EP O 211 540 Bl Description This invention relates to

1- carba( 1-det hi a)- 3-cephem 4-car boxyl ¢ aci ds and derivatives thereof. In
particular, it relates to 7-acylam noggy

7-am no)-3-trifluoronethyl sul fonyxy- 1- car%1a(1 dethr a)-3-ce- 5

phem 4- carboxylic acids and esters thereof and to a process for preparing
3ichl oro and 3-brono-1-car- ba(1l-dethia)-3-cephem 4-carboxylic acids-with
the 3-trifl BeresiB®My| sul fonyl oxy derivatives. The

1- car ba( 1- det Qi hdnt&P Rikes %o Q)W&Qf b&ds and derivatives thereof. In
1- car baphal gg{lar,N%, rdRAesS 8 S7- m&mﬁ@oﬁmﬁm&%ﬁnhemm
foll owi ng f premu-eariidXylfcaickiy and1asters metobearmmhemqog pteparingchthiore moddrbedrag-

systemis ubdd-déibia)- Toapbem-carbexylicagids with e 3- %
1- car bacephgl Wﬁmmm %ﬁ%ﬂ"&f& A RE5TOSP Jhe
taught in E 0, (PR SYPeC, Mg T2 5t these newer [err]-lactam

anti bi otypcs, there |s a need for better nethods for their preparation and

for 1-carbacephal osporins with enhanced poteré¢\\agai nst in- W th
enhanced potency agai nst in- fectious aﬁ i sBfint ni croorgani sms. The
preparation of 3, hal o-1-carba-3-cephem undg I's al so disclosed in Sw ss
Patent 42 968. 25 The 1-car baceph@fospo conpounds provided by this
invention are represented by the Formula 1 H 30

AN [err] wherein A is hydrogen, an am no-pr ot Hng group, or an acyl group
[e r] wherein Ris hydrogen; [err] al kyI [err] akyl substituted by cyano.
calboxy, ha nmmmhwmekw lengy.
trifluofdnme ' 14 476
the fornul a mmb,mmm
wherein a aRrgtocus ahd RiBRRCKMIGIobgarisnts. rxegmron Bagien -caltyack-aaphiem
al koxy, [ er discieded brfiwjdsPatent§42868. [err] al kyl, [err] alkylthio, am no err|
al kanoyl2ni nothe P@PM\‘M{;@ W%WW&%WM cinuta

hydr oxynet hyl , am nonet hyl ,- or c%’b?fyrret hyl; a group represented by the
formula [err] wherein a and a' h = he _sanme neani ngs as defined above, Z
is Oor S, and mis 0 or 1, 2 \Qaryl met hyl group represented by

the formal a EPO 211 540B1 ereiph [err] Is thienyl, furyl,
benzot hl enyl , benzofuryl, indolyl I az SO=CEsrazol yl , oxazol yl,
t hi azolyl, oxa- diazolyl, thiadbazoly and such- het eroar)i) groups
substituted by am no, hydroxy, hal ogen,! [err] alkyl,

35 2

wherein A is hydrogen, an amino-protecting group, or an acyl group
Y ]
RC-

wherein R is hydrogen; Ci-Cs alkyl, Ci-Cs alkyl substituted by cyano, carboxy, hajogen, amino, C-Cs
45 alkoxy, C-C4 alkylthio, or trifiuoromethyithio; a phenyl or substrtuted phenyl group represented by the

formula
_ X \\..-
50 .
X_/

wherein a and a’ independently: are hydrogen, halogen, hydroxy, C+-C4 alkoxy, C+Cs alkanoyloxy, Ci+-

Cs4 akyl, C-C4 alkylthio, amino, Ci-Cs4 alkanoylamino, Ci-C4 alkylsulfonylamino, carboxy, carbamoyl,
55 hydroxymethyl, aminomethyl, or carboxymethyl;

a group represented by the formula

) ,:,>< e

wherein a and a’ have the same r:eanings as defined above, Zis O or S,and mis O or 1;
65 a heteroarylmethyl group represented by the formula



5 CrC4 al koxy, [err] al kylsul fonylam no; a substituted nethyl group
represented by the f'ormula [err] wherein [err] is cyclohex-1,4-dienyl, or a
phenyl group or substituted pheny Fﬁﬂftfﬁdfﬁqesented by the for- nula 15 20
[err] wherein a and a' have the above ned neanings, or R2 is [err] as
defined above, and Qis hydroxy, [err] alkanoyloxy, carboxy, sulfo, am no,
ok_a substituted am no group represented by the fornula [err] 30 wher ei n
R s hydrogen or [err] alkyl, R' IsBFeHs] alkyl, furyl, thienyl, phenyl,

hal ophe MQ'%? R bei&:)ﬁﬁl %@dﬁﬁ L%bku{&&&rﬁ lo&Eo SR dgrv]
wher ei Ngi by -Ca alkyl
al ksl suc,fwldoxy kyBbllopllaming; [err] al - kanoyl : |s a substl tut ed ,
am no ga&lbpﬁtmwn&\éamwmbysemmb?mmua[err] 50 vvherel n R'" has the sane
meani ngs as defined above and g is 2 or 3; or Qis a substtuted am no group
represented by the fornmula 55 [err] Bﬁﬂﬂﬂiibenzanldo group represented by
t hey§ ormul a 65 EP 0 211 540 B1 5 wherleint is 1 to 3; or Ris a keto
group or an oxi mi no-substituted group r&resented by the fornulae [err] 15
wherein [err] is [err] or [err] as defined above and [err] is hydrogen,

[err] awvhepsin Rtis ayclehaxid-diendutsst pheo! grpup biksubstititedphenyd arokp repasened bycthe fosent ed

by the Pl a b 20 [err] 25 wherein
b and b' independently are hydrogeg, or [err] alkyl, and b and b' when
taken together with the carbon to ch tRgy are bonded forma 3- to

6-nenber ed carbocycllc ring, and [ ] I's hydroxy, [err] al koxy, am no,
[eksz al kyl am no, or di[err] alkyl)an ’

wherein a and a' have the above defined meanings, or R2 is Rt as defined above, and Q is hydroxy,
C1-C4 alkanoyloxy, carboxy, sulfo, amino, or a substituted amino group represented by the formula

25 O R' O
| I T
~NH=-C—N—C-R'"'

a9 Wherein R’ is hydrogen or Ci-Cs alkyl, R” Is C1-C4 alkyl, furyl, thienyi, phenyl, halophenyl, nitrophenyl,
styryl, haloslyryl nitrostyryl or agroup

Rl
|

35 . -N-R 1Y

wherein R’ is hydrogen or C1-Cs alkyl, and R™ Is hydrogen, 01-03 alkylsulfonyl. Cr-Cs alkyl, or C+-C4 al- |
kanoyl; or Q is a substituted amino group represented by the formula

~ o
-
(o) ]
- N 7\
45 -NH=-C-N N-R''!?
(ea, ?
2'q
50 wherein R™ has the same meanings as defined above and q is 2 or 3; or Q is a substituted amino group
represented by the formula _
. 1
—NH—ﬂ-¢< >J—(C1—C¢ alkyl)
*>—a9
60

or a benzamido group represented by the formula



[err] is hydrogen, or a carboxy-protecting group; and when [err] Is

hydr ogen, the salts thereof. 30 The conpounds represented by the
formula 1, wherein Ais an acyl gro%% RCO agﬂ {err] I s hydrogen and the
pharmaceutical |l y acceptabl e non-t oxi Gt eof, inhibit the growh of
m.ct ogani snms pat hogenic to man and animals. The conpounds In esterified
faum ([err] - carboxy-protecting group) are useful in a process for
preparing 3-chloro and 3-brono- 1-car bg- 3- m(egyers and aci ds as
described herein- after. Such 3-hal o-]l- ¢r ba- epHEnr4-carboxyIic aci ds
and salts thereof are also antibi ot ’*&ieful 35 the treatnent of
Infectr;nw di seases In man and ani mal s above definition of the
conmpounds whesiesiemteed] by the fornmula 1, [err] alkyl refers to the straight
and br ancherR is dbtn gtk g angriminosulstitsied gEoup Epragentec iy iha formylag: oy | i sopr opy!l
n-butyl, t-buty, n- pentyl, n-hexyl, 3- nethylpe@qﬂ and like aIkyI groups
[err] aIkyI substituted by cyaﬁﬁ-ﬂéfers to cya t hyl, cyanoet hyl,
4-cyandbutyl, and the like; [err] Ikl kyl substltutd by carboxy refers to
such 40 groups as carboxymet hyl O 2- car boxyet hyl N2 car boxypr opyl ,

4- car boxybutyl, 5-carboxypentyl, and the |ike; [errdgﬁtkyl substltuted by
hal ogen refers to chl oronet hyl, bronDnethyI 2-chl or 1- brono- ethyl,

4- chl or'dbut t ¢, @W
fl uor omath Mﬁgﬁmﬁ& Q,ﬁ ?@?@ﬁtu%gﬂgy&aﬁﬁaﬁ%&gﬁrs to
suth groups as 2-am noet hyl, am nonethyl, 3-aninopro- pyl and 4-ami nobutyl;
[e}\V] al kyl substituted by [err] al kaxy refers t o nmet hoxynet hyl ,

2-nmet hagyet hyl, 45 2-ethoxyethyl, ethoxynmethyl, 3-propoxypropyl,
3-ethoutyl, 4--butyloxl, m p -C={ exyl, and |ike group;
[err] alkyl substituted by [err]-alky}jhio reflers to such groups as for
exanpl e net hyl t hi onet hyl, 2-nethythi dsthyl, 2-ethytthi opropyl

4- et hyast hi obutyl, 5-et hyt hi ohexyl , 3- t- butyI t hi opr op and |ike. groups;
[err] al kyMb@tWMb@Mrm é’ with the
f 1 uor oet hycarben t9 which,thay, 358, bondes

|88, borK ing. anctiAg T dvpromy, Orlh g
[err] alkylg, % ) rohenUor ot baturyloritect \Q{Sﬁ‘#&)ﬁ' n| $ib 84118 tHeRvot. OF,
exanpl e t I fHeltBmdduRé 28y # t1 wﬁdaoA&mtabybbbpaeohwﬁzthﬂaﬂd
2-trifl uormmwmmw nﬂrbbethm M)lemmaﬂ th°9°n‘°
5-tri f1 uor Gmamged srimale,The compaunds; i este y 1= CADRORIoteet

in the for Torprpraria Seijer l& 1r¥)

are repfes ey al opheny such as

4-chl or ophenm the 5mmrulm &mfdomorﬁhﬁsenﬁﬁ by tﬂg’|f0rmﬁa4l- m-chlamorphmyol
2ethy, ci-resnyh fieopippyl,
phenyl 4- ppalylonhexie

al koxyphenyietl granoat ) , - _
%«hoxvph«rmrfw R R, vofbrd " bromo
thoxy 3- et lygyy dbrofnope oeewradiwvmuabmowwmn! ,amd the
Fhogroupe @x D |, amiporoetiy,\3-

2- acetoxyphmyircgdkprsolpﬂwm ealyism R

3- but yryl oxpylperfy
4- et h ph%
4- et hyl pherﬁ’y :,g’

:A .,n« -‘-."«'°"" " , 3t
al kyi thi Opfwﬂm-opidrmhaﬁﬁmé &mdsybwa cxubbtines by bilogrbrhet w)ridmvyﬂpriﬂedby2§y2-vi-

2- et hyl t hi dipbrestipl,, 3,3 3-frifiddropeepyly | 4.44-tiflboeobytyl, and dthe -like; pm'dp

am noph@nylﬂusfa@M'OZB’am No@ gP- %W ]
3- ani nopher@mym%\W'Oﬁ ¥ i 3

3- pr opi onyl in 1 YomfbiaDUR Y & SuBtinRsd pﬁ?é@?%&@&ﬁ'mmaﬁ repreaentedbya

3- met hyl sul dn@may leRdrphss, of‘kud'ﬁﬁoups &a4-tidorophenyl, 3-bromophenyl, Z’C-:_t;'or:phe-

3, 5- (disset hyl, 24-dichivpdphery HSithlordphanytiu SMW ydroxy-

3-et ﬁ,y| sul T%enyl 4-hydroxyphenyl 4-dihydroxyphenyl, an?d 3 Mxhydmxyphenyl ko enyl, such as 2,6

thoxyphenyl, 4-methoxyphenyl, 3-ethoxyphenyl, 34-dimethoxyphenyl, 4-t-butyloxyphenyl, 4-me-

moxy-3-ethoxyphenyl and 4-n-propoxyphenyl; alkanoyloxyphenyl such as 2-acetoxyphenyl, 4-propion-

oxypheryl, 4-formyloxyphenyl, 4-acetoxyphenyl, 3-butyryloxyphenyl, and 3-acetoxyphenyl; alkylphenyl

60 such as 4-methyiphenyl, 2-methyiphenyl, 2,4-dimethylphenyl, 3-t-butylphenyl, 4-ethylphenyl, 4-ethyl-3-

methyiphenyl, and 3,5-dimethylphenyl; alkyithiophenyl such as 4-methyithiophenyl, 3-n-butytthiophenyl,

2-othylthiophenyl, 3,4-dimethyithiophenyl, and 3-n-propytthiophenyl; aminophenyl such as 2-aminophe-

nyl, 4-aminophenyl, 3,5-diaminophenyl, and 3-aminophenyi; alkanoylamino such as 2-acetylamino, 4-

acetylamino, 3-propionylamino, and 4-butyrylamino; alkylsulfonylamino such a 3-methylsulfonylamino, 4-

85 methylsulfonylamino, 3,5-(dimethyisulfonylamino)phenyl, 4-n-butylsulfonylaminophenyl, and 3-ethylsul-




EP 0 211 540 Bl fonyl am nophenyl; carboxyphenyl such as 2-,3-, or 4-,

car boxyphenyl , 3,4-di carboxyphenyl, and 2, 4- dl carboxyphenyl;

car banoyl phenyl such as 2-car banoyl ph b iﬁéggkcarbanoylphenyl, and .
4- car bam oyl phenyl ; hydroxynethylphe§§¥ Ea 4- hydr oxynet hyl phenyl and
2-hydr oxynet hyl phenyl ; ami no- net hyl phenyl such as 2-am nonet hyl phenyl and
3iam nonet hyl phenyl; and car boxyphenyl such as 2- 5 car boxynet hyl phenyl ,

4- car boxynetwaphmn!)dn mmwsmm ﬁgheﬂyhr?d“*!' S'M t’ﬁ?é’d"

2-hydmxymethyiphenyl am!no-
lphenyl and carboxyphenyl such as 2-
iGinsiRyRétiphenyl; and the substituted phe-

odegmtkre-a-yrbe,ﬂlylphenyl. 4-fiuoro-3-hydroxyphenyl,
&@bg:ph 3 ( 4-othyl-3-hy-
ry*y ‘ﬁw Temmhmino-&%ohx;

enyl, 2-

n \ ithio-
4 brophé D Eiathvithio4 hydroxyphenyl, = 4-ethoxy-3-hy-
4- acet oxy- B-W Remtiylsulibnyls mpg;bdxypmnyl44€&ﬂlrmraaqsﬂvmpybqyl. and 2-carboxymethyl-
2- met hyl t hi ct-hydteyyph thyI phenyl 4- car box -3 hydr oxyphen
4- et hoxy: 3- hy Exannis therforruia hagpin M@f’pﬂy
4- ami no-%-chi or ophenyl , and 2 car boxy - 4- hydroxyphenyl Exanpl es of
RCO groups of the for rrul a 1 wherein group represented by the
l&ﬁﬂsxyphenyl acetyl ,

formula 15 [err] with m- 0 are: ph
4- sH orophenyl acetyl, 3, 4-dichl oroph tyl, 4-nmethoxyphenyl acetyl,

3- et hoxy$henyl acet yl , 2-am nonet hyl phenyl acetyl, 3-carboxyphenyl acet yI 4-

acet oxyphenwhihcmt ¥1g aﬁ- Wny nyiatatyd,p 8,6 icbiore acatyt]
with m= 1 astauetioxypl®nylatétyl, poylace : acﬁs@:ﬁt’xwhe . 4
4- quorophe .“ BYpBanyace M Mo Jd ‘m=1and Z = 0,

3 hydroxyrretauloydpphﬁlﬂwwﬂ.et WMI aww&bwnylﬁﬁwmmw»
caelyl, arddeatimboyy hiapcetylc h| or phenyl t hi oacet I
vy O-g ."., ‘_ -' y Bre I oA yehmm&?roupm 2-thienylacetyl,
D B .‘:‘.104‘33. o ‘:, ks

4- et hoxypher i-i#‘:: i a_o,];_

wher ei N [ er riadoto.Aadd Plyiacedyi,l Nin@NY eacwm
2-furyl acet ygroups -optiohaly! dubstiedoltyCanyiho, Wﬂmtw&pm hala) CCeydlit ot G1-Cs-
1H t et r aggl -dlkoxygrowpst vl , oxazol 2 yI acet yl, oxazol 4-yl acetyl,

thi azoi-4-yl a 02}4' ngich uig 1 SEmpaynds ,'héyg} methy) OER

1, 3, 4-thi adi R oYy ; 7l 2
heteroaryl WS A AN At A A v R AT , 2 drhlno-2-(Ei
hydroxy, ,hal aoxy{md»ymbthyl @+ormgloxyl2-Henylacbiyl) X y. Jsulfo@pheriylecsty) es 2a0ifor2®methyl-
&rcfps 0 tmeﬂw.a wcemmmmmwe 2-aminp-2((2thierylleeatyly | 2
repre- sent ekpnegfhienylacety M j R A
sul fo, are 2% J,,':’:"-,d L QXY ¢ ol Arhing pYc
2-"am no- 2- phg y 2-am no- 2- 4 hydroxyphenyl) acetyl,
2- am no- Z2- ( 3-chl or o- 4- hydroxyphenyl )acetyl,
2-am no- 2- (cycl ohex-1, 4-di en-1-yl)acetyl, 2Rhy- 40 dr oxy- 2- phenyl acet yl ,
2-form oxy- 2- phenyl acet yl, 2-fornyl oxy- 2 phknyl acet yl ,
2-sul f o- 2- phenyl acet yl , 2-sul f o- QWM-Cbaénﬂ')’acet yl, and
2- acet ox§92 ( 3- hydr oxy henyl)acetyl 2- am no- 2- (2 t hi enyl%acetyl

ax ps gbmqugw methyi-
% ﬁ;ndpgxi (3 a@e,im ; ' Ino]- { )-ace 2?;:1‘1-emyl-N-nyn-
am no- 2- ( 2- 7 { % éiﬁm% gl,).@sne&;y presented by
2car boxy22- ( n,z,ﬁml&n en -yI) ce- tyl,

2-hydroxy-2-(benzofur-2 yl)acetyl; and mhen QIs a substituted am no group
represented by the

60



45 formula [err] exanples of such acyl groups are

2- ( N- met hyl - N- benzoyl car banoyl ami no) - 2- phenylacetyl, 2- (N- et hyl -

N- ci nnanoyl car banmoyl am no) - 2- ( 2- furyl)ace

2- (N, N-di met hyl car banoyl ur ei do) - 2- ( 4- F%bﬁ@%?ﬂ - acetyl,

2- [ N- et hyl - N- (2- chl or oci nnanoyl ) car banoyl ami no] - 2- (2-t hi enyl ) -acetyl, and
2A(N- et hyl - N-ace- 55 tyl carbanoyl am no) - 2- (4- hydr oxyphenyl ) acetyl; and
when Qis a substituted am no group represenped by the forrmula 60 65 EP
0 211 540 B1 [err] 10 exanples of acyl groupR(CO)- are

2-[ (3-net hyl i m dazol i di n-2-one-1-yl)car lgygnyl @m no] - 2- phenyl acet yl ,

[(3-a ¥tylln1da20|d|n 2-one- 1-yl ) car bgpyl an\no] - 2- phenyl acet yl ,

[ (3- et hyl sul fonyl i m dazol di n-2- Qygleyl) - 2NeR ' enyl ) acetyl, and

[ (3-acet yl hexahydropyri m di n- 2- one- 1-yl car bohyl am no] - 2- phenyl acetyl;
d when Q Is a hydroxy-substituted benzar{dH,droup represented by the
rnula 15 [err] exanples of such acyl groups a

(

)224i 4 Ezdr oxg | 231 me—'\na}(e affgjn}@h'lgm%aézo ldt-'n\/éj-one-xiy2 )Q[)cé]tggnn]ammo}%pll‘;enylhadcetyl
}earbonyamn = nylacetyi, o (o] -2-

2- (3, 4-di hydﬁ@w e-(m ‘qu&—h%}lL1mm5ﬁ%:bmo]g-ph£yl-

hydr oxybenz acatytahd #hé¢rBQ ista rwdpk»-snbﬂln;téq beazethido group represented by the formula

2- (2- hydPoxybenzami do) - 2- ( 2- benzof uryl )acetyl . 25 Exanpl es of RCO acyl

groups of the conpounds represented byQfor Gnhﬁq R 1s a keto group or
an® oxi mi no- subst i t ut ed group representgd Dy th rmul ae [err] 35 are the
ke groups 2-oxo-2-phenyl acetyl, 2-0x0-X(2-thenyl)acetyl,

2- 0X0- 2-202- am not hi azol -4-yl) - acetyl and =gl NO- substituted groups

2- phenyl 2- et hoxy| m noacetyl 2- (2 th| enyl)-2-ethoxyi m no- acet?/I

2-(2-furyl )_e ampias|,of SHC ] greqw 2-(2 4—dshydroxybenzamido -2-phenylacetyl, 2- hydrpxybenzaml-

2- (2- benzot 1} .:‘!(sl s ke %) 2-42-aminothiazol-4-yljacetyl, *  2-(3,5-di-
ch onze d ; : 60)-2-(2-benzoturyl)acetyl.
3 ropresamedbyfonnula1whonnlsaketogrouporan

2- (2 am no- m@;mmmgmwwmmmm noacetyl , 2-(2-

am not hi azol - 4-yl ) - 2- met hoxyi m noacetyl ,

2-(2-chl orot hi azol -4-yl)-2- reR¥eQH M noacetyl , 2- ( R30t hi - 40

azol - 4- ygb) - 2- (2- car boxypr op- 2- yl J} oxyi m noacetyl, I

2- (2-am not hi azol - 4-yl)-2-(2-carlganoyl prop-2-yl)- oxyiNn noacetyl, and

2- (5-am no-1, 3, 4-t hi adi azol - 2-yl ) - 2- met hoxyi m noacet yl .\ The

car boxy- prot ecting group [err] is a conventional carboxyoR#tocki ng group

used in err -I act am an£| %otlc a[t and serve the f?unctlon of
blocklngth 8374 \
sites in th 'qulkze,ugz%i Me u§ " e TEETAA Y oL

bl ockng of tHewy rmhﬁmfz.ﬁus&hzg
WHQI)- Bzoldgl)-2

2-
2-
2-
an
fo
2-
do

hal oal kyl geminpt

k . - » r
=i "i'tt"v .'U‘l%’f"i‘gmstltut .
4 ni t r obenz AT °H :ﬁf' TCHeE al kyl et % d
al kyl arylswml'é’ ; ng thé acidiolck mgﬁl'&ﬂmﬁ

othersuteslnthemolewle Sudlgmupsareusedforthetempotarypmtecbonorbloddngofmecar-

boxy group. Examples of such groups are t-butyl, haloalkyl groups, e.g. 2,2,2-trichloroethyl, 2-iodo-

ethyl, allyl, 1,1-dimethylprop-2-yne-1-yl, benzyl, substituted benzyl, e.g. 4-nitrobenzyl, and 4-methoxy-

benzyl, diphenylmethyl, trialkylisilyl or mixed alkylaryisilyl groups, e.g. trimethylsilyl, triethylsilyl, dimethyl-

phenyilsilyl, p-trimethylsilylethyl, and g-methylisulfonylethyl.

