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The invention relates to a process for the preparation of a
[err]-lactamantibiotic in which a [err]- | actam nucl eus i s subjected
to an enzymatic acyl ation reactionith the aid of an acyl ati on agent
at a nolar 10 ratio of acylation agent/[err]-lactam nucleus of |ess than
2. 5. A simlar process is disclosed in for exanpl e

WO A- 96/ 23897. The yield of [err]-lactanlantlblotlc to be
15 achievedyg &y g Gog ol =To the prior
art per anmount o ACtam nUCT BUS P T ar gglg%%%gt of

acyl ati dn agent enployed is i n gener al relatlvely Iom/|nasnuch as the -

[err]-lactam nuclef rgﬁfgnéfgh[ %%;Féﬁeéan]a8£é$é$%{%9§|§ en are-20

rel atively instable, whi'T Feactl Pong
because of pﬁ&pansa,tzadduy dHva s(bllﬁn:ttamyantlbbétidﬂemaanients. pMoreover, at

t he relatlvehy | ow acy] ation ag ﬁé %err Iactan1nuc|eu$ ratio

ment i oned, tap fucleusiis | SEpiefh yF%I FERRELIE aREHARRAPPRDI oti ¢ can
%ﬁ be achlmmtxmudmnurﬁh@fai@rdst hﬂcaﬁmﬂﬂﬂbﬁuégéﬂ@1 eﬁed'molar'l'

e inyenti rovides a process in i C ~in_an enzymatic acylation
react|¥ﬁ Qék#) r%ﬁ%&? n ag??ﬁéﬁh%aﬁEﬁméV%ﬂl%ﬂﬂ efhigherthaBl d of
[err]-lactapws antibiotic is achieved per anmount of [err]-I|actam nucl eus
30 and/or per anount of acylatlon agent enployed, with the rati o of
the anount of acyl ati onP afEMt1FPPEGERSE0LS disclosed in for

example WO-A-96/23897.
The yield of P-lactam antibiotic to be

15 achieved in the enzymatic acylation reaction accordiﬁé'
to the prior art per amount of B-lactam nucleus
employed and per amount of acylation agent employed is
in general relatively low inasmuch as the f-lactam
nuclei and/or the B-lactam antibiotics often are -

20 relatively instable, whilst the reaction time is
relatively long because of the usually low solubility
of the reactants. Moreover, at the relatively low
acylation agent to B-lactam nucleus ratio mentioned,
only a relatively low yield of B-lactam antibiotic can

25 Dbe achieved per amount of B-lactam nucleus employed.

The invention provides a process in which
in an enzymatic acylation reaction a shorter reaction
time is achieved and a higher yield of B-lactam
antibiotic is achieved per amount of B-lactam nucleus

30 and/or per amount of acylation agent employed, with the
ratio of the amount of acylation agent employed to -
lactam nucleus being relatively low.

This is achieved according to the invention

in that the acylation agent and/or the B-lactam nucleus



| act am nucl eus being relatively | ow. This is achi eved

accor di ng we obBgrssnvent i on in that the acylation agent aa¢ndleskéBo
[err]-lactam nucl eus - 2-

are/is supersaturated in the reaction m xture during at | east part of
t he acyl ation reaction. The applicant has found that it is
possi bl e to achi eve a high degree gf -supersaturation of the [err]- 5

| act am nucl eus and/or the acylation agent in the reaction m xture and
that, especially surprisingly, the supersaturation can be kept stable
for hours. This al | ows the concentration of the [err]-Iactan1nucIeus
and/ or t he, di ssol ved acyl ati on agent to pe stro @ Z I ncyeased, 10 so
that the 3D PIRTAUT HF L FFE yTEIFFHOR JBEXEUXE (@uTring3n of the

[err]-lactmgagﬁnpixgnag:Eﬁgﬂg& 1d€ion reaeag&ﬁnts and also with a higher
yi el d of [err]-Iactan1 t]bIOtIC e unt ofh%err]-lactan1nucleus
enpl oyed and/ or h%uﬁﬁéhl%ﬁn%EQ?gt%Bﬂggggﬂ?t | b§ eRessMpLe 15 al so
results ina é:&mf@&epeiq'ili@il £8936f  yupersaturation of th& @ddition, it
Is known fromliterature, or exanple WO A-92/01061, that a high yleld

of [erf]- 1aCtama%%%%ﬁQﬁn¢¥ﬁé@¥ct%%raﬁﬁﬁﬁﬁ%06fa?ﬁFF]1Pa§ban1nucleus can be

obt ai ned hye éﬁﬁ&&ﬁrﬁhft@&ghaﬂ@|@ﬁ&iareéﬁéb9a?§?“§ﬁﬁpiﬂ§1§81y30V$ét'On agent
and the [err]-lactam nucl eus. However, dr awback of applying a high

mol ecul ar FYR§BSHetTREHOR Hean beaE?PﬁtFBﬂbﬁeeﬁPraHG“Fﬁe TB%F]-Iactanl
nucl eus i sa3 s | @hPCconce AEPHEL Sn0b £ AEKLaBL DA BERNuAL €uk Oshapsza resul t

of hydrolysis of the acylation agent (and possibly the [err]-
the dissolved acylation agent to be strongly increased,

10 so that the reaction proceeds more rapidly, with less
degradation of the B-lactam antibiotic and/or the
reactants and also with a higher yield of B-lactam
antibiotic per amount of p-lactam nucleus employed
and/or per amount of acylation agent employed. This

15 also results in a higher production capacity.

In addition, it is known from literature,’
for example WO-A-92/01061, that a high yield of B-
lactam antibiotic per amount of fB-lactam nucleus can be
obtained by applying a high molecular ratio between the

20 acylation agent and the B-lactam nucleus. However, a
drawback of applying a high molecular ratio between the
acylation agent and the B-lactam nucleus is that large
amounts of acylation agent are lost as a result of
hydrolysis of the acylation agent (and possibly the f-

25 lactam antibiotic). Consequently, a low
synthesis/hydrolysis ratio (S/H), the molar ratio
between synthesis product (B-lactam antibiotic) and
hydrolysis product, is realized. Moreover, it has been
found that working up the B-lactam antibiotic is often

30 hampered by a relatively large amount of hydrolyzed

acylation agent relative to B-lactam antibiotic being



25 Iactan1anti2%9tic). Consequently, a | ow synt hesi s/ hydrolysis ratio
(S/'H), the™b4?86,ti o bet ween synt hesis product ([err]-FP&E /00570
antibiotic) and hydrol ysis product, is realized. Mreover, it has been
found that working up the [err]-lactamantibiotic is often 30 hanpered by a
relatively | arge anount of hydrolyzed 3 acyl ation agent relative to

[err]-lactam anti bi otic being - 3-
present in the reaction m xture obtained after the enzymati c acyl ation
reaction, as a result of which a smal | er anmount of [err]-lactam
antibiotic can be isol at ed. For the purposes of the present

i nvention, preddmt Virelthofrégctioh atirtuast obtainedpaftapoyné of reactant
([err]-lactam nucl eus orlaﬁilation agent) to_be ac?'evgd kn t he

acyl ation FEFTIX TeAME A HECR BPAFY L3RouAE Bf TREP #-° WnigRt &m anti biotic
formed in idfilaest aindint eSEt B OlaPeim ant{BDOBL¢ 88RUBE 25o1geehant

enpl oyed. 10 For the purposes of the present invention,
the solubility of a confinthenPurnesesarefnthfspragent ilgyvesbiond

concent sat ivafl f1dile SLTPOICkAR SHEIDISELECBer amSlne! beokbRLLapmPONENt S

of the m xture,” expressed in nmo Itre or mass% The so Ity is
measur ed by(pHlaatiass aiwehegus her caopdbanilont agenst aho pel andiewvefedat ure

and in the presence of all conmponents of m xture. Thereafter, the
S0l ubi |1ty {hR AV L2 LOR aFSACF Lo PAERS the dfRLas) AREUBENBSURA di ssol ved

on reachi ngactaht i Diobtit(2atneat ¢ 88LUREYIRE188 reaction per FOr the
pur poses of the present invention, a conpound is supersaturated in a

m xture whetP¥Rx) amematoPfereachaBht FRPLONES: t hat conpound in the
m Xtur go For the purposes of the present invention,

the solubility of a compound in a mixture means the
dissolved concentration of the compound in the presence
of all other components of the mixture, expressed in
mmol/litre or mass%. The solubility is measured by

15 dissolving the compound at constant pH and temperature
and in the presence of all components of mixture.
Thereafter, the solubility can be calculated from the
amount of the compound dissolved on reaching
equilibrium (saturated solution).

20 For the purposes of the present invention,
a compound is supersaturated in a mixture when the
dissolved concentration of that compound in the mixture
is greater than the solubility. The supersaturation
factor means the ratio between the two aforementioned

25 solubilities (supersaturated divided by saturated). The
supersaturation factor to be achieved and the time
during which supersaturation is maintained depend on a
number of factors such as the nature and concentration
of the compound, the nature and concentrations of the

30 other components in the mixture, the pH and the
temperature. The supersaturation factor to be obtaiend
depends largely on the compound involved and is



I's greater than the solubility. The supersaturation factor nmeans the
rati o bet waem9¥2038¢ wo af orenentioned 25 solubilities (supersgeiaod/sudro

di vi ded by saturated). The supersaturation factor to be achi eved and
the tine during which supersaturation is nmaintained depend on a

nunber of factors such as the nature and concentration of the conmpound,
the nature and concentrations of the 304 ether conponents in the m xture,
the pH and the tenperature. The supersaturation factor to be obtaiend
depends | argely on the conpound involved and is

-4- preferably larger than 2, nore particularly larger than 5.

The concen 'égbgg t | Vi [ - S_ls_.expressed as
t he anmount té)féf | SSO %e%ﬁf%ﬁ%a’c%#%ﬁ%*%aﬂwgg Ty liquid -
reaction 3. nmixture; the total concentration of dissolved and

undi ssol ved [err]-Iact ' e S ' n of
[err]-Ilactam nucl eus iﬁﬁkgﬁggﬁgg?&ﬁégi§ﬁt%€e€%$d?££§bf€%§céT%ﬁF?ﬁQIure; t he
total reactnurlenxtis cexpyedded ol atlle HRSUEESCE N@isobLvé@ng-a plurality of
sol i ds, for exanple [err]-lactamnucl eus,_ [err]-lactamantibiotic,
(hydr ol Yzed)2SR3M YOI ER et BOE T nRobi ¥9 228 bhayhd. reactipni| ar

defini ti onsmikeuedpl t@btet{DrcdhCeREYABibRNof did86edNdnghe [err]-1actam
antibiotic. 15 A mxture in which the@%err]-laotan1nucleus or

the acyl at igriigEMmVed diplkastare gucleus horesprested as thanapeusbt ai ned by
means of !0s FAMER LR lin Io1es pLBLENe LheNEGESPATY, 2
concentrate xture can i TSt be prepared as a slurry or a solution by
20 di ssol vreact ton |mixciaen ntice etst al peyéelonnmigeate may respectively,

present .in ' 1.:*Ilor ith the aid of.for exanple a.pH Lngrease or a pH
decreagg, d%&%ﬁ% , gggﬁées ghe solution, a pluraf?ty of"so 183,
for example B-lactam nucleus, B-lactam antibiotic,
(hydrolyzed) acylation agent and immobilized enzyme.
Similar definitions are applicable for the acylation

agent and the f-lactam antibictic.

