11 [err]-LACTAM ANTI BACTERI AL AGENTS Thi s invention relat
novel [err]-lactam derivatives, which have aﬁtibacteria
of value in the treatnment of

wi de range of organisns, particularly G amnegative organi sns. The

invention also relates to a process for the preparation of such conpound
and tgo~phar maceutical conpo TLW@M‘“MM’ Fcterially active

conpadumds. [err] [err] Internmedi ates for use in the preparation of
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a process for the preparation of such

compounds and to pharmaceutical compositions

containing the antibacterially active compounds, aaé

hod c . l ial o ing . ] 3
aﬂéma;s—as4;Lsimyaau¥h4mmgpsi;40§§. Intermediates for
use in the preparation of compounds of the invention
are disclosed and claimed in our copehding British
patent application 8514519.

Accordingly the invention provides a class of
B-lactam antibiotic having an o ~formamido (formamidyl)
substituent on the carbon atom adjacent to the carbonyl
group of the B-lactam ring. The term ol-formamido
denotes the configuration: '

NHCHO

Compounds within the present invention are those
having the partial structure:
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i nfections in humans-and ani mal s caused by a
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o(-formam do denotes_the configuration: NHCHO
[err] Conpoundshvfans nan@eapiBadnt C2nsehtPHnd af H3§ NANge

structure: [errpartidd1dBI¢ QRaRIE
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CHO [err] wherein Rl is hydrogen, an acyl graqup, in particular those found
on antibacterially active penicillins or cephal osporins, or an

am no-protecting group; R2 is hydrogen or a readily renovabl e carboxyl
protpct'gp group; and Y is: S CH3 [err] wherein Yl is oxygen, sul phur or
-CH2- and Z represents hydrogen, haLogep, or an organi ¢ group such as [err]
al koxy, -CH2Q or -CH=CH Q wherein Q represents hydrogen, hal ogen, hydrox
mer capt o, cyano, carboxy, carboxylic ester, [err] alkyloxy, acyl oxy, aryZ)'
a heterocyclyl group bonded via carbon, a heterocyclylthio group or a

ni trogen contaiping heterocyclic oup _bonded, via njtrogen. . \Wen used
herein the ter °ﬁ§|8§§ﬁ*°H¥FEE% g%ﬁeBﬁ?%%“Be*?ﬁ%ﬂt}?Psﬁ%WQﬁﬂ%ﬁﬁIuorine,
chl orine, broompeundndfi 6drmelaple)epnbhysahtotheeeafid brom ne. When used
herein the term "carboxylic ester” unless otherw se defined suitably
includes C "al kyl esters. Wen ui@g herein the term "acyl oxy" unl ess

ot herwi se defined suitably includes [err] al kyl car bonyl oxy groups. Wen
used herein the term"aryl" unl ef¥ otherw se defined sui tably includes
phenyl and naphthyl, preferabl henygt, Optionally substituted with up to
five halogen, [err] alkyl R~ al koxy, halo [err] al kyl, hyd-roxy,

ani no, - | N ¥ - (D)
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whefein Rl is hydrogen, an acyl group} in'particulér
those found on antibacterially active peﬁicillins or
cephalosporins, or an amino-protecting group; R2 is
hydrogen or a readily removable carboxyl protecting

group; aﬁd'Y is: .

S CH
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q\ CH,,

7 Nen. /

3
vl '&~)_
< e,
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wherein Yl is oxygen, sulphur or -CHs- and Z represents
hydrogen, halogeh, or "an organic group such aé‘C1_4
alkoxy, -CHpQ or -CH=CH-Q wherein Q represents
hydrogen, halogen,'hydroxy, mercapto, cyano, carboxy,_
carboxylic ester, Cj.4 alkyloxy, acyloxy, aryl, a
heterocyclyl group bonded via carbon, a

" heterocyclylthio group.or'a nitrogen containing
heterocyclic group bonded via nitrogen.
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‘carboxy,[err] al koxycarbonyl or [err] al koxycarbonyl-[err] al kyl groups.
When used herein the term' heterocvclyl'" unl ess otherw se defined suitably
includes single or fused rings ccnprising up to four hetero atonms in the
ring selected fromoxygen, nitrogen and sul phur and optionally substjtuted
with up to three halogén,[err] alkyl, [err] al koxy, halo-[err]-al kyI
hydg;ﬁy am no, carboxy, [err] alkoxypq&pqnyl, C al koxy- carbonyl lﬁ
al k aryl or oxo groups. Wen used herein the ternms | ower neans the group
contains - fromJl to 6 carbon atomns 4 -3- The contounds of the present
i nvention may coReefn % ‘?h“aa'ne’a?n% gq%ﬂb é‘r‘?‘&PSF"’a BRFBBRYPERR B Nd may,
therefore, émfstedsis hseuzw&nerﬁlommaraw-ﬂ@rrrmeal bsomihd, satd aldE&i &) ds or
bases. The forgmpigp, 9k ‘ﬁgg Wo preferred confornations, those
wherein the Flydrogen atoms t are cis- or trans-, of whi ch the
- conformation normal ly predom nates. Suitably Y is [err] V\,herel n Q
represe[]t s hydrlczgleén lhl@éd)gﬂé‘ceifydimyteﬁﬁP'Qla[&}baﬁyQian@sbéﬁLb&?Nesé?gr b0f<y| ic
- ester err OXVYa . AL, XV, QL 2 r oGy, i 0 referred val ues
for Yin thle g%) yléu%d%‘%ﬁl%%r%lu‘l aa% E;‘é'qrc(eiy é%ri:laﬁdg ST¥ When the
corrpound of forrrula (I') is a derivative of a peni C|II|n

When used herein the temm “ac?loxy“ unless otherwise

defined suitably includes Cl—é alkylcarbonyloxy groups.

When used herein the term "aryl" unless otherwise
defined suitably includes phenyl and naphat hyl, praferabls

C,_g alkyl, C,_, alkoxy, halo(él s’ alkyl, hydroxy, amino,
carboxy, Cl-s alkoxycarbonyl, or l 5 alkoxycarbenvl- (C1_5)-

alkyl groups.

When used herein the term "heterocvclyl"” unless other

e
l_‘
(ﬂ
'7
[Ta] 1

O]

defined suitably includes singile or fused rings ccmpr

up to four hetero atoms in the ring seslected from oxygen,

nitrogen and sulphur and opticnally substituted with up to
g:) three halogen, cl-6 alkyvyl, Cl_s alkoxy, halo-{ Cl 5)-alkvl,

alkoxv-

nhydroxy, amino, carboxy, Cl_6 aikoxycarbonyl, C 1-6 2

carbonyl(cl_a) alxyl, aryl or oxo greoups.

Wnen used herein the terms lower means the group contains -
. from 1 to 6 carbon atoms.



and cephal osporin. A particularly preferred value for Yis -SC(CH3) 2- A
further preferred value for Yis [err] wherein Z is as herei nbefore
defined. Those conpounds of the forrmula (I) wnerein [err] is a hydrogen
group, ordan ami no-protecting group are mainly useful as internmediates in
t he preparation of conmpounds of the-fbr+rula (1) wherein ferr] is an acyl

group, in particular those found in antibacteriallv active penicillins o
cephal osporins.  Those conpounds of the formula (1) wherein [err] is a {:}
readi ly renovabl e carboxyl protecting group or a non- 4 pharmaceutical l'y

accept abl e sal tTwe ecqixﬁ:i:dmud'é Yousefell pessd A et wifces niay tdemtprigpar ati on of

conpounds Qf the fornu e a free carboxyl group or a
phar naceutlla%ulll A a%r?:le?) a ﬁ(&)p Vg}?c{/e%ereo xsyo iHd 35{1 St °y i'n the readily -
renovabl e t;laq:b@f@te protest gy @‘r%u@slﬂ@’-a’r@ p?mrﬂrﬁycefmrl'fbalalwsaccept able in

vivo hydrolyggble; st 88 S U Ser Hdes L he [err]-lactam antibiotic conpounds
of the present invention are intended for use in pharmaceutical

conpositions it will readily be understood that they are each provided in
substantially poie formemidorgsxapten adxisasin 5686 muefenmmde sui tably at

| east 75% pugeopod prel of abLYe Alnd S2BL SR Sd K YS! & W DaSTS) .

| npur e prepara |0 S O
-VH CHO are, c15- or trans- of which the.:-:n =

con_ormatlon normally oredominates.

_Suitably Y is -S-C(CH3)2-, -S-CHa-,
-$~CH-C(CH2Q"')=; or
_ -0~-CH-C(CH2Q'" )=,
wherain Q' reprasents hydrogen, halogen} hydroxv,
'mercapto, cyano, carboxy, carbdboxylic estsr, Cj.-.a

alkyloxy, acvloxy or heterocyclylthio group.

Praferrad values for Y in the compounds of formula
(I) ars -S-C(CH3)3- and -S-CHp-C(CH2Q)=, ie when the
compound of formula (I) is a derivative of a zenicillin
and cephalosporin. '

arrad value for VY is

1Y

A particularly pre
)

Those compounds of the formula (I) wherein R! is a
hydrogen group, or an amino-protecting group are
mainly useful as intermediates in the preparétion of
compounds of the formula (1) whersin ]l is an acyl
' éroup, in particular those found in antibactarially

active penicillins or cephalosporins.

Those ccmpounds of the formula (I) wherein R2 is a

readily removable carboxyl protechting group or a noa-

S



conpouynds nay be used for preparing the nore pure forms used in the .
pharmaceutial conpositions. Al though the purity of intermediate conpdunds
of the present invention is less critical i~t 4wl readily be understood
that the substantiaily pure-formis preferred as for the [err]-lactam
anti bi oti c conpounds. Preferably, whenever possible, the conpounds of the
pr e: I nvention are obtained in crystalline form Suitable

~am nd=pr ot ecting gmmnmad@htamelﬂhosecmydabuBOWBltna&bepa&h?ﬁbhﬁhuﬂﬁwubg
removed under convgnti Ill QRS t LSruption the.re

of the nol ecul e. aesn JJﬁes o?ngets qu]‘r #‘Ieec[&lég’aqragﬁgg gr po‘ﬁ%‘f]ﬁd% b&?ﬁzyl
jptlonally substlt§ﬁ§ﬂ¥¥an(ﬁﬁewbﬁéﬁ}m ﬂanSby éﬁéeoﬁafhexzhb§r©@neﬂtsa

el ected from [ ef rdhazadenticanlyaloapeabile! LuokoRRLENLE . Nahoggn o ni tro;
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e B oxyear borfler s Qi3S hel el dh 0V SALBORE N cagharTL

| | yl oxycar bonyl ; Rudtegting Gmpapbom@eah@xphawaabenyhcaSMytabtepea@n@les of

~h+protect|ng grOUQ&\MﬂUW R h%&&kshBQEU@%tﬁgoﬁ% géﬁed above which are
. ienpvabl e under acTd condlglons optionally i presence of a group Ilb

snetal Exanpl es of suitable pharmaceutically acceptable in vivo
hydr ol ysabl e ester grogincenthedg-tlhezamManeiblbeals dewpoﬁﬁa@llbﬂ tRet he

human body to |eavgdh@t invention are intended for use in
pharmaceutical compositions it will readlly be
-understood that they are each provided in substantially
pure form, for example at least S50% pure, more suitably
at least 75% pure and preferably at least 95% pure (%
are on a wt/wt basis). Impure préparationé of the
. compounds may be used for preparing the more pure forms
used in the pharmaceutial compositions. Although the
purity of intermediate compounds of the present
invention is less critical it will'readily be
understood that the substantially pure form is
preferred as for the B-lactam antibiotic compbunds;
Preferably, whenever possible, the compounds of the
g:j- S Dresent invention are obtained in crystalline form.

Suitable amino—protecting groups Rl are those
well-known in the art which may be removed under
| L conventional conditions without disruption of the
remainder of the molecule.

Examéles of amino-protecting groups for Rl iacluce
~ benzyl optionally substituted in the phenyl *ing by one
or two substltuents selected from Cj_g4 al<y1, Cl-4
alkoxy, trlfluoromethy;, halogen or nitro; Cj_4

alxoxycarbonyl, for example tert-butoxycarbonyl;

o



parenhj?crd or its salt. Suitable ester groups of this type include those
(Df par@forrmula (i), (ii) and (iii): Ra [err] wherin Ra is hydrogen,
‘methyl, or phenyl, [err] is [err] alkyl, [err] alkoxy or phenyl; or [err]
and [err] together forma 1, 2-phenyl ene group optionally substituted by one

or two net hoxy groups; Rc represents—[éar}t al kyl ene = 4b - optionally
substituted with a nmethyl or ethyl group - Rd and Re independently g;)
represent [err] alkyl; Rf represents {err] alkyl. Exanples of suitable

vivo hydrol ysabl e ester group include for ‘'exanpl e acyl oxyal kyl groups such
as acetoxyn&mmwmlqmyuﬂnmdnq&ympthyhalﬂgrshbac&toxy&thslfaﬂdbenzyl

[err]-pival g Ik yI such as
et hoxycar bony oxyneﬁﬁ %EQFB% ét§§¥% gn&?ééﬁggﬁ Fgﬁgyglkylanlnoalkyl'
especial I'y cﬁaﬂhﬂmaﬂalkylanlno al kyl groups such as di net hyl ani nonet hyl ,

di et hyl am noet hyl , drethylanrnonethyl or diethylam noethyl; |actone groups
such as phthalidy di net hoxy alid and esters Irnke f second
[err]-lactam anti %E'oﬁxf@p F E %P§ﬁ§§én?nﬂFBFP8rWIthl%u$tabIe 5

readily rewnmndﬂuﬁaxﬂﬂmsqﬂlqsm@ﬁe@bpng ghmapsaterremevgbéapuﬁéer] in formula
(1) include y0ig conditions optionally in the presence of a group .

IIb metal.

Examples of suitable pharmaceutically acceptable
© in vivo hydrolysable ester groups include those which
break down readily in the human boay to leave the.
parent acid or its salt. Suitable ester groups of this
type include those of part formula (i), (ii) and (iii):

R2
-CO2CH~0.C0.RP (i)
rd
~C02-RS-N a
R® (ii)
-CO2CH-O0RE . C(iid)

wherin R2 is hydrogen, methyl, or phenyl, RP is Ci-s¢ 5
alkyl, Cj-.g alkoxy or phenyl; or  R2 and RP together

form a 1,2-phenylene group optionélly“substituted by

one or two methoxy groups; RC represents Cl?G alkylene



ester derivatives of the carhoxyl.ic acid. The derivative is preferably one

whi ch may readily be cleaved. Suitable ester-form ng carboxyl -protecting

groups are those which may be renpved under” Ahventional conditions. Suchl

groups for R2 include benzyl, p-methoxybenzyl, benzoyl nethyl,

p- ni trobenzyl, 4-pyridyt rrethyl 2,2,2-trichloroethyl, 2,2, 2-tribronoethyl,

t-b , t-anyl, al I¥ Ehen yl - rret hyl, triphenyl net hyI adamant yl ,

2-beMdg4/l oxyphenyl , B h@RAYLY hFdpREhtted of ¥ hyal msftdylo of ethyl group -

t et rahydropyran- 2 wﬁ aﬁcnkachh@ép@mu a@@éﬂ%nt L Ql dargqul pifonyl et hyl,

nethoxynethyl nn p ontalnln up,, an oxime
di cal of forrrul ak %Ef‘%?;‘? \/\%é?@ T ff c?r %eﬁéla&% |é‘— or an in

VI vo hydrol ysabl e E.SIErhYéde;a$abh%heaisede§n‘m iatmdwde FEoe examgigl group

may be regeneratedaéypakﬁaykpi Psu@é)oy@cﬁssserécebab)&ﬁéac'h 2t hods
appropriate to thePg aci d - and hase -

roup, for exanp
catal ysed hydrolys x%’ﬁ%ﬁmgl:alqyac%tﬁ’é}{%@ Wrﬁ‘l’?é-l‘@loﬂﬁ%i/‘
~*hydr ogenol ysi s. Suetajal.egpbapwcelkmq&éryb@qcm)tﬁﬂ)@lsqlrbmﬁ tshenhcasboxy

gfoup of the COWOH@Hoﬁ&cLQEW&?@(}Q\e hgw. ugles rggt aého%@ca?: %gtlgeilalim gr in

salkali netal salts um or a55| um al Kal’i
‘r.rpt al salts such a§1é3al<k§iameﬁahlaxgheﬁmmljlyarﬁmmmr@rlks’d@mnputaédsyl

groups such as dimethylaminomethyl, dimethylaminoethyl,

diethylaminomethyl or diethylaminoethyl; lactone groups
o " . such as phthalidyl and dimethoxyphthalidyl; and esters
linked to a second B-lactam antibiotic or to a

i B-lactamase inhibitor.

&



amoni um salts, for exanple those with | ower al kyl.am nes such as:
ne, hydroxy-lower alkylam nes such as 2-hydroxyethyl.am ne,
. bi s-{% hydroxyethyl)-amne or tris-(2-hydroxyethyl)- am ne,

cycl oal kyl am nes such as dicycl ohexyl am ne, or w th procaine,

riethylam

di benzyl am

ne,. N, N-di benzyl et hyl ene- di ami ne, 1-ephenani ne,

N-ethylp|per|d|ne,.N—benzyI-[err]- phehet hyl ani ne, dehydr oabi'etyl ami ne,

N, N.- bi sdehydr o- abi etyl am ne, ethyl enedi am ne, or bases of the pyridine

Q

type such as pyridine, collidine or quinoline, or other amnes which have

been used to formsalts wth known penicillins and cephal osporins.

O her

useful salts accBeitagleoreadipyesemtvatmlentd droiyic|pridedtd g t hi um and
gegﬁg;eo@&rt PReC R “déogé‘ﬁtmsfémnﬁ@'m e R@ecr ystal i sed or

silver salt
recrystalli

nlsolven nt a

water. In such cases water of
hydration n8§t8E BFH%thv?ﬁlgflﬁbén?? fhttticRs dr t B its scope

st oi chi onet aemhadiaéeSSaprueéfaasyC@zﬁ@omm oyt ateudigyvate abl e anounts of

wat er t hat
val ues for

‘heterocyclyl thio group,

gﬁ ?ﬁproduced by processes such as |yophilisation. Suitable
rn

e conpounds of the fornmula (1) include the acetoxy,

via nitrogen. %selsablabégt&aesnﬁn? 11 aaatiRg Houps

heterocyclylthlo rou e _heterocyc
represent ed®h§ £R s?ophﬁFg Fé

maysbe
conditions. Such groups for R2 include benzyl, =
p-methoxybenzyl, benzoylmethyl, p-nitrobenzyl,
4¥pyridylmethyl,'2,2,2—trichloroethYl, _
2,2,2-tribromoethyl, t-butyl, t-amyl, allyl, diphenyl-
methyl, triphenylmethyl, adamantyl, 2-benzylokyphenyl,
4-methylthiophenyl, tetrahydrofur-2-yl,

.- tetrahydropyran—-2-yl, pentachlorophenyl, acetonyl,

p-toluenesulphonylethyl, methoxymethyl, a silyl,
stannyl or phosphorus-containing group, an oxime
radical of formula -N=CHR® where R° is aryl or
heterocyclic, or an in vivo hydrolysable ester radical
such as defined above.

The carboxyl group may be regenerated from any of
the above esters by usual methods appropriate to the
particular R2 group, for example, acid - and base -
catalysed hydrolysis, or by enzymically -catalysed
hydrolysis, or by hydrogenolysié.

Suitable pharmaceutically acceptable salts: of the

carboxy group of the compound of:formula (I)-include

metal salts eg aluminium, alkali metal salts such as

\yeé hl[\r?dgt[ oucpnvnew51 t::Lour{atl(’jlbI y be

and nitrogen contalnlng het erocyclic group bonded

O

-

.



20 -7-,wherein "Het" is a five or six nenbered heterocyclic. ring
contaKﬁlng from1l to 4 atons selected fromN, 0, and S unsubstituted or
substituted with one.or two groups selected from[err] alkyl, [err] al koxy,

hydroxyal kyl , [err] "al kenyl, al koxyal kyl, carboxyal kyl, sulphonylalkyl 1%

carbanDyIaIkyI trifluofonethyl, hydroxy, habogen, oxo, (subst)an1noa|ky|,
and i;,boxy aIkyI or two substituents may be linked to formthe residue of
a hetefocyclic or carbocyclic ring. Exanples of the group "Het" include
unsubstituted and substituted imdazolyl, triazolyl, tetrazolyl, thiazolyl,

thiadiazolyl thlamﬁuamobylpomxas@th,ankhgzheygagag &g@gheggleg sd@# tabl e

groups "Het" incl uhst and_sybstitute 2, 3-triazolyl; 1, 2,
4 triazolyl; tetrg%gfqﬂﬁ géa?éﬁkgglPﬂ 39§I§Tm°ﬁlu% ot it LA HHed 1, 3,
4Lth|ad|azolyl o@mfonzum4sﬁﬂ¢§d|é@élykampiefehaséywitﬁalnn&rcmyclylthlo

roup is T-nethylauwyuehﬁaée|sﬁcu|59|9 SeARL ByLnd -
aiazol 5-ylthio, l%arbox§nethgl-lkkt f%azg? Kn 3hf€§$!filower

hydr oxy- 2- net hyl® YE2B15551 S9<h_ a5 5hRd 81244 Pblam?ﬁﬁwntrogen cont ai ni ng
Het erocyclic grouplboméebydmaxmethpgwﬁam$neuofabfysa(zaﬁydyduygnﬁgqgup

R e Cal koge iRy é?%%‘igﬁ‘&*ﬁ’lgﬁgf‘?iégﬁﬁ%%?“g g enine | S

qarboxyalkyl suIﬁHGHyPEPE?P“ecaQBEﬁﬁyY hpe - Eaﬂtﬁﬁhﬁﬂzylethylene-
diamine, l-ephenamine, N-ethylpiperidine, N- benzyl-B-

g phenethylamine, dehydroabietylamine, N,N'-bisdehydro~

g abietylamine, ethylepediamine, or bases of the pyridine
type such as pyridine, collidine or quinoline, or other

: amines which have been used to form salts w1th known

penicillins and cephalosncrlns.

i Other useful salts according to the present
invention include the lithium and silver salt.

Some of the compounds of this invention may be
crystallised or recrystallised from solvents containing
. water. In such cases water of hydration may be
L'(:j formed. This invention includes within its scopé
stoichiometric hydrates as well as compounds containing
variable amounts of water that may be produced by
processes such as lyophilisation.

Suitable values'for Q in the compounds of the
formula (I) include the acetoxy, heterocyclylthio
group, and nlurogen contalnlng heterocycllc group
bonded via nitrogen.

More suitably Q and Q' represent the acetoxy or
heterocyclylthio group.

The heterocyclylthio group may suitably be
represented by the formula:

B ' - § - Het



trifluoromethyl, hydroxy, halogen, oxo, and am noal kyl. Fromthe foregoing
At W Ibgﬁe realised that preferred antibacterially active conpounds of this

:|nvent|
acceptabl e

salt or in vivo hydrol ysabl e ester thereof: 21 - 8 -

can be represented by the formula (11) or a pharmaceutically

CHO NH H

[err] wherein Y is as defined with resgect to formila (t); and R3 is a

group such
anti bacteri
for inclusi
sub- fornul
- CO -

wherein n i

that [err] is an acyl an no

roup, in particular that as foundczf

(a) A2

ally active penicillins or cephal osporins. Suitable groups [e
on in the conpounds of the formula (11) include those of the
ae (a)- (e) - (CH2)n - - (CH2) m - CO -

wherein

8iflg &oﬁta?nlﬁgISer L.e6 2;adbmsSsébécted from N, O,
and S unsubstituted or subst1tuted with one or two
groups selected from Cj-g alkyl, Cl-¢ alkoxy,
hydroxyalkyl, Ci.g alkenyl, alkoxyalkyl, carboxyalkyl,
sulphonylalkyl; carbamoylaikyl, trifluoromethyl,
hydroxy, halogen, oxo, (Supst)aminoalkyl, and carboxy-

-alkyl or two substituents may be linked to form the

residue of a heterocyclic or carbocyclic ring.

Examples of the group "Het" include unsubstituted
and substituted imidazolyl, triazolyl, teﬁratolyl,
thiazolyl, thiadiazolyl, thiatriazolyl, oxazolyl,
triazinyl and oxadiazolyl.

Suitable groups “Het" include unsubstituted and
substituted 1, 2, 3-triazolyl; 1, 2, 4-triazolyl:
tetrazolyl; oxazolyl; thiazolyl; 1, 3, 4-oxadiazolyl:;

1, 3, 4-thiadiazolyl, or 1, 2, -thladlazolyl.

Preferably the heterocyclylthlo group is
l-methyl-1H~tetrazol-5~ylthio, 2-methyl-l1,3,4-thia-
diazol-5-ylthio, l-carboxymethyl—lg—tetrazol—s—ylthio
or 6-hydroxy-2-methyl~5-oxo-2H-1,2,4-triazin-3-ylthio.

The nitrogen containing heterocyclic group bonded
via nitrogen is suitabiy a pyfidinium group
unsubstitﬁted or substituted with one or two groups
selected from Cj.g alkyl, Ci-g alkoxy, hydroxyalkyl,

C1-6 alkenyl, -alkoxyalkyl, carboxyalkyl,

sulphonylalkyl, carbamoylmethyl, carbamoyl,

triﬁluoromethyl, hydroxy, halogen, oxo, and aminoalkyl.

_ From the foregoing it will be realised that
preferred antibacterially active compounds of this
invention can be represented by the formula (II) or a

pharmaceutically acceptable salt or in vivo

hydrolysable ester thereof:

Het" 1s a five or six pgmbered hetepocy@lic.[err]

€
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al kyl ~substituted [err] alkyl, C3-6 cycloal kyl, cycl ohexenyl, .
oycIoE;XadienyI, an aromatic group, such as phenyl, substituted phenyl, .
thienyl, pyridyl, an optionally substituted thiazolyl group a Cl-6 - 2
al kylthio group or [err] alkyloxy; X is a hygrogen or hal ogen atom a L
carboxylic acid, carboxylic ester, sulphonic®acCid, azido, tetrazolyl,

hydr , acyl oxy, am no, ureido, acylam no, heterocyclylam no, guanidino or
acyl ™ei do group; A2 is an aromatic group such as-a .phenyl, a

2, 6- di net hoxyphenyl , 2-al koxy-1|-naphthyl, 3-arylisoxazolyl,
3-aryl -5-net hyl i soxazol yl group, a substituted al kyl group, or a

jubstituted dithietane; XL is a [err] or [err] group;[err]-is an oxygen or

ul phur atom A3 is an aryl or hetergﬁ{ | group such as’ phenyl, substituted
phenyl or am nothiazolyl; and A4 is Rydrogen, [err] alkyl, [err]
gycl oal kyl, aryl am no- carbonyl, [erqhkgikylanino- car bonyl ,-[err] al kanoyl,
err] al koxycarbony [err] alkenyl, ca&r bax err] alkyl,[err] alkyl sul phonyl
ind [err] aIkyIphosphatoneRﬁyboJMH!F%ﬁﬁf%B%}EAl is [err] alkyl, [err]
ycl oal kyl, cycl ohexenyl, cycl ohexadiienyl, ph nyI,_hydroxy-pBen |, thienyl

r pyridyl group; and Xis a hydrog&ﬁ—er’I al#gen atom a car &%&lic acid,»
tar boxylic ester, azido, tetrazolyl, hydropy, acyloxy, am no, ureido,
guani di no or acyl ureido group. - 10 -. Ogrynore suitable groups [err]
i.ncl ude di hydr oxy- 2 '

,‘Qﬁﬁﬁﬂ\l—

wherein Y is as defined with respect to formula (I);
.and R3 is a group such that R3-CO-NH- is an acylamino
group, in particular that as found in antibacterially

active penicillins or cephalosporins.

; Suitable groups'R3C0- for inélusion in the
g . compounds of the formula (II) include those of the sub-

. N fopmulae (a) - (e):
' | A1 - (CH2)p - iH - (CH)p - CO - - (a)
Az - CQ - : (b)

AN
AN

CHy X

co -

(c)

—
T~



phenyl ‘and di acetoxyphenyl. Favoured groups R3 for inclusion in the

compguhds of -the fornmula (11) include those of the sub-fornula (f) and (Q):

(Ibrr] wherein R4 is a phenyl, thienyl or phenoxy group; [err] is a hydrogen
atom or methyl group; R6 is a phenyl, substituted phenyl, substituted

t hi azolyl, thienyl or cyclohexadi enyl group; and R7 is a hydroxyl,

carboxylic acid group or |ower alkyl-0f phenyl, tolyl or indanyl ester (:)

thereof, am no or a substituted am no group. Suitably the substituted

phenyl group for R6is a phenyl group substituted with up to three groups

selected from[err] al kyl, phenyl, halogen, Cl-6 al koxy, amno, nitro,

hydr oxy, - [err] thFIankgo, kerb)akkgbcarbonyl oxy, carboky) [err] .

al koxycarbonyl ., halo [err] alkyl, oxo [err] alkyl, [err] alkylcarbonyl,

aryl oxy, aral kyl oxy, arylcarbonyl, [err] alkylamno or [err] alkylam no.

Preferably R6 is a phenyl, p-hydroxyphenyl, thienyl or cycl ohexadi enyl

group. ‘O her prgBeLr d-gegups R6 include 3, 4-di hydroxygephenyl and

3, 4- di acet oxyphenyl : Prgfer bly R7 is a substituted am no group. More .

preferably the substituted fffno group R7 is a ureido, acylanm no or

-acylureido group. One suitable sub-group within the present invention
provi des a conpound of forrmula (l111) or a ' ' '

wherein n is 0, 1 or 2; m is 0, l.or 2; A} is C1-¢
alkyl, substituted Cl-g alkyl, C3-g cycloalkyl,
cyclohexenyl, cyclohexadienyl, én aromatic group, such
as phenyl, substituted pﬁenyl, thienyl, pyridyl, an
optionally substituted thiazolyl group a Cl-g alkylthio
group or Cl-g alkyloxy:; X is a hydrogen or-halogen
atom, a carboxylic acid, carboxylic ester, sulphonic
acid, azido, tetrazolyl, hydroxy, acyloxy, amino,
ureido, acylamino, heterocyclylamino, guanidino or
acvlureido group; A2 is an aromatic group such as a
phenyl, a 2,6-dimethoxyphenyl, Z-alkoxy-l?naphthyl,
3-arylisoxazolyl, 3—aryl—S-methjlisoxazolyl group, a
substitutéd alkyl group, or a substituted dithietane;
X] is a CH0CH2, CH2SCHy or (CHp), group; X2 is an {:)
oxygen or sulphur atom; A3 is an aryl or heteroaryl
group such as phenyl, substituted phenyl or
aminothiazolyl; and A4 is hydrogen, Cj_-g alkyl, C3-g
cycloalkyl, arylamino- carbonyl, Ci-.g alkylamino-
carbonyl, Cj-g alkanoyl, Ci-g alkoxycarbony, C2-g
alkenyl, carboxy Ci~g alkyl, Ci-g alkylsulphonyl and
di-Cj-g alkylphosphatomethyl. ' | T,

o

More suitably A1 is Ci-g alkyl, C3-¢ cycioalkyl,
cyclohexenyl, cyclohexadienyl, phenyl, hydroxy-phenyl,
thienyl or pyridyl group; and X is a hydrogen or
halogen atom, a carboxylic acid, carboxylic ester,
azido, tetrazolyl, hydroxy, acyloxy, amino, ureido,
-guanidino or acylureido group.



1

pharmaceutically acceptable salt or in vivo hydrol ysable ester thereof: CHO
[err] gherein Y is as defined with respect to formula (I) and R8 is plienyl ,, ..
substi tuted phenyl, cyclohexenyl, cyclo- hexadienyl, or a 5- or 6-nenbered4<‘
het erocyclic ring containing up to three hetero-atons sel ected from oxygen,
sul phur or nitrogen, optionally substituted otk hydroxy, am no, hal ogen,
subsg;%uted amno or [err] alkoxy; R9 is hydrogen or a [err] al kyl group
and is an optionally substituted 5- or 6- nenbered heterocyclic group
contai ning one or two nitrogen - 12 - heteroatons; or R9 and R10
together - with the nitrcmxﬁbgumuné(ngﬂgﬂlgIggbu%@ehqtqggqggefggg&ggox -
omtionally substituted five-éi?six-ne d heteradcyclic group cont%ining
ons.

er
ome or two nitrog nﬁﬂﬁ%nﬁﬂﬂ cARY. ¥t'e substituted phenyl group for
is a phenyl group substituted with up to three groups selected from

[Riﬁrr] alkyl, phenyl. hafgsibed &idugld Ko A Tidusioh! Gn ARA" QX¥pok RHL]
_aqkylanldo, a-6 al ylcaﬁﬁﬁ? | oXy, carboxy, [err alkoxgcar onyl, Ral's
‘[err] alkyl, oxo [¥Fr§hreal Wil jnplagdenshpse ofyitbey SUBrEPRPHBRY,
afylcarbonyl,[err](ﬁﬂlqhdmmgna or [err] alkylami.no. In formula (111), the
.gtoup R8 is preferably. phenyl, 4-hydroxyphenyl, 3,4-di
[err]al kyl car bonyl oxy) -

R4 - cH - (£)
'- . .
{
P! RS
RE - fl—‘H - |  (q)
rR7

wherein R% is a phenyl, thienyi or phenoxy group; RS is
a hydrogen atom or methyl group; R6 is a phenyl,
substituted phenyl, substituted thiazolyl, thienyl or
. cyclohexadienyl group; and R’ is a hydroxyl, carboxylic
(:) acid group or lower alkyl or phenyl,.tolyl or indanyl
ester thereof, amino or a substituted amino group.

Suitably the substituted phenyl group for R® is a
phenyl group substituted with up to three'groups
selected from Cy-g alkyl, phenyl, halogen, Cj-g alkoxy,
amino, nitro, hydroxy, Ci_g alkylamido, Ci-5
alkylcarbonyloxy, carboxy, Ci-g alkoxycarbonyl., halo
(C1-g) alkyl, oxo (Cl_g) alkyl, Ci-g alkylcarbonyl,
aryloxy, aralkyloxy, arylcarbonyl, Cl-g alkylamino or
di(C1-g) alkylamino. '

Preferably R6 is a phenyl, p-hydroxyphenyl,
thienyl or cyclohexadienyl group.



phenyl, 3, 4-di hydroxyphenyl, 2-thienyl, 3-thienyl or 2-am no-4-thiazolyl.
Particutarly preferred groups R8 are 3, 4-di hydroxyphenyl and

'Gé?%}diacetoxyphenyl. Suitably RO is hydrogen. Suitable substituents for the

5- or 6- nenbered heterocyclic group of R10 or RO and R10 together include
the optionally substituted al kyl, al keayl - al kynyl, cycl oal kyl or.
cycl oal kenyl group; optionally substituted phenyl, oxo; the hydroxy groqE)
optionally substituted by al kyl, al kenyl, cycloal kyl, phenyl, pyridyl,
pyrimdyl or benzyl; the optionally substituted mercapto group, the

al kyl sul phonyl gpeHer b?%f%%&%hibubagsrﬁﬁnqnaﬁeae;3Fa-ébﬁyaﬁb9 -group
optionally substituted_by an alkgl, glkeayl, cycl oal kyl, phenyl,

subst i t ut edPPRB¥YI 28A Beﬁf%FaCEt-xig &ngroup. Al-ternatively two
substituents on the ring may formthe residue of a further carbocyclic or
heterocyclic ring. Rrefernrednvglues [ P g [= 3 of formula (111)
are [err] and [e?FffﬁﬁggéyhﬁQ ?5 gsskg%égﬁggfgrgmgg?Pﬁggg?é when t he
conpound of formula (I11) are derivatives of a penicillin and

cephal osporin. ThgreapheFeaa®Tymhkedubsicn theeaubagnbegeblpi 8 7asymretric so

that the conpounds may exist. as two oqtically active diastereoisoners. In
gener al- t hat® ureido, acylamino or acylureido’ group.

One suitable sub—groué within the present
invention provides a compound of formula (III) or a
pharméceutically acceptable salt or in vivo
hydrolysable ester thereof:

NH J—N - (1II)

wherein Q is'as.defined with respect to formula (I) and
R is phenyl, éubstituted phenyl, cyclohexeny;ﬁ cyclo-
hexadienyl, or a 5- of 6-membered heterocyclic ring
containing up to three hetero-atoms Selected érom
oxygen, sulphur or nitrogen, optionally substituted
with hydroxy, amino, halogen, substituted amino or C}-g
alkoxy; R? is hydrogen or a Cj-g alkyl group and R10 jg
an optionally substituted S- or 6~ membered
heterocyclic group containing one or two nitrogen

L

FAT)



prepared fromthe D-side chain exhibits the highest antibacteri al activitz;i
and afcerdingly the D conpound or the DL nixtures are preferred, with the™g
conpound being particularly preferred. Preferred conpounds within fornula
(I'11) are the penicillin derivatives of fornrla (I'V) or a pharnmaceutically
acceptable salt or in vivo hydrol ysabl e esTe 2thereof: CHO [err] wherein
[errT\i s phenyl, substituted phenyl, cyclohexenyl, cycl ohexadienyl, or a 5-
or nber ed 27 - 14 - heterocyclic ring containing up to three

het eroat onms sel ected from oxygen, sul phur.Qr nitrogen, optionally
substituted with he8rERRLoRAI NOT hglag@an$ fegether kbt YRED ridrip@e@nogen
or [err] alkyl andtbfr kb Whidn eRpéyoapé!| yreabsédtfd@md dd Wt iYnalivy menber ed
Het erocycl i ¢ group_contai ning.one or _twp nitrogen, heteroatons,; or R12 and
RL3 toget her withSPRE “HEPFEHRLAEGnTE o° AT BRUPRESS d1%e SAASHAAF (B hean
optionally substi tonédihing- coe et xtwenbitedgért ke toeyad iamsgyr oup cont ai ni ng
one or two nitrogen heteroatonms. In formula (I1V) the group R11 is

“-preferably phenyl, 4-h¥d[ox hen 2 3-thienyl,

8

-

————aime s e . oa s

. ————— -

2-ami no- 4-t hi azol yl, 3°4i§e MrBgébﬁ%ﬁégiggzgé4P%ﬁ%XkﬂQ§8Hﬂm§ﬂH.Rs is a
phenyl group substituted with up to three groups
selected from C)-g alkyl, phenyl, halogen, Cl-g alkoxy,
amino, nitro, hydroxy, Ci-g alkylamido, Ci-¢
alkylcafbonyloxy, carboxy, Cil-g alkoxycarbonyl, halo
(C1-g) alkyl, oxo (Cl-g) alkyl, Cl-g alkylcarbonyl,
aryloxy, afalkyloxy, arylcarbonyl, Ci_g alkylamino or
di(C1-¢) alkylamino.

In formula (III), the group RS is preferably .
phenyl, 4-hydroxyphenyl, 3,4-di(Ci-galkylcarbonyloxy)-
phenyl, 3,4-dihydroxyphenyl, 2-thienyl, 3-thienyl or
2-amino-4-thiazolyl. )

Particularly preferred groups R® are
3,4-dihydroxyphenyl and 3,4-diacetoxyphenyl.

Suitably R? is hydrogen.

Suitable substituents for the 5- or 6- membered
heterocyclic group of R10 or RS and R1O together
include the'optionally substituted alkyl, alkenyl,
alkynyl, cycloalkyl or cycloalkenyl group; optionally
substituted phenyl, oxo; the hydroxy group optionally
substituted by alkyl, alkenyl, cycloalkyl, ohenyl,
pyridyl, pyrimidyl or benzyl; the optionally
substituted mercapto group, the alkyléulphonyl group;
the substituted imino group; or the amino group
optionally substituted by an alkyl, alkenyl,
cycloélkyl, phenyl, substituted phenyl or benzyl



Particularly preferred groups Rl1 include 3, 4-di hydroxyphenyl and

3,4-di a oxyphenyl . Suitable substituents for the five- or six- nenbered
heterodﬁgllc group of R13 or R12 and R13 together inc.lude the alkyl,

al kenyl , al kynyl, cycl oal kyl or cycloqgkenyl group, optionally substituted
phenyl, oxo, the hydroxy group optiondlly * substi t ut ed- by
al kyl, al kenyl, cycl oal kyl, phenyl, pyridyl, pyrimdyl or benzyi, the
optionally substi t ut ed mer capt o group, the alkylsulphonyl group, the -
"substituted imno gr or t tional substituted by an
al kyl , aIkeﬁ§Pup'cyé£B§¥?? ?ikﬁﬁﬂ° %ﬁﬁ% tgﬁPgﬁ Bﬁeﬁ?% DRy group.
AIternatlveEprmmbheubssldmenm& DrEwdthen ngrbayytb1o1®he resi due of a
further caquggggb§c {cheigro- cyclic ring. Preferably R12 is hydrogen.

One particularly preferre Sub- group within the present invention provides

a conmpound of forrmula (V) or a pharmaceutically acceptable salt or in vivo
hydrolysable estEfefQEtemfvaxﬁia[ﬁﬁﬁfﬂ Wherkien cBipontkds’ of eeqanudef i ned with

t ot I L Ikyl,
eopeet oy oo REY| Bk Lblegael ot idnd epsgnie eyl opspelerlo adyly
and represefs h?é?ég‘éﬁfOG <Befa4ﬂésﬁv Les ben ttG?eGmaPRWC} <Pfa| fyamlaani no,

hydroxy or (III) are derivatives of a penicillin and
cephalosporin.

The carbon atom marked * in form-;ae hereln is
asymmetric so that the compounds may 2xist as two
optically active diastereoisomers._ ‘In general that_
prepared from the D-side chain exhibits the highest
antibacterial activity and accordingly the D compound or
the DL mixtures are preferred, with the D compound being
particularly preferred. '

Preferred compounds within formula (III) are the
penicillin derivatives of formula (IV) or a

pharmaceutically acceptable salt or in vivo

hydrolysable ester thereof: ' <i}-
fHO
* NH H
11 z =
R.CH. CO.N’E—’;E__.T//
NH
. N
co OJ—' 1 (IV)
| H COH
e -
RlZ R13

wherein Rl is phenyl, substituted phenyl,
cyclohexenyl, cyclohexadienyl, or a 5- or 6~membered



T

[err] alkoxy or [err] and [err] formthe residue of 5- or 6- nenbered
carbogyclic or heterocyclic ring. Suitable values for Y in the conpounds of
formulMa (V) are [‘err] and [err] wherein Qis as herei nbefore defined.
Rreferably Y.in the.conpounds of forrmula (V) is [err] wherein Q is as
herei nbefore defined.” - 16 - Preferred compounds within fornula (V) are
thegpenicillin derivatives of formula (M) or a pharnaceutically acceptable
sal t™@&r .in vivo hydrol ysable ester thereof: CHO [err] wherein [err]and
[err] are as hereinbefore defined. Suitable [err] alkyl groups for the
groups [err] and ac;]g ( u et hyI
n- and i so- propyl wtéé‘%%féf}’égrf\% Jq{)%%px érgg QS&%LQ){L

Pief erably R15 andﬁ?@%cﬁ. ?EQW(ﬂﬁﬁﬂeﬂkfﬁﬂkHﬂﬁr ﬁFePéFFéEegub@PéaﬁnéilY
cpmpounds within t SeoPt L6@EEd | WVEDNTHLIr RS, tgﬁgn@qmaqaq&nof,rf efogla (Vi)
of a pharnaceuti cal J.)é’ accelgijtbl e salt or in vc h)iﬂ (II \a/sgbkg;;ester
thereof: CHO [err]? 1S’ hydrogen ‘ot | b4

i optionally substituted flve- or six-membered
' heterocyclic group containing one or two nitrogen
heteroatoms; or R12 and R13 together with the nitrogen

' atom to which they are attached form an optionally
substituted five—.or six-membered heterocyclic group
containing one or two nitrogen heterocatoms.

In formula (IV) the group r11 is préferably
phenyl, 4-hydroxyphenyl, 2-thienyl, 3-thienyl,
2;amino—4—thiazolyl, 3,4-dihydroxyphenyl or

. 3,4-diacetoxyphenyl.

a——— v v ——— o

Particularly preferred groups RYL include
3,4-4ihydroxyphenyl and 3,4-diacetoxyphenyl.

_ Suitable substltuents for the five- or six-
e © membered heterocyclic group of R13 or R12 ang r13
' (:> together 1nc1ude the alkyl, alkenyl, alkynyl,
cycloalkyl or cycloalkenyl group, optionally
‘substituted phenyl, oxo0, the hydroxy group opticnally
substituted by alkyl, -alkenyl, cycloalkyl, phenyl,
pyridyl, oyrimidyl or benzyl, the optionally
éubstituted'mercapt¢ group, the alkylsulphonyl group,
the substituted imino group, or the -amino group
optionally substituted by an alkyl, alkenyl,. .

.ﬁ ‘cycloalkyl, phenyl, substituted phenyl or benzyl

group. Alternatively two substituents on the ring may
form the residue of a further carbocyclic or hetero-

cyclic ring.

Preferably R12 is hydrogen.



-17- wherein R3 is as hereinbefore defined; [err] is oxygen or sul phur; and
@ re g§ents acetyloxy, a group -SHet, wherein Het is as herei.nbefore
“(defined®or [err] represents a subgroup of fornmula (h): [err] wherein Rq
and RP nay be .the sane or different and each represents hydrogen, [err]

al kyl, [err] -al koxy, hydroxy- alkyl, -[esr} al kenyl, al koxyal kyl,
carboxyalkyl, sul phonyl al kyl carbannylalkyl carbannyl trlfluoro- nmet h
hydr oxy, hal ogen, and am noal kyl . Suitabl e val des of [err] wi t hin formul
(M) are those of fornulae (a) to (g) as hereinbefore defined with
reference to for @Heap(alzit)mu@a'rtﬁblp%e%%aa sh‘SLgr%ﬁhk{‘tlfoﬁ ha (V1)

i ncl ude substituted and unsubstityted 1,2, 3-triazol f triazolyl;

tetrazol yl ; Hﬁ&%ﬁﬂtyP““Fﬁt&f@IfFovfd§s4aofaﬂP826Ffo §°§mﬂ ?r‘%klﬁil

1, 3, 4-t hi adlamana@:reuLﬁaéntyhlaaﬁse@zzabyle sklef erabhyvitie groups "SHet' is

1-nmet hyl -1 H | t hi yl -1, 3, 4-t hi adi azol -5-yl thio, .
I-carboxynegh%%&ﬁFg%%ﬁfgzgﬁ %,tﬁf%gngr 6- hydr oxy- 2-nethyl -S-oxo-2H1, 2,
4-triazin-3-ylthio. Suitably [err] represents hydrogen. Suitably RP A
represents hydrogen, sul phonyl al kyl or carbanoyl, preferably the

substituent RPis in the 4-position.

an

CHO

o : NH | o
. RB-EH-CO-NH.WL_{\ | '
\ v
. TH A—N b V)
e T

' co H
rY N“ 0

L1

wherein R® and ¥ are as defined with respect to formula F
(III) and r1l4 represents hydrogen, Ci-¢ alkyl, -'<:>
substituted alkyl, aryl, or aralkyl:; R15 and R16 are

the same or different and represent hydrogen, Cl-g

élkyl, substituted alkyl, halogen, amino, hydroxy or

C1-g alkoxy or R13 and R1® form the residue of 5- or 6-

‘ﬁembered carbocyclic or heterocyclic ring.

Suitable values for Y in the compounds of formula
. (V) are -S-C(CH3)3- and -S-CH2~C(CH2Q)= wherein Q is as i

hereinbefore defined.

Preferably Y in the compounds of formula (V) is
-S-C(CH3)2—- or -S-CH2—-C(CH2Q')= wherein Q' is as
hereinbefore defined.



iy

3§

3

Wi t hi

a

a) -
| -yl

1 - 18 - Suitably Yl is sulphur. Suitably Yl is oxygen. Preferably R3

formula (MY is a subgroup of fornmula (j): [err] wherein qur]

nd [&r] are as hereinbefore defined with reference to forrmula (V).
Speci fic conpounds wthin this inventi-on include the follow ng and

pharmaceutically acceptable salts and in- V|v§ hydrorysable esters thereof:
rr]-formam do-[err]-(D 2-[(4-ethyl
ar bonyl am nol - 2- phenyl acet am do] peni ci |l | ani ¢ aci d;

di oxopi perazirl --

[err]- fornanido-[err]-phenoxyacetanidopeniciIlanic aci d;

- f i do- 60-[ 2- t | i d;
Lere]-forman do-S0- (> gagbouad LRy hocel Aol P! Loanke 2ol
and b) [err]- [Epgn@enlb@hyﬂezlsauimg@p¢§ei@zmmla Vq§bambdhyl

a

a

M nol - 2- (4- hydro
19- [err]-[L-2-(
M noj - 2- (4- hydro

0X0 erazin-1-yl)carbonyl
Yﬁﬁ@ﬁg??aéétaﬁfﬂﬁ]ngF?? f or mami do- penicillanic acid;

EMQ?EQXL%@E@L@D}dQLceﬁ@&EiefQéﬂ@”&ﬁclnF¥¥Udﬂ| I'anic aci d;

' ?HO
* NH H
CRM —cH - cO - NH T/S
NH ' '
| J— Ny (V1)
° H “co_H
2

|
Rl r|~z 0
R14
wherein r11l, rl4, R15 apnd R16 are as hereinbefore
defined.
Suitable Cj.g aikyl groups for the groups Rl4, r15
and R16 in formula (V) and formula (VI) include methyl,
ethyl, n- and iso-propyl, n, sec-, iso- and

tert-butyl. Preferably R;4 is ethyl. Preferably R15
and Rl are hydrogen. |

A further preferred subgroup of compounds within
the present invention are the compounds of formula
(VII) or a pharmaceutically acceptable salt or in vive

hydrolysable ester thereof:

THO
. l s
Wy
R3 CO.NHrT
: P (VII)
}—N
d’ C%ZQ



[err]-Formam do-[err]- [D-2- [(4-hydroxy-2-phenyl am no-

yrlnldEQ -yl )ureidol -2-phenyl acet am do] peni - cillanic acid; .

[err]-( - Ami no- 2- (4--hydr oxyphenyl ) acet am dol -6 - fornan1dop€n|0|llan|c
acid; [err]-[D2-(3-cinnanoyl-3-nethylurei do)-2-phenyl -
acetanldol [err]-formam dopenicillanic acid,

[err]-Formam do-[err]-[D 2-((2- ox0|nrdéiorld|n 1-yl)

car bonyl am nol - 2- phenyl acet am dol penicil | ani ¢ aci d; [err]-Fornanido-[err§:>
(D-2- [(3-nethyl sul phonyl - 2-oxo-

i m dazol i di n-1-yl ) carbonyl ami nol - 2- chenyl acet - ami dol peni ci |l ani c aci d;
[err]- Fornamhd@eharﬂp 1&Da&-Hﬁiedmbbﬁbe-ﬁéﬁuaad2 yﬂ is oxygen or

fg: melélo% ‘r:{a%'ugglh \HP ?@e@%h'@%n' ?f'e‘ltgﬁgk? agl group -SHet,
[2, 3- a]pyr|HWGFﬁl@- eﬁcdﬁb@ﬁymaﬁeﬁ@Pef?rﬁhéﬁfﬂnchePﬁnp&oIpen|C|IIanlc
acid; [err] deBrdsledsBenzicyfione 4£hEdraxypy ((hyi:di n- 5-yl)

carbonylanlnol 2- phenyl acet am dol -[err]-formam do- penicillanic acid, 33
- 20 - 6ot-Formam do-[err]-[D 2-( roxyphenyl)-2-[(2-
oxoi m dazol i di n- 1- yI)carbonyIan1 o] ace{ ani @] penicillanic acid,
[err]-[D 2-(3-ci nnanoyl - 32 met RyTRy ei -2§(4-hydroxy-.
R
r4

wherein R9 and RP may be the same or different énd each
répresenfs hydrogen, Cl_é alkyl, Cil-g alkoxy, hydroxy-
alkyl, Cl;g alkenyl, alkoxyalkyl, carbéxyalkyl,
sulphonylaikyl, carbamoylalkyl, carbamoyl, trifluoro-

- methyl, hydroxy, halogen, and aminoalkyl.

Suitable values of R3CO- within formula (VII) are
those of formulae (a) to (g) as hereinbefore defined
with reference to formula (II).

Suitable groups ‘Het' within formula (VII) includé _\{:>

substituted and unsubstituted 1l,2,3-triazolyl;
1,2,4-triazolyl; tetrazolyl;'oxazolyl; thiazolyl:
l,3,4-oxadiazolyl; 1,2,4-triazinyl; 1,3,4-thiadiazolyl
or 1,2,4-thiadiazolyl. Preferably the groups 'SHet ' is
l-methyl- l1H-tetrazol-5-ylthio,

2-methyl-1,3,4~- thiadiazol-5S- -ylthio,
l-carboxymethyl-1lH-tetrazol-S5-ylthio or 6-hydroxy-
2-methyl-S-oxo-2H-1,2,4-triazin~-3-ylthio.

~ Suitably RY represents hydrogen.
Suitably RP represents hydrogen, sulphonylalkyl or

carbamoyl, preferably the substituent RP is in the
4-position. '

ab



phenyl ) acet ani do] - [‘err] - f or mani dopeni ci | | ani ¢ acid; and c)
[ierr] #Formam do-[err] -[ D-2-[ (4- et hyl - 2, 3- di oxopi per azi n-

»l:;-yl ) &ar bonyl ami no] - 2- (3, 4- di acet oxyphenyl ) - | _ .'-_~ 3i

T SRR TRYCSAL QY TRy MEmsey 1 Ny SN

gcet am dol peni cil1anic acid;

[ierr] - Formam do-[err]-[D-2-((4-ethyl-2,3-di_oxgpi_perazin-

|-yl r bonyl am nol-- 2- (3, 4-di hydr oxyphenyl ) - acet am dol peni ci | | ani ¢ aci d,
and [err]-[D 2-[3-[2-(4- Am nosul phonyl phenyl ) am no- 4-

Rydr oxypyri m di n-5-yl ] urei do] - 2- (4- hydr oxyphenyl ) - '
acetam dol -[err]-formarg dopeni ciJy ani c_aci.d;_[err]-Formam do-[err]-[D 2-
[3-(furan-2iylnethyle%@}%gﬁﬁﬁbfﬁéjﬁkﬁqxﬁ? dl i di n-1-yl]carbonyl ani nol - 2-
4- hydr oxyphenyl ) acet am do] penicillanic acid; - - .
err]-(D-2- (D 2- Car bameyl;aEgiq FIphend Qi onani do) -
- (4- hydr oxyphenyl ) acetam do] -[err]-formam do- penicillani¢ acid;
err]-[2-[[Coumarin-3-yl)carbonyl am nol - 2- (4- hydr oxy- : .

hehenyl ) acet ami do] - [ erfrreflearatslyi doberiittiid dvirtuda dVII) is a subgroup
err] - Formam do- 6 | - (+4- hydr.,oxyphenyl ) - 2-1 ( 3-
ethylsulphonyl-2%%;5$%%3§%bnﬁgrn-l-yl)carﬁéﬁ%&TCHf

m nol acet am do] penicill ani c aci d; r1®1 |- [er@&[[}z;

S- Et hoxycar bonyl i madazol - 4-yl ) car bonyl NN Y )

m no] - 2- (4- hydr oxyphenyl ) acet ami dol - [ er ] - f of mani do- peni cilPfani ¢ aci d;
err]-[D 2-((4-Ethyl -2, 3-di oxopi perazinz

Terf] O
r14

arbonyl am no] - 2- (t hi en-2-yl ) acet am do]

wherein Ra, Rl4, R15 and R16 are as hereinbeforé
defined with reference to formula (V).

Specific compounds within this invention include
the following and pharmaceutically acceptable salts and
in-vivo hydrolysable esters thereof:

a) sg—formamido—SB-[D—2—[(4—ethyl—2,3—dioxopiperazih"

- 1l-yl)carbonylamino] -2-phenylacetamido]lpenicillanic

o ' . acid;

6ﬁhformamido—GB—phenoxyacetamidopenicillanic acid;

6x—-formamido-68-[2-carboxy-2-(3-thienyl)acetamido]

penicillanic acid;

6o—formamido-6B-(2-carboxy-2-phenylacetamido) -

penicillanic acid; and

b) 6B8-{D-2~-[(4-ethyl-2,3-dioxopiperazin—-l-yl)carbonyl

aminol-2-(4-hydroxyphenyl)acetamido] -6x-formamido-

penicillanic acid:



-formam do penicillanic acid,

err]-[L-2-[(4-Ethyl -2, 3- dloxoplpera2|n 1-yl)-

arbonyggglno] 2- (thfen 2-yl)acetam do]-[err] fornanldopen|0|llan|c aci d;
[err]-[ B®€- Ami no-2-(thien-2-yl)acetami do]-[err]- fornmam dopenicillanic
.acid; [err]-{L-2-Am no-2-(thien-2- yl )L aggt ani do] - [err]- .

f or mam dopeni ci |l | ani ¢ aci d, _<:>
[err]-[ (2R, 8S)-3-Benzyl oxy-2-1(4-ethyl -2, 3-di oxo-
piperaan-l-yI)carbonyIanino]butyranido] [err] f or mam dopenicill anic aC|d

o b o e e e N N B b B e R 1oy LARREPPPERI ¢ aci d

hydr oxy:- 2-.( phenyi
[err]- (D 2- Anrnoa&ambéﬁﬂkdé&hgdtdﬁYpbemyp)h@emamudoi-ée@hakmapmdaﬁlc aci d;

[err]-[D2-](4- 5%%hcai§aq&gxggogera2|n l-yl)

carbenylam nol - henyl acet [err] fornan1do¥ cephalosporanlc aci d;
[err].- For'mami do-[err]-[D-2- [3-(methyl sul phonyl) - 2-
-ox0i m dazol i di n- xb*bbg@@hg@bL@@qu~221nhemyhroageuaghdayqeahabgsporanlc

: d; 35.~- 1 I b
.gﬁ:no] 2-(4- hydr5¥§%ﬁ%ﬁifbg%¥lagr§6f -F%-ggrﬁggﬁg %%égﬁ %S%g?;nfgy]
acid; [err]-[L-2dif4amtileylacids- dloxoplpera2|n 1-yl) carbonyl '

6B~- (D-2-Amino-2-(4-hydroxyphenyl)acetamido}-6 -
formamidopenicillanic acid;

-GB—[D-2—(3-cinnamoyl—3-methylureido)-2-phenyi-
acétamido]—&x—formamidopenicillanic acid;

6x—Formamido-6B-[D-2-[(2-oxoimidazolidin-1-yl)
carbonylamino]-2~-phenylacetamidolpenicillanic
acid; '

am-Formamidq—6B~[D—i—((3—methylsulphonyl—2—oxo—

imidazolidin~l-yl)carbonylamino]l-2-phenylacet-

amidolpenicillanic acid: . “ <:>

6x-Formamido-63- (D-2-{3~methyl-3-(thien-2-yl-
carbonyl)ureldo] Z-Dhenylacegamldo]oen1c1llan1c

ac1<J,

6--Formamido-6B— [D-2- [ ( 7-hydroxy-1,2,4-triazolo
(2,3-alpyrimidin-6-yl)carbonylamino}-2-phenyl-

acetamidolpenicillanic acid;

GB—[D—Z—[(2—Benzy1amino—4—hydroxypyrimidin45-yi)
carbonylamino]-2-phenylacetamido] -&x-formamido-

Penicillanic acids;

wy



am no] - 2- (4- hydr oxyphenyl ) acet ami do] -[err] - f or mami do- cephalosporanlc aci d;
7p-[ D2-[ (4- Ethyl -2, 3-di oxopi perazi n-1-yl)carbonyl.

am nol=2- (3, 4- d|acetoxyphenyl)acetanldo] [err]- -fornanldocephalosporanBQ.
acid; [err]-Formanido-[err]-(thien-2-ylacetan do)cephal o- sporanic aci'd:
[err]-[ 2- Carboxy-2-(thien-3-yl)acetam do]-[®&r#d- ‘fornanldocephalosporanlc
acidg~ferr]- [D-2- [(4-Ethyl -2, 3-dioxopiperazin-1-yl)carbonyl

anm ndl# 2- (t hi en-2- yI)acetanldo] [err]-formani do- cephal osporanic acid;
[err] [ L-2-( 4-Ethyl -2, 3-di oxopi perazi n-1-yl)carbonyl am-no] - 2- (thlen 2-yl
Yacetam do]-[err] - fornaﬁ?dﬁorméphéyoéﬁot@nZt(éxmxﬂroxyphenyl) -2-((2-

[err]-[2-(2- Anlnothlazobxglﬁiaggglgalgni S YELR Rhal rani c
acid; and e) 613- D-2 upari n- 3- ¥ %u*g?%%l 2-(4- Hggroxy- mH S
p1eny|)acetan1do] [err] hgﬁ?ﬁbﬁeﬂ tfflanic acid; 6p-[D2-[3-(

41 ox0- 4H 1- benzopyr an- 3- yI)ureldo] 2-

(#- hydroxyphenyl ) acet anggdokplsL - 2D di,_ -
“err]- -Formam do-[err] ”'F% &D i [% %?%xy- -P % rE%]E@JBJM&o)aCQ d(4 hydr%x{
napht hyri di n- 3- yl ) car boRBeBYH ndFe aTHd%yd@6x§°rmamld°Pen1c1llan1c acid;
p1eny|)acetan1do]pen|crhhanlc acid; [err]-

[ b-2-[ D 2-am no- 3- (N- et hyl carbam)yl)propl on-

a11do] 2- (4 hydroxyphenyl)acetanldo] [-err]-formam do-
S c) 6en-Formamido—-6B- [D-2~[(4-ethyl=-2,3-dioxopiperazin-

- l-yl)carbonylamino] -2-(3,4-diacetoxyphenyl)-
: ' acetamidolpenicillanic acid; .

&x—Formamido—GB-{D-Z—[(4—ethyl-2,3—dioxopiperazin—
l-yl)carbonylamino]-2-(3,4-dihydroxyphenyl)—
! : T acetamido]lpenicillanic acid; and

; , d) 6B~ [D-2-(3-[2-(4-Aminosulphonylphenyl)amino-4-
Lo g " ) hydroxypyrimidin-5-yl]ureido]-2-(4-hydroxyphenyl)-
' . acetamido]-6x—-formamidopenicillanic acid;

N 6x—Formamido-6B~- [D-2-{ [3-(furan-2-ylmethylene-
i {i) ) ‘amino)-2-oxoimidazolidin-l-yl]carbonylamino]=-2-
' - (4-hydroxyphenyl)acetamido]penicillanic acid;

6B-[D-2-(D-2-Carbamoylamino-3-phenylpropionamido)-
2-(4—hydroxyphenyl)acetamidol—Gx—formamidb-'
penicillanic acid;

D
63-[24[(Coumarin—3—yl)cérbony}aminb]—2-(4rhydroxy-
*f . ' phenyl)acetamido]-6x-formamidopenicillanic acid;

6x-Formamido-6B3- [D-2~(4-hydrofyphenyl)-2-[ (3~
methylsulphonyl-2-oxoimidazolidin-l-yl)carbonyl-
amino]acetamido]penicillanic acid;




penicillanic acid; [err]-[ 2-[(Cyanonethylthio)acetam do]- [err]-formam do
~Ccephal osporanic acid; [err]-[2-[(Am nocarbonyl)am no]-2-(thiem2-yl)-
: ihcetaqﬁ@pl-[err]-fornanfdocephalosporanic acid; (f)
[err]-Formam-do-[err]-[2-(thien-2-yl)acetan do]-3-((l-
met hyl -1 H-tetrazol -5-yl ) thi omet hyl ] €eph-3-em 4- carboxylic acid;
[err]-Formam do-[err]-(2-(thien-2-yl)acetamn dol-3-((2- g;>
met hyl -1, 3, 4-t hi adi azol - 5-yl )t hi onet hyl | ceph-3-em 4-carboxylic acid; aM
[err]-[2-(3, 4-di acet oxyphenyl)-2-[ (4-ethyl -2, 3-di oxo- '
?ipera?hn'g*{z?GBLQﬁnFLFEEnElﬁ62§?Hfﬂ@hylﬁ@é&azol-47yl)carbonyl;_ ol
or mam do- 3-. - et : tetrazol - 5- i, 0; 1L ceph- 3- l- car boxylic
aci d; [err]-[2-f§}ﬂ9£rﬁyé#6 ¥8ﬁ8ﬁ§?6?§§%?i?g%%ﬁfégys- iggzﬁgﬁﬁﬁo
pi perazi n-1-yl ) panbheaylanmicokeidf or mam do-3-[ (I - '
met hyl -1 Htetrazol -5-yl)thi omet hyl | ceph-3-em 4- carboxylic acid; [err]-]

L-2-[(4-ethyl -2, 3-di oxopi perazin-1-yl)- L
carbonylaninoI-éﬁtéPﬂzdﬂﬂﬁdFGQVéﬁén§r?éEéPaﬁPGBFzin”l'Yl)‘ I
[err]-formam doparbenkllamifcdeRd (thien-24yl)acetamido] —6ex ' -3 _

wt

[err]-fornanido;§§%%¥$i ip%@ggﬁggxgklgeggkagthien-2-y|;

acet am do) - ceph- - ircTacid;

[err] -phenoxyacet am do-[err]-formam dopenam 3-carboxylic acid;, [err]-[D2-

(4-ethyl -2, 3- di @gaRitnerazigieknyh)-2,3-dioxopiperazin-1-y1)=
carbonylamino]l-2-(thien-2-yl)acetamido] -6x-
formamidopenicillanic acid; ' '

6B—{D-Z—Aminoéz-(thien—ZéYI)acetamido}-&x-

formamidopenicillanic acid;

6B—-[L-2-Amino-2-{thien-2-yl)acetamido] —6x—
formamidopenicillanic acid:

6B-[(2R,3S)~-3-Benzyloxy—-2—-[(4-ethyl-2,3-dioxo-
piperazin-l-yl)carbonylamino]lbutyramido] —6e«
formamidopenicillanic acid;

6x-Formamido-6R—[D-2-(4~hydroxyphenyl)—-2-(3-[4-
hydroxy-2-(phenylamino)pyrimidin-5-yllureido]
acetamido]lpenicillanic acid: '

7B—(D-Z—Amino-z-phenylacetamido)-Ié—formamido—

cephalosporanic acid; S A : .

7B~ [D-2- [(4-Ethyl-2,3-dioxopiperazin-l-yl)-

LY

carbonylamino]-2-phenylacetamido]-7e«~—formamido-

cephalosporanic acid; _ ' . s s

J=x-Formamido-7B3-(D-2-{[3-(methylsulphonyl)-2-"
oxoimidazolidin-l-yllcarbonylamino]-2-phenyl-

acetamido]lcephalosporanic acid;



car bonyl am no] - 2- phenyl acet am dol -[ err] -f or mam do- 3- -

.et.hylg=4 - oxadet hi a- ceph- 3- em 4- car boxyl i ¢ aci d; T

J[err.] -Tor mani do- [err]-(R-2-phenyl - 2- sulphoacetanido)- penicillanic acid;'xﬂ
613- [ D- 2- ami no- 2- ( 3; 4- diacétoxyphenyl)acetanido] - -
[err]-formam dopenicillanic.acid,

[errd=¥ ormam do-[err]-(DL-2- phenoxycarbonyl 2 (thlen 3-

y| ) @set am dol - 3- met hyl - 1- oxadet hi a- ceph- 3-em 4- carboxylic acid;
[-err]-formam do-[err]- (phenylacetanido)peniciIlanic aci d;

713-[(2)-2- (2-am not hi ag0 042¥t 42é§%%fﬁéb9%a& opiperazin- . l)carbonyl
t hyl et hoxyi m no) acet am do] - err nam o%éﬁh é’ sporanlg aC|5
ggrr] t 2- (3, 4- di acet ox§PhRA TSt Thyd e rgphen amido] ~b<-formamido-

i perazi n- 1-yl ) car bonytaphandssst #wiclohciderr] -form
dm do- 3-[ (2-net hyl -1, 3, 4-t hi adi azol -5-yl )t hi o-
net hyl ] ceph- 3- em 4- carboxyllc aci d;
“[lerr]-[D-2-[(4-ethyl- 27B'ﬂpoiob(beEGth-1r§+qu#QRﬂBﬁrazln' -yl)carbonyl

m no] - 2- (3, 4-di hydr oxmhsayl-ia@elmp&l BEAY T JéHt{EmlaiB]doﬁe@&Inﬁ&RQban' c
ci d; - 25 - Jerr]- 3, 4- dlacetoxyghenylg [ 3-(2-(4-am no-

1sulphonylphenyl)amno eﬂ?ﬂi%ﬁ@%&??h?d?ﬁ tyl]
~uUrei dol acetam do-[err] - fornan1dopen10|llan|c aci d;

[err]-[D2-[D 2-am no- 3p(NyBLhy)c By -
.anido)-2-(3,4-diacetox?BhE??F etg%?gf“! %réfg&ég%pera%f ru%%ﬁﬁi%%qu30|d
O L aminoj- dlacetoxyphenyl)acetamxdo}~<~

.—formamidocephalosporanlc acid;

Tec-Formamido~7B-(thien-2-ylacetamido)cephalo-

" sporanic acid;

78-(2-Carboxy-2-(thien-3-yl)acetamido]-"&~-
formamidocephalosporanic acid;

78-(D~-2~-[(4-Ethyl-2,3-dioxopiperazin-l-yl)carbonyl
amino]-2-(thien-2-yl)acetamido] -7 =~formamido-
(jj : cephalosporanic acid;

78— [L-2~-(4-Ethyl-2,3-dioxopiperazin-l-yl)carbonyl
amino]-2-(thien~-2-yl)acetamido] -7=-formamido-
cephalosporanic acidj

7Bf[2—(2-Aminothiaiol—4-yl);cetamido]—1*-formamido
- cephalosporanic acid; and- v

- e} 6B—[D—2-[(Coumérin—3-yl)ureido]-2—(4—hydroxy-
phenyl)acetamidé]—GMPformamidopenicillanic acid;

6B-[D-2~-[3-(4-oxo-4H~-1-benzopyran-3-yl)ureido]-2-
(4-hydroxyphenyl)acetamido]~&<-formamido-
penicillanic acid;



[err]-[2-[(4-ethyl-2, 3-di oxopi perazin-1-yl)carbonyl -

am noj - 2- (4- hydr oxyphenyl ) acet am dol -[ err] -formam do- 3- .
le-nethyb-lF+tetrazd|-5¢yl)thionethyl]ceph-3- em 4- car boxyl i ¢ "aci d;

[err]-B8% [ (4-ethyl -2, 3-di oxopi perazi n- 1-yl ) car bonyl -

anino]-2-(3,41diacetOxyphenyI)acetanidg%-[err]-

f or mam do- 3- (( 2- met hoxy- 1, 3, 4-t hi adi az6P-S-yl ) - '

t hi onet hyl ] ceph- 3-em 4-carboxylic acid. The anti biotic, conpounds accordig;)

to the invention nmay be formulated for adm nistration in any conveni ent way

for use in human or veterinary medicine, according_to technjques and

procedures per séknE®rTRRidRaS8r(PnRri( fzhedsase-Tometmet-hn8tbi otics, and

the invention thak@hahgrﬁaahu¢e§1mhhbbanylamsgemeza(ghﬁf@ﬁ@ﬁyﬁical .

conposi tion conprising.an anti.hiotic. ¢ ound_acgording to the present

i nvention such a§PeP83’8§§ Pé%8?889ﬁ86ﬁ328%°f8Fﬁ§ra (11) above together

wi th a pharmaceutically acceptable carrier or excipient. The conpositions

may be forml at e¢dqn-adfiplShhahb0l-PN-RE¥ngEch2BhRoy OYbfop susD as oral or
parenteral, or by taopical ngllcatron. The conposi.t ogi pay be in the form
of tablets, caps&W@§915%Wd 7 ?dﬁPéﬁBP§§¥1062§g8Q§?° F EanECbRaRi¢RIT d

preparations, suglerdtidnahier agtidsil e parenteral - sol utions or suspensions.
Tabl ets and capsules for oral admnistration may be in unit dose

presentation form and nmmy contain conventional excipients such as binding
agents, for 78—~{2-(Cyanomethylthio)acetamido] -Z<«~formamido

cephalosporanic acid:

7B~([2—[(Aminocarbonyl)amino]~-2-(thien-2-yl)~—
acetamido] -7«~formamidocephalosporanic acid;

(£) 7o—Formamido-7P-[2-(thien-2-yl)acetamido]~3~((1l-
methyl-lH-tetrazol-5-yl)thiomethyl]lceph~3~-em-4- -
carboxylic acid; '

Zx—Férmamido—7B-[2-(thien—2—yl)acetamidol-3—((2-

methyl—l,3,4-thiadiazol-5—yl)thiomethyl]ceph—3-em—

4-carboxylic acid; and . : <:>_.

78— (2-(3, 4-diacetoxyphenyl)-2-[(4-ethyl-2,3-dioxo-
piperazin-l-yl)carbonylaminolacetamido} -7~

. formamido-3-[(l-methyl-lﬁ-tetrazol—S—yl)thio-
methyl]lceph-3-em~4~-carboxylic acid;

78-{2~(3,4~-dihydroxyphenyl)~2~-[({4-ethyl-2,3-dioxo-
piperazin-l-yl)carbonylamino]-7-formamido-3-[(1-
methyl-lﬁ—tétrazol-S-yl)thiometﬁyl]ceph-3-em—4-
ca;boxYIic acid:

SB—[L—Z-[(4-ethyl-2,3-dioxopiperazin~l-yl)-
carbonylaminol-2-(3,4-dihydroxyphenyl)acetamido]-
6x-formamidopenicillanic acid; -

»
L

[N



-26- exanple syrup, acacia, gelatin, sorbitol, tragacanth, or
pol yvi-nyl pyrol lidone; fillers, for exanple |actose, sugar, nuize-starch,

anIC|un1phosphate sorbitol- or glycine, tabletting lubricants, for :exanple

,are pr epar ed utrlrsrng"{ onpou

magnesi um stearate, _tal c, polyethylene glycol or silica; disintegrants, for
exanpl e potato starch; or acceptablLe wettingpggents such as sodiumlauryl«
sulgtiat e. The tablets may be coated according to. nethods well known in

nor re pharmaceutical practice. Oral liquid preparations may be in the form
of, for exanple, aqueous or oily suspensions, solutions, enulsions, syrups
or elixirs, or may be pre ISELL U L W th
wat er or other surtabl@gbgﬁ %%ﬂ g g gpéggdgggg%ﬂe ﬁff ) éd%r%.?% 2fna
contai n conventi onal a@@ﬁﬁﬁ@é@oéu@ﬁPas3segpénGﬁn§°&gbh@saC¥®r exanpl e .
sorbitol, nmethyl cellulose, glucose syrup, gelatin, hydroxyethylcellulose,

car bo neth | cellul os m ni um st ear.at dro ed eéd
fats,xgnulefyrng ;gen?g %%P°é&§ﬁﬁﬁémﬁg8r?ﬁgg°r§ﬁ?b a%oﬁ%%ﬁéfykﬁc

*acaci a; non-aqueous velacdldes (which may - |nclude_ed|ble 0|Is) for exanple

alnmond oil, oily esters such as glycerine propylene gl ycol, or ethyl

al cohol ; preservatrves for exanpl e % yl p- hydroxybenzoate or
sorbic acid, and if de&ﬂré@“@oﬁﬁéﬁﬁﬂﬁﬁér ﬁPa@éGFPHQPBFa€b$ohTth agent s.
Suppositories will conkammcognw@ﬂhbqnakpauppmabéoam1b6$e%~egocﬂeoﬂd®ﬂl4er

or other glyceride. For r nte%glg gﬁgglgéggrrlgm- —carbg ilgogggg;forns

&x-formamido-6B-(R-2-phenyl-2-sulphoacetamido)-

; -~ penicillanic acid;

63— [D-2-amino-2-(3,4-diacetoxyphenyl)acetamido] -

6r—formamidopenicillanic acid;

Tx-formamido-7(3~ [DL-2-phenoxycarbonyl-2-(thien-3~

yl)acetamido] -3-methyl-l-oxadethia-ceph~3-em—4-

carboxylic acid;

% ™ b—formamido~-6B—(phenylacetamido)penicillanic

il{i) ' acid;
7B-{(Z2)-2-(2-aminothiazol-4-yl)-2-(l-carboxy-1-

methylethoxyimino)acetamido] -2=<-formamidocephalo-

sporanic acid;

- 7B-{2-(3,4-diacetoxyphenyl)-2-[(4-ethyl-2,3-dioxo~
piperazin-l-yl)carbonylamino|acetamido]-=~-form-
amido-3-[(2-methyl-1l,3,4-thiadiazol-5-yl)thio-
methyl]ceph-3-em—-4-carboxylic acid;

7B~ [D-2-[(4-ethyl-2,3-dioxopiperazin-l-yl)carbonyl
amino]—2—(3,4—dihydroxyphenyl)acetamido]j7ahform~
amidocepnalosporanic acid;



vehicl e, water being preferred. The conmpound, depending on the vehicle and
concentration used, can be either suspended or dissolved in the vehicle. In
preparing | uti ons the conpound can be dissolved in water for Injection
and filter sterilised before filling-i2o-a suitable vial or anpoul e and
seal i-ng. -27- Advant ageously, agents such as |ocal anaesthetic,
preservative and buffering agents can be dissolved in the vehicle. To
enhance the stability, the conposition can be frozen after filling into
vial and the wat eg-[DADVES, 4AdlPEcyESxdheny -2 (34 yDpfuddnsiatbpowder i s

then sealed in the,yal n ompanyi ng_vial of water. far, injection may
be supplied to r%g%%is@wggge%ﬁ%?%ﬁ]qﬁdppt”%l:o’f%ﬁ’(ﬁ]émy%;? e%tyceﬁr]al suspensi ons
are prepared i n sopidahecetrapidoedtdafernemidopenxitepllamia adiad conpound is

suspended in theggeppchbe[bost eash&L3belhNfe dh 5ol MethA ) Stsgidd-sation
cannot be acconplrsheg_sy glltratlon. The conpound can be sterilised by
exposure to et hyPBRECHXFOES paTOF RSERPERGERYL 1 3 FRMEIRAT8% vehicl e.

Advant ageously, @osmahiddpehioflienicngcigent is included in the

composi t1on may 2Bnt 4 \PhTaEREL08TyCh EbkbgtbL OLs bur IV, FOLRRM, The
preferably from apigedsBy(behygdroxyphenel hacetvanide brTatfomamiding on the
met hod of adni ni sLi@liRBchyYbeReetBLasOIPISY] ) ONSoRd €ny ) SKPK-3-

- em—-4-carboxylic acid;
7B~[2-[(4-ethyl-2,3-dioxopiperazin-l-yl)carbonyl~-
amino}—z—(3,4—diacétoxyphenyl)acetamido]-%x—
formamido—3—[(2—methoxy—l,3,4-£hiadiazol-5¥yl)— |
thiomethyl) ceph-3-em~4~-carboxylic acid.

The antibiotic compounds according to the
invention may be formulated for administration in any
convenient way for use in human or veterinary medicine,
according to techniques and procedures per se known in
the art with reference to other antibiotics, and the
invention therefore includes within its scope a

pharmaceutical composition comprising an antibiotic.

- compound according to the present invention such as, <:}

for example a compound of formula (II) above together
with a pharmaceutically acceptable carrier or
excipient. '

The compositions may be formulated for
administration by any suitable route, such as oral
or parenteral, or by topicél'application. The .
compositions may be in the form of tablets, capsules,
powders, granules, lozenges, creams or liquid
preparations, such as oral or sterile.parenteral
solutions or suspensions.

Tablets and capsules for oral administration may
be in unit dose presentation form, and may contain
conventional excipients such as binding agents, for

h



dosage form each unit will preferably contain from50-500 ng of the active
I ngredient. The dosage as enpl oyed for adult human treatnment wll .
preferably range from 100 to 10000 ng per day, for instance 1500 .ng per.
Yay depending on the_ route and frequency of_ agninistration. The antibiﬁuic
conpound according to the present invention nmay be the sole therapeutic

age AN the conpositions of the invention or is present in conbination
wi t hafher antibiotics and/or [err]-lactamase inhibitory agents.

Advant ageously the ¢co sitions al so conpri.se .a cQ und,of farmula (VLI
or a pharnaceutica?%?agg e%*% e T o %ﬁﬁ%&iﬁyh55%§ £ol, FrfgaFaf§$le )
wherein A is hydr oxglyvisubkpyret biddnalr Salllenshi dlor exbspileutladtoseol ,
am no, nono- or di ghygF OGRE PYd-SUDSIH | WA R HhosphaRN0s02h idb1aey! am no.
A further advantageous,conposition_coqﬁgises an-anti bacterially effective

r

anmount of an anti b H{FENConpRRIREERD QRjQQ?ﬁﬁﬂaQ°HV§ﬁPP8ﬁet8é§Pﬁ§F“WAth a
[err]-l.actanse i nhsbedxatye aAnmoal, ofo byd Erylerdeacilammde oamhailliica;o r  of

orm e 0O 2 BOLTERGHAER, NoSchelall $odlb Bk 1 Mididlned! o
.exci pi ent. Furthervetting| 2d¢rts | syektamesdiymilaurorls sulphafge The

i tablets may be coated according to methods well known

) “in normal pharmaceutical practice. Oral liquid
preparations may be in the form of, for example,
agueous or o0ily suspénsions, solutions, emulsions,

i syrups'qr elixirs, or may be presenteé as a dry product
: for reconstitution with water or other suitable vehicle
before use. Such liquid preparations may contain
conventional additives such as suspending aéents, for
example sorbitol, methyl cellulose, glucose syrup,
gelatin, hydroxyethylcellulose, carboxymethyl
cellulose, aluminium stearate gel or hydrogenated
edible fats, emulsifying agents, for example lecithin,
sorbitan monooleate, or acacia; non-agueous vehicles
(which may include edible o0ils), for example almond
oil, cily esters such as glycérine, propylene glycol,

:" ' 'or'ethYl alcohol; preservatives, for example methyl or
; propyl p-hydroxybenzoate or sorbic acid, and if desired
conventional flavouring or colouring agents.

Suppositories will contain conventional
suppository base, eg cocoa-butter or other glyceride.

For parenterai administration, fluid unit dosage
?' _ forms are prepared utilising the compound and a sterile
' vehicle, water being preferred. The compound,
depending on the vehicle and concentration used, can te
either suspended or dissolved in the wvehicle. 1In
preparing soluticns the compound can be dissolved in
water for injection and filter sterilised before
filling into a suitable vial or ampoule and sealing.



.-

[err]-bronopenicillanic acid and salts and in vivo hydr ol ysabl e esters and
[err]-iodopenicilianic acid and salts and in vivo hydrol ysabl e esters

- thereof. Such conpositions of this invention which include [érT]-I|actamse

in&@pktory_annunt of a [err]-lactanmase inhibitor are fornulated in a

cortventi onal - manner using techni ques and procedures per se known in the
art. - 29 - The present invention also includes a nethod of treating<:>
bacterial infections in humans and ani #&l3 which conprises the Nt
adm ni strat.ion of a therapeutically effective anbunt of an antibiotic
conmpound of this invention. The antibiotic cnpounds of the present

I nvention are active against a broad range of gram positive and gram
negative baddeensagequpdyti egkatst Bughase Leetrll anzesthetidwent of

respiratorygteaetvardver hAAr BukkEaeingNhgEAEONEah NodI Ui BESo Pyl NSt i tis in
cattle. A particul ar_advantage, of thé antibac erlaléﬁéactive conpounds of

. t
this inventit88 VEhiRéPr sTILFPREPCSEO B FF2PALE BVasE R nTYRE M hey are
t her ef ore. ekhacbevéragahnattper fillanyaimse phedutahgamd gehe ststed n anot her

aspect the pr ' t oVi r ; h epajation of
conmpound ofefﬁég%?eggég?ikggﬁgﬁ@h %ﬁ?cﬁrgrgggéglég%%éigzga'or%ilgting aa
[err]-1act arheaverglad fer theaniind 308s8nt AERPMBANY hed chtkdbrPht om adj acent

to the carbqQayk 9%xe¥p igfethReohemal- backappliag. to reconstitute the
liquid prior to use. Parenteral suspensions are
prepared in substantially the same manner except that
the compound is suspended in the vehicle instead of
being dissolved and sterilisation cannot be. |
accomplished by filtration. Thé compound can be
sterilised by exposure to ethylene oxide before
suspending'in the sterile:vehicle. Advantageously, a
surfactant or wetting aéent is includéd in the
composition to facilitate uniform distribution of the

compound.

The_composition may contain from 0.1% to 99.5% by

weight active agent, preferably from 10-60% by weight, _{:)

of the active material, depending on the method of
r_administratibn. Where the compositioné are in unit
dosage form, each unit will preferably contain from
50-500 mg of the active ingredient. The dosage as
employed for adult human treatment will preferably
range from 100 to 10000 mg per day, for instance 1500
.mg per day depending on the route and frequency of

administration.

The antibiotic compound accordiﬁg to the present
invention may be the sole thefapeutic agent in the
compositions of the invention or is present in
combination with other antibiotics and/ot B-lactamase

inhibitory agents.

Advantageously the compositions also comprise a
compound of formula (VIII) or a pharmaceutically

acceptable salt or ester thereof:

I



The present invention further provides a process for the preparation of a
conmpoynd of forrmula (I) which process conprises fornmylating a conpound of
fornula [err] where any reactive groups nmay be protected; R1l7 is an .
@ no-protecting group or an acyl group as found in antibacterially,acthéﬁ-
penicillins and cephal osporins - 30- andJM} rein any reactive groups nmay
be m‘;;ected; and R18 is a readily renovabl’e “Carboxy protecting group; and
ther®efter, if necessary, carrying out one or nore of the follow ng steps:
i) converting . a group R17 to a group R1l; ii) converting a group R18 to a
group R2; iii) converting one group Z into a different group Z; iv)
converting the product into a salt. Suitable fornylating agents include
m xed anhydrides such as form c acetic anhydride. The reaction nay
suitably be carried out in a tenpedature in the ran -500C to 300C in
aprotic solvent such as, for exappl®@ichl or 533%%, chl orof orm
di met hyl f or mam de, tetrahydrofurgn, | hexa Kﬁ??ﬁﬁosphor- am de, or
“di met hyl sul phoxi de, in the presehggNof terN ary base. A preferred
tertiary base enployed in the rédactio 4s a badeiof the pyrjdine type, such
.as pyridine, lutidine or picoliRe. AMpr for preparing(xaﬁﬁgunds W t hin
“formula (X) is disclosed in US Patent NO.~ 3, 962,214 and in UK

wherein A is hydroxyl, substituted hydroxyl, thiol,
substituted thiol, amino, mono- or di-hydrocarbyl
substituted amino, or mono- or di-acylamino.

A further advantageous composition comprises an
antibacterially effective amount of an antibiotic
compound according to the invention together with a
B-lactamse inhibitory amount of a B-lactamase inhibitor
of formula (IX) or a pharmaceutically acceptable salt
or in vivo hydrolysable ester thereof:

o)

o = .
?: : . \\41 (IX)-

and a pharmaceutically acceptable carrier or excipient.

Further suitable B-lactamase inhibitors. include
6B~-bromopenicillanic acid and salts and in vivo
hydrolysable esters and 6B-iodopenicillanic acid and
salts and in vivo hydrolysable esters thereof.

Such compositions of this invention which include
aB-lactamase inhibitory amount of a B-lactamase
inhibitor are formulated in a conventional manner using

techniques and procedures per se known in the art.

i e mams e



Patent No. 1348984. Compounds of the fornmula (X) may be prepared by the

reaction of a correspondi ng conpound of the formula (XlI): - 19 SR
H[err]s 44 -31- wherein Y, R17 and R18 are as herei nbefore ‘défined, and
lerr]- é [err] alkyl, aryl or benzyl;_ wd¢h anhydrous amonia, an anmoni um
salt or an am ne of the formul a (XII) err] wherein R20 is a renovabl e
protecting group such as benzyl; in the presence of a nmetal ion such as
mercury, silver, thalllunt | ead or copper and thereafter i f necessary
removi ng any prot r uptoformt eca u X). Suitable
exanples of the a l:ger%ugtfmve'[netr]'r gpc[q"\%ds Foﬁts such as

met hyl , et hyﬁre#lnmrbé%@@radpyllnfmcms lsedwmatrgoandoﬁrtlmatleutyl gr oups.

A preferred o edsrm%hota‘éy RS ddiniidWtat B4 GH0lL @e:?ee%letalwe aryl
group [err] | ude ional ly substituted with ['err] alkyl, [err]
al koxy, hal oegfgf?F to’r" ﬁ"t‘ m:Pr At eﬂ‘%’r‘iﬂi OO MR &F [thitFcl ude phenyl |
o-, m or P-imtdntipdrenyl, o-, m or P-nitrophenyl, in particular

p- nethylphenyl

The antibiotic cmpounds of the present invention .
are active against a broad range of gram positive and
gram negative bacteria, in particular.they are useful
for treatment of respiratory tract and urinary tract
infections in humans and mastitis in cattle. A
particular advantage of the antibacterially active
_compounds of this invention is their stability to
-B-lactamase enzymes and they are therefore effectlve

against B- lactamase producing organlsms.

In another aspect the present invention provides a
process for the preparation of a compound of the
present invention which process comprises formylating a
B~lactam having an «<—amino substituent on the carbon
atom adjacent to the carbonyl greup of the fp-lactam

ring. . . | <:>

The present invention further provides a process
for the preparation of a compound of formula (I) which
process comprises formylating a compound of formula
(X):

AN Y (R)
o N\\T,/

where any reactive groups nmay be-protected;'Rl7 is an
amino-protecting group or an acyl group as found in
antibacterially active penicillins and cephalosporins

e



Suitabl e solvents in which the reaction may be perforned include for

EéanpKé, di et hyl et her, tetrahydrofuran, dinethylformam de, nethanol ahd
Xamet hyl phosphorani de. The reactions are generally carried out under an

inert atnosphere and at noderate to |ow tenperatures ie in the range [err]

to [err] The course of the reaction may be < glol ewed by conventional methods;,

suc $ thin layer chromatography and term nated when an optimum quantity

of p oduct is present in the reaction mxture. - 32 - The preferred

metal ion for use in the above process is the nercuric ion, aptly in the

formof nmercuric agRf alfareAld %rd]ﬁtﬂe\é%%v%om‘d'@gs mQE' tb? F&BE?EL@d? é.('ay be

prepared by the r cglon of a K45 ondi n ound [11):
[err] wherein [er&?' é?P %béﬁG e *dePrREGCLLAN 9§°EHForo or

brono, with anhydrang m"cmafa:,eran Ja.‘mmasmas-gl t carrgingnoae 6hefl 8F Nibae
(XI'l') as hereinbefg %h%efﬂd‘lq%kﬁ&% tg}_?pesafter if necessary renoving any

.protecting group to formthe conpound of fornula (X). The conpounds of the
‘formula (XII1) nmay be prepared by the reaction of a conpound of the formula

(XI) as herelnbeforQ)d@bﬂvaitﬂugiaegﬁﬁﬁpg@ﬁakbng ageap rduch as chlorine

sor bromne in an ingnt solvent, for exa%p%gsdlchgogggﬁthgae at a

.

iii) converting one group Z into a different grbup Z;
iv) converting the product into a salt.

Suitable formylating agents include mixed
anhydrides such as formic acetic anhydride. The
reaction may suitably be carried out in a temperature
in the range -50°C to 30°C in aprotic solvent such as,
for example, dichloromethane, chloroform,
dimethylformamide, tetrahydrofuran, hexamethylphospnor-

; amide, or dimethflsulphoxide, in the presence of a

i tertiary base. A preferred tertiary base employed in
the reaction is a base of the pyridine type, such as
pyridine, lutidine or picoline. '

U TS

{:) . A process for preparing compounds within formula
(X} is disclosed in US Patent No. 3,962,214 and in UK
Patent No. 1348984,

- Compounds of the formula (X) may be prepared by

the reaction of =& corresoondlng compound of the forﬂu1a

g (XI): - . -
E .
i
4
. SngH
rRY7_NH b—m
_ Y
J n (XI)
O



depressed tenperature such as - [err] to [err] A further method of
preparation of the conpounds of the formula (X) conprises the reaction of a
-conpound of the fornmula (XIV): - 33 - [err] wherein [err]Jand [err] are
as herelq?ﬁfore defined; w th anhydrous anmoni a, an ammonium salt or an

am ne of e formula (XIl1) as hereinbefore defined and thereafter if
necessary removing any protecting grQug;taQ formthe conpound of the fornESf
(X). Suitably such a reaction is perforned at a non-extrene tenperature
exanple [err] normally [err] and preferably anbient. The reaction is
conveniently perforned in an aprotic solvent such as tetrahydrofuran or

di oxan. e gpprgei ated_tgat the process for ar t|on of a
conpound ofm%SFﬁﬁ Q deges Bed ﬁEFeFﬁb§F5Fén§F8855dQ$?g i Me
i nt er nedi at 8+2 otllselclplsoeéSYés prydeodi hgnwé:suenhaﬁnhmé@%dl ate a-e al so

i ncl uded heraﬁhenﬂiheaﬁom%B%mOEatmeofcoraﬁulaalﬁélb’t BRY BScRiepared by the
oxi dati on of - a conpound of the formula (XI) as hereinbefore defined. Such

oxi dati on ? Ednvenlently performed in conventional manner, for exanple of
using a per-acid such as peracetic acid or n}chloroperben20|c -
' R20-wH, R | | AXIIy

wherein R20 is a removable protecting group such as

benzyl; in the presence of a metal ion such .as mercury, :
silver, thallium, lead or copper and thereafter if

necessary removing any protecting group to form the.

compound of formula (X).

Suitable examples ©of the alkyl group for rR19
include C1-g alkyl groups such as methyl, ethyl, n-, or
iso-propyl, and n-, sec~; iso-, or tert-butyl groups.

- A preferred alkyl group for r19 ig methyl.

Suitable examples of the aryl group'R19 include .
phenyl, optionally substituted with Cj.g alkyl, Cil-g i:)f
alkoxy, halogen, or nitro. Preferred aryl groups for |
R}% jinclude phenyl, o-, m- or p-methylphenyl, o-, m- or
Q—nitrophenyl,'in particular p-methylphenyl.

Suitable solvents in which the reaction may be

éerformed include for example, diethylether; ) ' .
tetrahydrofuran, dimethylformamide, methanol an&
hexamethylphosphoramide. The reactions are generally ' :
carried out under an inert aumosohern and at moderate
to low temperatures ie in the range -100°C to 30?C. .-
The course of the reaction may be followed by '
conventional methods such as thin layer chromatography
and terminated when an optimum guantity of product is

_present in the reaction mixture.



34- acid,

suitably at an anbient or depressed tenperature. Suitable

solvents for such a sul phoxidation include ethylacetate, chloroform. -
@Echloronethane, di oxan and tetrahydrofuran. Exanples of suitable 4§}

protecting groups for- the group R20 include those known in the art as being
cleavable to provide the -NH. Mention nmay-bg2 rmade of silyl groups such as
tertiarybutyl- dinethylsilyl, and tri-isopropylsilyl. A

pref®at ed protecting group is (p-methoxymet hoxy) phenyl

tri

Syl silyl,

by cerium amoniumnitrate. O her protecting groups of interest include
those cleavabl e by nethepel ¥stBesHed ASther {dn (FdW Sud®i £ Yen@Yathe,deri ved

from groups of the type [err urther suitable projectin roups include
i troe b an8r§€2§%iﬁﬁ%ﬁ€§yﬂ§ﬁE§Flﬁhf8%'i£?$ b%b%@gwﬁ?'“ﬁﬁ¥assium

4-ni tro-
pér sul phat e.

The owmedatrdn etematempound of the fornula (XI) which contains

sul phur atons in addition to that shown i.n the fornmula may oxidi se the

addi ti onal

sul phur atons and accordingly it may be necessar

~thus formed sul phoxi de ditsunphdrelyoceReoends e@hokhR nEPLET phi k) may be
Preferably Y in thgregapelndyotnéorautaibnl bt )a i SorPedpnd¥mg WSHRiuhd dfs

.as hereinbefore de

=conpound of formul

-under conventional conditions of the conpound (XNQ:
P : R

S ——

an @ v

o v vt e St e -

Lned. The s Lng material for the above processes ie
&hfngrgﬁgeeagé§k6e prepared by acylation or protection,

Rl7..’\IH p-::‘——-m
0" N‘\T’/  (XILI)

18
C02R

wherein R'7, R18 and R19 are as hereinbefore defined:
Hal is chloro or bromo, with anhydrous ammonia, an
ammonium salt or an amine of formula (XII) as
hereinbefore defined and thereafter if necessary
removing ahy protecting group to form the compound of
formula (X). The compounds of the formula (XIII) Tay
be prepared by the reaction 6f a compound of the
formula (XI)} as hereinbefore defined, with a
halogenating agent 'such as chlorine or bromine in an
inert solvent, fér example dichloromethane, at a
depressed temperature such as -80°C to -30°C. . .

A further method of preparation of the compounds
of the formula (X) comprises the reaction of a comgound
of the formula (XIV):

whi ch i s renovabl e

to reduce the.



[err] - 35 - [err] wherein [err] and Y are as defined hereinbefore.
Conmpounds of the formula (XV) may be prepared by nethods known or anal ogous
to those known for the preparation of [err]-substituted-thio cephal osporins
and [erple suhstituted-thio penicillins. Conmpounds of formula (XV) may

sui t abl )lﬁ%e Pprepared froma Schiff's base derivative as outlined in Schene
1. Schenme 1 [ERR -36- The conpouand3of formula (XV) is prepared by /™y
reacting the am no conpound (A) with an al dehyde of fornula Ar-CHO wher

Ar is an aryl group to formthe Schiff base (B). The Schiff base (B) is
reacted with a base to forman anion which is treated wth a thiosul phonate
of fornmula: [ERR] or a sul phenyl chh%ride of fornula: [ERR] wherein [err]

is as hereinbefore defined to gi veRthe compound of fornmula (C. Acidic
hydrol ysis of the l -

uithyn
[
O

3

J

»
__<*< -

I||I .

17

o2

A
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COZR (XIV)

wherein R17, R18 and R19 are gs hereinbefore defined:
with anhydrous ammonia, an ammonium salt or an amine of
the formula (XII) as hereinbefore defined and
thereafter if necessary removing any protecting group
to form the compound of the formula (X)f

Suitably such a reaction is performed at a
non-extreme témperature for example 0°C - §0°C,
normally 10°C - 40°C and preferably ambient. The
reaction is conveniently performed‘in an aprotic

solvent such as tetrahydrofuran or dioxan.

It will be appreciated that the processes for
preparation of a compound of formula (X) described
hereinbefore pfo;eed via an imine intermediate; other
procésses proceeding via such an intermediate ‘axre also
included herein.

The compounds of the formula (X1V) may be prepared
by the oxidation of .a compound of the formula (XI) as
hereinbefore defined. Such oxidation may conveniently

. performed in conventional manner, for example using a

per—acid such as peracetic acid or m-chloroperbenzoic



Schiff base gives the [err]-am no conpound of forml a (XV). Conpounds of

formula (XV) may al so be prepared by reacting a thiooxi ne conpound of.

gformula (XVI): H [ERR] -37 - where [err] and [err] are as defined

~
S

herei nbefore above with a tri.(al kyl ) phosphine or tri(aryl)phosphine,,
ol lowed by treatnent with an acid catal yst ﬂjc_h as silica gel. The proéess
Is gSydescribed in US Patent No. 4,119,778 and in J Arer Chem Soc, 1980,
102»£690. Conpounds within formula (XV) and (XVI) may al so be prepared by

the process disclosed in US Patent No. 3,962,214 or an appropriate

nmodi fication theregf . The.antibacterially. active conpounds of forrmula (11)
as herei nbefore dg?fﬁéds“ﬁ a?&Yt%BI?"tﬁF%%?ﬁﬁu?ﬁi4%%2%%%%# T ReCGMNE6nd of

formula (XVI1): [&RRabherethvehts abdmoswuetoup ¢l piyrxidadlilon Smedhideut ed

with a group whic ' | & { ake. | S5z

iher ei nbefore defi E‘éﬁf\%mg%ﬁ‘s'?g?)ér%%‘gp???{é?ﬁ% E i § aq;g’vae%,% "W lﬁﬁ(a'-’lrﬁl and

‘N-acyl ati ng deri vhEFTaP¥PTaRuERRd of fornula (XVI11): R3CO2H

(XVI11) wherein R3 is as defined with respect to formula (I11) and wherein

o raet i J7OUPe NELERRL BB 0P s Rl PLSEL o AL {Y R 2" cRECCOSATY.
. ' group R20 jnclude those known in the art as being

cleavable . to provide the -NH-. Mention may be made of
silyl groups such as trimethylsilyl, tertiarybutyl-
dimethylsilyl, and tri-isopropylsilyl. A preferred
protecting group is (p-methoxymethoxy)phenyl which is
removable by'cerium ammonium nitrate. Other protecting
groups of interest include those cleavable by
methanolysis such as -C(CO02R)=0 (This moiety may be

.. derived from groups'of the type -C(CO2R)=C(CH3)3).
Further suitable protecting groups include 4-nitro-
benzyl and 2,4—dimethoxybenzyl which is removable with

f : potassium persulphate.

The oxidation of a compound of the formula (XI)
f(i) which contains sulphur atoms in addition to that shown
' in the formula may oxidise the additional sulphur atoms
and accordingly it may be necessary to reduce the. thus
formed sulphoxide or sulphone to the corresponding
sulphide; '

Preferably Y in the compouﬁd of formula (XIII) is
-0-CH7-CZ= wherein Z is as hereinbefore defined:

~ The starting material for the above processes ig
compound of formula (XI) above may be prepared by
acylation or protection, under conventional conditiors

of the compound (XV):



- 38 - one or nore of the follow ng steps: i) renoving any

car boxyl -protecting group R2 ii) renoving any protecting groups on the
’side-chain group; iii) further derivatising the side chain group; iv)
convertin%tone group Z to a different group Z;, v) converting the product

into a sakB®of in vivo hydrol ysabl e ester thereof. Suitable groups which

permt acylation to take place and wai gh are optionally present on the

am no group of the starting material of the fornmula (XVII) include N-sil )
N-stannyl and N-phosphorus groups, for exanple trialkylsilyl groups such as
trimethylsilyl, trialkyltin groups such as tri-n-butyltin, groups of

formula [err] wherein [err] is.an al kyl, hal oal kyl, aryl, aral kyl, al koxy,
hal oal kyl, aryl, aral kyl, al kaxy, hal oal koxy, aryl oxy, aral kyl oxy or

di al kyl ani no group, [err] isRY%he sane as [err] or is halogen or [err] and

[err] together forma ring;=suigable such phosphorus groups being [err],

[ ERR] The carboxyl group may beiregenerated.from any of the above esters by
usual rmet hods appropri%nuaqrﬁ'Tﬁfr;;??\cular [err] group, for exanple, acid +
- and base - catal ysed hydrplysis, oryby enzynicalemq cat al ysed

hydrol ysis, or by hydrogﬁgg—y&iy\\T;/ .

18

CO,R

2

wherein R18, R19 and Y are as defined hereinbefore.

Compounds of the formula (XV) may be prepared by
. methods known or analogous to those known for the
preparation of P<-substituted-thio cephalosporins and
6x-substituted—thio penicillins.

Compounds of formula (XV) may suitably be preparead
from a Schiff's base derivative as outlined in
-Scheme 1. '

Scheme 1

-. Ar-CH=N
e

| ] Y — A Y .
o \( (A) - 0 \\’/ . (B)

s




52 : - 39 - Suitable carboxyl -protecttng derivatives
gJor the group [err] in formula (XVIl) include salts and ester derivatives
gof-the carboxylic acid as described hereinbefore with reference to formula
k). Areactive Nacylating derivative of the acid (XVII1) is enployed in

st he above process. The choice of reactive dg{ivative wi || of course be

i nflyienced by the chenical nature of the substituents of the acid. Suitablgn
N—aégﬁating derivatives include an acid halide, preferably the acid J
chloride or bromde. Acylation with an acid halide may be affected in the
presence of an acid binding agent for exanple, tertiary amne (such as
triethyl anm ne, pyridi n€8r CaPRE¥AY| 8hi Ferryla oY hokydraParase Wsuch as
ﬁaLCiUﬁ1CﬁergatF;géc&nguﬁhbiﬁﬁﬁben?bﬁ@o@ﬁdanApxﬁfEHKﬁ:\Hﬂqéhjﬁenéﬁ

1ydrogen halide |iberated,in.LRe acylatipon reaction. e oxirane is..
oreferably a [orrfornassprurhOceRErath. RE 1F°G0 &y [nqdidog ene
propyl ene oxi de. SThaf&chraei 6R)keatheobchubfhgbase aB U imldede tregy Wigh 2

“~carried out at a L,agREkA! ¥bem Ant BRILANGRIERT (4 tPed&dd lvidy &f erably [err]
to [err], in agueous or _non-a ueogs medi a such as water; acetone,

_tetrahydrofuran, &PRPFULEBPRALE BFnEPRPFLREt ani de, -di met hyl f or mani de,
“acetonitrile, dichloronethane, 1,2-dichloroethane, or m xtures thereof.
«Alternatively, the reaction may bﬁlggrgbgﬁlgut in an unstabl e enul sion of
wat er -i mmi sci bl e sol vent, especially”an i phatic ester or ketone, such as
.methyl isobutyl ketone or butyl acetate.
§= or a sulpnenyl chloride of formula:

1y
r19sc1
wherein R19 is as hereinbefore defined to give the

éompound of formula (C). Acidic hydrolysis of the
Schiff base gives the B-amino compound of formula (XV).

