17 April 2006 1 Process for, the enzymatic preparation of eg
enriched (3-amno acids 5 The present invention relates to %B s for‘
Optically

preparing enantioner-enriched N-unprotected (3-am no acids.
in natural substances such as

active (3-am nocarboxylic acids occur
[ i sol ation is.increasingly acquiring

al kal oi ds and antibiotics and their
I nterest, not | east because of their increasing inportance as essenti al

i nt er medi at es I N"PtbeePs ePeF AtHhONeR 1,,95@:[ 10 inter alia: E
Juaristi, H Lopez-Ruiz, Curr. Nbd£ Che gﬁﬁgg%§g3%§°&8 AREIZRGET he
free formof optically active &neitiedafbaxihdCaagds and thelr
derivatives have interesting pharnacol ogical effects and can al so be used
in_the synthesis of nodified peptides. 15 The conventlonal racenate

resol uti on byfhfeansseht dhesherieemBulatsal &S P r Boesch
Org. Proc. Res. Devel opm 2001, 5, 23- 575 E&} f%? GPBE the

‘et al.
di ast er eosel exwantiemadeintiched OF-uhpiioliédien B RIneRY! Lidyy | am de (A Foo
Med. Chem 1999, 6,

Abdel - Magid, J. H Cohen, C. A 20 Maryanoff, Curr.
preparation nethods for

955- 970) @avgpgggnl stabtlsh d as
P- ani nocar boxy i ¢ r&¥i A€t 1 ¥RePrarivpcasbasulic soAsisderariasin mm::aﬂal y

resear ched aadbsdéﬁ@égesagﬂe Qu ntages occurring in_ it
preferably used, On the one %anglﬂé?ggéﬁl%ﬂgtan gﬁ‘ i QFlEhlral
. reagent are teelRBlomhizhincreasingly acquiring interest, not least -

.because of their 1ncrea51ng lmportance as esgsential
| intermediates in the preparation of pharmaceuticals (see,
10 inter alia: E. Juaristi, H. Lopez-Ruiz, Curr. Med. Chem

1999, 6, 983-1004). Both the free form of optically active
B—amin0carbokylic acids and their derivatives have
intéresting pharmacological effects and can also be ﬁsed

_in the sanhesiS of modified peptides.

15 The conventional racemate resolution by means of
dlastereomerlc salts (proposed route in: H. Boesch et al.
Org. Proc. Res. Developm. 2001, 5 23-27) and, in
Pa?t;cular,'the diastereoselective addition of lithium

.- : uethylamlde (A. F. Abdel-Magid, J. H. Cohen, C. A

_2_0 Maryanoff Curr. Med. Chem 1999, 6, 955-970) have been

' establlshed as preparatlon methods for B~am;nocarboxy11c
ac1ds The- latter method is. con31dered as intensively
researched and desplte numerous disadvantages occurrlng
in it, is preferably used. On the one hand, st01ch10metrlc

25 amoints of a chiral reagent are needed, which is a big

R dlsadvantage compared to catalytlc asymmetrical methods;
In addition, expensive and, moreover, hazardous |
aux111ar1es, such as, for example, -butylllthlum are

' needed to activate the stoichiometric reagent by

31 -
0 .deprotonatlonj Moreover, the performance of the reaction
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di sadvant age conpared to catalytic. asymretrical nethods. 1}8 qgﬁg
éxpensi ve and, noreover, hazardous. auxiliaries, such as, pri

n-butyllithiumare needed to activate the stoichionetric reagent by 30
deprotonati on. Mreover, the performance of the reaction 17 April 2006 2 at
Low tenperatures of approximately -70C i inportant for a satisfactory
stereoselectivity whi ch means a high requirenment relating to the reactor

‘mat eri al g¢t on%l costs and a high energy consunption. 5 Although the-
0

prepar ati on |e§e°Jf33-P@ﬂn0mmrtl@d>yyl—rm%|i}l§ hissatahytical |y
sirable, In particular

| ly af ub
pl ays only afois @’a@'ﬂ%@b@: c"ciﬁ}érg gﬁ%gfgcgf%ﬁeg&\}é’ﬂt%d’ Cl‘b|wf‘ala§rth¥9h

because of the econom c an
reacti ons. fﬁ%ﬂﬁ§@m§ﬂt1®GQEMEnbluwetheor@agﬁehﬁrﬁgté%fglrfgdaegggﬂglls
unnecessary ngyg QS g small, catal ytic amobunts-of enzynes are used
that are natural an FanﬁBﬁFng9°FFPEE&P?ncatalysts Mor eover, these
bi ocatal ysts, which are efficiently used in aqueous medium have, in
add|t|onfioFﬂﬁ@nughathéyprgpaéaaigﬁegf|g?tge 14 eELth%p f fi ci ency the
advant age, n con#rast to anultiplici nthetic et al - cont ai ni ng
catal ysts, thatorgt Qxﬁé%cné@é@éabyocetaiytmeaauy-paayalwnmy dn particul ar

“heavy- netals&bﬂkahﬁa | y.toxic_feedstocks. 20 In the prior
Pe 20fe &8 f%%gléé ﬁ& 48y FASELERPAL 0-18ni nocar boxyl i ¢

art, for instance, the enanti 0s
aci ds has aPP§5a9ub&rehe©&eaereﬁoth@deconomlc and ecological

advantages of blocatalytlc reactions. The use of

10 St01chlametrlc amounts of a chiral reagent is unnecessary
and, instead, small, catalytic amounts of enzymes are used
‘that are natural and enV1ronmentally—fr1endly catalysts.
Moreover, these biocatalysts, which are efficiently used

| .1n aqueous medium, have, in addltlon to their catalytlc

15 propertles and their high eff1c1ency the advantage, in
contrast to a mult1p11c1ty of synthetlc metal-~ contalnlng
catalysts, that it is not necessary to use metal-
containing, 1n‘part;cu1ar heavy-metal-containing and

consequently toxic feedstocks.

20 In the prior art, for instance, the enantioselective N-

acylation of B- -aminocarboxylic a01ds 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 Bjaminocarboxylic acids with 2,2,#— ”
- trifluoroethyl ester in organic solvents and llpase SP 526
from Candida antarctica or lipase PS from Eseudamonas

cepacia as biocatalyst.




Thus, L.T. :Kanerva et al. describe in Tetrahedron: ASynneHry ?9@ 7, No.
6, pages 1707-1716, 1996 the. as enantiosel ective N-acylatigﬁug q%yl
esters of various cycloaliphatic P-am nocarboxylic acids with 2,2, 2-
trifluoroethyl ester in organic solvents and |ipase SP 526 from Candi da
antarctica or |lipase PS from Pseudonobnas 3 cepaci a as biocatal yst. 17 Apri
2006 3 V.M Sanchez et al. studied the biocatalytic racemate resolution of
()-ethyl 3-a€a£oE¥%{rate Tetrahedron: Asymmetry, Vol. 8, No. 1, pages
37-40, 1997)" Wit PAICHESe et Bdm chvdlicd aieatdidaetaliycideracepatat i on of N
acetyl at ed ' boxyl i,¢ esters. EP-A-8 890 649 discloses a process for
preparing ogﬁﬁga]ﬁié%ha% i \}g?fiﬁl% L dramdnobus vrasa r ket shedrom: aci d
esters by crmnmniers®l, egbilve gacyjoat ijonui Carpoxydd-+, ester in the
-presence of st,[slr(:ﬂr;%dr ol ase sel ect ed frlomp;g#eegg?gti%dc)’o)r?'p‘drél@l n"él% RS e,
prot ease, estelad@ngigal apieactina nibstheeprepaseltatdwnodfyt he unreact ed
WO A- 98/ 50575 relates to a process

enanti omeg s f amipo_acid esters,
f or obtainingeg&g%Fﬁg}Bﬁﬁméﬂ9ﬁ8€§P§¥}9FiEsﬁéré-or its corresponding ester
-by 15 bringing a racem c 0-am nocarboxylic acid, an acyl donor and

penicillin EGPadyBageoi B9 g9BLAsLUNGE Lt leons for _.stereosel ectively
‘acyl ating an Enantoner of ‘the racginicbsgeggknggg}Rﬁgﬁ%ﬁ?gﬁﬁth%?#iﬁﬁch
the ot her effShtVEndRine asifsegheral Fyomoraceadtedmind adii 'alters by

