;1 JKLe3eT| X6TTS 1 ENZYMATI C PROCESS FOR THE ENANTI OVERI C RESOLUTI ON OF

,AM NO ACI DS The present invention relates to a novel 5 enzymatic process
permtting the enantioneric resolution of amno acids in the formof the
“racem c mxture. Amno acids are often used in all kinds of industries
either, for exanple, as biologically active 10 conpounds or as synthesis
internmediates for the preparation of conpounds for pharmaceutical, chem cal
or agricul tural pUr poses in cartlcular Accord|nol |t became evi dent very
qui ckly that itENAS nPREEESS B ENBN TOMERLGe R F3ON Qe or the
ot her optically 15 active enantloneggggﬂizgiﬁggr1no aC|ds. Numer ous routes
for separating the enantioners of pr I Nno aci ds were therefore
devel oped. I n particular, enzymati c processes permtting their enantioneric
resolution were found to be an advantageous alternative 20 to the

asymmetric synthesis apHﬁ%a h
(Tetrahedron: Assynetry, ?ﬂ%%F?} $%¥ﬂ§t;n) %ﬁ%ﬁ. 6%%? enp oyed an
enzymat i ¢ B OResSyb. QPP hrlittaly | UndrtAdia @i ds in
accordance wt g i'ge ol I ow néjj realctl(gir?tscherren *

resolution of amino acids in the form of the racemic

mixture.
Amino acids are often used in all kinds of
industries either, for example, as biologically active
10 compounds or as synthesis intermediates for the
preparation of compounds for pharmaceutical, chemical
or agricultural purposes in particular. Accordingly, it
became evident very quickly that it was often necessary
to be able to have available one or the other optically
15 active enantiomer of these amino acids. Numerous routes
' for separating the enantiomers of pro-chiral amino
acids were therefore developed. In particular,
enzymatic processes permitting their enantiomeric
resolution were found to be an advantageous alternative
20 to the asymmetric synthesis approaches.
Thus it was that Soloshonok et al.
(Tetrahedron: Assymetry, Vol. 6(7), 1995, pp. 1601-
1610) employed an enzymatic process for enantiomeric
resolution of P-amino acids in accordance with the

25 following reaction scheme:
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- R waterlacetone (111 ) ~COOH tri et hyl am ne phenyl acetyl chloride -5C;, 2
.hours R ~COOH HN O R~-COOH HN wi O Penicillin acylase 22-25C, pH = 7.5
R~COCH ~2 Simlarly, Topgi et al. (Bioorg. & Med. Chem 1999, Vol. 7, pp.

= 2221-2229) el aborated a process for 5 rexl ving the (R) and (S) enantioners
of ethyl 3-amno 4-pentynoate in enantiorferically pure formin accordance
with one of the follow ng reaction schemes: WO OO-i HR(S) |Isoner R=TM5

or HPenicillin G am dohydrol ase phosphate bufferRQ + \ z R(R isoner +
phenyl acetic aci t he i niwdtat/apetomel (det ani de eI ngCOKMRI ned by
acyl ating the corrgspondORdt anm tdethylaming i on W th enylacetic
NH, phenylacetyl chloride
-5°C; 2 hours o)

Penicillin acylase
22-25°C,pH=17.5

R
. j/\COOH
NH,

Similarly, Topgl et al. (Bioorg. & Med. Chem.
1999, Vol. 7, pp. 2221-2229) elaborated a process for
5 resolving the (R) and (S) enantiomers of ethyl 3-amino-
4-pentynoate in enantiomerically pure form in

accordance with one of the following reaction schemes:
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R=TMS or H

Penicillin G amidohydrolase
phosphate buffer

0 0
0 0/\ /U\O/\
©\/1L + H + phenylacetic acid
{‘I{ \} HZN/\
R R

(S.) isomer (R) isomer



-acid, or else: UO HzN SiMe~ amne in racemc formPenicillin G

_anl dohydr ol ase phenylacetic acid U ~O- O- H\ HsN SiMe3 Si Mes (R) |soner
(S) Isoner 5 The patent application WO 98/50575 describes in nore genera

terms a nethod of preparing a chiral ~3- 2_ no acid, which conprises
contacting a racemc 10 m xture of the sa d am no acid with an acyl donor
and the enzyne Penicillin G acylase (or am dohydrol ase) under conditions

iate f t t t f_th t f th
Beentc m xt ubBeot Al FESLSOARPHERbEF %fﬁ o PERg: PBERL R BN SO EEY 15

an enant| oner FO8| ByCBRPPERBR PO XcbGPAEACE REER PR FAProdRg |
reaction SChegEEQN é E?gél donor organic or aqueous solvents penicillin G

acyl ase HZN R O ~N~R i the "acyl donor"™ in question being of
general formula: 05 R3 _R4 in which R3 is selected from phenyl, phenoxy,
am no, various derivatives of phenyl, and pyridyl, and R4 is !. selected
fromthe substituents hydroxyl, al ké&xy, alkyl, 10 al kenyl, al kynyl,

hal oal kyl, anyl, | al kyl, f

y ny anyl al ky rom 0™~
amine in racemic form
HN" Sy
SiMe,

Penlclllln G amidohydrolase
phenylacetlc acld

oL T

SiMe, SiMe,

(R) iIsomer (S) Isomer

The patent application WO 98/50575 describes

3 in more general terms a method of preparing a chiral
B-amino acid, which comprises contacting a racemic

10 mixture of the said amino acid with an acyl donor and
the enzyme Penicillin G acylase (or amidohydrolase)
under conditions appropriate for stereoselectively
acylating one of the enantiomers of the racemic mixture
of the B-amino acid to its corresponding N-acylated

15 derivative, the opposite enantiomer of the P-amino acid
being obtained in an enantiomerically enriched form, in

accordance with the following reaction scheme:



- éugars or steroids. The patent application WO 98/50575 al so descri bes

.another alternative for preparing a chiral ~i-amno acid, which conprises
contacting an amide in 15 racemic formwith the enzyne Penicillin G acyl ase

- under conditions appropriate for selectively deacylating one of the
enantiomers of the amde in racemc formto its correspondi ng ~i -am no

acid, the opposite enantioner of the am de being obtained in an
enantionerically 5 enriched form in accordance with the foll ow ng
reaction schene: R or@ani c or aquefysdawrvents penicillin acylase R 5
OR2 The processes di seussed ppifc oNSYRYES solfaittbit the ma dr awback of
proceeding, prior t¢ or Glnultaneously with thegenzymatic st ePRas such, via
an 4. internedi ate am de whose f&nidineG aepafe summari zed As 10 follows: OR
aromati ¢ nucl eug,NPr @ erably phenyl Such an anmide is HpsolRble in an
aqueous 15 nediu§1omﬁdg to the present of the aromatic nucl eug, which has
drawbacks. For exanple, it is known that certain enzynes are §oluble in an
aqueous nediumand O 'O RZ HZN~R~ o OR,

A
RN R,

-+

the “acyl donor” in question being of general formula:

in which R; is selected from phenyl, phenoxy, amino,

various derivatives of phenyl, and pyridyl, and Ry is

selected from the substituents hydroxyl, alkoxy, alkyl,

10 alkenyl, alkynyl, haloalkyl, anyl, anylalkyl, from
sugars or steroids.

The patent application WO 98/50575 also
describes another alternative for preparing a chiral
B-amino acid, which comprises contacting an amide in

15 racemic form with the enzyme Penicillin G acylase under
conditions appropriate for selectively deacylating one
of the enantiomers of the amide in racemic form to its
corresponding P-amino acid, the opposite enantiomer of

the amide being obtained in an enantiomerically



- 6 are often sensitive to the presence of organic solvents. However, in
,order to be able to optimze the yield of the enzymatic reaction, it is
important to have good solubility of the substrate relative to the 5

~enzyne, in order that they may be in intimate contact. It is primarily this
drawback which the present invention proﬁbses to resolve. In effect, the
present invention relates, according to a first aspect, to a novel process
for separating enantioners of an 10 am no agi d, ich ionsists in treating
a racenic nix?BFéCBthﬁQrQaiénaﬁFHBrgéﬁﬁewﬁFﬁggF a%P& &Yy i de and t hen
with the enzynme glutaryl-7-ACA acyl ase so as to recover one of the
enant i oner s oFeFﬂElQQiécgﬁWﬁé acid, the other enantioner remaining in the
formof the 15 correspondi ng glutaryl am de derivative. This process is
particul arly advant ageous because the use of glutaric anhydride nmakes it
possi ble to proceed interngdiately via a glutarylam de derivatjve
corresponding to the initigd amno acid, the 20 glutaryl functjon
conferring on the ecul ™ i

I N ' di
Consequent |y, the pripces ZolgrvgéAlEto)‘fnhﬂe&Jl_?&]mys medi u

of sent vention _npy be enfl oyeR, under
gentle reaction conglli and in aR.ARKRAUS abRdbam that isi in
particul ar, w thdut t§§ use of an organic 25 cosol vent. ﬁhe/BRocess of the
present invention al so"possesses the advantage of applyin@ conbrehensively
to all forns of amno acids (a, (3, 'y, etc) . In the contex of the
present invention, the generic term"am no acid" enbraces noff only the
am no acids as such (that is, the conpounds having an am no

nction and an
acid function -COOH) but also the correspondi ng ester Qderigati OBs 5 (that
is, the compounds for which the acid functioifis ree%ékg? y an ester
function COOR). Preferentially, the process of thegAtvelNT oR applies nore
specifically to the am no acids of general formula fl):}NHZ booR 10 R
(CH2)n in which

