Process for the preparation of optically active chiral
am nes The present invention relates to a process for
wother/q9s3spar ati on of op tically active chiral ®QrAP2007/001222
Chiral am nes play an inportant role in the
pharmaceutical, agrochem cal and chem cal industry.
They are frequently used as inter nedi ates or synthons
for the preparation of various physiologically, for
i nstance pharmaceutically active substances, such as
cephal osporine or pyrrolidine derivatives. In a great
nunber of the various applications of chiral am nes,
only one particular optically active form either the
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Organi c Synthesis
losporine or pyrrolidine derivatives. In a great number of the various

applications of chiral amines, only one particular optically active

10 form, either the (R) or the (S) enantiomer has the desired physiologi-
cal activity. Thus, there is a clear need to provide processes for the
preparation of chiral amines in an optically active form.

These needs are partially met by preparing chiral amines by crystalli-
sation of diastereomeric salts through adding of chiral carboxylic ac-

15 ids (Breuer et al., Angewandte Chemie (2004) 116, 806-843). Other
chemical methods use enantioselective synthesis by reducing pro-
chiral precursors with C=N-double bonds. |

Furthermore, it is known to stereoselectively cleave racemates using
various enzymes, such as proteases, amidases or lipases (Born-
20 scheuer and Kazlauskas, Hydrolases in Organic Synthesis (2005),
Wiley-VCH Weinheim). It is also known that specific transaminases,
namely a-transaminases including a-amino acid aminotransferases,
are suitable for the preparation of optically pure amino acids (Bartsch
et al., Appl. Environm. Microbiol. (1996) 62, 3794-3799, Cho et al.,
25  Biotechnol. Bioeng. (2003) 83, 226-234, JP 011 53084 A2 (1998), JP



Wley-VCH Weinheim). It is also known that specific
transam nases, nanely a-transam nases i ncl udi ng
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preparation of optically pare am no acids (Bartsch et
al ., Appl. Environm Mcrobiol. (1996) 62, 3794-3799,
Cho et al., Biotechnol. Bioeng. (2003) 83, 226-234, JP
0 11 53084 A2 ( 1998), JP633 04986 A2 (1988), EP 0 248
357 A2 and Ziehr et al., Biotechnol. Bioeng. ( 1987)
29, 482-487). However, these prior art processes
suffer fromvarious di sadvan tages. Although the
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particul ar enabl i ng conversion o cts 0
10t o foodbe preparation of optically active amines is represented by the

frequently observed substrate and product inhibition phenomena. It
is therefore one of the objects of the present invention to provide an
improved process for preparing optically active chiral amines, in par-
ticular a process with an improved substrate specificity, an improved

15 enantioselectivity and in particular enabling a conversion of the
educts of up to 100%.

The present invention solves the technical problem underlying the
present invention by the provision of a process for the preparation of
an optically active chiral amine comprising a) providing an amino ac-
20 ceptor and an amino donor, b) reacting the amino 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 a-ketone by-product. According to a preferred em-
bodiment of the present invention, in a subsequent further optional
25  process step, the optically active chiral amine obtained in step c) is
isolated and purified from the reaction mixture obtained in step c).



The present invention solves the technical problem
underlying the present invention by the provision of a
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chiral am ne conprising a)3providing an am no acceptor
and an am no donor, b) reacting the am no acceptor and

the am no donor with a transam nase, in particul ar
(R - or (S)-selective transam nase and c) obtai ni ng
the desired optically active chiral am ne and an

a- ket one by-product. According to a preferred em

bodi nent of the present invention, in a subsequent
further optional process step, the optically active
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purified fromthe reaction m xture obtain in step
c). sehen@acti on of the present invention follows in
principle the foll ow ng schenme: Thus, the present

i nvention provides a process for the asynmetric
synthesis of chiral ami nes by using at |east one
transam nase for the transam nation of an am no group
froman am no donor to an am no acceptor, thereby
formng the desirednproduct Dependi ng on the
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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 amino group from an amino donor to an amino
acceptor, thereby forming the desired product. 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 generates the desired (S) enantiomer of the chiral

15 amine while using in another embodiment of the present invention an



am ne while using in another enbodi nent of the present

i nvention an(R)-sel ective-transam nase generates the
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optically active amne, thé reaction results in a

ket one by-product, in particular an a-ketone

by- product, fromthe used am no donor and possibly

non-converted am no acceptor and am no donor. In the

context of the present invention, a transam nase is a

pyri doxal phosphat e- dependent enzyme catal ysing the

transfer of am no groups. Transam nases are classified
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348 Shin and Kim Book
10 nase is a (R)- or (S)-selective transammase particularly is in a pre-
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ferred embodiment an w-transaminase.

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 substrates. 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 Iwa-
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



stracts, 2 17th ACS National Meeting, Anaheim Calif.,
March 21-25, (1999) 180, Shin and Kim Biosc.
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Kim Biotechnol. Bioeng. (1998) 60, 534- 540. Thus, in
a preferred enbodi nent of the present invention, the
transam nase, in particular the wtransam nase used in
the present process is a transam nase, in particular
an wtransam nase obtainedfromVibrio fluvialis, in
particular fromstrain JS17. In a further pre ferred
enbodi nent, the transam nase is from Al cal i genes
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I mobi | i sed_or non-imobilised form The transani nase,
10j n Migrepanigm or a cell, containing a transaminase, in particular an
w-transaminase, or a living or dead cell or microorganism itself com-
prising a transaminase, in particular an w-transaminase. Such a mi-
croorganism or cell or extract or transaminase enzyme may be used
in immobilised or non-immobilised form. The transaminase, in par-
15  ticular the w-transaminase, may also be a recombinantly produced
naturally occurring or genetically modified transaminase, in particular
an w-transaminase, which is coded partially or completely by a nu-
cleic acid sequence or a derivative thereof contained in one of the

above-identified organisms or being equivalent thereto.

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 to 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 essentially comprises an excess of one enantiomer or

even consists of only one enantiomer.
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is coded partially or conpbetely by a nu cleic acid
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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 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-transaminase. 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-oxopyrrolidine (3-0OP), 3-
pyridylmethylketone (3-PMK), 3-oxobutyric acid ethyl ester (3-
OBEE), 3-oxopentanoic acid methyl ester (3-OPME), N-1-boc-3-



or vice versa). In the present invention it is

preferred that the am no acceptor is converted to the
wOgesia9éf2chiral am ne in a conversion of at | @&ItEP3()7/001222

50, 60, 70, 80, 90, 95, in7particular 100% The

concentrations for analysing the optical purity and

the conversion can be determ ned for instance using

gaschr omat ography (GC) or photo- or fluorinmetric

met hods. In the context of the present invention an

am no acceptor is a nole cule capable of accepting an

am no group transferred froman am no donor by a
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l-oxotetralone. In a particularly preferred enbodi nent
t hdnaaripasticidary poeferredsamPodiment the amino donor is selected

from the group consisting of B-alanine, alanine, in particular D,L-
10  alanine, L-alanine or D-alanine, a-methylbenzylamine (a-MBA), glu-
tamate, phenylalanine, glycin, 3-aminobutyrate, isopropylamine, 2-
aminobutane, y-aminobutyrate and a salt, for instance a chloride, of
any one thereof. 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-pyridylmethylketone (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 (B3OP) or a salt, for
20 instance a chloride, 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



In the context of the present invention an am no donor

is a nol ecul e capabl e of providing an am no group to
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an w-transaninase. In a paBticular pre ferred

enbodi nent the am no donor is an am ne or am no acid.

In a particularly preferred enbodi nent the am no donor

is selected fromthe group consisting of b-al anine,

al anine, in particular D, Lalanine, L-alanine or

D al ani ne, a-nethyl benzyl am ne (a- MBA), gl utamate,

phenyl al ani ne, glycin, 3-am nobutyrate,
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aminotetraline, a-methyl-4-(3-pyridyl)-butanamine, glutamate, B-
aminobutyrate, sec-butylamine, methoxyisopropylamine, derivatives
of 3-aminopyrrolidine, 1-N-Boc-3-aminopiperidin, cephalosporine and

derivatives of cephalosporine.

