20

25

30

PROCESS FOR THE PREPARATI ON OF BETA- LACTAM COVPOUNDS
The present invention relates to a process for the
w@e@par@ki on of sem -synthetic b-1lactam conmpourdEER3008/052809
enzymatic acylation of the parent am no b-lactamwth
the acyl ating agent. Enzymatic production of
sem synthetic b-lactam anti biotics by acyl ation of the
parent am no b-lactamnoiety with a side chain acid
dpHOGESY FORF YA FREPARATION C¥ BRTASTACTAMEOMIRAUNDS
ely described in the patent literature e.qg.
EP A-339751 , EP-A- 473008, W092/01061 , WO3/ 12250,
W06/ 02663, WPO6/ 05318, WO6/ 23796, WO7/ 04086,
WOO8L56946, W09/.2078 005/ 00367, W2006/.069984
Us. 3788 81088t MU ORIPRG Ba ERESTo Ll PEPIRiET S SEpeyntnetic
B%dtéﬁmmmumdertwyawmmleobdymnbna)fahe @arenti amino SB-lacase vith the
gﬁnti cilli F acyl ases obtained from Escherichia coli and
AN LNIGAEBl1 i zed on various types of water-insol uble
mri]lt eEh@)rﬁat(cepr@duM@aMf%ﬁ@nthéﬁcn&-]a@tanﬁiic?ﬁﬁldﬁmﬂ Bgacyhtion of the
t he prjor rocesses is that t si.de chain esters
PaRgSt ’B@Ou%% Bolely Wita g side ﬁglﬂ‘ﬁ‘ﬁﬂ‘?' dSF%eéWet g As 3yamide or an

e&t@e ﬁdste&ha\h@ely:siegénbé‘dorn tHéSbateﬁtentemuweedlgCEEFt haa39751 EP-A-
nt of free side chain in the es .

4?%99% YWER2/01461p aMQ 931 22505 nWQ%/Q?&@é d’l‘foﬁﬁ@%%ﬁ% W096/23796,
WOYSH/ 0P & i skss 0aBai e 98 1ol ses v&b@dﬁt%)&é:ﬁm O\N@OQG@69984 Us

D- di hydr ophenyl gl yci ne, the presence of free sid

38A&iZ®3i an Fﬁ@r@@'bﬁ)é@[léﬁ@CWWBﬂ S RaAanst 26%] 6/ %a-E'tQ grzymes used
i A8 it §rterlﬁr?ﬂo§%g§éé H@m@fhﬁ%&la@ﬁs bh&ing&tdin ‘Efsan%?chla CCHI and are

enzyrratlc COUp I Ng Feacti on I's attri but
inirafoilizetdlzan, vatioes types loé watsrvinsolubls iiteyialsf(egh¥/ @9 E@4@6)e

chai {&Smgf&g %L a‘dU&ntg&Q ‘3“ meogr?oroért tp?c?ce@@%%e i aF th%o%‘ﬁ% 'C'ﬁgm esters

reac ere Is an oncentrati
mokt be éseladedien glsalidfarm in rwdeﬂfrmwmfy the(}l])d,ﬁpbhla]g es’@a,cfbr mstance to

P B LR A5 ) S Sy o
tHeecse s tiidamops Bgdrppliciiie sidaepains \sakly aan-BIG:énythBlne and D-dihydro-
’ﬁ)ﬂ? ssabi ‘1| t ?%an%hglfr%th (E)Tesa%élm qﬁﬁ%é%@ﬁ%&h‘?”zymam coupling

re@rcn@re&ss @gstﬂfngtm@aﬂ%neﬁsmmmmel delb-dfané @ﬁtﬁﬁmﬁmnng reaction.
he contam natin ' e renp

free side chain has.to
TP'ér'S aHdhuiad & et Ctt‘h@t Y AR g oy gaiu att&lfty 8f ?Werféﬁe S'ge chains under
th‘ér ¥&hdtlidrisz at e epbGRats cbbﬁlrf@;ef’@acﬁblrm etd Gs bml agb&m.m.t to the
onpound. At higher |evels free side chain,

C?ﬁﬁeﬁg?‘t'qq &lidres §'d|ee€1rﬁﬁ"’r‘ da s ?Wctwpf'?%éeéqt@é Th|s limit is
dgt?ﬂfhlﬂeéi\'f%)ﬁrt‘hé Redtidhdr® theSRRN$B! §idé AhatH ShstiId! AstSEFstallize or

precipitate, because the precipitates negatively affect the processability of the
enzymatic coupling reaction. Moreover, in the final steps of the downstream processing
of the semi-synthetic 3-lactam compound, the contaminating free side chain has to be
removed, for instance with the mother liquor of a final crystallization step of the semi-
synthetic R-lactam compound. At higher levels of free side chain, more mother liquor is
required to remove the free side chain which in turn is responsible for higher losses of
the semi-synthetic R-lactam compound. The unit operation which results in the isolation
of the side chain ester in solid form complicates the production process of the semi-

synthetic antibiotic and significantly contributes to the cost price thereof.
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the sem -synthetic b-lactam conpound. The unit

operation which results in the isolation of the side
waebasniesster in solid formconplicates the proRPCDEPIING/052809

process of the sem syntheti cztanti biotic and

significantly contributes to the cost price

t hereof . Therefore, there is an urgent need for a

production process in which the side chain ester

formed during the esterification reaction, can be used

in the subsequent enzymatic coupling reaction w thout

bei ng isolated in a solid form W»8/04732 di scl oses

i bergfase, theregisaamduwenheeed frtresiosugionceiopeesz inl which the side

I‘gé?ﬁ %%\fe‘?’ﬂ) m(ﬂ"gu e Cé%wér'ifﬁaﬁérp%a%f ECGan % ﬁ%\lr@% subsequent

respectiv y Wi t roxyet yl'ester of

er&ymahw@pamylggh@w)hg'wy@uhfeelme;p@ltfgd inlpesalidffem.after its

synt 8704733)2aﬁ@8|gsg§ rr?cl':Qaynpe% Hh% %Hé)sf%ée%&ntpes's.of cefprozil,

enzynmati c cou Actionwit hi i Bei ng 160 g%t &
cafedliodil fand mm@@llmymmifm%n?%@%lané GaA@Aaevmoﬁv@pcydth the 2-

h)é r%i)léi%th s\r(eeracgz}tctl?gr?ygroa(y glﬂtélg g{;}ﬁegv ebH E gé %t r |t§ %nthe&s is
a@denbdilsmfﬂy ththiengy b bgu et 2y PEhatE c:xuprhig nagucﬂ@rawttmmrbea@ issleted in a

GBI AT e S BYRIENF 755 OB Bopcsiphiiy yaper the conditons of
tri@réﬁzlymatlafcbmmbh@éﬁldﬂiaamdomemf@@&ﬁesmdt)geaéra%et‘rbe provlems during

concentration as a_result of th soI u

theenzyimgii; e4rling r?ﬁ?@"’b@é?é%?”?%?g?ﬁ?ﬁ’ -gh ‘Td}y?ﬂb(“é{g%”d b- ~dihydro-
pIRSYINeOh BideE RS&voldPthel prdcisitaBon BREE Wilyl BEESre®ént only at very low
D- phenyl gl yci ne_and D-di hydro- phenyl gl yci ne, such as

C%?ﬁmf?tl'qni 5 2 tesyh &f @)@;rﬁow %lPB'EWor and Cephr adi ne,

wher gij& ahhﬂne?df%hﬁ@'pﬁes‘%t H@@nﬁdndf% 6idRid8 @%Fcﬁ‘fuc!l&l process for B-
characterize and the resulting side

lagtean Aerdstives @foﬁtr&nenxlggﬁlny qn@vp'@tﬁ‘ryé@n@h%‘b’|%ﬁ§‘eoﬁu¢h' agAmpicillin,
Céhﬁjﬁeﬁn%é\‘%clepgna\’@%?)ﬁ?@ ifeNGhbRAh @t %tr%fswt mhé's% chain ester is

al n ester I N ormln or purl
chargeledzes Ry exthigh, yiekl and ttlneedesumgcrsuéaschalrs ea@rmetams only low

(f}‘r:creﬁ{rgtlcﬁﬁ é)tf I?t%ebsgjdéa%a"ﬁ@ 5% \‘/?/Flé;(remc th%h?ol&t%r}q of%M@Eﬁgtdhgmbester ina
actam and nmay any penem or ce I NSt anc
s@idefminm oyperderciol duaifyi the atiedch@B- eSS, omltted

7-am, Nﬁggﬁsrcieﬁod(éﬁngg%% Rsﬁofh%t%iﬁ%ndmg%tfwe’ semi-synthetic [3-

7-am noceé osporanic acid
lactaamiand- rﬂay:bbcang (Breep becedhaar fooXndtarice §-amik@pahicillanic acid (6-

APRY Zati P aghachRrY b TR e cRbuNa PERk HBshyelsporanic
atitn €7-BCAYoN B-adind’ 3 aione 3pephémancarboxtyhse nnab@»e) as
def | ! %eq?q ?%Ir?éggﬁg eé&rllqr}gltn%gs?tge Ir@&i% c%l |X(t:he seml synthetlc B-lactam

c@nﬂd)thwdiéoélfb%ﬂﬁdj @b Yitd BearhiRo @@ Phammongosition in the nucleus as defined
herein, for instance D-phenylglycine in Ampicillin, Cephalexin, Cefaclor or D-dihydro-
phenylglycine in Cephradine.

“Free side chain” is the underivatised form of the side chain, for instance D-
phenylglycine or D-dihydro-phenylglycine.

