17 April 2006 1 Process for, the enzymatic preparation of «,?g
enriched (3-amno acids 5 The present invention relates to ﬁﬁ s for ‘
preparing enantioner-enriched N-unprotected (3-amno acids. Optically

active (3-am nocarboxylic acids occur in natural subst ances such as
al kal oids and antibiotics and their isolation is.increasingly acquiring
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
i n_the synthgikz of nodified peptides. 15 The conventlonal racenate
resol ution b areseht dneeheieenNBu]6teal ¢ r Boesch
‘et al., Og. Proc. Res. Devel opm 2001%éét§5%pf7§ E&} f%? GPBE the
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Med. Chem 1999, 6,

Abdel - Magid, J. H Cohen, C. A 20 Maryanoff, Curr.
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preferably used. On the one I onet

- reagent ar eI ﬁ%%%l%%llon\hi? hlmczfjaablggljdl aeduﬁﬂiﬁgeégqmsq:d trfbtﬁegg@é%ﬁl c.
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| 1ntermed1ates 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, 3.11'
Pa?t;cular,'the diastereoselective addition of lithium

.- 1Y ethylamide (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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auxiliaries, such as, for exanple, n-butyllithiumare neeffg tivate
the stoichionetric reagent by 30 deprotonation. Nbreover ﬂgpﬁ r mance
of the reaction 17 April 2006 2 at |ow tenperatures of approxinmtely -70C
is inportant for a satisfactory stereoselectivity, which neans a high

tequirenent ‘relating to the reactor materg al, additional costs and a high

energy consunption. 5 Although the preparation of optically active | 3-

‘an1nocarboxyétqhac i.ds blocatalytlcally plays only a subordinate role at

present, it 18 CeRperatuxes) ot ﬁ@@h—”@lxllmctalare -0f0 Ah el © cifedi- €z d
ecol ogi cal folyant=ages Ctl he use of 10
f(af(:tg&gﬁgtt%}r%r ea mr@emﬁ]@ h¥wh ead,

stoi chionetric anounts of a I'ra

smal |, cat alSRIEremendt sedhtdngyes thee r*é&%@;oxt Iﬂgtérlealn atdy
eHV|ronnentegd§* fahgnglﬁ t al sts Mor eover, these biocata ys mhlch
§u§8 EO¥eGPBRINBALON i n addition to thelr

are efficiently use
catalytic 15 properties and their high efficiency the advantage,. in

contrast 5()EitMthhpthalpxepargymbhegfcogggeglgﬁn%akﬂng catalysts, t hat
to use netal - contal hing, partlcu

it is not n%ﬁﬁssar%
heavy- net al RPSPRPABY AAE a§6ﬁ§ehmeﬂ@t§1Ychalﬂ§e@&bg@k@mlgod n the prior
acyl.ation_of 0-am nocarboxylic

~art, for insubbeg@inkbe £ f8t593§ IveT%%SlSL desigahdeyaid al . descri be

aci ds has already often been re

i'n TetrahedPBhticnlgrmbecgusaobt Eheh@00§omﬂégﬁﬁd1Z@El&&&@allggG the. as

enant i osel eghi Y& acyl tipn of ethyl esters of various™ cycloaliphatic
%ﬁ 25 o2 ﬁ?}%CQtQ Ytic reactions. The use of ‘

P- am nocar boxyl'i

10 St01ch1Qmetrlc amounts of a chiral reagent is unnecessary
and, instead, small, catalytic amounts of enzymes are used
‘that are natural and enV1ronmenta11y—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;cular heavy-metal-contalnlng 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 Varioué
 Cycloaliphatic Bjaminocarboxylic acids with 2,2,#— ”
- trifluoroethyl ester in organic solvents and llpasé SP 526
from Candida antarctica or lipase PS from Eseudamonas

cepacia as biocatalyst.




trifluoroethyl ester in organic-.solvents and |ipase SP 526 ,.f 1 om,Candi da
antarctica or |lipase PS from Pseudonpbnas cepacia as biocatglﬁgg. Apri
2006 3 V. M: Sanchez et al. studied the biocatalytic racemate resolution of
()-ethyl 3-am nobutyrate (Tetrahedron: Asymretry, Vol. 8, No. 1, pages
37-40, 1997) with lipase from Candida agarctica via the preparation of N
acetyl ated O-ami nocarboxylic esters. EP-A-8 890 649 discloses a process for

prepari ng op&§ﬁallé active amino acid esters fromracenic anino acid
T 1

esters by ﬁﬁeaéoyﬁmﬁdmedmdueabunndﬂn@&ticeﬁaeémaﬂethe
presence of g I S ct m the group conprising 10 am dase,
pr ot ease, esté%ﬁggqa%d%ﬁssag %gW JB?&&G Yr@ﬁﬁzﬂTQﬁr@hEthnunreacted

enanti oner s Adynriereni ge1acisd nestarsy alBsA3 98/, %05 'F)I a"?tre ﬁbﬁ"?-%er octess
cor 0 ester

f-or obtai ni a chiral O- an1nocarboxyllc aC|d or
by 15 brlngﬁﬁﬁmh Geagdfac aptamctdcar vdry khe @me@anﬁtxﬁndoﬂqnor and

penicillig G to contact under conditions for- stereoselectlvely
CQ&éjgiﬁgr oPMiRECcREPerRMLdCoesERTRocar boxyl i c. aci d, in which

acylating an en
-t'he other enantionmer is substantially not reacted and a chlral

- am nocar boBH-Ae826896Ckd9 Hisbﬂ%%e@bﬁa%ESQ Eh%oé‘egag s?%l{faqgtlon > “ence
n a

‘has al so been studied (V. A Solosho
AveVamF&Baﬂéiké ES’teAS &bmdea&emlcNanAnd:%ﬂii,e&efé H§Ogut

