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3- AM NOPI PERI DI NE AND THE CORRESPONDI NG KETONES BY
OPTI CAL RESOLUTI ON OF THE RACEM C AM NE M XTURES
EMPLOYI NG A BACTERI AL OVEGA- TRANSAM NASE Descri ption
The present invention relates to a process for the
preparation of op- tically active chiral amnes. 5
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phy3|olog|cally, for instance pharmaceutically active
subst ances, such as cepha- | osporine or pyrrolidine

dDeésaripties. | n a great nunber of the various 1o
applications of chiral am nes, only one particular
optically active form either the (R) or the (S
enfdre prasent iirs/qmipsi reladgs daulal progess Ver. theTpreparatien of op-
ovi de processes for the preparation

gft'C@ﬁY Pg{]veaﬁ?'ﬁ%sé)rwegn optically active form These

needs are partially net by prepari ng chiral am nes by
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I'ng o car C ac- euer et al.,
Amguewacallt endjwmacalzmldl}strstlﬂihw%ea‘nék)uenﬂyhmed as inter-

chem c nmet hods us ant | ect thesis b
CBaeERs BF SYRBRNES fob Penpredaralian oh vadsusBhKs Bladtraly.
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racemat es usi ng various enzymes, such as

priosperinesor aymrdbd;ee derivatipesde § Beeat-nwobeueof thendarious

Kazlp?ggtllﬁgnss of ghl(r)::lilagr%slnésn g\@laglng F%Xﬂlchasrl gpﬁcaqﬁ)/Sgbtlve
form, either the (R) or the (S) enantiomer is physiologically active.
Thus, there is a clear need to providé processes for the preparation

of chiral amines in an optically active form.

These needs are partially met by preparing chiral amines by crystalli-
sation of diastereomeric salts through adding of chiral carboxylic ac-
ids (Breuer et al., Angewandte Chemie (2004) 116, 806-843). Other
chemical methods use enantioselective synthesis by reducing pro-
chiral precursors with C=N-double bonds.

Furthermore, it is known to stereoselectively cleave racemates using
various enzymes, such as proteases, amidases or lipases (Born-
scheuer and Kazlauskas, Hydrolases in Organic Synthesis (2005),
Wiley-VCH Weinheim). It is also known that specific transaminases,
namely a-transaminases, are suitable for the preparation of optically
active amino acids (Bartsch et al., Appl. Environm. Microbiol. (1996)
62, 3794-3799, Cho et al., Biotechnol. Bioeng. (2003) 83, 226-234,
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Wley-VCH Weinheim). It is also known that specific
transam nases, nanely a-transam nases, are suitable

(Bartsch et al., Appl. Envihbanm M crobiol. (1996) 25
62, 3794-3799, Cho et al., Biotechnol. Bioeng. (2003)
83, 226-234, WD 2008/028654 PCT/ EP2007/007770 -2 JP
011 53084 A2 (1998), JP 633 04986 A2 (1988), EP 0 248
357 A2 and Ziehr et al., Biotechnol. Bioeng. (1987)
29, 482-487). However, these prior art processes
suffer fromvarious di sadvan- tages. Al though the
enNPyohl 58084 AZ $HIIB) LB AT I049806 AR (1988NrEP @248 357 A2
t he classical nethods
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prstsbetrate spedifitity) enanfiosslediviynand/op conmestsiproaressotf suf-
preparing optically active chiral am nes,_ i

[ 0 . . in par-
t ificiantly IgBrfeE éndusifially amplicaie Peecassss: Furtbermore, one
SRRCNE! fridst: prdfhihghf eya‘wba&% ggw{gs't%saﬂﬁﬁséesa@or the
i Nnproved endnti osél ectivity. e present Invention
s@rgpardtibe ofidgpticallycadtivehaminds [is otepeesdnted pbyvthei frg-
a process for hepgre ar at.i on ,of an ogtic | | aCtiVI?is

ctfiyeatly ohfefwed SiPairaicaBA PTEgHE! INYRIHOR SIETORYE A
althBR18eC BRE Vf ﬁl%”b?j@%fé”Gf AEPréSertdndesRrP tproRdansh
a racemc mxture of" 3
improved process for preparing optically active chiral amines, in par-
ticular a process with an improved substrate specificity, an improved

conversion and/or an improved enantioselectivity.

The present invention solves the underlying technical problem by
providing a process for the preparation of an optically active chiral
amine, said process comprising reacting an amino acceptor com-
pound comprising a keto group and a racemic mixture of 3-
aminopyrrolidine (3AP) or 3-aminopiperidine (3APi), each bearing a
protective group at the ring nitrogen atom in the presence of a (R)- or
(S)-selective transaminase to obtain one enantiomer of 3AP or 3APi,
the amino compound corresponding to said amino acceptor com-
pound, ahd N-protected pyrrolidine-3-one or N-protected piperidine-

3-one as ketone product.

The process of the present invention comprises (a) providing an
amino acceptor and a racemic mixture of 1-N-protected 3AP or 1-N-

acti ve am nPCHEP1987/007770



20 am nopyrrolidine (3AP) or 3-am nopiperidine (3APi),
each bearing a protective group at the ring nitrogen
W@ e®Wa1028954 he presence of a (R)- or (S)-sel ect PBEP2007/007770
transam nase to obtain one_gnanti omer of 3AP or 3APi,
the am no conmpound corresponding to said am no
acceptor com pound, and N-protected
pyrrolidine-3-.one or N-protected piperidine- 25 3-one
as ketone product. The process of the present
i nvention conprises (a) providing an am no acceptor
and a racemc mxture of 1-N-protected 3AP or 1-N WD
2 oot as 3A PRI EP 2RI ®WF A8 two3emarntioreersdofthe respee-
a mxture of the two enantioners of th resgec: tiy
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E“gfttﬂéeres?.tecfi\r/@ driimeeHith Ve (ﬁﬁaﬁﬁ (?g-;sgleg:ti(lg) traf$aminase,

-sel ective transam nase, obtal ning an
oanidc @) | obtaining ancdptically sactive ,chinal amine, an oo prodact
a ketone roduct . According to a preferred enbodi nent
5 ondRKg PdUtbention, in a subsequent further

optional process step, the optically active chiral

a in : .