Compounds of formula (XV) may also be prepared dy
reacting a thiooxime compound of formula (XVI):

XVI)
g19_s.n_ (

Oy

G

co.r*8

s+ mam ————————— o~ o ——sm



The acid halide may be prepared by reacting the acid (XVII1) or a salt
thereof with a hal ogenating (eg chlorinating or brom nating) agent such as
{phosphorus pentachl oride, thionyl chloride or oxalyl chloride. - 40 -

Al ternat%gely,_—the N-acyl ati ng derivative of the acid (XVIIl) may be a
- symmetrial or mxed anhydride. Suitable m xed anhydrides are al koxyformc
anhydri des, or anhydrides with, for exawpl-e, carbonic acid nonoesters,
trimethyl acetic acid, thioacetic acid, diphenylacetic acid, benzoic aci-’g_:>
phosphorus acids (such as phosphoric or phosphorous acids) or aliphatic or
aromati c sul phonic acids (such as p-toluenesul phonic acid). Wen a
symetri Ca:c wgmﬁé?m'tlpﬂe_érﬁ w3 Q%&?,ast hiéffi?ﬁ‘at m;a&ermﬁfbereat@bbeeldou.t i n he
presence o 6-1u [ (o st ‘er ive .N-acylating derivatives
of acid (XVIwIII ef‘reé%héqé%iﬁdpg’zg% e,méer'ﬂé'cfﬁr\r/lgtaga(iégflg?ékslﬁgﬁ as esters with
2- mer capt opyidldiawed dyarkaesttivend] wikhmian @siidnglatalystdismchr ephenal ,
t hi ophenol, djaliephenol s, eIy ey aEhlqaiserieral 1 nmeBOBRERAXYPhENOl
N--hydr oxy su00|n|qh?e, q{ 8- hydr oxyqui nal i ne;_ or ?nlges ch gg .
N-acyl sacchdnd» A AN din o iR (fihsTe Sac N8 I'pl}jiéal'il fes: or an
al kyl i dene imnoester prepared by reaction of the acid (XVII1) with an
oxi me. Qther react] acylati. [ vaat i\ f i ) include
the reactive int g:trérr%"[e\ﬁd}g %trhn]iaqg égostr’ﬁuag (\6&% nd Q%&C) ﬁLag,X\éth,

: be prepared by the process disclosed in US Patent No.

3,962,214 or an appropriate modification thereof.
The antibacterially active compounds of formula

(II) as hereinbefore defined may suitably bhe prepared
by reacting a compound of formula (XVII):

CHO

NH

2 ' (XVII)

whegein the amino group is optionally substituted with
?‘éroup which permits acylation to take place and R2 is
as hereinbefore defined with reference to formula (1)
above, with an N-acylating derivative of an acid of
formula (XVIII):

R3C07H (XVIII)
wherein R3 is as defined with respect to formula (II)

and wherein any reactive groups therein may be
protected; and thereafter, in necessary, carrying out



~formula (XVI1) is -5

reaction in situ wth a condensi ng agent such as a carbodiimde, for
gxanplie, N, N -diethyl-, dipropyl- or dllsopropylcarbodllnlde

=N - di - cycl ohexyl - carbodiimde, or Nethyl-N -[3- (dlnethylanlno)prophU}
catbodii m de; a suit-abl e carbonyl conpound, for exanpl e,

N;‘N' - carbonyl di i mi dazol e or N; N -carbonyl di- sfgri.azol e; an i soxazolini um
sal t .or exanple, N-ethy.|l- 5-phenylisoxazolinium 3-sul phonate or
N-t-Detyl-5- nethylisoxazoliniumperchlorate; or an N-al koxycarbonyl

2-al koxy- 1, 2-di hydroqui nol i ne, such as N-ethoxycarbonyl

2- et hoxy- 1, 2- di hyd‘g,q,g%p% :‘Le g}p{] I]_%%l‘l%l ng . % %nts i nclude Lew s aci ds

(for exanple [err] [err] orlc 9aci condenS|ng agent such as
di et hyl phosphoryl cyani de. The condensatlon reaction is preferably carried

out in an organic reﬁpttéMbJ&ﬁBLHHYderua&gqprot@%&ﬂ%beagogb|QELde

di et hyl f or mam de, nitri : zene, dio
_tetrahydrofuran. Ap ac f I s ~dn “daci | a

y BP0 OGNS sV R OB PERS Ofin ShE1 3168 bR i
“(XIX): [ERR] wherein [e3rqumnd [err] are as hereinbefore defined; thereby
affording a Conpouﬂglfffuéﬂﬁégnééﬁ JJQL%?ESPQPQ'QQngggeﬁﬁfggggo,Aptly Yin

ern} and the aci or mul I'sTan acid of
fornula (XX): [ERR]*Y verting one group 2 to a different group Z:
: v) converting the product into a salt or in vive

hydrolysable ester thereof.

P Suitable groups which permit acylation to take
place and which are optionally present on the amino
group of the starting material of the formula (XVII)
include N-silyl, N-stannyl and N-phosphorus groups, for
example trialkylsilyl groups such as trimethylsilyl,

: trialkyltin groups such as tri-n-butyltin, groups of
formula -P.R2RP wherein R2 is an alkyl, haloalkyl,
aryl, aralkyl, alkoxy, haloalkyl, aryl, aralkyl,
alkoxy, haloalkoxy, aryloxy, aralkyloxy or dialkylamirc
group, RP is the same as R& or is halogen or R2 and RP
together form a ring;‘suitable such phosphorus ‘groups
being -P(OC2Hg)3, -P(C3Hg)3,

/'\'J
/n
\

- The carboxyl group may be regenerated from any of
the above esters by usual methods appropriate to the
pargticular R2 group, for éxample, acid - and base -
catalysed hydrolysié, or by enzvmically - catalysed
hydrolysis, or by hydrogenolysis. '



- 42 - wherein [err] and [err] are as hereinbefore defined; thereby

af fording a conpound of formula (1V) as hereinbefore deflned The conpounds
of fornmuta (111) may al so suitably be prepared by reacting a conmpound of
formula (XXI): [ERR] wherein [err] and Y are as hereinbefore defined and

the {err]- gﬁno group is optionally substituted with a group which pernmts

N-acyl ating derivative of an acid of fornmula (XXII): [ERR] wherein [err

and [err] are as hereinbefore defined and wherein any reactive groups nay
be Protected; and thereafter if necessary, carrying out one or nore of tne
follow ng steps: .i).r any .car box rotectin rou r 1)
renovi ng any pro?géﬁﬁﬁ%: x&ﬁ PR8 §¥8ég€h§?51§?ghg % hJ43 i)
converting gmeupr oGf2R“ dna fdirinidretKVFLoupnZiude)szbnveandngstére product
into a saltoftibactbeg Rydndley 2a2b8x§316" ab 08" 801 aedbpifogPOUNds of fornula

(IV) as herein
hereinbefore with reference to formula (I}.

acyl ation take place, and any reactiye_groups nay be protected with a<:>
]

A reactive N-acylating derivative of the acid
(XVIII) is employed in the above érocess. The choice
of reective derivative will of course be influenced by
the chemical nature of the substituents of the acid.

Suitable N-acylating derivatives include an acid
halide, preferably the acid chloride or bromide.
Acylation with an acid halide may be affected in the
presence of an acid binding agent for example, tertiary
amine {such as triethylamine, pyridine or
dimethylaniline), an inbrganic base (such as calcium
carbonate or sodium bicarbonate) or an oxirane, which
binds hydrogen halide liberated in the acylation
reaction. The oxirane is preferably a (Ci-g)-
l,2-alkylene oxide - such as ethylene oxide or

propylene oxide. The acylation reaction using an acid 'g:}f

halide may be carried out at a temperature in the range
-500C to +509C, preferably -209C to +20°C, in aqueous
or non-aqueous media such as water, acetone,
tetrahydrofuran, ethyl acetate, dimethylacetamide,
dimethylformamide, acetonitrile, dichloromethane,
1,2-dichloroethane, or mixtures thereof.

Alternatively, the reaction may be carried out ‘in an
unstable emulsion of water-immiscible solvent,
especially an aliphatic ester or ketone, such as methyl
isobutyl ketone or butyl acetate.

The acid halide may be prepared by reaeting the
acid (XVIII) or a salt thereof with a halogenating (eg
chlorinating or brominating) agent such as phosphorus
N pentachloride, thionyl chloride or oxalyl chloride. _ -

']



defined are aptly prepared by reacting a conpound of formula (XXII1): [ERR]
mherelp the [err]-amno group is optionally substituted with a group. which
pgnn1t§ acylation to take place and any reactive groups may be protected,
and. [err] and [err] .are as hereinbefore defined with an N-acylating
derlvatlve of an acid of fornula (XXI'V): [ERR}gwherein [err] and [err] afzﬂ
as degfsned with respect to fornmula (1V) above and anv reactive groups nay
be phg#ected; and thereafter, -if necessary, carrying out one or nore of the
followi ng steps: i) renoving any carboxyl -protecting group [err]; ii)

renovi ng any protecting qroups e si hai_n L] Qnv t|n t he
product into a salt or i%‘ §Baﬁ§angys§8Feﬁe§f%}g€ ?e%ﬁrl 2t f{ g
conpounds of fornubalﬁxxmyIﬁénemaywhech ayemehtecall du mn*g#rnnhzﬁnyﬁq«n
the conpounds of f§r 1@' Hx&e? ahﬂ?ﬂ%”@%@oé?edﬂka fmlbearn{faqa.ra@% by

reacting a conpoun an g derivative of an
acid of formula (XXW)anPEﬂRFdﬁﬁeVéFH [éPF]eﬁémHﬁeanFﬂBb% b€ e2%3%g group and
~t hereafter renpvi nghopicRistelirisNg t@ifdRhler Bkeliict abia, anh boapevi@cddingg gr oups

[err] i ncl ude thos%lphenylacetlc acid, benzoic acid, phosphorus acids
E (such as phosphoric or phosphorous acids) or aliphatic
or aromatic sulphonic acids (such as p-toluenesulphonic
acid). When a symmetrical arhydride is employed, the
reaction may be carried out in the presence of

2,6-1lutidine as catalyst.

Alternative N—-acylating derivatives of acid
(XVIII) are the acid azide, or activated esters such as
esters with 2-mercaptopyridine, cyanomethanol,
p-nitrophenol, 2,4-dinitrophenol, thiophenol,
halophenols, including pentachldrophenol,
monomethoxyrhenol, N-hydroxy succinimide, or
8-hydroxyquinoline; or amides such as N-acylsaccharins,
N-acylthiazolidin-2-thione or N-acylpnthalimides; or an
alkylidene iminoester prepared by reaction of the acid
(XVIII) with an oxime.

Other reactive N-acylating derivatives of the acid
(XVIII) include the reactive intermediates formed by

»'; ) reaction in situ with a condensing agent such as a
. carbodiimide, for example, N,N'-diethyl-, dipropyl- or
diisopropylcarbodiimide; N,N'-di-cvclohexyl-
carbodiimide, or N—ethyl-N‘—[3-(dimethylamiho?propyl]-
carbodiimide; a suitable carbonyl compound, {or
example, N,N';carbonyldiimidazole or N,N'-carbonyldi-
triazole; an isoxazolinium salt, for example, N-ethyl-
5-phenylisoxazolinium-3-sulphonate or N-t-butyl-35-
methylisoxazolinium perchlorate; or an N-alkoxycarbonyl

2—-alkoxy-1l,2-dihydroquinoline, such as N-ethoxycarbony.

. e s A e e 2 2 e



di scl osed herei nbefore mﬁth reference to group [err], wth al koxycarbonyl
groups such as, for exanple, 4-nitro- benzyl oxycarbonyl and
trichl oroet:hyl.oxycarbonyl being particularly preferred. The ednpounds of

ﬁ§ [11) herein which are inter alia internediates for the conpounds
I'a (-I'V) as hereinbefore defined may be prepared by reacting a

conpound of formula (XXVI): [ERR] wherddirr [err] is as.defined hereinbef

with an N-acylating derivative of an acid of fornmula (XXVI1): 58 - 4%

[ERR] wherein [err] is as defined hereinbefore and any reactive groups
“‘therein may be protected and [err] is an am no-protecting group as

her ei nbef orz-edafdxyed;, zﬁuiﬁy&ruqﬁﬂnylumenovbn@emr@beabhggngraganterr] The

anti bacteri Ctr £ QY Ia I a ei nhefore defi ned
may "al so suq{ d;e l}e\(gir epar g%’ndxs/f or %lnglil ng(Brl:’)corr% ??c] t2'f fgr mul a

(XXVI 1 1) : HHQ%PN&R#%n%F{QHQﬂ“Qﬁﬂ?rﬂgaﬁsﬁm§ rearcdi @isef or e deflned and wherein
any reaCtl\EiéHH%ﬂﬁthph Hydedead ame idwiRMshRion reRR&ednaiy, carrying

t the follo 1 hoxyl - pr ot ect
oroup. Lot 113455 HUOAARE L1 ot g BRSSO SERBRS FERIaA

for example, methylene chloride, dlmethylformamlde,
acetonitrile, alcohol, benzene, dioxan or
tetrahydrofuran

Aptly the acid of formula (XVIII) is an acid of
formula (XIX):

R - ?H - COH
- NH
&
& (XIX)
Rg’// ™~ 10

wherein Rs, RY and R10 are as hereinbefore defined;
thereby affording a compound of formula (III) as
hereinbefore defined.

Aptly Y in formula (XVII) is -S-C(CH3)2- and the
acid of formula (XVIII) is an acid of formula (XX):

2l _cu - coH
| .
NH
| (xX)
- co |
|
N
5 N _13



group; iii) converting one group Zto a different group Z; iv) further
derlvat|3|ng the side-chain group; v) converting the product into a salt or
~vivo hydrol ysabl e ester thereof. - 46 - Wien Y in formula ( III) is
TS: C(CH3)2- and R3 js a group of fornula (XXIX): [ERR] wherein [err and
:{err] ~are as hereinbefore defined the process, affords a conpound of fornula
(I'V)yas herei nbefore defined.. The i nt er mediat’é conpound of fornmula (XVI1)
as hd€i nbef ore defi ned may sUitany be prepared by fornylating a conpound
of fornula (XXX): [ERR] wherein [err] and Y are as herei nbefore defined
and thereafter renoving theli)rotleé:tl Cg rpup [err] and necessary,
converting a grou &N & FouRrem]” a3f tafbihereénbprarendesdents and
reaction conditi or&a@ﬁ%ﬁﬁﬁr@f@r@ﬂﬁdﬁmdﬁ \tethuYai 7 IWhe agonpound of

formul a (XXX) |s [heerrrglr;&efé)tr cc?esfsirperé)duces t he conpound of fornula (XXVI)
her ein. - ’ : '

The'compounds of formula (III) may also suitably
be prepared by reacting a compound of formula (XXI):

g

8
R®——__CH.CO.N (XXI)

wherein RZ, R® and Y are as hereinbefore defined and
the =-amino group is optionally substituted with a

! ' group which permits acvlation to take place, and any
reactive groupé may be protected with an N-acylating
derivative of an acid of £formula (XXII):

. o ' N (XXII)

wherein R? and R0 are as hereinbefore

wherein any reactive groups may be orotected; and
thereafter, if necessary, carrying cut one or nwore cf
the following steps:

i) removing any carboxyl-protecting group R2

~e

ii) removing any protecting groups on the side-chain

group;



Ir‘

- The sub-group of conpounds wthin the present invention of forrmula (XXXI):

[ERR] wherein [err] and 'Het' are as defined hereinbefore with reference to
formula (M1). and [err] and [err] are as defined hereinbefore with
reference to formula (X) may suitably be prepared by reacting a conpound of
formul HEXXX'1): [ERR] wherein [err] and [err] are as defined hereinbefore
and wherein any reactive groups may.bgipLotected and R22 is a | eaving _(;)
group; with a thiol of forrmula: HetSH with the proviso that when [err]

an acyloxy group [err] nust be in the free acid formor a salt thereof.

-48- Sui t abl e, Ieaving groups [err] include hal ogen such as iodide or

brom de or . an ac X u S r.e e y pXy-group. The
t hi ol HetSﬁl gg?éggﬁgdggg g%gu reeggo é?ﬁgé?eﬁ@ %§§t m%th an al kal i
metal such as)sQGFMQrbinﬁthssPﬁﬁﬁucthﬂﬁtgeacﬁﬁéh P5 HRSYE¥®|y conducted in

a solvent. For g§aggh9sag§g eaReke tHagdeoef water, or organic solvents inert
to the starting Conpounds, such as dlnethylfornanlde di net hyl acet am de,

di oxane, acetone, al cohol, 1, 2-dichloroethane, acetonitrile, »
d|nethylsquOX|dﬁeOEompbnaH;dbﬁfwbamplar(ﬁVXtasekethenEeforEhe reaction
tenperaturgegqge&'Q?eng@EQ prepared by reacting a compound of R

formula (XXIII): . . .

THO .
11 N
R _cl:H.co.NHrTS (XXIII)
NH '
2 ~N
_ o 2
H . CO,R

wherein the e<~amino group is ootionally substituted
with a group whlch permits acylation to take place and
any reactive groups may be protected, and R2 and ]l
are as hereinbefore defined with an N-acylating
derivative of an acid of formula (XXIV):

TOZH
N\\ (XXIV)
13
1 R
R.2
wherein R12 and R13 are as defined with respect to _ ' .

tn

formula {IV) above and any reactive groups may Dbde

rotscted; and thereafter, if necessary, carrving out

'(l

one or more of the following steps:
i) removing any carboxyl-protecting group R2;
ups on the side-chain

ii) remcving any protec;ing gro

iii) convert-ng the oroduct into a salt or in vivo
-



anong ot her factors,

-

upon the starting conpodnds and solvent to be enpl oyed

but generally the reaction is carried out at a selected tenperature within
he range of 0 to [err] for a selected time of a few hours to &yeral days.
iThe reaction is desjrably conducted between pH 3 and 7. To prevent
oxrdatron of the thio compounds it is advantqgeous to carry out the
reagtiyon in an inert gaseous atnosphere, eg nitrogen gas. The subgroup of
co nds within.the present invention of formula (XXXII1): [ERR] - 49-
wherein [err] and [err] are as defined hereinbefore may suitably be
prepared by reacting ound her.ei npef ore defi ned
with the appropriatel WQQﬁ 6& 8rﬂgl§é§xkéﬁl;efﬁé“rggéFFoﬁrﬁrth t he
pyridine is carritntanﬂahua51qﬁﬁRNEQyﬂtesnﬁosu@heascwabandsand Enrnhbda
:presence of a cat

FLYPS S0l a% (U Rlclde eI o) BV A2l Q6 0 21 kA

metal halide such as, for exanp

rumio

be appreci at ed trﬁﬁaQQkﬁqxﬂnﬁﬁﬂﬂﬂ¥Wﬁ q%w@PFﬁuéﬁd(§P3Fécﬁé&hdéﬂrvatrves

“thereof are val uabs&ydnitimedatisaranvé fofr mnanetilenorprireraunad (agpect of the
i nventi on.

pr esent

Particularly preferred conmpounds within forrmula (XVI1l)

»are the zwi tteronic conpounds of fornula,/(XXXlV)

o ——————

RB.CH.COZH _
r (XXV)

NHRA

wherein R2l is an amino-protecting -group and thersafter

removing protecting group R2L,

Suitable amino protecting groups R21 jnclude those

disclosed hereinbefore with reference to group rl, wisn

alkoxycarbonyl groups such as, for esxample, 4-nitro-

benzyloxycarbonyl and trichloroethyloxyvcarbonyl teing

.particularly preferred.

inter alia intermediates for the compounds of

The compounds of formula (XXIII) herein which are

Sormu

(IV) as hereinbefore defined may be prepared by
reacting a compound of formula (XXVI):

(XXVI)

wherein R2 is as defined herainbefore with an

‘-- -

N-acylating derivative of an acid . of formula (%XXV

ing it wll



or a salt thereof: [ERR] whereiﬁ'Y is as defined hereinbefore. Suitably Y

iFn Eﬂgnulae (XVIl) and (XXXI'V) is [ERR] or [err] wherein Q is as
her € nbef ore defi ned. - 50 - Preferred values for Y in the conpounds of
ifornulae (XVI1) and (XXXIV) are -S-C(CH3)2- and -S-CH2-C(CH2Q =, ie when

-t he conpounds-are derivatives of the penicillin and cephal osporin nucl eus.
A particularly preferred value for Y in formulae (XVII) and (XXXIV) is <;>
[err]. Specific conpounds within forrmul4 (XVI1) include the follow ng or '

sal t thereof:
ester thereof; i
t-butyl ester thereof; 6[err]-am no-6
or the benzyl ester thereof; - -

7[err]-amno-7[err]-formam do-3-{ac éogé t hyl) -1 - oxadet hi a-
p

ceph-3-em 4-carboxylic acid or Bhe-

a2yl met hyl ester thereof;

7[err]-amno-7[err]-formam do-3-[ (|l {nmethyl -1Htetrazol -5-yl: - .
"t hi onet hyl ] ceph-3-em 4-carboxylic a¢id or the di phenyl- methyl ester .

t her eof ;

A

NHRZ ! (XXVII)

6[err]-am no-6[err]-formam dopenicillanic acid or the. benzyl -
7[err]-amno-7[err]-formam docephal osporanic acid or the
[err]-formam dopenam 3-carboxylic acid

wherein R11l is as defined hereinbefore and any reactive

groups therein may be protected and R2l is. an
amino-protecting group as hereinbefore defined; and

thereafter removing protecting group R21,

The antibacterially active compounds <@f formula
(II) as hereinbefore defined may also suitably be

prepafed by formylating a compound of formula (XXVIII):

NHy

R>-CO-NH ,é___T/’—\\\_
' Y

N | (XXVIII)
18
CO_R

wherein R3, R18 and Y are as hereinbefore defined and

tr

wherein any reactive groups may be protected and
thereafter, if necessary, carrying out one or more of

the following steps:

i) removing any carboxyl-protscting group R18;
ii) removing any protacting groups on the side-chain
group; .
iii) converting one group Z to a different group Z;
iv) further derivatising the side-chain group;
v) converting the product into a salt or in vivo

hydrolysable ester thereof.




7/[err]-amno-7[err]-formam do-3-[(2-nmethyl -1, 3, 4-t hi adi azol - 5-

%l2) t hi enet hyl ] ceph-3-em 4-carboxylic acid or the di phenyl nethyl ester-
§he¥edf; 7[err]-anino-7[err]-fornanido-3-nethy|-I-oxadethiaceph-s-en}ﬁg
carboxylic acid or t-he t-butyl ester thereof;
7[errl-anino-7[err]-fornanido-3-(pyridiniqu%QyL)-ceph-S-en- 4- carboxylic
aci ‘ t he di phenyl net hyl ester thereof; :

7] er ™ am no- 7[ err] - -f or mam do- 3- [ ( 6 hydr oxy- 4- net hyl - 5- oxo- 4H
1,2,4-triazin-3-yl)thionethyl]ceph-3-em4-carboxylic acid or the

di phenyl net hyl ester thereof, . : .
7[err]-anino-?[err]-foQhﬁﬁ(ﬁ}¥¥[?2£Wﬂﬁ?u$éﬁ¥ﬁ¥§)4}ﬁhrngéEBF)2- and ®2

5-yl ) thi onet hyl | ceph-8-armub cff Foanule af¥X¥r: t he di phenyl net hyl ester

t hereof; and 64 -51-
7ferr]-—amno-7[err]-formam do-3-[ (| -cgyboxynet hyl-1Htetrazol - ‘
5-yl)thi onet hyl ] - ceph-3-em 4-car, yligyacid or the di phenyl nethyl ester
“thereof. The antibiotic conpoun of tyhe present invention are active

agai nst a wi de range of gram negative jgqad gram positive organi sns including
«E.coli such as, for exanple ESS, JT4, PT425 and NCTC 10418; Pseudononas
“Sop. such as Ps.aeruginosa for exanpl ec40662 and Dal gl ei sh; Serratia

‘rjar cescens US32; Kl ebsiella aerogenes B, Enterobacter cloacae N¥xIix)
P.mrabilis such as, for exanple C977 _Wgd 889; P.norganii; P.rettgeri;
B.subtilis; Staph aureus such as, exaphg Oxford and Russell;
&.catarrhalis 1502; Strep faecalRS"I; [err]-Haenolytic Strep CN10. - The MC
data included in the T _

wherein Rll, rl2 and R13 are as hereinbefore defined’
the process affords a compound of formula (IV) as
hereinbefore defined.

The intermediate compound of formula (XVII) as

hereinbefore defined may suitably be prepared by

formylating a compound of formula (XXX):

(XXX)

wherein R18, R21 and ¥ are as hereinbefore defined

tn

4
nd thereafter removing the protecting group R2: znd &

fu

: 2
necessary, converting a group R18 to a group R2.

Suitable formylating agents and reaction

conditions are as herzinbefore defined.

“hen ¥ in the compound of formula (XXX) is
-S-C(CH3)2- the process produces the compound of

formula (XXVI) herein. .

« e e 5 e e e = e



foll owi ng exanples is representative of the activity of the conpounds of

the present nvention. The follow ng Exanples illustrate the preparati on and
Stgse of the conpounds of the present invention. - 52 - EXANPLE 1
[.err] - Formam do- 6] err] - phenoxyacetam do penicillanic acid sodiumsalt a)

Benzyl 6[errj-amnino-6[err]-phenoxyacetani do penicillanate Benzyl

6[err] nmet hyl t hi o- 6] err] - phenoxyacet anmi_do penicillanate (389 ng. 0.8

in DM (10 m) at [err] under mtrog’er‘? Was treated with a solution of
mercuric acetate (260 ng, 0.8 mmol) in DVF (1 nml), followed i nedi ately by
a solution of anhydrous ammonia (15 ng, 0.88 mol) in DVF (1 m ). The
reaction solution was allowed to warmto OC over 0.75 hour before being
poured into ethéthearshwegtmid if compoamdan ¢ ithiime theh®resgaki ¢ sol uti on was
dried over Wé{{ﬂ&g|%@afqﬂgﬂrﬁd and evaporated to | eave the
essentially pure product as a pale yellow foam (323 ng,,  88%, [err] 3385,
3310, 1790, 1748, 1690, 1495 [err]; [err] 1.37 (6H, s, gemdinethyls), _
2.73 (2H, br.s, amno protongHo 4.51 (3H, s, [err] and C3 proton), 5.19 -
(2H, s, ester [err]), 5.48 (11—I s, G§9 proton), 6.70-7.60 (10H m
aromatics) and 7.90 (1H, br. sNHarﬁ‘ldoY roton). b) Benz?/-l

6[ err]-formani do- 6] er r | RphEREE am op penicillanate (XXXI)

PLd

CHZS Het

wherein Y} and 'Het' are as defined hereinbefore with
reference to formula (VII) and Rl and R2 are as
defined nhereinbefore with reference to formula (X) may

suitably be prepared by reacting a compound of formula

(XXXII):
CHO
|
‘b 1
NH H oy
R} -NH p— (XXXTI)
' 22 _
- )—N ~NCH,-R
0
co_Rr?

-

wbereln Yl Rl and R2 are as defined herelnheEOfe and
wherein any actlve groups may be orotected ana R22 is.

a l=zaving group; with -a thiol of formula:
detSH

with the proviso that when R?22 is an acyloxy group
—COzR2 must be in the free acid form or a salt thereof.



A solution of benzyl 6[err]-am no-6[err]-phenoxyacetamn do penicillanate
(320 ng, 0.7 mmol) in anhydrous dichloro- nmethane (20 m) at [err],
.Lfeatéd sequentially with pyridine (553 ng, 565 [err], -7 mmol) and

J Tk
3

”fOFﬁlC acetic anhydr.ide (310 ng, 3.5 mml). The reaction solution was - 61
-stlrred at 0- [err] for 1.5 hour before being washed successively with 0.5

N hydifypchl oric acid, dilute sodium bi carbornat® solution and brine. It was
“driese 66 -.53 - over nmagnesi um sul phate, filtered and evaporated to

| eave t he product as a white foam (300 ng). This was purified on silica gel
to afford the title conpound (240 ng, 71%, [err] 3395, 3310, 1792, 1748,
-1700, 1690 (sh.), 14955|i.ﬂl°tl’ab;l.e[ aealihg3§rbapE s2zgﬁmmd@tm &gen %uéh (3H

s, PhOCH2- and C ster [ H_s
proton), 6.70-7.5 %EQQL ogréggﬁggg)gr EEQafﬁ£$ % 3¢°Wgﬁﬂ ¢#Q)§ﬁﬂ f%§ 23
(IH, s, 6[err]- anﬁd@mﬁﬂGtQMF 8583198y ( $KPUB; f or mami do proton). c)
6[err]-formam do-6[err] - phenoxyacetanldo penlcillanic acid, sodiumsalt A

*=sol ution of benzyl 6[eT¥ ﬁg err] ghenoxg acet am do en|C|IIanate
(210 ny, 0.44 mml) in*PAF i@ mayal edspensiontoie 10%

,pal I adi um on char coapbou2d0 orgp salethanblaﬁl@lnillamﬁtmhisucKJasﬂgodem:h
-had been pre- hydr%Qe%%k%gsf%%.o %nQSUEeaIQ§oH‘§£“5§5¥?§bﬂyd£8£§ﬂ§§%9:i

-2 5 hours and then't
: a solvent. For example, use can be made of water, or

L organic solvents inert to the starting compounds, such
as dimethylformamide, dimethylacetamide, dioxane,
acetone, alcohol, l,2-dichloroethane, acetonitrile,
dimethylsulfoxide or tetrahYdrofuran, Oor mixtures
thgreof.- The reaction temperature and time depend,
among other factors, upén the starting compounds and
; - solvent to be employéd but generally the reaction is
carried out at a selected temperature within the range
of 0 to 100°C for a selected time of a few hours to
several days. The reaction is desirably conducted
between pH 3 and 7.

To prevent oxidation of the thio compounds it is

advantageous to carry out the reaction in an inert

gaseous atmosphere, eg nitrogen gas.
The subgroup of compounds within the present

invention of formula (XXXIII):

C02R - L (oXIII)

 ——————— ———— e .



catalyst was filtered,and washed with dilute sodium bicarbonate sol ution
and THF. The orgahic solvents were evaporated and the aqueous sol ution
Pashed with ethyl acetate (3 x 30 ml) before being acidified fo pH 1.5 with
“dilute hydrochloric acid. The product was extracted into ethyl acetate (3 x
30 m) and tHe conbined extracts were washed with brine, dried over
magnesi um sul phate and evaporated to_dgyness. Th e resultant foam (130
was di ssolved in acetone and treated with the theoretical anount of 2N
sodi um et hyl hexanoate in methyl isobutyl ketone (170 [err], 0.34 mmol).
Anhydrous ether was then added and the precipitated sodiumsalt was
-filtered an ed t hoet her h rgduct rkLed i,bn vacuo over
phosphorousgh$%§QX| gﬁtg af 9KdR§ 3 8 558 EWE%I ek 8ﬁ%d one peak, - 54
- [err] (KBh)?rQIBsefﬂ?G?SmaYG@Glt?iGQZ Per P}TePaFPéebHcrélaCFéP@]al 51 (6H, s,

gen1d|nethykgh o&négoélﬁorﬁulg JxMKeTINhs he®linBbfose BREOCHRE). 5. 72 (1H,

s, G5 prot 60 (5H, m, aromatics)
and 8. 25, 8"5£haﬁhe8 %ﬁrP§Hl §§lbaﬁ9g8kéﬁBkF8rRVFLB?B?Ons) M C agai nst P o
mrabilis 889 is >100 [err]/n. - 55 - EXAMPLE 2

Suitably the reaction with the pyridine is carried .

out in a polar solvent‘such as water, and in the
presende of a catalyst-such as an alkali metal
thibcyénate or an alkali metal halide such as, for :
example sodium iodide.

From the foregoing it will be appreciated that ‘the
compounds of (XVII) and protected derivatives thereof
are valuable intermediates and form another preferred

aspect of the present invention.

Particularly oreferred compounds within formula
(XVII) are the zwitteronic compounds of formula (XXXIV)
or a salt thereof:

Y (XX1IV)

wherein ¥ is as defined hereinbeiore.

Suitably ¥ in formulae (XVII) and (XXXIV) is

- S - C(CH3)2=- +, - S - CHZ -
- S - CHy - C(CH2Q")=
or - 0 - CHy - C(CH2Q")=,

wherein Q' is &s hereinbefore defined.



6[ err] - Formam do-6[ err] - (2-carboxy-2-phenyl acet am do) peni - cillanic acid,
di--sodiumsalt a) benzyl 6[err]-nmethylthio-6[err]-(2-(p-nit robenzyIE)_xy-
gar. bang/l ) - 2- phenyl acet ami do] penici | | anate A sol ution of 04
-(p- nltrobenzyloxycarbonyl) 2- phenyl acetyl chloride (2 nmol) in
ei chl oromet hane (10 ') was added dropwi se Witth Stirri ng to an ice cool ed
sol -'n of benzyl 6[err]-methylthio-6[err]-anino penicillanate (0.70 g, 2
mol »€&nd pyridine (0.24 g, 3 rrm)l) in dichloronmethane (30 m). The
reaction mxture was stirred at 0- [err] for 1 hour, followed by 2 hours at
roomtenperature. |t v&%eihéﬁeﬁva seftprent | | then qaampeudmds lofdr ochl ori ¢

acid, -dilute sodi uppEeRAOONRYEL FOAAYH | Otk B Eh bgi,gle.s.kte(fc_q;r Reidyg dried over
magnesi um sul phat e_ %gr g I?éj eva or ed to dryness. e Tesultant pale
yel | ow foam (1. 06 g% g R AN ‘?'ba ERfel© '?P%’Td(ﬁ (f‘t%é’e&&r"étﬁl"ﬁauct
ds a white foam (0083thg mr;x{bm]anamhmom&uﬂm,. 1690, 1530,
1355, 1320 [err]; [err] 1.30 (6H, br.s, gem di rethyls), 2.11 and 2.20 (3H,

“2s, -SCH3 di astereoi soners), 4.42 (1H, s, c{)roton) 4.85 (1H, s,
[err]-proton), 5.19 (2th %ar'bb‘ﬁ‘ijﬁr]elét%ﬁeme yalpg £9r & ipNE cxswdae

.[err]) 5.56 (1H, 6XVIXH Prdt ONYXIV) 1k 7S5 (&P ,-m aromatics) and

7.90-8.30 (3H, m aromatics and am do proton). ) -benzvl

’6[err] am no-6[err] - [2 (p-ni trobenzvl oxycar bonyl) -

2- phenyl acet am do] peni c$P¢ahbite gomppundprwiothienfodmula (XVII) include

s6ferr]-methyl thio-gderedridw{Rg bt rP-salt thereof:

‘benzyl oxycar bonyl ) - 2- phenyl acet am do] penicill anate (390 ng, 0.6 mml ) in
DMF (10 m) at [err] under nitrogen, was treated with nmercuric acetate (190
my, 0.6 mmol) in 6B-amino-6«-formamidopenicillanic acid or the henzyl

; ester thereof;

éf ' 7B-amino—7a:formamidocephalosporanic acid or the

: t-butyl ester thereof; -
6B-amino—-é8&-formamidopenam-3-carbexylic acid or the
benzyl ester thereof; |
TB-amino—7.~-formamido—-3~-(acetoxymethyl)-l-oxacdethiza-
ceph-3-em-4-carboxylic acid or the diphenylmethyl eszar
thereof; |
7B~amino-7&~formamido-3-((l-methyl-lH~-tetrazol-5-yl, -
thiomethyl]ceph-3-em-4~carboxylic acid or the diphenyl-
methyl ester_thereof;

78-amino-7y~formamido-3-[(2-methyl~1,3,4-thiadiazol~

[V1}
i

yl)thiomethyl]ceph-3-em-4~-carboxylic acid or the
diphenylmethyl ester thereof;

. 7B-amino-7«-formamido-3-methyl-l-oxadethiaceph~3-em~-4-~
carboxylic acid or the t-butyl ester thereof;
73-amino-7«~formamido=3-(pyridiniummnethyl)-ceph-3-en-
i—ca:boxylic acid or the diphenylmethyl ester thereci;
7B-amino-Tet-forramido-3-[( 6-hydroxy-4-methyl-5-cxo-i3-
1,2,4-triazin- 3- -yl)thiomethyl]ceph-3-em-4~-cartoxylic
acid or the diphenylmethyl ester theresof;
73-amino-T7x-formamido-3-((2-methoxy-1,3,4-thizadiazoli-
5-yl)thiomethyl]ceph-3-em-4- -carboxylic acid or the

diphenylmethyl ester uhereoL, and



dry DV (1 m) followed i nmediately by a solution of anhydrous ammonia (11
g, 0.66 nmmol) in DMV (0.5 m). The mxture was stirred at [err] to [err]
{over 1 hotr.: before being poured into et her and washed with water and
brine. g was dried over nmagnesi um sul phate, filtered and evaporated to

Cafford the vittually pure product -as a white foam (310 ng, 84%, [err]
3395, 3330, 1787, 1742, 1682, 1530, 1357 [err]; [err] 1.31 (6H, br.s

dimethyls), 2.63 (2H, s, arn.o protons), 4.42 (1H s, C3 proton), 4.73"
(1H, s, [errp: QhQBBD% -?o?ﬂaﬁ?hh-%- Q?DEXLbsﬁgﬁétﬁgiliﬁ?teé%égoﬁzki s, PNB

ester [err]), ? C r ot oi n) m aromatics),
7.86 (1H, ss‘Xh)&BlﬁF‘SFBK} acﬁHhS Z@MCIFCAFRPEY bk BEFid PR Wit i cs). c)
benzyl 6[ er dliphenyamedny®| eskkr GRefpobitrobenzyl oxy-

car bonyl ) - 2- phenyl acet am do] benicil | nate A solution of benzyl

6[err]-am no-6[err]-[2-(-nitro-
benzyloxycarboﬁ?ﬁ)thphéﬁyﬂacépmﬂp@OFseﬁfcFh#aﬁ&?%ent31@V¢QF1QP55 mol ) in

dry dichl or gt taemevéZanthsat aOG,lawa%ah gaped §§1ﬁU€&§é@Né/ aMdh oyridne
(400 ny, 5mmmol ) and.formnicaceti.c_an %EﬁP nmml ). __The

reaction soPGfFoR°RASILEi PFERTAC™S. ng E: gﬁﬁu?uc%e?%fe“ﬁﬁlng washed
with 0.5 N hydmpdhlﬁﬁﬁc atikd JTdi2Subeds8airamldAtér bPsevdosohag i on and
DS e o 85 5he] QUepsTaustsi LY ahabRanbiL ! £0EH: 208 evanoraled (o

| eave the c uct gurle led on silica gel- to
afford the Pﬁﬂﬂéeééﬁ¢o§ﬁ6r3§lé WRircesream UE320 Kgebededlaferr] 3400,

3315, 1795, zerogenes A; Enterobacter cloacae Nl; P.mirabilis such

as, for examplé C977 and 889; P.morganii; P.rettgeri;
B.subtilis; Staph aureus such as, for example Oxford
and Russell; N.catarrhalis 1502; Strep faecalis I;
B-Haemolytic Streo CN10. The MIC data included in the
_Eollowing.examples is represéntétive of the activity of
the compounds of the present nvention.

The following Examples illustrate the preparation
and use of the compounds of the present invention.




1750, 1700, 1690 (sh), 1530, 1355 [err] ; [err]. 1.25 (6H, br.s, gem
dinethyls), 4.42 and 4.45 (1H 2s, C 3 proton di astereoisoners), 4.85
g&HubL:sj [err]-proton). 5.18 (2H, s, benzyl ester [err]), 5.27 (2H s, PNB
ester [err]), 5.70 (1H, s, G5 proton), 7.10:7.50 (12H m aronatics)lﬁnd
7;90-8.70 (5H, m aromatics, amdo and fornyl protons); me 557, 486,89
377,20, 249, 212, 135, 114, 91. = - 57- dy 52 -

6] er W f or mam do- 6[ err] - (2- car boxy- 2- phenyl acet am do) penicillanic acid,

di -sodium salt A solution of benzyl 6[err]-formam do-6[err]-(2-(p-nitro-
benzyl oxycar bonyl ) - 2- phenyl acet am do] penicillanate (200 ng, 0.31 mmol) in
THF (10 m) was adBEAMPBEalsuspension of 10% pal | adi um on charcoal (200 ng)
in ethanol (10 M) eandowabREd616Blonh b ehadthbefd gufididaegenalad for 1
hour. The m xture §§s tnen derogenated Tor 3 nours and then the catalyst
was filtered and i di | ute sodi um bi carbonate solution. The
fliltrate was washed with ethyl acetate (3 x 30 ml) before being acidified

“to pH 1.5 with 1 Nyhydr | BxBGh o et ract.ed iy t hyl
Gcetate (3 x 30 nifbandggﬁkgi @x_ghggo aéggﬁgéé&gﬁc%égyégg &%ﬁf@illﬁ%?t%ried

,over magnesi um sul phate, filtered and evaporated to dryness to | eave the
"free acid as a col ourl esgngyll Glifle BBy 1tH1d-S6pvEShéehSHA Atnii@cacet one and
streated with 2N sodium I X te in t | soput t (260 [err],
023" ol ot oncHeH:£14heBEXRRR81AS! Ny LA PO Vi (Y

. -40°C under nitrogen, was treated with a solution of

mercuric acetate (260 mg, 0.8 mmol) in DMF (1l ml),

followed immediately by a solution of anhydrous ammonia

_ "~ (15 mg, 0.88 mmol) in DMF (1l ml). The reaction

' solution was allowed to warm to 0°C over 0.75 hour
before being poured into ether and washed with water

. and brine. The organic solution was dried over
magnesium sulphate, filtered and evaporated to leave
the essentially pure product as a pale yellow foam (323
mg, 88%), Lnpax (CH2Clp) 3385, 3310, 1790, 1748, 1699,
1495 em~l; S(cpcly) 1.37 (6H, s, gem dimethyls), 2.73

" (2H, br.s, amino protons), 4.51 (3H, s, PhOCH3- and C-3
proton), 5.19'(2H, s, ester CH2), 5.48 (lH, s, C-S
proton), 6.70-7.60 (1l0H, m, aromatics) and 7.90 (1lH,
br.s, amido proton}.

b) Benzyl 6x-formamido-6B-phenoxyacetamido

penicillanate

A solution of benz?l 6x-amino-63-phenoxyacetanido
penicillanate (320 mg, 0.7 mmol) in anhydrous dichlors-
me=hane (20 ml) at 0°C, was treated sequentially with
oyridine (553 mg, 5635 ul, 7 mmol) and formic-acetic
- anhydride: (310 mg, 3.5 mmol). The reaction solutien
‘"was stirred at 0-5°C for 1.5 hour before being washed

successively.with 0.5 ¥ nydrochloric acid, dilute

scdivm bicarbonate solution and brine. It was driad



resultant precipitate was filtered, washed wth ether and dried in vacuo to
afford the product as a white solid (103 ng, 72% . Hplc shoywed one peak,
[err] (KBr) 1765, 1665, 1600 [err]. Free acid: [err] 1.10-1.70 (6H, 4s,

“gem di net hyl _di astereoi soners), 4.41 and 4.48 (1H, 2s, C-3 proton

di asteﬁSm somers), 4.89 (1H, s, [err]-proton), 5.66 (1H s, C5 proton), _
7.20-7.80 (m aronmatics, [err] and waggr) and 8.10-9. 10 (3H m am do aﬂg%
fornmyl dlastere0|soners) M C agai nst P mrabilis 889 is 50 ug/m. - -
EXAMPLE 3 6[err]-Formam do-6[ err]-(2-car boxy-2- (3- thlenyl)acetanldo] '
penicillanic acid, di-sodiumsalt a) benzyl

6[err]- neth |t hi o- tr X

car bonyl ) - % ?% T?ﬁe%§{3%0é€léﬁﬁg# eg?§|%¥%§a% d ev%ﬁo ate cﬁ benzyl

6[ err] - ani hoa6g ethd -pPredngt ¢ &% o3 - wlp)éh@chmxmnb%%o(mq)m gshleﬁwdfas

N, N -di CYC{:@P@M&&%ROQinem Q@l(&elﬁ»ﬁg&rantﬁ@tiﬁ@yéir@émﬁwhd 10 M) was |
stirred and_cool ed ¢ 5C.and t é d W S th f? n of

2- (p- n|trob%ﬁ%ym%xyzg?EOnﬁfmaz %ﬁ? ﬁ 23. @?? cg%rg %@Tahydrofuran 7
(10 ml). TheomeaLSBOn(shxourb4aascmr rreﬁ(@DCD3)[br3§ tﬁH Os bhgent hen kept

for 18h at_ 4C. t W ac te- recipgt at ed .
N, N - dlcyc?bﬂ%§9¥h¥€a ?e%gvggﬁ ; Fﬁagé ongﬁéTﬁe§q€T$€§?g &gsp%vaporated -
to dryness(?H, vaecuestAd Fﬁé)ve§uV§|ﬁ§H WA t 8- oRRPEPR bnat ol aphl on silica
gel 60 ( 23Dompsh, AStdhatdcghyestihbe {(LlEles, formyl proton), 8.23

(1#, s, 6B-amido proton) and 8.46 (lH, s, formamido ' ‘
proton). -
c) 6a-fofﬁamido-6B-ohenoxyacetamido penicillanic

acid, sodium salt

A solution of benzyl 6x-formamido-6B-phenoxy-
acetamido penicillanate (210 mg, 0.44 mmol) in THF (10
ml) was added to a}sus?ension of 10% palladium on
charceal (250.mg) in ethanol (10 ml) and water (1l ml)
‘which had beeh pre-hydrogenated for 0.5 hour. The
mixture was hydrogenated for 2.5 hours and then the

catalyst was filtered and washed with dilute sodium
bicarbonate solution and THF. The organic solvents
were evaporated and the agueous solution washed with
ethyl acetate (3 x 30 ml) before being acidified to pH
1.5 with dilute hydrochloric acid. The product was
extracted into ethyl acetate (3 x 30 ml) and the '
combined extracts were washed with brine, dried over .
magnesiuﬁ sulphate and evaporated to dryness. The

rasultant foam (lBO_mg) was dissolved in acetone and =
treated with the theoretical amount of 2N sodium ethyl _
hexanoate in methyl isobutyl ketone (170 wul, 0.34 «
mmol). Anhydrous ether was then added and the

Drecipitated sodium salt was filtered and washed with

ether. The'product was dried in vacuo over phosghorous

pentoxide to afford 99 mg (553%). Hplc showed one peak,



conmpound (2.67 g, 81%. [err] 3390, 3320, 1785, 1748, 1695, 1525, 1350,
3218 [érr]; [err] [err].31 (6H s, gemdinethyls), 2.15 and 2.21 (-3H, @"f
§SCH3 i astereoi soners) 4.44 (1H, s, C3 proton), 4.96 and 4.99 (1H 2s,
[err] -.proton di ast er-eoi soners), 5.20 (2H, s, benzyl ester CH2), 5.32 (2H
“PNB ester CH2), 5.53 (iH, s, G5 proton), 7.10-7.60 (10H, m aromatics),
7 85'd 7.91 (1H, . 2s, am do di ast er eoi soners34 and 8.20 (2H, part AA BB',
PNB a@énmatics); me 655,607, 550, 456, 303, 276, 250, 136, 114, 91. b)
benzyl 6[err]-am no-6[err]-[2-(p-nitrobenzyl oxycarbonyl) -
2-(3-thienyl)acetam do] penicillanate A solution of benzyl
6[2rr]-met hyl t hi o- 6pegak- (RB¢p- h765p-1675, 1600, 1655 cm~l. Free acid:
benzyl oxycar bonyl ) - %(?cﬁ?b?@ﬂ])iicﬂaﬂbﬁjo]?erﬁ&ﬁhi% 5], 3:3 .89 %lgm)L in

DivF (30 m) at [err] was treate mercuric
acetate (0.64 g, .S AmBFPLPA)dr§- Eﬁ/F(%%'rﬁ) éhQﬁﬁ.b‘We'd 3. rﬁ?edrlét:elsy Gy Sa
sol uti on of anhydrpastam)rpnsa4338bfrgs,2-@0 nd i OVF 4. Jsond'r) 60ThGHN Wt ure

“was stirred at -40C 1 h e p into. ther and
washed with water 5ﬁ§m%F g) %’d ngrgdggv%‘?é)erréag%oes um sfﬁ' RIEEC 7Pt er ed
.and evaporated to &bfoyd phetonstual ly pure product as a foam (1. 18 g, 94%
"[err] 3380, 3310 1785, 1745, 1690, 1525, 1350 [err]; [err] 1.33 (6H, s,
-*dem-di net hyl s), g (2H, br.s, amno protons), 4.46 (1H s, C3 proton),
4.93 (1H s, [err] Cp,a&aemst?gg.r(ag;l@ S@éniy‘il>é§9er‘9/"‘l




[err]), 5.

31 (2H, s, PNB ester.[err]), 5.43 (1H, s, G5 proton), 7.10-7.70

(10H, m aromatics), 7.87 (1H, s, am do proton) and-8.21 (2H, part AA BB',

7 -PNB aronmat i

- car bonyl ) -
6[err]-am

ics). c) benzvl 6[err]-formam do-6[err]-(2-(p-nitrobenzyl oxy-
2-(3-thienyl)acetam do] penicillanate A solution of
no-6[err]-[2-(p-nitrobenzyl oxy-

carbonyl%§§%(3 t hi enyl ).acet am do] penicillanate (1.15 g, .1.8 nmmol) in-

di chl oro

ane (30 nl) at OC was tre@fed sequentially mnth pyri di ne (1

g, 18 mmol) and formc-acetic anhydride (0.79 g, 9 nmol). The reaction
solution was stirred at O- [err] for 2 hours before being.washed with 0.5N

hydr ochl ori

dri ed over
product (0.

ic acid, dilute sodium bicarbonate solution and brine. It was
BxagPaEi 2m.sul phate, filtered and evaporated to | eave the crude
é;? ) i e : tasd the title

- conmpound as—e ) i 267 0, 3310, 1790, 1745,
1695, 1525citismiceac)id, dimsodiumsaldy m gen1d|net hyl
di ast ereoi soners), 4.00 and 4.02 (IH 2s, CG3 prot on di ast ereoi soners), -~
4.83 and 4. 86 (IH 2 k4 _(2H s, benzyl
ester , - =ctc s, G5 .
pr ot ons), > ph@&Te i A - 25 exchangeabl e )
with [err], 6[err] am do di ast er eo- |soners) and 7. 97 8. 25 (4H m 1H -
exchangeable mnth D20, PNB aroqmatic r manmi.do and forqy proton); nie

A solution of 2-(p—n1tro enzyloxycarbon 2=

phenylacetyl chloride (2 mmol) in dichloromethane (10
ml) was added dropwise with stirring to an ice cooled
solution of benzyl 6x-methylthio-§B-amino penicillanate
(0.70 g, 2 mmol) and pyridine (0.24 g, 3 mmol) in
dichloromethane (30 ml). The reaction mixture was
stirred at 0-5°C for 1l hour, followed by 2 hours at

' room temperature. It was then washed sequentially with

0.5 N hydrochloric acid, dilute sodium bicarbonate
solution and brine, before being dried over magnesium
sulphate filtered and evaporated to dryness. The
resultant pale yellow foam (l1.06 g) was purified on
silica gel to afford the pure product as a white foam
(0.83 g, 64%), L max (CH2Cl2) 3400, 3325, 1788, 17453,
1690, 1530, 1355, 1320 cm~1; &(cpcl3) 1.30 (6H, br.s,
gem dimethyls), 2.11 and 2.20 (3H, 2s, -SCHj
diastereoisomers), 4.42 (lH¥, s, C-3 proton), 4.85 (1lH,
s, <—-proton), 5.19 (24, s, benzyl ester CH2), 5.29 (24, . .
s, PNB ester CHz), 5.56 (1H, s, C-5 proton), 7.10-7.65

(128, m, aromatics) and 7.90-8.30 (3H, m, aromatics and

amifo proton).

D) henzv]l Bx~amino-68-(2-(o-nitrobenzvloxycarbonyl)-

2-ohenylacetamidolpenicillanate

A solution of benzyl gx-methylthio-68-{2-(p-nitro-
benzyloxyqarbonyl)42-phenylacetamido]penicillanate {390
mg, 0.6 mmol) in DMF (10 ml) at -40°C uncder nitrogen,

was treated with mercuric acetate (190 mg, 0.6 mmol) in



499, 471, 469, 456, 441, 303, 276, 250, 240, 194, 153, 136, 114, -91. d)
6[err]-formam do-6[err]-(2-carboxy-2-(3-thienyl)acetam do] penicillanic
‘acid, di-sodiumsalt A solution of benzyl

6[err]-formam do-6[err]-[2-(p-nitro- ,

benzyl oxycar bonyl ) - 2- (3-t hi enyl ) acet ani do] peni - cillanate (0.55 g, 0.84 §§
moly* n THF (15 m) was added to a sUsﬁénSion of 10% pal | adi um on char coal
(0.80% in ethanol (10 nl) and water (1 nl) which had been pre-hydrogenat ed
for 1-hour, bef*?{reoﬁbe(ﬁdﬂﬂl@810<§wéd” tidds Sl sty (056 10k 1onThe

hydrogenatlon wasS continued for urs en the catalyst S f| | tered
and washed witA? EVEU?%SSSﬁ?ﬁﬁTﬁlEﬁrﬁﬂﬁaﬂ%%gbrwﬁ91ﬁ1l‘ Prie ﬁ||Pram§

washed with et Bee, miksuphl aas ustexkrdd al. {%ﬂfﬁMﬁdﬁﬁiJwrtb:ethylnaaetate
The pH was theg.kgyered; t‘g ;o@.n;idtp.et raduet. aq.git W.ed i,Atq stbyl acetate.
ri

The conbi ned extracts weré_Washed w t brine, “over gne5| um sul phat e
and evapor at ed3pg PEADR-t hktfYd® %ﬂ#%ﬁERY%FVWEQQ?#RE%ﬂSGGPE5 Y. This was

-.di ssol ved in aeeueeeeand—xarsa&@dryué& u%\léﬂﬁvtﬂntetehyzlul&e&amoabe—én nmet hyl
| sobutyl ketone recipitate

t he o
was filtered, mﬂé%éa “with? efﬁé? Erﬁideﬁ*vacJQ toL%F# rd’ Ehézbltle
“penicillin 0.18385¢408980, kp8e, shb‘hkd o2 peddd 9 e rk33(KBR)” 1765C3C1665

«1600, 1550 [ernl3i[essl $r29 1g@£) éﬁ#&tmlg)e,mzjlgmtmgl di askergoi soners),
4.25 (1H m C-3 dlas&ergo Mer s) f; s, G5 prqton) 7.05-7.50
(3H m aronatPc§)°8ﬁ ﬁdH8 32 ?ﬁ. i&F°W%ﬂ’§yV3dﬁaSVeFeO|soners)

-oroton), 5.20 (24, s, ﬂenzgl ester C¥2), 5.31 (24, s,

PNB ester Cg2), 5.41 (1B, s, C=5 protoin), 7.20 - 7.50
(128, m, aromatics), 7.86 (13, s, amido proton) and
8.20 (2H, part AA'BB', PN3 aromatics).

c) henzvl Se—~Fformamido=-53-{2-(o-nit-obenzvloxv-~
. 1. ]

carxonvl)=-2-ohenvlacetznidoloenici

A soluticn of benzyl 6x-amino-88-{2-{p-nizro-

benzyloxyvcarbonyl)-2-phenylacetamidolpenicillanate {313
mg, 0.5 mmol) in dry dichloromethane {20 ml) azc 03°C,
was tra2ated sequentially with pvridine (400 mg, 3Samol;
anéd formicacetic anhydride (220 =ag, 2.5 mmol). The
reaction solution was stirred at 0-3°C for 1 hour,
sefors Deing washed with 0.3 N hydrochloric acig,
2iluts sodium bicarbonate solution and brine. It was

. 3ried ovar magnesium sulphats, filterzd and evatorazsd
20 Yeave the crude produckt (’3 ag) This was puriiia=g

R on silica gel %o afford zhe =itls compound as a whita
fcam {220 ag, 89%), Y qa¢ (CEaCL2) 3450, 3315, 17853,

. 2733, 1706, 18%0 (sh), 1530, 1335 cm~*; &(CDCl3z) 1.25
{3€, dr.s, gem dimathvls), .42 and 4.35 (1H, 25, <-3

- 2rotcn Siastersoisomers), 4.385 {1, br.s, x-prs:ion]
3.18 {2, s, dYenzyl ester CH3), 5.27 (2%, s, ?N3 eszar
SH32), 5.79 (i#, s, T-3 proton), 7.10-7.50 [i2E, =m,
aromatics) and 7.%0-3.70 (38, m, arcmatics, amifo and
formyl prccons); /e 3537, 488, 377, 270, 245, 212,135,



N

~ pi perazin- I-SF)car AVl am no

- 62 - EXAWPLE 4 6[err]-Formam do-6[err]- D-2-[(1

4- et hyl - 2, 3-di oxopi oerazin-1-yl) - .
carbonylan1no| 2- phenylacetan1do]pen|0|lIanlc aci d, sodiun1salt a). benzyl
[err]-am no-[err]-[D 2-(4-ethyl -2, 3-di oxop i per-

a2|ﬁ{) vl ) car bonyl am no] - 2- phenylacetan1do| penicillanate A solution of
benzyl 6[err]-nethylthio-6[err]-[D-2a ¢y - (:}
et hyl - 2, 3- di oxopi perazi n- 1-yl ) car bonyl am no] - 2- phenyl - et
acetam dol penicillanate (978 ng, 1.5 mml) in dry DMF (15 nml) at -40[err]
under nitrogen, was treated with mercuric acetate (480 ng, 1.5 mmol) in DW
(2 m) follgyed & acm?g ﬁkaobma(i%ma 0% Lo apywdy a (28 mg, 1.65
mol ) in (1 - I . over 1 hour
bef ore bei ng poul 3= B ASwt A1 AERBaEReE W th water and brine. |t
was dried over nagne5|un1sulphate flltered and evaporated to afford the

_ | I 7
3330, 3280, 700> 19BCi9916¢ BangvinpartePndiied{Be TRy I leralny IO o

and [err] 2beﬁzyZnybarbpna&nn@-phenmhsyet3m2@039801?n¥ﬂ3n$t@|b%@%2|ne

[err] and %%Gﬁ)n%ﬁéﬂ %ﬁ @au (ma m e&aglaaésarla 4. 3dspdikisén C 3
proton), 5. ﬁ ester ? h roton g 58 (1A, d,
J=THz, [errPf 8?08?117526m7°80°bﬂﬁ°a 3PB.as) cé“ag'a aht®10.05 (1H, - -

ml) and wated= Imznlanwdmcprbhdnbeeb)prebbmdybgenatnd

6[err]< f or gami dog err] B2 r&% %Eh$%s t eg'§g§rocenated for 3 :

hénvlace
hours and then the catalyst was filtered and washed

with dilute sodium bicarbonate solution. The filtrate
was washed with'ethyl acetate (3 x 30 ml) before being
acidified to pH 1.3 with 1 N hydrochloric acid. The
product was extracted into ethyl acetate (3 x 30 ml)

- and the combined extracts were washed with brine, dried
over magnesium sulphate, filtered and evaporated to
dryness to leave the free acid as a colourless oil (110
mg). This was dissolved in acetone and treated with 2N
.sodium éthyl hexanoate in methylisobutyl ketone (260
pl, 0.52 mmol) followed by anhydrous ether. The
reéultant precipitate was filtered, washed with ether

and dried in vacuo to afford the product as a white
solid (103 mg, 72%). Hplc showed one peak, VY pax (XBr)
1765, 1665, 1600 cm~}. Free acid: §[(CD3)2C0]
1.10-1.70 (6H, 4s, gem dimethyl diastereoisomers), 4,41
and 4.48 (1H, 2s, C-3 proton diastereoisomers), 4.89
(1H, s,<x—9fotonf, 5.66 (14, s, C-5 proton), 7.20-7.380
(m, aromatics, -CO2d and water) and 8.10-9.10 (34, m,

amido and formyl diastereoisomers). C o : .

)

MIC against P.mirabilis 889 is 50 ug/ml.



penicillanate A solution of benzyl 6[err]-amno-6[err]-[D 2-[(4-ethyl-
=di oxopi nerazi n-1-yl ) carbonyl am nol - 2- phenyl acet am c- penicillanate (0.50
.? -8-8& mml ) in anhydrous -63- dichloronmethane (30 nl) at [err], was
reated sequentially.with pyridine (0.63 g, 8 mmol) and form c- acetlcfl
aanhydrlde (0.35 g, 4 mol). The reaction solution was allowed to warmto-
r oo nperature over 3 hours,. before being ygashed wth 0.5 N hydrochloric
aci d»=i | ut e sodi um bi carbonate solution and brine. It was dried over
fragnesi um sul phate, filtered and evaporated to | eave the crude product
(0.45 g). This was purified on silica gel to afford the title conpound
0.37 g. (719, [effdudreBr9 3400, 3300, 1785, 1740, 1710, 1680 1500 [err]

0.07-1.20 (9H, m hyls and [err] *3. 20- 3. 65 (4H, Elpera2|n [err]
and CH2CH3), 3. 75-ZTipzmami ﬁﬁwﬁaﬁﬁanagx&nﬁr(3¢tgnenzh)aee gnidel nt on),

5.14 (2H, s, ester%é}i?émll&'a%? (@iHd s diCsSdanet eale 5 63 (1H, d, J=THz,
_ferr]- oroton) 7. 20- , m aromatics), 38.03 (1H, s, fornyl proton),
9.09 (1H s, exchangeable in DQO 6[err] am do proton) and 9.96 (2H m
exchangeabl e i n D2@) - EnRA ek B

-6l err]-fornmam do- 6[err]c4£95°%- 1()4-29-I(mﬂth%.e3x

):car bonyl am nol -2-phe
*sol ution of benzyl 6[err]- fornan1do 6[err]-[D 2-(4-
: A solution of benzyl 6B-amino-é&x-(methylthio)-

penicillanate (l.76 g) and N,N'-dicyclohexylcarbodi-

L imide (1.13 g) in tetrahydrofuran (10 ml) was stirred
and cooled to 0-5°C and treated dropwise with a
solution of 2-(p-nitrobenzyloxycarbonyl)—2-(thien-3—yl)

acetic acid in tetrahydrofuran (10 ml). The reaction
mixture was stirred at 0-5°C for 0.5h, then kept for
18h at 4°C, It was diluted with ethyl acetate and <he
orecipitated N,N'-dicyclohexylurea removed by
filtration. The filtrate was evaporated to dryness in
vacuo and the resulting, white foam chromatographed on
silica gel 60 ( 230 mesh ASTM) to giQe the title
compound (2.67 g, 8l%). V., (CH3Clp) 3390, 3329,
1785, 1748, 1695, 1525, 1350, 1318 cm~i; & (CDCl3)
--31 (6H, s, gem dimethyls), 2.15 and 2.21 (3H, 2s,
-SCH3 diasteresoisomers) 4.44 (1lH, s, C-3 proton), 4.5%
and 4.99 (lH, 2s, «-proton diastereoisomers), 5.20 (2H,
s, benzyl ester CH2), 5.32 (2H, s, PNB ester CHy), .33
¢(iH, s, C-S proton), 7.10-7.60 (1l0H, m, aromatics),

7 85 and 7.91 (lH, 2s, amido diasteresoisomers) and 5.0
(24, part AA'BB', PNB -aromatics); m/e 655,607, 550,
i56, 303, 276, 250, 136, 114, 91.

b) benzyl 6~-amino-6B-[2-(p-nitrobenzvloxvcartonvl} -

2-(3-thisnyl)acetamido]oenicillanate

A solution of tenzyl &x-methylthio-63-(2-(p-niz=zn-
benzvloxvcarbonyl)=-2-(3-thienyl)acetamido]penicillanaza
(1.33 g, 2 mmol) in DMF (30 ml) at -40°C under



et hyl - 2, 3-di oxopi perazin-1yl)carbonyl am nol - 2- phenyl -
acetanldolpen|C|IIanate (200 ng, 0.31 mml) in THF (15 nl) .was, added to a
~susﬁﬁb5|on of 10% pal | adi um on charcoal (200 ng) in ethanol (10 mM) and
.water (1.m) which had been pre-hydrogenated for 15 minutes. The m xture
‘'was t hen hydrogenated for 2.5 hours, and then the catalyst was filtered and
washed with dilute sodi um bi carbonate- sel-ution. The filtrate was then
washed with ethyl acetate, saturated with sodium chloride .and acidified
pH 1.5, before extraction of the product into THF/ et hyl acetate (50: 50).
The conbi ned extracts were washed with brine, dried over magnesi um sul phate

Snd e\éaf)oratzﬁct[ e'rﬁ,a\&%§ F&Z%an%es adilth (e ko a[c@rcrza]teo 98 [1 70](ZH40m( | aem
i met hyl s an rr s and [err

s, C3 prot o(gl) 5645 47032( Ajs’ ;‘B’r )‘%eS“alé loged;—7py

[err]-prot ori)mmeﬁfﬁ(]:-eﬂ.ygma( 5H, smhutarmmﬁ caajnyda:oms (aixintons.,a f(GtSrr;nlg proton),
8.57 (1H, s, 0, 9. ot,@n). This was
di ssol ved i n2 4 EH %ﬂ%‘%{ di {Jfr)nmsla)l ki Oﬁle( Jﬂl;rxned"eby ?tg?gﬁao%QZN sodi um

et hyl hexanoaﬁoe G et i &t W°%t"tﬁfé’tf%lq%‘\0§d Wr@tdhérntWhe pr oduct

was filteredsthuashatl \Miéhei& heftraneh wlid ethd MaRU0 1@ afafsOdikle title

e7s. 1600, s Mhareeem (Bpit0b0 s hG Pof Snd LA, and [or 1)
3.10-3.95 (Eﬁ{fcmd mﬁﬁer\alzlr'qmi}la Pural grodycty R a(ﬂqams (1G13 @roton), 5.37
[err], .- 94%) vpax (CH2Cl2) 3380, 3310, 1785, 1745, 1690, 1525,

1350 ecm~t; $(CDCl3) 1.33 (6H, s, gem dimethyls), 2.79

(2B, br.s, amino protons), 4.46 (lH, s, C-3 proton),

4,93 (183, s, o - proton), 5.20 (2H, s, benzyl ester-

CHz), 5.31 (2H, s, PNB ester CH2), 5.43 (lH, s, C-5

proton), 7.10-7.70 (l0H, m, aromatics), 7.87 (lH, s,

" amido proton) and 8.21 (2H, part AA'BB’', PNB
aromatics).

c) benzvl Sﬂ—formamido-sB—[2-(o—nitr6benzvlogz—

carbonvl)-2-(3-thienyl)acetamidolpenicillanate

A solution of 6x-amino-6B-[2-(p~nitrobenzyloxy—-
carbonyl)-2-(3-thienyl)acetamidolpenicillanate (1.15 g,
. 1.8 mmol) in dry dichloromethane (30 ml) at 0°C was
treated sequentially with pyridine (1.42 g, 18 mmol)

- and formic-acetic anhydride (0.79 g, 9 mmol). The
reaction solution was stirred at.0—5°C for 2 hours
before being.washed with 0.5N hydrochloric acid, dilute
sodium bicarbonate solution and brine. It was dried
‘over magnesium sulphate, filtered and evapofated to
leave the crude prdduct (0.97 qg). This was purified
on silica gel to afford the title compound as a white
foam (0.16 g, 52%) wVnga¢ (CH2Clp) 3390, 3310, 1790,
1745, 1695, 1525, 1350 cm~}; s(CcDCl3) 1.28 (&H, m, gem
dimethyl diastereoisomers), 4.00 and 4.02 (lH, 2s, C-3
proton diastereoisomers), 4.83 and 4.86 (1lH, 2s,

K —-proton diastéreoisomers)} 5.14 (2H, s, benzyl ester .



4

s, G5 proton), 5.50 (1H, s, [err]-proton), 7.40 (5H, s, aromatics) and™"’
‘8 07 (1d, s, fornyl proton). MC agai nst P.mrabilis-889 is 0.2 ug/m.
i = -£5- EXAWPLE 5 '
Eerr] For mani do-6[ er]-[ D-2-[ (4- et hyl - 2, 3- di oxopi per azi n-1-
3y )carbonyl am nol.- 2- (4- hydr oxvphenyl ) acet am dol peni - cillanic acid, sodium
sal benzyl 6[err]-nmethvlthio-6[err]- [E)DZ [ (4-ethvl -2, 3-di oxo-
poi #azi n- 1-yl') car bonyl am nol - 2- (4- benzyloxv- ~ '
car bonyl oxyphenyl ) acet am dol penicillanate A solution of .
D 2-[(4-ethyl -2, 3-di oxopi perazi n-1 -
yl) carbonyl am no] 2- (4- benzyl oxycar bonyl oxyphenyl )- acetyl chloride (12.2
ol ) in anhydr ous#2il cht ot dnetthar® (BB MytamCHalded . Hlogwlse sto Cal

'( (ig Z(Z)O| edl 50'1Ut1'£5’fb@5nsf))3ﬂt27¢0-61? rdrmfjf,etm,ylatﬁbr&&[c@)r] 7A@ nRen. il | anat e
mo 1V ents an I dl
G 757 " Al T Sl i ed B Aseemtoror 0.5

di chl or onet hane ¢
“*hours foll owed byzsLorirm) aand o?)n?'t-e&nplﬁ at4ff e.m, |18 wasshtamgr ablaperiahed to

dryness, dissol ve,gi%? n ﬁié‘yér@rﬁﬂf‘ése %m{{}?dﬁ/g t{ﬁ{q"h)lufp cj})éq’r QCR| gric

.acid, dilute sodiufm bicarbonate and brin evaporat ed

-and chromarat ograb?]%d bhlsitpla ‘b%? thrhf R thEP1i123% &9’(9]30&@ /i 1229%
“yield, together wiid, alld 9ield of the L-isomer. D-isomer [err]-max [err]
18250, 1780, 1765, 1750, .

" . a) &x-formamido-GB-[2—carboxv—2-(3—thienyl)ace£amido]

penicillanic acid, di-sodium salt

A solution of benzyl Ga—formamido-GB-[2—(§-nitro—

benzyloxycarbonyl)-2-(3-thienyl)acetamido]peni~-
cillanate (0.55 g, 0.84 mmol) in THF (15 ml) was added

-to a suspension of 10% pallaéidm on charcoal (0.6 g) in
ethanol (10 ml) and water (1 ml) which had been
pre~hydrogenated for 1 hour, before the addition of
further catalyst (0.6 g). The hydrogenation was
continued for 2 hours, and then the catalyst was

P N filtered and washed with dilute sodium bicarbonate

ti<:) solution. The filtrate was washed with ether, its pH

5; adjusted to 4, and washed with ethyl acetate. The pH

t was then lowered to 1 and the product extracted into

§ ethyl acetate. The combined extracts were washed with

L. brine, dried over magnesium sulphate and evaporated o

' . leave the free acid as a white foam (0.25 g). This was

dissolved in acetone and treatad with 2N sodium;ethyl
hexanoate in methyl isobutyl ketone (0.59 =ml, 1.18

T , mmol) followed by ether. The precipitate was filtersd,

washed with ether and dried in vacuo to afford the
title penicillin 0.16 g (40s). Hplc showed one pezak

Y max (X8r) 1765, 1565, 1600, 1550 cm™}; §(D20)
1.20-1.60 (54, m, gem dimethyl 4di
(13, m, C-3 diastereoisomers), S.
proton), 7.05-7.50 (3H, m, aromatics

(13, 2s, formyl diastereoiscmers).

e P s B o e



1718, 1715, 1680 (sh), 1500, 1220 [err] 1.07 and 1.21 (6H, 2s, gem
dlnethyls) 1.16 (3H t, J7Hz, [err] 2.28 (3H s, -SCH3), 3. 47 (2H, q,
JZEE“([err] 3.68 (2H, m piperazin [err] 4.01 (2H, m piperazin [err] 4.37
¢1H, s, G3 proton), 5.19 (2H, s, ester [err] 5.25 (2H, s, carbonate -CH2),
5.42 (4H, s, G5 proton), 5.71 (1H, d, J7Hz, collapses to singlet on D20 7%
exclfarige, [err] proton), 7.10-7.70 (14H m zginnuics) 8.77 (1H, s,

exc eable with 020, 6[err]-am do proton), and 10.01 (1H, d, J7Hz,
exchangeable with D20, [err]-am do proton). g Q

-66- L-isoner J[err]max [err] 3280, 1750, 1765, 1755,1720, 1690, 1500, 1215
cjerr]; [err] 1 16 &?H t, J?FE [err]. 1.35 and 1.5l (6H, 2s, gem
dimethyls), 1.95° 3.47 (2H, qj J7Hz, -CH2CH3), 3.68 (2H, m
pi perazin -CH2), ‘Bag-l‘dr%fémﬂﬁo—rﬁlﬂgqmi:ﬂ 4~ChdR)r 1 -4, 453 { dkbop Spe £a Bi i+ DEVN) ,

5:22 (2H, s, ester Jerr] 5 27 (ZH_s. €arbonate -CHI) " 546 TTH TS, C 5
potony. 5 72 (1HMMLZME&%QE&EMM-
““[err]-proton), 7.XkpdAurd gal4H, m aromatics), 8.82 (1H, s, exchangeabl e

with D20, 6[err]-am do proton) and 10.02 (1H, 'd, J7Hz, exchangeable wth
D20, am do proton b benz

[err]- an1nop6[err%a(Ez2¥¥¥ﬂﬂaéﬁrﬁm4”@3$ﬁnép’z (4-ethyl-2,3-dioxopiper—

“ pi perazi n-1-yl) car bonvlzmnimal-v2-)(céddbveonzAllagivo ] - Z-Dhenxlacetam’dO]-

carbonyloxyphenyl)acet%@A{gf¥¥yégIIanate

é | A solution of benzyl &x—methylthio-GB-[D-Z—E4o
: ethyl-Z,3-dioxopiperazin-i-yl)carSonylamino]—2-phenylm
acetamidolpenicillanate (978 mg, 1.5 mmol) in dry
DMF (15 ml) at -40°C under nitrogen, was treated with
mercuric acetate (480 mg, 1.5 mmol)_in DMP (2 ml)
"followed immediately by a solution of anhydrous ammonia
{28 mg, 1.65 mmol) in DMF (1 ml). The mixture was -
stirred at -40°C to -10°C over 1 hour before beipg
poured into ethyl acetate and washed with water and
_ brine. It was dried over mégnesium sulphate, filtered
g e : and evaporated to afford the essentially pure produc:
(:)' as a pale yellow glass (710 mg, 76%), Upgayx (CH2Cl3)
3380, 3280, 1780, 1740, 1715, 1690 cm';; $(CDCl3)
0.80-1.50 (98, m, gem dimethyls and -CH,CH3) 2.82 (2,
br.s, amino protons), 3.20-3.80 (4H, m, piperazine CHz
- and CH2CH3), 3.85-4.25 (2H, m, piperazin CHp), 4.34
' "(1H, s, C-3 proton), 5.18 (2H, s, ester CH2), 5.42 (1lH,
s, C-5 proton), 5.38 (l8, 4, J=7Hz, «<-proton),
7.20-7.60 (114, m, aromatics and NH) and 10.05 (1H, d,

T el J=7Hz, amido proton).

b) benzyl 6x-formamido-68-(D-2-[(4-ethyl-2,3-dioxo~-

piperazin-l~vl)carbonylamino]-2-chenvlacetamido]

penicillanate

A solution of benzyl 6ex-amino-6B8-{D-2-[(4-ethyl-Z,

3-dioxopiperazin-l-yl)carbonvlamino]-2-phenylacetamidc]

penicillanate {0.50 g, 0.8 mmol) in anhydrous



A sol ution of benzyl [err]-pethylthio-6[err]-[D 2-((4-
et hyl - 2, 3- di oxopi perazi n-1-yl ) car bonyl am nol - 2- _
4- be | oxycar bonyl oxyphenyl ) acet am do] penicil | anate (1.75 g, .2.18 mmmol)
-4 ien dry (30 nl) at --50[err] under nitrogen, was treated with nmercuric
_-acet:ate (0.70..g, 2.18 nmmol) in DV (4 m) followed i medi ately by a
sol'uti on of anhydrous ammonia (41 ng, 2.4 mmol) in DM (2 m). The m xtdrg
was stirred at -50[err] to -30[err] ~og31.hour before being poured into ™
ethyl acetate and washed with water and brine. It was dried over magnesi um
sul phate, filtered and evaporated to afford the essentially pure product
(1.56 g, 93%, [err]max [err] 3280, 1780 (sh), 1765, 1750, 1720, 1695, 1680

sh)., 15004, ' \ s r .02 (2H, br.s, -NH2

g- 2)5- 3. 80 (ahég'?ﬂgr%rﬁggééaé? ngfgﬁl?s g%%hd(ifzg{% [%%6%4 20( (2H, m piner a)zi n

[err] 4.39 ?i‘!ﬂ;‘e%‘iltfhfm'bt@nwfijﬁl@e(Q@-l;ﬁ%,‘!esﬁ amqldr @nds. 28 (24, s, 9

o< pr o an) D7 0 (T Tt oy B B A s P At pr ot on)
“o-proton), 7.10-7.90 m aronmatics : s, .6P-am do roton :

ot 20018 (Fetdifon pas ‘S1afved ER ey teyioom wiperatire Bvat' P .

6eK- f or manm bouts, [ 1Bk Rofe 4bel hyl wasBedliokch 0.5 N_hydrochloric

plperaZ'n-'aﬁl ¢ PP@M&a@&@f&mzbié'fﬁg&yégx¥sl tion and brine. It .

car bonyl oxvp engl acet am do pen|g|? anate A sdfﬁklon of benzyl >
‘ 6a- am no- 6PY#H- r{?q_@Yﬁy|ngne51um sulphate, filtered and :

evaporated to leave the crude product (0.45 g). This R
was purified on silica gel to afford the title compound
0.37 g (71%), Ygax (KBr) 3400, 3300, 1785, 1740, 1710,
1680, 1500 cm-l; S{(CD3)2S0] 0.07-1.20 (94, m, gem
dimethyls and -CHCH3), 3.20-3.65 (4H, m, piperazin CHj
and CH2CH3), 3.75-4.00 (2H, m, piperazine CH3), 4.40
{1H, S; C-3 proton), 5,14-(2H, s, ester CH3), 5.45 (lH,
"s, C~5 proton), 5.63 (IH,_d, J=7Hz,«x-proton))
7.20-7.60 (l0H, m, aromatics), 8.03 (1lH, s, formyl
proton}, §.09 (1B, s, exchangeable in D20, 6B~amido
oroton) and 9.96 (2H, m, exchangeable in D20, -amido
and formamido protons).

c) 6x~formamido-6B- [D-2-({4-ethyl-2,3-dioxopiverazin-

l-vl)carbonylamino]-Z-Dhenvlacetamidd]anicillanic
acid, sodium salt '

A solution of benzyl 6ex-formamido-6B-[D-2-(4-
ethyl-Z,3-dioxopipe:azin—1yl)carbonylaminoI—Z—phenyl-
acetamidolpenicillanate (200 mg, 0.31 mmol) in THF (15
nl) was added to a suspension of 10% palladium Sn
charcoal (200 mg) in ethanol (10 ml) and water (1 ml)
which had Eeen pre-hydrogenated for 15 minutes. The
mixture was then hydrogenated £for 2.5 hours, and then
the catalyst was filtered and washed with dilute sodiunm
bicarbonate solution. The filtrate was then washed
with éthyl acetate, saturated with sodium chloride and
acidified to pH'l{S, before extraction of the sroduct
into TH?/ethyl acetate '



3-diokopiperazine-l-yl)carbonylaninoI-2-(4-benzonxy-
car bonyl oxyphenyl ) acet am dol pentcill anate (1.56 g, 2.

O mol ) in anhydrous

di chl oronet hane (60 m) at OC, was treated with pyridine (1.55 g, 20 nmmol)

and form c-acetic anhydride (0.88 g, 10 nmmmol). The r

eaction solution was 7
{

stirred at OC for 0.25 hours.followed by 1 hour at roomtenperature. It
was {:gn washed with 0.5 N hydrochloric acid, dilute sodi um bi car bonat e
sol utbn and brine, before being dried over nési um sul phate, filtered

and evaporated to dryness. The crude product (1.39 g) was purified by

chromat ography to afford the title conpound (O. 95 g,
3275, 1790, 1770, 1 1715, 1695, 1682 (
9[ (CD3) 2C0] 0. 97 angéq i@y(fsﬁhez Sombinegi ﬁét’-ﬁ?Fsi ‘3‘1"

-CH2CHB), 3.48 (2H, dgied 7per -@ar@inm 3ubBhaRY. andn e qgEerazidn toCladys 4. 00

2H, 2 dg)&
Gy PN e B Ralg i i

“d, J7Hz, collapses ¥

599, max (CH2CL2)
1500, 1210 cm -
§ Mashred withyppgae,

]g 01990(-211"1"0 291725%‘:‘[‘{_'

Y ﬁ%ﬂo‘&%@ﬁéﬁ@;e 320 p‘}o’c‘bn() ~r7m10 7.70 (14H,

m aronatlcs) 8. 16?(&¢tas;nef@i§%@ and. 2BHECHLG) 5, 4 4@ haipeahl €-wi th 020,

~-NHCHO), 8.88 (1H, §r°@5§har\gefgbl(qu tsh @29 D@th‘g} dog .W?t(%g) a)nd =19,05 (1

H s, J7Hz, exchangeable W 0 proto

Q.
“6lerr]-formani do- e???tTTiQ (%PWQrﬁ91<2H3 Ar oXEMMaTekGEZim 830 (14, s,
1-yl) car bonyl am no] fe2my¥X-gryaircenypliesy| (L1EACS| abBedmido: proton), 9.06
¢ (lH, s, formamido proton). This was dissolved in THF

and the sodium salt was formed b5y addition of 2N sodium
ethyl hexanoate in methyl isobutyl ketone followed Ty
ether. The product was filtered, washed with ether and
dried in vacuo to afford the title penicillin (130 mg
72%). Hplc showed one peak, Vg, (KBr) 1765, 1710,
1675, 1600, 1515 em~l; (D20) 0.90-1.50 (9H, =, gem
dimethyls and -CHpCH3), 3.10-3.935 (5d, m, piperazin

M- P APON

CH2's and -CH,CH3), 4.02 (lH, s, C-3 proton), 5.37 :.=,

o]
s, C-5 proton), 5.50 (14, s, =-proton), 7.40 (5H, s,

aromatics) and 8.07 (lH, s, formyl proton).

MIC against P.mirabillis 889 is 0.2

ug/ml.



penicillanic acid, sodiumsalt A solution of benzyl

6[ err]-formam do-6P- (D 2-[ (4- '
.{Let hyl - 2, 3-di oxopi per azi n-1-yl ) car bonyl ani nol - 2- _ ©
(4- be §yloxycarbonyloxyphenyl)acetanido]peniciIIanate (0.50 g, 0.625 mmol
i-n:THF (15 M) was added to a suspensi onof 10% pal | adi um on charcoal (0.50
g) in ethanol (15 m) and water (1 ni) ich had been pre-hydrogenated i
[err] hour. The m xture was then hydrogenated for 45 minutes, and the %w#
catalyst was filtered and washed with dilute sodi um bi carbonate sol ution.
The filtrate was then washed wth ethyl acetate, saturated with sodi um
chloride angéggigézéed_to pH 1.5, before extraction of the product into
THF/ et hyl & 50: 50). The conbi ned extracts were washed with brine,
dried over 6n§aemamhﬁeu6Bhgge?gﬁg4eea@pla2ea-dboi@@y@etm@idfbe acid as a
white solidy{Pc2Ppghy]adihs) VoS (FUSPERIREoh On YR £Le Al 40 careful ly
adj.usted froOmMT 270, N T te sol ution.
The resul t n§ikb2nicoachils $PEivMmegabhd freeze dried to afford the title
penicillin 256 ng (69% . Holc showed one major peak, [err]max (KBr) 1770,

2 9 .33.(6H

1710, 1685, 1670, 1610, .1510 - | ].33,(6H._2s, gem
.dimethy|s),af21b _,9 83 591 : ~dI0%3%1 3.65
(2H, m piperazi pip€ERY] 2prbony hapénarrA-( €HPenzylayt1H, s, CG3°
proton), 5:37 (1lHarBon bAY)L)acebAmidbipeniéifdnpEQt ON), 6.86 and
7.35 (4H, AA BB'; - C . S, - ). M C agai nst

P.mirabilis 889 is 0.1 ,g/m.
' A solution of D-2-[(4-ethyl-2,3-dioxopiperazin-1-
y1)carbonylamino]—2-(44benzyloxycarbonyloxyphehyl)-
acetchhloride (12.2 mmol) in anhydrous dichloromethane
(60 ml) was added dropwise to an ice-cooled solution of
benzyl g=-methylthio-6B-amino penicillanate (13.42
"mmol, 1.l equivalents) and pyridine (1.45 g, 18.3 mmol)
in dichloromethane (100 ml).  The reaction solution was
stirred at 05C for 0.5 hours followed by 1 hour at room
temperature. It was then evaporated to dryness,
dissolved in ethyl acetate, and washed with dilute
hydrochloric acid, dilute sodium bicarbonate and

brine. It was then dried, evaporated and
chromatographed on silica gel to afford the title
compound in 19% yield, together with a 15% yield of the
L-isomer.

D-isomer ppayx (CH2Clz) 3250, 1780, 1765, 1750,
1718, 171S, 1680 (sh), 1500, 1220 cm-l; &((CD3)2C0]
1.07 and 1.21 (6H, 2s, gem dimethyls), 1.16 (3H) t,
574z, -CHpCH3), 2.28 (3H, s, -SCH3), 3.47 (24, g,

J7d8z, -CH,CH3), 3.63 (24, m, piperazin -CH3), 4.0l (2%,
m, piperazin -CHp), 4.37 (14, s, C-3 proton), S5.19 (24,
s, ester -CHj), 5.25 (2H, s, carbonate -CHj3), 5.42 (1,

s, C-5 proton), 5.71 (lH¥, 4, J7Hz, collapses to singlet
on D20 exchange, &<-proton), 7.10-7.70 (l4H, m,
aromatics), 8.77 (12, s, exchangeable with D30,
6B-amido proton), and 10.01 (1d3, 4, J7Hz, exchangeabls.

with D20, -amido proton).



35:0
BI per §2| n-1-yl)carbonyl am nol - 2- (4- benzyl oxy-
t oxyphenyl ) acet am dol penici |l anate This conpound was prepared in 84%
jy reaction of benzyl 6-nethylthio-60-[lgg2-[(4-ethyl-2,3-
perazin-1-yl)carbonyl am no] - 2- (4- benzyl oxy-

tar bo
yi el;
di ox

.82 EXAMPLE 6 6[err]-Formanm do-63- (L-2- (4-ethyl-2,3-di oxopi perazin-I -
ar bonyl am no] - 2- (4- hydr oxyphenvl ) acet ami do] peni - cillanic acid, sodium

[err]-am no-[err]-[L-2-].(4-ethvl-2, 3-di oxo-

car bonyl oxyphenyl ) acet am do] penicillanate with ammonia in the presence of
mercuric acetate as described for the D-isomer. Vv max [err] 3280, 1780,

1765, 1750, 1715, 1690,,1680 149 5 [ 5 - 1.40 (9H,
m gem di net hyl s and [e%-r-f-%g PCH@ gﬁl‘% 17 10745

pi-perazine - CH2 and7STHRTER) , 1639Q’5 15010 ,1511]23-1 e ipi ﬁe[r(@nﬁchxm) ,164 31

(1H s,
533 (1H

C-5 proton (1
(14H, m aromatlcs‘im% %@l?iH 139%_' %‘?r]sam -’p)r'ot

J6Hz rot

C- 3 proton)zup- 41 (7, s,crgfé@g)[efrj Sa 1(?'3}'1 z!cgr %H; -CH2) ,

'9.9819(¥A; d,

J6Hz, [err]-anido prCEp0iiz)b: ). 68)6021!/1 m, piperazin —cqz), 4.01 (2H, m,
~6[ err]-formam do- 6% é%l-aﬂ‘n _é_4 EtPYAs s)ﬁid_'QXQ': -3 proton), 5.22 (2H, s,

plpera2|n l-y-carb

am no

“car bonyl oxyphenyl ) aggeant 882 &ni %+ 27 ah%\f@e S’hl ca thonpten o-GERS) priepdr ddHins61%

yield by reaction oi-sb@ﬁaybnﬁerslmmno 64 erytud | -co RN We 3i3glet on
:dj oxopi perazin-1- yé%&ar bon | am no] - 4- benzy][gxy 7 car bonyl oxy-

phenyl ) acet ani do] p

* caMuen ema i v——— -

¢ i e o e

C?FF% ag%,mftgro on) 0 (l4H, m, "aromatics),
8.82 (lH, s, exchangeable with D20, 6B-amido proton)
and 10.02 (lH, d, J74z, exchangeable with D20, amido

proton}.

b) benzyl 6-amino-68-[D-2-[(4-ethyl-2,3-dioxo-

piperazin-l-yl)carbonylamino]=-2=-(4-benzvloxv-

carbonvloxyphenvl)acetamidolpenicillanate

A solution of benzyl 6x-methylthio-6p3—-[D-2-({4~
ethyl 2,3-dioxopiperazin-l-yl)carbonylamino}=-2-
(4-benzyloxycarbonyloxyphenyl)acetamidb]penicillanate
(1.75 g, 2.18 mmol) in dry DMF (30 ml) at -50°C under
nitrogen, was treated with mercuric acetate (0.70 g,
2.18 mmol) in DMF (4 ml) followed immediately by a
solution of anhydrous ammonia (41 mg, 2.4 mmol) in CMF
(2 ml1). The mixture was stirred at -50°C to -30°C Zor
"1 hour before being poured into ethyl acetate and
washed with water and brine. It was dried over
magnesium sulphate, £iltered and evéporated_to=affo:i

the essentially pure product (l.S56 g, 93%), Lfﬁéx

(CH2Clp) 3280, 1780 (sh), 1765, 1730, 1720, 1895, L3&C

(sh), 1500, 1220 ca~l; &((CD3),C0] 0.80-1.50 (9H, m,
gem dimethyls and -CHCH3), 3.02 (2H, br.s, -NH3),
3.25-3.80 (4H, m, piperazin -Cip and -CH,CH3),
3.80-4.20 (28, m, piperazin -CHz), 4.39 (1l¥, s, C-3
oroton), 5.19 (24, s, ester -CHjy), 5.28 (2H, s,



Ly

form c-acetic anhydride in the presence of pyridine,
[err] max (CH2Cl12) 3280, 1790, 1765, 1750, 1715, 1690, 1500, 1480,
[err] [err] 1.13 83 -70- (3H, t, J7Hz, [err] 1.31 (6H s,
rgﬁhyls) 3.45 (2H, q, J7Hz, [err] 3.62 (2H, m piperazine [err] 4.00

D-i soner.
1215 cml;

- (2H, m piperazine [err] 4.46 (1H s, C3 proton), 5.19 (2H. s, ester

[err] 5.26 (2H,
J7Hz,
- aromatics),
- - NHCHO) ,

s, carbonate [err] 5.61 (1H, s, C5 proton), 5. 75 (1H, d

col | apses to singlet on D20 exehéhge, -proton), 7.10 - 7.65 (14H, -

8.08 (1H, s, -NHCHO, 8.31 (1H, s, exchangeable with [err]
8.60 (1H, s, exchangeable with D20, 6[err]-am do proton), and

9.99 (1H, d, J 7Hz, exchangeable with [err] am ndo proton). c)

6lerr]- forraaﬁw@aééemﬂzﬂ £: 434tmh>'§ 2635 X ) LTRAZIN-(1H, 4,
1- yl)carbo

sal t

Thi s c

D Reraetdn Dot SHYRICR 08! AL IRl B0 oF Dyt V"

[err]-formabiie- S[eﬁﬁ1a$tdqyproton) and 10.15 (1lH, 4, J7Hz,

[ (4-ethyl - 2.3 089>X9PbPSH7ZI n- 1-yl ) carbonyl am nol -
2-(4- benzyloxycarégnylox?phenyl)acetanldo]oenlC|Ilanate in the manner

descri bed f.or the D-isoner,

cnjerr];

(3H,

[err] 4.01 (2H

s, gem di meLil Ly, 34 226 0k a BooyTHni AST L2- P4 85 { A toxy - P! PErazine

Azl 11T

carbonyloxvnhenyl)acetamldo]penlcxllanate

A solution of benzyl &x-aminb-6B—[D-2—{(4-ethyl-2,

3—dioxopiperazine~l-yl)cérbOnylamino]—2—(4-ben2yloxyr

carbonyloxyphenyl)acétamido]penicillanate (1.56 g, 2.0

mmol) in anhydrous dichloromethane (60 ml) at 0°C, was

treated with pyridine (l.55 g, 20 mmol) and

- formic-acetic anhydride (0.88 g, 10 mmol). The

reaction solution was stirred at 0°C for 0.25 hours

followed by 1 hour at room temperature. It was then

washed with 0.5 N hydrochloric acid, dilute sodium

bicarbonate solution and brine, before being dried over

magnesium sulphate, filtered and evaporated to

dryness. The crude product (l1.39 g) was purified by

chromatography to afford the title compound (0.95 g,
- 59%), VYpax (CH2Cl2) 3275, 1790, 1770, 1750, 1725, 1715,

1695,

1682 (sh), 1500, 1210 cm™}; §[(CD3)2C0] 0.97 and

1,18 (6H, 2s, gem dimethyls), 1.17 (38, t, J7Hz,
~CHCH3), 3.48 (24, q, J7Hz, -CHCH3), 3.65 (2, m,

peraZLn -CHz), 4.00 (2H, m, piperazine -CH2), 4.39

d, C-3 proton), 5.18 (28, s, ester -CHz), 3.26
s, carbonate -CHj3), 5.58 (lH, s, C-5 proton), 5.73

(lH, d, J7Hz, collapses to singlet on D20 exchange

x-proton), 7.10-7.70 (l4H, m, aromatics), 8.16 (lH, s,
-NHCHO), 8.23 (1lH, s, exchangeable with D0, -NHCHO),

3.88

(1H, s, exchangeable with D20, §B-amido proten),

and 10.05 (lH, s, J7H3z, exchangeable with D20, «-amido

proton) .

as described forthe

[err] max (KBr) 1770, 1710, 1675, 1610, 1510
[eyr] Beddyl 3&#‘—Sorgemdd>mhw-)2.- (42deHBH;2 13-dliddo~ [err] 1.43



[err] 4.22 (1H, s, CG3 proton), 5.49 (1H, s, G5 proton), 5.58 ('H, s,
‘ferr]-oroton), 6.93 and 7.36 (4H AA BB, J9Hz aromatics) and 8.11 (1H s,
Tﬁrﬁ}@j M C against P.mrabillis 389 is 125 [err]. -71 - Exanmple 7

%‘[ err] For mami do-6[err]- (D 2-(2-phenylani no-4-hvdroxypyrim din- __ 8i
$-yl ut ei.do) - 2- phenyl acet ani dol penicillanic acid, di-sodiumsalt

5- AnPTi- 2- phenyl am no- 4- hydr oxypyri m di ne (51-ng, 0.25 mmol ) in anhydrous
THF ° m) was treated with trlethylanrne‘(£§rﬁL 0.25 mml) and cooled in

an ice bath. A 12% w v sol ution of phosgene in toluene (250 [err]) was
then added and the solution stirred at [err] for 1 hr. Excess phosgene was
t hen renoved undemyvaCwwmfdﬁmdmhmaqaaHHUHZHg(suspag$+mn3¥n&bxmnﬂm§kanuh—

added in one portion tg ﬁgllggsg%@fgﬁls%UuaL?q R?;gg
anpicillin (75 ng, 0.2 - »

THE (8 M) and water (Zemicilfiesiceagidonsediuf sabss stirred at [err] for

$ 5 hr. followed by 1 hr. at room tenperature, nauuannngtheszﬂ 7.5
h

4 hroughout by the additjon of triet rod S ved in
di | ute sodi um bi car bonat é%ﬁhqrbr?gﬁ’c? ghéﬁ‘ %r a@f‘ Ggai?a% ﬂ)kr
Aaqueous phase was éﬁﬁgﬂ%ﬁxa}dmdﬁopmghnanuﬂﬂl@yﬂdeaahdnataULhobdzto pH 1.5
“hefore extraction F_nwab oy Ien@qqta@g%;rrﬁof§9n59111;rnste

rrne rie

-extracts wer e vvash

ver nesi,um sul phate _and
o suspensxonof 10% palladium on charcoal (0.50 g) in

ethanol (15 ml) and water (1 ml) which had been
pre-hydrogenated for } hour. The mixture was then
'hydrogenated for 45 minutes, and the catalyst was

filtered and washed with dilute sodium bicarbonate
solution. The filtrate was then washed with ethyl
. acetate, saturated with sodium chloride and acidified
to pH 1.5, before extraction of the product into
THF /ethyl acetate (50:50). The combined ek;radts wersa
washed with brine, dried over magnesium sulphate and
evaporated to leave the frese acid as a white solid
. (0.25 g). This was suspended in water and the pd
'.<:} carefully adjusted from 2.0 to 7.0 by addition of
- dilute sodium bicarbonate-soiution.' The resultng
solution was filtered and freeze dried to afford the
title penicillin 256 mg (69%). Hplc showed one major
peak, Vmax (KBr) 1770, 1710, 1685, 1670, 1610, 1510
em~l; $(D20) 0.95 and 1.33 (6H, 2s, gem dimethyls),
1.21 (38, t, J7dz, -CH2CH3), 3.50 (2H, q, J7Hz,
-CH,CH3), 3.65 (2H, m, piperazin -CH2), 3.98 (24, m,
H

'U

iperazin -CH32), 4.16 (1lH, s, C-3 proton), 5.37 (lH, s,
-5 proton), 5.39 (lH, s, <-proton), 6.86 and 7.35 (:H,

AA'BB', J9Hz, aromatics) and 8.00 (lH, s, -NHCHO).

