salt of 7-a, R1 = Boc, R6 = Me,
R7 = Me); Rs 0.27 (7-a, R1 = Boc, R6 = Me, R7 = Me); R 0.68 (8-a, R1 = Boc)..

Example 52: (R)-5-Biphenyl-4-yimethyl-3-[1-dimethylaminometh-{E/Z)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)

Method 1

A mixture of lithium tert-butoxide (2.8 eq, 2.8 mmol, 1 M solution in THF) and N,N,N'N'-
tetramethylformamidinium hexaflucrophosphate (18, R6 = Me, R7 = Me) (3 eq, 3 mmol) is
stirred at 60 °C for 1 h. The mixture is then cooled to room temperature. The mixture is
then diluted with tetrahydrofuran to a total volume of 5 ml. (S}-2-Biphenyl-4-yimethyl-5-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (1 eq, 1 mmol) is then
added to the mixture. The mixture is then stirred at room temperature for 3h. The
volatiles are removed under reduced pressure. Ethyl acetate (20 ml) is added to the
mixture. The phases are separated and the organic phase washed with saturated sodium
carbonate solution (2 x 20 ml) and brine (20 ml). The organic phase is dried (Na;SO,)
and concentrated under reduced pressure to afford (R)-5-Biphenyl-4-yimethyl-3-[1-
dimethylaminometh-(E/Z}-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are analysed by TLC (50 %
ethyl acetate in hexane). Rg 0.21 (salt of 7-a, R1 = Boc, R6 = Me, R7 = Me); R 0.27 (7-a,
R1 = Boc, R6 = Me, R7 = Me); R¢ 0.68 (8-a, R1 = Boc).. '

PCT/EP2009/030510
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Method 2

A mixture of lithium tert-butoxide (2.8 eq, 2.8 mmol, 1 M solution in THF) and N,N,N'N'-
tetramethylformamidinium chloride (18, R6 = Me, R7 = Me) (3 eq, 3 mmol) are stirred at
60 °C for 1h. The mixturé is then cooled to room temperature. The mixture is then
dilutéd with tetrahydrofuran to a total volume of 5 ml. (S)-2-Biphenyl-4-yimethyl-5-oxo-
pyrrolidine-1-carboxylic acid terf-butyl ester (8-a, R1 = Boc) (1 eq, 1 mmol) is then added
to the mixture. The mixture is then stirred at room lemberatUre for 3 h. The volatiles are
removed under reduced pressure. Ethyl acetate (20 ml) is added to the mixture. The
phases are separated and the organic phase is washed with saturated sodium carbonate
solution (2 x 20 ml) and brine (20 ml). The organic phase is dried (Na;S0O,) and
concentrated under reduced pressure to afford (R)-5-Biphenyl-4-ylmethyl-3-[1-
dimethylaminometh-(£/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a,
R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are analysed by TLC (50 %
ethyl acetate in hexane). Re 0.21 (salt of 7-a, R1 = Boc, R6 = Me, R7 = Me); Re 0.27 (7-a,
R1 = Boc, R6 = Me, R7 = Me); Re 0.68 (8-a, R1 = Bac)..

Method 3

A mixture of potassium tert-butoxide (2.8 eg, 2.8 mmoal, 1 M solution in THF) and
N,N,N'N'-tetramethylformamidinium chioride (18, R6 = Me, R7 = Me) (3 eq, 3 mmol) are
stirred at 60 °C for 1 h. The mixture is then cooled to rodrﬁ 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 tert-butyl ester (8-a, R1 = Boc) (1 eq, 1 mmol) and lithium
chloride (1 eq, 1 mmol) is then added to the mixture. The mixture is then stirred at room
temperature for 3 h. The volatiles are removed under reduced pressure. Ethyl acetate
(20 ml) is added to the mixture. The phases are separated and the arganic phase washed
with saturated sodium carbonate solution (2 x 20 ml) and brine (20 ml). The organic
phase is dried (Na,SO,) and concentrated under reduced pressure to afford (R)-5-
biphenyl-4-yImethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions
are analysed by TLC (50 % ethyl acetate in hexane). Rg 0.21 (salt of 7-a, R1 = Boc, R6 =
Me, R7 = Me); Re 0.27 (7-a, R1 = Boc, R6 = Me, R7 = Me); Rr 0.68 (8-a, R1 = Boc)..
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Example 53: (R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-
oxo-pyrrolidine-f-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)

Method 1

351 mg (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,
R1 =Boc) (1 eq, 1 mmol) and lithium hexafluorophosphate (1 eq) is added to
tetrahydrofuran (10 ml). N,N-Dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 =
Me, R8 = tBu) (3 eq) and dimethylamine (0.5 eq) are added to the mixture. The mixture is

*  stirred at room temperature for 3 h. The volatiles are removed under reduced pressure.
Ethyl acetate (20 ml) is then added. The mixture is washed with saturated sodium
carbonate solution (2 x 20 ml) and then with brine (20 ml). The organic layer is dried
(NazSO,4) and concentrated under reduced pressure to afford (R)-5-biphenyl-4-ylmethyl-3-
[1-dimethylaminometh-(E£/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-
a, R1.=Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are analysed by TLC (50
% ethyl acetate in hexane). Rg 0.21 (salt of 7-a, R1 = Boc, R6 = Me, R7 = Me); R 0.27
(7-a, R1 = Boc, R6 = Me, R7 = Me); Rr 0.68 (8-a, R1 = Boc)..

General Procedure for Methods 2-6

351 mg (S)-2-Biphenyl-4-ylmethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,
R1 = Boc) (1 eq, 1 mmol) and lithium hexafluorophosphate (1 eq) is added to
tetrahydrofuran (10 ml). Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (1.5 eq, 2
eqor 3 eq) and N,N-Dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 =
tBu), diisopropylamine or diphenylamine (1 eq, 1.5 eq, 3 eq or 4 eq) are added to the
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mixture. The mixture is stirred at room temperature for 3 h. The volatiles are removed
under reduced pressure. Ethyl acetate (20 ml) is then added. The mixture is washed with
saturated sodium carbonate solution (2 x 20 ml) and then with brine (20 ml). The organic
layer is dried (Na,SO4) and concentrated under reduced pressure to afford (R)-5-biphenyl-
4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (7-a'. R1= BOc,' R6 = Me, R7 = Me) or a salt thereof. The solutions are
analysed by TLC (50 % ethyl acetate in hexane). Rr 0.21 (salt of 7-a, R1 = Boc, R6 = Me,
R7 = Me); Re 0.27 (7-a, R1 = Boc, R6 = Me, R7 = Me); R: 0.68 (8-a, R1 = Bog)..

Method 2

Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (1.5 eq); N,N-Dimethylformamide di-
tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu) (1.5 eq)

Method 3

Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (3 eq); diisopropylamine (3 eq)
Method 4

Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (3 eq); Diphenylamine (3 eq)
Method §

Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (2 eq); Diphenylamine (4 eq)
Method 6

Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (3 eq); Diphenylamine (1 eq)

Example 54: (R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)
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General Procedure for Methods 1-8

351 mg (S)-2-Biphenyl-4-yimethyi-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a,
R1 = Boc) and N,N,N’N‘-tetramethylformémidinium hexafluorophosphate (18, R6 = Me,
R7 = Me) (0.1 or 1 eq) are dissolved in 10 ml of a solvent (tetrahydrofuran, 1 % dioxane in
tetrahydrofuran, 5 % dioxane in tetrahydrofuran, 20 % vdioxane in tetrahydrofuran, dioxane
or tetrahydrofuran containing 50 mol% N,N,N’N’-tetramethylethylenediamine). 520 pl v
Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) is added to the mixture. Tertiary
butanol (1 eq or 3 eq) is then added to the mixture. The resulting mixture is stirred at
ambient temperature for 3 h. The volatiles are then removed under reduced pressure.
Ethyl acetate (20 ml) is added to the mixture. The mixture is then washed with saturated
sodium carbonale solution (2 x 20 ml) and then with brine. The organic phase is dried
'(Na,S0,) and concentrated under reduced pressure to afford (R)-5-biphenyl-4-ylmethyl-3-
[1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-
a, R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are analysed by TLC (50
% ethyl acetate in hexane). Rr0.21 (salt of 7-a, R1 = Boc, R6 = Me, R7 = Me); R 0.27
(7-a, R1 = Boc, R6 = Me, R7 = Me); Rg 0.68 (8-a, R1 = Boc)..

Method 1

N,N,N’'N’-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 1 eq;
Tertiary butanol (3 eq); Solvent: Tetrahydrofuran

Method 2
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N,N,N'N’-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 1 eq;
Tertiary butanol (1 eq); Solvent: Tetrahydrofuran
Method 3

N,N,N’N'-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq;
tertiary butanol (1 eq); Solvent: 1 % Dioxane in Tetrahydrofuran

Method 4

N,N,N'N’-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq;

tertiary butanol (1 eq); Solvent: 5 % Dioxane in Tetrahydrofuran
Method 5

N,N,N’N'-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq;
tertiary butanol (1 eq); Solvent: 10 % Dioxane in Tetrahydrofuran

Method 6

N,N,N’N’-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq;
tertiary butanol (1 eq); Solvent: 20 % Dioxane in Tetrahydrofuran

Method 7

N,N,N’N'-tetramethyiformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq;
tertiary butanol (1 eq); Solvent: Dioxane

Method 8
N.N,N'N'-tetramethylformamidinium hexafluorophosphate (18, R6 = Me, R7 = Me): 0.1 eq;

tertiary butanol (3 eq); Solvent: Tetrahydrofuran containing 50 mol% N,N,N'N'-
tetramethylethylenediamine
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Example 55: (R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(£/Z)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)

General Procedure for Methods 1-3

351 mg (1 mmol) (S)-2-Biphenyl-4-yimethyl-5-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (8-a, R1 = Boc) and magnesium chloride (0.1, 1 or 2 eq) are added to
tetrahydrofuran (10 ml). The mixture is stirred at room temperature. _
Tris{(dimethylamino)methane (13, R6 = Me, R7 = Me) (3 eq) and tertiary butanol (3 eq) are
added. The mixture is stirred at room temperature for 3 h. The volatiles are removed
under reduced pressure. Ethyl acetate (2 x 20 ml) is added. The mixture is washed with
saturated sodium carbonate solution (2 x 20 ml) and brine (20 mi). The organic phase is
dried (Na,SO;) and concentrated under reduced pressure to afford (R)-5-biphenyl-4-
ylmethyl-3-[1-dimethylaminometh-(£/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The solutions are
analysed by TLC (50 % ethyl acetate in hexane). Re 0.21 (salt of 7-a, R1 = Boc, R6 = Me,
R7 = Me); R 0.27 (7-a, R1 = Boc, R6 = Me, R7 = Me); R 0.68 (8-a, R1 = Boc)..

Method 1
Magﬁesium chloride (0.1 eq)
Method 2

Magnesium chloride (1 eq)
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Method 3
Magnesium chloride (2 eq)

Example 58: (R)-5-Biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(E/Z)-ylidene]-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me)

A

O o]

LHMDS (1 M solution in THF, 2 ml, 2 mmol) is added to a mixture of diphenylamine (340
mg, 2 mmol) and N,N,N’,N’-tetramethy/formamidinium hexafluorophosphate (492 mg, 2
mmol) in tetrahydrofuran (2 ml). The mixture is then stirred at room temperature for 0.5 h.
The mixture is diluted by addition of tetrahydrofuran (5 ml). (S)-2-Biphenyl-4-yimethyl-5-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (8-a, R1 = Boc) (351 mg, 1 mmol) is then
added to the mixture. The mixture is stirred for 15 min at room temperature. The volatiles
are removed under reduced pressure. Ethyl acetate (20 ml) is added to the mixture. The
mixture is washed with saturated sodium carbonate solution (2 x 20 m!) and brine (20 ml).
The organic phase is dried (Na,CO3) and concentrated under reduced pressure to afford
(R)-5-biphenyl-4-ylmethyl-3-[1-dimethylaminometh-(£/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) or a salt thereof. The
solutions are analysed by TLC (50 % ethyl acetate in hexane). R;.0.21 (saltof 7-a, R1 =
Boc, R6 = Me, R7 = Me); R: 0.27 (7-a, R1 = Boc, R6 = Me, R7 = Me); R 0.68 (8-a, R1 =
Boc)..

Example 57: (S)-1-benzyl-5-biphenyl-4-ylmethyl-pyrrolidin-2-one (8-a, R1 = Benzyl)
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2.51 g S)-5-Biphenyl-4-ylmethyl-pyrrolidin-2-one (8-a, R1 = H) and sodium hydride (312
mg, 13 mmol) are added to tetrahydrofuran, with stirring. Benzyl bromide (1.43 ml} is
added and the resulting mixture stirred for 4 h. The volatiles are removed under reduced
pressure. Ethyl acetate (50 ml) is added to the mixture. The organic phase is washed
with saturated sodium carbonate solution (2| x 40 ml) and brine (40 ml). The organic
phase is dried (Na;SO.) and concentrated under reduced pressure. The residue is
purified by column chromatography (60 % ethy! acetate in hexane) to afford (S)}-1-benzyl-
5-biphenyl-4-yimethyl-pymrolidin-2-one (8-a, R1 = Benzyl). 1H NMR (DMSO): 1.6-1.9 (2
H), 2.1 (2H),26 (1 H), 3.0 (1H), 3.5-3.7 (1 H), 4.2 (1 H), 4.8 (1 H), 7.1-7.7 (14 H).

Example 58: Tris(dimethylamino)methane (13, R6 = Me, R7 = Me), Tert-Butoxy-
bis(dimethylamino)methane (14, R6 = Me, R7 = Me, R8 = tBu) and N,N-
Dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu)

NMe, NMe, NMe, NMe, NMe;

* )\ * )\0 * )\
Me;N NMe; 1BuO OlBu Me,l NMe; Me;N 1Bu tBuO OlBu

General Procedure for Methods 1-39

Tris(dimethylamino)methane (13, R6 = Me, R7 = Me) (0.1 eq or 0.25 eq or 0.5 eq or 0.75
eq or 0.9 eq) is added to N,N-Dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 =
Me, R8 = tBu) (0.1 eq or 0.25 eq or 0.5 eq or 0.75 eq or 0.9 eq) at room temperature.
Optionally, potassium hexafluocrophosphate (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) foragiventime (1hor2hord4 hor 168 hor 18 h ar 21 h) to afford a mixture of
tris{dimethylamino}methane (13, R6 = Me, R7 = Me), tert-butoxy-
bis(dimethylaminc)methane (14, R6 = Me, R7 = Me, R =tBu) and N.N-
dimethylformamide di-tert-butyl acetal (15, R6 = Me, R7 = Me, R8 = tBu). Spectroscopic
data as in Example 14, Method 1.

1 0 0

2 0.5 0.5 1 0 i 2

3 0.9 0.1 0 0 45 16
4 0.9 0.1 0 0 45 4

5 0.25 0.75 0 0 45

8 0.75 0.25 0 0 45 16
7 0.5 0.5 0 0 80 4

8 0.9 0.1 0 0 80 16
9 0.1 0.9 0 0 80 4

10 0.25 0.75 0 0 80

11 05 0.5 0 0 80 1

12 0.25 0.75 0 0 80 4

13 0.5 05 0 0 80 16
14 0.9 0.1 0 0 80 1

15 0.8 0.1 0 0 45 1

16 0.1 0.9 0 0 45 16
17 0.75 0.25 0 0 45 1

18 0.5 0.5 0 0 1

19 0.5 0.5 1 0 21
20 0.5 0.5 0 0 45 16
21 0.5 05 0 0 45 4




0.6 LIC 0.2 THF 1.4 351 0.4 LiCl 0.2 THF 1.6 Method 36

(S)-2-Bi phenyl-4-vyl net hyl-5-o0xo-pyrrolidine-1-carboxylic I erj-butyl ester
(8-a, RL = 9&8)200859°ﬁ~?+o|) is added to potassium hexat | uof‘o@ﬁkﬁ'ﬂ%ﬁ?ﬂo(l eq) and
18-crown-6 (1 eq). Bredereck's reagent Rds(dinethyl am no)nethane (13, R6 Me,
R7 = Me), Tert-Butoxybis(dinmethyl am no)nmethane (14, R6 = M, R7 = Me, R8
tBu) and N,N- 271 Dinethylformam de di-ted-butyl acetal (15, R6 = Me, R7 =
Me, R8 =tBu)l (4 mM) is added. The m xt&8te is then stirred at anbient
tenmperature for 3 h to afford (R)-5-bi phenyl-4-

yl met hyl - 341- di net hyl am nonet h- (E2) -yl i dene] - 2- oxo- pyrrolidi ne-1-carboxylic

acid tert- . butyl _ester (7-a, RL a Boc, RG = Me, R7 = Mg) or a,salt thereof.
The sol utions afe &nal ysé’d5by Tlf’és(5|0% B¢ hyl alet gt e %n kexa‘he). RE 0.21 (salt
of 7-a, RL = Bop, R6 =| M®75R7| =0RE) ;| RECO. 47 (¥-a,| RBO= B0o0,'°R6|= Me, R7 =
Me); RE 0.68 (8ta, 2Rl F Boo).| Exanple b2: 0 80 16
(R) - 5- Bi phenyl - - ybgret pyl; 811} dl(ﬂ@ar@yl agl nqnmet - (§2) 4¢! i denej - 24 '
oxo- pyrrolidinet1- car b3x>6l'2i50 aciogst rt-putyl ester (74-5_a, Rl Boc| R6 = Me, R7 =
ME) , 27 0.25 075 | . o 0 80 16

28 0.1 0.9 0 0 45 1

29 0.5 0.5 1 0 o 18

30 0.75 0.25 0 0 80 1

31 0.5 0.5 0 0 rt 4

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 05 0.5 0.2 0 60 2

38 0.5 0.5 0 0 45 1

39 0.25 0.75 0 0 45 16

Example 59: (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
* acid methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO,;Me)

2 g (2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid (1-a, R1 =
Boc, R2 = H, R3 = CO,H) prepared according to Example 2 in WO/2008/031567 is added
to 2.55 g caesium carbonate. Dimethylformamide (4 ml) is then added. Methyl iodide



Method 1 A m xture of lithiumtert-butoxide (2.8 eq. 2.8 mmol, 1 Msol ution In
THF) and N, N, N N - tetranethyl formam di ni um hexaf | uor oph

R7 = Me) (3‘%%20 WI) is stirred at 60 pC for 1 h. Th'égﬁ?%?ﬁ?? g then

cooI ed to roomtenperature. The mxture is then diluted with tetrahydrofuran
to a total volunme of 5 m. (S)-2-Biphenyl-4-ylnethyl-5-

oxo- pyrrolidine-1-carboxylic acid fed-butyl ester (8-a, RlL = Boc) (1 eq, 1
mmol) is then added to the m xture. Theegmi xture is then stirred at room
tenperature for 3 h. The volatiles are renoved under reduced pressure. Ethyl
acetate (20 m) is added to the m xture. The phases are separated and the
organi ¢ phase washed with saturated sodi um carbonate solution (2 x 20 m) and
brine (20 ml). @#RemBisgaApdehrdds midurgys SEgd PNKISHRI™ BRARYRCcWAET At ed under
reduced pressurm) &g isebrbryt atettR) 10 5il)Brepideady Thedhgsdesrare baparat@d.[ The aqueous

di met h%ﬂ?am' n%J_FYE;EHﬁse(EkaZ}uedeh AeAD)I-adetMX @ x Y fl).OtHe donitire d orga@idpRacys re a?:i d ted-butyl
ester a utions are
anal ysed by TLCwa E(%Q%%]et ussgglumchlgﬁaesglﬂtloﬂ(@"f]rh)tanc;tn(g’uro%QJ;/(Mg%_@? ?97 a, RL =
Boc, R6 = Me, R7WeRef ”°e'|’—'%él‘—*" H‘dﬁ"/e‘%‘?‘*"é”esﬁf 12 a@%}’c‘z ﬁz’% -b'p i -e"Me RE 0. 68
(8-a, Rl = Boc)bUtOXYCEFP@YI%EWPréd’e'QY'W"m%%'F’é‘etb?' esterih. AT Bes R2 Bt R de (2.8 eq.
2.8 mmol, 1 M sobpk). an NMR (TibEt): 1arBH), 1M1 HIN'1:51 (e, n.asreinybd ornasa di ni um chl ori de
(18, R6 = Me, Rinjs.Mepny Sofbh), Bser(mlizsqm 7351(1H), s dh), GQ,@(zh?w 54 h. The mxture
is then cool ed &F roomtenperature. mxture is then diluted wth

t et rahydr of uran a total vol une of 5 m . -

(S) - 2-Bi phenyl - 4-yl net hy1- 5- oxopyrrolidine-1-carboxylic acid fed-butyl ester
(8-a, Rl = Boc)Exathpled?: (2R.43-5BIPhenys4-yietert-hetdevdarb enytaminorzimdthipentaiidie m xture i s
then stirred atadidnéhyl e5i811-aRIEBE, W2 =31, R3 = TOMeY AL, dsE5-bphéhyrLeym@ved under
reduced pressur@nbE&meLmacymo%&Py,rgn)ané,.éaéaimaﬁ,{.feaert(he dii=god @ = The phases

are separat ed alg t rgani ¢ phase 1s wash sat urat ed sodi um car bonat e
solution (2 x 2 ‘) é%] brine (20 m ). The organi c phase is dried (Na2SO)
and concentrated under reduced pressure to afford

(R) - 5- Bi phenyl -4-yl e 1-3[1-
di net hyl am nonet h- (E/ ene] - 2- oxo- pyrrol -carboxylic acid
fert-butyl ester (7-a, Rl oc, R6 = M, R7 i) _qr a salt thereof. The
sol utions are anal ysed by (30%ethyl acetate in liexédng). RF 0.21 (salt of

7-a, Rl = Boc, R6 = M, R?@[\ ; 0.27 (7-a, RL™= Bocy R6 = Me, R7 = Me);
RE 0.68 (8-a, Rl = Boc).. %E)d 3 A mxture of pqﬁii ufi~t ert - but oxi de (2.8

eq. 2.8 mol, 1 Msolution iptJHF) and N, N, NV-tetra hyl f or mam di ni um
chloride (18, R6 = M, R7 = M) (3 eq. 3 mol) are stirred at 60 C for 1 h.
The m xture is then cooled to roomtenperature. The m xture is then diluted
W th tetrahydr ow(zﬁmsme.@,eﬁm -l utbRarBdnyiamifd-2-m bt serrmrbRi B B &1 4- y| net hy 1- 5-

oxo- pyrrolidi nes l- %Xc' gi )%% (gsigam%)lp%fyw ylgze%%[no%ga %myﬁ?m Boc) (1 eqg. 1

nmol ) andllthlum Ior| he m xture. The
mxture is t hen’"%"fy pie?‘@lf?'cé‘f'd é’o'm T M8 (P& L) rglion! digpieeeodyr 8t%0¢%s are renpved
under reduced prisespegtiveEiptepdredasesrdiftgdo Exaoplerd N WHE2088I@Rd 867t ipaddadto @bkt ure. The
phases are sepag @l aidndtd) OivdIGaNhani@aseiswas Bedd. \indityl isdde o streds sodi um

carbonate sol ut {Qqbe akd @Qmmu)e |sasﬂr¢edb$r'1€‘€at(r3091 téﬁw;)eratuT@QVaﬁUr Qﬁ'ﬂh GnPhase is dried

(Na2SO4) and concentra ressure to

bi phenyl - 4- yI meFHyEY ceﬁaid(dbjm ?rﬁ ({de??'l Pn? er?afelff’f)’at 57 rrbeeaﬁléﬁouiého%(o pyrrolidine-1-
car boxyl i ¢ aci d¥as Wﬂbﬁ?wvl@@t‘%«r@@‘lo &") TQECM@GEO’QW phasgpare pgshed \b) or a salt

t hereof. The soViti2p Gresuepesodina Fhysidesoyon TISEN (450 thed eetiMgSageTratmextirer hexane). RE
ﬁ/é 21R(7 sal }Ve?f 7is BancdRikated (P& redRRd pred¥re td%ﬂord(%)sisﬁﬁaeﬂyél%4(t3na Rl = Boc, R6 =
(R) - 5- Bi phenyl - toQchrﬁorﬁémﬂo m-:tgﬁ&gt)aplolﬁ ac%%%thﬁégﬁmﬁ 5 f C, %ng R3

ox0- pyrrol | di ne¥ S)eﬁ"ﬁgéﬂﬁ SDIRETYG* Y'ér’?”bﬁl?fﬁrb%’éf Ipo-4-7¢ ‘By'pef-‘ﬁm a%%c R6 = Me, R7
= Me) Method 1 351 ng

(S)-2-Bi phenyl - 4-yl met hy1- 5- oxo- pyrrolidine-1-carboxylic acid tert-butyl ester
(8-a, RL = Boo) (1 eq. 1 nmol) and |ithium hexafl uorophosphate (1 eq) is added
to tetrahydrofuran (10 m). N, N-D nmet hyl formam de di-tert-butyl acetal (15 R6
= M, R7T = Me, RB =tBu) (3 eq) and dirnethylamne (0.5 eq) are added to the
m xture. The mxture is stirred at roomtenperature for 3 h. The volatiles are
removed under reduced pressure. Ethyl acetate (20 nil) is then added. The

m xture is washed with saturated sodi um carbonate solution (2 x 20 m) and
then with brine (20 m). The organic layer is dried (Na2SO4) and concentrat ed



Tris(di met hyl am no)rrethane (13, R6 = M, R7 = ) (1 5 eq); N ND nethylf
ormam de ditert-but acetal (15, R6 = Me, RY [@%ﬂ%%g eq) Method
3 Tris(di net%?/f'ﬁ?f?rq nmet hane (13, R6 = Me, R7 I\/E) (3 e(ag SQOpyI am ne
(3 eq) Method 4 Tris(dinethylamno)nmethane (13, R6 = Me, R7 = Me) (3 eq);

D phenylam ne (3 eq) Method 5 Tris(dinethylam no)nethane (13, R6 = Me, R7 =
Me) (2 eq); Diphenylamne (4 eq) Method 6 Tris(dinethylam no)nethane (13, R6 =
Me, R7 = Me) (3 eq); Diphenylamne (1 eg} Exanple 54:

