; e3er $30. ./ D0| X1B262T$3Nb5 t Process for the enzymatic preparation of
enantioner enriched (err)-am no acids The present invention relates to a

-process for preparing enantioner-enriched (3-am no acidsMMﬂ"@mm' w’

active (3-am nocarboxylic acids occur in natural substan Mmm "r

al kal oids and antibiotics and their isollation is increasinglysagquiring
*interest, not |east because of their increasing inportance as essenti al
internediates in the preparation of pharnaceuticals (see, 10 inter alias E
Juaristi, H |BRsesuifer e envismatte prapavationggs- epantioRexr the free
formof optically active (err)-am_no boxylic agids and their derivatives
have i nteresting pharnacol ogi%h‘l""é??égi' caf19Pso be used in the

synt hesi s of nodified peptides. 15 The conventional racenate resol ution by

means of di astereoneric salts (proposed route in: H Boesch et al., Og.
Proc. Res. 1B&vErEsent2dpyensiop3redptasd tq m Riresess afor t heeparing

di ast ereos cti.ve additi,o f o Lthium _ph | et hyl am de (A F. Abdel - Magi d,
J. H @he%&l%ﬁ%lﬂmefﬁeﬁﬁﬁfglﬁg‘fﬁfa&}ﬁ al%?g'Chem 1999, 6, 955-970) have
been established as preparation methods for (3-am nocarboxylic acids. The
atter el opd it n199naiddaled pasniiRAsHElN fespal shegeand. fieapEheaumter ous
di sadvant agés occurring in it, is preferably used. On the one hand,

st oi chi onetsuibe t2hcamowuich efs aldlidlds eagkrintatiei oebdedandhithbiks a big

di sadvant age conpared tq catal yti ¢ asymretrijcal, nethods. I n addition,
expensi ve gﬁﬁﬁ @b%931Q%£ﬁ%%éﬂ§;¥1 PYiring 1nbeRess: PoF g?éﬁﬁle,

n-butyl |t Hedahdiee Jreedrd i QR i Shd ke a8t E5Eentaggnt by 30
deprotonation. Moreover, the performance of the reaction 2 at | ow
t enper at ur éftermgsiedasrdrethe ToCHay &t tahtpharmacesatichdet depe.

st ereosq eqti,vi.t v - swhi ans .a .hi r-equir nt relating to react or
e a0, amnds S oL, FERI R B b S unEePbh et FBGn < he
prepar ati o960 0, @3-y 0at)i.ves it af kX yi diem asf dspbiesat ¢l weicdsll v
plays only a subordinate role at present, it is desirable, in particular
because of Premiscssekicxvirie esdidsyicss thmiantdepesvativeschaupytic

innecessar i e S Fh IR L R vt EoATDURRS OFcRLoReBSarethed ¢ hat
are nat ur alinantheemyhroemn ald wddi Rin Yosis¢ Biyst s. Moreover, these
bi ocatal ysts, which are efficiently used in aqueous nedium have, in
additigg t%%%h%éﬁééﬁéﬁ égf:racemate resolution by means of
diastereomeric salts (proposed route in: H. Boesch et al.,
Org. Proc. Res. Developm. 2001, 5, 23-27) and, in
particular, the diastereoselective addition of lithium
phenylethylamide (A. F. Abdel-Magid, J. H. Cohen, C. A.

20 Maryanoff, Curr. Med. Chem. 1999, 6, 955-970) have been
established as preparation methods for P-aminocarboxylic
acids. The latter method is considered as intensively
researched and, despite numerous disadvantages occurring
in it, is preferably used. On the one hand, stoichiometric

25 amounts of a chiral reagent are needed, which is a big
disadvantage compared to catalytic asymmetrical methods.
In addition, expensive and, moreover, hazardous
auxiliaries, such as, for example, n-butyllithium are
needed to activate the stoichiometric reagent by

30 deprotonation. Moreover, the performance of the reaction

AR
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15 properties and their high efficiency the advantage, in contrast to a
multiplicity of synthetic netal -containing catalysts, that it is not

. necessary to use netal containing, in particular heavy-netal -containing and
consequently toxic feedstocks. 20 In the prior art, fox instance, the
enanti osel ective N acyl ation of a-am noQarboxylic acids has already often

* been reported. Thus, L.T. Kanerva et al. describe in Tetrahedron:

Asymmetry, Vol. 7, No. 6, pages 1707-1716, 1996 the 25 enanti osel ective
N-acyl at i ofttoflowt hepeseabusesf ofappproxdyeltedly pha@ ¢ {er ipantavtar boxylic
acids with 2_trifluoroethyl ester .in.arganic solvents and_|ipase SP 526
from Candi de7aRt SPELPEACEREN st Sedenenintdhuo et cufaBFae,0i8h

bi ocat al ystrequiZeMet Halaheagetoalchestréedictbdt heatepLal al yaugtiaagnat e
resolution of ()-ethyl_ 3-am nobutyrate (Tetrahedron: Asymmetry, Vol. 8, No.
1, pages 3FCEFS 2997R RWigh PREXSY COMMUEHIUR antarctica via the
preparation of N5 acetylated (err)-am nocarboxylic esters. EP-A-8 890 649
di scl 0Ses RIRNAGERS Lh' pREERILINGORI CAld ety VecaIgopact d esters from
racem c am no aci'd esters Dby enantiosel ective acyl ation th a carboxylic
ester in tkaimoeseborydfca akyidicokdseagel lootisch ¥ Twnplagsgooldly eonprising 10
am dase, pro%ga%ghéﬁster se and |ipase, .and, subseguent isolation of the

unr eact ed & RConers & _@taﬁr %ﬂﬁwﬁ%ﬁn%ﬁs:e ?Pg§/5¢§75 relates to a

process f OpaattiailiaRd bacelisklo At RACHARXY | dfd ag&d18kikks correspondi ng

ester by 15 bringing a racam c (err)-am nocarboxylic acid, an acyl donor

and peni ci [Advantagey afe biscs thet ngritriendi Thengseopt

st ereosg) eqy | at] e

(err) a% no?éﬂp‘é?%%oﬁ\?ﬁ%%%oﬁﬁﬁ??ﬁ %Egé%lt aeir h%%%%%ﬁg]rrgfq PENSTEECaAT al | y

not react ecirgind iastliadgl sl nacerdionyid caRduacs dof Sehhymesbbaienededlhe

reverse reagtion sequence has(flso been studi d év Sol oshqgnok, V. K
Ry

. A
Svedas, V. PAKGRaMAATad Q% iSERKSIIEN A k6§39Lly. cAtadySidenko, N

A. Fokina, Madre¥vefOghede ploddfBYatd thé@zéﬁéaefkicEengﬂPSﬂ%%@a1 S. V.
Gal ushko, Synlett 1993, 339-341; V." 25 Sol oshonok, A’ "G Kirilenko, N A

Foki na, |. i aShiecomis medismn,V hags ushikedditonKokhahely, cRtadyédss, E. V.

Kozl ova, T r.on: _As tory 1994, . 1119-1126; ongk, N. A.
Foki na 1oA %TO%%%béﬁévaa,n‘?/%l%h%% i%%?l%g‘%?ﬁ%céﬁﬁs%ﬁ&ggk%%f Bror nsky,
V. P. KukhamontMasé t30 SamdheiikoicMy kof SyefleketTet mnabadrenntAdyringt ry
1995, 6, 1601-1610; G Cardillo, A Tolonelli, C Tomasini, Eur. J.
catalysts, that it is not necessary to use metal-
containing, in particular heavy-metal-containing and

consequently toxic feedstocks.

