The present invention relates to a.process for the preparation of the
R-enantiomer of 2- hydr oxy- 4- phenyl- butyric acid of the forrmula [err] [err]
(1), or the S-enantioner of 2-hydroxy-4-phenylbutyric acid of the fornula
[err]. (I'r) of very high enantlonerlc purity, e.g. in the
region of 99 %ee (enantioneric exces5)l preferably of nore than 99.6 % ee,
whi ch process conprises reduci ng 2-oxo-4- phenylbutyric acid with the
enzynme D-| actate dehydrogen- ase (D LDH) from Staphyl ococcus epidermdis or
with the enzyne L-lactate dehydrogenase (L-LDH) from bovine heart,

riaspect i vel In the presence of an el ectron donor, for exanple NAD(H) and
an enzyme/ s %ﬁ%t?ﬁ?ﬁeg sinventiopeyehatesi bg ahpretessr §ardsher, for exanpl e
formate del‘yﬁﬁpﬂﬁﬂﬂﬁﬁn(EPHi:hEORUBESntIBﬁePrSEeﬁsh 8k &9949 fBAYILI on of

R- 2- hydroxy 4- phenylbu% % gornu al Is re? abI carried out
with the erdyRerHs oL Pr®éecus epidermdis in the presence of an
el ectron donor for exanple NNXfﬁ and an enzyne/- substrate systemfor
regenerating t he electron.domﬂr for exanple formate dehydrogenase

(FDH)/ format e. The .frocessrdt the invention is)especially suitable for

cont i nuous enzynatﬂ§‘§bnver&xmn, preferably in an enzynme nmenbrane reactor

(EMR). R-2-hydroxy-4&-phenyl butyric acid of fornula I is a val uabl e
i nt er nedi at e |€%the $ eﬁgratlon of ACE_(ang - tensin converting
enzyne) i nH?%bi ng il?mﬁFeeﬁr§ohxdrsxz—ﬁyﬂh@;zylhubmhgl Bgddr P€ acid of

formula |l tlse ufetmula
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of very high enantiomeric purity, e.g. in the region of
99 % ee (enarntiomeric excess), preferably of more than
99.6 % ee, which process comprises reducing 2-oxo-4-
phenylbutyric acid with the enzyme D-lactate dehydrogen-
ase (D-LDH) from Staphylococcus epidermidis or with the
enzyme L-lactate dehydrogenase (L-LDH) from bovine heart,
respectively, in the presence of an electron donor, for

- example NAD(H), and an enzyme/substrate system for

Wi regenerating the electron donor, for example formate

dehydrogenase (FDH)/formate. The process for the
preparation of R-2-hydroxy-4-phenylbutyric acid of
formula I is preferably carried out with the enzyme D-LDH
from Staphylococcus epidermidis in the presence of an
electron donor, for example NAD(H), and an enzyme/-
substrate system for regenerating the electron donor, for
example formate dehydrogenase (FDH)/formate. The process
of the invention is especially suitable for continuous
enzymatic conversion, preferably.in an enzyme membrane
reactor (EMR).

R-2-hydroxy-4-phenylbutyric acid of formula I is a
valuable intermediate in the preparation of ACE (angio-




for the preparation of isoneric conpounds. The production of chiral
conpounds by stereospecific mcrobiological reduction is known (see Sinon
et al., Angew. Chemie 97, 541, 1985 for a sumary). Frequently, intact
m croorgani sns are used as biocatal ysts, for exanple fungi (e.g. Micor,
Ceotri chum Saccharonyces, Candida) or bagteria (e.g. Proteus,
Pseudononas). It is also possible to use mcrobial extracts. Electron
donors are, for exanple, carbohydrates (e.g. glucose), fornmate, ethanol,
hydr.ogen or t hode of, an el ectrochenj ¢ cell. The reduction_of the
cbsirate | s EPSER CRoRySthERg coRaynel FrhPLE&RE Prs bhel (BERGARs8ES.
subst r at e- spe8+2+hydiedyyir 4gpheselbdhyriedacidoafeflormalanis isqusedd by the
final reduct : RL 0N d C e.g. by pyridine
nucl eoti des 2€§Ea%§eﬁgéfp§%+%%§§nggiggogégﬁfngsﬁéégg gétide) and NADPH
(ni cotinam de adeni ne di nucl eoti de phosphate) or by flavine nucl eotides
such as FM\H fheé aproguebienusEeghi 8] abfpbihlis(byaktaeeadpat€ic .
di nucl eoti de)., The, reduced nucl otkdes gre in turn us allg Egodgced in a
series of enhEreatalodiGeL ERAurhIGR: R KBARE: (RSP ePPRoRtaBLleptor s are
formed or by mBhgewtoGhémbasg®r 5y1parossl for aystimbiry)nedFaequentiyg.
ferredoxin, vi Lhal t able to
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accept electrons direc _ ators. AI'So sul e‘as biocatal ysts
are purified exappbe, fungl [(eegat Mucesdugeatsichum, wEpeghanomyeesis
genﬁ;al!é n60@§§a1§a§oo@dsaéeéyﬁs?(eygLdPBStauéte?géde§meha§hQVIme is
nuci.got i des. urther requjrenent is ap efficiLent, systemfor enzymatic
egenor ot on BLEPHEOSBRESED T8 miSeaBiAY EREFREtANG FAECERRG, AUREES
Yamazaki . & Meada, (£9ri exampBeol caftbehydbate862&.g19g8hcdseqr i fermabet, ch
' ethanol, hydrogen or the cathode of an electrochemical
cell. The reduction of the substrate is effected by the
so~called final reductase, e.g. by a substrate-specific

dehydrogenase; The reduction equivalents required by the
final reductase are generally provided by a coenzyme,
e.g. by pyridine nucleotides such as NADH (nicotinamide
adenine dinucleotide) and NADPH (nicotinamide adenine
dinucleotide phosphate) or by flavine nucleotides such as
FMNH  (flavine mononucleotide) and FADH (flavine adenine
~  dinucleotide). The reduced nucleotides are in turn

A\ ' usually produced in a series of enzymchatalysed steps in
which competing electron acceptors are formed or by
electron transfer by natural or synthetic mediators (e.g.
ferredoxin, viologens). Also known are final reductases
that are able to accept electrons directly from the
mediators.

Also suitable as biocatalysts are purified enzymes, i.e.
isolated reductases, in which case it is generally
necessary to add reduced pyridine nucleotides or flavine
nucleotides. A further requirement is an efficient
system for enzymatic regeneration bf the coenzyme, i.e. a
second enzyme and its substrate. Yamazaki & Maeda
(Agricol. Biol. Chem. 50, 2621, 1986) describe a batch



- process for the synthesis.of R (-)-mandelic acid from benzoyl fornate
mnth ‘the aid of NADH and the benzoyl formate dehydrogenase from
Streptococcus faecalis. This process can al so be carried out continuously
in-a.bioreactor with the coenzynme being regenerated by neans of formate
dehydr ogenase and formate (Yanmazaki & Mpeda, Agricol. Biol. Chem 50, 3213,
1986). European Patent Specification EP 0 024 547 descri bes a process for

t he continuous enzymatic conversion of water-soluble a- ketocarboxylic
acids into the correspondi ng a-hydroxy- carboxylic acids in an enzyne
nenbrane r gaudaess five theveysthesis cfirk+ pd) cudndelitecapi@sEnore of NAD( H)

of which t Iﬁghgf e dy ol yet hyl ene
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cit .
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i ndi vi dual mhmqhnthebmoleceleySWeﬁghhuha$ been increased by bonding
to polyethylene glycol and in the presence of a lactate
dehydrogenase with simultaneous NADH regeneration by
formate dehydrogenase and formate. '

- Of crucial impdrtance in enzymatic reactions are the
properties and the origin of the enzyme used, that is to
say in this case the final reductase or the substrate-
specific dehydrogenase. It must be kept in mind that

