;e3e“qj“nR6TjJM/%ﬁ Process for the enzymatic preparation of

anantioneric ed (3-amno acids 5 10 15 20 25 30 The nt
I nvention rel Mm ocess for the preparation of enanti OW@@BMMWHHI
enriched (err s. The invention relates also to adva

‘jesters of [3- ami %% ds and to the use thereof in a process for tifpso
enzymati c preparation of enantionerically enriched (3-am no acids.
Optically active (3-am nocarboxylic acids occur in natural substances such

as al kal oi ds and ant pRbells®S £oi &hie @rizialaicd A LPEL bS8 S£COM Ng
increasingly of interest,, pot Ieas%}because of, their increasing inportance

as essential internediARtionerically¥ anzirhad,p-amincaAs (see, inter
alias E. Juaristi, H Lopez-Ruiz, Curr. Med. Chen1 1999, 6, 983-1004). Both

the free fon1of 0 tlcall active éi gnlngcarbox§llc a |ds nd derivatives
thereof extii &% %s%? bha? BT oRbGP chP 8f PERFESENE%al™ so be used in
t he syntrmﬁpnepﬁraumbﬂleﬁ em@mtﬂemerﬂsablgpenatchadnﬁ%bmdnofac1ds The

(3-am ng Carﬁ%ﬂéfo a££‘§r§198V€ah5&OgﬁE8 QSEQ”Es‘E%E:%b' @egunlno

conventi ona acena eava via diaster O soner oposed rout e
in: H Boestids and t@rghepme theseobeinl epmrogeeﬁ fsr z@ezkpzazmtlc

especially, pﬁé(}ﬁ‘a:?é@ﬁéﬁr8PS§J1§ﬁEiMﬁeﬂS!QlaM?neﬁirll:hTeﬁ' Bbmaﬁ&%yla%tﬂasél am de (A
. F. Abdel - Magi C. A Maryanoff Chern. 1999, 6,

955-970 The | at met hod has been intensively,researched and. i s

oo ot ably GG ARLIre Poemir e et BTyt ptitE PRty o Path AL t 1.
On the one mﬂmltazsd:@s chuchehsi alraboitls ahdaaﬁhubabtrie&gerammmezer equi red,
whi ch h@Pr es ﬂ% e 0f di sady tage.co ared wi.th.c ¢, a8 nnet&gc
ot hodd O F Pt R Bt r ke oY B SR A R RE R R E hdI S0 o, S e R
subst ances, lsm&h becaﬂse efahhéer anbuesksinghimppraaacee qu ﬁs$en$m@dt|vate
the stoi Ch'%fﬁ&di&@@gninb¥hge?£8%99§ﬂ8{l oENndd L@ of Asedft Lafct Oy

stereoselect|V|ty It 1S | ortan carr e reaction
t enper at ur e3l H2: dBouduarp 1whﬂchLﬁE§ﬁsRHF-§h @@#&”ndéfeéh t%em eé&%% 6,

material, &ﬂﬂiil@?ﬁj f?étﬁ Fﬂé Biab @aemgmfgeﬁ&ugauu ac@1&39%%ﬁmhm%—
preparation_of. optjca ctiv err,)-am no5 carbo Gi ds by
biocati#ytl% ib?a?é §ﬁ|9n§ é@E& B&tyeFolt e£F°§ é%é?ﬁélﬁ t is desirable
especially nmtamesuﬁhgophahmaeombg&balae&feeabogndabamdwamma@esuﬁed in

bi ocat al yti i . N&C 0 use stoichionetric anmounts
of a chlraJ€$%a%gﬁ#Rg ha %ﬁeﬁgagkégﬁogééﬁé&F%stead smal |, catalytic anounts

of enzymes, which are natural and enV|ronnentaII¥ frlendly catalysts. In
addi tion t A% Hereperahigni mehedsr £r&s Panminpenrbaiyh iscaicdidsy tharen

bi ocat al ystigaveth ¢bhareoUsedofbf le@.lt@mll)éhba 2BnYenebn e diddamdtave the
advantgge <t~’ﬁedcontrast tgga Iarge nunber, of synthetlc tal - cqnta&Plng

cataly RVage| ¥1goddpprer Blc‘:’rPg‘ﬁEPré’e § t{REOpOSesr route 1in:
met al - cont aBoesigh espem al bgtghearyscrrenaks-cmkz@lbpng 20d 1herge 236271

subst ances t he ntiosel.ecti.ve I fi 20
o roanr bodAdl | SEpBEL11Y  vue B SRRALLORERELIVE RAMEI TF s ol 20
For exanplephémylethmhemndn (Asyfnefbgdelvagid, No. Ho, QQhen101117&6 1996,
L. T. Kanervdaplafderdegeiide e ennt i qg9electd veshagy)at ifgy ofs @tdy!

esters _of various
25 method has been intensively researched and is preferably

employed, despite numerous disadvantages that occur
therewith. On the one hand, stoichiometric amounts of a
chiral reagent are required, which represents a major
disadvantage compared with catalytic asymmetric methods.

30 Furthermore, expensive and, additionally, dangerous
auxiliary substances, such as, for example, n-butyllithium,
are required to activate the stoichiometric reagent by
deprotonation. In addition, for satisfactory stereo-
selectivity it is important to carry out the reaction at



25 alicyclic (3-amnocarboxylic acids with 2,2,2-trifluoroethyl ester in
“organic solvents and Li pase SP 526 from Candi da antarctica or Lipase PS

‘from Pseudononas cepacia as biocatalyst. V.M Sanchez et al. studied the
bi ocatal ytic racemate 30 cl eavage of (t)-ethyl-3-am nobutyrate

- (Tetrahedron: Asymetry, Vol. 8, No. 1, $. 37-40, 1997) with |ipase from
Candi da antarctica via the preparation of the N-acetyl ated

(err)-am nocarboxylic acid ester. 3 EP-A-8 890 649 discl oses a process
for the prepar dempematums calf |abact i-\/zao‘am rdn daoh dnmtserls;.éhodemandm c

cstor in R SR aRes o PO AR LA TRt BnGTRIBR

prot ease, aEshsuadion |ipase, and subsequent i sol ation of t he unconverted
enantiomer of the amno acid ester. WD A-98/50575 relates to a process for

obt ai ni Ng AIHHARN -8 PR YINE GEI @rcatﬁycaetﬁ-eo’adbmgnest ers by
10 bri ngl ng a racemc (err)-am.nocarboxyljc acid, an ac donor and

peni.ci | Pi n @xRpaElsle i3aiee I d?ﬁ’co%%]‘YEbﬂd‘F‘??’aﬁsprLﬁyﬁrﬂé‘rlYt & acyl ate an
enant i oner gdcddmmAGIlE 4 EIPresdhOCRE bQ%Ycﬂé§1ﬁ§bﬂeSb@b@@i@.'lﬁg/t iorel y,
wherein the ot her en r‘i}_llorrer IS subst nt i aim% ertg and chiral a
15 ami nocartft i o' s ‘t%%mo‘bt%ﬁl © 1?3 e?‘ gap ﬁgﬁﬁoﬁ’ sequence has
. al so been Sh:llﬂ:haﬂlh](})ttld\ ré‘md:tmsdsmoklbvias NotAneSelssdeykap NMseA. Fokina, O.
V. Kogut, a, ushko
"Synl et t 199q3t°ﬁ%i§e/ JVJ’E gy?uxﬁonoﬁaa J:hb?a ggﬁbg Rlﬁd \é c%i% E\%‘J .

