PROCESS FOR THE PREPARATI ON OF BETA- LACTAM COVPOUNDS The present
invention relates to a process for the preparation of sem -synthetic

-l actam conpounds by enzymatic acylation of the parent amino -lactamwth

t he Sacyl ating agent. Enzymatic production of sem synthetic p-lactam
antibiotics by acylation of the parent am no p-lactamnoiety with a side
chain acid derivative, such as an am de or an ester, has been w dely
described in the patent literature e.g. EP-A-339751, EP-A- 473008,

W92/ 01061, W93/12250, W96/02663, W96/ 05318, W96/ 23796, 10 W97/ 04086,

W98/ 56946, WRCESS FOR VAEMREPARATIONHOBETAHOACTFAMCOMRIONDS3, and
German patent docunents 2163792 and 2621618. The enzynes used in the art
are in nost cases penicillin acyl ases obtained from Escherichia coil and
are imobilized on various types of water-insoluble materials (e.qg.

W97/ 04086) . A iR Bﬁesghﬁﬁgérg%%%lté%{ toéé‘lﬁrﬁi&gésofor%gé Pi%rpﬁ%ﬁi%ﬁ%? Eﬁwi—%ﬁﬂﬁeﬂc_h]?
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side chain esters 5 nus e isolate sol i ormin order to puri

the side cRddiasseaspounds biynenzymedic awylatieqrd ¢he marentoaminool-lactase vithdthechai n
in thef,estg(gy,adn%§J gt been found that, in particular in the case of the nore
hydr ophobi ¢ “si d hal ns such as D-phenyl gl yci ne and D-di hydr ophenyl gl yci ne,
the presence of Enzymstisi predediionrofi semisyntratisdetgpgtam ashibigtiast by acyatidn ajgthe
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side chain in tThe enzymatit coupling reaction. This Irmt i’'s determ hed by
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preci pitat us he precipitates ne Vgl the processability
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downst r eaningheadsse iy mafst theessmmiciltiy atylasescobthiaet dimont aspaarictia ddiieand are
contam nat.ing.free side chain has to. be renoved, for i ith the
mother || qUGbYEES o vafiele ot af Vet ansohbE riont's (fg WA et i c1- T act am
Cormpung- Al hi:‘gfm%’joﬁh@ig%ﬁdl\t‘antﬁg_eg éfemﬁs@r@e ﬁmxioagssrmrie tha fhersidie aran é§?rs
required to renove the free side chajn i ¢ nturn is responsible for

hi ghei® | osrglég%'solét?dﬂﬂé idifouy ift A _&Opw&tth?n%n%@emaéfﬂrﬁ%r Bpepce. to
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form conplicates the production process of the sem -synthetic antibiotic

and si gni fie 7%e §f Berperedlydephobicrside ehpins pohcas Priteaiglycing and D-dihydro-
Ther ef or _e1phbh?§@ci.h§, ﬁﬁ'@dbl'égéfge oersh §RE @al RdinetduPRe it @RsyhBtidBb&ding he.
side chain ester forned during the esterification reaction,” can be uséed in
t he subsedgrgtiondigsyaratrpreg segqivergffackaattheiold ohihet ensaymegc icobplinge@artirra
sol i dyof Or Fihis is attributed to the fact that, due to the low solubility of the free side chains under
the conditions of the enzymatic coupling reaction, there is an upper limit to the
concentration of free side chain in the enzymatic coupling reaction. This limit is
determined by the requirement that the free side chain should not crystallize or
precipitate, because the precipitates negatively affect the processability of the
25 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 3-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
30 the semi-synthetic 3-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.



5W098/ 04732 di scloses in Exanples 1, 3 and 4 the synthesis of cefprozil,
cefadroxil and anmoxicillin from 7-PACA, 7-ADCA and 6- APA respectively with
t he 2- hydroxyet hyl ester of D 4-hydroxy-phenyl gl yci ne whereby the ester
after its synthesis is added directly to the subsequent enzymatic coupling
reaction within being isolated in a soligl form D 4-hydroxy-phenyl glycine
has a very good solubility under the conditions of 10 the enzymatic
coupling reaction and therefore does not generate the problens during the
enzymatic coupling reaction as are encountered for D phenyl glycine and

D- di hydrophenyl gl ycine. In order to avoid their precipitation these may be
present only at very |l ow concentration as a result of their Iom/solubility.

It is an object_ pf the present invention.to proyi roduct i roc
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is defined herein as In the sem -syn tic 8-lTactam
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Cephalexin, Cefaclor and Cephradine, wherein the synthesis of the side chain ester is
characterized by a high yield and the resulting side chain ester contains only low
concentrations of free side chains and wherein the isolation of the side chain esterin a
solid form in order to purify the side chain ester, is omitted.
20 “Nucleus” is defined herein as the B-lactam moiety of the semi-synthetic -
lactam and may be any penem or cephem, for instance 6-aminopenicillanic acid (6-
APA), T7-aminodeacetoxy-cephalosporanic acid (7-ADCA), 7-aminocephalosporanic
acid (7-ACA) or 7-amino-3-chloro-3-cephem-4-carboxylate (7-ACCA).
“Side chain” is defined herein as the moiety which in the semi-synthetic B-lactam
25 compound is attached to the 6-amino or 7-amino position 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-phenyiglycine.
30 “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-phenylgiycine methyl ester. The side chain ester may be in