(R) - 5- Bi phenyl - 4-yl met hy1- 3( 1- di net hyl am nonet h- (E/ Z) -yl | dene] - 2-
oxo-pyrrolidine-1-carboxylic acid tert- butyI ester (7 a, RL = Boc, R6 = M¢, RY
= |ve) 275 Ceneral Procedure for Methods 1-8 351

(S) - 2- Bi pheny!| -2eWY §5i5t Ayl R 5= e R py tRéf:lC&’F"f’f‘éaﬂanéﬁrmWrFef acid fert-butyl ester
(8-a, RL = Boo)d!%nwomerNrdﬁbedWeb/ew&Mﬁfcmﬂsfd}ﬂ?fh?ﬁ el 26 AL 48-1.6br ophosphal e (18,
R6 = Me. R7 = Mee-1(d8, 1920199/l Bap)sopa.a -2k ssmel2ee db. o, 6803 99] 4.09f4.48, w23l vent

(tetrahydr of ur any, 105 81 PXANG. + 81815 fﬁ%dd oPRsteRodBrdbA%ANg i

tetrahydrofura |o et Eﬂ oxane. or, tetrahydrofuran
cont ai ni ng 50 rrlﬁ)"f:oﬁ N’%&I ﬁrﬁ%qfee ’%ge r%t Rg, 3@?%31‘%'"‘ gratign g sigpale

Tri s(di met hyl ant#é% bt (i 1Be3, R2R6" R3 WEOZ'\R?a"d V8199 € aaﬂdeaf’ct ‘t*he m xture.
Tertiary butanok3{do.seg.or 3 eq) is then added to the m xture. The resulting

m xture is stirred at anbient tenperature for 3 h. The volaflles are then
removed under reduced pressure. Ethyl acetate (20 m) is added to the m xture.
The m xture is then washed with saturated sodi um carbonate solution (2 x 20
m) and then wi PRMBELHEN- SR GHAIC-HYIRYSELI P BT PRRSERA) 2R concent rat ed
under reduced prtysestee(2tapRET BagrRR {HRR35C8kNhenyl - 4- yl net hy1- 3-

[ 1- di net hyl ar ni nonmel h- (57) -yl i dene] - 2- oxo- pyrrolidi ne-1-carboxylic acid
ferf-butyl ester (7- Rl = Boo, R6 = M, R7.< Me) or a salt thereof. The

sol utions are anal yse TLC (50 % et hyl ac e in hexane). RF 0.21 (salt of
7-a, Rl = Boc, R6 = M, I\/E); RF 0.27 (7-a, @ Boo, R6 = Me, R7 = Me);
RF 0.68 (8-a, RL = Boc).. 1 NNNN -tetrarr or mami di ni um

hexaf | uor ophosphate (18, R6,, 7 = NB)T 1 eq; Teftie but anol (3 eq);
Sol vent: Tetrahydrof uran I\/eyhod 2L, 276 o)\o o

" 30g (R)-5-Biphenyl-4-yl-4-ter1—butocharbonylamino-2-methy|enepentanoic acid (2-a, R1
= Boc, R2 = H, R3 = CO2H), prepared according to Example 33 is added to384g
caseium carbonate. Dimethylformamide (50 ml) is then added. Methyl iodide (8.26 ml) is
then added and the mixture is stirred for 16 h at room temperature. Water (1200 ml) and
isopropyl acetate (120 ml) are added. The phases are separated. The aqueous phase is
washed with isopropyl acetate (2 x 120 ml). The combined organic phases are washed
with 20 % agueous sodium chloride solution (180 ml) and then dried (MgS0,). The
mixture is concentrated under reduced pressure to afford (R}-5-biphenyl-4-yl-4-tert-
butoxycarbonylamino-2-methylenepentanoic acid methyl ester (2-a, R1 = Boc, R2 = H, R3
= COz;Me). 1H NMR (CDCly): 1.40 (9H), 2.38 (1H), 2.61 (1H), 2.86 (1H), 2.91 (1H), 3.78
(3H), 4.07 (1H), 452 (1 H), 5.64 (1H), 6.25 (1H), 7.29 (2H), 7.35 (1H), 7.45 (2H), 7.55
(2H), 7.59 (2H).

Example 62: (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO,Et)



N, N, N N -tetranet hyl f or mam di ni um hexaf | uor ophosphate (18, R6 = NE R7 = Me):

1 eq; Terti ar bu {qanol (1 eq); Solvent: Tetrahydrofuran Neth

N, N, N N -tet\r’y YHYYt'or mani di ni um hexaf | uor ophosphat e ( £87 /Eﬁ@w‘)’ﬂﬁéo R7 = Me):
0.1 eq; tertiary butanol (1 eq); Solvent: 1 % Di oxane in Tetrahydrofuran

Met hod 4 N, N, NN-t edanet hyl f or mam di ni um hexaf | uor ophosphate (18, R6 = Me, R7 =
Me): 0.1 eq; tertiary butanol (1 eq); Solvent: 5% Di oxane in Tetrahydrofuran
Met hod 5 N, N, NLM t etranet hyl f or mam di ni 286m hexaf | uor ophosphate (18, R6 = M, R7
= Me): 0.1 eq; tertiary butanol (1 eq); Solvent: 10 % Di oxane in
Tetrahydrofuran Method 6 N, N, N N -tetranethyl formam di ni um hexaf | uor ophosphat e
(18, R6 = M, R7T = Me): 0.1 eq; tertiary butanol (1 eq); Solvent: 20 % D oxane
in Tetrahydrofuran Method 7 NN, N N -tetranet hyl formam di ni um

hexaf | uor ophosphat e ( |' Me, R7 = Me): eq; tertiary butanol (1 eq);
Sol vent; Di oxane Met hog ,N N -tetraneth {1 di ni um

hexaf | uor ophosphate (18, @ Me, R7 = Me): 1 -m ertiary butanol (3 eq);
Sol vent: Tetrahydrofuran contdinfng 50 mol % N, N, N N' -4

t et r amet hyl et hyl enedi am neé@/%(girrpl e 55:

(R) - 5- Bl pheny1- 4-yl net hyl cl i /et hyl am nonet h- ( yI°$ene] 2-
oxo- pyrrolidine-1- carboxyllc/ix/xéid tert-butyl ester HOC, R6 = Me, R7Y
= Me) General Procedure for thods 1-3 351 ng (1 '
(S)-2-Bi phenyl-4-yl met hyl- 5- oxo- pyrrolidi ne-1-carboxyl | c acid ferf-butyl ester
(8-a, RL = Boc) 2§rudemgwﬁeinumymbmsdtdi@aa(b@nyibmm&zmemapém%o.@dce(ﬁ@ldaed to
tetrahydrofurang é‘%i h)Rs Tét?Hg?réségg& Secbr ng%{g?li{arm%%b g@&b@%&%é‘ﬂ?s&%&”e

Tris(di met hyl am met ha ﬁ‘?’ tertiary butanol
(3 eq) are addelf > PREFHR’ %‘a'iesD'g‘F'f‘¥'fP’6‘de‘r‘ “rid ‘f”ea%e@r Fed9 8>3 h. The

vol ati |l es are r &fhsvied addedand thesepderel sifed ©5 (frheat ropp kpriperateret Weter ((2mk 20 m) i s
added. The m xt umdesobrsepmhecdmmiuidne&aéwrreé;&.dsesadiswma(earb@raateeusswéwti on (2 x 20

Tnée?mrie 3L IC 2 3 ( ;%Q«;gﬂea g.thT%ropgr &@B{eQZR mm)e m&ﬂ%m&%&lﬁ@&%@%)arm%eeoncent rat ed
yl met hyl - 341- d:or%e%%u{/?%?oﬁjf %og'ruﬁeﬁﬂr(d é@ }/?mﬁa% e"ﬂ”e%%gsggrro T' i'ne- 1- car boxyl i
c acid ter:- butsypPregdpied U'PV’%"UC"]ereSUEd?:a ORE2RANBLPRPYLINEYor a salt thereof.
The sol uti ons apdoxssagiopdaaihol3yneTiicen(=Bgdacistetyl estaébdtle Hop RAetReéy. RF 0. 21 (salt
of 7-a, Rl = Bocp.H§6 1/NMR (CORE): F.18/8}), 1.BF(3M), 242 (bH), 849 (), Foslpng, 2426 = Me, R7 =
Me); RF 0.68 (8@y, 283 2m), BAEH), 4.16 (2H), 436 (1H), 7.26 (2H), 7.35 (1H), 7.45 (2H), 7.55 '

(2H), 7.59 (2H).

0.

Example 63: (2R,4S)-5-biphenyl-4-yI#-tert-butoxycarbonylamino-2-methylpentanolc
acid ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO;Et) and (25,4S)-5-bipheny|-4-yl-4-
tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-b, R1 = Boc, R2 =
H, R3 = CO;Et)




Met hod 1 Magnesium chloride (0.1 eq) Method 2 Magnesiumchloride (1 eq) 278
Met hod 3 Ma oride (2 eq) Exanple 56:

(R)-5- 13l phg\ggsll%og l%et hyl - 341- di met hyl aml nonet h- (E/ Z) - JFTEBHEY 8510

oxo- pyrrol |l di ne-1- carboxyllc acid fert-butyl ester (7-a, RL = Boc, R8 = Me, R7
= Me) LHMDS (1 Msolution In THF, 2 M, 2 mol) is added to a m'xture of

di phenylam ne (340 ng, 2 mmol) and N, N, N, Nr-tetranet hyl f or mam di ni um

hexaf | uor ophosphate (492 ng, 2 mmol) inzasetrahydrofuran (2 m). The m xture is
then stirred at roomtenperature for 0.5 h. The mxture is diluted by addition
of tetrahydrofuran (5 m). (9S)-2-Biphenyl- 4 yl met hy1- 5-
oxo-pyrrolidine-1-carboxylic acid tett-but ester (8- = Boc) (351 ng, 1
mmol ) is then adBEFSE PRE M X AFEDUorHEreRY t"lﬂ?%"]e@y'%et”ia?‘?“égﬁ'dt‘b? Ri5 min at room
t enper at ure. ThBoo/id? atliR3eL Qi )eind @AV PEBirmaTes-y Hddtivycpb@ggmine?- Et hyl acetate
(20 nl) is addegeth@pehtamicEcy 1, R1 = BRERME MIRII=E0,18), Masdh@sktaMotrlBrssadolznat ed sodi um
carbonate sol ut Fa?@re(sgect&elg%re% l:d ?c@cgd rpjtb %&mglggmmmoo}/ﬁﬁ g.g&le&og%se is dried
(Na2C®) and concentr ated

(R) - 5- bi phenyl - acaeﬁvrﬁﬁ'??yi‘e ?"[" 'hyﬁ?%'f‘ﬂ%/(f‘ ISHSHEEIeY ( 'I:éy‘yi d‘?ﬁ‘f’&%ﬂ'é'f 2- oxo-pyrroli
di ne-1- cay boxthP’tadaEthﬂdthéﬂ!ﬂUtﬂRV'Feféfsﬂéf‘av?‘l”demma'”"e B&S‘t&er(ﬂ@"*""% R7 = Me) or
a salt thereof. isdin@yiscdtard (10MS ara aéded NEike Pisaek dpy/sefdrdled 50 dquainhiptaseicet ate i n
hexane). RF 0. 2*8&15&1!&”8@&'0 rddetatt HOB@CTheR@nme%ﬁgar‘%?pha'se&/gf)awaJREd0 27(7-a, R =

Boo, R6 = Me, RY. ith %?wgqhe%ls:[i%lum cP]I %e sdlutlonl(15 ra?an(aihe" dﬁé?%loe) Eﬁe mm'ﬁenzyl ) 279

(S) - 1- benzy1- 5- bi
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tBu) NMe2NMeu Kieatidies4NRR2BiBbidDyl-431-Bulert-butoxycarbonylamino-2-methylenepentanoic

acid ethyl ester (2-a, R1 = Boc, R2 = H, R3 = CO;Et)

30 g (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylaminc-2-methylenepentanoic acid (2-a, R1
= Boc, R2 = H, R3 = CO;H), prepared according to Example 33 is added to 38.4 g

caseium carbonate. Dimethylformamide (50 ml) is then added. Ethyl iodide (8.26 ml) is
then added and the mixture is stirred for 16 h at room temperature. Water (1200 mi) and
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P butoxycarbonylamino-2-methylenepentanoic acid ethyl ester (2-a, R1 = Boc, R2 = H, R3 =

CO,Et). 1H NMR (CDCly): 1.31 (3H), 1.40 (9H), 2.37 (1H), 2.59 (1H), 2.84 (1H), 2.93
(1H), 4.06 (1H), 4.24 (2H), 4.56 (1H), 5.62 (1H), 6.25 (1H), 7.29 (2H), 7.35 (1H), 7.45
(2H), 7.54 (2H), 7.59 (2H).

Example 65: (2R,4S)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO,Et) and (2S5,45)-5-biphenyl-4-yl-4-
tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-b, R1 =Boc,R2=
H, R3 = CO,Et) '

Method 1

409 mg (R)-5-Biphenyl-4-yi-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
ethyl ester (2-a, R1 = Boc, R2 = H, R3 = CO;Et) is added to ethanol (9 ml) in Vessel A.
14.9 mg [Rh(NBD),]BF, and 39.6 mg (R}1-[(R)-2-(2-dicyclohexylphosphinophenyl)-
ferrocenyllethyldi(bis-(3,5-trifluoromethyl)phenyl)-phosphine (= Walphos SL-w008-1)
are added to ethanol (3 ml) in Vessel B. The contents of Vessel B are stirred for 0.5 h
at room temperature. The contents of Vessel A and Vessel B are then transferred to
Vessel C. Vessel C is purged with hydrogen (20 bar) and then pressurised under a
hydrogen atmosphere at 20 bar. The mixture is stirred for 16 h. The volatiles are
removed under reduced pressure. The residue is analysed by hplc to determine the
ratio of (2R 4 5)-5-biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid
ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO;Et) to (25,45)-5-biphenyl-4-yi-4-tert-
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butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-b, R1 = Boc, R2=H, R3 =
CO,Et). Diastereomer ratio 50.2 : 49.8 (1-a, R1 = Boc, R2=H, R3 = COEt: 1-b,R1 =
Boc, R2 = H, R3 = COEt) as determined by hplc.

Method 2

409 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
ethyl ester (2-a, R1 = Boc, R2 = H, R3 = CO;Et) is added to ethanol (9 ml) in Vessel A.
17.4 mg [Ru(COD)(CF3CO:);] and 44.2 mg (aR,aR)-2,2-bis(a-N,N-
dimethylaminophenylmethyl)-(S,S)}1,1'-bis[di(3,5-dimethyl-4-
methoxyphenyl)phosphino]ferrocene (= Mandyphos SL-M004-1) are added to
dichloroethane (3 mi) in Vessel 8. The contents of Vessel B are stirred for 0.5 h at 50
°C. The volatiles are removed from the miﬂure in Vessel B under reduced pressure.
Ethanol (3 ml) is then added 1o Vessel B. The contents of Vessel A and Vessel B are
then transferred to Vessel C. Vessel C is purged with hydrogen (20 bar) and then
pressurised under a hydrogen atmosphere at 20 bar. The mixture is stirred for 16 h.
The volatiles are removed under reduced pressure. The residue is analysed by hplc to
determine the ratio of (2R,48)-5-biphenyl-4-yl-4-fert-butoxycarbonylamino-2-
methylpentanoic acid elhyl ester (1-a, R1.= Boc, R2 = H, R3 = CO,Et) to (25,4S)-5-
biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-b, R1 =
Boc, R2 = H, R3 = CO,Et). Diastereomer ratio 25.5:74.5 (1-a, R1 =Boc, R2=H, R3=
‘COEt: 1-b, R1=Boc¢, R2 = H, R3 = COEt) as determined by hplc.

General Procedure (Example 65, Methods 3-12)

The Organometallic Complex (A) and Chiral Ligand (L) are added to a mixture of ethanol
(0.041 ml) and dichloroethane (0.135 ml). The ratio of Chiral Ligand per atom of metal
within the Organometallic Complex used is 1.20 : 1. The S/C ratio is 25. The mixture is
stirred for 0.5 h. The solvent is then removed. (R)-5-Biphenyl-4-yl-4-tert- .
butox'ycarbonylamino-2-methylenepentanoic acid (2-a, R1 = Boc¢, R2 = H, R3 = CO,Et) in
ethanol or dichloroethane (0.244 ml) is added to the vessel containing the Organometallic
Complex (A) and Chiral Ligand (L). Further solvent is added to give the final
concentration of 2-a (R1 = Bo¢, R2 = H, R3 = CO,H) of 84 mM.
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Hydrogen gas at 20 bar is the applied to the vessel containing the mixture. The mixture is

stirred at 20 bar hydrogen pressure and at room temperature for 16 hours.

The reaction solutions are analysed by hplc to determine the ratio of (1-a, R1 = Boc, R2 =
H, R3 = CO,El) and (1-b, R1 = Boc, R2 = H, R3 = CO,El). '

Method 3

Chiral  Ligand {(28,48)-2,4-Bis(diphenylphos'phino)pentane = (S,S)-BDPP};
Organometallic ©~ Complex {bis(trfluoroacetoxy)(1,5-cyclooctadiene)ruthenium(ll)};
Solvent: Ethanol. Diastereomer ratio 85 : 15 ((1-a, R1 = Boc, R2 = H, R3 = CO,Et) : (1-
b, R1 = Boc, R2 = H, R3 = CO,Et) as determined by hplc.

Method 4

Chiral _ Ligand {(R)-1-[(S)-2-Di-tert.-
butylphosphino)ferrocenyl]ethyldicyclohexylphosphine = SL-J505-1}; Organometallic
Complex {bis(trifluoroacetoxy)(1,5-cyclooctadiene)ruthenium(ll)}; Solvent: Ethanol.
Diastereomer ratio 71 : 29 ((1-a, R1=Boc,R2 = H, R3 = CO;Et) : (1-b, R1=Boc, R2 =
H, R3 = CO,Et) as determined by hplc.

Method 5

Chiral Ligand {(1S)-Diphenylphosphino-2—[(R)—a-(N,N-dimethylamino)-o-
diphénylphosphinophenyl)—methyl]ferrocene = SL-T001-1}; Organometallic Complex
{bis(trifluoroacetoxy)(1,5-cyclooctadiene)ruthenium(ll)}; Solvent: Ethanol. Diastereomer
ratio 70 : 30 ((1-a, R1 = Boc, R2 = H, R3 = CO,Et) : (1-b, R1 = Boc, R2 = H, R3 =
CO,Et) as determined by hplc. '

Method 6
Chiral Ligand {(R)-1-[(S)-2-(Diphenylphosphino)ferrocenyllethyldi(3,5-xylyl)phosphine =

SL-J005-1}; Organometallic Complex {bis(trifluoroacetoxy)(1,5-
cyclooctadiene)ruthenium(ll)}; Solvent: Ethanol. Diastereomer ratio 67 : 33 ((1-a, R1 =



45 16 7 0.50.5 804a0.90.1 8016 90.10.9
WO 2009/090251 PCT/EP2009/050510

289

Boc, R2 = H, R3 = CO,Et) : (1-b, R1 = Boc, R2 = H, R3 = CO,Et) as determined by
hplc.

Method 7

Chiral Ligand {(S)(-)-(6,6'-Dimethoxybiphenyl-2,2'-diyl)-bis(diphenylphosphine) = (S)-
Ph-MeOBIPHEP = SL-A101-2}; Organometallic Complex {[Ir(COD);}BArF}, Solvent:
Dichloroethane. Diastereomer ratio 63 : 37 ((1-a, R1 = Boc, R2 = H, R3 = CO.Et) : (1-b,
R1 = Boc, R2 = H, R3 = CO,Et) as determined by hplc.

Method 8

Chiral Ligand {(S)-1-[(R)—2-(Diphenylphospﬁino)ferroeenyl]ethy|di(3,5-xy|yl)phosphlne =
SL-J005-2};, Organometallic Complex {bis(norbomadiene)rhodium(l) tetrafluoroborate};
Solvent: Ethanol. Diastereomer ratio 58 : 42 ((1-a, R1 = Boc, R2 = H, R3 = CO,Et) : (1-
b, R1 = Boc, R2 = H, R3 = COEt) as determined by hplc.

Method 9

" Chiral Ligand {(R)-1-[(R)-2-(2.-Diphenylphosphinophenyl)ferrocenyl]ethyldi(bis-3,5-
trifluoromethylphenyl)phosphine = SL-W001-1}; Organometallic Complex
{bis(norbomadiene)rhodium(l) tetrafluoroborate}; Solvent; Ethanol. Diastereomer ratio
31:69 ((1-a, R1 = Boc, R2 = H, R3 = CO,Et) : (1-b, R1 = Boc, R2 = H, R3 = CO,Et) as
determined by hplc.

Method 10

Chiral Ligand {(S)-1-(S)-2-(2"-Dicyclohexylphosphinophenyl)ferrocenyl]ethyldi(bis-(3,5-
trifluoromethyl)phenyl)-phosphine =  SL-W008-2};  Organometallic ~ Complex
{bis(norbormadiene)rhodium(l) tetrafluoroborate};, Solvent: Ethanol. Diastereomer ratio
16 : 84 ((1-a, R1 = Boc, R2 = H, R3 = COEt) : (1-b, R1 = Boc, R2 = H, R3 = CO,Et) as
determined by hpic. '
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Method 11

Chiral Ligand {(R)-1-[(S)-2-Diphenylphosphino)ferrocenyljethyldi-tert.-butylphosphine =
SL-J002-1}; Organometallic Complex { bis(norbornadiene)rhodium(l) tetrafluoroborate };
Solvent: Ethanol. Diastereomer ratio 2 ; 98 ((1-a, R1 = Boc, R2 = H, R3 = CO,Et) : (1-b,
R1 = Boc, R2 = H, R3 = CO,Et) as determined by hplc.

Method 12

Chiral Ligand {('R)-1-[(S)-2-diethy|phosphino)ferrocenyl]ethyl di(tert-butyl)-phosphine =
SL-J301-1}; Organometallic Complex { bis(norbornadiene)rhodium(l) tetrafluoroborate};
Solvent: Ethanol. Diastereomer ratio 5 : 95 ((1-a, R1 = Boc, R2=H, R3 = CO,Et) : (1-b,
R1 = Boc, R2 = H, R3 = CO,Et) as determined by hplc.

HPLC Method {Example 65, Methods 1-12)

Column: Chiralcel OJ-RH; 150 x 4.6 mm; 5§ um. Mobile Phase A (water); Mobile Phase B
(Acetonitrile). Isocratic: 0 min (60 % B); 15 min (60 % B). Flow rate: 0.8 ml min™.

Wavelength 254 nm. Column temperature: 10 °C.
Retention times:

1-b (R1 = Boc, R2 = H, R3 = CO,Et):9.8 min

1-a (R1 = Boc, R2 = H, R3 = CO,Et): 10.8 min

2-a (R1=Boc, R2 = H, R3 = CO.Et):15.2 min

Example 66: (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc)
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0.05 g of (3R/S,55)-5-Biphenyl-4-ylmethyl-3-dimethoxymethyl-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = Me, R9 = Me, Y = Q) are dissolved
in 1 ml of acetone under argon. Then 15 mg of water and 40 mg of amberlyst 15 are
added. The mixture is stirred for 3 days, then filtered and concentrated in vacuo to afford
(R)-5-Biphenyl-4-yimethyl-3-[ 1-hydroxymeth-(E/Z)-ylidene]-2-oxc-pyrrolidine-1-carboxylic
acid tert-butyl ester (6-a, R1 = Boc) as determined by hplc.

HPLC Method

Column: X-BRIDGE C18; 150 x 3.0 mm; 35 um. Mobile Phase A (0.1 % NH; (32 %) in
water); Mobile Phase B (Acetonitrile). Gradient: 0 min (20 % B); 3 min (40 % B); 5 min
(40 % B); 7 min (50 % B); 11 min (50 % B); 13 min (80 % B); 16 min (80 % B); 16.1 min

{20 % B); 20 min (20 % B). Flow rate: 1.4 mI min™'. Wavelength: 210 or 254 nm.
Temperature 60 °C,

Retention times

2-a (R1 =Bogc, R2 =H, R3 =COzH): 2.3 min
6-a (R1 = Boc): 2.5 min
4-a (R1=Hy): 5.6 min
5-a (R1=Boc): 8.3 min
8-a (R1 = Boc): 10.3 min
9-b (R1 =Boc, R6 = Me, R7 = Me): 10.4 min
9-c (R1 =Boc, R6 = Me, R7 = Me): 10.9 min

4-a (R1 = Boc): 11.9 min
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Example 67: (3R/S,5S)-5-Biphenyl-4-yimethyl-3-(bis-butylsulfanyl-methyl)-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = nBuy, R9 = nBu, Y
= S)

0.5 g of 5-Biphenyl-4-yimethyl-3-[1-dimethylamino-meth-(E/Z}-ylidene]-2-oxo-pyrrolidine-
1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) are added to 5 ml of
n-butane-1-thiol. After the addition of 0.2 g of p-toluenesulfonic acid the mixture is stired
for 6 days at 25°C, then heated to 60 °C for 16 hours. The mixture is then quenched by
addition of 5 ml of an 8% aqueocus bicarbonate solution and any remaining n-butane-1-
thiol distilled 6ff under reduced pressure at40 °C. The aqueous phase is extracted 3 times
with 5 ml ethy! acetate each and the combined organic phase evaporated to dryness at 40
°C under reduced pressure. The residue is purified by column chromatography (heptane:
ethyl acetate 75:25) to afford (3R/S,5S)-5-biphenyl-4-yImethyl-3-(bis-butylsulfanyl-methyl)-
2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = nBu, R9 = nBu, Y
= S). Ratio of C-3 diastereomers determined as 70 : 30 ((3S,5S) : (3R,58)
diastereomers, respectively). 1H NMR (CDCl3): Data for mixture of diastereomers: 0.86-
0.96 (6H), 1.32 - 1.47 (4H), 1.50 - 1.68 (4H), 1.62 (9H), 1.94 - 2.30 (2H), 2.48 - 2.74 (4H),
2.80 - 2.89 (2H), 3.10-3.16 (1H), 3.55-3.59 (1H, minor stereoisomer), 4.23-4.31 (1H, minor
stereocisomer), 4.30 (1H), 4.38 (1H, minor sterecisomer), 4.43-4.47 (1H), 7.27-7.30 (2H),
7.32-7.40 (1H), 7.44-7.50 (2H), 7.56-7.65 (4H).

