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Cephal osxorin Derivatives The present invention relates to cephal ospor
derivatives of the general fornuba I [err] 5 wherein Rerr] s agrou;’PDk

eSrhcnyonen o ERIEIMRTOL R R o et

3-fluorophenyl, 3-nitrophenyl, 3-fluoro-4- 10 hydroxyphenyl
2-fl uoro-4-hydroxyphenyl, 3- quoro 2- hydroxy- phenyl, 3-,-
4-di hydr oxyphenyl, benzyl, -CHR-phenyl, SZFHfs}ﬂllédﬁHys-BehﬁKb'pw:ed 4- aWt%‘l]rW

2-, 3- and 4-flugrobenzyl, 2-, 3- and 4- -ni trobenzyl,
4- car boxybenzyl, 4-trifluoronethyl- benzyl| ng@lmHEd 2-napht hyl, all
hydr oxy, am no, carboxy and 15 carba St1 nts optionally
bei ng substituted, or is pyridinyl nono-substituted with hal ogen,
pyrimdyl, pyrazinyl di-substituted with [ower alkyl, pyridazinyl

nono- substltuted wi th hal ogen, piRer I .|n Whi C the am no group may be

substituted by an acyl group, thi ' Aty dr of ur anyl , '

t hi ophenyl nono- 20 substituted mnth Iomer alkoxycarbonyl or ;
car banoyl, tetrazolyl- |ower alkyl, tetrahydrofuranyl-lomer al kyl ,

t hi ophenyl - | ower ’Hhewresenﬂiavenﬁoazmlatesltwtap ¢sporim deriratives ﬁ&h@@epeoal
esterified c -2- as well as readily hydrolyzable esters thereof,

pharmaceutically accept abl e salts of said conpounds and hydrat es of the
conpounds of formula | and DOH

Aﬁ I"}mﬁ

wherein
R! is a group selected from 2-, 3- and 4-hydroxyphenyl, 2- and 3-
methoxyphenyl, 4-carboxyphenyl, 4-carbamoylphenyl, 3-trifluoro-
methylphenyl, 2- and 3-fluorophenyl, 3-nitrophenyl, 3-fluoro-4-
10 hydroxyphenyl, 2-fluoro-4-hydroxyphenyl, 3-fluoro-2-hydroxy-
phenyl, 8-, 4-dihydroxyphenyl, benzyl, -CHR-phenyl, 3-hydroxy-
benzyl, 4-aminobenzyl, 2-, 3- and 4-fluorobenzyl, 2-, 3- and 4-
methoxybenzyl, 4-nitrobenzyl, 4-carboxybenzyl, 4-triﬂuoromethyl—
benzyl, 1-naphthyl and 2-naphthyl,.all hydroxy, a.imno, carboxy and -
15 " carbamoyl substituents optlonaﬂy being’ substitited, or is pyridinyl
' mono-substituted with halogen, pyrimidyl, pyrazinyl di-substituted
with lower alkyl, pyridazinyl mono-substituted with halogen,
piperidinyl in which the amino group may be substituted by an acyl
group, thiadiazolyl, oxo-tetrahydrofuranyl, thiophenyl mono-
2 substituted with lower alkoxycarbonyl or carbamoyl, tetrazolyl-
lower alkyl, tetrahydrofuranyl-lower alkyl, thiophenyl-lower alkyl
or benzimidazolyl-lower alkyl; and

R is carboxy or esterified carboxy;
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their esters and salts. In above conpounds of formula |I the substituent in
position 3 can be 5 present in the E-form see fornmula la or in the Z-form
see formula Ib: [err] The compounds of the.parnula | are preferably in the
E-form The substituent in "substituted carboxy” is a group conventionally

used 10 to r holi ORbY! § ' bRLCh
0t AL o b o o i v o
4- met hoxyben S 0HSa1q comp "
glg(oupI convgntﬂ&aﬁbgtérgm gﬂttg,epl ace Lhte Ior ot on of aI hyflr _oxK grloup.
anpl es of suc r S are tert,- u carbon [Liphe
tert-butyl di met hy} gﬁ&(‘? C%IHROPHéS P%?‘é‘fm‘i%efﬁi)g’(‘ P tp &&ﬁﬁpﬁ%&i@’e
am no" ands" sprsent ih the@+formpyed formulagiop in dhe &iform, sédeyforamulat kb:
repl ace the proton of an am no grQup. Exanples of such groups are

benzhydryl, allyloxycarbonyl, terf-butyl xy-lcarbonﬁé, succi nyl and the
i ke. 20 As used herein, t < NeR al kyl " *Fefers to both straight
and branched chai n saturated hydrocarbojh groups having 1 to 8 and
preferably 1 to 4 carbon atons, for ex&mple, nmethyl, ethyl, n-propyl,

| sopropyl, tertiary butyl and the Iiv@. Nﬁ%t preferred are nethyl and
ethyl. As used herein, the term*owe—M kenyl'_ refers to hydrocarbon chain
25 radicals having from2 to 8 ,g(bga Qs pﬂbferably from2 to 4 carbon
atons, and having at |-east one {0l efT ni c”doubl e bond, e.g. allyl, vinyl etc.

Most preferred is allyl. By the term"l al koxycar.bqnyl" as., utilized

herein is intende§he cnmmu}ld@foftﬂ&@ M&gﬁ%wﬁ)%@al@m Mtfpﬁml?[ err] is

| ower al kyl, preferably ethyl. B 30 .,By the term.”carbanoyl " as.utilized

herein is intende ﬁsﬁ%ﬁgﬂ“}g’b‘h’% @W‘i%ﬂ@%ﬁ%#vm used

Rl err] andoR[ & féplace thé acidid proton of alcarboxylikstid. Examples of such groups are
benzhydryl, tert-butyl, triphenylmethyl, 4-nitrobenzyl, 4-methoxybenzyl and
allyl.

The substituent in "substituted hydroxy" is a group conventionally used
to replace the proton of a hydroxy group. Examples of such groups are tert-
15 butyloxycarbonyl, triphenylmethyl, tert-butyldimethylsilyl, and the like.

The substituent in "substituted amino" and "substituted carbamoyl” is
a group conventionally used to replace the proton of an amino group.
Examples of such groups are benzhydryl, allyloxycarbonyl, tert-butyloxy-
carbonyl, succinyl and the like.

20 As used herein, the term "lower alkyl" refers to both straight and
branched chain saturated hydrocarbon groups having 1 to 8 and preferably 1
to 4 carbon atoms, for example, methyl, ethyl, n-propyl, isopropyl, tertiary
butyl and the like. Most preferred are methyl and ethyl.

" As used herein, the term "lower alkenyl” refers to hydrocarbon chain
% radicals having from 2 to 8 carbon atoms, preferably from 2 to 4 carbon
atoms, and having at least one olefinic double bond, e.g. allyl, vinyl etc. Most
preferred is allyl.

By the term "lower alkoxycarbonyl" as utilized herein is intended a
moiety of the formula Ra-O-CO-, wherein Rg is lower alkyl, preferably ethyl.

30 By the term "carbamoyl" as utilized herein is intended a moiety of the
formula -CO-NR2R3, wherein R2 and R3 signify hydrogen or lower alkyl.



-3- The nitrogen atomin the piperidinyl-ring can be substituted by an acyl
group, conveniently by | ower al koxycarbonyl such as ethoxycarbonyl, by

| ower al kenyl - oxycarbonyl such as allyl oxye@-bonyl or by a carboxy-I|ower-
al kanoyl group, such as the succinate-residue of the fornula HOOC-CH err] -

5 CHerr]-CO. ASTHS 86trog éﬁ'a'ﬂami‘iﬁﬂfé) eridih] I-ﬁdgncd:ibms&bsue&wzrdy\anacyl

fluorine or iodine, spe lgrine i,s preferred, ,Preferre
conpounds of mwvﬁ#&%ﬁ%ﬁm&%aﬁéww 1, xygarkqnyd, bY om
2-, 3- and 4- 1hy¢i;rca1kahybykyca&bonybsﬂchras meonﬂ- oﬂby eacdrhog:yklewglr-

g rﬁ?[ ngﬁgw%ﬁ# oxyp%eﬁ%effeuorw ﬁt%ég@%ﬁlenm CHz-

3- f 1 uor o- 28hydH@Gfhenyl 3- 4-di hydr oxyphenyl , benzyl, -CHR—phenyI 3-

hydr oxybenzyl, 4- am nobenzyl 2-, 3- and 4-fl uor obenzy] - and 4-

met hoxybenzyl 4- wseddnergin, Magmxyemaw rpnyine; phlsnm%t VPHDEAT | 1.
15 napht hyl n,q,g?é al0hl6YiRke s Ypreféired. carboxy and car banoyl
substituents opt | onal Elg subst | tu%ped and R is as defined above.
Especial l'y pref erP%feﬁ%ﬂP@Bﬂ §uﬁ&s Bfffﬁithﬁlé Tadre comipounds whwretn RIREas a

gr oup selectedfrom4 h oxyY, Nitro or o

hydroxyphenyl dﬁ%%‘x?béﬁ?yf‘ Q“'ﬁ*ﬁﬂbﬂéﬁ aﬂa -qletéexyphenyl 4

Eg lFJchlR ?y;aﬂ marbe hen @t ezrbathoyd enyhs-uﬁﬂﬁoromeﬂnylphenyhcﬂa and 3-fluoro-

z
[ (E)-1-(4- hyo&%?&p‘lpff %@bg ‘P?’X’rﬂﬁ’éw %3?‘2&‘1%] g‘ox@%ﬁ% Vi

1- aza- bi cycl @ﬂwrﬂ%hydmmeny a3-p dihiydrexyphenyl; benzyl, -CHR-phenyl, 3-

(6R 7R)- 7- [ ( Aydroegbliiky10aldiniifdbendy)'2); 8- B8 4OMubribRnnFE 2 Y8 28ha - 3- [ (B)-
methoxybenzyl, 4-nitrobenzyl, 4-carboxybenzyl, 4-trifluoromethylbenzyl, 1-

15 naphthyl and 2-naphthyl, all hydroxy, amino, carboxy and carbamoyl

substituents optionally being substituted; and R is as defined above.

Especially preferred compounds of formula I are compounds wherein
R1is a group selected from 4-hydroxyphenyl, 3-nitrophenyl, 3-fluoro-4-
" hydroxyphenyl, benzyl, 3-hydroxybenzyl, 4-aminobenzyl and 4-
20 (succinylamino)benzyl.

Preferred compounds of formula I include:

(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-(4-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]l-8-o0xo-5-thia-
1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

I\ [T s
e Oo ”W)\’Q’O“‘
COOH o)

(6R,TR)-T-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-3-[(E)-1-
(3-nitro-phenyl)-2-0xo0-pyrrolidin-3-ylidenemethyl]}-8-oxo0-5-thia-1-aza-bicyclo-
0 [4.2.0]Joct-2-ene-2-carboxylic acid



(3-nitro-phenyl)-2-oxo-pyrrolidin-3-ylidenenethyl]-8-o0xo-5-thia-1-aza-bicyc
| o- 30 [4.2.0]oct-2-ene-2-carboxylic acid -4- [err]

(6R, 7R -7-[(Z2) - 2-(2- Ami no-t hi azol -4-yl) - 2- hydr oxyi m no- acetyl am no] -3-[ (E) -
1- -

(3-fluoro-4-hydroxy- phengly) - 2- oxo- pyrrolidin-3-ylidenenet hyl] - 8-o0xo-5-thia-
1- 5 aza-bicycl o[ 4. 2. ONoct- -ene-2-carboxylic acid [err]

(6R, 7R -7-[(2)-2-(2-A llno {ﬁlazols4 yl)-2- (hydr oxy¥®s noacet yl am no] - 3-

[ (E) - 1- (4-am nobe - 230x0* ' dgrefet hyl ] - 8- oxo-5-thia-1- 10
azabi cycl o[ 4. 2. 0L dct -W- ege- 2. err |

(B6R, 7R) - 7- [ ( ZB12- ( 28°Ami no- O azo m noacet yl am no] - 3- 15

[ (E)-1-(3-hydroxybenzyl) - 2- oxo- py, o 3-yl i denenet hyl | - 8- oxo-5-thi a-

1- azabi cycl o[ 4. 2. 0] oct - 2- ene-2-carboxylic acid. [err] 20 A further
preferred group of conpounds of fornula I are conpounds wherein Rl is

pyri di nyl non@R,IRM7-[(Z)-2( A nkinbathigzol-4-yl) 2-h!ydyd>xy1mma-mue§7ylammo]-3-[(E)-1-
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-5- t hi adi &zoaza-bicycto[¢2.0lel-2-enerRoarboxyli¢ agidenyl nono- subst ituted with
| oner al koxycar bonyl or €& bam)yl t et razol yl -1 ower al kyl,
t et r ahydr of uranyl -1 owe |

N\ s F
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COOH (o)
(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl1)-2-(hydroxyiminoacetylamino]-3-

[(E)-1-(4-aminobenzyl)-2-oxo-pyrrolidin-8-ylidenemethyl]-8-oxo-5-thia-1-
10 azabicyclo[4.2.0Joct-2-ene-2-carboxylic acid and
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HzN/LS 07 NNF
COCH (o)

(6RI,7R)-7-[(Z)-2-(2—Amino-thiazol-4-yl)—2-hydroxyiminoacetylamino]-3-
15 [(E)_-1-(3-hydroxybenzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxq—5—thia-
1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.

OH
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COCH (e)

20 A further preferred group of compounds of formula I are compounds
- wherein R! is pyridinyl mono-substituted with halogen, pyrimidyl, pyrazinyl
di-substituted with lower alkyl, pyridazinyl mono-substituted with halogen,
piperidinyl in which the amino group may be substituted by an acyl group,




al kyl, thiophenyl-lower al kyl or benzimdazolyl-lower alkyl. Especially
preferred are conpounds of formula | wherein RLis 2- 5
chloro-pyridin-3-yl, 1-pyrimdin-2-yl, 3,5_¢nethylpyrazin-2-yl, 6-clloro-
pyridazin-3-yl, 1-piper|d|n 4-yl, 1-ethoxycarbonyl -piperidin-4-yl, 1-

i Sdi a0l yI f’%ﬁ%?% aep: t?h‘%fa‘%ﬁ%%%%?ny@&- 88! ibnRshistated wich Lovés

3- et hoxycarb oxircarhionyl or carbamoayly tetnagolyl-lowemalkyl, fetrahydrofuranyl-lower

1Htetrazol - ﬂ'k?i o BanZividazdlyl- Ty alkyl.

t hi ophen- 2- yI 1@‘9% ?*i— benzi azol - 2-yl - met hylml\/bst preferred are

i&ﬁgounds Sf the E faﬂr:éLdI, yuride of forntuléd- I Whesteny R1Ms-2-y!
enzi m daz - Di Y, most . e

conpounds 8f &b‘t"ﬁ%‘%’ - -yhgt-p P345-élmemy pyTazin: 25 l%raﬂoro-

(6R, 7R) - 7- [ ( ZpyAdaZin’Siylpl piperidin-4-yl} l-éthbmambpnwlwwﬂm ko] -3- 15

-EB( 52(015( tlﬁl- g?@g%ggii@ya%lﬁﬁ%&%ct éiﬁgﬂéﬁ@d@qb@ﬁ% acl cﬁeﬂ?i W?O

(6R, 7R) - 7- [(zghlad(azolyirzral,t%am Moaﬁrlﬂmpbery%o 3

b e 050t ?ag% ) byl Oy iHlu [erdrI@%MJte@réﬁy&oﬁﬁﬁz-yl-
(6%, 7R). 7 { et s 5 L bgribnidasslr vk zasthohm noj - 6.

[ e merseis e
i nvention al sm,&élthiaaﬁaioiybﬁqﬂmﬂebenmaazmyl-mam and-piperidin-dFl.use of

t he above.
The most preferred compounds of formula I include:

(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
1 [(E)-1-(1H-benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-
8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

.. ,OH
i =
Nf\(N S \/(/ND
7\ 3 N
COOH (o)

20 (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-oxo-3-
[(E)-2-0x0-1-piperidin-4-yl-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

N n
Jog =
H,N” g N }\/Ch:\N
Y O

(6R,7R)-7-{(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-
0x0-3-[(E)-2-0x0-1-(1,3,4-thiadiazol-2-yl)-pyrrolidin-3-ylidenemethyl]-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid



5 As used herein pharnmaceutically acceptable salts useful in this

I nvention include salts derived fromnetals, the amoni um salt, quaternary
amoni um sal ts derived from organi c bases;, gd am nes and am no acid salts.
Exanpl es of preferred netal salts are those derived fromthe alkali netals,
for exanple, lithium (Li b\H: sodi um (Na+) and potassium 10 (K+), and from
the al kaline earth metal”s, .for exanple, calcium (Ca++) and magnesi um
(My++), although catio ] é}rms o ot her netal s, such as iron (Fe++ or
Fe+++), al um ni um 7 a ar eNMlth n the scope of this

I nvention. Exanpl A gept er umn | erived fromorgani c bases

I ncl ude tetra®Nhyls ni UK M(?& rr]) S etraethyl- 15 ammoni um
)

(N+(CH err]CH err])[err]), benzyl t hyRamoni um
(NH(Cerr]lHerr]CH err])(CH err] err]) phenyl tri et hyl ammoni um
(Nt(Cerr]Herr])(CHerr]CHerr])[err]), and the Iike. Those salts derived

from am nes incl ut!‘hesalvbﬁﬁbhtélsbheldmbtommmmmcaﬂ rcongpositions and methods
di benzyl am ne ﬂ}ﬁb | et hyI enedi am ne, al kyl- am nes or dial kyl am nes
and t hose derf’@Bﬁe f acids include, for 20 exarrpl e, salts with

formil a1 Bhero a8 $ipd ORI pHRARGAIIGy SRR sdlhS uSBRIAIRSD | |
group(s) of V\inmntlanmdupie@ts denvedefrtbmrmebals; éheuammmum galébl e ester

groups. Exanmpl&s ¢ fe
the | ower alk noy "'Eﬂ esters Q&&gtﬁoi‘éq d.lﬂﬂa/mhléﬁ"’an@

pi val oyl oxyme8Hgino aci @é!fﬁxﬁé@mleéﬁﬁpfe W arived fom
al koxycar bony ¢l ikl 'megils; for(ékainple| Mhmhmﬁ,asdmﬁrd Xy el potassmm

1- et hoxycay bopyl oxye tﬁg =1 sopropyl-_o cai.bon | oxyet
| actonyl e% e[% 'ex‘b& H %n% %omf’ﬁg ea!gpg} ha an
| ower gl koxyrrmdgdesmnn(Mg*é‘)galtholughrmﬁwmycrﬁrMpl of%thag?metalanséth]aslmmr

(oo the boBbl* REEsEn, dpfypitd @2?‘?"‘%9% % ﬁ?*dﬁ?ar @k%ﬁ%?éé

of such est er of this mentmnl. oExag:nles of qmmﬂrylammmpunp
2- [ (2- met hy! poppsie kel IRMiddetdteainR iyl adimdhiuds (N+(CH3)4), tetraethyl-

15 ammonium (N+(CH20H3)4), benzyltrimethylammonium
(N+H(CgHsCH2)(CHg)s), phenyltriethylammonium (N+H(CgH5)(CH2CHg)3), and
the like. Those salts derived from amines include salts with N-ethyl-
piperidine, procaine, dibenzylamine, N,N'-dibenzylethylenediamine, alkyl-
amines or dialkylamines and those derived from amino acids include, for

20 example, salts with arginine or lysine.

As readily hydrolyzable esters of the compounds of formula I there are
to be understood compounds of formula I, the carboxy group(s) of which
is/dare present in the form of readily hydrolyzable ester groups. Examples of
such esters, which can be of the conventional type, are the lower alkanoyl-

2% oxy-alkyl esters (e.g., the acetoxymethyl, pivaloyloxymethyl, 1-acetoxyethyl
and 1-pivaloyloxyethyl ester), the lower alkoxycarbonyloxyalkyl esters (e.g.,
the methoxycarbonyloxymethyl, 1-ethoxycarbonyloxyethyl and 1-isopropyl-
oxycarbonyloxyethyl ester), the lactonyl esters (e.g., the phthalidyl and thio-
phthalidy] ester), the lower alkoxymethyl esters (e.g., the methoxymethyl

30 ester) and the lower alkanoylaminomethyl esters (e.g., the acetamidomethyl

~ ester). Other esters (e.g., the benzyl and cyanomethyl esters) can also be
used. Other examples of such esters are the following: (2,2-dimethyl-1-
oxopropoxy)methyl ester; 2-[(2-methylpropoxy)carbonyl]l-2-pentenyl ester; 1-
[[(1-methylethoxy)carbonylloxy] ethyl ester; 1-(acetyloxy) ethyl ester; (5-

(




[[ (1- et hyl et hoxy) car bonyl ] oxy] ethyl ester; 1-(acetyloxy) ethyl ester; (5-
-7 - nmethyl-2-o0xo0-1, 3-di oxol -4-yl) nethyl ester,

1-[[ (cycl ohexyl oxy) car bonyl ] oxy] ethyl estef?-and 3, 3-di nmet hyl - 2- oxobut yl
ester. It will be appreciated by those of ordinary skill in the art that

the [) eagl l'y gﬁﬂath&uzamoel ,8sdi6kél-44y1) ﬂﬁtth*IMS thﬁ;db[ﬁéydlbbeﬂlﬁiy)&hrbﬁ?(ﬂﬁxy@n

can be forne a free 0 €,CO Qr_ex e

t he carboxy g¢gf e'S'. @33%&%&%}3&@4@%‘? rfﬁgp#ﬂ?eaappsesm%rﬁlby Ehose

their salts aaﬂond&ndry;kﬂymthqaﬂblhatdhemeaddyrhmh’olwab&e esteribﬁthqdr ation
b ffect Jt:h f

gradual ly as §%§&Hﬂ§8¥‘9ﬁ53’?8§4& irlyetlBn cin be finad 3 o fref (e By b of

product. 16 the torapoungd ea@tﬁbemboxmmpm msttlmé-‘f-ul as

anti biotics havin potent and br oad anti bacterial_ actiyity. They_ also
possess good or al meqmdwfofgmulag asl'l‘i‘f!B %Gh@?’ssﬂl andaeadilye with

:)Egr Img\é:m : ggPﬁ%i:oelp m?lq%ﬁ%%f or 1?3hent er aI or a %%ﬁﬁ@%ﬁdﬁrﬂhe
products in amﬂmﬁﬁ ‘@lgﬂasfaoFe%ﬁEHﬁl e,
peroral ly, suhbgfoscopic F&:ﬁe@ﬁék@fdmﬂﬁdly mhymdsapfoam dragees, hard

and soft gel atine capsul e sol utions, enul sions or suspensions, or
rectal ly, ®uch asThe compdunds uﬁtlmmmntmvmhoﬁ’luermﬁﬂtasahtﬂmmhavmgs

rocedur os. 1 aprek MHRE B EAGLAGEFIR dREGRY They WIBg poRieeg il el o (1o
I ngredi ent's i abﬂ)l@mng@m together with suitable, non toxic, inert,
A S IR TE R ARO[ A LA
conmpounds ar epjddiédmhbats, ﬁf’@&ﬁhﬁﬂe' i Qhe form of pharmaceutical preparations for
15 enteral (oral) administration. The products in accordance with the invention
can be administered, for example, perorally, such as in the form of tablets,
coated tablets, dragees, hard and soft gelatine capsules, solutions,
emulsions or suspensions, or rectally, such as in the form of suppositories.

Pharmaceutical compositions containing these compounds can be
20 prepared using conventional procedures familiar to those skilled in the art,
such as by combining the ingredients into a dosage form together with
suitable, non-toxic, inert, therapeutically compatible solid or liquid carrier -
materials and, if desired, the usual pharmaceutical adjuvants.

It is contemplated that the compounds are ultimately embodied into

25 compositions of suitable oral or parenteral dosage forms. The compositions
of this invention can contain, as optional ingredients, any of the various
adjuvants which are used ordinarily in the production of pharmaceutical
preparations. Thus, for example, in formulating the present compositions
into the desired oral dosage forms, one may use, as optional ingredients,

30 fillers, such as coprecipitated aluminum hydroxide-calcium carbonate,
dicalcium phosphate or lactose; disintegrating agents, such as maize
starch; and lubricating agents, such as talc, calcium stearate, and the like.
It should be fully understood, however, that the optional ingredients herein

| named are given by way of example only and that the invention is not

385 restricted to the use hereof. Other such adjuvants, which are well known in
the art, can be employed in carrying out this invention.



25 conpositions of suitable oral or parenteral dosage forns. The
conpositions of this invention can contain, as optional ingredients, any of
the various adjuvants which are used ordinas84y in the production of
pharmaceutical preparations. Thus, for exanple, in formulating the present

conposi tions i nt oSuigalle ds' SifthOéiriciomaterialy aFe notenlypinciganiqdbutralsonal

ngr;[)gﬁ;;agt Sdl S?%%‘;"{?l ers, such a C%Ci&i;%}lefjsﬂﬁl u%%hggr X1 de-calﬁ(’ ura

{nra]gzle Etear ch; il gelutine bapsulies therg eahhe used) fos eixamplephctosenmamrmch and

i

I ngredi ents h ﬁq’ﬁ%%%ﬁ&g’ ﬁgb%ﬁ#ﬁ%&%ﬁgégnﬁ e on (i %ﬁpﬁaﬁr saft

i nvention i% gelatiﬁe lcapsﬂlestm, for example; Saevam tsoane semi-solid
whi ch are vel d BolyBfs @epen aﬁtﬁmﬂf@ofﬂ;&a&m 30b8tindend

arrier nateri pot on
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| act ose, mmi ze starch.,or d é?i \ies t eof, .tal ¢ stearla Cid Org.i.
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supposi tiori eprasmatmeSeﬁ zensa stabilizers, welding agents; emral%ﬁers,at s and
sem - i quid Orsvddeﬁéhéh ebm%ﬁts,/ﬁa«waﬁﬁ@csmg %'W%ﬂé%shﬂﬂi@ pRésture,

cont enpl at ed usua reservgst |a¥1 ant?gxllabl kl ze stabilizers, wetting
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The compounds of formula I and their salts, or hydrates, can preferably
be used for parenteral administration, and for this purpose are preferably
made into preparations as lyophilisates or dry powders for dilution with
customary agents, such as water or isotonic common salt solution.

20 Depending on the nature of the pharmacologically active compound the
pharmaceutical preparations can contain the compound for the prevention
and treatment of infectious diseases in mammals, human and non-human,
a daily dosage of about 10 mg to about 4000 mg, especially about 50 mg to
about 3000 mg, is usual, with those of ordinary skill in the art appreciating

% that the dosage will depend also upon the age, conditions of the mammals,
and the kind of diseases being prevented or treated. The daily dosage can be
administered in a éingle dose or can be divided over several doses. An
average single dose of about 50 mg, 100 mg, 250 mg, 500 mg, 1000 mg, and
2000 mg can be contemplated.

30  Representative compounds of the present invention were tested.

In vitro activity was determined by minimum inhibitory concentration
in a microorganism spectum by the agar dilution method in Mueller Hinton
agar.

The following compounds were tested:

3 A : (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyiminoacetyl-
amino]-3-[(E)-1-(4-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-
oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid,



sweeteners, colorants, flavorants, salts for varying the osnotic pressure,

15 buffers, coating agents and antioxi dants. The conpounds of formula | and
their salts, or hydrates, can preferably be%Jsed for parenteral

adm nistration, and for this purpose are preterably made into preparations
as |lyophilisates or dry powders for dilution with customary agents, such as
wat er or isotonic common salt solution. 20 Dependi ng on the nature of

t he phar macol Bgi cé6R,IRIA-[(Z-2:(2:Aming-thiazqlkbyhe2-Guydroxyyimimgmcesyl-ons can

i seases i1 HATEPESIELLEHEFELRRRA: 399“’3?‘?@‘{‘5 Xﬁheh?{‘ﬁo%@%m
about 4000 ng5-thsméeamb19yddd@ Obetrdrene-20arbo cidy, is usual, vmth

t hose of okdi nary skill in the art appreciating 25 that t he dosage will

depend al so u ndjtions of .th and,the kin

di seases bei n§ @%ﬁ% %h@ab@&noﬂspéa%ﬁm dlm st ered
dose of about & m]'s‘[@“‘“?‘““‘m“’e“w’w“ i*%%i””*m@“ﬁ%m?ﬁglai
cont enpl at ed. gﬂ-& ﬁ%ﬁ#%%@ﬂ@%ﬁ%g E}ﬁ?&?ﬁg arﬁ%nt i on were
tested. In vi tﬁﬂuaﬁdiaeetate,was determ ned by m nimum i nhibitory

concentratjon in a mcroorgani smspectum by the agar dilution nethod in
Miel | er HTiton agar. The foll ow ng conpounds were tested: 35 A

(6R 7R) - 7-[ (ZP:2- (@Mﬂo[(Zh-&a@eAnﬂnw yﬁyby&(hwdmawnénoacetyl-

ari 0] - 3- [ () sy B YAy DAB0RS RRRITBIME] - 6-
et A g v

and

b3 _
E: (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-(hydroxyiminoacetyl-
amino]-3-[(E)-1-(3-hydroxybenzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-
oxo0-5-thia-1-azabicyclo[4.2.0]Joct-2-ene-2-carboxylic acid trifluoroacetate.

2 F: (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-
ox0-3-[(E)-2-0x0-1-(1,3,4-thiadiazol-2-yl)-pyrrolidin-3-ylidenemethyl]-5-thia- 1-
aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid trifluoracetate ( 1:1)

G: (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-
%  0x0-3-[(E)-2-0x0-1-piperidin-4-yl-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid hydrochloride (1:2)

. H: " (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-
acetylamino}-3-[(E)-1-(1H-benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-
30 ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic
acid trifluoracetate (1:1:1)



am no] -3-[(E)-1-(3-nitro-phenyl)-2-oxo-pyrrolidin-3-ylidenenethyl]-8-oxo-
5-thi a- 1-azabi cycl o[ 4. 2. 0] oct - 2-ene- 2-carboxylic acid, 5 C

(6R, 7TR)-7-[(Z2) - 2-(2- Ami no-t hi azol -4-yl)-2- ¢l@dr oxyi m noacet yl -

am no] - 3- [ (E) - 1- (3-f | uor o- 4- hydr oxy- phenyl ) - 2- oxo- pyrrol i di n- 3-yl i dene-
met hyl ] - 8- 0xo- 5- t {Tha-dntiBactiesiat spebtrand ladplears dalows- car boxylic acid

trifluoroacetate, 10 D:

(6R 7R) - 7- [ (2) - 2- ( 2- Ani no- tAnibaetexipl Spectrm, QG Hgml o v -

am no] - 3-[ (E) - 1- (4- ami nobenzy )A 2 oBoj'pyI rloidd| nE3{y® der@nptayl]] -B-

II
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G (6R 7R) - 7- E(fdecalis@2- Ami no-|t Bi5ap0R5 4- VIl )|- 21 hydr®Nyilnm hol agetyljand npp33-

25 L.monocytogene 4 | 4 1| 4] 2| 4] 4] 4] 18]>16
ox0-3-[.(E) - 2- keg 1- DI per|d| n-@-yl t pyrfoling3-yliderjemethyl]{5-thia-1 gza—

(o ey o oxblideie LR o8 I DR b Pod’) o5 o

L
N

acetyl am no] - lembenzﬂﬁn' a6l -»d || et hyR) {216xjo-Dy | r &l ijdidh-B- 13(

yl i denenet hy| Nofteningithtis 69480 11<0.06 |<0i08Y Ch@([|4nd. PlmCt}-2d gnad?} aid §eewt) v.cadi d

trifluoracet ajghofsbsdenl) <0.06]| 0.12 | 0.12 | 0.25 |<0.12} 0.12 |<0.06] 0.12 | 0.25 | <0.06
Kpneumoniae418 ~ |<0.06]| 0:25 | 0.12 | 0.25 | 0.25 | 0.25 |<0.06] 0.12 | 0.12 | <0.06
E.cloacae 908SSi 025|025 05| 05| 05| 1 Joes| 05| 32 |025
E.cloacae 908R 1| 2 | 2 |>32] 8 |>32] 4 | 4 |>32]>32
C.freundii 902 | nd 012 ] 012} 025 025 | 0.12 |<0.06] 0.12]| 16 | 025
C.freundii 43 4 | 1| 4] 8] 4|8 ]| 2| 2|s82]
P.mirabilis 2117 <0.06 | 0.12 | <0.06] 0.12 | <0.06] 0.25 |<0.06| 0.25 | 0.12 | <0.06
P.vulgaris 1028 2| 16| 8 |>32] 16 |>82(>32] 16 1 ]|o12

M.morganii 6H-137 |<0.06 |<0.06|<0.06] 0.12 |<0.06] 0.5 |<0.06] 0.25| 8 [<0.06
S.marscescens 63438 | 0.5 1 1 1 1]05] & 1 1 16 | 025
P.aeruginosa 27853 4 16 4 |>32] 8 [>32]| 8 |>32]>32]| 16
X.maltophilia 1AC739 | >32 | >32 | >32 | >32 | >32 | >32 | >32 | >32 | >32 | >32
Acinetobacter sp.51- 16 16 | 2 | 3 | 2 [532 ] 8 | >32]>32] 2

BfragilisATCC25285 | 4 | 2 | nda| 8| 8 |na| 16 ] 8
P.asaccharolyticus 0.25 |<0.12] nd 1 ]<0.12| nd 1 1

Cdifficile ZH1 8 16 | nd| 16 4 |nd| 16 16

MIC : Minimum Inhibiting Concentration Values

I (Cefdinir): [6R-[6c,7B(Z)]])-7-(2-Amino-4-thiazolyl)[(hydroxyimino)]-

5 acetyl] amino]-3-ethenyl-8-oxo-5-thia-1-azabicyclo-[4.2.0]oct-

2-ene-2-carboxylic acid

II (Ceftriaxone): [6R-[6c.,7B(Z)]]-7-([[2-Amino-4-thiazolyl methoxyimino)-
acetyl] amino}-8-0x0-3-[[(1,2,5,6-tetrahydro-2-methyl-5,6-
dioxo-1,2,4-triazin-3-yl)thio] methyl]-5-thia-1-azabicyclo-

10 [4.2.0Joct-2-ene-2-carboxylic acid




-10- The anti bacterial spectrum appears bel ow. Antibacterial Spectrum (MC,

[err]g/ M) A B C D E F G H I Il S.aureus 6538
0.25 0.25 0.5 1 0.5 1 1 1 -7T16& 4 S aureus 734NRSA 4 4
4 8 16 16 8 8 >32 >32 S. pyogenes B15 “[err]0.06

%e”}g 82 [[err] Olagégbﬁi dﬁd&fbﬂtﬂdﬂb@mﬁﬂa 1 &1 abédbrdante wilk the iheentionCés o
err err neunani ae err

[err]0.06 [er‘?’}eﬁ ?rﬁ%@rﬁ 3%?%%%5L%’r$ﬁ'@éeé %ﬁ%ﬁﬁ% hgdéﬁ4
0.25 0.5 0. i&ble@st?&s ¢anlBe lﬂaﬂﬂfacmﬁdﬂwa%ordﬁn%vﬁﬂmhémmonrbmans

group 016 0. 25 1 0.12 0.5. 0.5 0.5 [err]0.12 0.5 2 0. 25
E.faecalis 6 (a) treating é)cﬁmpbuﬂd havting the fonn a IIL 1 2 8 >32

L. nonocyt ogenes 4 16 >16 BK23
H. i nfluenzae 1 0. 25 0 5 n 0.5 <0.06
M catarrhalis RA21 16 - >16 B—R 2 1 1

r J{0. 06 nd

N.meningitidis 69480 [err]O. 06o [er nd nd nd
[err]0.06 g0.01 E.coli 25922 [ e COPBRO6 0. 1 012 025[err]0 12 0.12

o s b o B8 b i SR R L and B bileror & o

.25 0 5 0.5 Ocagboxy protecting goowp 32 .25 E. cl oacae 908R 16
>3 £ >32 >32 C freundii 902 nd 0.12
12 0 25 2or r;‘&i saﬂ]tgeréo <

25 C freundii 43 4

4 8 " ana&yatlgg agent 09'1-52 %Pﬁm'alﬁ Hls 2117 [err]0.06

12 [err]0.06 0.12 [err]0.06 0 25 [enq 0.25 0.12 [err]O 06

.vulgaris 1028 32 16 16 >32 >32 0.12

M norganii 6H 137 [err]0.06 [errlgg eord 0. 06 0.1}n[err]0 06 0.5

[err]O. 06]8 25 8 [err]0.06 cens 69438 0.5 1 1 1 0.5

32 1 16 " P. aerugi nosa 27853 4 16 4 >32 8 >32
8 >32 >32 161X ophilia 1AC739 >32 >32 >32 >32 >32 >32 >32

>32 >32 >32 AC|R9t obact er Spf’slhydrog"e(ilorﬁehydz%%yﬁ%tecmfggfgﬁp and >32

>32 32
R3 is hydroxy or an activating group such as 1-
hydroxybenzotriazole or 2-benzothiazolylthio,

15 Rf is hydrogen or an amino protecting group

TOrRONOO

or
(b) cleaving off the amino, hydroxy and/or carboxy protecting group in a
compound having the formula IV

N
s
N—R
R‘HNAS 00 N ¢ v
COOR! (o)

20
in which R1 is defined as above, Rf is hydrogen or an
aminoprotecting group, R2 is hydrogen or a hydroxy protecting
group, R} is hydrogen or a carboxy protecting group, provided that
at least one of Rf, R2 and Rb is a corresponding protecting group
b3 or a salt thereof,

or .
(c) for the manufacture of a readily hydrolyzable ester of a compound of
formula I subjecting a carboxylic acid of formula I to a corresponding
esterification,



156 B.fragilis ATCC25285 4 2 nd 8 8 nd 16 8
P.asaccharolyticus 0.25 [err]0.12 nd 1 [err]0.12 nd 1 1 29743
C.difficile ZH1 8 16 nd 16 .42- nd 16 16 MC : M nimm

I nhibiting Concentration Values | (Cefdinir):

[6R-[6[err], 7L,§rr](Z)]] 7- (2 Ami no- 4-thiazolyl) [ (hydroxyimno)]- 5

tyl -1-
gcgné ]2 22} ng@ nyI ptagk 5,e|t ég ﬁ 3¢ t%lsoo a4c02m81>u.n3 of formula I or

g?n R;] E)]Ga87£)e g r Hya}hieﬂot(éaﬁa«sstmwronge B)b%ﬂlli)é‘gngfbf)ﬁrmlwl inte atsalt or
XO0- 2 -
di oxo-1, 2, 4- t%#%“wtftanﬁwr%t fﬁd tﬁTya 1-azabi cycl o- 10

[4.2.0] oct -82- ene-2-carboxylic acid -11- The conpounds of the forrrul a l
in accordance wit kgl & E‘EB tabl e
salts, hydrates, g‘rhrea |¥?%§?o@y- ZHC}P@ es?%rs can manu acture

accor dance wi mot%ée Q;be&? ees%? Fr\!?lh

11 [err] 5 ingghy eﬂy s%fke bS the tif{eth bsﬁéi?%b”b%nhh ame%fsmwaw
or a carboxy protecti u or a .eS er or thﬁ{eait
acyl ati ng ageSTowP cﬁﬁégﬁgi?é £ PHP e oremeninoned readily
10 hydrolyzable esters. Furthermore, the w.rboxy group can be protected by salt
formation with an inorganic or tertiary organic base such as triethylamine.

Possible carboxy protecting groups Rh are e.g. benzhydryl, t-butyl, p-
nitrobenzyl, p-methoxybenzyl, allyl.

The 7-amino group in the compounds of formula IT can be protected, for
15 example, by a silyl protecting group such as the trimethylsilyl group.

The amino group present in the acylating agent of formula III can be
protected.

Possible amino protecting groups Rf are, for example, protecting
groups which are cleavable by acid hydrolysis (e.g. the tert.butoxycarbonyl or
20 trityl group) or by hydrazinolysis (e.g. the phthalimido group). Other
protecting groups are the phenylacetyl group, the chloroacetyl, bromoacetyl
and iodoacetyl group.

The carboxy group in the compounds of formula III can be activated
with known reagents, preferably thionyl chloride, oxalyl chloride,
% dicyclohexylecarbodiimide, bis-[benzthiazolyl-(2)]ldisulfide, N-hydroxy
benzotriazole or a 2-halo N-methylpyridinium salt.

- Possible activating groups R3 are, for example, benzothiazolyl-2-thio, or
1-hydroxybenzotriazolyl.
Possible hyroxy protecting groups R2 are, for example, acetyl, tetra-
30 hydropyranyl, or trityl.
The reaction of compounds of the formulae II and III according to
embodiment (a) can be carried out in a manner known per se.