"

MIC against P.mirabilis 889 is 0.1 ug/ml.



dryness to | eave the free acid (20 ng). This was dissolved in nethanol and
treated with the theoretical anount of 2N-sodi um ethyl hexanoate in mnethyl
(ﬁlsobutyl ketone. -Addition of ether caused precipitation of t-he product,
"Wmch was filtered and washed well w th acetone/ether to afford, after
.®§%ing, 20 ny (12%, [err] max (KBr) 1765, 1660, 1600, 1535 cnierr];
[err] (D20) 0.91 and 1.28 (6H, 2s, gemdinethyls), 4.17 (1H, s, C 3 prot,
5.33 (1H, s, G5 proton), 5.58 (1H, ?Lsﬁeﬂr]-proton), 7.30 - 7.60 (10H,™
aromatics), 7.79 (1H, s, pyrimdine proton) and 8.10 (1H, s, -NHCHO). 85
- 72 - MC against P.mrabilis 889 is 5.0 [err]/m. -73- Exanple 8

- [err]-Formam do-6[err]-(D-2-am no- 2- phenyl acetani do) - penicillanic acid a)
benzyl 6] e@_‘jﬁ_ﬂﬁfﬂé)cﬁ 6[err]-[D 2-(4-nitrobenzyl oxycar bonvl - _

am no) - 2- p@ﬁﬁ%ﬂnﬁ@&-@'MQJﬂ@@ﬁyﬁww ~dioxopiperazin-1l-

6[err]- [nl 1= (F 2 (A- T TTODENZYT oxr ] -
.car bonyl am )‘:—agi-%@& roayphenvd Jacetamidedpendry i n DVF (25

'm) at -40€iundceri avidaidgesodduint rseeitted wWith a sol ution of nercuric acetate
'(0.98 g, 31 nmol) in DVF (3 m). The reaction mixture was all owed

a) benzyl &x4émino-6B—[L-Z-[(4—ethvl-2,3-d10xo-
piperazin-l-vl)carbonvlamino] -2-(4-benzyloxy-
carbonvloxyphenyl)acetamido]lpenicillanate

This compound was prepared in 84% yield by
reaction of benzyl 6s-methylthio-6B- (L-2-[(4-ethyl-2,3-
dioxopiperazin-l-yl)carbonylamino]-2-(4-benzyloxy- '
carbonyioxthenyl)aéetamido]penicillanéﬁe with ammonia
in the presence of mercuric acetate as described for
' the D-isomer. U max (CH2Cls) 3280, 1780, 1765, 1750,
1715, ;690,'1680 (sh); 1495, 1215 cm™%; §(CDCl3) 0.95 -
1.40 (9H, m, gem dimethyls and fCHZC§3), 2.61 (2, s,
-NHz), 3.10 - :.70 (4H, m, piperazine -CH, and
-CH2CH3), 3.75 - 4.15 (2H, m, piperazine -CH3), 4.3l
(1H, s, C-3 proton), 5.1l (2, s, ester -CHj), 5.19 e
(24, s, carbonate -CH2), 5.33 (1H, s, C-5 proton), 5.45 {:>’
(1H, 4, JGHz,a<-protonf, 6.90 - 7.70 (148, m,
a*omatxcs), 8.22 (lH, s, 6B-amido proton) and 9.81 (14,
d, J6Hz, at-afrudo proton) - '

b) bénzv1 6me—f ormamido=6B-[L-2- [ { 4-ethyl-2, I-dioxo
piperazin-l-vDcarbonylamino]-2~(4-benzyloxy-

araoanOxvshenvl)acotamlao,oen1c1lTaﬂaue'

This compound wés prepared in %1% yield by
reaction of benzyl &raminoFGB-[L-2—[(4—ethyl-2,3?
dioxopiperazin-l-vl)carbonylamino]-2-(4-benzyloxy-
carbonyloxy- phenyl)acet an*co]onﬂLc11lanabe with
formic—-acetic anhydride in the presence of pyridine, as
described forthe D-isomer. Ugayx (CH2Clz) 3280, 1790,
1765, 1750, 1715, 1690, 1500, 1480, 1215 ca~l; &

({CD3)2¢co} 1.13
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to warmto OC over 1 hr., poured into ether, washed with water and bri ne,
dried over magnesi um sul phate and evaporated to give the title conpoeund é.)
(0.97 g, 57%, [err], 0.96, 1.19 (6H, 2s, gemdinmethyls), 2.74 (2H, m

NH2) , 4.38 (1H, s, C—3 proton), 5.15 (4H, s, ArCH2), 5.41 (1H, s, C5
prot@, 5.53 (1H, m -proton), 6.89 (1H m NH), 7.36 (12H m aromatic
pr ot
16801715, 1745, 1780 cnierr]. b) benzyl- 70 -

[err]-formam do-6[err]-[D 2-(4-nitrobenzvl oxv-

car bonyl am no) - 2- phenyl acet am dol peni ci | | anat e Benzyl
6[err]-amno-6[err]-[D-2-( 4-nitrobenzyl oxycarbonyl -

ami EF) 2- phﬁnyl acet3m, de] pemi£] | Lanade, )(019313(5;11 62, )dg,p,w,_fé

oo ororethane (48,36 3 06 vend hatat 0 0eh oheE L Do

Jmxture was sti rredcﬁtz)e $300 ot 2, tw,. pipesiaednei £0HH) 5Nt halr aehl @,i €-3ci d,

dilute sodruntbrcabpgeggﬁ sgﬂtgrpnia@p Q%E@e,_gqged oVes pﬁgne§|untsulohate
e

and evaporated to |vet rude prostl Puri fréafion on silica gel gave
~the title conpound® 65 80?Y 'B%gé Perdy] L1098, C-37aro8ony, (%15 44H,.gém
_dimethyls), 4.41 (JIPizs, cdlﬁhgxeﬁtr@ siaglet(4h, D30 HéHdhge 5. 6briobn ),
“mlerr],- and C-5 proponsy,e$. B%H 1, Srol E*)F&Hé 39 ( jﬁﬂ ﬁrom&%

protons) 8.14 (3H nl aromatic protons an - [érr]
smax [err] 1605, 16503 174, ﬁr?%%me@plecywb Dz° HCHO), 8.60 (1,
6[err]-formani do- 6er excfdngeatnieno-iznapDeny| 3@eaAlE6l03roton), and 9.99

(18, 4, J 7Hz, exchangeable with D30,at-amido proton).

c) Got-formamido=63=[L=2~[(4=-ethyl=2, 3-dlotootne*az~n
- l-yl)carbonylamino]=2-(4-hydroxvohenvl)acetamido]~
venicillanic acid, sodium salt

This compound was precared in 44% yield by
hydrogenolysis of benzyl S-formamido-63-{L-2-
((4-ethyl-2,3-dioxopiperazin-l-ylicarbonvlamino]-
2-{4-penzyloxycarbonyloxyphenyl)acetamido]p nicillena:a

e in the manner described for the D-isomer, Vpayx (K37
{::) 1770, 1710, 1675, 1610, 1510 em=l; $(Do0) 1.13 (3E, s,

gem dimethyl), l.21 (3H, t, J7Hz, -CHCH3), 1.43 (3%,
s, gem dimethyl), 3.52 (28, q, J72z, -CH3CH3}), 3.59
(2H; m, piperazine -CHz), 4.0l ( 29, m, oioeraziné
-CH32), 4.22 (14, &, C-3 proton), 53.49 (lH, s, C-5
. proton), 5.58 (lH, s, ‘OrOtO“), 6 93 and 7.35%
_AA'BB', J98z aromatics) and 8.11 {(iH, s, =-NHCE

), 7.90 - 8.40 (3H, m NH aromatic protons); [err]nmax (CH2Cl2) 1610,

R



penicillanic acid A solution of benzyl

6[err]-formani do-6[err]-[D-2-(4-nitro

benzyl oxycar bonyl am no) - 2- phenyl acet am dol penicill anate (0.60.g, 0.9 mmuol)
4&h~THF (5 M), ethanol (10 M), water (2 m) was added to 10% pal | adi um on
.Jch4coaI (0.7.9) in THF (2.5 nl), ethanol (5 nl), water (I nl) which had
been prehydrogenated for 15 minutes. The m xture was hydrogenated for 2,
hr., further catalyst (0.5 g) was added*and hydrogenation continued 'or 3
hr. The catalyst was filtered and washed sequentially with THF, ethanol,
wat er. The organic solvents were evaporated fromthe filtrate and the
aqueous solution washed with ethyl acetate and freeze dried to give the
title conpofnampdel3d g, 93%, [err] 0.96,'.1.36 (6H, 2s, gemdinethyls),
4.19 (IH s, CG3 protons), 4.94 (IH s,[err]-proton), 5.63 (1H, s, CHO;
[err] max (%Br 1600, .16 765 .. ain bilis 889 is
25 [err] Zasd 30 EsiaEl] il EoRABR 8mENar ] S&DA3
(4- hydr oxypBegyl}reddet -2aphdakpeneehmbdoi peatttl Binic Beary)
6[err]-am ng; BLEEE Ll Ba4+(4- ni trobenzyl oxycarbonyl - ;
anino)-2-(4=%enzyfuxytarbonvloxyphenyl)acetanido]- penicil |l anate Benzyl
[err]-am no-6[err]-[D 2-(4-nitrobenzyl oxycarbonyl -
ani no) - 2- (4- benzgl-mnyaarkopykayyRheAY-raagbaBkdpy rpaDache | apRteg (0. 84 g,

1,03 ol 0 BV CE T MR5eRaRhenho (1806 ) L8t B4 IALY gpigUri o acetate

triethylamine (25 mg, 0.25 mmol) and cooled in an ice
bath. A 12% w/v solution of phosgene in toluene (250
ng) was then added and the .solution stipred at 0°C for
1 hr. Excess phosgene was then removed under vacuum}

"and the resulting suspension was cooled and added in
one portion to an ice-cooled solution of 6x-formamido

- ampicillin (75 mg, 0.25 mmol) and triethylamine (35 ug,
0.25 mmol) ih THF (8 ml) and water (2 ml). The
reaction mixture was stirred at 0°C for 0.5 hr.
followed by 1 hr. at room temperature, maintéinihg the
pH at 7.5 throughout by the addition of triethylamine.
The product was dissolved in dilute sodium bicarbonate W
solution and washed with ethyl acetate. The aqueous <:>
phase was saturated with sodium chloride and acidified
to pH 1.5 before extraction of the product into ethyl
acetate/THF (50:50). The extracts were washed with
brine, dried over magnesium sulphate and evaporated to
dryness to leave the free acid (20 mg). This was
dissolved in methanol :ind treated with the zheoretical

{u
23

mount of 2N sodium ethyl hexanoate in methyl isobutyl
dition of ether caused precipitation of the

ich was Eiltered gnd washed well with

acetone/ether to afford, after drying, 20 ag (12%),

\ r 1660, 1600, 1535 cm~i; §(Dy0) 0.91
(6H, 2s, gem dimethvls), 4.17 (182, s, C-3

proton), 5.33 (143, s, C-5 proton), 5.58 (1lH, s,

<-oroton), 7.30 - 7.60 (l0B, m, aromaktics), 7.79 (lH,

s, pyrimidine proton) and 8.10 (18, s, ~NHCHO).



1.03 nmol) in DMV (3 m) followed by anhydrous ammonia (0.019 g, 1.1 mmol)
in DM (1.1 m). The reaction mxture was allowed to warmto 0OC over 1.5
hours poured into ether, washed with water, brine, dried over nagnesium
sul phate and evaporated to give the title conpound (0.35 g, 43%, [err]
0.96,.1.19 (6H, 2s, gemdinethyls), 2.57 (1, m NH2), 4.34 (1H, s
.pr_ot@_, 5.16 (5H, m ArCH2 and -proton), 5.39 (1H, s, CS proto‘%ﬁca 63
(1H,° NH), 7. 37, 7. 42 (12H, 2s + m aromatic protons and NH), 8.08 (2H,
m aromatic protons); [err] 1610, 1680, 1770 Zarf-<err] b) Benzvl
6[err](-formam do-6[err]-(D 2-(4-nitrobenzvl oxv-
car bonyl am no) - 2- ( 4-henz on rbonvl acetanldo] pen|C|IIanate A
sol ution of benzyl * rg% Mﬁﬁa%f‘gy$hse%‘)? ug/mi.” - .
nitrobenzyloxvcarbonylanlno) 2-(4- benzyloxycarbonyl )
" oxyphenyl ) acet am dol penicill anate (0.35 g, 0.45 nmmol) in dichl oronet hane
(10 M) was cooled to [err], treated with pyrirdine (0.32 m,.4.0.mvl) and
‘acetic formic anhydride (0.19 g, 2.2 mmol). The reaction m-xture . was
stirred at 0-5C for 1 hour, washed with 0.5 N hydrochlorlc acid, dilute
*sodi um bi car bonat e solution -76 - brine, dried over nagne5|un1sulphate
.and evaporated. The crude product was purified on silica gel to give the
“title compound (0.18g, 50%, (CDC13) 0.94, 1.15 (6H, 2s, gem di nethylLs),
4.34 (1H, s, C3 proton), 5.10 (2H, s, [err] 5.21 (2H, s, [err] 5.55 (2H
im G5



(-

and [err]-protons), 7.31, 7.39 (14H, 2s + m aromatic protons and NH), 7.99
(3H, aromatic protons and CHO, 8.86 (1H m NH); [err] (CHC12) 1610, 1710,
1750, 1770, 1790 cnferr]. c) .

6ferr] - For mani do- 6] err] -[ D- 2- ami no- 2- ( 4- hvdr oxvohenyl ) -

-acet am dol oentci |-l ani c acid Benzyl h
Gﬁﬁ r]-formam do-6[err]-[D 2-(4-nitrobenzyl oxy- {;)
car bonyl anm no) - 2- (4- benzyl oxycar bonyt ok phenyl ) acet - ami do] penicill anat ™
(0.29 g, 0.36 mol) in THF (2 m), ethanol (5 m), water (1 m) was added
to a suspension of 10% pal | adi um on charcoal (0.3 g) in THF (2 m ), ethanol

(5 mM), water (2 ml) which had been prehydrogenated for 15 m nutes. The

m xture wasExpmplmethated for 4 hr. The catalyst was filtered and washed
successfully with THF, ethanol, water. The organic solvents were

evapor at ed fron1the f||trate and t he aqueous re5|due washed wi th et hyl
acet at e ande£ie 88 3 1a of the title

conpound. ééﬂi&lihéﬁlclaaﬁd(GH 23 gen1d|nethyls) 6.14 (1H, s, C3 ="
proton), 5.25 (IH, s, [err]-proton), 5.55 (1H, s, C5 proton), 6.83, 7.27

(4H AA'BB' ,- JI OHz, aromatic protons), 8.18 (1H, s, CHO; [err]max (KBr) .
1600, 1670,a1765emiel r fox— A aorab Brs D+ P ( Mot dben 238D iy Bffawl] i . ;

(77 Bxamol e 100068512 ok dRe H0e Bl dd 14k Fe drldnanoy! - 3-methylurei do)-
.- 2- phenyl acet ami ;

Benzyl 6o<-methylthio-68-(D-2-(4-nitrobenzyloxy-

carbonylamino)—2—phenylacetamido]penicillanate (1.8 g,

30 mmol) in DMF (25 ml) at -40°C under nitrogen was

treated with a solution of mercuric acetate (0.98 g, 31

mmol) in DMF (3 ml). The reaction mixture was allowed

to warm to 0°C over 1 hr., poured into ether, washed
"with water and brine, dried over mégnesium sulphate and
evaporated to give the title compound (0.97 g, 57%),

S(cbCiiz), 0.96, 1.19 (6H, 2s, gem dimethyls), 2.74

(2, m, NHy), 4.38 (14, s, C-3 proton), 5.15 (4H, s,

ArCHp), 5.41 (1H, s, C-5 proton), 5.53 (lH, m, e< _
-proton), 6.89 (lH, m, NH), 7.36 (12H, m, aromatic O
protons), 7.90 - 8.40 (3H, m, NH aromatic protons); :
Vmax (C 2Cly) 1610, 1680, 1715, 1745, 1780 cm~1.

o) benzyi 6x-formamido-6B3-[D-2-(4-nitrobenzvlioxy-

carbonvlamino)-2-phenylacetamidolpenicillanate

Benzyl 6«-amino-6B3-[D-2-(4-nitrobenzyloxycarbonyl-
amino)-2-phenylacetamidolpenicillanate (0.97'9,:1.65
mmol) in dichloromethane (40 ml) at 0°C was treated
with pyridine (1.3 ml, 16.5 mmol), then acetic formic
anhydride (0.73 g; 8.2 mmol). The rzaction mixture was
stirred at 0-5°C for 1l hr., washed with 0.5N
hydrochloric acid, dilute sodium bicarbonate solution
and brine, dried over magnesium sulphate and evapvorated
to give the crude product. Purification on silica cel
gave the title comuound (0.60 g, 39%), $(CDCl3) O. 93

-



s&ty ust.ed to pH 7.5 with N sodi um bi carbonate sol ution

A solution of 6[err]-formam do-6[err]- (D 2-am no-2-phenyl -
.acetam do)penicillanic acid (0.08 g, 0.2 mmol) in water (10 m) was

1drfated™with THF (2 mM). To this was added a sol ution of N-chloro-
. caraﬁjil-N—nethylcrnnananide (0.044 g, 0.2 mmol) in THF (3 m). The

.2 oxoi m dazol i di n- 1-yl car bonvl -

= SeArte arm g oy a

e

r eag
et hy

cooled in ice and

n mxture was stirred at anbient tenperature for 2 hr., washed with
acetate, acidified to pH 1.5 with N-hydrochloric acid and extracted

with ethyl acetate. The organic extracts were washed with brine, dried over
magnesi um sul phate and evaporated to give the free acid (0.08 g, 0.15
mmol ) .. -This was dissolved in acetone and treated with 2N sodi um et hyl
hexanoate in net Hylli7salsit,y2sketgene dite@8yds), AokLowed, by, eChirprothve ,

t at fd d t t
5 1T Y Jemn e e b SRS
_C-3 proton), 5.3% @fH(Lﬁl[éwrﬂﬂjpratéﬁ)(13H49melHr°§at€9595?ﬁﬁﬁﬁ )r.
T(1H, d, OHF), T Jﬁm( 1%, amomartalasablre:cbrnet @Rg gad)CHe) 858( R, (dH, NES) 3 CHO)

.[err]nax (KBr) 160 1673#&%@ igbsrrhﬁgw %?gg szgj N%%fgILIS 889 i

41.0 [err]g/m.

sodlun1saltq A's
. acet ani do) peni ci

Ui Qo gl Tyt dani hebl-oh Prng128E Ban 2dPheny| -

ﬁ anicacid (0.2 g, O.5 mot) 1n

penicillanic acid

A solution of benzyl 6e—formamido-6B-(D-2~(4-nitrc

benzyloxycarbonylamino)-2—phenylacétamido]penicillanate
(0.60 g, 0.9 mmol) in THF (5 ml), ethanol (10 ml),
water (2 ml) was added to 10% palladium on charcoal
(0.7 g) in THF (2.5 ml), ethanol (S ml), water (1 ml)

"which had been prehydrogenated for 15 minutes. The

mixture was hydrogenated for 2 hr., further catalyst
(0.5 g) was added and hydrogenation continued for 2
hr. The catalyst was filtered and washed sequentially
with THF, ethanol, water. The organic solvents were

evaporated from the filtrate and the agueous solution

‘washed with ethyl acetate and freeze dried to give tre

title compound (0.33 g, 93%), §(D20) 0.96, 1.36 (6H,

~2s, gem dimethyls), 4.19 (1H, s, C-3 protons), 4,94

(l1H, s, =<-proton), 5.63 (lH, s, CHO); wvpax (XBr) 1600,

1675, 1765 cm~l. MIC against P.mirabilis 889 is 25 y3/

S

am no) - 2- phenyl acet am dol penicillanic acid

ol



water (10 m) was treated with N sodi um bi carbonate solution (1.25 nl),
cooled in ice and diluted with acetone. To this was added a sol uti on of

2 ox0|n1dazolld|n 1-yl - carbonyl chloride (0.074 g, 0.5 nmuol) in acetone
- ( ). The reaction mxture was stirred at roomtenperature for 2 hours,
. was wi th et-hyl acetate, acidified to pH 1.5 with N hydrochloric acid and

extracted with ethyl acetate. The conbi ned organic extracts were washed
with brine, dried and evaporated to gi¥® #he -ree acid. This was di ssol
in water which was adjusted to pH 6.5 by careful addition of dilute sodium
bi carbonate solution, and the solution filtered and freeze dried to give
the sodiumsalt (120 ng, 45%. [err] 0.91, 1.27 (6H, 2s, gemdi nethyls).
3.3-3.6 (2Hexgmpl &l dazol i di ne [err]) 3.7-4.2 (2H, m imdazolidine [err]
4.13 (1H, s_ _C. 3 protor. 3 _ 5 0 : 1,

[err]- proto“'F —t= : ; EXECHO); [err]
max (KBr) 1 ﬁﬂgolgeﬁ;c1555§1¢7a5; |763 cn[err] M C agalnst P. Mrabilis 889

is 1.0 [err]/m - 79 - Exanple 12
6[ err] - For mam do- 6[err] [D—2 (3- neth Isulphonxl 2- ox0|n1da-
zolidi n-1-yRéar bBRDERA penPacBraniasns ' odi um

salt [err]- FOFWHHmdﬁoﬁﬁéﬁAh bshayaakﬁeaEbphemyEQQEéaﬂ1d@&@emmxdﬁj+|anlc
acid (0.29, 0.5 nmol nhloronet hane (10 M) wth triethylamne (0.13
0 ga ol ) aRABeE11Raf el

Benzyl &x—amino-SB-[D—Z-(4—nitrobenzyloxycarbonyl-
amino)—z-(4-benzyloxycarbonyloxyphenyl)acetamido]
penicillanate (0.84 g, 1.03 mmol) in DMF (20 ml) was
cooled to -40°C, treated with mercuric acetate (0.34 g,
1.03 mmol) in DMF (3 ml) followed by anhydrous ammonia
(0.019 g, 1.1 mmol) in DMF (1.1l ml). The reaction

“mixture was allowed to warm to 0°C over 1.5 hours
poured into ether, washed with water, brine, dried over
magnesium sulphate and evaporated to give the title
compound (0.35 g, 43%), S$(CDCl3) 0.96, 1.19 (6H, 2s,
gem dimethyls), 2.57 (lH, m, NH), 4.34 (lH, s, C-3 |

proton), 5.16 (S5H, m, ArCHs and -proton), 5.39 (18, s, 'i:j

. c-5 proton), 6.63 (lH, m, NH), 7.37, 7.42 (128, 2s +m,
' ' aromatic protons and NH), 8.08 (2H, m, aromatic .
protons); M max (CH2Clz) 1610, 1680, 1770 cm~l.

b) Benzyl 6«<—formamido-6B3-~(D~2~(4-nitrobenzvloxy-~

carbonvlamino)-2-{4-%enzvloxvcarbonvloxyphenvl)~

acetamido] penicillanate

A solution of benzyl €=-formamido-68- (D=2-(4-

' nitrobenzylokyca:boaylamino)—2-(s—benzyloxycarbonyl-
oxyphenyl)acetamidolpenicillanate (0.35 g, 0.45 mmol)
in dichlorométhane (10 ml) was cooled to 0°C, treatad
with pyridine (0.32 ml, 4.0 mmol) and acetic formic
anhydride (0.19 g, 2.2 mmol). The reaction mixture was
stirred at 9-53°C for 1 hour, washed with 0.5 N
hyérochloric acid, dllut° sodium bicarbonate soluticn,



&

e e A me———

grouhd 4A nol ecul ar sieves was stirred for 30 mnutes and filtered. The

giltr
B
cly

2 was cooled to OC, treated with a solution of

-2-0xo0-i mdazolidin-I- ylcarbonylchloride (0.11 g, 0.5

;in dichloromethane (5 m), stirred at roomtenperature for 2 hours

and the-eol vent evaporated. The residue was digssol ved in ethyl acetate and "

wat
N so

W th et hyl
product was extra
evaporated to giv
adj usted to pH 6.

nd the | ayers separated. The organic phase was extracted tw ce vmtI?gc-..
m bi carbonate sol ution. The combi ned aqueous extracts were washed
acetate and acidified to pH 1.5 with N hydrochloric acid. The

S S R A TR S

the free acid was suspen e
Ny A RTdRt ivee rudifiede ogomxgmcbu gelbsragéve

soI ution and the I‘ﬁfé.lh{:}tl’@ Sedmiiduny fdd t]_ey d sond ,f gqene er @d9t40 @fj.grd t he
sodi um salt (81 , err nmet hy I 6
(3HI - 1%3. Bo 6("421.' [ ]oda’ﬂ"bﬁqﬁ%&'lf?e) |(‘F®| ér’rgs) s'4r°mI§I PIHW& C53.§

[err] 3.86
‘proton), 5.43 (1H, (&, C$:S ngﬁzm) 5 RI56 HLH,s s ArCHRn], SpiSSt @i, @, 3€756
(i5H, m - aromatic mﬁg@s@ & (1-)—I3ls Tl\ggl—iun).l ACIA £y 1520,
.-1:600, 1670, 1725, 17 votbris) n{err] I-SC a}“alrr%gf&%@m):rabl lib

889 is 0.5 [err]/rﬁr°t°"s angd Nﬁ%&nﬁﬂ%? 1(BH, ‘aromatic protons and CHO),
[err] For mani do- [ ed.rg6 [ [md- ety by Z(mimqnyllcsarobonylm, 1750, 1779,

1790 cm-1.

c)  6x-~Formamido—6B-[D-2-amino-2-(4-hvdroxvohenvl)-

acetamido]oenicillanic acid

Benzyl 6arformamido—68-[D—24(4—nitrobehzyloxy-

. carbonylamino)-2-(4-benzyloxycarbonyloxyphenyl)acet-

amido] penicillanate (0.29 g, 0.36 mmol) in THF (2 =1},
ethanol (5 ml), water (l.ml) was added to a suspension
of 10% palladium on charcoal (0.3 g) in THF (2 ml),
ethanol (5 ml), water (2 ml) which had been
prehydrogenated for 15 minutes. The mixture was
hydrogenated for 4 hr. The catalyst was filtered and
washed successfully with THF, ethanol, watz2r. The
organic éolvents were evaporated- from the filtrate and
the aqueous residue washed with ethyl acetate and

" freeze dried to give a guantitative recovery of the

title compound. &§(D20) 0.97, 1.28 (6H, 2s, gem:
‘dimethyls), 6.14 (lH, s, C-3 proton), 5.25 (l3, s,
=-proton), S.55 (1H, s, C-5 proton), 6.83, 7.27 (48,
Aa'"38', J10Hz, arcmatic protons), 8.18 (1lH, s, CHO);

Y nax (XBr) 1600, 1670, 1765 ecm™l. ymzc against P. Mira:
889 is 50ug/ml. '



ur ei dol.- 2- phenyl acet am dol penicillanic acid, sodiumsalt A solution of
[err]-formam do-[err]- (D 2-am no-2-phenyl - acetam do)penicillanic acid (0.2

0.5 mol) in water (10 m) with N sodium bi carbonate solution (1.25 nl)
--‘éﬁd-'acetone (3 mM) was cooled in ice and treated with-

-[N- met hyl - (2-t-hi enyl ) car boxam dol carbonyl chloride (0.16 g, 0.8 mml) in
‘atetone (5 m). The reaction nmixture.wss stirred at roomtenperature fo
hours, diluted with water, washed with ethyl acetate and acidified to p
1.5. The product was extracted into ethyl acetate, washed with brine,
dried and evaporated to give the free acid. This was suspended in water,

caref ul addlé lof ch | ute sodi um bi carbonate to pH 6.5 to give sol ution,
filtering anﬁg%%\[-beeze—dryl ng gave the sodiumsalt (90 ng, 30%, [err] O.86,

1.22 (6H, 2$&Epumanida+fB-<iD-2%- (d-qimmanoylNcsmthyAureid- s, C 3

proton), 5.38 a&énﬁfﬁmm.@l%r@d"acﬁ.d | ¥ddiumPls@ien), 6.8-7.7
(BH m aro [err] (KBr)
1500 1670, 1765 [err] MCagal nst P. Mrabilis 889°is 2.5 [err].

Ekanpl e 14 6- For rMmcdm:{mrr]eq D62~ f Frringmtir dwey6 B @—%&wnrmz-dl-@hkayaaa]

oyri m di n-6-yl ﬁ@é@l - hﬁ}y Gl agid, disodi.um
salt 6-Car boxycaaf{ rr8 %’%‘ azol o‘[a‘? d(ca:}i;z] ﬂd?dradeoq') qu g, 1.0
mol ) in di c‘fﬁ‘tﬁ‘b ) ("'15()s mJiuited 19 @thy "ﬁé'-"’(G' :§°fﬂlul“2 2 mml) was
cooled to -ZKKEarbonate solution, cooled in ice and diluted with

THF (2 ml). To this was added a solution of N-chloro-
carbonyl—N-methylc1nnamam1de (0.044 g, 0.2 mmol) in THF

(3 ml). The reactlon mixture was . stirred at ambient
temperature for 2 hr., washed with ethyl acetate,
acidified to pH 1.5 with N hydrochloric acid and
extracted with ethyl acetate. The_orgénic extracts
_were washed with brine, dried over magnesium sulphate
and evaporated to give the free acid (0.08 g, 0.15
mmol). This was dissolved in acetone and treated with
2N sodium ethyl hexanoate in methylisobﬁtyl Xetone
(0.08 ml), followed by ether. The precipitate was
filtered and dried to give the title compound (0.085 g,
69%), §(D20) 1.18 (6H, m, gem dimethyls), 2.80 (3d, s,
NCH3), 4.04 (1H, s, C-3 proton), 5.33 (lH, s, o
-proton), 5.49 (l1H, s, C-5 proton), 6.45 (lH, 4, CH=),
7.17 (118, m, aromatic protons and CH=), 8.02 (lH, s,
CHO); Ppax (XBr) 1605, 1675, 1765 cm~l. MIC against

P. Mirabilis 889 is 1.0 ug/ml.

'y



and treated with thionyl chloride (0.074 m). The reaction m xture was .
stirred at -20C for 1.5 hours and the precipitate filtered and dri ed. 91
[err]-Formam do-[err]- (D 2-am no-2-phenyl acet ant do) penicillanic acid (0.10
g, 0.25 mml) in dichloro- nethane (10 mM) with triethylamne (0.13 m, 0.9
mol ) _was stirred over ground 4A nol ecul ar sieves for | hour. The

res Ang triethylamoniumsalt (0.90 g, 0.18 mml) in dichl oronethane (10
m ) "h triethyl- amne (0.07 nl, 0.5 mol) 5at _[err] was treated with the
actrvated triazol opyri m di ne der|vat|ve prepared above (0.041 g, 0.18
mol ). The reaction m xture was stirred at [err] for 2 hours and
evaporated. The residue was taken up in sodium bicarbonate solution and
washed with ethyl aggtate.;; The solution was saturated w th sodi um

chl ori de, acrdrfred‘td‘ﬁihirS and extracted wth 1:1 THF ethyI acet at e.

The extracts were S2rIRmagi =27 i34 LeREbenEb-aci d
was suspended in V\&ﬁﬁ'ﬁom-@hdMaQ%kﬁﬁuEbﬂ?e&dtﬂﬂﬁdld le'd @Oé;.\'ﬂht Ba§0dl um
“*bi car bonat e sol ution e solution was Trltered an reeze drired 10 give
the disodiumsalt (0.068 g, 48%; [err] 0 .91 1 26 (6H [err] gem
_-dimethyls), 4.45 (1H, s} wqirl@moﬂ)f os‘-gqr@awd@-“t-e(rq—] -emtnen)-e 87Y L 4H,
“s, C3-proton), 7.40 (éé-étamlme@hllcwaéle 82ia 3ot S .8& ARolIHias,

NOHD) | B 14 (1M S, Y11 B8 PLRLOML L7l Bty S0d 124015 RERLED

solut*on (1.25 ml), cooled in ice and diluted with
acetone. To this was added a solution of
2-oxoimidazolidin-l-yl-=- carbonyl chloride (3.074 g,
0.5 mmol) in acetone (5 ml). The reaction mixture was
stirred at room temperature for 2 hours, washed with
ethyl acetate, acidified to pH 1.5 with N hydrochloric
acid and extracted with ethyl acetate. The comdined
organic extracts were washed with drine, dried and
evaporatad to give the fIree acid. This was di
in water which was adjustad to oH 5.5 by care
‘addition of dilute sodium bicarbonate solution, and ths
solution filtered and £frz2eze dried to give
salt (120 mg, 45%). {Dp0) 0.91, 1.27 (6H, 2s, gem
ii:’ dimethyls). 3.3-3.6 (28, m, imidazolidine CHjy), 3.7-3.:
{2H, m, imidazolidine CHj), 4.13 (1lH, s, C-3 proton)
5.37 (lH, s, C=3
{3#, m, aromatic protons), 8.088 (1lH, s, NHCHO); ¥anzx
> : (K3r) 1530, 1600, 16535, 1713, 1763 cm~l.

4
oroton), 3.34 (lH, s, es=proton), 7.iC

. MIC against 2. Mirabilis 889 is 1.0 ug/zl

1
c-—

(s



1530, 1650, 1770 [err]. MC against P. Mrabilis 889 i s>100 [err]/m. -
83 - Exanple 15 [err] - Formam do- 60-[ D- 2- ( 2- benzvl ani no- 4- hydr oxypyri m di n-
¢yl carboxam do) - 2- phenyl acet ani dol ) peni ci | l ani ¢ acid, disodium salt
*2-Benzyl am no- 5- car boxy- 4- hydr oxypyrim dine (0.06 g, 0.25 mmol) in

di chl oronetharte (10 M) with triethyl- amne (0.27 m) was cooled to [err]
and treated with thionyl chloride (0.0 9n1 0.27 mmol ). The solution maﬁg:}
Hirred at [err] for 1 hr. [err]- For mani-do-6[err]- (D 2- et
am no- 2- phenyl acet am do) penicillanic acid (0.10 g, 0.25 mol) in

di chl oronethane (10 mM) wth triethylamne (0.13 m, 0.9 muol) was stlrred
at roon1tenperatﬂre for 1.5 hours. The m xture mas cooled to [err],

treated wit solution of activated acid, stirred at [err] for 2
‘hour s, f|Ite&kadxmhmm&ﬁxﬁ&ﬁkn}z a]mmaﬂugnkmigmunﬁkﬂaammﬂimlmawater and
mashed Wth: V. y . l.ed o pH 1.5 and
extracted w fk? i?%é@a 18 _]n'th brine, dried
and evapor atBS \ ifddded in mater whi ch was carefully
adjusted to pH 6.5 u3|ng sodlun1b|carbonate The resulting solutlon was

filtered and freeze rled i 1 dISOdI n1sa|t 8 . Jerr]
0.91, 1.23 (6H, XX IRAR %éﬁ %9556 4 Bne ACEE qﬁ%@f%ﬁ e (1H
s, C—5'proton),cﬂlxﬁh(dihtldn(QHZﬁHNQ<§[mmnkﬂuﬂn dlchloromethane

(10 ml) with triethylamine (0.13 ml, 0.94 mmol) and

ground 4A molecular sieves was stirred for 30 minutes

and filtered. The filtrate was cooled to 0°C, treated
with a solution of |
3-methylsulphonyl-2-oxo-imidazolidin-1-~
ylcarbonylchloride (0.1l g, 0.5 mmol) in
dichloromethane (5 ml), étirred at room temperaﬁure for
2 hours and the solvent evaporated; The résidue was
dissolved in ethyl acetate and water and the layers
separated. The organic vhase was extracted twice with
N sodium bicarbonate solution. The combined agueous

extracts were washed with ethyl acetate and acidified
to pR 1.5 with N hydrochloric acid. The product was
extracted into ethyl acetate, washed with brine, dried
i . and evaporated to give the free acid. This was
; suspended in water, which was adjusted to pH 6.5 by
careful addition of dilute sodium bicarbonate solution
and the resulting solution filtered and freeze dried to
ford the sodium salt (8l mg, 26%), &(Dp0) 0.88, 1.2

(sa, 2s, gem dimethyls), 3.36 (3H, s, -SO,CH3), 3.86

~J

, m, imidazolidine methylenes), 4.14 (lH, s, C-3
-proton), 5.43 (1H, s, C-5 proton), 5.56 (lH, s, o<

-oroton), 7.3-7.6 (54, m, aromatic protons), 8.10 (14,

s, =-NHCHO). »ppmax (%XBr) 1520, 1600, 1670, 1725, 1765
-1

cm™+.

MIC againstP.mirabpilis 889 is 0.5 ung/ml.

I



8.07 (1H, s, NCH) 8.26 (1H, s, pyrimdine proton); [err] max (KBr) 1440,
1600, 1660, 1765 [err]. MC against P. Mrabilis 839 is 50 [err]/m.
«84- Exanple 16 ..
:G[vrr]a-For mani do- 6[ err] - [ D- 2- (2- oxoi mi dazol i di n-1 -yl car bonyl - 95
-am ng) - 2- (4- hydr oxyphenyl ) acet ani dol oeni cllanic acid, sodiumsalt J o
~6[ e  For mam do-6[ err]-[ D-2- am no- 2- (4- hydroxyphenyl)

acefe#fi do] penicillanic acid (0.10 g, 0.25m#)=in water (10 m) and
acetone (3 m) was adjusted to pH 7.5 with N sodi um bi carbonate sol uti on.
2- Oxoi i dazol i di n- 1-Yyl carbonyl chloride (0.037 g, 0.25 nmol) in acetone (3
'm) was added and the reaction m xture maintained at pH 7.5 for 2 hours.
The reaction mi xtExanmbs M3l uted with water, washed with ethyl acetate,

acidified to pH 16;3_@5% {5@9@@.duyuih[f«t Vi hyA -a(tf«th?a_% ti’é% %Btn 1‘6‘@6 Cor

V\B.Shed Wwith brine a] EVapoT a SERE

.at pH 6.5 and ‘i." LA N=a ".a‘ 3 iace tamidol R ici l areig -s/ spdipm r]
"%0.91, 1.25 (6H, 2galigem di methyls), 3.253.5 (2H, m imdazolidine

imet hyl ene), 3.6-3.9 (2H, m imdazolidine nmethylene), 4.13 (1H, s, C3

proton) 5.26 ( 1H, m [err]-proton), 5.55 (1H, s, G5 proton), 6.83 (2H,

.m aromatic protons) F alyvren mt aﬁWn‘@mdﬁﬁﬁﬂ(D-@@@l@PHz-QheNﬁH@

“-M C agai nst P.miradddd®i §8PodsiOi Prd@id 14d8d (0.2 g, 0.5 mmol) in water
({10 ml1) with N sodium blcarbonate solution (1.25 ml)
and acetone (3 ml) was cooled in'ice and treated with
[N—methyl-(2—thienyl)cafboxamidolcarbonyi chioride
(0.16 g, 0.8 mmol)oin acetone (5 ml). The reaction
mixture was stirred at room'temperature for 2 hours,
diluted with water, washed with ethyl acetate and
acidified to pH 1.5. The oroduct was extracted into

- ethyl acetate, washed with brine, dried and evaporazed
to give the free acid. This was suspended in water,
careful addition of dilute sodium bicarbonate to pH 5.5
to give solution, fllterlng and freeze drying gave the
sodium salt (90 mg, 30%), §(D20) 0.86, 1.22 (6Hd, 2s,
gem dimethyls), 3.19 (3H, s, -NCH3), 4.11 (3H, s, C-3
proton), 5.38 (l1H, s, C-5 proton), 5.54 (lH, s, =
-proton), 6.8-7.7 (88, m, aromatic and thiophene
protons), 8.09 (lH, s, NHCHO); v pax (XBr) 1600, 1870,
1765 cm—1. MIC against P. Mirabilis 889 is 2.5 ug/ml.




- 85- Exanpl
ur ei do) - 2-

e 17 6[err]-Formam do-6[err]-[ D 2-(3-cinnanoyl - 3- net hy
(4- hydr oxyphenyl ) acet am do] penicillanic acid, sodium

6[ err] - For mam do- 6P- (D 2-am no- 2-(4- hydroxyphenyl ) acet am dol pen

acid (0.10

g, 0.25 mmol) in water (10 mM) and THF (3 m) was adju

7.5 9t h sodi um hydr ogen carbonate solution. To this was added -

"N- chl or ocar

bonyl - N-nret hyl cinnam de (0.055 g, 0.25 mmol) in THF (

I
sal t

icillanic
sted to pH

3m).

The reaction mxture was stirred at pHg{.5 for 2 hours, diluted wth wat?
and washed with ethyl acetate. The reacCtion mxture was acidifie

1.5 and ext

racted with ethyl acetate. The extracts were washed w

dried and evaporated. The free acid was dissolved in water which
careful ly adLustegeto pH 6.5 with sodi umtbi carbonat.e sol uti on and

resulting s

tered and freeze dried to give the sodiums

d to pH -
th bring,

was
t he

alt (105

ng, 69%; [ efadts QrBLnidoBAEH2-AJ-hydmodiymbt ByhstrRaBadBH3ImlJerr]),

4.14 (1H, s

6.5-7.5 (6H =

(KBr) 1515,
[err]/m .

wwwm-vl&a%?ao(xla'ﬁua%) z-eﬁemmcoéé@cz&w s, &
0 B NCHO) ;

|nst P M rabllls 889

’ A\

Exanple 18 99 _
§-Carboxy=-7-hydroxy-l, 2, 4-triazolo(2 »3-alpyrimi-

"dine (0.18 g, 1.0 mmol) in dichloromethane (10 ml) wikh

triethylamine (0.3 ml, 2.2 mmol) was cooled to -20°C
and treated with thionyl chloride (9.074 ml). The
reaction mixture was stirred at -20°C for 1.5 hours and
the orecipitate filtered and dried.

fx~-Formamido~63-(D-2-amino-2-phenvlacetamido)
penicillanic acid (0.10 g, 0.25 mmol) in dichloro-
methane (10 ml) with triethvlamine (J.13 ml, 0.9 mmol)
was stirred over ground 4A meolecular sieves

-
L
“hour. The resul-ing triethylammonium salt {2.90 g

[4
} in dichloromethane (10 ml) with &triethyl-

9.07 m1, 0.5 mmol) at =-20°C was :re
triazolopyrimidine derivative prépared abova
3.13 mmol). The r=action mixture was stirrad
or 2 hours and evaporated. The resgidue was
zaken up in sodium bicarbonate solution and washad wit:h

1 acztata, -The solution was saturated with sodiun
snloride, acidified to pH 1.5 and extracted wiikh l:1l
¢ 2thyl acetate. The extracts were washed with

nd evaporatad. The frze acid was

filtsred and fxvseze dvrisd o2 give the disodium sal:z
2.068 g, +43%); &§:320; G.91, 1.286 (3H, 23, genm

dimetavis), 4.45 (lH, s, C3 proton), 5.34 (13, s,

x-croton} 53.37 (1%, s, C3-proton), 7.40 (38, m, chenv.

proton),

[err] max’

is 2.5.




6[err]-[D2-[(4-Ethyl-2,3-di oxopi perazi n-1-yl)carbonyl -

am no] - 2- (3, 4-di acet oxyphenyl )acetam do] -6[err]-formam do- penicillanic
acid, sodiumsalt (a) D 2-[(4-Ethyl-2,3-dioxopiperazin-1-yl)carbonyl -

anmi no] - 2- (3, 4- di hydr oxyphenyl ) acetic acid D-3, 4- D hydroxyphenyl gl yci ne

(1.00_g, 5. 46 mmol e) was suspended in N, g4
- N-di yl-1,1,1-trimethylsilylamne (10 m) and heated at 80- [err] under
nit.r n‘for 3h. There was undissolved solid at the end of this peri od.

Excess reagent was renoved by evaporation under8high vacuum and the residue
was suspended in dry tetrahydrofuran (10 m).. The m xture was stirred at
[err] and 4-ethyl - 2p3s€hOx0 M8 08" azEnes]- Nenbo)nyis hl dH,de,( by23ngdidel eq)

was added in one portlon r;m,to T oQRYy.
tenperature and sti¥ %thgfcontlnuea fi §%%8Y€§Ié$£qﬁ? Y ipes ?he M xt ure

was poured into matbP3QrehQHQ4rkiﬁ9HEF énd“@ﬁtﬁaénee MPthMﬂéﬂbllla 88¢

n- but anol : et hyl aceL§>eOOTpﬁ/ﬁgueous phase was saturated with brine and
“further extracted twice with the same sol vent nixture, then the conbined
extracts were dried over sodium sul phate. Evaporation gave an oil which on
~trituration with ether afforded the title acid as a |ight brown solid which
“retained solvents tenaciously (1.9 g, 99% ignoring solvent); Rf 0.35 in
“n-butanol : acetic acid:water, 4:1:1, [err] [err](c 1.0 in EtOH); [err] max
(KBr) 1710, 1670, 1610, 1520 cm; [err] 1.07 (3H, t, [err]8Hz, [err]),
:3.0-3.7 ([err]H m 2 [err]), 3.7-4.0 (2H, a, [err]), 5.10 (1H, d, [err]
7Hz, NCH(Ar)CO, 6.5-6.9 (3H m aryls), 9.0 (2H, 'br, [err] exch, phenolic
OH), 9.60 (IH, br s, J 7Hz, NH).



100 (b) D-2-[(4- EthyI 2, 3- di oxopi perazin-1- yI)carbonvI
am no] - 2- (3, 4- dlacetoxyphenyl)acetlc aci d
D-2-[ (4- Ethyl - 2, 3- di oxopi perazi n-1-yl)carbonyl -
ram noj - 2- (3, 4- d| hydr oxyphenyl )acetic acid (1.87 g, 5.33 nmmole) was stirred
“dry. tetrahydrofuran (20 m) under a nitrogen atnosphere at [err]. Dryj
pyridine (1.36 g, 3.2 eq) and acetic gghydrlde (1.36 g, 2.5 eq) were adj
and stirring was continued. Further” dcCetic anhydride (0.2 g) was added™
after about 0.5h, then the solution was allowed to regain roomtenperature.
It was then poured into a m xture of ethyl acetate and water and the
aqueous phase acidified to pH 2. The organi c phase was separated, the
aqueous ph&xampde d ed twice further with ethyl acetate and the total

extract d:j'@d-s%ﬁanﬁ%w-SMWﬁb@mgﬁwm-% oA YPOliadgHm whi ch was
triturate .

Pur|f|catloEL&kﬁéiﬁﬁﬁiﬂiﬂ‘ 3 Site

addi ng dropyisedium asdl ge excess of dry et her F|Itrat|on of t he
resulting sol1d gave the desired diacetoxy acid (1.78 g, 779 which
retained ether traces tenaciously. Rf 0.25 in n-butanol; acetlc cid: water,
4:1:1 [err] max 318%0zyilAswnorAresa apps T YERRX YRR dige, (040 %4 (3H t, J
8Hz, [err])gq 20225 (xﬁﬂnﬁ,ue ﬁﬁ@ror@eﬂﬁirﬁa 7Q o 4H) mith [tefiklchy14. 80-5. 10

(2H m [er rrl 82'; ml_i) was cooleé\lq_'CO-)ZO%‘ 0a5nd7 t%Se (t%Id Wleh

thlonyl chloride (0.02 ml, 0.27 mmol). The solution
was stirred at -20°C for 1 hr. é6x-Formamido-63-(D- 2-

amino-2-phenylacetamido) penicillanic acid (0.10 g,
0.25 mmol) in dichloromethane (10 ml) with |
triethylamine (0.13 ml, 0.9 mmol) was stirred at room
temperature for 1.5 hours. The mixture was cooled to
-20°C, treated with the above solution of activated

-acid, stirred at -10°C for 2 hours, filtered and
evaporated. the residue was taken up in water and
washed with ethyl acetate. The solution was acidified
to pH 1.5 and extracted with ethyl acetate. The

extracts were washed with brine, dried and evaporated. _E:v

The free acid was suspended in water which was
carefully adjusted to pH 6.5 using sodium bicarbonate.
The resulting solution was £filtered and freeze dried to
give the disodium salt (80 mg, 47%); §(D20) 0.91, 1.23
(68, 2s, gem dimethyls), 5.23 (1lH, s,e%-proton), 5.51
(18, s, C-S'proton), 7.25 (10H, m, aromatic propons),
8.07 (lH, s, NCH) 8.26 (lH, s,.pyrimidine proton):

VU max (XBr) 1440, 1600, 1560, 1765 cm~l. MIC zgainmst
2. Mirabilis 889 is 50 ug/ml.

[\,



phenyls), 7.42 (1H, brs, [err] exch, [err]), 9.88 (1H, d, [err] 7Hz , NH)
(Found, after prolonged drying: C51.6; H 4.9; N, 9.3 [err], 0.5 [err]
requires; C, 51.4; H 4.95 N, 9 . 5%. - 88 - (c) Benzyl

60- (D 2-[ (4- Et hyl - 2, 3- di oxopi per azi n- 1-y|)carbony|anino]-2-(3,4-diacetoxyg7

phenyl)acet am dol - 6] err] -for mam dooeni ci | | ana. e Benzyl
6[erf] ¥((2,2,2-Trichl oroet hoxy) car bonyl am no] -
6] erme® f or ram dopeni ci |l | anate was subjected to deprotection using powdered

~ zi nc-phosphate buffer. The am no-ester prodi4ced (0.200 g, 0.55 mmmole) was
di ssolved in dry dichloronmethane (3 m) together with '
di cycl ohexyl carbodi -imde (0.110 g, 1 eq). This solution was cooled to 0OC
and stirred while. D~2-[E4-ethy|-2,3-dioxopiperazin-1-y|)carbony|anino]-
2- (3, 4-.di acet oxy J tic.acid (0.220 g, .1 eq) in dry dichloronethane
(3 M) was added sebrflahiab-6dhepSal HidHd %990 ;Be980. L O-PF SRR fAlLe solid
_and was allowed {0 . Tega n 100 enper ature. _Arter 3 ttie-drcycrotexyl urea
precipitated, wa Pl arabisiycroryohaayvilacesapidoloen be bl ani 4y agidqs’
Trituration withsedhem gave a solid which was subjected to chronat ography
«on silica gel (40 g) eluting with 5% net hanol -chl orof orm Appropriate

~“fractions were pool ed_and evaporat ed, reprecipitation from chl orof orm ether

 “gave essentially puresﬁéﬁ?ET? %4??%&7%97%:Ffée°g?-séqbydroxyphenyl)
acetamidolpenicillanic acid (0.10 g, 0.25 mmol) in

s . water (10 ml) and acetone (3 ml) was adjusted to pH 7.3

with N sodium bicarbonate solution. 2-Oxoimidazoiidinm
l-ylcarbonylchloride (0.037 g, 0.25 mmol) in acetone {3
ml) was added and the reaction mixturé maintained at »H
7.5 for 2 hours. The reaction mixture was diluted with
water, washed with ethyl acetate, acidified to pH 1.3
and extracted with ethyl acetats. The extracté wers
washed with brine, dried and avaporated. The residus

was taken up in water at pH 6.5 and Sfreeze dried =5
) 0.9%1, 1

give the sodium sal:t (54 mg, 413); §{D30 91

(6H, 2s, gem dimethyls), 3.2-3.5 (2H, m, imidazolid:iae

methylene), 3.6-3.9 (28, m, imidazolidine methylene)
O 4.13 (lH, s, C-3 oroton), 5.25 ( 5
- {l#, s, C-5 proton), 6.83 (2H, m, aromatic protons),

7.31 (2, m, aromatic protons), 8.10 (lF, s, NCHI).

— L. et

’
1, =, e¢-proton), 5.55

. i —— e —

— -

MIC against P.mirabilis 889 is 0.5 ug/mi.



(
| ), L.
4‘.3-3.4,(1360
5.12 (2
7.

Rf 0.35 in 10% net hanol
ry 1770, 1740, 1710, 1680 and 1500 [err];
;

23 (3H, t, J 7Hz, [err]), 2.22 and 2.24 (6H, 2s, 2 [err

(4H, m 2 [err]), 3.75-3.95 (2H, m [err]), 4.36 (1H s, 3-H,

1),

g% ferr]), 5.52 (1H, s, 5-H, 5.64 (1H d, J 7Hz, NCHAr)CO,
2 (1H . 7. 45

(1H d, J
NHCHO) , 8.
(Found: C
10. 8% .

7Hz, aryl H), 7.33 (62, s, phenyls and one aryl H)
7FE aryI Hy, 8.0-8.1 (2H~-B5.s¢ sharp s, 1H, on [err]
79 (1H, brs, [err] exch, 6-NH), 10.11 (1H, brd, J 7Hz,

exch,

-chloroform J[err] + [err] (c 0.57 in CHC [err] nax
[err] 0.85 and 1.18 (6H, 2s,

oxch, -

54.35; H 5.0; N, 10-8- [err] requifes C, 54.2; H 5.0; N
_y|)_

- 89 - (d) ©6[err]-[D 2-[(4-Ethyl-2,3-di oxopi perazin-|

carbonvlamgygméqééiﬂ-dlacetoxyphenyl) acetanldo-
| |

6[err]-form

6[err]-[D
acet am do-
di ssol ved

(0.050 g) was—added and the m xture was hydrogenated at anbi ent tenperature

6( £yl d darymme  and d i o0 {0 LG ] s

|§h£@trahydrofuran water (4:1, 10 m). 10@6pal|adiun10n char coa

and atnDspherlc pressure for 1 h. After this tinme no starting materi al

visible by t.|. cCex-Hdemartidd-yss- (s2 £ahies-e2- pf fhyadubxyertteey el | with wat er
and tetrahydrofur

{ACRA ag%bér%rhlté&?b{' L1r at &5 %’ago ﬁ@ g Wfﬁpqﬂnuﬁ].)z & hy! heXanoat e

i n net hyl

blutTon wa
water (10 ml) and THF (3 ml) was adjusted to pH 7.5

with sodium hydrogen_carbonate solution. To this was
added E—chlorocarbonyl—ﬁ-methyl cinnamide (0.055 g,

'0.25 mmol) in THF (3 ml). The reaction mixture was

stirred at pH 7.5 for 2 hours, diluted with water and
washed with ethyl acetate. The reaction mixture was
acidified to pH 1.5 and extracted with ethyl acetate.

" The extracts were washed with brine, dried and

evaporated. The free acid was dissolved in water which
was carefully adjusted to pH 6.5 with sodium
bicarbonate solution and the resulting solution
filtered and freeze dried to give the sodium salt (105
mg, 69%); §(D20) 0.92, 1.29 (6H, 2s, gem dimethyls)
2.87 (3H, s, NCH3), 4.14 (1lH, s, C3 proton), 5.27 (lH,
s, o-proton), 5.56 (1H, s, C5 proton), 6.5-7.5 (6H, m,
vinyl and aromatic protons), 8.07 (lH, s, NCHO); VY qax
(KBr) 1515, 1610, 1675, 1770 cm~1i.

MIC dgainst P. Mirabilis 889 is 2.5. ug/ml.

was

Y



evaporated to dryness. Trituration of the residue with ether afforded an
off-white solid which was filtered, well mqﬁﬂsd wi th acetone and ether,
then dried to give the title pencillin sodi Salt (0.060 g, 70%; ‘Rf 0.20
in n-butanol :aceticgaghgdidatgr, 4:1:1; [err] max (nujol) 1775, 1710 sh,
1680, 1610, 1500 [erTT,; ferry 0.91 and 1.27 (5H, 2s, [err]), 1. (3H t, J
THz, rr]), 2.30 (6E, s, 2 CH3CO, 3.30-3.80 (4H, m 2 CH2N), 0-4.05

(2H of CH2N), 4. 156B3ED-2~ [ G4+EthyE <6 Y~Bhilo xop iBekpzih-56v] It risonyNGHCO) ,
71575 (3N M agila 507, Lldhace IOy YaCetdRl A5 L TREARIT T 509

Is 0.5 [err]/m. ofer ri=(o 2=t {t&F—ethyt—2,
3-di oxopi perazi n-1- - : -
d|acetoxyphenyl)]acetan1do] [err] fornanldopen|0|llan|c acid, are renoved
by treatment with Subti]isin Carlsberg to'give 6[err]-[D 2- [(4 ethyl 2, 3-
di oxopi perazi n-1-yl)carbon Ian1no] 2-(3,4- dlhydroxyphenYI) '

] acet am do- 6a- f or anf 8bpek (4nE 3= gpiggrpzin-1¢y

“B[arr]-[ D 2-[ 3-[ 2- (4- Ami sipsie prawa, mfl\l&|¥)i%6k?9hén§\l§'éeévpdrééTidjl n
-51yl]ure|do] 2- (4- hydr oxyphenyT)yacetam do] - o[ err or mam dopeni cil |l ani c

-acild. disodiumsalt.

2

D—3,4-Dihydroxyph¢nylglycine (L.00 g, 5.46 mmols)

‘was suspended in N, N-diethyl-l,l,l-trimethylsilylamin
(10 ml) and heated at 80-90°C under nitrogen for 3h.

There was undissolved solid at the end of this period.
Zxcess reagent was removed by evaporation under hignh

vacuum and the residue was suspended in dry
tetrahydrofuran (10 ml).. The mixture was stifrad at
0°C and 4-ethyl-2,3-dioxopiperazine-l-carbonyl chloride
(1.23 g, 1.1 eq) was added in one portion. The mixture
was allowed to warm to room temperature and stirring
was continued for lh. After this time the mixture was
poured into water (resul:ing PH2) and extrached wizh
1l:1 n-butanol:ethyl acetate. The agueous phase was
saturated with brine and further extfacted twiée wizh

o the same solvent mixture, then the combined extracts

4::’ were dried over sodium sulphate. Evaporation gave an
oil which on trituration with ether afforded the tizl:z
acid as a light brown solid which :e;ained'solvents
tenaciodsly (1.9 g, 99% igncring solvent);

. . _ Rf 0.35 in n-butanol:acetic acid:water, 4:1:1, Eddgzc
-81.7°(c 1.0 in EtOQOH);
C. Y max (XBr) 1710, 1670, 1610, 1520 cm~1;

$ [{CD3) 2501 1.07 (34, ¢, J8Hz, CH3CHoN), 3.0-3.7 [4iF,
m, 2 CHa¥), 3.7-4.0 (2, m, CHN), 5.10 (1
NCH(Ar)Co), 6.5-6.9 (34, m, aryls), 9.0 (23, b5r, 2zC
- exch, phenolic CH), 3.50 (lH, br s, J 7Hz,



A suspensi on of 4-L(3-am no-4-hydroxypyrimdin-2-yl)am no benzene

sul pr_gona\rlm (281ng) in dry tetrahydrofuran (250m ) under nitrogen, was
treated w stirring at roomtenperakyre. with triethylam ne (101ng).. The
m Xt ure. was refluxed for |h then cooled to [err] and treated with a '
sol ution of sgen |ntoluee( of 125%w/v). ‘ghe mxtLﬂre was
al l oned to reéfai n2r6akitsk ORARJF && oom
t enperature for Oaﬁlimo]'he-(Es&lMngemmmhﬂwamratmdt ed in vacuo to%gd
vol ume of about 50ni. '
6[err]-[ D 2- Ami no- 2- (4- hydrox phenyl ) acet am do] -6[ err] -

f or mani dopeni ci | | Bkt (A4 BtpY 523y ~ bR xR RF AR 1 LT H0RERIEEdS
e-trahydr of oaaRn630at-) 3aa-e&ybyoﬁ¢dmérpmaﬁe&\wwws<1 2@digymshgdr ogen
car bonat e sol ut tQ

pH Thi s te C . w,th the
above- f or rredm?8:lﬁt)| oﬁs Zf'ﬁ’épegcy? a?éﬁ E%%%mmoé ag’on(gzofnﬁlg uw ition of
M acueous sedniRrhgenogémosahponaat b¢ut i DY tRY v ineai (1 t3t$e ng of the '

reaction ni xisune et wRaNaZe@:andndydriad! {213¢ e, Ll Wnuddee reaction
m xt ure was stlrred 5hth owed to regain rocm

t err
t enper at ur e 69@Fdo.a§ﬁ #I’rérgf‘aaﬁf'% J’% RS Wer%“rr e?feitrfc\/acuo and t he
aqueous resi daaydasifed (@i.2hgot kgé adéeéttef(émlmm) ,0 therth@n0@ie) , and

aci difled 10-giigeBal BaPLEI80EE 85 @5% UG Sl duAd aliber (S0M).

The resultlng precipitate was col tration washed wel |
with ether awesmtfnea PRUFgEudnsQet ﬁhBEbﬁ%r?& et b@REAE A d the inpure
produce (200r®@tER 2ngolthed wq&esuspgndsd aoidbf bed (&Ongy , 24 heeheH adj usted to

7 with 1M aqueous soglh%@ehxg gggﬁggﬁ na{:§e Q%F: %lgt%%gl |tered and the

filtrate freezd3gi e br own
Chr ormat ogr apley tarcsield; d;arlgel fB@GBSG- 4@(9hn'é§hYJASﬁ%ta‘é¢ Lﬂrﬂwgﬂw th et hyl
acet at elproP%’@:‘t%‘lO'e/x‘@'ta%rb d%14a2°vg§vsoaaﬁﬁeguiw£z@ dragdigbration -

63- [D_Z 3- [2 QA %ﬁl 3 mywnxch was triturated with ether and
' petroleum ethev to give the crude product.

Purification was effected by dissolving the material in
chloroform and adding dropwise to a large excess of 3dry
ether. Filtration of the resulting solid gave the
desired diacetoxy acid (1.78 g, 77%) which retained
ether &traces tenaciously.

Re¢ 0.25 in n-butanol:acetic acid:water, 4:1:17 : '{:>¥

 »oa4 (KBr) 1765, 1710, 1675 and 1500 cm~l;
$(CDCl3) 1.14 (3%, t, J 8Hz, CH3CHpN), 2.22 (8%, s, 2
CH3CO), 3.25-3.70 (4H, m, 2 CHN), 4.80-5.10 (24, m,
CH,N), 5.48 (15, d, J 7Hz, NCHCO), 7.05-7.35 (3H, m,
ohenyls), 7.42 {lHd, brs, D20 exch, CO2H), 9.88 (lH, &,

(Feund, after pro Y /51.6; H, 4.9; ¥, 3.3
C19821N3Cg, 0.3 H0 requires; ¢, 51.4; #, 4.93; N,
9.5%)

L



phenyl ) am no- - - hydroxypyri m di n-5-yl ]ureido]-2-(4-hydroxyphen - 92 -
acet ani do] - 6a-f ormami do penicillanic acid, disodiumsaid (52ng, %;[err]

max (KBr) 1765, 1653, 1610, 1390, 1530br,

100[err] ; [err]

[err
Mra

.07 (1H, brs,
is 889 is 0.(2) eeehkz
- 6[err]-Formam do-[err] - hLvIQE
oxoi m dazol i din-1-vl] carto

(IH,_E:NCHCO), 6.88 and 7.38 (4H, 2d, J 8Hz,

pyrimdinyl), and 8.11 (1 H, s, CHO. MC against P.
63-[993-[Ekamtﬂ 45)3-d1oxo iperazin-

acet am do] penici |l | ani c &EEB age ban iAo i - 6= 192 Ajgoeni rdeexyphenyl
)acet am do] -6[err] - fornan1dopen|0|llan|c aci d. (0 23g) was suspended in

t 5m d tetrah t ed to 7 addj tion
\3? te ;u (et hyl Lmaﬂe aﬁd thég?‘ggul? g@o%u% J@ﬁ“@ﬁ ’EéoPsaY%%mef‘Slt

suspen5|on of [3- (ﬁdréﬁrmamyﬂﬂeehy¢ehbematgnwas(Euhmaodanoloddaprotecelon
-1ryl]carbonyl chl Qsiidg bBwietsedhydnelsy

t hb pH of the nixture bel ma
. Affer the additionF ﬁBQuSSHpﬁgtég h®r

é'ﬁsr dd@gsgivedsint 6??0 Sh,

when the organi c sdlicbdbromethane (3 ml) together with

[ .

dicyclohexylcarbodi- imide (0.110 g, l_eq). Thzs
solution was cooled to 0°C and stirred while |
D—2-[(4-ethyl-2,3—dioxopiperazin-l-jl)carbonylamino]-
2-(3,4-diacetoxyphenyl)acetic acid (0.220 g, 1 eq) in
dry dichloromethane (3 ml) was added over 0.17 h. The
solution soon began to precipitate solid and wes
allowed to regain room temperature. After 3 h fhe
dicyclohexylurea precipitated, was filtered off and the
filtrate evaporated to dryness. Trituration with esther
gave a solid which was subjected to chrcnatog*apny on
silica gel (40 g) eluting with 5% methanol-chlorofosra.
Aporopriate fractions were pooled and evaporated,
reprecipitation from chloroform-ether gave essentially
pure penicillin ester (0.140 g, 33%).

Re 0.35 in 10% methanol-chloroform; &1 20 + 103° (c .37 :a

Y nax (XBr) 1770, 1740, 1710, 1680 and 1500 cm-l;
% (CDCl3) 0.85 and 1.18 (6, 2s, (CH3),C), 1.23 (33, &,
J 7Hz, CH3CHpN), 2.22 and 2.24 (6H, 2s, 2 CH3CO),
3.40-3.60 (4H, m, 2 CHpN), 3.75-3.95 (28, m, CHpN),
4.36 (1H, s, 3-8), 5.12 (2H, s, PhCH,0), 5.52 (lH, s
5-H), 5.64 (1, d, J 7Hz, NCH(Ar)CO), 7.12 (1H, &, g

74z, aryl H), 7.33 (6H, s, chenyls and one aryl =),

7.45 (18, 4, J 74z, aryl H), 8.0-8.1 {2H, br s; sharp
s, lH, on D20 exch, NHCHO), 8.79 (lH, brs, D0 exch,

6-NH), 10.11 (i#, brd, J 7Hz, NHCH);
(Found: C, 54.35; #, 5.0; N, 10.8. C3543gNg0135.38.345¢C
requires C, 34.2; €. 5.0; N. 10.8%).

alnﬁ$;§% KJéHﬂQuég?%” oﬁﬂo? trlet%QFan1ne

0
1410, 1385, 1340, 1215, 1158, and

- [err] ] 0.951.31 [ersh 3.30 (1H,s,5-H), 5.56
[err] 7.70 and 7.82 (4H, 2br s,

(W]

)



evapor at ed under reduced pressure. The aqueous residue was washed tw ce
vi)_gl@'.- ethyl acetate a once wth diethyl ether , before being acidif ied
pkﬁ‘mnth 3M hydrochloric acid in the presence of ethyl acetate (25m).
- The phases were separated, the aqueous phase further extracted with ethyl
acetate (25m ), the extracts conbi ned, washed with water at pH2, water,
saturated brine, dried over anhydrous magnesi um sul phate and the organi%(:}

sol vents evaporated to dryness under reduced pressure. The residue was S

suspended in water (10m ) contai ni ng-s@di um hydr ogen carbonate (0.018g),

the mxture filtered and the filtrate freeze-dried to the title conpound

0.137.g9); max (KBr) 3320br,. 1770, 1722, 1670, 1610 1511, 1479, 1416,

1390, 1273, 12&; 1.26 (6H, 2s,

[err] (4H br s9% e CHCO), 5. 52,

"(1H, s, 3H) 6. 56( 2 ; ),

- 7.21-7.43(2H, m fLﬁdﬁfdiﬁaﬁiddaédﬂcﬂmmanh%r&kha Ogoéihtha£%K3 9r07 (

1H, d, J8Hz, NHCHCO) ‘U‘Z517ﬁTTTWT'"""1ﬂF"E§5ﬁﬁF€THTBT§FH

[ D- 2- (D 2- Car banoyl am no- 3- phenyl pr opi onam do) - 2-

(4- hvdr oxvphenyl ) adisrey i B-6[er2 [-(MoErhyild@pdniddckbriperazios Lspllium sal t

A suspension of_ Dy 2 G ?@4@3&4 Bl 1ReRRMALERERNEC righ 6208 D) 1 dry
under

acetone (10 nml) was treate anhydrqous conditions wth triethyl am ne
(101 ng), and PHELGEARRYR) (R 400 @ rsOi-trdd ™aRded oRr8ddtBseLveE B - 20 C.
_ tetrahydrofuran:water (4:1, 10 ml). 10% palladium on

charcoal (0.050 g) was added and the mixturs was
hydrogenated at ambient temperature and atmospheric
pressure for 1 h. After this time no starting matsrial
was visible by t.l.c. The catalyst was filtered off
and washed well with water and tetrahydrofuran. To the
filtrate was added 2M sodium 2-ethylhexanocate in methyl
isobutyl ketone (0.065 ml) and the solution was
'evaporated to dryness. Trituration of the residue with
ether afforded an off-white solid which was filterasd,
well washed with acetone and ether, then dried to Jive
the title pencillin sodium salt (0.060 g, 70%);

Reg 0.20 in n-butanol:acstic acid:water, 4:1:1; .i:j

Y pax (nujol) 1775, 1710 sh, 1680, 1610, 1500 cm~i;
$(D20) 0:91 and 1.27 ($H#, 2s, {(CH3)3), 1.18 (34, t, J
THz, CH3CHaN), 2.30 (6H, s, 2 CH3CO), 3.30-3.80 (4d, m,
2 CHpN), 3.80-4.05 (28, m, CHN), 4.15 (1, s, 3-H),
5.46 (1€, s, S-H), 5.56 (lH, s, NCHCO), 7.15-7.35 {3H,
m, aryls), 8.07 (lH, s, NHCHO).

-
3~
3

MIT against P.mirabilis 389 is C.35 ag/nl.

A



| so-butyl chloroformate (136 ng) was added and the m xture stirred at
-10[err] to -20[err] for 20 mn. The reaction mxture was cooled to -40 C
and added to an ice-cold solution of IU‘,
6[ err] - (D 2-am no- 2- (4- hydroxyphenyl ) acet ami dol ]- 6a-formam dopenicillanic
acid 52 ng) in water (20 m) containing acetone (5 m), at pH 7.5. After
theéltlon the reaction m xture was allowed to regain roomtenperature
ove 5 h, then stirred for 1 h at roomtenperature. The aorganic solvents
were evaporated in vacuo and the aqueous resggue washed with ethyl acetate
(2 x 50 m), ether (50 nm), then acidified to pH 2 with 5M hydrochloric
acid in the presence of ethyl acetate (25 m) and ether (25 m). The
resulting, white precipitate 'was collected by filtration, washed well wth
ether and dried in vacu&MmeM%YpbcquSpeﬁt BRT fo-2- Mherallivdd- 250l i d was
suspended in water tihe M aqueous

p Jd¥op iada il lp l@%a)%&Eﬁg %Qil_ %f %" é:ﬂd} q

sodi um hydr ogen car bonat e sol uti th(a1 1f| l.trate

n, e
“freeze-dried to yi iREFONE (1 5’%’?‘0%9% 2546 my of
this material on siddich, gme &(én(oﬁaa- 890 meahmé@&'l\@u.thaliﬂbtr@-mﬂﬁ et hyl

. acet at e/ propan- 2- ol 4 Q%R _ - -2, 3=

2- (D 2- car banoyl am n%ﬁﬁ%quﬁ% 3;(%V| oEamé EDE( ethyl 2.3

<hydr oxyphenyl ) acet a#ﬁ%iﬂ?ls[eeqarzjmf'ér'ﬂﬁr}FGSEéﬁh’&FPI'-&?ﬂ e2akidt™  sodiumsalt
(117 ng, 199, afteaihyeraeystienyld)]dctiahitliBo-idfhanlddtierticiliaadcbr,
1512, 1385, 1265, 1210 an 178 Jag_rr] [err] 0.89, 1.21 (6H 2s, [err]
2.94. (2H, m [err] iﬂ]—_’( 5.22 (1H, s, 5-H), 5.48 (1H, S,
NCHCO) ,



6.75-6.90 and 7.05-7.40 (9H, m [err] and [err] and 8.05 (1H, s, CHO. MC
against P. Mrabilis 889 is 2.5[err]/m. - 96 - Exanple 22

68-\[& [ (Counari n-3-yl)carbonyl am no] - 2- (4- hvdr oxyphenyl -

acetamni dol -6[ err]-formanm dopenicillanic acid, sodiumsalt (a)

Counar i n- 3- car bonvl chloride Coumari n- 3- carboxyl ic acid (2.1 g, 10 m nol e)
was suspended in dry dichloronethane_(d0 pl) and heated at ref lux for

with thionyl chloride (5 m). After this tine a small amount of insol ubM®

mat eri al weBx3mgliedd of f and petrol eum ether 60-80 C (35 m) was added to
the filtrate. The acid chloride was filtered, washed with ether and dried-
(1.63 g, 719 :hehtl
7.30-8.10 (&=
6[ err] - [ 2- ({auinpdren=dR Z

hydr oxyphenyd JRe6af il 6[1%&]: aewanaﬂgwmxﬁléalmat e

6[ err] - (2-amno- Z- ( 4- hydr oxyphenyl )acetam dol -] err] - formani dopenicill anic
acid (0.100.g, 0.25 mnole) was suspended in water (5 m) -and cool,ed to
O[err] W|tmssusperm;.orAos:oI%ﬂl(eﬁamingﬁuhMIWWm-Zcmldﬁmdeoa0 060 g,
1.2 eq) in tSﬁ&ééHB’dwﬁlﬁrma&%d@ 2885 @dﬂeddﬁﬁdté{ﬁr@ldz\mraw ntsoneq at
8.0-8.5 by addj tion of M sodium ogep. carbonaﬁe solytion. The_
mixture V\IB.S""%H?%V@CFTQ?%I’ #2o *© F88me?e%rb Pat th e > 3t iR "‘nge'“"e Taruze,

with triethylamine (TOlmg) The mixture was refluxed for

lh then cooled to 0°C and treated with a solution of phosgene
in toluene (lml'of 12.5% w/v). The mixture was allowed o
regain room temperature over 0.35h, then stirred at room
temperature for 0.53h. The resulting mixture was concentratad

in vacuo to a volume of about 50ml.

- C , ) c 2
63-i D=2-Amino-2-( 2-hydroxyphenyl Jacetamido |-6x-
formamidopenicillanic acid (462mg) was dissolved in 30%
agueous tatrahydroforan (30ml) at o° C, by addition of u

aqueous sodium hydrogen carbonate solution to pH7.S3.

3

soiution was treated at 0°C with the above-formed solutic
of the acylating agent, with concomitant addition of

aqueous sodium hydrogen carbonate solution to maintain =he

oH of the reaction mixture between 7.0 and t
addi<icn, the reaction mixture was stirrsd at ¢’z to 5% Zoxr
O.3h,then allewed tc¢ xegain rYoom <emperxaturxs over 0.3n. Ihe
srganic solvents were removed in vacuo and the agueous residue
washed with ethyl acetate (2x100ml), ether (lCCml), and
acidified to pH2 in the présence of ethyl acetate (3Cml; and
2zher (3Cml). The resulting precipitate was collectad bdy

filzration, washed well with ether and dried in vacu>d



was continued for I h. After this tinme further water (5 m) was added and
the solution was washed tw ce h -97 - ethyl acetate, backwashi ng each
time with alittle water. The aqueous sol ution was saturated with sodi um

chloride and acidified to pH 2 with 2M hydrochloric acid, concomtantly “)
-extrggting the product into 1:1 ethyl acetate: tetrahydrofuran (2 x 20 m)+Ya

The_- jal extract was washed twice with br+n2¢ dried over sodi um sul phate :
and @¥aporated to give the acid formof the product (0.170 g). This was

di ssol ved in acet A%e%asddol-peréarmanido 1o8oM sbitinka 2cdchy Bhexdneat €ain
rre:]hyl |sobut|yl ketsaigy, (Oyﬂ)?;vnhaxl_(rng}\v\mgﬂddxeaj;, fq_lollgweg_,bq; aglglgég,pn gf
ether to conplete i piddaat i it re
washed with acetonlgil?r:que:’.:s%érqgﬁg Tdr ]éd’ }Oﬁ’ﬁ’ogtj‘éJ?%ii Pwﬁg“éﬁ %

n- but anol : acetic &A3P0vat &0 ]40195;;1[%1rqér@,l\&ﬂ»(ﬂ-)':(%oo)lﬂmouﬁﬁ 15E0), .
%53;3 é5£118 ?rlmH 6 5.[3 r(LH =2:312i ) 33:@”%_':1 -?%dx—@gb 2§Hsbgﬁﬁh 743820 4dH s,
‘(4H, m aryl 72d30—8 36% ? 48{;?‘? ‘SI %D 8'8%2 , 2br NECéE#qgl_%z\g&)(’lll

s, coumarin 4- H) MQC g, hsts,PPYMm:adme-‘s ,8&9164 8.10 [(@r M} gé ¢ CHO). 98

‘MIC against 2. M rabJ.lJ.s 889 is 0.3 4g/"11



Exampl e 23 Benzyl 6[err]-[D 2-[4-(benzyl oxycarbonyl oxy) phenyl | -2-[ (4-
et hyl - 2, 3- di oxopi per azi n- 1-yl ) car bonyl am no] acet am do] -6[err] -
for mani dopenci | i anate (a) Benzyl

ae no-6[ err]- (D 2-[4-(benzyl oxycar bonyl oXy)
phenyl 1-2-(2,2,2-trichl oroet hoxycar bongl am no) acet am do) penicillanate A
sol ution of benzyl 6[err]-[ D 2-[4-(bén I oxycar bonyl oxy)

_phenyl ] - 2- : 2,2,2-trichl oroet hoxycarbonyl am no) acetam do]-. '.
6a- (et hyl lanate (0.460 g) in dry N, N-dinethyl- formam de (7
m) was stirred under nitrogen and cooled to -40 C. A sol.ution of mercuric

acetate (0.8 Ao |apu_§_ _cplbrrgt y fpsm_ V(iln J, l%aﬁlgq foll owed by

ammoni a (0.8 . 8 ction
m xture waexgi & O4 "dll 1 S»"a!‘-.-. :!nn ‘---an?*' ’:“H bet ween

et hyl acetag&ﬁag_dwbga,c'{mg afk gaxd hed four tinmes with
water, oncé Wth brine, dried over sodi um su ate and concentr at ed.
ChrOmat ogr aphy_ of the residue on silica gel 60 ( 230 mesh ASTM , eluting

with ethyl &editaeinénans ($-1ydaveybreny} ) Beanidmi-$e-shmeanidopenicillanic

D{ﬁ [ 4- beg@é;@%@a@%f)ylxgéy)sabsgﬂaédZTA zuazte?rt (20l Qner tetrahydrofuran 00,
et hoxycar no ni Ci angt e err

3310, y3020 {]5\/2!39 %.%s“ 8&° Ji %&‘%&%ﬁé‘m"l téf‘?]‘hZEB‘B %da*r 20 -
(6H, 2s, [eu”'te] r&S@O.(tZHg ssoletidpndsglrfad s, 3- 4.64 (2H, [err] 5.11

and 5. 20 Aa!#zd %%olba”tb 6 38c(1Hy dusderdd¥on I\Q"q?@-a(éi:%ﬁ (le s, 5-H), .
6.41(1H, d, 10 and744(4H 2d, § Hz ,bog ﬁn\é[’l_ 3. and

7.36 (11H, ﬁ@eWéﬁWa&ﬁa%H?‘%B}mB‘éﬁi% fais C1y1)cdE oride

6[ err] - [ D Z dee(tramzyroyucanb(hOnbdX y¥aderhyds] -Rided dropwise, the pH

(2,2, 2-tri cfyf arethoxycar BaRubapl agiacel@nd doj - SIS lediumBMb
'triethylamine. After the addition was complete the mixture
was stirred at 0-5°C for 0.3h, when the organic solveht was
evapdra?ed under reduced pressure. The agueous residue was
washed twice with ethyl acetate and cnce with diethyl ether, sefars
being acidified to pH2 with 3M hydrochloric acid in the
presenca of ethyl acetate (25ml). The phases were separatad,
the agqueous phase further extracted with ethyl acetate {23mi},

the extracts combined, wa;hed with water at pHZ2, water,

saturated brine, dried over anhydrous magnesium sulphate and

<he organic solvents evaporated to dryness under reducead -
sressure. The residue was suspended in water (1Cml)

The nixXxTturs
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iltered and the Ffiltrate freeze-dried to the title ccmpound _
[0.137g); v max {KBr) 3320br, 1770, 1722, 1670, 1510, 1l5ii, .
v q . - - - _l 21 7~

1179, 1415, 1390, 1273, 1235, and 1210sh em —; 5ID.,0/(CD

i 3)230,'
CD,CD;2:1: 1] 0.89 and 1.26 (6&H,2s, C{ (CHy)4),3.81 (4%,5r s, ;
<wo CH,'s), 4.08 (1l4,s,3-H), 5.36({1H,d,J3Hz,CHCC), 35.32,
'1Hys8,3H,) 5.386{1E,m,furyl~H), 3.75-6.92(3H,n,furyl and Twc
C.H,-d's), 7.21-7.43(24,m furyl-H and CH=N), 7.37-7.73{24,a
Two C,H,-H's), 8.08 (lH,s,CHO), 9.07 (lH,d,J8Hz, NHCHCC

st ?. Mirabilis 332 is 2.25 «g/ml



| dopenci | | anate A solution of benzyl

6[err]-am no-6[err]-[D 2-[4-(benzyl oxy-

car bonyl oxy) phenyl ]-2-(2, 2, 2-tri chl or oet hoxycar bonyl am c) .
acet am do] penci |l l anate (0.256 g) in dichloronmethane (10 m) was sti rrella ‘.

under_ar gon and cooled to 0C - 99 It was treated with poridine (0.26 *
m).  acetic formc anhydride (0.13 m), and then allowed to warmto room
te ture over a period of 3h. The resulting solution was washed wth

0. 5N hydrochloric acid, dilute aqueous sodiugdhydrogen carbonate, brine and
dri ed over sodi um sul phate The sol ution was concentrated and

chromat ographed on silica gel 60 C 230 nesh ASTM eluting with ethyl

acet ate/ hexane 1:1 to give benzyl 66-[D 2-[4-(benzyl oxycarbonyl oxy) phenyl] -
2-(2,2,2-trichl or_oeth rbonyl am no) acetam dol -[err]-form

am dopenC| | I anat as a colourless foam max [err] 3420, 3300,
3000 br, 1780 sh, 1765 1745, 1695, 1605 and 1500 cnl; d (CDC13) 1.00 and

“1.20 (6H, 25, [ergd-rp3h ((Duﬂrc%rbgmb')zlaﬁlﬁﬁ-i%ﬂlen‘ijlﬂz%ro&]oham@dég aad 5. 20

(4H, 2s, [err] 5EEL§,OG,J/ ,‘bb(lH brd,

CHCO)

J 7 Hz, NH), 7.09'%% ¥ Lé?e’qa’ﬁ‘ = oY ROPE S(11H,

' 2s, phenyls and Nkid 8. s@fﬁl(uirHsait NCHO) , and 8. 50 (1H b NH) (c) Benzyl
«68- [ D- 2- am no- 2- [ 4- (benzyl oxvcar bonyl oxy) phenyl]

acetam do] -6[err]-forni dopencill anate A sol uti-on of benzyl
;6[err]-(D 2-[4- (benzy%d%yﬁgpﬁéﬁy|8 y?- -carbamoylamino-3-phenylpropionic
phenyl ] -2-(2, 2, 2-4¢idhian0aighoxyicdkpoaybashe o) BT eilgmwhal treated, under

6a- f or mami dopenci AN S Ror @A £9bnk Wi 64 T ALY AOAS AR ](9.0'11 )ng) , and

the resultlng mixture stirred and cooled to -10°C to -20°cC.

Iso-butyl chloroformate (136 mg) was added and the
mixture stirred at -10°C to -20°C for 20 min. The reaction
mixture was cooled to -40°C and added to an ice-cold
solution of 68-[D-2-amino-2-(4-hydroxyphenyl)acetamido]-~
6a-formamidopenicillanic acid (462 mg) in water (20 mi)
containing acetone (5 ml), at pE 7.5. After the additiorn,
the reaction mixture was allowed tc regain room temperatura
over 0.5 h, then stirred for 1 h at room temperature. The
y - organic solvents weres svaporatad in vacuo and the agquecus
i::)' residue washed with ethyl acetates (2 x 50 ml), ether
(50 ml), then acidified to pH 2 with 3M hydrochloric acid
in the presence of ethyl acetate (25 ml)'§nd ether (25 ml).
The resulting, white precipitate was collected by
filtration, washed well with sther and driesd in wvacuc
over ghosphorus pentoxide. The dried solid was suspendad
in water (25 ml) and the pH adjusted to 6.5 with 1M
agqueous sodium hydreogen carbonats solution, the mixtur:
- £iltered andéd the filtrate freeze-dried to yisld 296 mg
of impure product. Chronabocranny of 200 mg cf this
material on silica gel 50 (230-400 mesh ASTM), =lui

) . N / -~ ~
with ethyl acetat=/aronan—2-ol;water, 5:3:1, gave &

-

D

E}
By
-
_,..

l‘ ld]

0‘-"-

2-(D-2- ca*banovlamlnc—1-pnenyloronlcnan1ﬂo)-2-

hydroxyphenyl) acetamido]-sa-formamidopenicillanic acid



was stirred at roomtenperature and treated with M aqueous potassium

di hydr ogen phosphate (2 m) followed by freshly acid washed zinc powder .
(0.400 g). Stirring was continued until deprotection was conplete (ca 4 h)

i t.he-m xture was then filtered through celite. The filtrate wvas
oncentrated and partitioned between ethyl acetate and brine. The ethyl
acetate solution was dried over sodium sul phate and concentra-- ed to
benzvl 6[err]-[D-2-am no-2-[4-(benzyl gxycar boryl oxy) -

phenyl ] acet am do] - 6[ err] - f ormam dope'héﬁl |"anat e. -100- (d) Benzyl
6[err]-[D 2-[4-(benzyl oxycar bonyl oxy) phenyl ]-2-[(- '

et hyl - 2, 3- di oxopi per azi n-1-yl ) car bonvl am nol acet am do] -6[err] -

f or mani doQgjaGiukl aRate.(1Benayl 19%), after freeze drying:
6[err]-(D-2-am no- 2-[4- (benzyl oxycar bonyl oxy) phenyl ]

acet am do] - 6a- f or mam dopenci | | anate was pr epar ed fromthe corresponding
N-tri chl.ongef haxprar B6F! dé#ﬁvhnvbGQQ) G0 1PLZand 3€Ren1dfSsol ved in dry

tetrahydrq_f‘%.iroarh@ hk. dnf' was stirred at O[err] under nitrogen and treated

~With 4-eth - |oxop| pera2| ne-1-carbonyl chloride (0.050 g) The
reaction mxture was allowed to warmto roomtenperature over erlod of
| h and t hen e, 183t,ed. 2Ih(éoHesBsIue2v@bC:i?)k§n @B 94n (@thmraeg‘g washed

with bri ne, over ssedi u t eg anslgonoenig atied. TthHQSDdUG was
chr omat ogr apﬁf ﬁgirf \s% I cgg ?]%g Egl% 50" hres EQZSTV\%&ta(th ve's benzyl
6

- 6lerr]-(D&-T%4- t?@n?ﬂdoﬂy@grﬂoﬂﬁl 2y p‘FIEH%EIS
et hyl - 2, 3- ylﬁogrgersa,zumol yl ) car bonyl am no] :
acet am dol - 6[ err]-formam dopenicillanate (0.055 g); [err] max. [err] 3280,

2980 2875 1780, 1765, 1745, 1710,_1685 0 a
MIC against P. Mirabilis’ 8819 21651 /'q.




1505cm 1; [err] 0.85 and 1.12 (6H, 2s, [err] 's), 1.26 (3H, t, J 7Hz, CH3
of NEt), 3.4-3.8 (6H, m [err] , 4.36 (IH s, 3-H), 5.07 and 5. 16, (2H ABJ[]j
J 12 Hz, benzylic CH2) , 5.21 (2H, s, benzylic CH2), 5.50 (1H, s, 5-H),
5.65 (1H, d, J 7Hz, NCHCO), 7.11 and 7.53 (4H, 2d, J 9 Hz; phenyl), _
7.2-7.5(10H, m phenyls),,8.05 and 8.69 (2H, 2 br s, NH's) 8.14 (1H, d, J
7 Hz H . 101 Exanple 24 6[err]- FOFHHH]I% 6[err]-[D2
(4- 'oxyphenyl)-2-[(3- nethyl sul phonyl %%iTi dazol i di n- 1- vl)
carbonvlan1n] acetam do] penicillamc acid. sodiumsalt (a) Benzvl
63-[ D- 2-[ 4- (benzvl oxvcar bonyl oxy) phenyl ] - 2-[ (3-
nmet hyl sul phonyl - 2- oxoi m dazol i di n-1-vl ) car 1bonvyl am no]
acetam dol -[err] - Examakedadenici | [-anat e Benzyl
6[err]-[ D 2-am no-2-[4- (benzyloxycarbonyloxy)phenyl]
acetam do] -[err]-fQrme ' _ Y-
N-trlchloroethoxy%: omTyt—pr ot S £ Rvdroxvplenys)
“am no conpound i Nn28EAMAES AT)O Y
nitrogen and treated mnth 3- (nethylsulphonyl) 2- 0X0
_imdazolidine-1-c 2 chlgg C o V foklomed by pyridine (0.0509).
The cooling bath _ xture stired at room
~tenperature for 2h. It was then concentrated, dissolved in ethyl

acet at.e, washed WIth bg b&ﬁaﬁfkﬁ-ﬁ-‘éé@:&é&%é@@'ﬁméuip«?atfb m QY I1QALAGr aphy
;on silica gel %<230 pesh, ASTN% t|n W th gth¥ afetaﬁflg;adbp% to
“ethyl : acetate/eth HePe19® éﬁf? oromethane (10 m ated ax
6[err] - [D-2 [4 (beafybnxicarbomy*xb@Oqﬁmenyu]cﬁl@31de (5 ml). After

this time a small amount of insoluble material was

filtered off and petroleum ether 60-80°C (35 ml) was

added to the filtrate. The acid chloride was filtered,

washed with ether and dried (1.63 g, 71%), mp 138-41%;

1 -1
Vmax (CHCl3) 1790, 1740, lGLO, 1570 cm ~;

3 (CDCl3) 7.30-8.10 (4E, m, phenyls), 8.95 (14, s,
coumarin 4-H).

i::; ' (b) Sodium 6B-[2-( (coumarin-3-vl)carbonviamino]-2-(4-
hydroxvphenvl) acetamido]-sa-formamidopenicillanatsa

-68-[2-amino-2-(4—hydroxy?henyl)acetamidol-Sa-
formamidopenicillanic acid (0.100 g, 0.25 m mole) was
suspended in water (5 ml) and cooled to 0%c with

ﬂ;

stirring. A solution of coumarin-3-carbonyl chlori
(0.060 g, 1.2 eq) in tetrahydrofuran (2 ml) was added
l-

and the pH was maintained at 8.0-8.3 by the addition

;3

of M.sodium hydrogen carbonate solutio The mixture

and stirring

(1}

was allowed to warm to room temperat
= 3
[

ur
was continued for 1 h. After this time Zurther wakter

5

(5 ml) was added and the solution was washed twice wii:



met hyl sul phonyl - 2- oxoi m dazol i di n-1-yl ) car bonyl am no]

acet.am do]-6[err]-formani dopenicillanate as a col ourless glass (0.1509);
[err] 3330, 3020, 1780, 1760 sh, 1735, 1690, 1665, 1505, 1355, and 1170;
[}lr_l'r@ and 1.11 (6H,2s,2- [err] [err] 3.6-4.1(4H m .NCH2CH2N), 4.37

(TH, s, 3-H), 5.12 and 5. 20(4H, 2s, benzylic [err] 5.50 (1H,d,J7Hz, NCHCO,6k
5.54(1H,s,5-H)7.09 and 7.49 (4H,2d, J9Hz, phenyl), 7.31 and 7.36(10H, 2s
phenyl s), 7.99,8.15 and 8.24 (3H,3s,CHQ and NH s), and 9.07 (I Hd,J )
7Hz, NH). (b) 6a- For mani do- 63- [ D- 2- ( 4=f/droxyphenyl )-2-1 3. |
met hyl sul phonyl - 2- oxoi m dazol i di n. -1-vl )carbonvl am no] acetam do
]penicillanic acid. sodiumsalt. A suspension of 10% oal | adi um on char coal

tal yst 1 ' ' L 1 » WaS, Prek t ed
Tz for 155HAL des T Etkairaiiy 3/ RLEL e M 1A PRk 0genal €
[ D- 2- [ 4- ( bBRe yROx§RET LHTHER PRenFRFUZAFRS- whER I P RALoTiE 0]
Pbdiég ')d' Q'n%_'é(éi&ffﬁ&\)édrﬁﬁfﬁmszaﬁ&hamdﬁ](d.ﬁachi@fmrﬁdnneni _;:i I ![anatﬁ .

: in_dioxane (2. a i oul. At at mospheric
pr essu?e uﬁ???ﬁm’g’éiﬂ%f%c?ﬁ%?c\%ﬁggg%#%Igg?gatgg %?% .fgjheé%‘g’?ul ting Pn xture
was treat edebatd: tesrahidanfuwiansd@i sm2RyBLbgenThe afdeAvat e @RraFL0g) in

water (1 mﬂésa@sﬁg@wi&é fi8d stheedi @288 ¥oSr CYSROERI A gHaB t he
filtrate and the aqueous sol uti on,Ll whi QQT renai ngd was. | shced wi th ethyl
acetate. ¥R BYRRBOTRTIDITR iHhY e REFYS FRED ety FRY ?‘bv%’ﬁ/e

6[ err]-formanldo-&f er rtiid Dray dissolved in acetone and filtéred,
(4-hydr0xypgggyi)33ﬁ[gég JﬁdéﬂﬂﬂqﬂﬁiﬁhbatQXQhnﬁgéﬂfii£§65§fyl

yl ) car bony["am no] acet am dof peni ci'l  ani ¢ aci d, iodl msalé o
ketone (0.13 ml, I eq) was added, followed by addition

- of ether to complete precipitation. The title penicillin

salt was filtered, washed with acetone and ether and
dried (0.11C g, 73%).

R. 0.55 in n-butanol:acetic acid:water, 4:1:1;

Voo (Nujol) 3250, 177¢, 1710, 1610, 1565, 1510 em™t;

§ [D,0: (CD;),50:CD50D, 7:2:3] 1.13 and 1.44 (6H, 2s,
(CHy) ,C), 4.22 (1H, s, 3-H), 5.40 (1H, s, 5-H),

5.67 (lH, s, NCHCO), 6.98 (2E, 4, aryl H), 7.51 (4H, m,
aryl H), 7.70-8.00 (24, m, aryl H), 8.22 (1H, s, NHCHO),
8.86 (1%, s, coumarin 4-H). '

MIC against P. Mirabilis 889 is 10 ug/ml.



(0.074g);[err] (KBr) 3320, 3010, 2970, 2920, 1770, 1730, 1675, 1610, 1515,
1355, and 1170 cm 1; [err] 0.88 and 1.24 (6H,2s, [err] s), 3.29.(3H, s, SO

[err] ),.3.80(4H,.br, [err]), 4.09(1H, s, 3H 11
5. 27(1H, s, NCHCO) ., 5. 49( 1H, s, 5-H), 6. 79 and 7.2 (4H, 2d,J 9 Hz, phenyl) aid

801ELHSCHO) oExample 23\ C against P. Mrabilis 889 is 0. [err]/m.

-103 anpl e 25 68-[ D 2-
[[er [err] Etho%c

(4- hvdroxyphenyl) LSO AL -:- ‘ FH &)
(a) Benzyl 6[errletlh|2122 dggnggkggvca;M§mmmmm1[ajggiamdo] -6 Q-

et hoxvcarbonvl i m dezalamdapeaai poRyLe81 no] acet am do] - 6] err] form
am dopenci | | anat e TBeENZyt

acetam do] -6[err] 3 : :
N-trichl oroet hoxygaehgm\}'i-ZdéEL?/ahwmﬁmmmmr@_mgdlamedw acetgmido]

"~ di chl oronet hane (] 1ad@tdhis was added diethyl 5, 10-

di oxo- 5, 10-di hydr G%ﬁkm}%m 5-a; 15 -d] pyrazine-1,6- dicarboxylate (0.246
.g) and pyridine (0.039 g) and the mxture stirred at roomtenperature for 3
days. The product wasA ceeluttiranf @gedeheyﬂ.emeo-smﬂd-s(bmﬁytm &HEEBH?E%E‘P)

“sol ution was conc _aﬁd € hHi Qg.g[.ﬂg ture
of >230 mesh and 2?3é 00 el ut ?%ggeg?%pc #kjén o%ﬁf’ 2 %%81“ T’B
;grading to 4:1 to° i V%etﬁé’ icg [PQPF]’-:LE-EPQ £4(Qp¥42y) in dry N, N-dimethyl-
l-oxycar bony! oxy) pfmn'rgan}l-db ((7( Blet haxveaibpad | bidetaz0ltrbgih) and coole? to
car bonyl am no] ace.t@éﬁéjo] A6[s?8]& égrg? QQQ&“C' | | anat.e a(% 3,C st - |
1 g) in N
solid (0.162 g) 3’ rom THT 10 qzbartm =’
é%hylformamlde (1 ml) was added, followed by ammonia
(O.Qll g) in N, N-dimethylformamide (0.58 ml). The reaction
mixture was stirred at -50 to -10°C for lh and then partit-
ioned between ethyl acetate and water. The organic phase

was washed four times with water, once with brine, drisd

over sodium sulphate and concentrated. Chromatography

of the residue on silica gel 60 ( 230 mesh Aé*w), eluting
with ethyl acetata/nﬂxa ne l:1 gave benzyl &<x-aminc-és-
. -2- L4-benzyloxycarbonyloxy)phenyi]-2-(2,2,2--richlora-

Py . ethoxycarbonylamino)acetamido penicillanate

O (0.285 g); Y max. (CHCL;) 3400, 3310, 3020, 2950, 1763,
1745, 1685, 1605 and 1500 cnﬂ: G(CDCl ) 1.00 and 1.20
(6H, 2s, 2- CH 's), 2.60(2H, s, NH,) , 4 30 (1€, s, 3-E),
4.64 (2H, s,CHéCC’3), S_ll and 5.20 (4H, 2s, PhCH,'s),

. 5.24 (1H, d, J 7Hz, NCHCO), 5.36 (1H, s,3-H), 6.41(1lH, &,
J'7 Hz, NH), 7.10 and 7.44 (4H,'2d, J 8 Hz, phenyl), 7.3
- and 7.36 (l1H, 2s, phenyl and N¥H).

() Beazyl 68-[D-2-[4-(benzyloxycarbonvloxv)phenvl]-2-

(2,2,2- trlchloroetnoxvcarbonVTanlno)acetam1ao] -hu-£forman~

idopencillanate

A solution of benzyl 6a-aminb—68-[D—2-[4-(benZVIOXV"
carbonyloxy)phenyl]-2-(2,2,2~trichloroethoxycartonylaninc;
acetamido]pencillanate (0.256 g) in dichloromethans (10 =.:
was stirred under argon and coolad to o°c.



ethvl acetate)[err]max [err] 2980, 1770, 1750 sh, 1695, 1640, 1580, 1520,
1510 allq]ﬁ490 cm [err] 0.95 and 1.11 (6H, 2s, 2-CH3 s), 1.48 (3H, t, J 7
Hz, [efr]of OEt), 4.34 (1H, s, 3-H), 4. 56(2H g, J7Hz, [err] 5.11 and 5.18
(4H,.2s, benzylic [err] 's), 5.50 (IH s,5-H), 6.49 (1H, d, 8 Hz, NCHCO,
6.95 and 7.54 (4H, 2d, J 8 Hz, phenyl), 7.2-7.4 (I''H, m phenyls and NE)
7.74 (1H, s, imdizole CH), 3.08 (1H, s, CHO, 9.67 (1H, br,.s, NE) and yp
11.79 (1H, d, J 8 Hz, NH); (Found: C 58.3; H 4.8; N 10.7% [err] recuir
C, 58.6; H 4.8; N 10.5% - 104 - (dy _ 68-b- - '
2-r (5- Et hexycar bonyl i m dazol - 4- vI)carbonvIan1noI R
(4- hvdr oxyphenyl ) acet ami_do [err for p ni c .aci sodiumsalt A
suspensi on 1t YRR FRACEG HFntBnpﬂﬁ] \oror:\ @af%'@g e(’(fa@ﬂ?&)' |% CHr6%ane (10
m) and vvataemy(dz:ﬁerﬂ()a Was mp) ehgod ogbemt 2tldwad 1 maxm toAreefaut i on of
benzyl 6[ ery %nr.{e'%' % QQ@@Z)Q Pé¥§@& oPofly! ORI Deid solution

ony a

(5- et hoxycar zol -4

onyl ani no] &ta& AFARES WP@FrP PHrHﬁﬂ?ﬂ%%%ﬂ€+?I%ﬁkﬂ%a%%}q§?0a§FePHde8§éH§ (5
M) was addgei-igkn Rarioshtee byihegendtdriead etewspidEnnc splebstee for 3h,
wh thin | h t o | f
S0at um hydr Be P LLb LR, RYSCHBYG A Neteg OBy i i dzabneR S W1ASRAD

catal yst reIflvé® by<L i3 FﬂaﬁhoﬁSTMﬁ'hélFEb’Eﬁ t“ﬂf&f‘ Shhtd @ﬁ%ﬁé’é‘e@*&ﬁéﬁﬁt ed to
smal | bul k 10 eyt Bendyaxgne[ Dwas hed (e 2y Bidydameeiydiosy) phdnfLdeze

O o ekt S S PR Sk ol 9ty 20 1ol
salt as amidopencillanate (0.230 g) as a colourless foam; max

(CHC1,) 3420, 3300, 3000 br, 1780 sh, 1765, 1745, 1695,

1605 and 1500 em™l; & (cocl ;) 1.00 and 1.20 (6H, 25s, C{CHj),),

4.36 (lH, s, 3-H), 4.64 (zy, s, CH, CCl;), 5.12 and 5.20

(4H, 2s, PhCH,'s) , 5.48 (1, 4,3 7 Hz, NCHCO), 5.56 (1H, s,

5-H) , 6.56 (lH,bzxd, J 7 Hz, NH), 7.09 and 7.47 (4H, 24, J

9 Hz, phenyl), 7.30 and 7.37 (llH, 2s, phenyls and NH),

8.09 (lH, s, NCHO), and 8.50 (lH, b, NH).

(c) Benzyl 634[D-2—amino—2-[4—(benzyloxvcarbonyloxy)onen»l]-

acetamidd6a~formidopencillanate

A solution of benzyl 63—[D—2—[4-(ben2yloxycarbonyloxy)—
phenyl]-Z—(Z,Z,2-trichloroethoxycarbonylamino)acetamido]—
6a-formamidopencillanate (0.200 g) in tetrahydrofuran (10 ml)
was stirred at room temperature and treated with M. agueous
potassium dihvdrogen phosphate (2 ml) followed by freshly
acid washed zinc powder (0.400 g). Stirring was continued
until deprotection was complete (ca 4 h) and the mixturs was
then filtered through celite. The filtrate was concentrated
and partitioned between ethyl acetate and brine. The ethyl

acetate solution was dried over sodium sulphate and concentrat-
ed to give benzvl &3-{D-2- am;no—z-;4—(benzyloxycarbcnlloxy,-

phenyllacetamido] -5a-£formamidopencillanatea.




a colourless solid (0.050 g);[err] max (KBr) 1765, 1680, 1605, and 1510
cml; J[err] 0.85 and 1.22 (6H, 2s, 2-CH3's), 1.25 (3H, t, J 7 Hz, [err] of
CEt), 4.08 (1H, s, 3-H, 4.21 (2H, q, J 7-Hz, [err] 5.41 and 5.49 (2H, 2Zs,
5-H and NCHC0), 6.80 and 7.32 (4H, 2d, J 8 Hz, phenyl), 7.72 (I H, s,
im'dazol yl 2-H) and 8.03 (1H, s, NCHO). MC against P. Mrabilis 889 is 10
[err - 105 - Exanple 26

6[ erm [D-2 (4- Et hvl .- 2, 3- di oxopi per azi n- 1-_yllp®ar bonv! ami nol - 2-

(thi en- 2- yl) acetam dol -6[err]-formam docericillanic acid, sodiumsalt (a)
Benzyl 6[err]-(DL-2-((4-ethyl-2,3-di oxopi perazin-1-yl)car- bonyl am no] - 2-
(thien-2-yl) aceKéhidaensziSﬁﬁﬁnﬁﬁﬂIMthbg_ELokYtarbmuukn#yknﬁemMIOHZGF(
benzyl 63- am no- GEgy il ( §BE MalddNigRenihel LLanak nddy Hinfho AL dimido ) -5 0

-di cycl ohexyl cgrooarinmde (097 T T ar cnfroronmettane (25— )—was st ed
and cool ed to 0 fSEEAR pwi se, with a solution of

DL-2-[(4-ethvl- 2, 3-di oxopi perazi n-1-yl-)carbonyl am no] - 2- (t hi en- 2- yl)acetlc

cacid (1.35 9) in acetghg (b daat)wa&dagasts' er?mﬂeﬂg{ﬁ&gﬂ&o \2oxb) Bhend 17

reaction nixture was o regain roomte over
_at room t enper at ﬁF%t%?dﬁbTﬁ“mnﬁépﬁﬁf‘Sf-éHaﬁﬁtN wRf cﬁkﬁqﬁf@)@yl"ﬁr’@a thRs
removed by filtrabrpessntves hed stichl odbeBhokparibemel (& idaivehgooegant ¢

ra

R Rt G B

title conpound(lsﬁglﬁﬁqnﬁR Q R®xder nitrogen and treated with 4-ethyl-2,3-
dioxopiperazine-l-carbonyl chloride (0.050 g) The reaction
mixture was allowed to warm to room temperature over a
peridd_of lh and then concentrated. The residue was taxen
up in ethyl acetate, washed with brine, dried over
sodium sulphate and concentrated. The residuye was
chromatographed on silica gel 60 (<230 mesh agTm) =o give
benzyl 63?[D—2-[4-(benzyloxycarbonyloxy)phenfl}-z [(4d-
ethyl-2,3-dioxopiperazin-l-yl)carbonvlamino]
acetamido]-5a-formamidopenicillanate (0.055 g); Y max. |
3280, 2980, 2875, 1780, 1765, 1745, 1710, 1685, 1610 and

| 1505cm™t; § (CDCly) 0.85 and 1.12 (6H, 2s, 2-CE 1,'s), 1.26

{i:, (38, t, J 7Hz, Cq3 of NEt), 3.4-3.8 (6H, m, Nchz 2\ICdz)
- 4.36 (lH, s, 3-H), 5.07 and 5.16, (24, ABq, J 12 Hz, ken
CHz), 5.21 (Zh, s, benzylic CHZ)' 5.50 (1B, s, 5-H),
5.65 (1H, d, J 7Hz, NCHCO), 7.11 and 7.53 (4H, 24, J 9 Ez,
phenyl), 7.2-7.5(1l0H, m, phenyls),.8.05 and 8.69 (2H,
. o '2brs,NHs),814(1HdJ7Hz,VF)

113



3450 br, 3280, 1778, 1740, 1710, 1680, 1510 and 1.85 cml; 6 ((CD3)2C01
1.04-1.60[err](9E, m [err] and [err] 2.05 and 2.28 (3H, 2s, [err] 3.46
[err],a, J 8 Hz, [err]), 3.68 and 4.02. (4H, 2m J[err] , 4.39 and 4.44 (1H,
- 2s}18H), 5.19 and 5.21 (2H, 2s, [err] r 5.45 (1H, s, 5-H) , 5.97 (1H, d, J
7 Hz, CH), 6.88-7.03 (1H, m thienyl-H, 7.15-7.50 (7H, r, phenyl and
thienyl H2) . 8 81 (1H, d, J_.A¥_NE), and 9.79-10.02 (I,br, CONE). £ )
106 -z(Mo1 P 6a-am no-6[err]-(DL-2-((4-ethvl-2,3-di oxopi perazi n-1-
carb -2 (thlen 2-yl)acetam dol enicillanate A solution of benzyl
6[err] - [DL 2- [(4 et hyl - 2, 3- dloxoplpera2|n-
|-yl )& ; 34 ZM votieawildeR-6[(8rr ] - (net hyl t hi o) -

' n(13m8h) was cool ed to -40C
under - —, 1ol lowed by a

(2.2 m

sohﬂé&&ﬁﬂlﬁ&ﬁﬁﬁﬂkﬁiﬁL" : of 16 my/m), was

added and the m xture stirred at- -20 to -40C for 0.5 hr. The reaction

m Xt ur e, was aI one r LN rogm fenpera L.Lhiandrgdiluted with
ethyl{ .== S a(benz oxc% L xv(? EJ\/ 5' ﬂ rate washed
five *:b”lA bhqut ler 2 - sentiiiatacd Widine 1 -ydd ca ":““'“ tnanhydr ous magnesi um
suIphaééuanﬂ}gﬂigu1ﬁd4mgﬂmg5da&ageuh@§ggg In vacuo to yield the title
conpdﬁﬁﬂ‘TIfIB‘@7_—TETTT“TTTKTTFTRTTTHW'Tﬁ [err] and [err] 2.67-3.10 .
(2H, brs,[err]),3.27-3.82 and, 3.87-4.19(6H, m pi perazine [err] 4.36 and
4. 41(Adhz @5, 8 H)D-B- 20 2~ (5t~ (cemzly 1937 aabdns 188y phengs ] 5-H), ' 5.91

(1+1 £E?;%§}5g] é}ﬂfoi%aﬁiaoél%fﬁyiién%ge7w@é ﬁ%@e FroRhery¥l and thienyl

.