G Kirilenk8C
. Y. Gl aevnaftiy, Sth kina, S. V. Glushko, Synlett
1993, 339-341; V. §%f§%FO ono¥1aEF° Fﬂ PefiREPONYLAC EsGera in the
Shi shkina, Bresencal ofhioh¥ardlakukbalected KeraEde: group comprising
10 amidase, protease, esterase and lipase, and subsequent
isolation 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.
rKukhar A. G. Kirilenko, A. V. Rybakova, V. A. Solodenko,
N. a. Foklna, 0. V. Kogut, I. Y. ‘Galaev, E. V. Kozlova, I‘
P. Shishkina, S. V. Galushko, Synlett 1993, 339-341; V.
_:25 Soloshonok, a. G. Kirilenko, N. A. Foklna, 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. Sochorlnsky, V. P. Kukhar, M. V.
.30 Savchenko, V. K. Svedas, Tetrahedron: Asymmetry 1995, 6,
- 1601-1610; @. cardillo, A. Tolomelli, C. Tomasini, Eur. J.




V. Kozl ova, Tetrahedron: Asymmetry 1994, 5, 1119-1126; V. Sol?ghonok; N.
A. Fokina,’ A V. Rybakova, |. P. Shishkina, S. V. Gal ushKd ApK2g06
Sochorinsky, V. P.. Kukhar, M V. 30 Savchenko, V. K. Svedas, Tetrahedron:
Asymmetry 1995, 6, 1601-1610; G Cardillo, A Tolonelli, C Tomasini, Eur.
*J. 17 April 2006 4 Org. Chem 1999, 155-161). A disadvantage of this

process is the-difficult working-up of the product mxture after the
After isolating the free (3-am nocarboxylic

enantioseIeQﬁJveéﬂydrol Si S.

acid, a mixture eBheﬁéPchﬂﬁé‘&éﬂd-aﬂddisadvantage of this process
phenyl acet ylis ¥hamgr v 1. d. LS tained that is difficult to
separate. Their reac??%ﬁgafthb?F%% egbhggbgl e &y NS FEEET | ong
time for obt&enengnshaseleativenhidredyedshonyities ﬁygﬂg%id§1é§§§%§§93,
~thts principle has been transferred 10 to N-protected a-amno acid esters,
but with vafyFRgRhoSerRex¥lionasids anhjxtheecofr phpaydiaretienadi sty of

racem c N by nyl = Opam nobutyric acid was resolved highly
WLgﬁgﬁgi%§eﬁ¥%ﬁg"%TlﬁpF?%é§§¥lFﬁeac#@n&ﬁnbhgadyeﬁythe$tdﬁs or

- enantiosel ective

n-butyl estdiffiseltyis! degdatiranly ee values in the region of not nore
than-70%ee. In this connection, it should be stated that, apparently,

.going over &%091arcorrgsponging methyl ester to an n-butyl ester is
acconpani ed” By &n" PRpet eredit thi Libeses habuelptadyhbeasi knpwap&oeds Thus,
ydrol yei s wih CThe mrey ot FAiAd Frant AGHRF-FRBURBSO, FREboBYAAgs an co
vglue-of1ﬂﬁ$%@§re§pdﬁﬁ§iﬁ$ﬂ3ﬂ @ﬁiéﬁﬂ@ﬁﬁbiﬁl@-ﬂé@lgegé %Z%Es¥%£ngFhe :
[|pase:ﬁ§ s%ggkled by AMBNO, & conpound enriched to bl%ee 'S0 ained in
the sare r et itV irQtegted B-amino acid esters, but with varying
Success. Whereas only the cdrresponding‘benzyl ester of
.racemic N—butoxycarbonyl—ﬂ—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 ester 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




25 yield of 41% at any rate within 7 days. In conparison Jgpgrﬁgl b$ t he
'Correspondﬂng nmet hyl ester yields 70% ee. Fromthe result Pl y
publ i shed by Faul conbridge et al., it is to be inferred that the ester
hydrolysis of aromatic S-amno acid ethyl esters at a pH of 8 with the 30
|.i pase PS supplied by Amano takes place ®ith acceptable yields and very
good enantioneric excesses (Tetrahedron 17 April 2006 5 Letters 2000, 41,
-2679-81). T is obtained with an enantionmeric. purity of up to

Qf’ prodgﬁt

99% ee, but THESTFnLRBYr s41, wREER-RAS . pEheopreduekc s oltlay nied aduanus
suspensi on, anS ends$ 96k ) o] . sadv ages. .1 the one hand, it 5
has been founqeﬁhat, a?%%gUQEL?Eg g?yg#a?gigg%i ﬁ’i?uts%ggb ' %ﬁﬁkﬁfthese
condi ti ons, WhAchs wast benformedeexcranlivelyasndaguaBikeduispeRiRal i SQN

—-Exanpl e 2, 5@559$§E ee,values of ,85._1%ee. Al in all, this neans, on the
one  hand, a yre PEs¥iteStBe t ReSrAVARERBRS of ORhEhENABST habke. 11D

enant i ondr had,baéntﬁ@u@ahgﬁaggnglthgushsghgnggkggaﬁﬁgz @ngglﬁnlthat the ee
val ue may easily-also drop below 99% €e or evenh below 8595°8e*8s a function
of slight pF8@@§§1V¢u%@@%riGh%sgncandéthqnsa|theareabeﬁanspeafsaltered

ee value as 15 Possible_of > 98% ee,

crystalli zagi digi bi, o
' parti ool 5 L1680, e, Apemeedd in CaRPatieb BRemple Anadhndstrcal

in particular > 99% ee,

appl i cati onge anueaddftsmn&%té@apmlioiﬁaayg,iahpgrﬁggnglqghdtggdbﬂglwould
t he performance in suspension in .order, tor

RO S X L RN R
" thi s ot ep whron caitior SHebeis: i, MHE alre REe e chheti e
processes 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 Comparison Eiamples 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 enantiogselectivities 6f 94% ee and conversions éf 50% with
@ reaction time of 20 h were achieved using a solvent |

