2134522 - 1 - CEPHALCSPGRIN DERI VATI VES Thi s applicati tes to novel
phal osporin, deriv- atives of the forrmula [ERR] v? i%&f IS
(Egprogen or a conventional am no-protecting group, [err] is hvrogen a
rai ght or branched chain alkyl group contain- ing from 1 to 4 carbon (T}
~atons or g'croup of the formula [ERR] in which [err] is hydrogen,
(lower)al kyl or carboxyl, X is halogen, hydroxy or (lower)al koxy, and [err]
and [err] are each |ndependently hydrogen, methyl or ethyl, or [err] and
[erf], taken together with the carbon atomto which they are attached, may
be a cycloalkylidene ring containir.g from3 to 5 carbon atons, and - 2-
[ERR] is a quaternary ammoni o grdup, and to nontoxic pharnmaceutically
acceptabl e salts, physiologically hydrolyzable esters and sclvates thereof.
I n anot her aspect this invention relates to a process fcr the preparation
of the compounds of Formula |I. Background and Prior Art A)
Publ i shed Eur opean Patent Application No. 30,630 dis- k .

CEPHALOSPCRIN DERIVATIVES

This application zela%tes &2 novsl caph..osperin dexiv- €:
atives of the formula

1
ISAN
Rimy” s oR?

; 1
wherein R is hydrogen or a conveational ar;nc-s*otec:;n: grouy,
Qz in
ing frem 1 to 4 carbon atoms or a gz oup of the formula

is hvdrogen, a straight or bran ched chain alkyl group conta

~ r¢ ; B | \JGooR C
~g=cu=cr-g® -c-c=c-3° : - or
- x5 '
3t X
~d-coot,
15

in which 33 is hydrogen, {lowe

r})
hvéroxy or (lower)alkoxy, andéd 34 and R
hvérogen, methyl or ethyl, o= 34 and 7, taxken tocether with the
carbon afcm to which they are attached, may be a2 cveloalkyl

ring containing from 3 ©e 3 carbon atoms, and

e



cl oses a vast nunber of 7-acyl am no- 3-vinyl cephal osporanic acid derivatives
including, inter atia, those of the formula S [ERR] wherein Rinter alig=\..
pay be (1l ower)al kyl, (lower)alkenyl, (ipwer)- alkynyl or ‘*
w'boxy(l ower)al kyl . The conpounds are prepared, inter alia, by reacti ohof
the correspondi ng 3-hal omet hyl com @ound with a triaryl phosphine, followed
by treatnment with a base and reacti on¥&®h f or nal dehyde. I n each case, the
final 3- substituent is the vinyl group. There is no disclosure or sug-

gestion of Q=S tituted propenyl noiety for the -
3-subst i tué:'%t.g ‘Ezfuﬁ{w%ﬁgﬁaygﬁfp?ﬂ?‘f 1% IR ER* I RcPRATRRYEE 23 dmt ai ns
a ceneric B8FSeP @ SIS REYSicioTist i i hydrodyzabpRaserens iand stlvates
fornul a [ ERRereof.3- wherein R is hydrogen or .an organic group, [err] is
an etherifying nonoval ent organic group |inked to the oxygen through a
carbon atom Bis [err or [err], and P is an organic group. In one
enbodi ment, P may bett heri 85aevEnrig rinnensionhset atesi| o [AERRPSEAS whi ch
[err] and EFerrthe neisspardeniny cfayhbechysbwgsn ofnFeekl:Ba ) ower) - -

al koxycar bonyl, or substituted or unsubstituted aliphatic, cyclo-

‘Backeround and Prior Ars

\ 2) Published Ecrcpean Patent Applicaticn Nec. 30,630 dis-
clcses a vast nunber of 7-acylanmino-3-vinvicephalcsperanic aciéd

derivatives incluéding, inter alia, those cZf the formula

g ' CONE -
T
BN NS “OR /e f’ E=CE,
COOE

P 2 » creszrel,
- ter alia, by reacticn oI the corsrespending I-ha.cmetnyv. scme
sroné with & triarylzhcspnine, fellowed by t-eztment wiih & base
} ’ zr.3 reaczicn with fezmzlishyde. 1In each czss, the Iinal 2-
~’ siSstituent ig the vinyl croup. There is nc &iscicsuse cor suc-

ion ¢ & guaternary zrhcnio-substituted Tropenyl meiezv for
o

£} ‘C.K. Patent Specification Nc. 1,32¢%,086 contai=zs a
ceneric discicstre enccmpassing a vast numtes cf cezhalesperins
cf the fcmmuls '
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aliphatic,- araliphati.c or aromatic. However, the'2-aﬁinqthhazol- 4-yl group

i ot< i dentifi.ed as a possible R substituent and there is no disclosure or

S stion that P nmay be a quaternary ammoni o-substituted propenyl group. ;7R
U S Patent 3,971,778 and its-d8+visionals Nos. 4,024,133, 4,024, 137, '
4,064, 346, 4,033,950, 4,079,178, 4,091,209, 4,092,477 and 4, 093, 803 have
simlar dis: closures. Q_ ____ US _Patent No. 4, 30/.233.discloses, inter

al i 8523 hyA® cEphaT 65 56r PR GeiT VAt FVes ‘o t%% =¥ Sr‘ﬁiij?i;rE Rl in which

[ er ricrioNeenalG-acrhy DOl kyl 2% ity M GaR6fetmA=36r 2aI-of'ect i ve group
sucheqtts,22nkd hoxeypeop=2-3yl rnandl {seren] ozgrhifegrduar e Zalénd  groups
(Opti&%@'e_lnx;-é,ufésm-L&;@ok_zme:hmmwf,-igi:k%éupaaf Nthe gklewlzm no or

di-al kyl am no) or phenyl™groups, or [err] and [err] , taken together with

the nitrogen to which they are atgached, may forma saturated heterocyclic :

ring o S or -6 nenbers, optig | y contai.ning anot her hetero-atom sel ected
fromN, 0 and S, and opti-esat]y substituted by an al kyl group. The .
conpounds are useful as.inter yates in the preparation of -3-thiovinyl

cephal osporin derivatives. There is no disclosure or 'suggestion of a-
quat er nary azgnoni oasubstitut'ed propenyl npiety for the 3- - 4-

subsit R, RPURG 3hetndanensanidn FRnPPAYSTOS AR pI A EREF6n NE¥eB) D51, 062 i s

concelritaiveathenat,0 canskithas tated ot amsdbstitpsesealizhatic, cyclo-
aliphatic, araliphatic or aromatic. However, the 2-aninothliazcl-
4—?1 group is not icdentified as a pessible R substituéat.aad C“/
there is no disclosure or suggestion that P zay be & guaternary
ammonio—substituied rropenyl group. U.S. ?atent.3.97l,778 an
its @ivisicnals Nes. 4;021,}33, 4,024;137, 4,064,346, 4,033,
4,079,178, 4,091,209, 4,092,477 and 4,093,803 bave_similar é
clesures.

-3
€30,
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C) U.S. Patent No. 4,307,233 discloses, inter alia, 3-
vinyl cephalosporin'dezivatives of the. formula

N \ ﬁ : conx-—--.——‘/ S
/ ) -
Hleli‘s Nor® V/ame

~ COOE’

3

© _R
. ca=c:-:-w/

. -\R4 .

3 inter alia may be alkyl, viayl, cyanomethyl or a [

 in which R

protective gzoup.such as 2-methoxyprop-2-yl, and R3 and R4 are

alkyl groups (optionally substituted by hydroxy, alkoxy, amino,

alkylamino or dialkylamino) or phenyl groups, o R3 and R4,

taken together with the nitrogen to which they are attached, may

form a saturated heterccyclic ring of 5 or 6 members, cpticnally

containing another hetero-atom selected from N, O and S, and _

optionally substituted by an alkyl gzoup. The cocmpounds aze s
useful as. inzermediates in the preparation of 3-thiovinyl

cephalosporin derivatives. Thexe is no disélosuri or suggestion %

cf a guaternary ammonio-substitutec propenvl nmoiety fer the 3-



~ b

, Publ i shed European Patent Application No. 53,537 -dis--closes o
inter alia, 3-vinylcephal osporin derivatives of the fornul a [ EERR| :

i n e
err] and [err] are the sane or different and are hvdrocen of al kyl, o '
iken together, forman al kyl ene grogp containing 2 or.3 carbon atons,

“Ferr] is an acid protecting group, [€rr] is an acid protecting group such

~as an ester, ‘[err] .-and [err] . are the sane or different and are hydrogen,

al kyl

(opt sumzalikye:stibs Pubiiisedc byy irpdr mascenl kopan: amprica<abkyloam no or

di al kyl am 051066 PhaN kb A4RS: c:Wrek6T4ds ARE  &rikhaat @gB10GRINEr with the
nitrogen to which they are-attached, nmay forma saturated heterocyclic ring

of 5 or

6 nenbers, optionally containing another hetero-atom selected from

N, 0 ard SP)and optFP&dished sinrsppenitrateby IopldickployNoups3 15 déapounds are

-usef ul

derivativesgsidere is no disclosure or suggestion of a quaternary
_ammoni o-substituted propenyl group for the 3-substituent. E)
"Patent No. 4,307,116 discloses 3-thiovinyl- cephglosporins of the fornula

[ERR] in whicn [eF/T Ry s fhydrogem—aHeoNE—v

as txdsespedhadealin, theifyepataloototin detbtoniRyl ceapal osporin

u. S

or \cr/anorret hyl, and R

inter alia may %on%o a vast nunber of 1ete‘rocyc I Cc rings .S_-%ICh as

/

LN
HNT s 7°§°§°R§ 7 HeCH-N
a
Ry Rg COOR, R,

in which.Rg and Rg are the same or different and are hyvdérocen cr
alkyl, or taken together, form an alkylene group centaining 2 ¢r

3 carben atoms, Rg'is an acid protecting greup, R, is an acid

‘protecting group such as an.este:,'a3 and'R4 are the same cr

hydroxy, alkoxy, aminc, alkylamino or &ialkylamino) or phenyl

groups, or Ry and R,, taken togetheé with the nitrogen +o which
they are-attached, may Zorm a saturated heterxocyclic ring of 5
cr 6 members, optionéily containing ancther hetero-atom selected
£rom N, O arnd S, and optionally substituted by an alkvl croup.

The compounds are useful as intermediates in the preparation of
3-thiovinyl cephalcsporij derivatives. There is no disclosure

or suégestion of a quaternary ammonio-substituted propenyl group

for the 3-substituent.

E) . U.S. Patent No. 4,307,116 discloses 3-thiovinyl-
cephalosporins of the formula - i

] )N
HZNAS \OR"

in which R* is hydrogen, alkyl, vianyl or cyanomethyl, and R

.8
CONH - 23

CH=CH~SR
QOH



@m or.the like. However, in.éach case, the heterocyclic ring s

‘aghed to the sulfur atomvia a carbon atom of the heterocyclic ring.

- There is no disclosure or suggestion of a quaternary ammoni o-substituted @
propenyl noiety for the 3-substituent. Al though not formally related, -
publi shed European Patent Applica-_tiron No. 53 961 has a_simlar
di scEHaE ZiB (2% AEI e 23 B DR 08 22515 FY &R DL ey cl obut - 1-yl  and
the kidke ags possible neanings of [err]. F), Publ i shed European Patent
Application No. 53,074 generically disclo&§es a vast nunber of

3-'vi nyl cephal o in derivatives of the_far . [ERR] wherein [ERR] (in

one of sever e di nents) may be [ ERK] n which [err] inter alia be
hydr ogen, al Rg! , Mijnyl, cyancrrethyl, a loxi -protecting group such as
trityl, etc, group of. the for &1er@] in which [err] and [err] i

are the 'sane or &gl fferent, and may be hyddggen, al kyl or, taken together,
an al kyl ene rad(i al of 2 or 3 carbon atons, and [err] is hydrogen or an
acid-protecting radical; [err] is hydrogen or an acid-protecting radical

N N N

o LA

or the like.. Fowever, in each.casé, the heterocyclic ring is
attached to the sulfur atom via a carbon a:oz of the heterocvclic
ring. There is no disclosure.or-suggestion of a cuaternary i‘_
arceonio-substituted prdpenyl moiety for the 3-substisuent.
Althcugh not formally related, published European Patent Applica~

tion No. 53,961 has a.similar disclcsure, but includes 2-
éarboxyprbp—z-yl, l-éarbcxycyclobut-l-yl and the like as possible
meanings of R°. - d

S F) Publisheé'Eﬁ:opean Eatent Applicatién No. 53,074
geherically cdisclcses a vast number of 3-vinvlcephalosporin
derivatives of the formula

R®
{
CH=C-R

3

 COOR®

2a

. wherein R°®;, (in one of several embodiments) may be '

' Nﬂ-ﬁ-co- .
H,N ./ks \‘ms - _ .
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R (in one cf several enbodinments) nmay be a nethyl group substituted by

5-

“8ptional | y substituted phenyl. These~ éonpounds are stated to be
internediates in the preparation of conpounds in which the 3-substituent is

a group of fheniex rml AnE&F ra1 1whk S nar By Stk i avei-snti bagkerial: ,

activitv.
met hyl
i‘nter
pr openyl
-via one of
amoni a-

_lerr]

croup su
nedi atES<4Ad fi nal products (thus giving a heterocyclic-substituted
noiety), it teaches only that the heterocyclic ring is attached

6- neirbered "aromati ¢ heterocyclic ring con- taining a single heter
t,om such as 2- or 3-pyridyl, 2- or 3- thienyl or 2- or 3-furyl;and R3
Jgroup of the fornula [err] in which [err] may be al kyl, trihalonethyl or

AlLL Ry NS - Palent i.ng des Lhe.pos .blll,y o ern]‘belng a
leg%]l tjt}t Eap‘b an° Nicgolr%f a?shl g “het Zer 5eycli & %I n‘lg rn-both the

its carbon ato..s. Thuascob e i's no suggestion of a quaternary
- 7- -7 - substitygeed ‘bgbpenyl group. thereference exenplifies

in the intermediates and ?inal pfoducts only as nethyl.Further ,in

both t he |nterned|ates and-final product,the propenyl group

in whieh r% 5 ‘ané R g are the same cr different, and may be
hvérogen, a;xyl or, taken together, an alkviene radical ¢Z 2 or

3 carbon atoms; and Rc5 is hyérogen or an acid-protecting radical;
R°2a is hydrogen or an acid-protecting radical such as methoxy-
methyl;

R° (in one cZ several embodiments) may be a methyl group

substituted by a 5- or S-menae*ed aromatic heterocyclic ring con-
taining a single hetero atom, .such as 2- or 3-pyridyl, 2~ or 3-
thienyl cr 2- or 3-furyl; and

R3 is a gzouvp of the formula

in.which R, ﬁay be alkyl, trihalomethyl or optionally substituted
phenyl.

These compounds are stated to be intermediates in +he
preparation of conpounds in which the 3-substituent is a group of

. .....e ‘orm.la

. Re
—ctd-sr

which are stated to have antibacterizl activity.

Although this patent includes the possibility of R°®
being a methyl c¢roup substituted by an N-ﬂontaining heterccyclic
ring, in both the intermecdiates and final products (thus giving
2 heterccyclic-substituted propenyl moiety), it teaches caly
that the heterocyeclic ring is attached via cne of its carbon
atoms. Thus, there is no suggestion of a quaternary ammonio-

.g_



StNcont ai n .a second substi.tuent ([.erf] or [err] respectively) Q

hed : European Patent Application No. 53,538 dis- &l oses, inter alia
, 3571 nyl cephal osporin internedi ates of the formula. [err] in which nis 0 _
or 1, R is hydrogen, alkyl, vinyl, cyanonethyl ‘or an oxi me-protecting
group and [err] is hal ogen Corrpl ete Disclosure -This application relates to
novel scephpdwregoprapenily erats veshehreie@neepetenttianes Factertral agents.

Mor e patawsyi @by iic rhates-dRcc8npounds aboihe fermia, kgrr] wherein
[err] hy. droq en_or, a conventJ.onal am J2Q- PLE éectl ng.. .group [err] is

hydro&én‘a‘ &t rECGhtS S BraRthed ERaf n Al Kyl "“roup cont a- nl ng from1 to 4
car borT—aFcﬁﬁs“‘-'Gﬁnaag??ﬁ?ﬁdoﬁu%?rfé%ﬁﬁui"a"‘,[@rrf- ~SHieFRfPeFSNe hich R is
hydr ogen, (| ovver)al kyl or caboxyl, X is halogen hydroxy or (I ower)al koxy,
and [etr] and [_ ALg_each |nge endent. hydrogen met hyl or ethyl, o 3
R angIS takph“ "!ee[“hé‘f“"%" A FR&® gar’bﬁn*‘%m‘m €6 whri 4 8¢ ﬁe% are attached,

may bé&-= asﬁilcliﬁ:&&&yi}ifené‘ﬁ?fgl@@ﬁﬁai—?ﬂ% f LoheReLdates dibbdhe at ons, and
[err] fe=mula

0,
N - CONE -~
/Q y\] l‘ j
E,NT NS o & NP Nenmena®

in whichn is 0 or 1, Rs is hvar rogen, alkyl, vinyl, cvanomsthyl o
or an cxime=-protecting ¢r u,, and »° is halogen. e

Comnlete Disclesure -

This application relates to novel cephaicsporin deriv-

atives which ace potent antiracterial agents. Mere particularly,

it relates =o compounds of the formula .
c cone - =
: or? 5;"‘“ ~ ' '
=K H=CH-CH,-NZZQ \ 4
cod® _ NS

1 - » ’ - ] .

wherein R™ is hydrcgen or a conventicnal amine-preiecting croup,
2 . - : : . :

R™ is hydrogen, a straight or branched chain alkyl ¢roup contain-

ing Zxom . to 4 carbon atoms or a group of the formulia

=
{9

: - COCH
C--C:-R3 ¢ . O _ or . - #

wm i

1
e "CI:
R
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sal ts and physiol ogical |y hydrol yzabl e asters thereof. A so included

is a quanternary anmi no group,  and nontoxic pharmaceutically acceptable =S~
thin. the scope of the invention. are the solvates (including hydrat es

Qf 4t he conpounds of Fornmula I, as well as the tautoneric forns of the
compounds of forrmula I, e.g. the 2- imnothiazolin-4-yl form of the
2- ami not hi axol -4-yl noiety. In anoth&PTaspect, this applicatio relates to a
process for the preparation of the conmpounds of Fornula |I. As shown in the

structural fornula ,the conpounds of rmula | have the "syn" or "z"
configuration with respect to the al KéXdéd'p no group. Because the conmpounds
are geonetric isomers some of the "anfig" isomer may also be present.this
invermtion conpri ses conpounds of Forftula |I containing at Ieast 90% of the
"syn" isomer.Preferably6 the conpounds of Fornula | are "syn" i soners which

are etssenuau%hf gée;pfhﬁdﬁcgpargmnd%%l %Et 'é,:ué@y?erﬁ id Ra36did ] on to
.geonetric,|.s9 possi bl.e Lh respesg e K 0X ou
conmpounds_© J'? %gj%r gls'?v aiw’"re iAer ﬁ |a @S bf hyr’rﬁ% 3f%r§nd">() al so
f or m geonB¥FF iqeﬁ('cPS"a?rd oS #RRYL §6n§r s%&utr Eakery SOERERED WS B e

propenyl gateqn Bebh to wilcht kheviare( aZtictadd. may s a( chélod SuueEenof these

conpounds ras$ éﬁk&ﬁhﬁlﬁ?'i:\éﬂ' BCLdI G Ravbdd)idtonds &tope of this invention. The
nont oxi ¢ pharnaceutically accept ablee salts of the

Co -N=Q
tﬁ/ is a c=atermary ammonic group, and nontoxic phasmaceutically
acceptable salts and physiologically hyérolyzable esters thesecf.
— Alse included within the scope of the invention are the sclvates .
4.\_,/'”' (including hydrates) of the compounds of Formula I, as well as
the tautomeric forms of the compounds of Formula I, e.g. the 2-
iminothiazolin-4-yl form of the 2-aminothiazol-4-yl moiety.

In another aspect, this application relates to a2 process
for the preparzaticn of the compounds of Fosmula I,

As shown in the swrucsural fozmula, the compounis oL
Fermiia I have the "syn" o “I° ceafiguraticn wish sesgecst zz zZe
alksxyimine gress. Becacse the compeunds aze cecmezris isosmsrs,
scme of the "an<i” iscmer Tay also be presenz. Thisg invenmtic:n
comgrises compounse of Ferxmulz 2 ccu-azz;nz as leasz §7 -
sy isomer. ZFrefevablyr the ccr:o.acs cf Fexmula I ace "sim
isomers which are essenctially Zfcee of .he co::es:ouczng vanzi”

[}

isomers.
In addition tc gecmetric iscomers possilkle wish respecs
. to the alkexyvimine croup, the campounds of Fermula I {(and tne

W

incurmediates ¢f Tecomulae IX and X} alsc £om cecmezTric (clis
trans; isocmers abous the Eouble bond ¢f the propenyi grcis.

=<
-
-
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agpounds of Fornula | include salts with nineral acids such as
'@r ochl oric, hydrobromic, phosphoric and sulfuric, or with:organic -

boxylic acids or sulfonic acPds such as acetic, t- fluoroacetic, citric, y=
mal ei ¢, oxalic, succinic, benzoic, tartaric, fumaric, mandelic, ascorbic, {f:

mal i g, Net hqnespl tc ,.F tq{qengguéi,oglgc..qgge cgglgrwgﬁgd§,é<nom and used in
0S

t he peni<Ci 1A an porin arts. Preparatj on of these acid addition
sal t§~?-’:’s’-’c§PHéd"cﬁﬁ"‘b§ Bt v"é"nt"rﬁnﬁ‘F"?"ec?hn s anbfes of
physi ol ogi cal | y hydrol yzabl e esters of the conmpounds of Fornula I include
Ig Indanlyl pht E&lhed:yén.dsalat:lhsxa:mmhyéallncabewmmIs,a 1pisved awHeoxynet hyl ,
ycyl ox ks = v! O -1 J [ I I
hydréf’rl A ést ers%'{})r%o%mxggid‘)gggwg ki ‘% 91%%% "‘?‘ﬁ%ng'l“cep al ogporl n
artshvwlgtlérsb%ﬁ*é’bp%‘bar &Pwh%ﬁeﬁﬁ‘ﬁ SHéF“?'e‘f:hrﬂ“qhés known in the art. *
The epgpnitdarsbxfbiemdcdds on silifohi¢ exqildsi subydangeretézhi Bid- hi gh

ant i bﬁ%%é@én%ct ewyc a%llesa V@d19es ﬁ&mvﬁ.@s' bexgognd Gam negatlve .
bact eri a, and pre use ul 3'5 e treqt,mant of bac rlal 1%‘5??“0”5
o}

ani mARTERFIRY (FOFR rpBiRtEs S bfm?—‘mcrfuf‘s 7'"?15151u brnul at ed for
par em—apauemmh-nnaccmmﬁéneﬁl%mewn g |u;§|eﬁgﬂ-kn%ﬁm phar maceut i cal

carr ifnd candie emidpcephslostos ifbyrdi ppespataionnoBnthestosage formor in
mul t |%ddO§a g SAAl Qe£§rr:.e-5h8u]9 P A3l R S Y *Q‘érdénqﬁé};e form of solutions,

suspens SToA%™ o enul'Si ons 1 n ol or aqueous vehic and may contain :
conventional dispersing, suspendl ng or stabilizing agents. The !
conposi ti ons rEsarpiles &f phystiihéodimahlyf hpdxhiyzabideestens PEcHABLI t uti on

befor654€5@nd§ &k P¥rhl1a I include indanyl, phthalidyl, methoxy- ,
methyl, acetoxymethyl, pivaloyloxymethyl, glycyloxymethyl, : .

phenylglycyloxymethyl, and. other physiolcsically hydrolyzable . LN
esters known and used in the penicillin and cephalosporin arts.

Such esters are prepared by;conventional technigues known ian the

art..

The compounds of Formula I in which R' fs hydrogen
exhibit high antibacterial activity against varicus Gram
positive and Gram negative bacteria, and are usefuvl in the
treatment of bacterial infections in animals, including man.

The compounds of Formula I may be ‘orvula.ed Zor paren teral use
" in a convent-cnal manner utzﬁiz_ng Xnown nharmaceutlca¢ carriers

—
i

and excxp;ents, and may be presentea in unit dosage fcocrm or in

C

mult ;—dosage centainers. The compos1»;ons may be .n the form

of solutiohs, suspensions or emulsions zj_oi y or agueous
vehicles, and may contain conventicnal dispersing, suspending

oxr stabilizing agents. The compositions may also be in tha

form of a dry powder. for reconstitution before use, e.g. with
_sterile, p pyrogen=£ ree water. The compouncs of'Fo:nulh I may
also. be formulated as si uppositories Ltzlzzang conventional .
suppository bases such as cocca butter or othe. glycericdes. The
compounds of this invention nmay, if desired, be administered in
combination with other antibiotics such as penicillins or other
cephalosporins.




sterile, pyrogen-free water. The conpounds of Forrmula |I may al so. be e
for mul at ed as suppositories utilizing conventional suppository bases su‘:-~'
cocoa butter or othe- glycerides. The conpounds of this invention na
desired, be adm nistered in combinat |on wi th other antibiotics such as
pem cillins or other cephal osporins. O%hen provided in unit dosage forns
the conpositions will preferably contalnfrom 50 to . 1500 ng of

the active i ngredl enim&i FRvidkd in unkReadosad QonnsHEl@e &@H{ﬁes&mnef For mul a
| is dependen ctors Selhe melgh d-age Ofedah! t as well
Fily BeeFth Y Saraadort ooyl WA

as the part| even% of the seasef |n the
di scretion 8ftivee ipﬁyg%#% of EaETetd I-heTROLRFRILOPE A f’°ﬂ?ﬁfﬁ’ﬁ‘5t PEat ment
will usuall yohmnanrt bhe depmrient émosuch factdd) asothe weigh$080d mgepef day,

-dependi ng Oe JreﬁqUEEQYeﬁ”‘isVQH&epﬁftiégﬂﬂ'xﬁttﬁ%E'% shepigggznicseer ed
intra- nuscyl ar y or |ntraven ust%%to an adult human, a total dosage of

Sfrom 3§, and is CIpRFetinn (P i thed PHBSEE ator RRYeYesni | |
be sufficiethe daspaeuter HAdpidr hunat ytxeesmensf wibhmsuklihcoe dapshadsaney be

desirabl e ig¥ t#zemcase ofsds@ddononassdodf agt ped Sdayl,NBepead Sl %ytggm)m o] "
ft o) | I f t
P, "and mareaehay med ot e BBl esknel, umerl asli IR Ao 1T

two, and may C n one or nore a eter
muscularly or int:avenouslv to an adult human, a total dosage ef
from 750 to 3000 mg per éay, in divided doses,

& - normally will be sufficient, although higher daily dcses of some

5»/ of the compounds may be desirable in the case of Pseudomonas
infecticns.

The quaternary ammonioc group of the_formula

®
=N=0Q

may be acycl;c, cyclic, or a combination of the two, and may
contain one or more additional heterc atoms selected from
nitrogen, sulfur and oxygen.

An example of an acyclic guaternary ammonio group is -
a qroup of the formula

in which 8%, R7 ana ®% may be the same or different and may, for
example, be (lower)alkyl or substituted (lower)alkyl in which
the substituents are, for example, halogen, aminoc with the pro-
vision that the aminc group may not be on an a~carbon, hydf?xy
with the provision that the hydroxy group may not be on an c-
carbon, (lower)alkoxy with the provision that the alkexy

group may not be on an a-carbon, (lower)alkylthio, (lower)-



jtrogen, sulfur and oxygen. An exanple of an acyclic quaternary ammonio
) Is a group of the fornmula [ERR] in which [err] and [err] nay be
e’'Same or different and may, for exanple, be (lower)al kyl or substituted ;
(l'ower)alkyl in which the subst+llents are, for exanple, hal ogen, amno
with the pro- VISIOﬂ that the:am no group nay not:be on an a-carbon,
hydroxy with the OVISI hat _t he drox g not, be on an a-
car b@rﬁ“’ 'F’B‘W;pr')gl" Qvewat%a‘yb'ﬁ@"ﬁ?b\ﬁas 5ﬁ°¥%’at {Jﬁ‘fg g%ﬁ(}tlgroup may not be
on euphanyhtknwer)élbmbr)EﬂﬁemltnFosuqﬁﬁiﬁéFfﬂ phenyli fiBfiHE: the
di (| ueekatiedsaTndg, béarfvanexamplé purilpakh eriwtarogfrenyhirequer ) al kyl, phenyl
or sy %LE%F dﬁggxﬂﬂﬁﬂéﬁ' éi&ﬁ%‘z L1k QSth&&féﬁﬁomﬂh&ﬁ‘er)E@f-vfxaﬁpl e,
hal ogé omeri¥

¥
yl di kyl |
(Fonehpm/s Dk ) bR ) Dol kony ) el 68 of £yl (¢

quat ernary anmoni 0o groups-are fuIIy unsaturated ‘nonocyclic heterocyclic

ing system. Aadobegyst! «.ﬁ,mtceeesxs Loy oSS! Sdan athi G113t | east one

N- t t
1| ng SEpaTRTACad,ZRARRYC i RSERRGFNCLLR AP AR smfor%%% %ﬁﬁqﬂ“aw amen o

hete:ocycl:.c ring systems :.n which at least cne N-con a:.aing _
ring is fully unsaturated. ~Suitable eyelic cmatemary ammonioc
ring systems mclude. for exanple, those of the fomlae

gs /5 Rg:'; ' . . 'Eigﬁr-SQ('gs " -tq?/oriiizig  ;. \f)
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-12- [ERR] and the like, in which [err] and [err] are the sane or different:2
and may be, for exanple, hydrogen, hal ogen, ami no, (lower)alkyl, (lower)#:""
akkenyl, (lower)al kylthio, hydroxy, (lower)alkoxy, (| ower)alkoxy- -
(I ower)al kyl , hal o(l ower)al kyl, hydrexa~ | ower)al kyl,. ami no(l ower)- al kyl,
(Tower)al kyl am no(l ower) al kyl, di(lower)al kyl am no(l ower)- al kyl,

(1 ower)al kyl am no, di (| ower)al kyl am no, carboxy(Il ower) al kyl

car boxy( | ower) al kyl am no, carbanoyl, acyl am o, acyl oxy, phenyl, pyridyl,
am di no, guani di_n8 agr’'€s of conbi ned acyLii clic Huaternary_annnnio

groups i ncl ude,(*f, Exafplle, those of the for ERR” -13- [ERR] - and
the like, in wii ‘be, for exanple, ( lkéLlﬁjf !

prai si on that the
y(! ower)al kyl ,

hydr oxy (| ower) al k
@err]-carbon, car IREJ§
am no(l ower)al kyl with the provision that the am no may not be on an
[err]-carbon, (lower)alkenyl, halo(lower)alkyl, allyl and the |ike, and Rl12
‘'may be, for exanple, hydrogen. hydroxy, halogen, (lower)- alkyl, '
hydr oxy(| ower) al kyl, (I ower)al koxy(lower)al kyl, hal b(lower)- alkyl,
am no(l ower)al kyl, (lower)al koxy, (lower)alkylthio, (lower)-

and the like, in which R’ and R'? are the same or different and

may be, for example, hydrogen, halogen, amino, (lower)alkyl, (lower)-
alkenyl, (lower)alkylthio, hydroxy, (lower)alkoxy, (lower)alkexy-
(lower)alkyl, halo(lower)alkyl, hydroxy(lower)alkyl, amino (lower)-
alkyl, (lower)alkylamino (lower)alkyl, 4i (lower)alkylaminc(lower)-
alkyl, (lower)alkylamino, 4&i(lower)alkylamino, carboxy(lower)alkyl,
carboxy (lower)alkylamino, carbamoyl, acylaminc;, acyloxy, phenyl,
pyridyl, amidino, guanidino.

