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OPTI CAL RESOLUTI ON OF THE RACEM C AM NE M XTURES

EMPLOYI NG A BACTERI AL - OVEGATRANSAM NASE Descri ption

The present invention relates to a process for the

preparation of optically active chiral am nes.
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optically active form either the (R) or the (9
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af hescthedRCAYeP artiBihP RIM by (pk8Bdnng Ehiff Znifiés by crystalli-

15  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
20  various enzymes, such as proteases, amidases or lipases (Born-
scheuer and Kaziauskas, Hydrolases in Organic Synthesis (2005),
Wiley-VCH Weinheim). It is also known that specific transaminases,
namely a-tfransaminases, aré suitable for the preparation: of optically
active amino acids (Bartsch et al., Appl. Environm. Microbiol. (1996)
25 82, 3794-3799, Cho et al., Biotechnol. Bioeng. (2003) 83, 226-234,
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However, these prior art processes suffer from
various di sadvan- tages. Although the enzymatic
processes usually enploy in contrast 5 to the

cl assi cal nmethods favourable mld conditions and
achi eve a reasonabl e steregselectivity, t hey

regul arly use enzynes, e substrate specificity,
enanti osel ectivity and/ or conversion are not
sufficiently high for industrially applicable
processes. Furthernore, one of the nost prom nent
dr awbacks o. transam nases for the 10 preparation of
optlcally active amnes is represented by the
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Z))rocess for

, 9@&@ é‘{;&%c‘ésé%tﬁsmﬁa pPovEdE b s¥fate spatinemy, rdroinstoned

- am nopi peridine (-3APi ), each bearing a
peartvecsion andfasan improved enagtiosaleddydys at om reacting
the nol ecul e containing a keto group -and the

The present invention solves the underlyi'ng technical problem by
providing 'é 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), gach 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, and N-protected pyrrolidine-3-one or N-protected piperidine-

3-one as ketone product.



. racemc mxture of the amine with a (R)- or (8)-

44

respective amne, (b) reac

10

10sel ective transam nase with the classification code
EC 2.6.1.18 and obtaining an optically active chiral
am ne, an am no product and a ketone product. In

anot her aspect, there is proyi-ded a process for the
preparation of a physiologically active corn- 15
pound sel ected fromthe group of 3- an1nopyrrolldone
derivates, chephal osporine, derivates of
cephalosporlne heterocycllc boroni ¢ aci ds,

L- di, h&rfg ? y% ol 'l? kﬂﬁdéct %}B@%ss f&rqﬁér&éﬁ&%on of an

Dpheny - roxyp gl yci ne,
phomﬂmaﬂpabm\le:tnmaal auylnamodtpnsmg vates and pyrrolidone
derivates, wherein the process as defined above is
used. 20 The process of the present invention

conpri sea) (a)prpvmmgjarrgobnubmorﬁalam@keto grneumand a ra-

racem ¢ m xture of 1- rot.ect ed. 3APo
2008/ 028654 PCHEE 2’66‘%%07077 a%""QBP'HP ding) @ﬁ%ﬁ or 3-
i.e. a m xturgnfopiiidine g?ﬂépl}' @aBR S pehrihBe a protective
Ing the am no aCceptor and
the racem c rgmupraitm ring aitraggpeaiomve anmine with a
(R - or (S)-selective transam nase, and (c)- obtaining
an optically active chiral amine, .an anino pr oduct
b) reacting the molecule containing a keto group and the_
racemic mixture of the amine with a (R)- or (S)-
selective transam;nase wnth the classrﬁcatlon code EC

261 18 and

c) obtaining an optically active chiral amine, an amino

‘product and a ketone product.

tn another éspect, there is provided a

| ~ process for the preparation of a physiologically active com-

19

20

'pbund selected from the group of 3-aminopyrrolidone derivates,
chephalosporine, derivateé of cephalosporine, heterocyclic boronic
acids, L-dihydroxyphenylalanine (L-Dopa), a-methyldopa, D-
phenylglycine; B-hydroxyphenlyglycine, phosphi'nothricine, pyramido
derivates and pyrrolidone derivates, wherein the process as defined

above is used.

