1 CARBOXYBUTENAM DOCEPHALOSPORI NS This invention rel ates %2) \35 \p_gg &,
7bet a- (carboxybut enoyl am no) - 3- cephem 4- car boxylic acid epresented by
tiHe following fornula: H[err] wherein: 15 Ris optionally
protected amnothiazolyl; R3 and [err] are iagh i ndependent |y hydrogen. a
carbQxy-protecting group, a salt formng atOmor group or a noiety formng

a pharmaceutically avail abl e carboxy derivative; and 20 R5 is
hydrogen or a 3-substituent of cephal osporins. The groups [err] and R6 are
described in greater detail  Dbe - _ , pr ot ect ed

am not hi azol yl . 25 AmongCARBOXYBUTENAS BEIALUSFORIND Gt oct ed ani no,

preferable are 7 to [err] optlonaflyqsubst{tuted aralkylu(e.g., benzyl ,

benzhydryl, trityl, di oxybenzyl ... nitro y.
met hyl benzyl , di met hﬁ&g ?ﬁ‘& 2%1% %%YBEFFO ] 1bdct YT beta-
(carboxybutenoylamino) J-cephem-4. carboxylic acid
o/ 5 represented by the following formula:

R—C—CONH

10 w;‘
U | | cﬂzcoogs -~ COORS®
wherein:
1§ R is optionally protected aminothiazolyl;

R? and R6"are each independently hydrogen,"

a carboxy-protecting group, a salt forming atom or |
group or a moiety forming a pharmaceutically
available carboxy derivative; and

20 RS is hydrogen or a 3-substituent of

~ cephalosporins. '
- The groups R, R3 RS and R6 are described
in greater detail below:
R is optionally protected aminothiazolyl.

25 Among the protecting groups in the protected amino,
preferable are 7 to 20C optionally substituted '
aralkyl (e.g., benzyl, benzhydryl, trityl,
methoxybenzyl, dimethoxybenzyl, nitrobenzyl,
methylbenzyl, dimethylbenzyl), 1 to 8C optionally

30 substituted alkyl (e.g., trichloromethyl,
trichloroethyl, trifluoromethyl, tetrahydropyranyl),
substituted phenylthio, 1 to 8C substituted
alkylidene, 7 to 14C substituted aralkylidene, 5 to
8C substituted cycloalkylidene, acyl [e.g. 1 to 8C

35 optionally substituted alkanoyl (e.g., formyl,
acetyl, chloroacetyl, trifluoroacetyl, 2 to 12C



30 substituted al kyl (e.g., trichloronethyl, trichloroethyl, e

trifluoronethyl, tetrahydropyranyl), substituted phenylthio, 1 to 8C
substituted al kylidene, 7 to 14C substituted aral kylidene, 5 to 8C
substituted cycl oal kyl i dene, acyl [e.g. 2l-+t0 8C 35 optionally substituted
al kanoyl (e.g., fornyl, acetyl, chloroacetyl, trifluoroacetyl, 2 to 12C

-2- optionally substituted | ower al koxycarbonyl (in which the alkyl part\(s
nmet hyl , ethyl, propyl, cyclopropylethyl, isopropyl, butyl, pentyl, hexyl,

triCh'Oroeb? h dﬁ@lfh@ﬁ%%@YtutéHCh%ﬁ%&fﬂLkdiyc£W$6ﬁ€fX¥hnoﬁh1ch _ _
qui nol yl nmet Co tlongn tltuted ar al koxycar bonyl (in which
|v

“the aral kyf Saﬂ:h%§t£#ﬁ?l1 dmshk 1, #repY}eobenzyl), succinyl
phthaloyl]cytmdﬁdadyaéuﬁylalKeupéb@bhxl$dﬁ#1 egfhty1@|h5k9aannyl 510

3- t t th hyd ,
alk;ﬁosloxg 355 uenthyl iayR%E%%yl. cyc opeﬁtyTDng others ydroxy

cyclohexyl or quznolylmethyl). 8 to 15C optionally
substituted aralkoxycarbonyl (in which the aralkyl
part is benzyl, diphenylmethyl, or nitrobenzyl),
succinyl, phthaloyl]}, trialkylsilyl,
alkoxydialkylsilyl, and trialkylstannyl.

10 R5 is a S-Sﬁbstituent of céphalosporins and

can be, among others, hydroxy, alkanoyloxy, halogen, " .

alkoxy, alkylthio, alkenylthio, alkyl (e.g. methyl),
alkenyl (e.g., vinyl, cyanovinyl, trifluoropropenyl),
substituted methyl, or the like well known

15 3-substituents of cephalosporins. Here, the
substituent in the said substituted methyl can be
pyridinio, substituted pyridinio, halogen, hydroxy,
alkoxy, acyloxy (e.g., acetoxy, carbamoyloxy),
alkylthio, haloalkylthio, cyanoalkylthio,

20 heterocyclic thio (e.g., triazolylthio,

" methyltetrazolylthio, thiadiazolylthio optionally
substituted by amino, aminomethyl, alkoxy, or
methyl), triazolyl or tetrazolyl. Said alkyl part is
preferably methyl. Preferably Rs

25 methyl, methoxymethyl, methylthiomethyl,
cyanomethylthiomethyl, vinyl, cyanovinyl,
fluoropropenyl, trifluoropropenyl, methoxy, chlorine,
fluoroethylthio, trifluoroethylthio, acetoxymethyl,
carbamoyloxymethyl, triazolythiomethyl, methyl-

30 tetrazolylthiomethyl, or thiadiazolylthiomethyl.
optionally substituted by amino, by aminomethyl or by
methyl. | |

R3 and R6 as a carboxy- protectlng group or
a moiety forming a pharmaceutically available carboxy

35 derivative are preferably an ester-forming group or a

salt forming atom or group.

is hydrogen, o



alkbxy,

cyanovi nyl ,

al kyl thi o, al kenylthio, alkyl (e.g. nethyl), alkenyl (e.g., v

trifluoropropenyl), substituted nethyl, or the |ike well

15s 3-substituents of cephal osporins. Here, the substituent in the
substituted methyl" can be pyridinio, substijuted pyridinio, halogen,
al koxy, acyl oxy (e.g., acetoxy, Tatbanmoyl oxy), alkylthio,

hydr Qxy,

hal oal kyl t hi o,

cyanoal kyl t hi o, 20 heterocyclic thio (e.g., triazoly

met hyltetrazol ylthio, thiadiazolylthio optionally substituted by am n

am nomet hyl ,

al koxy, or nethyl), triazolyl or tetrazolyl. Said alkyl

i's preferably nethylThersdbd abayt REormingimojiet ies andechyboxy—

nmet hoxynet hyl
f1 uoropropeny
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-as a

Representative are an inorganic salt (e.g., lithium,
sodium, potassium, magnesium; calcium. aluminium, or
ammonium salt), organic base sait. for example,
alkylamine salt (e.g., ethylamine, diethylamine,
triethylamine, piperidine, morpholine,
N-methyl-morpholine salt),'aromatic amine salt (e.g.,
aniline, dimethylaniline salt), aromatic base salt
(e.g., pyridine, picoline, lutidine, nicotinamide,
quinoline salt), optionally substituted 1 to 8C alkyl
ester (e.g.; methyl, methdiymethyl. ethoxymethyl,

- ethyl, methoxyethyl, trichloroethyl, iodoethyl,

propyl, isopropyl, ethoxyethyl, methylthioethyl,
methaneSulfonylethyl, methanesulfonymethyl, butyl,
isobutyl, t-butyl, hexyl ester), 7 to 15C aralkyl
ester (e.g., benzyl, methylbenzyl, d1methy1benzy1
methoxybenzyl, ethoxybenzyl, nitrobenzyl,
aminobenzyl, phenethyl, diphenylmethyl, trityl,
phthalidyl; phenacyl, di-t-butyl-hydroxybenzyl
ester), 6 to 12C aryl ester (e.g., phenyl, tolyl,
diisopropylphenyl, xylyl, trichlorophenyl, indanyl
ester), 3 to 12C silyl ester (e.g., trimethylsilyl,
t-butyldimethylsilyl, dimefhylmethoxysilyl ester), 3
to 12C stannyl ester (e.g., trimethylstannyl ester),
1 to 12C N-hyd;oxyamino.ester (ester with e.g.,
acetoné oxim, acetophenone oxim, acetaldoxim,
N-hydroxysuccinimide, N-hydroxyphthalimide) and 2 to
7C alkenyl ester (e.g., vinyl, propenyl, allyl
ester). Anhydrides with carbonic or carboxylic acid,
reactive amides, and the like are equivalent
carboxy-protecting groups. ‘Said protecting part may
further be substituted. " '



)

35 derivative are preferably an ester-formng group or a salt formng s
at om or group. -3- The said salt form ng noieties and carboxy-
protecting groups which may constitute R3 and/or R are known in the
penicillin and cephal osporin fields and4an be introduced and renoved

w thout 5 adverse effect on other parts of the nolecule. Representatiwgd
are an inorganic salt (e.g., lithium sodium potassium nmagnesium

cal cium alumnium or ammoniumsalt), organic base salt for exanpl e,

| kyl am | t 6et h |ethylan1ne
Si pgr??i Rg, Sflmr p(rfgﬁ%%ra%\ﬂeg Pﬁﬁnﬁo &tyen}rgzgq?genar SRALPE.ani ne sal t
(e.qg., aniuqunssiuuﬂrm¢hhylbnb buty)l,, phemtlc hnﬁ&nymLtbeaayl,pyrldlne

e. g.. ridine,
Po"aC ol kylcTREOOGRATL “ORATBBLAS T, NI SRt RELFRB AL B (1 7

nethoxyeth?menﬁlhﬁﬂiwbethyl |odoethyl propyl, isopropyl, ethoxyethyi,
met hyl §hi oethyl, The protecting group is absent in objective

products. So, its structure has in itself no
51gn1ficance, soO long as the group serves well for
the protection and thus it can be replaced by a wide
variety of equivalent groups. _

10 Especially useful carboxy derivatives are N
medically available ones including light metal salts '\)
and pharmaceutically écceptable esters. The
preferred light'metals are those forming
physiologically acceptable ions and belonging to the

15 ist to 3rd group, 2nd to 4th periqu_of'the Periodic
Table. Lithium, sodium, potgssium, magnesium,
calcium, and aluminium are preferable.

The pharmacologically acceptable esters show
antibacterial potency on oral or parenteral

20 administration and include well known 3 to 12C
l-substituted alkyl esters,'for example,
alkanoyloxyalkyl esters (e.g.'acetoxymethyl,
acetoxyethyl, propionyloxyethyl, pivaloyloxymethyl,
pivaloyloxyethyl, tetrahydrofuryl or

25 tetrahydropyranyl ester), 3 to 8C
alkoxyformyloxyalkyl esters (e.g.
ethoxycarbonyloxyethyl ester), 7 to 15C subStituted
aralkyl esters (e.g., phenacyl or phthalidyl ester),
6 to 12C optionally substituted aryl esters (e.g.,

30 phenyl, xylyl or indanyl'ester). and 2-alkenyl esters
(e.g., allyl, 2-oxo-1,3-dioxolenylmethyl ester).

It will be noted from comparison of the
foregoing list of pharmaéologically acteptable esters
with the 1list of carboxy-protecting groups that some

35 groups (e.g. 6 to 12C aryl eSters) fallLin both |

' categories, i.e. the two categories are not mutually

o’



mét hanesul f onyl et hyl , net hanesul fonynet hyl, butyl, isobutyl, t-butyl, hexyl
ester), 7 to 15C aral kyl 20 ester (e.g., benzyl, nethyl benzyl,
diksret hyl benzyl , met hoxybenzyl, et hoxybenzyl, nitrobenzyl, am nobenzyl,
phenet hyl, di.phenyl methyl, trityl, phthalidyl, phenacyl,

di -t-butyl -hydroxybenzyl ester), 6 to 12C &yl ester (e.g., phenyl, tolyl,
25 di i sopropyl phenyl, xylyl, trichlorophenyl, indanyl ester), 3 to' 12C
silyl ester (e.g., trimethylsilyl, t-butyldimethylsilyl,

di et hyl net hoxysilyl ester), 3 to 12C stannyl ester (e.g., trinethylstannyl
ester), 1 to éég gsgxﬂ%oxyanino ester (ester with e.g., 30 acetone oxim
acet ophenone |%1 cetal doxi m  N-hydroxysucci ni m de, N-hydrox¥ghthalinide)
and 2 to 7C al kenyl Bostherof the geomptrigy 4somers At ythesdeubleannydrides
w t h car boni Cp8hdC ran;% i€.acid, reactive amdes, and the like are

equi val ent 35 -carboxy-protecting groups. Said protecting part may
further be substituted. -4-

~ s
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TN :
Preferahly R3 and R6 are hydrogen, sodium potassium nethyl, t-butyl,

phenyl ,
or phenyl benzyl. 5

i ndanyl, benzyl, cyanobenzyl, hal obenzyl, methyl benzyl, nitrobenzyl
The protecti{pg group is absent in objectlve

products. So, its structure has in itself no significance, so lgng as the
serves well for the protection and thus it can be replaced by a “‘gﬁ
vari ety of equival ent groups. 10 Especi al |y useful carboxy

group

der i val | yge AERaRngd Whtdrdck¥RialUICS At/ Eivn) | bs T ving! the
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3rd group, 2nd to 4th periods of the Periodic Table.

pot assi mnwg?eanuuxealimaar«.wm nigenusefyl afxseds. afdhe

phar macol ogi ca

par ent erbht@tmedidrienfoirr prieparimy ithe cbx vespording &l s of 4Gfer.,
1-substituted al kyl esters, for exanple, al kanoyl oxyal kyl esters (e.g

acetoxyiethySpmacofoxyctwﬁptqa&g&&ﬁEMQDQRﬂE%Hﬂ %M(Eﬂ(ﬁﬁ(#@ﬁethyﬁgntion “

Li t hi um sodi um

| y acceptable esters show anti bacterial potency on oral or

are listed dbelow. These should not be taken as an exhaustive

listing of the compounds of this invention.
7beta-l2-(2-aminothiazol-4-yl)-tharboxy-z-buteneylaninol-
3-cephem=-4-carboxylic acig, |
107beta-(2-(2-aninotaiazoli-4~yll)=-4~carboxy=2-putenoylazinol-
3-nethyl-3-cephea~-4~carboxylic acic,
7beta={2-(2-arinothiazol-4-yll=-4~-carboxy-2-butenoylarinol-
3-viny1-3-c§phem—4-ca:bo:y1ic aciqg, -

7oe:h-{.-(‘-aﬁznotaza.ol-s-yl)-a-ca:bcxy- -butenovlarinel-

13 3-triflucropropenyl=-3-ceghem=-4=carboxvlic acid,

_7beta-(2-(2-amincthiazol-4-yl)-47carboxy-2-butenoy1amino}-
3-acetoxytethyl-3-cegnen~q=carpoxylic acid,
7beca-(2-(2-aminothiazol-4-yl)-4-ca:boxf-z-butenoylamino]-
3-carbanoyloxynethyl-3=cephen=4=carboxylic acid,
20 7beta~{2-(2-aminothiazol-4-yl)-4=-carboxy-2~-butenoylanminol~
3-methouymethyl-3-cephen~4{~carboxylic acid,
Jbeta-[2~-(2-auinothizzol-4~-yl)-4~-carboxy-2-butenoylaminol-
3-nmethylthiomethyl-3-cephem~4~carboxylic &cig,
7beta~[2-{2-aninothiazol-4{~-yl)-d-carboxy~-2-butenoylaminocl-

25 3=cyanomethylthionethyl~3-cepnez~-4-carboxylic acidg,



pi val oyl oxyet hyl , tetrahydrofuryl or 25 tetrahydropyranyl ester), 3 to 8C
al koxyf ornyl oxyal kyl esters (e.g. ethoxycaybonyl oxyethyl ester), 7 to |5C
substituted aral kyl esters (e.g., phenacylf or phthalidyl ester), 6 to 12C
optionally substituted aryl esters (e.g., 30 phenyl, xylyl or indanyl

est eny d 2-al kenyl esters (e.g., allyl, 2-oxo0-1, 3-di oxol enyl net hyl
ester) st will be noted from conparison of the foregoing |ist of

phar macol ogi cal |y acceptable esters with the |list of carboxy-protecting

Dot ogor i oo TRt (Fr( 20aRdBosiGakal o4 By BT 4maas ROy - S-baEensrian tantr of
the geometrl ¢ gyt Lafnioatnyl -3 —cephenc 4-cazboxylate, * *°
7beta-l2-(24aminothiazol-4-y1);4-catboxy-2-butenoy1aminol-
— " 3-triazolylthiomethyl-3-cephem-4-carboxylic acid,
5 7beta-!2-(2-aminothiazol-44y1)—4-cazboxy-2-butenoy1amino]-
" 3=thiadiazolylthiomethyl=-3~cephen-4=carboxylic acid,
7beta-[2-(2-aninothiazol-4-yl)~4-cartoxy=-2-butenoylaninol -
Y 3-methyltétrazolylthiomethyl-3-cephem-4~-carboxylic acig,
7beta-{29(2-aminothiazol-4-y1)-fécarboxy-z-butenoylamino]-_
10 J-methpxy-B-cephem-4-carbéxylic acig,
7beta-[2-(2~aminothiazol=4-yl)=4=carboxy-2-tutenoylaminol~
3-chloro~3-cephen-4~carboxylic acid,
7beta-[2-(2-aminothiazol-4-yl)-4-carboxy¥2—butenoylamino}-
3=-fluorocethylthio=3~cephen-4=carboxylic acid, and

15 7beta=-{2-(2<aminothiazol=-4-yl) =4=carboxy=-2-butenoylamino]-

3-trifluoroethylthio=3~cepnerm~4=-carboxylic acid,




25 30 35 side chain are antibacterials. Anong them those having the
[err] and Hin the cis position are nore potent antibacterials. The ot her
geonetric isoners (trans) are useful also as an internediate for preparing -
the corresponding cis isonmer. 5 SongZpf the representative Conmpounds (1) of
thIS\ invention are |listed below. These should not be taken as an W,
ex tive listing of the conmpounds of this invention. 7beta-]|

2-( ~am not hi azol - 4-yl) - 4- car boxy- 2- but enoyl am no] - 3-cephem 4- carboxyllc
acid, 107beta-[2-(2-am nothiazol -4-yl)-4- carboxy -butenoylanlno]

3- net hyl - 3- cephem 4- carboxyllc aci d, -

7bet a- [25%‘@%39,?3,%@ w931§,0%P89¥¥1%’t€&9¥56W6?'(1) are

3- Vi nyl ephém’ |c a

het 4t keA(Ge g o9 158 cepﬁ fei58" BB 1o G OKbRBEP 0 156/ 1967

3-tri or opr openy I'C acl

a3,
SThese are not superior to Compounds (1) in their antibac;erial
activity, enteral or parenteral absorbability, excretion, or
the like characters. |
Compounds (I) are antibacterials against aerobic Grar- QJ

positive bacteria (e.g., Bacillus ceréus, Bacillus subtilis,

10Corynebacterium diphtheriae, Staphylococcus aureus, Staphyloé

coccus epidermidis, Streptococcus pneumoniae, Streptococcus

PYogenes, Streptococcﬁs'viridans, enterococeci) and Gram-

negative bacteria (e.g., Citrobacter diversus, Citrobacter

freundii, Enterobacter aerogens, Enterobacter cloacae, Escheri-

15chia coli, Haemophilus influenzae, Klebsiella pneumoniae,

Neisseria gonorrhoeae, Neisseria meningjitidis, Proteus mirabi-

lis, Proteus morganii, Proteus vulgaris, Providencia rettgeri,

Providencia stuartii, Psevdomonas aeruginosa, Salmonella para-

typhi, Salmonella typhi, Serratia marcescens, Shigella sonnei,

20 Yersinia enterocolitica), including anaerobic bacteria (e.q.,

Bacteroides fragilis, Clostridium difficile, Clostridium

perfringens, Eubacterium lentum, Fusobacterjum nucleatun,

Propionibacterium spp, peptostreptococci, Veillonella spp.).