Shi shkifa, Wed/ irgtenhkemall , Fratakiic mov(ntswﬂasnztzmev, m@sxthh/@re

Tet rahedroma&wﬂ@r{d e’l&@f‘roﬁneﬁé&ﬁ 1€§1e%(d1§01ca§a@g%s N1rAaddak it A
V. Rybakova, [|. P. Shishkina, Sochaqrinsky, V. P.

Kukhar, M b tééﬁ/’c‘ftecfﬂ(‘EP]-XFl?( P%%%}eﬁeﬁéhEBFbﬁ hAEPnﬁ‘Ettﬂ-y ityg5 sush
1601- 1610; mo@&ﬂyé@s Anhir@hoafeélmse@ efofosentlybtn. ah a@@ou@'lem 1999,
155-161). dj sadvant age, .of rocess is tE at %hg pr 3uct mxture is
difficult t“b e Y |‘f16$u?ﬁ"?% A998 ehBntPBSERBEL F0e PhydrdSy SE°%r t er
separ albng aoff fsytrichdttbe I(reta)-amuamxngyatalgstd t bba¢ & dist ai ned a

mxture of W?&t & Cq d\rrl\hﬂh §8t %F me@dh 1Q6AAGXMILC aC' d

whi ch is di 0 sepa ate n or aln enanti omeric

enri ched ceﬁ*ﬂilﬁ@ﬁbl}%h%msmet@lh‘é@ntéhng@eﬁnﬁnbﬂﬁcﬁo toxder t hem with

| i pases. hpde iS4 8903, that principle has been transferred to

Npr ot ected ~-am no acid esters but with varying degrees of success. Wile

only the ¢ ondin ben ester _of .racem ¢, .

oLy, e Cop a9penGIg eney! st et ALReP e e wmaelariom oy

enant i B8el extinmcarivoeyl by areiads, ofor ekpmpie,t hasr edwieaidyy baeirhy|l esters

and n- buty&.;@éféédqﬁgg}éy#%ggd ee values only in the region of 70~. It is
an

to be note atr 1on froma correspondi ng nethyl ester to an
n-butyl ester is evidently acco anied by a fall in 10 the ee value of the
aci d preparfRE RmRlanpie, Tesra eﬂij@ﬂel sysmetyyi N§lf-r dm Nee fbutyl

ester of N-;BocxmnmbstytegsaCLdTw kanébeaee%ym Iae@eeltdeorﬁhfésahl gi ves
an ee value of the c rres & fter 8 days in 37~ yield.

Usi ng Li paseé“?fstt‘?% GEhBS 65?18“18 eﬁFF‘é’ e§StEYE| Ode VIR IO ned i n
t he sa@® refe]cia:ym:ﬂ.jz\ctﬁ+atmﬁmpearbdx911& daydsv\wtihhazytzetzdtmﬁflllmrc&sthyl

conpari son, rr ndin e Lel ds,.7 The

recently pu% 'S e 8§ uf‘co%B %ge eft éliléﬁg\?/ %hbagzt hefré)s (ﬁd:? 2l ysi s

of aronaﬂrﬁniéwwhgcacod bihgbe PS from Pseudomonas cepacia as
biocatalyst.

V.M. S&nchez et al. studied the biocatalytic racemate

30 cleavage of (f)-ethyl-3-aminobutyrate (Tetrahedron:
Asymmetry, Vol. 8, No. 1, p. 37-40, 1997) with lipase from
Candida antarctica via the preparation of the N-acetylated
P-aminocarboxylic acid ester.



20 esters at pH 8 with Lipase PS from Amano takes place with acceptabl e
"yields and very good enantioneric excesses (Tetrahedron Letters 2000, 41,
2679-81). The product is obtained with an enantioneric purity of up to 99~,
but the synthesis, which was carried out_solely in suspension, is 25
.associated with sone di sadvantages. On the one hand, it has been found
that, although the crystallisation is selective under those conditions, the
reaction itself, as docunented in Conparison Exanple 1, leads to | ower ee
val ues of PRk 80/ A4 |displesapansproncsfefonethenprepargdsiast ofi el d 30

owi ng to thepd By e fvd emindesti§degbapki e9Bh 2Bdend A 1Y Re¥idand,
that the ee val ue, "in dependence on sligh rocess variatiogns, nmay eagscgll y

t

fall bel ow %% Ry %htW%%\?@ﬁlV%eaﬁlﬁlagt‘:BW%?’aP §@&]1§”@W1r?g §o
changed crysdwdt i Gattlon seagehdé@nst Honwpdeblage BegbcteEe s whas 35
possi bl S of >98~ ee, especi a%g >99~ ge IS a Eieiim rement__f.or
phar macaut i FETUR AT BT orREOKBFEG ¢ e PS CPFAREUARrEB35E + @ Yesirable to
carry out tdebsemcenonisolathbonogEénchasunednverted snsmériscinmey Jofi rcloe der to
be able to ﬁgﬁugea&d&d ggé%rre separation by ultrafiltration. Optimally, a

U6 should arso

hi gh ee val € obtained in that step, which cannot be 5
achieved with the literature processes known hitherto. The object, of_ the
.present i nEPtA o8 (@57 heedfbRE, tPoapPEPrEssa fogr thdaifine s dirahe

enzymati C PBEpMaddb&kyTtdMh89da6kdsts! BoR@ekbornkahg ldlsteia, be
possi bI@ tgbuse { he grocess,adrganta eous#% og.a comercial scalge from
econont® 1PEHOLRS o2 FRFSYLEAP~PBLRPSAEPOFVLAC A i &n (?‘Cé’gly WPr ocess
sh](c)ul d _stanﬂh@qbeﬁs?ﬂiﬁhlﬁ hﬁy&asge&hwf cen}t'amnh nividledl ceargist idz}éiizyh
safety in the.wor ace. apd the robustness e _process,, an so the
space/tine ?.r%?’a g‘ﬁdagy‘%g?i 't ?P‘a “PReS g(r%d t(tﬁ eI]o c@ﬂﬁgtﬁs%?och are not
ment i oned i cagbesykicdatcadl shereaselegpivedly i wharedyithe ottmer fromthe
prior art, ieved_ b i feat fpcd ad
Becor ding t S EREEShBK ks uBERACIA 137 Hborel B! WARE & T
preferied enpbarearpPexylichacpfedenthus obkadsiash. aim9 is directed
Eﬁwards no;ﬁﬂhe epépepsef réai:aeoﬁgiséaue@&{é th?% Ad W tgep W uisited hgv.eq%h in

e presen 0cess | S protected.in clai ecause g, pr.oce or e
prepar at i ons‘gioﬁ}ﬁ%ﬂ?ko rital %yegﬁﬁi'c&gdrpl\l- %‘r‘&%@r‘:ec?ed%J-éﬁi KAs by
enzymati c 28. hydrRYpakevalf ¥n anagoilodenko ikt dr.e Fdkixaunm@ ot\ectRaogat) no
acid esterszwigh ol yasg i rrjed.outy, w oV4 sq,that no
correspondi%g {ﬁétﬁ?llw%&'e#hy?'es?gﬁoﬁ)g’uggdfp't hsteﬂlo%?%c ’vvhél 'cﬁ"has been set
out i s28chi@sbdshkoa gynietstr pPBSI, nG3 Muitd lio V.e o Jabhonakyedus, G manner. 30
Htherto, oply;fBhRY! RN &LN¥bieake" .0k .t ReNHARL! aCt 8 ALK A/CT ds

have been used_for the reaction i n guestion, but such esters are associ ated
with the di%adbanfafBeral Veally S¥PSned -alov&ozd &t et @4 enih in
terms of thespmmeetriyi M99Yi, ebd and -1 12e;ns/ .ofsaldsdsdriok t Wi A 3Fsbimays| y
obt ai ned whgn Jul ki er. ester _grqups,,hayi.ng, f 6 examl.e. (LC3-Ce)-al kyl
radi cal s arg'u édﬁygﬁkf’ﬁg’e&y t%@ﬁ?}%’%ﬁ/s% Vl‘hacfea)&ll’r%m}]%d'beA're arded on

t he oné@S5Shanfdoabozinpkisi Ny Pn Kukhaaf, M5 5518308 Heaziky), A sHisstvedddyve, on
t he ot her d Nd al bgcay Widqp .a dror i d
reaction, thﬁg r%%%‘aiglbﬁi:t 9ls§¥nﬁgr?§%te.icltg§?'f'f %?’enf@alt }Iﬂonlrbq?ende?a(ﬁéd%ggé'eases.

