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enantionerically enriched (3-am no acids The present invention relates to
a process for the preparation of enantionerically enriched 0-am no acids.
The 5 invention relates also to advantageous esters of (3-amno acids and
to the use thereof in a process for the &nzymatic preparation of
enantionerically enriched (3-amno acids. Optically active :
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- least because of their increasing importance as essential
intermediates in the preparation of medicaments (see, inter
alia: E. Juaristi, H. Lopez-Ruiz, Curr. Med. Chem. 1999, &,
983-1004). Both the free form of optically active B-amino-

15 carboxylic acids and derivatives thereof exhibit
interesting pharmacological effects and can also be used in

the synthesis of modified peptides.

As preparation methods for P-aminocarboxylic acids there
have hitherto become established conventional racemate
20 cleavage via diastereocisomeric salts (proposed route in: H.
Boesch et al., Org. Proc. Res. Developm. 2001, 5, 23-27)
and, especially, the diastereoselective addition of lithium
phenylethylamide (A. F. Abdel-Magid, J. H. Cohen, C. A.
Maryanoff, Curr. Med. Chem. 1999, 6, 955-970). The latter
25 method has been intensively researched and is preferably
employed, despite numerous disadvantages that occur
'therewith. On the one hand, stoichiometric amounts of a
chiral reagent are required, which represents a major
disadvantage compared with catalytic asymmetric methods.
30 Furthermore, expensive and, additionally, dangerous |
auxiliary_substances, such as, for example, n-butyllithium,
are required to activate the stoichiometric reagent by
deprotonation. In addition, for satisfactory stereo-
" selectivity it is important to carry out the reaction at
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subst ances, such as, for exanple n-butyllithium are require to actlvate
the stoichionetric reagent by deprotonation. In addition, for satisfactory
stereo- selectivity it is inportant to carry out the reaction at 6 Novenber
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esters I vageduinstead small, catalytic amounts of enzymes, which are
natural and environmentally friendly catalysts. In addition
to their catalytic properties and their high activity, such
biocatalysts, which are used efficiently in an aqueous
medium, have the advantage, in contrast to a large number

15 of synthetic metal-containing catalysts, that it is _

possible to dispense with the use of metal- contalnlng,
especially heavy-metal- -containing and hence toxic
substances.

In the prior art, the enantioselective N-acylation of jB-
20 aminocarboxylic acids, for example, has already been
reported many times.

For example, in Tetrahedron: Asymmetry, Vol. 7, No. 6,
P. 1707—1716, 1996, L.T. Kanerva et al. describe the
enantioselective N-acylation of ethyl esters of various

25 alicyclic B-aminocarboxylic acids with 2,2,2-trifluorocethyl
ester in organic solvents and Lipase SP 526 from Candida
antarctica or Lipase PS from Pseudomonas cepacia as
biocatalyst.

V.M. Sanchez et al. studied the biocatalytic racemate

30 cleavage of (1) -ethyl-3-aminobutyrate (Tetrahedron:
Asymmetry, Vol. 8, No. 1, p. 37-40, 1997) with lipase from
Candida antarctica via the bPreparation of the N-acetylated
B-aminocarboxylic acid ester.
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and penicillin G acylase into contact under conditions in
order to acylate an enantiomer of the racemic B~amino-
'carboxylic acid stereOselectively, wherein the other
enantiomer is substantially unconverted, and a chiral B-
15 aminocarboxylic acid is thus obtained.
- The reverse reaction sequence has also been studied (V. A.
Soloshonok, V. K. Svedas, V. P. Kukhar, A. G. Kirilenko,
A. V. Rybakova, V. A. Solodenko, N. A. Fokina, O. V. Kogut,
I. Y. Galaev, E. V. Kozlova, I. P. Shishkina, S. V.
20 Galushko, Synlett 1993, 339-341; V. Soloshonok, A. G.
Kirilenko, N. A. 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, &. V. Galushko, A. E.
25 Sochorinsky, V. P. Kukhar, M. V. Savchenko, V. K. Svedas,
Tetrahedron: Asymmetry 1995, 6, 1601-1610; G. Cardillo,
A. Tolomelli, C. Tomasini, Eur. J. Org. Chemn. 1999,
155-161). A disadvantage of that process is that the
product mixture is difficult to work up following the
30 enantioselective hydrolysis. After separating off the free
B-aminocarboxylic acid there is obtained a mixture of
phenylacetic acid and N-phenylacetyl-B-aminocarboxylic acid
which is difficult to separate.

