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when conpar ed

amno;, Rl is nethyl ethyf propyi isopropyl cyclopropyl t-butyl, or
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carboxylic acid ester derivatives, to processes for
the preparation thereof, and to'composition
containing them. The compounds are of use as
antibacterial agents.

According to one aspect of the present invention
there is provided a compound of the formula:

=CONH_X
Rsll?li&_rl’

R! - COOR?

which exhibits very high oral availability when
compared with free acid forms; and wherein R is amino
or protected amino; o

-~ R! is methyl, ethyl, propyl, isopropyl,
cyclopropyl, t-butyl, or cyclopentyl:;

R? is hydrogen, chloro, methoxymethyl,
propoxymethyl, isopropyloxymethyl, propenyloxymethyl,
fluoroethoxymethyl, or carbamoyloxy-
methyl;

R3 is a pharmaceutically or veterlnarlly
acceptable ester group; and

X is sulfur or sulfinyl

The fcllow1ng exzlains the varizble groups in the formulal
(1).

The amino Protecting group in the protected anino R czn be

1C to €C alkaznoyl or substituted glkenoyl (e.g., formvl,



.nethyl; R3 is a pharmaceutically or veterinarily 30 accept abl e ester T
group; and X is sulfur or sulfinyl The fcllow ng explains the variable

groups in the formula 35 The amino protecting group in the P
protected am no R can be 1C to 8C alkanO)é;r or substituted al kanoyl (e.g.,
fornmyl 2 acetyl, chloroacetyl, trifludroacetyl), 7C to 20C aral kyl or

substituted aralkyl e.g., benzy I Ehen ylmethyl, trityl, methoxybenzyl,
ni t r obenzyl GQﬁiﬂiwlG@H?VPPceEEIFotSGf yesereetal) al 1§ 1tq £%C 2r2alkyl or

O T R BB o e R S
aral kyl i dene, §¥£ %1%“%5%%&3? m@;ﬁ?lgenzﬁfﬁ?yiéckg“%c substituted
ni t robenzyl i dene acy oXxy .
alkyl (le.c., t.zqnlc omethyl, trichloroethyl, tetrahycrogyran~- -
5 yl), substituteé -arylthio, 1€ to &C alkylidene o: substituted
alkylidene, 7C to 14C aralkylidene or substituted aralkylidere.
(e.c., benzylidene, nit:obeh:yliéene), acyl {2C tec 12C alkoxy-
carbonyl or substituted alkoxycarboryl (in which the alkyl
10 part can be nethyl. ethyl, propyl, cvclop;ouylethyl. iso-
propyl, butyi, pentyl, hexyl, isobutyl, trichlcroethyl, (;)\
yyrxdylnethyl. cyclopentyl, cyclohexyl), SC to 15C arzlkoxy- -
carbonyl or substituted aralkoxycarbonyl (in unich the aralgyl
15 pért can be bencyl, cipghenvlmethyl, ritrocbenzyl), dibasic acic
acyl for example,  trialkylsilyl, trialkylstannyl, acic
addition sa1£ group consisting of ar amino group and arn acid
nolecule, and other similar grouns - well known in the art. Cne or
20 two of the protecting grogp.cgn Eémbine to th?_amino‘grggp.
The pharmaceuticallyior'veterinarilyﬁacceptable ester-grOUp'R? can be a
group - showing strong antibacterial potency on enteral or
parentersal admiﬁistration. Ptefe:ably, Rr? éan be a 2C to 15C \;J
22 ester group, especially substituted alkyl ester, for example,
straight, branched, cyclic or partially cyclic alkanqyloxyalkyl'
ester (e.d.. aéetoxymethyl ester, acetoxyethyl ester, pivalcyl-
oxymethyl ester, pivaloyloxyethyl ester, cyclohexaneacetoxy-
>0 ethyl ester) or alkoxyformyloxyalkyl ester (é.g., ethoxy-
carbonyloxyethyl-ester), alkoxyalkyl ester, 2-oxacycloalkyl

ester, 2-020-1.3-dibxolylmethyl ester, (g.g., 4-methyl-2=-oic-

35 1,3-Gioxol-5-ylmethvl ester), or the like l-ouygenzted~1C to



scarbonyl or substituted al koxycarbor.yl (in wnich the alkyl 10 part can be.
et hyl , ethyl, propyl, cyclopropylethyl, iso- propyl, butyl, pentyl, hexyl,
i sobutyl, trichclcroethyl, pyridylnmethyl, cyclopentyl, cyclohexyl), 8Cto
*15C ar al koxy- carbonyl or substituted aral koxycarbonyl (in which the
aral kyl 15 part ican be benzyl, diphenyl net Ryl nitrobenzyl), dibasic acid
acyl for exanple, trial kylsilyl, trialkylstannyl, acid addition salt
group consistipg-efkpl éwdersin aubstitardaardlkypl eestiex nd .ot fphenacpil ar
groups - well known in the art.. One or 20 two of the protecting group can
conmbi ne to thesaetpophtinali dyhes sten)nacayli eskky be. Vet Bhetl 1g5t@tecpPaBle
ester groun [err] can be a group showi ng strong anti bacterial potency
on enteral or esheEnt BYAY1 0B84 SN st 43I B eslbteégera-bl y, [err] can be a 2Cto
15C 25 ester group_ especiaglly_substitute | kyl ter £,

\?{6? f)%l??l%+llég Oq:' %Oklgg'.lﬁé ?;1 JI'?CE %;]]%0

(Straight, bi anchedS°B§cPt c V. cycli ¢ anoyl oxyal
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ester (e.g., acetoxynethyl ester, acetoxyethyl ester, pivalcyl- oxynethyl
ester, pival oyl oxyethyl ester, cycl ohexaneacetoxy- ethyl ester) or

al koxyf ormyl oxyal kyl ester (e.gs., ethoxy- carbonyl oxyethyl ester),

al koxyal kyl ester, 2-oxacycloal kyl ester, 2-oxo-1,3-dioxolylnmethyl ester,
(e.g., 4-nethyl-2-oxo- 1, 3-dioxol-5-ylnethyl ester), or the |rke ,

| -oxygenated-1[err] to 35 -3- 12C-al kyl esters); substituted aralkyl
ester (e.g., phenacyl ester, phthajidyl ester); aryl ester (e.g., phenyl
~ester, tolyl ester, xylyl ester, incanyl ester). Sonme of the free acids of

conpound (I }oa8duhgkated o1 dfheld 140 gapanese patent Aprplication Kokai

57-83%¢82, ' but none of pha:maceutically écéeptable esters
are disclosed. The present inventors found verf high oral
availability of the esters of the present invention.

5 The compounds (I} act as antibacterials against aerobic ::md
anzerobic bacteria anc are useful as an oral medicine.
Characteristic features of compounds (1) &re antibacterial
pétency against Gram—-positive anc¢ Gram~negative bacteria,
remarkable oral availability, excreticn, distribution, etc.

ip For the prevention or treatment of human infections, conmpound
(I) may be formualted by a conventional method and administered - _
usuelly at a dailyldose of 0.1 to 6 g (injection), 0.5 to 5 g
(oral preparation), or 0.0l to 100 mg (topical or suppository
preparaticn). The formulation may contain various additive,

15 other antibacterial's., Further, compound (I) may be
used as a starting material for producing other antibacterials
or 2s a material for testing sensitivity of bacteria. The

compound (I) having a protecting group is also useful as an

intermedizte for producing the said antibacterial compound (D). U/

20 Both of the geometric isomers at the Gouble bond in the
7-side chain zre antibacterials, but the isomer
having the axmido bond anc B! group ir. cis position is a more
potent ahtibacterial. The trans isomer is also useful as a
starting material for producirng the cis isomer.

25 Amcng the compounds (I), preferable ones for oral

4



:25 30 35 -4- conpounds are clainmed in Japanese Patent Application Kokai

57-93982, but none of pharnaceutically acceptable esters are
di sclosed. The present inventors found very high oral availability of the
“esters of the present invention. 5 The conpounds (I) act as

anti bacterial s agai nst aerobic and anaerobPc=bacteria and are useful as an
oral nedicine. Characteristic features of conpounds (lI) are anti bacteri al
pot ency agai nst Gram positive and G am negative _bacter,i remar kapl e oral

3 a
avai | abi | i ty, asaabbhity are; BieF8nnaxing ety n RHP oy BRIRNL or
treatment of H¥EHrdpWEFtdPNEycLopRopRl ab) R1RY pivalaylodmethyl a
conventional nethod and adggnisterﬁg,usugll¥ at'%l%@iIXtﬂﬂﬁ? of 0.1 to 6 ¢
(injection), % ageko¥ymethyl as K%, and propenyl '
fluoroethoxymethyl, methoxymethyl, isopropoxymethyl,
. S carbamoyloxymethyl, hydrogen, or chloro as R2.
Specific examples of preferable compounds
include: B
a compound wherein R is amino and wherein R!
is ethyl R? is CH20CHCH=CH; R® is
10 pivaloyloxymethyl and X is sulfur or
R! is ethyl R? is CH,OCH;CHaF R?

L is pivaloyloxymethyl and X is sulfur or
W, R! is ethyl R? is CHyOMe R? is
pivaloyloxymethyl and X is sulfur or

15 R! is ethyl R® is CH,OCH(Me), R® is

pivaloyloxymethyl and X is sulfur or
R! is ethyl R? is hydrogen R3 is
pivaloyloxymethyl and X is sulfur or
R! is methyl R? is CH;O0CONH; R?® is
20 - pivaloyloxymethyl and X is sulfur or
R! is ethyl R? is CH,OCONH, R® is
- pivaloyloxymethyl and X is sulfur or
R* is ethyl R? is hydrogen R® is
ethoxy- carbonyloxyethyl and X is sulfur or
/ 25 ' R! is ethyl R? 'is hydrogen R? is
pivaloyloxymethyl and X is sulfur or
R! is ethyl R? is hydrogen R? is
acetoxyethyl and X is sulfur or
R! is ethyl R? is hydrogen R3 is
30 acetoxymethyl and X is sulfur or
R! is methyl R? is hydrogen R? is
pivaloyloxymethyl and X is sulfur or
R! is ethyl R? is CH,OCONH; R?® is
acetoxyethyl and X is sulfur or '
35 R! is ethyl R? is CH,OCONH; R® is
ethoxycarbonyloxyethyl and X is sulfur or



(oral preparation), or 0.01 to 100 ng (topical or suppository preparation). .

The formul ation may contain various additive, 15 other antibacterials.
Further, conpound (1) nay be used as a starting material for producing
other antibacterials or as a material for testing sensitivity of bacteria.
The conpound (1) having a protecting group is also useful as an

I nternmedi ate for producing the said antibacterial conmpound (I). A 20

Both of the geonetrie ggg)%iﬁg Iﬁ,%lﬂfqu&odfboégﬁ sside chain are
vi ng 0 “bond an

anti bacterials, but the_isoner : e amd [err] "group ir.

cis position 8 BRiyaleyieramethil And X ks sukfurraks isomer is also

useful as a startingimigee 21 opYop¥ IO RCii) Hytrddeén IRONEE - 25 Anong

t he conpounds SI%_ g&%fera e ones, for gra]l - -:ayailability'are t hose

havi ng met hyl PLERAOY. Y], sad}ﬂ(?qu' WLEYE 1 BFropyl as [err]

pi val oyl o&net hyl R! is ethyl R? is chloro R® is . :

pivaloyloxymethyl,and X is sulfinyl or _
R! is isopropyl R? is hydrogen R® is .
pivaloyloxymethyl and X is sulfur or
R! is ethyl R? is hydrogen R?® is .
10 cyclohexaneacetoxyethyi and X is sulfur or
R? is'ethyl__l_!2 is hydrogen R® is
5-methyl-2-ox0o-1,3-dioxol-5-ylmethyl and X is sulfur
or L S

R! is prole_R’lis hydrogen R3 is

15 pivaloyloxymethfl-and X is sulfur or

R! is ethyl R? is CH,0CONH; R® is
pivaloyloxyéthfldandlx is sulfur or

R! is cyclopentyl R? is hydrogen R?® is
pivaloyloxymethyl and X is sulfur.