. even enzymes of the same type may differ in their

ot physiological behaviour if they have been isolated from
different sources, for example different microorganisms.
Differences exist with regard to such decisive parameters
for the bioconversion as reaction specificity, substrate
specificity and stereospecificity and kinetic factors
such as the Michaelis-Menten constant and the inhibition
constant (Simon et al., loc. cit.). For example, by
comparing the data from the known literature it will be
apparent that while D-lactate dehydrogenase from Lacto-
bacillus confusus converts pyruvate, 2-ketobutyrate and-

phenylpyruvate, this enzyme does not reduce 2-ketovaler-
ate, 2-ketocaproate and 2-keto-3-methylvalerate. The
behaviour of individual enzyme/substrate systems must,
therefore, be tested for each case and cannot be



therefore, be tested for each case and cannot be - 4 - predicted by
general i’sation, although EP 0 024 547 points to that conclusion. The object
of the present invention is to find efficient processes for the preparation
of the. R and S-enantioners of 2-hydroxy-4-phenylbutyric acid with a high
degree of enantionmeric purity by enanti oset ecti ve enzymatic reduction of

2- 0X0- 4- phenyl butyric acid. This substance has not been described as a
substrate in the prior art relating to enzymatic reduction of

a- ket ocar boxyl | ' : j ary D iy i £
regard to its;éﬁﬁq%55€§ ?§ﬂé%g |§§f%é§¥§§FBU?§%¢¥¥gh yﬁ%ﬁiqzqéghﬁgiiékfﬁé
process that Hes thadh qonmessecially suitable for achieving that object
with regard to the preparation of R-2-hydroxy-4-phenylbutyric acid is one

in which the bstrate is uced with the enzyne D-| act ate. de ro- genase
from St aphyl oi‘gtect?g’aj&ﬁtdé:ffinetg?% L?rr{aﬁﬁfgt Ié‘é%‘hgo%fl%nt%lgjﬂq cﬁf%ﬂ‘ffo?mgnd an
enzyme/ subst r girocesdeam oy tlegeespdralgi drheo £1 Eoe rRv amdh B emamiciomers
conpared with ¥ /Oy C 0, . & oQr ' e LDH
From S aphyl 0SBy H-JARIRERAP AR TCE PLERCS i*gf%%%%é%i%
speci fic acti \enaatignesiqnpuniiierhe ersioselectiyerenz si on/ gy
protein x m n.PedUdti B D Idkd A S TRIEy HERadS8E AP $ dibstdhdas a
hi gh enanti osel ectivity. For the %%ye rreasons,, an, anal ogous ocess, in
whi ch the subAS APt SEamARSFTTRG (3% BrBYRRtTaFa i el ARTdRbse 1 rom
bovi ne heart, relztsiprrital lgnsmdtaid erdduct hen ps £ pe+ledt oraxtboxy Pidiyake by - 4-
Phefiyl butyri ¢ Agj d.o e £AMT U "EAC b O "BLDOSk 1 55085 Y- 1 8g P enzy
menbrane reactor,’ i s prerer :
' to its suitability and its behaviour in enzymatic

reduction. '

A process that has been found especially suitable for
achieving that object with regard to the preparation of
R-2-hydroxy-4-phenylbutyric acid is one in which the
substrate is reduced with the enzyme D-lactate dehydro—
genase from Staphylococcus epidermidis in the presence of

an electron donor and an enzyme/substrate system for
regenerating the electron donor, since, compared with
lactate dehydrogenases from other microorganisms, the

U ‘ D-LDH from Staghylocdccus epidermidis is distinguished
especially by a high specific activity (units/mg
converted substrate or pmol conversion/mg protein x min.’)
with regard to the substrate used (see Table 1) and has a
high enantioselectivity. For the same reasons, an

analogous process, in which the substrate is reduced with
the enzyme L-lactate dehydrogenase from bovine heart, is
especially suitable for the preparation of S-2-hydroxy-4-
phenylbutyric acid. The continuous reaction method,
especially in an enzyme membrane reactor, is preferred
for both processes. -



for both processes. - 5 - Table 1: Conparison of the specific activity
of commercially avail abl e dehydrogenases enzynme source

Ung protein U ng protein based on based on pyruvate

2- ket 0-4- phenyl butyric acid D-LDH Lactobacillus |eichmannii 300

0.1 Boehringer 732737 D-LDH Lactobaci | | Gs3l & chnanni i 300

0.3 Sigma L 2011 D LDH Leuconost oc nensent eroi des 1000-1500 1.23
Sigma L. 0513 (1225) D-LDH Staphyl ococcus epidermdis

500- 1000 Si.g ; ~-dF bovi ne heart
30 g?éigﬁ%ugg°§£%%§§?80°6 Ehf ﬁBFSlEFSH&Et §g§&#he conbi nati on of
D-LDH from St aphyl ococ €@americdaddydiayadd able SePNdragdenaias fic

dehydr ogenase of high enantio- selectivity and 2-oxo-4-phenyl butyric acid
as the substrateoffers the guarantee of nign, productivity 1] gures, ood%

space-tine yi|etr@eafrirc€onsequent |y, cheapnel&&Rreteins of g PFRioMt ance

and consi der @bl e econom ¢ advantage in enzynBi? 8Bnver si ons _31mfgg out lon
a large scal ¢. The el ectron donor used for tREW2f8ctate deh Q4EnAsSf rlom
St aphyl ococcis epidermdis or for the L-lactate dehydrogenasg_jjyom bovi ne
heart is preflerably the coenzynme nicotinan de adenine dinucleotide in its
reduced D-LDH Lactobacillus leichmannii © 300 ~0.1
Boehringer 732737
D-LDH Lactobacillus leichmannii 300 0.3
&“J Sigma L 2011
: D-LDH Leuconostoc mensenteroides 1000-1500 1.23
Sigma L 0513 . , - (1225)
D-LDH Staphylococcus epidermidis 500-1000 26
Sigma L 9636 . -(625)
L-LDH bovine heart 300 . _ 0.07
Fluka 61310
700 U = 1 mole product/day
The combination of D-LDH from Staphylococcus epidermidis
as the substrate-specific dehydrogenase of high enantio-
- selectivity and 2-oxo-4-phenylbutyric acid as the
v substrate offers the guarantee of high productivity

figures, good space-time yields and, consequently,
cheapness which is of great importance and considerable
economic advantage in enzymatic conversions carried out
on a large scale.

The electron donor used for the D-lactate dehydrogenase
from Staphylococcus epidermidis or for the L-lactate
"~ dehydrogenase from bovine heart is preferably the

coenzyme nicotinamide adenine dinucleotide in its reduced
form (NADH) which is oxidised by the D- or L-LDH to NAD.
For the regeneration of the coenzyme, an enzyme/substrate
system consisting of a NADH—recYcling enzyme and its
substrate, e.g. formate, ethanol, isopropanol, cyclo-




form (NADH) which is oxidised by the D- or L-LDH to NAD. For the
regeneration of the coenzyne, an enzyne/substrate system consisting of a
NADH-recycl i ng enzynme and its substrate, e.g. formate, ethanol,

i sopropanol, cyclo- - 6 - hexanol etc., is used. A formate dehydrogenase
(FDH) /¢ formate systemin which a salt of fornmic acid, for exanpl e an

al kali nmetal formate, e.g. potassiumor sodiumformate, is used as the
formate or an al cohol dehydrogenase (ADH)/ethanol systemis preferred.

These systenﬁ?g%ﬁgypg£g[r]isagggﬁggt?nggﬁggﬁbpgagagkbéﬁgge qgnhxyproducts.

The_process 0 e invenfion yi

2- hydr oxy- 4- BRER§FBUBYFEeMadnawhiilch 2 ﬁ@gﬁ Qdgfesmar araAvi REric purity.