5
The processes discussed above, however,
exhibit the major drawback of proceeding, prior to or
simultaneously with the enzymatic step as such, via an
.  intermediate amide whose formula may be summarized as
10 follows:

aromatic nucleus,
preferably phenyl

Such an amide is insoluble in an aqueous
15 medium owing to the present of the aromatic nucleus,
which has drawbacks. For example, it is known that

certain enzymes are soluble in an aqueous medium and



-- nis an integer selected fromO, 1, 2, 3, 4, 5or 6, - Rrepresents a
.hydrogen atomor else an alkyl, 1'5 al kene, al kyne, cycl oal kyl, aryl

radi cal, a condensed pol ycyclic hydrocarbon, or a heterocycle, all of these
radi cal s being optionally substituted, - and R represents an al kyl,

al kene, al kyne, cycl oal kyl, aryl radicalﬁ a condensed pol ycyclic 20

hydr ocarbon, a heterocycle, or else an oxy, thio, sul phoxide or sul phonyl

radi cal substituted by an al kyl, aryl, cycloal kyl grou or. a heterocycl e,
all of these P&Bi BAFEN FBRELVaVE EQiHBeoéFFSHQFFyO ub$EPPded. Thus in the

wh th i i.d f 25 | f | | . f
Cp e o R R ChvEaer  ino BREER 5O PhooPlen toy kil Al 338°9 0
Fi 1. This, t fi . it | ut ari
enhydri de. andvielHcBhd BReEPEPTRFSS: FERCTACER Che JEn ROt e A L 7 ACA
acyl ase. The %gg,fg' g%at g8§u§§&§gggo%f th%es%gﬁi.gg%e%@ﬂ% famley 5 the

am no acid on ne han gl utarylam rivative on the other

hand, depeqds 9,1-e, DA rBCH! chie EAL)CalyRe 1B Uh iR ortladthe

present invention, the al kene and al'kyne radicals contain generally

10 between 1 and 30 car Ben jat 9F8 mak i3 yS thdisylilr abaldikangtieth oy n, Wi t hout
this being in any way limtative. This also applies in the cases where

t hese radi cal presentuhsiviehténins pabpoiskar tioadiesallye .Priaf erffidat,, tthese

radi cal s contain between 1 and 20 carbon atons in a 15 strai ght or branched
chai n and, nopeeseafteialventson relldesse@ctanid ) tearehdii zatoresnatta

strai ght or branched chain. The al kyl radicals may be sel ected, for

exanpl e, fromtonet mpiveleprpicess foapyeparahing enargdmmars mhag| |
n-heptyl, n-octyl, n-nonyl, n-decyl, 20 n-undecyl, n-dodecyl, n-tridecyl,
n- pent adedyd , amimex &gdcy| whiche soRgdBAsS 1R S&erfedd 2 iU, i sobutyl,
i sopentyl, isohexyl, 3-methylpentyl, neopentyl, neqhexyl, ,
2, 3, 5-tri met hyiasuae ofedhsusAid PEHNGDRSHD Widht -gglé’rﬁ%‘il.c BEEHEE al kyl
radi cals are, 25 for exanple, nethyl, ethyl, n- | ,_isopropyl,_ n-butyl,
i sobutyl, sec G hen &pth iR ,er‘ﬁg’ﬂi?nt ‘?’tﬁ%’g’p‘g{n‘?@% arﬁ@e%ef %%aasl sohexyl .
The al kene radi cal s nay be selected, f g%%%% f | W g pr openyl
9 allyl, but eﬂ_ﬁ ,ref-oﬁ(e‘%éhﬁn-el-opfo%élee_nﬁn,a%t-lne y gj-fpr%gé@:n%% or ™
S-met hyl -2-butenyl . (e AN Gl A e Tndi 56 oG Othe IR SR from
et hynyl, 1- propynyl or propargyl. 59nh the context of the present
invention, d heorresponding glutarylamide derivative.
s This process is particularly advantageous
because the use of glutaric anhydride makes it possible
to proceed intermediately via a glutarylamide
derivative corresponding to the initial amino acid, the
20 glutaryl function conferring on the molecule its
solubility in an aqueous medium. Consequently, the
process of the present invention may be employed under
gentle reaction conditions and in an aqueous medium;
that is, in particular, without the use of an organic
25 cosolvent.
The process of the present invention also

possesses the advantage of applying comprehensively to

all forms of amino acids (o, B, y, etc). In the context



- cycl oal kyl radicals generally contain between 3 and 12 carbon atons. They
.are preferably selected fromcycl opropyl, cyclobutyl, cyclopentyl,

cycl ohexyl, cycl oheptyl, cyclooctyl, cyclononyl, cyclodecyl, 10

- cycl oundecyl and cycl ododecyl. According_to another aspect of the present

i nvention, the cycloal kyls may be polycyglic. Preferably, these radicals
are selected fron1bicyc|oa|ky|s or tricycloal kyls. According to the present
invention, the _term15 "ar radi cal ers to nonoval ent _aromatj.c,

hydr ocar bon raélEBFsprﬁﬁﬁﬁé LREeRFyPE; GbFl8ﬁ5FF9C558§W1tﬂpégopﬁgﬁ§I i's

preferred. In_the contex resent Lnvel ntion §%nd %%ed
era

pol ycyclic hy§ EQFBSnnng8P§yt§h§0aPéalché EeFSCFSS pre rom
pental ene, '“98 UL R oRl seefupﬁe&%heaﬁa QLPacaY et ion

as-i ndacene, acene, ace ap ene; uor ene enal ene enant hr ene,

ant hr acene, EebﬁztBﬁ@eﬁ%§8€EB%”%BFQBEE%BalnaC%%%%QrHb%&%atﬁbb%henylene

pyrene, 25 chryséne, naphihacene ei adene, pi cene, perylene, pentaphene,

pent acene, st et('&ﬁﬁhe&%' eRfe E%ﬁgaﬂﬁa% £BeX 36808, thebiaeele fusRtaRenes
tri napht hy['ene,” hepiaphene, heptacene, pyranthrene or ovalene 10 In the

context of theepngsant bynyantiseer Fhackebm CoeRgroPrelferednatias,mnocyclic
or fused pol ycyclic conpounds which contain one or nore heteroatons, each

ring being formedpebcdsiso ol tiemiakentl ohhephdtieso mpelee speeddridiald vt o t he
present invention preferably contain between 1 and 3 heteroatons sel ected
from oxygen, sol pher aaddoniacridgenfi geaeralg fioommea dff)3 to 10 nenbers. The
het erocycl es of the present invention are selected preferably from

t hi ophene, 10 benzo[ b]t hi ophene, naphtho[2 3-b] t hi ophene, thianthrene,
furan, 2 H pyran, isobenzofuran,N. BLH chromene, xant hene, phenoxat hiine, 2
H pyrrole, pyrrole, imdazole, p razol e, pyrldlne pyhazi ne, pyrim dine,
pyri dazi ne, indolizine, |30| %éfﬁ , indole, 1 Hindazol e,
purine, 41ig quinoli zine, iso |noh QM|noI|ne pht hal azi ne

1, 8- napht hyri di ne, qui noxal i ne, quinazoline, cinnoline, pteridine, 4a

H car bazol e, carbazol e, p-carboline, phenanthridine, acridine, perimdine,
20 1, 7- phenant,hro Ln , phenazi ne, phenarsazi ne, isothiazole, phenothiazine,
i soxazol e, furt@z¥®*Shenoxazine, isochronane pyrrolidine 02-pyrroline,

i m dazol i di ne, 02- |n1dazollne raz [ yr ol4 ne, Rer idi ne,
pi perazi ne, inddi i'fe. nz%qt&ﬁeﬁd c(]fl fﬁ:&r} i d| é ngfd 3Jrr‘nr pihgﬂl i ‘relre 60I’I n the
context of the e t t| %gﬁg s defi ned
above are substl g%eé r;ll\é-'esisqal l?g:ﬁot o st%tq’lugﬁi are selected in
11 gener alyd %W% A mkeraqgmclfeadlw 0y | qorldsn

|oI

aryl oxy, t arylthlo sul phoxi de, aryl sul phoxi de,
al kyl sul phonylpol@rdycaqldoi}g;mocapﬂw&g, d¥ tar Qetdddidiadl dell Df these

al kyl sul phonam dé and aryl sul phonam de groups,

radicals being optionally substituted,
- and R’ represents an alkyl, alkene, alkyne,
cycloalkyl, aryl radical, a condensed polycyclic

20 hydrocarbon, a heterocycle, or else an oxy, thio,
sulphoxide or sulphonyl radical substituted by an
alkyl, aryl, cycloalkyl group or a heterocycle, all of
these radicals, moreover, being optionally substituted.