In order to obtain enantiomerically enriched carboxylic
35 acids, it has long been known to react them with lipases.
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conmpound aminobutyric acid with the enzyme lipase from Asahi gives

' an ee value of the corresponding acid of 45%ee after 8 days
in 37% yield. Using Lipase PS from Amano, a compound

15 enriched to 61%ee is obtained in the same reaction within a
period of 7 days with a vield of 41%. By comparison, the
corresponding methyl ester yields 70%ee.

The results recently published by Faulconbridge et al. show
that the ester hydrolysis of aromatic B-amino acid ethyl

20 esters at pH 8 with Lipase PS from Amano takes place with
acceptable yields and very good enantiomeric excesses
(Tetrahedron Letters 2000, 41, 2679~-81) . The product is
obtained with an enantiomeric purity of up to 99%, but the
synthesis, which was carried out solely in suspension, is

25 associated with some disadvantages. On the one hand, it has
been found that, although the crystallisation is selective
under those conditions, the reaction itself, as documented
in Comparison Example 1, leads to lower ee values of 85.1%
ee. Overall, this means, on the one hand, a loss of yield

30 owing to the formation of the undesired enantiomer and, on
the other hand, that the ee value, in dependence on slight
process variations, may easily fall below 99% ee or even
below 98% ee on a commercial scale owing to changed
crystallisation conditions. However, as high an ee value as

35 possible, of >98% ee, especially >99% ee, is a requirement

' 'for pharmaceutical applications. Moreover, it would also be
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The present invention provides a process for preparing
enantiomer-enriched N-unprotected B-amino acids by
enzymatic hydrolysis of an enantiomeric mixture of N-
unprotected pP-amino acid alkyl estersof B-amino acié aryl
esters with a lipase provided that no corresponding methyl

or ethyl ester is employed.

Disclosed herein is also a process for the preparation of
enantiomerically enriched N-unprotected B-amino acids by
enzymatic hydrolysis of an enantiomeric mixture of N-
unprotected B-amino acid esters with a hydrolase, with the
proviso that no corresponding methyl or ethyl ester is
used.




acids. In particular, it should be possible to use the gNREEES 2006

advant ageously on a commercial scale fromeconomc .and al so ecol ogi cal
points of view, that is to say the process should stand out especially in
respect of environnental conpatibility, safety in the workplace and the
robustness of the process, and also the space/tinme yield and selectivity.
The present invention provides a proéé‘ss for preparing enantioner-enriched
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esters with a lipase provided that no corresponding methyl or ethyl ester
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al ready nmentioned above. A better result both in terms gf Bﬁgﬁﬁe/tlne
yield and in terns of selectivity is obviously obtaine I er ester
groups having, for 6 Novenber 2006 6 exanple, (C3-Cg)-alky| radlcals are
used for the enzymatic hydrolysis. That is to be regarded on the one hand
as surprising in view of US 5518903 (si®) discussed above, on the other
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probability of enantiodifferentiation generally decreases. This |ogical
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reaction paraneters. They wll be determ ned separately for each
i ndivi dual ERSE-DYcIEROS Ohe FOML8 SKPEILFEN SendNarve is free to
choose the ester group. When making his choice, he will be
guided by economic and reaction-related considerations.
Advantageous alcohols for forming the ester are especially
15 those which can readily be removed from the reaction
mixture. They are alcohols such as alkyl alcohols or aryl
alcohols, optionally low-boiling phenol or benzyl alcohol.
The P-amino acid alkyl esters or B-amino acid aryl esters
obtainable with those alecohols are therefore preferably
20 used in the hydrolysis. Very particular preference is given
to the use of corresponding n-propyl, isopropyl, n-butyl,
.sec—butyl, isobutyl or tert-butyl esters of the B-amino

acids.