For example, an activated carboxylic acid of the formula III can be

reacted with a salt of an acid of the formula II ( e.g. trifluoracetate). The
% reaction is carried out with or without a base (inorganic or organic bases)
depending on the method of activation and a wide range of solvents, from
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carboxylic groups present in a compound of formula IV and can be camed
and as follows:
R 1 of ami tecti

Possible amino-protecting groups are those employed in peptide
chemistry, such as an alkoxycarbonyl group, e.g., tert-butoxycarbonyl, etc.,
a substituted alkoxycarbonyl group, e.g., trichloroethoxycarbonyl etc., an
optionally substituted aralkyloxycarbonyl group, e.g., 4-nitrobenzyloxy-
carbonyl or benzyloxycarbonyl, an aralkyl group such as trityl or benzhydryl
or a halogen-alkanoyl group such as chloroacetyl, bromoacetyl, iodoacetyl,

~ trifluoroacetyl or phenylacetyl.

Preferred protecting groups are tert-butoxycarbonyl (-BOC) and trityl.

The amino protecting groups may be cleaved off by acid hydrolysis (e.g.
the tert-butoxycarbonyl or trityl group), e.g. aqueous formic acid. The
chloroacetyl, bromoacetyl and iodoacetyl groups are cleaved off by treatment
with thiourea and the phenylacetyl group by treatment with PCl; or by
enzymatic catalysis.

Amino-protecting groups which are cleavable by acid hydrolysis are
pref‘erably removed with the aid of a lower alkanecarboxylic acid which may
be halogenated. In particular, formic acid or trifluoroacetic acid is used. The
reaction is carried out in the acid or in the presence of a co-solvent such as a
halogenated lower alkane, e.g. methylene chloride. The acid hydrolysis is
generally carried out at room temperature, although it can be carried out at
a slightly higher or slightly lower temperature (e.g. a temperature in the
range of about -30°C to +40°C). The chloroacetyl, bromoacetyl and iodoacetyl
protecting groups can be cleaved off using thiourea in acidic, neutral or
alkaline medium at about 0°C-30°C, phenylacetyl by treatment with PCls.
Removal of hydroxy protecting groups

Possible hydroxy protecting groups are such as are commonly known in
the art, e.g.

- for protection of hydroxy groups (R2 = protecting group in compounds of



protected; for exanple, by esterification to forma readily cleavable ester
such as a silyl ester (e.g. the trimethylsilyl ester) or benzhydryl ester.
The carboxy group can also be protected in.tfae form of one of the

af orenent i oned readily 10 hydrolyzable esters. Furthernore, the carboxy

group can be Brhtd %ﬂuﬁﬁ,’lﬁl’& &nalﬁéd%yf‘, teferdblyiscetyl, ttrahgavo-
organi ¢ base suc S tr’r et am ossi bl e car OoXy protecting groups Rh
are e.g. benzBysanpyl P%'Qtﬁﬁr‘?-?g gTﬂuPﬁraFP(%EHI;?P p- met hoxybenzyl, allyl. The
7-am no gr oup'mﬁ,sé ¥ afé®elg)lrenidvedods Pllgwst ect ed, for 15
exanpl e, by a protectr n rQ ch a th Y, I )

gm noblgroup pré’égx: |{1 t he ac3P§?<ﬁ§ lgsg Z‘F:f?réﬁ{?ﬁq ¥m§ﬁ%ié:%5h%@e%qﬁ
ossi bl e ar§ no protecting grorq:strﬁ[thy jlanedn uaroacetie acid utn@0diooups
which are cleavable by acid h ysis (e.g. the tert. but oxycarbonyl or 20

trityl group) or by hydrazinol ysré (e.g. the pht hal i m_do group).
protecting groups are the pherinlorganid sq}ubaps ﬂrwdcmlﬂpwmélatahouiruéeépyl

and i odoacetyl group. The car tgyéc group in the corrpounds of formula Il can
be activated with known reagents pr ef erably . tgr ony]|, Li de XS%‘K?
chloride, 25 -agetyk| ohexyl car i Weak inerganie bases, umbicarbepatesin

N-{rydr;)xy ﬁ,enzotrr azole or a angﬁi@ml hhlk;abbu?omolso"ggltz ”F:ossr bl e

activating gr rr e enz az or

1- hydroxybenzo %ﬁ%‘i‘iﬂp]y" il‘ﬂ%‘ﬁ?&gp 32’&‘ %géi&e %@1 pgd in

exanpl ed ac](cat%llh ]Eet ral- 30I I hyedr alephel)\d.g. methandlwrn%tlignol eu{n:btgntﬂﬂ()tothe

conpounds o e formul ae 0L 0. odi nen a) can be
a&pbglrlﬁé@oﬁgg&?fﬂw re!

carried out in a manner known I exanpl'e, an acti vated carboxylic
?glr?rulog Tlhe(f Segnova] g £ RE 35 T Cac %‘#hgigaff: Celldm;) Eh\?\nth or
wi t hout a Base ( i A@r%ﬁiﬁr pr@tec&ngagmmsmmy utilize an ester form which can be
easily converted into a free carboxyl group under mild conditions, the ester
protecting group being exemplified by, for example, tert-butyl, 4-nitrobenzyl,
p-methoxybenzyl, benzhydryl, allyl, etc.
These protecting groups may be removed as follows:
20 - benzhydryl trifluoroacetic acid with anisol, phenol, cresol or
' triethylsilane at about -40°C to room temperature;
hydrogen with Pd/C in an alcohol such as ethanol or in
tetrahydrofuran; BFg-etherate in acetic acid at about 0 to
50°C;
2% - tert-butyl formic acid or trifluoroacetic acid with or without
anisol, phenol, cresol or triethylsilane and a solvent
such as dichloromethane at about -10°C to room

' temperature; _
- 4-nitrobenzyl sodium sulfide in acetone/water at about 0 to room
30 temperature; or hydrogen with Pd/C in an alcohol such
| as ethanol or in tetrahydrofuran;

- 4-methoxybenzyl formic acid at about 0 to 50°C; or trifluoroacetic acid and
anisol, phenol or triethylsilane at about -40°C to room
temperature;

s -allyl . palladium(Q) catalyzed transalkylation reaction in the
. presence of e.g. sodium or potassium salt of 2-ethyl

hexanoic acid, see for example J. Org. Chem. 1982, 47,
587 or with tributyl-stannous hydride [(C4Hg)3SnH].



dependi ng on the nethod of activation and a w de range of solvents, from
-13- water and water-m scible solvent to inert solvents such as chloroform
di met hyl f or mam de (DMF) or dimet hyl sul f oxidE5{ DMSO) can be used. The
reaction of a 7-amno conmpond of fornmula Il with the activated carboxylic
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resent in a ¢ I 410

ICI%em)val of arﬁvﬁgp?)ﬁB%ee% Woup?gfﬂgsm efégn?gg&db “ectl ?R(;%f)l?ggreg

t hosebenpl by eebtengpaup. |'Hﬂe veaction cgn be ﬁb andbog apeosnsh as gn

tert-but oxyc grdin b Gﬁ?m ahin

trichl oroet hoxycar%’orti%tﬁ% agné%l | ongPF E t ut edaglr ngycareb%l}\c)ﬂ

group, e.g., as triethyl myeol‘be egterd FS@F é 52} }‘FanaWeiFal kyl

gLFgPoZggPyﬁ% rod’ggﬁenlﬂ géce I ltdrbléfL roaﬁet dthﬁp%g??&ﬁbta%ﬁd

Preferred pr iR} U&F‘g Epgq}bgigugﬁog@/ %B&’F&é? %;P‘é Mmﬂﬁ#afﬁ The

am no protmcttmﬁdumefanblsecﬁﬁ@d/adtath temperiatuiey il ohemgeefgboﬁﬂ t he

tert-but Oxycad‘gﬁ% or trityl group), e.g. aqueous form c acid. The
chl oroacetyl acetyl and |odoacetyl groups are cleaved off by

Lae?;nre]nt o\rNI E)h :anzyﬁa I C cgfﬁ{b 5 m no- pr ectl ngrﬁé%ﬂ%:d# %i*r‘tgrmula
cl eavabl e by bor théhydvatesiof S@é salts in accordance with embod1ment (d) of the
process provided by the present invention can be carried out in a manner
15 known per se; for example, by reacting a carboxylic acid of formula I or a
salt thereof with an equivalent amount of the desired base, conveniently in a
solvent such as water or an organic solvent (e.g. ethanol, methanol, acetone
and the like). Correspondingly, salt formation is brought about by the
addition of an organic or inorganic salt. The temperature at which the salt
20 formation is carried out is not critical. The salt formation is generally
carried out at room temperature, but it can be carried out at a temperature
slightly above or below room temperature, for example in the range of 0°C to
+50°C.

The manufacture of the hydrates usually takes place automatically in
% the course of the manufacturing process or as a result of the hygroscopic
properties of an initially anhydrous product. For the controlled manufacture
" of a hydrate, a completely or partially anhydrous carboxylic acid of formula I
or salt thereof can be exposed to a moist atmosphere (e.g. at about +10°C to
+40°C).

30 Exemplary of the process for obtaining products in accordance with the
invention are the following reaction schemes 1 and 2 below.




25 preferably renoved with the aid of a | ower al kanecarboxylic acid which
may be hal ogenated. In particular, formc acid or trifluoroacetic acid is
used. The reaction is carried out in the aeil@-or in the presence of a
co-sol vent such as a hal ogenated | ower al kane, e.g. nethylene chloride. The
acid hydrolysis is generally carried out aSchegelenperature, although it
can be carried at 30 a slightly higher or slightly |ower tenperature
(e.g. a tenperatu | e range of about -30[err]Cto +40[err]C). The

chl oroacetyl, bro tyl aqg i odoacetyl protecting groups can be cl eaved
of f using thioure yC, neutral or alkaline nedium at about
0[err]C—30[err]Ckzphe tyl by treatnment with PCl[err]. Renoval of

hydr oxy protecting g 5 Rossi bl e hydroxy protecting groups are

such as are commonly known in tpgpase-, e.g. - fd&RHNa ot i on of hydroxy

groups (Rlerr] = proteeting group I onpoundg of A14-|i f or aZlyv),

usual ly trityl, lLower al kanoyl, epably acetyl, g€t rNaﬁyI
0

protecting grou e | oyed TheseNprotecting gr%ups re e.g. ¥enoved as
follows: -trityl in aci d® gol vents |ike 90% ORC gg)l at about
0O to 50[err]C5 H or triethylsilane in tfifluoroacetic acid
at about -20 to 2 ;)err organi ¢ solutions of hydrochloric acid at
about -50 to 25[e )] \ yl wi th weak inorganic bases |ike

sodi um bi carbonate in 10 ' met hanol /wat €r at about O to
50[err]C, -tetrahydropyranyl with weak organic acids Ii kﬂ 4-t ol uenesul fonic

acid in an al colrfHNg e. nmet hanol or ethanol, at Rabgut rr]Cto the
Py
0

Wy Wiitiany = ¢ v/ Wt
0]
o) ' o)
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5 The reaction of known 2-cephem aldehyde (1) or 3-cephem aldehyde (2)

where RF is a carboxy protecting group as defined above, e.g. benzhydryl
ester, and Rf is an amino protecting group as defined above, e.g. tert. butyl-
carbonyl, with a Wittig reagent, exemplified by structure 3, yields the
coupling product 4. The reaction is carried out in the presence of a base

10 which is either an inorganic base (sodium or potassium hydroxide, sodium
or potassium carbonate etc.), an organic base (tertiary amines), an



boiling point of the m xture. Renoval of protecting groups at the carboxy
function 15 As ester protecting groups one may utilize an ester form
whi ch can be easily converted into a free -<cHrboxyl group under nmild

conditions, the ester protecting group being exenplified by, for exanple,

t trE(r) E eggt yl, ‘br@hhbliﬁﬁﬁ%ﬂ'such a@g ﬂiﬂﬁf am or lphenyllithium of lan epexide stivhsas
in ro e ed as,.fol

'I[D rifluor ogcgt]r g%ygy%og}ﬂean% Feaﬁﬂ%’ﬁa{‘ pr@?%%‘% o%gﬁ%i;ﬁéﬁeyiss? ﬁefle"le at Thgout

- t4(&[ er Ir ] C t o preferred solventsy in thqdasngeﬁmnrgb.nimbise bemtg mad;ram water and

et hanol or i r _

to 50[err]C q’f%&tr @E%%]% #ﬂ?@nt éFCL m C amﬁr t r| udgg%lg@g%tgt)aﬁ?%w t h '

or withouts amaselo,fq:yganmlbaserb@ug wsed.rammgnt vent such as mpthylen

di chl or omret hg:‘?ﬂ ﬁffoﬁﬂOBEnzéﬁ)é %Hﬁl}‘&of@fﬁﬂ GANRHY eddd 6f orgﬁﬂﬂithm&ing

sodi um sul fi t.0 room 30

I.n,acet one/ wat'e out
t enper at ur e; llﬁedh benzens orte Wﬁ@%ﬁaﬁna&ﬁé&ﬁ&e caseran, epgxide heing used, the
. tetrahydr of urgpoxide ftseh‘t(bwntﬁbavylehem) adhe tempdrattréforotheOfenctio; or

0] orr] .t o PRERE EEREPOTC 8 H0sG” TR mrRerkéd %5nﬁf°§oﬁa!?%d$%ﬁ$?%§ﬂ%g&|@fed

transal kyli;at iexamphes.i on in the presence of e.g. sodiumor potassiumsalt
of 2-ethyl hexanoic acid, see for exanple J. Org Chem 1982, 47, 587 or
with tributyl - st dnrthesnomal Wittig o accorfling 19 scheme 1, the E isomer is

the predominant product. Invariably, less than 10% Z-isomer is formed, the
amount depending on the reagents and conditions.

45

5 Compound 4 is converted to the sulfoxide 5 with an oxidizing agent
which can be hydrogen peroxide or a peracid, preferably 3-chloroperbenzoic
acid. The temperature ranges from -20°C to room temperature and any
suitable solvent, preferably chlorinated hydrocarbon or benzene can be used.

. 56
2 The de-oxygenation of the sulfoxide 5 is carried out in the presence of
phosphorus tribromide in dimethylformamide or in the mixed solvent of
- dimethylformamide and N-methylacetamide. The reaction temperature for
the reaction is from about -78°C to about 0°C.

67

% _ The protecting groups RT and Rf are removed and the reaction
conditions used are depending on the nature of the protecting groups. In the
case of Rf being tert-butoxycarbonyl and R being benzhydryl, trifluoroacetic
acid and anisole or triethylsilane is employed, at temperature of about -20°C
to about room temperature (about 22°C).

0 7128 .

The acylation of compound 7 can be carried out with an organic acid
which is activated with known reagents, preferably thionyl chloride, oxalyl
chloride, dicyclohexylcarbodiimide, bis-[benzthiazolyl-(2)]disulfide, N-
hydroxy-benzotriazole or a 2-halo N-methylpyridinium salt. The reaction is

% carried out with or without the base (inorganic or organic bases) depending
on the method of activation and a wide range of solvents, from water and
water-miscible solvent to inert solvents such as chloroform, dimethyl-




-15- In order to manufacture a readily hydrolyzable ester of the carboxylic
acids of fornmula | in accordance with enbodi nent (c) of the process

provi ded by the present invention, a carboxg8ic acid of formula | is
preferably reacted with a corresponding hal i de, preferably an iodide,

;:ﬁnt ai SI n? thg,,g%i@g(ﬁmj@f i siﬂi‘l@ﬁd@@MS(?)Qﬁh belusga,emm ed with
e aid of a e.suc al i a OXi a
carbonate or § ﬁﬁﬂs%ﬂl&gf‘ﬂ’ﬁ a?ﬂlhg iﬁﬁ@ S"lﬁ.., mﬁ%ﬁél‘%ﬁhl%

preferably c aféaa;tbmuandmmmwble for ¢hairenmal ef the protecting group.

di met hyl acet am de, hexanet hyl phosphoric acid triam de, dinethyl sulfoxide
or, especiall =8 nethylformani de. The 10 reaction is preferabl y carri ed

o o B tgmeral eﬁ#’gﬁﬁe %ﬁﬁ*‘%?zo%f%e‘ eVl T b

said salts |naGEbﬁnddME$h cid. the process provrded by the
present invention_can _he carrled out in nann r 15 k r se; for
exanpl e, by react Wittig peagantd s&rppagedpsq: Egﬁm?aft thereof with
an equi val ent anobunt of the desired base, conveniently in a solvent such as
wat er or an organic solvent (e.g. ethanol, nmethanol, acetone and the like).
Correspondingly, salt formation is brougfﬁinﬁgggz by the addition of an
organic or inorganic salt. The tenperature at which the sal tBr20 formation
is carried out is not critical. The salt formation is generally carried out
at roomtenperature, but it can be carried out at at e uraoor | ght |y
above or bel ow roomtenperature, for exanple in the range of O[err]Cto
+50[err] C. The nmanufacture of the hydrates usually takes phfce
automatically in 25 the course of the manufacturing process or as a result
of the hygroscopic properties of an initially anhydrous pr%?uct For the

I

-

controll ed manufacture of a hydrate, a conpletely or partially anhydrous
carboxylic acid of formula | or salt thereof can be exposed to a noi st

at nosphere (e.g. at aborﬂerr] Cto Br o
- N.
Br coa BrW R!

‘ o
¢y @)

° o
10 @ @)
R1 = as defined in formula I
Ph = phenyl
The processes in scheme 2 are carried out as follows:
152
15 The known dibromo acid chloride (1) can be converted to the amides (2)

using the appropriate amines or aminehydrohalides and inorganic bases
such as sodium or potassium hydroxide, sodium or potassium carbonate
etc., organic bases such as sodium methoxide, pyridines or tertiary amines



+40[err]C). 30 Exenpl ary of the process for obtaining products in
accordance with the invention are the follow ng reaction schenes 1 and 2

bel ow. -16- Scheme 1 [err] 1 or 2+3 ->4-I9JThe reaction of known 2-cephem
al dehyde (1) or 3-cephem al dehyde (2) where R err] is a carboxy protecting

group as defiggdh abyfath§ldmines Bivsgropylethylaming etk Thelrenétion istakfied out
protecting g:ﬁt%u . as dgfslpégltabove,gg : %veg%ér/ b | - ¢ rbon&l} W@Vgﬁ’}}]

Wttig reagen® i X t]ﬂﬁee , g’é?ﬂérqq‘%&‘@&fp 89@’5’9’4.
The reacti gn fo‘in?ég(_f.,i %eﬁﬂndr@aﬁiiﬁbﬂ;\e%;@&ﬁzéﬂ In gWOﬂGrgdn'ic fbaises @rt her an
I norgani ¢ basge (sodi um or patassi r oxi odi ' .
carbonate et c‘?ﬁr,haiﬂ Noimet-in ﬁelggslése?;ngp{ M sgﬁ{eﬁgss)qcﬁg#ﬁ) h&ﬁgﬁé &?fopde,

or ganol i t hsunelsloesfoam, thengenk| tétrahydrofpham ete. ishpreferneda Thepredctionsuch as
1, 2- butyl eneo%gégnfgra{p%e% 2 é%ﬁgldz,@%egﬁgo@f an epoxide is preferred. The

preferred sol ase of 1norgani c base being used, are water and
wat er - m sci bl vent (acetone, tetrahydrofuran, or alcohols etc.); in the

S Ch oo mba e Meeg el St el G5 g rofate
or ganol i t hi ung Beiwith @eftlolaieidodiinidercahybeé eonvérted 20 the arhitesc(@) aashing
epoxi de bei ng,,used, the oxi,de itself (e.q. 1, 2-butyleneoxide).. The .,.

t enper at url@ fthe appropriateé gmines and or; ¢ bases such ds ﬁlmeﬁlﬁahnopyndme.
The reaction is carried out in an inert solvent such as dimethylformamide,
dichloromethane or acetonitrile.

Cyclization of the N-substituted dibromoamides (2) can be accomplished
15 under the usual phase transfer catalytic conditions using catalysts like
Dowex 2x10, tetraalkylammonium salts, tetraalkylarylammonium salts,
crown ethers etc. with bases like aqueous sodium or potassium hydroxide,
sodium or potassium carbonate etc.

Alternatively, strong bases like sodium hydride, lithium diisopropyl-
20 amide, potassium tert-butoxide can be used in solvents like tetrahydrofuran,
dichloromethane, dimethoxyethane or diethylether at reaction temperatures
between -78°C and +80°C.

123
The direct conversion of the acid chlorides into the bromolactams is
25 possible when the first step (1 — 2) is carried out in biphasic solvent
mixtures like water/dichloromethane or water/chloroform etc. together with
sodium or potassium hydroxide as base. A catalyst like Dowex 2x10,
tetralkylammonium salts, tetraalkylarylammonium salts, crown ethers etc.
is added when the amide (2) has formed according to TLC or HPLC analysis.
30 The temperatures range between 0°C and 50°C.

Alternatively, the direct conversion of the acid chlorides into the
bromolactams can be carried out without catalyst using the appropriate
amino-compound in an organic base such as pyridine, dimethylamino-
pyridine, triethylamine or in aqueous potassium carbonate.

» 34

The triphenylphosphonium salts (4) can be prepared by treating the
bromolactams with triphenylphosphine in solvents like tetrahydrofuran,



ranges from-20[err]C to 80[err]C. The preferred conditions are exenplified
in the 10 exanples. In the normal Wttig Reaction according to schene 1,
the E isomer is the predom nant product. |ng@kriably, |ess than 10% Z-i somer
is formed, the amount depending on the reagents and conditions. 4 -> 5 15

Compound 4 i Stdlﬁﬂﬁérbéﬂzéﬂb té’tﬁ Fatet 2o, @ clflovbinethan e xdithldrestiaases) chioreh

can be hydrogen peroxr peracrd preferab Q operbenzorc aci d.
The t enper at uf %ﬁti@m %ﬁ&g@g and any suitable

sol vent, preferably chl ori nat ed hydrocarbon or benzene can be used. 20
The de-oxygenation of the sulfoxide 5 is carried out in the presence of
phosphorus tribrom de in dinethylformam d#ﬁmiﬂ%é he m xed sol vent of
dinethylfornanide and N—nethylacetanide e reéaction tenperature for t he

reaction ig fyg ehlotidéd i thefamidds Scheme 21 2)
protecting groups err are renoved and the reaction condrtrons

used are depehds the protectrng groups. In the case of

Rlerr] being q_f.% W )lqzmdhmﬁwwthylmmphenyl
trifl uoroacet{lc aci |so e or trret hyl'sil ane is enpl oyed, at

tenperature oPSEE C to about roomtenperature (about 22[err]C).
30 7->8 The acyl ation of conpound 7 can be carried out with an organic acid
which is activated with kréswn reagents, preferapty jhionyl chloride, oxalyl
chloride, dicyclohexyl carbodiimde, bis-[benzthlazo 2)]disulfide, N
hydr oxy-benzotri aza& o2 Zed@l o N Thg} y i g The regaction is
35 carried out with or without the base (inorganif or n| C bzni%
dependi ng gn the nmethod of activation and a w de FTange™& vV from

wat er and ter-m scible solvent to inert solvents such as chloroform
di met hyl -

To a solution of 15.7 g (75 mmol) carbonic acid-(4-amino-phenyl)-ester tert-
butyl ester (prepared according to Can. J. Chem. 68, 153 (1985)) in 200 ml
dichloromethane and 11.13 ml (80 mmol) triethylamine was added a solution
15 of 21.15 g (80 mmol) 2,4-dibromobutanoic acid chloride!? in 100 ml dichloro-
methane at -20 to -10°C. After 30 min the reaction mixture was extracted
with water, the organic phase was dried over magnesium sulfate. After
evaporation of the solvent, a colourless oil was obtained which was
crystallized with diethylether/hexane to yield 21.24 g (66.8%) colourless
20 crystals.
m.p. 105-106°C; IR (KBr): 1758, 1682 cm-1
1) H. Ikuta et al., J. Med. Chem., 30, 1995 (1987)

1.1.2. (RS)4-(24-Dibromo-butyrylamino)-piperidine-1-carboxylic acid ethyl

To a solution of 23.3 g (141 mmol) ethyl 4-aminopiperidine-1-carboxylate in
30 400 ml dichloromethane and 11.1g (141 mmol) pyridine cooled to -10°C was
added within 30 min dropwise a solution of 33.5 g (128 mmol) 2,4-
dibromobutanoic acid chloride!) in 130 ml dichloromethane. After 40 min at
0°C, 350 ml of water were added, the organic solution was separated and



-18 - formam de (DWMF) or dinethyl sulfoxide (DVSO can be used. The
substituents in the Rlerr] group, if necessary, can be further deprotected
with a reaction condition suitable for the-2&roval of the protecting group.
5 The hydroxy protecting group Rerr] group is renoved with

trifluoroacet ’vﬁash@ﬂdwﬂihdwhtéletdaﬂilﬁﬂ Bi@&rlﬁfna%@oébhﬁﬁéh andhine Hid d¥ied Gver

reagent is pre rdi to schenpe

(3 Rlerr] = 8odimn sifel, Althr seRSratsn of Hhe aiventea spd sikwas dhtained mhich
are carri ed Okta aé]ﬂmadfrdmﬁetliyl ethethe known di bronmo acid chloride (1)
can be converte he appropriate am nes or

am nehydr ohal Vbeggt@n% m%&&%ﬁ@gﬁ%@@% as sodi um or potassium

hydr oxi de, 5sompn124-1ﬂ6f655| um car bonate_ etc., organic bases such as sodi um
met hoxi de, %R - 695 eléf*;aﬁwmdn MS(EI)l glgc a§+t ri ethyl am ne,

di i sopropyl et iyl am he et ¢ dn1s carrje ut “in bi phasic sol vent
m xtures |ike - dkuta @hﬁbf&Meﬂa eBt., FMi 13?95:(’13&7@- formetc., when

i norgani ¢ bases are used. In case of organic bases or tertlary am nes bei ng
used, an inert, solyent such as hlo de, 5 ¢hlorofor enzene,
tetrahydrofuréﬁc : ifgtg%eeP %ﬁfeP _precee exampig,tg

10 following additional oompounds were prepared:

1.1.3. (BS)-24-Dibromo-N-(8-nitro-phenyl)-butyramide
m.p. 75-76°C, IR (KBr): 1677 cm-1, MS (EI) 366 (M)*

1.14. (RS)4-(2,4-Dibromo-butyrylamino)-piperidine-1-carboxylic acid allyl
15 ester

IR (KBr): 1687, 1650, 1557 cm-1, MS (ISP): 412.9 M+H)*+

1.2, using an organic base

12.1. Preparation of (RS)-2,4-Dibromo-N-(4-nitro-benzyl)-butyramide

Ni
> N.
Br : coQl Br/\/l\lr
_ O

To a solution of 15.7 g (83.2 mmol) 4-nitrobenzylamine-hydrochloride in 9 ml
water was added 46 ml dichloromethane and the mixture was vigorously
% stirred. At 0°C, a solution of 20 g (75.7 mmol) 2.4-dibromobutanoic acid
chloride?) in 11 ml dichloromethane was added, followed by a solution of 7 g
sodium hydroxide in 11 ml water. After 5 h, the phases were separated and
the aqueous phase was extracted with dichloromethane. The combined
organic solutions were washed with 10% sodium bicarbonate solution and
30 brine and were dried over magnesium sulfate. Evaporation of the solvent
yielded an oil which was purified by silica gel chromatography (ethyl
acetate:hexane = 1:1); yield: 22.1 g (70%) colourless crystals; IR(KBr): 1655,
1515 cm-1; MS(EI): 299 (M-Br)
1 H. Ikuta et al., J. Med. Chem., 80, 1995 (1987)



tenperatures range from-10[err]C to 100[err]C. The known di brono acid (1')
which is activated with known reagents, e.g. with dicycl ohexyl carbodiim de
can be converted to the anmides (2) using 1022the appropriate am nes and
organi ¢ bases such as di methyl am nopyridine. The reaction is carried out in
an inert sol vqma JRS)-BEDIbAGONIEBehenidazok i
acetonitrile. Cyclization of the N-substituted di bronbam des (2) can be
acconpl i shed 15 under the usual phase transfer catalytic conditions using
catal ysts |ike Dowex 2x10, tetraal kyl ammoni um salts, tetraalky anmoni um
salts, crown ethers etc. w tBh basezialggte aqueous sdf ung or NoTY m

hydr oxi de, sodi um or pojassjlum ca : t ecipat iyel y’ syrong bases

| i ke sodi um hydride, BTt h™um @OCkopr opyl - 20Br ant™Me, Yoot asSi u@
tert-butoxide can be used in solvents |ike tetrahydr@uran,

di chl or onet hane, di met hoxyet hane or diethylether at reaction tenperatures
between -78[err]C and +80[err]C. The direct conversion of the acid

chl ori desd|5nt ?‘otd'lg%]lﬁﬁumbﬁma (45{342}51@[ ¥ 3i(ahinshrthi] ])?;dduzihﬁﬁl dﬁd}.pt h( 1-> 2)
is carried outy, n,bi S nt i xture r/di chl or ome

wat er / chl or of GiEAFOe! "t’ﬁdg% WE&&%‘P@%?&?&@@&? g .
A catal yst i hﬁxﬁﬂmwaﬁwigorolmlysﬂlhyddammn solution ofeloagm&mlhﬂm- um

To TLC or °$L@ﬂ§f§’§?§§#§n°£%aﬁﬁd‘9@8 %3?-921“? Hepuchunifnadt B fladh; 0

50[err]C. Al tﬁollom bir\a salutioniof 45 gosodium hydreoxidenin 10iml water.iABer i1 b,
t he bronol I t ggﬁté e
am no- conp%un I'n an org%%é:d%gsgﬁsu as pyf I ne, %ﬁq%?ﬂe‘?mmdﬁ@rﬂﬂééét

pyridine, tri&exgiseparated: The hasemas extragtash aretate and the

tri phenyl phos E&ﬁbﬁﬂ@ﬂ ofgdrsic(pha: s@ﬁ'%v&% wasShéd Qﬁtﬁh&i&%@%ﬂﬂ@aﬂﬂ%@dﬁé&s
LR L peny LphOSRIL I SRS o SsacebiANN AL Yralict started to
crysta]hze from the solution. It was collected by ﬁltratlon, washed with ethyl
15 acetate and dried.
yield: 11.52 g (75%) colourless crystals
IR(KBr): 1660, 1625, 1533 cm1, MS(EI): 375 (M+)
1) H. Ikuta et al., J. Med. Chem., 80, 1995 (1987)

20 According to the procedure set forth in the preceeding examples, the
following additional compounds were prepared:
1.2.3. (RS)-2,4-Dibromo-N-naphthalen-2-yl-butyramide
IR (KBr): 1659, 1560 cm-1, MS (EI): 371 (M)*

%5 124, (RS)4-(24-Dibromo-butyrylamino)-N-trityl-benzamide
IR (KBr): 1656, 1486 cm1, MS (EI): 606 (M)*

1.2.5. Mixture of (RS)- and (SR)-[(RS)-2,4-dibromo-butyrylamino]-pheny}-
30 IR (KBr): 1724, 1665, 1520 em-1, MS (EI): 334 (M-COOtBu)

1.2.6. (RS)-2,4-Dibromo-N-(2-fluoro-benzyl)-butyramide
IR (KBr): 8273, 1649, 1550 cm-1, MS (EI): 272 (M-Br)

35 127 (RS)-2,4-Dibromo-N-(2-methoxy-benzyl)-butyramide
IR (KBr): 3282, 1643, 1545 em-1, MS (EI): 284 (M-Br)



-20 - toluene, benzene, ethylacetate, dichloronmethane, dichloroethane,
chloro- form acetone etc. at tenperatures between 0 and 150[err]C
Exanples 5 L Conversion of a Dibrono acid ¢28orides to the am des (Schene
2, 1 ->2) LL Using an organic base 1.1.1. Preparation of carbonic acid
(RS)-4-(2, 4-di bromo-but yryl am no) - phenyl ester tert-butyl ester [err] 10 To

a solution of ni c acid- no-.ghenyl )-ester tert-
butyl ester (%ﬁ&%ﬂ'ﬁgg&'ﬁm&m@@% (1985)) in 200 ni
di chl or onet halR (KBe): 328931658,(1551mm11)MS(EI)h27&(M=Br)Nas added a sol ution
15 of 21.15 g (80 mmol ) 2, 4-di bronobutanoic acid chloride[err]) in 100 m
di chl oro- nethane at -20 to -10[err]C. _After 30 mMmn the reaction m xture

was ext r acsedl.i0 RO methioxy dleml}]bum nmagnesi um
sulfate. Aftefg 0 91| oi | was obtai ned
whi ch was cryst 3?@7 Tﬁgédl é‘ﬁ(ﬁﬁj M$ exane tody‘%* 21.24 g (66.8%
col ourl ess 20 crystal Ss. mp. 105-106 C IR (KBr): 1758, 1682 crr[ err] 1) H

| kuta et al. 1.2.10"/618 R%Mt&mmb' )-methyll- Mﬂ-caﬂ:amcamd
(RS) - 4(24D|br @ am no) - pi peri di ne-1-carboxylic acid ethyl 25
ester [err] of 23.3 g (141 mmol ) et hyl

4- ami nopi per i IR (EBE): 7009 1663, 15629 cxatd, MiS (ISR): 468 (MaiNFIgrthane and 11. 1g
(141 nmol ) pyridine cooled to -10[err] C was
1.2.11. (RS)4-[(2,4-Dibromo-butyrylamino)-methyll-benzoic acid tert-butyl
ester
IR (KBr): 3300, 1712, 1661 cm-1, MS (EI): 354 (M-Br)

1.2.12. (RS)-2,4-Dibromo-N-(4-methoxy-benzyl)-butyramide
IR (KBr): 8279, 1647, 1549 cm-1, MS (EI): 284 (M-Br)

1.2.13. (RS)-2,4-Dibromo-N-(4-fluoro-benzyl)-butyramide
20 IR (KBr): 3284, 1676, 1644, 1611 cm1, MS (EI): 272 (M-Br)

1.2.14. (RS)-24-Dibromo-N-(4-triffuoromethyl-benzyl)-butyramide
IR (KBr): 3294, 1655, 1568 cm1, MS (E): 322 (M-Br)

% 1.2.15. (RS)-N-Benzyl-2,4-dibromo-butyramide
m.p. 76.2-77.0°C
IR (KBr): 3277, 1647, 1545 cm-1, MS (EI): 256 (M-Br)

1.2.16. (RS)-2,4-Dibromo-N-thiophen-2-ylmethyl-butyramide
- 30 IR(KBr): 3269, 1645, 1542 cm-1, MS(EI): 260 (M-Br)+

1.2.17. Mixture of (RS)- and (SR)-2,4-Dibromo-N-[(RS)-tetrahydro-furan-2-
ylmethyll-butyramide
IR(KBr): 3298, 1662, 1549 cm-1, MS(ISP): 330.1 (M+H)+

1.2.18. (RS)-24-Dibromo-N-(1-trityl-1H-tetrazol-5-ylmethyl)-butyramide
MS(ISP): 570.3 (M+H)*



added within 30 mn dropw se a solution of 33.5 g (128 nmol ) 2, 4-

di bronobut anoi ¢ acid chloride[err]) in 130 m dichloronethane. After 40 mn
at Oferr]C, 350 m of water were added, the2é¢ganic solution was separated
and -21- washed with water, sodium bicarbonate solution and brine and

O Ut o B o e o B0 &) e il ‘s‘?@é?‘ﬁ%b 2% am "

yel | owi sh cry24a(BRSE2, W . 1553
cnerr], MS5(ElI): 318 (MHBr)+ 1) H Ikuta et aI J. Med. Chem, 30, 1995

(1987) Accor di ng to the proce | e prece |ng exarrpl e, the
10 foll ow ng additional Boonpoggc&?%fcgm%’ f N
(RS) - 2, 4- Di br ono- %L Wen yl )=hut ygan de m pBr/TS\JGJ[%IrI]I NRN( KBr) :
1677 crr[err] El) 366 + 1.1. 4.

(RS)-4-(2,4-D brorm but yryl am no) - pi peri di ne- 1- car boxylic Ri dj;lml\

ester IR (KBr) 1687, 1650, 1557 cnferr], M5 (ISP): 412.9 (MtH)+ 1.2. using
-an organi cBbase 1.2.1. Preparation of

(RZQ%B 24 Di Ib;m elt(ze'nb M}mm&@mﬁrmb&ﬁm wiasTad?eé Qlt%bﬁﬂddOL }12 7
o nitropenz am n 0OC | el. addae
atnge 9, é &F@Y‘ﬁ ﬁd&lg%bggng][)ﬁmnm% O[err]C, a

m di chl oromeﬁ?&ﬂ%r
sol ution of 2¢hlorépyridazine] 463 g(]Bannol)lB,&-ldibmmobutadmﬁmaM 015 gi(d 11

m dichlor O”e{nr.ﬁ%ﬁ ﬂ@ﬁn@&%ﬂ%@ﬂ%e% 856 %P&irﬂ&lﬂﬁfo?x&mide. After 25 h

10 the slurry was filtered and the residue washed thoroughly with ethyl '
acetate. The filtrate was diluted with 11 ethyl acetate, washed with water
and brine, dried over sodium sulfate and evaporated. The crude product was
purified by silica gel chromatography (hexane:ethyl acetate 4:1).
Yield: 57.0 g (85%)

15 mp: 126 - 127.5°C (sample recrystallized from ethyl acetate).
IR(KBr): 1706, 1584, 1519 cm-1, MS(EI): 357 (M)

According to the procedure set forth in the preceding example, the following
additional compounds were prepared:

20 2.2, (RS)-2,4-Dibromo-N-@3,5-dimethyl-pyrazin-2-yl)-butyramide
IR(KBr): 1668 cm-1, MS(EI): 351 (M+)

2.3. Mixture of (RS)- and (SR)-2,4-dibromo-N-[(RS)-2-0x0-tetrahydro-furan-3-

yll-butyramide
% IR(KBr): 1768, 1653, 1554 cm-1, MS(EI): 221 (M- CH2=CHBr)*

2.4..(RS)-2,4-D1'bmmo-N-(2-chlompyﬁdin-3-yl)-butyramide
IR(neat): 1683 cm-1, MS(EI): 356 (M+)



sodi um hydroxide in 11 ml water. After 5 h, the phases were separated and
the aqueous phase was extracted with di chl ororret hane. The conbi ned organic
solutions were washed with 10% sodi um bi cas@2®nate sol ution and 30 brine

and were dried over nmagnesium sul fate. Evaporation of the solvent yielded

an oil which éi@
acet at e: hexane —3? %k %ﬁ' i?ig col ourl ess crystaFé IQZKBr)

1655, 1515 crﬁ.lx ofmqnu:

(RS) -2, 4- Di br'ono- enzi azo -2 yI met hyl ) - butyram de [err] 5 To a

solution of 10.8 g (45.4 mol) 2-(am nonet hyI) benzi m dazol -
di hydr ochl ori de |n 5 wat er was added 25 di chl t hane and the

m xture was Vi Oerr]C asolut on of 10.9 g (41.2
mol) 2,4- dib ormbut an |c@ihl i da[ eF+- igp Nmomﬂ hane was
added, foI | oned by a sobuti I um hydr oxjlde i m tar.
After 1.5 h, 10 the mixture was p&lure wat er. Ethyb ac

and the phases wer e separated. The aqueous phase was extracted wth ethyl
acetate and the conbi ned organi c phases were washed with water and brine

larted to crpS@DPRES S0 ehaddef b AVEcTousy eared mipbesy 190 FLLR46

washed wi th aninydl) tarbeosicaiotd 4R;S)4i(2d-dibrohmb-bityrdanginoFplenybéster terts
crystal s, | g obbin 3585 deichblethehe VT8 502 Sl Hyardidd "  ©
m solution. After 4 h at rt the mixture was washed twice with water and the
organic phase dried over magnesium sulfate. Evaporation of the solvent
yielded 14.6 g (97%) of the product as colourless crystals.
mp. 148-150°C; IR (KBr): 1751, 1697 cm'!

15 3.2, (RS)-3-Bromo-1-(1H-benzimidazol-2-ylmethyl)-pyrrolidin-2-one
Br N
l@ Dowex
Br/\)\lr N\/’\E
X .

0.98 g Dowex 2x10 was added to a vigorously stirred mixture of 11.52 g (31
20 mmol) (RS)-2,4-dibromo-N-(1H-benzimidazol-2-ylmethyl)-butyramide in 175
m] ethyl acetate and 36 ml 50% sodium hydroxide solution. After 15 min at
room temperature the suspension was poured on a mixture of ice and ethyl
acetate and the phases were separated. The aqueous phase was extracted
with ethyl acetate and the combined organic phases were washed with water
25 and brine and dried over magnesium sulfate. Upon concentration the
product separated from the solution. It was collected by filtration and yielded
7.11 g (79%) of a yellow powder.
IR(KBr): 1698, 1622, 1490 cm-1, MS(EI): 293 (M+)




20 According to the procedure set forth in the preceedi ng exanples, the
foll ow ng additional conpounds were prepared: 1.2.3

(RS) - 2, 4- Di brono- N- napht hal en-2-yl -butyramgg-1R (KBr): 1659, 1560 cnjerr],
M5B (El): 371 (M+ 25 1.2.4.