Thus in the case where the amino acids are of

25 general formula (I), the process of the present

invention may be represented by the reaction scheme of



. depending on the nature of the radical. Preferably, the various radicals
as defined above are substituted 1, 2 or 3 tinmes. According to a preferred
aspect, the hal ogen atons are selected fromchlorine, fluorine, 10 brom ne
- and i odine. Were the alkyl radicals are substituted by hal ogen atons, the
atons in question are preferably fluorin8 atons. The nunber of fluorine
substituents is preferably 1, 2, 3, 4, 5, 6 or 7. For exanple, the group in
question may be a trifluoronethyl 15 group. The apino acids of the present
i nvention ar eF b¥e¥erhpl Thie| SEReTe f FORF ePREDnPotHSt oF L§RNBFal formula (1)
in which nis an integer selected fromO, .1 or R represents ?

ned

, ;L2 3
hydrogen at ontbPaENERE Al 8 GFUGPT T Sy ide caPdaAdSBFOoRE 85HeP
b . M f bl till, th i id fot i ti
Select ed fronbEREEEERBOUNER BRE GERETRF F B ARRE T AR ERP ERbet THEE 1 Ser
| to 0, 1 2. R d 2 |
Functi on and FoRFSoutrEPRcBErbach OY A PD-BRL ! oBLaEREN, Phallefy

aryls. In ghedatier gaseigthe ehyl oR00hohaNEha" eRUCLEuEaH eahsarr e

preferabl y“su e tines. The enzyne glutaryl-7-ACA

acyl ase has ahreadytPpeNoHSEHe8tRefahahYS dbPenlEBBAUEhENHHELEEALE
processes, particularly for the hydrolysis of (3-lactans such as

N-gl utaryl - 7- grenpagetaxyrephal osporinic acid. 5 It may be derived from
nuner ous m croorgani sns, for exanple of the genus Aci netobacter,
Art hrobacter, Bacill us, 1RsehdogonasxtSbEntheophesenas inreaksenXathkononas,
in accordance with the techniques which are well known to the person
skilled in thelhyl, ahkéfeecanyinelkpsei abditalfheostayneggherady\l- 7- ACA
acyl ase may al so be obtained commercially, for exanple, from Roche
Di agnost i ¢0GTbetwRenhd &pfled(l aprBppchtamsalis, assanahghsr oSt Passsheds,
D- 68305 Mannheim) or else from Recordati S.p.A (Stabilinmento di ,opera, Via
Lanbro 38, 15cha2999w1§b@p§ Fh@;)belng in any way limitative. This
also applies in the cases where these radicals are
substituents of other radicals. Preferably, these
radicals contain between 1 and 20 carbon atoms in a

15 straight or branched chain and, more preferably still,

i  between 1 and 10 carbon atoms in a straight or branched
chain. The alkyl radicals may be selected, for example,
from: methyl, ethyl, n-propyl, n-butyl, n-pentyl,
n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl,

20 n-undecyl, n-dodecyl, n-tridecyl, n-pentadecyl,
n-hexadecyl, n-heptadecyl, n-octadecyl, isopropyl,
isobutyl, isopentyl, isohexyl, 3-methylpentyl,
neopentyl, neohexyl, 2,3,5-trimethylhexyl, sec-butyl,
tert-butyl, tert-pentyl. Preferred alkyl radicals are,

25 for example, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,

isopentyl, n-hexyl and isohexyl. The alkene radicals

may be selected, for example, from vinyl, l-propenyl,



. The enzynme glutaryl -7-ACA acyl ase may be used in various forns, w thout
this nodifying its stereospecificity and its stereoselectivity. For
“exanple, glutaryl-7-ACA acyl ase may be used in soluble 20- or else

- immobilized form In this second case, the enzyne is generally inmobilized
in accordance with techniques which are |1 known to the person skilled in
the art. For exanple, the enzynme may be contained in polyneric gels or else
attached to soljd.su rts_by_25 coval ent _bondi ng, ,crossl| inking, adsorption
or encapsulat?i%ylﬁpgﬁgﬁpyéte2§ﬁﬁﬁgyi§?ﬁﬁr8ﬁeﬁy 'caﬁﬁﬁﬁﬁyhﬁsed are, for
exanpl e, poroys_gl as paroys_ceram s etiec p (S r anpl e

pol ystyrene, ganePﬁ§¥l gfsgaWSEEXE%? Bg?é@%ﬁy|gﬁg,ggﬁ?§§nf§§§°8§é

pol yacryl am d , 1.Qr S n or Q| anpl_ | ose).
o ougnt he. osY oP8; RBTEEEREE Sbrl Shaieh R ieh, pLRimit AT reBid Os
obtain for eagh 593?%§99§[ a 5 high enantioneric excess ("ee"), in
particul ar greater an“or equal to 90~, or even greater than or equal to
95~, and peeferably gregheknthagneexedodl the 8P=seh thentibext tbl the
present invention, the "enantioneric excess" refers to the ~ excess of one
of the 10 enaa{t0BRILRyI1ekatiivalkogeheraatgnicontialhubetwident 3spad flacal 1y,
the enantioneric excess is calculated as follows: [R] - [SJ ee (%9 - * | 40
= % (R - % (SxrbbBd atbfd.lTheheaee BrededabIly sefieesedt ftdom concentrati on
of (R) and (S) enantioner respectively. Cenerally, the amount of enzynes
enpl oyed r el ativedopoopyd ,t ovelobmyydt ofcilwpenily lanicye ladiekydd (substr ate)
is between 1 and 100 units (U) per mml e of substrate, and preferably

bet ween 10 ang@ygdobspPtylpecyrielstytl sgysioaoayly gyctogecdidzyme
corresponds to the amount of enzyne required _to hydrolyse 1 ~, nol of
N—glutaryﬂ97-SHFAS&E@@GYQCéﬁﬁaﬁ&ﬁ&QQQ%éEY&Ci&CﬁgF%?§ghi @RNREE st andar d

pH and tenperature conditions which.,are known to the person.skilled in the
art. 14 AccBFBPR§ & ¢ Pﬁ\?@ﬁﬁ%oﬁfw%lroé)actt?’ﬁn . &i‘i?ﬁyéﬁ i ?)r? an

ti |1y buff d di I n.thi th fer, with
" concent L at | BRSEVEateet TE0 SRR 20 A A BE S Aead H © hcet at e
buffers mhlchfggg_gﬁcg%ggag%yﬂspgrokrgsé%ggﬁﬂg?ggg 6.5 or phosphate buffers

whi ch can be U bet ween or el se pyrophosphate

buffers which can be usgd b RHtY BRI WRIES PRGN LERR Prafese the

invention is therefore 10 inplemented in"a nmediumin which the pHis

moni t or ed 1and vagiu9t eddieheerRn b N thchovIRiRS allomatifke pH of the
reaction nediumis nonitored and adjusted specifically to between 7.5 and
8.5, and nbrehpdeiriaabon Hadilcdle weetery ae &GrylslhegdHormillye nonitored
with 15 the aid of a pHstat by the addition of an acid such as, for
exanpl e, hydr eublstriitmtad ghesytlphis ipredfminkest. phosphoric acid and a base
such as, for exanple, sodium hydroxi de, potassium hydroxide or agueous
anmoni a. In the context of the present invention, the

term condensed polycyclic hydrocarbon refers to

20 radicals selected preferably from pentalene, indene,
naphthalene, azulene, heptalene, biphenylene,
as-indacene, s-indacene, acenaphthylene; fluorene,
phenalene, phenanthrene, anthracene, fluoranthene,
acephenanthrylene, aceanthrylene, triphenylene, pyrene,

25 chrysene, naphthacene, pleiadene, picene, perylene,
pentaphene, pentacene, tetraphenylene, hexaphene,
hexacene, rubicene, coronene, trinaphthylene,

heptaphene, heptacene, pyranthrene or ovalene.



. The treatnment of the am no acids in 20 accordance with the invention with
glutaric anhydride is inplenented at a tenperature of between 20C and 40C,
"and preferably between 25C and 35C. Moreover, the second step, enploying
- the enzyne glutaryl-7-ACA acylase, is carried out at a tenperature of

bet ween 25 10C and 50C, and preferably Z%é and 35C. Lastly, the reaction
time varies conprehensively between 1 hour and 100 hours and depends in
particul ar on the am no ac%ﬁgconcerned on the _enz