- The person skilled in the art is also free to choose the

25 reaction parameters. They will be determined separately for
each individual case by means of routine experiments. In
any case, a suitable pH range for the enzymatic process
according to the subject-matter is from 4 to 10, preferably
from 6 to 9 and more preferably from 7 to 8.5. Lipase PS

30 from Amano has proved to be particularly suitable at about
PH 8,

With regard to the temperature, the requirements are in
principle the same as for the pH value. In this case too,
an optimum temperature can be determined for each
35 individual case, according to which enzyme works optimally ‘
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for the ester hydrolysis, nore preferably Lipase PS from Amano from
uestion can_be used in

La i d.. The _pol ypeptide i
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al so pddsi bfle WaldmannneVeHzyh®85i noi nkbbi Ahdetihkoliterature cited
therein. A lipase is preferably employed for the ester

hydrolysis, more preferably Lipase PS from Amano from
Pseudomonas cepacia is used. '
The polypeptide in question can be used in free form as a

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

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

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

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

35 lyophilisation in the presence of surface-active

substances, such as Aerosol OT or polyvinylpyrrolidone or
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r ous e
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al. eds. fEte affinity chromatography in: Ausubel, F.M. et al.
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eds. Current Protocols in Molecular Biology, Vol. 2, New
York: John Wiley and Sons).
15 Use in the form of CLECs is also possible (St. Clair, N.;
Wang, Y.-F.; Margolin, A. L. (2000), Cofactor-bound cross-
- linked enzyme crystals (CLEC) of alcohol dehydrogenase,
Angew. Chem. Int. Ed. 39, 380-383).
By means of these measures it may be possible to generate
20 from polypeptides that become unstable owing to organlc
solvents, polypeptldes that are able to work in mixtures of
aqueous and organic solvents or in wholly organic media.

The reaction according to the subject-matter can be carried

out in any reaction vessel provided therefor. Such reaction
25 wvessels are, in detail, normal batch reactors, loop

Yeactors or an enzyme-membrane reactor (Bommarius, A. S.;

Drauz, K.; Groeger, U.; Wandrey, C.; Membrane Bioreactors

for the Production of Enantiomerically Pure o-Amino Acids,

in: Chirality in Industry (eds.: Collins, A. N.; Sheldrake,
30 G. N.; Crosby, J.) 1992, John Wiley & Sons, p. 371-397).

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




York: John Wley and Sons). 15 Use in the formof CLECs §Sodmsstrposs! bl e
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In such cases it may be advant ageous, depending on the sol vent tol erance
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so that there is no contamination of the product that is
to be precipitated by the insoluble carrier material of
the enzyme used, provided separation of the enzyme and the
carrier is possible in a simple manner. For example,
Lipase PS from Bmano is adsorbed on silica carriers.
Before the reactants are added to the reaction medlum,
filtration of the aqueous enzyme solution should therefore
be carried out in order to remove the silicas from the
reaction system. This procedure does not adversely affect
the activity or process stability of the enzyme.

Disclosed herein is also P-amino acid n-propyl esters
having the following structure (I}

R 'e) )

wherein _

R represents (C;-Cg)-alkyl, {C2-Cg) —alkenyl, (C2-Cg) ~alkynyl,
(C3-Cg) -cycloalkyl, (Cs-Cig)-aryl, (C7-Cys) —aralkyl, (C3-Cig)-
heteroaryl, (C4fclg)—heteroaralkyl {((C1-Cg)-alkyl) i3~

(C3-Cs) -cycloalkyl, ((C1-Cg)-alkyl)i-s-(Ce-Cis)-aryl, ((Ci-Cs)-
alky1)1 3= (C3-Cia) ~heteroaryl,
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product that is to be precipitated by the insoluble carrier material of
the enzyne used, provided separation of the enzyne and the carrier is
possible in a sinple manner. For exanpleig Lipase PS from Amano i s adsorbed
on silica carriers. Before the reactants are added to the reaction nmedi um
filtration of the aqueous enzynme solution should therefore be carried out
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-al kyl) 1- 3rqredicli@)inchetspeaiplly with (Ci-Cg)-alkyl or (C;—Cg)=

alkoxy as substituents and in which R® represents a H. |

- 3-Amino-3-phenylpropionic acid n-propyl ester may be

mentioned as an example of a representative of this type of

compound that is of particular interest.

Disclosed further is the use of the above-mentioned

compounds in a process as disclosed.

“N-unprotected” is
| understood to mean that the P-nitrogen atom of the acid is
20 pot blocked by a N-protecting group that is stable under
the reaction conditions. Such protecting groups are to be
regarded as being especially the usual protecting groups
-such as 2, Boc, Fmoc, Eoc, Moc, acetyl, etc..