20 In the prior art, for instance, the enantioselective N-
acylation of P-aminocarboxylic acids has already often

been reported.

Thus, L.T. Kanerva et al. describe in Tetrahedron:
Asymmetry, Vol. 7, No. 6, pages 1707-1716, 1996 the

25 enantioselective N-acylation of ethyl esters of various
cycloaliphatic P-aminocarboxylic acids with 2,2,2-
trifluoroethyl ester in organic solvents and lipase SP 526
from Candida antarctica or lipase PS from Pseudomonas

cepacia as biocatalyst.



4 Org. Chem 1999, 155-161). A disadvantage of this process is the
.difficult working-up of the product m xture after the enanti osel ective

- hydrolysis. After isolating the free -am nocarboxylic acid, a m xture of
phenyl acetic acid and 5 N phenyl acetyl -~-am nocarboxylic acid is obtained
that is difficult to separate. Their reaction with |ipases has already been
“known for a long tine for obtaining enantioner-enriched carboxylic acids.

I n US5518903, this principle has been transferred 10 to N protected
(err)-am nd.3ci $deshers etbafl .wistthidizdy ithee hicnestsalyWiceaaceniayet he
correspondi ng benzyl ester of racem c N- butoxycar bon¥l - ~-am_nobutyric acid
was resol véERilghipnepint(tdserbyti veppipphwiansates &reFpabedreRe remai ning
nmet hyl est ey, r..0- butyl esters used yiel 15, 0n es .l he

regi on of %‘o m()arté'”yt’hg#lm%)’eél%'l ﬁ"t ﬁ%geecsgﬁ#ec ?bn,wlg??sﬁgtlﬁ dslbl rglssteat ed
that, apparfentd \CangQidag soMmerrJiga arieordiss ponsthaga tkbhybfester to an
n-butyl ester is acconpanied by an inpairnent of the ee value of the acid
prepared BAeEYlatadt Prgninowarieoxyligt Wsteter 20 of N Boc- a-ami nobutyric
acid, the ester hydrolysis with the enzyne |ipase from Asahi reduces after

W oaye an 9 MRl aod a4 SYLRRAN W AL Ofad b eBaLNAR Yihitady

Wth the |ipaSe suppl’ MaNo, “a conpoun bEee s

obt ai ned i radtieres afE e aRtidD esdds Fitim adendE 4himat agiy feattend Wy n 7
days. In conpari,son therewith, the correspondi ng nethyl ester vyi eltt%s 70%

ee. From t fOGEiased addaif 13t i dhetl By FCREBAKY LdGe edteq 1N i%h§ s (o
be inferre géggh r i o. IC I f @ iad, 5 yl
esters at gj pH o%%ﬁ%ﬁy@%é%%?a%eé%%%upp ?egﬁgybkﬁg?or&%a esl%plﬁriagge
wi t h addeptaatldass elpds ek everas ke rmnd | bipase, eands sebsEirtarghedr on

isolation of the unreacted ehantiomers of the amino acid

esters,

WO-A-98/50575 relates to a process for obtaining a chiral
B—aminocarboxylic acid or its corresponding ester by

15 bringing a racemic B-aminocarboxylic acid, an acyl donor
and penicillin G acylase into contact under conditions for
stereoselectively acylating an enantomer of the racemic PB-
aminocarboxylic acid, in which the other enantiomer is
substantially not reacted and a chiral B-aminocarboxylic

20 acid is thus obtained. The reverse reaction seguence has
also been studied (V. A. Soloshonok, V. K. Svedas, V. P.
Kukhar, A. G. Kirilenko, A. V. Rybakova, V. A. Solodenko,
N. A. Fokina, 0. V. Kogut, I. Y. Galaev, E. V. Kozlova, I.
P. Shishkina, S. V. Galushko, Synlett 1993, 339-341; V.

25 Soloshonok, A. G. Kirilenko, N. A. Fokina, I. P.
Shishkina, 8. V. Galushko, V. P. Kukhar, V. K. Svedas, E.
V. Kozlova, Tetrahedron: Asymmetry 1994, 5, 1119-1126; V.
Soloshonok, N. A. Fokina, A. V. Rybakova, I. P. Shishkina,
S. V. Galushko, A. E. Sochorinsky, V. P. Kukhar, M. V.

30 savchenko, V. K. Svedas, Tetrahedron: Asymmetry 1995, 6,
1601-1610; G. Cardillo, A. Tolomelli, C. Tomasini, Eur. J.



5 Letters 20D0, 41, 2679-81). The product is obtained with an enantioneric
purity of up to 99% ee, but the synthesis, which was perfornmed exclusively
i n agueous suspension, is associated with sone di sadvantages. On the one
hand, it 5 has been found that, although the crystallization is selective
under these conditions, the reaction perd se results, as docunented in

* Conparison Exanple 2, in |ower ee values of 85.1 ee. All in all, this
nmeans, on the one hand, a yield |loss due to the formation of the

undesi r abl &rg0 Eheamti 3880 ,add5-36 Whe Potdieradnwantage afsbhéat ribseske

8% o6 5. A% (B FBALAF UGt GHE APEETEE T S B BPRC bk BB AP LR scal o

because of thldt ehedrdbpsilalduizel Q@redntiid onsttds héghagingetual eeas 15
possi ble of > 98% ee, in particular > 99%ee, is, however, a requirenent
for phar mafeamivacazppkivddc endd, | m addittinm, of hehemylacethceachdpand v

| i qui d nedi um woul d be desirable as well_ as the_ performance in suspension

in order, fbPheryipretwlsPremimosapdbandire ackdots eppyatned FhskatSon by

means of uldsrad.i] tration, %%ti |1y, a high ee value should |ikew se be
produced in %ls?luslttetp‘):,o \%rﬁpc act;g%not be achieved with the existing
literature processes (in this connection, see also Conparison Exanples 1

and 2). 25Theienxpemttiorhwdnd ViSipmdars thees pikseady béesni Rgbenpliase ar eact i on
medi a usi ng organi c sol vents was reported by Nagata et al. (S._ Katayama, N
ho. R NngIEP Fortea et G o (A NG E, CBBb8haS0 SREDPRILG: case. a
cyclic am peiad .d @S tRys a5 khidGBst i ESUhAS WEER 8Pansferred .
enanti osel ectivities of 94% ee and conversions of 50%with a reaction tine

of 20 HOnerte atiprtedttesl iy amisad \eenitd mMsten e, donposedhofraagéhgne (90% and
water (10% . Poorer 6 results were achieved wth | ower proportiaons of
water. In S. (RERRSS b ddie \C R RFPLRRLRY cPEBFYEN LS tR%S Ofr oved

superi or cqlrgggi i th ' \ter - SCi I S h use of
di i sopropyl et mgL(r% \aNs b&%%%éca@%ﬁﬁ]a%r?%@%ggfgaggrﬂgt ve"alw??ﬂ ﬁo\t%g% éir and
20% acet onéyiPriad ugRm i e Bac eBroa) Uy ahe 880 6€. al Nipaskr ashet hereto, a

further readily water-saol uble sol vent proves_suitable (95% ee)_L in addition
to acet one GHEMFTHRY MREhYH eHiere L PoMdtyYLagEF8Rst PFES YR&LAEEded (96 h)