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



5 and a ketone product. According to a preferred

enbodinent of the present invention, in a subsequent
urther optional process step, the optlcall active

Wo(:zﬂ?s,mg‘?ssém ne obtained in step ¢) is isolat eg’ CA{g2007/007770

purified fromthe reaction3m xture obtained in step

c). 10The reaction of the present invention follows

in principle the foll ow ng schene: 15 According to

the present invention the racemc m xture of 3-

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

3-am nopi peridine (3APi) bears a protective group at

t It t f th o . t

B eIges S LA TR e 3 Yo et Bribhfhcs g e Hspec-
cpt sk, (b ?eétiﬁnEQhelarﬁrno%ebt&rbr?d tHehetcemic mixture
partl cipates in the transanm na- 20tion is not

p¢ fothec respectiv arvg/ Witk ea ARETPEES beegledtiver transaminasene
C P r
PP el 8 n.r@%n Sicay A hal SRS St Bfind BRoduct
5 MdaakemgaﬂroEAEt is converted nore efficiently to
the desired optically active chiral amne. Thus the
presence of the protective group causes that hllgh_er
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10  The reaction of the present invention follows in principle the following

scheme:
A "3
)k n}\ IS}-‘Fan A /]K §
Amiria RToERTr sacernic mbdure pure chiral emine m Fﬂx‘“ﬂ eHino pmduct
+
{R)y-Transaminase “g
A RSy {SN coer
A ‘m racenic b pure chiral arvine mmg pmdum

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.



cl eavage of 1-N-protected am nes by using at | east
one (R - or (S)- 10 selective transam nase for the

transam nation of an am no group from one spegific
Woezrqg%fz?%]ﬁer of the mixture of the 1-N protect&d i dRIAP7770

am ne enantionmers to an am4to acceptor, thereby
formng the desired optically active product. In the
context of the present invention the terns "enzymatic
cl eavage of am nes" or "enzymatic cleav- 15 age of a
racem c m xture" shall nean the optical resolution of
a racemc mxture by stereosel ective enzymatic
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20  @mék)issettainkedy erHusansimg e pmbbdirneer of the present

referred g;boqi ment . an vv-trans}gm' Rase. .

invention a (S)-selective transaminase for the enzymatic cleavage
synthesis eliminates the (8) 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-

25 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



In the context of the present invention an (R)- or
(S)-selective transa- 15 mrnase is an enzyne with

t sification code E.C. 2.6.1.18. These '
Wotzlggsﬁ@g%?nases are characterised in that thef%ﬁ?‘w}“”m
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‘use primary amnes as substrates. These enzynes are

further characterised by exhibiting an equilibrium
constant of (R)- or (S)-selective transam nase

catal ysed reactions which is greater than 1. 20 (R)-
or (S)-selective transam nases which may be used
according to the present invention are described for
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93, 94, 95, 96, 97, 98, 99, 99.5, 99.6, 99.7, 99.8
and in particular at least 99.9% In the present
invention the optical purity is given in % excess of
one enantionmer over the other enantiomer. 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 enantioners (optical purity of Ain %=
([Al-[B]): ([Al+[8]) x 100, wherein A and B represent
the concentrations of the (R) and (S) enantioners or
[ i [
TR, P hefertel BroRrRe e the RSt Rfridon fhe (R)- or
dR)selactive dransatdnase usba uml ds pmembtprmssyls ant {Rje or

18 sRlecifs Fapsaninsselabiaytra FAML QoM Rlss i poTRUa"
GRS SdthiR LISPITS Aleéh%é?@syéérﬁiﬂ'szﬁﬁsom b&AcuRifréM Sthfin

the conversion can determ ned f i nstance usin
|—‘|F2_I€2 Kebgislie pnawmenjaa pimpariaa)iavfrophairain J&ZF or Bacil-

h A di .
s Shereicnsis B P BUE 0 A 5R% rrdpB iR dgeis
hagionspesd Bhircaflficed, 1988, féwve&vcef 8barser fkepragent fus
| eads to an el evated vyi el d of am nopyrrolidine

u@nﬂgna ajsg) -Wssrsengst nadga@ﬁaé%rm Pt her risyseladiye

Aritibgse niat? 81 R Rhafal sheff 35 NGOG o
am:éﬂ) Pegitaintignan a(Rf;L ox (3L ssletiveoBansaminabéanta ving loe
select|V|ty of the enz In the context of the

paaseaell ph%ﬁﬂ%ﬁaraﬁnh%&%cweeyneran& Rh qrdSy-selagtiye
Ct?éﬁﬁnﬂgﬁge aglEh % ﬂ{lwr@ﬁ?lﬁa&a@élﬁopgxﬁ&% & frgﬁsél'ﬂl—
am no transterr

group roman am no daonor,

i nastehenz:yms enmay basgsdd mmrmnobiri;eda oofnoa-man@hm:sed form.
-sel ective

T Rt 3 Seftive HantAstingss Sna alberta8 TeRpoRiNAstY
OéroHUEe@rr?a?SFElly VQ-2PR8/ B e ncalErRORe O0R) Cor By