“Side chain ester” is the ester form of the free side chain whereby the carboxyl
group of the free side chain is esterified to an alcohol, for instance D-phenylglycine

methyl ester or D-dihydro-phenylglycine methyl ester. The side chain ester may be in
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"Free side chain" is the underivatised formof the
side chain, for instance Dphenyl gl yci ne or
washyden- phenyl gl yci ne. "Side chain ester” iBCT/RR2008/052809
ester formof the free side ai n whereby the carboxyl
group of the free side chaini1s esterified to an
al cohol, for instance D phenyl glycine nethyl ester or
D- di hydr o- phenyl gl yci ne net hyl ester. The side chain
ester may be inthe formof the free base or as a salt,
thfe%rm 53 iR 8 Bsd BF abld satkdr iRBnéd8s HPCEBA Qn@%ﬁeﬁ‘&de chain
may be in a solid formor dissolved in a suitab
esfel maybe in gaplicformor dissplied inrepdiableasplvgninount of si de
chain ester] [Amount of side chain ester] + [Anmount of
free side chain] whereby the anbunts are expressed in
‘Ratiogis definethbergpasit, t he i nvention provi des a process
for the synthesis of a sem synthetic b-lactam
conmpound from a nucl eus and a side chain selected from
t he group consi sti ndAmbulgiisieydhglinyesterg and
D- di hydr o- phenyl glycine in the formof a side chain
ester and an enzynme catalyzing the coupling of the
si de chai PArastrerof tidetchainrastdrgd fArabartad free isitiecthiain] t hat
the side chain ester is not isolated as a solid
i nternmedi ate. The process may for instance conprise
whé@bl thd ambings stePPreedOmorsst i ng a free side chain
sel ected fromthe group consisting of D phenylglycine
and D-di hydro-phenyl gl ycine with an al cohol to forma

m Xt 6né3@ﬁpédtSth@gmt/é}ﬂwﬁ%rb@la@@%dpr@@e& e tﬁ@%yﬁth@ié%edf,a semi-
the formati on of the side chain ester in this ste

syitiesticrRaigcipm eampewnd from apuelapsangi @ fHidg CEB'H\P@@F%PO”‘ the group

cOMYistRg % Ry @Mnd BegihydbipBen@Slysled iM @ form of a side chain
her ei nbefore an eregthe ratio 1S preferably 85%
esipt angp st @rzpleycaalygingdhe corringr abihg Dde/chaiprester to the nucleus

ctPJrSétsﬁf”é?J M lﬂg%hen%?g cHélﬂf&“[?rQ%%o?Ys%at%g@ PE&IEhRPhYdiate. The

% nost prefera or m ng
p@@ﬁi;s @y fardnstands- qoamrlamtfaa)i@ﬁ@wnq stapsim xi ng the m xture

bEHVBRRG Hh%g?&g)%'% FB-fRnylglyci
oPOLaBRASL 1 Dbl Lo REhelS 0 LIRS KPRy nahone
pravd st_dlhlyldm nheeylglydeecwam raneslceholf tor foed & rmigtuee doa)prising the
Sc%Péstﬁ(ﬁhg ?o% it ?l%&' tﬂe fgrtrrgtl%ﬁddfalﬁg Sj -ghc,ehawggt%}"?n this step
used 1 e“process o esent 1 nven as
debtiefmdblheesmlhs in a mixture W|th a conversion which is expressed by the “ratio”
as defined hereinbefore and whereby the ratio is preferably 285%, more preferably
290%, more preferably 295%, more preferably 296%, more preferably 297%, more
preferably 298%, most preferably 299%;
b) forming the semi-synthetic B-lactam compound by mixing the mixture obtained in
step a) with a nucleus and the enzyme to form the semi-synthetic (B-lactam
compound, with the proviso that the side chain ester formed in step (a) is not

isolated as a solid intermediate.

The nucleus used in the process of the present invention and as defined herein
before, may be selected from the group consisting of 6-aminopenicillanic acid (6-APA),
7-amino-deacetoxy-cephalo-sporanic acid (7-ADCA), 7-aminocephalosporanic acid (7-

ACA) and 7-amino-3-chloro-3-cephem-4-carboxylate (7-ACCA) so as to give
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before, may be selected fromthe group consisting of

6-am nopeni cillanic acid (6-APA),
wQ 2@silnB2deacet oxy- cephal o- sporani ¢ aci d ( 7- ADEA)/EP2008/052809

7- am nocephal osporanic acid (,/- ACA) and

7- am no- 3- chl or o- 3- cephem 4- car boxyl ate (7-ACCA) so as

to givesem synthetic penicillins (derivatives of

6- APA) and sem synt heti c cephal osporins (derivatives

of 7-ADCA, 7-ACA and 7-ACCA) respectively. A preferred
s&ﬂ@?ﬁh@fﬁﬁtpeﬂfcnltr@e T(d%rrﬁ%‘\fgs bNVERRAPAPGS sERGyRINGES Sc%pBQIBSporlns

preparation of a sem nt hetic b-lactam conpound

(%V@b’?é@fﬁr@lﬁ@f\h@ Afroapd dofverA1 rasgeeivelynpi refaried, embodiment of
th%e&}é rﬁ)ﬁh\';bn |6§9§ rti?éjk)ﬂ?cesé: ?(gratﬁb%r?pe! Etlérhgf G U¥ls %tﬂ?tl(}eg-lactam

step rocess o e Inventiona
C@nwr@hwlﬁctsélfm dle fgrcmm consigiinouy aopisillist icaghaléxin, cephradine,
Cé?éag'enyl gl yci ne and D-di hydro- phenyl gl ycine is

converted wth an al cohol to forma m xture conprising

t he Inothe mpmnsibmgtesi(smepc(fm)aioﬁtmsmrecessTdﬂeh@Imemm aifeal side chain

in.t cess of the
Afbd ol W ien: rdrRupd R intcanE B phgavcine is
chryeredgittt be ahiehdﬂyd) foataamixtunel cepydingeteie @brreEfpohdileg siddehain ester.
referred

chai respect.ivel nmost a
T B FSSEn s v sy Bh BtV bheclefted 2081 tap Supgonsisting
oﬁhéthéﬂiﬁb@d? I@S&f@holﬁﬁer@ﬁﬁftﬁrﬁﬁﬂgﬂlﬁb &fe&fyl ?ﬁér amlraglﬁyl %ﬁl%r of the side chain
eat | a m xture i Si a free side chain
e P TN B PRSP NO b Aol SUA (8] S R 1CgToE L several
wayl D-di hydrophenyl gl yci ne, an al cohol sel ected on the
basis of the desired ester to be forned, for exanple

met haRBleMbedignhpicannersierstap (akeqraprisgs heatingrrbia Migture comprising
a Q%%l& h&in %tef&{edeﬁ?dn@ rthe ?%p%oﬁﬁléﬁ@goﬁ@pﬂe@@%lﬁ@ and D-dihydro-

sul furic acid, under ux at a tenperature tween

ol lghysing 2 60 @ICoRel siested o a1 dictbn desiresh@stenbpbs Tormed, for
exh§ile Wsitho RS HABA! th@Sndt e@le? %F'%khan%lht% 5%%@%%4%&& and a

preferably between 60 an C. Wien using et hanol
strang (it skehl as swigirie @@@evadezrrr@ﬂuxSatpa éﬁrmea@iuse lhféwmfeﬁo @sd 120°C,

m%de ilqurggl t%fwta@rpl4% glr%flgfrg) i’(g.nZ\é yuQ é(jﬁ‘éjno'l rbst {'ﬁ% alcohol, the

arat1ve exanpl es scl
teEmemt@Mslzfﬁerawmmetmenéiﬁoarw aeaL V\bIﬁemufm@e@ami asttep alcohol, the
' n t t
PR, bR R 68 ol BB Rt G gy g oy e
C(bmmma'atd/ecaxamplgas and 2tdseilsc@aed indzP maﬁnmces whi | e
di st ]J cohal

Feacti SR abbarndBLEM R ReprBn BiRiss i&'ﬂfﬂvarﬂﬁv o the
pievietie errdddietshb dhdreotpidescaaitien sif dne tceol () a élnqudd\Mniacbas to the
reragt‘?olqul Fn?xtdrg while (i( stlﬁlng off the alcohol and the water from the reaction (e.g. as
described in EP-A-0544205).

A highly preferred embodiment of conversion step (a) and which results in a mixture
comprising the methyl ester of the side chain comprises the following steps:

1. refluxing a reaction mixture comprising a free side chain selected from the group
consisting of D-phenylglycine and D-dihydro-phenylglycine, methanol and a strong acid
such as sulfuric acid for a certain time, for example between 0.5 and 5 hours, preferably
between 1 hour and 3 hours, more preferably between the 1.5 and 2.5 hours at a

temperature in the temperature between 20 and 120°C, more preferably between 20
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conprising the nethyl ester of the side chain
conprises the following steps: 1. refluxing a reaction

woreoosars2zonpri sing a free side chai n sel ect edrdT/BP200$1€52809

group consisting of D-phenylggy0|ne and

D- di hydr o- phenyl gl yci ne, nmethanol and a strong acid

such as sulfuric acid for a certain tine, for exanple

between 0.5 and 5 hours, preferably between 1 hour and

3 hours, nore preferably between the 1.5 and 2.5 hours

atan@ 1%@5@%%U&§fefa%lyt BRwESTRE LAY %@’Cp‘?rﬁd%??:l%fggblﬁ‘ﬁgtween 60 and
C, nore preferably between 20and nore

pﬁ%$@ﬁde@dﬁytmeen 40 and 1000C, nost preferably

2 b%ﬂ@&ﬂa% tﬂ@% 0% at'd qghﬁ%ﬁ%r@lﬂe@vzﬁﬁ gggﬁ?t&gg g,rﬂ)geféljésly between

m xture at™ a nmper ature tween
proffand LOry, rb@ne\m@ﬁraew betybea00@NdHHF @. Threafressals guring this step may

Ib(railrf @Mﬁlg {BFZ;G“QB ; ﬁ’é) Qr%nré%}h Qu Mﬁgﬁé %ﬁcgﬂ%ﬂ ng%t(%[hﬂ)es re%h &Y Weferably

c cGfoelperroatess, gn?rleeqnefbrebiyed 4@ ethat or Ipseihara bte;erﬁtﬂy o3 mbar or less
r ,

o EP AR PGt 2 mbabfr ek TP e esk Bl R lsSignyyeg untl more

2Qharb 80%osf themterTmesano eford that comgesttatipg istepcie rrbmmmﬂ preferably
unti | wat er ent

30%.0f. th bef th .
OB TR g ' aRBO FeeBrEN By it SOt ie water i
4Q8moted, brferaibie noresthae TOYeast theowatbeis a@h&vdmpbl©fdrétﬂy’lm5%}ﬂqan 80%

he water is renmpved ef er abl o n 70% of
0 ot RS Torn et BBt mos! rePleFAE PO S00a i BOUt 'y hmoved.