The 3-rifluoromethyisulfonyloxy-1-carbacephalosporins represented by the formula 1 wherein A is

50 RCO or an amino-protecting group can be prepared by the O-acylatlon of the corresponding 3-hydroxy-

1-carbacephalosporin ester as illustrated below.



phenylsilyl, [err]-trinmethylsilylethyl, and [err]-nethylsul fonyiethyl. The
3-trifluoronethyl sul fonyl oxy-1-carbacephal osporins represented by the
formula 1 wherein A ls RCO or an aniegb 8%§§§hng group can be prepared by
the O acylation of the correspondi ng ﬁb -~ 1-car bacephai osporin ester
as 1llustrated bel ow. 55 60 65 EP 0 211 540 B1 5 [err] 15 20 25 wherein
[err] is a carboxy-protecting group. During the acylation any reactive
graups in the side chain group R al sé cHpabl e of acylation Is desirably
protected. For exanple, any anino greup- tituents are protected with a
conventional am no-protecting gr am de formation in
conpetition with the desired ester f e acylation |Is carried out
In an inert solvent preferably at be- 30 tween about [err]
and about [err]. The-reaction can i shed using a base such as a
tertiary amne. Am nes which are suitable ude triethyl am ne,
tri-n-phutylam ne, pyridine, diethyl-t-but ne, di sopropl ethylam ne, and
| i ke am nes. Hindered (i.e, non-nucleophilic but basic) trialkylamnes are
pre- ferred. The acyl ating reagent can be(GFsSDRY®® onet hanesul fonic
anhydride (trific anhydride) or trifluofo- nethanesul fonyl chloride (trific
chloride) or other activated derivative¥ of trifluoronethanesul fonic 35
aci d. Pnert solvents useful In the pyocgss are the hal ogenated hydrocarbons
such as chloroform meth- ylene chlomde, ,richloroethane and the |ike;
ether solvents such as t et rahydr o s such as ethyl acetate; or
othet inert solvents, e.g. acetoni The jtrific esters are recovered
fromt#e reaction m xture by conventjeoms 50=GFanet hods, e.g. by
extraction. Followi ng the esterifi CA4 carboxy-protecting group
[err] can be renpoved to provide 40 ffee acid 3-trific ester where in
formula 1 [err] is hydrogen. Alternativel e car boxy-protecting group
can besl ef t intgc and t he dlester Rl 0cess oescrlb-d
her ei naf t ﬂgﬁ : )

conpounds SR R

as\)‘lo&e foE 13 , the carboxy-protecting group
canbeleﬂmtactandmediesterusedmmeprocessdescnbedheremafterformepreparahon
comresponding 3-halo-1-carbacephalosporins.
The 3-trifluoromethanesulfonyloxy compounds represented by the formula 1 can also be prepared by
the N-acylation of a 7-amino-3-trifluoromethanesulfonyloxy-1-carba-3-cephem-4-carboxylic acid ester

45 (formula 1, A = hydrogen) with the carboxylic acid RCOOH wherein R has the same meanings as defined
for formula 1. An active derivative of the carboxy group of the acid is desirably used in the acylation.
For example, acid halides, acid azides and active esters or acid anhydrides may be used in the acylation.
Likewise, the free acid may be coupled with the amine inthepresenceofadehydraﬁng agent such as a
carbodiimide, e.g. dicyciohexycarbodiimide.

50 Active esters of the carboxylic acid such as those formed wrlh N-hydroxysuccinimide and hydroxy-
benztriazole or those formed with the haloformates, 2.g. ethyl chloroformate and isobutyl chloroformate,
may be used.

The N-acylation of a 7-amino-3-trifluoromethylsulfonyloxy-3-cephem ester is lliustrated below



benztriazole or those forned wth the hal oformates, e.g. ethyl
chl orof ormate and i sobutyl chloroformate, may be used. The N-acylation of a .
7-am no-3-trifluoronethyl sul fonyl oxy-3-cephemester is illustrated bel ow 55
60 65 EP 0 211 540 Bl H H 10 [eﬁ"??z‘z‘o Bfein R has the same neanings as
defined for formula 1, [err] is a carboxy-protecting group, and X rep- 25
resents OH (free acid), OCOR (anhydride), or a reactive derivative, for
exgnpl e chloro. The N-acyl ations age garried out by using the neods
enpl oyed for the acylation of the osporin nuclei such as 7-ACA and
7-ADCA. I n an exanple of the agyya , 7-am no-3-trifluoro-
netﬁylsulfonyloxy-l-carba-3-cephen}4-‘ %ﬁéﬁ. n acetonitrile is treated
wi t h" phenoxyacetyl chlo- rie int P i aci d- bi ndi ng agent such
as triethylam ne or pyridine to provide¥enzyl 7-phen- 30
oxyacetyl am no-3-trifl uoronet hyl sul f onyl - 1- car ba- 3- cephem 4- car boxyl at e.
The conpounds represented by the formuyla I Wherein QIs a substituted am no
grodp are obtained by N-acyl ation of ound wherein 0 Is am no. For
exanpl e, the conpound represented by {he"Tornula [err] wherein R2 is a
carboxy-protecting group, is acylatedlin the presence of an acid scavenger
wth a com 45 pound represented ,pyythe formulae [err] 65 wherein R,
R, IR", t and g have the sane neangngs %Qdefined for formula 1. EP O
211 540 Bl Exanpl es of
3-Yrifluoronethyl sul fonyl oxy- 1-car
of \he in- vention represented by
[errp H
benzyl [err] :
benzyl [err] 00R=
benzyl E&&nh the same meanings as defined for formula 1, Rz Is a carboxy-protecting group, and X rep-
PMB 250 ©A (roe ack), OCOR {anhycide), or & reactive derivative, for example chioro.
H mu-mmmwwwmmmmmedmmmdmm
- losporin nuclel such as 7-ACA and 7-ADCA. In an example of the acylation benzyl 7-amino-3-trifluoro-
methyisulfonyloxy-1-carba-3-cephem-4-carboxylate in acetonitrile is treated with phenoxyacetyl chlo-
ride in the presence of an acid-binding agent such as triethylamine or pyridine to provide benzyl 7-phen-
30  oxyacetylamino-3-trifiuoromethylsutfonyloxy-1-carba-3-cephem-4-carboxylate.
Mmmpoundsmmsontedbymefomula1whereanlsasubsﬁMedamlnogmupareobminedby
N-acylation of a compound wherein Q is amino. For example, the compound represented by the formula

A\

wherein Rz is a carboxy-protecting group, is acylated in the presence of an acid scavenger with a com-
45  pound represented by the formulae

CICOE—CO . CICOE-COI—R‘” .

-cepljem 4- carboxylic acids and esters
or e shown below. R

HHxE

55 c1-co-e(ﬁ\-«'~ cn-ooh(i[:li)—(c«a alkyl),

60 (OH)*

and mcoﬂ

g5  wherein R’, B”, R™, t and q have the same meanings as defined for formula 1.



i,6-dinetthoxyphenyl - HH

- met hyl phenyl

enzyl 15 3- hydr oxyphenyl EP 0 211 540 B1

enzyl phenoxynet hyl

. phenoxynet hyl

NB; phenoxynet hyl 20

4 4- chl or opheExsmplestoh trifiuoromethylsulfonyloxy-1-carba-3-cephem-4-carboxylic acids and esters of the in-
4- hydr oxyﬁﬂ'é%??ﬁ@%by"" formula 1 are shown below.

1 benyl benyl
enyl 25s R H
- chl or ophenyHt hi onet hyl

4 4-f | ur ophen@kehi onet hyl

4- chl or obend@¥HL- ani nonet hyl benzyl

H 30

1,3, 4- t hi adpishlymétyt! et hy |

1 8, 4- oxadi azptiendkyiest hy|

Y t et r azol 4-thigrophebdiyinethyl

rr]-amnobe

40 [err]ﬂ&nﬂh@ﬂ@ﬁﬂyl

2, 2-trichl op¥e¥hyl [err] am nobenzyl

[err] am no¥CA’hydr yl)

err] - an®no- ( hp-imi"&:&l PRI ani nobenzyl )

Co~t en) Ho Ll taa iy AT OXybenzy|

45 [e&rh*, Hageovenzyl [err]-carboxybenzyl
[err]-carbo enzyl) )

[ err] -sul f 0RaNenyimethyt buuM H
err] - et hyl - h@ﬁaﬁh@&thlorobenzoyl)urerdo]benzyl

Hlerr]- (nethylanrnocarbonyl)[er met hyl
¥ ei do] 4 hyd&ﬂ!ﬂ%ﬁﬂﬁ?ﬂﬁﬁ] (3-[err]-2-one-1-yl carbonyl am no)fbenzyl

::::zizxzzgziggznggégw

T.C

|

carbonylamino)benzyl
a-{admlbny&mmpylmqlamm)bemyl
55 a~(4-ethyipiperizin-2,3-dione-1-yl carbonylamino)benzyl -
a-{4-hydroxybenzamido)oenzyl
o~{3,4-dihydroxybenzamido)oenzyl

and when Rz is H the pharmaceutically acceptable non-toxic salts thereof.

60 A preferred group of compounds of the invention are represented by the formula 1 when R is benzy!
or phenoxymethyl. A further preferred group are represented when R is R2-CH(Q-)-, and in particular,
when Q is amino or substituted amino. Examples of such compounds are 7p-(a-aminophenylacetylamino)-
3-trifluoromethyisulfonyioxy-1-carba-3-cephem-4-carboxylic acid, 78-[a-amino-a-(4-hydroxyphenyl)-
acetylamino}-3-trifluoromethylisulfonyloxy-1-carba-3-cephem-4-carboxylic  acid,  7p-[x-amino-a-(3-hy-

65 droxy-4-chlorophenyl)acetylamino}-3-trifluoromethylsulfonyloxy-1-carba-3-cephem-4-carboxylic acid,

IIIIIIIIIIIIIIIEEII:
o




]1-(3-nethyisul fonylim dazolidin-2-one-1-yl carbonyl an no) benzyl

[err

H55 [err]-(4-ethylpiperizin-2,3-dione-1-ylcarbonyl am no)benzyl
H [err]-(4-hydroxybenzam do) benzyl

H [err]-(3,4-di hydroxybenzam do) benz'r“:gﬁt’"'1154081

H. and when R2 is H the pharmaceutically acceptable non-toxic salts thereof.
60_ A preferred group of conpounds of the invention are represented by
t he for nmulaad &OWWW%@mmwbm wmmmmmmrg)%mgmp
are repreMMMRﬂMWme h the(Tznositien gider e

[err] .q o A AL L %0 aﬂ'\p'o

Silv] trifluoromethyisulfonyloxy-1-carba-3-cephem-4-carboxylic
3-trifl uoLdyRt kO o ot mwrb&yllc aci d, o

[err]-am nqméoalttre] phenyliglycine is converted to the active derivative with a halo-
acet yl ani faohic3cid st syoh Mﬁwmqomwmwe derivalivp assl to @gviatorthe Tcaminpoksarhacu-

aci d, [ &Y ’ rr h
droxy 13- ch 1ot 5; ﬁ,ﬁé}&? ]'Asf?)(epﬁggoro%?'ﬂﬁm 'Ff‘o"ﬁ’??gxlfl an oXTeR AP ce
phem 4- car acl EPO211 540B1 and the pharmaceutically

acceptabl e salts thereof. The above- ng®geLonpounds having an asymetric
carbon to which the amno group is attacrl din the 7-porition side chain
are priéferably In the D-form The preferr,Ed_ conpounds wherein Qis amno
prepared by enpl oyi ng known acyl ation nmethpds used in the [err]-lactam

an i biotic art. For exanple, phenylglycyl cdkeride hydrochloride can be

to 5 acylatethetrlrrethylsHyI ester of -
7 am reo- Sanaridulaomnmhqdmrdlm iy the syndesfigurationnare preféried, espedial
oSO g, G ARTIAFOLA 1 wgzmgmmtmbmaelscr

non- aqueo?" : - 4
il Sl

ittt
t he dessi vahisam wmmﬂeaémamwmw wemmesaadglwt» he
benzyl esmmmmwm of DODFYS dbmam 1ethangiaming, Hy
t he for nul ‘ v 0+ PSP, H27% IRENS: ¢
20 In pa (18 Q A B ation are
conf i gigr alobiRedivith ino RSIAS bempolndd L terh&iriglthd Srofe dup. | This@nveintion al-
2-am not hlsazpbvidesylprofa’a-eha‘r-ahlnoama H{prdtectei chrriino a biyismlifongloxy-1-caghracB-ce-

[err] is [phem hucinus compaunsisxapresersed by thesidmula 2 | group The conpounds
represented by the fornula 1 V\/nereln [err] I's hydrogen formsalts with

i norgagi c and or- ganic bases. SHl tH sgch as the alkali and al kaline earth
metal salts, e.g. the sodiug pot:asgyﬁ nd cal ci- 25 urn salts, are
formed with the respectiveRa ine earth nmetal hydroxides,
carbamat es and bicar- bamates. A sal £ med Wi th basic am nes

S ch.'aa benzyl am ne, di benzyl am ol am ne, di et hanol am ne,

p%‘ﬁanol am ne, procaine, and di cycl ohekyl ami ne. These salt forns of the
1-carba- 3-ce- phem conpounds are usef prepari ng pharnmaceutically
acceptabl e fornul ations of the antibiotics. The

7-am no- 1m:alna8e;shwmm BN mumiomecﬁ% wn&edmduseéb hydrqghe P@ﬁ;‘%ebommwed

N- acy| Bt i SFPURy Amigoyprotegt
removi ng 0% Hr e Gl
7-am no- loroacdil, Otribré

phern nuclbns, ©oupeHESonyiE R oRRHeLCh D : “benzyl
50  trobenzyloxycarbonyl, and diphenylmemoxycarbonyl allyloxycarbonyl a bicyclooxycarbonyl gmup such
as adamantyloxycarbonyl or bicycloheptyloxycarbonyl; or other conventional amino-protecting group.
Preferred amino-protecting groups R® are represented by the formula

O
55
|
_R°1-O-C—
60 wrein Re is Cr-Cs-alkyl, C2-Cs4 alkenyl, Cs-Cr cycloalkyl, benzyl, nitrobenzyl, halobenzyl or me-
Praferred amino-protecting groups are benzyloxycarbonyl, p—nktrobenzyloxycarbonyl and t-butyloxy-
carbonyl.

The 7-amino(or amino-protected)-3-trifiucromethylsulfonyloxy nudleus compounds represented by
the formula 2 are prepared with the comesponding 3-hydroxy-i-carbacephalosporin obtained as de-



35 >400 [err]
wherein [err] is hydrogen or an am no-protecting group, and [err] is
hydrogen or a carboxy-protecting 45 ﬁrgy égino-protecting gr oups
represented by [err] are the conventFofiZ Eﬂb cting or bl ocking groups
used in.-the [err]-lactamantibiotic art for the tenporary protection of the
ani_no group function while reac- tlons at other sites in the nolecule are

carJied owbﬁﬁmr ewemﬁnostwtw dUﬁstm 4665 171 (see copending Eu-
trichloro atept, Pm ) _ therein, an
aryl oxyca %%’5&1 % % ,asr:rl:r?»;:
trichlgoet; E:am Q’ﬁéhﬁﬁﬁhore@nﬂlrep- 50

|ﬁ6<%
ﬁgnyl al I yl oxycarbonyl, a

bi cycl ooxycar bonyl group such as adanantyloxycarbonyl or

bi cycl ohept yl oxycar bonyl ; or other coliventional amni no-protecting group.
Preferged am no-protecting groups [erZ] ypr@ represented by the formila
[err] wherein [err] Is [err]alk erI] —ycl oal kyl , benzyl, nitrobenzyl,
hal obenzyl or nme- 60 thoxybenzys. apiyogprotecting groups are
benzyl oxycar bonyl, p-nitrobenzyl and t- but yl oxy- carbonyl. The
7- n1noéor am no- protected)3 triflud@ro ul f oanyl oxy nucl eus conpounds
repres nted by the fornmula 2 are pgepared w e correspondi ng
3-hydroxy-1 -carbacephal osporin obtained as de- 65 EP 0 211 540 B1

sch bed Immaum mmemda m auwam HNRphérgiaG+Ca Aikxyphbityl, ORebhthi, &Watmt 4

bwowuﬁg henivh GG nylatGrSa alkeoryphenyB Gor3heophenyl; Y

Pat ent2°Pul§ GEE'F G'/i& PoRNYle Cr-Be dl 'nﬁ'e&%u Gr-Ca alkoxyphemvh thalophasylo fugd 5
for the p %a.ﬁm& B e ety mdd GPHE 2668 1HnGia RiNbreiSAr aia R &% ' pH&HH or substi-
Accor di ng ghéy @ 5phefiyl or substituted phenyl. Examples of such preferred compounds are 1-ben-

3-[14(S)- azwapmsmmmmﬁmm&-@mmudﬁdn-%mne arsl pr dibensybpEws)-plenyles: ed
asy mred- BOMWQMW W&%’Ped or 7- acyI am no

3- hydr oxy- 1Theaa2etidinanss, arese by the o . 4(8)-arvloxazpiiding2sq
formula [ b/t thé Borfesponding himoWliral ketlenb, THa kitbhd 4Hd'Iiine upthl cytlbaddition provide
al koxypheRydt maap‘|-.;:; he) ge Y hBQM ‘ idifvor
phenyl3o [wu]amhhiﬂ me] b

-CHCH o n

nal ophenyL. W%w Pealma'zmdm e ."emm”ge' éﬂ;[sr'és v@ﬁ”‘v@s' ””é%'e Yy
t he above ﬁﬁ G are phenyl or subsi- tuted phenyl, and
G is sshenyl or substituted phenyhz}ﬁxanpl es of such preferred corrpounds
are 1-ben- '

zyl-3[err]-[4(S)-phenyl oxazol i di n- 2- oRe- H¥|] 4 err]-styrl azetidi n-2-one

and 1-benyl -[err]-[4(S)-phenyl oxa- : la
| i digg- 2-one-3-yl]-4[err]-(3-nmethoxy | )azeti di n-2-one. The
az I di nones are obtained by the cyclo tion of a

4(S) - aryl qnaremlAr @lwme 8HE meanings 68 befined aové! érhap-dpemoh s :m%n&:aa iWBkb 1ohowihgFeac-

benzyl am tienshema& 3- aryl acrolein. The add halide Is converted in situ with
atri-
45



al kyl am ne to the correspondi ng honochiral ketene. The ketene and im ne
upon cycl oaddition provide the azetidinone. Alternatively, the ketene can
be generated with the anhydri de of hgp $¥€ﬁ&%%dinone acetic 30 acid and
trifluoroacetic acid, or with phosp 9 fde or phosphoryl brom de.
The® cycl oaddition reao- tion Is a key step In the asymetric process for

t he, preparation of 1-carba-(1-dethia)cephal osporins. The

4(Q -aryl oxazol i di n-2-one-g-yl acetyl halide enployed in the cyclization is
obtained with an L-aryl- glycine represented by thejformula | a 35 [err]

wherein Ar has jthe, sgi-gEangngs as @& i ned akIneo-ChNHE-CHxMt i ON 28
Il'lustyated in the follow ng reac-"TT10 M Schene. 45 50 55 6Q 65 EP 0 211

540 B1 0 0 0 3a + butyllithiCooR
lize 4a [err] 30 InOthe above schene "al k"
refers to [err] alkyl, e.g. nmethyl, ethyl, n-propylll and t-butyl; X refers

to hal ogen, pref@rabbl, c(CHLQ,8r br oMo, ¢ | salk+QrC~NEPOCH~AT 3a
trifluoroacetoxy, or [err] wherein X I's hal ogen; and Ar had the sane

nmeani ngs as previously defined. In carrying out the prepar &B288 of t he

4- aryl oxazol i di none 4a the L-arylglycine is first congerted to 35 the
carbarnate 2a. The arylglycine is dissolved I'n aqueoug base by utiIizing
only t'he anount of base need- ed togﬂ_r ¥R4&e soluble g/t plus a srza
excess. The sol3mibrbutydddthdumo g _fenperajure bet Hbout [err]*&nd
abbut [err] and non-stoichionmetric anpunts of the ha i (nNate are added in
sevef al portions with stirring. Additional base is adde# to redi ssolve the
aryl glgci ne and additional haloformate is added por- tiORwi se with
stirring. This process is repeated in the cold until an excess of the

stoi chionetric armunt of 48094933&' ofoyrﬂ)q];msebeen addeed and car ba
formatlonlsc tt £aCHzn | GF s i ed out as rapldly
as possi bl e. Bases such as the al k&3 TR ] (07, OXi dF eCHRCOXAdi um

hydr oxi de and potassi- um hydroxi de % ¢ USE y 3N sodi um

[ [ [ d fromthe
reaction mxture by acidification and extraction of the preC| p| tated
carbamgte with a vvater I mm sci blme S%| \;ﬁ‘;}'t e. g a hal ogenat ed %géocar bon

sol vent sydp Besahere g W"Xé’ﬁpa‘% %W\A%en

excess bo %&%a%
I 6648 lthe3Baryihj8ne is first converted to

about [err]jnaas
bor anggdi tetcasphsatb Pa.(fbe afyiglycine is dissolved in aqueous base by utilizing only the amount of base need-
ed to form the soluble salt plus a small excess. The solution Is cooled to a temperature between about 0°C
and about 10°C and non-stoichiometric amounts of the haloformate are added in several portions with
stiming. Additional base is added to redissolve the arylglycine and additional haloformate is added por-
tionwise with stirring. This process is repeated in the cold until an excess of the stoichiometric amount of
S 40 haloformate has been added and carbamate formation is completed. The reaction is preferably carried
' out as rapidly as possible. Bases such as the alkali metal hydroxides, e.g. sodium hydroxide and potassi-
um hydroxide are best used. Preferably 3N sodium hydroxide Is used. The L-carbamate derivative 2a is
recovered from the reaction mixture by acidification and extraction of the precipitated carbamate with a
water immiscible solvent e.g. a halogenated hydrocarbon solvent such as dichloromethane.
a5 The L-carbamate 2a is reduced with excess borane-dimethyisulfide in tetrahydrofuran at a tempera-
ture between about 20°C and about 40°C to provide the L-aicohol 3a. The borane-dimethyisulfide re-
agent is added to a solution of the carbamate acid in tetrahydrofuran cooled to about 0°C and the mixture
is stirred at the temperature range, conveniently at room temperature, for about 10 hours to 20 hours.
The excess borane is destroyed by quenching the mixture with water and 3a is recovered by concentrat-
s0 ing the mixture by evaporation, diluting the concentrate with more water if necessary, and extracting 3a
: with a water immiscible solvent such as methylene chloride. The recovered 3a is of sufficient purity to
use directly in the cyciization to 4a, however, it may be further purified prior to use by recrystallization.
The L-alcohol 3a is then cydized to the (S)-4-aryloxazolidin-2-one {4a) in an inert solvent with n-butyl-
lithium or an alkali metal alkoxide such as lithium or sodium ethoxide. n-Butyllithium is the preferred base
s5 and is generally used in less than the stoichiometric amount. The reaction is carried out for from 2 to 8
hours at a temperature between about 25°C and about 65°C and preferably at about 55°C. Suitable inert
solvents are tetrahydrofuran, 1,2-dimethoxyethane and like ethers. After completion of the cyclization,
the reaction mixture is treated with acetic acid in an amount corresponding to the amount of base used,
and is concentrated. The oxazolidin-2-one{4a) Iis recovered from the concentrate by extraction with a
6o  Suitable organic solvent such as methylene chloride, chioroform, or trichloroethane.
The (S)4-aryloxszolidin-2-one (4a) is N-alkylated with a haloacetic acid ester, the ester deesterified,
and the acid converted to the acyt halide Sa.
The aliviation of 4a with the haloacetic acid ester is carmried out in dimethylformamide or tetrahydro-
furan with sodium hydride to provido the (S)-4-aryloxazolidin-2-one-3-ylacetic acid ester. The haloace-
¢5 Uc acid ester is represented by the formula X-CH2COOalk in the foregolng reaction scheme, wherein X




agent is added to a solution of the carbamate acid in tetrahydrofuran
cooled to about [err] and the m xture is stirred at the tenperature range,
conveniently at roomtenperature, forgsg 5&9 ghours to 20 hours. The
excess borane is destroyed by quenching t mxture with water and 3a is
recovered by concentrat- 50 ing the mxture by evaporatron di luting the
conocentrate with nore water if necessary and extract 3a vmth a_ wat
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5a. Theal %A 4a with the hal oacetic acid ester is carried out in

di met hyl f ormam de or tetrahydro- furan wihysadi um hydride to provide the

(S)-4-aryl oxazoli di n-2-one-3-yl acetic itl d ester. The hal oace- 65 tic acid

ester is represented by the formula X- §H2COCai k in egoi ng reaction
schene,®wherei n X EP 0 21%2540 chloroe8r brono And alk is [err]

al kyl. Preferably, alk is t-butyl or ethyl. Exanples hal oacetic acid
~esters are t-butyl bronpacetate, ethyl bronpacetate, fethyl chloroacetate,