PSR Ab A0 B farreeBrfboctDeht Bt B PréthutHichid ina
r sabsequent furtherpoptiomal procesy step, ftoé laptisaliy aotive chiraé
the follow ng ., schenme; + + O NH (SFTransem ripse NH3.0
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10  The reaction of the present invention follows in principle the following

scheme:
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* (SMTranasminase v e N
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oo’ /m|s’ R (R) " R R ‘ coo
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aming aooeptor racemic mixture pure chiral amine  ketons product seming product

15  According to the present invention the racemic mixture of 3-
aminopyrrolidine (3AP) or the racemic mixture of 3-aminopiperidine
(3APi) bears a protective group at the secondary nitrogen atom of
the ring, i.e. at position 1 whereas the amino group at the chiral cen-
tre of the amine, i.e. position 3, that participates in the transamina-

20 tion is not protected.
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AL+ + 8 NVh NHa ONH ft}Tmmsam naaa 2 M5~ SS COG R
R/ R COO amno aooeptor racam c nnctur, pure chiral

present invention the racemq- m xture of 3-

am nopyrrolidine (3AP) or the racem c m xture of

3-am nopi peridine (3APi) bears a protective group at
the secondary nitrogen atomof the ring, i.e. at
position 1 whereas the am no group at the chiral cen-
tre of the amne, i.e. position 3, that participates
in the transamna- 20 tion is not protected. WO
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fect hat _t
P aghing. % BRGRRLEAEARTAP 4 teimobletleet By &'rBRverted
CRRyRy éﬁ’i@lerm?rt@ tﬁfefdé"du@ai bﬂtuééﬂyté&lvé %ﬁlr’faﬁﬁnﬁﬁé' TRUS Yhe
active chiral am ne. Thus the “presence of the

prsesence ef teopfotectiveegraupacaudeagibat wgéieds/leids of¢heides

S'oﬁar%% Rl et EhindFatihd s Bl 1 2 g et

arth@eonveRMBi ofithl Stapld \misé Withoat atpietective Group a0 Hes
atomis less efficient. Thus, the present invention

prflﬂg Ritregan @*@l@é%ef’fsoeff'ﬂﬂ?tenzyrratl c cleavage of
N- pr otected am nes by using at | east one (R - or
3@%%3;@ gnvtén A BTOVIESs 0hrodhEs! fo TR LRSSt
cleavage of 1-N-protected amines by using at least one (R)- or (S)-
selective transaminase for the transamination of an amino group
from one specific enantiomer of the mixture of the 1-N-protected
chiral amine enantiomers to an amino acceptor, thereby forming the
desired optically active product. In the context of the present inven-
tion the terms “enzymatic cleavage of amines” or “enzymatic cleav-
age of a racemic mixture” shall mean the optical resolution of a ra-
cemic mixture by stereoselective enzymatic transformation of one
enantiomer. Depending on the enantiopreference of the specific (R)-
or (S)-selective transaminase used, an optically active chiral amine
of the desired optical configuration, i.e. either the (R) or (S) enanti-
omer, is obtained. Thus, using in one embodiment of the present
invention a (S)-selective transaminase for the enzymatic cleavage
synthesis eliminates the (S) enantiomer from the racemic mixture
and generates the desired optically active (R) enantiomer of the
chiral amine while using in another embodiment of the present inven-
tion an (R)-selective-transaminase eliminates the (R) enantiomer
from the racemic mixture and generates the desired optically active
(S) enantiomer. In addition to the desired optically active chiral amine
the reaction produces a ketone product from the transamination of

the racemic mixture, an amino product from the used amino acceptor
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active product. In the context of the present inven-
tion the terns "enzymatic cl eavage of am nes" or
"enzymatic cleav 15 age of a racem c m xture" shall
nmean the optical resolution of a ra- cemc mxture by
st ereosel ective enzymatic transfornmation of one

enanti omer. Depending on the enantiopreference of the
specific (R - or (S)-selective transam nase used, an
o@ndc phttiallgcnon-eleavedalindesiresl eoaintitroedexs wetl aptuncah-
confiquration, i.e. either the (R) or (S) enanti 20

orfEFeU; AMING AGGERYOT- Thys, using in one enbodi ment of

t he present invention a (S)-selective transam nase

95 4 afHTBHodERY W e K URE verlcr] R Brortlve

romit e race m Xxture nera

t igfodpﬁts aeferidpitorypddrponyit (Boz) (@dupniaranather pcéfetrbd em-
chiral am ne while using jn another enbodi nent of the

progginent freRrOAECHVEBroMP 1srg b@@ilecsrwe {0 sl arpthesore-
e!féme&aérﬁﬁ ﬂﬁentR)hee??&%e de %qg‘é*}.earpﬁﬁéﬁ%w - also

m xture an generate ticall'y actrve
(8hl|ed@ehz;almycarbongﬂ-d(&bz)rgr00pt he de3| red optically
active chiral amne the reaction produces a ketone
product fromthe transani nation of the racemc
niiRthe €ontextafithe piesenicinveption.: adransaminaseé adysidosr

ﬁ%@g\%@@%ﬁgﬁg&ﬁ (9%9&) %%QI?SlggS\tArg‘qraPr?srf& %f ! gmino

esire as uncon-

vegrrbepb alransaatinags are Idrassﬁmcefreﬂ:‘r €d 26104 reat paticu-
t he present |nvent|on th rotective roup.is.a
t Y B @i@%’ 'mFBb@? tBPdEﬁ?sePh IRBY “Eﬁ’ drafsegy-

€Rase is an (R)- or (S)-selective transaminase, particular is in a pre-

ferred embodiment an w-transaminase.

In the context of the present invention-an (R)- or (S)-selective transa-
minase is an enzyme with the classification code E.C.2.6.1.18.
These amino transaminases are characterised in that they mainly
use primary amines as substrates. These enzymes are further
characterised by exhibiting an equilibrium constant of (R)- or (S)-
selective transaminase catalysed reactions which is greater than 1.
(R)- or (S)-selective transaminases which may be used according to
the present invention are described for instance in lwasaki et al., Bio-
technol. Lett. (2003) 25, 1843-1846, Shin et al., Biotechnol. Bioeng.
(1997) 55, 348-358, Shin and Kim, Book of Abstracts, 217" ACS
National Meeting, Anaheim, Calif.,, March 21-25, (1999) 180, Shin
and Kim, Biosc. Biotechnol. Biochem. (2001) 65, 1782-1788 and
Shin and Kim, Biotechnol. Bioeng. (1998) 60, 534-540.
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5 bodi nent the protective group is a benzyl group. In
still another pre ferred enbodi nent the protective

benzyl oxycar bonyl - (Cbz) grgaup. In the context of the
present invention, a transamnase is a pyridox-
al phosphat e- dependent enzyne catal ysing the transfer
of amino 10 groups. Transani nases are classified in
E.C 2.6.1.X In a particu larly preferred enbodi nent
of the present invention, the transam - nase is an
(R - or (S)-selective transam nase, particular is in a
prTehusf @1 aqutefertatiembodimentiet thensresentiswention t the (R)- or
f the present invent