in ordans t Qrachidy &0k CONVELS Al { bRt of Snbe AB¥eCXhaR! 76aMRkE! &n
Hitherto, this successful synthesis having the feature of the presence of
or gani ¢ solthdimt sdramctiomevelt shomlddde| shiited tbatheappepengtvon of

cyclic (err)-.aming acid esters. Under the opt]j conditigns_specified in
the |t or il S 58T 1€ Somntimerdifa BebEY BRRE-LI B RERR LI Ty
| over vyi el dsstaayd i aceeisdh Pod | 19Rgarh etGbs OfmbhiEs fatBeObkaivaadtied @A he
preparation_ of the desired target congounds of the open-chain pendants

t

( Conpar i sorrS&fptd ByeParedhellpps ectCRFLLRE pFeehbei RVBHEYIN SREST
th f t i f h f h i i f
Corry - 20 ST O Ll oL €FRER, Ofnt e EREVIRRERIDERRANATED 1) e

usabl e on ahd reushié al 1586 efe6RNREARRI Fydasewehftas ecdage el les i.e. be
particul arl outstanding in regard to, environnental conpatibility,

25 ) ) !
i ndustri al "é&ﬂ@ﬁf r iR cEPESRSRYNEHRY pRrEeEsSEnd %t RE dPaseliichd Wil d and
sel ectivitygglh u opke ti [ I getail, but
obvi ously errergﬁ?ﬂﬁt}?pgtﬁ’lét%%S%%?ogga%%ﬁ%?gégc Qe%@gﬁgf/ %Ogg %trog%less havi ng
t he featur ehwifchdd sobfbsteantseobtained in the same reaction with a
25 yield of 41% at any rate within 7 days. In comparison

therewith, the corresponding methyl ester vields 70% ee.

From the results recently published by Faulconbridge et

al., it is to be inferred that the ester hydrolysis of

aromatic B-amino acid ethyl esters at a pH of 8 with the
30 1lipase PS supplied by Amano takes place with acceptable

vields and very good enantiomeric excesses (Tetrahedron



Claim1l1. Dependent Clains 2 to 8 relate to preferred enbodi nents of the

. present invention. As a result of the fact that a process for preparing

- enantioner-enrichhed N-unprotected, in particular open 5 chain (err)-am no
acids is perfornmed by enzymatic hydrolysis of an enantioneric m xture of
N-unprotected, in particular open-chains (3-amno acid esters wth a

" hydrolase in a two phase system conposed of water and an organic sol vent
form ng two phases under the given reaction conditions, 10 the object set
is very subpkkeragk§08chidvedsc7BuBl) on’Ih%mtd@excmairﬁj obtained Witk

enctiviti B PRERCHIERLS BEREEFoOEnbn o go Shqiine Byt iherhd "

sur pri si ngljtianhwey eferbdimalisexgood i&eant iigsel@ddwd thespedSidhge Lgaction
in the two-phase system can even be optim zed in such a way that the

product i s2fFeaiaeadarishogomee disravandanes Mtedhie  one h%nqlnt éFesting
that the e a | o] ce ﬁﬁi g%{ rging to the
|nvent|§n §S¥n§g§3t9?8ﬁ§ Eﬂ%@ke t%% coﬁ%gé %ff%a 8¥heéexper|nent
in a purel gedguedue a;adéenth@empamnﬂmﬂzmpltmé rédcthiee)petnsaddition to

t he processin dvant a es of organic solvents, this ocgess, co uently
has, nnreo€§F%l§ﬁe &8v HFH@@“&F e AR I Yhdix %Wégﬁlgse}%cg gFles in

the produckg ¢ATRaLedswgkh ﬂ%h%e25Aa.L(1U“3.'LQPSa151t aﬁﬂ?{g xﬁ@élrhé'm Er%éréﬁley,
conmpounds of the general Formula (1) 8 where R, R"

denote, i nh@p@mdenyhybldf loss svet Her tl'(e:]_ﬁc(;ggataiqxlymf(t]@g widesigpkdery|
2-@ }q-2 %%ﬂ%ﬁomeQ and; 65 ﬂgﬂé¥H49”hand it also entails the

problem that the ee value may easily also drop below 99%

»

ee or even below 98% ee as a function of slight process
fluctuations on a technical scale because of altered
crystallization conditions. As high an ee value as

15 possible of > 98% ee, in particular > 99% ee, is, however,
a requirement for pharmaceutical applications. In
addition, the performance in purely liguid medium would be
desirable as well as the performance in suspension in
order, for example, to be able to ensure a good enzyme

20 isolation by means of ultrafiltration. Optimally, a high
ee value should likewise be produced in this step, which
cannot be achieved with the existing literature processes
(in this connection, see alsc Comparison Examples 1

and 2}.

25 ‘An enzymatic hydrolysis in the presence of single-phase
reaction media using organic solvents was reported by
Nagata et al. (S. Katayama, N. Ae, R. Nagata, Tetrahedron:
Asymmetry 1998, 9, 4295-4299). In that case, a cyclic f-
amino acid ester was used. The best results with

30 enantioselectivities of 94% ee and conversions of 50% with
a reaction time of 20 h were achieved using a solvent

mixture composed of acetone (90%) and water (10%). Poorer



( C6-C18 ) -aryl , ( Cr-C19 ) -aralkyl , ( C3-C18 ) -heteroaryl , 5 (
.C4-C19 ) -heteroaralkyl , ( ( Ad-CB) -alkyl ) 1 3- ( C3-Cg ) -cyc 1 oal kyl
( ( C1-Ca ) -alkyl ) 1.3 ( C6-C18 ) -aryl , and ( ( C1-C8 ) -alkyl )
3(C3-C18) -heteroaryl, R denotes H ( Cl-Ca ) -alkyl , ( C-Ce)
| kenyl , (CzZ-Ce ) alkynyl, (C3-Ce) -e@ycloalkyl, (C6-Cl1l8) -aryl, (C--Cl19)
ral kyl, 10 ( C3-C18 ) -heteroaryl , ( C4-Cl9 ) -heteroaralkyl , ( ( C1-CB
) alkyl ) 1.3 ( C3-C8 ) -cycloalkyl , ( ( d-C¢e ) -alkyl ) 1 3- ( C6-C18
) -aryl , #@agult$ @ir&Baghiabkyl with JowerCprOpdntidiet esbawgter.i tint he
process of the subject matter. In principle, the_ person skilled in the art
is free togfgeﬁﬁgOSEh?h%s§p8F06PPQP&Yé¥F§@r§ Gﬂﬁ¥ %éiYe%EEehﬁ?s
sel ection pprogeQNeEhEr 858 EEAPh-R GAYN @Y ASP e Sexr FRYOUEBRLE al cohol s
for formng the ester are, in particular, 'those that can easily be renoved
from the ré&adévenhsni Rouse, thbpt heralolfy ddyi sdipstapstlatetrer Guét erg@dnic

parti cukar ferred in_ the_nethod according to the ihyentipn is the use
of (i-a%in%gggl 'aYﬁ§?he¥?§r§a8Pr§%§ﬁfH3% W@gﬁ?yfi t% aﬁﬁ??@ﬁély
preferred psotiheeysendi; appeepkaaiue BHPEBYlee.i SOPIERYtradt boh¥keto,
sec-butyl, isobutyl or tert-butyl esters. 25 The choice of the reaction