. t-butyl chloroacetate, nethyl bronpacetate, isopropfyl bronpacetate, and

" like es®ers. Preferred halo esters are tAbutyl biAdrno- acetate and et hyl

- bronpacetate. 5 The deesterificationzof the oxazol i di none acetic acid
~ester. is achieved by standard deest ation procedures. For exanple, the
t-butyl ester group is renoved upongtrea ster with trifluoro-
~acetic mscid while other |ower alkyl as the ethyl ester can be
saponi fi ed. The oxazol i di none acetic verted to the acid halide
(5a, X = halogen), preferably the aci e anhydride fornmed with
trifluoroacetic acid [err] or with a phosphoryl halide 10 (X - [err] The
aci d halg dewhepiret, & abdmrhbemskdnwm@mgs&daﬁmabmr ed source of the ketene

for“use in tmmm YTt ectaiparaton bawaenatvnt -78°|$eand@bdn@ﬁ‘lcomad@9n9mamc_
obt ai ned f goe ".r‘_‘: I°9‘P° 6‘[’,!9’819 é°"? e, > of
benzene, t gl ﬂ;ﬂ? °‘zc'_é:
reagent g ek iyﬁn Mﬁﬁe%&. hé e andthe
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used to forima 6his then added Heonyenieptlys thecsovent ferctherimelpey s dhe SO'VG"‘ in

e R A A s
react with 3 o) o reaction
mixture as follows. The reaction mixture is d:luted with a water immiscible organic solvent such as methy-
lene chioride or ctloroform and is first washed with a weak acid such as tartaric acid or citric acid fol-
lowed by a wash with saturated aqueous alkali metal bicarbonate. After drying, the washed mixture is
evaporated to dryness. Most often the major isomer can be crystallized from the residue from ethyl ace-

55 tate-hexanes (ca 30% hexanes by volume). Altemnatively, the major isomer can be separated from the mi-
nor isomer by chromatography over silica by using step-wise elution or gradient elution. Step-wise elu-
tion with ethyl acetate-methylene chloride with a percentage ethyl acetate by volume of from ca 20% will
generally slute the azetidinone while increased polarity (ca 40%-50% ethyl acetate by volume) will elute
the minor component. After chromatography the azetidinone can be recrystallized to enhance its purity.

60 The imine 6a employed in the cycioaddition is obtained by condensing a 3-arylacrolein with benzylamine
or a substituted benzylamine in a suitable solvent. The water produced during the reaction is removed ei-
ther by using a drying agent or by azeotropic distillation. A small excess over the stoichimetric amount of
the acrolein is preferably used. Drying agents such as magnesium sulfate or molecular sieves are suit-
able. Organic solvents such as diothyl ether or an aromatic hydrocarbon such as benzene or toluene

85 can be employed.



to form the
1-benzyl-[err][(S) -4-aryl oxazolidin-2-one-3-yl]-4[err]-(2-arylvinyl)azetidi
none. A mi nor anount of isoneric cycIF;aélgg sggphr oduct is also formed. The
cycl oaddition reaction is Illustrated in th&Pol | owi ng 20 reaction schene
é/] 35 40 wherein G G and Ar have the sane neani ngs as defi ned above.
reaction_is carrl ed out at a terrperature bet ween about err%ﬁ%nd about

[erﬁ] in an [M&pMdepta ?mm%mﬂ“@m A8 P e
tol uene, o ma"“ - i ol &ty ri-([err]

al kyl )am ne. A ol Ut on of the |mnel‘l a) 1Is gg'ged to(p'fg sci) ution of 5a in
an iners solvent contain- ing the tri-g[err] alkyl)anine in an anmount in
excess of the stoichlometric anount Thyg tri-([err] 45 al kylyam ne is
added to the solution of 5a prior to BQdCH=OH<«G'the inine 6a. The acid
derivative 5a and the anmine are m xed at a tenperature between about [err]
and abggt wberelh G'ds Mnmmammmckmmm hahphom'ehmoreammynfimmoto
form the aféhi 2fehysies areceiny Py A-me 4-ethgcinnamal-
'5U'€’H°'§'8?w8ﬁf°§‘%

solvent In%

benzene, t 0l gighiples of bbnykinines! UsokiiSn He s arb BtANAIAg sl hodtictytaig) cRb

the imge, akéy, amh mmmmmmmmmmmm mwﬂ.az

from2 to 4'dwubmyliﬁﬂw WMm.mimmmm.lsm

re overed PeERamAe dimettyibentyjamiee 4rshieatmafizyibenzyiamine cHsenforybanzypming.s 4+
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chl\ofl de o ] ' > W& &g'gpb'mm-

tartaric acmnqs)-cww : Nredidtdd in IR icioadiiion. EBacEn Je-

al kal i thMM@MNWM@!W@M
dryness. Mieiazgidingse e the jlaj
from et hyl Fafé Srrdi gt lerplcp & AR WOk Ark f e (o) o\t horgnias:

Al t er ndBi vk - ,- réniNalOf the RIRY Bdndiie: g SN y
chr omat ogr WWWWW Gheit 3-amin® Igrap o6t 1ha t azelidirione s

Step-w se @fotected with a\gopventionsl\aminecrectecting M%MW acsubjectc e
ethyl acet 28 40 [gonotyph r%yb\d Wc?rﬁ’@a%%"vﬁ‘l P%@mmwlmm dne
whi | e i¥cr eaged 00l ‘ LD
t he m nor 0
recrystalli zndpmmwmmmlmbgmaﬁﬁnmmihe I m ne 6a errpl oyed in the
cycloaddition is obtained by condensing a 3-arylacrolein wth benzyl am ne
or a suwsstituted benzylamne in a suitable solvent The water produced
during the reaction is renoved ei- ther by using a drying agent or by
azeotropic distillation. A small excess over the stoichinetric amount of
the acrolein is preferably used. Drying agents such as magnesi um sul fate or
| eculsgr sieves are suit- able. Oganic solvents such as diethyl ether or
anaromati c hydrocarbon such as benzene or toluene 65 can be enployed.
EP 0 211 540 Bl The condensation to formthe imne proceeds rapidly at a
tenperature between about [err] -and 65C In the presence of a drying agent
or durigg azeotropic renoval of water. Exanples of 3-arylacroleins which
can be used are represented by the fornula 5 [err]




wherein G is phenyl, [err] alkyl phenyl, [err] al koxyphenyl,

3| ophenyl , furyl or naphthyl. Exanples of such al dehydes are

nnamal dhyde, 4-nethyl ci nnal dehyde, 3¢ | dehyde,

et hoxyci nnanal - dehyde, 3- nethoxynnanaldgtpgapélim

t - but yl oxyci nnamal dehyde, 3-et hoxyci nnamai dehyde, 3-brono-

ananel dehyde, 2-(2-furyl)acrolein, 2-(2-naphthyl)acrolein, and |ike
§dehydes. Exanpl es of benzyl am nes useful i imne formation are
nzyl am ne and the [err] ﬁ? kyl, [err] *r5®—aRkkoxy ‘and 1¥&8l o- substituted
gnzyl am nes such as 4- el yi benyl am fhe, 3-chl QQ- | am ne, 3, 4-

dchl or obgnzyl am ne, 4-net hxybenz ne,; 2-bronob am ne,

et hyl benzyl am ne, 3, 4-di et hyl - benzylapine, 2, 4- di net hyi benyl ami ne,

chl or o- 3- met hyl benzyl am ne, 4-i sopr opyl enzylanlne 4-t- butyl benzyl am ne,
gd the like. The imne 6a can be @pployed in the cycloaddition reaction
#t hout Pbi or isolation. For exanpBe, the re- 20 action mxture In which

L 0w oo R0 w0

t§e imne is prepared may be us rectly in the cycloaddition. The
(® -4-aryl oxazoii di n-2-one- 3-yl i C be reacted in the
cycl oaddition reaction de- scri ipyhe (6a), formed with a
b&@nzyl am e and a m al koxyci nna deh to proﬁfﬂg:%pe azeti di none
rgdpresented by the above fornul at¢ i HesG - CH CH ke is a [err]
agkoxy- phenyl group. The azetidi none |sthydrogenated to the
c;}responding [err]-[2-(m al koxyphe- 25 Ha, nyl)ethyl]azetidinone, and
t] atter is reduced with thiumanmonia g the presence of t-butyl
afcohol 8 effect reduction of theﬁﬁhenyl ring renoval of the chiral
agxiliary and the 1-benzyl group tc-prOV|de a [erg \
afino-[err][2-(5-al koxycyl ohex- e OM: ;@6 none. The 3-am no
gfoup of the azetidinone is prog a convemssonal am no group and
tfe [err]®protect ed- ani noazeti di widnol ysis to yield
the [err]-keto ester [err] alkyl ib- [ g
afn no) azetidin-2-one-[err]-yl]-3- 30 ntanoate. The [err]-keto ester
ofonol ysi s product is converted to the [err}idnﬁko derlvatlve and the diazo
derivati v is cyclized with Rhodium Il to jpgo
31 hydr oxy-1- car bacephal osporin ester. The Joro ess |s |IIustrated In the
foll owi ng reaction schenme. 35 40 45 50 55 60 6 EP 0 211 540B1 Ar 10
[err] 55 It will be appreciat Wit h engé t :&he forgQ0|ng reaction
schene thﬁt the imne 6a is s ur
acylafe
w % -
R1CON HzCHe-(_‘\ aa
' . H No-aik

50 R1CON Cﬂzc)h@-(:ﬂe-coo-a ik sa

Itwmbeaqxuumm\mm|ehnmoau:meﬁquﬁm|ammm1ahmneﬂunﬂm|mmﬁ6ak:anmwnMy
selective in the process. The m-alkoxyphenyl group of the imine ultimately provides the alky! p-ketoester
9aviaozonolysnsofmes-alkoxycydohoxa-1 4-diene 8a which in tum is provided by the lithium in ammo-
nium reduction of the azetidinone wherein Y = -CH2-CHz-.

According to this process the azetidinone (Y = -CH=CH-) is hydrogenated over a palladium catalyst
such as a supported palladium catalyst, .g. 5% or 10% palladium on carbon, barium carbonate, or other
smmuesqmat1heuﬂmmm\amtncznmdomznahusmmm:mmmme:xat&mmmmnebwmm
pressures, in an inert solvent at room temperature. Inert solvents such as methylene chioride, di- or
trichloroethane, tetrahydrofuran, methyl alcohol, ethyl alcohol, or ethyl acetate may be used.




selective in the process. The m akoxyphenyl group of the imne ultimtely .
provides the alkyl [err]-ketoester 9a via ozonolysis of the

5- al koxycycl ohexa- 1, 4-di ene 8a mhich!#p kgtgutg provided by the lithiumin

amo- 60 ni um reduction of the azet d? erein Y - [err] According to
this process the azetidinone (Y = -CHCH) is hydrogenated over a palladi um
catal yst such as a supported pall adium catal yst, e.g. 5% or 10@6pa||ad|um

on carbon, bD@ei demmwl)mwmnsu#tmsfep erQﬁ' ﬂrlg E’

be carri edlddie ) wish Ethipe in iqu C"‘;g;p

in an Inerts ~' i -mrig 651 mﬁrua n 4qu I# B
chlori dg, uioh'ms -vc ameabol EoeTy i @kdesabt, 1-bOBE datholds acded  followsd by
al cohol orhe a@e;bm dithe daetidinenelin an inefiRRoRer TThe SdiGtoB bf il @zetidinone may con-

[err]-[2- (tﬁramx‘ werdt Sutablensoivents fard Hecaretidinanp dnclude tetrahydrofuran,

i Lllgﬁ‘h?@?ﬁ%, o0 L g CF&%@“&%%%”‘ %Jrf“ﬁm%w?%‘ﬁ )s
carried oUbyiries ¥hie Wi SHaR retobHl

RN Nt mayted required
pr ef er abl y foato j lﬂtejeaavi and about err] The reductron is carried
out by di ssolheiradpction: éffegts they remoyal % emwﬁgd cqvamgo

thp J-bRnRYLf 4

about [ er r F;'a ‘%ﬁ!@&t‘h"[ Efrpipo AW“%XTa‘éé%d”S‘fmt

by the '3 i .QQ.Q-S ViRt stepl &1
A on R SliaiBbill AR be [0518%Gh ) 0535 M“““H%“stmm%'

Suttabl e sed..mnws id &dylateB tn maeimdmnaioavbserlwdwuema capetidinone 8a. Follow-
di fret hoxy eingalrecredustion thix epaction mixiere is/tfeateg with, lr' | lsrhe“'r':ji
added, ®he Am ‘%W@W r"m‘"fe?d pa el o

hours. On efoticnel r} é’

in the col g lnanp{z-(a-alkoxy-

manuf act ur eydhamvmrenmmgpazeﬂm Ba.0Thet 3prminmgmdpe-s raex!phdr ocprotect it dntegrityt during

reducti2sn mwmmwmwmmon of f ect s
RUNG m% y Av: Tr.. Ve
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3-am no gr

protection thm MM%M’C%WM %

in the pro chigridecs

pr OVI de t h ‘ acYis Bie ﬁgg B-an a Hy H‘%ﬁd& Bpp-m-
reacti g Mmgyd rohfl ' | scharge the blue

col or of thepaﬁnwmﬁmragempmmmmub added to the mixture and the
bul k of the ammonia is distilled off. The solvent and any remaini ng amoni a
are evaporated. The residue 7a is treated Wth a water m scible organic
vel_fat such as tetrahydrofuran and the nixture or solution is acidified
to\e( bet ween about 7 and about 9. TheRg¢ofuWion of 7a is then treated

Wi th an acyhelintyisa88btned oovs.0vi de the [err]acyl am no-[err]-[2-(5-al koxy-
cycl ohex- 1 wherdin@abjibé httoval|graupe hre Gummblyprdected] brel Was eHord o, g @Ugnhydside forming
acyl ated t @up pmsentecthy thefomwha ty during 25 the subsequent ozonol ysis step
in the process. The acylating agent may be formed with any carboxylic acid,
the acyl residue of which is stable in the%ubsequent ozonol ysis step of
the process. The carboxylic acid can be f oMl exanpl e an al kyl carboxylic acid
such as acetic acid, propionic acid, bufﬂ"iq,’R@i d and the |ike; an
aryl carfoxylic acid such as benzoic
wherein Ry has the same meanings as defined above.
Examples of acyl halides represented by the above formula are acetyl chioride, acety! bromide, buty-
ryl chloride, propionyl chloride, benzoyl chioride, 4-chlorobenzoyl chloride, 4-methylbenzoyl chioride,
55 Pphenoxyacetyl chloride, 4-chlorophenoxyacetyl chloride, phenylacetyl chloride, 3-ethylphenylacetyl
bromide, phenylmercaptoacetyl chloride, 4-chlorophenylmercaptoacetyl chloride, benzyloxycarbonyl
chioride, cyclohexyoxycarbonyl chioride, cydopentyloxycarbonyl chloride, ethoxycarbonyl chloride, and
the like.
Exampies of anhydrides represented by the above formula are benzoic acid anhydride, phenoxyacetic
6o acid anhydride, phenylacetic acid anhydride, p-chioro-phenoxyacetic acid anyhydride, phenylmercap-
toacetic acid anhydride, di-t-butyl dicarbonate, dibenzyl dicarbonate, di-(p-nitrobenzyl) dicarbonate, di-
ethyl dicarbonate, du-cydohexyl dicarbonate, and like anhydrides.
The N-acylated reduction product 8a is recovered from the mixture by extraction and is purified by

- chromatography over silica.
The 3-acylaminoazetidinone 8a is then converted to the p-keto ester 9a by ozonolysis. The ozonolysis



acid, napthoic acid, which may be optionally substituted by | ower alkyl,

| oner al koxy, or hal ogen; or an ar- 30 yl acetic acid such as phenylacetic
aci d, phenoxyacetic acid, phenylt!gpaeet540B¢i d, and such aci ds op-
tlonally substi t ut ed. The desired carboxylic acid for use in the acylation
is converted to an active deriva- tive such as the acid chloride, acid

(o1 Rt R e R SR A S

chl or of gktiNhe@eactidhds amplets. THeoza8EB imosi Gaveniin i &by\r:;;?‘m ell‘%n herde
such asabehz;dumefanirbmmphﬁqmmuooonopysmmybs tenmiried ey obe

chl of i dlor sysh s golyaotred Sypan HioHdreh &y 'aa! - Eelloming complet °é°rr]
sher el n LR TIS UL LR S BV T, .

SUI t I 1§ gyl WEIHh to A Bl i9pSuredF ProdURi ¥ tiaetBd Wit dTwier 18! Oup
I epr esemiscitle Egivérit eudncusmdﬁmebe aﬂd»ddehafeea-md 65167 |9a mexy mmammmms
def innedraplyosver silleaanpl es of acyl hal i des represente g% t he above fornula

bors el EEQWM&”“’%M&@ N s
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chlorlde

phenoxyacetyl chloride, 4- chlorophenoxyacetyl chl ori de,
phenyl acetyl chloride, 3-ethyl phenylesetyl brom de, phenyl nercaptoacetyl
chl oride, 4-chl orophenyl nmercaptoacety} chloride, benzyl oxycarbonyl
chl ori de, cydohexyoxycarbonyl chloridg, cycl opent yl oxycar bonyl chl ori de,
ethoxycarbonyl chloride, and the I|ike. anpl es of anhydrides represented
by\gbe above fornul a-are benzoic acid arhydride, phenoxyacetic 60 acid
anhydri de, phenyl aceti c Rs€ONHanhygCHeek I¥henoxyacetic acid
anyhydri de, phenyl nercap- toacCet+tC acid anfydride, di-t-butyl dicarbonate,
di benzyl dicarbonate, di-(p-ni nzyl) dicarbonate,1eh - ethyl
di cggbonate, di-cyclohexyl dyfarbonate, and |ike anhydrides. The N-acyl ated
reducti on product 8a is recovered frofjnthe m xture by extraction and is
purified by chromatography over silich. RIEII) The 3-acyl ani noazeti di none 8a
Is.then converted to the [err]-keto e§ter 9a by ozonol ysis. The ozonol ysis
EP Q 211 540 Bl is preferably carried out in 50% nethyl al cohol In
di ciPor onet hane or other suitable sgpvent mxture, at a t enper at ure bet ween
about -5 C and about [erﬁPC¢N passed into the solution of the
diene 8a until the reaction is The ozone is nobst conveniently
obtai ned froma conventional o tor in a streamof air. The
conmpPeti on of the ozonolysis erm ned by the use of a diene
Indica- 5 tor such as solvent red PSudan 111,444 drich Chem cal Conpany).
Fol | owi ng conpl eti on any ozoni de andC@@atkess ozone is destroyed In the
cold with dinmethyl sulfide or other suitable reducing agent such as a

| f'Pte OWW @a mipbst ¢rpvented dhithe mt)lester $@r0ln can dnprtf solventtsheh asi acetanitle, For

o G e gm‘@' %{% &fﬁ"@:ﬁ %.e e

poured ]
sol vent ;g
pur-isbi edwebyaoﬁh'f mmd)l‘jy parubomng the mixture between a water immiscible solvent such as methylene
chloride and brine containing some tartaric acid or citric acid. The diazo ester is obtained in purified form
from the extract via chromatography over silica and recrystallization.
The ester moiety “alk® of 10a becomes the ester group of the 1-cerbacephalosponn 11a upon cydlza-
tion as shown in the reaction scheme. Ester groups such as the lower n-alkyl groups e.g. methyl, and
50  ethyl, are less readily removed form the carboxy function than other groups. From a synthetic point of
view, it may be desirable to form a 1-carbacephalosporin 11a wherein the ester group Is a conventional
carboxy-protecting group more readily removed than methyl or ethyl. A further aspect of the copending
egghcatot? pm;ged a process for the transesterﬁcation of the ester group (alk) of 10a to diazo ester
as shown below.

