-1 - 0474211 Cephal ospori nC (3-acet oxynmethyl-7[err] -
(D- - am no- 5-car boxy- pentanam do) ceph-3-em 4-car boxylic acid) can be
oxi di zed. with perneabilized cell.s of the yeast Trigonopsis variabilis to
a- ket oadi pi nyl - 7- am nocephal ospor ani ¢ acLdi5- and subsequent!|y g4nderqo
oxidati ve decar boxyl ation with hydrogen peroxide to give

glutaryl -7-am nQ | os a aci Cer un sschrl 219
454) . Under the ?'F%‘RE{IEIQS & %ngg’ﬁl%ggrc}b% a% Faﬁ%gxt”()' 3
hours are requenltamhadq)@énh-o'n‘ ﬁﬂ-émiﬂa&ﬁyﬁ.d&cx&)cham/é:dz oRiddzed- aci d

oxi dase with? 8 O?mﬁaﬁfﬂégéi cgfﬂhe{a | n@iﬁaerérpgg al é’é’-‘? rrE']%gI?eto

oxi dati ve deam nation am no acj ds e corre In

acids, anmoni a elapEl by e W%@iPE@Y Rﬂqafu&\/&lcllébl e
DAO from pig Ki &EEY§ubEBQuBﬂEWM&e§gBt bﬁsaaedvéy deaalkr8b! ﬁt widhd

fungi. Anong t Trigono variabilis s i nqui she ood DAO
producer. Besi Ic}@&f g’ee (ﬁg‘% o FiNpgluhazy; gcg nOCER
D, L-anmi no aci daecidndGetrinan?0ffenlagungabicheifdet2e@19N4545 . Dnd&rnttheam ds

in various so r t QR S I [ tpegc acity
for oxidative d%%llr’nagg Ol?)% %%ga}f%eﬁoéﬁ%% Q fl- clé(?%rg’% OL“‘t}w”he%él gn P%fgent
736 934, DAO i s3 choursedxe ommngedarﬂndruﬁ yheld| &t%e@obytbys'I% % od.st he
cephal ospof§n 22-hi&v@&i dation which has been nentioned. Cernman

O fenl egungsschrift 22 19 454 (US Patent 3 801 458) describes the

preparation of cephalosporin C derivatives using activated cells.of
Trigonopsi s varpaambhd+&cidS 4&95&a§é\ctizat:ed" means.sn t Realgednechbaon

t hat ,30 t he Y€ ast, ce en_subj ect ed, A S d/or .c em' cal
b obss so 1 nat AERBLEREFEED, SRHBIVERS: Roccarridatsve ASaplpedfin *pg B2
catal yze t he oxamiméoncdfiscé&phalhe mesp@iii&:)abhetosandﬂssulaatmnuaal I y
rel eased. The OQh&Cﬁy&I-oégf lpém invention was to find a process :

15 Besides commercially available DAO from pig kidneys, the
enzyme is synthesized by bacteria, yeasts and fungi.
Among thesé,-Trigonopsis variabilis is distinguished as
a good DAO producer. Besides the use of this enzyme for
‘racemate resolution of 'D,L-amino acids and the

20 quantitative detection of ‘D-amino acids in various
solutions, particular attention should be drawn to the
capacity for oxidative deamination of cephalosporin C.

According to Belgian Patent 736 934, DAO is obtained from
fungi and must be released by lysis for the cephalosporin
25 C oxidation which has been mentioned.

German Offenlegungséchrift 22 19 454 (US Patent
'3 801 458) describes the preparation of cephalosporin C
derivatives using activated cells of Trigonopsis varia-
bilis CBS 4095. "Activated" means in this connection that

30 the yeast'cells have been subjected to a physical and/or
chemical process so that the DAO contained in the cells
is made available to catalyze the oxidation of cephalo-
sporin C (CPC) but is not sdbstantially released.

The object of the present invention was to find a process



- 2 - for t he substantial ly conplete - conversion of cephal osporin
derjvatives into t he correspondi ng gl utaryl -7-am nocephal ospor ani c
acid derivatives in which the known deconposition of cephal osporin in
aqueous 5 solutions is substantially prerented, the stability of the
DAG cont ai ni ng catal yst used is inproved and a high yield of

gl utaryl - 7- am rimeephatbepor swibs tacitd alGy7- AQ9mpletechi evenivexrsponcesofby

whi ch cephal os | | | Vess i, ert in s
glutaryl-7-ami %céeﬂ&fatfgoésy%ir%pi id aci%ﬁc}é% Vq&?@és. hgge.nowagggrels_ gﬁr‘liangnd
conpri ses carr ﬁh&mlm‘fr@%#mmqm peig\deriyarives dmwhdch
catal yst and, wiad e kRO PdedbiporiRitauest | Yoal TP 0am PagReolad 15
Surpris%i ngly, b%ﬂ?\ftgati nfg thg&grg%% s.conti n%ouslly it _has bee Eossi le to
achi eve a subst OBt By ERRAL iﬁprgycarz%"fgtteﬂt'i I*T%t?'é?lbg} E¥nfiri son
Wi tth the " batcrﬁhﬁ)rmm-s?jqntaniingrmtﬂyst hesedisbé uimptotved ahd hQ;hi_giBAOf
cont ai ni ng cat gl i | u i n o

t he substrat es%yye%%n%%r§§%{ﬁgg##%7f ﬁé&ﬁ§§§ﬁh§%§§§%&ﬁ‘f€ %%%Qaﬁé%qﬁé‘gﬁ?

possi bl e to redikaadhice®® resi dence tine in the reaction vessels. Thus the
I nvention relates to a process for converting cephal osporin derivatives
into the corresponding glutar- 25 yl - 7- am nocephal osporani c acid

derivatives, wh cRTOG®EEr PEeWRIGh yicephalesprEine AerbyatiYies nRAR| P& n
the presenae ddnveriéd COdhtoNi NFlut&ey Bt Y<sdmincd¥bhalodirsaindr opiciid e,

subsequent | y addin rogen peroxide. Lt ossible . .to enploy.in th
process accordi j%é‘?ﬁ?%é’aé)ﬁ?\?"eh #8n awFat%bifmzﬂe&?&ﬁ%lﬁg PVt i ves
vvhi@ have a D-thenresctionr bontiaucasdy &y ¢ obiOeocopbaining evathlyst

i and, where appropriate, subsequently adding hydrogen

i

peroxide.

