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I nvention This invention relates to an inproved process for the production
of cephal osporin C. More particularly, the invention relates to the
addition of certain organic and inorganic phosphorus conpounds to the
culture nmediumduring fernentation of a cephalosporfarg 2?u0|ng m cro-
organi smgshi ch al so produces undesired desacetyl cepha }%) 6 C SAddi tion
of the p phorus conpounds greatly inhibits formation of the
desacetyl cephal osporin Cinpurity, thus facilitating recovery of the

cephal osporin C fromthe fernmentation broth and its subsequent conversion
to 7- am nocephal osporanic acid (7-ACA). -2- 2. Description of the
Prior Art Cephal os@rRODUCT IGN CEt CBRHRLOGPSHEN (O- 5- ani no-

5- car boxypent anani do) ceph- 3-em 4- carboxylic acid) is a conpound which,

whil e having sone antibiotic activity per se, is of primary inportance '. a
starting material for preparation of sem -synthetic cephal osporin
antibiotics.. Thus, ceplek€roGRE'bF euBRYNOENSeBNErted by known met hods to
3- acetoxynethyl 7B- anrTocep- 3-emr 4= carpoxytrc aci d (7-ACA) which is then
used as a key internediate for preparation of a wide variety of conmerci al
cephal dspoEiehdtodi the cBnvértisnknown t hat cephal osporin C may be obtai ned
by fermentation of various m croorgani sns including especially fungi of the

genera Enericel | opsi s- Cephal ospori um
This invention relates to an improved process

for the production of,cephalospor1n C. More particularly,

the invgntibn relates to the addition of certain organic :
and inorganic phosphorus compounds to the culture medium €
during fermentation of a cephalosporin C-producing micro-

i,

organism which also produces undesired desacetylcephalosporxn
C. Addition of the phosphorus compounds greatly inhibits
formation of the desacetylcephalosporih C impurity, thus
facilitating recovery of the cephalosporin C from the
fermentation broth and its subsequent conversion to 7-
aminocephalosporanic acid (7-aACA).



-

Il'lustrative, of cephal osporin C producing m croorganisns are the original
Brotzu strain of Cephal osporium . i.e. -3- Cephal osporiumsp. .M.
49137 (ATCC 11550), and nutants -thereof such as nutant strain 8650 (ATCC
14553), described, in U K Patent 1,109, 362, Cephal osporiumsp. |.B.I. 1131
described in U K Patent 1,503,851 and Ceqyalosporiun1sp. strain F.12 (ATCC
20339) described in U K. Patent 1,400,433.Gher exanples of cephal osporin
C-produci ng organisns reported in the literature include Cephalo i um

pol yal eurum Y-505 (FERM P No. 1160) described in U K. Patent 1, 4887822,
Cephal ospori um acrenoni um K- 121 (ATCC 20427) and Cephal-ospori urh acr enoni um
N-75 (ATCC 20428) described in;U K Patent 1,488,821 and Cephal ospori um

pol yal eurum 199 (ATCC 20359) and a mutant thereof identified as Y-505 (ATCC
20360) “déscribed in U K. Patent 1,389,714. Cephalosporin Cis generally
produced on 2n i besistiptloscaf ethy RusiomfAxt hi gh- produci ng mutant strain of
Cephal osporium acrenonium (al so known as Acrenoni um chrysoaenum .

Exanpl es of such nmutants and nethods for their preparation have been
extensi vel y descri bed ¢ephatosporimt@r B3-axettwnasiydosi~(®-Segmdpeoh over
the years, fersRadkydnOin SR QS Ilbr~ PR EHHEICIaigicakea s still
not entirely satisfactory. si, cephal osporin C-pr.adycin .CI.Q0r gani sns,
especi al |y | FOROFRE Bt Thuct L € 1AV IS (RIF (97 ot SC rdddc BagnSe/
“result in caoprofiuctinaryfispertmde Geta migpringpmadferded- for preparation
acetyl.cephal 98 POLHL Sy tfle £ IPWdSHa WU 15 MLBY s, Thus, cephalo-

sporin C may be converted by known methods to 3-acetoxymethyl-

1) 78-aminoceph-3-em-4-carboxylic acid (7-ACA) which is then
used as a key intermediate for preparation of a wide variety
of commercial cephalospérin antibiotics.

' . It is known that cephalosporin C may be obtained
by fermenﬁation of various microorganisms including
especially fungi of the genera Emericellopsis-Cephalosporium.

. Tllustrative of cephalqsporin C-producing microorganisms are
‘the original Brotzu strain of Cephalosporium, i.e.




. difficult to separate fromthe desired cephal osporin C product because of .
- its simlar chem cal and physical characteristics. Presence of the*
desacet yl cephal osporan C, typically in anounts of gbout 15% of the total
cephal ospori n nucl eus produced during fernmentation, -4- results in
recover£§pf cephal osporin C (or nore comonly, a solvent-extractable
derivatiYe thereof) contam nated wth desacetyl cephal osporin C (or
derivative thereof). Mreover, since on an industrial scale the
cephal osporin C (or derivative thereof) is usually not purified prior to
subsequent conversion to 7-ACA, product quality of the 7-ACA is al so
adversely affected by the-concom tant production of desacetyl cephal osporin
Cin the initial feérnmentation-bBoth. The prior art dealing with :
cephal osporin C production is primarily concerned with finding new m cro-
organi sns of higher cephal osporin C productivity and providing f er mentsgi-on
additCeebaWhSEﬂrEﬂmr§ase168pﬁalégbéPihAEQSréaﬁég)onén hyatanres exanpl e,
B odU e S e epor o bag been

. yi cephal ospor s been
suggeéPeH-Fo.36&39§rﬁo&ggagﬁ?tLQEBEEEQEBQEAHErFEntiR%UFUniﬁgfing
f er negegbir@Bedf i Ceghabaspati 0, S0P, 68Lcand Oephalsspsoiws $p. i ncrease the

cephal_gspor.i yi t | §;uf, C d h sodi um
Ul f1 EETR8B P FonuBabT, ARRP) o B8sHATRRR, H ik, SPHRCHELE SHE S DTN,
sodi uptherossappldes @ﬁdcspua&nsperpnasepapéuqLgs|esﬁan;ﬁms

reported in the literature include Cephalosporium polyaleurumn

¥-505 (FERM-F No. 1160) described in U.K. Patent 1,488,822, -
Cephalosporium acremonium K-121 (ATCC 20427) and Cephalosporium . _ o/

acremonium N-75 (ATCC 20428)1described in U.K. Patenf

1,488,821 and Cephalosporium polyaleurum 199_(ATCC 20359j

and a mutant thereof identified as Y-505 (ATCC 20360) described
in U.K. Patent 1,389,714. Cephalosporin C is generally '

produced on an industrial scale by use of a high-producing

mutant strain of Cephalosporium acremonium (also known as
Acremonium chrvsogenum). Examples of such mutants and methods

for their preparation have been extensively described in the
literature.

Despite exhaustive research over thé years,
fermentation of cephalosporin C on a commercial scale
is still not entirely satisfactory. Most cephalosporin
C-prbducing microorganisms, esbecially those high
producing strains used in commercial production, result
in co-production of a significant proportion of des-
acetylcephalosporin C, an impurity which is extremely
difficult to separate from the desired cephalosporin
C product because of its similar chehical and physical
characteristics. Presence of the desacetylcephalospor:..a
C, typically in amounts of about 15% of the total

- cephalosporin nucleus produced during fermentation,
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U K Patent 820,422, use of nethionine, calciumchloride, nagnesium
ch%oride; armmoni um sul fate and certain carbohydrates, oils and fatty acids
i s disclosed in U K Patent 938, 755, use of norvaline and norleucine is
disclosed in U K Patent 975,393, use of phenylacetic acid-is disclosed in
U K Patent 975,394 and use of c-caprolactam 2-butanone, secondary bu;yl
al cohol and 1, 3-butanediol is disclosed in U K Patent 1,503, 851._ =The"’

probl em of co-production of desacetyl- cephal osporin C during ce osporin
C fernentation has been addressed only in ternms of providing mcroorgani sns
whi ch -5- produce higher proportions of cephal osporin C nucl eus as

cephal osporin Cor in-terns of extraction/isolation procedures (e.g. U S
Patent 4,059, 573). EEsacetyIcephanspoFiﬁ C was first detected in culture
filtrates, of Cephal osporium acrenoni um Abraham et al. proposed that

f ti®n of thj bst i tyl ati

cephal ospor 1 n CHTHha 2 RALE Eerhe EhRoRY £ 4880 Rhre" LRl
enzymes capabl e gfolienteteptndghplilep Mamisiahive Chiexes fiesonitosiansddfrom a
variety of sour éégaéa%yggﬁ?héﬁééﬁﬁiﬂﬂwéthr RRGLHd veathieRRBEF ST es,

wheat germ mammalian |iver ki dney and Rhqdotorula., Pisang et al. in
Devel op. Ind. NIQYWNH. B-NeEAMAD ifghs thigloSCalieatthes CePRad ogPPrIPL ¢ i s

wi despread in tfer ghatisvephal tsnmed i)misThesuajlyr inot @lurilféed prior to
e e 2o SRR I S P R et
toward 7-ACA is also adversely affected by the concomitant
" production of desacetylcephalosporin C in the initial
St fermentation broth. _