. \-Lrlchloroethoxybarbonyl protected precursor (0.400g). A

solution of the am*no compound in dry tetrahydrofuran (lOmL)
was stirred at0°C under nitrogen and treated with 3-
(methylsulphonyl)-2-oxo imidazolidine-l-carbonyl chloride
(0.112g) followed by pyridine (0.050g). The cooling bdath
was removed and the reaction mixture stirred at room
temperature for 2h. It was then concentrated, dissolved in
ethyl acetate, washed with brine and dried over sodium

sulphate. Chromatography on silica gel 60 (<230 mesh «:TW)

-

eluting with ethyl acetate grading to ethyl:acetate/(ethancl 19:
gave benzyl 68- (D-2- [——(benzyloxyca*bonyloxy)pnenylJ- -[3- <:>:

.methylsulphonyl—2-oxoﬁm1dazolld_n-a-yl)carbonyaamlno] '
acetaﬁido]-6a—forﬁamidopenicillanate as a colourless glass

(0.1509); Vmax (CHC13) 3330, 3020, 1780, 1760 sh, 1735, 1690,

1665, 1505, 1355, and 1170; é(CDCl )0.86 and 1.1l (64,-;,2- -

_CHB'-) 3.40(3H,s, SO 3), 3.6-4 1("H m,ACH C& N}, 4.3 .
‘(14,s,3-H), 5.12 a.nd 5.20(4H,2s,benzylic CH, s), 5.50
(1H,d,J 7Hz, NCHCQ),S5.54(1lH,s,5-H),7.0S and 7.49(4H,2d,
i9Hz,pnenyl), 7.31 and 7.36(10H,2s phenyls), 7.99,8.15 and

. 8.24 (3H,3s,CHO and NH's), and 9.07 (lH,d,J 7Hz,NH).

)

(b\'6&-Formamido—63-rD—2—(4-hvdroxvoborv1\ -3
methvlsulohonvl-2-oxoimidazolidin-i-vl)carbonviaming]
acetamido lpenicillanic acid, sodium salt.

Hy
’—‘

C% palladium on charcoal catalyst (C.100g)

o
in dioxane (l10Oml) and water (2.3ml) was prehydrogenatad



(1H, 2s, CONH), 9.9C(IH, d, J 7Hz, NHCH). (c) Benzyl 6[err]-(DL-2-(
(4-et.hyl -2, 3-di oxopi perazi n-1-yl)carbon- ylamno] -2- (thien-2-yl)
acetam do]-6[err][-form dopencillanate Pyridine (1.5 m) was added to a
solution of benzyl 6[err]- am no-66-[DL-2-( 1_1.,_.;;
(4 et hyl - 2, 3- di oxopi per azi n-1-yl') carbonyl am no] - ‘

i e}§- 2-yl ) acet am do] pencillanate (1.16. g) in dichloronethar.. (20 m)
S€rr]. The solution was treated with acetic formc anhydrlde (0.81
g) and the mxture stirred at 0-5C for 1 h, then allowed to regain room
tenperature over O.5 h. was washed w #+h-3 -hydrochloric acid, dilute
aqueous sodi um hydrogen carbonate, water, saturated brine, .an_d dried over
anhydr ous nma§eesidinminl phtst ethisThess giddridor weduconoentr hesayl né&acuo and
chromat ogr apfigd2 005 bésR, 08y SO0 HsTRAG B %e%?I'YLza[?bU&é@ Tﬁwmwml

acetate, to _give the secar at ed di astere0| Soners. j first” to
elute was t ReeRLBELFERT LGHRTL W]t)t?at’r?@“é’ld@lnehéFﬁtFﬂ*Fﬂ -f<zonfiguration
(0.44 g); [efoimamiddpéni{dillima{er(d. ng) (.KBE:I)prSBSO(br5m1782nd1740

1710, 1680 b 4 136 1 . 0; sh, and
1187 cm 1; ﬁyd%égélb%ho %%Tg}%g%m er ra]tjq%%é Fg:ic 8253?{‘ ®37 5“(4H m
Terr] 3. 90 QQHBOEQ‘H“J-W w3 FEPRlersdea g h ., éFrFesu@S i139('2H< wrelerr],
?831 (1H, ) S, was H}re51r:138 Yith d,sclldion NECHHbdlﬁm85yaaeeeanda¥baaa E7Nﬁ(():HO)

, m en i e S, :
8. 11 (1HI,o S, ﬂé’}@?g g t:¥) %ﬁ?—?rkt,f%l)B ds‘l(ﬂﬁel—!)fsﬂ'l’ e8. astBFe3tESHET with the
D-confi gur at vaa evepheatedieizdmithe|ijtladadecond (be33qupopsrsplution,

which remained, was washed with ethyl acetate. The aqueous

solution was then freeze dried to give ba~formamido-63 -fD— 2-
(4-hydroxyphenyl )-2- [(3—methylaulohonyl 2-oxoimidazolidin-1l-
yl)ca*bony’amlno]aceuamldoloenLCLIIanlc acid, sodium salt.
(0.07eg);ymax(KBr) 3320, 3010, 2970, 2920, 1770, 1730, 186753,
1610, 1515, 135s, ahd_ll70 cm l, (D O) 0.88 and 1.24
(6H, 2s, 2-CH3‘s), 3.29.(3H,s,S0 CHB), 3. 80(4H b-r,NC-‘2 2
4.09(1H,s,3Hd), 5 77(1H;.\CLCO), .49(1H,s,5-H),5.79 and 7.27
(aH,2d,J 9 Hz, pnenyl), and 8.01(1H, s, CHO).

O MIC against P. Mirabilis 889 is 0.1 ug/ml.



in [err] max. (KBr) 3400 sh, 3280, 1782, 1740 sh, 1710, 1680 br, 1505,
1460, 1391, 1368, 1330, 1280, 1252, and 1185 cnferr]; [err]0.98 and 1.10 -
1 37 (9H, m J[err] and [err]), 3.25 - 3.98(6E, m [err] 4.38(1H, s, 3-H),

1A4M, s, [err] 5.54 (1H, s, S-H), 5.82 (1H, d, J 8Hz, NECH), 6.80 -
7 00 and 7.10 - 7.42 (84 m phenyl and thienyl- Hs),. 8.13 (2H, brs,
NHCHO), 8.58 (1H, brs, CONH), 10-@03¢1H, d, J 8 Hz, NECH). (d) 7y
63-[ D-2- ((4- Et hyl - 2, 3-di oxopi perazin-|-vl)carbonyl- am no]-2- (thien-2-Yy¥:
acetam do] -6[ err]-formam dopenicil lanic acid, sodiumsalt Benzyl

6[err!-§Eh2-E%4-ethyl-2,3ldioxopiperazin-l-yl) -
car bé T 2-(thien-2-yl)acetam do]-6[err]-formam dopen- icillanate
(280 ng) in tetrahydrofuran (20 m) containing water (2 m) was

hydr ggenated stk ndh, uenoh0¥e pakk agi Ui oD SR, (280:d1)2- The catal yst

was remngved by IIILIdlIUH w@Sjeu WL TIT T er rdn§ur0|uran and—the filtrate and
V\ﬁSh( ~,q‘ Qp Qenidiqd h o . ° 1 due was

cove@ediwmﬁha&thyl acetate and the pH adjusted to 8 with M sodi um hydrogen
carbonate solution. The phases were separated, the aqueous phase washed

.

with ethyl acetate and ether and acidified to pH2 with 5M
hydr dehl oBeazaédi §3rfOrfe (Ardsenarlexycarpoayviewiighenyl~2-U(® - The phases
VEer € c$8Bakabedoni/Nenaduesus 4-phnaserbont Nefi oX] daot amath Wdd- Rk  acet ate, -

t he €xtracts ¢oqrned,” washed W Th water at pHZ,~ saturated brine and dried
overégﬁﬁﬁgﬁeﬁé—#ﬁéﬁ§§lun1su|phate The sol ution was evaporated to dryness
i n vacuo _ : *

Benzyl 63-[D—2-amino-2-(4—(benzyloxycarbonyloxy)phenyl]

acetamido]-6c~-formamidopencillanate was prepared from the
N-trichloroethoxycarbonyl derivative (0.400'9) and dissolved

in dry dichloromethane (15 ml). To this was added diethayl 5,10-
dioxo-5,10-dihydrodiimidazo [l,S-a;l'S'-d]pyrazine-l,s—

di;arbcxyléte (0.246 g) and pyridine (0.039 g) and the mixturs

stirred at room temperature for 3 days. The sroduct was cs-

ntrifuged to remove solids and the supernatent solution was
concentrated and chromatographéd on silica gel 50 (l:1 mixture

0f>230 mesh and 230-400 mesh ASTM) eluting with chloroform/

ethanol 1:0 gracding to 4:1 to give benzyl 63-(D~2-(4-(benzy- . o
loxycarbonyloxy)phenyl]-z-[(:—etnoxycarbonylimidazol-4—yl) ’{:)
carbqnylaminc]acetamido]-Sa—hormamidcpencillanate as a cryst-

alline solid (0.162 g); m.p. 216-220°C cec. (from chloroform/
e;hylacetate);§ max (CHCl3)3260, 2980, 1770, 1730 sh[ 1695,

1640, 1580, 1520, 1510 and 1490 em ©; § (CDCLy) 0.95 and

1.11 (6#, 2s, 2-CH,'s), 1.48 (3H, t, J 7 Ez, cH3 of OEt), 4.34

(18, s, 3-H), 4 56(2d g, J7Hz, OCBz), 5.11 and 5.18 (4H, 2s,

L

benzylic CHZ'S), 5.50 (8, s,5-H), 6.49 (18, &, J & Hz, NCHCO),

6.55 and 7.54 (4H, 24, J 8 Hz, phenyl), 7.2-7.4 (L1Z, =, phenyls s
and NE), 7.74 (lH, s, imidizole.CE), 8.08 (l¥, s, CHO), 9.67

(g, br,.s, NH) and 11.79 (1%, 4, J 8 Hz, NH); (Found: C,38.3; -

N®1) ;
H, 4.8; N,10.7%. C392'-I38 Ol" recuirss C, 38.6; 4, 4.8; N,



to yield 6[err]-(D 2-[(4-ethyl -2, 3-di oxopi perazi n-1-yl)carbony-

| am no] - 2-(thi en-2-yl)acetam do]-6[err]-form dopencillanic acid (70 ng).

The acid was suspended .in water (30 ml), the pH adjusted to 6.1 by addition

of M aaueous sodi um hvdrogencarbonate and after 13 mn the m xture was .-
filtered and the filtrate freeze-dried to yield the title conpound (58 nmy)}17
max: Br) 3740-2600, 1770, 1720, 1680 Qkr, 1610, 1510, 1400, 1370, and
1190%af1; [err] 1.08 and.1.32 (6H, 2s,” éHS')Z) 1.18 (3H, t, J 8 Hz, [err]

3.50 (2H g J eﬁdﬂ@ iﬂrsr-];éo@&c(a%ﬂmblnhca%u44vOpcig:sﬂ;—hma_m_[r@‘]r-]z)- 4.20
(1H, s, 3- TH, s1 . (6 [TH S T de D1 adi Ec T L A9
(3H, m this e ' 85— ERFBATAGPR c'. ' SE

0.1 [err]/s’dIt - 109- Exam)le 27
6[err]-rL-2-T4-Ethyl -2. 3-di oxooi oerazin-|-vl ) car bonyl ani nol -

2- (thi en-2-vl)acetani dol - 6[ err].-formani dopenicil|anic acid sodi um sal N
Benzyl 6[err] - [A-Suggenssidry QD 1§%dPé>3-é|§F|§éf'“a9Fnc?tayF§a1 catalyst (0.07¢3)
" car bonyl arﬂﬂl(ﬂraxa(:tehl € Zyl )a&@ehamedo](zfsa fay maasi ﬁﬁ@lﬁmdﬁocaddtfmﬁt e

(390ng) in_tet dr of ur anofl}_u(%g)é1 %nL@ é\é@hsr'zifal ys?% MQg_enat ed

over 10% p=7¥ a é Ca < Feroved by
“filtrati orbemolaiw #hartyrla)t-e?-f[drwomyala@genaﬂ-émé#éﬁ‘ fiesh @3t yst

=(390ny) fOcsp,ngmmT@]ea&aé&b&t]A@@&ﬂ&%&e%agp&hlaaatenmvmmg viel | with

t et rahydrof uran an e filtrate and washings _conb g concentrated in
wvacuo and $HR¥hck t"F‘ { SRS AR and the mixcize hydrogenatea
atmospheric pressure Lo* 3h, when thin layer chromatography

showed complete rsaction. A solution of sodium hydrogen
carbonate (0.0074 g) in water (1 ml) was added and the
catalyst removed by filtration. The resulting solution
was evaporated to small bulk to remove the dioxane, washed
with ethyl acetate, and freeze dried to give 63-[D-2-((5-
ethoxycarbonylimidazol-4-yl) carbonylamino]-2-(4~hydroxyvhenyl) -
acetamido]-6a-formamidopencillanic acid, sodium salt as
a colourless solid (0.050 g);Y max (X3r) 1765, 1680, 1605,
and 1510 em”; & (D,0) 0.85 and 1.22 (6H, 2s, 2-CHy's),
;.25 (3g, t, J 7 Hz, CH, of OEt), 4.08 (lH, s, 3-H), 4.21
ii:’ (24, q, J 7 Hz, OCH,), 5.4l and 5.4? (25, 2s, 5~# and NCHCO),

: 6.80 and 7.32 (4H, 24, J 8 Hz, phenyl), 7.72 (1%, s, imidazol vi

-H) and 8.03 (1H, s, NCHO).

MIC against P. Mirabilis 889 is 10 ug/ml.



diluted with ethyl acetate. The pH of the m xture was adjusted to 7.5
with M sodi um hydrogen carbonate and the phases separated. The aqueous
phase, was washed with ethyl acetate and ether and acidified to [err] with
2M ly®ir ochl oric acid in the presence of ethyl acetate. The phases were
Separ at ed, the aqueous phase further extracted with ethyl acetate, the
extracts combi ned, washed withi@&ater at pH2, satura ed brine, dried ov
anhydr ous nagne5|un1sulphate and the solution evaporated to dryness in
vacgpaho18i ¥ 60- CL- 2-[ (4- et hyl - 2, 3- di oxopi paer azi n- I-yI)carbonyIanlno] 2-
(thTen-2Z-yT)acet am do] -6[err] - fornan1dopen|0|llarn1c acid (143ng). Thi's was
suspended in -~ water (30nl;) and the pH adjusted to 6.3 with M sodi um
hy dé 866b-2af boBeh el -2 hé~ EESRBQQﬁa34ﬂ7*fW¥*¢aﬂh9WV1@mﬁﬁpA‘3rPeze dried to
yi ekdﬁgﬁ-ii-&iﬁa&é)@apw] {4b5rahmad Ridddrdh)1 am8R0 acd@Q0scdidfl, 1710,

16801 610, 1505, 1465, 1395, 1370, and I190cm ; [err| 1. 15 (3H,t, J8Hz,
[or82t 1.22 and 1.41 (6H, 25 [err]), 3.45 2 -3

3 2.(2H,t,J8Hz, [err] ), 3.50-3.77 (2H,mcH2), [err]
4. 13&% b 5¢ ba Hendr 88, - Sudddoe 282148 ) €3k-m thi enyl - H s)
i ' 1 hi ne*héi;nlo)

FANLLUE - 110-
acegggtgo] 6lerr] - fornan1dopen0|llan|c aC|d (a)
BenZyT-6a- (net hvl t hi 0)-6[ err]-rDL-2- (4-nitrobenzvl oxvcarbon-

vi am no) - 2- (t hi en- 2- vI%acetan1do]pen|C|IIanate . e
A solution of benzyl 63-amino-6a-(methylthio)penicillanate

(1.46 g) and N, N'-dicyclohexylcarbodiimide (0.92 g) 192
dichloromethane (25 ml) was stirred and cooled to O - 5%

and treated, dropwise, with a solution of DL-2-{(4-ethyl-
2,3-dioxopiperazin-l-yl)carbonylaminoj-2-(thien-2-yl)acetic
acid (1.35 g) in acetore (5 ml) and dichlorcmethane (25 ml)
over 1 hr. The reaction mixture was allowed to regain room
temperature over lh and stirrad at room temperature for 18h.
The precipitated N, N'-dicyclohexylurea was removed by
filtration. and washed with dichloromethane (20 ml). The
organic filtrate was concentrated in vacuo and the rasidue N
chromatographed on silica gel 60 ({ 230 mesh ASTM) eluting with

ethyl acetate to give the title compourd (1. 291cx0max (K3x) {:}5

3450 br, 3280, 1778, 1740, 1710, 1680, 1510 and 1185 cm-l; _
3 [(CD3)2CO] 1.04-1.60*(%H, m, C(CH3)2 and NCLZC“3), 2.05 —
and 2.28 (3H, 2s, SCH3), 3.46 (25, g, J 8 Hz, NQHZCH ), 3.88

and 4.02 (4E, 2m, NCHZCHZN), 4.39 and 4.44 (12, 2s, 3-#H),

5.19 and 5.21 (2H, Zs,‘PhCHz's),-5.4S (L, s, 5-8), 5.97

(1€, 4, J 7 B2, CH), 6.88-7.03 (li, m, thieryl-#), 7.15-7.50

(791, T, shenvl and thienvl- hz), 3.81 (lE, &, J 7 Hz VH),

and 9.79-10.02 (lH, bz, CONH).

v



A solution of benzyl 6[err]-amno-6[err]-nethylthiopenicillanate (3.

52g)and N, N -di cycl ohexyl carbodii m de(2.26g) in acetone (20m) was stirred

and cooled to 0-5 0OC and treated dropwi se, over |Ih, with a solution of i SV
DL- 2- (4-ni trobenzyl oxycar bonyl - am no)-2-(thien-2-yl)acetic acid (3.26Q) |'l=1 §
acetgRe (20m ). The m xture was allowed to regain roomtenperature cver |h,
ther_-éi rred at roomtenperature for 18h10&he precipitated N, N

-di c®ohexyl urea wasrenoved by filtration, washed with acetone and dried

(1.670). The, {i140als and weshings (#8099 lz(tzl 96913505 2 agg@{_éﬁrﬁims

I N vacuo. I’O OOy S

7

20% et hyI crrienw dmy nadet Zoh e ~dava ) s:' iR paRbeihle 1&t g), [err]
(KBr) 3400sh, 3050, 1780, 1745, 1720sh, 1680, 1520 1348, 1230 1205, and
1183cm ;5vCDC13) 1. 10, 1. 25 1 30 and.l. £H) 2 202 and 2,19 .
(3H, 25, SCHB) 4. 3’%1 %ﬁrdi‘if-zf‘c?( Asnry s [%2‘ %5% 16"‘aﬁd %3 "33 ’(%ﬁ? s*eg‘n‘d"brs
[err] 2's) &mdamr&ma&oﬂz%@l(amzwmcetsmeﬁﬂldGqume»wm)m)

6.82-7.60 (&2 [ e Iy enyli rardyt RbeRyhi kb S} 13 (Aound: M
670. 1194, [‘er r%%%%zs( MH‘E?) r{ } &h b) J'Benzxilr I o

_6[err]-am nMRS[E94ed e ={%- %l"t”r"tﬁfeﬁi\)’l 8)5F8ara88n§Pé FRY) %e’fcunc
t hi en- 2- vl)éwéﬁiﬁnckﬂ£ﬁﬂngmjIﬁﬁmmdwdﬂemyyh solution of ammonia in N, N~

“6lerr]- (”Etg'i/ﬁme@% 06113;_,@&4 D{—z (,nﬂq m (og %@WC%QO?%@&‘IQP& the

-2-(thien-2 eni ci | di sso
. di met hyl form@ée (ﬂ@#ﬁlj“go%ﬁ e‘OPQ d=¢0 -@Peﬁr] °é'n8’ £r éﬁtedTWtﬁeﬂ%r%‘Eﬁl c
acetate (2.#gxtdfen MO swdd 2681 ed dlﬂ\lﬂ‘&owdlcmbbyhi;uwaavde (nGghg. It
(leomt) 1 9Fbyeed ST e asfPels, (R it o nfel Ragi B 867 BLEcerec
washed fi veand neglve wiihcyatervashmdiriived tdmiese W idhi e’éte%r Sahﬁyél‘f-%féls fl-“w
”agnes'“”‘SEA@hélfé@ﬂgbéfaﬁﬁﬁfﬁﬁghs(héyﬂég%ﬁh's@l&@%@@ The solution was
concentrated in vacuo to yield the title compound (l.16 g);
5[(CD3)2CO] 1. OO— 50 (9B, m, C CH3)2 and NCZZCH Y, 2.67=-3. 1O
(2H,brs, VH ) 3.27-3.82 and 3.87-4. 19(éH,m,piperazine CH, 's}),
4.36 and o> 41 (14, 2s,.,-n\ 5.20 (2H, s, CH,Ph), 5.37 and : 3$
(1§, 2s, S- ‘I)r ‘591 (1%, 4, J 7 Hz, CH), §.78-7.07 and
7.10-7.45 (8H, ﬂ'tpnenyl and thienyl -H's), 8.50 and 8.&C
(1H, 25, CONH), g$.9C (11, 4, J ]Hz, NHCH) .

(c) Benzvl 63~ (DL-2~ {(4-ethyl-2,3-dioxopiverazin-l-vl)carbcn-

viaminol- 2—(th1en 2-vl)acetanido] -5¢~formamidopencillanate

. Pyridine (1.5 ml) was added to a solution of benzyl &u- _
amino-68-(DL-2-( (4-ethyl-2, 1-dioxopiperazin-l—yl)carbonylami:o}»
2-(thien-2- yl)ac=tan1 2o]pencillanate (1.16 g) in dichloromethars
(20 mi) at 0O-5 ©c. The solution was treated with acetic

formic anhydride (0.81 g) and the mixture stirred az 0-3°C

o)«

ol

a
1 h, then allowed to re gain room temperature over ¢.5 h.
was washed with M. hydrochloric acid, dilute acqueous scdiunm
hyvdrogen carbonate, water, saturated brine, ané dried over
annhydrous magnesium =ulpnate; The solution was concsentratad
in vacuo and chromatcgrapned on silica gel 80 (<230 mesh

1

ASTM) , eluting with ethy- acetate, to give the separated



- 111- Chromatography on silica gel 60( <230 nesh ASTM, eluting with 50%
ethyl acetate in cycl ohexane, gave the title conpound (3.3g); [err] (KBr)
3319 (B310, 1772, 1738, 1725sh, 1673br, 1520, 1350, 1264, 1240sh, 1210 and
700tnferr] (c) Benzvl

6[err]-formamdo-6[err]-[DL-2-(4- ni t r obenzvl oxvcar bony-
| am no) - 2- (t hi en- 2-vl acet am do] penici Il anate. Treatnent of a sol ution of
benzyl 6[err]-amino-6[err]-[DL-2-1a7 -
ni trobenzyl oxycar bonyl am no) - 2- (t hi en-2-yl ) acet am do] pencil 1- anate (3. Og)

in digl oF onet hanes 1A Ia AleHE 216 sWelrdolXbindi-n@1€8. ¢at) s1dekl oved by
acetic formc anhydride (1.72ni was carrl gd Qut ugge ohi trogen. After
t

0. 5h %ﬁa@% ghee oA umat ”Io‘\ﬁeé §'redbilo rdo nperature over 1h,
washege vi tih Mady. r;och:la){l c(XEad)d, IMscadpreolls82odiludohydliFdgeniéd@bonat e,

3?%;@%6%% c%f q_v399r arit%(g oq%zrzag,r}esuté@—sglrphaggo gnd evaporated to

flcatlon arld Separ at’i on of I ast ef eoi soners was
accongd shied u@llngf V(ﬁ%?ls‘q,)prle@”ﬁoo J-I"r|3§h (88t BrnfriC830 pc@PE chr omat ogr aph
with @ﬁezFEt_ﬁpPﬁks 50/siiien ool i, ascH foE,3at isaar y4anasezzand 50% et hyl
acet at cl oh e the el.uant .7.T .rrat er| t het D-configuration
in tHe ¢§&E€%ﬂa‘l nf:ﬁ]tggf‘f iYs -"(i’l’ 1:*591)3 err 8 ga) ?fl n MeCH); v
(KBr) (BBOOHy 380, 3728, (IE0G , 1b&Hz 1152@3)]:35083;?.24‘?0 229!0 1185 and

.. 700crg, ie,[r-} 4‘007 @”%1é%ﬁex{ﬂ@ncﬂ é&éﬂﬁ&%"'ﬁ)}u 3.%38 (4H,brs.,2CH 's),
5.60 (11 s E%s 57 ('h 49 (1 henyl
t hi en/t %?P&ﬂz' [$1r94 (B?ot%nsf‘)‘*'c‘ip)% 8 %‘b-r ﬁ)‘I 7. gHsé 66( 1H, NHCHO) ,
8.01-8, 29 $3&trnfﬁﬁﬁxuuiﬁhéeﬂrésqnnﬁam&dner with th= D~con~1qurab_on :
in the side-chain eluted second (0.33 g); (¢ ] +79.8° (C1
in CHC1,);~) max. (KBr) 3400 sk, 3280, 1782, 1740 sn,
1710, 18680 br, 1505, 1460, 1391, 1368, 1330, 1280, LZGZ
and 1185 cm t; & (CDCL,) ©0.98 and 1.10 - 1.37 (9, m, c(ca3)2
and C? cH ), 3.25 - 3. 98(6?, m, NChZCFZNCnZ), 4.38 (1H, s,
3-#), 12 (24, s, Cd Ph), 5.5¢ (1%, s, 5-H), 5.82
(1H, &, J 8Hz, NHCH), 6 80 - 7.00 and 7.10 - 7.42 (8?, m,
ohenyl and thienyl- H's),. 8.13 (2H, brs, NHCHO), 8.58 (1H,
brs,CONH) , 10.00 (1%, 4, J 8 Hz, NHCH).

(d) 68-[D-2-({(4-Ethyl-2,3-dioxopiperazin-l-vl)carbonyl-

~aminol-2-(thien-2-vl)acetsz mlco] ~ga-Fformamidocvenicillanic

acid, sodium salt.

Benzyl 68-(D-2~{(4-ethyl-2,3-dioxopiperazin-~l-yl)}
cérbonylamino]—z-(thien-z—yl)acetamido]-Ga-formamidopen—
icillanate (280 mg) in.tetrahydrofuran (20 ml) containing
water (2 ml) was hydrogenated for 4h over 1l0% palladiunm
on carbon (280 mg). The catalyst was removed by £iltration,
washed with te etrahydrofuran and the filtrate and washings
combined and corcentrated in vacuo. The agueous residue
was coverad with ethyl acstats and the pH adjusted to 8

i

with M. sodium hvdérogen carbonats sol

it

c

on. The phases

weres separatad, the agqueous phase washed with ethyl acetate
ether . and acidifisd to pH2 with 5M. hvdrochloric

acid in the presence of ethyl acetate.

Y

i~



The title conmpound wi h the L-configuraton in the side- chain eluted second
(0-.929); [err]+ 112.8 (C 1 in MeOH); [err] (KBr) 3300b',1780, 1735,
1680br, 1605, 1520, 1350, 1250br, 1210 ,and 700cnierr]; [err] 1.15 and 1.21
(6H,2s,-"C [err] 4.39 (IHs,'3-H), [err] 5.60 (I'H,s,5-H) , 5.79(1H,d. J8Hz, CH)]Z'i '
6.30-8, 70 (1H, br, NHCH), 6.81-6.96(2H, m thienyl-[err]), 7.08-7.49
(SFHﬁipglenyl H, phenyl and 2 [err] protons), 7.82 (1H, brs, CONH),
8.0 0 (2H,mCHO and 2 [err] protonsy® B8.30-8.80 (1H, br, NHCHO. - 112
(d) 6[err]-[D 2- Am no- 2- (t hi en-2-vl)acetanido ]-6[err]- forrram dopen-
|C|Ilan|c
6[err].- fo”%%ﬁgggg%% ?i%z?%P%ﬁ%ﬁﬁgﬂeﬁ§fl5§3§PB§h§P§ﬁan?rtne: extract-
2-(thien- QdyW§@%e§%hﬁkkﬂQRﬁﬁﬁﬁAI4h$aﬁ$t@@¢5ﬁgﬁowasndussvhsbdd|n th wazsr
tet rahydr gf Usa, (440a @ dihes Gl i o biyed ath B UaL Cha kR0 o bef OF €

e catal yst was

hydr ogenat i over % palJ adi um on car bon (650
removed by® f?h?Talléﬁl K Wﬁst8??88§6&8Fuggnd5ﬁﬂ°§étbiv_iﬁﬁ2f|Itrate

“%nd mashlngsynahbl&ﬁn{D1ﬂbﬁb@hﬁmﬂmwh}mma&ﬁedxm@hbewathnelhyl)a§fﬁdﬁg%aand

*

o R T s 7 B s it A KPS

- 113 - {70 ng) he acid was suspended in water €30 ml), the pH
adjusted to 6.1 by addition of M.aqueous sod;um avdrogencarbcnzzs
and after 15 min the mixture was filtered and the filtrate
freeze~dried to yield the title compound (58 mg);‘} max.

. (XBr) 3740-2600, 1770, 1720, 1680 br, 1610, 1510, l4co,

1370, and 1190cm ~*; § (D,0) 1.08 and 1.32 (6%, 2s, C(CHy) ),
1.18 (3H, t, J 8 Hz, NCHZCH ), 3.50 (Zh,_q,_i 8Kz, VCHZC’3),
3.69 (2H, br ¢, NCHZC..Z.), 4.00 (2H,brt, NCH,CE,N),

_  4.20 (lH, s, 3—d), 5.59 (1%, s, 5~
5.78 (18, s, CH), 7.07, 7.28, and 7.49 (3%, m, thie yl E's),
8.10 (1H, s, CHO). -
MIC against P. Mirabilis 889 is 0.1 ug/ml.

i 1N
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Exanpl e 29 63-[L-2-Am no-2-(thien-2-vl)acetam do]-6[err]-formam dopen-
cillanic acid Benzyl
6[err]-formam do-6[err]-[L-2-(4-nitrobenzyl oxycarbonyl am no) -

Ph.(thi en-2-yl ) acet ani do] penci | | anate (0.33g) was dissolved in

tetrahydrofuran (1OM), diluted with water (5m ) then ethanol (3m) and
hydr ogenat ed over 10% pal | adi um on carbon (0.33g) for I h. The catalyst.
renmoved by filtration and fresh 16&9pallad|un1on carbon (0.33g) added t:
the rpagibpsn 2 xture. After | h, the catalyst was renoved by filtration,

washed w th tetrahydrofuran, wat er and ethanol, the filtrate and mashings

conblned and,poncentrated The reS|due was washed mell ethyl acetate
and ebbmeiL QXQRINS % ldcazre ):v  (KBr)
3420bz.. ,211@%1&3&&:11 b g - ﬂ:ﬁ@:&bﬁ@b’éh&b&uk@»&& aasaé.o and

-;enzvloxv 2-(
(4- etHy epi perazin-| -

yI)carbonyIan1no]butyran1do] 6[err]- fornan1dopen|0|llan|c acid, sodium salt

(a) g% §%B3Er.BB£lZM Qxerdy ({F; ﬂ&"‘é’xo%l%e@a@iﬂLﬂp@*l ZI n-1- .
vI)carbo%g/ no_l?rt {jc aC|d20 Benzﬁ‘y?rm ]rlreo i ne (Q D@E mol e)
(pr epSt® 'b’?/inT’Fn’e‘ 't' o) MLIGRFHRmLae P& E R Fmar W’ bFI‘ey and J. M
Stemaxl1adaf£}gsgmmgﬂn;n]ﬁﬁﬁkaﬂyﬁrdﬁm&anmﬁeamégccphedlhhengaSener) was
SUSpegﬂﬁp)jnwﬁ@“ﬁ%dﬁéghgiqufﬁugg'Y%%pBaQQEﬁﬁhﬁddhocgrgon @h¥bRg)a virtually
Conplfés 2h. The catalyst was removed by filtratioh and the
filtrate fuither'hydrogenated over fresh catalyst (390mg)
for 2h. The catalyst was removed b& filtration, washed
well with tetrahydrofuran and the filtrate and washings
combined, concentrated in vacuo and the concentrated residue
diluted with ethyl acetate. The pH of the mixture was
adjusted to 7.5 with M. sodium hydrogen carbonate and the
Phases separated. The aqueous phase was washed with ethyl
acetate and ether and acidified to pH2 with 2M hydrochloric
acid in the presaence of ethyl acetate. The phases were
separated, the aqueous phase further extracted with ethyl
acetate, the extracts combined, washed with water at pH2,
saturatad brine, dried over anhydrous magnesium sulphate
and the solution ovaoorated to dryness in vacuo to give
66-[L—_ [(d—atnj1-2 3-dioxopiperazin-l-yl)}carbonylami nOJ—-—
(thien-2-yl)acetamido]-6c-formamidopenicillamic acid (143mg).
This was suspended in .water (30ml) and the pE adjusted
"to 6.5 with M. sodium hydrogen carbonate, the mixture
filtered and the filtrate freeze-dried to yield the title
compound (153mg); v __. (KBr) 3800 -23500, 5170, 1710, 1680br,
1610, 1305, 1465, 1395, 1370, and 119Ccm ~; & (DZO)-l.lS

(3H,t,J8Hz, NCHCHj), 1.22 and 1.41 (8H,2s,C(CH,),), 3.45
(2H,t,J8Hz, C ), 3.50-3.77 (2H,m,CH,), 3. 81--.03 (2H,m,CH, ),
4,19(14;s, 3~ h) 5.54(14,s,5-H), 5.83 (1lH,s,CH), 6.92-7.48

(3H,m, thienyl-H's),8.05(1H,s,CHO).

MIC against P. Mirahilis 889 is 0.5 ug/ml.
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solution. This was cooled to OC and stirred while 4-ethyl -

2, 3-di oxoni per azi ne-1-carbonyl- chloride (1.00 g, 4.9 mnole) in AR acetone
(10 m) 'was added dropwi se. The pH was kept at 9.5 by the addition of
further base while the solution was allowed to regain roomtenperature.

2h the solution was acidified to jdb 2~ and the bul k of the acetone

by gvaﬁoi atig The oily product was extracted into ethyl acetate
g total organic phase was washed once with brine an%(»n
dried over sodi um sul phate. Evaporation gave the title acid (1.36 g,

as a col ouresko el ddie d0am Wakehahela] Ned. 20N aNl o
t enaci ousl y; [-err . -err]
0.75-1.35 (SH=m CHSCHand[err] 3.1-3.7 (4H, m 2 [err].: 39425(2H m
[err] 4.50 (2HL m CHCH), 6.25 (IH, brs, [err] exch, OH), 7.25 (5H,s,aryl)
, 9.50 (1H, ) . exch Jerr]).
(b) Benzyl oz
“azin- | - vl ) ckam rei Bl b
preceding acid benzyl ether (1 29 g, 3 42m rml e) was d| ssolved in dry

.=di chl oronl ef h 7 m ndadcidrovm e Wt tirrina at Jerr] over Q5
hr to a soI%t%r)hﬁut(mn C)fb% 2 gr k- (i BQQEF%fhﬁ??ﬁ%ﬁ ‘E‘tar“%leanate

(1.20 g, 3.@MmImiand &»@’dﬁcywﬁénegybéa#bgdﬁ- indide(20269) gin Jackmamd e) in
di chl or onet hadgr { Swald )stirkHa@ Fnd! %%:L%Stal bayed %Qdfﬂﬁéérbé WPAMmerature

and stirrin continued overnight. Aft 16h t reci pat ed
di cycl ohexﬂ(ﬁ%i’%é’”ﬁ Perted 4 %aﬁg Pha 1"| f"r?hf’édé?/%%%iﬂﬁ?rﬂ??fm-yness
The resi dueamiass i B5(dihicth-i23 vat)hyle ticebatid 48d268p ihlicsashe (20ml).

The mixture.was allowed to regain room temperature cver lh,

then stirred at room temperature for 18h. The pracipitatad
N,N -dicyclohexylured was removed by filtration, washed with
acetone and dried (1.67g). The filtrate and washings were
combined and evaporated to dryness in vacuo. Chromatography
on silica gel 60 (<230 mesh ASTM), eluting with 20% ethyl
acetate in cyclohexane gave the title comoound (5.1g); v Vmax
(KBr) 34005h 3030 1780 1745, 1720sh, 1630, 1520, 1348,
1230, 1205, and 1183cm ,59CDC1:3)1.10 1.25, 1.30 and 1.35
- (6H,4s,G(CH3)2), 2.02 and 2.19 (3H,2s, SCH3) 4,34 and 4.40
:(:)ﬁ (1H,2s,3-H), 5.15,5.16 and 5.22 (4H 2s and brs, 2CH2'5),
5.53(1H,s,5-H),5.72-5.95 (1H,m,CH),4.31(1H,d,J 8Hz, NHCH),
6.82-7.60 and 8.05-8.25(12H,m,C H4’ phenyl and thienyl-H's);

(found.M 670.1194, C3oH5oN 04 S requires M 670.1178).

(o) _Benzvl 6a-amino-66—rDL-2- 4-niggobenzvloxvcarbonvlamino)

=2-(thien-2-vl)acetamido ]Jpenicillanate

Benzyl 6a-(methylthio)-éﬁ-[DL;Z—(é rovenzyloxycarbonylaminn)

-2- (thicn—2-yl*acetamidb]pen*c*llanate (5.1g) was dissolved

in N,N- dimethylformamide (40ml),cooled tc 0-5°C and trsazec
with mercuric acetate (2.4g) then ammonia (126mg) in N,N-
dimethylformamide (fml). It was stirred at 0-5°C for 15 min
then diluted with ethyl acetate (1l50ml), filtered and the
phases separated. The ethyl acetate layer was washed Five

times with water, saturated brine, dried over annyd:ous

magnesium sulphate and evapcrated to dryness in vacuo.



sol ution washed sequentially with water, O 5M hydrochloric acid, water,
sat ur at ed aqueous sodi um hydr ogen car bonate wat er and brine, then dried
overxpéﬂ um sul phate. Evaporation gave crude product which was

chr-orat ogr aphed on silica gel (120 g)., eluting with 2% net hanol in
chl'oroform to give the title [err]- (rrethylthl o)penicillin ester as a
colourless, crisp foam (0.59¢, 124%-; [err] 0.60 in 10% net hanol - chl orof
[err] 1.17 (3H, t,J 7 Hz, [err]), 1.26 (3H, d, J 7Hz, CH3CH), 1.32 and ™
(6R, C&pm@&bg]:aahﬂo(ﬁb{ils;:a[eelw <%3®014311H ASAMD, [eugdng Fis®- 4. 30 (3H"

g]1£QJ 4%c%H§te inde g&loﬂeﬁ né ﬁﬁ%(éﬁi iﬁtf¥1&dﬁﬁauﬁ@ether)+ ‘CHNH) ,

27 7.32 (10H, 2s, phenyls),
7.62 ( ﬁgﬁr-s“[na&r(](-”ézi 9378: Néél% %6§%r Hi‘ﬁg% % ks 5 Texch, CH-NH). .
(c) 1Bewzyl3Berr L2p&2R138PsB; b2axY| ang- 20Q¢ - ]et hyl - 2, 3- di oxopi p-
erazi n-yl ) carbonyl am no] butyram do]-[err]-am nopenC| [ anate The preceding
[err]-net hyI th| o der| vative (0. 59 0. 83 m nol e) was dissolved in dry

di me B -£eraamiyo RHBFObRRZVLQAVCATDOMY -C Mercuri c
acet at.g i@ )2.@_ ani‘-@a) in dimethylformam de (1
m) were adde sequentla Y, en the m xture was al |l oned to regain room

tenperature and stirred for 1.5 h. W)rkup was efffcted b}/ partition of the
r eac txea triexttucd -Betswdationhpk aeezza@eoanelmm%? Ple-371gEmi ¢ phase was

Separr?ﬂt%dabe%%%%fcﬁtrl%%ywamnwtgt(eﬂléh ang pactéleamm@;wm_wer sod im
sul phate Ev%oq(}hatlon ve th errk n}zo geg él in.as a cc{_h.s yel | ow
f oam¥ 3 Had)® |16‘h% §’61°f"?c‘5 el gﬂ 25 B Wz IR 0.4 in
10% nfed Jvano) ,- cfdldiopfeat iy acetic formic anhydride (1.72ml), was :
carried out under nitrogen. After 0.5h at O-SOC, the
mixture was allowed to regain room temperature over lh,
washed with M. hydrochloric acid, M. aqueous sodium hydrogen
carbonate, saturated brine, dried over anhydrous magnesium
‘sulphate, and evaporated to dryness in vacuo. Purification
and separation of the diastereoisomers was accomplished
using a Waters prep 500 hlgn performance llculd chromatograph
with a ?reDPak-:OO/SLllca column as the stationary phase
and 50% ethyl acetate in cyclohexane as the elwant. The
material with the D-configuration in the side-chain eluted
first (1.159); (229 + 168.5° (¢ 1 in MeOH);v___ (KBx) 33000z
1780, 1740, 1700, 1680, 1520, 13250, 1247, 1210, 1185 and
700em™t; 8(CDC1) 1.07 and 1.26 (6H,2s,C(CHy),), 4.38
(1d,s,3-H), 5.13 (4.-H,brs_,2CH2's), 5.60 (lH,s,5-H), S5.68
(1H,d,J 8Hz, CH), 6.81-7.49 (10H, m, '
phenyl; thieayl and 2 C6H4 protons), 7.83(lH,brs,CONH),
7.70-8.00(1H,NECHO), 8.01-8.20 (3H,m,CHO and 2 SPL A protons).’
The title compound with the L-configuration in zThe side-
chain eluted ssacond (61929); Lc120 + 112.8° (C 1 in MeCH);
Vmax (KB:) 3300b:,1780,i173:, 1680br, 1605, 1520, 1350,
lZSObr,.lZlO@and'700cm_ ; é(CDCl3) lilS and 1.21 (8H,2s
C(CH3)2), 4.39 (lH,s,3-H), 5 *2(4H,brs,2CHZ's), 5.60
(1H,s ,5-H), 5.79(1H,d,J8Hz,CH), 6.30-6.70 (lH,br,NECH),
6.81-6.96{2H,m, ynlenyl—qz), 7.08-7,49 (QH,m,;hienyl-H,
phenyl and 2 CH, protons), 7.82 (l{ brs, CONH), 8.00-8.20
(24,m,CHO and 2 Cc,)l-{‘,= protons), 8.3C-8.80 (1H,br,NECHO.




azin-1- yl) car bonv(sai 88¢kD

kN

Hz, [err]), 1.26 (3E, d, J 7 Hz, CH CHO,

2.87 (2H, brs, [err] exch, [err]), 3.30-3.75

, m NCH2 & CHNH), 4.41(1H, s, 3-H), 4.50. .

r] of ether), 5.20 (2H, S, Ph [err] of . 12;
7.5 (10H m phenyls), 8.07 (1H, brs, [err]

-z, [err} Exzhs CHNH). (d). Benzvl

4 eth I-2 3- dloxoplper-

- 116 - [err] 1.14 (3Ht, J 7
1.30 and 1.42 (6H, 2s, [er])
(4H, m 2 [err]), 3.90-4.30 (
(1H m -CEO), 4.59 (2H, s, [
., 5.33 (1H, s, 5-H), 7.
yNH),. 9. 55 (1H brd, J
2R, 39) - 3- benzyl oxy- 2-

3
e
2

precedi ng 6a--am ne_cdgn_amaélxe:_§0 42 g , 0.62 m nol e) was di ssol ved in
di chl or onet'’hane (5. stirred at OCV\/mIe dry pyridine (0.49 m, 10
eg) and acetic formc anhydrl de (0.25 nl, eq) were added. The sol uti on

was allowed to re@&hﬁyloéﬁrf@mw%@%ﬁ(lﬁ*ﬂédrbbenzw oyga gy Yameipo ) -
partitioned between (@nShh-bygdr p&éﬁ%m&fﬁedu@adlaﬁaftécremﬁmﬂ hyds ageial ec.txo

make the organic layer th ani c. phase separated and
“washed further witff OeBrﬁﬁK§§$ﬁ%ﬂ%r&t&“&g nd\/ve‘{ggr soiva?h?%t b ®
sodi um hydr ogen caeltemafénlhateeferrl Hrduugenaténndpived bO%rpsldidimm on

;Sul phate. Evapor afcla%oaaye-@m ?I oW -ﬁ-P' I Gkh@"'c%'%a%%*swh eLIRA4L by
‘chr omat ogr aphy on silica g 4%‘?/%% el uti n 2% et hanol - chl orororm
S df

The product-rich Fr&EERGAST: o i det ﬁ&VFFPFHF%{"ﬁ%dV\ﬁ’aETF‘e't Her?
afforded the titl elaara@errandd@am‘;x |damb ineda wbntensemecs,okasjﬂe(cn Wl 1g,

579, R0.351n 19:1’&&‘{%*9323' fé“c afﬂH rEth@—[ %%] 4% i 3&% éd 3)*% d the

[err]) 1.25 (3H, d, J 7 Hz, [err]) , 1.31 and 1.46 (6H 2s, [err]), _
3.30-3.75 (4H, m “2tLer Fpppoundg 4-""%) '(mgx KB=Pesl f C?EO‘P\E)l 70, 418”(‘311 s,
3-H), 4 55 (E, m 166@),, 15060 (200, s}34h drer n2sof cafher), 5.20 (2H, s, [err]

of ester), 5.60 (IH s,.5-H), 7.20-7.50



“filtrate wa

(10H, m phenyls), 8.12 (1H, s, NECHO, 8.22 and 8.35 (2H, 2 brs, D20
exc.h, 6-NHs) 9.55 (1H, brd, J 7 Hz, [err] exch, CHNH) . 130 -117- (e)
hf ]-( (2R; 3S) - 3-Benzvl oxy-2-((4-ethvl -2, 3-di oxocicerazin- _
Lﬁgg)carbonvlaninoI-butyranidol-6a-fornanidopenciIIanic acid, sodiumsalt
The precedi.ng 6a-formam do benzyl ester (0.23 g; 0.32mnole) was dissol ved
in tetrahydrofuran: water (10 - m, 4:4)3 - 10% Pal | adi um on charcoal cat af¥%
(0.15.9) was added and the m xture was hydrogenated for a total of 6h, Y
one filtrExampbe 26d change of catalyst after 3h. After this tine the
catalyst was filtered off and washed well with both solvents then the

ated to remve Retrah drofuran_and partiti oned bet ween
SSve o WG Fer—eSEbBAaES L TARRRRASRReIsY ti ons) . The

et hyl acets SO eH AR EH—6 SHEHEHa -6 2
aqueous phasklawmic aptidfied to pH2 with 2M hydrochloric acid and the
~product extracted into tetrahydrofuran: ethyl acetate (3 portions, 1:1). .
The organi c extract. was dried.ovia sodiunlsulghate and evaporated to

dryness. TRenFek et ERemidsPfrad-2r (4cBLoRe SREY LSRR TRIPMLGIOS Jsodi um
salt by adgi{tienend2-2M jsadiwamidodpeykchezanaaé e( 0 n3ze) hwds icickudiyledket one.

. , X SRAs . 0 g
- but anol - Shets SRRt f('%%)‘i’,eF%?P%Li%&%‘f’gx%ﬁ?@&>[1%r Yerr]:
[err] 1.18etBano} (3nly) |and [heidepopapitpy, oYep- 19% paHadiumienoigag s r]
3.30-3.75 (81834) £of erv]) Thd Wtd13Qt(Rks Pembeed By Hilkrdtdldn and err]),
fresh 10% palladium on carbon (0.33g) added to the reaction
mixture. ter lh,  the catalyst was removed by filtration,
washed with tetfahydrofuran, water and ethHanocl, the filtrate
and washings combined and concentrated. The residue was
washed well with ethyl acetate and ether and freeze-dried
to yield the title compound (94mg);vmax(KBr) 3420b, 3230bx,

1768, 1670br, 1600br, 1510br, 1380, 1340, and 1250cm .

L3
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5.51 (1H, s,5-H), 7.30 (SE, s, phenvls), 8.05 (1H, s, NHCHO, 8 15 (1H,
brd, J 7Hz, exch, NH). O her signals are obscured by the water T% MC
against P. Mrabilis 889 is 100 [err]. -118- Exanple 31 Benzvl

[err]-am no-6a-formam dopenicill anate (a) Benzvl.

68- (2,2, 2-trichl oroet hoxvcarbonvl am no)-y{grr]- (nethylthlo)pen|0|IIanate
Benz‘::'err] am no- 6a- (nethylthlo)pen|C|IIanate (3.32 g, 10 mmol e) was
stir at OCwith dry pyridine (1.22 mM, 1.5 eq) in dry dichl oronet hane
(20 mM). A solution of 2,2, 2- trlchloroethyl chloroformate (2.20 g, 1.5 eq)
i n the sane SedmeId @S added dropwi se over about 0.25 h. The resulting
m xture was altTowed to regain roomtenperature, then poured into a mxture
of et hyl aceﬂﬁi@(l%&&ﬁﬁB-a@ﬂ@MHv Hdchtbyic2adrdieopinezazine-lgr ganic
phase was sepaya / %Qrwa_tﬁ%1%kh=9éammdé@9@iprm@cha(2 )r(\)

wat er., sat ur<a =je ouT o
dried over ssefiimSaMhate. Evaporatlon gave the prot ect ed

"[err]-(methylthic) derivative as a crisp, near-colourless - -foam (5.17 g,

98%; R 0.80 in 10% net hanol -chloroform [err] 1.45 and 1.60 (6H, 2s,

€(CH3)2), 2. 40 (3H2Rs 39lerI{3enzyioow-R-(d1-gthyl-23, 85di0¥poiparanintl-
Terr]), 5. 30vi)2é'£r:§o-nﬂhe§l'42-@]b§v&?.c(ihlénds 5-H), 5-40 (1IH, brs, [err] exch,

",

NH), 7.50 (5H, 5, phenytrs), (Found. MF,

o- Benzyl-D-threonine (0.92 g, 4.4 mmole) (preparad
by the method of T. Mizoguchi, G. Le?in, D. W. Woolley,
and J. M. Stewart,.g} Org. Chem., 1968, 33, 903, who o
described the L-isomer) was suspended in water (20 @ml)
and the p# adjusted £o0 9.5 , giving a virtually complets
solution. This was cooled to 0°C and-stiried_#hile 4-ethyl-
2,3-dioxoviperazine-l-carbonyl chloride (1.00 g, 4.9_m mols
in AR acetone (10 ml) was added drcpwise. -Thé PH was Xept
at 9.5 by the addition of further base while the solution
was allowed to ragain room temperaturs. After 2h the
solution was acidified to pH 2 and the bulk of the acetons

_ removed by evaporation. The oily product was extractad

(:)- into ethyl acetate (3 x 30 ml), then the totai organic phase
was washed once with brine and dried over sodium sulphaﬁe.
Evaporation gave the title acid (1.36 g, 82%) as a colourless
non-crystalline foam which retained solvent traces tenaciously
RfO.BS in chlordform: methanol:acetic acid, 17:2:1; § (CDClB)
O.7S-lf35 (5H, m, CH,CH and Ncazggs), 3.1-3.7 (4B, m, 2 -
NCH,) , 3.9-4.25 (2H, m, NCHZ), 4.50 (2H, m, CH-CE), 6.25
(1E, brs, D,0 exch, OH), 7.25 (5d,s,arvl) ,9.50 (1%, bri),
J 7 Hz, DZO exch, NH), 9.70 (12, brs, DZO exch, 2“)

(b} 3Benzvl 68-[(2R,3S)-3-benzvloxy-2-((4-ethvl-2,3-dioxcoizerz-

- e s s s

The preceding acié benzyl ether (1.29 g, 3.42m mols)

was dissolveé in dry éichloromethane (7 ml) and added
]

é
dropwise with stirring at O C over 0. S ar to a solution



525.9943. J[err] requires [err], 525.9940). (b) Benzyl [err]-(
~25-2-trichl oroet hoxycar bonyl am no)- 6a-am nopenicil | anate Benzyl
olerr]-(2,2,2-trichl oroet hoxycarbonyl am no)-[err]- (methylthio)penicillanate

2 5.15 g, 9.76 mvle) was dissolved in dry dinethylformamde (20 m) and
cooled O to -40 Cwith stirring. To this solution were added - 119 )
sequentially, nmercuric acetate g351§ 9, 1 eq) and a solution of anhydroys*

ammonia (0.17 g, 1 eq) in dry difiethylformamde (6 m). The resulting Y

m xture was allowed to warmto roomtenperature over 1 h, then poured into

am &%&%\_;]a eééﬂﬁimﬁw%&fdé&@t-h lrﬂh)ioaryéﬁa@tiqazhétaenl(%-.zahgt,ﬁrga_m c phaz- e

was separate al she r.t her, wi wat.er, en _w rine, an

dried3o$éP‘§bH$hﬁ?§ I %X?égnﬁﬁﬁﬁﬁﬁQQQQﬁTﬁﬂ%ﬁ ﬁﬁé78a5an9n6mpenicil1in as a

pal e melépwid chiel{ Yoddnagth802) (Svml)h waheusdctwireheas Bldtked purification;

[err].Q. ' % e ol S r rd9; 8 whet d 5 (6H, 2s,

(CH3)&%)pé%%%él%%fe%#ég%%ﬁ%ic ,cp,[sg“r 7%?]4.%5 ?fﬁ?‘?,l‘e; “H), 4.80 (2H, s,

[err]?YeEPEEPYQFtA'?e{e4?q)?n%iaﬁ?q¥ﬁit , q}gﬁF}oegﬁglGEH? W&, D20 exch,

PH),]figégfgitoﬁf T&&Wwﬁé)fiIﬁﬁa&kﬂﬁﬂdgorated tqfdryne;;. T;e_l

err]-(2:.2:2-triLc xycal, % - Qa-; L.QL MR, ¢ Icillanate

BenzyFéTJe?ﬁ '(?25 251129{5;'?\%%#’0?%2%% ycagérgot%%g/el %%dnog‘-e[ é‘?rl]'gggﬁi nopeni cil | anate

(4. 40sglui®s moted seeuentizlly with water, 0.5M. hydrochloric

acid, water, saturated aqueous sodium hydrogen carbonate,

water and brine, then driad over sodium sulphate. Evapcration
gave crude product which was chromatogra;hed'on silica g¢gel
(120 g)., eluting with 2% methanol in chloroform, to give
the title.Ga-(methYlthib)penici;lin ester as a colourlass,’
crisp foam (0.53g, 24%); Rf'O.GO in 10% methanol-chlofofo‘a;
3 (CDCL3) 1.17 (34, t,J 7 Hz, NCH,CH,), 1.26 (34, &, J 74z,
C§3CH), 1.32 and 1.45 (68, 2s, (CH3)2C),2.12 (3%, s, CH3S),
3.50 (4K, m, 2 NCHZ), 3.90-4.30 (32, m, NCHZ+C§(CH3)),

4.42 (1H, s, 3-H), 4.45 - 4.65 (3H, m, Ph CH,0 (gther) +
CHiNH),  5.15 (2H, s, Ph CH,0), 5.51 (lH, s, 3-#), 7.27 and
7.32 (lOH, Zs,pheqyls), 7.82 (lH,brs,DZO exch, 6-NH), 9.50C
(1H,brd, J 7Hz, D,0 exch, CH-NH).

(¢) Benzvl 63-( (2R,38)-3-benzvloxy-2-( (4-ethyl-2,3-dioxopin-

g i
erazin-l-yl)carbonvlaminolbutyramido]-6a~-aminovencillanate

'The preceding éa-methylthio derivative (0.59g, 0.83 m
mole) was dissolved in dry dimethylformamide (6.4 ml) and
stirred under nitrogen at -40°C Mercuric acetate (0.26 g,
l'eq) and -ammonia (0.0l6 g, Ll eq) in dimethylformamice
(1 ml) were added sequentially, then the mix:tu 11
to regain rocom temperature and stirred for L.

was effected bv partition of the reacticn mixture betwesen

®

ethyl acetate and water; the organic phase was
. )

washad further wiizh watar {4 x) and brine, and
sodium sulphate. Evaporation gave the 6a-amino penicil
2

a crisp yellow foam (0.44qg); which was suffici atly



o

at 0Cin dry dichloronethane (30 m). To this solution were added dry
pyridine (6.95 m, 10 eq) and acetic form c anhydride (3.51 m, 10 eq). The
resulting pale yellow solution was allowed to warmto roomtenperature over
1 h, then washed sequentially with O SM hydrochloric acid (2 x 100 m),

wat er . saturated sodi um hydrogen carbonate sol ution, water and brine and

fi na@adri ed over sodium sul phate. Evaporation gave the crude product

whi cf s subjected to chromatography on silica gel (350 g), eluting with
2% et hanol -chl oroform to give the desiged [err]- formam do penicillin
(3.03 g, 5°/c) This was subsequently found to crystallise on trituration
W th ether; c{J_err]J_, Uaerisi0. 45 |Jn71902/ nﬁéga@glychiogg)f p_-;[_m ‘{er-r] (KBr)
- 120- 3340 3 6D 790 1745 'and 16 er BRI 53‘(6H 2s,
(CH3) 20) , 47512(11& Oyt - 3p 2 (éH 42 “f‘er?; ( ~-1>7~C(>2H Tlerr]), 5.66
(1H, s, 5- I-t)2q6bT<Es,( 0 xeh [ GHL] e>3cl30 -3y 3 1484 2pH i\sc‘iph,enyl S) 7 70

1H, brs [£r H [err Fo nd .-C H,

& 7.85% [grﬁ reqw%es’ 3&5%5 t C"§H&)3 ]%(b& éj 44?5&3

6[ err] -am noli®] étrrr]C-‘iQirrnémS(?odéﬁlrcﬁl | aRBEH Beﬁiy?t”ter) s 3. 20 (23, s,
-8lerr]-(2, r2-dy Ics:fawré%@el&%sca@bqrml agl, ng)aﬂevri fos Mergelan, RMEGIld)anat e

\,jﬂ

- (l.44 g, 2.75 | e) vvas solvdln hdr ran (45 nj),_an '
pot assi um i 1%{1”;2@'9' g‘ NE‘ He r §uI?H ngn‘s(t re. vﬁa's%salg rred at

room t enpersxtair e Gmi_i)pomdered zi nc (2 g), which had

(d) Benzvl 63-[(2R,3$)-3-benzvloxv-2-[(4-ethvl-2,3-5ioxooioer—

azin-l-vl)carbonvlaminolbutvramidol-6a~-£formamidopenicillanacs

The preceding 6a-amino derivative (0.42 ¢ , 0.52 m mole)
was dissolved in dichloromethane (5.5 ml) and stirred at 0°C
while dry pvridine (0.49 ml, 10 eg) and acetic formlc anh
(0.25 ml, 5 eg) weres added. The solution was allowad to r i
room temperature and stirred for lh. It was then partitioned
between 0O.3M, hydrochloric acié and sufficien% ethvl acetate
tc make the organic layer the upper. The organic phase. was

_ separated ard washed -Lrbne* with 0.5 M hydrochloric acid,
1<:)- watar, a*urated agqueous sodium hydrogen carbonata, watar
o and brine, then dried over sodium sulpanate. Evaporation

gave a yellew solid which was subjected to chromatography on

silica gel (40 g), eluting with 2% methanol-chloroform.

The product-rich £fractions, on esvaporaticn and trituration:
il

Nluh ether, afforded the title 6a-formamido penicillin as

l‘

a white semi-solid (0.25 g, 57%); R‘O 35 in 10% methanol-chlcro-
form; § [€Dy),C0) 1.13(3%, &, J 78z, NCH,CE,), 1.25 (3%, 4,
J 7 2z, CH,CH), 1.3l and 1.46 (6, 2s, (CH )ZC)’ 3.30-3.75
(42, m, 2 VCH ), 3.90-4.30 (3%, m, NCHZ. CH NH), 4.483 (1§,
s, 3-H), 4.55 (18, m, CHO),
.20 (2¥, s, ?hCH20 of

£.860 (28, s, Ph -HZO 0f sther),
estear), 5.60 (l, s, 3-3), 7.20-7.50C
(th,.m, phenyls), 8 (L and 8.33 (2H,
2 brs, DZO exch, §5-NE

CHNE) .

s 2
s), 9.55 (¥, bré, J 7 #z, D,0 exch,



been freshly activated by washing with hydrochloric acid, then wth water,
. was added. The pH of the m xture was kept at 4.5 by the additon of 2M
luthB&bhloric acid. The progress of the reaction was nonitored by t.|.c.,
~and after about 4 h no starting material was visible. For workup the zinc
was filtered off and the filtrate partitioned between ethyl acetate and__
wat er. The organi ¢ phase mas_sqggrgted and further washed with water agE;F.
brine, then dried over sodi um sul phate. Evaporation gave the crude prod®®
as a pale 84%) . RO 30 in_I0%pnethanol -chl oroform The
mat deidal § KECEQERETEED 23 Fd S2%% iverted into
i ts 1ckAScalrbon® lhalinenbupyramigbdratefsahimbionext hylamnietdwyis acet at e
soIGTTﬁﬁfmntqtfﬁe stoichionetric quantity of toluene-[err]-sul phonic acid
as &S5 ER-33LE ethyl acetate. In this way 0.44 g (1.26 rmole) of inpure
free base gave 0.44 g (67% of the 6[err]-am no derivative as its

t ol uene- gkl braveBiagase-cdbaanakb badz{0 becdissol ¥edgj ro[®am] - nethanol or |
[err - di met hyl suhehﬁdeebfg% n.g1r=‘gurpose§ an? -raihel_fa0|h 134 -

121 MO 18dc HRS0 SLEREN VERs dBd EeRERBYEFOFPERBI T RF (R Ftee' bise & after

t he pedlfadiach beerhstrandilngaknlgsdesDctat gt ¥as acdedkagdvehamterial of good -.

Ity L e 1,45 =70 ( 65k » 250onk CHBY 2GS 2. 60 (2H,
ors e esy ASA2BRackl g a poBlS 32/l huplont R S 70

el | ov m (0. 66
y ( Qg um_( 56

(1Hatdons2pd cpagge( ¢ cBFalypéer pft@xcRh. After this time &h
catalyst was filtered off and washed well with both solvents
then the filtrate was concentrated to remove tetranydrofuran
and partitioned between ethvl acetate and M._sbdium hydrogen
carbonate solution (two portions). The équédus phase was

acidified to pH2 with 2M hydrochloric acid and the product
extracted into tetrahydrofuran: etayl acetate (3 portions,
1:1). The organic extract was dried over sodium sulpnate
and evaporated to dryness. The rasidue was dissolved in
acetone and converted to its sodium salt by addition of
2M  sodium 2-ethylhexancate in methyl iscbutyl ketoné,
This procedure afforded the title penicillin (90 mg, 335%),
Rfo.45 in n-butanol:acetic acid: water,‘4:l:l,i> maé.
(XBr) 1765,1710 cm *; & (D,0) 1.18 (3, t, J 7 Hz, NCE,
C§3), 1.2-1.5 (9H, m, C§3CH &(CH3)2C), 3.30-3.75 (4¥, m,
2 NCH,) , 3.90-4.10 (2H, m, NCH,), 5.21 (2H, s, PhCH,0),
5.51 (1H, s,5~-H), 7.30 (5H, s, phenvls), 8.05 (lH, s, NHCHO),
8.15 (1€, bxrd, J 7Hz, exch, NH). Other signals are obscured

by the water peak. : o -
MIC against 3; Mirabilis 889 is 100 ug/ml.

I



[err]), 7.50 (5H, s, phenyls), 8.35 (1H, s, NHCHO. - - 122 - Exanple 32
6[err]-Formam do-6[err]-[ D 2-(4-hvdroxyphenyl)-2-r3-r4 -hydroxy-2- vy o
(phenyl am no) pyri m di n-5-yl ] urei do] acet am do] penicil |l anic acid sodiun1sa1ttf
6[ err]-[ D 2- Am no- 2- (4- hydr oxyphenyl ) acet am do] - 6[ err] - f or mam dopen-
icillagic acid (0.20g) was suspended in water (20m ) and the pH adjusted to
7.5 gi:?he addition of triethylam ne. The resulting solution was stirred '
“and ™6l ed to O-[err] and treated portionwi se with

[ 4- hydr oxy- 2- ( phenyl am no) pyrim di n-5-yl Jamidar bonyl chloride (0.114q)
the pH being mai ntai ned between 7 and 7.5 by addition of trieth- ylam ne.
The m xture was stirred _at_0-5C for 0.5 h, then concentrated under reduced
pressure. The aque%ﬁ%ﬂg%%+§%e was washed twice with ethyl acetate (25m)
and diethyl ether, before being acidified to pH2 with 5M hydrochl oric acid

in the presence ofg { aselate (o). The resultj recipitate was
_collected by filt- ,‘%: _ S Eeknatl = %€ and di et hyl et her

and suspended in water (l1Om) pontaining_sbdiunlhydrogenparbonate_(0.018g),
the mixture filtered)@Bshife §34(17,2t, 0 - fke8REo 8+ 18 HME 1108 A L.
-tonpound (0.15g);[err],._AKB 3200, 0, 1660, Ib10, 1593, 1340,
1518, 1499, 1444, 1390; SrIESSAIAGRY=323%em [err] ;2:1:1:] 0.95 and
1.29 (6H 2s, C(CH3)2), 4.05 (1Hs,3-H),5.26 (1H s, CHCO, 5.50, (1Hs,5-H),
6. 64-6.90 and 7. 00Bér 0§ : s - =
e pyrinidine-FQah%?u déﬂiﬁﬁﬁo-eaﬁmﬁﬁtﬁ9ggﬁféfﬂénlé&f%%nate (3.32 g,
r 0 mmole) was stirred at 0°C with dry pyridine
(1.22 ml, 1.5 eq) in dry dichloromethane (20 ml).
A solution of 2,2,2-trichloroethyl chloroformate
(2,20 g, 1.5 eq) in the same solvent was added °
dropwise over about 0.25 h. The resulting mixture

0

=y

O

O
1

was allowed to regain room temperature, then poured
into a mixture of ethyl acetate (50 ml1) and 0.5 M
hydrochloric acid (30 ml). The organic phése was
separated and washed further with 0.5 M hydrochloric
acid'(2 x), water, saturated sodium hydrogen carbonate
solution, water and brine, theﬁ dried over sodium

sulphate. Evaporation gave the protected 6a~-(methylthic)

derivative as a crisp, near-colourless'foam'(5.17 d,

98%) ; R:0.80 in 10% methanol-chloroform; & (CDCl3)"

1.45 and 1.60 (éH, 2s, C(CHz),), 2.40 (3H, s, CH,S),

4.60(1H, s, 3-H), 4.85 (2H,_narrow d, Cl3CCH20),

5.30 (2H, s, PhCH,0), 5.60 (1H, s, 5-H), 6.40 (1H, brs,
::D50 exch, NH), 7.50 (5H, s, phenyls); (Found: M",

525.9943. C; H, CLN,0.S, requires M, 525.9940)."

(o) Benzyl 63-

6g-aminopenicillanate

roethoxvcarbonvliaminot - -

Benzyl 66-(2,2,2-trichloroethoxycarbonylamino)-6&-
(methylthio)penicillanate (5.15 g, 9.76 mmole) was
dissolved in dry dimethylformamicde (20 ml) and cooled
to.-40?C with stirring. To this solution were added



s (IH sCHO). MC against P. Mrabil is 889 is 5.0 [err]/m. - 123 -

Exanpl e 33 6[err]-[2-[(4- Ethyl-2,3-dioxopi perazin-I-yl)carbonvl am no] - 2-
(37-di hvdé?iyphenyl ) acetam do] -6[err]-formam dopenicillanic acid, sodium
salt. Subl8l4dsin al cal ase on Mtibishu W+ 105 was washed t hor oughly with
water to renove all supernatant buffer traces. The danp resin-bound enzyne
(2g) was added to a stirred solution of
6[err]-[2-[(4-ethyl-2, 3-di oxopi pg %m n- 1-yl ) car bonyl am no] - 2- Syl
(3, 4-di acet oxyphenyl )acet am do~ % rr] -formani dopenicillanic acid, sodium
salt (100ngy, 0.143mmol) .in water (10m ) at roomtenperature. The effective
pH was 7.5-8.0. After 1h the resin was filtered off and the filtrate was
sat ur abqdenitiial2ggli maxcukbei dee*-ahen( acisiiéj eﬁ é) p&xl&i vd th 2M hydrochloric
aci d onict r n te: rahydrofuran (1:1,
3x 20%??"”104%8 B g‘ﬁkggagé%c% Jé%':té%a? d% o‘%f—:‘1 sod’ i‘um sul phate and
evapoﬂ&@éGhVéIQWﬁ@éée (ﬁeﬁl%uspﬁhﬂed%mlmtbrﬂ:@sml)e The pH was adj ust ed

to 6. 5a|§ya@d@h&ﬁoﬁoofvaﬁdhél”kbé!ﬂrQﬂrﬁﬁ'eﬁé‘ﬁ@:?ﬂaé\?e*V\f'Q{‘ aHdpar solution
resul t ed. e\I%agroratlonfollo ;rlturatlo with acetone

filtePPHg, i“Rg AWMt tHE 8t 8?3ee Bt cdfRi2 R ity fR%E the di hydr oxy
peni cnwlaJtleur $6@| ain)sal u:‘1é.46n’ga.nﬂé%ba& Ovdd separdtddinald acetic acid: water,

4:1: 1, 1 7 0.93 and 1.32
(6H, 23 err )I(1§ 5%6 & h J’%Q? ﬁg 2 1&%) ["g{ %%4%& 4H m 2x([5‘2rr])
3. 90- Ans?odefzﬁdneyéﬁ F?dlwls‘elllhét% H) Evaponitipn gAYy th

6a-amino penicillin as a pale yellow foam (4.44 g,

89%) whith was used without further purification;
R0.65 in 10% methanol-chloroform; & (CDCly) 1.40

and 1.55 (6H, 2s, (CH3) C), 2.65 (2H, brs, D Q0 exch,
NH,), 4.55 (1H, s, 3-H), 4.80 (2H, s, C1,CCH, 0), 5.25 °
(2H, s, PhCH,0), 5.45 (1H, s, 5-H), 6.45 (1H, brs, D0

exch, NH), 7.43 (SH, s, phenyls).

(c) Benzvl 63- (-._.2-**1cn1ovOOtnoxvcarbcnvlamlnol,6&-

formanldooenLCLll te

Benzyl 65%(_,-,2-urlchToroeuhoxyca*bonylan¢ 10)-8c-

aminopenicillanate (4.40 g, 8.86 mmole) was stirred
his
solution were added dry pyridine (6.95 ml, 10 eq)

‘at 0°C in dry dichloromethane (30 ml). To

d

—

and acetic formic anhydride (3.51 ml, 10 eq). The
resulting pale yellow solution was allowed to warm to

' room temperature over 1 h, then washed sequentially .
with 0.5M hydrochloric acid (2 x 100 ml), wazer,
saturated sodium hydfogon carbonate solution, watex
and brine and finally dried over sodium sulphate.
Evaporation gave the crude product which was subjected
to chromatography on silica gel (350 g), eluting with
2% methanol-chlaroform, to give *Se desired 6a-
formamido penicillin (3.03 g, &5%). This was subsequen tly
found to crystallise on trituration with euher, m.p.

132-2° C; R.0.45 in 10% methanol-chloroforn; Vmax (KBx)
B - & -



5.57(1H, s, COCHN), 6.

P.mrabilis 889 is
7[err]-amno-7[err]

80-7.00(3H, maryl H, 8.10(1H, s, NHCHO M C agai nst
0.2 f[err]/nm. - 124 - Exanple 34 -

- f or mam docephal osporanic acid, trifluoroacetic acid 136’

salt (a) t-Butyl 7[err]-nmethythio-7[err]- (trichloroethoxycarboriyl:-:
am-nQlgcephal osporanate t-Butyl
7] erf m no-7[err]-(nmethylthio)cephakpsperanate (6.92 g, 18.5 nmmol) in

di chirwf

onet hane (50 m) with pyridine (2.2 m, 27.2 mmol) was cooled to 0 C

and treated dropwi se over 0.5 h with a solution of 2,2,2- trichloroethyl

it on wadoAghyT LS t%’?‘g’ AL o el st engoity ) e

réaction was stlrredf washed with N.

hydrochl ori &- é’élﬂndbh-?l% (& i 2F oUEH PadhlesiduBZs (iPhase, 3aHd: evaporated to
?'3;26 the[a' apse Pme $1 ariugdcx 9:\86]10.,179%% &[se,r phel_94 , ( SHess, []er,RIBLZ 2.06
s, [er r arr ,
2-[err]) 2k l% o8 (51%‘*(%%@ %’gﬁ[’r]gfﬁ r‘%% "-’ﬁbd’os"ﬁ‘%H 7A§2 '[err]
3380, 2930, s178BengT#D, 1620 ([Bf{]b:s,(mlémcéxcl’{,em-l]),, 451, ommo s,[err]
requires M ygéfo ?Olpgou
e

-¥[err]-am no-
t-Butyl 7[efrdos
(9.86 g, 17.9 rrm)l)

L %t ri cfﬂ oroet%ox car bonyl am ngi cephal ospor anat e
i

85D - 72T Or St ox ybarh&iy NanBn6%) eephal ospor anat e
in dimethylformam de (60 m) at [err] was treated W th

a solution pfyy MELCUL| Cag_ anlno-oa-?o*mamldooen1c1llanat°

Benzyl 66-(2,2,2-trichloroethoxycarbonylamino)—6a-formamido-
penicillanate (1.44 g, 2.75 mmole) was dissolved in '
tetrahydrofuran (45 ml) and M. potassium dihydrogen

phospha

at room

te (9 ml). The resulting mixture was stirzed

temperature and powdered zinc (2 g), which had

been freshly activated by washing with hydrochloric

acid, then with water, was added. The pH of the mixture

was kept

at 4.5 by the additon of 2M, hydrochloric .

acid. The progress of the reaction was monitored by

t.l.c., and after about 4 h no starting material was
visible. For workup the zinc was filtered off and .
' : the filtrate partitioned between ethyl acetate and waterx.

The organic phase was separated and further washed with

water and brine, then dried over sodium sulphate,

Evaporat

ion gave the crude product as a pale yellow

‘gum (0.66 g, 84%); R:0.30 in 10% methanol-chloroform.
The material was not stable in this form. It could,

however,

be convertad into its crystalline toluene-p-

sulphonate salt by mixing an ethyl acetate solution

with the stoichiometric guantity of toluene-p-sulphonic

acid as

a slurry in ethyl acetate. In this way 0.44 g

(1L.26 mnole) of impure free base gave 0.24 g (67%) of

the 6§- an*no derivative as its to1uen=-o—=_l: onate.

The salt

4
"had to be dissolved in d -methanol or d -

dimethyl sulphoxide for n.m.r. purposes and rather facile



acetate (5.72 g, 17.9 mol) in dinethylformam de (10 m ), followed by
ammonia (0.30 g, 17.9 mol) in dinethyl- formam de (15 m ). The reaction
m xt:ure was allowed to warmto [err] over 1.5 h., then poured into ethyl
aﬁagte, ‘washed well with water, brine, dried and evaporated to give tthe
f conpound (8.0 g, 86%; [err] 1.56 (9H, s,[err]), 2.10 (31-1, s,
[err]), - 125 - 2.75 (2H brs [err]), 3.32 & 3.52 (2H, ABg, J18Hz,
2-[err]), 4.4-5.2 (5H, m ol 6.53 (1H, s, NH), [err] (THF)
3200, 1790, 1740, 1730 [err] (c’) Y

7[err]-formam do-7[err]-(trichloroethoxvcarbonvl am no)- cephal osporanate
t-Butyl 7[err]-amino-7[err]-(trichloroethoxycarbanyl am no)-
ceph&iesopposidion 8ngugd-0. HPWeNBFy FR<AVERVoPENERRaFRE2?60 m) was cool ed
to OGaanrd kpeatedtad theOynildi RAd( b3ehl stAndfingDhiy andesfetitofornmic

anhyd;| de e% \ﬂat"oe Oﬂ%%h rocﬁlzoggoaegﬁglg nhxt ;ea‘}g/gg stirred at 0 Cfor

1.5 K° I'C aCl tura 2d*284F tim hydr ogen

car b(ﬁna( )utll @3, amdi rle70dr(|63d a/d €¢HRoKr&Ded2t60g(98,the title conpound

(8.1 1ex{ce{r1\rH1)534(%U éiﬂ [%”]3)-;—*)2 9736?6§2HS sferr]), 3.28 & 3.46

(2H AB H2 -H._ %err]) 6.66 (1H, s,
"ch'be )1'H5 t?ros( H)s §°§é '( I1C5 =spePpP 9%88: 1790, 1735, 1700

cm( gt VA . 3T €raH - & mereffydisr)],- BoBﬁaMHocsphh‘h@_&ﬁd)ranate t - Butyl
7[err]-formam do-7[err]-(trichloroethoxycarbonyl am no) -




cephal osporanate (8.13 g, 14.9 mmol ) in tetrahydrofuran (100 m) and M

pot assi um di hydr ogen phosphate solution (20 m) was stirred with zinc

powder (15 g) which had been freshly activated by washing with 5N 135
hydrochloric acid foll owed by water. After 6 h. the reaction m xture was g
filtered and the tetrahydrofuran evaporated. The residue was diluted with

et hy, cetate, washed with water, brine, dried and evapor'at ed. The crude
‘mat eMg® Was recrystallized from et hyl acetate/ hexane to give the product
(2.5 g, 45%; mp. 166-170 C (dec.); 6(@&3&13) 1.58 (9H, s, [err]), 2.10
(3H, S, [err]), . - 126 - 2.43. (2Hs, [err]), 3.35 & 3.55 (2H, ABq,
J18Hz, 2-[erE¥3mole $2 g 4.99 (2H, ABq, -J13Hz, [err']) 5.11 (1H, s, 6-H),

6.92 (1H, s, NH) , 8.25 & 8.26 (LH, 2s, CHO: [err] (CH2Cl2) 3410, 1790,

ree 100 Lo el dtise Fo 28 A nlar i nbbyif. 4265 rdarid-geapres G

) 7 : ant ¢ aci d.
trifl uoroacefinemy i ')., rimidin-sexl luraidelacatanide s ;._.g.:e...‘-;,
*(0.10 g, 0.7Z3 y@wldodifn Idafiltyor oacetic acid (5.m) was ‘stirred at room

~tenperature Tor 0.5 h. The solution was evaporated to dryness and the

residue triturated with ether and the solid product filtered and dried,
(o 083 g, 7299= [E[-e?-rﬁ]n.zxoz-g-((%rysiromsylylika?ﬂ'-élzirF‘ao -62-ferminidperr and

5.41 (2H ABGihlnfie a[c%.ré])o 2@&51 N&%Hsu§peﬁdbm, i8 \52*5*1H(9(§m1 Q‘Qd
the pH adjusted to 7.5 by the addition of triethylamine.
The resulting solution was stirred and cooled to 0-3°¢
and treated pQrtionwise with {4-hydroxy-2-(phenylamino)
pyrimidin-s-yl]aminocarbonyl chloride (0.1l4g) the pH
being maintained between 7 and 7.5 by addition of triath-
ylamine. The mixture was stirred at 0-5°C for 0.5 h, then
concentrated under reduced pressure. The aqueous residue
was washed twice with ethyl acetate (25ml) and diethyl
ether, before being acidified to pH2 with 5M hydrcchloric
acid in the presence of ethyl acetate (25ml). The _ '
resulting precipitate was collected by filtration, washed
‘'with water, ethyl acetate and diéthylether and suspended

- in water (1lOml) containing sodium hydrocgencarbonate

‘::’ (0.0189), the mixture filtered and the filtrate Ireeze-
dried to give ‘the title compdund (O. l:g), (KBr) 3700~
3200, 1770, 1660, 1610, 1593, 1540, 1518, 1499 14.-44., 139C-,
1350sh, 1265sh, and 1217cm™ ; &(D L0/ (CD;) ,S0/CD0D;2: 151
0.95 and 1.29 (6H,2s, C(CH;),), os (1;—!_ s,3-H),5.26
(1H,s,CHCO), 5.50, (lH,s a-d), 6.64-6.90 and 7.00-7.30
(9H,2m, phenyl and C H4), 7.90 (1H, s,pyrimidine-H), 8.02
(1H,s,CHO).

MIC against P. Mirabilis 889 is 5.0 rg/ml.
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err] (KBr) 3320, 2980, 2960, 17935, 1780, 1725 and 1665 [err] . 140 -
7 - Exanple 35. 7[err]-(

D- 2- Am no- 2- phenvl acet am do) - 7[ err] - f or mam docephal ospor ani ¢ aci d.
trifluoroacetic acid salt (a) t-Butvl

7[err]-[ D 2-(t-butoxvcarbonvl am no) - 2- phenyl -

acetam dol - 7[err] -formam docephgl,gsporanate A sol'ution of Ve
D- 2- (t - but oxycar bonyl ani no) - 2- phényl - acetic acid (0.126 g, 0.5 MDI) | Ry
di chigepwmtdaane (10 mM) was added slowy, dropwise to a stirred sol ution
of t-butyl” 7/Terr]-am no-7[err]-formam docephal osporanate (0.186 9, 0.5
mml )" and N, N -di cycl ohexyl carbodiimde (0.113 g, 0.55 mml) in
di chles-odist e {5 210341 ke iceaelzian 1V ) daebeas1ahihopd2at room
temper Aty g Tof, & A3KS AAfOIS heidg Biltetad and guaporpled. to dryness. The

resi gge—WasS ur Ssur veud 11T - : ~h dilute
hydr eedilchy igodiedmy sadif.ut e aqueous sodi um hydrogen carbonate, brine, and
dri ed over nagnesi um sul phate. The solution was then evaporated to dryness '~

- andthe crud; t, ch aphed op sili | 60 (<230 ne | ut i
S S 8, S P B A R, o,

[ err |witiEtwsfe26d mandver L1/ 3@ernagent buffer3388¢e8265Thd 788, 1740 sh,

1722, 4885 &dBnbodddd 'dnzlme/ ((é%? wis GEEBLSEEONEL i ~1ea1s Ol i Sn

( CH3) 3C0CO) .01 (3H, s, ; . 2.95 and 3.21 (2H _ABqg, J 1/Hz,

of 63—E2jﬁ4—et yl-2,3-dioxopiperazin-l-yl)car cnylam;an—%-
(3, 4-diace toxyphenyl) acetamido] -6x ~formamidopenicillanic
acid, sodium salt (100mg, O.l143mmol) in water (10ml) at room
temperature. The effective pH was 7.5-8.0. After lh the
resin was filtered off and the filtrate was saturated with’
sodium chloride, then acidified to pH2 with 2M hydrochloric
acid and concomitantly extracted into ethyl acetate:
tetrahydrofuran (l:1, 3x 20ml). The total organic extract
was dried over sodium sulphate and evaporéted to dryness, then
suspended in water (Sml). The pH was adjusted to 6.5 by
addition of sodium hydrogen carbonate, when a clear solution
resulted. Evaporationfollowed by trituration with acetone;
filtering,washing with acetone and ether and drying gave

the dihydroxy penicillin sodium salt (40mg, 43%); R £0.15 in
stanol t ' _ v_., (KBr) 1770, 1710, |
;673, 1560 cm 73 § (D20) 0.9.3 and 1.32 (6H,23,(CH3)2C) , 1.20
(3H,t, J 7 Hz, C§3CH2N), 3.30-3.80(4H,m,2xCHZN), 3.90-4.10
(2H,m,CH,N), 4.15(1H,s,3-H), 5.27(1lH,s,5-H), _
'5.57(1lH,s,COCHN),6.80-7.00(3H,m,aryl H), 8.10(1H,s,NHCHO)

n-butanol:acetic acid: watexr, 4:1:1;

MIC against P.mirabilis 889 is 0.2 ug/ml.



e

2-H2), 4.78 and 4.95 (2H, ABq, J 13Hz, [err]), 5.21 (1H, s, 6-H), 5.44 (1H1
d, J 8Hz, a-proton), 7.20-7.60 (6H, m aromatics, and [err]-NHCO, 7.83
(1H, brs, NHCHO, 8.07 (1H, s, NHCHO and 8.68 (1H, s, 73-NHCO) . - 128 -
b) 7[err]-(D 2- Am no- 2- phenvl acet am do)-7[ err] -formam doceoh- al osDor ani c
acid,.trifluoroacetic acid salt A solution of t-butyl

7 er@ D 2- (t - but oxycar bonyl am no) -2-124 -

phen cetam do]-7[err]-formam docephal osporanate (0.087 g, 0.144 mmol) in

trlfluoroaceélc aC|d §5 m), was allowed to stand at roomtenperature for
0.5 h. It porated to dryness, treated with toluene, and

re- evapor at eﬂb-aﬁh@;d-ez&l%%mwaaabeawa%sgoy\é%hc CAhed , ANk LR IR 195
solid was fi and washe _ - -
dried in vaééml—‘{-o afford t he product as a pal e yeIIow solid (0 041 g, 51%;
[err] -~ 260 (ah (<& £ |0l : R , 1500
.em1l; [err] 2. 2%,,(1343 &,Dh[aqbrs radaiad and 3 40 (2H ABq, [err] 17Hz, 2-H2),
"5.22 and 5. 42 2H, K_ﬁ [err]) ﬁ s, 6-H), 5.54 (1H, s,

7t %JH @ a"a’r’%f?ﬁﬁq' e W&t@lﬁ °€PHa SPRFEREF® M C agai nst P.

-a- proton),

Mrabilis 88961%3 190 I&rs]:ﬁmdl) in dik29oroleanphe 380 ml) with

pyridine (2.2 ml, 27.2 mmol) was cooled to 0°C and
treated dropwise over 0.5 h with a solution of 2,2;2—.
trichloroethyl chloroformate (2.5 ml, 18.3 mmol) in
dichloromethane (10 ml). Once addition was complete
the reaction_was stirred for 5 min., washed with N.
hydrochloric acid, brine, dried over magnesium sulphate,
and evaporated to give the almost pure product (9.86 g,
97%), & (CDC13) 1.54 (%H, s, C(CH3)3), 2.06 (3H, s,

OCOCH5), 2.38 (3H, s, SCH,), 3.35 & 3.49 (24, ABq, J 18Hz,
2-Hy) 4.6-5.2 (SH, m, 6-H, CH,OAc, CH,CCl,), 6.08 (lH,
s, NH); v .. (CH,Cl,) 3380, 2930, 1780, 1740, 1620 em™L;

(Found: M', 548.0010.

C,gH53CLaN,0,S, requires M,
548,0010). : ‘

‘::} (b) t=Butvyl 7z-amino-78-(trichloroethoxvcarbonvlamino)-
' ~ ceohalosooranaie

t-Butyl 7a-methylthio-78-trichloroethoxycarbonylamino-

. cephalosporanate (9.86 g, 17.9 mmol) in dimethylformamide
(60 ml) at -40°C was treated with a solution of mercuric
acetate (5.72 g, 17.9 mmol) in dimethylformamide (10O ml),
followed by ammonia (0.30 g, 17.9 mmol) in dimethyl-
formamide (15 ml). The reaction mixture was allowed
to warm to OOC over 1.5 h., then poured into
ethyl acetate, washed well with wat er, brine, dried and
evaporated to give the title cempound (8.0 g, 86%);

(CDC13) 1.56 (9H, s,-C(CH3)3), 2.10 (3H, s, OCCCHB),



7/[err]- [D-2- r (4-Ethyl-2, 3-dioxopi perazin-1-yl)carbonyl am no
- Zﬁl nvl acetam do | - 7a- For mam docephal osporani ¢ -acid. sodiumsalt. (a)
§ 7err]- [D2 [ (4-ethyl -2, 3-di oxooi Derazi n-1-yl)

carbonvl am no] - 2- phenyl acet am do] 7[err]-(methvlthio)cephal - osporanate.
D-2-[ (4- Ethyl -2, 3- di oxopi perazi n-,1-yl ) carbonyl am.no] - 2- phenyl acetic acid
(0. 48g, 1.5mm|) i n “di chl or omet e (30mM) was converted to its acid ¥ Y}
chloride by treatment with oxalyl chloride (0.38g, 3mmol). After stirriB
at roomte‘rrperature for 1h, the reaction solution was evapor- ated to

adteazaraphete po%s Modied-ftFureSai (ptnithd B ) " "
-7[ er & Aene?hﬁlbﬁhr m) éeﬁhaEH BbF angtisCE b, 5686 .53 5pkD] )s aMH)gr ound 4A
2

nol ecyl ar siceuey G300), iLRodi, crﬂbgbor@fyg@n@rf mL) at OC. The m xture was
stirrefd#t (() [érr] for O.5h fol lowed by 2h at room tenperature, before
being filtered and evaporated to dryness. = The crude product was

chr ondedgraBhesliodasitbirmanddb-86-( ¥236hIeshe 1S rc £t nvitamiid) et hyl
acet at e/ h@é NS135s (o] h to ethyl acetate, to afford the desired product
0 61 (600Mg—‘3g80 1790, 1740sh, 1725, -1698cm ; [err]

22(3Ht J7Hz, [err]), 1.53 (9H,s,[err]), 2.09(3Hs, [err] ),
2 30( 3dpsit bﬁrWhlam3n307aﬂ@*§*éQlE@BEtﬁ@ﬂch-Q§n§¥am2h$ﬁlr]) 3. 54(4H, m

e T
‘pr ot orfB0 ihl3)6w@$Hcsap1F.3rrt m?coq:;t 7:28t3d 581 tSI—pmaﬂmtlcs)and 10.01

(1H,d, i37 FE @ULéLHl anhydride. $$ .5 ml
7] err] am no err 3 (c:il oopl per azi :
-1 -yl Pe&tBomPlani n ’”ﬁﬁé BP&C@H&‘WHB] ‘Géﬁha’Fb%%%ﬁl aﬁ'ﬁt% c

for 1.5 h., washed with N, hydrochloric acid,

saturated sodium hydrogen carbonate solution, brine,
dried and evaporated to give the title compound (8.13 g,
96%); & (CDC13) 1.53 (%94, s, C(CH3)3)3 2.07 (3H, s,
OCOCHB), 3.28 & 3.46 (2H, ABqg, J17Hz, 2-H2), 4,7=-5.3
(54, m, 6-H, CH OAc, CHZCCLB), 6.66 (14, s, NH),

7.63 (1H, br s, Nh), 8.22 ng, s, CHO); Vax. (CH2C12),
3380, 1790, 1735, 1700 cm . :

(d) t-Butvl 78-amino-7a-formamidocephalosvoranate

t-Butyl 7a-formamido-78-(trichlorcethoxycarbonylamino)-
cephalosporanate (8.13 g, 14.9 mmol) in tetrahydrofuran

© (100 ml) and M. potassium dihydrogen phosphate solution
(20 ml) was’ stlrred with zinc powder (15 g) which had
been freshly acti ivated by washing with 3N. hydrochlceric
acid followed by water. Aiter & h. the reaction mixture
was filtered and the tetrahydrofuran evaporaied. The
residue was dilutaed with ethyl acetate, washed witt
water, brine, dried and evaoo:éted The crude maiterial
was rec:ystallized Zrom ethyl acetate/bexane to give
the product (2.5 g, 45%); m.p. 166-170°C (dec.);

§(CDC1,) 1.58 (9H, s, C(CHy)z), 2.10 (3H, s, OCCCH,),



t-Butyl 7[err]-[D 2-[(4-ethyl-2,3-di oxopi perazin-1-yl) :

car bonyl am no] - 2- phenyl acetam do [err]-(nethylthio)cephal osporanate -
130 - (0.52g, 0.77mml) in dinethyl fornam de (15m) was cooled to [err] 139
under nitrogen. A solution of mercuic acetate (0.25g, 0.77mmol) in

i I formam de (0.77m ) was then added, followed i mediately by ammoni a

. } 0.85 mmol) in dinmethylformam de (1m ). The m xture was stirred
from™S0C to [err] over .a period of |h, before being pou-ed into ethyl
acetate and washed-with water and brine. ThelL28 ganic solution was dried
over magnesi um sul phate, filtered and evaporated to afford the crude

product. Chronat ogr. Sil iy el _60(<230 Je ASTM el uting with ethyl
acetate gave the tizﬁg‘%yé%%ﬁuﬁd %@2809‘?"4:%/0852 f@r’r ]%g}%4§59’3é§§5?.217%ﬂ?2)’
1740sh, 1725, 1695[%r&y & FePP] (2H234B4, 1Sy CH o), 51154( 9H, ss, [&r] ),
2.08 (3H,s,[err]), e2925(3H,bss, 1 /y;rg)zse&o&g\g&. 3% %2?_@?1_” J 18 Hz,
.2-H2), 3.54 (4H,n1qbgﬁr Z|n§ 2-and [err‘{%’,r 3.88-4._ 8 2H, nv pi prreazi ne
[err]), 4.72 and 4. 2{3;,) 8007 1112021 74%r 1§00 £ma3 s ( (FRung: H)C . &0 ;
(IH d,J 7Hz, c-protan),.97. 80- IIS%SH,W 0.6Skreqtites(¢N 48[s; 4,
-7[err]-NH) and 10.gp7§IH,dilJ3%Ft, a- . (C)t -Butvl 7[err]-
[D-2-[(4-ethyl -2, 37di'dxopi perfazi h- 1-vl) :
car bonvl am no] - 2- phenvl acet am do] - 7a- f or ram cocephal - osporanate. A
sol ution of t-Butyl(ejazashR@ndLesLfothimidddetradlbabridnde acid.
dioxopiperazin-l-y!)cakggng gL00l : 2= phenyl agetam doJ cerpharo por anat e

(0.1829,0.29mol) ind

t-Butyl 7@-amino-7x-formamidocephalosporanate (0.10 g,
0.23 mmol) in trifluorocacetic acid (5 ml) was

stirred at room temperature for 0.5 h. The solﬁtion
was evaporated to dryness and the residue trituratéd
with ether and the solid product filtered and dried,
(0.083 g, 72%); & (CF,COOH), 2.23 (3H, s, COCH,),

3.74 (2H, s, 2-H,), 3.27 and 5.41 (2H, ABq, J13Hz,
CH,0CO); 5.41 (1H, s, 6-H), 8.52 (1H, s, CHO);

v (K?r) 3320, 2980, 2960, 1795, 1780, 1725 and

Mmax. -
1665 cm™ .



(20m) gkhoc was treated with pyridine (0.095g, 1.2.mMmol) and acetic
formc1 ydri de (0.053g, 0.6nmmol). The solution was stirred at 0-5[err]
for 0.25h, followed by 0.75h at roomtenperature, |t was then washed wth
0.5 N. hydrochloric acid, dilute aqueous sodi um hydrogen carbonate, brine,
and dried over magnesi um sul phate. The sol uti on was evaporated and
chromat ographed on silica gel 60 (<230 nesh ASTM eluting with ethyl
acetate to afford the title conpgunrd (0.059g,37%; [err] 3270, 1790, Dl
1740sh, 1720, 1690 [err] [err] ) |.2(3Ht, J 7-HZ, [err] ,1.55(9H,s, [err]|T

[err] 2.96 and 3.28 (2H ABq, J 18 Hz, 2-H2) - 131 - 3.52(4H, m pi perazine
[err] o and [er k 3.80-4.20 (2H, m piperazine CH2), 4.77 and 4.99 (2H, ABq,
J 13 B 5.17(1H,s,6-H), 5.53 (1H,d,J 7Hz, [err]-proton), 7.30-7.50

(5H, m aromatics), 7. 90(1H s, 7[err]-NHCO , 8.16 (1H,s,7[err]-NHCHO, 8.19
(1H s 7gN §H§lAﬁnﬁolguggcﬁ%wageéa;kﬁo\L?&r}oetg;}éo ééﬂ

Halosooranic
T[err

-2-ph“~' ek aa-Iov -ocephalosporanlc acid. sodium salt ' -
t-Butyl 7[err] [D-2 [(4 et hyl -2, 3-di - dloxoplpera2|n 1-yl)carbonyl -

ami noj-2- phenl aosharbdal | 1L gl < or Ryl docephal asparanat e (00579, 0.085

mol ) : . ;—and the resulting
sol uti on \&setem : BANECSOREPRBLPBOEHRRENE The sol ution was then
evaporated to dryness and t ol uene- (5n1) was added and evaporated to
ensur COT@J?Q% % %l(qtbhqu;ggnkonyiaml1o) 2-phenyl-

acetic acid (0.126 g, 0.5 mmol) in dichloromethane

(10 ml) was added slowly, dropwise to a stirred

solution of t-butyl 78-amino-7a-formamidocephalosporanate
(0.186 g, 0.5 mmol) and N,N!'-dicyclohexylcarbodiimide

(0. 113 g, 0.35 mmol) in dichloromethane (15 ml). The
reaction mixture was stirred at room temperature for

2 days berore being filtered and svaporated to dryness.
The residue was dissolved in ethyl acetate, filtered,
washed with dilute hydrochnloric acid, dilute aqueous
sodium hydrogen carbonate, brine, and dried over
magnesium sulphate. The solution was then evaporated
to dryness andthe crude product chromatographed on

silica gel 60 ({230 mesh) eluting with ethyl acetate/

hexane 1l:1 to afford the title compound (0.100 g, 33%);
Amax. (EtOH) 261 nm (£ 7340); vmax;l(CHZClz) 3380,
3265, 1788, 1740 sh, 1722, 18853 cm ~; & (CDCl3)

©1.37 (9H, s, (CH;)5COCONH), 1.51 (9H, s, (CHg),COCO),

2.0l (3H, s, OCOCHZ), 2.95 and 3.21 (2H, ABq, J 17Hz,

2-H,), 4.78 and 4.95 (2H, ABq, J 13Hz, -CH,OCOCH,),

S.2l 1H, s, 6-H), 5.44 (1lH, 4, J 8Hz, «-proton), -
7.20-7.60 (6H, m, aromatics, and ¢-NHCO), 7.83 (1H, brs, )

NHCHO), 8.07 (1H, s, NHCHO) and 8.58 (1H, s, 78-NHCO).



The residue was dissolved in dilute acueous sodi um hydrogen car bonate and
the resulti ng aqueous sol ution was washed with ethyl .acetate. \(I)fi t hen
saturated with sodiumchloride, covered with ethyl acetate/tet rahy fur an
(1:1), and . acidified.to pH .5 with N. hydrochloric acid. The organic phase
was arated and the aqueous phase was extracted with further ethyl
. tetrahydrofuran. The conbi ned organic extracts were washed with
pFdried over magnesi um sul phate, and evaporated to dryness to afford
the free acid. This was suspended in water apgl £ he pH was adjusted to 6.5
wi'th dilute aqueous SOdI um hydrogen carbonate. The resulting sol ution was
filtered and freezg f]‘ord the t|tIe corrpound (0. 017g 32% [err]
(KBr) 1770, 1710, 26885 o 134 oh
3.05(1H,d,J 18 Hz, 2-%@@%@&@@ 2-H)
3.80-4.10 (2H, mpl perazine ferr]) 4.62 and 4.84 (2H, ABq, JI 3 Hzferr]),
.9:28 (1H,s,6-H), 5. 52 gH S, [err%}protom}, 35-7.60 (5H maromatics) and
"8 15 (1H, s, NHCHO) 5397 T B owWIHadiB-d Dsge ( tsbutoxyearlonplanine) -232 -
Er;;lm)lg 37|t But?/l pﬁanyDaae»&%:(&b mufo%m%md]ga&epha%%fvaa,ztle (0.087 S (a)
.yl ) car bonvl am nol - 2- ami err or.mani cephal osporanate (a
t-Butvl 7[err]-[D gggzq{‘ﬁgf'fl c’hltgrrge"{ﬁ:&)?\% ESSn@F?iﬁ'l ?f(’)) P)h sp
2- phenyl acet ani dol 2¥feved T—@rmctlc%‘femwlﬂbsismpanatere for 0.5 h. It

was then evaporated to dryness, treated with »oluene,

and re-evaporated. The residue was triturated with
ether, and the resulting solid was filtered arnd washed
well with ether and ethyl acetate. It was dried in
vacuo to afford the product as a pale yellow solid
(0.041 g, 51%); Ay, (H,0) 260 nm (€8959); v__
(KBr) 1780, 1735 sh, 1680, 1620 sh, 1500 cm'};

§ (CF5C0,D) 2.23 (3H, s, OCOCH,), 3.12 and 3.40 (2H,
ABqg, J l7Hz, 2-H2),'5.22 and 5.42 (2H, ABqg, J 14 Hz,
CEZOCOCHB), 5.39 (1H, s, 6-H), 5.54 (1H, s, a- p:o;on),
7.57 (5H, s, aromatics) and 8.33 (1H, s, NHCHO).

O MIC against P. Mirabilis 889 is)>l00 ug/ml.



A solution of D-2-(2,2,2-trichloroethoxycarbonyl am no). - 2-phenyl acetic
acid (0.163 .g, 0.5 mmol) and dinmethyl- formamde (1 drop) in
di chl oromethane (10 m), was treated with oxalyl chloride (0.127 g, 1

cﬂ and the solution was stirred at roomtenperature for 1 h. The
rea 43n sol ution was then evaporated to dryness, treated with tol uene, and
re-evaporated.. The resulting ac;g,9 chloride in dichloronethane (5 nml). wesy
t hen added dropW| se to a stirred %olution of t-butyl-
7] ergtamyi £0-F@-f or mam docephal osporanate (0.185 g, 0.5 mmol) and pyridi ne
(0.059 g, 0.75 mmol ) in dichloronethane (15 nl) at OC. The solution was
stirred, at OCfor 0. 23 h, and then at roomterrperature for 2.5 h, before
bei ng8pERk2l (i ‘ Pry/ik @ - ¢ ganaocgodi um hydr ogen
car bﬂﬂﬁéﬁe%ﬂ @é’cé@zdél m&*ﬂ‘@@omﬁmﬁu@h@te evaporated to
dryness and_[ne resrgue chronmatographed on sili1ca gel 60 (<230 mesh ASTM
el utﬁ—""l%é":‘ﬂ"t?—‘.az hyl acetate/ hexane 1:1 to afford the title conpound (0. 167
g, 50%; [err] 3400, 3290, 1792, 1740, 1725 sh, 1698, 1490, 1212 [err];
[e”}a . 2 &&h $3- i@lélrr Qemcﬁiﬂb @ﬂ&&fdm%%ﬁuq-% 48 (21 ABq,
: ' 3Hz, [err] 5.14
(1H, S3Z famir Al : gL-) 7Hz,
[errbsNﬂE@aue 133 - 7. 20 7 50 (5H m aronatlcs) 7.66 (1H, s,
7[err]-NHCO), 8.01 (1H, s, NHCHO and 8.11 (1H, s, NHCHO.

D—2-[(4—Ethyl-2,3-dioXopiperazin-l-Yl)carbonylamino]-2-
phenylacetic acid (0.48g, l.5mmol) in dichloromethane
(30ml) was converted to its acid chloride by treatment
with oxalyl chloride (0.38g, 3mmol). Arfter stirring at
room temperature for lh, the reaction solution was svapor-
ated to dryness. The resulting acid chloride in
dichlorcmethane. (20ml) was then added dropwise to a
stirred mixture of t-butyl 7e¢-amino —7f~(methylthio)
cepnalosporanate (0.56g, l.Smmol) and ground 4A molecular
sieves (3.0g) in dichloromethane (25ml) at O °C. The
mixture was stirred at 0-59C for O.5h followed by 2h at
room temperature, before being filterad and evaporatad to
dryness. The crude product was chromatographed on silica
gel 60 (<230 mesh ASTM) eluting with ethyl acetate/hexane
2:1 through to ethyl acetate, to afford the desired
product O.élg(éoz)umaQ:HZClz) 3390, 3280, 1790, 1740sh,
1725, 1698cm *; 8(CDC1l,) 1.22(3H,t,JITHe, CHZEB), 1.53
.(9H,s,C(CH3)3), 2.09(3H,s, OCOCHB), 2.30(3H,s,SCH3), 3.20
and 3.40 (2H, ABq, J 18 Hz; 2-H ), 3.54(4H,m, piperazine
' CH, and cgzc )y 3.90-4.20 (2H,m,piperazine CH,), 4.77 and
5.03 (24,a8gq, J 13Hz, CH CCCH3) , 4.91(1H,s, &- F) 5.6
(1H, 4, J 7 Hz,a prouon), 7.16 (1H,s,78-NHCO-), 7.30-7.53
(5H,m,aromatics )and 10.01 (1H,d,J 7 Hz, a - NcCO—).