par anet er s&i §UrFRew seadp lyovakerpscdaplskisalaenth RYRVESs t sSubbahilel

det er mi ne ak gt <far t indi Vi ) n SiL.§: Qf tine
expor { mont & O Soh1 B Bngd tlort 48 il 31 GFSRPl B0 PATLAIE chU

pr ef er abl ylbagweeac6iand t9memsd aner exgqudefcer(@d yh)30irbetmden ZoaadhleSe i s
suitabhg for the enzénath% pr,ocess 9 of the subject matter. The |ipase PS
suppl i ed b§ ARB¥ETRASTpFEREd YFartS EWarFRFah (S Sr%und a pH of 8. Wth
regard to tenperature, the sane requirenents exist in principle as for the
pH. Here, Hgéharta$ eBikMalicacaRIMPRAILHS: @5 HAssdP| ensaneheudet Fn ned
for the indjvidual case, depending on which _enzyme functions nost optinmally
at whi ch t ERfePitErPBECEFOL OFgpRds fSdmanter i 1heveyehani savainegh

t enper at ur Q p,to,100C_ are ssi bl QO hers,, again, functiop optimally
only at 1003BE e thS RS B dp i o FiTT iR M o4 e8PrgE!
t enper at ur gn@et-akhies Bee 1t RGBridIE: FRAC td ML SHd diberhd literature

1

a
a

15 for cyclic B-amino acid esters (see above), drastically
lower yields and unacceptable, long reaction times are
obtained in the preparation of the desired target
compounds of the open-chain pendants (Comparison

Example 1).

20 The object of the present invention was therefore to
provide a further process for the enzymatic preparation of
B-amino acids. In particular, the said process should
advantageously be usable on an industrial scale
economically as well as ecologically, i.e. be particularly

25 outstanding in regard to environmental compatibility,
industrial safety, ruggedness of the processing, the

space/time yield and selectivity.

These and further objects not mentioned in greater detail,
but obviously emerging from the prior art are achieved by

30 a process having the features of the subject-matter



t he range between 15 and 40C and, nore preferably, between 20 and 30C. The
- choice of the enzyne to be used is the responsibility 15 of the person
skilled in the art. Many suitable enzynes can be selected from Enzyne
Catalysis in Oganic Synthesis, Ed.: K Drauz, H Wl dmann, VCH, 1995, page
165 and the literature cited therein. Preferably, a lipase is taken for the
“ester hydrolysis, nore preferably, the 20 |ipase PS supplied by Amano from
Pset zdononas cepacia is used. For the application, the pol ypeptide under
consi der at Féaimah . bPepsedent Cledmsomtas & tekwgeneousrgfptrefi ed conpound

or as an egﬁgggaﬁégggrgg %§F{§§%1 é&aqﬁvéﬁii%gyhernnre, t he pol ypepti de

may al so be used as cons an 1 ntact guest organismor in
conjunction with the digested cell material of the host organismpurified

as much asadesai redulthefuskeoffaldie wiary reptdced@obdoki pedphatingi S al so 30
possible (Sharma B. P.; Bailey L. F. and Messipg R A, 10 (1982),
| mobi | i si EPEBEBPBRECESPTrALCheR N-Pepmabestethd WhviertbhgBA2TAREER- Chem 94,

836- 852).. t ly, L I bild zat | akes I .

| yophi | ?za?ﬂ\éﬁﬂ( BarfgRsy ?C%E‘%Ml;@"%&rcﬁ%%ecg%%é‘ﬁ)é@%??%é%%ﬁgi}ﬁ%ﬁe 5
Activity obfaaghgmBhitiphichild s8dtad idE NeaihpyrHobydeays e gamics c8okyent s,
J. Am Chem Soc. 116, 5009-5010; Mori, T.; Cahata, Y. (1997), A variety
of |i pi-coared-ghpdosi fleamjitooleades et aefsf octtilvea ghydvelbser anshekwo-
catal ysts ig honogeneous or ankf %9Ivents, T trahedron.Lett1 38, 1971 10
1974; " Ot anPPRSeVEY SAGTe FO C PL YRS H RS BEIRRE625 O LEERGI ex

formation Eetwees EMyTRhaMRs MRt ety |qoebh Ueser8snachrans ibassol ubilize
the enzyne in active formin toluene, Biocatalysis 6, 291-305). Qite

parti céPar Epeppbiecsoiseti 9 ywss ISuxRy hinely hachievedcebrs oPnstibract ant
st e pL e AR en9nl o Sl PN A PSR eyt v e
connection, not only are substantially higher reactivities
than in the hitherto known organic/agqueous systems are
surprisingly achieved, but also good enantioselectivities.
15 The reaction in the two-phase system can even be optimized
in such a way that the product is produced at 299% ee
(Example 4). Moreover, it is interesting that the ee wvalue
in accordance with Example 3 (89% ee) according to the
invention turns out to be markedly better compared with
20 the experiment in a purely agqueous system (Comparison
Example 2, 81.5% ee). In addition to the processing
advantages of organic solvents, this process consequently
has, moreover, the advantage of generating higher
enantioselectivities in the products compared with the

25 aqueous standard medium.

Preferably, compounds of the general Formula (I)

NH, O

R orr
R’




Ckazaki, S.-Y.; Goto, M (1997), Surfactant-horseradi sh peroxi dase conpl ex
-catalytically active in anhydrous 20 benzene, Biotechnol. Tech. 11,
375-378). Extrenely preferred is inmobilization on Eupergit , in particular
Eupergit C and Eupergit 250L (Rohnm) (for a summary see:: E.

Kat chal ski-Katzir, D. M Kraener, J. Mlg Cata.l. B: Enzym 2000, 10, 157).
"Equally preferred is the 25 immobilization on N -NTA in conbination with

t he pol ypeptide nodified by attaching a Hi s tag (Hexahistidine) (Petty,
K.J. (199&yhekkt al -chel ate affinity chromatography In: Ausubel, F.M et al.

eds. Currepnt Prot coI s i n.,Ml ecul i ol o Vol . 2, New York: 3Q.John
W1 ey and %c)n X eili’ tgel e@éqtg.y[ Clég\/ﬁ’ré"e BT abl e 7@ ~adkaity, N
Wang, Y. -Fy )g%lllﬂenﬁ L(C %g@ohlk%ﬂﬂﬁ th@&'i‘ﬂcg%%élky@kedg)gnzy”E

crystals (CL%C} of al cohol rogenase, Angéew.
380-383). HCthene mﬁur e(@e@m)n‘@lw]my]pos@ﬂsbma)tfhgeaeoar:el from

I d t e .d L I , ~th
ot o8 | RUAT Gilr B Co SR AATE antl Br Gan BE8 L et ot CONTT eI SA LY br gani o
medi um The (ceaswamg}l)t@ Bubicags -aByL o1 afian (e, Peyf-Ieeh ) N any 10

reaction vessel provided for the purpose. In detall, these are normal batch
reactors IS@pCtaéa'éﬁ;res?C@rIYaln enzyne nenbrane reactor (Bommrl us, A S ;