The prior art dealing with cephalosporin C
production is primarily concerned with finding new micro-
organisms of higher cephalosporin C productivity and
providing fermentation additives which increase cephalosporin
C production. Thus, for example, mutant strains of
Cephalosporium acremonium have been developed which produce
substantially higher yields of cephalosporin C. It has been
suggested tb add various additives to the nutrient medium

during fermentation of a cephalosporin C-producing organism
so - as to increase the cephalosporin C yield. Thus, the
use of sulfur compounds such as sodium sulfite, sodium
metabisulphite, sodium thiosulfate, sodium hydrosulphite,
sodium thiosulphate and sodium sulphate are disclosed in
U.K. Patent 820,422, use of methionine, calcium chloride,
'magnesium chloride, ammonium sulfate and certain carbohydrates,
oils and fatty acids is disclosed in U.K. Patent 938,755,
use of norvaline and norleucine is disclosed in U.K. Patent
975,393, use of phenylacetic acid is disclosed in U.K. Patent
975,394 and use of e~-caprolactam, 2-butanone, secondary butyl
: alcohol and 1,3-butanediol is disclosed in U.K. Patent

. 1,503,851. The problem of co-production of desacetyl-
cephalosporin C during cephalosporin C fermentation has been
addressed only in terms of providing microorganisms which



cephal osporin C does not appear unique. Nuesch et al. in Second .
"International Synp. on Cenetics of Industrial Mcroorganisns, Proc., 1975,
ed. MacDonald, K D., New York, Acadenic Press, pg. 451-472 and Fujisawa et
al. in r. Biol. Chem 39(6): 1303-1309 (1975) independently partially
purifiiﬁ?ﬁephalosporin C esterase activity fromextracellular broth

supern t . of Cephal o- sporium acrenoni um and concl uded that the presence
of the enzyme activity was partially responsible for the occurrence of
desacetyl cephal osporin Cin C acrenoniumfernentations. Simlar esterase
activity has been detected in the cephal o- sporin C producing

Streptonycetes Streptonyces clavuligerus - -6- (Antimcrob. Agents

Chenot her. 1: 237-241, 1972).” BHuber in ‘Appl. Mcrobiol. 16(7): 1011-1014
(1968), however, has presented evidence that the formation of T

d - in. ' | i's due to-w
hon oA R hikne Hadber S b WerEIBRIGRIOR ibases [0 A0 1P e
pr esers i capimlpsponimiC dus deetigrnspiafl exfeaation/dsedatdeni s due to both

enzymad i e it SPNc LY Nl C Bl Va5 059 WH3) .enzymati c acetyl esterase
activity playing a significant role. Reports by Liersch et al. in Second
| nt er nati onal Sybgsacetydgrul akosHfonimd @ masalfivsdr detgatiedmdn Proc., 1976,

ed. L £4 Y g¥3g¥3ﬁ- £S%m 179 d Felix et al.
in FENVG ﬁ cr%bﬁll(}&aé%?%%wmm ed#%g’thgﬂl

desace?y| TepRIWIFAT Fhat Lfrmarian iaf rthdd substaneee¥asdidd€e in the

bi osynéhegies érizyampiicd GGeacetylation of cephalosporin C

(Biochem. J. 8l: 591-596, 1961). Subsequently, esterase .
erzymes capable of deacetylating cephalosporin C have been C N
isolated from a variety of sources, for example, citrus

fruits, bacteria, actinomycetes, wheat germ, mammalian

liver and kidney and Rhodotorula. Pisano et al. in

Develop. Ind. Microbiol. 8: 417-423, 1967, report that

esterase activity is widespread in the genus'Cephalosporium.

The majority of these acetylesterase enzymes appear to have

broad substrate-tolerances, i.e. B8-naphthyl acetate and
triacetin are active substrates, and their activity toward
cephalosporin C does not appear unique.

Nuesch et al. in Secbnd“;nternational Symp. on

Genetics of Industrial Microorganisms, Proc., 1975, ed.

MacDonald, K.D., New York, Academic Press, pg. 451-472 and o
Fujisawa et al. in Agr; Biol.-Chem.-ég(G): 1303-1309 (1875)
independently partially purified cephalosporin C esterase

activity from extracellular broth supernatant of Cephalo-
sporium acremonium and concluded that the presence of the

enzyme activity was partially responsible for the occurrence
of desacetylcephalosporin C in C. acremonium fermentations.
Simil..r esterase activity has been detected in the cephalo-

sporin C producing Streptomycetes Streptomyces clavuligerus
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spori‘n C from desacet oxycephal osporin C. The enzyne activity of the
partially purified acetyl esterase from Cephal ospori um acr emoni um was
reported to be inhibited by.diisopropylfluorophosphate, a recognized

i nhibitor of esterases (Agr. Biol. Chem 39(6): 1303-1309, 1975). The
extreme toxicity and high cost of this phosphorous acetyl este e -
I nhi bitor, however, prevents its use in the comerci al produgggén of "~
cephal osporin C. Cephal osporin C, because of its anphoteric re, is
normal |y converted into a derivative so that it can be nore easily
recovered fromthe fermentation broth by solvent extraction procedures.
Exanpl es of such derivatives are given in U K. Patent Application

2,021, 640A. One particularly preferredéprocess. is disclosed in U S. Patent
3,573, %gﬁ The cephal osporin C derivative obtained by such preferred
process may be recovered as a crystalline bis-dicycloh eﬁﬁlanine sal t -7-

as discl osed (Artimicaeh .o faents3ghemetherhe 1iegidirddgor LH78) or HukR¥ati ve
thereof recowval egpdy. om_tdﬁu‘lmrremsem)qn lonat-hoing t(hesssl, envRdviy, ahas

t I u.Ss. P t
convent | onal RISTNE ¢ e I BIOGES" Aol SoPabelcd 231 dugn 8-
typically obtsmcmadl @rdmﬁgaﬂﬁmtfanmhartmgmwfs dbodnelBeo bhet he t ot al
cephal ospor i ’h a(tﬁ.go?a &Fol ‘1“ £C R gﬂﬂ%.%?%‘%&)&' Eephiltoig%hlé ©) has

~chem cal and p teristics quité sim hos e desired
cephal ospori rpperﬂrqm&ft theTpresepfed nveatexshihat dg6RCARYIFSPRBACEPPEERT O
a- sol vent - exte Al dierilsy due/@o both enzymatic and non-enzymatic

hydroly51s, with enzymatlc acetylesterase activity playing a

ot s;gnlflcant role.

Reports by Liersch et al. in Second International

Symp. on Genetics of Industrial Microorganisms, Proc., 1876,

ed. MacDonald, K.D., New York, Academic Préss, pPg. 179-195
and Felix et al. in FEMS Microbiol. Lett. 8: 55-58, 1980
have indicated that desacetylcephalosporin C is also an

ihtfacellular intermediate in the biosynthesis of cephalo-
sporln C from desacetoxycephalosporin C.
" The enzyme act1v1ty of the partlally pur;fled

acetylesterase from Cephalosporium acremonium was reported

to be inhibited by diisopropylfluorophosphate, a recognized
inhibitor of esterases (Agr. Biol. Chem. 39(6): 1303-1309,

o _ 1975). The extreme toxicity and high cost of this phosphorous

acetylesterase inhibitor, however, prevents its use in the

commercial production of cephalosporin C.

Cephalosporin C, because of its amphoteric nature,
1s normally converted into a derivative so that it can be
more ea51ly recovered from the fermentation broth by solvent
extraction procedures. Examples of such derivatives are
given_in'ﬁ.K. Prtent Application 2,021,640A. One particularly
preferred process is disclosed in U.S. Patent 3,573,296. The
cephaiésporin C derivative obtained by such preferred process
may be recovered as a crystalline bis-dicyclohexylamine salt



t heé dESACEt YT CepPhalospor N Ci S AT sE 2 dHver T a5 t<ar" dertvative and,
the cephal osporin C derivative then isolated is contam nated with t-he
desacet yl cephal osporin C derivative. It can be 'seen, therefore, that - °
reduci ng the proportion of cephal osporin nucl eus obtained as

desacetyl hal osporin Cw Il result in a purer cephalosporin C derivative
pr oduct . d§§§eover, since this derivative is not normally purified prior to
conversi oA 0 7- ACA, reduced anpbunts of desacetyl- cephal osporin Cin the

fermentation broth will also result in a better quality 7-ACA product. The
present invention is directed toward provision of certain phosphorus
conpounds which act as inhibitors of desacetyl cephal osporin C production
during fermentation of cephal osporin C. The resulting fernentation broth
contains a significantly highe~ reportion of cephalosporin Cto Rt
desacetyl cephal osporin C, thus inproving the quality of the recovered 2
cephal osporin C product and, in turn, the quality of the ultimte 7- ACA

i nt er mecl aties qirosead doh fl.‘r.sm Mem:emas@smeu.n Ther céphalospoSilyMARY OF THE

| NVENTIO T Qfeﬁ\%?b ‘é"r'étdﬁgrerdﬂ&%%% Qo th@pfoﬁEE'EFtﬁ.Bnt he production

of cephalosporln aerobi c culture 0 cep osporin
C pr odRzHd disc Bty r & eanveakional pPreeeguEeene-Bmvention