P



" chl or oben

10 raphy over silica. The [err]-keto ester 9a is-then converted to the
7-acyl am no- 1-car ba(1-det hi a) - 3- hydr oxy- 3-cephem es- ter 1lla via diazo

conmpound 10a and cyclization of th r to the

1- car bacephal osporin with rho- diu %?¢§?4935§58 [err] 351 ia 40 The
[err]-keto ester 9a is best convened to the diazo ester 10a in an inert
salwvent such as acetonitrile, dichloronethane, trichloroethane or the

li ke, with p-toluenesul fonyl azi de (tosyl a2| _in.the presence of a
hi ndered tertiary am ne, % éH'sopro ﬁpe reaction is
carried at conveniently at 3% & the tosyl azide is

used iy an excess of the stoichlo iC am)unt Ie the amne is used in
an anount of about one-fourth of Bt oi chi omatrl c ampypt The di azo ester
is recovered from45 the reacti®n m xturje Qxyﬁartltlonlng the m xture
between a water inmm scible solvent such gs nmethyl ene chloride and brine
contaiping some tartaric acid or citric ci @1 (ORed4di azo ester is obtained
in purlfled formfromthe extract via chrjonat ography over silica and
recrystailization. The ester noiety "al k" gf 10a becomes the ester group of

the 1 -carbacephal osporin 1 Ia upon cyclizg- tion as shown in the reaction
schene Ester groups such &C
et hyl ;! Sare |ess readily renoved
groups. From a synthetic point of gw, it nmay be desirable to forma
1- barbacephalosporln 11 a whereih the ester group is a conventional

caMpOXy-protecting group nore readily renoved than nethyl or ethyl. A

furthé® asmpeein Rifant luk WWMMMS@M@& a comeotichal ¢athoxy-pretecting

ups eab. nethyl, and 50
the cargoxy function than ot her

transest elgfwgaﬂuplmnsoﬁl*ylt 262, 2:4ri¢hiproetiyly LR w.lmu(wmswmmm
shown bel @gyeszylgr-Gymikoxybenaylon ke e D S aisbpr@Bkicd! ¥
have the . :: ". ’»;- 1l "' ".‘~ :o"‘;: ¢ "~ ‘. &h'@wm Sd Ofm
car box§- prjig ,lahd $he sslinin ntained at a tempera-

2,2, 2-1 mmwmm |wwu«;ﬂ tomlete.benzy |
al kyl be:\|zy|0b\@mlv]l : ﬁ?&wmw mmwmre?&%p p[,,iﬁ,&]mm-,.

it arpat 2 SIS X GESS
al cohdlo, [PPSR YRR mEL B a‘ﬁ‘ﬁw R BoR & ol o
by evapor ¢,lebidr growp ithilsdirhlay ’ to t he solutlon of ‘the [err]
in excess ahwubnﬁnmmmmbesaimmwmmmmm tphoeesscs thien oyclized

mai nt ai nede mmm e with Mm@wm&%xy " mm
transeﬁtew‘?’m |zmcoverodassud1fromﬁmreacbonmixmreorlsconvertedbaderiva-
tive which is then isolated.

The 3-hydroxy 1-carbacephalosporin ester may be recovered from the reaction mixture by first dilut-
ing the mixture with water or brine, acidifying the mixture, and then extracting the mbxdure with a solvent
40 such as ethyl acetate or methylene chloride. The extract is washed, dnedandevaporatedtoprovndeﬁ\e
/ product. The product may be further purified by chromatography and recrystaliization.

in a preferred embodiment of the process L-phenyiglycine is converted to the ethylcarbamate with
ethyl chioroformate, the carbamate acid is reduced with borane-dimethyl sulfide to L-1-ethoxycarbon-
ylamino-1-phenylethanol (3a, ak-ethyl), and the phenylethanol is cyclized with n-butyllithium to (S)4-
phenyloxazolidin-2-one 4a. The latter is converted to 5a via alkylation with ethyl bromoacetate, saponifi-
cation, and treatment of the acid with oxalyl chloride.

The (S)-4-phenyloxazolidin-2-one-3-ylacetyl chloride is condensed with the imine formed with ben-
zylamine and m-methoxycinnamaldehyde (form 6a, alk=methyl, R=phenyl) to form the azetidinone,
Ar=phenyl, alk=methyl). Catalytic reduction over 5% Pd-C provides azetidinone, (Y = CH2-CHz2-) which
on reduction in lithium in liquid ammonia and t-butyl alcohol yields the 3-aminoazetidinone (7a, alk=methyl).
Without isolation, the 3-aminnazetidinone is acylated with di-(t-butyl) dicarbonate to form the 3-t-butyl-
oxywrbonyiammoazeﬁdmone (8a, Ry = t-butyloxy, alk = methyl). Ozonolysis of the 3-t-BOC amino pro-
tected diene product in 50% methy! alcohol in dichloromethane provides the p-keto methyl ester 9a. The
p-keto methyl ester is reacted in acetonitrile with tosyl azide in the presence of diisopropylethylamine to
provide the diazo methyl ester (10a, Ry = t-butyloxy, alk = methyl). The transesterification of the diazo
methyl ester to the corresponding benzyl ester is carried out in excess benzyl alcohol with titanium tetre-
isopropoxide with heating at about 36°C for 42 hours. The diazo benzyl ester is treated in refluxing chio-
rofor.m)_wim rhodium (I} acetate to provide benzyl 7p-(t-butyloxycarbonylamino)-3-hydroxy-1-carba(1-

The 3-tnfluoromethylsulfonyloxy-1-carba 3-cephem compounds represented by the formula 1 wherein
A and R; are other than hydrogen are useful in a process for preparing 3-chloro or 3-bromo-1-carba-3-
cephem compounds.

According to this aspect of the invention the 3-triflate ester group in the compound of the formula (3):




Qovi ously, classical amno protecting groups such as [err]-butoxycarbonyl
can al so be present at the 7- amno group in the above-descri bed sequences.
I nert solvents which nmay be used are,E;,(br q%@, met hyl ene chl oride, di-
or trichlorethane, chloro- form acetoni 3 e, tetrahydrofuran, or dioxane.
When benzyl al cohol |s used in the process to formthe [err] ester group it
all\so may serve as a solvent for the process. The diazo ester 10a or the
di azo ester 10b obtained via thedttangesterification process is then
cyclized to 1-carbacephal ospori n-1% 4 \a{t h rhodium 11 acetate In chlroform
at the reflux tenperature. TNE [ ps heated for about 15 minutes to
about ose hour and the 7-acyl am desar ba( 1-d@§€i a) 3-ce- 35
phem carboxylic acid ester |s gcovexegfas suc'li fromthe Teaction mxture
or is converted to a deriva- trve whi is then Isolated. The 3-hydroxy
1- car bacephal osporin ester may be rec d fromthe reaction m xture by
first diglut- ing the mxture with water or brine, acidifying the m xture,
and then e diagided by tchieridsl ort bibrhideVidnB optionally\Viiived, UE Besitéd, B arhovalCattany @sief (R2)
met hyl ene @/eramieo pritacting gropp (), and/onecylatioh of dhei Z2amiamuloiety abere i ie tydragen, so\sde
the 40  prXRAte:2 Compeunsy WRARIY At {ACE oI hhalpndicapr-2gebpmciemasnad depresamipd nd
. mula (4) . .
recrystgllization."'In a preferred enbodi ment of the process L-phenylglycine
is converted to the ethycarbanmatg vyj'th et hyl chlorof ormate, the carbamate
acid |Is reduced with borane-di metthyt syl fide to L-1-ethoxycarbon-
yl ani no- 1- phenyl et hanol (3a, pal k=et#91 ) N\jand the phenyl et hanol is cyclized
w tN n-hutyllithiumto (S)-4- phg oxaz¢lidin-2-one 4a. The latter is
convert'ed to 5a via al kyl ati on y®ttiNet hyXtonoacet at e, @ﬁponifi- 45
cation, and treatnent of the a i tN\p#oxal yl chl ori de. e
(S) 4- phenyl oxazol i di n-2-one-3-yl acetyl] chloride is condensed with the I m ne
formed with ben- zyl am ne and m net hoXPORmnamal dehyde (form 6a, al k-nethyl,

R- phenﬁs) to formthe azetidinone, Ar=phenyl, alk=nmethyl). Catalytic
reduct i on AEPRAs -ﬁﬁ%@%ﬁ@%ﬂw@ 9 28Fe Sppafiaas, Astden
in lithium i g§pdef - Whére AMLOM [X~2LE1 ¥hd Al-CONO Vil h
3-am noazeti dinone 7a, alk-nethyl). Wthout I|solation, the
3-ami nc®zetidinone is acylated with di -?#g‘)utyl ) dicarbonate to formthe
o

\

3-t-butyl - oxycarbonyl am noazeti di none &[err] = t-butyloxy, alk -
met hyl ). Ozonolysis of the 3-t-BOC amn

pro- Jeeehed di ene product in 50%
met hyl al cohol in dichl oromet hane p.né(pteﬂ]-keto met hyl ester 9a.
The [erd¥]-keto nethyl ester is reacted in acengaifile with tosyl azide in
the presence of diisopropyleylamne to 55 provi de the diazo nethyl ester
(10a, [err , Jo ¢f|bromidenipnshare Perivirh om a splubie Chioridé brizrbmide saltf sutthas an

di azo met hyi e RaStXofer ihiym chleride or bramideyr 1 j ed oyt i n
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abodt [err] Preferabiy teoprochss ishanied ddt0at REIBmperattrd (HRtwebrs abduf 80°6 ind B5CE friokHréléha-

chl o- r of oPbnbaiwesn atieutdiSeCrand dbput-aSes. Preferalily @7 excesdaf the Biichiometric amount of the halide

[err]-(t-b&Y#B®Ycar bonyl ani no) - 3- hydr oxy- 1- car ba( 1-

“det hi a)s3- : Xy ﬁ gagr roupHR2 (formy ) is a conventional carboxy-protecting ester group
v ared. S

3-trifluor agmyl ﬁx.m b/, 5. WMPP mﬂm
formula 1 Mﬂﬁbﬁ%ﬂl;kﬂﬂ%&[’ﬁﬁﬂl aaft‘gﬂ&l(? e bstbr 81, & i ﬁ%ﬁ e&wdkﬁ esteze

process f opudhrasfsd.2-tighiGoetimi, &, 2:2-sibrotholithyl,nand 12-ioduethgl: Biindered BER GHEUPE QUEISS the t-
Accor digpg toFie 9'&'5’?%’893{@7 inhibjt:the displagement of the GFs$@s3 grbupt by thsshalide ign owipg lorthdine
conmpound o ﬁ:ﬁg;" ’&Mﬁ' {'3‘)’5 ofghe 3-halo product. A preferred ester group is the benzyl or a substitut-

. Following compietion of the process the 3-halo-1-carba-3-cephem ester is recovered from the reac-
tion mixture by conventional isolation methods and is purified by chromatography. .

55 During the process any amino group present in the starting material are desirably protected. For ex-
ample, when in the compound represented by the formula 1 Q is an amino group or, when there is an amino
or aminomethyl substituent attached to the phenyl ring when R is a substituted benzyl or phenyl group, an
amino-protected derivative is desirably used on the starting material in the process. In an example of the
process, ben_zyl 7p-phenoxyacetylamino-3-trifluoromethylsulfonyloxy-1-carba-3-cephem-4-carboxyl-
ate is dns_solved in dimethylformamide and an excess (3-4 molar excess) of lithium chloride Is added. The

60 solution is heated to a temperature of about 80°C with stirring for about 5-6 hours. The progress of the

reaction can be fcliowad by thin layer chromatography of a small aliquot of the reaction mixture removed
from time to time. When the rgaction is completed the mixture is diluted with a water immiscible organic sol-
vent, washed with water, dried, and evaporated. The crude product, benzyl 7p-phenoxyacetylamino-3-
chioro-1-carba-3-cephem-4-carboxyate, is purified by chromatography, e.g. over silica gel.




EP O 211 540 Bl [err] 10 is displaced by chloride or brom de ions

optionally followed, If desired, by renoval of any ester [err] and/or am no
protecting group (A), and/or acyl ation BP 02 58081 no noi ety where Ais
hydrogen, so as to prepare a conpound wherein Ais RCOto forma

3- hal o- 1- car ba- 3- cephem compound represented by the fornula (4): 15 [err]
2025 wherein p.egf(L uif {4) MRerd A lepidbdtina 5CR AMhGih RCO
R has the sa &mégfi? &ﬁi@ﬁh&@ hﬁéﬂfﬁék tEQﬁm % ézl]mm%nugaf fbm\ula%;l%wh:ch (A) is not
car boxy- pr.ot eich &grogp,tayingmel s&él’echa&byhlaesmlmbarbrbmamél RGis sckspe ganeste the 7-
where A = M a(hmo:n@euarrelacﬁm [withg] sumt@frema@ phandolyeyl derivetive.Jplloyee Ry tamoyel 9t any

are derivéd f¥p iques qre wall kpown ogrsa R g 9t SRR {9 e
chloride or b?’Ea% ,“lu é’tﬂéﬁmn‘ﬂﬂi de or brom de.
Aprotic polar so veo"f I'cCh ca use I ncl ude di et hyl f or mami de,

di et hyl acet anfbﬁbanomomhiwmqybmyloa@camm}wdm)&hyam&bmrw 3-tapheratdatbpiylate
sol vents. 1@ metﬂ% formam de is a preferred solvent Preferably the process
is carried ou® sarplidngdenee bet ween about [err] and 95C, nost prefera-

bl'y between abgy Jnﬁﬁ MQ'{‘% nE r(égfseé 3By, ¥ nﬁ%l) MB oP3N hdlBous NaOH was

st oi chi onet zi © NHOW (3G Wadgdded to
ester growp I:Bdlééoﬂfb mmollwl bymybmtqemtae(etmm BpraEpssowasLon-
45  and prefMWWWUW@MM@MM atend alelgtal o1 ef U@!R!’g
groups are be I °E|e rizhaur gh Bl gt solyen %‘d?zﬁ? %, anc the
hi't robenzyl irAYdn B hted 30 Qs B—%%)dcarbonyl L-
SI Pyt esteggs au fine 54 Tho &rtiatiiate WasCHissbedTRLIZY L] of THF, €0 1o 0°C, treated
hal o- subst | t uivigObopdn meﬂ&tselﬁdb (3318 ImLad azomzelwm);hho)sﬁsﬂ l'oomtemperawfe for 17 hours.
2,2, 2-tri brommmevwwm@&om FW?@‘"E’""‘
butyl - ester gf "-H‘r;_,.,.. r %@Pﬁe% Ellé"% EE} (hep .
the halidgs i Of,OMHED,! Gr el 21 14 91‘"@.236&% 2 o
3-halo prg%luc 2 raeh%ﬁ@w.@s‘e.@&u&rmw b [3EoNd@INT 200 MLl of THE | ddolbd folok ?h
~ benzyl ester siotiutyllfigbnh brtierdne(® mp Ioehlzbnotuﬁoro.rMe hwegsstasfceforehours. thesoluﬂonwas
3- hal o- 1- car bW hawegﬂérm')endr WW?%M@&E‘Y%‘P PPReTae (3 ML,
convent i onal "'w el m A cgf
the proce a W MERS $4818 %o,
pr ot ect ed. Foe@zsrs (u%eo '7fb nhebcuacap . @ £8.8MHzE8 fat RECH), 4.17 (dd,

formula 1 0 |$Ja-r6'am7m2 @fetwoc \CH)wWhen there 1s an am no or am nonet hyl
subst i tuent at tﬁaelh@dedquonChh@.rﬁpmrhi rpepEvireond:IQ. P& 16 Hs®iB%t i t ut ed benzyl or

phenyl gr &t 0- tected derivative is desirably used on the
starting mat eﬁi%ﬁ?wwkﬁ}%@&@h% ?ﬁ exanpl e of the process, benzyl
[ err] - phenoxy acrglayhi?dl, B2 sdiutidn of (S} QpRERIcRNoRAH-3-SHRY(h 07, 6ls4GArhéIPin 35 MERITAHF WasGdd-

rboxyl - ate i &dsbdmmMysriad (0.32 bt aB0% i Bispersion, 8l6 . Wheragas exiutiorohadi caasled (ca. 10 min-
excess) ofo| | ttths)LmhyI:: htbmpmtel (Q 82 adlets mTWB m mm# hrsraemcemewnae was treated

tenperature o quecis Ng m pitioned be-

of the reacti 15 i Aopa L
al i qUOt Of t h@léﬁgﬁw&n& d RidRYE |ch was dissolved in 4 ml of warm toluene. seeded and al-
lowed to crystallize ovemnight; filtration gave 1.33 g (92%) of (S)-4-phenyloxazolidin-2-one-3-ylacetic
acid: mp 106-108°C; [a]022+173° {(c = 2.0, CHCls); IFI (CHCL3) 3500-2500 (v. br), 1760 (br), 1480, 1460,
1430, 1230 cm-1; "H NMR § 11.2 (br s, 1, COOH), 7.47-7.25 (m, 5, ArH), 5.05 (t, 1, J = 8.4 Hz, OCH2CH),
4.72 (t, 1, J = 8.8 Hz, one of OCH2CH), _4.32-(d, 1, J = 18.4 Hz, one of NCHa2), 4.17 (t, 1,J = 8.4 Hz, one
of OCHzCH), 3.41 (d, 1, J = 18.4 Hz, one of NCHz).
S0 Anal. Calcd for CnHnNO4: C, 59.72; H, 5.01. Found: C, 59.83; H, 5.00.
lidin- loride: A 250 mL round bottom flask fitted with a reflux
condensor and a CaSO4 drying tube was charged with (S)-4-phenyloxazolidin-2-one-3-ylacetic acid
(5-3 g, 23.96 mmol) and 60 mL of toluene. The suspension was treated with oxalyl chloride (3.2 mL, 36.7
mmol) and stirred at 60°C for 3 hours. At this point gas evolution had ceased and the reaction was homo-
55 geneous Romoval of solvem under reduoed pressure afforded the title aad chioride as a thick oil.
g : : : : shyde: To a solution of 3-me-
thoxyannamaldehyde 4.27 g. 26. 33 mmol) m 40 mL of toluene was added benzylamine (2.73 mL, 25.01
mmol). The solution was warmed briefly to ca. 40°C, and upon cooling became cloudy from released wa-
ter. Argon flushed 4A molecular sieves {18 g, freshly activated) were added and the mixture was allowed
60  to stand at room temperature for 16 hours. This solution of imine was used directly in the subsequent cy-
d;zabon.

" <azolidi o )
The oxazohdmone acid chloride was dnssotved in dschloromethane (70 mL), oooled to 78°C and treated
with triethylamine (5.0 mL, 35.9 mmol). A fine, heavy precipitate formed over 15 minutes. To this mixture



fromtinme to tine. Wien the reaction is conpleted the mxture is diluted
with a water imm scible organic sol- vent, washed with water, dried, and
-evaporated. The crude product, beirgk1{ 540 B1phenoxyacetyl am no- 3-

chl oro- 1- car ba- 3- cephem 4- car boxyl ate, is purified by chromatography, e.g.
over silica gel. EP 0 211 540 B1 it may be preferred to prepare

coopounds () r & HeGmiA #«9 Ui RS iaer e R
s =R2 mﬁ‘%wﬁ@mﬁa Vo %}ﬁ@%ﬁ ey(2€(%f§ 1) Gand eacH WA2H A8deafto fhe réldtich. ( 4)
i N wWhi Ghe cdig bath wae rensoved) h‘& 1gadtiop wartle@ akid ﬁgmfahed &l @6 fetmhourd he hmso was
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bi ned dr4eaté bz, Ioagldrﬁschhere dried err and concentrat ed to afford 37.3 g of
'N%hoxy : ngyl-Qd‘lz dpir: 1 e lne fro be g ng&(iéiu%wo-e was
di ssol X i mabe 1-benzyl-3p-[4(S)-

bor ane-pHéryRkdy vl [2512-|fdryl)€ u saJoha l:aﬂ)r,araadcst[d}rsmem reom

t enper at 16, CHCRY, I Huu)l essohsomnmwmeomumcnm {CODlsy 8 71461 .0Ri(hM twat er
100 1), B.891(0t e J bUL& 38Hzt BRHIGHS, &zmgmd -dﬁdrbanCé-Cfu-@HM r(eésdu-éﬁ Hzhe

Wi t h d| GTW mﬁ%‘% t'éﬁ % %%?gf‘ dr| ePg Z%ﬁ%%&ﬁé&%gagg

W th 1 ous [err] ‘and concentr at ed

to give ‘ta@d.ﬂérmé‘b)zzﬂzmtd:lﬂzyc&r BasHoad: 09722&4ph.641ny| et hanol as a white
sol™d The crude al cohol was dissolved in 200 nL of THF, cooled to [err] and

treat ed- %W3MK$$WFWQW°IHW?’H"%W2 (%mmowhew’&memﬂamm Af t er

heating Hl, 4 &L 8 i Bhfrhield ew aghd (1
m ) anmﬁfwﬁaﬁ %ﬁf S&“ o ?9552 dreoég'g’ﬁss@% mro32>0

ML),  Wahstne Gt voinhterh rtrrrsugh rne ofal @h sbhe@onaraad fediiced ptessue whi t e
solT d mq;sasad (1DQ°6Jt afdha @nesnowg ‘tﬁdtgiﬂemeth Qamnhenyl)7ethy i coabound 8) as

6B
(S) - 4- vty & govrlong Fj elef 0.
St e

3020, @CH 01 41655
1?3 %)é s 37 B, BeHap s et

6, 443 (t}l‘rc i é@ P
Hz, onessf(ir[:ern(]. r&ﬂ:&_{cmn "° Torlg, ¥, ArCHCHElZ; One AR lerr]) Anal .
f or [errrxnaa:Caeerozczoww@e@snmundra Epur@EC, 78.48:H, 631.62. 35

Methyl 5-{38-(t-butyloxycarbonylamino)azetidin-2-one-4f-yl]-3-oxopentanoate

50
Lithium wire (0.548 g, 79 mmol) was added to 55 ml of ammonia at -78°C and the mixture was warmed
briefly to affect soluticn of the metal and then recooled to -78°C under positive argon pressure. The
dark blue solution was first treated with fert-butanol (12 mL). A solution of the 1-benzyl-35-(4—-phenyloxa—
55 zolidin-2-one-3-yl)-48-{2-(3-methoxyphenyl)ethyl] azetidin-2-one (2.36 g, 5.17 mmol) in THF:lert-butanol

(24 mL of a 3:1 mixture) was then added via cannula over a period of 5 minutes. After stiming for exactly
30 additional minutes, dry benzene (2 mL) was added. The blue color discharged after ca. 1 minute. Ammo-
nium acetate (6.08 g, 79 mmol) was added, the cold bath removed, and the bulk of the ammonia was dis-
tilled off through a mercury bubbler. Solvent and any residual ammonia were removed under reduced
pressure at 40°C. The remaining white solid was suspended in 50 mL of THF:H20 (1:1), acidified to pH 8
50 with 3N HCI, and treated with di-tert-butyl dicarbonate (1.8 mL, 7.8 mmol). The two phase mixture was
stirred rapidly for 12 hours end then partitioned between dichioromethane (200 mL) and H20 (50 mL). The
aqueous phase was reextracted with dichloromethane (50 mL) and the combined organic phases were
washed with 50 mL of saturated aqueous NaHCO3, dried (Na2S04), and concentrated. Chromatography
of the residue on 110 g of silica with 40% hexanes in ethyl acetate afforded 1.23 g of the partially purified