- ani nocar boxykhe ; Ld: Ls_thus obtai ned. The reverse reaction sequence
an 7 kh€idQeRELP1 L a&yfatlon w1tﬁ a carboxylic ester in the
bresence of a hydrolase selected from the group comprising
10 amidase, protease, esterase and lipase, and subsequent
1solation of the unreacted enantiomers of the amino acid

eésters.

WOfA-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 racemié B-
aminocarboxylic acid, iﬁ which the other enantiomer is
‘Substantially not reacted and a chiral B-aminocarboxylic
”.20 acid. ig thus obtained. The reverse reaction sequence has
also been studied (V. A;.Soloshonok, V. K. Svedas, V. P.
VKukhar, AT Gf Ririlenko, 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. Aa. Fokina; I. P.
| _Shishkina, S. 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; @. cardillo, A. Tolomelli, C. Tomasini, Eur. J.




al so been studied (V. A Sol oshonok, V. K Svedas, V. P. §g§h?r A G
Kirilenko, ' A V. Rybakova, V. A Sol odenko, N. A Fokina, /@200 qut, I.
Y. Galaev, E. V. Kozlova, |,, P. Shishkina, S. V. Galushko, Synlett 1993,
339-341; V. 25 Soloshonok, A. G Kirilenko, N A Fokina, |I. P. Shishkina,
'S. V. @l ushko,V. P. Kukhar, V. K Svedast E. V. Kozlova, Tetrahedron:
Asymretry 1994, -5, 1119-1126; V. Soloshonok, N. A Fokina, A V. Rybakova,

A. E. Sochorinsky, V. P. Kukhar, M V. 30 .

. P. Shishkina, .S V. Galushko,

Savchenko, @‘Qk EFBdad?9%et AaRed6dn:. As@hmecvantoWs o tHHS pddddss G
Cardill o, AisTehemaklieiG1eT kni. . Eur. 17 il 2006 4 Org. Chem
1999, 155-161). A digaéSa%FaggggkﬂghP Sﬁbi spﬁagQHﬁaqﬁ¥qq§ﬂnﬁfW%ﬁking-up
of the prodddie ﬁpﬁpﬁLesaieetivehhydmanyhageIQg&@&ei@gyggﬂﬁ§f%hﬁwffgé

-i-sol ating the_free -éB-aninocarpoxylic.acid, a m xture of phenylacetic acid
and 5 N phehyPRABPGRIPRXYH AosaiBoxl Mixture bf pheayieddtial acsd Gidd i cul t
- to separatey. ' tiop with |ipases_has already been known for a |ong
tine for-obta§§%ﬁglé§§%¥#o ?@éﬂ??EEEBXEQFSOQQFﬂClSa@b@@inEd tB5%51 8803,

this princi giéfhaalbees sepasheered 10 to N-protected a-amno acid esters,
but with varying success. \Wereas only the corresponding benzyl ester of

racemc N—b@#OX%carbonyl-O-aninoputyric acid was resolved highly

‘enant i osel ectFvEl §edytHRRNEith bibapaschashalreadyi bebg Kby rest @rs or

n-butyl esteosgUshpl VS dggk |y _ee values in the region of not nore

than 70%ee. In this connec%f%#ﬁbi?niﬂﬁﬁ?ﬂeﬁéegféfbﬁdtﬁéFPoﬁﬁéaﬁentIy,
_ acids. In US5518903, this principle has been transferred

10 to N-protected P-amino acid esters, but with varying
Success. Whereas only the cdrresponding‘benzyl ester of
.racemic N-butoxycarbonyl-§-aminobutyric acid was resolved
~highly enantioselectively by means of a lipase, the |
remaining methyl esters or n-butyl esters used yielded

: 157ﬂonly ee values in the region of ndt more than 70% ee. In
| this connection, it should be stated that,.apparehtly,
going over from a corresponding methyl ester to an n-butyl
ester is accompanied by an impairment of the ee.value of
- the acid prepared. Thus, starting from the n-butyl ester
29 of N-Boc-f-aminobutyric acid, the éster hydrolysis with
the epzyme lipase from Asahi reduces after 8 days an ee
 value of the corresponding acid of 45% ee in a yield of
37%. With,;he lipase PS supplied by Amano, a compound
_ enriched to 61% ee is obtained in the same reaction with a
25 yield of 41% at any rate within 7 days. In comparison ”

therewith, the corresponding'methyl ester yields 70% ee.

- From the results recently published by Faulconbridge et
al., it is tq be inferred that the éster hydrolysis of
| aromatic ﬁ-amino acid ethyl esters at a pH of 8 with the
30 lipase pg supplied by Amano takes place with'acceptable |

Yields and very good enantiomeric excesses (Tetrahedron




goi ng over ifrom a correspondi ng nethyl ester to an n-butyl 755 % gés
~acconpani ed by an inpairnent of the ee value of the acid b 8 Thus,
starting fromthe n-butyl ester 20 of N-Boc-p-am nobutyric aC|d t he ester
hydrolysis with the enzyne |ipase from Asahi reduces after 8'days an ee
val ue of the corresponding acid of 45%e6 in a yield of 37% Wth, the

| i pase PS supplied by Anano a conpound enriched to 61%ee is obtained in
-the sane re ctlon h yield of 41% at any rate within 7 days. In
conparison HERER ¢ Oothélcogﬁﬁgpﬁﬁﬂln@hﬁepwpﬂuettas phtladnef%iath  From

t he resultSamB@ﬁathoﬂHPibzgﬁg 9¥Sgg$h509§ngg e%taﬁﬁhotgéiﬁ 53§§ters

inferred that the ester
at a pH of Hh%thWﬁﬁepeﬂfbrmaéeeEEuasmvé&gd1hya&ﬁaegstg&g@dwg@aﬁ\Mfgw

accept abl e 8 d very good_enantioneric excesses (Tetrahedron 17
April 2006 §¥ F?gF gzﬁbgﬂ %h € grgagysntages . pPedthe poeobeadnedtwith an

enantlonérlhaspbéehyf@un&ptEQt99d§€ﬁouBHttﬁ@ec§¥QEQ§iH§at1W%'ﬁh was
performed ex 5u5|ye y i n aqueous suspension, agsocrated with s

- di sadvant ag&§: eﬁﬁl?ﬁeu%@%rhﬁhﬂselGOEdhasobeentheundatbabn pb&heegh the
‘crystalliza er_these conditjons, the reacti on per se
results, askgggﬁﬁgnt%% éﬁﬁéﬁghékgs%ﬂ F&son ExayBler 2, edDy APWESE of
85.1% ee. APE Values,of 85, Teans. ANItDe &1e, A, méaﬁlse' Qn' RRS g&i% to the
formation oh $e unde bIe 10 enantioner and, on the other han It also
entails the % bb?éﬁ%? ??ﬁeQEﬁv%?u%hﬁaﬁoﬁmétignaﬁﬁotheopndeémnaBQ%) ee

or everﬂm)elemﬁﬁf/@zﬁ@r%& AR Ohe s A0, PLOCEPS, entails the

problem that the ee value may easily also drop below 99%
ee or even below 298% ee as a fﬁnction 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 liquid 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 ultréfiltration.‘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 also Comparlson Examples 1
and 2).