S'§§f ve J@ansanpease ﬁeﬁ'ﬂéb@ Rf@S%(Smt é’ﬁ’fﬁﬁ% is\ePHRInEr
(S 3kldchivd 't%s%%ﬁ §e Gbtaifed fr 5)@'? Vlﬂ—rrk?ﬁﬁwéﬁé MR particular

trahsam nases arecaracterlse n that th ey rralnly
udronprstrain WS, ndlcabigenas dendifizansThie garticdgnironarstrain

(S 0GR bR RBEAR S P oD s Y S2F b
CQﬁlmsyﬁﬁﬁn@%@%isl 9R particdar frénggﬁaheys@mqwrlhe?&raﬁﬁ)des-

(S)-sel éctive transam nases whi ch nay be used
ad@fﬁﬁlttﬁm!gSGQ Shineand dgamt 1998 cahove). &fccelsertheepresent

AN deg, T halpsolnael B TR s ol se e

( 1Rih6hntihase 48-a3dfact Bhian crganishinsudhods afmibRsdrganist or
217th ACS National Meeting, Anaheim Calif., March

2@ lel qomelg)ngleo (nghph(s‘z)ssglﬁetw@ #HANBARERASERPE AdMITIDH P

B R Hibalgeniedtig EflEina 3 WiePs Sobrassiive
PQerEBi‘rﬂﬁé’é@OW&I@ a nicrbionganism ar peHafoere)eudacemoctnﬁnwm-
of the present invention, the (R)-

nase enzyme may be used In immobilised or non-immobilised form.

The (R)- or (S)-selective transaminase may also be a recombinantly

produced naturally occurring or genetically modified (R)- or (S)-

selective transaminase, which is coded partially or completely by a

nucleic acid sequence or a derivative thereof contained in one of the

above-identified organisms or being equivalent thereto.

In the context of the present invention the term optically active chiral
amine relates to the same subject-matter as the term enantiomeri-
cally active chiral amine. These terms in particular refer to a prepara-
tion which is essentially free, in an even more preferred embodiment
free of the undesired enantiomer. Accordingly, an optically active
chiral amine essentially comprises an excess of one enantiomer or

even consists of only one enantiomer.

In particular, in the context of the present invention, an optically ac-

tive chiral amine has an optical purity of at least 70, 80, 90, 91, 92,
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(S)-selective transam nase used in the present process
is an (R- or (S)-selective transam nase obtai ned

JS17, Al caligenes denitrifigans, in particular from
strain 5 Y2k-2, Klebsiella pneunoniae, in particular
fromstrain YS2F or Ba- cillus thuringiensis, in
particular fromstrain JS64 (for the strain des-

i gnations see Shin and Kim 1998, above). O course
the present invention also understands under the term
(R - or (S)-selective transam nase an extract of an
0193a194s 195, 96¢ 972982 96] 80 rathBj 391701891® anddrlgarticular at
containing an (R)- or (S)-selective transam nase or a
| 1834 PP 7- dead cel | or nicroorganismitself
conprising an (R)- or (S)-selective transam nase.

S ' ' | , . . i -
S AP AR TR PR pRENPEIGA e AW ne
N@franfiemrlovee thd othar endintiofrfer: Thus,(the-opticatpunity in % is
transam nase may also be a reconbinantly 15 produced .
ndberauatiend of dhei difeeancgeRetwean the dBaiandihg () eganti-
( Brierebfcdrnitiohs UM e 38k ofME BoheiPaihS8f bb bH-
or conpletely by a nuclerc acid sequence or a
detieaidrs €opfical pafrite ohAdn fed ([A]-{BE: @A]HBP x 100, wherein

above-identified organi snms. or bein gui nt ..

F HopBd & ranrepsal (66 FEERYENIONS o) tas 431 N Jeh Ehantiomers
t érggé_ly active chiral 20 amne relates to the
sane subject-matter as the termenantioneri- cally
active chiral amne. These ternms in particular refer

t Qn 3he pedser-inVeéritionb i praferred that thel lagefrie enixiure af the
even nore preferred enbodinent free of the undesired
erchiral amine incepverted ty the desped @ptically active chirg| amine
anj ne ' r CRSS4RT 48N ;
2Tk PB3RE of PobleRRIR o 53080, 59786 8! 48187, 40, 40,
enpiculae50%.nTher ¢oraadntrations fohearcatyding tthefoptival purity
present invention, an opt.ical l'X élc- . .

and the conversion can be determined for instance using HPLC,

gaschromatography (GC) or photo- or fluorimetric methods.

According to the present invention it could be shown that the protec-
tive group has a positive effect on the conversion rate and thus leads
to an elevated yield of (R)-3-aminopyrrolidine using a (S)-specific
transaminase. Furthermore, the protective group showed also an —
although less pronounced — effect on the conversion rate of 3-
aminopiperidine and exerted a positive effect on the selectivity of the

enzyme.

In the context of the present invention an amino acceptor is a mole-
cule containing a keto group and capable of accepting an amino
group transferred from an amino donor, i.e. in the present case from
an amine of a racemic mixture of amines, by an (R)- or (S)-selective

transaminase. In a particularly preferred embodiment of the present
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tive chiral am ne has an optical purity of at | east
70, 80, 90, 91, 92, WD 2008/028654 PCT/ EP2007/ 007770

and in particular at |east-g29.9% In the present

invention the optical purity is given in % excess of

one enantioner over the other enantioner. Thus, the

optical purity in %is 5 the quotient of the

di fference between the (R) and the (S) enanti oner

concentrations and the sum of the concentrations of

both en- antioners (optical purity of Ain %=

( [idNertigh) the(dming éﬁc)epto:l@Oan wHateiacid. Anamde®en emresmat
e cqonceptrati ons the (R). and(’é’ﬁ enanti oners