3Waid@inginSeth£HER \esterdbl) aitmioudt &6 8¢ ﬂ%bﬁalﬂmeeinftlél%lu%%fﬂfe reaction

the water is renoved. 3. adding nethanol, prefer
arm'étﬁfﬁ}?ﬁfor%hea%oncsn%ma.sr?pt%@n.qmqunbwh%de?@ tgen Fﬁé”'t'a' volume

I @RfHd RACHIBh FhikR Q%f 59“0‘% bhespepBCEbs é\t<16'0% &1<BBYBr <% or <30%
amount which is iesSs than the initial volume of the

r €AERD Bnofrips initfaé volémg of du tgagtionmixdiare r The7ampi Of:emﬂaa@pl added
<51Qa§’é?§o tﬁﬂ%eocﬁarfﬁg%lt‘iy vcﬁgrQe/ooPﬂchetr&?ctlbrF‘anlﬁ% vol ume of

reaction mxture. The anount met hanol added may

4a|0$>borbaé4y reneatinchstaprs hé qnmqrurrmre \leearmef@rabtwﬁi lgashengep preferably 2

mt?ﬂelér r%ore Qre]%pa{)qupﬁl rﬁ@r@%"f’éférréglysllt {lrbo?’e %?er%%g‘m:n%s more

east once, er’ a
rrmr@‘erpabbfGemraeﬂ yndBe Drerfmfebly ﬁfmrr@Spmelmefafarqbly@ times snorerprederably 9

5515, B e P B 5 BP0 S o o
prasf dafiabd yleﬁ)alrttiel‘m'e of i éorpiatidre platmethyll Bstei imeeaséd sigaiicantly. For

found th ti.n e s the
adinst Rl P SRLAGR ERET shePEe . ridDbhhendBeses may be
| mbtaﬁ%jedaﬂsr gepehaticztdpg. (alror (c) rwt@n@eratla*f betweearss93%g may be
st eps ‘ratip". b en o
800 Blerspb S RE P ftIc: () & ekt hgoust Splieea os-07% may be
( Cobtemyae and aftérabpenting 8tepe es) 8oy 9 ifesRy “rB®” between 97-98% may be
obtained and after repeating steps (a) - (c) 4 times, a “ratio” between 98-99% may be
obtained and after repeating steps (a) - (c) 5 times, a “ratio” between 99-99.5% may be
obtained and after repeating steps (a) - (¢) more than 5 times a “ratio of more than
99.5% may be obtained.

Another highly preferred embodiment of conversion step (a) and which results in a

mixture comprising the ethyl ester of the side chain comprises the following steps:



10

15

2

o

25

30

obtai ned, and after repeating steps (a) - (c) 2 tines,
a "ratio" between 95-97% nay be obt ai ned, and after

Wo epeatisay steps (a) - (c) 3 tines, a "ratio" PE/REING/052809

97-98% may be obt ai ned and afbt er repeating steps (a) -
(c) 4 times, a "ratio" between 98-99% may be obtal ned
and after repeating steps (a) - (c) 5 tines, a "ratio"
bet ween 99-99. 5% may be obt ai ned and after repeati ng
steps (a) - (c) nore than 5 tines a "ratio of nore

1t h@ﬁhx%% 2 % 5806n BRiIxRRS %bﬂ%ﬁ’slngo"éofr&e idei gy sBE&EE TR the group

enbodi ment of conversion step (a) and which results in
a ensisiingeof doppenyilveiet ang @ﬂﬁyﬁroe@peylglw¢lnq rethasjolang AeAtieng acid
C IRy b§§l§1fuhg'§cﬂcj %r aoé@' ?ﬂ SRS eta 5I§fbleH\?&|eH9) oeﬁﬁtgdrg’ﬁ)referably
m xture conpris ree side chain selected fro
groetyeenohdiogt an@ 3o|f|0lES phemrybrgleyablynbetaren the 1.5 and 2.5 hours at a
D-.di h ' l_ an S
S J%hgégg{ugeu rhf ﬁ@%rﬂé&%ﬁf B?twaegﬁlreir%t aarﬁjnﬁj%ﬂaC Ho?é‘?re?e%%blbetween 20
bendelda° Q. rﬁorarm‘eférdblywes\gveqmé@ endbDY° O etose prefetalilp betvwaerd 65 and
3 1|6§L¢_Sf IoWRE 8y P eferably between the 1.5 and 2.5 hours
at ’e?rr?e?g Yre in the t enperature between 20 and

2.1 200€zntmatingethp mektareadt | aytelnperstea befleand0 Bo0AGD°Crpraferably between

pr fer bet we and 1000C, tpref er abl

U, BTt gt BN sl 5y 1 TR ARG dufigo g ste may
mumﬁauly ®eatmesphendearmdindy duliref e eonddtrating stéBeduced to preferably
D a1 s e P ey EES0RB or s
| Rnbinadst brelﬁé?alé’iy 3P hdat 6r 1858 TRBCofstntrBthd 46D is continued until more
concent rating step be reduced to preferably 50 nbar or

| d S0, P el PPNt GO fhsasonsenirabiag Stefoldemoved, preferably

prrﬁtﬁr@rtﬁM M0%00f3tﬂe Wpaﬁér 8 reinB9sy, PRéteIBHt mBreetheh &by of fPle water is
nmbar or |ess. The concentrating step i s continued

LR VRN K 79%@\%& wateris seraonedpBR bl fere than 80%
CQp ?Haerﬂleft |é F&n&ﬁa& Bnédl $hos ?t%ftgir?%% of IR Gate? @"removed

40% of ter is renove nmore than %

3ofadding e\mr@r preferablirdnemoymt 8o @sé(bpptamd e lrtlll&thl?m%Qﬁﬁhe reaction

thﬁxt\’)’ﬁatt%forbsthé'g gﬁ‘t tlﬂgléf'aef;)%'raa\ ﬁﬁhl&h%q %QP{%@Bhetimﬁal volume
water 1s rem)ve pre era nor e than Y% 0
t hod theareaetion smxtenmeed<9(l% oatfiing ﬁlOB(adeO"/mréﬁé%acm%O%mr <30%
a o S. t

TR 230 PR AR B SO gt posea e
arataortte mbrediman tbeinﬁsaisvctlthaanotthe reactidn mixtwal ume of t he

4 RO RoBli Senti e SO RTE I ERare RIDhAR Ot S BidTerably 2
t hmesemote raferabiit 3iti@es, here anaferably off tineddn atood prattdetsly Bishes, more

mg(?fﬁrragly%o r|rre1est tPnaorr]e tppe eratr)]y t7|t|{rjln|esvr(r)1ore pref%rab* h8e t|r¥1gsa ?nore preferably 9
times, more preferably 10 times. It was found that by repeating these steps the “ratio”
as defined hereinbefore of the formation of ethyl ester increased significantly. For
instance, after carrying out steps (a) - (c) only once, a “ratio” between 75-85% may be
obtained, after repeating steps (a) - (c) once, a “ratio” between 85-95% may be
obtained, and after repeating steps (a) - (c) 2 times, a “ratio” between 95-97% may be
obtained, and after repeating steps (a) - (c) 3 times, a “ratio” between 97-98% may be
obtained and after repeating steps (a) - (c) 4 times, a “ratio” between 98-99% may be

obtained and after repeating steps (a) - (c) 5 times, a “ratio” between 99-99.5% may be
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4. optionally repeating steps 1-3 one or nore tines,
preferably at |east once, preferably 2 tinmes, nore
w@e@Bar@ably 3 tines, nore preferably 4 tinmes, POI/EP2008/052809
preferably 5 tinmes, nore prefgerably 6 tinmes, nore
preferably 7 tinmes, nore preferably 8 tines, nore
preferably 9 tinmes, nore preferably 10 tines. It was
found that by repeating these steps the "ratio" as
defined hereinbefore of the formation of ethyl ester
i %Ea‘?r%%e%o%%?'r&béé%ﬂé |s)éps ey - [PHGOHan SRS LY IoRthore than
out steps (a) once, rati o" between
7@%@6@@%@& ned after repeatl ng steps (a) -
(c) once, a "ratio" between 85-95% nmay be obt ai ned,
and after repeating steps (a) - (c) 2 tines, a "ratio"
bet weedll emba@iimeningf dlep Ghit picfeeadly the fbllavingmalaspatin dfraicohol versus
: ratio- - 989
fr%ée EBE tcéglh el% ué%% b%%v%éeﬁefgncgg? tﬁé#e&rg%ﬁéb&?&yvg%% ?Saﬁlj%yand most
prtefemmly bav\/eelaﬁlamd e Alsecin aﬂ&{ﬂﬁ%mmy‘s Ofesterb(=d, prefdrabfycthe following

ter tin st ( 5 tines, "ratl o o
wiet vt B 5Taed Bt 15 sbBeihale oty BPReof Bl figyacid is one
eqliegient @ad ore (’rto)e Ol‘m“uﬁuridmid s tivd raéaeuvaiehts)a\tdrmjso‘feem]n‘eechain is used:

t.han .SW be o i ned. odi nen f ste
ogtipon BRianeh Do RERFETY oAt e 3 Ao BReTarpa hgien 2 and
3Verfslﬁleﬂ Pe’soR I\AﬁlEbé:bltgé o b;ﬁtmhjﬁeéth\g rb@ﬂlmebhc{:iloafgleé’éwdinmfrﬁhe side

e en and nost ef erably
ot s e alaha seRCeARB ot vy reBRHE Tt o of ot ep

(a), BemoRs ﬁiramgytrfeh@nﬂ.cﬁyhm%aqg IBBbAY corpdumdoh siéd @F)d the mixture
acid (in equivalents, e.g. one nole of hydrochloric

obfaingdiia strfe (TR RE SHTTIER $OGHe hBpiaing? '@iﬁtluf%i""te %Bigp ‘ratio” as

déﬁeﬁvﬁerélﬁ%féﬁi elﬂwtesaatlbﬁ%fsth'é nﬁlfd@?‘e Whﬂ:ﬁ ighaig us°edU§|e§{ep (b) of the
between 0.9 and 10, nore preferably between 1

pr@ﬁaSSn@fsthepunéwetoaursyprgfeméxeﬁ8€z%aﬁu>re prqfﬁ@b§4<?$0%dmore preferably
>§§%S%réﬁ\"dre gr%%l)ﬁbb@%t Ch R Bkl BO76.LaRAA o;‘SPefera ly 2|$8|%, most

condi tions depending on the side chain and the a co 0
pregarally 9% t hout undue experinmentation. Before form' ng

th
. it @ﬁg I gmbg:tj Iof:}]f‘gsélﬁlﬁ&?‘l% %irgamﬂg&\%s' e }#&%n&ﬁ’an %ﬁd“ﬁemoval of
theteai sideacfmrxfrm &ensitien clzaimegfbr. Thatmay b@ecmm»fed Mydadjusting the pH of
i T ) . .
BSAELROSLRRES rJh 9 2 Bla BB s Ml B 25 an
5 pmesterefbiryd 851‘?16;eem$rzmomE ef/ addibh a A08blepase uckefaeMEDH, ammonia,

PRty PSRRI Ry S8 B b B e oot o
suifablepamauit oawmenonsbesm_ almml v d mixtups etwatet atd alnc_)hiﬂl,dollowed by
oG5B ha by 1%, G 1Eh0 %] AR bS8 end 5 mos
preferred between 3 and 4 by adding a suitable base, such as NaOH, ammonia, KOH. After
adjusting the pH to the desired value, the pH may be maintained at the desired value by
adding the suitable base. Under these conditions, a precipitate comprising the free side
chain may be formed. After a suitable time, the precipitate may be filtered off using known
techniques. The filtrate comprises the side chain ester. In order to be used directly in step
(b) of the process of the invention, the pH of the filtrate is brought to a pH between 1 and 6,
preferably between 1 and 4, most preferably between 1.5 and 3, after which the alcohol is

removed by evaporation using known techniques.
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the m xture obtained in step (a) to a val ue between 2

and 6.5, preferably between 2.5 and 5, nost preferred
whedsaars28 and 4 by adding a suitabl e base, SuPtI/AB2008/052809

NaCH, ammonia, KOH |In anoth enbodi nent, the

reaction m xture obtained in step (a) my be added to

a suitable anmpunt of water or to an alcohol or to a

m xture of water and al cohol, followed by adjusting

the pH to a value between 2 and 6.5, preferably

bet WREAh&- Enitiinéht omtpuﬁfc%ft.em geﬂa@ehw% @ 8f P¥vo or multi-

addi ng a suitabl e base, such OH, ammoni a, KOH.
PiRFSESystaa; 9sirppRg en @FQﬂH'OtRf\aﬁﬁ eonaiging die da ehain esier grivative and a
mifdY a % We@'sl?.i%q: 3 atnﬁ%nda%ﬁeéi%d;%h\é@e %SntQMln Gl ﬁl&asggcham and,

Sulta ase. er t hese con 1 ons, ECI
optonplhyi salh dghis m@yfbee@h@nvenlaby: hdjistingwiye rrzieOffbe mﬂuremrotamedan step (a)

S AP TR 1 S0BEEB ) S Y i L b4l ovonc

asd 9e blyl‘addlng esuiahle baseostdlhrastNJaQ}e angechialik@d th gnothersneqmdiment,

th%; F)a(%g{w Mmix gpebﬁ%iess % st ?aaﬂq%l}'g@‘%\é@%edf%}ﬁ%‘p tglble arrt10unt of water, an

alporef e:rableynbemmecﬁnméienaedd 4cohuls follpwed dy adnljystibgtiee @l at a value

ogi3p5 547k ety Rk hiera i Ao . Tve MBI BiHoateR f® and 0.2

bpbdding apuithtlé ®ase, acts be NAOH, Anvasnis,OH ommtadmst.@gj th@ pH to the

or. mu phase S stem risin hase
IR APHP e PHESY e M nedaBe gt yale B afins e s iigple base.
OBfaHAN, ted \A/Efee‘ma?l béeanﬁ@fdﬂmaﬂ%n%uémﬁﬂs(e@hN%@I) solutlon The free
cont al n| ng t e ree Si e C al n and 0 t| Ona Klé) Sa t.

Siqh PEREAY USOHENT @\ REePMigiend 6 BaNg PhABSM et muliphase system may

bé'nsééaﬂét%d Ql@ﬁl?'kﬂ@\% 'tébhﬁfq@@s @ﬁtloﬁélly&he\! %F%ﬁlctﬁﬂa&‘@ &ihy bedwashed with
0, er ab bet ween nost préferred

WEBt Ao g0 Balb S, é{amwégeraof@@ﬁtoémeema%@aysmﬁeoa@led to a
shig6le r@éﬂ%@@tr@am%rder% aﬁ%h@és @I”ﬁ&@“ ﬁ‘ﬁs‘brocte&e stream m may be the

reactlon m xture obtained in step (a) may be add
regckan mlawreaasmj@med aﬁer\mpéa) orahe affer BteadH agustreery aﬁnd%(lﬂlb@d

of tﬁ r@fe‘?rleﬁo bodl 8 tI 8 gl‘lf ¥1tl Js ?)tb b.h&e tv% revious
va ue vveen 7. Iy bét ween 8 5 and
e@b@dimmtst i qorfla‘t edjuetmgtibe \melecn‘ tlse 81|>eimre| oDtaneolyin stbgi (apbetween 2 and

3Py R Ben P 1o, ML ARl S g o e

pnesalpmataifnmbdaand lsebsbesemntydadjadting thy ptidf tige filtretes obtbiabd eat a pH

ase tio h ter in the formof a
g U ety bihelFebia Sare S, st fFieByPifiogh gyand 02
amiBsepdratng demvariquseptiases di ethe Thetti-phadeo usterh agtgaingd) using known
; mél ti- phase system may be separated using known
CRURHiSques. Optional Iy the organic phase may be washed

W t hit\Wab @ee®bupfsiaglydousd Hat h thebrEvidus. twalamuwtneaénts wherein the
phase of the wash may be recycled to a suitab
nﬁPb@@ss SYBIERLIMPesy e P 6’63%9&%7 p&sgd 195 p&ﬁf%"ﬁe'y bpfyeen 8.5 and

0Bl ARG BrefdriPFRtVRYN B8 hR® 9.2, may yield an ester, preferably selected from
the group consisting of D-phenylglycine-methylester, D-phenylglycine-ethylester, D-

dihydro-phenylglycine-methylester and D-dihydro-phenylglycine-ethylester, in the free
base form, whereby the ester has the following properties:
e an e.e. (enantiomeric excess) preferably equal to or greater than 90%, more

preferably equal to or greater than 95%, preferably equal to or greater than 96%,
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reaction m xture as obtained after step (a) or the

after the pH adustnent as described. A higly preferred
weedediosent of purification step conmbi nes the PEIDEP2008/052809

previ ous enbodi nents, i.e. figst adjusting the pH of

the m xture obtained in step (a) between 2 and 6.5,

preferably between 2.5 and 5, nost preferred between 3

and 4 and filtering off the precipitate forned and

subsequent|ly adjusting the pH of the filtrate obtained

atpré\‘e%lﬁ@&t‘!ﬁ@@ of - g'nseéié‘rdth%g 974 eﬁr%fé‘@ély eQ@&IV‘t%e& GeatePMhn 98%

.5, nost preferred betwe 8.8 .2 and separating

t W@dvmst@t@‘er@hb/s%wal [ qugéea’mn thpno Qﬂ%sén@yst em obt ai ned

t ha{g;hl X ?%Qg p“(?é%}f& %‘f%%) m!)lte d?\ﬁe%gﬁ'r?%ré%&[a}a%f(? % rfn8llé5)'dor less,

nmurharie- ;prh‘éw@&yzﬁtﬁemale%fcmrlm radreapneférbiay vod eh mblé% amwdess, most

gg%re ra%fl falené b/%é’\%?é‘ §p§es§$(§jasg W%éessrgr%glt g%|§t$V%rt8b|OIes of ester.
esel &Giﬁo‘:*dasf defimett h%r@hmfprecme&mmg >8%$%, more preferably 290%, more

then I@%éﬁ%ﬂ%og?w ga?)b/e>9%1 H’S%q. Greferably 297%, more preferably

PheBYl, Hase prerably kpbest er and _
D- di hydr o- phenyl gl yci ne-ethyl ester, in the free base

form whereby the ester has the foll ow ng properties:

an epssted ﬁﬂ@fﬁhb *s§ oFRE ARBMtdM, BedeptiksyntBstied-laét@mUompound is
greater than 90% nore %referably equal "to or greater

fofrRagh s opixing é"ﬂfér"@ibtpgﬁ ofiaiedt v siePgiadapeionplyapurified as described
h&eHpeoRS GHRR YiciedIahd b QuIbIDERAHR! pFe'?@le?gr(‘?immoblllzed enzyme, to

preferably equal to or greater than 98% and nost
fognehe camespordjnaisembsypihede Sdacam torampogmlewitirfie peovisal that the side