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

25 n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, hexyl, heptyl or octyl, including all
isomers due to different positions of the double bond. They
may be mono- or poly-substituted by (C;~Cg)~alkoxy, (C;-Cg)-

| haloalkyl, OH, halogen, NH,, NO;, SH, S~(Cr{h)—aikyl.

30 (C3-Cq) ~Alkyl is to be regarded accordingly.

{C2~Cg) -Alkenyl is to be understood as being a (C1~Cy) —alkyl
radical as described above, with the exception of methyl,
that contains at least one double bond. '




Di scl osed are conpounds in which R represents an aronetigNoyeatet8bos

especi ally phenyl, thienyl, furyl, pyridyl, and the derivatives thereof
nono- or poly- substituted on the aromatic ring, especially wth

(C1-C8)-al kyl or (Cl-C8)- alkoxy as substituents and in which R represents
a H  3- Anm no- 3-phenyl propionic acid n-pkbpyl ester may be nentioned as an
exanple of a representative of this type of conpound that is of particular
interest. Disclosed further is the use of the above-nentioned corrpounds in
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Is stable ugg the reaction conditioéns e to be
regarded as %Fnﬁo%gﬁé%$aﬁFy1§ﬁ§tu§B§Itpnpﬁecbong groups such as Z,
Boc, . Fnroc, Eoc, Moc, acetyl, etc.. (CL-C8)-Akyl is to be regarded as being
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tert bu I or, octyl, I'nc SONers
di fferetr?%/ posﬁ?%n% o&%l‘f&oﬂ%%ﬁi‘é Bdada THEQ- ﬁﬂ?‘—‘béoﬁono- or

pol y-substituted by (Cl-C8)-al koxy, (Cl-C8)- hal oal kyl, OH hal ogen, NH2,
NO2, SH, S-{§CCslefyclablidyl 36 (BSe@Rtood W bes g0 d@geslr

accordlngly be u erst od as b 13C8)-alkyl
radi cal’ cé%%%?gggraﬁgsgy&%%$%§fh Q%B of TEE ?thtY at contains at
| east one o‘Eﬁﬂlﬂ Yonkts Ndi‘l@tbenajzd@s sulds € 21468 - Y kg | o Smbgebe

under st oot eI i) and ok ElgRddyd ccg‘@fléfaﬁ %ﬁ%dte 1(:Irollg,be%o?lgove with the

except kgn of of thyl, _that contailns,
or may have in the ring radicals containing N, 0, P, &

. atoms, such as, for example, 1-, 2-, 3-, 4-piperidyl, 1-,
2-, 3-pyrrolidinyl, 2-, 3-tetrahydrofuryl, 2-, 3-, 4-
morpholinyl. Such a radical may be mono- or poly-
substituted by (C1-Cg) —~alkoxy, (C1-Cg)-haloalkyl, OH,

15 halogen, NH,, NO,, SH, S-(C1-Cg) -alkyl, (C1-Cg) —acyl,
(C1-Cg) ~alkyl.

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

20 anthryl, phenanthryl, biphenyl radicals. Such a radical may
be mono- or poly-substituted by (C1-Cg)-alkoxy, (C3~Cg)-
haloalkyl, OH, halogen, NH,, NO;, SH, S8-(Cy3-Cs)-alkyl,

(Cy- Cg) acyl, (C1-Cg)-alkyl.

A (Cy-Cy1y)-aralkyl radical is a (Cs-C13) ~aryl radical bonded
25 to the molecule via a {(C1-Cg) ~alkyl radical.

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

molecule in question via an oxydgen atom.

(C1-Cg) ~Alkoxycarbonyl is a (Cr{k)—aikyl radical bonded to
the molecule in question via a -0C(0) - function. The same
30 applies analogously to the other oXycarbonyl radicals.