I n the conteskampléhas QEEQILtLpthEZL tFOemRVERS, e BSigAN potlakB iamhbgh degree th
enantioneric r1ty' neaps that t enantioner i n question,is,present wt
at |east 98 §§§é nhferma xtgFeuﬁﬁﬁhthghﬁt%EF“EﬁﬁhPfoﬁgr?1§PQB&rably with
nore t han 99deéhgdrogenabe WADHN) /pthaned, systaqudsupredlentriedn ofThelse sub-
strate 2-0x044: y I.C ~RCI Ak ~~f OF iy fo | assi um
ot sodi m saFySCris: bEUKELS G Bioo D" o Hel 1deH el O d1Y
concent r at i oASobYfPEAABGtEe 200 MM preferably of 50 M is incubated while
stirring with the coenzyne NAD(H) in a concentration of from0.01 to 10 MM
preferably of approximtely. 0.1 mV e NADH-.recyclin nzyme, €.g.. an

al cohol dehyapﬁggﬁagﬁsﬁr°§ FgFW&PgeHéH§HHé@H?HEﬁzéhﬁh@gQEH& oP'oPrgékhate,
respectivel y2-hgdgoggraepheaylbatylrilcr @oit0witth 201 giiVidegrekecogbl y of
approxi mat el . d w th the [>lact ydr. se _fr

St aphyl ococcégggg%%ﬁ?gi gwgﬁ'tll'%t hI&ﬁ%— I%té)g}t%%e{ %efﬁg/%?%ggr?gsce rtg‘r?l ovi ne
heart the expression "with a high degree of enantiomeric

purity"” means that the enantiomer in question is present
with at least 98 % ee in the mixture with the other
enantiomer, preferably with more than 99 % ee.

In the batch process, an aqueous solution of the sub-
strate 2-oxo-4-phenylbutyric acid, for example in the
form of its potassium or sodium salt, in a concentration
of up to 500 mM, for example in a concentration of from
"20 to 200 mM, preferably of 50 mM, is incubated while
_ stirring with the coenzyme NAD(H) in a concentration of
(e from 0.01 to 10 mM, preferably of'approximately 0.1 mM,
the NADH-recycling enzyme, e.g. an alcohol dehydrogenase
or a formate dehydrogenase, and ethanol or formate,
respectively; in a concentration of from 100 to 1200 mM,
preferably of approximately 300 mM, and with the
' D—lactate'dehydrogenase from Staphylococcus epidermidis
or with the L-lactate dehydrogenase from bovine heart
until conversion is complete. The enzymes are advantage-
ously used in such quantities that the ratio of the
activities of NADH-recycling enzyme and substrate-
specific dehydrogenase is from 1:0.1 to 1:5. The
reaction mixture has a pH in the range of from pH 6 to 9,
e.g. pH 8.4, as is customary for enzymatic reactions.
The reaction temperature is from 20°C to 40°C, preferably




until conversion is conplete. The enzynes are advantage- ously used in such
quantities that the ratio of the activities of NADHrecycling enzyne and
substrate- specific dehydrogenase is from1:0.1 to 1:5. The reaction

m xture has a pHin the range of frompH 6 to 9, e.g. pH 8.4, as is
customary for enzymatic reactions. The geaction tenperature is from[err]
to [err], preferably - 7 - around roomtenperature. The product is
crystallised fromthe reaction m xture by the addition of an acid, for
exanple a mneral acid, such as hydrochloric acid etc.. For the continuous
neact i on nmeabodnhecenz yempernatdreal e Theepablucitmisbcrystallised may be,

for exanple C ed_i y rige i e r.fiLhras si sting
of seniperngggﬁekﬁéng?gﬁggggrH§§t§?%rg?i?PFagdgﬁgggkeﬁgfgﬁeégigf TR

crossl i nkedexamplpei fumdnesadl asidpusuchuast hydabchdagdet acidr etcxed by
adsorption or by ionic or coval ent bonding to carriers consisting of

i norganic nmaterial or of natural or synthetic polyners. Nunerqus types of
bi or eact or EQR bBeuSORTtABPOLRreaRtLRN WBLRCH SB8senzymes ¥SEA, 8% eact or s,
fixed bed rganbpaslyf imndbiddsbad reheyomayobeneforaesampdet,ors (see Hart-

meier, "lnmmhilisiear Bi okat al ysatoren", .Berlin 1986 for sumary). In
th; EMR pro%gégbfégnﬁﬁn3%3¥m8F0§8§%1Fﬁsani&nf?#&“ %b?gngiﬁgg%tor)ygf t he
i nvention, chesis&ingonfiveesdpermedble pembrrabiyox bynvlirefdiddoser
equipped W EiofNmilnbl3hels!, il 88o8RHRARAE Lieh bildhetidhgicesymes used and .
the coenzyne required for _the conversion but allows the [ow nolecul ar

viei‘ght pr odMed tifuncidopado keagertissupst £aked: bypadsorptdeghor Ry

consi der abl gopgabrageval edtnBbaggngedst eagriershebnsigthingcalfal ysts can be
used in . . ‘g - .
_ inorganic material or of natural or synthetic polymers.
Numerous types of bioreactor can be used for the contin-
uous process, e.dg. stirred reactors, fixed bed reactors,
fluidised bed reactors or membrane reactors (see Hart-
meier, "Immobilisierte Biokatalysatoren", Berlin 1986 for

a summary).

In the EMR process (continuous process in an enzyme
. membrane reactor) of the invention, the reaction vessel
used is preférably a membrane reactor equipped with an
; ultrafiltration membrane that retains the enzymes used
Nt and the coenzyme reqﬁired for the conversion but allows
| the low molecular weight product and the unconverted
substrate to pass through. A considerable advantage of
membrane reactors is that the biocatalysts can be used in
native form, i.e. in unmodified form, and do not have to
be subjected to any of the fixing steps otherwise
required for immobilisation which usually have an
inactivating effect. The enzyme membrane reactor may be,
for example, a flat membrane (chamber membrane) reactor
or a hollow fibre membrane reactor. The substrate is fed
to the reaction chamber, for example, by a metering pump,
the reaction mixture is stirred or pumped round and the
stream of filtrate passing through the membrane, which
- contains the product, is drawn off. The membranes used



native form i.e. in unnodified form and do not have to be subjected to
any of the fixing steps otherwi se required for inmmobilisation which usually
have an inactivating effect. The enzyme nenbrane reactor may be, for
exampl e, a flat nmenbrane (chanber nenbragne) reactor or a hollow fibre

menbr ane reactor. The substrate is fed t the reaction chanber, for
exanple, by a netering punp, the reaction mxture is stirred or punped
round and the streamof filtrate passing t hrough t he nmenbr ane, mhich

contains theggy %C:?rdc%ég%’fq ﬂﬁm)aa‘%ea’% r¥| % dor the

process of the invention are pre era excl usi on
limt of fr&AVHHE0 3 Sordm (?’ﬂ-'d-lucw ]emglt ﬁ%rﬁrm @@@Q do13®EPXal t ons.

Su: t abl 3 NMatdaitdns , ;@.gt hefrrmmdr(?nﬂﬁ) a:rcf 1dmroo®<@°alllt@nsa.cetsﬂita<bgé ul oses,
pol yani des 0 nmodi f.i e al co er to
prevent the"%%%ﬁ'? %\e%: é’c? eTRFALY 5%/]5 %/ro c?rq'ﬂ on the
menbr ane, tlwldmidmm Qmimmees,cqﬂﬂ@diuMﬁdne&: ruxnnmnhxﬁﬁed: pulgt-ei n, for
le b t
exanpl e bovig S BHAYT N1 R dH2Gd PVt thd a %Ene{?gf?{]@&r ogeac or

conprises the DH-recyc I ng_enzyne, for “exanple an nase

or, preferabiny the reasfiondran hrimsadsarbed |q;\:ttéxeerr@@1w)®e from
St aphy| 0COC GefnbRinde can ikl Pr¥-dditdda WAl MEYRAFIRS Hrigt@Povi ne

heart, and X NADH—rec clin ne i s advantageously used in such
a quantity |t}!Aét %pﬁﬁ PPVine 94;1 “gé"of NADH-r ecycl i ng enzyne and
substrate-specific dehydro- genase is from1:0.1to 1:5. The coenzyne

bl Ted | S e g, SBfle NAPUe Slontllah IBRLERAL St has

not been increas a concen- rat|o rom 0. 01
to 10 mV pﬁ@ﬁeﬂa@ﬁyngbyg&ing enzyme, for example an alcohol

dehydrogenase or, preferably, a formate dehydrogenase,.
the D-lactate dehydrogenase from- Staphylococcus epider-—
midis or the L-lactate dehydrogenase from bovine heart,

and NAD(H). The NADH-recycling enzyme is advantageously
used in such a quantity that the ratio of the activities
of NADH-recycling enzyme and substrate-specific dehydro-
genase is from 1:0.1 to 1:5. The coenzyme required is
used in the form of NAD(H) of which the molecular weight
has not been increased, i.e. native NAD(H), in a concen-
tration of from 0.01 to 10 mM, preferably of about

