PATENT SPECI FI CATI ON (11) 1448419 (21) Application No. 47362/ 74 (22)
Filed 1 Nov. 1974 (31) Convention Application No. 2 355 078 (32) Filed 3
Nov. 1973 in (19) (33) Germany (DT)

(44) Conplete Specification published 8 Sept. 1976 (51) INT [err] CO/D
501/ 04, 501/18 (52) Index at acceptance C2C 1314 1530 214 215 247 250 251
256 25Y 28X 290 292 29Y 306 30Y 321 32Y 351 352 366 367 368 450 45Y LX

Cl H1 (72) Inventors CARL KUTZBACH and- UWAE PETERSEN (54) PROCESS FOR T
PREPARTI ON OF. 7- AM NO-[err]- GEPHEM DERI VATI'VES (71) W, BAYER :

AT eSS ST < PATRNG: SPRETTTEARON.” | Sou Gm“;;m
Pasgary

of Leverku Ge{man D

that a patent 2 lamoed%s 67362174 an®2) RedB¥RofyARY which it is
per f or ned, toqe gjng?naw?pmgmmaamsmaand by the f ol I ow (?% 5_
statement:- @ ed 3 Nov 973“1 .

5 The present g 5ﬁ'a’?y §.to-an unobvi ous process for .t
of certain kn EPP? ’&’gambhsmasm .i1976s whi ch may b0
synt hesi s of mltlgg &QI PYiPounds. 1t has al ready Hely
t hat 7-am no- cephal OSEsY s obtai ned 10 by, for
splitting of cephal OSpOI’I n E; 73% #5253125¢ 2bY 28X 290 Qo-
(conpare, for exanple,. ent ¢ Yé%\‘t:fs‘%ﬁGQS%Z@Q&SMSYor
splitting in accordarc:m (\m various methods (conpare, for examp

Ger man Ausl egescmzl)tﬂveﬁtaermfy % vatlon) 1, 176, 147, Ger man
O f enl egungsschrift (Gernan Publi s%igﬁéﬁ%%% 1 145 615 or US Pat ent

15 Speci fication 3; 23 p&QﬁjE BR5 alos orin C can, after
catal ytic 15 r 2etd‘ﬁc:t i ons?c %ﬁhoﬁ%ﬁ% Eﬂé’@ﬂm%af-i on
3,124,576), be convert ed anal ogousl'y into ' :
7- am no- desacet oxy-c H&I%Q;;BMEBR AKTHENGES éig:h nI e ungsschrl ft
(German Publishing; g%hﬂ.or o fBormany bP 13vérk3a @er%@nyad’é rp%‘é% (qgﬁmsad:ess E
for the enzymatic smdht, ¢ tﬁ;p’ay that a patent may be granted to us, and the methgdtge

7- phenoxyacet ni dosdwane{-oxy cepﬁa‘i| 2 B8 patirvlarlydeseribed ip-anad By the followm

am no- desacet oxy- cg B eananwmtlanrdatwﬁ)hntuh dsor pt i vel s bOUBd
20 enzyme from Bacbm ﬂg “%’fm @Myug BLes?Poé%% ‘f"ﬁf;“’ﬁ gtl ng -
penicillins with the hinds fg,“L‘P e bound by coval ent > bofts to:
wat er - i nsol ufe . caPhif el'r%alltaleahakﬂ : P amea@énzmutamed o
O f enl egungsschrft&ﬁﬂmﬁﬁﬁl’ms{ofWMp ersl ataﬁts Eﬂat.iis ?mlc ©-017, 067
and 2, 215, 687). : 28erman Auslelgfséﬂn‘}f r rlom\nmﬂtddo(co lJlIli%}”ocess -
for the product i on06¢nlauﬂgsm:ﬂft; NGe f,"bhs ?tf pn)vb.l‘kium Oée

general for nE? pec1 lcation -3, 272 ,809), - Desacetox -ce CWSFP‘“Q’“

h y dro gen; h y dr ox y | f:to%ﬁ%l{) DW&HEX ﬁtenkgtpir%tiﬂﬂ 3 124 576), be COHVL Catah'tlﬁ) ein g !ﬁ n

i nteger from 4 to (Gerrhar Published S ec gla?lji Gemnmh (F}‘fen Mcﬁﬂ% lwi t h
1 to 4 carbog, at orF@ZY%tIOSMIthl pﬁédo acet 'sc$a"mm§ far the -

5- menber ed of 6- ‘&ﬁ:ﬁﬁ moramc acid w1tlﬁ'i: - lvem tgl{?f | Ona| | y

egaterium B everal
can carry a posi il Aok petELCILY E A0 S pocens oot i
clo -
(German Pubhshed Speclﬁcatlon:;l 9((;:;)%”7 9ge6151}7an Offenlegungsschriften

resent invention provi and 2,215,687).
&nv atlve of. the gIe,ner ;}efgo: nl:;?:ess f‘or the productlon of a 7-amino-A’- 25

- Ic,,_c./s\ |
e /c“"\ /'c“z—ﬂ' S )

.25
cephem

in wllxznch L e : : .
' is. hydrogen hydrox N
30 _ - Y ammo mtnle —O—CO— S
: LT —~N(CH,),, -n-_.bemg an, mteger from 4t0.6; —bg{_(:o_ R,