15 A mixture in which the P-lactam nucleus or
the acylation agent, respectively, is supersaturated
can be obtained by means of for example a pH shift. To
that end, if necessary, a concentrated mixture can
first be prepared as a slurry or a solution by

20 dissolving B-lactam nucleus or acylation agent,
respectively, present in solid form with the aid of for
example é PH increase or a pH decrease, or a pH
decrease, respectively. It is preferred for the B-
lactam nucleus and/oxr the acylation agent to be

25 dissolved in the mixture obtained. However, it is also
possible for a portion of the B-lactam nucleus and/or
the acylation agent to be still present in solid form.
Subsequently, this slurry or solution can be subjected
to a pH decrease or a pH increase, or a pH increase,

30 respectively. In this way, a slurry or solution is

obtained in which the P-lactam nucleus or acylation



decrease, lvely. It is preferred for the [err]- | act am nucl eus
and/ or thevgég?’g 7i8gn agent to be 25 dissolved in the m xture FSENELIOG570

However, it is also possible for a portion of the [err]-I|actam nucl eus
and/ or the acyl ation agent to be still present in solid form
Subsequently, this slurry or solution can be subjected to a pH decrease
or a pHincrease, or a pH increase, 30 Fb§bective|y. In this way, a slurry
or solution is obtained in which the [err]-lactam nucl eus or acyl ation
- 5- agent is supersaturated. Any solid [err]-lactam
nucl eus present can be di ssol ved by for exanpl e decreasing the pH until
a pH | cagent hds Bupprebeusbtgdl.ower than 2, in particular 5.1 ower than
1 is reached; or by increasing,th Hto a H hi gher than 6, preferably
hi gher than 7, in péPYlEB&aﬁ ﬁ SﬁéFaﬁhgﬁcée SnPERIenk £an B8 final pH

i's pr ef &i@@bxvgaos?n fé!CExIaaahet laR 2GRy MeHec! gﬁlﬁr&qels a pgonly just
conpletely into solution so that ‘as 10 concentrated a solutron as possible

i s obt ai nedlOWRT thaﬁractP€§feFﬁ§1&bﬁé%ﬁ¥?a¥%61ébldﬁ?@@ﬁﬁ#qulﬁﬁmuIy have a

concent rat | 98yRE thanl ¢r ik- E@Q@:ﬁ'@d“u@xe%‘ir GncHedsBaY the fH Wo % The final
pH wi || usuallg be I ower than 10 a greater t han O.

Subsequent | PR Bighssr $8ad: fre Er§c§lel¥131b&r5f dgher Yharyhiaidfed from a

sol uti on, wba&elaula&yhegha&ytmh . InPpradigaie dedeasiath DIpH Nog eased, by
i ncreasing o decreasing the H to a val ue between for exarrpl e 3.0

and 9.0, prEFéﬁ&E‘laPlHeFﬂé’éﬁMS@c&n&h@bs the, frdrastan fucdeus&fsen 4.5 and
8. 0. ust /é@rrga%@e%qﬂt@ | ORI £an be di ssol ved

by for exain dgcreas I ng the unt a val ue | ower than 8.0,
preferadfy Foncentrated 3, sipdution as possible is obtained. In

practice, the concentrated solution will usually have a
concentration of the fB-lactam nucleus of at least S
wt.%. The final pH will usually be lower than 10 and
greater than 0.

15 Subsequently, a supersaturated solution can
be obtained from a solution, whose pH may or may not .
have been decreased or increased, by increasing or
decreasing the pH to a value between for example 3.0
and 9.0, preferably between 4.0 and 8.5, in particular

20 between 4.5 and 8.0.

Any solid acylation agent present can be
dissolved by for example decreasing the pH until a
value lower than 8.0, preferably lower than 6.5, in
particular lower than 5.0 is reached; preferably, the

25 final pH is chosen such that the acylation agent is
only just completely dissolved and thus as concentrated
a solution as possible is obtained. In practice, the
concentrated solution will have a concentration of the
acylating agent of at least 5 wt.%. The final pH will

30 usually be greater than 1.

A mixture supersaturated with for example

the acylation agent can be obtained from a mixture,



particular lower than 5.0 is reached; preferably, the 25 final pHis
chosen suckyd fsdorére acyl ation agent is only just conpl elt;@{.(ﬁ‘L?Jm%%l ved
n

and thus as concentrated a solution as possible is obtainéed.

practice, the concentrated solution will have a concentration of the
acylating agent of at least 5 w.% The final pHw Il 30 wusually be
greater than 1. A m xtuge_supersaturated with for exanple
t he acyl ati on agent can be obtained froma m xture,

- 6- preferably a solution, whose pH may optionally have been
reduced, by increasing the pHto a value greater than for exanple 4.5,
preferably greater than 5.5, in particular greater than 6.0. 5

Anot her maRFaLIRRHE & MNP Eion xtwhaese pE mayigrtiqnal Yerhdvd act am nucl eus
and/ or the | e : ' ISt .S, | le by a
vt AdAtAIE By incrdLdidy SURSHiRtel & %1[112? rgf&f?age%})

tenperature decrease,_optionally after "any solid m nucl eus
and/ or sol itdafe oK i SFRTREht4 1T e RFREemARI TG 9aker Han P {®asin partly been

di ssol ved yart QM HrELd A RASE . 0. OF PH change.
Di ssol ution can be effected by for exanple a tenperature increase until

for exafple (virtual | y)Arothes |\manney ehtektaining adrixtwre ¥wi exanple to

a 15 tenmpergiide did & : r Ya A HYEY :
20[err]C, in parti cuErrlathi ghe%ﬁ{cﬁ%{nds%a[rgr %@;S%baséey(‘quent?ﬂ %nt

super sat ur &%ay i3 @uﬁ@maMQRé@ni%aimbeemﬁlme}Wfa dremperaturebt ai ned
1T O SRSSERS IO BIRE SULE iy Seon 1 SIBRE RIS (Do
10[err]C. and/or solid acyldtiorms upgesat present nhatefleaprefestadty i s
10 least partly been dissolved by a temperature increase
or pH change.

Dissolution can be effected by for example
a temperature increase until for example (virtually)
all solid matter is in solution, for example to a

15 temperature higher than 15°C, preferably higher than
20°C, in particular higher than 25°C. Subsequently, a*
supersaturated slurry or solution can be obtained from
the obtained mixture by decreasing the temperature to a
temperature lower than 20°C, preferably

20 lower than 15°C, in-particular lower than 10°C.

The supersaturated mixture preferably is
prepared by changing the pH inasmuch as a higher
supersaturation factor can then be achieved. In
practice, a pH change and a temperature decrease will

25 usually be applied simultaneously in the preparation of
a supersaturated solution.

In a suitable embodiment of the process
according to the invention first a mixture in which the
B-lactam nucleus and/or the acylation agent are/is

30 supersaturated is prepared, whereupon the acylation
reaction is started by for example adding (immobilized)

enzyme. The concentration of the reactants will



prepared by changi ng the pH inasmuch as a higher supersaturation factor
can then b&A¥M0%8%kd. In practice, a pH change and a tenpPeTaLI8@0570
decrease will 25 usually be applied sinultaneously in the preparation of

a supersaturated sol ution. In a suitable enbodi mrent of the
process according to the invention first a mxture in which the
[err]-lactam nucl eus and/or the acyl ati @an-agent are/is 30 supersaturated is
prepar ed, whereupon the acyl ation reaction is started by for exanple
addi ng (i mobilized) enzynme. The concentration of the reactants wll

-7- decrease during the acylation reaction so that

super sat ur gd 3 aMd |aaMgy ﬁ%e%iggi d-Qict08n so gfiytation reaction. In

anot her suitabl e enbodi ment | cylation reactron I's started with a
portion of SUReYsAtYratblomdrad maveoradbyrthaeendypft tbe agent, which

TRy OF  dEYA diOfomber S4ROLSia! Ui Sllor HDET SRR SUPERBBLYIRADE RS

ei ther maintai ned or brought about by adding to m xture,
for exanpl @d¥latitomirerction is caarhedavithnaxparbioh biiether -1 act am

el cuss N e Sl AL 90 BIELCH Dy BpTuEE LBl 0 RLOTET
i s carried may .ndth hr eupersatumatedy | whereupant anpersheusagidnt ie .
tho 15 Caonatiesh Hedfhdiia o BESRSRL SRoREPEITRBARRECERNERE 1 20, It i o
reactor a cREkomtrebktwrier i Hor cexahpleybypf titrathen|ear] -l actam nucl eus
Concent r at st rEtd WBeded of ene BriS8EBRLelEReBeAPI(RE F S [ow pr .
20 Iniso dayiptidie phemanvith desdiedebenkepts 6@nat aigher during the
acylationlég%%ééé &’eféﬁagxggglSﬁtéérggkggrature at which the
acylation reaction is carried out. In practice, the B-
lactam nucleus and the acylation agent may both be
present in supersaturated condition during the
15 acylation reaction, for example by metering into the
acylation reactor a concentrated solution or slurry of
the B-lactam nucleus (with a high pH or optionally with
a low pH) and at the same time a concentrated solution
or slurry of the acylation agent (with a low pH).
20 In so doing, the pH can if desired be kept constant
during the acylation reaction by for example titration.
The process according to the invention can
very suitably be used in the preparation of cefaclor.
Cefaclor exhibits poor stability at high pH (> 6.5)
25 whilst the solubility of the corresponding P-lactam
nucleus (7-amino-3-chloro-cef-3-em-4-carboxylic acid;
7-ACCA) is low at those pH values (about 6.0-6.5) at
which degradation of cefaclor still is relatively low.
As a result, the yvield of cefaclor was low at both
30 relatively high and relatively low pH, so that a
technically/commercially attractive process was not

possible. The yield of cefaclor per amount of 7-ACCA



The process according to the invention can very suitably be used in the
pr epar at i owmomegac! or . Cefaclor exhibits poor stabilit | H (>
6.5) 25 whilst the solubility of the corresponding [err]-Iagggégp&agﬂp
nucl eus (7-am no-3-chl oro-cef-3-em 4-carboxylic acid, 7-ACCA) is |ow at
t hose pH val ues (about 6.0-6.5) at whi ch degradati on of cefaclor stil
Is relatively | ow As a result, thegyield of cefaclor was |ow at both
30 relatively high and relatively low pH, so that a
technically/commercially attractive process was not possi ble. The yield
of cefaclor per amount of 7-ACCA enpl oyed and per anount
of acyl ati on agent_enpl oyed could admttedly be inproved by using for
exanpl e  ©MR, |angk PRI GWAUDG Mf arykation agentfempidyddxic
auxiliary wehad al@nittddis, i, | ‘%p | 1S, ~however,

di sadvant a&eo s.in that t?\’ey eﬁgg{ﬁdo%q;yq%% Ioéetélg%/xa?neér%ved,_ ~whi ch
entails ad 'aﬂ%&%l FroesSmplexing agent h the 4P swgmtioief fect on
process  auedQUIAFL SatIH IS 10! the ilﬁréﬁ’érél_efdh fc%”ﬁjrhtfﬂﬂfoéﬂ?s process
according to the invention allows an 10 exceptionally high supersaturation
factor 1> 16 foWsYer, GSadkafageadmtin Hehatehhey oieedda ikm can be

carried  cotiflletiely Nelntved! Yot v R Hi s 6o i MUAST pYSlesd NE

concentratign of the [err]-lactam nucleus is sufficiently i gh. Thus,
it is now FIERS FAR & SFHAPES RIFREITE 1SELeG Y IPT iRFQRLIr ough enzymati ¢

acyl ati on \sicoutidssi Mhrprisindly 2t TR Lbed® Sudddhst the
techni cal | y/ conmerci al | attractjve process can be realized.