3 the formof the free base or as a salt, for instance as the HCl-salt and
the side chain ester may be in a solid formor dissolved in a suitable
solvent. "Ratio" is defined herein as: 5 [Anount of side chain ester]
[ Anbunt of side chain ester] + [Anpbunt of free side chain] 10whereby the
amounts are expressed in noles I one aspect, the invention
provi des a process for the synthesis of a sem -synthetic 13-|actam conpound
froma nucleus and a side chain selected fromthe group consisting of
D- phenyl gl yci ne and D-di hydr o- phenyl gl ycine in the formof a side chain 15
ester and an enzyne catal yzing the coupling of the side chain ester to the
nucl eus Chﬂ'feafb?rﬁrdﬁﬁ@frbg HaB&%or & §élfj$orC|H§1'aﬂc@§E$ﬁe HE 139k ahﬁ%?&ﬁg Agind
solid internediate. rocess nmay I nstance conpri se oW ng
steps: a) éétﬁ(/@latﬁbﬁgnaSpﬁfé@r@mﬂ@l%ﬁ'aedlIFB@B'étﬁbéﬁjSQWQimthe group consi sting
of D-phenyl gl yci ne and D-di hydro-phenyl glycine with an al cohol to forma
m xture conprising the 20 corresponding side chain ester; the fornmation of
t he si de clRRatie” isstafined heteliri 8s:step preferably results in a mixture with a
conversion which is expressed by the "ratio" as defined hereinbefore and
whereby the ratio is preferably =85% nore preferably =90% nore preferably
=95% nore preferably 96% nor ¢Appedftafaideych@irdgsterbre preferably =98% nost
preferably =99% 25b) form ng the sem -synthetic -1lactam conmpound by m xi ng
the m xture obtained In step a) wth a nucleus and the enzynme to formthe
sem -synt heti ¢ 13- afAraoord ofrpidectainwstdn] + PAampurdwof foe sidatcham@ si de chai n
ester fornmed in step (a) is not isolated as a solid internediate. 30The
nucl eus used in the process of the present invention and as defined herein
bef or @9 mayhdreby tHeamh@ohts aemxphessgd dumoleensi sting of 6-am nopenicill anic
acid (6-APA), 7-am no-deacet oxy-cephal o-sporanic acid (7-ADCA),
7- am nocephal osporanic acid (7-

In one aspect, the invention provides a process for the synthesis of a semi-

synthetic B-lactam compound from a nucleus and a side chain selected from the group
consisting of D-phenylglycine and D-dihydro-phenylglycine in the form of a side chain
15 ester and an enzyme catalyzing the coupling of the side chain ester to the nucleus
characterized in that the side chain ester is not isolated as a solid intermediate. The
process may for instance comprise the following steps:
a) converting a free side chain selected from the group consisting of D-phenylglycine
and D-dihydro-phenylglycine with an alcohol to form a mixture comprising the
20 corresponding side chain ester; the formation of the side chain ester in this step
preferably results in a mixture with 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%;
25 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.

30 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



ACA) and 7-am no- 3-chl oro- 3-cephem 4-car boxyl ate (7-ACCA) so as to give 4
sem synthetic penicillins (derivatives of 6-APA) and sem synthetic

cephal osporins (derivatives of 7-ADCA, 7-ACA and 7-ACCA) respectively. A
preferred enbodi nent of the present invention is the process for the
preparation of a sem -synthetic 13-1acta conpound sel ected fromthe group
consisting of anpicillin, cephal exin, cephradine, 5cefaclor. In the
conversion step (step (a)) of the process of the invention a free side
chain selected fromthe group consisting of D phenyl gl ycine and

D- di hydr o- phenyl glycine is converted with an alcohol to forma m xture
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reflux at a tenperature between 20 and 120C, nore preferably between 40 and
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enbodi nent and conprises addition of the alcohol as a liquid or a gas to

t he Wd&ction mixture while distilling off the alcohol and the water
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StePSis  phenylglycine, an alcohol selected on the basis of the desired ester to be formed, for
example methanol to obtain the methyl ester or ethanol to obtain the ethyl ester, and a
strong acid such as sulfuric acid, under reflux at a temperature between 20 and 120°C,
more preferably between 40 and 100°C. When using methanol as the alcohol, the
temperature is preferably between 60 and 80°C. When using ethanol as the alcohol, the
20 temperature is preferably between 65 and 100°C. Suitable conditions may be found in the
comparative examples 1 and 2 as disclosed in EP-A-0544205.

Another embodiment of conversion step (a) comprises an improvement of the
previous embodiment and comprises addition of the alcohol as a liquid or a gas to the
reaction mixture while distilling off the alcohol and the water from the reaction (e.g. as

25 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

30 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



1 refluxing a reaction mxture conprising a free side chain selected from
the group consisting of D phenyl glycine and D di hydro-phenyl gl yci ne,

met hanol and a strong acid 30 such as sulfuric acid for a certain tineg,
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 at a tenperature in the
tenperature between 20 and 120C, nore preferably between 20 5 and 100C,
nore preferably between 40 and 100C, nost preferably between 60 and 80C,
foll owed by 2. concentrating the m xture at a tenperature between 40 and
100C, preferably between 60 and 90C, nore preferably between 70 and 80C.
The pressure ghy {0m9Ct Rbfe érte%pamweméeh b tahal10%° A anat respe?&laslpluétv@ééﬂ 40Pnd
during the concentrating step be reduced to preferably 50 nbar or | ess,
nore pref er alfiQCtiglowed¥ar or | ess, nore preferably to 30 mbar or Iess and
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until nore than 30% o present before the concentrati step i's
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t han SQ%of tiREall A heh f ter
o rentved, paLPERbmhelC ol Ry B hE R RS b RBEH t bRy
preferably nf0embdran l@@%mone préferabiytie d0 imbar eness dnorg prefetabinép mbanoilgss
preferably a (o) r n
it ur o bef oSt Re pretctay 10 20 AitkPbRcle e tohodralitl b s orlilBg FRFAGAT,
initial vol urtearoB0%hef thea\caterqotesankbafotﬁ the. g)ncérﬂmgrst@e@%mpqu»eferab%O%
or 550% or 5 0/ 0% I § reaction
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vol uneo of t heemewsi prceferably(mreethaﬂ 70%f lthmwhtéms reypesd ngfesatd-;pmoﬂe tBao Eé%or
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20 tines, nore f 0 tine was fo that by repeat,] t hese
Sepstre e el coberitalad aisbion PR gt an e Rt B Tl HolhMeas or
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only once, bet ween 75- 8 be optained, aft eating steps
(Y- 56y onoe Bl 476 BASEMRER AT B GHoRRRe) e ORpe:ATHRATY 06 M tanpLfded