3 el at ea?ﬁep daadwbs)][n Isrlmptaﬁrm j.@rzzqtamr; eb @&ma&yhcaahal osporlg C
. mcroar gani sm beitty TS AAERT L TS, ABEAcREIALeRBALTFBOR NG ospor i n C. by
additi(inpﬁriﬁmwtmp1q;k;anbtgmnedudq;;nscfermentation in amounts
of about 15% of the total cephalosporin nucleus (cephalo- B
sporin C and desacetylcephalosporin C) has chemical and . g;é
physical characteristics quite similar to those of the
"desired cephalosporin C product. Thus, when'thé cephalo-
sporin C is converted to a~solvént¥¢xtractable derivative;'
the desacetylcephalosporin.C is also converted to a similar
derivative and the cephalosporin d derivative then isolated
is contaminated with the desacetylcephalosporln C derivative.
It can be seen, therefore, that reducing the proportion of
cephalosporin nucleus obtained as desacetylcephalospcrln Cc
will result in a purer cephalosporin C derivative product.
Moreover, since this derivative is not normally purified
prior to conversion to 7-ACA, reduced amounts of desacetyl-
cephalosporin C in the fermentation broth will also result
in a better quality 7-ACA product. o
The present invention is directed toward prov;s;on

of certain phosphorus compounds which act as inhibitors
of desacetylcephalosporin C production during fermentation
of cephalosporin C. The resulting fermgntation broth contains
a significantly higher proportion of cephalosporin C to
desacetylcephalosporin C, thus:improvihg'the guality of the
recovered cephalosporin C product'and, in turn, the quality
of the ultimate 7-ACA intermediate prepéred from such
cephalosporin € product. |
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phos_ﬁbrus conpounas to fhe cultare nedi un ~THe PRospPRorus  COMPOUNg ===
i nhi bitors provided by the present I nvention have the general fornulae

[e¥r] - [err] P-OR [err] [err]

[err] [err] [err] 111 - |V
wherein RL R2 and R3 are each independently opti-onally substituted aIkyI

aryl or aralkyl, R is optionally substituted al kyl or -ORL0 in which RlO

i s hydrogen or optionally substituted al kyl, aryl or aral kyl, [err;‘ts

hydrogen or optionally substituted al kyl, aryl or aral kyl, R6 S rogen,
hydroxy, al kenyl, al kanoyl or optionally substituted al kyl and [ are
ei ther both hydrogen-or both chloro. -9- Such cqnpounds effectively
decrease formation of desacetyl- cephal osporin C during fernentative
producti 6n of cephal o- sporin C. Moreover, these conpounds are
substantially | ess nontoxic than d||§o§r6pylfruorophosphate and, in
general, relatively inexpensive, thus-enabling their practical use in large
scal e cephalosporln C produc kCN The process of the
present invention is applicab : 2 fermentati ve procedure
for preparation of cephalosporln C prOV|d|ng that such procedure utilizes
a cephal osporin C produgho pzesend dadienPith $013k88 B6OUHCERprovenent

desacetylcephalo%gprln erment at1 on . .
e production of cephalosporin C by submerged aerobic

culture of cephalosporin C-producing microorganisms. More
particularly, the present invention relates to a method of
" innibiting formation of desacetylcephalosporin C during
fermentation of a cephalosporin'c-producihg microorganism, |-
‘said microorganism being one which also produces desacetyl- ?
cephalosporin C, by addition of certain organic and inorganic
phosphorus compounds to the culture medium.
The phosphorus compound'inhibitors provided by
the present invention have the general formulae

rlo

: | |  R’RY o
- Npoor® e - ?}I _ .
r%0” | . %0 X°

L 5 _ 1
\ RO ? | R o\ o orl
R

2 /
g - 8%’ or?

III ' : : Iv
wherein R;, R2 and R3 are each independently optionally
substituted alkyl, aryl or aralkyi, R4 is optionally
substituted alkyl or --OR.l0 in which Rlo is hydrogen or
optionally substituted alkyl, aryl or aralkyl, R is hydrogen
or optionally substituted alkyl, aryl or aralkyl, R§ is

hydrogen, hydroxy, alkenyl, alkanoyl or optionally substituted
alkyl and R8 and R? are either both hydrogen or both chloro.



Many exanpl es of such mcroorgani sms are described in the literature, e.g.
U. K. Patent Application 2,060,610A. Oher cephal osporin C producing .
m croorgani sns may be easily tested for desacetyl cephal osporin C produétion ¢
by conventional assays well known to those skilled in the art. The nost
preferred cephal osporin C producing mcro- organism for use in the present

i nvention s a strain of Cephal osporium acrenoni um (al so known as
. Acrenoni u rysogenum), which produces both cephal.osporin C and
“desacetyl c hal osporin C. Typical production strains of Cephal osporium

acremoniumresult in formation of approxi mtely 15% of the total

cephal osporin.C nucl eus (cephal osporin C and desacetyl - cephal osporin C) as
desacet yl cephal osporin C. The_pgocess of the invention will desirably be
carried out by culturing a cephal osporin C producing nmcro- organism (done
capabl e of producing both cephal osporin C and desacetyl cephal osporin G4
under aebbbCOmpOﬁﬂdhléﬂSecﬁieéE?aBé&rease ﬁ@rmatﬁoﬁu@ﬂf§é§%ké%91fre :n a
conven o p utr|e t medi um accordin 0 conventiona -
cepnal SepBRIAERBY b Eraur o BFheahrelve HERRICERR e | Certpiare di o,
coverySPhatnaﬁdltMgneoveCertbeﬂephomphwm@s arenpabsimtiaihe Tudg i ent

medi UhghtbxsUDshaH! 88k LypEEHYEE1ROPOLELL AL HREACEL YGERIA OoSpOr i n C

during f on and resu In a h-coht &l ng a substantially
hlgherrﬁfﬁpbY? 8nlﬁFxPﬁ%SH@%rrEHu%eﬁﬁéPb%%@r¢Tﬁ¥Ith%ﬁkkﬁﬁlenﬁe -
- desacelyl taphel sspbei cefhaIbsporini enpro@ettiaeml oyed shoul d contain

DETAILED DESCRIPTION

- The process of the present invention is applicable
‘to any conventional fermentative procedure for prepaiation
of cephalosporin C, providing that such précedure utilizes
a cephalosporin C-producing microorganism which also
produces desacetylcephalosporin C in the fermentation broth.
Many examples of such microorganisms are described in the
literature, e.g. U.K. Patent Application 2,060,610A. Other
cephalosporin C-producing microorganisms may be easily tested
for desacetylcephalosporin C production by conventional aésays
well known to those skilled in the art.

The most preferred cephalosporin C-producing micro-
organism for use in the pfesent invention is a strain of ;:;
Cephalosporium acremonium (also known as Acremonium chrysogenum),
which produces both cephalosporin C and desacetylcephalosporin
C. Typical production strains of Cephélosporium acremonium
result in formation of approximately 15% of fhe total.
cephalosporin C nucleus (cephalosporin C and desacetyl-
cephalosporin C) as desacetylcephalosporin C.

The process of the invention will_desirably be
carried out by culturing a cephalosporin C-producing micro-
organism (one capable of producing both'cephalospofin C and
desacetylcephalosporin C) under aerobic COnditionS, preferably
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assim | abl esources- of—carbom—and-m-tregerrant—f—desised~ gr-omhe ——s .. .
pronoting substances as well as inorganic salts. Suitable carbon sources

i icl ude, for exanple, glucose, sucrose, starch, soluble starch, vegetable
and animal oils, dextrin and nmaltose. Suitable nitrogen souces include, for
exanpl e, .natural nitrogen-containing substances or materials pre- pared
fromthem such as neat extracts, peptone, casein, cornsteep é;uor,.yeast
extracts, soy bean flour, tryptone, cottonseed neal and vvhera'n. -

Ni trogen containing organi-c or inorganic conmpounds may al so be used, for
exanpl e, urea, nitrates and amoni um salts such as ammoni um acet at e,
anmoni um chl ori de or.amoni um sul fate. I norganic salts which may be used in
the fernen- tation nmediuminclude sulfates, nitrates, chlorides,
carbongtes, etc., which have been enpiﬁyed i n- cephal osporin C production.
G owt h-Pronot i ng subst ances whi ch nay*be used incl ude,- for exanpl e,
cysteine, cystine, thiosulfate, nethyl oleate and, in particular,

met hi oni ne ag e t sggugch | i n .
manganese. Qgcgﬁﬁre%hgac Sﬁg?g?(g)hsléug hcgév%é?r%%?% ucrgee?ﬁ%g#%fﬁ%rcﬁe ntation
time are sel autziiengcmedium apeorfing- tor ganventianedyeephalospRerifl ate a
maxi mum anougt ggimbheatdioni peecéaibas0sPoheNifvedbfoheiPeini thi€ dsisual ly

P A i1 yePREy snRhCpaaEk i theRUtal " bhoeBitele! TEALSILR (50 oL

si x days. the nutrient medium will substantially reduce production

of desacetylcephalosporin C during fermentation and result
in a final broth containing a substantially higher
proportion of the desired cephalosporin C to undesired
desacetylcephalosporin C. . -

The nutrient medium employed should contain
assimilable sources of carbon and nitrogen and, if desiredq,
growth promoting substances as well as inorganic salts..

..~ Suitable carbon sources include, for example,
glucose, sucrose, starch, soluble starch, vegetable and

- animal oils, dextrin and maltose... . . .

Suitable nitrogen souces include, for example,
natural nitrogen-containing substances or materials pre-
pared from them such as meat extracts, peptone, casein,
cornsteep liquor, yeast extracts, soy bean flour, trthone.