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 equivaient 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, 80, 91, 92,
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i nvention the amno acceptor is an a-keto acid. In an
even nore preferred enbodi nent of the present
i nvention the am no acceptor is selected fromthe

thereof, pyruvic acid, a sdkt. thereof, glyoxylic
acid, a salt thereof, ace- 5 tophenone,
2-ketoglutaric acid, a salt thereof, acetone,
3-oxobutyric acid, a salt thereof and 2-butanone.
Furt hernore, 3-oxopyrrolidine (3-0P),
(3-pyridyl)nmethyl ketone (3-PMK), 3-oxobutyric acid

40,5 57, B . AT e A

'%Q%ﬁ}; gbpvention, also be used as 10am no acceptors.

According to the invention the am no. product

obt ai ned by the conversion of the am no acceptor
dhehg lppgsentiisvertiot the gptieal palitgris givenThds axcess of one
product obt ai ned %the i:onver ion,of the am'.Fyo. or ¢
Rnanpioper Qyenihe odisr gnaEtamEr; TS, Hie oRlical PUERLR s
qhbayRRnRbrtRE difBMtice befvediothed{R) BAdARENS) enanti-
acceptor glyoxylic acid is glycine. The am no product
ahmel peacenirativascand thessum of theneongani@tiane gjtbeth en-

SRS B0f btbOERG & AR (ATBIER DS, Bherit!
A ket @ reprasiest el sbricentratibasrof thec(R). anth¢S)aamamtiomers
product. obtai ned by the conversion-of the am no

RIAGR ¥RrSBY acetone i s isopropyl amine. The amino
product obtained by the conversion of the am no

TRRE sPEesti THEHIONL b Aelctred t 3 RSN bedp!df the
aghiinad aeine |8 gonverted & tivee desirexk opticdllyl astiveechiréihamine
To b GeBressoh cofepiaTcon el ieant i Al 427 Fh i
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the conversion of the am no acceptor oxopent anai ¢

and the taepversien rcanz bepfeterminest i instaneeatsing HELE.
FetttfiEtannteSRRoRAce o fidimepitindthone - 7. The

therefore in a preferred enbodi ment dependent upon

tAGcoigiag tbfthe preséit)ingentiRe it could ism showvnanst tietgretec-
the (S) or the (R) enantioner of sajid chiral am ne

! R | . 5

Avediraurdiasa pasitive eHRE! om thegonvarsiop rpicoane thus leads
t aj t 1298 b:Sa 1 - Ne: K .

o 8 eyt S B IRE S AR oling: SR 3 1E)$Pecitc
Trenganupess. birthémaree ke protective igooue shpwid eaise lae —
reaction of a ra- cepqic m.xture of 1-N-prote d
A p PR oPTIAHEEEa p) S Gt o8 R sf S g of -
sthiRebip&idine And BxBRee Opesitive affeBiCorREREPRIattivily of the
obtain optically active (R) or (S) 1-N-protected 3AP. .
THEYM®enti ve process al so conprises the reaction of
a racemc mxture of 1-Nprotected 3- am nopi peridine

7 e sabtet B ot Preastibuginfs 85 ey 4eERpEE 1 &R
(dlle oNtaining 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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15protected 3APi. According to the process of the
present invention the protective group of the
obtai ned 1-N-protected 3AP or 1-N-protected 3APi can

art for the renoval. A netled for the renoval of

t ed- but oxycar bonyl (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 inventi on the am no acceptor and the
racenj.c xture of nes ar reac{deg&wlth

t YERYQR CALU | %'srﬁ!bf’ to ag ARSvEn more pre-
p@@&bﬁﬁb@ﬁhe#ﬁoﬁ td Presdrt iAvetidd e ahliNo RiceEBIor a8

nmbodi ment the transam nation reaction is carried out
aseiactpél framt ke roroyp corsista of ophenyipuuyic cagids af sath

ribPedt i R baf ook BAYIEdolE R ot 2t
1fophendné,, 2-|aéﬁfwtahb)edtﬂ 4 cafiGheraof, peatbne, L(B-@bcoﬁ&ytso