(S) - 4- Phenyl oxazol i di n-2-one-3-ylacetic acid To a stirred, [err] solution
of (S)4-phenyl oxazol din-2-one (1.07 g, 6.54 mmol) in 15 nL of THF was add-
ed sodium hydride (0.32 g of a 60% oiglp ¢igspesedBm, 8.0 Mol ). Wien gas

evol ution had ceased (ca. 10 min- 40 utes), ethyl bronoacetate (0.87 niL,
7.8 rrrml) was added. After 2 hours at [err] the m xture was treated wi th 50

o part | SUEBRRC, | S Bl ARt 2t t BN on Bk BT VTR Emsdis

| ayer was s eraaala&ee,s#oduapwsilagsaebdnh 6 nfb. dVisemuesittanblan Bithieromietbartsl m;xaadmw dnh drop

di chl or onretfipgridine(ddd Xa.200g 10t $udai hled!no ride iCo.)ping s@m%ﬁcéatdﬁ'ﬁd’"géhmrd
and corfcengos Wammﬂ?‘ﬂléuﬁg (3 t' '\?Qﬂml'ﬂ“ m and o
tol uene, s Aggine

gave 1.33 gy %@aesu .s duin dmn r@ﬁ
(c - 2.0, &ﬁrra}ﬁrdéd?r{ﬂm] ,&W&sommlmw 2

1230 cmo 1; 60R4ifrdd/B) Wluﬂm@\@@l Beedh
(t, 1, J :[¢192°4‘4&L5 ‘El‘-l‘ 3?7'; 0'313‘@ n%o% 779 % 1310
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5.01. IF,f,)u}_g< & f”“#' %) 47@ mlmd«rfq;rone 3- yI acetyl

chl or.i de: ATBEG-t—lBDGmedzdﬂdib)tl mblamkaWh&Mmmsbudmﬂedmm&
[err] dryihgroxyrirearhp(t-dethiareagham ester(bg thepronperypestahaipliowing ExgmRle 8- y| acet i ¢
actd (5.3 ?*“"]%’F 496 mmol ) and 60 nL of toluene. The suspension was treated
vmt\h/owly ®ori de (3.2 m, 36.7 mol) and stirred at [err] for 3 hours.
At this poBéizylgas gpploufylogytarberyiaffira)-edrifiatdmnbnyisuionioxgn-cansa(lidenia)-3-béphem-4-car-
geneous. Reoxglatal of sol vent under reduced pressure afforded the title acid
chloride as a thick oil. Preparation of -imne fornmed from benzyl am ne and
3- met hgxycfiiemdr®ey de: To a solution of 3-me- thoxyci nnamal dehyde (4. 27
9, 26.33 ML), g sshllioN bt 1 p-hed! m%weﬁ#&&bmﬂm%%&%%&&em
Mol ) . Thefohy hildd (9.8 midba Y8 MEBkItidNIA BiEidrofathadhe) A dit iopwpﬁeﬂﬁﬁﬂncmblmtgommm
cl oudy froﬂ:eroh@asmismmddevm fol, Y

freshl acmfa thane 4 )

room t ) 1l
t he subseq Hed QWS o IOk £ P01 the diadcNetB bitdr Recrystallization ;
1- benzyl - [ gidsgave mazmb-ndrc (W%d’% & |0:6, SHTRY; hB)(@mFWW 3420,

azet i di n- 23380¢r), 3020, 2990.2050 dmomoa:msd. 150, R4l 13%051320,51960 oradt H NMR 36.49 (br s, 1,

di chl o%negg% , (d,clo dl=eRi6.t %wdggbfé‘ﬁ_lgaﬁt"éﬁﬂm 8-h "FT‘I’% @W&Hs.
5.0 nL. 3% Q%J& 'é?col‘S
ghi s m xtur %Ogl% é l:'aggt he tol uene

sol ution of, f,&}gegggnﬁaﬁo,prepar ed as descrl bed above. The sieves fromthe

i mine 90l ution were washed with dichloronmethane (2 X 10 nlL), and each wash
added to t heA saistion pichenzyl bloohobi2dl mika 193 mpnmgm:umtmmpemmn M 268 anraoliwas
mai nt ai ned A : Reapel. Theflas with foil,
di chl orone

[err] &s )Y SIS rremoval‘
Crystalli zafteﬁﬁunoﬁl‘acmtaqahvaﬂofﬁor ' mdmwmwmammmus rﬂilmog

of the tltﬁ@cb

ey S Ga L i 2
o0 10 8 SC RS = B R
addi tl gpa ﬁofp-lactam)sw(d1J 8.65. BocNH), 5.26 (s, 2, ArCHz), 5.06 (br dd, 1, J = 4.5
Hz, 85 Hz; ch), 379 (dt, J = 4.5, 85 Hz, Cakhl), 3.05-2.82 (m, 2, CHzCH2CO); 2.0-1.73 (m, 2,
CH2CH2CO), 1.45 (s, 9, fert-butyl).
Anal. Calcd. for GaoHaeN4Os: O, 57.68; H, 5.81. Fouond: 5, 57.57; H, 5.74.

55 C. Cydlization with Rhodium (i)

A solution of the diazo p-keto benzyl ester (0.12 gg, 0.29 mmol) in 6 mL of alumina filtered chioroform

was heated to reflux and treated with rhodium (lI) acestate dimer (1.5 mg, 0.0034 mmol). After heating for

20 minutes, the mixture was placed in an ice bath, . zand treated sequentially with diisopropylethyl amine

60 (0.10 mL, 0.6 mmol) and trifluoromethanesulfonic anyadride (0.049 mL, 0.29 mmol). The reaction was main-
tained at 0°C for 15 minutes and then partitioned besaween dichloromethane (75 mL) and 0.5 M aqueous
tartaric acid (25 mL). The organic layer was dried (Na=2S04) and concentrated to a light red oil, which was
rhromatographed on 20 g of silica with 6% ethyl aecetate in dichloromethane to afford benzyl 7p-(t-bu-
tyloxycarbonylamino)-3-trifluoromethyisulfonyloxy-1-cearba(1-dethia)-3-cephem-4-carboxylate  (0.118 g,



fetidinone (total 8.77 g, 80%. The ninor isoner was obtained by further
jution with 40%ethyl acetate in dichloronmethane and was then purified by
romat ogr aphy on.silica with 30% hexane® 03212589 Blacet ate. 10 Maj or
gomer, the title conpound: np [err] (c - 1.0, [err] IR [err] 3020, 1760,
00, 1410[err] NVR [err] 7.45-6.75 (m 14, ArH), 6.45 (d, 1, J - 16
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i i R
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d. fQr [Rihdes 72. 44 H, 5.35. Found: C, 72.44; H 5.41. 35
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crystallization from hexanes-ethyl acetate gave |ong needles: np [err]

[Err] (= Exampl¢&rr]) IR[err] 3010, 1755, 1605 1590, 1410 [err] NVR

[rr]744642(m14 ArH), 4.97-4.84 (br t, err 468(t 1, J - 9

Hz, one of [Pa¥irobenzyiF-Phenpsyacetytamino3-ciikerr ’]@‘B@e ‘3‘2°Ph[3@r4r<]3'b$ (dd, 1, J

= 6.4, 9.0 Hzp QRfolof [ 510" [
ori]) 936 %aamaruw*%g@i%"‘%ﬁ% Fitlaiiatte
br [err] C5.543 Thdreattion Mmixiide then with water and with brine,

5:[err]-(t- lgmd | sulfase,o podk cohchotraBed) by [Thé -concmptzate awas atheomato-

over silica gel and the product eleted wirith methylene chlonde-e | acetate. Evaporation of the
eluate gave 112 mg of the title compound as a yesllow foam. The product was further purified by rechroma-
tography over silica gel.

—hr—

Example 6
60  7p-Phenoxyacetylamino-3-chloro-1-carba{ceta)-33-cophem-4-carboxylic acid

Benzyl ”p—phenoxyacetylammé—:ﬁ.umeﬂwyisuﬂmyloxy#-carba(dathna) -3-cephem-4-carboxyl-
ate was heated at 80°C in DMF with excess hthhium chloride to yield the corresponding 3-chloro-3-ce-

phem benzyl ester. The benzyl ester group weas reemoved with aluminum trichloride and anisole to provide
65 the title compound.

o7



Lithtumwre (0.548 g, 79 mol) was added to 55 ml of ammonia at [err] and
the m xture was warned briefly to affect solution of the netal and then
recooled to [err] under positive arg&P G2tc84B1 The dark bl ue sol uti on was
first treated with tert-butanol (12 nL). A solution of the

1- benzyl - [ err] - (4- phenyl oxa-

zolidi n- 2- p’,’b-,yl) [err]-[2-(3- rrethoxyphenyl)ethyl) azetidin-2-one (2.36
g, 5. 17 g{&ﬁﬂln THF : tert-butanol 55 (24 nmL of a 3:1 mxture) was then
added Vi a Zm{2re-hminotiiezol-8-ylp2-riethdxyinbindscetamide}estrifiuafomethylsulonyldxrd -cade-3erphert y 30
addi ti onal 4-n?wiilfi"ﬁ!m'l‘é’s"“"ddry benzene (2 nmL) was added. The bl ue col or discharged

after ca. 1 g 2314 ) re AR 8honHHIaE with
col d bath % ”ﬁ%ﬁ%@%‘ﬁ°ﬁmm &?@@woweséﬁéoﬁgh a
mer cury bulgsiyishine aad Wud?t,eNdua?&[aﬂmmmmﬁmhﬁammwmdﬂmhoxyimk
reduced 60noqnamho]8-mu ﬁw}vls'lfhwl trearha-Sgepblemt4ecashokylate \is) Jregled pwithd togmic racs5 0
nL of TFEH: mn}ovg enylmetlyt graup and with alymjupychieridq joanisgip i femava the bopzylpster
di - tert - buf'PPP i dtecompousdyy 7 g rmpl). The two phase nixture was
stirred rapiafth &%Mﬁrwdsﬂtﬁmu&amlda .o el Lbatyeen di chl oronmet hane
(200 ni) and H20 (50 ) he aqueous phase was reextracted with

di chl ortanet haAeorhiddndrbf)Foamubk (e conbi ned or gani ¢ phases were washed with 50
m. of saturated aqueous [err] drled [err] ‘and concentrated. Chromatography
65 of the residue on 110 g of with 40% hexanes in ethyl acetate
af¥orded 1.23 g of -the parti al I:;/ ed EP 0 211 1540 B1

di hyfir @ar omati c
3[err]-t-butyl oxycarbonyl am no
-azetidi ne-2- one as a waxy [

fioxycycl ohex- 1, 4- di ene) et hyl )
: di ene product was dissolved in 25 niL
of 50% net hanol in dichloronethane, freated with one drop of pyridine and
ca. 1 g of Sudan 11l dye (Al drich al Co.), and ozqad yzed at [err]
until the red 5 col or discharged. Dinmethyl sulfide (3 nL) was added, the
col d bath mwbereludds hysirogeri, Aeamie@blecting gioup,wr an sxyigroupd at room t enperature for
5.hr. The light orange solution was poured into 100 nL of brine and ex-
tractedy,wi th dichloronethane (1 X 200 nmL, ® X 50 nL)). The conbi ned organic
| ayers Were dried [err] and concentrat ed. 8hr onat ography of the residue
[err] 65g of silica with 7%|sopropanol i BCA chl oronet h- ane af f or ded

met hyl

5-[err] t-m@%‘smnw Cree oo ﬂ-one-[bér”-yl 1P%Y0x0 o s O8O
(0.97 g7 1@ &Eﬁ&mﬁamﬁwmup itédbyaisd foshulaRecr yst al | i zation [err]
t ol uene gave colorless needles: np [err] [err] +48.6 (c = 1.4, [err]) IR

[err] 3430, 34220, 3340 (br), 3020, 29
1160 [err] NWR [err] a 6.51 (br s, 1,
BocNH) ,405. 05-4.98 (m 1, C 3H), 3.83-3.

1720, 1510, 1370, 1250,
]-lactam, 5.50 (br d, 1,
, CG4H), 3.75 (s, 3, [err])

3.28 (s, 2, [err]) 2.74-2.56 (m 2, [@fT] -1.74 (m 2, [err]) 1.45 (s,
[err] tert u Anal - : I H A7 0 F%md
C, 53.56: "%ﬁﬁ?ﬁ;’%ﬁm 2 g&gg*w,fgf *‘"&gﬁgﬁf
as desc®i baad,gggbfc @A ot 3- o

byt

hydr oXYy- 1- aayrdop cfithelfotniilan) - 3 cephem est er by the procedures of the follow ng
Exanple 1. Exanple 1 20 Benzyl

7[err]-(t-butyl oxycarbonyl am no)-3 onet hyl sul f onyl oxy- 1- car ba( 1- det

hi a) - 3-soephem 4-car- boxylate A DOg@*o Tra .)ECH,,_

wherein a and a’ have the same meanings as defined above, ZisOor S,andmisOor 1;
55  aheteroaryimethyl group represented by the formula

R1-CH2-

wherein R! is thienyl, furyl, benzothienyl, benzofuryl, indolyl, triazolyl, tetrazolyl, oxazolyi, thiazolyl, oxa-
60  diazolyl, thiadiazolyl, and such heteroaryl groups substituted by amino, hydroxy, halogen, Ci-C4 alkyl,

or C+-C4 alkoxy, or C1-C4 alkyisulfonylamino;

a substituted methyl group of the formula

DA



25 To a [err] solution of the [err]-keto ester (1.13 g, 3.6 mmool) in 10 nL
of acetonitrile was added [err]-tol uenesul - fonyl azide (3.6 nL of a 1.5
[err] solution in dichloromethane) gpgl2fly s40084 opyl et hyl am ne (0.13 nL, 0.75
mmol ). The reaction was covered with foil, stirred at roomtenperature for
2 fiours, and then partitioned be- tween dichloronmethane (100 nL) and brine
(89 mL) containing 10 mL of 0.5 [err] tartaric acid. The aqueous 30 |ayer
was reextracted w th dichloronethane G!?O-(m') aand t he conbi ned organic

| ayers dried [err] and concentrated. Chrolmatography of the residue on 1000
g of silica with 5% isopropanol in dichl &omethane afforded 1.15 g (94% of
the & azo keto ester ‘as a white solid. Recrystallization from et hyl

acet at e- in £33 dss cyglghex- sheieny! orcacriteny group of aubstitutgdjpheny! oroup repraseited by Hye dor-
[err]) | RY err] 3440, 3420, 3360 (br), 3020, 2990, 2150, 1770, 1720,

1650, 1510, 14440. 1370, 1320, 1160 [err] 6.49 (br s, 1, 35 NH of

[errhel actanm); 5.46 (d, 1, J = 8. %m% (ddd, 1, J - 4.8 H, 8.1
Hz; [err]) 3.85 (s, 3, [err]) 3 85- [err]) 3.06-2.82 (m 2,
[err]) 22.0-1.75 (m 2, [err] 1.454 ert butyl). Anal. Calcd. for
[err] C, 49.40; H, 5. 92 Found: C 49 47; H, 5.93. B. Transesterification
40 A4§0| wherein aGind lathazy theahme mehnings @s rdbﬁned&%mnmh)‘ isoitrea difiried abave) and Q is hy-

i sopr opostiowe C-04+ giginayioxy Zatoxysrifp.amingsorasbibstitted amine vropp el fhefo(mularm Hg) for 45

m nutes to renove isopropanol. The flask yas covered with foil, vented to
arngon, and the diazo [err]-keto nethyl {er (0.9953 g, 2.80 rrrml) was
ad the solution was heat- ed at _36C for 42 hours diluted with 60 nL of

ot her, and treated vvlth satﬂT@g" CooBs ' [err] 45 (3 ). The

mxture ss LS r.api ar o iltered thro of
celite. m 'P W %’hé‘yl'@é/ap + Qieny Phepyd 'I?ié’ﬁg%pl %Fgﬁ%bl
[err]_distilled of usrngakugerohr oven (15 mIIrtorr [err]

Chr oimat ogr aphy of the residue on 100 g(R)tR"Sr i ca af f or ded t he correspondi ng

di azo [ery]-ket benz I ester (0 0 ite solid: 52-153
3020, 299 ,4655 15510, 1370 1305, 1165 [err] NWR[err]7.45-7.3

(m %° 50 ArH), 6.4 (br s, 1, NHof [err]-lactam), 5.40 (d, 1, J = 8.66.
BocNH), 5.26 (s, 2, ArCH2), 5.06 (br dd, @, J = 4.5 Hz, 8.5 Hz; [err] 3.79
(dt, J - 4.5, ‘8.5 Hz, [err] 3.05-2.82 (ml}l2, [err] 2.0-1.73 (m 2, [err]
1.45 (s, 9, tert-butyl) Anal. Calcd. gor 4err] C, 57.68, H 5.81. Foound:
C, 5#57; H 5.74. 55 C. Cyclizati¢p wtg Rhodium (11) A solution of the
diazo [err]-keto benzyl ester (O-NH-@=NO. 2=-RHW®P) in 6 nL of al um na
filtered chloroformwas heated to reflux an(jtreated Wi th rhodium(I11)
aceetate diner (1.5 ng, 0.0034 mol). Qg ) heating for 20 m nutes, the

m xtwse was placed in an ice bath, aand treated sequentially with

di ksopro I nd
trifl 5or%ﬁ R Mu@nmé%%gnwg WTP%&ZSS mol ). The reaction was

.mai n- tained err] for 15 mnutes and then partitioned between
di-chler onet hane (75 nL) and 0.5 [&r]Qaqueous tartaric acid (25 nL). The
organic layer was dried [err] .and {condentrated to a light red oil, which
was chr omat ogr aphed on 20 g off sificawith 6% ethyl accetate in
di chl oronet hane to afford [err]- (lCa—CEBiIky})
tyl ogycar bonyl am no)-3-trifluoro ;hy! ul f onyl oxy- 1- caar ba( 1- det hi a) - 3- ceph
em 4-car boxylate (0.118 g,

or Q is a benzamido group of the formula

s (o),

wherein tis 110 3;
60  or Ris a keto group or an oximino group of the formulae

-
'



EP 00 211 540 Bl 78% as a hard, colorless foam [err] (c == 0.5, [err] IR
[err] 3420, 3010, 2990, 1790, 1725, 1505, 1435, 1250, 1160, 1140 [err] NMR
[err] 7.46-7.3 (m 5, ArH), 5.39 ancER0231540B1d (AB), 2, J = 12.1 Hz,
[err]) 5.22-5.10 (m 2, [err] and [err]), 3.86 (dt, 1, J ca. 4.2, 11.9 Hz,
[er'Tr]) 2.63 (dd, 2, J - 4.0. 8.8 FE, [err]) 2.20-2-08 and [err] (mm 2,
[er]) 1.44 (s, 9, tert- butylé Anal . Cal od g; _[err] C 48.46 H
44.45. Found: C, 48.61; H, 4RigC 'Exanple 2 10 B

[ err]-phenoxyacetyl am no- 3- tr|fl oronethylsulfonylox 1l-carba(1l-dethia)-3-c
ephem 4- car boxyl ate To a solutlé% of the

[err] - t5butyloxylaninocarbaceephalosporin (0.12 g, O. iﬁ? | ) prepared as
described in Exanple 6, in 1 nL of anisole was added 2 Jerr] of

ti f 1 UOr 0aC Ghbaind3Gk Fi orHiel &7 deRRbANEbBNE &9 RS hidiedgeh,i GRiC.\ikyl, 6rom catxy-suibotifutedh allyl
reduced pr op&diosiky groipofti@)formelar ]| an of f-white solid.- Phenoxyacetic
anhydriv®e (0.094 g, 15 0.33 mol ) and dichl oronethane (2.5 nL ) were
aadded to the solid, the mixture cool & to [err] and treated with

di i sopropyl et hyl ami ne (0.13 nL, 0.75 lmo IE. The solution was stirred for
30 mnutes and then parti- tioned be ueous tartaric add (50
[err]) mnd dichloromethane (75 nL). THe orgarm®c phase was washed with

sat urated aqueous [err] drled [err] a#& concentrated to an oi

Chr omat ogr aphy on 20 of sil % eth h t at "gm with
di¥chl oro g%gm Wﬂ RS 1s hyec;mxy
oxykaCetgoI a ;aar ba( 1-det hi a') 3- cephem 4-

car boxyl at e, mgen &rcdrbb ﬁygr]:up.(:oman.o 6, [err]); IR 3420,

30400, 1790 &W&G@EpWZS 1500 1435 1250, %er%ml[%er rl M\R [err]

7.45-6. 88 (n?l\_r@mmmwm&nmﬂj"m "5 ?@Q’?HP [err] and C-7 H),
4.54 (S, 2, [err] 3.94 (ddd, J = 3. . el 11.7 Hz CG6 HH), 2.65-2.57 (m

2, [err 2.10-1.98 and 1.70-1.54 25 Exanple 3
[err]-(2-thienylacetyl ami no)-3-trif | ooxy- 1- car ba- 3- cephem
-4-carboxylic acid 30 p- Ni t robe
[err] - g&no 3-trifluoronetthyl oxy-1-carba-3-cephem 4-carboxyl ate is

acyl at el i n BEA GarlpBiHa deldrding 10 clait 2 Wheleih Rilsphghaxgmétil ortlehnyt.i de  inn the
presence of prmqa:yﬂpemmMmmmmhmlsﬁmuporwewimmwm@ewﬁ@at| tle
conpound. 35 Exanpl e 4

- [err]-(D-Phenyl gl yl am no) - 3- t§3_f_é_uororret hyl sul f onyg®xg=1- car ba- 3- cephem 4-c
ar boxyl #t aci d

[err]-[D2-(t- Butyloxycarbonylad&no-Z-phenyl)aCeetaniéo]-3-hydroxy-1-carba-
3-cephem 4-carboxylic 40 acid benzyl ester is reactedywith triflic acid
anhydride in the presence of triethylamne to formthe HrBOC protect ed
3-triflé&bromethyl sul fonyl oxy ester. Thee t-butyl oxycarbonyl protecting

gr oup is I eMBYA oot dcdrdihgiidieiaimié ivbetelo R tsicamimuthiazblet-henzyl  is renpved

wi th al um nu Aprocass the prapating A icerapound of Forala (ALasidiaimed in any ope pfSsIME! to 2gwhich com-
Exanpl e 5 pprm%ggﬁg%onofacompoundofmefomula

[ err] - Peenoxyacet yl am no- 3-chl oro- 1-car bg( qet hi a) - 3- cephem 4- car boxyl ate A
solution of 240 mg of p-nitrobenzyl o

[ err]-phenoxyacetyl am no-3-trifluoro
ba(det hi a) - 3- cephem 4- car boxyl ate a
of DVF e@s heated at [err] for 5.5 h. T Hri xt ure was then cool ed,
diluted with ethyl acetate, washed wt ) d with brine, dried over
magnesi um sul fate, and concentrated by evapdration. The concentrate was
chr omat o- R=

55

f\ | oxy-1-car- 50
ofrc [ithiumchloride in 3 ni

wherein A is other than hydrogen with an activated form of triﬂuommethanesulfonlc acid.
7. A process for preparing a 3-halo-1-carba-3-cephem compound of Formula (4):



raphed over silica gel and the product eluted [err] nethylene

hl ori de-et hyl acetate. Evaporation of the eluate gave 112 ng of the title

onpound as a yellow foam The producEPR211340BEr purified by rechrona-

ography over silica gel. Exanple 6 60

err] - Phenoxyacet yl am no- 3-chl oro- 1- carba(dethla)-33-cephen}4-carboxyl|c

érLd Benzyl

eLr]-phenoxyacetyIanino-3-trif|uorgnéih sul f onyl oxy- 1- car ba(det hi a) - 3-cep
a(det hi a)- 3- cephemicar boxyl - ate

i thhfum chloride to yield the

em-4- car boxyl
s heated at [err] in DMF wit

e ** The benzyl ester group was
ole to prO\(i‘ﬂe 65 the title

orrespéndl ng 3-chl oro-3-ce- phem
eemoved with alumnumtrichlorid
onmpound. EP 0 211 540 Bl Exanple 7
err]-{2-(2-am nothi azol - 4-yl') - 2- met hoxyi acetam do] -3-trifluoronethyl su
fonyl o¥&/- 1- car ba- 3- cephem 4- car boxyl ic acid 5

yn-2-(2-Tr¥ hegiin clai |13°anex"n§1°wgggrm%m§wmmﬁ%n de is
eacted In qﬁggﬁ H?V? mpound of Formula (1)

err]-am no- 3- trlfluoronethylsulfon¥io§y 1- car ba- 3-cephem 4-car boxyl ate In
he presence of tri-- ethylamne and hg g&yl ation product, benzyl

err]- [2(2tr|phenylnethylamn - 2- met hoxyl m -

oacetylanlno] 3-trifluoronethylsul f] | oxy{1- car ba- 3- cephem 4- car boxyl at e
s treated with formc ac- 10 Id t@Te §02Cfisphenyl met hyl group and

i N/ al 2ovi num chl oride In anisole @o remg® the benzyl ester group to
rovide the title conmpound. Cains for the Contractlr]ﬁ% States: BE, CH, DE,
R GB, IT, LI, LU N.L, SE 15 1. A corip®ed of For ?a(l) [err]

erein Ais_h E?%ﬂg’ ng r ctlng or aan eﬁ roug %Lgmmo
er ei Ny |§s:ﬁ %Elf i@:@g ﬂgtl%l@%ﬂis
ar boxy, @g’%}&&, err| al Kyt 10" propare a

rifluoronet byA waﬂdidahewhuen@uwwa%mmrbmb
he for mul aidé®r kvbeidei n and " | ndependent | y are hydrogen, hal ogen,

ydr oxXya., [ er P]AMWF@EH"%{FRa%%'W'PéPPTmyﬂWMr] al kyl t hi o,

m no, foerr] al kanoyl am no, [err] al kyl sul fonél car boxy, carbanoyl,
ydroxynet hyl am nomet hyl, or carboxy 5hy| 35"0 p of the fornmula 50
erein a and @' have the sanme A > gd avove, Z1ls Oor S, and
is O o 1, 55 a heteroaryl s . sentefl by the formula [err]

40 which comprises acylating a compound of formula

with D-phenyliglycine or an activated or protected denvauve thereof, followed by removal of any amino
or ester protecting group present.