20 The compound (I) having é.pfotecting group is
useful also as an intermediate for producing the said
antibacterial compound (I). o

The compounds of this invention can, for
example, be ptoﬁuced as follows. Generally,

- 25 protection and_deprptection,of-a functional group
(e.g., amino, hydroxY) in compounds (I) can be done
conventionally according to methods described in
various references, including patent publications.
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'Qr_acetoxynethyl as [err], and propenyl oxynet hyl, fl uoroethoxynethyl,
met hoxynet hyl , isopropoxynethyl, 5 car banoyl oxynet hyl , hydrogen, or

chloro as [
cédnmpound wh
[err] is 10

err] Specific exanples of preferable conpounds include: a

erein Ris amno and wherein [err] is ethyl R2 is CH20CH2CH=CH2

pi val oyl oxynethyl and X is sulfur or RL is ethyl R2 is

CH20CH2CH2F [err] is pival oyl oxynethyl and X is sulfur or RL is ethyl R2 is
[err] is pival oyl oxynethyl and X is sulfur or 15 [err] is ethyl
is [err] is pivaloyloxymethyl and_X9is sulfur or RLis ethyl R2is

rr] is pival oyloxynmethyl and X is sulfur or RLis nmethyl R2 is

hydrogen [e

CH20CONH2 [gnr] ixsig@ticpival oyl oxynmethyl and X is sulfur or RL is ethyl

is CH20CONH2 Rs i s

The amine (II) or its rezctive derivative may be reacted with
carboxvlic acia (III) or its reazctive cerivative in a

conventicnal manner to give the objective conmpounc (I) or its

Cerivatives. N——C—CO0H
R)ﬂsﬂéi
(11t) Ilil
HoNeo XN -(CH, X~
I (3 h I 0 \-—r
L_N g — > R i
(11} COCR3 (n E COR?

vpical reactive Gerivative of amine (II) have 7-amino

activated by e.g. silvl (e.g., trimethylsilyl, methoxvdimethyl-

silyi, t-butyldimethylsilyl), stanayl (e.c., trimethvlstannvl),

alkylene (as a part of the enamino of the amino with e.g.,
alcehyde, acetone, acetylacetone, acetoacetate ester,
acetoacetcnitrile, acetoacetanilide, cyclepentzneéicne,

acetylbutyrolactone), alkylidene (e.g., l-nhalcalkylicdenne,

‘1-hal oaralkylidene, l-alkoxyalkylidene, l-alkoxyarzlkylidene,

S
i\_/_
10
15
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20

1-all:o_::y-l-ph'enoxyalkylidene,. alkylidere, arazlkylidGene), acié
(zs a salt of tﬁe amino with, e.c., mineral acid, carboxylic
acid, sulfcnic acid), easily removable acyl (e.g., alkanovl),
and inciude molecules - protected at other functions of the
nolecule.. |

Clarbdxylic acid (IID) may be used in the presence of a

concéersing reacent ([carbodiimide (e.g., l,N'-diethylcarbodi-

imide, N,N'-dicyclchexylcarbodiimide), carbonyl compound (e.g.,

carbonyléiimidazole), isoxazolinium szlt, acylamino compounc

L

R2

R2



pi val oyl oxynmet hyl and X is sulfur or RL is ethyl R2 i.s hydrogen [err].is .

et hoxy- carbonyl oxyethyl and X is sulfur or 25 [err] is ethyl R2 is "~
hydrogen [err] is pival oyl oxynethyl and X is sulfur or RL is ethyl R is
hydrogen [err] is acetoxyethyl and X is sulfur or R is ethyl R2 is «®

hydrogen [err] is 30 acetoxynethyl and X is sulfur or R is nmethyl R2 is
hydrogen Terr] is pival oyl oxynethyl and X is sulfur or RL is ethyl R2 is
CH20CONH2 R3 is acetoxyethyl and X is sul fur or 35 [err] is ethyl
R2 is CH20CONH2 [err] is ethoxycarhonyl oxyethyl and X is sulfur or Rl is
tertiary butyl R2 is hydrogen [eFr? -

(e.g., 2fethoxy-lfethoxycarbonyl-l.2-dihyd:oquiﬁoiine),for
examnle. - Reactive derivatives'ﬁuﬂude  acid anhydrides (e.o.,
symmetric anhycdride, mixed anhydride [with a ﬁineral acid
(e.g., phosphoric acid, sulfuric acid, carbonic half eéter),

5 orgarnic acidé (e.g., alkancié acié, aralkancic acig, sulfo;ic
acid)l, intramoleculaz acidg anhydridé (e.g., isocyznate,
ketene), acid halide (i.e., 2 mixed anhydride of the acid with

- hycérogen halide)}, acid halide, reactive ester [enol ester Q;Qﬂ
(e.c., vinyl ester, isopropenyl ester), afyl es;er (e.g., k#

10 phenyl ester, halophenyl ester, nitrophenyl ester), heterc-
cyclic ester (e.g., pyridyl ester, l-hydro#ybenzotriazolyl
ester), ester with N-hydroxy compound, diacy;hydroxylamine
'ester (ester with €.g., H-hydroxysuccinimide,lN-hydroxyphthal—
imide), thiol ester’(e.g.; aralikylthiol éster, hetérocyclic

15 thiol ester), for example]-, reactive aride [é.g., aronatic
~anide (e.g., amide with imidazole, triazole, 2-ethoxy-1,2-di-
hycdroquinoline), diacylanilidel, for example. The acid
scavenger to be used with the said reactive derivaiives incluce \;)_
an inorganic base (e.g., oxide, hydroxide, carbonate, hycrogen

20 carbonate, : elkali metel, alkalire earth metal),
orgaric base (e.g., tertiary amine, aromatic base,), orirane
(e.g., alkylene oxide, aralkylene oxiée), pyfidinium salt
(e.g.,_tripyridiniumtriazine trichlo;ide), adsorbent (g.g..

Celite), for example.



i's.pivoloxymathyl and X is sulfur or RL is cyclopropyl R2 is hydrogen Rs is
pi val oyl oxynmet hyl and X is sulfur or 5 Rl is ethyl R is chloro-
Lerr] is pivaloyloxymethyl and X is sulfinyl or RL is isopropyl R2 i's
hydrogen [err] is pival oyl oxynethyl and X is sulfur or RL is ethyl R2 is
hydrogen [err] is 10 'cycl ohexaneacet oxyethyl and, X is sulfur or RL is’
ethyl R2 is hydrogen [err] is 5-nethyl-2-oxo0-1, 3-dioxol -5-ylnethyl and X is
sul fur or-Rl is propyl R2 is hydrogen [err] is 15  pivaloxymathyl and X is
sulfur or RLis ethyl R2 is CHO®ZONH2 [err] is pival oyl oxyethyl and X is
sulfur or RL is cyclopentyl R2 is hydrogen [err] is pival oyl oxynethyl and X

Is sulfur. 20 The conpound (1) having a protecting group is
. 2) Introduction of the 3-substituent, : '
Y Compound (I) but having & leaving group-substitutecd methyl

et position 3 oy be treated with a hetero aromatic thiol, aromatic
base, or reactive derivative thereof giving objective compouné

5 (I). Halogen, sulfonyloxy, alkanovloxy, dihaloacetoxy, tri-
haloaéetoxy, are the tyoical leavine groups. An
alkali metzl szlt, ammonium salt, carboxylzte ester,

N, are typical reactive derivatives of the thiol. The

reaction may proceed at 0°C to 60°C even irn anhydrous or

10 agueous solvent. This reaction may be promoted by e.2. a dehydrating
reagent, phosphoryl chlorides, thiocyznates.

Compound (I) having alkanoyloxymethyl or carbamoyloxymethyl
at position 3 may be prenared from compound (I) but having
hydroxymethyl at position 3 and protected-.-carboxy at position 4

15 by treating with a reactive derivative of alkanocic acid or
ll~protected carbamic acid, and if required, deprotected at thé
stage vhere the objective group can remain-in the target

\ . compound.

Compound (I) having no carbon ztom attached to position 3

20 can be prepared by the reaction of 3-(hydroxy or oxo)=-compounc
(if required, after activation by e.g. acylation, halogeration
with e.g. a nucleophilic reagent, to give a 3-nucleo-

'philic group substituted compound; or by elimination reaction
of 3-(hydroxy, acyloxy, or halo)cepham compound by heat or with

25 base; reduction of a 3-(acyloxy or halo)-3-cephem compound



useful al so

as an internediate for producing the said antibacteri al .

compound (I). The conpounds of this invention can, for exanple, be produced

as ;foll ows.
group (e.g.,

General ly, 25 protection and deprotection of a functional
am no, hydroxy) in conpounds (I) can be done conventionally

according to nethods described in various references, including patent
publications. 30 35 7- 1) Am dation. The amne (I1) or its reactive
derivative may be reacted with carboxylic acid (I1l) or its reactive

derivati ve

n a conventicnal manner -t d0gi-ve the objective conpound (1) or

its 5 derivatives.

10

20

giving 3-unsubstituted compound for example, €ach in a

conventional method. : : -

3) Isomerizaticn at position 7 gide chain.

Each ceometric isomer of Compouné (I) can be transforned

into the other. This reaction mav take Flace by the acticn of

acid, base or light. Here, the said acid includes & mineral

acid (e.g,, hydrochloric acid, sulfuric acid, phosphoric acié),';;L\
carboxylic -acia (e.g., formic &cidé, trifluoroacetic acid), ~
sulfcnic=a;id {e.g., methanesulfonic acid, benzenesulfonic

acigl, -3 the said base inrcludes an irorcanic base (e.g.,

sodium hyéroxide, sodium hydrogen carbonate, potassium

carbonate), strong orcanic base (e.g., triethylamine, potassium

t-butoxide, DBU),

4) Esterification of carboxy.

The carboxy group at position 4 can be esterified by a
known method, for example, a) A reaction of an zlkali metel .g;)_'
salt of the carboxylic acia with a halide, sulf&nate, for-exam-~
ple : of the ester group in the presence of &an acid scavenger.
b) A reaction of the carboxylic acid or its reactive
derivative hith alcohol having the ester group in the presence
of a condensing reagent. c¢) A reaction of the carboxylic acid

with a diazo compound having the ester group.



[.err] ypical reactive derivative of amine (1) have 7-amino activated by
e.g. silyl (e.g., trinmethylsilyl, methoxydinethl- silyl, .
t-butyldinmethylsilyl), stannyl (e.g., trinmethylstannyl), 10 al kylene (as a
part of the enanmino of the anmino with e.g., alcehyde, acetone,

acetyl acetone, acetoacetate ester, acetoacetonit.ile, acetoacetanilide,
cycl opent anedi cne, acetyl butyrol actone), alkylidene (e.g.,

1- hal oal kyl i denne, | -hal oaral kyl idene, 1-al koxyal kyl i dene,
1- al koxyaral kyl i dene, 15 I-aIIkoiy T- phenoxyal kyl i dene, al kyli dene,
aral kylidene), acid (as a salt of the amno with, e.g., -mneral acid,

car boxylic agid gble ac (e.g., alkanoyl),
and i ncl ude 2 £ ' édp. t he mol ecule.. 20

Carboxylic acid ghih) cBﬁ%{lo@Rc used Hdy Kahfinlaf eaePes md1 W) dRheSERYNG e@agr?“t
\Nfarbod||n1de (e.qg., di et hyl carbodi - 1 m de,

di cycl obexpkoaebeddi nggie)exaahlenyhs COMUBN (9. @n. e.g. alkoxy-
car bonyl di i m dazol e), i soxazol i ni um salt, acyl ani no conpound
carbonvl, aralkesycarbonyl, alkanoyl, - group is introducead

§ by reacting 1 to 5 melar equivalents of halide, syrmetric
.anhyaride, or mixec anhydride o: these groups ir the presence
cf an acicé scavenger at -3C to 50G°C; D) an e.g. alkoxrcarbonyl,
aralkczycarbonyl, alkanovl, arylsulfenyl, aralkyl, trialkyl-

W, €ilyl, trialkylstannyl, groupr is introduced by reacting 1

10 to 5 molar equivalents of halide of the group in the presence
of 1 to 10 molar eqﬁivalents of an acid scavenger in a solvent
at =3C to 1C0°C for 1 to 1C hours; ¢)an e.g. tetrahydropyranyl,
tetrahyéréfurapyl, grougp is introduced by the reaction
withe.g. dihydropyran, dihydrofuran, . in a solvent for 1 to 1§

15 hours, d) & triglkylsilyl group is introduced by'the reaction
with a derivative of disilazane, acetamido, for example (€.9..
hexamethyldisilazane, bistrimethylsilylacetamide), in a

conventional manner.

6) Deprotection of protected amino as P.