Example 68: (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo0-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc)
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0.101 g ( 0.19 mmol) of (3R/S,5S)-5-Biphenyl-4-yimethyl-3-(bis-butyisulfanyl-methyl)-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (16-a, R1 = Boc, R9 = nBu, R9 =nBu, Y =
S) are dissolved in a mixture of 1.6 ml acetonitrile and 0.4 ml water. After addition of 0.115
g HgCl, and 0.048 g calcium carbonate, the suspension is stirred over night. Diethyl ether
(10 ml) and 18 % ag. ammonium chloride solution (5 ml) are added to the mixture. The
mixture is then filtered and the phases are separated. The organic phase is washed with
water and brine and then concentrated under reduced pressure to give (R)-5-Biphenyl-4-
ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (6-a, R1 = Boc). Material analysed by hplc (hplc method for Example 66)

Example 69: (3R, 5S)-5-Biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (3-a, R1 = Boc) and (3S, 5§S)-5-biphenyl-4-yimethyl-3-methyl-2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (3-b, R1 = Boc)

"X X T
Y 1 T

0.24 g (R)-5-Biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to a mixture of ethyl acetate (10.8
ml) and methanol (1.2 ml) at 22 °C. 0.1 g of 10 % Palladium on carbon (Engelhard 4505)
is added to the mixture along with water (0.3 ml). The mixture is flushed with hydrogen

and subsequently is stirred at 22 °C and 4 bar hydrogen pressure for five days. The
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mixture is then filtered through Cellflock and concentrated under reduced pressure to
afford (3R, 5S)-5-biphenyl-4-ylmethyl-3-melhyl-2-oxo-pyrrolidine-1-carboxylic acid tert-
butyl ester (3-a, R1 = Boc), (3S, 5S)-5-biphenyl-4-yimethyl-3-methyl-2-oxo-pyrrolidine-1-
carbokylic acid tert-butyl ester (3-b, R1 = Boc) and (3R/S, 5S)-5-Biphenyl-4-yImethyl-3-
hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (5-a, R1 = Boc) as
determined by hplc. HPLC Conditions as given in Example 66 and Example 71.

Example 70: (3R/S, SS)-5-BiphenyI-4-ylmethy|—3-hydroxymethyl-2-oxo-pyrr6|idine-1-
carboxylic acid tert-butyl ester (5-a, R1 = Boc)

OH =
o™
o N O [ o N ~ l
ﬁ A
- BN
99 mg (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z}-ylidene]-2-oxo-pyrrolidine-1-
carboxylic acid tert-butyl ester (6-a, R1 = Boc) is added to a mixture of toluene (0.25 ml)
and water (0.25 ml) at room temperature. Tetrabutylammonium bromide (19.7 mg) is then
added. The mixture is then cooled to 0 °C. Sodium borohydride (20.8 mg) is then added
and the resulting mixture is stirred at 0 °C for 1 h. The mixture is then warmed to room
temperature and stirred ovemight. Water (10 ml) and toluene (10 ml) are then added to
the mixture. The phases are separated. The organic phase is washed with water (10 ml),
dried (MgSCs) and concentrated in vacuo to afford (3R/S, 5S)-5-biphenyl-4-yimethyl-3-
hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (5-a, R1 = Boc) as
detected by LC-MS. m/z(+ESI): 266 (10 %), 282 (2), 310 (20), 326 (100), 366 (15), 382
(IMH"], 8). 1H NMR (DMSO): 1.22-1.52, 1.59-1.65, 1.80-1.87, 1.94-2.03, 2.10-2.18, 2.57-
2.89, 3.02-3.11, 3.15-3.30, 3.34-3.44, 3.46-3.66, 3.67-3.79, 3.82-3.93, 4.16-4.38, 4.63-

4.69, 4.72-4.77, 4.93-5.00, 5.14-5.27, 5.40-5.63, 5.66-5.78, 6.23-6.29, 6.63-6.29, 6.63-
6.67,7.12-7.20, 7.23-7.37, 7.43-7.47, 7.55-7.68.

Example 71: (R)-5-Biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (6-a, R1 = Boc)
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Method 1

100 mg (R)-S-Biphenyl—4-y|methy|—3-[1—dimethylaminométh-(E/Z)-ylidene]—2-oxo- .
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added
to ethanol (0.5 ml). 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 ovemight. The catalyst is then filtered and the mixture
concentrated under reduced pressure. The residue is analysed by hplc to identify (R)-5-
biphenyl-4-yimethyl-3-[1-hydroxymeth-(E/Z}-ylidene]-2-oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (6-a, R1 = Boc).

Method 2

189 mg (R)-5-Biphenyl-4-ylmethyl-3-[ 1-dimethylaminometh-(E/Z)-ylidene]-2-oxo-
pyrrolidine-1-carboxylic acid tert-butyl ester (7-a, R1 = Boc, R6 = Me, R7 = Me) is added
to ethanol (0.5 ml). 108 ul 2,6-Lutidine are added to the mixture. 57 mg Palladium on
Carbon (10 % loading, 50 % water wet, Johnson Matthey type 39) is added to the mixture.
Hydrogen gas is applied to the mixture. The mixture is then stirred at ambient '
temperature and pressure ovemight. The catalyst is then filtered and the mixture
concentrated under reduced pressure. The residue is analysed by hplc to identify (R)-5-
biphenyl-4-ylmethyl-3-[1-hydroxymeth-(E/Z)-ylidene]-2-oxo-pyrrolidine-1 -cér'ooxylic acid
tert-butyl ester (6-a, R1 = Boc).

HPLC Method 1 (Example 71)

Column: Zorbax Extend C18; 150 x 4.6 mm; 3.5 um. Mobile Phase A (0.1 % NH3 (32 %)
in water); Mobile Phase B (Acetonitrile); Mobile Phase C (Methanol). Gradient: 0 min (5
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% B 50 % C); 1 min (5 % B: 50 % C); S5min (5 % B; 75 % C); 16 min (56 % B; 75 % C);
15.1 min (6 % B; 50 % C); 18 min (5 % B; 50 % C). Flow rate: 1.2 ml min”. Wavelength:

254 nm. ColUmn temperature: 10 °C.

Retention times:

6-a (R1 = Boc): 4.1 min

9-b (R1 = Boc, R6 = Me, R7 = Me): 9.9 min

9-c (R1 =Boc, R6 = Me, R7 = Me): 10.5 min
4-a (R1 = Boc): 11.2 min
7-a (R1 = Boc): 11.5 min
3-a (R1 =Bogc): 12.1 min
3-b (R1 = Boc): 12.5 min

HPLC Method 2 (Example 71)

Column: X-BRIDGE; 150 x 3.0 mm; 3.5 um. Mobile Phase A (0.1 % NH; (32 %) in water);
Mobile Phase B (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 mlmin™, Wavelength: 254 nm. Column temperature: 60
°C.

Retention times

6-a (R1 = Bog): 2.6 min

9-b (R1 = Boc, R6 = 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 =Boc)and 3-b (R1 =Boc): 12.8 min

Example 72: (2R,4S)-5-Biphe nyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid ethyl ester (1-a, R1 =Boc, R2=H,R3 = CO;Et) and (25,4 S)-5-bipheny|-4-y|-4-
tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester {(1-b, R1 = Boc, R2 =
H, R3 = CO,Et)
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500 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid ethyl
ester (2-a, R1 = Boc, R2 = H, R3 = CO,Et) is added to ethanol (5 ml) at ambient
temperature. Triethylamine (170 pl) is then added to the mixture. 50 mg Palladium on
carbon (10 %, 50 % water-wet, Degussa E101 NE/Wj) is then added. Hydrogen gas at
ambient pressure is applied to the mixture. The mixture is then stirred overnight at

ambient temperature and pressure. The mixture is then filtered and concentrated under
reduced pressure to afford 2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid ethyl ester (1-a, R1 = Boc, R2 = H, R3 = CO,Et) and (25,4 S)-5-
biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid ethyl ester (1-b, R1 =
Boc, R2 = H, R3 = CO;Et). Spectroscopic data as in Example 63. Ratio of diastereomers
70:30 (1-a, R1 = Boc, R2 = H, R3 = CO,Et: 1-b, R1 = Boc, R2 = H, R3 = CO,Et) as
determined by hplc (hplc method as ih Example 65)

Example 73: (2R,4S5)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic
acid methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO;Me) and (25,4S)-5-Biphenyl-4-yl-4-
tert-butoxycarbonylamino-2-methylpentanoic acid methyl ester (1-b, R1 = Boc, R2 =
H, R3 = CO;Me) '
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500 mg (R)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylenepentanoic acid
methyl ester (2-a, R1 = Boc, R2 = H, R3 = CO;Me) is added to ethanol (5 ml) at ambient
temperature.’ Triéthylamine (176 nl) is then added to the mixture. 50 mg Palladium on
carbon (10 %, 50 % water-wet, Degussa E101 NE/W) is then added. Hydrogen gas at
ambient pressure is appliqd to the mixture. The mixture is then stirred overnight at
ambient tempefature and pressure. The mixture is then filtered and concentrated under
reduced pressure to afford 2R,4S)-5-Biphenyl-4-yl-4-tert-butoxycarbonylamino-2-
methylpentanoic acid methyl ester (1-a, R1 = Boc, R2 = H, R3 = CO;Me) and (2S,4S)-5-
biphenyl-4-yl-4-tert-butoxycarbonylamino-2-methylpentanoic acid methyl ester (1-b, R1 =
Boc, R2 =H, R3 = CO;Me). Spectroscopic data as in Example 60. Ratio of
diastereomers 66:34 (1-a, R1=Boc, R2=H,R3=CO,;Me : 1-b,R1=Boc, R2=H, R3 =
CO;Me) by integration of signals at 1.76-1.85 (1-b, R1 = Boc, R2 = H, R3 = CO;Me) and
1.92-1.99 (1-a, R1 = Boc, R2 = H, R3 = CO,Me).

Example 74: (3R/S,5S8)-5-Biphenyl-4-yImethyl-2-oxo-3-{toluene-4-
sulfonyloxymethyl)-pyrrolidine-1-carboxylic acid tert-butyl ester (11-a, R1 = Bog¢, R4
= Tosyl) and (R)-5-Biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1=Boc)

\O\f '
g o X

20 mg (3R/S, 5S)-5-Biphenyl-4-yimethyl-3-hydroxymethyl-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (5-a, R1 = Boc) (prepared according to Example 48) is added to
chloroform (5 ml) at room temperature. Tﬁethylémine (11 pl) is added to the mixture. 4-
Toluenesulphonic acid anhydride (20.5 mg) is then added to the mixture. The mixture is
then stirred for 20 h at reflux. Ethyl acetate (1 ml) and water (1 ml) are added. The
phases are separated. The organic phase is concentrated under reduced pressure. The
residue is then purified by column chromatography, eluting with heptane-ethyl acetate
(1:1) to afford (3R/S,5S)-5-biphenyl-4-ylmethyl-2-oxo-3-(toluene-4-sulfonyloxymethyl)-
pyrrolidine-1-carboxylic acid tert-butyl ester (11-a, R1 = Boc, R4 = Tosyl) and (R)-5-
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biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a,
R1=Boc). Spectroscopic data for (3R/S,58)-5-biphenyl-4-ylmethyl-2-o0x0-3-(toluene-4-
sulfonyloxymethyl)-pyrrolidine-1-carboxylic acid fert-butyl ester (11-a, R1 = Boc, R4 =
Tosyl) as for Example 49, Method 1. Spectroscopic data for (R)-5-biphenyl-4-yimethyl-3-
methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (4-a, R1=Boc) as for
Example 23, Method 1.

Example 75: (3R/S,55)-5-Biphenyl-4-ylmethyl-3-lodomethyl-pyrrolidin-2-one (12-a,
R1=H,R5=1)

122 mg (3R/S,58)-5-Biphenyl-4-ylmethyl-2-0x0-3-(toluene-4-sulfonyloxymethyl)-
pyrrolidine-1-carboxylic acid tert-butyl ester (11-a, R1 = Boc, R4 = Tosyl) prepared
according to Example 49, Method 2 is added to acetonitrile (3 ml). Sodium iodide (105
mg) is then added to the mixture. The resulting mixture is heated at reflux ovemight. The
mixture is then concentrated under reduced pressure. Purification by column
chromatography, eluting with ethyl acetate-heptane (1:1) gives (3R/S,55)-5-biphenyl-4-
yimethyl-3-iodomethyl-pyrrolidin-2-one (12-a, R1 =H, R5 = ). I'I H NMR (CDCls): 2.13
(2H), 2.69 (2H), 2.82 (1H), 3.28 (1H), 3.35 (1H), 3.85 (1H), 5.84 (1H), 7.17 (2H), 7.28
(1H), 7.37 (2H), 7.49 (4H).

Example 76: (R)-5-Biphenyl-4-yimethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic
acid tert-butyl ester (4-a, R1=Boc)
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5 mg (3R/S,55)-5-Biphenyl-4-yImethyl-3-iodomethyl-pyrrolidin-2-one (12-a, R1 = H, R6 =
1) is added to toluene (1 ml). 4-(Dimethylamino)pyridine (0.1 mg) and triethylamine (1 pl)
are then added to the mixture. The mixture is heated to 70 °C. Di-tert-butyl dicarbonate
(2 mg) is then added to the mixture. The mixture is stirred for 1 h at 70 °C. The mixture is
concentrated under reduced pressure. Ethyl acetate (1 ml) and water (1 ml) are added.
The phasés are separated. The organic phase is concentrated under reduced pressure to
give (R)-5-Biphenyl-4-ylmethyl-3-methylene-2-oxo-pyrrolidine-1-carboxylic acid tert-butyl
ester (4-a, R1=Boc). Spectroscopic data as for Example 23, Method 1.

Example 77: (3R, 5S)-5-Biphenyl-4-ylmethyl-3-methylpyrrolidin-2-one (3-a, R1 = H)
and (38, 5S5)-5-Biphenyl-4-ylmethyl-3-methylpyrrolidin-2-one (3-b, R1 = H)

| .
/
Yy g
0 o N
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I

4 mg (3R/S,5S)-5-Biphenyl-4-yimethyi-3-icdomethyi-pyrrolidin-2-one (12-a, R1 = H, R5 =
1) is added to ethanol (1 ml) at ambient temperature. Triethylamine (5 pl) 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, §S)-5-biphenyl-4-yimethyl-3-
methylpyrrolidin-2-one (3-a, R1 = H) and (3S, 5S)-5-biphenyl-4-yImethyl-3-
methylpyrrolidin-2-one (3-b, R1 = H. Ratio of diastereomers 22 : 88 (3-a, R1 = H to 3-b,
R1 = H) as determined by nmr. Spectroscopic data for 3-a (R1 = H) as for Example 6 in
WO/2008/083967. Spectroscopic data for 3-b (R1 = H) as for Example 47 in
W0/2008/083967.
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Preferred embodiments:

Embodiment 1: °

A process for preparing a compound of formula (7), or salt thereof,

R1 @
wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an aiky! group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain
one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle
contains 3 to 8, such as 4 to 7 ring atoms,

said process comprising reacting a compound of formula (8), or salt thereof,

N

|
R1 ®)

wherein R1 is hydrogen or a nitrogen protecting group,
- with an amine of fermula (13), (14) or (15)

R6. _R7 R6_ AR

/k /l\ RS\ g "
R6_ _Ré R6_ _R8 N

N N N C
I ! R8_ _R8
R7 R7 (13) R7 (14), C C (15)
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(2R, 45) - 5- Bi phenyl - 4-y1-4-tert-but oxycarbonyl am no- 2- net hyl pentanoi c acid

nmet hyl ester (1-a, RL = Boc, R2 = H R3 = CO2Me) 29

(2R, 4S) - 5- Bi pheny1-4-yl-4-tert-butoxycarbonyl am no- 2- net hyl pent anoi ¢ acid
(1-a, Rl = Boc, R = H R3 = CO2H) pi@pared according to Exanple 2 in

WO 2008/ 031567 is added to 2.559 caesium carbonate. Dinell hylformarnide (4 m)
is then added. Methyl iodide 282

and optionally a salt, such as an alkali metal salt, an alkali earth meatl salt, an

ammonium salt or an ionic liquid,

- or with a compound prepared by mixing a compound of formula (18),

®

A

/
\\\\___
o

(18)
with an alcoholate of the formula M-O-R8 and opticnally treating said compeund with a
salt M1X;

- or with mixtures thereof;

wherein

each R6 and each R7 are, independently, an alky! group, an aryl group, an arylalkyl
group, a cycloalkyl group or together R6 and R7 form a cycle, together with the nitregen
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 s,
independently, an alkyl group, an aryl group or an arylalkyl group;

X and X' are, independently, an anion, for example, a halide, an anion of a sulphonic
acid, an anion of an alkylsuifate, a tetrahalometalate, such as a tetrachlorometalate,
hexafluorophosphate, hexafluoroantimonate, tetrafluorocborate, perchlorate, alkoxide
R8-O wherein R8 is defined as before, carboxylate, or tribromide;

M is an alkali metal or an alkaline earth metal; and

M1 is an alkali metal, an alkaline earth metal or ammonium;

to obtain the compound of formula (7).

Embodiment 2:

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



(0.55 mM) is then added and the m xture is stirred for 16 h at room
tenperature. Water (10 nl) and isopropyl acetate (10 m) are added. The phases
are separated. The aqueous phase is washed with isopropyl acetate (2 x 10 mil).
The conbi ned organi ¢ phases are washed wi th 20% aqueous sodi um chl ori de
solution (15 M) and then dried (Mg3)c The mixture is concentrated under
reduced pressure to afford

(2R, 4S) - 5- blphenyl 4-yl1l-4-tertbu
met hyl ester (18, Rl = Boc, R2

ycar bohyl am no- 2- net hyl pent anoi ¢ aci d

R3 = CO2Me). 1H NMR (CDC 2): 1.18 (3H),
1.41 (9H), 1.5¢ (lH), 1.95 (1H) 6. (1H), 2.85 (2H), 3.70 (3H), 3.94 (1H),
4.36 (1H), 7.2 35 (3H 745 (2H), 7.53 (2H), 7.59 (2H). Exanple 60:
(2R, 4S) - 5- Bl phe y1 t - but oxycar bonyl am no- 2- net hyl pent anoi ¢ acid
met hyl est ero=7 R, R2 = H R3 = CO2Me) and

(2S, 48) - 5- bi phengl -4-y1-4- rert but oxycar bonyl ani no- 2- r net hyl pent anoi ¢ aci d
met hyl ester R1 Boc, Rj cozme) 2 g

(2R, 4S) - 5- Bi phenyl -4-y1-4- tel\/but oxyc 6rbonyl am no- 2- net hyl pentanoic acid (1-a,
Rl = Boc;R2 = H R3 = CO2H) and

(2,3,45)- 5 B phapybsrd- y1- 4-tert - but oxycar bonyl am no-2- net hyl pent anoi ¢ acid
(1l-a, RL rati o of diastereoners of 80:20 ratio,
respect i vel Wheﬁpgh'%&dr%e@ooﬁd‘l”Hi?g?rbp’%‘?&tf?ﬂlgéouﬁ in WO 2008/ 031567, is added to
2.55 g caesicompisabeatitoes cdipmebdwflffronarianodelt (Mraaf,) i s then added. Met hyl
iodide (0.55 m) is then added and the mxture is stirred for 16 h at room
tenperature. Water (10 nl) and isopropyl acetate (10 m) are added. The phases

are separ at ed. R\The aqueous phase washed with isopropyl acetate (2 x 10 m).
The conbi ned or¥ari’c phases are wasfed with 20 % aqueous sodi um chloride
i \(Ivgo4) The m xture is concentrated under

t but oxycar bonyl am no- 2- net hyl pent anoi ¢ aci d

met hyI estero R 3 R2 = H R3 = CX2M) and

(2S, 4S) - 5- bi phengl -4- yl 4-tert-but oxycar bonyl am no- 2- net hyl pentanoic acid 283
nmet hyl ester Rl = Boc, R2 = H, = CO2Me) as an 80 : 20 m xture of

di astereoners, respectively. 1H NWR ((@DCI 3): 1.17-1.20, 1.25-1.26,

1.41, 1. 46- 1V\618re|n1R17|6h§1dr8@an at a9RroferO@oteing brap58¢ RB a6dR2aE], 2. 76-2.85, 3.70,
3.83-3.99, 5, 7.59-7.61.
Ratio of di asdfgg?négrﬁ& %éﬁ%ﬁ %ﬁ ary??gﬁp zdg%%’la'%égw =t oaTky%ngeé 1-b, Rl =
Boo, = HtOQQ@e"-R@EM\)EZ fopy al%@‘%é‘?%ﬁﬂebw”btf‘e§'i”@9ﬁd‘ltgwat0h \reygreatigenedi- b, R1 =
Boc, R2 = HwhidB c7cl @MY saitdted oPdrshiuBfed ahd @y ayRBptichaRogontaiiPore oHnol83 = CO2Me) .
Exanpl e 61 oato c tr xygen o sulphur, whereby the cycle contains 3 {0, 8

(R -5-Bi pheny'lerlf "T H P@r”ﬂ i 6’x¥/gcar [)orrpyhl anf'ne=%-t né’fﬁyf’enepent angic acid

met hyI esterSU((anSaﬂtORImga@U@, wiRpan=add, to Ritais teQRmwpund4N|farpula (6). 30 g

(R -5-Bi phenyl 4-yl-4-tert-but oxycarbonyl am no- 2- met hyl enepent anoi ¢ acid (2-a,
R1 Boo = H R3 CO2H), prepared according to Exanple 33 is added to
38.4 g caselgﬁiﬁ‘l@@ﬁ%ﬁqate D net hyl formani de' (50 M) |s then added. Methyl

i odi de (8. 26 prbdess Bor pleearirgcdechpand o renwa yure is stirred for 16 h at room

tenperature. Water (1200 m) and_i opropyl acetate (120 ml) are added. The
phases are separated. The aque

hase is washed with isopropyl acetate (2 x
120 mM). The cgnbi ned organic p 5 are washed with 20% aqueous sodi um
chl ohde sol uti o F'thev dried (MgSO4). The mixture is concentrated

(R) - 5- bi phem=Y 4= tertbut oxycar bonyl am no- 2- net hyl enepent anoi ¢ aci d net hyl
ester (2-a, Rl —NBoc R2 = H R3 = CO2Me). 1H NWR (CDCI3): 1.40 (9H), 2.38
(1H), 2.61 (1H), 286(1H) 2.91 (1 4)378(3|—|), 4.07 (1H), 4.52 (1H), 5.64
(1H), 6.25 (1H), 7.29 (2H), 7.35 (1H)/ 7.45 (2H), 7.55 (2H), 7.59 (2H).



284 2 g (2R 4S)-5-Bi phenyl -4-y1-4-tert-butoxycarbonyl am no- 2- et hyl pent anoi c
acid (1-a, RL = Boc, R2 = H R3 = CO2H) prepared according to Exanple 2 in

WO 2008/ 031567 is added to 2.55 g caesium carbonate. Dinmethylformamde (4 nl)
is then added. Ethyl iodide (0.55 m) is then added and the mi xture is stirred
for 16 h at roomtenperature. Water 3000d m ) and i sopropyl acetate (10 ml) are
added. The phases are separated. The aqueous phase is washed with i sopropyl
acetate (2 x, % % The conbi ned organi ¢ phases are washed with 20 % aqueous
sodi um chl oride solution (15 m ) and then dried (My504). The m xture is
concent r at edVhgrfiTeR ! isdddieedn Prags&ager PoSCHTIfAIUE.

(2R, 43) - 5- b|dah1@ﬂ§(rib-tfbayr1gélc6rﬂfdub&lbﬁ&)fﬁ@r brBYdan Bt Aeudnidei-Bopent anoi ¢ aci d et hyl
ester (1-a, Rl = Boc, R2 = H R3 = COZEt) 1H NVR (CDCI 3): 1.18 (3H), 1.27
(3H), 1.42 (9H), 1.49 (1H), 1.95 (1H) 2.62 (1H), 2.85 (2H), 3.94 (1H), 4.16
(2H), 4.36 (1H)gy7.26 (2H), 7.35%A4 , 7.45(2H),

wherein R1 is hydrogen or a nitrogen protecting group,
with a reducing agent preferably in the form of an aldehyde to obtain the compound of

formula (4).

Embodiment 4:

A process for preparing a compound of formula (5), or salt thereof,

OH O
0 ‘
N

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

comprising treating a compound of formula (6), or salt or a tautomer thereof,

OH O
o :

N
|

R1 (6)
wherein R1 is hydrogen or a nitrogen protecting group,
with a reducing agent to obtain the compound of formula (5).