55 Clalms for the Contracting State: AT
1. A process for preparing a compound of Formula (1):

-y



wherein [err] is thienyl, furyl, benzothlenyl, benzofuryl, indoiyl
triazolyl, tetrazolyl, oxazolyl, thiazoyl, oxa- 60 diazolyl, thiadiazolyl,
and such heteroaryl groups substitutpggdouiiasdoy hydroxy, hal ogen, [err]
al kyl, or [err] al koxy, or [err] alkylsulfonylam no; - hy
group of the formula 65 EP 0 211 540 B1 [err] V\,hertlmmeﬁl'ﬂmﬂﬂmm“l
cycl ohex-1, 4-di enyl or a phenyl group or substituted plenyl rdups *
represented by the for- nula 10 [dr]H'15 wherein a and a' have the sane
nmeani ngs as -defined above, or [errT iZ/T¥r] as defined above, and Qis hy-
droxy, [err] al kanoyl oxy, car m no, or a substituted am no
groupdf the fornmula [err] wherei «ogen or [err] alkyl, and R 1is
[err] alkyl, furyl, thienyl, phe henyl, nitrophe- nyl, styryl.
hal ostyryl, nitrostyryl or the group wh@rein R has same neani ngs as
defined above and R' Is hydrogen, [err] | sul fonyl, [err] alkyl, or
[ err] 1@l kanoyl ; 30 or Qis a group of the fornmula [err] wherein R'" has
t he sane weeeid Agod Bg ardas defivad inlsizire | anthy” ig chigro 2r bypmg, whigh conprisest gr oup of t he
formul a [@pRigcingthed-filate eqior groupfrers agr@pernge! FamuRbPhul a [err] wherein t is 1
to 3; 60 or Ris a keto group orHanHoxim'no group of the formul ae 65
EP0213s 540B1 5\ = = [err] wherein [err] is [err]
or R2 as defined above and [er | & r.(}g‘en, [err] alkyl, or a
-car boxy-substituted al kyl or [ grogp of the formula 10 [err]

. SO=CF3

C | ' | (1)

with chioride or bromide ion, optionally followed, if desired, by removal of any' oster (Rz) and/or amino
25 protecting group (A), and/or acylation of the 7-amino moiety where A is hydrogen, so as to prepare a

compound wherein A is RCC. .
8. A process according to claim 7, wherein the chloride or bromide ions are derived from lithium chio-

ride or bromide.

30' 9. A process according to claim 7 or 8, for preparing a compound of formula:
(D)
' \ /
3 He !
H
40 which comprises acylating a compound of formula
45 NHa—¢-
l

50

with D-phenyliglycine or an activated or protected derivative thereof, folldwed by_rémoval of any amino -
or ester protecting group present.

55 Claims for the Contracting State: AT
1. A process for preparing a compound of Formula (1):

-~y



wherein b and b' when taken | ndependent |y are hydrogen m
when taken together with the carbon atomto which they

to 6-nmenbared carbocyclic ring, and [ egpb 213 5a9 @1oxy, ZHIMRMEmHkm;MI
amno, [err] alkylamno, or di-[err] alkyl)am no; R2 is Nydfogen wor s
carboxy-protecting group, or when, R2 is hydrogen, a salt thereof.

C ound according to daim1l whereipn Ris a group of the fornula 25 [err]
30,3. A compound according to cl ai t: ) rein Ris phenoxynethyl or benzyl.
4. A conpound according to claim 1h iR is a keto group or an oxi m no
group of the fornmula [err] 5. orfpoynd adcording to claim4 wherein [err]
IS 2-am %ot hiazol-4-yl. 6. A procegs—RNor p 02CKp a conpound of Formul a
(1) as clainmed in any one of claigs 1 , Which com prises the

O acyl ation of a conpound of the fornul a 45 [err] where{h)A is other than
hydrogen, with an activated formof trif met hanesul fonic acid. 7. A
process for preparing a 3-hal o-1-carba-3-cephem conpound of Formula (4): 60
65 EPO 2 Wbersifi: i8hydpogen, an amino protecting group, or an acyl group

[err] 10 wherein A and R2 are as defined in claim1l and X' is chloro or
bromp, which conprises: displacing the 3-tri®late ester group froma
conmpoundisof Forrmula (1): [err] 20 with chl or" de or bronmide lon, optionall y
followed, if desired, by renpval of any estB$=[err] and/or anino 25

Pvar ogen. s %2%% %{gﬁﬁ%%r Lbinde ) Qe Uy, Kol b, oo
t@a éFs

ackor d| mmﬁwwmﬂohﬁm de ions are derived from
I|th|umchlo- r|de or bromde . A process according to claim7 or 8, for
prepari ng a conpound of fornul a. 30
[err] 40 which conprises acylating a oun formula HH

25 a

wherein a and a’ independently are hydrogen, halogen, hydroxy, Ci-C4 alkoxy, C+-C4 alkanoyloxy, Cr-

Ca akyl, C-C4 alkyithio, amino, C+-C4 alkanoylamino, Cr-Cs alkylsulfonylamino, carboxy, carbamoyt,
a0 hydroxymethyl, aminomethyl, or carboxymethyi;
= a group of the formula

o
35
a‘x—‘/
wherein a and a’ have the same meanings as defined above, Zis Oor S,andmisOor 1;
a heteroaryimethyi group represented by the formula
o/ ' R-CH2-

| wherein R! is thienyl, furyl, benzothienyl, benzofuryl, indolyl, triazolyl, tetrazolyl, oxazolyi, thiazolyl, oxa-

diazolyl, thiadiazolyl, and such heteroaryl groups substituted by amino, hydroxy, halogen, Ci-Ca alkyl, '

45  or Ci-C4 alkoxy, or Ci-C4 alkylsulfonylamino;
a substituted methyi group of the formula

R2-CH-

50 |

Q
wherein R2 is cyclohex-1,4-dienyl or a phenyl group or substituted phenyl group represented by the for-

mula

wherein a and a’ have the same meanings as defined above, or R2 is Rt as defined above, and Q is hy-
droxy, C+-C4 alkanoyloxy, carboxy, sulfo, amino, or a substituted amino group of the formula

~



45 50 with D-phenyl gl ycine or an activated or protected derivative thereof;
foll owed by renoval of any am no or ester protecting gro

Clainms for the Contracting St ate: ATEP.0 241S4CB$S for pr mm{lﬂ B{’de
of Formula (1): 60 65 EP O 211 540 Bl [err] 10 wherein an

as defined in claim1 and X" is chloro or bronp, which conpri ses:

divspl acing the 3-triflate ester group froma conpound of Fornmula (1): 15-
[err] with chloride or bromide ion, option®lly followed, if desired, by

removal of any ester [err] and/or anino 25 cting group (A), and/or
acylation of the 7-am no noiety wheThE2C 9‘"%:&"&; SO as to prepare a

conpourf CEO t ' : i

chi ori de ot & byiroflldr Chou L T Se BEECHEN M Rk byl Bl RS

A process accord| ng to cl ai m 7 or 8, for preparing a conmpound of formula:

30 35 40 which corrprlses acyl ating a-8&RS0nd of fornula [err] 45 50 with

D- phenypgl lne a activat d or ted d th 0 | .0

by renoval Wigr @%‘g:"’?g?%qs ?fr‘g%ﬁ'e\%‘f?‘ﬁ& GP‘gE‘ 'f):"% 8‘3%"'*"8’ HB&?(g‘r

t he Oontras,tmg Toﬁhe ula A process for preparing a corrpound of Formul a
0 211 540 Bl

(1): 60 65
o
u
\ .
4
~ 2 -Na-'clz-—u ns-n' "
(CB2) g

25  wherein R™ has the same meanings as defined above, and q s 2 or 3;
or Qs a group of the formula

- [
. | «»—ﬁf»<._.>»-(m—a alkyl)

35 orQis a benzamido group of the formula

{—'xfomf
N
o/ “ ' . /

wherein tis 1 to 3; o
or R is a keto group or an oximino group of the formulae

we

4 R3-C- R3-C-
Il - I
o] , N
50 - | . \OR‘
wherein R3 is R or R2 as defined above and R4 is hydrogen, Ci-C4 alkyl, or a carboxy-substituted alky!
or cycloalkyl group of the formula ! & W
% b
|
~C~(CH29—CORS
| . n
60 ) b’

wherein b and b’ when taken independently are hydrogen or Ci-Ca alkyl, and when taken together with
the carbon atom to which they are bonded form a 3- to 6-membered carbocyclic ring, and RS is hydroxy,
C1-C4 alkoxy, amino, C1-Cs alkylamino, or di-(Cy-Cy4 alkyl)ammo.



. . .
err] 10 wherein A is hydrogen, an am no protecting group;
err] wherein R 1s hydrogen, [err] akyl, [err] alkyl substituted by cyano
car boxy, hal ogen, ami no, [err] al koxy, [EP21al34piB1hi O, jﬂlﬂlﬂluw[’lﬂuumlml ,
rifluoronethythio; 20 a phenyl or substituted phenyl

py *the fornmula 25 wherein a and a' independently are hydrogen, hal ogen,

hydr oxy, [err]sal ko errl, al kan al kyl, [err] alkylthio,
A, no, [err] %%&m@%%&%1 am no, carboxy, carbanoyl,
10 hydr oxynet  compigas 810 (G atlationlof £ edipoundratihBydrmuia gr oup of the fornul a
Mherein a and a' have the sane neani ngs as defined above, Zis 0 or S, and
mis O or % a heteroarylnmethyl group reprdsebteg by the formula 40

err] wherein [err] is thienyl, furyl, benzetidgny , benzofuryl, indolyl,
riazolyl, tetrazolyl, oxazolyl, thiaz dimzol yl , thiadi azolyl,
and such heteroaryl groups substituted by y, hal ogen, [err]

pi Kyl , 45 10 or [err] al koxy, or [err] al am no; a substituted
et hyl group of the forrmula [err] 50 wherein [er i s cycl ohex-1, 4-di enyl
br a phenyl group or substituted phenyl group re nted by the for- mula
b5 [err] wherein a and a' have the sanme neani ngs as defined above, or [err]
s [err] afs defiiendifia BuMerhaiiydrogbr, Wit actafadyorm| ot tiifidorathdtiminesutienic/acidc ar boxy,
sul f o, am no, 0R. ApBcEss adcotting tb deim N ovhgreinURds @ grouef thuormulaa 65 EP 0 211
540 Bl [err] 5 wherein R is hydrogen or [err] alkyl, and R is [err]

al kyl, furyl, thienyl, phenyl, halop . Ry trophe- nyl, styryl, :
1a_¥\ta’styryl20 nitrostyryl or the group T] 1 ' has the sane
neani ngs as defined above and R'' i Sa drog?ﬁ' , [er®] al kyl sul fonyl, [err]

al kyl, or [err] al kanoyl;

3. A process according to claim 2 wherein R is phenoxymethyl or benzyl.
25 4. A process according to claim 1 wherein R is a keto group or an oximino group of the formula

R3-c- R3-C-

orxr

il
N
\
OR* .

5. A process according to claim 4 wherein R? is 2-aminothiazol-4-yl.
s 6. A process for preparing a 3-halo-1-carba-3-cephem compound of Formula (4):

' I}
a0 (o)

H
-9
A
\,1
- xll
. (4)
Ra

wherein A and R2 are as defined in claim 1 and X" is chloro or bromo, which oorhprises:
displacing the 3-triflate ester group from a compound of Formula (1):

.\
S0=CFs
(1)

with chloride or bromide ion, optionally followed, if desired, by removal of any ester (Rz2) and/or amino
protecting gioup (A), and/or acylation of the 7-amino moiety where A is hydrogen, so as to prepare a
compound wherein A is RCO.

7. A process according to claim 6, wherein the chloride or bromide ions are derived from lithium chlo-
g5 fide or bromide.

Hx




or Qis a group of the. f_or;rula [e_rr] 25 wherein R has the same nmeani ngs
B e b o Sunor the’t ovmeiosss® o RN IHETIN >

[err] whereint is 1to 3; or Ris a keto group or an oxinm no gré"upsof*the
fornmul ae 45 [err] wherein [err] is [err] or
RR_as def i neglAphioyss adddrtidg6 Ehimi 6%or MYIEH prdpfing d ®pdund bikiyimula®r a

caf boxy-substituted al kyl or cycloal kyl group of the formula 55 [err]
wherein b and b' when taken independently arg hydrogen or [err] alkyl, and
when taken together with the c;shwl §odm to whi<€ 1§hey are bonded forma 3-
to 6-nenbered carbocyclic rin and ) r oX 65 [err] al koxy,

am no, [err] alkylamno, or di-eﬁa/r]ggl kyl ) 0; P 0 211 540 B1 [err]
i s hydrogen or a carboxy-protecting ghotp, n, i s hydrogen, a salt
t hereof ; which conprises the O acylation of a co

und of the fornula [err]
15 V\her’?-zi n Ais other than hydrogen, with an acti 6% d form of

trifluoro ' quu Jd Mohfgess accordring to claim1 wherein R
is agr oug‘a@?@ﬁéﬁ%‘%%ﬂ%ﬁ g‘X pr oclg'gs according to claim2 wherein Ris
phenoxynet hyl or benzyl. 25 4. A prgcgps according to claim1l wherein R
|s a kdto group or an oximno group of Thef 8 mula [err] ‘5. A process
according to claim4 wherein R3 is pgpanfnqhiaxpl-4-yl. 6. A process for
preparing a 3-hal o-1-carba-3-cephemc nd of} Formula (4): [err] 45
wherein A and [err] are as defined in gPatthg1 #®IX is chloro or brono,
whikch @dnprises: displacing the 3-trif er group froma conpound of
Formula (1): [err] 60- wth chloride or ide ion, optionally foll owed,
if desired, by renoval of any ester [err] an am no protecting group
(A), and/ kA6 théilighing for b ScibaiBd b o8 bofvilIE oy, ohowbily 38bval 5urd Tunied

prepar es a or éster protecting groups present.

Patentanspriche fir die Vortraguuatén: BE, CH, DE, FR, GB, IT, LI, LU, NL, SE
1. Eine Verbindung der Formel (1):

XN
35
Fs
o (1)
o/
worin A Wasserstoff, eine Amino-Schutzgruppe oder eine Acylgruppe
45 o
: i
RCj-

5o ist worin R Wasserstoff, C+—Ce-Alkyl, C+—Ce-Alkyl, substituiert durch Cyano, Carboxy, Halogen, Ami-
no, Cr—Cq-Alkoxy, Cr-Cs-Alkyithio oder Trifluormethyl, ist; eine Phenyl- oder substituierte Phenyigrup-
pe, die durch die folgende Formel wiedergegeben ist

a
worin a und a’ unabhéngig voneinander Wasserstoff, Halogen, Hydroxy, Ci-Cs-Alkoxy, CiCq-Al-

80  kanoylox;, CirCe-Alkyl, Cr-Cs-Alkyithio, Amino, Cr-Cs-Alkanoylamino, Cr-Cs-Alkylsulfonylamino
Carboxy, Carbamoyl, Hydroxymethyl, Aminomethyl oder Carboxymethyt sind; eine Gruppe der Formel

31



hl ori de or brom de ions are derived fromlithiumchlo-
A process according to claim6 or 7, gglg#y g9 a
ormula: HHJ[err] 10 which conprises acy?at#ngﬁg conpound of for rruI a [err]
i h D- phenyl gl ycine, or an activated or protected derivative thereof,
oLl owed by renoval of any am no 25 or ester protecting groups present.

O db VIt n: BE, CH DE, FR, GB 11, ®QL, SE 1. Ei ne Verbi ndung der
ornmel (1): 30 35 23-ERe40
] worin A Wasserstoff, eine Anm no- Schu grupzr! oder®ei ne Acyi gruppe 45

0O RCG 50 isst, worin R Wasserstof f, C -G A kyl, substituiert

durch Gyano, %R%Xa 'é%'fﬁg Mﬁ%x%ﬁéu&mf&@ Qegoder

gr i f1 uornet hy|elnd ﬁ&temﬁ'tﬂrlﬂxé ﬁl uld .%hzdﬂﬁenyd IB8nzofuryl,
urch die fol gamse TrgioRE T mam,t Coéadistitolyl) Taiadﬁfi)lyﬁu Aorgh @mino, Hy-
vonei nandefp \\akogr dHalohén, GiaCe@m odey (hre3eyAlkogy -cQdr A]HQ;MIS@HMW -sulgtulerte Hete-
kanoybx, G - gty - C4- Al k Am no, Cl-C4- Al kanoyl am no,

Cr - C4- Al kyl sut$5iybstiviers Metrdory Hzﬁsf’l %%'F’B'adoyl Hydr oxynet hyl , Am nonet hyl

oder Car boxynet hyl sind; elne G uppe der F\%ge 65 31 5 _

:0Z4z wonngga und a, die gliche iBedeutung en festgei egt haben, Z

oder S und mO oder 1 ist; elne Heteroaryinmethygruppe der Fornel Rt-CH2-,
worn R Thienyl, Furyl, Benzot hl enyl, Benzofur¥i, Indolyl, Triazolyl,

| yl h
Rk 1.« ac Ao Sk ool 3 Mo

Cr-4- Al kyTsul fonyl am no substitulerte Hegfec{%ruppe i st;

&orrpound wherein Ais RCO. 7. A process according to cl mw!mherﬁ"n tlh,e

]

25

ist.woﬂnaunda’diagloichameobonfestgelogteBedeumnghabenodormmwloobenfestgelogt,be-

deutet und Q Hydroxy, Cr—-Cs-Alkanoyloxy, Carboxy, Sulfo, Amino oder eine substituierte Aminogruppe

der Formel
30

R
|

- —NH-CO-N-CO-R™*~

35 ist, worin R* Wasserstoff oder Cir—Cas-Alkyl Ist, und R” Cr+Cas-Alkyl, Furyl, Thienyl, Phenyl, Halogen-
phenyl, Nitrophenyl, Styryl, Halogenstyryl, Nitrostyryl ist oder eine Gruppe

=N(R)(R™)
'\/3 40 worin R* die oben fesigelegte Bedeutung hat und R™ Wasserstoff, C+—Cs-Alkylsulfonyl, C+Ca-Alkyl
: oder C+~Cq-Alkanoyl ist;
oder Q ist sine Gruppe der Formel
45 o
il
o] ®
AR
50 -RB°C" u). R' ve
CB
2 )q_ _
g5  worin R™ die oben festgelegte Bedeutung hat, und q 2 oder 3 ist;
- oder Q ist eine Gruppe der Formel

L 1)

. |
ML< D



8 ne substuierte Methyl gruppe der Fornel 15 Q worin R2 -©yet-ohox-1, 4 dieﬂy1
gder el ne Phenyi gruppe oder substituierte Phenyi gruppe-der Forrrel

gorin a und a die gleiche wie oben fesgﬁgglgqgmaqdeutun l! 'ﬁﬁ

@ ¢ oben festgelegt, be- deutet und O Hydroxy. Cr-C4-Al

I*ho, Am no oder eine substituierts Am nogruppe der Fornel

N\H: CO-N-CO R"' 5| WO sserstolf oder Ct- C4A|ky| |st, und F"

& C2- Al kyi, PR/ eine %" '&gm\/ﬁ oM8 ogen- phenyl, Nitrophenyl, Styryl,
Iogenstyryl Nitrostyryl ist oder ei G -M#R)(R—) 40 worin R

g t C - Cs- Al kyl suf fonyl

@ - C3- Al Xyl oder Ct-C4-Al kanoyl ist=N ne G uppe der Fornel 45

0 so 50 )at 1 . C332

B 55  wor QR ifapen festgelegte Becdeutung hat, und g 2 odor 3 ist;

glor 0 ist eusR @e‘iﬁ@@meﬂbpmm{e Gdininogruppe der Formeln / uL

@ -C4-Altoky t) 65 EP O 211 540 B1 T T T U A A A ¢ R I A O

L M S* odor O ist eine BeRParl-dogruppe ®R¥—Ceornel 5

worint 1 bis 3 ist; oder R Ist efne Ketogruppejoder eine Oxi m nogruppe

@r Formeln 10 R3sC 0sC N - OR+

15

worin R3 R! oder R2, wie oben festgelegt, ist, und R4 Wassers*~#, C+~Cq-Alkyl oder ein carboxysubsti-
tuiertes Alkyl oder Cycloalkyl der Formel
\
N2 b
20 I _
h —C~(CHz) ~—COR=

!
h\

ist, worin b und b’ unabh3ngia voneinander Wasserstoft oder C+-Cs-Alkyl sind oder gemeinsam mit dem
Kohlenstoftatom, an das sie gebunden sind, einen drel- bis sechsgliedrigen Kohlenstoffring bilden, und
RS Hydroxy, Cr—Cs-Alkoxy, Amino, C+—C4-Alkylamino oder Di-(Cr-Ca-alkyl)-amino ist;
Rz ist Wasserstoff oder eine Cal‘boxy-Schutzgruppe oder falls Rz Wasserstoff ist, ein Salz davon.