‘25 An enzymatic hydroiysis in the presence of single-phase
| reaction media using organic solvents was reported by
Nagata et al. (8. KataYama, N. Ae, R. Nagata, Tetrahedron:
 Asymmetry 1998, 9, 4295-4299). In that case, a cyclic B-
amino acid ester was used. The best results with
30 enantioselectivities of 94% ee and conversions of 50% w1th
a reaction time of 20 h were achleved using a solvent

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




fluctuations on a technical scale because of altered cryst ? tio
conditions. As high an ee value as 15 Possible of > 98@6ee RN é%%plcular >

99% ee, is, however, a requirement for pharnaceutical applications.

o addi ti.on, the performance in purely liquid mediumwoul d be desi rable as

wel | as the performance in suspensionin .order, for exanple, to be able
to ensure a good enzyne 20 isolation by nmeans of ultrafiltration.
Optimally, a high ee value should |Iikew se be. produced in this step,

uhi ch  canesil e @ahi e i WIBRILYEL Bl s yLe OF oggeags 1fin this

connection, see al so Conparison Exanples 1 enzy Fafi &
hydr ol ysi generahe Hreswre o bf readily- phtise- SIOé&ﬂﬂl&)chliﬁi'ihaﬁtHShag or gani c

sol vent s &ﬁ§, ata Katayanma, N. R. Nagat a,
Tetr ahedron: As%fpe%%é)’{@%mg re?tZ@%%%ﬁg?rl Wé{‘fatc%?%é“l%c%]%ﬁ c s- anmino
aci d est esolwmntusedthuie tlestusesokt alwsbbraqun@ﬁné_seé§06f§‘éﬁi85 of .94%
ee andgconv rsions of 50%with a reaction tinme of 20 wer e achi eved using

~a sol vent™ 9&1ﬂW?%ﬁﬂnﬁﬂﬁxF%ﬁuﬁﬁE?@nHlFDOWPtéﬁdamﬁeﬁO%]im@toﬁborer 17
Apri | 20%6&&‘&4 & i G eygth, wi B]@ E?%éepr (ﬂ)lort 'nCI:r:]rSasOt‘f %géﬁ?)er i or

general, the use of readily water-so e solvents pr 0
" conpar ed ity ysar m&ﬁ@ﬂmtmtmssobhblessbleehs pﬂazuﬁas teei tigel of

di i soproppds gﬂé@ S nmedi u S saturated with water and -
20% acet one, §dt}gle§l % R Qggbgn‘afwngyg‘qu Pifork® ddtis Hereeo, a
further rleam |x;eaw1efn Gl o501 HEEleA' QYEShF UL hAR e TO£H 1 dfe addi tion
to aﬁe}one with THF, but in this case
conversion that is to any extent complete.

Hitherto, thls successful synthe31s hav1ng the feaﬁure of

the presence of organic solvents has, however, remained

limited to the preparation of cyclic f-amino acid esters.

Uhder the optlmum conditions specified in the literature

i5 for cyeclic B—amlno 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 Embodiments of the present invention may therefore

provide a further process for the ehzymatic preparation of
~ B-amino acids. In particular, the said‘process should
edvantageously be usable on an industrial scale
'economically as well as ecologically, i.e. be particularly'i
25 outstanding in regard to environmental compatibility,
' industrial safety, ruggedness of the processing, the

space/time yield and selectivity.

These and further embodiments 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 -
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...econom cahkyaasewghk 8% gpg Qgiga tb'hﬁt
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| ong reaction times are needed . (96 h) in order to achieve a_conyersion
that is to any extent conplete. Htherto, this successful A edPe havi ng
the feature of the presence of organic solvents has, however, renained 15

.limted to the preparation of cyclic a-amno acid esters. ‘Under the
optimum conditions specified in the literature for cyclic O-am no acid.
esters (see above), drastically |ower yields and unacceptable, |ong
reaction tines are obtained in the preparation of the desired target

conpounds Cdhitha .opepetiiant paRdaRt 2 (HePrPardtoPe EX8MPLEFd red O
Enbodi ment s_of . the present invention may therefore provide a further

process fGFPPAEMEREFNRE Ehsr Byasentodsientgiomi no acids. In particular, the
sai d process should advantageously be usable on an industrial scale .-
i reigul out st andi ng
in regard to environnpent conpat i |f&%n“%%ﬁﬁgt%égrﬁgé#éfgggruggédness of
t he proce§8Hpmenheanriched Munpretegied) firamino seldecini partiyulaffbpge and fart her
enbodigengiﬁnot mentioned.in greater detail, but obviously energing from
or

in Peaminreaeddsy 1s3pex fpraass doh mnagra bic f badrelgsss t he

that a propesschainprpPpamning aeRankk@ERs QAIHIE e h PRI ech ed €w@¥sani no
acids, in particular open ' ‘
‘ phase system gpmposed of water and an organic solvent

| forming two Qhases under the given reéctioﬁ'conditions,

10 the object set is very Surprisingly achieved, but, on the
o;her hand, in a no legs advantageous way. In this
connection, not only are subétantially'higher reactivities
Fhan in the,hitherto known organic/aqueous.systems are
_surprisingly achieved, but also good enantioselectivities.

1% The reactiqn in the two-phase system can even be optimized
in such a way that tﬁe product is produced at 299% ee
(Example 4). Moreover, it is interesting that the ee value
.in accordance with Ekample‘3 (89% ée) according to the

| invention turns out to be markedly better compared.wiﬁh

-20"the:experiment in a purely aqueous System (Compariéon
Examp;e 2, 81.5% ee). In addition to the processing
_advantages of organic solvents, this process consequenﬁly
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 or O
R