(RS)-4(2,4)- [Mi n;g% ¥/ Obr detl forths 158 rdeedding 'BanplbS5the 1486

cnjerr], M5 ure of (R
(g[R)-[](RS) 2( oaa}wama WRere R;Fé@?%‘%damd tert-butyl ester 30

IR(KBr) 1724.3. (USFS- gw pyrroBdinPdae> Bu) 1.2.6.
S:E[SZ%; r2] Bsbzorm Méo#il\#glf(@rg% butyram de IR (KBr): 3273, 1649, 1550

(RS)-2,4 Dsbr ono- N- ( 2- met hoxy- benzyl ) - butyram de IR (KBr): 3282, 1643, 1545

cnjerr

(E[S) 2] 4-Di br%d(%ﬁéé' uor o %'é’ré’ rélnyg'y-ltﬂt‘
Cher i1, Ve (B8 (KBrkAT60, Bi§B.AAMT and, M§(EI ): 524 (M) |
(RS)-2,4 Di br omo- N- ( 3- net hoxy- benzyl) butyram de IR (KBr): 3287, 1658, 1601

1Y/S) 2 (M 1 10
(CrIgS)erE]zl [(2, El MW%@MTMW}WbamC acid 10 IR

(KBr): 1709, 1R SKBYRI170% @l MR 8BD:(M¥8 (MrNH err])+ 1.2.11.
(RS)-4-[(2,4-Di brono-butyryl am no) -nmet hyl ] - benzoic acid tert-butyl ester I R

(KBr): 3300,1712,1661 cnierr], MS (El): 354 (MBr) 15 1.2.12.
(RS) - 2, 4- Di br&ﬁD(RSX-a-Bmmﬂg(Mbenzyl)ﬁpyndnhﬂ-(mer) 3279, 1647, 1549

((:gtssr r2] 4-Di br on%KR; ?317@%??%6,%%4?% - bN{%’SE% %92 (M-Br)

15 8.7. (RS)-3-Bromo-1-(2-methoxy-benzyl)-pyrrolidin-2-one
IR (KBr): 1700, 1602 cm-1, MS (EI): 283 (M)*

1658, 1551

E

3.8. (RS)-3-Bromo-1-(3-methoxy-benzyl)-pyrrolidin-2-o
IR (neat): 1700, 1600 cm'1, MS (ED: 283 (M)+

89. (RS)-4-(3-Bmmo-2-oxo-pyrmhdm -ylmethyl)-benzoic acid tert-butylester
IR (neat): 1705, 1612 ecm'1, MS (EI): 274 (M-Br)

3.10. (RS)-3-Bromo-1-(4-nitro-benzyl)-pyrrolidin-2-one
%5 IR (KBr): 1685, 1604, 1517 cm'1, MS (EI): 219 (M-Br)

S.11 (RS)-3-Bmmo-1-(4-ﬁﬂuommethyl—benzyl)—pyrrolidin—20ne
IR (neat): 1703, 1620 cm-1, MS (EI): 242 (M-Br)

30 3.12. (RS)-1-Benzyl-3-bromo-pyrrolidin-2-one
IR (neat): 1701, 1426 cm-1, MS (ISP): 256.8 (M+H)*+

3.13. (3-Bromo-2-oxo-pyrrolidin-1-yl)-phenyl-acetic acid tert-butyl ester
(1 config. isomer)
.35 IR (KBr): 17483, 1686 cm-1, MS (EI): 252 (M-COOtBu)

3.14. (RS)-[4-(3-Bromo-2-oxo-pyrrolidin-1-ylmethyl)-phenyll-carbamic acid
tert-butyl ester
IR (KBr): 3425, 1692, 1527 cm-1, MS (ISP): 289 (M-HBr)



20 IR (KBr): 3284,1676, 1644,1611 cnferr], MS (El): 272 (MBr) 1.2.14.
(RS)-2,4-Di bronmo-N-(4-trifluoronethyl-benzyl)-butyram de IR (KBr):

3294, 1655, 1568 cnferr], M5 (El): 322 (M Bry225

1.2.15. (RS) - N-Benzyl - 2, 4- di br ono- but yram de m p. 76 2-77.0[err]C IR (KBr):
3277,1647,1545 cnferr], MS (El): 256 (MBr) 1.2

(RS)-2,4-Di br n- 2-

3269, 1645, 154%%%%@%%%%}%%@1
and( SR) - 2, 4- Destepno- N—[(RS) tetrahydro-furan-2- ylnethyl]-butyram de

| R(CKBr): 329 r1536\&p*S 1.2.18.

(RS) -2, 4- Db?:([)]‘% 1tr|t 6’1§tetra2(¥$§-@§)r§ggmg tyram de MS(1SP):
570. 3 ( M+Hp+ -24- 2. Conver5| on of a Dibromo acid to t he am des (Schene
2,1 ->2) 2.1g ﬁ BS)te —fa&hﬁrzi,?i:ﬂéthyl]-
[err] 5 42. 4 g 2 7 ol N -di cycl ohexyl car od| i md was added at room

terrperaturet qutlon of 24.5 g (189 mml) 3-am no- 6-

chl oropyri daz[Réheat$ 1698 crd-2OMS@EP):250.2 (M+E)¥but anoi c acid and 0.5 g (4
mol ) 4-di met hyl am no-pyridine in 550 m dinmethyl formam de. After 2.5 h 10

the slurry was filtered and the residue washed thoroughly wth ethyl

acetate. Tbe 8il7: (RS)S-Brombo-1thicphen-2-vimethiy)-pymalidin2-omeshed wi t h wat er
and brine, drtﬁ&e%ﬁ%lﬁ?,?wﬁ?)éﬂ{i,M(Ef)%ﬁﬁi‘ﬁfh’i‘iﬁd- The crude product was

3.18. (RS)-3-Bromo-1-(8,5-dimethyl-pyrazin-2-yl)-pyrrolidin-2-one
IR(KBr): 1704 cm-1, MS(EI): 269 (M+)

19. (RS)-3-Bromo-1-(6-Chloro-pyridazin-3-yl)-pyrrolidin-2-one
IR(KBr): 1717 cm-1, MS(EI): 275 (M+)

3.20. (RS)- or (SR)-8-Bromo-1-[(RS)-2-0xo-tetrahydro-furan-3-yl}-pyrrolidin-2-
20 one
IR(KBr): 1775, 1707 cm-1, MS(EI): 168 (M-Br)*+

3.21. (RS)-3-Bromo-1-(1-trityl-1H-tetrazol-5-ylmethyD-pyrrolidin-2-one
IR(KBr): 1704, 1632, 1492 cm-1

8.22, (RS)-4-(8-Bromo-2-oxo-pyrrolidin-1-yI)-piperidine-1-carboxylic acid allyl
ester
IR(heat): 1697, 1648 cm-1, MS(ISP): 331.1 (M+H)+

30 3.23. (RS)4-(3-Bromo-2-oxo-pyrrolidin-1-yD-piperidine-1-carboxylic acid ethyl

ester
IR(KBr): 1698, 1670 cm-1, MS(ISP): 319.3 (M+H)*



purified by silica gel chromatography (hexane:ethyl acetate 4:1). Yield:
57.0 g (85% 15 np: 126 - 127.5[err]C (sanple recrystallized from ethyl
acetate). IR(KBr): 1706, 1584, 1519 cnferr}28WS(El): 357 (M+) According to
the procedure set forth in the preceding exanple, the follow ng additional

conpounds ver ¢, DirittcohiverSion of the acid chlorides into the bromolactams (Scheme 2,
(RS)-2, 4-Di brﬁm)- (3, 5-di nethyl -pyrazin-2-yl)-butyramde IR(KBr): 1668
cnerr], MS(E )_) 51 (Mt) 2.3. Mxture of (RS)- and

(SR) - 2, 4- di br di Usihgdwexeatalyst r ahydr o- f ur an- 3- yl | - but yrani de 25

(RS2 4- D by ArstPrepeanfsosl B (s o Hriynot - ol prigisTp Rl i gpe.

cnferr], MXEl): 356 (M+) 30 -25 - 3. Cyclization of the N-substituted
di brormam des (Schene 2,2 -> 3) B3 1. Preparation off catonic acid

(RS) - 4- ( 3- br onp- 2- oxo0- pyrrgu\dl/ck | ) - pﬁeHy - by L Rester [err]

5 1.8 g Dowex 2x10 was ad¥ed 0 a orously stifrredyfi xt of 18.39 g
| | amng¥- phenyl est er

(42.86 nmol) carbonic acid (R, S)-4-(2, 4-di brono-buty
tert- butyl ester in 200 m dichloronmethane and 15 g 50% sodi um hydr oxi de
10 solution. After 4 h at rt the m xture was washed tWI ce with water and

1) L9 PR gt B2 TR ARSI e RO ittt

was added 35 ml water and the b1pha81c mixture was cooled to 0°C and

10 stirred vigorously. A solution of 17.5 g (66.2 mmol) 2,4-dibromobutanoic acid
chloridel) in 35 ml dichloromethane was added dropwise during 10 min,
followed by 3.18 g (79.4 mmol) NaOH dissolved in 6 ml water. After 26h at 0 -
10°C another 170 ml 50% sodium hydroxide solution and 3 g Dowex 2x10 were
added. After 2.5 h at rt the mixture was poured on 300 ml ice-water, the

15 phases were separated and the aqueous phase extracted twice with 250 ml
dichloromethane. The combined organic phases were washed with each 300
ml water and brine and dried over magnesium sulfate. Evaporation of the
solvent gave a beige powder which was digerated in d1ethylether to yield 10.9
g (63%) colourless material.

20 IR(KBr): 1703 em-1; MS(EI): 257 (M*)
D H. Ikuta et al., J. Med. Chem., 80, 1995 (1987)

4.1.2. (RS)-3-Bromo-1-(2-chloro-pyridin-3-yl)-pyrrolidin-2-o

Br Dowex
> N,
Br cocl ' Br I =

A vigorously stirred solution of 7.1 ml (55 mmol) 3-amino-2-chloropyridine in
25 ml 2 N NaOH and 1.25 ml THF was cooled to 10°C and 2,4-dibromo-
butanoic acid chloridel) (13.2 g, 50 mmol) were added dropwise during

30 40 min, followed by 50 ml dichloromethane. After 2 h at room temperature 70
ml dichloromethane, 38 ml 50% sodium hydroxide solution and 1.6 g Dowex
2x10 were added. After additional 18 h the mixture was poured on 120 ml ice-
water, the phases were separated and the aqueous phase extracted twice
with 100 ml dichloromethane. The combined organic phases were washed



np. 148-150[err]C IR (KBr): 1751, 1697 cnferr] 15 3.2.
(RS) - 3-Brono- 1- (1H benzi m dazol - 2-yl met hyl ) -pyrrolidin-2-one [err] 0.98 ¢
Dowex 2x10 was added to a vigorously stirr-@@4m xture of 11.52 g (31 20
mol ) (RS)-2, 4-di brono- N- ( 1H benzi m dazol - 2-yl net hyl ) -butyram de in 175 m
tet hyl af[:et at %ﬁﬁ%&ﬁmoﬂ%&%ﬁm%ﬁi@&dﬁﬁmuﬁéﬂf dsﬁimlﬁ%lﬁéul@.at ro?m
enperature the sus Si ured opn a m |ce an s.acefate
and t he phas£ é‘df@t"eﬁ?"&ﬂ;&%’ gﬁgepﬁﬂé%‘t‘%é E\Mﬂhﬁ?
acetate and tflush-chiiomatbgraphyi(etlpyloacetate) e washed W|th vvat er 25 and brine
and dried ov n concentration the product separated
fromthe sol ﬁ??@'p%ﬁg%‘%@%% f||trat|on and. yielded 7.11 g (79%
of a yel | o JR(ueat): LFI%E563 mg‘aM D; 29400 err], MS(El): 293 (M)
-26- Accordi r;gH.cmt,ﬁtag rangdgiﬁ %ﬁierﬁoBbthsKi‘@Sﬂr eceedl ng exanpl es, the
onal conpdun

foll owi ng additi wer e prepared: 3.3
(RS) - 3-Brono- 1- ( 3- n|tro phenyl) - pyrrolidin-2-one mp 100-102C, IR (KBr):

1703 cnferr] Aecdrding to the rocedure set forl:hmthe receedmgexam les, the
(RS)-4-(3-Br 2 0X0 {i d|n 1 N-tl‘ltg Pd"uzam de IR (KBr) 1730,
1688, 1487 c%gﬂ r%f% ss“%re prep |
(RS) - 3- Brmﬂmamsmmﬁow- 1aylpynrolidin/@on&Br ) : 1702 cn[ err],
M5 (El): 289 . uor o- benzyl ) -pyrrolidin-2-one IR
(KBr): 1703, %@93@%@ WE‘%“@% (MBr) 15 3.7.
(RS) - 3- Brono- 1- ( 2- net hoxy- benzyl ) - pyrrolidin-2-one

4.14. (RS)-&-Bmmo-l-(&hiﬂuommethyl—pherwl)—pymlidin—%one

IR (KBr): 1700 cm-1, MS (EI): 307 (M)*

415, (RS)&-Bmmo-l—(&methoxy—phenyl)—pymlidin—Z-one
IR (KBr): 1689 ecm-1, MS (EI): 269 M)+

4.1.6. (RS)-3-Bromo-1-(2,2-diphenyl-1,3-benzodioxal-5-yl)-pyrrolidin-2-one
20 IR (KBr): 1688 cm-1, MS (EI): 435 (M+)

4.177. Carbonic acid (RS)-8-(8-bromo-2-0xo-pyrrolidin-1-y)-phenyl ester tert-

butyl ester
IR (KBr): 1754, 1701 cm1, MS (EI): 298 (M-t-Bu)

4.1.8. Carbonic acid (RS)4-[3-bromo-2-0xo-pyrrolidin-1-yl)-2-fluoro-phenyl
ester tert-butyl ester
IR (BRBr): 1765, 1703 cm-1, MS (EI): 358 (M-CHg)

30 4.1.9. (RS)-3-Bromo-1-(2-methoxy-phenyl)-pyrrolidin-2-one
IR (KBr): 1707 cm-1, MS (EI): 269 (M+)

4.1.10. (RS)-N-[4-(8-Bromo-2-oxo-pyrrolidin-1-ylmethyl)-phenyl]l-succinamic
acid tert-butyl ester
% IR (KBr): 1723, 1681, 1602, 1536 cm-1, MS (ISP): 427.4 (M+H)*

4.1.11, Carbonic acid (RS)-3-(3-bromo-2-oxo-pyrrolidin-1-ylmethyl)-phenyl

ester tert-butyl ester
IR (KBr): 1757, 1708, 1610 cm-1, MS (ISP): 387.2 (M+NH,)+



IR (KBr): 1700, 1602 cnferr], Ms (El'): 283 (M+ 3.8.

(RS) - Brono- 1- ( 3- net hoxy-benzyl ) -pyrrolidin-2-one IR (neat): 1700, 1600
cnferr], M5 (EI): 283 (M+ 20 3.9. -30-

(RS) - 4- (3- Br onp- 2- oxo-pyrrolidin-1-yl methyl)-benzoic acid tert-butyl ester
IR (neat): 1705, 1612 cnferr], Ms (El): 274 (MBr) 3.10.

(15?7 gn{Bre(r)ﬂ) m%ﬁsjg Eenz%lgﬁ§ﬁrol [ (il n- 2= one Z%ii i(l,(Br) 1685, 1604,

(RS) - 3- Br ono- IR(@ikn): nma;mem,masnmzlyMspED:agszi) one IR (neat): 1703,
1620 cnferr], Ms (ElI'): 242 (MBr) 30 3.12.

(RS) - 1-Benzyl - 3-brono-pyrrolidin-2-one IR (neat): 1701, 1426 cnferr], M
(1SP): 256.8 @kI3(RS)SBromocl-itmathoxy-henzyl-pyrnolitting-onecny| - acet i c
acid tert-but I f -1 . 3 r): 1743,1686 cnjerr],
Ve (£1): 252 L EEPLIE8% Y0 ént, MSVED: 20e AHES

(RS)-[4-(3- Brom) 2 0XO0- pyrrolldln 1-yl met hyl) - phenyl] carbam c acid

tert-butyl esiye SP): 289 (M HBr)

-27 - 3.15. (R oo d t hyl henyl ] - car bam c

al lyl ester(l %(&B!’éﬂ gﬁn%i% : %ﬁ@{ﬁhiﬁy (C?/)) 370 )(ll\/}+NH[err])+ 5

3.16. Mxtwre of (RS)- and

SR)-3-b . 1698

(2 o5 brome- ;ﬁg) - BR R G,5-ditletofyrd i S henFolfdlde 1698 crerr],

(RS) - 3- Br ono- 3H-NMBHEDGlsy 250 MHiz)18.8(sh,18)n 78 @agH), 7.6 (dd,1H), 4.8 (q,1H), 3.7
(m,2H), 2.5 (m,2H)

15 4.1.16 Carbonic acid 4-(3-bromo-2-oxo-pyrrolidin-1-yD-3-fluoro-phenyl ester
tert-butyl ester
1H-NMR (CDClg, 250 MHz): 7.4 (t,1H), 7.0 (m,2H), 4.6 (q,1H), 4.0 (m,1H), 3.8
(m,1H), 2.8 (m,1H), 2.5 (m,1H), 1.5 (s,9H)

20 4.1.17. (RS)-3-Bromo-1-(2-fluoro-phenyl)-pyrrolidin-2-one
IR (KBr): 1710, 1610 cm-1, MS (EI): 2569 (M)*

4.1.18. Carbonic acid (RS)-2-(3-bmmo-2-oxo-pymhdm 1-yD)-phenyl ester tert-
butyl ester
% IR (KBr): 1752, 1699, 1604 cm-1, MS (ISP): 856.83 M+H)*

4.1.19. (RS)-2-(3-Bromo-2-oxo-pyrrolidin-1-yl)-thiophene-3-carboxylic acid
ethyl ester .
IR(KBr): 1710, 1534 cm-1, MS(EI): 817 (M)+

4.1.20 (RS)-2-(3-Bromo-2-oxo-pyrrolidin-1-yl)-thiophene-3-carboxylic acid allyl
ester
IR(KBr): 1717, 1534 em-1, MS(EI): 329 (MD+



| R(neat): 3105, 1699 cnferr], MS(ElI): 180 (M Br)+ 3.18.

(RS) - 3-Brono- 1- (3, 5-di net hyl - pyrazi n-2-yl)-pyrrolidin-2-one IR(KBr): 1704
cnerr], MS(El): 269 (M) 15 3.109. -31-

(RS) - 3- Brono- 1- (6 Chl or o- pyrldazm 3- yI) pyrrolldln 2-one IR(KBr): 1717
cnferr], MS(H2,

(SR) - 3- Brom) %RS 2- 0X0 tetrag:dro furan 3- I] pyrrolldln 2- 20 one
| R(CKBr) : 177&&0&‘@%@1&({1 %yi)apmdm

(RS)-3-Bronmo-1-(1-trityl-1Htetrazol -5-yl nethyl) - pyrrolldln 2-one | R(KBr):

1704, 1632, 1492 cnferr] 3. 22.

(RS) - 4- ( 3- Brono- 2- oxo- pyrrol i dBh- 1-priethylaméne di ne- 1-Lar yINQ acid allyl
| R(neat): 1697,1648 cnierr | SP) : ( M+ B‘i

(RS) - 4- ( 3- Bronp- 2- oxo- pPrT ol i nCOCY 1) - pi peri di ne-1-c¢ boxy 1—4/ acid et hyl
ester IR(KBr): 1698,1670 cnferr], MS(I1SP): 319.3 (MrHS -28- 4. Direct

conversiongof the acid chlorides into the bronol actans (Scheme 2, 1-3>3)

i S K SR 30 o mE B AR g hinaple and 5 ¢ 28wl

7m (72.8 rrm&ithliylammapyhdme im 500 mlvil 33dnhéth3dnaid&mhdmé—enei and3kH 5
Vigorously. | ok iERN ik é%@%@?‘ewﬂﬁ §'¢ {400 REndh) 24 dibtno,
butanoic ac1d chlonde1 were added the temperature being kept below 5°C.

10 After 2 h water was added, the mixture was extracted with ethyl acetate and -
the combined organic phases washed with water and brine, dried over
sodium sulfate and evaporated. The residue was purified by silica gel
chromatography (hexane : ethyl acetate = 1:1) yielding 19.45 g (21.5%) yellow
product.

15 IR(KBr): 1728, 1685 cm-1, MS(EI): 249 (M+)

1 H. Ikuta et al., J. Med. Chem., 80, 1995 (1987)

()

4.3. Without catalyst using an inorganicbase
4.3.1. (RS)-3-Bromo-1-pyrimidin-2-yl-pyrrolidin-2-one

A solution of 4.3 g (45.5 mmol) 2-aminopyrimidine and 3.67 ml (45.5 mmol)
pyridine in 22 ml dichloromethane was cooled to 0°C. A solution of 13.22 g (50
25 mmol) 2,4-dibromobutanocic acid chloride?) in 22 ml dichloromethane was
added dropwise within 1 h and the mixture was warmed to room
temperature within 30 min. After evaporation of the solvent, 300 ml water
and 6.3 g (45.5 mmol) potassium carbonate were added and the solution was
refluxed for 1.5 h. I was subsequently extracted with dichloromethane, the
30 combined organic phases were washed with water and brine and dried over
magnesium sulfate. The solvent was evaporated and the residue purified by
silica gel chromatography (ethyl acetate : methanol = 9: 1) yielding 2.3 g
(21%) beige crystals.
mp: 94-97°C, IR (KBr): 1728, 1685 cm1, MS (ED): 241 (M+)



chloride[err]) in 35 m dichloronethane was added dropw se during 10 m n,
followed by 3.18 g (79.4 mmol) NaOH dissolved in 6 ml water. After 2.5 h at
0 - 10[err]C another 170 m 50% sodi um hydr8Ri-de sol uti on and 3 g Dowex
2x10 were added. After 2.5 h at rt the m xture was poured on 300 ml

i ce-wat er, the)HSmﬁ e6al\eJ MedPEhahe (361098 €198yeous phase extracted

tw ce vmth 250 di chl or omet hane. The conbi ned organi ¢ phases were washed
wi th each 300 m wat er and brine and dried over magnesi um sul fate.
Evaporati on of the soI vent gave a bei ge powder which was digerated in

erort) i By Prafai tfoe s bsglicutifa . gl i Gt

(1987) 41523( -3 Brono- 1- (2-chl oro-pyridin-3-yl)-pyrrolidin-2-one [err]

25 A vigorous} W %le bittoxyvearboRyios M
3- am no- 2- chl g%/lc‘)py .|ne n, n!ﬂg‘-ﬁa H .\M P s cooled to
10[err] C and kphesphoniuzm brem: 1) (13.2 g, 50 nmol)

wer e added dropW| se during 30 40 min, followed by 50 m dichl oronet hane.
After 2 h at roomterrperature 70 m di chl or omet pane, 38 m 50% sodi um

hydr oxi de sol utio 1.6 g Dowex 2x10 wer e added. t&r additional 18 h

the m xture was ed N bce- (k]ﬁé;o es M epar at ed and

the aqueous phaSe ex act W|t 00 m hl or t h§ The®conbi ped
re

" organi ¢ phases we she each 200 m er K04 ABLi a
dried over magnesi um sul f ate. aporat ion of the solvent gavée a Bei g® sotid
which was gurified by silica gel flash-chromatography (ethyl acetate).

A solution of 14.6 g (41 mmol) carbonic acid (RS)-4-(3-bromo-2-oxo-pyrrolidin-

1-yl)-phenyl ester tert-butyl ester and 14 g (53.4 mmol) triphenylphosphine

was refluxed in 250 ml benzene for 48 h. The solid material was collected by

filtration, washed with benzene and n-hexane and dried i.vac (14.72 g). The
15 mother liquor was refluxed for another 72 h, yielding additional 4.4 g of the

product. Total yield: 19.12 g (75.5%) colourless crystals.

mp. 147-150°C; IR(KBr): 1756, 1690 cm-1; MS (ISP): 538.5 M)+

5.2. RS)-[1-(1H-Benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-8-yl]-
2 triphenylphosphonium bromide

N -
- \@ > N@
: Br/QN\)‘ H — Pha;/§\N\/L§

o o

A solution of 7.11 g (24.1 mmol) (RS)-3-bromo-1-(1H-benzimidazol-2-
2% ylmethyl)-pyrrolidin-2-one and 6.7 g (25.5 mmol) triphenylphosphine was
refluxed in 110 ml THF for 7 d. The solid material was collected by filtration,
~ washed with THF and dried.
yield: 11.63 g (87%) colourless powder
IR(KBr): 1695, 1485, 1437 cm-1, MS(ISP): 476.3 (M+)



yield 7.61 g (56% yellowi sh oil 5 IR(neat): 1712, 1563 cnierr], MS(El):
274 (M) [err]) H Ikuta et al., J. Med. Chem, 30, 1995 (1987) According
to the procedure set forth in the preceedi ng3exanples, the follow ng
addi ti onal conpounds were prepared: 10 4.13. '

RS) - 3-B - A+ | £& ) , M5
E £ g : ngog‘ﬁl’ée%é%%eh%ewé Sét forth inthe précééding exbhifiples/iker |

(RS) - 3- Br ono- folloyring; additienal iooprpopnds, Merg R1epRrel:_ 2_one IR (KBr): 1700
cnferr], M (&) (RSPA-(3NitrbspHeriyl)-2-oxo-pyrrolidin-8-yl]-iriphenyl-phosphonium
(RS) - 3- Brono-,l- ( 3; get hoxy- phenyl )-pyrrolidin-2-one IR (KBr): 1689 cnferr],
MS (EI): 269 > 1. 6.

(RS§-32 Br oBD- in.p2135-18FEnIR (KBe): H695qmndyx MS FISR)) 467:4-@D*di n- 2- one 20 IR
(KBr): 1688 cnmjerr], Ms (El'): 435 (M+) 4.1.7. Carbonic acid

(RS) - 3-(3-brono-2-oxo-pyrrolidin-1-yl)-phenyl_ ester tert- butylester |R
(KBr): 1754, 5#0@RSMLNap) M@Elwl-zmmmb&w-&yl}mmmm

(RS)-4-[3-brogn§mg<o-pyrol i di n-1-yl)-2-fluoro-phenyl ester tert-butyl
ester IR (KBr).: 65,1703 r 308 (MCH err 30 4.1.09.
ﬁ/I:?S% EI3) Br éﬁng(@iﬂ}%%%ﬁl%ﬁ%%&%m'boné I R EKBr%? 1707 cnferr],
RS) - N-[ 4- ( 3- ~2c0XO: i di nal- VhuRt hyl sphenyl |- suecionadi |
ort bt yl - osblr CUSFIRA et el gmimpipt Blictiptl SRSt B Yl

427. 4 (M+H) + phosphonitenbronsideci d
RS) - 3- ( 3- br og®- L g X henyl ester tert-butyl ester
I(R %KBrg: 175@@%&%@%ﬁ?’éﬁ@%@?%@?ﬂmﬁ (MeNH err]) + Y

15 5.6. (RS)-(1-Naphthalen-2-y1-2-oxo-pyrrolidin-3-yD-triphenyl-phosphonium

bromide
IR (KBr): 1691 cm-1, MS (ISP): 472.4 (M)*

5.7. (RS)-[1-(3-Methoxy-phenyl)-2-oxo-pyrrolidin-3-ylltriphenyl-phosphonium
20 bromide
IR (KBr): 1685 em™1, MS (ISP): 452.5 (MD)+

5.8. (RS)-[1-(3-Trifluoromethyl}-phenyl)-2-oxo-pyrrolidin-3-yl]-triphenyl-

phosphonium bromide

2% IR (KBr): 1697 cm-1, MS (ISP): 490.4 (M)*

5.9. (RS)-[1-(3-Fluoro-phenyl)-2-oxo-pyrrolidin-3-yl}-triphenyl-phosphonium

bromide
IR (KBr): 1695 cm-1, MS (ISP): 440.4 (M)+
30
5.10. (RS)-[1-(2,2-Diphenyl-1,3-benzodioxol-5-y)-2-oxo-pyrrolidin-3-yl}-
triphenyl-phosphonium bromide

IR (KBr): 1688 cm-1, MS (ISP): 618.3 (M)*

% 5.11. (RS)}{1-(3-tert-Butoxycarbonyloxy-phenyl)-2-oxo-pyrrolidin-3-yI}-
triphenyl-phosphonium bromide
IR (KBr): 1694 cm-1, MS (ISP): 538.4 (M)*+



-30- 4.1.12. (RS)-3-Bronp-1-(3-fluoro-benzyl)-pyrrolidin-2-one IR (Film:
1701, 1616, 1591 cnferr], M5 (ElI): 192 (MBr) 5 4.1.13.

(RS) - 3- Bronp- 1- ( 4- net hoxy- benzyl) pyrrolldL342 one IR (KBr): 1682, 1610
cmerr], M5 (El): 204 (MHBr) 4

B At e i——

SBrom)6(2 zodioxole [err]H-NWR (CDCl [err],

250 MHz): 8. SIRTKBY)Y 1764, &69&&&%1\43@&’@0556“&3%8 (g,1H), 3.7 (m2H), 2.5
(m2H 15 4 1.16. Carbonic acid

4- ( 3- brono- 2- oxo-pyrrolidin-1-yl)-3-fluoro-phenyl ester tert-butyl ester

[ err] H NVRs( CoIi3; RSH2-0x0-Md:4ritylcarkiamoyl-phenglpmaolidin-3eyll-tripheny?. 0

(m1H), 3.8 ( tfin( 2.5 (m1H), 1.5 (s, 9H) 20 4.1.17.
(RS) - 3- Br ono- gé)’ol i din-2-one IR (KBr): 1710, 1610
cnierr], MS (E?.)(K&QQIQQQ szll & T4 (MRt d

(RS) - 2- (3 br ono- 2- oxo- pyrrolldln 1-yl)-phenyl ester tert- butyl ester 25 IR

Egg;) . (1:7%5% O%S%gmé6|?4 cﬁ e[r] , ﬁ é ; SE): . 356. 31'5%5?@;.1;'19' I g

et hyl est erygl mn[err] MS(El): 317 (M+ 30 4.1.20

RS)-2-(3-Bro I hj - 3- boxyl i id allyl
() 21 o B b, s QP o o200 1 el al

5.15. (RS)-[1-(3-Fluoro-2-hydroxy-phenyl)-2-oxo-pyrrolidin-3-yl]-triphenyl-
phosphonium bromide

15 IH-NMR (DMSO, 250 MHz): 10.2 (sb,1H), 7.9 (m,15H), 7.2 (dd,1H), 6.8 (m,1H),
6.5 (d,1H), 5.7 (m,1H), 3.9 (m,1H), 3.5 (m,1H), 2.8 (m,1H), 2.5 (m,1H)

5.16. (RS)-[1-(4-tert-Butoxycarbonyloxy-2-fluoro-phenyl)-2-oxo-pyrrolidin-3-y1]-
triphenyl-phosphonium bromide

20 1H-NMR (DMSO, 250 MHz): 7.7-8.0 (m,15H), 7.1-7.4 (m,3H), 5.9 (m,1H), 4.0
(m,1H), 3.6 (m,1H), 2.8 (m,1H), 2.5 (m,1H), 1.5 (s,9H)

5.17. (RS)-[1-(2-Fluoro-phenyl)-2-oxo-pyrrolidin-3-yl]-triphenyl- ium
bromide
% IR (KBr): 1707, 1502 cm-1, MS (ISP): 440.4 (M)*

5.18. (RS)-[1-(2-tert-Butoxycarbonyloxy-phenyl)-2-oxo-pyrrolidin-3-y1}-

triphenyl-phosphonium bromide

1H-NMR (DMSO, 250 MHz): 7.7-8.0 (m,15H), 7.3 (m,1H), 7.1 (m,1H), 6.9
3 (dd,1H), 6.7 (m,1H), 5.8 (m,1H), 3.9 (m,1H), 3.5 (m,1H), 2.8 (m,1H), 2.5

(m,1H), 1.4 (s,9H)

5.19. Mixture of (RS)- and (SR)-[1-[(RS)-tert-butoxycarbonyl-phenyl-methyl]-2-
oxo-pyrrolidin-3-yll-triphenyl-phosphonium bromide
% IR (KBr): 1788, 1688, 1438 cm1, MS (ISP): 536.5 (MD*+

5.20. (RS)-[1-(2-Fluoro-benzyl)-2-oxo-pyrrolidin-3-yl]-triphenyl-phosphonium
bromide
- IR (KBr): 1684, 1586, 1438 cm-1, MS (ISP): 454.4 (M)*



-31 - 42. Wthout catalyst using an organic base 4. 2. 1.

(RS) -3-Brono-1-(1, 3, 4-thiadi azol -2-yl)-pyrrolidin-2-one [err] 5 A solution
of 36.7 g (363 mMmml) 2-am no-1, 3,4-thi adi azg8e and 3.5 g (29 mmol)

4- di met hyl am nopyridine in 500 m 1, 3-dinmethylimdazolidin-2-one and 145 ni
triethylamne was cooled to O[err]C and 104.8 g (400 rrrml) 2, 4-di br ono-

but anoic acid [ar were ad t he tempet.atlre bein ept bel ow
5[err]C. 10 ﬁﬁi%ﬁ%ﬁw%ﬁ%ﬁ%ﬁ Plééféd with ethyl
acetate and tphospisuivan brogtidec phases washed with water and brine, dried
over sodi um , i ral.echrals s s purified by silica gel
chr omat ograpﬁ@@?ﬂ@i?ﬁ%“ﬁ %&spi 4%6%]@% ng 19.45 g (21.5%
yel | ow pro8luct. 15 I R(KBr): 1723 1685 cnerr], MS(ElI): 249 (Mt) 1) H

| kuta et al @, vearBonvie bézﬁ Wgﬁmusing an
I nor gani c base% [z' - -.ro J- -pr m di n- 2- pyrr In-2-orfe” 20 [err]
A sol ution of nlaog)hﬁmvn pyrlmdlne and 3.67 m (45.5 mol)

pyridine in 2@ KB¢):dT56 687,438 ¢iad, MO (I3P) 552¢.(M)+sol ution of 13.22 ¢
(50 25 nmol ) 2, dl{orormbut anoi ¢ acid chi Ol‘lde[el‘l‘](%\ﬁl n 22 m

di chl or onet hane was added dropwi se within 1 h and the m xture was warned to
room t enpap at 5i28. RSK[1-(SFluvro-beifzyl)y2-oxoipyredlidin-giyll-biphehydphosphonitm
wat er and 6. MS nmol ) pot assi um carbonate were added and the sol ution

was
IR (KBr): 2748, 1691, 1588 cm-1, MS (ISP): 454.3 (M)*

5.24. (RS)-[1-(3-Methoxy-benzyl)-2-oxo-pyrrolidin-3-yll-triphenyl-
15 phosphonium bromide
IR (KBr): 1688, 1436 cm'1, MS (ISP): 466.4 (M+

5.25. (RS)-[1-[4-(3-tert-Butoxycarbonyl-propionylamino)-benzyl}-2-oxo-
pyrrolidin-3-yll-triphenyl-phosphonium bromide
20 IR (KBr): 1724, 1688, 1602 cm-1, MS (ISP): 607 (M)+

5.26. (RS)-[l-(4-Allyloxyca1bonylammo—benzyl)-2-oxo-pyrrohdm-3-yl]-
triphenyl-phosphonium bromide
IR (KBr): 3427, 1720, 1687 cm-1, MS (ISP): 535 (M)*

527, (RS)-[1-(4-tert-Butoxycarbonyl-benzyl)-2-oxo-pyrrolidin-3-yl}-
triphenylphosphonium bromide
IR (KBr): 1690, 1611, 1438 cm-1, MS (ISP): 536.4 (M)*

2 528 (RS){2-Oxo0-1-(4-nitro-benzyl)-pyrrolidin-3-yll-triphenyl-phosphonium
bromide
IR (KBr): 1688, 1603, 1518 cm'1, MS (ISP): 481.3 (MD+

5.29. (RS)-[1-(4-Methoxy-benzyl)-2-oxo-pyrrolidin-3-yl}-triphenyl-
3 phosphonium bromide
IR (KBr): 1684, 1615, 1512 cm'1, MS (ISP): 466.3 (M)*



refluxed for 1.5 h. It was subsequently extracted with dichl oronmethane, the
30 conbi ned organi c phases were washed with water and brine and dried over
magnesi um sul fate. The sol vent was evapor at 88l- and .the residue purified by
silica gel chromat ography (et hyl acet at e: rret hanol =9: 1) yielding 2.3 g

219 beige tm%_ tﬁﬁﬁénglli)hbégho
EEI )/? 24llg(|\/++C5"'$0 2[ 1) H [Ikuta et aI Med. Chem 199 (1987)

5. Preparati e triphenyl phosphoni um sal ts, Wttig reagent (Schene 2

5 3->4) 5.1. IR GRBrat16ss, 1602, 1509 cm-1, MS (ISP): 4544(M)+
(RS)-[1-(4-tert-butoxycar bonyl OoXy- phenyl) 2- 0XO0-

pyrrolidin-3-yl]-triphenyl -phosphonium brom de [err] A soI ution of 14.6 ¢
(41 nmol) 5ar&81u MM&* -Stylltriphesny

ester tert-b éﬁ?‘hﬁ qﬂ. g (53.4 mmol ) tr| phenyl phosphi ne was refl uxed
in 250 m be or SO|I nat er i | lected by filtration,
washed with QKB@) dﬁ@snlﬁb%al‘ﬂé”séﬂﬂ' M%QSP)VW {NB 72 g). The 15 not her

| i quor was refluxed for another 72 h, vyielding addltlonal 4.4 g of the
product. Tot el d: .12 75. 59 ] oyr L.ess Cr S. " .
147-150[ err] @ ér(}jﬁ%wﬁqubﬁ}www
(RS) - [ 1- ( 1b+ BRI EKBr)i 2796; 2682, 138yo-17MS (ISP)r 486.8(M)*3- yl ] - 20

tri phenyl phosphonl um bromde [err] A solution of 7.11 g (24 1 nmol)

(RS) - 3- brono- 1- (1H benzi m dazol -2- 25 ylnethyl)-pyrrolidin-2-one and 6.7 ¢

(25.5 mol) tsﬁam{s}w-thmphﬁnz-yhethyMpmhdm&ym The
solid mterl%hwm filtration,

IR(KBr): 2784, 1685, 1480 cm-1, MS(ISP): 442.5 (M*)

15
5.34. (RS)-[2-Ox0-1-(1-trityl-1H-tetrazol-5-ylmethyl)-pyrrolidin-3-yl]-triphenyl-
IR(KBr): 3432, 1695, 1439 cm-1,MS({ISP): 670.2 (M+)

20 5.35. Mixture of [(RS)- and [(SR)-2-0x0-1-[(RS)-tetrahydro-furan-2-ylmethy]l]-
lidin-3-y1}-triphenyl-phosphonium bromid
IR(neat): 1684, 1590, 1437 cm-1,MS(ISP): 430.5 (M)

5.36. (RS)-[1-(3,5-Dimethyl-pyrazin-2-yl)-2-0xo-pyrrolidin-3-yl]-triphenyl-
2% phosphonium bromide
IR(KBr): 1699, 1438 cm-1, MS(ISP): 452.4 (M+)

5.37. (RS)-(2-Oxo-1-pyrimidin-2-yl-pyrrolidin-8-y)-triphenyl-phosphonium
bromide :
30 IR(KBr): 1717, 1658, 1566 cm-1, MS(LDP): 424.2 (M+H)*

5.38. (RS)-[1-(6-Chloro-pyridazin-8-yI)-2-oxo-pyrrolidin-3-yl}-triphenyl-
phosphonium bromide
IR(KBr): 1708 cm-1, MS(ISP): 458.3 (M+)

5.39. (RS)-[1-(2-Chloro-pyridin-3-yl)-2-oxo-pyrrolidin-8-yl]-triphenyl-
phosphonium bromide
IR(KBr): 1695 cm-1, MS(ISP): 457.4 (M+)



washed with THF and dried. yield: 11.63 g (87% colourless powder | R(KBr):
1695, 1485, 1437 cnferr], MS(I1SP): 476.3 (M) 30 -33 - According to the
procedure set forth in the preceedi ng exanp8®s, the foll ow ng additional
conpounds were prepared: 5. 3.