Especially, high anti-Gram—negative potency, high

25 adsorption, excretion, and distribution are



7bet a- 12- ( 2- am not hi azol - 4-yl ) - 4- car boxy- 2- but enoyl am no] -

3- car banoyl oxynet hyl - 3- cephem 4- car boxyl i ¢ acid,

207bet a- [ 2- (2- ami not hi azol - 4-yl ) - 4- car boxy- 2- but enoyl ani no] -
3- met hoxynet hyl - 3- cephem 4- car boxyl i c acAd, 7bet a- [ 2-

(2- aki-not hi azol -4-yl) -4-carboxy-2-but enoyl am no3-

3-net hyl t hi onet hyl - 3- cephem 4- car boxyl i ¢ aci d,

7bet a- [ 2- ( 2- am not hi azol - 4-yl) - 4- car boxy- 2- but enoyl am nol - 25
3- cyanonet hyl t hi onet hyl - 3- cephem 4- car boxylic acid,

7bet a- [ 2- (2- am not hi azol - 4-yl ) - 4- car boxy- 2- but enoyl am nol -
3-pyridi ntepapkbblecepixanal-nedhoineatfor preventing or treating a
7bet a- [ 2- ( 2- am not hi azol - 4-yl) - 4- car boxy- 2- but enoyl am no] -

3-tri azolpa¢begialhiinfectbosi ¢onpound | {T) atsdadministered orally,
7bet a- [ 2- (2- am not hi azol - 4-yl ) - 4- car boxy- 2- but enoyl am nol -
3-thi adi patghteraIly)y oB-tepheaidycathaxydailgcidbse/ v 10 ldicrograms to

(2-am not hi azol -4-yl) -4-carboxy-2-but enoyl am no] - '

3-net hyl t@tgeanyl tif aeivited- fophulatimng bwith convieht/dnald- additives or

[ 2- (2-am not hi azol -4-yl) -4-carboxy-2-but enoyl am no3- 10

3- met hogyedacetngmsiibstdances) ceag.§, other antibacterials.

7bet a- 12- ( 2- am not hi azol - 4-yl ) - 4- car boxy- 2- but enoyl am no3-

3-chl or o- 3- certhey 4mariseflil cascbdcteriocidal, bacteriostatic,

Y disinfecting, or antipe:ish&ble agents and useful for treating
or preventing human, vetériné:j, or poultry infections caused
by sensitive Gram~-positive bécéeria or Gram—-negative bacteria,

10 including anaerobic bacte:ié._:ruzther, they'a:e useful as
bacte:ial growth inhibitors bn.human. animal, pladt. or
perishable subjects, human or ;ﬁimal growth promotiné additives
in foodstuff, or as.an agents for testing sensitivity of
bacteria to the antibacterial (I).

15 Protected compouncs {(I) are also useful as starting
materials {or synthesizing other antibacteriais (1.

. The compounds (I) may thus be used for treating or
preventing human or veterinary bacterial infections (e.g.,
apscess, bzonchitis. dermatitis, ear infections, empyema,

20 enteritis, gastroenteritis, nasopharyngitis, osteonyelitis,
pneunionitis, pneumonia, pustulosis, pyelonephritis, respiratory
tract infections, rhinitis, septicemia, tonsillitis,
ulceration, urinary tract infections, wound and soft tissue
infections) caused by sensitive bacteria by administering an

25 effective amount of Compound (I) at a typical caily dose of 10



7bet a- 12- (2- am not hi azol - 4-yl ) - 4- car boxy- 2- but enoyl am no] -

3-fl uoroet hyl t hi o-3-cepnem 4-carboxylic acid, and 15

7bet a- [ 2- ( 2- am not hi azol -4-yl ') -4-carboxy- 2- but enoyl am nol - .
3-trif|uoroethylthio-3-cephen}4-carbqgglic acid. 20 25 30 *Sonme conpounds
closely related to Conpounds (1) are drsclosed in Japanese patent
publ i cati on Kokoku 10,996/ 1967, Kokai 57-93982, and Bel gi an Patent Nos.
816,408 and 888,389. 5 These are not superior to Conpounds (1) in their

ant i baceiidrdg s VoYl gramrexternollypt 062l tobSoigrans ifner avéricis Dy, ©F
the |li ke characters. Conmpounds (1) are antibacterials agai nst aerobiC t?an}
positi vormhari¥rte 2ecggamsBecallyisatcanuintiBzwiall of Jultio 112s holks

Cor ynebact eri um di pht heri ae, Staphyl ococcus aureus, Staphylo- coccus

epi der nidéipendingponctheutnfecting bacterispdsdocondition: ofs the
Streptococcus viridans, enterococci) and Giam negative bacteria (e.g.,

G trobaRatienterifisrequireffoerulating with e cORVenti onalogsidi tive.

EnterogaCtE”nggggggf(F?ngréi:boxylic acid or its light metel salt can

-

be injected or infused intravenously, intramuscularly or
subcutaneously (as e.g., injecticn, béllet). or civen orally
(as oral preparations, e.g., cqpsuie. d:y syrup, enulsion,
granules, powder, solution. suspensicn, tablef. tzoche), if A
j0requirec in admixtute_yith an'exci;ieﬁt (e.q., ehblsifying
agent). A pharmacological ester czan be given.intzavenéusly,
intranuscularly, subéhtaneously. orally, externally, or
tcpically (aé elé...ear. nasal, or ocdla:-érug.'ointment.-
inhalant, injection, pap preparation, spray, supposi:o:y).
15 tlken R is 2-amino=-d-thiazolyl, 33,

6 are hydrocens, and R®is inter alia hydrocen, methyl, methoxy-

andé R
netnyl, carbamoyloxyxmethyl, methylthiomethyl, cyanomethyltrio=-
methyl, vinyl, fluoroprcpenyl, methoxy, éhlozine, fluoroethyl-
thio, or trifluorcethylthio, Ccmpounc (I) is absorbed orally as
20well as subcutaneously. 1Its pharmaceutically acceptable esters
are alsoc absorbed through the digestive organs.
Further, this invention provides ah antidbacterial pharaac-
eutical conmposition containing Compound (I) in varjous enteral

or parenteral dosage forns solely or in adrixture with carriers -

250r coacting substances. The compositions may contain 0.01 to



15chi a coli, Haenophilus influenzae, Klebsiella Pneunoni ae, Neisseria

gonat rhoeae, Neisseria meningitidis, Proteus mrabi- |is, Proteus norganii
Proteus vulgaris, Providencia rettgeri\ Provi denci a stuartii, Pseudononas
aer ugi nosa, Sal nonella para- typhi, SaIADneIIa typhi, Serratia marcescens,

~ Shigella sonnei, 20Yersinia enterocolitica), including anaerobic bacteria
(e.¢r, ;Bacteroides fragiliss, Costridiumdifficile, dostridium
per f™nhgens, Eubacterium | entum Fusobacterium nucleatum Propionibacterium
spp, peRDNreft Compaiund/ell) odéisisolved,) . dEspecised,y othi saspended in
anti- G am negative potency, high 25adsorption, excretion, and distribution
are . rekkdadrel iguisd rphiéchacenbigak\vearcriers. treating a bacteri al
infection, Conpound (1) is administered orally, parenterally, or topically
at a daily Jbhe sPnpwsitiopsamayt b spkid, preparqatiicnis f benghat Capsil e,
conventional additives or 5 coacting substances, e.g., other
ant i bact@¥y a$¥ ¥ uPheig canuleef pelietha@ bll ocpoude thasupposi iory, troche,
di s{pfecting, or antiperishable agents and useful for treating_or
prevenPitaphetdnorvdiiguidrpreparghiiany (etgeti dispensionbyeddaditni ve
G am positive bacteria or G amnegative bacteria,
emulsion, inbhalant, injection, cintment, suspension, syrup,
solution from ampoule or vial containing crystals, lyophilized
material, or powder). They can be flavored or colored, and
o/ capsules, granules, and tablets may be coated. They can be in a
10uvnit dosage fornm.

The carriers are harmless to both of Compound (I) and
patients. Representative examples of such carriers are, among
others, for solids, binders (e.g., acacia, carboxymethyl-
cellulose, gelatin, c¢lucose, polyvinylpyrrclidone, scdium

15£lginate, sorbitol, starch, syrup, tragacanth), bulking agents
{e.g., bentonite, calcium carbonate, calcium phosphate,
glycine, kaolin, lactose, polycarbokymethylene, salt, sorbitol,

{_ Sstarch, sugar, talc), diluents (e.g., calcium carbonate,

kaolin, lactose, starch, sucrose), disintégrators (e.g., agar,

20carbonates, sodium léurylsulfaté, starch), lubricants (e.g.,
boric acid, cacaoc 0il, magnesium stearate, paraffin,
polyethylene glycol, silica, sodiun benzoate,'stearic acig,
talc), and wetting agents (e.g., hydroxypropyl cellulose); for
solutions, solvents (e.g., alcohol, buffer, methyl oleate,

25peanut o0il, sesame o0il, water), emulsifying



10 kﬁEIuding anaerobi c bacteria. Further, they are useful as’ bacteri al
growt h inhibitors on human, aninmal, plant, or perishable subjects, human or
ani mal growth pronoting additives in fodstuff, or as an agents for testing-
sensitivity of bacteria to the antibacdérial (1). 15 Prot'ect ed conpounds
(I') are also useful as starting materials for synthesising other

anti bacterials (1). .The conpounds (1) may thus be used for treating or
preventing human or veterinary bacterial infections (e.g., abscess,

bronchi igentigr talgli,s acaeia,"INENDEEN, CEOYDItaAR2AonBAAdILE) , _
gastroenteritis, nasopharyngitis, osteonyelitis, pneunmonitis, pneunonia,

pust ul oiapmahapeﬁbgh&s,(e&w sl onintibasteanhce! gl cdrbokymethyl
septicema, tonsillitis, ulceration, urinary tract infections, wound and

soft ti cmElodose,i gedntinysgluvose)shydrogenated faks,adiydiokpethglean 25
effective anmount of Conpound (I) at a typical daily dose of 10 10
m crogr ®@wllvl dse,amethydr calllul dse, t sobbitels sugazvayrup), bufPetss)o
grans orally at an interval of 3 to 12 hours depending on the infecting
bact er S8ispecsdng agends, land solubilizing agents; and for both,
preservatives (e.g., methyl or ethyl p-hydtoxybenzoate. sorbic
acid), absorption promoters (e.g., glycerin mono- or di-octan-
oate), antioxidants, aromatic substaces, analgesics, edible
coloring agents, and stabilizing agents.
10 All of above pharmaceutical preparations can be prepared in
conventional manners.
" patent Application No 8700123 (a divisiohal of the present

application) relates to Cazboxyalkenoic acids.

RCCOOR® (10)
!
15 : CH-CH,,~COOR’
wherein P, & and R° are as defined for Compound (1)

In the formula above, exanmples of ptefe:able R are phenyl,
thien?l, aminoisoxazolyl, thiadiazolyl, aminothiadiazolyl,and ;;
aminothiazolyl, said amino can be protected with benzyloxy-

20carbonyl, methylbenzyloxycarnonyl, t-butoxycarbonyl, methoxy-
ethoxymethyl, formyl, chloroacetyl, benzylideneand dipethyl-

ami nomethylidéne: and examples of preferable &> and R® are the sare or

different groups selected from hydrogen, methyl,

25



'patlent If required fornmulating with a conventional additive. 5
Conpound (1) as carboxylic acid or its light metal salt can be injected or

i Afused i ntravenously, intramuscularly subcut aneously (as e.g.,
injection, pellet), or given orally (as Oral preparations. e.g., capsule,
dry p, emulsion, granules, powder, solution, suspensicn, tablet,
troch i f 10 reqU|red I n adm xture with an excipient (e.g., enmulsifying

T e e SR SR BB vl BOERrL FAST LB bt enr 1 (o

ocul ar drug, ointnent, inhalant, injection, pap

Sr%péra (ﬁ#§§§$§§y¥Mﬁﬁﬁktfﬁﬁyﬁ 15  \Men Rlis ﬁ-anino 4- thiaﬁo:yl [erﬂ
ot hoxy. | (EYRRPUHEIIE cRES LEVEDE SRR R  Bro RS 2E Ao diaR 1 hi o-

h hl fl hyl - thi
Trin) sxaier, o Ul ARk ng® ﬁﬂ?%s%fbegré?zny uorget it - Lo, or

subégﬁqnqu;ix fb%aéggggaceutlcally acceptabl e esters are also absorbed

t hrough t he drgestive ofrgans. Further, this invention prOV|des an
oot reabefORE™E YAyt SO 00 SHBLA R TR sk
car T s G507 SQBEY L SHESERRCE o CHRESHELATS JBYe CeR52hY Gelcd fng
with a base or by an exchange reaction with the corresponding
\—/ light metalisalt of other carboxylic acid. The procedure can-
10be that conventional in the;art, e.g., by neutralizing the free
acid (with a base, e.g., light metal hydroxide, carbonate, or
hyérogen cérbonate) and evaporating the solvent, or by tfeating
with lignt metal lower carbo: ylate in a polar organic solvent
(e.g., alcohol, ketone, ester) and then adding a sparingly
15 solible less polar solvent to separate the salt. The |
solvent may be removed by filtering.
(2)'Deprotectioh of carboxy-protecting groups etc.
L A protected-carboxy in Compouqd (I) can conventionally be
deprotected, for example, as.followsz
20 a) A highly reactive ester or anhydride as a carboxy-
protecting group can be deprotected by contacting in an agueous
solvent with an acid, base, buffer solution, 6: ion exchange
resin. When its reac;iéity is insufficient, ane can increase

it in a conventional manner to deprotect more easily (e.g., by

25 activating of a trichloroethyl ester with metal and acid;



99 % of Conpound (1) dissolved, dispersed, or suspended in solid or quuid
phar maceutical carriers. The conpositions nmay be solid preparations (e.g.
capsule, dry syrup, granule, pellet, pill, powder, suppository, troche, 5
tablet) or liquid preparations (e. dM*chsperS|on elixir, enul'sion,

i phgl ant, injection, ointnment, suspension, syrup, solution fron1anpou|

vial/ containing crystals, |yophilized nmaterial, or powder). They can be
flavored or col ored, and capsul es, granul es, and tablets may be coat ed.

Thep-eidit P6beRz 11 eeRidr dopggehy arSg e casal Ehehly e (BUglgss Lo both of

Conpound (1) and patients. Representative exanplesS of such carriers are,

ano alqtammm,faacwmd,s aiﬂmﬁsﬁs::@. br MmEtalaan@@ArdhAY - cellul ose,
gelatln gl ucose, polyvinyl pyrrolidone, sodlun115 alglnate sorbltol

st aphlenaoy VPeste20addy Mz rd8i staomoents (e.g., bentonite, calcium
carbonat e, cal ci um phosphate, glycine, kaolin, |actose,

pol pearwxyralkyleestextldan SbebdeProtd ot ed, b?uﬂal’c,omie'ixh@iond'ﬂ uents o/
(e.g., calciumcarbonate, kaolin, |actose, starch, sucrose), disintegrators

(égata&gﬁtzc2ﬁéaub¢ﬁaim$1ﬂ®dhyﬁrlo@#ryl:Bmlthée :%Ts&mﬁ‘é ofulricants (e.g.,
boric acid, cacao oil, nagnesium stearate, paraffin,
catalyst (e.g.. platznum. palladium, nickel).
c) An aralkyl, cyclcpzdpylmethyl, sulfbnylethyl. or the like
ester can be deprotected by solvolyzing [with a mineral acid, Q;
Lewis acid (e.g., aluminium chloride, tin chloride, titanium
10tetrachloride), sulfonic acid (e.g., methanesulfonic acid,
trifluoromethanesulfonic acid) ,or strong carboxylic acid
(trifluorocacetic acid), . if réquired in the
_presence of 2 cation scavencer.
- &n aminc-protecting group in Compound (I) can convention-
15ally be deprotected, for example, as foliows: substituted
alkyl (e.g., tetrahydropyranyl), aralkyl group (.g.; trityl),
alkylidene, aralkylidene, alkanoyl (e.g. formyl), trialkyl-
silyl, trialkylstannyl, or the'like can be deprotected with an
2gueous or nonagqueous acid; an'alkoxyformyl (e.g., t=butoxy-
20carbonyl), aralkoxyformyl (e.g., benzyloxycarbonyl, methyl-
benzyloxycarbonyl), aralkyl (e.g., trityl), or the like can be
deprotected witn a Lewis acid in the presence of an acid
scavenger; haloalkoxycarbonyl (e.g., trichlcroethyl, iodo~
ethoxycarbonyl) or aralkoxycarbonyl (e.¢., benzyloxycarbonyl),

25 ' can be deprotected by reduction; and phenyltkio or



— _
polyethy(pne gl ycol, silica, sodium benzoate, stearic acid, talc), and
wetting agents (e.g., hydroxypropyl cellulose); for solutions, solvents
(e.g., alcohol, buffer, methyl ol eate, 25peanut oil, sesane oil, water),
enul sifying ‘egents (e.g., acacia, |lethi&n, sorbitan nonool eate),
suspenti ng agents (e.g., aluminumstearate gel. carboxymethyl cellul ose,
gel atin, glucose, hydrogenated fats. hydrozyethyl- cellul ose, nethyl
cel lul ose, sorbitol, sugar syrup), buffers, Sdispersing agents, and
sol ubi | i zi ngyletésg. AndlkanoPdi hsucctaglyaphthalegld. cancbley deProtidined
p- hydr oxybenzoate, sorbic acid), absorption pronoters (e.g., glycerin nono-
or di-octamitinte)baseti oxi dants, aronatic¢c substaces, anal gesics, edible

coloring agents, and stabilising agents. 10 Al'l of above :
phar maceuti cal Reppetection ofinobheprppatedtingcguoupsi £o0zj hydroxys.orPatlse
Application No 8700123 (a divisional of the present application)

rel ates t o ldkedkyneckianal gcoups iarComprundi (Ipcean brdepsitied outr e as

defined fqQr Conpound (1) In the forpula above, exanples of preferable R are

phenyl , according to methods .we.u_ known in the field of penicillin and
cephalosporin chemistry as described in various scientific
andpatent literatures. |

(3) amidation

.
N r)-cH ' .
i X -l v
-—-T’ i 3 R ﬁ CONE_. x
. oa——" AR5 CR,CO0R™ CH {,
. i- 6 . =2 : .
COOR . L . 6
° toor’ COOR
(T) - (1)
15
‘A conventional reaction of Amine (II) or its reactive ~
derivative with Carboxylic acid (11I1) or its reactive
N~ derivative gives Compound (1) or its derivatives.