Anot her ap 1'i°(?§tsisoﬁc(ﬁ“°’%l‘jr1ié"9prt&é'sl'ée INVERIIRRYi Rt ¥HS tHe i nvention lies in
the prepar aiceptdfon( 1fyom ieyta il e Pt @rd ¢ i dhn badedt atd ofo PfeHpe

achieved so that the acylation reaction can be carried
out at a relatively low pH (6.0-6.5) whilst, yet, the
concentration of the f-lactam nucleus is sufficiently
high. Thus, it is now possible to.prepare cefaclor in

1S high yields through enzymatic acylation without using
auxiliary materials so that a technically/commercially
attractive process can be realized.

Another application of the process

according to the invention lies in the preparation of

20 for example ampicillin by acylation of 6-
aminopenicillanic acid (6-APA) with the aid of D-phenyl
glycine amide (FGA). Since 6-APA and ampicillin degrade
relatively quickly at high concentration and at high pH
it is important to have the acylation reaction proceed

25 as rapidly as possible at as low a pH as possible. By
for example increasing the pH of a mixture of 6-APA and
FGA to a value between 7.0 and 8.0 and then immediately
lowering it to a pH between 6.0 and 6.5 and then
immediately initiating the enzymatic reaction it has

30 been found possible to achieve, in a short period of
time, a high yield of ampicillin per amount of 6-APA
employed and per amount of acylation agent employed,



am nopeni cillanic acid (6-APA) with the aid of D phenyl gl yci ne am de
(FGA) . Sind®¥73 Rﬁﬁ and anpicillin degrade relatively qui ERT{NLIBOMRTYN

concentration and at high pH it is inportant to have the acyl ation
reaction proceed 25 as rapidly as possible at as |ow a pH as possi ble. By
for exanple increasing the pH of a mxture of 6-APA and FGA to a val ue
between 7.0 and 8.0 and then innediatél% - lowering it to a pH between
6.0 and 6.5 and then imMmediately initiating the enzymatic reaction it
has 30 been found possible to achieve, in a short period of tinme, a
high yield of ampicillin per anmpbunt of 6-APA enpl oyed and per anount of

acyl ation ﬁQEht?eﬁﬁlaydgely high concentratﬂ%?fbﬁﬂﬁ*ﬁ?ﬁ'b@i ng hi-gh ol ef
concentratlon of 6-APA_bein | e ut i 0] very briefly
ond i h DRSaBREa R FHE P Luoet 1Y b RORE I IR | Yel atfvely
| ow pH val &egrAtiatﬁenS&IfEahiprEJ.]h.)ﬁ.df Weaitis ¥eptd IGA 410 dhiphenyl gl ycine
(FG is rest The rocess apcorqbqgrto the invention

can al§8 lXﬁBV]&&WWPFh Vadier &fe § ol¥F:Harati on of
cephal exi nofEhFeRg it ca Dy-paisngn @ﬂYkine (Eamruukﬁémaﬁanafphalosporanlc acid

(1008 wiih the 10 hd o BRIyl dyEies S e LEchle: Jhegev ol o
exanpl e beansenbé. sp@mie&_ witanchdvartidgeded the dyzymawbat ed) hydrol ysis
Pydr of ysi sSESTAR AE cH SN LA S P | 1Y 1O by hpbl yi ng the
process acamndndgaa@dﬂmxycapuumaypoﬂanlcnenﬁﬂeﬂiAmDCA)fwism thesi ng the pH
o 2 g S e AL L IS, a0 (AR B2 RILBELEED 8.0 and .0
reaction is usually carried out at a relatively high pH
value, for example between 7.5 and 8.5, and is attended
by (unwanted) hydrolysis of FGA into D-phenyl glycine
(FG) . The reaction can be accelerated, and hydrolysis .
15 of the acylation agent can be limited, by applying the
process according to the invention, for example by
first raising the pH of a mixture of FGA and 7-ADCA to
for example a pH between 8.0 and 9.0 and then
acidifying the mixture again to a pH between 6.5 and
20 8.5.
Another example of the process according to
the invention is its application in the enzymatic
preparation of amoxicillin from 6-APA and D-p-
hydroxyphenyl glycine methyl ester (FGHM) and in the
25 preparation of cefadroxil from 7-ADCA and FGHM. The
solubility of FGHM is relatively low and decreases with
increasing pH, whereas the solubility of 6-APA and 7-
ADCA is also relatively low and decreases with
decreasing pH. It has been found that subjecting a
30 mixture of for example 6-APA or 7-ADCA and FGHM to a pH
decrease to a value at which FGHM is virtually
completely dissolved (for example a pH value between 5

and 6) and next to a pH increase to a value between for



20 8.5. Anot her exanple of the process according to t he

I nventi on ™o p¥/m78@plication in the enzymatic preparatio

anoxicillin from 6- APA and D p- hydr oxyphenyl gl yci ne ne?ﬁ?%"gg?%?o
(FGHM and in the 25 preparation of cefadroxil from 7- ADCA and FGAM The
solubility of FGAHMis relatively | ow and decreases with I ncreasi ng pH,
whereas the solubility of 6-APA and 7- 10 -ADCA is also relatively | ow and
decreases with decreasing pH It has been found that subjecting a 30

m xture of for exanple 6-APA or 7-ADCA and FGHMto a pH decrease to a
val ue at which FGHMis vi rt ual l'y conpletely dissolved (for exanple a pH

val ue bet we ncrease to val ue. bet ween for
VE0°. O B Ratote ¢ Wa ) S0CRlRIGs 8 BuBLrRFuERRTon of KRl by | o
factor of 3a5fa©t@e afhie&eﬂo BéuschiéeedacyThtipnthe at@agtien can be
carried out hi. gher pH with a hjgher .concentration of

di ssol ved [e?% %%?%%Qa% n%%?ﬁh%& QRt I 2 ?hﬁ°@8ﬂggﬁtﬁéﬁpﬁﬁ BE. t-he

acyl ation w1thg&nh1ghenlsmncehafaufbu 8Eglissolved B 1actam Anot-her
enbodlng i S o di ssol Ye 7-A a.relatively gh concentration
with a Basé*to %pﬁFiWhl %EtEﬂ%nc?ﬁ?e%§5ﬁ§F8n8°§th9 afylakdAnaddi ng a 10
concentrateﬂgeﬁﬁlﬂssaiﬂélﬁ@l@ﬁ15£i¥1hi§hWhlCh DFOCGSS the pH decreases.
In this enbodi nent, supgnsgh%ratlon bot h 7-ADCA and FGHM can be

achi eved at the sane ?ﬂ%°@ﬁ??ﬂﬁt?€ FRaftiF§R1¥EN ThBDERakPed aft er
al | reamtmlathm:eybns@haddﬁdenttatsoﬁl ﬁQtﬁOSSbElsé te adduyls (a

portion of the con entrat ed. FGIM or, Dgs (or "slurry) during
the reaction: Elhe 2 ESE exampleA&O?ﬂgr o33 FgeraFﬁénSrécess according to

t he |nu@nt|@mncsntrate@placﬁal@ﬁluﬁlbheoenxﬂnntlQn which process
the pH decreases. In this embodiment, supersaturation
of both 7-ADCA and FGHM can be achieved at the same
time. The enzymatic reaction can be started after all
reactants have been added. It is also possible to add

15 (a portion of the) concentrated FGHM or 7-ADCA solution
(or slurry) during the reaction.

Another example of the process according to
the invention is its application in the enzymatic
preparation of cefazolin from tetrazole-l-acetic acid

20 and as a B-lactam nucleus 7-aminocephalosporanic acid
(7-ACA} or 7-amino-3-(5-methyl-1,3,4-thiadiazole-2-yl-
thiomethyl) -3-cef-em-4-carboxylic acid (7-ACA-MMTD). As
the acylating agent does not contain an a-amino group,
a so-called thermodynamically controlled coupling

25 reaction with the acid may be performed. The optimum pH
for such thermodynamically controlled coupling reaction
is preferably between 4.0 and 6.5. At this pH the
solubility of the P-lactam nucleus is relatively low.
It has appeared that the conversion in the coupling

30 reaction can be strongly enlarged by adding a
concentrated solution of the f-lactam nucleus with a

relatively high pH (for instance between 7.0 and 9.0)



preparatiog,o gfazolin fromtetrazole-l-acetic acid 20 and as a
i

[err]-1act "¥us 7- am nocephal osporani c acid ( 7- ACAPC@{NL98/00570
7-am no-3-(5-nmethyl -1, 3, 4-t hi adi azol e- 2-yl -

t hi onet hyl ) -3-cef-em 4-carboxylic acid (7- ACA-MMID). As t he acyl ating
agent does not contain an a-am no group, a so-called thernodynam cal ly
controlled coupling 25 reaction withr t3e -acid may be perforned. The

opti mum pH for such thernmodynamically controlled coupling reaction

is preferably between 4.0 and 6.5. At this pH the solubility of the
[err]-lactam nucleus is relatively | ow It has appeared that the

conver si ontnthiae cepldvi hadions kit DouRLIONOLY B! 8F OpfleDY 20di N

a concentrated sol ution of the act am nucl eus
rel ati vel yTRRAGH o0 folé?tqﬁﬁst%d@%t%em Valuengeoween 4.0 and

- 11 - 6.5.,0¢.e W}H‘ﬁtx‘a{?\:f&?%iﬂi‘ é’?xxéé’acf whi [e the pH of the
reaction mxture i's képt at a val ue betwee 0 and 6.5, e.g. by
titration with an acid.The process aCCQ¢Qﬂ$ﬁCk@S%hQCEUVQHhQOBOCahe
inventi®n AR tanisHidealy ﬂgé r r rr]-lactam
antibiotics , for %};xarrplﬁeb cepha XI n, ﬁf %Ef&& 8‘£ n% Lrﬁ anoxi cil l'in,
cephr adi ne anddfddrtaydd.,, for(ﬁXamp&@rnﬁphmiaxnh;nampééblbinl Ioracarbef and

cefal ogl ycia g4 g% a OXlﬁl#¥Q§[E%éé%#%%%§€}?gg%%§§°§§f in principle be

used, in particular a |err enef al formula (1)
[err] cefotaxime, cefazolin, cefprozil, loracarbef and . :
cefaloglycin.
10 Any B-lactam nucleus can in principle be

used, in particular a f-lactam nucleus with the general

formula (1)

15 Ro pd

H,N—_/ \
y- N
20 o B

where R, represents H or an alkoxy group having 1-3 C

atoms; Y represents CH,, 0, S or an oxidized form of
25 sulphur; and Z represents

CH, ™~

30 CH, |, //|\R,_ N of ¢y,

Rl 14

where R, represents for example H, OH, halogen, an
alkoxy group having 1-5 C atoms, an alkyl group having
35 1-5 C atoms, a cycloalkyl group having 4-8 C atoms, an



where R err] represents H or an al koxy group having 1-3 C atons; Y
represent swafomords, O S or an oxidized formof 25 sul phur;Péﬂﬁ“zﬂms&

represents J[err] where Rlerr] represents for exanple H,

hal ogen, an al koxy group having 1-5 C atoms, an al kyl group having 35
1-5 C atons, a cycloal kyl group having 4-8 C atons, an _ _

- 12 - aryl or a heteroaryl grouyp having 6-10 C atons, in whi ch
the groups may or may not be substituted with for exanpl e an al kyl, an
aryl, a carboxy or an al koxy group having 1-8 C atons; and where the
carboxylic acid group 5 may be an ester group if so desired.