repeating st apy alsd)oemdréthah thé mﬁﬁlvoﬁjmééﬁth@reabmirvmﬁfﬂlr&5 97% may be 25
obt ai ned nd after repeating steps ati o" between
97-98% ma;f‘a beriopeky rreaatngslepst e OF%Bé%E'Pf%I“%% é’fﬁer@@y at ’e\aét) OfEet prigEesably 2

"ratio” betweass, %r@%%f&%ﬁly@nrﬁ&t ﬁid?@gre?é?ébl?ﬁtnﬁ’fesrt%BI%%rbi‘é@bb%I@%eé Fhore (C)
5 times, a "ratio" between 99-99.5% may be obtai ned and after r ating
steps (a) - pr@ferﬁhiyétmﬁ%anmsrecmﬁf@@ba/wa% dnese Praderably Simneso Mmoos ﬁ@?ﬁr@i@w

obt ai ped.  30times, more preferably 10 times. It was found that by repeating these steps the “ratio”
as defined hereinbefore of the formation of methyl 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
25 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
obtained and after repeating steps (a) - (c) more than 5 times a “ratio of more than

99.5% may be obtained.

30

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:



6 1. refluxing a reaction m xture conprising a free side chain selected
fromthe group consisting of D phenylglycine and D-di hydro- phenyl gl yci ne,
et hanol and a strong acid such as sulfuric acid for a certain time, for
exanpl e between 0.5 and 5 hours, preferably between 1 hour and 3 hours,
nore preferably between the 1.5 and 2.5 gours at a 5 tenperature in the
tenperature between 20 and 120C, nore preferably between 20 and 100C, nore
preferably between 40 and 100C, nost preferably between 65 and 100C

foll owed by 2. concentrating the m xture at a tenperature between 40 and
100C, preferably between 60 and 90C, nore preferably between 70 and 80C.
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obt ai med. or £20% of the initial volume of the reaction mixture. The amount of ethanol added may
also be more than the initial volume of the reaction mixture.
4. optionally repeating steps 1-3 one or more times, preferably at least once, preferably 2
times, more preferably 3 times, more preferably 4 times, more preferably 5 times, more
preferably 6 times, more preferably 7 times, more preferably 8 times, more preferably 9
25 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) - (¢) only once, a “ratio” between 75-85% may be
obtained, after repeating steps (a) - (¢) once, a ‘“ratio” between 85-95% may be
obtained, and after repeating steps (a) - (c) 2 times, a “ratio” between 95-97% may be
30 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



In all enbodi nents of step (a), preferably the followng nolar ratio of

al cohol versus 5 free side chain is used: between 3 and 25, nore
preferably between 5 and 25 and nost preferably between 6 and 10. Also, in
all enbodi nents of step (a), preferably the following nolar ratio of strong
acid (in equivalents, e.g. one nole of hydrochloric acid is one equival ent
and one nole of sulfuric acid is two equivalents) versus free side chain is
used: between 0.9 and 10, nore preferably between 1 and 5 and nopst
preferably between 2 and 10 3. The skilled person will be able to optim ze
the reaction conditions depending on the side chain and the al cohol

sel ect ed wi { Nebthineth 8 aREPRLEATGISNISOR) - (o) more i b Ues! Bl ottt than

sem -synthetic 13-1actam conpound in step (b), the m xture obtained In step
(a) may be pu?9-PlodRRYRS AdaiRgd.obtain a mixture with a high "ratio" as
defined hereinbefore. The ratio of the m xture which is to be used in step
(b) of the 15 process of the invention is preferably ? 85% nore

preferably 90% maltembpdinentsf ster (Domrefenahicthg fdipwingnglarxatie of alpaiobversus
pref er gbl yfde LG¥chART 8 REETRARINYS and 28% oFg)ﬁrreLe?étﬁJ BERLY 57%ad208 and most One

enbodi ment of the purification step 1nvolves the precipitation and renoval
of the fregreigrakly bhtuean Brang t10hdlsei neallemahiodinesnisef stath(2, praferahly thetfolwirg by
adj usting e for it ai inoste .U tween
2 "hnd 6., TOPLRAICISH g R AaR™ elE e mBl Br KRdrsbiof 48 1S 4% "Dy
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the reacti ) r &l } i t able anmount
of wat er oﬁ&{vgé lg?fléa gg@(’)ﬁ{oglf &e%@mgﬁv%%1%? Mga%g?ggsﬁgregt%}g%%%#{,v&efe&zl d by
adj usttp ng 8-hehepKilled parsoa Miliebenahievieoptitnizanitie Bedstion cafditivab gpdrelinge@ntha sieand