ORBTLEOL AL 10,0k SR BR8Pt sl omodote
Stwl (epmay bé earged afmoedirw fofany b the m@cezseﬁi{r@ww thle@tsand which have
I:lt rr?efr& Q%?J)r)é Bbr 1:(?0{?1 rs@tﬁés?s oﬁéﬂbﬁﬁﬁm.erqa?%er&lrrﬁa% out as
Sat rve o ster. ~a "ratio as
detfe:flbedem EE%AGB&@@T or WQﬁ8/Epﬁ9éﬁelriWi§e W/@ynﬂms'&; of cephalexin may be

er abI 90.9% Yy pr fer
/(I P@?‘%’ ruggll(@g@%?} 6"98 S ? gﬁ bg carried as
hqizr @ésenladd it \/99%)05/@03$3t3érand ithe syfntﬁeble qﬁbefeelssmagf bé barrled out as has
i nventi.on, thetic b-lactam conmpound is
b?e@rfﬁéanw '?n%%@%m@gégfrxt ure obtained in step (a),
opt i af@l the pnuyhfatie dcoaplindesitd isbedlsretictic nhgd-Rcemvidhtibiétic can be
nucl eus and a suit me, preferably an

enz
"ECRYRSET IUFIZ8 ”QWEmﬁoéso Fop stange @Sr?r&%r{a?‘ﬁ%’ may be discharged

thE&IGh -ty BbieHh |sfév@ulsﬁh§t®WaﬁErmlﬂﬂ'@d ThiVirddultihh Sei-S)Httfdic beta-lactam
that the side chain ester forned in step (a) and

afjbiatie fegrepsign iy e heditatsg treeate essdies sol i d

I nt epp@db A low amount of free side chain present after the enzymatic coupling
reaction, crystallization of the final semi-synthetic beta-lactam antibiotic may be carried out
at high concentrations of the beta-lactam antibiotic which results in high yields.

In a second aspect, the invention provides an ester, preferably selected from the
group consisting of D-phenylglycine-methylester, D-phenylglycine-ethylester, D-dihydro-
phenylglycine-methylester and D-dihydro-phenylglycine-ethylester, in the free base
form, whereby the ester has the following properties:

e an e.e. (enantiomeric excess) preferably equal to or greater than 90%, more

preferably equal to or greater than 95%, preferably equal to or greater than 96%,
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Step (b) may be carried according to any of the
processes known in the art and which have been cited
weoosilnisef ore. For instance, the synthesis of PCT/EP2008/052809
anpicillin may be carried outyas described in
EP- A- 339751 or W08/ 56946. RE‘WI se, the synthesis of
cephal exin may be carried out as described in
W06/ 23796. The synthesis of cephradine may be carried
as has described in WO2005/ 003367 and t he synt hesis of
ﬁ%ra‘?ﬂ albfg o?%rréétgrdth%HtQﬁ@ ﬂ@%r@&?%qgﬁ%rérb&gaﬂep than 98%
006/ After the enzymatic coupling, th
S ead- @%Pf@?"a@ymuélﬂoalftgﬁﬁtérnthﬁ'bﬂaf/q éndan be recover ed
WU S r 3
Saf %e&éﬁ?é;ﬂg g@%@g@sﬁgg)ﬁﬂlbq &"’\E%e tmérgirg\gléa%ﬁgfn@aﬁgfek or less,
upmedprearably iofigh mbiede raslass, |mgresprr$rferewtdie?l imole% or less, most
bet b LC ' Yy i I e
A aaERALG A0E b SHRRSEHE R B o et ester
OSIaZi&aﬁﬂ‘i&HsndeﬂneE&ierelﬁﬁéferfe dtherefenablye85%, ﬁtw@breﬂi@ably >90% more

reac stalliz he final the
SRSl 2% st ot et sk nBiors e ERDNAES Hhgfore Breferably
C 19884) it p@f@ra@r& >bbe, bet a-l act am anti bi ot i c vvhr ch
results in hi yields. In a second asgect

i nveltWibhep?\y "Eié%r the shdllesy perger fhat 5) St%"el”e@leeféeef PatR form is

rtobféieg rrrwmgcarysraaté B0 tRf ¢ B BEEAYA ebmln@ﬁomtmdn@staﬁre of the salt
henéggl ycine-ethyl ester, D-di h}/dr ophenyl gl ycCi ne-

C‘P@?’PN'IS tasyd ingemping ‘I’WWF'&)BB}‘IéﬁWQ 9N %féh@trﬁ Pester, in
the fy &ﬁnr@aa%%eétofh@mm%f)ﬁ BYoidae aeﬁrb%sshf%?'thterkﬁoductlon of the ester

following properties: an e.e. (enantioneric excess
inghefree Hapg farquefithe mventiqly with ke rtrmﬁrh%% defired above. The process

eguacﬁﬁa'gleym%@b 5t tﬂéeﬁ ehby %F%htrp%ef)gg@m Y%in aqueous

to or reater t pre erably equal to or
eqyimament theegbyroguqgimged tarrcabtheyse@qa@rn e sgpagatingttbe sidrahain ester

.ngfﬁdg@e\g@fg}?ﬂromtﬁ @gg pe]%ggl to or greater than 99%

salt co ref'erably of 20 nol e% or |ess,
nor eThe e{aleroatheysrdné ch@n FHSIEE%W bé @ss su'rtahrle sprt eﬂehr abltlye HCl-salt.
nol e% or ﬁ?f nor em%y ferab

f
ThE st WaySEe B arsEid it ol froh. T8, & %oflign in gater or
ammheSsmfabEﬁbtblveérﬁl apiiorally Q:onmlrr&r$g othee sdoetponents "gughi a3’ salts. The
as d ned. h efo referabl 85%, nor
oS VP g iBE ol Bt e, i oS 85 BRK bty diasg greferebly a
stbéfg basersacyaekediall hydBkide, poraesipmeiyaFedide/ordffimoniast
prefer It will be evident for the skilled

bl %
per sB‘n H&P pgﬁos%ﬂ%?m fRrpgek the QEIapicdNasE MHiN; tgeﬁrd&\ﬁ'@éruester in
trﬁ&Véw@aMrm@bﬂeur@fpréﬂ@%w o ol baily&dry IBWAEVEN BRfrédBide chain, i.e.

thve\zlI tretr]uoag%/ d\eﬁlngdehgfelnte?oeresparleferably being 285%, more preferably 290%, more
preferably 295%, more preferably 296%, more preferably 297%, more preferably 298%,
most preferably 299%, while the aqueous phase containing the free side chain and
optionally salts contains preferably no or only very low levels of side chain ester.

The two phase system may be formed as descibed hereinbefore under the
purification steps in which the multi-phase system is formed at a pH between 7.5 and
10, preferably between 8.5 and 9.5, most preferred between 8.8 and 9.2

The various phases in the multi-phase system may be separated using known
techniques. Suitable methods are those that make use of the density difference

between the various phases. Depending on the scale, separation may be obtained
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content listed and in conbination with any val ue of
any of the "ratio" In a third aspect, the invention
w@emsiltss7 a process for the production of the BSI/EP20081052809
the free base formof the inyention with the
properties as defined above. The process may conprise
mxing a salt of the side chain ester wwth a base in
an aqueous envi ronnent thereby producing a two phase
system and separating the side chain ester in free
uQﬁ‘gT’ %ofrﬁélr@r‘é\rnﬁmo'i' h&e%ﬁé’@? Lﬂj%ln@h@b%%fugen %l%@gt elﬁ‘fertlrb%aﬁzh%ode or
chain ester ray be any suitable salt such
mAGH PEdenablyTIRecopiineusnapdpeAi pieteried| santinerus @ﬁntmfagatm priecess is
d@sdrlbgﬁ?rfjdété‘i)m Fi |% 1 QndSEl( t/)IQrB fof Pﬁﬁ\h.eﬂh.s";{;ro@é‘&t &Y be applied to
suita sol ven tiona cont ai ni ng ot her
amw ngriee npeeferably aglegwdt gronThibebaseupnrgankisting ndfk derpgniglycine-
t e est ¢
m%&?eé?éébltpghé@&ﬂlr% i gjstg[jcﬁ OZI{Sy éh@r&l%%% gglester and D
dipwrasc,meuwglyyldemeMthmmathmmeedoasda fortmhe two phase
system fornmed, the organic phase with the side chain
ester in the free base formcontains preferably no or
F@mﬁg1very |l ow | evel s of free side chain, i.e. the

rat| 0 defined he efore preter bI bei 85%
o e P GPBRRI Y56 & RO SoiRline PhBITGER AgRGHBS0 I example 4
presf Aro@h{aVne%%’mtameea nblafu@f ahwom% g/Kgs8Iulbef faakd®l (211 g/kg
98% nost preferab e the aqueous_ phase

com SPWIdRY D HStPs G2 ik SUAIoRS aFee GRTieDRapt Jhecapntainer s kept

cont getiseRRedRArxll y no or only very low | evels of side
chain ester. The two phase system a¥f| be formed as

déscPAbidl saserenset enwprRartiwith akatet haffies athiegRo@etepsPh meter, an
\Q'h' Cgkétff& e bGWEé\ﬁﬁorﬁya%t %T@t'l@a(ﬁ@/‘l\ﬁ%‘ﬂ s@Futuén %Hd %t V&R for the

preferably between 8.5 and 9.5,
pr ef Eactien bétyieehavassahd pcgd he CQ@rnlgdl@éh phases in

m'Heta't e é'hgﬁﬁers SEER Mmkéel ﬁq{??ﬁg’&% ﬁﬂwatEFéomhe reaction

techm ques. |ta e nmet ods a ose t e use
of thi@(t@reﬁsﬁﬂic tefofeingndectibetimthercentidugesr i ous phases.