30 2. Eine Verbindung nach Anspruch 1, worin R eine Gruppe der Formel

L e

8
ist.
3. Eine Verbindung nach Anspruch 2, worin R Phenoxymethyl oder Benzyl ist.
4. Eine Verbindung nach Anspruch 1, worin R eine Ketogruppe oder eine Oximinogruppe der Formel

—/ R’-(l':- oder R’—(I:-
o) N— OR"

ist.
45 5. Eine Verbindung nach Anspruch 4, worin R3 2-Aminothiazol-4-yl ist.
6. Vertahren zur Herstellung einer Verbindung der Formel 1, wie sie in einem der Anspriche 1 bis 5 be-
ansprucht wird, enthaltend die O-Acylierung einer Verbindung der Formel

55 =9

60 worin A etwas anderes als Wasserstoff ist, mit einer aktivierten Form der Trifluormethansutfons3ure.
7. Ein Verfahren zur Herstellung einer 3-Halogen-1-carba-3-cephem-Verbindung der Formel (4):

no



*1 O N- O 15 worin R3 Rl odor R2, w e oben festgel egt,
Ist, und R4 Wasserstff, Ct-C4-Ai kyl odor ein car boxysuﬂ"' ' mkyl
odor Cycoal kyi der Frcnel b 20 -C ( gf0211@#BH- 25 is Imuﬂn:lﬂ"uﬁmm,
unabhb no, vonei nander Wasserstoff odor Ct-CrAi -Jyl sind oflortgéeheisnsam m t
‘dem Kohl enstof fatom an das sl e gebunden sind, einen drei- bis
sechagi | edri gen Kohl enstoifring bliden, und R Hydroxy. C- C4-Ai oxy, Am no,
Cr GA- Ai kyl am no odor Di -((ﬂ-ﬁ4 kytam I no ist; R2 ist Wasserstoff oder eine
Car boxy- Schut zgruppe odor I a Wasserstoff ist, ein Sakz davon. 30
2. Eine Verbindung na worin R eine Guppe der Fornel 35
m i st 83.. Ei ne Verbi ndung B 2, worin R Phenoxyrnethyl odor
Benzyl isi 4. Eine Verbi nspruch 1, worin R eine Kot ogruppe odor
ei ne Oxi'm nogruppe der For nel R=- C odor R3-C O
4 ist 45 5. Eine Verbindun h Anspruch 4, worin R3
2- Ami not hi azol -4-yi ist. 6. Vertahren zur Herstellung einer (Mdrbindung der
Formel 1, wie sie in einomder AnsprOche 1 bis 5 be- ansprucht wird,
ent hal t eneodhi Aurd-Fakd in Ansprugh & festgeledie Badertiombat ted X' TGhiarotier Bronsist, enthaltend

* 55 60%@?%@“&%@%@“&!‘@%9@%‘ oMol ikt it einer aktivierten
Form dgr Trifl uormhansu sAure. 7. En Verfahren zur Herstellung einer
3 Hal ogen-i -carba- 3- cep \/ |ndung der Formel (4): e5 EP O 211 540

Illllllllﬁl 1111111AIII* C L MS *H H510

( 45 : _
20 i-oso.cra :
(1)

25 mit einem Chlorid- oder Bromidion, gegebenentfalls soweit erwlinscht, gefoigt durch die Entfemung eines
Esters (Rz2) und/oder einer Amm-bdmtzgmppe (A) und/oder Acyllerung des 7-Amino-Anteils, in dem A
Wasserstoft ist, zur Herstellung einer Verbindung, worin A RCO ist.

8. Ein Verfahren nach Anspruch 7, worin die Chlorid- und Bromidionen aus Lithiumchlorid
oder -bromid erhalten werden.

%0 8. Ein Verfahren nach Anspruch 7 oder 8 zur Herstellung einer Verbindung der Formel:

H
QORI AN

35
!
- 40
o/
enthaltend die Acylierung einer Verbindung der Formel
a5 HH
I
50

55 mit D-Phenylglycin oder einem aktivierten oder geschitzten Derivat davon, und nachfolgender Entfer-
nung einer vorhandenen Amino- odet Esterschutzgruppe.

Patentanspriiche fiir den Vertragsstaat: AT
80 1. Verfahren zur Herstellung einer Verbindurig der Formel 1



worin A und R2 die in Anspruch | festel egte Bedeutung hat und Xm Chl or odor
Bromist, enthltend das Ersetzen der Trtfiatestruppe dl ner Verbi ndung der
For mmel (1) EP 0211540 B1> 20

</ #05~SCFa ”IililJI" I“J; Illel ml ~~~~~~~~~ (1) 25 mt einern

Chi ord odor ®ni fnails sowelt uwOnsh gefol gt durch die
‘Entfenung el nes Esters (R2) undl oder einer Arnrnr-Sdwt gnsppe (A undl oder
Acyl I erung dos 7-Arnb-Anteil sHIB dgm A Wasserstoff ist, zur Hersteiing
ei'ner Ver bi ndung, worin A RCOZ s I n Verahren nach Anspruch 7, worin

di e Chiouid- und Brom dl Uthi hlorld oder -bromd ertiaten
ch A 7/ oder 8 zur Herstellung el ner
en

werslen. 30 9. En Verfahre
Ver bi ndung der Fonfnel: 35 e Acylienrng einer Verbindung

der Formel 45 ) H H50 55 - mt
D- Phenygyci n oder einem aktivierte r gesch~ tzt“ Derivat davon, und
naapf ol gender Entier- nung ei ner vornandenen Am no- odet Esterschutzgruppe.

Pt ent agg, A%&%ﬂmﬁgw Scrﬁ-'n_ggugpeoderén Alé?é,fi,%;ylen zur Herstel l ung einer

Ver bi ndurg der 111111 1111 111 | i SEP O 211 540
B1 * *» C L M'S * HHg T
QCsCF3 r ~~~(1) 5~~ 10 vprin A Wasserstoff, elne

Ami no- Schut zgruppe oder eine Acyl grupge-0 15

1 RCG ist vvorin R Wasserstoff, Ch-C-Alkyl, d-C A kyl, substituiert durch
ano Welsisérs} Fr—g& er—OkFﬂ"@YI YC+~Ce-Alkyl. s@hsﬁlmemldnmkytbra@ -Gafbohy, kiydidgen, Andior
Iuof‘? %ﬁgﬁ g WW #% einet Rheaytt edepisubsiituierte, F’hemylgrupdi e

durch a- i st 25 worn a und Wunabhangi g

vonei nander Wasserstoff, Hal ogen, g?( X% Cr-CA-Akoxy, C CA-Al-
25 -
. lxi—li/

worin a und a' unabbéngig voneinander Wasserstoff, Halogen, Hydroxy, CC4-Alkoxy, Cr—-Cs-Al-
kanoyloxy, Ci~Cs-Alkyl, Cir-Cs-Alkylthio, Amino, Ci-Cs-Alkanoylamino, C-Cs-Alkylsulfonylamino,
30  Carboxy, Carbamoyl, Hydroxymethyl, Aminomethyl oder Carboxymethyl sind; eine Gruppe der Formel

: D

worin a und a’ die oben festgelegte Bedeutung haben, Z O oder S und m O oder 1 ist;
' eine Heteroaryimethylgruppe der Formel R\-CHz—, worin R! Thienyl, Furyl, Benzothienyl, Benzofuryl,
> Indolyl, Triazolyl, Tetrazolyl, Oxazolyl, Thiazolyl, Oxadiazolyl, Thiadiazolyl und soiche durch Amino, Hy-
\_/ droxy, Halogen, Ci—Cs-Alkyl oder CCs-Alkoxy oder C;—C4-Alkylsulfonylammo substituierte Hete-

marylgmppe ist;
eine substituierte Methylgruppe der Formel
45 | R=-CH-~
1
Q

50  worin R2 Cyclohex-1,4-dienyl oder eine Phenylgruppe oder substituierte Phenyligruppe der Formel

55 §
a -——./ _ .
ist, worin a und a’ die oben festgelegte Bedeutung haben oder R2 R!, wie oben festgelegt, bedeutet und Q
Hydroxy, C+~Cs-Alkanoyloxy, Carboxy, Sulfo, Amino oder eine substituierte Aminogruppe der Formel

R‘

~NH-CO-N-CO-R™~



kanoyl oxy, Cl-CGA-Arkyt—C€=C4AHxH thio, Arino, C C4-Al kanoyl am no,

Gt -C4- Al kyl sul f m 30 Carboxy, Carbamoyl, Hydroxymethyl,
Am normet hyl odo }ﬂ i nd; der Formel 35* worin a und
a, db oben festg @E gﬂm haben §2%§Q8%§ und mO oder 1 ist; oine

Het‘eroaryl met hyl gruppe der Forrrel Rt CH2-, worin R Thbenyl, Furyl,

Bépzot hi enyI Benzofuryl - I ndolyl, Trlazol yl, Tetrazolyl, Oxazoly

Thi azol yl , w %S%P Nkﬂn'&- cﬁi’ecdﬂ%‘ \AfFupyh, Thigpyl, IEB""Y' Halo-
dr oxy, Hal o QB9 iyl SO PRé4- Al kyl sul f onyf ami no
substituierte Hete- roaryl gruppe ist; el_cmmb,st Ituierte Methyl gruppe der
Formal 46R - 50 vvorn R2 Cydohex-1 , 4-dienyl oder eine Phenyl gruppe oder
substi t ui er werilPhRe riiel alegyte Beq!em;hg 3@t und R~ Wasserstoff, C—Cs-Alkylsulfonyl, C~Cs-Alky}
3C> st, wor |°H°:8"tﬁ1$’§'§: 's ﬁ_ben f est gel ogt e Bedeutung haben odor R2 R, wi e
oben festgel°8§ft Isyplng AneRee 981888 Hy dr oxy, O - C4- Ai kanoyl oxy, Carboxy, Sul fo,
Am no odgr eine substtuierte Am nognrppe der ,Fornel 60 R- -NH CO N-co-R--

65 I 1 METITlj) 111111 11111 11! 11I\/DB|st worln R
Wasserstoff oder Ct-C4-A kyl ist, und R— - A kyl , Furyl Thi enyl
Phenyl, Hal o- phenyl, N tophenyl, Styry enstyryl Nltrostyryl | st
oder B| ng G uppe - N( FR)(RI S wori R ( Iegte Bedeut ung hat und
Rs Wasserstoff, C Ca-Alkylsultonyl, od G4 Al kt anoyl 1t; odor O
i st eine Guppe der Fornel to & &~ o]
10~~~ 0 11 / \ 15 “33) NR Is

(CNYYq 20 worin R die oben festgelegte Bedeut tx hat, und g 2 oder 3
i st; odd? 0 wodn R'e din obaBrfestgelegtdcBedéuty mbat, @kl (2 odey3 il ky |) 30 oder O ist esne
Benzamdogr @B¥&? igheineSisynpa der Formel

25
-mi4< Cr—Ce~RAlkyl)

oder Q ist eine Benzamidogruppe der Formel

" J{'X

.o

.. 4n worint1bis3ist;
N oder R st eine Ketogruppe oder eine Oximinogruppe der Formelin
R®—C— R*—C-
| ]
4 0 N - OR*

worin R3 R' oder R2, wie oben festgelegt, ist, und R4 Wasserstoff, C+~Cs-Alkyl oder ein carboxysubsti-
tuiertes Alky! oder Cycloalkyl der Formel

b

|
—Cl— (CHz) ~—COR=

b\

ist, worin b und b’ unabhéingig voneinander Wasserstoff oder Ci~Cs-Alkyl sind oder gemeinsam mit dem

Kohlenstoffatom, an das sle gebunden sind, einen drei- bis sechsgliedrigen Kohlenstoffring bilden, und
6o RS Hydroxy, Cr~Cu-Alkoxy, Amino, Cr—Cs-Alkylamino oder Di-(Cr—Cis-alkyl)-amino ist;

Rz ist Wasserstoff oder eine Carboxy-Schutzgruppe oder falls Rz Wasserstoff ist, ein Salz davon;

das die O-Acyiierung einer Verbindung der Formel



i35 (O 40 wonln t |
"bis. 3 ist;—oder—RTst—sine Ketogruppe oder eine Oxim nogruppe der Forrnoln

EI-:- 8‘«’* Wor i rummiw Wﬂ'l!?ﬁmlwl e oben?e%ﬂ:?e?‘gg?‘. [ St, und R4 V\asserg;;;;, °

-C,« C4- Al kyl L xysubsti- tulertes Al kyl odor Cycloal kyl der
Foymel 50 b I -G (CHs) ., CORO 55 _ 1 1t
worin b und b' unabhingig vonei nander \Ws$ergtoff odor Cr-C3-Aikyl sind
odor gerneinsam mt dem Kohl bnstoftm a# ¢ge N e gebunden sind, elnen drel-
bi s sechsgsedri gen Kohl enst oi f ri ngARH+-cger-¢ und $0 Rs Hydr oxy,

CO- C4- A& koxy, Ami no, Cr-C4-Al kylamno o -alkyl)-amno ist; R2

i st Wasserstoff odor sine Carboxy-Sch oder fails R2 Wasserstoff
Lst ein Salz davon; das die 0-Acylier Ver bi ndung der Fornel 65

\ . - - worin A etwas anderes als
Wassergjoff ist, mt elner aldvierten Formd rlfluoressigsture enrtht 2.
En Ver f ahrg@indodilasin8eths disWissoRff st mift ofiePStitibrion FEmtidur ThibBdigshlre énthat . 20
3. Ver f ahr en. Eia¥arfahrenmachcAnsgnich/l) worin fReif Gruppe/dee Formetler Benzyl stL 4.
Ver f ahren nach Anspruch 1. worirn . sine Ketogruppe odor eine Oxi m nogruppe
der Foy | R3-C oder R3-C 2 ' 0
N-OR4 st- 5. Ein Verfahren nach A ich 4% | 2- Am not hi azol - 4-vyi
let 6. Ein Verfahren zur Herstellu ei ney/ 3- HaMogen- 1

car ba- 3-ceigthom Ver bi ndung der Forle| *r==®" 30 NH 35

M VXC - 3. Verfahren nach Anspruch 2, worin R Phenoxymethyl oder Benzyl ist.
4. Verfahren nach Anspruch 1, worir: . sine Katogruppe oder eine Oximinogruppe der Formel

R’-(;-— oder rB-C~
' ]
% o " N~OR*

ist. _
5. Ein Verfahren nach Anspruch 4, worin R3 2-Aminothiazol-4-y1 ist.
6. Ein Verfahren zur Herstellung einer 3-Halogen-1-carba-3-cephem-Verbindung der Formel (4):

30
35 s
o/ _ 4
) worin A und Rz die gleiche Bedeutung wie in Anspruch 1 haben und X Chior oder Brom ist, enthaltend
_ das Ersetzen der Triflatestergruppe einer Verbindung der Formel (1):
. . _
VN
50 Fa
55

(1)

mit Chiorid oder Bromid, gegebenentalls wenn erwlinscht, die Entfernung eines Esters (Rz) und/oder ei-
: ner Amino-Schutzgruppe (A) und/oder Acylierung des 7-Aminoteils, worin A Wasserstoff ist, zur Her-
60 stellung einer Verbindung, worin A RCO ist.
7. Verfahren nach Anspruch 6, worin sich die Chlorid- oder Bromidionen von Lithiumchlorid oder Lithi-
umbromid herleiten. '
8. Verfahren nach Anspruch 6 oder 7 zur Herstellung einer Verbindung der Formel:



40 (4)
worin A und RZ2 die gleiche Bedoutung wie In Anspruch 1 haben und X- Chlor .

S/ngIrm E&Sg]gllmllllmﬂ“mmnmma Ers%tpz&'&ﬁ% J{I f.i at est ergruppe el ner

lor1® oder* Brom d, gegebenenfalls wenn erwOnscht, die
E@fermng SI nes Esters (R2) undf oder el - nor AnknoSchut zgr uppe (A) und/ oder
Acylierung des 7-Amnoteils, worin A WasderBtoff |st, zur Her- 60

steilung einer Verbindung. rfahren nach Anspruch 6,
worin sich die Chlorid- o§r ' unchl orid oder U hi-
~unmgrornid hedeiten. 8. Verfedh Jor 7 zur Herstellung
el ner Verbi ndung der Fonnel: 65 11 111111 11 1IN EP O
211 540B* C L M S *H Hmt DP odor ei nemm aktvi eren odor
gesch~trten Derhra davon urnfaft, und nachfol gen | er 25 1wel ci sdo cl oung
ei gorhn e orbndun Eer sou 15 mai s B*Phengl ycR odor st ouno
akt‘lpve %ﬂﬂ'@ﬁc’(’fﬂ'ﬂ ﬁ?%gﬁ@f’f’ﬂ‘gldj%ddaen Cnf ae, undgop nackf ol gondor -
Enstfo parung gl nrvoupsandnon a Ango ,edrEsorpscarbxyl zgpr unppom chlg , pru
rusai o Rundl cgusons pour Egr centh ,o BEL Ctl, DE, FR GB, IT, U, LU
NL, SE 1. Conpose do forrnub (1) 38 -/EX)~~~~X (1) dans
Iaﬂﬁuel |l e A repr6sente un atono d"hy penof un group. protdeteur du groupo
amho ou un groupo Kiac)40 *~~~~~~g» da pbquol R ropresento un atono
d \uydrounp; un groupo al kyln on g&o, un upe al kyb on C -G substitu4 par
oupe cyano, par iun group. carboy, gat un atonpe dhal ogeno par un

p. anrino, par un groupe aicoyf on 4 par un groupo alyl oun
Cg Cr )hu o cu par unl gup. tifl uoroenelt i 0; un groupo phdnyle ou un

gr oup. mf mglycinseder ginem Otrten Perivert dawnCrmiatY) wnd eechigigender &'
ropr-~s %P’Pﬁ'mw gYPRe- qutre, un atorne d' hydrogano,
Ul % a1 Rayeiicatibnh poliles %W%m ,DE/BR, 8BIR AP O RL8E enl Cr4, unl
groupo aI canoyl A
1. Composé de formule (1):
30 ﬁ !'.'l. .
S0=CFs
35
(1)

p dans laquelle A représente un atome d'hydrogéne, un groupe protecteur du groupe amino ou un groupe

o
: i\
s RC=

dans lequel R représente un atome d’hydrogéne; un groupe alkyleé en Cy—Cs, un groupe alkyle en Ci—Ce
substitué par un groupe cyano, par un groupe carboxyle, par un atome d’halogdne, par un groupe amino,

5o Par un groupe alcoxy en Cr—Cs, par un groupe alkyl{en C1-Cq)thio ou par un groupe trifluorométhyithio;
un groupe phényle ou un groupe phényie substitué représenté par la formule

ss -

dans laquelle a et &’ représentent chacun, indépendamment I'un de I'autre, un atome d’hydrogéne, un ato-
60 me d'halogéne, un groupe hydroxyle, un groupe alcoxy en Cr+Ca, un. groupe alcanoyl(en Cr-Ca)oxy, un

groupe alkyle en C+Cy, un groupe alkyl(en Cr—Cy)thio, un groupe amino, un groupe alcanoyi(en Cr—

Cs)amino, un groupe elkyl{en Ci—Ca)sulfonylamino, un groupe carboxyle, un groupe carbamoyle, un

groupe hydroxyméthyle, un groupe aminométhyle ou un groupe carboxyméthyle;

un groupe de formule




Ogroup. aikyle-on Cr C4, un group. aikyi~en CGC4)thio, un group. ammino,
n group. sicanoyl(on C- Cs)amino, un groupe a~kytlon

| - C4) sul f onyl u Il Carr gpo/s6y 546 BHr OUp. carbamoyl o, uin
oupe hydr oxyrimllmm muﬂﬁﬂﬂu am noni etyl e ou un group.

ar boxnymnf fhyl o; Gn Yrdupd dé formul e 85 * C L M S7*5

, .dans laquelle a et aWont |es nbnes significations quo dbfinies

-dessus, Z represente 0 ou S at St egala O ou 1; un groupe
bt broaryi methyl e representb par i or mul -)ﬁCHeHZ- dans laquelle R
epr6sente un group. thienyle, un ’@(ou . Xuryle, un group. benzothienyle,

n grouwp. benzofuryle. un group I*hdd .oun group. triazolyle. un groups

etrazol yl up. , ; r l.az0byi

ot b azol Il 4 B Slled mghiceyde ool GBI ok ez Hfseati LM B opt
e substi t Uegrolpahéridaginthple repRiseé pdd &l foritledr OUP. hydroxyl e, par uvn atone

" hal og@ne, par un group. al- iyie en Ct-C4, par un groups alcoxy en 4

u par un group. alkyl (en C-C4)sufonylBrfHo; un group. nbthyle substitue

gl ile R nte un groupe thiényle, un groupe furyle, u %’%ﬂti& {2 égrou
ans | aquebd o mivb o Gonn nﬁddmf’saﬁ?ﬁ&’?fe%@‘&g&eaﬁ" Aot e, o rokpe, GSuIe on
henyl gs OUgrdilpeGthigitlyle, i hropecoxathiazolyld, ub grobpd thixdiakdlyl et deb @r&pasmét&aryla%. cedtnm
aquel I o apetubsﬁqu‘;%smar Uncgroupé gminé,ipeedn Wmmmwﬁmm@r pe goepecht e
F tel quokifeem '%WG@G’Q!?@S"Y {CreGaou PRt LNGRRUpe <)spflpayiaming:e . un
Koupe al chEDYPeSFtwe spbefity gﬂbﬂ?'l’eggroup. carboxyl e, un grou- pe sulto, un
nQupPs ., am no ou un group. am no substitgg formule R 40
NH- CO-N- CO- Rs" dans | aquelle Rt repr6s®nfe®tih atone d' hydrogbne ou un
roup. alkyl. on Ct-C4 et R represento un droup. alkylb en C-C4, un group.
uryle, un group. thienyle, un group. ph6nyd e, un group. phenyle 45
al og6nM un group. nityrophenyle, un group,. styryle, un group. styryl
al ogef?, guﬁr@%pﬂ; z Ww,‘,mmw%r-é-wéawm@mm b e evie

a S ' d

esa nmenmes” sl gni ue"definiaes d-dessus et R'' represento un atone
"hydroge- ne, un group. alkyl(en C -g3) nybe, un group. akyle en C-C3
un %oups al canoyle en CG-C4; ou O pr 6s e un group. de formule

X

a SumnEng

dans laquelle a et a’ ont les significations définies ci-dessus ou R2 représente R! tei que défini ci-dessus
a5 et Q représente un groupe hydroxyle, un groupe alcanoyi(en Ci—-Cq)oxy, un groupe carboxyle, un grou-
pe sulfo, un groupe amino ou un groupe amino substitué de formule

Rl

40 '
- - - - "
N NH=-CO=N-CO=-R

dans laquelle R’ représente un atome d’hydrogéne ou un groupe alkyle en Ci—Cs et R” représente un

groupe alkyle en C+Cgs, un groupe furyle, un groupe thiényle, un groupe phényle, un groupe phényle

as halogéné, un groupe nitrophényle, un groupe styryle, un groupe styryle halogéné, un groupe nitrosty-
ryle ou le groupe .