Drauz, K ey. Menfar t or g~ f ¢ t he
Product i on of %glantl ONEr i céIF 4 %?ﬁéy]é AK?ﬁgéle Ei—ﬁﬁ Cﬁljzr%lrl)ty in 15
Wﬁlustrys( ed$ynvdol I(gicg)g‘}cy‘blo&]@%firalces ﬁg)l\laryﬂ:r os(h.‘y ﬁgg)}—famkyuphn

ey 0 e t abl e .as_organ ase that forns two
phases%\RA R%\RBEEBS i’rﬁfeerr ad%)]gl vt Fercthere %?ﬂa?fk‘gﬂ ?t(ﬂa'fcfi)s to say,
consequent k¥ kyig 'm@w%#—&we&ﬁywq%cls@a)umﬁcﬁm £A(C 20, 0p-4p0d i n
the method accordin he Tnvention, are all the types of organic,

i nsol ubl e @P%ddﬂlycmht@lkxb) ubfécmﬂfl\zénhgtaﬁéaw&o m xtures thereof. In
particul ar, these are ethers, ketones, esters saturated or unsaturated,

| i near or lg_ ans (H%e ﬂgq; K%%r 999? + %I S connecti on,
met hyl -tert-buty qje er&s( E@f@ ||sopr opy Qe% et hyl acetate, hexane,
hept ane, cycl ohexane, nethyl cycl ohexane and toluene, and al so any
appropri at &ndgsiimahipd eni xthe gserden exi hbed jpnovied apatt isufaeby tsaui t abl e.
12 | f (i:% Bs are sed that exist in adsorbed flg neg I?E %onal
wat er - imsol[ WS AP TATS SR P or9hPWer Eon¥t Ats st abi | i zers,
it has prowed Vit age Wtforidini & didd erdédet 1 B 0LHPLReEHRAGT hspRditer. m nor
Favourable alcohols for forming the ester are, in
particular, those that can easily be removed from the
reaction mixture, optionally by distillation. Quite
20 particularly preferred in the method according to the
invention is the use of P-amino acid alkyl esters or p-
amino acid aryl esters. Extremely preferred is the use of
appropriate n-propyl, isopropyl, n-butyl, sec-butyl,
isobutyl or tert-butyl esters.

25 The choice of the reaction parameters is likewise up to
the person skilled in the art. He will determine them
separately for the individual case on the basis of routine
experiments. At all events, a pH value range of between 4
and 10, preferably between 6 and 9 and more preferably

30 between 7 and 8.5, is suitable for the enzymatic process



5 constituent or stabilizer prior to the use of the enzynme in the reaction
-so that contam nation of the product produced with the insol uble support
mat eri al of the enzyne used does not occur, provided the separation of
enzynme and support is easily possible. For exanple, the |ipase PS 10
supplied by Amano, which can advantageosly be used, is absorbed on silica
" supports. In this case, the aqueous enzyne solution could therefore be

filtered prior to adding the reactants to the reaction nmediumin order to
renove theo§i [thei 6ubirgs MASHerhe Theadtinafes BT esiprhbedshycAnane &asor

processi ng I 1 f nqt rule, cagversely affect
this~proCe5%%§EGM?%%F%Cngﬁgggéﬁﬂg?ﬂgﬁ%%Fﬁvgﬁ%?%H#é"gfu%brotected" is to be
understood as neaning that the (3-nitrogen atomof the acid is not bl ocked
by an N-pr otigdt regagtotp thaperatiiest diHe smaerrédnei remenhionexdrdi tinons.
Regarded as _such are, i% particul ar, the conmmpn protecte%ﬂgroups, such as
Z, Boc, FntrPEdRienpe tRketyie Rt BSRE pP9bar Y SRURYNCE) - al kyl are
methyl, et dnpdkaRiRy las R cdh BE YdetdSRONES! fopeenbutyl, 25
tert-butyl, pentyl, hexyl, heptyl or octyl together with all the bonding

i soners. Thewd vislpae csisiegl Wamending phy whibch i enzeuebfupctioBp aldedxy,
(C1-CB) - hal gal.kyl,,~.OH, hal.oge NH2, .NO2 or S (Cl- -al kyl .

(C2-C8) - al I?g)%yﬁrr}é\lslyt 8%8’%%&‘&?0‘?%%“’?%3%%@ %nf@{‘?&%émal kyl radical as
depi ct ed ahfdamopHin it & repeaenON 10 gt tethpe£Qbh a8 8§ ab keagstooorne doubl e
bond. 13 (CZ-Ce) -aklynyl is to be understood as neaning a (Cl-C8) al kyl
radi cal as ad’@piRﬁS&i-k&lﬁ)vé{thﬂq% taa xc chinohler ARERPRLLIFoRPAMNAYY at

| east ' Qndod Cls Y134 Syt O to in

(1 oyt R S AT enC baner T the bl scal by R ansoaprEnay Lo
function. (tE3weyetnysd catadlishaed derimgetise cvdaasinparbaygldybeopgropyl ,

cycl obutyl, .cycl opentyl, cyclohexyl or cycloheptyl radicals, etc. These ma
b)é subst %/t l}:thi'% W%ﬁ]g)yetweeyn 15 arll/d 40°C yand, nPorye pre%erably, between y

20 and 30°C.

The choice of the enzyme to be used is the responsibility
15 of the person skilled in the art. Many suitable enzymes
can be selected from Enzyme Catalysis in Organic
Synthesis, Ed.: K. Drauz, H. Waldmann, VCH, 1995, page 165
and the literature cited therein. Preferably, a lipase is
taken for the ester hydrolysis, more preferably, the
20 lipase PS supplied by Amano from Pseudomonas cepacia is

used.

For the application, the polypeptide under consideration
can be used in free form as a homogeneously purified
conmpound or as an enzyme prepared as recombinant.

25 Furthermore, the polypeptide may also be used as a
constituent of an intact guest organism or in conjunction
with the digested cell material of the host organism

purified as much as desired.

The use of the enzymes in immobilized form is also

30 possible (Sharma B. P.; Bailey L. F. and Messing R. A.



10 or nore hal ogens and/or N-, 0-, P-, S-atomcontaining radicals and/or

. may have N-, 0-, P-, S—atomcontaining radicals in the ring, such as, for
exanple, 1-, 2-, 3-, 4piperidyl, 1-, 2-, 3-pyrrolidinyl, 2-,
3-tetrahydrofuryl, 2-, 3-, 4-norpholinyl. These may be singly or multiply
15 substituted by (Cl-CB)-al koxy, {Cl-Cg)-haloalkyl, OH hal open, NH2 ,
“N02, SH, S ( C1-C8 ) -alkyl , { C1-Ce ) -aryl , (A-Ce ) -alkyl . A
{C6-Cl18)-aryl radical is understood as neaning an aromatic radi cal

cont ai ni ng(56982) 18Imaobbhiaterte Bdloﬂlatmiailmdmr - t'rmleni.hehudadcorrpounds,

such as phenyl, naphthyl, anthryl, phenant b|p radi cals. These
may be si ng{lgfl B?iuﬁgﬁ?r pf\‘?g§WbsF¥‘?H‘t egiby 8(3%I 8ER). al ‘k%“ REEOBBYY