20 A protected amino group-in compounc (I) can be deprctected,
" for éxamplé, by the following convetional methods: a) ar
alkoxycarbonyl group (e.g., tert-butoxycarbonyl), czn be
deprotected by reacting with an acié. for example, & strong

acid (e.g., trifluoroacetic acid, trifluoromethanesulfonic



-8- (e.g., 2-ethoxy-1-ethoxycarbonyl-1,2-di hydroquinoline), for exanple. .
Reactive derivatives include acid anhydrides (e .., symmetric anhydride,

- m xed anhydride (with a mneral acid (e.g., phosphoric acid, sulfuric acid,
carbonic half ester), 5 orcanic acid (e.g., alkancic acid, aralkanC|c acid,
sulforic acid)], intranolecular acid anhydride (e.g., isocyanate, ketene),
acid halide (i.e., a m xed anhydride of the acid with hydrogen halide)),

acid halide, reactive ester [enol_ ester (e.g., vinyl ester, isopropenyl
ester), aryl ester (e.g., 1Ophenv¢2é3ter,_halophenyl ester, nitrophenyl
ester), heterc- cyclic ester (e.g., pyridyl ester, I-hydroxybenzotriazolyl

ester), ester, %fcg Ny die éyaEPérp?ﬁkﬂ i d(gl%%lr{ﬂ d[:ﬂiQﬂé‘ g € rféhex] :(1%%“”

-

with e.g., ’oxXysucci ni m de esté

(e.g., aral k)ﬂltﬁ'rﬁ'une%bgﬁrxa@} eé?ﬁé’cédfcrji%et)h' Qk ?é&@ﬁeéofnmr%]se’nce
reactive amde [e.g., aromatic amde (e.g., amde with imdazole, triazole,

2-ethoxy-1,2-afl -z cation scavenger (e.g., .anisole, bencenethiol); b) an
arelkoxycarbonyl group (e.g., carbobenzoxy, methylcarbobernz-
5 oxy, diphenylmethoxycarbonyl) or the like amino protecting
group can be deprotected by reacting with a Lewvis acid and &
caticn scavénge:_as_given above; ¢) a lower alkanoyl group
(e;g., formyl, acetyl, chloroacetyl), Schiff baée forming \_ZA\
group, i.é., & divalent carbon group (e.g., ethylidene, \ws
10 propylidene, benzylidene, substituted benzilidene), aralkyl
(e.g., trityl, substitcted trityl), arylthio (e.g., phenyl-
sulfenyl), tetrahydropyranyl, silyl or stannyl (e.g., tri-
methylstannyl, trimethylsilyl), and other ones are deprotected
by reacting with acia fe.g.. hydrochloric acid, sulfuric acid,
15_methangsu1fonic acid); and 6) sone protecting groups have
| specific methods for ceprotection (e.g., the reaction of
thiourea or R-alkyldithiocarbamate for haloacetyl, hydrazine
for - a dibasic acié acyi, and'phosphorus pentachlorice anc ‘;)
alkancl for amige). |

207) Sulfoxnide formaticn

Compoun& (I) having sulfide group is oxidized, for exaunple,
by the following conventional methods. In this case, when the
starting material has 2-double bond, the latter migrztes to the

position 3. a) peracid (an incustrially available per-mineral



*hydroqui nol i ne), diacylanilide],for exanple. The acid scavenger to be
Used with the said reactive derivatives include an inorganic base (e.g.,

oxi de, hydroxi de, carbonate, hydrogen 20 carbonate, - al kal
‘metal, alkaline earth netal), organic base (e.g., tertiary amne, ‘aromatic
base,), ox:irane (e.g., alkylene oxide, aral kylene oxide), pyridiniumsalt
(e.g., tripyridiniuntriazine trichloride), adsorbent (e.g., Celite), for
exanpl ex-- 2) Introduction of the 3-substituent. Conpound (1) but having a
| eavi ng group-substituted nethyl at-pesition 3 may be treated with a hetero
aromatic thiol, aromatic base, or reactive derivative thereof giving

obj ective conmpound S ). Halogen, sulfonyl oxy, alkanoyl oxy o '
dihaIoacetox?FIFripeﬁﬁ%ﬁ%ﬁ%%%ﬁﬁhéiége ?ﬁ559£%?55¥ 3947 ng gf 6uBs. I %IYal i
netal salt, i salf..: boxyl.gt & tYRGaln Liy

or | vat | ves' SFCERadfFar ot il orY a¥ BefBhite BB LERELLNE,

~ nickel peroxide, sodium peroxide, urea peroxide) preferasly in

&n inert solvent (e.g., halohydrccarborn, ester, water) to cive
5 the ccrresponding sulfoxide (I). These rezctions nay b=
accelerated with (e.c., phosphoric acié¢, polyphosghoric acig,
phosphoric acid monoester, alkancic acid, acid salts of VII
group atom ir the periodical table, e.gc., tungustates). The
), reacticn is preferab;y carried out with 1 to 2 mclar equivel-

10 ents of an oxidizing reagent at G to 35°C for 1 to 2C hours.

8) Reduction of the sulfoxide.

When compound (I) hés sulfinyl in the molecule (e.g., when
X is SC), it can be reduced by a conventional methoé to give
the corresponding_sulfide (I), for example, with 2 to 5 molar
15 equivalents of a reducing reagent (e.g., trivalent phosphorus
compund, stannous salt, iodide) in an irert solvent (e.g.,
dimethylformarice, dichloromethzne, dioxane) at -2( to 50

2 to 50 hours.

9) Reaction congGitions

e ————————

20 Thé reactions from 1) to .8) are usually carried out at
-30°C .to 100°C (preferably at -20°C to 56°C) for 10 minutes tc
1¢ hours in & solvent, if reguired in a dry conditicn. Other

conventional conditions may be apglied to the reactions.



reaction may proceed at- O[err] to 60[err] even in anhydrous or 10 aqueous
sol vent.. This reaction may be pronoted by e.g. a dehydrating reagent,
phosphoryl chlorides, thiocyanates. Conpound (1) having al kanoyl oxymet hyl
or carbanoyl oxynet hyl at position 3 nay be prepared from conpound (1) but
havi ng hydroxynmet hyl at position 3 and protected carboxy at position 4 IS
by treati'tng with a reactive derivative of al kanoic acid or N-protected
carbani ¢c“acid, and if required, deprotected at the stage where the
obj ective group can remain in the harget conpound. Conpound (1) having no
carbon atom attached to position 340 can be prepared by the reaction of
3- (hydroxy or oxo) conmpound (if required, after activation by e.g. :
acyl ati on, haIogéﬁaFkEhCQ}t¥ﬁQSE}°naﬁﬂd@h@@ph&hlQErixﬂxnuqcaany ve.g.,
substituted conpound; or by elimnation reaction of

3- | eo- h |
3-? E;d_regxyl,o I Icé‘g;?ug%ﬂ%u o?%‘eifr?arm"éawﬁeﬁnd%%/umeat Brishe'h Mslipase;
reduction 0%y%r%cQ§B¥ho¥¥.8 N RretofeRAE Mk COIRPYNG oform, carbon

tetrachloride, dichloroethane, trichloroethane, chlorobenzene),

5 ether (e.g., Giethyl ether, methvl isobutyl'ether, Gioizane,
tetrahydrofuran),.kétone (e.c., acetone, methyl ethyl ketone,
cyclohexanone), ester (e.g.,'ethyl acetate, isobutvl acetzte,
methyl benzoate), nitrohydérocarbon (e.g., nitromethane,
nitrobenzene), nitrile (e.g., aceééritrile, bencoritrile),

10 zmide (e. - fornanloe, aceteamide, dimethylformamide,
dimethylacetamide, hexamethylphosphorotriamide), sulfoxide
(e.g., dimethyl sulfoxide), carboxylic acid (e.g., formic acig,
acetic acid, propionic acid), organic base (e.g., diethylamine,
triethylamine, pyridine, picoline, collidine, gquiroline),

15 alcohol (e.g., methanol, ethanol, propanocl, hexanol, octanol,
benzyl alcohol), water, or other irncustrial solvent or a

nixture of two or more of these.

10)IWOrk up

The objective products are recovered from the reaction
20 Rixture by removing contanintznt (e.g., unreacted starting
materials, by~products, solvents) by conventional method
(e.g., extraction, evaporation, washing, cohcentration,
pkgcipitation, filtration, érying), and by

conventicnal purification (e.g., adsorption, elution,



- 10 - giving 3-unsubstituted conpound for exanple, each in a conventional
et hod. 3) Isonerization at position 7 side chain. Each geonetric isonmer of
Conpound (1) can be transforned 5 into the ld her. This reaction nay take
“pd ace by the action of acid, base or light. Here, the said acid includes a
m neral acid (e.g., hydrochloric acid, sulfuric acid, phosphoric acid),
carboxyl it acidlstilationy prageinitatiomniorsepreratiadid), sulfonic acid
(e.g., methaneyiddwyi sgP&pRy )benzenesul foric 10 ‘acid), , the said base
i ncl udes an inorgani ¢ base (e.g., sodi um hydroxide,_ sodi um hydrogen
carbonate, potassiihff BFesRAteinventing Surther peelatesgto & et hyl ani ne

pot assi um t - bigaemecewWBital4prEgeeerin@dly FovhuTat PoNYcobprisinghe
car boxy group até£051t|on esterified b

cxanpl o, °5 R o AXEbhe ofngredient; Sher ar aiine romRBTEdsoaR BArmEle vi ¢ n
a hal i de, sul f(dnpter ploysktadogically acceptable salts thereof.
~ Such compounds may be in unit dosage form and/or may
include appropriate carriers, diluents or excipients.
EXAMPLES
10 The following non-limiting examples illustrate
the embodiment of this invention. The physical
constants of the products are listed on the tables.
In the tables, IR shows Cm'l values and NMR shows
, : delta values in ppm and J values shows coupling
15 constants in Hz values.
In Tables .1 and 2, all compounds have R1 and
amido groups in cis positionms.
In the example; "part'" shows weight per weight of
starting beta-lactems and "molar equivalent' shows
20 mole number per starting beta-lactams.
Work-up of the examples is done conventionally
(if required after adding a solvent e.g., water,
acid, dichloromethane) and the separated organic
layer is washed with water.'dried, and vacuum-
25 distilled giving residue which may be purified
L/ conventionally (e.g., by chromatography over silica
~ gel, crystallization, precipitation).

30
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pl e of the ester group in the presence of an acid scavenger. b) A L
reaction of the carboxylic acid or its reactive-20 derivative wth al cohol
having the ester group in the presence of a condensing reagent. c) A i
redction of the-carboxylic acid with a diazo conmpound having the ester .
gr oup. - 11 - 5) Introduction of an am no-protecting group. Wen

Compound. (1) has amno in its nolecule, the am no can be protected for
exanmpl e, as "follows* a) an e.g. al koxy- carbonyl, aral koxycarbonyl,

al kanoyl, group is introdugeg 2 by reacting. 1 to 5 nclar equivalents

of hallde symmetri c anhydride, or m xed anhydride of these groups ir. the
presence of an acid scavenger at -3C to 50[err]; b) an e.g. .

al koxycar bompammrealikoxycar bonyl , al kanoyl , arylsulfenyl ar al kyl ,
trial kyl- silyl, trialkylstarinyl, group is i ntroduced by reacting 1
10 to 5 nol ar eduitcHwents:info kalbipdand (Ne (r egpivalefe) pieSEREatec with, '

cerboxylic acié corresponding to the 7beta-side chairm (3) or
its reactive cerivative to cive the correspondinc amide (1),
5 £fcr examcie, by an acylation rerresented by the following

ecuaticn &nc &s exnsnplifiec below:

) N_'C' "-CDOH R
R il E ! O
| & -
N X Ry R—rCCON ¥ . o
r | .
L—N\fliz ' ‘%'RAgyjéﬂ T:;{ e
2 ccms @ R COocRs

1) I* & nmixture of éichlo:onéth'“e'(30 volunmes), cyahu:ic
nlor;ce (1.1 ecuzv:lents), ryrzdlre (4 equivélents), and
c:roo vllc acid (3) (l.1 ecuivalents), stirred for 5 minutes to
10 2 hours at =30°C to 1(°C.
2) In & wixtuze of dichloromethane (3 volﬁmes), phOSPhorus
oxychlc:iée_(l.; équivalentsf, triethylamine (1.5 equivalents),

or 20

My

&nd carboxylic acid (3) (1.1 eguivealents), stirrec _
minutes to 2 hours at -10°C tc 1C°C. b
15 3) In a mixture of chloroform (3 volumeg),“tcluéne (1 velumel,
picoline (2 eguivalents), oxzlyl chlcride (1 eguivelent), and
carboxylic acic (3) (1.1 eguivalents), sﬁi::eé for 16 minutes
to 2 hours at -50°C to 10°C. .
4) To & solution of 2-(2-t-butoxycazbonylaminothiazol-4-
20 yl)-z—pentengic acid (149 mg), triethylamine (83 microliter)

in dichloromethéne (5 ml) is adcded methaznesulfonyl chloride



of I to 10 nol ar equival ents of an acid scavenger in a solvent at -30 to -
1C0C for 1 to 1C hours; <c¢) an’e.g. tetrahydroDyranyl, tetrahydrofuranyl,
group is introduced by .the reaction wthe.g. dihydropyran, dihydrofuran,
"in a solvent for 1 to 10 15 hours. d) a trialkylsilyl group is introduced
by the reaction with a derivative of disilazane, acetam do, for exanple
(e.g., hexarethyldisilazane, bistrinmethylsilylacetamde), in a conventional
manner. 6) Deprotection of protected amino as R 20 A protected am no
group in compound (I) can be depFo%ECted, for exanple, by the follow ng
convetional nethods: a) ar. al koxycarbonyl group (e.g.,
tert-butoxycarbonyl), can be deprotected by reacting wwth an acid, for
exanple, a strong acid (eaéld trifluoroacetic acid, :
trifl uoronet haneSuFtbrte =6UCq o AL tesi @F1itainEedf sthei /T® EPrresRGHFAURPT
kghloride, tig ggloride '

urs, a’sdlution cf 7beta-amino~3-cephen=4~-carboxylic acid
l-acetoxyethyl ester (161 me) and N-méthylmo;phcline (0.132 rl)
'i; dichloroﬁethané_is-édded dropwise to the reaction mixture.
5 The mixture is Stirred &t -GC to =10°C for 3 hours, diluted
with hydrochloric acidé, and separated to obtain crcanic layer.