%n% 15 ne
concentration. General | y& FOREEHEN Of s T8 PLES o&é‘éftﬁﬂ"?&d'ronas g as is
ded t bt ai t i d ti i th tisf ti i
needed to obt gty Upedesbreiianan orey WAL sactay enanci orer i
enanti oneric %é§§?§gggﬁng?ﬁ§%85%g &%H%% Eggtggﬁy%gg %&ahmﬁgghnlques known

to the person art. vant ageously, nonitoring is carried out

by means of Hﬁla@eQH'b%mBﬁ;te(QE)ﬁHg%ggLho%li&ﬁ G AHGRE RF ApY) 101 GheAELAMAI Ny to

the present invention, t (S) enantioners obtained by the process
descri bed aboygecMRktReceoRACA! 8RNy tOWthE: idduant actvddiatorpne is
present in the formof an am ne which is soluble in an aqueous nedi um and
the other is pregFerbbly chatdinf Betwelera 1sendl 3ameter Gaaer usiliddted
further subject of the present invention relates to the process as set out
above whi ch cgapii 98ygas,asslpheduend stierdden Separ atiimgn ffrrdde (R) and
(S) enantioners. The separation of the said (R and (S) 20 enantioners nmay
be carried ouB’3 ¢asilloy reynbenst.udhef hedmrentyicdress afedfire quesseastti ch are known
to the person skilled in the art. This is done, for exanple, by filtration,
extraction, chnyeatdgnagre Geleorsdalrefanadily Bropdtuiaenfosire is to
isolate the other enantioner in the _amno acid formand not in the

gl ut ar y| artifde bgazol&xlithd opkene t ReriGhe l@nand IdhEorle8re gl ut aryl ani de
derivative which has been isol ated in 16 accordance.w th the process
descri bed abo&@%@%’r‘&?%yéﬂfl%e% HRERYy ARRBEIHERr r espondi ng ani no

acid in the enanjioneric form_ .t shoul,d be ted th his_ process is
advant ageous i R’é‘é’?’Fﬁg‘Wdr Sanshens ’alqkb%o’i#gu’s]’tr}eer’e?cr{%—rﬁ%ﬁﬁalfeo’f t he
conpound enpl gved. t.q be r. j ned n epd,d o Lacem zation of the
chiral glutar %g%o&%,dgﬂl\%gﬁo@:g, ﬁg(grra}%ﬁhe’ ?mxlnlg@lg%:%’dsﬁ are of ‘gener al
formula (1), j ifd O ; Y Besd e daentesh fyadhe, reaction schene
according to }Jé)lﬁing%ié}éz. wﬁéﬁﬁro 'sti S clgs clar ri eld out 1 n accordance with

conventiona teGAnifHAS Wiiddbia,e KnawhdLdhe, Ransaie skilled in the art.
The hydrolysis in question may in particular be an acidic or a basic

hydrol ysisi 1% Imnddiadiatdiefe Casoqiind Bira rqethdiine f ofhexal@i#nej n t he
presence of a base such as sodi um hydroxi de, at a tenperature between 50C
and 90C and unde-raipmiphardiner epsitrexa Hovey eqyimagobimer opmnelimeg,
conditions which are also suitable and known to the person skilled in 20
the art may betessdlirkhe 4& deararbaraini orarlazckd ulBiearhelteese that it
allows amno acids in racemc formto be resolved, thereby making it

possi bl e to hahenardiluislineonaeridine otPrFiekEeomrer of the said anino

acid, the i , ,
20 1,7-phenanthroline, phenazine, phenarsazine,

isothiazole, phenothiazine, isoxazole, furazan,
phenoxazine, isochromane, pyrrolidine, A2-pyrroline,
imidazolidine, A2-imidazoline, pyrazolidine,
A3-pyrazoline, piperidine, piperazine, indoline,
25 isoindoline, quinuclidine and morpholine.
In the context of the present invention, when
the various radicals as defined above are substituted,

the said substituent or substituents are selected in



. 25 said enantioners constituting, in particular, synthesis internediates.
By way of illustration, the present invention nmakes it possible, for
exanpl e, to have available (9S) 17 3-am no- 3- phenyl propanoi ¢ aci d, which
- constitutes an internediate in the synthefls of the conmpound of general
formula;, 5 HHONNNNN COH O O whichlis a vLA4 recept or antagoni st
involved in particular in asthmatic disorders. As well as the preceding

provi si ons, the 10 Eresent ivention al so_enbrace features and advant ages
mhichdmﬁlg enﬁF?@rP obFPRehd Qﬁﬁpeétﬁﬁ?chafg P e §ﬁ8c%ﬁ|§h shoul d be

considered as, il lustrati of the |nvent| mti cope. 15
FI GURES Fi gur BY$rO §¥ﬁ ¥%8xyépFE¥&ﬁﬁgflg g épggylﬁiégkngnt of

an an no ac!d g%ygene %gulg theg@&grg%ﬁg tgq gq %ﬁ ji nvention

with glutaric anﬁy e and 6 ep o fh t he enzyne

gl utary! - 7-ACH gﬁghagﬁonyie, Qa9 ULA Q) %hlgma%d@ze pr oduct's ot ai ned
y the amn cid on

5 alkylsulphonamide and arylsulphonamide groups,
depending on the nature of the radical. Preferably, the
various radicals as defined above are substituted 1, 2
or 3 times. According to a preferred aspect, the
halogen atoms are selected from chlorine, fluorine,

10 bromine and iodine. Where the alkyl radicals are
substituted by halogen atoms, the atoms in question are
preferably fluorine atoms. The number of fluorine
substituents is preferably 1, 2, 3, 4, 5, 6 or 7. For
example, the group in question may be a trifluoromethyl

15 group.

' The amino acids of the present invention are
preferably selected from the compounds of general
formula (I) in which n is an integer selected from 0,
1, 2 or 3, R represents a hydrogen atom or else an

20 alkyl or aryl radical and R’ is as defined above.

More preferably still, the amino acids of the
present invention are selected from the compounds of
general formula (I) in which n is an integer equal to
0, 1 or 2, R represents a hydrogen atom or else an

25 alkyl function and R’ is selected from optionally
substituted heterocycles or aryls. In the latter case,
the aryl and/or heterocycle radicals are preferably

substituted 1, 2 or 3 times.



. 18 the one hand and the glutarylam de derivative on the other hand, depends
.on the nature of the radical R. Figure 2: Schematic representation of the
step of 5 transformng the chiral glutarylam de derivative into its

- corresponding chiral am no acid by hydrol sis. EXAMPLES 10 Exanpl e 1:

Resol uti on of 3-am no- 3- (4'-n|trophenyl) ropanoic acid in the formof the
racem c m xture a) Acylatlon of racem c 3-am no-3-(4'-nitrophenyl)
propanoi ¢ acid 15 40. racemc.3-a anoi c

acid are dissolved in 2 benFn5¥m8|g}PFFEHEm&té&Aaﬁgbgggﬁrﬁag %}g@? | ani ne.
mxtute s st PErhcuRRRY 85, 81 et 81 00eEn RuRdRol el Pl ERs AR L Ne ot e

m xture i s st Frers hen acidified

wih 8.2 m ohdacskif gBEéE?%H%E%l?”kBQ”Eh& AghYo1 PR PLECRDN bRk aRLhuS

obtained is f éred of f imes wth di st wat er and
dried to Consggeg, %'ﬁhél’degﬁ 1vacamahagcéﬁe}xyzabﬁaqbgggr%iéélaa1af racenic

3-(glutaryl am 4" -ni trophenyl ) propanoi ¢ aci d he nature of the
product obtai Redyuaspdeleriaad fb&Sm"‘RﬁfﬁeﬁrHUQhmE@E:B@E:GEﬁQ%m’s' o
Chr omat ogr aphy) . 19 b) Enzymatic deacyl ation using crystalline

gl ut aryl - 7ACAcRENMpABEOENLHES BeAGE0A i he@ ollaciteast Arkh2dbacdlert, he acid
obtained in the preceding step are dissolved in 75 m of distilled water.
The pH 5 of tBacindpensiPseudeomatiagst techo t&opHoymondd og £ls2
Xanthomonas, in accordance with the techniques which
are well known to the person skilled in the art, an

10 enzyme specialist. The enzyme glutaryl-7-ACA acylase
may also be obtained commercially, for example, from
Roche Diagnostic GmbH (Roche Molecular Biochemicals,
Standhofer Strasse 116, D-68305 Mannheim) or else from
Recordati S.p.A. (Stabilimento di opera, Via Lambro 38,

15 1I-20090 Opera (MI)).

: The enzyme glutaryl-7-ACA acylase may be used
in various forms, without this modifying its
stereospecificity and its stereoselectivity. For
example, glutaryl-7-ACA acylase may be used in soluble

20 or else immobilized form. In this second case, the
enzyme is generally immobilized in accordance with
techniques which are well known to the person skilled
in the art. For example, the enzyme may be contained in
polymeric gels or else attached to solid supports by

25 covalent bonding, crosslinking, adsorption or
encapsulation. Appropriate supports which are commonly

used are, for example, porous glass, porous ceramics,

synthetic polymers (for example polystyrene, polyvinyl



. of 30~ (weight/volune) sodi um hydroxide. 826 ng (626 units) of a suspension

.of crystalline glutaryl-7ACA acyl ase are added to this solution. The
reaction mxture is stirred at 35C for 51 hours and at a pH 10 which is
- nonitored and adjusted to between 7.9 and 8.1. At the end of the reaction,
the reaction mxture is cooled to 20C and"the pHis adjusted to 7.0 by
addi ng 5N hydrochloric acid. 20 ml of ethanol are then added. The resulting
preci pitate of -3-amnp-3-(4!-nitro 15 n 0|c Cld is,filtered
Brre hashed f%@é@f’mo eSS @ﬂ%ﬁﬁhﬁ%%ﬁ BIR6ReBEhTaRE yh
under vacuum at 45 ive ulo

[

(R) - 3-am no3- 5_p%f§@ p Z%gl?%g%ﬁgﬁo?cl C|d(f°fhe§%m%nanFF%%e% o éxcess of
Pydr ochl or'i ¢ aci d. The Trocrer the Ghe Rer e thErpY, bLutde Byt REA S e

hydrochl oric acid. The preci orns 1S ere

twice wth 10%@19£ed1§tiglﬁgsw%fé tJhsbéaiﬁefofagscﬁbéﬁzaaegomérdy ed to
const ant wei ght™ under vacuum at C. This gives 8.2 (S

3- (gl utarybanh dgh - SnéAt 1 Skt 0RhBR¥ES BT PPage) ¢ @ﬁlgaaaﬂcplar greater _

(R -3-(glutaryl am de)-3-(4'-nitrophenyl)propanoic acid in a 91:9 ratio.