7.55 (2H), 7.59 (2H). Exanpl e 63:

(2R, 45) - 5- bl pheny1-4-yl-4-tert-but oxycarbonyl am no- 2- net hyl pentanoi c acid
ethyl ester (1-a, Rl ra Boc, R = H R3 = CO2Et) and

(2S, 43) - 5- bi phenyl -4-y1-4- tert-butoxycarbonyl am no-2-net hyl pentanoic acid
ethyl ester (1-b, Rl = Boo, R2 = H, 38 e CQR2Et) 285 29

(2R, 4S) - 5- Bi pheny1-4-yl-4-tert-but oxycarbonyl am no- 2- net hyl pentanoi c acid
(1-a, RL =- Boo, Rz = H R3 = CQ2H) and

(2S, 4S) - 5- Bi phenyl -4-y1-4-terf-butoxycarbonyl arni no-2- mnet hyl pent anoi ¢ aci d
(1-a, R1 = %M@)MH R3 = CO2H), ratio of diastereomers of 80:20 ratio,
respecti vel )A.prp(fee@@fp.@pm@cy@hmguﬁoqgf@mmmm Sin WO 2008/ 031567, is added to
2.55 g caesium carbonate. Dinethylforrnamde (4 m) is then added. Et hyl

iodide (0.55 m) is then added @ he m xture is stirred for 16 h at room
opyl acetate (10 m) are added. The phases

tenperature. Water (10 n1) and

are separat ed. 4 washed with isopropyl acetate (2 x 10 ml).
The conbi ned or are washed with 20% aqueous sodi um chl ori de
solution (18 6 9 ied (MJS™4). The mixture is concentrated under
reduced pressureNto afford (2R, 4S)-5-bi phenyl-4-yl-4-terf- '

but oxycar bonyl am,'quo 2- et hyl pentanoi ¢c_acid ethyl ester (1-a, Rl = Boc, R2 = H,
R3 = CCREO and )

(28, 4S) - 5- bi phenyl -4-y1-4-fert-but oxycarbonyl am no- 2- net hyl pent anoi ¢ aci d
ethyl ester (dg@nRF = Boc, R2 = H R3 = CO2EO as an 80 : 20 m xture of

di astereoners, res ectlvely. 1H NWMR (CDCI 3): 1.16-1.20, 1.25-1.29, 1.42,
1.47-1.52, ¥hsgimRE2 Nydoges-or @ ndigenprolectnIgeuP. 48- 2. 57, 2.58-2.67, 2.77-2. 88,
3.77-4.01, 4ai31@ro4ses‘158;on$n3r2g4 41, 7,267.28, 7.33-7.37, 7.43-7.47, 7.53-7.55,
7.59-7.60. i f i r S Rl = Boo, R2 = H R3 = CO2Et :
1-b, Rl = Bgﬁrea%ﬂggcfd—(r? 580 ?%1]:‘? 5§ OrSQtr{l'g%r%c?atl on of signals at 1.76-1.84(1-b,
Rl = Bac, R2 = H R3 = CO2Et) and192198(1aI Rl = Boc, RR = H R3 =
CQO2Et) . Exarrpl e 64:

(R) - 5- Bl pheny1-27y1- 44er t - but ox
ester (2-a, = Boc, = £ CO2Et)

R

R1 (5)

wherein R1 is hydrogen or a nitrogen protecting group,

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

o ‘ O
0

N
|

R1 (11)
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R4 is an

OH-activating group; and



HMy0 e’AN.CH 0O O 30 g

(R)-5-Bi phenyl-4-yl-4-tert-butoxycarbonyl am no- 2- net hyl enepentanoi c acid (2-a,
Rl = Boo, R = H R3 = CO2H), prepared according to Exanple 33 is added to
38.49 casei um carbonate. D nethylformam de (50 m) is then added. Ethyl iodide
(8.26 M) is then added and the m xt380efis stirred for 16 h at room
tenperature. Water (1200 m)and 286 isopropyl acetate (120 nl) are added. The

phases are SERal et INE.AIANTRNASE o SavAsiecl i Ll LegpraXl acetate (2

120 m). Th anic ases re wa aqueous sodi um
chloride soICtQtnlpétﬁ‘d(OISUnh*P)(“ and then dried (My304). The mixture is concentrated
under reduced pressure to afford

(R) - 5- bi phe lb é 1- 4 tert but oxycar bonyl am no- 2- net hyl enepent anoi ¢ aci d et hyl
ester (2-a, M&L R2 = H R3 =
A process far 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,

=

! (5)

0

a—2Z2

with an OH-activating group in the presence of a base.

Embodiment 7:
A process for preparing a compound of formula (4)



COREt). 1H NMR (CDC13): 1.31 (3H), 1.40 (9H), 2.37 (1H), 2.59 (1H), 2.84 (1H),
2.93 (1H), 4.06 (1H), 4.24 (2H), 4.56 (1H), 5.62 (1H), 6.25 (1H), 7.29 (2H),
7.35 (1H), 7.45
300 g
O g
|

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

comprising treating a compound of formula (7),

(7)

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7
are, independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl
group or together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain
one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle
contains 3 to 8, such as 4 to 7 ring atoms,

with a reducing agent to obtain the compound of formula (4).

Embodiment 8:
A process for preparing a compound of formula (6)

\ 9



(2H), 7.54 (2H), 7.59 (2H). Exanpl e 65:

(2R, 45) - 5- bi phenyl -4-y1-4-tert-but oxycarbonyl am no- 2- net hyl pentanoi c acid
ethyl ester (1-a, RL = Boc, R2 = H R3 = CO2Et) and (28, 45)-5-bi phenyl -4-y1-4-
tert - but oxycar bonyl am no- 2- met hyl pent anoi ¢ acid ethyl ester (1-b, Rl = Boc,
R2= 11, R3 = COREt) Method 1 409 ngl0h

(R) -5-Bi phenyl-4-0-4-tert-butoxycar bonyl am no- 2- net hyl enepent anoi ¢ aci d et hyl
ester (2-a, RL = Boc, R = H R3 = QQ2Et) is added to ethanol (9 m) in Vessel
A 14.9 ng [Rh(NBD) 2] 13F4 and 39.6 ng

(R -1-[ (R - 22! thefrefycl ohexyl phosphi nophenyl ) -

ferrocenyl | etHeydirdR  Bingdrogerbortarritfdge® p@tEetidgygrguphenyl ) - phosphi ne (= Wal phos

SL- WO08- 1) n Vessel B. The contents of Vessel B

r : m ) i
are sti rredacf)ﬁpg%%é%ﬁhr?ﬁae%o m%de&rr:é%@é@ad?)e. The contents of Vessel A and Vessel
B are then trdffsferred to Vessel G Vessel Cis purged with hydrogen (20 bar)

and then pressulNig¥d under a hygrogen at nosphere at 20 bar. The mixture is
stirred for 16gh. The vol atil es,_arelrenoved under reduced pressure. The

2 determne the ratio of
ert - but oxycar bonyl am no- 2- net hyl pent anoi ¢ aci d
et hyl ester ¢ Rl .= -Bot = H R3 = CQREt) to
(2, 3,4S)-5-bi phefyl-411-4-tert- 287 but oxycarbonyl am no- 2- met hyl pent anoi c
acid ethyl esterg(l-6, RL = Boc, R2 = H R3 = CO2E1). Diastereoner ratio 50.2
: 49.8 (1-a, RlL = Boc, R = H R3 = C®El : 1-b, Rl = Boc, R = H, R3 = CCEt)
as det er m nedsdythdrpbfcwhdviih IRads Bydddd@n BBa nitrogen protecting group and, R6 and R7

(R) - 5-Bi phenyl-4-yl-4-tert- Q ar baonyl am no- 2- met hyl enepent anoi ¢ aci d et hyl
ester (2-a, Rl 'n:deé%hcd,%n@z a ET—F% I%éx’ﬁ %Ebﬁg%/fmlu%’ Fuded Iogrg %aar%ﬁo(ag%rﬂ) in Vessel
A 17.4 ny ORyeCODRETIITRAT7 famd a 4y!e? taggther with the nitrogen to which they are

(aR aR) -2, 2'att@dh§6,a)v%r{\@}cfl§?ﬁwa¥’ barhinpRReaYIRBRLAYEL) arldSn ) oftiotalyRofda@l ( 3, 5- di net hy
| -4- et hoxyﬁhenéjo%é) OSPhI no| f err ocene Mandéﬁhos §1L- I\/Dggﬂ- 15%3 are added to

dl chl or oet hahe SPRAVESSRICNE "PEN BHEENOS SUPN We SLEECB G @C6t i rred for
0.5 h at 50 coingbe & eletas4te 7aing atoesoved from the m xture in Vessel B under
reduced pr e%H%?edu@%E%&Qttcﬂé’btm %eicéméﬁﬁﬁo%%ﬁa\}e& Vessel B. The contents of
Vessel A and Vessel are then transtferred to Vessel C. Vessel Cis purged

wi th hydrogen (20 bar) and then pressurised under a hydrogen atnosphere at 20
bar. The m »damboeimest®stirred for 16 h. The volatiles are renoved under reduced
pressure. The i LS. I ine the ratio of

(2R, 4S) - 5- b?p%ge%% gﬁﬁﬁﬁ?rwggﬁroﬁigﬁd%ﬁ{/otg@f%g)l?ﬁ%%Iﬁéépﬁ& met hyl pent anoi ¢ aci d
ethyl ester (B%a, Rl = Boc, R2 R3 = COREO to (2S, 4S)-5-

bi phenyl - 4- y1- 4Nt€¥t - but oxycar b am no- 2- met hyl pentanoi c acid ethyl ester
(1-b, RL = Boc{ R2 = = D astereoner ratio 25.5 : 74.5 (1-a, Rl =
Boc, R2 = H, = : . TN Boc, R2 = H R3 = CCEOas determ ned by

hpl c.

R1 9)
wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain
one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle

contains 3 to 8, such as 4 to 7 ring atoms,



General Procedure (Exanple 65, Methods 3-12) The Organonetal lic Conmplex (A)
and Chiral Ligand (L) are added to a m xture of ethanol (0.041 m) and

di chl oroethane (0.135 m ). The ratio of Chiral Ligand per atomof metal within
the Organonetal lic Conplex used is 1.20 :1. The S/Cratio is 25. The m xture
is stirred for 0.5 h. The sol vent is3d0hen renoved.

(R) -5-Bi phenyl-4-yl-4-tertbutoxycarbonyl am no-2-net hyl enepentanoi c acid (2-a,
R1 = Boc, ot t m) is added
o the vessalRomETArkE e & T Randte Molel 8 P TR S L) gana (L.
Further sol ¥@nt is added to give the final concentration of 2-a (RL = Boc, R2
= H R3 = COZI-FBQ‘ of 54 MM 288 Hydrogen gas at 20 bar is the applied to the
vessel containi pg-R7he m xture. #H 'xture is stirred at 20 bar hydrogen
pressure and ap roomterrperatur 16 hours. The reaction solutions are

anal ysed by hpl\ re-thewratio of (1-a, RL = Boc, R2 = H R3 = CO2Et)
and (1-6, RL =} R3 = CO2Et). Method 3

Chi ral Li gandl£2 ) 4 s{ di phenyl phosphi no) pent ane=(S, S) - BDP13) ;

Or ganonet al | 1c Cofpl ex {b| sgdf | uor oacet oxy) (1, 5- cycl ooct adi ene) r ut heni uny 11)}
Sol vent : Et hanol Dlastereorrer ratio 85 : 15 ((1 a, RL = Boc, R = H R3 =
CO2Et) : (1- b, 51 Boc, = H R3(® COQ2Et) as determ ned by hplc Met hod 4

Chi ral Li gan [

but y1 phoSph ey ey Saetal T2 ‘”ﬁ“'? S oha P SLotpgting oroug e g ang K7

Or ganonet al B/ "@@H?ﬂdéﬁt % @Psaé‘fﬁ EI%‘Br @iaé@/t greyn.(an BW@M goer AdPtnelylut heni unai i | |
Sol vent: Et fg&m@lorto@et&&t%ﬁmmfoﬁﬁbbﬁble?ﬂogetﬁ&v((h|th@n|tr5§]en¥o Boich th2are H, R3 =

X0 . st R BTG 1

di phenyl pho$phichapre gmamhwohfaemrr@a,eenexygerspt EFOIQHL“ whe@ogémmlew lic Conpl ex
I bis(trifl u%,qa;ﬁgg Q;xa/);(.&}a%-@tys(?lrmg@to&gi ene)rut heniun(11)}: Solvent: Ethanol.
Dlastereorrer t| 70 g&%a] 1 = Boc, R =H R3 =CQREt) : (1-b, RL =
Boc, Ei@éﬁ'@ﬁo HSBY A {Hed by hplc. Method 6 Chiral Ligand

{(R) - 1 [(S) 2- (D phenyl phosphi no) f errocenynet hyl di (3, 5-xyl y1) phosphi ne =
SL-J005- 1} ; G ga3npaet @l | i cConpl ex{bi s(trifluoroacetoxy)(1,5-

cycl ooct adi enegr utheni un(11)); Solvent: Ethanol. D astereoner ratio 67 : 33
((1-a, RL = cess according to embddiment 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 sait thereof,




289 Boo, R = H R3 = CO2El1) : (1-b, RlL = Boo, R H R3 = CO2Et) as determ ned
by hplc. Method 7 Chiral Ligand

{(S)-(-)-(6, 6" -Di net hoxybi pheny1-2, 2" -di yl) - bi s(di phenyl phosphi ne) = (5)-

Ph- MeOBI PHEP = SL- A101-21; Organonetallic Conplex {[Ir(CQOD)2}BArFl; SoI vent:

Di chl or oet hane. Dlastereorrer ratio &80:137 ((1-a, Rl = Boo, R2 = H, R3 = CO2EO
: (1-b, RL = Boo, RZ = H R3 = COREt) as determ ned by hplc. Method 8 Chiral

Li gand {(S)-1-[ ( R) - 2- ( D phenyl phagsphi no) f errocenyl ] et hyl di (3, 5- xyl yl ) phosphi ne

SL-J005-21; ganonetal lic pl ex (bi s(norbomadi ene) r hodi un( 1)
tetrafluorobor teI Sol vent: q . Diastereoner ratio 58 : 42 ((1-a, Rl =
; RT = Boo, R2 = H R3 = CO2Et) as determ ned by

Boc, R2 = H,

hplc Met hod 9 /Chi i (R) 1-[ (R -2-(2.-D phenyl phosph
nophenyl ) f err-6Ce yIdi(bi s-3 ,5- thfluoronethyl phenyl)phosphine =
SL-W01-11; O rg norreta I'1'ic Conpl ex (bi s(nor bormadi ene) r hodi unm( 1)
tetrafluoroboral j; Solvent: Ethanol. D astereoner ratio 31 : 69 ((l-a, Rl =
Boo, R2 = H R3 = COREt) : (1-b, RL ¥©)Boo, R2 = H R3 = COREO as deternined by
hpl c. Met hodhdréin@Ghiis Aydrégegand nitrogen protecting group,

{(9)-1-[(9) s2a F%ce@%@ﬁﬁ?ﬂ%@él w%a?shuon@a)m&wubaf 1 baGRMfdet hyl di (bis- (3, 5-
trifluoronethyl)phenyl)-phosphine = SL-W Organonel af fi ¢ Conpl ex

f bi s(nor bonadi ene) rhodi um(1) tetrafl uor obor at e) Sol vent: Et hanol .

D astereoner Ratio 16 : 84 ((l-a, Rl = Boo, R2 = H R3 = CO2Et) : (1-b, Rl =
Boo, R2 = H, R3\-=RCREt) as dete ed by hplc. 290 Method 11 Chiral Ligand
I (R) 1- [(S) 2-Pi phenyl phosph| na bcenyget hyl di -tert.-butyl phosphi ne =

bi s(nor bomadl ene)rhodi u 2t rafl uoroborate ); Solvent: Ethanol. D astereoner
ratio 2 : 9 ‘ =~Boe, R = H R3 =CO2EO0 : (1-6, Rl = Boc, R = H R3
= COREO as deterwmined by hplc. Method 12 Chiral Ligand

{(R)-14(S)-2-di e%pyl phosphi noyerrocenyl I ethyl di(tert-butyl)-phosphine =
SL-J301-1); Organonetallic Conplex {(®is(norbornadi ene)rhodi un(l)

tetrafl UOI’ Ot}?/ﬁér%ebu |§0Ay}4r%'aén oEt$1Q1QBben Iarcﬁéctt P@' %‘P(H}Br arqoatliié) aﬁd R79% eol a, RL =
Boc, R2 as determ ned by
hpl c. HPLC w@w&ﬂ%'&%’%g@sp %rﬂ@ﬂ’é‘pla”laz)'a'@ﬁlgtﬂﬁ'ﬁ aerﬁqaﬂfv'@é?upcprl RH, 150 x
4.6 mm 5 krogetVobREeanBhRBdorA Gvagtier Jogetdbivitie tHhaisegdd (cAertiomhdyrarke) .

| socrafic: («A?‘n cho/(gy@fa@éb&ﬁur(aggoc{r uﬁ;aturggegvgna %ae/: OpQIOFga”{/ﬂCONt?TMel ength 254

nm Col um ?errpera

one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle

contains 3 to 8, such as 4 to 7 ring atoms,

with a reducing agent.

Embodiment 13:

A process for preparing a compound of formula (4), or salt thereof,

oo™

N
R1 @)




Retention tines: 1-b (Rl = Boc, R = H R3 = CO2E0:9.8 min 1-a (Rl = Boc, R2 =
H R3 = CO2EO0:10.8 mn 2-a (Rl = Boc, R = H R3 = COQ2EO: 15.2 m n Exanpl e 66:
(R) - 5-Bi phenyl - 4-yl met hy1- 341- hydr oxymet h- (E/ Z) -yl i dene] - 2- oxopyrrol i di ne-1-ca
rboxylic acid tert-butyl ester (6-a, RL = Boc) 291 0.05 g of

(3R/' S, 55) - 5- Bi phenyl at -yl net hy1- 3- di3@gtkhoxynet hy1- 2- oxo- pyrrol i di ne- 1-
carboxylic acid tert butyl ester (16-a, RL = Boc, RO = M, RO = Mg, Y = 0) are
di ssol ved i hen 15 ny of water and 40 ng of
anber | yst 1!@hgremR h%ﬁg&ﬁﬁ% lr”?r%gén Fﬁ{)tg&@? g%ugd for 3 days, then filtered and
concent r at edaif grogegsisemMposing feagtigg a compound of formula (9), or salt thereof

(R) - 5- Bi phenyl-4-yl met hy1- 341- hydroxymetit/Z)-yli dene] - 2- oxo-pyrrolidine-1-car
boxylic acid tR%rt butyl ester (6-a, RlL = Boc) as determ ned by hplc. HPLC

Met hod Col umm: \X- BRI DGE C18; 153 O mm 3.5 prn. Mbile Phase A (0.1 % NH3

(32 % in water); MNbbile Phase cetonitrile). Gadient: O mn (20 %B); 3
mn (40% B); 50% B); 11 min (50%B); 13 min (80%B); 16

mn (40% B
mn (80 %B); 1% Z ; 20 mn (20%B). Flowrate: 1.4 mM mn-1I.
Wavel engt h: 210 or enperature 60 C. Retention tines 2-a (Rl = Boc,
R2 = H R3 7O ' R Boc): 4-a (Rl = H). 5-a (Rl = Boc): 8-a (Rl =
Boc): 9-b (R1l = =M, RT = M): 9-c (RL =Boc, R6 = M, RT = M): 4-a
(R1L = Boc): 2.3RmMN 2.5 mn 5.6 m'n(g:;.s mn 10.3 mn 10.4 mn 10.9 mn 11.9

mn 292
wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,

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

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

Embodiment 14:

A process for preparing a compound of formula (4), or salt thereof,

Pewe
I
R1 @)

wherein R1 is hydrogen or a nitrogen protecting group,

said process comprising

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



Exanpl e 67: _
(312/6,5S)-5-Bl phany1-4-yl net hyl- 3- (bi s- butyl sul fanyl - met hyl ) - 2- oxopyrrol i di ne
-1l-carboxylic acid ten-butyl ester (16-a, RL = Boc, RO = nBu, RO = nBu, Y =S5)
0.5 g of

5- Bi phenyl - 4-yl net hy1- 3-[ 1- di net hyl & do- net h- (E/ Z) -yl i dene] - 2- oxo- pyrrol i di ne
l-carboxylic acid tert-butyl ester (7-a, RL = Boc, R6 = Me, R7 = Me) are added
to 5 m of n-hytane-1-thiol. After the addition of 0.2 g of p-toluenesul fonic
acid the mxtung igg stirred for days at 25C, then heated to 60C for 16
hours. The m xyure is then que by addition of 5 m of an 8% aqueous

bi car bonat e sot ; H ng n-butane-1- thiol distilled off under
reduced pressurg ' aqueous phase is extracted 3 tinmes with 5 m

et hyl acetate g i i
C under reddted™p . The residue is purified by colum chromat ography
(hept ane: et hyl acet ate 75:25) to afford

(3R/'S, 55) - 5- bi phBhy1-4-yl met hyl- 3- (big- butyl suI fanyl - net hyl ) -

2- 0XO0- pyrroI|d| ne-1- carboxyllc acid tett- but ester %}6 a, RL = Boc, R9 =
nBu, = nigfierey ”d igjyd r%‘l"baBF“’@?"a‘”ﬁfF%{%‘ﬂé?"é ﬁ‘é‘? S8t &' fhed as 70 : 30

((38 53) ( BReBYlerdly 28t tyegmrer, sn arvegpet bin welajkyl grdid, AivRI(a@Gr@)p.orDat a f or

m xt ure of 1.50 - 1.68 (4H),
1.62 (9H), gdggﬁf% @%mﬁﬁﬁfornq %@ﬂe Qogq%@gl(\mﬂ)the r]1tr§g?e£ tdwhién gég%r’e 21-1), 3.10-3.16
(1H), 3.55- 3itapheq, ﬂthﬁi'%?“aé%’%?%HP@BH’EH‘“)Sa‘“EFteESG”ﬂ”Baloeﬂqqa"yrﬁoﬁ@f” ster eoi soner),
4.30 (1H),(4né38rnﬁ&éhéﬁeromoﬁﬁrstﬁ:hel’n&r@g@OBWg)erz oﬁ)u(bﬁuﬁ vﬁ%{e(bihﬁe,cyae 27-7.30 (2H),
7.32-7.40 : 7.65 (4 Exanpl e 68:

(R)-5-Bi pher%l;ﬁ?talgls3‘%‘%s glf"f% S(‘&ﬁ ”Hgﬁ@%ﬁymsth (E2)-ylidene] - 2- oxopyrrol | di ne-1-ca
rboxylic acigh ﬁénatﬁmsytion@g@rérto Baip a cRppernBetiprmpd ), or salt thereof,

R6 R10
N/
N*—R7

R1 (10)

wherein R1 is hydrogen or a nitrogen protecting group, R6 and R7 are, independently,
an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or together R6 and
R7 form a cycle, together with the nitrogen to which they are attached, which cycle
may be saturated or unsaturated and may optionally contain one or more
heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8,
such as 4 to 7 ring atoms, Z° is a halide (eg iodide, bromide, chloride), an alkyl
sulphate (eg methyl sulphate) or a sulfonyl ester (eg triflate) and R10 is hydrogen,
alkyl or aryl; and

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

compound of formula (4).

Embodiment 15:




0.101 g ( 0.19 mml) of

(3RI'S, 55) - 5- Bi phenyl - 4-yl net hyl - 3- ( bi s- butyl sul fanyl - net hyl ) - 2-
oxo-pyrrolidine-1-carboxylic acid tert-butyl ester (16-a, RlL = Boc, RO = nBu,
RO =nBu, Y=19S) are dissolved in a mxture of 1.6 m acetonitrile and 0.4 n1
water. After addition of 0.115 g HgGP2mand 0.048 g cal ci um carbonate, the
suspension is stirred over night. Diethyl ether (10 m) and 18% agq. ammoni um

chloride sol dthans (o pPpkidf £cRAAdEd 4@ fgyxture. The m xture is then
filtered and %he Shageg gﬁ% %eparated”%gﬁ rganic phase is washed with water

and brine and th concentrated undgr reduced pressure to give
(R) -5-Bi phemyd -4- Y
ylnethy1-3413h oxynet h- (E/ 2) -yl g] - 2- oxo- pyrrolidine-1-carboxylic acid

tert-butyl ester Vet’eri al anal ysed by hplc (hplc nethod for

59) - 6- Bi phenyl 4 hyl - 2- oxo- pyrrol | dl ne-1-carboxylic acid
tert-butyl ester (3a, R = Boc) and (383,

58) - 5- bi phenyl - 4-ylyet hy1- 3- net hyl - 2- oxo-pyrrolidine-1-carboxylic acid
tert-butyl ester (3-15, R = Boo) 0.24 g (R)-5-Biphenyl-4-ylnmethyl-3-[1-hyd
roxynet h- (E/ Z) -yl i dene] - 2- oxo- pyrrol idi @-1- carboxylic acid tert-butyl ester
(6-a, RL = Boc) is added to a m xture of €thyl acetate (10.8 m) and net hanol
(1.2 M) at 22C. 0.1 g of 10% Pal | adi um on carbon (Engel hard 4505) is added to
t he m xt ur e cakangerawdft h water (0.3 ml). The mixture is flushed with hydrogen

and subsequ i dro ressu for five days.
The 294 n1§?%f%1%EBﬁhh%gggPt%Pbam?Hygudﬁg@ﬁWPT d53 %ﬁ?ﬁgted under
reduced pr eg@gp@wd@@tlyaalf%rajyl( FRalkyl (eg benzyl) or acetyl or both R9 form together a4

5S) - 5- blphemyt;ﬂﬁ&bﬂ?%Qxéeammﬁkhmum&mqmg pyrrolidine-1-carboxylic acid

tertbutyl ester

5S) - 5- b|pheﬁﬁTp%$V“ﬁ@?%&qC%F%%%%@$m§m@%@ pyrrolidine-1- carboxylic acid
tert-butyl estr (3-b, Rl = Boc) and (3RS, 5S)-5-Biphenyl-4-ylnethyl-3-

hydr oxynet hyl - 2noxs- pyrrolldln- ar boxylic acid tert-butyl ester (5-a, Rl =
Boc) as deter nditions as given in Exanple 66 and Exanpl e
71. Exanple 70:
5S) - 5- Bi pheny1- hydr oxymet hyl - 2- oxo- pyrrolidine-1- carboxylic acid
tert-butyl Boc) 99 ny

(R)-5-13ipheny1-T ylnethyl 341- hydr oxynet h- (&2) -yl i denel - 2- oxo- pyrrol i di ne- 1-
carboxylic acid rert- butyl ester (6-a, Rl = Boo) is added to a m xture of
toluene (0.25 rni) and water (0.25 ntﬁ at room tenperature. Tetrabutyl anmoni um

brom de (19 07sm%erle§f \R/Iklé?é]n @dd@gydrc;ggﬁ omz Kﬁrb’é’e‘:ﬁ dr@teéﬂh@@ro@Q@h@‘ﬂ?(ﬁtaQtd ®&7C.  Sodi um
bor ohydri de $ adde resul t mxture is stirred at 0C

for 1 h. Thé em"%jceﬂ? eP%y taﬁeéﬂkyvvﬁfot’fﬁda’t ary} SE?HPt@hﬁ%‘taét‘t/'uﬁaréu%rﬁjc%"toiawed over ni ght .
Wat er (10 mgyoupndtogetherertear(dIRY fotn) aayade, tdgetheadthabe bidoddneo whixh thegareThe phases

are separ at %ﬁachgh‘ewr‘%?&géﬂte mB8 ‘%at‘ugaté’éa%h%@atg ta éﬂ@trﬁ%}y g&%nmy)oongrn' ed ('VQSO“)

and concentrate Il N vacua to a
hydroxyneth?PQZIB%%ﬁb?PWBWFﬁlHéhf’@5?%@x9%@€”ﬁbﬁﬂpmérﬂwﬁﬁPyﬁmé@F@r (5 a, RL =
Bogz) aSngt e6titeids g}b 4. Cuch\is.4 Wi7lrag4tolSs| ) : 266 (10 %), 282(%) 318 (22) 326
100), 1.52, 1.59-1.65,
(1.80?1.87, %@?5‘5?%§,fér%'”f€9§”‘i%?’bti‘”E‘f°°‘2p§§u‘ysg°65&T%%%l 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,

Embodiment 16:

A process for preparing a compound of formula (16)




4.93-5.00, 5.14-5.27, 5.40-5.63, 5.66-5.78, 6.23-6.29, 6.63-6.29, 6.63- 6.67,
7.12-7.20, 7.23-7.37, 7.43-7.47, 7.55-7.68. Exanpl e 71:
(R) - 5- Bi phenyl - 4-yl met hy1- 341- hydr oxymet h- (E2) -yl i dene] - 2- oxopyrrol | di ne- 1-car
boxylic acid tert-butyl ester (6-a, 3%10 = Boc) 295

n

R1

(18)

or salt thereof,

wherein R1 is hydrogen or a nitrogen protecting group, Y is sulfur and each R9, is,
independently, alkyl, aryl, arylalkyl (eg benzyl) or acetyl or both R9 form together a 4
to 7, preferably a 5 to 8 membered acetal ring,

comprising treating a compound of formula (7),

()

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7
are, independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalky!
group or together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain
one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle
contains 3 to 8, such as 4 to 7 ring atoms,

with a thioacetal forming agent to obtain the compound of formula (18).