25C, f bl 24 t
AR Bural U7ebt RGP UTe o Gt o HsSaPHErFiee
L @eoP iéﬁé‘ia'da”“f%*ﬁw@tdn%e(ﬁww BCORBAYICU Uy e

5 am hes are provided in nol ar
rieri(3-0Bbl) or B-exopentanoi¢ @Cﬁhmathylleﬁteﬁ(ﬁo@PMEl) gan, in

AuRhPr Britiailen? oo Bl Blehiin, PAESHE used as

28miHDadueplogi n. In a particularly preferred
enbodi ment, the present invention relates to a

process for the preparation of an optical I% active
chegagingnionthe inyentienthe rnine predugbeb@inachly the Hen-

ACGAA! SOOI S gachg far {iHetly )g%'@\ﬁ@%?: cgﬁse Bh&hyi8finine.

am RO accept or an el
dnimenaming prodlict @b{BAE) bqrthémnvmmrpm‘rﬂw&amn@%@eptor

SooE s ol e araipbonatyPbehBhed BY s cpREST
F Y68 Bf GheMkarding %c@éptbh ShyoXkylidhcrins Rycril THeamifo predR0

acceptor are reacted with at |east one
vuatrettaiast iyste ¢onversian of the aerise asceptos )acawphenone

38| SR YgARANBeC e bl Hioadd ASLARAPEPHHE boRle:-2

K&t 6 are erein I urt
psion effSthetammd) addthM@uMumcimmgMamm am'd The

PR S 52 B SR gy 4 e BRNGS de8for
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 methyl ester.



20 ticular renmoved by reaction with an enzyne, that
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%yl ase, a synthase or a dehydrogenas@CT1W2%7’0“7770

further preferred enbodi ne¥t- the ketone and/or am no
product 25 nay be renpbved by evaporation or
extraction. In a further preferred enbodi nent the
obt ai ned ket one product may be renoved by spont aneous
decar boxyl ati on. WD 2008/ 028654PCT/ EP2007/ 007770 - 1
1 - In a further preferred enbodi nent, the ketone

T SteiRe GRS e il vk “iBlAMPe ¥ dheRore R
Lisvefsras bhrbseirkeht depf@!ﬂemmp@h tﬁé ekes QR)-Yorr(s%é&tlve

acet ophenon to 1- ethanol. 5In a further
prafsamisgse neiter %)r qrhfé\ep(%ls@ﬁﬁnt"i’m@htqfoﬁ?ﬁ'@h@’"@
t and/ or am no product obtained in step c) is
contihuously renoved fromthe reaction m xture,
preferably by a continuous extraction. In a
édrﬁwi]aﬁ“d theprn%ﬁwredhé rﬁ@mér?ﬁsdad] @blmh@@ ®yPihedpir:
0 renoved he use a two- phase system or

| aserénegqe@Sﬁeﬁbﬂdﬂ@re@&&ecdarmsphém?»ﬁusugr ekN-protecad

g@@ Ingﬁgb larly preferred enbodi nents provide the
age o obtaining t he desired conversion, since
t he ketone product as by- product of the present

T8¢ §8Scass df&ﬁﬁ\tﬁdséﬁtqméﬁlﬂareﬁwmbrlbés tlfé l’e%\@ﬂon b5 a ra-
tion. The reaction is forced in directi

pﬁ%ﬂ@dﬂ@dur@rﬁérkkﬂwrﬁvmﬁe@.%@ﬂwqw"&*'q’fnermp) with an (s)-
Séregpﬁ()%sie%%é Ybh¥ai Sﬁ?je o Marhio%a gt&%'db%n opti-

pro renova one product 1s in
peallyi activa Ry oe{8) 1 d‘é-nrotentaﬂ BARe$he invtundive ipnddasst 4lsa .