20 The naturethintbe egadlcts 90%ai bedeves getatarneHahyotHPeuat) tenzymatic
deacyl ation using imobilized glutaryl-75 ACA acyl ase obtai ned from Roche
Di agnosti c Gnbsk( l@Adnbrefacabty @bedtgrofthaheoaceduabt abnlf%i.nIntep a) are
dissolved in 75 m of distilled water. The pH of the suspension is adjusted
to 8.2 by addthg ¢dénbert of Bhe poefemtghnventuon) thdi Uenbpdioxedéc 6.2 g
(632.4 units) of noist imobilized glutaryl-7-ACA acyl ase (Roche Di agnostic
GrbH) are addedcesst hrefesbutpohheTheekeassi 6f angtafeths stirred at 35C
for 18 hours and at a pH which is nonitored angd adjusted to between 7.9 and
15 8.1. A#O th§n§ﬂ816mefﬁer?ééE%V8nt°tHEepFPSFmﬁﬁemF§EEFFonMﬁFﬁture is
adjusted to 9.5 bx ddiﬁT¥ f 30~ ght/volune g] gd%o i de and the
vol ume of theSPEELFFGR 8 Feag ﬂﬁ@ 84t 6%568°nt sSa §Yt-68Fs881 ve the
(R) - 3-am no- 3; &f nltrophenyl)propan0|c 20 acid produced. The i mobilized
enzynme is renvve% By filtration and the pH of the nother liquor is adjusted
to 7.0 by addition of 5N hydrochloric aC|d Then 50 ml of ethanol are added
to the reaction mxture. The prec;gl ?%

(R) -3-am no-3-(4'-nitrophe ) pr o i ed of f, washed
with 10 nl of ethanol an&® beég to constanﬂ?ﬁb*g%zRLhdéiébacuun1at 45C.
This gives 5.375 g of (R)-3- ananL&}t nltrophenyl) 21 propanoic acid
with an enantioneric excess equal to 98% The nother liquor is acidified
with 20 nllSof 5N hydrochloric acid. The precipitate which fornms is 5
filtered off and washed twice with 15 m of distilled water. The filter
cake is dr|edWPSréoﬁgﬂaﬁFdwéﬁéhFeBﬁééPn§a5bﬁnFapc$B€raFHP§ §itvdR)6 g of

(S)-3(glutaryl a ‘-nitro hen anoic acid in a 94:6 ratio. 10
The nature of & Pﬁgqﬁ308ﬂ PLigBex é&%g Xrnined by HPLC.

Generally, the amount of enzymes employed

relative to the total amount of initial amino acid

20 (substrate) is between 1 and 100 units (U) per mmole of
substrate, and preferably between 10 and 40 units per
mmole of substrate. 1 unit of enzyme corresponds to the
amount of enzyme required to hydrolyse 1 umol of
N-glutaryl-7-aminoacetoxycephalosporinic acid per

25 minute under standard pH and temperature conditions

which are known to the person skilled in the art.



. d) Enzymatic deacylation using crystalline glutaryl-7ACA acylase in
.suspension (500 m reactor) 15 100 g of racemc

3- (gl utaryl am de) - 3- (4' ni trophenyl ) propanoi c acid obtained as in step a)
- are dissolved in 400 m of distilled water. The pH of the suspension is
adjusted to 8.2 by adding 60 m of 30~ (wei ght/volunme) sodi um hydroxi de.
6.4 ng (4653 units) 20 of a suspension of crystalline glutaryl-7-ACA
acyl ase are added to thjis salutio

for 30 hoErs and at ﬁ p ﬁﬂféﬁngsgﬂn%ﬁ?oﬁgggékggﬁg}ﬁégége%gtgéb&égﬁ ??Qngh
8.1. A ' s i ' ' 25 20C
and the pH i sCaRT bePea Fotisn Ry oRkBrRERToPIRs kPR R P RREEIG o o)
sodi um hydr oxi etﬁ?saéagﬁéﬁ§ﬁ§05§gegﬁg buffer, with a concentration

(R -3-amno-3-(4"-nitrop ) pr opanol ¢ aci rmed. The i1 nsol uble

particles ar eoéib%e&@gnamé mv2&nlingobHmfY, hRG BR! Behebk@uok b adj usted to
7.0 by addition of 27 ml of 36% hydrochloric acid. Then 100 m of ethanol

are added 0 phetheachi@fefkxiyHien fha PeCGiRUl at€a0bH of between 5
(R)-3-am no-3-(4'-nitrophenyl)propanoic 5 acid obtained is filtered off,
washed tw ce whih6160o#l phbsphhgrobuffierdr wiad cho caandeanisedeiaghts wiHder
vacuum at 45C. This gives 28.87 g of (R)-3-am no-3-(4'nitrophenyl)propanoic
acid with an efiabttwaeni 6.8xeesds 8equal eflscdpyrophotpbarat g fefrst he product
obt ai ned was determ ned by HPLC. Exanple 2: Resol ution of

3- ani no- 3- phewhliphopanobe used aft eheHf ofmbstwees Bagad @ -mi xture 15 ~- a)
Acyl ation of racem c 3-am no- 3-phenyl propanoic acid 488 g of racemc

3- ani no- 3- pheny! pr 8p&nBrecessd odr £hgi ds¥eRddorn i (therefoge distill ed water
contai ning 236 g_of sodi_um hydroxide in the formof 2Q pellets. 437.5 g of
glutaric gﬁhyawpaémﬁpéegdaﬁdaiWe§&HF!lBo ﬂﬁ%btg@ Phe P ISR ER%t ur e over

acidi .h cd it %%éﬁﬁﬁs%gg%b fo i ?Lf%l{i%‘{iarﬁa?%ﬁ% i PP ca to
10C. T ipi ] : ' N . 3 ti
wi th 600 ni “of o SERFEEin BRg TS rhedeh B A AR IR e

wei ghi ng 161052p3§%ﬁ2%h”§e@@%e§.QtSr%§EF$Q5, 23d more prefera

1
3-glutaryl am nyl propanoi ¢ aci e nature of fhe proéths obt ai ned

was determ ned Ry 1HBEwelh BNEaWMRIY .G dedey il R W Rbrlosad hiith _
glutaryl -75 ACA acyl ase in suspension (5 litre reactor) 1575 g of the noi st

filter cakg obhel agd bef ar pH-G@RItALY RheSSAM tifor AFEMIC ai@ Wuwty| anm de- 3
phenyl propanoi c acid, are dissolved in 1610 m of distilled water. The pH
of the suspenaisgn fiox atfanpiled hydrochloric acid, sulphuric acid or
phosphoric acid and a base such as, for example, sodium
hydroxide, potassium hydroxide or agueous ammonia.
The treatment of the amino acids in
20 accordance with the invention with glutaric anhydride
is implemented at a temperature of between 20°C and
40°C, and preferably between 25°C and 35°C. Moreover,
the second step, employing the enzyme glutaryl-7-ACA
acylase, is carried out at a temperature of between
25 10°C and 50°C, and preferably 25°C and 35°C.
Lastly, the reaction time varies

comprehensively between 1 hour and 100 hours and

depends in particular on the amino acid concerned and



. 10 to 8.0 by adding 440 m of 30~ (weight/volune) sodi um hydroxide. 52.6 g
(32,000 units) of a suspension of crystalline glutaryl-7-ACA acyl ase are
added to this solution. The reaction mxture is stirred at 35C for 41 hours
- and at a pH which is nonitored and adjusted to 15 between 7.9 and 8.1. At
the end of the reaction, the reaction mi%Pure is cooled to 20C and the pH
Is adjusted to 13 by addition of 25 m of 30~ (weight/vol une) sodi um

hydr oxi de so as to dissolve the (R)-3-anino-3-(4'-nitrophenéhépropanoic

aﬁid prﬁduced9n29h¢hénFH§8lEBPéeﬁéFPFéPES Seaeraliyr s £FERNG 1R 15H of
the nother liquar is adjusted_to 7.0_by addition of. 27 m of 36~
hydr ochl ori ¢ é@ﬁ&.t?hBrPﬁgﬁgtﬁﬁﬁ 6?e&Péptﬁfe15fn€ﬁ?? -ﬁﬁiﬁ%Féln the

phenyl propanoi.c _acid is _filt d , hed with_ 25 f.distilled
m?t?r)and driQSSFBegoﬁg?ﬁhﬁOaéggwgghn82%%&§§3§#&85y4§ég%$gkg%633£: 56.8 g
o] R)-3-amn - phen r [ id.with A [ I
of (-3, e BB ML QRANAC oBCll s ol oB AR OUBR R8s eual (O
sulphuric ac dneThe1RECEEPLh! 8abhits chiiiRd it ebiel ki thoplift ath vashed
twce with 40 m of coole i st Ieg water. The filter cake is 5 dried to
const ant “B'gﬁ%iﬂﬁd%hevégﬁ%@hﬁﬁoﬁé@-tEQh%iﬁhE%sk%%%mﬁt% @he person

(S)-3-(glutarylamde)-3-phenyl pro
skilled in the art. Advantageously, monitoring is
carried out by means of HPLC (High Performance Liquid
Chromatography) .