The layer is washed with water, cried, ané purified by cclumn

&nyj chromatography to give 7beta-[(z)-2-(2-t-bu;oxycarbonylamino-
thiazcl-4-yl)-2~-pentenoyll)armino-3-cephen~4~-carboxylic acid
lOl-acethyethyl ester (470 mg).
5)° In a manner similar to tha;-of'above 1) to 4), the
compounds listed on Table 2 are prepared.
Examgle 2 (Amino deprotection)
15 To a soluticn of a tertiary butoxycarbonylamino compounc of
15Table 2 in dichloromethane (0.3 to 3 parts) &are addec tri-
_ : fluoroacetic acidé (0.3 to 3 parts) and arnisole (0.5 tc 5
U .

parts). The mixture is stirred at =-1C to 40°C fo; 10 minutes

'to 3 hours. The reaction mixture is concentrated to remove the

sclvent and reaéents. andé Ehe resulting residue is washed with
20benzene or ether to give ﬁhe correspondirng amino compounc in

Table 1. vield: 7C to 8Us. '

2) To a solution of a chlcroacetamido compound_on Table 2 in a

mixture of tetrahycrofuran (15 parts) and methénpl (15 parts)

are added thiourea or N-methyldithiocarbamate ester (4



titaniumchloride, zinc chloride), if required.in the presence of a cation
scavenger (e.g., anisole, benzenethiol); b) an aral koxycarbonyl group
(e.g., carbobenzoxy, nethylcarbobenz- 5 oxy, diphenyl nethoxycarbonyl) or
the |ike am no protecting group can be deprotected by reacting with a Lewis *~
acid and a cation scavenger as given above; c¢) a |lower al kanoyl group
(e.g., fornyl, acetyl, chloroacetyl), Schiff base formng group, i.e., a
di val ent carbon group (e.g., ethylidene, 10 propylidene, benzylidene,
substituted benzilidene), aralkyl (e.g., trityl, substituted trityl),
arylthio (e.g., phenyl- sulfenyld 18tetrahydropyranyl, silyl or stannyl
(e.g., tri- methylstannyl, trimethylsilyl), and other ones are deprotected
by reacting with acid (e.g., hydrochloric acid, sulfuric acid,

15met hanesubd o0y &1 L L) ;af?éédzéui%ﬁr?cﬁﬂeeqtzi udleyR$caaye eeehtic —

net hods for deprotection . e reaction of thiourea or _
N-al kyl di t htogeepeps eképt IRl Pouielddnpdbetivaz R er@icatdi beaeCnagtdracys,

and phosphorus pentachl oride and al kanol for amde). 207) Sulfoxide
formati on concentrated, diluted with ethyl acetate, washed with water,
Grieé, anc concentrated to give the éoi:esponding anino
5 compouné on Table 1. - |
3) To a soluticn cf & formamido or Schiff base compound of
Table 2 in formic aéid, acetic acid, or ethanol (10 parts) is' ;;L;
adéed 1 to 3li-hydrochleric acid (C.1 to 3 parts), and the ~
mixture is stirred at room téﬁperathré_fbr 1 to 2 hours. The
1o reaction mixture is concentrated, diluted with'dichloromethane,'
washed with aqﬁebus sodium hydrogen carbonate.and water, dried,
and concentrated to give the cortesponding anino compound on
Table 1. |
4) To a solution of a formylamino, tértiary butoxycarbonyl-
15 amino, or benzyloxycarbonylamino compound on Table 2 in
dichlcrometzne (5 to 9 parts) are added anisole (2 to € parts)
zné aluminum chloride, titarnium tetrachloride, or tin tetra- \;Q
chloride (1 to 3 equivalents), ané the mixture is stirred at
=35 to 10 °C for 1U minutes to 24 hours. The iéaction.mixtu:e
20 is extracted with diluted hyérochlqric acid. The extract
solution is éasSed through a cclunn of adéorbent to remove
salts, ané eluate is concentratedé to give the cortesponding
" amino compound on Tabie 1. '
S) A solution of 7beta-I(2)-2-(2-t-butoxycarbonylaminothiazol-

254-yl)-z-butenoy13amino-3-carbamoyloxymethyl-B-cephémé4-



*Conpound (1) having sulfide group is oxidized, for exanple, by the

foll owi ng conventional nmethods. In this case, when the starting materi al
has 2-doubl e bond, the latter mgrates to the position 3. a) peracid (an
“industrially avail able per- mneral -13- acid, percarboxylic acid,

persul for.ic acid, ); b) ozone c) hydrogen peroxide; or d) peroxide

(e.g., boron peroxide, nickel peroxide, sodium peroxide, urea peroxide)
preferably in an inert solvent (e.g., hal ohydrocarbon, ester, water) to
give 5 the corresponding sulfoxide (I). These reactions may be accel erated
with. (e.g., phosphoric acid, polwshesphoric acid, phosphoric acid
nonoest er, al kanoic acid, acid salts of- VI| group atomin the periodical
table, e.g., tungustates). The reaction is preferaZLg\car;ied out_ with 1 to
2 nclar ecr GRYRPEYIHCHELS oF 14 WFWReTHYRe8§ERE ALOE BO! 3Dt FISFRATOr 1o

k%o hours. 8;c£€9g0£598 ?5 éPF fé”géygfé%'at rocu temperature for 120

minutes and concentrated. To the resulting residue is added
agueous sodium nyurocgen carbonate ané extracted with ethyl

5 acetate. The extract solution is purified by silica gel
chromatography to give 7beta=-[(2)-2-(2-aminothiazol=-4-yl) -2~

butenoyl]aminc-3-carbamoyloxymethyl-B-cephem—4-darbcxylic acic

k)\j pivzloyloxyrmethyl ester (75 mg). _

6) In a manner similar to zbove 1) to S5), amino compounds on

10 Table 1 are synthesized from the corresponding protected amino
conmpounds.,
Exemple 3. (Esterification)
(pivaloyloxymethyl ester)
1) To a solution of & potassium salt of a carboxylic acid irn

15 N,N-dimethylforranide (2 to 5 parts) is added iodomethyl

_ pivalate (1 to 2 eqﬁivalents) at =50 to room temperzture.

After stirring for 15 minutes to 2 hours, the mixture is
¢iluted with ethyl acetéte,-washed with ice water and aéueous
sodium hydrogen carbonate, cried, and concentrated. The

20 resicue is crystzllized from ethyl'aégtate to give tke
givaloyloxymethnyl ester. This pivaloyloxymethyl ester (250
mg), corn sterch (150 mg), and'magnesium stearate (5 mg) are
mixed, granulated, and encapsulzted in & conventional manner.

This capsule (2 to 3 capsules) is given orally thrice a day to



Wien conpound (1) has sulfinyl in the nolecule (e.g., when X is SC), it can.,

be reduced by a conventional nethod to give the corresponding sulfide (1),
for exanple, with 2 to 5 nolar 15 equival ents of a reducing reagent (e.g.,
trival-ent phosphorus conpund, stannous salt, iodide) in an inert solvent
(e.g., dinethylformam de, dichloronethane, dioxane) at -2C to 50[err] fcr 2
. to 50 hours. 9) Reaction conditions 20 The reactions from1l) to 8) are
usual Iy carried out at -30[err] to 100C (preferably at -20C to 500C) for 10
mnutes to 10 hours in a solvent, 54f_required in a dry conditicn. O her
conventional conditions may be applied to the reactions. - 14 - The

typi cal reaction solvent can be a hydrocarbon (e.g., pentane, hexane,

O ae: oner BEHEE BoRER oy THEERL 0 fon AR B by
Escherichia coli. E
| In.a similar manner, pivaloyloxyrethyl compounds listec ¢n
Table 2 are prepared.
s (acetoxymethyl ester)
2) In place of iodomethyl pivalate of zbove 1), bromomethyl
acetate is used under the same condition tb give the corres-
- ponding acetoxyethyl ester.
In a similar manner, acetoxymethyl compounés listed on
Table 2 are prepared.
(acetoxyethyl ester)
3) 1In place of iodomethyl pivalate of above 1), bromoethyl
acetete is used uqder the same condition to give the corres-
ponding acetoxyethyl ester.
15 In 2 similar mannér, acetoxyethyl compounds liste¢ on Table
2 are prepared.
(l-pivaloyloxyethyl ester)
4)  To a solution cf 7beta=-[2~(2-t-butoxycarbonylaminc-4-
thiazolyl)~-2-pentenoylaminol-3~-cephem~4-carboxylic acid (240
20 mg) in K,N~-éinethylformamide (2.4 ml) is added potessium
carbonzte (138 mg) at =25 to 3G°C ané the mixture is stirred
for several rinutes. To the mixture is added pivaloyloxyethyl
iodice (480 micrcliter) and the mixture is stirrec for 60
nminutes. The reacticn mixture is diluteé with ethyl acetzte,

25 washeé with agueous saline and sodium hycrogen carbonate, and

z



‘tetrachl oride, dichloroethare, trichloroethane, chlorobenzene), S ether
{é.g., diethyl ether, nethyl isobutyl ether, dioxane, tetrahydrofuran),
ketone (e.g., acetone, nethyl ethyl ketone, cyclohexanone), ester (e.g.,
‘et hyl acetate, isobutyl acetate, r.nethyl benzoate), nitrohydrocarbon
(e.g., nitronethane, nitrobenzene), nitrile (e.g., acetcritrile,
benzonitrile), 10 am de (e.g., formam de, acetam de, dinethylformam de,

di met hyl acet am de, hexanet hyl phosphorotri am de), sulfoxide (e.g., dinmethyl

- sul foxide), carboxylic acid (e.g., formc acid, acetic acid, propionic

acid), organic base (e.g., diethyl agmipne, triethylanine, pyridine, picoline,
collidine, quinoline), 15 alcohol (e.g., nethanol, ethanol, propanol,
hexanol, octanol, benzyl alcohol), water, or other industrial solvent or a
mxture of twater,mitg¢edfzhbesoncértrdfedldr ICHp rBEd dulej @6t crieonE DSWIEd She ©
recovered from the reaction 20 mxture by renoving contam ntant (e.qg.

Ndnr eact ed st @verngidacer gal stobgiype othetenr edpogmtigie pivalophospetyhl

method (e.g., extraction, evaporation, washing, concentration,
ester (161 mg). Yield. 53%.
In & similar manner, pivaleyloxyethyl esters listec on

S5 Table 2 are yprepared.

(éthotycarbonyloxyethyl ester)
5} To & solution cf 7beta-[2-(2-t-butoxycazb6nylamino-é-

W thiazolyl)-2-pentenoylaminol-3-cephen-4-carboxylic acid (24C
mg) in ¥,N-dimethylformamide (2.4 ml) is added potassium

10 carbonate (138 mg) anéd l-ethoxycarbonyloxyethyl bromide (150¢
mg) at -10°C. After stirring for 30 minutes, the mixture is
diluted with ethyl acetate, washed with agueous saline anc
sodium hydrogen carbonzte, and water, driec¢ and concentrated.
Thé residue is chromatographed over silica gel to give the

15 corresponding ethoxycarbonyloxyethyl ester (191 mg). Yield.
64.1 %.

In 2 similar manner, ethcxycarbonyloxyethyl esters listed
on Table 2 are prepared. .
(S-methyl-z-oxo-l.3-dioxol-3fen-4-y1methyl ester) )

20 6) 2 mixture of 7beta-[(2)-2-(2-t-butoxycarbonylaminothiazol-
4-yl)-2-pentenoyll]anino-3-cephem=~4-carboxylic acid (144 mg),
potassium carbonate (83 mg), ancé dimethylformanmide (3 ml) is
stirred for 4C nminutes at room temprature and rixed with
4-bromomethyl=-5-methyl=-1,3-édioxol~4-en-2-one (102 my) in

25 Gimethylformamide (1 ml). Ahfter stirring at 0°C for 30



precipitation, filtration, drying), and by conventicnal purification (e.g.

adsorption, elution, - 15 - distillation, precipitation, separation,
chromat ography). The present invention further relates to a pharmaceuti cal
or, veterinary formulation conprising 5 as active ingredient one or nore

<

LI

conpounds of formula (1) or physiologically acceptable salts thereof. Such

conpounds may be in unit dosage form and/or may include appropriate
carriers, diluents or excipients. EXAMPLES 10 . The follow ng
non-limting exanples illustrate the enbodi ment of this invention. The °

physi cal constants of the products are listed on the tables. In the tables,

| R shows [err] values and NVR shogR -

minutes, the mixture is dGiluted with agueous hycroctloric acid
and extractec vith etryl acetzte. The extract is purified by
silica gel cnromatography to give 7beta~{(2)~-2~(2-t-butoxy~
carbonylaminbthiazol44-yl)-2-pentehoy1]éhino-s-cephem-é-

5 carboxylic acic S-methyl-z-oxo-l,3—aioxol-é-en—4-yimethyl ester
(83 mg) as pale yellow poﬁder. |
(cyclohexaneacetoxyethyl ester)

7) Tc 2 soluticn of'7beta—[2-(2-t-butoxycarbonylamino-é-

thiazolyl)-2-pentenoy1aminol-3-¢épheﬁ-4-cérboxylic acid (24¢
10 mg) in'N,H-dimethyiformamiae (2.4 ml) is added potassium

carbonzte (138 mg) and l-cyclohexzneacetoxyethyl iodide (355

mg) at ~1C°C. Aafter stirring for 45 minutes, the mixture is

Giluted with ethyl-acetate, washed with agqueous saline and

soGium hydfogen'carbonate, and water, dried &nd concentrated.
15 frhe residue is éhromatograpﬁed over silica éel to give the

corresponding cyclohexaneacetoxyethyl ester (152 mg).