Sui t abl e exanpl es ofk{erzl-lactanlnuclei I hat may be enployed in the
process ac ; % Rghgeroaryl group having 6-10 C atoms,

which the groups may or may not be substituted with for

example an alkyl, an aryl, a carboxy or an alkoxy group

having 1-8 C atoms; and where the carboxylic acid group
5 may be an ester group if so desired.

- Suitable examples of B-lactam nuclei that
may be employed in the process according to the
invention are penicillin derivatives, for example 6-
aminopenicillanic acid (6-APA) and cephalosporic acid

10 derivatives, for example a 7-aminocephalosporanic acid
with or without a substituent at the 3-site, for
example 7-aminocephalosporanic acid (7-ACA), 7-
aminodesacetoxycephalosporanic acid (7-ADCA), 7-amino-
3-chloro-cef-3-em-4-carboxylic acid (7-ACCA), 7-amino-

15 3-(1l-propenyl)-cef-3-em-4-carboxylic acid (7-PACA), 7-
amino-3- (5-methyl-1,3,4-thiadiazole-2-yl- a
thiomethyl)cef-3-em—4-carboxylic acid (7-ACA-MMTD)
and 7-amino-3-chloro-8-oxo-1l-azabicyclo[4.2.0])oct-2-
ene-2-carboxylic acid.

20 In the (enzymatic) acylation reaction, the
acylation agent may be for instance a phenyl glycine in
activated form, preferably a (primary, secondary or
tertiary) amide or salt thereof, or a lower alkyl (1-
4C) ester, for instance a methyl ester; suitable phenyl

25 glycines are for example substituted and unsubstituted
phenyl glycines, in particular phenyl glycine, p-
hydroxyphenyl glycine, dihydrophenyl glycine. In
addition a-substituted acetic acid derivatives and the
corresponding amides and esters may be applied, for

30 instance phenyl acetic acid, phenoxy acetic acid,

tetrazole-l-acetic acid, mandelic acid or thienyl
acetic acid.



invention are penicillin derivatives, for exanple 6- am nopenicillanic

acid (6-APRO 8% phal osporic acid 10 derivati ves, for exam§ITéNIp8/00570
7- am nocephal osporanic acid with or without a substituent at the
3-site, for exanpl e 7-am nocephal osporanic acid (7-ACA), 7-

am nodesacet oxycephal osporanic acid (7-ADCA), 7-am no-
3-chl oro-cef-3-em4-carboxylic acid (7-B&CA), 7-ami no- 15
3- (| -propenyl)-cef-3-em4-carboxylic acid (7-PACA), 7-

am no- 3-(5-nmet hyl -1, 3, 4-t hi adi azol e- 2-yl -

t hi onet hyl ) cef - 3-em 4- carboxylic acid (7- ACA- MMID) and
7- am no- 3- chl or o- 8- 0X0-fn 42 €351 ] 4akyOkASimé- that a&es%leabﬁg%y"c aci d.
20 In the (enzynatlc) acylation reaction, acyl ation

agent rmay RS fdreatalydkeln HrengPuplingnsepgstion gan @@t @@eﬂoram

preferablyalépéﬁmsy, m@&&w&g inc1hi@E! bREY bnaihde Or salt thereof, or
a | ower al kyl 4C) ester, for instance_a nethyl ester; suitable

phenyl 25 iﬂ%%?%%%v%}% ¥%¥EER%§pF@ §EbEFPﬂGﬂé&l&n&mﬁﬁ§§BSFF1uted

phenyl §|y éﬁ@cllﬂlﬂaéé Tasar QHEHYEngyﬁéb”Qrepdescr1Q¥QYQXVHQﬁP
gl yci ne, ydr ophenyl %C|ne I'n dition a-substituted acetic acid
derlvatlvese%ﬁmp fed-G- S %W?%%p%ﬁd?ﬁgraﬁ?&§§s§n§ S¥Y be appl i ed,

for 30 insiggest pheay! peetifeagss, aﬁae&ﬁxyr acelhewddied et all,
tetrazol e-1-acetic aC|d, mandel i ¢ aci d or, thienyl acetic acid.

- 13 - Process Biochemighryr IREepRatignflen e L920 i PBsui%Tabl e as
a catal yst 1@3thgxsﬁppésnafr%ﬁtaﬁmeceﬁz%e@sa&ea%nzgmetémeaﬂm Such

enzymes include the enzznes collectively referred to as penicillin
ani daséfor EFPBrReREPRACERL} aiB. PSGEH°€&?§hé§%%Q?Q%&%%|bed in for
pasteurianum, Aeromonas, Alcaligenes, in particular
Alcaligenes faecalisg, Aphanocladium, Bacillus sp., in
particular Bacillus megaterium, Cephalosporium,
Escherichia, in particular Escherichia coli,
15 Flavobacterium, Fusarium, in particular Fusaxrium
oxysporum and Fusarium Solani, Kluyvera, Mycoplana,
Protaminobacter, Proteus, in particular Proteus

rettgari, Pseudomonas and Xanthomonas, in particular
Xanthomonas citrii.
20 Preferably an immobilized enzyme is used,

since in that case the enzyme can be easily isolated
and re-used.
Particularly suitable enzymes among the
immobilized enzymes that are commercially available are
25 for example the Escherichia coli enzyme from Boehringer
Mannheim GmbH, which is commercially available under
the name Enzygel®, the immobilized Penicillin-G acylase
from Recordati and the immobilized Penicillin-G acylase
from Pharma Biotechnology Hannover. In addition,

30 enzymes may also be utilized in crystalline form
(CLEC's™) .



exanple J.G Shewale et al., Process Biochem stry, August 1989, pp.

146- 154 angig dexd7de Shewal e et al |, Process Bi ochem st rypéﬂkﬁgmgjmonal ,
June 1990, pp. 97- 103. Exanpl es of suitable enzynmes are éenzynes
derived 10 from Acetobacter, in particul ar Acetobacter past euri anum
Aerononas, Al caligenes, in particular Al cal i genes faecalis,

Aphanocl adium Bacillus sp., in partg cul ar Bacillus negaterium

Cephal ospori um Escherichia, in paﬁtlcular Escherichia coli, 15

Fl avobacterium Fusarium in particular Fusarium oxysporum and Fusarium
Sol ani, Kluyvera, Mcopl ana, Pr ot am nobacter, Proteus, in particular

Pr ot eus rettgari, Pseudonobnas and Xant hononas, in particular

Xant hononas citrii. 20 The temperatuy® eiterwipigh srhe rengimatzerl enzyne is

used, i I 4 ﬁﬁﬁﬁit SJ ' . =: and
re-used. %cﬂﬁ%éﬂbﬁ W ar i%ﬁl ar %@%@%%?%%ﬁz%én&é%%o%&ghe .

i Mobi | i zegreyfamatsl  edtvwisen coBMEAE | $$4Q). i Ipblae aihd o5 ther - exanpl e the
Escherichia coli .enzyne from Boehri nger nnhei m GrbH, which is

conmer ci al ISPZKAY L AFYfteton Teapllom ks RbiRetedisualbe 15mobil i zed
Peni ci | §i nHetafMSE. 0 and ro/ Resps fadab B doégedimDbe | drz@do Renicil i n-G

acyl ase from Phar ma Bi ot echno| ogy, Hapnnover. In_addition,,K 30 enzynes may
al so be ut i(THe &PHITWR R £9% R kiperically ferexplieqd)coupling
- 14 - reaction is relat/iel@MpedR} UESr ain¥bisde thetweay nRls C

oyl st on Teapiion 5ol Lented waualTY o belan 401 er I G s LT a0l
between 6.0 and 8.0. The optimum pH of a
10 thermodynamically controlled coupling reaction
generally is lower and lies for instance between 3.0
and 7.0, preferably between 4.0 and 6.5.

The reaction preferably is stopped almost

completely when maximum conversion has virtually been

15 achieved. A suitable embodiment for stopping the '
reaction is to lower the pH, preferably to a value
between 4.0 and 6.3, in particular between 4.5 and 5.7.
Another suitable embodiment is to lower the temperature
of the reaction mixture on attaining the maximum

20 conversion. A combination of the two embodiments is
possible also.

Once the reaction has been stopped on
attaining the maximum conversion, the reaction mixture
usually is present in the form of a suspension

25 comprising a plurality of solids, for example the
antibiotic, D-phenyl glycine and, possibly, immobilized
enzyme. The immobilized enzyme preferably is recovered
in the interest of process economics. This can suitably
be accomplished by for example by filtering the

30 reaction mixture on a sieve, while stirring, the
stirrer's direction of rotation being chosen so that

the suspension is pumped upwards at the centre of the



enzymatic %%glatlon reaction is effected usually is 5 between 3.0 and 9.5,

preferably Y285 4.0 and 9. 0. The opti mum pH for a ki nBCTEHI9BAS70
controll ed coupling reaction is relatively high, for instance between
4.5 and 9.0, preferably between 5.5 and 8.5, in particular bet ween
6.0 and 8.0. The optinmum pH of a 10 thernodynam cally controlled coupling
reaction generally is lower and |9 é® for instance between 3.0 and
7.0, preferably between 4.0 and 6. 5. The reaction
preferably is stopped al nost conpl etel y when maxi mum conver si on has

virtually been 15 achieved. A suitable enbodi nent for stopping the

reaction Issslcrf&wersdﬁb%@iénﬂgﬁf efalkanie éoﬁ(ﬁéﬂ@nts sﬁehwagntﬁeo and 6.3,
in particular between 4.5 : Anot her_ suitab iment is to

| over the tadHpdtiatie and BG Q¢Reb%d%@¢%ﬁeﬁ¢§them6ﬂn§tPﬁlﬁpﬁg t he maxi mum

20 conver sigGhmpft &€ ﬂﬁﬁﬁéﬁ?éﬁ the two enbodi nents is possi bl e al so.
Once the reaction has bee opped on attaini ng the maxi mum conver si on,
the reaction nixture Folisthg IBurRogeesehtthn iR¥eRbiAnef aaPBuspensi on 25

conpri sgng hdHdl add yb@fbﬁ&u{w@,awﬁt eﬁﬁnahsmqean acaat | BL9kLEy eD- Phenyl
gl ycine and, possibly, immobilized enzyne he i mobili ze enzyne

preferably a}"sl‘?‘s'e&fl%r%ﬂr example W?%%Peé?léﬁ piBcR3¥tdeyAam cs.  This can

suitably  sulihmaeroradishesydyodwioerampbeabyyf hiteicndcifead@ reaction:
m xture on a sieve,, while_ stirring, the stirrer's direction of rotation

bei ng chosefRERPIREIC acidfe %%%p%ﬁ%?%%e acphifedChPuaP¥dLic asddcentre of

t he and citric acid. A pH increase canlBe brought abbufte
Subsequent |y, val uabl e conponents such as the antibiotic and”FG can be

recover@d bYPTeRFATRIE {3Hd1ng 2 Bagee gupkrBhgnpases are for

example inorganic bases, in particular ammonium
hydroxide, potassium hydroxide or sodium hydroxide, and
organic bases, for example triethyl amine and FGA.
Preferably, ammonium hydroxide is used.