DeEFeRdéc{hga & égh?alﬁlhalae’25§eﬁﬁfmts'o%om gEPy The contents of the

al nedu5|ng nor e usi ng
cent corftalgaﬂwénervrzz&medeoﬁﬁ& in batch node, or nore

pr, S r uous,

e TP diobeled SRt B PR o B O ARt p{IOR Biameter of
Fi gubew!11 ZBndmbxalplecofSodno r . PCiamidieslight phasswamy1em, diameter
appl jed to any est eral selected frogmthe .

o DuBEEEh e HETof6 SBhehYt dRo: Abhetoeet BE cofrifuges were
D- ph&mﬁe@{e)d(ésrfamﬁﬁshyl ester,

D- di hydr o- phenyl g }{rm ne- neth | ester and Ddi hy

ohenyl GPIRORADIKIRG 1aey Bp 10; vesha WasdoUHEBI g ight phase inlet

of centrifuge 1

e 25% (w/w) solution of Na,SO, was introduced in the heavy phase inlet of
centrifuge 2

e heavy outlet of centrifuge 1 was connected to the receiving container (G).
After the experiment the contents were discarded.

¢ light phase outlet of centrifuge 1 was connected to the light phase inlet of
centrifuge 2

¢ heavy phase outlet of centrifuge 2 was connected to the heavy phase inlet

of centrifuge 1
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Figure 1 A A container containing a PGM sol ution,
obt ai nabl e as described in exanple 4. B. A container
wa@oensaicseng a sol ution of NaCH (65 g/ kg sol ut i Bel/EP2008/052809

NaCl (21 1 g/kg solution) in,yater (724 g/kg
solution). The contents of the container is kept
between 3 and 5C. C. A 10 | gl ass vessel equipped with
agitator, baffles, thernoneter, pH neter, an inlet for
the PGM solution, an inlet NaO+# NaCl solution and an
outl gt I t] b re. v ' -
o codlt RAE R0 Rt 2 ek by FBAR: o PeASERc pump.
vol unme pumpeditarongh gdeahexahangerrtacaelghisforedess stsaemitod-5 °C.
mxt yr.e t. ; renkLot ' [ -
i et ng CataREL B Bk doEUEE bRl OGuugtuoe.
sdi.ufiheat efchBla@3®4 codiibe poreenstseanh ta Br® “‘Cont ai ner were

r t 30 extraction
\(l:vg'n??‘ iq'F %%)eé’s?}%() IPF(E%I iag?% ﬁ?%ogégtﬁés@bf?%? 53 ‘“amet er of
bow 125 nmm volume of bow 1.4 |, dianmeter |ight

' . 1 ' hea h ir 66 .
TN R b abreolteabE e i e E RS vere. |

connect ageastakiolpupso pufr@ans PEM BblktioH ® the a0 Végsel O |
vessel was introduced in the |ight phase inlet of

centti fﬁ@@rigtaltigmg,\}q,@u%mﬁ Na@HaQsokthan g the 10 | vessel. The

| ntr odugsd of his! e 1E8Y ¥omhASE bl M&EpH Hletgent ri fuge 2
heavy outl et of centrifuge 1 was connected to the

r ecet vi Agedsiattigipta toGUMMihedeaction reixjbiee Vigenheatigxchanger to the
cont entgen\{\ﬁgsesdi scarded. I|ight phase outlet of

centrifuge was connected to the |ight phase inlet of

cent ¢ i f AgperBstallie gymphtas pumpt 26% div/veesblutibugef NaZeéo4 to the
connect ed tfo t he heavy phase inlet of centrifuge 1

I'i ght p%eﬁréugﬁst'l et of centrifuge 2 was, by neans of a
peristaltic punp, punped through a heat exchanger to

cool this process stream ﬁ'i g G A receiving

container to collect aque 5 55 e fromcentrifuge 1

Example 1

a) Synthesis of a phenylglycine-methylester (PGM) solution

90 g D-phenylglycine was suspended in 170 ml methanol and 73.2 ¢
concentrated sulfuric acid was added. The mixture was kept at reflux for 2 hours at
approximately 73°C and concentrated at a reduced pressure using a vacuum pump.
The pressure dropped from atmospheric to 20 mBar while at the same time the
temperature of the reaction mixture increased from 40 to 80°C.

170 ml methanol was added and the mixture was kept again at reflux for 2 hours
and concentrated at reduced pressure. Again, 170 ml methanol was added and the
mixture was kept at reflux for 2 hours and concentrated at reduced pressure. Finally,
125 ml methanol was added. At this stage, the “ratio” as defined hereinbefore was
95%.

The solution was dosed into a second reactor, which had been pre-charged with
20 ml methanol, in 1 hour at 20°C. The pH was kept at 3.5 with ammonia. A solid was

formed, which was removed by filtration. The resulting mother liquor was diluted with 25
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H. A heat exchanger to cool the process streamto 3-5

CL A vessel, kept cool at 3-5 Cto collect PGM free
whame/1NsL7 shown in Figure 1 are the foll ow ng PCT/EP2008/052809

peristaltic punps: A peristq tic punp to punp the PGM

solution to the 10 | vessel peristaltic punp to

punp the NaOH NaCl solution to the 10 | vessel. The

flow of this punp was controlled by the pH neter. A

peristaltic punp to punp the reaction m xture via a
mh%ter%%mesﬁtrétgd bhRdeesd bké‘s@gt“es(g éoﬁm%' H?é at LigQ-4848H Finally

punp 2 w w) solution_ of

268hia Dﬂﬁ@@g'g VENAW@ESQGE%@GM)ﬁowloquh@tgalge@fmp ‘ratio” of the
e%pmﬁgsgﬂuxga h8s 884Nyl ester (PGVM sol ution 90 g
y

nyl glycine was suspended in 170 ml nethanol and
73.2 g concentrated sulfuric acid was added. The

b}T)s)S XI ma ’fthg%é?q gl ki fOr 2 hours at

app concentrated at a reduced
pr esAureactusl wgh aa VIaYﬁuum ;swrvp bdtheen pwass diled withodped immobilized

from cto 20 t t he,_ sane th
EbRTEh A TP SIC PRUSrE ot P el | noreSRUEnYY 848 7-ADCA
ah® 980g Gvatdr’ Weld dabdaNods5° @aéncﬂdﬁiﬁ%kﬁ%st&ﬁuﬂbdﬂtwﬁo Wath 25 %
kept again at reflux for 2 hours and concentrated at

amEWGed pressure. Again, 170 ml methanol was added and

the g xtpeR é’éﬁﬁloh%totﬁ‘émé&fd $&p fa?(ab%v@)ox%§d§§&j |nto the reactor at
concentrated at reduced pressure. Finally,

aneaneianG| ralgadd ddfenin. Atha M wasag@inteined 'ataf. pow'tfasammoma The
teidrRER 0SS R Jﬂbﬁfzg*@ AFE? 3851(91 dhs gSéHthchﬁ‘al %i%ﬁ&ﬁltaﬁ added.

into a secon react or, whi ch ha been pre- C ardg
Cotatizatien phersihalexin startesiat 46 mpoFom Tﬁ@ethWQ/\msn, KegoeH aas kept at

T3S BB, ? SHOAALED b DR ot RN 5y 25
selfuriaed. wi th 25m water and concent ?at ed at r eguced

pressure (p =20 mmHg, T = 40-45 C. Finally 207.5 ¢

D- phenyl gl yci ne- et hyl ester (PGV) sol ution was
cbRecovezy of €gehdlexini 0" of the resulting solution was

99% The reactor was discharged through the bottom sieve with upwards stirring. The
resulting cephalexin suspension was filtered through a glass filter. The resulting mother
liquor was transferred back into the reactor. This sequence of steps was repeated five
times. Subsequently, the enzyme was washed with 2 x 10 ml water. In this way, > 98%
of cephalexin was separated from the solid biocatalyst.

The cephalexin wet cake, mother liquor and wash water were combined, and
the temperature was maintained at 2°C. The pH of the combined wet cake and mother
liquors was decreased to 1.5 with concentrated sulfuric acid and the resulting solution
was filtered through a 0.45 um filter.

A crystallization reactor was filled with 20 g water and 1.0 g of cephalexin
(seed). The above-mentioned acidic cephalexin solution was dosed into the
crystallization reactor in 80 minutes at 30°C. The pH was kept at 5.0 with ammonia.
Subsequently, the suspension was stirred at 20°C for another 30 min. The suspension
was filtered through a glass filter and the wet cake was washed with 2 x 15 ml water
and 2 x 15 ml acetone. After drying, 32.6 g cephalexin monohydrate was obtained

(purity >99.8%).
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b) Enzymatic synthesis of cephalexin A reactor with a
175 mm si eve bottomwas filled with 15 g i mobilized
wasmharisehi a coli PenG acyl ase nut ant Phe- B24- B¢ HEP2008/052809
Subsequently 2 1.4 g 7-ADCA apd 95 g water were added
at 25C and the pH was adjusted to 7.0 with 25 %
anmmoni a. 38 g PGM solution as obtained in step a)
(above) was dosed into the reactor at a constant rate
in 120 mn. The pH was maintained at 7.0 with anmoni a.
The tenperature was kept at 25C. After 30 mn, 0.25 g
solid cephal exin (seed) was added. Crystallization of
cephal exin started at 45 min. From 120 to 150 min, the
pH was kept at 7.0 with 2%% ric acid.
Subsequently, the pH was o IgéId to 5.7 with 25%
sulfuric acid. c) Recovery of cephal exi n The reactor

h th bot t d
afSndies S R a NS LS R et B SR
filteo @dDIdIﬂTyﬂttgbh@ijlﬁﬁ:rBe (DHR®) wad Bespersled tin 2Q0 Mwitrhethanol and
7%8 ] qtteéggl er R ng%g@%ﬂﬁpﬁgp?(ﬁ@% %ebt a-méfFux for 2 hours

a&&ﬁ@qmgf&)} 73°C 8fd etviehBaleasat WwasbeskdbreBste Xisikg dacuum pump.
water. In this way, > 98% of cephal exi n was se}garate