Examples of combined acyelic/cyclic gquaternary ammonio
/- groups include, for example, those of the formulae

2, 12 ?N/\t 12 ?Nm 12
A e

R Y .
| 12 : ' 12
? 612 ' ? /—Dg ' ’ ?N/js(R
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al kenyl, amino, (lower)alkylam no, di(lower)alkylamn no, acylani no,

barmyl am dino (lower)alkyl, phenyl, pyridyl,.amdino, guanidino.
fegred quaternary-anmoni o groups are those of the formul ae [ ERR]

wherein [err] and [err] are thassame or different and are (| ower)-
(1 ower) al kenyl, am no(l ower)al kyl with the provision that the am no may
be on an [err] car bor. ‘hydroxy(l ower)al kyl with the provision that

not
t he

hydr oxy gR¥ not be cn an _a-carbon; [err] is hydrogen,

acyl oxy,

a8

al kyl , O

(I ower) al@y/y, wer)al koxngyl t hi og \ I oweﬁ) al kyl am no,
di (1 owner) kyI am’Wo fornyl - anmMmo r) ad kaney a o/ Broxy,

hydr o 0 al hal o(| am no(I

(1 owe:%ia %l

| koxy ovver)al kyl car banoyl ; | S (I ovver)al kyl ,

(1 ower)al koxy(Il ower)al kyl, hal o- (I ovver)al kyI allyl, hydr oxy(I ower) al kyl

wi th the proxsion that thé hydr o up is notQ_ e a-carbon, _
am no( | ov@r aI k with the prov®s ém ampho. gr not on the
a-car bon, 3 ROYemkAdkyidiey| o h{ di aI k¥n

(1 owe: arko (1 over) - al loges (! kyl, (Ro no,

(1 ond¥

al kyl am no,
and the like, in which Rll may be, for_examPIE.,(iéwer)alkyl,
(lower)alkoxy(lower)alkyl, hydroxy(lower)alkyl'with the provision
that the hydroxy may not be on an s-carben, carboxy (lower)alkyl,
amino (lower)alkyl with the provision that the amino. may not be on
an a-carbon, (lawez)alkenyl, halo(lower)alkyl, allyl and the like,
and Rlz may be, for example, hydroger, hydroxy, halogen, (lower)-

alkyl, hvé.:oxy(lowe:)a.lkjrl, ‘{lower)alkoxy (lower)alkyl, halo(lower)-

alkyl, anino(lower)alkyl, (lower)alkoxy, (lower)alkylthio, (lower)-

alkenyl, amino, (lower)alkylamino, &i(lower)alkylamino, acylaninc .
acyloxy, carbamoyl, amidino(lower) alkyl v phenyl ’ pyridyl .- amidino ’
guanidino , -

Preferred quaternary-amonio- groups are those of the .

formulae
13
0—3—31‘ ’ ?N " ’
I5‘]_5 l +_R16
s”
17
17 R
g . e (CH.,)
@ ___Rla , E(/ I 2'n
~ 2
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di (I ower)al kyl am no, ~hydroxy, hydroxy(lower)alkyl, am no(lower)- alkyl, .
fornyl.am no, (i ovver)al kanoyl ami no or carbamoyl; n is an integer of fromA~gN
3, inclusive; Zis [err] or, when nis 2, Z al so may be S, Oor N [er

'n which [err] is hydrogen or (I owen)al kyI and [err] and [err] are the
same or different and are hydrogen, (I ower)al kyI, (1 ower) al koxy,
(1 ower)al kyl t hi o, am3no | ower )z al kyl am no, di (1 ower)al kyl am no, hydroxy,

hydr oxy (| OV\E#‘)’JaPk'yI' anf*Jr'lo('#"Gl/\érfa##ﬁllthe(F%’v%P)-aeriﬁF(eF‘év@-ré a—IrEyI‘-O"C’ ’=
car boxy(| owankyial Kydwercarbamoi( | ameid dlokyt paila, with aner padkaney| ste:no,

carboxy- (1 qygrlaliancy! s ne % &Ml%rzﬂx&- Faart.».k,sy&,ar xw? Jwqk ed |
quat er nary am"erFTﬁ roups, ar e aI k yrrolidisnio and éSpeCI al | y
*ai

N- et hyl pyrr s ﬂ‘?’? o‘\ﬁéf’) &ﬁﬁﬁ"hlv%anﬂaiés"ﬁécr%\l‘i'y an
‘trinmet hyl am?UﬁFé!)‘Ofl‘pyrl dinio, 2- rret hyI thio and 2-nmet hyl thiazolio and
2-amino-5- . - 15 - thiazolo[4,5-c]pyridinio. In the conpounds of Fonrul a

1 partlcul ar | y pref gl6ed v@&ggegf ]]%CJEL)a LA (I(Qw))aa%g,y‘} ((QQQa—)—
oa

especial ly ¥ , 1-car cl ‘contai nj n rom 3 Lo 5 car bon

atonms (and ggp@ F24qy 2F1RQ¢ bé?;‘?’&y?:?hﬁ’&?“i"‘ SR AVRE Sy R WRer YOTRIYT (and’

especi al |y 2méapbokigmespa iaroylaniie, mydroxy ofhydresy Cowpobads 1of the

i nvention anRidXidwed)al¥yl; Zmihd{2ohdi0tAKAZ P! evbwyk)alxcxyuowe-—)am

- 2- et hoxyi rgaggg:qgha‘m do] -3-[3-

L : Rl7 is (lower)alkyl, (lowe*)a;rOJV(-owe-,a-kvl, halo-
(lower)alkyl, allyl, hyéroxy(lower)alkyl with the provision that

- the hvdroxy croup is not on the a-carbon, amino(lower)alkvl with

qu . the provision that the amino g oup is not on the a=-carbon, or

phenyl(lowe:)alkyl.

_ R;s is hydrogen, {lower)alkvl, (lowe:}alkoxy,. lower)~
alkoxy (lower)alkyl, (lower)alkylthio, anino, - (lower)alkyiamino,
dl(lower)alnvlan-no, hydroxy, hydroxv(lower)a’kv;, anino{lcower)-
alkyl, formylamino, (lower)alkanoylamino or carbamoyl;

n is an integer of from 1 to 3, inclusive;

Z is CHz or, when n is 2, 2 also may be §, 0 ox N-ng

in which ng zs hya*oaen or (lower)alkyl, and

Rzo and Rzl are the same or different and are hyérogen,
(lower)alkyl, (1owe*)alkcxy, {lower)alkvlthio, amino, (lower)-
alkylamino, di{lower)alkylamino, hyd:oay, hydroxy (lower)alkyl,
am.ro(lowe“)alxy-, (lower)alkoxy({lowers )alkv ' ca:boxv(lcwe*)-
alkyl, carboxy(lower)alkyvlamino, (1owe:)alkancylam.no, carbexy-
(lower)alkancyiaminro or carbamovl.

Particularly preferzed quaternary ammonio groups are
N- (lower)alkylpyrrolidinio (and espec;allv N—methvlovr*o’;c;n-o),
tri(lowerjalkylammonio (ané espec lly «rinethylammenio),
pv*ldxn_o. 2-methylthio and 2-methyltniazolio and 2-amino-5-

-



.acéf am d'o -3‘

pyrroli di nio)-I-popen-1-yl)-3-cephem 4-carboxyl ate, 2)

- (2-am-not hi azol - 4-yl ) - 2- met hoxyi m noacet am do] - 3- ( 3-
| - propen- 1-yl ) - 3- cepRem 4- car boxyl ate, -

- 2-(2-am not hi azol - 4-yl)-2-(2-car boxy- 2- pr opoxyi m no) -

oy

aceh?glgﬁl433(,§rwlcqt,gg 1- propen-1-yl)-3- cephem 4- carboxylate, 4) 7- [(2Z)
2-am nof hi azol -4-yI) :2- (1- car boxycycl obut -1 oxyi m no) - acetamni do] - 3-

[3- (1-methyl pyrrolidinio):-1- propen-1-yl]-3- cephem4 carboxyl ate, 5) 7-[
(2)-2-( 2- arzrnstxmmm»yly ZFddr FoxPryTICHELY - BXEASHRG) -
ace&mad&& £ Be PYXdviliz)izQ1 2 plapEresbeyl » 1 By caysingdn 4- Leawdyoxytate, 6) 7-]

(2154 OI:%U:@% *r% 3£L:):':123 4d- §%rab95¥cé(‘cé'®lXL:E 29 4¥210) -
- 5-thi az I 2 4 c‘l p%_rl dleggé):) £ kR open-
|-yr$aebq9@ﬁhen?a=calr y|‘-’~&t=e‘=’-73>v"7~ e cRE-sS

(Zaaatmmhmzml-z&lyyl ) - Zheetrhexyrredrraest an::em}nr—%o Z[85e (tri met hyl anmmoni o)
- 11 pLoReNsl-2\e] - 3- cephem  4-carboxyl ate, 8) 7- [ (2)-2-

(2-am not |azoI 4-yl) - 2- met hoxyi nmi noacet am do] -'3- [ 3- .
(3 am nopyr| di ni 0) -1 - propen-1-yl ]- 3- cephem 4- car boxyl at e, 9) 7-[ (2 -2-
(2 1am'7nptni-az-dlz dnishgthizomd-loxy) rRremdekyitivjacedagide] ~3-13-

'- m;f(hy g& U{ 0k Q)s ci]) -atgeseeA }/Jviz-%-esah&rj&ﬁgf;@;@m:@,e )10)

no z0 y_ oxyevel ghu 0XY{-1 No

%() }n éJ:JJ”"23' g13 ?& A5V x?"“'r‘"gyaen f"]' d
cephepyﬁact:ar-lmoﬁybabg%n-l-l-)\'"/) 3-(:gg=he:2-4-(c3..hgﬁyha‘@ﬁp 4- y) - 2_
(2GQaWbPXNT&-WZOEQﬁéﬂ&%l-QGGEanl-d(ﬂ-ca&b[:ﬁv-z-il.fﬁﬁchytﬁ;ﬁd;e-l i di ni o)
-I-prog_baﬂ-égﬂ (‘Cegimggh-&;qrggégéﬁu*iv1)-’-ce hem=4-~ -

carbexylate, '
X £} /-[(z)-z-(Z-am_no.h*azol-é-v;)-z—(’-ca'bcxvcvc-obn*---ﬂrvizinc}-
' ace..m_c-,-3-[3-(l-ﬂethy‘py"cl;d;:;c)-'-;:c:en---y’]---ce;he:-

4-cazboxylate, _

5) 7-[(”)-74(2¥amiac zol-4-v‘) 2-(1-ca::oxvcvc'osut-1-cxyigino)~_
acetamido] -3~ (3-pyci 1zo-l-~*caen-’-v‘) -3-cephen=-4{~ '
carboxylate,

6) 7-{(Z)~2=(2~aminoth .Laacl-4;v1)-2-(’-ca:bctvcvclcbut-1—cxvinind)é
acezanide] -3 -[’-(2-&m.nc—5-th;azclc[4 S-cjpyvridinio)-l-szopen-
l-vl]-3-ceghen-4-carboxylate, :
-7) 7-[(z)-z-(;-am.noth;a-o;-4-vl)-4-me.hoxv_m;noacetamido] -3-
{3~ (tzimethylammonioc)=-l-propen-l-yl]-3-cep 1'w.z:"'--'--c:a"::m:xv.La...e,
8) 7-{(2)=2=(2-aminothiazol=-4-yl)- 2-me:hcxv:nznoace“am*c01-;—[a-
' (3-an1nonv*;a.nzo)-l-proper-’-y‘]-3-ce~hem-4-ca:bcxv1ate,
459) 7-1(2)-2- (2~aminothiazol-4~yl)-2-net hoxv.n.noacetar;do]-a [3-
(l-met \l~3~pV’*o-.nxo)-‘-p*open-l-vl]-3-cepnen-4—ca:bgyv-a-e,
10) 7-[(2)=2-(2-aninothi iazol-d-yl)-2~ (l-carboxycyclobut-l-cxyimino} -
acetamido]~ 3-[3-(i-ne*hyl-3—py::olinio)fl-prépen-l—le-S-
cepher-é-ﬂa'soxyla*a,
11) 7-[(2)-2-(2-aminothiazol~-4-yl}-2- (Z-carnoxv-z-p*ooox mino)-~
acetam-uc].B_[3—(l-methylpy:rol;d.n;c)-’-p*opeﬁ-l-vl1- -
cephem-4-carboxylate,



- 12) .7- [(2). -2-(2-am not hi azol -4-yl)-2-(1-carboxycycl obut-1-. _ -
oxyi m no) acet am do] - 3-[ 3- (2- net hyl t hi o- 3-t hi azol i 0) - 1- pr open- N
~y| ] - 3-cephem - 4-carboxyl ate, 13) 7-] a
@/ 2- (2- am not hi azol - 4-yl )- 2- met hoxyg4n noacet am do] - 3-
[3- (2-net hyl - 3-thi azolio)-1-propen-1-yl)-3-cepem4- carboxyl ate, 14) 7-[
(2)-2- (2- a,m? { |azol 4-yl) -2-(2-carboxy-2-prgopoxyim no)- acetam do]-3-
[3- (2- met‘hyl Tt B2 347 AT 2P BPP O} 4P Speh- By F SRR pReTR - CAT boxyl at e, 15)
7-[ (2)-2-(2- QN iraERD aeerandaygl §3-23C 12 cadnyx poiet oishtatelic) ~l-propen~
oxyi m no) acet amzqe]3-3e£-3g-(~4tamm@ygtgj nio)-1I-propen-1-yl]-3- '

cephem 4- 925 Xy .qt 8. (36).:0 k- {4122, ‘2.,_,_e thoxyinihoacesanico] -3
not hi azol f% met hoxXVi o noacet am _SQUiTmeiRsy MiLnbat B Lams <
‘[ 3- (4- ani no- 1 Py arEAMY)* 3f“pfﬁ'p%’r'ﬁi‘yT'-I opepzpnehh-A-carXyrate, 17) 7-(

(2) - 2- (2- am neathcxydbtd, yl ) - 2- net hoxyi mi noacet ami do] - 3- 3-.

[(2-nethyl t h')073['M)'-az@i*@lﬂ&tﬂiwnﬂL?N)I-]"-'(S-@ﬁH%@fEﬂ-é- -Eboxyiahe, 18) 7-
[ (Z) -2- (2 éggé¥Q?QEaz 3 laeth%1“(£b bQéXGMC Q?— *ébe---— yij-3-

oxyi m no) acet am 3[ { f ;

yl ] - 3- cephem QSREFHERGFREY 1255 7 1 (Z) 2-

(2- ami not Risazdt E &)yRy {2=axenhokid anireagkl-@2¥i(Uo¢a=®xycyclobut~1-

[3 (4- car banoyky kiR bk tin@ o] = P [BP¢H=dmitbbys Sa CARHE M g -:rear-boml-%t-e 20)

7-1 (2)-2- (ZchrHemQE-c ‘__zp%lxy{age ) - 2- met hoxyi im noacet am ‘do] - 3-

16) 7-[(2)~-2-(2-aminothiazol=-4-yl)=-2-methcxyininoacetamide]~3~

~ [3-(4-amino~1-pyridinio)-l-propen=-l-yl]-3-cephem-4~-carboxvlate,
17) 7-[(2)-2-(2-aninothiazol=~4~yl)~2-methoxyinincacetanidc]=-2- 3~
i_j' (2-methylthio-3~-thiazolio)-l-propen-l-yl]=-3-cephem-4-

carboxylate,

(]
(2]

7=[(2)~2-(2~-aminothiazol-4~yl) -2~ {l-carboxycvclobut-1~

oxyimino)acetanido] -3-{3-(3~anino-i-pyvridinioc)~-l-propen-i-

yl)=3-cephen~-4-carboxylate,

19) 7-[(2)-2-(2-aminothiazol-4~-yl)=-2-methoxyiminoacetamido] -3~
[3-(4-ca:bamovl-l—pyriéinio)—l-g:cpen-l-yl]-3-cephem-4-
carboxylate,

20) 7-{(2)- 2-(Z-an_nOthiazO¢-4-yl‘-4-ﬂe.noxv;r1"cace tzmido}-23-
[3-(2-amino~5-thiazolo[4,S5~c]lpyridinio)-l-propen-1l-yl]=~3=~

_.,”_cechem-4-~a*boxylate and _ . '
21) 7-[(2)-2-(2-aminothiazol=-4-yl)~- 2-(‘-carboxvcvclobu -1-

. oxyimino)acetamido] ~-3-[3~-(2-methyl-3~-thiazolic)-l~propen-1-

yl]-3-ce=her-4-ca rboxylate. '

The nnnbe:*ng svstem utilized herein for the various
reactants, intermediates and f£inal pr-oducts is as ‘c--ous.

[Reman Numeral] = [‘Arabic hume:a‘j] [j Lettes 1.
' (if

if appropriate) appropriate)



[ 3=(2- am no- 5- t.hi azol o[ 4, 5-c] pyri dinio) -1-propen-1-y1]-3-
m4 carboxyl ate and 21) -

Z) 2-(2-ari not hi azol - 4-yl-p9
-3 (3- (2-methyl-3-thiazolio)-
nunbering systemutilized -herei

2- (1- carboxvcvcl obut - 1-
1- propen-1- yl]:3-cephem 4-carboxyl at e.
n for the various-reactants,

oxyi m no) acet am do] .
The
I nt er medi at es

andki Rahaprbdhecied Eesisnd s ehethéRorman cNupien:ai]-s g Atablc Nuneral ]

[N —*ocrcgef*}erc"t’ anl bk —@[aaﬁr bal@res *eac{:h']f a&p‘r"OBr‘L'@L?) L The Roman
uferal desi gnat.es er ound J's a, ﬂ.l_e uc or an
i ntErAtdrat e b or ‘ot \Fﬁg? act ahf“ rr(gﬁ Fen&f n"“l%r‘r‘é’l"ar’s “‘The Ar abi ¢

Nur‘FéP&Pleaﬁ%F-HP@tst Ehez ar‘e‘mcﬂveas

cl aganggenus) of conpounds.'i s meant.

particul ar
seen, for e,.l.n Preparat.i
con- tains a" f‘b‘ hflf: By ‘gﬁ]\/\,ﬁF
cardfosypbs pi et Rng gnéuphe assi
t 0 dxadigal eid N-edadgkion N NI

unprotected, P 0;i_s
(i.% grfe%‘r?a‘)bé%?'elnc gﬁ%r‘i’é‘a Vel

rreanl ng of substitue

pr FREEPEUL TRFWREALOGr STRRE T h’e Eé'i-?%r ht’ t‘-I‘ie"éﬁEI %“rtec’né'-’*éoh'p"tﬁrﬁd

refvim@e-b to indicate this fack.
carboxyl group is unprotected.

stastituent (i.e..Rz

generic Rz
2
an R

The Letter at the end
the particular meaning of.

e

=N=0Q

For convenience,

éé ¢#qmo§eﬁpﬁtt%mm¢e ithe overal |

The Arabi c.-Nurreral designates the

nt [err] and he -assi gned neani ngs nmay be

on 1... If the particular [err] group -
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the parti.cul ar. -meani ng. of the quaf ernary ammoni o goup For canveni ence, the,.
Arabi ¢ Nunerals and Letters assigned to sonme of the preferred [err]
guat ernary anmoni 0 groups are sgiaj orth bhel ow. Arabic Nuneral

err] 1 = methyl 2 = ethyl 3 = allyl 4
2-carbcxyprop-2-yl 5 = 1- car boxycycl@®@but-1-yl 6 =
1- car boxy- 3- chl or ocycl &hutes -yl 7 = 2-pizpEyn- 1.yl Letter

[err] A = 1-methyl pyrroliédi np-mR<nyipyrroXzicipygidino C = 2
- amno-5-thiazol[4,5-c]gyridino D _..:s:ns5 trinmethylammonio E =
3-am nopyridinio F = I -_r_retEFTy'I_-';:?- p¥r rol i.ni1'o,‘C5 _ Ll
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[p= _nt i.on, the -Mni'nmum I nhi bitory ancent rations (M c s)~ of the corrpounds
’f*determ ned by the two-fold serial acar dilution method in
l\/Ue,Ier-H| nton agar against 32 s ,;al ns of test organisms in six groups. The@

geonetric neans of the MC.s detéfnined in these tests are shown in Table

WONONOOO MU

L -19- TabIelGeorretrlc Mean of MC (ncg/m) Conpound (Gt)-la
© (GH-1b (G)-a (G)-Ib -G)daklel (G)-111 Nunber (5) (5)
(5) (5) (7) |-1B,- 0.20 . 0.52 0.012 0. 050
0.10 5.7 |-4B 6.0 . 15 0..046 0.37 0.41
.0 I—4A 622 9-59——6-02% o 453 5.1 | -5B
6 4.7 0.019 Geoqptric dean ofMEG hc*/z |- SA 1.8
7 0.038 0.23 ____0.26 2.6 1-SC__ 1.3 4. 4.
= o TRy e A e el T e
To|vumber i Peps) 1 7455 B ARG AL ). 17
i7I14$a 0 50 353% 6c-o.ézé'(? .019. 0_&.0580 200.101 | gzﬁ7 : %-g4|-1D
-4B .07 o A N b A -
8 20. 014} % Th g |G’y _°34 0436°? 0.00p3  0.050
074 =145, 7 1} 422 0339 }0.025 4 0.11 g pP-13 o 25-1 0{ 20
5 |I-58 1.6 4.7 }0.019 ' |0.23 -0.17 2.0
I-5a 1.8 4.7 .]o.038 Jo.23 0.26 2.5 _
1-5C 1.3 4.4. 0.015 |0.15 0.14 | 2.7 -
I-1E 0.10° | 0.30 [0.0053 [0.050 | 0.043 5.7 v/
I-17 | 0.15 0.39 - |0.014 [0.074 0,10 2.1
I-5F 1.5 4.0 }0.037 [0.22 0.17 2.4 %;;
I-4A “12.3 4.1 ~{o0.036 |0.20 |- 0.17 2.3
I-1D 0.17 0.59 |0.0093 [0.074 0.10 3.1
I-5G 0.84 2.8 0.014 |0.13 ©0.13 1.9 -
I-1H 0.10 0.30 |0.0093 [6.050 '0.074 | 5.7
I-4G 1.8 5.4 |o.021 . Jo.22 ©0.20 3.5
I-51I 1.6 4.7 0.019 }0.20 0.22 3.5
I-1I 0.11 0.34 kO0.016 |0.10 0.15 p25
J1-16 0.15 0.39 0.014 {0.074 0.085 | 7.6
| 1-sE 1.2 3.1 0.016 }0.15 0.15 1.9
I-17 0.26 0.61. |0.016 [0.11 | 0.13 5.7
(G+)-Ia : Penicillin-sensitive S. aureus (5 strains) ' _ o
(G+)=Ib : Penicillin-resistant S, aureus (5 strains) o/

(G-)-Ia : Cephalothin-sensitive E. ‘coli (2 strains), Kl.
pneumoniae (1 strain) and Pr. mirabilis (2 strains)

(G=)-Ib : Cephalothin-resistant E. coli (3 strains) and Kl.
pneuwnoniae (3 strains) B

(G=)-II : M. morganii (1 strain), =. cloacae (2 strains) and
Ser. marcescens (2 strains) '

(G~)~-III: Ps. aeruginosa (7 strains)




| - 51 1.6 . . 4.7 0.019 . 0.20 . 0.22°- .3.51-11 -

0.11. 0. 34 0.016 - 0.10 '0.15 >25 1-1G 0.15
0. 014 0.074- 0.08.5 7.6 I;SE 1.2 3.1 0.016
(0} 15 0.15 1.9 1-1J %% 26 0.61  0.016  0.11.
0. 13 5.7 (GH)-la Penicillin-sensitive S. aureus (5 strains) (G+)-Ib
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a conventional car boxyl protecting group such as the t-butyl noiety.

"J Jon Scheme 1 [ERR] N - COOH [ ERR] [ERR] -22- [ERR -23-
(reduetlon when m = 11 debl ock [ERR] Reaction Scherre 1 shows two al ternate 7=~
nmeans.of going from Conpound- X to Conmpound XlII.-. The direct route, O
utilizing a tertiarv amne-(Xl),~4% applicable for the preparation of all
conpounds of "Formula I. The indirect route, via. .Conpound XXI X, wutilizes a
secondary am ne as react ant a_nd is auaternized:in the
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rgue of Reaction Schene 1) , While-the indirect route of Reaction Schenme 4
G%F}o steps from Conmpound VIdd3-to Conmpound XII (VI - XXII->XI1) rather

ot four steps in-the indirect route of Reaction Schene 1 N
(M1 ->1 X->X->XXI X->XI1). As ‘di scussed above,- the direct route of Reaction{:>f
Schene 4 is suitable for the|preparation of all:‘conpounds of Formula I,
while the indirect route is suitable for the preparation of the conpounds
of Formula | in which the qu tern@ﬁydﬁﬁﬁenkOwgﬂmup=asJacycI|c or m xed
‘acyclic/cyclic. Internediate$ of demuadika XXl (3-fornyl cephal osporin
derivatives) are known conpoynds or may be prepared by known procedures.
See, for exanple, U.S. Patents 3,351,596, 4,166,115, 4,279,818 and
4,331, 664 which teach the pre¢paration of 3- fornylceph- 3-em conpounds by
oxi dation of the cofrespondi 3- hydroxynet hyl ceph- 3- em conpounds.
Reaction Schene 2 [ERR] .. [ERR] 2) reduction, when m= 1 3) debl ock [ERR]
Reacti on Schene 3 R [ERR] (secondary am ne) - .

..om-' : 7S

s
=
/Z:ﬂ
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Reaction Scheme 1 shows two alternate'ﬁeans of going
from Compound X to Compound XII. The direct rouée} utilizing a
tertiary amine (XI), is applicable for the preparation of all
compoundés of'Pdrﬂula I. The indirect route, via.Compouné XXIX,
tilizes a secondary amine as reactant, and is quaternized in the

" following step. The secondary’ amine RR'NH may be acyclic (e.c.
dimethylamine) or cyclic (e.g. pyrrolidine), and this indirect
procedure therefore is suitable for the preparatip: of compounds
of Formula I in which the quaté:nary amrmonio group is acvelic or
"mixed” acyclic/cyclic. This indirect route is not suitable for
the preparation of compounds ¢f Formula I wherein the quaternary
nzt:ogen is in a fully unsaturated heberccvcllc ring (e g.

"avrmaznlo, thiazolio, 2-amino-5~thiazolo[4, 5-c],y-,c;n;o, and
the like).

 Alternate Reaction Scheme 2, shown below, also utilizes
a tertiary amine as a reactant, and therefore is suitable for the
preparation of al cbmpodnds of Formula I. Alternate Reaction
Scheme 3, on the other hand, utilizes a secondary anine as a
reactant, which is quaternized in the final step. Accordingly,
like the indirect step of Reaction Schenme 1 (via'Compound XXIX),
Reaction Scheme 3 is suitable for the preparation of compounds of
Formula I where the quate:nary:ammonio group is acyclic or mixed :
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ti;-step procedure for the preparation of the conpourids of Fornula I, it
be appreciated that other startina materials and procedures may be
utilized to prepare the internediates used in the key step. Thus, the key
step in Rgactron Schenme 1. |s the reaction of Conpound X with the tertiary

égblock [ERR] Alt hough Reaction Schene 1, above, shows a preferred

ani ne of Xl S8 produce the ' 'protect ed" product XFl (or the indirect
reaction gf Conmpound X with a secondary am ne, follomed by quaterni zation
to produc¥/product Xl 1). - Conpound X may, of course, be prepared by various
ot her procedgyes The present invention prOV|des a process for the
prep@ati on“of conpounds of the fornuLa -29-[ERR] wherein [err] is
hygEDEn CiiFPaPbpvent i onal “:am no- protectlng group, [err] is hydrocen, a
strai ght or branched chain.-alkyl group ccntain-:ing -from1l to 4 carbon

at ons, gﬁka group. of the fornula [ERR] in which [err] s hydrogen,

(1 owner) or carboxyl, X is hal ogen , hydroxy or (lower)al kcxy, and
[err] and [err] are each |ndependently hydr ogen )nethyl or ethyl, or [err]
and [err],{taken together.with the carbon aton1f%rmh|ch they are attached,

may be a C/igoalkylugene CONE— S

' | -
Ji\ J N\ o2 V/aEaNS

(2}
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ring containing.from3 to 5 carbon atons, and [ ERR]

IS a quaternary
anmoni um group, and nont oxi ¢ pharnaceyélcally ‘acceptabl e salts,
i ol ogically hydrolyzable esters and sol vates thereof,
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S
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[err] are as defined above,
group, [err]

with a tertiary am ne,

if nis 1,
renmovi ng al

mhereln [err] is
the sane as [err] or is a group of the formula [ERR] in ich X, [err] and
[err] is a conventional carbpxyl-protecting
is a conventional am no-protecting group a d |éi(L4n,
to produce a com pound of the. ﬂ} EEE Q] and
reduci ng the sul foxi de by conventi onal neans equently
protecting groups by conventional neans. Th present i nvention

al so provides a process for the preparation of conpound

‘[ ERR] wherein

.is hydrogen or a conventional am no-

ier

of the fornula
rotecting group,

R2 is hydrogerm traght or branched chain al kyl groyp contain- ing from
1 to 4 carbon ;ﬁ\oms,c_p (@ngr oup, of (2itig ¥ or nul a
J < NCH,CH, I
R 2
2/
XXV XXIV
L _Oi—.‘@
~ vV
R
/NCHZCH=P (*h) 3
R! XXVI
(o),
s
Nl /ﬂ ﬁ CoNE— r/
;__ N
TEEN O ox? o HO
o ' ' - ooczi(...)2
U XXI -
V
(0)n
/E;\ [ CONH I ‘\
I /’ N R
Tran” NS & INF cz-:=cz-:cx-:2—:q/
COOCE '2h) 5 \R

XXVII



[ ERR]

' hydr oxy or
|ndependently hydr ogen, net hyl
together with the carbon atomt
cycl oal kyl i dene ring containinc
guat ernary ammoni o group, and .n
physi ol ogi cal | y hydrol yzabl e es
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[err] are as described above, [
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an appropriate base such as hy
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in. mhrch e
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Y
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-32- chloro, ‘brono or iodo, to produce a conmpound of -the faiml-a [ ERR]
if mis 1, reducing the sul foxi de by conventional means, and ;subsequent{
enoving all protecting groups by c3f%entional neans. The present inven
alfso provides a process for the preparation of conpounds of the fornula

RR] wherein [err] is hydrogen or a conventi onal anino-protecting group,

[err] is hydrogen, a straight-or branched chain éT group contain- ing
from1l to 4 carbon atons . or a group of the for kg [ERR] in ﬁblch [err]
i s hydrogen, (Iomer)alkyl“ﬁ 6??TT’XV1s‘ﬁ'Trngn- hydr oxy

(1 ower)al koxy, and [err]

are each by iy Che gg;en, met hyl
or ethyl, or [err] amgda{ers takedytogetheé‘ t he carboh atomto which
they are attached, may be a cycloal klidene ring ébﬁFéﬂﬂPhg from 3to 5
.carbon atons, and . -33- [ERR] is a quaternary annnnlun1qroup, and

nont oxi ¢ pharnaceutically acceptable salts,: phy5|oFog|caIIy hydr ol yzabl e
esters and sol vates thereof whi.ch process conprises reacting a Conpound of
“the formul a '

[reduction, when = 11

éeblock
\_ A4
) CONE S
W, /i[_j}-éé - ;ur——-r’
N S/ ~CHE=CHCH, K=
s Nar2 5; 2Th=
H.N OR :

(2]

Although Reaction Scheme 1, above, shows a preferred

multi-step procedure for the preparation of the compounds of
Formula I, it will be appreciated that other starting materials
and procedures may be utilized to prepare the inte;nediateé;used.

. in the key step. Thus, the key step in Reaction Scheme 1 is the

N reaction of Compound X with the tertiary amine of XI to produce
the "protected"” product XII (or the indi:ec' reacticn of Compound
X with a seconda*y amine, followed by guaternization to produce
product XIX). Compound X may, of course, be prepared by various
other procedures.

The present invention provides a process for the
preparation of compounds of the formula '



z;;mhereln TERR] .is- the same-as [err] ‘or is a group of the fornula

r§54|n whi ch X, [err] and [err] are as defined above, [err] 1is a

VR car boxyl - protecting ggou [err] is a conventional =
ani no- protecting group and mis O 1, with a conpound of the formula <:J
[ERR] in which X is.chloro, "br.ono or |odo to produce a conpound of the
formula [ ERR] and, i f n1|s 1, reducing the squOX|de by conventional neans,
and subsequenmm+-pean : e _ ' by conventional means. The
reactions are |¢arril¢dlbut in a non- aquleoup orgdni c sol vent such as di net hyl
sul oxi de, ;he th phbthogan1de 2 y| ene chl ggi de, chloroform
et hyl etﬁbﬁq‘hexéne ethyP“acetate trah FRCHACHI Ozl | e,

or m xtures of such solvents. The reactions ar “convenl tly “carried out at
a tenperature of from . lerr] to “4%H] we nornmally prefer to
conduct the reactions at roomtenperature. In-Reacticn Schene 1, at |east

one mleafint BE teriidioseanboe: shavkd:bedised;per onl &..Q ccsﬂ@f-wnd X e

0, 0
nor Rl 4 41 SLELLS, 1 ke L0231 S R 250EER, O L LR LAy amine

ing from 1 %o 4 ca*bon a.cms, or a gzour of the formula

1 1 N
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Is - Is
- \
~d-coox,
Is
R

in which R3 is hydzogen, lower)alkyl or carboxvl, { is Lalogen,
hydroxy or (lower)alkexy, and 2% ane ®°
hy‘:ogen, methyl or ethyl, or R4 and_as, taken tooe:he« with the

arbon atom to which they é*e'attacheé, may be & cvcloalkylidene

ring conzais 1nc £rom 3 to 5 carbon atoms, and

® .
“NE=gQ

are each independently .

‘is a quaternary ammonium group, and nontoxic pharmaceutically
acceptablé salts, physiologically hydrolyzable esters and solvates
thereof, which process comprises reacting a LOﬂﬂuund of the
formula

R CONH
sznn(zzlzggﬁ\\‘onz'

XIIZ

H=CHCHZI




Reaction Schene 2, at.|east one nmole of Conpound XX should be used per foLe

of Corrpound XXI . Car boxyl - protecting groups suitable for use as B in th

above reactions are well-known to those skilled in the art and include N~
aI kyl groups such as benzyl, p-nethoxggenzyl, p- nitrobenzyl and

1 phenyl met hyl (benzhydryl); al kyl groups such as t-butyl; hal oal kyl groups

such as 2,2, 2-trichleroethyl,_and other carboxyl %ro; ectipg oroups

descri bed |n?‘f‘|‘e‘1|tera‘turé Wi gn "UK *Pat §86°" prefer to

utilize carboxyl- protecting ps whi ch are readlfy rem)ved by treatnent

with acid. Particularly pref d car boxybzpr ot ect r-c:rg:@rwups are the

benzhydryl and t-butyl npietNes/ 2 Am no-protecti ngpﬁ;roups suitabl e for use

as [err] are also well-knownYn the art, and include the trityl. group and
. acyl groups such as chloroacet¥d!|, fornyl and trichl oroethoxycarbonyl .