15 Surprisingly, by operating the process continuously it
has been possible to achieve a substantial improvement in
the catalyst utilization by comparison with the "batch®
process. Fﬁrthermore, the useful 1life of the DAaAO-
éontaining catalyst is distinctly increased on continuous

20 addition of the substrates by comparison with the batch
process. It has also been possible to reduce the CPC
residence time in the reaction vessels.

N2 Thus the invention relates to a process for converting
cephalosporin derivatives into the corresponding glutar-
25 yl-7-aminocephalosporanic acid derivatives, which com-
prises carrying out the reaction continuously in the
presence of DAO-~containing catalyst and, where
appropriate, subséquently adding hydrogen peroxide.

It is possible to employ in the process according to the

30 invention all those cephalosporin derivatives which have
a D-5-amino-5-carboxypentanamido group on position 7 of
the cephalosporin ring. Cephalosporin derivatives of the
formula II



the cephal osporin ring. Cephal osporin derivatives of the fornula Il - 3
- in which Xis an acetate group, the radical of a nucleophile, a

het erocycle, 5 a hydroxyl group or hydrogen, and salts of the .

cephal osporin derivatives of the formuladla are preferably converted into
t he- conpounds of the formula | 10 in which X has the abovenentioned
meaning, R is a carboxyl group OEOQ ket o carboxyl gr ~.and salts of the
cephal osporin derivatives ofg%hecﬁotcu b 33 CONH oundsj of the fornula I
can be enployed both in relatfPvely inpure state stied form 15
The term nucl eophil e means, for exanple, conpoundfs such as p i di ne(BE)
tertiqry amnes. The tern1heterocyc|e neans coanunds uc for exanple,
t hiazolyl deriva- tives, pyrimnmdines, 5, 6- dlhydrocy?g ntan[b]pyr|d|ne
thienyl, pyridyl, pyrlda2|nyl t hi azol i nyl, pyrazinyl, 20 i ndol i nyl or

I ndasol yl . Saltanomhhbh xo&aoaadsCQEatbeg gyl a | or Il are, for exanple,
zi nc, ammoni um g{ of th E&h\ metals or al kaline earth
netal s, such as diﬁ%ﬁc ¢ SPUHPC 5?8 ®6r magnesi um The term
"Ew(}containingachbﬁe;scyciaans i mobi lized D-am no-acid 25  oxi dases,
crude enzy S a |vated DAO containing cells, coarsely
di srupt ed, rr%DAO‘L%'CO alh?& 81 SE I sol ated purified DAO. The
activation or hydrogen,

and salts of the cephalosporin derivatives of the formula

II, are preferabl;; converted into the compounds of the
W " formula I

i ’ | ; .. s
R- ‘C*'z)s‘?°““——Fr
, N CH X T
. ' o . .
' COOH . o

10 in which X has the abovementioned meaning,
R is a carboxyl group or a keto carboxyl group, and salts
of the cephalosporin derivatives of the formula I.

The compounds of the formula II can be employed both in
relatively impure state and in prepurified form.

15 The term nucleophile means, for example, compounds such
as pyridine or "terti'ar}-' amines. The term heterocycle
means compounds such as, for exampie, thiazolyl deriva-
tives, pyrimidines, 5,6-dihydrocylopentan[blpyridine,
thienyl, pyridyl, pyridazinyl, thiazolinyl, pyrazinyl,

20 indolinyl or indasolyl. Salts of the compounds of the
formula I or II are, for example, zinc¢, ammonium salts or
salts'_‘gf the alkali metals 'O:I.:‘ alkaline earth metals, such
as sodium, potassium, calcium or magnesium. The term
"DAO-containing catalyst" means immobilized D-amino-acid

25 oxidases, crude enzyme, permeabilized or activated DAO-
containing cells, coarsely disrxupted, DAO-containing
cells or isolated purified' DAO. The activation or
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- 4 - perneabilization is carried out as described in US 3 801 458 or by
known physical or chem cal nethods. D-amino-acid oxidase (DAO can be
obtai ned from many organi sms, for exanple from nicroorganisms, plants,
fungi 5 :or animal organs such as pi g kidaey. The DAO from Trigo- nopsis
has. proved to be particularly suitable in the pro- cess according to the
I nvention. In metmeaﬂbhl;z%ibﬁrotnﬂcmml putar aabi descf£ed0%mn cAIS be

erpl oyed i thes peeeesss 4 by TREMLpRLALLED O LG PAQ TLom sl gonopsi s

variabilis is carried out n-as or éxanple, in US
Patent 3 801 458. The cells are cul tured in a corrpl ex nutrient medi um which

contaips gl Ucosﬁ—dfﬁélaéiaf Qﬁé:;da@ét agBAOM RS PHEt SbtadHdd BE ¥omd danynd
trace el enents, - 15 and hi oni n or al ani ne as nltrogen source._The DAO

can be i nmobi | |‘2’é@la‘é%3‘ﬁﬁf| ‘P’écF £roR PLFEOCEIRRLENS ¢ (RANE R o fungl

extract, ll_ﬂst _fll_eoi-oaﬁiﬁél COﬁgéﬁbyslddznrwt;ﬁb Qelldreyors 'nwemmrfmni h:':?td‘tﬁr
enzynes. e Trigqone variabil i or
exa?/rpl e, after ggﬂ}?%a{ﬁ Eor b §ﬁ1 Bifoﬁ?fa’ﬁms?'éhga%?h ﬁsﬂﬁ@ T4t ent
3 801 458) and cées aanobding etio bvhé& nimwent: iares sos paatrimilaml HAO from
D ) 2811 0N 42186350018 Direubi P87 Ahs 1038 XA ' LilE2oPUAN 135 !