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




(in this connection, see also Conparison Exanples 1 and 2).1 ég.eﬂg%nzynatic
hydrolysis in the presence of single-phase reaction nedia (éPH gani c
sol vents was reported by Nagata et al. (S.  Katayama, N. Ae, R Nagata,

" Tetrahedron: Asymetry 1998, 9, 4295-4299). In that case, a cyclic s- am no

acid ester was used. The best resultswgnth 30 enantioselectivities of 94%
ee and conversions of 50%with a reaction tinme of 20 h were achi eved using
a solvent mxture conposed of acetone (90% and water (10% . Poorer 17

Apri| 200fesebtd tweMel £12007 85 g1 pht ﬁokq%\éegr%@%‘}q_fﬂ]&é‘soffw&@%ﬁf- hn
general, the use of readily water-soluble Solvents has prové SUDBI’I or
conpar ed $FR¢r3bartiliylyssarfrraadiilyl vatertselithl el hisl véties uagsof

dii ' i um . whi ch. t ted, wi {h_wat d
20% acet ohey i R B GO R REC, Wik SPesaty” NaF ottt bl fer et o a

further reslidnytsat®rusol thikeusel ¥ENEiREEYESpT At {95%ee):Ln addition
to ac oneé{\jth THF, but in this case long reaction tines are needed (96
“h) in or B adhiGh R sSebhvatsfowitharatert arghy2 Gk tametenapl et e.

A g e i Y iy
“cyclic a-GarfWd-hea ¢regetichs . watiadesolhblepsbhuancopdidiemnsswpeghiéed in the
Vi el e an inaSloRTBIs (M) FoaRrPbAe: HEharle ol gt Ve Hease
?Eﬁﬁa%ff islgur:lgéiraetﬁgftg@%i'ﬁieﬁbé B 1neEQEROYIISHT 1hNerREN Y dhRgPant s
' a conversion that is to any extent complete.
Hitherto, this successful synthesis having the feéﬁure of
the presenée of organic solvents has, hdwévér, remained
limited to the preparation of cyclic f-amino acid esters.
Uhder the optimum conditions specified in the literature
15 for cyclic B-amino acid esters (sece above), drastically
lower yields and uﬁacceptable, 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
advantageously 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 sélectivity.

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 -




2 0 ' Enbodinments of the present invention may therefore pﬂ? iqe a further
process for the enzymatic preparation of 0-am no acids. | é&??%@ﬁlar, t he
sai d process should advantageously be usable on an industrial scale

econom cally as well as ecologically, i.e. be particularly 25 outstanding
in regard.to environmental conpatibility, = industrial safety, ruggedness of
the processing, the space/tine yield and selectivity. These and fart her
enbodi ments. not nentioned in greater detail, but obviously energing from .

the -prior Cdatimane sepe@viedtbyladthsd DnQsessrdByadcbhgrbeatyegs of the
subject-matter 17 April 2006 7 Caim1l. Dependent Clains 2 to 8. relate to

pr ef er r ed *"ORFIACHERt §Tofbehprssendntinvandionn. As a. result of the fact
that a .process for preparing enantioner-enriched N-unprotected (3-am no

..acids, inagaptkeehat QPeRnLR: Ghakn t&é;ta;g' %Oﬂcg%iﬁ%ge% Egs%gmggby enzymatic

hydrolysis of an enantioner m xture of pr o amno acids, in
par ti cul afPayuReeRi¢heddN ampretcatsdS-antiee scdst in mrtiydapbpge in a two-

osed of water and an organic solvent form ng two phases

phase syst nlcogp / ; . .
“under hech%n TRBLRP oRCETAILEI BRY Lormachopnamatetc | ydeelysi®pri si ngly
.achi eved,

- r ' ] dyvant ageous way. In this
connectiOR?E%S?Qgﬁﬁgagpg&gﬁ%%¢§n ﬁgpﬁ§ﬁﬁﬂ@ﬁ%ﬁﬁ§g§§¥iV%Eﬁﬁgggfhan in the
hitherto &pemAchagani B-amUABUSCEES bBREIAS Gvi tHID Myvd g ¥s&ci eyedyobut al so

good enantjosel ectivities. 15 The reaction in the two-phase system can even
be -opt i ni PRYSE nS¥EEAMacamposke: of hwapesd@etd ian prrghrtd 90lve®®% ee

(FXaD o AemdbSOUS g ehoy LR S5 A L0 £50 cLGgocoroanee

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




invention turns out to be markedly better conpared with 2$Tkhe:§% eriment
rn a purely aqueous system (Conpari son Exanple 2, 81.5% ee P ition to
t he processing advantages of organic solvents, this process consequently
has, noreover, the advantage of generating hlgher enanti osel ectivities in
-t he products conpared with the 25 aqueoug standard medium Preferably,
conpounds of the general Formula (1) OR' ()) 17 April 2006 8 5 10 where R
R " denote, independently of one another, (Cl-C8)-alkyl, (CZ-CB)4aIkenyI,
(C2-C8) - aIkVﬁ?Ke (C3 C8) -cycl oal kyl, (C6-C18)-aryl, (C7-c,9)-aralkyl,

(C3-C, 8)-he er d Eéc4 C19) - het roaralkl

((Cl-C8) - al % ER3Ceg) 1pJePERARPELY e(fcon@sﬁnoé;hep) (€15Cs  ©8lky B)

“aryl |, and | h tes H
¢ 2cs)-al (Cé%c)zc%)ésk)@wer&%‘é? cz%?“gai k%e{@qr &C&gf‘ﬂ?{;gl oal kyl

-{(-€, --C8) - al kyl é
(C6-C, 8)-ary €Y -8} - al @Gk ) -ar&BkE18) {bet@rdabyeroaryl,

(G- 52?&9 T8 fheposd a%% Ui duicalm sty eab- cyesoeiiy1.