{ cottonseed meal and wheat bran. Nitrogen containing organic
or'inorganic compounds may also be used, for example, urea,
nitrates and ammonium salts such as ammonium acetate,
ammonium chloride or ammonium sulfate.

Inorganic salts which may be used in the fermen-
tation medium include sulfates, nitrates, chlorides,
carbonates, etc., which have been employed in cephalosporin
C production. .

' Growth-promoting substances which may be used

include, for example, cysteine, cystine, thiosulfate, methyl

oleate and, in particular, methionine and also trace elements
such as iron, zinq, copper and manganese.



|t has—now-beerfomm—tiat—certai-n -organi-c- and-i-ne+gani ¢ phespherus...
conpounds when added to the culture nmediumduring cultivation of a-
cephal osporin C producing microorganismw || result, in substantially
reduced production of desacetyl cephal osporin Cin the fernmentation broth.
It is believed that this reduction in desacetyl cephal osporin C production
resul tsgxominhibition of the acetyl esterase enzynme typically produced
during tivation of cephal osporin C- producing mcroorgani sns. The
phosphorts conpounds which may be used in the process of the present

I nvention may be represented by the formulae [err]

[err] | LI [err] [err] or
OR -12- wherein [err] are each independently optlonally substituted

al kyl, aryl or aralkyl, R4 is optionally substituted alkyl or -OR10 in:-
which R10 i s hydrogen or optichat}y substituted alkyl, aryl or aral kylx
[err is hydrogen or optionally substituted alkyl, aryl or aralkyl, R6 is

Pyt ogen, Mo P St AR UedPla e i, bs“tgﬁﬁipﬁtrkﬁ's an
conpourasd fexrmerdsation ﬁime are selected such that the micro-
organism employed may accumulate a maximum amount of the
desired cephalosporin C. The temperature is usually kept
at 15-45°, preferably at about 25°C, and fermentation
is carried out usually for 1-20 days,
preferably 4-10 days and most preferably about six days.

It has now been found that certain organic and
inorganic phosphorus compounds when added to the culture
medium during cultivation of a cephalosporin C-producing
microorganism will result in substantially reduced production
of desecetylcephelosporin C in the fermentation broth. It
is believed that this reduction in.desacetylcephalosporin
C production results from inhibition of the acetylesterase
enzyme typically produced during cultivation of cephalosporzn
C-producing microorganisms. '

The phosphorus compounds which may be used in
the process of the present invention may be represented .

by the formulae

rlo R 9
“Np-or3 \P\
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condeﬁHE GT‘TTWTﬁﬂ1ﬁ?T“"TT“TTT“aﬁu‘TV”mnﬁreﬁWﬂ% Rear~ e reyeeacr——-
|ndependently represent straight or branched chain [err] alkyl, phenyl or
phenyl [err]al kyl, said al kyl group or the al kyl portion of phenylalkyl
bei ng optionally substi t ut ed by one or nore, preferably 1-3, substituents
such as hal.o (chloro, brono, fluoro, iodo) or carboxy and said phenyl group
or the phenyl portion of phenylal kyl being optionally substituted by one or
nore, preferably 1-3, substituents independently selected fr such greups
as Cl-C6 alkyl, [err] alkoxy and halo, R4 is. [err] alkyl odgg%nally s
substituted with one or nore, preferably 1-3, halo groups or [err] I n
which [err] is hydrogen, [err] al kyl, phenyl or phenyl (C -C4)alkyl, said
al kyl, phenyl and phenyl al kyl radicals being optionally substituted as
defined_above for [err] is hydrogen, [err] al kyl , phenyl or phenyl (C°
-C4)al kyl, said al kyl, phenyl and phenYI&Ile radi cal s bei ng optionally
substituted as defined above for R6 i s hydrogen, hydroxy,[err]

al kenyl , [err] ' I Ql | ei.n naIIy
substituted by%é?ag'* r?or’e ra% ?J bﬁf %gcg Sggﬁ?&gﬁiﬁﬂguﬂﬂégg ;g
C2- C6 alkanoylSubs¢a¢m¢eﬁbﬁﬂﬁmlkoﬁFde@rRaraﬂ&YRQ areislppsn005ﬁhyhydrogen
or both chl orosubstikited ﬂe:ccxmd@ncia whibh' #0231k KpurBgenxepp! ified
by trimethyl. phosphlte rletg phosphlte trllsopropﬁb Rhos ghite,
tributyl phospRPtdonad; %H§ﬁﬂ oXc prsdk¥dny R) phSsphit e.
M xed functlonhydrogen or optionally substituted alkyl, aryl or aralkyl,
' Rs is hydrogen, hydroxy, alkenyl, alkanoyl or optionally
substituted alkyl and R‘8 and R9 are either both hydrogen
or both chloro.

Preferred phosphorus compounds are those

cdmponnds of formulae I, II, III and IV wherein Rl; R?

and R3 each independently represent straight or branched
chain cl-clo alkyl, phenyl or phenyl (cl-c4)alky1, said
alkyl group or the alkyl portion of phenylalkyl being
optionally substituted by one or more, preferably 1-3,
substituents such as halo (chloro, bromo, fluoro, iodo) or
carboxy and said phenyl éroup or the phenyl'portion of
phenylalkyl being optionally substituted by one or more,
' preferably 1-3, substituents independently selected from
_ such groups as cl--c6 alkyl, C,~C¢ alkoxy and halo, R‘ is.

L .‘Cl-c6 alkyl optionally substztutedlgith one or ?8re,
preferably 1-3, halo groups or -OR™ in which R™" is hydrogen,
cl-c'l'o alkyl, phenyl or phenyl (C,-C,)alkyl, said alkyl,
phenyl and phenylalkyl radicals being optionally substituted
as defined above for R;, Rs is hydrogen, cl-c10 alkyl, phenyl

'~ or phenyl (Ci-c4)alky1, said alkyl, phenyl and phenylalkyl
radicals being optionally substituted as defined above for

i\./

' 'Rl, RF is hydrogen, hydroxy, cz—c6 alkenyl, cz-c6 alkanoy?,
or cl--c6 alkyl, said alkyl group being opticnally substituted
by one or more, preferably 1-3, substituents such as cyano,

' c2 c6 alkanoyl or carbo (c -)alkoxy and R8 and R9 are

either both hydrogen or both chloro.



TP ABEPATTET-SuTiTas ezt < drethyt phosphtte—and—di-phenyt—+sedecy- phosphi t e
may al so be used. Phosphorus conpounds of formula Il nmay be exenplified by
phosphorous aci d, dibenzyl phosphite, dibutyl phosphite, diethyl phosphite, 4
di i sopropyl phosphite, dinethyl phosphite, diphenyl phosphite, triethyl
phosphono- acetate, 2-chloroethyl phosphonic acid, diethyl cyanonethyl
phosphonat e, di met hyl met hyl phosphonate, dinmethyl phosphate, trinethyl
phosph acetate, diethyl ethyl phosphonate, diethyl carbonethoxynethyl
phosph te, diethyl acetyl phosphonate, dinethyl acetyl nethyl phosphonate,
di et hyl cyanonet hyl phosphonate, diethyl allyl phosphonate, and 2- -

car boxyet hyl phosphoni ¢ acid. Conpounds of general formula Il may be

i |l ustrated by hypophosphorous acid, nonomet hyl phosphonate, nonoet hyl -
phosphonate and 2,2, 2-trichloroeth I phosphor odi chl ori dite. Pyrophospite
conmpounds of formila I'V may be TI}¥sTrated by tetranethyl pyrophosphit €sénd
tetraethyl - pyrophosphite. Preferred phosphorus conpound I nhi bitors.include

phosphor ous aci d, P osphite, triisopropyl
phosphite, di benzfﬁlé‘g%ﬁgg% %Oépg‘b‘?%%t%fﬂgm\gg%of fqﬁ)utyl phosphite,
triet hﬁxgﬁ@mdmttﬂaneﬂ:zhlphwh@upms#thb phrsphite,
tetraet hyt §F§§m§ ﬂ&*@ r%?gﬁ nmet hyl net hyl
phosphoﬁ‘g:it':'(éy6 , th¢ ?lgir'gée h%/fw 0S holl%éd?c oridit met hyl
phosphaﬁ@sm Tﬂ% ferenl ?‘?g hpsRbite e, tﬂl’ﬂc‘tﬂ%phl te,
di but ylpliﬂiqﬂimtée sﬁéh S TR lﬁéﬁtybedﬁtﬁsﬂhmﬁlﬁté raﬂmt&ﬁ}ﬂhenyl .
phOSph9ﬂ§§§§ phosphite may also be used. _ _

Phosphorus compounds of formula II may be . -

exemplified by phosphorous acid, dibenzyl phosphite,

dibutyl phosphite, diethyl phosphite, diisopro§y1 phosphite,
dimethyi phosphite, diphenyl phosphite, triethyl phosphono-
acgtate, 2-chloroethyl phosphonic acid, diethyl cyanomethyl
phosphonate, dimethyl methyl phosphonate, dimethyl phosphate,
trimethyl phosphonoacetate, diethyl ethyl phosphonate,
diethyl carbomethoxymethyl phosphonate, diethyl acetyl
phosphonate, dimethyl acetylmethyl phosphonate, dimethyl
cyanomethYl phosphonate, diethyl a;lyl phosphonate.and 2~
carboxyethyl phosphonic acid. X