Further preferred enmhodi nents of

orhigesh i depRiert 1 8 eate daddf 8 T9¥dreiesien >
aminopiperidine (3APi) with an (R)- or (S)-selective transaminase
and an amino acceptor to obtain opfically 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 fert-butoxycarbony! (Boc) group
using concentrated HCI 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
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The present invention is illustrated in nore detail
in the follow ng exanples. WO
2008/ 028654PCT/ EP2007/ 007770 -12- Exanple 1:

exanple an (S) wtransam rd®e fromVibrio fluvialis
(Julich Chem cal Solutions, Germany), in the

followi ng terned TA7, and an (S) wtransam nase from
Al cal i genes denitrificans (Julich Chem cal Sol utions,
Germany), in the followng termed TAB, were used in
the reaction mxture in a final concentration of 4

EAtiaH O SRR rabgh Kot 1 AP oy el R AR0 To°
( 5b ¥ hﬁﬁsﬁﬁ&tﬂspxs Q58N BlefeAibIP P t¥@DekRark aﬁ34 to

educt eacted In the reaction mxture at 37

139°10) inr pankicular BX7Codn aBudkRempreisires @mbcpchm@nt |qﬁ athe

roEepatilenfiBo e Pt e Rl e 460 lbemis Pule of

?grirféuélA%wPr%wzdegz‘ :rtlhag(;o/larmaﬁedrmpﬁ :¢ bl w?ptri parta;nane
0 + ol n . a cgonversjion of 39,0 +/.-
swem Eddp WA .lraﬁsrarm?%%% emoqc @&nspf pESSgNt invention

r t bt ai ned
SEHARAETRAD PR IGH JRypoorimbbayer o,

conversion of 47.6 +/- 5 % It is evident that the
oipt & paktiquibiniyt prefendd @mizstimeat, thg rpreserﬁviaven/cmwrdhtgh

ciocR dBErEL 1076 BEPSIAYARL o P PEIKAY RStive: Biral Ritine
faécoT&EgttB ¢hé& beGé' thBHh"léa‘hs' Sccofdihg BRWAIGHVIRl &/ filsP pRdc-
due to the |ower conversion.
ess step a) an amino acceptor and racemic mixture of 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 ¢) 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 ére removed from the obtained .reac_:tion 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 dehydrb—

genase.

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

taneous decarboxylation.



WO 2008/ 028654PCT/ EP2007/ 007770 -' 3- Exanple 2:
Enzymati c cl eavage of (R S)-1-N Boc- 3-am nopi peri di ne
For the enzymatic cleavage of a racemc m xture of

WOPs®Ps6Pd N- Boc- 3- ani nopi peri di ne (final PCT/EP2007/007770
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concentration: 10 mV) w thlpyruvate as amno 5
acceptor (final concentration: 10 mM, (S

w-transam nase TA8 was used in 50 mM sodi um phosphat e
buffer, pH 7.5. At an enzynme concentration of 2 Um
of TA8 the optical purity of the obtained optically
active (R) - 1- N- Boc- 3- am nopi peridi ne of 70 +/- 0.5%

reached after 72 hrs rea n time g?gﬁiin ‘i
clanaefpghsh peergd. gmbsdiment, the ketons praguchobigigedin
t t
%@PS?}F‘? 5 ((Efio g@( Ig?oﬂaddénbﬁnﬁnthegn Qlcéﬁoplafehs?é#ogéhéétfey

Boc- -an1no |per| di he of
H{ADBYoTon exapley @r sactobadtillr kefir \Esvghmr@fqably re-

Pearatlo of o ac e (R -B3AP via racemc
c(ﬁ"é(%?a@cée oé}ée%b%njg'pﬁﬁpﬁg“ i CTY') racem ¢ (R S)-B3AP

was used in a final concentration of 10 mMMwith 0.8
Wi a (FRvtnidt br&e&am é}ﬁﬁ@d.ﬁﬁ.&t Sheviesehirvehtio@lthe ke-

concentration of mV was used as am no acceptor
Tteeer aad/of @mlﬂaspr@dur:t ebtained dn siep S)ipteppuaNsly re-

TbTEE R P PR, i pitrefadif IR Bbhidls e,
cironot ogr aphy. After 7 hrs reaction tinme the opt| cal
purity of the obtained 89.4 ng optically active