15 In a particularly preferred embodiment the present invention there-
fore foresees reacting 3OP with an (S)- or (R)-selective transami-
nase and an amino 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 (S) 3-APME.
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chiral amne which is selected fromthe group of
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particul ar am nes with al k§l groups, branched

al kyl groups oraryl al kyl groups. In particular, these

am nes, in particular nono- or bicyclic amnes, are in

particul ar am nes of 5 to 6-nenbered cyclic or S-, O,

or N-substituted heterocyclic hydrocarbons or aronmatic

amnes, in particular alkyl- or al koxy-substituted
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In a particularly preferred embodiment said transaminase is an (R)-
selective transaminase. In a further preferred embodiment said

transaminase is an (S)-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 decarboxylase (PDC). In a further preferred embodi-
ment said reaction of B3OP with the amino donor, in particular
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 B30OP 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.



reacting 3-PMK wth an (R)- or (S)-selective

transam nase and an am no donor to obtain optically
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enbodi nent of the present ¥nvention, the in vention
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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  substituted heterocyclic hydrocarbons or aromatics, in particular al-
kyl- or alkoxy-substituted aromatics with an amino donor and an (R)
or (S)-selective transaminase to obtain optically active amines, in
particular mono- or bicyclic amines, in particular amines of 5 to 6
membered cyclic or S-, O-, or N-substituted heterocyclic hydrocar-

20 bons 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 the amino donor are reacted with the transami-
nase in aqueous medium, for 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 9.5 or 5.0 to 9.0, in particular
from 7 to 8,5. The invention foresees in a particularly preferred em-



In a preferred enbodi nent, said reaction of B3OP with
the am no donor, in particular alanine, is carried out
WOi2007(98379r esence of at | east one pyruvat e decZRCHFEPRIEHO1222

(PDC). In a further prefer¥ed enbodi nent said
reaction of B3OP with the am no donor, in particular

al anine, in the presence of at |east one pyruvate

decar boxyl ase, is carried out while sinultaneously

i ntroduci ng gaseous nitrogen in the reaction mxture
for the renoval of the acetal dehyde obtained fromthe
formed pyruvate by the action of the PDC. In a further
pr ebedimantdatearhie agunael aceeptor enddheBgwPowienontatea pH-

t n t he presence of
t P@ggﬁ&gﬁe%% 2@@8@@@@@9;@@0 b?'carri ed out in
the presence of at |east one al cohol dehydrogenase T
A fOft . i ,
from g iméala GRABHEY hobUfa i, RERiER iPeahigEButin a
fur telmpenatweerangd frorb dd umeﬁ?ﬁ%}; gireferably t20oto 50°BHIOParticu-

t I i i hi
or eBi1datongb R Aelkrably B femRpitistar A6 tagd Gom par-
car fib@8r 9P¢C W & ?uﬁhé‘ﬂbﬁe@é‘ﬁé’é@nilbdd?ﬁ{eﬁij BE the ré%l%'ﬁ?%m

nltrogenlntothe reacti on m xture, wherein
onetien mmamum@lagzden@emdetheﬁrpmesdmonanetpmewdedm aanolar

or AL 9 B8 5 20nah RaTERAY foph A SR T RO e igular
pr ef apoeth paRRUIArERGMOT: 1t tde1:8! @5 paHiIcURMERSMON1 t89:2. In a

i nven
10  preferred embodiment of the present invention the enzymatic activity

U"l

may be from 1 to 20.000 pmol/min.

In a further preferred embodiment the reaction is carried out for a
reaction time of 30 to 70, preferably 40 to 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-transaminase, in a third
process step c) 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 c) 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 decarboxylase, a synthase or a dehydrogenase.



tion foresees reacting acetophenone with an (R) or

(S)-selective transam nase and an am no donor to
wogbe7Ai9g37ept i cal |y active (R) or (S) a- MBA. | nPETIERRQNTHN1222

preferred enbodi nent the pkesent invention foresees

reacting as an am no acceptor, in particular nono- or -

bi cyclic, oxogroup-containing 5 to 6 nenbered cyclic

or S-, O, or Nsubstituted heterocyclic hydrocarbons

or aromatics, in particular alkyl- or

al koxy-substituted aromatics with an am no donor and

an (R) or (Sg-sel ective transam nase to obtain

opt Ircal pgrtigotarlyepreiemed  embogiaaritc theaketaneopraxtuct, in par-

bicyclic amnes, in.particylar amnes of 5 to 6. ,
et afi PufAtE: bl o “1ef' oS, G ek By rBaction with a
het pyeepte Idecayishatadsd PRO) 18f MethhEe ARMESactRaromyces
particul ar alkyl- "or al koxy-substituted aromatic

am aerevisiae,pdymoganas mabilisjorafyniddadter palmae, shereby pref-

parij.cul ar efer enpodi of the present
|nvétﬂﬁ%ﬁréq{%ﬁ%ﬁ$ﬁ{?ﬁ%§y t%qd‘[;ﬁ?'the am no donor are
reacted with the transam nase in aqueous nedium for
exa j j : ; [

o ol o TURREE BB B Bt 116 i eh' Bl 1 g process,
car wheckeioutheaketanpHpiaduchebtaingd, v particulart pyQivataris re-
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pHvalue Trom6.0 to 7.0, pre
10  treatment.

o

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
thereby is removed for instance by feeding gaseous nitrogen into the

15  reaction mixture, preferably by feeding said gaseous nitrogen con-
tinuously into the reaction mixture, to remove the acetaldehyde from
the reaction mixture.

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

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



In a particular preferred enbodi nent, the reaction is
carried out in a tenperature range from 10 to 65C,
wopnerszmlly 20 to 500C, in particular 18 to 2BCI/EP2007/001222
preferably roomtenperatur® or 34C to 39C, in par
ticular 37C. In a further preferred enbodi nent of the
present inven tion the am no acceptor and the am no
donor are provided in a nolar ratio from1:50 to
1:200, in particular from1:50 to 1:100, in particular
1: 100, in particular from1l: 1 to 1:5, in particular
from1: 1 to 1:2. In a preferred enbodi nent of the
pr ebereby i eanPyed tyearplyingad ireducad wressuigytobefreaatian
to %&t,g,%o mmol/mn. In a further preferred enbodi nent
the reaction is carried out for a reaction tinme of 30
to 70, preferably 40 to 65, in particular 50 to 60

M Nt £3urthdl GrePsrréd SriEdidheRt ﬁf@fr&@ﬁti&ﬁ’?é’l%ié%{bta pré&ess,
present invention relates to a process for the
pr ephetgin dhe dfetane opriodoat loptained,vim phiticalarapymeate, is re-

s BovPchy GebitR.@ 8, Enct AR WhekEi, e doi el e

am e rélNRr reticvelf 19y ¥hélRtbal kéadiongcond process step b)
the am no acceptor ‘and the am no donor are reacted

wth at | east one wtransam nase, in a third process
st elp & Yurdineropreferaéd emibodimeht thd inrehtien agldtemtoaa pedcoss,
by oduct  are obtai ned, agd Wwherein in a further |
pro‘@é@%e'%ttgﬁ kptopgproduct 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 coli, thereby
preferably producing L-lactate.

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

In a further preferred embodiment of the present invention the ke-
tone product, in particular pyruvate, obtained in step c) is continu-

25  ously removed from the reaction mixture.
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ket one by-product, in particular the a-ketone

by- product, obtained in step c) is renoved fromthe
aba7a19883d reaction m xture, in particular rempCEEPRY07/001222
reaction with an enzyne, tHat neans by enzymatic

cl eavage, in particular using an enzyne sel ected from
the group consisting of a decarboxyl ase, a synthase or
a dehydrogenase.In a particularly preferred

enbodi nent, the ketone product, in par ticular

pyruvate, obtained in step c) is renoved by reaction

Wi th a pyruvate decarboxylase (PDC), for instance from
Sacthese padinulaiy pweferad empadiments providei thecadvantage of

Y RS APaflhCiardy WioR SorRlerih Aalsy ofis i Kétone proa-
enbgsti EEBY-prdGuAtIHF ARG IpPEsd R RbESsS 18 r8nfdvREFFsm tHE YIBiiib-

the ketone product obtained, in particular pyruvate,
i s Hemnigastiopy T ireactisin is Foxcednin directiom of Hbe products,

o CHENRBLBRRIBG With & 0 HereBedBORAECR Nah hiGR FaRersidn
f urintethepdedirsd pebdigendi nent the invention relates to
a process, wherein the ketone product obtained, in

particul ar pyruvate, is re noved by action of a PDC
andT b presant timee rdioet alsd eblaties fooproedssdefoztiye ipseparative of

for _instance, by feedin aseous, nitrogen into the
R BRERI AEVE CoRh RS B nPstiphgreess angiet daigsme-
Ni 1 AiAERANINCAB ProBUEEH YhdrBbe ik PRArI@A d8ctBU kot &he Igfoup
renove the acetal dehyde from
of 3-aminopyrrolidine ~derivatives, cephalosporine, derivatives of
cephalosporine, heterocyclic boronic acids, L-
dihydroxyphenylalanine (L-Dopa), a-methyldopa, D-phenylglycine, B-
hydroxyphenylglycine, phosphinothricine, pyrimido derivatives and
pyrrolidone derivatives, wherein any one of the above identified proc-
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.