RS_ 1_ 3_N _ -, . . . - . . '
E)roZﬁE:Ie(Smlp.s'qg'S -t(}&?er C;.IS(EEr): 1£gb(Lm[erri,_ M5 (I SP): 47.41(M+
5.4 (RS)-(l-hEBﬁ@%@BW’!E- i?LnEdG “ox0-pyrrolidin-3-yl)-triphenyl - phosphoni um

brom de | R ( KER(KB#6 688,436 ém-1yMS(ISP): 5018 (M+)M + 10 5.5.
(RS)-[1-(4-tert-Butoxycarbonyl - phenyl)-2-oxo-pyrrolidin-3-yl]-triphenyl -

phosphoni um brom de IR (KBr): 1700 cnferr] , M5 (ISP): 522.5 + 55.6
(RS) - (1- Napht Mumw(lwmwﬁmdmiﬂ)#ewmmw

brom de IR AR SB): 472. 4 + 5.7,
(RS)-1] 1-(3E %ﬁww I di n-3- I(i\/{ ri phenyl - phosphoni um 20
broni de | R ( KBRKBDs3684.1 %@'%ﬁ%ﬂgﬁ)\:fﬂ&@ﬁ (M+ 5.8.
(RS)-[1-(3-Trifluoronethyl -phenyl)-2-oxo-pyrrolidin-3-yl]-triphenyl -

phosphoni um bgﬁ GE ﬁS Io%[&égi-)ﬁndlﬁgﬁ)&m er &]-[(Rgﬁi( | SP) ;. 490.4 ‘M +3yl]-
10 pyrrolidin-3-yl}-triphenyl-phosphonium bromide
~ IR(KBr): 1776, 1689 cm-1, MS(ISP): 430.4 (M+)

543. (RS)-[2-Ox0-1-(1,3,4-thiadiazol-2-y1)-pyrrolidin-3-yl}-triphenyl-
phosphonium bromide
15 IR(KBr): 1698, 1685, 1471 em-1, MS(ISP): 430.3 (M)

544. (RS}[I-(&Eﬁhyloxycmbonyl-thiophene-z-yl)-Mpymlidin-&yl]-
triphenyl-phosphonium bromide
. IR(KBr): 1703, 1435 em'1, MS(ISP): 500 (M*)

545. (RS)-[1-(3-Allylcarbonyl-thiophene-2-y1)-2-oxo-pyrrolidin-3-yll-triphenyl-
phosphonium bromide
IR(KBr): 1705, 1437 em-1, MSASP): 512 (M+)



5.9. (RS)-[1-(3-Fluoro-phenyl)-2-oxo-pyrrolidin-3-yl]-triphenyl-phosphonium
bromde IR (KBr): 1695 cnjerr], Ms (I1SP): 440.4 (M+ 30 5.10.

(RS)-[1-(2, 2- D phenyl - 1, 3- benzodi oxol - 5-yl )88=0x0-pyrrolidin-3-yl]-

tri phenyl - phosphoni um bromide IR (KBr): 1688 cnferr], M5 (ISP): 618.3 (M+

35 5.11(RS Reéactson of W‘mﬂwﬁe b s .
Eglﬂfphgngllz )phgjg'ghonl Ltg} Erﬁm de I R (KBr): 153)84 cnferr], M (i SP@%?ﬁw(ili\:/jhg
(RS) - [ 1- (4- t e61: Pwépavaticn TR)T-tert:Butoxycarbonylayinog-3-fil-(4-text+ | -

ey o e b B g oA sl o LhaER k.

(RS) - [ 2- Ox6- lazatbicyclel420)ochSyene2rearboxylic acid binzhydyyl estei pheny | -
phosphoni um brom de IR (KBr): 1692 cnierr], M5 (ISP): 707.4 (M+ 5.14.
(RS)-[1-(2- Met hoxy- phenyl ) - 2- oxo-pyrroligdin-3-yl]-triphenyl- 10 phosphoni um
bromdeIR(KBr_R;‘{5 4crr[err] M5 (I Sppe B62.4 (M+ 5.15.

(RS) - [ 1- ( 3- Fl ubPy22? rolidin-3-yl]-triphenyl -
phosphoni um broni de 15 [ rr]] NVR (DVBO_{25(Q MHz): 10.2 (sb,1H), 7.9
(m15H), 7.2 (dd, 1H), 5~+—#m 1H), 3.9 (m1H, 3.5

(miH), 2.8 (m1H), 25 (m .
(RS)-[1-(4-tert-Butoxycar | - Qfluoro p ) - 2- oxo- pyrrolidin-3-yl]

tri phenyl - phosphoni um br om

OCOOtBu
+BuOCOHN, s '
I-N? H {;\N\O o
° X X
0% ~OCHPh, ° o o

A mixture of 12.11 g (24.49 mmol) (2R,6R,7R)-7-tert-butoxycarbonylamino-3-

10 formyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl
ester and 17.17 g (27.77 mmol) (RS)-[1-(4-tert-butoxycarbonyloxy-phenyl)-2-oxo-
pyrrolidin-3-yl}-triphenyl-phosphonium bromide in 250 ml 1,2-
dichloroethane/1,2 butyleneoxide (1:1) was refluxed for 3.5 h. The solution was
evaporated and the residue purified by chromatography over silicagel (25 g,

15 Merck, 40 - 63 mm, 230 bis 400 mesh, dichloromethane:ethylacetate = 9:1)
yielding 9.81 g (53 %) colourless crystals.

IR(KBr): 1781, 1750, 1691 cm-1; MS(ISP): 754.5 (M+H)*+



20 [err]H-NMR (DVSO, 250 MHz): 7.7-8.0 (m15H), 7.1-7.4 (m3H), 5.9 (m1H),
4.0 (m1H), 3.6 (m1H), 2.8 (m1H, 2.5 (m1H, 1.5 (s,9H 5.17.
(RS)-[1-(2-Fl uoro-phenyl)-2-oxo-pyrrolidin-3yl]-triphenyl-phosphoni um
brom de 25 IR (KBr): 1707,1502 cnferr], M5 (I1SP): 440.4 (M+ 5.18.
'E i ;1[ o I( g Leg_g; w&wgﬂ bRgBL[Q EI—E%R - DVEO, -%ﬂ l)d!-b:7c 8 odin.

ri phenyl - phosphoni u I rr o { .
7.3 (m1H), 7Yﬁgfmgéhylg%°§6;‘§‘86}ﬁym8ﬁﬂ%§ﬂf* ; zlﬁ?ﬁalq?“’yg“gli?#ﬁ%
3.5 (m1H), 23-8ne-ddrboxylidadithberizhydryl ¢steroH) 5. 19. M xture of (RS)- and
(SR -[1-[(RS)-tert-but oxycarbonyl - phenyl - net hyl | - 2-
oxo-pyrrolidin-3-yl]l-triphenyl-phosphoni um brom de 35

I

1688, 1438 cnf © 536.5 (M + 5. 20. '
- 2-oxo- pyrrol i di n- Tyl ]yt phen¥~RNhosphoni um

(RS)-[1-(2-Fl uoro-bengy
brom de IR (KBr): 168 cne], MSLI . ,

5.2.1. (RS)-[1-(2-M8& hoxy-benZl)-2-oxo- pyriel -té{i phenyl -
phoshoni um brom de IR ( . X»85,1436 cnferr], (I1skP): 466.4 (M+ 5
5.22. (RS)-[1-(3-tert-BuUtox nyl oxy- benzyl)-2-0xo-pyrrolidin-3-yl]-

tri phenyl - phosphoni um brom de IR (KBr): 1756, 1687, 1438 cnierr], M5 (ISP):
552.1 (M + 10 5. 23.

(RS)-[1-(3-Fluoro-benzyl)-2-oxo-pyrrolidin-3-y ri phenyl - phosphoni'um
brom de

t-BuOCONH S

N
|
;:-n?cn N\)“g
o
1 _

5 0% “OCHPh,

A mixture of 5.25 g (10.6 mmol) (2R,6R,7R)-7-tert-butoxycarbonylamino-3-
formyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl
ester and 6.5 g (11.7 mmol) (RS)-[1-(1H-benzimidazol-2-ylmethyl)-2-oxo-

10 pyrrolidin-3-yl]-triphenylphosphonium bromide in 175 ml 1,2-butyleneoxide
and 85 ml DMSO was refluxed for 2.5 h. The solution was concentrated and the
residue purified by chromatography over silica gel (dichloromethane : ethyl
acetate = 9:1) yielding 9.81 g (53 %) colourless crystals.

IR(KBr): 1782, 1719, 1684 cm-1, MS(ISP): 692.5 (M+H+)

According to the procedure set forth in the preceeding examples, the following
additional compounds were prepared:
6.3. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(3-nitro-phenyl)-2-0xo-
: pyrrolidin-8-ylidenemethyl]-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-3-ene-2-
20 carboxylic acid benzhydryl ester
IR (KBr): 1782, 1726, 1696 cm-1, MS (ISP): 683.4 (M+H)*

64. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-(1-naphthalen-1-yl-2-oxo-

pyrrolidin-3-ylidenemethyl)-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-3-ene-2-
2% carboxylic acid benzhydryl ester

IR (KBr): 1782, 1719 em-1, MS (ISP): 688.5 (M+H)*



IR (KBr): 2748, 1691, 1588 cnferr], M5 (ISP): 454.3 (M + 5. 24.
(RS)-[1-(3-Met hoxy-benzyl)-2-oxo-pyrrolidin-3-yl]-triphenyl- 15

phosphoni um brom de IR (KBr): 1683, 1436 cr#@rr], M5 (ISP): 466.4 (M- 5.25.
(RS)-[1-[4- (3 tert But oxycar bonyl prop| onyI am no) benzyl ] - 2- oxo-

pyrrol i di n- 3. F1-(4krt butbRyeatiagl-

e el St Apmemmetll g7 e eseol 2 oct

tri phenyl - phoSene2-cariboxylicacidbensgihyd¥d @ster1 720, 1687 cnierr], M (I SP):
535 (M + 25 537 ] S
(RS)(I[\/’l (4-t eFe BRI 783 79§|°-‘%§hzﬁ (ISP), 738 8 MY 113y -

tri phenyphdshoni um brom de IR (KBr) 1690, 1611, 1438 cr‘r{ err] I\/B (1SP):

536.4 (M + 30
(RS) - [ 2- Oxo- 1 H s gefr%);-/
broni de | R ( KBEYd “v- CLE
(RS) - [ 1- (4- Mebieyelofx0k 6o x -hdszhydryrw 35 phosphonl um
brom e | % (K e e e, 1967 LA OER okt 2 (M © 36
(RS) - [ 1- (410F| uor o- benzyl ) - 2- oxo- pyrrol I di n- 3- yI] tr| phenyl - phosphoni um
brom de IR (KRg# _ L Y . - 5. 31.
S e oA Aol ol
phosphoni um bbemddloxol-S-yl)-z-oxo-pynohdm-s-yhdenemeﬂwl]
bicyclo[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl ester
IR (KBr): 1783, 1718, 1686 cm-1, MS (ISP): 834.2 (M+H)+

1-

6.8. (E)-(ZR,6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(4-tert-butoxycarbonyl-
oxy-3-fluoro-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl ester

IR (KBr): 17883, 1695 cm-1, MS (ISP): 772.2 (M+H)*

6.9. (E)-(2R,6R, 7R)-7-tert-Butoxycarbonylamino-8-0xo0-3-[2-0x0-1-(4-txi-
tylcarbamoyl-phenyl)-pyrrolidin-3-ylidenemethyl])-5-thia-1-aza-bicyc-
lo[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl ester

IR (KBr): 1783, 1726, 1683 cm'1, MS (ISP): 923.4 M+H)*+

6.10. (E)-(2R 6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(2-methoxy-phenyl)-2-
oxo-pyrrolidin-8-ylidenemethyl}-8-oxo-5-thia-1-aza-bicyclo[4.2.0]loct-3-ene-2-
carboxylic acid benzhydryl ester

IR (KBr): 1782, 1741, 1716, 1691 em-1, MS (ISP): 668.3 (M+H)*

6.11. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(8-fluoro-2-hydroxy-

phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-

8-ene-2-carboxylic acid benzhydryl ester

1H-NMR (CDClg, 250 MHz): 9.1 (s,1H), 7.3 (m,10H), 6.8-7.1 (m,5H), 6 7 (s,1H),
% 5.2-5.5 (m,4H), 3.6-3.9 (m,2H), 2.8-3.1 (m,2H), 1.5 (s.9H)



IR (KBr): 1686, 1617, 1438 cnferr], M5 (ISP): 504.4 (M+ 5. 32.

(RS) - (1-Benzyl - 2-oxo-pyrrolidin-3-yl)-triphenyl - phosphoni um brom de 10 IR
(KBr): 2796, 1682, 1438 cnferr], Ms (ISP):-4B6.8 (M+ 5. 33.
(RS)-Triphenyl - (1-thi ophen 2 yI met hyl - 2- oxo- pyrrol | d| n 3 yI) phosphonl um

brom de | R( Kmm :"z rn'\' tarborylaminge
(RS) [ 2- Q(Ol razol
phosphoni um ei}ﬁ%?"

ghosshont un (PEb é}nsitig%i,iﬁﬁrmlﬂ g{r_? 355%%' hen
byrr ol ?d."ﬁ"g“yl{l‘@m&wy @svfp%%ﬁ. um%ﬁw% ), 1%%%% G245 1,59

cnferr], Vgl IR)IHRIF25.5 Km)4H) 357 (m,2H), 2.9 (m,2H), 1.6 (s, H), 1.5 (s,9H)
(RS)-[1-(3,5-Dinethl - pyra2|n 2-yl)-2-oxo0-pyrrolidin-3-yl]-triphenyl- 25

phosphoni um brom de | R( KBr 1699 1438 cnjerr], M IﬁP 452. 4_( M+
(RS) - ( 2- Oxo- 164 m%mdmmg’n J%ﬂsemvhﬁeeﬁbiem
: -. B1Ji6-0RS6lRE-1-abidyEIT 20

30 IR(KBr): 1

(RS)-[ 1- ( 6- CHT BL.0 .rlda' ,
phosphoni um bﬂ’%ﬂ%"&%ﬂmé ‘ il ] . MB(1SP): 458.3 (M) 5. 39.
(RS)-[1- (ZXoChIlb(myrllmmﬁO!hinP,Mﬂl({SPD rg56.2(M+H)H 1 -t ri phenyl -
phosphoni um brom de I R(KBr): 1695 cnferr], MS(ISP): 457.4 (M) -37 -
6.14. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(2-tert-butoxycarbonyl-
oxy-phenyl)-2-o0xo-pyrrolidin-3-yldenemethyl]-8-oxo-5-thia-1-aza-bi-
cyclo[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl ester
15 1H-NMR (CDCls, 250 MHz): 6.9-7.4 (m,15H), 6.9 (s,1H), 6.6 (s,1H), 5.2-5.5
(m,4H), 3.5-3.8 (m,2H), 3.7-3.0 (m,2H), 1.5 (s,9H)

6.15. Mixture of (E)-(2R,6R,7R)-7-tert-butoxycarbonylamino-3-[1-{(R)-and
-[(S)-tert-butoxycarbonyl-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-3-ene-2-

20 carboxylic acid benzhydryl ester
IR (KBr): 1784, 1737, 1687, 1641 em-1, MS (ISP): 751.9 M+H)*+

~ 6.16. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(2-fluoro-benzyl)-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-ox0-5-thia-1-aza-bicyclo[4.2.0]oct-3-ene-2-
2% carboxylic acid benzhydryl ester
IR (KBr): 1782, 1743, 1716, 1682 em-1, MS (ISP): 670.3 (M+H)*

6.17. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(2-methoxy-benzyl)-2-

oxopynnﬁdim&yﬁdenemethyﬂ-&oxo&thia-l-am-bicydo[mmocb&en&z
30 carboxylic acid benzhydryl ester

IR (KBr): 1782, 1742, 1715, 1682 cm-1, MS (ISP): 682.3 (M+H)*

6.18. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(3-tert-butoxycarbonyl-
oxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0xo-5-thia-1-azabi-

35 cyclo[4.2.0]Joct-3-ene-2-carboxylic acid benzhydryl ester
IR (KBr): 1783, 1756, 1718, 1684 cm-1, MS (ISP): 768.1 (M+H)*



5. 40.

[ 1- (1- Et hoxycar bonyl - pi peri di n-4-yl ) -2-o0xo0-pyrrolidin-3-yl]-triphenyl -
phosphoni um brom de IR(KBr): 1683, 1436 cn}-d2r], MS(1SP): 501.5 (M+) 5
5.41. (RS)-[1-(21-Allyl oxycarbonyl - pi perldl n- 4- yI) 2- oxo-pyrrolidin-3-yl]-

ER/L l)ohgnzlz ppﬂoﬁi@mﬁ% toxybabony i $£1-3-flukboberizyla2-dxo-
xtur an
[ (SR) - 2- oxo- 1 pomﬂgaﬁ-?m bicyclo[4.2.0]oct-3-ene-2-

pyrrolidi n- 3- eaiboxylidweid benzhydirghester br omi de | R(KBr): 1776, 1689 cnferr],

M5( 1 SP): 430.

( R(S) [ 22 Oxo- 1- ?]}'(ﬁf)'ﬁn@dllg%i 151%/ ])6 pyTr OTN‘EF %IS?)yﬁQ ?rl(Mpr%)rTyl

phosphoni uréi br om de 15 IR(KBr): 1698, 1685,1471 cni err] I\/B(I SP): 430.3
- > amMino-3 thoxybenzyl)-

xol%éol |g Eﬁ?—pi !
(M) 20 5. 45.
(A T e ViR "@%a St |

6. Reactiom of a 2-cephem al dehyde (1) or 3-cephem al dehyde (2) with a
Wttig reagen .
(B)- (2R 6B, 7R W@%@?%ﬁ%ﬂﬁ%@ﬂ [4-3 tertbutoxy-
but oxycar bony lcarbenyipropioayianingrhenzyll-2 molidin-3iylidenemethyll-8oxe-5t -
5 aza-bi cycl OWI%%%MIWMMWW

IR (KBr): 1783, 1723, 1686 cm-1, MS (ISP): 840.5 (M+NH)+

(M) 5.44,
(RS)-[1-(3-Ethy oxyc roon RR);-YN ophe
tri phenyl - pho CREEITRES

15
6.22. (E)-(2R,6R,7R)-3-[1-(4-Allyloxycarbonylamino-benzyl)-2-oxo-pyrrolidin-3-
ylidenemethyl]-7-tert-butoxycarbonylamino-8-oxo-6-thia-1-aza-
bicyclo[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl ester
IR (KBr): 1781, 1727, 1679 em-1, MS (ISP): 751.7 (M+H)*+

20
6.23. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-8-[1-(4-tert-butoxycarbonyl-
benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-
3-ene-2-carboxylic acid benzhydryl ester
IR (KBr): 1783, 1712, 1638 em-1, MS (ISP): 752.4 (M+H)*

5
6.24. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(4-nitro-benzyl-2-oxo-
pyrrolidin-3-ylidenemethyl}-8-0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-3-ene-2-
IR (KBr): 1781, 1742, 1716, 1682 em-1, MS (ISP): 697.3 M+H)*+

30
6.25. (E)-(ZR,6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(4-methoxy-benzyl)-2-
oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]Joct-3-ene-2-
carboxylic acid benzhydryl ester
IR (KBr): 1782, 1742, 1715, 1680 cm-1, MS (ISP): 682.3 (M)*

5

6.26. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(4-fluoro-benzyl)-2-oxo-
pyrrolidin-3-ylidenemethyi]-8-oxo0-5-thia-1-aza-bicyclo{4.2.0]oct-3-ene-2-
carboxylic acid benzhydryl ester

IR (KBr): 1782, 1743, 1717, 1681 em-1, MS (ISP): 670.3 (M+H)*



A mxture of 12.11 g (24.49 mvol) (2R 6R 7R)-7-tert-butoxycarbonyl am no- 3-
10 fornyl -8-0xo0-5-thia-1-azabicycl o[ 4. 2. 0] oct - 3-ene- 2-carboxylic acid
benzhydryl ester and 17.17 g (27.77 mol) -43-
(RS)-[1-(4-tert-butoxycarbonyl oxy-phenyl)-2-oxo-

pyrrolidin-3-yl]- trlphenyl phosphoniun1bronide in 250 m 1, 2-

di chl or oet han ) ! > Ol ution
was evapor at eg'zinés @V&Oir@"%ﬁgel

(25 g, acet at e

9:1) yiel d| M‘#‘ﬁﬁ? (KBr) 1781, 1750, 1691
VB( |
3% ol <sﬁmmawm 121%; 1684 oy, MBS, 7203 MAE

yl i denenet hyI] 7-tert-butoxycar bonyl am no- 8- oxo- 5-t hi a- 1 aza- bi cycl o[ 4. 2. 0]

oct- 3-ene-2-carboxylic 1d b hydr est er xt ur e .of g
(10.6 mol ) (6486 &%@Kﬁﬁfm gﬁé&ﬁﬁ#ﬁ%ﬂﬂﬁﬁﬂ\ﬁyﬂmeﬁﬂﬁéﬁ

f or nyl - 8- oxo- Bu Sivcarbonyls ok05-thiacl-azabicydofd2.0loct-Sienc2-carboxylic
benzhydryl estes ﬁnd ;6 g g 1.7 mol)

(RS) - [1(1H—b %‘%’ﬁethl) 2- oxo- 10

pyrrolidi ro3- IR KBr) pl‘RBﬁyﬂ.ﬁ&SsWﬂmlﬁBﬁtmthSﬂSPlﬁ% (M,+Hb‘ut yl eneoxi de
and 85 m DWVSO was refluxed for 2.5 h. The solution was concentrated and
the residue purified chr orratoraphy over SI lica gel (d| chl or onet hane:
et hyl acet at e629(B) 2}{ GRIR)/-texd-B yearponysany O el 1 .
1782,1719, 168 Hﬁ% ?hweﬁ%ﬁ)ﬁhﬁ %& re
set forthln? c%la ge W ng a tl()[%% corrpounds
wer e prepared

(B-(2R 6357RIR(KB$$I7ﬁulMQREQOIEBBmﬂQNS(ISP)(65814I(MBI-H)'FenyI) 2- 0X0-

6.30. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-8-0xo-3-[2-0x0-1-(1-trityl-1H-
tetrazol-5-ylmethyl)-pyrrolidin-8-ylidenemethyl]-5-thia-1-

bicyclo[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl ester
20 IR(KBr): 1783, 1741, 1717, 1690 cm-1, MS(ISP): 903.4 (M+NHy)+

6.31. 1:1 Mixture of (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-8-0x0-3-[2-
oxo-1-[(R)- and -[(S)-tetrahydro-furan-2-ylmethyl]-pyrrolidin-3-
ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0loct-3-ene-2-carboxylic acid

% benzhydryl ester |
IR(KBr): 1781, 1743, 1716, 1680 cm-1, MS(ISP): 646.2 (M+H)+

6.32. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-8-[1-(1-ethoxycarbonyl-
piperidin4-yl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-aza-

30 bicyclo[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl ester
IR(KBr): 1784, 1744, 1689 cm-1, MS(ISP): 717.5 (M+EH)*+

6.33. (E)-(2R,6R,7R)-8-[1-(1-Allyloxycarbonyl-piperidin-4-yl)-2-oxo-pyrrolidin-
8-ylidenemethyl]-7-tert-butoxycarbonylamino-8-oxo-5-thia-1-aza-bicyclo

5 [4.2.0]oct-3-ene-2-carboxylic acid benzhydryl ester
IR(KBr): 1783, 1701, 1645 ecm-1, MS(ISP): 729.4 (M+H)*+



pyrrolidin-3-ylidenenethyl]-8-0x0-5-thia-1-aza-bi cycl o[ 4. 2. 0] oct - 3- ene- 2-
20 carboxylic acid benzhydryl ester IR (KBr): 1782, 1726, 1696 cnierr], M

(ISP): 683.4 (MH)+ -44 -
6.4.(E)- (2R 6R 7R - 7-tert-But oxycarbonyl am no- ( 1- napht hal en- 1-y| - 2- oxo-
pyrrolidi n- 3- g|340 @NR(2R,6R, IR P7-bert-Bu

toxyeaibongiamines3§1-(¢2-chldmwspyridind-vh)-
25 carboxyl eI Gk R o IR ek Atk il b
(B) - (2R, 6R, 7Rrairboxylic aridbenzhyidoyl éskes no- 3- [ 1- (4 tert - but oxycar bonyl -

h ) - 2- J t Dyl (B30 8 .ngaz bi lo[4.2.0
gcf?ygene?)égngéoﬁﬁ]?l%ﬁgg;ld elrzg)gﬂ &?(llelsyﬁar I'R( Br(?I 82 |1%§ ggr[err]?
M5 (I SP): B38.5 (I\/H—I)+ 5 6. 6.

(BE)- (2R 6R, 7Rgg5: 14! R 18 ': BBGK-BT:

h 1) - 2- I denene 0
bi oyel of 4. 2. OpEer Mﬁ% %ﬁawﬁmgfm@&pé%@@w-
1754, 1692 cnﬁqhﬁ.l.dﬁ

M@&W&ﬁc
f)g)nzgé:qofzc?l 75%@@ %Z@ Bgﬁgﬁ@%a }Jf[%éﬂdj %xo@ {-ﬁl a-1-aza-

bi cycl o[ 4. ®. O] oct - 3- ene- 2- car boxyl i ¢ aci d benzhydryl ester IR (KBr): 1783,

g§8§2§f§§r2w@%@ka%ﬁ? I -. e -:Jt[(:)l;&'?:'ce;ar DO E/@ -
bi cycl o[ 4. 2. Oh%mmwmmydryl ester

IR(KBr): 1773, 1703 cm-1, MS(ISP): 716.4 (M+H)*

15
6.37. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-8-0xo-3-[1-(3-
allyloxycarbonyl-thiophen-2yl)-2-oxo-pyrrolidin-3-ylidenemethyl]-5-thia-1-
aza-bicyclo[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl ester
IR(KBr): 1782, 1713 cm-1, MS(ISP): 750 (M+Na)*

20
6.38. (E)-(ZR,6R,7R)-7-tert-Butoxycarbonylamino-8-oxo-3-[1-(8-carbamoyl-
thiophen-2yl)-2-oxo-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0Joct-
3-ene-2-carboxylic acid benzhydryl ester
IR(KBr): 1779, 1664 cm1, MS(ISP): 687.3 (M+H)*

%
6.39. (E6.30. )-(2R,6R,7R)-7-tert-Butoxycarbonylamino-8-0x0-3-[1-(3-carboxy-
thiophen-2yl)-2-oxo-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza- bucyclo[4.2.0]oct-
3-ene-2-carboxylic acid benzhydryl ester

IR(KBr): 1782, 1712 cm-1, MS(ISP): 688.2 (M+H)+



IR (KBr): 1783,1695 cnferr], M5 (ISP): 772.2 (MrH) + 20 6. 9.

(B)-(2R 6R, 7R) - 7-tert - But oxycar bonyl am no- 8- oxo- 3-[ 2- oxo-1- (4-tri -

tyl car bonoyl - phenyl )-pyrrolidin-3-ylidenene4Bwyl]-thia-1-aza-bicyc-

| o[ 4. 2. 0] oct - ene 2-car boxyl i cc aci d benzhydryl ester IR (KBr): 1783,
1726, 1683 cng, M-the salfoided5) Schemel

(E)- (2R6R7R)- -Lert- Byt ox anth
0X0- pyrrol i d.%@mmm S 4 mm*mct 3-ene-
2- carboxyl i dnloixs tert-biitbsycatboayloky4iheriyl}2-0xb6 9 1
cnerr], M5 (1SP), 66 o 6 MtH) + :

(E)- (2R 6R, 7 M&M Aradicyclof42.0loct-2-ene-

phenyl ) - 2- axmqrboxyhcémdhepzimhsdulﬂryl] 8- oxo-thi a- 1-aza- bi cycl o[ 4. 2. 0] oc
t- 3-ene-2-carboxylic acid benzhydryl ester [err]H-NVR (CDO [err], 250

MHz): 9.1 (s, 1H) 7.3 @@%, 6.8-¢§.1 (m5H), 6.7 (s,1H, 35 5.2-5.5
(m4H), 3.6- (m2|—|)Q % , 1.5 9H) -41- 6.12.

(E) - (2R, 6R, 7R) 7 tert - But oxycar 4-t eLt - but oxycar bonyl -

oxy- 2-fl uoro- 2- phenyl ) - 2- oxo- g&r r oONd N=3-Y ¥yl ]-9- oxp-5-thia-1-aza
- bicyclo[ 4. 2.0]oct - 3-ene-2-carboxylic acid nzh esjler r] H NVR
(cbd[err], 250 MHz): 7.5 (t,1H),0o7. OHP 7. 1¥m b5, “679\(s, 1H), 6.6
5 (s,1H), 5.2-5.5 (m4H), 3.7 (m2H), 2.9 (m2H), 1.6 (s,9H), 1.5 (s, 9H)
6.13.

(B)- (2R 6R 7R)-7-tert-But oxycar bonyl am no- 3-[ 1- (2-f | uor o- phenyl ) - 2- oxo-
pyrrolidin-3-ylidenenet hyl]-8-o0xo-thia-1-aga-bicyclo[4.2.0]oct-3-ene-2-
carboxylic acid benzyl hydryl ester

mﬁf Racs s

To a solution of 11.3 g (15 mmol) (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-
10 3-[1-(4-tert-butoxycarbonyloxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethy]-8-
oxo-5-thia-1-aza-bicyclo[4.2.0]oct-3-ene-2 carboxylic acid benzhydryl ester in 120
ml dichloromethane was added a solution of 3.27 g (15 mmol) 80-90 % m-
chloroperoxybenzoic acid in 60 ml dichloromethane at 4°C. After 1 hour, the
reaction mixture was washed successively with cold solutions of 10% aqueous
15 sodium thiosulfate, 5% aqueous sodium bicarbonate, and water. After drying
over magnesium sulfate, the solvent was removed, and the residue was
purified by flash silica gel column chromatography (3:2 ethylacetate/hexane),
yielding 10.59 g (91.7 %) of the product as a yellow foam.
IR(KBr): 1799, 1757, 1723 cm-1; MS(ISP): 770.5 (M+H)+




10 IR (KBr): 1781, 1701 cnferr], M5 (ISP): 656.2 (MtH) + 6. 14.

(B)-(2R 6R, 7R) - 7-tert - But oxycar bonyl am no-3-[ 1- (2-tert-but oxycar bonyl ] -

oxy- phenyl ) - 2- oxo- pyrrol i di n- 3-yl denenet hyl-468- oxo- 5- t hi a- 1- aza- bi -

cyclo[4.2.0]oct - 3- ene 2- carboxyl i C aC| d benzhydryl ester 15 [err] H NWR
ECDS [erg] SZgQ re/of (B TR)Oand - (55, 6R, TR)-3[1:(lH-Betizimidazol-2-
m '

(E)- (2R 6R 7R§’%@MM@K MM&MW’&
-[(S)-tert- buﬁm&&hﬂ%hwl@[m&bdb

carboxylic acid benzhydryl ester IR (KBr): 1784,1737, 1687 1641 cn{ err], M5
(I1SP): 751.9 (M+H) + 6. 16.

(B)-(2R 6R 7R) - 7-tert-But oxycarbonyl am nor@(Z-fl uor o- benzyl ) - 2- oxo-

pyrrolidi n- 3- yt-Bdego I - 0XO- th| anN bi cycl o[ 4. 2. 0] oct - 3- ene- 2-
25 carboxylic acid benzlhy ryH 1782, 1743, 1716, 1682

cnferr], Ms (ISP): 67
(BE)- (2R, 6R, 7R) - 7-tert -But oxycar bonyl m no- 3 [ 1- (2- met hoxy- benzyl) - 2-
oxo- pyrrolidin-3-ylidene HBh0X0- 5-t hi a- 1- aza- bi

clo[4.2.0]oct- e-
2- 30 carboxylic acid benzhydryl ester IR {‘K%&N 1782111742, 1715, 1682
cnierr], M8 (ISP): 682.3 (MH) + 6. 18. H
(B)-(2R 6R 7R - 7-tert-But oxycar bonyl am no-3-[ 1- (3,

oxy- benzyl ) - 2- oxo- pyrrol i di n-3-yl denemer hyT | - 8- D = 3
cycl o[ 4. 2. 0] oct - 3- ene- 2- car boxyl i ¢ Eg'&genzh dr (KR): 1783,
1756, 1718,5 1684 cnferr], MS (1SP):P P10,

(BE)- (2R, 6R, 7R) - 7-tert - But oxycar bonyl am no- 3-[ 1- (3-fl uor o- benzyl ) - 2- oxo

pyrr ol i din-3- yl | denere thél%@%tgeép&n{n%ﬁé)' MR & K2t e SRS A

car boxylic aC|
ylmethyl)-z-oxo-pyrrohdm-B—yhdmemethyl]-7-tert-butoxycarbonylammo-8-oxo-

. 5-thia-1-aza-bicylco[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl ester in 45 ml
10 dichloromethane was added a solution of 1.73 g (7.62 mmol) 70-75 % m-
chloroperoxybenzoic acid in 25 ml dichloromethane at 4°C. After 2 h, the
reaction mixture was washed successively with cold solutions of 10% aqueous
sodium thiosulfate, 5% aqueous sodium bicarbonate, and water. After drying
over magnesium sulfate, the solvent was removed, and the residue was
15 purified by flash silica gel column chromatography (acetone : hexane = 2:1),
yielding 4.85 g (90%) of the product as a yellow foam.
 IR(KBr): 1797, 1721, 1496 cm-l, MS(ISP): 708 (M+H)+

According to the procedure set forth in the preceeding examples, the

20 following additional compounds were prepared:
7.3. Mixture of (E-(5R 6R,7R)- and -(5S,6R,7R)-7-tert-butoxycarbonylamino-3-
[1-(8-nitro-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-5,8-dioxo-5-thia-1-aza-
bicyclo{4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester
IR (KBr): 1797, 1721 cm-1, MS (ISP): 716.4 (M+NH,)*

74. Mixture of (E)-(5R,6R,7R)- and -(5S,6R,7R)-7-tert-butoxycarbonylamino-3-
(1-naphthalen-1-yl-2-oxo-pyrrolidin-3-ylidenemethyD-5,8-dioxo-5-thia-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester

IR (KBr): 1797, 1722, 1049 cm-1, MS (ISP): 704.5 (M+H)*+



IR (KBr): 1780, 1744, 1715, 1680 cnferr], MS (I1SP): 669.9 (MrH) + 6. 20.
(B)-(2R 6R, 7TR) - 7-tert - But oxycar bonyl am no- 3-[ 1- ( 3- net hoxy- benzyl) - 2-
oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-5-thi4fl-aza- bi cycl o[ 4. 2. 0] oct - 3- ene-
2- carboxylic acid benzhydryl ester IR (KBr): 1781, 1743,1716, 1680 cnjerr],

M5 (1 SP): 68278, Mikhire d(E)-(BR,6R,7R)- and-(5S,GR,7R)-7- butoxyearbonylammo-s-

E) - (2R 6B, 7 t b | La- DUt
th o 1oann, &;@mﬁb%ﬁéﬁ%ﬁ*ﬁ@%ﬁé#ﬁe SHidepamethells s diozo-
(KBr): 1783, 15-¥BiakbaGa [mewb@md@lm

§/F|) aéﬁsngfh;%%{fﬁﬂ (lgfggagﬁgﬁgmgﬁﬂs—m&g D - 1o;gapyrrol i di n-3-

bi cycl o[ 4. 8. 0] oct 3- ene- 2 car boxyl ic acid benzhydryl ester IR (KBr):

1781, 1727,
(EB)- (2R, 6R 7R
benzyl - 2- oxo-

t- 3-ene-2- cogieoxe8-

cnfe
(g ErZ]R 6R 7#5@@-%@
pyrrolidi ne 3- yl i denemet hyl ] - 8- oxo- 5- thla 1-aza- b| cyclo[4 2. 0] oct 3 ene- 2-
boxy/ 4 byt
VB (15h): Go7t% ?@%ﬁé%@%@ﬁ#@%ﬂ@%ﬁb
(E) (2R 6R 7@1- DRz !ml,(l's [AF ) 4 (RN : M]-as-
0X0 rrolidigs
2- cgyboxylic&é’éﬁ%‘ enzsy J?&dger Br W@%ﬁ%‘%ﬁ?‘ err]
MS (1 SP): 6821.:&(:@3}')!- 1598, 1723 cm1, MS (ISP): 850.2 (M+H)*
1B _
7.8. Mixture of (E)-(5R,6R,7R)- and «(5S,6R,7R)-7-tert-butoxycarbonylamino-3-
[1-(4-tert-butoxycarbonyloxy-S-fluoro-phenyl)-2-oxo-pyrrolidin-3- _
ylidenemethyl]-5,8-dioxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
benzhydryl ester
20 IR (KBr): 1789, 1767, 1728 em-1, MS (ISP): 788.3 (M+H)+

7.9. Mixture of (E)-(5R,6R,7R)- and -(§6S,6R,7R)-7-tert-butoxycarbonylamino-
5,8-diox0-3-[2-0x0-1-(4-tritylcarbamoyl-phenyD)-pyrrolidin-3-ylidenemethyl]-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester

25 IR (KBr): 1795, 1718, 1671 cm'1, MS (ISP): 939.4 (M+H)*+

7.10. Mixture of (E)-(6R,6R,7R)- and -(55,6R,7R)-7-tert-butoxycarbonylamino-
8-[1-:(2-methoxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl}-5,8-dioxo-5-thia-1-
aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid benzhydryl ester.

30 IR(KBr): 1797, 1719 ecm-1, MS (ISP): 684.3 (M+H)*

7.11. Mixture of (E)-(5R,6R,7R)- and -(5S,6R,7R)-7-tert-butoxycarbonylamino-
3-[1-(tert-butoxycarbonyl-phenyl-methyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-
5,8-dioxo-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid benzhydryl

3 ester (config.in -phenylmethyl-moeity R:S=1:1)
IR (KBr): 1798, 1727, 1695 cm-1, MS (ISP): 768.1 (M+H)*



6. 26.