-~-het eroaryl ((Cn—@d)eaﬁkgrlﬁg -qtstog)sekiyact SRl tE o, -bh Déi]@fiP'Sa— t he person
s, free to. 15 choose the approprrate &5t ef group. He

skilled in @ (S-L %
will base his3<epbeRebarear¥tononi ¢ and reaction- englneerlng aspects.
Favour abl e nbcg@g&gegqg f g0 st a ti those that
can easily be renpved fropé]t ot EHM Eiﬁz tsy Aﬂ‘eﬁ)ﬁ Félz‘ 8) ~
alkynyl, (C3-Cq)- cycloalkyl, (Ce~Cis) ~axyl, (Cy~Cie)-aralkyl,
10 (C3"-C13)—heteroarylf (C4-C19) -heteroaralkyl, ((C;-Cg)-
alkyl);-3~ (C3-Cs) ~cycloalkyl, ((C1-Cg)-alkyl) i3~ (Ce-Cig) —aryl,

and ((C;-Cg) ~alkyl)i-3- (C3-Cig) ~heterocaryl,
-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
selectlon on economic and reactlon-englneerlng aspects
_Favourable alcohols for forming the ester are, in
particular, those that can easily be removed from the
' reactlon nixture, optlonally by dlstlllatlon Quite
20 partlcularly preferrsd 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 skillsd 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 enzymstic'process




“preferred in the nethod according to the invention is the

-to -the person skilled in the art. He wll determ ne them separately for
‘t he Lndividugl ase on the basis of routine experinents. At all events,

- Synt hesi s,

reaction mxture, optionally by distillation. Quite 20 Paph; ul ar |
s@PAZ0PP ani no

acid al kyl esters or f3- amno acid aryl esters. Extrenely preferred is the

use of appropriate n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl or
tert-butyl esters. 25 The choice of the geaction parameters is |ikew se up

a

pH val ue rafde t6f BuPigeh mathey. 1TheplébesebPy bepnddeds banhumnha®r
preferably gR-ocbalwespt D gerr b itable for the enzymatic process 17
April 2006 9 of tﬁg su fgggrgﬂt%%%éaﬁgg pEpaed 9SP§UB%Iﬁed by Amano has

proved particularly suitable around a pH of 8. Wth regard to tenperature,

-the-sanemre@ﬁﬁheﬁ@ﬂasdekbstemper@thﬁéiptﬁeaﬁaﬁérréﬁﬁi&@meﬁ%%eeﬂ%%? Ny 8S
I ndi vi dual

optimuma 5 ure-as_passible can be deternmined for the
case, depeng%ggggéf%h?%h %ﬁz@h% PHEncHeBERs A93LN, 0pEi AREEYUM awhi ch :

t enper at &r etefperetaydess fpose iper aRRMLI §oP ] foll tenperatures of
up.to 100C .ar.e possible. Ohers, agailn, fu%c%?@ghggffﬁglggeonly at 10 <09C

to -15C, poBfpVidual spasee Gependingreh ewhitl, ehbgmet Eupetdbuse most
est abl i shedodys r.aaciy shoul d be i the range_between 15 and 40C .
of magzl'%/,hg%ev?\%%ﬂn %%%ﬁ%t‘éﬁ?: EREYRES of TPRe enzyme to be

“and, nore prefera

~used is thethespopisibid idngariemd, thagRetsnpeskitled bR hBeLar bt oodany

suitabl e enzynes. ¢ e sel ected fromEnzyne Catalysis in Oganic
d 'p%%ﬁﬁjz,oweWI AR VOMCYDOS ophimalbs only at

10 <0°C to -15°C, possibly in an ice matrix.~Prefefably,~the
temperature established during the reaction 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 enz&mes
can be selected from Enzyme Cataleis in Organic o
Synthesis, Ed.: K. Drauz, H. Waldmann, VCH, 1995, page 165
“and the literature cited therein. Preferably, a lipase ig
| taken for the ester hydrolysis, more pieferably, ﬁhe
20 lipase PS supplied by Amano from Pseudomonas cepacia is
used.

For the application, the polypeptide under consideration
- can be used in free form as a homogeneously purified
compound or as an enzyme prepared as recombinant. .
25 Furthermore, the polypeptide may also be used as;é
- constituent of an in;act guest orgénism or in conjunction
with the digested cell material of the host organiém

puriiied 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.




and the Iiﬁerathe cited therei.n. Preferébly, a lipase. is d& 5%Qﬂ%or t he
~éster hydrolysis, nore preferably, the 20 |ipase PS supM|lz Ry no from

Pseudononas cepacia is used. For the application, the pol ypeptide under
consideration can be. used in free formas a honogeneously purified
conpound or -as an enzyme prepared as recpgbi nant. 25 Furthernore, the
polypeptide may al so be used as .a constituent of an intact guest organism
- in conjuqﬁalon with the digested cell material of the host organi sm
purlfled as ex) asIﬂ@@bﬂéd81¢heeuBeomatehéaeﬂémnes MedhAid] ged formis

- al so-30 pos ai l e and Messing R A 17 Apri
2006 10 (19§§?Eﬁﬁgﬁg FlSlgeVé %ﬁ éﬁra??én852Tecﬁﬁ#m&&FQQQPUS&mWendungen
Angew. Chenth§4;mﬁﬁbiBSQatléﬂvaak@gsﬁyébg thgg Enq?gbéla?%ggﬁ)ggkes pl ace

—t-hr-ough Iyoggi éﬁtlon (Paradkar
Aqueous- Li ke~ BFACERY1 t @9&@%@kyp§+nSEm$é894éd hquﬁeamkml&ﬁhydrous