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

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

amples and the accompanying figures.
The accompanying figures illustrate the present invention.

Figure 1 shows a thin layer chromatogramm.



the reaction mxture. In a further preferred
enbodi nent the invention relates to a process, wherein

wot2her/9@37ene product obtained, in particul ar pPCHXERRE)7/001222

I's renoved by action of a BDC and wherein the _
acet al dehyde forned thereby is renoved by reacting the
acet al dehyde with at | east one al cohol dehydroxygenase
(ADH) to renove the acetal dehyde fromthe reaction

m xture and convert it to ethanol. In a further
preferred enbodi nent the invention relates to a

process, wherein the ketone product obtained, in
par Figtie & spowevihieerelativer activityeaf by fawialisnwofA dn riapend-

and lLhathe a | dehyde fornedthereby is renoved
by 3%%?§§hgﬂ§3§ga%@%% pressure to the reaction

m xture. In a further preferred enbodi nent the

| NVERLIO'S LRbAS FRe r@1afy rBAESTon B e BIAF Eok&Miflion for
product obtained, in particular pyruvate, I'S renoved

by @cubationg with RRGoasdubstansies. t he acet al dehyde f or ned
thereby is renoved by chem cal reactions. In a further
preferred enbodi nent the invention relates to a

5pr oEigiEe Aplgwss the relakive sedugiondaictheoBBAPreenversion in the

parbﬁ;s%eé r?r?*&mttg,anipz%%s%]ggﬁgge_by action of a PDC

and erel e aceta rhed thereby is renoved
by feedi ng gaseous nitrogen into the reaction m xture,

pr eFRyun® sy shows QREI dithveddien BIBTUP 13l BBRPEver the time for
continuously

various pressures.

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

10  ence of various PDC’s.

15

20

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 concentrations.

Figure 9 shows the relative PLP-dependent conversion of B3OP to
B3AP.

Figure 10 shows the relative conversion of B3OP to B3AP depend-
ent upon No-presence.

Figure 11 shows the relative conversion of B3OP to B3AP in the
presence of an ADH.



into the reaction m xture, and wherein additionally
the acetal dehyde is reacted with at | east one al cohol

wodelwdsiszygenase (ADH) to re nove the acetal delyo@24070m222

w
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the reaction m xture and c®nvert it to ethanol. In a
further preferred enbodi nent, the ketone product, in
particul ar pyruvate, obtained in step c) is renoved by
reaction with a | actate dehydrogenase (LDH), for

i nstance from Escherichia coli, thereby preferably
producing L-lactate. In a further preferred enbodi nent
the ketone product, in particular pyruvate, obtained
in step c) is renoved by reaction with an acetol act ase
synEkaswle tt he Asbmnpatat eyathegispofoBiBkPNg acet ol act at e.

In a further preferred enbodi nent of the present
invention the ke tone product, in particular pyruvate,
obt Ahaasyminetrigsynthesis ob BARLwas lcprieshoutith T,6am teaetion

reaghiQn giXbure. . These rticul arl referred .
enbocﬁe%érﬁgsd%r% @&&ﬁéhaeC%g_B&/OJn‘fvga&#%?a‘?%%@t@t'on of 5
par M ¢7 & imol)i The coneenBamsh bR usdd'aMind'Bok8k Pfanine
prod uct as by-product of the present process is

r en¥@ecd MM Ttheeraagents gngi gactienaangitionshesed ace ieyident
S ' iLection of the products, thereby
prof/r%f%glé\mﬁ]tq?l%ﬁhi gh stereoselectivity a very high
conversion into the desired products. The present
:O P\éﬂfgtr)!g?ﬂoﬁ| gfneraeﬁ@w @onkRioRs 36P t8E Asy IR (S)-B3AP syn-
[
hesis using (S)-w transaminase for transaminating the amino group

from alanine to B3OP

1 2 3 4 5 6

B3OP, 20 mM (] 375 375 375 375 375 375

D.L-Ala, 100 mM 150 26 mg D,L-Ala 150 150 150 150

{bl]

TA7 / TA8 [ul] 18 | 111 | 18 111 11 18 111 | 18 | 111 18 111

LDH [u] - - - - - 500 pt + 60 pl
250 mM NADH

PDC1 {ul] - - 200 (15U)

PDC2 [p]] - - - 34 (20U) | 34 (20u)

Buffer [pl] 9571 864 | 1218 | 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 (Julich Fine Chemi-
cals, Germany). TA8 designates the w transaminase from Alcali-
genes denitrificans (Julich Fine Chemicals, Germany). As lactate
dehydrogenase an extract of Escherichia coli was used. In addition,




physi ol ogi cal |y active conpounds or their precursors
and/or interne diates in the production thereof, in
wopaeasitear sel ected fromthe group of PCT/EP2007/001222
3-am nopyrrolidine derivatives, cephal ospohne,
derivatives of cephal osporine, heterocyclic boronic
aci ds, Ldi hydroxyphenyl al ani ne (L-Dopa), a-nethyl dopa,
D- phenyl gl yci ne, b- hydroxyphenyl gl yci ne,
phosphi not hri ci ne, pyrim do derivatives and
pyrrolidone derivatives, wherein any one of the above
identified processes of the present invention is
enpN&Ad wasnaddrd teatfinal concentsatioreof éatmivh et ¢<am;erﬁra-

Py EpS iR A Y Ve £6 TR oot Shd Ts
hunaniss (m&l)%f%e%ﬁhomﬁﬂﬁxyléw of @ad@h@?&ﬁ?@es cer-
bacteria or viruses, . interacts with the
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illustrated in nore detail in the follow ng ex anpl es

andThpR HCCONPRRVEINor i SﬁtucaT*}?urﬁyC&dYBﬁf@d' Hgin | grBeRr
illustrate the present 1nvention ure a
t hi thel agynmeno sunthgsisnat BBAR: dhe saioulatlohe werbdbasesl on

act f ialis wTA in depend ence fromthe
ti\'g‘ll aéaﬁﬁsg(ﬁ(eéo’gyshoms the relative reduction of the

(J'I

BS P cogncentration Tor
Run Enzyme Conversion [%)] % ees [%] (S)-enantiomer
1 TA7 or TA8 alone 1,3 99,4
2 Excess of Alanine (50-fold) 10,1 99,6
3 PDC Saccharomyces cerevisiae 4,6 99,5
4 PDC Zymomonas mobilis 34,0 99,6
5 PDC Zymomonas mobilis (72 hrs) 73,0 99,4
6 LDH Escherichia coli 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 TA8 together with lactate dehydrogenase from E. coli (run 6)



wopneaesrye of pyruvate and acet al dehyde.

i ncubations with various substances. Figure 4 shows
the relative reduction of the B3AP conversion in the

the conversion of B3OP to B3AP over the tinme for
various pressures. Figure 6 shows the relative
conversion of B3OP to B3AP in the presence of various
PDCs. Figure 7 shows the effect of an increased

al ani ne concentration and an increased

PDC- concentration on asymmetric B3AP synthesis. Figure
8 shows the conversion of B3OP to B3AP at increased

al aledrie aroexteemebt inwfgveﬁic@@r@e of sboversiomewhigé atdintaining
PLP- q§pendent conver si on of .B3 [

% .0, B3AP. Fiqure 10
ShoIaS LR dmeroyBSe e BraniRSslectibp Essemiaty i rrame
ent h&\B8 valid Br waﬁann&é@@étﬁn@brgv@% $fg}eers @Vhtéedecar-

conversi on of OP to B3AP in"the pres
ADmcméaﬁﬂ grom Z;gyamnasmgpmsr(e@ms ofo BaAPD[h‘e however

as tric.,synt hesi f B3AP was e ut
S35 Yoy ariht dBceaseR e ivervaR ENlG FedThata ifurdafed
conm@rt;dratelrgan Qéte'5(rhﬁ|4Y||( réa%téﬂrfdr)m AReWRRO SR8k} RiAc-
of the used am no donor L-al anine

tion (run 5) the conversion was drastically improved. All the reactions

took place for 24 hrs except for run 5, which took place for 72 hrs.