(E)- (2R 6R, 7R) - 7-t ert - But oxycar bonyl am no- 3-[ 1- (4-f | uor o- benzyl ) - 2- oxo-
pyrrolidin-3-ylidenenet hyl]-8-oxo-5-thi a- 1~#8a- bi cycl o[ 4. 2. 0] oct - 3- ene- 2-
carboxylic acid benzhydryl =~ ester IR (KBr): 1782,1743,1717,1681 cnferr], MS

(1SP): 670.3 @'\ﬂﬂhﬁxtumeé?(E)-(ﬂﬁGR,m)- -(5S,6R,7R)-7-terb-butowealbonylammo-
E 2R, 6R, 7R t-B b I

{ ot omet hyl berils @ tinomr bertih o paemliiipiy fagnemetiol) 5.4 dipro frthia1-
[1:318121 S]n{)gﬁr]?) mlﬁeygbmmocbmwmmdﬁlem) 1781, 1718,
(E)- (2R, 6R, TR- S i’?n%‘{/zﬁ?io%@% dlﬁ@q]sg) quGG%gv‘[rrg)hyl )-7-tert-

but oxycar b(fnyl am no- 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 3- ene- 2- car boxyl i c

acl d_benzy(r v'7. g Mixtulle bROSKBIR, GRI7HER anll 455,68 /78)- 78 i tbx§cal boPaim 5

652. 3 ( MrH)

(E) (2R 6R, 7R) m@mmmmmmMMM-l-
o 2 iR
ve( 1 5P 655, TR %@Yﬂzfi&ﬁ& 2 S TiEb): b ot enferr]

(B)- (2R 6RW/R) - 7 tert- Butoxycarbonyl am no- 8- oxo- 3-[ 2-oxo0-1-(1-trityl-1H

sy o2 o MR R g

1783, 1741, 17181148

putoxycarpon ,.,.\
Of (E)- (ZR 6 Hﬁ&?g ié?ﬂ}ﬂcﬁ?%ﬁﬁgﬂiﬁfyﬁ@au@&nhﬂs@dew
[(S)-tetrahydro- urangig rro I n-
yI i denemet hyl TRAEBR1707,1758; T 6-% iloct 3-ene-carboxylic acid 25

benzhydryl ggester 1 R(KBr): 1781, 1743, 1716 1680 cnjerr], MS(ISP): 646.2

(MeH)+ 7.15. Mixture of (E)-(5R,6R,7R)- and -(55,6R,7R)-7-tert-butoxycarbonylamino-
3.[1-(8-fluoro-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-5,8-dioxo-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester
IR (KBr): 1795, 1721, 1690 cm-1, MS (ISP): 686 (M+H)*

7.16. Mixture of (E)-(5R,6R,7R)- and -(58,6R,7R)-7-tert-butoxycarbonylamino-
3-[1-(3-methoxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-5,8-dioxo-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester

IR (KBr): 1795, 1721, 1685 cm~1, MS (ISP): 698.2 (M+H)*

7.17. Mixture of (E)-(5R,6R,7R)- and -(5S,6R,7R)-7-tert-butoxycarbonylamino-
8{1-[4-(3-tert-butoxycarbonyl-propionylamino)-benzyl]-2-oxo-pyrrolidin-3-
ylidenemethyl]-5,8-dioxo-5-thia-1-aza- b1cydo[4.2.0]oct-2-ene-2-caxboxyhc acid

~ benzhydryl ester
30 IR (KBr): 3425, 1796, 1723 cm'1, MS (ISP): 856.8 (M+NH,)*+

7.18. Mixture of (E)-(5R,6R,7R)- and -(5S,6R,7R)-3-[1-(4-allyloxycarbonyl-
amino-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-7-tert-butoxycarbonyl-
amino-5,8-dioxo-5-thia-1-aza-bicyclo[4.2.0]loct-2-ene-2-carboxylic acid

3% benzhydryl ester
IR (KBr): 1796, 1723, 1525 cm-1, MS (ISP): 789.9 (M+Na)*



6.32. (B)-(2R 6R, 7R)-7-tert-Butoxycarbonyl am no-3-[ 1- (1- et hoxycar bonyl -
pi peridi n-4-yl)-2-oxo-pyrrolidin-3-ylidenenethyl]-8-o0xo-5-thia-1-aza- 30
bi cycl o[ 4. 2. 0] oct - 3-ene-2-carboxylic acid bg@zhydryl ester | R(KBr):

1784, 1744, 1689 crr[ err], I\/S(I SP): 717. 5 (I\/H—|)+ 6. 33.

g}Eg/I fgeRngseZ? r.t - but oxycar Ia Gl'(l),)'(?c;m-‘ﬂ
[4.2.0] oct - 3- é‘l[t( t%éf‘ﬂmﬁﬁ?ﬁlﬂa mmﬁdmmfdmébﬁh%
1645 cnf err], didxd-Sthia-T-a2abicyéloi4:2.0loct¥ensd2e¢arboxylic acid benzhydryl

( Eéxgzsy?rRorﬁﬁ'KK?eéfl %&%ﬁéﬁ r QQMW‘i @%&Qggﬂ%f)ofﬁr I2.d:)]nogt yI3) ene- 2

- carboxyl isc acid benzhydryl ester IR(KBr): 1782, 1743,1700, 1635 cnierr],

(B (2R 6%73;%¢ gfr%%am 44 (BS6R.TR)7fert fert o ponyiapino.
ﬁwbdenmﬂmﬂ@&d}om&

-[(S)-2-o0x0-t
5-thia-1-aza- sz hdr yl ester

| R( KBr 1781 C MtH) + 10 6. 36.
UG s oy &ﬁ%@@“ﬁ% R, (117,10,
t hi-ophen- 2l ) - oxo pyrrolidin-3-ylidenenethyl]-5-thia-1-aza-bicycl 0[4 2. 0]
t- 3- - 2- 773.170 .
vt ﬁmﬁ%ﬁﬁ@%ﬂﬂm%ﬂ%%* bbb
(E)- (2R, 6R 7@-[1-(4-nmﬂmxwdgmtl)a pxiocpyrrolie pdérntermet _
AT T Y1 OxyCar bOGYA Tl RO OTobh kit SAE By RSP 1 -5~ (N o 1
IR (KBr): 1796, 1722, 1684 cm-1, MS (ISP): 698.2 M+H)*
15
722, Mixture of (E)-(6R,6R,7R)- and -(56S,6R,7R)-7-tert-butoxycarbonylamino-
3-[1-(4-fluoro-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-5,8-dioxo-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester
IR (KBr): 1795, 1721, 1686 cm-1, MS (ISP): 686.2 (M+H)*

728. Mixture of (E)-(5R,6R,7R)- and (6S,6R,7R)-7-tert-butoxycarbonylamino-
5,8-diox0-3-[2-0x0-1-(4-trifluoromethyl-benzyl)-pyrrolidin-3-ylidenemethyll-5-
thia-1-aza-bicyclo[4.2.0)oct-2-ene-2-carboxylic acid benzhydryl ester

IR (KBr): 1797, 1722, 1498 ecm-1, MS (ISP): 736.3 (M+H)*+

7.24. Mixture of (E)-(5R,6R,7R)- and -(5S,GR,7R)-3-(1-benzyl-2-ono-pynohdm
8-ylidenemethyl)-7-tert-butoxycarbonylamino-5,8-dioxo-5-thia-1-aza
bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid benzhydryl ester

IR (KBr): 1796, 1722, 1686 cm-1, MS (ISP): 668.8 (M+H)+

725. (E)-(5S,6R,7R)-7-tert-Butoxycarbonylamino-8-[1-(2-text-butoxycarbonyl-
oxy-phenyl)-2-oxo-pyrrolidin-3-yldenemethyl]-5,8-dioxo-thia-1-aza-bi-
cyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester

IR (KBr): 1798, 1723 cm-1, MS (ISP): 770.0 (M+H)*



aza- bicycl o[ 4. 2. 0] -oct - 3-ene-2-carboxylic acid benzhydryl ester | R(KBr):
1782,1713 cnferr], MS(ISP): 750 (MtNa)+ 20 6. 38.
(BE)-(2R 6R 7R)-7-tert-But oxycar bonyl am no- 85gxo0- 3-[ 1- ( 3- car banoyl -

-t hi ophen- 2- oxo- pyrrolidin-3-ylidenenethyl]-5-thia-1-aza-bicyclo[4.2.0]oct-
3- ene- 2- car bo ESE m)tshd' WR 7t iitbxyehfhénylamino-
M5( I SP): 687. g B% ) BR, i

(E6. 30.)- (2R 8 oro-2-hydresy-phy OX mh%?@{@mmm
t hi ophen- 2-yl 3= cid @t&o[4. 2.0

)

V(1 5Py eggsz}ﬁ?mi‘iﬁc@chgﬂﬁ?y@%%&?@t 6r7- 5(@%&31% 59 eh2ER e
stj!:_)]‘soglengé)?(ctﬁgs?m Ol(d{1HD), 32638 (ni,2H), 312 (@) 1H)y 2¢6-8/0 x)2HPR, 6R 7R) - and

pyrrolidin-3-ylidenenethyl]-5, 8-di oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-
2- 5 carboxy[i2%. Mu&oﬁ@ﬂmﬂﬂmwﬁﬁmmb W@@m

gm[)ll)(ng%eEtZRg'ﬁoqcar . é i |
?f}olgotma ;CMWW\BS added a solution of 3.27 g (15 mmol) 80-90 %
nour e r cad b SNl 280 MitaFr 268 °r£iﬁé*‘<§6&m#@oﬁ gt d;

10% aqueous 16d 381 410 ()1 H3,8.58.8 (m52H B2 (A 1)) @15+ 21 2H)) 16 ,9HNAL.5
wat er. After flsr,ﬁ-ﬂg

15 7.28, Mixture of (E)-(5R,6R,7R)- and -(5S,6R,7R)-7-tert-butoxycarbonylamino-
3-[1-(2-fluoro-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl}-5,8-dioxo-5-thia-1-
aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid benzhydryl ester
1H-NMR (CDClg, 250 MHz): 6.9-7.5 (m,16H), 5.7-5.9 (m,2H), 4.5 (d,1H), 4.0
(d,1H), 3.6-3.9 (m,2H), 3.2 (d,1H), 2.5-3.0 (m,2H), 1.5 (s,9H)

729, Mixture of (E)-(6R,6R,7R)- and (6S,6R,7R)-7-tert-Butoxycarbonylamino-
5,8-diox0-3-(2-0x0-1-thiophen-2-ylmethyl-pyrrolidin-3-ylidenemethyl)-5-thia-1-
aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid benzhydryl ester

IR(KBr): 1796, 1721, 1687, 1633 cm-1, MS(ISP): 674.3 (M+H)+

7.30. Mixture of (E)-(6R,6R,7R)- and -(56S,6R,7R)-7-tert-Butoxycarbonylamino-
5,8-diox0-3-[2-0x0-1-(1- trity}-1H-tetrazol-5-ylmethyl)-pyrrolidin-3-
ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

benzhydryl ester
30 IR(KBr): 1797, 1722, 1495 cm'1 MS(SP): 919.4 (M+NHg)*+

7.31. Mixture of (E)-(5R,6R,7R)- and -(5S,6R,7R)-7-tert-Butoxycarbonylamino-
5,8-diox0-3-[2-0x0-1-(tetrahydro-furan-2-ylmethyl)-pyrrolidin-3-
ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

35 benzhydryl ester (config. in faran-moeity R:S=1:1)
IR(KBr): 1795, 1721, 1684 cm-1, MS(ISP): 662.2 (M+H)+



over magnesium sul fate, the solvent was renoved, and the residue was
purified by flash silica gel colum chronmat ography (3:2

et hyl acet at e/ hexane), yielding 10.59 g (91.519 of the product as a yellow
foam | R(KBr): 1799 1757, 1723 crr[ err] M5( 1 SP) : 770 5 (I\/H—|)+ -46- 7. 2.
1:1 Mxture of ‘ BtoEvearihe:

é: ggf)%l-%r]izaoéf Eér Bol i di n1- é* | deneg:%_&b]_- -tert- E,)‘iraox

esR'; eg[ [leE rlL_ WMMW&M@@WWW
-1
yl nmet hyl ) - 2- Mﬁﬁﬁ - 316 1 rr%?gsﬂ -fe$M EDt oxycar bonyl am no- 8- ox

0- 5-thia-8-aza-bicylco[4.2. O]oct 3 ene- 2- carboxylic acid benzhydryl ester

I?B ég gzn*}och %?’ope."(r: "*tt)‘;efﬁ(?% wgmgaggswgﬁoronetﬁuﬁ t 4 After
cpipmdmd- . mmm

2 h, the rea of
10% aqueous » :,... r-haboxglicmddvat er .
After drying over esj um sul fate, the sol vent was rem)ved and the

resi due was 1@@% flash silica gel colum chromat ography (acet one:
hexane = 201)IREBr):di797, I7RY; 1699,9499 ami-1; MSISR)U745.1 §M+Iyrel | ow f oam

I R(KBr): 1797,1721, 1496 cnferr], M5(1SP): 708 (M+H)+ According to the

procedure set forth in the preceedr ng exanpl es, the 20 foll owi ng additional
conmpounds mrmmmoﬂmmmmmrmmmswm&mm

5S, 6R, 7R) - 7. - 3o
[(1 (3n|tro)ph1e W@WQ'MQ%MWMQ -'%Wfl-naaza
- bicycl o[ 4. 22-0%adx arboxviic acid henzhy

15 IR(KBr): 1797 1720 cm’1 MS(ISP) 689.4 (M-l-H)"'

7.35. Mixture of (E)-(GR,6R,7R)- and -(5S,6R,7R)-7-tert-Butoxycarbonylamino-

5,8-diox0-3-[2-0x0-1-(2-0x0-tetrahydro-furan-8-yl)-pyrrolidin-8-ylidenemethyl]-

5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester (config.
20 infuran-moiety RS=1:1)

IR(KBr): 1790, 1722, 1695 cm-1, MS(ISP): 662.3 (M+H)*+

7.86. (E)-(5R,6R,7R)- or -(5S,6R,7R)-7-tert-Butoxycarbonylamino-5,8-dioxo-3-

[2-0x0-1-(3-carbamoy}-thiophen-2yl)-pyrrolidin-3-ylidenemethyll-5-thia-1-
2% bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester (config. in furan-

moiety R:S=1:1)

IR(KBr): 1793, 1716 cm-1, MS(ISP): 703.2 (M+H)+



IR (KBr): 1797, 1721 crferr], M5 (ISP): 716.4 (MtNH err])+ 7.4. M xture of
(B)-(5R 6R, 7R)- and -(5S,6R, 7R)-7-tert-butoxycarbonyl am.no- 3-

(1- napht hal en- 1-yl - 2- oxo- pyrrolidi n-3-yli deggret hyl ) -5, 8-di oxo-5-thi a-

bi cycl o[ 4. 2. 0] oct - 2- ene-car boxyl ic acid benzhydryl ester IR (KBr): 1797,

1722, 1049 cnf of thesulfoxids{5) Scheme 147- 7.5 M xture of

(E)- (5R 6R, 7R nd -(5S, 6R, 7R) - (-tert-but oxyg bonyl am no- 3-

[1-(4-tert-bu ?’Ew ‘ﬁﬂ 3-ylidenenethyl ] -5, 8-dio
X0- 5-thi a- 1- 842t Preparatiéndf Butosyehiisortylnthinors:[I-(-tertest er

IR (KBr): 179% , 75 ..NH it

(E)- (5R. 6R, 7R : Mﬁ“ﬁ %‘@?‘é&mel‘gm

[ 1- ( 3-t er t Sbubtoyciel A estear | denenet hyl ] -5, 8-
di oxo-5-thi a- 1-aza- blcyclo[4 2. 0] oct - 2-ene- 2-carboxylic acid benzhydryl
ester IR (KBr): 1798, 1758, 1723 cnferr], M5 (ISP): 770.2 (MtH+ 10 7.7.

M xture of (E)-(5R 6R 7R - and -(5S; R,7R)-7-tert-butoxycarbony|anino-3-

[ 1- (2-di phenyl - 1, 3- benzdi#o0@HN, 5- y1 )5 2- oxo- pyrrol i di n- 3-yl i denenet hyl ] -5, 8-
di oxo-5-thi a- 1- aza- bi cycl o[ 4. 2. ct- 23 ene- rboxylic acid benzhydryl

ester IR (KBr): 1798, 1723 cn . SRQ A MH) + 15 7.8 M xture
rt-but oxyfcar '® am ﬁo-3
- phenyl ) §2- oRQ BRI OPNdiAK 3-

of (E)(5R 6R 7R)- and (5S, 6R
723 cn{err],olvs HSP : 788.3

2}

[ 1- (4-tert-but oxycarbonyl oxy-3-fl ug
benzhydryl ester 20 IR (KBr): 1789 1

( MrH) +
-BuOCOHN, S |
INrf G{{;\N\O\ o
o
DO A X

To a solution of 10.45 g (13.57 mmol) of a mixture of (E)-(5R,6R,7R)- and

10 (5S,6R,7R)-7-tert-butoxycarbonylamino-3-[1-(4-tert-butoxycarbonyloxy-
phenyl)-2-oxo-pyrrolidin-3-ylidenemethy]-5,8-dioxo-5-thia-1-aza-
bicyclo[4.2.0]Joct-2-ene-2 carboxylic acid benzhydryl ester in 120 ml
dichloromethane, 12.1 ml N-methyl acetamide and 12.8 ml N,N-
dimethylformamide was added at -30°C a solution of 5.1 ml phosphorous

15 tribromide in 15 ml dichloromethane. The mixtur_e was stirred for 1 hour
and then poured into a stirred solution of 20 g sodium bicarbonate in 250 ml
ice-water. The organic phase was separated, washed with water, dried over
magnesium sulfate and concentrated. The residue was digerated with n-

hexane and the solid material collected by filtration (9.85 g, 96.3%).
2 IR(KBr): 1787, 1758, 1722 cm-1; MSISP): 754.5 (M+H)+



7.9. Mxture of (E)-(5R 6R 7R)- and -(5S,6R 7R)-7-tert-but oxycarbonyl am no-
5, 8-di oxo- 3-[ 2- oxo[ 2- ox0- (4-trityl car banoyl - phenyl ) -pyrrolidin-3-ylidenenet
hyl]-5- thia-1-aza-bicyclo[4.2.0]oct-2-ene-%3carboxylic acid benzydryl
ester 25 IR (KBr): 1795, 1718, 1671 cnferr], MS (ISP): 939.4 (MH)+ 7. 10.

M xture of (Eg; Wm)m-c@maﬂ Wbﬁam
3-[1-(2- nmet hox henyl ) - ,9 o-pvrrolidin-3-y i - di oxo-5-thi a-
1- aza- bi cycl@ﬁmﬁz gﬁgﬁ%‘ Y 6% rie % er. 30 IR

(KBr): 1797, Wﬁdﬂ%ﬁzhﬂrﬂest&xt ure of
(E)-(5R,6R,7R)- and - (58 6R, 7R) - 7-t er t - but oxycar bonyl am no-
3 [1-(tert-butoxycarbonyl - pheynethyl) 2- oxo- pysrolidin-3- ylldenenethyl]

8- di 0x0- 5-t hi a- 1- aza- bi cycQo[ 4. 2. O] oct-2-¢g -carboxyllc aci d benzhydryl

35 ester (confi g-BuO yl hyI noeity R i) IR (KBr): 1798, 1727,
1695 cnferr], M (ISP) igg ﬁm‘?& 7 12 M xture of
(BE)-(5R 611 7R) - and 5 ?éﬁ_f\ﬂ ﬂ/car bonyl am no. 3411.(-flo
bA8) 2- x-yrl dn- ~I dnmy4 “i 0z0 5 t hi a-

aza-iydol [4.20]oct. 2. ene-2 Q acid benzhydryl ester IR (KBr) 96,
1721, 1689 cnjerr], M5 (ISP): 686 ( M+Hlshotohti, M xgure of (E)-(Jf R) -
and -(5S,6R 7R)-7-tert-but oxycarbonyl am no- \

3-[1- (2- net hoxy- benzyl ) - 2- oxo- pyr r ol e-r—%-yl i deg GH=K8- di.ga)o“—.’_‘z’)-t hi al
- aza- bicycl o[ 4. 2. 0] oct - 2- ene- 2-car boPBryc aci dbenzlfydryl edfer IR (KBr):
1795, 1721, 1687 cnferr], M5 (I1SP): 698. 3 (MH) + 1 M R ure of

(E)-(5R 6R57R)- and -(5S,6R 7R)-7-tert-but oxycarbonyl am ng-z
3-[1-(3-tert-butoxycarbonyl oxy-benzyl)-2-oxo-pyrrolidin-3-ylidenenethyl]-5,

8 di oxo-5-thirey & sBRARNE ¥5 A ¢ (2 ol of & Mixbares R il 6f ARBEE BK) 71)-
and - (58S, 6R, 7R)-3-[1-(1H-benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-
ylidenemethyl]-7-tert-butoxycarbonylamino-5,8-dioxo-5-thia-1-aza-bicyclo-

10 [4.2.0]Joct-2-ene-2-carboxylic acid benzhydryl ester in 53 ml dichloromethane,
6.3 ml N-methyl acetamide and 6.8 ml N,N-dimethylformamide was added
at -30°C a solution of 2.7 ml (28.8 mmol) phosphorous tribromide in 13 ml
dichloromethane. The mixture was stirred for 30 min and then poured on
ice-water. The phases were separated and the aqueous phase was extracted

15 twice with dichloromethane. The combined organic phases were washed
with saturated sodium bicarbonate solution and water, dried over
magnesium sulfate and concentrated. The residue was purified by silica gel
chromatography (acetone : hexane = 2:1).
yield: 3.1 g (62%) yellow powder.

2 IR(KBr): 1786, 1721, 1627 cm-1, MS(ISP): 426.6 (M+H)*

According to the procedure set forth in the preceeding examples, the

following additional compounds were prepared:

8.1.3.(E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(3-nitro-phenyl)-2-oxo-
% pyrrolidin-3-ylidene]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic

acid benzhydryl ester

IR (KBr): 1787, 1721 cm’1

8.14. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-(1-naphthalen-1-yl-2-0xo-

3 pyrrolidin-3-ylidenemethyl)-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid benzhydryl ester

IR (KBr): 1785, 1720 cm-1, MS (ISP): 688.8 (M+H)*



IR (KBr): 1797,1758,1723,1690 cnferr] 15 7.15. Mxture of (E)-(5R 6R 7R)-
and -(5S,6R 7R)-7-tert-but oxycarbonyl am no-
3-[1-(3-fluoro-henzyl)-2-oxo-pyrrolidin-3-ys4 denenet hyl | -5, 8-di oxo-5-thia-1 -
- aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester IR (KBr):
1795, 1721, 1690 cnferr], M5 (I1SP): 686 (MtH)+ 20 7.16 M xture of

(B)-(5R 6R, 7R)- and -(5S. 6R 7R)-7-tert-RQutoxycarbaonyl am ne-

3-[1-(3-meth m WM%MMM| a-

1- aza-bi CW'WM ] @gummynwm-mher IR (KBr):
: 62&%?!1 H i xture of

1795, 1721, (
(E)- (5R, 6R, 7RMCysinl1.20e Py - CATDOXYL o-

3-[1-[4-(3st eIR(M'))XISIGG; Wﬁ]{,lmamdl;lMSt(ﬁSR))SMﬂz(M-}HYc oxo- pyrrolidin-3-
yl'idenemet hyl ] -5, 8-di oxo-5-thi a-1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl i ¢

aci d benzhydryl ester 30 IR (KBr): 3425 1796 .1723 cnjerr M5 (1. SP)
856. 8 ( M-NH e&m@:ﬁ(mmm XY ﬁ%au]mwxymbonyloxy
-(5S,6R 7R) - 35 », rargs

am no- 5 8- di 0%6ne- & - 2- ene- 2 carboxyllc aC|d 35

benzhydr yly a I'SP): 789.9
(v ?Z%?mlg(l’?%”i%ﬁ?ig’é’fﬂ% z%"?%%%’%??‘?nmﬂ“ﬁ’* :

-(5S,6R 7R)-7-tert-but oxycar bonyl am no-
3-[1- (4-tert - QU ERERTR)-7-tert By 00!

di oxo-5-t hi a- ﬂé'
ester IR (KBr
tcynlol4.2.0]oct-2-ene-

5 IR (KBr): 1772, 1721 em-1, MS (ISP): 772.83 M+H)*+

f
8.1.8. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-8-0xo-3-[2-oxo-1-(4-trityl-
earbamoyl-phenyl)-pyrrohdm-&-yhdemethyl]-&tb:a-l—aza -bicyclo[4.2.0]oct-
2-ene-2-carboxylic acid benzhydryl ester
20 IR (KBr): 1787, 1722, 1682 cm-1, MS (ISP): 923.4 (M+H)*

8.1.9. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-8-[1-(2-methoxy-phenyl)-2-oxo-

pyrrolidin-3-ylidenemethyl]}-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid benzhydryl ester

2% IR (KBr): 1786, 1721 cm-1, MS (ISP): 668.3 (M+H)*

8.1.10. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-{1-(2-fluoro-benzyl)-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
2 IR (KBr): 1780, 1721, 1687 cml, MS (ISP): 670.3 (M+H)*

8.1L11. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-8-[1-(2-methoxy-benzyl)-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-aza- blwclo[4.2.0]oct-2-ene-2-
carboxylic acid benzhydryl ester

% IR (KBr): 1784, 1721, 1687 cm-1, MS (ISP): 682.3 (M+H)*



720. M xture of (E)-(5R 6R 7R)- and (5S, 6R, 7R)-7-tert-tbutoycarbonyl am no-
3-[1-(4-nitro-benzyl)-2-oxo-pyrrolidin-3-ylidenenmethyl]-5,8-di oxp-5-thia-1-
aza- bicycl o[ 4.2.0]oct-2-ene-2-carboxylic agpd benzhydryl ester IR (KBr):
1795, 1721, 1688 cnferr], I\/B (ISP) 713.3 (M+H) + 10 7. 21 M xt ure of

(E)- (5R, 6R, 7 STk téf-butoxycarbonyl-
RB.‘LE?E)- - 3-yl|i th 58dox05th|a-
) gj@&ﬁp&ﬁféﬂﬁﬂw KBr)

3-[ 1- (4- net hoxy- henz -20xo- A
1796, 1722, 2\arbogilic atiBbénthgdivt ester. 22. M xture of

1- aza-bhi cycl efx- pnZy 1)
gE% 1( (55 ?f{ugﬁ}l{@ﬂﬁmfﬁ?ﬁég@?% dl’ﬁ‘kgk&?)ggﬁg%@@ . .pg 8-di oxo-5-thia-1

- aza-bicydl o[ 4. 2. 0] oct - 2-ene- 2-carboxylic acid benzhydryl ester IR (KBr):

(5 (R o 7%{@ @%@wﬁﬁr Wﬁ (1. 3 udéc behls B2 oxo-
-5- ?Ihlogolg,a[z &fér 2- car boxyl ic acid be?ggf/-dryl es:gl]
i g e bl
3-ylidenempt hyl )-7-tert-butoxycarbonyl am no-5, 8- di oxo-5-thi a-1-aza-
001052 L o s B D oG .

(E)-(5S, 6R, 7prmhﬂm-$yhdemmeﬂlyﬂe&om-ﬂ-ﬂnaa-amhdydm[mmbﬂﬁne2-

oxy- phenyl) - 2. = B thyl]-5, 8- d| oxo-t hi a-1-aza- bi -
cyclo[ 4. 2.0] om{g%w 0X acl d benzhydr ester IR (KBr):
1798, 1723 crr[ ER(KBrizsl 185527720y 6) S (ISP): 68 2(M+H)

15

8.1.15. (E)-(6R, 7R)-7-tert-Butoxycarbonylamino-3-[1-[4-(3-tert-butoxycarbonyl-
propionylamino)-benzyl]-2-oxo-pyrrolidin-3-ylidenemethyl})-8-0xo0-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester

IR (KBr): 1787, 1722, 1687 cm-1, MS (ISP): 845.8 (M+Na)*

8.1.16. (E)-(6R,7R)-3-[1-(4-Allyloxycarbonylamino-benzyl)-2-0xo-pyrrolidin-3-
ylidenemethyl]-7-tert-butoxycarbonylamino-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester

IR (KBr): 1784, 1722, 1529 cm'1, MS (ISP): 773.6 (M+Na)*

8.1.17. (E)}-(6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(4-tert-butoxycarbonyl-
benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-
2-ene-2-carboxylic acid benzhydryl ester

IR (KBr): 1787, 1714 cm-1, MS (ISP): 752.5 (M+H)*

8.1.18. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(4-nitro-benzyl)-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-aza- blcycln[4.2.0]oct-2-ene-2-
carboxylic acid benzhydryl ester

IR (KBr): 1785, 1720, 1688 cm-1, MS (ISP): 697.3 (M+H)+

8.1.19. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(4-methoxy-benzyl)-2-0xo-
pyrrolidin-3-ylidenemethyl]-8-0xo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
IR (KBr): 1784, 1722, 1685 cm1, MS (ISP): 682.2 (M+H)*



35 -50 - 7.26. Mxture of (E)-(5R 6R 7R)- and
-(5S,6R 7R)-7-tert - but oxycar bonyl am no-
1-(3

3-[ - fl uor o- 2- hydr oxy- phenyl ) - 2- oxo- pyr&¢86+di n- 3-yl i denenet hyl ] -5, 8-di ox
0 5-thia-1-aza-bicyclo[4.2.0]oct-2-ene2-carboxylic acid benzhydryl ester

[ rr]H—NNR (Chd[err], 250 N+E) 8.9 (s 1FD 6 7-7.5 (m 15H), 5 7- 5 9

(m 4.5 5 1

-(5S, 6R, 7R) 7pyn'6h¢ﬁu-& thia-1-aza- blcyclo[4.2.0]oct-2-ene-2-

met hyl ] - 5- di o) 2. 0]oct 2-ene-2-carboxylic acid 10
benzhydryl es , 250 MHz 7.2-7.5 (m11H), 7.0
(m4H), 5.3 5m(1m¢2|4)78341522d1685 Msasm;s G%(M+H)‘(m 2H), 3.2 (d, 1H),
2.5-2.9 (

m2H), 1.6 (s,9H), 1.5 (s, 9H) 15 7.28. Mxture of (E)-(5R 6R 7R)-

and -(5S, 6R 7R)-7-tert-butoxycarbonyl am no- )
3[1(2f|uor&1§k@m}'§y‘?y§m pylaminmi
- aza-bicyl of A B lidene .-;~'~ 5-thinliavh-lsieielo]
(CbC[err], 250 6.9.,7.°5, , 4.5 (d, 1H),
(d, 1H), SGSmWW@cE"@ (m2H), 1.5 (s, 9H) 729

M xt ure ofi( EJR (EBri:R788) 17amd16MF1 masmevzommqemar bonyl am no-
5, 8- di oxo( 2- oxo- 1-t hi ophen- 2- ylnethyl pyrrolidin-3-ylidenenethyl)-5-thia-1-

aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl ic acid benzhydryl ester |R(KBr):
1796, 1721, 1688.1:223@)3@?73])13-0@19&6) ;wrtohdgns-ndkénememyl)-

E)- (5R 6R, 7R ,
5 B¢ : etr%-@WﬁW

5, 8-di oxo-3[ 2 yl -
yl i denenet hyl X2e8t8rcycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl i ¢ aci d

benzhydryllsesmr(KBr) 1785 1721, 1686 cm-1, MS (ISP): 652.3 (M+H)+

8.1.23. Mixture of (E)-(6R,7R)-7-tert-butoxycarbonylamino-3-[1-{(R)-and -[(S)-
tert-butoxycarbonyl-phenyl-methyl]-2-oxo-pyrrolidin-3-ylidenemethyl-8-oxo-5-
thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid benzhydryl ester

2 IR (KBr): 1788, 1728, 1690 cm-1, MS (ISP): 752.1 M+H)*

8.1.24. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(3-methoxy-phenyl)-2-
oxo-pyrrolidin-8-ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid benzhydryl ester

25 IR (KBr): 1786, 1721 cm1, MS (ISP): 668.4 (M+H)*

8.1.25. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-(1-naphthalen-1-yl-2-0xo-
- pyrrolidin-8-ylidenemethyl)-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid benzhydryl ester
30 IR (KBr): 1785, 1721 cm1, MS (ISP): 688.4 (M+H)*+

8.1.26. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(3-fluoro-phenyl)-2-oxo-
pyrrolidin-8-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0)oct-2-ene-2-
carboxylic acid benzhydryl ester

3 IR (KBr): 1787, 1721 em-1, MS (ISP): 656.3 (M+H)*



30 IR(KBr): 1797,1722,1495 cnferr], MS(I1SP): 919.4 (MtNH err])+ 7. 31.

M xture of (E)-(5R 6R 7R)- and -(5S, 6R, 7R)-7-tert-Butoxycarbonyl am no-

5, 8-di oxo- 3-[ 2- ox0- 1- (t et rahydr o- f uran- 2- w57t hyl ) - pyrrol i di n- 3-

yl i denenet hyl ] -5-t hi a- 1- aza- blcyclo[4 2. 0]oct 2- ene 2- carboxyllc acid 35

benzhydryl 6%13.27( @ ERTR)-T-téx ' Biatoark 20i83[2-0xd-13-tifildorts 84
cnjerr], MM I SP): 6 2. 2 (Mt xture < o 6R 7R) - and
~(5R 6R 7R) - PXF%%\\% eneme Nipi‘my PY’("’)‘“‘(“‘%

3-[1-(1-et howidaﬁmnethsﬂ] lazé-hicyelol4.28]leot-2-ehe-2-carboxylicarcidet hyl ] - 5,
8- di oxo- 5- thl o[ 4. 2. 0] oct - 2 ene- 2- car boxyl i caci d benzhydryl
ester | R(KBr) 1691 cnferr ISP 733.5 (MtH) + 5 7. 33.

M xt ure of5 ( ER@@')@SWSS;)H%@']( ESB)RY +EDA | yl oxycar bonyl -

pi peri di n-4-yl) - 2- oxo- pyrrolldln 3- ylldenenethyl] 7-tert-butoxycarbonyl -

~am no-5, 8-di oxo-5-thia-1-aza-hicyclo 4200t-2-en c[|d
benzhydryl eﬁ-bzs-lb mﬁ@b 14epbButoxyca 20%01
(M-H) + 7. 34. W%ﬂ:ﬂlpmmhdm& hdenemethyl-5-
(5S,6R 7R) - 7- But w y J
3[1(20mo¢b-$§ m&é@r 2parhonsiic agid bEnehyAryester;; oxo- 5. t n
i a- 1- azaibi JR(KSrk. V785, 472021685 MS(ISP)JM&SI(M#E)I’ZhydryI ester 15

| RCKBr): 1797,1720 cmferr], MS(I1SP): 689.4 (MtH)+ 7.35. M xture of
(E)- (5R 6R 7R)- and -(5S, 6R 7R) - 7- tert But (0)'¢ car bonyl am no-
5, 8- di oxo- 3- -tm roxyearhonylamino-8-oxord[2-axe-11stritybiiret h

B2 B9.ED-( 0
yl]- 5-thia- Wwﬂ %L%enzhydryl
ester (confi uran- 2, 1695
crerr], I\/lS(giBW‘ﬂ’l)%%0

15 IR(KBr): 1785, 1720, 1640 c:m'1 MS(ISP) 903.4 (M+NH4)+

8.1.80. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(3,5-dimethyl-pyrazin-2-
yD-2-oxo-pyrrolidin-3-ylidenemethyl}-8-oxo-5-thia-1-aza- blcyclo[4.2.0]ocl;-2-
ene-2-carboxylic acid benzhydryl ester

20 IR(KBr): 1787, 1719, cm-1, MS(ISP): 668.2 (M+H)*+

8.1.81. ('E)-(6R,7R)-3-[1-(1-Aﬂyhxycaxbonyl-p1pendm-4-yl)-2-oxo-pymhdm-3-
ylidenemethyl]-7-tert-butoxycarbonylamino-8-oxo-5-thia-1-aza-bicyclo
[4.2.0]Joct-2-ene-2-carboxylic acid benzhydryl ester

2% IR(KBr): 1786, 1701 cm-1, MS(ISP): 729.0 (M+H)*+

8.1.32. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-8-0x0-3-(2-0xo0-1-piperidin-4-
yl-pyrrolidin-3-ylidenemethyl)-5-thia-1-aza-bicyclo{4.2.0]oct-2-ene-carboxylic
amd benzhydryl ester acetate
3% IR(KBr): 1785, 1719, 1682, 1494 cm-1, MS(ISP): 645.4 (M+H)*

8.1.33. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(1-ethoxycarbony}-
piperidin-4-yl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-ox0-5-thia-1-
bicyclo[4.2.0]oct-2-ene-carboxylic acid benzhydryl ester

% IR(KBr): 1787, 1720, 1689 cm1, MS(ISP): 717.4 M+H)*



7.36. (E)-(5R 6H 7R) - or

-(5S,6R 7R) - 7-tert - But oxycar bonyl am no- 5, 8- di oxo- 3-

[ 2- oxo0- 1- ( 3- car banmoyl -t hi ophen- 2yl ) - pyrrol i.d&gn- 3-yl i denenet hyl ] -5-t hi a- 1-az
a- 25 bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzydryl ester (config. in
furan- noiety

-52- 8. De- ox%ﬂ@ 6!!3 t&ngrmm;“% i8 1 MB&MM M

phosphor ous t
(E)-(6R 7R) - 7-gza heidbenzhydlylesim'

bi cycl of 4. 2. O %@ﬁ?ﬁ%iigﬁﬁwiﬁé RIS TNy " 1
solution of510.45 g (13.57 rrm)l) of amxture of (E) (5R 6R, 7R)- and 10
(5S, 6R, 7R) - 7- 1] B= ﬂ#t B Yf)ﬁﬁh:
phenyl ) - 2- oxo- pyrrg#)' G@‘Pf (1- 0X0-o-thia-1-aza- din-2-

bi cycl of 4. 2. O]¥lpyrrolidin Mwﬂwlkémmww

di chl or onet ha’?ﬁgb&%ﬂc 2 Tl -.,- >.._~ i de and 12.8 nml N, N-

di et hyl f or mam de o] yti of 5.1 m phosphorous
15 tri broni de IR(KBT, rﬂ78:ﬁ éﬁﬂg & %ésrﬁ&ﬁ%*was stirred for 1 hour
and then pgured into a stirred sol utlon of 20 g sodi um bi carbonate in 250

over “magnesi mﬁ&@iwmmmﬁgﬁgﬁ% th n.

hexane and t hdhiadiagdohdyb-pyirolidinSylidehgmiethyl] & thia-lcazsbicyclefd.20}oct-20
I ROKEN) 1787 el ekt Fber 754 5 (MH) +

IR(KBr): 1787, 1719 cm-1, MS(ISP): 646.2 (M+H)*+

15
8.1.37. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(6-chloro-pyridazin-3-yl)-
2-oxo-pyrrolidin-3-ylidenemethyl]-8-0xo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid benzhydryl ester
IR(KBr): 1787, 1714, cm-1, MS(ISP): 674.2 (M+H)*+

8.1.38. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-8-0x0-3-(2-oxo-1-thiophen-2-
ylmethyl-pyrrolidin-8-ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0]loct-2-ene-2-
carboxylic acid benzhydryl ester

IR(KBr): 1788, 1720, 1686, 1633 cm-1, MS(ISP): 658.3 (M+H)*

8.1.39. 1:1 Mixture of (E)-(6R,7R)-7-tert-Butoxycarbonylamino-8-0xo-3-{2-oxo-
1-(R)- and -[(S)-2-oxo-tetrahydro-furan-3-yl}-pyrrolidin-3-ylidenemethyl]-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester
TR(KBr): 1783, 1720, 1692 cm-1, MS(ISP): 646.3 (M+H)*

8.1.40. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(2-chloro-pyridin-3-y1)-2-
oxo-pyrrolidin-3-ylidenemethyl]-8-ox0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid benzhydryl ester -

IR(KBr): 1785, 1718, cm-1, MS(ISP): 696.1 (M+Na)*+



-53- 8.12.

(E)-(6R 7R)-3-[1-(1H Benzi m dazol - 2-yl met hyl ) - 2- oxo- pyrrol i di n- 3-

yl i denenet hyl ] -7-tert-but oxycar bonyl am no-8&%®xo-5-t hi a- 1- aza-

bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl i ¢ aci d benzhydryl ester [err] 5 To a

sol ution of 5gi4q. SRITR)-T-teft-Butbzycdrbofilimino-Boxd-$[2-6k0-1BR, 6R 7R -
and - (5S, 6R 7R- - .benzi azol - 2-y| net.h I - 2- O I|d|n 3-

yl i denenet hy| Sthexyearbenykihiop ". Mﬁ m% A% ¢l o-
10 [ 4. 2. 0] octhicyelof ylic ester53n1

di chl oroneth _a(iaz J‘g@qmﬁ)de
was added at alg(ﬁrglr:é de%%% %%Fﬁ"( 'or ous
tribrom de5i n3.63 (m,SI:I)deme;bHB;a&z% (qmi)tﬁﬂ;iﬂde 155@55@&((1; ;‘5—573(01,Hﬂ and
t hen poured Oﬂggqigwm?éqrv\}ztg&emzapgqs\%e 19gparated and the aqueous phase

was extracted Il 'or onmet hane.  The conbi ned organi ¢ phases
were washed with saturat ed SOdI um b| car bonate soI uti on and vvater dried

over magnesi ugn A2l (B Scyanci | i ca
gel chromato tone:

powder. 20 | MW%@MMMM
Accordi ng 10 2-earboxylichcid benizhizdrylester t he preceedi ng exanpl es, the

foll ow ng ad M F a

8.1.3(E)-(6R - -temxé%lar blgg)jlr ﬁgég(MmgI% tro- phenyl)-2-oxo- 25
pyrrolidin-3-ylidene]-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxyl
ic acid benz I W *W?’EM@‘!]&?‘F%&?‘% . .

(E)-(6R, 7R)-¥'S4r§f- ut o ycarbony?um o- ( I- napht hal en- 1-yI - 2- xlo(- 38 oyl

pyrrol i di n- 3-thippbe pyrolidin-Ss pemetk W]@ﬁ&zﬂl&

15 2-ca:boxyhcamdbenzhydrylester
IR(KBr): 1785, 1682 cm-1, MSISP): 687.4 (M+H)*

8.2. In the presence of sodium iodide

8.2.1. Preparation of (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(3-fluoro-2-
20 hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-

bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester

+BuOCOHN,

R

B anacs

25 To a solution of 3.92 g (5.22 mmol) (E)-(5R,6R,7R)- and (5S,6R,7R)-7-tert-
butoxycarbonylamino-3-[1-(3-fluoro-2-hydroxy-phenyl)-2-oxo-pyrrolidin-3-
ylidenemethy]-5,8-dioxo-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2 carboxylic acid



carboxylic acid benzhydryl ester IR (KBr): 1785, 1720 cnierr], M5 (ISP):
688. 3 (M+H) + -54- 8.1.5.

(E)-(6R, 7R) - 7-tert - But oxycar bonyl am no- 3-[ 1602, 2- di phenyl - 1, 3- benzo-

bi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxylic acid benzhydryl ester 5 IR (KBr):
1786, 1721, 1§ ﬁzﬁiﬁﬁlrdstezl\ﬁ 60 25 aceterle wds\iidded 8.85 #(26.1 mmol) sodium

() (PR 20 i b oo smaamal o SOCind 56 B Y SanB M- o) oc

- 2 ene- 2 canbetis el anhgdidsiesd added Withi0L0 BuibkEhi terkpRfatirebeing 1t
() S(6R 7Ry - 1bplsi O, Afierad B ReRAectate mas2dded andthe mixthe yyas,yashed

3- f 1 uor o- plenywiee2witto50 yml d0%dsodiGny bisidfitersolugion 8ndbrind:iThe organic phase

t??%/cl 2[74211200 Al ?ﬁ ﬁ/E’ éggl%hgﬁfweb ayns%ﬁdu%%hgsﬁﬁéamth

(E) - (6R 7R) - 7diethy and thegolidowas collested by fltratiop and dried.
car banoyl - phe mré){sg% 3- yI i denenet hyl ] - 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oc
R i e TR T AR N
(B)-(6R 7Rh 71tH)t3BUB£9<m 41)) 2 5u8.9 ¢m3 2[ H); (5 (&9 )y - phenyl ) - 2- oxo-

. pyrrolidin-3- ylldenenethyl - 8- 0x0-5-thi a-1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-

carboxylic acid benzhydryl ester 25 IR (KBr): 1786,1721 cni err] M5 (I SP):
668. 3 (M+H) + Ackonding to the procedure set forth in the preceedmg example, the

byl ol 8 3. fW%ﬁ%i%?ﬁg?@@?%@?ﬁs Weaé&%%&‘& ol 4 3. ] gct - 2. gne-2-

carboxylic ac SEMGR, )-'bmmmy I:-2oxo0- \5
(1'SP): 670153 pitblidin-8-ylidenemethyll-8-oxo0-5-thia-1-aza- bxcyclo[4.2.0]oct-2-ene-2-

carboxylic acid benzhydryl ester
1H-NMR (CDClg, 250 MHz): 7.1-7.4 (m,15H), 7.0 (s,1H), 5.7 (m,1H), 5.4
(dd,1H), 3.6-3.8 (m,4H), 2.5-2.9 (m,2H), 1.5 (s,9H).

