Process for the preparation of optically active chiral amines The present
invention relates to a process for the preparation of optically active chiral
amines. Chiral amines play an important role in the pharmaceutical,
VRYFEEHEAGal and chemical industry. They are frequently uSed/5&2007/601222
intermediates or synthons for the preparation of various physiologically,
for instance pharmaceutically active substances, such as cephalosporine
or pyrrolidine derivatives. In a great number of the various applications of
chiral amines, only one patrticular optically active 10 form, either the (R) or
the (S) enantiomer has the desired physiological activity. Thus, there is a
clear need to provide processes for the preparation of chiral amines in an
ically active form. These r : _ / by preparing chiral
Loceas JQLIHE RIShara 4 QLG LNEL G s"' e v."c'?g:- of chiral
carboxylic ac- 15 ids (Breuer et at, Angewandte Chemie (2004) 116,
806-3A%). (tkentchemitmimelhedsa serenantio selantiversyathdsis dyop-
redu%igg”%rgé%ofg%lkﬁ@cgﬁﬁrsswith C=N-double bonds. Furthermore, it is
known to Stereoselectively cleave racemates using various enzymes, such
as proteases, amidases or lipases (Born- 20 scheuer and Kazlauskas,
Hydrélages ardrganitngyah s (Re05) Vi Chhweiabeitall isgitso
kpowp,hatspeciic irnspalinasesHnamely ailansamingsesdachding,.

a-amino acid aminotransferases, are suitable for the preparation of
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enangeseiestivif-RBAIRN aAIMEESIORFaBfcals Retisafigiently high for
industrially applicable processes. Furthermore, one of the most prominent
drawg cks of using transaminases for the preparation of optically active
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CONVERHANPE DR8I GIR-OE LR 19olBfYBorygImary of Invention In a first
aspect, there is provided a process for the preparation of an optically
active chiral amine comprising: a) providing an amino acceptor and an
aminb“iBIRS M Biereh tiKgINE %%%ﬁf%ws%c!ﬁ@vsrﬁwmm WHA%
(R)- oufidysealecivecsansamingspront s biaiingdaedlepeshaptsally.

ctiv iral ami nd an alphg-ketone by-praduct. wherein the process
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physiologically active compound selected from the group
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2a dihydroxyphenylalanine(L-Dopa),a-methyldopa,D-phenylglycine,
hydroxyphenylglycine, phosphinothricine, pyrimido derivates and
pyrrolidone derivates, wherein the process as defined above is used. In a
third aspect, there is provided a process for the preparation of an optically
active chiral amine and pyruvate as-alpha-ketone by-product comprising:
a) providing an amino acceptor and alanine as amino donor, b) reacting

633 theagnino@sseptop angithesaminadonRmMatp (Rhtah6o)-saleelivel 987) 29,
transaminase, c) obtaining the desired optically active chiral amine and

4g2ppgrpvate as alpha-ketone by-product and d) removing pyruvate from the
reaction mixture with a decarboxylase and/or synthase. In a fourth aspect,

Hovhese improvided arpracessdorsifipreparatiolvef disaptosdeactive@rghPthe
or an optically active B3AP comprising: a) providing 3-OP or B3OP as

enzamino @ocepterand areapiinoidensitak) wedeticigstie: bmitiedr teptorindnild
the amino donor with a (R)- or (S)-selective transaminase and c) obtaining

condiigoopticaliylactive ohisah@:kRtortivelapticallyiectivg Bhital B3AR MRS afhose
alpha-ketone by-product. The present invention solves the technical )
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the preparation of an optically active chiral amine comprising a) providing
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and the amino donor with a transaminase, in particular (R)- or

of ueB)edEBRADEIFARSAMTTATERATY Y BbERTTALMRE IESFEA S tiCanfy SBtfRrEDY the
chiral amine and an a-ketone hy-product. According to a preferred
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process step, the optically active ,g?liral amine optained iﬁ% ste}%
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_reactjon of the present.inyention follows in principle the following scheme:
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gcceptor, thereby forming the desired product. Depending on the to
enantiopreference of the specific transaminase used, an optically active

Sun%%ﬁ! amine.efihe (_jesired optical_ configuration, i.e.. either the (R) or (S)
enantiomer, 1S obtained. Thus, using in one embodiment of the present

in ANYEAUQR.A (FeseIRCHMS RNSAmINAsE far the r}?@)ﬁﬁi‘éﬂﬁlﬂgt‘smt&%@}y active
generates the desired (S) enantiomer of the chiral 15amine while using in

chi:an@that embadiment)oftheipreasRhimeMiepdNaMYeh amino donor, b) reacting
2007/093372PCT/EP2007/001222 4 (R)-selective-transaminase

the genEalesthe desiiedAR)reaantomer.d iradditic)-teithe desinedmptsaliyd c)
active amine, the reaction results in a ketone by-product, in particular an

obtélrkegone hjepredlugiifom theusetlishinaidonorand pipdaifibtone by-product,
non-converted amino acceptor and

wherein the process is carried out in a reaction mixture having a pH from 5.0 to 9.5 for a

reaction time of 40 to 70 minutes in a temperature range from 10 to 65°C.
In a second aspect, there is provided a process for the preparation of a physiologically
active compound selected from the group of 3-aminopyrrolidone derivates,

chephalosporine, derivates of cephalosporine, heterocyclic boronic acids, L-



5amino donor. In the context of the present invention, a transaminase is a
pyridoxalphosphate-dependent enzyme catalysing the transfer of amino
groups. Transaminases are classified in EC. 2.6.1.X. In a particularly
preferred embodiment of the present invention, the transami- tonase is a
(R)- or (S)-selective transaminase, particularly is in a pre- ferred
embodiment an w-transaminase In the context of the present invention a
dihphbRnsamnaseds an en:..pyme, prefejablmpitghe classificationade  p-
E.C.2.6.1.18. These amino transaminases are characterised in that they
hydraipycusaldmmines amsthsialiesy ThRRERAZNMC A8 & he derivates,
characterised by exhibiting an equilibrium constant of w-transaminase
whaalalysedoyeactiodsimbiChbis gieatedthan 1. w- transaminases which may
be used according to the present invention are described for instance in
In dwiaisdkisptal. (iBietécihnolidedtt: (2003} 2b; 184B3:484G|Ghin et atytRidly 20tive
technol. Bioeng. (1997) 55, 348-358, Shin and Kim, Book of Abstracts,
chir2ll ZahinkQ@&I Mationdd Medpingk&naheinpr@alif. cogroki 2t -25;1(1998Y% E8Qymino
Shin and Kim, Biosc. Biotechnol. Biochem. (2001) 65, 1782-1788 and
acc@in zircekinneBivtesincloBindn ge4a9e8h6 0864 2840t @5 Ul Awano donor
preferred embodiment of the present invention, the transaminase, in
withartfellar (he-slerarvsdmitassngsedinttid preséntdsabisdsepiécally active chiral
transaminase, in particular an w-transaminase obtained WO
amipFPRHPIIPARCTY EIP00T008 222 SIS W6rie) fRARaTEI S yarveldal pronihe
strain JS17. In a further preferred embodiment, the transaminase is from
reachien jEHES YR trcarROH Ba AR R Bl &rain Y2k-2. In a further

In agé?efe red embodiment the transaminase is from Klebsiella pneumoniae, in

P8 HORCSth A YAZF? ICRTtiHRBSrBreRret Bl active 3-
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resent invention&;so ugferstandalunder the term transaminase, i

1N .
acceplor ang an amino donor reactin ¢ arping aceeptor and the amino donor with a
ﬁ)ar icular w-transaminase, an extract of an organism, such as a IO

(R)-”EJ{?EaQ -E‘é%'%{ﬁ?@ 25a4 {ha%gré%%%jq%ﬁa}ﬁ%p > rgi(p 1%%1}%:3% 1%08%?%}8’9—15&.? or the
w-transaminase, or a living or dead cell or microorganism itself comprising
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or cell or extract or transaminase enzyme ‘may be used in immobilised or

TheQRsiHMeRiliged E%We:sm?tH@ﬂﬁ@aH‘@%ﬁ%ﬂ%ﬂ@&-&%&%@bﬁ&%nﬁ invention by

w-transaminase, may also be a recombinantly produced naturally

the QGEVIEIBY QF genstically modified Hansamingses IRARHCHIAEAR chiral amine
w-transaminase, which is coded partially or completely by a nucleic acid

con§RRURNEE RH AR \ative theetsontained imone alitbe sbavgrdentifieshino
organisms or being equivalent thereto.

acceptor and the amino donor with a transaminase, in particular (R)- or (S)-selective

transaminase and c) obtaining the desired optically active chiral amine and an o-ketone

by-product. According to a preferred embodiment of the present invention, in a

subsequent further optional process step, the optically active chiral amine obtained in step

c) is tsolated and purified from the reaction mixture obtained in step ¢).



20In the context of the present invention the term optically active chiral
amine relates to the same subject-matter as the term enantiomerically
active chiral amine. These terms in particular refer to a preparation which
i9 é%'g/eﬂﬁ%ﬂﬁy free, in an even more preferred embodiment E(ég%]f)zt /001222
undesired enantiomer. Accordingly, an optically active 25chiral amine
essentially comprises an excess of one enantiomer or even consists of
only one enantiomer. W0O2007/093372PCT/EP2007/001222 6 In
particular, in the context of the present invention, an optically active chiral
amine has an optical purity of at least 70%, in particular more than 90%

and at best >99%. In the present invention the optical purity is given in %

excesrsnof one..5 emntiomer over the othgr ?nantiomer. éw(ﬁ% tljiefo tical
purity in AE e qRIoHEHSPEYE EiKePERNd WS EHRHACRY dig %éoﬁ')%‘g
enansoh@mmneoncentrations and the sum of the concentrations of both
enantiomers (optical purity of A in % = ([A]-[B1): (JA]+[B]) x 100, wherein A
and B represent the concentrations of the (R) and (S) enantiomers 100r
vice versa). In the present invention it is preferred that the amino acceptor
is converted to the desired chiral amine in a conversion of at least 40, 50,
60, 70, 80, 90, 95, in particular 100%. The concentrations for analysing
the optical parity and the &gnversige:can.ba-detgsminedfor 15instance ©
using gasch matography?GC) or photo;farﬂt?orimetric’“fnethods. In the

context of t resent in ion an amino acceptor is a/ﬁ%:e- cule cap

of acceptihg an“amino J:L%&psferred from an amjirioiglongr by a coo’
transamirases4ncparticular @reaw-transaminase. In adgpar-an2@ ticularlyketone product
preferred embodiment of the present invention the amino acceptor

contains a ketone functionality. In a particularly preferred embodiment of

the present invention the amino acceptor is selected from the group

consisting of phenylpyruvic acid, a salt thereof, pyruvic acid, a salt thereof,
acetophenone, 2-ketoglutarate, 3- 25 oxobutyrate, 2-butgnone,
3-oxopyrrolidime (3-OP), 3-NyyridylmethykatonesnRMKHB-oxobutyric  ©

acid ethyl %- QBEE), B-oxopentanoig-aeiekmethyl eg (3-OPMyK
1\1-1-boc-3-/
R : / coo’ R/{m R )

' R OO
aming accepior amibng donor chival aming ketone prediuct
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Thus, the present invention provides a process for the asymmetric
synthesis of chiral amines by using at least one transaminase for the
transamination of an amingc group from an amine donor to an aminoc
acceptor, thereby forming the desired produci. Depending on the
10 enantiopreference of the specific transaminase used, an optically
active chiral amine of the desired optical configuration, i.e. either the
(R) or (S) enantiomer, is obtained. Thus, using in one embodiment of
the present invention a (S)-selective-transaminase for the asymmet-
ric synthesis generaies the desired (8) enantiomer of the chiral
15 amine while using in another embodiment of the present invention an