Thi s | ogi cad- c8ahemeilda i &.i Momasiamied EWor x4 e Chgmi K9 QYneral |y | ower

enanti osel egtsvibh§s Al dRisARRAantRR}YE 0 dHRPYPREIESS s alhddi et he
reaction accorgl n éﬂ}pr oceeds npre ,rfiﬁlrdle/ - are 10 considered. In
principl e, PREAPEFsBAXENTS df i HHS W 42 Wae YR Mol ahet Rt er group.

When galoi ngehantibsietectieenmy ldxbﬁ.}&ﬂsiedaﬂlje:ﬁ@ﬁm'&w dsﬂacttlia@nffeéalt fad

consi derati@ns, . ageous s for. farm the est e _gspecially

15 those wh c%“%éﬁgsggagy&lge%f:gﬁo&gﬁgrdlr% t%ergarr}‘giaecc?iaoﬁélrﬁe‘gg‘fxﬁér e‘?EThey are

al cohol s suphenylakkeylicalaedidblagido N-arhenydl asty B -opeingeatjoxyhi ¢ oatidg

phenol or b\ﬁﬂ%%h FCaRFe s ‘[lth:h(t% asr%&&h id al kyl esters or ~i-amno acid
[ i ch t al"coho

aryl esters obtainabl'e wt ose S are therefore preferably

In order to obtain enantiomerically enriched carboxylic
35 acids, it has long been known to react them with lipases.



20 used in the hydrolysis. Very particular preference is given to the use
"of correspondi ng n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl or
tert-butyl esters of the (3-am no acids. The person skilled in the art is
al so free to choose the 25 reaction paranmeters. They will be determ ned
-separately for each individual case by ngans of routine experinents. In any
case, a suitable pHrange for the enzymatic process according to the
subject-matter is from4 to 10, preferably from6 to 9 and nore preferably

from7 to 8ub.udsaPS ht O ANBHIDe NRSs Phe¥Rdt+anBEeRddd & & Y
sui t abl e at__abhout epde-rlf Wth re rd to th;‘Pt rrpe\r_lﬁture the require ts
are in prinft OB‘-I & a?r%lrh%? t?‘% OEF vAPe. WHRR KPrEYiRge SRF5 eC5h ot i num
t enper at ur eswraredze. dﬁtﬂéncm:]jyf'eheera@hréépondingdbehzyase,smcwﬁjr ng to

whi ch enzy Far s from

t her nophi | :%a%%}%lﬁrrbg%d%%ajfb%p}z ur €s up&€§£§%0é8%rie8p8§'s%rz§%e. O her
enzynes Swordl egptedrein ya aml ghhy e:@&htnose’séptmper nanhley by measnse ofatai x.

The te”peraf éshf\%héa léqu?rl'n gl?_ggl eé?éﬁé' dsﬂo%%yﬁT%fs%%@ Yt |

the range fr nore rom erson
skilled in Yh%lcéﬁ‘i ¢ vakponsonly ibr tbﬁo§§9hgnt pé dRAyndt caLsOé:cum Many

sui tabl e er&&/ﬁ"@f t@}?é‘t be %Eﬂtiéﬂ”fﬁaﬁyaﬁcgﬁkééﬁéhd&lh@ QGH?E»‘lCte%HBLh?tS' 3
iter re cite

Ed.. K Drauz, Wademann g

therein. A ¥9 p%%enr%u'{oY f%?'é%?yl%nﬁr’bg‘éﬁti r affempandech Ry & . Ybre
preferably thpase xFﬁxiéO@fAﬁBQOaéiainepaﬂedonESrcemmpae S aﬂ:@d: The
pol ypepti deg_.i tio . fre ously
purified cg“réb%%&ﬁ%&?é%# ?%g’?ﬂ% o#?n&gf chﬁ éngu%ipr§%§%e§ by reco |nant
met hods. Thamimblyweyxicdeachd with bbheusndyme papasef faom Msadii lwistes

organi smorg tien t S a0y

down and hi ﬁiﬁﬁéﬁ‘?e%fagﬂ%eg?%ggsﬁgéhﬁﬂar gcgﬁstgligéls%g@bﬁ gdrto u?(;nt

enzynes in ¥ |ysebdf cWaipghbinrase. PP. from Aapnp, R camPawsting R A

&982) %2' ”8'%36 iééﬁd)e&réé @%@lgét Eté' abtﬁﬂnedTQﬁhEhlléegaﬁ%d ﬁ@&‘d&%&%ﬁ‘%&h#ﬂ%y
em ilisatjon is pref y effected by i sation

e b Y

a- Chyno rypnsmnr B mnat regtéphyde a&ai.c Sol vents . Am em

Soc. 116, 5009-5010; Mori, T.; Okahata, Y. (1997), A variety of |ipi-coated

| d | t
Pomogencoust s (EEFEELE rECERE L ByBIALRA Kl E‘%?Il%r TREReE e*fg%} SWi,
M: Adl er criéiat, tiee; eshernhudsepysps pfoerpmatifpBerrisonmaish

chynot pypsi &s s ea‘aybncel wiktAseipasa Q‘Ba'iioinOAﬁrﬁh'éb't'aJk%% tﬂl%@zvmem n
active formin tol u igcatal ysis 6, 291-305). Verﬁ_égartrcu ar
pref erence "i"s'c?ﬁ’E%]FI ?OY%S FopRA VeL¥i H°Idnef"'ﬁ€t& PEEEHCe FICK FFhce- acti ve

subst ances, ('Belthahédﬁenoséttéffsoeopol yu&nylznylspelll)don&leomroc&qml:rysat hyI ene
gl ycol (PE (%r eth R col.,geno- th ( Y,

Ckazaki , Ggwél%? “éﬁp S?%n% % 52:'{1 AR ASY: eragl i gg%x'r ase corrpl ex
catal yti cal $3yn’abes:vs,rwhaqhyUasusabsngéneutBrsotledwncrn salsraﬂsmn, is

375- 378k l\@ééoerst;sar@Ethssbﬂiaveakha%mag% Edpendid oS RRGIA! | ﬁwrglt
C and Eupergrt 250 as overview seé: E. Katchalski-Katzir, D.