Embodiment 17:
A process for preparing a compound of formula (6), or a tautomer thereof,




Met hod 1 100 ngy

(R) - 5-Bi phenyl-4-yl net hyl - 341- di net hyl am nonet h- (E/ Z) -yl i dene] - 2- oxopyrrolidin
e-1-carboxylic acid tert-butyl ester (7-a, RL = Boc, R6 = M, R7 = Me) is
added to ethanol (0.5 ml). 160 nmg Cesium carbonate is added to the m xture. 30
ng Pal | adi um on Car bon (1096Ioading§99696mater wet, Degussa E101 NE/W is
added to the m xture. Hydrogen gas is applied to the mxture. The m xture is
then stirred at anbi ent tenperature and pressure overnight. The catal yst is
then filtered aXd the nixture Itrated under reduced pressure. The residue
is anal ysed byyhpic to identify 5-

bi phenyl- 4-yl net\h @ et h- (E/ Z2) -yl i dene] - 2- oxo- pyrrol i di ne-1-car box
ylic add tert-buty a, RL = Boc). Method 2 189 ngy

(R) - 5- Bi phenyFA=4- ybrmettiy I53<T 1- di et hyl am nonet h- (02) -yl i dene] - 2- oxopyrrolidin
e-1-carboxylic agid tert-butyl ester (7-a, RL = Boc R6 = Me, R7 = Me) is added
to ethanol (0.5 ). 108 pl 2,6-Luti$5ne are added to the mxture. 57 ny

Pal | adi um on Carbon (10% | oadi ng, 50%'water wet, Johnson Matthey type 39) is
added to the m xture. Hydrogen gas is applied to the m xture. The m xture is

then stirred: sdit tedvbs 8iterdi® AP &Y LGS, S1ChitRIGBS BlfeRtRVRbRY, ght . The catalyst is
then filtered and the m xture con ()?hnt rat L{.ndq.r reduced rpr e§sur e. The residue
unctionality | d of

i s anal ysed sgxg; pf‘loﬁF%:S %oaqplrlaa%fqn}%yal( _e5a_ceta n a compou ormula

bi pheny1- 4- yi6retr bytlth@epfl- hydr oxynet h- (E/ Z) - yl | dene] - 2- oxo- pyrrol i di ne- 1- car box
ylic acid tert-butyl ester (6-a" RL = Boc). H PLC Method 1 (Exanple 71) 296 %
B, 50C; 1 mn (5%B: 50 %C; 5mn (5%B; 75%C); 15 mn (5%B; 75% C);
15.1 mn (6% B; R’éiO%C); 18 min (5%8B; 500C). Flowrate: 1.2 ml mn'.
Wavel engt h: RR54 nh  Col Um t enper p: 10C. Retention tines: 6-a (RlL = Boc):
9-b (Rl = Bocy_R6 = = : (Rl = Boc, R6 = M, R7 = Me): 4-a (Rl =
Sac): 7-a (R1 - © 3-b (RL =Boo): 4.1 mn 9.9 mn 10.5 mn
11.2 min 11.5 mn/12\1 m HPLC Met hod 2 (Exanple 71)

(16)

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

to obtain the compound of formula (6).

Embodiment 18:
A process for preparing a compound of formula (68), or a tautomer thereof,




Colum: X-BRIDGE: 150 x 3.0 mm 3.5 pm Mobile Phase A (0.1 % NH3 (32 % in
wat er); Mobile Phase B (Acetonitrile). Gadient: 0O mn (20%B); 3 mn (40% B);
5 mn (40%B); 7 min (50%8); 11 mn (50%B); 13 mn (80%B); 16 mn (80% 13);
16.1 min (20 %B); 20 mn (20%B). Flowrate: 1.4 m mn-1. Wavel ength: 254
nm Colum tenperature: 60 C. Retentdd@m®tinmes 6-a (Rl = Boo):2.6 nin 9-b (Rl =
Boo, R6 = M, R7 = Me): 10.7 mn 9-c (RL = Boo, R6 M, R7 = M): 11.2 mn
4-a (R1 = Boc):12.2 min 3-a (Rl =-Boc) and 3-b (Rl Boo): 12.8 m n Exanple
72: (2R, 45)-5-BPPhenyl-4-y1l-4-t Dut oxycar bonyl am no- 2- net hyl pent anoi ¢ aci d
ethyl ester (1sa, Rl = R3 = COzEt) and (25, 4S)-5-bi phenyl-4-yl-4-
t ert - but oxycar bynyl am no#2Z- s pént anoi ¢ acid ethyl ester (1-b, RlL = Boo, R2
= H R3 = CO2Et ‘

(R) - 5- Bi pheny#F=4- y 14 e
ester (2-a, RlL ="Boc, R2 = H R3 = CO2Et) is added to ethanol (5 m) at

anbi ent tenperatgre. Triethylam ne (igo pl) is then added to the m xture. 50
ng Pal | adi um on carbon (10% 50% wat )-met, Degussa E101 NE/W is then added.
Hydrogen gas at ambi ent pressure is applied to the m xture. The m xture is
then stirred, oyaRALGInRLin R ﬁggn Breim%g%h BrfectifyBhgssure. The mxture is

then filtered and concentrated u reduced pressure to afford

2R, 45) - 5- Bi pAEM/Peas f?mﬂ”sﬂr@rfenﬁ’l‘j?'o%y%%rt%?ﬂﬁqah NRNAILYY iR B HiPMperitdafioi ¢ aci d

et hyl ester f§ribulm,(16RlorBeicthefddf, = H, R3 CQ2Et) and (25, 4S)-5-
bipheny1-4-y1-4-tert-butoxycarbonylanino-2-nethy|pentanoic aci d et hyl
ester(1-b, RlL = Boc, R2 = H R3 = CO2Et). Spectroscopic data as in Exanple 63.
Rati o of diasteﬁﬁbners 70: 30 (1-a, = Bac, RR = H R3 =CQ2Et : 1-b, Rl =
Boc, R2 = HRIR3 =YCOREt) as deter by hplc (hplc nethod as in Exanple 65)
Example 73:
( 2RAS) - 5- Bi phenyl A8

nmet hyl ester (1-a/ R ? = H R3 = CO2Me) and

(2S, 4S) - 5- Bi phesay (] . - but oxycar bonyl am no- 2- net hyl pent anoi ¢ aci d

met hyl ester (1-b, N' Boc, R = H R3 = CO2Me) 298 500 ng

(R) -5-Bi phenyl-4- y% tert - but oxycar bonyl am no- 2- net hyl enepent anoi ¢ acid

met hyl ester (2-a, ﬁl = Boc, R = H R3 = CO2Me) is added to ethanol (5 m) at
anbi ent tenperature. Triethylam ne (176(Q#) is then added to the m xture. 50
ng Pal | adi um on carbon (10% 50% wat er -wet’, Degussa E101 NE/W is then added.
Hydr ogen gas at anbient pressure is applied to the mxture. The mxture is

then stiffednhenermi QSMydﬂnTgel@-lablaQ‘ﬂ?oaéremfércfﬂ{gbﬁ'r&)@ﬁdls@Olﬁﬁsablﬂ%achﬂ%@ gl xture is

then filtered _and cpnc uced sur

2R 451 5. 51 SHERTEEA0N 5 0 T BN dy REP Dy IaH ToH St RgPSERt 8idoi ¢ aci d
met hyl est erto { IreigraiRt a5 (B0 oenRRred aektalRBg= CO2Me) and ( 26, 46) - 5-

bi pheny1l- 4- ¥Jo§aﬂﬁkcoﬂH&&%%ﬁﬂJ@QQ¥%a”‘no 2- et hyl pentanoi ¢ acid nmethyl ester
(1-b, Rl = Boc Spectroscopi c data as in Exanple 60.
Ratio of diastereoners 66:34 (1-a, RL = Boc, R = H R3 = CO2Me : 1-b, Rl =
Boc, R2 = HEnRBm#eﬁKEMQ) by integration of signals at 1.76-1.85 (1-b, Rl =

crapic 74 (SRTSEG AR PR IR S ol vene e

sul f onyl oxynet hyl ) - pyrrolldlne carboxyllc acid tert-butyl ester (11-a, Rl =
Boc, R4 = Tosyl) and

(R) - 5-Bl phenyl-4-yl nmet hyl- 3- met hyl ene- 2- oxo- pyrrol i di ne-1-carboxylic acid
tert-butyl ester (4-a, R1=13oc) 20 ng (3PJS,

55) - 5- Bi pheny1- 4-yl net hy1- 3- hydr oxynet hyl - 2- oxo- pyrrol i di ne-1-carboxylic acid
tert-butyl ester (5-a, RL = Boc) (prepared according to Exanple 48) is added
to chloroform (5 m) at roomtenperature. Thethylamne (11 ul) is added to the
m xture. 4- Tol uenesul phoni ¢ add anhydride (20.5 ng) is then added to the

m xture. The mixture is then stirred for 20 h at reflux. Ethyl acetate (1 m)
and water (1 nl) are added. The - phases are separated. The organic phase is
concentrated under reduced pressure. The residue is then purified by col um
chromat ography, eluting with heptane-ethyl acetate (1:1) to afford

(3R/'S, 53) - 5- bi pheny1- 4-yl net hyl - 2- oxo- 3- (t ol uene- 4- sul f onyl oxynet hyl ) -
pyrrolidine-1-carboxylic acid tert-butyl ester (1l-a, RL = Boc, R4 = Tosyl)
and (R)-5-




299 bi phenyl - 4-yl nmet hy1- 3- met hyl ene- 2- oxo- pyrrol i di ne-1-carboxylic acid
fert-butyl ester (4-a, Rl-=Boc). Spectroscopic data for

(3R/'S, 5S) - 5- bi pheny1-4-yl net hyl- 2- oxo- 3- (t ol uene- 4-

sul f onyl cowret hyl ) - pyrrol i di ne-1-carboxylic acid tert-butyl ester (11-a, Rl =
Boc, R4 = Tosyl) as for Exanple 49, 3Btthod 1. Spectroscopic data for

(R) - 5- bi phenyl - 4-yl net hy1l- 3- net hyl ene- 2- oxo- pyrrolidine-1-carboxylic acid
fert-butyl ester (4-a, R1=13oc) as for Exanple 23, Method 1. Exanple 75:

(3Ft/5,55)-5 enyl - 4-yl met hyl- 3-1 odonet hyl - pyrrol i din-2-one (12-a, Rl = H,
R5 = 1) 122
(3R/' S, 5S) - 5- phemn
pyrrolidine-1-carb
prepared according

A+ vyl met hyl- 2- oxo- 3- (t ol uene-4-sul f onyl oxynet hyl ) -
acid terf-butyl ester (11-a, RlL = Boc, R4 = Tosyl)
pl e 49, Method 2 is added to acetonitrile (3 ml).
Sodi um i odi de (105 ng) isgsthen|added to the mxture. The resulting mXxture is
heated at reflux ovegni xture is then concentrated under reduced
pressure. Purification y col um chromat ography, eluting with ethyl
acet ate-heptane (1:1) ghves (BFUS( S) - 5- bi pheny1- 4-
yInethy1-3-iodonethyl-pyrrolidin-2- ne (12-a, RlL =R5 =1). 1H NMR (CDCI 3): 2.13
(2H), 2.69 (2H), 2.82 (1H), 3.28 (1H), 3.35 (1H), 3.85 (1H), 5.84 (1H, 7.17
(2H), 7.28 (oflé-é)tthe?em (2H), 7. 49 (4H) Exanpl e 76:
geRl)’tSbEIt Slhe ?8F1 %1' a@t% Bﬁnoﬁga(fpgo)gher%ér%gen ora mtrolgeCar boxylic acid
(3R/5 55) - 5pBitqstienybupt and ﬁ%tsm/daimvladmmthydest%@rquol idin-2-one (12-a, RL = H,
= 1) 1S addetiOcdcoldins dobndbrordr B} Mt hyl ami no) pyridine (0.1 mg) and
trlethylanlne (2 111) are then added to the m xture. The mixture is heated to
70 C. Di-tert-butyl dicarbonst g) is then added to the m xture. The
m xture is stifred for 1 h at he m xture is concentrated under reduced
] and-water (1 m) are added. The phases are
separated. The Organi is concentrated under reduced pressure to give
(R) - 5- Bi phenylt= ‘ et hyl ene- 2- oxo- pyrrolidi ne-1-carboxylic acid
tert-butyl st ern{ 4- a, Rl= Boc) Spectroscopic data as for Exanple 23, Method
I. Exanple 77 (gg 5S) - 5- Bi pheny1- 4ﬁé|nethyI-S-nethyIpyrroIidIn-2-one (3-4a,
H) and (3S, 'SS)-5-Bl phenyl-4- yI t hyl- 3-net hyl pyrrolidin-2-one (3-6, Rl =
FD 4 ng (3RS, 55) - 5- Bi phenyl - 4-yl met hyl - 3-i odonet hyl - pyrrol i di n-2-one (12-a,
RL =H R5 = ét %§(§dded to ethanol (1 nl) at anbient tenperature.
Trlethylanlne é I's then added to the m xture. 0.4 ng Palladi um on carbon
(109 50@6mﬂ@@ﬁmﬁﬁﬂshﬂﬁgﬁﬁsﬁaEmﬁﬂﬁrmﬁwwmg§“Wheﬁmédaé@“”PW@%ﬁ@éﬁggﬁs at anbi ent
pressure isiagdin @d cbapddne oMoxhuis @). The m xture is then stirred overnight at
anbi ent tenperature and pressure. The mxture is then filtered and
concentrat ed under reduced pressure to afford (3R

55) - 5- bi phegyledmght2§et hyl - 3- net hyl pyrrolidin-2-one (3-a, Rl H and (35,
55) - 5- bi phem\yaroc‘ésé/ﬂopﬁr%w%g co%&d?ﬁﬂla@é’cfr&ﬁ’d t'o%n'?:ul% ﬂne (3-b, Rl = H Ratio of
di astereoners 22 : as determ ned by nnr.

Spectroscopi ¢ data for 3 a (Rl = FD as for Exanple 6 in WO 2008/ 083967.

Spectroscopi g#zdata for 3-b (RL = H as for Exanple 47 in WO 2008/ 083967. 300
a Preferred i Enbodi ment 1: ' A process for preparing a conpound of
formula (7),




Si(7) wherein RL is hydrogen or a nitrogen protecting group and, R6 and R7
are, independently, an aikyl group, an aryl group, an arylal kyl group, a

cycl oakyl group or together 56 and 57 forma cycle, together with the nitrogen
to which they are attached, which cycle may be saturated or unsaturated and
may optionally contain one or nore h#0efoatons, such a nitrogen, oxygen or

sul phur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atons, said
process conprising reacting a conpound of forrmula (8), or salt thereof, Si(8)
wherein RL is hydrogen or a nitrogen protecting group, - with an am ne of
formul a (13f¥3@{ﬁ?m6% (15) 300 b and optionally a salt, such as an al kal

meta salt, aweadika1 asamzhaneatdepsalehtly an eacmTBmieMmySQJbén F aarmnio@éH c liquid or
with a conpoy e X r .R7 8 R6 , X
T e e T S e D S
sai d conpourf@™RPY ascHdng tayprsda @it h mi xt ur es thereof mhereln each R6 and
each R7 are, independently, an al kyl group, an aryl group, an arylal kyl group,
a cycl oal kyl group or together R6 and R7 forma cycle, together with the

nitrogen to [ they are attached, which cycle may be saturated or
unsat ur at ed |a y o-tionally contain one or nore heteroatons, such a
nitrogen, oxyge

ring atons, and eag

phur, whereby the cycle contains 3 to 8, such as 4 to 7
% R8|7s, independently, an al kyl group, an aryl group or an
aryl al kyl group; X angZX~are, independently, an anion, for exanple, a halide,
an ani on of a sul phonic acid, @n anion of an al kylsulfate, a
tetrahal onetal ate, s Eh as etrachl oronet al at e, hexaf | uor ophosphat e,
hexafluoroantlnnnate '?§trafluor5%orate perchl orat e, al koxi de R8-0- wherein
R8 is defined as beforeg carboxyla%% or tribrornide;

or salt thereof,
wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen protecting

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

(1).

Embodiment 21:

A process according to embodiment 20, wherein the reduction reaction is carried out

with hydrogen in the presence of a transition metal catalyst, optionally in the presence of

a base or an acid.

Embodiment 22:

A process according to embodiment 22, wherein the transition metal catalyst comprises
an organometallic complex comprising a transition metal selected from the group 7, 8 or

9 of the periodic table and a chiral ligand.

Embodiment 23:

A process according to embodiment 22, wherein the organometallic complex is selected

from the group consisting of [Ruly(p-cymene)],, [Ru(cod)(2-metallyl),],



Mis an alkali nmetal or an alkaline earth netal; and M1 is an alkali netal,
an al kaline earth netal or ammonium to obtain the conpound of forrmula (7).
Enbodi ment 2: A process for preparing a conmpound of forrmula (6), or a

taut omer thereof, 300 c (6) or salt thereof, wherein R-1 is hydrogen or a
nitrogen protecting group, conprisi r%’ﬁl—%eati ng a conpound of fornula (7), or
salt thereof, R (7) wherein Rl is hydrogen or a nitrogen protecting group and

R6 and R7 ar[ﬁu(céd)@ﬁiwrijﬁ]nfdhﬁ(nbd%m'[Kb((lcoﬁggﬂ@i!g(c&&’?n@&r)‘]bL@r&(%&ﬁbb]aﬂﬁ Apy! al kyl
h and R7 forma ycl

group, a cycl oa | grou r together cl'e, together with
the ni trogeﬁ'r(f% )@Qr'(E’ﬁef‘?rﬁ@¥/PRJ}“@@QPEHH&%@%FW”&%| e may be saturated or
unsaturated and nmay optionally contain one or nore heteroatons, such a
ni trogen, ox4geBinRht Sul phur, whereby the cycle contains 3 to 8, such as 4 to 7
ring atons, wth an acid to obtain the conpound of fornula (6). Enbodi nent 3:
A process f dfPRISEPEFTRY RIoCHERRSSRNs0T? T oidnirhereip4he chitg ligand is selected

from a Fenphos ligand, a Josiphos ligand, a Mandyphos ligand, a Walphos ligand, a

Taniaphos ligand, a Phospholane ligand, an Atropisomer ligand, a BoPhoz ligand, a
QUINAPHOS ligand or mixtures thereof; in particular the chiral ligand is selected from
the group consisting of Fenphos ligand, Josiphos ligand, BDPP ligand, Mandyphos
ligand, Walphos ligand, Taniaphos ligand, Phospholane ligand, Atropisomer ligand

and mixtures thereof.

Embodiment 25:

A process according to any one of embodiments 22 to 24, wherein the chiral ligand is
selected from BoPhoz (R)-Cy-MeBoPhoz; BoPhoz (R)-Phenethyl-(S)-BoPhoz;
Atropoisomer SL-A101-1; Atropoisomer SL-A109-2; SL-A116-2; Atropoisomer SL-A118-
1, Atropoisomer SL-A132-2; Fenphos SL-F131-1; Fenphos SL-F132-1; Fenphos SL-
F133-1; Fenphos SL-F134-1; Fenphos SL-F135-1; Fenphos SL-F355-1; Fenphos SL-
F356-1; Fenphos SL-F365-1; Josiphos SL-J005-2; SL-J505-1; Josiphos SL-J008-1;
Josiphos SL-J013-1; Josiphos SL-J301-1; Josiphos SL-J403-1; Josiphos SL-J408-1;
Josiphos SL-J430-1; Josiphos SL-J431-1; Josiphos SL-J501-1; Josiphos SL-J504-1;
Josiphos SL-J504-2; Josiphos SL-J505-2; Josiphos SL-J506-1; Mandyphos SL-M002-1;
Mandyphos SL-M003-1; Mandyphos SL-M004-1; Mandiphos SL-M00S-1; Mandiphos
SL-M010-1; Phospholane SL-P051-1; Taniaphos SL-T001-1; Taniaphos SL-T001-2;
Taniaphos SL-T003-1; Taniaphos SL-T021-2; (S,S)-BDPP; Waiphos SL-WO001-1;
Walphos SL-W005-1; Walphos SL-W008-1; Walphos SL-W008-2; Walphos SL-W009-1,
Walphos SL-W012-1; Walphos SL-W021-1; or Walphos SL-W024-1.

Embodiment 26:

A process according to embodiment 22, wherein the the organometallic complex

comprises rhodium and wherein the chiral ligand is selected from a Fenphos, a
Walphos, a Josiphos or a Phospholane ligand; in particular [Rh(nbd).]BF, and a
Fenphos, a Walphos, a Josiphos or a PhanePhos ligand; such as Rh(nbd),]BF, and
Walphos SL-W005-1, Walphos SL-W008-1, Fenphos SL-F356-1, Josiphos SL-J008-1,



300 d or salt thereof,
conprising treating a conpound of formula (6),
R1 (5) wherein R1 is hydrogen or a nitrogen protecting group,

wherein RL is hydrogen or a nitrogen protecting group,
or salt or a tautoner thereof,
with a reducing

agent preferably in the formof an al dehyde to obtain the conpound of formula

(4). Enmbodiment 4: A process for pr¥dfalring a conmpound of fornula (5),
wherein Rl is hydrogen or a nitrogen protecting group,

t her eof ,

(5).

or salt

Conpr i S1Ng_tehealbafc 3 LASROUIL R <L AR A i g;)hosg[ml i Naiefod &t Omer t her eof ,

(6) wherein RL 1S Y
agent to obt¥i'% % K& pc*:‘B loU¥Pd 1 df J‘ﬁ?ﬂ”%glaf(oéjz or J%H‘Oés

en or a nitro tectin %I’OUf

J50
Rh(nbd).]BF, and Walphos SL-W008-1, Josiphos SL-J008-1, Phospholane SL-P051-1,
Josiphos SL-J505-2 or Josiphos SL-J504-2.

2, in particular,

Embodiment 27:

A process according to embodiment 22, wherein the organometallic complex and the
chiral ligand is selected from:

- aruthenium organometallic complex and an Atropisomer, a Mandyphos
or a Fenphos ligand; in particular [Rul,(p-cymene)],, [Ru(cod)(2-metallyl)]
or [Ru{cod)(OOCCF3),] and an Atropisomer, a Mandyphos, BDPP,
Josiphos, or a Fenphos ligand; such as [Rul,(p-cymene)],, [Ru{cod)(2-
metallyl);] or [Ru(cod)(OOCCF3),] and Atropisomer SL-A101-1,
Mandyphos SL-M010-1, (S,S)-BDPP, Josiphos SL-J505-1, Fenphos SL-
F131-1, Fenphos SL-F132-1 or Fenphos SL-F134-1; or

- aniridium organometallic complex and a Fenphos, a Walphos or a
Josiphos ligand; in particular [Ir(cod)Cl], and a Fenphos, a Walphos or a
Josiphos ligand; such as [Ir{cod)Ci], and Fenphos SL-F356-1, Walphos
SL-W024-1 or Josiphos SL-J504-1.

Embodiment 28:

A process according to embodiment 21, wherein the transition metal catalyst comprises

a transiticn metal selected from the group 7, 8 or 9 of the periodic table, such as

rhodium, ruthenium or iridium, and a chiral ligand.