10 According to the present invention, the (R)
and (S) enantiomers obtained by the process described
above may be separated easily, owing to the fact that
one is present in the form of an amine which is soluble
in an aqueous medium and the other is present in the

15 form of a solid amide. Consequently, a further subject

‘" of the present invention relates to the process as set
out above which comprises as a subsequent step the
separation of the (R) and (S) enantiomers.

The separation of the said (R) and (S)

20 enantiomers may be carried out easily by virtue of
conventional techniques which are known to the person
skilled in the art. This is done, for example, by
filtration, extraction, chromatography or
crystallization.

25 Where the desire is to isolate the other
enantiomer in the amino acid form and not in the
glutarylamide derivative form, the said enantiomer of

the glutarylamide derivative which has been isolated in



. panoic acid and (R)-3-(glutaryl am de)- 3-phenyl propanoic acid in a 90: 10
ratio. The nature of the products obtained was 10 determ ned by HPLC. «c¢)
Deacyl ation of (S)-3-glutaryl am de-3-phenyl propanoic acid by basic

- hydrolysis 557.2 g of a m xture of (S)-3-glutarylam de 15 3-phenyl propanoic
acid and (R)-3-glutaryl am de-3 phenylprob noic acid in a 90:10 rati o,
obtained in preceding step b), are distilled in 3.91 litres of distilled

t d 1.65 |it f 30~ i ght/ vol ' d i de, Th [
Vn\?x][e L(rjgni st FFFRUCANC430n FBE §0S5e" TRECFORER GROVEXTHr €8 then -
coo to 15 h t obtained i |_pi d_w th _ad] f th
o155 by BBForGheo: o0 38 FoiFeceBpotEePiatabalbiiad sibePoch or o
acid, filt . 5 led t t [ d 45C.

Thi 5 gi ves 209°3g 81 1) c5anir aBsSEn Tk, aTahbatihs KATU M Rac

(1o o SERUETYL LSO a3 oAl Loy RgBavRts of g1 enter
26 5 allows the stereochemistry of the compound employed to
be retained and does not lead to racemization of the
chiral glutarylamide derivative. Where the amino acids
are of general formula (I), this additional step may be
represented by the reaction scheme according to
10 Figure 2.

The hydrolysis is carried out in accordance
with conventional techniques which are known to the
person skilled in the art. The hydrolysis in question
may in particular be an acidic or a basic hydrolysis.

15 In the latter case, it is carried out, for example, in

{  the presence of a base such as sodium hydroxide, at a
temperature between 50°C and 90°C and under atmospheric
pressure. However, any other operating conditions which
are also suitable and known to the person skilled in

20 the art may be used.

The present invention is useful in the sense
that it allows amino acids in racemic form to be
resolved, thereby making it possible to have available
one or the other enantiomer of the said amino acid, the

25 said enantiomers constituting, in particular, synthesis
intermediates.

By way of illustration, the present invention

makes it possible, for example, to have available (S)-



. CLAIM5 1. Process for separating the enantioners of an am no acid, which
.consists in treating a racemc 5 mxture of the said amno acid with
glutaric anhydride and then with the enzyne glutaryl-7-ACA acylase so as to
- recover one of the enantioners of the sajd am no acid, the other enantiomner
remaining in the formof the correspondi%ﬁ gl utaryl am de derivative. 10 2.
Process according to Claim1l characterized in that the said amno acid has

the general fornula: NH2 / R CHZ%;,%~5 jn which -.n is an_integer
sel ect ed fron?O?mi?OQ,'g?e2¥ BrgpagoLic gt pr@géﬁPscanﬁ§aE888ﬁ &Pom or el se
an al kyl, al ken | kvn cyclpal kyl ryl radigal , a condensed 20
polycyglic hyﬁ?§%5$%§¥?g%rlé hg?e?%%§%gg¥sa?? h etﬁ@@EOPﬁgiggls bei ng
optionally su?g*é}g%ego 'qud R represents an al kyl, al kene, al kyne,

ylI''ra icaFT C

cycl oal kyl, a a condensed pol ycyclic hydrocarbon, a
het erocycl e, or else an oxy, thio, 25 sul phoxi de or sul phonyl radical

substituted by an al ky|, aryl, cycloal kyl group or a heterocycle, all of
t hese radicals, noreover, bbinggoptionalgz}iéggtitute 4 27 3. Process
according to O aim 2 clRarac 28 Rt h sai ino acid is selected
erall]| for (I): NHZy
froM@0, .2~ -B;

from the conmpounds off 5 R(CH2)n in which
nis an integer seles

repregents a hydrogen atom
or else an alkyl or aryl radical and R is as)def; in GQOH 2.

which is a VLA4 receptor antagonist involved in
particular in asthmatic disorders.
As well as the preceding provisions, the
10 present invention also embraces features and advantages
which will emerge from the examples which follow, and
which should be considered as illustrative of the

invention without limiting its scope.
15 FIGURES

Figure 1: Schematic representation of the 1%* step of
treatment of an amino acid of general formula (I)
according to the present invention with glutaric

20 anhydride and of the 2™ step of treatment with the
enzyme glutaryl-7-ACA acylase. The configuration of

each of the products obtained, namely the amino acid on



. 10 4. Process according to Jdaim2 or 3 characterized in that the said
amno acid is selected fromthe conpounds of general fornmula (I): NH2 COOR
( ;. R(CH2)" 15 in which nis an integer equal to 0, 1 or 2, Rrepresents
a hydrogen atomor else an alkyl function and R is selected from
optionally substituted heterocycles or a}@ls. 20 5. Process according to
one of the preceding clains characterized in that the enzyne gl utaryl-7-ACA
acylase is used in soluble or imobiljzed, for . _Process accprding to one
of the 25 preE%%iﬁ@ecm%PﬂsaEﬂaFﬁﬁt%#PE@HY?ﬁm% ﬁtg?ﬁévﬁﬁﬁﬁﬁtOBfgéﬁzynes
enployed relatjyve to the total .a ng. of 28 init] I | cLd

(substrat e) i%é%%¥m£%ﬂgi éﬁ@e Sﬁngﬁi%Eepﬁ?tﬁﬁﬁlgkokﬁéuggbgg g.k7f Process
according to one of the preceding clains characterized in that the reaction
is 5 carried out in a buffered aqueous nmedium 8. Process according to

Caim7 char .Ze4l, | i he g3 usnbyEf eheh@sed g@ncentration
of between 1a§£ ke Q Ogcfl éﬁ%gigéggggggg§e$§3n1acgtgte ggffers whi ch can

be used atsa E’JE‘aﬂQfQJEmPﬁ%V‘@ﬁa éhﬁi‘QngﬁuEérﬁh}Qﬁn@Hét acbul/heigeWhheb can be
used at a pH of between 6.5 and 8, or pyrophosphate buffers which can be
used at a pH 9fsbebyeesp8nanflg9chiralr anens aecar Bynpytieodpeisf the
preceding clainms characterized in that the pHis 15 nonitored and adjusted
to between 6 and 9. 10. Process according to one of the preceding clains
characterized in that the treatnment of the amno acid with glutaric
anhydride is inpl enent ecBXAMPERESenper at ure of between 20C and 40C. 20- 11.
Process according to one of the preceding clains characterized in that the
treatment with the enzynme glutaryl-7-ACA acylase is carried out at a

tenperature of between 10C and 50C. 12. Process according to one of the 25
precedin918IaEEEEEﬁﬁrAﬁfBPﬁ?lHtiﬁnfPff3FﬁElEEaEci&ﬁ:EEEEgREEEEQQEetmeen 1
hour and 100 ggg£§hoiczgcid in the form of the racemic mixture

a) Acylation of racemic 3-amino-3-(4’-nitrophenyl)-

propanoic acid

15 40.6 g of racemic 3-amino-3-(4'-nitrophenyl)-
\  propanoic acid are dissolved in 200 ml of distilled
water and 55 ml of triethylamine. 29.4 g of glutaric
anhydride are added in small portions and the reaction
mixture is stirred for 1 hour. The reaction mixture is
20 then acidified with 8.2 ml of 95% (weight/volume)
sulphuric acid. The precipitate thus obtained is
filtered off, washed 3 times with 15 ml of distilled
water and dried to constant weight under vacuum at
55°C. This gives 52.84 g of racemic 3-(glutarylamide)-
25 3-(4’-nitrophenyl)propanoic acid.
The nature of the product obtained was determined by

HPLC (High Performance Liquid Chromatography) .