5 chain (3-amno acids is performed by enzymatic hydrolysif oté%B '
enantionmer m xture of N-unprotected (3-am no acids, in par { il 7006
open-chain, O-am no acid esters with a hydrolase in a two- phase system
conposed of water and an organic solvent formng two phases under the
~given reaction conditions, 10 the object gset is very surprisingly achieved,
but, on the other hand, in a no | ess advantageous way. In this
connection, not only are substantially higher reactivities than in the
hi therto kn¥®&rer gani c/ aqueous systens are surprisingly achieved, but also
good enantigsehgqtivit'es..la The reaction in. the two-phase system can even
be optinized'in suth™8 RaylPHEPCPAENSLYIGE one prodhesd dC1>Copv%ebhyl,
(Exanpl e 4) .(ChbrHoalkenktl | Sd,D ' hat~t he.e I l,n accordance
—w-th Exanple .3 B?89% ee?uacggrzd?%_e%% . eii n&%%?%&n% \é:r%}rcl’slé‘i t'to be
mar kedl y betlFerCednparéd W11CisP0aratkytpenChedts)-hetepbaehl ,aqueous syst em
(Conpari gon; e 0% ee). |Ln_ additi t.0 the processin advant ages
of organ?c ég?égﬁkngfﬁgéaﬁ?%g%is égﬁkEékhﬁﬁI%Vl)ﬁagj“ﬁﬁpebv§Y?gPﬁékyl:
-advant age ofl (ger@y)atilkglhi ghao-enan&Erael esld Vi dd,e product s
conpar ed mﬁ&ﬁ t he Zg aqueous_stanggrdrﬁg'iunl éﬁg?eggkﬂi%ﬁ%%ﬁfgunds of the
general For Th’é}j eRere3yyL7 April 2006 8 5 10 where R R " denote, _

i ndependentRy 8én@8&s a0t [€-cqf Ch188Y", Al ey) —a1kenyl, (Cy-Cy) -
alkynyl, (C3-Cs)-cycloalkyl, (Ce-Cis)-aryl, (Cr-Cis)-aralkyl,
10 (C3-C13)—heteroaryl, (C4—Clg)_-h§teroaralkyl, ((C1-Cg) -
alkyl);-3~ (C3-Cg) -cycloalkyl, ({C1-Cg) -alkyl) i3~ (Cs-Cig) —aryl,
and ({(C3;-Cg) ~alkyl)i-3- (C3-Cag) -hetero’afyl-, |

-in the process of the subject matter.

In principle, the person skilled in the art is free to
- 15 choose the appropriate ester group. He will base his
selection on economic and reaction-ehgiheering aspects.
_Favburable alcohols for forming the estef are, in
particular, those that can easily be removed from the
' reactioq mixture,_optionally by distillation. Quité |
20 particularly pfeferréd in the method according to the
invention is the use of P-amino acid alkyl esters or B-
' amino acid aryl esters. Extremely preferred is the use of
-appropriate n-propyl, isopropyl, n-butyl, sec~butyl,
isobutyl or tert-butyl estefs. -

-.25 The choice of the reaction parameters is iikewise 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'lo,'préferably between 6 and 9 and more preferably

30 between 7 and 8.5, is suitable for the enzymétic'process




(C7-c,9)-aral kyl, (C3-C,8)-heteroaryl, (C4-C19)- heteroaralu@ﬂ

“art. He will determ ne

- basis of rotkermopixikic nargani shis 2l higl ebéfpefaPlir¥d| Y8 [BNES Qbobﬁtmeen 4

- 8.5, is sui a%t%

(Cz-C8B)-al kenyl, (C2-C8)-al kynyl, (C3-C8)-cycloal kyl, (C6- Clg%zoo

((Cl-CB)-aIkyI)1_3-(C3-CB)-cycIoaIkyl, ((C -C8) -alkyl) 1_3- (06-C, 8)
-aryl , and ((C1-C8) -alkyl )1 3- (C3-C,8)-heteroaryl, R denotes H,
(C/-C8)-al kyl, (C2-C8)-alkenyl, (C2-C8)-gal kynyl, (C3-CS) -cycloal kyl,

- (C6-C,8)-aryl, (Cr-C,9)-aral kyl, (C3-C18)-heteroaryl,
(C4-C,9)-he&§§%:ralgég ((C1- CB) al kyly1 3-(C3-C8)- cycloalkyl

((C1-c8)-al S38PLReet gpatior, ThAdlipgseCOp sabbilisd by 0613l B
t he person

- het er oar yl prickrelgh PE ect nma principle,
skilled in the artEa §§£§¥%Y %%ftﬁggé afgen ErBHrP§t§ -ester group. He
will base his selection on econonic and.reaction-engi neering aspects.

- --Favourabl-e yP@Bh§E§ardrtéotempgraherestEheaé&melBeqﬁikbh@%k%rexhﬂﬁ§ﬁlihat

optional ly by

can easily %g ggg S e reaction m xture,
distillatio Ey 26 ?fl Fiy %?E?er?@ﬁlﬂn @ﬁeoﬁﬁﬂWum-accordlng to

Lhe 1 nveRt| anberhbaruses ofobs a9l £%ca! HodbkkbrRShERS(BL L o N0 aci d
aryl estersill gitrenely preferred I1s the use ropriate n-propyl,

i sopr opyl &@ua%e%a%ﬁm)@BP¢QQ¢MMybnowhiehtethme Eﬁhetion%5n£%Q choi ce
the person skilled in the

f th 5
of the reacbpeﬂmgfi@ﬁféﬁ% Ldi? éld&%%%$§¥$o B?Hee? RGP dfiEPMcase on 't he

em  SEep

and 10, pre grabl¥%$3 meen 6 and 9 and nore preferably 30 between
|%9?#%&e@%nqﬂl¢®r¢ptﬂmﬁbly only at

10 <0°C to ‘15°C pOSSlbly in an ice matrix. Preferably, the

temperature establlshed during the reactlon should be in
-the range between 15 and 40°C and, more.preferably, between

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 Cata1y31s in Organic
Synthesis, Ed.: K. Drauz, H. Waldmann, VCH, 1995, pageAlGS
“and the literature cited therein. Preferably, a 11pase is
| taken for the ester hydr01y51s more preferably, the
20 lipase PS Supplled by Amano from Pseudomonas cepacia is

used.

For the application, the polypeptide under consideration
- can be used in free form as a homogeneously purified
compound or as an enzyme prepared as recombinant. .
25 Furthermore, the polypeptide may also be used as a
| constituent of an 1ntact guest organlsm or in conjunction
with the dlgested cell material of the host organlsm

purlfled 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.




9 of the szject”natter. The |i.pase PS sdpplied by Amano h
~particularly suitable around a pH of 8. Wth regard to ted@i@%ﬁagé the

same requirenents exist in principle as for the pH Here, again,
optimuma 5 tenperature as possible can be determ ned for the |nd|V|duaI
case, depending on which enzyme functionsgnost optimally at which
tenperature. For enzynes from thermophilic organisns, high tenperatures of
-up to 100C e_possible. Ohers, again, function optinmally only at 10 <09C
to -15C, poézpﬁp 'lﬁmQﬁbiéeSmartexBlamateraHUienthe TeRMRENRIH Eha

- establ i shedaduye Li.on houl be_iLn the range between 15 and 40C
and, nore prefengpégﬁbe$§é Eéeﬁnd 49C83¢n8> éhoi Aevantagecaisdaie to be -
used is thethespmmebblhzhyloﬁStaieéhﬁlagéseﬂrgﬁ hlgg.gﬂlﬁq a@ﬁxulNhny

—-sui-tabl e ené§nesﬁﬁan be selected from Enzynme Ca gan
Synt hesi s, 2y atiz, M4 Derdhekin, JVCH, 19954)pagqnb6&sﬁmﬂkélua
s taken for the ester

it t bl
h;d?g?yg?g ﬁﬁ%ﬁgl%$e§erabF§§% ﬁ%§95¥?|8é§§°$ eéuﬁﬁlﬁ@érgy'ﬂmhmﬁnQHﬁn

-PseudonnnasOE@@atcaS@Sveﬂﬁ@ﬂ g Fokm ! "én&mp! 568t | 99¢ tgﬁoﬁo%ﬁﬁ &.;under
con5|derat|8n q@%&? used in free formas a honogeneols dr i éd

conpound or~aé me¥ pr EpRI B, & varbebynafit 1ig5- Euatbargnyeoshme
an intact guest organi sm