The figure shows the thin layer chromatogram of reactions carried
10  out according to table 1. “A” designates the w-transaminase from
Alcaligenis denitrificans while “V” the w-transaminase from Vibrio
fluvialis. “K” designates run 1 using TA7 or TA8 alone (run 1). PDC1
designates the run with Saccharomyses cerevisiae pyruvate decar-
boxylase (run 3), LDH the run with lactate dehydrogenase from Es-
15  cherichia coli (run 6) and PDC2 the run with Zymomonas mobilis py-
ruvate 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 enantiose-
lectivity. Using the w-transaminases as the sole enzymes in the
20 preparation process, however, leads to a moderate conversion. This
moderate conversion rate could be greatly improved by removing
pyruvate from the equilibrium, in particular using lactate dehydro-
genase or pyruvate decarboxylase. Using pyruvate decarboxylase
has inter alia the advantage that no co-factor recycling (NADH) was
necessary. It 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%).

Fi gur @CH/EPh@n®01222



was 5 mM The reagents and reaction conditions used
are evident fromtable 1 below Table 1: Reaction
woeoviosi7ens for the asymmetric (S)-B3AP syn t RE€FIEP2007/001222
using (S)-w transam nase f¥r transam nating the am no
group fromal anine to B3OP The buffer used was 50 mM
sodi um phosphate, pH 7. TA7 desig nates the
w-transam nase fromVibrio fluvialis (Jlich Fine Chem
cals, CGermany). TA8 designhates the w transam nase from
Al cal i genes denitrificans (Jlich Fine Chem cal s,
CGermany). As Iact ate dehydrogenase an extract of
EscExarn@ie'a’ dabi-depandere of |wrtrad naseNaphiviig i Al
i rqg concentra tion
v &—tre xS ‘ et—1,5 units (20
m) and 15 unlts (200 rH) of the pyruvat e
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d ca .
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B3A5’ar|a-'mﬁ\scﬁfbﬁi“pﬂ B0 StoWBHE7 RBFE D, 2 5tbps ATRLYRIaRtibRh/ was
B N LA s

Referring now to tab above, It is evi
t hastartﬁdewﬁh o i H@(mer(lS’)SJMBAngS tamaing- dom:sandntheein-

ot et o SRRl HRE drBes BT 1Y Lo auThg Togrease

in absorption is due to the acetophenone formed. The other sub-

U'I

10  strates only insignificantly contribute to the absorption so that the
velocity of the reaction can be determined by measuring the absorp-
tion of acetophenone. 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 to
obtain a significant transaminase activity, allowing to react the sub-

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



served that independently fromusing either TA7 or TAS8
the degree of conversion was only noderate, if the
woequi/d9sdmi um of the reacti on was not i nfl uenc®dT(EPReD7/001222
1). Using alanine in a 10-®0-fold excess only slightly
i mproved the conversion. In runs 3, 4, 5 and 6 the
ket one product of the reaction, that neans pyruvate,
was, during the transam nation reaction, renoved from
the equilibriumreaction. The use of TA8 together wth
| act at e dehydrogenase fromE. coli (run 6)led to an
extrenely inproved degree of conversion while
mai nt ai ni ng and even inproving the enantiosel ectivity.
Essénxaimglé 3: Asgmseetrc lsyhthe sisadi B3APrattdiféerent pH-values
enanti osel ectivity provided by the pyruvate decar
boxyl ase from Zynonmonas nmobilis (runs 3 to 5). PDCl ,
V\z’vth*S example | thgrasyynmaticesisiaesis of BIARfrompalanimand

: ea??é‘fﬂsy shBh RS PREFREFIS aBPel EL 51 H Bpis uggar
t heborylaes ¢PDC)Was drastically inproved. All the
reacti ons took place for 24 hrs except for run 5,

whi ch took place for 72 hrs. The figure shows the thin
5 ayEor eacbmt-vgluen® &, 6.4a0td d.0sthree muesl of @xpedomnds nere

b " f
o cEPrTkiRe. B IR B PG s O das oS ke
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or TA8 alone (run 1). PDCl  designates the run wt
Sac€8dr sRfsam emas s genpgt wmoext oRRE empydym qniyurthe

Escgé%rhthgsreu q‘o%BtQA 8851% ?atqg I9§ ‘?HS‘ Sa%tnvurn(e)rsn 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 pl was taken and the reaction stopped by the addition

20 of 100 pl 1 M NaOH. The quantification of the B3AP-concentration
was done using CE (capillary electrophoresis).



coli (run 6) and PDC2 the run with Zynononas nobilis
py ruvate decarboxyl ase (after 24 and 72 hrs) (run 4
wo2ner/®3372Thus, the results clearly show t hat PR&EP2007/001222
production of (S)-B3AP froththe prochiral ketone B3OP
could be carried out with a very high enantiose
lectivity. Using the wtransam nases as the sole
enzymes in the preparation process, however, |eads to
a noderate conversion. This noderate conversion rate
could be greatly inproved by renoving pyruvate from
the equilibrium in particular using |actate dehydro
genase or pyruvate decarboxyl ase. Using pyruvate
decar boxyl ase has inter alia the advantage that no
co-factor recycling (NADH) was necessary. It further
advant ageously provides the enzymatic renoval of
pyr i@Bkee3 wi t h PDC and t hereby provi des the additional

adpantageof —removingor—aveorting progduct—nhi-biti-on
(pfoduct ketone) and |pull ing thg reaction equilibrium
-tol the right achievindfii gher con on (i dddt"se
10Pp% . Exanpl e 2: pH dependency of| wtransam rase
act 1w ininy B3oprtiReropanmvier si on react|ion of (S)-aMBA to
acp henone The syntlhesis was cdgrried out in a quarz
cuv%‘ﬁfteregfucgfrﬁsé)og‘gnﬁwloo nM pyruvate, 4 units/im of
w- RV brio fluvialis§Pn the fol|l5®@ ng al so [\&#D) (12
m | and 388 m—of sodirum phosphatje buf fer,—5G mivitwiti
PHY o AbiANSadis®™ PH 6,0 to pH 7.14,.in 0,2 stgps. The
repction Was > s %

PDC Z. mobilis 290 - -

PDC 2b. palmae - 18,32 -

V. fluvialis w-TA at pH 7,0 21,4 21,4 214

V. fluvialis w-TA at pH 6,4 72,3 72,3 72,3

V. fluvialis w-TA atpH 6,0 | 110 110 110

4 mMTPP 25 25 25

4 mM PLP 25 25 25

40 mM MgCl, 25 25 25

Water ad 1000 pl

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
conversion. It is also evident that the PDC from Z. palmae (Zpa)
causes a somewhat higher conversion than the PDC from Z. mobilis
(Zmo). ltis also evident that at lower pH-values, such as 6.0 or 6.4, a



started with 50 M 100 nM (S)-aMBA as am no donor and
the in crease in absorption was neasured at 250 to 260
worn7/0pBas2i ncrease in absorption is due to thePCI/EP2007/001222
acet ophenone forned. The oXher substrates only
insignificantly contribute to the absorption so that
the velocity of the reaction can be determ ned by
neasuri ng the absorp tion of acetophenone. The val ue
reached at pH 7.4 was set as 100% and the rel ative
activity for the other pHvalues was calculated as is
evident fromfigure 2. Figure 2 shows the relative
act rarafkable gonvdraipnahcreaseTn the rurspenbioneg ﬂﬂﬁr‘stmm be

gi ve al igure, 2 shows r IueS»
S hBsVRUTHEN S YRS 8, SRR b8 Hn e il In Ao
act {igm rinP eI bef Gsdroed anseartd”a 26 nﬂhhﬁesotheT&Blﬁ/ersmn
this result denonstrates that even at a | ow pH,

posdeeyeased. obtain a significant transani nase
act|V|ty, allowing to react the substrates at a | ower

mglgg inturn allows to increase the conversion by
US|E@ e DC, which is sensitive to higher

U’\

pHVvalues.

di fferent pFLvaIues In thi xajjpl e, the asymmetric
sypthesis of B3AP from |§§?%e and B3OP is shown in
the presence and absence of a pyruvate gdecar boxyl ase
(PDPC) . F8uneddho)pH val ugREn B (Z@@) 4 and 7| Burd Bifeestraluns

of Fexpertmentrs werecontlucted—Rum—1—uspd—the—PBCof
ZypaRneg,Eotidy s (M bdriyRe | oy on7 |pHe |pH | pH7
(min) 6.4 6.4 6,4

10 7,5 55 2,4 12,1 9,8 49 2,5 24 2,0

30 11,4 14,2 |96 16,0 17,8 152 | 5.1 4,8 4,6

60 8,3 n.d. 124 (11,0 |nd. 163 |70 n.d. n.d.

n.d.= not determined



cell extract), run 2 used the Zynobacter pal nae

(reconmbinant in E. coll) and run 3 was a contr ol
wowneMeer72PDC, enpl oyi ng only the transam nasePCT&EP2007/001222

obtai n conparabl e results,23t he activities of both of

the PDCs have been determ ned at pH 6 with an al cohol

dehydro genase assay and the sane quantity of activity

of the PDCs was used in the runs identified above.