_ ;gnlz’—c R! —S—CS——O—Rl w1th R'
or in which
R is —S—Het or Het “Het bemg

a 5-mem - .
aromatic rmg whlch optlonally can carry a pg:;fge (Lt'hgrgexgggred hetero- 35

bemg alkyl w1th 1 to 4 carbon

35



2
represents a negative ch : 1,448,419 X is hyd :
whi arge if the rdica : ydrogen; or

ich a conpound of the general formila [lerrR] ant ains ?np\(/)\lli!tlhveR charge, in
- I c and X have

the—abovenent | oned neani ngs '
ot L _ ( o} an_d [err] is a ph i

r '.{L”%1tgpgng?LLy sgbstltuted in theprfgélbypgﬁ?géy’hyé;ghlfnyl o
N n atons, and [err] i ’ o
O__.__Itch 1-to 3 carbon atomns, 10 [- tlolr - Y7 -Oeﬂ am no, hydroxyl or
X g ||ng{~, organi ¢ base, .| s brought into CBAt&CY wi teLeOf wehan
~carrd er Thpy-; se which is bOUlﬂdshw COvaI ent bonds t0-a: o) sol ubl e
‘may then be a negati) 3 f
4, prefer abxy:tgfbeglg%é,ot Eqpf?e'ﬁt"sa. ?gra _1' : chghﬁqf)drl&bpadr?gﬁgﬁ a:[alhﬁ }‘or\ﬂ{l * )
or i so- prlb E:hacompo ndC&rtpé)Ebnlﬁl fotmulaat ons; for- exarrpl e et hyIy \g![%& 1 L°
or 15 | or n-
vt B na e ettty sdug e 5 To 5 Sivoscah i 2
Rttt i £ erent h'ézr‘iéf'rﬁ’ qtqns Thq@hetero at espes: &LJY Lor 2

ni-t rrogen. Furylgs thloe}(lw— Va‘i'éﬂ/ B |(r)nmc;ia@%%/ylbe gxgggn
' and

1,2,4-triazolyl, oxazol
|, 20
1,2, 3%, 1, y : icBoxazol |
pyrrol y| lssgpyrrlolz |4 -and 1,2, 5- oxaditaerol yl; & _'t.hl az%y;zel Sovp azotyl,
pyr agi nyi "nmazwcbe rre%tl %{jl gyl pyridinium pyridazinyl, pyr:mrr?é: nyl and
pr ef er abl y 1 Jl r%en?fé gs'ﬁﬁd can have as.: S btltuentg lan
exanpl.e met h§t ﬁf mfulfulahaloamr?ﬂysquﬂ&lgd ey to 3,
denot es straqg GE ydr loralkylw1thlto3lcl:pg % sl;lefl n ?n atoms, for
it itio
@hﬁlﬁto @btag, withs pecrﬂ]‘élf)}c y[ ir (r)]r 2

_ 1, agin

gglr thgno?t tm,c&ﬂl!l(!h qgf Q’ﬁ%?n For 1;%ﬁghonﬂst

such as s an glass| e]ﬁlﬁmrﬂdnaat(vmo)’therf (Iimw Iaxlt SIS of

el tSR‘ xastmmht-gmm uqr.p e kil 3 1a' 31' AE pREKALLY 1Bt Blcarda t s salts,
?y}a ﬁro ﬁ?rmed with al i phatic, Ben e

ar al {sphat |
al kylsgm' niago 0:%“13 fs% 1°C ami nes The
" and Glatonatic: fhng Het pteferably gv Ka‘!qun to %clﬁﬁclo&dﬁry and tertiary
: i n whi gdenti Boradnﬂfqrent @ ﬂ'lh&g &y te sglpbarrper al kyl dro
. exarrpl e et hiplogen. I‘féry, .. dnutlad-thyz()w ‘, " 9 up
am néeg, fo,lso lazﬁ:}l)f Az lﬂz,aa,nds 25‘;3%@?“ g ng s, for
i R e aznwww S e
| 3ﬁ l n| Certa| nl-m 94“8?‘4" s suhe % : gﬁﬁ?ﬁa 'l&bggséﬂiyltgmewgléo ani nes
-z phen Re L0 Dyt )
gr pyﬂéng;y - mt&deﬁniﬂ%n ﬁl’rd]eno d'alght '@nﬁ'j_ h 3{? and |'2§rr]
describ 3 §H’E AilySy SYaL, Y atb mms.ls}l? t dns% err] is: pheny|
i bed abo\Basples of sa aine @h mdtlafq;gm @i - bound. as
i cann ex Qpc as :

~ penicillinas alaslés um ’
pract gl [ mmgm’;ﬁgﬁ?emw ot Ao D (1 13
ent’l on h@,stoarboﬂuwbsper@lk W 0.3 g‘:ﬁg B Eﬁ? wsinbstﬁ'ﬁted process-of the
pr eparati onbyhydrowyl & mgt e, nine’ QFiethyl&niké @ud hydroxye! ges for th
enzymes froﬁl}l’e ant ﬁ fort Rr pytidine( I} pernﬁ@p,;,g%ﬁg, whi | €
4> car Kn‘nﬁv‘l&s ound: peﬁf’g‘,ﬁf’?f““" | ymatycbey eRtionrt 8 TS oss! b elaszt use. th
yl, e
ol Eaﬁ LAPR ali'@ﬁ’ﬁl%g@ﬁl,landmriiﬁt&p e, the process

according to:
g. Bbcertaia prefy R dhy/ X drhaydrogvpduﬁdg PRI ormul a (1) in

very good pi «mogy R i '
gh. yi eI ds, Wi t h v

Conpared to P u ﬁﬁnél’i ﬂlcﬂimme "which "is c%ti:r et-LxI)tEntdl z& &e@&ﬁ@d GBbveef fort.
) splits the com ounds of the 40