w gued fragediment; of 8?% nVERtM the AMING §°°ept°f is

Priddte§ drdiathd [ebgouace gsmqtdﬂ sheﬁylbmv.ccfacroal a salt

amne s convert to t red optically acti've
c therelof goyraeic daid,za del rdweof glyoonic sicish ao$altthdreafs ace-
339840 45, 46, 47. A48

erons ashetoclitad Ao gl BRY Btelis: rorotifyric

t ha%ud: OQVs%ltStHHieéﬂ%nBGZIﬂﬁﬁﬁﬁéﬁé‘eF‘uftﬁérrhék%t B6Ropytdline
C, 15 gaschronmat ograp z/?d%GC or photo- or

f |(adaP)re(t3rn>scﬂdyb)mﬁihylkem§o MK): - ombtﬁvré@@md ethyl es-

TEE-EHES of Sofops Rt odd MethIeflbE I E0R NP Ban, in

t@Ji’fuhﬁékd%mttddlﬁiéne'cﬁvﬂiei‘(i)rdsﬁtdlrﬂ%ntlon also be used as
(R) -3-am nopyrrolidine using a (S)- speC|f| c

t rAAINQrAEED rsFurt hernore, the protective group showed
also an 20 although | ess pronounced - effect on the

O o8 B rienon TSRS PGP ERnBAeES e Bon-
verS|on of the amino acceptor phenylpyruvic acid is phenylalanlne.
The amino product obtained by the conversion of the amino acceptor
pyruvic acid is alanine. The amino product obtained by the conver-
sion of the amino acceptor glyoxylic acid is glycine. The amino prod-
uct obtained by the conversion of the amino acceptor acetophenone
is 1-phenylethylamine. The amino product obtained by the conver-
sion of the amino acceptor 2-ketoglutaric acid is glutamic acid. The
amino product obtained by the conversion of the amino acceptor
acetone is isopropylamine. The amino product obtained by the con-
version of the amino acceptor 3-oxobutyric acid is 3-aminobutyric
acid. The amino product obtained by the conversion of the amino
acceptor 2-butanone is sec-butylamine. The amino product obtained
by the conversion of the amino acceptor 3-oxobutyric acid ethyl ester
(3-OBEE) is 3-aminobutyric acid. The amino product obtained by the
conversion of the amino acceptor 3-oxopentanoic acid methyl ester
(3-OPME) is 3-aminopentanoic acid m.ethyl ester.
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In the context of the present invention an am no
acceptor is a nole- cule containing a keto group and

froman am no donor, i.e. i-m-the present case from an
am ne of a racemc mxture of amnes, by an (R)- or
(S)-selective transam nase. In a particularly
preferred enbodi nent of the present WO 2008/ 028654
PCT/ EP2007/ 007770 -8 invention the am no acceptor is
an a-keto acid. In an even nore pre- ferred enbodi nent
of the present invention the am no acceptor is

s dihec bbthified desired goptigally cactivet d:higalcﬁmimieeisythweimé an a

o yelecombogimanisrertdant tpon e dissd &finon bEsSRotive
2tKfisapliHhSE | GtHaf! fhe PSPt tHeh?R?‘gnarﬂl@Jﬁﬁé?nSf said chiral

3-oxobutyric acid, a salt thereof and 2-butanone.
Fanbiher nore, 3- oxopyrrol idine (3-0P),
(3-pyridyl)nethyl ketone (3-PMK), 3-oxobutyric acid
ethyl es- ter (3-OBEE) or 3-oxopentanoic acid neth

eﬁcaorqlegdpmp yantion the ketene drodugektanad By thﬁeore-
B ik IO RRF MR SN D yprotected

prpiwpbmllneiﬁan@.ed by the con- version of the am no
acceptor phenyl pyruvic acid is phenylalanine. The
am no product obtai ned by the conversion of the am no
achopmcespyqfabe prasenrt inyeatiemcamprisgs tagiraactipmafiatra-

obt t

ot tie;of - fRstad Soflh IR RS -
0Qirf(Rf)EéeIblttl‘l’!él@raﬂgéwﬁﬁése)anofari SeirroThoceptor &pbbtain opti-
acet ophenone is_1-phenyl CQF}” am ne. The am no roduct

olsally psive (R} we (Sbihimrotacted SAR: Hbeinvaptive E%ﬁ also
2- SR OH Y Bd GedElish Ir 4 M Afitbre BF®1-N-protected 3-

aminopiperidine (3APi) with an (R)- or (S)-selective transaminase
and an amino acceptor to obtain optically active (S) or (R) 1-N-
protected 3APi.

According to the process of the present invention the protective
group of the obtained 1-N-protected 3AP or 1-N-protected 3APi can
be removed by any deprotection method known in the art for the re-
moval. A method for the removal of tert-butoxycarbonyl (Boc) group
using concentrated HCl and acetone is for example described by
Coffey et al., Org. Proc. Res. Dev., 8 (6) (2004), pages 945-947.

In a particularly preferred embodiment of the present invention, the
amino acceptor and the racemic mixture of amines are reacted with
the transaminase in aqueous medium, for example physiological
buffer. In a particularly preferred embodiment the transamination
reaction is carried out at a pH in the range from 5 to 9, in particular

from 7 to 8.5. In a particular preferred embodiment, the reaction is

25 group transPEF/ERW07/007770
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am no product obtained by the conversion of the am no
acceptor 20 acetone is isopropylam ne. The am no

acceptor 3-oxobutyric acid-19-3-am nobutyric acid.
The am no product obtained by the conversion of the
am no acceptor 2-butanone is sec-butylam ne. The

am no product obtained by the conversion of the am no
acceptor 3-oxobutyric acid ethyl ester 25 (3-OBEE) is
3-am nobutyric acid. The am no product obtained by the
conversion of the am no acceptor 3-oxopentanoic acid
metainyed est @r a tefpaPMtre irange fnoinmd Petot GG, praterablye2hio

. .\\D 2008/ 0 5 [ EP20Q7/ 007770 -9 Th
OIEEn i PABIYRITE 1 55 Preleratye footm EmRsTPHiS & 34 to
t el Gh %drﬂc@a; y7etenh e relhedpratBired cOpbOBIHentPoN the

the used (R)- or (S)-selective transam nase either
t prege)t mventien (tRp aminn janeeptast ardithecracemic mixture. ob