WO 2007/093372PCT/EP2007/001222 7 oxopiperidinone,

N-1-boc-3-oxopyrrolidine (830P), 3-oxo-piperidine,

alkyl-3-oxo-butonoates, methoxyacetone and 1-oxotetralone. In a

%%l?ﬂ?ﬁ?vpreferred embodiment t[ge amino acceptor is B3GR/ AR IREI1222
context of the present invention an amino donor is a molecule 5 capable
of providing an amino group to an amino acceptor using a transaminase,
in particular an w-transaminase. In a particular preferred embodiment the
amino donor is an amine or amino acid. In a particularly preferred
embodiment the amino donor is selected from the group consisting of
f3-alapine, alanine, in particular DL- 10 alanine, L-alanine or D-alanine,

a-met ﬂb%eiez‘_\}ﬁ%ﬁ#ﬁ ”gf;'ﬂ)f%%%? SlRGHES, eﬁ?ﬁéﬁ%ﬁ}@ﬁ%ﬁi@m@“ n

3-amiadbiityrdteiisofreinythopities | R- arieabutascthe assiciibutyatisandia

salt, fQr.j S ide, e there a.particularly preferred
amb o, H e o e G e e
salt tHeredrapirevionsTagif aesfiietesfcgienae aou )@ aetetioreutd
acetopheneendr ketoglutarate, acetone, 3-oxobutyrate, 2-butanone,
3-oxopyrrolidine (3-OP), 3-pyridylmethylketone (3-PMK), 3-oxobutyric acid
ethyl ester (3-OBEE), 3-oxopentanoic acid methyl ester (3-OPME),
N-1-bt 132 SREFe Rhifsh B aREN IYBBEA8.oX SRfFEITIRSEL BB ryErax-
salt, farp@isstanseepehiosicle colzame onginaniesl. tiapartitsiagy amino
preferred embpdiment.the amino dpnot.is lan#:gj:% a{t;?ular L-alanine.
e

In a IS SrefGhed SRsSa AEhRe IRt 13h retatBstPEricu-
procegstyopm@pwbamﬁodim obﬁbgllyrasa'me Makian?imbmmksasis
Retecter faundha pranpyl AR ad A ARLCALNAGINR AN, gipuP.
in particular amines with alkylgroups, branched alkylgroupsor WO

2007 /esrsireombadimeni@nooiapsaminase.

in the context of the present invention a w-transaminase is an en-
zyme preferably with the classification code E.C.2.6.1.18. These
amino transaminases are characterised in that they mainly use

15 amines as subsirates. These enzymes are further characterised by
exhibiting an equilibrium constant of w-transaminase catalysed reac-
tions which is greater than 1. w- transaminases which may be used
according to the present invention are described for instance in lwa-
saki et al., Biotechnol. Lett. (2003) 25, 1843-1846, Shin et al., Bio-

20  technol. Bioeng. (1997) 55, 348-358, Shin and Kim, Book of Ab-
stracts, 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.

25 Thus, in a preferred embodiment of the present invention, the
transaminase, in particular the w-transaminase used in the present
process is a transaminase, in particular an w-transaminase obtained



8 arylalkylgroups. In particular, these amines, in particular mono- or
bicyclic amines, are in particular amines of 5 to 6-membered cyclic or S-,
0-, or N-substituted heterocyclic hydrocarbons or aromatic amines, in
“&%ﬁ@d‘!‘éﬂ?kyl- or alkoxy-substituted aromatic amines. In 5%8%%%@%‘”222
embodiment, the obtained chiral amines are selected from the group
consisting of phenylalanine, alanine, 3- aminopiperidine,
alkyl-3-amino-butanoates, 3-aminopyrrolidine (3- AP),
3-pyridyl-1-ethylamine (3-PEA), N-1-boc-3-aminopyrrolidine (B3AP),
3-aminobutyric acid ethyl ester (3-ABEE), 3-aminopentanoic 10 acid
methyl ester.(3-APME), a-methylbenzylamine (a- , 1- amingtetraline,
e S B B A B e . oot ger Pre:
sec-betyingrehadithXyisoproppkanmine sdeitvatirasdtaligenes denitrifi-
3-ami reolid =N -3ramingpineridi 0 i :
M A i AR I
the presehthev&neaTBrs i drreddebsiedetirea0oPMs, an (S)tioular
(R)-selestive HiAneani- NAss AMhan SHERIPRAIeARR aRticalysactive

(S) or (R)-3AP. In a further preferred embodiment, the present invention

foresBa8§ ALty Sastive i aa ars S in Spelulan Earasiainin 264 e
an 2Qamise:aenisigrohiai epEcahinetive Kt 01 €63 3864 Ima farhey
preferred emhbo imengof th gres ntén\éention thjgin¥enti n foresees
reactiit SI0BEE N MRTAI OH (S SRR SRt R RRE R Ao
donoirtrebiaineopticaliysactivei$R) an (SHEABE Er2btganismheuphetarzd
bad N ti r , ing 3- it -

AR e R A S R
(R) oY RBSRPNIESSN®) 208198 SRR CTIER 20579003210 [selffGamier
prefepigg RIMbadinagrii R dNVe HIRHKAERSA I RFNORRIE WithRa (R)-

or (S)-selective transaminase and an amino donor, in particular alanine, to

obtaifi"GPIRANF AU ETRP P EF B ALY AR A PUIRR RS IErIAY e used
embadimenbtsiksiy enticon-aiatesbiisadeformaciion bhehsesnB36 Rrapdran

i ' icular alanine, in t fatr ' t
R, SR Sy SRR BT R AR WAIE R,
out af@aigriyors 80Ty PEgpreftcallyadited Danspaviegrrie. Dasiemr

for a Qm%@&amg&m«gﬁsﬁr&@éé@ﬁﬁ@:ﬁé@ﬁ%ﬁédﬁﬁ%&@ﬁ, ¥y a nu-
rre

particular 50 to 60 min- 10utes. In a particularly preferred embodiment
said PSS AR SSAHC AR AY- Se iRt tRafrasen e fiIithanprefetigd
embetlimeniceaitiisansaaninase (8 BRiGD)esplivalbiat transaminase.

20 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 1o a prepara-
tion which is essentially free, in an even more preferred embodiment
free of the undesired enantiomer. Accordingly, an optically active

25 chiral amine essentiaily comprises an excess of one enantiomer or
egven consists of only one enantiomer.



In a preferred embodiment, said reaction of 830P with the amino donor, in
particular alanine, is carried out in the presence of at least one pyruvate
lase (PDC). In a further preferred embodiment said reaction of

decarbox
: : ! o PCT/EP2LG7/001222
W%W(Rﬁﬁ%{’ﬁﬂe amino donor, in partigular alanine, in the pres%n/ce of a

least one pyruvate decarboxylase, Is carried out while simultaneously
introducing gaseous nitrogen in the 20reaction mixture for the removal of
the acetaldehyde obtained from the formed pyruvate by the action of the
PDC. In a further preferred embodiment said reaction of 830P with the
amino donor, in particular alanine, in the presence of at least one pyruvate

d boxyl is carried in th fat | 25al I
ey du U CABH GG el BRine M BIATALH) & BRLld
the faiveechpyiumeiodoy:Hrezactipiia therRDG. at least 70%, in particular

W02 %O%%%?%%E%Pﬁq%ggg 2 10 In a further preferred

embodiment said reaction OP with the amino donor, in particular
alanine, in the presence of at least one pyruvate decarboxylase is carried
out wiildhsipgikant susiptiat dar cntcghsetbsintivge iittoskre rsaetione

pixtusaWISTRIP Aldeast anrAlGohldrby dragenasedsiREasRiMHNANS is

reaction medium to remove the acetaldehyde obtained from the formed

pyruvite ByaiiRnaloerdiempee RelMerthdrprend A dhtbéaim ek
the pegsentinveniiamitie iavertiendore st esdeaniing:asetophenbog ith

an (R) ar (S)-sejective, 10transaminase . AL orto.obtain .
ooticAN)AES (56 B SPAKA 1 7 e GRS G
presehtinddhtieprésargdbs reacimdrakioan afriind EHoapidS jrepanticeters
monoérqﬁggqyélg% oxogroup-containing 5 to 6 membered cyclic or S-, 0-,
or N- 15 substitu?ed heterocyclic hydrocarbons or aromatics, in particular
alkyl- or alkoxy-substituted aromatics with an amino donor and an (R) or
(S)-séle iR iRAMENIVESEAB dotaiReiRicatly HelivBamnes RepaRielIE
mon%di*fvbi@é@i&%fﬁ_&"&%si@@éfﬁi@#'@ﬁﬁﬁ@&@@% Qfoniersimenherrdsysic
or S_’S%_,’ (r),Nf?)l,J 8%!“&8 95€,t?r€0§¥%|<§:u[¥ 106%. The concentrations for
analysing the optical purity and the conversion can be determined for
15  instance using gaschromatography (GC) or photo- or fluorimetric

methods.

In the context of the present invention an amino acceptor is a mole-
cule capable of accepting an amino group transferred from an amino
donor by a transaminase, in particular an w-fransaminase. In a par-
20 ticularly preferred embodiment of the present invention the amino
acceptor contains a ketone functionality. In a particularly preferred
embodiment of the present invention the amino acceptor is selected
from the group consisting of phenylpyruvic acid, a salt thereof, pyru-
vic acid, a salt thereof, acetophenone, 2-ketoglutarate, 3-
25  oxobutyrate, 2-butanone, 3-oxopyrroliding (3-0OP}, 3-
pyridylmethylketone (3-PMK), 3-oxobutyric acid ethyl ester (3-
OBEE), 3-oxopentanoic acid methyl ester (3-OPME), N-1-boc-3-



20bons or aromatic amines, in particular alkyl- or alkoxy-substituted
aromatic amines, in particular in (S) or (R) form. In a particularly preferred

embodiment of the present invention, the amino acceptor and thg amino
WEHO 4 Teacted with the transami: nase in aqueous med}lﬁﬂEﬁDw 001222
example physiological buffer. In a par- 25 ticularly preferred embodiment

the transamination reaction is carried out at a pH in the range from 5.0 to
- 9.50r5.0t0 9.0, in particular from 7 to 8,5. The invention foresees in a

particularly preferred em- W02007/093372PCT/EP2007/001222 11

bodiment to react the amino acceptor and the amino donor at a pH-value

from 6.0 to 7.0,. refer?gl go 6.0 to 6.9. In a par L}ar referred .
oG RN IEORBC o AP M A e BERat & G WFDS to
- 65C, Ppreictablg-R0tNBOE simpamlyasdtorkSaoR 5O xpieiatably room
temperature or 34C to 39C, in particular 37C. In a further preferred

Conol e B B e e

1:50 to 1:100, in particular 1:100, in particular from 1:1 to 1:5, in particular
from It ihe gopientlohre fgedréiftyeatine @ofied B ineentbr e

%nzye@%%cwgfm@ Fomndide 2P-000PRR R 2 e Lsing a

preferred embodiment the reaction is carried out for a reaction time of 30
to 70VBRSRFEBRPA0 1 B! iR RUILr B RABINARFutES 21 BRitigular pre-
particutesty @refeupteembediment dbedpresentmventparralatesitn a

process for the preparation of an optically active chiral amine according to
the apove, that means accordjng tp which in a first process step a) an
aming L AELH B TR MBIl G VR S SORBR G ety
step bpthetbenipoagceptoisiing the Oiamving damimaréreactiedlanth At
least.gne. w-trar ' | C . tt%ﬁ,a hepyre,
1c?hira agrﬁ|i¥i\ée’ a%rgﬁgﬁ?ﬁéfo%%ﬁlﬁgapﬁﬁ areo %}I@?{J a‘tﬁ% W ere%r? ’iﬁlg

furthédprsee S sRfANHE kG VREh RO AR M BleHi ceARrARE 2NKBEO NS
by-pragussobinied damsteB @y ke By adsERMdhmahiabaes FRRGTIRN of
mlxtuarg\;’ Ign%atrtquele%?. in a particularly preferred embodiment the obtained
ketone product may be phenylpyruvic acid, a salt thereof, pyruvic
15  acid, a salt thereof, glyoxylic acid, a salt thereof, acetophenone, 2-
ketoglutarate, acetone, 3-oxobutyrate, 2-butanone, 3-oxopyrrolidine
(3-OP), 3-pyridyimethylketone (3-PMK), 3-oxobutyric acid ethyl ester
(3-OBEE}), 3-oxopentanoic acid methyl ester (3-OPME), N-1-boc-3-
oxopiperidinone and N-1-boc-3-oxopyrrolidine (B30OP) or a salt, for

20  instance a chioride, of any one thereof.