(R -B3AP was 98.7 +/- 0.5%with a Kield of 39 +/- 5%
(l0. 3 Pattieniarly Arefaredopimbediraanivthe; ketopgROMYR MayebpH

d‘%hﬁ% Was egl(gr%% gga?%%'?’htg isrgrle , eengga time %Lée fe?rLB}gg
meadtor yaromtietibas extrad¢tion. | ayer chr omat ogr aphy di d not

de- tect any 630P in the reaction solution.
Subsequently, the pH val ue was adéust

tio
<Cresen patticularky Pisfrien gmbodimeats bipvids e blvantage 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 foliowing ex-

amples.
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WD 2008/ 028654PCT/ EP2007/ 007770 -1 4- with each 100
m di chl oronmet hane. Only one | ane with B3AP coul d be
detected in thin layer chronatography. The organic

with water-free sodi um sulpRate and subsequently the
sol ubi li sing agent was evaporated. 5 Thereafter, 1H
and 13C-NMR-spectra (300 MHz) were taken. 103.6 ng
Boc- 3-pyrrolidi none corresponding to a conversion of
44 +1- 5% was obtai ned as ketone product. In
addi tion, the am no product al anine was obt ai ned.
Sel ectively renoving the am no product al anine, for
|nstance by enzynatlc reactlon wi th an al ani ne

: p-1: gymalie cleavags B3AC it mnimzes
product i nhibition caused by the gener at ed al ani ne,

ng in tur Coufl% i n order gl

S Beuiebeletarl et & faralsahiase it \Gutie Mk
t(UUFPcI'T @hehhéaius&uﬂ&n@csbﬁnsny)me i wmhg RernddE TAEY
be i.ncreased y using as am no acce tor acet one,

AN IAES) - AEERYRARe oDk dcalaRnsst deniiiicans Haulch
edél}g'ec% f ShiGhorsS Ct? r‘?l‘?é(rln)ﬂé i) $he fgﬁmm?\ FH@Q were

pressure from-t reaction
Aisedpini thel reaetion whixtune dh aafmalomnoentratmmuoé 4oUImI ln 50

Vol FER P P 2SS 5 e ot b oV
C&Eﬁ‘fc@ﬁﬂaﬂ\bﬂi)h (R, 9B BAPOIN X -Hb%- §)m&%ﬁv%|ﬁmeqt | gD ifinol)

final concentrati on) ri doxal

pﬁ@%pﬁ@d as em!ctmn@ oeactamin fhﬁarea?(tjﬁﬁé'ﬂm@ |a<t)|37 C fou15
Fark v FX 317 AR Bsil gyhvatd r’i bHal EBRESTHRYN F ™Mo 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 +/- 5%.

(8) w-transaminase TAS8 led after 15 hrs reaction time to an optical
purity of the obtained opfically 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 sterecselec-
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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WD 2008/ 028654PCT/ EP2007/ 007770 -1 5- 830 gl of a
sodi um phosphate buffer, 50 mM pl-18 The reaction
was started by the addition of 40 Il Vibrio

After O min, 10 mn, 30 m-p3and 60 m n sanples were
taken. 5The progress of the reaction and the optical
purity is given in Table 1. Time [mi n] Enantioneric
ex- cess of (R)-Be3AP [ %eR] Concentration of Be3AP
[M] Conversion V01

Example 2: Enzymatic  cleavage -of (R, S)-1-N-Boc-3-amino-

piperidine

For the enzymatic cleavage of a racemic mixture of (R,S)-1-N-Boc-3-
aminopiperidine {final concentration: 10 mM) with pyruvate as amino
acceptor (final concentration: 10 mM); (S) w-transaminase TA8 was
used in 50 mM sodium phosphate buffer, pH 7.5. At an enzyme con-
centration of 2 U/mi of TA8 the optical purity of the obtained optically
active (R)-1-N-Boc-3-aminopiperidine of 70 +/- 0.5%- was reached
after 72 hrs reaction time at 37°C in a conversion of 54 +/- 5%.
Using 20 U/mi of TA8 at the same reaction conditions led to an opti-
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)}-B3APF via racemic

cleavage

230 mg (0.85 mfnol) racemic {R,S)-B3AP was used in a final concen-
tration of 10 mM with 0.8 U/ml {S) w-transaminase TAS8. 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 38 +/- 5% (0.33 mmol).

After completion of the reaction, the pH value was adjusted with 5 N
HCI at pH 5. The formed B30OP 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 -
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with each 100 ml dichloromethane. Oniy one lane with B3AP could
be detected in thin layer chromatography. The organic phases con-
taining B3OP and B3AP were unified, dried with water-free sodium
sulphate and subsequently the solubilising agent was evaporated.
Thereafter, 'H and ">C-NMR-spectra (300 MHz) were taken.