The reactive derivative of Amine (II’ is that having
20 7-anino activated by silyl (e.g., trimethylsilyl,
methoxydimethylsilyl, t-butyldimethylsilyl), stannyl {(e.g.,.
trimethylstannyl), alkylene las a part of enamino of the zaminec
with e.g., aldehyde, acetone, acetylacetone, acetoacetate,
acetoacetonitrile, acetoacetanilide, cyclopentanedicne,

25 acetylbutyrolactone), alkylidene (e.g., l-haloalkylidene,



t hi enyl, ami noi soxazol yl, thiadiazolyl, aninothiadiazolyl,and

am not hi azolyl. said am no can be protected with benzyl oxy- 20carbonyl .
nmet hyl benzyl oxycar nonyl, t-butoxycarbonyl, methoxy- ethoxynethyl, fornyl,
chl oroacetyl, benzylideneand di net hy{w am nonethylidene, arid exanpl es of
prefeyable [err] and [err].  are the sare or different group selected frogy
hy en, nethyl, 25 ethyl, t-butyl, trichloroethyl, benzyl,

met hyl benzyl, di phenyl nethyl, and trityl. Conpounds of this invention can

e YOS PRI - Dk PR, TR B R
LSRN0 RA L B, SRk bbpdl, SESLAOE e, B
cor DRUYLLC Hiiderall S TRERQHA 1, o BPal BTG A0RE i t P
Rt T R G R A A
solsvent  or that protected at other functicns of the molecule.
Free acid (11I) is reacted in the ptesence of a concdensing
Qeagent (carbodiimide (e.g., N,N'-diethylcarbodiimide, N,R'-
dicyclohexylcarbodiimide), carbonyl compound (e.g., carbonyl <
Gdiimidazole), isoxazolinium salt, a;ylamino compound (e.g.,
10 2-ethoxy-l-ethoxycarbonyl=-1,2-dihydroquinoline), etc.l].

The reactive derivative of Carboxylic acid (I} can be an
acid anhydride, e.g., symmetric anhydride or mixed anhydride
Iwith mineral acid (e.g., phosphoric acid, sulfuric acig,
hyérohalogenic acid, carbonic half ester), organic acid (e.g.,

15 alkanoic acid, aralkanoic acid, sulfonic acid), intramolecular
anhydride {e.g., ketene,_isocyanate), etc.l, acid.halide,
reactive ester [enol ester {e.g., vinyl ester, iso@ropenyl
ester), aryl ester (e.g., phenyl ester, halophenyl ester,
nitrophenyl ester), hetezocyclic ester (e.g., pyridyl ester,

20 benzotriazolylester), an ester with K-hydroxy compound,
diacylhydroxylamine -ester (e.g. N-hydroxysuccinimide ester,
N-hyéroxyphthalinide ester), thiocester (e.g., aralkyl thiol
ester, heterocyclic thiol ester) or the likel, or reactive
amide [aromatic amide {(amide with e.g., imidazole, triazole,

25 2~ethoxy=-1,2-dihydroquinoline), diacylanilidel. The acid



Qéfg.,.alcohol, ket one, ester) and then adding a sparingly 15 sol uble
| ess polar solvent to separate the salt. The solvent nay be renoved by
fikltering. (2) Deprotection of carboxy:protecting groups etc. A
pr ot ect ed- car.boxy in Conpound (1) can ) nventionally be deprotected, for
exar .as follows: 20 a) A highly reactive ester or anhydride as a
carbgxy;) protecting group can be deprotected by contacting in an aqueous
solvent with an acid, base, buffer solution, or ion exchange resin. Wen
its reactivity is insufficient, one can increase it in a conventional
manner to deprotect nore easily &?. ., by 25 activating of a trichloroethyl
ester §favenges tadbsciused wit [ng)emtyd derdvattivehisyoor aexample,
catalyst (e.g., palladium nickel), dithionate, or netal and acid; and
phenackhosganic, basier rteki @i i ooxide, Aydraxide,cnarbonates hypéoogened by
a conventional 5catalytic reduction with hydrogen in the presence of a
cat al ysarbonptepl ofi alkadbil netrdmomiakkaline) earth anegal, etc.),
cyc%dpropquethyl, sul fonyl ethyl, or the |ike ester can be deprotected by
sol vol QEgagiGibase fiengai tergiary amine, aromatic base), oxirane,
5(e.g., alkylene oxide, aralkylene oxide), pyridinium salt
(e.g., tripyridiniumtriazine trichloride) ,or adsorbent (e.qg.,
- Celite), CELITE is a Trade Mark.
— : .
(4) Introduction of 3-function
Compound (I) having 3-nucleophile substituted-methyl can be
10prepared by reacting an analog of Compound (I) having a leaving
group-substituted nethyl at the 3 position on cephem ring with
@ heterocyclic thiol, aromatic base, or its reactive
Herivatiyes. Bere, the leaving group can be, among others,
halogen, sulfonyloxy, alkanoyloxy, dihaloalkanoyloxy, or
1St:ihéloacetony : The said reactive derivative of
thiol can be among others, alkali metal salt, ammonium salt,or
carboxylate ester | o The reaction can be carried
out well in a dry or wet solvent at 0°C to §0°C. This reaction
can be promoted with eg. a dehydrating teagent, phosphoryl chloride
20 compound or rhodénate. - .. :
Compound (I) having 3-acyloxymethy1 (e.g.} alkanoyloxy~-
methyl, carbamoyloxymethyl) can be made from the corresponding
4-protected carboxy-s-hydzoxymetﬁy1-3-¢ephem derivative by the
action of an acylating reagent for introducing the correspond-

25 {ng acyl group.



Lews acid (e.g., alumniumchloride, tin chloride, titanium 10 °
tetrachloride), sulfonic acid (e.g., nethanesul fonic acid,
trifluoronethanesul fonic acid) ,or y ongcar boxylic acid (trifluoroacetic
acid), if required in“the presence of a cati‘on-scavenger.

An no- protecting group in Conpound (1) can convention- 15ally be -’
dep,iyt ected, for exanple, as follows: substituted al kyl (e.g.,
tetrahydropyranyl), aral kyl group (.g., trityl), alkylidene, aralkylidene,
al kanoyl (e.g. fornyl), trialkyl- silyl, trialkylstannyl, or the |like can
(< but ox OB AR Horbi) haN bR ORST SARROR o1 3Pk eshiEY | TS car BORALONCEAD -
i t R RS oF ot G FpspORBng riubir o ek ch R e m Ao b9 Rr bony|
bonsPieaey EOBORFARBIAy BY activatlif hedshUdERn Y -BeduACHHAEARE
GepPh RALREERak P i BhsPoRILRELF SR T OTEED AyReRPhbHic
hyQE%&%é%ttES give a 3-nucleophile substituted compound; a basic
or thermal elimination reaction of theido:tesponding
3-(hydroxy, acyloxy, or halo)cepham compounds or a reduction of
3-(acyloxy or halo)=3-cephem compounds to give a 3-hydrogen-3- &’
cephem compound; or the like conventional 3-modification.
10 {5) Isomeriza;ion-at the 7-side chain double bond
RC{COI_IH- —— ' RCCQHB-
R3o()c—CHz—CH | | o ~CH_~COOR®
The said geometric isomers are interconvertible by isomer-
ization. This reaction is preferably carried out in a protic
15 solvent by the action of acid, base, or light. The acid can be
a8 mineral acid (e.g., hydrochloric acid, sulfuric acid, |
phosphoric acid), carboxyiic acid (e.g;, formic acid, trifluor- o
oacetic aciqgl, suifonic acid (e.g., methanesulfonic acid,
benzenesulfonic acid), or the iike. The base can be inorganic
20 base (e.g., sodium hydroxide, sodium hydrogen carbonate,

potassium carbonate), or organic base (e.g., triethylamine,

potassium t-butoxide),

Compound (I)easily isamerizes under various conditions. -

25 In a typical condition, Compound (I) as free carboxylic



Pike functional groups in Conpound (I) can be carried out Saccording to
(et hods well known in the field of penicillin and cephal osporin chem stry
as described in various scientific andpatent literatures. (3) Am dation
[err] 15 A caonventional reaction of Wiine (I1) or its reactive derivative
w th Carboxylic acid (111) or its reactive derivative gives Conpound (1) or
itstE%ivatives. The reactive derivative of Amne (11) is that having 20
7-am activated by silyl (e.g., trinetbylsilyl, nethoxydi nethylsilyl,
t-butyldinmethylsilyl), stannyl (e.g., trinethylstannyl), alkylene (as a
part of enam no of the amno with e.g., aldehyde, acetone, acetyl acetone,
acet oacdittiks diesodordninrwhateraatt @i e8anakidd f 1ed| bpepHalediank,
25acet yl butyrol actone), al kylidene (e.g., |-haloal kylidene, .
1- halBgsmlqmlﬁéﬁetalkﬂ&ﬁ&yﬁbkym(nnmioIhauksxwmfb&yaldema epimic
1- al koxy- I - phenoxyal kyl i dene, al kyl i dene, acal kylidene), acid (e.g.,
mrL/@uxiﬂtﬂ-cihbmmAIIYaatdblgﬂﬁﬁnneratsdzasbxanﬁthtn. Usuel
separation (e.g.., crystallxzatxon, precipitation, high
sprecision liquid chromatography, adsorption and elution) gives
the geometric isomers in a pure form.
(6) Cther synthetic methods
— a) Sulfoxide formation:--- Cephem compound (I) is convention-
ally oxidized with an oxidizing reagent (e.g., hydrogen per-
10oxide, percarboxylic acid, iodobenzene dichloride) in an inert
solvent at 0 to 6G°C for 0.2 to 5 hours to give the
corresponding Cephem-l-oxide (I).
b) Sulfoxide reduction:--- Cephem-l-cxide compound (I) is
reduced conventionally with a trivalent phosphorus compound,
15lower valent metal compound, or hydrogen iocdide in an
inert solvent at ¢ to 8C°C for 0.1 to 10 hours giving the
\,/correspondzng Cephen compoundé (I1).
' ¢) Double bond migration:--= The 2-double bona of the
corresponding 2—cephem-compound is conventicnally migrated with
20base at 0 to 80°C for 1 to 10 hours to give 3-Cephem compound
(). |
d) Ring closure:-- Cempound (1) may be synthesized by a
conventzonal ring closure react;on forming a heterocyclzc R
group in a manner analogous to those descrzbed above under the

25section of (7) Synthesis of tke side chain acids.



of the amno) ,or easily renovable acyl (e.g., alkanoyl), 5 or that *
protected at other functions of the nolecule. Free acid (II1l) is reacted in
t he presence of a condensing reagent [carbodiimde (e.qg.

N, N - di et hyl carbodii m de, N, N - dicygl ohexyl carbodiir |de) car bonyl

coggggnd (e.g., carbonyl diim dazol @Qisoxazoliniumsalt, acylamno \o

0 nd (e.g., 10 -ethoxy-1- ethoxycarbonyl-l,z-dihydroquinoline), etc.],

og. eyt A"xﬂéﬁﬁééﬁe fﬁﬁb%?*‘ TS LraghRRe g C 5L
EPSZEP?;&% as“”““ ecaé"”’“a' RAERT %h@mﬁlaéﬁ"ﬁéﬁpiﬁ'gfaﬁﬁe”’
Foacti veRakihs [EX “"»eéqﬂn o FpyLigerats 3%}?322#,?138“@% ¥

hot or ocy BEEEALT ¥tpesl&3{ﬂ£3¥8%r3§§fﬁﬁéseﬁ?”° 26 Bt ingnctey
N hydr PR AYEnERe Jeh oS ?&hﬁyh%?ﬂ‘a“?ﬁ? 13 s&asg Honepissated ester
aral kyl thiol ester heterocx I C tth} or t he ke] or, reactiv

ami de” [afk¥ieX i€ anﬁﬁgqiﬂnhﬁ Fé qﬁl Copjugate ester
2- et hoxy- 1, 2- di hydr oqui nol i ne), dlacylanllldel The aC|d
H _

(V1)
RCHCOOR 6 ' > RCBCOORS 1)
(1v) CHO Phy P=CHRICOOR? (V) lu-nzacoow
10 | . ,L
RCOCOOR6 ' > . RCCOOF  (VII)
(VIII) ' PhgP=CR'-R*COOR3 (IX)  CR}=-R*=-COOR3

(wherein and R'' is alkylene or 2 single bond, ' is H and R2 is CHy)
or of Oxalate (VIiI) with Alkyliden’etz'iarylphosphorane {1X),
15 e.g., at 30°C to 120°C for 1 to 10 hours to give Conjugate
ester (VII). '
Alternatively, it is produced by a ring closure of Balo- -
acetylcarboxylic acid (X) wvith optionally Nép:otected thiouze:j
(XI) in alcohol at 30°C to 90°C for 1 to 5 hours giving

20 Aminothiazole ester (XII):

Hal®ccC-COOR? : > N

ﬁCOOR' (X11)
(X) CR'-R?COOR3 N32CSNHR (X1) RNH'L‘S‘D CR!-R?-COOR3

(wherein R*} is hydrogen or anino p:otecting group, ® is H and R2 is
CH,) when R3 and/or R of _Conjuqated acid (X11) or (XI1) is.a
25 carboxy protecting group, it may be deprotected conventionally



s®avenger to be used with the said derivative is, for exanple, inorganic
base (e.g., oxide, hydroxide, carbonate, hydrogen carbonate, of alkal
metal br alkaline earth netal, etc.), qrganic base (e.g., tertiary anine,
aromati c base), oxirane, 5(e.g. , alky e oxi de, aral kyl ene oxi de),
pyridipiumsalt (e.g., tripyridiniuntriazine trichloride),or adsorbent
(e.g.&~9blite), CELITE is a Trade Mark. (4) Introduction of 3-function
Compound (1) having 3-nucl eophil e substituted-nmethyl can be 10prepa red by

po - hile substituted- met hyl repa ©

et hy O CANELRE Rl WYL haner AR € SO BRADIATON AR e o

b , It { i ' ' . Here, t | '
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The re i C rried out well in a dry or wet solvent at [err] to
[er#ff?9kT§p% ?@agng%'can be pronoted with eg. a dehydrating reagent,

phospgiorylg ?é%ﬂ%a%% QL i e s faarenad of 1daFBYkYl ic acics
3- acyl oxymnethy e. g., alkanoyloxy- g
are given under the section of Preparations.

(8) Reaction Conditicons
w The said reactions (1) to (7) can usually be carried out at
-60°C to 120°C, preferably at -20°C to 80°C for 10 minutes to
101¢ hours depending on the type of reaction. These are done in
a solvent. Other conventional conditions (e.g., Stirting,
shaking, inert gas sealing, drying) may be used.
Examples of typical reaction solvents are hydrocarbons
ke.g., pentane, hexane, octane, benzene, toluene, xylene),
15 halonydrocarbons (e.¢., dichloromethare, chloroform, carbon
tetrachloride, dichloroethane,‘ttichloroethane. crlcro-
: benzene), ethers (e.g.,. diethyl ether, methyl isobutyl etkher,
\{ dioxane, tetrahyérofuran), ketones (e.g., acetone, methyl ethyl
ketone, cyclohexanone), esters {(e.g., ethyl acetate, isobutyl
20 gcetate, methyl benzoate), nitrohydrocarbons (e.g.,
nitromethane, nitrobenzene), nitriles (e.g., acetonitrile,
benzonitrile), amides (e.g., formamide, acetamide, dimethyl-
formanide, dimethylaéetamide. hexamethylphospho:ot:iamide),

sulfoxides (e.g., dimethyl sulfoxide), carboxylic acids (e.g..,

25 formic acid, acetic acid, propicnic acid), organic bases (e.g.,



nethgr; car banoyl oxynet hyl ) can be nmade fromthe correspondi ng 4-protected ¢
car boxy- 3- hydr oxynet hyl - 3- cephem deri vative by the action of an acyl ating:
reagent for introducing the correspo¢@2_25 i ng acyl group. Compound (1) -
having no carbon linked to the 3 posi'ton can be made from the correspondi ng
3- hydr oxy- 3-cephemor its oxo form for exanple, by activating the v,
3-hydroxy (é.g., acylating or halogenating), and then substituting it with

basi o or dyrateFesFiRy et efbyaBinar By EFHTnE;, PLESLL MRy
I : - h '
el or s A CAFEE RTRORARE T4eq%, Aafmmnel. cctanbliogugpinel. |
| 1 ke Con'V:ggﬁ;t&&g' deRibl} oBeh2ga blcblibl)jOUatet3! idia Uehdie thaugky b n
doubl e bo Ler 1 e sall geonBtric isonmers are interconvertible by

| somer- i TRhd LSathices itheleofcrably carried out in a protic 15
sol vent tgﬁﬁiéﬁgét?gn o? acid, base, or light. The acid ca n be a ninerg%

acid (esxg;kw@ggchboric acid, sulfuric acid, phosphoric acid), .carboxyl
acid (e.g., formc acid, trifluor- _

The products can be obtained from 2 reaction mixture by
removing contaninants (e.g., solvents, unceacted starting
materials, by-ptoducts).by a conventional nmethod (e.gq.,
éxt:acting; evaporating, washing, concentrating, precipitating,\;

10¢iltrating, drying), and isolating the product by a usual work
up (e.g., adsorbing, eluting, distilling, precipitating,
.separatihg, chromatographing), or a combination of s#id
pr;ceéures. n
(17) Oral cvailability
15 Compounds (I) are absorbed well
through digestive organ and available as oral cephalosgorias.
Especially efficient are those having nydrogen, vinyl, ¢yano~
vinyl, trifluoropropenyl, acetoxymethyl, carbamoyloxymethyl,
and thiadiazolylthiomethyl as R*. It is to be noted that ,\J
20 compounds (1) having a single bond, dipethylene, or
trimethylene in place of the methylene group in the cavhoxylic 7'3-si&a chain
or that having no carboxylic 7beta-cside chain are practically unabsorbed
enterally. The amino aroup of the aminothiazolyl groug can form a salt by
Muxing with an acid, e.g., mineral acid (e.g. HCl), carboxylic acid (TFA).