In a particularly preferred embodiment the amino donor is alanine, in
particular L-alanine.

in a further preferred embodiment the present invention relates to a
process for the preparation of an optically active chiral amine which
25 is selected from the group of amines having an optically active amino
group, in particular amines with alkylgroups, branched alkylgroups or



25 removed by reaction with an enzyme, that means by enzymatic
cleavage, in particular using an enzyme selected from the group
ISt f a decarboxylase, a synthase or a dehydrogenas
“fﬁg%gh%g&?nPCT/EP2007/001%22 12Ina particularlyng‘zfél??é“ Tz
embodiment, the ketone product, in particular pyruvate, obtained in step c) -
is removed by reaction with a pyruvate decarboxylase (PDC), for instance
from Saccharomyces cerevisiae, Zymomonas mobilis or Zymobacter
palmae, thereby pref- 5erably producing acetaldehyde and CO2. In a
further preferred embodiment the invention relates to a process, wherein
the k obtained; i rticular te; Js tion
o & P i e S o e (o ol e B
instarfieyBlicastBfficaledAAaitIda hpsie a1 Stte dmambenes fowefieror
prefersed embedimentisbeinyenipAdiRIdeR R MASESBnNYereIR hfatic
ketone product obtained, in particular pyruvate, is removed by action of a
PDC &Rt \ihefepfiiedee iiténgba o hsiuintia rempireamipes. In
ipstanceiydeedingrgaspousnitagabiaioddecHitareaetioss mirduERlected
prefe%bnl'}/ b¥hfeeedir§; usaid aseiotug, nitrogen gonti%lrousl into, the reaction
mixture, to reniove’t eFace Fcfe%ilo% from tREFEAEIREH Ixtu?@ﬂW%’ further
prefeadonipedifinent thieviremtiontakaosatea, prdeestsoppecditintbe (3-
ketonggarodyie] abtainednnpaicu! «%N}{at?\x»'ﬁﬁ%b?'oqéﬂﬂﬁ%%%ﬁ@%”

of a PDC and wherein the acetaldehyde formed thereby is'r

reactifp i adSa| eIy ik iBe g s8Rt a5y AR Bbhy@diieRrerigsoic
{ADH)dr remang thaacetaldebyis romdbeyeastignmixsire ARfegnvert
it to ethanol. H%P a further preLerrr(ed embodiment the invention relates to a
proce SRR tHE REONE BloRM DBRHERAM S iR atd s
re- manweddbyigciien eée-Pddamndayhamintysopaipldehyce foemediaéO

2007@%—%%&%&%@&9\%?/ 9—%%%%-§aminopiperidin, cephalosporine and

derivatives of cephalosporine.

i5  In a particularly preferred embodiment the present invention there-
fore foresees reacting 30P with an (S)- or (R)-selective transami-
nase and an aminc donor to obtain optically active {S) or (R)-3AP.

In a further preferred embodiment, the present invention foresees
reacting 3-PMK with an (R)- or (S)-selective transaminase and an
20  amino donor to obtain optically active (R) or (S) 3-PEA.

in a further preferred embodiment of the present invention, the in-
vention foresees reacting 3-OBEE with an (R)- or (S)-selective
transaminase and an amino donor to obtain optically active (R) or (S)
3-ABEE.

25  In a further preferred embodiment the invention foresees reacting 3-
OPME with an (R)- or (S)-selective transaminase and an amino do-
nor to obtain optically active (R) or (5) 3-APME.



thereby is removed by applying a reduced pressure to the reaction
mixture. In a further preferred embodiment the invention relates to a

process, wherein the ketone product obtained, in particular pyruvate, is
WRHBUEHHY action of a PDC and wherein the acetaldehydd (e 7101222

thereby is removed by chemical reactions. In a further preferred
embodiment the invention relates to a process, wherein the ketone
product obtained, in particular pyruvate, is re- moved by action of a PDC
and wherein the acetaldehyde formed to thereby is removed by feeding
gaseous nitrogen into the reaction mixture, preferably by feeding said

gaseous niitro en continuouysly jntq.the reaction mixture, and wherein
mdclitih 21 4R ECA BB GERSHE TERAGIERN IR KERUPB6 RRestrol ooctng
dehyd@ayyeridsatABH)do (@rmmiecthe acataideingde fionm dheaeacsiei-
ixt ] it t { | { f i t, th
ceton e e e e IR TRy

reaction with a lactate dehydrogenase (LDH), for instance from
Eschémichizacitytibrebgipreddrabip pivorminba Hwetalion2@iatadunteere-

RyefeyedAMRRYLDANS MoK SIRNG Rradue!. dBRSticH AL RYTAALE, QREAIRed

in ste{) c) is removed by reaction with an acetolactase synthase, thereby

prefetBBIFHTRIGATY AcEEIaeEIBaHT AnohiuP sreferBHasiro Arfdnesd
the p&ﬁ@ﬂéi@y%@@gﬂ%&?@lﬂi@rﬁqutt@sri@doémGel!|§f;n¥rf#éf@{%.@t?&ﬁg?§9
in step c) is continu- 25qusly removed from the reaction mixture, W

007 RIS T8 Tt R ESURIES §110eben oL ol Brifaiag © 70
embodiménts pravistiiciiiarad@aintdie rofroldainimgarantmuEryohgh min-
ﬁg)nvql%ig_n rate, since the ketone product as by-product of the present
process is removed from the equilibrium reaction. The reaction is forced in
direction of the products, 5Sthereby providing with a high stereoselectivity a

very lfigh Bam@HGBy RiRfeHe ¢ esTreedirsit aridTiensarsemsave ioffatso
relateselpdiRCasssSAn RS reRaationdr preferred embodiment said

transaminase is an (8)-selective transaminase.

In a preferred embodiment, said reaction of B3OP with the amino

15 donor, in particular alanine, is carried out in the presence of at least
one pyruvate decarboxyiase (PDC). In a further preferred embodi-
ment said reaction of B3OP with the amino donor, in panticular
alanine, in the presence of at least one pyruvate decarboxylase, is
carried out while simultaneously introducing gaseous nitrogen in the

20 reaction mixture for the removal of the acetaldehyde obtained from
the formed pyruvate by the action of the PDC.

in a further preferred embodiment said reaction of B3OP with the
amino donor, in particular alanine, in the presence of at least one
pyruvate decarboxylase is carried out in the presence of at least one
25  alcohol dehydrogenase (ADH) for the removal of the acetaldehyde
obtained from the formed pyruvate by the action of the PDC.



physiologically active compounds or their precursors and/or interme-
diates in the production thereof, in particular selected from the group toof
3-aminopyrrolidine derivatives, cephalosporine, derivatives of
W&Eﬁ% gg Grine, heterocyclic boronijg acids, Ldlhydroxypheﬁﬁyllé?ﬁ
(L-Dopa), a-methyldopa, D-phenylglycine, phydroxyphenylglycine,
phosphinothricine, pyrimido derivatives and pyrrolidone derivatives,
wherein any one of the above identified proc- 15 esses of the present
invention is employed. In the context of the present invention, a
physiologically active compound is a compound which is physiologically
active either Iants animals, . humans, yeasts or micro ms, such
as pr tozo?arg AT e e e é@@sﬁt‘?\c o rﬁgtggﬁlﬁrﬁ"%?tﬂﬁ
orgarmnm@@i@mlnerrpmfemetmemibnmmentﬁm e precenifimidptien ane

the sw@e IREY t@% ﬁ&vgyg%@'@% 2RSS ?%1%fé“é?r%hﬂﬂr’a%glt$tr%§oéjﬁﬁ~e

more ng examples an the accompanying figures

accoihAFRRPHE U IRR IR ihe fsedin mbdHtpnvherein at least one
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activity of V. fluvialis w-TA in dependence from the pH-value. Figure 3
showd¥haSelaIFRI Ve R HO B IR CEREE AU foPYHERoRTIRTS O

with vagigeisGubstances. 5Figure 4 shows the relative reduction of the
B3AP conversion in the presence of pyruvate and acetaldehyde. Figure 5

shows the.c nversion er the time. for vario

orosal A R e b e oL R RIS B BHP g B A
the piéxr ttraseaxt vadolsgPB@mphenone with an (R) or (S)-selective
10 transaminase and an amino donor to obtain optically active (R) or (S)

a-MBA.

?Iagmolmz

In a further preferred embodiment the present invention foresees
reacting as an amino acceptor, in particular mono- or bicyclic,
oxogroup-containing 5 to 6 membered cyclic or S-, O-, or N-

15  substifuted heterocyclic hydrocarbons or aromatics, in paricular ai-
kyl- or alkoxy-substituted aromatics with an amino donor and an (R)
or (S)-selective transaminase to obtain optically active amines, in
particular monoe- or bicyclic amines, in particular amines of 5 to 6
membered cyclic or &-, O-, or N-substituted heterocyctic hydrocar-

20 bons or aromatic amines, in particular alkyl- or alkoxy-substituted
aromatic amines, in particular in {(8) or (R) form.

in a particularly preferred embodiment of the present invention, the
amino acceptor and the amino donor are reacted with the transami-
nase in agueous medium, for example physiclogical buffer. In a par-
25  ticularly preferred embodiment the transamination reaction is carried
out at a pH in the range from 5.0 to 9.5 or 5.0 to 9.0, in particular
from 7 to 8,5. The invention foresees in a particularly preferred em-



Figure 7 shows the effect of an increased alanine concentration and an
increased PDC-concentration on asymmetric B3AP synthesis. Figure 8
shows the conversion of B3OP to B3AP at increased alanine
COALEREBNs. 15Figure 9 shows the relative PLP- depende(ﬁ? EBAEIYLH?
of B3OP to B3AP. Figure 10 shows the relative conversion of B3OP to
B3AP dependent upon N2-presence. Figure 11 shows the relative
conversion of B3OP to B3AP in the 20-presence of an ADH. WO
2007/093372PCT/EP2007/001222 16 Example 1: Asymmetric synthesis
of B3AP The asymmetric synthesis of B3AP was carried out in 1,5 ml
reacti mlno cge edina concentr tion of 5
mM ( HQ& ) %h%%%ﬁ?ggn rat |ogn o{“p é??e{(}fjrse a%rhhilenatjm gqinorci_ ala?\tl ng
5was‘5fﬁﬂﬂf.f¢ﬁeﬁr@atg€nﬁs prederedidyidiovdnditiofsdused are evident from
table 1 below. Table 1:Reaction conditions for the asymmetric (S)-B3AP - -

YN~ (oSl DU AIBg A HABSALHIBBHR1oh L S IUBAEN S BEAZING. OTRYP

from alanine to B3O
temperature range from 10 to 65°C, preferably 20 to 50°C, in particu-

=

5  lar 18 to 25°C, preferably room temperature or 34°C to 39°C, in par-
ticular 37°C. In a further preferred embodiment of the present inven-
tion the amino acceptor and the amino donor are provided in a molar
ratio from 1:50 to 1:200, in particular from 1:50 to 1:100, in particular
1:100, in particulér from 1:1 to 1:5, in particular from 1:1 to 1:2. In a

10 preferred embodiment of the present invention the enzymatic activity
may be from 1 to 20.000 ymol/min.