20 8.23. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(4-tert-butoxycarbonyloxy-
2-fluoro-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo-
[4.2.0)oct-2-ene-2-carboxylic acid benzhydryl ester
IH-NMR (CDClg, 250 MHz): 7.2-7.5 (m,12H), 7.0 (m,3H), 5.7 (m,1H), 5.3
(d,1H), 5.0 (d,1H), 3.5-3.8 (m,4H), 2.5-2.9 (m,2H), 1.6 (s,9H), 1.5 (s,9H)

8.24. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-3-[1-(2-tert-butoxycarbonyloxy-
phenyl)-2-0xo-pyrrolidin-3-yldenemethyl}-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-
2-ene-2-carboxylic acid benzhydryl ester

IR (KBr): 1784, 1721 cm-1, MS (ISP): 753.9 (M+H)*



8.1.11.

(BE)-(6R 7R)-7-tert-But oxycar bonyl am no- 3-[ 1( 2- net hoxy- benzyl ) - 2- oxo-
pyrrolidin-3-ylidenenethyl]-8-o0xo-5-thi a-1-8ka- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
carboxylic acid benzhydryl ester 35 IR (KBr) 1784 1721, 1687 cnjerr], M5

(1SP): 682.3 Qangtﬁéammoand/or groups ( Scheme 1
8.1.12. (E)-(6Rn7 @ -tert- Butoxycar bonyl am no 3 [1-( -tert but oxycar bonyl

oxy benzyD- 2- rolidin-3-ylidenenet hyl]-8-0xo0-5-thia-1-azabi cycl o-
[4.2:.0] oct-2- WHMWMMMMMdW KBr): 1786, 1758,

éqllg?{E)erE]GF?‘ﬁ)‘%- uto@ﬁ%‘b Iam no- - "‘%’?”WS’W‘?} - Z- 0OX0-

pyrol i di n- 8- ypyrraliding: 2ened- -

carboxylic aCWWBr): 1784 1721, 1688 crr[err] VS
(1SP): 669.8 14

(BE)-(6R 7R)-7-tert-But oxycar bonyl am no- 3-[ 1- ( 3- net hoxy- benzyl ) - 2- oxo-
pyrrolidin-3-ylidenenet & 0- 5»PR{ a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
carboxylic acid benzhydryl ester{fl R (K r) 1785 1720 1686 cnjferr], M
(1SP): 682.2 (MrH)+ 15 8.1.15

V4
(BE)-(6R 7R)-7-tert-But oxycar boRyl ami fo- 3- [1 [ 4% ( 3- @ but/gzékbonyl
AYT b

propi onyl am no) - benzyl ] - 2- oxo- pyrr§ bgl-_@-gyl iQlenel 5-thia-1-
aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl | id benzhydryl ester IR (KBr):

1787, 1722, 1687 cnferr], M5 (I1SP): 845.8 (WWNa)+ 20 8. 1. 16.
(BE)-(6R 7R)-3-[1-(4- Al'l yl oxycar bonyl am no- bgnzyl ) - 2- oxo- pyrrol i di n- 3-

CRCOHeHN S '
):N;f) CH=§\N\©\
o
o “oH ° OH

10 To a solution of 9.78 g (12.97 mmol) (E)-(6R,7R)-7-tert-butoxycarbonylamino-3-
[1-(4-tert-butoxycarbonyloxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethy]-8-oxo-
5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2 carboxylic acid benzhydryl ester in 100
ml dichloromethane and 10 ml anisole was added 50 ml trifluoroacetic acid
at 0°C. After 2 h at rt, the mixture was concentrated and poured on

15 diethylether. The resulting solid was collected by filtration and washed with
diethylether and hexane (5.12 g, 96.2%).

IR(KBr): 1778, 1676 cm-1, MS (ISP): 388.4 (M+H)*+

2



yl i denenet hyl ] - 7-tert - but oxycar bonyl am no- 8- oxo-5-t hi a- 1- aza-

bi cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxylic acid benzhydryl ester IR (KBr): 1784,
1722, 1529 cnferr], MS (I1SP): 773.6 (M-Na) +625 8. 1. 17.

(E) - (6R 7R) - 7-tert - But oxycar bonyl am no- 3-[ 1- (4-tert - but oxycar bonyl -

benzyl ) - 2- ox o gpN2S @ (ERTR)-7-AreneBL[1(1H-BeAimiddzol-2-yinigthyl)-80xor[ 4. 2. 0] 0
(l\:/tB-(I Sg;]e %5(2:ar both %nglﬂ benzﬁ&ﬁg %&nalﬁa&;(E } 1 18&0110‘%& Qg_rr]

(E) - (6R 7R) - 7 carboxylic¢ acidtrifiionoavetate| 1( 4- ni t r o- benzyl ) - 2- oxo-
pyrrolidin-3- ylldenenethyl] 8- 0x0-5-thi a-1-aza-bi cycl o[ 4. 2. 0] oct - 2- ene2-
carboxylic acid benzhydryl ester IR (KBr): 1785, 1720, 1688 cnjerr], M5
(I1SP): 697.3 (MH)+ 35 8.1.19.

(E)- (6R, 7R) - 7- tt@ubc! xycgsghbonyl am no- 3N

pyrrolidin-3-ylidenenet §yTf] - 8} oxo- %I\a#
carboxylic acid benzhy - :
(1SP): 682.2 (MrH)+ © 8.1.20

(E)-(6R, 7R) - 7-tert-But oxy nho- 3[ 1(4-fl uoro-benzyl) - 2- oxo-

pyrrolidin-3-ylidenenethyl]-8-0x0-5-thia-1-aza-bicycl o[ 4. 2. 0] oct - 2- en
carboxylic acid benzhydryl ester 5 | RCF§EODH. 1685 cnf emNA N\ Mb
(ISP): 670.2 (MrH) + 8.1.21. \N
(E)- (6R, 7R)- 7-t ert - But oxycar bonyl ani no- 8- oxo- 3- [ CHEN o-H
1486, 172 1689

ene- 2- carboxyl i x acid benzhydryl ester 10 IR (KBY):
crerr], Mg (ISP): 720.4 (M+H)+ CF;COOH 0% “OH

To a solution of 0.5 g (0.72 mmol) (E)-(6R, TR)-3-[1-(1H-benzimidazol-2-
ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-7-tert-butoxycarbonylamino-8-
oxo-5-thia-1-aza-bicylco[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester in
4.8 ml dichloromethane and 0.45 ml anisole was added 2.42 ml trifluoroacetic
10 acid at 0°C. After 4.5 h, the mixture was concentrated and the residue
dissolved in dichloromethane and treated with diethylether. The resulting
solid was collected by ﬁltratlon, stirred with ethyl acetate and collected by
filtration.
yield: 185 mg (60 %) beige powder
15 IR(KBr): 1777, 1677, 1625 cm-1, MS(ISP): 692.8 (M+H)+

met hoxy- benzyl ) - 2- oxo-
d- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
784, 1722, 1685 cnferr], M

According to the procedure set forth in the préceeding examples, the

following additional compounds were prepared:

9.1.38. (E)-(6R,7R)-7-Amino-3-[1-(3-nitro-phenyl)-2-oxo-pyrrolidin-3-ylidene-
20 methyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0loct-2-ene-carboxylic acid

trifluoroacetate

IR (KBr): 1785, 1690 cm-1, MS (ISP): 415.4 (M-H)-

9.14. (6R,7R)-7-Amino-3-[1-(4-carboxy-phenyl)-2-oxo-pyrrolidin-3-ylidene-
2% methyl]-8-0xo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

trifluoroacetate

IR (KBr): 1786, 1691 cm-1, MS (ISP): 416.3 (M+H)"’



8.1.22. (E)-(6R 7R)-3-(1-Benzyl -2-oxo-pyrrolidin-3-ylidenenethyl)-7-tert-
but oxycar bonyl am no- 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2-car boxylic acid
benzhydryl ester 15 IR (KBr): 1785, 1721, Jg86 cnjerr], M5 (I1SP): 652.3
(MtH) + 8. 1. 23. Mxture of

'Egt(gstzsg/c;?lgr:r | - w net rr%@i | i denepet hyl - 8; xo 5
- thia-1-aza- '&]‘WPE%H&% 35%9 %%%9;;:‘%?;%
IE)(F?{Q)?R;?MWWO cni er{] MS (ISP): 752.1 f(l\/frH)h;rnfil )1 34

(()xo pyrroli er@ﬂ?Fangéﬁﬁnysﬁ‘@mﬁ {ﬁbz(g@gﬁgl %:ly(F:)I o[ Z 2.0] oct - 2-ene-

2- carboxybic acid benzhydryl ester 25 IR (KBr): 1786,1721 cr‘r{ err] VS

(1SP): 668.4
EE)-%6R 7R) - #m%ﬁar ony a S&WP&HPph:a%on lzgl ?l
rrolidin-3 thm
Eér boxyl i c acqiheroacstite! ester 30 IR (KBr): 1785 1721 cnferr], M5 (I SP)
688. 4 ( M+H) + 6,
(B)- (6R 7R - A% BEBrBA79%, 1693 6Py HMS ISBY: B9 DEHER o- pheny! ) - 2- oxo-
pyrrolidine3-ylidenenethyl]-8-oxo-5-thia-1-aza-bicycl o[ 4. 2. 0] oct - 2- ene- 2-
gggngrm 29 1.7 R G TI) A RRho 1B b oxy-phhyD Fox6 Pyirbligin Y dinle-
E) - (6R, 7R) - 7methyl}8-0xo-5dhid-draracbicyclofd.2.0jod-2-ene-2ecarhoxyticiddid
ge%hgl phe%yl 2 3-yl i denenet hyl - phenyl ) - pyrrolidin- 3- bgaghydryl
ester 5 IR ( cnferr], M5 (ISP): 706.3 (MtH)+ 8.1.28. 1:1
M xt ure of (Elij%ﬂ%r)zﬂﬁBﬁm - But oxycar bonyl ani no- 8- oxo- 3- [ 2- oxo-
5 .
9.1.8. (E)-(6R,7R)-7-Amino-3-[1-(3,4-dihydroxy-phenyl)-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]loct-2-ene-2-carboxylic acid
trifituoroacetate
IR (KBr): 1775, 1673 cm-1, MS (ISP): 404.2 (M+H)*

9.1.9. (E)-(6R,7R)-7-Amino-3-[1-(3-fluoro-4-hydroxy-phenyl)-2-oxo-pyrrolidin-
3-ylidenemethyl]-8-ox0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
trifluoroacetate

IR (KBr): 1776, 1678 cm-1, MS (ISP): 406.3 (M+H)*

9.1.10. (E)-(6R,7R)-7-Amino-3-[1-(2-methoxy-phenyl)-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-ox0-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid
triffucroacetate

IR (KBr): 1781, 1684 cm-1, MS (ISP): 402.3 (M+H)*

9.1.11. (E)-(6R,7R)-7-Amino-3-[1-(3-fluoro-2-hydroxy-phenyl)-2-oxo-pyrrolidin-

3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

trifluoroacetate

1H-NMR (DMSO, 250 MHz): 9.8 (b,1H), 6.8-7.4 (m,6H), 5.2 (dd,2H), 4.0 (b,2H),
% 3.7 (m,2H), 3.1-3.3 (m,2H)



1-[(R - and
-[(S)-tetrahydro-furan-2-yl nethyl]-pyrrolidin-3-ylidenenethyl]-5- _
t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car box@di-c benzhydryl ester 10
| R(CKBr): 1785, 1720, 1685 cnferr], MS(ISP): 646.3 (I\/H—|)+ 8. 1. 29.

(B)-(6R 7R)- 79.212.@*(6&@)3%%[ )-Z-Rxb-pytmlidmt

| -1H tet d

bi cycl o[ 4. 2. 0 %%%i%%é&ﬁ%ﬂ“ et

1785, 1720, 1ﬂﬁﬂum{!aeem M5(1SP): 903.4 (MENH err]) + 8 1 30.

E)-(6R 7R) -7 3 l@éﬁﬁ

§/Ig (2 0XO0- )pyr;lo Wmﬂenewgg%i@ ?%(al' B ?(q)gzr 0] oct -
2- ene- 2- car béwy2HY, %Z(m,gmz )4-0 £dd 2Rk B+ (m:ﬂﬂ)l Q%l medH) 1] |
M5(1SP): 668.2 (MtH) 8.1.31.

V11 denonet hy! B8 SEGH By EAmE 1T G iusropheryd Zoss pykiefidin ftidene
[cfrt g%?% OC}\/[S(2| P é729 Nﬁhkﬁ 81 33 : 00, 1701
(B)-(6R 7R)- 7Marbonyl am no- 8- oxo- 3- ( 2- oxo- 1- pi peri di n-4-

yl - pyrrol i i n1H-NMRDMBS0; 250 MH2); 6.917.6{m,THy5.1(dAHE), 8.9 (d, 1 )88 (shaF)y
lic acid benz?yél%ﬁfg&eifg%aéﬁ)so | RCKBr): 1785,1719, 1682, 1494 cnferr],

M5(I SP): 645
(B)-(6R 7R)-7-tert-But oxycar bonyl am no 3- [1 (1- et hoxycar bonyl -

pi peri di n-4-ylg ﬂqm.( [7E)-1-Arfitnd-3) ?%ﬁdnm
bi cycl o[ 4. 2. 0] Q¢ r% box J:hlg Cl enz & °§% r 35
58% iw %m&m?& 0]c %eyel
1787, 1720, 16
(E) - (6R 7R)5 7-tiifluorBadetage ar bonyl am no-3-[1-[1-(3-tert-but oxycar bonyl

prop| onyl) - pi &ﬁ.r(ﬁhr'} f,zyl]:l& OxoﬂpﬁéﬂSﬁ %8% éltMcﬁS\emet hyl ] - 8- oxo-5-thia-1

9.1.15. Mixture of (E)-(6R,7R)-7-amino-3-[1-[(R)- and -[(S)-carboxy-phenyl-

methyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-
20 2-ene-2-carboxylic acid trifluoroacetate

IR (KBr): 1786, 1743, 1681, 1623 cm-1, MS (ISP): 430.2 M+H)+

9.1.16. (E)-(6R,7R)-7-Amino-3-[1-(2-fluoro-benzyl)-2-oxo-pyrrolidin-S-ylidene-
_ methyl]-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
% trifluoroacetate
IR (KBr): 3435, 1785, 1682 cm'l, MS (ISP): 404.3 M+H)*

9.1:17. (E)-(6R,7R)-7-Amino-3-[1-(2-methoxy-benzyl)-2-oxo-pyrrolidin-3-

ylidenemethyl]-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
3 trifiucroacetate

IR (KBr): 1788, 1680, 1623 cm-1, MS (ISP): 416.4 (M+H)*

9.1.18. (E)-(6R,7R)-7-Amino-3-[1-(3-hydroxy-benzyl)-2-oxo-pyrrolidin-3-yl-

idenemethyl]- 8-oxo-5-th1a-1-aza bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
35 trifluoroacetate

IR (KBr): 1788, 1677, 1617 cm-1, MS (ISP): 402.3 (M+H)*



aza- bi cycl o[ 4. 2. 0] oct - 2-ene-2-carboxylic acid benzhydryl ester |R(KBr):
1786, 1722, 1688, 1645 cnferr], MS(LPD): 823.8 (M+Na)+ 5 8. 1. 35.
(BE)-(6R, 7R) - 7-tert - But oxycar bonyl am no- 8- 0xg53- ( 2- oxo- 1- pyri m di n- 2-

yl -pyrrolidin-3-ylidenenet hyl)-5-thia-1-aza-bi cycl o[ 4. 2. 0] oct - 2- ene- 2-

boxyl i i
car ZX{NLE) 3013.93 mh%mﬂmeammbfﬁ-rﬁ(&ﬂu&%enh}nmmhmma%

(E)- (6R, 7R) - 7MMMMMWWWW

th| adi azol - 2- yiflupyoacstaté n- 3- yl i denenet hyl ] - 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct
-2- ene-2-car I ) 1719 cnerr],

20 -2, car fiS: PRyl 1BBSZINK wl- £V IR 1Bl oA

(E) (6R 7Rp-7-tert- Butoxycarbonyl am no- 3-[ 1- (6-chl or o- pyri dazi n-3-yl) -

BT et Coanes o s micon
- carboxylic aci enz ry er

674.2 (MHH) + thia-1-aza- 4.2 0Joct-2-ene-

(B)-(6R 7R) - 7War bonyl am no- 8- oxo- 3- ( 2- oxo- 1-t hi ophen- 2-

| met hyl - < 3- 4.2.0]oct - 2- -2
Y arboxyl ¢ SR GRBTIEHY i%?i”ﬁéi%%@i&%@sﬁa%@@%ﬁ%ms, less ~ "
cnferr], Mo(ISP): 6583(|\/Hr|—|)+8139 1:1 Mxture of

155 00 (B AR R R T e -
“[(S)- 2- oxo-t ({14

t hi a- 1- aza- bi 42.0Joct- t
IRI( 2Br)azi7sl3c?ﬁiﬁﬂrg#:%dmﬁahfc@ﬁﬁé SP): 646.3 (mbc?[w 8.1. W et
(B)-(6R 7R)-7-ter ut oxycar bonyl'am no- 3-[ 1- (2-chl oro-pyridi n-3-yl)-2-

oxb- pyr f ol | i TR KPR 670, 1605 eack, MBITSE) 5235 BAeRIb [ 4. 2. 0] okt - 2- ene-
2- 15.

9.1.22, (E}(GR,7R)-3-[1-(4-Allyloxycarbonylmnino-benzyl%2-oxopyrmﬁdin-3- _

ylidenemethyl]-7-amino-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic
IR (KBr): 3411, 1781, 1724, 1676 ecm-1, MS (ISP): 507.5 (M+Na)*+

9.1.23. (E)-(6R,7R)-7-Amino-3-[1-(4-carboxy-benzyl)-2-0xo-pyrrolidin-3-
_ ylidenemethyl]-8-0x0-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid
IR (KBr): 1784, 1682, 1614 cm-1, MS (ISP): 430.3 (M+H)*+

9.1.24, (E)-(6R,7R)-7-Amino-3-[1-(4-nitro-benzyl)-2-0xo-pyrrolidin-3-ylidene-
- methyl]-8-0x0-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

trifluoroacetate

IR (KBr): 1781, 1679, 1611 cm-1, MS (ISP): 431.3 M+H)*

9.1.25, (E)-(6R,7R)-7-Amino-(4-methoxy-benzyl)-2-0x0-pyrrolidin-3-ylidene-
methyl]-8-o0xo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
triftuoroacetate

IR (KBr): 3433, 1786, 1679, 1613 cm1, MS (ISP): 416.4 M+H)*

9.1.26. (E)-(6R,7R)-7-Amino-3-[1-(4-fluoro-benzyl)-2-oxo-pyrrolidin-3-ylidene-
methyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
trifluoroacetate

IR (KBr): 17883, 1688, 1605 cm-1, MS (ISP): 404.3 (M+H)*



carboxylic acid benzhydryl ester IR(KBr): 1785,1718, cnferr], MS(ISP):
696. 1 (M+-Na) + 35 -59- 8.1.41.

(E)-(6R, 7R) - 7-tert - But oxycar bonyl am no- 8- oxgg 3- [ 2- oxo- 1- ( 3-

et hoxycar bonyl -t hi ophen- 2yl ) -pyrrolidin-3-ylidenenethyl]-5-thia-1-aza-
bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl i x acid benzhydryl ester [err]H—NIVR

(m1k ;5 3. ot SeR TR A o o irfinorgilidhyoriey

1H); 5. 67 (m hdin-S-ylideriemethyl]-5-thie1{aze-bitytlo[£.20] cetR-ene-

(BE)-(6R 7R) - 7; t.grt - But car bonyl am no- 8- oxo- 3-[ 2- oxo- 1- ( 3- cyano-

t hi ophen- 2yl ) = -3-yl i denenet hﬁé 5-t hi a-1-aza- bi cycl o[ 4. 2. 0] oct - 2-
ene- 10 2- sar BXKBr): H(83d168]1,2162!}gm']e (ISPx #Bdt: (M¥HS* 1720 cnierr],

M5(ISP): 686.4 (MrNH[err])+ 8. 1.43.
(E)-(6R 7R) - 7 tert But oxycar bonyl am no- 8- oxo 3- [2 0xo0:,1- ar banoyl
t hi ophen- 2yl ) 9dy#& Mﬂxﬂgﬂﬁ m@&mm& 2-
ene- 15 2- car §geithiadchsh- 4eid tifbidreabetat
de 8.2.1.
E?n?ggﬁm ﬁ%l (3-fluoro-2- 20

dmilo@sz-eﬁei
Prepar at i on iR PR GH AR5, Léﬁ%ﬁ@ém
B?/groi(g[zhgn%!l’) 2- 0XO0- pyrr;lg%dl n- 3-yl i denenet h{i]ﬂ%;% oxo-5-thi a-1- aéazl_o .
yc 8?9 %@ 'M ?ﬁ?é&?@g 2%# éﬁ%ﬁ?ﬁeﬁ
Bglt lcj)ilyggr ggnipmo%nhﬁ-&ykdénemuhyﬂﬁ-ﬂymlmbiwdﬁm * Zicarboxylic
yl i denemnet hy] a&m%a 1-aza-bicyclo[4.2.0]oct-2-ene-2 car boxyl I C

aci d
IR(KBr): 1781, 1679, 1630 cm-1, MS(ISP): 378.3 (M+H)+

(1'1)

15 .
9.1.30. 1:1 Mixture of (E)-(6R,7R)-7-Amino-8-0x0-3-[2-0x0-1-[ (R)- and -[(S)-
tetrahydro-furan-2-ylmethyll-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-
bicyclo{4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate

IR(KBr): 1785, 1680, 1622 em-1, MS(ISP): 380.3 (M+H)*

9.1.31. (E)-(6R,7R)-7-Amino-3-[1-(3,5-dimethyl-pyrazin-2-yl)-2-oxo-pyrrolidin-
3-ylidenemethyl]-8-ox0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
trifluoroacetate

IR(KBr): 1786, 1694, 1619 cm-1, MS(ISP): 402.3 (M+H)+

9.1.32. (E)-(6R,7R)-7-Amino-8-0x0-3-(2-0xo-1-pyrimidin-2-yl-pyrrolidin-3-
ylidenemethyl)-5-thia-1-aza-bicyclof4.2.0]oct-2-ene-2-carboxylic acid
triffuoroacetate

IR(KBr): 1781, 1701, 1620 cm-1, MS(ISP): 374.3 (M+H)*

9.1.33. (E)-(6R,7R)-7-Amino-3-[1-(6-chloro-pyridazin-3-y1)-2-oxo-pyrrolidin-3S-
ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0)oct-2-ene-2-caxboxylic acid
trifluoroacetate

IR(KBr): 1782, 1699, 1625 cm-1, MS(ISP): 408.2 (M+H)*

9.1.34. (E)-(GR,7R)-7-Ammo-3-[1-(2-chlompyﬁdin-3-yl)-2-oxo-pym idin-8-
ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
triffuoroacetate

IR(KBr): 1782, 1694 cm-1, MS(ISN): 422.3 (M-H+NH3)"



-60 - benzhydryl ester in 60 nml acetone was added 3.86 g (26.1 mmol ) sodi um
| odi de. The m xture was cooled to -20[err]C and 3.6 mM (26.1 mmol)
trifluoro- acetic acid anhydride were addediM thin 10 min, the tenperature
bei ng kept below O[err]C. After 1 h, ethylacetate was added and the m xture
was washed 5 twice with 50 mM 10% sodi um bi sulfite solution and brine. The

o PiTed it ﬁ%@%ﬁ*@%’?ﬁiﬁﬁm&?"d' : ﬁi}fﬁ%@ﬂte 3 eﬁ@éﬁ&ﬁmﬁwtﬁ e
filtration anskepyerolidines-ylideneiethyl A-azabicyelo[tk0loctiene-2- ) :
68—75(m 50(d 101H), 3.5- 3.9

(m 4 H; 2 - Accordl ng to the procedure set
forth in the m(mm?&ﬁ ﬁp[l§26 .fMa'me (& * compounds were
prepared: 8.2.2.

I(Darglfi:?drﬁ) 3_7 tert-Buﬁ iﬁ?&iﬂi ﬁE no- 3- !l-gé-fl uorﬁ-pgeﬁyl i-z oxo-!é :

car boxylic acym hie-Stox hidVRazaPacyelof4.2.
(m15H), 7.0 (s 1H), 54(dd1H) 3.63 (m4H) 2529
(m2H), 1.5 (&
(E)- (6R 7H)- m(mr)smvmmamﬂmﬂm4asommr but oxycar bonyl oxy-
2-fl uoro- phenyl) 2- oxo- pyrrolidin-3-ylidenenet hyl]-8-o0xo0-5-thia-1-aza-bicyc

Io- [4.2.0]oct ene- 2- carboxylic acid benzhydryl ester [err]H NVR
(CDCl [err], &m&s}(ﬂﬂ,mr-'w&lmq-&m (ﬁeﬂboswaﬂnnﬂ dn-‘i-yb-%om lH)

5.0 (d, 1H), 5 :b]g'guo
(BE)-(6R 7R) - 7-Tert-But é{CQ %on?ﬁ%m no 3 [ 1- 2 tert-but oxyca%nyl oxy-

phenyl) - 2- ox - 8- 0x0-5-thia-1-aza-bicyclo[4.2.0]o0
ct- 2-ene1- CERIXB) 1%9,@63%%!@&8%8451.3 (M+H)*+

9.1.88. 1:1 Mixture of (E)-(6R,7R)-7-Amino-8-0x0-3-[2-0x0-1-[(R)- and -[(S)-2-
oxo-tetrahydro-furan-3-ylI]-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate

20 IR(KBr): 1777, 1678, 1632 cm-1, MS(ISP): 380.3 (M+H)*

9.1.39. (E)-(6R,7R)-7-Amino-8-0x0-3-[2-0x0-1-(1,3,4-thiadiazol-2-yl)-pyrrolidin-
3-ylidenemethyl}-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
trifluoroacetate

% IR(KBr): 1783, 1694, 1621 cm-1, MS(ISP): 380.2 (M+H)*+

9.1.40. (B)-(6R,7R)-7-Amino-8-0x0-3-(2-0x0-1-thiophen-2-ylmethyl-pyrrolidin-
3-ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
benzhydryl ester triffuoroacetate

3 IR(KBr): 1785, 1681, 1622, 1406 cm-1, MS(ISP): 392.3 (M+H)*

9.141. (EHGR,7R¥7-Amim&om-3-(2-oxol-(3-ethoxycaxbonyl-thiophen-2-yl}
pyrrolidin-3-ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic
acid trifluoroacetate

% IRKBr): 1773, 1703 cm-1, MS(ISP): 450 (M+H)*+



IR (KBr): 1784, 1721 cnierr], M5 (I1SP): 753.9 (MtH)+ 30 -61 - 9.

Renovi ng the am no and/or carboxy- protecting groups (Scheme 1 (6) ->(7))
9.1. In the presence of trifluoroacetic aci@g8and ani sole 9.1.1. Preparation
of (E)-(6R 7R)- 7 Am no- 3- [1 (4 hydroxy phenyl) 2 oxo-

pyrrolidin-3-g

2.
(rzrﬁlr)lb;)lelzl)f:(gm d thl i gﬁyﬁg%t at@ |ﬁ ﬁ;b %To @ soi Ltt4.2%]oc£- ;%3 ;EZ é‘?
[ 1- (4-tert - buachdirifldorascetatephenyl ) - 2- oxo- pyrrol i di n- 3-yl i denenet hy] - 8- oxo
100 mi o TROSEREARA, Ted ARy, WSO ATO MR A0 01 tor oacet i

acid at O[&rr]C. After 2 h at rt, the m xture was concentrated and poured

R Tk ik rer sy e e e o

cnferr], M ( -azapbicyclo[4.2.0]oct-2-ene-2-carboxylic
(E)-(6R, 7R) - 7a¢gu ben2| m dazol - 2- yl met hyl ) - 2- oxo-
l'i di n-3- - -1 | o[ 4. 2. 0] oct - 2- -2-
A boxyl 1 ¢ actRUEBPY LaBPoLsss e, SHSEY: do81 bty Ol & = O oct-=-ene
10

9.2, In the presence of trifluoroacetic acid and triethylsilane
9.2 1. Preparation of (E)-(6R,7R)-7-Amino-3-[1-(4-carbamoyl-pheny)-2-oxo-

pyrrolidin-8-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-
t-BuOCOHN,

Rifenac Wk

CF;COHeH;N s |
IN?@{;NO
O
o% o o CONH,

To a cooled solution of 1.39 ml (8.78 mmol) triethylsilane in 28 ml trifluoro-
20 acetic acid was added portionwise 7.72 g (8.36 mmol) (E)-(6R,7R)-7-tert-
butoxycarbonylamino-8-0x0-3-[2-0x0-1-(4-tritylcarbamoyl-phenyl)-pyrrolidin-
3-ylidenemethyl]-5-thia-1-aza-bicylco[4.2.0]oct-2-ene-2-carboxylic acid
benzhydryl ester. After 45 min at 0°C and 4 h at rt, the mixture was
concentrated to 1/2 of its volume and was poured on 50 ml ice-cold
%5 diethylether and stirred for 1 h. The solid was collected by filtration and
dried yielding 3.88 g (99%) of a yellow material.
IR(KBr): 1778, 1666 cm-1, MS(ISP): 415.3 (M+H)*+



5 To a solution of 0.5 g (0.72 mvol) (E)-(6R, 7R)-3-[1-(1H benzi m dazol - 2-
yl met hyl ) - 2- oxo- pyrrolidin-3-ylidenenethyl]-7-tert-but oxycarbonyl am no- 8-
0x0-5-thi a: 1-aza- bi cyl co[ 4. 2. 0] oct - 2- ene- 2-68r-boxyl i ¢ aci d benzhydryl ester
in 4.8 m dichl ororret hane and 0.45 m anisole was added 2.42 ni
trifluoroacet Apcdsllingitd the phoeedtife séf forth 4nthe prdeeedingt axtnphs the
concentrat ed ? t he r&&due di ssol v 3 I n _dichl oroHet hane and treated with
di et hyl et her. %‘P& tignal coppgpuads. syqre PLRPATeds | t v 4t | on st rred with
et hyl acet at e922| @N(MWMMOG-@-

owder 15 IR
RCCOI’dI ng tO(W ﬁﬁ%%ﬁ%%&%

fol | owi ng d&ddacid Were prepared 9 1 3.

(B)-(6R 7R) - 7 31 ( | QWW I|d|n3yI|dene- 20
met hyl ] - 8- oxo ) 'igIz’al%t?iIic%l 0 oct - -ene car boxylic acid IR
(KBr): 1785, 1690 crr[err] I\/IS(ISP) 4154(MH)- 9.1.4.

(6R 7R) - 7- Am 9@.8-(EM maplett e 9-91-2-8x0- 53. 25
met hyl ] - 8- 0x0- &- h| a-1:a b| cyl 2. 0] pct rbo acid

(Ker): 1786, 39‘%"6&1%# ﬂ&%ﬁ@vsﬁrl%%lwg%@%aﬁw

(E) - (6R, 7Rp- 7 tvifblnopededtate 3- net hoxy- phenyl ) - 2- oxo- pyrrol i di n- 3-

Vi TR TR T b, UL g g o7 oo

(E)-(6R 7R)-7- Am no- 3[ 1- ( 3- f | uor o- phenyl ) - 2- oxo- pyr rol i di n- 3-
yli denenet hyl bofs QEI(6RIR)7- Aitinkt-SN ¥ rilh thaléRly1d-626-pyrraliaiN 8-y lidahie-
methyl)-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic

15
IR (KBr): 1779, 1686 cm-1, MS (ISP): 422.4 M+H)*

10. Acylation of compound (7) ( Scheme 1 (7) - (8))
20 10.1. Preparation of (6R,7R)-7-[(Z)-2-(2-Ammo-th1azol-4-yl)-2—tntyloxy1mmo-

acetylamino]-3-[(E)-1-(4-hydroxy-phenyl)-2-oxo-pyrrolidin-8-ylidenemethyl]-8-
oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

CR:COHeH,N s
J:N o N.
o f* # \@\
' oZ “oH ° OH
j OCPh,
N
| N
N jH'/H S
7
HzN—<s | o Ir’sr/f‘ c[-lzq\N.@\
o
0% ~oH ° OH
To a stirred suspension of 820 mg (2 mmol) (E)-(6R,7R)-7-amino-3-[1-(4-

hydroxy-phenyl)-2-0xo-pyrrolidin-3-ylidenemethyl]-8-ox0-5-thia-1-aza-bicyclo-
[4.2.0]Joct-2-ene-2-carboxylic acid trifluoroacetate was added 1.4 g (2.56 mmol)

P51



IR (KBr): 1795, 1692 cnferr], M5 (ISP): 390 (M+rH)+ 10 9.1.7.

(BE)-(6R, 7R) - 7- Am no- 3-[ 1- ( 3- hydr oxy- phenyl ) - 2- oxo- pyrrol i di n- 3-yl i dene-
met hyl ] - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] octg2- ene- 2- carboxylic acid IR
(KBr): 1785 crr[err] 15 9.1.8.

(B)-(6R 7R) -7 ﬁi@l-‘f« bﬁﬁﬁﬁﬁi&-a&ﬂ&( 8ciBY1-BbhZbtia¥ole ester,
yl i denenet hyl ] aza- bi

trifluoroacet \ -Oﬁthﬂ@?@n%q%M 0438&@-‘51-3&;"3 i dye %‘I‘g‘kggl |

9.1.9. 150 ml ethi;cetate and washed tw1ce with 25 ml water. The zfgamc phase
r

(E)- (6R 7R) - 7- Am no- 3 tg_ -ré’?;ﬁ%P&/ Hﬂﬁ“ Zbﬁ’é}]gﬁ’%r qu;&apgd

3- ylldeneneth
acid trifl LB)r chaceysmﬂlid?ltl’é&s) col]b?:ié‘d bjldﬂ&'ahdmrwéshddswﬁﬂlﬁa)hﬂﬁ@tﬁté &nd) +

25 9.1.10. } pnﬁ{m! o- pyrrolidin-3-
yl i denenet hyI - 8- th_@ae_t I a- -az Ly%él ¥c?§ oCl - ;.‘aét%-carboxyllc acid
IR (KBr): 178 ):cH84, 1BT9vmn 1) MS(ISEY799.4 330 9. 1. 11.

(BE)-(6R 7R) - 7- Ani no- 3- [ 1- (3-fl uoro- 2- hydr oxy- phenyl ) - 2- oxo- pyrroI|d| n-

20?”(1' ngrG]mli hwwrf thi a- # a,zat-Bal cyc| ?ﬁh%@ ﬁt 3- Qne aL boxyl | c

?Eg) EgRZ?Ryiﬁam] 2h¥ 2 XWWO pyrroli

CF,COOH N-O-CPhg
Hp N
)}LCHQ - L“T*r Yy

IO-CPhs

—————
HoN—¢/
0% “OH

15 To a stirred suspension of 670 mg (1.31 mmol) (E)-(6R, 7R)-7-amino-3-[1-(1H-
benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0xo-5-thia-1-
aza-bicylco[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate in 22 ml DMF
was added 0.785 g (1.44 mmol) 2-(2-aminothiazol-4-yl)-(Z)-2-trityloxyimino-
acetic acid 1-benzotriazole ester. After 21 h at room temperature, the

20 mixture was concentrated and the residue suspended in 700 ml ethyl acetate
and the solid collected by filtration. It was suspended in 10 ml water and '
stirred for 1.5 h, collected by filtration, washed with water, ethanol and
diethylether and dried to yield 635 mg (58%) of a beige powder.

IR(KBr): 1777, 1677, 1625 cm-1, MS(ISP): 837.2 M+H)*+



| i denemet hy] - 8- oxo- 5-t hi a- 1- aza- bi cyl o[ 4. 2. 0] oct - 2- ene- 2-carboxylic acid -
r] HNVR (DVBO, 250 MHz): 10.1 (sb, 1H), 74(slH) 7.2 (m2H), 6.9-7.2 5
2H), 6.7 (m2H), 5.2 (dd,2H), 4.0 (dd, 2H1-3.7 (m2H), 3.0-3.3 (m 2H)

13.

(6R, 7R) - TAférding tb %hé?mﬁbém @temytﬁ 1ﬁthé uéécﬁhgctmpled tige

yl ] - 8- 0x0z thl a- 11%0:133%%“ 0 %(}).ct ene; 2 car boxyli1c acid 10
)

(

3-y
[ er
(m
9.
(

E
me

1.
'h
err] H NVR ( ¢ prepa 4.9 (d,1H), 3.9
sb, 2H), 3.8 10632m73)-ﬂ-m2((2mnﬁw+y1}2-mtyhmmmo-ace lamino]-8-
E

§/I )de eRmZ,'ﬁ]yl @%WMW%’%MF%% ¢ acid
L«mﬂp ael-2-ene%earbozylicacid

35 triflurbac rr], M5 (ISN: 386.2 (MH)-
9.1.15. Mxtug I:]'g»556 J -[ S- car boxy- phenyl -
fl I n- ‘T?)cggnerret S §2§4@JI+H [

met hyl ] - 2- oxo pyrro -8-0x0-5-thia-1-aza-bicylo[4.2.0]0
ct- 20 2-ene-2-carboxylic aC|d trlfluoroacetate IR (KBr) 1786 1743, 1681,

—~r

%EES)ZB(EEI grR;] 10(&(6&3&1)—74@)—2-' a loxyimino-acetylamino]-3-
I 0O-Denz % [r en

ot hy ] 5 o SRR tHEIeA L-yE 0% ﬁ%&%@@?ﬂ%ﬁiﬂ@%ﬁ%ﬁrw

(KBr): 343b, [Moch&ene}zmm)aadm 3 (MrH) + 9. 1. 17.

E 6R, 7R lidin-3-

3(/I |)d(enerret ?mP@?@%%&ﬁsmg’W@ﬁ %@m@rgn; I2ncar boxylic acid
30 trifluoroaetate IR (KBr): 1788, 1680, 1623 cnjerr], M5 (ISP): 416.4
(MeH) + 9. 1. 18 9&5-@3, 7-1(Z)-2-(2-Amino-th i lamino]-3-
E 6R, 7R) - 7- - 3- t?’
R CN G sk e Q0 A K i

35 trifl ugpoopiiveldi4.20]6662-theRicRbok§tiéacid®l 7 cnierr], Ms (1SP): 402.3
(MH) IR (KBr): 1785, 1686 em-1, MS (ISP): 848.2 (M-H + NHg)*

10.6. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-trityloxyimino-acetylamino}-3-

[(E)-1-(3-methoxy-phenyl)-2-0x0-pyrrolidin-3-ylidenemethyl}-8-0x0-5-thia-1-
2 aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

IR (KBr): 1784, 1684 cm-1, MS (ISP): 828.1 (M-H + NHg)

10.7. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino}-3-

[(E)-1-(4-carboxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-
% aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

IR (KBr): 1785, 1691 cm-1, MS (ISP): 825.2 (M-H)-

10.8. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol4-yl)-2-irityloxyimino-acetylamino]-8-

0x0-3-[(E)-2-0x0-1-(3-trifluoro-phenyl)-pyrrolidin-3-ylidenemethyl]-5-thia-1-
30 aza-bicyclo[4.2.0]loct-2-ene-2-carboxylic acid

IR (KBr): 1785, 1689 cm'1, MS (ISP): 851.2 (M+H)*+ _

10.9. (6R,7R)-7:[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-3-

[(E)-1-3-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl}-8-ox0-5-thia-1-
3 aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

IR (KBr): 1783, 1679 cm-1, MS (ISP): 799.2 (M+H)*+



-65- 9.1.109.

(BE)-(6R 7R) - 7- Am no- 3-[ 1- (3 f1 uoro- benzyl) - 2- oxo- pyrrol di n-3-yl i dene-
met hyl ] - 8- oxo-5-thi a- 1- aza- bi cycl o[ 4. 2. 0] 0¢722-ene-2-carboxylic acid IR
(KBr): 1787, 1682, 1616 cnferr], M5 (I1SP): 404.3 (I\/H—|)+ 5 9.1 20

:(dEZa?t(aKE% E;?I)] 71@ %&%ﬁfﬁﬁq@ ﬁ bi c“cl ob]4¥2 Oi oct - ﬁ %a gar boxm_s%ad
(E) b( 6RI 7R) 7;1%?&?[0[4_2&] Iﬁé&g@ fgéj(m%ﬁo)wggnzm] 2] OX(I\)/B
car boxylic ac ]@t #gfﬁ%ﬁ;atel 8 cnferr

(1SP): 523.5
(E)- (6R 7Rp-3-[1-(4- Al l yl oxycar bonyl am no- benzyl ) - 2- oxo- pyrrol i di n-3-

lid t hyl Q)Sﬂi‘

?/IIC g‘r:lleg'etr?/f uoroa5 cgyn?ﬂ@'i% m g& 1%_&1 Er‘] i: &?