15 The enzymatic acylation reaction and the
measures mentioned, for example the preparation of the
supersaturated mixtures, can be effected in water. If
desired, the reaction mixture may also contain an
organic solvent or a mixture of organic solvents,

20 preferably less than 30 vol.%. Examples of suitable
organic solvents are alcohols having 1-7 C atoms, for
example a monoalcohol, in particular methanol or
ethanol; a diol, in particular ethylene glycol, or a
triol, in particular glycerol.

25 The molar ratio of acylation agent to B-
lactam nucleus, i.e. the total amount of acylation
agent added, divided by the total amount of B-lactam
nucleus added, expressed in moles, is less than 2.5. It
is preferred for the molar ratio to be between 0.5 and

30 2.0, in particular between 0.7 and 1.8.

The enzymatic acylation reaction is
preferably carried out as a batch process. If desired,



For the purposes of the invention, a pH 5 change can be brought about by

addi ng an wo %205l t abl e acids are for exanple mneral agiflRyodsbsro
parti cul ar sul phuric acid, hydrochloric acid or nitric acid and
carboxylic acids, for exanple acetic acid, oxalic acid and citric acid.
A pH i ncrease can be brought about by 10 for exanple adding a base.
Suitabl e bases are for exanpl e i norgani ¢ bases, in particular anmoni um
hydr oxi de, potassi um hydroxi de or sodi um hydroxi de, and or gani ¢ bases,
for exanple triethyl am ne and FGA Pref erably, ammoni um hydroxide is
used. 15 The enzymatic acyl ation reaction and the measur es
mentioned, for exanple the preparation of the super sat urated m xtures,

can be ef f E8fedFSarti@necan Rlso haogaxxied ipul centMONSAYre may al so

contain an or gani ¢ 18 i@iferfich Wi NG Ofu R €115 YU S 170
preferably | ess than 30 vaql.%, 6 Exanples of suitable . organi c solvents

are al cohoPSaRS Aty they foldawing refamplesx Mithout hawrren Rering n

parti cul ar reithanr®ed®drcheret®dd hanol; a diol, in particular ethylene glycol
or a triol, in particular glycerol. 25 The nolar ratio
of acyl%tion agent to [err]- | actam nucl eus, i.e. the total anount of
acyl ati on abbraqdnftiagged, divided by the total anmpunt of [err]-lactam
nucl eus added,_ expressed in noles, is less than 2.5. It is preferred

for the mol’aq i o t o TEWRREETFBLOF AR B3 2207 4 1SR HRPFY 16 Akt ween 0.7

and 1.8. 7-ADCA: 7 - allih RIS Bd S 1d 1 Qfpsaeid Olci® preferably
carried OUtJ%E a batch process. If desire

16 - 6-ABAGe | eactd ARG RERFHELRRIC 2% Dut continuously.
The inyvent aerpwi | | be famgihkeirl inici dat ed by
CCl: cefaclor
CEX: cephalexin
FG: D-phenyl glycine
FGA: D-phenyl glycine amide
15 FGH: D-p-hydroxyphenyl glycine
FGHM: D-p-hydroxyphenyl glycine methyl ester

Assemblase™ is an immobilized Escherichia
coli penicillin acylase from E. coli ATCC 1105 as
20 described in WO-A-97/04086. The immobilization is
effected as set out in EP-A-222462, with gelatin and
chitosan being used as gelating agents and
glutaraldehyde as crosslinking agent.
The ultimate activity of the Escherichia
25 coli penicillin acylase is determined by the amount of
enzyme added to the activated globules and amounted to
3 ASU/g of dry weight, 1 ASU (Amoxicillin Synthesis
Unit) being defined as the amount of enzyme capable of
producing 1 g of Amoxicillin.3H,0 from 6-APA and FGHM
30 per hour (at 20°C; 6.5% 6-APA and 6.5% FGHM).



means of the follow ng exanples, w thout however being restricted

thereto. 5%O%72038% evi ati ons: 7- ACCA: PCT/NL98/00570
7-am no- 3-chl oro-cef-3-em 4-carboxylic acid 7- ADCA:

7- am nodesacet oxycephal osporanic acid 6- APA: 6- am no-penicillanic
acid 10 AMPI: anpicillin Cd : cef acl or CEX:

cephal exi n FG D phenyl ol yicl ne FGA: D- phenyl
glycine am de 15 FGH: D- p- hydr oxyphenyl gl yci ne FGHM

D- p- hydr oxyphenyl gl yci ne nethyl ester Assenbl ase[err] is
an i mmobi | i zed Escherichia coli penicillin acylase fromE. coli ATCC

1105 as 20%&%/ 04086. The imobilization is ef fected
as set out - A- W gelatin and chltosan bei ng used as '
ge| ati ng ag¥MCHIE £ A A L (O B

The ultimate activity Q{nt%}&ﬁé&@éé&%ﬁ g{i | Pﬁé'fclig Yl ase is

determ ned by the amount o enzyne adde e ac bbul es and
amount ed t Eitted wisly ga o7 Sl rym vms}htslavd\Stbi(mema$ I f.hlBycmtdmiashs

Unit) b in f| n th unt emzynme capabl e of producing 1 g of
AnoXi ci Ilg‘L fﬁj rﬁ%%ﬁ%?—%—lﬁﬂ 30 per hour (at 20[err]C, 6.5%
6- APA and 6. 5% FGHM A preparation react:or {1.2 1) was filleda 17 -
Corrparativ ':Tgf:s' of ac o] 7- not super sat ur at ed)
An enzyme re?i}a (41]% of Ei%ég 'e#ogcllm 4% é of ‘Soalth

bisulphite, 700 g of water, 6.6 g of 4N H,SO, and 72.1 g

of 7-ACCA (0.300 mol). This mixture was stirred at T =

10 10°C; the pH was 7.5. Subsequently, the mixture was

transferred into the enzyme reactor with the aid of 118

ml of water (T = 10°C).

The stirrer in the enzyme reactor was
switched on at t = 0. The temperature was kept at 10°C.
15 The pH was kept at 7.5 by titration with 4N H,S0,.
At t = 48 minutes the enzyme reactor contained approx.:
215 mmol CCl (conversion = 72%)
70 mmol 7-ACCA
175 mmol FGA
20 95 mmol FG
At t = 81 minutes the enzyme reactor contained approx.:
212 mmol CCl (conversion = 71%)
61 mmol 7-ACCA
83 mmol FGA
25 182 mmol FG
Thereafter, the amount of CCl decreased. The
concentrations (C) in mmol/kg of FGA in solution (FGA.),
total FGA (FGA.), 7-ACCA in solution (ACCA,), total 7-
ACCA (ACCA.) and total CCL (CCL.), during the reaction
30 are shown in Fig. 1 as a function of time (T) in
minutes (min.).



fitted wth a 175 [err] m mesh sieve bottom was filled with 5 100 g of
net - wet Asgryby err]. A preparation reac was
filled vvitkllﬁ?g4 g of FGA (0.500 nole), 4.0 g of sodium PE’P/N%%%/@S%% ,
700 g of water, 6.6 g of 4N Herr]SJerr] and 72.1 g of 7-ACCA (0.300
nol). This mxture was stirred at T = 10 10[err]C, the pH was 7.5.
Subsequently, the m xture was tran faerred into the enzyne reactor with
the aid of 118 m of water (T = 10 err] O The stirrer

in the enzyne reactor was swtched on at t = 0. The tenperature was
kept at 10[err]C 15 The pH was kept at 7.5 by titration with 4N
Herr]SOerr]. At t = 48 mnutes the enzyne reactor contai ned approx.:
215 nmol OCEXgwRks.ek si on = 72% 70 mmol 7- ACCA~- -

175 mmol FG : J FaBdg il nutes the enzymne
reactor contal ned ap ' ) ] C™ (conversion = 71%
61 nmol 7- ACCA An enzyme SGEWIFGA »5l, diameter 11 ¢&P,nmol FG
Thereafter, r@ﬂ{.\% S ns.{L) in
nmol / kg of ﬁg@l n so utlon-p?Cl [er %vgr?o?t?mFgﬁ\g%Fgﬁgég]ylég

sol uti os (ACOA @rof )net evett Nssemblaoﬁﬁ“( ACCA[err]) and total
(QCLlerr]), during the £RCLLon. #on A EaSE8EN N2 19 vdas3gsLaneti on of

in m nut es
18 - widan®b e6 | g Of ByRCCRs{ 6. 60 Gadhk) 067( 8- ACGA EGPersatBpat ed)

mol), 4.0 g of sodium bisulphite and 402 g of water.

This mixture was stirred for 5 minutes at T = 10°C; the
10 pH was 7.4.

The pH was brought to 8.0, while stirring,
with the aid of 16.8 g of concentrated ammonium
hydroxide. Subseguently, the pH was lowered from 8.0 to
6.4 by metering in 73.8 ml of 4N H,SO, in 20 minutes. '

15 Next, at t = 0, the mixture was transferred from the™
preparation reactor to the enzyme reactor with the aid
of 140 ml of water (? = 10°C).

The stirrer in the enzyme reactor was
switched on at t = 0; T = 10°C. The pH was kept at 6.4

20 by titration with 4N H,S0,. After 7 hours, 66.0 ml of
acid had been added. The reactor now contained:

300 mmol CCl (conversion = B3%)

55 mmol 7-ACCA

100 mmol FGA

25 45 mmol FG
The concentrations (C) in mmol/kg of FGA in solution
(FGA;), total FGA (FGA.), 7-ACCA in solution (ACCAg),
total 7-ACCA (ACCA.) and total CCL (CCL.), during the
reaction are shown in Fig. 2 as a function of time (T)
30 in minutes (min.).



An enzyne reactor (1.5 1, dianeter 11 cm, fitted wth a 175 [err]m
mesh si eve™SHI¥29786 was filled with 5 300 g of net-wet AsseniBICIENLIBBIFTP.

A preparation reactor (1.2 1) was filled with 86.6 g of 7-ACCA (0.360
nol), 67.8 g of FGA (0.450 nol), 4.0 g of sodium bisul phite and 402 g
of water. This m xture was stirred for 5 mnutes at T = 10[err]C, the
10 pH was 7. 4. The pHi®as brought to 8.0, while stirring,
with the aid of 16.8 g of concentrated ammoni um hydr oxi de.
Subsequently, the pH was |owered from8.0 to 6.4 by netering in 73.8 n
of 4N Herr]SOerr] in 20 mnutes. 15 Next, at t = 0, the mxture was

transferrechii@%éﬂf_l preparation reactor to the enzyne reactor with the
aid of 140 of water (T 10[err]C) The stirrer in
t he enzyne AeRPELE, ‘ 3 Supe ns: 3 .

kept at 6. 4paf 66.0 m
of aci d had ] 300
mol COA (conversion = ag%anzyme reactor (1.53, mﬁ;;anveml cm) ;

100 mols FGiPled with a 175 ﬁS ES

mol / kg of FGA in sol ution H m tbc?tg @G&gﬁé&ta})le%;%ﬁﬁgk

sol ution (ACEN @ref)net- Wet:oAalseileGGA ACCA[err]) and tot al
(Galerr]), during the » o-eBaGLhaR-AL8 AR () 78} Adsafygeti on of

time (T) 30 in mnutes
19 - witlanpBell g Of 7SPACRedi0s 200 @efldcl GF5 .(47-\CFA Bafpef 2800 at ed and

7- ACCA ®&1 Y Eﬁbeée§f'§oaﬂﬁhng1 %ﬁg%?@@nﬁﬂd:ﬂﬁ§ﬂg '@ yater.