25



oacetic acid), sulfonic acid (e.g., nethanesul fonic acid, benzenesul fonic
acid), or the like. The base can be inorganic 20 base (e.g., sodium

hydr oxi de, sodi um hydrogen carbonat e, G:Q(E%assmmcarbonate) or organi c base
(e.g., triethylam ne, potassiumt-but Compound (1) easily isonerizes
undex_xarious conditions. 25 In a typlcal condi tiong, Conpound (1) as
free boxylic acid is dissolved in water at pH 8, acidified to pHO to .
1, kept at [err] to 100C for 1 to 10 hours to. obtain an epimc m xture.
Ther mal | gxakllés i somer is in trans form Usual separation (e.g.
crystallization, precipitation, high 5 precision |iquid chronatography,

adsor ption aFb¥ldtiing) eganpl el d osetate themetbodire puseoforti 5 6)
Cther synthetic nethods a) Sul foxide formation:-- Cephem conpound (I) is

- convent i dmvedit yowxi di zed with an oxidi zi ng reagent (e.g., hydrogen per-
Iooxide per car boxylic acid, iodobenzene dichloride) in an inert solvent at
0 tq 60C for ¥h 2he Bx hmpﬂ.est,o “pare ! hshowsr pagandiyny edspenehdoxi de (1).

b) f oxi de reduction:--- Cepheml|-oxide conmpound (l) is
“"equivalent®™ shows molar egquivalent of thLe beta-lactanm
starting material. Symbols 'cié' and "trans® show relative
position of amido and carboxylic substituents attaching to the
side chéin Gouble bond. Physicocremical constants of the
ptoducﬁs are sﬁmﬁarized in mables in which I2 shows cd4 value,
10111 shows S-valﬁe, and J'§a1ue shows coupling constants in Bz
scale. In MU= of a geometric isomer mixture, signals spliting
into two ¢or more are shown by'chemical shifts separating with
comma and splitﬁing number and "X" before multiglicity mark.
Usually the reaction mixtﬁ:e is, if reqguirecd after adding
153 solvent (e.g., water, acid, dichlorometkhane), washed, dried,
ané cohcentrated. and the product is separated. RAll
concentrating are done in reduced p:essure;
N (Abbreviations) &0l = acetoxynethyl BE = axphenylnethyl Bu =
butyl; BOC = t=-butoxycarbonyl; le = benzyl; Cbz = benzyloxy=-
20 carbonyl; circle in a hetero ring of the structural formula =

the ring is arcmatic; exo = 3, 4-doub1e bona posxtzon isomer in

methonyethoxymethyl,

the 7-sicde chain acyl; Me n;thyl. HEH

p-nitrobenzyl; and

Ph = phenyl; PMB = p-méthoxybenzyl: PNB

POl = pivaloyloxymethyl.
25



reduced conventionally with a trival ent phosphorus conpound, 15| ower val ent”
met:al conpound, or hydrogen i odi de idlan I nert solvent at Cto 80[err] for
0.1 to 10 hours giving the ' correspondi ng Cephem conpound (l). c¢) Double--
bond mi gration:-- The 2-doubl e bond of the correspondi ng 2-cephem conpound

I sfconventicnally mgrated with 20base at 0 to 80[err] for 1 to 10 hourngjto
gi -3- Cephem conmpound (1)._.d) R ng closure:-- Conpound (lI) may be

synthgﬁ %ylaqg&ﬂkﬂﬂiiﬁhF;ring closure reaction formng a heterocyclic
R gro B in a.gfnner anal ogous to ihose escri bed above under the 25section
of (# syrft RRivtion 1pf Caeber¥ifc acdd (1) Jbn(Pabdenid el ghiimhe side
chai n _fragnent agids The 7-si-de chain acids are povel conpounds g;epared by

Wtti GHUERMS BepRoSasivm Ryarcges: Cacponake (& my) dciussed tptpE 7
1, B ERORLER S8k AN oy el dediabad”
mhicggg ’SES?e5°1%£GEéxiﬁugftsiiiieer?é)is 1y6philized convention-'~
ally_to give the corresponding sodium salt (2) as powder. |
2) Sigilarly, to a Suspension of cazbotylic acid (I) (1 g) of
Table 2 in water is added aqueous sodium carbonate to make a
solution of pH 6.5. The solution is desalted and poured into ‘o
1€10 w1 vials, and lyophilized'to give a sodium.salt pPreparation
sane to above. |
3) The sodium salt (1 g) produced under sterile condition is
dissolvéd in sterile wétet (4 g) and is given twice a day
‘orally or intravenously to a patient suffering fromn

15Stzphylococcus aureus infecticn for tteating said diséase.

4) Each one of the carboxylic acids on Table 2 afe aissolved

in équeous sodium ﬁydrogen carbonate and assayed as the sodiun
salts for MIC by the Qtanda:d nethod of Japan Society of _ o,
Chemotherapy to give values of 3.1 to 0.2 microgram/ml against

20 streptococcus pyogenes C-203 and 0.8 to 0.02S micrograr/al

against Escherichia coli H.

Example 2 (Amidation)

A 7-beta-anino compound'(Z) {1 eguivzlent) ié treated with
carboxylic acid corresponding to the 7-betz-side chain (3) or

25 jts reactive derivative to give amide (1), for



[€r (wherein and [err] is alkylene or a single bond, is Hand R2 is [err]
or of Oxalate (VIII1) with Alkylidenetriaryl phosphorane (1X), 15 e.g., at
3Q]err] to 120[err] for 1 to 10 hours to give Conjugate ester (VII).
Alternatively, it is produced by a ring clﬁgﬁre of Hal o- acetyl carboxylic
acid_(X) vith optionally N-protected thiourea (XI) in alcohol at 30[err] to
[err] for 1 to 5 hours giving 20Am not hi azole ester (XIl): [err] (wherein
[err] is hydrogen or amino protectinggroup Jerr] is Hand R2 is [err] Wen
[err] and/d#’?!?lfoob!CDn!QShOédGHCQG.!!ﬂ@ii!‘ dO¥8i s. a 25 car boxy
protecting group, it may be deprotected conventionally 21 by treating
with acid, base, Lewis acid and cation scavenger or hydrogen and catal yst,
to give the corresponding Free acid, preferaly in an inert solvent at
-60[err] to 100[err] for 1/6 to 10 hours. 5 Representati ve synt hesi s of
the side chain carboxyic acids are Rp Qlider the secthpn of

PreQEfations. BN : (3) “$H .
_ ~ ) R-C-CO H
5 r* CH.CO0R® i oM X
o > &y, 05— R>
COoR  loor?  Coor®
(2) Q)
AN 1) In a mixture of dichloromethane (10 volumes), 2-ethoxy-

10 1-ethoxycarbonyl-l,2-dihydroquinoline (1.1 equivalents), N,N'-
dicyclohexylcarbodiimide (1.1 equivalents), pyridine (1.5
equivalents), ‘and carboxylic acid (3) (1.1 equiv,lents).
stirred for 1 to 6§ hours at 0°C to room temperature.

2) In a mixture of etﬁyl acetate (10 volumes), di-2-

1S pyridyl disulfide (1.1 equivalents), txiphenylphosphine_ .1
equivalents), and carboxylic acid (3) (1.1 equivalents),’
stirred for 2 to & hours at 10 to 50°C.

3) In a mixture of dichloromethane (3 volumes), 1,3,S5-
tripyridiniuntriazine tticﬁlotide (¢ equivalents), and Example

20 catﬁoxylic acid (3) (1.1 equivalents), stirred for 1 to §
hours at -10 to 10°C. |

4) In a mixture of cafbon tetrachloride (30 volumes), 4-
methylmorpholine (1.5 equivalents), trisdiethylaminophosphine
(1.1 eguivalents) and carboxylic acid () (1;1 equivalents),

25 kept at «20 to 10fc for I:to $ hours.



(8) Reaction Conditions The said reactions (1) to (7) can usually be

. carftied out at -60C to 120[err], preferably at -20C to 80C for 10 m nutes
to 1010 hours depending on the typegﬁ\peaotion. These are done in a "
sol yent. Ot her conventional conditions (e.g., stirring, shaking, inert gas
sediing, drying) may be used.” Exanples of typical reaction solvents are.
hydrocar bons (e.g., pentane, -hexane, octane, benzene, toluene, xylene)l Tﬁ

i chl or oot hand. & ik ur PP A TSERE FLhokRGRemI AN (e o i ernyl
ot et BNk bR (Y W oo e SO Vs SSIGIFS LSl o
904t BHRY B30 d S PEOEPRGR) kP9 LBECUBRSetleacnte 1 o
i et G ors e SET S B RSP A Re Qe S HE TSR 95,9, 3% rethy)
su! g(ﬂfﬁ'.itﬁ?ﬂespaﬁgo@’lﬂ&:agigfmé?' g., 25 fpr m c a_ci d, acet ic aci d_, _propi oniee
acid), organic bases (e.g., di et hyl am ne, triethylam ne, pyridine,
picoline ggolhi & B xture of ethyl acetate (10 volumes), 1,2-
Gichloroethane (10 volumes), 4-methylmorpholine (1.5 equival-
ents), and the symmetric anhydride of carboxylic acid (3) (1.1
eguivalents), refluxed for 1lC minutes to 2 hours. \J
10 7) In a mixture of dibhloromethane.(lo vclures), pyridine
(1.5 equivalents), and nixed anhydride of carboxylic acid (3)
'and methanesulfonic acid (1.1 equivalents), stirred for 1 to 3
hohrs at between =70°C and room tenperature.
€) In a mixture of ethyl acetate (137 vclumes), pyridine
15 (1.5 equivalents) and a mixed anhydride of diethyl hydrogen
Phosphate and carboxylic acid (3) (1.5 egquivzlents), stirred
at 0°C to 10°C for 1 to S hours. )
9) In a mixture of ethyl acetate (10 volumes), dichloro- '\)
methane (10 volumes), il-methylmorpholine (1 eguivalent), and
20 mixed anhydride of carboxylic acid (3) and dichlorophosphoric
acid (1.1 equivalents), stirred for 1 to 3 hours at 0°C to
rocm temperature. o |
16) In a nixture of lutidine (1.5 equivalents), Gichloro-

methane (10 vclumes), and the mixed anhydride (1.1 to 2

25 equivalents) of carboxylic acid (3) and monochlorophosphoric



qui ncline), alcohols (e.g., nethanol, ethanol. propanol, hexanol, oc¢tanol,
. benzyl. al cohol), water, and other industrial solvents and m-xtures thereof.

5%(9) Work up The products can be obta'ned froma reaction m xture by
removi ng contam nants (e.g., solvents,”“Unreacted starting materials,
by- ducts) by a conventional nethod (e.g., extracting, evaporating,
washiwRg, concentrating, precipitating, 10 filtrating, drying), and
i solating the product by a usual work up (e.g., adsorbing, eluting,
distillisgi¢rdimpthylianidecpstitied for drtwgd ahbung) atol0 e @®*Oati on
of said procedures. (10) Oral availability 15 Conmpounds (1) are
absor bed wel+11 hiBugh mdixkure vof odjchlaromethane| é5avodumesdaphal ospori ns.
Especially efficient are those havigg hydr ogen, vinyl, cyano- vinyl,

)

trifl uortpkbbeaypacesdoanhydridec{dbSnegwivatenys) rapyridine (3

thi adi azol ylthjomethyl as [err]. It is to be noted that 20conpounds (1)
haw ng £I¢+GRLeRsRd, ANR1GArRasylic aqitih3) ehb.Pnegrivalentsik,

net hyl ene group in the carboxylic [err]-side chain or that having no

car box%nfr%l‘/’f')%@afgiidé &t beecsrast 008 150 rROBokeBECSANS®al | y. The ami no

group of the, am nothiazolyl group.can_forma salt by mxing with an acid,
e.g., mner ‘gLFB,@eﬂithiﬁ,°€a¢b§%}ﬂﬁ9@ﬂﬁhﬁQqF 0 volumes), bromide

of diethyl hydrogen phosphate (1.2 equivalénts). 4-methyl-
| morpholine (2.5 equivalents), and carboxylic acid (3).(1.2.
~ equivalents), Stirred for 1 to 3 hours at 0°C to room
10temperatu:e._. | |
'13) Amine (2) héving carbo#y at position 4 of cephem ring
is dissolved in aqueous (10 volumés) sodiun hycrogen éarbonéte
(2.5 equivalents). Carboxylic acid (3) chloride (1.1 equi-
valents) is dropwise added-théreéo. The mixture is kept at
15=5°C to room temperature for 30 minutes to 2 hours.
14) Amine.(ZQ having carboxy at position 4 of'cephem ring
is treated with trimethyisilyl chloride and triethylamine (1.2
equivalents each), and then.t:eated with pftidine {4 equi-
valents) and carboxylic acid.(é) chloride (1.1 eqdivalénts) at
20-30°C for between 30_minuteé and'é hdnrs. and then the result-
ing silyl ester is hydrolyzed'éith acid. |
15) In a solution of picoline (4 equivalents) and
carbbxylic acid'(B) chloziae (1.2 equivglents) in
dichloromethane (20 volumes) ét 0°C to =-30°C over 30 minutes

25and 2 hours.



25 Exanpl es Fol |l owi ng exanples illustrate the enbodi nents of this
invention. In the Exanples, "part" shgvghfart by weight and 5 "equival ent™
shows nol ar equi val ent of the beta-la starting material. Synbols "cis"
and "trans show rel ative position of am no and carboxylic substituents
attachijng to the side chain double bond. Physicochem cal constants of the,

LNt 1800 U SEch N oF e LRy E R P S i arl® T
Shown HSEEREnEER Case (10 (FRLblER) " FERE RV L A dN or Bl £
ater PRy SieneR) Ay FREKonLER deld” (3TEmBRB R Saligeq™
ar e dorlSPAPERILAY BAE e8 2o B HabvbRe 3NHLnhed aofican i it
di phenyl met %l f' 4 mixture of Gichloromethane (30 volumes), cyanuric.
chloride (1.1 equivalents), pyridine (4 equivalents), and
carboxylic acié (3) (1.1 equivalents), stir:éd_fo: 5 minutes |
to 2 hours ai'-30°c to 1G°C. |
13) In a mixﬁute bf éichloromethane (3 volumes), "
1Cphosphorus oxychloride (1.1 equivalents), triethylamine (1.S.
equivalents), and carboxylic acid (3) (1.1 equivalents),
stirred for 20 minutes to z hours at -10°C to 106°C.
19) Anine (2) is treated with trimethylsilyl chloride and
an acig scavehger to thain the corresponding n4trimethylsilyl
15 congounc, and this ié treated with phosphorus oxzychloride (1.5
equivalents), carboxylic acid (3) (l}z.équivalents), and
dinethylahiline (4 equivalents) ih dichlorcmethane (5 parts)
for 3C minutes to 2 hours at 0°C to rocm temperature. -
20) In a mixture of dichloromethane (8 volumes), ~
20 thionylchloride (1.5 equivalents), pytidine (2.5 equivalents),
and carboxylic acid (3) (1.1 equivalents), stirred for 1 to 5
hours at -30 to 0°C. | ”
21).In a mixture of chloroform (3 volumes), toluene (1

volume), picoline (2 eguivalents), oxalyl chloride (1

25 equivalent), and carboxylic acid (3) (1.1 egquivalents),



butyl; BOC = t-butoxycarbonyl; Bzl - benzyl; Cbz = benzyl oxy- 20 carbonyl;
circle in a hetero ring of the structural formula - the ring is aromatic;
exo = 3, 4-doubl e bond position isoner i%G he 7-side chain acyl; Me =

met hyl ; MEM = met hoxyet hoxynet hyl ;- Ph = phenyl; PMB = p-nmet hoxybenzyl; PNB
= pApitrobenzyl; and PON = pival oyl oxynet hyl . 25 Exanple 1 (Sodium salt)
1) A\solution of carboxylic acid (1) in Table 2 (1 g) in aqueous 0.5%

vashed wH BER, FEAY Badelh) 182 Bolikg M Ldo ¥ BlMHIGY VT T

L2 poonor | FESIRE HARuA | e S1UNDOdR CRAER0IVI BV Bk fRe

6.5, Thet Do S PEALROtIEL MU QR SRR YL W G B TN I 82, T

L (1 O o ERIR T, PR cRERRE kT BBURR Y U FPCSRIR

(4 97 and i sz9j Ve Bafi%k€uf@Vor Gichloromethane (20 volumes),

l-ethoxycarbohyl-l,24dihYdtoquinoline (2.5 eguivalents) and

carboxylic acia (3) (2 equivalents), stirred at roon

tenperature for 1 to 15 hours.
g 24) In a mixture'of éioxane (10 volumes) and phthalimido

10ester of carbo;yiic acid (3) (2 equivalentsi. ;tirzed for 2 to
8 hours at 10 to SO‘C.
. 25) In a mixture of methyi isobutyl ketone (10 volumes)

ané succinimido ester of carboxylic acid (3) (1.5
equivalents), stirred for 2 to 9 hours at C to 40°C.

15 26) In a nixture of carbonyldiimidazole (1.1 eguivalents),
tetranydrofuran (10 volures), dimethylacetamide {5 volumes),
and carbozylic acid (3) (1.1 equivalents), stirred for 1 to 5

-~ hours at G°C to rocm temperature.

27) In a mixture of dimeghylfétmanide (5 volumes),
éOdimethylaniline (1.3 equivalenis) carboxylic acid (3) and the
Vilsmeyer reagent made from dimeihylformamide 1.1
eguivalents), stirred at room teﬁperature for 1 to 5 hours.
'28) In a mixture of dichloroﬁethane (10 volumes),
'dimethylformamide (5 volumes), MN,N-dicyclonexylcarbodiimide

25
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orally qr intravenously to a patient Suffering fromT5 Staphylocéoccus” o

aureus infection for treating said disease. 4) Each one of the carboxylic
acids on Table 2 are dissolved in aqueous sodi um hydrogen carbonate and
assayed as the sodiumsalts for MC by the standard nethod of Japan Society
of Che herapy to give values of 3.1 toq0.2 mcrogram nl agai nst

20St r ept ococcus pyogenes C-203 and 0.8 t%? . 025 mcrogram m agai nst
Escherichia coli H Exanple 2 (Am dation) A 7-beta-am no conmpound (2) (1
equivalent) is treated with carboxylic acid corresponding to the

7-bet a- si de(rhhi equ3y adentsit,s pieadtinee (dv2 veduircalenysye antdeatbpxylde
*Xasple, by a method as exenplif led belows [err] (2) 1) In a mxture of

di chl oronetaebd (20 (dl.dmeghivalernvsdy- ceacted for 2 hours to 24 hours.

1- et hoxycar bonyl - 1, 2-di hydroqui.noline (1.1 equivalents), NN -

di cycl ohexyl car 28di Toi de 5p1ut isgpuiofal’eraminodr { tirmet il 5Setatrazodyd) = and
carboxylicacid (3) (1.1 equivalents), stirred for 1 to 6 hours at CC to
room t enper briipmethyl-3-cephen~4-carboxylic acid diphenylmethyl ester in

Séichloromethane (50 parts) comtaining 2-(2-benzyloxycarbon- ~
amido-4-thiazoly1)-4ebenzy1oxyca:bényl-szutenoic acid (1
equivalent) is added N,N'-dicyqlohexylcarbodiimidé (1 equi-
valent). After sti;;ing for 2 hours at room temperaturs, the
mixture is concentratecd. The residhe is.triturated in ethyl *’
10acetzte, filtered to remove sclid, and purified by ceclumn
chromatography to give 7—[2—(Z-benzyloxyéarbonylamino-4-thiaz-
olyl)-4-benzyloxycarbonyl-z-butenqylamiho]-3-(1-methyl-5-tet:-
azolyl)thiomethyl-B-cephem-4-carb6xy1ic écid dighenylnethyl
ester. Yield: 9C %.
15 3C) To a solution of 7-amino-3-pyridiniomethyl-3-ceghen=4-
carboxylic acig chlqride-ﬁydrochlo:ide in a mixture of water
(10 éarts) and @ioxane (15 parts) are aédeé at 6°C sodiun
hycérogen carbonate (2 eqguivalents), 2-(2-benzyloxycarbonyl- o/
amino-é-thiazolyl)-4-5enzyloxycarbonyl-i;bu:enoic acig (1.2

20 equivalents), l-hydroxybenzotriazole (1.2 equivalents),
M, N'=~dicyclohexylcarbodiinide (l}z'equivalents), and dioxane
(5 parts) at 0°C. After'stirring at G°C for 3.5 hours, the
mixture is acidified with 1MN-hydrochloric acid (5 parts) and

filtered. The filtrate and acetone (50 parts) washing of the

25 solid are combined, purified by s$ilica gel chromatography, and.