. 0.1 mM. The possibility of also using native NAD(H) in
"an enzyme membrane reactor in the process of the
invention has distinct advantages over the prior art
described in EP 0 024 547. EP 0 024 547 specifies the
use of NAD(H) that has been bonded to a polyethylene
glycol in order to increase the molecular weight. This
bonding, however, may result in a loss of the enzymes'
activity. For example, when PEG-NAD(H) is used as the
coenzyme, as opposed to native NAD(H), the activity of

the D-lactate dehydrogenase from Staphylococcus epider-
midis is so severely restricted that the Vnax value, that
is the maximum reaction rate, is only 2.6 units/mg as
compared with 26 units/mg for native NAD(H). If adequate

conversion rates of the substrate are to be achieved in a



] The possibility of also using native NAD(H) in an enzyme menbrane
?éic?gﬁ‘ih thg process gf the invention has distinct advantages over the
prior art described in EP 0 024 547. EP 0 024 547 specifies the use of
NAD(H) that has been bonded to a polyethylene glycol in order to increase
t he nDIecuIar wei ght. Thi s bondi ng, homev%A may result in a loss of the
enzynes' activity. For exanple, when PEG NAD(H) is used as the coenzyne, as
opposed to native NAD(H), the activity of the D-lactate dehydrogenase from
St gphyl ococcus epider- mdis is so severely restricted that the [err]

value, that |eonhﬂnnausnpﬁbééaﬁtugmnfaﬁﬂs-hﬁn?ﬁ' )Y it%ﬁ”'théé%?o% conpar ed

' uate ' conversion r of the
Substrat o ar cfoenSrlite Bt Rbhrox inaBeTy Bani fomes pEomuch eseyme

PEG- NAD( H) , |inlthehEMBtowhlahceesalystmnuaeﬁnappOXhagéggg gﬁnrggggﬁtafon
h C ults S L ncreas -

ggg?senfﬁnngEOﬁtgogggglﬁﬁgf |§§gn%§ %Eﬁ?ﬂd gﬁEﬁF?Péiy SF&?P@ 2fenbr ane,

for exanpl e, Ef?fi%F ahien memb ﬁﬁm%eufgr esanplehaNAD¢H) oficwhaehd by

bondi ng to a phéymolutalar shuteht agOheek! Shcpehobh B&Bgﬁdihphggeﬁ”ggg“e

azgnhggfa?yt|§°£¥%tﬁ¥g£€$|§g¥ éﬂ1@ﬁﬂw eghbarswaightt @ 008st thee stream

t he excl usi ormd!mlm:anefmayehmbaan@xirﬁurd%%M§£6n0£irlﬁ%léycé§2|eu§: éﬁ ﬂ mt[lg
es hav

gpz¥?§n]ggobst%h@%€ %%%t%ﬂ%?gﬂéﬁ éﬁ? g?eﬁ ARDr ¥ %?ecgha%“EiFeactor

whieH limts QW@P¢ﬁ%n¢ﬁgn@th%edMAmﬁm)rangtusedcﬂm bbeaw@bdﬁﬂatéMﬂng to the

|'ow pressure stwesearisi tife "eké1es NMD(Hmit &8 Phs WmBRSSLRL &1 & Cades SIBLYy "

and, therefc”éhly by the size of the enzyme. It is therefore possible

to use membranes hav1ng exclusion limits of from 5000 to
100 000 daltons, so that high pressure in the reactor,
which limits the running time of the reactor, can be
avoided. Owing to the low pressure when using native
NAD(H) it is also possible to use smaller and, therefore,
less expensive membranes and to achieve higher throughput
- rates. When using native NAD(H), high cycle figures in

the range of from 500 to 2000 also are achieved; that is -
to say, per molecule of NAD(H), from 500 to 2000 mole-

_ cules of hydroxy acid are formed. The process of the

St invention thus offers considerable economic advantages
over the process described in EP 0 024 547.

In addition, an aqueous solution of 2-oxo-4-phenylbutyric
acid, for example in the form of its potassium or sodium
salt, is fed continuously to the reactor as the sub-
strate. The substrate should be preSent in a concentra-
tion of not more than 500 mM; a concentration in the
range of from 20 to 200 mM, especially of about 50 mM, is
preferred. Formate or ethanol are also metered in
continuously in a concentration of from 100 to 1200 mM,

preferably in a concentration of about 300 mM for
formate.



| ess expensive nenbranes and to achieve hi gher throughput rates. Wen using
native NAD(H), high cycle figures in the range of from500 to 2000 al so are
achieved, that is to say, per nolecule of NAD(H), from 500 to 2000 nol e-

cul es-of hydroxy acid are forned. The p% cess of the invention thus offers
consi derabl e econoni ¢ advant ages over~t process described in EP 0 024
547. In addition, an aqueous solution of 2-oxo-4-phenylbutyric acid, for
exanple in the formof its potassium or sodiumsalt, is fed continuously to

the reactorrag tr@%c%‘i@m flikdiute TG %Jm%‘if 3 &N PindeP @ IR IpH 1§ 2
csncentra- %88 HNF not nore than 5 a concentratlon it the range of

from 20 to Sspégennd, nit ealfoutassésmﬂuﬁtém}?rréﬁ‘ dore#na¥gRtk% or

et hanol ar erelagt imdiser ed’hen mﬁﬂmpuﬁmpeﬂatmx@mserﬂrroat 201t ddo faore,100 to
1200 mM pr rahbl |n Q tration of ut 300 mMM for fornate. - 10
- The react%ﬁ%f%gk &' §§HQF§'°W1HﬁW?%%ﬂ%¥(%ﬁ frompH 6 to 9, e.g. around
pH 8.4, as is customary for enzymatic reactions. The reaction tenperature

is from 20 %,h g[z‘“e;]f\r/dggte?g? RN F W RN 34 JIP EIAGHEL as” UL BId&S

process of |s one as described above wherein the enzynatic
conversi on PPOYE wheredm the spamaile famyentd akds sarplachaut sibqui pped

w th an ul t gaf ignizh mmea&@dmmg a nomnal exclusion limt of, for
exanpl e, from 5000 to 100 000 daltons, preferably from 10 000 to 100 000

dal tons, which has optionally been pre-coated with a non-specific protein,
e. g. bovi neagerthatalilsuquipped hatthc ant ailts of daettion merthraneconsi sti ng

ob-a sol uti ﬂ%vq_.fnga d ero%tnealdeéw&ed}?ﬁ%ﬂt %,alﬁaqp%xample, from
5000 to 100 000 daltons, preferably from 10 000 to
100 000 daltons, which has optionally been pre-coated
with a non-specific protein, e.g. bovine serum albumin,

b) that contéins a reaction mixture consisting of a
solution of a formate dehydrogenase or an alcohol
dehydrogenase, preferably a formate dehydrogehase, the
D-lactate dehydrogenase from Staphylococcus epidermidis
or the L-lactate dehydrogenase from bovine heart, and
nicotinamide adenine dinucleotide (NAD(H)) in a concen-
tration of, for example, from 0.01 to 1 mM, preferably of
X;; about 1 mM, -

c) to which there is continuously fed an aqueous solution
of the substrate 2-oxo-4-phenylbutyric acid, for example
in the form of its potassium or sodium salt, in a
concentration of up to 500 mM, for example in a concen-
tration of from 20 to 200 mM, preferably of about 50 mM,
and formate, for example potassium or sodium formate, or,
respectively, ethanol, for example in a concentration of
from 100 to 1200 mM, preferably of about 300 mM, and

d) in which the compound formed is continuously drawn off
downstream of the membrane.