According to the jnvention th oneg pr t. 0 '
b?”f"ﬁ'gs &-ProY edplrbgeri]?f)qrsrai'-gl\ﬁgﬁo?gcfoeggﬂf in ﬁ’érﬁbfﬂSP‘
P¥fdrR!1:diteet:3: ana Hrefdrrdl RESRMt dfitheprésast idventon
The process of the present invention conprises the

r dae eingymatic activity &y ke fiom dite 26:000 NisRiBet ed

3-am nopyrrolidine (3AP) with an (S)- 10 or (R)-

TR R MR X
| RYEN D Eedy Rirehe B e?)%raﬁ&mia?\eégfieﬁlyf gewd eRirafl amine

t
racem'c mxture of 1-N-protected 3- am nopiperidine
( BRoyding th thar abRye, that (Banscacoording torvwhichmi afiset progd

?%sasrf_%@p a%‘fe%orarﬁ%oo%cacie%tgrp te;nco‘f’” }a%e?r%i \r/r%x{u% % 3-
aminopyrrolidine (3AP) or 3-aminopiperidine (3APi), each bearing a
protective group at the ring nitrogen atom are provided, in a second
process step b) the racemic mixture of the chiral amine and the
amino acceptor are reacted with at least one w-transaminase, in a
third process step c) an optically active chiral amine, an amino prod-
uct and a ketone product are obtained, and wherein in a further
process step d) the ketone product and/or amino product obtained in
step c) is or are removed from the obtained reaction mixture, in par-
ticular removed by reaction with an enzyme, that means by enzy-
matic cleavage, in particular using an enzyme selected from the
group consisting of a decarboxylase, a synthase or a dehydro-

genase.

In a further preferred embodiment the ketone and/or amino product
may be removed by evaporation or extraction. In a further preferred
embodiment the obtained ketone product may be removed by spon-

taneous decarboxylation.
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15 protected 3APi . According to the process of the
present invention the protective group of the

be renoved by any deprotectijgn net hod known in the art
for the re- noval. A nethod for the renoval of

tert-but oxycarbonyl (Boc) group 20 using concentrated
HCl and acetone is for exanple described by Coffey et
al., Og. Proc. Res. Dev., 8 (6) (2004), pages

945-947. In a particularly preferred enbodi nent of the
present invention, the amno acceptor and the racemc
mimtaifertioér preferedaembodmcéemrty the thetonéd @rodactsabiairsegk in

i n,aqueous nedi u for exanpl e physi ol ogical, 2

DGO 15, TRMIRYB! BY! s o, W Ao Al demidipggnase
tr, ' ' ach i il u sy teRe
; YADEATHO bikafipid, 83ChctBBalRuc ek DI, buiddh Breteraly (e
palucies dcatopharfoy toettpbebylétanal, the reaction is WO

2008/ 028654 PCT/ EP2007/ 007770 -10 carried out in a
tenperature range from 10 to 65C, preferably 20 to

sde,a furtheyr preferad embediment ofther Bregany iIpyRpHon the ke-
t r 34 ! r&Qu il _
t SORE GoF aBind plcRlyct SbtaihBaR HebbPls Eabtinddly e
t meovad fronathee peationnchixtbre, rpaeferablyrbyx a wontioliobs axinaes
are provided in a nolar ratio from1:1 to 1:10, in

pdPfi cular from1:1 to 1:4. In a preferred enbodi nent

of the present invention the enzymatic activity may

oaard ALt g reliie BlridBhushf 1% RBlone Bhdiadt mmay be
t eemadvedassthel e bha twogiaisat systernforain entymalirhgmbrane

active chiral amne 10 according to the above, that
neaAston by somtingous exlaekeR-n a first proc

These particularly preferred embodiments provide the advantage of
obtaining the desired conversion, since the ketone product as by-
product of the present process is removed from the equilibrium reac-
tion. The reaction is forced in direction of the products, thereby pro-
viding with a high stereoselectivity a conversion into the desired
products. The removal of the ketone product is in particular useful as

it minimizes product inhibition.

Further preferred embodiments of the present invention are the sub-

ject-matter of sub claims.

The present invention is illustrated in more detail in the following ex-

amples.



ess step a) an am no acceptor and racem ¢ m xture of
3- am nopyrrolidine (3AP) or 3-am nopi peridine (3API),
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atom are provided, in a secqnpd process step b) the
racem c m xture of the chiral am ne and the 15 am no
acceptor are reacted with at | east one wtransam nase,
ina third process step ¢c) an optically active chiral
am ne, an am no prod- uct and a ketone product are
obt ai ned, and wherein in a further process step d)

t he ketone product and/or am no product obtained in
step c) is or are renoved fromthe obtained reaction
MpYaisle 1: N Mynidlic diéaNade bE(RBIBIAPreaction with an
enzynme, that neans by enzy- matic cl eavage, In
particul ar using an enzyne selected fromthe group
cHositheiprgsent exataplke &oX$) m‘rtranaasmasmﬁennk/ibiio fluvialis

PR RS s Bofs tiaePanyD BB Bl BRer Hama TAYC
RO B () (PhrafShfiid (fprfronhnAra;ai.géﬁ&erde%tﬁ?eaﬁ@cuunch

e obtaln ket one produc be renoved

b;Chqmiwal Sahatans, c{éeanaw)yliatthenfollmlr@wnmmw were

PCT/ EP 7/ 007770 1 1l.n a .f urt her ferr Fg |
eMSEdi 'RehE reagfion g edP s fipg S‘B?%ﬁ iofof 4 Wmldn 5Q
E@ﬁMVFﬂsJHCIr BREYT ANsution df 2 tceindit rﬁ&hyr@r@rgemsm gnal

ADH), for exanple a Lactobacillus kefir ADH,
pm@néeatﬁatyorr)e(ReﬁbcagABc éNobhea@minepyrreliding) et(ﬁ@numol)s

A ) IR SRR BRIR S0 TRt P S0P forrs

I hrs Weth TA7 ics TR UsingQsiglivatedin a final concentration of 10 mM
as amino acceptor. ‘

After 15 hrs reaction time (S) w-transaminase TA7 led to an optical
purity of the obtained optically active amine (R)-B3AP of 62.5 +/-
0.5% in a conversion of 39.0 +/- §%.

(S) w-transaminase TA8 led after 15 hrs reaction time to an optical
purity of the obtained optically active (R)-B3AP of 97.5 +/- 0.5% in a
conversion of 47.6 +/- 5 %.