'ypept i d ov] R
pol ypept i qﬂﬁﬁﬁog&@%ﬁ?ﬁ 3ﬁﬁﬂﬁgge§?éaﬁ@@$t§ REEPRS et cehalHgEF éPganlsm

or in conjunction
purified aéhqmﬁgﬁnﬁmeﬁwrgﬂhlc solvents, Tetrahedron Lett. 38, 1971_

10 1974; oOtamiri, M.; Adlercreutz, P.; Matthlasson} B.
(1992), Complex formation between chymotryp51n and ethyl
cellulose as a means to solubilize the enzyme in active
form in toluene, Biocatalysis 6, 291-305). Quite

.Particularly preferable is lyophilization in the presence

15 - of surfactant substances, such as Aerosol OT or
polyv1nylpyrrolldone or polyethylene glycol (PEG) or
Brij 52 (dlethylene glycol monocetyl ether) (Kamlya, N.;
Okazaki, .-Y. ; Goto, M. {1997), Surfactant~horseradlsh
peroxidase complex catalytically active in anhydrous

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

Extremely preferred is immobilization on.Eupe:fgit0 , in.
;particular Eupergit C® and Eupergit 250L® (Réhm) (for a
Summary see: E. Katchalski-Katzir, D. M. Kraemer, J. Mol.
Catal. B: Enzym. 2000, 10 157) . Equally preferred is the
25' 1mmoblllzatlon on Ni-NTA in combination with the :
polypeptide modified by attaching a His tag
tHexahistidine) (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 Soms). |




The use of :the enzynes in jmmobilized formis also 30 possip#&ﬂ%ﬁharna B.
P.: Bailey L. F. and Messing R A. 17 April 2006 10 (1982)%7 Pisierte
Biomaterialien - Techni ken and Anwendungen, Angew. Chem 94; 836-852).
Advant ageously, the imobilization takes place through |yophilization
(Paradkar, V. M; Dordick, J. S. (1994),17Aqueous-Like 5 Activity of

a- Chynotrypsin Dissolved in Nearly Anhydrous Organic Solvents, J. Am
Chem Soc. 116, 5009-5010; Mori, T.; Ckahata, Y. (1997), A variety of

| i pi - coat edU§ey@8sCHECS hijslr bl leseks@scehéeivabte 9 FEOSE at kansf,er weakal yst s

I n honngengoyﬁ organi c. solvents, Tetrahedron Lett. 38, 1971 10 1974
Camiri, M: Adrertt eI ne A. Nt t (RQQbn, Cfactayshpundopprss-Linied on

bet ween chyemiym@sérysewl £t ylecrced+ U ps ol uhilize the
--enzyme in active formin tgﬁteﬁg, Bioca?%?@s@%ﬂgépé%%gg%gj. Eﬁﬁ@é
particul ar | fP¥Ref BrabIBIi 39y0#A4383ion in the presence 15 of surfactant
substances, such as Aerosol OT or polyvinylpyrrolidone or polyethyl ene

gl I E i i ' . gl | .,nor tyl eth Kam ya, N.;
ok 7, ke diodounas (GH KRS ¢ BESHTR K denShmthe: cxPBate compl ex
cat al yti calPylypeptislén ity dimslardisTa ege B A5 L5ARDE - s&@@é?té,lg

375-378). renel referred is inmobi]ization on . Eupergit(r) , in
particularﬁé&ﬁﬁﬁ}%géa93ne#ﬁPQ§ﬁﬂﬁgﬁq PSS (Foguedws andsonganjcsee:
E. Katchal oIz lor RntMlrdIRAGHET, I al. B: Enzym 2000, 10,
157). Equally preferred is théﬁlZS ic’r:Fr?[%:brll | anﬂ:‘.g%ﬁbn Ni - NTA in conbination

with the - ‘ '
- . 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, ioop reactors or an eﬁzyme
~ membrane reactor (Bommarius, A. S.; Drauz, K.; Groeger,

U.; Wandrey, C.; Membrane Bioreactors for the Production
of Enantiomerically Pure d-Amino Acids, in: Chiraiity 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 wateér-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.




_pplypeptidé nodi fied by attaching a His tag (Fbxahlstldlne} g e&@g
(1996), Metal-chelate affinity chromatography In:.Ausubel, ﬁ al
eds. Current Protocols in Mlecular Biology, Vol. 2, New York: 30 John
Wley and Sons). 17 April 2006 11 Use as CLECs is |ikew se conceivabl e (St.
Gair, N; Wang, Y.-F.; Mrgolin, A L.122000), Cofactor-bound
cross-linked enzyne crystals (CLEC) of al cohol - dehydrogenase, Angew.

- Chem Int. Eﬁf 380- 383&Sg 5 These neasures-can nake it possible to
generate, from pc}’lmfﬁeﬁ‘trl & dhah edss dp @dseshesi cﬁcgaw c sol vents,

those that osptifamailyody ﬂ!a’ﬂéﬁ—'i&ﬁ%l%ﬁol%qlé%%#)%ﬂn&bj ' 1r§ata§-§)’§§;5bgr

entirely in organic nedium The reaction of "Thé's

per forned i MERF crastdieenss @esgaahmMImemed harhbheEﬂMﬁﬁQBe I.n - det ai
or an enzyne menbr ane

--t-hese are acgt o -r.eac

react or Bo%ﬁ%??tgagkﬁg €8 %F 1?teK%%p éPb SUSUPRRAE &RA/0x INEWST ane

Bi or eact sCh&SUﬂuaeBtodmcetab 18zekn i I u cids,

in: Chlrallg‘ 15 Indystry (éds = C%&&P%gQBA?ﬁE ﬁsgheldrgemégqu%

Crosby, %1§3§ r?@ﬁﬁ19PI§9 &h56n§°nﬁé@é§agimn39f)thSupt@ﬂh@tas or gani ¢
hase that @ cle S t |ve a

conditions, that.is to say, consequen S
mater-solubpgeénéoéﬁanQ becusedprnvtﬁednahéodepagatdbﬁgoEoeh&?nkpgﬁﬁﬂIOn,
ubl e or poorly mater sol ub sol vent s

o ol ISubuBge, BL 980l Coolophull 0 peDily LTy gol S

and al so mxtu
10 supplied by Amano, whlch can advantageously be used, is

absorbed on 5111ca supports In this case, the agueous
enzyme solution could therefore be filtered prior to
‘adding the reactants to the reactlon medium in order uo
remove the 5111c1c acids from the reaction system The
i5 _act1v1t1esAor processing stability of the enzyme do not,

as a rule, adversely affect this’ procedure.