103.6 mg Boc-3-pyrrolidinone corresponding to a conversion of 44
+/- 5% was obtained as ketone product, in addition, the amino prod-
uct alanine was obtained. Selectively removing the amino product
alanine, for instance by enzy;hétic reaction with an alanine dehydro-
genase, proves useful as it minimizes product inhibition caused by
the generated alanine, which in turn could 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 ulofa (R,S)-Be3AP solution in DMSO (5 mM final concentra-

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

¢ 100 ul pyruvate, 100 mM (10 mM final concentration)

PCT/EP2007/007770



[ %eeR] enantioneric excess of (R) enantioner in %10
The data show that the Vfl transam nase converts
Be3AP with high activity. Exanple 5: Optical

WORMSHRYPt on of a racenmic mxture of (R S)- CoZCEER2007/007770
am nopyrrolidine (C3AP) with-Vibrio fluvialis
transamnase A 1.5 nml reaction vial was charged
with: 15 10 gl of a (R S)-C3AP solution in DVSO (5 mM
final concentra- tion) WO
2008/ 028654PCT/ EP2007/ 007770 -16- 20 pi pyri doxal
phosphate, 10 mM (0.2 nM final concentration) 100 pi

pyruyvate, 100 mM (10 fin concentratjon) 830 ul
ot §3géﬂpﬁﬁwsﬁﬁwﬂ%@§g&%‘ﬁr@$@f5§8 Al B The
reaction was started by the addition of 40 gl Vibrio
e k8l WasA0RHL"BE Sne "BuditiSH dr AP U Vibhi8 Huvibidl-
transaminase. This corfesponds to 7 U/ml. After 0 min, 10 min, 30

min and 60 min samples were taken.

5 The progress of the reaction and the optical purity is given in Table

1.
Time [min] Enantiomeric ex- | Concentration of | Conversion
cess of (R)-Be3AP Be3AP [mM] [%]
[Yoeer] _
0 | 0 | 5 0
10 - 63 2.3 54
30 96 1.55 69
60 95 1085 83

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

10 The data show that the Vil transaminase converts Be3AP with high

activity.

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

aminopyrrolidine (C3AP) with Vibrio fluvialis transaminase

A 1.5 mi reaction vial was charged with:

15 o 10 ul of a {R,S)-C3AP solution in DMSO (5 mM final concentra-

tion}
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mn and 60 m n sanples were taken. Already after 10
mn for (R)-C3AP an enantioneric excess of (R
enanti omer of 97.3 %eR was determined in the s

10Exanpl e 6: Optical resola®iron of a racem c m xture
of (R1S)-1-N boc-3-am nopi peridine (B3APi) with
Vibrio fluvialis transamnase A 1.5 m reaction vial
was charged with: 100 ul of a (R S)-B3APi

hydrochl oride solution in water (5 nmM fi nal
concentration) 15 20 gl pyridoxal phosphate, 10 nM

(0.2 mMfinal concentration 100 uyl ruvate, . 8,
100 2Rw! pyddexal mhogph %f&qa@ﬁvefbﬂ-?gmf\w ﬁag%%@fng'ﬁﬂﬁfg |
sodi um phosphate buffer, 50 MM pH 8 The reaction

15 B0 b B0 P PRl S5

After 10 min, 30 mn, 60 20mn, 2 hrs, 4 hrs and 18

200??@3@%@%5@? ‘@?@gsﬁ’%ﬁ? frer ?0 m,&{lter 4 hrs an

enanti oneric excess of 96.3 %es was achi eved. The

CPHY @5t WS §érte'é°/b¥ﬁﬂhbhﬁwhoh tofWis L OGBAE uidli-
use a | arge amount of the enzyme it coul d be shown

ttransaminase Thlawcarasgqndarigaﬁmaﬂfeﬁ\&arnOuatmgé)dnmr30
trﬂﬁ'n o l’iﬁ ?llun s%%%lgé Wilte Yhkdif> S) - B3API .

Already after 10 min for (R)-C3AP an enantiomeric excess 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:

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

final concentration)

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

100 ul pyruvate, pH 8, 100 mM (10 mM final concentration)

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.