‘(01~C3)—Haloalkyl is a (C1-Cg)-alkyl radical substituted by
one or more halogen atoms. ‘




(C1-C8)-Acyl is understood as being a (CLl-C8)-al kyl radigRbvermdr@nged to
the nolecule via a -C=0O function. (C3-C8) -Cycloal kyl is understood as
bei ng cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl or cycl oheptyl
radicals, etc.. They may be substituted by one or nore ---hal ogens and7or
radicals containing N, 0O, P, S atons, 48 and/or may have in the ring

radi cal s cont ai ni ng N, 0 P, S atons, such as, for exanmple, 1-, 2-, 3-,
4-pi peridyl, 1- 3-pyrrolidinyl, 2-, 3- tetrahydrofuryl 2-, 3-, 4-
mor phol i Yl {CasGew dﬂ@%@ﬁwyhawacb:ecaﬁonmenme@oayfm@bstsixne@lrby |
(Cl1-C8) - aid@@&y—me(n@el@i J@émw , OH, 15 hal ogen, NH2, NO2, SH,

S- (Cl1-C8).-.al kyl éCl C8) -al kyl. A (C6- C18) aryl radical is
under st 06d" s Sé}eﬁtr?d“ é?‘f"“éi"aﬂa FEI“ a@Pcdl h@ﬁhtgl fatorms awd 18omaabahngt ons.

Such radﬂ'mlesro |arnz:lmgi,e @.s;pgcagl | ¥ogOBRAHPAS:, sqﬁt}:ﬁ%&pe@ &?pgt hyl , 20

ant hryl r]b hen I ag 1glal s. Such a radi cal e nono- or
pol y- substlt éd E’?gal RU5h , hekgregyonadiisalagupowds regen, NH2,
NO2, SH, rgga@f@ed:la)s -baéi«;g esﬁ@iz@lyaeﬁﬂacé@k SRetpldy/ly - A 4C7- C19)

-aral kyl srgdicql i 218), - ar r adi b nded 25 tqQ the nolecule via
a (Cl-C8)-al E;’?‘ ra |caI ‘g c%) A?k%x rP(siYér c&—alkyibiggkal2bonded

to the Ifeéupé’rllﬁﬁ}’dues?h.orf:w ad-an bxygéﬂ at]el.‘mdoa@l[ C8)- Algcoxycar bonyl is

a (G - Cob-plkibkongdi,cal- bandeds t ec .i.n estiqn via a -0OC(O) -
functi on The ggggqiio appl I es an ﬁ?%%%ﬁs%i g d Pg’g .
radi cal s¥ ¥ i% a X-Gl- @H}*Yaiinyﬁlnydh cshchulash:iaaitcﬂi by one

or nore IhavolgenmahonﬁsorGﬁm\!ﬁrmﬁist@Qﬁ:eézby (C1-Cg) —alkoxy, (C1-Cg)-

halocalkyl, ©OH, halogen, NH,, NO,, SH, S- {C1~Cg) —alkyl,
(Ci-Cq)-acyl, (C1~Cg)-alkyl.

A (C¢4hg)—heteroaralkyl is understood és being a hetero—

_ aromatic system corresponding to the (Cy-Cyy)~aralkyl
- radical.

Suitable halogens are fluorlne chlorine, bromine and
iodine.

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

The structures shown relate to all possible

diastereoisomers and enantiomers and mixtures thereof which
are possible.




A (C3-Cl18)-heteroaryl radical denotes a five-, six- or EQNRRHENNR ed
aromatic ring systemhaving from3 to 18 carbon atons and contai ni ng

hetero atonms, such as, for exanple, nitrogen, oxygen or sulfur, in the
ring. Such heteroaromatic conpounds are regarded as being especially

radi cal s such as 1-, 2-, 3-furyl, suchl3s 1-, 2-, 3-pyrrolyl, 1-, 2-,
3-thienyl, 2-, 3 4-pyridyl, 2-, 3-, 4-, 5-, 6-, 7-indolyl, 3-, 4-,
5-pyrazolyl, 2-, 4-, 5-imdazolyl, acridinyl, quinolinyl, phenanthridinyl,
2-, 4-,-5- Expepimentdidngkangdels:a radi cal may be nono- or pol y-substituted
by (Cl-C8)-al koxy, (Cl-C8)- hal oal kyl, OH, hal ogen, NH2, NO2, SH,
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the sol uti bR fisaeiviet taet osbepHvvthoetofesidue, 3 ml of acetone are

' also added for dissolution. When a reaction temperature of

10 20°C is reached, 200 mg of Amano Lipase PS (Pseudomonas
cepacia; obtained from Amano Enzymes, Inc.) are added in
order to start the reaction. After a reaction time of 3 and
6 hours, the rate of conversion and, after 6 hours, the
enantioselectivity of the resulting (S)-3-amino-3~phenyl-

15 propionic acid are determined. A conversion of 18.5% after
3 hours and 37.8% after 6 hours and an enantioselectivity
of 85.1% ee (after 6 hours) are determined. The conversion

and enantioselectivity were determined by HPLC.