Am no- protecting groups which are readily renoved by treatnment with acid,

e.g. the tritiylwigcaup, .#re.nare? aidecds ddriReaciicve,Sehenealcoridendionald, 'V\/nen
* the cephal ospopidy UQL%% ﬁﬁl’ﬁiclu'nzegz':& ahgod R:rm.J.Q;xaf rl..é?rﬁ@“:ﬂ@céma

the 1- oxide |s

I3 gwn RLOg € eq_r‘_gs such_as Qxidatic
chl or oper ben?o‘? pet c@fl A3g. 8 TeTTiaTY afRpe ) WPERETh&eS“Yuent | y
may be reduceeuldy °I€n6&m f]S?r"ES‘la‘(]aélures e.g. reductgggn of the correspondi ng
al koxysul foniumsalt with iodide ion in an aqgquedus nedium The
al koxysul fonium sal ;_itself \is readi IX s epargd treat nent of the 1-oxide
with, for exanple, jcf\etw Cﬁl oride. | © XIV
o a2’ g Nog?’ &— '/ BsCHCE,NSTQ
| ' coost
k,,/ and, if m is 1, reducing the sulfoxide by conventional mezans, and
subsecuently removing all protecting groups by conventional
means.

The present invention also provides a process for the
preparation of compounds of the formula

SITTE

wherein Rl is hydrogen or a conventional amino-protecting group,
RZ is hydrogen, a straight or branched chain alkyl group contain-
ing from 1 to 4 carbon atoms, ©X. a group of the formula

i}‘ ' 1'?.4 ' COoH
?-cn—c*--a , ?-c::c ]R3,

’i R

[}
1



.\-d herein, the terns acyl anino -and acyl oxy refer to an acyl ated am no

o ﬂ',lated hydroxy group'in whi ch the acyl noiety is €l ower)al kanoyl (e.g.

fornyl, acetyl, propionyl, butyry# i sobutyryl, isovaleryl), ar oyl

(e.g. benzoyl ), (Iomer)alkanesuT‘bnyI (e.g. nesyl; et hanesul fonyl ) or '<:>

arylsulfonyl (e. . benzenésul fonyl, tosyl ). As-used herein, the terns’
"(lower)al kyl", "(lower)- alkox&ﬂ " (1 ower)al kyl t hi-o" ) mean

strai ght or br anched chai n: aIkyI al koxy, al kylthio

groups con- taining from1l to 6' §Pﬁbn atons, i-nclusive. W draw attention

to our divisional Application N@ 86. 20597 mhlch descri bes and cl ai ns

I nternmedi ates of the fornula [ERR] wherein ‘Z ‘i's chloro, brono or iodo, m

is 0 or,laand -Persl; c;-p 41 08N -3 SEE2 oL hlanched .chain_ al kyl croup
contalnl g from > ¥ ongﬁgFoga iorg%hE?dﬁ}QLdf"the Tormita [ERR] in

whi ch }"é-r‘?’j" 3 yﬂf%géﬁrgc”(‘?'mﬁé’id R k5P Ryr 28r BRFy Lo2e e s Bgen, hydr oxy
or (Ioh&¢§QEﬂooxye»¥HﬁjO*[etrj-q,andeea:4 zdr,e! tekeh dogdependent| yne - 36-
hydr ogessootetath €5 iyl tnéf adechklacttd E8prie o dkeNoi0GQLRBKe W th the

ring containing from 3 to 5 carbon atoms, ané
-N=0Q

is a guaternary ammonio.group, and nontoxic pharmaceutically .
acceptable salts, pnysxoloazcal Y hvdrcl\zaule“eébers and solvates o/
thereof, which process comprises reacting a compcund of the

formula '

L XXXI

OOB’

. . : _ .
wherein Rz is the sane as 32 cr is a group of the foxmula
coosr . R
or © . =G-CeoE™
R

in which X, R4 and R° are as described above,'El'Ls a ’cuventzonal

carboxyl-protacting g coup, 82'-5 a conventional anino-protecting
group and m is 0 or 1, with an appropriate base such as hyvdroxyl’
icn and then with a compound of the formula
. p§>
OHC-CHZ-NEQ
©

. s © <
in which nh-_Q S a auaternary ammonio .group and A~ is hydroxyl,



contai-ning from3 to 5 carbon atons, and salts and esters thereof.
npounds o of Formula XXVII1 in which the am no and/or carbcxyl
gyoups are protected by conventional as3xo-protecting or
“Carbcxyl -protecting croups are also described and clained in our
above- nenti on ? di vi_si onal ggl i-cation, -37 - Preggreatl on No. .1 [ERR
Et hyl (Z2)-2- %‘E&'yr‘“h% F (270 Y PART IS Ri BFRTAY Py ath aPe {43 1-1) A
m xture of ethyl (Z)-2-hydroxyimno-2- (2-tritylam no- thiazol-4-yl)
acetate (I1) (5.00 g, 10.9 nmles), [err] (2. d2).n, 32.8 nmoles) and [err]
(4.54 g, 32.8 nmol.g dry dipethyl- _sul f oxis (DIVISO) (100 nlL) was
stirred at roomte era{tu‘f‘je over- ni gﬁt nd {then poured intognat er;:{250
.m.). The precipit fopped was ECted y filtm@tion, washed
with., water a ndrledSto glv@ he titl &/ ccnpo (SEreugGEant it ati ve
‘yield). M. [err] (dec.). NVR: [err] ppm 1 3H t), 3.98 (3H, s),
"4.30 (2H, q), 6.42 (1H, s), 7.2 (1H, s, 7.25 (i . S). Conpounds 111-2,
[1-3, 111-4", 111-5, 111-6" and I11-7 were prepared by the general-:
procedure seanferih "abequ dedpcinglthei sul oradestshonvent igeahi tdrnisheand
appropri at e isaBsélguetlpr fefici@ng all protecting groups by conventional means,

carbon at.om to which-they are attached, may be a cycl oal kyl i dene ri ng ._)

The present invention also provides a process £or the
- preparation of compounés of the Zormula

CONE

T H

R"..v

[ B}

""ﬁ

wherein R; is hydrogen or a conventional amino-protecting ¢roup,

2 . . . . . Cs
R” is hydregen, a straight or braanched chain alkyl grous contain-
ing from 1 to 4 carbon atoms, or a group of the Zormula

4 - 4

R R " CODH
! =3 . |
U -G CE=CE-R® -g=c=c-R" | or
R® R> | '
ad X
R5
in which 33 is hydrogen, (lower)alkyl or carboxyl, X is halogen,
hyéroxy or (lower)alkoxy, and R4 and RS are each independenzly
hyérogen, methyvl or ethyl, or R4 and Rs, taken together with the
carbon ztem: to which they are attached, may be a cyclcalkvlidene

ring containing £rom 3 to 5 carbon atoms, and



Literatu_r'e-'Corr'pound - [err] (or [err])" Yi é,ld (% M [efr]
' : 100

rr] 111-1 nmet hyl . 115 (dec.) 120 (dec.)[err]
I 2y. . ethyl ' - 67 97-98 - * 11-3 =~
al kyl" * I = SRl -4 -[err] COQt Eut y ™
100 . - 125-126 123.5-125[err]; 134[err}-111-5 [err] COOX Butyl
68 81-83 not-repartesh | 11-6' ferr]COOxButyl 36
75- 85 (new conpound). CL I11-7 [err] - 94 70-73

not reported . _-38- *The ester was hydrqlyzed without isghation

[err] Tg? raar?r’gaF%‘rij'f3‘4,a““g‘§§3%(%‘9?'6’)'_Fg‘r’rrj '%%‘gaf‘éaﬁf"agfg?%“gﬁ [err] U.S.
Pat ent 22F P8P A8 Fad)Esy, BIrSBREentcad LY 0RY I3 YRR BPAISES SR MF 2 [ ERR]

(2) - 2- s vamesi miermcZ, (Zhiahi pybegisnchrpziclesd ryigEiagt Recammcdng\ed) The et hyl
ester dde kophgpared in Preparaton No. 1 (6.00 g,. 12.7 mmol es) in et hanol
(120 M) was treated with 2N NaOH (12.7 mi%=at room tenperature over ni ght .

The reaction nixture was adj us;ed to pH the addition of powdered dry
ice and the s n S evaporR¥aTnaef redlced pressurey;The residue was
. N ' : . A
Nor2' ¥ cHo
B2’ 57 or® o _ L
CocB™
, :
wherein R?' is “le same as.R2 or is a group of the formula )
o | s v/
CO0B : or § : RE
' . _-cr'-c'oosl.' i N
L -
" in which X, RY and &% aze as defined above, Bl is a conventional
carboxyl-prctecting group, 32 is a conventinnal amino-protecting
_group and m is 0 or 1, with a compound of the Zorxrmula
(CgHg) 3 P=CHCH,N==0 ,
in which X is echloro, bromo or iodo; to produce a compound of the
formula ' R '
- s </
WA =
]
52’ s o2

and, if m is 1, rzeducing the sulfcxzide by conventicnal means, ané
subseguently remcving all p:cteéting groups by conventional
means. '

~ The reactions are carried out in a non-aqueous organic
solvent such as cdimethyl sulfoxide, hexamethylphosphoramide,



di ssolved in water (100 mi) and the solution was acidified with 1IN HO to
pH 2 and then extracted with ethyl acetate (3 x 50 ml.). The conbi ned N
fracts were washed with a saturated aqueous NaCl solution, dried and -
@por ated. The residue was crystallizgg.fromethyl acetate-hexane to
ford 5.56 g (yield 98% of the title product Mp. 138-[err] (dec.). NWR :
[ERR] ppm 3.89 (3H, s), 6.52 (1H, s), 7.2 (15H, s). Conpounds IV-2, [|V-3,
| V-4', V-5 pekhyEénenrctildyvide wathdopsffard,cdthyl tdmegenﬁﬁneprm@d_ure set
forth above. aulats{@rrdemmea%e m 40dire, Lel”l (or lentle,

Yield (¢ rr] dec V-1 het

1I38 14g/()ca %46%errs]’mz'%'gf _ghe ze ‘é"r"r??r‘ are conveniently garried out. a1&10 145
not reported? Yeuperaturg| ¢f|{rom. =10°C t®6 - +50°CL70e IntEmathy 170(1)
-1 V- 4' [elprkfﬁlﬁjbphducﬂ fhe reactionb7dtlrdom teRpdfdtuehl ] c:ﬂﬁ%@iidn -

ggcj) M (C  skhése at UE& f@i@@%@ mole of k &r& '(t%@eﬁnurﬁe) snoal%gxl &l

Mp
'163- 164 P‘ﬁgt““’le Srft% %°"r"]"‘ f/. ¢ nor=a ‘[YeP eI tBUEGLize Srom
125-135 new conp tp\2g0s excess[qg rthe tertiary ggine. Simil¥xly,38n (4) .
[ err] Tet r ahe@raeticivl sScBede Z,1%ECLes et rohe. ﬁo:LPa&fenbnﬁo&EBxﬁ%oum be

used per mole of Compound XXI.

Carboxyl-protecting groups suitable for use as Bl in
U the above reacticns are well-known to those skilled in the art
and include aralkyl groups such as benzvl, p~methoxybenzyl, p=-
nitrobenzyl and diphenylmethyl (benzhydryl); alkyl groups such
i,f as t-butyl; haloalkyl groups such as 2,2,2-trichloroethyl, and
cther carboxyl protecting groups described in the literature,
e.g. in U.K. Patent 1,399,086. We prefer to utilize carboxyl-
protecting groups which are :eaé;ly removed by treatment with
acid. Particularly preferred carboxyl-protecting groups are
the benzhyd:yl and t-hutyl neieties.

Amino-protecting groups su:.table for use as B2 are also
well-known in the art, and include the trityl group and acyl
groups such as chloroacetyl, formyl and trichloroethoxycarbonyl.
Amino-protecting groups which are readily removed by treatment
with acid, e.g. the trityl group, are preferred.

In Reaction Scheme 1, 2, 3 or 4, when the cephalosporin
nucleus is utilized in the form of the l-oxide (m = 1), the 1~
oxide is prepared by known procedures such as oxidation with m-
chloroperbenzoic Or peracetic acid., - The l-oxide subse-
quently may be reduced by known procedures, e.g. reduction of
the corresponding alkoxysulfonium salt with iodide ion in an
aqueous medium. The alkoxysulfonium salt itself is readily

. Prepared by treatment of the l-oxide with, for exanple, acetyl
chloride. ' -



[err] U.S. Patent 4,288,434 The corresponding [err] conpound is described in

oxyrmet hyl -

at

salt (5 g, 12.1 mol es)

I n one portion.

WPat ent 4, 294, 960 Preparation No. 3 Benzhydryl
7- phenyl acet am do- 3- cephem 4-
o€nsi on of phosphate buffer (pH23+ 162.5 nl) and wheat bran (20 g,
room tenperature was added 7-phenyl acet am docephal osporanic acid sodi um
The procress of the reaction was

carboxylate To a stirred

ary) &2

moni t ored by HPLAS wseid] heheithy hhel peies agylaninn ané dSyiedyr 5§2eThe
suspensi®ranaeyiitdeaddnb oo it a tbcnyitort dramn a.ﬂdwhzhe' fthktsatle was

s B g G
di phenyP%F'r"&%’dr’reH‘%ﬁfé‘"’h’ met #TaATEY |’Or|de

108.5&@{&1 T&r

%ﬁ} -]

oled sol uti on was

t b
%]u o n\k/afs t hen-

‘adj usted-to 3. (Dm:)hlzsﬁ)’@phbéqﬂﬁr ite- QCI"Gs‘lAfQé?”fsﬁbtﬁ e reacticn

M Xt Ur eopeiryalb O0GEY Ll el &S ebérzdnest] fonyleptaset 056 nl) was slow y added and
the resulting crystalline title producct was recovered by filtration.

Yield of the tit]e

erF‘Ct Was

Benzhydryl - 7- Ani #%- §F Bhkt h

b

[err] (838xy, .40 (kA RkyHtRiQ" |
branched chain alkyl, alkoxy, alkylthio

3 te‘phegr/%[é SRS

taining from 1 to € carbon atoms,

w1 BT EPAL

oxyl at &

. &%

?,\TELOH No. 4

Vi"To a slurry of
. mean st:aﬁgrt cr

rours

cCchn

inclusive.

We draw attentlon to our divisional Application No.86.105%7%

wh...ch describes and cla:ms intermediates of the formula
(O)
N r n P ONE o .
Jl\ J i-i ) CONE "
' s \onz | e
i - ~ - - ..2 3 - - -' -
whereir I is chlo’o, bromc er iodc, m is 0 o= I anc R~ is Lnyarogen,
2 straight or branched chain aikyl group ccnsaining-frem I tc 4
eazbes iwoms, Or & croup cf <he Scomils
&4 rt . SoCE
| K| | —~—r : { ey
-t Er TEeR” =l wlSlaT , : o=
TEER 5: N < W
- = P
o o
-4 %
T
-C-C0CE,
'-
R
ir. whizh R™ is hyérccen, (lowerialixyl or carboxyl, X is halicgen,
3 ) -
hyérexy oz (lower)alkexy, and R° and R™ are each Iincdependenzly




for 20 mnutes at 20C. To the m xture was added benzhydryl

hydr oxynet hyl - 7- phenyl acet am do- 3- cephem 4- car boxyl ate prepared in
éaeparation No. 3 (5.1 g, 10 mmoles) with stirring at [err], in one
portion. The mixture was *stirred at -*®8=for 15 minutes and allowed to
stand at -10C to [err] for 7 hours. To the cooled solution [err] was added

propane- 1, 3- dixgla=640n IMre 204 5heeex3x WL AAagnal kOned Lo Sécaeﬂg-a&-:.he!;% For

16 hours and then at roomte utes W th stir

resul ting sol (8RB WdEh gp t‘ﬁ c%‘%ét‘é‘?cf‘%"‘x"?@' he)a aFﬁ’GlSﬁf}’L}?-&Féﬂe
aqueous NaCl (FBOSnEgntainisg &xem 3[éPr§ eardopoatena ., anddsaitsyandestefhe
gumy resi due thk2egf. was di ssol vedCdnpoundsi Xt Ur eo0frokRE1d m(i +h-hexans

"(2:1), and Sum*ﬂcﬁﬁgﬂé Qn@ Eona%xaﬁhy'é"ﬂsng*@ EJJ‘JeEaegeLl;v %8 SHL 290 g)
and the sane s',_l ns_containina the tit

S e C oy
were evapor at ed 3%°(a:tueoc%%ﬁ ‘fﬂe"ﬁ*égf%é’rﬁ‘[’fn’r’aﬁ EFCUFF t BT &?‘3’&? e
the title prochmi c(Lalﬂle@,erb%r absvé-meptaonéérdivisiena) . ad;ﬁicati@xﬁf] 3400,
2800, 1785, 1725 [err]. WY : [err] 265 nm([err] 160). NV : J[err] +
[err] 3.69 (2H, s), 4.43 (2H s), 5.09 (1H, d, J = 4.5Hz), 5.24 (1H d, J
4. 5lz), 6.87 (1H, s), 7.3 (10H, m. Preparation No. 5 '

(100 m.) was added pyridine (3.2 g, 40 noles) and the m xture was stirre '



! @ihydryl 3- Chl ororrethyl 7-1(2)-2- rrethoxylmno 2- (2 tr|tyI

ot:hi azol - 4-yl ) acet am do] - 3- cephem 4- car boxyl at e (A - 1) Benzhydryl
-amt Mo- 3- chl or onet hyl - 3- cephem 4- car boxyl ate prepared in Preparation No.
4 (2.29 g, 5.52 nmmles) in [err] (57 nL) was treated with bis
(trinethylsilyl)acetan dep#eBSA:~%.0% 01 16.6 nmol €s) at room tenperat ure
for 50 mnutes to give a clear solution. To the solution was added an
aci d chloride solution, which-was prepared from.(2Z)-2-methoxyim no-
2-(2-tritylam nothi azol- - Iiaﬁ 9% 24si d (1v-1) {2.04 g, .4-60 mol es) and
[err] (1.15 g, 5.52 mmol )1" thyI ene chloride (.20 m_f The m xture was
stirred at roomtemretstu 2 nut es, poured into cold water (200
m.) and extracted with et hyI -acetae (3 x 100 nlL): The conbi ned extracts
wer e vvashed W t h acueous NaC1 - dried gnd evaporat ed . The reS| dual syrup (4
AT Q-2  (27Erigs ‘ : ) ting with 10:1
and 3: (lIIrIl-Mures of tol uene and et hyI acet ate successi veI 2 The fractions
cont ai ni ng ning the desired corrpound wer e conbi ned and. e'vaporat ed to afford 2.61

g (68% of V- an. wder, minp=2e- 3.50 (2H, -
), 402 (3H ]ﬁa&i‘ s gn‘g'H% i g (ﬁﬁ%‘ =59 le_ﬂ“ T=8%5  (1H,
s.), ePezpird-Eh), 3?333%?54-11)#5'% Gpatdtd oSS! O‘F'yl “Ls

3- 1 odoxmtshy\heﬂez{)( £nd2x ﬁm‘{ld)éysm $0-32- § Zebaslidsy| aniéry cimethyl-

t hi az 041.14%34 22CELAD) d91 60 GRANGEE 4:0atbexyt MR y&.inéz)a:erm fdye of the

S-ohloronetiyl dent vallve 21ePar el TAsHr e abhen Mo RolM o150 0

;o:meﬂ has collected by filtration, washed with watexr and dried ~/
to give the title ccmcound (5.15 ¢, quantitative yzeld). ¥p. . |
115°C (éec.). . ' '
sR ¢ 6°°13 pom 1.32 (3H, &), 3.98 (3, s), 4.30 (28, &), 6.42
- (L8, s), 7.2 (1K, s), 7.25 (13%, s).’
Compounds III-2, -III-3, III-4', III-5', III-€' and
I1I-7 were prepared by the general procecdure set Zerth abeve, bDut
replacing the methyl iodicde with the appropriate iofide or bromide.
. Literature
L
Compound 2® (or R%)) yield {(3) _ Mo (°C) Mo . (°C)
" III-Y  =ethyl ' 100 115 (gec.) 120'(deé.j(l)
IXI-2 ethvl 67 97-98 _ * -
IrI-3 aliyl Lo * ' * _ . o
IIT-4'  -C(CH,),COOtButyl 100 ‘' 125-126  123.5-125(2); 12403
I1r~5t : CO0tButyl - 68 81-83 © mot :eported(3)
III-6' ; :COOtButyl 36 75-85 (new compound) -
Cl

III-7  -CE,CEXe 94 70-73 not reported(?)

o



g, 8.93 mol es')-_ in nmethyl ethyl ketone (30 nL) was-'stirred at room:

tenperature for 1 hour.” After evaporation of the sol'vent the residue @@
n

n ethyl acetate (100 nlL) andigsashed -42- with water, aqu

i ssol ved i
{[grr] and aqueous NaCl, dried and evaporated to give the title conpou
-1 ( 1.47 g,

99% as an anor phous powcer. NVR [err] ppm 3.55 (2H,

- ABQ), 4.00"TBHestyr “e25yErelyand «Atigquy Eeolayios. 80 (1H, q), 6.65 (1H,

s), 6.90 (
3- Chl or onet

t hi azol - 4-yk3ycet am . epne;
gls))ﬁﬁ-ﬁo-ﬁéi 2% Airf§f atiho- thiazol -4-yl)acetic acid (1V-2) (1.095

(2) - 2-ethox
g, 2.4 mol
. pentachl ori

&“':etsi‘:.eﬂzo’i-.,( %@,—L 2793 (Peeppration No. 7 Benzhydryl
b3dlir - badfe = Vi m no-2- (2-trityl am no-
AR dqé-'ggéﬂger%&carboxyl ate (VI-2) To a solution of

U.iSh Batedrtorkoerd hdate (20 nl) was added phosphorus
de (500 ng). .After stirring for 1 hour at room tenperature,

the mxture was added in one pqrtion fo an i cg-cool ed sol ution of Conpound
'V (1.083 g, 2.4 mmol es) and Bsiéf—n#—r-ﬂ—aa-eg‘ FEF—+m—ttehl or onet hane (20 nL). After

“stirring fo
[err] (200
w th water,
resi due was
gave VI -2

 NMR :

r 0.5 hour the reaction m xture was poured into 10% aqueous

m.) and extracted w 4000100 nl). The extract was washed
dried over [err], /rd \apor ated under reduced predsure. The
chroma- tograp,p&g‘ s iN\%gzgel colum. Elution with [err]

(Z)-2-Methoxyvinino~2-(2-tritylaminothiazcl-4~-vi)acetic acié (IV-1)

The ethyl ester III-l prepared in Preparation ¥o. i (6.00
g, 12.7 mmecles) in ethanol (120 mL) was treated with‘}ﬁ NaCHE
(l2.7 =L) at room temperature overnight. The reacticn mixture wzas
adjusted to pH 8 by the addition of powdered déry ice ané the
solvent was evaporated unde:-reducedugressuée; The resiéue was
éissolved in water (100 mL) and the soluticn was acidified wizh
1N ECl to pB 2 andé then extracted with ethyl acetz%e (3 x 50 nil).
The combined extracts were washed with a saturated agueots wacCl )
solution, dried and evaporated. The residue was crystallizeé frocm
ethyl acetate-hexane ¢o afford 5.56 ¢ (vield 983) of the title
product. Mp. 138-143°C (dec.).
§PCL3 oo 3.89 (3H, s), €.52 (18, s), 7.2 (158, s).

Compounds  IV-2, IV-3, IV-4', IV=-5',-IV-6' and IV-7 were
preﬁared by the general pfocedﬁée set forth above.

' Mp (°C, Literature

Compound . g2 {ox Rz'} Yield (%) dec.) Mo (°C, dec.)
V-1 methyl 98 138-143 ca. 140

V-2 ethyl 8s 140-145 not reported(l)
-3 allyl 66 170-178 ca. 1701

IV-4" -C(CH,) ,CO0tButyl 7T . 174-175 152-156(2); 1903



n anmorphous powder, 1.76.g (86%. : [err] ppm 1.40 (3H t, [ERR])

. t2H, ABg, 2-H), 4.37 (2H, s, [ERR]) 4.60 (2H, q, [ERR]), 4.90 (1H d,
6-H:J, *5.89 (1H, d, 7-H), 6.88 (dH_- s, thiazole-H), 6.91 (1H s, >
benzhydryl - CH) . - 43- Preparatlon No. 8 D|phenyl met hyl 7- | O
(Z) - 2- Et hoxyi m no- 25 ( 2- trl.,tyl ani not hi azol 8- {y¥+ ) =2CBF3M®0) - 3-i odonet hyl -

3 -cefBgae¥Rsa ; 2) YAeafixfthr e _@ec\ -2 ¥pr ép2y e@dci.h Preparation
No. 7144507 g, 1. Zw.ee);;ﬁnd Mgl (562189-184 75c8MRLLS)- kR BCcet one (20
h
d

m.) was stirred fo our The mixture was fittered and the filtrate was
poured into water extracted with ethyl acetate. The organic |ayer was
washed successively with 5% aqueous [err], wat er and saturated aqueous
NaCl , T¥rpbd. over tandv.‘evap(Sﬂ.at ed, tazgi-yzas 184 go£89%: of Conpound
VI1-2. NMVR : [ ER ppm 55(2H g, 2-H),  4.27 (2H, s, [err]), 5.02
(1H, d, 6-H), 5.37Y1H d,7-H), 668(1H s, thiazole ring H), 6.93 (13,

s, ber;ghydryl CH%’ gparation No. 9 Benzh\a/ i/ .
751 (221 Al 1yl BSF2FFFER 2- (2- tri t PBani not hitdsol3g- y<|"=) acet ani ndo]
- 3-chl or onet hyl - 3- cephem 4- car boxyl ate (VI -3)

‘1) retraheczon, 34, 2233 (1978)

(2)y.s. patent 4,258,041
(3)y.s. patent 4,288,434

(4)The corresponding Nﬁi cog?ound'is cescribed in U.S. Patent

4,2%4,960 ' . =~
Preparation No. 3 A
Benzhvézovl I-Evdrcoxvmethvl-7-phenviace: tzmideo- -cenﬁe"-é-
carboxvlate

To a stirred suspension of pghosphake nuffe* (:H 7,

182,5 mL) and wheat bran (20 ¢, dxy) at room & .enperat;:e was

added 7-phenylacetamidoceghalosperanic acid sodivm salt (5 g,
12.1 mmoles) . in one ooftion The progress of the reaciica was
. menitored by EPLC until the hydrolysis was cct=1ete (5 Hﬂu-s).

The suspension was filtered to rsenove the whea. bran and the o
£iltrate was cooled to 5-10°C for extractive esterification. &/

To.?he.copled-sclution was added methyleﬁe';hleriée (32 =L}
261llowed by a 0.5¥ solution o2 éiphenyldiazomethane in
methylene chloride (24 mL). The pE was then adjusted to 3.0
with 28% ﬂhcsohorzc acid. After 1 hour the reacticn mixturze _
was allowed to rise to 20°C. Heptane (56 mL) was slowly added
and the resulting crystalline %it tle ptoc“c._uas recovered by
filtration. Yield o#lthe title product was 3.0 g (50%).



To" a suspensi on -of ‘Conpound V (1.35 g, 3 nmoles).in methyl ene chloride (20.:
m.) was added BSA (1.1 nL, 4.5 mmoles), and the m xture was stirred for ‘."'
Khutes at roomtenperature to becone a;cl ear solution. A mxture of
-2-allyl oxyi mno- 2-(2-trityl am nothi azol -4-yl)acetic acid (1V-3) (Id
g, 3.0 mml es) .and phosphorus pentachloride (690 ng, 3.3 mmoles) in
met hyl ene chloride (20 nl) was sgidd=ed-kpL 15 ndnutes at roomtenperature
and poured in one portion into the soruttomof the trinethylsilylated
Conmpound V. _The mxture was stirred for 20 mnutes at roomtenperature and
~diluted w th3e2 ‘ zomashetl- W ¢ dplacnrdeus s isodi Lemebi(car bonat e
and water, dried and evaporated under reduced pressure The ol ly residue
was purlfled by S|I|ca.gl qurm‘ch, mat 0g hy, C- 200, 30°
). The columm was el*t gdsaﬂ W &4 6F Sor‘%; ‘{1 |'Uh§ 26heai ni ng
the desired PFOURM WeSe2édediprsicingaddr 5t¢orﬁmﬁeerlesédm¢w asstves

_aff ect ed th\eailiii_e*(e@r’rﬁﬁundo (Mmidesag £apo eDr PROUS ePOVRSETe Wal d2de3? ¢
(8999 . M. GdRGe) R lace=2339Q..1790Q, 1730, 1630,
1530 1380, 1250 VLR ?60 B85 °"1‘1§I%5“’1 shifihiacesst %g" TEETH 2°H)
4.32 (2H, s,Ca=3%4ERe BTEPaReq Wﬁreaﬁ"f ‘a?nd36 <? H)'s elorer(:;ms)s
t hi azol e-H), -E»zQC‘st(:.rH;.ns afERA9G, inleRebpdSfidn.m ThReajktupy &lagns) .
'stirred at -~10°C for 15 minutes and allowed to stand at -10°C
_to -15°C foxr 7 hours. To the cooled solution (-20°C) was
added prcpane-l,3-diol (10 mL) and the mixture was allcwed to

stand at ~-20°C for 16 hours and then at room temperaturce Zcr 20
minutes with sticring, The resuliing solubion was washed with

gg/‘ - ice~-water (2 x 20 mL) and saturated agueous NaCl (10 =), dried

over MgSO, and concentrated in vacus. The gummy sesidue (12 ¢)
was dissolved in a mixtuze of CHCl, and a-hexane (2:1), and
subjected to chromatograpghy using a silica gel column (200 ¢)
and the same solvent as eluant. Fractions coataining the
title ccmpound were evaporated in vacuo and the resi
turated with n-hexane to give the title product (2.
}, melting at >110°C (dec.).

. Vgsp 3400, 2800, 1785, 1725 cm L. .

-
-

W) © . EtOH
o/ “ uv s xﬂax 25: nm (n,cm 160). o

MR ;' GD“-!SO-GS + CDC1

P 3 3.69 (2H, s), 4.43 (2%, s), 5.0% (_“, d,b

' JF = 4.5Hz), 5.24 (1H, &, J = 4.50z ,
6.87 (1H, s), 7.3 ( 0H, m).



C, 64.05° H 4.45 N

7.73;
7.50,

Anal. Calc'd. for [err] .
SA®)08, d, 7.82. Found: C, 64.13, 63.99; H 4.61, 4.64;, N,
733067°'S, 6.85, 6.85 O, 7-6b; 7.46. Preparation No. 10 Benzhydryl

7- [(Z) 2- Al l yl oxyi m no- 2- (2 tiityl am not hi azol -
3- cephem 4- carboxvl at-e (VI -3).

acet am do] - 3-i odonet hyl -

4-yl) -
A m xture of'

Compound VI -3 (2.30 g, pRedb-d0Mres:).a8d sodi umiodide (2 g, 13.3 mmmol es)
T‘Teﬁ‘TUT‘I“hUUT

acetone (15 nlL) was st

evapor at ed under reduced pressure
@ e

acERAERYVIPOY 4riChlw

at

room tenperature and then

in

A solutlon of the oi ly residue in ethyl

evaﬁefat'efhimder-vrdugegi-mcessurce,t-,e_—ati@g@b&@rmegnq?w‘l) 3 as an anor phous

powder,

Yield 2.52 g (99%..

whi ch was used I 'n-the .Subsequen
-45- ‘Preparation No.-

step w- ]
"11" Benzhydryl

rther purification.

3- Chl ororretmﬁ@ Ervk) 7-oanimm-3-chieseye s vbrifiassdeR-2= oxyi mi no) - 2-

(2ctebtyt b qieicazel - th y¥=gpaaeeliani 89) - 8- (RS, 45, sarhandsgte (VI-4')

ina CHCN " (57 mi) was treated with bis(tzimethylsilyl)acetanide
(28A, 4.09 mL, 16.6 mmoles) at =oom temperature for 50 minutes
to give a clear solution. To the sclution was addec an zaci

ig
chloride sclution, which'was.p:epa:ed--.cm {z)- Z-ﬂn.u xyimino-
2-(2-t:ityleﬂinothiazol—&-yl}aéetic acid (xv-1) - (2 04 '
mmoles) and Pcls (.15 g, S;Si-mnoles) in met 1v1e:e cnlc:;ce
(20 L) .
minctes; iato ccid;wate:
ethyl aceta’e (3 x 100 mL);'

with azuveous NaCl, éried ard evaporated,

The mixture was st;::e‘ a2t *oo— *=1=e*a“u:e Zox 30
{200 =

The ccmbined extrackis were waskhed

coured ) ané ex::actec wish,
- The residuzl sv=up

(4 g) was chromatographed o on a 'silica gel (150 g) column by
eluting with 10:1 and 3:1 n.x.u:es oZ %ocluene ang e Hy‘ acektate

successivel Ve The ::ac‘.::.cns containir ng- the desired | egnipoun

-were combined and evaporated to affozd 2.61 g (68%) of VI-l as

an anoxghous. powées.