40- ~ (hereinafter called ‘carrier-bound pemeﬂhnacylase
‘corresponding penicillins.

formula (II) at practlcally the same speed as
The process of the invention has a number of advantages over the. known
rocesses for the preparation of the comrounds of the formula (I). For example,
~ whilst enzymes from cell cultures can only be used once, it is possible to use the
45 carrier-bound pemcllhnacylase repeatedly. Furthérmore, the process according to 45
' - the invention can give the compounds O the formula (I) in very good purity and
little technical effort. Compared to the use of an enzyme

" high yields, with very
which is merely bound. adsorptively, in accordance with German Offenlegungs- _
ion) 2,212,276, the use, according to. the ) 50

o schrift (German Published Specificati
50 invention, of the pemcxllmacylase bound by covalent bonds has the advantage that
the enzyme remains firmly bound even when- the high' concentrations of the

cephalosporm substrate of the formula (II) are used, s0 that the process according

to the invention is substantially more €COonomic:
halosporamc ‘acid'is used

If, for example, 7-phenyl-acetamldo-desacetoxy-ce
nd of formula (II), the course. O the reaction accordmg to 55

55. as the startmg comipoun
, the invention can; be represented by the followmg formula scheme —_




which is nerely bound adsorptively, in accordance with German O f enl egungs-
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t he advantage that 50 the enzyne remains firmy bound even when the high
concentrations of the cephal osporin substrate of the.-fornula (11) are used,
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pot assi um acetate at about pH 8.5. The enriched clear solution of the

penicillinacyl ase thereby obtained can optionally be purified further
chromat ographically on _hacroporous on—20— exchangers, for exanple
sutphoet hyl -cel l ul ose. 20 The :
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resins are those_in.nhichdyﬁéfﬁ&,'cyzllnacylase i s bound,by coval ent bonds,
by means of cyanogen 30 9 .bronfide, to pol ysaccharides sueksgs,; dextran or
crosslinked agarose (conpare 38%er man O f enl egungsschrift (Ger man
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" resins which are prepared by..reacting pepi-gitt+r—acytase Wt h r
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| i nked de@xtran, su®S®¢Hsuted by carboXyY groups, in the presence of a
conpound 35 capable of amide formation, for exanple-a carbodiinmde, and
activated ion exchange resins such as the acid chloride of an acrylic acid
resin, and resins of ethylene and mal eiic anhydride crosslinked with
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which 45 - are in thensel ves known. After the copol ynerisation, the
gel-like resinis forced 45 through a sieve of 0.5 mmnesh width an is
washed well and dried in vacuo. The copol yneri sed. di carboxylic acid is
converted to the -dicagboxylic acid dri de by he&tfng_tﬁ [err] for 2
hours,_Pr@?erabe, at" | east .10 g of copol yrmer . are enpl oyed per g-of enzyne.
About 3-4 g of the copolyner are added to the solution of the 50 enzynme

in 250 m of 0.05 M phosphate buffer of pH 5.5, the mxture is stirred 50
intensively and after 2 hours the renmmining copolyner is ded in smal
portions. During the gnhtire period o eaction thethH val i's kept _
const ant H? addi ng diﬁute sodi um hydroxi de solution. If, after 5 hours, the
aqueous supernatant liquid-still contains unconverted enzyne, further .
copolyner is added. A ratio of 1 part of 55 enzyne to 15-20 parts of
copol ymer generally suffices for conplete conversion. Aft t he coupling,
the'carrh%g-bound pgn¢@idy,i nacyl ase i Fltered of f'and waShed t hor oughly
with waterand 1 M sodiumchloride solution. Particularly preferred enzyne.
resikns usabl e according to the invention are those .which are described in
German O f enl egungsschrift (German. Publi shed 60 Speci fication) L
2,215,539 and in which the penicilli2ﬁﬁylase i s boupd to cgosslinked 60
copolynerswghich cQipsicet-cef copol yne units of the follow ng conposition:
- A 0.1. to50, preferably 2 to 20, %y weight of [err]-nono-olefinically:-.
unsaturated di carboxylic anhydrides with 4 to 9, preferably 4 or 5, carbon
atons,. for exanpl e mal ei c anhydride itaconic anhydri de and/or citraconic
anhydride, especially 65 - 'nmaleic apRydride, and yyg H :
65 ®) -0—CO-CH, - t
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60 - those .which -are. described in. German Offenlegungsschn%t (German Putﬁ%lf‘:g
Specification) 2,215,539 and in which the penicillinacylase is bound to crosslinked 60
copolymeérs. whlch _consist of. copolgmenc units of the following composition:
A) 0.1to 50, pxeterably 2 t0 20,Y% by weight of a,p-mono-olefinically unsaturated
dicarboxylic anhydndes with 4 to 9, preferably 4 or 5, carbon atoms, for example

: maleic anhydride,- ltacomc .anhyd
65 majeic ant y)::l nde: and l-“y x-'lde anfi/or..mtracomc. anhydride, especlally 5



50 bead pol ynerisation nethod, in solvents or solvent m xtures which
are inert 50 towards anhydri de groups, for exanple benzene, at
tenmperatures from 20 to 200, preferably 50 to [err], for exanple at 60 to