In a further preferred embodiment the reaction is carried out for a
reaction time of 30 to 70, preferably 40 fo 65, in particular 50 to 60

minutes.

15 In a particularly preferred embodiment, the present invention relates
to a process for the preparation of an optically active chiral amine
according to the above, that means according to which in a first
process step a) an amino acceptor and an amino donor are pro-
vided, in a second process step b} the amino acceptor and the

20  amino donor are reacted with at least one w-ransaminase, in a third
process step ¢} an optically pure chiral amine and an a-ketone by-
product are obtained, and wherein in a further process step d) the
ketone by-product, in particular the a-ketone by-product, obtained in
step ¢) is removed from the obtained reaction mixture, in particular

25 removed by reaction with an enzyme, that means by enzymatic
cleavage, in particular using an enzyme selected from the group
consisting of a decarboxyiase, a synthase or a dehydrogenase.



23456 630P, 20 mM (pi] 375 375 375 375 375 375 DL-Ala,100mM [Pri
150 26 mg D,L-Ala 150 150

WO 2007/093372 PCT/EP2007/601222
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In a particularly preferred embodiment, the ketone product, in par-
ticutar pyruvate, obtained in step c¢) is removed by reaction with a
pyruvate decarboxylase (PDC), for instance from Saccharomyces
cerevisiae, Zymomonas mobilis or Zymobacter palmae, thereby pref-

5  erably producing acetaldehyde and COs..

in a turther preferred embodiment the invention relates (o a process,
wherein the ketone product obtained, in particular pyruvate, is re-
moved by action of a PDC and wherein the acetaldehyde formed
thereby is removed for instance by a chemical, enzymatic or physi_cai

10 freatment.

in a further preferred embodiment the invention relates to a process,
wherein the ketone product obtained, in particutar pyruvate, is re-
moved by action of a PDC and wherein the acetfaldehyde formed
thereby is removed for instance by feeding gaseous nitrogen into the
15 reaction mixiure, preferably by feeding said gaseous nitrogen con-
tinubusiy into the reaction mixture, to remove the acetaldehyde from

the reaction mixture.

in a further preferred embodiment the invention refates to a process,
wherein the keione product'obtained, in particular pyruvate, is re-

20 moved by action of a PDC and wherein the acetaidehyde formed
thereby is removed by reacting the acetaldehyde with at least one
alcohol dehydroxygenase (ADM) to remove the acetaldehyde from
the reaction mixture and convert it fo ethanol.

in a further preferred embodiment the invention relates to a process,
25  wherein the ketone product obtained, in particular pyruvate, is re-
moved by action of a PDC and wherein the acetaldehyde formed



150 150 TA7 /TA8 [pl] 18 111 18111 111 18 111 18 111 18 111 LDH [W]

WO 2007/053372 PCT/EP2047/001222
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thereby is removed by applying a reduced pressure to the reaction

mixture.

in a further preferred embodiment the invention relates to a process,
wherein the ketone product obtained, in particular pyruvate, is re-

5  moved by action of a PDC and wherein the acetaldehyde formed
thereby is removed by chemical reactions.

In a further preferred embodiment the invention relates to a process,
wherein the ketone product obtained, in particular pyruvate, is re-
moved by action of a PDC and wherein the acetaldehyde formed
10  thereby is removed by feeding gaseous nitrogen into the reaction
mixture, preferably by feeding said gaseous nitrogen continuously
into the reaction mixture, and wherein additionally the acetaldehyde
is reacted with at least one alcohol dehydroxygenase (ADH) to re-
move the acetaldehyde from the reaction mixture and convert it to

15 ethanol.

In a further preferred embodiment, the ketone product, in particular
pyruvate, obtained in step c) is removed by reaction with a lactate
dehydrogenase (LDH), for instance from Escherichia cofi, thereby
preferably producing L-lactate.

20 In a further preferred embodiment the ketone product, in particular
pyruvate, obtained in step ¢} is removed by reaction with an aceto-
lactase synthase, thereby preferably producing aceiolactate.

In a further preferred embodiment of the present invention the ke-
tone product, in particular pyruvate, obtained in step ¢) is continu-
25  ously removed from the reaction mixiure.



500 pl + 60 pl 250 mM NADH PDC1 (p11 200 (15U) PDC2 [pl] 34
(20U) 34 (20U) Buffer [pl] 957

WO 2007/093372 PCT/EP2007/0061222
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These particularly preferred embodiments provide the advantage of
obtaining a particularly high conversion rate, since the ketone prod-
uct as by-product of the present process is removed from the equilib-
rium reaction. The reaction is forced in direction of the products,

5  thereby providing with a high stereoselectivity a very high conversion
into the desired products.

The present invention also relates to processes for the preparation of
physiologically active compounds or their precursors and/or interme-
diates in the production thereof, in particular selected from the group

10 of 3-aminopyrrolidine derivatives, cephalosporine, derivatives of
cephalosporine, heterocyclic boronic acids, L~
dihydroxyphenylaianine (L-Dopa), a-methyldopa, D-phenylglycine, B-
hydroxyphenyilglycine, phosphinothricine, pyrimido derivatives and
pyrrolidone derivatives, wherein any one of the above identified proc-

i5  esses of the present invention is employed. In the context of the pre-
sent invention, a physiologically active compound is a compound
which is physiologically active either in plants, animals, humans,
yeasts or microorganisms, such as protozoa, bacteria or viruses, i.e.
interacts with the metabolism of the organism.

20 Further preferred embodiments of the present invention are the sub-
ject matter of subclaims.

The present invention is illustrated in more detall in the following ex-
amples and the accompanying figures.

The accompanying figures illustrate the present invention.

25  Figure 1 shows a thin layer chromatogramm.



864 1218 1125 664 923 830 923 830 397 304 10 The buffer used was 50
mM sodium phosphate, pH 7. TA7 designates the w-transaminase from
Vibrio fluvialis (Jiilich Fine Chemicals, Germany). TA8 des%natest

WP8EM R Zse from Alcaligenes denitrificans (JOlich Fine C ?ﬁ%&iﬂw’qmnz

Germany). As lactate dehydrogenase an extract of Escherichia colt was
used. In addition, WO 2007/093372PCT/EP2007/001222 17 NADH was
added to a final concentration of 10 mM. The concentration of pyruvate
decarboxylase was varied. 1,5 units (20 pl) and 15 units (200 pl) of the
pyruvate decarboxylase of Saccharomyces cerevisiae (PDC1) were used.

2 un| ) ggg %O I Xyl X
Zymo rré)ﬁnés@ IS Tﬁgé’% %ﬁéér)e)agéé? aé%ﬁffe%riﬁﬁ aﬁl %%%gl
purityesiseafes U@r@“@ﬂb@%r the asymmetrlc syntheS|s of B3AP. The
calculations were based on GC-analysis (+/- 5%)

Figure 3 shows the relative reduction of the B3AP concentration for

incubations with various subsiances.

5  Figure 4 shows the relative reduction of the B3AP conversion in the

presence of pyruvate and acetaldehyde.

Figure 5 shows the conversion of B3OP to B3AP over the time for

varous pressures.

Figure 6 shows the relative conversion of B30OP to B3AP in the pres-

10 ence of various PDC's.

Figure 7 shows the effect of an increased alanine concentration and
an increased PDC-concentration on asymmetric B3AP synthesis.

Figure 8 shows the conversion of B30OP to B3AP at increased
alanine concentrations.

15 Figure 9 shows the relative PLP-dependent conversion of B30OP to
B3AP.

Figure 10 shows the relative conversion of B3OP to B3AP depend-
ent upon Na-presence.

Figure 11 shows the relative conversion of B30OP io B3AP in the
20  presence of an ADH.



Run Enzyme Conversion Ickl % ees [%1 (5)-enarthomer TA7 or TAB
alone 1,3 99,4 2 Excess of Alanine (50-fold) 10,1 99,6 3 PDC
Saccharomyces cerevisMe 4,6 99,5 4 PDC Zymomonas mobil's 34,0

WO 2007/093372
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- Example 1;  Asyvmmeltric synthesis of BIAP

The asymmetric synthesis of B3AP was carried out in 1,5 mi reaction
tubes. B30OP as amino acceptor was used in a concentration of 5
mM (7.5 pmol). The concentration of the used amino donor L-alanine
was 5 mM. The reagents and reaction conditions used are evident
from table 1 below.

Table 1: Reaction conditions for the asymmetric (5)-B3AP syn-
thesis using (S)-w transaminase for transaminating the amino group
from alanine to B3OP

PCT/EP2007/001222

] 2 3 4 5 5]

B30OP, 20 mi ful] 375 375 375 375 3rs 375

DL-Ala, 100 mM ‘ 150 26 mg D,L-Ala 150 150 150 150

[uf

TA7 f TA8 [pi] 18 | 111 18 111 111 18 § 1t 18 111 18 111

LDH fuf) - - - - - 500 it + B0 i
250 mM NADH

PDCY (i) - - 200 {15U)

PDC2 [} - - - 34 (20U} 34 (20U

Buffer ful] 957 | B64 | 12181 1125 664 923 | 830 | 923 | 830 397 304

The buffer used was 50 mM sodium phosphate, pH 7. TA7 desig-
nates the w-transaminase from Vibrio fluvialis (Jilich Fine Chemi-
cals, Germany). TA8 designates the w transaminase from Alcali-
genes denitrificans (Jilich Fine Chemicals, Germany). As lactate
dehydrogenase an extract of Escherichia coli was used. In addition,




99,6 5 PDC Zymomonas mob/I's (72 his) 73,0 99,4 6 LDH Escherichia coll
66,5 99,9 Referring now to table 2, above, it is evident that in each of the
six to runs using the w-transaminase TA8, a very high degree of optical
Wiy f6P e obtained (S)-B3AP coy/d be achieved. It was BiBEIpEEEd?
that independently from using either TA7 or TA8 the degree of conversion
was only moderate, if the equilibrium of the reaction was not influenced
(run 1). Using alanine in a 10-50-fold excess only is slightly improved the
conversion. In runs 3, 4, 5 and 6 the ketone product of the reaction, that
means pyruvate, was, during the transamination reaction, removed from
the equijlibrium reaction., The.use of TA8 together with |actate
dehyg\?loAg@e% év%aesffaocgr%feg *&)ﬁ %Irt’& ?85}%??8%@1 01{ % m}\%a t?he concentra-
2007/09337 ZRCIVAES 2002/001222 S/bedvaran exfeumily {(Brdyechd 15
degre j il infaini dég i ' }
Ak GODELHU W .Emhgfé BE&%% %/%% éﬁ@&ﬁ%ﬂ%}&%yces cer

enantloselectivngj/. Essentia e same ort

enantfyséeRe (TR IrovRied 69 ¥he pyiiivatet ddbarsbR)asisisi Ll of the
Zymomanasdneiis Gnssd & D RRohA10MEKEE (Pl MgYsed.

increased the conversion, PDC2 moderately increased the conversion
rate (run 4) if reacted for 24 hrs while in a 72 hr reaction (run 5) the

convel&lfi fras dr xR4T IRApREvE AP AR B YA CRBIINBBKYSIHSe Tat2IpT
hrs extepidomimbthc whithdoiskoplBoa ForfihiaiclikgidigsesbavsHiedhin

layer &tgparp]g}ggga(rp/pg%actions carried

Run Enzyme Conversion {%] % eeg [%] {S}-enantiomer
1 TAT or TAB alone 1,3 99,4
2 Excess of Alanine {So-fe_}!d) 10,1 99,6
3 PDC Saccharomyces cerevisiae 4.8 98,5
4 PDC Zymornonas mobilis 34,0 95,6
5 PDC Zymomonas mobiiis (72 hrs) 73,0 99,4
8 LDH Escherichia colf 66,5 99,9