exanpl e, al gi nate,” agaf, chitosan or carrageenan or ment 25
pol ymers such. aR¥@ee§#rc pol yner, for exanple poly- acryl am des or
crosslinked pol yam nes. The crosslinked pol yarri ne is preferably an inert

N th a a8 piberreRsHEeLon Pt g Bal stmrbrlsortrels Tatlabplis WL,
posis-|/ ble to enpbayrbe&ycutcﬁ;arﬂeh:erﬂmﬂimsaehdésorbbedhlfmsasxaui\pbdn,

crosslinked with apQ{;e Er3p961’ {tﬁ'ﬁ’hy'ﬂge Oéefpg d‘%r 3’3% CeH’I Xt T A fef 1

| rmobi i zation o? puri |ed aTIy puri S whi ch
cont ai n DAO ar eputrient medimm which contains glucose, yeast extract, -

potassium phosphate, customary salts and trace elements,

15 and methionine or alanine as nitrogen source.

The DAO can be immobilized as purified enzyme, isolated
crude extract, cell extract, in the form of coarsely
disrupted cells or together with other enzymes. The
Trigonopsis variabilis cells . can be disrupted, for
20 example, after cultivation by chemical or physical
methods (US Patent 3 801 458) and then immobilized by
known prdcessés. For example, immobilization is possible
W, . by entrapment in polysaccharides such as, for example,
alglnate, agar, chitosan or carrageenan or by entrapment
25 in polymers such as acrylic polymer, for example poly-
acrylamides or crosslinked polyamines. The crosslinked
polyamine is preferably an inert protein, such as, for
example, albumin or gelatin, which is crosslinked with a
di- ‘or polyaldehyde such as glutaraldehyde. It is like-
30 wise possible to employ polysaccharides such as chitin or
chitosan which are crosslinked with a di- or polyaldehyde

or polyphosphate. -

Suitable for the immobilization of purified, partially
purified or crude cell extracts which contain DAO are,

35 for example, carrier-bound immobilization processes. For



35 for exanple, carrier-bound i nmobilization processes. For - 5-
exanpl e, the DAO can be coupled to the polymeric carrier by a coval ent bond
via a |lysine residue which is not essential for the catalysis. Another
possi bi lity is to adsorb the DAO onto a calri-er, followed by crosslinking 5
wi t-h, for exanple, glutaral dehyde. Suitable enzyne carriers are polyneric
porous carri ersesamplas theIDA@s@sr,l berceyphed ctdviie polyddriat |cdmsiey

Sephar oses suchy, ondCRAS ﬁeg_#cihlevaﬁgﬂ_aqé m%%@‘ ?rs digq nyl

Sa
sul f one, ITDdIfleg poI acry am ge 10 ﬁy am no or 0oX groups or

various organi ceéﬁﬁBFyﬂir ozt the ratrlwsiset ARCEDPEt POsSE Hfitiﬁxcr’-;ﬂ &R de

and naleic anlhydaba% khel D20l %&tﬂO%SI&Hz&-ifé#H’ﬁﬂ%@dfb g dB/e Binleity e
carriers copo Yy

e acr al |yl egC|dyI et her,

met hyl enebi tﬁégﬁy E°§15X‘xa’§ 8é g ’dtﬁ‘ﬁ? H{F‘sm de such as, for exanple,
Eupergit. Preferred enzyne carriers are crosslinked polyners based on
pol yvi nyl ester YAV r E*w
O fenl egungsschr§| gtgq?gg fﬁgﬁ %e anc o??ﬁg g ?tmlggrjigg twe [?Aa(f?he s
enzyne carrier BYcBapsi £@ldudosesao fory example DEAFeror M- %‘5@?‘1%
for exanple, gephREcdedl Bl - adhe gtactimple, U%@ﬁhh!‘o%é"s“é&i:ﬁb&té&
roomterrperaturga\(%% atferr r..t atu %ngel ow t:l-l}gg in parti ula,r at
t enperatures be er’#_lm,q ME'EB {e
reaction igopr egen.abmmﬁrammb oot lhydﬂm:ym Cronipys obravasdioual qnhgariin :
exanpl e at pH val t.o Q S I r reover,
to mai nt ai n m)rgogﬁigma ?‘g%lacf%laéich(aﬁ‘ depds gﬁ&f#l %nggghg%%%‘élr’f#{% fde

r opor ous beadngomgieic ahbpdridet Iupidlylso poswible HEuryt@mmaere 4o t he

neu ral region. fech AY Nhzyme carriers copolymers of glycidyl meth- |
' acrylate, allyl glycidyl ether, methylenebismethacryl-
15 amide and methacrylamide such as, for example, d"l!h.tpe::‘g:‘.t:.

Preferred enzyme carriers are crosslinked polymers based

on polyvinyl esters and polyvinyl alcochols according to

 German Offenlegungsschrift 33 44 912. The anchoring

‘reaction between DAO and enzyme carrier is carried out in

20 a known manner as described, for example, in

DE 2 215 687. The reaction is usually carried out at room

',temperat_ure ‘or at +40°C or temperatures below that, in

o particular at temperatures below +10°C, preferably at 0

U to +5°C.