§PCL3 pen 3.50 (21,
4.98 (11,
6.90 (1,

s), 4.02 (3%, s), 4. 33 (2%, s),
é), 5.87 (1%, q), 6.65 (1H, s),
S), 7.3 (25!‘1, m)o

NMR

reparation No. 6

Benzhvérvl 3- Iodcﬁethv’-7 {{(z)=- -2-methoxvinine~ *(’4‘“3tv1amino-

.“1azo1—4-v1)ace-anlce] -3-cephen=-4—~-carboxviate (V:’-’)

A mixture of
ion No. S (VI-’) (1.50 g, 1.79 mmoles) and NaI (l.3¢
g, 8.53 mmoles) in methyl ethyl ketcne (30 mL) was stizred at
ion of the solvent

the 3-chloromethyl dezivative precared
in Preparat
rocn temperature for 1 hour. After evaporat

the residue was dissolved in ethyl acetate (100 nL) and washed

S



Procedure 1 A mxture of (2Z)-2-(2-t-but oxy'car bonyl prop- 2- - :

s

oxyimno)-2-(2-tritylam not hi azol -4-yl)acetic acid (lv-4 ) (1.94 g, 3. 6.-

bl es) in tetrahydrofuran (T-) (482rL) was stirred at roomtenperature for

m nutes, during which dicyclohexylurea separated. The dicycl ohexyl urea
was 1 emoyed by | LEakion Ands tie Lidl Lrate. sanixed: i thev (1.5 g, 3.6
mol es).” ~“The m xt'uré was stifred overnl'gFlt at room tenperature and then
evapor at®dserafadus’ iR Fesitdgar oprrwns NiZdssl (red’i &) (B 28 23 L),
.washed vi-ddrcastyratedepgueous [err] and saturated aqueous Nad, dried over
[err] and evaporated to d-ess. The residue (3.9 g) was disSsolved in _
n-hexane; [err]ché&i2)_and ﬁss_sed”t hr ough A silica gel colum (40 g) using
‘the sane~Solivefit syStERR et PEnsEoht a8 d 25 nd) ¢ 14128 dofpotind wer e
evaporated in vacuo -to gi4-#71.(3Hg €B0%5.&F (M, 48) neftGndldr $krr] (dec.).
IR " [fer] 3390, 1790,6 ool5121699, ¥\5 (2518, mberr]l 240 ([err] 280),
265 ([err] 190). NWR : - [ERR] ppm 1.45 (9H, s), 1.63 & 1.66 (6H, each
s), 3.49 (2H, broad's), 4.34 (2H, s), 4.96 (1H d, J=4.5Hz), 5:90 (1H, d-d,
J=4.5 & 7.5), 6.66 (1H, s), Helacbtibaslg. . 0-7.5 (25H, n), 8.23 (1H d,
J=7.5Hz). o :

@I es) DCC (742 ng, 3.6 nmoles) and N hydroxybenztriazole (486 ng, 3.6
yil

~Chlorcnethvl=7={{2)=2=ethoxvinine-2~(2~-crisvlanino-

Senzhvézvl
1

3 T
ehiazol-4-vllacetamidol-3-cechem~-4~carboxviate (VI-2)

To a solutiocn of (Z)-2-ethexyimine-2-(2-itzitylamino-
hiazol-4-yllacetic z2cid (IV-2) (1.095 g, 2.4 mmoles) in
ichlozcmethane (20 . mL) was’ adéed thosphorus pentachloride (300

e gt

mg). After stirring for 1 hour at zoom temperature, ithe nixture

12

- was adcéed in one portion tec an ice-cooled soluticn ¢ Cempeund
vV (1.083 g, 2.4 mmoles) and 3SA (1 mi) in dichlozomethane (20
QL),‘ After stirring for 0.5 hous the reacticn mixture was
poured into 1lC% aqueouS'NaHC03“(200 =L) and ext;ac:ed with CHClq
(L00 mL). The extract was washed with water, dried over MgSO,,
and evaporated under reduced pressura. The resicue was chroma-
tog:apﬁed on a silica éel column. Elution with CHCl, gave VI-2
‘as.an amorphous powder;, 1.76.g. (86%). '
mR + 6°°CY3 ppm 1.40 (3%, t, CH,CH,), 3.53 (2, Asg
S | | 4.37 (2H, s, ~CH,Cl), 4.60 (2, g, -CH,CH

4.90 (1¥, 4, 6-#), 5.8% (1H, &, 7-H), g
(1, s, thiazole-H), 6.91 (1¥, s, benzhydsyl-
cH) . RN _

';_'t
S



@ cedure 2-A-solution oT V'(1.86 g, -4.49:-mol es) in [efr] (46.5 -.L) was
g)ed with BSA (3.33 n‘L 13 5 mmol es) at roomtenpetature for 50 m nutes
ve a clear solution. the soution was added an acid chloride
soI ution which had been prepa?ed fromlV-4" (2.56 g, 4.49 mol es) and [err]
(1.12.9,.5.38 nmol es) in methyl ene chloride (26°aL). The mixture was
stirred at roomterrperature for 30 mnutes, poured into cold water (100 niL)
and extracted with et r%ﬂ-ieer-aie—(%mé]w m) . The_ ‘conbi ned extracts were
washed with aqueous Nad, dried and evaporated.: The residual syrup (5 g)
V\@—@thQF.YBEQS{rﬁp’fLEEj(ﬂn-Za“%kL4rGa-QG4 3(-1&0-91~60.1.m£»\1aebu1w9 with 10:1
m>gture or LOIUENE 2nd et oYL _acetare, ~ The Lracii pns zontal ni ng the desi r ed
BEEE = 2 (65% cf VI-4

Preparation No. 12 Benzhydryl

/- [(Zl) 2- (ZAt"lﬂdfwfdf lrgr2l pféﬁd)z:%dol.ylmdm):ﬁe-c(-:? Wwo. 7 (1.07 byl

tI’I t)4 not V. car poxy ate
A 4 A"" fre of%\% qff%&ag)é % % gggnﬁmri )géaen %a%?lm my, 1.6

m‘rﬁﬂey)a5| H»h%%@d)nf@f(é- HE)hwas-%% |’T==r><eeF=Fo¥32 Horarest 2pdorhe enperature and

thﬁ.’l‘-@!&ﬁoﬁé&%\.ﬁéﬁ \atdowa for t tfd redizdeeedewecnadngl| ecedaye20 nl) and

| 7o di
AL GpAr Ik Lyl el O30hes| QEeaRYMOS0E0, 1Y It v ol T,
eﬂﬁg@zé@ed*t—bﬁﬂdr%ﬁ%agﬁea@ﬂ%?%ﬁg\egé%cﬁe"\/lqveél? ”5§°an anor phous powder
MBI R¥apbrheed]td dhve) 1.04 g (89%) of Compound VII-2.

/
o ;673 ppm 3.5 (21, qr 2-3). 4.27 (28, s, cm,T),
. 5.02 (l“, d, 6-¥), 5.87 (1&g, d, 7-3), _
6.68 (1Y, s, thiazole ring X), 6.93 (13, : e

‘s, benzhydryl-CH).

Preparation No. 9

Senzhvdrvl 7= [(z)-2-a11_ oxv‘ﬁino-24(2-“*<tv’ar‘ﬁoth;a’ﬂT—é—yl)-

acetanido)-3-chlcromet y‘-3-ce=nen-4-~a:bcxv’ate (VZ-B)

~To a susnersioﬁ'o‘ CO:pound V'(l;ﬁs g, 3 ﬁmqlgéL in

methylene chloride (20 mL) was added BSA (1.1 mi, 4.5 waoles), .

and the mixture was stizred for 30 minutes at room temperature . U
.. to become a clear solut ion. A nixture of (2)- Z-al’vlotv imino~-

2-(2-t*1~y1an no~h1azol-4-vl)acet ¢ acid (;V°3) {1.40 g, 3.0

mmoles) and ﬂhosnhorus pentach’o*lde (690 mc, ‘3.3 mmoles) in

methylene cblor;dc (20 mL) was st;rred for 15 minutes at room

temperature and poured in one port-01 into the solution of

the trinethvlsily1ated Compound V. The mixture was stirred for

20 minutes at room temperature and diluted with eithyl acetate

(200 mL), washed with aqueous_sodxun bicarbonate and water,

éried ané evaporated under reduced pressure. The cily residue

was purified by silica gel column chrometography (Wako-gel,



-47- IR- -.: [err]-3350, 1790, 1690. -W : “[err] nm 240 ([err] 270)s

265([err],190). NWR : [ERR] ppm 1.44 (9H, s), 1.55 (6H, s), 3.5.
H ABg), 4.28 (2H, s), 4.98 (1H_.,d. J=4.5Hz), 5.85 (1H, d-d, J=4.5 &

'3 Hz). 6.70 (1H, s), 6.90 (1H., s),7.1-7.5 (25H, m Preparation No. 13
D phenyl r,_ret_b%l 7-[(Z)-2-(1-t-Butoxycar bon’),zl cycl obut - 1- oxyi m no) - 2-
(2-trityFarthotHl &ol - 76| Fohiewr ainsd6} 8e€Hf bFomsiRypIig and the
cephem 4icachbiboyd atom HaVhibe) tiRhasplierdsspentac Rl dexbiadf. g, 7 mmmol es)
was added.g SHSPRNSI LYl ~acuced presspre affcrled the title cempsund
(2)- 2- (134 DIkt QXYCAr ROTDOAVE CY ClLBUL Lo, QXYT T, NO0) =y s o e SEmPund
(2-tri tyl(éh@r?o%ﬁi ggo%’d—‘éf’%%c%ﬁ#‘gfac‘f‘cflﬁré-’g}]g ((E?Ob' 9,7 mf¥Tes) in 70 nL
of dry metB§Cefdeahl.oride, and the nmixture was stirred for 1 hour at room
‘tenperature. The acid chloride solution was added at [err}] to a solution’

of silylafed 7- AGA estar, | ch was prepared by adding BSA (5.6 nmi, 21

ol es) ?% al st‘f:ra:e(fmsuspé)rqgébg"gg'bghéﬁyd} °'7-lz§ﬁ1°no§%§%hl e8met hyl - 3=

“cephem 4- car boxyl at e hydr &80 0rio@8.[V] (3.16 g, 7 nmoles) in dry nethyl ene:

chloride (70 m)___The nmixture was stirred for 20 minutes at -10C and then

at room temper at e 3 arpmd0 3nE0Ut RS, ZHE) ,r @aBRi (2 misxt BrEEYRS 4Mapor at ed and

gl%l) uted with et hyl acet ate5(§097gj_)m’ %%gcg_:ggggrg@lé:l 7I_§¥§r5y%s washed wi t h
. (17, s, thiazole-E), 6.20 (1%, s, Ph,CH),

7.1-7.6 (30%, m, shenyl protens). -

— .
) Anal._C§IC'é. fq; C4834°N50552Cl‘l/3CHC13: C, 64.05; B, 4.45;
o ' N, 7.73; s, 7.08;
o - | g ciL, 7.82.
| S Tound: C, 64.13, 63.99;
. H, 4.61, 4.5¢;
N, 7.50, 7.30;
S, 6.85, 6.85;
cl, 7.55, 7.46.
Preparation No. 10
Beazhvérvl 7-[(z)-é-Allyloxyimino-2-(Z—tri;ylaminothia:o1-4—611-
.acetamidc]-3-icdcmethvl-3-éeohem-4-caﬁbcxvlate (VII-3)
\//

A mixture of Compound VI-3 (2.30 g, 2.65 mmoles} and
socdium iodide (2 g, 13.3 mmoles) in acetone (15 mL) was stirred
for 1 hour at room temperature and then evaporazted under reduced
pressure. A soluticn of the oily residue in ethyl acetate (200
mL) was washed with 10% sodium thiosulfate and water, evaporated
undexr recuced piesSu:e to afford Compound VII-3 as an amorphous
powder, which was used in the subsequent step witlout further
purification. Yield 2.52 g (994%).



aq us sodi um bi carbonate, water and a saturated sodi um chl oride sol ution.
Af dryl ng over sodiumsulfate, the solvent was evaporated and the
res+fue was purified by S|I|g% .gel colum chronat ography (Wko gel GC-200, .
60 g); elution with chloroform The fractions containing the desired O
product were ccnbined and evaporated to-obtain 5.88 g (86% of VI-5' as a
yel | ow powder. IR [e@LL_a-a~¢;9qk:1325 1690, 1525. -48- W . [err]
nm 240 ([err] =232), D). Preparat|cn No. ‘14 Di phent| nmet hyl
7-[(2) - 2- (1 t - But oxycar bonyl cycl obut 1- oxyi m no)- :
§: = {s rp@tlm—:m:ur\;lc..ﬁ' camem 4- car boxyl ate
(\ﬂér&ir;ﬁE@—a-$2¢if*¥i‘%ﬁ£ﬂét€!&{H&Jﬂivi)aé5téFibc]5. cBmnl.es). in acetone (108

) c¥85.._9d¢e sl I odal : g, ‘Xture was
st| Fe-n'gerature fo~.r 3 hours. The reactlcn m xture was then
filtered and evaporated to dryness, and the residue was dissolved in ethyl
ac®tatecE2OA nL). The sol ution was washed with water (100 nL), 10% w v
sodiumthio- sulfate (40 nL) and saturated sodium .chloride (3 x 70 niL).
After drying over_pagnesi msulf t@?rt he sol vent was renpved under reduced

pressure to giveé B88I%° (Lok) t5 “‘a‘%“"'&ay?F’FéSmF’r"F?“‘ [err] 1790,
17e8y1 uimn)—2ﬂgg5tr1.ylan;nq“H-a*o‘-4-v’)ace ic acid (Tv-4') (1.94

g, 3.6 mmecles) DCC (742 ng, 3.6 mmoles) a1d \-nvd-cxvaenztrzazc-e
(486 mc, 3.6 mmoles) in bet:ahycaoburaﬂ (T=F) (45 mu) was
stizred at roca .empe:a.u:e_‘qb 45 minutes, during which : : cu)

éicyclchexylurea separated. . The éicyclohexvlu:ea-uas removed

by filtration and the filtrate was mixed with V (1.5 ¢, 3.6 -
macles). -The mixture was stirred cvernight at fcbm temperature -
and then evaporated in vacue. The residual o;l was c;sso‘veé

;n CsC 13 (20 mi), washed wzth satu:ahen acueocus ﬁahcoz ang

saturated aguecus NaCl, éried over .\zgso4 and evapecrated t

dryness. The residue (3.9 g) was éissolved in ﬁ-kexaﬁe cxC

éa"a4d

3
(1:2) ané passed throuch 2 silica gel column (40 g} using the

sane solvent system. Fracticns containing the title ccmpound
were evaporated ;n vacuo to czve 1.3 g (39%) of VI-4' melting at
>100°C (Gec.).

o oX3E et 13390, 1790, 1715, 1690.

wv ¢ aZ%0% g 24 (rl‘ 280), 265 (zi‘ém'léaj}

R : PC13 ppm 1.45 (9H, s), 1.63 & 1.66 (6H, each's), 3.49
(28, broad-s), 4.34 (2H, s), 4.96 (1H, 4,
. J=4.5Ez), 5.90 (1H, &-d, J=4.5 & 7.5), 6.66
(1H, S), 6.86 (i#, s), 7.0-7.5 (254, nm),
8.23 (1, d, J=7.5Hz),



"W : f[err] nm240 :([err] = 197), 265 ([err] = 154):-NMR

ppm 1 45 (9H, s), 1.8-2.8 (6H, m, 3.52 (2H, ABg), 4.25 (2H, s), 4.9
J = 5.3Hz), 5.87 (1H, dd, J =9 & 5.3Hz), 6.70 (11, s), 6.88 (1H \g}
0 (IE s), 7.28 (25H s). 8.41 CFA. d, J = OHz). Preparation No. 15

D| phenyl net hyl 3-chl oronet hyl -7- (Z)-2-proparcyl oxyi m no- 2-( 2-

trityl am not hi azol - 4-yl)acetam do] -3-cephem 4-carboxylate (VI-7]

Phosphoru-,g..,p.eerlt .aghboride (910 ng) was added to a sol ution -49- of

(2) - pro-pa-r-g'y-i-ory-r'm no-2- (2-trityl ami not hi azol -4-yl)acétic acid (IV-7)

.(1.7 g, 3.6 moles) in dichloronethane (30 nL). After stirring for 1 hour

at roomtenperature tha sektticn wasVaddedb ahe péPtFamiesd an $gtool ed

~solution pfg, s(\%,;(&ag%geaﬂeé R egi\A?t & N2, bﬁ(éfi@uyl étly&% peetam de

stirin for our e reaction -

1.5 nm) In dlchloro
§n xt ur e) W HFGGFEd S ’n?o g@@%&l@&us"[‘ér‘ﬁ ¥ $362fL a‘hd'° ext FACERR with

.ethyl acescdngip3062nl3ddedhrn extidachlonsaatlediontbriwt érd Heered over

~

[err] andawaateeenuwt rc@dyscegd ESSHUIRs) The u&eS' e V83 s
chrcnatog_r%P ona§ col.u | ut i, qn avethetltle

conpound T a8 3R*: ‘T’"berl%f§°56&ﬂe|(2§/\ef‘§m ng* 1" "‘( errL $=%< [ ERR]
ppm 2. 4%% :FH"‘{ teGppragupy {@H30dR= Qn‘fmq]:*u—gagz'ato co"c. wates

(100 mL) and extracted with ethyl acetate (3 x 50 mL). The

combineé extracts were washed with acueous NaCl, déried angd
L evazorated. The residual svrup (5 a) was chrc—atoc-asﬁac cea a

silica gel (100 g) column by eluting with 10:1 mixture of

toluene and ethyl. acetate. The fractiens ccnta;rzrc the ces;:ei

cempound were combined and evaporated to alforzd 2.84 g (55%)

ef vI-é'. |

Preparation No. 12.

Benczhvézvl 7=[(2)- 2-(2-*-2“bcxvca~b~nv1=ron-2-cx"*":nc)92-(2-
tritviaminothiazol-4i-vl)acetamidol-3-iodemecthvl-2-ceshan~-4~

carboxviate (VII-4¢') .

_ A mixture of Vi-4' (500 mg, 0.53 mmole) and NaI (249
o ﬂa, 1 6 ﬂno-es) in acetone (3 mL) was stirred for 2 houss at
ij room temperature and then evaporated in vacuc. To the residue
were adcded CH,Cl, (20 mL) and water (10 mL). The organic layer
was washed with 10% w/v sod;un thicsulfate (5 mL) ang agueous
Nacl (5 mL), dried over Mgso4 and evaoo'atnd to dryness to a*ve
540 mg (99%) of VII~4' as an amorphous powce- ﬂeltzng at 106°C
(Gec.).



(2 [ERR]) 483 (2H, d,” [ERR])-.,-5.03 (1H, 'd, 6~ H, 5.90 (1H, q; 7-H)
é?g% ( s, thiazole-H), 6.92 (1H, s, benzhydryl CHy. Preparation No. 16

Di phenylnethyl 7-[ (2)-2-propgrdyl oxyi m no-2-(2-trityl am nothi azol - s
4-yl)acet am do] - 3-i odonet hyl - 3-.cephem 4- car boxyl ate [VII-7] A mixture of Q
di phenyl met hyl 3-chl oronet Ryl -7-[ (Z) - 2- pr.opar gyl oxyi ni no- 2- '
(2-trityl am:not hijazal - 4 ylj acetan1do] -3- cephem'4-carboxylate (VI-7) (2.0
g, *3. 3" imihes)“and RaP2 (1! Oﬂ‘g €% mmol es) in dcetone (40 nL) was stirred
for 1 hour. ')QThe m X- tu:[e was filtered and the filtrate was poured into
- water and, ¥ agte Rlethy;acebage=1%he jgp9ani ¢ | ayer was washed with

5% aqueous™ "[”werr]cxt \%aPnetr( hrﬂ‘?jsngt urba:sec(i hcﬂ#‘b&uégNaCI successively. It was
then dri ed., [err] and evaporated to give 2.2 g (98@6 of the title
cohyidund § -37]:‘=-'1N|\/R 44 (9%rrs). L.SSppes, 2)453¢34, (2.,, CH), 3.53 (2H, d,
2-[err]), 4.25 (2H Rsqlerdllds 3=83s{2H, cq;, (O-Ee r]) 5.0 (1H, d, 6-H) 5.80
(1H, g, 7-H), 6.70 (1FI Se thiazal tE, s, henzhydryl - Gw
Preparation No. 17 DT'p n‘y‘r)rfetsﬁ (‘;lf’ (%"" 2= %/bl’h’bx i Ho- 2- . -
(2-tritylani nothi azof-20 {1H,.s), 6.90 (1E, s), 7.1-7: 5 (25%, =).
yl ) acet am do] - 3-tri phenyl phosphoni onet hyI 3- cephem4 carboxyl ate | odi de
(VI11-1) A mxture ofpsliqakesybaeidyliz7- [ (2)-2-(2-trityl am no-

Phoszhorus pentac& oride (.46 g, 7 :md;es)'wa acéded . N
o a suspension of (Z)=-2-(l-t-butexvcazbenylcyciobus-l-cxyimine)-
2-(2-tritylanincthiazol-4-yl)acetic acié {ZV-5'] (4.09 ¢, 7
mmoles) in 70 rL of céry methylene.chliczide, and.the_m.xture
was stirzed fox 1 houx at roem temperature. The acid chlczide
solution was added at -20°c to a solution of silylated 7-ACA
ester, which was c-e:arec by -adéing 28A (5.6 =5, 2..rﬂo-es) to
‘'a stirred suspension of benahvd*vl '-an.no-B-cu-o-c:et“v1-~-
cephem=-4~-carboxylate Hvdroc“- iée {V] (3.16 g, 7 =moles) in
éry methylene chloride (70 mL). The mixture was stizzed ‘o* .
20 minutes at ~10°C and then at zoc: temperature Zer 40 minutes.
The reaction mixture was evaporated and diluted with ethyl k,) -
acetate (300 mL), and the organic layer was washed with 5%
acueous sodium bicarbonate, water and a saturated scdium
chloride solution. After drying over sodium sulfate, the . _
solvent was evapo*a'ed and the residue was purified by silica . : -
gel column. ch—o.atogran.y (Wako gel C~200, 60 g); elution with
chlozoform. The £ractions containing the desired product were
ccmbineé and evaporated to obtain S.88 g (86%) of VI~
yellow powder. ' '

r o+ vE3T e~ 1790, 1725, 1690, 1525.



(VI1-1, 7.8 g, 8.4 rnmml es) and.triphenyl phosphine (4.4 g, 16. 8 mmol e
2nzene (160 m) was stirred at roon%tenperatur_e for 1 hour. The resu

thi azol -4-yl)-2-net hoxyimndaéet ant do] - 3- i odomnet hyl - 3- cephem 4-" car boxiiteq
recipitate was collected by filtratifon to afford 8.0 g of the title

g_

corrpound VIII-1. The nother |iquor was concentrated and the residue was
- triturated withe '-rf-‘—hex‘ane,;; o yl(gl'd an §d§117t iqral ~htount 1€1,3 g) of VIII-1.
Total yield 9. 3% (939%. ~[“e’1fr] 1770,” 17 GJ- 660, 1510. Preparation

No. 18 Di phenyl net hyl 3- (3 ChI oro- 1-propen-1-yl)-7-[ (2)-2-nmethoxyi m no-
2-(2-tritylam nothiazol -4-yl)acet ani do] - 3- quhem 4-carbcxylate (I X-1) The
phosphoni umiodide VII1-1 ( FET3 7=l in chloroform (130 nl) was
shaker wi th aqueous -sodi un hvdroxide (10 m 2N NaOH plus 70 nml water) and
‘the chlorgf:anm yan.Mag-pegned (-t izyaheica-Bo8y ivadoeyvel-aodramsul fat e.

To the chlerg—¥prrr aulFU on vvq_q_agu; T 9age] Rvde. OnexZ0 Ml es)
L B A A e R e R R

‘reacti on ri~cegpexwesrecdiEansthted in vacuo and the reS| due was

chromat ographed on a silica gel colum (200 g), .eluted with toluene (1.5 L)
and tol uene-ethyl acetate (10:1). The desi-red fractions were conbi ned and
concentrated to yi®Td @ 50iSred (SPLWrich ah&Irpf| 65 dogpobnd =xies) Ry 0. 34

(chl or of ugehBY 1 BC ezt fas 28¥el sSElifaBebePk2i&) ¢, 15.5 =moles),

aaé 4he mixture was stirred at roem temperature for 2 hourss.

C The reacticn mixture was then filtered and evapcrated {o drymess,
~ ané the resicue was c;ssolved in ethyl acetate (200 =i). The
solution was washed with water (100 mi), 10% w/v scdium thio-
Q;j- sulfate (40 mL) and saturated sodium chloride (3 x 70 mi). Aflter
B érving over macnesium sulfate, the solvent was remcved uncex
reduced pressure to give 5.38 g (91%) of viI-5' as a yellow
ocwdez. FLoTTIN T .

TR 1 VAeE eq™t 1790, 1725, 1630, 1525.

It o

CA x;;xa nm 240 (-1 ca * 197), 26:: (ri%cm = 154).
W : 65°C13 ppm 1.45 (9::, s), 1:8-2.8 (61, n), 3.52 (28, a3q),
o 4,25 (2H, s), 4.98 (1%, &, J = 5.3Hz), 5.87
r (1, &8, I = 9 & 5.3Kz), 6.70 (&, s), 6.88
(1%, s), 6.90 (1E, s}, 7.28 (25%, s), 8.41
(1%, 4, 5 = 9Hz). '

Preparaticn Yo. 1§

Divhenvlimethvl 3-chlorcmeth§l-7-[(z)-2-:ro=a:cvldxvimino-2-(2-

tritvlaminothiazol-4-vl)acetanido]-3-cephen~4-carbcxviate [VI-7]

Phosphorus pentachloride (910 ng) was added to a2 soluticn



. 1780, 1710, 1660, 1510. NMR . [err]- ppm 3.53 (

[ erg 2H, 2
d, Zy[-err]), 4.05 ( 3H s, [err]), . 5.03 (1H d, 4.5 Hz,
(1 d,'45:', 7-H), 670(]_H,9_, thiazole-H), .6.96(1H, s, [e
(25H, s, phenyl-H). Preparatlon No. 19 Di phenyl iret.hyl
3-(3:10do-|-propen-1-yl)-7-[ (.Z) - 2- met hoxyi mi no-<2-

-H)

3.96 (2H,
6-H), 5.87
r 7.30

rel),

(9=t 17 'fl'"rr?rfb’t’ﬁ’*&?o?"“zf%ﬂz)'écé‘f"“"d-e-]'rBQe‘é-pﬁ?@Hrﬁ‘.t‘a)rebsxw ate (X-1) A
megtdir &Vofi ) t e Tlgl 08 opropey) - derdicatbyendbahe( 130 1) . 2. Z<4u0l es) and
seeif.:l:l:lqil-:le::o(ih;ﬁle1 (11—,& gt Bt RERbESIc-8 ac@t.psn:en_(‘.éoharg ):c@s sfirred at room

Eqpe__g,ﬁlturg for, .1 hour Lhe .reactlo lr(’gl)? (qrgéwas concentrat ed in vacuo and

e resi due was di sso ve&“ s°'é'f

séT“éut*f ShEndbeireteyl 5 it ) eges e ds §0‘éﬁ»’um-’1t hﬁwﬂ-fcagera(-&o n).
acy2oIs .sodlften chiorinte ‘@Soz.mhéx, (drhed: s-.o-dim-&ub&gte and concentr at ed

t Qodtraee i3e0 Doy U cd afeol i H(ﬁl 91(2. MM:‘; % il g (iChl or of or i et hyl

age %tRelﬁ -(336)/ #i) Si J,,J_ca el ﬁl at e) err

(H§E 5,&%@}3) agedsunder reguces E’HES‘-GE-H) The ‘Deside, wals 4.5 Hz,

(Q.H;c's_a,_ot;ha;tzeﬁ enHy, sHLiR ¢&H calurher r)ytidn30i ££E1tc-§ cPhenyl - H)

PEQ@aiﬁﬂhhoec4$bLnao[f&#ﬂleﬁﬁlEﬁtiﬁd ZoLézgoéée- we*cn¢ﬂg 2.1 g
(%sg )But oxycar bonyl - propoxyl mnoy. -2-

e ;. €6PCL3 pem 2.45 (1H, _-t}_ 'CH), 3.53 (2%, 4, z-écaﬁ-),-4-.37
(2E, s, -CH,Cl), 4.83 (2, &, O-CE,C=cH),
.5.03 (1¥, &, 6-¥), 5.90 (1¥, g; 7-%), 6.70

(18, =, .h;a*c-e—&), 6.92 (11, s, benz."d'v’ -Cx},

reparation No., 16

Dipheavimeshvl 7-{(z)-2-:'o=a'cvlcxv.r‘1e—2-(2—::it\-anznct. 2zel-
4-vl)acetazidol-2-iodcmethvl-3~cepnem~-4-carbexviate {VII~-T7]

A mixture of diphenylme thy
propargyloxyimino-2-(2-tritylaninothi iazol-4-yl)acetanido]-3-
.ce::he:'-4-ca-boxvlate (VI-7) (2. 0 g, 2.3 rnoles) a.d 2-!&_!__(1_.04.9, )
6.9 mmoles) in acetone (40. mL) ‘was stirred for l hour. The mix-

l 10"0’13""\&.-7-[ (bl"-
<

ture was filtereéd andé the £iltrate was poi."e'i into water and

. extracted with ethyl acetate. The organic laver was washed .

with 5% acueous Nay 8,045, water and a saturated agueous NaCl,

- successively. It was then dried over Mgso4 and evaporated to

give 2.2 ¢ (98%) of the title compo_t_md [VvIiI-7].

CDCl

MR : & -3 PR 2.45 (18, £, cm, 3.53. (28, &, 2-CH,), 4.25 (25,

s'- C.. I" 4 83 (21'1' d’ O'C )' 5 0 (lh' é' 6- )..

5.80 (lH, :;, 7-11), 6. 70 (l.::, s, t.fua.zo‘e-h),
6 92 (lH‘ s, be!: hydw1-c-.)_o ’

* TR %¥thyl acetate

and

70, 1710,” 1660, 1500. NMR
3. 50°F S T40 S Mg e 8z1 ‘zﬁ?“a'-e‘-’i' [4Fied 1983 [err]), 4.03

TH,

6.75



(2 tritylam ncthiazol.-4-vl ) ‘acet ani do]. -3-triphenyl phosphoni ernet hyl - @ .

3- cephem 4- car boxvl ate | odi de (MI11-4")"A mxture of di phenyl nmet hyl ='"
[(2)-2-(2-t-butoxy- -52- -

! bonyl - 2- propoxyi m no) - 2- (2-tri t-gbam not hi azol 4-vl. )acetam do] -

3-i odonet hyl - 3- cephem 4- car boxyl ate (VI-4', 5.3 g, 5 mmol es) and

tri phenyl phosphine (2.6 g, 10 mmoles) in benzene (100 M) was stirred at
roomtenperature for 1 hour BEEREHEOEP wilth dii so- propyl ether. The

resulting precipitate was collected by filtration to yield 6.0 g (91% of
t he tit'&—%@ﬂpm&%ﬂ-v\ﬂ blFeE)nzLRama[xenfi—;a&%st 37351 2 6301 45004 -Pr epar at i on

E\kzj'tz'lt Oy Thy Lokt QMY a4 IR0 rIUlO) 2-
-iri

'-3-cephenl%'ﬁ5.ub‘ﬂéa:a’.ﬂ.e (1X-4") The phosphonl umiodide (MI1-4, 5.7 g, 4.3
mmol es) in chloroform (100 m) was treated with acueous sodi um hydr oxi de
(0.34 g NaOH in 20@iptusd osaEesNendtine o0/ t7oMPey-2-ULer-iclhgniio- ture was

‘vashed wigh g@tgg&\lg%mo g ﬁ?%gaqv%a]-%odewe%%@é.ef Ja. te chloroform

sol uti on was ad | or oac &2y and the m X-ure
was sti rfapeRYidgoiVEenperatufe %4 r"‘i°$Fcﬁl & AFRER O ure was
concent r é4-édgi nt ﬁ/-aﬁcmaom tihebcmneuél%@—dhvmuegreﬁ)hed'm a silica gel

colurn (deidedthtudd $oedi WMdut.betrenestoOhgbreaiti-Beozanec6l ludeeacet at e
(10:1). by filtration to afford 8.0 g of the title ccmpound VIII-1. The
mother liguor was concentrated and the resicue was triturated
with n-hexane to yield an adéitional amount (1.3 g) of VIII-l.
_ Total yield 9.3 g (93%).

U

IR : VB o -1 1770, 1700, 1660, 1510.