Organi ¢ 6ol x. en1 Soc..116, 5009-5010; Mori T.; Ckahata, Y.
(1997), A va??%??t%f ﬁlpl C%Q?EHY%?§EOEFEEOQH9§r6Pa§8§r&¥ anfhydinops

-glycosyl t rangéeiccadrirysts, i f, ARNMOGREKOU rg C rahedron
1974, Cxan1r|, M ; A%ﬁerg?gutgﬂb gabé gbigé

Lett.
(1992) Cb rex&¥%hﬁﬁﬁqd% bé%%%%h:chy%®r1qp3|ufahﬂpﬂ%hyhteaebﬂyb@%Qd@s a

means to SOohykdiZ i n.toluene, Biocatalysis 6,
291- 305) . % pa%%rg% g%gé%% %%%0?35{ é’(’)?ﬂ?ﬁ?‘z’a??liﬁl}’ﬁtﬁhénpr esence
15 of surf @ﬁﬂe@ﬁmw$amngsnlsLuﬁlﬁﬁnﬁﬁfOﬁ@iréﬂé@fonpﬂéﬁﬁ'nXbPY&§9h|d0ne or

ol yet e PEG
pol yet hyg 'E§1H5“6£aélrl) ﬁ) 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
(Hexahistidine) (Petty, K.J. (1996), Metal-chelate
~affinity chromatography In: Ausubel, F.M. et al. eds.
Current Protocols in Molecular Biology, Vol. 2, New York:
30 John Wiley and Soms). |




Brij 52 (diethylene glycol. nonocetyl ether) (Kam ya, N.; 1(} zakl
©to, M (1997), Surfactant-horseradi sh peroxidase conple gp?@lcally

active in anhydrous 20 benzene, Biotechnol. Tech. 11, 375-378). Extrenely
preferred is imobilization on .Eupergit(r) , in particular Eupergit C(r)
and Eupergit 250L(r) (Rohm) (for a sumpry see: E. Katchal ski-Katzir, D.

M Kraemer, J. Ml. Catal. B: Enzym 2000, 10, 157). Equally preferred is
the 25 inmobilization on Ni-NTA in conbination with the polypeptide

modi fi ed byUﬁ?ta@hCTn@Ca ﬂsli]e@vlwemdﬂcéivdbne) (§PettYailk, In. 1386,

Met al - chel a{,e_ aff %ﬁ;chronatogrﬁg Ausubel , F.M et al. eds.
Current Protocols *‘?F Hullr Bo %QJ/O ) voFofactapnbebnl: cregsidinked ey

SN et g8 L Smno L Sohy 4 bRVRGERRE VAR

Cross- Ilnkeghe%nz§%% FYstI? s I&A-ERY3bf al cohol dehydrogenase, Angew.
Chem Int. Ed. 39, 380-383). 5 These neasures can neke it p055|ble to

‘generateg fi et e due to organi¢ solvents,
t hose t hat c%%?t%ﬁ%%l on |g@%n1mee§£%fp% b:ltﬁ %?109%?@’5‘?\? &PPents or
entirely |rPQﬁxpﬁptndEEhthat'Erbrunﬁﬁahlbcﬂuéfﬁb &cic 8Bi{8htrgan be
per formed 'Eh th reacgégf vesse| provided for e purpose. |In detai
these are normaltHH GR% QQ%QHI%ﬂuﬂ#%ﬁﬂ%?ﬁsﬁﬁnaqyﬁ@hayﬁﬁdneﬁbﬁame

react or (BaBIVdntS db htidRNEn KygdA89Rlas ) Vandrey, C. Né”brahe
Bi oreactors for the Production of Enantionerica 1y Pure a- Am no” Acids,

in: Chirality in 15 Industry (eds.: Collins, A N.; Sheldrake, G N.;
Crosby, - The reaction of the subject matter can be performed in any

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




2J.) 1992, ﬁohn Wley & Sons, pages 371-397). Suitable as or I(E@ase t hat
forms two phases with water under ‘the given reaction condl 200hat is
to say, consequently, is insoluble or poorly water-soluble and can 20 be
used in the nethod according to the invention, are all the types of :
organi c, insoluble or poorly water-solublkd solvents and al so m xtures

thereof. In particular these are ethers, ketones, esters, saturated or
in hydrocarbons 25 In this connection,

- unsat ur at ed, 4E¥§ or branc@Fd cha
nethyl -tert- %uty e ATEVHSES §3§ﬁﬁbym-aﬁﬂﬂﬁbedﬂﬁwmnacetate hexane,

hept ane, cyaptiemeans;, o&BE&»@éE%Q&@Qﬁ{ﬂﬁ 0

appropriate desirable m xtures thereof %Egﬂgﬁ%%%éggi m%? éb%U|table
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~-optionally Qﬂkﬁﬁ$§g ILasol.ubl.e materials and/or mnor constituents

or stabilizers, |tgha§§p%§vé3° & ﬁ%ﬁbé&ﬁ?lPBEFsSPQPQIFh@qqﬁﬂﬂtﬂﬂﬂ?r

support &nd/censtiitaent omnstebﬁaﬂheQrp%&@QlEbzﬁhephb%ro&othﬁﬁéﬁgiﬁg the
pr

enzyme in SQF eaction so that_contam nation of the product uced with
the insol ubl'@ §%5b5PPCF&PErF8Itbﬁttﬁ@néﬁwynétlgnedfd@ée pooductur ,  provi ded

t he separ at doke@n Sg si bl Eor . exa Ie t he
IlpasepPS fgﬁsupgglggﬁﬁye%%aagggwﬁblh ﬁagggaﬁ?§8£8ﬁ I?fbghﬁé np

absor bed onu§Fﬁ|é99§u99§rDscurm pbhibvidedeththeepqueetion @EZﬁﬁgyﬁ@ ghﬂpn
ng the reactants to the reaction