Kr aener, feund thBt Eﬁﬂ-ﬁﬁpugboﬁhelGrYfﬁP)lllﬂastd-%’r éf%rsr%]cf’—“?%l"e
i mmobi | i satuMe@nthlbséfr éoiaalltlioﬁ%f]blthét reactioh itedld yreptdstaunmsidded by

attachnent of (hexa i di ne) (Pet 1996), tal chel ate
affinity cht®d ’Bﬁﬁsbﬁg ﬁxaﬂe §odr, 1€ §|°We€d§e &?ﬁr"@‘%ﬁ % oﬁ) s in
Mol ecul ar Beel oQyer¥all, Ehlhiewe\dmsk oiaoltrhevvblrmylmmﬂ Sendoss of yield

30 owing to the formation of the undesired enantiomer and, on

the other hand, that the ee value, in dependence on slight
process variations, may easily fall below 99% ee or even
below 98% ee on a commercial scale owing to changed
crystallisation conditions. However, as high an ee value as
35 possible, of >98% ee, especially >99% ee, is a requirement
for pharmaceutical applications. Moreover, it would also be



15 Use in the formof CLECs is also possible (St. Cair, N ; Wang, Y.-F.;
"Margolin, A L. (2000), Cofactor-bound crosslinked enzyne crystals (CLEC
‘of al cohol dehydrogenase, Angew. Chem Int. Ed. 39, 380-383). By neans of
t hese neasures it may be possible to generate 20 from pol ypepti des t hat
.beconme unstable owing to organic sol vents, pol ypeptides that are able to
work in m xtures of aqueous and organic solvents or in wholly organic
medi a. The reaction according to the subject-matter can be carried out in
any reacti dlesigeddle moovdadery tr dfhe . reéuctiomain i anh@Bogenselis medium
detail, nor t\Ors Q00 T r r act or
(Bomran us, (IH,?\ &éﬁ?g) ﬁléoe er&@fﬁgé’ %ﬁérgg &gugﬁeﬁgg‘gngﬂﬁyﬁ%
B|oreactor§qgﬂIQQ%PHWhXhR%ﬁ¥#ﬁkﬁt¥§ﬁ&ﬁ¢(N@QFE%§¥ Y pupehaghneRovAdugs, | n:

glhl) rfillglg ty IJshdul\%l%ursb (]:fséjsobtélﬂéc% 55% gtéiaa@_rsr;]tébe{ﬁﬁﬂﬂti cdfnbt gie_, Crﬁsby,

. n (0] e esters (0] Se I N e
otk actinaes ek ahe Dt S e rdrsston brevRoBLtBaras! | AAE i n an
agueous reaﬂijemt reflithe preseicth D@sastién nm{sbethdreﬁbﬁgeous patepdidd ng on

t he sol vent_ t e of t he gnzy, 0.3 ble.or gam o
solvents to tflq1 i %ér; T x’[g eé‘i?égéﬁ%ﬁg?%:e? $5 %F%l Egn %gr‘rg gﬁ‘é‘é‘us
reacti on plessigls Sulirt amm:m]wch Watsehetsbdiubéeposgahile SOI ueet sha:re, i nter

al i as acet n?‘gg Ctel i I

possi bl e a?&ﬁ? g%\ér: sCﬁ{)s ra % ‘Eﬁegncen? ra |o%€é%\na S?éfé Ef&:B{i\ EPO%O%QC
suspensfPon.and alfo ceelegicak peintd ehzyhew, weheh isetepspwnghley adsorbed
on wat er - i HAEEL HAUIE s TRAET bt SeHbedfLPTPADY f‘gs éE&t aifces or
stabilisers, |t has proved advant ageous to_separate o ?e i nsol ub

carrier or %‘%‘Hﬁ‘ﬁ}g r@o@%gfﬁhg%t%r ?ﬂgegleaibpl FQ@rWBE rECEn& zyrre i's
used in tha:lteeaﬂibmné@stdnﬁtthéepﬁod:és@p andt alkssathensphcelieipeoduct t hat
is to be p lﬁf?d b¥ t@e insol uble carrier material of the enzyne used,
provi ded s ara 1 Je'ﬁﬁ%é and the carrier is possible in a sinple
manner. 15 For exarrpl e, Lipase PS from Amano, which is advantageously to be
used, L6 adBuvkheandrother cobiartserehichfare nht mentioned anegxedddn o t he

reaction megiiuny fbki r@td OfpPhrile SHUSRUSHLENSYTEMIAKELI Romhewled diliesef or e
be carried out 1n order to renove the silicas, fromthe reaction system 20

Thi s procedtfile AR FORiaNeerkyl § BYPeesst Ravied; fheyf6prtpreseof stability
of the enzydlainhe adweHding B8bSeher subjest{ma8iep0 Bependeptopilaiest & S

G oo a8 FRles 8 e EFetrgn Sponenly SETkBRpEeReR ) oy

| oal ky20 (11869n111801) -@tyim, 9(ig-diteckedatawhylls, npveld- €sgershetfefoaryl

,( (04( Cé? a:§ﬂ ié{d?% kyé'%d é éé&%%t%geéhgyhsé %géﬁéc@ ?lgl;?'xk CY;Z |132-|- kyl

(C3-C18 ) ;Qﬁﬁ%ﬁqﬁ”9¢OCESS is protected in clalm

Because a process for the preparation of enantiomerically
enriched N-unprotected B-amino acids by enzymatic

25 hydrolysis of an enantiomeric mixture of N-unprotected B-
amino acid esters with a hydrolyase is carried out with the
proviso that no corresponding methyl or ethyl ester is
used, the object which has been set out is achieved in a
very surprising, but no less advantageous, manner.

30 Hitherto, only methyl or ethyl esters of the N-unprotected
B-amino acids have been used for the reaction in question,
but such esters are associated with the disadvantages
already mentioned above. A better result both in terms of
the space/time yield and in terms of selectivity is

35 obviously obtained when bulkier ester groups having, for



10 R represents H, (Cl-Ce) -alkyl, (C2-Ce) -alkenyl, (CzZ-Ce) al kynyl , (
"C3-CB ) -cycloalkyl , ( C6-C18 ) -aryl , ( C-C19 ) -aralkyl , (C3-C18 )
-heteroaryl , (C4-C19 ) -heteroaralkyl , ( (C1-C8 ) alkyl ) 1 3- ( C3-C8)
-cycloalkyl , ( ( C1-C8 ) -alkyl ) 1_3- C6-C18 ) -aryl , 5 ( ( C1-C8)
.-alkyl ) 1 3- (C3-C18 ) -heteroaryl . Ve?*y particularly advantageous
conpounds are those in which Rrepresents an aromatic radical, especially
phenyl, thienyl, furyl, pyridyl, and the derivatives thereof nonoor

pol y- subst iesimgd egn ((CieCay eabkyt radficatspackeabibgdnifilr the €hzyBjatiad kyl or

(C1-C8) -ablk Substi t.uen a in which R_represents_a.H

3- Am no- 3- &%%ﬁs&ﬁ 'oﬁllthca‘t-’ac:'iédStncz E)grieopfﬁg%lé %‘F ?T%y&g% ﬁgﬁt ﬁ%ﬁgdags an

exanpl e of sunreprggentiat iwiewfof HI$ 3HR903 Cohpbudiilschasedsabbvear pincul ar
| nterest. ?éxeT*bQ:HéP’%{}}dd)rtl@!@Eé?daii%ﬂ&cé@@té‘&%&éaﬁ@@,a Q¥AMBN i Qped
corrpoungs in a rocecé_{s:_ accotrrl_g;lJ %%é%gaénvegél on.ﬁ\_/vé,:ﬁg t eﬁs;c&g@g t he
i nventién, T Rty Y o hegRaARRAPAL RESESNER atom
of the aci Gdrerd) IRPtadd s by & DE@1 €411 BEnHEEHPohNaL IS stabl e under
the reacti Qlt condi tleocgsbﬁ%?*&&%cggg%ﬂ%og Sgggﬁaiolg%reegar ded as being
especially SRheDr t u S ; , , Eoc, Moc,
acetyl, | et Cénar(ﬁb]ﬁ)ecﬁﬁbi@ﬁ?iés tao% blei?legﬁrﬂeﬁcas?hetampéghhmreset-hwul 25

n- propyl, i .§0pLO n- but i sobu sec- but tert-but entyl,
eyt heptPiia S yeadion e e ing L8 nir aatas  B8kr PEPEARYDGs ¥ fons of
t he douBl e dworal.deftesy. nay be nono- or poly-substituted by (Cl-Ce)-al koxy,
(C1-C8) hal oal kyl, OH, hal ogen, NHZ, NOZ, SH, S (Cl1-C8) -al kyl . 30