Tabl e 3 gives the volunmes of the used substance in m.

Each reaction run was carried out three tines at

pH values 6.0, 6.4 and 7.0. The pH val ue was adj usted

by the buffer of the B3OP substrate solution. The

act Exampleo#t: StabilRipOHViBBA R Uhe Présenvet of vdricls dctants of

The sub strate and enzyne concentrations are al so
eww;ﬂé‘iﬂ—ﬁéﬁﬂgﬁ—%éﬁ—g&ﬂc After 10 mnutes, 30

m nutes, 60 mnutes and 120 m nutes a sanple of 100 m
was . egc t Qpp he addi tion

100 R PR, clbiih SR AP, i RRYGE-8eS ] L' Rofints

B3ARcabatsis bhtli eiMWBSAROReré SonduSled kAR tdadtivn tube for
el ectrophoresis). Table 3 Tabl e 4 bel ow shows the

condiedn dhe me@me@fdﬁrl%lﬂwsmes@s listed in takie Srhelow.
PDCs It |s evident that the use of t he PDC i ncreases

E e B D 5 ekt

t habuﬂéwe Birscty QﬁéZredBﬁthhé &%@f&ncebtbélﬁg %' St 8XInpRIT,

that at | ower "pH-val ues, "such )
ar ewas Haken wapthesrsampleeds eaftﬂr BH’ea'Sr Alfler ¢he lexiriantion

PDq‘?le' gmﬁ'ﬁ)e %Sncentratlon was determined with an internal standard

[4)]

10  (aMBA) by CE. From the difference of the concentrations obtained,
the %-decrease of the B3AP concentration was calculated (see fig-

ure 3).

Table 5

1 mM B3AP and:
Run Reactants

1 50 mM Na-P-buffer

2 5 mM B30OP

3 10 mM D,L-alanin

4 cofactors (0,1 mM PLP, TPP, 5 mM Mg)

5 cofactors + B3OP + alanine

6 145 pl Z.mobilis cell extract (50 % glycerine)
7 10 pl E.coli cell extract (Zpa PDC recorﬁbinant)
8 55 pl / 11l VIEFTA (pH6/7)

9 50 pl Ade-TA

10 VIFTA+B30OP+cofactors

11 1 mM acetaldehyde

12 VIFTA + acetaldehyde

13 Ade-TA + acetaldehyde




observed, which is not to be seen in the PDC-free

control. In all reac tion runs it could be observed
wotherosateer 120 m nutes the conversi on decr ea®€u/EPTaNII001222

4 n.d.= not determ nedExam¥ e 4. Stability of B3AP in

t he presence of various reactants of an asynmetric

synthesis reaction To show the stability of B3AP in

the presence of various reactants incubations of 1 mV

B3AP were conducted in a reaction tube for 3hrs in the

presence of various substances as listed in table 5

bel ow. The exanple was carried out at a pH of 6 and 7

( sobramfighse shidtie avidgrdrthat the ééftequntalfeta@tanteaia hat sighii-

anottap Ela e RaAP iR IaRpE (s Tho Sl Eze i
t het@%%o@@ﬂﬁ:eenifr@hb@rbmtdmbﬁg de NEFori rbh Nit is evident
~internal standard (aMBA) romthe difference of

t hethabria dherabsenee @baaﬁrms:amina@e%eaﬁeagere@uctm@ in the

2B CELAARN, T] BAT (S S fpfiaso anc

Na- Zedtdfdetiyde a strong reduction in B3AP-concentration can be ob-
served. Acetaldehyde functions in the transaminase reaction as an
amino acceptor, such as pyruvate, and obviously leads to a reduc-
tion in B3AP concentration.



25 mMMIB30P 3 10 MM D, L-al anin 4 cof actors (0,1 nmM
PLP, TPP, 5 nM My) 5 cofactors + B3OP + al anine 6 145

wWOorgoo72983mi | i s cell extract (50 % gl yceri ne) 7PCO/RPR007/001222

5

10

E.coli cell extract (Zpa PBC reconbinant) 8 55 m /
11m VFfI-TA (pH6/7) 9 50 ml Ade-TA 10

W - TA+tB3OP+cof actors 11 1 nM acet al dehyde 12 VfLTA+
acet al dehyde 13 Ade- TA + acetal dehydeFrom 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

acet al dehyde. Fromrun 11 it is evident that in the
abskExaraplef 5:aReacticraai BAAP witke thee amimw aceehtots pyruvatet dwed
B3AP concentration, while in the presence of a
treﬁi@éﬂ@ﬁi&@gand acet al dehyde a strong reduction in
B3AP-concentration can be ob served. Acetal dehyde
functi.ons, .| t i S, i N0, ., .
acanihBrS«dfiek e 888 BcREH SLePhalEaBl A depin
r edfigaris T A forBBARUbHeess BaAPoandp§riVate and ReaBBAPNand

of B3AP with the am no acceptors pyruvate and
acetaldehyde is shown.

2 mM B3AP was reacted with 2 mM pyruvate or 2 mM acetaldehyd
(36 pl Alcaligenes denitrificans (Ade) or 6 ul Vibrio fluvialis (Vfl)-
transaminase per 0,5 pl reaction volume, corresponding to 2 units/ul
transaminase was reacted for 30 minutes). Figure 4 shows the re-
sults. Accordingly, BBAP was converted to B3OP by both enzymes,
both with pyruvate and acetaldehyde, without any significant differ-

ences.



acet al dehvde I n this exanple the transam nase activity
of V. fluvialis and A denitrificans wTA for the
wo0iravs3ees B3AP and pyruvate and for B3AP an@CT/EP2007/001222

acet al dehyde is shown. 2 2% B3AP was reacted with 2 mM
pyruvate or 2 nmM acetal dehyd (36 m Al cal i genes
denitrificans (Ade) or 6 m Vibrio fluvialis (Vfl)-
transam nase per 0,5 m reaction vol une, correspondi ng
to 2 units/m transam nase was reacted for 30
m nutes). Figure 4 shows the resuits. Accordingly,
B3AP was converted to B3OP by both enzynes, both with
pyruvat e and acet al dehyde, w thout any significant
di f Eramete 6s Alsyammé Bicosynisysineif rBIAR unidee seducdd BeéS3ure
under reduced pressure at pHb In this exanple, a
red%@dﬁpressure was applied to the reaction mx ture
for an asymetric synthesis reaction to form B3AP. As

t ol sane, re Qn was_carr out under .
nor i prarbie, SRR 58 EuDeS ARy b e AR D
Fi niire YOI ammasyrhnfetfit sYAtHEYS RdictBh kb RS BBAF Wd &conthl,

6 300 m Vi br| o //uwal//s-transam nase
5 the same reaction was carried out under normal pressure and with-

out PDC.

Reaction conditions:

Final volume: 1,5 mi
50 mM sodium phosphate buffer, pH 6
10 300 pl Vibrio fluvialis-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
15 5 mM MgCl,

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

Figure 5 shows the conversion of BSOP to 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.