5, nost 2 : 4 in sui tabl e base, such as
NaCH, amm%}ag‘,r Wg%ﬁcﬁr&g{gﬁgﬁg{tﬁﬂg u%lgé/%)ﬁgﬁrge'%ﬁ@ondesi red val ue, the pH may
be mai nt ai ned aBefoteefodmiigr thd sealisgnthptia@dactamt drensuintiaiblstegh ds)e theUmietiret hese

condi tions cipitate conprising the fr si de.chain. may, be faqrped.
Ater a oot dnPL Rl s @ RS PR A sh ety SR 1 purtly B RdRg o
tecgnid quesdelfﬁmae Herditlseibie. d'g?pefci(seﬁ tﬁéﬂmi)&hlféewbi?aii@ tedbearsed! in @éyﬂﬁb) @fﬁthb? ]
use i rect in ep 30.(b) of t r ss of the jnventjon, the pH of the
filtrdte iROYES uﬁ‘k‘et%"e&“éﬁ 5 QIR IS %’PfepP@r‘]%fﬁb 157 toé't ReEnPEfe ARy 4,
nmost  pr ef ex08bl, ymbet prterablyS>38%| dordlpteferatyi 807 % hencaé qRbRtably 08D Rektby

evaporation fusibn N wn techni ques. 8 Another enbodi nent of the
purificat iFOW°& @g‘ %ol ves the formation of a two or multi- phase system

conprising an @r@aembodMBSEfaRE bakifitafith BB ifofles GaprRcpRARh HAreMaVAVE and
a mnor anmpunt of free side chain and an_aqueous phase containing the free
S

si de chai tN&iee Sigpehyn fmythe sigerchaingster pay heraceipyed By adiystingtthegHtdie pH
of the m xdm&uebbdiaied i QteéR?Ro%&)aluébéﬁveéh y %hH%.é?%?éﬂ‘@r%Blg%eﬁméHﬁdzéggd

preferablé bet ween 8.5 and nDst(Preferred between 8.8 and 9.2
addi ng a SulMcgbprefaygd detvwearnd gad KdwHpddinens svitabledease. puchaaroNRGH. embumiarent |

the react ikgyH. T %hathe RSRIRGH. the r&dc8bh Wurg%‘btaki}?egqglgg%h(%fmg}/ §|éiafd69& ?qbé;m)“”t

of water, an alcohol or to a mxture of water an | 'owed
adj ust i ngStifblepmaunt of wataier egmelephat ob taam cnixiare gb wetesraabllajcobel fdewedbp and
9.5, nost .B&lrg" heH e EGALS R 9 -nd 6.5, preferably between 2.5 and 5, most
25 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
30 (b) of the process of the invention, the pH of the filirate 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.



i 0o by adding a suitable base, such as NaOH, ammonia, KOH. After adjusting
the pHto the desired value, the pH may be nmaintained at the desired val ue
by addi ng the suitable base. Optionally, the water nay be in the formof an
aqueous salt (e.g. NaCl) solution. The free side chain may also forma
precipitate. The various phases in the nglti-phase system may be separated
usi ng known techni ques. Optionally the organic phase may be washed with 15
wat er or an aqueous salt solution. The water phase of the wash may be
recycled to a suitable process streamin order to avoid loss of yield. This
process stream may be the reaction m xture as obtained after step (a) or
the after the pHnattissembodimerst ctﬂ&&aqrdnﬁcmilon step involveétte fgfryattmheifertwedr multi-

enbodi nent ﬁ%?p fication ste i nes -t"\ﬁ grev Qus en& nts, i.
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Ddi hydr o- phen% | yci ne-net hyl ester and D-di ydro-p enyl gl yci ne-et hyl ester,

in thdofredy 8 stitplig b@ﬁ?eﬁé@ﬁﬂ% MNaQks agmmoniy KR Algar asiiistieg feopieita thes:
an e.e. (enaRbd PNBS ithe BHTRSSde meetﬂe%bgtxhee&e@ledwgnuerbg%arﬁwe {i3Re Yk, more

preferably equal to or greater than 95% preferabl qual “"to or greater
t han 96% Omfiopalls eatsaior egy &e in @a)fprrgroéan@nuemwagw@ Neel spltiory Tagume t o
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a salt content pre era 0 Or nor e preea
or | ess, rhsrseppraddcusing SXHCMn echmit e @fptld)rws therongenip pbass mab/)beoﬁasmem%% or

| ess, st f I f () [ e S l.es of .s
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pr ef er abl wu@a%%ocm etrep:arreire oedler jo a@c@@/dossmf &ighd. efftésr artmbgss”stré&ﬁ?/qnayﬂreethe

pr ef er abl ggﬁ nr.e ?aﬁ nor.e P ’?984
pref erabl ifeapﬂ thirﬁlaﬁ (aﬁ tep E‘P&é‘S&@ eﬁ’\/@?‘l ‘%Sgﬂ eci he
sem -synt hetic A:L&@Iyamtﬁerrecbmpmmddqens of f uriffeatiohystep mmgalrtdsethm Mder%thbai ned
in step ( E[' naII } a cribed herei nbef or th a pucl eus
and a suif §R1§Hfi)y ‘i‘ﬁ‘f%ﬁdﬂﬁ fezgt&ta'éﬁgﬂtﬁtepg@vg%‘f”ﬁ?”t &nd
corr e@ponﬁlmg)raél’@blysbéﬂhd&ﬁi 26 andt b aabﬁrpr@r@rr@@tbemeew 3 Bnd Reary Mmering doiinge t he
side chain ester din (E)% %nd Og;)thﬂﬁHy purified is not isolated
as a sol i fcipitate @nd s uently adjusting the pH of the filtrate obtalned at a pH
between 7.5 and 10, preferably between 8.5 and 9.5, most preferred between 8.8 and 9.2
and separating the various phases in the multi-phase system obtained using known
technigues.
25 It has been surprisingly found that in the previous two embodiments wherein 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, may vyield an ester, preferably selected from
the group consisting of D-phenylglycine-methylester, D-phenylglycine-ethylester, D-
dihydro-phenyliglycine-methylester and D-dihydro-phenylglycine-ethylester, in the free
30 base form, whereby the ester has the following properties:
¢ 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%,



15 Step (b) may be carried according to any of the processes known in the
art and which have been cited herei nbefore. For instance, the synthesis of
anpicillin may be carried out as described in EP-A-339751 or W98/ 56946.