2)*In a mxture of ethyl acetate (10 volunes), di-2- iSpyridyl disulfide
(1.1 equival ents), triphenyl phosphine (1.1 equivalents), and carboxylic
aci-d (8) (1.1 equivalents), stirred for 2 to 6 hours at 10 to SOC. 3) In a
m xture of. di chl oromet hane (3 volunes), 1,3,5- tripyridiniuntriazine -

trichl aride (4 equivalents), and Exanpleffb carboxylic acid (3) (1.1
equi vl ents), stirred for 1 to 5 hours at -10 to 10C. 4) In a mxture of

carbon~tetrachl oride (30 volunes), 4- nethylnorpholine (1.5 equival ents).
tri sdi et hyl am nophosphine (1.1 equival ents) and carboxylic acid (3) (1.1
equi val ent s) lyabhiig[iz eal to2@ive 76{lQ=(2<anzly I®eiocdebientylamihp-LRtRiazol-

m xture of chloroform (10 volunes) and di net hoxyet hane (10 vol unes),

triethyl am ngl) #45benizgd)oxyemt boony bee-mrtemby daminio be3 bpxyi i ndoksleg By 1land

i sobutoxyformc acia, stirred a-t a tenperature between -5 to 10[err] over

a 30 5ni nut ed-gegheénrdmcarbonylade. n ¥Helids Fk.dfS et hyl acetate (10

volqggs), 1, 2- dichloroethane (10 vol unes), 4-methyl norpholine (1.5

equi ¥l - ent Brangde thd Carpest-Rernahefttidanlof carboxylic acid (3) (1.1

51) A solutiocn of a t-butyl, p-methoxybenzyl, or diphenyl-
methyl ester of Table 1 in a mixture of dichloromethane (0.3
to 3 parts), trifluorocacetic acid (0.3 to 3 parts), and
‘anisocle (0.5 to 5 parts) is stirrec for 10 minutes to 3 hours
" at between -10 and 40°C. The soluticn is concentrated to

10 remove the solvent and reagent. The residue is washed with
venzene or ether to give the corresponding acid in 70 to 20 %
yield.
2) To a solution of a t-butyl, benzyl, p-methylbenzyl,
g~methoxybenzyl, or ciphenylmethyl ester listed on Table 1 in

15 a mixture of dichlcromethane (5 to 9 parts) and anisole (2 to-

arts) is addéed aluminum chloride, tin tetrachlcricde, or

cd
y

titanium tetrachloride (3 to.lé equivalents) at between =10
and 1G6°C, and the mixture is stirred for 1 to 24.hours. The
mixture is washed with diluted hydrochloric.acid and water,

20 dried and concentrated to give the corresponding free acié in
80 to 95 % yielé. t-Butoxycarbonylamino; N=-t-butoxycarbonyl-
N—methoxyethoxymethylamiho, or benzyloxycarbonylamino group
when present, is deprotected to give amino group.

3) To a solution of a t-butyl, benzyl. p-methylbenzyl,

25 p-methoxzybenzyl, or diphenylmethyl ester listed on of Table 1



equi val ents), refluxed for 1C mnutes to 2 hours. 10 7) In a mixture of *
di chl oronet hane (10 volunes), pyridine (1.5 equivalents), and m xed
anh&drlde of carboxylic acid (3) and t hanesul fonic acid (1.1
equi val ents), stirred for 1 to 3 hours at between -70C and room
tenperature. 8) In a mxture of ethyl acetate (10 vol unes), pyridine 150/
(1K§/equivalents) and a m xed anhydri de of diethyl hydrogen phosphat e and
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equi val ent
and zinc powder(2 parts). After stirring for 2 hours at @°C,

the mixture is filtered to remove solid, diluted with water,
and extracted with dichloromethane. The extract solution is
washed with water and extracted with aqueous sodium hydrogen
l0carbonate. The aqueous layer is washed with hydrochloric acd
to pH 2, and extraéted with dichloromethane. This organic
layer is washed with watet. dried, and vacuum concentrated to
give the corresponding free acid in 60 to 80 § yield. |
" 5) The same ester can be deesterified by shaking with
15hydrogen in the presence of the same amount of 5% palladium
charcoal in dioxane at room temperature for 2 hours.
6) To a solution of 7-[2~(2-benzyloxycarbonylamino-4-thiazol=- ’
yl)=4-benzyloxycarbonyl~-2-butenoylaminol-3-{l-methyl~-S-tetra- o/
zolyl)thiomethyl-3~cephem~4~carboxylic acid diphenylmethyl
20ester in anisole (12 parts) is added aluminum chloride (9
equivalents). After stirring for 4 hours at 0°C, the mixture
is neutralized with aquecus 5 § sodium hyérogen carbonate,
filtered to remove solid, and washed with ethyl acetate.
Aqueous layer is acidified with hydrochloric acid, washed with

25 ethyl acetate, and passed through a column of HP 20 or SP 207



edhivalents), and carboxylic acid (3) (1.5 equivalents), 5 stirred for 1 to
5 hours at [err] to roomtenperaure. 12) In a mxture of dichloronethane
(20 vol unes), brom de of diethyl hydrogqggphosphate (1.2 equival ents),
4- et hyl - norpholine (2.5 equivalents), and carboxylic acid (3) (1.2
equiyarents), stirred for 1 to 3 hours at O[err] to room 10tenperature. 13)
Am nex{2) having carboxy at position 4 of cephemring is dissolved in
aqueous ({Syntheti¢ adsopbehgdproduced Hoyatiétedbi shiuiChemical. K.X.) .
Carboxylic acid (3) chloride (1.1 equi- valents) is dropw se added thereto.
The ni xt uAésioxbedimaterial[ ésr elntedond thnflr &t meshanioB ki afifosd o 2
hours. 14) Am ne (2) having carboxy at position 4 of cephemring is treated
with trinBefRest2yanthoodrtbiazolyldileténcarbasyc2-busenoyl aminod x3in(l=nd
then treated with pyridine (4 equi- valents) and carboxylic acid (3)
chlori de gethyirnSvtetoazplyl)shiznethylr3rcephesod wrohoxydicansin.
hours, and then the result- ing silyl ester is hydrolyzed with acid. 15) In
a sd?ﬁtigﬂi@ﬂdicﬁﬁihe (4 equivalents) and carboxylic acid (3) chloride
(1.2 equivalents) in dichloronethane (20 volunmes) at Of[err] to -30[err]
over 30 n7dutPxs &5audpénsions of 7-[2-(2-benzyloxycarbonylamino-4-
thiazolyl)-4-benzy1oxycatbonyl-Zfbutenoylamino]-3-pyridinium-
methyl-3-cephem-4~-carboxylic acid in anisole (2 parts) is added
\_/ a solution of aluminium chloride (9 equivalents) in anisole (2
10parts) at 0°C. After stirring for 3.5 hours, the mixture is
acidified with 10 § hydrochloric acid and washed with ethyl
acetate. Aqueous layer is passed through a column of Liaion
HP-20. Adsorbed material is eluted with aqueous S % acetone and
the eluate lyophilized to give 7-{2-(2-aminc-4-thiazolyl)-
153-carboxymethylacrylamidol=-3-pyridiniomethyl-3-cephem=-4-
carboxylic acid. VYield: 535 %.
8) In a manner similar to that of above 1) to 7), a free
\_ carboxy compound of Table 2 are prepared from the corresponding
carboxy=-protected conpound of Table 1.
20 Example 4 (Amino deprotection)
‘1) A solution of a t-butoxycarbonylamino compound listed on
Table 1 in a mixture of éichloromethane (0.3 to 3 parts),
trifluorocacetic acid (0.3 to 3 parts), and anisole (0.5 to 5
parts) is stirred for 10 minutes to 3 hours at between -1G and

25 40°C. The solution is concentrated to remove the solvent and



28 16) In a mxture of dinethylformam de (2 volunes) and ethyl acétate (10 °©
vol upes), stirred with triethylamne (1.1 equival ents) and carboxylic acid
(3) chloride (1.1 equi- valents) at.OLﬁ&é] to 20[err] for between 30 .
m nutes and 3 hours. 5 17) In a m xture of dichloromethane (30 vol unes),
cyaguric chloride (1.1 equivalents), pyridine (4 equivalents), and
carbox&lic acid (3) (1.1 equivalents), stirred for 5 mnutes to 2 hours at

;)ﬁS[SELI#ﬁfo °§"m.%ﬁ?eg'érééWéﬁ%?v%%@%hﬁ?&%?@%‘%{ﬁe’v‘é'#?s’ ' val ent s)
| i . | < Sti 2 '
hours SCLERTEpRALRe” atibnd jednBPUhIT ATk o itk oR e 2 WA 831 69,

chloﬂ(gajg?iﬁn acid scavenger to obtain the correspondi ng
co-trinethyTsTtyl 15conpound, and this is treated w th phosphorus

Crem o Sorb1a ST e e UM AN rnd? SPRIVIRITL) o,
(2 2 SR Aoy ko AR LSy kbt i Lyt
equi vakpd iyl amino, or trityl amino compound listed on Table 1 (1

part) in a mixture of cdichloromethane (5 to 9 parts) and

&nisole (2 to 8 parts) is aéced aluminum chloride, tin

tetrachloride, or titanium tetrachloride (3 to 12 equivalents) g

10 2t between =16 and 16°C, and the mixture is stirred for 1 to 24
hcurs. The mixture is extracted with diiuted hydrochloric acid
and water, the agueous layer is passec through a colunn of
HP-20 absorbent to give’the corresponding free amino compound
listed on Table 1 or 2 in 6C to 80 $ yield. A t-butyl, benzyl,

15 p-methylbenzyl, p-methoiybenzyl, or dighenylmethyl ester group
when present, is deprotectec to give free carboxy.

3) To a solution of a chloroacetamido compound of Table 1 in a
mixture of tetrahydrofuran (15 parts) and methanol (15 parts) \J
are added thiourea or N-methyldithiocarbamate (4 egquivalents)

20 and sodium acetate (2 eguivalents). After one night at room
temperature, the mixture is concentrated, diluted_with ethyl
acetate, washed with.saline, ¢ried, and concentrated. The
resicue is chromatographed to give the corresponding amino
compound.

254) To a soluticn'of a formamico, Schiff base, silylamino, or



arld carboxylic acid (3) (1.1 equivalents), stirred for 1 to 5 hours- at -30
to.O[err]. 21) In a mxture of chloroform (3 volunes), voluene (1 vol une),
pi-col i*ne (2 equival ents), oxalyl chl or4 (1 25 equivalent), and carboxylic
acid (3) (1.1 equivalents), stirre r 1C mnutes to 2 hours at

-50[err] to 10[err]. 22) In a mxture of dichloronmethane (20 vol unes),
pyriH(ge (3 equivalents), and benzotriazolyl ester of carboxylic acid (3)

(3 I L Thna b b L8r 8. 88 Taile 1P IR BOLRNC) acla, &1l 2
5 ISR bk, kel D OPLRTC 1 ST R R
R oL SO VBl R LR 800 3 s
T o o g AU KL EqhdRta| MBI PRs 5 ERHERHSIN A0 2( Bl unec
4008l 18n a328h dbrfedlaé! S Q5near R Ud 5882058 ak bn! ni ¥l JRLENS)
carbonate and water, dried and'concentratéd. The residue {s
purified in a conventionél manner to give the corresponding ifree
amino compound listed on Table 1 or 2.
W/ 5) To a solution of a benzyloxycarbonylamino compound listed on
10Table 1 in a mixture of ethanol and ethyl acetate- (30
parts : 1l:1) is added S § palladium chafcoai'(o.s pérts). and
the mixture is shaken under hydfogen until thé starting material
is consumed. The reaction mixtufe'is filtered to remove solid
and concentratec to give the'cofresponding amino conpound listed
1Son Table 1 or 2.
Example S (Esterification)
(X? and/or R* = diphenylmethyl)
U 1) To a solution of compound (I) in which R? and/or R* is
hydrogen in a mixture of dichlofomethané and methanol (10
20weights each) is added diphenyldiazomethane (2 equivalents).
After stirring for 1 hour, the mixture is washed with hydro-
chloric acid and water, dried, and concentrated. The rééidue is
crjstallized froﬁlethyi acetateito give thg corresponding
diphenylﬁethyl ester. |

25 (R? and/or R* = PON)



tetrahydrofuran (10 vol unmes), dinethyl acetanide (5 volumes), and carboxylic-
.acid (3) (1.1 equivalents), stirred fgg 1 to 5 hours at O[err] to room
fenperature. 27) In a mxture of dine yﬁoande(SVMUmw),ZO
dimethylaniline (1.3 equivalents) carboxylic acid (3) and the Vil sneyer
reggent made from di nmethyl formam de (1.1 ecuivalents), stirred at room U
teﬂggxature for 1 to 5 hours. 28) In a mxture of dichloronethane (10 -
vol uned) , Denst ispiliatriemi 0f conpome:sil) \Wwaedeinc RShandier bRYi dsi de 25
30 (1.1 equivalents), picoline gl.Z equi val ents), and carboxylic acid (3)
(1.1 PAr3aSERRsiN thaditdimeshyl fiogmanide 262 htor §. PARNtSH ESsaddedon of -
7-am no- 3-(1-methyl -5-tetrazol yl)- thionethyl -3-cephem 4-carboxylic acid
di pherd@demashydsivahatei (3 $oodetemhiv abenpsalt Ypdemntigersalt
2- (2-benzyl oxycarbon- ani do- 4-thi azol yl ) -4-benzyl oxycar bonyl - 2- but enoi ¢
aci d (Goebingal effites Li3dinute’ 9 3 hewek§ SELEFHAT aéhs 1nkytuce is
valent). After stirring for 2 hours at roomtenperature, the mxture is

concedibbead wid rekhyliearstation washed Withypice water and aqueous
sodium hydrogen carbonate.fd:ied, and concentrated in vacuun.
The residue is recrystallized from éthyl acetate to give the
pivaloyloxymethyl ester of the caiboxylic_acid of Table 3.
3) The potassium salt qf above section 2) is replacéd by w
10sodium salt to give the same products gndér.the Sane condition.
4) The pivaloyloxymethyl ester of abo#g secticn 2) (25C mg),
corn starch (150 ag),.and magnesiun stearate (5 mg) are mixed,
granulated, ané encapsulated in a conventional manner. This
capsule (2 to 3 capsuleé) are given orally to treat a pPatient
15suffering from infecticn caused by sensitive E. coli.
(X! and/or X% = AOH)
5) 1In place of iodomethyl pivalate of above 1), iodomethyl
acetate is used under the same reaction condition to give tie
corresponding acetoxymethyl ester of Table 3. | ~
20Example 6 (Introduction of 3-substi£uents)
(R* = §) | |
1) To a solution of a compound lisﬁed on Table 1 and having
methanesulfonYlo#y or éhlcrine as R* iﬁ.dichloromethane (13
parts) are acded acetic acid (10 part).ana zinc powder f2.5

25parts) and tre mizture is heated at S0°C for S hours. The



l0acetate, filtered to renove solid, and purified by col um chromatography
to give 7-[2-(2-benzyl oxycarbonyl am no-4-t hi az- _
ol yl) -4-benzyl oxycar bonyl - 2- but enoyl am nol - 3- (1-nmet hyl -5-tetr- azolyl)t;

-t hi opet hyl - 3- cephem 4- car boxyl i ¢ aci.d disgﬁnylnethyl ester. Yield: 90 %
15 kﬁE% To a solution of 7-am no-3-pyri I omet hyl - 3- cephem 4- carboxylic
acid c ride hydrochloride in a mxture of water (10 parts) and di oxane
(15 parts) are added at O[err] sodium hydrogen carbonate (2 equivalents),

2- (2-benzyl oy %Pyrlux é‘oz.% fi‘i@é bY! Lot rRRReY %?31%@:{ Ly t?ecp'{gf’ﬂpi&hyl

acid (1.2 20 equi ents droxy enzotriazol e ur val ent

N, N - di cycl qfueayd € Qﬂé’éhé@l%:féﬂ &geewa}?a&shmchd'a@&@e»la%él%r ﬁ;&tus

0OC. After stirring ‘at 0 [err] hours; the mxture is acidifie

IN-hydrochl aid @i @s i ey d Poder téér@@ﬂaf:é“ﬁhﬂdwat'éli‘? dirlitecnt %ﬁ%@fﬁﬁﬁd&ﬂ

parts) washing of the 25 SO|Id are conbined, purified by silica gel

chroket ogr apitye fdshidue iyopbiifzed b9 8iil&cd- Gé1l chromatography eluting
(2- benzyl oxycar bonyl am no- 4-t hi azol -

yl ') - 4- benzydwoiyic ad ettt uPe bof ebeyz anenanfl- dthyli diceitaveettdyylgive the
3-cephem 4-carboxylate. Yield: 50.8 % Exanple 3 (Carboxy-Deprotection)
correspcnding compound listed on Table 1 or 2 having hydrogen as
2% in 50 to 80 % yield.
2) Above reaction 1) is carrie& out at room temperzature for 5
to 10 hours in the presence of a diluent isopropanocl (4 parts)
10to give the séme product 'in 40 to 60 % yield.
3) Tc a solution of 7beta~[2-(Z-benzyloxycarbonylaminothiazol—
a-yli-e~ben.yloxycaro onjlbut-z-enoylanxnol-a-hyoro tycepham—~4-
carboxylic acid dl,nenylmethyl ‘ester sulfoxide in dichlcro-
methane (13 parts) are added pyridine (6 equivalents) and acetic
15anhy6ride.(5 equivalents). After 13 hours' stirring at 0°C, the
mixﬁure is mixed with triethylamine (3 eguivalents) and stirred
for 24 hours. The reacticn mixzture is washed with water,
agueous sodiun hydrogén carbonate, and water, dried, and
concentrated to give 7beta-[2-(2-benzylcxycarbonylaminothiazol-
204-y1)-4-benzy1oxycarbonyl-2-butenoylam;nol-3—cephem—4-carboxylic
acid diphenylmethyl ester sulfoxide in 40 to 60 % yield.
(R% = cyanomethylthiomethyl)
4) in the ménner as given in Preparation B~4 a compound having
bromomethyl as R* is treated with sodium cyancmethyl mercaptide

25at =65°C to 70°C for 2 hours to give the corresponding compound



51) A solution of a t-butyl, p-nethoxybenzyl, or diphenyl- nethyl. ester of -
Tablg 1 in a mxture of dichloronmethane (0.3 to 3 parts), trifluoroacetic
acid (0.3 to 3 parts), and anisole (0.5 to 5 parts) is stirred for 10 .
mnutes to 3 hours at between -10 and\#@éerr]; The solution is concentrated
to renove the solvent and reagent. Thé residue is washed with benzene, o
et hew-t 0 give the corresponding acid in 70 to 90 %vyield. 2) To a solutio

of a t-butyl, benzyl, p-nethyl benzyl, p-nethoxybenzyl, or di phenyl net hyl

ester |iptepapatIohseal i n Prlepardtdon cobf Cdrbbkplogenkads (5 to 9 parts)
and anisole (2 to 8 parts) is added al um numchloride, -tin tetrachloride,

or titanPrepaeataonl &-lde (3 to 12 equival ents) at between -10 and 10[err],
and the -mxture is stirred for 1 to 24 hours. The m xture is washed with

di | ut ed ByéRoBeheylexysasbony laninotzbaziel ed-yil~4ohessylarysarbanyie t he
corresponding free acid in 80 to 95 %yield. t-Butoxycarbonyl am no;

N-t - but oxyeBEBBAYC- aRigetiPdxyet hoxynet hyl am no, or benzyl oxycar bonyl am no
group when present, is deprotected to give am no grog§§13) To a sol uti orw’

of a t-dutyl, benzyl, p- $HeAFAR, 25 p- EAYSHPP20r di phenyl et hyl
ester listed on of Ja LU cxo S H :
Chz g . z
(1) (2) CHaco0cH,Ph

| ';“"Cbzyﬁ,ﬁ:;jy—ﬁ;zgzzoocszpn |
- (2) .