60 m Zpa-PDC (corresponds to 8 units/m at pH7) 5 nM
B3OP 10 mM D, L-al anine 0,1 mM TPP, PLP 5 mM MyC The
WwOoregveir2pr essure was applied using a rotary @®CIFEPRETH01222
(150 nBar). The neasurenem’ was done using CE. Figure
5 shows the conversion of B30OP to B3AP over the tine
for various pressures. It is evident that the
conversion is al nost independent fromthe pressure
appl i ed. The conversion at a pressure of 150 nbar is,
with regard to the maxi mal conversion reached, simlar
to the conversion at a pressure of 1000 nbar. Exanpl e
7: Conparison of various pyruvate decarboxyl ases In
t hi ExampiepeConiparisoti difvarient pyyuvataidecdessylapegl ases
were used for the asymmetric synthesis of B3AP. The
reaction conditions corre spond to those of exanple 6,
exchpthis igxampleHhsee ﬂlﬂa@nuwmvmcarmmsemmre sised

ot R pflifauRin AR B BAGFE e GRchfE cBpalitRs Wre-

DFB{SWtd\ﬂdeei ctespdraple 6, dkcept thattaSpHiof-7 ﬁbg WsedbPDC'’s
shows that al| three PDCs essentially result in

SconfiafaBl E1QAk of. spaimaceanangl BDE: fron¥ Bipsatalytigs (natgingue
and, §OpEHS bl FiGersONSE  TRE | 285iti88 of the PDC’s in the ADH-

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

Figure 6 shows that all three PDC’s essentially result in comparable
conversions.



the conversion of B3OP to B3AP In this exanple the

i nfluence of the concentration of PDC on the
WOoesweBdzon of B3OP to B3AP using al ani ne as RQirA#®2007/001222

donor is shown. Furthernor?, the influence of the

al ani ne concentration on the conversion of B3OP to

B3AP is shown. The reaction conditions are given in

exanple 6, except that a pH of 7 was used and except

if otherw se stated. Zynobacter pal nae TA was used. As

Is evident fromfigure 7, in a reaction w thout PDC a

5-fold in crease of the al anine concentration fromb5

nMMto 25 mMresults in a duplication of the conversion

( 12Exampteo8t triklente &f StAvemnuad Soesutastitags canbentratidris on

t he presence of PDC the conversion increases at a 5-

Lonvergionof 830K 40 BIARY p| j cate (30% i n contrast
to 17% after 90 m nutes). In case the anount of PDC i's

inc e usua al ani.ng caoncent.r tlon f

uni FETTE PGB ing; i8Ry sn Gaseatyfton” B 5" on She
l ncémglonh@V\EB'@OP e B3RP BsingC bRinire Zad AMinbNdonor is
contrast to 17% after 40 mnutes). In a further run of

s5ex pehowenFurtheraoienfthacinfuenge #f dbetalaaimeacensantration on
eXCRSS, h .. both at a pH of 6
and .C%@’QSE?@@??%%%E é;rim\én'pH of 6, whereas

after reaching a conversion of
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.

10 A_s, 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 results 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 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/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. At a pH of 7 the
conversion increased up to 56%.



49% the B3AP concentration al so decreases faster. At

a pH of 7 the conversion increased up to 56% Exanpl e
wo2007098372ence of the al ani ne concentrati on onPCH&P2007/001222

asymmetric synthesis of B38P In four reactions,

al ani ne concentrations of 5 MM 25 nM 110 MM 300 nV

and 500 mMM were used. For each run, one control

wi t hout PDC and one reaction-with PDC was carried out.

The pH val ue was adjusted to pH 7.0. Sanples were

taken every half hour for a reac tion tinme of 3 hours.

The reaction tinmes for the conversions given in figure

8 were for 5 M40 mnutes, for 25 nM 60 m nutes and

f or E24i®pleo 95 Milueic 8 ®f the alasine Eogoemtraicghomshd Beymmetric

converéi on of _the asymmetric B3AP-synthesis at

i nc sof concentrations. Figure 8 clearly
shows that the conversion can reach 60 to 70% It is
evi de t hat,.increasing th | ani ne, con at,i.o ro
S0 (o eARHOmS A8 hatnftatdnd Br SOBRR (Ba F*R1b'RM,

Con3EO $hiMnahd GOOBRNIP wete BRQ. o ddent run, bret ditrol without
i ncrease up to 500 mM onl >E slightly influences the con

5ver RDEnhangd g rgactioncwithy asncamied iy Eheipdtrvalue was

Ehe ARG W bh.7 D, iR BieR YRR TRl R o e TeRE-
contidratimeodf BheoussAPhs rehbimi Smassiot #he ebave@dicis given in

fol | ows:
figure 8 were for 5 mM 40 minutes, for 25 mM 60 minutes and for

110 to 500 mM 90 minutes.

10 Figure 8 shows the conversion of the asymmetric B3AP-synthesis at
increased alanine concentrations.

Figure 8 clearly shows that the conversion can reach 60 to 70%. It 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 mM only slightly influences the con-
version. The influence of PDC on the conversion decreases with in-
creasing alanine concentration.

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

20  [B3AP]=[Pyr]
[B30P] = ¢, 3:0» —[B3AP] and

[Ala] = c, ,, —[B3AP]



[BBAP] = [Pyr] [B30OP) = c0OB20P -[B3AP] and [Ala] = Q0
Al a -[B3AP] Thus, using the neasured B3AP

woovi®si7zat i on, the equilibriumcon stant wasPCT/EP2007/001222
calculated as: _ [B3AP] [Bfr] [B3AP]2 K = [B30P] [Al a]
VC 0,b30P -[B3AP]) [cQAla -[B3AP] CO, [Alal [B3AP] K -
10"3 55 3,2 25 12 3,1 110 24 3,5 300 35 3,2 500 40
2,8 Mean O K 3,1 Table 6 Table 6 shows the
cal cul ated val ues. Thus the equilibriumconstant for
the reaction with B3AP is 3,1 x 10 3. Thus, the
substrate B30OP is a suitable substrate for the
asyhimes, rusing yine irsasured BIAR castentsatiomethe equilibrium con-
ket qnes. Exanpl e .1Q: | nfluence of PLP on the asynmmetric
synﬁqﬂgiYVQSﬁ]gp%%:{Eg@ﬁ-t hi s exanpl e, the influence of
PLP (pyridoxal -5' - phosphate) on the

k = [B3AP]-[Pyr] _ [B3APY
[B3OP]-[Ala] (¢, g30p —[B3AP))-[c, ,, —[B3AP]

co, [Ala] [B3AP] K-10°

5 5 3,2
25 12 3.1
110 24 3,5
300 35 3,2
500 40 2,8

Mean of K: 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 B3OP is
a suitable substrate for the asymmetric synthesis in contrast to other
ketones.



conversion of B30OP to B3AP is shown. The follow ng
three reaction runs have been exam ned. a) Run 1 using
WOQVa7/(9887RPLP wi t hout addition of further PLP. WBCTIEP2007/401222
2 PLP was added during thedlreaction as soon as the
yel |l ow col our, which is due to the presence of PLP in
the reaction nmedium has faded. For this purpose, 1 to
2 m of a saturated PLP solution is added, thereby
regaining a strong yell ow colour. The influence on the
am ne concen tration through this slight increase in
volune is considered to be below 1% and can therefore
be neglected. c) No PLP present and no PLP added.
ReaEkample d@dinfluense ol PP & Kkied aswhiatric Syntiesis pf B3AP
WZ-transam nase, 5 nM B3OP, phosphate butrfer pH 7.0.
The L-al ani ne concentration was 110 mM The

neakuﬂwéswemmp!mrtbeﬂratkamcbyof@LammrédmAsmbom aen the

i nt a 9 shows nver i on ove
the@éﬁ\?ﬁém h(gd@éégp&aggp‘? oS s-\t qﬁfc‘f‘ﬁ'ﬁg e ﬁ?@ﬁg@”
on fhe Heed bdén eRamiied.on due to the PLP addition in
run b) conpared to run a). The reaction w thout PLP
appears to be slower, although it reached the sane
5converagi on Ram 1 usirg 0drmivk LA witisout Bdditiaidot fusthed PLIRL P
in run b) causes a slightly greater re

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 2 pl of
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 pl Vf-transaminase, 5 mM

15  B3OP, phosphate buffer pH 7.0. The L-alanine concentration was
110 mM. The measurements were taken by CE and a-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.



duction in the am ne concentration as conpared to the
control run. Exanple 11: Asymmetric synthesis of B3AP
wowoeIs¥aoval of acetal dehvde bv the additi onPEf/EP2007/001222
nitrogen The follow ng exalple details one way to
i nprove the conversion of the asymmetric synthesis of
B3AP by the renoval of acetal dehyde. Reacti on
conditions: Substrates: 5 mM B3OP 500 mM L-al ani ne 32
Um Zpa-PDC 37 m/m ~-transam nase Sodi um phosphate
buffer pH 7,0 0,1 nM PLP and TPP (thi am ne
di phosphate) 5 mM MyCl 2 Since the reaction solution
conExamete 41sAgyirmetsiot Syntinesis of BIAR vetmrernbealeofnacetal-

strong tendency ta the formation of foam To suppress
sai 986, %g}eég@ﬁm%tifoamA concentrate