—z2ine=73-ID.2.T(4-0thvi-2.3- dioxcpiperazin

-1l-vl)carbonvlamino -2 -onerulacetanldo-ceona1o=no*ana»e

tButyl 78-[D-2-]

ID
o

—-ethyl-22~dioxopi;

{
\
. . i . b
ca:bonylam;no}—2-pnenylacetamldo7»wﬂm uﬁyl nic)cephalospo

(h
ot
1))



(b) t-Butvl 7[err]-(D 2-am no-2-phenyl acetam do)-7[err]-

f or mam docephal osporanate A solution of t-butyl

7[err]-[D-2-(2,2,2-trichl oroethoxy-

car bonyl am no) - 2- phenyl acet am do] - 7[ err] - f or mani do- cephal osporanate (0.083
g, 0,422 mmol) in tetrahydro- furan (6 nm), was treated with M potassi

di hy en phosphate (1 nm) and freshlys aci d washed zinc powder (0.50 g
The ™t ure was stirred at roomtenperature for 5. 5 h whi | st mai nt ai ni ng

th Hat 4 f th hat bff th filt d
ang Ioaf ?er ﬁg‘dﬁ‘i’oﬁa%d" ‘E‘Pﬁral gé‘cg‘fg?ggf’gp z E‘Ff %ml was nc\N:there

brine. It was <B0 @:I urmdar mEgregeam sl phauelandoevra@mtaxcechqatameyness to
af ford theogd Hdlz tﬁ@gouﬂddmeehywsrﬂmﬂdw tHoHEn T Prddlerhen
u

purificati [err] % % di ox00| perazin-1-
yl ) car bonvl%ﬁfﬁ%l ZInldmed deeedirdsLy7 @r?‘T‘“PB?‘ﬁaﬁ‘?u%‘ “GefhdivIBR dnate A
_solution ofir-eidetnA fdreiamidei (enalineThecalkouyt whs ostiterdd. 021 g, 0.1

" mol ) in di chl or’g\&d@gceo (3q%) Vas gdggg:] &ogy $8 10 Posd |,54]% sol ution of

‘t-butyl 75- - am no- Z-phénylracetam d r mani docephal 0s-

.por anat e( 0. mora;ﬂ inte M) AcQ BRI énﬁeweeheézwg*howa_tsewq J5ine.

di chl Oromtﬁ?é‘eo:(g%—mc) s%ilu[‘@.rcrrﬂ wa£ha:rieac:avea aa&;ﬂésﬂmwﬁﬂawfa* ed at 0-5 C
for 0,5 h, fol]owe mteng(gratur)@1 %/asth nyvashed with 0.5
N. hydr ochl ‘r‘ce‘aec c? ﬁ‘ﬁtoé’rédﬁ G8. 864Pamh ﬁyar(c)‘g_% € AFPohate and brine,
and dri ed cierometpmsipny sul Fidisa belwa® (€¥3PomaskdASTM Hrehwting

with ethyl acetate gave the title comound (0.20g,41%);

Y maxe, (CHa c12) 3490, 32900, 1790, 1740sh, 1725, 1695cm ©;
8(CDC1;) 1.23(3H,t,J 6Hz, CH,CHj), 1.54(9H,s, C(CH3),);,
2.08 (3H,s,0C0CH,), 2.95(2H, brs, NH3), 3.09 and 3.37
(24,ABq, J 18 Hz, 2-H ), 3 54 (4H, m,pinerazine CH2 and
-CH CHB), 3.88-4, 20(7H m Dlperaz ine CH, ), 4.72 and 4.97
(2H, ABq, J 13 Hz, CH,OCCCH,), 4.88 (1H,s, 6- d), 5.50
(1H,d,J 7Hz, c-proton), 7.30-7.530(5H,m,aromatics), 7.65
(18, brs, 7B-NH) and 10.00 (1H,d, J 7Hz, e-NHCO).

(c)t -Butvl 7g-fELz-r(4—ethvl-2;3-d;oxociaerazin-l-vl)

(:) carbonvlamino1—2-Dhenv1acetamido1-7a-fo:mamidocebhal-

osvoranate.

A so1utﬂon o; t-Butyl 7e¢~amino-78- [D—2-r( 4-ethyl-2,3-
dloxoplpera21n-l—yl);arbonylamlno]-2—phenylacetam1do]
celphalosporanate (0.182g,0.29mmol) in dichloromethane

(20ml) at 0°c, was treated with pyridine (0.0953g, 1.2mmol)
and acetic formic anhydride (0.0S3g, O0.6mmol). The solution
was stirzed at 0-5°C for 0.25h, followed by 0.75h at room
temperature. It was then washed with O. 5 N. hydrochloric

acid, dilute aqueous sodium hydrogen carbcnate, brine, and
dried over magnesium sulphate. The solution was eva?orated
and chromatographed on silica gel 60 (<230 mesh ASTM)

éluting with ethyl acetate to afford the title compound _
(0.059¢,37%); vmax£CH2C12) 3270, 1790, 1740sh, 1720, 1690 c¢a 7
6(CDC13) 1.25(3H,t, J 742, CH CH3), 1.55(9H,s, C(CH3)3),
2.08(3H,s, OCOCH3,, 2.96 and 3.28 (2%,“~q, J 18 ¥, 2-H,)



- 134 and the residue chromat ographed on silica gel 60 (<230 nesh

ASTM eluting with 5% et hanol /ethyl acetate to afford the title conpound

(P4415 g, 22%. - 135 - Exanple 38 7[err]-Formam do-7[err]-[D2-[][ 3-

(et hyl'sul phonyl ) - 2- oxoi ni dazol i di n-1-yl ] car bonvl ani nol - 2- phenvl ace. anmi do]

cephal.osporani ¢ acid. sodium salt ﬁéa) t - But yl

7[err]-Formami do-7[err]-[D-2-[[ 3- % t hyl sul phonyl ). i::?

- 2-oxoi m dazol i di n-1-vl | carbonvl am no] - 2- phenvl acet am do] cephalosooran

A s@.#2(oH,of, o3 peratiples GHghamgl yCH,GHgl mi da8@t£d2Pe-| - carbonyl chloride

(0. 4384, o0 Wr)azlﬁedtﬁhl)oranwhaﬂe 6'5351 | 2Masaggdes s oy se with

stirring to.a sol uf & g -

7[ el ﬂéjanpn&7élgﬂénfr det aoflgfgri]-H?Orﬁﬁﬂ¥ﬂd@%bhalosporanate

(0, 30 ZBP-70.50M{EH), g R omprtidisne V09°71§:S V39NKHDOD)., i 8.t chl or onet hane (1 Onl)

at 3§té ' PG _gRsld) 0”8%%5“5&%” magy 5r§gﬂa%o R?[ ]&9 0.Sh and for 3h at
dro

nﬁeratUTe Before Being mas loric acid, dilute
aqu §bﬁ&ﬁﬁ%ﬁydrogen car bonat e and brine. It mas dried over magnesi um s
sulphate evaporated to dryness, and the residue was chr omat ogr aphed on
sili _ 1ASTM) et hyl hexane 2:1 .
Shr B3ASTY) o aS12Y ) 853 6f é‘ 810, 10% - .
[ er rda3zrienvizge: amzﬁe1-Vaeigzmam5,egsgaé_gzzgganas,5$£££13).: 1.52(9H, s,

sodium salt

t-Butyl 7ag[D-2-[(4-ethyl—2,3—di—diokopiperazindl-yl)carbbnyl-
amino]—Z-phenylacetamido]-7&-formamidocephalospgranate |
(0.057g, 0.085 mmol) was dissolved in ice codled 88%
formic acid (Sml), and the resul ing solution was stirred
at room temperature for 5h. The solution was then
evaporated to dryness, and toluene (5ml) was added and
evaporataed to ensure completa removal of the formic acid.
The residue was dissolved in dilute aQueous sodium
hydrogen carbonate and the resulting aéueous solution was
washed with ethyl acetate. It was then saturated with
sodium chloride, covered with ethyl acetate/tetrahydrofuran

1:1), and acidified to pHL.S with N. hydrochloric acid. The

organic phase was separated and the aqueous phase was
extracted with further ethyl acetate,/tetrahydrofuran.
The combined organic extracts were washed with brine,
dried over magnesium sulphate, and evaporated to dryness
to afford the free acid. This was suspended in water and
the pH was'adjusted to 6.5 with dilute aqueoﬁs sodium
hydrogen carbonate. The resulting solution was filtered
and freeze dried to afford the title compound (0.0l7g,
32%); »__  (KBr) 1770, 1710, 1680, 1610, 1510em™ ;.
6(D20) 1.20 (34,t,J 7Hz, CH C“B), 2.09(3H,s,CCOCH3),
3.05(1H,d4,J 18 Hz, 2—H), 3.52(3H,m,piperazine CHZ’ "
“JZFHB and 2-H), 2.8C-4.10 (2¥,m,pirerazine CH2\ 4.62 and
4.34 (2H,ABq,J13 nz,_gﬂzococqs,, 5.28 (iH,s,6-H), S
(1H,s,z-proton),7.35-7.60 (SH,m,aromatics) and 8.15
(1H,s,NHCHO) . | |



[err] 2.88 and 3.25(2H, ABg,J 17 Hz, 2-H2), 3.43(3H,s,[err]), 3.60-4.10
(4H, m imdazolidine-Hs), 4.75 and 5.00(2H, ABq,J 13 Hz, [err]), 5.20(1H, s,
6-H);, 5.63(1H,d,J7Hz,[err]-proton), 7.40(5H brs, aromatics), 8.00- 8.45(

3H,m NHCHO and 7[err]-NHCO) and 9.05(1H,d,J7Hz,[err]-NHCO (b) 1.555

/[err] Formai do-7[err]-[D 2-[[3-nmethysul ponyl)-2- oxoi m dazoli di n-1-yl]
carb L am noJ - 2- phenyl acet am do ] cephal osporani ¢ acid. sodiumsalt.
t-But™ 7[err]-Formam do-7[err]- [D 2-][3- (ne_thﬂzswphonyl) 2-

ox0|n1dazolld|n 1-yl ] car bonyl am no] - 2- phenyl acet ani do] cephal osporanate
(0.67g , 0.097mmol) was dissolved in ice - 136 - cooled trifluoroacetic
~acid (5m), and thE gﬁéf&tépg solution was stirred at roomtenperature for.
0.5h. It was then Evapurated to dr. ness treated mnth toluene ~and

re-evapor ated. TheteBgitdlie7%a ) A0 L ,
carbonate and the ' ] _ oei ng
_saturated with sodf j —T1 ' T B
“hydrochl oric acid, SFRe= protter was extracted into tetrahydrofuran/ et hyl
acetate (1:1). The conbi ned extracts were vvashed with brine, dried over
-ragnesi um sul phate an_ garlq;o.gpllagu_lm S

was suspended in i
sodi um hydr ogen car bon ghem : "'-%; reeze
dried to afford the title sodlumsalt (0 054g, 84%; [err] (KBr) 1765,

1730, 1675. 1605, A5§§ESE£$n of[ﬁﬂij(z,%ﬁbﬁ rLchloroethoxycarbonylamlno)-
2-phenylacetic acid (0.163 g, 0.5 mmol) and dimethyi-

formamide (1 drop) in dichloromethane (10 ml), was
treated with oxalyl chloride (0.127 g, 1 mmol),: and
the solution was stirred at room temperature for 1 h.
The reaction solution was then evaporated to dryness,
treated with toluene, and re-evaporated.. The resulting
acid chloride in dichloromethane (5 ml) was then addez
dropwise to a stirred solution of t- bgtyl .
73-amino-7c¢~-formamidocephalosporanate (0.185 g, 0.5
mmol) and pyridine (0.059 g, 0.75 mmol) in
n _ dlchloromethane (15 ml) at © °C. The solution was
'<::>_ : sulrred at 0°c for 0.25 h, and then at room temperatuxs
. ' for 2.5 h, before being washed with 0.3N., hydrochloric
acid, dilute aqueous sodium hydrogen carbonate and bzina.
It was dried over magnesium sulphate, evaporated to
dryness, and the residue chromatographed on silica
. gel 60 (<230 mesh ASTM) eluting with ethyl acetate/

hexane 1l:1 to afford the title compound (0.187 g,
30%); Vmax. (CH Cl2) 3400, 3290, 1792, 1740; 1725 sh,
1698, 1490, 1212 cm l; 8(CDC1
2,02 (3H, s, CCOCH

3) 1 1.50 (SH, s, C(CHy) 5) s
3)s 3.02 and 3.28 (2H, ABg, J l7Hz,
-H,), 4.67 (2H, s, CH,CCl;), 4.80 and 5.00 (2H, ABq,
13Hz, CH,OCOCH;), 5.14 (1H, s, 6-H), 5.4l (lH, 4,

J
J 7Hz, «-proton), 6.47 (1H, d, J 7Hz, «-NHCO)



and 3.26(2H, ABq,J 17 Hz, 2-H2), 3.21(3H,s,[err]),

2. 85

3 50- 3 85(4H, mim dazolidine-Hs) 4.35-4.75(m[err] plus HOD), 5.11(1H

, 6 3 5 35(1H,s,[err]-proton), 7.20-7.50 (5H, m aromatics) and 8.00

( s,-\ I\/ICagalnst P. Mrabilis 889 is 1.0 [err]/m. -~ 150 - 137
- arrple [err]-[DZ-[(47EthyI-2,3-diox-opiperazin-I-yI)carbonyIam'n -
2- (4- hydr oxyphenyl ) acet am dol - 7[ err] - f or mam docephal ospor ani ¢ aci d, so@w
salt (a) t-Butvl 7[err]-[D 2-[4-(benzvl oxycarbonyl oxy) phenyl -

(. 4-ethyl -2, 3-di oxopi perazi n-1-vl)cathdnyl ani no] - acet ani do

-7[err]- (rret hvl t hi o) cephal ospor anat e

D 2- (4- (Benzyl oxycar bonyl oxy) phenyl ] - 2- ((4-et hyl -2, 3-

?I ;)XOEI ger?zme-l‘,*’yﬂ)c@ﬁbpmy,l avawgtdest)i,c 7a66d ( LH, 88, gﬁ*NHﬁQ)] ) in

et rahydr of yr ﬁk%w i sf ofzegbgle (1 dro was

treated V\ntﬁ oxagyI 2%1? (1.02 glrier(ml) AfTe?JI S§I rri ng)at room

tenperature for 1.5 h the sol ution was evaporated to dryness, treated wth ]

Eglourenn)e, an@? etemad ﬁa‘t . acdteaiiide n di chl oronet hane ~
was adde stirring to a mxture of t-butyl

7[err]-anino- 7AEH L edahay aeg(l 50 g, 4 mol) and 4}2\ -

nol ecul ar sieves (9.0 g) at 0C. The m'xtur_e was then stirred at 0-5[err]

for 0.75 h, af gl,h_gwggnbaf1t.71§14y:at7g.c[®nz.6(rzper,at-tuli:echbef:ﬁéEhdaseg'rng filtered

and the filtr
L3Sy 2ROLE S8 {10t VI Sun s HIY - FRUUBRLAGYGL S
cephalosporanate (0.083 g, 0.122 mmol) in tetrahydro-

furan (6 ml), was treated with M. potassium-

dihydrogen phosphate (1 ml) and freshly acid washed zinc
powder (0.50 g). The mixture was stirred at room '
temperature for 5.5 h, whilst maintaining the pH

at 4 by the addition of the phosﬁhate buffer. It

was then filtered and, after addition of ethyl
acetate to the filtrate, was washed with brine. It

was dried over magnesium sulphate and evaporated

to dryness to afford the crude title compound which

was used without further purification.

(c) t=Butvl 78-[D-2-[(4-ethyl-2,3-dioxopiperazin-1-

yl)carbonylamino]-2-ohenylacetamido }-7g-formamido-

cephalosporanate

A solution of 4-ethyl-2,3-dioxcpiperazine-l-carbonyl
 chloride (0.021 g, 0.1 mmol) in dichloromethane (5 ml)
was added dropwise to a stirred solution of t-butyl
| 73~ (D-2—amino-2-pbenylacetamido)-7a-formamidocenhalos—
poranate (0.050 g, O.1 mmol) and pyridine (O 012 g, e
0.153 mmol) in dichloromethane (53 ml) at o°c. The
reaction solution was stirred at 0-3 Sc for 0,35 h, t
Tollowed by 2 h at room temperature. It was then
washed with 0.5 N. hydrochloric acid, dilute aqueous'
sodium hydrogen carbonate and brine, and dried over

magnesium sulphate. It was evaporated to dryness,



~ chrondt ographed on silica gel 60 (<230 nmesh ASTM to afford an inseperable

m xture of the title conpound and t-butyl
7[err]-[L-2-[4-(benzyl oxycarbonyl oxy) phenyl ] - 2- [(4-

~ et hyl -2, 3-di oxvpi perazi n-1-yl ) car bonyl am no] acet am dol -

176 sy, 1740 sh, 1720, 1695, 1500, 1220 cm[err]1.21 (3H, t, J 7Hz, [err] 145
1.5M®H, s, Clerr] 2.00 and 2.29 (3H, 2s, jﬁﬂtl 2.08 (3H, s, C(II}B), R
3.19 and 3.38, and 3.27 and 3.45 (2H, 2ABc - 138 - 17Hz, 2-H2), 3.55

(4H, m piperazine [err] and [err] 4.05 (2H m plpera2|ne CH2), 4.77 and

5.05 (2H ABq, J &g&'zﬁnléﬁééh&é% ) aﬁ:_f%%gg%nég ? ]._‘I.H:a?) eP-&f ((Ho S

7[err:-(nethylth|o)cephalosporante (1.07 g, 32%. [err] 3380, 3275 17853,

CH2Ph), 5.64 (1H, Sromatics and
7[err]-NH), and 1Beh ﬁﬁFM del%tﬁﬂ%.wﬁﬁﬂw?f RA&eyo BYhV% AYAte to

7a- am no- 78- ( D- 2- 4<sbbanzyé oxyers bﬁtmﬂdnoﬁd) {0.015 g, 22%).
phenyl]-2-[(4-ethyl -2, 3-di oxopi perazi n-1-yi)carbonyl -
anlno]acetanldo]cephalosporanate t - But yl

7[err]-[DL-2-(4-(benzyl oxycar bonyl oxy) phenyl ] - 2-

. {(4-ethyl -2, 3-di oxopi perazin- 1- yI)carbonyIanlno]acetanldo

o

-7a-(nethy|th|o)cephalosporanate (1.07 g, 1.3 nmol) in dry

di ret hyl formam de (25 m) at -50[err] under nitrogen, was treated with
mercuric acetate (0.42 g, 1.3 mol) in dinmethvliformam de (3 m) followed
i redi ately by ammonia (0.024 g, 1.43 mmol) in dinmethylformamde (1 m).
The reaction m xture was stirred at -50C to-20[err] for 1 h,



before being poured into ethyl acetate and washed well with water and

bri ne. The organic solution was dried over magnesi um sul phate, evaporated
(14 ess, and chromat ographed on silica gel 60 (<230 nesh ASTM to afford

the ‘e corrpound (0.29 g, 28% . [err] 3380, 3275, 1785, 1765, 1742, 1720,

- 1695, 1502, 1220 cm; [err] 1.21 (3H t, J 7Hz, [err] 1.53 (9H, s, [err],.

2.08 (3H, s, [err] 2.60-3. 20 (2Hzsbr s, NHerr] 3.04 and 3.33 (2H, ABq,;

18Hz, 2_—[err]z, 3.65 (4H, m piperazine [err] and [err]),4.00 (2H, m

pi perE 1) 4.72 and 4.98 (2H, ABq, J 13Fz, [err]), 4.84 (1H, s,
6-H), 5.26 (2H s, CH2Ph), 5.57 (1H, d, J 7Hz, [err]-proton), - 139-
7.10-7, 57 g 4 ngl ﬁon;g,,_wcq and 10.05 (1H, d, J
7HZ’ . .. " . .

n mxturf was t - butyI 7-.

et hylcezar&@s@@}ﬁrp%r adik, 1336@,.@3{ lgamyel am no] acet am dol - cephal ospor anat e

(0.36 g,35). [err] 3380, 3275, 1785 765 1740 sh, 1720, 1692, 1500,

1220[err] 6 (CDC13) 1.22 (3H, t, Hﬁ [err]), 1.54 (9H, s, [err] 2.10 T

(3H &) [teBdtyd Hm—zmammdo-ﬁﬂ-@—?e 1B- Bﬂeghnheumm&xm_j, ABq, J 18Hz,

FGE?[Iﬂ)oxéi%gééfgildBnJQ—QQQQQV%%nCEZmaPQ]L@L5$e4vogcég£h £%1E6pega§;n?2H -
~Z. 77 and 5.00 (2ZH, ABq, J I3Fz, [err]), 4.88 (IF, S, 6-H),

e&&%—é@%ﬂ—f& J 7Hz, [err]-proton)

A solution of 3-(methylsulphonyl)-2-oxoimidazolidine-1l-

carbonyl chloride (0.136g, 0.6mmol) in dichloromethane

(10ml) was added dropwise with stirring fo a solution of
t-butyl 78~(D-2-amino-2-phenylacetamido)-72a~ _
formamidodephalosporanate (0,302g, 0.6mmol) and pyridine
(0.071g, *O.9mmol) in dichloromethane (10ml) at 0°C. The
reaction solution was stirred at 0-5°C for 0.5h and for 3h°
at room temperature, beforas being washed with 0.5N.
hydrochlozic acid, dilute aqueous sodium hydrogen

carbonate and brine. t was dried over magnesium sulphate,
evaporated to dryness, and the residue was chromatographed

on silica gel 60 (<230 mesh ASTM) eluting with ethyl acetate/
hexane 2:1 through to neat ethyl acetate, to afford the

title compound (0.08lg, 19%); v Tax (Cq ) 3325, 1790,

1738, 1695, 1675, 1390, 1170cm —; 6(CDC13) 1.52(9H,s,
C(CHg)4), 2.06(3H,s,CCOCH;), 2.88 and 3. 2:(2{-{ ABg,J 17 Hz,
2-H,), 3.43(3H,s,SO,CH;), 3.60-4.10 (4H,m, imidazolidine-H's),
‘4.75 and 5.00(2H,ABq,J 13 Hz, CH,COCH;), S5.20(1H,s, 6-H),
5.63(1H,d,J7Hz,c-proton), 7.40(SH,brs, aromatics), 8.00-
8.45( 3H,m, NHCHO and 78-NHCO) and 9.0S(1H,d,J7Hz,c-NHCO)

(b) 7e¢-Formamido-78-{D-2-[[3tmethysulohonyl)-2-

.
oxoimidazolidin-l-vl]’ ca*“oor-vlar'u.r*o-l 2-ohenvlacetamidol

L

cephalosporanic acid. sodium salt.

t-Butyl 7q-?o:mamido—7ﬁ-|p;2—[[B—(methylsulphonYl)--~
oxoimidaZolidin-l-yl]carbonylamino]—Z-phenylacetamido]

cephalosporanate (0.67g , 0.097mmol) was dissolved in ice



7.15-7.50 (10H, m aromatics and 7[err]-NHCO and 9.94 (IH, d, J

THz, [err] -NHCO . (c) t-Butyl 7[err]- (D 2-[4-(benzyl oxvcarbonyl oxv)

henyl | - 2- [ (4-ethyl -2, 3-di oxopi perazi n-1-yl)carbonyl ami nol - 145,

acet am do] 7a-f or mam docephal osporanate A solution of t-butyl AR

7[err] am no-7[err] - [D2 [ 4- (benzyl oxy-

car_ | oxy) phenyl ] -2-[ (4-ethyl -2, 3-di oxopi pera2| n-1- yI)

car Be#fy| am no] acet anmi do] cephal osp oranate (0.272 g, 0.343 mmol) and

pyr|d| ne (0.171 g, 2.17 mmol ) in di 6or"o- met hane (20 m) was cooled in

an. ice bath agd gted W th, acetjjacf{)> canhvdrlde(O 096 g, 1.09 mmol).

The react FGRE8I GFEHRRER2E F1T if s der AR F20 TS8SHLICARG for | h at

room t enpepattien wasoseibeed g tasdhs mntﬂez&‘di:l&e rfva-. oo chl.orte acid,

di l ute aqugQus,spdbygrhydsogen, c&r%p&ag t.WagLhen dri ed over
ohate ryness, an the crude p

magnesi um sul evaporated to roduict
chr omat ogP&Shé’é evapc{a ed. onTRe | TR Y8 "B (LEARPLYesh LASEMFUL8 afford the

T title conpguedus0s389Qug, hya%gerﬁ G\‘fiz}b&?a?‘fé Sethd &%@,soﬂ&&onl%éé 1740 sh,
J THz 454 (9H s,

1720, 1692 0 Ax

cferr] 2. o‘?’h(séﬁg Wl“%e? L 4 %%e ]bfztsct Be/xé{? Spt fﬁﬁth 2¥I5Y 3.54 (3H,
m pi per aspAauf anéloreﬁec:l—mhe @%avas 2engrB83d s qEdpdicai. r$e<VH't§)" 4.74 and
5.00 (2H nhBeoch1434E, ated! ] and 1ohd Wdhoduc®wds uviBclted 1%,.o[e”] 2. 61

(1 o) Te, aapraton) /o £ A0-1. 00,10, 19) o O L Gehs L% and 835 (2H

extracts were washed with brine, dried over magnesium
sulphate, and evaporated to dryness to yield the free

acid. This was suspended in water aﬁd the pH adjusted

to 6.5 with dilute aqueous sodium hydrogen carbonate. _r
The resulting solution was filtered and frseze dried to
afford the title sodium salt (0.054g, 84%); Vmax.(KBr)
1765, 1730, 1673,'1605, lSZScm'l; 5(D20)_l.93(lH,s,CCCCHB),
2.85 and 3.26(24, ABq,J 17 Hz, 2-H2), 3.21(3H,s,SOZCH3),
3.50-3.85(4H,m,imidazolidine-H's) 4.35-4.7S(m,C§20COCH3p1us FCD;,
5.11(1H,s,6-H), 5.35(1H,s,c-proten), 7.20-7.50 (SH,m,
aromatics) and 8.00 (1lH,s, NHCHO).

{::, MIC against P. Mirabilis 889 is 1.0 ug/ml.



NHCHO), 8.16 (1H, s, NHCHO), and 10.07 (1H, d, J 7Hz, [err]-NHCO . (d)
t-Butyl 7[err]-[D2-[(4-ethyl-2, 3-di oxopi perazin-I-vl)-
car bonvl am no] - 2- (4- hvdr oxyphenvl ) acetam do] -7[err]-

f or mam do§@phal osporanate A mixture of t-butyl

7[err]-[ D 2-[4-(benzyl oxycar bonycxy)

phenyl ] -2-[(4-ethyl -2, 3-di oxopi perazin-1-yl)carbonyl am no]
acet am do)-7[err] - fornanrdocephalosporaﬂave‘(o 096 g, 0.117 nmol .) and .
pal | adi um on charcoal (0.100 g) in tetrahydrofuran (12 m) and water (2
m), was sExrR®Alend®r an at nosphere of hydrogen for 2 h. The catal yst was
then filtered off, the filtrate evaporated to near dryness, and the residue
di ssol ved Lp : .cetate/tetrah dro ur a D, This

sol ution _ , and
evapor at ed2t¢4dny e ' BE € 106Y 1Y [err]

3280, 1788ac1340s§@1u&7§£ht1690 1515 [err] 154 141- [err] 1.20 (3H,

t, J 7Hz, 7 s, (CB)3), 2.08 (3H s, [err] 3.01 and 3.30 ’

(2H, ABq, J 18Ft 2 [err]) 3.50 (3H, m piperazine-H and [err] 3.60-4.20
(3H, m pipetazt ﬁButh)ZSémﬁH21ﬂ&}@bdm%vQBEycé§99njl¢ﬂ¢tpn¢g¥Jn 2-5. 16 (1H, -y

. 6- 5. 49 oo t 5 , J 8Hz,
> s natHI)CS) 8_( iy e z?ri;aaiao}r% Q%) 71 8- 12, 2Nda /1 gaﬁh&g_g D B,

(IH d, J 7Hz, acekpmido]l-7a-(methylthio)cephalosporanate

D-2-[4-(Benzyloxyéa:bonyloxy)phenyl]-Z-[(4-ethy1-2,3-
dioxopiperazin-1l-yl)carbonylaminolacetic acid (1.88 g,
4 mmeol) in tetrahydrofﬁran (40 ml) containing dimethyl-
formamide (1 drop), was treated with oxalyl chloride
(1.02 g, 8 mmol). After stirring at room ﬁemperature for
1.5 h the solution was evaporated to dryness, treatad
with toluene, and ra-evaporated. The resulting acid.
chloride in dichloromethane (50 ml) was then addad
dropwise with stirring to a mixture of t*butyl 73-amino-
70— (methylthio) cephalosporanate (1.50 g, 4 mmel) and 4a
molecular sisves (9. o g) at 0°C. The mixture was then
stirred at 0-5°C for 0.75 h, followed by 1.75 h at room

temperature, before being filtered and the filtrate
evaporated to dryness. The crude product was
chromatograpned on silica gel 60 (<230 mesh ASTM) to
afford an inseperable mixture of the title dompound and
t-butyl 78-[L-2-(4-(benzvloxycarbonyloxy)phenyl]-2-( (&~
éthyl-z'3-dioxvpiperazin—l-yl)carbonylamino]acetamido]-
To- (meth yl;ﬁlo)ceohaloscvrgrte (L.07 g, 32%).

YV ay (CH,CL,) 3330,13275, 1785, 1765 sh, 1740 sh, 1720,
1695, 1500, 1220 cm —; ' '

C(CH3)3), 2.00 and 2. 29 (3H, 2s, SCH ), 2.08 (318, s,
OCOCH,), 3.19 and 3.38, and 3.27 and 3.45 (24, 2aBc, J



(e) '7[err]-[D-2-[ (4- Et hyl - 2, 3-di oxopi perazi n-1-yl)

car bonvl am no] - 2- (4- hydr oxyphenvl ) acet am do]

acid, sodium sa

t t-Butyl 78-[D 2-[(4-ethyl-2,3-di oxopi perazin-1-yl)-

-7a- formam docephal osp oranic

car bonyl am nol - 2- (4- hydr oxyphenyl ) acet am do] - 7a- fornanldocephalosporanatg ;
tJ

(0 04,4,
t he i
react
re- evapor at ed.

The residue was di ssolved 1 n

g, 0.068 mmol) was dissolved in ice cold 98% formc acid (5 m) "an
Julting solution was stirred at roomtenperature for 4.5 h. The
®®n sol ution was then evaporated to dryggs treated with tol uene,

P1Ute aqueous sodi um hydrogen

and

carbonate and washed with ethyl acetate. The aqueous sol ution . was saturated
with sodiumchloride, cove-red with ethyl acetate/tetrahydrofuran (1:1),

and acidified tolpht L S-mjy ) j\JstwctmmthrbspaEaﬂmeTé’@ QUi

separated and th u s® phase_extr.act th rt heré et hyl
acetate/tetrahyd?o %r§ﬁ¥ fﬁb RISt eggzﬁg & azr%FQMﬁyﬁéﬂ(ﬁﬁthAﬁﬁvne

_dried over magnesi Ldkzul

acid. This was

g kaygr was

GOCHyd évépoaaded 90 HkFness, teoH' saye the free

suspepsied 4 n C‘@fitP‘ﬁr) dsﬁh‘?lﬂH J 9‘-Iz, _thro..onl) t adjusted

to 6.5 with dllu% $qﬁe us sodi gen car bormat resulting
<solution was -filt@Ye d]FF%efb & P@G ?65a$¢%rEpTYﬁ9¢|Qﬂde1909ﬁound (0.018
g, 40% . - 14P1H, [érrd T7EEO o-¥ELH)1675 , 1615 cm [err]; [err] 1.18 (3H,

t, J 7Hz, [err]
m 2-H and [err]
pi perazine-[err]

) 2.07 (3H, s, [err] 3.08 (1H, d, J 18Hz, 2-H), 3.50 (3H,

69 m_ pi perazine-[err 4. 00 2H m
(b) t(Butyl 7Jga%1no~73 [L 34 (berzyloxycarbonyloxv)

phenyl]-2-[ (4-ethvl-2,3-dioxopiperazin-1l-vi)carbonyi~-

aminolacetamidolcephalosgoranata

t-Butyl 78-[DL-2-[4-(benzyloxycarbonyloxy)phényl]-Zw
[(4-ethyl-2,3~dioxopiperazin~l-yl)carbonvlaminolacetamidc

-7a~ (methylthio) cephalosporanate (1.07 g, 1.3 mmol) in
dry dimethylformamide (25 ml) at -50°C under nitrogen,
was treated with mercuric acetate (0.42 g, 1.3 mmol) in
dimethylformamide (3 ml) followed immediately by ammonia
(0.024 g, 1.43 mmol) in éimethylformamide (1 ml). The
reaction mixture was stirred at -50°C to-20°C for 1 h,
before being poured into ethyl acetate and washed well
with water and brine. The organic solution was dried
over magneéium sulphate, evaporated to dryness, and
chromatographed on silica gel 60 (<230 mesh ASTM) to
afford the title compound (0.29 g, 28%).

- -1
1502, 1220 cm ~;

3 (CDCl3) 1.21 (3, %, J 7Hz, JZCH3), 1.53 (98, s,
C(CH3)3), 2.08 (3H, s, OCOCq ), 2.80-3.20 (2H, br s, NZ,)},

3.04 and 3.33 (2E, ABq, g 18“2, 2-4 ), 3.65 (4H, m,

piperazine CHZ and C§2CH3),4.OO (ZH, m, piperazine CHZ),
4.72 and 4.98 (2H, ABq, J 1l3Hz, g§20COCH3), 4,84 (1H, s,
6-H#), 5.26 (2H, s, CH,Ph), 5.57 (1H, 4, J 7Hz, a-proton),



5994 1H s, 6-H), 5.40 (1H s
" aromatics) and 8.12 (1H, s,
"T[err]-[D-2-[(4-ethvl-2. 3-
di oxopi perazi n- 1-vl ) carbonvl am no] - 2- (4- hvdr oxvohenvl ) acet
1-7a- f or mam docephal ospor anat e.
D-2-r(4-Ethyl -2, 3, di oxopi per azi n- 1%yg)carbonylanino]-2-
(4- hydroxyphenyl)acetlc acid (0.335qg, | mol)

added dropw se ‘over 2h to a stirred solution of t-butyl

7[erg] Oﬁn%; 77} rlnfosm& pha;' cs%: <r1%r?%ate>a(-9aé€6%9

a- proton),
NHCHO) .

di cyc car od||n1de.
reactP oS mkEurer vas’%% rq' eY}iQQ)r 24h at
evaporated to dryness.

fil d, h i
Lhr ofhse S0fatds S

room tenperature,
The reS|due was di ssol ved |n ethyl

@4; ; %.%gﬂgﬁbg%xpes%)

ica gel

a- mdo

in tetrahydrofuran (30m),

mol ) an

i'n tetrahydrofuran (10m).

and t hen
acet at e,

6.90 and 7.39 (4H, 2d, J 8Hz,
(f) Alternative route to t-Butuvl

d NN -
The

cngde product was
|ng with ethyl

acetamen@h76ugh-%@£%nfﬁﬁnﬁyknxnna:hgaxﬁqsy)@@eawﬂdré-ﬁNé-t|tle_conpound

(0. 190gv15% 3-&4_&@«9 &siz Pn-wMyle)bséfb%r&&%m%oqa%e@%ﬁho -

40 7[err L-2-r1 I.0xQoi perazin-1|-vl
(4- h%ﬁ?%% %ﬁ%ﬁv ac8t aﬁ‘?dﬁ ]‘i e?‘ri<CS ‘f or mam docephal ospor ani
salt. (a) t-Butyl 7[err]-[L-2-[4- (benzvloxvcarbonvloxv)phe

4- th | 3 1+ | ] i d
[7; LGLhe 1%23%%?%};)(%2%@;?;%13‘ 793, & ONYlAY @al,aq%am 0
1892, 1500, 1220 i

§ (cocly) 1.22 (38, t, J 7THz, ), 1.54 (9¥, s,

5,CH,

- 143

c acid,
nyl ] - 2-
| -

C(CH3)3), 2.10 (3H, s, OCOCH3), 2.50-2.80 (2, br s, NHZ),

3.19 and 3.45 (2H, ABg, J 1l8Hz, 2-H ),
'plperaz_de CVZ and
4.77 and 5.00 (2H,
6-H), 5.27 (2, s,
7.15-7.50 (lOE, m,

3.55 (4H, m,

ABg, J 3?2, CLZOCOCH3),
CE Dh), .53 (14, &, g
a*omatlcs and 78-NHCO) and 9.94
é, J 7Hz, «-NHCO).

.88 (1H, s

(1#,

(c) +£-Butvl 78-[D—2—{4-(benzyloxvca*bonv‘oxv)nbenvli-z

~CH,CH, ), 4.02 (ZH, m, piperazine CHy) y

’

7€z, a-proton),

[ (4-ethyl-2,3-dioxopiperazin-l-vl)carbonvliamino]-

acetamido]l~7c¢-formamidocepnaloscoranate

A solution of t-butyl 7e-amino-73-(D-2-[4-(benzyloxy-

carbonyloxy)phenyl]-2-[(4-ethyl-2,3~-dioxopiperazin-1l-yl
(0.272 g,
17 mmol)

carbonvliamino]acetamido]cephalosp oranate
0.343 mmol) and pyridine (0.171 g, 2.
(20 @l)

acetic formic a-.‘.

an ice bath and tre
dride (0.096 g, 1.09 mmol). The :

solution was stirred at 0-3°¢ for 0.5 &,

methanse was cooled in

room tesmperature, hefore being washed
chloric acid, diluts agueous sodium hyd-

brine. It was then érieé over

)_

- Exanpl e

)carbonvlan1no] 2-

sodi um



A solution of t-butyl 7[éerr]-amno-7[err]-[L-2-[4-(benzyl oxycarbony-
| oxy) phenyl]-2-[ (4-ethyl-2, 3-dioxopiperazin-1-yl )carbonyl -
anlno]acetanldo]cephalosporanate (0.350g, 0.44rnol) and pyridine (0.350g,
4. 4mol ) in dichl oronmethane (20m ) was cooled in an ice bath and treated
with geetic formc anhydride (0.194qg,2.2mmol). The reaction solution was
stlr_"'-at O-5[err] for 0.5h, followed by I h at roomtenperature. It was
wfished with O SN hydrochlorlc acid, dilute aqueous sodi um hydrogen
carbonate, brine, and dried over nagne5|unlséﬁﬁhate The sol ution was
evaporated to dryness, and the residue chromatographed on silica gel 60
(<230 mesh) to afford the title conpound (0..250g, 69%; [err] 3380, 3260,
1790, 1765, 1740sim siI128a §€9560 164230 bitAh auSTH) korafidr@4¢i8H ditle/ Hz,
[err] 1.553 (9H, s 2,40 [ ] 3.03(2H, s, 2-H2),
3.57(3H, nlplperazfﬁgghhd 5[g§§53 é?%ﬁ. 3.89 and 4. 36
_(3H,.3m pi perazine-H s), 4.83 and 4.16(2H, ABqg,J 13 Hz, [err] 4.98(1H, s,
6-H), [err] 5.9101H d(cﬁ E1L, 337 PreH 2707, Z$9®0d17650 1740 2¢h J 18 2d2,
phenyl ), 7.43(5H, E 9%( K3, NHCHO), 8. 08(1H,s, NHCHO,
£9.22(1 H, brs, 7[err "and 6(IH d,J 7 Hz, a- NHCO. (5) t-Butvl
7[ewr]-[L-2- [(4, -ethyl 2. 3- dloxoplpera2|n I-V|) car bonvl am no] - 2-

(]fl Pvgr?xlypggnvlLo) aegt:& de. isﬁﬁﬂlbt,'f(ngfW d@a Ehal_psswr@éwes A nmixture
(4-cthyl "2, 5 di o535Fab ? RS PR BNEGS L s Lo cam, mse,
acet am do] - 7[ err - ﬂ@Hnanid5§bphalb@pﬁﬂhnane@ﬁpétag;ne—ﬁ38mdnﬁQH CHy) ,144 -
157 : 3.68-4.20 (3B, m, piperazine-H's), 4.74 and 5.00 (2“,
ABqg, J 1l3Hz, CHzOCOCH3); 5.13 (lH, s, 6-H), 5.26 (2H, s,
CH,Ph), 5. 61 (1lH, 4, J 7Hz, a-proton), 7.10-7.60 (9H, @,
aromatics), 7.99 and 8.35 (2H, 2 br s, 78-NHCO and 7a-
NHCHO), 8.16 (lH, s, NHCHO), ané 10.07 (lH, 4, J 7Hz,
a-NHCO) . -

WA

(d) t-Butyl 78-[D-2-((4-ethyl-2,3-dioxopiperazin=-l-yl)-
carbonviaminol-2-(4-nvdroxvphenvl)acetamido}-7a-

formamidocenhalcsporanate

(::’_ A mixture cf -buty1 78~[D- 2 [4 (benzyloxycarbony.cxy)
nhenvl] -2-[ (4-ethyl-2,3- dloxonlperazﬁn l-yl)carnonyl=n.“3
acetamido]-7a-for mamlcocenbalosporanata (0.096 g, 0.117 mmel)
and 10% palladium on charcoal (0.100 g) in tetrahydrofuran
(12 ml) and water (2 ml), was shaken under an atmosphere
of hydrogen for 2 h. The catalyst was then filtered off,
the filtrate evaporated to near dryness, and the residue
dissolved in a mixture of ethyl acetats/tetrahydrofuran
(L:1). This solution was then washed with brine, dried
over magnasium sulpnate, and evaporated to dryness to
leave the title compound (0.068 g, 83%).

<
(I}



and 10% pal | adi um on charcoal (0.120g) in tetrahydrofuran (12m ) and water
(2m ) was shaken under an at nosphere of hydrogen for 1.75h. The catal yst
was-then filtered off, the filtrate evaporated to near dryness, and the
residugﬁgﬁssolved in a mxture of ethyl acetate / tetrahydrofuran (1:1).

. This s lon was then washed with brine, dried over magnesi um sul phate,.
and evaporated to dryness to |eave the title conpound (0.092g, 97%; [
3375, 3290, 1790, 1740sh, 1715, 1695, 1515 [err] 1.18(3Ht,J 7 Hz, [erry r
1.52(9Hs, C(CH3)3), 2.03 (3H,s,[err])s BR03.87(6H m pi perazi ne- H2 2- H:
and [err]), 3.90-4.30(2H, m pi perazine-H2), 4.75 and 5.05 (2H, ABq, J 13 Hz,
[err]), 5. 26(1H s,6-H, 575 (1H,d,J 7 Hz, a-proton), 6.89 and 7.40 (4H, .

2d, J 8 Hzs )I as)20 §320Q (:J,HTsva&JHCéﬁDicrs B8 131 s<sHNHgHO) 8. 95( 1H, brs_.,

NH d 0 | 0
et A 1?:5 iy 295 o ep SBr e 19 j2ra 3.3
car bonvl ani 2#i -@C{A%\l@rﬁ@xyﬁhé@yla) &eé@ahﬂﬂo rq [me]namwxmm dode-

phal OSporaQtr? c’JHC ﬁ%@-unhaal(éa thu y berazine-q's)
[err]-LL-2-

[ 3..di oxo pgr ar nyI am n0"-_-2- . o :
(4- hydroxy‘b e‘hyﬁ’) c%tgém(ﬁg]' f‘@ ]—f %‘fﬁﬁi §. - poranate (0.089g, S .
0. 129 nmmolj. vas(1dH ssol sed)i,nSi. ¢8 (tn)HLedl QB%SIDzmarcamud:nOlOM) and the
resul ting §c9§naﬂg1jm§% gthrgg a& BROM L eOpeL At e for 5h. The reaction

sol uti on was. then. evaporat éd t yneSs, treated with toluene, and

re- evaporaQe]cP e &S ddd- w&s gi §so¥§%‘a°|%P%lﬂ%’t\E’cé’qde6&§1 sodi um hydr ogen
car bonat e sugk wdshed Wit lreet, hyhNECEt at e. . The aqueous 'sol ution was - -
saturated with sodlun16hlor|de covered with ethyl acetate/tetrahydrofuran
(1:L), and acidified to pH 1.5 with N -hydrochloric acid. The organi c | ayer
was separ at®d aift i0r2-AddeEtvhhA«d-aioxopinerazin=-1-y1)

carbonvlamingl=-2-(4-~ hydroxyghenvl)acetamldoj-7a-

- formamidocephalosp O¥anic acid, sodium salt

t-Butyl 78-[D-2-((4-ethyl-2,3-dioxopiperazin-l-yl)-
carbonvlamino]=-2-(4~hydroxyphenyl)acetamido]-7a~
formamidocephalosporanatg (0.047 g, 0.068 mmol) was
dissolved in ice cold 98% formic acid (5 ml) and the
resulting solution was stirred at room temperature for
4.5 h. The reaction solution was then evaporated to poy
dryness, treated with toluene, and re-evaporated. The ' <:)'
residue was dissolved in dilute agqueous sodium
“aydrogen carbonate and washed with ethyl acetats. The
agueous solution was saturated with sodium chloride,
coversd with ethyl acetate/tetrahydrofuran (1:1), and
acidif ind to pH 1.5 with N.hydrochloric acid. The
organic layer was separated and the agueous phase
extractad with further ethyl acetate/tetrahydrofuran.
The combined extracts wers washed with brine, drisd over s
magnesium sulphate, and evaporated to dryness to leave
the free acid. This was suspendad in water and the 2HE *
adJu sted to 6.5 with dilute agueous sedium avdrogen
carbonate. The resulting lution was f£iltered and
freeze dried to afford the title compound (0.018 g, 403%).



with further eth

washed with brin
to leave the fre
with dilute aque
solu, on was fil
¢ 24% ; v

e

3. 47f'3Hrn 2-H
pi perazine - H2),
a-proton), 6.89
M C against P. Mrabilis 889 is.100 [err] Exaan? 41 78- (D 2-

[ (4- Ethvl -2, 3-di
acetamdo].-[err
78-[ D-2-[(4-ethy
- di.acet oxypheny
4- Di acet oxphenyl
. €arbonyl am nol ac
dlchloronethane

yl acetate/ tetrahydrofuran. The conbi ned extracts were
e, dried over magnesi um sul phate, and evaporated to dr%PE
e acid This was suspended in water and pH adjusted to
ous: sodi um hydrogen carbonate. The resulting - 145-
tered and freeze dried to afford the title conpound

(KBr) 1770, 1710, 1675, 1615, 1515 cm1; [err]

bt 37 Hz, [err]), 2.07 (3H s, [err]). 3.04(1H d, J 18 Hz, 2-H),

and [err]), 3.66(2H m pipeI§Z|ne [err]), 3.98(2H, m
4.64(1H,d,J 13 Hz, [err])T°%5.19(1H s, 6-H), 3.42(1H s,
and 7.33(4H, 2d,J 8 Hz, aronatlcs) and 8 06 (IH, s, NHCHO .

axopi pesazi 071eyl 17Ty EsRE arbielsl cm?2-; (3, 4- di acet oxyhenyl )
]- nan1docephalosporan|c aci d, sodlun1salt (a) t-Butyl
| -2, 3-di oxopi perazi n-1-yl) carbonvlanlno -2-

19 (é-bz@t)am 48 [3%a-tordm %-CWAPng@FaI(ége ‘T(Z)LZQCQCSH’ ’

)3.0% (L&, euhyh- 2313:9“2 gmm persayi sl - galol) \z/eH and CE C,;3)

TR by 5T S B Hubncineci
.27 (1, s, 6-H), 5.40 (lH, s, a-proton), , _

6.90 and 7.39 (4H, 24, J 8Hz, aromatics) and

8.12 (lH, s, NHCHO).

- (£) Alternative routas to t-Butyl 73={D=2-[ (4-ethvl-2, 3-

dioxopiperazin-1l-vl)carbonvlaminol2-(4-hvdroxvohenvllaceta-

midolf7a-fg;mam;docephalosnoranate.

D-2-[(4—Ethyl—2,3,dioxopiperazin-l—yl)Carbénylamino}—Z-

(4—hyaroxyphenyl)acetic acid (0.335g, lmmol) in
tetrahydrofuran (30ml), was added dropwise over 2h to a
stirred solﬁtion of t-butyl 73-amino-7x-formamidocephalos-
poranate (Q.371g, lmmol) and N,N'- dicyclohexylcarbodiimide
(0.220g, 1l.lmmol) in tetrahydrofuran (1O0ml). The reaction
mixture was stirred for 24h at room temperatures, and then
evaporated to d;ynéss.' The xzesidue was dissolved in athyl
acetate, filtered, .and the filtrate evaporated to dryness.
The crude product was chroma tographed on silica gel 60
(€230 mesh ASTM) eluting with ethyl acetate through 5%
éfhanol/ethyl acetate, to afford the title compound (
15%) . - _

MIC against P. Mirabilis 889 is 0.2 ug/ml.



of t-butyl [err]-am no-[err]-formam docephal osporanate (0.09g, 0.24 mol)
and N, N -dicvcl ohexyl carbodiimde (0.55 g, 0.24 mmol) in dichl oronethane
(10 m) .Ege m xture was stirred at roomtenperature for 3 days. The
sol vent vk vaporated and the residue taken up in ethvl acetate, washed
with N hydrochloric acid, saturated sodi um hydrogen carbonate sol ution,
brine., dried over nagneS|un1squhaue3auﬁ evapor at ed Chromat ogr aphy (si. _
gel; 5% ethanol in ethyl acetate) gave the title conmpound (0.067 g, 35% %W
[err] 1.Z@¥é§é14,4j 8 Ez, [err]) , 1.54 (9H, s, [enﬂ), 2.07 (3H, s, CH
[err]), 2.25 an 27 (6H, 2s, aryl-0OCOCH3 s), 2.87, 3.20 (2H, ABgq, J 16Hz,
2-H2), 3.4 - 4. 2 (6H n1 [err]) 4. 76 5 03 (2H ABq J 14 FE Lerr]) ,
5.11 (1H, Z8 = 2g : :

Hs), 7.974 dﬂ@ﬁ%obHHNl 8cé£aﬁ1hb1sn>£b£$améa5ﬂédhamosbb&anhkbac1@ 08 (1H,
d, J 8 Hz, : S lerr]. (D) 7%-(D 2-]
(4- Et hyl - =per azi n- 1- yI)carbonyIan1no] -2- (3, 4-di acet oxyl henyl)
acetam do] -[err]-formam docephal osporanic acid t-Butyl

73- [ D 2- [ (g P23 70LOXQPLPAL PBLAZY1 dkie LMo \PHRY1]] =8 (3, 4- d
|acetoxyphe dQ ert ‘f ,068 g, *
0. 086 = Br 1 h and
evaporated1giggxmggggg_;igg__ggijg;Jmas trlturated mnth et her and t he

resulting solid taken up in water which has been carefully

A solution of t-butyl 7¢-amino-78- [L-Z-r4—(benzyloxycarbony—
loxy)phenyl]-2-{ (4-ethyl-2,3-dioxopiperazin-1l-yl )carbonyl=
amlno]acetamldo]cephalosporanate (0.350g, O.44mmol) and
pyridine (0.350g, 4.4mmol) in dichloromethane (20ml) was
cooled in an ice bath and treated with acetic formic
anhydride (0.194g,2.2mmol). The reaction solution was
stirred at 0-5°C for 0.5h, followed by lh at room
temperaturef It was then washed with 0.3N. hydrochloric
acid,-dilufe aqueous -sodium hydrogen carbonate, brine, and
dried over magnesium sulphate. The solution was evaporated
to dryness, and the residue chromatographed on silica gel
60 ((230 mesh) to afford the title compound (0.250g, 69%);
' max(CH 2), i380, 3260, 1790, 1765, 1740sh, 1720, 1695,
1500, 1220 cm ~; 8(CDCl,) 1.24(3H,t,J 7 Hz, CH,CH;), 1.53
(9H,s, C(CHz)5), 2.10(3H,s, OCOCH;), 3.03(2H,=,_—H Y,
3.57(3H,m,piperazine-H and -CHZCHB)’ 3.71, 3.89 and 4.386
(3H,3m,piperazine-H's), 4.83 and 4.16(2H, ABg,J 13 Hz,
CH,OCOCH;), 4.98(1H,s, 6-H),” 5.29(2H,s,CH,Ph), 5.91(1H,d,
J 7 Hz, a-prouon), 7.21 and 7.60 (4H,2d,J 8 Hz, phenyl),
7.43(5H,m,phenyl), 8.01(1H,s,NHCHO), 8.08(1H,s, NHCHO),
22(1H,brs, 78-NHCO), and 10.06(1H,d,J 7 Hz, x-NHCO.

o~

(B} t-Butvl 72-|{L-2-{{(4-ethyl-2,3~dioxopinerazin-l-vl}

a*bcr\vla:-u.no1 9-(=-hvdroxvphenvl)acetamido]—7:-formamido-

cenhalosnoranate.

A mixture of T ~butyl 73e[L-2-£4- benzyloxycarbonyloxy)

-

phenyl]—2—{(4-ethyli2,3-dioxopiaerazin-7—yl)carbon rlamino!

acetamide l-7u-formamidocephalosporanate(0.113g, 0.1328mmo )



adjusted to pH6.5 with dilute sodi um hydrogen carbonate solution. The
sol ution was washed with ethyl acetate, filtered and freeze dried to give
the title conpound (0.048g, 74%; [err](D20) 1.10 (3H, t, J 6 Hz, [err]),
1.98 (3H, s, [err]), 2.23 (6H, s, OCOCH3's), 2.85, 3.25 (2H, ABg, J 18 Hz,

2- H2),. _3._25, 4.00 (6H, m [err]), 4.48 ([err] covered by HOD), "5.16 (1H, s,
6- F .42 (1H, s, CH), 7.06-7.53 (3H, m=amametic - Hs), 8.05 (1H, ]_5-7
S, [err] max. (KBr) 3440, 1765, 1710, 1675, 1610 [err] M C agai nst P.

Mrab|I|3889|s / zan
er% ].'ngh um, on grc OF%(g(ephani in tetraefc(ljrofx. I

[ err]-Formam do- I én- ] ac poranrc a
salt. (a) t-But M)(@npewazem fémit hn‘%ﬁ) shakerny undeest ARl aER@jphere Of

cephal osoor . anatg, heﬂa@-z as&tlcmél&ﬁly&‘igwasfi tGEHDE) 1 ¥&Sed efdtixed in
t hi onyl chlorlde | ori de ma evapor and

5
the residual aci (Qcﬁll&rtlr&éce ﬁva%ﬁ?g?% ?H’é (‘:{]@W)hadaﬁ ROk ?’ch“ecool ed
~solution of t-butidsdloed iamanoikturd -atdnistihiacecayeal. @epmm@rmamg

4.8 mmol) in dich -qr)onetﬂﬂa@esezéeianvww e wa%eeowé%m brin&@M@ljeq The

reaction mxture was stirred at oomte::g !at ure for . The SO| vent was

- evaporated and tHEY J&9FGE K SHIBR> For Iea(’?‘&oé"FéedV\/ﬁghQHVW?Tl A
hydr ochl ori caci dyesateurtiteedisddi combyandged. QA0 19T7 ; ss]n | (mH,CbIJ) he, 3d7r3 ,ed
over magnesi um sygqlatigocand 7A¥eROT B 28, 149Y,0TENa0LaPRY EB{¢sCR ST
hexane /et hyl
1.18(3H, t,J 7 Hz, CH,CH Y, 1.52(%H,s, C(CHg);), 2.03
(BH,S,CCCCHB), 3.20—3 87 (6H,m,piperazine~H,, 2-H,, and
-CH CH3), 3,90—4.30(2H,m,piperazine-H2), 4.75 and 5.05
(2H,ABq, J 13 Hz, CH,0CCCH,), 5.26(lH,s,6-H), 5.75 (1H,d,J]
7 Hz, a-proton), 6.89 and 7.40 (4H, 2d, J 8 Hz,-afomatics).
8.20 (lH,s, NHCHO) 8.38 (1H,s, NHCHO), 8.95(1H,brs, 78-
NHCO) and 10.00 (lH,d,g 7 Hz, «-NHCO). '

fc) 78- rL-2-r(4—E+nvl‘2,3— dioxoviperazin-

.__J l—'
'-l
e

carbonvlamino |-2-(4-hvdroxyvphenvl Jacetamido |-

pPhalosporanic acid, sodium salt.

o t-Butyl 7£-EL-2—[(4—ethyl¥2,3,dioxopiperazin-l-yl)carﬁonyln

(:) amino]-z-(4—hydroxyphenyl)acetamido]-7a-formamidocephalos_
poranate (0.089g, 0.129 mmol) was: dissolved in ice cooled
98% formic acid (10ml), and the resulting solution was
stirred at room tempexrature for 5h. The reaction solutiocn
was then evaporated to dryness, treated with toluene, and
re-evaporated. The residue was dissolved in dilute _
aqueous sodium hydrogen carbonate and washed with ethyl
acetate. The agueous éolu*ion was saturated with sodius
chloride, coverad with ethyl aceuate/ etrahydrofuran (l:1),
and acidified to pH 1.5 with N. hydrochloric acid. The
organic layer was separatéd and the aqueous phase extrac=zad

with further ethyl acetate/tetrahydrofu*an The combin

’1
m
L

extracts were- washed with brine, dried over magnesiu

sulphate, and evaporated to dryness to leave the free acii.
.This was suspended in water and pH adjusted tc 6.3 with
esulting

dilute aqueous sodium hydrogen carbonate. The

M

W



acetate) afforded the title ccnpound (1.75g, 73%; [err] 1.51(9Hs, [err]),
2 04(3H,s, [err]), 2.24(3H,s,[err]), 3.30, 3.42 (2H, ABq, J 18Hz, 2-H2),
Aiéé s, [err]), 4.84, 5.05 (2H, ABq, J 13.5 Hz, [err]), 4.89(1H, s,
46 (I H's, NH), 6.92-7.04 (2H, m thiophene-Hs), 7.16- 7.30 (IH m -
th| ophene H) ; [err] 3280, 2970, 2920, 1775, 1735 sh, 1720, 1670, 1510
[err]; - (Found: [err], 498.0930. [ernks equires M 498.0952 (b) t -Buty!
[err]-am no- [err]- (thl en- 2- vl acet am do) cepohal osporanate. t-Butyl -
[err]-(thien-2-ylacetan do)-[err]-(nethylthio)cephalo- sporanate (1. 009,
2.0mol ) in dinmethylformam de (20m) at -40 C, was treated wth a solution
of nmercuric acetate (0.64 2.Cmol ) in dinethylformam de (5m ) foll owed by
a sol uti oMU tdeRo RS (felgsaad andtrRgze fdiatettieyrESPRENTE® (1.5n ). The
reaction ndixiler eonpsuabl ¢oed209, vmm pwer 1. (Edm-) paaoedlvmop ebhy) acetate,

washed wel t ter~ 1br i ate gngd.evapor at ed
to 162 161\%19}15 i 78 the §8I8 ed pr{;%ﬁg%%g gbu(?Engl’r]a 54(9H, s, ,
C(CHB) 3), (Zm@(,sﬁcgcmy—(ﬂﬂsq(&mﬁ@z M«‘Fz-)H)s 35473 (88, 02HR2F8rr] J 18 T

Hz, 2- Ht2) ,an%; ,, Ag%? 2I-I4m ;s’efa?éirfa- -H a@dj[s8gﬁl)m,6 ?7t784§3:4 m .
aroma tic Lo ut v ..
[err]-for ed:(? 1§’19r]' i{lEﬁl’e %ta#ﬁee%&gﬁ‘s drggg%gﬁt SButyl |

7a- ami no- [éH)],- &.Hi2dAHR sy aeptammlb) cephl v ot - @, @4, 40§, He, 9ol ) in
di chl or omethanai2Qnl hnat s066WasH, s, NHCHO).

MIC against P. Mirabilis 889 is 100 ‘ug/ml.




i"’

treated with pyridine (1.51m, 19mmol) and acetic. form c anhydride (0. 76,

9.5mmvl ). The reaction m xture was stirred at [err] for |Ih, washed with N.

hydrochl ori ¢ acid, saturated sodi um hydrogen carbonate sol ution, brine,

dri ed over nagnesi um sul phate and evaporated. The product was

recrystal |l i sed from di chl or omet hane/ hexane m p. 160-4C (0 629, 66% lr&

| . 54__ C(CH3)3) 2.00 (3H,s, [err]), 3:33, 3.61(2H, ABg,J 18 Hz, [err])
™ s, [err]), 4.73, 4. 99(2H, [err}, hadg3-Hz, CH20), 5.21 (IH's, 6-H)

6.8-7.1 (2H mthienyl-Hs)7.2-7.4 (IHm thienyl-H), 8. 19(1H s,[err]);

[err} (KBr)_333Q, 2980, 1770, 1740, 1720, 1695, 1660 & 1530 cni, (Found:

C 50.7; H,5. [err] requires C, 50.9; H 1; N, 8.35% acid. sodium
salt. t- BUtY)gi[fz] F&U*&Wi%[%L&Lo&wkse%zﬂaﬁ Bye d)aapnialiosionanat e
(0.10g, O. WaS adued —Ccol q 987 s _‘an wa’ter (5
drops). Thelndiaae Saxyones il ace cal3 oF o -.....'.. ] X 24

Form ¢ aci d s e\ejainad eyiland the -resi due zaken up in d| I ute SOdI um

“hydr ogen carbonat e solution and washed wi-th ethyl acetate. The acueous
phase was acidified to pH 1.5 and extract ed W t h et hyI acet ate The extracts
were washed (@it h torduterl J3-d@-2nd (dvashrardd3-diprop kg Raiipl=tldken uD in
water, whi che s, AdidstRs 120 @H 4645 awetB xseﬂeum haeéem&mmmﬁasm_ut-
ion. The M'ﬁe
title conpo 2 [err] 2.09(3H,s,[err]), 323357(2HABq, J
17 Hz, 2- H2)D,-23-(%(@Bac@p@ﬁﬁ)ﬁpvs)za-‘f@wmv"2 j-dioxopiperazia-1i-

carbonylaminolacetic acid (0.llg, 0.25 mmol)} was clssolved

in dichloromethane (10 ml) and added dropwise to a solution
of t-butyl 78-amino-7c-formamidocephalosporanate (0.099,

0.24 mmol) and N, N'-dicyclchexylcarbodiimide (0.55 g, 0.24
mmol) in dichloromethane (TO ml) . The mixturs was stirrs
at roem temperature for 3 days. The solvent was evaporatad

and the residue tzken up in ethvl acetate, washed with N.

, sat

solution, brine, driad over magnesium su 15 1ate and evaporazsd
Chromatography (silica gel; 5% ethanol in ethyl a
gave the title ceompound (0.067 g, 35%) § (CDCL

O €, J 8 Hz, CH,CH;), 1.54 (9H, s, C(CH,),), 2.07 (34, s, CE,

' OCOCEB), 2.25 and 2.27 (§H, 2s, aryl-OCOCH3's), 2.87, 3.20

(2, ABg, J l6Hz, 2-H,), 3.4 - 4.2 (6H, m, NCH,CH,NCH,),
4.76, 5.03 (2H, ABqg, J 14 Hz, CH,0), 5.li (lH,s, 6-H), 5.853
(g, 4, J 7dz, CHE), 7.1 - 7.5 (3H, m, aromatic - H's),
7.97 (1B, brs, NH), 8.11 (1H, s, CEOQ), 8.56 (lH, brs, NH),
10.08 (1H, 4, J 8 Hz, NH);9 max. (CH,CL,) 3270, 23930, 1715
1590, cm T. | '

(b) 73-(D-2-[(4-Ethvl-2,3-dioxopiperazin~-i-vl)carbonvlamiac]

-2-(3,4-diacetoxvphenyl) acetanidoldx-formamidocephalospozanic

acid

t-Butyl 73-([(D-2-((4-ethyl-2,3-dioxopiperazin-l-vl)caziecn~
vlamino]-2- (3 4-diacetoxyphenyl) acetamido]-7a-formanido

cephalcsporanata (C.063 g, 0.086 amol) was stirred with



1

CH20), 5.60(1H,s,6-H), 6.9-7.2(2H mthi ophene-H s), 7.3-
7.5(1H, mt hi ophene-H), 8.14(1H,s,CHO; v (KBr) 1770, 1740, 1720, 1695 &
60[err] MC against P. Mrabilis 889 is 10 [err]/m. 164 - 151 -
EXanpl e 43 73-r2-Carboxv-2-(thien-3-vl)acetam do |-7a-formarmn do
ceohal-osporani c acid. disodiumsalt. (a) t-Butyl
7a-f ormam do- 73-[ 2- (4- ni t r obenzvl oxvgarsbanvl )
-2-(thien-3-yl)acetam dol ] cephal osporanate. 2-
(4-Ni trobenxyl rhony) -2 (thien:3:-vi) j Cl , S3mol ) in
t hi onyl % i 6%#%%8%2?7??? %/%%d h%%% e@fq aat'ryct err F o%ggr%eg'h%gT&g?é%?%fi gﬁ?%/as t hen
evapor at &¢sEdugr Yass§TriEngated WES: Rider endednRi £rstdrtiBEe and '
re- evaporsaiied. tikenr 8suUlhi wgt&ei whidh e ems diregallzgd i n di chl or onet hane
(10m) and added dropwise with stirring to a, sgl ution of t-butyl
[ err] - anrAGUEERE] FPOPRANT db’c?bl%ldgﬁorsg’ﬁa‘tu@ PEIEBEER B2EPMDTS and pyri di ne
(0. 0599, s81¢21iB8HD! ) Tha sbTbt srometshamshE@domirhaetBgl Fbetaeacti on sol ution
was stirre t_Q- 7 f.ol | d :Dh.a enperat ure,
gégéeg 20% Ei)é?%e &{rynbeds SteJ _I%% 8% QiPheabohpomRE

before b&i vapor at ed e residue was _dissolved in ethyl
acet at e, (Ra9K8d W #h) O EN(D4Rrbci ordf &oi & 6dFRut EHaglsbus! stRii um
hydrogen (@ﬁr,beoabcoelg_g%brinm (e, o) Wdoox Was ,dei.ed, svaporzeed to dryness

and the residye. chromato- gr o) {1 el 230..nesh) eluting with
et hyl ac@B8rel hixERe 11?1?' ?g'h%g‘f o 18 | ’eNggﬁr%g@lﬁgh?gf 1689, 50%; ax
(Et OH) - 2438m(CHgPAT ¢&taTed AR eryl6 (1H, s, 6~H), S5.42

(14, s, CH), 7.06-7.53 (3H, m, aromatic - H's), 8.05 {l!—!,

s,CHO) ;9 max. (KBr) 3440, 1765, 1710, 1675, 1510 cm

MIC against P. Mirabilis 889 is 0.l ug/ml..



3390, 3305, 1790, 1740, 1700, 1525, 1350, 1212, 1160 cm 1 [err] 1-56(9H, s,
C(CH3)3), 2.10(3H,s,[err]), 3.12 and 3.39(2H,ABq, J 18 Hz, 2-H2), 4.85 and
5.08 (2H,[err], J 13 Hz, [err]), 4.85(IHs,[err]-proton), 5. 12(IHs, 6-H),

5.30 (2H,s, [err]), 7.13(IHm thienyl-H) 7.33-7.50(5H m aromatics andlt.._
[err]=NHCO, 7.78 and 7.86(1H,2s, [err]-NHCHO di astereoi soners) and bt

8. 1% 23(3H, m aromatics and - NHCHO) (b) -Butvl [err]-[2-carboxy-2-
(thi®3-vl )acetanidol-[err]- form mioceH 1Tospor anat e. t-ButyI 7

- Formam do-[ err] ! 2- (4-ni trobenzyl oxycar bonyl) - 2-

(thien-3-yl) phal osporanate (0.163g, 0.25mmpl) and 10% pal | adi um
on charcoal (0. 209) I n tetrahydrofuran - 152 - (1 OM) and water 2m),
wer e shaken ynde 0. . f f£ { : qt;gl yst

(0.20g) was _
was then fil W%l | with dilute aqueous sodi um hydr ogen

. carbonate. The filtrate was washed with ethyl acetate, the pH was adjusted
to 2 with N hdrochlorlg ’ I racted.into ethyl
acetate. The hagsh ; % e Sragresram sul phat e,
- and evapor at eépbaldlspnessuata afford the t|tIe corrpound (0. 0729, 539 ;[err]
(EtOH) 239nm ([err] 10267); [err] 3275, 1790, 1740, 1725, 1695, 1500 cm
[err]1.52 (9H,s, C(CH 3)3 2.08 and 2.09(3H, 2s, CCCCH3 di ast er eoi somers),
3.07 and 3. 311118?6"591? aRatac3xeddy (24808 o QL?d“HPl 2 Wag Fpfluxed in

di ast er eoi sormri&}:y14c&3c>amde4(9&1§ | #62S1h [ erBxcd¥DttNilon:A &hiardde. 02, and
4.88 and 5. 07ag2

evaporated, and the residual acid chloride in
dichloromethane (10ml) added to an ice cooied solution of
t-butyl 78-amino-7c{methylthio)cephalosporanate (1l.80g,
4.8 mmol) in dichloromethane (25ml) with pyridine (0.57aml,
7.0mmol). The reaction mixture was stirred at room |
temperature for 2h. The solvent was evaporated and the
residue taken up in ethylacetate, washed with M.

hydro chloricacid, saturated sodium hydrogen carbonate
solution, brine, d¥ied over magnesium sulphate, and
evaporated. Ch:omatography (silica gel, 3:1 hexane /ethyl
acetate) afforded the title ccmpaund (1.753g, 73%); &(CDCL3)

/

o 1.51(9H,s, C(CHy),), 2.04(3H,s, OCOCH,), 2.24(3H,s,SCH,),
’ 3.30, 3.42 (2H, ABq, J 18Hz, 2-Hp), 3.84 (2H, s, ArCH,),
4.84, 5.05 (2H, ABg, J 13.5 Hz, CH20), .89(1H,s, %-H),

6.46  (1H,s, NH), 6.92-7.04 (2H, m, thiophene-H's), 7.16-
7.30 (1H,m, thiophene-H ); v max (CHZClz)i 3280, 2970,
2920, 1775, 1735 sh, 1720, 1670, 1510 cm ~; (Found:
mF - _ - ives M -
M, 498.0930. C21}‘25V206$3, requires M, 498.0952 y.

(b)) £ ~Butvl 7z-amino-78{thisn-2-vlacez. o\ccbhalosn rzna+e,

t-Butyl 7A-(thien-2-ylacetamido)}7x-(methylthio)cephalo~
sporanate (1.0Cg, 2.Cmmol)} in dimethylformamide (20ml) at
-40°C,was treatad with a solution of mercur :

(0.64g, 2.Cmmol) in'dimethylformamide (3ml) £
solution of ammoriia (0.034g, 2.0mmol) in dimethy
(1L.5m1). The reaction mixture was allowed to warm over
1.5h, poured into ethyl acetate, washed well with water,

brine,dxied over mag 1esium sulphate and evaporaztad o



2ABq, J 12 Hz, [err] diastereoisoners), 5.17 and 5.20 (1H,2s, 6-H

1§ir~.ast ereoi soners), 7.13 - 7.45 (3H maromatics), 8.13(1H,s,

frd 8. 22 (I'H, 2s, NHCHO di astereoners), 8.36 and 8.61 (1H, 2s,

(c) [err]-[2-Carboxv-2-(thien-3-vl)acetam do]-[err]
f or mam docephal osporani ¢ aci d, 4gi sodiumsalt. A solution of

[err]-[2-carboxy-2-(thien-3-yI)acétam do] -[err]-formam docephal osporang
(0.062g, 0.115 mmol) in 98% formc acid (5n"), was stirred at room

NHCHO), 8. 13
[ err]-NHCO).
t-butyl

t enpedidturdrid slesgiredripe e dCafPg was% hed (FERDwedl ubdEPHyvacuum the
eat el o4 (3m,1sg] BeoeH 3nd 2t Be (24, Bk on: syapprated. The

- esi ddle @ty 3

resul fi s dj lLyved Jjn. di Fut eaus ,sqdi ydrogen carbonate,
and é%o&g?t‘ %t I%/ﬁ'ssgé%t*atéé';Hzﬁéf_ r'goggﬁné’aéfgﬁﬁbjedd‘tg‘ﬁl—f?4 and washed
Wi th @3y, dedt arsl CHy® )pH &S ~Therd 3ddpyseednt®otic); and, | lie product

extra&tﬂ;ﬂ:md}&mgn)acle,tgaj,e/lba_tsr’ally@sokuﬁ_ggoég,t-l)... The conbi ned extracts
wer e shed "'w th brine, '

dri'ed over magnesi um sul phate, and evaporated to

dryness to afford the free acid. This was suspended.in water,

adj ustey 1-EBHl WidJraliratiielcad@edeisadrumilhgdragtdotasbpanbgp-and t he

t he pH was

153 - resulting solution was filtered and freeze dried to afford the title

conpogHnNE&Be 0269, 43%; [err] 234 nm ([err] 9589); [err]
1670, 1600, 1505 [err]; [err] 2.08 and 2.09 (3H,2s, [err]

(KBr) 1765,

di ast €10l B0 MRy -SBini b8 A i3n58- ARt 3235 48 He 308806 3bkaRABY, J 18 He

2-[er

di astereo- Jisoners), .4.60-4.90 AB err] diastereoisoners),
5. 28 @1’(:?99’32’-‘(9“%"29, R ‘*?Ch%.%d’- %\?“("’3%"‘“ ) artoﬂg{:i't‘féjl’ | )

treated with pyridine (1.5lml, 19mmol) and acetic. formic

anhydride (0.7%6, 9.Smmol). The reaction mixture was

stirred at 0°C for 1lh, washed with N. hydrochloric acid,

saturated sodium hydrogen carbonate solution, brine,

dried over magnesium sulphate and evaporated. The product

was recrystallised_from diéhloromethane/hexane n.p.

160-4°C (0.62g,66%); 5((CD5),C0) 1.54(9H,s,C(CH,) ;) 2.00

(3H,s, CCOCH,), 3.33, 3.61(2H,ABq,J 18 Hz, 2-H,),

3.92(2H,s,ArCH,), 4.73, 4.99(2H,ABq,J 13 Hz, CH,0), 5.21

(1H,s, 6-H) 6.8-7.1 (2H,m,thienyl-H's)7.2-7.4 (1lH,m,
thienyl-H), 8.19(1H,s,CHO); v__  (KBr) 3330,2980, 1770,
1740, 1720, 1695, 1660 & 1530 cm -, (Found: C,50.7;

H,5.1; N,8.4%. C, H,cN30.5, requires £, 50.9; H,51; N,8.5%)

{d) 7c-Formamido-78-({thien-2~vliacetamido)cenhalosporanic

acid. sodium salt.

t-Butyl 7«¢-formamido-78~(thien-2-ylacetamido)cephalosporanate

{(0.100g, O.2mmol) was added to ice cold 98% formic acid

(8ml) and water (5 drops). The reaction mixture was stirred .

at room temperature for ¢h. Formic acid was evaporated

and the residue taken up in dilute sodium hydrogen carbonate

solution and washed with ethyl acetate. The agusous pha

was acidified to pH 1.5 and extracted with ethylacetata.
extiracts were washed with brine, dried and evaporated.
residue was taken up in water, which was adjusted to

pH 6.5 with sodium hydrogen carbonate solution. The

sa

_—

il.ae

- -

ine



and 8.13 and 8.17 (1H, 2s, [err] diastereoisoners). MC against P.
Mrabilis 889 is 100 [err]/mm . - 154 - Exanple 44 78-rD 2- :

(4- Et hvl - 2. 3-di oxooi perazi n-1-yl)carbonvl am do] - 2-

hi en- 2-vl ) acet am dol - 7a- f or mam do- cephal osporanic acid. sodiumsalt. (a)

t-Butvl [err]-[DL-2-r (4-ethvl-2,3-dioxooiperazin-1-yl) 163
car by ,-am nol - 2- (t hi en-2-yl)acetam do] I;% rr]-formam docephal os- poranate.
a-[( % hyl - 2, 3- di oxopi perazi n-1-yl )carbonyl ani no] thi ophene-2-acetic acid

(0.49g, 1.5mmol) in dichloronet hag_eﬁé 5m ) was treated V\/ith_oxaLxl chl ori de
(0.20m , 2.5mol) S iRtRy Foligrrdetd HFRRS d:'r?'(f’ & itor PEY2atifobht e
tenperature for Imoxﬂﬁtmrﬁnl(\oemsﬂegasss\yapa(laé@)j 200P (3 s,€SHYYe Br23,3:57

di chl oronet hane (S 0 3Nyl g€ | L of st »Bu s
[err]-am no-7a-for %ﬁmﬁeﬁ%‘%ﬁ%@rgn‘égz’ (%O% gé’séi’ %ﬁ%) ’aﬁd?gygiﬁgl’ ne
(0.18m , 2.2l )CHzP M chidHdFethanE) ¢| EnPy7 TRt FacthiioRfrRrH &) wal - -
stirred at.room teﬂpg(i:j.t,tﬁ,a;ﬁi@ph%heaﬂq,t Belsinwlcmﬁpah%té(eQKthelveei, due
"was dissolved in e te, h i £ h=N. hydrochl o acid, saturated

Aotk Thetnts

sodi um hydr ogen cg?% ol rrné, dried over nmgnesi um sul phate
.and evaporated. Chromatography (silica gel, ethyl acetate)gave the

separ at ed di astereoi soners. The D-isoner (0.14g, 17% showed [err] 1.25
(H t, J 7 Hz, [er¥Iq ageBGY O ¥irpbitly, 883 £ 4B 4IWML-m 2-[err] and
[err]). 4.71, 4.97 (2H, ABg, J 13:Hz, [err]) 5.18 (IHs, 6-H, 6.00 (IH,
d, ArCH), 6.7-7.4(3H, m thiophene-



[err]), 8.0-8.4 (2H M CHO & NH), 8.4-8.8 (IHmM NH), 9.2-10.2 (I H mNH);
[er]ré43260,;-. 1790, 1710, 1690 & 1500 [err] The L-isonmer (0.079g,
109 exhibited [err] 1.20 (3H t, [err], 1.51(9H's, [err]), 2.05 (3H s,
CCCC.i3), 3.16 (2H,s,2-H2) 3.3-4.5 (6H m [err]) A 84 5.10 (2H, ABc,
15Hz,: [err]), 496(1H s, 6-H), 6.10 (IHd, ArCH), 6.7-7.4 (3H, m -
t hi ophene-H s), 8.04(2H m CI—|O-&NH)- 9.30 (IH's, NH), 9.87 (IH,d, NH)O
[err] 3260 br, 1770, 1740 sh, 1690 & 1520 [err] (b)
[errgxdd®2s f4d4-e. t hvl - 2. 3-di oxopi perazin-1-vl) carbonvl am no
-2-(thren-2-yT) - acet am do] -[ err] - f or mam doceohal os- oorani ¢ acid. sodi um
sal tz 34fzhag¢bogwy25(§ teh{IA-16tkeltamidodi-gxopbpaeazis- 1-yl ) carb
Q] l8%r ] - f or mam doceohal os- poranat e
| uoroacetic acid (2.5m) at room
terrperature for 0.5h. The trlfl uor o- acetic acid was evaporated and the
resi ﬂmsmmfﬂam@dmae@admm &y@b@aeo eaiybaRBEevE9l Ution
vvash_eéi_v\“ h. tl"g/_l cefat X derf o wWith N_ _hydrochloric acid to pH .5 and
S#ere washed with brine, dried
over magnesi um sul phate and evaporat ed. The residue was suspended in water -,

- and 20{ AN Bk diferbl 1,8y dildariitUise (stq%qr.mhwgesnleaaéeaate sol ution.  The

resu ) vva,sflltered and freezé dried to give the title

corrpao(%rrfd’ 684# ) 1 Gipylispdaride §Sphy, pasrpgatedos(3H, s,
CCOGE3)70 Oso 7. 20 (e syluarich aas ftaen) )avaooﬁazéﬁl ko aryAs&H), 5.78 (

| Sand-tle fedkded {hedd WiORIINEAE Sha FellublbrinedOmy (KB

resultlng acid chloride was dﬂssolved in dichloromethane

(10ml) and added dropwise with stirring to a solution of

t-butyl 78-amino-7c¢-formamidocephalosporanate (0.186g, 0.5

mmol) and pyridine (0.059g, 0.75 mmol) in dichloromethane

(10ml) at 0°C. The reaction solution was stirred at 0-3°C

for 0.75n, followed by 0.5h at room temperature, before

being evaporated to dryness. The residue was dissolved in

ethyl acetate, washed with 0.3N. hydrochloric acid, dilute

aqueous sodium hydrogen carbonata and brine. The solution

wag dried, evaporated to dryness and the residue chromato- .
grapheé on silica gel 60 (<230 mesh) eluting with sthyl acetate/ _ £:)
-hexane (1l:1) to afford the title compound (0.168g, 50%); o~
Nmax (EtOH) 245nm (€ 15147), 262nm (€16862); “max.(CHZClz)

3390, 3305, 1790, 1740, 1700, 1525, 1350, 1212, 1160 cm-l;

' 8(CICly) 1.56(9H,s, C(CHy)5), 2.10(3H,s, CCOCHg), 3.12 and
3.39(2H,ABq, J 18 Hz, 2-H,), 4.85 and 5.08 (2H,ABq, J 13
Hz, CH OCOCHB), 4.85(1H,s,z-proton}), S5.12(1H,s, 6-H), 5.30
(24,s, CH A*), 7.13(1H,m, thienyl-H) 7.33-7.50(5H,n, .
arcmatics and 73-NHCO), 7.78 and 7.86(1H,2s, 7x-NHCHO | -

. diastereoisomers) and 8.11-8.23(3H,m, aromatics and -NHCEO)

{(b) t-Butvl 73-59—carboxv-2-(th;eh-3-vl\ace- ﬂidO]—7c—

formamidocenhalesnoranate.

t-~Butiyl /:-Formamido-?ﬁ-cz-(4—nitrobenzyloxyca:bonyl)—2-
(thien-3-yl)acetamido Jcephalosporanate (0.163g, 0.25mmol)

and 10% palladium on charcoal (0.20g) in tetrahydrofuran



"~ sol ution.

2980, 1770, 1680 & 1610 [err] MC against P. Mrabilis 889 is 0.1

[err]/m . Exanpl e 45 -155

76-[ L-2-[ (4-Et hyl - 2. 3-di oxopi perazi n-1-vl)carbonyl am no] - 2-
(thien-2-yl)acetam dol-[err]-forr.am do cephal osooranic acid, sodiumsalt.
t-Butyl [err]-[L-2-[ (4-Ethyl-2,3-di oxopi perazin-1-yl)
car?Ej&lanino]~2-(thien-2-y|)acetanido]-[err]-fornanidocephalos- por anat e(
0.07%¢#0. 12 mol ) intrifluoroacetic acitd2(2m ) was stirred at room
tenperature for 0.5h. The trifluoroacetic acid was evaporated and the

resi due di sqqloygd Ianddw!a%e sadh um,bydr % fﬂ&%&ata% Eﬁ'—&gbﬁ@v Tﬁg

sol ution was washed wth_ethyl acet at e,
hydrochlor|@VQEP&e&nJ°€x9PactéHrmF?ﬁ A A4 Y 3t ek 399 ) Tﬁé éReraétdadere
washed wit h abki nee durbeé;iuaed-eue@ﬂwtﬂ@l: 1 I3, r edddua taayszuspended in

water and adius! 6918l 8.3 Whifed ket e sodi umivdrguen carhonat.e

I'tant so on was | Tere reeze o gi ve the
title conpo@ﬁ@r@9824§ar§2¢@teferT?e ‘ql§x§§ﬁ4w=srwaqpeﬁew1tz QQPSH s, [err])

3.00- 4. 15(LQH¢Ehe2 HBe pbafWwhs &&ngﬁéd]ie 25%£¥H|ﬂ4 d%b@Hhor5c84(|H S,
_6-H), 6.97-7.52 (3H.m,

;hlo hg %g(JH S, HJVI%E rrL (KBr) 3400

2970, 2920, 3p71 e Be8 08 oS e hsacy arg’h"i%ét" F4BIFIs 889 is

0. 25 [err]/ﬁmg ex;;;@* was washed with brine, dried over magnesium
sulphate, and evaporated to dryness to afford the title

compound. (0.072g, 53%); Arax. (EtOH) 239nm (£ 1025?);

v ax(CH2C12) 32757 1790, 1740, 1725, 1695, 1500 cm —;
5(CDC1;)1.52 (9H,s, C(CHz);) 2.08 and 2.09(3H,2s, CCCCH,
diastereoisomers), 3.07 and 3.34, and 3.12 and 3.37(2H,
2ABq, J 17 Hz, 2-H, diastereoisomers}, 4.83 and 4.91
(1H,2s, c¢-proton), 4.81 and 5.02, and 4.88 and 5.07 (2H,
24Bq, J 12 Hz, CH,0COCH, diastereoisomers), 5.17 and 5.20
(1H,2s, é-H diastersoisomers), 7.13 - 7.45 (3H,m,aromatics
8.13(1H,s, NHCHO), 8.13 and 8.22 (1H,2s, NHCHO diastersome
8.36 andl8.51 (1H,2s,78-NHCO).

t{ <~
1]

I)’

(c)'7B-r2;Carboxv-2~(thien-B—vl)acetamido]-?a

<:) . formamidocenhalosooranic acid, disodium salt.

A solution of t-butyl 75-[2-carboxy—2-(thien-3—yl)acetamido]
-7a-formamidocephalosporanate (0.062g, 0.11S mmol) in 98%
formic acid (5ml), was stirred at room temperature for &h.
?he formic acid was then removed under vacuum, the residue
was treated with toluene, and the solution was evaporatead.
The resulting gum was dissolved in dilute agueocus sodium
nydrogen carbcnate, and washed with ethyl acestate; beiozxs
being acidified to pH 4 and washed with ethyl acstats.

The pH was then adjusted to 1.5 and the product exiracte

Q

into ethyl acetate/tetrahydrofuran (L:1). The combined
extracts were washed with brine, dried over magnesium
sulphate, and evaporated to dryness to afford the frxee
acid. This was suspended in water, the pH was adjusted to

-

6.5 with dilute agueous scdium hydrogen carbonata, and the



- 157 - Exanple 46 73-r2-
(2- Ani not hi azol - 4-yl ) acetam dol -[err] -formam docephal oso- oranic acid.
trifluoroacetic acid salt. (a) t-Butvl
Nep®] - formam do-[err]-[2-[2-(tri phenvl met hyl anmi no)
t hi azol - 4- vl ] acet am do] cephal osporanate A sol uti on of e
2-[2-(triphenyl met hyl am no)t hi azol -4-y|l]53aeeti c acid (0.200g, 0.Smmmol) g 0¥
- tetrahydrofuran (10Or) was slowy added dropwise to a solution_ of
NN - di cycl BR&RYFIng s IR dBs 315278 PR ARBRFe FH-$Lt TR S ur an
(5mt) at 086e Bltee dhmpaddl ((mn2es cabmi;on, gl (Hpo)vasd oum - ari no:[err]-
or mani doc oranate . 0. KAt ur was
added dropglgsg,ggéﬁﬂ ‘frhac-rgéég )llgl?%r%’xtlg’?g?mggbgf I ?%ggh%:?*rbom %erature
for 16h. Zhe8sshdt 200 wedH {3men AGOCHey ddas&eapOLaPBETE b i yHesd and t he
residue di gsehvegniinzesdyindceisd q 2a4d 20mghed Wbt hz 0250, hydkosdder- ¢ acid,
di | ut e aqueous sodi um hydr ogen bonat.e d Lne. Li | ed qwer
magnesi um éﬁP‘ﬂﬂéFg,’ %vg‘%'b‘?a?qéd( %S@'C%ﬂ ﬂ@SSQQQﬁgé{:ﬂé %Jr'%%%\éa%%{ _u‘%%r\%és’
chronmat ogr apkedana 5sB2i CEH R, 66-H)<s230 0PeIhFOel 8Hi n@» wh¥omatIRA) acetate /.
hexane (4: 13418 857 0nd shey {{ide £OMmewRd hAe23geotitheterr] (FLCH) 262nm
([err] 139 f‘; [er r%[‘ 400, 3200, 1792, 1740, 1725, 1700, 1680, 1520, 1225
cm ; [err] 1.52(9Hs, C(CH3)), 2.01(3H,s, [er‘rj]i, 3.28(2H,brs, 2-[err]),
3.51 (2H, b{® agaihkk, P4. 83rabpilss OB A8 W HIITE4 Hz, [err]),
5.18(IHs,6-H); 6.07(1H,s, thiazolyl-H), 7.05(IH brs, exchangeable with

[err]), 7.28(15H,s, [err]),8.15(IH s, NHCHO,6 8.28 (IH, brs, exchangeable
with [err], NHCHO and 9.23 (IH brs, exchangeable with [err]-NEHCO . (b)
7-[2 -2-Am not hi azol 4-yl)acetam do]-[err]-formam docephal - osporani c acid.
trifluoroacetate salt.




A solution of t-butyl [err]- formam do-[err]-[2-[2-( trlphenylnethyl 1t
am no) t hi azol - 4-yl ] acet am do] cephal osporanate (0.150g, 0.20mmol) in
trifluoroacetic acid (5m) was stirred at roomtenperature - 158 - for
2h. The solution was then evaporated to dryness, and the residue treated
wi th _toluene and re-evaporated. The resulting gumwas treated with ethyl
'acet@, and the solid was filtered 484 washed well with ethyl acetate and
et he® |t swaspodei 88 in vacuo to afford the title conpound (0.078g, 69%;
[err] (RBr) I775, 1725, 1670, 1630sh, 1525 cm 6( CF3C02D) 2. 25(3H, s,
OCOCH3), 3.48 and 3. 65 (2H ABq, J 17 Hz, 2- H2) 3 98(2H S, [err] , 3.26 and
5.42 (2H, AB R-E o 14169 s nhnazol yl - H) and
8.40 (I H, s_oNeCHO) .. 2984 54 I 5 1 Lb} ija, 172 -
159 - Exanp'%e_zl'?'%OZMD-gZ 3~ é(}fﬂ%@arﬁ\én 3=y ﬁr%?(%ﬁe]b%za %%Oharoxé%%nﬁ)-

acet ani do] £pg&BM. 83k fmni dopeni ci | | anic aci.d, sodi um salt

[err]-(D 2- Am no- 2- (4- hydroxyphenyl)acetan1do] 6a- formam dopeniicillanic
acid (0.23 et h Lgnyng to give pH
6.5 and t he=sofv - amarin- 5

. 3- yllsocyaEEEE_gﬂ_ﬂaﬂn' mamidoceohalos-

poranate.

a-[ (4-Ethyl-2,3~dioxopip z;n-T-yL)carbonylamlno]
thiophene-2-acetic acid (O 49g, l.5mmol) in dichloromethane
(3ml) was treated with oxalyl chloride (0.20ml, 2.5mmol) and
dimethylformamide (2 drops) and stirred at room temperature
for l1h. The solvent was evaporated and the residue in
~dichloromethane (3ml) was added to an ice coolad solution
of t-butyl 78-amino-7«¢-formamidocephalosporanate (0.45g,
1l.2mmol) and pyridime (0.13ml ,'2.2mmol) in dichloromethane
(10ml) .The reaction mixture was stirred at room temperature
for 3h and tke solvent evaporated. The residue was
dissolved in ethyl acetate, washed with N. hydrochloric
acid, saturated sodium hydrogen <carbonate solution, brine, driad
. i::) over magnesium sulphate and evaporatéd. Chromatography

(silica gel, ethyl acetate Jgave the separated diastersoisomers.

The D-isomer (0.l4g, 17%) showed o(CDCl3) 1.25 (3H, t, J
7 Hz, NCH,CHj), 1.50 (9%Ls,C(C393), 3.0-4.3 (8H,m,2-H, and
NCH,CH,NCH,). 4.71, 4.97 (2H, ABq, J 13 Hz, CH,0) 5.18 -

(1H,s, 6-H), 6.00 (lH, d, AxCH), 6.7-7.4(3H, m, thiophene-
H's), 8.0-8.4 (2H,m, CHO & NH), 8.4-8.8 (1H,m, NH), 9.2-10.2
(CH,C1,) 3260, 1790, 1710, 1690 & 1300 cm*

{1H,m,NH) ; Vnax.
The L-isomer (0.079g, 1C%)exhibited 3(CDCl,) 1.20 (3H,t%,
NHCHE,CHz), 1.5L(9H,s, C(CHz)j), 2.05 (3H, s, OCCCH,Z), 3.18

(2H,s,2-Hp) 3.3-4.5 (6H, m, NCHCH,NCH,}, 4.84 5.10 (2H, A3q,
J 13z,CH,0), 4.96(1lH, s, 6-H), 6.10 (1H,d, ArCH), 6.7-7.2

(32H, m, thioohené-H's), 8.04(2H,m, CHO & NH). 9.30 (1E,s, NH),
9 .87 (1H,d, NH); CH.C1l,) 3260 b»r, 1770, 1740 sh, 1690 &

1520 em~t,



added . and the pH naintai ned between 6.5 and 7.5 by addition of
rigg?ylanine. The m xture was stirred at roomtenperature for 0.5 h then
trated in vacuo. The aqueous residue was washed with ethyl acetate 10
(2 x 35 M), ether (35 m), and then covered with a layer of ethyl acetate
(35 mM) and acidified to pH 2 with 5 Mhydrochloric acid. The phases were
separated and the aqueous phasé3further extracted with ethyl acetate (3!

: riseddi.ved in dry acetone (10 n1) and treated with a
sol ution of 2 M sodlun12 ethylhexancate 20 i n 4-net hyl pent an- 2- one (0. 22
preci pitate_was col | ected by

m fol | owed et resultln
fi ?t?ﬁq% L8 e[{(ﬁ"@rtﬁ'ﬁfrl'fn&‘ﬂh SQPEReFagag~Ly¥éld 0.292 g), [err]
( KBrdaﬂB@O_/lth.zﬂo?B& (46iA%n-~263A )lalt,ethﬁﬁ.ap]LBBQ:bmaﬂ:éﬂGc=ﬁBﬁﬂos-1230 1205
5 5 (1H, s,
PSR LA 0. 2 o) wa g UEakedd L %zafg fobheetict LI )
6 75@@3@5@)@%% eEmeT g e c SoFafi-Ahler The, t7igBueper d, J 8 Hz,
pheradana £ d s Sevapptueld inkd) <h@ késilibde SasCHObsoM/&qagai nst P.

O R T %Lf&m?ﬁé‘r?“? Tl PRoTRsbes, with ethyl
acetate, acidified with N. hydrochloric acid to pHl.3 and
extracted with ethyl acetate. The extracts were washed
with brine, dried over magnesium sulphate and evaporatéd.
The residue was suspended in water and adjusted to pH £.5
with dilute sodiﬁm hydrogen carbonate solution. The result-
ant solution was filtered and freeze dried to give the title
compound (0.054g, 41%); 6(D,0) 1.15(3H,t, J 6Hz, NCH CH
2.05(3H, s, OCOCHZ), 3.05-4.10 (10H, m, 2-Hp, CH,0 znd
N,CH,CH,NCH,), 5.24(lH, s, AxCH), 5.78 (lH,s, 6-H), 6.9-7.5
(3H, m, thiophene-H's), 8.10 (1lH,s,CHO); vmax(KBr) 3440,
2980, 1770, 1680, & 1610 cm™ '

Hi),

MIC against P. Mirabilis 889 is 0.1 ng/ml.

m ), (ghe m-dmz:f@we&ﬁﬁ-@qmdﬂe&oo%&heé 1;51 v...Wlth water at pH 2 (35w 3

? ;

> .
L



hydroxyzhenvl) acetanidol -[err]-fornman dopenicillanic acid, sodiumsalt (a)
4- Oxo- 4H-| - benzopvr an- 3-vl i socvanat e Chronone- 3-carboxylic acid (0.19 g) in
dry dichloro- nethane (10 m) was treated at roomtenpera-ure with oxal ng
chloride(O1 m) followed by dry N N-dinmethyl form amde (2 drops). ﬁu‘

stirggd for one hour at roomtenperature, evaporated to dryness in vacuo,
red' lved in 1, 2-dichl oroethane (10, rrli% and treated with trinethyl -
si | zide (0.13 m). It was stirred for one hour at roomtenperature and

then heat eg¢.akhp?8Cakor one hour. Evaporation to dryness in vacuo viel ded an
off-white SoT1d (0.186 g), [err] (I, 2-dichloroethane) 2230 1680, 1645,
1615, 1462, 1376, 1250, 850, and 760 cm 1 (b)

[err]-[D 27631 %9@£044Eh&vbeazﬁgaimﬂ.méﬁalz:e-t-dlo-]w )Z-ar(bénlv\ld.hdmwﬂhenvl )

‘acet am dol q|+an#§—;§£-,lpdd cid
[err]'[D'Z' T roopeni ci |l |l ani c
_acid (0.23 ’ spended in 50% aqueous tetrahydrofuran (20 M),

triethyl anine added to pH 6.5 and this mxture treated with a solution of

4- 0x0- 4H-| -b%n;ogyggn E_¥I L? cgggg{ge{zl()g %rou in tet-ra- t}ydr of uran (10

.m). The pH MArAt L Ae rz"“dd"ton of
trlethylanFﬂébOnKﬁ%8#19]5’h(8h1¢00ﬁTYEJHK§%§m#¢P 1%%;4@duamnéowa9ha’0=-

concent r at %rhaawa@uohobbs be§lzdﬁﬁoﬂ\/§i5ﬂ?@r!\fi@o§$£%;P&Q&:&tde cba1y 2asn),
ether (25 nl . d_coverec vvlthala er_of gpﬂh tate 5rr141E| aC|d|f|ed
to pH 2 w t"Fr %e fydF 88 B?Tﬁeﬁﬁf‘drand"?he sest a:r‘gt‘éa &*aqueous

phase was febitherservaporadedi dhd ethy | rasiodu ei.(%vlrvle)q imhdidrgani ¢

ext-racts GoERLReHyaBsBadcWbon YRt Lol fbh 2 (BR Woiu 4P Wab2RaThha
with ethyl acetate, acidified to pH 1.3 with N. hydrochloric
acid and extracted with ethyl acetate. The extracts were
washed with brine, dried, and evaporated. -The residue was

suspended in water and adjusted to pH 6.5 with dilute sodium

hydrogen carbonate solution. The resultant solution was

filterad and freeze dried to give the title compound 0.024g,

32%) ; 6(D Q) 1.20(3H,¢t, NCF 3), 2.09(3H,s, OCCCH ) 3.C0~

4.15(10H,m, 2~ Hz, CH O and 1 \CH2C42NCH ) 22(-“,5,

ArxCH), 5.84(1lH,s, 6-&), 5.97-7.52 (3H,m thiophene -H's) and
<:)‘ 8.08(1H,s,CHO); Vnax (kBr) 3400, 2970, 2920, 1720, 1710, 1830
| & 1610 cm™t

MIC against P. Mirabilis 889 is 0.25 ug/ml.

g



and saturated brine (25 m) before bei.a dried over 174

7qanhydrous magnesi um sul phate. Evaporation in vacuo gave an
off te powder (0.227 g), which was redissolved in dry acetone (10 nl) and
treated with 2 M sodi um 2- et hyl - hexanoate in 4-nethyl pentan-2-one (0.19
m) followed by ether. The pregipitate was collected by filtration, washed
with ether and dried in vacuo to yield the title conpound (0.217 g), vm
(l&ygxéﬁﬁibtxé 1765, 1665 br, 1607, 1540, 1510, 1468, 1382, 1265 sh, an(™*
1215 [err] err] 0.99 and 1.33(6H, 2s, [err]), 4.18 ( IH s, 3-H, 5.28
(IH s, , 5.56 (IH s, 5-H), 6.60-7.55 (84, m aromatic and chronone
pr ot Zhs)2- 4ﬁm¥mgxhk%vgyia;VLﬁm¢axamadblH7 cefornenidneephsfiosd4 C agai nst P.

Mrabidis 889 d s 68 18/dddaHer X ammle 49 +6a- For mami do-[err]-[ D-2-(

(4-nydroxy-7-nmetnyl -1, 8-naphtnyriarn- 3-yl) carbonylamno ]-2-

(4- hydrcxyphenyl) acetam do] peni- cillanic acid, sodiumsalt (a) Benzvl
[errﬁaf[}ébgff«ixﬂuaﬂarmamm&maﬂ&»&ﬂ;aﬂnamﬁbbcnvlmcuhrlanlno) :

2-[(%&{1é§{2& ; yl')- carbonvl am no acet am do]

- t hyl - |
, 8- napht hyri di ne- 3- car boxyl'i c aC|d (0 204 g) - was suspended in dry.
di chd oseres fane £ 240 i) ta.:"i rierr@@[fn@d:h\&‘ltaﬂlhbé hhxbam-aeszw 42 m). The

esulirg <ol o g a0 50 ("0 Lo e ot L emfd, i snosoene
0.5 ¢a51§ﬂﬂwkvsaﬁdﬁd(ﬁrqu1se to a solution of N,N'-dicyclohexyl-
carbcdiimide (0.227g, l.lmmol) in tetrahydrofuran (5ml) at
0°C. After the addition, a solution of t-butyl 78-amino-7c-
formamidocephalosporanate (0.185g, O.Smmol) in tetrahydrofuran
(5ml) was added dropwise, and the reaction mixture was stirred
at room temperature for lénh. The solution was then filtered,
evapeorated to dryness,'ahd the residue dissolved in ethyl
acetatzs and washed with Q.5N hydrochloric acid, dilute
aqueous sodium hydrogen carbonate and brine. It was dried
over magnesium sulphate, evaporated to dryness, and the
crude product was chromatographed on silica gel 80 (<230
mesh) eluting with ethyl acetate / hexane (4:1) to afford _
the title compound (0.23g, 61%)A__ (EtOH) 262nm (€£13928); O
Voax (CH%CIZ) 3400, 3200, 1792, 1740, 1725, 1700, 1680, 1520, ;
1225 cm 8(CDCl,) 1.52(9H,s, C(CHy);), 2.01(3H,s, CCOCH,),
3.28(2H,brs, 2-H,), 3.51 (2H, brs, ArCH,CO), 4.83 and S. 06 (24,
ABq, J 14 Hz, CH,OCOCH;), S5.18(1H,s,6-H) 6.07(1H,s, )
thiazolyl-H), 7.05(1H, brs, exchangeable with D,0, NHCPh,),
7.28(1SH,s, CPh,),8.15(1H,s, NHCHO), 8.28 (1H,brs, |
exchanceable with D 50 NHCHO) and 9.23 (1lH,brs, exchangeable

-~ with D,0, 78- NECO}.

-
i

(b) 78~12-(2-Aminothiazol-4-vllacetanido FHa-Tornami docecna

osooranic acid. trifluorcacetate salt.

A solution of t-butyl 7¢-formamido-78- L2 f? (triphenylmethyl-
amino)thiazol—q—yl]acetamlcoIcepnalosoorana 2 (0.150g, 0.20mmol)

in trifluoroacetic acid (Sml) was stirred zt room temperaturs



benzyl 6a-[D- 2-am no- 2-[ 4- (benzyl oxycar bonyl oxy) phenvl | -

acetam do] -[err]-formam dopenicilanate (0.632 g) in dry dichl orimet hane (20
m) was added. It was allowed to regain [err] and then stirred&f i one
hour at [err].It was evaporated to dryness in vacuo and the residue
treated with ethyl acetate (100 m) and water (50 m) , the phases
sepa"'d and the aqueous phase further extracted with - 162 - ethvl
acet'™® (50 m ). The organic extracts were €oh38 -bi ned, washed with water
(50 M), brine (25 m), dried over anhydrous nmagnesi um sul phate and
evaporated to dryness 3dm vabeosbbuyieh dvas ttem dfvegporankdchowdsympess fi ed by
5 chromatography,onnp3 |r'=§§d93| &9&5@%&@%#@%) an@l ULLI n&%é{a@é&ﬂy'

acetate gradl ng to 5% et hano In etw\% acetate. Concentration

appropriate ' ract i O TETHLAEPE TR RS nERRHERD Mo REAYDY2ERFRER at3h and
filtration gave thtehet i ’e.dccmpoﬂmﬂ asednamd fwashede wetWlet thOe 21321 g tlka
Lerr] (KBr) 3240 A7 8 6 24 4 : A 0
1540, 1216 and 1085 (e [S?r‘r%% % ik Fﬁ% e e 17 v

s, naphthyridi ne CRRPOUR 3776 (AF?’Qslf’{%’r r]]c)?’Osr ’
5,41 (1H, m CH), B3l c@” lli,; so(épgﬁozﬁ) 92 25(335;,(51,75;; 15 3.48raumt3 o5

CHO and 2 napht hyr %%ea? :4 ﬂgbxv I%Zﬁ’et% amt hyrurg?neog-_kg.,é b).y 5 4z

6a- For mam do-[err]
napht hvri di n- 3- vl ) (G&kb &g, adi héﬂiz ﬁﬁﬁ%‘ﬁg}boyé 42(1H s, 6-H), 6. l‘39( H,s,

phenyl ) acet am dOpetrHJ.Cé!zldl@‘l'-H)aﬁHdB S@d(nm§alxmcﬁmzyl
[err]-[D 2-[4-(benzvl oxycar bonyl oxy) phenyl ] -

MIC against P. Mirabilis 889 is 100 ug/ml.