‘ha|oa|ky|th€*&mﬂ8599§9at¥@% tgﬁgs ?@ac% o) Aldphi1{sdeE8h -acyl,
(C1-Ce) -alkyl . A {C~ -aralkyl radical” 1sa {Ce6-Cl1l8) -alkyl

r adi cal borﬁaeuaﬂbarheVnDMecuDerb'lyCifmaﬂs &f. 8(1(9(34)08)A<alh&qusradkeal
(C1-Ca) pal kox S a -al kyl radi_cal bonded to_the_nol ecul e under

consi dePat P‘S'ﬁ }tﬁea(ﬁ-s%ﬁ obxyEsiratimsolves (i NeFr Ly kBRI ErRERyl is a
(Cl1-CB) - al 5¥baﬁi‘g Eah.vg pded 5t 0 athe dplecu g, Undes | copgb depabl, OﬁoF}X means

of an - run |s I's a synonym for the ot her oxycarbony
r adi cal s 5‘ QCEDk%ﬁtlaal val Ky99i79 ,a i @hr(:‘aa)tyald@llxpﬂfcaatedbgflm:ms&deby one

or nore halogen.atons teroary r adi otes, w.thin the
SCope of 't RECFRIBHEPORS & HEare: Ve, Be o o e r AT OISEEE fing system
cont ai Ni Ngh3mbgehdotdr %Q@a&&@ﬂ%dlh@nt@nt@tfﬁaﬂ&if@ﬁeﬁ@@toﬁs suokyias, for
exanpl e, nitrogen, oxygen or sul phur in the ring. Regarded as such

het er o&Ponafi7ds Stamimd pak-ti ddlercreutizal®, ; Mapthiagsony B.3- furyI such
as 1-, LT o : 5-,
6-, 7- |ndol(§PBé§ b%l'npl%x %;dggnaﬂo%?etﬁerisc‘% é@%gﬁl aagcﬁ

gui nol i nyl peﬂhaﬂaltehmsdlanydean% to4 -5o0larhi G4y rit e denyj,rmeTIﬂﬂsaclm&Webe si ngly
or nul tipl substl tut ed al koxy, (Cl-Ce)-hal gal k OH, hal ogen,
N N2 BATTS ey'afﬂéﬁ Cq% € %‘%@P Ul&%/’kw . 20

(CG4-C19) - hﬁh%&‘i%h@'a'@i‘y 'p%éf%ﬂ%l@@eé %Mxﬁﬁii@@%ﬂglﬁ pRLepeaLRRE C
system corresponding fo the (C7-Cl9)-aralkyl radical. Suitable as hal ogens

are Fl &éri pé, stifeciteat mubrdtencesl ivdimeas Ierheol P enant i oner - enri ched

isto beu n t e nt on, the
proporti onggﬁwtl%g’q‘gﬁrcrﬁgirdl n tcf\{n%e ﬁoixlf%@@f&?% ?%cyﬂt #ggfg? i podes in a
range of >B@i5 &nrd (ﬁib.@thy]&qél’ltﬁlyﬁdyatmmeﬁhbmthefw (Kamaizh t be ;possi bl e
di astereomaﬁcs and enantionmers and thejr m xtures that a{le possi_hl % The

li t er at ur eOK8F&Kéncés Tent ITHY dfe (EyAfdedSystactant-horseradis

peroxidase complex catalytically active in anhydrous

20 Dbenzene, Biotechnol. Tech. 11, 375-378).

Extremely preferred is immobilization on Eupergit® , in
particular Eupergit C® and Eupergit 250L® (R8hm) (for a
summary see: E. Katchalski-Katzir, D. M. Kraemer, J. Mol.
Catal. B: Enzym. 2000, 10, 157). Equally preferred is the
25 immobilization on Ni-NTA in combination with the
polypeptide modified by attaching a His tag
(Hexahistidine) (Petty, K.J. (1996), Metal-chelate
affinity chromatography In: Ausubel, F.M. et al. eds.
Current Protocols in Molecular Biology, Vol. 2, New York:
30 John Wiley and Sons).



5 included in the disclosure of this invention. 16 Experinental Exanples:
- Conparison Exanple 1: 9.2 mmol of the racem ¢ conpound et hyl rac-3-am no-3
- phenyl propionate (1.79 g) are taken up in 50 mM of a 5 solvent mxture
conposed of 25 m of water and 25 nml of acetone as organic sol vent
conponent and the solution is set to aiH of 8.2 by neans of automatic pH
“adj ustnent through adding 1 M sodi um hydroxi de sol ution (obtained from
Merck). On reaching a reaction tenperature of 20C, 10 200 ng of Amano

| i pase F%;W$%e@ﬂo®bﬁ@s tepatkeyisbt abneeivhibdegh SavarblaEm yiés; Wang) are

dded [ f S d
?heeco;\c/)er Sio ra % #‘r’égn%f f,]gr(egj)bgacgoﬁgcgogrﬁé%ﬁrbq oﬁ%% cfh%Paaf or med

is determ@ﬁQWéncwsﬁaié RCOEESSofaatenyelsidqhyrdydasé | eingeliours, 2.0~
after 5 hours and 5.5~ after 24 hours is determ ned. The val ue of the

enant i osel €eePvi It waBAnoBodeB8PmBRAd -because of the unsatisfactory course
of the reaction in view of the | ow conversion. The conversi on was

det er m gedry. peagg 0LoZ0c ygtgakgoqgagﬁﬁgqﬂo@gaw G dicdfemplog! the

racemc corrpou rac- 3- am no- enyl propi o are taken up
in 50 m opoihmpept;hdelstbhasohmm unsmabaet e a:qofém_:’;aﬁd @glmus of 25

automatic ﬁladj ﬁtnent t?rou h addin M sodi u dr oxi de gol ution
(obt ai ned E PoGghRREr ERS. TRRSSAGEr 110 SFe ¢ e? TS Pl BEERHLIC3 N

of acetOnesalﬁeﬁlﬁOoﬁdéﬁ@ﬂr%l&hfins%'r@;fa'nCi% rfdsihgfchi ng a reaction
tenperature of 20C 0 ng of Amano |i pase PS (Pseudononas cepaci a;

The reaction of the subject matter can be performed in any

10 reaction vessel provided for the purpose. In detail, these
are normal batch reactors, loop reactors or an enzyme
membrane reactor (Bommarius, A. S.; Drauz, K.; Groeger,
U.; Wandrey, C.; Membrane Bioreactors for the Production
of Enantiomerically Pure o-Amino Acids, in: Chirality in

15 Industry (eds.: Collins, A. N.; Sheldrake, G. N.; Crosby,
J.) 1992, John Wiley & Sons, pages 371-397).

Suitable as organic phase that forms two phases with water
under the given reaction conditions, that is to say,
consequently, is insoluble or poorly water-soluble and can

20 be used in the method according to the invention, are all
the types of organic, insoluble or poorly water-soluble
solvents and also mixtures thereof. In particular, these
are ethers, ketones, esters, saturated or unsaturated,

linear or branched-chain hydrocarbons.

25 In this connection, methyl-tert-butyl ether (MTBE),
diisopropyl ether, ethyl acetate, hexane, heptane,
cyclohexane, methylcyclohexane and toluene, and also any
appropriate desirable mixtures thereof have proved

particularly suitable.