In &2 similar manﬁér.'cyclohexaneacetoxyethyl esﬁe:s licsted
on Table 2 are prepared. | |
8) In a manner similar to above, éharnacclogical esters on

20 Table 2 can be prepared from the corresponding carboxylic acic.

Example'4 (Ssulfoxide formation)
1) & sulfide is stirreé with agueous 30% hydrogen peroxide (1
eguivalent) in a mixture of phosphoric acid (1 equivalent),

dichloromethane (17 parts), ané methanol (1 part) under ice



: delta values in ppmand J val ues shows coupling 15 constants in Hz
svalues. In Tables 1 and 2, all conpounds have Rl and am do groups in cis
positions. In the exanple, "part" shows wei ght per weight of starting

- beta-lactens and "nol ar equival ent” shows 20 nol e nunber per starting
beta-l actanms. Work-up of the exanples is done conventionally (if required
after adding a solvent e.g., water, acid, dichloronethane) and the
separatgd organic |layer is washed with water, dried, and vacuum 25
distilled giving residue which may,be_purified conventionally (e.g., by
chromat ography over silica gel, cryStallization, precipitation). 30 35

.cocling for 10 minutes to give the corresponding sulfcxide.
‘\/': '..)

2 To & soluticn of Tbeta-1(2)-2-(2-t-butoxycarbonylanino-
thiazol-4¢-yl)=-2-pentenoyllamino-3-chloro-2-cephen-4~carbexylic
acia pivaloyloxynmethyl ester (410 wmg) in cdichloromethane (3 ®l)

5 is addec daropwise a scluticn of m~chloroperbenzcic acié (47.4
L.g) in cichloromethane (1 rl) with stirrinc at U°C, After
stirring at the same temperature for 20 minutes, the reaction

i\ mixtuire is dilhted with agueous sodium hycGrocern carbonate. The

~orgarnic layer is separated, washed with weter, dried, and
10 concentrated. The resulting residue is purified by silica gel
cclumn chromatography to give 7beta-[(2)=-2~(2-t-butoxycarbonyl-
aminothiazol-é-yl)-2-pentenoyl]amino-3-chlo:o-34cephem- |
é-carboxylic acid l=-oxide pivaloyloxymethyl ester (135 mg) as

crystals.

15 Exanple 5 (Sulfoxide reductior)
1) To a soluticn.of Tbeta~1(2)-2=(2-t-butoxycarbonylanino-.
thiazol-4-y1)-2-pentenoy1]amino-3-cephem—4-carboxylié acic
.l;oxide pivaloyloxyméthyi ester (61 mg) in dichloromethane (2
nl) is ad’e'_phos?horus tribromice (19.3 micrciiter) at -30°C

20anc the mixture is stirred for 30 minutes. The reacticn
mixtﬁre is dilﬁted witb agueous sodi@m.hydrogen carbonzte. The
organiq layer is separated, washeé with water, dried, anc
'concéntrated. The residue is purified by silica gel co1umn

chromatocraphy to give 7beta=-[(2)-2-~(2-t-butoxycarbonrylamino-



- 16 - A 7beta-am no conpound (Z) (1 equivalent) is treated with.
carboxylic acid corresponding to the 7beta-side chair (3) or its reactive
derivative to cive the corresponding amde (1), 5 'or exanple, by an

acyl ation represented by the follow ng ecuation and as exenplified bel ow -

[érr] 1)

In a mxture of dichloronethane (30 volunes), cyanuric chloride

(1.1 equivalents) , pyridine (4 equivalents), and carboxylic acid (3) (1.1
equi val gnts), stirred for 5 mnutes to 10 2 hours at -30C to 1[err]. 2)

a mxture of dichioronethane (3 vol unes), phosphorus oxychlcride (1.1
equi val ents), triethylamne (1.5 equivalents), and carboxylic acid (3) (1
equi valents), stirred for 20 mnutes to 2 hours at -l ferr] to 10[err]. 15
3) In a mxture of chloroform (8 gdalenes), toluene (1-volune), picoline
(2 equivalents), oxalyl chloride (1 equivalent), and carboxylic acid (3)
(1.1 equi vatieids9 1= &ty N0 dfeatt erdyilil anl eo-B oc@phet+ §-érbBfEId Jladi@ 100C.

pivaloyloxymethyl ester (51 mg).

2) In the reaction condition of above 1), phospho:ds
tzibronide in cichloromethane at =-30°C for 3G minufes.is
substituted by potassium iodide (6 molar equivalents) in

acetone (11 parts) for 1 hour under ice cooling or acetyl

. chloride (13 eguivalents) ané stannous chloride (2.5 mclar

10

15

20

equivelents) in NI, N~dinethylformamice (12 parts) uncer ice

cocling for 21 hours to give the same sulfide.
3) 1In a manner similar to above, sulfides on Table 1l or Table

2 can be prepared by reducing the corresponding sulfoxides.

Example 6 (Acid addition sélt)

1) [trifluorocacetzcte] A solution of 7beta-[(2)-2-(2-t-butoxy-
carbonylaminothiazol-4-y1)-2-pentenoyl]amino-3-carbamoyloxy-
rnethyl-3-cephen~4=-carboxylic acid pivaloyloxymethyl.ester (45GC
mg) in trifluoroacetic acid (5 ml) is stirred at room
temprature for 120 minutes 2nd then concentrated. .The residue
is diluted with'aqueous sodium'hyarogen céfbonate anc extracted
with ethyl acetzte. The extract islpﬁrified by silica gel
chfomatogtaphy to give tke cérresponding free.amine._ This is
dissolved in dichloromethane (4 ml), mixed Qith trifluorocacetic
acid (1 rl), ané vacuum-concéntrated; The crystailihe residue
is triturated in a mixture of ether and petroleun ether.tc give

7beta-[(Z)-Zé(Z-aminothiazol-é-yl)42-pentenoyi]amino-S-carb-

In

.1



‘4) To a solution of 2-(2-t-butoxycarbonyl am nothi azol -4- 20
YI)-2-pentenoic acid (149 ng), triethylamne (83 mcroliter) in

di chl oronet hane (5 m) is added net hanesul fonyl chloride - 17 - (0.04
‘m)- at -60[err]. After stirring at the sanme tenperature for 2 hours,” a
sol ution of 7beta-am no-3-cephem 4-carboxylic acid |-acetoxyethyl ester
(161 nmg) and N-net hyl norpholine (0.132 m1) in dichloronethane is aoded
dropwi s€ 'to the reaction nmixture. 5 The nmixture is stirred at -60 to
-10[err] for 3 hours, diluted with hydrochloric acid, and separated to
obtain organic | ayer. The | ayer is mgg?ed with water, dried, and purified
by colur.;n chromatography to give 7 a-1(2)-2-(2-t-butoxycarboryl am no-
t hi azol - 4- yl ) -2-pent enoyl ] am no- 3- cephem 4- car boxylic acid 101-acet oxyet hyl
ester (470 nghoybdxvheétimy IedmerpimnFi-arboxt-bat ofidbpirsllgytomxyhletittle
:conpounds listed on Table 2 are prepared.

ester trifluorcacetate (29C ng)l.

2) [Bycrochlorice] & scluticn cf 7beta-[(2)-2-(2-t=-butoxy-
carbonylaminothiazol-4-yl)-2-pentenoyl]amino-3-cephem-4¥
5 carboxylic acié pivaloyloxymethyl ester (36C mg) in & mixture
of znisole (2 ml) and trifluoroacetic acid (2 ml) is stirreé at
roon temperature for 150 nminutes enc concentrzted. The residue
W is dissolved in agueous socéium hyd¢rogen carbonate ané extracted
with ethyl acetate. The extract is purified by silica gel
10 c¢olumn chromatography to give 7beta-[(Z)-2-(2-aminothiazol-
4-yl)-2-pentenoyllamino-3-cephem—4-carboxylic acid pivaloyl-
oxymethyl ester (250 mg). This is dissolved in dichloro-
methane; mixed with a sclutiocn of hydrochloric acid in ethyl
acetzte, and concentrated. The crystzlline residue is washed
15" with ether to give the hyérochloride of above ester.
3) In a nanner sirilar to azbove, acidé addition salts can bé

preparec¢ from the corresponding amino compounds -on Table 1.

Exanple 7

1) To z scluticn of aminothiazolyl compound in dichlorometharne
20 is added fofmic acid anc acetic anhydride, chlcroacetyl

chlsride and pyridine, or nitrobenzzldehyée ané tcluenesulforic

acid, ané the mixture is stirred at -30 to room temprature for

1l to 3 hours. The mixture_is'tteated in & usual manner to giye

the corresponding amino-protected compouné as shown on Table 4.



Exanple 2 (Am no deprotection) 1) To a solution of a tertiary .
but oxycar bonyl am no conpound of 15 Table 2 in dichloronmethane (0.3 to 3
parts) are added tri- fluoroacetic acid (0.3 to 3 .parts)_and anisole (0.5
to 5 parts). The mixture is stirred at -10 to 40[err] for 10 minutes to 3
“hours. The reaction nmixture is concentrated to renpve the sol vent and
reagents, and the resulting residue is washed wi th 20benzene or ether to
give the correspondi ng am no conpound in Table 1. Yield: 7Cto 80% 2) To
a solution of a chlcroacetam do conpound on Table 2 in a m xture of
tetrahydrofuran (15 parts) and ggtbanol (15 parts) are added thiourea or

N- et hyl di t hi ocarbamate ester (4 - 18 - equivalents) and sodium.
acetate (2 equivalents), and the mxture is kept at- roomtenperature
overni ghtrredbezsti&kure i s concentrated; diluted with ethyl acetate, washed

with water, . _ - _ b
To & soluticn ¢ 7oetz-[(3)-I=(Z-t-Butoxyc =;nonyla:inc-

triazol-4-yl)-Z-pentenoyllax inc-3-cephen-d-carboxylic acig
i-ciuicde czpneny-metay; éster (263 me) in a minture of arisole

5 (0.5 ml) ané dichiorcmethznme (1.5 ml) is added trifiuordacetic
acid (1 ml) at C°C with stirring. aAfter 45 minvtes' sticring,

the mixture is concentrate¢ in vacuum. The resicue i3 wached "

with petroleum ether anc ether tc give 7deta-{(2)-2-(2-t-but- _ -~
) oxycarboavlaminothiaczol~4-yl)-2-pentenovl)aninc-3~-cephen-
10 é-carboxylic acid l-oxide (18¢ mg).
NMR (@C1,-@50D) & : 1.11(t. J=7.58z, 8H). 1.55(s. SH). 2.49(quintet. J=
7.5z, 2H), 4.78(d. J=4.SMz. 1H), 6.13(d. J=4.5Hz. 1H). 6.40(m. 1H). 6.45(c. J
=7.5Hz, 1H). 6.7%(s. 1H). - -
-Preparation 2. -
15  To a sclution ¢f 2-amine-1,3,4-thizdizzcle-S-thiol (155 mg)
ir Gimethylformamice (3 ml) is acdec & solution (0.3 ml) of k;) -

5.21i~sodium methoxice in.methanol with stirring at $°C o give
the sodium salt. After neut:aliziné excess sodium nethouide -
with &ry ice, a2 soluticn of 7beta~[(2)-2-(2-t~butoxycarbonyli~
2c,amincthiazol;§4yl)fz-pentenoyi]aﬁinOfS-brcmomethyl-B'cé?heﬁ-
4-carboxylic acid l-oxide diphehylmeth&l’ester“(SQG mg) in
éimethylforrnanide (2 rl) is adced to the mixturé;” After
stirring at 0°C for 30 ainute the reaction mixture is poured

into ice water zné extracted with ethyl acetate to give crude



- dried, and concentrated to give the corresponding am no 5 conpound on Tabl e
*X. 3) To a solution cf a formam do or Schiff base conpound of Table 2 in
formc acid, acetic acid, or ethanol (10 parts) is added 1 to :

« 3N-hydrochloric acid (0.1 to 3 partss), and the mxture is stirred at room
tenperature for 1 to 3 hours. The 10reaction m xture is concentrated,
diluted with dichl oronet hane, washed w th aqueous sodi um hydrogen carbonate
and water, dried, and concentrated to give the correspondir.g am no
conpound on Table 1. 4) To a solution of a fornylamno, tertiary
but oxycar bonyl - 15 am no, or bengy%ﬁxycarbonylanino conpound on Table 2 in
di chl oronetane (5 to 9 parts) are ded anisole (2 to 8 parts) and al unm num
chloride, titaniumtetrachloride, or tin tetra- chloride (1 to 3
equi val ent s)7sexed [t (10 ~B-2e-decatrctEpdnal anBRot 9 dzc - 4401) AD-Juftetres to

. 24 hours. The reaction mxture 20 is extracted with diluted hydrochloric

acid. The oM¥laEminoianidneninopdsSed-thiatjazalchtyitrbénedsolbert to
renmove salts, and eluate is _concentrated to give the correspondi ng

Ceprem=4=carbecrylic acid l-cxide cipnenvimethyl ester in &

cuantitative vield.
5 NMR (L) &§: 1.07(t, J=8Hz. 3}, 1.48(s. SH). 2.S2(quinter. J=8Hz. 2H).

3.61. 3.82{ABq. J=1BHz. 2M). 4.60. 3.70{iBq. J=18Kz. 2H). 4.E8(d. J¥SHz. 1H).

. 60(brs, 2H). 6.15(dd. J=5SHz. J=SHz. 1H). 6.40{z. J=8Hz.1H). 6.74(s. 1H).