dehydr ogenase, preferably a formate dehydrogenase, the D-lactate

dehydr ogenase from St aphyl ococcus epidermdis or the L-lactate

dehydr ogenase from bovi ne heart, and nicoti nam de adeni ne di nucl eoti de
(NAD(H)) in a concen- tration of, for exanple, from0.01 to 1 mM
preferably of about 1 nmM c) to which flBere is continuously fed an aqueous
solution of the substrate 2-o0xo-4-phenyl butyric acid, for exanple in the
formof its potassium or sodiun1sa|t in a concentration of up to 500 MV

for exanple in .a oncen, tratl rom fo 2 ably of about
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| ower al kylfoxmatais in the S- configuration. R 2-hydroxy-4-phenyl butyric
acid can be used for the preparation of ACE inhibitors in knowm manner and
with a high degree qf enantiomeric purity being achieved (see in this
connection, for exgﬁwﬂ\%_cﬁq{%p ﬁ%atent Appllcatlon 206993). The

particul ar s I1)

wherein R2 is hydrogen or lower alkyl, that is in the S-
configuration. R-2-hydroxy-4-phenylbutyric acid can be
used for the preparation of ACE inhibitors in known
manner and with a high degree of enantiomeric purity
being achieved (see in this connection, for example,
European Patent Application 206993). The particular
value of the present invention is inter alia that, in the
synthesis of ACE inhibitors, which comprises numerous -
steps, it is possible to use an enantiomerically pure

W, compound at a relatively early stage of the synthesis.
Of particular interest in this connection is the prepara-
tion of the ACE inhibitor l-carboxymethyl-3S-[ (1S-
ethoxycarbonyl-3-phenylpropyl)amino]-2,3,4,5-tetrahydro-
1H-benzazepin-2-one. S-~2-hydroxy-4-phenylbutyric acid is
suitable in analogous manner for the preparation of
enantiomers of the ACE inhibitor and for toxicological
studies.

The following Examplés'are intended to illustrate the
present invention without implying any limitation thereof
to the scope of the Examples.



valwue of, the present invention is inter alia that, in the synthesis of ACE
I nhi bitors, which conprises nunerous steps, it is possible to use an
enantionerically pure conmpound at a relatively early stage of the
synthesis. O particular interest in this connection is the prepara- tion
of the! ACE inhibitor 1-carboxynethyl-3S1R(tS-

et hoxycar bonyl - 3- phenyl propyl ) am no] - 2, 3, 4, 5-t et r ahydr o-

1H benzazepi n- 2-one. S-2-hydroxy-4-phenyl butyric acid is suitable in

anal ogous er for {he preparation of enantionmers of the ACE inhibitor
aid/f or tozﬁggP§EF§¥F4¥¥%dies. The foll owi ng Exanpl es are intended to
illustrate tédee present emambionerftéwcessnpl ying any limtation thereof to

t he scope of e Exanpl - jations ee - enanti oneric
excess FDH Fﬂﬁl fornﬁﬁi %%?d?% %%é%géﬁ% - hi gh pressure liquid
chronmat ogr agfBL&I - -highppressuse bb@aidrehranatography) chael i s- Ment en

const ant LI}kI - -l acighenfelyer egreaset NADH - ni coti nam de adeni ne
di nucl eoti de_ Tpm | ons ' - unit of enzyne

- rMaw; %%rnmu%u
activity (urfdr defT nedt1€2Re1 LR MOREPE ©PRSTAMY produces a substance
conversi on aibyg [er+]/nlagtakerdehydrogenasem reacti on rate Exanple 1:

Enzymatic r i on_ of = y | C ' ] I crobi al crude
extracts (ggﬁgggl instr%%?ég%§?£$§§ %§§%¥é%r%?%%9%¥%£g%€1ivated with 3 g/l

D- or L- rpm - rotations per minute
' U - unit of enzyme activity (under defined
reaction conditions, 1 U produces a substance
_ conversion of 1 ;mol/min)
\ - maximum reaction rate

i

Nt

Example 1: Enzymatic reduction of 2-oxo-4-phenylbutyric
acid with microbial crude extracts (general

instructions)
The test strains are cultivated with 3 g/1 D- or L-

lactate for 3 days at 28°C, with stirring (250 rpm), in
200 ml-of nutrient solution 148 (22 g/l glucose, 5 g/l
Lab-Lemco beef ektract'[Oxoid], 5 g/1 peptone C, 5 g/1
yeést extract, 3 g/l Bacto-Casein [Difco}, 1.5 g/1 NaCl,
N\t PH 6.5) or nutrient solution MV7 (2 g/1 NH4NO3, 1.4 g/1
NasHPO4, 0.6 g/l KoHPO,, 0.2 g/l MgSO4+7H,0, 0.01 g/l
CaClé-ZHzo, 0.001 g/1 FeSO4+7Hp0, 1 ml of trace element
solution [20 mg/l Na,MoO,+2H,0, 20 mg/l NayB,07°10H,0,
20 mg/1 ZnSO4+7H,0, 20 mg/l MnSO4+H20, 20 mg/l
CuSO4*5H70], pH 6.5). The cells are washed with
phosphate buffer pH 7.0 and harvested by centrifugation
(20 min., 20 000 rpm) in a Sorvall centrifuge,
Rotor SS34. The cells are then disrupted at 4¢°C by
ultrasound treatment at 375 W for 45 minutes in an
Ultrasonics Celldisrupter W-375. After centrifuging once
more, the enzyme crude extract is incubated with the
substrate in the following test mixture at 28°C, with
stirring, for 3 to Sfdays (until conversion is complete):



lactate for 3 days at 28C, with stirring (250 rpm), in 200 ni OF
sol'ution 148 (22 g/l glucose, 5 g/l Lab-Lento beef extract [Oxoid],
peptone C, 5 g/l yeast extract, 3 g/l Bacto-Casein [Difco], 1.5 g/I NaCi,
pH.6.5) or nutrient solution MW7 (2 g/l[err], 1.4 g/l [err], 0.6 g/1 [err],
0.2:9/1 [err], 0.01 g/l [err], 0.001;¢/L [err],. 1 m of trace el enent
solution [20 ng/1 [err], 20 ng/l [errr], 20 ng/l [err], 20 ng/l [err], 20
ng/l [err] pH 6.5). The cells are washed with phosphate buffer pH 7.0 and
-harvested by centrifugation (20 mn., 20 000 rpm) in a Sorvall centrifuge,

i ent

3 _Rotor SS34. The cells are then disrupted at 4C by ultrasound treatnent at

375 Wfor_ 45 nm nyt in.,an Utrasonics Ce]ldisrupter W375. "After

cont 111 ugl M GRRETFg b BRI Lavde B agkhia ed with the
substrat €0 ml lphdsghahe o ffest pH XT uf®. @89 [MYr], with stirring, for 3 to 5
days (untq |, gonyver.si on ) ~ :3 13 - 5 nm centrifugation

super nat gntg/?'c%gg(%e%rﬂz% ES 98 tr.}{i}?zp)(hoasti)lhc?ite buffer pH 7 (0.069 M 3 g/l

2- oxo- 4- prerd b ethanolacid 18 g/ ethanol 1 g/l NAD(H) 100 U yeast al cohol

dehydr ogenapa (M@asfiy nger) When the.reaction is conplete, the solution is

adjusted to pH 2 wi,ith 2N hydrochl oric acid.,6 Th oduct whi ch then
crjygt al | i8R W east Al %ﬁ%x&@méﬁc@%&ﬂ%w vent is distilled

off and the residue is dried in vacuo to yield crystalline _
2o e R UG 3 Lo U4 SBTRLANTLI Sadbldddgs dopendin
N to pH 2 with 2N hydrochloric acid. The product which _ '
then crystallises 'out is extracted with ethyl acetate.