(C3-C8) - A 1,S; re‘ggédﬁgr oLl 3 Al ken IS +t0 be
under st ood% Iiblzliﬁn@iéz;f\@('Cl- Ce) - ali?/:“l; %g%l?gg ,3’@%@&%‘?’&5%&3’3, t\t/?n th the
exception &hqpseine tepker Freins Weepmakingehysusheipggndhe will be

(Cz-Ce) - Al yiiied oy Ced¥noiIEr Sh@OLe @St DEhNPeBated- E8hsalikyhtiadiscal as
descri bed ta)ve W th theleé-(f%ﬁ%' n og met h§l t hat , contai ns at l|l.eqst one
triple bondaELagseYR ALE et QF obA WP PeFRG §SFLY- BEF- &FRFF Pddcal 5
bondedlfo tHimswlwiridle cam weadiEly benrémowved( EBofterhEy ckaalkiyhn i s

under st ood 1 ng 0 p. 0 l . .C e cl or
cycl ohept ylﬁ%aﬁﬁ:% slﬁ;{% p%g%iégo%% b%h%]éb%?i %%{(gg %Xgﬁg&ér o%r%?é:é()l

- - ~Far oger iasleahalsr optienally ohewrhehging phepolsoxnt bepzyio ads@hed -nay
have :n tgerﬁézr[gaﬁ@icﬂﬁaééi&oamd -I‘i@Qté%sOmépﬂ-ﬁnﬂll&@n’_&ciléuﬁgyﬁsesi:@&s
exanple, 1-, 2-, 3- - pi per. , 1-,.2-, 3-pyrrolidinyl, 2-,

S et ahyardiainable WhR tnckoi atcoppis Aeh’ EhPzateRr kastseahdo- or
RloolZ ys ugthi t%tﬁéﬂll fy €Kd-Kpdralkeoky, VE€dyCparbatadbkybreferehzehdlsogdwvenNH? |

' (..C1-C8 ) =zal kyl 1-Ce ) -ar s C1- ) cabkyl .. A
(G5 C18) - arsft IR 450 78 GtErepEBatas BEPREPYA: i SREE PEY AdPE R ng
from6 to eedunl at besbutythor aterhrbutmdl edberspesi &hiey feampoonds such
as phenyl, papdd hyl, 20 anthryl, phenanthryl, biphenyl radicals. Such a
radi cal may be nono- or poly-substituted by (Cl-C8)-al koxy,
(C1- CB) hal Ofﬂ kyl, OH hal ogen, NH2, NO2, S$SH, S (Cl1-C8) -alkyl,
The ‘person skilled in the art is also free to choose the
25 reaction parameters. They will be determined separately for
each individual case by means of routine experiments. In
any case, a suitable pH range for the enzymatic process
according to the subject-matter is from 4 to 10, preferably
from 6 to 9 and more preferably from 7 to 8.5. Lipase PS
30 from Amano has proved to be particularly suitable at about

PH 8.

With regard to the temperature, the requirements are in
principle the same as for the pH value. In this case too,
an optimum temperature can be determined for each

35 individual case, according to which enzyme works optimally



ad-Cc8) -acyl , ( Ad-Ce ) -alkyl . A (C~C19) -aralkyl radical is a
"(C6-C18) -aryl radical bonded 25 to the nolecule via a (C-Ce)-al kyl
radical. (Cl-Ca)-Alkoxy is a (Cl-Ca)-alkyl radical bonded to the nolecule
in question via an oxygen atom (Cl-Ca)-A koxycarbonyl is a (Cl-Ce)-alkyl
.radical bonded to the nolecule in questibn via a -0OC(0)- function. The sane
30 applies anal ogously to the other oxycarbonyl radicals. (Cl-C8)-Haloalkyl
is a (Cl-C8)-al kyl radical substituted by one or nore hal ogen atons. 12
Wthin the axcoﬂei.aﬁ texperatante orEor ¢idyiids) Ehet etharpbphadical denotes a
five- six- r y to 18

car bon aton% an corft ai :ﬁaﬁ %PM%QS Bgtghféi@{e @é en‘39<0gé e,éhitrogen,
oxygen or Dthgn gnzymes h@lﬂt r@otmhlﬁefmlwaabnﬂ@‘ffl‘: QQ)rrpbiu s are regarded
gsp?re'r ggyle%iﬁ&&ﬁmy agj .%1 %@%ﬁlﬁ TR tg@eﬂtuguehﬁs ik se?c
7-indol yi, Wring the mﬁ%&%}% shoulg’ pr% ﬁiolpw ma‘éhradrﬁwe From

qui nol i nyl 15 Ccphegant kidrd Rlefdabldy fom zﬁomau—mo@ nyl . Such a radical
may be nono- or poly-substituted by (Cl-Ca)-al koxy, (Cl-CB)hal oal kyl, OH,
hal ogen,

-al kyl . %I\DZ@OSI‘H@J&%%&&PR%NF Sé‘(%{:ldieé s’E‘BﬁBO%%l’BanG% %@P&sd’fg

aronmati ¢ syserexzymiesporise ngs¢d. tHeny CGulidblar ahkyhesadaaabe Sﬂniotwi e
hay ogens arg-dd Uil CINRILESs DR oBLOS, 2075laphags oY ki 0. Kne paeope of
€ enan

the invention Xpressi ONEri C enriched’is un ‘ood to
mean t A& prfbpd‘hldma!m, NCRNah?9onep . | h6dadangt tlhe Mthrﬁtyr@plcll(t&ld antl pode

i arange Glefd o 2001 spdde <100 TbEEAEYS! UBIoPBANEoEC LA LR el L

possi bl e diastereoi somers and enantioners and nixtures ther eof which 25 are
possi bl e. I*Héé%? }erisi (Bo%R PESFRrabLYichirase P§ BEOMABARL] tXO™ ncl uded in
t he di;closngéudﬁm&ﬁug cayeBi & ods usdd. Experinental exanples: Exanple 1 (=

ConparlSO“i%%”g%f?peptide in question can be used in free form as a

15 homogeneously purified compound, or in the form of an

enzyme prepared by recombinant methods. The polypeptide may
also be used as part of an intact host organism or in
conjunction with the cell mass of the host organism broken
down and highly purified as desired.

20 It is also possible to use the enzymes in immobilised form
(Sharma B. P.; Baliley L. F. and Messing R. A. (1982),
Immobilisierte Biomaterialien - Techniken und Anwendungen,
Angew. Chem. 94, 836-852). Immobilisation is preferably
effected by lyophilisation (Paradkar, V. M.; Dordick, J. S.