Embodiment 29:

A process according to embodiment 28, wherein the chiral ligand is a BoPhoz ligand,
a BINAP ligand, a BINOL ligand, a Phospholane ligand, a PhanePhos ligand, a P-
Phos ligand, a QuinaPhos ligand, a ProPhos ligand, a BDPP ligand, a DIOP ligand, a
DIPAMP ligand, a DuanPhos ligand, a NorPhes ligand, a BINAM ligand, a CatAsium
ligand, a SimplePHOX ligand, a PHOX ligand, a ChiraPhos ligand, a Ferrctane ligand,

a BPE ligand, a TangPhos ligand, a JafaPhos ligand, a DuPhos ligand, a Binaphane

ligand or mixtures thereof.

a reduci ng



Enbodi ment
salt thereo

5: A process for preparing a conpound of fornula (4) R1(4) or

f, wherein RL is hydrogen or a nitrogen protecting group,

process conprising a) treating a conpound of formula (5), or salt t
i s hydrogen or a nitrogen protectlng group, with an O—l—actlvatlng

wherein Rl
agent to ob

tain a compound of fornmul041) R1(11) or salt thereof,

said
hereof, (5)

wherei.n R1L

is hydrogen or a nitrogen protecting group and R4 is an CH-act|vat|ng group;

and 300 f
base to obt
preparing a

Bogeehi 409 t he conpound of fornula (11), or salt thereo
ab% t he conpound of fornula (4). Enbodinment 6: A proces

?ﬁ?ﬁﬁﬂﬁ:o ngft%r.-m?cgm%rﬁfB meln the transition metal catalyst comprises

the transition metal rhodium and a chiral ligand selected from a Phospholane, a P-Phos,
a PhanePhos, a BoPhoz, a DIOP, a BINAP, a CatAsium, a TangPhos, a JafaPhos, a
DuPhos, a BPE, a Ferrotane, a BINAM, a DuanPhos, a NorPhos, a BDPP, a ProPhos, a
DIPAMP, a ChiraPhos and a Binaphane ligand, such as SL-P104-2, SL-P102-1, SL-
P005-1, (R)-P-Phos, (S)-P-Phos, (S)-PhanePhos, (R)-PhanePhos, (R)-An-PhanePhos,
(R)-MeO-Xyl-PhanePhos, (R)-Xyl-PhanePhos, (R)-Tol-PhanePhos, (S)-MeBoPhoz,
(8,5)-DIOP, (R,R)-DIOP, (S)-BINAP, (S)-Tol-BINAP, (R)-CatASium M, (S)-CatASium M,
(R)-CatASium MN, (S)-CatASium MN, (R)-CatASium D, (R)-CatASium MNN, (S,S,R,R)-
TangPhos, (R)-JafaPhos, (R)-MeDuPhos, (S,S)-Me-BPE, (S,5)-Ph-BPE, (S,S)-Et-
Ferrotane, (S)-BINAM-P, (R)-BINAM-P, (R,R)-DuanPhos, (R,R)-NorPhos, (S,S)-
NorPhos, (R,R)-BDPP, (S,5)-BDPP, (R)-ProPhos, (R,R)-DIPAMP, (8,S)-ChiraPhos or
(R)-Binaphane.

Embodiment 31:

A process according to embodiments 28 or 30 wherein the transition metal catalyst is
selected from [Rh(COD)(SL-P104-2)] O;SCF;, [Rh(COD)(SL-P102-1)]1BF,,
[Rh(COD)(SL-P005-1)]BF,, [Rh(COD)(SL-P102-1)] O;SCF3, [(R)-P-Phos Rh(COD)]BF,,
[(S)-P-Phos Rh(COD)]BF,, [(R)-PhanePhos Rh(COD)]BF,, [(S)-PhanePhos
Rh(COD)]BF.,, [(R)-Xyl-PhanePhos Rh(COD)]BF., [(S)-MeBoPhoz Rh(COD)|BF., [(S,S)-
DIOP Rh(COD)]BF,, [(S)-BINAP Rh(COD)]BF,, [(R)-CatASium M Rh(COD)]BF., [(S)-
CatASium M Rh(COD)]BF,, [(R)-CatASium MN Rh(COD)]BF,, [(S)-CatASium MN
Rh(COD)]BF., [(R)-CatASium D Rh(COD)]BF,, [(S.S,R,R)-TangPhos Rh(COD)]BF,,
[(R)-JafaPhos Rh(COD)]BF4, [(R)-MeDuPhos Rh(COD)]BF,, [(S.S)-Me-BPE
Rh(COD)]BF., [(S,5)-Ph-BPE Rh(COD)]BF., [(S,S)-Et-Ferrotane Rh(COD)]BF., [(R)-An-
PhanePhos Rh(COD)]BF., [(R)-CatASium MNN Rh(COD)]BF,, [(S)-Tol-BINAP
Rh(COD)]BF,, [(S)-BINAM-P Rh(COD)]BF,, [(R)-BINAM-P Rh(COD)]BF,, [(R,R)-
DuanPhos Rh(COD)]BF., [(R)-Binaphane Rh(COD)IBF., [(R,R)-NorPhos Rh(COD)]BF,,
[(S,S)-NorPhos Rh(COD)]BF,, [(R,R)-BDPP Rh(COD)]BF., [(S,S)-BDPP Rh(COD)]BF,,
[(R,R)-DIOP Rh(COD)]IBF,, [(R)-ProPhos Rh(COD)]BF., [(R,R)-DIPAMP Rh(COD)]BF.,
[(S,8)-ChiraPhos Rh(COD)]BF,, [(R)-MeO-Xyl-PhanePhos Rh(COD)]BF; or [(R)-Tol-
PhanePhos Rh(COD)]BF,; in particular [Rh(COD)(SL-P102-1)]BF,, [Rh(COD)(SL-P005-
1)]BF ., [Rh(COD)(SL-P102-1)] O;SCF3, [(R)-PhanePhos Rh(COD)]BF., [(R)Xyl-

f, with a
s for



or salt thereof, wherein RL is hydrogen or a nitrogen protecting group, said
process conprising treating a conmpound of formula (5), or salt thereof, (5)
with an OHactivating group in the presence of a base. Enbodinent 7. A
process for preparing a conmpound of formula (4) 300 g. R1(4) or salt

thereof, wherein Rl is hydrogen or &08i%rogen protecting group, conprising
treating a conmpound of fornmula (7), R6 NR7 RL (7) or salt thereof, wherein Rl

I's hydrogen pgnaenbd k@29 EP! 4558 RG(M]B%M@)-%WNQBD%F& [(hﬁdependent ly,

oget her A6 AP RTvRstoe DR iR Crd gt M iehe (BENOGER VB whi ch t hey are
att ac_hed, V\IIﬁ?ihGIDEC)}EFL,Q(S,mR,R)G'as@?MB%ECDEO)]BFMﬂM)W@BBH RabmBF, opti onal |y
Che' oy " CRAPREAIRAELO b B 2oDld RBEIpLHORR BB - VT o

Rh(COD)]BF4, {(S)Tol-BINAP Rh(COD)]BF,, [(S)-BINAM-P Rh(COD)]BF4, [(R,R)-

DuanPhos Rh(COD)]BF,, [(R)-Binaphane Rh(COD)]BF,, [(S,S)-NorPhos Rh(COD)]BF,,

[(R,R)-BDPP Rh(COD)]BF4, [(S,S)-BDPP Rh(COD)]BF,, [(R,R)-DIOP Rh(COD)]BF,,

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

Rh(COD)]BF 4, [(R)-MeO-Xyl-PhanePhos Rh(COD)|BF, or [(R)-Tol-PhanePhos

Rh(COD)]BF,; in particular [Rh(COD)(SL-P102-1)]BF,, [Rh(COD)(SL-P005-1)]BF,,

[(R)PhanePhos Rh(COD)]BF,, [(R)Xyl-PhanePhos Rh(COD)]BF,, [(R)CatASium M

Rh(COD)]BF,, [(R)CatASium MN Rh(COD)]BF,, [(S,S,R,R)TangPhos Rh(COD)|BF,,

[(S,S)Ph-BPE Rh(COD)IBF., [(R)An-PhanePhos Rh(COD)]BF., [(R,R)DuanPhos

Rh(COD)]BF., [(S,S)NorPhos Rh(COD)]BF, or [(R)MeO-Xyl-PhanePhos Rh(COD)|BF,.

Embodiment 32:

A process according to embodiment 28, wherein the transition metal catalyst comprises:

- the transition metal ruthenium and a chiral ligand selected from a BoPhoz, a
BINAP, a BINOL, a PhanePhos, a P-Phos and 2 QUINAPHOS ligand; such as
(R)-4-F-CsH,-MeBoPhoz, (R)-BINAP, (R)-BINOL-(R)-MeBoPhoz, (R)-MeBoPhoz,
(R)-p-F-MeBoPhoz, (R)-PhanePhos, (R)-Phenethyl-(R)-MeBoPhoz, (R)-P-Phos,
(R)-Tol-BINAP, (R)-Xyl-PhanePhos, (R)-Xyl-P-Phos, (R,,S.)1Np-QUINAPHOS,
(S)-BINAP, (S)-BINOL-(R)-MeBoPhoz, (S)-P-Phos, (S)-Xyl-PhanePhos, (S)-Xyl-
P-Phos or (S;,R¢) INp-QUINAPHOS; or

- the transition metal iridium and a chiral ligand selcetd from a P-Phos, a BoFPhoz,
a SimplePHOX and a PHOX ligand; such as (S)-P-Phos, (S)-Xyl-P-Phos, (S)-
MeBoPhoz, (R)-MeBoPhoz, (S)-Cy-tBu-SimplePHOX or (S)-iPr-PHOX.

Embodiment 33:

A process according to embodiments 28 or 32 wherein the transition metal catalyst is
selected from [(R)-4-F-C¢Hs-MeBoPhoz Ru(benzene)CICl, [(R)-BINAP
RuCl(benzene)]Cl, [(R)-BINOL-(R)-MeBoPhoz Ru(benzene)CI]CI, [(R)-MeBoPhoz
RuCl(Benzene)]Cl, [(R)-p-F-MeBoPhoz RuCl(Benzene)]Cl, [(R)-PhanePhos
RuCly(dmf),], [(R)-Phenethyl-(R)-MeBoPhoz Ru(benzene)CI|CI, [(R)-P-Phos




with a reducing agent to obtain the conpound of forrmula (4), Enbodinent 8 A
process for preparing a conpound of formula (6) (6) 300 h or salt thereof,
wherein RL is hydrogen or a nitrogen protecting group, conprising treating a
conmpound of forrmula (7), R6 NN-R7 (7) or salt thereof, wherein Rl is hydrogen
or a nitrogen protecting group and, 3R8vand R7 are, independently, an alkyl
group, an aryl group, an aryl al kyl group, a cycloal kyl group or together R6

and R7 for mR%C %E&e§593§§-kﬂﬁfBIMr§ Ru& %negelgﬁlg) %Pﬂ@r‘eﬁz’lﬂoé Igﬁﬁylg;%@hat tached,

whi ch cycle nma or unsa ura I ona tain one or
nmor e het er o&Rord;P- %Wr’ﬁl&'zﬁﬁwf}*zbﬁﬁnsc)M@'N%H%Lﬁ%ﬁﬁmfhm\%}*@wpt he cycle
contains 3 mc&benswncaﬁsﬂsn\mmy Mag o2 %) (beWkdnB) GRCT, ‘RSI}JPJP'RGS agent to obtain

th d
e, cormourd,f TOLTALR, ok AL TRIL o BSOSl SRRy, 9,5 compour
ni trogen pr dafrclng-QGHuapHan RuCREIMad(R7-Bhes, Ru(agepkelidextPyhoan al kyl group,

an aryl gr owa acﬁé)z]%f[YFl{)Qt)}ﬁﬂPhQEQU@I»(béf\z&ﬁéﬁtpﬁﬁlﬂéMlculgrr ﬁk'i% Plc HogethE, R6 and R7
he nitrogen to are attached, which

forma cycl %?“t E@ g/l %—;ﬁ/
cycl e may b Q’SF gXeg! R BWtW@’%’EF B Y W&PFB YSBEHH ST one or more
het er oat ons [(REpEMeBoRhbdz Rg@ (Benpenpijen[(Ry-PisukpimsRuCiuerebRY-Piesneyngl e cont ai ns 3

to 8, such a$ edPndz RUBGARRGBRE!, [(R)-P-Phos RuCl(benzene)ICl, [(R)-Tol-BINAP
RuCl(benzene]]Cl, [(R)-Xyl-P-Phos RuCl,(dmf),] , [(S)-BINAP RuCl(benzene)]Cl, [(S)-
BINOL-(R)-MeBoPhoz Ru(benzene)CI|CI, [(S)-P-Phos RuCl(benzene)]Cl, [(S)-Xyl-
PhanePhos RuCl,(dmf),], [(Sa,Rc)1Np-QUINAPHOS RuCly,(dmf),], [(R)-P-Phos
Ru(acac),], [(R)-Xyl-P-Phos Ru(acac),], [(R)-Xyl-P-Phos RuCl(benzene)]Cl, [(S)-P-Phos
Ir(COD)ICI, [(S)-Xyl-P-Phos Ir(COD)]CI, [(S)-MeBoPhoz Ir(COD)]CI, [(R)-MeBoPhoz
Ir(COD)]CI, [(S)-Cy-tBu-simplePHOX Ir(COD)IBArF or [(S)-iPr-PHOX Ir(COD)]BArF.

Embodiment 34:

A process for preparing a compound of formula (3)

O l

R1 (3)

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

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



300 i conprising reducing with a reducing agent the double bond of a conmpound
of formula (7), RE N R7 (7) or salt thereof, wherein RL is hydrogen or a
nitrogen protecting group and, R6 and R7 are, independently, an al kyl group,
an aryl group, an arylal kyl group, a cycloal kyl group or together R6 and R7
forma cycle, together with the nitr to which they are attached, which
cycle may be saturated or unsaturated and may optionally contain one or nore
het er oat ons, such a ni.trogen, n or sul phur, whereby the cycle contains 3
to 8, such as 4°f'o 7 ring atons obtain the conpound of formula (9).

Enbodi nent 10: , to enmbodi nent 9, wherein the reduction
reaction is carv ydrogen in the presence of a transition neta
catal yst, wherei/n tihe trf ion metal is selected fromgroup 9 or 10 of the
peri odi c t abbe; eha . or Ir; and optionally in the presence of a
base. Enbodi ment M1: A process according to enbodi nent 10, wherein the
catalyst is selegyed from palladiumogon carbon, palladiumon al um ni um oxi de,
pal | adi um on cal ci um carbonate, palladi umon titani um oxide, palladium on
bari um sul f athereipBIt isabhidiaeorer zi mtogan protaskideroup antb adioomweon! i fbine@n

di oxi de/ al unyzi um oxi de, platinumon carbon, iridiumon carbon, and iridiumon
cal ci um carbonate. Enbodi nent 12: A process for preparing a conpound of
formula (5), or salt thereof, 300 (5). wherein Rl is hydrogen or a nitrogen
protecting group, said process pLising treating a conpound of formula (7),
or salt thereof

Ri (12)
or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R5 is a
leaving group; and
b) reacting the compound of formula (12), or salt thereof, with a reducing agent to

obtain the compound of formula (3).

Embodiment 35:

A process for preparing a compound of formula (3)

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

treating a compound of formula (7),



(7) wherein RL is hydrogen or a nitrogen protecting group and, R6 and R7 are,
i ndependently, an al kyl group, an aryl group, an aryl al kyl group, a cycl oal kyl
group or together R6 and R7 forma cycle, together with the nitrogen to which
they are attached, which cycle may be saturated or unsaturated and nmay
optionally contain one or nore heterd®tvns, such a nitrogen, oxygen or

sul phur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atons, with a
reduci ng agentgs Enbodi ment 13: A process for preparing a conpound of formula
(4), or salt thgreef, (4) 300k wherein Rl is hydrogen or a nitrogen
protecting groyp, said proc ising reacting a conpound of forrmula (9),
or salt thereof f hydr ogen or a nitrogen protecting group
and, R6 and R7 3 3 an al kyl group, an aryl group, an arylal kyl
group, a cyclo together R6 and R7 forma cycle, together with

t he nitrogerP are attached, which cycle may be saturated or
unsaturated and nmay optionally contain one or nore heteroatons, such a

ni trogen, oxygenRdr sul phur, whereby ppe cycle contains 3 to 8, such as 4 to 7
ring atons, with a quaternisation agent and a base to obtain the conpound of
formul a (4).° EfbBEFAENPeeA RTINS AR 952 PPISHrRERISTNA § 4P @BIS A Rt for nul a
(4), or sal tard hedepoiiden(y)anvdiier grdupRan iag/| layedb 0gre AryRikyRgidLp, r Dg@fbafiylot ect i ng
group, sai d prRGeRSROMRS LRI B8R o RS HgRheAvGARPANBILAE Whioh | 8<(9) . or salt

t her eof ,

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 (8),



300 I (9) wherein Rl is hydrogen or a nitrogen protecting group and, R6 and
R7 are, independently, an al kyl group, an aryl group, an arylal kyl group, a
cycl oal kyl group or together R6 and R7 forma cycle, together with the
nitrogen to which they are attached, which cycle may be saturated or
unsaturated and rmay optionally cont @8 Zne or nore neteroatons, such a

ni trogen, oxygen or sul phur, whereby the cycle contains 3 to 8, such as 4 to 7
ring atoms, with a guaternisation agent to obtain a conpound of formula (10),
or salt thereofy,wherein Rl is hydrogen or a nitrogen protecting group, R6 and
R7 are, indepegidently, an aIkyI p, an aryl group, an arylal kyl group, a
cycl oal kyl grotyp or togethe 2 R7 forma cycle, together with the
nitrogen to whigk tached whi ch cycle may be saturated or
unsat ur at ed ang y contain one or nore heteroatons, such a

ni trogen, oXygenyor sulphu , Whereby the cycle contains 3 to 8, such as 4 to 7
ring atons, Z- i$ a halide (eg iodide, bromde, chloride), an al kyl sul phate
(eg met hyl sulphaie) or a squonyI e%ger (eg triflate) and R10 is hydrogen,

al kyl or arx "@B p & ou formula (10), or salt thereof,
with a base t " dBY & qeﬁeén 6@3”8@88%? af'BFoﬁﬁT %roteﬁﬁng ¥™odi ment 15: 300 m A
process for win epairingagent vrapimitie oémiconerof farm(UlEGP), ROsaRher®E, Wib6)n BT sal t
thereof , WherghRgdd o ahif ﬁgg)%t”%{ Budli trogen protecting group, Y is oxygen
and each R9, is, independently, i aryl, arylalkyl (eg benzyl) or acetyl

or both R9 forn1together adto7, preferably a 5 to 6 nmenbered acetal ring,
conpri si ng Emdadimant 3@ conpound of formula (7), R6 NNR7 (7)

A process for preparing a compound according to formula (3),

o) I

RA1 (3)

1

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

compound according to formula (4),

O I
R1 (4)

or salt thereof,



or salt thereof, wherein Rl is hydrogen or a nitrogen protecting group and, R6
and R7 are, independently, an al kyl group, an aryl group, an aryl al kyl group,
a cycloal kyl group or together R6 and R7 forma cycle, together with the
nitrogen to which they are attached, which cycle may be saturated or
unsaturated and rmay optionally contaf2ane or nore heteroatons, such a

ni trogen, oxygen or sul phur, whereby the cycle contains 3 to 8, such as 4 to 7
ring atomns, M : form: : i 0, f formul a
(16). Enbodi e B A e e b A I 2 (16) 300
n (16) or <dMYaHereof, wherein RL i s hydrogen or a nitrogen protecting
group, Y is sulfur and each RO, is, independently, alkyl, aryl, arylalkyl (eg
benzyl) or acetyl .Afsgboth RO formtogether a 4 to 7, preferably a 5 to 6
nmenbered acetat rrng, conprising treating a conpound of formula (7), RL(7) or
sal t ther eoff, Prodees & FerRaMING2 RYBR G A fBimuia (7). o éiierenfot ecti ng group and, R6
and R7 are, independently, an al kyl group, an aryl group, an aryl al kyl group,
a cycl oal kyl gpoup or together R6 and R7 forma cycle, together with the
nitrogen to mhn&b45hey are attacked, which cycle may be saturated or
unsaturated and may optionally hi n one or nore heteroatons, such a

ni trogen, OXY g8 the cycle contains 3 to 8, such as 4 to 7
ring atons, wt ing agent to obtain the conmpound of formula
(16). Enbodi men ¢ss for preparing a conmpound of forrmula (6), or a
taut omer t hey

(7)

wherein R1 is hydrogen or a nifrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain
one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle
contains 3 to 8, such as 4 to 7 ring atoms, preferably having a configuration according

to formula (7-a),

(7-a),

into a compound of formula (4), or salt thereof,



(6) or salt thereof, wherein Rl is hydrogen or a nitrogen protecting group,
sai d process conprising renoval of the acetal functionality in a conpound of
formula (16), or salt thereof, (16) wherein RL is hydrogen or a nitrogen
protecting group! Y is oxygen and each R9, is, independently, alkyl, arylalkyl
(eg benzyl) or acetyl or both RO fordflbogether a 4 to 7, preferably a 5 to 6
menbered acetal ring, to obtain the conpound of formula (6). Embodinment 18: A
process for preparing a conpound of formula (6), or a tautoner thereof, 300 p
(6) or salt thereof, wherein R hydrogen or a nitrogen protecting group,
sai d process cQnprising repoval he thi oacetaf functionality in a conpound
of fornmula (16) s

wherein R1 is hydrogen or a nitrogen protecting group, preferably having a
configuration according to formula (4-a),

N

R (4-a),
according to any one of methods 1to 9:
wherein
method 1 comprises
a) converting the compound of formula (7) into the compound of formula (6)
according to the process defined in embodiment 2, and
b) converting the compound of formula (6) into the compound of formula (4)
according to the process defined in embodiment 3;
method 2 comprises
a) converting the compound of formuia (7) into the compound of formula (6)
according to the process defined in embodiment 2,
b) converting the compound of formula (8) into the compound of formula (5)
according to the process defined in embediment 4, and
¢) 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 embediment 7;

method 4 comprises



(16) wherein RL is hydrogen or a nitrogen protecting group, Y is sulfur and
each R9, is, independently, alkyl, aryl, arylalkyl (eg benzyl) or acetyl or
both RO formtogether a 4 to 7, preferably a 5 to 6 nenbered acetal ring, to
obtain the conpound of fornula (6). Enbodinment 19: A process for preparing a
conpound according to fornula (2), 380@6¢q R1(2) or salt thereof, wherein Rl
and R2 are, independently of each other, hydrogen or a nitrogen protecting

group, and R3ziscfw @fﬁéé&n LRHBfBILﬁP7ﬁﬁ%§ﬁ &%&%Qmj&%ﬁ%%bﬁ&“g reacting a
conmpound of fo?nu a&? (%g or salt & er eof erein i's hydrogen or a
ni trogen prot ect PHEAGESURE NACET ¢ENneCP aRPPIMHY i ng agent to obtain the
conpound of f afymdn@er(iZy the EsHEAINGBITbrmdls (6) AtoPcdE&RHDUADS f@aRad) Nng a conpound
accor di ng to f Oranc%Lr%ing}g the plr%%ess defined in embodiment 3;
method 5 comprises
a) converting the compound of formula (7) into the compound of formula (6)
according to the process defined in embodiment 8,
b) converting the compound of formula (6) into the compound of formula (5)
according to the process defined in embodiment 4, and
c) converting the Compound of formula (5) into the compound of formula (4)
according to the process defined in embodiments 5 or 6 ;
method 6 comprises
a) converting the compound of formula (7) into the compound of formula (9)
according to the process defined in embodiment 9, and
b) converting the compound of formula (9) into the compound of formula (4)
according to the process defined in embodiments 13 or 14;
method 7 comprises
a) converting the compound of formula (7) into the compound of formuta (5)
according to the process defined in embodiment 12, and
b} converting the compound of formula (5) into the compound of formula (4)
according to the process defined in embodiments 5 or 6 ;
method 8 comprises ,
a) converting the compound of formula (7) into the compound of formula (16)
according to the process defined in embodiment 15,
b) converting the compound of formula (16) into the compound of formula (6)
according to the process defined in embodiment 17,
c) converting the compound of formula (6) into the compound of formula (5)
according to the process defined in embodiment 4, and
d) converting the compoundof formula (5) into the compound of formula (4)
according to the process defined in embodiments 5 or 6 ;
method 9 comprises
a) converting the compound of formula (7) into the compound of formula (16)

according to the process defined in embodiments 15 or 16,



(1) 300 r or salt thereof, wherein Rl and R2 are, independently of each

ot her, hydrogen or a nitrogen protecting group, and R3 is a carboxyl group or
an ester group, conprising reducing a conmpound according to fornula (2), R3
(2) or salt thereof, wherein Rl and R2 are, independently of each other,
hydrogen or a nitrogen protecting gri®@dd and R3 is a carboxyl group or an
ester group, to obtain tie conpound of formula (1). Enbodinment 21: A process
according to odi ment 20 wnerei t he,.redu tlon reaction is.carried out with
nydrogen in tﬁb fﬁné/gen LEeSPmOYE an@fwl%ﬂ%)ﬁe&o e PHPRIN ?ffor%??@nal ly in the
presence of a baé@owvﬂgéﬂff@mr@%ﬁﬁﬁoﬁi imembo@aent 1A gmdocess accor di ng to

enbodi ment 22, ¢ywWe&kEtiRy thB@orhpURE iot fokLIA®S Rlo teAE M PbShd &f@dsrmmas(?s
organonetal | i ¢ conpl ex c&mrl Si %ﬁﬂe‘;r anﬁ?él on_netal selected fromthe group

7, 8 or 9 of thea??8?d|'”8d? StPRYsTR® ®M3gand. Enbodi ment 23: A process
accor di ng t orderbioyacrernting2@ metkeds &i4norBhie pertigaatomtical lioc4conpl ex i s sel ected
fromthe group consisting of [Rul 2(p-cynene)]2, [Ru(cod)(2-netallyl)2], 300 s