Referring now to table 2, above, it is evident that in each of the six
10 runs using the w-transaminase TA8, a very high degree of optical
purity for the obtained (S)-B3AP could be achieved. It was also ob-
served that independently from using either TA7 or TA8 the degree
of conversion was only moderate, if the equilibrium of the reaction
was not influenced (run 1). Using alanine in a 10-50-fold excess only
15 slightly improved the conversion. In runs 3, 4, 5 and 6 the ketone
product of the reaction, that means pyruvate, was, during the
transamination reaction, removed from the equilibrium reaction. The
use of TAS together with lactate dehydrogenase from E. coli (run 8)



toout according to table 1. "A" designates the w-transaminase from
Alcaligenis denitrificans while "V" the w-transaminase from Vibrio "K"
designates run 1 using TA? or TA8 alone (run 1). PDC1 designates the
WA 8Eccharomyses cerevisiag, pyruvate decarboxylase-(rh 28y PHEF
the run with lactate dehydrogenase%‘rom Es- 15 cherichia coli (run 6) and
PDC2 the run with Zymomonas mobilis pyruvate decarboxylase (after 24
and 72 hrs) (run 4 and 5). Thus, the results clearly show that the
production of (S)-B3AP from the pro-chiral ketone B3OP could be carried
out with a very high enantioselectivity. Using the w-transaminases as the

| in the 20 t however, leadstoa .
ot R B R e R
improved Byeemoyinovpyrutiete dremtidee egilibyiufs do maticulae usinge
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additional advantage of removing or avoiding product inhibition (product
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quarz cuvette using 50 p1100 mM pyruvate, 4 units/m1 of w-TA Vibrio
fluviali$iéirfigneefalowwagiads Wi 13ya2 piyandiBg&ipl of sediiimrehospiae
ffer, 50 ' -variati fr to.pH [ : .
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only insignificantlé contribute to the absorption so that the velocity of the

reactiFPERIRIGE dRterHIntl by AESRRIRERR SHIEKHAEPyfuvate” decar-

acleiW(;EheﬁyaumHaaehem aﬁiWﬂcthW@s’eZM?Es-
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present, for instance 11% at pH 6.0. Thus, this result demonstrates that
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activigyeiahgingitggrenst thersubardPrisate 18t té0\Welep Bnayhiel imtufe
llows to increase the conversion by using a PDC, which is sensitive_1Q
i e s
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moderate conversion rate could be greatly improved by removing
pyruvate from the equilibrium, in particular using lactate dehydro-
genase or pyruvate decarboxylase. Using pyruvaie decarboxylase
has inter alia the advantage that no co-factor recycling (NADH) was

25  necessary, !t further advantageously provides the enzymatic removal
of pyruvate with PDC and thereby provides the additional advantage
of removing or avoiding product inhibition (product ketone) and pull-
ing the reaction equilibrium to the right achieving higher conversion
(ideal case 100%).



Example 3: Asymmetric synthesis of B3AP at different pH-values In this
example, the asymmetric synthesis of B3AP from alanine and 330P is
shown in the presence and absence of a pyruvate decarboxylase (PDC).
OFEAERHHE-value 6.0, 6.4 and 7.0 three runs of experimerfts Wi 07/001222
conducted. Run 1 used the PDC of Zymomonas mobilis (wild-type cell
extract), run 2 used the Zymobacter palmae (recombinant in E. coh) and
run 3 was a control without PDC, employing only the transaminase. To
obtain comparable results, the activities of both of to the PDC's have been
determlned at pH 6 with an alcohol dehydrogenase assay and the same
/ e- it 'ftc@e PDswa _dln thelruns |dent|f|eave .
was cagrigdroigatiten th{e3- aymmmms@ﬁgem and 7.0. The 15
pH-value was adjusted by the buffer of the B3OP substrate solution. The

activithl 1R ERGE RS A0 o SIS Rl DS Bl B

enzyme concentrations are also evi ent

minute¥ 8@ @i rftedls60 minutd Lk Guriaiad s divafobibid e el Vils
takenggnd thescadiind sfoppeddwihesiginam200id 00l 1M 'blﬁi@h!m»

The quantification of the B3AP-concentration was done using CE

(capilFYRIeeT IFMEredis) B G 4BIPE R Réh $985n 3l fﬁﬁﬁ@%b‘ﬁﬁﬁ
100 mpkhedferiot aurgspoadingipidvalne5QR; 308iR00ionor and the in-

crease in absorption was measured at 250 to 260 nm. The increase

in absorption is due to the acetophenone formed. The other sub-
10 strates only insignificantly coniribute to the absorption so that the

velocity of the reaction can be determined by measuring the absorp-

tion of aceiophencne. The value reached at pH 7.4 was set as 100%

and the relative activity for the other pH-values was calculated as is

evident from figure 2. Figure 2 shows the relative activity of V. fluvi-
15 alis w-TA in dependence from the given pH-value.

Figure 2 shows that at lower pH-values such as 6.0, 6.2 or 6.4 there
is still considerable activity present, for instance 11% at pH 6.0.
Thus, this result demonstrates that even at a low pH, it is possible fo
obtain a significant transaminase activity, allowing to react the sub-

20  strates at a lower pH, which in furn aliows to increase the conversion
by using a PDC, which is sensitive to higher pH-values.



400 mM D,L-alanine 25 25 25 PDC Z. mob//is 290 PDC Zb. palmae
18,32 V. fluvialis w-TA at pH 7,0 21,4 21,4 21,4 V fkiviaris uf-TA at pH 6,4

72,372,3
WO 2007/053372 PCT/EP2007/001222

2¢

Example 3: Asymmetric synthesis of B3AP at different pH-values

In this example, the asymmetric synthesis of B3AP from alanine and
B30CP is shown in the presence and absence of a pyruvate decar-
boxylase (PDC).

5 For each pH-value 6.0, 6.4 and 7.0 three runs of experiments were
conducted. Run 1 used the PDC of Zymomonas mobilis (wild-type
cell ektract), run 2 used the Zymobacter palmae (recombinant in £
coly and run 3 was a control without PDC, employing only the
transaminase. To obtain comparable results, the activities of both of

10 the PDC’s have been determined at pH 6 with an alcohol dehydro-
genase assay and the same quantity of activity of the PDC’'s was
used in the runs identified above.

Table 3 gives the volumes of the used substance in pl. Each reaction
run was carried out three times at pH-values 6.0, 6.4 and 7.0. The
15 pH-value was adjusted by the buffer of the B3OP substrate solution.
The activity of the PDC was about 2.5 units/ml at pH 7. The sub-
strate and enzyme concentrations are also evident from table 3 be-
low. After 10 minutes, 30 minutes, 60 minutes and 120 minutes a
sample of 100 ul was taken and the reaction stopped by the addition
20 of 100 pyl 1 M NaOH. The guantification of the B3AP-concentration

was done using CE (capillary electrophoresis).



72,3 V. fluvialis w-TA at pH 6,0 110 110 110 4 mM TPP 25 25 254 mM
PLP 25 25 25 40 mM MgCI2 25 25 25 Water ad 1000 pl

WO 2007/693372 PCT/EP2007/001222
21
Table 3
Run 1 Run 2 Run 3
10 miM B3OP in 100 mM
buffer of corresponding pH-
value 500 500 500
400 mM D L-glanine 25 25 25
PBC Z. mobilis 280 - -
PDC Zb. palmae - 18,32 -
V. fluvialisw-TAatpH 7,0 21 .4. 21,4 21,4
V. fluvialis w-TA at pH 6,4 72;3 ' 72,3 72,3
V. fluvialis w-TA at pH 8,0 110 110 110
AmMTPP 25 s 25
4 mM PLP 25 25 25
40 mi MgCly 25 25 25
Water ad 1000 ul

Table 4 below shows the conversion at different pH-values for the
different PDC’s. It is evident that the use of the PDC increases the
5  conversion. It is also evident that the PDC from Z. paimae (Zpa)
causes a somewhat higher conversion than the PDC from 2 mobilis
(Zmo). itis also evident that at lower pH-values, such as 6.0 or 6.4, a



Table 4 below shows the conversion at different pH-values for the different
PDC's. It is evident that the use of the PDC increases the 5 conversion. It
is also evident that the PDC from Z. palmae (Zpa) causes a somewhat
W&ﬂ@@é’f‘)ﬁ\:}ersion than the PDC fr m Z. mobilis (Zmo). It idGEERIaeRt 222
that at lower pH-values, such as 6.0 or 6.4, a WO
2007/093372PCT/EP2007/001222 22 remarkable conversion increase in
the runs employing PDC's is to be observed, which is not to be seen in the
PDC-free control. In all reaction runs it could be observed that after 120
minutes the conversion decreased. Table 4 Conversion Run 1 Zmo) Run

2 (Zp?gneéﬂf@agnfseoggr?@eg{@ﬁ i ngg,g)agg' ig {%g uﬁdﬁs emploving PDC's is to be
observed, which is not to be seen in the PDC-free control. In all reac-
tion runs it could be observed that after 120 minutes the conversion

decreased.
5 Table 4
Conversion
Run 1 (Zmo) Run 2 (Zpa) Run 3 (control)

Time |pH6 |pH pH7 [pH6 |pH pH? | pH6 |pH pH7
{min) 8,4 64 64

10 7.5 55 24 12,1 9.8 4.9 2,5 2.4 2.0

30 114 (142 |98 16,0 17,8 | 152 5,1 4.8 4,6

60 8.3 n.d. 12,4 11,0 n.d. 16,3 7.0 n.d. n.d,

n.d.= hot determined



pH7pH6pH6,4pH7pH6pPH6,4pH7107,5552,412,19,84,92,5
2,420

WO 2007/693372 PCE/EPZOGT/001222
23

Example 4: Stability of B3AP in the presence of various reactants of

an asymmedtric synthesis reacticn

To show the stability of B3AP in the presence of various reactants
incubations of 1 mM B3AP were conducted in a reaction tube for

5  3hrs in the presence of various substances as listed in table 5 below.

The example was carried out at a pH of 6 and 7 (sodium phosphate
buffer). Directly after reacting the substances being a first sample T,
was taken, and another sample, Ty, after 3 hrs. After the exiraction
the amine conceniration was determined with an internal standard
10 {acMBA) by CE. From the difference of the concentrations obtained,
the %-decrease of the B3AP concentration was calculated (see fig-

ure 3).

Table 5

1mM B3AP and:
Hun  Reactants
50 mM Na-P-butfer
5 mM B30OP
10 mM D,L-alanin
cofactors {Q,1 mM PLP, TPP, 5 mM Mg)
cofactors + B3OP + alanine
145 pl Z.rmobilis cell extract (50 % glycerine)
10 pl E.cofi cell extract (Zpa PDC recorﬁbinant)
55 pb/ 11t VIETA (pH6/7)
50 ut Ade-TA
V- TA+B30P+cofactors
1 mM acetaldehyde
VI-TA + acetaldehyde
Ade-TA + acetaldehyde

W o~ Gt W N -

-t ek d e
G N = O




3011,414,29,616,017,815,25,14,84,6 608,3n.d. 12,4 11,0 n.d. 16,3
7,0 n.d.

WO 2607/093372 PCT/EPHOTG1222
24

From figure 3 it is evident that the different reactants do not signifi-
cantly affect the B3AP-concentration (runs 1 to 9). Reaction runs 11
to 13 show the influence of acetaldehyde. From run 11 it is evident
that in the absence of a transaminase there is no reduction in the
5 B3AP conceniration, while in the presence of a transaminase and
acetaldehyde a strong reduction in BSAP-concentration can be ob-
served. Acetaidehyds functions in the transaminase reaction as an
amino acceptor, such as pyruvate, and obviously leads to a reduc-

tion in B3AP concentration.



n.d. nid.= not determined WO 2007/093372PCT/EP2007/001222 23
Example 4: Stability of B3AP in the presence of various reactants of an
mmetric synthesis reaction To show the stability of B3AP in the

“6%2 &%t various reactants incubations of 1 mM B3AP werd Eablitied
in a reaction tube for 53hrs in the presence of various substances as listed
in table 5 below. The example was carried out at a pH of 6 and 7 (sodium
phosphate buffer). Directly after reacting the substances being a first
sample To was taken, and another sample, T1, after 3 hrs. After the
extraction the amine concentration was determined with an internal
standard lo (aMBA) by CE. From the difference of the concentrations

2ERMAENM D, L alanln 4cofactors (0 1 mM PLP, TPP 5 mM Mg)
SCofactors + B3OP + alanine 6145 pl Imobilis cell extract (50% glycerine)

Iy this example the transaminase activity of V. fluvialis and A. deniiri-
ficans w-TA for the substrates B3AP and pyruvate and for B3AP and
5  acetaldehyde is shown.