101) A solution of formylacetate (1) and benzyloxycarbonyl-
methylidehe;riphenylphospho:ane (1.3 equivalents) in dioxane
or toluene (8 parts)  -is stirred for ; to 6 hours at 80 to
120°C. After cooling, the mixture is concentrated, and the
residue is purified by silica gel chromatography to give

15 propenedicarboxzylate (2). Yield: §7 %. This is a mixture of
34 3 cis and 53 % trans geometric isdmers which can be
separated after repeated chfomatograpﬁy.

IR (CHC1,) v: 3410, 1730 cm~! (trans).

3 1 : -’
IR (CHCl.) vz 3400, 1730 cm (cis).

3
20 2) To a solution of this product (2) in dichloromethane (10
parts) are added anisole (2 parts) and tr;fluqroaéetié acid (2
parts). After stirring for 2 hours, the reaction mixture is
concentrated, and the residue washed with a mixture of ether

and hexane to give monobenzyl ester of the dicarboxylic acid

25 (3). VYield: 89 %. These geometric isomers can be separated by



are added 90 % formic acid (5 to 6 parts) and anisole (2 to 3 parts). The
mxture is stirred at 50 to 60[err] for 1 to 4 hours to give the
cerrespondi ng carboxylic acid .in 40 to 50 %yield. 4) To a solution of a
p-ni trobenzyl ester of Table 1 in 5 di $for onet hane (60 parts) are added
acety e~acid (10 parts) and zinc powder(2 parts). After stirring for 2
hours\at [err], the m xture is filtered to renove solid, diluted with

wat er, and extracted wi th di chl oromet hane. The extract solution is washed
with wat eg ] i 4. | I3 C at e
aqueous Taperd B R X R e e T Epe 8Os,
di chl or oggt Ra .eﬂaus organic layer is washed with water, dried, and vacuum
concentrate 0 give the corresponding free-acid in 60 to 80 %yield. 5)
The sane - : Gl il king with 15hydrogen in the
presenceagéPﬁﬂggggngggggﬁﬁée%;ﬁ%%ﬁgﬁ?gﬂ?un1charcoal I n di oxane at room
tengsfature i 2 H9Hhar Sinilar XY WHKAE 6F Preparation B-4 2) using the
7-[ 27(2- benzyl oxycar bonyl am no- 4-t hi azol - _ :

yl) - 4- beBaH YR, §08¥ | tReD¢eRBHLHT 4l - Sof veiRlE)Y Ittie (i Pesponding

zol yl') t hi onet hyl - 3- cephem 4-car’boxyl i ¢ aci d di phenyl net hyl 20ester in

ani sol e gldfitdtice 18 2ddecded WH YivENtRei dephre NEWIF iIE B)coAbbRhcs of
stirring for 4 hours at [err], the mxture is neutralized with agqueous 5 %
sodi um hyadbdgerl car bonat e,

. Exanple 8 (Double bond migration)
~ To a solutibn of 7beta-f2-(2-t-butoxycarbonylaminothiazol—
104-y1)-G;benzyloxycérbonyl;z-buténoyiémino1-3-chloro-2-cephem-4-
carboxylic acid dighenylmethyl ester is reduced accoréing to
the method of Example 6 1) to inddce-concomitant Gouble bond
nmigration affording 7beta-[2-(Z-aminothiazoiyl-é-yl)~4-carboxy-
2-butenoylaminol-3-cepheﬁ-4-ca:boxy11c acid diphenylmethyl
15 ester in 53% yield.
Example 9. (Amine salt)
To a solution.of én anino compound listed on Table 2 in
dilute€ hycrociloric acid is added acetonitrile. The
precigitated material is collected by filtretion to give'the

20 corresponding hydrochloric acid addition salt in good yield.

25



filtered to renmove solid, and washed with ethyl acetate. Aqueous |ayer is
acidified with hydrochloric acid, washed with 25ethyl acetate, and passed
through a colum of HP 20 or SP 207 d3 (synthetic adsorbent produced by ~
N|L§ubishi Chemical K K. ). Adsorbed material is eluted with 80 % net hanol
tq$ﬁfford 7-[ 2- (2- ami no- 4-t hi azol yl ) - 4- car boxy- 2- but enoyl ami nol -3- (| - &
metMyl - 5-t et cazol yl ) t hi onet hyl - 3- cephem 4- carboxylic acid. 5 Yield: 65 %

7) To i 7-[2- (2-benzyl oxycar bonyl am no- 4-
thiazoF&i;-4-Eeﬁg§F@ ycar bonyl - 2- but enoyl ani nol - 3- pyri di ni um

et hyl ypgce 44 ' | § ceq i(a,any ( ar gsh 4 s(fd a gO0lagt i ON
of alumniumc or{e'?ej Q»Ie%]ﬁigalsgnt(?)' ?nﬁgé]?éoggp(z 1gp3ar(tgg‘) d%?’ C)C.g'&# er

Sy ahel 2uP, STIR sy PUT KTL0CY 251 0! eepdl [k chhdp Nydrochl oric

acid an shed with acétafe. Aqueous fayer is passed through a

col umysin Dhehen Rr7onyogos bed e cuSiui s Shyled ud Nameys Sitno

acetone and t yophi 1 zed to give -am no-4-t |a§oly
$;E?E?Q§€§%@yLanglaM1¥§-@mpy11gbm53§§ﬁylf3-cephen}4- carboxylic acid
In a manner similai to that of Preparation A-l, a butenoic
acid diester listed on Table 4 ate prepared from the
corresponding formylacetate using the same ratios of reactants
and solvents at the same temperature for the Same reaction et
i0time. The obtained estet'is,_if téqui:eé, totally or
partially dgesterified using a conventional reagent, e.qg.,
sodium hydroxide for alkyl esters and a Lewis acid (e.g.,
aluminum, titanium, or tin halide) fér t-alkyl or aralkyl

esters, to give free acids.



8) 'In a manner sinmlar to that of above 1) to 7), a free carboxy conpound
of .Table 2 are prepared fromthe correspondi ng carboxy-protected conpound
of - Tabl'e 1. 20 Exanple 4 (Am no deprotgﬁgion) 1) A solution of a

t - but oxycar bonyl am no conpound |i sted Table 1 in a m xture of

di chl'eronet hane (0.3 to 3 parts), trifluoroacetic acid (0.3 to 3 parts),
and amisole (0.5 to 5 parts) is stirred for 10 mnutes to 3 hours at

bet ween ﬁyyg ORerygr S 3 to renove the
sol vent g%% r%goénF (ih%§QEg§§%e |s£mgsheg\m{$r§éw§ene to give the

correspoy@dghg@@ﬂgncgagpund listed on Table I or 2 in 70 to 80 %yield. 2)
To a solution of a t-butoxycarbonylam no, benzyloxy- 5 car bonyl am no,

et Y| DETB Y ARLRGSSIAE, 202 TR OIEE Bty 1T 1Y) AT agpneh-c) (V] ami no

conpound listed on Table In a mXture of di oronet hane (5 to 9
parts) agdHeLP ifc(id¥3i§4ﬁ¥é£8 bészfddedrdungum chloride, tin
tetrachloride, or titaniu tetracﬁ?or?ge (3 to 12 equi val ents) 10 at
betweeng-1C and 10[err], and the m xture is stirred for 1 to 24 hours. The

m xture i s_ extr%ctzed Wi th ¢ luted hygﬂaplabqgl c aci
—_— [ §
OOPNB ' QOPNB
(1) (2)
" :
. HC1-Hz2 s
10 L~
0 SCHLCFY
COOPNB

(3)

1) To a suspension of silver mercaptide (1) (1.86 g) in
hexémethylphosphorot:iamide (45 ml) is added sodium iodice
15 (G.96 g). After stirring at room temperature for SU minutes
under nitrogen, the mixture is mixed with trifluoromethane-
sulfonic acid trifluorcethyl ester (2.95 g). After stirring
W at room temperature for 1 hour, the reaction mixture is poured
into iée water and extracted with ethyl acetate. The extract
20 is washed with water, dried, and concentrated. The residue is
purified by silica gel chromatography (eluting with benzene-
ethyl acetate (2:1) nix?ure) to give sulfide (2) (1.03 qg).
mp. 159-160°C. ' |
2) To an ice cold solution of sulfide (2) (690 mg) in

25 dichloromethane (22 ml) are added phosphorus pentachloride



and water, the aqueous |ayer is passed through a colum of HP-20 absor bent-

to 8
di ph

e
thio
(2 e
conc
conc
am n
sily
acet
to 3

tenp
di ch

 _to give the corresponding free amno conpound |isted on Table 1 or 2 in-60

0 %yield. A t-butyl, benzyl,\&glp-nethylbenzyl, p- met hoxybenzyl , or- .
>

enyl met hyl ester group when pres

| t, is deprotected to give free
carboxy. 3) To a solution of a chloroacetam do conpound of Table 1 in
ure of tetrahydrofuran (15 parts) and nethanol (15 parts) are add

oF

(693, g - TR YL AR BB AL R AR g 20
SRRl Sk 4 oGS PRRCHRYERPETY bl her d go ey o0, and
BAIUTAY 18" kTl >0 RDY el UL e cOR 2 e,
hx‘i:é[cd %i oh 8%'%%&0!( 19 Bi‘fﬁs}nhs c%q:%geﬁa%r%geé.'\" h%@;{ﬁ%{;}ﬁ?a&d (0.1

parts and the mxture 1s stirre hour’s

Rl g £ JBC SECRRNON € XbebErht o AT ABflendiLigil S yhls di%t-‘“

| or omet hane, wa aquieous sodi um hydrogen car

er,

dri e jih §P8RERNadE wddhe 869  tHCakBeous sodium hydrogen carbonate

and water, and concentrated to give amine (3) (562 mg).

IR (CHCl,) vz 3300br, 1775, 1735 cm -1

Preparation B-2

-

107beta—Amino-3-(2—fih6foethy1thio)-3-cephem—4-carboxylic acid

15

p~nitrobenzyl ester (4)

PhCH2CONH._ s PRCHZCONH s -
cnt——]
07 i ~sAg 0 = /\/_?
COOPNB COOPNB -
(1) (2)
. HC1 Hy - Hp -
—
—_—
o s\ T o s\
OOPNB COOPNB
(3) | (a) _.

(1) To a suspension of silver mercaptide (1) -¢2 g) in

hexamethyiphosphorot:iamide (60 ml) are added p-toluene-

20 sulfonic acid 2-fluoreoethyl ester (2.95 g) and sodium iodide -

(2.02 g). After keeping at room temperature for 4.5 hours,
the mixture is poured into ice water-€100 ml) and extracted
with ethyl acetate. The extract is washed with water, dried,

concentrated, dissolved in dichloromethane, and diluted with

25ether to separate thicether (2). mp. 144-149°C.



purified in a conventional manner to give the corresponding free amno
cQnmpound listed on Table 1 or 2. 5) To a solution of a
benzyl oxycar bonyl ami no conpound listed on 10 Table 1 in a m xture of

et hanol and ethyl acetate (30 parts :{4lbl) is added 5 % pal | adi um char coal
(0.5 parts), and the m xture is shaken under hydrogen until the starting
mat erkal is consunmed. The reaction mxture is filtered to renove solid and
concentrated to give the correspondi ng am no conpound |isted 150on Table 1
or 2. Bpiel@:58GEg qjfication) [err] and/or P.4 a diphenylnethyl) 1) To
a solution of conpound (1) in which [err] and/or [err] is hydrogen in a

m xture IR GCBGLONONGR BWE0 And7 8B, hando [ 115 £Ppeighvs capth) i s added
di phenyl di azoret Bane. (2 equival ents). After stirring for 1 hour, the

m xture 2k Tashedoliuti drydod- thhbetheraciz) a(y, sat ﬁ"’ i¥ igihPéEomethane
concentrated. The residue is crystallized fromethyl acetate to give the

[ 75 e esave gy Eate (03] A and shdchodi e
Schloride (1.207 g). After keeping at room temperature for 2.5
hours, the reaction mixture is coocled at -46°C, diluted with

isobutanol (38.5 ml), kept at 0°C for 3 hours, and filtergd to
collect separated érystals of amine hydrochloride (3). VYield:
91 . |
10IR (Nujol) v: 3140, 2645, 2585, 1773, 1604, 1600, 1512, 1492,
1460 cm-1,
3) A mixture of amine hydrochloride (3) (1.186 g), ethyl
acetate (50 ml), sodium hydtogen carbonate (1.107 g), and
water (30 nl) is stirred at 0°C. Organic layer is washed with
15 aqueous sodium hydrogen carbonate and water, dried, and
concentrated to give amine (4). Yield: 94.2 %.
IR (CHC1 ) v 3400, 1772, 1726, 1602 1513 cm -1
Preparation B-3
7beta-Amino-3—viny1thio—3-cephem44-cérboxy1ic acid p-nitro~

20 benzyl ester (4)

p§c52c0NH s PhCH, CONH _ :]\
N o> of[:"j’ SPh
(1) COOPNB - {2) COOPNB
- . . ¢

-lia;ﬂzcomrj__rs . e Hz“\EI' s~
25 ' e NC— W N - o# ~%J~§Q\
)

(2 0OPNB (&) . COOPNB



potassiumin N, N-di nethylfomamide (2 to 5 parts) is added i odonethyl ’
pivalate (1 to 2 equivalents) under ice-salt cooling. After 15 mnutes to 2

hour's stirring the mxture is 5dilk d with ethyl acetate, washed with-ice-
ma&if and aqueous sodi um hydrogen cdrbBonate, dried, and concentrated in

vadquum The residue is recrystallized fromethyl acetate to give the o’

pi vat oyl oxynmet hyl ester of the carboxylic acid of Table 3. 3) The

Came phhatE € SRISELOR Shna-ened Bk (33800 Amiagetanbte hje daae of

o) arBihi 888 daded afBhenil Sl Rarhorohindte BmaT e brandnddadon Thi <

From i B eeYiamisEtans (2nS7lale cALLet SEaxingBon 7 cheprs,Atis) In

Tho sahf PRXBE OfF Uarer (PRREeBesle dmel LokRaARARN G Chotbrghet hyl oot er

ST B

part) St1 anc#ﬁnﬁéy ?Zgé -QQQEP%%:(fzspﬁou:%. e mixture Es

poured into iced hydrochloric acid and extracted with
dichloromethane. Thé extract is washed with water, dried, and
concentrated. The residue is crystallized from ethyl ~

10 acetate-ether to give sulfoxide (2) (6.84 g). mp. 174-176°C.
2) A solution of sulfoxide (2} (2 g) in l,1,2=-trichlorocethane
(40 ml) is refluxed for ll hours under nitrogen. The reaction
mixture is concentrated, and crystallized from ether to give
vinyl thiocether (3) (1.38 g). nmp. 193-194°C;

153) To a stirred and ice cold soluticn of vinyl thioetker (3)
(440 mg) in dichloromethane (15 ml) are added phosphorus
pentachloride (353 mg) and pyridine (149 mg) undcer nitrogen.
After stirring at room temperature for 2 hours, the reaction A
mixture is cooled to -40°C, diluted with methanol (15 ml), and

20 stirred for 2 hours at 6°C. The mixture is mixed with water
(1 ml}, concentrated, washed with ether, suspended in
dicklorcmethane, and washed with aqueous 10 $ sodium hydrocen
carbonate and water; dried, and concentrated. The residue is
crystallized from a mixture of dichlorcmethane and ether to

2give amine (4) (204 mg). mp. 152-154°C.



25parts) and the mixture is heated at SOC for 5 hours. The reactjon
m x{.ure is filtered to renove solid, diluted with ethyl acetate, washed
wi th diluted hydrochloric acid, water, aqueous sodi um hydrogen carbonat e,
and water, dried, and concentrated. Thew\&idue is purified by silica gel"

chrormt'agr ? 3 %'5 th a mxture of benzene and ethyl acetate to

give the c éégbfr ‘%"g d#poung\bl isted on Table 1 or 2 ha\él ng hydrogen as .
1

{ emper at ur o B3 28 nftni B2 Bl SRt %f*"ixli? 'éﬁmc?é‘%méaliﬁ%r (s

et Z?[%"E%hﬁﬁﬁ‘t&%ﬁ‘%@ﬁ#&xﬁnai heshsn- drcasbatydis lasi s " °

onyl but - 2- enoyl am no] - 3- hydr oxycepham 4- car bo yI ic acid di phenyl nmet hyl -
ester sulfoxide in dichlgro- nmethane (13 parts) are added pyridine (6
equi val .ent s) and‘?ﬁgt I ¢ r5arhydride. (6 equival ent After 13 hours'

r

stirging at O[er tuce i ni¥ OMLG & | ani ne=3—equi val ent s)
and stirred for 24,k ~lTharre Rturg i
agueous %odi um hydr ogen d&ar bonat e,1 and” wats! , 0%

with water,
concentr at ed to
give 7beta-[ 2- (2-benzyl cX§eHBany B not hllaggl - coocHPn,
(1) (2)

U N—j—c ~CONH e N—]—C-CONH
. N'H/L ﬁL“ \ J CozNH ls'l %"’ \D\/\P\
0

cHy “\CHaSCHCN cx, 9” CH, SCHCN
c::mc;.a9 00CHPh, c00Bu-t ocHPh,
(3) (%)
NG -CONH
HzN/Ls/I T I(r‘cﬂgs
15 | o0e H

1) To a soluticn of bromomethyl compound (2) (340 ng)
— (prepared by amidatihg Amine (1) in a manner similar to
Example 2) in H,N—dime;hylformamide (3 ml) is added at ~-70°C
20 an ethanol solution of sodium cyanomethylmercaptide (ptépared
from cyanomethyl thiolacetate (71 rg) and soéium ethylate in
ethanol). Afer 2 hours' stirring at -65°C to -70°C, ‘the
mixture is poured into ethyl ace£ate, washed with water, dried

and concentrated. The residue is purified by silica gel
25



204-yl) - 4- benzyl oxycar bonyl - 2- but enoyl ami no] - 3- cephem 4- car boxyl i’c acid
-di phenyl net hyl ester sulfoxide in 40 to 60 %yield. ([err] =
cyanonet hyl t hi onethyl) 4) In the ma as given in Preparation B-4 a
compound havi ng brononethyl as [err|[ I's treated with sodi um cyanonet hyl
netgaptide 25at -650C to 70[err] for 2 hours to give the corresponding \
conpound Preparations A Preparation of Carboxylic acids Preparation

2 but ST SeREPTERRG FolRTRGIIIECH Rdtace R RArENEE: aREl pawy
i oA SFEEE) A ek Yo UF B U Y CYERERE 7 AL 60 (0 Tooferr).
11 choroch: skt hibE, Bkl G (50 nlhC A 3deAe (130 B afe o7
can b 888 Bl it dh el dh.d BT Hal P AG R I UR S LAl “RETI3S MU
5 at =-35°C. After 90 minutes' stirring at =20°C to =25°C, the
nixture is diluted_with ethyl acetate, washed with diluted
sodium thiosulfate, and agqueous sodium hydrogen carbonate,
dried, and concentrated to give sulfide (4). Yield: 85.6 §.
3) To a soluticn of sulfide (4) (550 mg) in anisole (10 ml) is >
10 added a solution of aluminium chloride (1.24 g) in anisole (5
=l) at =-30°C. After 3 hours' stirring, the mixture is diluted
witn hydrochloric acid and washed with ethyl acetate. Agueous
layer is purified with synthetic adsorbent HP 20 (ilitsubishi
Chemical.K.K.) and e;uted to give aminocarboxylic acid (f5).