[ Ru(cod) (0000F3) 21. [1 Ph(nbd)2BF4], [Rh(cod)2]13F4 [(Cy3P)Ir(pyr)1C1,
[ir(000)2] Bmo HE = (cod) 2C1] 2; preferably {Rh(NBD)2}13F4 or
[ RuC 2( p- cymemneged$ 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 arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain
one or more hetercatoms, such a nitrogen, oxygen or sulphur, whereby the cycle
contains 3 to 8, such as 4 to 7 ring atoms, preferably having a configuration according

to formula (7-a),

R6

\
-
e
O

AL (7-a),

into a compound of formula (2), or salt thereof,



Enbodi ment 24: A process according to enbodi nents 22 or 23, wherein the
chiral ligand is selected froma Fenphos |igand, a Josiphos ligand, a
Mandyphos |igand, a Wl phos |igand, a Tani aphos ligand, a Phosphol ane |igand,
an Atropi soner |igand, a BoPhoz |igand, a QU NAPHOS |igand or m xtures
thereof; in particular the chlraII|§¥&§§ is selected fromthe group consisting
of Fenphos |igand, Josiphos |igand, BDPP |igand, Mandyphos |igand, Wl phos

| i gand, Tani aphQs |igand, Phosphol ane |igand, Atropisonmer |igand and m xtures
t hereof . Enh A process according to any one of enbodinments 22 to
24, wherein ligand is selected from BoPhoz (R)-Cy-MBoPhoz; BoPhoz
(R) - Phenet hyl - NDz; Atropoi sonmer SL-A101-1; Atropoisonmer SL-A109-2;

SL- A116-2; Atropoi S SL- A118- 1; Atropoi sonmer SL-Al132-2; Fenphos SL-F131-1;
Fenphos SL-F132-1; s SL-[133-1; Fenphos SL-F134-1; Fenphos SL-F135-1

SL- F356-1; Fenphos SL-F365-1; Josiphos SL-J005-2;
SL-J505-1; J05|phos @L\J'l- ] ~§|phos SL-J013-1; J05|phos SL-J301-1;

Josi phos SL-J403-1; J05|phos SL- J408- 1; Josi phos SL-J430-1; Josiphos
SL-J431-1; Josi phos SLR1501-1; Josiphos SL-J504-1; Josiphos SL-J504-2;

Josi phos SL-J505-2; Josi phos SL-J56 1; Mandyphos SL-M02-1; Nhndyphos

SL- M03-1; Mandyphos SL- M)04-1; Nhndlphos SL- MD09- 1; Nhndlphos SL- MD10-1;
Phosphol ane wBkreP0B1-4dnd Ranaraphaspenkient§ Od- éachT@ﬁ&ramWSge‘ﬁLoFl'QOmtragenTani aphos

SL- T003-1; ) - BDPP: 0 Wal phos

S o051 Vel ﬁ@&@tpsb%@g%lﬁ%\@‘b%ﬁﬁ%f 668" 5T SR Ry B8 1, el phos
SL-W12-1; V@ﬁ@H@@"SEmvwwﬁiqﬁ”Wwa )phos SL-W24- 1. Enbodlnent 26: A process
according to enbodi nent 22, wherein the the organonetal lic conplex conprises

r hodi um and erein the chiral ligand is selected froma Fenphos, a Wl phos, a
Josi phos or osphol ane ligand; in particular [Rh(nbd)2j 13F4 and a Fenphos,
a Wl phos, phos or a PhanePhos |igand; such as Rh(nbd)2l BF4 and Wl phos
SL-W05-1, Wakgp W08- 1, Fenphos SL-F356-1, Josiphos SL-J008-1, 300 t
Phosphol ane SL-P0O51-1, Mal phos SL-WO09-1, Wal phos SL-WO01-1, Wl phos
SL-W12-1, Wal phos ¥v21- 1, Josiphos SL J505-2 or J03|phos SL-J504-2; in
partlcular Rh(nbd)2113F4 and | phos SL-W08-1, Josiphos SL-J008-1,
Phosphol ane SL- P051- %F SL-J505-2 or Josi phos SL-J504-2. Enbodi nment

27: A process according to embol?ment 22, wherein the organonetal lic conpl ex
and the chiral |igand |g selected from a ruthenium organonetallic conpl ex and
an Atropi soner, a Mandyphos or a Fé%ﬁhos | igand; in particular

[ Pul2(p-cynene)] 2, [Ru(cod)(2-metallyl)21 or [Ru(cod)(00CCF3)2] and an

Atropi somer F%@ ‘%ﬁ ¢BDPP, Josi phos, or a Fenphos ligand; such as

[ RU12( p- cynen % cod )(2- metallyl)2] or [Ru(cod)$00C£F3)21 and

At r opi somer SEﬂAEOwamtWhﬁHWﬁWG@OGEmNBHGMWO“FsmstBEPP<”@é@|ﬁhos SL-J505-1,
Fenphos SL-F131- éocorEmQWms pRlcedslRPnek .@émE&ﬂﬂé}@SB SkaF134-1; or an iridium

organonet al | i | ex a Fen hos or 0Si s Nand; in
particul ar pr?% rqéqTQaﬁaaﬁmfﬁﬂ%ﬁggﬁm @V@Pﬁ d?"@?wﬁﬁﬁgémﬂﬁg | i gand; such as
[1r(cod)Cl] 2 andadkexphtsthEproedsaieinedhbpbhotndt 1924-1 or Josi phos SL-J504- 1.
Enbodi ment 28: A process according to enbodi nent 21, wherein the transition
nmetal catal yst conprises a transition netal selected fromthe group 7, 8 or 9
of the periéﬁi&gﬁéﬁhék such as rhodium rutheniumor iridium and a chiral

| i gand. Enbedirsrest ac28iding Ao @niomiessnt 8¢ ewedintge tonmobodifoenta (28s wherein t he
chiral liga a BINAP |ligand, a BINOL |ligand, a
Phospholanegg?ggﬂ aﬁﬂﬁgﬁgﬁhl &Hgmﬂgand a PPhos |igand, a QuinaPhos ligand, a
ProPhos |ligand, a BOPP |ligand, a DIOP Iigand, a DI PAMP |igand, a DuanPhos

i gand, a h@ﬁBb@meMMgand a BINAM ligand, a CatAsiumligand, a Sinpl ePHOX

i gand, a PF[M Q%ra? a.ChiraPhos i rot ane | igand, a BPE ligand, a

a
TangPhos Ilgéﬁﬁes a?%%%afmaﬁﬁajff 5&%H@s°?ﬁﬁ e63 'a Bi naphane |igand or
m xtures thereof. 300 u Enbodi nent 30:




A process according to enbodi nent 28, wherein the transition netal catalyst
conprises the transition netal rhodiumand a chira igand selected froma
Phosphol ane, 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

Nor Phos, a BDPP, a ProPhos, a DI PAVBOOAT Chi raPhos and a Bi naphane |igand, such
as SL-P104-2, SL-P102-1, SL-P005-1, (R)-P-Phos, (S)-P-Phos, (S)-PhanePhos,

(R) - PhanePhos, (R)-An-PhanePhos, ) - Me0- Xyl - PhanePhos, (R)- Xyl -PhanePhos,
(R) - Tol - PhanePhos, S)-DIOP, (R R -DIOP, (S)-BINAP,

(S) - Tol - Bl NAP, i Cat ASium M (R)-Cat ASi um M\, (S)-Cat ASi um
M\, (R)-Cat ASi
(R) - MeDuPhos,
(R) - Bl NAM P, o

5 MAN, (S, S, R R - TangPhos, (R)-JafaPhos,
(S, S)-Ph-BPE, (S, S)-EtFerrotane, (S)-Bl NAM P,
AR ~Bua (R, R - Nor Phos, (S,S)- NorPhos, (R R)-BDPP,
(S, S)-BDPP, (R -EzoPhos, (R R -D PAMP, (S,S)-ChiraPhos or (R)-Binaphane.
Enbodi nent 31: 1process accordi ng tg enbodi nents 28 or 30 wherein the
transition nmetal catalyst is selected’from[Rh(COD)(SL-P104-2)] 03SCF3,
[ Rn( COD) ( SL- P102- 1) 1 BF4, [Rh(COD)( SL-P005-1)]BF4, [Rh(COD)(SL-P102-1)] 03SCF3,
[ (R) - P- Phos RB{e{PORM] BF4ydrb§ep) 'oP'ePhﬁlﬁ)]g%;( [ (ti%%?’ilétlup, [ §BerdBlanRsies:

) - Ayl -

Rh( CQOD) ] 13F4, S).- PhanePhos. Rh R Phanephos Rh( COD) 11BF4i
(S)-l\/?e]BoPh&nfkﬂr Cﬁ%@ﬁ‘ﬁ‘h@f’@é'%)@ Rh( COD) | BF4, [(S)P Bl NAp (Rh(C)CD) P3F4,

HR)-CatASiumMRh(coo)mm, [(S)- Cat ASi um M Rh(DOD)] BF4, [(R)-CatASi um M\
COD) | BF4, [(S)- Cat ASi um MN Rh(€OD): 113F4, [(R)- Cat ASi um D Rh( CONSF4,

(
[(S 'S R R)-TangPhos Rh( COD) | BF4 R) - Jaf aPhos Rh( COD) PF4, [ (R)- MeDuPhos
Rh( COD) JI BF4, { Rh BF4, [(S,S)-Ph-BPE Rh(000)] BF4,
[ (S, S)-Et-Ferrota 0€ . R) - AnPhanePhos Rh(COD)] BE4, [(R)-CatASium

Rh( COD) ] BE4, [(S)-BI NAIVI-P Rh(CCOD)] BF4,

[ (R) - Bl NAM Ry=RI{.CODr{BF4, R, R) - DuanPhos Rh(COD)] BF4, [(R)-Binaphane
Rh(COD) ] BF4, [(R)R) -Nor Phos Rh(COD)JBF4, [(S,S)- NorPhos Rh(COD)] BF4,

[ (R R) - BDPP Rh( ) ThF4, [(S,S)-BDPP,Rh(COD)] BF4, [(R R)-DI OP Rh( COD) P3F4,

[ (R -ProPhos Rh(COD)]BF4, [(R R -Di PA "Rh(000)] BF4, RS, S)-ChiraPhos

Rh( OOD) JBF4, [ (R)-MeO- Xyl - PhanePhos Rh(COD)] BF4 or [ (R)-Tol PhanePhos

Rh( COD) | BF4; Nt & cerarayne ai farmylai | cosy)(tstred102- 1) PF4, [ Rh( COD) ( SL- PO05- 1) ] BE4,

[ Rh( COD) ( SL- P102-1)] 038CF3, [(R) -PhanePhos Rh(COD)PF4, [(R) Xyl- 300 v
PhanePhos Rh(0Q0) 113F4, [(S, S)-DI OP Rh(COD) 113F4, [(S)-BI NAP Rh( COD)] BF4,

[ (R - CatASi j Rh(COD)]BElI, [(R)-CatASi um MN Rh(COD)]BF4, RS)-CatASium W
Rn( COD) JBF4, - TangPhos Rh(COD)] BF4, [(S, S)-Me-BPE Rh(000)] BF4.

[ (S, S)-Ph-BPEXRA(D 3F4, [ (R)-An-PhanePhos Rh(COD: | PF4, [(R)-Cat ASi um VNN
Rh(COD) ] BEI, [(S)T | AP Rh( COD) P3F4, [(S)-BINAMP Rh(COD) PF4, [(R R)-
DuanPhos Rh( COD)j BF#, R), - Bi naphane Rh( CCOD) ] BF4, [(SS)-NorPhos Fth(COD)JBEL
[ (RR) - BDPP Rh( COD)] BF4, [(SS)-BDPP Rh(COD)]BF4. [(RR)-DI OP Rn(COD). 113F4.

[ (R) - ProPhos Rh( COD) ,55F4, RAR).- DI PAMP Rh(COD)] 3E4, [(S,S)-ChiraPhos

Rh( COD) 13F4, KR) - MeO- Xy PhanePh&2 Rh(COD)] BF4 or [(R) - Tol - PhanePhos

Rh(COD) ] BF4, in parti c%ar [ Rn( COD) (SL- P102-"1)]BF4, [Rh(000)(SL-P005-1)] BF4,
[ (R) PhanePhos Rh(COD)]8F4, [(R) Xyl {PhanePhos Rh( COD) 113P4, [(R) Cat ASi um M

Rh( COD) JBF4 whe(eR) Bat &I & &bl RueOBedl 36f4each( Shd, Ry®RpJangPlaositrREn000) PF4.

[(S. S)Ph-BP - , B anPhos

Rh( COD) 113 FE T%I%%%éo%i Kfa?k é%%ﬁ} '%Eﬁ‘?pgﬁ%[”%%%g%"lﬁy ?ﬁégﬁ%bﬁm&a@%@m( 000) 113F4.
Enbodi nent  3%0UP op2lky B3te’s BreiEridr AViRG 2eenisizden #REATINg &R foliRe? €iH t he transition
nmetal catal yst conprises: - the transition netal rutheniumand a chiral |igand
sel ected from a BoPhoz, a BINAP, a BINCL, a PhanePhos, a P-Phos and a

QUI NAPHCS | i gand; such as (R)-4-F-C6H4- MeBoPhoz, (R)- Bl NAP,

(R) - BI NOL- ( R) - MeBoPhoz, (R)-MeBoPhoz, (R)-p-F-MeBoPhoz, (R)-PhanePhos,

(R) - Phenet hyl - (R) - MeBoPhoz, (R)-P-Phos, (R)-Tol-BINAP, (R)-Xyl-PhanePhos,

(R) - Xyl -P-Phos, (Ra,S,) 1Np- QUI NAPHOS, (S)-BINAP, (S)-BINO-(R) -MBoPhoz,
(S)-P-Phos, (S)-Xyl-PhanePhos, (S)-XylP-Phos or (S, "Re)1Np-QUI NAPHOS: or - the
transition nmetal iridiumand a chiral |ligand selcetd froma P-Phos, a BoPhoz,
a Sinpl ePHOX and a PHOX |igand; such as (S)-P-Phos, (S)-Xyl-P-Phos, (S)-
MeBoPhoz, (R)-MeBoPhoz, (S)-Cy-t8u-SinplePHOX or (S)-iPr-PHOX. Enbodi nent 33:
A process according to enbodi nents 28 or 32 wherein the transition netal
catalyst is selected fromKR)-4-F-C61-14- MeBoPhoz Ru(benzene)ClICl, RR)-BINAP
RuC (benzene)]d, [(R) -BINOL-(R)-MBoPhoz Ru(benzene) CUCI, KR)-MeBoPhoz

RuCl (Benzene)] A, [(R)-p-F- MeBoPhoz RuCl (Benzene)]d, [(R)-PhanePhos

— =0 N P




or salt thereof, wherein RL is hydrogen or a nitrogen protecting group, said
process conprising a) converting a conpound of forrmula (5), or salt thereof,
300 x (5) wherein RL is hydrogen or a nitrogen protecting group, into a
conmpound of forrmula (12) (12) or salt thereof, wherein RL is hydrogen or a

ni trogen protecting group and R5 is 30bgaving group; and b) reacting the
conpound of fornula (12), or salt thereof, with a reducing agent to obtain the
conmpound of formula (3). Enbodiment 35: A process for preparing a conpound of
formula (3) or salt thereof, wherein Rl is hydrogen or a nitrogen
protecting 1 C said process conprising treating a conpound of forrmula (7),
300 (7) or s3a Qe f, wherein RL is hydrogen or a nitrogen protecting
group and, R6 and , independently, an al kyl group, an aryl group, an
aryl al kyl group, a alkyl group or together R6 and R7 forma cycle,
together with the nltrogfgﬂhgﬁzgich they are attached, which cycle may be
saturated or unsaturgfed ptionally contain one or nore heteroatons,
such a nitrogen, oxygenfbr sulphur whereby the cycle contains 3 to 8, such as
4 to 7 ring atons, R1 (1-a)

comprising the steps
a) converting the the compound of formula (4) into the compound of formula (2)
according to the process defined in embodiment 19, and
b) converting the compound of formula (2) into the compound of formula (1)

according to the process defined in embodiment 20.

Embodiment 42:

A process according to embodiment 24, wherein the compound of formula (4) is

prepared according to the process defined in embodiment 38.

Embodiment 43:

A process for converting a compound of formula (8), or salt thereof,

RA1 (8)

wherein R1 is hydrogen or a nitrogen protecting group,

into a compound of formula (1), or salt therof



with a reducing agent to obtain the conpound of forrmula (3), or salt thereof,
wherein Rl is hydrogen or a nitrogen protecting group. Enbodi nent 36: A
process for preparing a conmpound of formula (3) R1(3) or salt thereof,
wherein RL is hydrogen or a nitrogen Erotecfng group, said process conprising
treating a compound of formula (6), 3 z R1(6) or salt thereof, wherein Rl
is hydrogen or a nitrogen protecting group, with a reducing agent to obtain

t he conpound formula (3), or salt thereof, wherein RL is hydrogen or a
nitrogen prd ng group, Enbodi nent 37, A process for preparing a conpound

according ta | a \gz, R1(3) or salt thereof, wherein Rl is hydrogen or a

ni trogen protecting p, conprising reducing a conpound according to formul a

(4),

R1 (1)

wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen
protecting group, and R3 is a carboxyl group or an ester group, preferably carboxyl
group or alkyl ester, preferably having a configuration according to formula (1-a)

R2\N

/
R1 (1-a),

comprising the steps of

-

R3

a) converting the compound of formula (8) into the compound of formula (7)
according to the process defined in embodiment 1,

b) converting the compound of formula (7) into the compound of formula (4)
according to the process defined in embodiment 38, and

¢) converting the compound of formula (4) into the compound of formula (1)

according to the process defined in embodiment 41.

Embodiment 44:

A process for converting a compound of formula (7), or salt thereof,




R, (4) 300 aa wherein R1 is hydrogen or a nitrogen protecting group, to obtain
the conmpound of formula (3). Enbodinent 38: A process for converting a
conmpound of forrmula (7), or salt thereof, (7) wherein Rl is hydrogen or a
nitrogen protecting group and, R6 and R7 are, independently, an al kyl group,
an aryl group, an arylal kyl group, a3@ycl oal kyl group or together R6 and R7
forma cycle, together with the nitrogen to which they are attached, which
cycle may be sgturated or unsaturated and may optionally contain one or nore
het er oat ons, su%h 2 nitrogen, oxygen or sul phur, whereby the cycle contains 3

to 8, such as 4to 7 ring atomns, %ferably havi ng a configuration according

to fornmula (7- A, (7-a), nt o gnpound of forrmula (4), or salt thereof,
300 bb (4) Nerein R1 Tydrooen or a nitrogen protecting group,
pref erably havi ation according to formula (4-a), Rl(4-a),

0

(7)

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain
one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle
contains 3 to 8, such as 4 to 7 ring atoms, preferably having a configuration according

to formula (7-a),

(7-a),

into a compound of formula (6), or salt thereof,

OH [illn
ey
0

|
RA1 6)

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

configuration according to formula (6-a),



according to any one of nethods 1 to 9: wherein nethod 1 conprises a)
converting the conpound of fornmula (7) into the conpound of formula (6)
according to the process defined in enbodiment 2, and b) converting the
conmpound of formula (6) into the conmpound of fornula (4) according to the
process defined in enbodinent 3; netNEdl 2 conprises a) converting the
conpound of fornmula (7) into the conpound of fornmula (6) according to the
process defined in enbodi nent 2, ~b) converting the conpound of fornula (6)

@

()

into the conpoutd of fornula ( ording to the process defined in

enbodi nent 4, ¢ conpound of forrmula (5) into the conpound
process defined in enbodinents 5 or 6; nethod
3 conprises co prpound of formula (7) into the conpound of
formul a (4) &cC process defined in enbodi nent 7; nethod 4
conprises 300 c& a) converting the conmpound of formula (7) into the conpound
of formula (6) aecording to the proc % defined in enbodi nent 8, and b)
converting the conpound of fornula ( into the conpound of formula (4)
according to the process defined in enbodi nent 3; nethod 5 conprises a)
converting hh@anﬂpaum%dgﬁof@rnula (7) into t he conpound of fornula (6)
according tq process define converting the conpound
of formula rw?ﬂfgm HES C8NSEUA QPmPSFWﬁ Pﬁ?%3§%5§ oParHgP-gd Pﬁe process
defined i n &mbodi@entordng itk ppcasodsfeet inrpbodieeos@podnd of fornula (5) into

t he conpoun%gﬁ%dbqgmyh@s(4) according to the process defined in enbodi nents 5
or 6 ; method

of formula (4)

a con\%)rtlng the compound of formula {7) into the compound of formula (16)
according to the process defined in embodiments 15 or 16, and

b) converting the compound of formula (16) into the compound of formula (6)
according to the process defined in embodiments 17 or 18;

in particular according to method 1.

Embodiment 45:

A process for converting a compound of formula (7), or salt thereof,

N——*R7

“ )

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain
one or more heteroatoms, such a nitrogen, oxygen or suiphur, whereby the cycle
contains 3 to 8, such as 4 to 7 ring atoms, preferably having a configuration according

to formula (7-a),



a) converting the conmpound of fornmula (7) into the conmpound of fornula (9)
according to the process defined in enbodinent 9, and b) converting the
conmpound of forrmula (9) into the conmpound of forrmula (4) according to the
process defined in enbodi nents 13 or 14; nethod 7 conprises a) converting the
conpound of formula (7) into the cord®lkd of fornula (5) according to the
process defined in enbodi nent 12, and b) converting the conpound of fornula
(5) into the compound of formula (4) according to the process defined in
enbodi ments 5 gor 6 ; nethod 8 conprises a) converting the conpound of formula
(7) into the 58npound of fornula!a 6) according to the process defined in

enbodi nent 15, %7+€onverting t I-ound of fornmula (16) into the conpound of
$ defined in enbodinment 17, c) converting

t he conpound of t'he compound of formula (5) according to the

process define 4, and d) converting the conmpoundof fornula (5)

into the co d_o or (4) according to the process defined in

enbodi nents 5 or Y6 ; nethod 9 conprises a) converting the conpound of formula

(7) into the conmpound of formula (16) %fcording to the process defined in

enbodi nrents 15 or 16 , 300dd b) conﬁg"ing t he conpound of fornula (16) into

the conmpound of formula (6) according to the process defined in enbodi nent 17,

and c) converd i BgnIdiRd 6ABRAINE), of sfiardria (6) into the conpound of formula (4)

according to the process defined in enbodi nent 3; preferably according to

met hods 1, 4 orot; in particul pt hods 1 or 4. Enbodi nent 39: A process for

, or salt thereof, (7)

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

preferably having a configuration according to formula (5-b),

(5-b),

according te any one of methods 1 or 3:

method 1 comprises
a) converting the compound of formula (7) into the compound of formula (6)
according to the process defined in embodiments 2 or 8, and
b) converting the compound of formula (6) into the compound of formula (5)
according to the process defined in embodiment 4;

method 2 comprises converting the compound of formula (7) into the compound of

formula (5) according to the process defined in embodiment 12;



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

i ndependently, an al kyl group, an aryl group, an aryl al kyl group, a cycl oal kyl
group or together R6 and R7 forma cycle, together with the nitrogen to which
they are attached, which cycle may be saturated or unsaturated and may
optionally contain one or nore heterd®8tlbns, such a nitrogen, oxygen or

sul phur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atons,
preferably mQMkﬂgcgnggagiguration according to fornula (7-a), R1(7-a), 300ee
(2) wherein Rl and are, independently of each other drogen or a

ni trogen prot €@t FRYCYrOUB; Corﬁi’ﬂi‘”ﬁzﬁf frgnuia h”lﬁ’d&%/?onﬁ%oé'ﬂfb“é?rm&% @t er group,
preferably havl ngccardmgndi thg wraksndefiaaLio eehbogmens iDsmmsl a ( 2- a), (2 a),
conprising the, r oy [ into the
conmpound of f cﬁQéz%{mg%gﬁgpﬁﬁoﬁkﬁﬁn ngﬁﬁggés @%ﬁg?rﬂHm odlnent 38, and
b) converting th@”@@ﬁﬁéﬁﬁGFﬁﬁe$ <§”€HW°¢W@@1YH%”conpound of fornula (2)
according to tdyecq@n@ﬁ@smed@f]pmdoffemajrda(@;imw&mco]:&ourﬁﬂmammas 40: A process

according to enb mher oppound of fornul a (7) is prepared
according to enb%%lne t %%p cbnﬁT%(Hﬁ LErgocess for converting a conpound

of formula (4), or salt thereof
Embodiment 46:

A process for converting a compound of formula (7), or salt thereof,

R6

\
-
s
0]

R1

—=

)

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain
one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle
contains 3 to 8, such as 4 to 7 ring atoms, preferably having a configuration according

to formula (7-b),

RT (7-b),



300 if R1(4) wherein Rl is hydrogen or a nitrogen protecting group,
preferably having a configuration according to formula (4-a), (4-a), into a
conmpound of forrmula (1), or salt thereof, R3 Rl wherein Rl and R2 are,
i ndependently of each other, hydrogen or a nitrogen protecting group, and R3
is a carboxyl group or an ester groud®dMBteferably carboxyl group or al kyl
ester, preferably having a configuration according to formula (1-a) 300 qg
(1-a), conprising the steps a) converting the the conpound of forrmula (4) into
t he conpound of fornula (2) according to the process defined in enbodi nent 19,
and b) convéWPPﬁ@mP%@dGB&ﬁ@ﬁﬁﬁﬁd¥S@H?ﬁﬁﬁa (2) into the compound of formula (1)
according to the process defined in enbodi nent 20. Enbodi nent 42:

N

| .

wherein R1 is hydrogen or a nitrogen protecting group, preferably having a
configuration according to formula (3-a),

(3-a)

according to any one of methods 1 to 4:
method 1 comprises
a) converting the compound of formula (7) into the compound of formula (5)
according to the process defined in embodiment 45, and
b) converting the compound of formula (5) into the compound of formula (3)
according to the process defined in embodiment 34,
method 2 comprises converting the compound of formula (7) into the compound of
formula (3) according to the process defined in embodiment 35;
method 3 comprises
a) converting the compound of formula (7) into the compound of formula (8)
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



A process according to enbodi nent 24, wherein the conpound of formula (4) is
prepared according to the process defined in enbodi nent 38. Enbodi nent 43. A
process for converting a conpound of fornula (8), or salt thereof, (8)
wherein RL is hydrogen or a nitrogen protecting group, into a conpound of
formula (1), or salt therof 300 hh300®R3 (1) wherein Rl and R2 are,

i ndependently of each other, hydrogen or a nitrogen protecting group, and R3

5,3,0arDoxyl 01 8D Bt 80 SAEEs 9 OPs. BT ALSLARI Y ERI BRXY] - group or al Ky

ester, prefera ura on’ acco (1-a) R3 (1-a),
conprising the S@qg@rgimgfto the process defrned |n embodiment 44,

b) converting the compound of formuia (6) into the compound of formula (4)
according to the process defined in embodiment 3, and

¢) converting the compound of formula (4) into the compound of formula (3)
according to the process defined in embodiment 37,

in particular according to method 2 or method 4.