Within the scope of therinvention;A“N?unprotected” is to
lbe understood as meanlng that the B-nitrogen atom of the. -
_acid is not blocked by an N-protective group that is |
'20 stable under the reactlon conditions. Regarded as such
are, in pa;tlcular, the common protected‘groupe, such as

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

To be regarded as (C1-Cg) ~alkyl afermethyl,rethjl
n~propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
25 tert -butyl, pentyl hexyl, heptyl or octyl together with
"all the bondlng isomers. These may be singly or multiply
: substltuted by {C:1-Cg) -alkoxy, (C;-Cg) -halecalkyl, OH,
~halogen, NH,, NO;, SH or §-(C;-Cs)-alkyl. |

(C2-Cg) ~alkenyl is to be understood as meaning a (C1-Ca)-
30 -alkyl radical as depicted above, with the exception of
'methyl contalnlng at least one double bond.




are ethers, ketones, esters, saturated or unsaturated, Iiﬂﬁ€$13r
branched-chai n hydrocarbons. 25 In this connection, nethyl-% T-Bﬂﬁyl et her
(MIBE), - diisopropyl .ether, ethyl acetate, hexane, heptane, cycl ohexane,
met hyl cycl ohexane and tol uene, and al so any appropriate desirable nixtures
thereof have proved particularly suitabfé. 17 April 2006 12 If enzynes are
used that exist-in adsorbed form optionally on water-insol ubl e support

mat'eri al s angd Qp_y MnQr nstituents or stabilizers, it has proved
advant ageousﬂézobf)soé}krahtyenlfclgel? Q| 061 Brdehpbred «#%l/ Beaniner as (Eon€e)i1 uent or

stabilizer mlkyl tradibaluse HegiRe LNAHR e | Y 18act h

contam nati on ?{Y the product produced w teh' t 1???%1@?&:#%&%%%%}&?%@,[ eri al
of the enzyMEtHydedcapEaindndoedurl egstoirde trtilpd esdpaict i on of enzyme and
--support is easily possible. For exanple, the |lipase PS 10 supplied by

Amano, whic ap t I , | s absorbed on silica supports. In
this case, '[K r?g _a?q)a-(%\g?sl a%ﬁ?fmy%gﬁjﬁ%%%%l%s trﬁ%?%}%geabécﬂf%)e“ﬁeﬁ‘yﬂfi or
to addi fg tRelicedcbandsdt Got lrher emdidouwl oTes wasing GEley 1® = rghove the
;silicic aCiff@?)ﬁ:ftri’Sm the reaction system. The 15 activities, or processing
stability o e eHZyrre do not, as a rule, adversely affect this _
"procedure. Wthin the scope of the invention, "N-unprotected" is to be..

by an N prot it e Teleantrhris 9 b BT A RS " 90 dRealibFon condi t1.ons.
Regar ded asc<¢¥@éhpropyl, cyclobutyl, cyclopentyl, cyclohexyl or
' cycloheptyl radicals, etc. These may be substitﬁted by one
iO or more halogens and/or N-, O-, P-, S—atom;containing
radicals and/or may have N-; O-, PQ,IS-atomécontéining
.radicals in the ring, such as, for example, 1-, 2-, 3—7-4—
piperidyl, 1-, 2-, 3-pyrrolidinyl, 2-, 3-tetrahydrofuryl,
2-, 3-, 4~morpholinyl.'These may be singly or multiply
15 substituted by (C;-Cg)-alkoxy, (Ci1-Cg)-haloalkyl, OH,
halogen, NH;, NOz, SH, S-(Ci-Cs)-alkyl, (Cy-Cg)-acyl,
‘(Cl-Ca)-alkyl. |

A (Ce~Cyg) ~aryl radical is understood as meaning an
aromatic radical containing 6 to 18 carbon atoms. Iin’
20 pa,rt_iq‘ular, these include compounds, such as phenyl,
~naphthyl, anthryl, phenahthryl, biphenyl radicals. 'I'heée
may be singly or multiply substituted by (C1—C3)—a1koky,
(C1-Cg) ~haloalkyl, OH, halogen, NH,, NO, SH, S-(Ci-Cs)-
“alkyl, (Ci-Ce)-acyl, (C3-Cs)-alkyl.

25__ A (Cy-Cyp) -aralkyl radical is a- (Cs¥clg)falkyi radical
- bonded to the molecule by means of a (C1~Cg) —alkyl radical.

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

molecule under consideration by means of an oxygen atom.




’_

are, in particular; the common protected groups, such as ZWEgﬁﬁ?O&gnhy|'

Eoc, Moc, acetyl, etc. To be regarded as (Cl-C8)-al kyl are

n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, 25 tert-butyl, pentyl,

hexyl, heptyl or octyl together with all the bondlng i somers. These may be
singly or multiply substituted by .(C1148)-al koxy, (Cl-CB)- haloalkyl, OH, =~
hal ogen, NH2, NO2, SH or S- (G -CS) -aIkyI (C2-C8) -alkenyl is to be I
under st ood gﬁapi | Cl1-CB)-_ 30 alk¥ radi cal as depicted above, with"
the exception? ﬁ%fk YCRERRRY hi #9 %t ¢EE@H)Tﬂkkxknnﬂdi¢ﬁﬁubond§dApo|I
2006 13 (C2 n meani n Cl1- C8) - al kyl
radi cal as ::Itfal%) (I:nt%li(?%%bove dte?c %%P‘r%l &%}? ﬁ:yofmearp& orﬁ%zw ng at

| east one trﬁupllké:l.bnnd'rh(l@l 1@8)9. agylonivi tf@leﬂé’lQﬁﬁlﬁz_tIO %W’Cfg a
a -

G - C8) - alk%édeg &adlcal bonded to the nol ecul e by neans of

function F+Eycl oal kyl is to be understood as neaning cyclopropyl,
cycl obutyl, cyclopentyl, cyclohexyl or cycloheptyl radicals, etc. These

may be subch ug e s -and/

S- at om cont ai t'rLu ngy rﬂydll ca gn% {m]yre‘ﬁ& %‘i@l ffadglga% §“g?st'frﬁ4€%ﬁﬁ%ll?¥ ng
radi cal s i notikeori ngreshafiogen gabmgxanple 1-, 2-, 3-, 4- piperidyl, 1-,
2-, 3-pyrrol idinyl, 2-, 3-tetrahydrofuryl, 2-, 3-, 4-norpholinyl. These

may be singly 15 substituted by (Cl C8) - al koxy,
(G - Cg) - hal (igm‘gm&&letﬁa%ﬁ% rafpcajjcdenghess- pdithds) tilek wcope of

(Cl-C8) -acythe invention, a five-, six- or seven-member aromatic ring
system conta1n1ng_3 to 18 carbon atoms that'coﬁtains |
10 heterocatoms, such as, for example, nitrogen, oxygen or
sulphur in the ring. Regarded as such heteroaromatlcs are, .
in partlcular, 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-, S-pyrazolyl, 2-,4-,
15 5-imidazolyl, acridinyl, quinolinyl, phenaﬁtﬁridihyl 2-,
4-, 5-, 6—pyr1m1d1ny1 These may be singly or multlply
substituted by {Cl—CB)-alkoxy, (Cl-Cg) -haloalkyl, OH
‘halogen, NH, NOz, SH S-(C1-Cs) -alkyl, (C;-Cg)-acyl,
(C1-Cqg) -alkyl.

20 (C4-Cyy) ~heterocaralkyl is to be understood as meaning a
‘heteroaromatlc system correspondlng to the (C7-Cig) 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 pfoportion
of an enantiomer in the mixture with its optical antipodes

in a range of >50 % and <100 %.