~“ the co opdslgiﬁerlsahntth@hqu in solvenE

" aromatic af%

'.spllttlng ol.e ,

[erT] N the presence of radical - form ng conpounds, for exanple
azoi sq m yr|c acid dinitrile. To prepare the enzyne resin, the polynmer may
be i nj ” ced into an aqueous solution of thep - 55 cillinacyl ase-
(pref 0y 1 part by wei ght of penicillinacyl age/to 10 to 50 parts by
- 55 weiptlt of resin) at temperatures fromO to ferr], for exarrple from4 to
], whil st keep| ng the pH vaMge;mt :5.7.t0 6.8 by addi. : a base,
2 e—BY—E eSO SUATTHTL VAL OX | k64 S; YT aﬁ(mem)a@ylates)rrpl etiQy of the
reacti onB}ttﬂ?gn%égj%ﬁggaﬁ %"1 nlrﬁﬁtg oﬂﬁfilxetaﬁshrb d..__"flti‘?a buf f er - sol-uti on
or a sal o A A Bk readlic w@uuﬂspbmolfobﬁhesé}é_ % Mt ar sodi um
chl.ori de aohluyleanoxldm heving/ g OrésF Q“nat éﬂél gﬁ;lcblnacylsase i's bound
by coval emgthixsylas, qsppc%ﬂg P Y EL Rt ,'_}'ﬂ@&n iyools| witlli-net-hacryl at e,
mal ei ¢ anfi e‘h %f@g ?5 00 C.ac ld i's veré(""‘&l’tlcularly
preferred™ Bjmeﬂ"tmoﬁisamd)nuté?aéhﬂnﬁ *:;gw%"b‘{é“jre % ﬁs for splitting
tesd blV @0-L-200SE, n;i t-heo f or mul a
(1) 10 may -Bahyd Pt Fﬁ zelwﬁdlcaﬂ'ﬂaﬁnm@&m ounds, for example
1, 448, 419exmsobf,?;n%;§némtrﬂe‘go prepare the enzyine fesipy, (th eﬁac mw water ‘or a
mxture o bme.eareambdupdumo __aﬂttspuquﬁa‘; ! {' ,’éﬁ Vatdly 30°C@lndr abl y et hanol ,
et hagol aﬂstf?ﬂé%é 1:@% _ - Mp?rtsbpwaﬂ%r ablty -carri ed
out 14t 20u Agteraipyo: ] dech g : the process
accor.di ng CEE%’,}I, aia:ﬂ\lmltesmnxsw#shed(m ] Itl\g‘f ﬁ@ﬁ%‘?—-tfu " nmay be
*ﬁ wh@ﬁ&fn%&kﬂdw mdxegt;o 5. preferably,

di ‘'ssol ved examgléie 1dnoler Sodiyrp £fjoss :
e Fhi

the sol uti. F§ﬁ Pact AP e cribad: @qmmen Qtfeplegungsschilt o6 1) wei ght of
t he onpo t{ Nun“eﬁwpeuﬁ&t ))2,2191687 and in W e%?%ﬂk : ...ﬁl;nto contact in
“any desir u@tmenpomh Wi @ﬁ%&ﬂ?@cf%ﬁ?‘ﬁd opphy? 't he: ztenzyme resin can
be suspend@domells #eragi--. 2o, chywelghtofaﬂ nﬁﬁb—oﬁﬂnitemahmst ed he- acyl radical
split. off: mg&g B R uiE . tors e mbm@orrﬁa;gig?tgeﬂ%% lﬁpj usthent of the

pH val ue i gawier: m-,r dvbuic abhydridej apdfer Fitragonic fioul d preferabl y
*eﬁhi&dﬁ-aﬁd/orﬂﬁlyi(meﬂunctt?gd@ﬁe i f

...

“be kept at mﬂemigé‘}% rlﬂ?g-’;&qrgdtgg%g-‘ /i ‘Agg i Nor gani ¢

necessary,. L 210
or oggani cc&a&@t&ﬁm' _'e;mbpfpmduethP%O - |g,|im phosphat e,

2 alkalT 15 of: alkylen. ,% Kdthyldne ghytol ond .
LA : gr ﬁﬂm@daﬂyymmlstvemm wlaw i phati-c and

A 1og
gmeamyicinmurbﬁses Exanpl & e tioned are
sodi yy hydc@xsdﬁomrdfepbwaﬁmiﬁméh Hpignt o ‘; 98 gyé{sé"%ﬂx Qle&ﬁ%a&lgnd”ggt assi.tm
car bonat e, -ugse C@ n ok s CALBoR], Ginbentiacing sumhhyl amne,

met hyl et hy|h iR -"-9' ,t%'ﬁby 3 . “grotpy Oof | thgjpmmﬁ@.rbo:_:ylbor nlllsamo .
tri-hydr oXyag -paiashﬂs bemgsdbstmated gy elkyl Qt‘lpg | Eg&,“ ghé comgunpti on of
20 bame i ndlkopreehbuth! bgg -' -aéia et oapliconon of the

reaction. THEY %ﬁ’?ﬁ?“’@éﬁ“ﬁ&l Herolidone.y of the anount
of avai | ablfuik@fdng ae,im . 5 M Of t he conmpound
~of the for rmﬁtmxymtthylmmmw 'ﬁ/@ ﬁﬁt S{mecztd‘sshakﬁct i visty of ‘the
carri4s -bound T qulbu‘ﬂ 3 bfdye The specific

activity of°° neraft&}qusi ed in units/g

of noi st WQh t;mvdlemftacxdspedsted as, -t ﬁ@a‘lbﬁl&e act|V| ty
whi ch in one rﬂitmpb'em ?‘Q}T‘Egr %ﬁeﬂﬁ%‘ﬂﬁfﬁ ﬁgﬁéﬁﬁﬁl am igrt 0 60 .