It is evident that the optical purities obtained are high or even very
high and are close to values to be expected for an ideal stereoselec-
tive enzyme. It is to be noted that for TA7 the optical purity is com-

paratively lower most likely due to the lower conversion.
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noved fromthe reaction m xture, preferably by a
continuous extrac- tion. In a particularly preferred

the use of a two-phase systam_or an enzyne- menbr ane
reactor by continuous extraction. These particularly
preferred enbodi nents provi de the advant age of

obtai ning the desired conversion, since the ketone
product as by- product of the present process is
renmoved fromthe equilibriumreac 15 tion. The
reaction is forced in direction of the products,

t svaetple (& o Enziydiatic wi ¢cleavade gh oft e(BoSlel d-Boer3-anino-
conversion into the desired products. The renoval of
tﬁﬁﬂﬂﬁiﬁie product is in particular useful as it

m ni mzes product inhibition. Further preferred

CERH B Bhc L RGBT I 05 e

l lamiabpipeeidinen(fimal eodedmtratiomn rdme)aMtbwyng/a&sas ammo
anpl es, 2008/ 028654 PCT/ EP2007/ 007770 -12 E@
e %twas

1aCEﬂEWe(f nal eqncepiigbion: @Fm%) EBhp-tERRsaminage,
I
CYRBELR R hPhoti PRBSBARGUIORIIY B ket Son

t lre:enltrdtra"ﬂ\bf 2 dnl afn}'AS)thefdprtraalsplmtvaﬂ ehé obtained optically
Al cal i genes nitrificans ul i e
Sactve TR NEE R aminGbIReEiNG] Soap ). | b oA achsh
gﬁ% 'J‘z tn*ﬂ@ réggﬁéh th?nénd%t HVQ:HH 2 d‘dn%rsrfﬁ’r&e&i rat '5%1
Tris-HCl, . ution of
r dfsing aOth/SmlefeTAB at Ghergiagrie maron conditions led to an optr-
cal purity of the obtained (R)-1-N-Boc-3-aminopiperidine of

98.5 + 0.5% in a conversion of 72 +/- 5%.

Example 3: Preparation of optically active (R)-B3AP via racemic

cleavage

230 mg (0.85 mmol) racemic (R,S)-B3AP was used in a final concen-
tration of 10 mM with 0.8 U/ml (S) w-transaminase TA8. Pyruvate in
a final concentration of 10 mM was used as amino acceptor. The
reaction was carried out at pH 8 with 50 mM potassium phosphate
buffer at a temperature of 37°C. The excess of enantiomers was de-
termined by gas chromotography. After 7 hrs reaction time the opti-
cal purity of the obtained 89.4 mg optically active (R)-B3AP was 98.7
+/- 0.5% with a yield of 39 +/- 5% (0.33 mmol).

After completion of the reaction, the pH value was adjusted with 5 N
HCI at pH 5. The formed B3OP was extracted four times, each time
with 75 ml dichloromethane. Thin-layer chromatography did not de-
tect any B3OP in the reaction solution. Subsequently, the pH-value
was adjusted with KOH-solution at pH 13 and extracted three times

10 r enoREWER3HO7/007770



concentration) (R S)-B3AP (N 1-boc-am nopyrrolidine)
(20 pnmol) was used as educt and reacted in the

WO 28028 i xture at 37C for 15 10 hrs with TAFCBHEPZDAZ007770
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using pyruvate in a final cgmcentration of 10 nM as
am no acceptor. After 15 hrs reaction tine (9S)
wtransam nase TA7 led to an optical purity of the
obtai ned optically active am ne (R)-B3AP of 62.5 +/-
0.5%in a conversion of 39.0 +/- 5% 15 (9)

w-transam nase TA8 |ed after 15 hrs reaction tine to
an optical purity of the obtained optically active

( WithBaaeh of0®im| Wictilordméthane. @nly @meckaneonith fBIAP &ould

% h h [
o iy B B A

CRaifiRe BaBP 'hid BBAPIGRTe W&Pfcﬁle%f:wnﬁ% YN 3¥dRm

be note or TAY e optical purity Is
c suphate aand elupsequentiyrtise dolldslisingiagend was évaperated.

canver sjon, 654 PCT 7/ 0077 -13

E P ahS: "Hrihml SMRSRESE (300 M4 Were tken.

- N- Boc- 3-am no- pi peridi ne For the enzyrratl c cl eavage

of . : _

ari B8 GBS BB fing, BofrkspontibGto% conversion of 44

Py#u§8E wassottained as ketoneppradutt. ilnadditior ¢hé ramninorprodio

o ( Wt ransani nase, TA8 s used.in 50 nM sodi

oiNsh iRRIB SR oLl Seleaivels arayiRg i Andiad Piadish

of t W AitferdEmtiro-
o bl ordhsEEe dZeRRAR, oo/ el uome

+/gerﬂs§%pmmsr asefubdis mfmmlmimsmmduehmhllmhommsed by

3 tﬁelgnenaergt%%vg a‘?ﬁllnoen vehlcﬁ in turn %ould be used in order to use
higher concentrations of the amine as educt. The same holds true for

the use of acetone.

The conversion rate may be increased by using as amino acceptor
acetone, which may - after having been converted into the amino
product isopropylamine - be removed under reduced pressure from

the reaction product.

Example 4: Optical resolution of a racemic mixture of 1-N-benzyl-3-

aminopyrrolidine (Be3AP) with Vibrio fluvialis transaminase

A 1.5 ml reaction vial was charged with:

e 10 ul of a (R,S)-Be3AP solution in DMSO (5 mM final concentra-

tion)
e 20 ul pyridoxal phosphate, 10 mM (0.2 mM final concentration)

e 100 pl pyruvate, 100 mM (10 mM final concentration)
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1o Using 20 Un of TA8 at the sanme reaction
purity of the obtained

conditions led to an opti -
W@ Ro0s29¢5B0oc- 3- am nopi peri di ne of
conversion of 72 +/ -
optically active (R -B3AP via racemc

nmg (0.85 mmol) racemc (R S)-B3AP was used in a final

cal

5%

98.5 + 0.

concen- tration of 10 mMMwith 0.8 Um (S)

W-transam nase TA8. Pyruvate in
of 10 mM was used as am no acceptor.

a final
The

598 CHER2007/007770
Exampl e 3: Preparation of
cl eavage 15 230

concentration
reacti on was

carried out at pH 8 wth 50 nM pot assi um phosphate

bwf f 880 al ofatsedien phosphafe Buffer, S0ankbk ptb8 of
enanti omers was de 20 term ned by gas chronot ography.