Preparation No. 18

~”

-7~[(2)-2-methoxvinino~

D;bhenvlretth 3-(3~-Chloro-l-nropen~l-vl}
2-(2-t*1.v1amzroth;a'ol 4-vl)acetam doi-S-ce;ber—d-c=*“cv"=te

(IX-1)

The phosphonium iodide VIII-l (20 g, 17 mmoles) in
chloroaorm (130 ml) was shaken with acueous soa-un hydzoxide .
(10 ml 2N ‘NaOH plus 70 ml wat er) and the chloroferm 1aver was

N2 washed with water. and dried over sodium sulfate. To the chloro-
form solution was added chloroacetaldehyde (2 g, 25 mmoles) and
the mixture was §£1 red at room temperature for 1.5 hours. The
reaction mixture was concentrateé in vacuo and the residue was
chromatographed on a silica gel column (200 ¢}, eluted with
toluene {1.5 L) and toluene-ethyl acetate (10:1). The desired
fractions were ccmbined and concentrated to vield 10.3 ¢ (71%)
of the title compound X-1. ' '

RE ¢ 0.34 (chle*o orm/e*hvl acetate ='20/i¢ silica gel plate)



T de5|red fractions were conbi ned:. and concentrated to y| eld 2.6 g (61%

'4@/ 4' . Rf : 0.18 (benzene/ethyl acetate =_20/1; siliica gel plate). IR:

s =7 1785, 1720, 1690, 1524.- - 53- Prepar atlon No. 22 Di phenyl net hyl

7-1(2) - 2- (2-t - But oxycar bonyl - 2- pr opoxyi mi no) -2-. - ' O

(2 trltylap nQt hi-azol - 4- yt)acetam do] - 3- ( 3-i-odo- 1- propen 1-yl) -
Tephehads car bokja%ht 78X 26p0A kKidd-ure of the chl oropropenvl deri vative.

IX—4' (2.4 g, 2.4 mol es) and sodiumiodide (1.1 g, 7.2 mol es) in acetone

(5T ) s¥REL30LPr od, at gop_{ptgrrp_e_r At UREg§ Ofal go The reacticn mxture

was concentrated i'n vggu(g )anq %) e, J.esi_due wa SSJ? yed [n ethyl acetate

(50 mM). The ethyl ety S6 ﬁtfd‘n fas Vs ed’vﬁ ’Ioff'aqueous sodi um

thiosulfate (50 m) A4-Rater 680, nf)87addEaguedus #aC7-8bi ution (50 m),

dried over sodi um-sulsf. ave(xndscotcenbratie)]d, wosyi el 2,4 g (93% of X-4'.

KBr -1 1R [err.l—;nohl)775 387 {5k, 1687 % h990:) Preparation No. 23

Di phenyl et hvyl . 7- (ZJ- 22-(I -t - But oxycar bonyrcycl ‘obut - 1- oxyi mi no) - 2-

(2-tritylam not hiazol -4-yl) acetam do] - 3-tri phenyl phosphoni o-

met hyl - 3- cephem 4- car BEREAEOR WD (dI( V| I1-5") A mixture of diphenyl nethyl

7-1(2)-2-(1-t-butoxy- : ' '

Diphenylmethvl 3-({3-Iodo-l<nropen-i-vl)-7=[(2)}~- 2-net?cxw;=1no-2-

(2-tr;ty;amznothzazol-4—y1)acetamzdo] -3-cenhemn-4{-carboxvlaze (X-1)

‘A mixture of the ch-cronrooenvl ce'zvatzve ;x-l (1.9 g, L_)
2.3 mmoles) and sodium Lodide (1.0 g, 6.9 zmoles) a aceteone
* (40 ml) was stirred at room tenne'atgre oz 1 hour. .?he reaction

mixture was concentrated il_vacuo ané the residue was dissolvad \_
in ethyl acetate (50 ml). Thée ethyl acetate solution was washed’
with 10% aquecus sodium thiosulZate (50 ml). ané agueous sodium
chloride (50 ml), dried over sodium sulfate ané concentrated to
give 2.0 g (94%1 o£ the title ccmpound X-1.

RE : 0.34 (cblo:oforn/ethvl acetate = 20/1; éilica'gel plate).

IR ¢ EBE et 1770, 1710, 1660, 1500.
wR:  6°PS13*020 pom-3 50 (28, 8, 2-8), 3.84 (2K, &, 7 Hz;
(1H, 4, 4.5 Hz, s-m, 5.90 (1H, &, 4.5 Ez, R —/

7-H), 6. 75 (.F, s, thiazole-H), 6.98 (1%,
s, -gphz)' 7-30 (2-‘!' 8, phenyl-h).

' :P:esaration No. 20

Dzohenv-ﬂetnxl 7-1(2)=2~(2=t=-Butoxvcarbonvl-2-sronoxvining) -2«

(2-tr:§y‘anlﬂcthzaaol-4-vl)acetan;co--3-t:1vhenv-n“os““o“1ﬂ"e*“vl—

3-cephem-4-carboxvliate Todide (VIII-4')

A mixture of diphenylmethyl 7-[(2)-2-(2-t-butoxy-

-



carbonyl cycl obut - 1- oxyi.mi no).- 2- (2-tri tylani not hi azol - 4-yl )-

- acet am do].- 3-i odonet hyl - 3- cephem 4- car boxyl ate (M 1-5', 6.4 g, 6 mmol esg~ 3
d triphenyl phosphine (2.4 g, 9 mol es) in benzene (120°mM ) was stiXe

\ roomtenperature for 2 hours and diluted with n-hexane (ca. 500 m).

The resulting precipitate was col I et ed by filtration to afford 7.5 g (94%

of the titlé com -pound VIII1.-5'. IR : [err] 1780, 1710, 1670, 1510.

-54- Pr eppatany bre WMeorex v Brp hednyilRnet inlafing ¢ z02-4-v1) acetanido] -

(1-t - But Dxipcardthwlli-cycdiiant- 4 do gkl 4wy (v2z-{ 2 tsIBty) ThRAeidY 289k - 4- Y|

npnv (o) i & | X-5 Th
phospnor an Ly S Te o 800 satleh 48 SERARE DERSF S 160 ) vas.

treat ed WCHS ‘?;\qél‘.}:eoﬁg'1 ‘b?:ﬂ"ﬁﬁ? 5%F de Lt“’(ﬁ‘“ﬂf‘"“g %&BFF{d‘-i‘BO sosf water) at

-r oom t erRFORHL Le'ier . Thehe regultinmgepresinidgshedvas chlkextws and dri ed over

sodi um stilitaaeion o ¢haaackl ordf @LE) s6¥ whieobi RS cads@dhechkpf-aacet al dehvde
(863 ng, 11 mmoles) and the mxture was stirred at roomtenperature for 1.5
hours. e remztlonl tur S centrated in vacuo and. the residue was
chr omat o-ggr aphenhaoﬁ as I|Caf?jga &g?{} r%("ESO g), eluted wth benzene (500

m ) and benzene-ethyl acetate (10:1). The desired fractions were conbi ned
and concentrated to give’ 2 95;@-@5&% ¥of. phe t|tIe corrpound | X-5'". Mp.
[err] (dec.).

Diphenvlimethvl 7-[(2)- 2-(2-t-=utoxvcarbonv1-2-nronorvimino) 2=

U (2-tritvlaminothiazol-4-vl)acetamido] -3~ (3-ch1oro-1-:vone"-’-v1)—
3-cephem-4-carboxvlate (IX-4')

i\;#: The phosphonium iod}ée (VIII-4', 5.7 ¢, 4.3 mmoles) ia
chloxoform (100 ml) was treated with acueous sodium hyéroxide
(0.34 g NaOH in 100 ml of water) at room temperature. The mix-
ture was washed with water (150 ml) and dried over sodium sulfate
To the chloroform solution was added-chloroacetaldehyée-(OJS'g)
6.5 mmoles) and the mixture was stirreé at room temperature for
1 hour. The reaction mixture was concentrated in vacuo ané the-
residue was chromatographed on a silica gel column (120 ¢),
eluted with benzene (500 ml) and benzene-ethyl acetate (10:1).
The desired fractions were comn;ned and concentrated %o vmelc 2.6
g (61%) of 'rx-4' ' '

max

\~/ RE : 0.18 (benzehe/ethyl acetate = 20/1; silica gel plate).
IR : vior em™t 1785, 1720, 1690, 1520.
uv : AETOE nn(e) 240 (sh, 23400), 278 (16000).



< 0.61 (chl orof ormethyl acefate = 20/1; silica gel plate). IR : [err]
@O,, 1720, 1685, 1520. Uv: [err] 240 (24700), 296 (15200). Preparation
25 Di phenyl met hyl 7-[(2)-2-(1-t-But oxycar bonyl cycl obut - 1- oxyi mi no) -
2-(2-frityl am not hi azol - 4- vl*):a?t'etam do]-3- (3-iodo-1-propen-1-yl-)
3-cephem 4-carboxylate (X-5")." A mxture of t he. chl oropropenyl derivative -
I X-5" (3.5 g, 3.5 mmbeggarzqucsodé umsi odi de (1. 0 g, 7.0 nmvles) in acetone
(70 M) was stirred at—roomrtenmperature for 1 hour. After evapora- tion of
the soI vent, the resi due was di ssol ved in_ et hyI acet ate (100 m) and the
Al peEh v ) 24E : 22100 m) and
aqUB(tus'- -—-sej i&doQH-ié&ﬂﬂhdé‘*ﬁ,.-ﬂB‘l-ed(OVﬂfccs-thw&eSﬁ-I‘f-aIB- and concentrat ed
ung_e;e-pgq_u&%q,ggﬁs,s,ure(;{p‘, sy afford 3.3 g (86% of X-5°. IR : [err]
1780, 17201680, 1520 :[err}- 308 (17900). Exanple 1 7- ’
[(Z) 2-'(2- Am not hi azol - 4- yl -2- rrethoxxlmncacetam do]-3- [(-) -3- -
(1- met hy| py¥ Péktefaios) the m’%ﬁéﬁﬁi‘igﬁ“{! 3epredve-EmdbokFtatte (|- 1A)
N-251 hybpye)r @ahlidsswiub0idaide - (2. 0T) €). 2vasobdedin tacexonasgENsi on of
di pheyk nBl e 354 bR 0fanksdda@Re8- doy ) n&.z{ (Zha 2redBREBOXYI M NO- 2-
(thrlt | am not hi az¢ ceta anQ% de_xphem4 ;.calbo c3<yl ate (X-1, 958
gf ig °°ﬁ°%ﬁtﬂ5*e§réb t h?i% e was dissolive
.n ethyl acetate (50 ml). The etnyl acetate solution was washed
with 10% acueous sodium th;osulfate (50 ml), water (50 ml) and
agueocus NaCl solution (50 ml), dried over ‘sodium s.lfate and
- concentrated to yield 2.4 g (93%) of X-4'.

IR : vpay @ - 1775, 1710, 1676, 1500.

Presaration No. 23

Dighenvlimethvl 7-[(”).2-(l-t—éatoﬁvca-bonvlcvc‘obut-l-okvinino)-'

2=(2-% L*Vlamlno:a-azol-4-vl)acehanﬁdo]-3 t:lshenvlnbosohon;o-

methvl-3-cephem-4-carboxvliate Iodide (VIII-5')

A mixture of diphenylﬁethYL 7-{{2}-2=(1-t-butoxy- -
carbonylcyclobut-l-oxyimino)=2- (2~-tzitylaminothiazol-4-yl)- ;
‘acetamido] ~3-icdomethyl-3-cephem~4-carboxylate .(VII-S', €.4 @, .- .
6 mmoles) and triphenylphosphine (2.4 g, 9 mmoles) in benzene
(120 ml) was stirred at room temperature for 2 hours and diluted
with n~hexane (ca. 500 ml). .The resulting precipitate was
collected by filtration to afford 7.5 g (94%) of the title com-
pound VIII-S*. o

yEBT
max

IR : en™t 1780, 1710, 1670, 1510.



ture was stirred.at- r-oom tenperature-for 1 hour. The reaction mxture was
filtered, the filter cake was treated with 90%tri- fluoroacetic acid \

S
@) at roomtenperature for 1 hour, and the resulting m xture was "
n 0\ \&¢/

centrated under reduced pressuré 54 give a light yell ow powder (50
The crude product was dissolved in formc acid (2 m) and placed on a
colum of HP-20 resin (40 mp.., mcgolymﬁuwas washed wi th water (about 500

m) until the pd of the el uatebecame—F—ard then was el uted with 30

aquecus !_er.r] The eluate was nonitored by UV absorption at 254 nm The
fracti onsizheararesiy Thé (SeRi-{edtpiusdyrea thongl coriivbned] -caobeiiv) -trat ed and

| yophi | i 12ekdtiavije-vinck8%a apl -0 b } g ld DVIIQUERTo-o-t LoMBe 4 PiL ) iLed by HPLC
( Li chr os@r&ﬁgqlﬁcg_dg&m;@qgklmZWe conpound
“1-1A Nf'p""[‘é'r'r']—(‘d'er—‘)—uv*'—‘f'err] Phosphate buffer pH 7 nnferr] 232
(15600) 292 (23400) . [err] ppm 2.27 (4H, m pyrrolidine-H, 3.08

(3H, s, N-[err]),Th® 5305211}%% pdicel VETFe'H( 7. 8.6465( 2hmotes R-iH) , 4. 06 (3H,

s, [err]yhlcEo3ars 1(154, -n:l) Svadz préatdd) whHtBladubbls bocdud Hjzoftdd, 6.00 (I H
m [err])o.4& 95uddiin 85010 B2 wd J)] it {OO.QXSt&Jt%rajye.t hl...gzolﬁ H) . - _5G-

Exampl e 2.7 [, not hi azo) . -
-2 et ho%l - n%a%e 3%%,‘ ‘g‘?ﬂ_ ¥ Et'.(: Fri‘g‘l’ over sodium sulfate. To

pyri di ni B8 chLeprRieR y?}u%eph%mddeeaq:m:waae'eal(deh&@ (363 mg,

1)l mmoles) and the mixture was stirred at roonm temperature Zor '
_ 1.5 hours. * ihe reaction mixture was concentrated in vacuo and.
(N the residue was chramatoc-aohed on a silica gel column (*50 g),
eluted with benzene (500 ml) and benzene-ethyl acetate (10:1).
The desired fractions were combined and concentrated to give 2.85

g (53%) of the title compound”IX-S'. M.p. >110°C (dec.).
.. R§.=. 0.61 (culorcborm/ehhvl acetate = 20/1- silica gel plate).
IR+ vias et 1780, 1720, 1685, 1520._

oV : x;ﬁﬁﬂ am(e) 240 (24700), 296 (15200).

Preparation No. 25

-DibhéthmethVI.7'[(Z)‘é‘(l;t-Bﬁt6XVCé:50361CVCiOSut;1‘5x;;;}qaj_
s 2-(2-tritvlaminothia201?4-vl)acetamido]-3-(3-iodc-1-o:coen~1-vl)-
3-cephem~-4-carboxvlate (X-5').

‘A mixture of the chloropropenvl derivative IX-5' (3.5 g,
3 5 mmoles) and sodium iodide (1.0'g, 7.0 mmoles) in acetone (70
ml) was stirred at room temperature ‘o- 1l hour. After evapora-~
tion of the solvent, the residue was dzssolved in ethyl acetate
(100 ml) and the solutloﬂ was washed w;.h 10% acueous soéium
thiosulfate (100 rm1)} .and aqueous NaCl solution (100 ml), d:;ed
over sodium sulfate and concentrated uuder .eaaced_pzessare to



ure of. diphenyl net hyl - ~3- (3:i gdo- 1--pr open-1-yl)- 7-
met hoxyi m no-2- (2-trityl am not hi azol - 4-yl)acet ani do] - '
ephem 4-carboxyl ate (X-1, .57 ng, 0.-55 nmmole) and pyridine (0.09 m, 1.1
mol es) in dichloronethane (10 m) was all owed to stand at roomtenperature
for 2.5 hours and was then:diluted with diisopropyl ether (30 m). The

r estddrieng, precispht ad®e xwas. col - lected by filtration and treated with
trifluoroacetic acid (3 M) and anisole (1 nl) at roomtenperature for 1
hour, angz#he -ne concentrated under reduced pressure.
ThBRI‘ESIdalﬁ Sths ?HH r‘gtzgdxjvﬁtétoh tH&r and purified by.colum chroma-

t ogr aphy (HP- 20; eluted with 10% and 30% net hanol) and HPLC (Li chrosorb;
258¢ net h&n%‘l‘)m(eThxeoaie(&nBem)fractlons of the el uate wer e concentrated and
| yophi |1 288 to afford 15 ng (4% of 1-13. W : ‘[err] Phosphate buffer

pH 7 nm(c) 234 (16400), 25§e¥9§§0€) 265 (16300), 292 (20400). NMWR

[err] - ppm 3.72 (2 4. 08 (3H,-'s,"['err]), 5.32 (1H, d 4
Hz, 6-H), 5.38 (2H d, Hz, [ERR]), 5:87 (1H .d, 4 Hz 7-H), 6.15 (1H,
t d7=-{7(z8-26 (Ipamis l 46v19)5- fethakvihfnecetpERR} )-3-7(06-34H, s,

th'(m‘-ﬁv- vr:%ﬁ.é"'ﬁgd'i:ﬂdgron@*-& 31HZ3-d3¥“ém41Qa3a&'J'ﬂate8(57‘={)lH d, 8 Hz,
- pyrrarne- Z,6-H).

N-Mebhylnvrrolzdine (0 2 ml, 2 mmo’e) was acced to a
suspension of dzphenvlmethyl 3-(3-10&0-1-p*onen-1-y‘)-7- {Z)=2~ _ A
methoxyinino-2- (2-trit ylan;noth;azol-d-vljacetam;ao]-’-cen"er-4- W
carboxylate (X-1l, 958 mg, 1 mnole) in ether (100 =l) and the mix-
" ture was stizred at room ten:e*atu*e for 1 hour. The rzeaction
mixture was f£iltered, the filter cake was. t*ea:ed'wi;h'st% tri- -
£luorocacetic acid (5 ml) at room tenmperature for 1 hour, and the
resulting mixture was concentrateé under :ednced préssure to give
2 light vellow powder (500 ng). The crude procuct was dissolved
* in formic acid (2 ml) and placed on a colnmn o EP-20 resin (40
"ml). The column was washed with water (about 500 ml) until the
DH of the eluate became 7 and then was eluted with 30% aguecus
CH3OH. The eluate was monitored by UV abso4=ticﬂ at 254 nm, The
£ractions containing the desired pr oaac* were comb;red, concen-
~ trated and lyonnilzzec to give 185 mg of light yellow powder. It
was purified by HPLC (Lichrosorb RP-18; 20% methanol) to give. 101
mg (20%) of the tztle compound I-lA. M.p. >160°” {dec.). '

v e x;i};s"hate butter PH 7 am () 232 (15500), 292 (23400).

NMR: a°z° pom 2.27 (4K, m, pyrrolidine-E), 3.08 (3H, s, Nacsa),

' 3,53 (45}'3, pvr:ol-d**e-:), 3.76 (2B, s, 2-H),
4.06 (3, s, OCH,), 5.32 (1%, &, 4.5 Hz, €-H),
5.82 (1H, &, 4.5 Hz, 7-%), 6.00 (1K, =,
-CH=CE-CH,-), 6.95 (1K, &, 16 hz, CH=CE-CH -),
7.05 (1H, s, thiazole~-¥). ' ' :



Exanple 3 7-[ (Z2)-2- (2-Am not hi azol -4-yl)-2-(2-car boxy--2- propoxyi mno)- - ,-.
acet am do3-3- ‘[ (E) - 3-pyri di ni'o- 1- propen- 1-yl - 3-cephem 4- carbcxyl ate ( I@f '

m xture of di-phenylnmethyl 7- (z) -2- (2-t-butoxycarbonyl -

R2-/pr opoxyi mno)-2- (2-tritylam not¥é-azol -4-y) acetam do] -3- (3-iodo-
1-propen-1-yl)-3-cephem 4-carboxyl ate (X-4', 497 ng, 0.5 mmole) and
pyridine (0.08 m, 1 nmml-e) in dighlorogethane (5 m) was allowed to stand
at roomtenperature. for 3.5 hours—=amd—was then diluted with diisopropyl
The resulting precipitate was collected by filtration and treated
with trifdiuoleacet-t.e:inctittazod-y1)andaeait:-50kenbdcddniab +panmzt enperat ure
for 1 hayy.;eanddiQ-LESA 1 RG- 51X dhe8 - Yas- CORGENLL afed zgnd "TriTurated with
et her td=grve-crude product—t=—43—wchwas purred—by—HP- 20 col um

-chromat ography, eluted with water (300 m ), 10% nethanol (500 m) and 30% -

et her.

net hanol

(300 M)A nikxguee ef aighe@boststRafol3 e cdneereeratictt~io a snal |

vol une, adj(dst echduhcRiifingL (0diwinhizcarbanatel-andih yoptidiceed to afford

23 79 the title cor | z4B._Mnp. . VR, Jenr 1.60 .
(o s, Topprs Er Y, 0oy st e e B 7
d, 4.5 HA-09-p}, ¥%.257pief! M PERR}oJSmegngse. (3¢ =i, was #HLOWEERRP), 7.05

(I'H, s, sdzhicazol fodd) teBp@zOudre Sbly M5 Pipki-di 8nd Has Exanpéitvked-frign (2Z2) - 2-

( 2-Ani

4 car oy ALt

;.5 j\e)tzq\el.— X20 Za1)(! - 8R¢ heiaxehobtsde QXYL R o1~

filtration and treated with trifluorcacesic acid (3 =i}

g
Y.

and anisole (1 ml) at room temperature for 1 hour, and the

-resulting mixture was ccncentrated under reduced pressure, The

esidue was friturated with ether and pucified bv.column chrema-
ography (HP-20; eluted with 10% and 30% methanol) and E2IC

(Lichrcsoxk; 25% methancl). The desired fractions of +he eldate

o Mo

were concentrated and lyophilized to afford 15 mg (4%) cf I-13.

. Phosphate buffer pE | sexn 1 E€nhy
TV : vngsr ate bullex PE 7 nm(e) 234 (16400), 259 (16600),

265 (16300), 292 (20400).

- N2 L .
NMR:  §020°NaECO3 oop 3,92 (28, s, 2-M), 4.08 (3%, s, ocx,),

5.32 (¥, &, 4 Hz, 6-H), 5.38 (2, &,

7 Bz, -CH=CE-CH,-), 5.87 (1%, 4, 4 =z, 7-%),
6.15 (2B, td, 7 & 16 Hz, -CH=CH-CH,~),
6.95 (18, 4, 16 Hz, -CE=CE-CE,-), 7.06

{18, s, thiazole-H), 8.13 (2=
vridine-3,5~8), 8.57 (1%, &, 8 Hz,
pyridine-4-K), 8.90 (28, &, 6 Hz, pyridine-
2,6-K).

(28, &8, 6 & 8 ¥z,



thyl pyrrolidine (61 nmg, 0.72 nmmol e) was added to a suspen5|on of
enylnethyl 7-[(2)-2-(1-t- butoxycarbonylcyclobut-
I-oxy|n1no) 2-(2-tritylam nothiazol -4-yl)acetam do] - 3-(3-i odo-1I - '
propen-|-yl)-3-cephem 4- carbdeIate (X-5", 714 mg., 0.65 mmle) in ether (:;
and the m xture was stirred.at: roon1tenperature for 1 hour. The reaction
m xture was filtered and thg d |t§H cake (ca. 500 ng) was treated with 90%
trifluoroacetic acid (5 nF isole (1 nm) at roomtenperature for 1
hour. The resulting m xture was concentrated and the resi due was '
trviwmt-edcw,l—hneuaﬂzdp@' Y- BO@ —85- BP0 pebiisud anegCt | -SA. - It was
[ h, water (200 m), 10%
#8atol was concentrated to
a %ﬁﬁfﬁ;nﬁiﬁnﬁ;éﬂﬂ Iyophlllzed to give 123 ngy (57% of I-5A. Mp. [err]
(dec.) - IR [err] 1760, 1660, 1600, 1530 1390 w [ ERR]

nnferr] 23%@.@9% 2%%:4:%4999& J“N'?-[({;?Ii-](z-@ —Z—Z»QlDH m

R i e e n A R ALY g
Hzl""FS’PI?'I"-‘a’lO23('€E?Ph%-'r ~Fashoxylate [(ERR] ) 4?70®=.(p|=|s wholkd kRd [ERR]) - 7.12
(Heriginehimaal ail) 1 ewsmp)eih didhloépndchide NS BQ) eag Q11dwEE) - 2-
('563%EQQEV&é“?dQQUEéﬁgéBQQuQLﬂQEE-3.s'hou:s, and was . then éilvied

with diisoprepyl ether-. The ‘esult*“g_p:ecipitatg?wés collected

by filtration and treated with t:zflao:oacetic acid . (5 nl) aad

"anisole (1 ml) at zoom .emne*atu:e £or 1 hour, ané the resul:ing

mixture was ccncentrated and triturated with ether to give crude

product I-43 which was purified by KP-20 column chrcmatograghy., N

eluted with water (300 ml), 10% methancl (500 ml) and 30%

methanol (300 ml). The eluate of 30% methanol was: concentrated

to a small velume, adjusted to'pH 7 with sodium -ica*bonabe ané

lyophxlazed to affozd 23 mg (7%) of the title cc"bouné I-42,

M.p. >150°C.

o S o
. NMR: 672" ppm 1.60 (67, s, =(CE;),), 3.72 (23, s, 2-H), 5.25

(3 ’ 0“' s P ana c}'=c‘:--u -)' 5-93 (lna, d 4 : ”2,

7-8), 6. 15 (15, ™ -cuacH-CEZ-), 6.95 (1%, &, .
16 Hz, -CE= ”-Chz-), 7.05 (1%, s, thiazole-¥),

8.0-5.0 (5H, m, pyridine-%). . : </
.Examcle 4
7-[‘")-2-(2—A§inothia~o1-4-v1)-2-(‘-cé:bcxvcvc’obu*-l-oxvir‘no)—

acetanido}=3={ (Z)-3-(l-methvipyrrolidinio)-
4-carboxvlata (I-52)

l-proven=l-yl]-3~canhen

l-Methylpyrrolidine (61 mg, 0.72 mmole) was added to a

s~s=ens;oﬁ cf digheny methsl 7=-[(2)=2=(1-t=bu cxyca*bo*;l vclebut-

’~cx;_r~ao) -2~ {2-tri itylaminothiazol-4~-yl)acetanido) -3~ (3-iodo-1~



acetam do] -3-:[ (BE) -3-pyridinio- 1-propen-1-yl] -3-cephem4- carboxyl ate_.-.:
(I-SB) Pyridine (0.1 m, 1.2 nmole) was added to a solution of ,"‘\?.“.
phenyl met hyl . 7-[(2Z)-2-(1-t-but oxycarbonyl cycl obut - 1- oxyi m no) -
A 2-tritylam not hi azol -4-yl)acet ar¥do- 3-(3-i odo-1 -propen-1-yl)-
- cephem 4-carboxyl ate (X-5', .659 ng, 0.6 mole) in dichlrc-nethane (7
m). The Hd.XIWUL8 \ves. st fedam.te e.r.at g for 2.5 hoyrs and dil uted
with difs garopyl ét ecr:€§ AJT‘Le ngu ‘5’1 ngtesg'IP| (3 8% a2 T F‘icted by .
filtrat FORCRfdS et B Wi “8805 152X Iauor%a%étq“@eaér-h’-'e( §°ﬁ1) f@vd -ani sol e
(1 M) aberoomitienpsiature vher £41tmed afbet *fcesiﬂlt;eagcame(t(u&e Ses
concent £g§ Qﬁlasa&(iefah.@d w;t'l.5305.r€§idﬂ.%*\6@§e“été€ at qd yiyt hether §.Q give 237
ng of cr, fd ) Wi gh urJ_.fleLn HP- 0 col um, chronat ography
[ el ut ed ‘Wi tH ‘té? (1%% rﬁ)”“*lﬁv‘?ret £ﬁa5r FEFe AP 3Gor iEthanol (500
m)]. THeS fanged tor -8dRfetthandesidies “één‘éé*ﬁ’-*:@t"ved Y¥o-ha eshef | twol -
_adj ust egite® jod AWt h-sed:«uxmebpwdim:nat-enanotﬂ yRghpt+zadat 9 Q%ai-,f.cgrd 72 ng
(21/<)of.1.5Bh: A . Gdec ,___ - 1y 1260, 1660, 1590,
1530, 1330, —Th/- Mg rﬁqﬁ‘ edtted v Wiii &"%ré’otlj‘y’ CEESO0), 292 _
(22000) a"FxMQ% e L ) 571 K o L-a (°éH3°Fh m%‘?ﬁ"@&urw -qgpcestymiele s, 2-H),
5.37 (12 shalf MziuBeHnd &y¢©'1(-2$#edj to7ghive 1% mk) (576). @F €15, dM.4. Hz .
7-H)  651804clHdec.).