Id th
rodi um i of JEPOES 1PchBSEiyTROSEible: CRGE! Sxtmpbmm ¢ Fbor ipeRenPeyst om

medi um i n orde F eiov
The 15 &@tlBuppé$ed0bypAﬁ§ﬁ§$'ﬁEléha@aﬁlQ&VQﬁtQE@bﬁgfynBedﬂsgat is

absorbed on s;llca supports. In this case, the agueous
enzyme solution could therefore be filtered prior to
‘adding the reactants to the reactlon medium in order ﬁo
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 therinventioﬁ;A“Neanprotected” 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.




as a rule, adversely affect this 'procedure. Wthin the sc 8 g O{J(%
invention, "N-unprotected" is to be. understood as neani nﬁp G

f3-nitrogen atomof the acid is not blocked by an N-protective. group that
is 20 stable under the reaction conditions. Regarded as such are, in
particul ar; the: common protected groups, 38uch as Z, Boc, Fnoc, Eoc, Mg,
acetyl, etc. To be regarded as (Cl C8)-al kyl "are nethyl, ethyl, . n-propyl,

i sopropyl , Uk |.sohbut vl but 25 tert butyl, pentyl, hexyl

heptyl or oct d;/)zl %/ge]?]ﬁ’g}y 5 € Q"Fet'ﬁ%d% ¢§oﬁ€?~§ln§!h§sécma§labe S|ngly
or miltiplyalkistriaitad by adiEkted) easck%y @ %Eé%f

hal ogen, NH2 % SH or .S (G -CS) -alkyl. ~c8 ‘E’o be

under st ood A& i ﬁ@ngagggngg)a_t 3@3@tkyiner é:ctlltpdle asonitepi ct ed above with
--the exception of nmethyl, containi ng at Ieast one doubl e bond., 17 April

2006 13 (C2-(@B)eaklawml meani ) - .al kyl
radi cal as depi cfﬂed abov:'hes'S é&tlﬁg e ex%%% J?ea%?ﬁy? gbrﬁﬁ rﬂ]ﬂ%ﬂat
| east on® t FidglieaBohdnded] £6s Lhec yio licwule tb:@' rhaskerss ooy ase neai ng a
(G -C8)-al k&l &ﬁ)lradl cal bonded to the nolecule by neans of a -C =0

function. Eycloalkyl IS to be understood as neaning cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl radicals, etc. These

My be subsEhutet dione k1 Of MRS 8, Hak9 &g&“o
S-atom cont ai ni ng radi cal s]%glnd/ or may hav t é’me%nﬁ?gﬁmont ai ni. ng
radi cal's i nCYHéOPragylsucycasbutgn_ ezgg&p,logen@yl chcq_o,hegty]ploqerl dyl, 1-,
2-, 3- pyrrolc&gin]x 3-1et ahydrofur¥1
eptyl radicals,” etc. These may be subst:.tuted by one
.’_LO or more halogens and/or N-, 0-, P—, S- atom-contalnlng
radicals and/or may have N-,' O-, P—, S-atom=-containing
.radicals in the ring, such as, for example, 1-, 2-, 3-, --4-
piperidyl, 1-, 2-, 3—pyrrolidinyl 2-, 3- tetrahydrofuryl
2-, 3-, 4-morpholinyl. These may be singly or multiply
15 substituted by (C;- Cg) alkoxy, (Cy- Cg)—haloalkyl OH,
halogen, NH;, Noz, SH, S-(Ci1-Cg) alkyl (C1-Cg)-acyl,
(Cl-Ca) -alkyl.

A (Ce-Cig)~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, phenaﬁthryl, biphenyl radicals. 'I'heée
may be singly or multiply substituted by (C1—C3)—alkoky,
(C1 Cg)-haloalkyl OH halogen, ‘NH,, NOs, SH, S5-(C3-Cg)-

: alkyl (C1-Cg) —acyl, (Cl—CS)‘-'alkyl.

25__ A (Cy-Cyo)-aralkyl radical is a (C6-C1s) -alkyl radical
. bonded to the molecule by means of a (C;~Cg)-alkyl radical.

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

molecule under consideration by means of an oxygen atom.




’_

2-, 3-, 4- nDrphollnyI These may be singly or multiply 15 Séﬁﬁ&hbﬂégd by .

" (c1-C8)-al koxy, (Gi-Cg)-haloalkyl, OH hal ogen, NH2, NC2,
S-(G-C8)-al kyl, (C1-C8)-acyl, (Cl-C8)-alkyl. A (C6-Cl8)-aryl radical is

understood as neaning an aronmati-c radical containing 6 to 18 carbon atons.
ln 20 particul ar, these include conmpoundd4 such as phenyl, naphthyl,
ant hryl, phenanthryl, biphenyl radi cal s. These may be S|ngly or nultlply

substit ut ed #y ECL C?% alkoxy (C1- C8) - hal oal kyl, OH, hal ogen, NH2, NO2,
SH, S (Gi- VaRema &l O%Yijylls(@li@B)Caall-lqﬂlkylzaradM(ﬂ R19jedr abky|

radi cal is | I radi bonded o the nol ecul e by neans of a
(Ci -C8)-al kf/hl ragl (%S:Ilﬂ% gj % Sl)?ff' é:lz? - &2n4 1 di%fChonded to

~ the nol eculfariktiden. cahﬁsddsahleynbMyﬁB&&& Qhea%ﬂnﬁﬁﬂﬂkjﬁ HBorks1 April 2006
1 (C1-C8);§%?g§§ﬁarbonyl is a (C1-C8)-al kyl radical bonded to~ the-

nmol ecul e un §irderation by means of an -OC(O) funktion. This is a
synonym for the other oxycarbonyl radi cal s. (Cl C8) hal oal kyl is a

Cl-C8 | k t C3-C18
fhet erz)arayl Xrbafj?%)la]q?& eoﬁléjogé'}s W ﬁ ﬁ"y’t hé sgg'é)(g of'r‘-:’l gen i oms ‘%g}%{/e- )

si x- or seveneneﬂbmbrarna&bgénraegmssysten1contalnlng 3to 18 carbon at ons
that containg 10 heteroatons such as, for exanple, n|trogen oxygen or
sul phur in % ﬁ arded as such heteroaromatics are, in particular,
radi cal s, sticACH: e§°FE¥}Ira§&§ﬁ1a§emot28, gishinolthe, scope: of

é psra30}9:ﬁﬂglgﬁ?e§tloﬂ PYrESYL. , 25582 o4 seden- gembérlg%%ggtlc ri g
system contalnlng 3 to 18 carbon atoms that contains
107 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
-substltuted by {Cl—CB)-alkoxy, (Cl-Cg) -haloalkyl, OH
halogen, NH;, NO,, SH S-(C1-Cg) -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 %.