(Sigma, siliconepolyner) was added to the reaction

g IEISARGRNETANE AR BBt RFMBRVRE I veoh br
To tvecasythemelridt sythdsigif IB326Prbyg tine esvhoaéleofi auetbidehydée

enzynes, a control run w thout the addition of

ni trogen was supple
5 Reaction conditions:

Substrates:
5 mM B30OP
500 mM L-alanine
32 U/ml Zpa-PDC
10 37 pl/ml Vfl-transaminase
Sodium phosphate buffer pH 7,0
0,1 mM PLP and TPP (thiamine diphosphate)
5 mM MgCl»

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 antifoam 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: VfFTA, Zpa-PDC, antifoam, no nitro-



mented with antifoam A. Since the addition of dry

nitrogen led to an evaporation of water fromthe
WOreedwsyya sol uti on, the nitrogen was wetted. PCHEP20IO01222

shows the cal cul ated rel ati3ve B3AP conversions. The

control with antifoam A (N2-contraol: VfI-TA, Zpa-PDC,

antifoam no nitrogen N2) w thout nitrogen addition

corresponds exactly to the reaction run w thout

anti foam A (Vfl-TA, ZpaPDC). Thus, the enzynes are not

i nfluenced by the addition of the antifoam

concentrate. The run (run N2: Vfl-TA, Zpa-PDC,

ant gen iy Withput nteagedmn &@dlhommrr@gaan%mdﬂmm the reaction

o oS E6aECR QA SraPBE) s, He eneviesare not

VafﬂnﬂUén@M%ytth@%dﬁ@?bﬁ & afffban %Bﬁceﬁirﬁl%' 'I"I‘\%| HRB(run
1nm 37 transam nase 32 units/m Zpa-PDC o

Bi olat HfhitA,cdpPBD G r arttifoaniniNy tigatetwithDotrogat md an

snpcra e CRFRIiR sl Bha ol AR aiBR e ne T

conversion of B30OP to B3AP for the aboveidentified
reacti on runs conbi ni ng the WWvransam nase with each
PDC.



In figure 10 the run designated N2 is the run
containing Vfltransam nase and Zpa-PDC treated with
woroewga and anti foam A. The N2 control is aPSaUAPR@7/001222
contai ning W-transam nase34 Zpa- PDC and antifoam A
wi thout nitrogen treatnment. It is evident that there
is asignificant increase in conversion fromthe N2
control to the N2- sanple due to the presence of
ni trogen, which has been fed into the reaction
solution. Thus, feeding nitrogen in gaseous forminto
the reaction nmediumsignificantly increases the
conversion from B3OP to B3AP. Exanpl e 13: Asymmetric
synERasipte 02: BeyRnigirit BSAR sgethesisainddraaribas conditions
dehydr ogenase (ADH) To renove the acetal dehyde
produced by the PDC reaction fromthe reaction
m xBeaetiompenditiongie used to convert the acetal dehyde
to ethanol. Reaction conditions: 110 mM L-al anine 5 nM
B3OP. 37 mMl/mM ~-transam nase 32 units/m Zpa PDC O, 1
mv Pinal ¥alymesd &l v vgal 2

37 pl Vfl-transaminase
5 32 units/ml Zpa-PDC or Biocatalytics PDC or 3,2 units/ml Zmo PDC
5 mM B3OP
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 BSOP to B3AP for the above-
identified reaction runs combining the VfFtransaminase with each
PDC.

In figure 10 the run designated N2 is the run containing Vf-
transaminase and Zpa-PDC treated with nitrogen and antifoam A.

15 The N2 control is a sample containing Vf-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 B3OP to
B3AP.



Sodi um phosphate buffer, pH 7 The foll ow ng reaction
runs are shown: Reaction run 1: reaction wth PDC and
WOo0gmMwalfienase Reaction run 2: reaction wth PPRCT&PA007/001222

transam nase with 5 nM eth®nol (final concentration)
and NADH additi on Reaction run 3: reaction with PDC,
ADH and NADH The ADH used was the ADH from
Saccharonyces cerevisae with an activity between 50
and 100 units/m . The PDC-activity was 32 units/m. At

t he begi nning of the reaction absol ute ethanol has
been added to reaction run 2 in a final concentration
of 5 MM At the beginning of the reaction 5 mmopl NADH
wer Exapted 18 0Asyramietec tsyothesisnef B3ARdINZhegsressnca df afto-

to rfi\'f'nal concent ion of 5 nM NADH. After 10
mmwme addition of 2,4 nmol NADH (4

m of a 0,6 M NADH- sol ution in 50 nM phosphat e buffer,

pH | .ut.i o ored i.n i

B SrepETE 47F SRE e JF Bladet puEherpRC eiciby it e
gi vielaction frhigture, WDHIshrt el @l tolbenedit ahé Wetdldenyddito
is clearly evident. The conversion increases up to
Sapp?BRNAht el y 90% Control run 2 without ADH and 5 mM
et hanol only slightly devi ates fromcontrol run 1.

Thug, the addition of ADH greatly increases

110 mM L-alanine
5 mM B3OP
37 pl/ml Vfl-transaminase
10 32 units/ml Zpa PDC
0,1 mM PLP and TPP
5 mM MgCl,
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/ml.



the conversion in the asymmetric synthesis of B3AP
fromB3OP.Clains 1. A process for the preparation of
woznopesireal |y active chiral am ne conprising: PEY/EP2007/001222
provi ding an am no accepto¥ and an am no donor, b)
reacting the am no acceptor and the am no donor with a
transam nase and c) obtaining the desired optically
active chiral amne and a ketone by-product. 2. The
process according to claim1, wherein the transam nase
is a (R- or (S)-selective transam nase. 3. The
process according to clains 1 or 2, wherein the am no
acchpther beginpirigeot the feaction labsghuie eticamdi s beproaidded to

PP eBURER Jth 2 B e indl i ident3FoR 2s, PV A fad Bedinring of
3- Om@brléta)éh@hej %&wmﬂnﬁer&aea@@xgﬁﬁé'réaa?or{ gingj%qn%s

pyri dyl net hyl ket one (3-PMK), 3-oxobutyric acil
est@rr¢spo 1Q aa‘maiw@neahatm at bomivk NADH eAfter 10 min-

-bo@@NE%my? RRGT Aoetikabef 2 4 Smal kit Heot 2 06 M

al kiMaDH-85RitiBHtIABIREN phB_bAAEBGREOHH 8% was added. The
1-oxotetral one. 4. Th ecfrocess according to any one of

cl aNABPH splution wasrsipred itk icenand prepsred gmewidiatelydbefore
fro&gé he group consisting of am nes or

U'l

The results are given in figure 11 and table 5. The effect of the ADH

10 is clearly evident. The conversion increases up to approximately
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 B3OP.
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am no acids, in particular from b-al ani ne, al ani ne, a-
nmet hyl benzyl am ne (a- MBA), gl utamate, phenyl al ani ne
aner/opastenobut yrate, gl ycin, 3-am nobutyrate, PCI/EP2007/001222
i sopropyl am ne, 2- am nobuw7ane and a salt, for

i nstance a chloride, of any one thereof.5. The process
according to any one of the preceding clains, wherein

t he obtained am nes are amnes, in particular nono- or
bi cyclic am nes, in particular amnes of 5 to

6- menbered cyclic or S-, O, or Nsubstituted

het erocyclic hydrocarbons or aromatic am nes, in
particul ar al kyl - or al koxy-substituted aromatic

am Qksims5. The process according to any one of the
precedi ng cl ains, wherein the obtained am nes are

sel ected fromthe group consisting of phenyl al ani ne,

al ahi ne, A3pagess piqrethedipreparaitiop| o3 -ammoptibaltya active schiral
3-am nopyrrol.idine (3-AP), 3-pyridyl-1-ethylamne (3-
PEA r’mr}éél(omgggmg: am nopyrrolidi ne (B3AP),

3-am nobutyric acid ethyl ester (3-ABEE),

ST A S I s

a-met hyl - 4- (13- pyridyl)-butanam ne, gl utanmate,

5b- am nobwy yr ale@ictifg thd ahnihe EcBeptor anfd the amino donor with a

met hoxyi sopropyl am ne, derivatives o

3- ani nopyr r ol fansaminaseLanst- 3- ami nopi peri din,

cephal osporine and derivatives of cephal osporine. 7.
The process according to any,one of the precedi ng

cl ai ms, %her 91210 %6{ pﬁﬁ'é%‘i‘rPHﬁ%%'[W activerhingl gmige and a

fluvialis, Algabh@®gsrodgei.trificans,

2. The process according to claim 1, wherein the transaminase

10 is a (R)- or (S)-selective transaminase.