25 The anchoring reaction is preferably carried out in the
vicinity of a neutral pH, for example at pH values from
5 to 9. It is not as a rule necessary, moreover, to
maintain more ' strongly acidic or alkaline conditions
because the macroporous bead polymers Ialso react rapidly

30 with the DAO even in the neutral region. The binding
resulting therefrom provides sufficient stability for
long storage and high operational stability.

The best procedure for the process according to the

invention is to pack the DAO-containing catalyst into
35 one, two or more reaction vessels which are connected



resulting therefrom provides sufficient stability for | ong storage and high
operational stability. The best procedure for the process according to the
invention is to pack. the DAO containing catalyst into 35 one, two or nore
reacti on vessels which are connected - § - together and to pass the
suhstrates continuously through the reaction vessel or vessels. The

reaction sol uti@bgé€het Cdn@*XEdhEss RARS YUV AL 2onAInUGUSy HHAdRh
vessel s. The vessels are, COE}C)Foseg of an inert terial. which _does 5

,_ N
react with the SROTTFEOD QX ¥e8RALBy TR XLAG LR FOINLiRR &8/
stirred tanks, SobbdeamplenMpasyed chroughcaotasaade oo dic el veabels .a
cool i{ng/ heat i ngy ac The S | nl_et, - . _GPERINGS . the
subst?’gte and %%u%%ég?+€a#§né %%?oééng%@dag%l}&h%%gf%&aql %"o%g#o%sxi ng
can take pl3ce hottreacbawikbnthessubstyatescsndl produche.sdihe ivasasisough
an addi tional 0pegi NEowi bRaBKYES s rPEAOKUARE; CORLBLEI R 1GaRsIoH Wddp fOr
exanple air, 02-enriched air or _nitrogen/ oxygen m xtures. The reaction

sol ution can, WeRrEtapd I/t icak be englegnd ta a gaoling/heating Jagketer .
The ][eact i on ?/emel sv@ggednépw'kaé@d_ ﬂh]_btarmﬁp?bfmu_iea;t eopehai\;gisngfdevim such
as, for exanple iptere | rane_or filter screen ose
pernmeability i sé‘éﬁﬂgﬁﬁ{:gu arﬁ’f“ﬁ?‘g&' t%tf)?%eﬁ? t & DT TT S nFﬁg télaattal yst
fromflow bg outhoFbeghemiking 2an takssqilace eiml thepreactdeniitdssel .
appropri ate Op%ﬁgéeweﬂ'é% ‘ﬁéﬁﬁgghigﬁ LRESEGh 9% -addd €GP dpers
reaction vessel s have neasurenent pornts for nohitoring the course of “the.
reaction, for ewhhBl c¥ugesurefemn o?#Yﬁenp?P%Fai-ﬁi‘Fﬂeq%t#‘ﬁ?‘?ﬂ?@ssm of
oxygen. 25  Thegxaupseraise, So)l-énrdknied AUFISE ditrbdeif/ datyddn miadhizys.

vessSel. This is_Wwhere the reactiaon of cephalosporin
' The reactgon so utr:}.on ca.:P, whezpe appropr:i.ate., be mixed

ot

15 with the aid of a stirrer. The reaction vessels are -
provided with an appropriate retaining device such as,
' for example, sintered disk, membrane or filter screen
whose permeability is chosen substantially to prevent the
DAO-containing catalyst from flowing out. The reaction

20 vessels are also-provided with appropriate openings to
allow disposal of unused gas. Furthermore, the reaction
vessels have measurement points for monitoring the course
of the reaction, for example measurement of the pH or of

the partial pressure of oxygen.

v 25 The substrate solution is pumped into the first reaction
vessel. This is where the reaction of cephalosporin
derivatives with oxygen, catalyzed by DAO, to the corres-

- ponding a-ketoadipinyl-7-aminocephalosporanic acid
derivative, ammonia and hydrogen peroxide takes place.

30 The resulting. products and unreacted cephalosporin
derivatives can be pumped into the next reaction vessel.
This procedure is repeated until the cephalosporin
derivatives have been substantially converted. Further-
more, the a-ketoadipinyl-7-aminocephalosporanic acid

35 derivative (KA-7-ACA) undergoes oxidative decarboxylation
to glutaryl-7-aminocephalosporanic acid with the hydrogen
peroxide formed in the reaction vessels. If the KA-7-ACA

is not completely converted, it 1s possible to meter



derivatives with oxygen, catalyzed by DAO, to the corres- ponding

a- ket oadi pi nyl - 7- am nocephal ospor ani c aci d derivative, ammonia and

hydr ogen peroxi.de..t akes pl ace. 30 The resulting products and
unreact ed : cephal osporin derivatives can-bg punped into the next reaction
vessel. This procedure is repeated until the cephal osporin derivatives have
been substantiah#&rcgeuerpeﬂoxEdeth@n— ror ecoittolled manner into a

[err]-ketoadi pi @XJ’“Z ;é){@fo&porm e aci gﬁ 3ghatde£ﬂé/at£ Ve é& 7- té'CA)
under goes oxi datrve ecar boxylatron to ¢ Jtar am noceph ospor ani ¢ acid
Wi th the hydrog@n? pdedxiaked mlane snbsnenrtéaawoqombgw%y- \Xddikd o\ of ACA

i's not_conpl et ehya£oQuR" tifithostiiad S aBReED! nbO JEIR porBydiageHPerad de
in a controlled manner into a_downstreamreaction vesSel so that the

reaction t03G 7¥eRRtigRc¥efpEgle JfH<TAMEIBNPYS cORPFRELPY: EBE tl'&Y(S’r?ctﬁen

hydr ogen perOXlﬂGrﬁ*i&éScéﬂEeﬁedﬁé'q@Df&ﬂltf& ddmpletd drprdrsion ffitlbe | n
conti nuous operatl n_petoxi de .cont r _gaomplete

conver si on can Bg2 ﬁ’éﬁg rgfja‘vFarggf"ﬁdS eglt§8fi|§o %nﬁf&PEgﬁf’n@gﬂ& a2 an
appropri at e conapptropeiate kepntwbicalesriide/ et eubagqumh;qir mgearpagoxﬁnde