The solvent is distilled off and the residue is dried iQ'

vacuo to yield Crystalline'2—hydroxy—4—pheﬁylbutyric acid

of different enantiomeric purities depending on the

microbial extract tested. ' ' '

The crystalline acid is dissolved in absolute ethanol and
reacted with hydrdgen chloride gas for 24 hours at room
temperature. After distilling off the alcohol and
briefly degassing under a high vacuum, a pale yellow oil
remains which is analysed by HPLC at 25°C/32 bar over a
chiral column (250 x 4.6 mm i.d., throughput 1 ml/min,
St stationary phase Chiralcel OD [Stehelin, Basle] Type

OD 5-15-20925, mobile phase 90 % hexane - 10 % isoprop-
anol - 0.1 % diethylamine). The substances to be
analysed are présént in the eluant in a concentration of
1 mg/ml (quantity'injected 10 pl). Scanning is carried
out at a wavelength of 210 nm, and evaluation by surface
area comparison with an external standard. The ee values
found for the microbial extracts investigated are set
forth in Table 2.
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crude extracts
C-source fQr,

ne acid is dissolved in absol ute et hanol
ol

.d., throughput 1 m/mn7

a)

I ee

Pl BC drai tract) - £
actegbacti)ﬁallﬁs(eﬁcr 5?/?? *28 % (R culd f;.;zqg:ér D$M
hcoccus epiderm dis 78 % (R). __glucose DSM 20042
QRIceYbari38us brevis 96 % (R) 28 wWlHrose bak@kose yeast
P sl Ko@mckera sp. 2201 _ 97 % (R
185 18}(2 fCandi da boidinii, T. Egli 222’}%ér %as:charo ces
taphytococgys %’(&3“‘1 1S |L-lactate b {8 yeast GRS 76 1(
a%%ﬁ%%ﬁzpha _ 98 % (R) . D-lactate
Saccharomyces cerevisiae 96 % (R) glucose
baker's yeast Migros 76 10 2011
~ Kloeckera sp. 2201 97 % (R) glucose
ATCC 48 180
- (Canidida boidinii, T. Egli 2201)
Saccharomyces cerevisiae 90 % (R) L-lactate
baker's yeast Migros 76 10 2011
Hansenula polymorpha 98 % (R) D-lactate
CBS 4732
Example 2: Enzymatic reduction of 2-oxo-4-phenylbutyric

‘acid with commercially available dehydrogen-
ases

The substrate is incubated with a commercially available
dehydrogenase in the following test mixture at 28°C, with
gentle stirring, for 3 to 7 days (until conversion is
complete): '

50 ml phosphate buffer pH 7 (0.069 M)

3 g/1 2-oxo-4-phenylbutyric acid

18 g/1 ethanol

200 U yeast alcohol dehydrogenase ‘(Boehringer)

200 U test enzyme (commercially available dehydrogenase)
1.9/1 NAD(H)

The enantiomeric excess of R-2-hydroxy-4-phenylbutyric
acid or S-2-hydroxy-4-phenylbutyric acid is determined as

described in Example 1. The results are set forth in



CBS 4732 Exanple 2: Enzymati c reduction of 2-o0xo0-4-phenylbutyric acid
with commercially avail abl e dehydrogen- ases The substrate is incubated
with a comrercially avail abl e dehydrogenase in the follow ng test m xture
at [err], with gentle stirring, for 3 to 7 days (until conversion is
conplete): 50 m phosphate buffer pH 7.(6.389-M 3 g/l

2- 0x0- 4- phenyl butyric acid 18 g/l ethanol 200 U yeast al cohol dehydrogenase
(Boehringer) 200 U test enzynme (commrercially avail abl e dehydrogenase) 1 g/l
NAD( Hy The enanfi.gner) c excess of R-2-hydroxy-4-phenyl butyric acid or
S-Zﬂnydroxy-4-$%§%ﬂtinyric acid is determ ned as described in Exanple 1.
The results are set forth in - 15 - Table 3. Tabl.e 3: Enantioneric
excess in the .0 ey 4%&%9/ YAg ' ' FmRIGEL Y
avai |l abl e dehyﬁ%grr?s'es%ngr?%ne teisct e $ M nE Sivbrbidh S5l

ee D.LDH from Lact obaci |4 PhensIdniariiG adsk i Hyeggmmercialdl wya4gi sy
from Lact obacil | us |eic@@ﬁyaﬂ09éﬂé§g§ > 98 % (R) D-LDH from Leuconost oc
% (R) D LDH

nmesent er oi des ( Si gna) >"98 from St aphyl ococcus epiderm dis
(Si gma) -100%(R)-<Q 2 OA(QILJ-JDI—I frombovine heart (FE|luka)
-100 % (S) A cbrpagies@dswld t he ee val ues shows that - isolated eggynes are
nore suitable | ' e ' 4
reducti on of the-tobsremtiacesbaeellve leichmannii (Boehringer) >99 % (R)
D-LDH from Lactobacillus leichmannii (Sigma) > 98 % (R)
. D-LDH from Leuconostoc mesenteroides (Sigma) > 98 %4 (R)
A D-LDH from Staphylococcus epidermidis (Sigma) ~100 Z (R)
<0.2 % (S)
L;LDH from bovine heart (Fluka) ~100 %4 (S)

A comparison of the ee values shows that isolated enzymes
are more suitable than microbial crude extracts for the
stereospecific reduction of the substrate since the
enantiomeric excess of R- or S-2-hydroxy-4-phenylbutyric
acid for isolated enzymes is significantly higher. 1In
order to obtain similarly high ee values, the selective
enzymes would have to be enriched from the crude extracts
in addition by purification steps.

Example 3: Enzvmatic reduction of 2-oxo-4-phenvlbutyric

acid with commercially available dehydrogen-

ases in an enzyme membrane reactor (EMR)
The continuous conversion of 2-oxo-4-phenylbutyric acid
to R- or S-2-hydroxy-4-phenylbutyric acid is carried out
in a flat membrane enzyme membrane reactor (EMR) main-
tained at 25°C with a reactor volume of 10 ml. The
cellulose acetate ultrafiltration membrane of 62 mm
diameter has a nominal exclusion limit of 10 000 daltons

and has been pre-coated with 50 mg of bovine serum
albumin. '

The optimum reaction procedure is defermined by analysis



enanti omeri ¢ excess of R or S 2-hydroxy-4-phenyl butyric acid for isolated
enzynes is significantly higher. In order to obtain simlarly high ee

val ues, the selective enzynes woul d have to be enriched fromthe crude
extracts in addition by purification steps. Exanple 3: Enzymatic
reduction . of 2-oxo-4-phenyl butyric acid v t cormer ci al | y avail abl e
dehydrogen- ases in an enzyne nenbrane reactor (EMR) The conti nuous
conversion of 2-oxo-4-phenyl butyric acid to R or

S- 2- hydr oxy-4-p I nrgaﬁ%' £nzyne
menbrape react og&?é\/%hg dligi foalq-'rﬁigs eg@'éﬁe?l%fl g%rtfeég? or vao of 10
m. The cellul o¥kdngddcs-e inq.r 4 |dter’c@crmméu@fetez= rﬁﬁr’(ﬁ%ﬁar(% a
Rﬁmo?akoﬁixﬁ'e”i'e" ] ”“mtﬁa":q?-?ﬁg‘@ w%‘ﬁ%ﬁ’*% Wﬁﬁ’ﬁ*’%@?‘ﬁkgoby
anal ysi s - $heQ sr?gr?t %Pnd?ﬁ'&ﬁﬁ % ‘

Ki neti csl, i.e. llyuodﬁn‘& S0 med b ey lem&ﬂatwﬂﬂmtkml(a[veirdd: dﬁartrkie for the
D or L-lactate I £ h date
concentrations 5%%3%'%’:08)3;] ?@%grﬁ%{%feﬁ%uﬁ%tsgg%%ﬁ%%%%aw our of the
reactor by cal c weadtentst. t W&lmﬁlmm-ﬁrmﬂr eddt @appliethe in

" Runge- Kut ta- Pr o@fidH the fiﬁﬁ:la{n%?bex*é“ d’s%'lflh iR LR Qfo'hdiéﬁ»ﬁ'lﬂaﬁidf? argdluct
concentration and cofactor concentration aHﬁ tﬁiejﬂ%lloﬁ lives t he enz rres

are varied (seeSRfRGHIH CORGRN TRAHLON @n veoR%E Ib? SRS
Anwendungsbei splaeleewmcﬂe(mééﬁ&mﬁfmalmgammﬂﬂxman" "Ea&iﬂ‘tnmungmmi)dié'he

substxate sol ut| g@&ﬁg%%%en%ung@b%1esJB'ieleanté{1r§ Gt '(ﬂ'len’io’a‘(.)é) ™

pot assi um f or rra
Ingenieurwesen", Weinheim 1971).