Compounds of general formula III may be 111ustrated
by hypophcsphorous acid, monomethylphosphonate, monoethyl-
phosphonate and 2,2,2-trichloroethyl phosphorodichloridite. S

Pyrophospite compounds of formula IV may be
illustrated by tetramethylpyrophosphite and tetraethyl-.
pyrophosphzte. : :

Preferred phosphorus compound znhzbztors anlude
phosphorous acid, hypophosphorous acid, di;sopropyl phosphite,
triisopropyl phosphite, dibenzyl phosphite, dimethyl phosphite,

~- tributyl phosphite, triethyl phosphonoacetate, 2-chloroethyl
phosphonic acid, tetraethylpyrophosphite, diethyl cyanomethyl
phosphonate, dimethyl methyl phosphonate, 2,2,24tri¢h16:oethyl
phosphorodichloridite,-dimethyl phosphate, diphenyl phosphite,
triphenyl phosphite, trimethyl phosphite, dibutyl phosphite,"
tris(2-chlorcethyl)phosphite, trimethyl phosphonoacetaté,



-14-...di et hyle—et hyl. . phospherat-8, --di-etlilucarbenbi-hoscuraiinymahesso Aot
di ethyl acetyl phosphonate, dinmethyl acetyl- nmethyl phosphonate, dinethyl
cyanonet hyl phosphonat e and. di ethyl allyl phosphonate. Particularly
preferred conpounds include phosphorous acid, hypophosphorous acid,

di i sopropyl phosphite, triisopropyl phosphite, dibenzyl phosphite, dinethyl
phosphite ‘and tributyl phosphite. The nost preferred phosph?ggp conpound

i nhibitor is phosphorous acid. The phosphorus conpounds- are s

Sda v T

enpl oyed so as to give final broth concentrations of from 100 to
3000 parts per. mllion (based on weight) and preferably 200 to 1000
parts per mllion. |Inhibitor conpound may be added all at once or at

periodic intervals during the course of fernmentati bn. Mst advant ageously

t he orggpic phosphorus conmpounds are added to ongoing fernmentations between
about and 140 hours as single or nsl l4p+e shots. The inorganic
phosphorus conmpounds may advant ageously be added to ongoing fernentations

i medi ately after inoculation to about 140 hours after inocul atiaon.

‘Al ternativel ydiethylnaghpd pheosphanahee dhethgl nearkererhemimeibef or e

sterilization hb’?ﬁh fhebheasbeng1NBabtoICEhbEpROhRESS EDIPERYTSaceya €i g
to the procesg 0 tﬁe present i1nvention s foundzﬁg upéga t @#% | ower the
per cent age ofmﬁEB&éeP?PEEBﬁ&Pﬁg'sgéPFﬁﬂgﬁ(ﬁ§§§8m8 ¥gt%. %ék#l %porin
nucl eus whi chahd atpkhizdspdlyld fhesphdeateet yl cephal osporin C) in the
fermentation broth. Whep usedyhr-ayPheateteaobonpothds GALTHES! ot i ons,

ve been

| evel s of desacetylcephgfosporln _ i \
phosphorous acid, hypophosphorous aciad, diisopropyl

s phosphite, triisqpropyl phosphite, diﬁenzyl phosphite,
' dimethyl phosphite and tributyl phosphite.
_ | The most preferred ;pﬁosphoms compound inhibitor
is phosphorous acid.

The phosphorus compounds are employed
so as to give final broth concentrations of from 100
to 3000 parts per million (based on weight) and’
preferably ' 200 to 1000 parts per million. Inhibitor

compound may be added all at once or at periodic intervals
during the course of fermentation.
- Most advantageously the organic phosphorus
ccmpounds are added to ongoing fermentations between about
50 and 140 hours as single or multiple shots. The inorganic
{ phosphorus compounds may advantageously be added to ongoing
‘fermentations immediately after inoculation to about 140 hours
after inoculation. Alternatively, they may be batched into
the fermentation medium before sterilization.
' Use of the above-mentioned phosphorus compounds
according to the process of the present invention is found
"to substantially lower the percentage of desacetylcephalo-
spofin;c'(based on total cephalosporin nucleus which is
cephélbsporin'c and desacetylcephalosporin C) in the
férmentation broth. When used in typical cephalosporin C
fermentations, levels of desacetylcephalosporin C have been
reduced to about 4% of the total cephalosporin nucleus
compared to about 15% in untreated fermentationms.



- . f LGBt 0o ADOUL-Le B iltButaBint bnC £ PR AIBE PR AALCL8US- cOMpar.ed.-ta.about
15%in untreated fernentations. -15- In treated shake fl ask
fermentations the total anount of cephal osporin nucleus produced appears to «

“remai n unchanged and thus the cephal osporin Ctiters are generally

. -

I ncreased by an appropriate amount. In larger scale fernentations it has
not bee tabli shed that use of the phosphorus inhibitor conpounds
results -any increased | evel s of cephal osporin C. Even if cephal osporin C

-l evel s remain constant, however, the reduced quantity of desacetyl -
cephal osporin Cin treated fernentations greatly facilitates recovery of
the desired cephal osporin C product in a higher state of purity. The
phosphorus conpounds of the present invention were shown to have their
inhibitory activity at the enzy nf$level Thus, cephal osporin C esterase
activity was partially purified on1CBphanspor|un1acrenDn|un1broth R
super nat ant by DEAE Sephadex A50 col unmm chr omat ogr aphy and the hydrolytlc

activity of th| og}z’é]gé %{ﬂ” Loty I j ng the
conversi on of ceﬁﬁa osporln to %Esac é#%r] amas found to

etylce
be |nrammeuq>§/ eeRRALRFRRTIR ARGLINE *&ﬁ |%&P#a $1tomemay |v. After
fer mer\gﬁéu andptiete the &6ph Ic)sme;fs Gy® oduct is preferably

fo a crtent &%ﬁ%%‘% X %‘Seé%?v? Shops | bR o oy
sol vemcmrmmmmmtshasmocdmm cgambhshed that use of’

the phosphorus inhibitor compounds results in any increased

levels of cephalosporin C. Even if cephalosporln C levels .

remain constant, however, the reduced quant;ty of desacetyl- o/

cephalosporin C in treated fermentations greatly facilitates

recovery of the desired cephalosporln c product_xn a hzgher

state of purity. -

The phosphorus compounds of the present 1nvent1on

were shown to have their inhibitory activity at tne enzyme

level. Thus, cephaiosporin'c esterase.activity wasdpartially

purifled from Cephalosporium acremonium broth supernatant by

DEAE Sephadex AS50 column chromatography and the hydrolytic

activ1ty of this preparation (as measured by HPLC by follow-

ing the conversion of cephalosporin C to desacetylcephalo-
sporin C) was found to be inhibited by phosphorus compounds
of formulae I, II, III and IV. | ' o -
After fermentation_is:complete the desired
cephalosporin C product is preferably:converted by known
methods such as those describedfin U.S. Patent 3,573,296
to a derivative which can be more easily recovered from the
broth by solvent extraction procedures. The cephalosporin
C or derivative thereof obtained from fermentation may then
be converted by known methods to 7-ACA, a key intermediate
in the preparatlon of many. semz-synthetlc cephalosporlns.
By employing the _phosphorus inhibitor compounds according
to the present invention, the cephelosporin'c or derivative
thereof and the ultimate 7-ACA intermediate are obtained
more efficiently and in a greater degree of purity when
compared with the prior untreated broth procedure. -
The following examples are intended to illustrate
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C or- derivative thereof obtained fromfermentation may then be converted by
known nethods to 7-ACA, a key internmediate in the preparation of many

sem -synt hetic cephal osporins. By enpl oyi ng t he.phosphorus inhibitor
conpounds according to the present invention, the cephal osporin C or
derivative thereof and the ultinmate 7-ACA internediate are ob ned nore
efficiently and in a greater degree of purity when conpared w the prior
untreated broth procedure. The foll omngéexanpl es are intended to B
illustrate -16- the present invention without in any way limting the
scope of the invention to the enbodi nents specifically described. The term
"ppm used i nthige pErsepted nvensiont Wighautghn/ angi yay bémisingxEhg|ecape

St andard shake ¢ lfgk ihebrRAbAl keNEhel eRBBARMERREN sPaTAE1ADIY Uded &r 1had.
ceph G produci ng nutant st rain ﬁhLCh | so produces esacet yl cefh é% wer e
set up raccor diTR§ t&ThePPBY | 9RFHg*Pr SPECEFA™RLEH LaFEETetRa® YRT¥ S ed from
t he inocul ati @eightabasis.steep tiquor-glucose based seed nediumfroma
frozen preservation culture. See%xgh '55 were cul - tured for three days at
280C whi | e bei ngshaken at 260 rp Yo 1 nocul.um vol une was used to
start production stage fernentations. Production nediumwas based on a

bal anced conposition of s¢anAasieeRakied¥2hsk PEARNMERL foh§0bE ONESRE FBSbxium
sold by Traders Ol MII Company, Forth Wrth, Texas), dextrimn, SOy oIl

met hi oni ne an@CXSAORIWR @ PACe. CEPAskSPREABCIRGKBASGRE BFFF*Rt 260 rpm for
a total perioghdfhsatsdapsoduces desacetyl ceph C) were set .up according to

the following protocol. Seed culture was initiated from the

inoculation of a corn steep liquor-glucose based seed mediun

et , .
from a frozen preservation culture. Seed flasks were cul-
tured for three days at 28°C while being shaken at 260 rpm,
and 10% inoculum volume was used to start production stage
fermentations. Production medium was based on a balanced
composition of corn steep liquor, PHARMAMEDIA (cottonseed
meal sold by Traders 0il Mill Company, Forth Worth, Texas),
dextrin, soy oil, methionine and -ammonium sulfate. Flasks
were shaken at 25°C at 260 rpm for a total period of six days
after which time portions of the broth were diluted, filtered
and assayed for cephalosporin C and desacetylcephalosporin C
by HPLC. Inhibitors were added at the recorded amounts at
day 4 (96 hours). Results are summarized below.