Thi's procedure gt ' I de
reacti ons such g%&}'?%r e% I OXi %é!ﬁ%bg‘ csu?ir |ﬁ ﬁ iospoérqe'S
deri vat i ved0canwhich dury] Q@QW#%&R?S‘%]ﬁoﬁ-W)%ﬂer §e$ﬂt%@¢$ cF’N# Rer fer

solution in wat gkampid, vhea8tHSR'OPT saleuraddi tional buffer conmponents.
The 15 concentration of the cephal osporin derivatives can vary within

wide limts, for exanple between 0.001 and 1 M preferably between 0.01 and
0. The anpuvheotephslonporinodaertdatinebe chnt becadiedntobthel xdad-€rr]

per hour and 1 Q%oﬁexﬁ:f}:w@eSBL“&&P:[‘dVP&’ﬂ%r Qe s AR Y whEd:? Wi, 1 OF

[err] per hour reaction
where appropriate, additional buffer components. The -

15 concentration of the cephalosporin derivatives can vary
within wide limits, for example between 0.001 and 1 M,
preferably between 0.01 and 0.1 M. _

The amount of oxygen introduced can be between 1 and
500 1 of O, per hour and 1 of reaction solution volume,

20 preferably 10 to 100 1 of O, per hour and 1 of reaction
solution volume. The DAO concentration employed is
between 10 and 5000 units (U) per liter of reaction
vessel volume. The DAO-containing catalyst is employed

. between 0.1 and 95 % by weight, preferably 0.5 to 50 %,
U - 25 in particular 1 to 20 %.

It is advantageous to use a pH between 5 and 9, prefer-
ably between 6.0 and 8.5. It is also expedient to carry
out the reaction in a temperature range from 4 to 65°C,
in particular 10 to 50°C. The most favorable procedure

30 depends on the particular DAO-containing catalyst used
and can eaéilyt be established in simple preliminary
tests.

The residence time of the reaction solution in a vessel
can be between 5 min and 800 min, preferably 20 to

35 120 min. The process can be carried out under sterile or
non-sterile conditions.
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sol ution volunme. The DAO concentration enployed is between 10 and 5000
units (U) per liter of reaction vessel volune. The DAO contai ni ng catal yst
i s enpl oyed between 0.1 and 95 % by weight, preferably 0.5 to 50 % 25 in
particular 1 to 20 % It is advantageous-t® lse a pH between 5 and 9,
prefer- ably between 6.0 and 8.5. It is also expedient to carry out the
reaction in a tmmera:tasa:rowgepirbdﬁbésto ¢@ir] be n panviextedl, 10atfter0C.

The nost favorabl e, oce ure 30 on._the rtd c&l: . ni ng
catal yst ed &N N ?rf‘ °5e gﬁ q%edmﬁ’ € prel T naf ﬁ?e
catalyst vied SAGFREN Soetef B el P il el ol
mn angd 800 m ﬁ poEEl £ aQJ:?(dZQﬂ-Qcﬁ? 7l%%am1rb dhe QEQﬁEiﬁgcéﬁbQ%r‘i%@' ed

out under steril’e or non-sterile conditions. reaction
products %an £9% a layge nwber %ﬁtsampﬁmtth;taﬂ (ﬂ%“b"rb’a%“é’ﬁﬂ t he
unpurified state, by known chem cal or enzymatic conversion |nto

7- am nocephal o- oranlc aci d, 7- ACA_i s the,st I n trae5
for a large nunt $ rf‘t% g@&'ﬁﬁ%ﬁ& rese %é:aiiﬁ‘vi’ﬁlr% %’P’al ned
in nmore detail rhesams mftexaﬂglemar&emermagqalda;:a Rerer dort g Qiatvee:!aglvzbased
on wei ght. Exanple 1 Trigonopsis variabilis CBS 4095 is cultivated in the

10 follow ng nutrient solution as preculture: G ucose 20
g/l (autocl avedExapRt@t®ly) D, L- Met hi oni ne 4 g/l (autocl aved
separately) [err] 2 g/l [err] 0.2 g/l 15
Lerr] x [err] -Trlgonopsis"vé%iabilis CBS 4095 is cultivated in the
W, 10 folloﬁing nutrient solution as preculture:
Glucose | 20 . g/1 (autoclaved separately)
: D,L-Methionine 4 g/l (autoclaved separately)
| | KH,PO, 2 g/1
K,HPO, ' 0.2 g/1
15 Mgso, x 7H,0 0.5 g/1
CaCl, x 6H,0 o 0.1 g/1
' NaCl - 0.1 g/1
Trace element '
solution _ 10 ml
_ 20 Vitamin solution 1 ml (add after autoclaving)
AN pH 6.0
Vitamin solution:
Biotin ' 20 mg/l
Thiamine 100 mg/l

25 dissolved in ethanol (50 %)

Trace element solution:

Boric acid 5 g/l
MnCl, x 4 H,0 2 g/l
CuCl, x 3H,0 2 g/l
30 2nSO; x 7H,0 1 g/1
FeCla x 6H,0 . 3.4 g/l

dissolved in double-distilled water



F

[err] Xx[err] 0.1 g/ Nad : 0.1 g/l Trace

el ement sol ution 10 m 20 Vitanmin solution 1 n
(add after autoclaving) pH 6.0 Vitam n solution: Biotin 20
nmg/ | Thi am ne 100 ng/l 25 digselved in ethanol (50 % Trace
el enent solution: Boric acid 5 g/l [err] x [err] 2
g/l [err] x [eraq NaCl suspen8iongftromOslarntertybes wdth]an ODg, = 1B isg/|

[err] x [err] s 1 % ih 41ugiu55@e&ﬁgﬁhpig§UPé Cedilaldd Ted Yoog, ~ 9

- An Nad suspen5| Sh bes ‘w I's used a

i noculum PrecAndiliSfy iom Sorr Bédhewrsat [err] and 190 rpmfor 24 hours.