507.5 (MrNa)

E)-(6R 7R 7ﬂﬁ§1.pgz§. 2-¢arbéxylic®adid r ol i di n- 3-

3(/I |)d(enerret %yl @9 M W h) 4172 2@0 rgnle I2ncar boxylic acid
IR (KBr): 178 1?3% ? ?%FQ 9 *§&|\/++H)+ 25 9.1.24.
(BE)-(6R, 7Rp- 7- Am no-3-[ 1- (4-nitro-benzyl)-2-oxo-pyrrolidin-3-ylidene-

met hyl ] - 8- oxo5 ol 4. | i
trifluoroacet y?é'&‘l @Mﬁ@%ﬁ#‘%@%ﬁ@% m mﬂﬁ!ﬁ)‘+

30 9.1. 25. [(E)-l-(4-meﬂ:|oxy phenyl)-2-oxo-pymohdm-3-yh thia-1-
(B)-(6R 7R) - 74 p- e e o2 @y rrolidin-3-ylidene-
met hyl ] - 8- oxo- i yc o)

(KBr): 3433, IiRéKBrlGH@Z i.6§9 )
15

ene-2-carboxylic acid IR

SE; Ql-‘i;&)(M*ﬂH 4 (MeH) +

10.13. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-3-
[(E)-1-(4-carbamoyl-phenyl)-2-0x0-pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

IR (KBr): 1766, 1666 cm-1, MS (ISP): 848.2 (M+H)*+

10.14. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-3-

[(E)-1-(3-fluoro-2-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-

thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

1H-NMR (DMSO, 250 MHz): 10 (d,1H), 9.8 (s,1H), 6.8-7.4 (mn,20H), 6.6 (s,1H),
% 6.05(q,1H), 5.3 (d,1H), 4.0 (b,2H), 3.8 (m,2H), 3.1-3.4 (m,2H)

10.15. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y])-2-trityloxyimino-acetylamino}-3-
[(E)-1-(2-fluoro-4-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo0-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid |

% 1H-NMR (DMSO, 250 MHz): 10.1 (s,1H), 10.0 (d,1H), 7.3 (m,17H), 6.7 (m,4H),
6.1 (m,1H), 5.3 (d,1H), 4.0 (n,2H), 3.7 (m,2H), 3.0-3.3 (m,2H)

10.16. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-3-

[(E)-1-(2-fluoro-phenyl)-2-0xo-pyrrolidin-3-ylidenemethyl}-8-ox0-5-thia-1-aza-
% bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

1H-NMR (DMSO, 250 MHz): 14.0 (b,1H), 10.0 (d,1H), 7.9 (s,1H), 7.4-8.0 (m,3H),

7.2-7.4 (m,17H), 6.6 (s,1H), 6.0 (dd,1H), 5.3 (d,1H), 4.0 (sb,2H), 3.8 (m,2H) 3.1-

3.4 (m,2H)



35 9.1.26.

(BE)-(6R, 7R) - 7- Am no- 3-[ 1- (4-fl uor o- benzyl ) - 2- oxo- pyrrolidi n-3-ylidene-
met hyl ] - 8- oxo- 5-t hi a- 1- aza- bi cyl o[ 4. 2. 0] oci7®-ene-2-carboxylic acid IR
(KBr): 1783, 1683, 1605 crr[err] I\/S (ISP) 404.3 (I\/H—|)+ -66- 9.1.27.
(B) - (6R, 7R) - 716M%. Vi Suhe

lalcrjijnS?,l él i(ﬂeneme h yloll%hi‘ll)' @ggﬁéﬁ%cl ok4 2. &! OCt1 2- EEQWL
(B)-(6R 7R) J-aaa-bivyclo[4.20]pct-

x5 T, e ) o 1 kS o BN OA L1 1 s 1’5 Py geceta
((B)-(6R 7B - 7- Am no- 3-[ 2- oxo- 1- ( tetrazo‘I 5- yI methyl)

"3 ene 2 Car pEETERAR B LGS

?/rsgl (SP) 3)78 ﬂléa\mpe &(thlaml-@-yl)&mtylommmo-acety

E)- (6R 7R) - 7g.4gi , k2

RN s ayrapie e e v T T

1785, 1680,18622 cnferr], MS(ISP): 380 3 (MrH) + 20 9. 1. 31.

(9 (R 10 e kisigmit %ﬁa%@%ﬂ%%gﬁﬁé%ﬂe&%@m

aci d | R( KBr) : [(ZF242-aminb-tHiave] Tsyimino-acetylantinel$8:oxe5-thia-1-aza-
b1cyclo[4.2.0]oct-2-ene-2-calboxyhcamd .
IR (KBr): 3428, 1778, 1669 cm-1, MS (ISP): 812.2 (M+H)*

10.20. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino}-3-
[(E)-1-(2-fluoro-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]}-8-oxo0-5-thia-1-aza-
bicyclo[4.2.0]loct-2-ene-2-carboxylic acid

IR (KBr): 1782, 1680 cm-1, MS (ISP): 815.2 M+H)*+

10.21. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino}-3-
[(E)-1-(2-methoxy- benzyl)-2-oxo-pyn~ohdm-3-ylidenemethyl]-8-oxo-5-thia-l—
aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

IR (KBr): 1782, 1678, 1626 cm1, MS (ISP): 827.3 (M+H)"'

10.22, (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino}-3-
[(E)-1-(3-hydroxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

IR (KBr): 1780, 1670, 1625 cm-1, MS (ISN): 811.5 (M-H)

10.23. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-trityloxyimino-acetylamino]-3-
[(E)-1-(3-fluoro-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-
bicyclo[4.2.0loct-2-ene-2-carboxylic acid

IR (KBr): 1784, 1688, 1619 cm-1

10.24. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino}-3-
[(E)-1-(3-methoxy-benzyl)-2-0x0-pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-
aza-bicyclo[4.2.0loct-2-ene-2-carboxylic acid

IR (KBr): 1785, 1682, 1612 cm-1, MS (ISP): 827.2 M+H)*+



9.1.32. (E)-(6R 7R)-7-Am no- 8- 0xo(2-0xo0-1-pyrimdin-2-yl-pyrrolidin-3-

yl i denenet hyl ) - 5-t hi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxylic acid
trifluoroacetate IR(KBr): 1781, 1701, 1620 -GMi-err], MS(ISP): 374.3 (MH) +
30 9.1.33. '
(E)-(6R 7R)-7- Am no- 3-[ 1- (6- chl or o- pyrri dazi n- 3-yl') - 2- oxo- pyrrol i di n- 3-

yl i denenet hyl ] Az Di,C Q[ 4. enes 2s car boxyl i ¢ d
| R(KBr) : 1782 %@%ﬁr@ﬁ@m@ﬁw@rﬁ%@wxﬁaﬂﬁ
(B)-(6R 7R) - H@)-MWWWM mmmlidin&n 3-
ylidenenmetyl] -8 x thUTER b 22 5 O X
| R(KBr): 17827 1697 ,
(E)- (6R 7R)5 7118;16!%)31&4,[

oxo- pyrrolidin-3-ylidenenethyl]-8- oio 5-thi a-1-aza- blcyclo[4 2 0]oct 2- ene-

2- carboxyllc aC|d r|qu ate .5 | R(KBr) 784 74, 1626 cnferr],
MS(LPD): 501. 2 @%&Ammtﬁmzou-y tyioxylmmraoetgllamnm]-&

LRl o 75%1?03)'“ ybeai s |3[4zo] Y S -
yl i di nenet hy 0 | ycl o oc ene- 2- car boxy
lic acid trlfh@g@pﬁ’@éﬁ%&a&oﬁ%ﬂé% crierr], MS(I1SP): 463.0
(MrH) + 9. 1187 IR (KBr): 1786, 1685, 1620 cm-1, MS (ISP): 8414(M+H)+

(BE)-(6R, 7R) - 7- Am no- 3-[ 1- (1 et hoxycar bonyl pi peri di n-4-yl)-2-oxo-

pyrrolidin-3-ylidenenet hyl x0-5-thi a- 1- aza- blcyclo[4 2. 0] oct - 2- en
car boxyl i ¢ acil@2% KGRJR)&&@& -4&y 2-trityloxyiming-acefyl

451.3 (M
(E) - (6(R 7E|§+7? giﬁoi"% TR 3’ 8-oxo-5-thia-1-aza-

15 IR ('KBr). 1785, 1684, 1521 cm-1, MS (ISP): 842.3 (M+H)*

10.28. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-trityloxyimino-acetylamino]-3-
[(E)-1-(4-methoxy-benzyl)-2-0x0-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-
aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

20 IR KBr): 1782, 1679, 1618 cm-1, MS (ISP): 827.3 (M+H)*

10.29. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y)-2-trityloxyimino-acetylamino}-3-
[(E)-1-4-fluoro-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyll-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

% IR (KBr): 1780, 1675, 1627 cm-1, MS (ISP): 815.3 (M+H)*

10.30. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-trityloxyimino-acetylamino]-8-
0x0-3-[(E)-2-0x0-1-(4-trifltucromethyl-benzyl)-pyrrolidin-3-ylidenemethyl]-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

0 IR (KBr): 1786, 1683, 1620 cm-1, MS (ISP): 865.2 (M+H)*

10.31. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-3-

[(E)-1-benzyl-2-oxo-pyrroldin-3-ylidenemethyl}-8-0x0-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

% IR (KBr): 1784, 1682, 1625 cm-1, MS (ISP): 797.2 (M+H)*

10.32. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-8-
0x0-3-[(E)-2-0x0-1-(1,3,4-thiadiazol-2-yD-pyrrolidin-8-ylidenemethyl}-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate



oxo-tetrahydr

o-furan-3-yl]-pyrrolidin-3-ylidenenethyl]-5-thia-1-aza-

bi cycl o[ 4. 2. 0] oct - 2-ene-2-carboxylic acid trifluoroacetate 20 | R(KBr):
1777, 1678, 1632 cnferr], MS(ISP): 380.3 (Mh+ 9.1.39.
(E) (6R 7R) - 7- Ami no- 8 oxo 3-[2-o0x0-1-(1, 3, 4 th| adi azol-2-y|)-pyrro|idi n-

3-yli denenet hﬁﬁdgﬁr rG{B?cIB*]CMSﬁI@ e 2-carboxylic acid 25
| R(KBr): 1783, 1694 1621c err] ¢ 3802( |—|)+9140

(BE)-(6R 7R) - 7- Am no- 8- 0x0- 3- ( 2- 0x0- 1-t hi ophen- 2-yl met hyl - pym)I|d|n
3-yli denenet hyd.B85t:1 Mixktire of (BRTRIT[(2)-2-

Aﬁtma-mﬂ-tyl)
V(18D - 307 aSetampingl 36 5 2 ko 1108 bnd - {E1 26 w]h%ﬁy&m&yﬂ
(E) - (6R, 7R}- W&ﬂdﬁa@ﬂeﬂa@l-ﬁ-ﬂﬁa&-@man{m

pyrrolidin-3-
ic 35 I R(KBr)=

-t hi a-1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl
SP): 450 (M+H) + -68- 9.1.42.

(E)- (6R 7R) - 7IR(KBO: 378&.01681(,1&%@:&,( 15513 ll‘tM*HB'hen 2-yl)- acid

trifl uoroacet

ateIR(KBr)-1792 1682 cr‘r{err] MS( 1 SN) : 4192(MH) 9. 1. 43.

(BE)-(6R, 7R) - 7- Am n% ﬁ [% gzréo 1- a cyggg &h#_op,heg g E ’%l

¢ acid trpfy W $B3Roxd pyerelidin3ly
10 9. 2. In the gse fl uq oaget | triet IS|Iane 9. 2 1
P eparati on #W%M&%M AP

pyrrol i di n- 3-JR(KBre1%83,16893 1628 cin-t IMSISEY: 81Bi3{M#H)*4. 2. o] oct - 2- ene- 2-

pyrrolidin- 3

15 carboylic

acid trifluoroacetate

10.35. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-3-
[(E)-1-(6-chloro-pyridazin-3-y1)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-ox0-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate

IR(KBr): 1786, 1695, 1621 cm-1, MS(ISP): 819.1 (M+H)*

10.36. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-8-
0x0-3-[(E)-2-0x0-1-pyrimidin-2-yl-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate

IR(KBr): 1785, 1693, 1668, 1625 cm-1,

10.37. (6R,7R)-7-[(Z)-2-(2-Amino-tbiazol-4-yl)-2-h'ityloxyimino-aeetylamino]-3-
[(B)-1-3,5-dimethyl-pyrazin-2-y1)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate

IR(KBr): 1784, 1687, 1624 cm-1, MS(ISP): 813.2 (M+H)*

10.38. (6R,7R)-3-[(E)-(1-Allyloxycarbonyl-piperidin-4-yl)-2-oxo-pyrrolidin-3-
ylidenemethyl}-7-[(Z)-2-(2-amino-thiazol-4-y])-2-trityloxyimino-acetylamino]-
8-ox0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

IR(KBr): 1786, 1686, 1625 cm-1, MS(ISP): 874.5 (M+H)+

10.39. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y])-2-trityloxyimino-acetylamino}-8-

0x0-3-[(E)-2-0x0-1-piperidin-4-yl-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-

bicyclo{4.2.0]oct-2-ene-2-carboxylic acid hydrochloride
IR(KBr): 1781, 1659, 1630 cm-1, MS(ISP): 790.4 (M+H)*



[err] To a cooled solution of 1.39 mM (8.78 nmol) triethylsilane in 28 m
trifluoro- 20 acetic acid was added portionwise 7.72 g (8.36 nmol)
(E)-(6R 7R -7-tert-

but oxycar bonyl am no 8- oxo 3- [2 oxo- 1- (4 trltyl car barmyl phenyl)-pyrrolidin-
3-yli denenet hyj, 12y cxyiniiodedtylamino]-3-

benzhydryl es frer 45 mn at, O[grr,] C at rt mJxt ure was
concent r at ed tﬁ)ﬂ" MMM@M’MI d 25

di et hyl et her %[]f. cazrbicyclol4.2:0loch2-ene-Syaibdstylic acid and
dried yieldinge. % of a yellow material. | R( KBr): 1778, 1666
cnferr], M5(I -69- Accordi ng to the procedure set forth
in the pretseeiﬂR@Be):aﬂB&eHZ&dGBGJ 1630, 1538 tlj MS(ISE) 890.5(M+HDt e
prepared: 9.2.22.

(E)-(6R, 7R) - 7- Am no- 8- 0x0- 3-[ 2- 0X0- 1- (3-trifl uoronet hyl - phenyl ) -
pyrrolidin-3- i&ﬂe(MMﬂ'ﬁ (ZMMM

|05aC|dtr|t SRR

(M:H) + 9. 2. 3. (bR naphthle-2 2- I‘I‘Oilgln 3-
yl i denenet hyl thaa Propie-carbpsylic acid, sn%em%@!mc aci d

10 trifl uopoalR{KBeE): |1RS(41<BB77 cﬁaﬂiMS@m 8625 M+H)Yb (1SP): 422.4 (MrH) +
9.2.4. (E)-(6R 7R)-7-Am no-2-(1-napht hal en- 1yl - 2- oxo- pyrrolidi n-3-ylidene--

met hyl ) - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene-2-carboxylic IR (KBr):
1779, 1686 cnlloA2] 1:1'Mixtude)of (ER7R)-T-H@3H2-(2:Aniing-thiavol-bFle2-tritylokyimino-

Sch 1 (7 f
EG% ?gf 7- E()Zflfs‘siié; Efm' E:Log -E{’%lsaﬁoiqi -5!451554 g;ct rmffyl[@?' tetrabydrofuran-2-yimethyll-
-1-aza-lncyclo[4.2.0]oct-2-ene-2-earboxyhc
51

IR(KBr). 1784, 1681, 1626 cm 1, MS(ISP): 791.2 (M+H)*+

10.48. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-8-

0x0-3-[(E)-2-0x0-1-(1H-tetrazol-5-ylmethyl)-pyrrolidin-8-ylidenemethyl]-5-thia-
20 l-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

IR(KBr): 1775, 1674, 1631 em-1, MS(ISP): 789.8 (M+H)*+

10.44. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-8-

0x0-3-[(E)-2-oxo-thiophen-2-ylidenemethyl-pyrrolidin-3-ylidenemethyl]-5-thia-
25 l-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

IR(KBr): 1784, 1681, 1625, 1447 cm-1, MS(ISP): 803.2 (M+H)*

10.45. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino}-8-
[(E)-1-@-ethoxycarbonyl-thiophen-2-y)-2-oxo-pyrroldin-8-ylidenemethyl]-8-

30 oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
IR(KBr): 1786, 1704, cm-1



acetylam no] -3-[(E) - 1- (4- hydroxy- phenyl ) 2- oxo-pyrrolidin-3-ylidenenethyl]-8
- ox0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid [err] To a
stirred suspension of 820 nmg (2 mmol) (E)-¢(¥R-7R)-7-am no-3-[1-(4-

hydr oxy- phenyl ) - 2- oxo- pyrrol i di n- 3-yl i denenet hyl ] - 8- oxo-5-thi a- 1- aza- bi cycl

(2. 56 ol ?Ctiiﬁ%%@%%@ﬁﬁ%@%ﬂém w@iy?ﬂ?ﬁﬂ acetic

acid 1- benzotlldszmmml preteciliggmoup t, the ni xture was concent r at ed
m water. The organl C p ase s C ncen?@fe 0 a ou %Pt'
upon whi ch t : Aitghg :

filtrationg vaﬁamutwbwymmoea dr|e to yi i

1.12 g (70% vyellow crystals. IR(KBr): 1784, 1679 cnferr], MS(ISP): 799.4
(M+H) + 10. 2.

(6R, 7R -7[ (Z) - 2- Am no-t hi azo
[ (E)-1-(1H benzi m dazol - 2-yl
- 5-thia-1-aza-bicycl o[ 4. 2.
stirred suspension of 6
benzi m dazol - 2-yl n8# ©
aza- bi cyl co[ 4. 2. 0] oct - 2- &e- 2- car
was added 0.785 g (1.44 mmol) 2-(Z2-am ngthi azol -4-¥l)-( trityl oxyi m no-
acetic acid 1-benzotriazole ester. Af h at r omterrperéﬁJre t he 20
m xture was concentrated and the rTi due suspended in 700 m ethyl acetate

am)-z-trityloxim'no-acetylam'no]-3- 10

t hygy) - 2- oxo- pyrrolidin-3-ylidenenethyl]-8-o0xo
OCt-N_ ene- 2 carboxylic acid [err] 15 To a

.31 E) - (6R, -7-am no-3-[1-(1H

i h - 8- 0x0- 5-t hi a- 1-
rdp ate in 22 mM DW

and the solid collected by filtratijon. It was suspended in 10 ml water and

stirred for 1.5 h, collected by filjfration, washed with water, ethanol and

N
| H
N —N. s
HN%ﬂ (}—Nr% mzq\NO
e o) OH

To 10 ml ice-cold trifluoroacidic acid was added portionwise 1.1 g (1.38 mmol)
10 (6,R,7R)-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-3-[(E)-1-
(4-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidinemethyl]-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid, the temperature being kept below 5°C.
After 20 min, 0.4 ml triethylsilane was added dropwise resulting in a beige
suspension which was poured on 100 ml diethylether. This mixture was
15 stirred for 30 min and the solid was collected by filtration and crystallized from
15 ml 90% acetone.
yield: 552.5 mg yellow crystals (72%)
IR(KBr): 1774, 1667 cm1, MS(ISP): 557.4 (M+H)*



diethylether and dried to yield 635 ng (58% of a beige powder. |R(KBr):
1777, 1677, 1625 cnferr], MS(I1SP): 837.2 (M+H) + - 71- According to the
procedure set forth in the preceedi ng exanplfgs, the foll ow ng additional
conpounds were prepared: 10. 3.

(6R, 7R) - 7- [ ( Z1112. (BRATRIT-[(2)-2%0brirdoFhizz31-Ly1) 2L Rydiokyiaine-akelytaiiibPs] - 3

[(B) - 1- ( 3- ni t B benzinidazal-2-vimethyl)-2-oxesnyrrelidin-3ylidenesmethyll-§-oxp-
5 bicycl of 4. &W&m-bmcamommmokﬂléiadmww cni err]
M5 (1SP): 828.4 (M+H) + 10. 4.

(6R 7R -7-[(2)-2-(2- Am ng Il azol -4-yl)-2-trityl oxyi m no-acetyl am no] - 3-

[ ( ) 1- napht hal en- 1- yl N2- pyrrolidin-3-ylide t hyl ] - 8- oxo-5-thi a-1-aza
- 10 bi cyclo[4 2. 0] ct ﬁ? rboxylic acwﬁz@KBr): 1785, 1687 cnferr],
M5 (1 SP): 833. {

(6R, 7R -7-[(2) - 2 mno- ' - 2 oxyi m no- acetyl am no] - 3-

[ ( ) 1- napht hal en 2-yl - 2- 0R0- pyfr ol i di n-}-yl i dehenet hyl T- 8- 0x0-b5-t hi a- 1- aza
- 15 bi cycl o[ 4. 2. 0] oct - 2- ene- ?g,oxyl i@ acid IR (KBr) CRE®¥H686 cnierr],

Ms (ISP): 848.2 (MH + NH err]

R 7R -7-[(2)-2-(2- Am no-t hi azol -4-yl) - 2- tr|t oxylmno acetyl am no] - 3-
E) 1- ( 3- net hoxy- phenyl) 2- oxo-pyrrolidin- 3 Ni’ enemet hyI] 8- ox0- 5- th

(
[
20 aza-bicycl o[ 4. 2. 0] oct - 2- ene- 2-car boxyl IR ( 1784, 16%‘
cnferr], M5 (ISP): 828.1 (MH + NH[e[.pr;ﬂ;.)(y
(6R, 7R -7-[(2)-2-(2- Am no-t hi azol -2: rltglo N3-
[ ( ene h

25 aza-bicycl o[ 4. 2. 0] oct - 2-ene-2-carboxylic acid IRd 17 1691
cnerr], (I1SP): 825.2 (MH)- 10.8.

(

6R, 7TR)-7-[(2Z2) - 2- (2- Ami no-t hi azol -4-yl)-2-trityl oxyim no-acetyl am noj - 8-
To 4 ml ice-cold trifluoroacetic acid was added portionwise 530 mg (0.63 mmol)

(6R, 7R)-7-[(Z)-2-amino-thiazol-4-yl)-2-trityloxyimino-acetylamino}-3-[(E)-1-
(1H-benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-
10 1-aza-bicylco[4.2.0]Joct-2-ene-2-carboxylic acid, the temperature being kept below
5°C. Triethylsilane (0.23 ml, 1.45 mmol) was added dropwise resulting in a
beige suspension which was poured on 100 ml diethylether after 2.5 h. This
mixture was stirred for 1.5 h and the solid was collected by filtration. It was
resuspended in 10 ml ethyl acetate and stirred for 1 h, collected by filtration and
15 dried. yield: 400 mg beige powder
IR(KBr): 1774, 1675, 1630 cm-1, MS(ISP): 595.2 (M+H)+

E) - 1- (4- car boxy- phenyl ) - 2- oxo- pyrrolldln 3-yli yI] 8)fxo- 5-t Hi a- 1-
a
e

According to the procedure set forth in the preceeding examples, the following
additional compounds were prepared:

2 1L1.3. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y])-2-hydroxyimino-acetylamino]-
3-[(E)-1-(3-nitro-phenyl)-2-0xo-pyrrolidin-8-ylidenemethyl]-8-0x0-5-thia-1-aza-
bicyclof4.2.0]oct-2-ene-2-carboxylic acid
IR (KBr): 1779, 1679 cm1, MS (ISP): 586.4 (M+H)*

% 1L14. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y])-2-hydroxyimino-acetylamino]-
8-[(E)-1-naphthalen-1-y1-2-0xo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate
IR (KBr): 1781, 1675, 1633 cm-1, MS (ISP): 591.3 M+H)+



0x0-3-[ (E) - 2- ox0-1-(3-trifluoro-phenyl)-pyrrolidin-3-ylidenenethyl]-5-thia-
1- 30 aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid IR (KBr): 1785, 1689

cnerr], M5 (ISP): 851.2 (MtH)+ 10.9. -79-
(6R 7R -7-[(2) - 2-(2- Ami no-t hi azol - 4y|) 2tr|tyloxyamno] 3-
[ (B) - 1- (3- hy d1 945, RERFR)-7- (Z)@ Azl , ins 3-L-

B b Pouphln bbb i o ek

(6R, 7R) - 7- [ ( Zpidrclo[420Joct-2ene=carbosylicadidittifluorpacetate acet y| ani no] - 8-

21 e b i&ﬁ@%@%?@@%@é@iﬁ%w T A

cnerr], M (ISP): 815. (I\/H—I)+51O 11.

6R 7R - 7- [ (Z)1 @W e REE
E(E) 1)(31[I(u%r§:§ roy pﬁ oxo pyrrozlgl >3-yl e

5- thia-1-azasth HECRCINRUINHIOr0XO-pgALE
1678

(6R, 7CR;T{$r{]( aﬁ?g&[ zoI Iﬁi’ é@ no- acet yl am no] - 3-
[(E)-1- (4- met Prm M %‘%ﬁﬂ et hyl ] - 8- oxo- 5- t hi a- 1-

aza- bi cyclm[ 4. 2. 0] oct - 2- ene-car boxyl ic acid IR (KBr): 1782,1680 cnjerr], M
| SP): 813.3
(6R TR 7-1 z&@h? 56%%1#‘7 @&%%Wyp Aemavising pesfolaminol
[(E)-1-(4-car tlnada 1
- aza-bicyl Wﬂz&bﬁﬁﬂ&[&.ﬁj&t&i&%ﬁ&h&d
' IR (KBr): 1775, 1686 cm-1, MS (ISP): 585.3 (M+H)+
15
11.1.8. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y])-2-hydroxyimino-acetylamino}-
3-[(E)-1-(3-fluoro-phenyl)-2-oxo-pyrrolidin-3-ylidene]-8-0xo0-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate
IR (KBr): 1775, 1674 cm-1, MS (ISP): 559.2 (M+H)+

11.1.9. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y])-2-hydroxyimino-acetylamino]-
8-0x0-3-{(E)-2-0x0-1-(3-triflucromethyl-phenyl)-pyrrolidin-8-ylidenemethyl]-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate

IR (KBr): 1775, 1675, 1631 ecm1, MS (ISP): 609.0 M+H)*+

11.1.10. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yI)-2-hydroxyimino-acetylamino]-
8-[(E)-1-(3-hydroxy-phenyl)-2-0xo-pyrrolidin-3-ylidenemethyl]-8-0xo-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate

IR (KBr): 1770, 1765 cm-1, MS (ISP): 557.2 (M+H)*+

1L.111. (6R,7R)-7-[(Z)-2-2-Amino-thiazol-4-y])-2-hydroxyimino-acetylamino]-
8-0x0-8-[(E)-1-(3 4-dihydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl}-5-
thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

IR (KBr): 1776, 1654 cm1, MS (ISP): 573.0 (M+H)*

11.1.12. (6R,7R)-7-{(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-
3-[(E)-1-(3-fluoro-4-hydroxy-phenyl)-2-0xo-pyrrolidin-8-ylidenemethyl}-8-oxo-
5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

IR (KBr): 1774, 1669 cm-1, MS (ISP): 575.2 M+H)+



7
E)-1-(2-

bi c
MHz): 14.0
(m17H), 6.6
3.4 (m2H)
y-2-trityl
-[(S)-carb

: 1766, 1666 cnferr], M5 (ISP): 848.2 (MrH + 20 10. 14.
-[(2)-2-(2-Am no-thiazol 4 yl)-2-trityloxyimno-acetylam no]- 3-

- fl uor o- 2- hydr oxy- phenyl ) - 2- oxo- py80 i di n- 3-yl i denenet hyl ] - 8- oxo-
-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid [err]H NVR (DVSO,

10(d 1H), 9.8 (s,1H), 6.8-7.4 (m20H), 6.6 (s,1°H), 25 6.05

[(omits. éﬁzé%@%ﬂ«%ﬁ&w-

-flU(s-t(E;- e ENoOXV DN . L MBS y

- H—NM DIVBO
aza ﬁ%@% rr] e 1|(_|)
54 mmmma 167 (ISB: 5718 M}H])b 16.

[(Z) 2- (2 Am noth| azol - 4- yI) 2-trityl oxyi ni no-acetyl am no]j - 3-

quoro hen 0X0- yrrolldln 3-ylidenenet hyl ] - 8-0xo0-5-thia-1-a
ycl & EHK@-‘ thiazgl-d-yl)- tgbmmo
(b.g} NE)- WW ?ﬁuﬁhﬂm
(g J.H)I sb. 3 8 (m
thia: (2 ami no- t hi azol 4

axyiTR (KBr)a 1?77, 1673 ah-G MISKISE): B(IB)I (MmH)*
oxy- phenyl - met hyl ] - 2- oxo- pyrrol i di n-

3-ylidenenet hyl ] - 8- oxo-5-thia-1-aza-bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxylic

acid IR (KBr) 111K3§, (GIWRH{W&M@»WWW}

(6R, 7R) - 3-
ylldenenet

[(E DU A18-b8b S thiia-1-

hyl ?@E?-?’# ﬁ%ﬁo&-n -thi o acld- i no- aceﬁ’?alm' no

15 1H-NMR (DMSO, 250 MHz): 11.8 (sb,1H), 9.7 (d,1H), 8.0 (b,lH) 7.1-7.6 (m,7TH),
5.9 (dd,1H), 5.2 (d,1H), 4.0 (sb,2H), 3.8 (m,2H), 3.0-3.4 (m,2H)

11.1.16. Mixture of (6R,7R)-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-hydroxyimino-

acetylamino]-3-[(E)-1-[(R) and -(S)-carboxy-phenyl-methyl]-2-oxo-pyrrolidin-3-
2 ylidenemethyl]-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

trifluoroacetate '

IR (KBr): 1778, 1671, 1632 cm'1, MS (ISP): 614.0 [M+NHg)-H]-

11.L.17. (6R,7R)-7-{(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-
%5  3-[(E)-1-(2-fluoro-benzyl)-2-0xo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-

bicyclo[4.2.0loct-2-ene-2-carboxylic acid triffuoroacetate

IR (KBr): 1777, 1672, 1634 em-1, MS (ISP): 573.2 (M+H)*+

11.1.18. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-
30 3-[(E)-1-(2-methoxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-

aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate

IR (KBr): 1784, 1674, 1634 cm-1, MS (ISP): 585.3 (M+H)+

11.1.19. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-
&  $-[(E)-1-(3-hydroxy-benzyl)-2-oxo-pyrrolidin-8-ylidenemethyl]-8-oxo-5-thia-1-

aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid trifluoroacetate

IR (KBr): 1777, 1671, 1631 em-1, MS (ISN): 586.2 (M+NHs)-H)



8- 0x0-5-thi a-1-aza-bi cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxylic acid IR (KBr):
1781, 1725, 1678 cnferr], M5 (I1SP): 911.9 (M+r NHerr]-H)- 10 10.19.

(6R 7R - 3-[(E)-1-(4- Am no- benzyl ) - 2- ox0- pyri8ll-i di n- 3-yl i denenet hyl ] - 7-
[(Z)-2-(2-am no-thiazol-4-yl)- tr|tyI oxyi m no-acetyl am no] - 8- oxo- 5-thi a- 1-

aza- bl cycl of 4121 80.1GRIRYTACE-2- - Ao Shiasblia o84 KitdroxFititno-bCa ylakdied]
(O TR T, [(ZWM%MW% Hidenemethyll Semniflia-daze

[ (E)-1- (2- | ubleycloft20 Wmﬁdhiﬂm ] - 8-0x0-5-thia-1-a
R eye! ol o 1B sl 1718 ierk, T8EB UL TshEEy 586 A Byt B2. 1080 entertl

(6R 7R -7-[§ Z2) - 2- (2 Ami no-t hi azol - 4-yl) - 2- trltyl oxyi m no- acetyl am no] - 3-

E)-1-(2-nmet 1 - q-
%:Zr[allrjlrfild o[ 4ri éi %et car oxy | c acl m-3- %‘gg l]- g%ﬁy t]tna-l-
(6R 7R) - 7- [(Z MWI am no] - 3-

r;e | ]-8-o0xo0-5-thia-1-

gg?b%c%l 2{2% ﬁzlédzrénggﬁg rro#u@ BHQ‘*?# #H)T780, 1670, 1625

cnferr], MB (ISN): 811.5 (MH)- 30 10 23.

LS (5 11 85&&%3@%@*@@%@%%@%@%%@%@&

a bi cycl o[ 4. 3-[(ERE(

35 10
((: er7rR% 7- [(Zg‘ m No- (ﬁ:t’azoi rl?c'f%x I M No a(':mF | am no] - 3-
[CB) -1 ( 3- et HByREmk, 775, 169801665 ks i%—ls»@sya&%emzm Foxo- 5- thi a- 1.

11.1.23. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-
3-[(E)-1-(4-nitro-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0xo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate
IR (KBr): 1782, 1673, 1635 cm-1, MS (ISP): 600.3 (M+H)*

D

11.1.24. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-hydroxyimino-acetylamino]-3-
[(E)-1-(4-methoxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo0-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate

IR (KBr): 1781, 1673, 1634 cm-1, MS (ISP): 585.3 (M+H)*

11.1.25. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-
8-{(E)-1-(4-fluoro-benzyl)-2-oxo-pyrrolidin-S-ylidenemethyl}-8-0xo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate
IR (KBr): 1778, 1671, 1634 cm-1, MS (ISP): 573.3 (M+H)*

11.1.26. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-
8-0x0-3-[(E)-2-0x0-1-(4-irifltuoromethyl-benzyl)-pyrrolidin-3-ylidenemethyl]-5-
thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid trifluoroacetate

IR (KBr): 1780, 1675, 1633 cm"1, MS (ISP): 623.2 (M+H)+

11.1.27, (GR,7R}7-[(Z)-2-(2-Amino-thiaz014-yD-2-hydmxyimmo-acetylamim]-
3-[(E)-1-benzyl-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0xo-5-thia-1-aza:
bicyclo[4.2.0]loct-2-ene-2-carboxylic acid

IR (KBr): 1779, 1671, 1634 cm-1, MS (ISP): 555.3 (M+H)*+



aza- bicycl o[ 4. 2. 0] oct-2-ene-2-carboxylic acid IR (KBr): 1785, 1682, 1612
cnferr], Ms (ISP): 827.2 (MH)+ -74- 10. 25 '

(6R, 7R)-7-[ Z- 2- (2- Ami no-t hi azol -4-yl)-2-triggl-oxi m noj - 3-

[ (B) - 1[ 4- (3- car boxy- propi onyl am no) - benzyl ] - 2- oxo- pyr rol i di n- 3-

yl i denenet hyl ] - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxylic acid

(it or 1] - (AL 8RR AL £ v e abnine) g3l £y1)-hydroxyimino-acetylamino}
10.26. (6R 7R) 8%sic $1(R)-2-6x08-(18 thiralihzl- 35D fysrolidin S:ylidenemthy 1) thino]

[(E) 1-(4- carawwwlw “0xo-5-thia-1-

aza- bi cyclso[ IRKB)OIT772 1680 mzzmaxmsmcsmwﬂm« KBr) 1786, 1685,
1620 cnjerr], M5 (ISP): 841.4 (M+H)+ 10.27.

6R 7TR)-7-[(Z 2- A t hi I |)-2-trityl tyl 3-
(er 7R L ubés, [ Mzt gmﬁé i 7 2 b SRRy oo - 1 i 2. 1- az
a- bi cycl o] 4. yRrBRyRhRAScEIRIRSIE 0RoTFI() Pod 1 (D hnd @)-2-d884, 1521
cmerr], M (I

AT AL SRR LU oS i slidenpmetissbizdazyy i ni no- ace
t{:z;imln?]df ﬁrt : 42.0]oct- amgmﬂ r?el] 8- 5-thia-1-

nme e 0XO0- i a-
aza- bi cycl 0[4@%‘§ W éﬁ; %g% M‘S}g %‘%%%QWB 1 1782, 1679, 1618
‘cnerr], M5 (ISP): 827.3 (MtH)+ 10. 29.

E?Eﬁ?(zf Hﬁoré%ﬁ}ﬁf@j% pérro"}lg'lzﬁrllﬁ%l] |8§n x a"_ l)xo. - -|<-51-]'1%a

za- bi cycl o[ 4 WWMM?

cnferr],
0. 3-1(B) - (zzi‘&@ﬂi% 1”?6?%333%}3 K{) #9%%?% - 2"3? ! denermet hyl ] -5
- thia-1-aza- blcyclo[4 2. 0] oct - 2-ene-2-carboxylic acid
- 11.1L.81. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y])-2-hydroxyimino-acetylamino]-
8-0x0-3-[(E)-2-0x0-1-pyrimidin-2-yl-pyrrolidin-8-ylidenemethyl}-5-thia-1-aza-
20 bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate
IR(KBr): 1779, 1667, 1629 cm-1, MS(ISP): 543.2 (M+H)*

11182, (6R,7R)-7-[(Z)-2-(2-Amino-thiaml—4-yb-2-hydmxyimino—acetyhmino]-

3-[(E)-1-(3,5-dimethyl-pyrazin-2-yl)-2-oxo-pyrrolidin-3-ylidenemethyl}-8-oxo-5-
% thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate

IR(KBr): 1779, 1676, 1633 cm-1, MS(ISP): 571.3 (M+H)*

11.1.88. (6R,7R)-3-[(E)-(1-Allyloxycarbonyl-piperidin-4-yl)-2-oxo-pyrrolidin-S-
ylidenemethyl]-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-hydroxyimino-acetylamino}-

30 8-oxo-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid trifiuoroacetate
IR(KBr): 1782, 1677, 1530 cm-1, MS(ISP): 632.4 (M+H)+

11.1.34. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yD-2-hydroxyimino-acetylamino}-

8-0x0-3-[(E)-2-oxo-1-piperidin-4-yl-pyrrolidin-8-ylidenemethyl]-5-thia-1-aza-
% bicyclo[4.2.0Joct-2-ene-2-carboxylic acid hydrochloride

IR(KBr): 1774, 1631 cm-1, MS(ISP): 548.2 (M+H)+



30 IR (KBr): 1786, 1683,1620 cnferr], M (I1SP): 865.2 (MH + 10. 31.
(6R, 7R -7-[(2)-2-(2- Am no-4-yl)-2-trityl oxyi m no-acetyl m no] - 3-

[ (B) - 1- benzyl - 2- oxo- pyrrolidin-3-ylidenenetiggl-] - 8- oxo-5-t hi a- 1- aza-

bi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxyl [ c aci d 35 IR (KBr) 1784 1682 1625
cmerr], Ms (lliﬂ).sslﬁik;m

(()g(l? gR%(E)[(()fé'ﬁEi‘i'( £o thi izol i4 g f d ;Iyﬁ_wl m nﬁ ]cht él ﬁm no!i:1§,rl:l_§_e

nenet hyl ] - 5- thlxo-&ﬂnazhah 4.20]oct2:ene-carbokylieacid
trifluor oace}vﬁfkmg 1% ‘16#5(1@6)@47%(%262‘@1%{4}1)*1\/5(' SP): 791.0 (M+H) +

10.33. 1:1
(6R, 7R)-7-[5(Z) 2 (2- Am no-thi azol -4-yl)-2-trityl oxyi m no-

' tyl ]

?[C(esgl_ gfﬂp)r:g] , @gx §6R$’1f%)}-’?—% fﬂ-&nm%@ﬂnaml-&yl)-&hydmxylmmo-acetylamno]
pyrrolidin-3- %I‘ P‘?ﬁ‘@&k MBMW car boxyl
ic acid trifl ylidenes R0kB5thiaISaza-bikdiclo[420] octR<ie-2-ciBidtylic adidl . 1

(M-H) + 1. 34. .
R?R) 7- [(ZWthlazol 4yb%52 trit oxylmno acetylamno] 3-

-1- (2-#nl 1 177% 1673, 3632-and &kt hyl | - 8- oxo-5-th
aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- carboxyl | c aci d trifluoroacetate
) 1783, 1689, 1623 cnferr M5( IS 818. 3( M+H) + 10. 35. . .
) 7- [(zﬂla.szmmm«dﬁ& &)&Wambm}mmﬁ
- (6- BRBLx )&-@i&- qiﬂd'l tet-AbOR Xﬁ‘h@myﬁ :
-aza- bicyc o! (E ca%ny 1 ‘ uoroace%- .
) 1786 Pyrvolidingg R -ﬁze-bc&rﬁe 20]oc 2-(!!!51)0!3'110

7R) - 7- ﬁzwmzol 4- yI) 2-trityl oxyi m no- accetyl am no]j - 8-
0
oxo-3-[(E) - 2- &ﬂr)p},?qﬂmlgﬁ%cgl y|M§§/‘r9?’2>|§’%?r%“‘§ ﬁ)l denenet hyl ] -5-t hi a- 1- aza-

bi cycl o[ 4. 2. 0] oct - 2- ene-2-carboxylic acid trifluoroacetate
11.1.38. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino}-
8-0x0-3-[ (E)-2-0x0-1-(1H-tetrazol-5-ylmethyl)-pyrrolidin-3-ylidenemethyl}-5-
20 thia-1-aza- bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid
IR(KBr): 1769, 1674, 1633 cm-1, MS{ISP): 547.0 (M+H)+

><l—\v
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11.1.39. (6R,7R)-7-[ (Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-
8-0x0-3-[(E)-2-oxo-thiophen-2-ylidenemethyl-pyrrolidin-8-ylidenemethyl]-5-

% thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate
IR(KBr): 1776, 1671, 1632 cm-1, MS(ISP): 561.2 (M+H)+

11.1.40. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino}-
3-[(E)-1-(3-ethoxycarbonyl-thiophen-2-y1)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-

30 oxo-5-thia-1-aza-hicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate
IR(KBr): 1783, 1680 cm-1, MS(ISP): 619.4 (M+H)+

11141, (6R,7R}7-[(Z}2-(2-Aminothiazol4-yl)-2-h&dmxﬁmino—acetylamino]—
3-[(E)-1-(3-carbamoyl-thiophen-2-y1)-2-0xo-pyrrolidin-3-ylidenemethyl]-8-oxo-

% 5-thia-l-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylicacid
IR(KBr): 1774, 1667 cm-1, MS(ISP): 590.2 (M+H)+



| RCKBr): 1785, 1693, 1668, 1625 cnferr], 10.37.