The substrate sdlutioh contains 50 mM 2-~oxo-4-phenyl-
butyric acid, 300 mM potassium formate and 0.1 mM NAD(H).
2.6 U/ml D-LDH and 4.8 U/ml FDH or 1.4 U/ml L-LDH and

2.5 U/ml FDH are introduced. The reaction solution is
pumped into the reactor continuously at a rate of 10 ml/h
and the product is drawn off through the membrane. The
dwell time in the reactor is 60 minutes for the conver-
sion with D-LDH and 120 minutes for the conversion with
L-LDH. The eniyme activities are continuously monitored

L and, if necessary, gept constant by further addition.

The production data are given in Table 4.

Table 4: Production data

D-LDH L-LDH

duration of test

(continuous production): 450 h 100 h

conversion: o 84 % ® 7271 %

enantiomeric excess: ~ 100 % ee (R) ~ 100 % ee (S)
| product concentration:. ® 42.5 mM = ® 38.5 mM =

7.65 g/} 6.8 g/1
productivity: 184 g/l x d 1.6 g/l x d




2.6-UmDLDH and 4.8 Unl FDHor 1.4 Unl L-LDH and 2.5 Unl FDH are
I nt roduced. The reaction solution is punped into the reactor continuously

at arate of 10 m/h and the product is drawn off through the nenbrane.

The

dwell tinme in the reactor is 60 ninutesDigr the conver- sion with D-LDH and

120 minutes for the conversion with L-C

The enzynme activities are

continuously monitored and, if necessary, kept constant by further

addi tion. The production dat a are given in Table 4. Table 4: Production
data D- LDH Examglel41J]4-* CORbrhd ion): 450 h
10Qh conver sion: oenan I onmeric
excess: - 100 % ee &R : 2. gt i on: 0
42.5 v 0 38.5 "M 7.8 5~ tetra cBr 1H mlwze ﬂ -one (ACE

184 g/l x d 1.6 g/l x d.... o17 - Exampl e 4: Synt hesi s of

1- car boxynet hyl -3S-[ (1S §¥H5¥§%a#%5nyl 3- phenylpropyly an1no]

2,3, 4,5-1etr gk

R- 2- hydr oxy- 4- pheny yrlc aC|d ethyl ester 5 0 g of

R- 2- hydr oxy- 4- phe yric acid are dissolved in 50 m of absolute_et
and reacted wth hRF Retrkydenxiet pReAvEbYRY Rberackd 3upispbred ur
After distillingefl tdf absshote aéﬂnéﬂd:?féﬂd degacted v b Hy drdgdrh vacuum

a pale yello

a chiral
ester.
o

col

w..aj | whi ch, acc rd|n to HPL aIyS|s
L ol EST T e o BRI S gl e
dlstilling off the alcohol and briefly degass1ng under a
high vacuum, a pale yellow oil (5 7 g) remains of which,
accordlng to HPLC analysis over a chiral column (see

Example 1), 2'99.8 % con31sts of the R- conflgured ester.
Less than 0.2 % consists of the S-configured ester. The
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oil is distilled at 100 to 105°C and 6.5 pascals to yield

5.2 g of (-)~R-2-hydroxy-4-phenylbutyric acid ethyl ester
with an optical rotation of [a]20 = -20.8° (1 % in

chloroform).

4.2. S ynthesié of (+)-R-2-(4-nitrobenzenesulfonyloxy)-4-
phenylbutyrlc acid ethyl ester
9.75 g.(46.8 mmol) of (-)-R-2-hydroxy- 4-phenylbutyric
acid ethyl ester (2 99.6 % ee) are dissolved in 50 ml of
toluene, 11.4 g of 4-nitrobenzenesulfonyl chloride are
added thereto and the reaction mixture is then cooled to
0°C. After the addition of 6.25 g of triethylamine, the
reaction mixture is warmed to room temperature over a
period of 30 minutes and worked up, affording, in
guantitative yield, (+)-R-2-(4-nitrobenzenesulfonyloxy)-
4-phenylbutyric acid ethyl ester having an optical

rotation of [a]g0 = +13.2° (3 % in absolute ethanol).



Less than. 0.2 %consists of the S-configured ester. The oil is distilled

at 100 to [err] and 6.5 pascals to yield 5.2 g of

(-)-R 2-hydroxy-4-phenyl butyric acid ethyl ester with an optical rotation

of [a] . [err] (1.%in chloroform. 4.2. Synthesis of

(+)- R 2-(4-nitrobenzenesul f onyl oxy) - 4- ﬁhéﬁyrbutyric acid ethyl ester 9.75
g. 46.8 mol ) of (-)-R-2-hydroxy-4-phenylbutyric acid ethyl ester (> 99.6 %
ee) are dissolved in 50 mM of toluene, 11.4 g of 4-nitrobenzenesul fonyl

chloride are agdgd éQﬁEﬁbglénéftBﬂc5§86ky88t%&115ée[k§sLQ€Ho§96h%%oh91—
[ernL, After the a ] ONn Q rye yl edreag on mxture
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s warmed to room terpe : "
affording, in quant énkaweginebdo_g+) R—2 (4- nltrobenzenesulfonyloxy)
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1- car boxynet hytess. Fb@tglthesyear, b8ayB-g of optically pure (2 99.6 % ee)

3- phenyl pr opyl N9l 13- - ZaZeRbR< of
3-(9)- an1noben$a?n§ T Oﬁé%{ﬁﬁ%ﬁ%%??%g%goé§i09?@ : ?HFBX bﬁ%@ré% did
optically pureeFPE rFsggr6aq§eéy .53 g of N- methylmorp oline are reac ed
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precipitates |prdcipmtaédsbﬁstHésaddvédobyothéSﬁddﬁtdbnebﬁyDsacmﬂabf and
150 \gls of mate j 0 t Qea i O¢ 2l soda
sOIutionJ.and hﬁﬂ ﬁéF%gg%tng §R§s§h|Efsgggggfnghjhétéé hedP?ach nor e
_with approx1mately 150 ml of 2N soda solution, and the
. ethyl acetate phase is separated and washed twice more
with water. The ethyl acetate is distilled off to yield
an oil (98 g) which in HPLC shows a ratio of the

diastereoisomers of at least SS : SR = 99.8 : 0.2.

The crude active substance is prepared by passing 54 g of
hydrogen chloride gas into a solution of 96 g of the
above-mentioned oil in 200 ml of -ethyl acetate at 0 to
10°C. When solvolysis of the tert.-butyl ester is
chpléte, the active substance is obtained in the form of
a finely crystalline suspension. The excess hydrogen
chloride is removed completely by repeatedly distilling
off ethyl acetate in vacuo. The highly concentrated
crystal suspension is then diluted with 200 ml of
acetone, filtered off at 15°C and washed twice with 50 ml
of ethyl acetate each time. After drying in vacuo at
60°C until constant weight is achieved, 62.5 g (85.4 %)
of a virtually white active substance having a ratio of -
the diastereocisomers of SS : SR 99.9 : 0.1 are
isolated; [a]éo = -138° (1 % in absolute ethanol), m.p.
181°C.