30 obtalned through Amano Enzynes, Inc.) are added to start 17 the
rTeaction. After a reaction time of 3 and 5 hours, the conversion rate

- fornmed and al so after 5 hours the enantioselectivity of the
(S)-3-am no- 3-phenyl propionic acid forned are determined. In this process,
a conversion 5 of 18.5 after 3 hours orl37.8 after 6 hours and an
enantiosel ectivity of 85.1 ee (after 6 hours) are determned. The

conver si on d enantioselectl wer e, eternl ed b ans of HPLC. Exanple
3: 10 9.2 |STEY G Fede S t(ﬁ/ﬁa qi éﬂtrTEBr@phenyl pr opi onat e

(1.79 9) ar@ﬁlakm:u:_lp dr vk B - ﬁts@ldmt@wpéﬂtvmteﬂatgr gnegeposed of 25
m of water and 25 m of nethyl text-butyl ether (MIBE) as organic solvent

conmponent £MﬁQﬁHCQRﬁQ%RH¢RﬁSEP§2ﬂﬁﬁh&kxﬁﬁﬁ$c b hgsagpavedent through

adding 1 M3qdi e ) hi ng
a reaction tenperé?%re 0 25%£h§%%oghé #Héééﬁﬁhélpgéggﬁgb%éé ] gﬁgﬁﬁﬁp
cepaci a;5 ohtanaed-udntough sﬁttmtolﬂmyrwlof neo ) tiae eusdded theseaktyniche
reaction. ﬁwter a reactjon tine of 3, and 20 24 hours, the conver5|on

rate fornmedbf }t%éﬁa@t@%rﬁ%ot}ﬁfhe?m&ﬁ%ﬁ%ﬂ%na‘&f—dthﬁrﬁéa B&tdet er mi ned.
In this progesfuced GPIMErShON oA be aéﬁ oBt nﬁéﬁférgélaoﬁuﬁﬂb' R

conversion of approximtely Zba~ after ours and an enantioseleCtivity
of 89.0 ee [3dd adods % hoersy, enneo‘dedi@ql niime dseffaratbonepsi enza'n@ and

enanti osel ectivity were determ ne ans_of LC. anmpl e 1 m of
wat er are taken %dls.t.%s %fpmlﬂ%f ipir!zi %udsﬁg gg 888&& a;

obt ai nelh t haasslit Arang ﬁﬁ&ﬂ@?&vhﬁ&l|é’@n)a@r&&1'§é’@§§|ubm§rbteous£ﬂe yrdi ssol ved
solid is then 18 filtered off. 81 m of nethyl tert-butyl ether (MIBE)

are added %ﬂ@e@ﬁlcolsowemacmw t%ntmleqeeees ERey AUSEISt | on
| ti f.82b
resulting ae%{)}ﬁké d?éﬁtl M%&ha?%éyﬁﬁgﬁﬁsﬁ 184 509 tg ¢ Oy nmeans

of automatic p ust nent rodg ar am ydroxi de sol ution
(obt ai ned t&ddnmgtmmmckgacthnteathlh@eare@mpemmtmeélom 20Cporde8®. Zomol of

the racem c_co d n-propyl rac |ona e (39.0 g) are
then added =HtP WF q? {it§?#5a§t%§t rE%%?F tFXﬁ FO-15%ours, a
white 10 praﬁﬁti}&i@i@s@trﬁr@é@%ﬁ@@ é@@rbllﬁtyoamﬁﬁe ehzihe deshiced pr oduct
(S)-3-am no- 3- phe ﬁ@ ;@glonlc acid. After a reaction tine of 15 hours, 160

m of acet GHe @&rigd Yereohpl afteehetpt e PHPERENBA; stirring is
continued for 45 mnutes and the solid is filtered off. The solid is washed

Within the scope of the invention, “N-unprotected” is to
be understood as meaning that the Pf-nitrogen atom of the
acid is not blocked by an N-protective group that is

20 stable under the reaction conditions. Regarded as such
are, in particular, the common protected groups, such as

Z, Boc, Fmoc, Eoc, Moc, acetyl, etc.

To be regarded as (Ci1-Cg)-alkyl are methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,

25 tert—butyl, pentyl, hexyl, heptyl or octyl together with
all the bonding isomers. These may be singly or multiply
substituted by (C;-Cg)-alkoxy, (C31-Cg)-haloalkyl, OH,
halogen, NH;, NO,, SH or S-(C;-Cg)-alkyl.

(C2-Cg) ~alkenyl is to be understood as meaning a (C;-Cg)-
30 alkyl radical as depicted above, with the exception of

methyl, containing at least one double bond.-




15 several tinmes with a little acetone and then dried in vacuo. 12.91 g of
“the desired (S)-3-am no-3phenyl propionic acid are obtained, equivalent to a
yield of 41.6. The enantioselectivity for the product is 99.6 ee. The
enantiosel ectivity was determ ned by neiSS 20 of HPLC. 98.8 was determ ned
.for the chemcal purity (determ ned by ans of titration). The structure
of the product was additionally confirnmed by neans of NVR spectroscopy. 25

19 Pat ent L A5y _ e rpr ng_enantigonmer-enriched
Nanpr ot ect 72 L FREE oS oS aiELREaBnaL, SIRERY e iraicoo

hydr ol ysi s adfkydn reddaiailosRy ideptictded ealodvd, Nelifipr eheckrdepith opards cul ar
open-chain (3-amno acid esters mnth a hydrolase wherein the hydrolysis
takes pl ac@SHRYE 1 RONSRESE NS Siferh 22 02RY ¥ ipke ePoRAd an organi c sol vent

form ng two phases with water udder the given reaction conditions. 10 2.

Process acceldepg-day 0 8 e nehahaet gtbeadabnklali gy &3 @ILeY aghgyal kyl

ester or m no "acid aryl ester Is used . Procéss according t

2, 15 char astdddade thondiadhdto arheapprbpribe ebyl Ipeanpgl ofi sopfopylo, n-butyl,
secbutyl, ufob tyi or tert-butyl ester is used. 4. Process according to one
or nore of &ceding clains, 20 characterized in that the pH of the
reaction is between 4 and 10, preferably between 6 and 9 and nore

preferably @t\@g?n&cﬁaglﬁyﬁ i3 B BRETHREGUAIN B iy nore of the
pr ecedi ng 25 cl al s, characterlzed In that the tenperature during the

reaction |$ymicprapyﬂﬁiayuﬂdﬁﬁxyl pmgéb@péhyybetmpemohéiyan@r+4oc and nore
preferablycpet %%£5(35§113§§§3 etc These may be substituted by one
10 or more halogens and/or N-, 0-, P-, S-atom-containing
radicals and/or may have N-, O-, P-, S-atom-containing
radicals in the ring, such as, for example, 1-, 2-, 3-, 4-
piperidyl, 1-, 2-, 3-pyrrolidinyl, 2-, 3-tetrahydrofurvl,
2-, 3-, 4-morpholinyl. These may be singly or multiply
15 substituted by (C;-Cg)-alkoxy, (Ci-Cg)-haloalkyl, OH,
halogen, NH,, NO,;, SH, S-(Ci1-Cg)-alkyl, (C;-Cg)-acyl,
(C1-Cg) -alkyl.

A (Cg-C1g)-aryl radical is understood as meaning an
aromatic radical containing 6 to 18 carbon atoms. In
20 particular, these include compounds, such as phenyl,

naphthyl, anthryl, phenanthryl, biphenyl radicals. These
may be singly or multiply substituted by (Ci1~Cg)-alkoxy,
(C1 Cg)~-haloalkyl, OH, halogen, NH;, NO,, SH, S-(C;1-Csg)-
alkyl (C1-Cg)-acyl, (Ci1-Cg)-~alkyl.

25 A (Cy-Cy9) -aralkyl radical is a (Cg-Cig)-alkyl radical
bonded to the molecule by means of a (C;-Cg)-alkyl radical.

(C1-Cg) -alkoxy is a (C1-Cg)-alkyl radical bonded to the

molecule under consideration by means of an oxygen atom.