Li kew se, the synthesis of cephalexin may be carried out as described in
W96/ 23796. The synt hesis of cephradi ne y be carried as has described in
W2005/ 003367 and the synthesis of cefaclor nay be carried out as has
20been descri bed in W2006/ 069984. After the enzymatic coupling,
the sem -synthetic beta-lactam antibiotic can be recovered using known

met hods. For instance, the enzyne reactor may be di scharged through the
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preferably ea98%, mosbprefareblye®9%han 90% nore preferably equal to or

greater than 95% preferably equal to or greater than 96% 10 preferably

equal to or greater than 97% preferably equal to or greater than 98% and
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nol es of ester a "ratjo" as deflpg11 relnbefore QE referaﬁﬁg 5% nor e
pr ef er abl yOOHR C?FEﬁSQO réﬁ Eeaipy)ihetigRdaciam campewids WiR the BEYisOfistdhe side

pr ef er abl ychaf/&éterTorirdin efe@r(apérw A&%&&m pilfdd Rmet BbRkkas. a’sdhd Yatermediate.
| t WI|| be_evident for the skil erson that an ester in the free base

formis 19eRIIIRRE %wdr@cawmpméo@he PrReegses knpyva instheiar anglidhdiaven
with any Vo%bHQ:'!t@(ﬂ hbl‘éﬁ'lb%ﬁiré ESNhRRcel il SphtiRf bMarfGIEh Mdy B8 chiieh pwsval ue
of any of dters]gnbed II:[I EP-A-339751 or W098/56946. Likewise, the synthesis of cephalexin may be
carried out as described in W096/23796. The synthesis of cephradine may be carried as
has described in W0O2005/003367 and the synthesis of cefaclor may be carried out as has

20 been described in W0O2006/069984.

After the enzymatic coupling, the semi-synthetic beta-lactam antibiotic can be
recovered using known methods. For instance, the enzyme reactor may be discharged
through the bottom sieve using upwards stirring. The resulting semi-synthetic beta-lactam
antibiotic suspension may then be filtered through a glass filter.

25 Due to the 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 resulits 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-

30 phenylglycine-methylester and D-dihydro-phenylglycine-ethylester, in the free base
form, whereby the ester has the following properties:
¢ 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%,



In a third aspect, the invention provides a process for the production of
the ester in the free base formof the invention wwth the properties as
defi ned above. The process nmay conprise mxing a salt of the side chain
ester with a base in an aqueous 15 environnent thereby producing a two
phase system and separating the side chaion ester in free base formfromthe
aqueous phase. The salt of the side chain ester may be any suitable
salt such as the HCl-salt. The salt nay be in a solid formor nmay be in a
liquid from i.e. a solution in water or another suitable solvent,
optionally containing other conponents such as salts. The 20base which is
m xed wi th t hwetadlly efjusihie i greateh#fiam 8&%e prafergblyecual tdhars greaperethen &8Py a

strong base such _as sodi um hydr pxi de 0} assSi.gMm_hydr oxi de or anmoni a.
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steps in which the multi-phase systemis formed at a pH between 7.5 and
3010, pref er #96%. Frashewierab!s 288%. 9. 5, nost preferred between 8.8 and 9.2

30 | > Sherst He |
e various phagegy s &liforiibt icPaR SHSOPMAITN BGoP FPMHeAh sk RnkROWN
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preferably sele romthe group consis enylglyci ne-
5net hyl estreay donpiniee yhixingc ansalebhyhe stider chain ester with a base in an aqueous

di nyaor o PRt FrSBy R o PRe Srrtem amgerpats th idpshai ester
in free base form from the aqueous phase.
The salt of the side chain ester may be any suitable salt such as the HCl-salt.
The salt may be in a solid form or may be in a liquid from, i.e. a solution in water or
another suitable solvent, optionally containing other components such as salts. The
20 base which is mixed with the salt of the side chain ester may be any base, preferebly a
strong base such as sodium hydroxide, potassium hydroxide or ammonia.
In the two phase system formed, the organic phase with the side chain ester in
the free base form contains preferably no or only very low levels of free side chain, i.e.
the “ratio” as defined hereinefore preferably being =85%, more preferably 290%, more
25 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 leveis 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
30 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



A. A container containing a PGM solution, obtainable as described in
exanple 4. 10B. A container containing a solution of NaCOH (65 g/ kg
solution) and NaCl (211 g/kg solution) in water (724 g/ kg solution). The
contents of the container is kept between 3 and 5C. C. A10 1 glass
vessel equipped wth agitator, baffles, ghernometer, pH neter, an inlet for
the PGM solution, an inlet NaOH NaCl solution and an outlet for the
15reaction m xture. The vessel is placed in a cooling bath. D. A heat
exchanger (internal volunme 1 1) to raise the tenperature of the reaction

m xture to 30C before introduction in the centrifuges. E. A container

cont ai ni NG Bind AGring! é@avﬁ | 4t B%@Bly'%@oéentﬂ?{] alCBRIeRNbRn & in tHARcHE RIdG8! BeT
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di scarded. 30 |ight phase outlet of centrifuge 1 was connected to the |ight

phase inlet of centrifuge 2
Figure 1

A. A container containing a PGM solution, obtainable as described in example 4.

10 B. A container containing a solution of NaOH (65 g/kg solution) and NaCl (211 g/kg
solution) in water (724 g/kg solution). The contents of the container is kept
between 3 and 5°C.

C. A 10 | glass vessel equipped with agitator, baffles, thermometer, pH meter, an
inlet for the PGM solution, an inlet NaOH/NaCl solution and an outlet for the

15 reaction mixture. The vessel is placed in a cooling bath.

D. A heat exchanger (internal volume 1 1) to raise the temperature of the reaction
mixture to 30°C before introduction in the centrifuges.