(C1-C8)-al'kyl. A (C6-Cl18)-aryl .radical is understood as ne E @ﬁh
.aromatic radical containing 6 to 18 carbon atons. In 20 pa t‘§ P t hese
i-ncl ude conpounds, such as phenyl, naphthyl, anthryl, phenanthryl,

bi phenyl radicals. These- may be singly & nultiply substltuted by

(G -C8)- alkoxy, (Cl CB) hanaIkyI OH, hal ogen, NH2, N2, SH, S-(Ci-C8)-

al kyl , % 5% - C8) - al ky I 25, A iC? C19) - aralkyl radical is a

( 06- C18) - a|% 7 %‘élllre% ‘dntléeﬁﬁé kel adll shsypessadlef a (G - C8)-al kyl
~radical. (Gi i yL.Eka d to nmol ecul e
under con5|de§§%?%%&%§Mﬁé§%§ %§§%ﬁ§%§g£éngg gh%?? %% Ifﬁbéké% are

(Cl1- C8) - al kesgsdpbonyl is a (Cl-C8)- aIkyI radi cal bondedhto t he nol ecul e
under consi deration by nmeans of an -OC(O funktion. This is a synonym for
the ot her oxycarbonyl radicals. (Cl-C8)-haloalkyl is a (Cl-C8)-alkyl .
‘radi cal substituted by one or nore hal ogen atons. A (C3-Cl18) -heteroaryl
radi cal denotes, within the scope of the invention, a five-, six- or

. seven-nenber aromatic ring systemcontaining 3 to 18 carbon atons that
contains 10 heteroatons, such as, for exanple, ni trogen, oxygen or  sul phur
in the ring. Regarded as such heteroaronatlcs are, in particular, 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- |ndonI 3-, 4-, 5- pyrazolyl, 2-,4-, 15
5-inidazo|y|,‘acridiny|, qU|noI|nyI phenanthridinyl, 2-, :




4-, 5-, 6- pyrimdinyl. These may be singly or multiply sut?gt i Fiféo%g by
(C1l-Cg) - al koxy, (Cl-C8)-haloalkyl, OH  hal ogen, NH2, NOZ2, ﬁP - (Cl - CB)
-alkyl, (Cl-Ca.) -acyl, (Cl-Cs)-alkyl. 20 (C4-Cl19) -heteroaral kyl is to be
understood as neaning a heteroaromatic system corresponding to the '
(-C7-C19) -aralkyl radical. Suitable as B& ogens are fluorine, chlorine,
brom ne and iodine. 25 The termenantioner-enriched is to be understood as

meani ng, W tgy : p&..0f the invention, the proportion of an
enanti oner int feﬂﬁn%x (}r?"mﬂhﬁs optical antipodes in a range of >50 %
and <100.% 17 April- 2006 15 The structures shown refer to all the possible
di ast er eoner@empacigsoan Example and their nixtures that are possible. 17
April 2006 16 Experinental Exanples: Conparison Exanple 1: 9.2 nmnol of the
—"racem c coqp?ynd qﬁh¥£é%gf;3-antno-3- phenyl propionate (1.79 g) are taken
up in 50 ni “of §%sE] FRasiHe compesmdl oftingl nfaof3 vamito-ad 25 nl  of

-acetone as QhEaylSreelbe C the sol uti,on i set_to a pH of
8.2 by neans of B}‘Ia%)t O%P??EEHQEB??E%&E%% {5 ed’gﬂlpadd’f'r%osf“]l\/l%(ﬂ um
_hydroxi de sSPHVEDE pdBtaireedompoamdViitc 2. " o3l dnd A PLE

. er r e :
Feﬁpe atu_eaggtggg’as organic solvent component and the solution is

set to a pH of 8.2 by means of automatic pH adjustment

through adding 1 M sodium hydroxide solution (obtained.

from Merck). On reaching a reaction temperature of 20°C,

10 200 mg of Amano lipase PS (Pseudomongs cepécia; obtained -
through Amano Enzymes, Inc.f are added to Start the
lreactiqn. After-a reaction time of 3, 5 and 24 hours, tﬁé
conversion rate formed of the (S)-3-amino-3—
phenylpropionic acid formed is détermined. In this

15 process, a conversion of 1.8% after 3 hours, 2.0% after 5
hours and 5.5% after 24 hours is detérmined. The value 6f
the enantioselgctivity was not determinedAbecause of the
unsatisfactory course of the reaction in view of the low
conversion.-The conversion was determiﬁed by meansrof

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 solutiqn.is set to a pH of 8.2 by means of
- 25 automatic pH.adjustment through adding 1 M sodium -
‘hydroxidé solution (obtained through Mérck)..In order to
dissolve the ester completely, 3 ml of acetone are also
‘added to the solution. On reaching-a reaction temperature
o£ 20°¢, 200 mg of Amano lipase PS (fseudomonas cepacia;

30 obtained throqgh Amano Enzymes, Inc.) are added to start




10 200 nmg df Amano |ipase PS (Pseudonpbnas cepaci a; obtm|1é} E 8@ h Amano
Enzymes, Inc ) are added to start the reaction. After are CA f me of 3,
5 and 24 hours, the conversion rate formed of the (S)-3- an no- 3-
phenylproplonlc acid formed is determined. In this 15 process, a conver si on
of 1.8% after 3 hours, 2. 0% after 5 houl¥ and 5.5% after 24 hours is
determ ned. The value of the enantioselectivity was not determ ned because-

—of the unsag#ifactoré course of the reaction in view of the | ow
conver si on o *E8TTEPSi o Fetr&EARLICR By st dfand $roursonphei son

Exampl e 2: Schvaralion! rhite IRHEL LRI iyl 3

phenyl propionate (1.79 g) are taken up in 50 fsr\;\;}/gc'flgrrgr’%ﬂn% the solution

is set to aeﬁﬁn&ﬂOQEQGSFlWEéEBO@ftb@ ddﬂoﬂ&amaqm+ hﬁﬁyﬁﬁmopimﬂﬂ@h addi ng

1-M sodi um jydr as ti btalne gh Merck In order to
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| i pase PS (Pseudonbnas cepaci a; 30 obtai ned through Amano Enzynes, Inc.)

are added t §°8PhIPSeISEEAVILY00E 87 -iftc sedefiten. GAtMrsd raxeetion tine of
hours the

3 and 6 hOUﬁéteEﬂgneaonﬁﬁésbgﬂgééggohoégﬁheﬁgﬂtgl%% 13€?§ Y YhSed are

enantloselect|V|ty of pro
det er m ned. deherninegr byessana o6nHELE.on 5 of 18. 5@6after 3 hours or 37.8%

after 6 hours and an enantioselectivity of 85 1%ee (after 6 hours) are
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 organlc solvent
‘component and set to a pH of 8.2 by automatlc PH

15 adjustment through adding 1 M sodium hydrox1de solutlon
(obtained through Merck) . On reaching a reaction
temperature of 20°C, 200 mg of Amano lipase PS.(Pseﬁdombnas
cepacia; obtained through Amanc 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~am1no 3--
phenylproplonlc acid formed is determlned In this '
brocess, 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

725 hours) are determined. The conversion and

. enantloselect1v1ty were determined by means of HPLC.
Example 4:

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

.30 Inc.) are added thereto. The undissolved solid is then




determ ned. The conversion and enantiosel ectivity were detern ned by neans
of HPLC. Exanple 3: 10 9.2 mmol of the racenic conpound et ﬂ?ﬁpff'%%

rac- 3- am. no-3- .phenyl propionate (1.79 g) are taken up in 50 m of a two-
phase solvent m xture conposed of 25 m of water and 25 m  of nethyl
‘tert-butyl ether (MIBE) as organi ¢ sol vedt8 conponent and set to a pH of 8.2 |
by automatic pH 15 adjustnment through adding 1 M sodi um hydroxi de solution .