\ B . Des C/ .

~ Inhibitor . Addition Level Ceph C Des Ceph C Total Ceph Nucleus*®
Added ) . ____ppm mcg/g »cg/9 . )
di-isopropyl " 1600 9750 195 . 4.83
phosphite ' ' 600 1 9850 $20 _ $.01
txi-isopropyl 1660 11,000 - 575 4.96
phosphite 600 8995 530 5.56

. dibenzyl 600 _ 9380 485 6.9

phosphite o ] 100 9220 660 6.68
dimethyl hydrooen 600 9400 ) " 350 3.60
phosphite (from Mobil,, T 100 10,618 $20 4.67
Chem. Co.) ’
dimethy) hydrogen 600 9380 340 3.48
phosphite (from Alfa 100 98360 415 . 4.23
Chen. Co.) :
Ciethyl acetyl 100(.) 9285 440 4.52
phosphonate - 600 9665 L) 4.40
contzol no ) ) 8760 108 7.5

addicion

® Coph C + Des Ceph C



after which time portions of the broth were diluted, filtered and assayed.
‘for cephal osporin C and desacetyl cephal osporin C by HPLC. Inhibitors were
added at the recorded amounts at day 4 (96 hours)..Results are summari zed
bel ow. I nhibitor Addition Level Ceph C Des Ceph C Total Caph Nucl eus

Added ppm ncg/ g ncg/ g (9% di-isopropyl 1600
9750 @ 495 4. 83 phosphite 600 1 9850 520

5.01 -i sopropyl 1600 11. 000 575 4.96 phosphite

600 8995 530 . S. 56 di benayl 60Q 9380
485 4. 92 phosphito . 100 9220 660 6. 65

di met hyl hydrogen 600 ! 9400 350 - 3.60 phosphite (from
Mobil) 100 10,615 520 =4187-Chem Co.) dinethyl hydrogen 600
9380 340 3.49 phosphite (from Al fa 100 9360 415 :i;;
4.23 Chan. Co.) diethyl acetyl 1000 9285 440 4.52 -
phospbonat e 600 ' égggggg_z 445 4.40 control no

8760 705 7.15 addition Ceph C Des Ceph C. -17- Exanple 2

Using standard shakeslLaghabenTERLRL! eRacRNELEORES E1Kh [ ionaptRoRE OduCi ng
culture as descrrbed’in anple 1, Inorgani c and_organic phosPhorous
conpouadd wbeesandegroducing culture as described in Example 1,

inorganic and prganic phosphorous compounds were added to

ongoing fermentations at 0,48 and 96 hours after inoculation

to give final inhibitor broth concentrations of 100 to 800

ppm. Results are summarized by the following data table.

Inhibitor pay 6 Day 7
Compound Ceph C/ *D Ceph C/ bt}
Hour of addition/finzl Des Ceph C Ce«D . Des Ceph € cC+D
conc. in ppm in mco/q 14 in_wmcq/9 4
phosphorous acid : ' ’
8/hour/100 11,810/730 5.8 iy 10,300/925 8.2
200 10,540/460 4.2 11,585/935 7.4
400 . 9.540/350 3.4 7 .10,240/500 4.6
800 10,600/2%0 3.8 10,335/425 3.9
" 4B hour/100 10,300/710 6.4 9,370/820 8.0
200 i 9,895/535 5.1 $,950/710 e
400 - 10,030/405 3.8 9,305/480 4.9
800 9,200/258 3.7 9,180/470 4.8
96 hour/100 8,355/755 8.3 16,240/1,430 12.2
200 7.670/670 8.0 9,605/975 9.2
400 ) 7,830/640 7.5 2,645/705 . 1.5
800 10,140/780 7.1 8,225/770 8.5
&iphenylphosphite ’ - _ ) v’
96 /four/100 10,565/1,14S $.7 9,705/1,220 11.2
- 200 10,345793% 0.2 10,000/1,410 12.3
400 . 9,985/6%0 6.4 $,250/94S 9.2
800 9,615/780 7.5 B 8,800/720 7.5
Control - .
{no ishibitor sddition) 2,055/1,145 12.3 8,784/1,562 1s.1

* conc. des ceph C
conc. ceph C + des ceph C X 100




ongoi-ng fernentatlons at 0,48 and 96 hours after inoculation to give final
i nhibitor broth concentrations of 100 to 800 ppm Results are sunmarized by

the follow ng data-table. | nhi bi 't or Day 6
Day 7 Conpound Ceph . D
Ceph C Hour of addltlon/flnal - Des Ceph C - C*
D Des Ceph C C* Dconc. in ppm N
in ncg/g . in ncg/ g phosphorous @d .
Q hour/ 100 11.810/ 730 . 8
10, 300/ 925 8.2 200 ' 10. 540/ 460
4.2 11.585/935 7.4 400
9, 940/ 350 3.4 - 180s-240/ 500 4.6
800 P 10, 600/ 390 - 3.5
10, 335/ 425 3.9 48 hour/100
10, 300/ 710 6. 4 - " Example 39 370/820 . 8.0
200 o 9, 895/ 535 5.1
gi350/710 9, 305/H§6n965%ggdard shake £lgsgogermentatlon cénggéfgﬁé
9, 200/ 355 and the samg producing cultfr£8854d€scribed in Example MY, 8 96
hour/ 100 : : Sy 5
10, 240/ 1. 430 1norgan1c.ph0f§§5r588 %nhl?gtgé éZﬁgounds.were adé%%.%ﬁﬂ?%%o
8.0 mediug,@ggpg750 sterilization bygaptggdaving at 121°C for
7, 30/ 640 20 m1nut€f5 Results are suﬁmﬁﬂ§é3@5b% the following data 800
10, 140/ 780 8.225/ 77 8.S
d| Rjnyl phosphie® 86/ hour/ 100 10, 565/ 1, 145
9.70S/ 1, 220 11.2 200 Day 6
10,345/535 Bofr 10, 000 x12. 3
- . Inhibit d
400 nhibitor tofmpoun 6 985/ 690 éépﬂlel 6 4 %;
9, 250/ 945 final conc. ig gpggo Des Ceph C -9, A5t B0
7.5 , 8. 800/ 720 7iR kegygol (no inhibitspr
addi ti on) R .q, 7T. 145 - %ﬁ ?
8,784/ 1, 562 ph°sPh°r°“51§Fig(B§ nc. des ceph &' ¢8%€%%eph C + des Tehh C
X 100 400 : 8,050/340 4.0
800 - . 7,111/285 3.8
hypophosphorous acid/150 8,110/1,130 12.2
1300 8,600/1,000 10.4
450 9,080/940 9.4
_ Control (no inhibitor addition) 7,840/1,060 11.9

. * conc. des ceph C
conc. ceph C + des ceph C X 100

Example 4

Cephalosporium acremonium was fermented

in 30 liter stirred tank fermentators according to _
standard procedures for culture buildup and fermentation.



- 18 - Exanple 3 Using standard shake flask fernentation condi ti ons and the'
"sanme producing culture as described in Exanple 1, inorganic phosphorous

i nhi bitor conmpounds were added to the nediumprior.to sterilization by *
autoclaving at [err] for 20 minutes. Results are summarized by the
followng data table. Day Inhibitor conpound/ : Ceph C/

* D fi conc. in ppm Des Ceph C C+Din ncg/ g
phosp ou® aci d/ 200 9, 740/ 600 5.8 400

8, 050/ 340 4.0 800 7,111/ 285 3.8
hypophosphor ous aci d/ 150 8,110/ 1, 130 "12.2 300

8, 600/ 1, 000 10.4 450 . 9, 080/ 940 9.4 Control (no
i nhibitor addition)  7,840/1, 069 - - 11.9 * conc. des. ceph C conc.
ceph C + des ceph C X 100 Exanple 4 CEphansporlunlacrennnlun1ma$;/
fermented in 30 liter stirred tank fermentators according to standard

pr ocedrii@esvésselswere inotulptadhoat ekdemfittiton medium M lurikhe vessel S were
|nocuI@{€g Qtsééﬁﬁo&lﬁ&?%rg¥%§59§@&quaa corn steep liquor-
PHARMAMEDIA-glucose medium. The fermentation medium was
composed of corn steep liquor, soyflour and soy oil as .
organic carbon and nitrogen. Glucose syrup and soy oil
were fed during the fermentation. - To the test fermentor
tributylphosphite was added at 96 hours to a final broth
concentration of 300 ppm. The effect of the addition is

recorded below in terms of changes in +he levels of
cephalosporin C and desacetylcephalosporin C.
Tr1butylphosph1te-300 ppm at 96 h.
*D
C+D
Time (hours) $
74 4.2
85 3.7
98 4.3
109 4.0
122 4.6 -
133 . 5.8
146 6.9
157 7.9
170 9.1

*conc. des ceph C
o conc. ceph C + des ceph C - © v 100




¢ .

with.a seed culture proparged on a corn steep |iquor- PHARMAMEDI A- gl ucose
medi um  The' fernentati on nedi um was conposed of corn steep |iquor, soyflour
and soy oil as organic carbon and nitrogen. d ucose syrup and soy oil were
fed during the fernmentation. To the test fernmentqr tributyl phosphite was
added at 96 hours to a final broth concentration of 300 ppm* The effect of
the addition is recorded below in terns of changes in the |evels

cephal osporin C and desacetyl cephal osporin C. Tri butyl phosphite- ppm at
96 h. *D C + D Tinme (hours) % 74

4.2 85 3.7 98 4.3 109
4.0 122 - 4.6 133 ) 5.8
146 6.9 X720 - 7.9 170

9.1 *cenc. des ceph C conc. ceph C + des ceph C X 100 - 20 -
Control™fun - no inhibitor needed *D C + D :

Control run - no inhibitor needed

*D
_ C+D
Time (hours) - . %
74 ' | 4.8
85 - 4.
| 98 5.1
N 109 | | 6.9
122 - 8.9
133 | o 12.6
146 - 13.0
157 ' 13.2

170 } 15.0
The addition of tributyl phosphite lowered the
amount of desacetylcephalosporin C produced to 9.1% of the

total ceph nucleus compared to 15.0% in the control run.