(1]

U 6.85(s. 1H), 7.20~7.45(n. 10H). 8.83(d. J=SHz. 1R). |
The ester group of this product is removed in & manners

(¢}

1o Similar to that of Preparation 1 anc the sulfonide is reduced
in 2 manner similar to that of Example £-2) tc give 7heta-[(Z)~
2-(Z-t—butoxycarbdnylaminothié:ol-é-yl)-2-pentenoyl]amino—3-
(2-amino-l,3,4-thi§diazol-S-ylthiomethy1)?3-céphem-é-ca:boxyl~

ic acid.

15 pregcration 3

(1) To a minture of 2-(2-t-butoiycarbenvlaminothiazol-¢-yl) -

i
™)
ot
[#]

pentencic acia (75 mg), triethylamine ({.C41 ml), ané

.@ichlcromethane (3 ml) is acced Gropwiée rethanesulfonyl

I

éhlczide'(a.cz ml) at =6G°C with stirring. After stirring at
20 the same.temée:ature for 3 hours, & soluticn cf 5beta4amino-

' 3-Earbamoyloxymethy1-3-cephem-é-carboxylic.acid diphenylmethyl

ester p-toluenesulphonazte salt (153 ng) an6 N-methylmorpho1ine
(0.05 m1) in &ichloromethane (3 ml) is added dropvise tc the

ixture. . After stirring for 3.5 hours, the mixture is qguenched



am no conpound on Table 1. 5) A solution of

7beta-[ (2) - 2-(2-t-but oxycarbonyl am not hi azol - 25 4-yl) -2-butenoyl)

am no- 3- car banoyl oxynet hyl - 3- cephem 4- - 19 - carboxylic acid

pi val oyl oxynet hyl ester (160 ng) in trifluoro- acetic acid (2 m) is
stirred at roomtenperature for 120 m nutes and concentrated. To the
resulting residue i s added aqueous sodi um hyurogen carbonate and extracted
with éthyl 5 acetate. The extract solution is purified by silica gel
chromat ography to give 7beta- [ (Z) -2- (2-am nothiazol-4-yl) -2- butenoyll
am no- 3- car banoyl oxynet hyl - 3- cepl2@n-4- car bcxyl i ¢ aci d pival oyl oxynet hyl
ester (75 ng). 6) In a manner simlar to above 1) to 5), am no conpounds

on.lo Table 1 are synthesized fromthe correspondi ng protected anino
conpounds ¥ ifarfptle: e (WG QGTIRET Gifjic. “he organmc laver is

separeted, washed with water, Criec, anc concentratec. Thae

-

beta~[(Z2)-2-(2-ct~butcxycartonvlaminothiascl-¢~yl)-2-penten-
5 oyl]ami.073-ca:bamcylomeethyl-S‘cephem-é-carbcxylic acic

éiphenylﬁethyl ester (135 =mg).
I RCCHCL, D v : 3430, 1785, 1726. 1672.1543. 1326. 1188, 980.

NMR(QXL, D & :1.10(¢. J=7.5Hz. 3H). 1.51(s. SH). 2.53(quintet. J=7.Siz.
2E). 3.16(s. 2H). 4.80, 4.97(ABq. J=14.4Hz. 2H), 4.82(s. 2H), 4.93(d. J=4.Skz.
10 1H). 5.67(dd. J=4.SHz. J=SHz. 1H). 6.37(t. J=7.SHz. 1H).6.68(s. 1H). 6.80(s.

1H), 7.22-7.40(m. 10H), 7.82(d. J=8Hz. 1K), 10.0(brs. 1H).
(2) To an ice ccld solution of 7beta=[(2)-2-(2-t-butoxy-

carbonylaminothiazol-4-y1)-2-pentenoyl]amino—S-carbamcyloxy-
methyl-Bchphem-4-éarb§xylic acid diphenylmethyl ester (855
15 ng), anisole (3.3 ml), anc cichlcromethane (8.3 rl) is added
trifluorocacetic acié (1.83 wml) with stirring. &After reécting
at the same temperature for 3C minutes, the mixture is
concentrated in vacvum. The residue is washed with petroleuﬁ
ether and ether to give pale brown 7beta-{(2}-2-(2-t-butoxy-
20 carbecnvlaminothiazel-4~yl)-2-pentenoyllarinc-3-carbamcyloxy-
methYl-é—cgphém-é-carboxylic acid (64C mg).
I RCQHCL, D v ; 3425. 3360br. 1778. 1725. 1700. 1660. 1327, 1258, 1160, 1078.
NMR (CDCI,-(D,(D.) §:1. 0.7(1:. J=7.5Hz, 3H). 1.53(s, _SH). 2 41(quintet; J=
7.5Hz, 2H). 3.43. 3.61(ABq, J=19.8Hz, 2). 4.87. E.10(ABq. J=14.4Hz. 2H), 5.08
25(d. J=5.0Hz. 1H), 5.85(d, J=5.0Hz, 1H)., 6.41(t. J=7.5Hz.1H). 6.80(s. 1H).



‘(pi val oyl oxynet hyl ester) 1) To a solution of a potassiumsalt of a
tarboxylic acid in 15 N, N-dinethylformanide (2 to 5 parts) is added

i odonet'hyl pivalate (1 to 2 equivalents) at -50 to roomtenperature. After
'stirring for 15 mnutes to 2 hours, the mxture is diluted with ethyl
acetate, washed with ice water and aqueous sodi um hydrogen carbonate,
dried, and concentrated. The 20 residue is crystallized fromethyl acetate
to give the pival oyl oxynethyl ester. This pival oyl oxynet hyl ester (250 ng),
corn starch (150 ng), and magnesium stearate (5 ng) are mixed, granul ated,
and encapsul ated in a conventional 2gamner. This capsule (2 to 3 capsul es)
Is given orally thrice a day to - 20 - treat a patient suffering fron1an
i nfection caused by Escherichia coli. In a simlar manner,

pi val oyl oxynetef imenpounds |isted on

\J ' liale rats veiching 20 to 25 gram are freely fec an agueous
sclution ¢f 4U $ clucose and vitamines instead of chou diet for
one day. lext céay, 2 suspensicn of amexicillin (the reference

5 compound) cr one of the esters (the test compounds) in eyuous S

dn

arebic gum having & potency of 2 mc per milliliter was orally

adninistered at & dose of 4U mg/kg each of the reference

\~/ :
U comzound or the test compouncs. Then, the blood is takern at 13
ninutes intervals to cdetermine the activity in the glasme. For
lothe determination is used Escherichia coli for esters ané
Ilicrococcus luteus for amecxicillin by the agar plate dispersion
method. The results are listed on the followirc table.
Table
llaxinum plasma level (gamma /ml) ¢of Compouncd (1)
15 (in which ® is amino and R?=pivaloyloxymethyl)
_ after cral acdministraticn to mice
N/
No | R? R? | maximum serum
level
1| H - 8.6
2 | Me | CH,OCONH, 13. 4
3|k H . 14.1
4 | Et | CH,OC0NH. 9.3
amoxicillin - 18.7




-

9D RS

AN
e
-O —_ O -0 —
—_——— DN 4o DN (o]
p  ©c Qo
[ el — 4 fand — 1)
+— O [ONG) (Gl —
82 2315 | Bt zme=r p)0I'8 ‘(HI w)g9°9-95'9 ‘(HI ‘ZHS=[ )2V °Q
s°e2_.° @% ®)z€ 9 ‘(H1'ZH6=C ‘ZHS=[ ‘PP)86°S ‘(HC ‘ZHO=[ 'DAV)Z6°S
op m i A "28°g ‘(K2 'S)92°S *(HT ‘ZHS=C ‘P)20°S ‘(HZ ‘W)LL'E~E2°C
LS ES T g | N g zg= ‘303uINb).g°Z ‘(HE ‘S)IT'Z ‘(HE ‘ZH8=[ ‘3)SO'I| pu Rov | - H | NH| ¢
o — m oD O 10 OO :
Lo . C - < =
wmmwmmsm NEZ ‘9211 ‘0881
S 55252 | S ‘ZHe=r 'P)SY'8 ‘(HI ‘ZHO L=l .32 ‘9 ‘(W1 *s)2| ‘G281 ‘3.91
Qg2 1233 |%% (HE 'W)S6°G~LL'S ‘(H ‘S3q)¥S°S *(HE 'S)2T°S ‘(HI| ‘SELl ‘'98L1
S5°57|n B3 | “Er 'P)20'S ‘(HC ‘ZH6'OT=C ‘DAV)E0'S ‘OL°F ‘(K ‘Z| ‘G6GE ‘OEVE | | _ |
55 0 3|2 362 | BEL 83% 't ‘0v'E ‘(HE ‘ZHi=l ‘P)O6'1 ‘(H6 °‘S)12°1| ‘S8¥E ‘0986 ROd | *HNOOO'ID M| NH| 2
N0 .&al—ot=570 - _
o cfo > X 0
—~ O = O @ w : : 2: .u—*wh ‘P)
5275 wmmw = m&m:: ‘ZHG=[ ‘ZHE=[ ‘XGV 3O X 'PP)6S9 ‘(HI ‘ZHL=[
o “Bol” % cmeo ‘(M1 *S)S2°9 ‘(M1 ‘ZH8=[ ‘AS=C ‘PP)96'S ‘(W2
EEEEL T [$ oo=r ‘bgv)16'S ‘08°S ‘(HI ‘ZHS=L 'P)E0’S ‘(HI ‘ZH
8= _T mm..% mma ‘Zjg=f ‘YEV 30 4 ‘PP)09°E ‘(W1 'ZH6 '81=[ ‘ZHS
5 ® »eigfo (e = %4V 30 V ‘PP)OY € (BE A= ‘P)EC’T ‘(H ‘S)12 1 pu Rod R oH| NH| 1
— O C -t
S>> O JC O >9g O N
S oo REcAD o a (s | . 7.8 _
(&) own Dty
N m .m = .m.mmm .m,ﬁmﬂmgam_ﬂﬁfcﬁ ‘TAdoad= g iﬁm__sxoﬁaoaga..zom ‘JAqredxorhoreard 4000
10 5 m%i%Malw Pu ‘TAmeus off ‘TAYIO= 3T TAGIRAXOTAuOqIEOAXOIS=R)T ‘TAYIM m . \o 3 (1)
5 S S o vummﬂnox?uuﬁaﬁgwa‘_oa ‘P TWBUIOFTAYIMTP=i( . ‘SPTWerS0oBTAYI3w ¢ \_P o) _ﬂmﬁ\m
. n
O me.s..%ﬁ X TPIP=DJ *-O[0A0=-0£D ‘ploe OfozusqIedoIoTyo-W=VED ‘1449 . X 1.
T 0 O E O wiyoreoe @u.msc ‘TAuoqaeofx0T4zuaq=2q) ‘TAINq=ng ‘peOIq=1q ‘TAuOGIED
0 8 5 © zhxoang: bn@m ‘TAgwuixo3e0e=l0V ‘TAqI2AX03208=3(V ‘143308=0y  (suor3eTARIqqY)
om OS5 STA=ES . () SJI93s9 TeoTINeosuIeyd JO Sjuelsuocd [e01sAYqd 1 3[qe]
Dy- O T OAN [ C O :
« O C o c — N~ — )
C o B8 SLsEd -
AN - O > © Qe .— (D)
C>X ~0 .= 1 OT O
De.—m O = = O OCN — D
0 > D - O 0. -0 X
T.—_ OO0 unmm-OCcC ..
oo ael QO o — m



(]
<
] —
Zm ’
> Q
OoOT >
L C .
. DT D
n T
L T O
= O
S5 C .
| i
——— O O
ES "o
OT - ®
O oOoo
hw-l
- U —_
(@] —
2253
1
T L —
ON-H O
- N >
- - (@]
—_ O
— = MO
n © _e
- -
n o o
— OT ®©
C C
() T D
| (@]
S 2N -
them
X 4 =
. L @© O
m C oo
L oOC
-0 0
<. —
twas
O .—
T O
CcCoLOCcCco
C = O S
S5 OO
—_~— O .—
—_—— =
OTTO
+— >N -
— N
—_— (]
o~ Ec
« O S+
O o .—
. S5 0O
E_ O .
X »n O
O .- (]
0O .T
< cC @®
— C © —
(] —
.- O C
T~CO0
—_ Q.- O
TGS C
0,0 ® QO
e = N0