Embodiment 47:

A process according to embodiment 46, wherein the compound of formula (7) is

prepared according to the process defined in embodiment 1.

Embodiment 48:

A compound according to formula (2),

RZ\N R3

R1 (2)

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

configuration according to formula (2-a),



a) converting the conmpound of fornula (8) into the conmpound of forrmula (7)
according to the process defined in enbodi nent 1, b) converting the conpound
of formula (7) into the conmpound of forrmula (4) according to the process
defined in enbodi ment 38, and c) converting the conpound of formula (4) into

t he conpound of fornula (1) accordiﬁ%gﬁé the process defined in enbodi nent 41.
Enbodi nent 44: A process for converting a conpound of formula (7), or salt

t hereof, 300 R1(7) wherein Rl is hydrogen or a nitrogen protecting group
and, R6 and ﬁ§ q e, independently, an alkyl group, an aryl group, an aryl al kyl
group, a cycdoalkyl oHoup or together R6 and R7 forma cycle, together with
l

the nitrogen tO whi ey are attached, which cycle nmay be saturated or
unsaturated and ma onal ly contain one or nore heteroatons, such a

ni trogen, oxygen or phar , ereby the cycle contains 3 to 8, such as 4 to 7
ring atons, preferably having configuration according to fornula (7-a),
(7-a), 1into a conmpognd ka (6), or salt thereof, RI(6) wherein Rl is

hydrogen or a nitrogen protecting group, preferably having a configuration
according to fornula (64a), 300 j%Za)
A compound of formula (4)

o) l

R1 (4)

Embodiment 49:

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

configuration according to formula (4-a),

0 ill
R1 (4-a).

Embodiment 50:
A compound of formula (5), or salt thereof,




Ri (6-a) according to nethods 1 or 2: nethod 1 conprises converting the
conpound of fornmula (7) into the conpound of fornmula (6) according to the
process defined in enbodinents 2 or 8, method 2 conprises a) converting the
conmpound of forrmula (7) into the conmpound of fornula (16) according to the
process defined in enbodi nents 15 or30D®p and b) converting the conpound of
formula (16) into the conmpound of formula (6) according to the process defined
in enmbodi nents 17 or 18; in partigular according to nmethod 1. Enbodi nent 45:
A process for c@Hverting a conppgundjof forrmula (7), or salt thereof, (7)
wherein RL is protecting group and, R6 and R7 are,

i ndependently, % aryl group, an aryl al kyl group, a cycl oal kyl
group or together ‘ cycle, together with the nitrogen to which
cH i syet'e may be saturated or unsaturated and may

optionally contai™ one or nore heteroatons, such a nitrogen, oxygen or

sul phur, mherebyF%he cycle contains 3 to 8, such as 4 to 7 ring atons,

preferably having a configuration acddkding to fornmula (7-a), 300 kk
wherein R1 is hydrogen or a nitrogen protecting group, preferably of formulae (5-a),

(5-b) or (5-¢), more preferably (5-b),

g O

)
R1 (5-a)
N
1
(6-b),
OH ii'll
o) il
|
R1 (5-0)

Embodiment 51:

A compound of formula (8), or a tautomer thereof,




Rl (7-a), into a conpound of fornula (5) or salt thereof, A (5), wherein Rl
is hydrogen or a nitrogen protecting group, preferably having a configuration
according to fornmula (5-b), F21(5-b), according to any one of nmethods 1 or 3:
met hod 1 conprises a) converting the conpound of fornula (7) into the
compound of formula (6) according t®%H8 process defined in enbodi ments 2 or

8, and b) converting the conpound of fornula (6) into the conmpound of fornula
(5) according to the process defixned in enbodi nent 4; nethod 2 conprises
converting the Q%npound of for |7) into the conpound of formula (5)

according to tRke process defin enbodi mrent 12; 300 Il nethod 3 conprises
a) converting the do la (7) into the conpound of formula (16)
according to t defllned in enbodi ments 15 or 16, b) converting the

conpound of dOrm
process defined ijn enbodiment 17, and c) converting the conpound of fornula
(6) into the compound of formula (5)(§ccording to the process defined in
enbodi nent 4.

o the conpound of fornula (6) according to the

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

configuration according to formula (6-a),

R1 (6-a).

Embodiment 52:

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

R6
\
N—R7
\ Z
0 N
|
R1

(7)

wherein R1 is hydrogen or a nitrogen protecting group and, R6 and R7 are,
independently, an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or
together R6 and R7 form a cycle, together with the nitrogen to which they are
attached, which cycle may be saturated or unsaturated and may optionally contain

one or more heteroatoms, such a nitrogen, oxygen or sulphur, whereby the cycle



Enbodi ment 46: A process for converting a conpound of forrmula (7), or salt
thereof, (7) wherein Rl is hydrogen or a nitrogen protecting group and, R6
and R7 are, independently, an al kyl group, an aryl group, an aryl al kyl group,
a cycloal kyl group or together R6 and R7 forma cycle, together with the
nitrogen to which they are attached,38hirch cycle may be saturated or
unsaturated and nmay optionally contain one or nore heteroatons, such a

ni trogen, ox It ch as 4 to 7
ring ators, el & dbly L R it (B o BBk e S0 %5
(7-b), 30019ﬁ¥mhbélﬁ CoPpHIne. @P@ﬂﬁﬁﬁﬁﬂaf%@) or salt thereof, (3) wherein Rl
is hydrogen or a nitrogen protecting group, preferably having a configuration
according to formula (3-a), (3-a) according to any one of nethods Ito 4:
method 1 conprises_a) convertingAhe conmpound of formula (7) into the conpound
of fornmula (5) according to the ¢gess defined in enbodi nent 45, and b)
converting the Qpnpound of JS) into the conmpound of formula (3)
according to the—process

|
R 7-2)

R6

\

N—R7 iilll

0 iilll

|
R1 7-b)

(7-0).

Embodiment 53:

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




met hod 2 conprises converting the conpound of formula (7) into the conpound of
formula (3) according to the process defined in enbodi nent 35; nethod 3
conprises a) converting the conpound of formula (7) into the conpound of
formula (6) according to the process defined in enbodi nent 44, and b)
converting the conpound of fornula @6Pssnto the conpound of fornula (3)
according to the process defined in enbodi nent 36; nethod 4 conprises 300 nn
a) converting fhe conpound of formula (7) into the conpound of fornula (6)
according to t e _process def i nedAw_enbodi nent 44, b) converting the conpound
of formula (6) ntd the compou formula (4) accordlng to the process
defined in enbgdi nent 3, /,-d C erting the conpound of formula (4) into

t he conpound of ccor ding to the process defined in enbodi nent 37,
in particular pt hod 2 or nethod 4. Enbodi nent 47: A process
accordi ng t®-e 50 46y wherein the conpound of forrmula (7) is prepared
according to the|process deflned i n enbodi rent 1. Enbodi nent 48: A conpound
according to forAaula (2), R 1(2) or éad t hereof, wherein Rl and R2 are,

i ndependently of each other, hydrogeé or a nitrogen protecting group, and R3
is a carboxyl group or an ester group, preferably having a configuration
accordi ng t @nkemnmeh ais(fgfd&))gen or a nitrogen protecting group and, R6 and R7 are,

independently, an alkyl group or together are an alkylene group, preferably having a

configuration according to formula (9-a) (9-b) or (9-c), more preferably (9-b),




300 oo Nr Rl (2-a). Enbodinent 49: A conpound of forrmula (4) (4) or
salt thereof, wherein RL is hydrogen Or a nitrogen protecting group, -
preferably having a configuration according to forrmula (4-a), (4-a).

Enbodi ment 50: A conpound of forrrul3%0(tt5), or salt thereof,

Embodiment 54:

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

R6 R10
N/
N*—R7

R1 (10)

wherein R1 is hydrogen or a nitrogen protecting group, R6 and R7 are, independently,
an alkyl group, an aryl group, an aryialkyl group, a cycloalkyl group or together R6 and
R7 form a cycle, together with the nitrogen to which they are attached, which cycle may
be saturated or unsaturated and may optionally contain one or more heteroatoms, such
a nitrogen, oxygen or sulphur, whereby the cycle contains 3 to 8, such as 4 to 7 ring
atoms, Z° is a halide (eg iodide, bromide, chloride), an alkyl sulphate (eg methyl
sulphate) or a sulfonyl ester (eg triflate) and R10 is hydrogen, alkyl or aryl; preferably
having a configuration according fo formula (10-a), (10-b) or (10-c), more preferably (10-
b).

R6 R10
N 7/
N*—R7

R1 (10-a)



300 PP (5), wherein Rl is hydrogen or a nitrogen protecting group, preferably
of fornulae (5-a), (5-b) or (5-c), nore preferably (5-b), Enbodi nent 51:
A conpound of fornula (6), or a tautoner thereof, 300 cfq (6) or salt
thereof, wherein Rl is hydrogen or a nitrogen protecting group, preferably
having a configuration according to 38ugula (6-a), RL1(6-a)

R6 R10
N 7/
N*—R7

R (10-b),

(10-c).

Embodiment 55:

A compound of formula (11)

0—R4 ‘
0 ‘

! (11)

A—Z

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R4 is an
OH-activating group, preferably having a configuration according to formula (11-a),

(11-b) or (11-c), more preferably (11-b),



Enbodi ment 52: A conpound of fornula (7), or salt thereof, (7) wherein RL is
hydrogen or a nitrogen protecting group and, R6 and R7 are, independently, an
al kyl group, an aryl group, an arylal kyl group, a cycl oal kyl group or together
R6 and R7 forma cycle, together with the nitrogen to which they are attached,
whi ch cycre may be saturated or unsaldfwviated and nay optionally contain one or
nore heteroatons, such a nitrogen, oxygen or sul phur, whereby the cycle 300
ring atoms, preferably having a

ri contains 3 to 8, such as 4 to
configuration aeterding to for @

(7-a), (7-b) or (7-c), nore preferably
(7-b), (7-a),

formula (9-a),

(7-c). Enbodi nent 53: A conpound of

1 (11-a)

R1 (11-b)
0O—R4 O

R (11-c).

Embodiment 56:
A compound of formula (12)

h ‘ O
O

R1 (12)

or salt thereof, wherein R1 is hydrogen or a nitrogen protecting group and R5is a
leaving group; preferably of formulae (12-a), (12-b) or (12-c), more preferably (12-b),



300 SS (9) wherein Rl is hydrogen or a nitrogen protecting group and, R6
and R7 are, independently, an al kyl group or together are an al kyl ene group,
preferably having a configuration according to forrmula (9-a) (9-b) or (9-c),
nore preferably (9-b), (9-a) (9-b), (9-c) 300 tt Enbodi nent 54: A
conpound of forrmula (10), or salt thedlwf, A1(10)

RS

=

o AN
|
R1

(1 2'a)l

(12-b),

. g O
0

R (12-c).

Embodiment 57:

A compound of formula (16)
R9

/N

R1

(16)

or salt thereof,



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

i ndependently, an al kyl group, an aryl group, an aryl al kyl group, a cycl oal kyl
group or together R6 and R7 forma cycle, together with the nitrogen to which
they are attached, which cycle may be saturated or unsaturated and may
optionally contain one or nore het er8%8ns, such a ni trogen, oxygen or

sul phur, whereby the cycle contains 3 to 8, such as 4 to 7 ring atoms, 1is a

hal i de (eg |\n£hdted€R1l%rIQrﬂ}o§8n ofcbh%gaﬁamte&mg@kéﬁﬁlvwbmh@ta%d(e%gh agtibyl sul phate)
or a sulfonyl est er Rﬂ ydrogen, al kyl or aryl;

pref erably Hb&PﬂEe%Wba g& %@HFdlng to fornula (10-a), (10-b) or
(10-c), nor ergiereflenatrioya c(omgurajyop acdardiigdte &yrmulkriibeg)i ment 55 A conpound of
formula (11) or salt thereof, wherein RL is hydrogen or a nitrogen protecting
group and R4 is an OHactivating group, preferably having a configuration
according to formula (11-a), (11-b).or (11-c), nore preferably (11-b),

Enbodi nent 5%2: AYconpound of for(12) (12) 300ww

(16-a).

Embodiment 58:

The use of a compound according to anyone of embodiments 48 to 57, in the
synthesis of an NEP-inhibitor or a prodrug thereof, such as a NEP inhibitor or prodrug
thereof comprising a y-amino-3-biphenyl-a-methylalkanoic acid, or acid ester,

backbone

Embodiment 59:

The use according to embodiment 58, wherein the NEP-inhibitor is N-(3-carboxy-1-

oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-(2R)-methylbutanocic acid or a salt or

a prodrug thereof.

Embodiment 60:
The use according to embodiment 58, wherein the NEP-inhibitor prodrug is N-(3-

carboxyl-1-oxopropyl)-(4S)-(p-phenylphenylmethyl)-4-amino-(2R)-methyl butanoic acid

ethyl ester or salt thereof.



Enbodi nent 57: A conpound of fornmula (16) RO RO (16) 300 xx wherein Rl is
hydr ogen or a nitrogen protecting group! Yis O or S and each RO is,

i ndependently, alkyl, aryl, arylal kyl or acetyl. preferably having a
configuration accordlng to fornula (16-a), (16-a) Enbodi nent 58: The use of
a conmpound according to anyone of enboﬂﬂnents 48 to 57, in the synthesis of an
NEP-i nhi bitor or a prodrug thereof, such as a NEP inhibitor or prodrug thereof
conpri sing &ymam no- 8- bi phenyl - a- nethylalkanoic acid, or acid ester, backbone
Enbodi ment 597 The use according to enbodi nent 58, mhereln t he NEP-|nh|b|tor
is N(3-carboxy-1-

oxopropyl) - (4S) - p-cohesyndpbesnythgetidnnulp-(#): am no- ( 2R) - met hyl but anoi ¢ acid or a
salt or a prodrug thereof. Enbodi ment 60: The use according to enbodi nent 58,
wherein the NEP-inhibitor prodrug is N (3-

car boxyl- 1- opy1l) - (4S) - (p- phenyl phenyl net hyl ) - 4- am no- ( 2R) - net hyl but anoi c
aci d et hyl or salt thereof 301
R2~— R3
/
Ri (2)

or salt thereof,

wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen

protecting group, and R3 is a carboxy! group or an ester group.

2. A compound according to claim 1 having a configuration according to formula
(2-3)1

R2\N R3

R1 (2-a).

3. A compound of formula (4)



Clainms: 1. A compound according to fornula (2), R3 (2) or salt thereof,
wherein RL and R2 are, independently of each other, hydrogen or a nitrogen
protecting group, and R3 is a carboxyl group or an ester group. 2. A conpound
according to claim11 having a configuration according to fornula (2-a), R2
NR3 R1(2-a). 3. A conpound of fornmuladQ4) 302 (4) or salt thereof, wherein
R1 is hydrogen or a nitrogen protecting group.

or salt thereof,

wherein R1 is hydrogen or a nitrogen protecting group.

4. A compound according to claim 3 having a configuration according to formula
(4-a),
O l
|
Rt (4-a)
5. A compound of formula (5), or salt thereof,

OH O
O l
|
R (),

wherein R1 is hydrogen or a nitrogen protecting group.

6. A compound according to claim 5 having a configuration according to formulae
(56-a), (5-b) or (5-c).



4. A conpound according to claim 3 having a configuration according to fornula
(4-a), R1l(4-a). 5. A conpound of forrmula (5), or salt thereof, (5), wherein
R1 is hydrogen or a nitrogen protecting group. 303 (5-a), (5-b), (5-¢).
A conpound of fornula (6), or a tautoner thereof, (6) or salt thereof,

303
OH O
O ]
|
i (5-a),
|
i (5-b),
OH O
T
R (5-c).
7. A compound of formula (6), or a tautomer thereof,
e C O
0
N
|
R1

or salt thereof,

wherein R1 is hydrogen or a nitrogen protecting group.



wherein RL is hydrogen or a nitrogen protecting group. 304 8. A conpound
according to claim7 having a configuration according to fornmula (6-a),

(6-a). 9. A conmpound of formula (7), or salt thereof, (7) wherein Rl is
hydrogen Or a nitrogen protecting group and, R6 and R7 are, independently, an
al kyl group, an aryl group, an aryl al k§04 group, a cycloal kyl group or together
R6 and R7 forma cycle, together with the nitrogen to which they are attached,
whi ch cycl e y he satura atur t| onal.| ontain one or
nore heter oaé]’B A QUER™S acc d'n%to ) “6?386?9 %Con?[ ll'ratﬁ% %%%‘-’r“’f"%tﬁe cycle
contains 3 t6-8, such as 4 to 7 ring atonms. 10. A conpound accordi ng to claim
9 having a configuration according to fornulae (7-a), (7-b) or (7-c) 305

(7-a), Rl (7-b),
OH ‘
O l
|
R1 (6-a).
9. A compound of formula (7), or sait thereof,
R6

- g
\

! (M)

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

contains 3 to 8, such as 4 to 7 ring atoms.

10. A compound according to claim 9 having a configuration according to formulae
(7-a), (7-b) or (7-c)



Rl (7-c). 11. A conmpound of formula (9), or salt thereof, (9) 306 wherein Rl
is hydrogen or a nitrogen protecting group and, R6 and R7 are, independently,
an al kyl group or together are an al kyl ene group. 12. A conpound according to
claim 11l having a configuration according to fornmulae (9-a), (9-b) or (9-c),
(9-a) Rl1 (9-b), (9-c). 13. A conp¥iind of formula (10), or salt thereof,

K
h O
@)

Rl (7-a),

(7-c).

11. A compound of formula (9), or salt thereof,




307 (10) wherein Rl is hydrogen or a nitrogen protecting group, R6 and R7
are, independently, an al kyl group, an aryl group, an arylal kyl group, a
cycl oal kyl group or together R6 and R7 forma cycle, together with the

nitrogen to which they are attached, which cycle may be saturated or

unsaturated and may optionally
ni trogen, oxygen or sul phur,
ring atoms, Z"

(eg net hyl svﬁfeﬁ%%t%) ISorhy(gro
al kyl
according to formul ae (10-a),
(10-c). 15 A conﬂpund of fo

4o

formulae (9-a), (9-b) or (9-c),

Re
N—R7

13.

pound according to claim

cont ai n3@he or nore heteroatons,
wher eby the cycle contains 3 to 8,

od de

hi
o R ool )

(10-b) or
rmul a

(10-c¢), (10-a) R1(1
(1;Hir)aving a configuration according to

(9-a)

(8-b),

(8-c).

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

such a
such as 4 to 7

ghgyl sul phat e
'S hydrogen,

or ar ylhdepmdeqﬂxc@npkbmcbua@c@gemﬁgaret@ﬂ @jlkymnmgmlphaw ng a configuration

0-b), 308



or salt thereof, wherein Rl is hydrogen or a nitrogen protecting group and R4
is an OH activating group. 16. A conmpound according to claim 15 having a
configuration according to formulae (11-a), (11-b) or (11-c), (11-a) 309
(11-b) (11-c). 17. A compound of fornmula (12) R1(12) or salt thereof,
wherein Rl is hydrogen or a nitrogen pd®t ecting group and R5 is halo. 18. A
conpound according to claim 17 having a configuration according to fornul ae
(12-a), (12-Db)gror(L2-c), 310
\ /

N*—R7

L (10)

wherein R1 is hydrogen or a nitrogen protecting group, R6 and R7 are, independently,
an alkyl group, an aryl group, an arylalkyl group, a cycloalkyl group or together R6 and
R7 form a cycle, together with the nitrogen to which they are attached, which cycle may
be saturated or unsaturated and may optionally contain one or more heteroatoms, such
a nitrogen, oxygen or suiphur, whereby the cycle contains 3 to 8, such as 4 to 7 ring
atoms, Z° is a halide (eg iodide, bromide, chloride), an alkyl sulphate (eg methyl

sulphate) or a sulfonyl ester (eg triflate) and R10 is hydrogen, alkyl or aryl.

14. A compound according to claim 13 having a configuration according to
formulae (10-a), (10-b) or (10-c),

R6 R10
\ 7/
N*—R7

R1 (10-a)

(10-b),



(12-a), (12-b), (16) 311 wherein R1 is hydrogen or a nitrogen protecting
group, Yis O or S and each RO, is, independently, alkyl, aryl, arylalkyl or
acetyl. 20.A conmpound according to claim 19 having a configuration according
to fornula (16-a), (16-a). 21. The conpound according to anyone of clains 1
to 20, for synthesizing a NEPi nhibitor3& a prodrug thereof, such as a NEP

i nhibitor or a prodrug thereof conprising a

y-am no- S- bi phgnykq,a- net hyl al kanoi ¢ acid, or acid ester, backbone 22. The
conmpound of clahﬁugl wher ei n t@~NEP- i nhi bitor is N- ( 3- car boxy-1-
oxopropyl) - (4S)/-p- phenylphenyl s |)-4-am no-(2R)-net hyl butanoic acid or a
salt or a prod the prodrug is

N- ( 3- car boxy1- 14 pphenyl phenyl net hyl ) - 4- am no- ( 2R) - et hyl

but anoi ¢ aci d e salt thereof. 23. A process for preparing a
conpound acc®r di la (1), R3 (1)

|L1 (10-c).

15. A compound of formula (11)

o ‘ O
O

R1 (11)

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

OH-activating group.

16. A compound according to claim 15 having a configuration according to
formulae (11-a), (11-b) or (11-c),

0—R4 llll“
o ill

1 (11-a)

—=Z



312 or salt thereof, wherein RL and R2 are, independently of each other,

hydr ogen or a nitrogen protecting group, and R3 is a carboxyl group or an
ester group, conprising reducing a conpound according to fornula (2), R3 (2)
or salt thereof, wherein RL and R2 are, independently of each other, hydrogen
or a nitrogen protecting group, and R334% a carboxyl group or an ester group,
to obtain the conmpound of fornula (1). 24. A process for converting a conpound
of formula (4), or salt thereof 4) wherein R1 is hydrogen or a nitrogen

protecting gr o%;"ﬁi‘hto a conpou’ formula (1), or salt thereof, 313
R2---NR3 /
R1 (11-b)

0—R4 ‘
o) ‘

R1 (11-c).

\\\\\

“,

17. A compound of formula (12)

O

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

18. A compound according to claim 17 having a configuration according to
formulae (12-a), (12-b) or (12-¢),



R1(1) wherein R1 and R2 are,

nitrogen protecting group, and R3 is a carboxyl
conprising the steps of a) preparing a conpound according to formula (2),
i ndependent|y of each other,

or salt thereof,

(2)

conmpound of fovmula (2)
process definedsin clai

wherein R1L and R2 are,
hydrogen or a nitrogen protecting grouplO and R3 is a carboxyl
ester group, by reacting a conpound of formula (4)
wherein RL is hydrogen or a nitr
openi ng agent tBSobtain the cong
into th

i ndependent|y of each other,
group or

(4)
 ogen protecting group, W
¢ of fornmula (2); and
pound of fornula (1)

(12-a),

R5

O l

R1

19.

(12-b),

(12-c).

A compound of formula (16)
R9

or salt thereof,

hydrogen or a
an ester group,
R3

group or an
314 or salt thereof,
th a lactamring

b) converting the
according to the
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wherein R1 is hydrogen or a nitrogen protecting group, Y is O or S and each RS9, is,

independently, alkyl, aryl, arylalkyl or acetyl.

20. A compound according to claim 19 having a configuration according to formula
(16-a),

@)

(16-a).

21. The compound according to anyone of claims 1 to 20, for synthesizing a NEP-
inhibitor or a prodrug thereof, such as a NEP inhibitor or a prodrug thereof comprising

a y-amino-3-biphenyl-a-methylalkanoic acid, or acid ester, backbone

22. The compound of claim 21, wherein the NEP-inhibitor is N-(3-carboxy-1-
oxopropyl)-(4S)-p-phenylphenylmethyl)-4-amino-(2R)-methylbutancic acid or a salt or
a prodrug thereof, wherein the prodrug is N-(3-carboxyl-1-oxopropyl)-(4S)-(p-
phenylphenylmethyl)-4-amino-(2R)-methy! butanoic acid ethyl ester or salt thereof.

23. A process for preparing a compound according to formula (1),

R1 (1)
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or salt thereof,
wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen
protecting group, and R3 is a carboxyl group or an ester group, comprising reducing a

compound according to formula (2),

R2\N R3

R1 (2)
or salt thereof,
wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen protecting
group, and R3 is a carboxyl group or an ester group, to obtain the compound of formula

(1).

24. A process for converting a compound of formula (4), or salt thereof,

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

into a compound of formula (1), or salt thereof,
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RZ\N R3

/
R1 (1)

wherein R1 and R2 are, independently of each other, hydrogen or a nitrogen

protecting group, and R3 is a carboxyl group or an ester group,

comprising the steps of

a) preparing a compound according to formula (2),
RZ\N R3

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

by reacting a compound of formula (4)

) l

O—=Z
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or salt thereof,
wherein R1 is hydrogen or a nitrogen protecting group, with a lactam ring opening
agent to obtain the compound of formula (2); and

b) converting the compound of formula (2) into the compound of formula (1)

according to the process defined in claim 23.