6. Process according to one or nore of the preceding clains, characterized
“inthat a lipase, preferably the |ipase PS from Pseudononas 5 cepacia is
used. 7. Process according to one or nore of the preceding clains,
characterized in that the reaction is p%fforned in an enzynme nenbrane 10
reactor. 8. Process according to one or ffore of the precedi ng cl ai ns,
characterized in that ethers, ketones, esters, saturated or unsaturated 15

inear o buanghpd: shaLD ydrocar vons e Used, 28, 9 9208 1O co

. Af { S% A@ f f A _Ah 2.~ [ Q: UCH<= I
éb] X} caj ca]tca g%ﬁlc%gﬁclg ?a c%c%?f%ﬁ%@}%@%%%@] 8§V]a?§i]~ca (c ] ca] ca} \ég]
ca] ca] ca] cafjwdidtdajrca| T cd ca] ymonym for the other oxycarbonyl
:JLPQUV]_}g%ggﬁgé%%ca]ca]ca]ca]ca]ca]ca]ca]caV]caV]caV]caV]caV]ca]ca]ca]ca]

cajcalcalc ajca]calcalcalcalcalcalcalcal OSTV %s u *+@[2 4 8 a c s

Xy
bxsnl 0 8 cagakgplaal sahaghoakeal q@hcel el eR) eakaak eahc AhaRkat Al Apel ool

cal] ca] ca] ca] ca] ca]ca]Jca
one or more halogen atoms.

w1

A (C3-Cig) -heterocaryl radical denotes, within the scope of
the invention, a five-, six- or seven-member aromatic ring
system containing 3 to 18 carbon atoms that contains

10 heteroatoms, such as, for example, nitrogen, oxygen or
sulphur in the ring. Regarded as such heteroaromatics are,
in particular, radicals, such as 1-, 2-, 3-furyl, such as
l1-, 2-, 3-pyrrolyl, 1-,2-,3-thienyl, 2-, 3-, 4-pyridyl,
2-, 3-, 4-, 5-, 6-, 7-indolyl, 3-, 4-, 5-pyrazolyl, 2-,4-,

15 5-imidazolyl, acridinyl, quinolinyl, phenanthridinyl, 2-,
4-, 5-, 6-pyrimidinyl. These may be singly or multiply
substituted by (C;-Cg)-alkoxy, (C;-Cg)-haloalkyl, OH,
halogen, NH,;, NO,, SH, S8-(Ci-Cg)-alkyl, (Ci-Cg)-acyl,
{C1-Cg) -alkyl.

20 (C4-Ci9) -heterocaralkyl is to be understood as meaning a
hetercaromatic system corresponding to the (Cy-Ciq)-aralkyl

radical.

Suitable as halogens are fluorine, chlorine, bromine and

iodine.

25 The term enantiomer-enriched is to be understood as
meaning, within the scope of the invention, the proportion
of an enantiomer in the mixture with its optical antipodes

in a range of >50 % and <100 %.
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from Merck). On reaching a reaction temperature of 20°C,

10 200 mg of Amano lipase PS (Pseudomonas cepacia; obtained
through Amano Enzymes, Inc.) are added to start the
reaction. After a reaction time of 3, 5 and 24 hours, the
conversion rate formed of the (S)-3-amino-3-
phenylpropionic acid formed is determined. In this

15 process, a conversion of 1.8% after 3 hours, 2.0% after 5
hours and 5.5% after 24 hours is determined. The value of
the enantioselectivity was not determined because of the
unsatisfactory course of the reaction in view of the low
conversion. The conversion was determined by means of

20 HPLC.
Comparison Example 2:

9.2 mmol of the racemic compound ethyl rac-3-amino-3-
phenylpropionate (1.79 g) are taken up in 50 ml of water
and the solution is set to a pH of 8.2 by means of

25 automatic pH adjustment through adding 1 M sodium
hydroxide solution (obtained through Merck). In order to
dissolve the ester completely, 3 ml of acetone are also

added to the solution. On reaching a reaction temperature
of 20°C, 200 mg of Amano lipase PS (Pseudomonas cepacia;

30 obtained through Amanoc Enzymes, Inc.) are added to start
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enantloselectlv1ty of 85.1% ee (after 6 hours) are
determined. The conversion and enantioselectivity were

détermined by means of HPLC.

Example 3:

10 9.2 mmol of the racemic compound ethyl rac-3-amino-3-
phenylpropionate (1.79 g) are taken up in 50 ml of a two-
phase solvent mixture composed of 25 ml of water and 25 ml
of methyl tert-butyl ether (MTBE) as organic solvent
component and set to a pH of 8.2 by automatic pH

15 adjustment through adding 1 M sodium hydroxide solution
(obtained through Merck). On reaching a reaction
temperature of 20°C, 200 mg of Amano lipase PS (Pseudomonas
cepacia; obtained through Amano Enzymes, Inc.) are added
to start the reaction. After a reaction time of 3, 5 and

20 24 hours, the conversion rate formed of the (S)-3-amino-3-
phenylpropionic acid formed is determined. In this
process, a conversion of 23.5% after 3 hours or a
quantitative conversion of approximately 250% after 15
hours and an enantioselectivity of 89.0% ee (after 15

25 hours) are determined. The conversion and

enantioselectivity were determined by means of HPLC.
Example 4:

81 ml of water are taken and 1.45 g of Amano lipase PS
(Pseudomonas cepacia; obtained through Amano Enzymes,

30 Inc.) are added thereto. The undissolved solid is then
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is 'started. The reaction time is 15 hours, a white

10 precipitate being produced that is composed of the desired
product (S)-3-amino-3-phenylpropionic acid. After a
reaction time of 15 hours, 160 ml of acetone are added to
complete the precipitation, stirring is continued for 45
minutes and the solid is filtered off. The solid is washed

15 several times with a little acetone and then dried in
vacuo. 12.91 g of the desired (S)-3-amino-3-
phenylpropionic acid are obtained, equivalent to a yield
of 41.6%. The enantioselectivity for the product is
99.6% ee. The enantioselectivity was determined by means

20 of HPLC. 98.8% was determined for the chemical purity
(determined by means of titration). The structure of the
product was additionally confirmed by means of NMR

spectroscopy.

25
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10 2. Process according to Claim 1,

characterized in that

a P-amino acid alkyl ester or a P-amino acid aryl

ester is used.

3. Process according to Claim 2,
15 characterized in that
an appropriate n-propyl, isopropyl, n-butyl, sec-
butyl, isobutyl or tert-butyl ester is used.

4, Process according to one or more of the preceding
claims,
20 characterized in that
the pH of the reaction is between 4 and 10,
preferably between 6 and 9 and more preferably

. between 7 and 8.5.

5. Process according to one or more of the preceding
25 claims,
characterized in that
the temperature during the reaction is between -15
und +100°C, preferably between +15 and +40°C and more

preferably between +20 and +30°C,
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6. Process according to one or more of the preceding
claims,
‘characterized in that
a lipase, preferably the lipase PS from Pseudomonas

5 cepacia 1is used.

7. Process according to one or more of the preceding
. clains,

characterized in that

the reaction is performed in an enzyme membrane

10 reactor.

8. Process according to one or more of the preceding
claims,
characterized in that
ethers, ketones, esters, saturated or unsaturated
15 linear or branched-chain hydrocarbons are used as

organic solvent.