2 mM B3AP was reacted with 2 mM pyruvate or 2 mM acetaldehyd
(36 ul Alcaligenes denitrificans {Ade) or 6 ul Vibrio fluvialis (V1i)-
transaminase per 0,5 yl reaction volume, corresponding to 2 units/ul
transaminase was reacted for 30 minutes). Figure 4 shows the re-
10 sults. Accordingly, B3AP was converted to B30OP by both enzymes,
both with pyruvate and acetaldehyde, without any significant differ-

ences.



710 pl E.coli cell extract (Zpa PDC recombinant) 855 pl/ 11p1 V/I-TA
(pH6/7) 950 pl Ade-TA 10Vfl-TA+1330P+cofactors 111 mM acetaldehyde
12IMI-T A + acetaldehyde 13Ado-TA + acetaldehyde WO

MOd 8833 72PCT/IEP2007/001222 g|64 From figure 3 it is evidentRAHY (222
different reactants do not significantly affect the B3AP-concentration (runs
1to 9). Reaction runs 11 to 13 show the influence of acetaldehyde. From
run 11 it is evident that in the absence of a transaminase there is no
reduction in the 5 B3AP concentration, while in the presence of a
transaminase and acetaldehyde a strong reduction in B3AP-concentration
can be observed. Acetaldehyde functions in the transaminase reaction as
iz?]nBa3 i— Fegt’ a3 Dy . and ohyig  _, Iear 5,108, reduction
Examples:Reaction of B3AP with the amino acceptors pyruvate and
acetaldehyde In this example the transaminase activity of V. fluviafis
and Iteif) -T Vv f
AR ] e e S AR YL B 000
pyruvBtee dpnan RsieEnalih§wBe 35 MesligeredeanBMdands Adaybiob
P4 Vibsie liavalisddiidranaansinase Rk Okt IeaeHIN AL and with-
corresponding to 2 units/pi transaminase was reacted for 30 minutes).
Figur@‘ilt %r%%s the re- lo sults. Accordingly, BSAP was converted to
B3OP by both enzymes, both with pyruvate and acetaldehyde, without
any sigeditant chfieitnces.

Final volume: 1,5 mi
50 mM sodium phosphate buffer, pH 6
10 300 wl Vibrio fluvialis-transaminase
60 pi Zpa-PDC (corresponds to 8 units/mi at pH 7)
5 mM B30OP
10 mM D L-alanine
0,1 mM TPP, PLP
15 5 mM MgCly

The reduced pressure was applied using a rotary evaporator (150
mBar}. The measurement was done using CE.

Figure 5 shows the conversion of B3OP toc B3AP over the time for
various pressures. It is evident that the conversion is almost inde-

20 pendent from the pressure applied. The conversion at a pressure of
150 mbar is, with regard to the maximal conversion reached, similar
to the conversion at a pressure of 1000 mbar.



WO 2007/093372PCT/EP2007/001222 26 Example 6: Asymmetric
synthesis of B3AP under reduced pressure at pH 6 In this example, a
reduced pressure was applied to the reaction mix- ture for an asymmetric
W&ﬁ‘f%g’léggéaction to form B3AP. Ag.a control, 5the same I%g@ﬁgﬁowé(@mm
carried out under normal pressure and with- out PDC. Reaction
conditions: Final volume: 1,5 ml 50 mM sodium phosphate buffer, pH 6
to300 pl Vibrio ffuvialls-transaminase 60 pl Zpa-PDC (corresponds to 8
units/ml at pH 7) 5 mM B3OP 10 mM D,L-alanine 0,1 mM TPP, PLP 155
mM MgC12 The reduced pressure was applied using a rotary evaporator
(150 mBar). The measurement was done using CE. Figure 5 shows the

conveé)s(é)f,%% %38&%%5’?%@‘5 c?f"é?arr%‘&st%?&%rte decarboxviases

in this example, three different pyruvate decarboxylases were used
for the asymmetric synthesis of BBAP. The reaction conditions corre-
spond to those of example 6, except that a pH of 7 was used. PDC's
5  from Z. mobilis, Z. paimae and a PDC from Biocatalytics (catalogue
no. PDC-101) were used. The activities of the PDC’s in the ADH-

assay were identical (1,6 units/mi).

Figure 6 shows that all three PDC's essentially resuft in comparable

conversions.



various pressures. It is evident that the conversion is almost inde- 20
pendent from the pressure applied. The conversion at a pressure of 150
er)g%zfi/%fz §/§/|7ch regard to the maximal conversion reached, si?élrza}% f)%ﬂtur}?@mzzz
conversion at a pressure of 1000 mpar. WO S :
2007/093372PCT/EP2007/001222 27 Example 7: Comparison of various

pyruvate decarboxylases In this example, three different pyruvate
decarboxylases were used for the asymmetric synthesis of B3AP. The
reaction conditions corre- spond to those of example 6, except that a pH
of 7 was used. PDC's 5 from Z. mobilis, Z. palmae and a PDC from

Biocatalytics (catalogue no. PDC-101) were used. The activities of the

PDC$ 154 NP SRR SRR, FGNR ) BN S
1PENSITIEE 26802 FO 61 B3

Slede : AP8 Example 8: Influence of enzyme
and co-substrate concentrations on the conversion of B3OP to B3AP In

this e?%?@@éeétz&maiéﬁﬂ%emﬁ&Q%:?@’Eﬁ%%%@&ﬁb%l?&%ﬁﬁ%fhs@ YRrHian
of B3OP to B3AP usmg alanine as amino donor is 5shown. Furthermore,

the infRRRYRISIBRHRY e Korienratisn@nARBIBBNGErAONIST BIYOM té
B3ARsioshOWIrthermore, the influence of the alanine concentration on

the conversion of B3OP 1o B3AP is shown.

The reaction conditions are given in example 6, except that a pH of 7
was used and except if otherwise stated. Zymobacter paimae TA
was used.

10 As is evident from figure 7, in a reaction without PDC a 5-fold in-
crease of the alanine concentration from 5 mM to 25 mM resulis in a
duplication of the conversion (12% in contrast to 5.3% conversion
after 2 hrs). In the presence of PDC, the conversion increases at a 5-
fold alanine excess fo the duplicate (30% in contrast to 17% after 90

15 minutes). In case the amount of PDC is increased at the usual
alanine concentration from 1,6 units/mi to 50 units/ml, the conversion
is also increased, however, only by a factor < 2 (29% in contrast to
17% after 40 minutes).

in a further run of experiments, the influence of a combined alanine

20  excess and a PDC excess was shown, both at a pH of 6 and 7. The
reaction is faster at a pH of 6, whereas after reaching a conversion of
49%, the B3AP concentration also decreases faster. Ata pH of 7 the
conversion increased up to 56%.



The reaction conditions are given in example 6, except that a pH of 7 was
used and except if otherwise stated. Zymobacter palmae TA was used.
0As is evident from figure 7, in a reaction without PDC a 5-fold in- crease
St the4tafihe concentration from 5 M to 25 mM results wPSTdEEﬁ etite] e
of the conversion (12% in contrast to 5.3% conversion after 2 hrs). In the
presence of PDC, the conversion increases at a 5- fold alanine excess to
the duplicate (30% in contrast to 17% after 90 15 minutes). In case the
amount of PDC is increased at the usual alanine concentration from 1,6
units/m1 to 50 units/ml, the conversion is also increased, however, only by
a factor <2 (29% in contrast to 17% after 40 minutes)* In a further run of
Ianlr%e %O excesﬂsandaPDC

S

f1e #idB3édthing a conversion of 49%, the B3AP concentration
also decreases faster. At a pH of 7 the conversion increased up to 56%.

WO %9%99?@%%%8@’515%987689&8%@a%%n§@%WB£§'wC? ] g,

alanine concentration on the asymmetric synthesis o n four

reactioPid, BMmRE SHTCEMTRIgs Tesinfial 28GhNHNL 19"RRTE0D Hiieiid

590 nm@/etﬁjuﬁ@éi TERRRACHIHIRIDneRRNERwIthaut ﬁ»zB%@t-@@tt@%as
reaction, with as c?érled out. The H -value was a Fusted to pH 7.0.

SampleLIg tPa RO BHERCEUR A LIS dara ThEc
reactidmmtitines cﬁ@r&h&mm%mmsogmemmne&gmeﬂ&evwmm@mh@n@n in

m'nur{tﬁutgrgzag?tﬂfépgﬂmmefo tpggél%toz%og%mgtfo RRECRnd for

10Fi shows the conversion o asymmetr RESIS a
mcredé’éﬁt@m%’b‘%é‘ﬁﬁatﬁms. Figure 8 clearly shows that the
conversion can reach 60 to 70%. It is evident that increasing the alanine

foncentiation B2 dJQBMas: aRificant eifess R Bhihesis at

conversion from B3OP to B3AP and 15 that a further increasé up to 500
mM JRRT&RERA RAE R UCRIE @8R8 sion. The influence of PDC on the

conversion decreases with increasing alanine concentration.
Figure 8 clearly shows that the conversion can reach 60 to 70%. lt is

evident that increasing the alanine concentration from 25 to 110 mM
has a significant effect on the conversion from B30OP to B3AP and
15 that a further increase up to 500 miM only slightly influences the con-
version. The influence of PDC on the conversion decreases with in-

creasing alanine conceniration.

From the data of the control reaction, the equilibrium constant of the
B3AP synthesis was calculated as follows:

20  [B3AP]=[Pyr]

[B3OP)= ¢, 4y0p ~ [ B3AP] and

[Ala] = ¢, ,, —~[B3AP]



From the data of the control reaction, the equilibrium constant of the B3AP
synthesis was calculated as follows: 20[B3AP]=[Pyr] [1330P]=-[B3AP] and
C0.830P [Ala]=CO34th - [B3AP] WO 2007/093372PCT/EP2007/001222

%@‘Hﬂ?? 7§ing the measured B3AE concentration, the equﬁfbﬁﬁm{mw 01222
constant was calculated as: K = [B3AP1[Pyr][B3AP]2 [B30P] [Ala]
(c0830p -[B3AP])-[co,ma -[B3AP1 co, [Ala][B3AP]K 10-3 553,2 25123,1
110243,5 300353,2 500402,8 Mean of K:3,1 Table 6

Thus, using the measured B3AFP concentration, the equilibrium con-

stant was calculated as:

x = [B3AP)(Pyr] _ [B3APY
[B3OP]-[Ala]l (€4 g30p —[B3APD - [cq 4, ~[BIAP]

Co, [Ala]  [B3AP] K- 10°

5 5 3,2
25 12 3,1
110 24 35
300 35 3,2
500 -40 2.8
Mean of iK: 3.1

5 Table6

Table 6 shows the calculated values. Thus the equilibrium constant
for the reaction with B3AP is 3,1 x 10°°. Thus, the substrate B30P is
a suitable substrate for the asymmetric synthesis in contrast to other

ketones.