1SYield: 74.4 &.

Preparation B-5

7beta—Amino—3-dif1uoromethylthio-3-cephem-4—carboxy1ic adid |
diphenylmethyl ester (7) | | ~

CHzPh cx;?h
20 : —
. e NCHOH .
(1) o | N OJ.““E"PH‘S
coocHP, (2}  cCoocurn,

25

e



IR (CHC1 ) v: 3410, 1730 [err] (trans). IR (CHCL ) v: 3400, 1730 cm

(ci,s). 20 2) To a solution of this product (2) in dichloronethane (10
parts) are added anisole (2 parts) and trifluoroacetic acid (2 parts).
After stirring for 2 hours, the reactyi m xture i s concentrated, and the
resmﬁge washed with a m xture of ether and hexane to give nDnobenzyI ester
of the dicarboxylic acid 25 (3). Yield: 89 % These geonetric isonmers can

be sébarated by | i sted on Table 1 having cyanonethylthionethyl as [err]
in 50 to 60 %yield.  Exanple ﬁ§§U|fq§“§Pﬁé uctlon) In a manner simlar to
t hat of Preparat|5hF139& ﬁ\t:he reagents and

sol vents, the correspondi | de z‘l s red Nt O qbcigsddrg cephem
(sulf|de) conmpounds of | e ‘J 8 ( ubI d mgration) To a

sol ution of 7beta-[2-(2-t- buto%ycarBonyIanlnothlﬁ %?8
104-yl) - 4- benzyl oxycar bonyl - 2- but enoy| ani no] P ha. cephen}4-
carboxylic acid di phenyl metfayl ester is reduced(gycordlng to the nethod of
Exahﬁle 6 1) to induce concomtant double bond

5
PuCH,CONK_ HaN s
—_— —_ ‘r
| 0 —AcH,SCHF, CH,SCHP,
COOCHPhy COOCHPR,

(6) _ (7)

1) To a susperision of glycolate (1) (22.8 g) in-dichloro-

10 metkane (300 ml) are added pyridine (4.53 &l) ard thionyl
chloride (4 ml) at =20°C to =-23°C aver a 24 minutes petiod;
After stirring for 10 minutes at -20°C and for 3C minutes at
0°C, the reaction ﬁixture is washed with ice water and dried
over magnesium suifaté. Tc the solution are added pyridine

15 (4.63 ml) and triphenylphosphine (13 g). After stirring at
room temperature for 2 hcurs'and refiuxing for 2 hours, the
rixture ié washed Qith water, and éu:ified by silica gel |
chromatcgraphy (eluting wiih benzene~ethyl acetate (2:1)
mixture) to give phosphoranilidene ester (2) (20.13 g).

20 2) To a solution of phosphoranilidene ester (2) (16.65 g) in
dioxane (80 ml) are added a soiuﬁioﬁ'of 99 § silver pérchlor-
ate monchydrate (5.87 g) in water (19 ml) ahd agqueous 60 %
perchloric acid (7.96 ml) Aﬁ roon tenperature. After stirring
for 1 hour, the mixture is diluted with dichloromethane and

25 jiced water. Organih layer is taken, washed with water, cEried,



m gration affording 7beta-[2-(2-am nothiazo |yl-4-yl)-4-carboxy- -

2- but enoyl am no] - 3- cepnem 4- car boxyl i ¢ acid di phenyl methyl 15 ester in 53%
yireld. Exanple 9. (Amine salt) To a sg&aglon of an am no conmpound listed -
on Table 2 in diluted hydiochloric ac s added acetonitrile. The
precipitated material is collected by filtration to give the 20 O
cor respondi ng hydrochloric acid addition salt in good yleld 25

%héézn?t F§Q¥ze§§ze§%‘%ﬁ$ éik)' L(;‘lé)?%“ Fép&*%énq)s’ +H\NR [e?r]133(?3 (250
manner °Si n??a? ggﬁxﬁz}t%%f % %8&?&! &f@fﬁptﬁdﬁu'zaﬁo ’tﬁﬁ&?é I gt gd
rati os EpSsEhBrBtEddhe on%éP@z‘)“{aieip@%é@?&m%e%?ﬁ%ﬁﬁﬂa%&e S
react'catéﬂimace%@bm P88 S e baBRH 188 de A 45 %) DUREYS Y

deesteri fied usi convent 1 onal <
52 hour st;r:zng at room temperature, the reaction mixture is

diluted with ethyl acetate and water. 0rgan1c layer is taken,
washed with water, drled, ana evaporated; The residue is
purified by silica gel chromatography (e1uting with
benzene-ethyl ‘acetate (1:1) mixture) to give ketone (5). \?

10 Above 1l- (dlfluoronethylthzo)-3-chloroacetone (4) can be
prepared as follows; '

CHE‘ZSCH2 CocCl —% CEF 2$_C82COCH 2Cl (4) -
To a solution of diazomethane in ether (200 ml) prepared
from u-ni;rosomethylurea (20.6 g) is added dropwise a solution

15 of difluoromethylthiocacetyl chloride (10 g) in ether (20 ml)
under ice cooling ove;_zo minutes period. After stirring at
0°C for 20 minutes and a; room temperature for 2 hours, the
mixture is saturated with ﬁydrogen chloride under ice cooling \;J
over 30 minutes. The reaction mixture is diluted with ice.

20 water, ether layer is taken, washed with water, dried,
concentrated, and distilled to give (4) from fractions
evaporating at bp (1 mmHé).52—53°C as colorless liquid.

4) To a solution of.keﬁone (5) (8.388 g) in toluene (200 m1)
is added hydroguinone (180 mg)land refluxed for 14 hours.

25 After evaporating tolﬁene, the mixture is purified by silica
? _



sodi um hydroxi de for al kyl esters and a Lewis acid (e.g., alumnum -
tit.anium or tin halide) for t-alkyl or aral kyl esters, to give free acids.
41 Preparation S (Introduction of 3-su j tuents) Preparation B-1
7beta- Am no-3-( 2,2 ,2-trifluoroethylthAtro) -3-cephem 4- carboxylic acid
p- ni trobenzyl ester (3) 5 [err] 1) To a suspension of silver nercaptide (1)
(1.86\Q) in - hexanethyl phosphorotriamde (45 m) is added sodium i odi de

10,251, chEHR it P2 LI TR BRIy sl a2

ni troge em or oet hane- sul fonic acid

trifl uorﬁfﬁgﬁkggstﬁ-é(fvg_chbhe@‘ t) st4r4gngrat roomtenperature for 1
hour, the reaction m%ture IS poured into ice water and extracted with

ethyl aogiRt ¢cpEieexss ag{580 (5 \hpd3wigh (eqt @) dried, and .
concentrated. The 4esidue 1s purified by silica gel chromatography (eluting
with bengenep @\l c@Cebple sodubi dii Xo£r eephemyi(6d stf f4Pegi2in(1. 03 g).
5 dichloromethané (80 ml) are added pyridine (1.35 ml) and
phosphotué #entachlotide (3.17 q). Afté: stirring at 0°C for
10 minutes and at room temperature for 90 minutes, the mixture
is.cooled to =-45°C to =-55°C, mixed with cold methanol (110
\ ml), stirred at 0°C for 30 minutes, diluted with ice water,
10 and neutralized. .Organis layer is taken, washed with water,
dried, and qoncéntrated. The reéidue_is purified by silica
gel chromatography (eluting with benzene-ethyl acetate (2:1)
mixture to give amine (7) (2.686 g).

NHR (CDCl3

) & 1.73 (brs, 2E) ppm.
15 ' |

20

25



mp. 159-160['err]. 2) To an ice cold sol ution of sulfide (2) (690 ng) in 25
di chl oronet hane (22 nm) are added phosphorus pent achl ori de (675 ng) and -

pyridine (0.288 m). After stirringzx roomtenperature for 2 hours, -
the mxture-is cooled to -40[err] |mn~| with pethanol (22.p) _stirred
at .[err] for 2 hourq, ...mx d wth \Jvater (0.5{m ), and toncentrjated. The\J
resdeie is 5 triturclt &g st her fosseparat ¢ solid, whigh is suspendgd in
di chl or onet hane, wagh =g\/\/lt]i}--aquvm.;.s sodi u*nEydrogen carbonat & and Jat er,
and concentrated to grveqmIe (3] (502 10) - [el’l’j V. 3300pT, 174-5,
1735 [err] Preparatilon B-2 &0 | E -
7bet a- Ani no- 3- (2-f I Jor oet hy®t hi 0) - 3..c6pﬁem4 saﬂ%bﬁxyl cpatid-F = E
p- ni trobenzyl ester {(4) == [erg]"’(l) TP g‘guspensitgﬁof Sigd ver
mercaptide (1)-(2 a) in hgxamgt hyl pﬁospEoroi r‘ﬁaglge (pQsmM,) af &2 &lded :
p-tol uene- 20sul fonilc acid & & uoloBt Ry esler T2.95 ))saBd spdE g i 4di de
-- (2.02 g). After |keeping=al r ognEt nper af ugezfBr - #-Z55houf s; The <
H -~ aY s 1 [N~
m xture is poured ifto |ce-ga§er -1&Oam§) a1d3egt3;act -d% 8 &
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W|th ethyl acetate. The extract is washed with water, dried, concentrated,
di ssol ved in dichloronethane, and diluted with 25et her to separate
thi'oether (2). np. 144-149[err]. Yiel d:587.8 % IR [err] v: 3400, 1780,

1720, 1680, 1630 [ g Sobytion—oft-hicether £2) (1 54 g) in
di chl‘e¢ onet hane (38| sz )| are added, pyri di He-n(O 52 rﬁ:) a1d§ph§ hd?us_
penta- 5 chloride ({l. 2(&’ o After k pi ng{ ag Koon| tenpef aturexf r,.2
hours, the reaction Mxiureis coolled at “pokenr], | dG15t nd:::vu,tll
(38.5 m), kept at [err] ffor 3 nouns, and {T{reredito Co[TEZ S
crystal's of amine hydrochi gei,de (3). gYield] §1% 1p #R (NJEOT) v 3840,
2645, 2585, 1773, 1604, 146@& 1512, @432, L4‘60~—cm1a3) A Tt ur '
hydrochl ori de (3) ({L.186 )a“'ethyl agegat e (gO“rﬂ) $odi b Hgdr
carbonate (1.107 g)} and ‘_430 nf) =i s sbr’r_ed at=0C. | r gani
washed wi th 15 aquejus sadivum hﬂydrcggn:_:cg'r hOoR esamavmt brg Hri g
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C 1) To a solution

3 _ "y

R120 m) are added di phenyl

PhCH CONH [err]

)

in acetonitril

(4) PhCH CONH

(1) (9.38 g)

Preparati on B-3 7beta- Ami no- 3-vi nyl t hi o- 3- cephem 4- carboxyl i c aci'd p-nit ro- "
ester

20benzyl
of 3-enol
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from cyanonet hyl thiolacetate (71 ng) and sodiumethylate in ethanol).
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Prépar ation B-5 7beta- Am nc-3-di fl uorol et hyl t hi o-3- cephem 4-carboxylic acid
To a suspension of glycol ate
are added pyridine (4.63 nl)

di phenyl met hyl ester
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perchloric aci d (7.96 m) at roomtenperature. After stirring for 1 hour,
the.mxture is diluted with dichloronethane and 25 iced water. Organic
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m xture i s saturat ed with hydr ogen chl ori de under

I ce cooling over 30
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2H.5) ppm

NVR (CDCl) 6: 1.73 (brs,
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m xture to give amine (7) (2.686 g).
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trifluoroethylthio,

triazol ylthionethyl,

acet oxynet hyl_,
70. net hyl t et razol*yl t hi onet hyl

car banoyl oxynet hyl ,

or

t hi adi azol yl t hi omet hyl optionally substituted by am no, by am nonethyl or
by nethyl. 5 S. A conpound as cl ai megghn claim4 wherein [err] is
hydrogen, vinyl, cyanovinyl, trifluoropropenyl, acetoxynethyl,

car baroy! O)r%[lm hyI t hi adi azol .yl t hi omet hyl, nethyl, nethoxynethyl,

met hyl thio RSy esj‘%mm #pdst 458 FrrEvdsines 10 f I uoropropenyl, met hoxy,
chlorine, fluoroethylthio or trifl uor get hyI t@&& 6. A conpound as
clainmed in any one of clainms 1 to5 i | 5 3 wherein R is one of

the R groups exenplified 15
Tables 1 and 2). 7.

one of Tabl

—/

her Bfibé or‘ig i n the Exanples (including

‘A cephem conpound e;‘{’-eﬂqﬂ‘lrf i ed hereinbefore in any

'S I, or . e
]l ¥ ° !.. IR' R(Nujol) v iz ne & :rpm j
EREd # Y 3120. 1700. 1673. |1.30(s. SH), 3.45(d. J=7.S@=. 24), 7.C0(c. J=7.5
{cis) dp 153~1S4°C Ez. 1H). 7.13(s. 1H) {©,S0O,].
2 | BeC 4 H 3150, 1700. 1630. | 1.49(s. SH). 3.41(d. J=7.32=. 24), &.8S(c. J=7.3
(tzans) L€50. | 10, 7 tala {5 (0] -
ép 163~167°C.
3 iC2 4 i 5200. 1738, 1715, | 3. 44, 2.80, (2xd., J=féz. 29), £.25(s. 2%). T.G7,
1650, 7.35(2xe. J=Skz. 1K), 7.12(s. 1#)., 7.35(5re. 3H)
ép LES~172°C. [OCL ;D]
|4 | a0 e la  |2s00. 1718, 1630 | 3.45. 3.63(2xd. J=7. Siz, ), 7.14, 7.32(2xc. J=
1630, 1520 7.5%z. 1H)., 7.23, 7.25{2xs, 14). 8.Zi{s. LK)
dp 168°C. rC:Cla‘@:CD1
: (.0 (| H 2100, 1720. 1685. | 3.45(d. J=SE=. 24). 4.37(s. 29). 6.97. 7.0S{2xc.
1620. J=8Hz. 1H), 7.23. 7. 91(‘;:5 1H) (O,5<@s].
dp 133-182°C.
§ |BOC i Bzl | 31€0. 1740. 1724, |3.95(d. J=7.5Ez. 24). 5.30(s. 24), 7.25(c. J=7.5
1700. 1673. 1255. |EBz. 1H). 7.30(brs. 1H). 7.48(s. 18). 7.7Z(s.
1153. §i). 11.86(krs. 1H) Ecn,s:@,.u
7 | KGO H t-3u | 3150, 3100, 1720. [1.40(s. H). 3.43(d. J=7Ez. 2H). 6.59. 7.00(2xe.
(2 cis: 1580, 1635. J=r¥z. 1H), 7.20. 7.28(2xs. 1K), 8.4¢8(s. LK)
1 1trans) | zp. 133~185°C (DS, 1. _ - |
3 | KCD 3 2zl | 1735, 1680, 1620. | 3.88(d. J=THz. M), 5.12(s. 24). 7.17(s. J=Tie.
ép 1E3~1E3°C. .ﬂ). 7.21(s. 18). 7.32(s. SH)..8.46(s. 1H)
LO;SOG):J
9 |CICi.0 |H ¥e ad 3.35(d. J=7.5%z., M), 2.70(=. 3H), 4.2%(s. 2H),
7.11(s. 1H), .7.23(s. J=7.52z. 1H), 9.37(brs.
_ 2) (@]
10| CI.@ |H |Bel | 1725, 1885, 1160. |3.95. 4.01(2xd. J=7.S. 28). 4.71(s. 7). 5.4
dp 155°C. ... 47(2xs, M), 7.28. 7.40(2xe. J=7.Zz. 1H),
) .} 7.8, 7.63(2xs. ld) 7. 70(5. s#). 12 9(bor=. 1H)
(@,s0ms].
11| Gz H ¥Ye | 3400~2300. 1740. | 3.53~3.73(am. 2M). 3.5.}(5. 3H). 5.27(s. 2K). 7.03
1z0. ~7.46(m. 7H) (CD:S0D,].
12| Gz ' t-Bu | 3160~2200. 1720. |1.42(s. 9H). 3.33(d. J=THz, 24), S.29(s. 1H). 7.
{tzemns) | 1630, 1635. 27(x, J=THz. ). 7.35(s. 1H), 7.20~7. 50(m. H)
o mp. 169~i71°C (@, 1. '
13| Coz i t-3z od 1.44(s. 9H). 3.53(d. J=7B=. 24). 5.27(s. 24).
(cis) %3(:. J=7a__. 1H), 7.24(s. 18). 7 ...a~7 $7(a. ..:1)
. . 3 de -
4|z 4 Ye~ | 3150~2050. 1720, |2 33(=. 3W). 2.53. 2.70(2d. J=SHz. ). S.li(s.
(2 cis:. Bzl | 1670. 1620. 1570. | 2i). 5.26(s. 2H). 6.95~7.40(m. 1ICH) [(CDCT.-
1 trans) mp. 160~163°C. torNes I R
15|z |8 Bzl |1725 1675 1620, |3.51. 3.73(2xd. J=rEe. M), £.13(s. ). .2
(2 cis: 1578. (s. 28, 7.06. 7.10(2xs. 1H). 7.0~7.S(a lld)
3 trans) . 164-1€ £8°C. (e, -@.00l.