ani nop&ni cﬂ?elaé B Beizene et temperatiees 7.8 The
“3 Oﬂﬁfe&;ﬂamﬂm&ﬁ@ @Z@ageg‘ l%ﬁ?ﬁi%?&%%g@m ¢ acid 30
eyt U A0 ce a CO Hiti

within 2 hOId)hﬁmg &qmpto@sls, FQ 5
peni ci l'li na sin, the L L2 B0 Waighi Wl pé xﬁcxmbswlasejlold ttaiogmﬁ en?yne resin.
Al -a ééncenﬁ, lglﬁy sx(é))[at pelé s ffbm 0to 30"-(;, for example from’ 4g to %0 ansi? o

Keeping he pH value & 57 o 63 by addiion of b, 0, STl oy e |

= Atrcom etion O

?"ﬁ?é;le% lcj)i"t('1 ra?l’gd\:ai?\lgélﬁth a %uffer golut on-or' 8 salt solutlon, or example a 1 -

' ' lation. ~ =™ L .
60 mola;:&;cﬁ;;?ngt;gx;x:lens;t:ch the pemcxllmacl{lase ;stbou::g g’cco::tl;ztr lt:i(;ni; ?-
['‘dimethacrylate,
“a’ copolymer of" ;etraethylene glycol e Mt
lic acid, is ve partlcularly prefer.
optlo’lr‘l}?clelz'la;?;xtg:cgcﬁrdlng to. thgnventlon, for: sphttmg the compounds of the

T 65 | formula (IT) to give those of the formula (I), may be carned out in a diluent. The_

60.

65



[ Ptti times-are all owed,

[ me is 16.61. If longer splitting _ \
Lgﬁfggggnéﬁkgly | ess carrier-bound penicillinacylase |s|requh;edbeAgger
conpl etion of the splitting.reaction, the penicillinacy asend Xan

engrated off, for exanple by filtration or c_ent_rlfugl,ng,h aThe S
S di at el be 35 enployed'for a further splitting batc FEII' ~
IHmefornulg (I') which is formed_may be isolated fromthe clear sodure /(
;ng this may be done in accordance with gene:a{lgncaf:ﬁneagrg;ﬁfg s g

itati o
ExaanFsagngustOWary procedures are pr§C|ph¥ﬁ W& ic.acid or phosphoric 7
m nera
acid, or 48~with org Hl“l&“gﬂl’b

. i' cr minixtiSe oSwitbr kg uBeEI0°£ ol of an?[ ?lrvﬂs
i soel ectric point, an Eﬂ 3}, @c ?m@mclhylfoiihannw em%

‘Teacti ' t 35ho&0°C :
roduct, or pr oduct .obt alhesry} "'bﬁ 9 to the hﬁe uiﬂ%ﬂq&{fgbw obthet el y
P tabl e sol vent>-f or far _' fllé'nta'_nﬂaygldis’mﬂ&ﬁ the Qi : éé ed ve, e e}gd i NS
sui the radi<cal P ' ,Hgfssobl@} i l? |cpnta!hf2 toamdndlsspem l\%’ ) 3
va Uo. This may Vi el ddésited Sib Liprelis ofoup éﬂ‘°° act
vacuo

(1). The corrpoug&ls of susbmdédarnrtué aomt ' -foﬁ alrﬁ%'bl 9 SO ithrgenzpme n@lnlmehqt | on

an
tllncxc radicalusglit \ofr SRR MO FSyc eolnnarﬁ cao
can be converted'into_va Qlal!ﬂ"éral
be done in accordance{ﬁ@n ATET ?fﬂb mmssryﬂ&lralﬂdﬁﬂéﬂ ?lﬂ Yeaction,

s ic e Ehisktan ey i,
acyl ation at the 7- 5&ne, lfnecadiirslclbg g) fﬁgﬁﬁé&%t %‘F waritvh hees.
Cephal ospori ns ?{nd Pe#ri Qrganllq bes¢ carbbe Gaermr&hié Yudo:

‘Eﬁe :ggmy .a},quh m:ql gwboriakes sm Bicﬁgﬁ;%? “ﬁ%@é@@é@? di ”91

t
New York, 1932) EXEimﬁﬁ and T cpneip araidl lmner&f
he i nventi on, %Xenx drexiden an whion
E:&El :r- bound peni ci IltyldmtdyJ sadiam oalyudm T’éas'?l“mj fl.‘Xte ql:e rp@m@ge ase.
; enicili nag;'l aseP a(? $iu nage, Eﬂlylamme,@ﬁ{lfyle S t
25 EXQ”D' el 2 oA rdlc xy'f _a@ ' _H’G, mndtnhend npﬁriaf;t?m Qidhh teau:thmu\e(f’1 kL
be split were dissol ved T8 ratéo ' '

: Io T
sodi um hydrOXI de sol lj’P-T Zompptl-ﬂcmm&ylaéfze ecific acti%%ﬁid‘ta (%éﬂ g%mxﬁﬁl? } on
enzyme resin (pisepar % l hich 1 60 ific, agt pﬁ)ﬂhe gaj'rlelﬁlﬂmadl pétﬂoflll '
25
which was stirred i naaylz\sefiﬁ ot !% dﬁfé 1s %ﬁsgﬁj g tbﬁ( addﬂmq on
During the reaction, atylee pétivitpivhie