- 20 Example 2:

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

25 1 M sodium hydroxide solution (obtained from Merck). In |
order to dissolve the ester without residue, 3 ml of
acetone are also added for dissolution. When a réaction
temperature of 20°C is reached,; 200 mg of Amano Lipase PS
(Pseudomonas cepacia; obtaihed from Amano Enzymes, Inc.)

30 are added in order to start the reaction. After a reaction
time of one hour, the rate of conversion and, after 3
hpurs, the enantioselectivity'of the resulting (S)-3-amino-
3-phenylpropionic acid are determined. A conversion of




pH 8.2 by neans of automatic pH netering by addition of ginMen®e82368

hydr oxi de sol ution (obtained from Merck). In order to dissolve the ester
wi thout residue, 3 ml of acetone are also added for dissolution. Wen a
reaction tenperature of 10 20C is reacgi 200 nmg of Amano Li pase PS
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9.2 mmol of the racemc corrpound rac- 3- am no- 3- phenyl - propionic acid
n-propyl ester (1.91 g) are taken up in 50 m of water, and the solution is
adjusted to a pH value of pH 8.2 by neans of automatic pH netering by
addi ti on oExampia Al-sodi um hydroxi de solution (obtained fromMerck). In
order to dissolve the ester without residue, 3 ml of acetone are also
added for glg ol ut on When a reaction tenperature of 20C is reached; 200
myg of Aman pRRelp_t thectiasamAgs cospanngd. rébtérnmdmhﬂﬂﬁphﬁnxl{mzynes
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22n32?gfgg§§a§ﬁﬁ'ﬂy&¥ogid§6 f%@lon(?bﬁgalnegog flerc te&g g%%erThe
to dissolve the ester without residue, 3 ml of acetone are

also added for dissolution. When a reaction temperature of
20°C is reached, 200 mg of Amano Lipase PS (Pseudomonas
cepacia; obtained from Amano Enzymes, Inc.) are added in-
15 order to start the reaction. After a reaction time of
3 hours, both the rate of conversion and the enantib—
selectivity of the resulting (S)-3-amino-3-phenylpropionic
acid are determined. A conversion of 45.2 % and an
enantioselectivity of 96.8% ee are determined. The

20 conversion and enantioselectivity were determined by HPLC.

Exampie 4:

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

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

30 metering by addition of 1 M sodium hydrox1de solution
(obtained through Merck) . When a temperature of 20°C is
reached, 188.2 mmol of the racemic compound rac-3-amino-3-
phenylpropionic acid n-propyl ester (39.0 g) are added, and
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(Pseudormna§hecepactaonofosasﬂaﬁtédoWﬁﬁa&@aélﬁl}éﬁe%amle”‘is) 1@ gadded in 15

order to st o fter a.re ion tine 3 hour's, Bdth the
rate of con\é}[{é%élitl ﬁwgﬁ eﬂgﬁg\ntPgecégngé%levFPﬁ‘sbﬁtﬂ-ﬁ@’ pés e slgsired

(S) - 3- ani nopgoﬁhéhyl-ﬁ}ofbr@mulo aCPHeBYépﬁepﬁibﬂh_ﬁedC1& EORHAr. SaGhedl #5.2 %

and an enapéh@eebeCtimbtyrO ee;ape rm ned. The 20 conversion
and enantiosel ectvity weér{fe %Eétglg?]rgn{%édlgb gﬁﬁ?eaﬁe 84dee &P wat er

are placed $OFQ %E%Sf'ehle RF@Ccipitagion, Aﬁ’annrlngpasetﬁén(E’aeuﬁl@ﬂloaa%
CoRIcial onfat nebibrova dop, 2mEnEHESge LA°) RLESIR R B The

undlssolved d.is the flltered of t t her
(MIBE) as of gJa i 15 ST YeknEinee widledat smahd @qqentlsofenzyrre

sol uti on obm%trmb amdiig rtﬁt@: a'ﬁeede_sﬂlbaagot\/\@z Phage gy ust ed
to pH 8.2 b q_{ ;ﬁ%@%‘/fﬁﬁfH 30 meterlélg by’ adgﬁ oné%énﬁ‘é%}?g um
hydr oxi de so ut| on (ob TR NEr KO Wi%rPlatfﬁwﬂh%@r ature of 20Cis
reached? 18®uresmnding He racerdbd omi‘rp@vmi%r AhS- SO Sse PEERYLPEPPI ONi C
aci d n-proppdr estEprRthdt Bs e @dded, fnd enantioselectivity was