An enzyme reactor amet
10 This mlxture was stirred for 5 minutes at T = 10°C; the

PH was 7.43.
The pH was brought to 9.0, while stirring,

with the aid of 15.5 g of concentrated ammonium
hydroxide. Subsequently, the pH was lowered from 9.0 to
15 6.4 by metering in 80.6 ml of 6N H,SO, in 45 minutes.
Next, at t = 0, the mixture was transferred from the
preparation reactor to the enzyme reactor with the aid
of 40 g of water (T = 10°C).
The stirrer in the enzyme reactor was
20 switched on at t = 0. The temperature was kept at T =
10°C. 244 g (0.200 mol) of 7-ACCA solution were metered
in at a constant rate in 109 minutes. The solution had
been freshly prepared by suspending 48.1 g of 7-ACCA
(0.200 mol) in 183 g of water at T = 3°C and raising the
25 pH to 8.2 with the aid of 13.2 concentrated NH;, in
which process all 7-ACCA dissolved. From t = 0 onwards,
the pH in the enzyme reactor was kept at 6.4 by
titration with 6N H,S0,. At t = 350 minutes the enzyme
reactor contained:
30 350 mmol CCl (conversion = 88%)
45 mmol 7-ACCA
80 mmol FGA



5 fitted with a 175 [err] m nesh sieve bottom was filled with 150 g of
net - wet Asswoisbaesperr] . A preparation react QorintodiosdroVas
filled with 48.1 g of 7-ACCA (0.200 nmol), 75.4 g of FGA ?B 500

mol ), 4.0 g of sodium bisul phite and 175 g of water. 10 This m xture was
stirred for 5 mnutes at T = 10[err]C, the pH was 7. 43.

The pH was brought to 9.0, while stirfiag,- with the aid of 15.5 g of
concentrat ed anmoni um hydr oxi de. Subsequently, the pH was | owered from
9.0 to 15 6.4 by netering in 80.6 mM of 6N Herr]SJerr] in 45 m nutes.
Next, at t = 0, the mxture was transferred fromthe preparation
reactor to the enzyne rgac h the aid of 40 g of water (T =

10[err] C). 68 ltmQ{ﬂl‘\kll\g{:"stlrrer in the enzyne reactor was 20

swi tched on at t = 0. The tenperature was kept at T = 10[err]C. 244 ¢
(0.200 nol )ppf n r r constant rate in
109 m nutes. eT e so ut?g%H%ég cHE gggﬁhﬁrgg efaFgﬁgrgast §&§H@hd|ng 48. 1
g of 7-ACCrand the. pBOwas| Jovered3tg 6f owhyerdding €N3Hes0].Cmme rai sing

the 25 §ﬂ4é§?gE%A‘ 59t5?ve§“dﬁgﬁt5?ngd concentrated NH3, in whi ch

process all |sso romt =0 onwards, the pHin the enzyne
reactor was kept at 6.43B9 mmolt CELatl conveirshoBN= Hpek)] S err]. At t = 350
m nutes the enzyne seaghg 0 ned: 30 350 mmol Cd
(conversion = 88% 158 REEQ mol 7- ACCA 80 nmol
FGA 40 mmol FGA - 20 -

85 mmol FG
10 The concentrations (C) in mmol/kg of FGA in solution
(FGRA;), total FGA (FGA.), 7-ACCA in solution (ACCa,) ,
total 7-ACCA (ACCA.) and total CCL (CCL.), during the
reaction are shown in Fig. 3 as a function of time (T).
in minutes (min.).

15
Comparative Experiment B
hesi £ icillin (6-~A supersaturated

First a solution of FGA.1/2 H,S0, was
prepared. 301.6 g of FGA (2.00 mol) were suspended in
20 650 g of water at T = 5°C. 102.1 g of 96% H,SO; (1.00
mol) were added dropwise while stirring, with the
temperature being kept at T < 25°C by means of cooling.
Next the enzymatic condensation was
performed. An enzyme reactor (1.5 1, diameter 11 cm),
25 fitted with a 175 pum mesh sieve bottom, was filled with
300 g of net-wet Assemblase™
A preparation reactor (1.2 1) was filled
with 131.6 g of 6-APA (0.600 mol), 30.2 g of FGA (0.200
mol) and 400 ml of water (T = 10°C). This mixture was
30 stirred for 15 minutes at T = 10°C and subsequently, at

t = 0 transferred into the enzyme reactor with the aid
of 100 ml of water (T = 10°C).



65 Mol FGywooonetk t = 400 minutes the anpunt of Cefaclor was maxi mum
and the pH was Pered to 5.0 by adding 6N Herr] SO err]. ThePCHNEPS/AF20

react or now cont ai ned: 370 mmol CA (conversion = 92%

25 mol 7- ACCA 40 mmol FGA 85 mvol FG 10
The concentrations (C) in mml/kg of FGA in solution (FGA[err]), total
FGA (FGA[err]), 7-ACCA in solution (A'Cé’ﬁ&e'rr]), total 7-ACCA
(ACCAlerr]) and total CCL (CCL[err]), during the reaction are shown in
Fig. 3 as a function of tine (T) in mnutes (mn.). 15 Conpar ati ve
Experiment B Synthesis of Anpicillin (6-APA not supersaturated)

First a solution of FGAHd Zst{eret Ahethé sAgyme rpaeparetas30l. 6 g of FGA
(2.00 mol) wer.e .su pended |n 20 650 2 of water = 5[err]C. 102.1 g of

96% H er r ] YT PBHAL € =1 )4%3r %d&%dBBPoWIe%l le stirring, with

t he t ergex at (2w, S0qi wgrkeptdat Eo<t215[ %rdﬂu@ﬂah RARS YnHOphd NY.
Next the enz mat J c £ dens ornmed. An_enzyne reactor (1.5

{1
1, di anet er*49® c’rﬁ ‘?Jrrf&e%lsw‘t'htlé §he F‘E’I“Pfﬁ?ﬁﬂ§ﬁ brdrg keptomt vvas

filled withoe°c. T?rﬁ';Ong efagna@l. MetrRssanhl ased aridutes onwards th
preparation reactor was filled with 131.6 g of 6-APA ?0 600

nol ), 30. 212}467&*6@% @‘aog 3 byipritrabiquowikthofNnHeSPs (T = 10[err]C).

This mxture was 30 StAEr@d—f§401§1ﬂhEHEeEhétaﬁoun%ob%rhhgl 413
subsequentl = 0 transferred into the enz tor With the

aid %&ﬁ)mﬁx{wumwﬁgg Qhe;p&g@gs lowered to 5. by adding 6N
H,S0,.

10 The enzyme reactor now contained:
575 mmol AMPI (=96% relative to the amount
of 6-APA employed) '
15 mmol 6-APA
50 mmol FGA
is 365 mmol FG
The concentrations (C) in mmol/kg of FGA in solution
(FGAs) , total FGA (FGA.), 6-APA in solution (APA,),
total 6-APA (APA.) and total Ampi (Ampi.), occurring
during the reaction are shown in Fig. 4 as a function

20 of time (T) in minutes (min.).

Example ITI
hesi Ampicillin (6- rsatura
An enzyme reactor (1.5 1, diameter 11 cm),
25 fitted with a 175 pum mesh sieve bottom, was filled with
300 g of net-wet Assemblase™
A preparation reactor (1.2 1) was filled
with 550 ml of water (T = 10°C), 138.8 g (0.920 mol) of
FGA and 131.6 g (0.600 mol) of 6-APA. After 5 minutes
30 at 10°C a clear solution obtained with a pH value of
7.4. Subsequently, the pH was brought to 6.5 with 96%

H,S0, (ca. 16 g) and after stirring for 5 minutes at



- 21 - The stirrer in the enzynme reactor was

sw t ched owmoabr2078s 0. 423.7 g (0.800 nol) of FGA. 1/ 2H ergdra@ gefgos7over e
added to the solution ata constant rate in 283 mnutes, with the
tenperature being kept at 5 10[err]C. The pHwas 6.3. Fromt = 328 m nutes
onwards, the pH was kept at 6.3 by titration with 6N Herr]SJerr].

At t = 540 m nutes the anount of Anpiczilén was nmaxi nrum and the pH was
| owered to 5.6 by addi ng 6N Herr]SJerr]. 10 The enzyne reactor now
cont ai ned: 575 mmol AWPI (=96% rel ative to the anount

of 6- APA enpl oyed) 15 mmol 6- APA 50
mmol FGA 15 concentrations (C) in mol/kg
of FGA in ®IUtih Solur(:\’—?&[“é?ﬂr)ra‘?%?%?r?—%&? FEAE FRFYMe cT2RRLPF sol uti on

(APALerr])ae ¢ =161Rkc 6RO GARALBDN ) BRCyaRedl (A 1698pi [errl)

occurring during the reaction are shown 1 n Fig. as. a.function 20 of
time (T) in mnutes (nRh. k.= 0 theEkampbeathre wassynfoesmé ﬂheﬁpﬂ|C|II|n

6- APA t d t 1. di t
11 oy, 26§01 cHORAER ARE78OFUPE) FEAGEASE) LOF BE: RO RREE PEIIbd wiih
?gozglgsf net:favnlsy ésseabhaae{nggg] ran Hf,so4 At (t = 3looo[°\rqmrmn&rc satu31gur\8reac(:gogzo

was | ed 0 = rr ,
oi ) of "amebntof pplshgs Baosu R Ehe REAVER dGVEEeR Kot es S0 at
10C a cl eas. sobytadalﬁbtaNnHQs041h a pH val ue of 7.4. Subsequently, the -

pH was brg ht to 6.5 w.th 96% Herr] SJerr] (ca. 16 g) and after
stirring foresSHEFHEeSSAFEOT How coblcdlined:

575 mmol AMPI (= 96% relative to the amount
10 : of 6-APA employed) '
15 mmol of 6-APA
40 mmol of FGA
295 mmol FG
The concentrations (C) in mmol/kg of FGA in solution
15 (FGA;s), total FGA (FGA:.), 6-APA in solution (APA,),
total 6-APA (APA,) and total Ampi (Ampi.), occurring
during the reaction are shown in Fig. 5 as a function
of time (T) in minutes (min.). ' ”

20 Comparative Example C
thesis of Cephalexin (7-ADCA not supersaturated
An enzyme reactor (1.5 1, diameter 11 cm),
fitted with a 175 um mesh sieve bottom, was filled with
75 g of net-wet Assemblase™
25 A preparation reactor (1.2 1) was filled
with 668 g of water (T = 4°C), 4.0 g of sodium
bisulphite, 130.3 g of 7-ADCA (0.600 mol) and 75.4 g of
FGA (0.500 mol). 7.8 g of concentrated ammonium
hydroxide were added, whereupon the suspension was
30 stirred for 15 minutes at T=4°C. The pH was 7.8.
Subsequently, at t=0, the suspension was

transferred into the enzyme reactor with the aid of 50



- 22 - 10C the solution was transferred to the enzyne reactor

at t = 0 Woreemsaid 100 ml of water (T = 10[err] Q). PCT/NL98/00570 At
t =0 the tenperature was 10[err]C and t he pH = 6.3. During the enzyne
reaction the pH was kept at 5 6.3 by titration with 6N Herr]SOerr]. At t
= 300 m nutes the anount of AMPI was maxi num and the pH was | owered to
5.6 by adding 6N Herr]SOerr]. Thgienzyne reactor now cont ai ned:

575 mmol AWMPI (= 96%relative to the amount 10 of
6- APA enpl oyed) 15 mmol of 6-APA 40 mmol
of FGA 295 nnDI FG The concentrations (© in mol/kg
of FGA in sglu%ion 15 gg err%% 6- APA |n sol ution
(APA[err])™ YBtaF APA4(9\ A['E}F‘Fﬁté‘ﬁ’t'lefofﬁl EXHSi EPASESZuUr ring

during thewagasmeemae ofihawnti & ki, g-rhé %%n@efxtawfeomas k&gt tdgre (T) in
m nutes (mn. Cbnparatlve Exanpl e Synthesi s of Cephal exin
( 7- ADCA no?—élﬁ)ealsht*ahatéwe All 7-ADCA had disepiyed adkeror (1.5 1,

di ameter 13og8heinar ety YRnsei d I RO SAKE oty ves 1)1 ec

net asd[ err prepar ati on
react ors (lapat} aomf spldd Assembllased8 gvas Nmﬁeentl'kfuﬁerz}qy 4.0 g of

sodi um ?Qh§ﬂgghkh% 8%3%33 ¢1%fen’/tAP@A & 0. 600 nol) and 75.4 g of FGA

(0.500 nol ncent rated ammoni um hydr oxi de were added,
wher eupon The Teaptesi soewweon¥@ingd:rred for 15 mnutes at T=4[err]C. The

pH was 7. 8. 393 mmol CEX (conversion = 66%; S/H = 6.1)
200 mmol 7-ADCA
10 64 mmol FG
33 mmol FGA.