with water. The ethyl acetate is distilled off to yield an oil (98 g) which
in HPLC' shows a ratio of the diastereoisomers of at least SS: SR = 99.8 :
0.2. The crude active substance . is prepared by passing 54 g of hydrogen
chloride gas into a solution of 96 g of t above-nentioned oil in 200 n

of ethyl acetate at 0 to 10C. Wien solvolysis of the tert.-butyl ester is
conplete, the active substance is obtained in the formof a finely

crystal line suspension. The excess hydrogen chloride is renoved conpletely
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62.5 g (85.4 %9 of a virtually white active substance having a ratio of the
di astereoisoners of SS SR =99.9 : 0.1 are 20 isolated; [err] (1 %in
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S 2- hydroxy 4- phenyl butyric acid in a manner anangous to that descrlbed in
Exanpl e 4. - 20 -




What is clainmed is: 1. A process for the preparation of the R-enantionmer of
2- hydr oxy- 4- phenyl butyric acid of the fornula [err] (1), or
the S-enantionmer of 2-hydroxy-4-phenylbutyric acid of the fornmula OH [err]
(1) which process conprises reduci ng 2-oxo-4-phenyl butyric acid with the
enzye D-l.actate dehydrogenase (D-LDH) from®Bt-aphyl ococcus epiderm dis or
with the enzyne L-| actate dehydrogenase (L-LDH) from bovine heart,
respectively, in the presence of an el ectron donor and an enzyne/substrate
system for regeperating_the %Iectron donor. 2. A process according to claim
1 fqr the prepﬁﬂéﬁ#&ﬁ—giéﬁﬂﬁLh%éﬁoxy-4-phenylbutyric aci d, which conprises
reduci ng 2- oxo-4-phenyl butyric acid, with the enzynme D- | actate

dehydr ogenase (D- from St aphyl ococcus idermd dis Ln the.pr of an
el ectron donor&anhD§%°§ﬁ§§n§%§uE rEF8P§§?$§ﬁgf8E|g%§% éf%??ﬁ%‘ﬁ%%ngﬁ%ctron
donor. 3. A pr@ebydraxyordiphgnydbulkyiricl agid2 ofiiheh foamprliases prepari ng

2- hydr oxy-4-phenyl butyric acid in an enantio- neric purity of nore than
99.6 % ee (enantiomeric exgessy~- 4,0l process according to claim1, 2 or 3,
whi ch conprises using nicgtigam adeni ne di nucl eotiXde - 21 - (NAD(H))
as the el ectron donor and*{gsmat e CG@ehydrogenase (FDH)/formate as the
enzyne/ substrate systemfor®regener- ating the electron donor. 5. A process

according toclaiml1, 2 or 3, which
or the S-enantiomer of 2-hydroxy-4-phenylbutyric acid of

the formula .
k/'

o\ '/.—-g .OH

/' * .. .
oo : (11)
N Soon _ _

which process comprises reducing 2-oxo-4-phenylbutyric
acid with the enzye D-lactate dehydrogenase (D-LDH) from
Staphylococcus epidermidis or with the enzyme L-lactate

dehydrogenase (L-LDH) from bovine heart, respectively, in
the presence of an electron donor and an enzyme/substrate
systém for regenerating the electron donor.

2. A process according to claim 1 for the preparation'of
U R-2-hydroxy-4-phenylbutyric acid, which comprises
reducing 2-oxo-4-phenylbutyric acid, with the enzyme D-
lactate dehydrogenase (D-LDH) from Staphylococcus
epidermidis in the presence of an electron donor and an
enzyme/substrate system for regenerating the electron

donor.

3. A process according to claim 1 or 2, which comprises
preparing 2-hydroxy-4-phenylbutyric acid in an enantio-
meric purity of more than 99.6 % ee (enantiomeric
excess).

4. A process according to claim 1, 2 or 3, which
comprises using nicotinamide adenine dinucleotide

T




conprises using nicotinam de adeni ne di nucl eotide (NAD(H)) as the el ectron
donor and al cohol dehydrogenase (ADH)/ethanol as the enzyne/ substrate
system for regener- ating the electron donor. 6. A process according to any
one of clainms 1 to 5, which conprises carrying out the enzymatic conversion
conti-n- uously. 7. A process accordi ng-tpiany one of clains 1 to 6, which
conprises carying out the enzymatic conversion in an enzynme nenbrane
reactor. 8. A process according to claim7, which conprises carrying out
the enzymatic conversion in an enzyne nenbrane reactor a) that is equipped

wi &hsan ul t r 4NAPKHADI &5 hebredrstaon denor @ndnifiesmatee sehysiragenage

conpri sing a (gpkyYirdRnite? 40 SfMEVRUIRASR Llsyditetl F0Iregener-

dehydrogenase t he act ate dehydrogenase from St aphyl ococcus eplder-
mdis or thedtipgct S@beﬁéﬁvﬂ¥ﬁb f rom bovi ne heart, and nicotinami de

adeni ne di nucleotide (NAD(H)), c) to mhich there is continuously fed an
aqueous sol uti o f I nyl C I d and formate or
et hanol , res% ?l gar E%%SS%Q% radtl%\é t%ﬁ c'tlh Q{gg'ﬂpozgh%yrjdr w(’iléclqls conti nuously
drawn of f dowemprdsesousimg mimsrtinamide adeniine Mingcleotide - 22 - 9. A
process accongianda)q dstitRe! dlechriiddhdiOTBNd THHYT My diEgdilse

enzymati c converS| n I n an enzyme nenbrane reactor a) that i s eqU| ped wth

an ultrafilt KWKW@%%%&%W%S%%ﬁﬂﬁ#qm AQr FeIeRFE 5000
to 100 000 d&k&@@ﬁthe electron donor.

N
6. A process according to any one of claims 1 to 5, which
comprises carrying out the enzymatic conversion contin-
uously.

7. A process according to any one of claims 1 to 6, which
comprises carying out the enzymatic conversion in an
enzyme membrane reactor.

8. A process according to claim 7, which comprises
carrying out the enzymatic conversion in an enzyme
membrane reactor

o a) that is equipped with an ultrafiltration membrane,

b) that contains a reaction mixture comprising a solution
of a formate dehydrogenase or an alcohol dehydrogenase,
the D-lactate dehydrogenase from Staphylococcus epider-—
midis or the L-lactate dehydrogenase from bovine heart,
and nicotinamide adenine dinucleotide (NAD(H)),

¢) to which there is continuously fed an aqueous solution
of the substrate 2-oxo-4-phenylbutyric acid and formate
or ethanol, respectively, and :

d) in which the compound formed is continuously drawn off
downstream of the membrane.
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b) that contains a reaction mxture consisting of a solution of a formate
dehydrogenase or an al cohol dehydrogenase, the D-1actate dehydrogenase from
St aphyl o- coccus epidermdis or the L-lactate dehydrogenase from bovi ne
heart, and from 0.01 to 1 nM of nicotinamj4le adeni ne di nucl eotide (NAD(H)),
c) to which there is continuously fed an aqueous solution of up to 500 nM
of the substrate 2-oxo-4-phenylbutyric acid, and from 100 to 1200 mM of
formate or ethanol, respectively, and d) in which the conpound fornmed is
conti-nuously dr.aanpebcedewastobedingf tbhelagmbrrane. 8]0whAch ecompyisesor di ng

conversi on | oA YA S he S G Y BAERS: SERvERSINY Ha” g Ba T A on
menbr ane has Meabrgne ceacddrwi th a non-specific protein

a) that is equipped with an ultrafiltration membrane
having a nominal exclusion limit of from 5000 to 100 000
daltons,

b) that contains a reaction mixture'consisting of a

_ solution 'of a formate dehydrogenase or an alcohol

N . dehydrogenase, the D-lactate dehydrogenase from Staphylo-
coccus épidermidis or the L-lactate dehydrogenase from
‘bovine heart, and from 0.01 to 1 mM of nicotinamide
adenine dinucleotide (NAD(H)),

c) to which there is continuously fed an aqueous solution
of up to 500 mM of the substrate 2-oxo-4-phenylbutyric
acid, and from 100 to 1200 mM of formate or ethanol,
respectively, and

d) in which the compound formed is continuously drawn off
downstream of the membrane.

10. A process according to any one of claims 7 to 9 which
comprises carrying out the enzymatic conversion in an
enzyme membrane reactor of which the ultrafiltration
membrane has been pre-coated with a non-specific. protein.
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