25 (1994), Aqueous-Like Activity of o-Chymotrypsin Dissolved
in Nearly Anhydrous Organic Solvents, J. Am. Chem. Soc.
116, 5009-5010; Mori, T.; Okahata, Y. (1997), A wvariety of
lipi-coated glycoside hydrolases as effective glycosyl
transfer catalysts in homogeneous organic solvents,

30 Tetrahedron Lett. 38, 1971-1974; Otamiri, M.; Adlercreutz,
P.; Matthiasson, B. (1992), Complex formation between
chymotrypsin and ethyl cellulose as a means to solubilize
the enzyme in active form in toluene, Biocatalysis 6,
291-305). Very particular preference is given to

35 1lyophilisation in the presence of surface-active
substances, such as Aerosol OT or polyvinylpyrrolidone or



9.2 mmol of the racem c conpound rac- 3-am no-3- phenyl propioni c acid et hyl
"ester (1.79 g) are taken up in 50 nl 5 of water, and the solution is
"adjusted to a pH value of pH 8.2 by neans of automatic pH netering by
addition of 1 M sodi um hydroxi de solution (obtained from Merck). In order
.to dissolve the ester without residue, 3nl of acetone are also added for
di ssolution. Tr~hen a reaction tenperature of 10 20C is reached, 200 ng of
Amano Li pase PS (Pseudononas cepaci a;, obtained from Amano Enzynes, Inc.)
are added imlmed:é!y]iemlstngcctme(Rm)ctdmrBrﬁtm édietbyilenet giwcofl 3 and 6
hours, the e f tyer t Qe nan electivity of
e §)%tgﬁ.l.a@4§1r %y@ 7, CollopiRs | the_gnanghesel §C y

t he resultl(g-%g’% m no- 5 propl oni c acid axé’'deteri ned. A
conver si on 3.5 %@@mw@sm rexexidaseueompigxan

enant i osel Q.%Iﬂa\i'ﬁt)ic@cllgﬁ akt88rd A nydesins) bahLeHEl epibeednhnbie
conver S!SO enantiosel ectivity were determned by HPLC. 20 Exanple 2:

9.2 mmo Adcer c,5‘(§(57r&90und rac- 3- am no- 3- phenyl propi onic acid

napr opylOI e Moyt (E‘r&brg::)e?r& t:admjbwiéa:tﬁ&l ?d)notupargit%ndspéeiamwi on is
adj usted t val eo y BS QL. autgnmati c nmet eri ng y

addi tion ofPRETE CoarDeh E’&/‘BFE% %e 255t0: i(gﬁhf“gbﬁgisné’d' VoSS .

order to dlmmmeMHr,wmhMI Kesener, J.nModt EGa¢kdne Bar En'zlysm added
for dissol e re u h 0 of
Amano Li paLsEed@gi (%e&ﬁ%n%ﬁ%%%%%@%ﬁa{%egﬁq‘g{}&%aegg&ng’%@@ EZH'I‘nxg ) 30
are addfd iim srambrinasigmavwitinechepelypepnidermadiéied by etwachmente

hour, the (i & fi SAMP' (b Ak ALRE) 3(POLES, KNS, CNE8HE93CMRERIVI Ly of

the resulti ng (S) -am no3- phenyl propioni c acid are determ ned

conver si on Gfetatey a4f8f1711tléfcfl'e?°‘%"e°%’6%?h1§ndnanA‘éﬁ‘dF?ilosgl et 8 tayl -of 96.4
ee (after aa&murcsarzaézet dB.i‘&wfcﬂ&:cﬂB.d idh@oLesues 8 Bloadbgyengolli.o2¢! erkd vity
wer e deterrg ?%h L"@pll e 3; 8.63 mmol of the racem ¢ conpound
rac- 3- am no- ?q?)h %l%n %nsh) butyl ester (1.91 g) are taken up in
50 ml &F wdiss iranthe HiDJSlDIQﬂElGIﬁEG:s BSI] aksedpossabpel (SkueCdbiph 8.2 by
means of a ti [ dr

sol ution (Htamqaned froﬁ% %{?}.JP%’ (rjfder??%@{)j? ss%%gcf' g g’g%lg? W‘if[&'ﬁ%ﬁ

resi due, 3 hinkgd fravwe erestaky HHBEQ) fof alsebplt Ashydweesnaseeact i on

t enper atur @IggeVZOQHénreﬁe@eobdZ% rrg39@ j\g‘gpo Li pase PS (Pseudononas

cepaci a; OBEH’aI ned fr Amano Enz %\ﬁ e added n 15 order to start

the reacti mganet %?dﬁe? %e%fl'é Iﬁ aée BOERLP 8 FQt 88BLT&5 v er si on

and th@Oenaﬁuomthqsemid{e@fth&e besome | ugs ¢&p18- ewiing- Bopbegricopi oni ¢

acid are LSRG (DEASEEASD BhafoaZe AR B0 GBER! LESRISENL b
er m'n

96.8 ee are CONVEr Si on an énant I osel ect i vi
det er m ned wm&: arEk opganic $Ilvienbs oxt én uhelbYaeeg‘annCamedggel and
1.45 g of Amano Li pase PS (Pseudonbnas cepaci a; obtai ned through Amano 25

Enzynes, | mghg @é@e@p&?daééef&mg Eaetﬂedgée%&edmaehéé tant BRN chirddiied
off. 81 m of neth tert- 9lKmvet her S organlc sal vent corrponent

are added t¥% H? otRAEHY %%?%héﬁo‘tﬁb ﬁanEBe eipy|.t PHCR reRetion

resul t2Ag twerdese &:y'éleimldeﬁﬂiystﬂdxﬁalpb’aﬁcﬁ bgatears,ofloawt omati c pH 30
met ering by eaad&tl on of 1 Msod dr oxi de S | uti (90 obt.ai ne% t:gqugh
3 ra

Mer ck) . v-hema g e’? a?rﬂlr%nﬁm‘ior&e rPREChER” %8 H?Slr:"d‘fs t icem c
conpound r eﬂralza,m I‘hor Fpheeyepr 0Pi pnWandrew, nCpr ofebraner BisFeacfors e

added, and for the Production of Enantiomerically Pure ¢-Amino Acids,
in: Chirality in Industry (eds.: Collins, A. N.; Sheldrake,
30 G. N.; Crosby, J.) 1992, John Wiley & Sons, p. 371-397).

The esters to be used in the reaction according to the
invention sometimes exhibit poor solubility in an aqueous
reaction medium. In such cases it may be advantageous,
depending on the solvent tolerance of the enzymes used, to
35 add water-soluble organic solvents to the reaction mixture



15 the reaction is started. The reaction tinme is 15 hours, during which a
"white precipitate consisting of the desired product

(S) - 3-am no- 3-phenyl propionic acid forns. After a reaction tinme of 15
hours, 160 nl of acetone are added to 5 conplete the precipitation,
_stirring is then carried out for about 4% mnutes, and the solid is
filtered off. The solid is washed several tines mnth a small amount of
acetone and is then dried in vacuo. 12.91 g of the desired

(S)-3-am noirB -qofvibeny | tpm ocpib’oalin achomageneouai nedectibncphaespostiiglile a

yield of 41 {\? SELEEL ! éﬁééé(ﬁ{)g Cs&ﬁ}ﬁeﬂ&%dﬁ% ' n3ED BGa . THE

enantloselect|V| de er m ned em Cal "purity Was
det er mi ned %@ﬁ@ﬁh@,(EMEerﬁthaﬂoby methantdn). The structure of the product

was addi ti Q'I'@&bé\yefonéhé nPQaéﬂlelépgﬁééoﬁsg Xble 4f Bagﬁl\l- uglﬂ'jéﬁaée

Process for the preparation, of enantiomerfca enri che npr ot ect ed
(3-ani nd ac?%ﬁp%wt%%Eyﬂaf|wlhbdﬁar9§Féoaf°§naeﬁaﬁppﬁﬁeppc m xture of
N-unprotected 5 (3-amno acid esters with a hydrolase, with the proviso
that no cormsm@dci:agenafhyheotxsetbfleﬁspﬁési ghilehdare optdesgsslaccordi ng
harac erised no acid,alk ester or (3-amno

to claim1,
acid aryl e%%%ﬁrqﬁ |%nu§%5er ln??%@B%E SéEBFaFnﬁaFSr&% #m°2, characteri sed
in that a caccaspamying subsbpptesi eppevppliliselrst yit desbypndved sobutyl or

tent-butyl §é6§£ égﬁgﬁgd oléeéar§E8C§§? @ﬁ%oﬁngiubﬁeo 8 Q3 dP' ey Of the

precedi ng clal ns, aracterrs rn-t the feaction is
from 4100 1accompiryibgysubstraceooy she ﬁﬁa ipisesr beifprier dhey engyaee 8. 5.