Table 6 shows the calculated values. Thus the equilibrium constant for the
reaction with B3AP is 3,1 x 10-3. Thus, the substrate B3OP is a suitable
substrate for the asymmetric synthesis in contrast to other ketones. WO
YA 271653572PCT/EP2007/001222 31 Example 10: Influerice 6f PLAGH*
the asymmetric synthesis pf B3AP In this example, the influence of PLP
(pyridoxal-5'-phosphate) on the conversion of B3OP to B3AP is shown.
The following three reaction runs have been examined_ 5a)Run 1 using
0,1 mM PLP without addition of further PLP. b) In run 2 PLP was added
during the reaction as soon as the yellow colour, which is due to the
presence of PLP in the reaction medium, has faded. For this purpose, 1 to
2D oLgeset pagded therebyreoainid 8,10 siign
increase in volume is considered to be below 1% and can therefore be
neglettédiscyieopleR theeksdineand nbFRIPpdddokaREaotionmoriditiomshd
m ingl o, 3f BBUANSANRSE MM ko BRI PRSBNRIEUffer
pH 7.0. The L-alanine concentration was 110 mM. The néasurements
were faRehdyedraheraMiBXwas used as internal standard. Figure 9
shows the conversion over the time. There appears to be no significant
igfluencespn thexmaximahgenversion dugiadhe R addr nathlieminsrun
b) compared to run a). The reaction without PLP appears to be slower,
although. it reached the same conversion as the other reactions. The

addition Bt PLP T Hiirrd) 'dades aShshiy hie s Rasicionsinne amihe
concentration ag:tompalestiaiiercEntdoérun thWpresence of PLP in the

2007/093372PCT/EP2007/ 012%}2]3 %x le 11: Asymmetric, synthesis
o BIAP with 1B o SR T e A O g 2 ol o1
a saturated PLP solution is added, thereby regaining a

10 strong yellow colour. The influence on the amine concen-
| tration through this slight increase in volume is considered
to be below 1% and can therefore be neglected.

c) No PLP present and no PLP added.

Reaction conditions: 1 ml final volume, 37 gl ViHtransaminase, 5 mM

15 B30OP, phosphate buffer pH 7.0. The L-alanine concentration was
110 mM. The measurements were taken by CE and o-MBA was
used as internal standard,

Figure 9 shows the conversion over the time. There appears to be no
significant influence on the maximal conversion due to the PLP addi-
20 tion in run b) compared to run a). The reaction without PLP appears
to be slower, although it reached the same conversion as the other
reactions. The addition of PLP in run b) causes a slightly greater re-
duction in the amine concentration as compared to the control run.



The following example details one way to improve the conversion of the
asymmetric synthesis of B3AP by the removal of acetaldehyde. 5Reaction
WCOI’]dItIOI’]S Substrates: 5 mM B3OP 500 mM L-alanine 32 g/mfl Z%%7PDC
1377 ffmIZVf/ transaminase SOdILéQ’] phosphate buffer pH '/CES Bt 222
PLP and TPP (thiamine diphosphate) 5 mM MgCr2 Since the reaction
solution contained a significant amount of protein, 15 there was a strong
tendency to the formation of foam. To suppress said foaming, 0,6 pl of an
antifoam A concentrate (Sigma, silicone-polymer) was added to the
reaction run. The concentrate suppressed the foam generatlon toa large

(EETAGES B S prediitt foamA Since the addition of dry
nitrogen led to an evaporatlon of Water from the reaction solution, the

t
com e e Ao R R AT

Zpa-PIREHRGRRG RYHes!S W@%‘b‘b%ﬁ%@p@fﬁ#@%@%ﬁmgﬁ 33

gen N2) without nitrogen addition corresponds exactly to the reaction run

withopkantifgam MdddsTA, ZpaPDC). Thus, the enzymes are not
influenced by the addition of the antifoam concentrate. The run (run 142:

VIl-TA u%ga PDC antifoam, N2) treated with nitrogen showed an

5 mM B30OP
500 mM L-alanine
32 Uiml Zpa-PDC
10 37 pi/ml Viransaminase
Sodium phosphate buffer pH 7,0
0,1 mM PLP and TPP (thiamine diphosphate)
5 mM MgCls

Since the reaction solution contained a significant amount of protein,

15 there was a strong tendency to the formation of foam. To suppress
said foaming, 0,6 pi of an antifoam A concentrate (Sigma, silicone-
polymer} was added to the reaction run. The concentrate suppressed
the foam generation to a large extent but could not inhibit it com-
pletely. To exclude that said antifoam concentrate inhibits the en-

20 zymes, a control run without the addition of nitrogen was supple-
mented with antifcam A.

Since the addition of dry nitrogen led to an evaporation of water from
the reaction solution, the nitrogen was wetted.

Figure 10 shows the calculated relative B3AP conversions. The con-
25  trol with antifoam A (No-control: VIAFTA, Zpa-PDC, antifoam, no nitro-



5increased conversion after 60, 90 and 180 minutes.
W02007/093372PCT/EP2007/001222 34 Example 12: Asymmetric B3AP
S nthesjs under various conditions Reaction conditions: Final volume: 1
"% 2\?976%) ffitransaminase 5 32 units/ml Zpa-PDC or Biocatﬁﬁ?&%" lolols /e
3,2 units/m1Zmo PDC 5 mM B3OP 500 mM L-alanine Cofactors 0,1 mM
PLP and TPP, 5 mM MgC12 pH 7, sodium phosphate 10Figure 10 shows
the conversion of 830P to B3AP for the above- identified reaction runs
combining the Vf/-transaminase with each PDC. In figure 10 the run
designated N2 is the run containing Vlltransaminase and Zpa-PDC
treatedevr\{i%?itmg%& %ﬂid amr:%fo% A. 15 The N2 contro| is.a sample
contaiming Vi ansaminass. Zha B S HE oS AR WHHE ﬁif%&é‘ﬁm
treatmigntwitlisdvidéhanadterelis aighliCant mactsednsomvesionot
from t I [ N2- le, g t [ e Qf nitrogen,
whior RS S SR B RS RS PR

gasedis i iR Riire acitiorme iohsriamiowIyiflogeassomed an
CONVaFRRSLEATLBRRRISBAAR 606 2007{88337RRET/EP2007/001222



35 Example 13: Asymmetric synthesis of B3AP in the presence of alcohol
dehydrogenase (ADH) To remove the acetaldehyde produced by the
PDC reaction from the reaction mixture, ADH can be used to convert the
Y&taidétide to Sethanol. Reactio gonditions: 110 mM L- AfaHHEY HIR222
B3OP 37 p1l/ml Vf/-transaminase 10 32 units/ml Zpa PDC 0,1 mM PLP
and TPP 5 mM MgC12 Sodium phosphate buffer, pH 7 The following
reaction runs are shown: isReaction run 1: reaction with PDC and
transaminase Reaction run 2: reaction with PDC and transaminase with 5
mM ethanol (final concentration) and NADH-addition Reaction run 3:
reaction with PDC, ADH and NADH The ADH used was the ADH from
Sacc AromyCes, Cerevise er- 59 clivity unlts/ml

Reaction conditions:

Final volume: 1 ml
37 yl Vil-transaminase
5 32 units/mi Zpa-PDC or Biocatalytics PDC or 3,2 units/m! Zmo PDC
5 mM B30OP
500 mM L-alanine
Cofactors 0,1 mM PLP and TPP, 5 mM MgCl;
pH 7, sodium phosphate

10 Figure 10 shows the conversion of B3OP to B3AP for the above-
identified reaction runs combining the Virtransaminase with each
PDC.

in figure 10 the run designated N2 is the run containing V-
transaminase and Zpa-PDC treated with nitrogen and anfifoam A.

15 The N2 control is a sample containing Vi-transaminase, Zpa-PDC
and antifoam A without nitrogen treatment. It is evident that there is a
significant increase in conversion from the N2 control to the N2-
sample due to the presence of nitrogen, which has been fed into the
reaction solution. Thus, feeding nitrogen in gaseous form into the

20  reaction medium significantly increases the conversion from B30OP to
B3AP.



36 At the beginning of the reaction absolute ethanol has been added to
reaction run 2 in a final concentration of 5 mM. At the beginning of the
reaction 5 moI NADH were added to the reaction runs 2 and
(:%rzroeﬁgff)]())gh3 ing to a final concentratign of 5 mM NADH. Aftet 1 %ﬁ%ﬁ?"’ b1z
utes each, a further addition of 2,4 pmol NADH (4 pl of a 0,6 M
NADH-solution in 50 mM phosphate buffer, pH 8,5) was added. The
NADH solution was stored in ice and prepared immediately before use.
The results are given in figure 11 and table 5. The effect of the ADH to is
clearly evident. The conversion increases up to approximately 90%.
Control run 2 without ADH and 5 mM ethanol only slightly deviates from

conei @Tmm%q o0 g1ARH et GRseR e,

in the asyr

%

Lactive chiral amine comprlsmg a)prowdmg
an amino acceptor and an amino donor, 5reacting the amino acceptor and

the aminesARREY WEkBRLHAR) SRIGGHVE &@aﬂ?@%@%@?&%ﬁ?}éﬂﬂ'&%

the desired optically active chiral amine and an alpha-ketone by-product,
Wheréﬁ?ﬂ%@'ﬁ)r‘&%é’éqs%Qﬁé@ﬁﬁ%%?@é&l%ﬁ%d@%@@ﬁwe to

Ofromsa@dn 9.5 for a reaction time of 40 to 70 minutes in a tempera- ture
range from 10 to 65C. 2. The process according to claims 1, wherein the
aminq,ac- c tor is,.selected from the group consisting of phenylpyruvic
acid, a%%‘ft g?ﬂf\/lc acid, a salt thereof, acetophenone, 2- 15
ketoglutarate, 3 oxobutyrate 2-butanone, 3-oxopyrrolidine (3-OP), 3-
pyridylriethiikerdarifd-FMK), 3-oxobutyric acid ethyl ester (3- OBEE),
3-0x0p g%léigcid methyl ester (3-OPME), N-1-boc-3- oxopiperidinone,
N-1-boc-3-oxopyrrolidine (B30P), 3-oxo-piperidine,
alkyl-87onboyUtBHER IS MiRGBRXyacetone and 1-oxotetralone.

10 32 units/ml Zpa PDC
0,1 mM PLP and TPP
5 mM MgCly
Sodium phosphate buffer, pH 7

The following reaction runs are shown:
15 Reaction run 1: reaction with PDC and transaminase

" Reaction run 2: reaction with PDC and transaminase with 5 mM
ethanol (final concentration) and NADH-addition

Reaction run 3: reaction with PDC, ADH and NADH

The ADH used was the ADH from Saccharomyces cerevisae with an
20 activity between 50 and 100 units/ml. The PDC-activity was 32
units/mi.



203.The process according to any one of claims 1 or 2, wherein the amino
donor is selected from the group consisting of amines or
aminoacids,inparticularfromf3-alanine,alanine,a- methylbenze/lamine
W@-%ﬁ%gﬁjtamate, phenylalanine and y- PCT/EP2067/001222
aminobutyrate,glycin,3-aminobutyrate,isopropylamine,2- aminobutane and
a salt, for instance a chloride, of any one thereof. 4. The process
according to any one of the preceding claims, wherein the obtained
amines are amines, in particular mono- or bicy- 5 clic amines, in particular
amines of 5 to 6-membered cyclic or S-, 0-, or N-substituted heterocyclic

hydro ons or aromatgic amines, in particylar alkyl- ar alkoxy-substituted
o R e A e Do B W p e
cIaim@M@mwmé 'trbt:aiﬁmj anﬂneaﬁméwelm‘qfedaﬁbnﬁ\it_ﬁeegbegmning of
o B8 540 SR A RABE: Alanina kAT ARREHARS: uns 2 and 3

alky1-3-aminobutanoates, 3-aminopyrrolidine (3-AP),
3-pyriffiesnangiaeife Bog EANCROIdEn DEMmdHHASIHINA @3 PIn-
Framingbubyis acickahr estRiSAREE ), 3:aBlineRspianojg a4id npasthii
ester (3-APMEI), amethylbenzylamine (a-MBA), 1-aminotetraline
a-mefity P4-ETU18 i ial b herRidedhilahaRl! B-3hiiRsAgRMe The
sec-bupiamins.hethexyisaprapytaminandepivaiies ohmediately before
3-aminoeoyrrolidine, 1-N-boc3-aminopiperidin, cephalosporine and
. USE, . .

derlvatsi'ves of cephalosporine. 6. The process according to any one of
the preceding claims, wherein the w-transaminase is from Vibrio fluvialis,
Alcalibenessidis20niwifiearis, igetssitlapr dalbimBiather Biwitlas the ADH
fhuringiensisi, 7e FIERIOPRSSAFRRAILIRG tharsone %ﬂ%§ Rssediitely
claims, wherein the ketone by-product obtained in step c) is pyruvate.