S/H {in mmol CEX/mmol FG) as a function of conversion

(in %) is shown in Fig. 6.

15 Example IV
esis of al n (7- A r
An enzyme reactor (1.5 1, diameter 11 cm),
fitted with a 175 pm mesh sieve bottom, was £illed with
75 g of net-wet Assemblase™

20 A preparation reactor (1.2 1) was filled
with 600 ml of water (T ; 4°C), 4.0 g of sodium
bisulphite, 130.3 g of 7-ADCA (0.600 mol) and 90.5 g of
FGA (0.600 mol). The suspension was stirred for 15
minutes at T=4°C. The pH was 7.6.

25 The pH was brought to 8.6, with stirring,
using 43.8 g of concentrated ammonium hydroxide.
Stirring was effected for 5 minutes at T=4°C.
Subsequently, 21.2 g of concentrated H,SO; were added.
The clear solution was stirred for 15 minutes at T=4°C.

30 The pH was 7.4.

Subsequently, at t=0, the suspension was

transferred into the enzyme reactor with the aid of S0



Subsequently, at t=0, the suspension was transferred into the enzyne

reactor w wo donperssi d of 50 PCT/NLOS/005703 -

m of water (T = 4[err]C). The stirrer in the enzyne reactor was
swtched on at t = 0. The tenperature was kept at T=4[err]C all the
time. Al 7-ADCA had dissol ved after approximately 75 m nutes;
thereafter, a clear solution, 5 apart Jfgramsolid Assenbl ase[err], was
present. After 210 m nutes the pH had risen to 8.6. The reactor now
cont ai ned: 393 mmol CEX (conversion = 66% S/H = 6.1)

200 mmol 7- ADCA 10 64 mmol FG 33 mmol FGA
S/H (in mol CEX/nnDI as a function of conversion (in 9% is shown

in Fig. 6. M "B&ﬁ'ﬁ)l |=v4°C) S}“ﬁﬁhéﬁls‘:r@fr &ap Fhee SNFYIE KMe@stor

super sat ur ) t
fitted w tﬁ;agsd t[Chrer M hes tél eve bottomrﬁﬁ\gféﬂﬁ ]wdéswllf?ﬂaé@

net - wet Asslbwﬂ:?baaé{lerth]e tige.
filled
bisulphite

nmol ) .

was
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At t=90 mlnudsqaémﬁaxﬁ &ad esictenr t-(ol 1) was

¢'ds. &, 3" 5 & Water’bé ‘ﬂ}? bt B‘dge ¢ - 280sitR (0. 600

Tlae sm&pemslm dexsredse rte@I 1T ors :L& clemrnsmbtstmn;r:d;{mrt] C. The pH
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After 340 minutes the pH had risen to 8.5.
The reactor now contained:
445 mmol CEX (conversion = 74%; S/H = 7.2)
146 mmol 7-ADCA
62 mmol FG
80 mmol FGA.
S/H (in mmol CEX/mmol FG) as a function of conversion

(in %) is shown in Fig. 6.

Example V
t is h i 7-AD rsat ad

An enzyme reactor (1.5 1, diameter 11 cm),

fitted with a 175 pm mesh sieve bottom, was filled with

75 g of net-wet Assemblase™

A preparation reactor (1.2 1) was filled
with 500 ml of water (T = 4°C), 4.0 g of sodium
bisulphite, 162.9 g of 7-ADCA (0.750 mol) and 113.1 g
of FGA (0.750 mol). The suspension was stirred for 15
minutes at T=4°C. The pH was 7.6.

The pH was brought to 8.7, with stirring,
using 55.6 g of concentrated ammonium hydroxide.
Stirring was effected for 5 minutes at T=4°C.

Subsequently, 9.6 g of concentrated H,S0, were added.

The clear solution was stirred for 15 minutes at T=4°C.

The pH was 8.0.



Subsequenth‘, gégz g of concentrated Herr]SO err] were added. The
clear sol utVa? Sstirred for 15 minutes at T=4[err] C. 30 TrEI/NEI8MOST70/. 4.
Subsequently, at t=0, the suspension was transferred into the enzyne
reactor with the aid of 50 - 24 -
m of water (T = 4[err]C). The stirrer in the enzyne reactor was
swtched on at t = 0. The tenperature-w&5 kept at, T=4[err]C all the
time. At t=90 mnutes the pH had risen to 8.05. 5. 5 g of concentrated
Herr]SJerr] were added, causing 5 the pHto decrease to 7.75. A clear

sol ution, apart fromsolid Assenbl ase , was present throughout t he

enzyne reaction. Af tihs3h e Hg]ﬁ;i The
react or now contai ned: 10 ‘lﬂx tﬂH} St g'?_SOO C%gg?conv%?s‘ﬁﬁl 74% S/ H
=7.2) transferred in® the enzyEA reactor with the £ nodIs6GC

SQ mol FGAm1 of alIge(]:l n(élnrml4°@|)€)</ ml sﬁ%rﬁi' §§f %t |e%n of conv§r5| on 15

(in %9 is shown in eS|
(7- ADCA supematsma:mtad on at t = o. The mmreaﬁ@rkéﬁ%& di arreter

11 0 175 h tt filled th
75 Sn)of %etl‘fl% %Enn%ggsgf‘%r][igt]e §9° miRutes l%% % ﬁ\énr%:\tq;@@rféfé?\yt or

(1.2 1) was i3l athe pH \Matshrﬁﬁﬂ){é ©fatned eF fﬁlﬂzfﬁi&r@)w:Lﬁmo g of sodium
bi sul phite, 162. Qq:%f DCA (0. 750 nol) and 113
concentrated sto4 _
At t=300 minutes a total of 23.4 g of concentrated H,SO,
had been titrated. At this point titration was stopped;
10 at t=450 minutes the pH had risen to 8.7.
A clear solution, apart from solid
Assemblase™, was present throughout the enzyme

reaction.
At t=450 minutes the reactor contained:
15 545 mmol CEX (conversion = 73%; S/H = 8.5)
195 mmol 7-ADCA
64 mmol FG
125 mmol FGA.
S/H (in mmol CEX/mmol FG) as a function of conversion
20 (in %) is shown in Fig. 6.

Comparative Experiment D
s i droxi ei 7-ADCA n FGHM
sSupersaturated)

25 An enzyme reactor (1.5 1, diameter 11 cm),
fitted with a 175 um mesh sieve bottom, was filled with
300 g of net-wet Assemblase™

A preparation reactor (1.2 1) was filled

with 63.7 ml of 7-ADCA (0.293 mol), 107.1 g of FGHM

30 (0.590 mol), 4.0 g of sodium bisulphite and 440 g of
water. This mixture was stirred for 5 minutes at T=10°C

with the pH being kept at 7.0 with the aid of 7.5 g of



25 of FGA (0.750 nol). The suspension was stirred for 15 m nut es at

T=4[ err] C. Wineo/mifigsvas 7. 6. The pH was brougghmggmgs.mw' th
stirring, using 55.6 g of concentrated ammoni um hydr oxi de.

Stirring was effected for 5 mnutes at T=4[err] C. 30 Subsequently, 9.6 g of
concentrated Herr]SOerr] were added. The clear solution was stirred
for 15 minutes at T=4[err]C The. pig was 8. 0.

- 25 - Subsequently, at t=0, the suspension was
transferred into the enzynme reactor with the aid of 50 m of water (T =
4[err] C). The stirrer in the enzyne reactor was switched on at t = 0.

The tenperature S ket at S5 T=4[err]C all the tinme. After 60 m nutes the
thadrlse‘?"Pnt%eVY"a ateag \m&dm 4@pt at 8.3 by titration vvith '

concentrated Herr] Sq attr]t:_o tbPé éf%éﬂéh‘tﬁésatié’ﬁﬁfefi'e&?’féo
concentr at %H[er%és err had been titrated. At th pol nt tltratlon

was stoppe a MIRRERT (IREQ IR PRFERA ;gagtqr with -

A cl ear soltHd anid apBrso fiidresoldtbr (TASSﬁéﬁd)aSQEr% 'dbiMaSr PSS
t hroughgut the enzyne reaction. t =450 m nutes the reactor

cont ai néd: SftFyme reactor waswwem (%‘bn‘?e*s‘i’on’fhem% S/H = 8. 5)

195 ol 7- rature was kept att4r{{®c, &3;?
S/'H (in mol X/ 'mmol - FQ as% faﬁnctlon df@glg’n eHrsrleo“}lanbed |n /3 s shovvn

in Fig. 6. at 7.0 Compartiateidniperiment D Synt hesi s of Cef adroxi |
(nei ther 7-f¥4X8 nofo RiiMtes the enzyme reactor contained:

68 mmol Cefadroxil (conversion = 23%;
10 S/H = 0.67)
222 mmol 7-ADCA
420 mmol FGHM
101 mmol FGH-
The concentrations (C) in mmol/kg of total Cefadroxil
15 (Cefadroxil,), total FGH (FGH.), total FGHM (FGHM.),
FGHM in solution (FGHM,), total 7-ADCA (7-ADCA.) and 7-
ADCA in solution (7-ADCAs), occurring during the
reaction are shown in Fig. 7, as a function of time (T)
in minutes (min.).
20
Example VI
i fadroxi both F d 7-AD
Supersaturated)
An enzyme reactor (1.5 1, diameter 11 cm),
25 fitted with a 175 pum mesh sieve bottom, was filled with
270 g of net-wet Assemblase™
A preparation reactor (1.2 1) was filled
with 97.7 ml of 7-ADCA (0.448 mol), 4.0 g of sodium
bisulphite and 250 g of water (T=10°C). The suspension
30 was stirred for 5 minutes at T=10°C. Subsequently, the
PH was brought to 8.1 with the aid of 40.3 g of NH;, in

which process a clear solution evolved (T=10°C).