5. Process pgcedhngnt eheneeQEtTBLG 86 thatPLeeed ARG ﬁbmdﬁhtéﬂﬁﬂéﬁiéﬂ'sed
in that the tenperature in the reaction is from-15 to +100C,. 25 pref erably

from +15 t P40 RHOFBFE bPéFeFﬁbF? PFOHF$§6P56a$§§C V6 ths dasaluld®yr di ng
to one or nmfri)értﬂa&tafeaedblﬂgthéaeﬁaymeharsaat,epm@ddlea tdeda 3t isod i gAse,

preferably Ly page IR’ LoH PREVEQIDYIAS $8PACLR1L1S Y3°Y simple manner.

15 For example, Lipase PS from Amano, which is advantageously
to be used, is adsorbed on silica carriers. Before the
reactants are added to the reaction medium, filtration of
the aqueous enzyme solution should therefore be carried out
in order to remove the silicas from the reaction system.

20 This procedure does not adversely affect the activity or
process stability of the enzyme.

The invention also provides P-amino acid n-propyl esters

having the following structure (I)

NH, O

wherein

25 R represents (C;-Cg)-alkyl, (C;-Cg)-alkenyl, (Cz-Cg)-alkynyl,
(C3-Cg) —cycloalkyl, (C¢-Cis)-aryl, (Cq7-Cig)-aralkyl, (C3-Cig)-
heteroaryl, (C;-Ci9)-heterocaralkyl, ((Ci1-Cg)-alkyl)i-3-
(C3-Cg) —cycloalkyl, ((C1-Cg)-alkyl)i-3-(Ce-Cis)-aryl, ((C1-Cg)-
alkyl)i-3-(C3-Ci1g) -heteroaryl,



17 7. Process according to one or nore of the preceding clains,
“characterised in that the reaction is carried out in an enzyne-nmenbrane 5
reactor. 8. Process according to one or nore of the preceding clains,
characterised in that the hydrolysis is carried out in an aqueous nedlun1
.to 10 which water-sol ubl e organic sol veAfs nay be added. 9. (3-Anino acid
n- propyl esters having the follow ng structure (I) NH2 OR OR wherein R
represents ( Cl1-Cg ) -alkyl , ( C2-Ce ) -alkenyl , ( C2-CB) 15 aIkynyI
(G3-Ce) - cRl amipndsentS6-H18)C; -8 y+alker; C10)-cy)aldKeny ], (Bz‘zGtﬁ)

- het I 1- k
-cicFLS?L% Vit 55 -Ca] RYFLESLRHEY gy el fyasRt . A et
(C3-d ay - eﬁmwetel?oamdpr e@hﬁC39)Hh6éte€er}thl ky(Cy-Cs)C2- Ce )
-al k I al Ch: @l8), s
CS-CESy _§§95ﬁ92,§3%5 y loé Eﬁ;;xgyséq EQM%EQ( 3h§%%r %fg¥t§}$,
a-Ce) 1-Fa ) -3 xlb@a :)Cle T eBarreyry -( (Cl- Ce) -al kyl) 1_3-
(C6-Ae) W@ﬁy déﬂdlbdi@rlyﬂéﬁ@én@aé%&uéxkéﬁﬁbﬂndﬁeéﬁéOﬁﬁ&ée 1R5wh@cnUse
of the conmpounds accord| to claim9 process, f£¥gdﬁ g &o claim1l.
CAING A . ATAZ PERRRESAT ATHAGLE £o0108 ]y SHPRCHA y
V\]Y(\ ]be h i rrriﬁl-izfeﬁyﬂ oAl a\ﬂm\dea??dﬂ the/] dar Led chves] ehéeabEamenbeal cal ¢
alcalca]ca ca ajc:a
TEABH o1 ar oS8 N T, CHVRE ] O i SR € o L8 ¢ P BRPEAFARY oM £ ca] ca)
ca]ca]tﬁ]ca$hapchﬂ@bh?ba@ra]Cﬁﬂhﬂ}@&ﬁqxﬂ(ﬁﬁ(ﬁﬂh&tlﬂ&égtSLand in which
R’ represents a H.
3-Amino-3-phenylpropionic acid n-propyl ester may be
mentioned as an example of a representative of this type of
compound that is of particular interest.

15 The invention relates also to the use of the above-
mentioned compounds in a process according to the
invention.

Within the scope of the invention, "N-unprotected" is
understood to mean that the PB-nitrogen atom of the acid is

20 not blocked by a N-protecting group that is stable under
the reaction conditions. Such protecting groups are to be
regarded as being especially the usual protecting groups
such as Z, Boc, Fmoc, Eoc, Moc, acetyl, etc..

(C1-Cg) -Alkyl is to be regarded as being methyl, ethyl,

25 n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, hexyl, heptyl or octyl, including all
isomers due to different positions of the double bond. They
may be mono- or poly-substituted by (C;-Cg)-alkoxy, (C1-Cg)-
haloalkyl, OH, halogen, NH;, NO;, SH, S-(C;-Cs)-alkyl.

30 (Ca=Cg) -Alkyl is to be regarded accordingly.

(C2-Cg) —Alkenyl is to be understood as being a (C;-Cg)-alkyl
radical as described above, with the exception of methyl,
that contains at least one double bond.
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, &10%& () - 'sﬁbs%_ituted by (C3-Cg)-~alkoxy, (Ci1-Cg)-haloalkyl, OH,

15 halogen, NH;, NOz, SH, S-(Ci1-Cg)-alkyl, (Ci1-Cg)-acyl,

(C1-Cg) ~alkyl.

A (Cg-Ci1g) ~aryl radical is understood as being an aromatic
radical having from 6 to 18 carbon atoms. Such radicals
include especially compounds such as phenyl, naphthyl,

20 anthryl, phenanthryl, biphenyl radicals. Such a radical may
be mono- or poly-substituted by (C;-Cg)-alkoxy, (C1-Cg)-
haloalkyl, OH, halogen, NH;, NO,;, SH, S-(C;~Cg)-alkyl,

(C1~Cg) —acyl, (C1-Cg)-alkyl.

A (C7-Cy19) -aralkyl radical is a (Cg-Cig)-aryl radical bonded
25 to the molecule via a (C1-Cg)-alkyl radical.

(C1-Cg) ~Alkoxy is a (C;1-Cg)~alkyl radical bonded to the
molecule in question via an oxygen atom.

(C1-Cg) ~Alkoxycarbonyl is a (C;-Cg)-alkyl radical bonded to
the molecule in question via a -0C(0)- function. The same
30 applies analogously to the other oxycarbonyl radicals.

(C1-Cg) -Haloalkyl is a (C;-Cg)-alkyl radical substituted by

one or more halogen atoms.
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regarded as being especially radicals such as 1-, 2-,

3-furyl, such as 1-, 2-, 3-pyrrolyl, 1-, 2-, 3-thienyl, 2-,

3-, 4-pyridyl, 2-, 3-, 4-, 5-, 6-, 7-indolyl, 3-, 4-,

S5-pyrazolyl, 2-, 4-, 5-imidazolyl, acridinyl, quinolinyl,

10 phenanthridinyl, 2-, 4-, ‘5-, 6-pyrimidinyl. Such a radical

may be mono- or poly-substituted by (C1-Cg)-alkoxy, (C1-Cg)-

haloalkyl, OH, halogen, NHz, NO;, SH, S-(C;-Cg)-alkyl,

(C1-Cg) ~acyl, (C;-Cg)-alkyl.