-18- Cains 1. A process for the preparation of an

optically active chiral am ne conprising: a)

providing a nol ecule containing a keto group a
WORB/BREA ¢ mi xture of 3-ani nopyrrolidine (BRW/F@FO@/OOW"O

am nopi peridi ne (3APl), eadfi-bearing a protective

group at the ring nitrogen atom b) reacting the

nol ecul e containing a keto group and the

racem c mxture of the amne with a (R - or

(S) 10sel ective transam nase with the classification

code EC 2.6.1.18 and c) obtaining an optically active

X

Péc%/%?énbﬁ Qv §50LBY% SA| it W heSelsany ¢ B8N large
(Boc) or _carbobenzoxy (Cbz

amount of the enzyme it could be shown that Vibrio fluvialis transa-

minase can be used for the optical resolution of (R,S)-B3API.
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3. The process according to claim1 or 2, wherein the
nol ecul e containing a keto group is selected fromthe
group consisting of phenyl pyruvic acid, a salt
thereof, pyruvic acid, a sakt thereof, gly- oxylic
acid, a salt thereof, acetophenone, 2-ketoglutaric
acid, a salt 20 thereof, acetone, 3-oxobutyric acid,
a salt thereof, 2-butanone, 3- oxopyrrolidine (3-0P),
(3-pyridyl)nethyl ket one (3-PWK), 3-oxobutyric acid
eClaymsest er (3-0BEE) and 3-oxopentanoic acid net hyl
ester (3- OPME). 4. The process according to any one
of the preceding clains, 25 wherein the obtained
ahi no Arpecess ifer dher prepayation of an opiically ractixei dhiral
§§%200§%8286§4PCT/EP2007/OO7770 -19- 5. The process
OFFHGPYY %ny one of the preceding clains, wherein
the (R)- or (S)-selective transamnase is a (R)- or

S) - e _ . ) . Alis.
N bal | oned QU OBETR A h Ko B b 2
Baci | | us t emiagimeixkire. df G-AmingpyooddmcadCaR)i g t3»

any one of the preceding.clains, rei.n the amno
o oduct andrBRoRBESHING TG Sischi Beanna & dgoigcive
in a furtherops 8¢ BiSring PRrabed SiBRY.Ed from the

reaction mxture by reaction wth an enzyne, by
spont aneous decar boxyl ati on, by extraction or by :
evaporigt i oneactirily theh engie e Ssonsininigda kegtd gralmiandthe
wherein the enzynme used _ .
racemic mixture of the amine with a2 (R)- or (8)-
selective transaminase with the classification code EC

2.6.1.18 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 molecule
containing a keto group is selected from the group consisting of
phenylpyruvic acid, a salt thereof, pyruvic acid, a salt thereof, gly-
oxylic 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-pyridylymethylketone (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.
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in step d) is a decarboxylase, a synthase or a
dehydrogenase. 8. The process according to any one
of clains 6 or 7, wherein the enzyne is an al coho

any one of the preceding ell&ns, 15wherein the
optically active chiral am ne obtained in step c) or

-~ d) is renoved fromthe reaction mxture obtained in

step c) or d). 10. The process according to any one
of the preceding clains, wherein the protective group
of 1-N-protected 3AP or 1-Nprotected 3API obtained
in step c¢) or d) is renoved by a deprotection t.hod.
011, TN PIRGESE REOTRG [ 8P oG Gh e Pysceding Ciaims,
Ripisre qa%cgi%!. Yor2¢S)-¥EIcEME 1RAIArhISRAL G el (RyorDrt (8-

group of nopyrrolidone derivates,

crelttivedssanioaselSiony Mk Biviels, Keealgeoes enitrificans,
?ﬁf_egg%% ?)k'ggwg,%%nééﬁggﬁ@% H’e’#ﬁ%%ggl g)é?/ phenyl al ani ne
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pyrrolidone derivates, wherein the process of any one
ofhereil the aminolpradsct ged/or ketone product obtained in step ¢)

is ina further-process step d) removed from the reaction mixture by

' reaction with an enzyme, by spontaneous decarboxylation, by extrac-

tion or by evaporation.

7. The process according to claim 8, 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 Cbtéined in step c) or d).

10. The process according to any one of the preceding claims,
wherein the protective group of 1~N-protectéd 3AP or 1-N-protected
3API obtained in step ¢) 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

9. The process accor§Tfg2404007770
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derivates and pyrrolidone derivates, wherein the process of any one

of claims 1 o 10 is used.