m -
@ O S
+— O
3 Bos
—_ cC T
= — 23P|M|Ia
ol fd-e “(HL ‘5)69°9 *(HI ‘ZHS .
P B ASAGe=L XAV 3o X 'PP)L9°9 ‘(HI ‘ZS L[ 3269 286
SE  O|2(BIT7HS=r 'P)26°S ‘(W2 ‘ZHE '9=C ‘DAV)I6'S ‘28°S ‘(HI| ‘6211 ‘8/21
P §|S'aHser 'P)1'S (W1 ‘ZHB'61=( ‘ZHS'E={ ‘XEV JO € ‘PP)| ‘/291 ‘0991
SE TS (U1 'ZHB61=[ ‘ZHi=C X4V 3OV 'PP)SL'S ‘(W2 ‘Z| ‘iw1 ‘Z8L1 H
D fo (2-99 @ L= ‘309umb).eZ ‘(6 'S)02'1 ‘(HE ‘ZHG L= “3)21'T1|IAS1LZ ‘0926 | S| Kod | M| L
ohs J5:s _ ‘(BT “ZB=C °P) /
sp %-? mrom.n ‘(HU ‘ZHi=C ‘ZHE=C XAV 30 X ‘PP)E9"9 ‘(HI ‘ZH
£ §1-61 §=F 3)20°9 “(H1 *6)/2°9 *(HI ‘ZHB= ‘ZHS=[ 'PP)I6°S| 286 ‘621l
)..mv.w 0 Wm& ‘ZHy ‘5= ‘DEV)P6°S ‘¥8'S ‘(HZ 'S)8¥'S ‘(1 ‘zZH| °S8el ‘2281
Elo X¢-2 < 8=€ 'P)90°S *(HI ‘ZH6'8T=[ ‘ZHE= 'X&V 30 € ‘PP)E9’E | ‘PLO1 ‘0SLI
= | H2-2{ S U ‘ZH6'B1=C ‘Zi=C 'YV 3OV 'PP)SV'C‘(HC ‘ZHB= | °'E8L1 ‘G26E |
= P «(1-2|¢ Baig s=r ‘bp)vg-z ‘(H6 'S)02°1 ‘(HE ‘ZHS'L=[ ‘3)20°1| ‘08EE ‘subg | S| HOd || NH| 9
shT <2882 (/1 ‘mesr 'P)Z’ (/1 ‘A6=L 'P)61'E
2E o 0o " HHI ‘ZH=r ‘b)66°9 ‘(HI ‘ZHL=[ ‘ZH0 V= 'XV 30 X
" o] PBISS "0 ‘(HI ‘ZHg=L ‘3)2¥°9*(HI ‘5)62°0 ‘(HI ‘ZH6=[
S[E T © | PPIS6’S (HE 'S4A)9¥°S *(HT'ZHS=L ‘P)§0’S ‘(HI
=8 = =9 ‘@e=r ‘Ap=r 'YaV 30 9 'PP)IOE (HI ‘ZHOC=L ‘ZHO'L
>0 QB ST MV g0 v PRITY'E (W2 ‘0 '8=( 'ISUTND)GLZ “(HE _
SEUEHTT90T (HE “ZH0 9= PIS'T ‘(HE ‘ZHO'8=L 3)60°1 pu S| sov | NH| S
S S R
s exde >x p U0 .
SRS E wdd (1) 9 :WAN (") A:AL| X| o o A | AN
oo 2L T252 @) s¥03s0 [e0TINSORuIEYd JO SIULISUCO TEOTSAY] 1 STqEl
S84 .
T e = ——~C © NT
CO® I —+ OO0C
o O N ym >+ ©
Q. >N X 3
N =X 0.-0CO
ce2 33 CES :
5 Esde2Bo% J
SECREZY 3_@ )




(72}
1 (¢})
— = . . .w"ha . . O.H
5 2 52 C (R u“m 2 ‘5101 .NwN.” | NH

z 5 . 28 5 3 i = ‘g2l "9l

o & ﬁO N o X ‘PP)f ‘ZHG=( =r| ‘¢z 1 °1821

nrp o nrp ,_nm < e , = .g ¥ .N—.—m .w."h..A:N .N——v- lv .Nﬂ& .m&mm ..g .
g © 5 S . S Z9=[ nzvm.c ‘(R ‘P)60 'S Joq 'pp ‘9181 ‘o8ve | S

F oz mlb.,mw B)SE 8. * (HI .ui% .mv“ﬁ ‘ZHG=[ p=r .xﬁm (W "2 ‘9868

oo e . ovmmmﬁw.uvt ) )67 8 *( ‘61=f .u:o« ‘PP)EV £ ‘9501 —

= S o< mm .mnﬁndza ._ms.:z .u:wn xﬁmozn A L= ‘| 6
© Wn W) 3= \%M_Mm ‘56 ﬂ: u:w__m. .32 T X (1 n_u*m | N

= 0= 0 A7 2(H1 ‘ZH8 862 | “(H1

wmo/mm e m&_a L - ‘(T w)gg ﬂ,._m-n n..vo.s S| oA

S o © 3 #2 | 8550 ® 04080 “(HT ‘ZH6=C (W NEN (He pu

clmzw Sn= 25 o L*(HT ..;o.mvm« 9 =€ ‘P)10 maaﬁ%zm.smc 1 ml g
|m Q Ao %l“B < % v @ .A=.— Azﬁ N—_—m N:Q“.H. .g—wlh m z =
amwﬁ e Mnu@ﬁn )62°S ¢ ‘(e 0£°'T ‘(HE ‘(HT ?

— > = '~ . [y

wmm..w mmmmuaﬁawué%_% il P2)0°8 wwno A 0d A | W
“I tt rlm -m -~ —3 .“ [} =

5% .mﬂmwm_ %;m,m@:i S s S G e poos i —
r,w\mwlw.m Md%h“ Q CEom 1 ‘W)29°9+2S w:& m.quwN ua..u:.nq..wwwc T - i 2 Teotsdyd |
- o =315%3 H ~48°G 2= = - c _ 00 1891

g 53 2 o c£3F mwm 1408 u__u "w)90 m:%« g EM ‘T ‘(e ‘78 yaza| x 3o sIueIsu

od MSWCWMWG '8)§ (H2 ST ‘(W 19013
. %H o WI_ © Q_u..m.mT 1ﬁ§omﬁﬂ=mln ‘P)E © s

&.mw%mW& o mm*_wl ) 80N

- I.mo.mu.mm h./,l._\m_m, wdd (10D

S22 SPEE

maWW4 UM5Mmm

°c2Z 3 ok == 25

c WM| Sk e8 g2 mm

o — yw ! n/__ ,m{\e ..L...I w

wgm O?__)Wetmls,t

rwbm|z_mmmwem

wmmeHQnmotmr

mmxmmmwMt rSEQ

W CMh R_ubA__. SR

S +— N~

o SH e.(\

?.— DO




silica gel

tar bonyl am not h. i azol

chromat ography to give 7beta-[(Z2)-2-2-t-butoxy-
-4-yl)-2-pent enoyl |

am no- 3- cephem 4-

5 carboxylic

acid 5-nethyl - 2- oxo-1, 3-di oxol -4-en-4-yl nethyks gster (83 ng) as pale yell ow
‘powder. (cycl onexaneacet oxyethyl ester) 7) o a sol ution of
7bet a- 12- (2 t - hut r.\vur- no-4._
thi azol yl) - 2- pgnigenoyl am nol - 3- cepheny 4- car boxyli ¢ acid (240 10 ng) i
N, N-di methyl forjrapi dg &2.4 nml) is ddOr& pot assijum car bonat°$Q8 ng) and
| - cycl ohexaneadetbxydt Byl. iodi de (356 dy) at - erdesdirring for
45 m nutes, thdmxrogre T dituted V\IImLII ethyt= tateT _ '
saline and sodijum hydrqgen cg bonatle . engd: wat eff, _dsi edyand| c A
The residue is |chrongt grag Sver & gel |ty 'givert he cgr,g%pgndl ng
cycl ohexaneacetjoxyet yH r. 5,,152 ng)" Inh a sijm || 'ar‘ﬂn'ﬁnner,.!',:g D%
_cycl ohexaneacetjoxyet Hyl . E liste mgTabl e | 28age~prepal ed.28F In 3
nner simlar fto abqvgr spis ﬁ'ra:col Qgiecs sest er _ﬂn?62§- Jabl p 2 'Cat) Be
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1) Asulfide is stirred with aqueous 30% hydrogen peroxide (1 equivalent)
in a mxture of phosphoric acid (1 equivalent), dichloronmethane (17 parts),
and nethanol (1 part) under ice 23 = gl i ng for 10 m nutes to give

.t he corresponding sul f oxi de.

f\AIF

2)

(2)-2-(2-1t-butge

To a sol uti

on of 7beta-|

[t B~ W=t
e

t hi azol -4-yl) - 2£)entenoyl]am no-{3-.chl or o- 2- dlephem 4- car bo>|y|ic aci d
pi val oyl oxymnet hé te.r (410 np) Ql di chl orgn& hane (3 . 1) 5 i s addec
dropwi se a scljutd cn ofe m chl or o elabenzm c adj d’u(47 4. mg) in
di chl oromet hafg (L 1. T WJ L~ S Trlng at_ O[T T] A tirrinc at the
sane tenperatyre forl 20™m puges, r‘eactljérgt'y ds CIIuted wth
aqueous- sodi urp hydrcg? l:!bnate Nk & gs ﬂeparated washed
with water, drfied, gn& &hce t?b—bcﬂ The regﬂﬂpg,reﬂdue is purified
by silica gel |cclum] ehrgRudgr g
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tribromde in dichloronethane at -30[err] for 30 mnutes is 5 substituted:
by potassiumiodide (6 nolar equivalents) in acetone (11 parts) for 1 hour
under ice cooling or acetyl chloride ( equival ents) and stannous chloride_.
(2.5 nol ar equi val ents) in N, N dinethyl*ofnani de (12 parts) under ice

cooling for 21 hours to give the sane sulfide. 10 3) |In a manner simlar

to above, sul %f in Tabl'e 1 or [lable 2 can be prepar by reduchg t he
correspondi ng{st f oxi.des. Exanpl e} 6 (Acid afdition salt]) )
[trifluoroacefape] |ALsol ution of} 7beta-[(Z)-B-(2-t-butpXy- -
car bonyl am no zol-d-yl) -2-pentenqoyl] amn 3. 3-carba ‘
met nyl - 3- cephg¢m 4- cqu xxglc aC|d pi val oyl okymet hyl est n
trifluoroacetifc acigq 5gng) i st|rred at rfdﬁﬂﬁenﬁﬁrat refor 120 pri nutes
and then concgntrat ¢ N ResrEsi dhe is dil uf ed WE aqueod & 9 um hydrogen .-
carbonate and|extra¢t gdeiftE ethy| acetate.| BegXtsact| iB plsicti ed by -
silica gel 20jchromat r»ag 0 g{ve the co'r_u;sfé ) @ giamme This is
di ssol ved in {ichl ofofegghgne 24 m ), mxed M thst®iklo0 ggggt_ggacid (1
r.1), and vacgum cohcent,r atgd.. Thg crystall 'f r.e€3ij _dtg -'T‘fé'co'
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‘is triturated in a mxture of ether and petroleumether to give 7beta-(
(2) - 2- (2-am not hi azol - 4-yl) - 2- pent enoyl ] am no- 3- car b- - 25 -

anoyl oxynet hyl - 3- cephem 4- car boxyl ic ﬁ?l d pival oyl oxynet hyl ester
‘§7i fluoroacetate (29C ng). 2) [[HydroOcHIoride] A solution cf

7beta- ((Z2)-2-(2-t-butoxy- carbonyl am nothi azol -4-yl) -2-pentenoyl

am no- 3- cephemjdg 5 [carboxylic acfd prval oyl oxyfrethyl ester (36pP ng) in a
m xture of ani o?e (24A4) and triflusreacetic ac d~(2 m) is stifred at
roomtenperatu 1§0 m nutes a d;cgncentratejé The residue |s
di ssolved in a | : nc—extracted with et hyl
acetate. The exftract aa uggd fied by 4ilifa gil 1P col umqﬂ,chr,!.)nat bgr aphy to
gi ve 7beta-[ (2 2- (2 h?‘anI- . b e e s S48
4-yl)-2-pent endyl | am|n 3—36 c%rﬁ VBIZ aci awpi, ﬁl%ﬁvoxymt hyl
ester (250 ng) | This|ie $3s zeﬁinu Tl B matﬁa@e.gﬁéﬁ wifh a
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acetate, and concentrated. The crystalli ne resi due is washed 15 with ether.
to give the hydrochl ori de of above ester. In a manner simlar to above,
acid addition salts can be prepared fromgéhe correspondi ng am no conpounds
;-on Table 1.. Exanple 7 1) To a soluticn am not hi azol yl conpound in