After 7 hrs reaction tinme the opti -

cal

purity of the

o (itheei rmbtm Wasy stateidc by| theaadditien( &) 4BS|APth'D diavialis-

+/- 0.

Eﬁﬂsém'%s%f

TR GSRAANGR toy f LB AlerD s

ég Aft
i

W'rﬁl'ﬁ Shd\6o Hh saatmaasfwermké@rrred 0P e oxt 1 ac ed

four tines,

each

time 25 wth 75 ml dichl or onet hane.

Thin-1ayer chromatography did not de tect any B3OP in

t Mthg B
adj ust e

pH 13 and ext

€99 of thel réadtionSahd ¢he epticd! puhty ishgiver e Tables
w th KOH sol ution at
three ti nes WD 2008/ 028654 PCT/ EP2007/ 007770
each 100 nml di chl or onet hane.

ract ed
-14 with

Only one lane with B3AP

could be detected in thin |ayer chromatography. The

MGRR! [miR] 2P CEnSRflomeRt [IxPY Bég?c Conversion
e G e el e Ol
Thereafter, | 1H anlda&}- NVR- gpectra (300 MHz) were
traken- 0 5 0

10 63 2.3 54

30 96 1.55 69

60 95 0.85 83

[%eer] enantiomeric excess of (R) enantiomer in %

The data show that the Vfl transaminase converts Be3AP with high

activity.

Example 5: Optical resolution of a racemic mixture of (R,S)-Cbz-3-

aminopyrrolidine (C3AP) with Vibrio fluvialis transaminase

A 1.5 ml reaction vial was charged with:

e 10 pl of a (R,S)-C3AP solution in DMSO (56 mM final concentra-

tion)
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103. 6 ng Boc-3-pyrrolidinone corresponding to a
conversion of 44 +/- 5% was obtai ned as ketone

obt ai ned. Sel ectively renoviigg the am no product

al ani ne, for instance by enzymatic reaction with an
al ani ne dehydro 10 genase, proves useful as it

m ni m zes product inhibition caused by the generated
al anine, which in turn could be used in order to use
hi gher concentrations of the am ne as educt. The sane
hol ds true for the use of acetone. The conversion

r at e20%y phadoxal phespHatey 10simiv (G2 mki firal zonephivation)S
acetone, which may - after having been converted into
the am no product isopropylamne - be renoved under
r edut@d pppasates f00omM ( He mM dinial congendrhtion) Exanpl e
4: Optical resolution of a racem c m xture of

1- N-benzyl - 3- am nopyrrolidine (Be3AP) with Vibrio

f leuvB83A0 ip$ of a sedium phospheterbuffer, 0 mbheH 8n vi al was
charged with: 10 | of a (R S)-Be3AP solution in DVSO

(5 mMfinal concentra- tion) 20 | %;rldoxal_ _ o
pHd¥pheactiom was\staoted hmmenand@@nce #Panl Mlt;rlo flyu@hs-

o biakBbines pER bR sts 77 IRE"AEEEd Rl Y0

phainpdrRs 60 wihfsimple weve take®. The reaction was st arted
by the addition of 40 lul Vibrio fluvialis-

transam nase. This corresponds to 7 Um. After 0 mn,
1®RIready afier tiOnmam o6 (R}FGBAR M enantiomerigkexcess of (R)

enantiomer of 97.3 %eer was determined in the sample. After 30
min no (S)-enantiomer could be detected.

Example 6: Optical resolution of a racemic mixture of (R,S)-1-N-

boc-3-aminopiperidine (B3APi) with Vibrio fluvialis transaminase

A 1.5 ml reaction vial was charged with:

e 100 pl of a (R,S)-B3APi hydrochloride solution in water (5 mM

final concentration)

e 20 pl pyridoxal phosphate, 10 mM (0.2 mM final concentration)

e 100 pl pyruvate, pH 8, 100 mM (10 mM final concentration)

e 580 pl of a sodium phosphate buffer, 50 mM, pH 8

The reaction was started by the addition of 200 ul Vibrio fluvialis-
transaminase. This corresponds to 35. U/ml. After 10 min, 30 min, 60

min, 2 hrs, 4 hrs and 18 hrs samples were taken.



5 The progress of the reaction and the optical purity
is given in Table 1. Tinme [m n] Enantioneric ex-
w@vseesat i on of Conversion cess of (R)-Be3ARCBEBAP/007770
[ [%eR] 0050 19763 2.3 54 30 96 1.55 69
60 95 0.85 83 [%eR] enantioneric excess of (R
enantioner in % 10 The data show that the Vfl
transanmi nase converts Be3AP with high activity.
Exanple 5: Optical resolution of a racem c m xture of
(R ' S)-Cbz-3- am nopyrrolidine (C3AP) with Vibrio
fluvialis transamnase A 1.5 nt reaction vial was
cliftegetihrg aih:entmtiofrieric ecess(dt, 35.3 CBEEs swasuachiaeved The
DMSO (5. mM fin copcentra- tion) WO 2008/ 028654
PCPTERAIRY NS 55 5a GANBGIGN e BesrSTAy a2 large
i . 1 )
R e veie RCiG Tl Sfiown (B Vi) hifigle trahSd
pmoispbatcanthe tised fartheldptichl esthdiancafdR, SirBaAdPist ar t ed
by the addition of 40 | Vibrio fluvialis- 5

transam nase. This corresponds to 7 Umnm. After 0 mn,
10 mn, 30 mn and 60 m n sanples were taken.
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Already after 10 min for (R)-C3AP an enantioneric
excess of (R) enantioner of 97.3 %eR was determ ned

be detected. 10 Exanple 6: -@gti cal resolution of a
racem c m xture of (R S)-1-N boc-3-am nopi peri di ne
(B3APi) with Vibrio fluvialis transam nase A 1.5 ni
reaction vial was charged with; 100 | of a
(R S)-B3APi hydrochloride solution in water (5 nmv
final concentration) 15 20 | pyridoxal phosphate, 10
nmM (0.2 mM final concentration) 100 pl pyruvate, pH
8, 100 mM (10 nMfinal concentration) 580 pl of a
s@layms phosphate buffer, 50 mM pH 8 The reaction was
started by the addition of 200 pi Vibrio fluvialis-
transam nase. This corresponds to 35. Um. After 10
min, 3@ mpracesO foRQhei preparaticn of an soptivally8attinve chiral
s%%ll es were.taken. W 2008/ 028654 PCT/ EP2007/ 007770
IRECOMPIISNG an enantioneric excess of 96.3 Y%es
was achi eved. The conversion was 55 5% Although it

vas NeGgssayolifindSso ArhitbIfccdtiBtahd Y ddin AT bf

coul d | 's transa- m nase

can be used iamnﬁdm/rmmulneal(ME;Qirumammbnp(eﬂdﬁie lﬁSAPI),
WD 2008/ 028654 PCT/ EP2007/ 007770 -18- C ai s
process for €858 be %'b%ﬂ A irsatestiva grepp; ahithe ring |n\'/té°99“

chiral am ng,monpri sing:

b) reacting the amino acceptor and the racemic mixture of

the amine with a (R)- or (S)-selective transaminase and

C) obtaining an optically active chiral amine, an amino
product and a ketone product.