15 5-imdazol yl, acridinyl, quinolinyl, phenanthridinyl,

.6-pyrimdinyl. These may be singly or multiply substitutzlglmf'lzo065
(Cl1-Cg) - al koxy, (C1-C8)-haloalkyl, OH  halogen, NH2, NO2, SH, S- (Cl-C8)
-alkyl, (C-Ca.) -acyl, -(Cl-GCs)-alkyl. D (C4-C19) -heteroaralkyl is to be
understood as neanlng a heteroaromatic system corresponding to the
(Cr-C19) - k radi cal .. Suitable as halogens are fluorine, chlorine,

br oni ne and O%Fﬁ%CtQ%ﬁqh%h?@¥n¥%ﬁaﬁtF@n@lleﬁhﬁcﬁéﬁsﬂblﬁo be understood as

- neani ng, W & on,. 4t ropertion

enantionmer in f%éf%?é%ﬁ?e mnt%gltgﬂéﬁ %%a nd Fﬁ%g e%g EHIES 3%5§:5Fe>50 %
and <100 %Pagsiplel 2006 15 The structures shomn refer to all the possible
di astereoners and enantioners and their m xtures that are possible. 17
April 2006 16 Experinmental Exanples: Conparison Exanple 1: 9.2 mmol of the
“"racem ¢ conpound ethyl.rac-3-am no-3- phenyl propionate (1.79 g) are taken
up in 50 nl of a 5 solvent mxture conposed of 25 m of water and 25 nml of
. acetone as organic solvent conponent and the solution is set to a pH of
8.2 by means of automatic pH adjustnment through adding 1 M sodi um
hydr oxi de sol ution (obtained from Merck). On reaching a reaction
tenperature of 20C,. 10 200 ng of Ammno |ipase PS (Pseudononas cepaci a;
obtained : o




t hrough Amano Enzynes, Inc.) are added to start the reactign., A a
reaction F?rre of 3, 5 and 24 hours, the conversion rate fg?r%)ﬁ‘f%@%t he
(S)-3-am.no-3- phenyl propionic acid formed is determined. In this 15
process, a conversion of 1.8%after 3 hours, 2.0%after 5 hours and 5.5%
‘after 24 hours i's determined. The value 8% the enantioselectivity was not

det ermi ned because of the unsatisfactory course of the reaction in view of
on was determ ned by means of 20 HPLC

the | ow C OIS, :9(&;! e Lonver si
Conpari son Exarﬁs)tlle % f&rﬁ%ﬁ?ﬁ' the racem ¢ compound et hyl rac-3-am no- 3-

phenyl propi onate (1.79 g) are taken up in 50 ml of water and the solution

is set to aGsmpeiriZch Bxampdes 10f 25 automatic pH adj ustment through adding
1 M sodium hydroxide sol-ution (obtained through Merck). In order to
—di ssol ve th% ?stericogpkség%y, 3.mM of acetone are also added to.the
sol ution. OF Fedffing*ta ICHHL4Ce ifERm e etdfy R0E c-200amino < - Anmano
lipase PS (Eteugq oBBRaci@; bt_ai ned .t hrough Amano Enzynes, Inc.)
~ are added to start 17 April Ooﬁgﬁt%?er:taa elnoﬂ‘l.pgﬂﬁ'gd]é“f&%tqoh time of
.3 and 6 RouF®lvens méztvzesicomposeel fodr 25 rdn® RheR & B1q BN S he
~enant i osel eghiyi he _($)-3-am no-3-phenyl propionic acid fornmed are

determ ned. | %E!tohlgsg%r éggg-gl}kasggﬁ@&ts COPonEnt] ansbtdfe erolithiour sisor 37. 8%
after 6 housstabd anpHe8&NBi, 0SBiLpbbkist ¥ oL, %:ee taftar hoyrs) are

det erm ned. _The conversion and gﬁ@ntioselecpﬁgﬁ%éi%epgaaﬁiy'&ﬂFﬁgﬂ by nmeans -
of HPLC. ExﬁhﬁPngzaddlng 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 9.2 nnDI of the racem c conpound ethyl rac-3-am no- 3- ,pﬁ&élgé | onat e
(1.79 g) are taken up in 50 mM of a two- phase sol vent m x ﬁgosed of

25 m of water and 25 m of methyl tert-butyl ether (MIBE) as organic

sol vent conponent and set to a pH of 8.2 by automatic pH 15 adj ust nent
t-hrough adding 1 M sodi um hydroxi de sol ul¥on (obtained through Merck). On
reaching a reaction tenperature of 20C, 200 ng of Amano |ipase