E. A container containing a 25% (w/w) solution of Na,SO,. The contents of the
container were warmed to 30°C

20 F. Two Robatel BXP130 extraction centrifuges (liquid/liquid extractors, diameter of
bowl 125 mm, volume of bowl 1.4 |, diameter light phase weir 61 mm, diameter
heavy phase weir 66 mm). The inlets and outlets of the centrifuges were
connected as follows:
¢ reaction mixture from the 10 [ vessel was introduced in the light phase inlet

25 of centrifuge 1
s 25% (w/w) solution of Na,SO4 was introduced in the heavy phase inlet of

centrifuge 2
® heavy outlet of centrifuge 1 was connected to the receiving container (G).
After the experiment the contents were discarded.
30 e 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



heavy phase outlet of centrifuge 2 was connected to the heavy phase inlet
of centrifuge 1 12 |light phase outlet of centrifuge 2 was, by neans of a
peristaltic punp, punped through a heat exchanger to cool this process
streamto 3-5 C G A receiving container to collect agueous
phase fromcentrifuge 1 H. A Rheat exchanger to cool the process
streamto 3-5 C 5l. A vessel, kept cool at 3-5 Cto collect PGV free base
Not shown in Figure 1 are the following peristaltic punps: A peristaltic
punp to punp the PGM solution to the 10 | vessel A
peristaltic punp to punp the NaOH NaCl solution to the 10 I vessel. The

10fl ow of this Pun@hmﬁawr&ﬂ@ﬂ b @eRifugae2 PirhdTedye meané dfeélgfér@{autlccp@rha\ﬁp to
punp the reaction mxture VI a heat exchanger to the centrifu

e
peristaltic punp tRYMRAGHLEHGH @\Me\ﬂ/j exhengsdn cep! tRISPLRYESSSireAd teg’r‘@rq:f uges.

15 EXAMPLES G, A receiving container to collect aqueous phase from centrifuge 1
H. A heat exchanger to cool the process stream to 3-5 °C
5 I. A vessel, kept cool at 3-5 °C to collect PGM, free base

Not shown in Figure 1 are the following peristaltic pumps:
e A peristaltic pump to pump the PGM solution to the 10 | vessel
e A peristaltic pump to pump the NaOH/NaCl solution to the 10 | vessel. The
10 flow of this pump was controlled by the pH meter.
e A peristaltic pump to pump the reaction mixture via a heat exchanger to the
centrifuges.
e A peristaltic pump to pump 25% (w/w) solution of Na2S04 to the
centrifuges.

15
EXAMPLES

Example 1

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

90 g D-phenyliglycine 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

25 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

30 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



Exanple 1 20a) Synthesis of a phenyl glycine-nethylester (PGW solution

90 g D phenyl gl ycine was suspended in 170 m methanol and 73.2 ¢
concentrated sulfuric acid was added. The m xture was kept at reflux for 2
hours at approxi mtely 73C and concentrated at a reduced pressure using a
vacuum punp. The pressure dropped fron1q5nnspheric to 20 nBar while at the
sane tinme the 25tenperature of the reactron mxture increased from40 to
80C. 170 m net hanol was added and the m xture was kept again at
reflux for 2 hours and concentrated at reduced pressure. Again, 170 m

met hanol was added and the m xture was kept at reflux for 2 hours and
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20 M neth o | 20C. The pH was kept at 3.5 with amonia. A
solid was %%?!rtr'g%l,s&m@ﬁgéxgg%r’emved by filtration. The resulting nother

liquor was diluted with 25 13 ml water and concentrated at reduced

pressure (R £ = 40- . Finally 207.5 g
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25 % amoni a. 1038 g PGM sol ution as obtained in step a) (above) was dosed
into the r¥8TPBF at a constant rate in 120 nmin. The pH was mai ntai ned at
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Crystallization of cephalexin started at 45 min. From 120 to 150 min, the pH was kept at
7.0 with 25% sulfuric acid. Subsequently, the pH was decreased to 5.7 with 25%

15 sulfuric acid.

c) Recovery of cephalexin
The reactor was discharged through the bottom sieve with upwards stirring. The
resulting cephalexin suspension was filtered through a glass filter. The resulting mother
20 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 liguor and wash water were combined, and
the temperature was maintained at 2°C. The pH of the combined wet cake and mother
25 liguors was decreased to 1.5 with concentrated sulfuric acid and the resulting solution
was filtered through a 0.45 pm 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.
30 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%).



The reactor was di scharged through the bottom sieve with upwards stirring.
The resulting cephal exi n suspension was filtered through a glass filter.
The resulting nother 20 liquor was transferred back into the reactor. This
sequence of steps was repeated five tinmes. Subsequently, the enzyne was
washed with 2 x 10 ml water. In this wayg 98% of cephal exin was separ at ed
fromthe solid biocatal yst. The cephal exin wet cake, nother |iquor and wash
wat er were conbi ned, and the tenperature was mai ntai ned at 2C. The pH
of the combi ned wet cake and nother 25liquors was decreased to 1.5 with
concentrated sulfuric acid and the resulting solution was filtered through
a 0.45 gmfilter. A crystallization reactor was filled with 20 g
water and 1.0 g of cephal exin (seed). The above-nenti oned acidi c cephal exin
solution was dosed into the crystallization reactor in 80 m nutes at 30C.