The fepmentation is carried out under the followng condi- 5 tions:

Nutrient solutign: The nutrient sol ution_corresponds to_that ,for t he, pre-
BEr kRS Cep ai-

culture, but st SfERedFatdopnhiss ory wing cond

30 g/l 1058 [Riordt hionine 6 g/l Desnophen 0.1 %
(if required) Fernentation conditions: |noculum 2.5 - 5%
Tenper at ure [err]

Nutrient solution:
The nutrient solution corresponds to that for the pre-
culture, but supplemented to the following amounts:

Glucose 30 g/l
10 D,L-Methionine 6 g/l
W, . ODesmophen 0.1 % (if required)

Fermentation conditions:

Inoculum - . 2.5 -~ 5%
Temperature ' 28°C
15 Fermentation time = 50 - 60 h

To determine DAO, 0.4 g of cells is frozen, followed by thawing
at acidie pH, for example about 3-4; the freezing can take
place at a temperaturé below -10°C, for example about -20°C.
Freezing should last sufficiently long' to bring about release
20 of DAO from the cells, for example at least 1 hour at -20°C.

N\ The activity is determined by photometry with the following
assay mixture:

Solutions: _

1) Buffer 100 mM KPP; pH 7.3; air-saturated
25 2) o-Phenylenediamine 0.02 % in H,0

3) Peroxidase 1 mg/ml in buffer

4) Enzyme Optimal: 0.5 - 1.0 unit/ml

5) Substrate 150 mM Na - CPC (100 %) in buffer

. Assay procedure:
30 A 405 nm (maximum)
€ = 4020 1/mol*cm
30°C

v
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15 Fer nent at

lon time 50 - 60 h To determne DAO, 0.4 g of cells is

frozen, followed by thawing at acidic pH, for exanple about 3-4; the

freezing can t
[err]. Freezin
of DAO fromth
is determ ned
Buf f er

ake place at a tenperature below [err], .for exanpl e about

g should last sufficiently lJ@ng to bring about rel ease 20
e cells, for exanple at least 1 hour at [err]. The activity
Woltmeonetry with the fEinalicopcentwationure: Sol utions:

Q@ ™M KPP, pH 7.g5 gk r-saturated 25  2)

2.0
o- Phenyl enedi an:1”ne 0. 02 %in H20 3) PerOX| dase 1 nmg/mM in

buf fer 4) Enzyn®)

0.50 ml Optimal®- @032 %1 0 unit/m 5) Substrat e

150 m\,Na - CPC‘a{l@O]_a/()mn buffer Assay,g@oamgmir: 30 [err] = 405 nm

(' maxi num [ rr
Fi nal conce

0. 0034 % 3) 0
5 0.30 m
dilution * tot
activity in th
abovenent i oned

40 E = ~ 10 - Vol une:
]‘Ho 3% "00 ?nm[e”] Lerrl 83 mM 2) 0.50

1)

10n1wa1tfor2min0034ng/n1 5 4) 0.05mM wait for 2 mn

0 mio 25 ™ 2.95 ﬂé@dﬁgl culation: Units [err]

a? vol'ume mn * sanpl e vol unme An enzyne
e-'f-E'r-rrem-err—o'f—ZO'O Ul is reached 15 under the

congl b508s.

Calculation:
Units _ AE * dilution * total wvolume
‘ml " min * ¢ * d * sample volume

An enzyme activity in the fermenter of 200 U/l is reached

under the abovementioned conditions.

Example 2

To carry out a heterogeneous crosslinking bead copolymer-
ization, a solution of 80 g of vinyl acetate, 20 g of
d:w:.nylethyleneurea., 1 g of azoisobutyronitrile and 200 g
of n-heptanol was dispersed and polymerized in a solution
of 0.175 g of NaH,PO,, 3 g lof Na,HPO, and 5 g of poly-

' vinylpyrrolidone in 500 ml of water. After 4 hours, the

10
N\
15
20
U/
25
30

‘diluent was removed by steam distillation and the product

was isolated. The yield was 77.7 g of completely round
clear bead polymer. The average particle diameter was
about 30 pm (stirrer speed 460 rpm).

The product had a bulk volume of 1.55 ml/g. The hydro-
lyzed product had a bulk volume of 1.54 ml/g and swelled
in water to 5 ml/g.

20 g of the hydrolyzed bead copolymer were left to swell
in 200 ml of epichlorohydrin at room temperature for
24 hours. Subsequeﬁtly, while stirring slowly, the
temperature was raised to 113 to 115°C and maintained for