Example 5

Cephalosporium acremonium was fermented

" in a 3000 liter stirred tank fermentor using conventional
cephalosporin C 'media arnd conventional procedures. Dimethyl
hydrogen phosphite was added at 100 hours to a final broth
concentration of 600 ppm. The results of inhibitor addition
are summarized in the following tables.



Time (hours) 74 4.8 85

4.5 98 _ 51 109
6.9 122 8.9 133
12.6 146 13.0 157
13.2 170 15. 0 The addi-tion of tributyl

phosphi t owered the anount of desacetyl cephal osporin C produced to 9.1%
~of the tég§l ceph nucl eus conpared to 15.0%in the control run. Example 5
Cephal ospori um acrenoniumwas fernented in a 3000 liter stirred tank
fermentor using conventional cephal osporin Credia and conventi onal
procedures. D nethyl hydrogen phosphite was added at 100 hours to a final
broth concentration of 600.ppin -The results of inhibitor addition are

sumari zed in the follow ng tabl es. - 21 - Dinethyl hydrogen phosphite
at 100 hours *D Tine C + D (hour®)
(% 78 o 5.8 91
7.4 102 Dimethyl hydrogen phosphite at 16b5£0urs
*D
Time - C+D
(hours) o o (%) <~
78 : 5.8
91 ' | 7.4
102 ' 8.8 L
115 7.7 i
126 : 6.9
139 _ 7.9
150 : | 7.4
163 8.3
168 9.0
*conc. des ceph C
conc.. ceph C + des céph C - x 100
Control - no inhibitor_needed
*D
Time . c+D
(hours) - 3 (& .
83 : 5.8
96 - S 8.2
107 ' : ' _ 10_.7'-
120 ' - 11.9
131 o 13.8 -
144 | 16.9
155 _ 18.9
168 . 20.9
170 . 22.5

*conc. des ceph C

conc. ceph C + des ceph C x 100



&

115 Cempem . L
6.9 139,
7.4 163
9.0.*conc.
I nhi bi tor needed *D Ti ne
(hours) .
5.8 96

10.7 120

13.8 144

18.9 168

22.5 *conc. des ceph C conc. ceph C + des ceph -C
6- The foll ow ng additi onal
ask fermentations and exhibited inhibitory activity with respect to

Exanpl
shake f
desacet yl cephal osporin

P R S R e

des ceph C conc.. ceph C + des ceph C

= U Ko Y-S

7.9 150
8.3 168 :
X 100 Control - no
C+ D
(% 83 .
8.2 107 e
11.9 131 s
16.9 155
20.9 170 :
x 100 -22-
phosphgrus. conmpounds were also tested in

" Example 6

The following additional phosphorus compounds
were also tested in shake flask fermentations and exhibited
inhibitory activity with respect to desacetylcephalosporin

C production:

triethyl phosphonoacetate
2-chloroethyl phosphonic acid
tetraethylpyrophosphite

diethyl cyanomethyl phosphonate
2,2,2-trichloroethyl phosphorodichloridite
dimethyl phosphate

trimethyl phosphite

triethyl phosphite

dibutyl phosphite

tris (2-chloroethyl)phosphite
trimethyl phosphonoacetate

diethyl ethyl phosphonate

tributyl phosphite

triphenyl phosphite

diethyl carbomethoxymethyl phosphonate
dimethyl acetylmethyl phosphonate
dimethyl cyanomethyl phosphonate
diethyl allyl phosphonate



e G--pr-odcti-ofs—t-ethyt~pheosphencacetate-2- chLe*ﬁe%hy+~pheepheﬁve—aerd
tetraet hyl pyrophosphi te diethyl cyanonethyl phosphonate
2,2,2-trichloroethyl phosphorodichloridite di methyl phosphate trinethyl ]
phosphite triethyl phosphite dibutyl phosphite tris(2-chloroethyl)phosphite
trimethyl phosphonoacetate diethyl ethyl phosphonate tributyl phosphite

triph | phosphite diethyl carbonethoxynethyl phosphonate dinethyl
acet yl hyl phosphonat e di net hyl cyanonet hyl phosphonate diethyl allyl
phosphonat e -23- Exanple 7 The follow ng additional phosphorus conpounds

were also tested in fernmentors and exhibited inhibitory activity with
respect to desacetyl cephal osporin C production: triethyl phosphonoacetate

2- chl or oet hyl phosphonlc acid tetraet hyl pyr.ophosphite diethyl cyanonethyl
phosphonat e - 23 - 'g;;;

Sea

" Example 7

The following additional phosphorus- compounds
were alsd £ested'in“féfﬁentdrs and exhibited inhibitory -
activity with respect to desacetleephaloSpdrin C production:

" triethyl phosphonoacetate .
2-chloroethyl phosphonic acid , . o/
tetraethylpyrophosphite

diethyl cyanomethyl phosphonate

dimethyl methyl phosphonate

2,2,2-trichloroethyl phosphorod;chlor;dzte

d;methyl phosphate

triethyl phosphite

diphenyl phosphite

triphenyl phosphite

diisopropyl phosphite

triisopropyl phosphite
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“ch-fret-hy4 - neﬁhyh~ Gpheﬂeﬁsh2~2-2-prlchIordETﬁyf“phesphﬂLﬂdhshEﬂ&Lﬁkiji_

di met hyl phOSphate triethyl phosphltiuw, 0 h|te tri phenyl

phosphi te dii sopropyl phosphite trii ﬁw ” "ﬂ%’ - 24 - 1. In a
met hod for producing cephal osporin C By-€ult ur. "Wephal osporin

C- produci ng m croorgani smwhi ch al so pro- duces desacetyl cephal osporin Cin
a nutrient medium the inprovenent which conprises addinqégg said nedlun1a
phosphorus conpound of the formula [err] [err] Il R
|V wherein [err] each independently represent straight or branched chain
[err] alkyl, phenyl or phenyl[err] alkyl, said alkyl group or the alkyl
portion of phenyl al kyl being optionally substltuted by one or nore halo or
car boxy substituents and sai d phenyl -g2dup or the phenyl portion of .
phenyl al Ryl being optionally substituted by one or nore C1-C6 al kyl, [err]
al koxy ®F halo substituents; [err] alkyl optionally substituted by one or
more halo groups or is -ORLO in-gwhgch RIK s hydrogen or is as defined
above for [err] is hydrogen or |S'aS‘d€frned above for [err] is hydrogen,
hydroxy, [err] alkenyl, [err] :al kanoyl or [err]C

1. In a method for producing -cephalosporin C by- culturing
a cephalosporin c-producing microorganism which also pro-
duces desacetylcephalosporxn € in a nutrient medium, the
\J-- improvement which coumprises addzng to said medium a
phosphorus compound of the formula

. 1 o o | - 4
RO , _ R o)
- 4
P-OR> , .\/p‘ ,
RZO RSO Rs
I I
R0 2 ) A /onl
;:: or j>P ) 4
\
87 % r%0 \ or2
III IV
N\, ' whereln R;, R? and R3 each independently represent straight

or branched chain Cl-c10 alkyl, phenyl or phenyl(cl-c4)-
alkyl, said alkyl group or the alkyl portion of phenylalkyl
belng optionally substituted by one or more halo or carboxy
substituents and said phenyl group or the phenyl porxtion of
phenylalkyl being optionally substituted by one or more
1--c6 alkyl, c1 6 alkoxy or halo substituents; R is cl-c
alkyl optionally substituted by one or more hale groups or
is -OR;O in which Rlo is hydrogen or is as deflned above
for Rl Rs is hydrogen or is as defined above for R;

'is hydrogen, hydroxy, cz-c6 alkenyl, c2 6 alkanoyl or cl-c

6

6



. rZﬂ-a&kal_,_.S.aJ.‘d-aLkgLL Wﬂ&u‘wbsum‘ed by._one:.gt:.a0re |
*cyano, C2-C6_al kanoyl or carbolerr]al koxy radicals; and R8 and R9 are

ei ther both hydrogen or are both chloro, in a concentration of from +
100 to 3000 p ﬂmumllluu alll The net hod according to daim1l wherein
the m cro- gyﬂﬂl ﬁ osporin G producing strain of the genus .