The pH was kept at 5.0 with ammoni a. gx3fhpRUIPsequently, the suspension was
stirred at 20C for another 30 m n. The suspension was filtered through a

glass filter and the wet cake was washed with 2 x 15 mM water and 2 x 15 m
acet ong. I.NG.n. ﬁ;ﬁ,@ Ll r AMSs ah ned rit
>99. 80/§. A%)Elggtg%ilserwf gé'g?n%i/nt J?*%?"@%%%r@ﬁ’ﬁenw ﬁ%%e rre§ E;I Ies%/er
(DHPGM) sol ut i 090 g D-dihydgephenpiaticingdRiBewgs guwnld@d(i@ﬂg@)mlvmgthgu@mmed
in 200 nm I . L j .

mxt ure val feptap P ki AARETHIAE IS hiddh falRol 3o A RS nollt®
concent r at @dpproximaeut¥ e aresamwestrateil g aaedecdLpressuip Usige yacsiggupWMp.

dropped fr t heric t.o r } SR | t ;

i ot enmper atmge (r)%%ﬁﬁee%rr%ogg?i %%rgn%r%%ﬁ Pé\@lﬁéngg ?gsh@%{r om 48{ Ff(?;e 8%%‘_’3 time the 170
n  methanaempastadds theardctidremixtuce inceeases fioapd0 &nd0iC.at reflux for 2 hours
fhe mxture wast HUpt malaRE YR TEH SorBE Fued e Rn FBP AR e 20Es "
pressure. dridnédricgntrdad atl rededdiaprekswas Agdided70 At tbtranst age,addke dndatheo” as

i 0
defined her%i?(!(urr]e t\3\reafsokreept \g,??eﬂ%?(%gr' gﬁours and concentrated at reduced pressure. Finally,

125 ml methanol was added. At this stage, the “ratio” as defined herein before was

15 94.8 %.
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
mi water, decolorized with 3 g charcoal (activated carbon) and concentrated at reduced
20 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
25 This step was carried out as described in W02005/003367.

Example 3

a) Synthesis of a D-phenylglycine-methylester (PGM) solution
30 90 g D-phenyiglycine 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 solution was dosed into a second reactor, which had been pre-charged
with 20 m nmethanol, in 1 hour at 20C. The pH was kept at 3.5 with amoni a.
A solid was forned, which was renoved by filtration. The resulting nother
l'iquor was diluted with 25 m water, decolorized with 3 g charcoal
(activated carbon) and concentrated at r1§duced 20pressure (p =20 mMmHg, T
= 40-45C). Finally 217.6 g DHPGM sol uti on was obtained.. The "ratio" of the
resulting solution was 99.2 % b) Enzymatic synthesis of Cephradi ne 25This
step was carried out as described in W2005/003367. Exanple 3 a) Synthesis
of a D phenyl gl yci ne-net hyl ester (PGVW solution 3090 g D phenyl gl yci ne was
suspended i E?EQP t eq; fayk i Chi
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esterification mo)étt &r tﬁé esterification mixture (about 95%) was dosed into a second reactor,
which had been pre-charged with 40 ml water, in 1 hour at 25-30°C. The pH was kept
at 3.5 with 8 M NaOH (consumption 34 g). A solid was formed, which was removed by
10 filtration. The resulting mother liquor was mixed with esterification mixture (about 5%) to
reduce the pH of the filirate to pH=2. The mixture was concentrated at reduced
pressure (p = 20 mm Hg, T = 40-45°C). Finally 190 g of a viscous mixture was

obtained.

15 b) Preparation of 2 M NaOH in 5 M NaCl
80 g NaOH was dissolved in 149 ml water. The solution was diluted to 1000 mi by
addition of 5 M NaCl. About 840 ml of 5 M NaCl is required to adjust the volume to

1000 ml.

20 c) Synthesis of PGM as a free base
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 § M NaCl. Temperature of the mixture
was maintained at 20°C. The mixture was transferred to a separation funnel, and the

25 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

30 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



Most of the esterification mxture (about 95% was dosed into a second
reactor, which had been pre-charged with 40 ml water, in 1 hour at 25-30C
The pH was kept at 3.5 with 8 M NaOH (consunption 34 g). A solid was
formed, which was renoved by 10 filtration. The resulting nother |iquor
was mxed with esterification mxture (glgout 5% to reduce the pH of the
filtrate to pH=2. The m xture was concentrated at reduced pressure (p = 20
mmHg, T = 40-45C). Finally 190 g of a viscous m xture was obtai ned. 15b)
Preparation of 2 MNaCH in 5 M NaCl 80 g NaCH was di ssolved in 149 ml
water. The solution was diluted to 1000 m by addition of 5 M NaCl. About

840 m of 5 MHWGten wdsedanrieg dottOagdjediibddh i wogmagavs 60 Gherisynteels of
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m nutes topRehydst&f 5 M NaCl while pH was nmaintained at pH=9 by addition of
2 MNaCH in 5 M NaCl. Tenperature of the m xture was mai ntained at 20C. The
m xture was transferred to a separation funnel, and the 25 m xture was

left tg settle for 20 m nutes. Subsewg%{gly,;t he |ayers were separated. The
upper layer was mxed with 120 m of | at roomtenperature. The
m xture was transferred to a separation funnel, and left to settle for 20
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temperature of the reaction mixture increased from 40 to 80°C. 126 mi (100 g)
methanol was added, the mixture was kept at reflux for 1 hour at approximately 81°C
15 and concentrated as described before.

The procedure was repeated for another four times (addition of methanol, reflux
and concentrating). Finally, 126 ml methanol was added; the solution was refluxed for
another hour and cooled to ambient temperature.