. 13. Process according to one of the preceding clains characterized in that
.additionally the (R) and (S) enantioners are separated. 14. Process
according to Claim13 5 characterized in that the said separation of the
(R) and (S) enantiomers is carried out bi filtration, extraction,

chromat ography or crystallization. 15. P Bcess according to one of C ains
13 or 14 characterized in that the enantioner derived from 10 the

gl ut aryl am de i iti d.so as to
recover the c& P fre e Rt S M 516" oeess for
separating enap .an_ani no a%id(wgbc-lc%%§6%5§) 15 a) in treating a
racem c m xt ure i AFHHO—a et 6 c—arhydri de and t hen
wih the enzye gl ularybp/oh 6K 230 JARINRA 30 \le QR Radde
enantiomers of the said anrno acid, the other enantioner remaining in the
formof the 20.ca bePendad Baulial WAl defiidatines Wilcdhentid pr -
separating the t enantioners thus obtained. 17. Process for separating
enant i oner g ot raRHANMSRE G oG ABRELHEE £28 @) By dddiald Mgl & meceni ¢

m xture of the said amno acid with glutaric anhydride and then with the
enzyme gl ut ar W 30ACAWRGYMYT ol tsodieso\tsrdrand dd. 86 emant i oners of
the said am no acid, the 30 other enantioner renmaining in the formof the
correspondi ng (@26 amyltani de dersuspteansd orb)oft ey s talsleipee aadutgpthle- Two
enantioners thus obtained, 5 c) and in hydrolysing the enantioner derived
fromthe gl ut HOA avydesso axe teldast dverthie stasondihg) ZRATELQRI d i n
enantioneric form 1. .Ae. A A3.A3.A3.A3L.A A LA .Ar.A.A A .A(.LALA
L. A(_. Aa, . A3y mixtame is sh(rrmd RIEBSRC ApraNE hours and at a pH

10 which is monitored and adjusted to between 7.9 and 8.1.

At the end of the reaction, the reaction mixture is
cooled to 20°C and the pH is adjusted to 7.0 by adding
5N hydrochloric acid. 20 ml of ethanol are then added.
The resulting precipitate of (R)-3-amino-3-(4’'-nitro-

15 phenyl)propanoic acid is filtered off, washed 3 times

{  with 30 ml of ethanol and dried to constant weight
under vacuum at 45°C. This gives 5.65 g of (R)-3-amino-
3-(4’'-nitrophenyl)propanoic acid with an enantiomeric
excess of greater than 99%.

20 The mother liquor is acidified with 17.5 ml
of 5N hydrochloric acid. The precipitate which forms is
filtered off and washed twice with 10 ml of distilled
water. The filter cake obtained is dried to constant
weight under vacuum at 45°C. This gives 8.25 g of (S)-

25 3-(glutarylamide)-3-(4’'-nitrophenyl)propanoic acid and
(R) -3- (glutarylamide)-3- (4’ -nitrophenyl)propanocic acid

in a 91:9 ratio.
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Diagnostic GmbH) are added to this solution. The

reaction mixture is stirred at 35°C for 18 hours and at
a pH which is monitored and adjusted to between 7.9 and

15 8.1. At the end of the reaction, the pH of the reaction

i  mixture is adjusted to 9.5 by addition of 30%
(weight/volume) sodium hydroxide and the volume of the
reaction mixture is adjusted to 200 ml so as to
dissolve the (R)-3-amino-3-(4'-nitrophenyl)propanoic

20 acid produced. The immobilized enzyme is removed by
filtration and the pH of the mother liquor is adjusted
to 7.0 by addition of 5N hydrochloric acid. Then 50 ml
of ethanol are added to the reaction mixture. The
precipitated (R)-3-amino-3-(4’'-nitrophenyl)propanoic

25 acid is filtered off, washed with 10 ml of ethanol and
dried to constant weight under vacuum at 45°C. This

gives 5.375 g of (R)-3-amino-3-(4’'-nitrophenyl)-
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d) Enzymatic deacylation using crystalline glutaryl-7-

ACA acylase in suspension (500 ml reactor)

15 100 g of racemic 3-(glutarylamide)-3-(4'-

" nitrophenyl)propanoic acid obtained as in step a) are
dissolved in 400 ml of distilled water. The pH of the
suspension is adjusted to 8.2 by adding 60 ml of 30%
(weight/volume) sodium hydroxide. 6.4 mg (4653 units)

20 of a suspension of crystalline glutaryl-7-ACA acylase
are added to this solution. The reaction mixture is
stirred at 35°C for 30 hours and at a pH which is
monitored and adjusted to between 7.9 and 8.1. At the
end of the reaction, the reaction mixture is cooled to

25 20°C and the pH is adjusted to 13 by addition of 25 ml
of 30% (weight/volume) sodium hydroxide so as to
dissolve the (R)-3-amino-3-(4’-nitrophenyl)propanoic

acid formed. The insoluble particles are filtered and
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the pH of the mother liquor is adjusted to 7.0 by
addition of 27 ml of 36% hydrochloric acid. Then 100 ml
of ethanol are added to the reaction mixture. The
precipitate of (R)-3-amino-3-(4’'-nitrophenyl)propanoic
acid obtained is filtered off, washed twice with 100 ml
of ethanol and dried to constant weight under vacuum at
45°C, This gives 28.87 g of (R)-3-amino-3-(4'-
nitrophenyl)propanoic acid with an enantiomeric excess
equal to 97%.

The nature of the product obtained was

determined by HPLC.

Example 2: Resolution of 3-~amino~-3-phenylpropanoic acid

E Wh

109& ()-1pl0%& ()-!109%& ()-9 109%& ()-BLOY%& ()- "[/kaB7=!

- 10s410%&' ()- 3 10%&' ()-F 1:!110%&' ()-")10%&' ()-33" 10%&' ()-s!, 33" 10%&' ()-s

in the form of the racemic mixture

a) Acylation of racemic 3-amino-3-phenylpropanoic acid

488 g of racemic 3-amino-3-phenylpropanoic
acid are dissolved in 2 litres of distilled water
containing 236 g of sodium hydroxide in the form of
pellets. 437.5 g of glutaric anhydride are added in
small portions to the reaction mixture over 1 hour,
with stirring and at 20°C. After 1 hour, the reaction
mixture is acidified with 236 ml of 95% (weight/volume)
sulphuric acid and cooled to 10°C. The precipitate thus
formed is filtered and then washed 3 times with 600 ml
of distilled water. The moist filter cake thus

obtained, weighing 1610 g, contains 602 g of racemic
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b) Enzymatic deacylation using crystalline glutaryl-7-

5 ACA acylase in suspension (5 litre reactor)

1575 g of the moist filter cake obtained
before, containing 589 g of racemic 3-glutarylamide-3-
phenylpropanoic acid, are dissolved in 1610 ml of
distilled water. The pH of the suspension is adjusted

10 to 8.0 by adding 440 ml of 30% (weight/volume) sodium
hydroxide. 52.6 g (32,000 units) of a suspension of
crystalline glutaryl-7-ACA acylase are added to this
solution. The reaction mixture is stirred at 35°C for
41 hours and at a pH which is monitored and adjusted to

15 between 7.9 and 8.1. At the end of the reaction, the

. reaction mixture is cooled to 20°C and the pH is
adjusted to 13 by addition of 25 ml of 30%
(weight/volume) sodium hydroxide so as to dissolve the
(R) -3-amino-3- (4’ -nitrophenyl)propanoic acid produced.

20 The insoluble particles are filtered off and the pH of
the mother liquor is adjusted to 7.0 by addition of
27 ml of 36% hydrochloric acid.

The resulting precipitate of (R)-3-amino-3-
phenylpropanoic acid is filtered off, washed with

25 150 ml of distilled water and dried to constant weight
under vacuum at 45°C. This gives 96.9 g of (R)-3-amino-
3-phenylpropanoic acid with an enantiomeric excess

equal to 98%.
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The nature of the products obtained was

10 determined by HPLC.

c) Deacylation of (S)-3-glutarylamide-3-phenylpropanoic

acid by basic hydrolysis

557.2 g of a mixture of (S)-3-glutarylamide-

15 3-phenylpropanocic acid and (R)-3-glutarylamide-3-

" phenylpropanoic acid in a.90:10 ratio, obtained in
preceding step b), are distilled in 3.91 litres of
distilled water and 1.65 litres of 30% (weight/volume)
sodium hydroxide. The reaction mixture is stirred at

20 70°C for 4 days.

The reaction mixture is then cooled to 15°C.
The product obtained is precipitated with adjustment of
the pH to 6.9 by addition of 3.21 litres of 37%
(weight/volume) hydrochloric acid, filtered off and

25 dried to constant weight under vacuum at 45°C. This
gives 202.4 g of (S)-3-amino-3-phenylpropanocic acid and
(R) -3-amino-3-phenylpropanoic acid with an enantiomeric

excess of greater than 98%.



BMLOYER () - YAL0%@& () - 3310%@& () - 110%@& () - Y2Z2] 2* 3" 3+4c4T5r S1/ |
Y9! 10%<<& ()-, 10%& ()-g! (, 10%<& ()-g 10%& ()-! 10% <} <& () - L10%& () -
10@56N6$777777z1 ~P1 ~ 910%& ()- 10/ </ < 10/ </ < 10/ </ <!