L, vE3Z o™t 1760, 1660, 1600, 1530, 1380, /
P - wEE g iy .
vv : afhosphate bufler PN 7 nn(e) 235 (14000), 292 (24000).
N "

NMR: GDZO

pom 1.8-2.7 (10H, m, cyclobutyl-3 v**o‘zd-“e-a '
3.57 (4E, m, pyrrolidine-#), 2.80 (2%, s, 2-%),
4.10 (28, 4, 7 Hz, =-CE=CH- ~CE. -), 5.38 (1=, ¢,
4 Hz, 6-8), 5.93 (1, &4, 4 Fz, ~¥)., 6.02 (1%,
t, 156 & 7 Hz, CH=CH-CHZ-), 7 00 (18, &, 16 E=z,

Example S5
: 7-[(2)-2-(2-hmzno‘.1azo‘-4-v1)—2-(1-ca*bcxvcvc’o“u*-’-oxv-u1n5§-a

Kv/ acet_mzdc}—B-[(ﬂ)-3-:yr;c.nlo-1-w*openrl-yl]-31q3;he:-4-
carbexvlate (I-538)

Pyridine (0.1 ml, 1.2 rmole) was added te a solution
¢f diphenylmethvl 7-[(Z)- 2‘(‘-t*thOX\CaZbOuV1CVC’Obﬂu"'GhV‘ﬂ inp)=-
2-(2-tritylanincthiazol-4~yl)acet ar*co] 3-(3~iodo-l-propen-1-vl)=- .
3-cephem-4-cazboxylate (X-5', 659 mg, 0.6 mmole) in dichlorcmethane
(7 ml)., The mixiure was stirred at room tenne:at;:e"o* 2.5
hours and dilv+ed with diisopropyl ether. The result ting solid
{383 ng) 'was cc‘lec:ec by f£iltration anéd treated with 920% tri-
£luorcacetic acié (5 ml) and anisole (1 mi) ar room temperature
for 1 hour. The resulting mixture was concentrated and the



t, 16 & 7 Hz, " [err]) 6.98 (1H. d, 16 Hz, [err]), 7.15 (1H, s, thiazole-H),
Q)90 (5H, m pyridine-H). Exanple 6 7- [ (2Z) -2- (2-Aninothiazol-4-yl)
,(1 .car boxycycl obut - 1- oxylsglno) acetamdo] --3- [ (E)-3-
(2-am no-5-thiazolo[4, 5-c] pyridinio) -1-propen- 1-yl O
- 3-cephem - 4-car boxyl ate (1-SC) A m xXture of diphenyli nmethyl

Tedifne2wé d - t=ihutraxyd avbiondsheeyed alivte- 23 mx:yg mm@\;-..ea-;-:.-.,

(€?{$H Lxgann;ggly;azglné;gd k%ﬁetan&(kgralg,- [e---e
I -

)= cay boxyl -5'_ .58 mmol e) and
r{o%m a‘z'dl T4, secﬂ‘w‘m duzﬁ8 o "wg §é§64"'mf'o1°e) P gg_ thyl sul f oxi de
(Tte rﬂ—)-aWaSO%tJOr%r eethenoborst eapesIageforo la ngdl mee“af.eact ion mxture
veas;@ cedt €6l 3 th wethyboanei at.eafacﬁﬁ.w Anc IgSPRM Meleheyad 84562 X 150 mil),

er SOﬁITU_I’B:SUW‘%E opgent,r at ed under = reduced pressure. The
4y rgél abe was triturate W|th cc?ig'ps)opropyl ‘ether .and the resul ti ng

precipitate (& 58 ng) was treated with a m xture of 90%trifl uoroaceti acid
(20 = W Ddcmartt S.G5160 , (2660 ) 1500, obS3C .eB380ature for.. | hour. Con-
centration of the m xture followed by trituration of the residue with ether

gaye 313negpdtLiudeet- 5,7 Wai C -60-
chr omaf'mgraphy [ HP- 20, el ut 5‘5“\%&&3@% g% &%y( ?%FWT he. packing in'the
PrepPAX-500/[err] (Waters); el ut€%f vh22R02b% [er_r]] to give 40 ng (119 of
|-5C. Mp. >150C (dec.). -~ o
wir: 6929 om 2.8-2.9 (SH,.m,'Cyclcbutglfa), 3.75: E, s, 2-H), _
5.37 (14, &, 4 Hz, 6-E), 5.40 (2H, &, 7 =z, | N
-CH=C”-CHZ-), 5 93 (i8,°&, 4 Hz,'77§), 6.18 (i¥
ée, 16 & 7 Hz, -CH=CH~CH -), 6.%28 (1 4, 16 Hz,

(53; ™, py:iéine-a).
Example 6
7=[(2) -2~ (2-Aminothizzol-4-v1)=2= {l~carboxvcvelobut=l-oxvimino} -
acetamido]-S-[(2}-3-(Z—aminoés-thiazdlcT4,5-c]=v:idinib)-l—p:dpe:-
l-vl}-3-cechem-4~carboxvliate (I-5C)
A mixture of d;ahenvlmethvl 7-[(2)~ 2-(1-t-bntcxvca::o«v1-
cvelobut-l-oxyimino)- 2-(Z-tzzbvlam;nothza-o‘-4-v‘)acetam-do]-’-(S- &~)

iodo-l-propen=-1i-yl)- 3-cephem-4-ca:noxv’a te (X-5', 641 mc, 0. 58
'.n“o1e) and Z-anincthiazolo{d4, 5-c1pvrzd;ne (97 ng, 0.64 rmc-e) in
dimethylsulfoxide (10 ml) was stirred at room femperature for 1
hour. The reaction mixture was ciluted with e*hvl'acetate (130
al), washed with water (2 x. 150 ml), dried over scdium sulfate and
cencentrated under reduced pressure. The oily resicue was
triturated with diisopropyl ether ané the resulting precipitate
(558 mg) was t&r eateu with a mixture of 80% t:ifluoroace:i. acid
(10 ml) and anisole (2 ml) at room temperature for 1 hour. Con-
centration of the mixture followea by trituration ef the residue
with ether gave 313 mg of crude I-5C, which was purified by column



NVR: . [ERR] . ppm 1.5-2.8 (6H m cyclobutane H),. 3.73 (22H. s, -2H), 5.47 ,
“(IH, d 4.5 Hz, 6-H), 5.90 (1H.; d, 4. 5 H. z, 7H), 6.20 (14, m [ERR]) »~

98 (1H d, 15 Hz, [ERR]) 7.02 (1H S, t hi azol e- H), 8.25 (1H d, 6 '_

ridine-H, 8.40 (1H d, 6 Hz, pyr|d| ne- H), 8.74 (1H, s, pyridine-H).
'Exarrpl e 7 7-[(2)-2-(2-Am not hi azol§8=yl ) - 2- met hoxyi m roacet ani do] - 3- [ ( E) -
3-tri met hyl anmoni o- | - propen-1 -yl ) -3-cephem 4-¢arboxylate (1-1D )
Tri met h)gLagl%JBéd-F—OCI{l{ﬂdeer @~§1 ‘,q_,:.,66n£ma-@ &b sVBH &ddedn% a.;]} Qgueous
NaOH sol.ution ( $r1 covered with, et hy acet at e-’(lOO ) The “or gani c
layer wa2 &6t ar a‘t- SusoVBF® BEF TR &1 tHntl Wdded™ ot séuspehsi on of
di phenylFrethyF! R 3~'~‘-- M.p. >150°C (cec.).
i odo- 1-propen-1-yl)-7-[(2)-2-nmet hoxyim no-2-(2-tritylam nothi azol -
-4-yl)acet am dol - 3-cephem 4-carboxylate (X-1, 32 g, 33 mmole) in a mxture
of et hylo@get 8950 an 1, DA 60N, Thiekd 20,0k} e 5y TN %nge wag_sfirred for
_one hour at roomterrpg g% {jl ? tered to %I ve bI’ockéd’ title
conpound, which was tre Bi f:l'i f'r f‘f‘i}orsoa&et'r'c? aditlr (50 415) Eand?<irsol e
(10 for one hoérzﬁt(lrfoothei e), The Bri(xEur@, isSs zepncent r at ed
under reduced pressurecaﬁtt;k- ges-y_obge Mas § 4 @Egg-wtrg .gkhei.to give
10. 3 g of dark brown _I' Qdyvas Ireet%j ml} 1QQ n{)’ at room
temperature. After rel’mv YERSTITH ds by f 'r&t’l n 24 &S ate was
chr onat ogr aphed on a Bbuﬁn{"of(lﬁP—sZO RYZ66<neyEby el uting with 30% aqueous
met hanol . The el uate was concentrated and | yophilized to give 2.3 g of the
crude title conpeund, which was gaurif{d ed by preparative HPLC (Waters

. 7-[(2)-2—(2 ~Aminothiazcl-4~-vl)-2-ne "ﬂvv*ﬁlncaceta";cﬂl-’—F(

3-t:zmetnvlammcnlc-l-o:onen-lvvl]—3-ce-“em-4-ca:=cxvla:e (?-1“

Lt

Trimethylamine hydrochloride {6.31 g, 65 mmole) was
adéed to an aqueous ¥NaOH solution (2N, 23 ml) covered with ethyl
acetate (100 ml). The organic layer was separated, dried over
NaQOH pellets, and added Lo a susﬁensze“ of dighenylmethyl 3=(3-
iodo-l-propen-1-y1)=7~{ (2)~ ~2-nmethoxyiminec=-2~(2-tritylamincthiazol-
4-y1)acetan¢co]-J-cephen-4-ca boxylate (X-1, 32 g, 33 mmole) in
a mixture of ethyl acetate and n-hexane (300 m1/150 ml). The
mixture was stirred for one hour at room temperature and then
filtered to give the blocked title compound, which was treated
with trifluorcacetic acid (50 ml) and anisole (10 ml) for cne
hour at room temperature. The hixture was concentrated under
reduced pressure and the residue was tfiturated with ether to
give 10.3 g of dark brown solid, which was treated with water
(100 ml) at room temperature. After removal of insolubles by
filtration, the filtrate was chromatograrhed on a column of HP--20
(200 ml) by eluting with 30% agueous methanol. The eluate was
concentrated ané lyophilized to give 2.3 g of the crude title

_ ccmpound, which was purified by preparative HPLC (Waters
kssociates, Systenm 500, PrepPAX SOO/CIS' 15% CH3OH) to afford 880
mg (5%) of the title compound I-1D. Estimated purity 75% (by
EPLC).



As yates, System 500, PrepPAK 500/ C18, - 15%- [err]) to afford 880 ng (5%
of -title conpound |1-1D. Estimated purity 75% (by HPLC). -61- The
abdbwe” product (850 ng of free base; estimated purity 75% was dissolved in
IN [err] (2 M), treated wrFh= acti ve carbon (20 nmg), filtered and washed O
wi th- 1N [err] (1.5 n). o the conbined filtrate and washi ngs was added
aceh-oner (R Ak)ez4:0n0i ve an oily product. The oily solid was renoved by
decantatton and triturated with acetone t.o give 420 ng of licht yellow
powder (75% pure). The super nat ant. was pour ed into acetone (150 m) and
the m xtur e*Re@ LE PFEPTor8d 38 Rt e5eatba566ntiEmpérat ure. The resulting
prescipr t R was mbbémcednbynfﬂsmat(izcm)t.o tabhoedl w812 axriok white powder.
ES&a'*B@ﬁe@OPHE)Iy‘.QQ%/&ed Rng wab®dd vicn 1x 1,5680(2 1561@\ 1685, 1390, 1120. W

cipe Fopiist LlERRR nd VA b0 Yoy 205 PRI o B 31 478
1¥iye aq_gp.é.g mre gthe oily_ so;..‘[a ¥es - zemoved by decantaticn

( 2nantnituriaged| withy Byeneethoxivan4ifanetafnildekt - 1@l 1y Rowder

3- (13325 AONY T £k B rhafin@Pe8s Ipgidden3itapheardnsanlsoxyl ataa( | - 1E) A mixture
-Oftdl'Rk§¥DQe”E££“Q 1Z:Lé2§or2162mlgiéegl§Q1£B5m temperature. The

resulting precipitate was collected by £iltration to afford 612

mg of white powder. Estimated purity 90%.

IR v:f“”a; ca~l 1780, 1670, 1635, 1390, 1120. : W
oW xf’n;:s"“"“e buffer (P 7) nn(e) 235 (16000), 293 (25000). -
L ¢ H N _s s
Calc'd. for Cpgiy,Nc05S,°H,S0,°5,0: 38.25 4.73 14.09 16.12
- Found 38.81 4.78. 13.62 15.63

Exanmple 8 R ' : ~

7={(2)=2-(2-Amincthi

azo l-4-v1)-2-"etth'Lm-“oa"etan-cﬂ]-a f{zy-
. 3=(3-amincovridinio)-l-proven- --vl]-3-c=='en-4-ca rhoxvliate (I-1%)

A mixture of diphenylmethyl 7-[(z)-2-(2-tri*»la“-no-
'thiazol -4-yl)-2-nethoxyi ﬂinoace.amzdo] 3- (3~ iocc-l-pro*en-’-v’)- -
3-cephem=-4=-carboxylate (X-1, 738 ng, 0.8 mmole) anéd 3-amine- : \_)
pyridine (113 mg, l.2.mmole) in methylene chloride (15 ml) was =
stirred at room temperature for 1.5 hours and then concentrated
under recuced pressure.. The residue was triturated with
diisopropyl ether and treated with a mixture of 90% trifluoro- °
acetic acid (TFA) (8 ml) and anisole (1.6 ml) at room temperature
for 1 hour, and then was concentrated and triturated with ecther.
The result ting crude product was purified by colunn chromatography
using EP-20 (eluted with 10% methanol and 30% methanol) and che
packing in a PrnnPAK—SOO/Cls cartridce (Waters) (eluted with 5%
methanol). The desired fraction was concentrated and lycphilized



t hi azol - 4-yl ) -2-nmethoxyim noace.t am doJ -3-- (3-iodo-1--propen-1-yl)-

3-cephem 4-carboxyl ate (X-1, 738 ng, 0.8 nmmole) and 3-am no- pyridine .
,., 1.2 mole) in methylene chloride (15 m) was stirred at room '
erperature for 1.5 hours and ther%%ncentrated under reduced pressuré

he residue was trlturated wi th diisopropyl..ether and treated with a

mxture of S tgidd UGRP-oAGRLI ¢: ad doLIhA: (8-, and. ani.ggle (1.6 nl) at
roomterrge.ralurg ior wly ho;hr.,,‘.an(ilu% en was concentrated" and tr| turated with
ether. The régulti ng ¢cfude produc "Was purified by colum chromat ography
.using HP-20 (el yted w,th 10% net hanol and 30% net hanol ) and the packing in.
a PrepPARR 500/ Pgik JcmcartiTaflge 169t ng) I@d0ut @84 th 5% et hanol ). The .
desired fraction was concentrated and |ycphilized -62- to give 38 ny
(9% of e .ti{ ProssdapeuuFZef| pHE) . ti it 5R% M p. [err]
(dec.). ?‘E %%4’?] 1760, 1660 shﬁ o?gi% %V ‘:5*4%°M['err] nn err]
217 (28300), 253 (18600), 292 (23400). EﬁQﬁpK

(2)-2-(2-Am not hi azol - 4-y1) - 2- met hoxyi m noacetam do] 3- [(B)-3--

(4-am no- 1- pvri di ni 0) 1- pr open- 15,5&-@_3 gephem 4- car boxyl at e (I-l[err]) A
m xture of X-1 (480 ng, 0.5 mmvol e -am no- pyridine (94 ng, 1 nole) i_n

et her (50 Zz) stl rred for one hour at roomterrperature The reaction

m xt ur e d Ww‘.f.cp\-.mazol-‘i-vl) Z2-methoxvininoacetanidoj-3=[(Z)~3-
(4-an;no-’-nv'lcznlc)-’-oroceu-l-vl] ~3-cephen-4-carboxviate (I-12)

W - A mixture of X-1 (4280 mg, 0.5 mmole) ané 4-anmino-

pyridine (94 ng, 1 maole) in ether (50 ml) was stirred Zcor cne
_ hour at room temperature. The'reaction nixture was filtered to .
\ﬁ;ﬁ give 440 mg of the gquaternary product, which was treatsd with
acueocus 90% TFA for one hour at room temperature ané then
~concentrated under reduced pressure at 15°C. The oily resicdue
| was triturated with isopropyl ether to.give 350 mg of the TIFa
salt, which was dissolved in 85% formic acid and chromatographed
on a column of Diaion EP-20 (40 ml) by eluting with 30% -“30“.
The eluate was concentrated and lyoghilized to give 52 me of the
erude product, which was purifieé by column chromatography using
~ the packing in a P*eDPAK-SOO/Cl8 cartridge (Waters) (eluteé
successively with 5% Ci,0H, and 10% CH Oh) to give 18 mg (7%) of
the ‘title compound (I-1I). Estimated ou:ztv, 70%.. '
/ KBr

R o ovpod cn™t 1760, 1650, 1600, 1540.

oV s lPhosnha;e buffer pE 7

nax am(e) 230 (15500), 277 (26790),

285 (27000). -
R : 6020 ppm  3.70 (28, br-s), 4.08 (3B, s), 5.30 (1m, q,
4.0 Hz), 5.87 (18, d, 4.0 Hz), 6.75 (1, 4,
16 Hz), 6.90 (2H, &, 7.0 Hz), 7.05 (1K, s},

.8.02 (14, 4, 7.0 Hz).



gi ve 440 nmg of “the- quaternary product “which was treated with agueous 90%

TEA -"='for one hour at roomtenperature and then concemntrated under reduced

Jure at [err]. The oily resrdue was triturated with isopropyl ether to -~
e’ 350 ny of the TFA salt7€3thi ch was dissol ved in 85% form c acid and Q

chr omat ogr aphed- on a col urm_of, Di ai on HP-20 (40:nm) by eluting with 30%

[err]. The el uate was coacgmareabgd and | yophilized to give 52 ng of the

crude product, which was~purrTtred by col um chromat ography usi ng the

packr ng in_ a PrepPAK-500/Cl8 cartri dge (Waters) (eluted successively with

53a ek~ (ariringehiagoi-d -y ppetantpgingage e ifp k-39 4 IEA-2nnpound (1-11).

Esé +amtcadopli i-oyrid0%o0 ) FR-prazen ~Lerr]-3 -ce:i:?e&@»-&&ﬁﬁhx 126808, 1540. U

[I{:BR]J, nmerr] 230 (15500), 277 (26700 285 (27000). NMR . : [err] ppm

3770 (2H, br-s), 4.08 (3H, s), .5.30 (111, d, 4. 0 Hz), 5.87 (11H, d, 4.0

Hz), 6.75 (1H d, 16 Hz), 6.90 (2H,_d, 7.0 Hz),. 7.05 (111, s)', 8.02 (1H, d,

7.0 Hz). “%ﬁ?“'Ex%ﬁnﬂ'é iﬁpo ng, 0.5 mmole) ané isonicctinanicé

74244 )mng2- 1 20 Amiodet hira D3i5044(34 M™12- ves Iehiyred fescetahabs] a8- [ (E) - 3-

(éo&@réaageyi.Myrﬂdé Hed)tiod riReAzd ks podrdee R Whrt@ar boxyl ate (1-1J) A
M ¥68'78 ) Ohnd et dB0ed Wi - BeiPi0EL e AN (2SN Ay nandde

combined extracts wexe washed with water, dried and concentrated

to give 375 mg of the quateznary:ptoduct,-which was treated with
903 TFA for 3 hours at room temperaturs. The mixcure was con-
centrated under reduced pressure at 15°C ané the oily residue was - _\.)
triturated with ether to give 240 mg of the TFA salt of the title

. coapound, which was. d;sso’ved in-85% formic acidé and chroma-. . _
tograched on a column of Dia;on EP=-20 (30 ml) by eluting with 30% _.'ku
CH30H. The eluzte was concentrated and lyvophilized to aZfford 25
me - {9%) of the title compeound (I=1J). Estimated purity, 55%.

rer __-2

IR s vier eat 1760, 1660, 1605, 1530.
oo x,?,ggwhate buffer pH 7 nm-_('e) 225 (19900), -2'925 (19400) .

NMR SDZ ppm 3.75 (2&, s), 4 07 (3H, s), 5.32 (;h, d, 4.0
7.10 (lH, s), 8 43 (25, d, 7.0 Hz), 9. 10 (4?,-- : _
d, 7.0 Bz). _ \.J :
Example 11

7-[(25-2-(2—Aminothiazol-4-vli-2fmethoxvinincacetamido]-3-!(E)—B-

(2-methvyl-3~-thiazolio)=i-cropen=l=-vl}]-3-cephem—-4~carboxviate .
(I-1H) ' '

To a mixture of x-i.l480'mg, 0.5 mmole} and “-methyl-
thiazole (0.1 ml) in methylene chloride (10 nl) was added silver
tetrafluorcborate (90% pure, 50 mg)} at =-40°C, The mixture was



(244 ny,--1.0 mwol e):in DMBO (20 -m ) -was stirred for.one hour a.t room
tenperature. The reaction mxture was poured into water (100 nl) and 45
tracted with ethyl acetate (3 x 29 m). he conbi ned extracts were
khed with water, dried and concentrated to give 375 ng of the quaternary
product, which was-treated with 90% TFA far 3. hours at roomtenperature.
" The m xt sirisrredsatori-0 °Cefr Aedinutedsr arddicedr-et assongh at tpeer Josand the oilv
{ets: due mﬁlébt &Ehﬁtxﬁd)w tﬁ’r;eet:hzﬁfmt:e «&lé/%(ya‘lgré&?hcpf.mt&le "-EEAcﬁaH of the
itle coppoun i G s, di_gsol.ve o.Lorm ¢ aci roma- .
t ogr aphet ¢ on “a-colunm ot B a|g 9, mL ¢ &t uflgo"'”\ii" h_30% CH 30H.
The el uat®: ﬁmé’ﬁoﬁ‘éeﬁ?r‘é’c’é‘daénﬂ‘qry?&ﬁﬁI‘f°2*e‘6"t 6’%? 50 d SBenESfR of the
titl e cowpotrgatec [«keh IBSITERBE e cropur t¢ynerdsSdre [Far 1 hoy:ERRIhe 1760,

1660, 16Qb:ituke3fas WéncescrdteBRinder E&.Efé‘i] a285s.(rJe9QQ@)..be298s£é&400) . NWR :

[err] ppm {2, £ H.. d,.‘.él 1|:JZ) 85 (lH d,
15 3 ﬁm& Hen e '?‘ ?JPO %é e é) ‘6@ 10 (2H,
'd -7 0 Fﬁ§ qu ﬂ%li?tff qoqnobz? 22°he sait was dlssol ed -n :a -o*** ) .
(2 A nod¢AGZAS| mY) \Ang- Ghamseitogyaniiedoan etta iPd el - D lupE) (B mi) by
(2- met hvé*é&:.hbi ﬁiﬂi i30%- hed=8BEN- In-)rul b1 e e WS Nchckabored ahe EI -1H) To a
m xture oLe. {4 in

met hyl eng“v cﬁu'gd‘?%ﬁgiﬁ ém@%%ﬁ%%#ﬁ%@%?éﬁ‘uoro t'e“( 5&% pure
mg) at [ {rqP* fﬁ%;#ﬁ?itu*%??m§§°rb RP-18, 8 x 300 mm) elu.zug w‘tu

203 methanol to afford 13 mg (5%) of the title compound (I-1%;

- wmeey ®

\_/ ‘ Zstinated purity, 70s.
&«j .
IR vf"”r em™l 1765, 1600, 1535.

. F x4
o s nggs°hate busfer pH 7 0oy 237 (18000), 292.5 (23700)

R : 6°2° pom  3.03 (3H, s), 3.72 (2H, s), 4.07 (3%, s), 5.22
(1, d, 6.0 Ez), 5.87 (lE, &, 6.0 Hz), 6.7
(18, 4, 16 Hz), 7.07 (1H, s), 7.45 (1H, 4, 4.0
Hz), 7.67 (1H, 4, 4.0 Hz).

Example 12 -
7-[(2)-2-(2-Aninothiaczol-4~-vl)-2-methoxviminoacetamidg]=3-{ (¥) -3~

{(2-methvlthiec~-3-thiazolio)-l-propen~l-vll-3-cephem-4-carboxvlate
(I-1G)

To a mixture of X-1 (480 mg, 0.5 mmole) and 2-methyl-
thiothiazole (0.1 ml) in methylene chloride (10 ml) was added
silver tetrafluoroborate (90% pure, 60 mg) at -40°C. The mix-
ture was stirred at -10°C for 10 minutes and f£iltered through 2
layer of Dicalite (celite). The filtrate was ccncentrated under
reduced pressure and the oily residue was triturated with ether
(50 ml) to give an amorphous solid (455 mg), which was dissolved

L



4= stirred at -10C for 20 minutes and filtered through a layer of

$fite (celite). The filtrate was evaporated under. reduced pressure and - .
=%ily residue was triturated with i sopropyl ether (50 ml) to give an
anor phous powder (.560 ng)- .~83%e powder was treated with 90% TFA at room O
tenperature for 1 hour.  The m xture ‘was concentratec under reduced

pr;es ergnd- th sighpe Wase t i L Lat.g b.ether (5 L to afford the
Tﬁi iilhlrt i 350 €i ng The tit 9—(10 s ouﬁ% \QL%' eieésa'“ S F'O i'Ssol ved in 85%
f&rnf TR d”‘(*s“m-? MY “CRF BN nh‘é‘éf FRAREH FP‘EGSmﬁ li‘rm (30 ni) by
elf8fF ng Thet ReSEBENERhaFdkuratrs elight ecthegs toonieenBatma cdnd | yophilized to
githe S rsg'afoﬁﬁaépm.&eaomucmhl chesiaziprrd 5 itad bgn HBLE ( Col um:

Li;ghg ©s ol 85 %1300 L heg 303814 to afford 13 ngy
;Q égf t_heR%D étcfie X“"ﬁglﬁﬁ gl zl%| lé. bééﬂa:}’é‘etd ogsiptfrg? qu}JO% IR [err]

1 651“'1666“"1‘5%"5“8\7' ich wa [?%l%@]e“ with 408, pgrhanc 3 P£0000), 292.5

( 237009 wamlMncentrated pdphyerts.ld3ed 319 sye ® 7 e2Hhss), 4.07 (3H, s),
52232-frkds drude @rbEyct Wh&cn (vdd pir i 61k ) ¢oﬁxr§~.1c(-izb:ha-d 16 Hz), 7.07 (1H,
S):o~7a=:4§: (15 Hexdnd HZ)a °Ze;|§?7.=.§\'(-%HO/@ %2Qcbldce ~(RYAIHY)E 12 : :

[)%e -2 5(2 Qm OLE ggacet -3 [ (E)-3-

(2 *eRt "% #‘éz 5R8D e I-\’fm].4 ST’Ceg 8m 4- car boxyl at e (1-19
é‘ea'*#ﬁ%)uF% pifvexd 8 (nmd4 °@ @enmaﬂea C&ﬁEO‘Eidrre(tIth- :

Estimated purity, 40%.

K3r _ -1 : : ' : _ .

IR ¢ vl e - 1760, 1sso, 1600, 1540. - ' - W,
vy ;. aPhosphate buffer PH 7 nm(e) 235 (16600), 250 (24800). x ﬂ
: . =

R ¢ 6229 ppm 3.05 (3H, s), 3.71 (2B, s), 4.08 (3%, s), 5.32

(1K, &, 4.0 Ez), S5.97.(1H, &, 4.0 Hz), 6.80
(14, 4, 16. hz), 7.07 (1E, 5), 7.94 (1%, &, 4.0
Hz), 8.12. (1H, &, 4.0 Ez). :

Exams;e 13

7-{{2}=2~(2-Mnino=hiazol~-4-v1)-2-methecxvininoacetanido] -3~

1 .—) 3-
(l-methyl=~3-ovrrolinio)=l-proven~l-vl]-3-cephen~-4-carboxviate

{I~1F) - T :

To a solution of k—l (540 ag, 0. 57 wmmole) Ln a mixture

" of ethyl .acetate (10 nl) and etner (10 ml) was added a 0.5 124
solution of N-ﬂethyl-3-py*ro’xne in ether (2.3 ml) [D’epa:ed f:Oﬁ
cis-1l,4-dichloro~-2-butene and methylamine according to the
procedure of J. M. Bobbitt et al., J. Org. Chem., 25, 2230
(1960)]. After stirring at roon temperature for 30 nminutes, the
aixture was diluted with ether (50 ml). The resulting precipi--
tate was collected by filtration, washed with ether and dried to
give the guaternary ammonium salt (280 mg), which was treated .

. with 90% trifluorcacetic acid (3 ml) at room temperature for i



. thiothiazole (0.1 -mY _
tetrafl uoroborate (90% pure,

in methyl ene ¢hloride (10 m) was added sil ver ~
60 ng) at [err]. The m x- turefwas stirred
[&rr] for 10 mnutes and filtered tJyough a |ayer of Dicalite (celite).
af il trate was concentrated under reddced pressure and the oily residue
triturated with ether (50 nl) to give an anorphous solid (455 ny),

whi ch

was di ssodwed afcén SR%e-TEAR 63 tHe satvéed,l kre ddw a0 xidd exy@s-stirred for

one hour zat: LQe ed -,een.:per\aégree..agd--congentrat ed: wnder
10C.  The residye < Nas tr| urated

ether .to give 388’"@'61" the TFA salt

of the de&iTeéd protiuct 0K ‘SSI‘uf?'\c,ﬁ‘F"&l tHe STRASSAIT PR B9 Forrc acid (5
ER Gt B APife 0 b vas| waRTest vk niwaeHP(300 3D a7k elfiecch was'

el ut ed wvith 30% netieaeal (500The) el lm&“ﬂb&m&eeéﬁfaakedaﬁ&da{:&m slized to

e qt,obhg.?eear EQOM§ L RUGRJY QdUEL: Miss e WU fJ-gd by col um

h - o n a PrepPAK- / artr V\aters 50%
?re'[ ggﬁol %O‘g{fagﬁPi% I'?DLl c (5%55?3"? 8- p 389 i ¢ fg‘?“?re!t haﬁoq(% to gi z/e 9.8

m) was

-give 59

my (4%

BrehERell it @2 sﬁ%okﬁna@( (1§%) °~E‘slﬁ m&fceel PPy 499604 R

[err]

1760, 168€%i=Ek6GEYS, pdH5AQ, LDA. - Jerr] nni err] 235 '(16600)
290 (24800). NWVR : [err] ppm 3.05 (3H, s), 3.71 (2H, s), 4.08 (3H, s),

5.32 (1

s), 7.94%1H dmax.

d, 4 8B#z) ~1S. ?]%’('1%75?141%88 H-z) 6 80 (1H, d, 16 Hz), 7.07 (1H,

. - fe .
ov . Phosphate buffer BH 7 nn.oy 235 (154005, 293 22500).

nax
D.0 ’ + . +ICH§-§ :
MMR : 6727 ppm 3.08 (38, s, N-CHj), 3.25 (4E, m, -} [, 3.75
(28, m, 2-CH, ), 4. 07 (3H, s, OCEH,), c3£

5 33 (lH' d 4.: HZ' 6-“)’ ca. 5 0 ("l:-:" m' 7"5'

| w\_c and 3-CH=CE~CE,); 6.97 (18, ¢, 15 ¥z,

3-CH=CH-CH,), 7.07 (1H, s, thiazcle-).
"Example 14

7={(Z)=2~-(2-Aminothiazol-4~v])=2=(2~carboxv=2-orovoxvinino)=-
acetaﬂﬂco]-a-{(;)-:-(l-ﬂethvlav::olaa_A-o)-'—arc:en-l-vll-B-'

‘cephem-4~carboxviate (I-4A)

A mixture of diphenylmethyl 7-[(2)-2-(2-t~butcxy~
cé:bonyl-z-propoxyimino)-2-(2-tritylaminothiazol-4-yl}acetamido]-

_3-(3jiodo-l-propen-l-yl)-3-cephem—4fc;:boxylate (X-4') (543 mg,

0.5 mmole) and l-methylpyrrolidine (47 mg, 0.55 mmeole) in ether
(30 ml) was stirred at rocm temperature for 1 hour. The result-
ing precipitate was collected by £iltraticn and treated with 90%
TFA (5 ml) and anisole (1 ml) at room temﬁerata:e for 1 hour.
After concentration of the reaction mixture, the residue was
triturated with ether to give the crude TFA salt, which was
purified by column chromategraphy [HP-20 (30 ml), eluted with
water (300 ml) and 30% methanol (600 ml)]. The methanolic



I e‘ 13 7:[(2)-2-(2- Am nothi'azol - 4-yl) -2- met hoxyi m noacet'am do] -3-]
(& (1 -methyl - 3-pyrrolinio) -1-propen-1-yl] -3-cephem4-carboxylate To a
SO utlon of X-1 (540 ng, O. 57 nmmole) in a mxture of ethyl acetate (10 m)
and ether (10 nm) was added™ 4~ 0.5 Msolution of “N-nethyl -3-pyrroline in
ether (2.3 m) (prepared fiom cis-1,4-dichl oro-2-butene and net hyl ani ne
asL ngst@ihetﬁxm&dure sm‘an JMm*Bbeetiﬂ:ae.t zad with s@ium Chem, 25, 2230
(1260) na.@f?t,%r,sgé,{_rﬂ ng,, -, rxa@mhtedmaeat%ﬁ gere30 yringtes, the mxture
was dllut?d W|th 1 her ? %r%ej resul ting precipi- tate was collected
bFF TP Pa To‘ﬁﬁ""wa’s’h‘e’ﬂ*a\m hp‘é'tlﬁé(r' dried to give the guaternary ammoni um
salt (280 _ng), which was treated with 90%trifluoroacetic acid (3 nl) at
repmsie gai-ure 1 vss 11660hdui90 n340ar evaporatlon of the solvent, the
residue Was tritur- ated.with ether to cive the - TFA salt. A solution of
the TFA, sebspHatedbssmdd paNMDUNL anol n HP-20 col um
(%Y) ) \aad the col um \z/:/as vf/‘é“(ﬁzd E%ER SHat e e%?% )‘%‘13%@0& uted- with 30%
met hanol (500 ml ) The nethanolic el uant was evaporated and | vophlized to
ginee :a GPm‘aepan oduss (6E0 srg)-oqmug “las 2p2? i fiedmpy HPC (Li chrosorb RP-18,

8 X C%Oodm(rnI ti‘lF;Jt :itxuﬂilazzgaﬁmtshaﬁl 3t e, atdord, 18, si"ﬁg <@ik6°/% 488 tg%g Itllgoo
corrpoun - SL | naLe ur er
w [ er rf‘ %rnf& g ’%g‘é iS&gO‘?h'%'S 5550 .)00 (24,

'_ Hz’ =C -CI' ‘-)' 5 28 5 PZ, 6-.)'
5.83 (1H, 4, 4. 5 Hz), 6.95 "H, é, 15 Ez,

-CE=CH-CH,~), 7.00 (1H, s, thiazole-H). W
Exanple 15
7-[(a)—z-(2~r11no.hi’zo‘-u-vi) 2-(2-ca*boyv-2-a—cscxv1r*“o‘-

acetanido]-3-{ {E}~-3- (Z-ﬁetnv‘th;o-3-ta;a*ol;o) 1—=ro=en-l-vx1-

3-cephem=-4-carboxviate (T-4G)

Silver uet:a‘luorobora.e (136 nc, 0. 8 mnole) was added
to a solution of the lo.orropenyl derivative X-4' (160 ng, 0.7

- mmole) and 2-methylthiothiazole (120 mg, 0.9 rmole) under cooling

in a dry ice-acetone bath. . The mixture was stirred at'-10°” fox
10 minutes and ‘ilte*ed, and the. filtrate was: conceqt:aued and _
triturated with ether to give 782 mg of the quaue:nary salt. The -

product was treated with a mixture of 90% tri‘luo*oacetzc acid o

(8 ml) ané anisole (2 ml) at room temperature for one-hour, and.
the reactzcn mixture was concentra.ed and triturated with ethev'
to give the crude product. It was purified by column chroma=-
tography with HP-20 (eluted with 30% methancl and 50% methanol)
and subsequently with the packing in a'“resPhK-SOO/Cis cartridce
(taters) (eluted with water) to afford 65 ng of the title com-
pouné (I-4G). Estimated purity, 60%. M.p. >l00°C (dec.).

IR s vg:; cm-l 1760, 1660 (sh), 1600, 1540.



4H,

+ NVR 7 [err] * ~“ppm 3.08 (3H-"s, N-[err]),.3.2
Hz

5
(2H, m 2-[err]), 4.07 (3H, s, [err]), 5.33 (1H, d; 4.5 ,
H m 7-H [ERR] and 3- [err] '6_._987_(1, d, 15 Hz, 3- [err]
A\l Bi azole-H). Exanple 14-7- [ (Z) -2°" (2-Am nothiazol-4-vl )
(2-car boxy- 2- pr.qpoxyi I ng)‘:; acetamdo] -3-1- (E) -3-
(1- et hy Iy ¢ ol g0RT 8} =1 2Bt oFfef®1! yi (3- zephesrdscarcsexyiatee) (| -4A) A
m xture of di phenylmethyl 7-[(2Z)-2-(2-t-butoxy- carbonyl -2-propoxyi m no)

-2- (2-tritylargogot biazgl =4-yl.) acetami.do] - 3-(3-igdo-1-propen-1-yl)-

.- 3- cephent 4- car Dgxy{;%ﬁeq(ﬁgwi“'(%as N Eﬂ:“sgz 5 nﬁoﬁ-g) l%ﬂdsl-thlrpyrrol i di ne
(47 my, 0.55 nmmole) in erhériqBosmI-RasSstT ri2dd &t 7 Gomr&irg8sature for 1
hour. The result- ing psed8piltaté, was &ol | otledsbys fiilkt raf isoe and treated
“with 90% TFA (5 i) and7anj s@.87( dify )a,aisr:-ﬂzqnlbﬁéﬁ%—.e-@é”f,e 4,95 1 hour.
After concentration of t react i Lxturg, . thesresidge was triturated
‘with ether to give the é?ﬁﬂes%ﬂ‘_—'%gélg ﬁ&hi%hoomgsabhri(f‘f‘e%am%y g6l um

chr omat ogr aphy [ HP-20 (40%%d )thigpedi@rthith water (300 m) and 30% met hanol
(600 m)]. The nmethanolic  -67- eluate was concentrated to a small

vol ume, neutralized wth sodi umebidaarebegate and | yophilized to yield 104
my (35% of the title - ' '

m [ERR]),

6-H), ca. A
), 7.07 (
- 2.