The RpTNee %?Q%dbfr@é‘a?@%ﬁ@f‘e”erﬁ% Depiareihile fbthe spane time the

tefIPflred dfaM® FeaR6h WhdlreWadrBAsatBféin a0deoesl, and the
tenperature was mai ntai ned at 2C. The pH of the

conbil Heer! methapgkwasaddarnikihe migyes waswert ddeined seftixfer 2 hours
and %o%énﬂafé&iné;te@dﬁ@écﬁgre%%lfeuWg‘élrﬁ%?@ rﬁf‘ﬂwe‘iﬁb@mof %Qlatddﬁg and the

solution was filtered through nm f
meftyrstvias kerjtat aafluxefe Lorouimand |opn@ejltqud1at2@dgcwhp@:881arﬁd Finally,

1%569”9?&%2&(9 Saddy. (P?tetﬁ%) sta%@Qhé‘b%\ﬁ% g@%‘flﬁgkfﬂeﬂe% Bbfore was

phal exin solution was dosed’into the crystallization
948dctor in 80 mnutes at 30 C. The pH was kept at 5.0

Wthgﬁ%@@ﬂh %‘ﬁ $e‘%;‘3ﬂ§{%té¥ecoﬁaﬁ éé{érpﬁ}ﬂ?dh%d"l?e%nsptré ch&%ed with

or> ano e suspen3|on
20 |rﬂItnm‘rbzﬂhcﬂ hn durgturat QD&SsTh‘el pH erasdegt aheSweth amhenm& solid was

vvashed :
fOA?qF%’_rer ﬁxa rerg(éveéj ta/ fg’}é\%hogl 'el'ﬁfia es#gwg@%tm%r Ilqu\%awas diluted with 25
rm)b/bmr,ntm]bo(oplued twth 399 cl@dig odEXactivhiedZarbon) and concentrated at reduced
pressure (p = 20 mm Hg, T = 40-45°C). Finally 217.6 g DHPGM solution was obtained. .

The “ratio” of the resulting solution was 99.2 %.

b) Enzymatic synthesis of Cephradine
This step was carried out as described in W0O2005/003367.

Example 3

a) Synthesis of a D-phenylglycine-methylester (PGM) solution
90 g D-phenylglycine was suspended in 170 ml methanol and 73.2 ¢
concentrated sulfuric acid was added. The mixture was kept at reflux for 2 hours at

approximately 73°C and concentrated at a reduced pressure using a vacuum pump.
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a) Synthesis of D-di hydrophenyl gl yci ne- et hyl est er
(DHPGV) sol ution 90 g D di hydro-phenyl gl yci ne ( DHPG
woa®ssauspended in 200 m nethanol and 73.2 g PCT/EP2008/052809

concentrated sulfuric acid added. The m xture was
kept at reflux for 2 hours at approximately 73C and
concentrated at a reduced pressure using a vacuum

punp. The pressure dropped from at nospheric to 20 nBar
while at the sane tine the tenperature of the reaction

THe (V}iré%s%ré RESGREHoM SMEAPhEfR: 39 26 mBHEY WhildTat tﬂﬁ’é“%'am‘é’aﬁme the

and the m xture was kept again at reflux for
temﬂr@tuemf tee rrashen addredncreaspideam gPée 8biCe. Agai n, 170

m ”?M‘Fh”ﬂwle N@%I \ﬁggggd otlhg nﬁhﬁf’é"\%s Wﬁgé@gﬂ%ﬂux for 2 hours

refl ux for ours and concentrated at
apt espcangatem atateldyced pEesslirendtdaim dl7 Owak metidad! was addied and the

nﬁ}&&\g%aé l? t teft g%ﬂ& foﬁ% rgcg}:gé Igﬁ? cBﬁE&t%t&EBPFe%u&us p%\%ﬁ@re Finally,

he 'so 0 a second reac
1Xaohl beﬁmnprwashdﬂegbdfhmmihtum)lsrdalleréed;tamfﬂhnom mixtuteour at

For g e RS RRCTBh Bl fpoblf S ATTER spdinila phedfifyeactor
whigh Irhald Beequire- cWa@edlvhtht@(dnﬂ\WatBrZE thowadtea5-30°C. The pH was kept
d r harco | vat.ed car bon) and
aEEhouR s B Balh Coiutuinsads arht Y8 S wilomoved by
filé@tickh Che rédunaig ?omﬁﬁu@og wlabimcswitmtestenmmn ggitgie(r)}@dgl)]t 5%) to
of _.the res I so|l uti on was .
F@Hﬁ?ﬁﬁ?l‘gj sfifntf‘ﬁefg frateto @é% gan'B'X S @Bnm{rateo? at“reduced

plféaélﬁrbe@ au2o asmdegcmi beqh- wd;m%w 0|@33 Tof &EBLE rixture was
Synthesi s of a D phenyl glycine-nethylester (PGVY

°§t8|”l9fj1 on 90 g D phenyl gl yci ne was suspended in 170 m
nmet hanol and 73.2 g concentrated sulfuric acid was
added. The m xture was kept at reflux for 2 hours at

bhBrargratint of 5 MNzOH A S trated at a reduced
@rgeﬁﬁéﬁewé@ 'd‘l’b%oﬁre?:{ EH‘MH@‘ rHPWBteTh?heﬁ%SI%%H %va@rd?la?é%dtof §630 ml by

at'nospheri c nBar whi | e sanme tine
a@camreobmﬁé\laﬁl t\h@tﬂr?él@cml ohS5ilNagl ds |rwr@dst@ca0huséﬁhe4@olume to
1¢; /00C. 170 ml met hanol was added and the m xture was

ept aga| n at reflux for 2 hours and concentrated at
reduced pressure. Again, 170 ml nethanol was added and

of B W Bl Bhsq oL, 07 2 o and

Viscous mixture as obtained in a) was mixed with 120 ml of 5 M NaCl at 40°C. This
mixture was added in the course of 20 minutes to 50 ml of 5 M NaCl while pH was
maintained at pH=9 by addition of 2 M NaOH in 5 M NaCl. Temperature of the mixture
was maintained at 20°C. The mixture was transferred to a separation funnel, and the
mixture was left to settle for 20 minutes. Subsequently the layers were separated. The
upper layer was mixed with 120 ml of 5 M NaCl at room temperature. The mixture was
transferred to a separation funnel, and left to settle for 20 minutes. The layers were
separated. The upper layer was centrifuged at 5000 rpm. A minor bottom layer was
formed, which was removed from the oily product. 95 g of PGM, free base was
obtained. Assay: 85%; e.e. = 97%; Yield based on PG input in step (a): 82%. Assay of
PG in PGM, free base: 0.2% (i.e. a “ratio” of 99,8%).

d) Synthesis of Ampicillin
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125 m net hanol was added. This mxture is called
esterification mxture. Mdst of the esterification
woreoosaris27] about 95% was dosed into a second rBEDEPI0)8/052809
whi ch had been pre-charged wigh 40 m water, in 1 hour
at 25-30 0C. The pH was kept at 3.5 with 8 M NaCH
(consunption 34 g). A solid was fornmed, which was
renmoved by filtration. The resulting nother |iquor was
mxed with esterification m xture (about 5% to reduce
Uil whldecdrtibd rcﬁﬁte’aé QeBéftRd fﬁhW@%(/BG‘SMB ‘f@sthe synthesis  of
concentrated at reduced pressure
amoicdm Gop. 6ARfapNy thedGh.ofe. athmwda@em\/ﬂ\m@ R@smstead of the
m sigd. b) Preparation of 2 MNaCH in 5 MNaCl 80 g
NaOH was dissolved in 149 nml water. The sol ution was
diluted to 1000 mM by addition of 5 M NaCl. About 840
m of 5 MNaCl is require ust the volunme to
1000 M. c¢) Synthesis of gé%&f%?e% free base Viscous
m xture as obtained in a) was mxed with 120 m of 5 M

NaCl at 40QC. .Thi s tur,e was ad rse of
Do wi aurentiesis 6t & pRCa Gy RERrRapy o el Py Saridich
malntalned at pH=9 by addition of 2 MNaOH in 5 M

NaCl nperature of the m xture was mai ntai ned at
20C. 13rfheg nPPOEPEINEEE t Vah sTUSPRRIET 0 o2 fRlr AtSthanel and 107 g

cdnbBAfhted BNAUADECIN IGNRY RadBddd £ iThe xRS Whe kéSat 28¥ux for 2 hours
m nutes. Subsequently the | ayers were separated. The

aLFIEPXIME RS 7 hhsatd setrenireled B2 @ TRAUGT IeRsURERINgta YasyHn pump.

Tﬁ@rﬂf’%s%?é”o%ppgalefrgﬂnxéfr'ﬁc%pﬂ@ﬁc & aIs g dr SfhileP af the same time the
separation funnel, and left to settle for 20 m nutes.

temineratysee 0§ tmrrea@twamtér@ increasggpleem| 49 de §s. 126 ml (100 g)
r

kel aogtond, BOWURTMgl A RIERSL I AN syt o1

and cor@entrated @siseseribggdsbadbreai ned. Assay: 85% e.e. =

2]?%ng‘13 ﬁ 0%&6)‘%% R eg'% gé%gh q%%tf?er%lﬁﬁ n‘eas) (gdglﬁg{ﬂ oﬁﬁ}%nol reflux

al%;:@%entrdtlngﬂylﬁr’lwlsl tZ&)lnt meﬁlamlol Wwas ahdexd; e poluken was refluxed for

a8 a{ﬁ eod oHt as r lenpl ! %8/ 56946 for the
?/ ‘f’ RS %F A C?I %‘erc?r% YAPA and the PGA, i.e.
t he aahdenmwma/a/bs ‘des@d wRGcomstsre adtedh 36menmpttbyHezaB8eR.4. 75 ml

We%?nvﬂ\Pe!sea(?ded. Methanol was distilled off at reduced pressure and a temperature
below 50 °C. The pH of the final PGM solution was 2.0 and the “ratio” was 99.0 %.