Na.OH me nicil 0540 Tihe 7 Gito 6 _

d RENG §LRT. hi0FY 6575%'5' |

RaCH i ndl ey edt:);ghe 22}?&1;'3? l mm W.p%fﬁe ‘mdqaﬂma:my_ dhilas@glfﬁcﬁ%sidgzd 30
the carrier-. bound pemespéddmga& o%ﬁf—‘%@gn tibous y

resm t a concen ratxon of$%
was rinsed with wat ereactlon vglumt& 1659, If longer spl1tt1rn€%nmes -are-allowed, corr

K ’?ﬂlyh’fhe
" PaCY. ee‘éh‘Q i vacuo CHFEReRg |
filtrate and wash -waf F‘ gdfgfsn@’é 5 9 o L
concentrated sgé UthEhpm&dl’&‘fX mlt”tﬂ?g Te90tioN; the: pemitillinaplsel Ay be

n quag Wetaan nmngdlately be 35
defcn qofmexe iitthig BRGANT 5 |
cephal osprani ¢ acid molp
i soel ectric point of @U’ f°mﬁﬂa mw‘“m‘ss&m&h%’t?sg&sgm%ggﬁ ar shed

refrigerator for 2- Sp a;‘:és gag'%‘é’{ b|°|4?ée efemmanceamc;uamn e orhay
Strength of the pr ot grg&i;%*ez;ammd Sy mgsg TR opt tlhfg
l'i berated. 7-anino g?ﬁ e g{%‘ % cgutabld*ptday !@pﬁﬂi&u ﬂ% ,_10
a nodificati on of the aces er yt %ﬁ ?ﬂf

The extinctiorfdat 4 Ymﬁdnvdsn d et o ctep °°°8'Pg{ﬁ'fico T
10 ami nocephal ospor ?1’ am no e%ac y-

§ ) dletagcardihg ar tﬂdm&ﬂﬂﬁﬁ s and -
addi tion, the ident IbE)éo tlmmB ztgﬂr?j?mp thxancaabe done
[err] nuclear r esonanwoalpmtvﬁm g% 'eth T €Xd; le cylauon at the 7-
but anol : gl aci 3P - amino group:(compare; . for example, E

Flynn Cephalosporms and Penicillins, 50
Chemistry and Biology, Academzc Press New York, 1972 72), '
_‘Examples 1—§.which: follow lllustrate the. f rocess according to the i invention,
Examples A and C illustrate the preparation of a earner-bound penicillinacylase,

‘and Example B illustrates the

: preparatlon of a pemclllmacylase for makmg a
55 camer-bound pemcxllmacylase .

55 .
Example l ' ' -

2 mols of the compound of the formula (II) Wthh was to be spht were
dissolved in 20 ml of water (optlonally with addition of sodium hydroxlde solution)
at pH 7.5, About 5 g (moist weight) of the enzyme resin (ﬁrepared as in Example A)

60 - were added to the solution which was stirred in a vessel t ermostatically controlled - 60
; at.37°C, Durmg the reaction, the pH value was kept constant at pH 7.5 by addition -
of M/10 NaOH b by means of ap H-stat. The termination of the addition of NaOH
indicated the .end of the reactxon ‘After completion of the reaction, the carrier-
" bound pemclllmacylase was ﬁltered off on a glass frit and was rinsed with water.



acetic acid: water system (12:3:5). 15 The foll ow ng reactions were

carried out on this manner: 15 Exanple | a). [err]
Starting COFTDOUI’]d 908 ng of 7-(2-thienyl)-acetan do;cephal osporanic acid
20 Buratiton of reaction: 42 mnutes

20 End product: 7- am nocephal ospor ani ¢ agi
(/89 of thoery), purity:98% Rf: .
“desgo |- 7- ami nocephal osporanic acid with Ri“’0\0¥0) Exanple 1 b). [err]

g conpound: 866 nmg of 7-. (2 -th| enyl) - acetami do - 3g s
¥ni umet hyI - [err] - cdgf®fld. arbosaH atc ...Lu rOUC[
o= m%&ylwehewn]:emphemmnlcla éf Act i on tl\naé 35
t he -nol gépialespotahis 39 o b®th £ rmrtfo sol ated by
preci pi §:ant| eri’ Zat‘g::tﬁﬁ‘gsﬁ fvé&lfﬁ[te,e?m,lmhedm lﬁmi’pfli,‘!‘éfn%’éé of réact i on -and

i dentit i- 4 inveiew. denonstr RoRed, ﬁ{gﬁmt,ggr,?‘hy Exarrpl e
=l t rm)
'1c). [errThe s“'eﬁgth of the products was determmed%(ﬁme‘t)tg%ienmobenzaldehydeJJP448 .

Yi el d: . 520
0.27 (no

9 [err] tlﬁtlﬂﬂaﬁq‘i ‘{gg‘}{ w‘%'cﬁ Patent 116,959 (1965)).

7- phenyla SR @ c,“'l“EI‘;;g Epé‘fei Bn of'react on: 27
mlfut es aﬁu and 7-amqus ;’Q;,‘ij%%# L3 ecﬁ-@ﬁ:hﬂnospor ani ¢ aci d

5 Yield: In addltlon, the @5@ %‘ %lra dbhrapBU in iyuta@@%aw ting point:

238-[er m]uc %fe'@ fS g\za . [err] 10 Starti nglg;orrpound, 696
my, of 7-45 sd\macamgd(yﬂtd@rfh‘al%%r aniic 10 acid End product:
7- no- desacet oxy- cephal osp anllgl%:l dvYield: =~ 350 ng. (82% of

t heory),; puri ty 96% Mel ti ng 238 [err] (deconposition). 15.