15 ml ammonia was dosed with constant rate in 35 minup to pH 2.3-2.4. 75 ml

20 water was added. 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
25

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

The process line as depicted in Figure 1 was operated as follows:
e Centrifuges were started and operated at 2400 rpm
30 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
¢ 1000 ml 5.3 M NaCl was added to the 10 | vessel



io concentrated sulfuric acid (98% was added. The m xture was kept at
reflux for 2 hours at approxi mtely 73C and concentrated at a reduced
pressure using a vacuum punp. The pressure dropped from at nospheric to 20
nBar while at the sane tinme the tenperature of the reaction m xture
increased from40 to 80C. 126 nl (100 g),nethanol was added, the mxture
was kept at reflux for 1 hour at apprOX|nater 81C 15and concentrated as
descri bed before. The procedure was repeated for another four tines
(addition of nethanol, reflux and concentrating). Finally, 126 nm nethanol
was added; the solution was refluxed for another hour and cool ed to anbient

t enper at ur e. h t e AT WasS: ge%ekg kbconstant rate in 35 mn
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as depicted in boigisre 1 was operated as follows: Centrifuges were started
and oper at ed at 400 sol uti.on, o uced in
centrifuge 2 “wiihe é{O'f‘W?haq igb/’!’ésfe‘s‘%’@mmtafﬂ%d ?L%\EEY B%WUPEJ‘ g’@’ Yel ow)
was i ntroduced pgact@Niitdrd@rt &f taktvegsdihere was fl ow fromt he heavy phase

outl et of centrlfuge 1 1000 mM 5.3 M NaCl was added to the 10 I vessel 17

emperature in the 10 | vessel was maintained at 8-10 °
e The reaction mixture of the 10 | vessel was pumped through a heat exchanger
and thereby warmed up to 30°C. Subsequently the reaction mixture was
10 introduced in centrifuge 1
e Light phase from centrifuge 2 was cooled via a heat exchanger to 3-6 °C and
stored in vessel at 3-5 °C
e Light phase was applied in conversion to ampicillin in less than 4 h after

production of light phase.



The contents of the 101 vessel was cooled to 8-10C The PGM sol ution was

i ntroduced to 10 | vessel wth a flow of 15 kg/h The pHin the 10 | vessel
was nai ntai ned at pH=9.7 by addition of NaOH NaCl solution 5 The volune in
the 10 | vessel was maintained at 5 1 by adjustnment of the flow of reaction
m xture out of the vessel The tenperdBure in the 10 | vessel was

mai ntai ned at 8-10 C The reaction m xture of the 10 | vessel was punped
t hrough a heat exchanger and thereby warmed up to 30C. Subsequently the
reaction m xture was 10i ntroduced in centrifuge 1 Light phase from
centrifuge 2 was cool ed via a heat Qkéﬂﬁﬁger to 3-5 C and stored in vessel
at 3-5 C Light phase was applied in conversion to anpicillin in |ess than
4 h after production of light phase. 18 CLAIMS 1 . A process for the
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group consi sting of_D;phe%ilglyC|ne and dlhydrﬁéghen LegC|ne in the form
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characterized in that the process comPr es e formation of the ester of
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conprising the steps of convert i 2'% t he underivati sed formof the side

. . ca
chai n sel ect@®@nfesiinis MY QRGP RIANEREIHE D- phenyl gl yci ne and
D-di hydr o- phenyl gl ycine with an al cohol to forma mxture conprising the
cor r espondi reroséddeaceb@iing t6 9h¢ bf the preceding claims comprising the steps of

a. converting the underivatised form of the side chain selected from the
group consisting of D-phenylglycine and D-dihydro-phenylglycine with an

alcohol to form a mixture comprising the corresponding side chain ester;

b. forming the semi-synthetic f-lactam compound by mixing the mixture obtained in step
(a) with a B-lactam moiety of the semi-synthetic B-lactam compound 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.

3. Process according to claim 2 wherein the mixture obtained in step (a) is purified

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

4. Process according to any of the preceding claims wherein the B-lactam moiety of the
semi-synthetic B-lactam compound is selected from the group consisting of 6-
aminopenicillanic acid (6-APA), 7-amino-deacetoxycephalosporanic acid (7-ADCA), 7-
aminocephalosporanic acid (7-ACA) and 7-amino-3-chloro-3-cephem-4-carboxylate
(7-ACCA).

5. 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.

6. Process according to claim 2 wherein the alcohol is methanol or ethanol, preferably

methanol.



b. formng the sem -synthetic p-lactam conpound by m xing the m xture
obtained in step (a) with a p-lactamnoiety of the sem -synthetic p-Ilactam
conpound and the enzyne to formthe sem -synthetic p-lactam conpound, with
the proviso that the side chain ester forned in step (a) is not isolated as
a solid internediate. 3. Process accorl®éing to claim2 wherein the m xture
obtained in step (a) is purified before formng the sem -synthetic p-lactam
conmpound in step (b) 4. Process according to any of the preceding clains

wherein the P-lactam npi ety of the seni-synthetic p-Ilactam conpound is
sel ected f/r OPFOEPRS 3FERERIIBREY §i thePresedimng %ﬁﬁ“ﬁd‘ﬁ‘@Fﬁ%mel ARV Ee P Be'@'é"“ﬂlﬁb\)
7-am no- dea%yggygiﬁgg@lbg,s,pgﬁ#ﬁ}hgb,%u%rw ADCA), 7- am nocephal osporanic
acid (7-ACA) and ani no- 3- chl or o- 3- cephem 4- car boxyl ate (7-ACCA). 5.
Process according to any of the preceding clains wherein the sem - synt hetic
13- | actaf cpdﬁﬁ‘%ﬁfrﬁfcp@'@épé’!ﬂ"éa Wh‘%ﬁ'ﬂtﬂ}‘%p%"éﬂjﬁ Gviassts fﬁ@mcﬁsc’ﬂﬂ‘(ﬁh&f’i ¢l n,
Cephal exi n, Cephradi ne and Cefaclor. 6. Process according to claim?2
wherein the al cohol is methanol or ethanol, preferably nethanol. 19 7.
Process according to any of the preceding clains wherein the enzyne is a
penicillin G acylase, preferably in an immobilized form 8. Process
according to claim7 wherein the penicillin G acylase is from Escherichi a
coli.