7-{(2)=2-(2-2ninothiazol=-4-vl)=~2-(l-carboxvcvclchut-l-oxvining) -
) acetamido]-3-{(E)-3-(Q-amingpg:idinio)-l-sro:en-lfyl]-S—ééshem-
Y 4-carboxvlate (I-5I) |

‘ 4 suspension of diphenylmethyl 7-[(Z)-2-(l-t-butoxy-
g’;- carbonylcyclobut-l-oxyimino)-2-(2-tritylaminothiazcl-4-yli-
acetamido}-B-(3-iodo-l-propen-l—y;)-3-ce9hem-4-carboxyla:e {X=-5")
(714 mg, 0.65 mmole) and 4-aminopyriéine (73 mg, 0.78 mmole) in
ether (10 nl) was'sti::ed at room temperature for 2 hours. The
reaction mixture was filtered and the filtexr cake was treateé
with a mixture of 90% TFA (7 ml) and anisole (1 ml) at réom
temperature for 1 hour. The mixture was concentrated ané trituz-
ated with ether, and tye'crude TFA salt was purified by chroma-
tography on an HP-20 column, which was eluteé with 30% methanol
and S0% methanol. The Zractions containing the desired erocuct
were- combined, concentrated to'.a small voiuﬁe; adjustéd"éo'pa.7
with sodium bicarbonate and lyophilized. The crude product was
purified by column chromatography.[the packing in a PrepPAR-EOO/Cls
cartridge (Waters), eluted with water] to afford 36 mg (2%) of
the title compound ‘I—SI). Estimated purity, 80%. M.p. >140°C
(dec.). ' ' )

3r

-1 :
IR : v . Cm 1760, %650, 1590, 1540.

oV s APhospha‘.:e buffer pH 7

max nm(e) 287 (29700).



. filtered, and the. fltrat

capound (1-4A). Esti rat ed purity, 65% IR ; "[err] 1765, 1660,
*”‘1540 w : [err] nmerr] 228 (sh, 14900), 292 (23900). NMR

> Terr] ppm 1.55 (6H, s, [ERR]), 2.22 (4H, m pyrrolidine-H,3.03
(3H "_s, N[ERR]), 3.50 (4H, -"rﬁg-pyrrolidi ne-H, 3.70 (2H, s, 2-H), 4.00 (2H, O
d, 7 Hz,.[ERR]), 5.28 (1H,-d, 4.5 Hz, "6-H), 5.83 (1H, d, 4.5 Hz), 6.95
[ B d:24% 0Q, - ( J.hiazole- .,Exarrpe157[ (2)-2-
(ZREm noth| aznglIZ\ 4£ya) b Ji '—car%J—L 6%2‘ %ro )(Z)x |mk?1(()') £
~ acet ani do] - 3- [ (E) 23 33 mat by 1t Hfo. & ni ézo?m)chpr‘bp-én 1=8i1] -
3-cephem 4-car bonIJJe'@t d1El-uGhSpEoke-et fadI BoBEROr Rceédin6 ng, 0.8 Mol e)
was added to a sodutd @a, ofydidenkeropr openyl derivative X-4' (760 ng, 0.7
mmol e) and 2-net hyl t hi othi azol-e (120 ng, 0.9 mmole) under cooling in a dry
| ce-acetone bath. The m xture - stirred at [err] for 10 m nutes and

Mcentrated and triturated with ether to

give 782 ng of the . quaternary salt. The product was treated wth a m xture
of 79000 £ 2 + (2-doloeicteiaizo L 6+l )2~ it Ycand xacrSal-a £ ¢ 2-gi L ~akc y-00m t enper at ur e

f ofcne: BO- (3B Q- ggﬁg.ilo.lgvgl_gi.q o5 -Y@s-£pacenyated and triturated with
et DeT, L0, QI Ve THE TTUde_product. Was purTiTed UyTU| um chrona-
ogra-ﬁﬁy-vﬁi-ﬁ—megp&i'-ed with 30% met hanol and 50% net hanol ) and
subsequent ly with the packing in a PrepPAK-500/[err] cartridge (Waters)

(el uted wi tthmiaterd dfothéforiddbbromengil Gheivdtile x-an (pound,(! - 40 .
Est | sp k@61 DUREY3-L0%0pyMPne” 19D d,dBC 52 - mmole) in ether (30

nl) was stirred at room temperature for 16 hours. The restuliinc - \/

precipitate was collected by filiration and treated with a mix-
ture of 90% trifiuorocacetic acid (5 ml) and anisole (1 ml) at _
room temperature for 1 hour. fThe mixture was concentﬁated ia - | A
vacuo and triturated with ether. The solid was collected by

£iltration and purified by colunn chromatography using HP-20

{eluted with 30% methanol and 50% methanol) and the packing in a

PrepPAK-3500/C, ¢ cartéidge (Waters) (eluted wi:h water)}. The

desired fraction was concentrated to a small volume and

iyophilizesd to vield 85 mg (28%) of the title compound (z-5%).

Estimated purity, 80%. M.p. >140°C (dec.).

K8r -1 on : A

IR vgay e 1760, 1660 (sh), 1580

P! ££f . . R ’ .
uv : aPhosphate buffer pH 7 nniey 216 (31800), 253 (20706), | J

- 294 (27600)..

R : 6°2% ppm 1.7-2:9 (6, n, cyclobutyl-H), 3.73 (21, s,.
| 2-H), 5.18 (2H, &, 8 Hz, =CH-CE,-), 5.36 (1%,
d, 4 Hz, 6~H), 5.92 (1H, &, 4 Hz, 7-8), 6.12
(1, ét, 8 & 16 Hz, -CH=CH-CH,-}, 6.96 (1, &,
16 Hz, -CH‘CH-Ch 2=}, 7.06 (1H, s, thiazole-H),
- 7.5-8.2 (4%, m, Dj idine-H). '



IR : ... [ERR] 1760, 1660 (sh) -1600, 1540. w - .
[err] nrr[ err] 233 (15700, 289 (28400). NWR X ppm 1.65 (£ >
[ERR]) 3.10 (3H, s, [ERR]), 3.77 (2H, s, 2-H), 5.17 (2H, d, 7

,[ERR]), 5.38 (1l1H, d, 4.5 Hz, 6sb}, 5.93 (1H, d, 4.6 Hz, 7-H), 6.87
, 15 Hz, [ERR]) 7.10 (1H, s, thlazoIeH) .-8..00 817(1Heach d, 4 Hz,
t hi azolio-H). 'Exanpole 16 7-]
(Z) - 2- (2- Am not hi azol - 4-yl ) - 2- (E—e—g-F%ej-Séycycl obut - 1- oxyi mi no) - acet am do]
-3-[ (BE) -3- (4-am nopyridinio) -1-propen-1-yl]-3-cephem 4-carboxylate
(1-51) A-duspensiazoic diiphebysmthgt (T~dakBxvbvclobubili-oxyirino) -

" car bonyl £eekh Qb y 3= 0Xy) 1N0)ne divacRedLdopk 381 105 0h B20) o= YLl - 3
acet am =

L PIOREN: 1 YT ) - 3-CEphent 2=Tarpoxytate TXS5t) (714 ny,
. 0.65 AR A+HArRel (73 ng, 0.78 mmle) in ether (10 M) was

stirred at roomtenperature for 2 hours. The reaction mxture was filtered
and the filter caksolasidr oft ek Si-tibdeomvipenhyl alexfiv@ODelRAS ( 7(3MB) and

" ani sol ter( m %1@@0&1& qmeé_@«twnzoi%azﬂezlaow 2 r;.Ihez Mgty _ursF iqwalst o
concentr e n e.cruae Q was
purlfled-?eo %%‘e g% :wata gé@eefoi ? i LCLh" :Elufed with 30%
net hanol %M’S@%%Pﬁaﬁﬁ ad“?ﬁé-flﬁ’&ﬁt?-%ﬁé &B‘h’f%'ﬂ%?ﬁﬁ (%38 Hé'S|lr'éd pr oduct
were corrsicled, CDwrcaBhtatecdasoswirsedl 4t vd00aefomdpusiradesozpH 7

filtered. The €iltrate was concentrateé ané. the residue was
triturated with ether to give the quaternary derivative. The
oduct was treated with a mixture of TFA (8 ml) and an-scle (2
at room temperature for 1l hour. The reaction mixture was

0

¢

-

-

a

ncentrated and triturated with ether to give 460 mg of the

1)
(4]

0

du

ude product, which was purified by column chromatography using

PP-2C (30% ne.hanol and 50% methanol) and the packing of 2

Pre _:nﬁ-:OO/Cla cartridge (Waters) to vze’d 50 mg (10%) of the
itle CDﬂpOan (I-5G). Estimated purity, 60%. “M.p. >1i0°C (dec.).

KBr

IR : viBL oy -1 1760, 1660 (sh), 1590, 1540.

l?hosoha..e buffe* pH 7

i nm(e) 237 (15700), 230 (31500).

R : 6720 ppm  1.5-2.3 (6K, m, cyclobukyl-H), 3.05 (3H, s,
SR -SCH;), 3.70 (2H, s, 2-H), 5.07 (2H, &, § Hz,
\ =CH-CE,-N), 5.33 (1K, d, 4.5 Ez, 6-H), 5.88
(1, 4, 4.5 Hz, 7-H), 6.00 (1H, m, -CH=CH-CH,),
6.80 (1H, 4, 16 Hz, -CE=CH-CH,), 7.07 (1H, s,
_th;azole-H), 7.93 & 8.13 (lH, each &, 4 Hz,
thiazol;o-u).



- Wi t~godi-um bi.carbonat-e and :I'yophil i zed: 'The ‘crude brod'uét was purified by

chromat ogr aphy [t he packl ng in a PrepPAK-500/[err] cartridge

“-' eluted with water] _tp_afford 36 ng (9% of the title conpound .
(1-5f)" "Esti mat ed purity, 800 Mp. [err] (dec.). IR : [Jerr] 1760,
1650, 1590, 1540. W : [ERR] nn{ERR] 287 (29700). . NWR : [err]

ppm 1.5-3.0 (6H m cydxebpig|:9H), 3.76 (2H, s, 2-H)
0 coc' cbu- 3t2 5.38 (1H, d, 4 Hz, 6-H), 5.95 (1H, d, 4 .z, 7-H), 7.12

(1H_,3,,thi l,enc!:l).hafjol%‘;.&@ 07, 1(2H 226, Hends c,,py.u.(y)ne H . Exanple 17

[ bl S AT oL LU ROy o ey no) - acet ani do
] -2getani ,--'( ) 3-AhrReEhwlasrovnss CRERT=TYS -

C egleghed~ Lamrlbooytiste (!E E) A mxture of the 3- lodopropenyl derivative X- 5"
(500 nmg, 0.45 mmole) and 3-am nopyridine (51. ng, 0.54 mMmole) in ether (10
m) was stighed o oQ0H 408 Woe-\éoro% BoM Sy 1 T‘h.em{i@sdulat' ng
precipitate was COJ% eg %J}l&% {ﬁatlpg and t. eateg a mx- ture of 90%
t r ioF1GBR R AEEFR AT ? i T arfisBr OBt enperature for 1

hoselutidre ofi Rtngtwasd-purredane atre@thes v%?caé) a%fdi thet BEEHE@ with et her.
Thevag0k £ Lk 242S a € Ot doiC kedlpdtia thirk t fad i30Nmixnctegur | To ettebyeantionn chromat ogr aphy

Us'm'lahkf’e 20 ghaiLd ekl N SRN0 MBS hangls 3 20Ye 0t haRely) ad the packing in
coilected by filtration, washed with euhe-, and éried to cive +the
ggaternary salt (430 mg).  It was deblo~'.eé with 90% TtAh (S ﬁ;)

<:;

at room temperature for 1 hour. Canent*atacn of the mixt ure _ \J

followed by the aad;tlon of ether gave the TFA salt, which was

© subjected to EP-20 column chromatggra;hy {5¢ ml), el--ed with
water (500 ml). and 30% methanol (500 mi'. The methanolic eluant
was evaporated and lyophilized to give the crude product (115 mg),
which was purified by HPLC ”'ch*cso-n 19-18 8 x 300 mm, eluant _
5% methanol) to afford 78 mg (19%) of the title compound (I-5F). .
Estimated purity, 85%. M.p. >140°* '"ec.,.'

KBr

. ) - l - .
IR : v, om 3400, 1760, 1SS0.

wo: s Phospnate buffer pH 7

1§ (2 283 3500
max nm (€) .2-8 (L3630), 293 (23500).

'ﬁD o

MR pom ca. 2.1.& 2 5 (68, =, cyc;obutyl-n), J.lu (37,

+ +/ . ' ’
S, ..N-f‘h )' 3 21 (45' Au' -. 2‘]" ;.'!8 (liil . ’ u

ez ]
, &, 5 Hz, 6-H}, ca. 6.0 (4%, m, “en s
. T |

3-‘CH=C§CH2-N t Y, _Ca- 7.0 (1B, &, 15 Ez,

Y

-CE=CH~CE,), 7.15 (iH, s, thiazole-H).

-e



Pr epPAK- S00/ €18.. cartrldge (Waters) (eluted with water). The desired

fracti on was concentrated to a small volume and |yophilized to yield 83 ;;a\
8% of the title conmpound (1-5E),Estimated purity, 80% Hp. [err] '
fec.). IR : [err] 1760., 1660 (sh), 1580. W : [err]

nnjerr] 216 (31800), 253 (.20700) 294 (27600).. NVR : [err] ppm 1.7-2.9
(6H, m cyclobutyl-H), 373 (2@xagpl@39), 5 18 (2H, d, 8 Hz, [err]) 5.36

(1H, d, 4 Hz, 6-H), 5.92 (1H, d, 4 Hz, 7-H), 6.12 (1H dt, 8 & 16 Hz,

[err]), 11[Q§)(ﬂJ12-dm1§3i1 hzoifﬁlﬁl)ﬁﬂJL QQOQJ}i*HBacL£H43%QH63pr“.7 '5-8. 2 (‘4H

m pyri- o -

(2) - 2- (2R = :

acet am diggagegeylatea(7-3AS¥pt hyl t hi 0- 3- t hi azollo) 1- pr open- 1- yI] 3-

- cephem 4- car boxvl ate (1-5G A solution of the 3-iodopropenyl derivati-ve

X-5' (878 ng,- 0. &onnvgoa).u@méxnﬁt (el %Otdﬂﬁz%&éﬁ if Shsq ZaMER] €) 10
.methyleng chloride (1 m_%i ) nas g ‘E)f é_él ce- aocej;,one %at h.”'To the
sol uti on was- addéd2 R e ar PT pé’tfd‘f: Pe { 57°%, 07 o7 efRC  The
m xt ur e SR&sTEEHIECcHRRISTEEFPG Atoroan temPerat M Eori Tthougd. TfBhe filtrate was
concent rsaletiemaashéiluredduicthv@shyl acetate (200 ml) ané +the resuli-
ing precipitate was collected by filtration to give 240 mg of the
Guaternary salt. The product was treated with 90% acueous TFA
(3 ml) and the mixture was stirred at room temperature for 1 hour.
L ?he mixture was concentrated in vacuo, triturated with isopropvl
" ether and filtered to afford 167 mg of brown powder, which was.
dissolved in water (25 nl) at room temperature. After removal of

. insolubles by Ziltration, the.filtrate was chromatographed on a
column of the packing in a PrepPAK-SOO/C18 cartridge (Waters),

- which was eluted with water, 10% aqueous methanol and 20% methanol,
successivelj. The f:actions.cbntaining'the desireé product |
(monitored by UV, 254 nm) were combined, concentrated and--
lyophilized to give 20 mg (16%) of the title compound: (I-1C).
Est;mated er¢.y, 95% by EPLC.. '

IR :- fa; em™ > 1760, 1630, 1600, 1535, 1480.
‘gv ; a[hosphate buffer (pH T) nnie). 246 (49600),.-292 (279007 .
N - Example 21
1-0(2)~ 2-(2-Aﬁiuoth;az;1-4-v1);2-- -carkoxveveclobut-l-oxvinine)-

acetamldo] =3={({E)-3-(2-methvl-3-thiazolio)-l-propen-1-vl}]=3=
cephem~-4-carboxylate {I-5)

The general procedure of Example 1l is repeated except
that the diphenylmethyl 7-[(Z)-2~(2-tritylaminothiazol-4-yl)-2-
methoxyiminoacetanido] -3-(3-iodo~l-propen-l-yl)-3-cephem-4-
carboxylate (¥-1) utilized therein is replaced by an equimolar



tre;:*n with a mixture of TFA (8 m) and anisole (2 m) at room tenperature

f or®1lshour. The reaction m xture was concentrated and triturated with ether =

to gi‘ve 460 ng of the crude” pﬁoduct whi ch was purified by colum :<;>

chr omat ogr aphy -usi ng -HP-20 (30% net hanol and 50% net hanol ) and the packi ng

OE—&.PJ a%ppﬂﬁ e aLY Céénqal“f-rtgﬂg@-((‘i\é&&f&);gbe_y.bcehdb591m.(-i;b% | %f t he t|[ t e]
npoun te it Vs I oL 8¢ ; err

1?60 1*86(% @%t"isgﬁ““q?sao e ‘O"[e"“ i) i% %"é 237 (15700), 290

( 3150 1- NMR3 ceshenpf~cprooxylafen (%15 1o e (818 trh- R \ASHEEYI - H), 3.05 (3H,

Sis e:GCldBy, phdhef2H, s, 2-H), 5.07 (2H, d, 6 Hz, [err]), 5.33 (1H, d, 4.5

Hz, 6-H), 5.88 (1H, d, 4.5 Hz, 7-H), 6.00 (1H m [err]), 6.80 (11, d, 16

Hz, [err]. , 7.07 (1H, s, thiazole-H), 7.93 & 8.13 (1H, each d, 4 Hz,

t hi azoi-o- H) . -71- Exanple 19 7- (2)-2- o

(2- Ani not hi azol - 4-yl)-2-(I - car boxycycl obut - | - oxyi mi no) - acet ani do] -3- [(E)

-3- (1-methyl-3-pyrroline)-1-propen-1-yl]-3- cephem 4-carboxylate (1-5F) To

a solution of X-5'- (770 ng, O. 70.nnnle)-in. a m xture of ethyl acetate (5

m) and ether (25 m) was added a 0.2 M : :

tritilated wi-t'h--ether to give the quaternary derivative. The product was



i f ltration, washed with ether, and,dried tﬂmmmmjﬂ“ﬂlﬁﬂ nary salt
‘ng). It was [err] with 90%TFA(5 M) at for 1 hour.

sal ution.of N-nethyl:3- pyrrollne in-ether (7 m) and the mxture was
st|rred at roomtenperature for 30 ninute m Xt ure
dded ether (S m) to afford precipitate, whi ch was col | ect ed by

Concentration of the mxture fol | oned b% thé addi'tidon of ether gave the TFA
salt, which was subjected to -2 dol chromat ography (50 m ), eluted .
with water (500 m). and 30% nmet hanol (500 m). The nethanolic eluant was

evapor at gd and | ypophibhggs J#0 <9 V& theacrude product (115 ng), which was

“purified by HPLC (Lichrosorb RP-18, 8 x 300 mm eluar.t 5% nethanol) to

afford 78 ng (119% of the titIe corrpound (I-5F). Estimated purity, 85%

- Mp. [err] (decn) 1R o 340 Sl 0 1580. W [err]

"(1H, d, 5 Wex

SN

nmerr] 238 (1 2 3 (23500) [ ERR] ppm ca. Z1 & 2.5

(6H, m cyclob% H + s;g[.erg )/ 3.27 (4ky m [err]), 5.48
ca. 6. 0'3 4R, m c*——c*-)-c %e» ;=200 (1H, d, 15

Hz, [err]), 7.15 (1H, s, thiazole-H). - Exarrple O7- [ (2 -2-

(2- Ami not hi azol - 4-yl ) - 2- met hoxyi m noacet am do] 3- [ '

wherein Rl is hyérogen or an conventional amino-prctecting group,
2, . P . . :
R” is hydrogen, a strsight or branched chain alkyl croup contain-

ing from 1 to 4 carbon atoms, or a group of the formula

r* ' rt coox
d-creca-r? dcmcr? ' or
25 I
% X
’CiLCvOI.,
' Rs.
in which R3 is hycdrogen, (lowar)alkvl cr cazrbeoxyi, ¥ is halocen,
hyéroxy oxr (‘cha-)a-xoxy, and 3? and 35 are each -nce:eﬁdeﬁtlv
hydrocea, methyl or ethyl, cr 34 and Rs,.takeﬂ .oget ier with the
. carbon atom to which they azre -at:tacheé, may be 2 cyclcalkgliéene
' K;; :iﬂg containing from 3 to 5 carbon atoms, and

-NTZ=Q

is-a auate:na*y amnonzo group, oOr a nontoxic Dnarﬂaceutically
acceptable salt, nhvsxologzcallv hycro‘v*ab‘e ester or sclva»e
thereof.

@

2. A compound of Claim 1 whereia =NI=0 i



-yl -3 cephem

2 afi do- 5+t hi ‘azol 0[4 5 c] pyri di ni o)

lire.was stirred at roemst-enpérafure r. The sol ution was CJ
diluted with ethyl acetate (200 nl) and the resul\t- I ng. precipitate was
collected by filtration to give 240 ng of the cuaternary salt. The produc:
pteated with 9 %aqueous TFA (3 We Wi xture was stirred at room
épe gre for 1 __,ur The mxture /c ntrtat ed |n vacuo, triturated
wtﬁjgg‘tpropyl thiglL nd 1|I§,ered 'to af{ord A67 ng of’ brown powder, which

44 boxylate(l-lC) Toasolutllm 76rrg 0'91 nmol e) in DMSO (2° :
\ " s added 2-ani not hi azol o[ 4 m '!1 l 0.77 mmle) and the . /.

was. *di ssol ved in '5“n1) at room erature. After renoval of

i nsol ubl es by filtrat Sra/the filtrate was chromat ographed on a col um of

the packing in a PrepPA§ 500/[err] cartridge (Waters), which was el uted
t hpMater, 10% aqueoy® rret hanol and 20% net hanol ; succe55| vely. The

fract i ons cont ai ni ng ét

e desj reg product ( 5 _d by WV, 254 nm were
co;%‘l ned, com:gant rat edjand-_ | yaphiliz ato gl Ié 2011y ( Ig% of the title
und. . [ rr

co (T=1C) . Estirpated purity, 95% by HPLC | 1760, 1630,
1600, , 1480. W : r] nni er ; 21 292 (27900).
Exanpl e 21 7-[(Z)-2-g32 Ani not hi azol - 4-yl ) - 220l - car boxycycl obut - | - oxyi m no) -
acetam do]-3- (E)-3-(2-nethvl-3-thiazolio)-I|-propen-I-yl]-3-

cephem 4hé‘§r box Xl ate % 5H) The general procedure of Exanple 11 is repeated
exhepéit LR Gingh® élamst bhe senfe( 2y - IERreRt tapdaptAotievezdr - 4-yl ) - 2-

alkyl, (lower)alkenyl, amino(lower}alkyl with the provision that . U
the amino may not be on an a~-carbon, or hyéroxy (lower)alkyl with

" the provision that the hydroxy group may not be on an z-carbon;

16'is hyérogen, (lower)alkyl, (lower)alkexy, (lower)-

R
alkylthio, amino, (lower)alkylamino, ¢i(lower)alkylamineo, formyl-

. amine, (lower)alkancylanino, hydroxy, hydroxy (lower)alkyl,

ﬁa;o(lower)alky-, amino (lower)alkyl, (lower)alkoxy (icwer)alkyl cr
cafbamoyl:
317 is \lowe*)a1kv (lowe.)alkoxv(lowe-)a-sv 1, halo-
(lower)alkyl, allyl bvc*cxv(’owe:}a1<v1 with the :rcv*s-un chat
the hyd;oxy-group is not oj_the a=-carbon, aminc(;cﬁe;)alkyl with
the pﬁoviéicn that the aﬁinc'grbup'is not on-the g~cazbon, or _
phenvl (lower)alkyl; o ) ' U

a8 is hyérogen, (lowez)alkyl, (lower)alkexy, (lowerc)-
alkoxy (lower)alkyl, (lower)alkylthic, amino, (lower)alkylamino, _
éi (lower)alkvliamino, hydzoxy, hyé:cxg(lowe:)élkyl, amiao(lcwé:)Q - N
alkyl, foxmylamine, (10we:falkancylamino or cazbamoyl;

n is an integer of f:om 1 ¢o 3, inclusive;

2 is CE, or, when n is 2, Z also may be S, O or N=R™ 9



met hoxyi mi noacet ami doj - 3- ( 3-i-odo- 1- pr open- 1=yty=3-cephent 4- carboxyl ate .

(X-1) "utilized therein is replaced by an equi . unt of w
Al phenyl nethyl 7-[(Z)-2-(1-t-butoxycarbonyl q M-I“Jnl ym‘m @ _
\O yim'no)-2-(2-trity|arrinothiazol-f—yl)aceta =3-(d-10do=1-

propen-1-yl)-3-cephem 4-carboxylate (X-S, and the title product is

t hereby ipredice®R”™” isCiidnkcenMS (Lower)alkylA @agpound of the fornula [ ERR]
wherein [err] is hydrogen or an conventional am no-protecting group, R2 is
hydr ogen, a strai Qm or hranched chain_al kyl . around contain- ing from1l to
4 carbon atons, or a aroub of*EheT SFAI & [ERRETERC Wiicc AT SFFOFE™ hydr ogen,
(1 over ) al &prestabatoxyicver s iorat ogdavenyakhylEhde, (4gne; ) (deexy, and R

and 5 ar elsgtanimdepentendd )i hyti-ogen, np@idid, araethylcwesdrk] and
‘[err], takeRolosadNghw | ibhe- £ARRAY (250819, 0hi ch Lhey are attached, may
be a cyclgal kylidene ring contalning from 3) tQjS carbon- atons,’ and [ERR] is
“a ‘quat er fary - AnTRITCEY §r U5, 20FY S HIRY 04+ W PHA-FRTSINTFERP | yaTseny~

(lower)alkanoylamino or carbamoyl.

@
3. A compound of Claim 1 in which -N=Q ic
| R13
v - 9
N : | 'T‘Rl4
. RS
. . 1 '
in which R 3, Rl4 and Rls axre the same or édiffasrent and are
(lower)alkyl. .
&, A compound of Claim 1 in which -N==Q is
16
=
@ -v
&
. el . 16 , < , . )
" in which R is hydrogen, amino or carkamoyl.
\ - _ -
U . S
S. A compound of Claim 1l wherein -N=Q is -
-N

817//’ - ;

17

in which R is (lower)alkyl.

7

+



- - A conpound of Claim1l wherein [err]
r] are the sane or different and are (Iome “ “ ) al kenyl ,
am no(l ower)al kyl with the prevision that the nNot Be on an
[err]-carbon, or hydroxy(lomer)alkyl mnth t he prOV|S|on that the hydroxy
group may not be on anc[].é ] -.car bon J i s hydrogen; (lower)alkyl,
(Power) al kOxiPm’(’Pﬁﬁe?ﬁ I"ﬁy} t‘meﬁe"ﬁm’ho' ¢fower) al kyl ami no,
di (1 owner)al kyl am no, fornyl- am no, (I ower)al kanoyl am no, hydr oxy,
hydr oxy (| ower) al kyl halo(lomer)alkyl
anino(lomer)alkyl,(@@ Q] Iomer)alkyl orzcarbannyl; [err] is
(lower)al kyl, (I ower \ r)al kyl, halo- (lower)alkyl, allyl,
hydr oxy (| ower) al kyl ovi sion-that the hydroxy group is not on
the [err]-carbon, am with the.provision that the am no
group is not on the [err] - carbon @heryl (lower) alkyl; [err] is
hydrogen, ¢l o ﬁhkx%’cﬁﬁ éﬂ y_h yer)- al koxy(lower)al kyl,
(I'ower) al kyl T am no, ovver yl amno, di (l'ower) al kyl am no, hydroxy,
hydroxy(lomer)alkyl, anino(lomer) al kyl, fornylam no, (Iomer)alkanoylam
or carbamoyl; n. is an inggger of from1l to 3, |ncIu5|ve
-N

| =
@y

@pt abl e salt, physiologically hydrolyzabl Mhereof . e
?

in which R° is (lower)alkyl or (lower)alkylthio.

. _ ®
8. A compound of Claim 1l wherein -N=Q is

s

in which RY?! is (lower)alkyl.

9. 7=[{(2) =2~ (2-aminothiazol-
4-yl)-2-methoxyiminoacetamido] -3-{3~- (l-methylpyrrolidinio)=1-
propen-l-yl]-3-cephem=-4-carboxylate, or a nontoxic pharmaceutically
acceptable salt._physiologically-hy&xolyzable ester. or. solvate
thereof.

lo. - L mLre o 7-[(Z)-Z—(Z-am:nothzazol-
4-y1)-Z-methoxyiminoacetamidal-3-(3-pyridinxo-l-propen-l-yl)-3-
cephem-4-carboxylate, or a nontoxic pharmaceutically acceptable
salt, physiologically hydrolyzable ester or solvate thereof.

11. 7-{(2}=2=(2-aminothiazol-
4-y1)-2-(2-carboxy-Z-propoxyimzno)acetamido]-3-(3-pyr1dinio-l-
propen-l-yl)=-3-cephem-4~carboxylate, or a nontoxic pharmaceutically

ein [err] and

O



Zis [err] or, when nis 2, Z also may be S, 0 or NJerr -70- in i ch
[err] is hydrogen or (lower)alkyl; and [erTT“‘TT’fEF%T_E%E—?Eé sane iy
di fferent and are hydrogen, (Iomer)alkyl “ﬂ wer) al k g
no, (lower- alkylamino, di(lower)alkyl ag‘dﬂm\m “
“hydroxy(l ower)al kyl, am no(l ower) at Rl ox¥( | dwet ). al kyl ,
car boxy(l ower - al kyl, carboxy(lomer)alkylan1no (Iomer)alkanoylan1no

cor borY, AL SO APt £ PRl asc & SRIRURS Of O 211

di f f er enEB&ARPEar e (lower) al kyl . 4. A conpound of Claim1 in which
[err] 1s [ERR] in which [err] is hydrogen, am no or carbanoyl. 5. A
conpoundipf Claiml wherein [err] - is [ERR #ra[uhi-ah(i-@mihotS

- (l'over) aUﬁdzol-(-irl? )752-Q1¢umxyc&mgfr&mi%ﬂ%¥mL L"PBI ERR] is
(l-methylpyrrolidinio)-l-propen=l-yl}=-3-cephem-4-carboxylate, or
2 nontoxic pharmaceutically acceptable salt, physiologically
hydrolyzable ester or solvate thereof.

13. ' . 7-[(2)-2- (2-amino-

thiazol-4-yl)-2-(1-ca:boxycycIobut-l-oxyimino)acetamido]-S-(3-
\J pyridinio-l~-propen-l-yl)-3-cephem~4-carboxylate, or a nontoxic
\_ pharmaceutically acceptable salt, physiologically hydrelyzable

ester or solvate thereof.

L,) 14. - C - 7-{(2) -2~ (2~amino-
thiazol-4-yl)-2—(l-carboxycyc1obut-1-oxyimino)acetamzda]-3-[3-
(2-amino-S5~thiazolo[4, 5-c]pyr;dinio)-1-propen-1—y1]-3-cenhem-4-
carboxylate, or a nontoxic pharmaceutically acceptable salt,
physiologically hydrolyzable ester or solvate thereof. '

15. ‘ SRR 7-[(z)-z-(2-a:uno-”
th;azol—4-y1)-Z-methoxyiminoacetamido]-3-[3-(t:imethylammonzo)-
l-propen-l-yl]-3-cephem~{-carboxylate, or a nontoxic pharma-
ceutically acceptable salt, thSiologically hydrolyzable ester or
~solvate thereof.

-/ 16. - | 7-1 (2) -2~ (2-amino-
thxazol-&-yl) z-methoxyiminoacetan;do]-3-[3-(B-aminopyzidinio)-
l-propen~l-yl]-3-cephem-4-carboxylate, or a nontoxic pharma-
ceutically acceptable salt, physiologically hydrolyzable ester or
sclvate thereof.