90%. Control run 2 without ADH and 5 mM ethanol only slightly devi-

ates from control run 1. Thus, the addition of ADH greatly increases
the conversion in the asymmetric synthesis of B3AP from B30OP.
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8. The process according to any one of the preceding claims, wherein the
ketone by-product obtained in step c) is in a further pro- 25cess step d)
removed from the reaction mixture by reaction with at least one enzyme.
9. The process according to claim 8, wherein the enzyme used in step d)
is a decarboxylase. 10. The process according to claim 8, wherein the
enzyme used in step d) is a synthetase. 511.The process according to
claim 8, wherein the enzyme used in step d) is a dehydrogenase. 12. The
process according to any one of claims 8 or 9, wherein the enzyme is a
pyruvate decarboxylase (PDC). 13. The process according to any one of
claims 8 or 10, wherein 10the enzyme is a lactate dehydrogenase (LDH).
14}divesprocess according to any one of claims 8 or 11, wherein the
enzyme is an acetolactate synthase. 15. The process according to claim

Wheg\eln the ace%aldgh%derforme r{ i aai%tlon,uc‘):f tghe P %és chiral
removed: TE76%Re HEESTS ng oClaim 18, e¥ e
agetaldelyydprisirgmoved by reaction with at least one enzyme. 17. The -
process according to claim 16, wherein the enzyme is an alcohol

dehyd : : : : :
ey roa%enasgroviding an amino acceptor and an amino donor,
b} reacting the amino acceptor and the amino donor with a

(R)- or (8)-selective transaminase and

c) obtaining the desired optically active chiral amine and

an alpha-ketone bynproduc’t,

wherein the process is carried out in a reaction mixture having a pH
from 5.0 to 9.5 for a reaction time of 40 to 70 minutes in a tempera-

ture range from 10 to 65°C.

2. The process according to claims 1, wherein the amino ac-
ceptor is selected from the group consisting of phenylpyruvic acid, a
salt 'thereof, pyruvic acid, a salt thereof, acetophenone, 2-
ketoglutarate, 3-oxobutyrate, 2-butanone, 3-oxopyrrolidine (3-OP), 3-
pyridylmethylketone (3-PMK), 3-oxobutyric acid ethyl ester (3-
OBEE), 3-oxopentanoic acid methyl ester (3-OPME), N-1-boc-3-
oxopipéridinone, N-1-boc-3-oxopyrrolidine (B30P), 3-oxo-piperidine,

alkyl-3-oxo-butonoates, methoxyacetone and 1-oxotetralone.

3. The process according to any one of claims 1 or 2, wherein
the amino donor is selected from the group consisting of amines or
amino acids, in particular from B-alanine, alanine, ao-

methylbenzylamine (a-MBA), - giutamate, phenylalanine and y-

37
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18. The process according to claim 15, wherein the acetaldehyde 20is

. removed by feeding gaseous nitrogen into the reaction mixture. 19. The

process according to claim 15, wherein the acetaldehyde is removed by
applying a reduced pressure to the reaction mixture. 20. The process
according to claim 15, wherein the acetaldehyde is removed by chemical
methods. 21. The process according to any one of the preceding claims,
wherein the optically active chiral amine obtained in step c) or d) is
5removed from the reaction mixture obtained in step c) or d), 22. The
process according to any one of the preceding claims, wherein the

FretRek Y alged GYSa reacABH RRERHRYINg ORI MATEE to 720,
Referabl:HhO 6.9 <28, TheriesresSAEaIAHY & any ene afdhear,

preceding claims, 10wherein the amino acceptor is B30P. 24. The

process according to any one of the preceding claims, wherein the amino
donor id BRRIARCEDS. FHOHBIEIS RAROENR) 8 4§ GHEsTiRg sieédding

GBI ihdreodr st harininsacaiakiehvide lonmek Py s reachrRy of
the 15PDC is removed by feedlngﬁ%aseous nltrogen (N2) into the reaction

PiRaeings, Thegsfsesas 2rdorging folarfy fRd predisdifigielditns
12 REObetnberrindhesRastiondssanirtheubindhapigsenceekatipast
one pyruvate decarboxylase and at least one alcohol dehydro- 20genase.
varireidasededs Gicabieigstdaiirit HPa i ataHifg claims 12, 23 or

24, wherein the reaction is carried out in the presence of at least one

LA e R
wherein the obtained amines are selected from the group consisting
of phenylalanine, = alanine, 3-aminopiperidine, alkyl-3-amino-
butanoates, 3~alm§nopyrrolidine (3-AP}, 3-pyridyl-1-ethylamine (3-
PEA), N-1-boc-3-aminopyrrolidine (B3AP), 3-aminobutyric acid ethyl
ester (3-ABEE), 3-aminopentanoic acid methyl ester (3-APME), a-
methylbenzylamine  (a-MBA), 1-aminotetraline, a-methyl-4-(3-
pyridy-butanamine, glutamate, B-aminobutyrate, sec-butylamine,
methoxyisopropylamine, derivatives of 3-aminopyrrolidine, 1-N-boc-

3-aminopiperidin, cephalosporine and derivatives of cephalosporine.

6. The process according fo any one of the preceding claims,
wherein the w-transaminase is from Vibrio fluvialis, Alcaligenes de-

nitrificans, Klebsiella pneumoniae or Bacillus thuringiensis.

7. The process according to any one of the preceding claims,

wherein the ketone by-product obtained in step c) is pyruvate.

8. The process according to any one of the preceding claims,
wherein the ketone by-product obtained in step c¢) is in a further pro-

cess step d) removed from the reaction mixture by reaction with at

least one enzyme.
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28.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- 5
phenylglycine, p-hydroxyphenylglycine, phosphinothricine, pyrimido
derivates and pyrrolidone derivates, wherein the process of any one of
claims 1 to 27 is used. 29.A process for the preparation of an optically
active chiral amine and pyruvate as alpha-ketone by-product comprising:
10providing an amino acceptor and alanine as amino do- nor, b) reacting

te amindadesseranghediigine abisr Withe(R) fHeyeaiused
trﬁu}rg@f] 5€, %‘BB@&%@? desired optically active chiral amine and
e

: .
15pyruvate as alpha-ketone by-product and d) removing pyruvate from the
reaction mixture with a de- carboxylase and/or synthase. 30.The process

atGordirgo progeste atetingdowhersi B thehgsearoryriseyva psadiate

dg‘cg{#?@l%sg égﬁ%ﬁ%@é”*‘e process according to any one of claims
29, wherein the synthase is an acetolactate synthase.
11. - The process according o claim 8, wherein the enzyme used

in step d) is a dehydrogenase.

12.  The process according to any one of claims 8 or 9, wherein

the enzyme is a pyfuva‘i:e decarboxylase (PDC).

13.  The process according fo any one of claims 8 or 10, wherein

the enzyme is a lactate dehydrogenase (LDH).

14.  The process according to any bne of claims 8 or 11, wherein

the enzyme is an acetolactate synthase.

15.  The process according to claim 12, wherein the acetaldehyde

formed by the action of the PDC is removed.

16.  The process according to claim 15, where the acetaldehyde is

removed by reaction with at least one enzyme.

17.  The process according to claim 16, wherein the enzyme is an

alcohol dehydrogenase.

18.  The process according to claim 15, wherein the acetaldehyde

is removed by feeding gaseous nitrogen info the reaction mixture.

19.  The process according to claim 15, wherein the acetaldehyde

is removed by applying a reduced pressure to the reaction mixture.
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32.The process according to claim 30, wherein the acetaldehyde formed
by the action of the PDC is removed. 33. The process according to claim
32, where the acetaldehyde is removed by reaction with at least one
enzyme. 34. The process according to claim 33, wherein the enzyme is
an alcohol dehydrogenase. 535.The process according to claim 32,
wherein the acetaldehyde is removed by feeding gaseous nitrogen into
the reaction mixture. 36. The process according to claim 32, wherein the
acetaldehyde is removed by applying a reduced pressure to the reaction
mixture,_ 37. The process according to claim 32, wherein the

#etaldd IR RS ARRUEIBY LR&HRICA MetHdts B8 ABRE T the
REcRaRiRR of aFheptikall-astiveiS-AP or an optically active B3AP

comprising: a)providing 3-OP or B3OP as amino acceptor and an amino
donor, 15b)reacting the amino acceptor and the amino donor with a (R)-

FS)-sERR VO RRPS ARG AN cFEN AR P8 pRtetsheg el dial
INBENBORIsRIIRCMA NERHR AR RN B ABHarkeiepech P dict.

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

22. The process according to any one of the preceding claims,
wherein the process is carried out in a reaction mixture having a pH

from 6.0 to 7.0, preferably 6.0 10 6.9.

23. The process according to any one of the preceding claims,

wherein the amino accepior is B3OP.

24.  The process according to any one of the preceding claims,

wherein the amino donor is alanine.

25.  The process according to any one of the preceding claims 12,
23 or 24, wherein the adetaidehyde formed by the reaction of the
PDC is removed by feeding gaseous nitrogen (Np) into the reaction

mixture.

26. The process according to any one of the preceding claims 12,
23 or 24, wherein the reaction is carried out in the presence of at
least one pyruvate decarboxylase and at least one alcohol dehydro-

genase.

27.  The process according to any one of the preceding claims 12,
23 or 24, wherein the reaction is carried out in the presence of at
least one pyruvate decarboxylase, at least one alcohol dehydroge-

nase and additionally in the presence of gaseous nitrogen (Ny).
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28. 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-hydroxyphenyiglycine, phosphinothricine, pyrimido
derivates and pyrrolidone derivates, wherein the process of any one

of claims 1 to 27 is used.

29. A process for the preparation of an optically active chiral

amine and pyruvate as alpha-ketone by-product comprising:

a) providing an amino acceptor and alanine as amino do-

nor,

b) reacting the amino acceptor and the amino donor with a

(R)- or (S)-selective transaminase,

c) obtaining the desired opfically active chiral amine and

pyruvate as alpha-ketone by-product and

d} removing pyruvate from the reaction mixture with a de-

carboxylase and/or synthase.

30. The process according to any one of claim 29, wherein the

decarboxylase is a pyruvate decarboxylase (PDC).

31.  The process according to any one of claims 29, wherein the

synthase is an acetolactate synthase.

32. The process according to claim 30, wherein the acetaldehyde

formed by the action of the PDC is removed.
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33. The process according to claim 32, where the acetaldehyde is

removed by reaction with at least one enzyme.

34. The process according to claim 33, wherein the enzyme is an

alcohol dehydrogenase.

35.  The process according fo claim 32, wherein the acetaidehyde

is removed by feeding gaseous nitrogen into the reaction mixture.

36. The process according fo claim 32, wherein the acetaldehyde

is removed by applying a reduced pressure fo the reaction mixture.

37. The process according to claim 32, wherein the acetaldehyde.

is removed by chemical methods..

38. A process for the preparation of an optically active 3-AP or an

optically active B3AP comprising:

a) providing 3-OP or B30OP as amino acceptor and an

amino donor,

b) reacting the amino acceptor and the amino donor with a

(R)- or (S)-selective transaminase and

c) obtaining the optically active chiral 3-AP or the optically
active chiral B3AP and an aipha-ketone by-product.
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