"PS(PseudonDQ§§ cepgela ai ned through Amano Enzynes, Inc.) are added
to start the TedCR EHOPAf e AeZ@ASSHON fdmst of Qﬂél@dhqurﬁouthe t he
conversi on idwek @180 raftd FxiSly ARG aruiey! Q& acid formed
is determned. In this process, a conversion ter 3 hours or a

quantit at i vEREBR-ESSILer AN iayp ofx itinet dIS) —S—E@I?mm‘—ﬁerp}ﬁlymﬁlmﬂc an
hours are determ ned. The

t I 8 §
enant i ose e%ﬁw tgégﬁ%fiog‘e% i vrgr{nﬁ'r\%relr eialet S B &%f%aﬁqscwveﬁ@n

conversion an
- Exanple 4. ®f iB.6% wdter 3rdocuzkewdrand pxlarecd AMARd iRase
(Pseudononas aci a; obtai,ned through Amano Enzynes, 30 Inc.) are added

t her et o. ?n%ﬁgr"§§8i1§881§61t¥d0¢535h % e Apfiter2Godoe )i |euee ed off. 81 m
f t hyl t t d t t
or netny getelrt¥bge &ﬁé ﬁyggg}sgbﬁta ﬁ %ﬂaﬁ%ﬁt%%@%kﬁ$§ %53g q%ggogggten1”

to. the aquequs enzyne soluti.on resu
is set to éeﬁﬁrminedebymﬂaaasoﬁfH&nConat|c pH adj ustnent 5 through addi ng

1 M sodiunrhydroxrde solution (obtained through Merck). On reaching a

t enper at ur eg ngﬁ 3188.2 nmmol of the racem c conpound n-propyl
rac- 3- Ani no- |enyfprop|onate (39.0 g) are: then added and the reactron

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.(Pseﬁdomenas
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




Is started. The reaction tinme is 15 hours, a white 10 precigitate bei ng
produced that is conposed of the desired product 17 April 2006

(S) - 3-ami.no- 3- phenyl propi onic acid. After a reaction tinme of 15 hours, 160
m~ of acetone are added to conplete the precipitation, stirring is ‘
‘continued for 45 minutes and the solid I8 filtered off. The solid is
washed 15 several tinmes with a little acetone and then dried in .vacuo.

12.91. g of t sired_£S)-3-am no-3- phenyl propionic acid are obtai ned,
equi valgent t%f]ég%-%(ﬁaof%f )%ﬁ.fgﬁl#%e@%éh';y%&rgewh eVhesr (MEBEDr attect i s
99. 6% ee. Theddednis OSEFAELd Vid MRS %&Jgéﬂ@dtgygﬂgigﬁgégugf FEF%L’g?a??bE;A)

was determ ned for the chenmical purity “(determ ne ans-o
The struct ur¥PHItion revehiing es Zidditatonal Tlye condiphede byyseansisi NWR

—spect roscopy, 7 [ 9 Pat ent ainms: 1, Process for producing
enant i oner - es_nertl'zaoéc?@iuénfp?%%gc ed“?aot}s_arﬁﬁoa%‘é@ﬁ%’fl? PHare7 eaFBeNEpen- chain

(3- anmind adlmsqugly.aeicﬁmgaummuiﬁanyg;ﬁﬁxﬁb mﬁi&ﬁ'epbﬁtg%é gre of -

N-unprotected (3-am no acid esters, in particular open-chaln -am no -aci d

esters, wi tHPUgGRMaREe, . emsarhing ey drahysistinkest EvTE 188 2

t wo- phase s m 0s of mater and an organic solvent formng two

phases Wit h%ﬁer&ﬁn eer%{j%cea’&c{/&?mproé’e\'@irb?? tF3s3 ~Amim odess

accordi ng t @hemilprbpicaacty iz el idrd halerd {diddiidif agid ALkl gster of

a (3-amno acid aryl . - ‘ .

1is started. The reaction time is 15 hours, a white '

10 'precipitate being produced that is composed of the desired
product (S)«3eaminOPB—phenylpropiOnic acid. After a
reaction time of 15 hours, 160 mi'df'acetoﬁe are.added to--
complete thelprecipitation, 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 meéns'of'titration). The structure of the |
product was_additionally_confirmed by means of NMR

spectroscopy,
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ester is used. 3. Process according to daim 2, characteriggﬁ.hﬂxkpat an
appropriate n-propyl, isopropyl, n-butyl, sec- butyl, isobd yprl

tert-butyl ester is used. 4. Process according to one or nore of the
preceding clainms, characterized in that the pH of the reaction is between
4 and 10, preferably between 6 and 9 and nore preferably between 7 and
8.5. 5. Process according to one or nDre of the preceding clains,
characterized in that the tenperature §ur|ng the reaction is between-15 and
+100C, preferably between +15 and +40C and nore preferably between +20 and

+30C. 17 0 6. Process according to one or nore of the preceding
cl ai ns, Aﬁ%#%%%é?fzég din that a | i pase, preferably the |ipase PS from
Pseudononas cepacia is used. 7. Process according to one or nore of the

pr ecedi ng 1C|P§40'E‘ésscﬁéﬁ:a?§:68hé§ﬂ | kBl ohbe-geacthop §s performed in an
enzynme nmenbrane 10 reac rocess according to one or nore of the
precedi ng Cp§p§§tected ~amino acids, in particular open chain B-

amino acids, by enzymatic hydrolysis of an
enantiomeric mixture of N-unprotected B-amino acid

esters, in particular open-chain B-amino 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.




characteriized in that ethers, ketones, esters, saturated OQTH@ﬁpé 6ated 15
| i near or “branched-chai n hydrocarbons are used as organic sofvent. 17
April 2006 21 Process for the enzymatic. preparation of. enantioner-enriched-
p-am no acids The present invention relates to a process for preparing '
enanti oner-enri ched P-am no acids by enzyRatic ester resolution of
N-unprotected s-am no acid esters in a two 5 Phase system conposed of water -

and an orgarg c s@ form t hases with water under the given
reaction cg%dit?%ﬁ§%%5 a%cggﬁgngw%opone or more of the preceding
: © claims, '
‘characterized in that
a lipase, preferably the lipase PS from Pseudomonas

5 cepacia is used.

7. Process aécording'to one or more of the preceding
— claims,

characterized in that

the reaction ;s 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.