(obtained th gﬂg%g? rck). reaching a reaction tenperature of 20C, 200 ng
of _Amano | i pgse '\%s% brrﬁ:argf %’gﬁﬁ%"@,’l ob®EF nledtyhr ethar AMEBEEn 2y RES,
Inc.) are adsiixdedt#s Sé@ddnidesdBAGE Qb eggli 90, L] fizome> and

20 24 hours, the .conve]faési on rate fornedmng%ﬁﬁ%a’fé)?@%ang%%bgg' 8nzyme
phenyl pr opi ot €M ae FeFwting akretitMirate . | The htwo-phasessysBemonyer si on

—of-23.5% af tgg IS O - ntitative.conversion of approxi mtely > 50%
after 15 hour%%a&n%lg{eénf_a?ﬁi%s SIGFRA 1SF AL EPROE PR AEERSTEDE hours)

are det erfi dtcoulite axiiier si on UL e 78 GERIE G Vi o] St gl ned by
nmeans -of HPLC. Exanple 4: 81 ml of water ‘are taken and 1.45 g o mano .
I'i pase PS (tggamwepm Feashitiaicned tdmmaghcransf Epesgrestss@®@ | nc.)
are added t oeit‘?:hf @}tee Li{la?” sslved solid is then 17 April 2006 18 filtered
off. 81 m of methyl tert-butyl ETIRPRMBETAEE TRkt Aiepydni c sol vent
conponent  t Gheny Iaqeaien AR V(B . 05Ul dikshldddil amd 1did A &acdisn
two- phase systemi.s . ' ‘
1S started. The reaction time is 15 hours, a white '
10 precipitate being produced that is composed of the desired
product (S) —-3_—an_nj.no—?;—phenylpropibnic acid. After a
reaction time of 15 hours, 160 ml of acetone are.added to - |
complete thel 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 éhemical pufity
(determined by means of titration). The structure of the
product was additionally confirmed by means of NMR

spectroscopy,
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set to a pH of 8.2 by nmeans of automatic pH adjustnment 5 tzzzvﬁgmgﬁping 1 M
sodi um hydr oxi de sol ution (obtained through Merck). On re P

tenperature of 20C, 188.2 mmvol of the racem ¢ conmpound n- propyl
rac-3- Am no-3 plienyl propionate (39.0 g) are then added and the reaction

is started. The reaction tinme is 15 hours, a white 10 precipitate being
produced that is conposed of the desired product

(S) - 3-am no- 3- phenyl propi oni ¢ aci d. Affer a reaction tine of 15 hours, 160
m of acetone are added to conplete the precipitation, stirring is

conti nued 4 ] es and the solid is filtered off. The solid is
washed 15 é%%%?glc?%ﬁﬁé'mﬁth alittle acetone and then dried in vacuo.
12.91 g of the desired (S)-3-am no-3- phenyl propionic acid are obtained,

equi val ent1 ! @rdckisal ¢orobrdhublng ThRaRPABME PSELECLLY Y- fOr the product is
99. 6% ee. The enantiosel%gtigitygmasadetern?neg %y H%gﬁs 20 of HPLC. 98. 8%

was det er ni n&@pPreterhedcRepnénd potdsy ideterhdnbar bypereariszaiof f4tration).

The struct ur amehot Beidpy Ogyclnyasaaddi £i,anal Ly; sopfizyed by nmeans of NWR
spectroscopy. 25 17 Aprfl gOOGE?QaPaten¥ Clé%né: 1. Process for producing

enant i oner - eRPPEREAVRT 1GnPi st eee edf (B-anPnotacted, Biamippar tacid ar open chain
(3-- amno acidse Ry epzyaptig,hydrolysi __enantionmeric mxture of
N—unprotecteg,ES-aﬁino §0|% %s%ers#glné%gi?iCLﬁ%ﬁn%uﬁﬁ%(ﬂ%ﬁﬁ$?§}-anino acid
esters, with a hydrolase, wherein the hydrolysis takes place
. in a two-phase system composed of water and an organic
solvent forming two phases with water under the given

reaction conditions.

2. Process according to Claim 1,
characterized in that

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

- ester is used.

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

4. Process according to one or more of the preceding
claims,
characterized in that
the pH of the reaction is between 4 and 10,
preferably between 6 and 9 and more preferably betwéén
7 and 8.5.

5. Process according to one or more of the preceding
claims, “
characterized in that
. the temperature during the reaction is between -~15 and
+100°C, preferably between +15 and +40°C and more
preferably between +20 and +30°C.




wi th a hydrol ase, wherein the hydrolysis takes place in a1§%@ﬁﬁﬂﬁ%e system
conposed 6f water and an organic solvent formng two phases wat er
under the given reaction conditions. 2. Process according to Claiml1,
characterized in that a (3-anm no acid.alkyl ester or a (3-amno acid aryl
ester is used. 3. Process according to C?Qinyz, characterized in that an
appropriate n-propyl, isopropyl, n-butyl, sec- butyl, isobutyl or - _
tert-butyl ter g d_. 4. Process according to one _or nore of the

pr ecedi ng ?T'ai nsﬂ,l%c?%%%agfépfgé&gi % KFEE tcﬂfe"gweof’ft e KIGHISE bet veen
4 and 10, preferafllagmgetween 6 and 9 and nore preferably between 7 and
8.5..5.-Processi%g%ording.to one or nore of the preceding clains,
charact eri zed i n“CRERCERELEBApARattiaE during the reaction is between-15 and

~+100C, preferably fheluegn : 0 nd .nor.e fera bet ween +20 and -
+30C. 17 April 2006 %0 %f é%%g%ggbgﬁégP |§dngebﬁ%r CWb§%¥%¥£%m%p%§eceding
cl ai ms, '‘Scharact eepzedai nist haed. | o

7. Process according to one or more of the preceding

- claims,

characterized in that

the reaction is performed in an enzyme membrane

10 reactor.

8. Process according to one or mbre'of the preceding
claims,
charactérized in that
ethers, ketones, esters, saturated-or unsaturated
15 linear or branched-chain hydrocarbons_are used as

‘'organic solvent.




a lipase, preferably the |ipase PS from Pseudononas CEpa95?N>$ ed. 7.
Process according to one or nore of the preceding clains 4 5 erized in
that the reaction is perforned in an enzyne nenbrane 10 reactor. 8.
Process according to one or nore of the preceding clains, characterized in
that ethers, ketones, esters, saturated or unsaturated 15 linear or

br anched- chaln hydrocarbons are used as organic solvent. 17 April 2006 21
Process for the enzymatic. preparation of enantioner-enriched p-an no
~acids The present invention relates to a process for preparing

enanti omer-enriched P-anino acids by enzynatlc ester resolution of
N-unprotected s-anmno acid esters in a tw'5 Phase system conposed of mater
and an orgﬁhﬂge@bfverﬁhe énzyimgticvprepasetion bif éﬁéﬂfrdﬂdﬂeﬁﬁ%h@ﬁven

- reaction  conditions;
| B- anilno acids

i
i

The present 1nvent:|.on relates to a process for prepar:l.ng‘
enantlomer -enriched ‘B-amino acids by enzymatlc ester

'.resolutlen of N—qqprbtected B-amino acid esters in a two-
5 -phase'System composed of watei and an organic eolvent

forming two phases Wlth water under the given reaction
condzt;ons.