A (C4-Cy9)-heteroaralkyl is understood as being a hetero-
15 aromatic system corresponding to the (C;-Cjyg)-aralkyl
radical.

Suitable halogens are fluorine, chlorine, bromine and
iodine.

Within the scope of the invention, the expression

20 enantiomerically enriched is understood to mean the
proportion of an enantiomer in admixture with its optical
antipode in a range of from >50 % to <100 %.

The structures shown relate to all possible
diastereoisomers and enantiomers and mixtures thereof which
25 are possible.

The cited literature references are to be regarded as
included in the disclosure of this invention.
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9.2 mmol of the racemic compound rac-3-amino-3-phenyl-
propionic acid ethyl ester (1.79 g) are taken up in 50 ml
5 of water, and the solution is adjusted to a pH value of
PH 8.2 by means of automatic pH metering by addition of 1 M
sodium hydroxide solution (obtained from Merck). In oxder
to dissolve the ester without residue, 3 ml of acetone are
also added for dissolution. When a reaction temperature of
10 20°C is reached, 200 mg of Amano Lipase PS (Pseudomonas
cepacia; obtained from Amano Enzymes, Inc.) are added in
order to start the reaction. After a reaction time of 3 and
6 hours, the rate of conversion and, after 6 hours, the
enantioselectivity of the resulting (S)-3-amino-3-phenyl-
15 propionic acid are determined. A conversion of 18.5% after
3 hours and 37.8% after 6 hours and an enantioselectivity
of 85.1% ee (after 6 hours) are determined. The conversion
and enantioselectivity were determined by HPLC.

20 Example 2:

9.2 mmol of the racemic compound rac-3-amino-3-phenyl-
propionic acid n-propyl ester (1.91 g) are taken up in
50 ml of water, and the solution is adjusted to a pH value
of pH 8.2 by means of automatic pH metering by addition of
25 1 M sodium hydroxide solution (obtained from Merck). In
order to dissolve the ester without residue, 3 ml of
acetone are also added for dissolution. When a reaction
temperature of 20°C is reached, 200 mg of Amano Lipase PS
(Pseudomonas cepacia; obtained from Amano Enzymes, Inc.)
30 are added in order to start the reaction. After a reaction
time of one hour, the rate of conversion and, after 3
hours, the enantioselectivity of the resulting (S)-3-amino-
3-phenylpropionic acid are determined. A conversion of
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5 Example 3:

8.63 mmol of the racemic compound rac-3-amino-3-phenyl-
propionic acid n-butyl ester (1.91 g) are taken up in 50 ml
of water, and the solution is adjusted to a pH value of
pH 8.2 by means of automatic pH metering by addition of 1 M

10 sodium hydroxide solution (obtained from Merck). In order
to dissolve the ester without residue, 3 ml of acetone are
also added for dissolution. When a reaction temperature of
20°C is reached, 200 mg of Amano Lipase PS (Pseudomonas
cepacia; obtained from Amano Enzymes, Inc.) are added in

15 order to start the reaction. After a reaction time of
3 hours, both the rate of conversion and the enantio-
selectivity of the resulting (S)-3-amino-3-phenylpropionic
acid are determined. A conversion of 45.2 % and an
enantioselectivity of 96.8% ee are determined. The

20 conversion and enantioselectivity were determined by HPLC.

Example 4:

81 ml of water are placed in a vessel, and 1.45 g of Amano
Lipase PS (Pseudomonas cepacia; obtained through Amano

25 Enzymes, Inc.) are added thereto. The undissolved solid is
then filtered off. 81 ml of methyl tert-butyl ether (MTBE)
as organic solvent component are added to the aqueous
enzyme solution obtained as filtrate. The resulting two-
phase system is adjusted to pH 8.2 by means of automatic pH

30 metering by addition of 1 M sodium hydroxide solution
(obtained through Merck). When a temperature of 20°C is
reached, 188.2 mmol of the racemic compound rac-3-amino-3-
phenylpropionic acid n-propyl ester (39.0 g) are added, and
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product (S)-3-amino-3-phenylpropionic acid forms. After a
reaction time of 15 hours, 160 ml of acetone are added to

5 complete the precipitation, stirring is then carried out

for about 45 minutes, and the solid is filtered off. The
solid is washed several times with a small amount of
acetone and is then dried in vacuo. 12.91 g of the desired
(S)-3-amino-3-phenylpropionic acid are obtained,

10 corresponding to a yield of 41.6%. The enantioselectivity
for the product is 99.6% ee. The enantioselectivity was
determined by HPLC. The chemical purity was determined as
98.8% (determined by titration). The structure of the
product was additionally confirmed by NMR spectroscopy.
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NSE$10% [ & ()_Zégéig%e%?h—unprotected f-amino acids by enzymatic
hydrolysis of an enantiomeric mixture of N-unprotected
5 B-amino acid esters with a hydrolase, with the proviso

that no corresponding methyl or ethyl ester is used.

2. Process according to claim 1,
characterised in that
a Pf-amino acid alkyl ester or P-amino acid aryl ester
10 is used.

3. Process according to claim 2,
characterised in that
a corresponding n-propyl, isopropyl, n-butyl, sec-
butyl, isobutyl or tert-butyl ester is used.

15 4. Process according to one or more of the preceding
claims,
characterised in that
the pH value of the reaction is from 4 to 10,

preferably from 6 to 9 and more preferably from 7 to
20 8.5.

5. Process according to one or more of the preceding
claims,
characterised in that
the temperature in the reaction is from -15 to +100°C,
25 preferably from +15 to +40°C and more preferably from
+20 to +30°C.

6. Process according to one or more of the preceding
claims,
characterised in that
30 a lipase, preferably Lipase PS from Pseudomonas
cepacia, is used.
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10.

reactor.

Process according to one or more of the preceding
claims,

characterised in that

the hydrolysis is carried out in an aqueous medium, to
which water-soluble organic solvents may be added.

f-Amino acid n-propyl esters having the following

structure (I)

NH, O

wherein

R represents (C1-Cg)-alkyl, (C,-Cg)-alkenyl, (C;-Cg)-
alkynyl, (Ci-Cg)-cycloalkyl, (Cs-Cig)-aryl, (Cy-Cig)-
aralkyl, (Cz:-C,g)-heteroaryl, (C4s-Cig)-heteroaralkyl,
((C1-Cg) ~alkyl)i1-3- (C3-Cg) -cycloalkyl, ((C1-Cg)-alkyl)i-3-
(Ce—Cig) —aryl, ((C1-Cg)-alkyl)i.z-(C3-Cig)-heteroaryl,
R' represents H, (C;-Cg)-alkyl, (C;-Cg)-alkenyl,
(C;-Cg) —alkynyl, (C3-Cg)-cycloalkyl, (Ce-Cis)-aryl,
(C9~Cy9) —aralkyl, (C3-Cig)-heteroaryl, (Cyq-Ciy)-
heteroaralkyl, ((Ci1-Cg)-alkyl)i.3-(C3-Cg)-cycloalkyl,
((C1-Cg) —alkyl) 1.3~ (Ce-Cis) —aryl, ((C1-Cg)-alkyl)i-3-
(C3~Cyg) -heteroaryl.

Use of the compounds according to claim 9 in a process
according to claim 1.