supersaturated) 25 An enzyne reactor (1.5 1, dianeter 11 cm,
fitted witMWAS¥E8ferr]m mesh sieve bottom was filled with PCTIEOB/gSsH

net - wet Assenbl ase[err]. A preparation reactor (1.2 1) was
filled with 63.7 m of 7-ADCA (0.293 nol), 107.1 g of FGAHM 30 (0.590
mol ), 4.0 g of sodium bisul phite and 440 g of water. This m xture was
stirred for 5 mnutes at T=10C wi th2¥he pH being kept at 7.0 with the
aid of 7.5 g of - 26 -
concentrated ammoni um hydr oxi de. At t=0, the suspension
was transferred from the preparation reactor into the enzyne reactor
with the aid of 50 Kis@Eoﬁ@tQEebEratigbe&@h@kome%éﬂffﬁfHd'n the 5
enzyme reactor was swtched on at = tenperature was kept at

T=10[ err] C,WthE Bh- PeﬁapﬁeEGEUns(Paﬁ?B m‘Jl)at 60 @ Ofo Wwatemt(TD0°C)  After
380 m nut eSah&elsazxfTﬁ 6%a§%\1ohi%84nt£dlmon This solution g Mol

Cefadroxil (conversio = 0.67)

222 mmol 7-bpoaght to T=10°C; pH #29.3wol FGHM 101 mol
FCGH The concentrati C I/k of__t ot adroxil 15

( Cef adrcokil[err]), tot a?m%GI(Zl %;E&g[ tféfl°“\:qélﬁ err]) , - FGHM

in soIut|onptéﬁﬂwpenoh)rﬁatubalw&sAB@An@Eeﬁaaﬁ(ﬁdﬂﬂh&ﬂuhzjhe ADCA in
gol gtsl gnf t%’éé?cﬁ 'r"]l’}'ﬁe%?’?;”“ n%fdlirl %tgg tﬁr;e CLi 3, ar e&%‘BF\émVII n Fig.
stirrer in the enzyme reactor was switched on. From t=0
the FGHM solution from the second preparation reactor

10 was metered into the enzyme reactor at a constant rate
in 120 minutes. The temperature was kept at T=10°C.

After 30 minutes the pH had decreased from
8.1 to 6.8. Next, the pH was maintained at 6.8 by
titration with a concentrated ammonium hydroxide.

15 At t=120 minutes, 8.3 g of concentrated ammonium
hydroxide had been added. Titration was stopped; the pH
continued to be 6.8,

After 420 minutes the enzyme reactor contained:
390 mmol Cefadroxil (conversion = 87%;

20 S/H = 4.0 )

50 mmol 7-ADCA
44 mmol FGHM
97 mmol FGH
The concentrations (C) in mmol/kg of total Cefadroxil

25 (Cefadroxil.), total FGH (FGH.), total FGHM (FGHM.),
FGHEM in solution (FGHM,), total 7-ADCA (7-ADCA.) and 7-
ADCA in solution (7-ADCA,), occurring during the
reaction are shown in Fig. 8, as a function of time (T)
in minutes (min.).



Synt hesis of Cefadroxil (both FGHM and 7- ADCA super sat ur at ed)
An enzyme weysefss(l.5 1, dianmeter 11 cnm), 25 fitted with <:[L|7 ?y)aog:ﬁ,sh
e[ferr

sieve bottom was filled with 270 g of net-wet Assenbl as

A preparation reactor (1.2 1) was filled with 97.7 ml of 7-ADCA (0. 448
nol), 4.0 g of sodium bi sul phite and 250 g of water (T=10[err]C). The
suspension 30 was stirred for 5 maouggs-at T=10[err] C. Subsequently, the
pH was brought to 8.1 with the aid of 40.3 g of NH err], in whi ch
process a cl ear solution evolved (T=100).

- 27 - A second preparation reactor was filled W th
98.5 g of FGHM (0.538 nol), 60 g of water gTzlo[err]CD and 105.1 g of
6N H[err]SC{err] solution. This brought to T=10[err]C, pH
=2.3. 5 The 7- ADCA sol ution fromthe first preparation
reactor was trangferred to t he enzyne reactor with the aid of 20 m of

wat er (T=18err] EFocsfg for EPPrP€FPPHaFH83eﬁfyﬁeBr&&SFém was sw tched on.
From t =0 theaﬁ@k%ﬁégﬁﬁthﬂnwﬁiﬁﬁ‘EhgniﬁﬁegQ Hﬁ@@@ﬁ%thgn reactor 10 was

nmetered into the enzyme reactor at a constant rat 120 m nutes. The
tenper @ ure was kopteated=to[ enr pGzymatic acylatlon reAhmapnsgunﬂnutes t he

pH had decreased {Logy 4 of8a é E%Xgagloﬁﬁégenkh tpg g@ﬁﬁgai: |n%95at 6.8 by

titration with a concentrate ni-um roXi mnutes, 8.3
g of concentratedcyﬁaﬁnounagenthﬁdnamtdm hadlbasnoidde@s Thiamat i on was

stopped; the pH 2.5, CoﬁgkggggrggeQEi%'%hat the acylation agent
and/or the B-lactanm nucleus are/is supersaturated
10 in the reaction mixture during at least part of
the acylation reaction. |

2. Process according to Claim 1, in which the
acylation agent and/or the P-lactam nucleus
are/is supersaturated in the reaction mixture at

15 the beginning of the acylation reaction. ‘

3. Process according to Claim 1 or Claim 2, in which
a concentrated slurry or solution of the B-lactam
nucleus and/or the acylation agent with a
different pH or a higher temperature than the pH

20 or temperature at which the acylation reaction is
carried out is added to the reaction mixture
during the acylation reaction.

4. Process according to any one of Claims 1~3 in
which the P-lactam nucleus is supersaturated in

25 the reaction mixture.

5. Process according to Claim 4 in which a mixture
in which the P-lactam nucleus is dissolved is
subjected to a pH decrease or a pH increase until
a pH between 3.0 and 9.0 is reached.

30 6. Process according to Claim 5 in which the pH
decrease or pH increase is effected until a pH

between 4.0 and 8.5 is reached.
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After 420 w nuh@s t he enzyne reactor contained: 390 mmol

Cef adr oxi | YCcOMI&5si on = 87% 20 S/ HPET/NLO$/00570

50 mol 7- ADCA 44 ol FGHM 97 mmmol
FCGH The concentrations (C) in mol/kg of total Cefadroxil 25
(Cefadroxilt), total FGH (FGHerr]), total FGIM (FGHMerr]), FGHM i n
sol ution (FGHMerr]), total 7-ADCA (7-ABCA[err]) and 7- ADCA i n
solution (7-ADCA[err]), occurring during the reaction are shown in Fig.
8, as a function of tine (T) in mnutes (mn.).

- 28 - CLAI MS 1. Process for

t he preparation Pkoezefsr akchzdatiag to any one af idlizDine i+e V\ﬁifh a
[err]-lactam nucl eus.is,5 .Subj ected ,to an enzymatic acyl ation
reaction with “Which %hﬁhgcgﬂ'&t&lonaﬁ‘%& ad G t‘é‘fa%eioi/%r ratio of
acyl ati on agent/ cher rebazttiam misiteire .of | ess t han - 2.9,
characterized in_that the acyl.ation agent, . .and/or,the [err]-lactam -
nucl eus ar é/‘i s sOPEFESSUPSFRESLST Lo Qﬁﬁ’ﬁ“ thed é‘g&‘?‘brﬁ rﬁ‘&’F'Eu‘l‘ELduri ng at

| east part of in which hheaapydiatdon eagEnitonis dissblved PLocess accordi ng
to daim1l, in whi¢ch th acyl ation agent and/or the [err]-lactam
nucl eus sugpgﬁt;%dsﬁﬁeras%r]ﬁ{ SF33F t e reaction nixture at 15

t he begi nnisSng of Pribeessy lazicioadireadtc @laim 8 3n whincelss prCHsding to

Gaiml or Caimgg. in el o PH higher than 5.5.

10. Process according to Claim 9 in which the pH is
10 increased to a pH higher than 6.
11. Process according to any one of Claims 4-10 in

which a mixture containing dissolved B-lactam
nucleus and/or acylation agent is subjected to a
temperature decrease.

15 12. Process according to Claim 11 in which the
temperature is decreased to a temperature below
15°C.

13. Process according to Claim 12 in which the
temperature is decreased to a temperature below

20 10°C.

14. Process according to any one of Claims 7-13 in

which the methyl ester of p-hydroxyphenyl glycine
is used as acylation agent.

15. Process according to any one of Claims 1-13 in
25 which an amide is used as acylation agent.
16. Process according to any one of Claims 1-15 in

which 7-aminodesacetoxycephalosporanic acid (7-
ADCA), 7-amino-3-chloro-cef-3-em-4-carboxylic
acid (7-Acca), 6-aminopenicillanic acid (6-APA),
30 7-aminocefalosporanic acid (7-ACA), 7-amino-3-(1-
propenyl) -cef-3-em-4-carboxylic acid (7-PACA), 7-
amino-3-(5-methyl-1,3,4-thiadiazole-2-yl-

W



a concentrated slurry or solution of the P-lactam nucl eus and/ or
the acyl at ivwaogeemeé with a different pH or a hi ghepdNRek re
than the pH 20 or tenperature at which the acyl ation rPeactl or?a%fg
carried out is added to the reaction m xture during the acylation
reaction. 4. Process according to any one of Clains 1-3 in

which the [err]-lactamnucleus is supergaturated in 25 the reaction
m xt ure. 5. Process according to Caim4 in which a m xture

in which the [err]-lactamnucleus is dissolved is subjected to a
pH decrease or a pH increase until a pH between 3.0 and 9.0 is
reached. 30 6. Process _according to aim5 in which the pH

decrease or pH i ntPeeRetiyldrcedrdsemrdidcagheprylic acid (1ydiGleen 4.0 and
8.5 is reached. MMTD) or 7-amino-3-chloro-8-6xo-i- - 29 - 7.
Process according to _gny qQne of Clainms 1-6 in o whi ch the acyl ation
agent is supersat 6‘1251}:’<=}6%’|'"r:l-O [4.2.0)octRe anesdicarhamtlidce acid i Process
according to O ai @iséd RsVy-QAckaf Hudieus. in which the acylation
agent is dissolved is subjected to a pH increase. 9.

Process according to Caim8 in which the pHis increased to a pH
hi gher than 5.5. 10. Process according to Cdaim9 in which the pHis
10 i ncreased to a pH higher than 6. 11. Process according to
any one of Clains 4-10 in whi ch a m xture containing dissolved
[err]-lactam nucl eus and/or acyl ation agent is subjected to a

t enperature decrease. 15 12. Process according to Caim1l1l in which the
tenperature is decreased to a tenperature bel ow
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15[ er (MM~ 13. Process according to Claim12 in which the g
t enperat ure |s d creased to a tenperature bel ow 20 10
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(54) Title: PROCESS FOR THE PREPARATION OF A A-LACTAM ANTIBIOTIC
(57) Abstract

Process for the preparation of a f-lactam antibiotic in which a f-lactam nucleus is subjected to an enzymatic acylation reaction
with the aid of an acylation agent at a molar ratio of acylation agent/S-lactam nucleus of less than 2.5, with the acylation agent and/or the
f-lactam nucleus being supersaturated in the reaction mixture during at least part of the acylation reaction. In the process, a concentrated
slurty or solution, for instance, of the S-lactam nucleus and/or the acylation agent with a different pH or a higher temperature than the
pH or temperature at which the acylation reaction is carried out is added to the reaction mixture during the acylation reaction. Both the
B-lactam nucleus and the acylation agent may be supersaturated in the reaction mixture.