2-[ (4- hydroxy-7-nethyl -1, 8-napht hyri di n-3-yl ) car bonyl am no] -
acgi? do]-[err] fornanldopen|C|IIanate (0.202 g) was hydro- 20 genat ed
B%ehydrogenated L0% pal | adi um on carbon in a m xture of .1, 4-di oxane
(15 mM) and water (2.5 mM) for 3.5 h. The reaction mxture was treated
with a solution of sodi um hydrogen carbonate (0.02 g) in water (20 M"',
filtered, and the filtrate washed with ethyl acetate 25 (2 x 50 nl), ‘;:l
et her (25 m) and the aqueous phase-fLggze- dried to giye the product a
white powdegxbRpid6a®), [err] (KBr) - 3420 br, 3230 br, 1765, 1650, 1610, 1525
sh, 1511, 1750, I358, and 1250 [err] 0.91 and 1.27 (6H, 2s,. C(CH3)2), 2.15
(3H S, naplgghryDrdi-08- CESYmadin-"3-30L) ure(iid] -2~ (§-hydrokyddedyti~-s CH),
5.55 (I'H, s, gdﬂ%mﬁquﬁ La$¥n£h &Lé%&i%ilﬁ%ﬁBEhXE&Q'“Soalﬁgﬁs£&5“3 and 7.37
(4E, 176 - S 20 Mz aronatrces), 7. 7r9 (I3 2T napht hyri -
dine -- H ,8. 06 (1H, s, CHO) , 8.20 (IH s, naphthyridine 2-H). M C agai nst
P. Mrabilis 889 lss5tﬁu£€mmiﬂdﬂz &E«nﬁwﬁax§@héaym}a&Ehledo] 6a-

D- 2- am no- 3-.(N- et [ r0|

C h e SRR SXbERLOAIPILIP QAP o 4p) aReE 125 Lo um sal ¢
(a) Met hyRs[ erepted agphir t s e thyiimdalel 60 gavEhprE ad @m@p@m%d onas0m -,
nol ar scal esé@.QQEthQ‘ﬁutedt@xﬂﬂ"&éﬂ%@%‘fu@ﬁnﬁh@fﬁﬁﬂn eto@harsh-Amer Chem

Soc 19%7 7%-y§zg%byéna£ (6'5§¥ 5¥sln te ra ygrg§ﬁggkl%fglof) was
added and the pH ma;ntalned between 6.5 and 7.5 by

additidn_of triethyvlamine. The mixture was stirrsd

at room temperature for 0.5 h then concentrated in vacuo.

The aqueous residue was washed with ethyl acetate
10 (2 x 35 ml), ether (35 ml), and then covered with a
layer of ethyl acetate (35 ml) and acidified to pH 2
with 5 M hydrochloric acid. The phases were separated
and the aqueocus phase further extractad with ethyl
acetate (35 ml), the organic extracts combined, washed
with water at pH 2 (35 ml), water (35 ml) saturated

[
w

brine (25 ml) and dried over anhydrous magnesium sulphate.
Evaporation to dryness in vacuo gave a pale pink foam
(0.256 g), which was radissolved in dry acetone (10 ml)

and treated with a solution of 2 M sodium 2-ethylhexancate

20 in 4-methylpentan-2-cne (0.22 ml), followed by ether.

' The resulting precipitate was collected by filtratiocn,

washed with ether and dried in vacuo (yield 0.292 g),
Vpax (XBr) 3300 br, 1763, 1675, 1675 br, 1600, 1530 br,
1460, 1362, 1230, 1205 sh, and 1175 cm 1; & (D,0) 0.96

25 and 1.31 (6H, 2s, C(CH3),), 4.15 (18, s, 3-H), 5.20
(14, s, 5-4), 5.45 (1H, s, CH), 5.30-6.60 (lHE, m, |
coumarin-H), 6 75-7.13 (5, m, phe nyl-—H2 and coumari;-ﬁ3), i
7.38 (2€, 4, J & Hz, phenyl), 7.60 (lH, s, coumarin-3I),

8.14 (1l#, s, CHO).

MIC against P. Mirapilis 889 is 100 ug/ml.



- was

from net hanol -

ether there was obtained 6.19 g (67% of conpound,

np.

183-[err]. A second recrystallisation gave material of np 185.5-187 C;

[err] (cl, ethanol: 10 water, 1:3); [err] in n-butanol:acetic °
acid:water, 4:1:1. (b) D 2- Am no- 3- ( N- met hvl car banoyl ) propi onic acid The
preceding methyl ester hydrochloride (1.83 g, 10 mnole) was dissolved in

.- O ed

(8 mM) and a solution of nethykgnine in ethanol

(33% W v,

4.7 m)

ature for

This was filggr quwwd%éimrquﬁﬂ%o%%etzh%)é‘pg _

T£§F£$ﬁg qyas tightly stoppered and left at roomtenper- 15

whi ch a consi derabl e anobunt of solid had separated.
&egléwThe filtrate

and mashlngs WET
t hen the - ' : e :
The sol utlon V\m:.caqascm:e;mrxz.a:t ed to dryness
to obtain further product,
.(88%; np. 230 [er
(3H, s, [err{3)

[err]);

r re ulrres

i-v z-*-a

D- 2- (4- Ni t r BN ‘}%fr%xg/tap

[err]O. 05 lahfmkuﬂ@rmicaaeekwlecueldmtaens gi 1;4;
“H, 6,85 .N, 19.

'y water (20 m),
- - - acid.
then triturated with nethanol
whi ch ' was isol ated as above; total yield, 1.28 g
BL_(deQQ [err](cl M hydrochloric acid); [err] 2.73
-banznﬁV*eerBrvi1soavananele (1H, t, J 6 Hz,

df}FQﬂ‘E"\l&ﬂAl 1;
29 . (c

5%—ngPﬂv“eﬂg?ﬁﬁﬁ%ﬁ?)ﬁﬁf%plonlc aci d

)

The precemlﬂﬁéﬁwkuﬂnkﬂniﬁaﬁbthyLanL@éTéﬁeaSbg,aSWnNnmﬁeQ avatsy icgsod ved in

M sodi um hydgpgen p—@r@gg@)e salutiagn SQQ,.gh) forPos8l Kb Lon,
4- nltrobenzylo§¥c rboqyl .phlorlde . 1.25 e
(2 M) was temperature, evaporated

to u&yness in vacuo,

in 1,2-dichlorocethans (10 ml) anc'ereated wi
silylazide (0.13 ml). It was stirred

heated at 90°C for

for one

20 rocm

I
rea

one

n tetrahydrofuran
issolved

th tri

methyl-

hour at

room temperature and then nour.
Evaporation to dryness in |

solid (0.136 g),

vacuo yvieldad an off-whits

(1,2-dichloroethane) 2230, 14680,

Vmax 21
1645, 1615, 1462, 1376, 1250, 850, and 760 cm
{b) 63-{D=-2-{3-(4-0Ox0—4H-1-benzoovran-3-vl)urasidol -~

2-(4-nvdroxvonenvl) acetamidol ~6a~-formamidoveni-

cillanic acid, sodium salt

68~[(D-2-Amino-2-~(4~hydroxyphenvl) acetamido]-6a-

formanlaopenLCLllanlc acid (0.231 g) was su:nendec in

50% aqueous eetranvd*oLL*an (20 ml) , triethylamine added
to PH 6.5, and this mixtures treated with a solution of
4-oxo-4H-1l-benzopyran-3-ylisocyanate (O 093 g) in tetra-
‘hydrofuran (10 ml). The pE was maintained at 6.5-7.0
'*hrouqhout by addition of tri thylamlne. After 0.5 1

at room temperature, the mixture was concentrated in

vacuo, the residue washed with ethyvl acetate (2 x 25 ml),
ether (25 ml), and covered with a layer of thyl acetate
(25 ml), acidified to pH 2 with 5 M hydrochlo:_c acid

anéd the phases ssparatsd The agueous phase was further
extracted with ethyl acetate (25 ml), the organic extracts
combined, washed with water at oH 2 (25 ml), watsr (25 ml)
and saturated bhrine (25 ml) before being & over

175



added and the m xture was vigorously stirred at roomtenperature for 16 h.
After this tinme water was added and the solution was tw ce washed with
et hyl. acetate, backwashing with water each tinme. The total aqueous phase
183.7&;t was acidified to pH 2 by the addition of 2 Mhydrochloric acid,

p

itating the product as a te solid, which was filtered, washed wit h
wat er and dried; yield 1.23 Recrystalllsatlon from ‘::)
tetrahydrofuran petroleun1ether (60 [err]) afforded pure materi al, np. '

135-6 e d dor I, 65 (SH m J[err]),
4. 35 {J'érou% E‘%%rfélg-ﬁm é‘g%% exch rE[q'[eg%e%at%&l %%Q' [err]), 7.50-7.90
(4H, EFVQI-PndOfﬁnWPéFﬂ"‘é‘)@:ﬁ-(%f%ﬁz Hr)a,ndvfg-mwa% "3311(525H1~’G° aryl-H), 12.60
ng lbﬁ I§:ryD2@e€Q$ﬁ , (GO deed rdrddeedd wied-DdW aymlaacqt-lacéh@zgdowaherél 6
oun N, err] Jequir
N, 12“@&5- d? 2 bﬁeuz‘il‘%f?‘r?orb'%lﬁﬂ‘w&car% %w SY(N-nethyl -
carbaﬁbhbrproﬁhenp:eacpdtabérwabow¥QUmmaﬁrhwkfx&ﬂnatﬁhm precedlng
?B%g&&@%é%%ﬁge _.AeQ ax2d ”&ngJm?) ﬂ‘aﬁa@dé% ‘Sﬁi%l‘@ t'-he'\“b@@ oxy succi ni m de

1le The sol ution was :
cool eEI°{“B°B€°a|(19 %%Yr‘iéd ":ﬁi\;en(‘éﬁ’f:)yc? )&Fl'calﬂ%(idl LeBd&T(0. 419, | eg) was  *
added-oéﬂt,emaaddllsm,v\msspnmm,e 143 rghnga—mammdrnued for one hour,

durin rggai ned. rnoam tenpergtur then the
wel | -gtg%pereé ?Fas 3g1 1 Péés & orégﬁga‘i Z%C Tg'%e @' %, ‘The precipitated
solid3wds, 5.28 (lH, s, CH), S. 56 (14, s, S-#), 6.60- 7.53

(88, m, aromatic and chromone protons), 8.09 (lH, s, CHO),

and 8.38 (lH, s, cn...omona 2-H) .

MIC against P. erabllls 889 is JO pg/ml.

Examnle 49

ga-Formamido-63-[D-2-{ (4~avdroxv-~T7-methvl-1l,8-nannthvridin-

3-vl)carbonvlianinol]l -2~ (4-hvdrcxvonenvl])acetamido]l peni-

cillanic acid, sodium salt

(a) Benzvl §3~[D-2-(4-(benz:
2= [(d-nvdLoxv-7-ne:
1,

vcar-orvToxv)one 1yl] -

zvlox
71-1, 8-naphthvridin~3~vl) -
1ido]

carboananlno]ace -na—'orﬂanlccoeu1c-llara;=

_ ;-dycroxy-7-;*.hvl 8-na pntnyrld*ne—3—caracxy&1c
acid (0.204 g) was suspended in dry dichloromethans (20 ml)
and treatad with tristhylamine (0.42 ml). The resulting
'solution was cooled to -20 to -25°C and treated with
pnosgene in toluene (0.8 ml; 12.5% w/w) and the mixture
stirred at -20 to -25°C for 0.5 h. Then a solution of

vloxycarbonvloxyv) phenvl] -

benzvl 53-(D- 2-=m110 2-{4~(hen
acetamido] -fe~formamidopenicil
dichloromethane (2C al) wa el

S
; o T et . s . .
regain 0 C and then stirred for one hour at G-3°C. It : *




filtered off and washed with tetrahydrofuran, then the conbined filtrate
and washi ngs were evaporated to drvness. Trituration of the residue with
propan-2-ol afforded the active ester as a white solid which was filteref,/5

“washed 5 with
npl28-9C,

7009

Eer?@ 2.80 (4H,
(2H, ™™ aryl-H),
aryl-H). (Found:

alittle cold propan-2-o0l, ether and dried, yleld 0.59 ¢
[err] (cl, dinethyfornma- nrde) [err] 2.45-2.75 (5H, m

S, [err], 4.90 (IH m CHCH2 , 5.21 (2H, s, [err]) , 7.61
7.90 (2H, br m 10 [err] ch, 2NH), 8.23 (2H, d,

C, 48.2; H 4.3; N 13.1. [err] requires C, 48.3; H,

4.3; N, 13.3%. (e) Sodi um 68-[ D- 2-[ D- 2- (4- ni tr obenzvl oxycar bonvl am no)
- 3-(N-net hvl car bawnwh) aBéQ&@QaUS@QﬂI)Z-(@HéVGYr@&M*c extracts were com-

phenyl ) acet am dol -
[err]-[D 2- Am no-
mam dopeni ci | | ani
nixture of dry di

“The suspensi Q1 wa

ga- f.or na eni ci — irm
? P&dh a?gL ﬁ tn %&ég] dgﬁ)[eran? 25 ml), drieé cvar

@nayddoys. msmvgs tuna%lmamsr epdnagapasated to c;mmﬁe@ in a

q&'qaeasthangléiara)bfaua Qh&mﬁ'ﬂ?&éﬁ'&&énaﬁifkaéd

triethyl- anine (Ghﬁemﬁit?g‘éﬁani’h%pg? 4 55 éEe\?e%gét‘E?g?ogi? q;e Ily

«Stirring was cont

wiitthdeahyD- SéthMQIQQadqngIumNSZOethasolument&K&rﬁyet=tﬂ

obtained, but it WncRReeasaby &P éFE’Jdﬂfdﬁ%id@bﬁ?29¥£f6ﬁ£ﬁﬁﬂékaiﬁkﬂﬂd% to

pr event its becom ng

vi scous,  After

5
di net hyl f or mani de '“Vo&é‘ Pgr’rﬁéeﬁc’ o Rt éﬁ’-&ﬁr&Fleraﬁ% ?hI%’fa%‘rﬂﬂ &hve

tenperature and t
wat er contai;pj ng

8. The acueous phagx

with alittle wat

.—A
wn

20

30

hier esiclioecpapdund anedrbetffeahiethpbvdeet & £2 3N dy)25
%”f fi ?kﬁP §%&’é%§,hyld7’a%ge'l7%6r b%gbesﬁo 963’6’ 'iKOf* s33out

acet at hirig

érsOéacmwnelzmenuurﬁe taadarll@,ascac. digi 5@4%3 pH 20!
0.9 and 1.18 (6H, 2s, C(CH )2), 2.71 (3?, s, naphthvridiine

CH3), 4.45 (1H, s, 3-H), 5.14 and 5.26 (4. 2s, 2C'-I2 s),
5.41 (15, m, CH), 5.81 (1¥, s, 5-H), 6.99-8.15 (17H, m,
aromatics, CHO and 2 naphthyridine - H's), 8.42 (lE, s,
naphthyridine 2-H).

(b) ga-Tormamido-63-[D=-2~[(4-hvdroxv-7-methyli-1l,68-

napnthvridin-3-vl)carbonvlianino] -2~ (4-avdroxv-

phenvl)acetamido]lpenicillanic acid, sodium salt

- Benzyl 68-(D-2~([4-(kenzvloxycarbonyloxy)phenyl]-
2—[(4thdroxy-7-methyl-l,8-naphthyridin-3-y1)ca;bonylaminc}*
acetamido] -6c¢~formamidopenicillanate (0.202 g) was aydrs-

- genated cver prehydrogenated 10% palladium on carbon in

a mixture of 1l,4-dioxane (15 ml) and water (2.5 ml) Zor
3.5 h. The reaction mixture was treated with a solutic:
A
i

:0f sodium hydrogen carbonate (0.02 g) in water (10 ml

filtered, and the filtrate washed with ethyl acetate

(2 x 50 ml), ether (25 ml) and the aqueous phase Ifreeze-

dried to give the product as a white powder (0.11l86
Vpmax (KBr) 3420 br, 3230 br, 1765, 1650, 1610, 1
1511, 1450, 1358, and 1250 cm ~; 8(D,0) 0.91 and 1
(6#, 2s, C(CHy),), 2.15 (3H, s, raphthyridine CHj), .12
(17, s, 3-#), 5.44 (18, s, CH), 5.55 (ld, s, 5-E), §.5C
(18, 4, J 9 Hz, napathyridine - %), 6.88 and 7.37 (4E,



vmtl1]ﬁ?3rochlor|c acid and extracted twice with ethyl 30 acet at e:
tetrahvrofran, 1:1. The organic ext-racts were washed once with brine,
dried over sodlun1sulphate and evaporated to a sem -solid yellow gum This
was taken - 166 - up in acetone, filtering a little insoluble nmaterial,
and a 2 Msolution of sodium 2-ethyl hexanoate in 4-nethyl- pentan-2-one
(0.17 M, 1 eq) was added. The resultant suspension was concentrated a

dry ether was added to 5 give theipenicillin sodiumsalt as an of f - wi¥e
solid which was filtered, washed with acetone and ether, and dried; yield,
0.15 g (63%; vmax (KBr) 1770, 1665, 1510, and 1515 [err] 0.90 and 1. 27
(6H, 2s, (@HS)?Ck HZ, 6dr éﬁ&t;@&)lewfﬂg (14:,18,(¥H9 gz, 3n&pheHydd- (2H, 10

aryl - d&Be7'5t3 (4§| oﬁ] rS/I5- 5%@%&55&\(59(@;5)5 mg“% tgy%‘)“{rgeH04m( 1H, s,

NHCHO); [eﬂrﬁ)@ 35 in n-butanol:acetic acid: water, 4:1:1. (f) Sodi um
[err]- [ngif}ggélﬂé‘@ B (MErRdiivscaBBamRyk) o ug/mi.

pr opi onani 2- (4- hydr oxyphenyl )acetam do] -[err]- fornmam dopenicillanate
15 . Sodium[err]-(D 2-(D 2-(4-nitobenzyl oxycarbonyl am no) -

( N- net hyl caxbapbgl| 30 pr opi onami do] -2- (4-hydroxyphenyl)-

acetam do]-[err]- forngnldopen|C|IIanate (0. 13 g, 0.18 m ntlLe) was

di ssol ved PA-dArAr(P=2naning Azmethvi GarseReVAhRropsananido 2 7)) was

added. The muxhuaeoMﬁﬁhauarxgggﬁﬁmmtdﬂlsa-qa&mahaaapbﬁicsl:ﬁfﬁ@ure and room
tenperature r@ld ngogg&ﬁ séﬁén the catalyst was Tiltered and washed wel |

(a) Methvl 3-D-aspartate, hvdrochloride

This was prepared on a 50 m molar scale accord*ng
to the procedure ¢of K Hofmann et al, J Amer Chem Soc

u

1957, 79, 5701, in the L-series. After recrystallisation
from methanol-ether there was c¢btained 6.19 g (67%) of
compound; mp, 183-3%. a seconu Le 1"ys\.allJ.sat1on gave
material of mp 185.5-187%; [a]D - 14.8° (cl, ethanol

10 water, 1:3); Rfo.l in n-butanocl:acetic acid:water, 4:1:1.

(b) D-2-Amino-3-(M-methylcarbamovl)provionic

&
The préceding methyl ester hydrochloride (1.83 g, <:)_
a x L

10 m mole) was dissolved in methanol (8 ml) and
of methylamine in ethanol (33% w/v, 4.7 ml) was added.
The flask was.tiqhtly stoppered and left at room temp

15 ature for 65'h, after which a considerable amount of solid
had separated. This was-fiitered, washed with methanol
and ether and dried. The filtrate and washings wers evap-
orated to'drvveés'anq dissolved in water (20 mi), then
the oH was adjusted Lo 5.5 by addition of hydrochloric

20 acid. The solution was again evaporated to dryness, then
triturated with methanol to obtain further product, which
was isolatsd as above; total vield, 1.28 g (88%); mp.
230-35°C (cec); (129 - 30.8° (c1, M nydrochloric acid);

| 6(D20) 2.73 {(3¥, s, “3.), 2.90 (22, 4, J § Hz, -ﬂz CHYy,

25 4.16 (14, &, J 6 Hz, CHCH,); fO 053 in n-butanocl:acetic

acid: water, 4:1:1; (Found: C, 4l1.1; 4, 6,853;.N, 19.2,.



with water. The filtrate was washed twice with ethyl acetate, backwashing
with alittle water each tinme, then the agueous phase was evaporated to
dryness. Trituration 25 with ether afforded the deprotected penicillin
sodiumsalt (0.08 g, 81% as a pale yellow powder; v (KBr) 1770, 1650

br,
m [
5. 54N

1605, 1510 cm
), 3.80 (IH, m [err]) , 4.12 (1H
,'s, [err], 6.87 (2H, d, aryl-H), ~78% t2H, d,

; [err] 0.93 and 1.28 (6H, 2s, (CH3)2C), 2.50-2.75 (5H,

aryl-H),3.09(1H s,NHCHO ; [err] 0.05 in n-butanol acetic acid:water, 4:1:1
MC against P. Mrabilis 889 is 1.0 [err]/m. -167- Exanple 51

[err]-[2-( Q/anone-ga.yégﬁg%a%wr%%]_ -E[ el if ?fiﬁ(/l 'éﬂé),cgphq_lgqlgg)porani c acid

sodiumsalt (a)

$- ¢vanorie hi©0) acetani doJ - 7a-

for mam docephal osppeanat e2{(@raneFBbiyky b2y £88 dity Bl 1) Q3144 -Getdyv -

mol ) in dichl oronethane TIU I contal nLng, dr mef Ayl or mam ge tL drop), was
“converted to its-acid chl orﬁ%‘gﬁwgmg;m@%xal yl chloride (0.279 g,
"2.2 mmol ). After stirringhe pregediegnanénperaidirit-rephyl.argde t(Re73obution
was evaporated to &ryngess _kk%@@&@s@hb@dtQEUﬁnébdfﬁMj%x?fﬁééﬂpkékggnal €

.residue was dissolved in digc

ed dropwi se to a

d 1) hl oromet hane_(5.m ) and ad 0 to a |
sol ution of t-butyFoFEr¥IR dihdper r p- FBF‘&rﬁ’-"”Fri ?igc"e’ﬁ’rfmr(?s“ﬁ&zgﬁraf‘@cf&b%’?-i*g
1.0 mol ) andSpyrichheride (1.036. §191g251e§) rrm_nl fe trrididdd fmranet(@andg) (25sm )

at OC.

10

o

25

. (76%). Recrystallisation from tetrahydrofuran-petrcle:wn

20

added and the mixture was vigorously stirred at room
temperature for 16 h. After this time water was added
and the solution was twice washed with ethyl acetate,
backwashing with water each time. The total agqueous zhase
was acidified to pH 2 by the addition of 2 M hydrochloric
acid, precipitating the product as a white solid, which
was filtered, washed with water and dried; vield 1.23 g

<t

. e . o)
ether (60-800) afforded pure material, mp 135-67C;

2 .
(ai20- 0.23° (cl, dimethylformamide); 8((CDy),SO] 2.40-

2.65 (S5SH, m,-CH3N + CHC§2), 4.35 (14, m; t, J 7 Hz on
D20 exch, C§-CH2), 5.17 (2H, s, ArCHZO), 7.30-7.90 (4iH,
m, 2H, &, on D,0 exch, aryl-# and 2-NH), 8.23 (2%, &,
aryl-H), 12.60 (1H, br s, DZO exch, COZH); RfO.SO in
n-butanol:acetic acid:water, 4:1:1; (Found: C, 47.8;

H, 4.75; N, 12.5. Cy;H,.N,0, requires C, 48.0; H, 4.5;
N, 12.9%). '

(&) D=-2-(4-Nitrobenzvloxvcarbonvlamino) =3=(N-methyvl~
' carbamovl)oropionic acid, N-avdroxvsuccinimidsa
ester

The preceding protected acid (0.65 g, 2 m mols)
2 {0.23 g, 1 =)

. The soluticn was conlszd

was dissolved with N- hyCQroxy s
in dry dimethylchmamiae (10 ml
to 0°C and stir : 1
1 eq) was added. After ad
was continued for one nhour, during which timse the mixt.re
ragained room ¢

was stcecred &t

Iy,

(5 3 H 531 (1H s, 5-H) 30

.



The reaction solution was stirred at O-[err] for 0.5 h, followed by 2 h at
room tenperature, before being washed with 0.5 N hydrochloric acid, dilute
aqiqdys sodi um hydro- gen carbonate and brine. It was dried over nagnesi um
sul phate, filtered and evaporated. The crude product -was
chr omat ogr aphed on silica gel 60 (<230 nmesh ASTM eluting with ethyl
acetate/ hexane 2:1 to afford-the tingfﬁonpound (0.207 g, 43%; [err] ,
2240, 1790, 1742, 1730, 1693, 1495, 121 [err] 1.54 (9H, 20 s, [err]
2.08 (3H, s, [err]) 3 27 and 3. 51 (2H, ABgq, J 17 Hz, 2-H2), 3.50 (4H S,
[err]), 4.82 and 5 £2H ABq, 13 Hz, [err]), 5. 21 (1H, s, 6-H 8.00
and 8.33 (2ﬂllizera¢t@$ e%&qu{a@(hre]a NRGL §;‘ataﬁavgrcz©u{am+ t@n@a@) . (b)
[egI r]-[2- fgaﬂsﬂﬁé@yfimﬁ@w&@hh%r l«eierms@ats&%lms%m ¢ acid,
sodi um sa

[err]-][2- (c§5ﬁ5%?ﬁjy?? h‘?‘b)tgbeet%rﬁl&“e[ YLEP PEPRADAT %I’ce?)‘rmcf"c?seﬁiorta"ﬁat e( 0. 157
g, 0.32 mMmobftims estenlased whitee soddbewhichf vasr Habetral aciashEeE nl) and
the rsyglt- H.‘Q‘159|P£’é191b vwlétgzrorp%-qtoaooat SFPERAL S £od PTy L1y D- - 168
- It was- then p?_;ate 1&@2% t heor esi. dug iﬁ:eat ed w t‘h t ol uene and
then re-evaBor t%d e M wes dPdgolrvid-fn - &FF ut ERgRRSRE™e5di um
hydr ogen camb@ameostﬂmg Jard 4fa2hdd WEEL =t hq:-F mcete&aa‘a_);he aqueous 5

sol ution wag_ §@ty‘{@teé1 clal gbi ex, a,QJ u&g@g 0 HPH;1.5 with
N- hydrochl ori ¢ aci d \C,F pzog c Was gx )t
t et r ahydr of 6#8n/ ¢ r@#c%uf@t'ate fr d. aryl- H)' 7 3¢ (22, br m,
10 20 exch, 2NH), 8.23 (2&, d, aryl-#). (Found: C, 48.2;
H, 4.3;'N, 13.1. CyqH;gN,04 rgquires C, 48.3; H, 4.3;
N, 13.3%). : '
(e)  Sodium 68-[D-2-[D=2-(4-nitrobenzvloxycarbonylamino) -

3=-(N-methvlcarbamovl) propionamido]-2-(4~hvdroxy-

pbenyl)acetamido]-Sa-formami‘onenicil1anat=

68~ [D-2-Amino-2-(4-hydroxypnenyl) acetamido] ~6a=-Zor-
mamidopenicillanic =c1c (0.150 g, 0.325 m mole) was sus-
15 pended in a mixturs of dry dichloromethane (2 ml) and
dry dimethylformamide (1 ml). The'suspension was coolsad
to 0°C and stirred; then were added sequentially triethyl-
amine (0.06 ml) and the praceaug'acglva ester (0.137 g,

1 eq). Stirring was continued at 0-5 C,-a clear yellow

20 solution being obtained, but it was ﬁecessary_to_add further
dimethylformamide (1 ml) to prevent its becoming highly
viscous. After 2.5 n, most of the dimethylformamide was
Sremoved by evaporation at < 1 mm Hg at ambient temperaturs
and the residue partitioned between ethyl acetate and

25 water containing sufficient sodium hvdfocen carhcnate

o

to give a pH of about 8. The aguecus ph 12se was washs

once more with ethyl acetats, backwashing with a 1 ile

-

-
[
water each time, then the total was acidifisd to 2
1

with hydrcchloric acid and extracted twice with ethy
ts

A

3C acatata: tetrahvdrofuran, L:1, The crganic saxirac we

e
washed once with brine, dried over scdium sulphate an

-

evaporated to a semi-solid vellow gum. This was taken



The extracts were washed with brine, dried over magnesi um sul phate, and
evaporated to dryness to | eave the free 10 acid. This was suspended in
wat er and the pH adjusted to 6.5 with dilute aqueous sodi um hydrogen
carbonate. The resulting solution was filtered and freeze driecff?g afford -
t he thile compound (0.091 g, 62%; [err] (KBr), 2240, 1765, 1675, 1610 cm
;[ e :2.04 (3H, s, [err]) 15 3.15-3.75 (6H, m J[err]), 4.50-4.95 (m
HOD ®™® [err]), 5.29 (1H, s, 6-H , and 8.10 (1H, s, CHC) M C agai nst P.
Mrabilis 889 is 25 [err]/m . Exanple 52 [err]6g 2 ((Am nocarbonvl)
am no] - 2- (thi en-2-vl)acetamn do]-.[err]-formam docephal osporani c aci d,
sodiumsalt (a) = t-Butvl [err]-(2-[(am nocarbaonyl)am_no]-2-(thien-2-
acet anmi do] -[err] -‘*R)rﬁ?arﬁ%@@ﬁhaﬁgoéb%é%%t% Llirﬁtc}rﬁllméﬁll&f:’%ﬂem BBy, %‘”%
mol ) was added t @ 2 Mspdnsiion of 2eof {am hexErideanamiteoin24 thatient2-yl)
acetic acid (0.60 3 Rl i nad etpnityi 2 = 5..C
.upder a nitrogen é%r?nsp Qrg.)ne KPt%? @Ehi%l%éé)s v}cfr%y(aejﬁéﬁe@f (ggenfég‘\‘}vgéé?iaded
and the resul ti ng S4SRSAPIRAS WaFi FPRESRBF2RRA AN His StRRE PRECAPFRALE was
then ffilteresdl undgeivaisheogenicaddinasbeiumeddlivdsh aet bEE -whbee psoitt was

hydr ochi or {de- (0 Bt ga% H18real L@%gﬁ?%iéip%‘méﬁe%gf e Reasy 409,

1745, 1725 [err] tdmads vA81ldni Relfedr [63Ybr nyjdodddmal ddpBrahabe, 18432

169- and 1515 cm™'; §(D,0) 0.90 and 1.27 (6H, 2s, (CH;),C),
2.67 (54, m, CHyN + CH,CH), 4.11 (lH, s, 3-H), 5.1l (2H,

10 s, ArCH,0), 5.29 (1lH, s, 5-H), 5.53 (lH, s, ArCHNH),

6.60-6.80 (2H, m, aryl-H), 7.00-7.50 (4H, m, aryl-H),
7.90-8.10 (2H, m, aryl-H), 8.04 (lH, s, NHCHO); R 0.35
in n-butanol:acetic acid: water, 4:1l:1.

(£) Sodium 68-[D-2-[D-2-amino-3-(N-methvlcarbamovl)m

provionamido] -2-(4-hvdroxvzhenvl) acetamido] -5a-

formamidooenicillanate

15 Sodium 68-(D=2-[D=2-(4-nitobenzyloxycarbonylamirc) -
_ 3-(§-methylcarbamoyl)propionamido]-2-(4—hydréxyphenyl)v
acetamido]-6a-fdérmamidopenicillanate (0.13 g, 0.18 m mcla}
% .was dissolved in water (5 ml) and 10% palladium'on char-
<::> coal (0.06 g) was added. The mixturs was hydrogehated
20 at atmospheric pressure and room température for one
hour, then the catalyst was filtered and washed well
with water. The filtrate was washed twice with ethyl
acetate, backwashing with a little water each time, then
“the aqueous phase was evaporated to dryness. Trituraticn
25 with ether afforded the deprotected penicillin sodium
~salt (0.08 g, 8l%) as a pale yellow powder; v__ . (X3z)
- 1770, 1650 br, 1605, 1510 cm *; &(D,0) 0.93 and 1.23
(6H, 2s, (CHy),C), 2.50-2.75 (5H, m, CHN + CH,CH), 3.%0
(1¥, m, Cg(NHZ)CO), 4,12 (1€, s, 3-4), 5.31 (l®, s, S-%H]
30 5.54 (1, s, ArCE(NH)CO), 6.87 (2%, &, aryl-id), 7.35

(28, 4, aryl-#), 3.C9 (1H, s, NHCEC); R, 0.05 in n-butancl:

4

4

acetic acid:water, 4:1:1.
'MIC against P. Mirabilis 889 is 1.0 ug/ml.



(0.557 g, 1.5 mmmol) in dry dichloromethane (10 m ) under nitrogen, was
coolqgﬁto -60C. Dry dinethylformam de (10 m) and propyl ene oxide (1.3 ml,
18.6 mml) were then added and the mi xture re-cooled to -60C. 5
The above oxazol'-one hydrochloride (0.60 g) was then added in one portion
and the resulting solution was 0O O stirred at -60 Cto -20 C over g
3h. The wvolatile com ponents were then renoved under vacuum and the
remai ning solution was diluted with-ethy|-acetate and washed with 10 .
wat er, di | uggaReueodss sodi um hydrogen carbonate, 0.5 N hydrochloric aci d,
and br| ne. The organtc solution was dried over nmagnesi um sul phate and
evapor at ed t®-zy(@EsEmdmedrdwtivhacerutedpl otluetorfdm nidsaiiadisy on silica
gel 50 (<230 ;@ Ilgl GrMsty tethyl acet at e/ hexane 15 4:1 through
to 5@6ethanol§gﬁﬁ%#£iﬂﬁ&1&1r%§#%ﬁ%ﬁéL1mo i somers. Isonmer 1 was the |ess
polar of the two isoners. Isoner 1: vmax (tetrahydro furan) 3460, 3350,
3200, 1790, (d4y/45, tJ-Ea%Scﬂ ,731-6720(&bai~eﬁél:hvie&£&)a1c SHan(iHd | -F2-(CHB) 3),
2.01 (3H, s, -[err]), 4.71
and 5.03 (2H, ABqg, 6-H), 5. 50 (2H, br s,
[err]), 6.14 ( |+1thczhnyﬂq;nméabnoﬂen?tle 8Oid| (9. 114 3.8 L2, mined) ] - NFKI»

6.85-7.4Q (34 PJf&F?éﬂl—f‘an)a (&olm 1Elnnéal @ﬁ%@»ﬂ%%&e& (2H, 2s,
'[err]-NHCO d NE ) . Qmer % etone)
[err]x (tet f‘"{ﬁsar%"nﬁéoe 3§Soit§1§ §2 N1 560

[err] [err]]uﬂhszca(m c—d,orﬁ(d@l-lSPB)Z?QZgOSZ(Z%I-i;u'n@l) ocecmg: s3i3tiand 3. 62

(2H ABQ, 18:6& @arr[r%:ra]f)a’r f@§ 8Nes4n 9Pné 2%1&5%11 NI - LLE) 5.29
(IH s, 6- F@ 92 30° (3 erri roton and err 3 § 1H, d, J 8
Hz . o dryness, t‘eated w1t toluene, and re-eva raee

The residue was dissolved in dichloromethane (5 ml) and
 added dropwise to a solution of t-butyl 78-amino-7a-forma-
midocephalosporénate (0.371 g, 1.0 mmol) and pyridine
10 (0.119 g, 1.5 mmol) in dichloromethane (25 al) at 0°c.
The reaction solution was stirred at 0-3°C for 0.5 h,

followed by 2 h at room tamperature, before being washed
with 0.3 N hydrochloric acid, dilute agueous sodium hydro-

gen carbonate and brine. It was dried over magnesium

[ Snd
(V1

sulphate, filtered and evaporated. The crude product .

was chromatographed on silica gel 60 (<230 mesh ASTM)

eluting with ethvl aceeate/hex=pe 2:1 to affsord the title

compcun§ (0.207 g, 43%); Vomax (C? C¢ ) 3285, 2240, 1790,

_ . 1742, 1730, 1693, 1495, 1215 cm ~; a(CDCl3) 1.54 (9H,

20 s, C(CH3)3), 2.08 (3H, s, OCOCH3), 3.27 and 3.51 (21,
ABq, J 17 Hz, 2-H2), 3.50 (4H, s, CHZSCHZ}, 4,82 and

. 5.06 (2H3, ABqg, J 13 Hz,'CH2OCOCH3), 5.21 (1#, s, 6-H),
8.00 and 8.33 (2H, 2s after exch 2,0, ¥ECO's) and 8.20
{14, s, CHO). ’ '

(b) 78=[2=(Cvancmethylihio)acetamnidol -7a~formamido~-

cevhalosocranic acid, sodium salt

25 - t=Butyl 78-([2-(cyanc ;-_nfien1o‘ace_aa_dol-7a—:-rma-
midccepnalosporanate (8.157 g, C.32 mmol) was
in ice cooled trifluoroacetic acid (53 mi) and ti

ing solution was stirred at room temperature for O.




[err]), 6.95 (1H,

t hi enyl 3-H),

m do
78- (

dd, J 5 and 3 Hz, thienyl 4-H), 7.21 (1H, d, J 3 Hz,

7.43 (1H, d, J E z, thi- enyl 5 -H), 8.22 (IH s, CHO, 9.29
and 9.61 (2H, 2s,
N, 12.7. [err]

NHCHO and [err]-NH). - 170 - (Found: C, 47.9; H 4.8; ::

requires C, 47.7; H 4.9; N, 12.65). (b)
[ergg [ (Am nocar bonyl') am nol- 2 (thien-2-vl)aceta-

f or mam docephal osporani ¢ acid, sodiumsalt (lsoner 1) t- But)llg,
(am nocar bonyl ) ani no] - 2- (t hi en- 2-yl ); ggcet ani do]

- 7a-f ormam docephal osporanate (Isoner 1) (0 216 g, 0.39 mmwl) was dissol ved

in ice-cooled

trifluoroacetic acid (5 m) and stirred at room tenDerature

for 0.75 h. The solwitjaantwas evaporatsd ¢ Lronass. chel Yeoeay@se Addads and
evaporated. The resi dl%[o was di S§ olved in'dil'ute a ueous sodium hydrogen
|

carbonate and t he %y

~H§n§o1‘=‘n utFOh RS RROTEF SRt hTREhY PSR HES

was then sat- uratddsaliviedsodi dilehé crquimusg ledidmatydsbeent cadbdnatia h N
. hydrochloric aci d1563.’?'&15%9aH&OQHQIHeWJhQ-Eté@ﬁhe%cb@ Rat et,fggu dran/ et hyl

acet at e. The. extracts were washec wt

rone rred over gnesi um

_sul phate, and t herFdViioRalied PRCWFFIRS SR Soddea FH%°F+€% a%‘ﬁi‘s’c%l S was
~Suspended in wat erso tpe 1p5l adfhsy ety dxodhImniid lacdidl, uardaghe oprsodart s

bi bonat dt t I led t
aiford the 1itle Sadraces Hid SQ%%‘-&*‘%’:%&“/%% APFea80 ko 1605

1530, 1380 [err] ?hﬁle63H=C§s RXENSSs

10

bxing, dried cver magnesiu
sulphate, and evaporated to dryness to leave the free
acid. This was suspended in water and the pH adjusted
to 6.5 with dilute agueous sodium hydrogen carbonate.
The resulting solution was filtsred and freeze dried

to afford the title compound (0.091 g, 62%); Vmax (XBr),
2240, 1765, 1675, 1610 cm ©; &(D,0) 2.04 (3H, s, OCOCH,),
3.15-3.75 (6#, m, CH,SCH, and 2-H ), 4.50-4.95 (m, HOD

and CHZOCOCH ), 5.29 (14, s, 6- H), and 8.10 (1B, s, C=EC).

MIC against P. Mirabilis 889 is 25 ug/ml.

Example 52

73—[2-[(Aminocarbonvlfamino]-2-(thien-2-vl)acetamido]«

Ja-formamidocephalosporanic acid, sodium salt

(a) t-Butvl 78-[{2-((aminocarbonvl)aminol}-2-(thien-2~7>)

acetamidol -7a~-formamidocenhalosporanate
Thionyl chioride (0.87 g, 7.3 mmol) was added %c

.4 suspension of 2-[(aminocarbonyl)amino]-2-(thien-2-vlj

acetic acid (0.60 g, 3 mmol) in dry acetonitrile (17 mi:

at 0-5°C under a nitrogen atmosphers=. After 5 minutes
v ether (29 ml) was added ané the resulting slurry

was stirred for 10 minutes. The precipitate was then
ltereéd under nitrogen,'and washed well with ether.

The product was dried in vacuc to aiford 2-amino-4-{taian-

2-vl)-4H-oxazol-5-cne hydrochloride (C.50 g, 92%)

a
‘a salmon zink 9owcer,.vmax (Nujol) 1878, 1745, 1725 <= -,

t-Butyl 78-amino-7a~-formamidoceghalosporanate



(2H, ABq, J 17 Hz, 2-[err]), 4.40-4.80 (m HOD and CHOCOCH3), 5.18 (1H, s,
6-H), 5.58 (1H, s, a-proton), 6.90-7.50 (3H, m aromatics) and 8.03 (IH, s,
CHO. MC against P. Mrabilis 889 is 125 [err]/m (c) - [err] -[2-(
(Am nf%a‘bcnvl)am nol - 2- (t hi en-2-vl ) acet a-

m do] f or mam docephal osporani ¢ acid, sodiumsalt (lsonmer 2) t-Butyl
[err]-[2-[(am nocarbonyl )ani no]-2-(thien-2-yl) )

acetam do] -[err]-formam docephal osparaggate (Isoner 2) (0.080 g, 0.14 o
was di ssolved |n ice-cooled trifluorocetic acid (5 m), and stirred at room
tenperature for 0.5 h. The solution was evaporated to dryness, toluene was

~adcec and e\(@pgsat Q? 1. ﬂ_hQndSE‘)Slﬂﬂ%ﬁﬁﬁﬁ.@h‘l@@ohﬁ@@%&n&a@wnﬂlip undé]*84
- 171 - afforgathe

d’y"f WEH sol.i d. 5 yas_susper ended in water
and the pH 24/ 0SEER’ tﬁa% %°?) He® adf Givon O5¢ GH"ﬁF Y ag0EBR Sodi um
hydr ogen car(hﬁnaﬂ.é.afmepr@smlenengnﬁdajt(iloﬂ wids WaSBed,wW.8 he atnmd) acet ate

and_then frgeze dhbgda i@e@féﬁg Gtd ubledr Q%UBBHE% E&rL§oKBr) 1760, oo

1675 1620, 1530 [err 06 and 3.46 (2H, ABq, J 17
Hz, 2-Perr]Fhe4288vs. 3 af?&°4%19¥ﬂﬁ?ﬂh%ﬁ€rﬁe ébzﬁo(?F1W§5 %), 555 (1H s,
a-proton), &dé88d7ihOof8Hompic ;arl itte) restl8ihg aolluBidd wddd, 2s, CHO ',

rotaners). Ferr? ?gt g’oclyl,g@bi%%q;. %Q,%rl 3025 &f{ér],éﬂt f%aé%e 53

7a- For mam do- i en-2-v aceta (I'-nme
| Htetrazol °8n9F)'-st‘?‘i?’6‘Pre*E1ﬁ/‘1‘]¥§5‘tﬂY Sderc YRERDY i 8ndctiye remaining

solution was diluted with ethyl acetate and washed with
10 water, dilute agueous sodium hvdrogen carbonate, Q.3 N
hydrochloric acid, and brine. The organic solution was
dried over'magnesiuﬁ sulphate and evaporated to dryness
to leave the crude product. Chromatography on silica
gel SO (<230 mesh ASTM) eluting with ethyvl acstate/hexane
4:1 through to 5% ethanol/ethyl acstate afforded two

isomers. Isomer 1 was the less polar of ths twc isomers.

[
wm

w

Isomer 1l: Vmax (tetrahydr o?u an) 346Q, 3350, 3200, 1790,
1745, 1695 br, 1670 sh cm —; 8[(CD,) ,CO1 1.51 (94, s,
C(CH3)3), 2.01 (3", s, OCOCH3), 3.28 and 3.56 (2H, ABqg,

20 J 17 Hz, Z-Hz), 4,71 and 5.03 (2H, ABg, J 13 Hz, n
CH,0COCH,), 5.21 (lH, s, 6-H), 5.50 (2H,br s, CONH,}, -{:}
6.14 (17, 4, J 8 Hz, a-proton), 6.59 (1H, &, J 8 Hz,
a=-NHCQ), 6.85-7.40 (3H, m, aromatics), 8.16 (iH, s, CHO)
and 8.40 and 9.12 (2H, 2s, 73-NHCO and NHCEHO).

25 Isomer.2: mp 194°%C (dec) (from acetone) ; vméx te:rany
furan) 3460, 3350, 3190, 1785, 1740, 1695 br, 1660 cm —;
5{{CD3)2NCDO] 1.52 (94, s, C(CH3)3), 2.05 (3H, s, OCCCH3) »

3.31 and 3.62 (2H, ABg, J 18 Hz, 2-#,), 4.68 and 4.95

‘—‘ [N
H

(24, aBq, J 12 Hz, CH,0COCH,), 5.29 (1, s, 6=H), 5.92 >
30 (32, m, a-groton and NTCOV;z), 6.85 (i#, &, J 8 Hz,

VHuDVLz), 6.95 (1%, &4, J 5 and 2 Hz, thienyl 4-H), 7.21 k

(1, &, J 3 Hz, thienyl 3-H), 7.43 (lH, 4, J 5 Ez, thi-

enyl 5-H), 8.22 (1%, s, CHO), 9.29 and 9.61 (2H, 2s,

NECHO and 73-NH)



sodiumsalt (a) Benzhvdryl [err]-foramdo-[err]- (2- (thien-2-yl) aceta-
m do]-3-[(l-nmethyl-1Htetrazol -5-yl) thionmethyl]- ceph-3-em4-carboxvl ate
[err]-Formam do-[err]-[2 -(thien-2-yl)acetam do] cepha- | osporanic acid
(0.35 g, 0.8 nmol) in 1,2-dichloroethane (15 m) wth 'l§ﬁi

” 6

| -mejda -1 Htetrazole-5-thiol (0.10 g, 0.86 nmol) was heated at 80C
h, a hed to cool and stood at roomfi erature overnight. A solution of
di phe™yl di azonethane (0.27 g, 1.4 mmol) in dichloro- nethane (10 m) was

added and the reaction m xture stirred at roon1tenperature for 3 h. The
reaction m xzw@a\ascgueﬂ@eq; wid Is .gh@ciial yaceegi cgach % Ql

evapor at ed. ; 3§e %@f QP ggﬁtq raphed (si BRCA7 ge?ﬁ y:; " " hexane/

et hyl acet at ) éi t i éﬁgound (0.072 g, 14@6 [err] 3.22, 3.48
(2H, ABq, J Hz, | L 87_(3F err]), 4.36,
4.52 (2H, ABg, J 1 m thio-
phene Hs and [err]) ml"']- ‘ | P landcam£w5udnmiis) 8.16
(IH s, CHO; [err] géﬁx)(xsomurlﬁg 1698, 1630 [err]. (b)

F d t
S hethvi - h ot razol SRSt h A PR BRR S OERY 51 2B KPObRIT f B - 99di um
sal t Benzhy®&sa t &ui-dalr ko orfesvidocephalbebenaiavd ) (Asatenr Mol (0. 34 g,
(-methyl - 1Hd &g agRdr)5-3d9 tdﬂs%'@*v‘%&' 16°RBe3:6814a cRLPoYi AL L P 9. O 11

mmol) in trifluoroacetic acid
acid (S ml) and stirrsd at room tamperature for 0.73 n.

‘The solution was evaporated to dryness, toluene was ,
added and evaporated. The residue was dissolved in dilute
aqueous sodium hydrogen carbonate and the resulting sol-
ution was washed with sthyl acetate. It was then saé—
urated with sodium chloride, the pH adjusted to 1.5 with

N hydrochloric acid, and the prcduct was extractad into
tetrahydrofur.n/e hyl acetate. The extracts were washed
with brine, drieé over magnasi sulphate, ané then

evaporatad to dryness to afford the free
suspended in water, the pH adjusted to 6.5 with dilute

aqueous sodium bicarbonate, and the resuliting

_ solution
_(:) was filtered and freesze dried to afford the :Litle sodium
S salt (0.181 g, 89%); "(K8r) 1760, 1580, 1615, 1530,

1 Vmax
1380 cm ~; §(D,0) 2.01 (3H, s, QOCOCH,) 3.1l and 3.49

(28, aBg, J 17 Hz,_ HZ), 4.40-4.80 (m,. HOD and
CH,0COCH,), 5.18 (1H, s, G—H), 5.58 (14, s, a-proton),
6.90-7.50 (38, m, aromatics) and 8.03 (lH, s, CHO) .
MIC igainst P. Mirabilis 889 is ;2 ;g/ml.

s = — —— ——

{c) 78=-({2- [(Anlnocakncnvl)an*no] -2-(thien~2-yvl)aceta~
midol-7a-formamidocanhalosooranic acid, sodium

.salt (Isomer 2)

t-Butyl 73-(2~{(aminocarbonyl)amino]-2-{thisn-2-yl)
acstam -do]-:a—fo::am*coccsn-lo sporanate (Iscmer 2) (0.080 g,
0.14 mmol) was dissolved in ica-csoled triflucoroaceiic

acid (5 ml), and stirred at room temperature Zor 0.3 a.
The solution was evaporated to dryness, toluene was added

2
and evapcrated. The ressidue was driesd under wvacuum €O



' reactlc

(5 nl) was stirred at roomtenperature for 0.5 h and evaporated to dryness.
The residue was triturated with ether and suspended in water which was
adjusted to pH 6.5 with saturated sodi um hydrogen carbonate solution. The
resulting solution was washed with ethyl acetate, filtered and freeze dried
to gi §84he title conmpound (0.03 97155% [err] 3.34, 3.68 (2H, ABg, J 17
Hz, 2-[err]) 3.96 (2H, s, [err]) 4704 (3H, s, [err]) (3.96, 4.04 signal
hding 1H of [err]), 4.2-4.3 (IH, d, J 13 Hz, [err]) , 5.28 (IH, s, 6-H"
6-9giE$§50f§FEh€LFi@é228£@ea%9§)wn%%ﬁ Qbﬂﬁa(||¢hﬂ§ Wal¥ %%E%@Q55h1b8|16 gég
S, . Jerr] . r), 1610, |ns rabilis

is 10 %‘%r%‘]‘%# ggaﬁﬁ?e&g i&bﬁ)’ﬁ% ViTE e{/ JV[ etr"ﬁ 4539 PH - f or mani do- 3- [
(1-Met @ylutet agesrag osodivh)nydn oyt hedjoarsite 3- énv¥lnaﬁd&m¢¢bate (a) .
t-ButyLof@EidafQLonphdagelids [ddapi té%’@é‘@"&v@( MGAP Q2 svleam no]

cephal osporanate,_ A solution of 4-Tnitrobenzyl ch] oroformate (3.24 g, 15
nol ) ii-ﬁl%‘ét F%h?ﬁf%?ﬁr’é-ne( BEHE ) CUWRRO Hifthe I oo pWiBFd 1089 stirred sol ution

of t-busys,[E62d; ans BO-E®TT] - Sm#;@lﬂliml cenh,aly,sm:@'ozm%t)e (31031 g, 3 mol)
and pyrllagg é 39 %z 51:mPJ7H ahy_p_qisqraarg( The
S

n s Lt itred & by 6 h at room
t enper GEHPEOCH 1 mas2¥héh-"‘ev%1p0§'&ﬁed icﬁvrgﬂ:’:néisfs Gﬂf@m@éudue was

di ssol gegoin, edhybu ack] adeomadidde and 1860 2hdB-8.41 (15, 2s,

CHQ rotamers).

MIC against P. Mirabilis 889 is 25 ug/ml.’

Example 53

Ja-Formamido~78~(2~(thien-2~vl)acetamido]=-3~{(l-methyl-

lH-tetrazol-5S-vl)thiomethyl]ceph~3-em-4-carboxvlic acid,

sodium salit

(a) Benzhvdrvl 7c¢-formamido-78-(2-(thien=-2-vl)aceta~

mido] -3-{(l-methvl-lH-%etrazol-S-vl)thicmethvl]~

ceph-3-eni-d-carboxvlate

7a-Formamido-78-({2 - (thien-2-v
losporanic acid (O.3S!g, 0.8 mmol) in
(15 ml) with l-methyl-ld-tetr azole-3-thi
0.86 mmol) was heated at 80°C for § h, allowed to cool

and stood at rocm temperature overnight. A soluticn

of diphenyl diazomethane (0.27 g, 1.4 mmol) in dichloro-
;methane (10 ml) was added and the resaction mixiture stirred
at room temperature for 3 h. The reaction mixture was
guenched with glacial acetic acid (1l ml) and evéporated.
The residue was ch romatograpned (silica gel 40; 1:1 hexane/
ethyl acetate) to give the title compound (0.072 c) 14%);
§(CDCly) 3.22, 3.48 (28, A3q, J 16 Hz, 2-#,), 3.85 (2%,

s, ArCHZ), 3.87 (3%, s,_NCH3), 4.36, 4.52 (2H, A3q,
13 Bz, CE S), 5.17 (18, s, 6-H), 6. 8o 7.04 (3%, m, thio-

14

prane-%'s and PR CH), 7.2-7.4 (11K, m, thi ooa=1e-5 and

L



* et her was added an

resulting solution was washed with dilute acueous sodi um hydrogen
carbonate, 0.5 N hydrochloric acid and brine. It was then dried over
magnesi um sul phate, and the crude product was chromat ographed on silica gel
60 (<230 nesh 5 ASTM eluting with ethyl acetate/hexane 1:2 through to
3:2, 40 afford the title conmpound (1.06 g, 64%  nax [err] 3395, 3300, - ;.

) 740, 1725, 1700, 1525, 1495, 1350, 1230 [err](CDC13) 1.51 (9H, iy _
[erT™ 2.06 (3H, s, OCOCH3), 3.21 an?-,§.45 (2H, ABa, J 17 Hz, 2-H2), i
4.82 and 5.07 (2H, ABgq, J 13 Hz, [err]), 5.15 (1H, s, 6-H), 5.21 (2H, s,
[err]), 6.60 (1H s, NECOO, 7.49 and 8.18 (4H, 2d, J 8 Hz, aromatics)
7.61 (1H, br gg[j?) 8 20 (IH s, CHO (b) S

4-nitr

[err]-For mam obenzvl ) oxvcar bonvl am ho] cephal osporanl c acid
t-Butyl [er rdb)or Mg or8ramli G6= ﬁef-r[Qbenzyéhozwaw@@s.ﬁlﬁim -3={(1-

vl am no] cephal osporanat O B 7 mpor vas dISSOrved T TCe cool ed
trifluoroacetic acid ) E 13 75 h.
The sol ution was eva@ammédct acddyneeé1amdsahe resi due was dissolved in

ethyl acetate (30 e)nhzbyéf-' 8" 4 89982-35}%3”93”??-? L LA O5L 10 a?czga;...éfuﬁ.orf1

ci prtat fiTtered, ‘'washed wel'l with

et her and dr:ﬁ'efo(ﬂW%Fé’d&Glﬁdt&FFéFﬂeréVHFPé°’E%h%1‘ﬁFR?B'56‘@-”g'478% [err]
(KBr) 3420 hyarbbé®Qatk’20.br7, g168018hamdbP0in 18601 @Fddcdteld ]lacd 26 (3H, s,

OCOCH3 3.3 3. 62 AB 2 5. 20- 5 50 SH,
Corr) and 6.0 7. 4a% seigeddy Ffom sdagfrilird fBq 5 B phd B(Hz ™

aromat i cs) ;gw;qpn@gegiﬁo §ry@p§; The rnsidue waa triturated wi
ether and suspended in water which was adjusted tec gt

HH l"
()]

.

w

with saturated sodium hydrogen carbonate solution. T
resulting solution was washed with ethyl acetats, fiit_
and freeze dried to give the title compound (0.03 g, 5
G(DZO) 3.34, 3.68 (23, ABg, J 17 Hz, 2-H ) 3.96 (22, s

ArCH,), 4.04 (3H, s, NCH,) (3.96, 4.04 51cnals niding
18 of CH S), 4.2-4.3 (15, &, J 13 Hz, .23), $.28 (17, s,
8=-H) 6. 95 7.15 (2%, m, thicphene~®'s), 7.3-7.45 (18, m,
thiochene-d), 8.16 (lE, s, CEO); v (k8r) 1510, 1577,
-1 max )
1764 cm
(:) MIC against P. Mirabilis 889 is 10 ug/ml

Example 54

Diphenvimethvl 73~-amino-7a-formamicdo-3~[(l-methvl-1H-

tetrazol-5-yl) thi onnthv1] ech -3-em-4d-carhoxvlate

:(a) "t=Butvyl 7a-formamido—75-{(4-nitrob 1zZvl) oxvecarbon-

ylamino] ceohalosporanats.

A solutieon of.4-nitrobenzylchloroform

15 mmol) in tetrahydrofuran (20 ml) was adde

lution of t-butyl zs—anlno 7 T

(L.11 g, 3 mmol) and pyvridine (1.19% g,

l: mmol) in tetra;ydrofuran (30 ml) at 0°C. The rsacti
solution was stirred at 0-5°C for 0.5 h, followed by

6 h at room temperaturs. It was then evapcratsd Lo dry-

ness, the residue was dissolved in sthyl acetate and th



- 174 - (c) D phenvl met hvl 7a-formam do-[err]-[( (4-nitrobenzyl)

oxvcar bonvl am no] -3-[ (1-nethvl -l Htetrazol -5-yl)

t hi onet hvl ] ceoh- 3-em 4-car boxl ate 7a-Formam do-[err]- [ (4-nitrobenzyl)

oxycar bonyl am no] cephal osporanic acid (0.60 g, 1.21 mol) and | -nethyl -

II-I-tE(tg?zol e-5-thiol (0.16 g, 1.34 mmol) in 1,2-dichloro- ethane (50 m)
ed under relux -for 6.5 h. The resultlng sol ution was decanted;

from:insol ubl e material and, after 9 ing to roomtenperature, it was

treated with a solution of di phenyl dirazonet hane in di chl oronet hane (14 n1')'

The reaction solution was stirred 'at roomter’;p erature for 0.5 h and then
gl aci al acetn&ﬁ&&ﬂ&nQﬁEQdNGanmHQSaﬂﬁé@e@n@lth Flivte cavwernsedofidpml10

‘m nutes. MRS daln &%@%&b?dot 9 druf@ﬁ&mw%&wﬂa BEQduCt

chromat o ra hed on Sili (<230 nesh el uti wth eth |

acet at e/ ﬁexg% %gl‘f o°§ef P392FF o1 st“ﬁl?’\’/{ﬁttel'e a@grﬁdﬁnﬁ"(‘ﬁe)ll% g,
23%; [err] ﬁﬂ@ﬁxcﬂm chFoRBLog78phed 535, silli0fm gEISGO XR200[ mesh 3. 47 (2H,
Frerfj)%gerl rpléwm?» 71%t( g wath[ seﬁ}gl afetddn :f’ar{él e %’tbﬁ%@gg"z‘[]g%?] ?2 6 88
(IH, s, [err:i')Z'thO fS’G'd( féﬂ EhEl rﬁm?%"é‘i ‘NE@-’D) ¥ 108n8x25 (3H, - m
aromatics an@t ) (dps, 3Bophehyddet hy4o] er1ds artinow,[ asrek-f anedpi do- 3- [

of 105 pai | A5 L?%?ha‘:?"“' | SLE0eTS hi' 3 e{%t A %ﬁy'( % 85’} *and wat or
P

(I m) was pr¥- tﬁndPSQSng%atédzf-oﬁn | ety Bz, 2-H
[err]-for man B2 L |5.004- 28], t ABEENZ YL} myc@r;mm%m naj. 153{14,
(I-nethyl-lk#teigﬁzoL 21 (28 -
, §,; CH,Ar), 6.60 (lH, s, NHCOO), 7.49
and 8.18 (4H, 24, J 8 Hz, aromatics), 7.61 (lH, br s,
NHCHO) and 8.20 (lH, s, CHO) |

(b) 7u—Formamido-7S-[(4—nitrobenzvl)oxvcarbdnvlamino]

cenhalosno*anlc acid

t-Butyl 7a-formamido-78- [\4-n;tfobenzvl)oxvcarbon
15 vlanino]cesnax.os::o*anata (0.94 ¢, 1.7 mmol) was dissolved
in ice coolad trifluoroacetic acid (10 ml) and stirred
at room temperature for 0.75 h. The solution was evap-
orated to dryness and the residue was dissolved in ethyl

acetate (30 ml). After concentrating the solution to _<:>

20 S ml, ether was added and the precipitated product was
| £iltered, washed well with ether and dried in vacuo +o

afford the title compound (0.66 g, 78%); v _ (KBr)
3420 br, 1780, 1720 br, 1680 sh, 1520, 1350 cm *;
§(CF4CO,H) 2.26 (3H, s, OCOCH,), 3.39 and 3.62 (28, A3q,

25 J 17 Hz, 2—H2), 5.20~5.60 (SH, m, CHzOCOCH3, C§2Ar and
6-d), 7.84 (2H, 4, J 8 Hz, aromatics), 8.33 (24, 4, J
8 Hz, aromatics) and 8.42 (1H, s, CHO). '

I



5-yl)thi omet hyl ] ceph- 3-em 4-car boxylate (0.100 g, 0.14 mol) in
tetrahydrofuran (5 m) was then accad and hydrogenati on was conti nued for
0.5 h. The catalyst was -filterec and washed well with te trahydrofuran
and ethvl acetate. The flitrate was evaporated to dryness, the residue was
di ssglved in tetrahvdrofuran (10 ml) and water (I nl) - 175 - 10%
pal | @ m on charcoal (0.100 g) was added, and hydrog- enation was resuer
afurther 0.75 h. The catal vst s -t hen filtered, washed with et hyl & ,
acetate, and the filtrate was washed with brine. After dryi ng over nag-
nesi um sul.p residue
chromat ogr a ed o] '
conmpound (0. 006g,

2. 4? (254) br s, NH(%)u%reQ»mq nﬁzf«s(—%Hm‘:ABErbéx{Lﬁayz px [err]) 3.86 (3H,
S, err , and 4. 4 .4 E 4
(1H, s, NHCHO), e@rﬁﬁ?-i‘a» S Qrar‘][)("’"?lﬁém?e “%ﬁ’c 1“%‘ R5) a%d 8. 23
(4, s, C}Kbepdamosnoﬂlqﬂuﬂadu@euhyﬁo g, 1.21 mmol) and L-me+ny1-

ge”’l A ok Hdde BN Aol (b8 grrr bl hbLazeh - B, Yldi it hyl ]

éph- 3- em 4- -car oxv Am no- ormanodo cephal osporani ¢ aci d
trifluoro- sfeeans el 3QIRl) I'a25 g--aiﬁeé HﬁSFF FREWEEeFOF 28 P+ andiSce- tone
(10 nl) WaS-aéttw’tre;i écﬂ Lﬁﬂcﬁ‘r, 5:aw tacandiedmsbydr ogeol el damat«er sl ut i on.

To-t.his wasaded I trazl 0. ,h,34,_ ol) and the
-reaction nt3E tau‘r‘ee'sﬁor “ed-‘ga °[e of“ Egr %8 ﬁh‘%’ﬁé feag igon mxture was

with a solution oi diphenyl dlazonetqane in dichlorometiane

(14 ml). The reaction solution was stirrad at rocm temp-
erature for 0.5 h and then glacial acetic acid (1 drop)

v,

as added and stirring continued for 10 minutes. It
was then evaporated to dryness and the crude product
chromatographed on silica gel 80 (<230 mesh ASTM) eluting
with ethyl acstats/hexane l:1 through to 2:1 to afiord
the title compound (0.198 g, 23%); Voax (CHg$lz) 3395,
1795, 1725, 1700, 1525, 1495, 1350, 1230 cm ~; $(CDCL

3.47 (2H, br s, 2-E2

) .
3"
), 3.79 (3H, s, NCH3), 4.27 and 4.51

=2
(2¥, 2ABqg, J 13 Hz, -25), 5.14 (28, s, C§2Ar), 5.24 (1iH,
O s, 6-H), 6.61 (lH, s, wcom, 6.88 (lH, s, CEPh,) 7.10-7.50
- (138, m, aromatics an CHO) 8.05-8.25 (35, m, aromatics

and CHO) .

{a) Diohenvlmethvl 78-amino-7a-formamido=3=-[{l-mzthyl-

1E-tetrazol-5-vl) thiomethvl]ceph-3-em-4i~-carboxvlats

. A suspension of 1l0% palladium on charcoal (O.lQO g)
in tetfahydrofuran (10 ml) and water (1 ﬁl) was pre-hydrog—
enated for 0.5 h. 'Diphenylmethyl Te-formamicdo-78-[(4-
nitrobenzv?)oxvcarbcnYTamino}-3-[(l-methvl—l;—tet:azol—

- 5-vl) thiomethyl]ceph-3-em-4-carboxvlate (0.100 g, 0.14 mmol)
L in tetrahvdrofuran. (5 ml) was then addad and hydrogesnaticn
was continued for 0.5 2. The catalyst was filtered and
b

-

washed well with te ranva*O'u: n and esthyl
T filtrate was evaporated zo dryness, © i
dissolved in tetrahydrofuran (10 =ml) and water (!



allowed to cool, acidified to pH 2.0 and evaporated to dryness. .The

resi due was taken up in dinethylformam de (60 m) and treated with

di phE8\ di azonet hane in dichloro- nethane (30 nml). The reaction mxture

was stirred at roomtenperature for 2.5 h, quenched with glacial acetic

acid (0.5 m), diluted with ethyl acetate, washed well wth water, brine,

dried over magnesi um sul phate and evap- orated. The residue was ¥ :
chromatographed (silica gel 60,” £73 Wexane/ ethyl acetate) to give the t N

conpound (0.47 g, 26% - 176 - Exanple 55 Di phenyl net hyl

[err] i'_-.bgr %lga%'.%ﬂlréilh;_l{:ﬁéfbégi lo'(cg.eiclﬁtpt ) %fﬁ!&?@]éd, hand3 'a-ydrog- b | at

am noJ - 3- - et hyl - etrazol - 5- Q % eph- 3.-em4-carboxyl ate

(a) en?éféﬁrﬁﬁﬁidﬁgF%?%]-Tft?it}ﬁ %@ﬁ%ﬁﬁ%fﬁarﬂ%ﬁsl 21§ Scephal ospor ani ¢

aci d waButiken78iloenadi deafped |witH tetiohl arastdtoxy )oey tey| - '

am nokg Lasp 1.4 nd. M4, o -z col d _
triflggﬁgggegiggég?%g§?é n%?hg%ﬁg%€irrkiﬁiu r&%ﬁﬁ?gﬁégggk re for 0.75 h. -

The sBEELHBnSWABDEREn BUIAPSPHEEEC® was 137anqhated 49 &W8@SRi th tol uene, and ¥
[) e- evapar ghegre'{heué eahﬁctfaw@@r@@'mlaeokﬂaﬂd lge1e esnlootidzmohydr ggfen caL -
onate_an £,.aguegus_so oD, Was ed tate before being .- .
aci di F'fad f“%‘gh ISSQ#\A"?EG_N%I%%/&JF%‘-Qc%gfa“?rgr]ol“bn&gcﬁ[ d.dalﬂé’_ggggmt was extracted .
into vgLLakglp6l,103395¢ ukadf et W30 atfet k&S and&themeortbi ned extracts were

washeg (#beh priongs deigdopvel WmINESi WD e MAles @i awaporated
J 16 Bz, Z-Hz), 3.86 (3H, s, NCH3), 4.31 and 4.45 (24,
ABg, J 13 Hz,_CHZS), 5.17 (14, s, 6~H), 6.48 (lH, s,
NECEO), 6.97 (lE, s, Cg?hz), 7.20-7.55 (lOH, m, arocmatics)
and 8.23 (1%, s, CEOQO). '

(e) Diphenvlmethvl 73-amino-7a-formamido-3-[(l-methvl-

1H-tetrazol-5-vl)thiometavl]ceph-3~em~4-carboxylate

78-Amino-7c-formamido cspnalosvoranic dcid trifluors-
acetate salt (1.2 g, 2.8 mmol) in water (25 ml) ané ace-

~

tone (10 ml) was adjustad Lo pE §.5 with scdium hydrogen
carbonate solution. To this was added l-methyl-1lH-
tetrazole~-S5~-thiol (0.4 g, 3.4 mmol) and the reacticn mix-

ture stirrad at 60°C for 6 h. The rsaction mixture was

allowed to cool, acidifisd to pH 2.0 and evaporatad to
dryness. The residue was taken up in dimethylfiormamids
(60 ml) and treatad with diphenyldiazomethane in dichloro-
methane (30 ml). The reaction miXturg was stirrad at
room temperature for 2.5 h, gquenched with glacial ace
acid (0.5 ml), diluted with ethyl acektats, washed wsl
with water, brine, dried over magnesium sulphate and svap-
orated. The residue was chromatographed (silica gel $§0,
1:3 hexane/ethvl acetate) to give the title compound a
(0.47 g, 26%). ' '



to dryness to afford the title conpound (0.96 g, 74%; [err] 2.08 (3H s,
[err]), 3.60 (2H, br s, 2-[err] 4.88 (2H, br s, CH2CC13), 4.87 and 4.19

(2H, ABg, J 13 Hz, 15 [err]), 5.39 (1H, s, 6-H), 8.10-8.80 (3H, 3s, NRCO
and NHCHO) and 10.53 (1H, s, CQ02H). (b) = Di phenyl net hyl o
[errt:ﬁornanido-[err]- (trichl oroethoxy) - ~ -18”

car am no]-3-[(l-methvl-1Htetrazol -5-yl)- o
thio 'hyIIceph 3-em 4- carboxyl at e

7a- Formami do-[err]-[(trichl oroet hoxy)carbony. J56';1m no - cephal osporanic acid
(0.49 g, 1 mmol) and | -nethyl-1H tetrazole:5-thiol (0.13 g, 1.1 nml) in
1, 2- d|chloroetthaﬁééﬂﬁl§_§é30 m) were heated under reflux for 7h. The

feaction sol ution was ev. £ d.1 0 i GRS & Sp T -
ni do- 78- [ (trichl@@#ﬁ%—y@nwﬁ eV E 7 deotadiey "_ _ _ '_ “W1)

>l

-t hi onet hyl ] ceph- 3- e@4nearh FReBRY Fi- bigrs r :
_A solution of the a@g@&_aaqugéx2¥g%é in dlchloro- 190 -177 nethane (25
“mM) was treated wit Solratron o I phenyl - di azonmet hane in

di chl oronet hane (12 m) (ie suffr ci ent for conpl etion of react | on as j udged
=py tlc). After st{akringZat-Founanieamnéd i ghdiongeshpxp =)

5 (3 drops) was added apd hggoggbfgﬂfarggﬁicontlnued for a further 0. 25

h. The sol ution was then evaporared_to_dryne de. 3 PR

chr omat ogr aphed on si | i c& §8F Y% <§%’5“?‘R9% Z@Tﬁ/ﬂ iﬁt rge“f%@fﬁg beryl

acet at e/ hexane 1: Zmﬂﬁnbdw@@hamospéran@taffbr@ﬂtdua&thmaoébnwéan@l§ﬁph2§r g,
in cold trifluorocacetic acid (15 ml) and stirred at room

temperature for 0.75 h. The solution was then evaporatad

5 to dryness; treated with toluene, and re-evaporated.
The residue was dissolved in dilute sodium hydrogen car-
bonate and the agueous solution was washed with ethyl
acetate before being acidified to pH 1.5 with N hydre-
chloric acid. The product was extracted into tetrahydro-
10 furan/ethyl acetate, and the combined extracts wers wasnsd
with brine, dried over magnesium sulphate, and evaporats
to dryness to affofd the title compound (0.96 g, 74%);
_6[(CD3)2CQI 2.08 (3dH, s, OCOCH3), 3.60 (2H, br s, 2-f
O | ' 4.88 (2H, br s, CH,CCl,), 4.87 and 4.19 (2H, ABg, J
' 15 CHZOCOCH ), 5.39 (1H, s, 6-H), 8.10-8.80 (3H, 3s, NHCO
and NHCHO) and 10. 53 (lH, s, OZH). :

-
=
b
~
H
-~

D
2.' ’
3 -

(b) Diohenvlmethvl 7a-formamido-78-[(trichlorcethoxy! -
carbonvlamino]-3-((l-methvl-lH-tetrazol-5-vi)-
thiomethyl]ceph¥3-em-4-carbox;1ate

7a-Formamido=78-[ (trichloroethoxy) carbonylamino’ -

cephalosporanic acid (0.4% g, 1 mmol) and l-methyl-13-
tetrazole-5-thiol (0.13 g, 1.1 mmol) in 1,2-dichlorcetiane
20 (30 ml) were heatad under reflux for 7h. The reaction

- solution was evaporated to dryness and the crude T7a-Icuma-

mido-78-[ (trichloroethoxy)carkonylaminc]-3-{(l-methyl
lg~tetrazol-5-yl) thiomethyl]lceph-3-em-4-carboxylic acii
was used without purification

.....

25 : A solution of the above acid (1l mmol) in dichlong-



10 17%; [err] 3390, 1798, 1735, 1705, 1490 br, 1382, 1230 cnil; [err]

3.48 and 3.62 (2H, ABa, J 17 Hz, 2-H2),3.87 (3H, s, NCH3), 4.37 and 4.60

(2H, ABq, J 13 Hz, [err] 4.72 and 4.81 (2H, ABg, J 12 Hz, CH2CCl3), 5.20
(IHﬁlg,-G-FD, 6.61 (1H, s, NHCOO), 6.93 (IH, s, [err]), 15 7.20-7.60 (11H

m a r&lt ies and NHCHO and 8.21 (1H s, NHCHO . Exanple 56 o

7a- Formamido-[err]-[2-(thien-2-vl)acetanodo] -3- [(2-nethyl- ‘::)'

1, 3, 4-t hi adi azol -5-vl ) t hi onet hyl ] ceph- 3-em 4- carboxvlic acid, sodi um saf#

(a) Di phenyl met hyl [err]-formanm tdot%B-1 2- (t hi en-2-yl)acet -

am dol - 3-[ (2-net hvl -1, 3, 4-t'hi adi azol - 5-yl )t hi o-

nmet hyl ] cephs: 4-.Gar yl.ate = E£0 1.00s [ i Glehls8Brdayh L _

acet am do] q%%glna.eqs(%%p@?gnfvggag]zgaf‘()# Er%{%‘goal%dm%ﬁ) ()i nh‘%gg‘g?ﬁéhl or oet hane

(20 m) withazopedagne; 13 dichigarRotrans. 14 #L)(0.(48 gufdigpent 1. 36 mol)
w?sdheﬁt Edlﬁcf Fmplekiof bfapdastood a¢. jzi&g‘e(d Q-Iyp&ﬂ.&t)) tur eafGeb. I A so:c ution

0] | pheny I.azonet_ha n t ' i I -for

comete reé’-’cttllr%ﬁ' asa% %%O{nl Eghég%?%%g%df@‘oeq.hséq} ?e{'caﬁigg' %18§£:l51§ej§9%\ﬁi ch was -
stirred for(3 dropglem@sedddrenand athel stbrting 28s copgilgued. §oxl ) and

eviﬁtloor1 at1 eﬂ d crx&;t\ht@ﬁsi@-.stPet r@ﬁ%ds@]_.uticgrﬁk%is tae@sml' @%@@geegagggd (si6!%i).ca -~
gel, 1: exane/ e cetate) to give the title _conpqun 42 g, ;

[err] 2.64 ﬂFsé,a% r%f?,°§9éi,9 5%&??:ﬁ%r9ﬂ§£°3faf§%at?nzg%&%“3.78

gel 60 (<230 mesh ASTM) eluting with ethyl acetate/hexane
1:2 through to l:1, to afford the title compound (0.121 g,
10 17%): vpaou (CH,CL,) 3390, 1798, 1733, 1705, 1490 br,
1382, 1230 em ; 6(CDCl;) 3.48 and 3.62 (2H, ABg, J 17 Hz,
2-H,),3.87 (3H, s, NCH,), 4.37 and 4.60 (2H, ABq, J 13 Hz,
CH,S), 4.72 and 4.8l (2H, ABq, J 12 Hz, CH,CCl;), 5.20
(12, s, 6-H), 6.61 (lH, s, NHCQO), 6.93 (1lH, s, Cg?hz),
15 7.20-7.60 (l1H, m, aromatics and NHCHO) and 8.21 (lH,
s, NHCHO). N |

Example 56
7a-Formamido-78=-([2=(thien-2-vl) acetamido} -3- [(2-methyl-
l,3,4—thiadiazol-5-vl)thidméthvl]ceoh—3-em—4~carboxvlic ﬂ:}

acid, sodium salt

(a) - Diphenvlmethvl 7a-formémido-78-(2-(thien—Z—yl)acet—

amido] -3~[(2-methvl-1l,3,4-thiadiazol-5~yvl)thio-

methyl] ceph-3-em-4-carboxvlate

7a-Formamido-78~-(2-(thien-2~-yl)acetamido ] cephalos-

poranic acid (0.50 g, l1.14 mmol) in 1,2-dichloroethane

(20 ml) with 2-methyl-l,3,4-thiadiazole-3-thiol (0.18 <, e
20 1.36 mmol) was heated at 80°C for 6 h and stood at rocm
temperature'ls A, A sclution ¢f diphenyl diazomethane 1s
in dichloromethane (10 ml) (is sus
reaction based cn tlc) was 2dded to
which was stirred for 3 h, cquenched with gl

’ ac
25 acid (0.3 ml) and svaporated *to dryness. The residue



(2H, s, CH2CO, 4.28, 4.58 (2H, ABq, J 13.5 Hz, CH2S), 5 5.15 (I H s,
6-H), 6.83-7.02 (3H m Ph2CH, thiophene-Hs), 7.10-7.75 (12H, m aronmatic
Hs and NH), 7.86 (1H, s, NH), 8.06 (1H, 's, CHO; [err] 1789, 1728, 1695
cml. (b) 7a- Formam do-[err]-[2-(thien-2-yl)acetam do] -3- [(2-

met hyl~l, 3, 4-thi adi azol - 5-vl)thi omet hvl ] ceph- em 4-carboxylic acid, sodium
sal t _@‘xenyl methyl [err]-formam do-[err]-[2-(thien-2-yl)- 10 : 1&“
acet arm®o] [ (2-methyl -1, 3, 4-thiadiazol LQ thionethyl]-

ceph- 3-em 4- carboxyl ate (0.038 g, 0.06 m‘ml¥ in trifluoro- acetic acid (4
m) was stirred at roomtenperature for 0.5 h and evaporated to dryness.

The residue was ”dv&é”ch:?én%%zlaiﬁh hhezrsiitméafégéieffgl getﬂvﬂbﬁéégg,e)

was 15 suspended 1 n_ water hen adj uste

hydr ogen car bonat etQo¥1¥¢ dme ﬂ'}é‘lseolcﬁf“PSHnSb{%r‘?i‘é%i ‘a'/vassa"v?/as FFOmteh &t Rl
acetate, filtered aBH, fse )dr iza@lt,03gB38e (RRe AB4) &7 cmmEN2-E0.,03878,

63%; [err] 2.72 3.24,5a3. 62c(2Hy . AB - J 17 y 20
3o 3ok ](3H m(gerf] LT AN %‘ &P ]a)Q s g%H’I%%f(%l;&Hﬁf 1§E|)S

[err]), 5.23 BP1H, 3:1% H)Hr@'gﬁrhzl:(ﬁ 307 -9Bi bMherfer PhyCH, tgiephenerElis)
€HO) ; vmax (KBr) '176?0-71@&12&15% [aﬁ:bina&/hé: ROSi aed N®) M7 @lgi I(ing,889 is 25

[err]/m . - 179 Ex@p_e]{ |rf- gerr]i{? ga&ﬁ@iy& f6et xpr;'é%nyllézls

-2-[(4- ethyl-23dob n2ne’ dcetdm
-7a-formam do- 3- [ 162 dresmy] -

(b) je-Formamido-78-({2-(thien-2 -vl)acetamido] -3~ [ (2=
methyl~l,3,4-thizdiazol=-5-vl)thiomethvl]ceph=2-
em-4~carboxylic acid, sodium salt

Diphenylmethyl 7e¢-formamido-78-(2-(thien-2-vyl) -~
10 acetamido}~3-[(2-methyl-l,3,4-thiadiazol-5-yl) thiomethvl]-
ceph=-3-em~-4-carboxylate (0.038 g, 0.06 mmol) in trifluczo-
acetic acid (4 ml) was stirred at room temperature for

~ 0.5 h and evaporated to dryness. The residue was tritux-
ated with ether and filtered. The solid obtained'was
15 suspended in water which was then adjusted to pH 6.5 with
sodium hydrogen carbonate solution. The solution obtainad
g was washed with ethvl acetate, filtered and freeze driad
O "to give the title compound (Q-.Ol& g, 63%); 5(020) 2.72
(34, s, CH ), 3.24, 3.62 (2H, ABg, J 17.5 Hz, 2-H),
- 20 3.82-3.98 (3H, m,_CHZCO and 1lH of CH S), 4.34~4.44 (13,
d, J 18 Hz, CH S), 5.23 (18, s, S-H), 6.9-7.4 (3H, m,
thiophene - H:i), 8.;3 (18, s, CHO); v . (KBx) 1767,
1678, 1574 cm .

MIC against P. Mirabilis 889 is 25 ug/ml.



| Htetrazol -5-vl)thionethyll ceph-3-em 4-carboxvlic acid, sodiumsalt (a)
Di phenyl nethyl [err]-[D, L-2-(3, 4-di acet oxyphenvl) -2-
Qﬁgethyl-Z,S-dioxopiperazin-I-vI)carbonyIaninoI-

cetam dol - 7a-formam do-3-[ (| -nmet hyl -l H-tetrazol -
5-yl)thi onmet hvl ] ceph- 3-em 4- car boxyl ate A sol ution of

D, L- 2- ( 3,'4- di acet oxyphenyl ) - 2-[ ( 4- 4(2)_
et hyl - 2, 3- di oxopi perazi n- 1- yI)carbonyiﬂﬁLno]acetlc acid (0.31 g, 0.71 )
in dICh| oronet hane (15 m) was added slowy dropwi se to a sol ution of
di phenyl nestanp 137 - am no- 5

[err] - fornan1do 3- [(I-nethyl-lkktetrazol 5 yI)thlonEthyI]ceph-

: peraaihodii m de
(0.16 g, O. 7ﬁ-vmmg)rbdmydla&hbamaeéb&aedé]257ddﬁommadroeact[lf@nmantxwr-e was

.stirred at r ) LEMD- 18atyh €nk kL LQ ge.days; and evaporat ed_The.residue
was 10 t ¢id,

sat ur at ed s@fRdimm\a&ltgen carbonat e sol ution, brine, dried over magnesi um b
sul phate and evaporated. Chromatogr aphy (si | | ca gel; ethyl acetate) gave
t

only pal‘tI(’ﬂ) separatlon oner (vc ntarqn ted with e
4’5 *%-f-""?@f-—?-gﬁ-—éj— 7 Hz,

20% i soner

CH2CH3), 2.22, 2.23[((@Hethyl- Bear@;omwwmw 2-H),
3.4-3.7 (4H mpi pera%@taﬁlheqnbaaesr&&ﬁm&s—? &%(&lﬂ,ws,mhl@ls@azé 8-4.1
(2H, m piperazine (SHZ R 1 sz—[errJf 5.18(I H 20
s, 6-H , 5.65 (1H, , 7.05-7.60 (13H,
m aromatic - H'sp,s®u&21@thfsP I\ B (B‘ﬂfﬂxaggthydﬂdﬂyl)8281(éiH m NH),
10.10 (1Hethyrl2l, 3%10&%119%?55}.n-11%]?)9caﬂg 12k T8kl c ackgmer 2 (con-

0,
Egg ”f‘f ed (‘%,trﬁ C‘{%erorf)ﬁ) Im%gggrié égclab?_i:gmetba e p(cisss?nsls)egaESaadecL'.e”] 1.21

" slowly dropwise to a solution of diphenylmethyl 78-amino-

N—r

5 7a-formamido-3-{ (l-methyl~1H-tetrazol-5-yl) thiomethyl]ceph~
3-em-4-carboxylate (0.47 g, 0.88 mmol) and N,N'=-dicyclo-
hexylcarbodiimide (0.16 g, 0.78 mmol) in dichloromethane
(25 ml). The reaction mixture was stirred at room temp-
erature for three days and evaporated. The residue was

10 taken up in ethyl acetate, washed with N hydrochloric acid,
saturated sodium hydrogen carbonate solution, brine, dried B
over magnesium sulphate and evaporated. Chromatography '{:j
(silica gel; ethyl acetate) gave only partial separation —
of the two isomers. -Isomer 1 (contaminated with 20% isomer

15 2) (0.06 g, 10%) possessed 5(CDC13) 1.19 (38, t, I7 Hz,

CH2C§3), 2.22, 2.2} (67, 2s, CH3C0's), 2.78, 3.04 (2H,

ABq, J 17.5 Hz, 2-H), 3.4-3.7 (4H, m, piperazine CH2

and CgZCH3), 3.84 (3H, s, NCH ), 3.8-4.1 (2E, m, pﬂoeraZLne
CHZ)’ 4.26, 4.56 (2d, ABg, J 12 Bz, 2S), 5.18 (1H,

20 s, 3-8), 5.85 (14, 4, g_? gz, ArCE), 6.88 (12, s, 2C i), SR
7.05-7.60 (13H, m, aromatic - H's), 8.02 (1lH, s, NH),

8.10 (1Z, s, CEO), 8.51 (l¥, m, NE), 10.l1C (1%, &, J 7 Ez,

NH) ; v, (CH,Cl,) 1779, 1718, 1692 cm !, Iscmer 2 (con-
taminated with ca. 30% isomer 1) (0.12 g, 20%) possessed
25 s(CbClqy) 1.21 (3K, %, J 7 Hz, CH,CH,), 2.26, 2.28 (6E,



- 180.- 2s, [err] 2.74, 3.14 (2H,ABq, . J 17.5 Hz, 2-H), 3.4-3.7 (4H m
pi perazine [err] and [err]), 3.86 (3H, s, [err]), 3.8-4.2 (3H m

pi perazine [err] + 1H of [err]), 4.77 (1H, d, J 12.5 Hz, [err]), 5.07 19 7
(1H, s, 6-H), 5.76 (1H, d, J 7 Hz, ArCH), 6.84 (1H, s, [err]), 7.1-7.6 3
(13H, aromatic protons), 7.94 (IH s, NE), 8.02 (IH, s, CHO , 8.48 (1H,

m hﬁ; 91 (IH, d, J 7 Hz, NH); [err] 1779, 1718, 1692 cnl. (b)

[err (3, 4-D acet oxyphenyl) 2-1 (4-etihpy -2, 3- di oxo-

pi perazi n-1-yl)carbonvl am no] acetam do]-[err]-forna-

m do-3-[ (|l -nmethyl-l1Htetrazol -5-yl)thionmethyl]- ceph-3-em4-carboxvlic

aci d, sodi um§,alcn-1 Ad®ge. 714 ,Di3phanyRHRRBYl, I 17.5 Hz, 2-8), 3.4-3.7

[err] [ 2- (3, i ace Q)ﬂépl’g [ .

et hyl - 2, 3- dlgxrg'p?‘%e%a %@‘13% ccglsrzb(%ﬁf}l gi???%g]iaée% 29 dS 2 3G adetni do- 3- [
(1- net hyI -1 H4&td a?zo(llﬂs W) qll?ieéﬁétiﬁﬁl FEeph- LB-@f @H bo‘kyﬂat@-- A somer 1
_(containing £a.3 2006l swrerc. )(,0a067g(1£i 0¢, msmdw 5. 161 flyoroagetic acid

‘(5 m) was rogm ratur B orated'fo dryness.
The resi duesi\é{sz’t g’lrt%'{"n)dt % {Yﬁ%ét ﬁérS tzg éh z b, ﬂ %/j\/a{ele i G S
<adj usted to PRWE)W tth Sdi | e §odNﬁm,h§d¢égéh o:a$bdl’ié@)e, sﬁnl‘iﬁl(a-r&!, washed
with ethyl agcetahe andgf reez eddruee} hg gmﬂa the titee opp;d;' i sonmer 1
(cont ai ning ca. £ olsoma.rl %) (0,04 g, 639 [B#¥] 221%3H t, J 7 Hz,
[err]), 2.347B388%H™s " [err]), 3 00, 3. 39 (2H, ABq, J 17.5 Hz, 2-H),
3.53 (2H, a, J 7 Hz, [err]), 3638(2H m piperazine [err]), 3.8-4.2

(3T3 m i pegzi ne [ 48 akbeibldondnd8) (3L (S-e 913,13 4240 H )

piperazin-l=-yl)carbonylaminolacetam 1aoi-/a—;orma-

mido=-3-( (1-methyl-1H~-tetrazol-5-yi)thiomethvl]-

ceph-3-em-4-carboxvlic acid, sodium salt, isomer 1
Diphenylmethyl 78-[2-(3,4-diacetoxyphenyl)-2-[ (4~
ethvl-2,3-dioxopiperazin-l-yl)carbonylamino]acetamido]-

7a-formamido-3-[ (l-methyl-1Z-tetrazol-5-yl) thiomethyl]lceph~-
3-em~4-carboxvlate, Isomer 1 (containing ca. 20% Isomer 2)
(0.0élg, O.Q? mmol) in trifluorocacetic acid (5 ml) was st
 at room température for 0.5 h and evaporated to dryness.
The residue was triturated with ether, taksn up in watsr,
;(:). .which was adjusted to DR G.S_With'dilute sodium hvdérogen
carbonate solution, washsd with ethyl acetate and freeze
dried to give the title compound, isomer 1 (containing
ca. 20% isomer 2) (0.04 g, 63%) §(D,0) 1.21 (3#, ¢, I
7 Ez, CH2C§3), 2.34, 2.35 (8H, 2s, CH3CO), 3.00, 3.39
ﬂZH, ABq, J 17.5 Bz, 2-H), 3.53 (2%, q,.g 7 Bz, C§2CH3),
3.6-3.8 (2H, m, piperazine CHZ), 3.8-4.2 (3H, m, piperazins
CE, + 1lH of CHZS), 3.98 (3%, s, NCH3), 4.24 (1, 4, J 13
2z, l¥ of CHZS), 5.26 (1%, s, 6-¥), 5.56 (1A, s, ArCE®),
7.3-7.% (3, m, arcmatic protons), 8. i: (L8, s, C=0);

Vmax (XBr) 3430, 1770, 1675,.1620 cm .



Hz, 1H of CH2S), 5.26 (1H, s, 6-H), 5.56 (1H, s, [err]) 7.3-7.5 (3E, m
aromatic protons), 8.15 (IH, s, CHO; [err] (KBr) 3430, 1770, 1676, 1620
cml. - 181 - (O

Uggr'-[2-(3,4-EXacetoxvphenvl)-2-[(4-ethy|-2,3-dioxo- oi Derazi n-1-yl)
carbonyl am no] acetam dol -[err]-forma- mdo-3-[(1l-methyl -l Htetrazol- 5-d)
t hi omet hvl ] -. ceph-3-em 4-carboxylic acid, sodiumsalt, isoner 2 ‘:i}
Di phenyl met hyl [err]-C2-(3, 4-diac nyphenyl ) - 2-

[ (4-ethyl)-2, 3-di oxopi perazi n- 1-yTy¢car bonyl am no] acet a-

m do] - 7a- formamdo 3-[ (I-methyl-1Htetrazol-5-yl) thionethyl-

ceph-@&)em 4- G&FWQ%KBQM@DLbﬁeﬁbkvghéQOnb&Enrﬂg 68hv89% 3 s@id¥ol) (0.12 g,
0.14 mml)lntrlﬂggr t|rrg.q§.troomtem)erature
for 0.5 h and & %ué—ms—t—#%?ated with
et her and t akegms

d f d 30%
Moner 1) PAEPERY -“?’én%, -§3H§”‘3 8FFr?xY§g§‘7Y(hF§0nm ATy oo, 30
(I H, [d4=EtbEyBi~2, BHdabx@cheﬁaz4ﬁ-3-94)carbonylamtnéleeetaﬂd [err] ) ,

3. 65- He bt -359+4:2a 5 CiBor CHZ
and ﬁ%ﬁ{érr]c;%amlwémlgqq%r rn]y) ?!:‘ té Ql‘gt%errfweﬂg;gfwl e

. 5. 6FSPhT3 '°“‘Ar‘e|4)rb°7<yéa$—e (I§Hf“e|ﬁ Zaﬁ(SHﬁt- nlngr€: #0493 (1H m CHO) v
(KBr )iscid40,1)17100,1216800 . 1836mon]). imtezifCuagacastif. agidabilis 889 is 0.1

[err](gﬂhl) was stirréd at room temperature for 0.5 h and evap-
orated to dryness. The residue was triturated with ether
and taken up in water which was adjusted to pHE 6.3 with

~ dilute sodium hydrogen carbonate solution. The solution
was washed with ethyl acetate and freeze drlad to give the
title compound, isomer 2 (containing ca. 30% isomer 1);
(D 0) 1.21 (3H, t, J 7 Hz, CH2C‘!3) . 2.47 (68, m, C.‘13CO)",
3. 12 (18, &, J 17 Hz, 1H of 2-H), 3.45-3.684 (38, m, 1H
of 2-Hand C_‘..2 CH, ), 3.85-3.83 (28, m, piperaziae CFZ),
3.9-4.2 (SH m, Vc&3, Piperazine CHz'anc 15 of CPza),
4.36 (1, 4, J 13 Hz, lH of CuZS), 5.17 (L8, s, 6-H),
5.60 (1H, s, ArCH), 7.3-7.6 (3%, m, aromatic - H's), 8.13 O

(18, m, CHO); v__ -~ (KBD), 3440, 1770, 1680, 1630 cm .

MIC against P. mirabilis 889 is 0.1 ug/ml.



- 182 - Exanple 58 [ L-2- [(4-ethyl-2, 3-dioxopiperazin-|-yl)carbOnyl am noj

2- (3, 4-di hydroxyphenyl ) acetamidol -[err]-formam do penillanic acid, sodium
salt (a) ,DL-2- F(4-Et hyl - 2, 3- di oxopi perazin-I-vl)carbonyl - am nol -2- (3,
4-di acet oxxphenyl )acetic acid Thi s was prepared on a 27.3 mnolar scale in
two) gteps from DL-3, 4-di hydroxyphenyl gl ycine in a manner identi- cal to 19
t hat @ ribed for the D-enantioner (Exanple 18). The overall yield was 70%
and mat eri al exhibited identi- cal spectreé%opl ¢ and chromat ographic

prope 'tles to_thoge SQ?‘Q’”:BY the D - enantioner, except for its |lack of

-opt rotation. enzyl [err]-[L-2- [(4 et hvl -2
X,{dl OXOD' perazingh-y[} _earfpeoyt Ayl 09] 3 =2 d sk SH ALELHRXURNGRYIL 0AG LA D]

rr]-formam do- pefci v ante-Benzvl [ err - am no-[er rJJ T ornam dopeni ci Il ante
s obtained by zi né=dBdfz84RYEEQREPRIRYLE 3GQEH

trichl oroet hoxycar baeyl,dee8yahi y&16n a 4m nol ar scal as previously

descri bed (Exanple 31). The material was rot isolated as a solid, but its
“ethyl acetate solution was dri and concentrat ed to 10 m, then

di cycl ohexyl car bodia) - mi deR&280 o iognRzdin- lmd)ﬁ.a«f@pm'rm
,yel | ow sol uti on was cool egntlgoqczamgi Shi@r ﬁ%\}ﬁnﬂ;@dd&ﬂﬂﬂ ;QfldDL 2-

[ (4-ethyl -2, 3-di oxopi pera;‘hn-l - I)car bonylL am noJ’ % B ca)&)ép

acetic acid (1.70g, 3.91 mPidl ¥FSi REQPS-OT chT of o%net ahé °(‘f5“rr1 “dd‘ed

dr opwi.se over abou&e@SSELom DL-3, 4 dihydroxyphenyglycine in a ﬂa-qer idaatd~

—H A orﬁa11do penicillanic

[ e S

cal to that described for the D-enanticmer (Example 13).

. s -
1daentil-

The overall vield was 70% and the material a2xhibited

r

O

cal spectroscopic and chromatographic properties to those

(¢}
a

O

shown by the D - enantiomer, except for its lack of ostical
rotation.

(b) Benzvl 6p- ri 2_[74 -athyl-2,3-dioxociserazin-1l-v1i)

3,
-5A-£ o:ram1co nenicill
fo

. trichloroethoxycarbonyl deris
(:) previously described (Example 31). The material was ro:
- isolated as a solid, but its ethyl acetate solution wes
dried and concentrated to 10 ml, then dicvclohexylcarboli-
mide (0.80 g, 3.91lm mole) was adéad. The resu
solution was cooled to 0°C and stirred while a solution of
'DL 2- B‘-ethyl 2,3~dioxopiperazin-l y--ulndimz—{S,
- -dl%%%?oxyphenjl) acetic acid (1.70

dichloromethane (15ml) was added dropwise over about 0.537%

carbo
0g, 3.91 m mole)in dry
o
: The mixture was allowed to regain room temperature and
stirring was continued for 2.5h. After this tine t.l c¢.
analysis showsed negligible acid ccmponent,'sb'the preci
tated dicyclonexylurea was filtere

a
evaporated to dryness. The crude product was di
a small volume of 3% methanol-chloroform 2and applied =c =z

column of silica gel (350g) eguilibrated in the same solwant.



The m xture was allowed to regain roomtenoerature and stirring was
continued for 2.5h. After this time t.l.c analysis showed negligible acid

19 nponent so the precipi- tated dicyclohexylurea was filtered off and the

resi due.evaporated to dryness. The crude product was dissolved in a small
vol ume of 5% net hanol - chi or of or m and applied to a colum of silica gel

(350g) equilibrated in the sane solvent. . 196 -133 - El ution affordecoz_
firstly sone coloured, |owpolarityd3 nmpur- ities, then the desired benzW*
ester ,(g 91 & @ Fur.t her_ eI utlon agf ord d @\ge D- benz ester previously
described™ I Y SERENEP H- ?‘é}?fl%/ksr’ﬁ“?%n max 1745,

1710, m@sj,esslemp,he[ elﬁls]-rEdOQeaﬂdll=Sie8H(Qs°‘@erB]l%)1 2MufSkert, J 7 Hz,

2 - 4

%ergg] kx@@%ﬁ&%&%& ]@;)@lé D geqi?l[sgeh} ﬂ)ﬁa 3§o§s i £4 kﬁ{% ecgr?)[egr}% (1H

0.975 64241, d- “7eﬁz“t PmeE eppwes ‘“lﬁax ? 8P m .aryl-H, 7.59
(1H .7 45er 7 1o%clandNiE8S #mi6, (SK-ICDbn ) 1EHp2sand Leznszexw NHCHO) | 9.'99
1H, 41 i t | -chl D20
( Ly g’ca[@%”cb e&[cbo Q‘ﬂbi?)t [§r Z] 9§ 5 éﬁ FE E‘F\‘F‘Q 6-91? ?r?e{ g”‘j %E;H
requi r'é&.c2s532%, Cﬁg §° B 320379@ (65) 2[§r¢¥2{1), 3.95-4.15
|£_l (2]I E(utqet hLVLCg\;&))dI QX?BI qe:z:]azs[l B-?b) B&!Lb%%..ﬂﬁﬁi@@%e) ,_2-5(.33-qd g

| X n ce a (0] er nICI ani 1 a, sodl um
sal t yeﬁ!g %p[gr r][L%Z @rqétﬁ r7 324 oxo ‘gﬁg -J;:-'yT)-F'EE’C
H, m, aryl- H), 7 59 (1H, s, Dzo exch, Ir), :95 (28, brs,

lh, s on DZO excn, NHCHO), 9.99 (1l®, 4, D,0 exch, CHNH),
R;0.41 in 10% methanol-chloroform,[e j20 + 57.3 (c04, c:-zc13)

;, (Found:C, 53.35, #, 5.1, N, 10.75. C,_.H.,N_O. .S,

3573876712
HZO requires C, 53.6{ 2, 5.1, N, 10.7%). -
(c) Ga-EH 2~ Ekd ethyl-2,3~-dioxopiverazin-1-v1l) carbony-

tamino]- 2-(3, 4-dihvdroxyphenyl) aceuamlaél-oﬂ-

formanidooenicillan{c acid, sodium salt
Benzyl o,?[ 2- E(A-e..hvl 2, 3-dioxopiperazin-l-yl)
carbonylam;ndlz-(3, 4-diacetoxyphenyl) acetamidé]-ﬁ«-for—

mamidopenicillanatz (0.3g, 0.39 m mole) was dissolved in

tetrahyérofuran : wa;er, 4 :1 (15ml). 10% Palladium on '{:)

charcoal (250mg) was added and the mixture hydroganated zt
room temperature and atmospheric pressure for th. After
this time t.l.c. showed negligible start;ng material remain-
ing, so the catalyst was £iltered and well washed with water
-and tetrahydrofuran. The solution was concentrated to re-
move most drqanic solvent, then the residual agusous s0l-
. ution ( l0ml) was stirred for l.5h with thorcughly.washed
resin-bound subtilisin (5g). Afte '
£i1

r
(1)
y
]
(o
o

r
£f and washed, then the filtrats was zw
ha

with ethyl acetate. The aqusous phase was sa& th
sodium chnloride, acidifisd with 24 avdrochloric acid and
extracted into l:1 sthyliacetate : tetrahydrofuran (
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carbonylam n] 2- (3, 4-diacetoxyphenyl) acetamdo] -[err]-for-
mam dopeni cillanate (0.3g, 0.39 mnole) was dissolved in tetrahydrofuran :
water, 4 :1 (15m ). 10% Pal |l adi um on charcoal (250ng) was added and the
~m xture-hydrogenated at room tenperature and atnospheric pressure for 9
After_thiss time t.l.c. showed negligible starting material remain- ingyso
t he @ al yst was filtered and well washed with water and tetrahydrofuran.
The ution was concentrated to re- .npyg oost organi c solvent, then the
reS|duaI aqueous sol- ution ( 1OM) was stirred for |.Sh. with thoroughly
washed resi preodipditatedi sodimm (St wakf tamrllddvies bymiitheasheype was
filtered of faagﬂgdv‘@§quacé@§r@e;r@'géf i @ W Ge cuasherlonLd: ghhy!

acet ate. The aqueous_phase was saturate sodi um chlor] ified

with 2M hydlsééﬁl &P &55c| B3%hd ekttt ed ﬁ’t@-l- 1aé‘taH9’FaeePB?‘éed that

t et r ahydr of vhag ﬁQrﬁmS@ntéacé'ﬂyIilﬁ.ngﬂ”d eac@drrre@t S, 2ahter theyingedver

sodium sul p d 0 l\hexan g, . based on
R@?g?tp’aggﬁqué iLo %6«% Y WBs % g-tomé % Sé%goiéeg 1y

*t he benzvl Zol eXCESS 84 -
preci pit at eéa§§GFGﬁFsaP?’%sﬂmqm é%iwnfai'qet ﬁ&tm@hmwééﬁé&i wF2® acet one,

vether and dpkedwhs afif@sded heo SPHAM G ts(1dtEdn G3%E. af. hmBieafd N.Mr.
'anaIyS|s sthed thgt onL p@ |alzg§§§et Iatlon h%% occ# geg xbnce t he
inter- medi SC&BFBAYET O O%n ﬁﬁ1e)1ﬁ53 FsE8r V&8 Pt n"s%t ur at ed
sodiun1hydrGgéntedrﬁbhat@aSQWLnnintwénﬁ)Wasﬂﬂg pRohastadjlasesdten 9 and the
sol ution |etbl@éwéabb§”£a£@£9@féﬂle%H‘EbdliQTcnléﬁﬁaﬁ tBEgalEfBathen
sol ution was dllgt h water ,and tw ce washed wi th ethylgcetate

to the ié
into tetrahydrofuran : ethylacetate 1 : 1 (2 x 25ml). The
combined organic extract was crled over sodium sulphate,

ith 5M hvcrocnlorlc acid and extraction’ of

evaporated to dryness and suspeqced in water. This agueous
suspension was basified to pHd 6.5 with saturated sodium
hydrogen carbonate solution, then evaporated to dryﬁess

Trituration with ether followsd by collection of the resu ng
7

lti
solid gave the dihydroxypenicillin soa um salt (0.040g, 75%)
vmax (K 8r) 1770, 1715, 1680, 16l0cm , S(D 0} 1.03 and 1.38
(6H, 2s, (C.3 2C). 1.16 (387, t, J 7Hz, C§3—CP N), 3.30-3.80
_ (48, m, 2 x CH V), 3.80-4.10 (28, m, HZN), 4,19 (14, s,
O 3-8), 5.30 (m, s, S-H), 5.40 (1%, s, ArcH-CO ), 6.93 (3d,
i br s, aryl-gH), 8.16 (lH, s, NH CEO), Rp 0.14 (n-butarol:

acetic acid ; water, 4 : 1 : 1).