' CEphaI§§§§r|UH1 3.¢ 'Th& nkthbd according to aim31 wherein the nicro-

or gani s a cephal osporin C producing strain of Cephal osporium
acremon™gm 4. The nethod according to Caim1l, 2 or 3 wherein the
“phosphorus " conpound has the fornmula [err] wherein [err] are each

i ndependent| [err] _ alkyl, halo-substituted [err] alkyl, phenyl or benzyl.
5. The met hod according to C-ai2g4-whereinn [err] are each |ndependently
met hyl , ethyl i sopropyl, n-butyl, phenyl, benzyl i sodecyl or e,

2o e sk, Ak B S SR e e led derein £
one or more cyano, C,~C. alkanoyl or carbo(cl-cs)alkoxy =
radicals; and R? and R” are either both hydrogen or are
both chloro, in a concentration of from . 100 to 3000
parts per million.

* 2. ' The method accordihg‘to Claim 1 wherein the micro- :
organism is a cephalosporin C-producing strain of the genus ,
Cephalosporium. - o/

3. The method according to Claim 1 wherein the micro-
organism is a cephalosporin c-produczng strain of
Cephalosporium acremonium.

4. The method aqcording to Claim 1, 2 or 3 wherein the
phosphorus - compound has the formula

R;O\\
’/P-OR3
- R%
wherein R;, R? and R3 are each independently cl 10 alkyl, N

halo-substituted Cl 10 alkyl, phenyl or benzyl.

5. The method accordlng to CIalm 4 whereln Rl, Rz and R3
are each lndependently methyl, ethyl, isopropyl, n—butyl,
phenyl, benzyl, Lsodecyl or 2-chloroethy1.

6. The method according to c1aim 1, 2 or 3 whereln ‘the
phosphorus- compound has the formula



which R i$ hydrogen, [err] alkyl, halo- subs

_—_—

[ ere16 -whereimeferei--al 4~ -‘Jr‘faﬂ*ﬁf'slub"st‘i""rﬁ'f'édf‘i[qrr al kyl I S[erffe e S

i lﬂﬂﬂllhﬂﬂfélb ey

of benzyl; [err] is hydrogen, [err]al kyl, hal o

phenyl or benzyl; and R is hydrogen, hydroxy, C2- al Kenyl , *C1- C6 al kyl ,
C2-C6 al kanoyl or Cl1-C6 al kyl substituted by C2-C6 al kanoyl,
carbo[ err] al koxy or cyano. 7. The met hod according to Cla|n16 wher et R4
is 2- chloroethyl or -ORLO in which RLO is hydrogen, benzyl, n- butyl“
ethyl, isopropyl, nethyl, phenyl or 2,2,2-trichloro- ethyl; R5 is hy en,
ethyl, methyl, .2-chloroethyl, n-butyl, phe | sopropyl or benzyl; R6

i s hydrogen, hydroxy, allyl, cyanonethyl’ % rboet hoxymet hyl , nethyl,
car bormet hoxy- nethyl, ethyl, acetyl or acetylnethyl. 8. The net hod
according:to Claiml, 2 or 3;wner ei i the phosphorus conpound has the

f or mul O OPRS R9 whéhele[err] I's hydrogen, [err] alkyl,
hal o- substituted C al kyl, phe éyuyl; and [err] are either both
hydr ogen or both chl oro. 9.R"The net hod according to Claim8

wherein R is hydrogen, nethyl ethyl or 2,2,Z27trichloroethyl. 10. The
met hod according to Claum 1, 2 or 3 wherein the phosphorus conpound is
t et r amet hyl pyr vbeseim R is C,-Cs alkyl, halo-substituted Cy-Cg alkyl

10 10

or is -OR 1n which R™ is hydrogen, cl-c10 alkyl, halo- ..
subst;tuted C1 10 alkyl, phenyl or benzyl; R§ is hydrogen,
cl-c10 alkyl, halo-substituted cl-c10 alkyl, phenyl or
benzyl; and R is hydrogen, hydroxy, C,- c6 alkenyl, cl--c6
alkyl, Cz c6 alkanoyl ‘or cl-c6 alkyl substituted by cz-C6
alkanoyl, carbo(C,-C.)alkoxy or cyano. . :

7. The method according to Claim 6 wherein Rﬁ is 2-

chloroethyl or -or1® in which R is hydrogen, benzyl,
n-butyl, ethyl, isopropyl, methyl, phenyl o:'2,2,2-trichlozo-
:ethYI;'RS is hydrogen; ethyl, methyl, 2-chloroethyl, n-butyl,
phenyl, isopropyl or benzyl; and RF is hydrogen, hydroxy,
-allyl, cyanonmethyl, carboethoxymethyl, methyl, carbomethoxy-
methyl, ethyl, acetyl or acetylmethyl.

8. The method according to Claim 1, 2 or 3 wherein the
phosphorus <¢compound has the formula

R?O ]
Np?

RS,/"\R?
wherein Rs is hydrogen, C 1— 10 alkyl, halo-substituted Cl--clo
alkyl, phenyl or benzyl. and Rs and R? are either both '
hydrogen or both chloro.

= — e — -+ S——— —————" = ———a e ims = e b s ceam
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wherei n the p. dis selected fromthe group conS|st|ng of ~
phesphor ous agmwmm ous acid, diisopropyl phosphite, triisoproepyl
phosphite, asphkit g, dlnethyl phosphite, tributyl phosphite, _
triethyl phosphonoacetatel 2-chl or oet hyl phosphoni c aci d, -
tetraet rophosphite, diethyl cyanonethyl phosphonate, dinethyl nethyl

phospho , 2,2,2-trichloroethyl phosphoro- dichloridite, dinethyl
phosphat e, di phenyl phosphite, triphenyl phosphite, trimethyl phosphite,
di butyl phosphite, tris(2-chloroethyl)phosphite, trinethyl
phosphonoacet at e, djethyl ethyl’ Hosphonate, di et hyl carbonethoxynethyl
phosphonat e, di et hyl acetyl phﬁsg Onate, dimethyl acetyl nethyl N
phosphonat e, di met hyl cyanonet hyl phosphonate and di ethyl allyl ff’

phosphpnat 1 he net od.acco d| wherein the ~,,ﬁ
phosp drusm %@t’é% ? g‘%ﬂﬁf%ést# g of phosphor ous
aci d, mpmmamthyhlosobibp%tmmyh i sopropyl phosphite,
di benzyl phosphite, dinethyl phosphlte and tributyl phosphite. 13. The
met hod according to Claiml or 3 wherein the phosphorus conpound is

phospHéroushe igpthod WQI’@W‘G to Glaimelhofl A€ cHWHeRei® any of clains 1

to 12 mrghasaﬂoeﬁgar&mwwm Ufe ERERSLINFL prasiiesph Dté he ongm ng

f er ment atéeofprabeet V\efpyroﬁlxjctasgg:.@nd 140 hours after 1inoculation..

-

11. The method according to Claim 1, 2 or 3 wherein

the phosphorus compound is selected from the group Y

consisting of phosphorous acid; hypophosphorous acid, .
diisopropyl phosphite, triisopropyl phosphite, d;benzyl
phosphite, dimethyl phosphite, tributyl pliosphite,

triethyl phosphonoacetate, 2-chloroethyl phosphonzc acid,
tetraethylpyrophosphite, diethyl cyanomethyl phosphonate,
dimethy) methyl phosphonate, 2,2,2-trichloroethyl phosphoro-
dichloridite, dimethyl phosphate, diphenyl phosphite,
triphenyl phosphite, trimethyl phosphite, dibutyl phosphite,
tris(2-chloroeth§1)phoSphite, trimethyl phosphqnpacetéte,
diethyl ethyl phosphonate, diethyl qarbomethoxymethYl. |
phosphonate, diethyl acetyl phosphonate, dimethyl acetyl
methyi'phosphonate, dimethyl cyanomethyl phosphonate and

diethyl allyl phosphonate. = N

12. The method according to Claim 1, 2 or 3 wherein the
phosphorus ¢compound is selected from thg.group'consisting
of phosphorous acid, hypophosphorous acid, diisopropyl
phosphite, triisopropyl phosphite, dibenzyl phosphite,
dimethyl phosphite and tribﬁtyi phosphite. |

13. The method according to Claim 1, 2 or 3 wherein the
phosphorus compound is phosphorous acid.

k]



- 15. =~ The=fethutt-dccotdmgro-tiatm=2--3778, 9, 11, 12 SrafSa¥&pher efffsr=
an inorgani ¢ phosphorus conpound is added “‘““ﬁPiunlprior to

sterilization or fromO to 140 hours after[\‘M‘!‘m\‘E“nm A nmet hod as

claimed in claimX, substantially as descri cintany of the foregoing

Exanpl es. 17. Cephal osporin C produced by a- nmethod according any of
clains 1 to 16. _

- 28 -
14, The method acdording to any of claims 1 to 12
wherein an organic phosphorus compoqnd is added to the
ongoing'fermentation between about 70 and 140 hours after
R inoculation.
15. The method according to claim 1, 2, 3, 8, 9, 11,
12 or 13, wherein an inorganic phosphorus ' compound is added
to the culture medium prior to sterilization or from O to
140 hours after inoculation.

16. A method as claimed in claim i, substantially as
described in any of the foregoing Examples.
17. Cephalosporin C produced by a method according to

any of claims 1 to 16.