4 hours. After cooling, the copolymer was filtered off

*



-

Exanple 2 To carry out a heterogeneous: crosslinking bead copol yner -

i zation, a solution of 80 g of vinyl acetate, 20 g of divinylethyleneurea,
1 g of a20|sobutyron|trlle and 200 g 20 of n-heptanol was di spersed and
pol ynerized in a solution of 0.175 g of Ngh2PO4, 3 g of [err] and 5 g of
pol.y- vinyl pyrrolidone in 500 m of water. After 4 hours, the diluent was

removed by steaRyduyt |4 abueiiald fuihdl Ogh@t emﬁaeéeaabgd stihering! dnwas
77.7 g of conpl eteI round 25 c] ear ead:i)l ner. The average gartlcl e

di aneter was afif* [ BRVETRL; | ti0es s fOZy hediousy)ea Eﬁ’&‘d BrefgBea bul k
vol ume of 1.55 déntgainfhy h:yabmly-xhq:zedaprddﬁlea Itadaamlatlahtvo&eﬁ’ghmf:.ﬂ a4

m /g land swel | water to d d
copolbjmar Were%lgedf"{{m} oggﬁlell Ia"5 @%8: %8{1 or o %ﬁ& éré%‘ega 244

t enper at ur & f or(masuned by mmclyof Axeny ActarChem. §¢éwﬂy, B 2Re
tenperature was(ygysyedid o hyl3 to [err] and maintained for 4 hours. After
cooling, the copolyner was filtered off t hrough a suction funnel and

extracted by stirring in acetone several tines for 1 hour each. The
acet one- cont aim&aﬂq;.lcg)mlymar was dried to constant weight in a vacuum oven

at[err]. The e 244 5 asur e et ho

Axon: Aot a Cherbis $E 8’ Bt acitaigiag soldfiTR' (50 BYwair Pty aaa

DAG- cont ai ni ng =100 ey (D) a/cdrricer erepdawd aslﬁﬁ Epawple 2ar di mplar

pr epar ed M sﬁ;yaacr [ dded

to adj ust ?6“?3“0 to iﬁff%g?%g %Cﬁ%o %?Flc#r?jfg?l%{ ﬁgggm% me

on t he carrl er g 17021 HerirRE a7 - ?er'ﬂ]‘e bpmebilization o€ the ﬁPmeeW&§ not
alently bondafk tdardfieraddie72\dburs at 25°C. Subsequently, the DAO

which was not covalently bonded to the carrier was
removed by suction through a glass frit and the residue

15 was washed several times with 1 molar sodium chloride
solution and then with buffer solution. The yield of
moist material from the suction filter was 324 mg. The
activity was determined as indicated in Example 1 and
yielded a-vaer.of'le U/g in the moist state.

20 Example 4

The cells of Trigonopsls var1ab111s CBS 4095 are cultured
'_and permeab:.l:.zed by freezing and thawing under the
condi#ions indicated in Example 1. Subsequently, 1 g wet
Y weight of dells is mixed with 10 ml of a 1 % strength
| 25 aqueous chitosan solution and immobiliied by adding the
mixture dropwise to a 2 % Btrgngth aqueous sodium tri-
poiyphosphate solution (pH 8.0; 25°C). A DAO activity of

2.5 U/g wet weight of catalyst is obtained.

' . Example 5 )
30 A Enzymatic conversion in a reaction vessel
DAO is immobilized as described in Example 3 and
incubated with cephalosporin C in a 1.5 1 glass vessel
with stirrer and jacket. The following reaction
parameters applied:

35 Working wvolume ' 11
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renoved by suction through a glass frit and the residue 15 was washed
several times with 1 nolar sodium chloride solution and then with buffer
solution.. The yield of noist material fromthe suction filter was 324 ny.
The activiity was determ ned as indicated ix2 Exanple 1 and yi el ded a val ue
of 18 U/ g in the noist state. 20 Exanpl e 4 The cells of Trigonopsis

vari abilis CBS Téferatuxell t ured and pernedd84@ zed by freezing and t haw ng

der th dif galell | n Ex I hght
of col I 5 i o m a0 Rl dhE kA T POTE P e R rabe Iakalifh o"3)

sol ution and i mmbilized by adding the m xt1#® Wlbpwi se to a 2 % strength
aqueols sodi um dkygeR 0l yphosphat e sol uti on §pH A 0; [err]). A DAO activity
of 2.5 Ug t welght of catalyst is obtained, Exanple 5 30 A Enzymatic
conversion Tn PReaction vessel DAOis i i9 i zed as described in Exanpl e
3 and i ncubat eccephalaspdedmwsporin Cin a BG Mgl ass vessel with stirrer

and jacket. T, | oW reaction par ajgd eLs applied: 35 Working
volunme .@@ir:f:é’% %{‘A&Q 12 - Tenperature 250C DAO

concentration Reaction #imei mobilizate (Bdhpin3) 720 Ul Oxygen

50 1/h 5 pH ' 7.0 Cephal osporin C 30
mv Stirrer speed " 300 rpm Reaction_tine 110 mn
After 110 min, BEteF otl? BiRepB3 BspEr FReccerbripanokin C employed had

10 been converted. The reaction solution was separated from

the immobilized DAO, and the enzyme was provided with

W, : fresh suSstrate solgtion. After 32 hours, the conversion
had fallen to less than 50 %.

B Enzymatié conversion into reaction vessels connected
15  dn series
DAO is immobilized as described in Example 3 and packed
into two 1 1 glass vessels with jacket and stirrer. The
. cephalosporin solution was pumped continuously into the
first reaction vessel and passed from there into the

20 second reaction vessel. The_following reaction.parametefs

applied:
_ _ Working volume/véssel 0.5 1
: ) . Temperature - 25°C
| DAO concentration 4 % immobilizate (Example 3)
25 - 720 U/1
Oxygen 30 1/h
pH - 7.0
Cephalosporin ¢ 30 mM
Stirrer speed : 300 rpm
30 Residence time/vessel - 50 min

Total residence time 100 min

After 100 min, 85 % of the cephalosporin C employed had

been converted. Replécemeﬁt of the catalyst was necessary

only after 48 hours because then less than 85 % of the
35 ceéhalosporin employed was converted.
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10 been converted. The reaction solution was separated fromthe
i mobi li zed DAO, and the enzynme was provided with fresh substrate sol ution.
Aft'er 32 hours, the conversion had fallen to less than 50 % B Enzymati c
conversion into reaction vessels conhectedils in series DAOis
i robi | i zed as described in Exanple 3 and packed into two 11 gl ass vessels
with jacket andrablerEkrshdhe tkehadmsqoison soif gidoweasnd puitgie prardss®us| y
into the first ég%*‘&@ vgg_sgilea_@gvggéfgg_fromthere into the 20 second