17. . : . 7-{(2)=-2-(2~anino-
th;azol-G-yl) Z-meuhoxyzm;noacetamida]-3-[3-tl-methyl-s-
pyrrolinic)-l-propen-l-yl]-3-cephem-4~-carboxylate, or a nontoxic
pha'naceutically acceptable salt, phys;clog;cally hydrolyzable
ester or solvate thereof.



A conpound of Caiml mhereln ich [ ERR|

‘}f };JWGI’ z'ilkyl or (lower)alkylthio. Hmmﬁ ound of daim.
o L g

1) - 2- met hoxyi mi noacet ani do] - 3-[ 3- (1- nethylpyrolldlnlo)-l-

open- 1-yl ] - 3- cephem 4- carboxylate or -a?ent oxic pharnaceutlcally
oceptable salt, physiologically hydrolyzable ester or solvate thereof. 10.
7-(~ .- 2- (2-am not hi azol - 7-{(2} -2~ (2~anino-

1) -2 et MO T, DBRCEAATL IOl dale A LALRLOL SR BREI Btk 3 1o~

cephem 4- car bo

hysi ol ogi cal | fwam ar‘ér%lsit“émbf PgaP%*t]éYtlhé?'é?ﬂ?hemp-carboxylater
[(2)-2-(2- anmxoahngm;dxa.c pharmaceutically acceptable salt, physi ologxcal’v-

-yl) - 2- (2- car hperoRyIROENELE B2) 86TFatEl Eidrede( 3- pyri dinio-| -
open- 1-yl ) - 3- Cephem 4- carboxylate or a nontoxic pharnmaceutically

gccept abl e sal t3g, phySI ol ogl cal |y hydrol yzabl € ester oL[3e}yvat@-phaieof. 12.
' Z)-2-(2-
oot am dof - i? &) fgﬁ')clfg%f‘é;% f%gozéxﬁmg% AL &SI 80Y -

rro
+ 3- cephem 4-ca

gg;;o )— ~-propen~l-yl] —3-cephen-4-carboxylate, or
a nontoxic pha:maceutibally acceptable salt, physiologically
hyﬂzoly;able ester o. solvate thereof. .

20. ' 7-[(2)-2-(2-am1no—
thiazol-4-yl )-2- l-ca:hcxycyelobut— 1-oxyimino)acetamido]-3-(3-
(z-methylthio-z-thiuzolio)-l-propen—l-yl]-3-cephem-4-carboxy-ate. N
or a nontoxic pharmaceutically acceptahle salt, physiologically
hydrolyzable esger or solvate thereof. .

21. R P 7-[(2)-2-(2-am1no-

th;azol-4—y1)-2-methoxyiminoacetamido)-3~[3—(2-methy1-3-

thiazolio)-l-propen-l-yll-3-cephem—4-carbcxvlate, or a nontoxic

pharmaceutically acceptable salt, physiologically hydérolyzable
- ester or solvate the:eof. ' ' : . '

22. .- - 7={(2)~2-(2-amino
_th;azol-4-yl)-2-(Z-ca:boxy-z-prcpoxyzmzno)acetanido]-3-[3-(2-
methylthxc—B-thiazolic)-l-p:open-l-yll-3-cephem~4-ca:boxylate,
or. a nontaxic phaxmaceutically acceptable salt. physiolagzcally
hyazolyzable ester or solvate thereof.- :

23. | . 7-[{2)=2-(2-amino~-
thiazol~4~yl)=2~(l-carboxycyclobut-l-oxyimino}acetamido]-3~{3-
(4-aminopyridinio)-l-propen~l-yl]-3-cephem~4-carboxylate, or a
nontoxic pharmaceutically acceptable salt, physiologically
hydralyzable ester or solvate the:eof.

24. . | ~ 7-[(2)=2-(2~anino-
thiazol-4-yl)-2-methoxyininoacetamido] -3~ (3~ (4-amino=1-
pyridinio)~l-propen-l-yl]=-3~cephen~4~carboxylate, or a nontoxic

-



a nont oxi ¢ pharnmaceutically acceptable salt, DhVSIO|OQIca||y hydrol yzabl e -
ester or solvate thereof. 13. 3

AX)-2- (2-am no- thiazol - 4y|) -2- (1-carbo m no) @
\aget am do] -3- (3- pyridinio- I-propen I-yl)ﬂmm ﬂ IH mxylate, or
nont oxi ¢ pharmaceutically acceptabl® salt, phys?oﬂogwcably ydrolyzable
ester or solvate thereof. 14.
;C[eg g)m O%Q—%&maiﬁmaz&eﬁayu sadt, (daALREXYSYG lvotw&:élvqmén no)

(2-am no=5-Yhiaz% c‘)'[allfe qﬂ er‘dl ni o) -1 -propen-1-yl]-3-cephem4- .
carboxyl ate, or a nontoxic pharmaceutically acceptable salt,

phy5| ol ozdcal ly hydrolyzabl e ester or solvate Vherzaefz-tzL-&m-:o-

7-{;(34}:1244&aamm&baﬁmaéﬂi-iaaxlsmhwe@xap@p%t-am dol -3-[3-
(t rimet hé/’l f l-nro%g.'% qbgm] 3-y ,h%!ﬁcg-pc %%Exv.% 30§§|cjaa‘tr:|%‘:‘ 2 nont oxi ¢

_phar ma- ceuatlca y acc €’ sal Si 0l ogita 5%¥1% ester or
sol vat e *Qﬁﬁqgsputyﬁglly acceptable salt, onvs*oloa*callv q\c—olng {gg 2.

(2- am neesdari arosolaage) thidneethoxyi m noacet am do] - 3-[ 3- (3- am nopyri di ni 0) -
1- propen-1-yl]-3-cephem 4-carboxyl ate, or a nontoxic pharma- ceutically
accept abi salt, phyS| ol ogically hydrol yzabl e st ey -QJ’.; L\ ¢ g thereof 17.

7-(2) - (2a no- i, M, noacet a
A e A e AT PR
ront oxi c{minacRvrédinioladceporas-d-yhl 13-°|say§1'rﬁ-sgrwwlyt=nyon:nl yzabl e
St er Ora Intakfc ignatRotentically acceptable salt, physiologicaliy
hyérolyzable ester or sclvate therecf.

27. . _ . 7=[(Z)=2~(2-amino-
thiazol~4-yl)-2-methoxyiminoacetamido}=-3-[3-(4~carbamoyl-1~
pyvridinic)-l-propen-l~yl]-3-cephem-4~-carboxylate, or a nontoxic
pharmaceutically acceptable salt, physiologically hvdrolvzable
ester or -solvate therecf.

28. 7-[(2})=2=-(2-anino~
thiazol-4~yl)=2-methcxyiminocacetanide]l=3-{3-(2-amino=-5-
thiazelo[4,5-c]lpyridinio)~l-grcpen-l-yl]~3-cephem-4~carboxylate,
¢ a ncntoxic pharmaceuticalily accestakle salt, physiologically
hyérolyzaktle ester or solvate thereof.

A

25. 7=-[{(2)=2~(2-amino-
thiazol-4~-yl)}=-2-(l-carkboxveyclobut=-l=oxyinmino)acetamido)=3~[3~
(2-methyl-3-thiazolio)~l-propen-l-yl] -3-cephem-4~-carboxylate,
or a2 nontoxic pharmaceutically acceptable salt, physioclogicaily
hy&rolyzable ester or sclvate thereof. '



A = 2 L
- 18. 7-[((2)-2-(2-am no-

-4-yl)-2- (1-carboxycycl obut-1-o0xyi m no) acet

(@\ -3-pyrrolinio.)-1-propen-1-yl | -3- cephemlmullﬂmﬁuu “‘“l

nont oxi ¢ pharmaceutically acceptable salt, phyS| oI ogi cdl Iy hidrdl y‘tabl,
ester or solvate thereof. 19. 7-1(2)
-2- (2-@®PG.no- thi pzadessd- Yo -the( 2raparbokgn prcnmmyumdfo)met am do] - 3-[ 3- (I -
et hyl pyo@bigli ni 0) -1 -propen-1-yl]-3-cephem 4-carboxylate, or a nontoxic
pharmaceutical |y acceptable sal t, phyS| ologically hydr ol yzabl e ester [err]
sol vat e t hereof=—26——-

7 [(2)-2- thiazol - LL NEa /S -
- car box ycI utf | - oxyl m no %/acet m o] 3-}3- b _
(2 rreth | t t 0) -:|l.-prop cephem 4-@ar boxyl ate, or a

nont ox} ph ceuticQB y_accept e sa )
ester or solvate thereof. S5

(2)-2-¢2-am no- thiazol - 4~y|) 2- nethoxylﬁpﬁoacetanldol 3-13-(2- net hyl -
t hi azol i 0) - 1- propen- 1-yl ] - 3- cephem 4- car boxyl ate,- ‘'or a nont oxi c
pharnaceutlcallx acceptabl e salt, physiologically hydrolyzable ester or
sol vat e wneee rofR.' 22 .hydrogen oran conventwna1 amino-protecting

7-1(2)- amznes hydrogen, a straight or branched chain alkyl

t hi azol h.fnxg ctcﬁt% rbpfw 24 af@p&w},m goedal gPdundod ke

met hyl t iazo pr open- cep hem4 carboxyl at e,

gyexs=y hydr ol yzabl e
7 1

4 4. COOR

R
d_cpecE-r® , - ;¢’°‘33 ¢ o
s 5

/.
N



. . - 82 - . .
or. a nontoxic pharmaceutically acceptable salt, physiol ogical
hydr ol yzabl e ester or sol vate thereof. 23. .

@7- [(2)-2-(2-am no- thiazol-4-y])-2-(1-carboxycycl obut-1-oxyi

-t hi azol i 0) - | “pr"&peh-

"sol vat e t herbuofepe@®@ently hydrogen, methyl or ethyl, or

etam do] -3-t3- (4-am nopyridinio)-1-propen-1-yl]-3-cephem 4-carboxyl

Iy

m no)

or a nontoxic pharmaceutically € salt, physiologically

hydr ol yzabl e ester or solvate t

her eof
7-[(2)-2-(2-am no- thiazol-4-yl) lwmﬂ‘ WEH“let am do] - 3-[ 3-(4-am no- 1-
pyridinio)-I|-propen-1-yl]-3-ceph 3 sal @ oOr a nontoxic - 80 -
t

pharmaceutically acceptabl e sal
sol vate thereof. 25.

7- [(2)

, physiologically hydrclvzable ester or

-2-(2-amno-_ thi azolp{a?;#i@y-gr(%gg'ﬁteEﬁﬁ‘_y%giraggifl%gamg%ﬁ; [(37£2- met hyl t hi o- 3-

g€, orza nontoxi
phar maceut i cHlogenc gt by @rshl verppiraxge oﬂ%cgl 14p oo
an .

c

:ﬂdr%’legféﬁqe ester or

7- [(2)

-2

(2-ami no- t hi Azal tdgethkr 2¢ith- €8¢ Raxyey altobuto whbxtyithenorac et tavindd) - 3- [ 3-
. (3-amino-1- p.)/{,}l dieNk Vycho PTGAGRene ¥ihg TonepieiRgd o ROXyIsakeroddr @ nontoxic

phar maceut i cal
sol vate ther&dt"*2%" _
7-[(2)-2-(2-am no-.. ® e ———

-N==0Q

is a quaternary ammonium group, and non-toxic pharmaceutically

acceptable salts, physiologically hydrolyzable esters and

solvates thereof, which process comprises reacting a compound

of the formula
: i - (o) P
N ) —————cona———-\/
/« 5 N~
' — H=CHCH,I
sy’ Vs Sor? 4 y -
: o COoE
wheresin RZl is the same as'R2 or is a group of the formula
-/ .
R‘
1 or ~L-coost

coos 15

agcept abl e salt, physiologically hydrol yzable ester or

™~
}

ate; '



t hi azol_-4-y| ) - 2- met hoxyi m noacet am do] - 3- [ 3- (4-car banmoyl -1 - pyridinio

*open | -yl]-3-cephem 4- car8B®»yl ate, or a nontoxic pharmaceutically

at abI e salt, physiologically hydrolyzabl e ester. or solvate. thereof. ,~
28 L(Z) 2- (2-am no- CJ
t hi azol 4-yl) - 2- met hoxyi ni noac-*érrdm do}—=3={3=(Z-ani no-5- thiazolo [4,5-c]
pyridinio) -1-proper.-1-yl 3-ce ylate or a nontoxic
pharmaceutically acceptabl e s*amllfmiﬁﬁh “J J | y hydr ol yzabl e est er or

-sol vate thereof. 29. L
7-[(2)-2-(2-am no- thiazol -4- yI) 2-
(1-carboxycycl obut -1 - ox3é| ni no)-acet am do] - 3 [3

(2- et Imylwhachhxazél and R°- propsnddfipep éBlvsepheri'}SMcar boxyl ate, or a

nont oxi ¢ phar rraceuhwa&,hypa@mmw‘plgeosﬂ 182 phyai ol ogi cal |y hydrol yzabl e
ester 9 V%&tﬁ gnﬁ%p and %.Ois 0 or 1Ava&909&5erfc@5r,t haiwé eparation of
corrpoun ?(?lr |mu err] I s hydrogen oran conventi onal
ani no- BFo‘f’éé'tl’nsg"ﬁF'Sﬁ? a["err] i S fOgen, a straight or branched chain

al kyl group containing fromg to 4 carbon atons, or a group of the formula

)

[ ERR] HN/
el
and
then reacting the resulting compound with R''1 tolproduce 3 : .
compound of the formula _ R \_)
(0)m
) s . _
j'\ J i com—T—{" 2w o
2.0/ g o2 ) Ve E=CHCH,NZEQ | _
oot

and, if m is 1, reducing.the sulfoxide,
| ana subsequently removing all protecting groups,
and further converting it, if desired, into its
pharmaceutically acceptable non-toxic salt, physiologically
hyarolyzable ester or solvate thereof.

31. A process for the preparation of compounds of the
formula. '

CoN

le'JI\ 5/” k“-z &'—_1" — Hscn-cé ?n=o




-82- in which R3 is hydrogen, (lower)alkyl or carboxyl, X is hal ogen,
hydr oxy or (| ower)al koxy, and [err.]‘zﬁﬁj'[ err] are each independently _

L_.?;dr'ogen, met hyl or ethyl, or [err] and [err] taken together with th¢
o

5 _’._/'

rbon atomto which they are attached, may be a cycl oal kyl i dene ri ng
Tontaining from3 to 5 carbonw a quaternary amoni um
group, and non-toxic pharmaceutically acceptable salts, physiologically
hydr ol yzabl e esters and sol vamum process conprises reacting
a conpound of the formula [ER m’[’mm S the sane as [err] or is a
group of the formula [ERR] -7 83 -t n"v\/mch [err] and [err] are as

‘defined above, [err] is a carboxyl protecting g’roup [err] 1s an

am no-protectin roup and mis 0 or 1, V\nthatertlaré/etcﬁmne or with a

. secondary a'fﬂeﬁégbfztﬂé HFTREE R OFERR] and then PRYETPR &"¥ esul ting
conpound wi g1puR,' B¢ tis mprdrdgee, @ straight or branched cham alkyl
group containing from 1 to 4 carbon aFoms, or a group of the

formula

1'1‘ i|r. | | COOR .
-?-cnscn-a"' , =c-a Y or
RS : '

_ . | _

-COO0H,
K \ . . s
e

in which R3 is hydrogen, (lower)alkyl or carboxyl, X is.
halogen. hydroxy or (lower)alkoxy, and R4 and Rs are each
independently hydrogen, methyl or ethyl, or R4 and Rs,

taken together with the carbon atom to which they are attached,
may be a cycloalkylidene ring coﬁfaining from 3 to 5 carbon
atoms, and o

-N=Q
) is a quaternary ammonio group, and non-toxic pnarﬁaceuticaliy
acceptable salts, physiologically hydrolyzable esters and

solvates thereof, which process comprises reacting a compound
of the formula '

(o)

N c CONE =y |
/ N\ -} © Xxx1
azm’Ls) p\oaz' &'_i = crfzapuﬂm3




compqund of the formul a [ERR?Sand, if mis 1, reducing the sulfoxide, ana
quently renoving all protecting groups, and further converting it, if

¥ed, into its pharnaceuti cal
physi ol ogically hyorol yzabl-e ester or solvate thereof. 31. A process

for the preparation of cor._v_pounds”mm"m("m:, I ERR] -84- wherein [err]
I s hydrogen or an : m’éu?' ng group, [err] is
hydrogen, a straight or branched thdi ntal Rylsgroup containing from1 to 4
carbon atons, or a group of the-fornmula [ERR] in which [err] is hydrogen,
(1 ower)al kyl or carboxyl, X is hal ogen, hydroxy or (lower)al koxy, and R
‘and R are gach independengﬁy" hyg;]ogen, metth/r:be gtgf‘gé{%l, or R and R taken
t ogetwnerein RA tisctiarvme asdin ©5 WhidcB itePtal?®. d, may be a
cycl oal kylidene ring containing from3 to 5 carbon atoms, and [ERR] is a
quat er nar yegsg¥oni o ‘group, __and'- non-ton'i‘c phar maceutical |y ' '

or -cf—cooa"

35

x.
in which X, r? and Rs_are'as'described above, Bl_fs.a
‘carboxyl-protecting group, 82 is an

. : . o \
amino-protecting group and m is 0 or 1, with an appropriate L,j
base such as hydroxyl fon .and then with a compound of the
formula. ’ '
P -1
' : C e - L o as)
in which =N=Q is. a quaternary ammonio group and .
is hydroxyl, chloro, bromo or- iodo, or_witﬁ an appropriate basg
such as hydroxyl ion and then with 2 compound of the formul:
R .
OHC=CH o= N
—<E
_ - ",
and then reacting the resulting compOund:with R'*l to proauce 2 K.)

_compound of tne formula

| o, . |
N c CONB—p—r” ® | |
Jl\ 1R | O xxx1iz
2 Nap2' : A& @ =g . .
32m” s OR CReCHCH,N=Q =

- COOB

eptabl e non-toxic salt, O

Y 2



acceptabl e salts, physiologically hydrea yzabl e esters and sol vat es thereof

whi ch process conprises reacting a conpound of the fornula [ERR| -8 3
erein [err] is the same as R2 or is a group of the formula [ERR| in,‘,

@Bich X, [err] and [err] are a cri bed above., [err] is a

car boxyl - prot ecti ng group, [er%na\pr\m ecting group and mis O

or 1, with an appropriate basem g{ roxyl ion and then with a

compound of the fornula [ERR] W’L s a quaternary
ammoni o group and [err] is hydro>€y| romo or iodo, or with an

appropriate base such as hydroxyl ion and thén with a conpound of the
formula [ERR] and then reacting the resulting conmpound with R'Il to produce

.a compound of, dt’hclafforrmlI dealing tne &8foxide,

and subseguently removing all protecting groups,

and further converting it, if desired, into its
pharmaceutically acceptable non-toxic salt, physiologicaIIy
hydrolyzable ester or solvate thereof.

32. A process for the preparation of compounds of the
formula :

conz ‘/ N | 1

N ‘ f
| N, ~ @
1WA\ /l konz &'— HEsCH-CH,-N=Q
R s _ 2
cod
wherein R1 is hydrogen or an | amino-protecting

group, RZ is hydrogen, a straight_or branched chain atkyl
group containing from 1 to 4 carbon atoms, or a group of the

formula
a4 ré COOR
! L csc-z3 or
--cl-cza=cx-a p -Cf-C= 5 ’
R> R®
Vo
\/ 4



and_ if mis 1, reducing the sul f&zi de, and subsequently renoving all
cting groups, and further TonVerting it, if desired, into its :
iteutically acceptabl e non-toxic salt, physiologically hydrolyzable Q

ester or solvate thereof. 32. . A process for the preparation of
compounds of the fornula [ERR] wherein [err] is hydrogen or an
am no- protecting group, [ m“l“‘muﬂmmna straight or branched chain

al kyl group containing fr | fidisliiols! at ons, or a group of the fornula
[ ERR] -87- in which [errt i%s hydMogé&n,*(l.ower)al kyl or carboxyl, X is

hal ogen, hydroxy or (lower)al koxy, and [err] and [err] are each
i ndependently hydrogen, nmethyl or ethyl, or R and R5, taken together with
t he carbon at gmto whi ch they are attached, ma){ be a cycl oal kyl'i dene ring
cont ai mimhdch rRomi 8 hxsiregeny BdAvatiotky! &Tq‘f%g rs* dSquat ernary amoni o
gr oupnaiadn Naydroxy orphiewardelkdxyal dyd ACcept &0 ereMac8, physi ol ogical Iy
hydr of yzelah &y h Fardigen 5 Gletal Bort Bes QT orvifi ahdrbicess conprises reacting
a CO”E%EQ}dtogether with the carbon atom to which they are attached,

may be a cycloalkylidene ring containing from 3 to § carbon

atoms, and

1)
"N.—_".:O . : L /
| | )
is a quaternary ammonio grdup, and non-toxic pharmgceutically -
acceptable salts, phy;ioIogica]!y hydrolyzable esters and N
solvates thereof, which process comprises reacting a compound
of the formula ' : :
o),
8 _
| NI ‘ ﬁ CONH 1 b v
. Nao2' o//F_“ HO
2 [ OR
B“HN 1
' , ’ CoOBR™
wherein RZ' is the same as RZ or is a group ¢“ the formula _ | 5 ?
. "’
COOB1 or ?‘ 1
-C-CO0B



of the fornmula [ERR] wherein [err] is the sane as [err] or is a group of
the formul a [ ERR] in which X, [err] and [err] are as described aboveg
gsgr] is a carboxyl-protecting group,ggerr] is an am no-protecting gyQ

d mis O or 1, with a conpound of the fornula [ERR] in which X is c\
brono or iodo, or with a conmpound-of—the—fornuta R [[ERR] and then reac

the resulting conmpound Wth ' e a conpound of the fornmula [ ERR]
and, if mis 1, reducing the mﬂmgﬂ HlHubsequent ly renmoving all
protecting groups, and furth W if desired, intoits

pharmaceutically acceptabl e non-toxic salt, physiologically hydrolyzable
ester or sol vate thereof. ' '

in which x, /%

and RS are as described above, B! is a
carboxyi-protecting group, Bz is an
amino-protecting group and m is 0 or 1, with a compound of the

formula
— . XX
(CGSSEP'QHCHZN"'Q e
\Mj in which X is chloro, bromo or iodo, or with a compound of the
formula ' :
R
l:>N-CHi—-CH = P(Ph),
R
and then reacting the resulting compound with R''l to produce a
compound of the formula
N o) o
s.
N\ ‘ Q cous-—---T’, «©© X1V
@
- ) J\ ) N2’ & TN ScrmcucE =0

and, if m is 1, reducing the sulfoxide,
and subsequently removing all protecting groups,

and further converting it, if desired, into its
pharmaceutically acceptable non-toxic salt, physiologically
hydrolyzable ester or solvate thereof. '



-89- 33. The process of Clainms 30, 31 or 32,characterized in that the

C ounds a - u, or their non-8xic pharmaceutically acceptable salt, their -
@ol ogi cally hydrol yzable ester or their solvate thereof, are

aetured: a) L _ C/

7-[(Z) 2- (2-am not hi azol - I noacet am doj -3
-[3-(l-methyl pyrrolidin ropen-1-yl ] - 3-cephem 4- car boxyl ate, b)
7-[(2)-2-(2-am not hi azmnw&"ﬂuEMHW m noacet ani do] -
3-(3-pyridinio-1-propen=I=yj=y car boxyl ate, c) :
7-[(2)-2-(2-am not hi azol -4-yl) - 2(5 carboxy 2-
propoxyi m no) acet am do] - 3- (3- pyri di ni o-1 - propen-1-yl) - 3-cephem

[( 0Xy| at @, %ess of Clalt)s 30¢|31 01“Q32 %;:‘;Iac;enzled in
7 nOt % i n&:ﬁh QY rQtdutizaily
oXYi 'Pﬂ)") éc%t °nf&o 53 Hfﬁm%rl h0i Pavha O ARENG - Y1 1-3-
cepheAt“&PEAP Ho¥it at e“'e 9

7-[ (Zpreir( Eomtnotmm& ir‘ﬂ"?mzf‘(clt%%f’r boxycycl obut -1 -

oxyi m no) acet am do] - 3- (3- pyri di ni o- 1- propen-1-yl ) - 3-cephem 4- carooxyl ate,
f) 4 1 )(23-82¢ zathﬁl%thhawi -Myﬂ)?-ﬂte(:ho:qalmboxg/m@irodﬂt-sl -

oxyi m %)( Cet ’égé %.,L?r g,.qrq, h;g)szeL&Le'i -6 Parvlodly THtR;

1- prop car bo ate

7-1(2) - 2- (2 am noth| azol - t)r/ rret hox I m noacet am. alf]

3 [ 3- bAri met hyll @imdnt oRpmiogy 'Gﬂéﬁ"f'yﬂ meL RO PR aG 6>’<‘§/?°a1te h) \
7-1(Zp- (23-(p3raann1@t-m+mmlen41w))-JQCﬂ'Pé'ter'lok'yqar?PH@ab’éleam do] - J
3-[3-(3-am nopyridinio)-1-propen-1-yl]-3-cephem 4-carboxyl at e,

c) 7-[(2)-2-(2-aminothiazol-4-y1)-2-(2-carboxy-2-
propoxyimino)acetamido]-B-(3-pyridinio-1-propen-1-y1)-3-cephem-
4-carboxylate,

y 2

d) | 7-[(Z)-2-(2-aminothiazol-4-yl)-2- (1-carboxycyc10but «l-
oxyimino)acetamido]-3- [3 1-methy1pyrrolidinio) -l-propen-1- y1] 3.
cephem-4- -carboxylate, : :

e) 7-[(Z)-2-(2-aminothiazol-4-y1)-2-(1- carboxycyclobut-1-
oxyimino)acetamidol-3-(3- pyr1 Zinig=l-propen-l-yl}-3-cephem-é-
carpoxylate,

f) f-[(Z)-Z-(Z-aminotniazoi-4-y1)-2-(lfcarboxytyc1obut-1-
oxyimino)acetamido]-3-[3-(2-aninc-5-thiazolo[4,5-cjpyricinio-
1-prppen-l-yl)-3-cephem-4-carboxy1ate,-

) 7-[(2)-2-(2-aminbthiazol-4-y1)-2-methaxyiminoacetamido],
3-[3-(trimethylammonio)-1-propen-i-yl]-3-cephem-4-cartoxylate,

h) 7-[(2)-2-(2-aminothiazol-4-yl)-2-methoxyiminoacetamido]-
3-[3-(3-aminopyridinio)-l-propen-l-yl]-3-cephem-4-carboxylate,



-90- i) 7-[(2)-2-(2-am not hi azol - 4=y8@-2- net hoxyi m noacet am do] ‘
3-[3-(1-nethyl-3-pyrrolinio)-I-propen-1-yl]-3-cephem4- carboxylate, j ~ 0
/<[ (Z)-2-(2-am not hi azol -4-yl)-2-(1-carboxycycl obut -1 - _,
oyyi mi no) acet am do] - 3-[ 3- (1-met hyl - 3-pyrrolinio)-1-propen-1-yl] -

3-cephem 4-car boxyl ate, k) 7- [(Z) 2- (2-am not hi azol - 4-yl ) - 2- (2- car boxy- 2-
propoxy| m no) acet-am doj - 3- | 0) - 1- propen-

| -yl]-3-cephem 4- car boxyl at e,

7-[(2)-2-(2-am not hi azol - 4-y cl obut-1- -

oxyi m no) acet am do] - 3-[ 3- 2- WL“II“‘ mm&m!uol 1.0) - 1- pr open-
1-yl]-3-cephem 4-car boxyl ate, *m

[(2)-2-(2- amnot I NQE mido]l-
802 et - 3t HrRel ><¥13mp*53’t"?m%‘y+ Py Rt %L,
[(2)-2-(2- 3a[3rhb-tﬂw|ta:b11-my'r3 i} f)z car 7 2¥
opoxyi m nxaxoespt@e] - 3- [ 3- (2- net hyl t hi o- 3-t hi azol i 0) -

propen-| -yl ]-3-cephem 4-car boxyl ate, 0)

[(2)-2-(2- mnOthig% g A%l da Aok b1 £ DXY0NeL PRllarboxycyclobut-1-
%I m no) aC ?&% \acer3 m'f(do]apﬁoie¥r$ect'hgh SpyrP5ORE8) drplebpeh-1-y11-
[

[

[

[

-

. 3-

. pr

P
X

hem 4- carBdid

(2)-2-(2- ia'lﬁeﬁb?mférﬂ%—v;}ﬁe*z met hoxyi mi noacet ani doj -

3-(4-am no- 1-pyridinio)-1-propen-1-yl]-3-cephem 4-carboxyl ate, Qq)

€Z) - 2- ( 2-@yi not h1 g7 = Z(2k pm trort szody i Ay Hode 62 -arrboy y-2-

3{}‘ (2- met hyrlotpralxgi&fntohhm&i g3 143-p5onaRtiy Wyrdo LRAREEH) A~propen-

1-y1]-3-cephem-4-carboxylate,

7
7-
0
ce
7-
3-
7

L4/ _ l) 7-[(Z)-Z-(2-aminothiazb1e4-yl)-Zo(l-carboxycyclobut-l-
oxyimino)acetamido]-3-[352-methyltnio-3-thiazojio)-?-propen-
1-yl1]-3-cephem-4-carboxylate,

m) 7-[(2)-2-(2-aminothiazol-4-yi)-2-methoxyiminoacetamido]~ - .. ...
3-[3-(2-methy1-3-thiazolio)-l-dropen-1-y1]-3-cephem-4-
carboxylate,

n) 7-[{Z)~2-(2-aninothiazol-4-y1)-2-(2-22rboxy-2-
propozjimino)acetamica]-3-£3-(Z-methy1thio-3-tniazolio)-
l-propen-1-yl]-3-ceprem-4-carboxylate,

[\ o) | 7-[(2)-2-(2-aminothiazolb4-y1)-2-(1-carnoxycyclobut-1-
oxyimino)acetamido}-3-[3e(4-aminopyridinio)-l-propen-l-y11-3-
cephem-4-carboxylate,

p) 7-[(Z)-Z-(Z-aminothiazoioaoyT)oz-methoxyiminoacetamido]-
3-[3-(4-amino-1-pyridinio)-i-propen-l-yl]-3-cephem-4-carboxylate,

q) 7-[(2)-2-(2-aminothiazol-4-y1)-2- methoxyiminoacetamido]-
3-[3-(2-methylthio-3-thiazolio)- T-propen -1- yll -cephem-4-
carboxylate,



car boxyl at e, -91 - 1) =791 (<€) - 2- (2- ami not hi azol -4-yl )-2-(
1-cag ;A‘ycyclobut-l-

oxy! hy‘s)acetanldo] 3-[3-(3-am no-1-pyridinio)-1- propen- 1-yl]-3-
cepher+2- car boxyl ate, s) _=

7-[(2)-[err](2-am nothi azo oxylnlnoacetanldo]

3-[3-(2-am no-5-thiazol o[ 4, 5-¢ pyr|d| ni-o) - 1- propen-1-yl ] - 3-

cephem 4-car boxyl ate, and u) 7-[(2)-2-(2-am not hi azol -4-yl )-2-(
1- car boxycycl obut - 1- '

oxyi Mpyo) aceya zip.]z- %zlﬁm(n%wesmLaSyﬁhlzamemui,wmeutlr.yl ]-

7-1(2)-2-(2-am not hi azol - 4- yI) noacet am do] - _
.-3-[3-(4-carbanny|-1-pyr|d| qmuﬁii I] 3-cephem 4- carboxyl ate, t)
S

3cep 4-can _proc . iy .J_ iim 30, 31 or
ra "e'afr?t“’fil %’%Egu c,[r ged‘““ﬁ"aﬁ qﬁ?%{(}s’f gré‘é‘?ﬁ‘g Jrr'%l es -and

PrepaF&P?%ﬂﬁf"SB oxy¥Iatenpound as claimed in claiml prepared by a process

as claimed in any of clains 30 to 34. 36. A pharnmaceutical conposition

conpr is$i-ng a7GD(mmnd26mlmloahﬂabll-m-ﬁny»ZGiﬁeﬂioaIylﬁ*lﬂnic@tﬂﬁ]‘cdl‘- claim
3-[3-(d4-carbamoyl-l-pyridinio)-1-propen-l-yl]-3-cephem-4-
carboxylate,

t). 7-[{Z)~" {2-aminothiazol-4-yl}-2-methoxyiminoacetamiccl~
3-[3-(2~-amino-5- thiazolo[4, 5-c]pyr1a1n*o) l-propen-le-y1i-3-
cephem-4-carboxylate, and

u) 7-{(Z2)-?-(2-aminothiazol-4-y1}-2-(1-carboxycyclobut-1-
pxyimino)acetamido]-3-[3~(2-methyl- 3-thiazalio) l-propen-1 -yl]-
3-cephem-4-carboxylate, : :

o
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35, and a pharnaceutical ly acceptable carrier or excipient,

- oz | ] U O
* c L L s *

34. A process as claimed in claim 30, 31 or 32,
substantially as described in any of the foregoing
Examples and Preparations.

35. A compound as claimed in claim 1 prepared by

a process as claimed in any of claims 30 to 34.

36. A pharmaceutical composition comprising a
compound as. claimed in any of claims 1 to 29, or claim
35, and a pharmaceutically acceptable carrier or

excipient.
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