-N(R{R™)

dans lequel R’ a les m8mes significations que définies ci-dessus et R™ représente un atome d’hydrogé-
50 e, un groupe alkyl(en C+—Ca)sulfonyle, un groupe alkyle en C+—Ca ou un groupe alcanoyle en C+—Ca; ou

Q représente un groupe de formule
o)
]
55 (o) o
| VRN
-RB-C-(N Nj-R' ¢
60 CH
(CHz) q
dans laquelle R a les mémes significations que définies ci-dessus et Q est égal 4 2 ou 3; ou Q représen-

te un groupe de formule :



b55 0 *11/ \ -NmC

NmR | 6D (CE}2) g dans | aquell e
R- a |l ea manes ' defi ni I = s et 0 est 6gal A 2 ou
3; ou O repr ese “luﬂmm”mﬁ for rrul?%g“wﬁgllllll Fillr Tilil Fiil
Il TiEP 1 211 Nl* 1¥1 *C "L SM™* S* 5C3I1-Ck4t alkyl ) ou Q est un groupe
begzam do de formule 10 15 dans laquelle t represente un chiffre de 1 A 3;
ou .R repr6sente un groupe cbto ou un gr ximno de formules 20 . R3

-Ca O\ 2s

OR4 dans | esquelies R3 ropr~sonte iy ou

ropr ~sont es un at ome dhl ydr og&- roupe & &G0 alky0d OU un groupe
cyl skl ou alicyie substitue par un gro caboxyie do formule 30 b I 35 b’
dans laquelle b et bl lorsqulls sont prlg'—Ffacun | nd6pendamrent run de

| "autre, un aLeERstL 8RamiBd\ddBmieoupe al kyle on Gt-Ca et lorsqu'lis
sont pris,gnsenble avec |'atonme de carbone auxquel s iis sont lies, 40

forment un noyau car bocycl i que triangul i\g I et Rs represente un

S quo definis ci-dessus St R4

i xJ

groupe hydroxyle, un grou- pe aicoxy en rouﬁe am no, un groupe
airky(en Ct-C4) am' no ou un groupe dla C - CAH%mno, R2 repr~sente un
at one dhygéogbne OuU un groupe protecteur Mcar boxyl e; ou, |orsque
R2 re- ente un atonme dchydrogbne, un sel de ce conpos6. 45 2.

Conpos6 sel on% lmwmmewn gifragad 4 Soud Wm*pﬁr'@smpe céie QyrupEpWPe eximino de

formula 50 a
\_/

w?=C- I
i N
o N\
25 | OR*
dans lesquelles R3 représents R ou R2 tels que définis d—dossus et R¢ représente un atome d'hydrogd-
;:;nu?egmupealkyleenC:—C4ouungmupecydoalkyleoualkylesubshméparungroupecmboxylede
ul
30
b
|
~C={CH;J—CORS
n
. .
dans laquelle b et b’ lorsquiils sont pris chacun, indépendamment I'un de Pautre, un atome d’hydrogéne ou
un groupe alkyle en C+~Cs et lorsqu'ils sont pris ensemble avec I'atome de carbone auxquels ils sont liés,
\_ 40 forment un noyau carbocyclique triangulaire a hexagonal et RS représents un groupe hydroxyle, un grou-

pe aicoxy en Cr~Cs, un groupe amino, un groupe alkyl(en Ci—C4)amino ou un groupe dialkyl(en Cr-

Cas)amino,

Rz représente un atome d’hydrogéne ou un groupe protecteur du groupe carboxyle; ou, Iorsque R2 re-

présente un atome d’hydrogdne, un sel de ce
T 45 2. Composé selon la revendication 1, dans lequel R représente un groupe de formule

TN e

_— X_/

St’ecomposéselonlarevendcabonz dans lequel R représente un groupe phénoxyméthyle ou un grou-
pe benzyle.

55 o 4, (liomposé selon la revendication 1, dans lequel R représente un groupe céto ou un groupe oximino de
mule:



3. Conpos6 sefon Ta revondcation 2, dans | equel R repr6sente un groupe

phénoxynt hyl mmmlwmjﬁ“ benzyl e. sb 4. Conpose selon | a
revendi catloﬂ*mijlk R re%?eongroupe c6to ou un groupe

‘oxi mno de f et6r 65 * 1111 111 111 EPO 211 540 0 5 cu
10 R3-CG N 15 OR4 5. Conpos4
selon la revendication 4, dans | equel R3 repr6sento un groupe

am not hi azol -4-yle. 6. Proc~dd Irml @ prdparation d un conpos6 de

conprenant |a Qacylation d un conposéyde fornmule Htl 25 30 dans |aquello A
repmsesente autre chose qu' un atorne dtydroone. avec une fornpo activee de

| aci de tr- fluoronbt hnl suofonique. 7. Procd6 pour |a pr6paration d' un
conpose 3-hal ogeno- 1- cat ba- 3. f ophem %qxfor mule (4): 35 - H \&8

~~~(4) 45 dans laquelle A et R2 ont I'es significatlons telles quo d6finles
dangg |l a revendl cation 1 et X' repr~sente un atone de chlore ou un atone de
brome, co procede consistant a: suR¥«Ckuer |e groupe ester 3-triflate d' un
conpose de fornmulo (1): 50 II H u

~(1)5%% N s~ SOxCF3 60 par un

i ongchlorure ou bronure, cette substtlhn 6t ant 6ventuel | enent sune, sl on

| e souhalte, de reIr- m nation de tout @Pdupe protect eur (A) de | ester (R2)
eVou du g et/ou ac er la fracion 7- am no dans uell e A est

L g e T

uQ at ome gUg DV AL UL
nt e I%Cﬁceproeédécompmnantla()-at.‘ylatm“d'l-'ﬂ°°"‘l>°$éd°
:'/'\

i N

ganslaquelleA{;nprésenteamd\ose qu'un atome dhydrogéne, avec une forme activée de I'acide tri-
uorométhanesulfonique
7. Procédé pour la préparation d'un composé 3-halogéno-1-carba-3-céphem de formule (4):

formule (1) solon | une quel conque e;revendi catlons | & 5, co proc6d6

nix

iz
|

=\

~ L: (4)

45
dans laquelie A et Rz ont les significations telles que définies dans la revendication 1 et X représente
un atome de chiore ou un atome de brome, ce procédé consistant &:
substituer le groupe ester 3-trifiate d'un composé de formule (1):

50

ss S02CFs

60  par un ion chiorure ou bromure, cette substitution étant éventueliement swvie, si on le souhaite, de I'éli-
mination de tout groupe protecteur (A) de l'ester (R2) et/ou du groupe amino, et/ou acyler la fraction 7-
amino l;!énos laquelle A est un atome d’hydrogéne, de facon & préparer un composé dans lequel A repré-

8. Procédé selon la revendication 7, dans lequel les ions bromure ou chlorure dérivent du bromure ou

85  du chiorure de lithium.



8. Procd6 solon |a revendication 7, dans |equel les ions bronure ou

chl orure derivent du bromure ou 65 du chlorure de lithium

111111'11111 W 11 EP O 211 540 BD 9. Proc6d6 selon la
revendcatiOn], Iﬂmﬂ"ﬂﬂmm r hpargp 91 §a¢'Bconpose de formule: HH 5
~~%~ [1 10 ce "préckM chnsi sttant . A acyl er un oonpose de formula 15

H\20 25 avec l'a D-phenyl gtycne ou un d sa" dériv6s actlv6 ou proteg6, cette

acyl ation etant suivie de |'61limnpa- tion de tqut grou rotfecteur d' ester
ouydu gr o@?@ﬂﬁﬁ?%h@@ﬁﬂ%ﬁ&?%&??’dﬁmﬁ"ﬁ%pﬁqﬂfgw ant: AT 30

1, Proced pour |a prparation dun conpose degfgymule (1): HH 35

AN 40 dans | aquelle A represente u t one _h);dr&bne, un group. protecteur
du gr®up. am.no ou un group. ACYy i

Oll RCG 50 dans | equel R®kepr6se n a d' hydr ogene; un group.

al kyle en Cr-Ce, un group. al erNHar - Ce StiiSit | un group. cyano,
par un group. carboxyle, par un atone d' h§ ar un group. am no, par
un grygup. alcoxy en Ct-C4, par un group. aikyl(erf Ct-4)thlo ou par un
group. trifluoronbtylthio; un group. phenyle ou Hroup. phényl e substi
représent4 par ia fornule 55 a so~~ o]
60 dans [cAgReddésonsistant yacylepwnyomperéddormuacun, | ndépendanment |' un de

| " autge, un atone d' hydrogbne, un ato; dl hakoK~, un group. hydroxyle, un
groupe ai coxy on C0-C4, un group. ai cgngl n CG C4)oxy, un group. alky'.e
orh C0-C4, un group. alkyl (en Ct-C4)thEo oup. am no, un group.

al sanoyl (en Cr- C4)am no, un group’ -r-C4; sul fonyl am no. un
group, carboxyle. un group. carbanoyl roup. hydroxynet hyl e, un
grou am nonet hyl ou un group. car

25  avec la D-phényiglycine ou un o ses dérivés activé ou protégé, cette acylation étant suivie de I'élimina-
tion de tout groupe protecteur d’ester ou du groupe amino présent.

Revendications pour I'Etat contractant: AT
30 1. Procédé pour la préparation d'un composé de formule (1):

2 A\
35 AN | -
_ {xm
o - (1)
a0 OORs= |

dans laquelle A représente un atome d’hydrogéne, un groupe protécteur du groupe amino ou un groupe
acyle

nix

0

]
RC-

50  dans lequel R représente un atome d’hydrogéne; un groupe alkyle en Cr—Cs, un groupe alkyle en Cr—Cs
substitué par un groupe cyano, par un groupe carboxyle, par un atome d'halogéne, par un groupe amino,
par un groupe alcoxy en CiCa, par un groupe alkyl(en C+~Cy)thio ou par un groupe trifluorométhyithio;
un groupe phényle ou un groupe phényle substitué représenté par la formule

x

> —

dans laquelle a et a’ représentent chacun, indépendamment F'un de I'autre, un atome d’hydrogéne, un ato-
me d’halogdne, un -groupe hydroxyle, un groupe alcoxy en Cr-Ca, un groupe alcanoyl(en Ci~Cq)oxy, un
groupe alkyle en C1—Cs, un groupe alkyl{en Ci~Cijthio, un groupe amino, un groupe alcanoyl(en Cr—

Cqs)amino, un groupe alkyl{en CrCa)sulfonylamino, un groupe carboxyle, un groupe carbamoyle, un
85  groupe hydroxyméthyle, un groupe aminométhyle ou un groupe carboxyméthyle;



un groupe de-formile a——*g-- a dans laquelle a et aWont |es
nénmes significations que definies cd-dessus, Z repr6sente O ou S et rn est
10 6gal a Ocﬂ“l‘ﬂ“ [liﬂrlﬂ"ﬂ.lllreteroaryl met hyl e repr6sente par la fornule
R1LCH2- 15 haial 4 I35} epr 6EMO@1UB4QBIup. thienyle, un group.

fur'yl e, un group. benzot ht i nyl e, un group. benzofuryle, un group. indoyle,
urh_group. triazolyle, un group. terazolyle. un groupe oxazolyie, un groupo
thi.az'ol_yluﬁ robipb &/ 1SHHRIe oxat hi azolyl e, un group. thiadiazolylo et des groupes
het er oary g de co ty- pe substitu6s par un group. am no, par un group.

hydr oxyl e. par un atone di hal ogege un group. alk- yle en Ct-C4, par un
group. alcoxy en Ct-C4 ou par un Xoup. % Il C4) suf fonyl ami no; 20 un
group® nbthyl e subslitue de for R2 /CEK# m '

i 25 2" esmmme Q dans laquelle R2
repr6sente un group. cyclohex-1,4di4nyle, ou un group. phenyle ou un group.
phenyl e ywﬁ%q;;ugea Pl oRidesmémesasignifigations e dsfinjes grdessuy ZreprPaaiiec? ou Spt st et
ont [%@s i ons finke | - ou R2 represente iR tel que
d6fini d-d 's‘?ls"t)f's’gja ma@"'?%%?ed’g%'%?eété%ﬁ”g?oﬁ%? hydr oxyl e, un group. aicanoyl (on
Cr-C4) oxy, un group. carboxyle, un grewcHge sul fo, un group. am no ou un
group. am no substitu de fornule '40

Rl - N&- Ogang lemefie ! wprésatisun gravpachipey i o uP%é’@f’Ft' ¢n grpupe BPRECHIN PG
U g o e R T S LR L Ao
oroup.  hEE ka6 hairbdrupe air 1es fn ololbelliyBioiito, HASR Klofe G hHIoGBre ar uk BB sl
halheg6n6 yleléR CeHOQLHar urigrbupe [alebiy\on €4 du garQingroupe ky{breCrOf)sulforiiiminaSt Yyl e

hai 0g®en6 un groups reétiyle substitwsleyormulgl e ou | e group. -N(Rj (R') 50 dans | equel R
a les nmenes significations que definies _cidessus et Ru- represente un atone
d' hydrogb- no, un group. alkyl (en Cr-@’sﬂﬁf-onyl e, un group. alkylb en,
01-G8 ou un group. al canoyle en C0-04; oulQ repr6sente un group. de fofnule
55 o5 Q 011 00 11 / \

dans laquelle R2 représente un groupe cyclohex-1,4-diényle, ou un groupe phéﬁyle ou un groupe phényle
substitué représenté par la formule

/

a [
3as .
dans laquelle a et &’ ont les significations définies ci-dessus ou R? représente R? tel que défini ci-dessus
et Q représente un groupe hydroxyle, un groupe alcanoyl(en C+~Cq)oxy, un groupe carboxyle, un grou-
pe sulfo, un groupe amino ou un groupe amino substitué de formule
\— 40 R'

|
-NH-CO=N-CO-R"''

45  dans laquelle R’ représente un atome d'hydrogéne ou un groupe alkyle en Cr—Ca et R” représente un
groupe alkyle en Ci~C4, un groupe furyle, un groupe thiényle, un groupe phényle, un groupe phényle
halogéné, un groupe nitrophényle, un groupe styryle, un groupe styryle halogéné, un groupe nitrosty-
ryle ou le groupe

—N(R’)(R?")

dans lequel R’ a les mémes significations que défiriies ci-dessus et R représente un atome d’hydrogé-
ne, un groupe alkyl{en C+~Cs)sulfonyle, un groupe alkyle en C+—Cs ou un groupe alcanoyle en C+—Cs; ou
Q représente un groupe de formule '

55 o

| il
O  J
N/ \

80 .m.c.u %.R' [ 3 ]

(CB: )q



eo ~~~~~~-NEIGN NR N(C2) 65 dans | aquelle
R a les nenes significations que definies ci-dessus ot Q est 6gal a 2 ou 3;

alrjl gr(r)ﬁgreGEggza““llm"ﬁmlﬁﬂmm orrnul e 5 ;540>XP C4 al kyl) 10 ou O est2

(O H 1( dans Iaquelle t répr’6$ente un chiffro de | a 3; ou R repr6sente
un, groupe c6tP .;un groupe oximno de fornmules R3-C

R3.C. 25 dans laquelle R~ a les mémes significations queldéfinies ci-dessus et Q est égal & 2 ou 3; ou ONefdésen-
N OR4 30 tedmppoupedgtoshllees R3 repr6sente R ou R2 tels quo definis

cl -dessus et R4 represente un atone d' hydrogb- ne, un group. alkyle en
G- QU un _groups cycl oal kyl ou al kyye bsftud4 par un groupe carboxyl e de
formul € b 35 | -G (CE2+-COR |

n bw Kj 40 dans laquelle b et b ont pris chacun, independament
run de rautre, -un atome dchy \Zleats] Wk%')an Cl-s et
lorsqu'ils sont pris ensenbl e avec; de carbone at xquels Us sont
lies, f®rment un noyau carbocycdi que triangulaire a hexagonal et Rs

repr esent eoulQ o8t unlifsdipé ehzamiyd de fonmulegr ou- pe al coxy en Ct-C4, un groupe

am no, un groupe algyl(en C -C4)am no ou un grou d| al kyl (en CO- 45

C4) am no, R2 repr6sente un atone d' hy@dro roupe protecteur du
groups &ar boxyl e; ou, borsque R2 LRi-dLgSent e atorre d' hydr ogbne, un sel
de ce conpose; co proc6d6 conprenan 0-cyl at yon d' un conpo- s6 de fornmnule
50\ - AN 55 sO dans laquelle A

reppésente autre chose g %mo 1a'3hydrogene avec une forne activee

laquelle t repré:
d* aci deot rfhnn repnésanteungroupecéto . un groupe oximino de formules

R3-C- R’-ﬁ-
25 | g | N\
oR¢

-

30 dans lesquelies R3 représente R ou R2 tels que définis ci-dessus et R* représente un atome d'hydrogd-
ne, un groupe alkyle en C—C4 ou un groupe cycloalkyle ou alkyle substitué par un groupe carboxyle de
form

ule
b
3 |
=C={CH;)>~COR®
| n
1 40 b '
N

dans laquelle b et by lorsqu'ils sont pris chacun, indépendamment I'un de I'autre, un atome d’hydrogéne ou
un groupe alkyle en C+~Cs et lorsqu'ils sont pris ensemble avec 'atome de carbone auxquels ils sont liés,
forment un noyau carbocyclique triangulaire & hexagonal et RS représente un groupe hydroxyle, un grou-
a5 pce alcoxy en Cr—C4, un groupe amino, un groupe alkylen Ci—Cs)amino ou un groupe dialkyl(en G-
4)amino,
R2 représente un atome d’hydrogéne ou un groupe protecteur du groupe carboxyle; ou, lorsque Rz re-
g;ésenf;en:n atome d’hydrogéne, un sel de ce composé; ce procédé comprenant I'O-acylation d'un compo-
de ule

B .

-2

dans laquelle A représente autre chose qu'un atome d’hydrogéne, avec une forme activée d'acide tri-
fluorométhanesulioniyue.
2. Procédé selon la revendication 1, dans laquelle R est un groupe de formule

Hx



f 1 uor onbt hanesuiomi qUe~ Z. Pr ocede selon | a revendi cation 1, dans |aquelle

R est .un grou 5 3. Procd4 selon la revend| cation 2, dans
| oquel R reprﬁiﬁ Eg‘ ﬂ.\ phenoxynft hyl e ou un grou- pe benzyle. 4.
Proced6 sel on catlen 1,ERO231154QB3] R represente un groupe ceto

ou< un groupe oxim no de 10 forrrul e: R3-CG 15 | ~~~I
ou 0 OR 20 5. Procde
séj/on | a revendi catlon 4. dt ang | R3 repr6sente un groupo
2-am not hi azol -4-yie. 6. Proco tlon d u;i *npos6
3- hal ogeno-1 -carba-3-c6phemd § H .25 0i 1. (4) 30 dans
[aqueile A et R2 ont |es signif,i agfs telles que definl es dans ia
revéndi cation 1 et X' represen'fe un atonme de chlore ou un atone de brone,
ce proce eP Sbawtreﬁnd&'éorszl ghd lqurnlr@regmu pis g@sgecphéBexyméthyie deunigru-
conpos mule (1): HHa AN FP un ion chlorure ou bronure,,K cette
SUDST | T Ui Rrocéds asién mmmmnansm FEPrégANtE UD GEQURRA S6tP QU URIGrOPRYPIMINEIde. i oy
de toutfompuigtipo protecteur (A) de lester (R2) etou du group. am no, etlou
acyler la fraction 7- agino dans |aquelle A est un atone d' hydrogbne. de
fagon a pr6parer un con?ee@ dans Wslt A repr6- gd=-€ente RCO 7. Proo6d6
solon la roevndication 6, fldans |equel j|bs Ions bronfjre ou chlorure derivent
du lpgonure ou du chloruregde lithium 8. Proc6do seMon | a revendication 6
ou 7, pour la préparation d' un conpos6 de fornule: 5%
S S H 60 65 OR*

U

5. Procédé selon la revendication 4. dans lequel R3 représente un groupe 2-aminothiazol-4-yle.
6. Procédé pour la préparation d'vi somposé 3-halogéno-1 -carba-3-céphem de formule (4):

25 _ M“*;K

dans laquelle A et Rz ont les significations telles que définies dans la revendication 1 et X” représente
un atome de chlore ou un atome de brome, ce procédé consistant &:
35  substituer le groupe ester 3-triflate d’'un composé de formule (1):

HOH

AN
- | ' iﬂsmcsa

par un ion chiorure ou bromure, cette substitution étant éventuellement suivie, si on le souhaite, de I'éli-
mination de tout groupe protecteur (A) de l'ester (R2) et/ou du groupe amino, et/ou acyler la fraction 7-
amino dans laquelle A est un atome d'hydrogéne, de facon préparer un composé dans lequel A repré-
50  sente RCO.
7. Procédé selon la revendication 6, dans lequel les lons bromure ou chlorure dérivent du bromure ou
du chiorure de lithium. _
8. Procéd3 selon la revendication 6 ou 7, pour la préparabon d’'un composé de formule:

tix
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211 MO Bl co prockl 6 consistant a

I
acyl er un co “ 5 10 avec |l a D ph~nylglyine ou un de ses
diriv~s acievliMl e acylation 6tant suMe de rllimna- tion de

tout groupo protect eur d ester ou du GPARM #@iBlo present 15 20 25 30 35 40
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\/.
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0

ce procédé consistant & acyler un composé de formule

%/-/L

avec la D-phénylglycine ou un de ses dérivés activé ou protégé, cette acylation étant suivie de I'élimina-
tion de tout groupe protecteur d’ester ou du groupe amino présent.
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