MIC against P. Mirabilis 889 is 100 ug/ml.



foll owed by saturation wth sodiumchloride, acidification to pH2 with 2M
hydrochl oric acid and extraction of the acid into tetrahydrofuran
et hyl‘haeq ate 1 1 (2 x 25m ). The conbined organic extract was dried over
sodi um sul phate, evaporated to dryness and suspended in water. This aqueous
suspension was basified to pH 6.5 with saturated sodi um hydrogen carbonate
solution, then evaporated to dryness. Trituration with ether followed by s
collection of the resulting sokidggave the di hydroxypenicillin sodiums
(0.040g, 75% vmax (K Br) 1770, 1715, 1680, [err] 1.03 and 1.38 (6H, 2s,
[ er rBRample 159 (3H, t, J .7Hz, [err]), 3 .30-3.80.(4H m 2 x [err]), _
3.80-4.10 (2H m [err])i 4. 19 (1H, s, 3 H) 5. 30 ng s, 5-H), 5.40 (1H,
R4 I - SE s - £), RF 0.14 -
(n-butanol acetlc aC|d ; water 4 1 1). I\/ICagalnst P. Mrabilis 889
|S 1%8 Ug/ Mygep,y é%ﬂ% =T e%7§%1‘eq=arlno pen
Jerr lic acid (a)
Benzvl [err]- (SéE—ﬂ!SﬁYdtﬁ@zvl [ deneam no) penam 3- carboxyl ate Benzyl

Ezﬂr] ani nopaAAl thmI rﬁ.bgpﬂpahez@b%ogylét@ el iw,-n gry ghonl fr Oﬁft ganet ]
[ rt hof or,ngt e was treated wi
4- nlﬂ \tl)gbré'ni%\‘lctfg‘?ﬂrcf\é- m}'h rﬁ("?rt‘}l g?‘ﬂ""d?%ﬁﬁtﬂ%hﬁ?%i% n) at room

t enpeY -4 2 urde. §omil. 51 hn ’lﬁlé wiast treanas wheh evapbrabezdmmaﬁ_sgdmss_,
trityyaded wid -etAmolmaradyt Reti%bti Tabenhl o Ol-Jasate&lnparil Itration.

Renyst al I sation from ethanol/ethyl acetate cave .
ature for 1.5 h. The mixture was then evaporated to dryness,

triturated with ethanol and the solid material collectad oy
filtration. Renystallisation from ethanolfethylacetata cave

almost colourless nesedles {(l.2g 74%); m.p. 95-96 C;

vmax (C“2C12) 1795, 1750, 1530, 1360 cm'l; f(CDCl3) 8.68

(18, 4, J 2Hz, CH=N), 8.27 and 7.94 (4H, 24, J 9Hz, nitro-
phenyl), 7.38 (5H, s, phenyl), 5.51 (1E, &, J ¢Hz, 5-H),

5.45 (18, &4, J 2Hz and 4 Hz, &6-H), 5.23 (2H, s, CHE,?h), £.93
(18, t, J 5.58z, 3-E) and 3.45 (24, &, J 5.5H3, 2-§ -

{b) Benzvl ép—amlno 6«~(meuhvltnlo)oenap-B-carboxvlate

Benzyl 6B- (4-q1trooenzyllﬂeneam;do) penam-3-carhoxy- _
wlacetate (30 ml) was - i:)

late (1.05 g, 2.55 m mol) in dry eth
cooled to -10°C and methyl methanethio

olsulphonate (0.32 ¢,

0.26 ml, 2.55 m mol) followed by potassium hydroxide (0.1légqg,
2.55 m mol) in ethanol (5 ml) were added. After the addition
the mixture was stirrad for 0.5h, poured into watar (25 ml) |
and the orcanlc phase separated, washed with water (2 x 25 ml),
brine (2 x 25 ml) then dried (M SO ) and flna‘ly concen-
tratsd to ca 10 ml. This solution ~as treated with toluene-

2 -sulphonic acid monohydrate (0.48 g, 2.55 m mol) and

stirred at room temperature for 3 h. The sclution was then

brine, ated to give an orangs gum which was
chromatographed on silica gel 60 ( 230 mesn ASTM) to give —
the title compound as a yvellow gqum (0.41lg, £9%) ;smax

(cH,Cl,) 1795, 1750 cm'l,;(cnc13) 7.45 (5%, s, pheayl),



al nost col ourless needles (1.29 74%; mp. 95-96 C [err] 1795, 1750, 1530,
1360 cm [err] 8.68 (1H, d, J 2Hz, CH=N), 8.27 and 7.94 (4H, 2d, J 9Hz,
nitro- phenyl), 7.38 (5H, s, phenyl), 5.51 (IH, d, J 4Hz, 5- FD 5. 45 (IH
dd, J 2Hz and 4 Hz, 6-H), 5.23 (2H, s, [err]), 4.93 (IH t, SH%I 3H)

and 3,45 (2H, d, J 5.5Hz, 2-H (b) Benzvl
[err: no- [err] (nethyllthro)penan}3 carboxvl ate- Benzyl [err]

- (4- ™€ obenzyl i deneam no) penam 3- carbdR§-~l ate (1.05 g, 2.55 mnol) in
dry ethylacetate (30 ml) was cooled to [err] and nethyl
met hanet hi ol §uBphodEi es( 0532 apd CRFHI, R.155 (MEnohk), Bek) pwedsby3 pps assi um

hydr oxi de (0y 2. 55 m no n Olgcpd ym resadgded t he
addition the rinﬁgtﬁregmz? stﬂ?jéd(ﬁr@.!ﬁ%fn o&bg\é@l% qggfer %25 rﬁ)) and

the organi ¢ phase separated, washed with water (2 x 25 ml), brine (2 x 25
m) then drited [errienndfépabiannonnaitasdical-g&-t QqmeantdeAlo) J&hsasol ution
was treated with tol uegpes Pbé:?\'f'\l nic acid nonohydrate (0.48 g, 2.55 m
m)l) and stirred at r e for 3 h. The solution was then washed
wi th dlute sodi um hyBeegeh &araminabesol ety ltbirhepedaned-aantbexaiats at ed

~tA gﬂg\% vte an_orangeg gum lehhrd\fﬁtfhrﬁyamgrwe%a%l i(sange! agoﬁc 23%9;39%
0o gl ve - e tl C
[err] [err] 79 at175‘01f%r331"734‘§€%19%@ ghé?ﬁ%r FLe " 'g EnS W@ gtheEg I ang
[err]), 5.157itH PhendkhceyUSIBLREILH0.9582-[ 6r0B3 ﬁlBlO(BH“g;lo{)e_rr])
and 2.18 (ZHrne rrﬁlx{@*"é]&as (£110wed %‘@Qr‘[ &lf ]roBReDQ)ﬁXéfEL(? ag €rr]-

(et hyl t hi o) pepant car ova ate Benzyl [err]-am no-[efr yl t hi 0)
penant 3- car bd% b?af% or 2h, when it wads washed with diluta hjcrochlor*ﬁ

acid (10 ml), dilute sodium hydrogen carbonats solution (lJ =ml)

water (10 ml), brine (10 ml), dried (MgSO,), aad evaporatad

to give an orange gum. This crude material was chromato-

graphed on silica gel 60 (< 230 mesh ASTM) to give the title

compound as & pale yellow oan (0.062g, 54%); vmax. (CE,CL )

1800, 1755, 1700, 1500 em , J(CPC‘ ) 7.41 - 6.92 (liEg, n,

aryl =-H's and N¥), 5.32 (iH, s, S-n), 5.20 (2&, ABg, qu“)’
5.08 (13, é4, J 6 and 2 Bz, 3-H), 4.37 (2%, s, PhOCH,) ,

3.42 (2H, nm, 2-H2)_and 2.32 (37, s, SCH3).

"::i (&) Banzyvl %3 -nhenoxvacstamido-6x%-aminovenam-3-carboxviata

Benzyl 6p-phenoxyacetamido -&x{methylthio) penam-E-

carboxylate (0.048g, 0.105 m wmol) in dry dimethylformamide
(1 ml) at =50°C under nitrogen was treated with mercuric
acetate (0.033g, 0.105 m mol) ir'dimethvlfornanide 1 ml)
o1lowed by a saturated SOlUulOﬂ of ammonia in dimethyl-
formamide (0.002¢ in 0.1 ml). The mixture was stirred for
'lh during which time the temperature was allowed to rise to
-10°%:. The mixtura was then d&ilutsd with sthyl acet
ml), washed with water (3 x 10 ml), brine (20 ml), dried

(Mg 80,), and evaporatad to give the title compound as 2
semi-so‘;a matarial (0.0Q44g, 98%);\lmax (C“ZCl y 1793, 1739
1690 cm T; §[Cp DCl, + (CD,),cQ 7.42-5.85 (L1, =, aryl-d's

and NH), 5.18 (45, me, 3-2, 5-2 and Cq Ph ), 4.58 (252, s, QCH,!,



(0.11g, 0.34 mnol) in dry dichloronethane (5 m) at [err] was; treated
"wth.pyridine (0.035g, 0.036 m, 1.3 eq.) and then with phenoxyacetyl

chl a‘rﬂge (0.058g, 0.038 m, O. 34 mnol) The m xture was allowed to warmto
room tenperature and stlrred for 2h, when it was washed with dilute
hydr ochl.otri'c acid (10 m), dilute SOdI um hydrogen carbonate sol ution (10,
m) water (10 m), brine (10 m), dried [err] and evaporated to give af
orange gum This crude materal wak®%hromato- graphed on silica gel 60 ™
230 mesh ASTM to give the title conmpound as a pale yell ow foam (0. 062g,
54%; [eyr] 1888nz¢¥5% - Q&%x%iﬁfddqou{ﬂddﬂa?1/&%0'en6"193 -(11H, m aryl
[err] and NH), 5. - : J q, |err . ( IH dd, J 6
and 2 Hz, 3-H), [err]) 342(2H m 2[err]) and232(3H S,
[err]). ( d) BGBE}'l]zvﬂS?-[me'}.oxyacatam’ éo-§&-aminopenam-3-

- pheno ?Sgkgﬂgé’ E@rélz?m @me%f)arleWyatﬂcﬁa%%echa

[ err]-phenoxyacet err% hi o) penam 3- car baoxyl ate (0.048q,

0.105 AP nBL) #h Qi ¢ Rt it ForFein RS (a9t ity PYTEAdaR nitrogen was

tr eat edovwos harreo cogifl ared e fdl 03By the gt Formidi amhlyl f or mam de (1
roll d, pys@=Satu S, i 0 na . | +of onmam de

(0 0026“?%\50@ 09? 3 6a§§dﬂu’sr?(%ay)\t/vasn§?| rrt?dm‘aa a% %&;I:%y%ﬁml ch tinme . he

t enper G2 EM et QatORM | maemtm:%ea% sYiE e e midhur #hgas J-‘v-hé’ﬁ-sdl luted with

et hYEOaEQBQ%ewﬁéQ &fiiuuaeWEé’cN\ié \.'V\Bécle‘rd(ailﬁu]&d@ohu.m Hﬂré)%lgn?) dri eld
(005 ha-Bgd EYoPgLh el A0,chveLls {1 1P Somaud s aiiellngl 19 Meteri @
NH) |, Srd8uc¢tHvas: qhﬁﬁrhﬁt@aﬂahﬂd[mrs]l)l,lda B A9 (s<[280r fesh3. 33 (2H, m
2-Terrh3panded. 68v€ 2khe bESe1d Edddound as a colourless cum (0.0lg,
20%) ; v max. (CE,Cl,) 1795, 1745, 1690 and 1260 cn”t; -'
P (CDCl ) 8.21 (ig, 4, J 13z, NH CHO), 7.89 (ig, &, J 18z
NH CHO), 7.45-6.86 (l1H, M, aryl -B's and NH), 5.48 (1¥,;
5-¥), 5.17 (28, m, Cg_zPh), 5.04 (1@, &, J 7Hz, 3-H), 4.
(2€, m, PhOCH ), 3.27 (15, &, J. 11idHz, 2-H), and 2.84
'dé, J 11 and 7 z, 2-H).
The benzyl group is removed ny hydrogesnclysis unds

s,

oo~
W

conventional conditions to give §3-phencxyacetamido-6x-
formamidopenam-3-carboxylic acid.



- 187 - (e)
car boxvl at e

Benzyl [err]-ohenoxvacetm do-[err]-formam dopenam 3-
Benzyl [err]-phenoxyacetam do-[err]-am noena.--3- carboxyl ate

(0.042g, 0.103 mnol) in dry dichloromethane (5 m) at OC under gﬁgogen

was treated wit.h pyridine (0.08 g, 0.084nl 1.03 mnol) and then

hydr G
evapor at ed.

mesh ASTM tog gi gﬁe;

vmax. (CH2d

tic
chide (0.045 g, 0.52 mnol). The mxture was allowed to warn

form c_anhy
to r-._terrperature and stirred for 3_h.183\Ahen it was washed with dilute
fil ori c acid, dilute sodi um hydrogen carbonate, brine, dried [err] and

F'Tdamnaleude product was chromat ographed on silica gel 60 (<230
LL9pgampound 25,3, G0l o1 695 GUM(O: 0, 20

-Hz,

NH CHO), 7.89 (fHRha3-em-fmeaxboxyigte7 45-6.86 (I1H M aryl -H s.and NH),

5.48 (IH,

s, 5-1H), 5.17 (2H, m [err]), 5.04 (1H d, J 7Hz;, 3-), 4 .52

(2H, m [err]), 3.27sebkumd3- lacétbiyﬂétﬁgl)€ﬂKLibﬁﬁkdin—l¢d(t&l%ﬁ—and THz,

.2-H). The be
conditions t

YlacdiQ Ed? %gﬁg ¢de Y, 1 %f@c?é?ﬂlé@'(so W) %20veRLLenela

g| Ve xyacet am

f or mani dopend® ?ia@élrbdﬁ??réxac?dm” ; Babptrim) sodium iodide (0.973g)

s[err] - For mamiag@ $ytcR¥h hdi mapa&bhyld s[®1y]- (thd &t oF HRC RiFLER) was

-Ceph 3-em 4-car b% Igte 8 g] D Q The mixtiure was heat
3- (acet oxyneffiyi*y: - r FP- PoP AT 80P PRFPFCTIRI 3FLED: (AR re neacs
acet am do) - c&fFh83- ®en€drcar boxyhaneCQ@l%Og‘)cv@Jlemestombé:d water (approx.

5Sml). The solution was chrometographed on Diaion HP20SS
(approx. Zs-ml), eluting initially with water, then acetone/
water. The product conéaining fractions were lyophilized to
give the product (0.045g):; A max 236 pm (£13,800); vmax. (X3x)
3390, 3240, 1775, 1875 and 1815 cm-l; S(DZO) 3.05 3.38

(24, ABq, J l7#z, 2-H) , 3.91 (2#, s, CH CO), $.29 and 5.45
(2%, aBg, J 122z, NCH ), .36 (11, s, o-ﬁ), 6.97-7.10 (2H, =,
thienyl-#'s), 7.30-7. ‘2 (lF, m, thienyl -¥), 8.00-8.16 (28, n,
ovridyl-H's), 8.17 (14, s, CEOQ), 8.51-8.64 (1iZ, m, pyridyl-H)
and 8.30-8.99 (2H, m, pyridyl-H's).

MIC against P. Mirabilis 889 is 50 ug/ml.



in water (approx. 2 m), containing sodiumiodide (0.975g) and pyridine
(approx. 0.5 m). The pH of the mixture was adjusted to 6.5 with phosphoric
ac'bgl,.,The m xture was heated at 65 C for 3 h, then cooled and diluted with
L(approx: 5m ). The solution was chromatographed on Di ai on HP20SS
(approx. 25 m), eluting initially wwth water, then acetone/ water. The
product containing fractions were Iyﬁ%:};I i zed to give the product (O. 01@
[err] max 236 nm (E13,800) ; [err] 3390, 3240, 1775, 1675 and 161

[err];_ggg% 8,05 3.56 (2H, ABg, J 17Hz, 2-H) , 3.91 (2H, s, [err]), 5.29

and 5. g, J 12Hz, [err]), 5.36 ( IHs, 6-H), 6.97-7.10 (2H, ::t,
thi enyheg Hfg;z taowzwe-z ;Lj-l-amxddsﬁ:eeméz*ﬂ,l-&IOOdrb@ ning) -

103 aladyk3 )L and 8.80-8.99

1/m . -
ceoh -3-em-4-carboxvlic acid. \ Exanple 61 [err]- [D-2-

[ (4-Ethvl-2, 3-di oxopi perazin-1-yl) car bonvl am nol - 2-phenvl - acet am dol
-[err]- formamgo 3= )43CQJEQ%MI|1_O gid. (a)
t-Butvi3feri]- . =

det hi a- ceph- 3- entﬁ__uﬂmﬂﬁﬁﬂ_ﬁﬂiﬂm_i but y!
7p- am no- 3- net hyl - 1- oxa- det hi a- ceph- 3-ent 4-car bot_r}; ate Br.anch and
<°§‘§6ﬁg

M J Pearson; JA €RéHtEi®BCOLPRrREWY r%salﬁl’wl BT £56273 m nol )
and 4- pibpobessakdelydex{1d8enyc.D. T8ranainl dnd M ah. @EmmiooUs m xture of

:ol uene { ) sand ethyl. agg;g;e1(5,§ﬂ,g Wass St 1 [Tk d 079 &3 @lgom
enper

and 4-nitrobenzaldehyde (110 ﬂg, 0.73 m mol) in an anhydrous
mixture of toluene (25 ml) and ethyl acetate (S ml) was

stirred for 6 h at room temperaturs over 4A molecular sieves.
The reaction mixture was then filtered and the filtrate
evaporatad to dryness. The residue was redissolved in déry
toluene and the solution evaporated; this was rspeated.
Trituration of the residue with =ther gave the titls com-
pound as a white solid (227 mg; 80%); _;

Vmax. (C“C13) 1780, 1715, 1840, 1525, 1350 cm *;
8(CDC13) 1.56 (98, s), 2.0l (3, s), 4.36 (1%, s), 5.31
(2€, s), 7.98 (28, 4, J 8z), 8.29 (24, &, J 8#z), 8.78

(18, s). B _ {:}

(D) t-butvl 7?-(4-n*trobenzvli§§p==minq)-7«-methvlthio

3-methyvl-l-oxadethi eph~-3~em-4-carboxvliate

t-Butyl 7f-(4~nitrobenzylideneamino)- ~3-methyl-Ll-
oxadethia-ceph-3-em~4~carboxylate (257 mg; Q.66 m mol) was
dissolved in anhydrous methylene dichloride (3 ml) contain-
ing methyl methanethiol sulphonate (92 mg; 0.73 m mol) and
cooled o 0°C under argon. To the vigorously stirred sol-
ed dropwise 1,8-diazabicyclo ES.z‘,;G] nnéec-

ution was adéd
7-ene (100 me; 0.86 m mol) in methylene dicnlorids (2 nl).

’
fter 1 h at 0-5 o, the solution was diluted with methylene

-
H

Lchloride and washed successively with saturated agueous

QA

i ’ sl -l
ammonium chloride (x2), brine, dried (MgSO, ), and evaporatsd.

“



The reaction mxture was then filtered and the filtrate evaporated to
dryness. The residue was redissolved in dry toluene and the sol ution
evaporated; this Was repeated. Trituration of the residue with ether gave
the t-itle com pound as a white solid (227 nmg; 80%; [err] 17?2. 1715,
1640, 25, 1350 cm[err] 1.56 (9H, s) , 2 01 (3H, s), 4.36 (I @x) 5.31
(2H,¢798(2H d, J 8Hz), 829(2H =dl 982) 8.78 ( 1H, s) (b)

t

LS SR ST AGL b eLh) SUELLY S0 hezora ene
[ err] - (4-nitr oBenAy IGFREEM ﬁé)-aSP#éthle‘llow Soiid’ (242 mg; acm,
oxadet hi a- Cepmp?aﬁ.m(ér%’lbom’ﬂ@t ,€ 16257 cAl ,Q<@§cm yoi )s nagl] S| edgi n

anhydr ous neth £ ri (5,m) n h nmet hanet hi o

sul pl honat e (9%J %3 3 rfg’ £Ad éogg d%() Bt: ﬁgg ?rgror‘?) ’ %GQ[}

vi gorously sti¢3%d d&olg— Guﬁznon 8w:i§ d@8edddr gwBEe) , 18 88 i &lFAbLILVy.cl 0 [ 5. 4. 0]
Ancec- 7-ene (100 ng; 0.66 mnol) in nethyl ene dichloride (2 M) After 1 h
‘at [err]the saﬂ tion was diIutgd mnth nethzlene dlchlorlde and mashed
successi vel y w%h sat s=ed L AERERLO i
Sferr] and evaporated . cch-B-en-4-carbowvlaue, toluene=g2- s"7:non1c19Q -4
Chr omat ogr aphy of the r siyque on silica gel afforded the title conpound as
a pale yellow solid (24 84% ; [err] (NUJO|% 1740, 1620 cm ;[err] 1.57
(9H, s), 1.99 (3H, s)t-Busyy 3B-($yrnigrghepsylidgneaning)1i%-Rgthvy GEo(2H,
d, 3 8Hz), 8.28-reHiy1dl-dxBd2xhil-dénhiBl-ef}4-E8YboxyldedBut2d8 ng; 0.354

7P_anino-[err]d'H§fv”dg;i%1%3%%%@&'ih-gxﬁgﬁggkg-of ethyl acetate (8 wml)

and methylene dichloride (4 ml) and a solution of toluene-

--n

p-sulphonic acid monoaydrate (105 mg; 0.55 m mol) in a
little ethyl acetate addad. Precipitation occurred alimost
immediately and after stirring at room temperaturs for 2h,
the product was filtered off, washed well with ethyl acetata,
ether, and dried in vacuo to afford the title proddct as a
white solid (193 mg; 75%);wvmax. (Nujol) 3150, 1780, 1715,
1705, 1§40 em”:8[cD,) ,53] 1.47 (9H, s), 1.94 (38, s5), 2.30
(3, s), 2.39 (38, s), 4.49 (2H, aA'), 5.35 (lE, s), 7.10
(28, 4, J 9Ez), 7.47 (28, 4, J 9Hz), 8.0-9.7 (3H, br,

.
led

aiw ) s

D
]
Q

(&) t-Butyl 78-[D-2- [(4-ethyl-2, 3-dioxoviperazin-l-vl)
carbonvlamindl—Z-Qhenvlacetamido —Tx-methylthio-

3-methyl-l-oxadethia~cepn~3-em-4-carboxvlate

- [{4-Ethy1-2-, 3-dioxopiperazin-l~-yl) carbonyl-
amini] -2-phenylacetic acid (200 mg; 0.63 m mol) in anhydrous
methylene chloride (5 ml) cont=1“-ng a catalytic amount of
dimethyvlformamide, was trsated with oxalyl chlorids (174m¢

[
[91]
o

1.34 m mol). After stirring at room temperature for
the solution was evaporataed to dryness, treated with toluens
andé re-evaporated. The resulting acid chloride was take
up in dry methylene chloride (5 ml) and added CropWise wi<un
stirring to a mixturs of t-butyl 7¢-2mino-id-methylinio-3-

1

-oxadethia-ceph-3-em-4~-carboxylate, toluene-p-



ceph- 3-em 4- car boxyl ate, toluene-[err]-sul phonic acid salt t-Butyl

[err] I'é/é .ni trobenzylideneam no) -[err]-nethylthio-

3- et 4 - oxadet hi a- ceph- 3- em 4- carboxyl ate (238 ng; 0.54 mnol) was
~ dissol'ved in-a.mixture of ethyl acetate (8 m) and nmethylene dichloride (4
*m ) and a solution of toluene- p-sul phonic acid nonohydrate (105 nmg; 0.53 m
"mol) inalittle ethyl acetate added.. Precipitation.occurred al nost

i mmedi ately and after stirring ~atl ot oomtenperature for 2h, the product

filtered,off, was th ethyl acetate, ether, and drled in vacuo to

af f o 1PRENEF tFE"Br oﬁwgt (égg aRFhi Ped Soli B Loy PYEMinS err] (Nuj ol )

3150 (8478@,; 0793, ml%03) i64fefbyliheldidh(Otids) (5 mPM {18H4°s), 2.30 (3H,

4249 35 (1 _JJ9HZ,7.47
(2H %‘éf%%f(% fs)"§ %39 Aér)eeg%hgn‘?dﬂ‘ & 9de %5)?1( [ D 2- )
[ 4- etemaruze,3J-a|eo>’€65r=eépazmhx1=uys)wear'ﬁ%ﬁwénwem 31 Dty | acet am do

-[er hhzmtcmbtrhwac:’tdrmtsa\thrhteaaseﬁabas CE&d: Jn QEQ'dlré?@é’rbOXW ate D-2-
[ (4-ELh bon | -_am noj

d| OXOpI y 2- phenyl acetic acid
(500 RGLBAES RS o) HEERR, (Ha0) b, FOR AR RS F e, G ai ni ng
cat aI%P@Ya%uﬁ@eoﬁ%p-#sﬁh?nf élthacdege&vasam etedt ikl anrbonndhl ori de
(1|74tqg ah 3thoFpBBLL- aéflaer <§§9r;5egngs¢§)f%ﬂ:g&ée{rﬁ@iw%éwdl 5h the o
sol ut,i_qn eva e ryn ed wi tén tolylene and re-evapor at ed.
The P@?apw?‘?ﬁg:a@% ﬁgm&& ggggkeng%‘é }1'%)? chloride (5 ni)
and ad@ed (dHopwi,sg @Ekh,sii.BLi K§H osh, -.MXtmE of , t228 y{3g,s) , .
[errly.amng- [ag] o5t BybLale 9- 32mTehYbokz PxdELI 8 68RNs-£Tps Carboxyl ate,

(ZP,pABa, J 17#z), 4.93 (1, sy, 5.35 (1B, &, J &Hz), §.52

(1%, s), 7.3-7.5 (S5, m), 9.89 (1H, &, J 6Hz).

(e) t-3utyl 7o<-Am-ino-7j-Eo—2-Gé-ethvz-z-, 3-dioxopip-
erazin-1-vi1 ca*bonvlamino] Z-Ohe"vl=ce+aﬂide]

3-methvl- l—oxGa=“1'a-c=ch J-am-4~-carboxyvlata

To a vigorously stirred soluticn of -Butyl 78 -
@ 2- E4-ethvl 2, 3-dioxopiperazin-1l-yl) carbcnylamin 0] -2-
pheny1=cetap*ad]-7ahn=thyltq1o—3-ﬂ=thvl l-oxadethia-ceph-
3-em-é4~carboxylate (30 mg; 0.05 m mol) in dioxan (2 ml)at
room temperature was added peracetié acid (75 ml of 5.07% {:}
' solution in acetic acid; 0.05 m mol). After 15 min. the '
solution was evaporated to dryness.. The residue was taken
up in dry toluene and the so1u+ion evaporated; this was
repeated twice. Chromatograpny of the resicdue on silica gel
‘gave t-Butyl 73—[@-2r G4-aunyl -2, 3-dloxooﬁne*az_u—l-yx)
carbonjl_niud 2-0heny1aceuanvdé]-%x—n thylsulphinyl-3-
ﬂetnvi-T-OAade+h1a-ﬂﬂnn-1-=m-4-ca'boxy1a»e as a white solid
(29 mg; 94%), which was dissolved in anhydrous tetrahydroiuran
(2 ml) and ammonia (2.3 ml; 0.10 m mol) added. The rsaction
mixture was left overﬁlgh; at room temperaturs, svaporatsd
an

and the residue chromatogrephed on silica gel to afford a
inseparzile mixturs of the title compound:
vmax (CHECl.,) 3400, 3275, 1780, 1715, 1690, 1640 sh cmfl;



- 19 - sul phonic acid salt (193 ng; 0.41 mnol), and pyridine (84 ng; 0.94
mnol) in nmethylene dichloride (5 mM) at OC. After stirring at 0-5C for

O Sh and h at SOC-roomtenp- erature, the reaction mxtu-e was washed, with
di lute hydrochloric acid, saturated aqueous sodi um hydrogen- car bonate? o
brine, dried (MJSO4), and evaporated. Chromato- graphy of the residue on
sili eI gave the title conpound as an,agpr.phous solid (159 ng; 67%;

[ err. o CHClS) 3400, 3275, 1785, 1720 sh, 1710, 1690, 1640 sh cm ; [err]

1.20 (3H, g <ab|z:) )1ihtegOkilis 1.22 9@ 3H, s&)28 1.3, 9pa,3s4; 31794 4H,

D08 e e Ab e T g T T
6Hz) . (e) (2ﬁ4B@ﬂy| 4[e?rfns& 62[&;.] Aaw o [J@—"'ét)hvl--27 (3 d. ék@nso-‘-’
erazin-1-yl qaghoayl arrsnsl z2 phesy| acef aqrigiedn.) , 7 3-7.5 (34, s),

3-nmet hvl -1 - oxa 4carb xyl.ate T rQ tirred

sol ution of ? ggtghﬁ[’eg fD? VT (FR R : %% g‘ﬁ 8@%2 IL(f‘IT?:‘"‘“
~car bonyl am noR.- -dphsnyuageuanmdbjyl) carbonylaming] -"Dh“Ylacetar"-ﬂc

-[err]-met hy|3LBth§10QLB¥Ea1t9¥§ﬁ@é§H33-C£@E c?e»%&l% 3&2&' aLe §39)0u;
z0. 05 mnol) |(# di oxa? n1) room egi)erature was adde peracetlc aci. d
(75 m of 5.079S6"gti sREER-35L% ¢ In&FR)y. 1aPler85 M n. Lthe
sol ution was (8#apet at @dS+0.8r yE®Bssor Fheaxasi)dues was .t7akas, um)l n3d9y

t ol uene and th utL,on gvago e epsat ed ,tHwi G

h%?@k h?@@(é’%ldilca r{%ﬁi%z(

Chr omat ography ési due on ‘gave t-'But’yl 1’ m[:1

4- et hyl - 2, 3=*a|)0x6pPBer(é§v nSt - §¥58 chr bb 7a-rﬁ n@]"' E-)ph@nf?‘l adé do]
-[err]-met hylkssl gby nyl - 3- met hyl - 1- oxadet hi a- ceph- 3-em 4- carboxyl ate as a
white solid (29 ng; 94%, which was dissolved in anhydrous tetrahydrofuran

(2 M) and ammonia (2.3 m; 0. 10 mnol) added. The reaction
(£) Alternative route to t-3utvl 7&-amino -78-[D-2-

[(4-ethvl-2, 3-dioxopiperazin-l-vl) c=rbonv1am1nd]

-2-phenvlacetamido] 3-ﬂetdvl l-oxadethia-ceoh-~3-

em~-4-carboxvylate
t-Butyl 7P-[D-2- [[4-ethyl~2, 3-dioxopiperazin-l-vl)
caanonvlanlnd] 2-Dh=qylacetamldéa -IL-methylthio=3-methyl-1-

oxadethia-ceph —3~em~4-carboxylate (30 mg; 0.05 m mol) in

dry dimethylformamide (0.5 ml) at -30°c under argcn, was

tresated with mercuric acstate (16 mg; 0.05 @ mol) in dimethv!l-
(:) _ - formamide (0.l ml) followed immediately by ammonia {17 mg;

' 0.08 m mol) in dimethylformamide (0.1 ml). The reaction
mixture was stirred at -50°to -20°C for ih, before being
poured into ethyl aaetate and washed well with water and
‘brine. The organic solution was dried over magnesium sul-
phate; evaporated, and the residue cn”oma;ograpﬁea on silica
gel to afford the tltle product and t-hutyl 75—a1a:o—/d-
ED-Z Ua-et—wl 2, 3-dioxopiperazia-l-yl) carnonylam-.;o] -2~

- ' shenyl ceuam1a§]-3-metny1-1-ozaaea hiacepn=-3-em-4&~-carboxylats
_as an inseparable mixture (18 mg; 63%). |

Y

(g) t-Butv) 78-[D-2- [[4-ethvl-2, 3-dioxooiperazin-l-vl)

carbonvlamino]-2-ohenviacetamidg] -TX-forsa amido-3-

methvl-l-oxadethia-ceph-3~am-4-carboxvlate




m xture was |l et overnight at roomtenperature, evaporated and the residue
chromatographed on silica gel to afford an inseparable m xture of the title
ound; [err] 3400, 3275, 1780, 1715, 1690, 1640 sh [err]; 3 - 192 -
;TE]Q nter alia 1.22 (3H t, J 6Hz), 1.52 (9H., s), 1.9; (3H, s), 2.5-2.9
(2H br s, exch.) 3.4-3.7 (4F, m, 3.9-4.2 (2H, m, 4.02 and 4.22 (2H,
J 18Hz), 4.87 (1H, s), 5 42 (1H g J 6.5 Hz), 6.57 (1H, s exch.), 7.6

(5H, a), 9.92 (1H, d, J 6. 5Hz) &34 T-but yl -

7l err] -am noy Lg&&LLE}n ok (€&l BYkea %~ 7~ h RO RA sl -

car bonyl am_n | acet am do!i
3- me@mRotIo d@t’h é‘éébﬁl32en§21 L PREBE TR IO My 3B Y err] inter
al i aajm%a] GaHnntenyiaebiz)m ao§23(-:9éth§)-lam%de(‘£ﬂa-sje,cn2-5-e&-9 (2H, br s,

exch.)) 4.2 109 - 03 (1H, s 5.42
(1R, 4d° fbé’x?{lﬁz ‘80%‘3( l*,*‘ m“(’ﬁﬁ "‘mi %5’7'4%’%%3 05% “"3 92 El d, )6 5
Ez). L.f8) m mol dor malthvé"rieutiécbéoﬁ%t {3 Weryas rﬁ%Q‘#["@rr] -[ D 2- '
LA R e, ciudeanopupy) feseit ’*’*“Qé‘rb‘@”‘""’e“‘ﬁ%@‘)“szi‘% Toxulate t-Butyl

- -1 - A/ U
7P- I[OB 21%1[(4 ePﬁyFeEC%% 8§8pF eFé% Tﬁ%ar%’gnr‘% am aar’pﬁou'a Y :
- 2- phengkacebanitdoberikere] bashyet he@ncs AbGEd Tol bk ARY HGLIRSSh
-3 efQ %%L ppkate (3ReMPesfala WRL) rb8:idiy dhdreihydfHpradnige (0.5 M) at

-50[ e er argon, was treated with nercuric_ % tale (16 nmg; 0.05 mnol)
in di I’Fy'lle- 9PdPrY&ﬁ’F‘dé"€®°faﬁFf' FBEFORE FRARDTETL ety armoni a (17nyg;

Chromatography of the residue on silica gel gave the title

S

“

product as an amorphous solid (45 mg; 54%): AN max. (EtOH)

257 nm (£12211),-vmax..(CHECl ) 3400, 3273, 1790, 1715, 1894,

1640 sh cm ' § (CDC1y) 1.20 Gm, t, 3 7E2), 1.50 (9K, &),

1.92 (38, s), 3.4-3.7 (48, m), 3.9-4.3 (22, m) overlaps 4.08

and 4.23 (2, asq, J 17492), S5.14 (1%, s), S5.49 (1H, 4, J

6Hz), 7.2-7.5 (6€, m), 7.57 (1i#, s, exch.), 8.15 and 8.49

(s and 4, J 13 Hz, together 1H, collapses to 2 s at 8.15

and 8.49 on exch.), 9.90 (1, 4, J &Hz). Also isolated

from the resaction mixture was t-butyl %x-[b -2~ ﬂ4-°t“Yl -2, 3-
dloxoplne*a211-l vl) carbonylaplno] 2-ch-ny1=cntam1co]- 5=
formamido-3-methyl-l-cxadethia-ceph- 3-em-4-carboxylate P~
(6 mg: 7%);Vmax. (CHCIB) 3400, 3273, 1190 1715, 1890, 1&40 <:)
sh cm ~; §(CDCl,) inter alia 1.20 (34, t, J 7Hz), 1.50 (9H,

s), 1.94 (3H, s), 3.4-3.8 (4, m), 3.9- 4.2 (28, m), 4.31

(24, s), 5.08 (1H, s), 5.5 (18, &, J 6Hz), 7.2-7.5 (6d, n),

5.88 (15, exch.), 8.05 and 8.27-(5 and 4, J 133z, together

13; collapsés to 2s, at 8.05 and 8.27 on exch.), 9.92 (lH,

d, J 6Hz).

e

(h) 7a-rD 2- r(A-rtrwl 2, 3-diokoviperazin-1-vi)carbonvl-

arlpol 2 phanvlace mido]-7d-for:amido—3—methv1-

1-oxadethia-cepn=-3-sm-4-carboxvlic acid
t-Butyl 7B- [5 2- r(4- tayl-2, 3-d*oxopiperazin-l-y1)

ca*konv1am1pd] 2—onenylac=t=m1cd]-/d-fo_“anido—B-methyl—l-



0.08 mnol) in dinmethylformamde (0.1 m). The reaction m xture was
stirred at -50[err]to -20[err] for 1h, before being poured into ethyl
acetate and washed well with water and brine. The organic solution was
dried over magnesium sul - phate , evaporated, and the residue .
chronmgt ographed on silica gel to afford the.title product and t-but%/q]i
7[er.;&n‘i no-7[err]- [D-2- [(4-ethyl-2, 3-dioxopiperazin-I|-yl)

car b®f| am no] -2- phenyl acet am do] -3-nethyl -|-oxadet hi aceph-3-em 4
-carboxyl ate as an inseparable mxture (18 -n32463% . Q) t-Butvl 7[err]-
[D-2- [(4-ethyl-2, 3-dj oxopi perazin-yl) carbony] am nql_-2- . ylL 1.00],.
-7[err]-forni do- 3-OFAAHNLAS6R d‘éf’ﬁ%ﬁé;'é%ih}?% ]Irﬁat-gaar é)‘(‘f/‘?g?g ‘_Q&%%%i”AQ_N
solution of the m telf Gickdasmigres 20idt t@uafford the fd-t1e FPMPoUpg4eetdwyl - 2,
3- di oxopi perazi n- 1s ¥4 ) :carbQaylig ,am noj

- 2- phenyl acet am d(])i-'B- rreth | -1 -oxadethia-ceph:3:-e - car.paxyl ate (80 ny;
0.14 mnol) and pyVi%#he ijP"IgEi%a’PrBr)P?%wgﬂsﬁ'eﬁéggi §ﬁ| ofide (3 m)
"was cooled to 0 C and treated with acetic form c anhydride (62 ng; 0.7 m
mol). The reaction was stirred at 0-50C for 0.5h and for |h at room
stenperature before being diluted with dry toluene and evaporated. The

resi due was redissolved in dry toluene and the solution.evaporated, this
was repeated tw ce. Chronatography of the residue on silica gel gave the
title product as an anorphous solid (45 ng; 54%; Nmax. (EtOH) 257 n m
[err]12211)[err] 3400, 3275, 1790, 1715, 1690, 1640 sh [err]; [err] 1.20
(3H, t, J 7Hz) , 1.50 (9H, S) , 1.92 (3H, s), 3.4-3.7 (4H, m, 3.9-4.3 (2H,
nm overl aps 4.08



S eadl

and 4.23 (2H, ABq, J 17Hz), 5.14 (1H, s), 5.49 (1H d, J 6Hz), 7.2-7.5 (6H,

m, 7.57 (1H, s, exch.) 8. 15 and 8.49 (s and d, J 13 Hz, together 1H,

col |apses to 2 s at 8.15 and 8.49 on exch.), 9.90 (1H, d, J 6Hz). Also

i sol &3 d fromthe reaction mxture was t-butyl 7[err]- [D-2 [ (4-ethyl -

3- di oxopipérazin-1-yl) carbonyl am pg] - 2- phenyl acet am do] - 7, S

* formam do- 3- et hyl - | - oxadet hi a- ceph*32 efn 4- carboxyl ate (6 ng; 7% ;[err]ff

[err] 3400, 3275, 1790, 1715, 1690, 1640 sh cn{err]; [err] inter alia 1%

(3H gkamdr,FHg2. 1.50 (9H -s), 1.94 (3H s), 3.4-3.8 (4H m, 3.9-4.2 (2H,
—s), 5.08 (1H, s), 5.5 (1H, d, J 6Hz), 7.2-7.5 (6H m, 7.88

(1H 7@xedaralamﬁd@57anpblﬁ-ﬂot(@am;kbolnvliﬁﬂz-(JbQ@et-hew1!5L:e@@hha@§es to 2s,

at 8.05 and 1,90 exch, ) e (1H_d,_J okz) (h
7[er+¥-¥%&i—i o4 , TN AN va: ta-Fﬁéﬁvl- ani noj

- 2-phenyl acet anmi do] - 7[err] - foram do- 3 -net hyl -

1- oxadet h&ﬁa&f«?h Pa SHa i REPYT B Lo AL H drddtinblvEaSbbhy 1 bt 8ok (4- Et hyl -

3- dloxoplperaz ¥7$ car ponyrantnog o
AT

- 2- phenyl 2 3% X3¢ech fﬂﬁmﬁmﬁﬁi&i 194 - '

oxadet hi a- ceph- 3 en}4 carboxylate was briefly treated with trifluoroacetic

3400- 3300 b iREe AT FERe & Bl Y] BB 4 v X LEBD)

anhydrous methylene dichloride (1ml) was added dropwise to a
wall stirred mixture of t-butyl 78-amino-7e¢-methylthio-3-

methyl-1-oxadethia-ceph-3-em~4-carboxylate, toluene-p-sulphonic
acid salt (129mg; 0.27 mmol) and pyridine (SSmg, 0.7 mmol)

in anhydrous methylene dichloride (5Sml) at @ ®c. after 0.25h
the reaction mixture was washed with dilute hydrochloric acid,
dilute aqueous sodium nydrogen carbonate, brine, dried (¥ cSO Y,

and evaporated. Chromatography of the residue on silica g=1
afforded the title product (112mg; 93%);

v_,. 3400, 1790, 1745, 1730, 1640 cm ' ; |
) (CDCl3) 1.95 (%H,s), 1.99 (3E,s), 2.40 (3H,s), 4.29 (2H,s),

.4.73 and 4.80 (-h, A3g, J 11Hz), 4.33 (lH,s), 5.7 (1%, br s,
exch.). '

(b) &-3utyl 7ea~amino-73-trichloroethoxvcarbonvliamino-3-methvl-

i~oxadethia-ceph-3~-em-4-carboxvlate

. t-Butyl 7a-methylthio-7S-trichloroethcxycarbonylamino-3—
methyl-1-oxadethia~ceph-3~em-4-carboxylate (100mg; 0.225 mmol)
in dry dimefhylformamide (2ml) at -50°%¢c under argon was tresated’

with mercuric acetate (72mg; 0.225 mmol) in dimethylformamicde
(0.4ml) followed immediately by ammonia (6.5mg; 0.38 mmol)

in dry dimethyliormamide (0.3ml). After stirring at -30°C
for 0.75h, the resaction mixture was poured into
and washed well with water and brine. The oOr:
was dried over magneéium suipnate, evaporatsd
chromatographed on silica gel to afford the i
(74mg; 79%) ;



EXAMPLE 62

7[ err] - For mam do- 78- [ DL- 2- phenoxycar bonyl - 2- (t hi en- 3-yl ) acet am do]

- 3-net hyl - | - oxadet hi a- ceph- 3-em 4-carboxvlic acid (a) t-Butyl
7[err]-nmethvlthio-7[err]-trichloroethoxycarbonyl am no- -
- 3- rreiiil - 1- oxadet hi a- ceph- 3-em 4- ca- boxyl ate Tri chl or oet hyl chl or or;zrugiat e
(64 0.3 mmol ) in anhydrous nethylene dichloride (1nm) was adde

drop to a well stirred m xture of gsbutyl
7[err]-amno-7[err]-nmethy[thio-3-

met hyl - 1- oxadet hi a- ceph- 3- em 4- car boxyl ate, tol uene- p- $u| phoni c acid salt
(129ng; 0. 2¥% KFHEGh )p@#ﬁ@rr&ﬂi&%ﬂﬁiBi) ﬂiﬁﬂDIﬁSHﬂcanhydrous met hyl ene
di chl ori de :§ ﬁcgt) VG5 ,ﬁtée,r 0, 2R e s(rj\eacgt QB Bl Xbyr epuag iaghed with

di l ute hydr ochl oris aci d %ﬁe eous sodi um_hydr ogen carbonat e, brine,
dried. [err]%afd é%%p%’r at’%d7’ Hy}-ZafS ) vh& -Pdsi(4Be BR $i |95 dal
afforded the title product (112ny; 3% [err] 3400, 1790, 1745, 1730,

1640 1 P 4.
73 and 4 50 (or Ayt SG495E ezl Yhg, ThpResgh Klapdiedleag Bebgls)
t-Butyl 7[ e?ﬁ]'alahi“h'o'l'q‘[‘ér*th¥91|'%ﬁ’%5r%§¥cb@i’d’&r’*ﬁ'&ﬁ9réﬁfﬁﬁe~3 nﬁrm#d%h---
%[ oxaflet hlt ﬁcétplﬁhséiaemAc]:sﬁﬂsmAﬁ e(dmgBut V3 ) ; . e

err]-ne i 5 c car. no-3-
met hyl - 1- oxagexhi %Z‘[é L‘qﬁ&@ﬁ h‘l'%cf o%’@tgﬁ rrgmoﬁnZZS mmol) in dry
di net hyl f or fakEBEL anM abid er 132 ulidlrs)ar gor’iﬁwe@f"t:ﬁéat ¢d3wRth(Erzuric

acetate (728R¢h. p 22531pia )s) p diretfvd Qnni de 1G0. (48, L-)folsl 9mg1q ngpdi atel y

by am‘roma&Gg 0.38 nmmol) in dry dlrrethylforrramde( Af ter
stirring at=¥880C for 0.75h, the reaction mxture was poured |nto et hyl
acetate and washed wel | with water and brine. The organi c sol ution was

dried over @gneamsulmﬁ&-@wﬁw A s ANG RLHbeFEIHBoR I QABLHTT aphed
e

on silicag t o—afforaThe tTtIe prouuct
-3-methvl-1i-oxadethia-ceph-3-em-4~carboxvlate

t=-Butyl 7c¢-amino- 78 trichlorcethoxycarbonvlamino-3~
rnethyl-1-oxadathi =-ﬁeoh—:-=m— -carnoxylau (80mg; 0.145 m=ol)
was dissolved in dry metnylene dichlorids (2ml) contaiaing
pyfidine (115mg; 1.4S mmol), cooled to 0°¢c under argon and
treated with acetic formic anhydride (64m P Q.725 mmol).
<:> The reactior was stirred at 0 to 10°C for 1a., diluted with
dry toluene and evaporated to dryness. The rassidue was
redissolved in dry toluene and the solution evaporated;
this was repeatad twicae. Chromatography of the residue on
silica gel afforded the title product (63mg; 109%);
=1

ﬁax (CHC13) 3400, 1795, 1740, 1700, 1690 sh ¢cm ;

§ (CDC13, 1.54 (SH,s), 2.01 and 2.03 (togather 3H),
4,36 and 4.41 (:together 2H), 4.74 anéd 4.78 (together ZH),

4
5.06 and 5.28 (together 1H), §.21 and 6.45 (1¥, exch.},
8.29 (d, J 1#z) and 8.61 (&, J 11.6Hz) (together 17d).



(74mg; 799 ; - 196 - [err] 3400, 1790, 1735, 1715, 1640[err] [err]
1.53 (9H,s), 1.99 (3H,s)., 2.2-2.9 (2H, r s, exch.), 4.33 (2H,s), 4.77 (2H,
5) 21489 (1H,s) , 6.01(1H, br s, exch.) Also isolated fromthe reaction
m xture was t-butyl '

78-am no-7[ err]-trichl orcet hoxycarbonyl am no- 3- net hyl - 1- oxadet hi a-
ceph-3-em4-carboxylate (6ng; 6% ; [err] 3400, 1790, 1740, 1718, 16404
[err] inter-alia 1.52 (9H, s} 191.96 (3H,s), 1.9-2.5(2H,s, exch.), 4.37:
(2H,s) , 4.77 (2H,s), 5.13 (1Hs) , 5.94 (1H s, exch. ) (c) t-Butvl
7[err]-formam do- 7[err]-r|chloroethoxvcarbon Ian1no -3-nmethyl -1

- ox 4@kt htnBeknh. 28 remimonierigauanido@pmatavi- ‘O‘ade*hla'°e°“'

7[err]- aglg@-l{@éfioiwlsﬁéorcethoxycarbonylan1no 3-

met hyl - “ﬁiﬁﬂﬁrﬁrﬁ“Eﬁﬁﬁfgfen}4 carboxyl ate (60ng; 0.145 mmol) was

di ssolved in dry nethylene dichloride (2m ) containing pyridine (115ng;
1. 45 motyButpd| de-formdinidq - ke ichlpne ehif® Wicax=0sy aﬁm ngeéric formc

anh&{% 99—(%@3@&@#@&%&-&&45&3&}1% w@sr@tl rroedvgt mRlot.p 10[err]
diluted wth dr%‘il olugne an apor q@ﬁ ness. The residue

masWF§d¢é36?v%ﬂdlh“dr?t¥ cﬂﬁn (ﬂ? Epdfated this was

repeéshedr bmeneohosﬁhaoeatﬁ@rap@y&mﬁ)t&nﬁrw&gqnmyde'§Ml¢gaageh~afforded t he

tit t 09 ¢ r 5, 0203698 .sh cnferr]
[e”gf PLgOUs ! (83501000 §2do ﬁ41get S sk ki colodt i ol e
2H) The, maxaﬁaew#a %%b@’é?%ef’met B RS 28~-(‘=t~6§€t FBFOYER, - 6. 21 and
6. 4aibikle16§¥Rh,) and the organic phase separated, washed with

brine, dried (MqSO4), and evaporated. Chromatography of the

residue on silica gel gave the title compound (l4img; 70%),
which showad a 3:1 ratio of the two preferred conformations
of the formamido group; _
lmax (EtCH) 77-‘. (e 5915), »
Voax (CHCl3) 3400, 3275, 1780, 1700, 1640 sh cm
8 (CDCl3)-trans 1.56 (98,s), 1.98 (3H,s), 1.9-2.5 (2H,s, exch.),
4.35 (24,s), 5.14 {(1H,s), 6.29 (18, broad s, exch.), 8.24
(18,4,J 1.1Hz); cis 1.54 (9H,s), 1. 9-2.5 (2H,s,exch. ),
2.02(3H,s) 4.35 (2¥,s), 4.87 (iH,s), 6.05 (15,4,J 11.§ #z
- exch.), 8.42 (1H,&d,J 11.6 Hz). o ‘ '<:>

(e) E£-Butyl 7c-formamido-7BF[DL-Z-oheaoxvcarbonvl-Z-(thien-

3-yl)acetamidol=-3-methyl-1-oxadethia-ceph~3~em-4-

carboxvlate

DL-2-Phenoxycarbonyl-2-(thien-3-yl)acetic acid (77ng;
€

(
0.11 mmol) in anhydrous methvlene dichloride (1ml) containing
a catalytic amount of dimethylformamide, was treated with
oxalyl chlorids (21mg, .16 mmol). After stirring at room
temperature for 1.5h., the solution was evaporated o dryness,
1

treatad with meth dichloride and re-evaporatad Tha

oy
(I <

process was Iegpea

’

e a .

tad twice. The resulting a2cid chloride was
taken up in dry metayl dichloride (0.35ml) anéd added dropwise

ene
with stirring to a mixture of t-butyl 78-amino-7¢-Iformamido-



8.29 (d, J 1Hz) and 8.61 (d, J 11.6Hz) (together 1-.). - 197 - (d)
t-Butyl 78-am no-7[err]-formam do-3-nethyl - 1- oxadet hi a- ceph-

3-em 4-car boxyl ate t-Butyl . 1rp e b,
7a-for mam do-7[err] -trichl oroet hoxycar bonyl am no- 3- ‘f,_

et hyke1- oxadet hi a- ceph- 3-em 4- carboxylate (33nmg; 0.075 mmol) was
dis d in tetrahydrofuran (2m ) and potassi um di hydrogen phosphate (1M
0.4nmM™and vigorously stirred with actis/ated zinc (60my; 0.92 nmmol) at

roomterrperature for 3h. The m xture was diluted with ethyl acetate,
filtered through Kielsel guhr and the organic phase separated, washed with

brine, drie {‘Fgrr}lre nd ev r.at ed. Chr onat ogr aphy- of the resi due on
silica gel ga =i "C’t’i l?t"?t?h('fﬂf'n'ﬁ" '7656’°"sz-§% cHoed PP ratio
of the two gmeklerarell pyorifdirrent (%3 0f0 nhe-u.fnon.qraﬁmdﬁegmpme [@1dd ()
272nm ([err 2:@19)16213 -[ﬁfqd 34ggte§2q§ %21 é?Qghc%§4g r§ grd erZF%gs)[err]

Lt 1.56 , 5.14
dﬁ”i) , 6. {tﬁ‘l’- vb‘rﬁiadi Ylemt)ate'swza“-eﬂHsucgeasamlﬂ m@ YiEAaYQOH, s),
1.9-2.5 (2I-hysdzﬁ:@ﬂ1c)r1e2 &Z(diH.di)luée3a5ué3HsS%odﬂu§7 n{dFb$Inc Hriitndd} d, J

; %i ?orHZnnﬁ‘ngébzf[ er rﬁe&w%%%‘é xvcgz%vﬁégli f?hl ené'ﬁﬁo%jogranm’ of

acet am dol -EhaEtesddup emddillica geghgaventhe catbexvdmpeund (23mg, 37%);
DL- 2- Pheno%ar b@ﬁngz(stj&,p(r}S-mlshgqgt b§4aghd (£344®;,0.11 ,mol) in
anhydr ous di.chl m aLniLng a cat aI yt |.c1 anmount of

i ot hyl £ or Yean d@%‘m @43) od7 Jc», ) 7980t 3L 04 9‘1., 7650 ;

§ (CDCl ) 1.52 (98,s), 1.97 and 2.00 (together 3H,s),

4.15-4. 40 (2H€,m), 4.91 and 4.95 (together 1H,s), 5.21 and

5.23 (together 1H,s), 7.0-7.5 (10H,m), 7.80(" 0. :&,s),

8.16, 8.19 and 8.52 (together 13), 8.22 (~0.5H,s).

The t-butyl protecting group is removed under coﬁventional
conditions to afford 7e-formamido-78-(DL-2-phenoxycarbonyl-
2-(thien-3-yl) acetamido]l-3-methyl-1-oxadethia~ceph~3-2om-4~
carboxylic acid.



oxal yl chloride (21ng; 0.16 mmol).  After stirring at roomtenperature
for the solution was evaporated to dryness, treated with nethvl ene
di cBilo rde and re-evapor at ed. The process was repeated tw ce. The
resulting acid chloride was taken up in dry nethyl ene dichloride (0. 5n1)
and added dropwise with stirring to a m xture of t-butyl
7[err]-amno-7[err]-foram de - 198 -

3- et hyl - 1- oxadet hi a- ceph- 3-enr41%arbvoxyl ate (20ny; 0.075 nmol) and
pyrrdrne LQH% 0.11 nmml) in nethylene dichloride (2m) at -10[err].
Af t EXMBLE 83 the reaction mxture was diluted with et hyl -acetate, washed
successively with dilute hydrochloric acid, dilute aqueous sodium

hy dréeglocaaipdidaé 8 {{R-Rephenivéd 2Fer L bhaade esmbdo At weh ici et ogr aphy of

t he "‘{1%(?1%%‘&_ Qy;silica gel gave the title conpound (23ng, 57%; [err] (EtOH)
263 5), 314 nnr([err]5545) max [err] 3400, 1790, 1740, 1720
sh., 1690 cnti,; [err] 1.52 (9H,s), 1.97 and 2.00 (together 3H,s), 4.15-4.40
( 2H, (), ‘Be%k\ﬁndall-aﬁﬁnbt-eﬁe Rer-bhefyl-2-2d1lblsladeP23m{d®get her | Hs),
7.0-7.5 ] . : iu§ }213” toget her 1H), 8.22
(~0.5Hs) . ot aned -under conventi or nalL
conditions to afford 7[ ERR] - f or mam do-7[ err] - [ DL- 2- phenoxycar bonvi -

- 2- (t hi engimpv1acRl-aEcdgh+3iBB6RY(r1205R48Y i 2= S€DINS2 @M Ani &R boxyl i c acid.

S%)Qenlcz.llana'-:e triethylammonium salt (3.25¢) in dimethylformamide
(15ml) at room temperature was treated with mercuric acetate
(1.60g) followed after 1 minuts by a solution of ammonium
acetate (0.77g) and triethylamine (1.05ml) in DMF (10ml).
After 10 minutes chloroform (250ml) and 0.5M agueous
triethylammonium sulphide (15ml, pH7.3) were added, the
mixture filtered, the agueous layér discarded and the
chloroform so'-tlon dr ied over anhydrous'maqnesium sulphats
then evaporated to an oil in vacuo. The o0il was &triturated
one (20ml) added and sat aside
7g)-were collected, washed

with ether (2 x 100ml) then acst
to crystallise. The crystals (1
with acetone, then ether and éri
Vmax (K?r) 1780, 1740, 1672, 153 1325, 1245, 1205, 1175 and =
1040cm” | ; | ' <:>
81(ED,) ,S01 1.15 (98,t,J 7Hz, EN(CH,CH.),) 1.27, 1.40

(68, 2s, 2*(CH3)2), 3.06 (6¥,q.d 782z, .V(g§2CH3)3), 3.23

(22, brs., NHZ), 4.45(14H, s, 3- H), 4.351(14,s,CHCCNH) , 5.18

(2H,s Ochz-h), S.21(18,s,5-%), 7.1-7.5 (10H,m,phenyls), 9.27

(1H,s,CONH) . ’ : ) -

(ii) Benzvl fe-icormamido-§8-(R-2-phanvl-2-sulohcacetamido)

penicillanate, triethvlammonium salt

Benzvl 6a-amino-6§3-(R-2-phenyl-2~sulphcacetamido)
e, triethylammonium salt (0.62g) in dichloromethanse

with acetic formic¢ anhydrids (0.2ml)

w
P
£
1
7]
cr
o

ted
ridine (1ml). After 5 minutaes at room
18 solution was poured into ether (100ml) and



EXAMPLE 63 6a- For mam do-6[err]-(R-2-phenyl - 2- sul ohoacet am do)

penicillanate, disodiumsalt (i) Benzvl

6[ err]-am no-6[err]-(R-2-phenyl -2-sul ohoacet am da) penicill anate, S 2]
tri et hvl ammoni um salt Benzyl ' J
6[ errlomethyl thio-6[err]-(R-2-phenyl-2-sul phoacet am do) penicillanate

trig ammoni um salt (3.25g) in dinethyliggnam de (15nm ) at room

tenp ture was treated vvith'rrercuric acetate (1. 609) foll owed after 1

m nut e by a solutiqgn. of a niym acetate (0.7 rie | am_ne (1.05m)

"2 DVE (] R SR 1Ra AP LaC AP b BF P (ARG SHA G SREaaTBous

tri et hyl anmdaiiednisuvialeude 61 5iive pl-rlé 8} thereonplied  (the 9, xt76r.é%0 ;1 t er ed,

the aqueoug,Iaqug@)qg%gdeq7§@d ﬁE?sChH9§9f°{ﬂQ§°'+Ed§““1@%bedaQEeﬁu%Hwn"7f

anhydr ous nm@@®esi um sul hen _eva an ol |l in vacuag

was tri turflt@® iR let!-REr (BH /£ 400AFF- t%ﬁcﬁmﬁﬁnﬁ(ioﬁlo) dddéd and set
aside to crm{ Aldd,se-(cH h%)crysnal $6E1. @79{ "L E %dd ?)Washed with
é (@IIS %ﬁ?@

“acet one, ﬁ%%gr}e anq Sigibgmﬁﬁéaﬁ )[gar 12 40, 1670, 1535,

. 325, 1245, 75 a 6H ,J 7Hz,

“[ err] 3.23 &A% (B-IHSS S 7 - 2'15@1p'p§,ﬁ34menﬂl§)l( 15—}0 d—]@ﬁHFONg) 18

4

(2H,'s, OCH2RN)1,7 G K, M09 He.. 429127 (Bar( 60K, S phenyi $) (10,2 Eokif S, CONH) .
(i) Benzyl 6[err] - f'or e do 6[err] (R—2 phenyl - 2- sul phoacet am do)

penicillanate, triethyl anmoni um sal t Benzyl .
6[ er r] - am n@iig]) tRapd hce jdd)anat e,

triethyl ammoni ugsalds 10 QZQ) ldnsgaemn%gmgt hane (5n1 ) was treated with
acetic formc a pyrldlne(lrﬂ) After 5
m nutes at room
Benzyl 6a—formam.do -68=-(R—~2-phenyl-2-sulphoacetanido)
penicillanate triethylammonium salt (0.30g) in water (10ml)

contaihinq N sodium hydrogen carbonate (0.93ml) was

-t

nydrogenated in the presence of 10% palladium on carbon

catalyst (0.3g) for 0.5n. The catalyst was filt

and the filtrate passéd through an Amberlite IR120 (Na)

column, then freeze dried (0.22g, 943);

v, (KBr) 1772, 1675, 1610, 1210 and 1042¢cm” ) ;

§ (D o) 1.09, 1.28 (6H,2s,2-(CH )3), 4.15 (lH,s,3-H),
.(:) 5.05 (1#,s,CHCONH), 5.56 (1 ,$,5-H), 7.3-7.7 (5€,m,Ph),
' 8.10(1%,s ,NHCHO) .



s T ——

tenperature the solution was poured into ether (10m) and - 200- the
preiﬂfltated solid collected, washed with ether and dried in vacuo to give
t4tl e conpound (0.49g, 75.6%; [err] (KBr)1785, 1742, 1675, 1320, 1245,
1205, 1180, and 1040[err]; [err] (6H,..2s, [err] 3.08 (6H q, J 7Hz, [err],
4.49 (IH's,3-H), 4.98 (1H s, CHCONH), 5.21 (2H,s,[err]) , 5.68 (1H's,S-H)
7.2-7.8(ICH,n1phenyIs), 8.04 (1H, s, H)y, 8.17(IH, s, NHCHO), 8.4-9.2 y
(1H, brs,NH), 9.38 (1H, s, CONH). (if'i%glil - -
6a- Foemampda- jerr] - (R- 2- phenyl - 2- sul phoacet ani do) penicillanate, disodium
salt Benzy --fornan1do 6[err] (R—2 phenyl 2- sul phoacet ani do)
peni céBripakeAni f ape b 39, tdsy] (580m ) contai ning N
sodlugbgﬁghgggnogqrgqqqggléoag§g1) was hydrogenated in the presence of 10%
pal | drUnrUn-CarUUn“CHFHﬁV§F—tU“3 ) for 0.5h. The catal yst was filtered
off and the filtrate passed through an Anberlite 1R120 (Na) col um, then

freezqidriBd,@e(Zgg1t9é5§gztbmxvcatm&hgléﬁﬂﬁb)iﬁi&i,{HﬁwhvdiakQ and 1042cn;
[err] 1. Og e v%? 2-kerr]), 4.15 (I H's,3-H), 5.05 (I H s, CHCONH), -
5.56 (I H,s =m Ph), 8.10(l H, s, NHCHO) 214 - 201 -
DL-3,4-Dihydroxyphenylglycine (2.0g, 10.9m mole) was
heated to 60°C under nitrogen in N, N~diethyl-1,1,1-trimethvl-

silylamine (8ml). - A complete solution was oObtained in 0.5k.
Excess rsagent was removed by evaporation (011 pump, <imm #g)
and the residue dissolved in dry tetrahydrofuran (20ml).
The solution was cooled to 0°¢ ‘and stirrgd while a solution
Of 4-nitrobenzyl chloroformats (2.58g, 1.1 équivalents) in
tetrahydrofuran (5ml) was added. The resulting mixture was
allowed to warm to room temperature wiile stirring was
continued for 1h. It was then poured intc water and stirraed
for 0.5h, followed by saturation with sodium chloride and
extraction with ethyl acetate:tetrahydrofuran, 1:1 (2 x 50ml).
The combined extracts were dried over sodium sulphate and
evaporated to give crude product. For purification this was
partitioned between sodium hydrogen carbonate soluticn and .
ethyl acetate (3 x 30ml), discarding the organic washings. <:)
The agueous phase was acidified to pH2 with 2M hydrochloric
acié and sextracted with athyl acetats (2 x S0ml). The
combined organic extract was washed with a small volume of
water, then bripe, and dried over sodium sulphate.
Evaporation followed by standing the residue under petrolsum
r

ether (60- 80 ) containing a little diethyl ether afforded

the :itle protactad acid as a gum which gradually solidifisd:

it was filtered, washed with petroleum sther (50-800) and -
dried to give the product (2.12g, 54%); m.p. 154-7°C;

§ [(C 3 ) ,C01 5.17 (1#,d,J 74z,s on D, 0 exchance, NCHECO), =

’
22 (24,s, Arcnzc\ 6§.75-7.05 (4H ,n,3: onpD

+ NH), 7.80 andé 8.20 (4%, 24, aryl H), 7.0-5.0 (3%, ©ors,

D20 exchangad, 3 x OE); REf 0.8Q in n~-butanol: acetic acid:

water, 4:1:}.



EXAMPLE 64 6[err]- (D 2- Am no- 2- (3, 4-di acet oxyphenyl ) acet am do] - 6a-
formam do oenicillanic acid (i) oy
DL- 2- (4- Ni trobenzyl oxvcar bonyl am no) - 2- ( 3, 4-di hydr oxy phenyl) acetic acf‘ol"'
DL- 3, 4- Di hydr oxyphenyl gl'yci ne (2.0g, 10.9m nole) was heated to 60C under
nitroggn in N, N-diethyl-1,1,1-trinmethgb2 silylamne (8m). A compl ete

_ ) was obtained in 0.5h. Excess reagent was renoved by evaporation
(oi | Seeffp, <1lnm Hg) and the resl due di ssol ved in dry tetrahydrofuran
(20m ). Thelisiol d ; ' 21 63 A stlagteitoxvof

4-ni trobenzyl clyh@rn@flqrar&t,.qc( %c5§g, 1. 1 eqw vaI ents) I n tetrahydrofuran
(5mM) was added.™ Tne Tesurtring m xture was allowed to warmto room
tenperature while stirring was continued for 1h. It was then poured into
wat er and sti rrmm(@i\ﬁlt;ofoehlzwedvbyrsmmamim) +2+ (3 sodiinpdeklxe~ de and
extraction ddyqt e acelaaer (qLBABYdsAlHoaD) dad d2sb B )in ThG cOMbi ned

extracts wer over |um sul' phafe and evaporat ed {0, gi Ve Crude
product . tlﬁfrraﬁ{)’rdlrﬂ‘é‘é’ﬁnor“t'ﬁwlé -wasThar FPLRBHRY ¥R% R ashdHu M) Rydr ogen

carbonat e splditsitur el el a&@ebyt-eaﬂ.ﬁex(BOBnb-hl 03 sepi Lidlgrddsg @mngani c
washi ngs. The .gqueg $;dml%s=e yas Sqql dbf RS r‘."é)t h, &M hé/ddr ochloric acid
‘and extract®T Wth & Ayl tate n?‘% =*She cofl hed* organlc extract
was washed Thig 1§94 udrkainy M?@I @ﬁ%oyﬁdwapercf-h@n-wm neSTMRERE Wl disver sodi um
sul phate. %\@Q@*ﬁ i f10l,| ewednby stardbngnki@rilsi pblesmder,r@ rol eum

th 60- t | | t h f.f orde titl
Sro'?;c'g ed #’%\ C‘ergﬁl n\lﬁhnlgc% &Ir E&&ugﬁf‘vgé‘%ﬂ"d??l‘g%s a:"r"fg’?r?va'smtﬁ"i %Elplcyd e\/vashed

w t h pet r olestapcgtaidon(,6 h&0 r)esarigedwaedt?aotgt»@necheaepnmhmtef(mfﬂlzget&%
mp. 154-[ efdd a8 2nl’ shleHoadrdi£EE, 8009, &1 I | TR Chdiiifus NHECD was

separatad and again washed with ethyl acetate, the organic

phases being discarded, then acidified to pH2 with 2M hydrochloric
ac&d and extracted with etnyl acetata (2X). The total organic
extract was washed with water and brine, then dried over

sodium sulphats and svaporated to give crude product.
Reprecipitation was effected by adding'drcpwise'a solution

of the crude matarial in dichloromethane to an excess of

petrol, with vigorcus stirring, to give the title acid as an

amorphous vowder which was filtered, washed with petrol and
O' dried; it retained solvents tenaciously (1. i46g, 65%);

§ (CDCL,) 8.24 and 8.26 (6E,2s,2 x CH,CO), 5.1:(25,5,Arc:-1203,

5.22 (1K,4,J3 7 #Hz, NCFCO) 7.0~7.8 (7h,m,5H cn DZO exch,
aryl-H+NH+OH) , 8.13(2H,d,J 9 Hz, aryl-f); R, 0.50 in
chloroform:methanol: acet1c acid, 17:2:1;

(iii)Benzvl GS—EDL—Z—(4-ﬁitro~en7v1ozvcar“onvlamiro)—7-

(3,4~diacetoxyonenvl)acetamidol OG--Orﬂcm‘CCDenlClll‘2a~~
(2,2,2-trichloroethoxyvcarbonylamino) -sa~
- £ormanmi o;enicil {(1.31g, 3m mole} was subjectad &9
zinc-mediat uction as described previously (Exampla3l ),

The final ethyl acstate extract Of benzyl §3-amino-sc-

form aﬁlcoceﬂlc11Tara:- was concentratad %0 10ml and stirraéd



5. 222(\2\)4,5, [err]), 6.75-7.05 (4H, m3H on [err] exch. , aryl-[err] + NH),
7.60 and 8.20 (4H, 2d, arvl H), 7.0-9.0 (3H, brs, D20 exchanged, 3 x OH)
Rf 0.80 in n-butanol: acetic acid: water, 4:1:1. - 202 - (i)

DL- 2- (4- Ni trobenzvl oxycar bonyl am no) - 2- ( 3, 4- di acet oxv- phenyl)acetic acid
DL-2- (4-N trobenzyl oxycarbonyl am no) -2- (3, 4-dihydroxy- phenyl) acetig
acid (1.81g, S5mnole) was dissobyged-in dry tetrahydrofuran (19m). iﬁ,;
solution was cooled to OC and stirred while dry pyridine (1.30n, 3 %
equi val ent s nc, .ace | erd (1.18n i'val ent s vvere added. The
sol ft§ &nc\/\/é{)§‘§1 Idd\ﬁé’&'f’ &IaﬁDP m"’E"‘é r(gtﬁ%‘é'a EEEF¥F R or 3h, further
acetlcc Hilsy choilae 10Q mias laelldleg dadediakt evekho. 4hTé1e=oBlﬂ::edm/d:ri)furan was

t hen, -emvmlbexfo%\éae%%&%embml ahshdyesRs, @Mié&é@&g{sﬁ@yﬁen et hyl

acetaLie and wat er and th rarse h ffase was
sep@Rtd® &Fddaddi- r?‘ﬁﬁasﬁe&%‘f’ﬁ éflﬁ}l l&cé%'&té CF%@’-’@F@W'&E ph¥els) bei ng

dlSqa&ﬂ@dankﬁﬂﬂwﬁﬁlduﬂbﬂédtQopH%gwhhhrabhhﬁdﬁpéhéﬂﬁr§ &ed ds gk £xg ract ed

with ethyl .acetat ot.gl; corgani ¢, ex ract wes_washed w th water
and ‘B3 nttlhel i odr %ﬁ Ve- h%l umttgu '?g 3 b?b‘t“e'nevgo gi ve crude
prOdiJ@tYClRé‘-[ﬁxé’d-lumetaaMaén J-\Ad-s*;eef‘ﬁe@ﬁ:édab? Héahﬁé dtelp\/\#‘seyla sol ution of the
CrU%é@é&rl al wé d"LGht'*%r"&n'eafaléa%shédaﬁe@iﬁ@ﬁ%ﬁa@iyp@{f‘@'waW4h vi gorous

stirrin e the ti id as _an anmorp owder ch was filtered,
AR e da% | poRelh ARRreR PRt O AT (1 hy
65%qax[hgna]t58 (224 andt@r 284 SHi2e.2 xDEyiny)oves. sadien sylshady

and evaporation gave the crude product (2.27g9) as a mixture

of diastereoisomers. Chromatography on silica gel (230q),
eluting with 2.5% methanol in chloroform, afforded firstly |

some impurities of low polarity, then the L-isomer (

R 0. 4o in 10% methanol-chlcroform), then the desired title

eseer (0.58qg); _ ' '

v .. (CHCL;) 1780, 1750, 1690 and 1610 cm '; o

$ (CDCl3) (D-isomer) 0.95 and 1.20(63,25;(CH3)2C), 2.1% and

2.22 (6H,2s, OCOCF3 s), 4.35 (1H,s,3-H), 5.10 (4H,brs, 2 x

ArCHZO), 5.30-3.685 (2H,m, NCHECO and 5 -H), 6.50 (l#, brs, 020

exch, NH), 6.95-7.50 (11H,m, 10 aryl-#H+NH), 8.10 (38 m,

aryl-H, and CHO), 8.75 (lH, brs,D,0 exch, NH); R 0.53 in . _{:)

10% MeOH-CHCl3;

{iv) 68-[D=-2- Am**o 2-(3, 4~diaceto: xyohenvl)acetamido] -6a—
L formamidooenicillanic acid

Benzyl GB-[D-Z—(44nitrobenzyloxycarbonylamino)—2-
(3,4-diacetoxyphenyl)acetamido]~Sa-formamidopenicillanatse
(0.55g, 0.7 m mole) was dissolved in tetrahvdrofuran:water,

4:1(20ml) . 10% Palladium on charcozl (0. ::g) was added
and the mixture was nydrogenated at § T P <for 3h. After
thistime %#£.l.c. showed no 21 and

s
clean conversion to a single mors 0
d i

was filtered off and washed well with tetrahydrofuran and
water, then the filtrate was washed twice with 2thyl acetate,
backwashing each time with a little water. The total aqueous

b



5.22 (IH,d,J 7 Hz, NCHCO 7.0-7.6 (7H ,m5H on [err] exch, aryl-H-NHOH), éiln
8.13(2H,d,J 9 Hz, aryl-H); [err] O 50 in chloroform:nethanol:acetic 4
acid, 17:2:1; (iii)Benzyl [err]-[DL-2-(4-nirobenzyloxycarbonyl am no) - 2-

(3, 4-di acet oxyphenyl ) acetam dol -[err]-formam dopenicillanate Benzyl
[errlzl2,2, 2-trichloroethoxycarbonylam no)-[err]- formam dopenicillanate
Ecb.3n1nnle) was subjected to zinc-nediated reduction as descri bed
previmsly (Exanple 31 The final ethyl -acetate extract of benzyl

6-ami no-J{err]- formam dopenicillanate was @dcentrated to 10m and stirred
-203- at [err] - with dicycl ohexyl carbodi-imde (0.62g, 1 equivalent.). To
this solution was added dropwi -se over 0.4h a solution of _

DL- 2- ( 4- ni t r obenPNaox ywas Raaiina filASpred ¢ 3theq eicaRcpahsde i Fhacepid i d
(1.34g, 1 equivaiepd)cnd W) dizéileeeiBhansed 10 )in He aTpsllier geVBSw

al | owed to regaip room te er-aégre g g stirring was continued for 3h.
_After this tinme f*ﬁ#%wiﬂﬂ & di 3 ?ohexylurea was filitered o and
‘washed with ethyb ace(kBm. 1770hérfi N6Rare1GR@ apdhEdS>sequentially with
water, 0.5MshydroChba5i c(@eiyd 502X):1 18l €5, as@t 1! ff eGesed yeulydepgen
zcarbonate (2X), waie? and BYide. ..  Dryi ? r.s qbum SL§| ptﬁfxefagg}, o
evapor ati on gavezthé Eﬁqﬂﬁ¥QQQQ§ucf)(2.zgg) gg’%!i%‘tﬂnﬂé i »$,NCECO)

di ast er eoi soner s3.39 ChribyatSog)aplty 16n7sB0i ¢3H gel axP3y),, 1.361 H§HwWe ¢ BEQ) 5%
methanol in chl 0gol@ria Af fiddobh st b¥efoiPal ML af:1lhaw polarity.
then the L-isonmer®(0.62g, [err] 0.46 in -10% net hanol -chloroforn), then the
desired title ester (0.58g); [err] 1780, 1750, 1690 and 1610 cni,;

MIC against P.mirabilis 889 is 100 ug/ml.




[err] (D-isomer) 0.95 and 1.20(6H ,2s,(CH3)2C), 2.15 and 2.22 (6H, 2s,
'=[erq¥ﬁ 4.35 (IH's,3-H), 5 10 (4H,brs, 2 x [err]), 5.30-5.65 (2H m NCHCO
and , 6.50 (IH, brs, [err] exch, NH), 6.95-7.50 (1 1H, m 10 aryl - H-NH)
- 8.10 3Hm aryl-[err] and CHO) 8.75 (1H, brs,[err] exch, NH); [err] in
'lo%NEO-I-CI-K:IS (iv)
[err]-[D 2-. Am no- 2- (3, 4-di acet oxyphenvl ) acet am do] - [err] 1::}
fornanldopen|0|llan|c acid Benzyl -
[err]-(D 2-(4-nitrobenzyl oxycar 5oA§Pami no)-2- (3, 4-di acet oxyphenyl )
acet am do ! !err] f ormam dopenicillarate (0.55g, 0.7 mnole) was dissol ved
in t ers uran: water, 4:1(20m). 10% Pal | adi um on charcoal (0.55q)

thIS dd d apg Lge E}éﬁug n&eﬁxp%xgrqgfna ﬁL,@ELXL d“%r 3hC|eaﬁfter

A\ A'Aywav |

convehsadmazolasszhhte’mee@hmb]a¢egntihnm 4-céﬁh@wxﬂumevst was filtered off
and washed wel | with tetrahydrofuran and water, then the filtrate was
washed twice with eth acetate backma3|nh each time with alittle wa.er.

The total ’ 5q6@bﬁ%‘7“'g6§? 1dOTRARNIRSBAFAN-G jaciér d@ - O8hen evaporated in
t he doldmkolyi ¥e w@eetltiemzwmémdﬁadnudnqummamﬂﬂ|wasa&d@upaba yellom/flaky

oy gl et R M oo BB UIINS C
4 93 (ﬂP{tBYNCEC@4 thiadizzoL-B-#jioly. (588 56 (AT@Mr yas] érdp]e)i

(I H, an€Hohe RE28tidnifinecbns aolrredcst ignRaEqE gt er asdet 1. M C agal nst

P. n‘&é?hkkieggloﬁswggg &ehyéléghlorlc acid the reaction mixture

was evaporatad to dryness. The residue was takan up in

dimethylformamide (15ml), treated with an excess of
diphenyldiazomethane in dichloromethane and stirred at

room temperature Ifor 2h. The reactien mixture was

diluted with ethyl acetate, washed well with watsr, brine,
dried over magnesium sulphate and evaporated. Chromatography
{Silica gel, 1:3_hexane/ethyl acetate) gave the title compoun
(0.78g, 50%): ' .

§ (CDCLly) 2.2-2.5 (2H, brs, NHZ) 2.69 (3H,s,CHy), 3.34,
3.65 (2H, ABq, J 174z, 2-H), 4.27, 4.55 (2d, ABq, J 13Hz,

CH,S), 5.16(1H,s,6-H), 6.60 <1q,s,\q), §.98 (1H,s,Ar,CH), O

7.2-7.6 (10H,m, aromatic -H's), 8.10 (0.83E, &,J 1 Hz,
CHO trans), 8.41 (0.1S#, 4, J 11 Hz, CHO cis);

v (CH,Cl,) 1781, 1720, 1692¢cm |

max 2)



- 205 - EXAWVPLE 65 Di phenyl nethyl 73-am no-[err]-formam do-3-[ ((2-nethyl-
3,4- thiadiazol-5-yl)thionethvl] ceph-3-em 4-carboxyl ate
[ err]-am no-7a-f or mam do- cephal osporanic acid (2.0g, 4.7 mmol) in water

(30m ) and acetone (10m) was adjusted to pH6.5 with saturated sodi um -?lcr
hydr o carbonate solution. 2-Methyl-1, 3, 4-thiadiazol-5-thiol (0.8g, 6.0 ~¥
mol ) added and the reaction nrxture stirred at [err] for 6h. Af ter

aci di ation with N hydrochloric acid the reaction nixture was evapor at ed

to dryness The residue was taken 0p2?% tinethvlformaide (15m), treated
with an excess of drghenyldrazonethane i n dichloronmethane and stirred at
roonrtenper 2h. The reaction m xture was diluted with ethyl
acetate, washed well wth mater bri ne, drled over nagnesi um sul phate and
evapor at ed. . o) ; et ate) gave
the title com bkt L <541 %2 6o
{3H,s,[err]), 3.54, 3. 65 (2H ABqg, J 17FE 2 H) , 4. 27, 4.55 (2H, ABq, J

13Hz, [err]}a) 5. 8&k2¥l S6H-ddun A R0 Shlild; ,NH¥(DﬁeQSIEééE§mi&6Tﬂén;&&ﬂl (6o
(10H m aromatic -H S),  8.10 (0.85H, d,J I Hz, CHO trans), —B8. 4T (U, I5H ,
Y 11 Hz, CHO cis); [err] 1781, 1720, 1692cml. -206 -
' A solution of ~enzyl Gu—metny’t 110-63~- (phenylacetamido)
ce1 ¢ilianate in d;cnlo*omethane at 0°¢ was treated with a
solution of m~chloroperbenzoic acid (1.1 eg) in dichloromethane.
After stirring at that temperauube for 75 mins, the reaction

mixture was washed with saturated aqueous sodium hydrogen
carbonate, dried (MgSO ), and evaporated. Si1ica-ge1
column cnrowauoqraphv of the residue gave, among o_“-_'
products, the title compound;

Voax (CE Clz) 3400, 1785, 1743, and 1690cn ; _
d (CDCl ) 1.32 2nd 1.39 (6H, 2s, 2- (Cu3) ), 2.83(3€,s,
3.63 (Zn,a,Ph C§2CO), 4.49 (1#2,s,3-3), .13 (2€,s,2hCH
6§.01 (l¥,s,3-8), 7.35% and 7.37 (108, 2s, aromatics), and
7.51 (12,s,NH).

<:) (b) Benzvl 6a-aminc-68-(phenvlacetamido)venicillanate

A solution of benzyl 6c-ﬁe;nvlsulpnlnvl-c8-
(phenylacetamido)penicillanate (0.183g, 0.377 mmol) in
tetrahydrofuran (Sml), in a flask f£fitted with 2 septum cap,
was cooled to 0°C and ammonia gas (17ml, 0.75°% mmol) injected.

The resulting mixture was stirred at room temperaturs for
16h, the solvent was evaporated in vacuo, and the residue

chrcmatographed ¢cn silica gel to give the title compound

(0.078g, 47%); ,

Vmax (CHCl ) 3520, 3390, 3300, 1780, 1743, 1

) (CDCl3) 1 25 and 1.30 (68, 2s, 2-(CH )2), .

Dzo exch, 6x—NH,), 3.56 (2H,s,PhCH CO), 4.368(1H,s
125z, PhCH O), 5. 3' (1¥,s,5-%)

)

=2
.13 (2%, a3q, J '
(1 :,D,J exch., 6 ; and 7.25 and 7.33 (10H, 2s, aromatics).

50 (2%, br,



EXAMPLE 66 [err]-formam do-[err]-(phenyl acetam do) penicillanic acid (a)
Benzyl [err]-nmethylsul phinyl-[err]-(phenyl acetam do) enicillanate A

SZ)E@tr on of benzyl [err]-nethylthio-[err]-(phenyl acetam do) penicillanate

i dichloronethane at 0OC was treated with a solution of mchl oroperbenzoic
acid (1.1 eq) in dichloronethane. After stirring at that tenperature foL 75
mns, the reaction mxture was washed with saturated aqueous sodi um O
hydr ogen carbonate, dried [err] and evapor at ed. Silica-gel colum

chr omat ogr aphy of the residug %Q\Ze among ot her -products, the title
conpound; [err] 3400, 1785, 1745, and 1690 [err] [err] 1.32 and 1.39 (6H
2s, rrj S,3-H), 5.13
(2H ce) B? » %ﬁi% dtrcs) , and
7.51 (I H, s, NH) (b) Benzvl [err] am no- [err] (phervl acetam do) penicillnate

A sol utian éas‘ldtewloﬁwwws&ulamhaybs[—%ﬁénvlaceca_mao)
in, tetrahydrofuran (5

(phenyl acet.am penicil l.anat e

m ) PSHS ’1%‘?3:% it & hiteR© 5‘3§§5Pﬁmwg§p:*eﬁﬁse€m+e‘a FCHE and” anmoni a gas

(17miqrrlic/ Ehhyiaiide e oyt idihe resdht :.ngmprigtubeuwaszm:rired at room

terrpe;la,[éﬁﬁd‘dgul.q_h,lltnhe solvent was evaporated in vacuo, and the residue

C romato raphed on Si]ica gel_ ive the title corrpound (0.078g, 47%;

[err 3033933 #6bf! f?sd“Iz?Zg ?676’*3?1@) 14902 ML {“¥e$r] 1.25 and 1.30

(6 HPhZS-IZC[Cer,r 19). 42 5Q.H,2H3-E,, BZOSeer,,s[,Eh@%O) 3.566Q¢2HL3, [err]), :

4.3 3-H)q-Pel3 1 B 1 [ 3 5- 6. 75 br

(I E65( [S!e'r-lr%]0 "%h 7 3(]']'%ll_{NI‘EBA %hej\y %%Qd gfﬂ]], é ?‘ioﬁré l_blssér o\%n:‘@t‘i CS) _
and S $ ,S, =20y .

The benzyl ester is removed as described in Zxample 1c
to afforé G«-formamido-63-(phenylacetamido)penicillanic acid.



220 -207 (c) Benzvl [err]-fornanido-[err]-(phenylacetanido)_eniC|IQﬁaqte A
'solution of benzyl [err]-arnino-66-(phenylacetaam do) penicillanate in .

di chl oronet hane was reacted with acetic form c anhydride and pyridine as in
Exanple Ib to afford formam dopenicillin; [err] 1.25 and 1.29 (6H , 2s,

2- ( 2), 3.54 {2H,s, [err]), 4.42 (IHs,3-H), 5.15 (2H,s,[err]), 5.60
(1 H,{ -H), 7.1-7.5 (I11H m phenyls and NH), 7.84 (IH brs, NH) , and
8.05™MH,s,CHO . The benzyl ester is renovedzgg described in Exanple 1c to

afford [err]-formam do-[err]-(phenyl acet am do) penicillanic acid. - 208-
Example 67 [err]-[(2Z)-2-(2-Am not hi azo]-4-yl)-2-(l-carboxy- 1-nethyl -

et hoxvi m no) acet ag Q Za- or mam docephal osporani c acid di sodiumsalt (i)
t-Butyl .[err]- [(nggrk#—f—iutoxycarbonyl-I-nethyl .

ethoxy|n1no) 2-[2-(triphenyl met hyl am no)t hi azol -

4-yl ] acet dm do] - [GIBF]HE@FBEUI%@W:&%BN@%‘)eZA(ﬁ%ﬁb&R/-Qf-metnvl—

.(2)-2-(1-t-butoxy nel hyT ef no 2] Z- (I TTpIenyl et iyl am no)
“thi'azol - 4- yI]ace%%hgg l??)%fﬁfgéi 4nn§%r§‘ ?QQ? iﬁﬁﬁéﬁﬁiB m) was
added slowy to aasdBudisedipmtsais yl _

*[err]-am no- 7a-f or mani docephal osporanate (1.9g, 5.0 nmol )

(i) t-Butyl 78-1(2) -2-(1l-t-butoxycarbonyl-l-methyl-
ethoxyimino) -2-[2-(triphenvimethvlamino) thiazol~-

4-yl]acetamido]-7a-formamidocephalosporanate

' A solution of (2)-2-(l-t-butoxycarbonyl-l-
methylethoxyimino)-2-[2-(triphenylmethylagino)thiazol-
4-yllacetic acid (2.53g, 5.0 mmol) in dichloromethane
(15 ml) was added slowly to a solution of t-butyl
7S-amino-7a-formamidocephalosporanate (1.9g, 5.0 mmol)
and N,N'-dicyclohexylcarbodiimide (l.lg S5.Smmol)
in dlchloromethane. The reaction mixture was stirred
at room temperature for 4 days and evaporated. The
residue in ethyl acetate was washed with N. hydrochloric

(:) ’ acid, saturated sodium hydrogen carbonate solution,
brine, dried and evaporated. The residue was
chromatographed (silica gel, 2:1 hexane/ethyl acetate)
and evaporated to give the title compound (0.50g, 11%);
§ (CDCl ) 1.45 (9H, s, C(CH3)3), 1.57 (9H, s,

.C(CH )3), 1.55 (3H, s, OCCH ), 1.64 (3H, s, OCCH3,,

'2.08 (3H, s, OCOCH ), 3.23, 3 53 (2H, ABq, J 18.5Hz,
Hy), 4.79, 4.98 (zL-, ABq, J 13Hz, CH,0), 5.39

(1H, s, 6-H), 6.92 (2H, m, thiazole-H and NH),

7.28 (15H, s, trityl), 7.57 (lH, s, NH), 8.13 (1lH, s,

NH), 8.27 (15, s, CHO).



and N, N -di.cycl ohexyl carbodiimde (1.1q 5.Smmol) in dichloronethane. The
reaction mxture was stirred at roomtenperature for 4 days and evaporated
The quﬁdue in ethyl acetate was washed with N. hydrochl oric acid,
saturated sodi um hydrogen carbonate solution, brine, dried and evaporated
The residue was chromatographed (silica gel, 2:1 hexane/ethyl acetate) and
evaporated to give the title conmpound (0.50g, 11%; 6 (CDC1l3) 1.45 (9H, j-
C(CH3)3), 1.57 (9H, s, C(CH3)3), 1.55 (3H s, OCCH3), 1.64 (3H, s, OCCH3¥*
2.08 (3H, s, OCOCH3), 3.23, 3.53 (2H, ABP? J 18.5Hz, 2-[err]), 4.79, 4.98
(2H, ABq, J 13Hz, [err]), 5.39 (1H, s, 6-%0, 6. 92 (2H, m thiazole-H and
NH), 7.28 (15H, $, trityl), 7.57 (1H, s, NH), 8.13 (11H, s, NH), 8.27 (1H,
s, CHO . - 209 - (i) [err]-[( z)-2-(I-Carboxv-1- nethylethoxylntno)
2-[2-(triphenyl net hvl am.no)thi azol -4-vl}-

acet am do] - gg%g] fggﬂpp&fEEJ%ﬁﬁéélggyvaﬁLﬁe@ﬁ&9e£ﬁgﬁ§¥$1no)-.

[err]-[(2)- ar gonyt -1 -

met hyl et hoxyi mi no) rme&hﬂtl\a-miaphhmazol 4-vl]- L
t hi azol - 4-yl | acet agé6hodm o -TavErtane Ab2LARADE 856EEn {O. £5g 0. 055 nmol ) -
trifluoroacetic acrd (Snm) was stirred at roomtenperature Tor 0.5h,
evaporated to dryness., triturated with ether, and dried to give the title
conpound; [err] 1.83 (6H5 s, C(CH3)2), 2.24 (3H, s, OCH3), 3.49, 3.58 (2H,
ABq, J 16Hz, 2-H2), &-BiZyD. 78 (@h-2ARY~tdbldbltyc&ibat}i-5- 47 (1H,

methylethoinmino)-2-[2—(triphenylmethylamino)-

" TF

thiazol-4-yl]acetamido]-7q-formamidocephalosporanate
(0.05g, 0.055 mmol) in trifluorocacetic acid (5ml)

was stirred at room temperature for 0.5h, evaporated -
to dryness, triturated with ether, and dried to give
the title compound; § (CF3C02H) 1.83 (6H, s, C(CH
2.24 (3H, s, OCH3),_3.49, 3.58 (2H, ABg, J l6Hz,
2-H2), 5.32, 5.48 (2H, ABqg, J 1l4Hz, CH,0}, 5.47 (1H,
s, 6-H), 7.49 (l1lH, s, thiazocle-H), 7.64-8.50 (l5H,
m, trityl).

3)2)’

(iii) 78-[;2)-2—(2-Aminothiazol-4—vl¥-2¥(l-carbokv-'
l-methylethoxyimino) acetamido] -7a-formamido- (:)

cephalosporanic acid, disodium salt

78-{ (2) -2~ (1-Carboxy-1l-methylethoxyimino) -
2-[2-(triphenylmethylamino)thiazol-4-yl]Jacetamido] -
‘78-formamidocephalosporanic acid was stirred with
70% agueous formic acid (4 ml) at room temperaturs
for 1.5h and evaporated. The residue was triturated
with ether, taken up in water at pH 6.5, filtered
ané freeze dried to give the title compound (0.0llg,
33%); & (D,0) 1.48 (3H, s, CHy), 1.50 (3H, s,

CH ), 2.11 3“, s, OCOCH3), 3.38, 3.589 (2H, ABqg,

J T7Wz, ,2), 4,69, 4.87 (2H, ABgq. J 13.5Ez, CHEO),
5.37 (12, s, 6-H), 7.08 (1H, s, thiazole-H), 8.45
(14, s, CHO): V max (XBr) 3400, 2980, 1765, 1720
sh 1670, 1390 cm~l.

MIC against P.mirabilis 889 is 30 ug/ml.

I



s, 6-H), 7.49 (1H, s, thiazole-H), 7.64-8.50 (1SH, m trityl). (iii)
78-[(2)-2-(2- Am noth| azol -4-vl)-2-(1-carboxv-

1- net hyl et hoxyi m no) acet am do] - 7a-f or ram do- cephal osporani c acid, di sqd‘yum
salt [err]-[(2)-2-(1-Carboxy-I-nethylethoxyim no)-

2-[2- i phenyl net hyl am no) thiazol -4-yl]acetam do] -

[err]@r mam docephal osporanic acid wasaggiLred wth 70% aqueous formc
acid m) at roomtenperature for 1.5h and evaporated. The residue was

triturated widah-athen, taken up in water at pH 6.5, iltered and freeze
dried to give the title conpound (0.011g, 33%; [err] 1.48 (3H s, [err]),
1.50 (3H, s, [err]) 2. 11 (3H s, [err]) 3. 38 3.69 (2H ABa, J 17Hz
2-H2), 4.69,12xl4 : h i By~ 4 :

s, thiazol e-jHdy,y

1670, 1390
gxarrple 68 2 2 :

| -vl)carbonydcd, n(scahe:hama@ -7 forrram do- 3- [(2 met hvl -

1, 3, 4-t hi adi azol -s- vl ) t hi onet hyl ] ceoh- 3- em 4- carboxvlic acid, sodium salt

"(i') Di phenyl . nethyl [err]-[2-(3, -d| acet oxyohenyl) 2 [(4 et hvl .
2, 3- di oxooi pélaBipheny lmes , A&hyl-
[ (2- nEthy|-|2}3J&ﬂdﬁdﬂﬂdﬁh32ﬂ5~lkllmbﬁﬁﬁbhyl¥m11djacotan*GOT-:«-

formamido=-3-[(2-methvl~-1l,3,4~thiadiazol-z ~v1) thiomethvi] -
ceph-3-em-4-carboxvlate

Diphenylmethyl 7¥-amino~7x-formamido-3- [(2-methyl-1,
3,4~thiadiazol-5-yl) thiomethyl] ceph-3-em-4-carboxylatse (0.35 g,
0.63 mmol) in dichloromethane (10 ml) with N,N'-dicyclo-:
hexylcarbondiimide (0.11 g, 0.53 mmol) was treated slowly
with a solution of 2- (3 -diacetoxvahenyl)-2-[(4--thy1-

O.Sl mmol) in dichloromethane (10 ml). The reacticn .
‘mixture was stirred fbr'24 h and evaporated. The residue
was chromatographed (silica gel, ethyl acetate) to give
. the cephalosporlnester (0.23 g 42%) which consisted of

<:) two diastersoisomers. Isomer 1 showed JkuDC-3) 1.19
(3, t, CH,CH,), 2.22, 2.25 (6%, 2s, 0COCE,s), 2.58 (3%,
s, CH3), 2.77, 3.12 (28, ABg, J 174z, Z-Hz), 3.4-3.58
(45, m, VCFZ and piperazine CHZ), 3.9-4.1 (2H, m, o
piperazine CH ), 4.21, 4.58 (2B, ABq, g 138z, Cﬁzs),
5.23 (1%, s, 6-H), 5.4 (1#, 4, J 7Hz, CH), 6.87 (1H, s,
Ar,CH), 7.1-7.§ (L3H, m, aromatic - #'s), 8.09 (14, s,
NH), 8.16 (lH, s, CHQ), 8.81 (1H, s, MH), 10.0-10.2 (1E,
m, NH). Isomer 2 showed S(CDC;3), 1.18 (3, t, Ch2Ch3),
2.25, 2.26 (6H, 2s, OCOC“3's), 2.77, 3.22 (28, ABq, J
178z, 2-H2), 3.4-3.6 (48, m, VC&Z and piperazine «2),
3.9-4.1 (2E, m, piperazine CHE,), 4.16, 4.7 (24, ABg, J
138z, CE,8), 5.1l (14, s, 6-5), 5.77 (14, &, J 7 @z, c¥),
6.86 (1€, s, AIZCH), 7.1-7.8 (13H, m, aromatic - #'s),
7.87 (14, s, NB), 8.11 (l1¥, s, Cx0), 8.51 (lH, s, NdH),



ceph-3 -em 4 -carboxvl ate Di phenyl nethyl [err]-am no-[err]-formam do- 3-

[ (2-methyl -1, 3, 4-thiadiazol-5-yl)thionmethyl]ceph-3-em4-carboxylate (0.35
g, 3-zmol ) in dichloronethane (10 m) with N, N -dicycl o-

heiﬁa arbondiimde (0.11 g, 0.53 mml ) was treated slowly with a solution
of 2-(3, 4-di acet oxyphenyl)-2-[ (4-ethyl -

2, 3-di oxopi perazi n-1-yl)carbonyl am no] acetic acid (0.22 g, 0.51 nnDI)

di chl oronet hane (10 m) The reaction mixture was stirred for 24 h an
evaporated. The residue was chr@#dt egraphed (silica gel, ethyl acetate) to
gi ve the cephal osporinester (0.23 g 42% which consi sted of two

di astereoi soners. Isoner | showed [err] 1.19 (3H, t, [err]), 2.22, 2.25
(6H, 1830~ Lernl xi152- 88 &BH; 5, _CHEm @7y 1897 (23, AR EnlPHz, 2-[err] ),
3.4-3.6 (4H, m f[err] and pi PB¥azind [err]), 3.9-4.1 (2H, m piperazine
[err]), 4.21, 4. 58 (2H, ABqg, J 13Fz [err]) 5 23 (1H s, 6-H), 5.64 (1H

d, J (1L, 18 Dbk 1 {74 A-dirawgatic - ' S), 8.09
(lH S Ngﬁpeaa}QnLth1§cackgkv18m§ﬂc1éétt§m1&$ﬁ-l@i¥élﬁgﬁﬁédu H m NH).

I somer 5nﬁ o f[err 1. 13 &gn, T, 2s, [err]),
2.77, 3. 224483&3&1’_:&4_7—&5;22%&- T] and

p|pera2|ne-bmﬁn}ha3b8x4lic(25;cn1sgdpemazane CE) 4. 16, 4.76 (2H, ABq, J

13Ez, [erf]), 5. 11 (1H s, 6-H), 577 (IHO,d, J 7 hz, CE) 686(IH s,
Ar2<:H),'7176g13H m gmatlc- Hs), 7.87 (IH s, 11 (IH s,
CEO), 8.51DdpRenylmgkpyl 75-31(3p4oPiacetoxyehedyling- r(ﬁ‘@rﬂﬂnw 1730,

1690 Gldioxopiperazin-1l-yl) carbonylamino Jacetamido] -7 -
;ormamldo-3_[(2-methyl--,3,4-uhlad1azol-5—y1)thlomethyl}-
ceph-3-em~4-carboxylate (0.23 ¢, 0.42 mmol) was stirred in
trifluoroacetic acid (5 ml) at room'termperature for
0.5 h and eVaporaﬁed to drynéss. The residue was trituratsd
‘with ether; taken up in water which had been adjusted to
PH 6. sing dilute sodlum hydrogen carbonats solution,
washed with ethyl acetate filter=d and freeze dried to
give the title compound (0.15 g, 69%) as a mixturs of two
diastersoisomers. Isomer 1 exhibited S(DZO), 1.19 (38, *,

J 7.5 Hz, VC&ZC“3), 2.31, 2.34 (87H, 2s, OCOCH3's), 2.93,

3.36 (28, ABqg, J l1l7Hz, -=2), 3.50 (2, aBq, J 7.5d8z, : | {:)
VCHZ), 3.6-3.8 (24, m, piperazine Cuz), 3.9-4.Y (2B, m,
'plperaz1-= 2), 4.21, 4.32 (28, ABg, J 1l2uz, CEZS),

.25 (1, s, 6-H), S. 54 (18, s, CH), 7.1-7.6 (3H, n, _
aromatic - H's), 8.13 (1H, s, CHO). Iscmer 2 showed SKDZO)"
1.1% (3H, t, J 7.:Hz, cnch ), 2f32,_2.35 (eg, 2s, OCOCH3's);'

: 3,07 (1§, &, J 17 Hz, 2-H), 3.4-3.6 (3H, m, NCH, and 2-H),
3.6-3.8 (22, m, piperazine CHZ), 3.85-4.15 (38, m, piperazine
cH, and 1H of CH S); 4.41 (12, 4, 1lE of CHZS), 5.14 (1, s,
6-5), 5.58 (i, s, CcH), 7.1-7.8 (3h, m, aromatic -1E's),

8.11 (1%, s, CHO); o__  (K3r) 3400, 1770, 1680 cm .