20 8. A conpound as clainmed in any one of clains 1 to 6 wherein R3and/or *
R are/is independently a salt forming atomor group or an ester-formng
group. 25 9. A conmpound as cl ai med {igdany of the clainms 1 to 6, wherein

R3 and/or R6 are/is independently hydrogen, an alkali netal or a
pharmaceutically acceptable ester-form ng group. 30 10. A conpound as \/

cl ai med Tebleahny Sive cbfinckia med derivaciges V\Hé‘?-egh R3 and/or R6 arelis

;Bdtepe[](zja_ztg ygan FEYT] o SRR vesFer]- Form ng greup. 35; ppall.
e a' aﬂ“rﬂct ||: CLZCI ”l 7 - \.,Gi' UUA_y 2'
4 v 2092480, 11720, ~ 173 38(d. J=fos. 24). 3.73(s. 3H). 6.88(s. M), 7.
but enoy! aH ki ; 3; Geher 4. g8 5! & aqije. Tt tia) T,
7bhet a- [ 2L (2L nothiaziol V) ) aX-VllaVa\Y. Ao
N _3. e |42 25 4 1615 . ~J=8hs Q). 3. 9Q6s.180). £.20(s. 24).
but enoy! pk Gk- 3- nfet hylI~S-|dEBhdgiedIgiar HadBd o8 d0. 5% 3= B, 22X,
- | [oa,-@.t0]. :
18| 1 lve |¥e |a2200. 1720. 1625 3 ;l:;.(d.s J;n%. 21(1% 3.{5()5. 319{). ﬁsi 3 38.(]_2:_5.
ECleait) | 1808, (Gl “3K), 6.70. 6.75(2xs. 1K), &.§7. 7.43(2xc. J=rez
(Acisat | | 1) (od. .ol s
g Ve |¥e |2413. 1770. 1341, |1.52%s. SH). 3.34(d: J=5.35=. ), 3.84(s. ).
19 ‘(Ssans) N l155 (G, 3.76(s. ). 7.11(s. 1H). 7.18(c. J=6.3%=. 14).
9.12(trs. 1¥) (CCL1. !
20 | s0c ve |¥e ' |a410. 1720, 1541, |1.5i(s. SH), 3.34(c. J=5.3Ez. ). 3.65(s. FH).
(eis) - 1150 (C3cL, i 383(s. 3E). 7.03(s._1H). 7.08(c. J=5.3z, IH).
- . 8. 12(br=. 1H) [CCL,I.
S ve |ve . |3300. 1720. 1540 |3.41. 3.48(2d. J=shz. 24), 3.53. 3.73. 3.8,
el % | fad. ) 3.83(4xs. &d), &.28(s. ), 7.00~7.37(a. 7R) -
1d. ’
2 | ooz = |z |3385 1720 1.19. 1.20.°1.22. 1.30(ixe. J=SHz. 6d), 3.34. |
2| = y Ec:ic*..:."- 3. 42(2xd. J=58=, 24), 4.08. 4.12, 4.13. 4.2
(ixq, J=8hz. 4H). Z.21. 5.22. 5.24(3xs. 24),
' ' 7.03. 7.13(2xe. I=sHz. 1H). 7.03(s. 18}, 7.31(e.
&), 10.15(bre. 1H){CCLs1.
23 2z1 | Bzl ‘| 2400. 1728 5.31, 1.42(2d. J=Tiz. 21), 5.01, 5.03. £.11,
3| = il Rl b R 6 I i7(2xe. &), 6.66-7.30(=m, 17H), 10.19(brs. 18)
] o EC:C‘.a'J.
s 7 1 ; 3. 40(d. J=T¥z. 24). 3.7%(s. 3H), 5.10(s. 22).
) &= =B | “ o T 1s. 20), 5.20(s. 29), B.5~7. 4(m. 164)
$de )
2 | pe =3 |2400. 1728 3.34, 3.40(2d. J=THz. 24). 5.02. 5.05. £.09.
= = fOC,]. 5.17(4xs. 4H), 6.8~7.4{=.2%R). 9.50(brs. 1E)
. [l
: va |Me |3350. 3140. 1722. | 3.46(d. J=7.58z. 2H). 3.86(s. 3H). 3.78(s. 3A).
& '({E.O-@s) il | 170s. 1638 7.08(s. 1K), 7.24(t. J=7. =z 1H), 8.49(s. 1H)
{cxc,] m.100C. | [@C.].
ve |w¥e |2350, 31%0. 1715, | 3.36(d. J=7.0Hz. 2H). 3.73(s. JH). 3.34(s. ZH). |\
a ??:.s) ¢ ",a 1700, 1835 7.02{t. J=TEz. 1H), 7.12(s. 1H). 8 3Z(s. 1H)
: fea.l. | [@<L.l.
ve |t-3u|3380. 1710. 1540 | 1.47(s. 9H), 3.50(d. J=Thz. 2H). 3.86(s. 3H).
@ t(xg?s) = (csa.l. 7.07(c. J=TEz. 1H). 7.13(s. 1H). 8.80(s. 1H) (@
m. 101-104°C .l
z X -3 od ' 1.44(s. SH). 3.27(d. J=7Bz=. 24). 2.80(=s. ZH).
@ ’Z’S—ms> ol ' E.os<s..un. 7.31(e. J=Ez. 1d), 8.32(s. IH) -
ade
- 3 od . S0(d. J=6.SHz. 24). 3.68(s. ). 3.7%(s. ). |.
30 &Sansgc? te |te : i t 25(s, M), 7.24(s. 1H). 7.24(e. J=6.S8z. 1H) |
. ) S de . 0 H
1 ¥ b 2470. 1725. 1715. | 3.60(d. J=Tiz. 2H). 3.7%(s. 3H), 3.87(s. ZH).
N)AA@ re (A 1R e, 7). 7.18(s. 1), 7.18e. J=THz. 1H)
: | (=al. (.l .
e |3280. 1720. 1703 |3.43(d. J=§.5Ez. 24). 3.26. 3.Gd(Zxs. M), 3.70.
2 fg’i—_.,: te & fsgg.'hso. 1425 | 3.75(2%s. ). 6. #4. 5.63(2xs. 18). 6 34. 670
2 trans) : ’ [ca,l. ~li2xs. 1H), 7.01(e. J=6.5%=. 1K), 7.2%(s. 158)
34




20 25 30 35 13. 7beta-[2-(2-am not hi azol - 4-yl) -4-car boxy- 2-

but enoyl am no] - 3-vi nyl - 3- cephenmt 4- car boxylic acid. 14.

7Dt - [ 2-(2- am not i azol -4-yl ) - 4- car boxy- 2- HIllIlHllIl\IIIH ) Il
but enoyl am no] - 3-tri fd uor opr openyl - 3- cepheﬂbé‘carboxyllc 5* @cid
7bet\a~[ 2- (2- ami ndt hi azol - 4-yl ) - 4- car boxy- 2-

but enoyl am no] - 3- acet oxynet hyl - 3- cephem 4- car boxylic acid. 16.

7bet a- [ 2- ( 2- am not hi azol - 4-yl) - 4- car boxy- 2-

but enoyl am no] - 3- car banoyl oxynet hyl - 3- cephem 3- carboxyllc 10 acid. 17.
7bet a- [ 2- (2- a@LAIMSi azol - 4-yl ) - 4- car boxy-2- -

but enoyl am no] - 3- net hoxynet hyl - 3- cephem 4- car boxyl i c aC|d 18.

7bet a-[ 2- (2- ani not hi azol - 4-yl ) - 4- car boxy- 2-

but enoyl ami nol- 3- neAhywompannst of - Bhecfhemudacar boxylic 15 - acid. 19
7bet a-[ 2- (2- am not hi azol - 4-yl ) - 4- car boxy- 2-

~ 5
R—C—CONH ? s
- [: N
0% T ~F “rs
10 . | CH2COOR? COOR®
W/
wherein:
15 R is opt1ona11y protected aminothiazolyl;
R3 and R are each independently hydrogen,
a carboxy-protecting group, a salt forming atom or
group or a moiety forming a pharmaceutically
available carboxy derivative; and
20 RS is hydrogen or a 3-substituent of
cephalosporins.
N 2. A compound as claimed in claim 1, wherein the

7-acylamido double bond has the amido and carboxylic
25 substituents in the cis position.

3. A compound as claimed in claim 1 or claim 2,
wherein R is optionally protected 2-aminothiazol-4-yl.

30 4. A compound as claimed in any one of claims 1 to
'3, wherein R5 is hydrogen, methyl, methoxymethyl,
methylthiomethyl, cyanomethylthiomethyl, vinyl,
cyanovinyl, fluoropropenyl, trifluoropropenyl,
methoxy, chlorine, fluoroethylthio,

35 trifluoroethylthio, acetoxymethyl,
carbamoyloxymethyl, triazolylthiomethyl,



butenoyl am nol - 3- cyanonet hyl t hi onet hyl - 3- cephem 4- carboxylic acid. 20 .

7beta-

butenoylan1no] *3-1riazol yl thi omethyl-3-c¢

2- (2-am not hi azol - 4-yl ) - 4-car boxy-2- 20,
uﬂmnmﬂﬁUMrl di noet hyl - 3- cephem 4- car boxyl ate. 21.
i azol - 4-yl)-4-carboxy

7bet a- [ 2- (2- am not hi azol - 4-yl ) - 4- car boxy-2- 25

but enoyl am no] - 3-t hi adi azol yl t hi onet hyl - 3-cephem 4- carboxylic acid.

7bet a- [ 2- (2- am not hi azol - 4-yl ) - 4- car boxy- 2-
but enoyl ani meth$ivetiraziodtylthdome thybpt byl tamdwaulﬂ}midmeuhyc acid. 5

24.

bui enoyl arn 7B L 8ARITN oSy buked |87 JpBThAL By Aminomethy1 or by

7bet a- [ 2- (2m@kh¥Mdt-hi azol - 4-yl ) - 4- car boxy-2- 10
but enoyl am no] - 3- chl or o- 3- cephem 4- carboxyllc acid. 26.

7bet a- [ 2- (2 am not hi azol | ) -4-car boxy-
but enoy? ani Pe] - 3- A G&W&“ﬁﬂytﬁ cﬁha%@ﬁﬂe?rﬂ4cé&riﬂ’o>9ylwll§reln R

10

15 .

20

25

30

35

~is hydrogen, vinyl, cyanovinyl, trifluoropropenyl

acetoxymethyl, carbamoyloxymethyl,
thiadiazolylthiomethyl, methyl, methoxymethyl,
methylthiomethyl, cyanbmethylthiomethjl,
fluoropropenyl, methoxy, chlorine, fluoroethylthio or
trifluoroethylthio. '

6. A compound as claimed in any one of claims 1 to
3 wherein Rs is one of the RS groups exemplified
hereinbefore in the Examples (including Tables 1 and
2). '

7. A cephem compound exemplified hereinbefore in
any one of Tables 1, 2 or 3.

8. A compound as claimed in any one of claims 1 to
6 wherein R3 and/or R6-are/is independently a

salt forming atom or group or an ester-forming group.

9. A compound as claimed in any of the claims 1 to
6, wherein R3 and/or R6 are/is independently
hydrogen, an alkali metal or a pharmaceutically
acceptable estgr-forming group.

10. A compound as claimed in any one of claims 1 to
6, wlue'sre:i.n.-R:s and/or R6 are/is independently an

alkyl or aralkyl ester-forming group.

11. 7beta-[2-(2-aminothiazol-4-yl)-4-carboxy-2-
butenoylamino]-3-cephem-4-carboxylic acid.

ggﬂen}4 carboxyllc dcid. 2f.

o/

23.



acid. 15 27. 7bet a-[ 2- (2- am not hi azol - 4-yl ) - 4- car boxy- - 2- '
but enoyl am no] - 3-tri fl uoroet hylthi o-3-cephem 4- carboxyli ilmlﬂulwuullwl“l
Atonmpound as clained in any one of clainms 7 or 11 to 27, *
both of the 4-positian carbbxyl group on the cephemring and the 4-position
carbaxyl ,group on the [err]-butenoyl side Thiain is/are nodified by being
bonded to anot her noiety than that 25 of the conpound as cl ai ned, said

ot her noi ety being hydrogen, a carboxy-protecting group, a salt form ng
atomor group, or a noiety form ng a pharmaceutically avail abl e carboxy

derivative, and/er wherein one or nore of ‘any other protected groups is not
protected 30 or is protected by a different protecting group and/ or one

or nore of any2unpr oteetadl 3r b2Zesmippshjaaods-4-v b) of ecactioxysz- A
compound as ch t@%fbif‘alﬂinﬁg‘git-ﬂétﬁ& LY Qephem- 4NEAFbOxF11B3a39¢ OF RO

are/is selected from exa ereof give er el nbefore
-/
S
o 10
15
20
o
25
30

35



ﬁ?iﬂﬂmﬂﬂﬂlﬂﬁﬂﬁlﬂﬂ Phep™ (35 S o aa Tbet - o no- 2 cophem 4. par boxyl i .

acid 5¢ Her¥vative of the fornula: [er ﬁLlO o

S or-a reactive derivative thereof, with a 15 - carboxyal kenoic acid of the
formil-a: [err] 20 or a reactive derivative thereof; or (b) meutralizing/a
conpound as clained in claiml wherein at |east one of R3 and R6 is
hydrogen, or a reatdive?betardi~@-aminathiazoh-4-ydded -waxmxy+2+oduci ng
a 3-function_into an analo? of a compound as claimed in 25 claim1 by
3-doubl e bon®utenNYARLBR] Y -Nisyd ~F—aerhemt 4 ecarbexyilde dcidie
correspondi ng 3-(hédrox¥ acyl oxy or hal o) cepham by sul foxi de reducti on,
by reduction of a B¥¢haVBesa=darf@naminotiazed od-k}) didswarhownt2of a
3-(l eaving group 30 syubsti tut ed) net hyl - 3-cephem wi th a. nucl eophilic
reagent; or %ﬂyp b@@ipp '5§t€3§&&9¥PR¥PR#QN%Ea‘FﬁPbﬁmﬂﬁﬁFanhoxxﬂéc

protectgd angg%éy' prot ected carboxy W

15. 7beta-{2-{2-aminothiazol=-4-yl)-4-carboxy-2-
butenoylamino]-3-acetoxymethyl-3—cepﬁem-4-carboxylic acid.

16. 7beta-[2~(2-aminothiazol-4-yl)-4~-carboxy-2-

| butenoylamino]-3-carbamoyloxymethyl-B-cephem-3-carboxylic W
10 acid.

17. 7beta-{2-(2-aminothiazol—4-yl)-4-carboxy-2-
butenoylamino] ~3-methoxymethyl-3-cephem-4~carboxylic acid.

18, 7beta-[2-(2-aminothiazol-4-yl)-4-carboxy-2-
butenoylamino}-3-methyltﬁiomethy1-3-cephem—4-carboxylic

15 acid.

19. 7beta-[2-(2-aminothiazol-4-yl)-4-carboxy-2-
butenoylamino]-3-cyanomethylthioﬁethyl-B-cephem—4-
carboxylic acid.

20 ., 7beta-[2-(2-aninothiazol-4~-yl)-4-carboxy-2-

20 butenoylamino] -3-pyridinocethyl-2-cephem-4-carboxvlate.

21. 7beta-{2-(2-aminothiazol-4-yl)-4-carboxy-2-
butenoylamino]-3-triazolylthiomethyl-3-cephem-4-
carboxylic acid. .

27. 7beta-[2-(2~-aminothiazol~4-yl) -4~carboxy-2-

25 butenoylamino]~3-thiadiazolylthiomethyl-~3-cephem~4~-

carboxylic acid.



group, or a reactive derivative thereof. 35  31. A process for preparing
a conmpound as clainmed in claim 1l and substantially as h

descri bed under any one of nethods (1) to (7) 32. ﬂmgmﬂlﬂ”'llllﬂm
preparing a conpound as clainmed in cIa|n11 substantlaﬂ ¥ ag M
herelnbefore 5 -described. 33. A process r preparing a conpound as
clainmed in claim1 and substantially as herei nbefore described in any one
of the runs of any one of 10 ‘Exanples 2 to 9. 34. A conpound as cl ai ned

in any one of clains 1 to 29 whenever prepared by a process as clained in
any one of clains 30 to 33. 15 35.  An antibacteri al fornulation

conpri si ng ou a | n cl.ai 1t 34 and
wherein R3 andi) Zbgi [i E&?&Jﬁ ¥ ? 8? Xiami ep[V'f fmng a
pharnaceutlcajbytenoylamlno] methyltetrazolylthiomethyl 3-cephem-
_ 4-carboxylic acid.
~ S
24. 7beta-[2-(2-aminothiazol-4-yl)-4-carboxy-2-
butenoylamino)-3-methoxy-3-cephem-4-carboxylic acid.

25.  7veta-[2-(2-aminothiazol-4-yl)-4-carboxy-2-
10 butenoylamino]-3-chloro-3-cephem-4-carboxylic acid.

26. 7beta-[2-(2-aminothiazol-4-yl)-4-carboxy-2-
butenoylamino]-3-fluoroethylthio-3-cephem-4-carboxylic
acid.

15 ) _ :
- 27. 7beta-[2-(2-aminothiazol-4-yl)-4-carboxy-2-
butenoylamino]-3-trifluoroethylthio-3-cephem-4-

carboxylic acid.

20 28. A compound as claimed in any one of claims 7 or
11 to 27, wherein one or both of the 4-position
carboxyl group on the cephem ring and the 4-position

. carboxyl group on the 7B-butenoyl side chain is/are
modified by being bonded to another moiety than that

25 of the compound as claimed, said other moiety being
hydrogen, a carboxy-protecting group, a salt forming
atom or group, or a moiety forming a pharmaceutically
available carboxy derivative, and/or wherein one or
more of any other protected groups is not protected

30 or is protected by a different protecting group
.and/or one or more of any unprotected protectable
groups is protected.

29. A compound as claimed in claim 1 or claim 6,
35 wherein R, R3 and/or R6 are/is selected from
examples thereof given hereinbefore



20 avail a y derivative (which may be a salt form ng atom or

the co belng fornmul ated for therapeutic antibacterial use.
m“ “ as claimed in claim35 and also 25 conprising a

“wﬁ‘ ept abl e diluent, car ﬁh1or excrpient. 37. A

for atlbn Ms clained in claim35 or cl@™m 36 and in unit dosage fornl\gﬂ

38. A method for conbating bacteria or inhibiting their presence in an

envi ronnment other than the human or ani mal body which conprises treating

the environment with a conmpound as clained in any one of 35 clains 1 to

29 or 30 or a fornulation as clainmed in any one of clainms 35 to 37.

30. A process for preparing a compound as claimed
in claim 1, which process comprises either: (a)
amidating a 7beta-amino-3-cephem-4-carboxylic acid

5 derivative of the formula: | A
N
10 o
coomﬁ

or a reactive derivative thereof, with a
15 carboxyalkenoic acid of the formula:

RﬁCOOH

CH-CH 3

Z—COOR

20 or a reactive derivative thereof; or (b) neutralizing
a compound as claimed in claim 1 wherein at least one

of R3 and R® is hydrogen, or a reactive

derivative thereof, with a base; or (c) introducing a U

3-function into an analog of a compound'as claimed in

25 claim 1 by 3-double bond introduction by basic or
thermal elimination of the corresponding 3-(hydroxy,
acyloxy or halo)cepham, by sulfoxide reduction, by
reduction of a 3-(halo or sulfonyloxy)cephem or by
displacement of a 3-(leaving group

30 substituted)methyl-3-cephem with a nucleophilic
reagent; or (d) deprotecting a compound as claimed in
claim 1 having a protected amino or protected carboxy
group, or a reactive derivative thereof.

35 31. A process for preparing a compound as claimed
in claim 1 and substantially as hereinbefore
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described under any one of methods (1) to (7).

32. A process for preparing a compound as claimed
in claim 1 and substantially as hereinbefore
described.

33. A process for preparing a compound as claimed
in claim 1 and substantially as hereinbefore
described in any one of the runs of any one of
Examples 2 to 9.

34. A compound as claimed in any one of claims 1 to
29 whenever prepared by a process as claimed in any
one of claims 30 to 33.

35. An antibacterial formulation comprising a
compound as claimed in any one of claims 1 to 29 or
34 and wherein R3 and R6 are each independently
hydrogen or a moiety forming a pharmaceutically
available carboxy derivative (which may be a salt
forming atom or group), the compound being formulated

for therapeutic antibacterial use.

36. A formulation as claimed in claim 35 and also
comprising a therapeutically acceptable diluent,
carrier or excipient. '

37. A formulation as claimed in claim 35 or claim
36 and in unit dosage form.

38. A method for combating bacteria or inhibiting
their presence in an environment other than the human
or animal body which comprises treating the
environment with a compound as claimed in any one of
claims 1 to 29 or 30 or a formulation as claimed in
any one of claims 35 to 37.