15

3. The process according to claims 1 or 2, wherein the amino
acceptor 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-
oxopiperidinone, N-1-boc-3-oxopyrrolidine (B3OP), 3-oxo-piperidine,
alkyl-3-oxo-butonoates, methoxyacetone and 1-oxotetralone.

4. The process according to any one of claims 1 to 3, wherein

20 the amino donor is selected from the group consisting of amines or

amino acids, in particular from B-alanine, alanine, a-
methylbenzylamine (a-MBA), glutamate, phenylalanine and y-
aminobutyrate, glycin, 3-aminobutyrate, isopropylamine, 2-
aminobutane and a salt, for instance a chloride, of any one thereof.



Kl ebsi el | a pneunoni ae or Bacillus thuringiensis. 8.

The process according to any one of the preceding
wocebh@iys372wher ei n t he ket one by- product obt ai nedTiEr2&7o6p1222
c) is pyruvate. 9. The pro¥ess according to any one of

t he preceding clains, wherein the ketone by-product
obtained in step ¢c) is in a further process step d)
renoved fromthe reaction mxture by reaction with at

| east one enzyne. 10. The process according to claim

9, wherein the enzyne used in step d) is a

decar boxyl ase. 11. The process according to claim?9,
whebei n The pozgse accedling tet apy dnei sf the yprebedingeclaims,
12. The .process according to claim9, wherejn the )
enzYRERI RS OPlafe AING Ay gnyrbgBrRRECIRs mapgs or bi-
pr o ; di l1ai ; _
s R B o b S S P hansr sedle g S
14. Other prsubstiutedcbetdiroeydio hydyocarbons arl aiomsatiz amines,

(Lo PGl R s RS B R B SREST < i
9 or 11, wherein the enzyne is an acetol actate

h . . '
wheder n ThE Procps HCEORER0 367A7 e, bE Uik BrBedipo qlaims.

PDCGvhereie tine @thtained 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-
10 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-
pyridyl)-butanamine, glutamate, B-aminobutyrate, sec-butylamine,
methoxyisopropylamine, derivatives of 3-aminopyrrolidine, 1-N-boc-
15 3-aminopiperidin, cephalosporine and derivatives of cephalosporine.

7. The process according to any one of the preceding claims,
wherein the w-transaminase is from Vibrio fluvialis, Alcaligenes deni-

trificans, Klebsiella pneumoniae or Bacillus thuringiensis.

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

9. The process according to any one of the preceding claims,
wherein the ketone by-product obtained in step ¢) is in a further
process step d) removed from the reaction mixture by reaction with
at least one enzyme.

25 10. The process according to claim 9, wherein the enzyme used
in step d) is a decarboxylase.



17. The process according to claim 16, where the

acet al dehyde is renoved by reaction with at | east one
woeneyi9e37218. The process accordi ng to cl ai m 1PCT#EPe0Zi001222

the enzyne is an al cohol d¥hydrogenase. 19. The

process according to claim 16, wherein the

acet al dehyde is renoved by feedi ng gaseous nitrogen

into the reaction m xture. 20. The process accordi ng

to claim16, wherein the acetal dehyde is renoved by

appl ying a reduced pressure to the reaction m xture. 2

1. The process according to claim 16, wherein the

acel bl dehelproeespocerding ta Glaiincdl whetdindbe Zhzyfee used

proce cording to any one of the preceding clains,
whe esﬁ%p?ﬁés 8&Yngﬂt?§/e'act ive chiral am ne obtained in
step c) or is renmoved fromthe reaction m xture

d)
obt g nedy . Th '
o5 A11°CThS PR hedflg (F HTS PAEREine 5 oo
pr ooedtep id} isardehgdragenase. a reacti on mi xture having a
pH from5.0 to 9.5, preferably 6,0 to 7,0, preferably
6.0 to 6.9. 24. The process according to any one of

5t helr ecHol Mjoeess aecording tsi any ipeepefogdaisrs PsorcH0,rwierein

out,,£0 Cl | [ Y/ 1,n utes. 25. The
pr otgésénzggi:eg%aé hgm\/gkgﬁﬁg%wg&xfa%?ﬁgdﬁ)ecedi ng cl ai ns,
wherein the am no acceptor is B3OP.

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

the enzyme is a lactate dehydrogenase (LDH).

15.  The process according to any one of claims 9 or 11, wherein
10  the enzyme is an acetolactate synthase.

16. The process according to claim 13, wherein the acetaldehyde
formed by the action of the PDC is removed.

17.  The process according to claim 16, where the acetaldehyde is
removed by reaction with at least one enzyme.

15 18. The process according to claim 17, wherein the enzyme is an
alcohol dehydrogenase.

19.  The process according to claim 16, wherein the acetaldehyde
is removed by feeding gaseous nitrogen into the reaction mixture.

20. The process according to claim 16, wherein the acetaldehyde
20 is removed by applying a reduced pressure to the reaction mixture.

21. The process according to claim 16, wherein the acetaldehyde
is removed by chemical methods.



26. The process according to any one of the preceding
cl aims, wherein the am no donor is alanine. 27. The
wopper®ssy2zaccording to any one of the precedi n@CEIER2005/001222
13, 25 or 26, wherein the #cetal dehyde forned by the
reaction of the PDC is renoved by feedi ng gaseous
nitrogen (N2) into the reaction m xture. 28. The
process according to any one of the preceding clains
13, 25 or 26, wherein the reaction is carried out in
the presence of at |east one pyruvate decarboxyl ase
and at | east one al cohol dehydro genase. 29. The
pr 022ss Blce:cprdt:a@s tascardingrte ay the of theeprexpdih@iotams,
ein_.the reaction is .carr out in. .
 hewBRied 18 opliel aluve GhiBh it cbTiesd im Sled dher tds
| eagim&nes RbRORR re@ehaﬁmxﬁ@@@%l?é@i@%gtd)%?aig! y in
the presence of gaseous nitrogen (N2) . 30.” A process

for the preparation of a physiologically active com

pouzBl Fakeptaubskr aororaingtouanpfond- @i theppraceldirity rgaims,
deri vates, chephal ospohne, derivates of
5cephBEBIDHING RECCARS: SreaIfiediQut i Aoigastiar iraixture having a pH

L - cir %@@Wb‘r’%ﬁg §o(the f 169en‘er%bgPé Mbs2.

henylg yCi ne,
phosphlnothr|C|ne pyr|n1do derlvates and pyrrolidone

?er% at €phe vﬁg@&@w dcBerdm@agsanypondnyt e pPdcediny Bhaihs,
0 is use
wherein the process is carried out for a reaction time of 40 to 70 min-

utes.

10 25. The process according to any one of the preceding claims,
wherein the amino acceptor is B3OP.

26. The process according to any one of the preceding claims,
wherein the amino donor is alanine.

27. The process according to any one of the preceding claims 13,
15 25 or 26, wherein the acetaldehyde formed by the reaction of the
PDC is removed by feeding gaseous nitrogen (Ny) into the reaction

mixture.

28. The process according to any one of the preceding claims 13,
25 or 26, wherein the reaction is carried out in the presence of at

20 least one pyruvate decarboxylase and at least one alcohol dehydro-
genase.

29. The process according to any one of the preceding claims 13,
25 or 26, wherein the reaction is carried out in the presence of at
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least one pyruvate decarboxylase, at least one alcohol dehydro-
genase and additionally in the presence of gaseous nitrogen (Ny).

30. A process for the preparation of a physiologically active com-
pound selected from the group of 3-aminopyrrolidone derivates,

5 chephalosporine, derivates of cephalosporine, heterocyclic boronic
acids, L-dihydroxyphenylalanine (L-Dopa), a-methyldopa, D-
phenylglycine, B-hydroxyphenylglycine, phosphinothricine, pyrimido
derivates and pyrrolidone derivates, wherein the process of any one
of claims 1 to 29 is used.

10