-determined by HPLC. The chemical purity was determined as

98.8% (determined by titration). The structure of the

product was additionally confirmed by NMR spectroscopy.




6 Novenber 2006 15 the reaction is started. The reacti gWéve®et 300> hours,
during which a. white precipitate consisting of the desired product
(S)-3-am no- 3-phenyl propionic acid forns. After a reaction tine of 15
hours, 160 ml of acetone are added to 5 conplete the precipitation,

stirring is then carried out for abbit 45 ninutes, and the solid is
filtered off. The solid is washed several tinmes with a small anount of
acetone and is then dried in vacuo. 12.91 g of the desired

(S) - 3-am no- 3- phenyl propi onic acid are obtained, 10 corresponding to a
yield of 41.6% The enantioselectivity for the product is 99.6%ee. The
enantioselectivity was .determ ned by HPLC. The chem cal purity was
determned as 98.8% (determned by titration). The structure of the
product was additionally confirnmed by NVR spectroscopy. 6 Novenber 2006 16
Claims 1. Process for preparing enantioner-enriched N unprotected
(i-amno acids by enzymatic 5 hydrolysis of an enantionmeric m xture of
N-unprotected R-amno acid al kyl esters or RRanino acid aryl esters with a
| i pase provided that no corresponding nmethyl or ethyl ester is enployed.
10 2. Process according to Caim-1, characterized in that a correspondi ng
n-propyl, i-propyl, n-butyl, sec- i-butyl or tert-butyl ester is
enpl oyed. 15 '3. Process according to one or nore of the preceding clains,
characterized in that the pH of reaction

1. Process for preparing enantiomer—enriched
N-unprotected p-amino acids by enzymatic
5 hydrolysis of an enantiomeric mixture of

N-unpretected B-amino acid alkyl esters or B-amino
acid aryl esters with a lipase provided that no
corresponding methyl or ethyl ester is employed.

10 2. Process according to Claim 1, characterized in
that a corresponding n-propyl, i-propyl, n-butyl,
sec-butyl, i-butyl or tert-butyl ester is
employed.

15 "3. Process according to one or more of the preceding
claims, characterized in that the pH of reaction

is between 4 and 10.

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

5. Process according to one or more of the preceding
claims, characterized in that the lipase PS from

25 Pseudomonas cepacia is employed.

6. Process according to one or more of the preceding
; claims, characterized in that the reaction is
_ carried out in an enzyme membrane reactor.

30 '




is between 4 and 10. 4. Process according to one or noreg Rfvdidier Pigcedi ng
20 clains, characterized in that the tenperature during the reaction is
bet ween -15 and +100C. 5. Process according to one or nore of the preceding
clainms, characterized in that the Iinﬁase PS from 25 Pseudonbnas cepacia is
enpl oyed. 6. Process according to one’ or nore of the preceding clains,
characterized in that the reaction is carried out in an enzyne nenbrane
reactor. 3Q 6 venber 2006 17 7. Process according to one or nore of the
preceding ‘¢l ai MECCERSr ACCOLAZIBE R ORet Ahemdiyerof yshs psecedinged out in
aqueous mnedi um tdanhsch daiictesqlzell e Qr gapH«C ggév%nfdi_oqggige adni xed. 5
8. Process accog:giwge&o Sne qr nore of the preceding” clarns, char acteri zed
in that the hydrolysis i3 =~ cafri 88968ES| nredlwsusarenhight ovalidch wat er -

sol ubl e or gani cSebikbatergmyi bescdmirtaed may be admixed.
5
8. Process according to one or more of the preceding
- claims, characterized in that the hydrolysis is
carried out in aqueous medium to which water-
soluble organic solvents may be admixed.