3 _

reaction vessel: Oof |l owi ng reaction paraneters applied: Wrking

vol une/ vessel 0.5 1 Tenperature 25C DAO

conceptrati on wpaple 1 4 % immobilizate (Exanple 3) 25

720 U1 Oxygen 30 1/h pH ' 7.0
Cephal osporin C 30 nM St iEASe8heeq Process B 300 pm 30
Resi dence tsne/ vessel 50 mi n Tot ala resi dencacéor@®ing to 100 mn

After 100 mn, 85 % of the cephal osporin C errpl'o%‘:?ld riad b%girénconverted.
Repl acenent of the catal yst was necessary only a & HYRGAS because then -

| ess than 85 % ¥ieldle 35 cephal osporilnCenpl oyed wasleénvert ed. - 13 -
Table 1 shows tEQt&%?BErLEQQiQLtEBHCGS&.% with procesg B according to the
ocess Process B 5

invention. Table 1 S A
accordi ng to Reaction time 1.0 0.9
.10 Space-time yield 1.0 1.1
Y
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utilization 10 15 reaction time - aKNATUN AL

0.9.10 ..Space-tinme yield 1.0 1.1 - 14 *

0474211 Patent O ains 1. A process for- aanwerting cephal osporipa74211
deri vatives having a D-5-am no-5-carboxypent anam do group on position 7 of
t he cephal osporPatentigCladms t he corre- 5 spondi ng '
gl utaryl - 7-am nocephal ospor ani c acid derivatives, which conprises
carrying out the reaction continuously in the gresence of D-am no- acid
oxi dase (E.C.1.4. 3. })preessai ftngcenverpingangphafiosponppr deriisagives

subsequent | y addi ng fipged 1H-s- am;nopgteéi'ﬂsxyﬁentaﬂhﬁlaéoﬁ%‘hﬁison
claimed in claiml1, wherejn the re ction, solution passed throu

cascade of stirred R&Hpon J of $he 5?%%%983?%:5% %RF%I%%F%I‘EP‘Z
wherein 155 D- spordiis i d Wﬁwmeph&wraﬁm Theaa&acess

as claimed in one or,or aé)jﬁecﬁlt ?r ?‘?m[ f?r] LeLn ceghal gsporl Pac&ﬁgl X

derivatives of the formy
is an acetate group,resrtionli comtiiuously| doplthee, presenee ocfcPeamino-

hydroxyl group or  a0id oxidase (E.C.1.4.3.3.)-containing catalyst and,
where appropriate, subsequently adding hydrogen
10 peroxide. '

U 2. The process as claimed in claim 1, wherein the
reaction solution is passed through a cascade of
stirred vessels.

3. The process as claimed in claim 1 or 2, wherein

15 D-amino-acid oxidase from fungi is used.

4.. The process as claimed in one or more of claims 1 to

'3, wherein ceplialosporin derivatives of the formula

II |
CooH | S
H,N- CH- (CH, ) sCONH—T—T"
9 J— N~ CHpX (11)
COOH
20 [lacuna] X is an acetate group,

the radical of a nucleophile,
a heterocycle,
a hydroxyl group or
- hydrogen, and salts of the cephalosporin 'derivatives
25 - of the formula II, is converted into the compounds
of the formula I '

R- (CH, ) sCONH—T—T~

/,—N' 22 CH, X , (1)

S

COOH



hydrogen, and salts of the cephal osporin derivatives 25

formula 11, is converted into the conpounds of the formula I Mﬂ"ﬂ”’ﬂ”'m -
whi‘ch X has t he abovenenti oned neaning, R is a carboxyl group or r
carboxyl group, and salts of the cephal espdr+n derivatives of ‘the fornula

.5 5. The process as clainmed in one or nore of clains 1 to 4, wherein
t he D-am no-aci d oxidawbich Xnhesi thecdbavemepbionedcherning, 6. The

process as cl ai med knfgEﬂgaggb&?Fiﬁ%?o@ﬁgbgakﬁtoc%%fﬂqi?%rbfﬁuﬁh'iﬂaan I's

used. 10 7. The proces I'h one or ai s
wherein an enzyme c&PAtSr eénpsbed eephateseeyimr derivatives eftekhand

polyu\pyl al cohol ogcehmuakyai.dyl nethacrylate, allyl glycidyl ether, neth-
acryl am de and net hyl enebi snet hacryl am de is used. 15 8. ‘The process as

clained in one or nore of clains 1 to 7, wherein activated or
permeabi | i sed 5cel | Theopraceed Ssaclaimediih wrielasemare ofptdndus 9. to The

I d
process as ol al ted i) (RGNl B SlAdTuckd Sltaadl 48! SumbBE1: DU 00"

with polysacchar:.des .

6. The process as claimed in claim 5, wherein alginate,

carrageenan or chitosan is used.

10 7. The j:rocess as claimed in one or more of claims 1 to
6, wherein an enzy.ﬁ\e carrier composed of a copolymer
of polyvinyl ester and polyvinyl alcohol or of. .
glycidyl methacrylate, aliyl glycidyl ether, meth-
acrylamide and methylenebismethacrylamide is used.

15 8. The process as claimed in one or more of claims 1 to
7, wherein activated or permeabilized <cells

contained D-amino-acid oxidase are employed.

9. The'process as claimed in one or more of claims 1 to
8, wherein the hydrogen peroxide is added

20 continuously.