“di chl oronethane 20 is added fornmic acid and acetic anhvdride, chloroacetyl
chl oride and pyri di ne, or QtrOJen.zaI dehyde pnd toluenesd for.ic acid, and
the nmixture is stirred gt =30 {oygpr, tenpfature for 1fo 3 hours. The
mxture is treated in a LS@I mandhell, to gi ve| tdhe correspgndi ng
am no- pr ot ect ed conpound fas—sheprr—on—Ttabie—4 reparation 1 To a
solution cf 7beta-[(2)- 3-(2-t- bué?xycarbony agi no—~ . :
t hi azol - 4-yl)-2-pent anoylf ] am ne- e%e&n@-:qrb_o@gg\- id 1-oxide
di phenyl met hyl ester (268 ng) ih < @ mgs_ejg-o o o e = _
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‘5 (0.8 m) and dichloronethane (1.5 m) .is added trifluoroacetic acid (1
m) at [err] with stirring. After 45 mnutes' stirring , the mxture is
concentrated in vacuum The residue is_vv%gh_ed wi th petrol eum ether and
‘ether to give 7beta-[(2)-2-(2-t-but-

oxycar bonyl am n i -4yl -2-pentenoyl laning.3-cephem 10 4-carboxylic
acid. |l-oxide ({18 ng) N MR ( 1, -CD, OD) [err]1 » 1.11 (t. J=7}5Hz,
3H), 1.55(s. 9H,~.2. Begquintet. PSZ SHz. 2H), 4] Fped. J=4. 5Hz| 1H)T,
6.13(d. J=4. 5He.1H)| &. 40(m UL . 45(t, J =7| BHE 1H). 6. 7P(s. 1H),
Preparation 2. E5 Fo—a—sotttHer—et—2-hthro—3—thiadhazete—b-thi ol (156
mg) in di nethyl form q‘g[‘\i‘ qm) ils addfY a sel&ior (0.3 nl)Zof 5. PN-sodium
met hoxi de i n mef hanol | v .Lj;rrlnéaig éﬁm gilve &he soffidm shit.
After neutraliz] ng exgcédss SodEum ngs hogg et wi th dijy~ -e’ﬂ uti pn of
7,beta-[(Z)-2-(2-t-but0X¥®§ODﬁ- l@ggi @'-‘-Adé“?-:nus
=2- pent enoyl ] - ajri no- 3 & hyl | 3;: &ph car bgxg LcSali B &- ox| de
di.phenyl net hyl pster (-5".90'@;& d %H&qﬁm’ de|(2. o i.s .ded|{to the
mxture. After{stirrfglat g r]'?g%' 30. d rughs, |t fe&y aafiEofl mikture is
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35 4. A conpound as clainmed in any one of clains 1 -58- to 3
wherein X is sulfur. 5. A conpound wher ej @ZR_ls am no and -wherein Rl is

ethyl [err] is [err] is 5 pi Vv Iovloxvmathvl and X is sulfur or [err] is ’
cethyl R2 is [err] is pivgl oyl t agd X iq sulfuf or RY is ethyl R2 is”
[err] is pival oyl oxymeth Iérg rrg If:ﬁrcor ]O%t?)é v[SrBr] gﬁe hyl R2
is [err] is p| val 0y| OXY Mgt rl Y LS gnlfnr de P11 i & &mll P22 1 hydrogen
Rs is pival oyl oxymethyl 4nd X i$ sulfulr or [err]] is net hyI R2 is CH20CONH2
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Rl is ethyl R2is [err] is piva'I oyl oxynmethyl and X is sulfur or Rl is ethyl
R2 is hydrogen Rs is ethoxycarbonyl oxyethylssaad X is sulfur or 20

[err] i s et hy| 1S \/drn n.Rs ig n| \/;jl n\/In yoet hyl _and X ig sulfur or Rl
‘i's ethyl R2 is 1y.grgg¢n~[@,rr]d§,, cgg_x ew agp g ¥ O] [BrL]lis
ethyl R2 is hydlogel Rs™ @ 358 ghde®®yferh@} [aRIwX |i & @Iff P Sr| B s
nmethyl R2 is hy‘"{zgc., {err}'.q Pr=oted-oy-peyrety—ae—<—t-sstH-ot-e+—RY | S
ethyl R2 is CH2PCONH2 i s lacetoqyet hyll and X is sulwr or";%_Qn S lerr]
is ethyl R2 is ZHEC@,ONIH?% i 5+ & HoXY &ar|bdhi® qxiehyl & X‘\lis-'sul-f-t{g or Rl
Is tertiary butyl R2 |s—'hydrogen [lerr] ils pivdl oyl odynmethyjl and [X i st sjul fur
or RL is cyclopfopyl I'S fydroggn [err] IS
| — ¥
. | S =
s o S ¥ o 3 @ S';' ]
. o O ” » [
» |8C ¢ g |3 |E |g |8
=B 2 2 £ 2
— ¥
2 = |3 B T - O -
gr = g ) '; — - % 28
X § - n 5] § 3 8 o™
N &~ - -48,_ o . < = -
S  |B |é~|B | |8 |% |EE
-v | e e |& |28
§f—c; ~ w© o - : — o o
—d
s |8 |E |8 |& g |8 |&
22 [8 [= [87]8 |3 |3 |s
. ~ : -4 = =
= | o o > -3 & - . o
. . -] L ol i L o B i L vt -
fi4 [ |2 [ |3 | [T T |4
'g > 7)) " 7} 7] u:l ) 7
;\ wd o
~ §l= |8 |B E |E |B |B |B
g -
g = | = =
&
- 4 |4 3
1]
q E| X
31 2| 8
IR :
7 8|&|g|¢e
-
2lg [ | ©
&




35 pival oyl oxynethyl and X is sulfur or RLis ethyl [err] is chloro [err]
S *C L M S 59 pival oyl oxynethys and X is sulfinyl or [err] is

i sopropyl R2 is hydrogen [err] is pivaloyloxynmethyl and X is sulfur or s
[err] is ethy RZQ“ hydr dgen érr% i sf5 cyclohexaneacetovaethyl anfl X is’
sul fur or [er ]'s%l dt@/IS[el’#. i b r)gﬁnﬁ[efraﬁs ST &S| 88
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-R1 is cyclopentyl R2 is hydrogen Rs is pival oyl oxynethyl and X is sul fur.

15 6. ‘A conpound gs clainmed in claim1, wherein R [err] and/or X arel/is
sel ected from exanpl es thereof given heret 3before. 20 7. A conpound
‘as clained in grariggd and TErerrep 1o nerernogrore. 8. A Ot _
clainmed in anyjoRe®fl & &np & Ro| BvBel et he'r M doFp&d and [lerr] droup
isinthe 25 |cPs*bdsiti®n} 9. Ap actd|add¥™ ijon shljt of~d conpdund a
claimed in anyl}one off claing 1 to}8. 30 10 A procgss for] prepgdring .
a conpound as 4l a ged sl pi m 1, | whiwh| progegs, ruses {one orj nore |of
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or a reactive derivative thereof with a conpound of forrmula: [err] 10 or ',

a reactive derivative thereof; (b) treating a conpound of formula: [err] or

a reactive derivative thereof with an estesgfying reagent of formula; [err]

wherein Yis a
claiml at the

as clainmed in ﬂiu

r+eenq&+a+ngq+4ﬁﬁ

pound as clainmed in

car boxy group;
clainmed in cla
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3 craimenin clam (g formnoa sulfoxide roma d RGNS IHIRTRMCS

in claiml| which has a sul fide group; 35 (h) reducifig & sUl foxi'de in
“a conmpound as clainmed in claim1l which has sul finyl group. 11. A
process as clainmed in claim10 wherein the feaction is effected in an
appropriate solvent at a tenperature of -300C to 100[err]. 5 12.- A process
as claimed in claim 10 and substantially as herei nbefore described. 13. A
process as clainmed in claim 10 and 10 substantialty as herei nbefore
described in any one of Exanples 1 to 6 or the Tables.

CLAIMS

1. A compound of the formula:

(1)

10

which exhibits very high oral availability when
compared with free acid'forms: and wherein R is amino
15 or protected amino; '
R1 is methyl, ethyl, propyl, isopropyl,
cyclopropyl, t-butyl, or cyclopentyl:;
Rz is hydrogen, chloro, methoxymethyl,
propoxymethyl, isopropyloxymethyl, propenyloxymethyl,
20 fluoroethoxymethyl, or carbamoyloxymethyl;
R3 is a pharmaceutically or veterinarily
acceptable ester group; and
X is sulfur or sulfinyl

25 2. A compound as claimed in c¢laim 1 wherein R is
amino, t-butoxycarbonylamino, benzyloxycarbonylamino,
formamido, chloroacetylamino, or p-hitrobenzYlamino.

3. A compound as claimed in claim 1 or claim 2 -
30 wherein R3 is l~-acetoxymethyl, acetoxyethyl,
pivaloyloxymethyl, pivaloyloxyethyl, cyclohexane-
aéetoxyethyl, ethoxycarbonyloxyethyl, or 4-methy1-2-
oxo-1,3~-dioxol-5-ylmethyl.

35 4. A compound as claimed in any one of claims 1



14. A phar maceuti or veterinary formulation conprising a conpound as

cfmuﬁ of clains 15 1 to 8 or a salt as clained in claim9 '
f I"ﬂﬁ” gﬁher case, for pharmaceutical or veterinary use, e
r €spéct tve A formulation as clainmed in claim14 also 20 conprising

an acceptable di luent, carrier or_excim1§ﬁ5 716. A formulation as clained
in claim1l14 or clain115 and- in unit dosage form 25 17. A formulation as

claimed in an¥ g clal 6 substantlally as herei nbefore
descri bed, wi Ff FEﬁé@ Qiéhﬁuailons 18. A conpound as
clainmed in any'one of clains 1 to 8, or a salt as claimed in claim9 for
ey | b o, Rl \Mad L #0064 Shnd AR O 25 21
R! is ethyl R? is CH20CHZCH=C32 R? is .
5 pivaloyloxymethyl and X is sulfur or >
R! is ethyl R? is CHO0CH,CHRF R3
is pivaloyloxymethyl and X is sulfur or
R! is ethyl R? is CHpOMe R? is
pivaloyloxymethyl and X is sulfur or
10 : R! is ethyl R? is cazocu(ne)z R® is
pivaloyloxymethyl and X is sulfur or
R! is ethyl R? is hydrogen R?® is o
pivaloyloxymethyl and X is sulfur or -
" R! is methyl R? is CH,OCONHy; R? is - ' '
15 pivaloyloxymethyl and X is sulfur or
R! is ethyl R? is CH,OCONHp R? is
pivaloyloxymethyl and X is sulfur or
R! is ethyl R? is hydrogen R?® is
ethoxycarbonyloxyethyi énd X is sulfur or
20 . R! is ethyl R? is hydrogen R? is
pivaloyloxymethyl and X is sulfur or
R! is ethyl R? is hydrogen R? is
acetoxyethyl and X is sulfur or
R! is ethyl R? is hydrogen R? is .
25 acetoxymethyl and X is sulfur or ~
_ R! is methyl R? is hydrogen R® is
pivaloyloxymethyl and X is sulfur or
R! is ethyl R? is CH,OCONH; R? is
acetoxyethyl and X is sulfur or
30 _ R! is ethyl R2? is CH,OCONH; R?® is
ethoxycarbonyloxyethyl and X is sulfur or
R! is tertiary butyl R? is hydrogen RS
is pivaloyloxymethyl and X is sulfur or
R! is cyclopropyl R? is hydrogen R3® is
35 pivaloyloxymethyl and X is sulfur or
" R! is ethyl R? is chloro R® is
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pivaloyloxymethyl and X is sulfinyl or

R! is isopropyl R? is hydrégen RS is
pivaloyloxymethyl and X is sulfur or
' R! is ethyl R? is hydrogen R® is
cyclohexaneacetoxyethyl and X is sulfur or

R! is ethyl R? is hydrogen R? is
5-methyl-2-oxo-1,3~dioxol-5-ylmethyl and X is sulfur
or

R! is propyl R? is hydrogen R? is
pivaloyloxyﬁethyl and X is sulfur or

R! is ethyl R? is CH,OCONH; R? is
pivaloyloxyethyl and X is sulfur or

R! is cyclopentyl R? is hydrogen R® is
pivaloyloxymethyl and X is sulfur.

6. A compound as claimed in claim 1, wherein R,
R!, R?, R% and/or X are/is selected from

~ examples thereof given hereinbefore.

7. A compound as claimed in claim 1 and referred
to hereinbefore.

8. A compound as claimed in any one of claims 1

‘to 7 wherein the amido bond and R! group is in the

cis position.

9. An acid addition salt of a compound as claimed
in any one of claims 1 to 8. '

10. A process for preparing a coﬁpound as claimed'
in claim 1, which process comprises one or more of
the following steps:

(a) reacting a compound of the formula:

N “-COOH
 CH
i
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or a reactive derivative thereof with a compound of
formula: ' '

Hzn\;;TIX
&—N / ?
COOR?

or a reactive derivative thereof;
(b) treating a compound of formula:

R’ﬁ;;ﬁ—-ﬁ?CONﬁ\__sz
?K o .,/’ R?

R! COOH

or a reactive derivative thereof with an esterifying
reagent of formula;

Y-R3

wherein Y is a leaving group:;

(c) isomerizing a compound as claimed in claim 1
at the 7-position side chain; '

(d) esterifying a compound as claimed in claim 1
at the 4-position when there is there present a
carboxy group;

(e) introducing an amxno-protecting group when a

‘compound as claimed in claim 1 has an amino group in

the molecule; _

(£) deprotecting a protected amino group in a
compound as claimed in claim 1;

(g) forming a sulfoxide from a compound as
claimed in claim 1 which has a sulfide group;

(h) reducing a sulfoxide in a compound as claimed
in claim 1 which has a sulfinyl group.

L2

¢
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11. A process as claimed iﬁ claim 10 wherein the
reaction is effected in an appropriate solvent at a
temperature of -30°C to 100°C.

12. A prdcess as claimed in claim 10 and
substantially as hereinbefore described.

13. A process as claimed in claim 10 and
substantially as hereinbefore described in any one of
Examples 1 to 6 or the Tables.

14. A pharmaceutical or veterinary formulation
comprising a compound as claimed in any one of claims
1 to 8 or a salt as claimed in claim 9 formulated, in
either case, for pharmaceutical or veterinary use,
respectively.

15. A formulation as claimed in claim 14 also
comprising an acceptable diluent, carrier or
excipient.

16. A formulation as claimed in claim 14 or claim
15 and in unit dosage form.

17. A'formulation as claimed in any one of claims
14 to 16 substantially as hereinbefore described,
with reference to the Preparations.

18. A compound as claimed in any one of claims 1
to 8, or a salt as claimed in claim 9 for use as an
antibacterial agent or for testing bacterial
sensitivity or as an intermediate in the production
of'other antibacterials.