2. The process according to claim 1, wherein the protective
group is benzyl, fert-butoxycarbonyl (Boc) or carbobenzoxy (Cbz).

3. The process according to claim 1 or 2, wherein the amino ac-
ceptor is selected from the group consisting of phenylpyruvic acid, a
salt thereof, pyruvic acid, a salt thereof, glyoxylic acid, a salt thereof,
acetophenone, 2-ketoglutaric acid, a salt thereof, acetone, 3-
oxobutyric acid, a salt thereof, 2-butanone, 3-oxopyrrolidine (3-OP),
(3-pyridyl)methylketone (3-PMK), 3-oxobutyric acid ethyl ester (3-
OBEE) and 3-oxopentanoic acid methyl ester (3-OPME).

4. The process according to any one of the preceding claims,
wherein the obtained amino product is a primary amine or an amino

acid.

After 30 mn no (S)-enanti onmePCHBRL0A7/007770
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of 5 3-am nopyrrolidine (3AP) or 3-am nopi peridine
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nitrogen atom b) reactingiibhe am no acceptor and the
racem c mxture of the amne with a (R)- or
(S)-selective transam nase and 10 c) obtaining an
optically active chiral am ne, an am no product and a
ket one product. 2. The process according to claim1,
wherein the protective group is benzyl,

tert-but oxycarbonyl (Boc) or carbobenzoxy (Cbz). 3.
TiBe pr JMprmssrabccgdm td ainy dnerof Zhevpreceding blaims,
am no _ac- Septo IS sel ected fromthe g

BHEreR, e JRIRTR(Ph3eRENE diansangnasa s anRlsopr (S)
plébleeuge afdrganﬂnﬁéé frohi %&% ﬂuGﬂaXfé’XA/cbﬁgéWésddemtﬁi&lahs

her eo acet ophenone, ketoglut'aric acid, a sal
t hdelksiella ppeumosjae3or Baoiﬂusﬂwmgiemds a salt thereof,
2- but anone, 3-oxopyrrolidine (3- cr»
(3- pyridyl) nmet hyl ket one ( 3- PNVK) but c.acid,
16hyl ddiee Prqeessgceyseing iha@ny- %ﬁgﬁgﬁnB eamgdcla'ms,

S o{a. ECAminy é?ng ta ﬁd/o%t&ﬁ@ ?6&&%‘5%@198%%33@8)’

e precedi e n the obtai ne
alng n?aﬁuaﬂacprd’c/ess siep;ﬂa)rryenmerdefrom te seaction mixtute MO
2008/ 028654 PCT/ EP20 007770 -19 The, pr ocess
aée%qtm\glth@na?nyzvmeot&f swwaaﬁeeeaﬁﬁaﬂ%ﬂmaﬁ@ by gatrars

|)%n(d?) yé\yado%f’é@ ective transamnase is a (R)- or

ective transam nase fromVibrio fluvialis,
AI cal i genes denitrificans,
7. The process according to claim 6, wherein the enzyme used

in step d) is a decarboxylase, a synthase or a dehydrogenase.

8. The process according to any one of claims 6 or 7, wherein

the enzyme is an alcohol dehydrogenase (ADH).

9. The process according to any one of the preceding claims,
wherein the optically active chiral amine obtained in step ¢) or d) is

removed from the reaction mixture obtained in step c) or d).

10. The process according to any one of the preceding claims,
wherein the protective group of 1-N-protected 3AP or 1-N-protected
3APi obtained in step c) or d) is removed by a deprotection method.

11. A process for the preparation of a physiologically active com-
pound selected from the group of 3-aminopyrrolidone derivates,
chephalosporine, derivates of cephalosporine, heterocyclic boronic
acids, L-dihydroxyphenylalanine (L-Dopa), a-methyldopa, D-
phenylglycine, B-hydroxyphenlyglycine, phosphinothricine, pyramido



Kl ebsi el | a pneunoni ae or Bacillus thuringiensis. 5 6.
The process according to any one of the preceding
W@ RB1G28654 wher ei n t he am no product and/ or ketBEEEP2007/007770
product obtained in step clog-s in a further process
step d) renoved fromthe reaction m xture by reaction
Wi th an enzyne, by spontaneous decarboxyl ati on, by
extrac- tion or by evaporation. 10 7. The process
according to claim6, wherein the enzyne used in step
d) is a decarboxylase, a synthase or a dehydrogenase.
8. The process according to any one of clains 6 or 7,
V\/rderg iﬁiates ame pqrm}iammiI siednatdscwrcdre'meﬂmpopf rtr!]ngeeasaé agn&[lbﬂe
. .The process according to any one of the preceding
cloficiaims 1o \Rﬁé? @$¢dt he optical ly active chiral anine
obtained in step ¢c) or d) is renoved fromthe
reaction mxture obtained in step ¢) or d). 10. The
process according to any one of the preceding clains,
wherein the protective group of 1-N-protected 3AP or
1-N-protected 3APi obtained in step c) or d) is
renoved by a deprotection nethod. 20 11. A process for
the preparation of a physiologically active com pound
sel ected fromthe group of 3-am nopyrrolidone
derivates, chephal osporine, derivates of
cephal ospori ne, heterocyclic boronic acids,
L- di hydr oxyphenyl al ani ne (L-Dopa), a-nethyl dopa, D
phenyl gl yci ne, (3-hydroxyphenlyglyci ne,
phosphi not hri ci ne, pyram do WO 2008/ 028654
PCT/ EP2007/ 007770 -20 derivates and pyrrolidone
derivates, wherein the process of any one of clains 1
to 10 is used.