Exanple 1 e). T . 215 [err] :Starti ng conpound:

696 g of 7- ([err] am- r@p‘ﬁ_‘é‘r‘@r.’ﬁ'c t _IN.-:desacet oxycephal 0- sporanic aci d End

product : ~ 7-am no- desacet ox .epha-_os'wmﬁt aC| d 20 Yi el d:

364 ng (85%of theory) purity: '98% - cooNa ' . -+ 20 Exanple 2. S

[err] 1 kg of 7-phenylacetanido- desacet oxycephal ospor ani'c acid was :

. dissolved in 12: 5 Igtnres ofswat er and split conpletely over the course ‘of 2
hours at [err]. by 2 _agd g l_?]wég,g of carrler-bound pen|C| | 1'i nacyl ase

(according to Exanpl _)1-_-' ) % ' o _ ;

Starting c'ompound 908 mg of 7-(2-th|enyl)-acetamxdo-cephalosporamc acld

-(sodium sa t)_ : N e I
| 42 minutes ~ - T S e _ .-
20 - lb?:;at:%g lcl:‘i:’treactmn_ 7_ammo§§eha1fot¥n§g;u; iﬁ?y o8, :

: 1 O - [o) (< 'y (]
{lfel ] - T 322(')7?:1%((lesécetyl-7-anunocepha1 oramc acxd with RfO 10)

Example 1 b)

[:Jl—cuz (ZO-NH—r '

25 : - J _
—> HZN F ] CHz— O
Sttxrting compctund 866 mgof7- (2 thlﬁ)nyl)1 ?cetamdo 3- pyndlmummethyl--
A? - cephem -4 - carboxylate - |
End product: "'17\-aniu?o-?;-pyndxmummethyl—A -cephem-4-carboxylate _ 0
“Reaction time: =~ 35 minutes’ R )
30 Rf: - - 005
| his reactmn
ring in the molecule, the product of t
lc? ec::t:’see ls()gl;t}:le% yn(:'g]ciplta%lon at the isoelectric point. The ﬁongk(t)egr;:;; ;f
:g:ctr:r? and 1dent1ty of tge product were demonstrated by paper chro
Example 1 c)
‘35

35 o O—C"f“‘“‘*




val ue was kept constant at 7.5 by continuous addition of triethylam ne.
After conpletion of the reaction, the carrier-bound enzyne was filtered off
and washed with 2 litres of water. The filtrate and wash water were
concentrated to 3 litres in vacuo at 30 to [err] 2 litres of butyl
acetate were added and the 7-am no- 30 desacet oxycephal ospor ani c
was precipitated wth 5 N_h.ydrochloric acid at 30 pH 3.7 0.1 Aftep
hours, the crystals were filtered off,- washed with | litre of water
litre of acetong and dr|ed i n .wacuo at [errJ“ Yield: 574 g (89% of theory)
purity: 98%Th r-hound peni'cib¥BAcy| ase was used 25 tines i’y
successi on\t—n the sane manner ‘The yi el dH}rom he 25 spllttl ng reactl ons-
J R S o

aver aged 90. 3% of theory Exar_rpl e 3. [erP o
1, 448, 419 110 2.9 of ey
7- phenyl acet am,d&gesacaet oxycephal ‘ospor ani ¢ 2k (6 rrrrol s) were suspended

in 190 m of t er.. ‘a?tml&mmlo\mﬂ wngcuv@gmg,la&mg@.ggamx? eg {’(ﬁl’g’ sol ution

until the pH varue Vﬁlﬁ'atzoo \ d.ure was warned to ?l aﬁ’g of :
the enzyme resis pr mrpe(;ﬁ é&e(?‘ér"dr fnin re added The pH val ue
was 5 kept at 7iéd: 0,3 duri ngomgpfqﬁg'ﬁ@“ée iAfidyy: addi ng 5
triethyl am ne. The Melting point: - 2381Q40° Cdeebmpesitidhy 1 "[err] hours: The —

enzyne resin was filtered off and washed vvlth wat er, and the filtrate was
concentrated to a quarter of its vol ume Examplcld). at [err] After adding 160
m of methyl isobutyl ketone@_e pH of the_m xture was_adjusted to 4.3
with dilute hydrochloric aci TRENT BN = - degsae ephal osporani c 10
aci d which had crystallised:out was fil 678 W a d| ng for 1 hour
and was 10 washed with a |ittleée water/nmethysoui Sobutyl deione. Yield: 1.01

g (78.8% of tH&ory) Steringicorgpquod:nt696 A 5t 71 sHehdxyh L RERIRRS Ie 4.
[err] 500 g.of 7- phﬁ ﬁéa etam do sacetltg)hr;3 cxgphal ospordzf%t%%‘@h%x 10

dissolved in 8.3 |i¥fe or ﬁ% ﬂpﬂ!bwmved the course of 4
hours at [err], by Mdmmgpdiﬂt of 2,’3 @,ﬂf,ﬁ m'(ﬁﬁ’ﬁ enicillinacyl ase
(according tolgxarrpl e- C), ‘analogously to Exarrp

7- ami no- desacet oxycephal osporani ¢ -aci d 'fExameld 129. - vvas precr pi-tated anq5

dried. Yield: 294 g ( gicot_mgor s purity 97% 25 splitting reactions vere
carried out in the-sa manner v t | €h, SEFE car’*i‘ﬂ? ﬁo nd .
from25 splithingreactions was 90 5%

penicilli nacyl ase. The a\)‘éz age field

Exanmple 5. .. . 25 [er¢9pn500 g of .