MIC against P.mirabilis 889 is 0.1 ug/ml.

s
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(i1) [err]-[2-(3,4-D acet oxyphenyl)-2-[(4-ethyl -2, 3-di oxo- O
pi perazi n-1-yl)ca. rbonvl am nol acet am do] -[err]-formam do- &0
3-[(2-nethyl.-1, 3, 4-t hi adi azol - 5-yl )t hi onet hyl ] ceph- 3-em 4-carboxylic acid,
sodium salt Di phenylmethyl [err]-[2-(3,4-Di acetoxyphenyl) -2- [(4-ethyl-
2, 3- di gxopi perazi n-1-yl)carbonyl am no] acetam do]-[err]-
f or mafi dp- 3-[ (2-met hyl -1, 3, 4- hi adi azol -5-yl)thionethyl] -
ceph- S*™€m 4- carboxyl ate (0.23 g, 0.42 mml) was stirred in trifluoroacetic
acid (5 m) at roomternperature for 0.5 h and &l&porated to dryness. The
residue was triturated with ether, taken up in water which had been
adjusted to pH 6.5 using dilute sodi um hydrogen carbonate sol ution, washed
with ethyl acetate gdambacedgand freeze dried to give the title conmpound
(0.15 g, 69% as a'mxture of two di astereoisoners. |Isonmer 1 exhibited
[err], 1.19 (3H, t . ;
3. 36 (2H ABg, J 1+H=
(2H, m plpera2|negﬂgnol}2 B3BAiﬁﬂhxd§d§xmﬂ gmgéaaetﬂa’@Q&T]Q'EO¢"@£Ud4 32
(2H, ABq, J 12Hz, L@bhhlospodanid Rei%, @oHﬁuiséft(lH s, CH), 7.1-7.6 (3H,
m aromatic - H s)—8 I3 (I, S, GIO)"‘"‘I‘S‘O‘HFF—Z—S owed [err] 1.19 (3H t,
7.5Hz, [err]), 2.32, 2.35 (6H, 2s, OCOCH3's), 3.07 (1H, d, J 17 Hz, 2-H),
.4-3.6 (3H, m [err] and 27%[0-32-6(348-D(12Id;atmwph@eyh)z+he[ (@+Zé)t,hv3—85 4.15
3H, m plpera2|ne L 8rr. r 5.14
TS by, 5 sal(lpioRSipdk i g sat b iing) ol el )
, CHO; [err] cePRBF?SBﬁwquFH?dllﬁﬁéiéﬁﬁsaMC(%g%?‘-hsto B'I)| is 889
s 0.1 [err]/m. in water (Sml) was adjusted toc pE 8.5 with dllute

sodium hydrogen carbonate solution. The reaction

mixture was stirred at room temperature for 0.5h,;
racidified to pH 1.5 with N.hydrochloric acid and
saturated with sodium chloride. The aqueous phase
was extractad with tetrahydrofuran/ethyl acetats (l:1
and the extracts washed with brine, dried and evapora:
The residue was taken up in water at pH 6.3, filtared
and freeze dried to give the title compocund . (0.0lg,
38%); & (Dzo) 1.17 (3H, t, J 7Hz, NCHzg§3), 2.06

o (32, s, OCOCH3), 3.15 (18, 4, J 18Hz, 2-H), 3.3-3.6

-{:} (38, m, N-CHZCH3 and 2-H), 3.6-3.8 (2H, m, piperazine

CH, ), 3.9-4.1 (2B, m, piperazine CH,), 5.2-5.4 (2H,
m, CH and 6-H), 6.8-7.1 (3H, m, aromatic-E's), 8.12
(15, s, CHO); . v (RBr) 3420, 2670, 1763, 1710,
_ -1 max .
1675 cm ~.

MIC against P.mirabilis 889 is 0.1 ug/ml.



- 212 - Exanple 69 [err]-[D-2-[(4-Ethvl-2,3-di oxopi perazin-1|-vl)carbonvl -
kno] - 2- (3, 4- di hydr oxyphenyl ) acet am do] -[ err] -formam do- cephal osporanic
d, sodiumsalt [err]-[D 2-(3,4-Di acetoxyphenyl)-2-[(4-ethyl-
2, 3- di oxopi perazi n-1-yl)carbonyl an nol - 7a- f or mam do- cephal ospor ani-c acid,
SOdI umsalt (0.03g, 0.04 mml) in water (Snml) was adjusted to pH 8.5 Wi t-h
di l ute sodi um hydrogen carbonate sol ution. The reaction m xture was stij d
at roomtenperature for O ShT Ak3¥dffied to pH 1.5 with N hydrochl oric
“and saturated with sodium chloride. The aqueous phase was extracted with
tetrah drofL}ran/ ethyl acetate (1:1) and the extracts washed w th brine,
drleéﬁéﬂﬁg%vaporat The residue was taken up in water at pH 6.5, filtered
and freeze dried to give the title conpound(0.0 g, 38%; [err] 1.17 (3M t,

J 7"5‘.5’— fr3d )3, & Dhde3Bxvdneh®ihh-3-12- QlHamdnoguigﬁBva- H) , 3.3-3.6 (3H,

m [ErrT_and 2-H), 3.0- 5‘8 ZH. N plpetazine Le (2H, m

pi p GEELS vedgidln Bavlare el sgetdaide o b |
arcw&ﬂ#ib&mgﬁgddhéﬁlgﬂuiaQEc @H@ 3, soddnm] satkKBr) 3420, 2670 1765, 1710,
1675 [err] NIC against P.mrabilis 889 is 0.1 [err]/m. - 213 - Exanple

70 [err]- (3, 4- dlacetoxyphenyl) -2- F3- r2-_(4- an1nosu|phony|
[(: Amlno— -hydroxypvrimidin-2-yl)amino] benzene- _

sulphonamide (56 mg, 0.20 mmole) was heated at reflux
in dry tetrahvdrofuran (50 ml) containing triethylamine
(0.03 ml) for 1 h. The suspension was then ccoled to
0°c. and stirred with a 12.5% w/w solution of phosqene in
' toluene (0.20 ml) after which it was allowed to warm to
room temperature over 0.75 h. The resulting pale -
yeliow stspension was concentrated to low volume, diluted
to 10 ml with tetrahydrofuran and added to a stirred solution

[0}
[N

aQ-Eb-2¥amino-2-(3,4-diacetoxyphenyl)acetamidé]-Ga-

formamidopenicillanic acid (110 mg, 0.22 mmole) in wats::

tetrahydrofuran (10 ml, 2:1 v/v) at 0°c. The pPH was

maintained at about 7.5 by the addition of sodium. hydrogen

carbonate solution and the scolution allowed to regain rcom

temperature over 0.5h. After this period a small _

quantitiy of insoluble material was filtered off and the ' C:}

filtrate was concentrated, diluted with water and washed '

| with'ethyl acetate. The organic phase was backwashed with

a little water, thAn the total aqueous phass was sat urated

with sodium chloride, acidified with 2M hydrochloric acid
'_ to pH™2 énd ‘extracted with tetrahvdrofuran: ethyl aceta ate -

(L:1,3 x 15 ml). The combined organic extracts wers dried

over sodium sulphates and evaporated to a gum, which was '
suspended in water and basified to pE 6.3. A further small:
quantiity of insoluble material was filtered off, then the
filtrate was evaporat
salt (80 mg, 48%); Re
4:1:1, »_ . (XBr) 1770, 160, 1595, 1540, 150
: {CD4), oD, 2:1:1]11.05 and 1.38 (6=
.37 (68, s, 2xCH,CO Y,
s, NCECO), 5.63 (l#, s, 53-¥), 7.20-7.70 (3#, m, azyl-%H's

’ 1._4 (---, S, 3‘{":

I
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w
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phenyl ) am no- 4- hvdr oxyovri m di n-5-vl ] ur ei dol acet am do -

[err]-formam dopenicillanic acid sodi um salt e
4- C( S- Ami no- 4- hydr oxypyridin-2-yl) am no] benzene- sul phonam de (56 o
0.20 Mol e) was heated at reflux in dry tetrahydrofuran (50 m) containing
triethyl amne (0.03 m) for 1 h. The suspension was then cooled to 0C and
i fwith a 12.5% w w sol uti on of phosgene in toluene (0.20 m) after
whi cf™¥t was allowed to warmto roomtenperature over. 0.75 h. The resulting
pal e yel | ow suspensi on was concentrat ed tC)T(g$ 48 ume, diluted to 10 o

W th tetrahydrofuran and added to a stirred solution of -

[err]-[D- 2-am no- 72-(8, 4- 8i @Gel 3y phemdy)ladigt anddpycimidinyl 6-H), 8.18

or man dopeni ci | | ani g agldvgéég)ng,‘o 22 mmole) in water: tetrahydrofuran
(10 M, 2:1 v/v) at OC he~pH was mai ntained at about 7.5 by the addition
of sodlun1 hyd-r ogen carbonate solution and the solution allowed to regain
LJroomtenperature over O. 5h. After this period a small quantitiy of
insoluble material was filtered off and the filtrate was concentrat ed,
diluted with water and washed with ethyl acetate. The organi c phase was
*backwashed with a little water, then the total aqueous phase was saturated
with sodiumchloride, acidified with 2M-hydrochloric¢ acid to pH 2 ande
extracted with tetrahydrofuran: ethyl acetate (1:1,3 x 15 nl). The

conbi ned organic extracts were dried over sodi um sul phate and evaporated to
a gum which was suspended in water and basified to pH 6.5. A further
small quantiity of insoluble material was filtered off, then the filtrate
was evaporated to afford the penicillin sodiumsalt. (80 ng, 48%; -[err]
0.35 in n-butanol: acetic acid: water, 4:1:1, [err](KBZ) 1770, 1660, 1595,
1540, 1500 [err] ; [err] 2:1:11 1.05 and 1.38 [6H, 2s, [err]




27,(6H s, 2xCH3CO), 4.14 (IH s, 3-H), 5.51 (1H, s, NCHCO, 5.63 (1H
: s 43 720770(5H m aryl.-'s), - 214 - 7.70 - 8.00 (3H, m
aryI [err] and pyrimdinyl 6-H),8.18 (IH s, NHCHO) . -215 - EXAMPLE 71
Preparati on of oral dosage units in the -formof a tablet [err]-[D 2-

[ (4- et hyl -2, 3-di oxopi perazi n-1-yl)carbonyl am no] -

2-(4- hydroxyphenyl)acetanldo] [err]-formam dopenicillanic acid SOdIUﬁ]Sﬂ::}l

Ingredients:- 1. [err]- - 215 -

[ D-2-[(4-ethyl -2, 3-di oxoi perazi n-1-yl)carbonyl arm no] -

2- (4- hydr oxyphenyl ) acet am do] -[err]-formam dopenicillanic. acid sodium salt
- 500 empMdumeraci d) 2. Carboxymet hyl sodium starch glycollate - 15 ng 3.
Magnesium stearate - 12 ng 4. Mcrocrystalline cellulose - to 850 ny | tems
1, 2 and 4 are bl ended vvlth tvvo thlrds of item3, and corrpressed on a
rotary gtis 24518 bESd 4 gr 8or

mat eri al bl ended mnth the renalnder of item 3. The nlxture is then

conpr Q machi ne to he final tablets. Tha
Cob! et Dot 40 S oFReaRE BRI - rFh PR BheR R o]
2-(4-~ hydroxypnenyl)acetamldo]-6¢-zormamlaopen*c*llan¢c ' '
acid sodium salt.

Ingredients:-
1. 55-[b-z-ﬂé-ethyl-z,3-dioxopiperazin—l-yl)carbonylaminé]-
2-(4-hydtokyphenyl)acetamido]-Gx-formamidopenicillanic.

acid sodium salt - 500mg (free acid)’

2. Carboxymethyl sodium starch glycollate -

1—
w
a3

n

3. Magnesium stearate - 12 mg
4. Microcrystalline cellulose - to 830 mg

Items 1, 2 and 4 are blencded with two thirds of item 3, C:)
and compressed on a rotary tablat machine. The sl

produced are milled, and the milled matarlal blended

with the remainder of item 3. The nixture is then

compressed on a rotary tablet machine to form the final

tablets. ' . . -
Tha tabhlets may be uncoatad or a conven nal film coating
may be applied.

E



may be appli ed. Preparation of parenteral dosage units 25 g of
[err]-[D-2- [(4-ethyl-2,3-di oxopi perazin-1-yl)- carbonyl am no] -2-
(4-hydroxyphenyl ). acetam do] -[err]- formanidopenicillanic acid sodlum¢fﬁ;
salt is dissolved under aseptic conditions in 2,00 ni of distilled water
suitglle for injection, and the solution is filtered t hrough a
mII.e-fiIter (pore size 0.22 mm. 2.0 m. portions of the filtrate are
fille®into 10 mM gl ass vials, the contents are freeze-dried, and the
vials are then closed with a rubber stoppe+ amd an al um nium cap. Each vi al
contains 246 ng of active ingredient. The contents of a vial are poured
into and thoroughl adnlxed with 2 m of mater for injection to provide an
i nj ect abl e dosage £&f aTaa% : )i8 nstration. 20 m of
distilled water suitable for Il’lj ectlon are added to the contents of a. vial

, and the resultinges aqueoys, 0. 9%
,Sodi um chl-oride gUI? éﬁ |nj ctlgﬁgl #)%Q°|1 5%??5% g ?Z

“conti nuous. |ntrave%%5%°ﬁ¥ﬁﬂﬁﬂ 1%?Qﬂﬁhﬂ@medypnenylBaﬁetam1ddhﬂﬁx5|ologlcal
_Data The conpound gériigypReniciAlahest efbid) s6dUm salt is dissolved undar

aseptic conditions in 2,00 ml of distilled water
suitable for injection, and the solution iS filtered
through a millipore-filter (pore size 0.22 mm). 2.0 =m.
portions of the filtrate are f£illed into 10 ml glass
vials, the contents are freeze-dried, and the vials
are thén closed with a rubber stopper and an aluminium
cap. Each vial contains 246 mg of active

ingredient.

The contents of a vial are poured into and Ehoroughly

admixed with 2 ml of water for injection to provide an
(:) injectable dOSagé unit composition for intravenous

adminstration. '

20 ml of distilled water suitable for injection are
added to the contents of a wvial- , and the resulting

: solution is dissolved in 250 ml of an aqueous 0.9% sodium
chloride suitable for injection. A solution suitable
for continuous intravenous infusion is obtained.



in mce against experinmental infections. The results of these tests are

shown in the follow ng table: Organism Total* s.c. CD (M)/ Kg) E
coli 96 R- 5.2 E coli 96 R

<<3. %;g(gerogenes T767 3.7 dosed at 1 and 5 hours after

i nfec

was administered to mce (5) by the subcutaneous route at a dosage of
ng/ kg and the bl ood concentration™détérined. The results are shown in
foll owi ng table: Conpound of Concentration ([err]/m) at ... mns

A.-U.C. Exanple No. | 60 120 ([err]- n1n/n1) 5
24-4 23.2 14.5 11—@-—%—’9—<§-§—6%%£I 0 21810q1 21 -218- Exanple 72

Pi val ovl oxynet hyl -et hvl 68-{D-2-{(2, 3-di‘oxo- 4- et hyl pi perazin-1- yl)

car bonyl ani ng}.-2 cogéogqgrggygggﬂylé fceiantdoted eid Jrivo
f or mam dopeni Ci

66- ( 2, PR ASétiﬁﬁFpPﬁEFEzT‘e“Ealyf?’é%‘?’bo%?ﬁ The rasults of

am no} +2elséd- hﬁékex;abeeﬁb%acéhaﬁtdo?eLE¢V}n§otm@h#dopenlC|IIanate (238 nm)
was ‘suspended in dry acetone (20 m) and the m xture treated with dry

di met hyl formami de (5 m ), which resulted in an al nost clear solution. This
m xture was treated with bronmomethyl pivalate (73 ng) and then stirred at
roomtenperature for 24 h. Concentration in

(5 mice/group) (s.c. subcut aneous) The conpound of Exanpleié;>
e

Organism Total* s.c. ., (Mg/Kg)
E. coli 96 R+ 5.2
E. coli 96 R- 3.1
X. aerogenes T767 : 3.7

(5 mice/group)

(s.c. & subcutaneous) S _ v

The compound of Example 5 was acnlnvster d to mic
(5) bv thé subcutaneous route at a dosage of 30 mg/kg
and the blood concentration determined. The results ars

shown in the following table:

-

Compound of Concentration (#g/ml) at ... mins A.C.C.
Example No. 3 10 20 30 60 120 | (eg-min/ml)

(o))
[4))
o
(V%)

24.4 23.2 14.5 11.0 (0.9 <0.9

wn




vacuo gave a residue, which was diluted with ethyl acetate (100 nl) and
washed six times with water then saturated brine, dired over anhydrous
magnesi um sul phate and concentration to |l-ow volune in vacuo. Addition of 23,
di ethyl ether (100 m) gave a white precipitate, which was collected by )
filtration, washed with ether and dried in vacuo to give the title conpound
'(137-@' 50%; [err] (KBr) 3300 br, 1788, 1763, 1715, 1680 br, 1613, 1515,
1270 M, 1183 br, 1110 and 937cm1; lejyd H.92 - 1.37 (18H m [err], 3.48
(2E, g, J 8Hz, [err]), 3.60 - 4.13 (4H, m J[err] , 4.38 (IH s, 3-H, 5.53
(1H, s, 5-H), 5 57 (1H, d,. J 7Hz, CH), 5.77 and 5.83 (2H, ABg, J6Hz,

[err]) , 6.80 =‘$ J9Hz, phenyl) 7.38 (2E, d, J9Hz, phenyl), 8.11 -

8.69 (4H, m= ; E and OH), 9.90 (IH d, J7Hz, NECH). 232 -219-
Exanple 73 78- [2- [(4-Ethyl-2, 3-di oxopioerazin-1 -yl) carbonyl am nol -2-
(3, 4-di hydrwmﬁwaxﬁ@&hw %@]-:oL@LHz 3f-@£<57§6714§'-0=tn\31'31*era211--—

S (I -methvl -I'FFYetrazor - ¥¥¥ TN CMEt NVI N-3-ent 4-car bocviTc acrd,

“sodi um sal t %ur?ﬁer?{%%:T 1ﬂ2"45V“VFFQ‘Ep° pvllaoetanidobr6ui oxo

pi per azi n- I-;@ﬁmamﬂdmggﬂJmuhlmmhtacetan1do] - 7a -formam do - 3-
*[(1-nmethyl-1Htetrazol -5-yl) thi omethyl ] ceph-3-em4- carboxylic acid,
sodiumsalt (0.048g 0.06 mmol) in water (5'm) was adjusted to pH 9.0 with

a mxture of sat qﬂj%ﬁﬁﬁﬁuﬁrﬁ&&ﬁ@gén‘éﬁY%@h@?%ﬁ%&ﬁ 1HN-@FPEN At e sodi um
carbonat e sodmiinadn2- (HraydeakyphenilXhdeeaMBlo ptéd+ Bskmdimidopenicillanata

{238 mg) was suspended in dry acetone (20 ml) and the
mixture treated with dry N,N-dimethylformamide (5 ml),

which resulted in an almost clear soluticn. This mixture
was treated with bromomethyl pivalate (73 mg) and then
stirred at room temperature for 24 h.. Concentration in
vacuo gave a rasidue, which was diluted with ethyl acetate
(100 ml) and washed six times with water then saturated
brine, dired over anhydrous mégnesium sulphate and
concentration to low volume in vacuo. Addition of diethyl
ether (100 ml) gave a white precipitate, which was. '
collected by filtration, washed with-ether and dried in

B vacuo to give the title compouné (137 mg,'SO%): Voax (XBr)

K;) 3300 br, 1788, 1763, 1715, 1680 br, 1813, 1515, 1270 br, -

| 1183 br, 1110 and 9§7cm-l; 5{(CD3)ZCO} 0.92 - 1.37 (18H, m,

CH3's), 3.48 (2H, q, J8Hz, NC§2CH3), 3.80 - 4.13 (4H, m,
N(CHZ)ZN), 4.38 (18, s, 3-H), 5.53 (1H, s, 5-d), 5.57 (l&,
4, J 7Hz, CH), 5.77 and 5.83 (28, ABg, J&Hz, COZCHZO), 6..80
(22, 4, J9Hz, phenyl), 7.38 (2H, d, J9Hz, phenyl), 8.1l -
8.69 (4H, m, NHCHO, CONH ané OE), 9.90 (1H, &, J7Hz, NECH).



nomtenperature for 0.5h, acidified to pH 1.5 with N. hydrochloric acid,

igt,urated with sod i umchloride and extracted with a m xture of
t4ahydrofuran and ethyl acetate (1 1) The organic extracts were washed

with brine -dried and evaporat ed The residue was taken up in water which

was adjusted to pH 6 .5 with dilute sodi um hydrogen carbonate solution,

washed with ethyl acetate, and freeze dried to give the title conpound -

(0.022q, . 58% [err] 1.20 (3+H,2313 9 8 Hz, [err]), 3.11 (IH, J 17.5 Hz®

of 2-gedrigle BB - 6 (3H m 1H of 2- Hand [err]), 3.71 (2H, m

pi perazine-[err]), 3 8 - 4.4 (7TH m[err], piperazine [err] and [err]), 5.00

(IH,'S, 6-H), 5. 41(1HS ©, 6. 9-7. 63H M phenyl - HS) 8.12 (IH'S,

CHO) ; 1§ QUELhIR), 3FAipxcpioeaPintdtY1) ecekbonvigg@groExampl e 74
Di phew'm{%ni&mn-.. no a%a»tfzon@%g doy3- EE@EQHQ’EQXV 4=met hyl -
5- ox0-AH - n—carboxvl at €

3- Ace - =‘-5e-:=
trlflwi&)aCﬁdm-acsah.'salt (0 54g) and

6- hydroxy- 3- rrercapto 4- et hyl - 5- oxo0-4H 1, 2, ‘4-triazine (0.20g9) were
suspended |n ter (15 m ). and sodi um hy ogen. car bonate (0.28g) added to
gi ve pHS. F oA raSE Wavd Rkesvdddaed 4 §tvéla2pﬁ‘6%°6°5 The mi xture

was m@ﬁm ﬂnnghfaion@G a@ifney 3.|&=tﬂ3.§ﬂd6 Oledqt o£0rhinadsl acidified to
pH2 with E dtoclﬂ G.aci d pe resulLtingimixture was,evaporated to
drynesﬁs Vs d‘q-'{ hée raes?l die % eact“'lé'd %‘H lll aPﬁe?hy‘ffOram de (25 m)
foll m@w@@@qﬁdgmodlum salt (0.048g 0.06 mmol) in water

(5 ml) was adjusted to pE 9.0 with a mixturs of saturated

scdium nhydrogen carbonate solution-and dilute scdium

carbonate soluﬁion. The reaction mixture was stirred at

nom tampefature for 0.5h, acidified to pH 1.5 with

N. hydrochloric acid, saturated with sodium chloride and

extracted with a mixturse of tetrahydrofuran and ethyl

acetate (1 : 1) The organic extrac t' were washed with

brine .dried and evaporated. The

water which was adjusted to pH 6.5 with dilute sodium

hydrogen carbonate solution, washed with ethyl acstate,

and freeze dried to give the title compound (0.022g, 58%). .

§ (D,0) 1.20 (38, t, J 8 Hz, NCH,CH, }, 3.11 (18, &, J 175 &=z O

18 of 2-8), 3.3 - 3.6 (3%, m, 17 of 2-H and NCH, CH,), 3.71
(2H, m, piperazinefCHz), 3.8 - 4.4 (7H,m,NCd3, piperzzine CHZ
and CHZS), 5.00 (1¥,sS, 6-H), 5.4l (lE,S(_CH), 5.9-7.6

3H, M, phenyl —H'S) 8.12 (1E,S,CHO); V..

(KBr) 3430, 1780, 1722 sh, 1678, 1613 em~l. :

'™



of di pnhenyl di azonet hane in di chl oronet hane until the rec col our persisted.
It was stitred overnight at roomtenperature and then glacial acetic acpd -
added to destroy excess di phenyl di azonnet hane. The vol atile solvents were
removed under reduced pressure and the residue treated with ethyl acetate

(100 nly, and water (100 nl). The phases were separated, the organic phase
washe ve times with water, once with saturated brine, dried over
anhydr®s magnesi um sul phate and evwa@@tated to.dryness in vacuo.

Chr omat ogr aphy on silica gel 60 (<230 nesh ASTM, eluting :wth ethyl
acetate, gavéxghplei f7ke conmpound as a white solid (0.105g, 19V after
tritration under diethyl ether, mp. 135- [err] 1780 and 1710 [err] 2.68

(2H,br s,;[err]), 3.33-(3H,s 3 35 and 3 q. )
2-[err]) 3, 8@iRhgnylggthyl Agraming—7¢ Lormans (fghycmoxy-Sgmethvy= 0o
(IH, s, [errB}o&ogﬁﬂllﬁﬁ QLGH*aﬂanBBthy&fﬁmeﬁh¢ﬁ3qﬁdﬂ-lsgmGE ,=.rf:ao:><'v'l,=_::-a
10. 18- 11. 09 (TH Brs, OA). -221- Exanple 75 ° :

[err] [ D- 2- ami no- 3- (N—nethylcarbanDyI)prOC|onan1do] 2- .

(3, 4-di acet oxyphenyl )acet am do] -[err]-formam dopenicillanic acrd sodi um
galt (a) [err]-[D2-[D 2-(4-nitrobenzyl oxycarbonyl am no)-3-(N

net hvl car banovl ) pEedicetaytelh2i ¢ 384adincel eximheamidoceph-3-em-4 -

acet am do] - 6a ./ ‘L%O%%Q'ac' LEQEiﬁo? %?etiséf)d‘i&;ﬁ Ssaéltt (0.54g) and
[err]-[ D 2-am no- 55?3 i adetoxyphenyl) ace
6a- fornan1ckuﬁahKﬁHQKﬁﬂ3cm&€Fé°F9Sé‘ﬁaLhﬂlEﬁr?ﬁﬁﬂ -y 4-triazine
(0.20g) were suspended in water (1S ml) and sodium hydroger
carbonate " (0.28g) added to give piH8. 5M Hydrochloric acid
was added to give a pH of 6.5. The mixture was heated urndex
argon at 60°C for 3h then cooled to 0-5°C and acidifiéd o
PH2 with 3SM hydrochloric acid. The resultind mixture was
evaporated to dryness in vacuo and the rasidus treated
with NMN-dimethylformamide (25 ml).followed by a solution
of dlnnenylu1azow°t rane in dichloromethane until the rad
colour persisted. It was stirred overni ight at room
temperature and then glacial acetic acid added to destroy
excess diphenyldiazomethane. The volatile solvents werse
{:} removed under reduced pressurs and the residue treéatsd witi
ethyl acstate (100 ml) and water (100 ml). The phases
were separated, the organic phase washed five times with
water, once with saturated brine, dried over anhydrous
magnesium sulphaté and evaporatéd to.dryness in vacuo.
Chromatograpny on silica gel 60 (<230 mesh ASTM) , eluting
:with ethyl acetate,'gave the title compound as a white
solid (0.105g, 19%) after tritration under diethyl ether,
m.p. 135-140°%y__ (CHCl;) 1780 and 1710 cm™l; & CDCi,
2.68 (28, br s/,NH, Y, 3.33 (SE,S,CH3), 3.35 and 3.33 (2H,A3c.
s, 2-52) 3,88 and 4.30 (2B aBg, J 13.7Hs=, 3-CH2),
5.18 (1, s, &§-¥), 7.02 (lH, s, C=H -hz) 7.20-7.81
(I0H, m, 2 phenyls), 3.18 (1H, s, CEO), 10.18-11.09
(18, brs, 0H .



suspended in a mxture of dry dichloronethane (2 m) and di net hyl f or mam de
(1 mM) at OC. Triethylamne (0.055 nml) was added and the m xture stirred,
a clear yellow solution resulting in a few mnutes. The tenperature was
Q‘%r ntai ned at ‘0 C while D 2-(4-nitrobenzyl oxycarbonyl ami no) -3-(N-
met hoxycar banoyl ) propi oni ¢ acid, succinimdo ester (125 ng, 0.30 nmole)
was added in one portion. The solution was stored at 5C-for 2 hours, tﬂg
evaporated to near dryness. The residue was partitioned between water "2
ethyl acetate, raising the pH28% the aqueous phase to 7.0. The aqueous
phase was separated and washed once nore with ethyl acetate, backwashing
eacg trgg WHLh alittle water. The total aqueous phase was acidified to pH
2.0 2 ted twice with ethyl acetate : tetrahvdroffuran, 1:1. The
total organic extract was washed with brine and dried over SOdI um sul phat e,

foll “apQriat 1 _4aken up in dry acetone
fol S -hy uapass (W&e%‘ﬁv@.%!?ﬁiﬁovfh@r&@%g4%&’@?i o ong) (o 1k o eae

addeﬁLJtﬁHﬁéﬁEEéLu&&B&&léﬁétﬁmﬂdQJcﬁgrﬁQﬁ“%ﬁiﬁ&E&ﬂ:&:&l&&hﬂOlune f ol | owed d
by afdid,i evddfumdrsielet her affor ded t he penicillin sodiumsalt, which was '
filtered, washed wth acetane : ether (1:1), ether, and drled (1.80 ng,
75% ; [err] in n-butanol. acetic acid water, 4:1:1, err] (Br) 1170,
1665,2)1 565 E@rra-ipz@-drﬁ-u»sopageylpxzqaah@nw%@-%HH -lerr] 23 : -
222 med i dabllam®v13 o olpRbhbhidd] 43~ 132:!7@1&5&0%0&@1{611))-. 4.09 (1H, s,

3_H) {éﬂid HHG idgmamhdoben1c1l&gy1c éc1d )éodvum salt

iy

68— [D 2 amlno -2-(3, 4—d1aC°toxgpnenyl)acntam1ao]-
Ga-gormamldonen1cillan1c acid (150 mg, 0.30 mmole) was
suspended in a mixture of dr y dichloromethane (2 ml) and
dimethylformamide (1 ml) at oc. Tbiecny-*mlne (0.055 ml)
was added and the mixture stirred; a clear ysllow solution
resulting in 2 few minutes. The temperaturs was maintainad
at 0°C while D-2-(4-nitrobenzyloxycarbonylamino) -3 3-(X-
methoxycarbamoyl) propiconic acid, succinimido ester (125 ng,
0.30 mmole) was added in one portion. The solution was
stored at 5°C-for 2 hours, then evaporated to near dryness.
The rasidue was partitioned between water and ethyl acetate,
raising the pH of the agueous phase to 7.0. The agqueous
phase was separated and washed once more with ethyl acetate,
backwashing each time with a littls water. The total
agquecus phase was acidified to pH 2.0 and extracted twice

- with ethyl acetate : tetrazhyvdrofuran, l:1. The total
organic extract was washed with brine and dried over sodium

sulphate, followed by evaporation tc dryness. The rasidue

»

. was taken uvp in dry acetone and sodium 2-ethylhexanoats
(1.89 M in 4-methylpentan-2-one) (0.13 ml) was added.

4]

Concentration of the milky colloid soluticn to low volume
followed by addition of dry ether afforded the penicillin
sodium sale, which was £ilt e

(L:1), ether, and dried ; Rfo 50 in n-butano
5 ¢ Vmax (XBz) 1170, 15635, 1505
and 1520 cm ~; & (DZO) 1.87 and 1.23 (6H, 2s, (CH3)2C),

7
acetic acid : watsr, 4:1:



5.52 (IH s, [err]) , 6.95-7.50 (5H m arvl 1-H) , 7.90 -8.15 (2H, m
aryl-H), 8.04 (IH s, NHCHO. (b) [err]- '

[ D- 2- [ D- 2- ami no- 3- ( N- net hyl car banoyl ) pr opi onanmi do] - 2- (3, 23;;
4- di acet oxyphenyl ) acetam do] -[err]-formam dopenicillanic acid, sodium '
salt. sQdium[err]-[D 2- [D 2-(4-nitrobenzyl oxycarbonyl am no) -

3- (N-getpyl car banovl | propi onam do] - 2- (3 4- di acet oxyphenyl ) - acetam do]
-[err]=Tormam dopeni cil lanate (140 ng; k] 7'nnDIe) was di ssol ved in water
(10 mM). 10% Pal | adi um on charcoal (70 ng) was added and the m xture was
hydr ogenat ed f |, cfour.. t S i t. | ysi s..,showed..no
starting mater?gl (rsgr‘ra Phi AL 8%&8’ ?art%al‘fﬂa 4 ‘st qan‘gr}éd gfﬂt}andgag%h%%)mﬁth
wat er; the tdét8° f(rlF"t:rétre3V9é9 @383p Okt ed %@Wﬁms P8 (X.,ter &84 wWith

et ger1 5}3 0 gffos S2an:f &; whihaused),ds (91519 3%33)(&:1 & ' drvf KBS , 17738-3 166Gy, 1610
an r

Lerr] [ 2- [(4["Et ﬁvylidg dngpfpgxz?h \'“@iﬂ’c‘ar bonv! ani no] -

2- (4- hydroxyphenvl ) acet ani do] - 7a- f or mam do- 3- ( (1- net.hyl -
| H-tetrazol - 3yyl kghigust ?Lbcﬁghné-?ml 2oL fbcay%?.%r%%%rlmnsaas

Di phenyl et hyl err] [2 yl -2, 3-Ti oxo er zl n-1-

car bonvl am n&lL- d F3258% BAL o &3 C.IF 'SB-‘-C1115’-H

3-[ (I -net hvl alclziut,esbaaoh EaY{:) t hi orret hyI ] ceph 3 em 4- car boxvl ate A sol ution
of D-2-[(4-ethyl-2, 3-dioxopl perazin-1-yl)-

carbonylamrio] - 2- (4 hydr oxyphenyl )acetic acid (0.168 g, 0.5 mmol) in

t et rahydr of uran (1§o@iymna8-48ded (Bt dw §-nitzpbenzyloxycarbonylamino) -

3-(N-methylcarbamoyvllpropionamido] -2-(3,4-diacetoxyphenyl) -

acetamido] -6a-formamidopenicillanate (140 mg, 0.l7 mmole)
was dissoived in water (10 ml). 10% Palladium on charcoal
(70 mg) was added and the mixture was hydrogenated for 1
hour. After this time t.l.c. analysis showed no s+ar**ng
material remaining. The catalyst was filtered off and washad

bok: u
-
98

with water; the total filtrate was evaporated to dryness anc

ford an off-white solid (L10 mg},

(XKBr) 1770, 1665, 1610 and 1550 br cm .

- o
d-
-
af
ar

£
triturated with ether to

v
max



stirred solution of diphenylnethyl [err]-anino-[err]-formani do- 3-
[ (1 sywephyl -1Htetrazol -5-yl) thionethyllceph-3-em 4-carboxylate (0.269 g
0.5 ) ‘and N, N' -di cycl ohexyl carbcdiimnmde (0.113 g, 0.55 mml) in
tetrahydrofuran (10 mM). The reaction mxture was stirred for three days
at room tenperature before being evaporated to dryness. The residue wa
chr omat ogr aphed on silica gel 60 ([err] 230 mesh ASTM eluting with et/
acetate/ hexane 3:1 through to-222%®thanol in ethyl acetate to afford tf
title conpound as a mi xture of diastereoisoners (ca 2:1 ratio) (0.065 g,
15% ; vmax STHF) 1790, 1715, 1695, 1510, 1380 [err]; [err] 1.16 (3H t, J
THz=X 3.30 - 3.75 (6H, m piperazine [err] and [err]), 3.92 and 3.95
(3H,. 2s,-2-[err] dlastere0|soners) 4.29 and 4.31, and 4.50 and 4.52 (2H,
1 'S 2s, 6-FD, 5.61

= 3 and 6.82 (2H, dd,
J S&M@mmlm@@tMHm-ﬁm.mJﬁﬂH "me‘-al‘/’(ln'atlcs and 7- NH), _
3 2¥qaeét§a2814Mﬁ&%@@ﬂ&é&@ﬁmﬁf@ka pokvane 864, ('f 2;) NHCHO ‘

-y

[erE?—%EE%ﬁ-EEhyI 2, 3- dloxoplpera2|n I-yI)carbonvIan1no]
(4- hydnauy@amyiéanelahidbz [b¢¥é:ﬁxu*ﬂuﬁ<ﬂ}dkdpJlbﬂEM1hyh—WEH

s SIU Y LA G AC S0l ;ra'bg ayl ani 1ol
) tnmgumlr]rﬁﬁﬁhﬂim'ﬂ-d-“arnoxw at=y

[(I-neth&l-lkﬁietrézbl 5- yI)thlonEthyI]ceph -3-em-4-car boxyl ate

A solution of D-2-((4-ethyl-2,3-dioxopiperazin-l-yl)-
cérbonylamino]-2-(4—hydroxyphenyl)acetic acid (0.168 g,
0.5 mmol) in tetrahydrofuran (15 ml) was added slowly to 2
stirred solution of diphenylﬁethyl 78=-amino-7¢-formamido-3-
[(l-methyl-lg-tetrazol—s-yl)thiomethyllceph—3-em—4-carboxylate
(0.269 g, 0.5 mmol) and N,N'-dicyclohexylcarbcdiimide (0.113 g,
Q.55 mmol) in Eetrahydrofuran (10 ml). The reaction mixture
was stirrad Zor three days at room temperature befors bein
evaporated to dryness. The residue was chromatographed on
silica gel 60 (< 230 mesh ASTM) eluting with ethyl acetate/
hexane 3:1 through to 2% ethanol in ethyl acetates to afford | (:;

'.—l

the title compound as a mixture of diastersoiscmers (ca 2:
ratio) (0.065 g, 15%); v . (THF) 1790, 1715, 1695, 1510,
1380 em™; 8((CDy),CO] 1.16 (3H, t, J 74z, CH,CH,), 3.30 -
3.75 (6d, m, piperazine CH, and CH,CH;), 3.92 and 3.95 (3E,
2s, Z-Hz NCH3 diastereoiscomers), 4.29 and 4.31, and 4.50 and
4.52 (24, ZABg, J Ll3dz, cgzs d-as ereoisomers), 5.25 and
5.26 (if, 2s, 6-#), 5.61 and 5.65 (L1, 24, J 7Hz, ArCH),

6.90 (i@, s, C§Ar2), 6.80 and 6 82 (2H, 44, J 8Hz, aromatic
7 .

diasterecoisomers), 7.20-7.70 (l3H, m, aromatics and 78-Nd),
8.22 and 8.27 (lH, 2s CHO diastersoisomers) 8.49 and 8.50 _
(17, 2s, NZCHO diastereoiscmers) aad 2.90 (1€, m, a-NE

a*as;er=one* Y.



(0.065 g, 0.076 mmol) was dissolved in trifluoroacetic acid (5 m) and the
resulting solution was stirred at roomtenperature for 0.75 h. It was thadJ,
evaporated to dryness, and the residue was suspended in water and the pH
adjusted to 6.5 with dilute aqueous sodi um hydrogen carbonate sol ution.

- The resulting solution was washed with ethyl acetate, filtered and freeze
dri 0 afford the title sodiumsalt n2@dantitative yield; [err] (KBr)
177( 1680 br, 1615, 1515 [err];[err] 1.17 (3H t, J 7Hz, [err]), 3.08 and
3. 12 (1H 2 ABQ J 17Hz, 2 H dlastere0|soners) 3. 39 - 3. 58 (3H m CH2CH3

and 2-H di a8} etéidldanibhyirfa-digropiogra sipngll ey qnvlza:mmsn] 33 (7H,
m NCH3, p|per:amm:{:emﬂewtcgwﬁaludbasvepeemaﬁeas-)3 5(ﬂ5né&?d¢.5—128- (1H,
2s, 6-H diag] . dAglgereOJSqners)

6.88 (2H d= L  Seipe 390
aromatic dli&biere0|soners) and 8.06 and 8.12 (lH 25 CHO
di ast er eoi soners) . 238 225 - Exanple 77 Di phenylnethy[

Tl ol st A S d G-I a5k frgaonoptpersain-1-y1) -

,[err]-Aninos{mn¢q¢iﬁnwnnkhiﬁﬂﬂﬁﬁamnmay@neuyaaadﬂtamxﬁ¢hfﬂzmmmﬁ1anrﬁn1ﬁfnﬂt
(1.04g, 2.4 % i d.rN@i-GJeL( ) x)-sa'}dﬁﬁ%ﬂe@n{,h%&h%ﬁm@mu&%m U 5

with with so odgen carbonat e “sol ut
2- met hoxy- 18 R&%hi%di%: -“5“°c~H| aas( G—QQQTVQGGMDF}'W&%‘IWM FHeE
reaction m k3 ui¥) Sdrnd ra adedulidihdg @bl@liocAl e seidiédcat it 0 pH2 wWith

temperature for 0.75 h. t was then evaporated to dryness,

and the residue was suspended in water and the oH adjusted

to 6.5 with dilute aqueous scdium hydrogen carkonate

solution. The resulting solution was washed with ethyl acetzts,

filtered and freeze dried to afford the title sodium salt

in quantitative yield; v___ (KBr) 1770, 1680 br, 1613, 15

en™l; (0,00 1.17 (38, t, g 7Hz, CH,CH,), 3.08 and 3.12

(1#, 2ABq, J 17Hz, 2-H diastereoisomers), 3.39 - 3.38

(32, m, CHZCh3 and 2-E diastereoisomersj), 3.66 (2%, m,

piperazine Chz), 3.87-4.33 (7€, m, VCd3, n1neraz ine C‘_2 ané

CEZ,S dlastereOLSomers), 5.15 and 5.23 (1H, 2s, 6§-4H diasterso-
{:) isomers), 5.38 and 5.44 (lH, 2s, ArCH diastersoisomers),

.88 (2, &, J 7.5 Hz, aromatics), 7.33 and 7.38 (24, 24,

J 7.5 Ez, aromatic dioistsresoisomers) and 8.06 and 8.12

(lH 2s, CEQ diastereoisomers).

o



‘N hydrochloric acid, the reaction residue was dissolved in

di ngt3§! f or manmi de (4Cn1) treated with an excess of diphenyl di azonethane in
di ¢hl oronet hane , and stirred at roomtenperature for 2h. ~The reaction

m xture was diluted with ethyl acetate, washed well with water, brine,
dri ed over magnesi um sul phate and evaporated. The crude product was ]
chromat ographed on silica gel 60 (<§§Q mesh ASTM eluting wth ethyl ‘::F
acetat e/ hexane 1:1 _through to 4:1 t6%3fford the title compound (0. 43g,

329 ; [err]MS 1720, 1692, 1520, 1380 cni; [err] 2.54(2H brs,
NH2), 3.56 :
OCH3), 5.2
NHCHO and Z
[err]-am no-[err]- fornan1do 3- ((I-dlphenyl

t hyl A |- 1 Ht t t,
Coph. 3. o TEEARIGES TAr Eorpapfis SEthatotants: ARHeno EEPRAFSERRFERIT aci d.
trifluoracetdid seld <al04¢1. 204, Mo Bnmig )Waﬁetwdﬂémlq 3end) agettore et one
(12m) was ("’lh@nii 3t e st Qd?ﬁ'ﬁté&“ﬁé hos® X Ypday Wi%egoa%ﬂoﬂﬁéfoééﬁ ution.

1- Car boxyne Htetrazol e- 4 ed and the pH
r e- adj ust eFAEFB252 ?HéuFéaﬁtlo% éhéﬁy l%aé Fﬁéﬁ %?%P&a @tr] for 6h.
After aci difad csatgi,om somp Hpwas t addedyahrd diieorieacadod, mﬁ.héureact ion m xture

oy 2Por Yiad-Q diveeoe. edb ot oS! e i i FIRNEn! o Bt hydd o Mam de
( ) eahydrochloric acid, the reaction residue was dissolved

in dimethylformamide (40ml), treated with an excess of
diphenyldiazomethane in dichloromethane , and stirred at
room temperature for 2h. ' The reaction mixture was
diluted with eth?l acetate, washed weli with water, brine,
dried over magnesium-sulphate and evaporated. The crude
product was chromatographed on silica gel 60

(<230 mesh ASTM) eluting with ethyl acetate/hexane l:1
through to 4:1 to afford the title compound (0.43g, 32%);
L’max(CHZClZ) 3495, 1785, 1720, 1692, 1520, l380-cm-l;

§ (CDCly) 2.54(2H, brs, NH,), 3.56(2H,brs,2-H,), 4.1l and
4.45 (24, ABq, J 1l3Hz, Cst), 4.13(3H, s, OCH3), 5.20(1H,
s,6-H), 7.08(lH,s,CHAr2), 7.20-7.80(L1H, m, aromatics and L
- NHCHO) and 8.18(1H,2, NHCHO)



an excess of di phenyl di azonet hyane in dichl ornethane, and stirred at room

t enperature overnight. The reaction m xture was diluted wth ethyl acetateyas-
washed well with water, brine, dried over nagnesi um sul phate and evaporateé J
The crude product was chromagraphed on silica gel 60 (< 230 mesh ASTM

el uti w th ehtyl acetate/hexane 3:2 to afford the title product, -

cont @at ed slightly with the D2 isomer 94089, 4% ,; [err] 3390, 1735,

1760, ™730 sh, 1690 cm1; [err] 2.28(2H brs, NH2), 3.49(2H brs, 2-H2), 4.20
(2H m[err]), 5.12(3HMCH2C02 and 6-H), 6.95(IHs,[err]), 7.10-7.60 (21H m
aromati cs and NH apd $g11(1H's, NHCHO. =~ 240 -227 Exanple 79
78-(2-[(4-Ethy|-Z.g%%$uxoprperazin-l-yl)carbonvlanino]JZ- '

(3, 4-di acet oxyphenyl ) acet am do] - 7a- f or mam do- 3-[ ( 2- net hoxv-

1, 3, 4- thi adi azol - Spybhéhv DR@éky] | CRRAMIneR74~CasbRay] de-20i (d ~agederprsal t

I
a) Di phenyl methyl 78-T7-1TZ-efhvl -2 3. dLOXOPLDEL Azl -d - Vi) .. _
Sar bony! ani no| - 2 (SRR Rt A HIELRELEA 5o -9 ehiometnyl)

o 1
f or mam do- 3- [ ( 2- necaphy3dem-4=qayhasiviase-5-yl )t hi onethyl |- .
ceph-3-em4-carboxvlate A solution of DL-2-(3,4-diacetoxyphenyl)-2-[(4-

2 3 oxop! PR e el S8 LS 0 D 10 Bl

di phenyl net hyl [era¢idnsabt 76k.20g9, 2.8mmol) in water (30ml) and acetone

formam do- 3-[ (2- met bexyy Leaks AdfiAdaa£e! pRsYh) $HiREdind hydrogen

| carbonate solution. l-Carboxymethyl-(H-tetrazole-5-thiol

(0.49, .3.1lmmol) was added and the pH re-adjusted to 6.5.
The reaction mixture was then stirred at 60°C for 6h.
After acidification to pH2 with N-hydrochloric acid, the
reaction mixture was evaporated to dryness. The residue

was dissolved in dimethylformamide (50ml), treated with
an excess of diphenyldiazomethyane in dichlormethane, and
stirred at room temperature overnight. The reaction
mixture was diluted with ethyl acetate, washed well with
water, brine, dried over magnesium sulphate and evaporated.
The crude product was chromagraphed on silica gel 60
(< 230 mesh ASTM) eluting with ehtyl acetate/hexane

(:) ' © 3:2 to afford the title product, contaminated slightly
with the D2 isomer (0.08g, 4%); u ., (CH,CL,) 3390, 1733,
1760, 1730 sh, 1690 cm™*; § (CDC1,)2.28 (24, brs, NH,),
3.49(2H,brs, 2-H,), 4.20 (2H,m,CH,S), 5.12(3H,m,CH,CC,R
.and 6-H), 6.95(1H,s,CHAr,), 7.10-7.60 (21H,m, aromatics
and NHCHO) and 8.11(lH,s, NHCHO).



. ceph-3yem 4-car boxyl ate (0.210g, 0.37 mmol) and N, N -

~dic é%ohexylcarbod||n1de (0.084 g, 0.41 mml) in dichloro- nethane (10 m).
"The reaction mixture was stirred for three days at roomtenperature, and

t hen evaporated to dryness. The residue was chronmat ographed on silica gel
60 (<230 nesh ASTM eluting with ethyl acetate through to 5% ethanol in_
ethyl acetate to afford the title conpound (0.130 g, 36% as a m xturegofg
di astereoi soners. [err] 3380, 1786271720, 1690, 1500, 1370, 1210, 1183
[err] 1.15 (3H, 2t, J 7Hz, [err]diastereoisonmers), 2.25 (6H m [err]

di astere éﬁﬁé)m 2.79 and 2.84 and 3.23 and 3.29 (2H, 2ABg, J 16Hz,
2-[err] ‘Erevrsoners) 3.49 (2H, m CH2CH3 di ast ereoi soners) 3. 67 (2H
m piperazine CH), 3.95-4.21 (6H, m piperazine CH2, CES and [err]

di ast er eo1som[sm-m@z-and-é;s:soﬁibtraeﬂh ﬁx‘a )dsa&mwammaqm@’-S) 5. 32

(IH, s, 6- _errgrs 6. 85
and 6. 87 . 0 (13H,
ig. 49 8. 60,

- 8.63 and é&f&i(g&diuﬁssamHCHO and [err] NHCO dlastere0|soners) 10. o7 and
10.12 (1H"'26"3'7ﬁ"-§7NFKI». b)

[err]-[2-[(4- Ethyl 2, 3- dloxoplpera2|n 1- yI)carbonyIan1no]

2- (3, 4- dixc Aiphepydmeithyde8ni do] (4 et lioko 3. i _
net hoxv- leadybrdvliaadingdsd L5 ] _ {aoqaﬁgoxylic aci d,

sodi um sa

ceph-3-am-4-carboxvlate

A solution of DL-2-(3,4-diacetoxyphenyl)-2-[ (4~
ethyl-2,3~dioxopiperazin-l-y~)carbonylaminolacetic acid
(0.161 g, 0.37 mmol) in dichloromethane (10 ml) was added
slowly dropwise to a solution of diphenylmethyl 78-amino-7a-
formamido-B-((2-methoxy-l,3,4-thiadiazol-5-yl)thiomethyl]-
ceph-3-em-4-carboxylate (0.210g, 0.37 mmol) and N,N'-
dicyclohexylcarbodiimide (0.C84 g, 0.4l mmol) in dichloro-
methane (10 ml). The reaction mixture was stirred for three
days at room temperature, and then evaporated to dryness. —~
The residue was chromatographed on silica gel 60 (<230 mesh <,I
ASTM) eluting with ethyl acetatzs through to 5% ethanol in
ethyl acetate to afford the title compound (0.130 g, 36%)
as a mixture of diasterecisomers. vmax (CHZClZ), 3380,
1780, 1720, 16%0, 1500, 1370, 1210, 1185 cm‘l; Gt(CD3)2
1.15 (3, 2t, J 7Hz, CHZCH3d1aster=0150mers), 2.25 (6H,
m, OCOCH3 diastereoisomers), 2.79 and 2.84 and 3.23 and
3.29 (2H, 2ABq, J 16Hz, 2-H, diastereoisomers), 3.49 _
(2H, m, CHZCH3 diastereoisomers) 3.67 (2H, m, piperazine
Cuz), 3.95-4.21 (6H, m, piperazine Ch2, CHES and OCH H 4
diastereoisomers), 4.62 and 4.63 (1H, ABq, CHS diastereo-
iscmers), 5.32 (1#, s, 6-H), 5.78 and 5.85 (14, 24, J 7Hz,
CHAr diastersoisomers), 6.85 and 6.87 (lH, 2s, CHAr

Cco]

2



1-yl)carbony
f orrmam do- 3-

| am no] - 2- ( 3, 4- di acet oxyphenyl ) acet am do] - 7a-
[ (2- met hoxy-1, 3, 4-t hi adi azol - 5-y-)thi onet hyl ] -

ceph- 3-em 4-carboxyl ate was treated briefly with trifluoro- acetic acid,

and the resu

suspepded in

S

car bif
the 1

|ting solution was evaporated to dryness. The residue was
water, adjusted to pH 6.5 with dilute sodi um hydrogen

e solution, washed with ethyl acetate, and freeze dried to afford
fe sodium salt. A CLAIMS 1, ., Jerr]-lactam anti biotic having

an [err] f or mani do substituent on the carbon atom adj acent to the carbonyl
group of the [err]-lactamring. 2. A conpound as claimed in claim1

havi ng the pa&h'seérééis@raé&@)

salt thereof
am no- pr ot ect’i
protecting g
and Z

L LS

[er2d-B.70 Azgmouadonheiosmil @ £3)a0d a

B S8 s A O Sl d SN0, 0 BHh 960ER o 2

K@Hp; 4anONHCES:and I&ﬁVﬂCQMdaaaﬂerﬁbvssmexygenlOsOVphmm or
10.12 (1H, 24, J 74z, a-NHCO).

‘b) 78-(2-((4-Ethyl-2,3-dioxopiperazin-1l -yl)carbonylamino] -

2-(3,4-diacetoxyechenvl)acetamido]l-7x~formamido-3-[ (2~

methoxyv=-1l,3,4~-thiadiazol-5-vl)thicmethvllcenh~3-am-4-~
carboxylic acid, sodium salt '

Diphenylmethyl 78-(2-((4-ethyl-2,3-dioxopiperazin-
l-yl)carbonylamino]-2-(3,4-diacetoxyphenyl)acetamnido]l-7c~
formamido-3-{ (2-methoxy-1,3,4-thiadiazol-5~y~-) thiomethyl]~
ceph-3-em~4-carboxylate was treated brle;ly with trifluoro-
acetic acid, and the resulting solution was svaporated to
édryness. The residue was suspended in watsr, adjusted to

PEH 6.5 with dilute sodium hydrogen carbonate solution,
washed with ethyl acetate, and freeze dried to afford
the title sodium salt.

- CH2-

24



rep&égents hydr ogen, hal ogen, or an organic group ﬂm“l“‘l Iu ‘mxy,

[err] or -CH=CH Q wherein Q represent Qﬁﬂrogen
: - nercapto, cyano, carboxy, carboxyl %?f’ rr]
a heterocyclyl group bonded via carbon

yloXxy, acy xy, aryl,
a heter ocycl ylthio group or a

ni trogen containing heterocyclic group bonded via nitrogen. 4. A compgund
as clained in claim3 wherein Y is [err] and [err] A conmpound, as cl ai ,._n
claim3 or claim4 wherein Y is [err] 6. A conpound ‘as claimed in cl aM 3

wherein YCL3IMSrr] 7. A compound as claimed in claim3 of the fornula |
(Ir) or a phar maceutically acceptable salt or in vivo hydrol ysable ester
t her eo: 25) CHO [err]

wher ei n YlIS a§ Be%?ﬁ%ﬁpwiq$99%1ﬁ§b9af3nﬁornu aEfFTamé%% R3 is a group such
t hat R3- CO- NH- sibstihtaeyt aon nthegyraanpong atomaadgapeihdtasti® aimed in claim 7

wherein [err] i grBolyPUPr&sd &5t achd rnadchamsulingormul a (a) - (e): [err]

2. A compound as claimed in claim 1 having the
partial structure: '

3. A compound of formula (I) or a salt thereof. -

CHO

RE-NH ’__TE/_\

N v

o? \[_/ (1)

2
CO5R

uﬁ%-—-

A\

@

wherein Rl is hydrogen, an acyl group,
or an amino-protecting group:; R2 ig hydrogen or a
readily removable carboxyl protecting group; and ¥

is:



(e) [err] wherein nis 0, 1 or-2; mis 0, 1 or 2;-Al 4s [err] alkyl, '
substituted [err] alkyl,[err] cycloal kyl, cycl ohexenyl, cycl ohexadi enyl, -an,, ,
aromati c group, such as phenyl, substituted phenyl, thféﬁVTT‘EVFTatﬁ, an ‘&QJ
optionally substituted thiazolyl group a [err] alkylthi mnl““m
al kyl gxy; X is a hydrogen or hal ogen ato car boxyl i cj@“ﬁl‘\mu““ il
est erﬁul phoni ¢ acid, azido, tetrazolyl n@y%@y acyl ,cameno® uf ei do,
acyl amMo, heterocyclyl am no, guanidino or acylureido group; A2 is an
aromatic group, a substituted al kyl group, or 'a substituted dithietane;
[err] is a [err] or [err] group; XZgkS an oxygen or sulphur atom [err] is

an aryl or heteroaryl groug;/ang pa i% hydrogen, Lg ] alkyl, C3-6
I, i

cycl oal kyl, aryl am no- carbonyl, ¢$rr] al kyl am no- ~car yl, [err] al kanoyl,

Cl-6 al koxycarbonyl, C2-6 aIkgﬁ&I(ngarboxy Cl -6 al ky 2rr] al kyl sul phonyl
9.

or [err] al kyl phosphat onet hyl . A cdnpound as clained in claim?7
wherein R3 is.a group of sub-fornula (f) or (g): R4- CH -(f) (g) [err]
wherein R4 is a phenyl, thienyl or phenoxy group;

-
-

or

wherein ¥Y! is oxygen, sulphur or -CH2-~ and 2
represents hydrogen, halogen, or an organic éroup
such as C]-4 alkoxy, -CH2Q or -CH=CH-Q wherein Q
represents hydrogen, halogen, hydroxy, mercapto,
cyano, carboxy, carboxylié ester, Cl-4 alkyloxy,
acyloxy, aryl, a heterocvelyl group bonded via
carbon, a neterocyclylthio group or a nitrogen
containing heterocyclic group bonded via nitrogen.

) . 4. A compcund as claimed in claim 3 wherein Y is
~/ _ © =5-C(CH3)2- and -S-CH2-C(CH2Q)=.

5. A compound as claimed in claim 3 or claim 4
wherein ¥ is -S-C(CH3)2-.

6. A compound as claimed in claim 3 wherein Y is
-S-CH2-CZ=.

7. A compound as claimed in claim 3 of the formula
(II) or a pharmaceutically acceptable salt or in

vivo hydrolysable ester thereof:



R5 is .a hydrogen atom or wethyl group; R6 is a phenyl, substituted phenyl,
substituted thiazolyl, thienyl or cyclohexadienyl group; and R7 is a
24qydroxyl carboxylic aci d group or [err] lLkyl or phenyl, tolyl or indanyl
ester thereof am no or a substituted amﬂﬂﬁ,group. 10. A conpound as
clainmed in cIa|n19 wherein R6 is a phenyl group substituted with up to .
three groups selected fromJ[err] al kyl, phenyl, hal ogen, [err] alkoxy,g;}

am no, nitro, hydroxy, [err] alkylam do, [errl_gLK¥LcaLbeﬁy+oxy"carbo'
[err] al koxycarbonyl, halo [err] alkyl, oxo [err] alkyl,

al kyl carbonyl , aryl oxy, aral kyl oxy, aryl carbon ‘ |““EM|I no or
di[err] alkylamno. 11. A conpound as clained‘wn wherei n R7

is a ureido, acylam no or acylureido group. 12. * Ao ound as clainmed in
claim3 of fornula (I11) or a pharmaceutically acceptable salt or in vivo
hydr ol ysabl e ester thereof: [err] wherein Y is as defined with respect
to formula (1) and R8 is phenyl Ehst it ut ed phenyl, ‘cycl ohexenyl,

cycl ohexadi enyl, or a 5- or 6- Abered het erocyclic ring containing up to
t hree hetero-atons sel ected fronﬁg&gben sul phur or nitrogen, optionally

substituted with hydromﬁ_@nm.ha.m substituted anmino or [err]

al koxy; (II)

N
o7

C02H

‘wherein Y is as defiried with respect to formula
(I): and R3 is a group such that R3-CO0-NH- is an

acylamino group.

8. A compound as claimed in claim 7 wherein R3co- is
a group selected from the sub-formula (a) - (2}):
A1 - (CH2)p -'TH - (CH2)p - CO - (a)
az - CO - ' (b)

/ cH2 )
///// (c)
\CHZ
Ay - X2 - (CH2)n - co - (&)

.

.



[err] is hydrogen or a [err] al kyl ‘group and [err] is an optionally oy p
substituted 5- or 6- nenbered heterocyclic group containing one or two 249
ni trogen heteroatons; or R9 and R10 together wit e nitrogen atomto

whi ch they are attached forman optionally subsi d—five—or R
Si x- yered heterocyclic-group containing one or two nitrOﬂen het

| - | | . : . er ONs.
13. | jonpound as clainmed in claim1l2 wherein R8 is a Tmﬂl "“Fuuﬂnu ﬁhﬂ |
r

subst™ted with up to three groups selected from([err] &
hal ogen, [err] al koxy, am no, nitro, hydroxy, [err] al kylamdo, [err
al kyl car bonyl oxy, carboxy, [err] al koxycarbonyl, halo [err] al kyl, oxo
[err] alkyl, [err] alkyh%aLb?nylcoaLyloxy, aryl carbonyl, [err}ggl kylam no
or di[err] al kylam no. 141 é‘égnpound as clainmed in claim12 wherein R8
i s phenyl, 4-hydroxyphenyl, §,4- £ - 6al kyl car bonyl - oxy) phenyl ,
3, 4-di hydroxyphenyl, 2-thienyl, 3-thienyl or 2-am no-4-thiazolyl. 15. A
Lgonpound as clainmed in any one of clains 12 to 14 wherein R8 s
§,4-dihydroxy- phenyl or 3h4-diace§gx pheg%l. 16. . A conpound as clainmed in
claim12 of formula (MPPEEERaRphdrfackRY & Y WWclaptaBFetsaft bt Giréivo
hydrol ysabl e ester thalzefl, eubstetited Cy.g alkyl, C3-g cycloalkyl,
' cyclohexenyl, cyclohexadienyl, an aromatic group,
such as phenyl, substituted phenyl, thienyl,
pyridyl, an optionally substituted thiazolyl
group a Ci-5 alkylthio group or Cl-g alkyloxy: X
is a hydrogen or halogen atom, a carboxylic acid,
carboxylic ester, sulphonic acid, azido,
tetrazolyl, hydroxy, acyloxy, amino, ureido,-
acylamino, heterocyclylamino, gquanidino or
acylureido group; A2 is an aromatic group,
a substituted alkyl group, or a substituted
dithietane; X] is a CH20CH7, CH2SCH2 or (CHg)p
group; X2 is an oxygen or sulphur atom: A3 is an
aryl or heteroaryl group; and A4 is hydrogen, Cl-g
alkyl, C3.g cycloalkyl,.arylamino- carbonyl, Ci-j
K;) alkylamino~ carbonyl, Cl-g alkanoyl, Cl-g
o alkoxycarbonyl, C2-g alkenyl, carboxy Cl-g alkyl,
Ci-6 alkylsulphonyl or di-Cl-g '
alkylphosphatbmethyl.

9. A compound as claimed in claim 7 wherein R3 is .a
' group of sub-formula (f) or (g):

R4 - CH ~ - (£)



or a-?{iﬁar 6- menbered heterocyclic ring containing up to three heteroatons
sel ected from oxygen, sul phur or nitrogen, optio | W th
hydroxy, am no, halogen or [err] alkoxy; [err] |Hmmmﬁ§mwnnmr] al kyl
and [err] is an optionally substit Xive- or SkXx-éennemedshekerocyclic
group contai ning one or two nitrogen heteroatons; or R12 and R13 toget @
with the nitrogen atomto which they are attached forman optionally ™
substituted five- or six-nenbered heterocyclic group containing one or two

ni t rogen het er oat o®$. - CHLZ= A conpound as clained in édgaim 16 wherein

[err] is phenyl, 4-hydrqgxyphenyl, 2-thienyl, 3-thienyl,

.2-am no- 4-thiazolyl, 3, :pihydroxyphenyl or 3, 4-diacetoxyphenyl. 18. A
conmpound as clainmed in &aim 16 or claim 17 wherein [err] is

3, 4- di hydr oxyphenyl or 3, 4-diacetoxyphenyl. 19. A conpound as clained in
claim12 of fornula (V). 0or. a pharmaceutically acceptabl e salt or in vivo .
hydr ol ysabl e eé‘th&ret’%b 4gfl.s d?@afm-rllkt r P Wi eé‘ggy\(gg%pés defined %
W th respect t®% drsmd dydddgerarak RO apEtdwdntas dwedr &derds Rerr]

phenyl, substituted phenyl, substituted thiazolyl,

wherein [err] is phenyl, substituted phenyl,: cyclohexenyl, cycl ohexadi enyl,

-,

thienyl or cyclohexadienyl group; and R7 is a
hydrole, carboxylic acid group or Cl-6 alkyl or
phenyl, tolyl or indanyl ester thereof, amino or a
substituted amino group. _ - "

10. A compound as claimed in claim 9 wherein R® is a

' phenyl group substiéuted with up to three garoups
selected from Cj-g alkyl, phenyl, halogen, Cl-g
alkoxy, amino, nitro, hydroxy, Ci-g alkylamido,
Ci-¢ alkylcafbonyloxy{ carboxy, Ci1-8 '
‘alkoxycarbonyl, halo (Cj-g) alkyl, oxo (Ci-g)
alkyl, Ci-¢ alkylcarbonyl, aryloxy. aralkyloxy,
arylcarbonyl, Cil-¢ alkylamino or 4i(C1-¢)
alkylamino. |

11. A compound as claimed in claim 9 or 10 wherein R7

is a uvureido, acylamino or acylureido group.

12. A compound as claimed in claim 3 of formula (III)
or a pharmaceutically acceptable salt or in vivo

hydrolysable ester thereof:



al kyl, substituted al kyl, aryl, or-aralkyl; [err] and Rl6 are the sane or

di fferent and represent hydrogen, [err] alkyl, substituted alkyl, halogen,;:47
am no, hydroxy or [err] alkoxy or [err] and [err] forn1the resi due of a 5-

or 6- nenbered carbocyclic or heterocyclic ring.

cl ai in claim19 V\:hEI’EII‘]YIS-S—C(CI‘B& -S—CHZ C(CH2

S a@rel nbef ore defined 21. A conpound as cl ai ned “mm“ﬁ m W orrrul a
(V) ° a pharmaceutically acceptable salt or in VIV&

thereof: [err] wherein [err] and [err] are as her ei nbéef ofe deflned 22
compound as claimin claim7 of formula (VII) or a pharmaceutically
acceptable salt or in vivo hydrolysable estercigereof: [err] wherein [err]
is as hereinbefore defined; [err] is oxygen off ‘sul phur; and @ represents
acetyl oxy, a group -SHet, wherein Het is aéﬂ"-he’éel nbef ore defined, or
represents a subgroup of forrrul a @9, cx-i@l’dl\ﬂ-l Z

S _ _ . Y
NH N .
oo | (III)
: <l:o CO,H
N
/
gS rlO

wherein ¥ is as defined with réspect_to formula
(I) and R8 is phenyl, substituted phenyl,
cyclohekenyl, cyclohexadienyl, or a 5- or
6-membered heterocyclic ring containing up to
three netero-atoms selected from oxygen, sulphur
or nitregen, optionally substituted with hydroxy.
amino, halogen, substituted amino or Cl-¢ alkoxy:
R9 is hydrogen or a Cj-g alkyl group and R10 is an
optionally substituted 5- or 6- membered

&vj heterocyclic group containing one or two nitrogen

\ heteroatoms; or R? and R10 together with the

nitrogen atom to which they are attached form an
optionally substituted five- or six-membered
heterocyclic group containing one or two nitrogen
heteroatoms. '

13. A compound as claimed in claim 12 wherein R8 is a
pnenyl group substituted with up to three groups
selected from Cl-g alkyl, phenyl, halogen, Ci-5
alkoxy, amino, nitro, hydroxy, Cl-.g alkylamido,
Cl1-¢ alkylcarbonyloxy, carboxy, Cl-¢
alkoxycarbonyl, halo (C1-g) alkyl, oxo {Ci-g)
alkyl, Ci-5 alkylcarbonyl, aryloxy, arylcarbonyl,
Ci- 6 alkylamino or dl(Cl §) alkylamino.



wherein [err] and [err] may bé the sanme or different and each represents
hydr ogen, [err] alkyl, [err] al koxy, hydroxy- alkyl, -6 al kenyl,

al koxyal kyl , carboxyal kyl, sul phonyl al kyl, carbampy-lalkyl carbanoyl,
tringp;g- nmet hyl, hydroxy, hal ogen, and an1noa|k | . 23. A conpound as

clainé4 in claim 22 wherein the group ' Het' |s w[lunlﬂﬂﬁ“ﬂmMSubstltut ed
1,2,3-triazolyl; 1,2, 4- trlazonL— &gzﬁlyl
-1,3,4-oxadiazolyl 1,2,4-triazinyl,; 4 thladlazﬁlyl

1,2,4-thiadiazo|y| 24. A conpound as clained in cIa|n122 or 23 mhereln Y

I's sul phur. 25. A conpound as clalned in any one of clainms 22 to 24 wherein
R3 is a subgroup of formula (j): [err] 252 wherein RS, 8R14 R15 and R16
are as herdi-nbéf SOIPRMch &S \ﬂ'ﬂltaHmleéf drefddimolforheraip\B® 6. A conpound

as clainmed in ghainyl’, saeihqcatradyhh@ﬁytlhez.f@Lbaw\cmgeglxm@@%mputical Iy
acceptabl e salt__or,_in-vivo h dék_‘&gabl e ste

t
[err]-fornani dox[e?rplh] n[I?JL’Z [(44 Fe3YBI 8P3§<6p é}?%ﬁ?% _
I-yI)carbonyIaﬁﬂﬁﬂyezydh@nyMa@@@anrdokpeﬁzeﬂyﬂanlc aci d; v
[err]-formam do-[err]-phenoxyacetam dopenicillanic acid; '
Lerr]-Tormam do [ e (d S R n2al It EES“X'n)eagﬁtgﬂﬂﬁ’l 12 to
14 wherein R8® is 3,4-dihydroxy- phenyl or

3,4-diacetoxyphenyl. -

-y

16. A compound as claimed in claim 12 of formula (IV)
or a pharmaceutlcally acceptable salt or 1n vivo
hydrolysable ester thereof:

_'cz-{o
: NH H
11 * =
R l.(‘:H.co NILE I/
NH \ .
1 (IV)
. cO
i | i "CO SH
i _ _ /N\
; w
gl2 g13

wherein Rl is phenyl, substituted phenyl,

cyclohexenyl, cyclohéxadienyl, or a 5- or

6-membered heterocyclic ring containing up to

three_heteroatom; selected from oxygen, sulphur or

nitrogen, optionally substituted with hydroxy,

amino, halogen or Ci_g alkoxy:; Rlzlis hvdrogen or s
C1-6 alkyl and_Rl3 is an optionally substituted
five—- or six-membered heterocyclié group
containing one or two nitrogen heteroatoms; or R12
and R13 together with the nitrogen atom to which
they are attached form an optionally substituted
five—- or six-membered heterocvclic group

containing one or two nitrogen heteroatoms.



penicillanic acid; [err]-formam do-[err]-(2-carboxy-2-phenyl acet am do) -
penicillanic acid; and b)
[err]-[D2-[(4-ethyl -2, 3-di oxopi perazin-|-yl)carbonyl
am no] - 2- (4- hydr oxyphenyl )acetam do]-[err]--for ) ) I c acid;
[err]-[L-2- (4-ethyl-2,3-di oxopi perazin- .)%ga’r-rgﬂ‘m”“‘“““ﬂm“ﬁm N
am n _-(4-hydroxypheny|)acetanido]-[er§%~ mam do-¢ peni & | Fani ¢ aci d;
[ err]™™r mam do-[err]-[ D 2-[(4-hydroxy-2-phenyl am no-
pyri m di n-5-yl)ureidol - 2- phenyl acet am dol peni - cillanic acid;
[err]-[D-2- Am no- 2- (4- hydr oxyphenyl ) acet am do] - err]-,fornanidog?nlciIIanic
acid; [err]-[D 2-13-cihneonpdurgl @st fpramefdby - pLpiehf wherein RE- is
acetanido]-[err]-fornai%} Nignhls@eik¢oAehyl, 2-thienyl, 3-thienyl,

yf 2

[.err]-Formamni do-[err] W%%%%%§gégkg§ ?;%?%D%%§%ﬂ9°xyphenyl or

car bonyl am nol - 2- phen
_%err]-Fornanido-[err]-¥[liﬁ#{dbtnﬂypybsuﬂphonyl-2-oxo-

. Fm dazol i di n-1-yl)carbonyl am no] - 2- phenyl acet - am do] peni cil |l ani c aci d;
[err]-Formam do-[err]-[D-2-(3-nethyl -3-(thien-2-vyl- .

car bony! ) ur ei do] - §phe-£ny?%ftpe‘{‘ﬁ’rr‘tr¥e&8|-ﬁéﬁr‘é‘ﬁ$| W G146 or claim 17

[ err] - Formam do- [ err] -gtese {{ Riydsody4td2hgdrokypignyl or
[2,3-a]pyrinidin-6-y|)gg{k&gg@éygfgghégy@benyl- acet am dol penicill ani c acid;

19. A dompound as claimed in claim 12 ¢f formula (V)
or a pharmaceutically acceptable salt or in vivo
hydrolysable ester thereof:

CHO

NH

g X : E
R -?H—CO—NHLa__W/’-\\
¥
AN
o o T

CO_H’

?T)_ R i:[jo 2
' Rl;:[: (V)

N o)
|

B

Z —

Rl4

wherein R8 and Y are as defined with respect to
T - formula (III) and r14 represents hydrogen, Cl-g
alkyl, substituted alkyl, aryl, or aralkyl; RLS
and R'8 are the same or different and represent
hydrogen, Cil-g alkyl, substituted alkyl, halogen,
amino, hydroxy or Cl-g alkoxy or RL5 and R16 form
the residue of a S5- or 6- membered carbocyclic or

heterocyclic ring.



[enﬁatk>2-[(2-8enzylanino-4-hydroxypyrinidin-5-v|)

car bonyl am no] - 2- phenyl acet am dol -[err] -formam do- penicillanic acid;

[ err]-Formam do-[err]-[ D 2-(4-hydraq enyl)-2- (2-

oxoi m dazol i di n-1-yl ) car bonyl am nol tam dol penicittante—acid;

[err]-[D 2-(3-cinnanoyl - 3- net hyl ur ei do) - 2- ( 4- - '
‘phenyl )acetam do] -[err]-formam dopenicill ani cmﬁ!@”@"m”ﬂ'”m’ '

~[err]-Formam do-[err]-[D 2-((4-ethyl -2, 3-di oxopr el dvpet
1-yl ) carbonyl am no] - 2- ( 3, 4- di acet oxyphenyl ) - acetam dol penicrllanic acid;

[err]-Formam do-[err]-[D-2-[(4-ethyl -2, 3-di oxopi perazin-

1-yl ) car banyl aRi cofpd:8, a di lnidiedx iphedylijn- Lacehene o] Peid cil | ani ¢ aci d;

and d) [er&las s [ 3-1.2- (A-~An_ LLghan I ] Q- 4-

hydr oxypyri m di %-%gﬁﬁé eic;dl(z)]{s;-c(ﬁ?- m?fg&)@gphgllﬁg???y éa{g =

acet ani do] - [ er Rere iRt FSHAEd ani ¢ aci d;

[err]-Formam do-[err]-[D2-[(3-(furan-2-yl net hyl ene-

am no) - 2- gxoi m,dazol i di n- 1-yl,.car | aplnQ] »2-

(4-hydroxggheg§lfgﬁég%ﬁ§2§%[%%ﬁﬁﬂegﬁgﬁi%Egéﬁd?g of formula (VI)

[err]-[ D 2- (D or Garpanacad ticad Wyhasgeptapionaad tioyr in vivo

2-(4-hydroxyphgya{&ggﬁggqg(ggtégﬂuﬁgrgg$qnanido- penidillanic acid,

. [err]-[2-][(Coumarin-3-yl)carbonyl am no] - 2- (4- hydr oxy-

phenyl ) acet-am dol -[err] -formam dopenicill anic acid;

[err]-Formam do-[err]-[D 2-(4-hydroxyphe <3-2- (3-

nethylsulphonyI-Z-OXOEqidaquidin-I-yI)c oyl -

R': —CH - CO-NH i 3-8
{
o ‘J
N
- O/ Z (V1)

?O > .
H Vd

R]_6 N:‘EO COZH

Rl;[ xlsx o)

_ Rl : .

wherein RL11, R4, R13 ang R16 are as hereinbefore
defined.

22. A compound as claim in claim 7 of formula (VII) or
a pharmaceutically acceptable salt or in vivo
hydrolysable ester thereof:

R3.CO.NH -=—-T/ W
J—f-N

wherein R3 is as hersinbefore defined; Yl is

oxygen or sulphur; and Q2 reprasents acetyloxy, 2



am nol acet am dol penicillanic aeid; ‘[err]-]
D 2-[ (5- Et hoxycar bonyl i radazol - 4- yI)carbonyI
anino]-2-(4-hydroxypheny|)acetanldo] [err]- E¥gﬁ§nldo- penicillanic acid; 2514
[err]-[D 2-[(4-Ethyl -2, 3-di oxopi perazi n- 1-yl
carbog,.anino]-z-(thien 2-yl)acetam do]-[err] - formam do penicillanic
acid;Sﬁé}r]-{L 2-[ (4-Ethyl - 2, 3- di oxopi perazi n-1-y

"am nol - 2- (t hi en-2- yI )acet am do] -[err] foHMN'{H“""IIII'“M| c acid;

car bo
opensci ¥l ani c

[err]-[D 2- Ami no-2-(thien-2-yl)acetam dol -[err]- feornam
ac-d; [err]-[L-2-Am no-2- ( hi en- 2- yI)acetanldoI [err]-
fornanldopen|C|IIan|c p £
[err]-[(2R, 3S)-3- Benzylox 2- F?i é
pi perazin- 1- yI)carbonyF%ﬁ%ﬁ@Fbu?yr i BT T%ﬁ?ﬂi q(ﬁ%ﬂﬁﬁP&Bp@ﬁlE?F?%hﬁc aci d;
[err]-Formam do-[err}]-[(®)2- (4-hydroxyphenyl)-2-[3-(4-

_hydroxy 2- (phenyl am no) pyri m di n-5-yl Jurej acetanldo]pen|C|IIan|c aci d;
["err]- (D 2- Ami no- 2- phenyl acet ani do) - [ erel-for ni db®) cephal ospor ani ¢ aci d;
[err]-[D-2-[(4-Ethyl -2, 3-di oxopi perazi n- 1 yl)
¢ar bonyl am nol - 2- phenylacetanido] [err]- m.8B- cephal osparani ¢ aci d;
[ err] - Fornmam do- [err] [D2-((3- (nethylsulph gyl ) - 2-

oxoi-m dazol i di n-1-yl ] car bonyl am no] - pheny - acetanldolcephalosporanlc
aci d;

?ril %F; 15 as hereinbefore

wherein R9 and RP may be the same or different and
each represents nydrogen, Ci-g alkyl, Ci-e alkoxy,
hydroxy- alkyl, Ci-s alkenyl, alkoxyalkyl,
carboxyalkyl, sulphonylalkyl, carbamoylalkyl,
carbamoyl, trifluoro- methyl, hydroxy, halogen,
and aminoalkyl. '

23. A compoﬁnd as claimed in claim 22 wherein the
group ‘Het' is substituted or unsubstituted
1,2,3-triazolyl; 1,2,4-triazolyl; tetrazolyl:

“oxazolyl; thiazolyl; 1,3,4~-oxadiazolyl;
K;j . : 1,2,4-triazinyl; 1,3,4-thiadiazolyl or
1,2,4-thiadiazolyl.

24. A compound as claimed in claim 22 or 23 wherein vi
is sulphur.

25. A compound as claimed in any one of claims 22 to
24 wherein R3 is 'a subgroup of formula (j):

T : CO-NB-CH-

R N ngs
\T/ . )
~
RIS g

Rl4 



[err]-[D-2- [ (4-Ethyl-2,3-di-oxopi perazin-1-yl carbonyl

anlno] 2- (4- hydroxyphenyl)acetanldol [err] f or mam do- cephal osporani c aci d;
ﬁga},[L 2- (4-Ethyl-2,3- dloxoplperaz ijizﬂlE#%Qﬁr—~eephaLo

a 6] 2-(4- hydroxyphenyl )acetanrd@L rr] forma sporani c

acid; [err]-[D 2-[(4-Ethyl-2,3- droxoprperazr bonyl ,

am no] 2- (3, 4-di acet oxyphenyl )acetam do] - [ er ,g’ ”‘Hcﬂ al osporan@_

acid; [err]-Formam do-[err]-(thien-2-ylacetam 0 C ranic ac
[err] [[2- Car boxy-2-( thien-3-yl)acetam dol-[err] -fornanldocephalosporanrc

aci d; [err]-[D-2-((4-Ethyl-2,3-di oxopi perazin-1-yl)carbonyl

anino] 2-(thi )acetam d 15[ ] »her rani ¢ aci.d;

[err]-[L-2-(4 &%% %/A Z@F o% pe%&glﬁ 1- rr? cgér)b%%?ﬁol%e%s&%

ami noj - 2- (th|@mfgngd)%kﬁﬂeﬂﬁﬂﬁGFnFerﬁp f@rma d6V)cephansporan|c aci d;

[err]-[2-(2-Am nothiazol -4-yl)acetanmi do]-[err]-fornman do cephalosporanrc

S AR SRR B gE

[err]-[D 2- [3foémw<m<;1r¢r1 ao@nmwucsnt?scyll}nr@r:m gole salt or
(4- hydroxyphepyl&@&&t@yagngSQBQLrkskgpnaﬁbg@okpenrcrIIanrc acid; [err]-
For mami do-[err]-[ D 2-[(4- hydroxy-7-met hyl -1,

napht hyri di n- 3-yl ) car bonyl am no] - 2- ( 4- hydroxy-
a) 6ot-formamido-68-(D-2-((4-ethyl-2,3~-dioxopiperazin-

o

l-yl)carbonylamino]-2-phenylacetamido]penicillanic
acid; '

6e~formamido~-6B-phenoxyacetamidopenicillanic acid;.

6oe-formamido-63-(2-carboxy=-2-(3-thienyl)acetamido]
penicillanic acid;

ge¢t-formamido~6B~(2-carboxy-2-phenylacetamido)-

penicillanic acid; and

b) 68~ (D-2-((4~ethyl-2,3-dioxopiperazin-l-yl)carbonyl
anino}~-2-(4-hydroxyphenyl)acetamido] -6x~-£formamido-
pvenicillanic aqid;

‘6B~ [L-2~-{(4-ethyl-2,3-dioxopiperazin-l-yl)carbonyl
amino] -2-(4-hydroxyphenyl)acetamido] ~éx-formamido-
penicillanic acid;

6x-Formamido-58- (D=2~ [ (4-hydroxy-2-phenylamino-
pyrimidin-5-yl)ureido] -2-phenylacetamido]peni-

cillanic acid; '

4- hyd*oxynneny yacetamido] ~6x~

GB-[D-Z-(3—cinnamcyl—3—methy1ureido)—Z—phenyl-

acetamido]-&~~formamidopenicillanic acid;



phenyl ) acet am dol penicil | ani c -aci d; ‘ :

[err]-[D 2-[ D 2-am no- 3- UvnnﬂwlanbmmyUpr - am dol 253
- 2- (4- hydr oxyphenyl )acetam dol -[err] - f or mam do (* peniciTTanic acid; )
[err]-[2-(Cyanonet hyl t hi 0) acet am do]-[.err]-fornma ic acid;
[err]-[2- [ (Am nocar bonyl ) am no] - 2- (thien-2-yl)-. ﬂﬂlﬂﬂ“iﬁ" mi ,ﬁr

acet g -[err]-formam docephal osporani ¢ aci d;

[err]™ rnanldo [err]-[2-(thien-2- yI)acetanldo] 3 T(I-
nethyl-lk#tetrazol 5-yl)thi omet hyl ] ceph-3-em 4- carboxylic aC|d,
[err]-Formam do-[err]-(2-(thien-2- vI)acetanldoI 2- methyl -1

, 3, 4-t hi adi azol - 5- y| ) €P-Epsnapideshs Ruin [ (2 %@&%PFS%@%%‘L&‘H&

[err] [2-(3, 4- d|aceto&&ahaayhhmﬂnéIluéﬁﬁaﬂyﬂadétQMGMOqoenlclllanlc'

pi per azi n- I-yI)carbonyIa nolacetanldol [err]

-f or mami do- 3-[ ( 1- net hyi® i t et razol - 5-yl ) t hi o-

net hyl ] ceph- 3- em 4- carboxyllc aci d;

Terr]-[2-(3, 4- d'hydr0%%@@%@%Eh130%éﬂ-ﬁﬁ*®4EéB4hd$Hv&@ulphonyl -2-0x0-

pi perazi n-1-yl)carbonyl ard nol

met hyl -1 Htetrazol - 5- 9@?5%?8&89 9I d%%ﬁcégégﬁi}a%%%%éoxyPP%nglac &
[err]-[L-2-[(4-ethyl-2amddilproprpéianin-acids) -

car bonyl am nol - 2- (3, 4- di hydr oxyphenyl ) acet am do] -

[err]-formam dopenicil] anjc aci _ 9
[err]-formani do- 3- (pyﬁﬂ?‘ﬁrﬂﬁﬂégﬂyp? (R737 L3TeRbw3oyenien-2-yl
acet am do) - ceph- 3- en}4wuamhgxyhre1éoidZ-Dhenylace*amldoIPenIClllanlc
[err]- phenoxyacetam(ﬂééﬁyﬁ] f or mam dopenam 3- car boxyl c

6x=Formamido—-6B=- [D-2-[(7-hydroxy-1,2,4-triazolo
[2,3-alpyrimidin-6-yl)carbonylaminol -2-phenyl-
acetamido]penicillanic acid;

6B~ [D-2-[(2-Benzylamino-4-hydroxypyrimidin=-5-y1)
carbonylamino] -2-phenyvlacetamidol -ésx-£formamido-

venicillanic acid;

- _ gex-Formamido—-6pB~- [D-2-(4-hydroxyphenyl)-2-((2~-
./ : _oxoimidazolidin-l-yl)ca?bonylamino]acetamido}
penicillanic acid:

GB—[D-2—(3-cinnamoyl—3-methylureido)—2—(4-hydroxy-
phenyl)acetamido]~6§rformamidopenicillanic acid;

and

" c) &x-Formamido—GB—[D—Z-[(4-ethyl—2;3-di0xopiperazin-
e l-yl)carbonylamino]-2-(3;4—diacetoxyphenyl)-

acetamidolpenicillanic acid;

6oe-Formamido—-53-[D=-2-[(4-ethyl-2,3-dioxopiperazin-
l-yl)carbonylaminol-2-(3,4-dihydroxydhenyl)-
acetamidolpenicillanic acid; and



- acid; ‘[err]-[D2-[(4-ethyl-2;3-di oxopi perazi.n-1-yl)-

carb kam no] - 2- phenyl acet ami dol -[ err] - f or mani do- 3-

met hyl - | - oxadet hi.a- ceph- 3- em 4- car boxyl'ic aciaT~€6?TUrﬁaﬁ¥do;L§££]-
(R-2- phenyl - 2- sul phoacet anmi do) - peflEHll ani c

[err]-[D 2-am

errt POB% anino 505 el wypnens) acet o A g g

[err]-formam do-[err]-[DL-2- phenoxycar bonyl - 2- (t hi en- 3- "yl Jactt ani do]

- 3-net hyl - 1- oxadet hi a- ceph- 3-em 4- carboxylic acid;

613-[D-2-[ D-2-

am no- 3- ( N- net hyl car banoyl ) pr opi on-

T2t R 55T B al g/ Y aBLR0EN 1 et
anmi noj - 2- ( 4- hyrdvoxyremimiddietanyddhre bde] =3 of dfexyphenyl)-
3-[(]-methyl - Jﬁgﬁ%ngiaa?oql-reﬁr-\fb}hgh@as@@mcgﬁm& &ngh- carboxylic acid;

y -

[err]-(2-[(4-¢e

am no] - 2- (3, 4-
2- met hoxy-1, 3,

, 3- di oxopi perazi n-1-yl)carbonyl -
di acet.oxyphenyl )acetam do]-[err]- formam do- 3-(
Eet HY agtineiAal-68-\(D)-2 -1 I B o (B0 hanh 1 Z-gpimeharhetecar boxyl i ¢ aci d;

[err]-fornaniq§ﬁi§g{J21&%339ﬁ?}?§ﬁ?@%ﬁ910§ﬂ%%éégéﬁgggmygoq_2_

[err]-[(2)-2-(

--am not hi azo - (I -car bo; N ,
(4-hydroxyphenyl)acetamido]lpenicillanic acid;

68—[D—ZQ(DeZ—Carbamoylamino—3-phenylpropionamido)-_
2-(4-hydroxyphenyl)acetamido]—&x—formamido-
penicillanic acid;

68—[2-[{Coumarin-3-yl)carbonylamino]-2~(4-hydroxy-
phenyl)acetamido]—&5fformamidopenicillanic acid;

6x~Formamido-6B~-[D=2-(4-hydroxyphenyl)-2-{(3~
methylsulphonyl=-2-oxoimidazolidin-l-yl)carbonyl-
aminolacetamido]penicillanic acid:; '

6B-[D-2-[(S-Ethoxycarbonylimadazol-4-yl)carbonyl-
amino]-2-(4-hydroxyphenyl)acetamido] -&x-formamido-
penicillanic acid:

GB-[D—Z—[(4-Ethyl-2,3fdioxopiper;zin-l-yl)—
carbonylaminq]—2-(thien-2-yl)acetamido]66%’—
formamido penicillanic acid;

6B~ (L-2-[(4-Ethyl-2,3-dioxopiperazin-l-yl)-
carbonylamino]-2-(thien-2-yl)acetamido]-6ex
-formamidovenicillanic acid:

6B~ (D~2-Amino-2-(thien-2-yl)acetamido] -5~

formamidopenicillanic acid:

6B-[L-2-Amino=-2~(thien=-2-yl)acetamicdo]=6oe .
formamidopenicillanic acid:;



met hyl et hoxyi m no) acet am do] - [err]-formam docephal o-- sporani c aci d;
[err]-[2-(3, 4-di acet oxyphenyl)-2-[(4-ethyl -2, 3-di oxc-

pi perazi n-1-yl)carbonyl am nol acet anmi dol -[ err .
am do- 3-[ (2-net hyl -1, 3, 4-t hi adi azol - 5-yl )t hi

e P]y@eé’“[ B e e e 1-y1) a1 vorl I I|||| I} I|||

am no[™2- (3, 4- di hydr oxyphenyl ) acet ani do]-[err]-form *- &ni'dodepiial dsporani c
acid; [err]-(D 2-(3,4-di acetoxyphenyl)-2-[3- [2 (4-am no-
sulphonylphenyl)an1no 4 hydr-oxypyri m di n- 5-v

ur ei do] acet am do- [ er r | R ot tfdti dpén?&PFYéﬂF%‘%c[Qﬁ'%?ﬁylfﬁ prdtRE2ut i cal
conposi tion conpr|5|rupfpexanMﬂm&yascakhonyﬁamtnamnuuyramﬂﬂo¢Fakﬁs 1, 2 and

7 to 26 together with g, fggg;g& ghaﬁggrég;dor excipient. 28. A
phar maceuti cal conposition as ¢laimed in ¢lalm27 which further conprises a

[err]-lactamase inhibitor. 29. A conpound as clained in any one of clains
1, 2, 7 26 for use in &kﬁ?dﬂﬁiﬁlﬂ%ﬂ%geﬂnbae(e¢ng&r¢gy§uaqunsz (3247-30. A

process for the prepar _ d i ch
process conprises for A{Hk 2 ? Fggy?gﬁ $§%f#é§AQ%f'égyﬁé fl%nrh
substituent on the cariﬁﬂt&ﬂkﬁﬂl@&ﬂ&@éhﬁaﬂectﬁ%“%arbonyl group of the the
[err]-lactamring. .31. A process for the preparation of a conpound as

'ClalnEd inclaim3 mm'fgL&Hl§¥§§§n%ggpghggélacetamldo) %x—formamldo-

cephalosporanic acid:

78-(D-2-((4-Ethyl-2,3~-dioxopiperazin-l-yl)-
carbonylamino]-2-phenylacetamido] -2~
formamido-cephalosporanic acid;

Tx=Formamido=-78-(D-2-{ [3-(methylsulphonyl)-2-
oxoimidazolidin-l-yl]carbonylamino]-2-phenyl-
acetamido]lcephalosvoranic acid:

_ 7B-(D-2-{(4-EthYl-2,3-dioxopiperazin-l—yl)carbonyl
L : - amino]-2-(4-hydroxyphenyl)acetamido]-"=-formamido-
N/ : cephalosporanic acid:

78-(L-2-[(4-Ethyl-2,3-dioxopiperazin-l-yl)carbonyvl
amino]-2-(4-hydroxyphenyl)acetamido] -7=-formamido-
cephalosporanic acid;

78-(D-2-[(4-Ethyl-2,3-dioxopiperazin-l-yl)carbonyl
amino]-2-(3,4-diacetoxypheny1)acetamido]—Zx
-formamidocephalosporanic acid;

Tee-Formamido-78—~(thien~-2-ylacetamido)cephalo-

sporanic acid:

78-{2=-Carboxy=-2~-(thien~3-yl)acetamido] -T7ex
-formamidocephalosporanic acid;



fornyl.ating a conpound of-formula (X): [err]- wherein Y is as defined with
respect to formula (1) and where any reasgtive be protected; R17
i's glﬁgim' no- protecting group or an a%lgg?oup found in anti terially
actirve penicillins and cephal osporins ahd wheiﬁ ﬂw ' gr oups may
be protected; and R18 is a readily renovabl e MWﬂ“IMQ group; and
thereafter, if necessary, carrying out one or nore of thestoklow ng st
i) converting a group [err] to a group [err] ii) converting a group [errf
to a group [err] iii) converting one group Zinto a different group Z;, iv)

converting the_product into a t,_32. . A_Qr s:f paration of a
conpound as cIgBﬁig'gﬁ[tPéﬁhQWf%éﬁ%ﬂé%ﬁﬁggé grgggér%sgg?%gg%ﬁf g a conpound
of fornula (XVaminol-2féthiemhdrl rradtamddod o yréapme#8idpri onal |y
substituted w E?pﬁa%&?{:’@rél\@i&had)ﬁimts acylation to take place and R2 is as
herei nbefore defined with reference to fornula (1) above, with an

N-acvl ating derivative of an acid of formula (XVII1): [err] wherein R3 is
as defined withpréapeet 4+Btiiwylndil Irdidiopdperadneilnydhgareery} ve groups g
therein may amino] -2-(thien=-2-yl)acetamido] -7=-formamido-

-

cephalosporanic acid:

7B-[2-(2—Aminothiazol-4-yl)acetamido]-%x-formamido
cephalosporanic acid; and .

e) 6B-(D-2-[(Coumarin=-3-yl)ureido]-2-(4-hydroxy-
phenyl)acetamido]-6er-formamidopenicillanic acid; °

6B~ [D-2-[3~-(4~oxo-4H~1-benzopyran=-3-yl)ureido]-2-
(4-hydroxyphenyl)acetamido] -6ec-formamido-
penicillanic acid:

6o Formamido-6p-[D-2-[(4-hydroxy-7-methyl-1,8-
naphthyridin-3-yl)carbonxlamino]~2-(4-hydroxy-
phenyl)acetamido]lpenicillanic acid;

63~ (D=2~ [D=2-amino-3-(N-methylcarbamoyl)propion-
amido}-2-(4-hydroxyphenyl)acetamido] -6e~formamido-

penicillanic acid;

78~ [2-(Cyanomethylthio)acetamido] -A-formamido
cepnalosporanic acid;

78-(2-[(Aminocarbonyl)amino]-2=-(thien-2-yl)~ . ' .
acetamido] ~7x-formamidocephalosporanic acid;

V)'

(£) Je~Formamido-7B~(2~-(thien-2-yl)acetamido]~-3-[(1l-
methyl-lg—tetrazol—S-yl)thiomethyl]ceph—3-em-4-

 carboxylic acid;



be protected; and thereafter, in necessary, carryi'ng out one or nore of the
followi ng steps: i) renoving any carboxyl-protegting group R2; ii) renDV|ng
any protecting groups on the side-chain-gro ét further derlvat|5|d@
the side chain group; iv) converting one grgﬁ%’ oup Z v)
converjtd,ng the product into a salt or in vivo hydr'E)Inﬂsabl e ester there

33. prrpound as claimed in claim3 of formul “ﬂ ﬂf ected
derivatmve thereof. 34. A conmpound as cl ai ned | nmul a
erelnbefore 35

(XXXI'V) or a salt thereof: [err] wherein Y is as deflned

A conpound as claimed in claim33 selected fromthe following or a salt
t hereof: [err]-ani no- [ dxrForoanbddtpei tithiem-2-xéi daceramido beirzbl2-est er

t hereof; [err]-am no- [Qtérthyﬁ.oﬂ.Uﬁmdaﬁf&ﬁwr-gﬂl)%haﬁinétWLI&'prt{-'

ester thereof [err]- arg_no Lerr£ fornn :Efna”] - carboxyclic acid or t he
benzyl ester thereof: - SREPPFY h?rﬁF or mam do- 3- (ace

toxynet hyl) - 1- oxa-

78-{2-(3,4-diacetoxyphenyl)~-2-[(4~-ethyl-2,3-dioxc~-
% piperazin-l-yl)carbonylamino]écetamidol—%x
-formamido-3~-[(l-methyl-1lH~tetrazol~5-yl)thio~
methyl]ceph-3-em—-4-carboxylic acid;

78-(2-~(3,4-dihydroxyphenyl)-2-((4-ethyl-2,3~-dioxo~
piperazin-l-yl)carbonylamino]-7e-formamido=3-[ (1~
'methyl-lg-tetrazol-s-ylJthiomethyl]ceph-3—em-4-
carboxylic acid; | ' '

6B=[L~2~{(4-ethyl-2,3~-dioxopiperazin~-l-yl)-
carbonylamino]l=2-(3,4-dihydroxyphenyl)acetamido]-
6x-formamidopenicillanic acid;

Tx-formamido-3-(pyridiniummethyl)-78-(thien-2-y1i-
acetamido)-ceph-3-em-4-carboxylic acid:

\ 8pB-phencxyacetamido-&x—~formamidopenam—-3—-carboxylic
acids

7ﬁ-{D—2—[(4fethyl-2,3-dioxopiperazin—l—yl)-
carbonylamino]-2-phenylacetamnido] -#=-formamido-3-
methyl-l-oxadethia~ceph~3-em-4-carboxylic acid;:

fx~formamido-68-(R-2-phenyl~-2-sulphoacetamido) -
= penicillanic acid;
63~ [D-2~amino=-2 acetoxyphenyl)acetamidol ~

-(3,4-¢
Zx-formamidopenicillanic acid;

1x—¢ormamido-78-[DL—Z-phenoxvcarbonvl-Z-(thien—B—
yl)acetamidol]l -3 -metnjl l-oxadethia-ceph~3-em~-4-

carboxylic acid:;



' dethiaceph 3-em 4-carboxylic acid or the diphenyl nethyl ester thereof;

[err]-am no-[err]-formam do-3-[(I- nethyI-IFLtCLrazs

5-yl )t hi-omet hyl | ceph- 3- em 4- car box Lg‘ Cld or the di phenyl- nmethyl ester
ﬁfﬁo [

550 et o 8 o sar o 1 AU 1 ey

ester thereof; [err]-amno-[err]-formam do- 3- nethyl-l-o%ad%thlaceph-
3-em4- carboxyllc acid or the t-butyl ester thereof; o
[err]-am no-[err]-formam do- 3- (pyridi ni utmet hyl ) - ceph 3-em 4- carboxyllc
acid or the di phenyl methyl ester thereof

[err]-am no- [ e6B-(DoRmd Prdoadihe63hylrna yh vl cet okl pws plikdn-

12, -t 321 - Jriloh 03! Ll GBRRs Ry SR Ay EPLOREYL o PRLL O the

dlphenylnethyl ester thereeo
‘[err]-anino- [eFPFmPBPHREF66°31EEQlﬁeFﬁbﬁy 1, 3, - 4-thi adi azol -
S—yl)thlonethyhbe&ph[34eﬁtﬁyﬁa2b@xatbﬁopcpdrﬂixﬁim% | phemdd@t-hyl ester

531 ythi onet hy 583 231 nyasbRERERYE) ot bes 5‘@2‘)’% %gm#éﬁﬁifr?i?'er

thereof. 3-((l-methyl- IQ—tetrazol 5-vl)thlomethyl}ceph 3-
em—-4-carboxylic acid; '
78-[2-((4~ethyl-2,3-dioxopiperazin~l-yl)carbonyl-
amino]-2-(3,4~-diacetoxyphenyl)acetamido] ~7x~
formamido-3-{(2-methoxy-1, 3 4-thiediazol-S-yl)-
‘thiomethyl]ceph-3-em- —caraoxyllc ac1d,

)

<

AN
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28.

29.
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bo<~formamido-6B-(phenylacetamido)penicillanic
acid. : :

7B-{(2)-2-(2-aminothiazol-4-yl)-2-(l-carboxy-1-
methylethoxyimino)acetamido] -%x~formamidocephalo-

sporanic acid;

" 7B-[2-(3,4-diacetoxyphenyl)-2-[(4-ethyl-2,3-dioxc~

piperazin-l-yl)carbonylaminolacetamido]-7%x~form-
amido-3-[(2-methyl-1,3,4-thiadiazol-5-yl)thio-
methyl]ceph-3—em-4-carboxylic acid; '

78-[D-2-{(4-ethyl-2,3~dioxopiperazin-l-yl)carbonvl
amino]-2-(3,4-dihydroxyphenyl )acetamido] -&-forn-

amidocephalosporanic acid;
63-(D~-2-(3,4-diacetoxyphenyl}-2-~[3-[2-(4-amino-
sulphonylphenyl)amino-4-hydroxypyrimidin-5-y1l]-

ureido]acetamido-t6x-formamidopenicillanic acid.

A pharmaceutical composition comprising a ccmpound

as claimed in any one of claims 1, 2 and 7 to 26 tacather

with a pharmaceutical carrier or excipient.
A pharmaceutical composition as claimed in clain
27 which further comprisas a B-lactamase

inhibitor.

A compound as claimed in any one of claims 1, 2, 7

26 for use in the treatment of bacterial infections.
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30.

31,

32'

AT

W O

A process for the preparation of a compound as

claimed in claim 1 which process comprises
formylatihg a B-lactam having an «-amino
substituent on the carbon atom adjacent to the
carbonyl group of the the B-lactam ring.

A process for the preparation of a compound as

claimed in claim 3 which process comprises

formylating a compound of

. NH, H
Rl7—NHP‘E H

Y

~—N
O

CO

2R

formula (X):

(X)

18

wherein ¥ is as defined with respect to formula

(I) and wher2 any reactive groups may be

protected; R17 is an amino-protecting group or an

acvyl group as found in antibacterially active

"penicillins and cephalosporins and wherein any

reactive groups may be protected; and R18 is a

readily removable carboxy protecting group;

and thereafter, 1f necessary, carrying out one or

more of the following steps:

i)
ii)

iii)

iv)

converting = group R17 to a

converting a group R18 to a
converting one group 2 into
Z;

converting the product into

A process for the preparation of

claimed in claim 7 which process

group RL;
group Rz;
a different group

v
a salt.

a compound as

comprises

reacting a compound of formula .(XVII):

-,
at

o




wherein the amino group is optionally substituted

with a
and R2

to formula (I)

derivative of

wherein R3 is as defined with
(II) and wherein any reactive
be protected;

AE

R3c0,H

and thereafter,

AR

S

2
COZR

is as hereinbefore defined with ref
gbove, with an N-acvlating

an acid of formula (XVIII):

(XVII)

3

group which permits acvlation to take place

2rence

(XVIIT

respect to formula
groups therein may

in necessary,

carrying out one or more of the following steps:

i) removing any carboxyl-prot
ar

ii) removing any protecting

side—-chain group:;

1

rt

ec

roups

ng group RZ

on the

iii) further derivatising the side chain group:

iv) converting one group Z to a different group

Z;

hydrolysable ester thereof.

v) converting the product into a salt or in viwvdy

iy
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33, A compound as ¢iaimed in claim 3 of formula (XVII)
or a protected derivative thereof.

34. A compound as claimed in claim 33 of formula
(XXXIV) or a salt thereof:

HZN p%___(\ .
Y ()OO(IV) ‘

wherein Y is as defined hereinbefore.

35. A compound as claimed in claim 33 selected from
the following or a salt thereof:

6B-amino-b6e-formamidopenicillanic acid or the
benzyl ester thereof:;
7B-amino-7ev-formamidocephaldsporanic acid or the
t-butyl ester thereof; '

‘6B-amino~&x~formamidopenam-3-carboxyclic acid or

é
the benzyl ester thereo

rh
~

TS

g’_‘w

R



"

2ho

25 | I0AY AR R

7B-amino-*x-formamido-3~(acetoxymethyl)-l-oxa-
dethiaceph-3~em-4-carboxylic acid or the
diphenylmethyl ester thercof:
7B8-amino-F¢-formamido-3-{(l-methyl~-1lH-tetrazol-
S-yl)thiomethyllceph-3-em-4-carboxylic acid or the
diphenyl- methyl ester thereof:
7B—amino—1x=formamido—3—[(2—ﬁethy1-l,3,4-thia—
diazol-5-yl)thiomethyl]ceph-3-em-4-carboxylic acid
or the diphenylmethyl ester thereof;
78-amino-&formamido-3-methyl-l-oxadethiaceph-
3-em-4-carboxylic acid or the t-~-butyl ester
thereof; |

7B—amino—7drformamido—3—(pyridiniummethyl)—ceph—Buem—

4-carboxylic acid or the diphenylmethyl ester theresof;
7B-amino-74~formamido-3-[(5-hydroxy-4-methyl-S-cxo-:5-
l,2,4-triazih—3¥yl)thiomethyl]ceph-3~em—4—cérboxyiic

acid or the diphenylme;ﬁyl ester thereof;

7B-amino-7g~formamido-3-[(2-methoxy-1,3,4~thiadiazol~

-

5-yl)thiomethyl)ceph-3—-em~4-carboxylic acid or &iha2
_ diphenylmethyl ester thereof; and
“\Vj 7B-amino-T«~formamido-3-((l-carboxymethyl-1H-tatrzzol-

)]

S5-yl)thiomethyl]-ceph-3-em-4-carboxylic acid or tn

diphenylmathyl ester thereof.