©39-9110% </ <& () - -! 139- 91 109648’ () -+ y9L10%: ()-! @

y9! 10%1<4<& () -70889R \:|:zX9"P1

OF10%& ()--! F10%WA& ()--!1y:!10%c& ()-l

Yy: 1 10%JbUb& ()-!1y: ! 109KK&' () - 10%& & | <<<h<,

10ZZ! @@ M 10%Z&' () -! ; GFe10etsus&of) WWE&OWWM&S() #

109%& ()-y! 109%& ()- <<<<=U>>>"?1 107Z! 104 & ()-! 10%& ()-!m 10% < <& ()-!
10% < <& () LAepeEpippd PyzAPLEZ7>7e @ANAMBNBZ[ 9+1 10! s6109&' () - 3+

10%M& ()-m !l 3+ 10%<=<& ()-mf)10%& ()-!( f9!10%<& ()-!, f9!10%

& () - NBOBPBSB+C CD>DaBl 10! , 10% & ()-g!1l , 10% (& ()-g 109%& ()-T!
109%s(s(& ()-TL 10% & ()- 10



_ 10>DEE FFGGGzXJ<1 10! 10.n.n 10.n.n!NFl +s!10%n. n& ()- ! @l +s! 10% x x& () -
C )MLO% & ()-!;391109%&' ()-! (39! 10% (& ()-GEGHHI I | oP11 10MLO% & () -
S&I109KE ()-2z!, , & 10% (& ()-z 10% & ()-! 10%(n(& ()- 10% & ()-
- 10.n. nl nJKKhLLLzX911 10&810% & ()-! DFL-:! 1098($(& ()-4 ! 6FL-:!10%& ()-4
3I' M 10% 26
& ()-1,3IM10% (& ()-!3I' M 10%in& ()- LMVMMVRVMMVbCO&10%<&' () - &LO%<&' () - &S10%s
& ()-L10%<& ()-_10( 10( 10(s: 10% & () - MWMVWNz[ <bCO&,
109%<&" () - &L108&RIME_ 1 ° y109x<& ()-![ y10%00& ()-!0
y109%& ()-s10%<& () - N+Nf NgNNNNAEbC09810%<&' () - &$10U<& () - & 10%<&' () - #&10U%<&'
()- '110%& ()-10%& ()- NOBOhOOOPdEbCOL510%<& () - 310%<& () -

L110%& ()-L/t10%& ()-9- 10(V‘?%E:(:%‘EQL*fégy%ig%h@iﬁépiﬁfépg%@%%\fle%&' () -

, 10%& () -S10%& ()-& 10%&
10%ﬁ&f()'PC?QB@ﬁEEﬂER@RElg%Qg,(%hikﬂyﬁéh%ﬁgts in treating a racemic

5 mixture of the said amino acid with glutaric anhydride
and then with the enzyme glutaryl-7-ACA acylase so as
to recover one of the enantiomers of the said amino
acid, the other enantiomer remaining in the form of the
corresponding glutarylamide derivative.

10 2. Process according to Claim 1
characterized in that the said amino acid has the

general formula:

NH

2
W
R')\«:Hz)n/ cOo%

15
in which
- n is an integer selected from 0, 1, 2, 3, 4, 5 or 6,
- R represents a hydrogen atom or else an alkyl,
alkene, alkyne, cycloalkyl, aryl radical, a condensed

20 polycyclic hydrocarbon, or a heterocycle, all of these
radicals being optionally substituted,
- and R’ represents an alkyl, alkene, alkyne,
cycloalkyl, aryl radical, a condensed polycyclic
hydrocarbon, a heterocycle, or else an oxy, thio,

25 sulphoxide or sulphonyl radical substituted by an
alkyl, aryl, cycloalkyl group or a heterocycle, all of

these radicals, moreover, being optionally substituted.
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in which n is an integer selected from 0, 1, 2, or 3, R
represents a hydrogen atom or else an alkyl or aryl
radical and R’ is as defined in Claim 2.
10 4. Process according to Claim 2 or 3
characterized in that the said amino acid is selected
from the compounds of general formula (I):
NH,
4]
, _COOR
{ R (CH,);
15
in which n is an integer equal to 0, 1 or 2, R
represents a hydrogen atom or else an alkyl function
and R’ is selected from optionally substituted
heterocycles or aryls.
20 5. Process according to one of the

preceding claims characterized in that the enzyme
glutaryl-7-ACA acylase is used in soluble or
immobilized form.
6. Process according to one of the
25 preceding claims characterized in that the amount of

enzymes employed relative to the total amount of



10KK 10KK! D 9- & 109KK& ()-M # 9-& 10% O Q& ()-M" 10% & ()-3 !l "

© 109%°P& ()-3 hiFiii j<j}"?"Pl, L&1O%& ()-&s10%& ()-! PF 109DD& ()-!F
10%<& () - &310%& () - &10%& ()-<jrjjj kIJKKdErPL, LL,

10%&! () - LI10%&! () - OY@O%<& () - By10%&’ () -

109%& ()-910%& ()-kkkl M 11 aB"P1, L Y+

109%8& () -y) 10%& ()-s' MIO%<& () - 9%0%<& () - ! #10%<& ()-!10%& ()-I| mprpmmd

EAPL, LL6 109%&

10%& () - L21oé/&é')ci“?io&Téb?@&a(c)iﬂ/(ji‘&?&&a(t)e-" -5 BREFSER. inATshdkPgh) nwanbc, L9

10%<& ()-Z10%<& () - L10%&" () -
10!@3&@@' (/ ?‘gl%lééég{%%’%n H%g\gb%’%@éﬁ‘éfatgz 10%& () - &

10%<& () - &@ALOW&' () -~ 109%& )~ 0%<&' : o%c& () -
php(;pag?%ac, %#108%<(<2&' ()-9'01 pkote@bOYelcrtn WP eé ohls ¥°'the

1 éoo/zz.‘g"( § )19 gg;ég,‘c%a_&hgs% L9 ¥Uie) HAYEE k1 W & e ® 9RN9HRG I L@

+10%<& () - k) TLAYS&e()) vh't ML OYE&H)F FAHUSE0 YEki el i d i SSAE: / 10<
10<: 10%& () - 810%& () - 6 10%& ()- 410%& () - 3109%& () -

1y10%<& () - SS5=sQ5Rs S TSV S wiBeebaYad dord n ¥ef' dDaird & 10 109 10%& () -

109 ()- 109 ()- 10<”"ssssttudEvWB<Lf 10%<& ()-910%& ()-910%& ()-&

109%<&' () - 9F MtO¥e&cterizedVds (that( wheAwhid aRaRel3Pbuffer has a

10%<& () - YRIOUE& () - %RI0Y& ()- #109%<& ()-!

109%&' () - LY10%<&ncentrianivhvoivbatvieed< 100aM @Gnd 200 mM and is

10<l:109%<& ()-s8 10%& ()-F61l09%& ()- /s109%<& ()-"/s10%& () - wwwxxTxaBYNC8<
selected from acetate buffers which can be used at a pH

10 of between 5 and 6.5 or phosphate buffers which can be
used at a pH of between 6.5 and 8, or pyrophosphate
buffers which can be used at a pH of between 8 and 9.

9. Process according to one of the
preceding claims characterized in that the pH is

15 monitored and adjusted to between 6 and 9.

-k 10. Process according to one of the
preceding claims characterized in that the treatment of
the amino acid with glutaric anhydride is implemented
at a temperature of between 20°C and 40°C.

20 11. Process according to one of the
preceding claims characterized in that the treatment
with the enzyme glutaryl-7-ACA acylase is carried out
at a temperature of between 10°C and 50°C.

12. Process according to one of the

25 preceding claims characterized in that the reaction

time varies between 1 hour and 100 hours.
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extraction, chromatography or crystallization.
15. Process according to one of Claims 13 or
14 characterized in that the enantiomer derived from
10 the glutarylamide which has been separated is
additionally hydrolysed so as to recover the
corresponding amino acid in enantiomeric form.
16. Process for separating enantiomers of an
amino acid which consists:
15 a) in treating a racemic mixture of the said amino
s acid with glutaric anhydride and then with the
enzyme glutaryl-7-ACA acylase so as to recover one
of the enantiomers of the said amino acid, the
other enantiomer remaining in the form of the
20 corresponding glutarylamide derivative,
b) then in separating the two enantiomers thus
obtained.
17. Process for separating enantiomers of an
amino acid which consists:
25 a) in treating a racemic mixture of the said amino
acid with glutaric anhydride and then with the
enzyme glutaryl-7-ACA acylase so as to recover one

of the enantiomers of the said amino acid, the



. 1 OhMIluB] "%,

LU, VL 111Y2T57| - <>NB>DA LMNNPPQSTVYJ[ _#adf h<j kIl mmopgs”su” vwTxQyzy{]

AT HSUR () *+,-./0123456789: ; <=>?@\BCD6Ti mes New RonmanAri al Courier New'h Root
Ent r yWor dDocunent T !"#$%&'()*+,-./0123§§6789:

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\ ] ~_" abcdef ghi j kIl mopqr st uvwxyz{| } ~

I"#$UR' () *+, -./0123456789: ; <=>?@\BCDEFCGH

other enantiomer remaining in the form of the

corresponding glutarylamide derivative,

b) then in separating the two enantiomers thus
obtained,
5 ¢) and in hydrolysing the enantiomer derived from the

glutarylamide so as to recover the corresponding

amino acid in enantiomeric form.