7- phenoxyacet. ani do- %%%Wymbpmwa{&ammo%b@la\e&m.d&h (9+, F in 8.3
litres of water andggy ;af@ ;do(j% carrr er:= bound t nacyl ase .
(accordi ng t o2&xan¥iadC at [err 64 1%&@ corrpl ete. After
the 30 upt ake of triethylanmme hat éeag’%dﬁ)’t‘ﬂ‘é“ @%ure was wor ked up ae

in Exanple 2. 30 Yield: 265 g of 7-an nExagdazet oxycephal osporani c acid
(86% of theory); purr@,%ﬁ‘y%o_lﬁﬁarrolesA .80 g of tetraet hyl ene egcoI
di et hacryl ate, 20 g nel el.c .a AL - '

o CHs : )
CooH -~ o

1 kg of 7-phenylacetamndo-desacetox
tycephalosporanic acid
25 a1“2l dS1 r:lgtrlei . t‘; fy?af:ﬁe%ngo:l::lt comp}letely i)ver the cg)urse of 2l hcv)?rse dalts s:éxgl;;
~ nicillinacylase (according to E 1 A).
value was kept constaiit at 7.5 b th s Hethlamine s
Y continuous addition of triethyl IP
completion otP the reaction, the carrier-bound enz amme Ater
). - me wa
‘with 2 litres of water, "The. filtrate axl;d wlash waterywere c:ﬂteirtigtgggl g fmﬁﬁ
utyl acetate were added - -
30 desacetoxycephalosporamc acid was precipitated with 5 Nehygfgclgl:rlz :glltlin:t

pH 3.7 + 0.1. After 2 hours, the - »
water and 1 litre of acetone and ‘:hylitgl ?nwvz:;tfl:,te T&gf washed with 1 litre of

Yield: 574 g (89% of theory); purity: 98%;

€ same carrier-bound penicillin
35 the, same. s, cari P acylase was used 25 nmes in successnon in

. The yleld from the 25 sphttmg reactions averaged 90.3% of theory : 3

25

Example 3.




35 of azoisobutyric acid nitrile were dissolved in 1 litre of benzene
and the solution 35 was warnmed to [err] for 4 hours, whilst stirring. 1 g
of azoisobutyric acid nitrile and 200 m of petroleum ether (boiling point

-.-_'__-__15 Exarrple C.-60 g "

Coin petrolegg et

i 100 [err]) were then added andthe nixture was pol ynerised for a further 5
s at - [err]. The pul verul ent product was filtered off, suspended once in
- eandthreetlrres in petroleumether 40 . (bghling point 30-[err])
“akeh )i ed in vacuo. Yield: 94 g Bul k vokune: 3.5 »?“\"r ing volume-in
¢ 4.7. n/g Specific surface'area: 5 [err] A5 &Y, d content after
s-apr_frcatron of the anhydrr dqmggps 3.5. mlLlLi eqr val €nts/.d0 45 100 g of

t he—tSaer 3 - Semay's bu>perlugu ! ] |vtverres of _aq/aqueous
solution of %8 0®0€bhm1ilat¢§tamld ‘?,‘PI’QLF (ﬁgﬁ y to@gﬁr vity 12 Ung of
§J’ $Gand 32lg ob. 3 by addi tion

---_._proter n (98
%"““@% sion . for 20

N so
hour§ at at]78ﬂ'&edumltkesnhtsnamm’tmﬂbl’%@‘gfémﬁ 'Fjl:fd Leas frit and
3 vacQ

washed wi th ®n Q}Eﬁf atl3 5™ contai ni ng 1
M sodi um & Q@ﬁ fﬁ%mﬁﬁ o rg)nce :gr H of the nesumtvastdelsedrre buffer
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be dbtain 1-919.9 to 50% by weight of di- and/or poly-(meth)acrylates of diols and/or
' olyols. : - . B
poly 10. A process according to any of claims 1-—8 in which the carrier is a cross- _
linked copolymer in which the copolymeric-units are of the following composition:
30 -A. 0.1 to .30% by weight of. a@,f-mono-olefinically. unsaturated dicarboxylic 30
.. - - . -anhydrides with 4—9 carbon atoms, e T T .
C ___B;d '35—909; by weight of di- and/or poly-(meth)acrylates of diols and/or polyols, _
- C. 5—60% by weight of at least ‘one hydrophilic olefinically-unsaturated
35 monomer not mentioned under B. o S )
. 11. A process according to any of claims 1—8 in which the carrier is a
copolymer of tetraethylene glycol dimethacrylate and ‘maleic anhydride and,
optional‘lz, methacrylic acid. : . _
12. A process according to any of claims 1—11 in which the compound of the
40 formula (II) and the carrier-bound penicillinacylase are contacted at 20—45°C. - 40
13. A process according to-any of claims 1—12 in which the compound of the
- formula (II) is dissolved in a diluent in an amount of 2—20% by weif_ht and the
solution is brought into contact with the carrier-bound penicillinacylase.
14. A process according to.any of claims 1—13 in which the pH is maintained
45 at 6—9 throughout the contacting. ' :

15é A process according to claim 14 at which the pH is maintained, at-between
7.5 to 8.5. : - : . R v at-oe

35

45

16. A process according to any of claims 1—15 in which the resulting
compound of formula (I) is isolated from the reaction mixture. :
50 17. A process-according to claim 1 substantially as hereinbefore described in 50
any of Examples 1—S5. - :
18. 7-amino-A3-cephem derivative whenever produced by a process according
to any of claims 1—17. - c N ’
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