Example 5
Production of PGM free base by use of counter current extraction centrifuges

The process line as depicted in Figure 1 was operated as follows:
¢ Centrifuges were started and operated at 2400 rpm
o  25% (w/w) solution of Na,SO, was introduced in centrifuge 2 with a flow rate of
7.5 kg/h. The reaction mixture (see below) was introduced in centrifuge 1 after
there was flow from the heavy phase outlet of centrifuge 1
e 1000 ml 5.3 M NaCl was added to the 10 | vessel
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Synt hesi s of a D-phenyl gl yci ne-net hyl ester (PGV
sol ution 135 g D phenyl gl yci ne was suspended in 252 m

woredoRansk7 and 107 g concentrated sul furic aci dPCEBPH008/052809

was added. The m xture was kept at reflux for 2 hours
at approximately 73C and concentrated at a reduced
pressure using a vacuum punp. The pressure dropped
from at nospheric to 20 nmBar while at the sane tine the
tenperature of the reaction m xture increased from 40
1Q 89 Coorhgfhsth ol B BRIAARR oS, Aided. the
mxture was kept at reflux for hour at approxi mately
8 *1 DhaRGM eolgitort was Btrodgcedids dOil veskebwitb mglowTdfel 5 kg/h

pr,oc ate for_anot her .four, tinmes,..

Coare B e O R RSET wes TSk ot bRiEe st Phgfdiign of NaOHINaCI
Fi nakdlytionl26 m et hanol was added; the sol uti on was

refl Eed f or .anot he hOU" and cool ed to anbie

te‘npz aveiree iR 60 LreRsAl WeswEe niiaedate { BY é?)H%th%ﬁﬁ‘lt of the flow of

r at erdaltigtbmiRtileltRt bthBedsed - 2.4. 75 m water was
added. Met hanol was distilled off at reduced pressure

artd &he Eamraraiuig e thellveseovasmaingined at§d0ftnal PGV

sqlu ; r 0

A s L e T
ext r aed itberebgnvainfagdges PhSORE. oSelssedwenéy dke depitne dhixtire was
Fi gu as follows: Centrifuges were

st ar{n?rga é%gﬁo(pagrﬁ%ﬁfggqat 2400 rpm 25% (w w) sol ution

ofe NaigBdhasasfromtaeattificed? iwascenolad Yiagehéatvdxcharayel ltod-5 °C and
rate of reaction m xture (see below was

i nt r 4 [F@éavﬁﬁgéééh?yﬁuge 1 after there was flow from

t he higavyhps@sisobppiet @f cofRtdiod YgampiciliR0l ks Ghah M h after
NaCl was added to the 10 | vessel The contents of the

10 | PRREYSiaN QfAigNRAS8d to 8-10 C The PGM sol ution was
introduced to 10 | vessel with a flow of 15 kg/h The
pHin the 10 I vessel was nai ntained at pH=9.7 by
addi ti on of NaOH/ NaCl solution The volunme in the 10 |
vessel was namintained at 51 by adjustnent of the flow
of reaction m xture out of the vessel The tenperature
in the 10 I vessel was maintained at 8-10 C
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The reaction mxture of the 10 I vessel was punped
t hrough a heat exchanger and thereby warnmed up to 30

w@200subsequent |y the reacti on m xture was i nt rPCERZHOS/052809

centrifuge 1 Light phase frgg1centrifuge 2 was cool ed
via a heat exchanger to 3-5 and stored in vessel at
3-5 C Light phase was applied in conversion to
anpicillinin less than 4 h after production of |ight
phase. CLAIMS 1. A process for the synthesis of a

sem -synthetic b-lactam cogpaypg froma nucleus and a
side chain selected fromthAe group consi sting of

D- phenyl gl yci ne and Ddi hydro- phenyl gl ycine in the

1.f N B?o%ESﬁaTo?]g o?ﬁﬁﬁéﬁs 81851 GEmf t@%&cﬁ?@égﬂ% g@%ﬁ%%rﬁjgfﬂcgn a nucleus

t he coup he side cha

c lrmdag ts@gte zleadn i seleckestt fromethei greup aineistirsg ©f O-ghemytglycine and D-

S e ol jd.,i iate., 2. r.ocess :

2R RRPBE I rbiheT & € ehEn SR RCAT spype catavzing

eshercooplinghef thie dddec biaain esteartache muzleds ichatabt&tizédhén fatiehe side

ch%i n ezt er its r]ot i sol ag{.ﬁd 28 a.aztol idinternediate.

3.MBNeEE 45 BRER %ﬁeﬂ&staoso )'/n gined e'pr ecedi ng cl ai ns

conprising the steps of a. converting a free side

chain sel ected. fromthe group consisting of :
dnarid St hyrarBRRGDS JPYERAR cfiths,eglsr of the side

alepgiiolchhdcledibda annihst Uhe §IOEPERHH NebtdrN & Gk rigsipRadaBda solid

si.de chain ester; b. formng the sem -synthetic

b-MtgEvedizi€onpound by mi xing the nixture obtained in

step a) with a nucleus and the enzyne to formthe

sem -synthetic b-lactam conpound, with the proviso

3t HHpcassecsprdin odth & ok fediresastingelaims comypising)the stersof

| 59l atGileARg2aS Bbb dsihBt SfdME Hetdfed FrontTRECFDUBCEM NG of D-
to claim 3 wherein the mxture obtained in"step (a) 18

pur i f Prenylgbfcireeand Prdinyprotpberdatycing ntithean elcoholatotfarm a mixture
conpo b B, ording to any of
Mpﬁﬁ%@é&%{%gﬁrggpondﬁ}g s'?deogﬁzr?eﬁgp

the prece I M5 whereln nucl'eus is sel ected

f r bm fomeingrtbelsendngiteticridylagfant camp oy miXin gathiegnixttirel obtained

(6- APA) - apkhnQ- t ) r.ani d .

(9 0o 3P T AERR G0 S SRS 6,38 gt piacam
compound, with the proviso that the side chain ester formed in step (a) is not

isolated as a solid intermediate.

4. Process according to claim 3 wherein the mixture obtained in step (a) is purified

before forming the semi-synthetic B-lactam compound in step (b) .

. Process according to any of the preceding claims wherein the nucleus is selected
from the group consisting of 6-aminopenicillanic acid (6-APA), 7-amino-deacetoxy-
cephalosporanic acid (7-ADCA), 7-aminocephalosporanic acid (7-ACA) and 7-
amino-3-chloro-3-cephem-4-carboxylate (7-ACCA).

. Process according to any of the preceding claims wherein the semi-synthetic (-
lactam compound is selected from the group consisting of Ampicillin, Cephalexin,

Cephradine and Cefaclor.
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am no- 3- chl or o- 3- cephem 4- car boxyl ate (7- ACCA). 6.
Process according to any of the preceding clains

wob@sai10521 he sem -synthetic b- | act am conpoundp@BHEP2008/052809

sel ected fromthe group con3|§t|ng of Anpicillin,
Cephal exi n, Cephradi ne and Cefaclor.7. Process
according to any of the preceding clains wherein the
al cohol is methanol or ethanol, preferably nethanol.
8. Process according to any of the preceding clains
7WSHEL IR6FIZE BN & tﬂeqﬁ&e‘amd ¢18infg \ﬁﬁé/r{aﬁ"’lstﬁe alcohol is methanol
preferably inTan i1rmmobilized form 9. Process
acx ¢thine prefergblyi methao®ler ein the penicillin G acyl ase
is fromEscherichia coli. 10. A preparation conprising
an ester of a side chain selected fromthe group
8 c dtretasssi avgomiingDoEng of thyl precedingpldims wherein the enzyme is a penicillin
D- the side chain ester
éag%%%%pegggxkgééﬁ'ﬁ&ﬁﬁg%%??%nhaV|ng an e.e. equal
to or greater than 90% and whereby the preparatlon has
conte fer bly of .20 nol t L v.e
Iz e e St Paulerdhdha s, e & sk ot Eytherionia
854 11. A preparation according to claim8 conprising
an ester selected fromthe group consisting of
D phenyl gl yci ne- net hyl ester,
1@Apfkﬁeyérs!.a/rplc6ﬁfpﬂ§.hgl 85t &fter Br & R QRARNYSIBLKEI MM the group
nmet hyl ester _and D-d drodﬁhenylgly0|ne et hyl ester.
1 Zopsigting gk k- Wl@nylgwémsra@é iyAroophanyligiysineevheseby the side chain
1Qo0r il th& @r@grb'a@é ffim dRas RGvifg 8Alte. RGuhing o?tb%%t&hﬁérn%% and

ester wth ase I n an aqueousS environnent her eb

prvvimnebm@eaprﬁwamrab@s 8ysatteoontend prei@r@alryaafuaﬁ)gmphz& s"ekaéve to the
erhggrf §§tgr‘, By Te%?%n{?%s‘f-‘an%%f%réfe%ﬁl% @queous phase,

y centrifugation, nost erab y by
conti nous centrifuation.

11. A preparation according to claim 8 comprising an ester selected from the group
consisting of D-phenylglycine-methylester, D-phenylglycine-ethylester, D-dihydro-
phenylglycine-methylester and D-dihydro-phenylglycine-ethylester.

12. A process for the production of the ester of claim 10 or 11, comprising
¢ mixing a salt of the side chain ester with a base in an aqueous environment
thereby producing a two phase system and
¢ separating the side chain ester in free base form from the aqueous phase,

preferably by centrifugation, most preferably by continous centrifuation.