(6R, 7R -7-[(2)-2-(2-Ami no-thiazol-4-yl)-2-trityl oxyi m no-acetyl am no]-3- 25
[ (E)-1-(35-dinethyl - pyrazi n-2-yl ) -2-oxo- pytgalki di n-3-yl i denemet hyl ] - 8- oxo- 5
- thia-1-aza- bi cycl o[ 4. 2.0] oct 2-ene-2-carboxylic acid trifluoroacetate

| R(CKBr): 17843368 sOSumBalt 813. 2 (M+H) + 10. 38.

VI denerret hyl .léﬂ.}?ﬁae' polion %ﬁ%@ﬁi@%ﬁ%@%‘%ﬂbﬁmﬁw i

i no- acet yl am acktylmino}-8-[(E)-k-(4-carbarnoyl-pheinyl)2-6ko-pyrfelidin-3- car boxyl i ¢

(6R 7Ry 7.1 { YA potighyl ke fiis Ll bl flops prbed etiharvic peid Na

0x0- 3- [ (E) 52- salt- 1- pi peri di n-4-yl - pyrrolidin-3-ylidenenethyl]-5-thia-1-aza-
bi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxylic acid hydchloride IR(KBr): 1781, 1659,
1630 cnferr], MS(1SP): 790.4qocpEH) + -76- 10. 40.
(6R, 7R) - 7- [(Z) 2- (2- Am no- tyifi azol - 4- yl)-2-trityl oxyi m no-acetyl am no] - 3-
[(B)-1-[1-(3-carboxy-propiojyl)-Hi peridin-4-yl]-2-oxo-pyrrolidin-3-
yl'i denenet hyl ] - 8- oxo- 5-hi o[ 4. 2. 0] oct - 2-ene-2-carboxylic acid
5 IR(KBr): 1784, %6 #1680, {11630, 30 n{err], (ISP) 890.5 (M+H) +
.10. 41. s S
(6R 7R)-7-[(2)-2-(2- Am no-t hi azob- 4-yl )[- 2- trltylo y| cetyl am no] - 3-
[ (E)-1-(1-ethoxycarbonyl - pi peridi n-4- - 2- OX0- pyyr ol e enerret hyl ] -
8- 0x0-5-thia-1-aza-bi cycl o[ 4. 2. 0] ocP-2- &Be- car boxyl i c aC|d
trifluoroacetate 10 | R(KBr): 1784‘1 1677 cnjerr], MS(ISP): 862.5 (MtH) +

4-

10.42. 1:1 M xture of
(6R 7R)-7-[(2)-2-(2- Ami no-t hi azol yl)-2-trityl oxyi m no-
acet yl am no] - 8- oxo- 3-[ (E) - 2- oxo- 1- Hﬁ)- and
-[(S)-tetrahydrofuran-2-yl nethyl]--
pyrrolidin-3-ylidenenethyl]-5-thi
ic 15 acid

The trityl group of 1.2 g (1.45 mmol) (6,R,7R)-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-

10 ftrityloxyimino-acetylamino]-3-[(E)-1-(4-carbamoyl-phenyl)-2-oxo-pyrrolidin-3-
ylidinemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid was
removed according to the procedure used above. However, the product was
converted into the sodium salt. 910 mg mmol of raw (6,R,7R)-7-[(Z)-2-(2-
amino-thiazol-4-yl)-2-hydroxyimino-acetylamino}-3-[(E)-1-(4-carbamoyl-

1 phenyl)-2-oxo-pyrrolidin-3-ylidinemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0Joct-2-
ene-2-carboxylic acid trifluoracetic acid salt was suspended in 9 ml water and 1
ml acetonitrile. At 0°C the pH was adjusted to 7 using 1 N NaOH. The dark-
brown solution was purified by reveresed phase chromatography (OPTI-UP gel,
water : acetonitril = 1:0, 9:1, 4:1).

2 yield: 165 mg (19%); IR(KBr): 1763, 1664 cm1; MS(ISN): 599.2 (M-Na-NHjz)"



| RCKBr): 1784, 1681, 1626 cnjerr], MS(ISP): 791.2 (M+H) + 10. 43.

(6R, 7R -7-((2)-2-(2- Am no-thiazol -4-yl)-2-trityl oxyi m no-acetyl am no] - 8-
0xo- 3- [ (E) - 2-oxo- 1- (1H-tetrazol - 5-yl net hyl ) ggyrrolidin-3-ylidenenethyl]-5-t
hia- 20 1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid IR(I1KBr): 1775,

PRl et ik e o

gxo2§ [1(§)za bbﬂb‘dx?iﬁ sﬂae 2 car boxyl iC aC| d | RCKBr) : 1784 1681,
2 . .

fl ?E;S??)l 3275 ﬁmg ‘%‘QY %’%?533 Kfﬁ('?m%g %ﬁﬂ 175l r%'%%&‘é‘)f“ﬂ‘éﬁ?%“"yn‘z‘

30 oxo0-5-thi as e& h‘@[??_s_gzﬁog%a- cﬁowé o @é

1786, 1704, ¢ éﬂf‘?ﬁ efty] C‘t/ - E[ﬁ?’ ? groupB% RS wys

(8) -> (9)) 1ltermoRedwmccodrdingtio the groced
(6R 7R) - 7- [(Zémﬁ‘{%?e‘f 28 e%i@éraﬁuﬂ!%\;cg}ﬁ %&iﬁihr&
acetyl am no] E% % en 0XQ- pyrro 3pend'|'g§nerre |']
8- %5’ oxo- 5- t nmatenabEL gzwzemfm s dvstod o ok 65 bt KRR, |
m6 'R 03R00|7ﬂ t Thel derkdsromn §olﬁtﬁ tlwi paﬂdeézﬂbyrfevcl@meuﬁﬂmkemoﬁilaltagr 031)111
(E) R ) [(ﬁ Cixrolgrm noeltwla(t’j‘ezroaceo}éugrﬂ Bé i)y oxyi'm no- acet yl am no [ (
(4- hydr oxy- pheield) 521 -3;2937ro| I di n-3-ylidinenethyl]-8-o0xo-5-thia-1-aza-
bi cycl o[ 4. 2. 0] ¢ R I ure bei ng kept bel ow
S[err]C. Aftel %%%ﬁ%ﬁ%@ ﬁyﬁ@@% g%i?%ggﬁl dropwi se resulting
in a beige suspension which was poured on 100 m diethylether. This m xture
was 15 According to the procedure set forth in the preceeding examples, the following
additional compounds were prepared: |
11.2.3. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-
3-[(E)-1-[4-(8-carboxy-propionylamino)-benzyll-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
2 disodium salt |
IR (KBr): 1765, 1625, 1536 cm-1, MS (ISP): 668.3 (M-2Na+H)-

11.24. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yI)-2-hydroxyimino-acetylamino]-

$-[(E)-1-(2-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-
2% aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid Na salt

IR (KBr): 1764, 1621 cm-1, MS (ISP): 579 (M+H)*

11.2.5. (6R,7R)-3-[(E)-1-(4-Amino-benzyl)-2-0xo-pyrrolidin-3-ylidenemethyl]-7-

[(Z)-2-(2-amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-8-oxo-5-thia-1-aza-
30 bicyclo[4.2.0loct-2-ene-2-carboxylic acid sodium salt

IR (KBr): 3427, 1763, 1619 cm-1, MS (ISP): 570.2 (M+H)* of the acid .



15 stirred for 30 mn and the solid was collected by filtration and
crystallized from15 m 90% acetone. yield: 552.5 ny yeIIow crystals (729 -

| R(CKBr): 1774, 1667 cnferr], I\/IS(I SP) 557. 4 -@BkH) + -7 placed
7R) - 7-[ (2) - 2- Am no-Thi-azol 4=yt )y=2=hydr oxyi m no- acet yl amni

[ (E)-1- (lH-benZ|dem" fﬂ I oxo-pyrrolidin-3 yI| xo
- 5-thia-1-aza-bicyl Hﬂ"mm ﬁeanrboxyllc aC|dtr|quoroacetae
[err] 5 To 4 mM ice-cold tFlf'l'uo?oafcetlc acCliaiag added portionw se 530 g

(0.63 mmol)
(1H benzi m dazol - 2; Cephalysporih derivativeslof ¢he-generraliforamedall/| | - 8- oxo- 5-t hi a

- 10 1-aza-bicylco[4.2.0]oct:2-ene-2-carboxylic acid, the tenperature
bei ng kept below 5[err]C. Wiethylsilane (0.23 m, 1.45 mmol) was added

dropwi se resulting in a beilge spens on whi ch was poured on 100 m

diethyl ether after 2.5y s stirred for 1.5 h and the solid

was col | ected by f||t t|\ ) re spende 10, nl ethyl acetate and
Le€d b

stirred for 1 h, fd Trin ed. yield: 400 ng beige
powder | R(KBr): 1774 1675 1630 cn{e I\/S(I SH): 595.2 (M+H) + According
to the procedure set forth in the pre I ng ex | es, the followng

addi tional conpounds were prepared: 20 11.1.3.
(6R, 7R) - 7- [¥( Z)N-l?-l'@znAm no- t hi azoI y 4-yl) - 2- hydroxyl m no- acet yl am no] -

3-[(E)-1-(3- de S5-thia-1-
azEaf %)u cyc(:l oF g Ooﬁhg%-%ne- -car ogg;?l f% acl %‘#’#ﬁ]’g EK&L]]??BE’B? | _
crierr], MB (I SP): meghoxyphenyl, 4semrboxyphenyl, 4-carbamoylphenyl 3-tnﬂuoro-

(6R 7R)-7-[(2)-2- (ﬁ:efeﬁymhédﬂ 225hnd-3ihorophediy?) S imitréphangl,V3-Atorold-
hydroxyphenyl, 2-fluoro-4-hydroxyphenyl, 3-fluoro-2-hydroxy-

10 phenyl, 3-, 4-dihydroxyphenyl, benzyl, -CHR-phenyl, 3-hydroxy-
benzyl, 4-aminobenzyl, 2-, 3- and 4-fluorobenzyl, 2-, 8- and 4-
methoxybenzyl, 4-nitrobenzyl, 4-carboxybenzyl, 4-trifluoromethyl-
benzyl, 1-naphthyl and 2-naphthyl, all hydroxy, amino, carboxy and
carbamoyl substituents optionally being substituted, or is pyridinyl

15 mono-substituted with halogen, pyrimidyl, pyrazinyl di-substituted
with lower alkyl, pyridazinyl mono-substituted with halogen,
piperidinyl in which the amino group may be substituted by an acyl
group, thiadiazolyl, oxo-tetrahydrofuranyl, thiophenyl mono-
substituted with lower alkoxycarbonyl or carbamoyl, tetrazolyl-

20 lower alkyl, tetrahydrofuranyl-lower alkyl, thiophenyl-lower alkyl

' or benzimidazolyl-lower alkyl; and

R ¢ is carboxy or esterified carboxy;

as well as readily hydrolyzable esters thereof, pharmaceutically acceptable
salts of said compounds and hydrates of the compounds of formula I and of
25 their esters and salts.

2. Cephalosporin derivatives according to claim 1 wherein
Rl  is a group selected from 2-, 3- and 4-hydroxyphenyl, 2- and 3-
methoxyphenyl, 4-carboxyphenyl, 4-carbamoylphenyl, 3-trifluoro-
30 methylphenyl, 2- and 3-fluorophenyl, 8-nitrophenyl, 3-fluoro-4-
hydroxyphenyl, 2-fluoro-4-hydroxyphenyl, 3-fluoro-2-hydroxy-
phenyl, 3-, 4-dihydroxyphenyl, benzyl, -CHR-phenyl, 3-hydroxy-



bi cycl o[ 4. 2. 0] ocr - 2- acid trifluoroacet at
1675, 1633 cnferr]. mmmmﬁ ! [! MEH) +  -79- 11. 1. 5 ’ m
(6R, 7TR)-7-(2)-2-(2-A -2- hy8T oxyi m no- ace

8- 0x0- 3-[ (E) - 2- oxo- 1- napht hal en- 2-yI - pyrroI|d|n3yI|denerrethyI] 5-thia-1-a
za- bicycl o 4. 2. Olbeizy] -&aﬁnﬁobﬁii}dﬂi,@am&d-ﬂdorébmmmhﬁdlﬂ (T\‘Br*)-'

1779, 1677, 1630 591, I\VE

(6R IR 11 (2)-2- ?"Lﬁm%@epﬁyé%ﬁtz-%zyi.% L L

aza- bi cycl o[ 4. 2. Olmethylbenzyl? 1cnapinthyil iand 2imhphthykBall hyi*egy, dmigo,cnierr],
M5 (I SP): 639.3 . . . .

(6R( 7R) - - [(2)- 5 %ﬂm"%g’“@h}?&?g}” ¥ spbstituents optionally being gubstituted;
3-[(E) - 1- (8- car boranghenyl ) - 2- oxo- pyrrol i di n- 3-yl i denenet hyl ] - 8- oxo-5-t hi a-

1- aza-bicylq[4.2.0] oct 2- ene- 2- carbox;illc acid IR (KBr): 1775, 1686
cnjerr], M5 (Rsp) isiarboxy enegterifie

O L L A e o na Mool b Yoo het Shepog sty pokototle,

bi cycl o[ 4. 2. (altd oﬂsﬁdeeanpmnhdd:ﬁxades of i;heJ eompotinds arldof tHir estersd,
1674 cnjerr], I\g SP): 559.2 (M+tH) + 20 11.1.09.

(6R, 7R) - 7- [(23'n =Am no-t hi azol - 4-yl ) - 2- hydr oxyi nono- acet yl am no] -

8- 0x0- 3-{ () - 2- ox0-1-(3-trifluoromet hyl - phenyl)-pyrrolidin-3-ylidenenethyl]

B i A it e
Rl ' is pyridinyl mono-substituted with halogen, pyrimidyl, pyrazinyl di-
substituted with lower a]kyl pyridazinyl mono-substituted with
halogen, piperidinyl in which the amino group may be substituted
15 by an acyl group, thiadiazolyl, oxo-tetrahydrofuranyl, thiophenyl
mono-substituted with lower alkoxycarbonyl or carbamoyl,
tetrazolyl-lower alkyl, tetrahydrofuranyl-lower alkyl, thiophenyl-
lower alkyl or benzimidazolyl-lower alkyl; _
as well as readily hydrolyzable esters thereof, pharmaceutically acceptable
20 salts of said compounds and hydrates of the compounds and of their esters
and salts.

4. Compounds according to claims 1 or 2 wherein R1 is a group selected
from 4-hydroxyphenyl, 3-nitrophenyl, 3-fluoro-4-hydroxyphenyl, 3-hydroxy-
P33 ben'zyl, 4-aminobenzyl, succinylaminobenzyl and benzyl.

. 5. Compounds of claim 4 wherein R! is 4-hydroxyphenyl.
_ 6. Compounds of claim 4 wherein R! is 3-nitrophenyl.
7. Compounds of claim 4 wherein R1 is 3-fluoro-4-hydroxyphenyl.
8. Compounds of claim 4 wherein R! is 4-aminobenzyl.
30 9. Compounds of claim 4 wherein R! is 3-hydroxybenzyl.
10. Compounds of claim 4 wherein R1 is benzyl.
11. Cephalospt;rin derivatives according to any one of claims 1 and

3 wherein
Rl  is 2-chloro-pyridin-3-yl, 1-pyrimidin-2-yl, 3,5-dimethylpyrazin-2-yl,
. 33 6-chloro-pyridazin-3-yl, 1-piperidin-4-yl, 1-ethoxycarbonyl-piperidin-

4-yl, 1-allyloxycarbonyl-piperidin-4-yl, 1-carboxypropionyl-piperidin-



11.1.10. (6R, 7R)-7-[ (Z)gdeoc Aiinorhi azol 4 yl) - 2- hydr oxyi T pREtaERERro] -
aza- bi cycl o[ 4. 2. 0] oct - Ellmgu%gﬂh@gmc acid trifl uoroag}mFﬂmﬂ vlnr :
1770, 1765 cnfjerr], L ; H) +-88-11.1. 11 _ - .

(6R, 7R)-7-[(2)-2- (Am no-t hi azol - 4-yl ) - 2- hydr oxyi m no-acet yl ani no] -
t rr;{ a- 1]- az:t/—IS bi( ;:;ég)l) 044 %, ?,glgmwm&‘ '%3 12243@,11 rzlxaxu.ltéﬁ-ahgd' dofurahifEZ8)yl, 376, 1654
cmerr], : . . ol. .

(6R 7TR)-7-[(2)- 2 (?‘%QFW- ﬁ%{hﬂ@ﬁ?“?ﬁb?‘l‘?}@z %W&?ﬁ?ﬁlﬁé‘?%ﬁ?'aﬂ? gt

3-[ (E) - 1- ( 3- f | uor otetrazol+5Sylsmuethyl; | tetxhydrefuranc2ylimethy}; thiopbeniZiyl-] - 8- ox

- 5-thia-1- - bi Lo e - | id IR (KBr): 1774,
Soes.cntorr] - ve(FUERF e Arhghican gt o' ¢ 1 (10
(6R, 7R)-7-[5( Z) - 2- (2- Ami no-t hi azol - 4-yl) - 2- hydr oxyi m no-acetyl am no] -

3-[(B) - 1- (2- et hoxy- phenyl ) - 2- oxo- pyrrolidi n-3-yl i denemet hyl | - 8- oxo- 5-t hi a-
1- aza-bi cycl o[ 4. 220Compotindseftlaim Adx whereincRa isr 1;3,4-thiadiazalyl25y1) BH-

(KBr): 1778, bl P). 1 E{ﬂ\/z_ + 11.1. 14,

(6R, 7R) - 7- [(Zgl- -(2- mmng-jfl%g‘zﬁ&ﬁ- %/ﬁ:;ﬂ?% ydrgilyi m no- acet yl am no] -

3-[(B) - 1- (2-f1 uor 934CEufHonnasiFliin 12, Witrbit RY'isdi,8,43thibi ny!]-8-ox
0- 5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 10 IR (KBr):

1777, 1673 cnf er r 14, Obmipotiids &Fdaiin (19; Wheréin R1s. 1-piperidin-4-yl,

(6R, 7R -7-[(2) - 2-(2- Ami no-thi azol -4-yl)-2-hydroxyi mi no-acetyl am no]j -

3[ (E) - 1- ( 210f | uor o1ph€osipoudrdexef-dhaim A2, dwherdiy RidsnHidhéndimidazold-yl-niethyl.-
aza-bicycl o[ 4. 2. 0] oct - 2-ene-2-carboxylic acid 15 [err] H NVR (DVSO, 250
MHz): 11.8 (sb, 1H16. Goihponintld)of ehydoxié of elrims. 1-18, ¥heereifi-the 8-sabgtiftudnd) is in
5.2 (d,1H), 440 Bhrat): 3-8 (m2H), 3.0-3.4 (m2H

17. The compounds
(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-3-[(E)-1-

15 (4-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid;
(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-
(3-nitro-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl}-8-oxo-5-thia-1-aza-bicyclo-
[4.2.0]oct-2-ene-2-carboxylic acid;

20 (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-
(3-fluoro-4-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid;
(6R,TR)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-(hydroxyiminoacetylamino]-3-[(E)-1-
(4-aminobenzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo0-5-thia-1-azabicyclo-

2% [4.2'.0]oct-2-ene-2-carboxylic acid;
(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyiminoacetylamino]-3-[(E)-1-
(3-hydroxybenzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]}-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid, as well as pharmaceutically
acceptable salts of this compound and hydrates of said compounds and salts.

30 18. The compounds
(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-3-[(E)-1-
(1H-benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-
1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid;
(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-oxo-3-

& [(E)-2-oxo-1-piperidin-4-yl-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-
bicyclo[4.2.0Joct-2-ene-2-carboxylic acid;
(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-8-0xo0-3-



This Sheet Has Been Replaced
11.1.16 M xture of (6R 7R 2amnoth|azol 4-yl o,
acetyl amino] -3-[ (E)- 1- Iu!ﬁ lﬂﬂ il!ﬂ lm ”m” m,("mnmr
-(S)-carboxy-phenyl - | i di.igg3- 20
yl i denenet hyl ] - 8- oxo- 5- th|a 1- aza- blcyclo[4 2. 0] oct - 2- ene- 2- carboxyllc acid

ll? (1 K?;) 1 177 §E)5 bko- 11658, 4CtHigRidzol Hiy1S-pFPclidin8-Flide ek By 5-thih-1-aza-

(6R 7R) - 7- [ ( zPierclol420last2nene-grearboxylico agidi oxyi mi no- acet yI ami nol - 25
3-[ (B - 1- ( 2- f | amwelbas pharmacenticallyravceptable siltis bf thi® coxipouidoxsd atesl

-aza- bhicyclo oxyli1c acid trifluoroacetate IR (KBr):
1777, 1672 1%&%%%&&?%% #%E’;{ B573 2 (MrH)+ 11.1.18.
(6R, 7R) - 7- Z) 2- 49: %Wap&ér - -ﬁ,/droxyl m no- acetyl am no] - 30

3-[(E)- 1( - met hoxy-b 0x0- pyrrolrdin-3-ylidenenet hyl]-8-o0xo-5-thia-
1- aza-bicyclo[4.2.0]oct- 3 ar, lic aC|dtr|quoroacetateIR(KBr)
S |5

1784, 1674, 1634 cnjerr], I\/IS (1 8513 (M 1.1.19
(6R, 7R) -7-[(2) - 2- (2- Ami no-t hi aé CHyST NriRlo- acellyl ani no] - 35
3-[(E) - 1- hydr oxy- benzyl ) - 2- oxo-"pyrrol d| n- 3-yl i denenet hyl ] - 8- oxo-5-thi a- 1-
aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- carboxy¢¢QR"aci d trofluoroacetate IR (KBr):
1777, 1671, 1631 cnmjerr], M (ISN) 586.2 ((MrNHerr])-H)- 11.1.20
(6R TR-7-[(2)-2-(2-Anmi no-thiazol-4-yl).-2- hydroxyl m,no- acet yl am noj

3- ((E) - 1- ( 3- f | uor tn rerigh B 18 ax defiped dnjclaim q:ndé’&mbydspogemomd:asbmra 1
-aza- bi cycl opgeotacin@CérotpriiCestes P RsMsithersdfd trifluoroacetate IR (KBr):
1779, 1675, 1632 cnferr], M5 (ISP): 596.1 (M:Na)+ 5 11.1.21

(6R 7R) - 7-10( Z) - 2- 28: Cohipoundstddin dny |ohe%f*é¥éih9§<!'t8‘1’80foi‘ﬁﬁb>d§m no] -

SUEHES Woks cobpanthbit fmnit s e RS
1780, 1675, 1ﬁ3@phyil[amsbfmﬁcﬁbﬁ§’)d1s€£&‘583 (MrH) + 10

21. Process for the manufacture of the compounds according to any one
of claims 1 to 18, which process comprises

15 (a) treating a compound having the formula II

N CH== N-R!
° W/l ;r
COORM o

in which R! is as defined in claim 1, and Rb is hydrogen or a
carboxy protecting group
20 or dn ester or salt thereof, with an acylatmg agent of the general formula IIT

WO* "

in which
R2 is hydrogen or a hydroxy protecting group; and
R3 is hydroxy or an activating group such as 1-

% hydroxybenzotriazole or 2-benzothiazolylthio,
RE is hydrogen or an amino protecting group

or

() cleaving off the amino, hydroxy and/or carboxy protecting group in a
compound having the formula IV



11.1. 22 _
(R 7R -7-[(2)-2-(2-Ani - 2- hydr oxyi m ng-acetyl am no] - 3-
[ (E)-1-(4-carboxy- benz [ﬂlﬁ d1' n:ggy! i denenet hyl ] - 8- oxo-5-thi a-1-
aza- bicycl o[ 4. 2. 0] oct - 1a- cracid trifluor oa@étgateeHésIBe ced

1775, 1698, 1665, 1642 cnjerr], IVB (I SP): 599.2 (M+H) + 15
(6R, 7R) - 7-[(2Z) - 2- (2- Ami no-t hi azo1-4 yl ) - 2- hydr oyi i no- ace
3-[(E)-1-(4-nitro-benzyl)-2-oxgyP rolidin-3 ylldenenethy - -oxo-

a- bicycl[4.2.0]oct-2-ene-2-carpoxygic acid trifluoroacetate IR (KBr)
1782, 1673, 1635 cnferr], H + 20 . 1. 24.

(6R, 7R) 7-1(2)-2-(2- Am no- -lhyd3joxyi m_no- aﬁ | am no] - 3-

[ (E)-1-(4-met hoxy- benzgiy~ Xl ﬁ? en hyl ] - 8- oXqg§r 5-t hi a- 1-
aza- bi cycl o[ 4.-2. 0] oct - 2- ene- 2- car boxylic idetriflu roacet ate IR (KBr):
1781, 1673, 1634 cnferr], M5 (ISP): 585.3 H+ 25 Y1.1.25

(6R, 7R -7-[(2) - 2-(2- Am no- th| azol - 4 yI) 2 hydroxy| m no- acetyl am no]

3-[(E)-1-(4-fluor W %ifo ,,E{,Eglal
-aza- bicycl o[ 4. 230 oct - -ene- -car |c aC| geﬁl uoroac Fe IR

1778, 16715 1634 &Xouds A} osleporsa emnfqtesbngmum
(6R, 7R) -7-[(2) - 2-K Q;ﬂzbb&imi i’dtc\. gelé ,ypwvwe&ﬂﬁwhﬁmase]one

8-oxo-3-[(E) 2- 0X trlde ororre I-b rrolldln nenet hyl ]
-5- thia-1-aza- bl&y]éfoﬁﬁ ’t‘ﬁ*‘é@ f%ﬁ?ﬂgacet ate

IR (KBr): 1780, Ifhéreofl633 cn{err] IVB (1SP): 623 2 (IVH-|)+ 35 11.1.27.
(6B, 7R)-7-[(CZ)$A,2 (2- Ami no-t hi azol - 4 yl') - 2- hydroxyi m no- acetyl am no] -

3-[(E)-1-benz 2- 0xo- pyrrolidin-3-ylidenenethyl]-8-o0xo-5-thia-1-aza-
bi cycl o[ 4.18. 0{a)ctfoz-theenanufadture bf @ xeadily iydrilyzable ester ofay compesnd of

cnierr], M5 (fophulaPsublebtitif)d carboxylic acid of formula I to a corresponding
esterification, or
(d) for the manufacture of salts or hydrates of a compound of formula I or
hydrates of said salts converting a compound of formula I into a salt or
15 hydrate or into a hydrate of said salts.

22, A pharmaceutical preparation containing a compound according to
any one of claims 1 to 18 and a therapeutically inert carrier, particularly for
the treatment and prophylaxis of infectious diseases.

20 23. Compounds according to é.ny one of claims 1 to 18, whenever
prepared according to the process claimed in claim 21 or by an obvious
chemical equivalent thereof.

: 24, The use of the compounds according to any one of claims 1 to 18 in
the treatment and prophylaxis of infectious diseases or for the manufacture
% of medicaments for the treatment and prophylaxis of infectious diseases.

25. The novel compounds, formulations, processes and methods
substantially as described herein.

¥k



-82- 11.1.28.

(6R, 7R -7-[(2) - 2- (2- Am no-t hi azol - 4-yl ) - 2- hydr oxyi m no-acet yl ani no] -

8- oxo0- 3-[ (E) - 2- oxo0-1- (1, 3, 4-t hi adi azol -2-yF91ipyrrolidi n-3-ylidenenet hyl]-5-
-thia- 1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate 5
“IR(KBr): 1777, 1680, 1627 cnierr], M5(ISP): 549.0 (MtH) + 11.1. 2RAN:4410/248K

~ M xture of (6R /R -7-[(2)-2-(2- Am no-t hi azol - 4-yl) - 2-
hydr oxyi m no- acetyl am no] - 8-oxo0-3-[(E)-2-0x0-1-[ (R - a
tetrahydro-furan-3-yl]-pyrrolidin-3-ylidenenmethyl]-5- tﬁlﬁus gg‘haSZBe Replaced

bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl i ¢ aci oroaceta I“",
1774, 1674, 1633 cnferr], MS(ISP): 549.2 ( .1. 30"

(6R, 7R -7-[%( 2) - 2- ( 2- Ami not hi azol -4-yl ) - hydroxyl m no- acetyl am no] 3- :

[ (E)-1-(2-chloro- 'E!'hEa' aeécmaen&wfelaiém béphligspdrin Aeeraitives] ofthe gmerhl
la-1- 15 azapbic [4.2.0] oct - eneZCarboxyllc acid trifluoacetate

| R(KBr) : 1781f‘1’@?¥f91834 cmjerr], MS(ISP): 576.2 (M+H)+ 11.1.31.

(6R, 7TR)-7-[(2) - 2-(2- Am no- thHZO| 4-yl)-2-hydroxi m no-acetyl am no] -

8- 0x0- 3-[ (E) - 2- ox0- 1- pyri mNdi ny2-yl - pyrrolidin-3-ylidenenet hyl ]-5-thia-1-az
a- 20 bicyclo[4.2.0]oct-2|ne ( xylic acid trifluoroacetate | R(KBr):
1779, 1667, 1629 cnierr§s ( . .Y (MHH) + 1. 32.

(6R, 7TR)-7-[(2) - 2-( 2- N t hpazols RO XY INU glo- acet yl am no] -

' -yl') -¢- oxo- pyrrgf’i di n- 3-yl i denenet hyl ] - 8- ox
0-5- 25 thia-1-aza-bicyclo[4.2.0]oct- e-2-carpoxylic acid
trifluoracetate IR(KBr): 1779, 1676,1633 cnferr], M5(I1SP): 571.3 (M+H) + I
11.1. 33.

(6R 7R)-3-[ (E) - (1- Al l yl oxycarbonyl - pi peri di n-4-yl)-2-oxo-pyrrolidin-3-
yl i denenmet ¥yl ythm'pm) 2-(2-am no-thiazol -4-yl)-2-hydroxyi m no-acetyl am no] -

CrifLuroacet afe %Wﬁ%%%@ét%ﬁ?ﬁwﬁéb@ﬂmm ,
methoxyphenyl, 4-carboxyphenyl, 4-carbamoylphenyl, 3-trifluoro-
methylphenyl, 2- and 3-fluorophenyl, 3-nitrophenyl, 3-fluoro-4-
hydroxyphenyl, 2-fluoro-4-hydroxyphenyl, 8-fluoro-2-hydroxy-

15 phenyl, 3-, 4-dihydroxyphenyl, benzyl, -CHR-phenyl, 83-hydroxy-
“benzyl, 4-aminobenzyl, 2-, 3- and 4-fluorobenzyl, 2-, 3- and 4-
‘methoxybenzyl, 4-nitrobenzyl, 4-carboxybenzyl, 4-triflucromethyl-

benzyl, 1-naphthyl and 2-naphthyl, all hydroxy, amino, carboxy and
- carbamoyl substituents optionally being substituted, or is pyridinyl
2 mono-substituted with halogen, pyrimidyl, pyrazinyl di-substituted
with lower alkyl, pyridazinyl mono-substituted with halogen,
piperidinyl in which the amino group may be substituted by an acyl
group, thiadiazolyl, oxo-tetrahydrofuranyl, thiophenyl mono-
- substituted with lower alkoxycarbonyl or carbamoyl, tetrazolyl-

% lower alkyl, tetrahydrofuranyl-lower alkyl, thiophenyl-lower alkyl

or benzimidazolyl-lower alkyl; and

R  is carboxy or esterified carboxy;

readily hydrolyzable esters thereof, pharmaceutically acceptable salts of said
compounds and hydrates of the compounds of formula I and of their esters

30 and salts, as well as the their use and the process for manufactunng such
compounds.

e OO N
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11. 1. 34. Oiémé”’(c
(6F; 7R) 7-[(2)-2-(2- Ami no-t hi azol - 4- yI) 2- hydr oyi m no- acetyl am no] -
8- 0x0- 3-[+( E).- 2- ox0- 1- pi peri di n- 4-yl - pyrrolidin-3-ylidenenethyl]-5-thi al?@&
a- 35 bicyclo[4.2.0]oct-2-ene-2-carbaxylic acid hydrochloride | R(KBr):
1774,1631 cnferr], MS(1SP): 548.2 (MH) + -83- 11.1. 35.
(6R 7R)-7[ (2) - 2(2- Am no-t hi azol - 4-yl ) - 2- hydr oxyi m no- acet yl am no] -
3-[(E)-1-(1-ethoxycarbonyl - pi peri di n-4-yl)-2-oxo-pyrrolidin-3-ylidenenet hyl
] -8- oxo-5-thia-1-aza-bicycl o[ 4.2.0]oct-2-ene-caboxylic acid
trifluoroacetate IR(KBr): 1778,1675, 1630 cnferr], MS(ISP): 620.4 (MtH)+ 5
11.1. 36.
(6R, 7R -7-[(2) - 2- (-2- Ami no-t hi azol - 4-yl) - 2- hydr oxyi m no-acetyl am no] -
3-[(E)-1-[1-(3-carboxy-propionyl)-piperidin-4-yl]-2-oxo-pyrrolidin-3-
yl i denenet hyl ] - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxylic acid
10 I R(KBr): 1779, 1672,1632 cnferr], MS(I1SN): 663.2 (M:NH[err]-H)- 11.1.37.
M xture of (6R 7R)- 7[(Z) 2- (2- am no-t hi azol - 4 yl ) - 2- hydr oxyi m no-
acetyl am no] -8-oxo0-3-[ (E)-2-0

-[(S)-tetrahydro-furan-2-ylnethyl]-
pyrrolidin-3-ylidenenethyl]-5-thia-1-aza-bicyclo[ 4. 2.0]oct - 2- ene- 2- carboxyl
'( K/H%Iia(l:lldlt r ThieUs¥egenrthiventidi Kelates id 88pHAI88psith Herivatiéils sifthe géferal
(6R 7R) - )‘1321( Ami no-t hi azol - 4- yI ) - 2- hydr oxyi m no- acetyl am no] -
8- oxo- 3- [(E) 2-oxo0- 1- (1Haeet razol - 5-yl met hyl') - pyrrol i din-3-ylidenenet hyl ] -5
- 20 thia-1-aza- bi cycNo[4 . 0] oct-2-ene-2-carboxylic acid IR(KBr): 1769,
1674, 1633 cnjerr], M5 SP 547, 9 (MrH) + 11. 1. 39.

(R 7TR)-7-[(2)-2- (M= mn-th| yl)-2- oxyi m no- acetylamno]
8- ox0-3-[ (E) - 2- Lt n- -t Rl O =l | dagper®et hyl - pyrrolidin-3-ylidene
net hyl ] -5- 25HNia-'g aza le:ycI o[ ¥ 2. 0] oct - 2f'ene- 2- car boxyl i ¢ acid
trifluroacetate I
5
wherein

Rl is a group selected from 2-, 3- and 4-hydroxyphenyl, 2- and 3-
methoxyphenyl, 4-carboxyphenyl, 4-carbamoylphenyl, 3-trifluoro-
methylphenyl, 2- and 3-fluorophenyl, 3-nitrophenyl, 3-fluoro-4-

10 hydroxyphenyl, 2-fluoro-4-hydroxyphenyl, 3-fluoro-2-hydroxy-
phenyl, 3-, 4-dihydroxyphenyl, benzyl, -CHR-phenyl, 3-hydroxy-
benzyl, 4-aminobenzyl, 2-, 3- and 4-fluorobenzyl, 2-, 3- and 4-
methoxybenzyl, 4-nitrobenzyl, 4-carboxybenzyl, 4-trifluoromethyl-
benzyl, 1-naphthyl and 2-naphthyl, all hydroxy, amino, carboxy and

15 carbamoyl substituents optionally being substituted, or is pyridinyl
mono-substituted with halogen, pyrimidyl, pyrazinyl di-substituted
with lower alkyl, pyridazinyl mono-substituted with halogen,
piperidinyl in which the amino group may be substituted by an acyl
group, thiadiazolyl, oxo-tetrahydrofuranyl, thiophenyl mono-

20 substituted with lower alkoxycarbonyl or carbamoyl, tetrazolyl-
lower alkyl, tetrahydrofuranyl-lower alkyl, thiophenyl-lower alkyl
or benzimidazolyl-lower alkyl; and

R  is carboxy or esterified carboxy; REPLACEMENT SHEET
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| RCKBry) : 1776, 1671, 1632 cnjerr], MS(I1SP): 561.2 (MtH)+ 11.1..40
(6R'7R)-7-[(Z) - 2-(2- Ami no-t hi azol - 4-yl ) - 2- hydr oxyi m no-acetyl am no] -

3-[(E)-1- ( 3- et hoxycar bonyl - t hi ophen- 2-yl ) - 2- oxo- pyrrol i di n- 3-yl i denenet hyl ]
-8- "30 oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
trifluoroacetate IR(KBr): 1783,1680 cnjerr], MS(ISP):  619.4 (MtH) + 11.1.41.
(6R, 7R -7-[(2)-2-(2- Ami no-t hi azol - 4-yl) - 2- hydr oxyi m no-acet yl am no] -

3-[(E) - 1- (3-carbanoyl -t hi ophen-2-yl) - 2-'o>_<§ipyrrol i di n-3-ylidenenet hyl] - 8- o0x
o- 35 5-thia-1-aza-bicycl o[ 4. 2. 0] oct - 2- en&-2-car boxyl i cacid | R(KBr):

1774, 1667 cnferr], NMS(1SP): 590.2 I\/Hg+ -84- 11.2. Preparation of the
sodi um sal t 11.@2@”&@%&&2\‘ DERIMATIVES

(6R, 7TR)-7-[(Z) - 2-(2- Ami no-t hi azol - 4-yl) - 2- hydr oxyi m no-

acetyl am no] - 3[ (E) - 1- (4- car banoyl - phenyl ) - 2- oxo- pyrrol i di n- 3-

yl i denenet hyl | - 8- oxo- 5-t hi a- 1- aza- bi cyc]0[,4. 2. 0] oct - 2- ene- 2-carboxylic acid
Na 5 salt [err] H The trityl group of 1@51%1.45 nmol )
(6,R7R,)--[(2)-2-(2-am no-thiazol -4-yl)-2- 10
trityl oxyi m no- aqekyrasétGhventiéErelhtédteahatasdorm @ENY At PeSOrmRYdenkd1di n-
3- ylidi nemng%Lifg}ﬁoxo- 5-thi a-1-aza-bicyl o[ 4. 2.0] oct%{.aétrl\i%sg- car 5)%3’%10
acid was re Eording to the procedure used above. However, the
product was converted intQ,®he sodiumsalt. 910 ng nmol of raw

(6, R 7R -7-[(2)-2-(2- N H

am no-thi azol -4-yl)-2-h NQ_no»acetyl am no] - 3-[ (E) - 1- (4- car banoyl - 15
| i dl ngnetghyl ] - 8- X0 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0]
iN eHFe=c ¥-®1t was suspended in 9 ni
r

phenyl ) - 2- oxo- pyr r ol ijdi
oct-2- ene-2-car )f‘«
t Ole C the was adjusted to 7 using 1 N
[efrlC PH j gI

water and 1 m acétonitrile.

NaOH. The dar k-

10 wherein
Rl isa group selected from 2-, 3- and 4-hydroxyphenyl, 2- and 3-

methoxyphenyl, 4-carboxyphenyl, 4-carbamoylphenyl, 3-trifluoro-
methylphenyl, 2- and 3-fluorophenyl, 3-nitrophenyl, 3-fluoro-4-
hydroxyphenyl, 2-fluoro-4-hydroxyphenyl, 3-fluoro-2-hydroxy-

15 phenyl, 3-, 4-dihydroxyphenyl, benzyl, -CHR-phenyl, 8-hydroxy-
benzyl, 4-aminobenzyl, 2-, 3- and 4-fluorobenzyl, 2-, 3- and 4-
"methoxybenzyl, 4-nitrobenzyl, 4-carboxybenzyl, 4-trifluoromethyl-
benzyl, 1-naphthyl and 2-naphthyl, all hydroxy, amino, carboxy and
carbamoyl substituents optionally being substituted, or is pyridinyl

20 mono-substituted with halogen, pyrimidyl, pyrazinyl di-substituted
with lower alkyl, pyridazinyl mono-substituted with halogen,
piperidinyl in which the amino group may be substituted by an acyl
group, thiadiazolyl, oxo-tetrahydrofuranyl, thiophenyl mono-
substituted with lower alkoxycarbonyl or carbamoyl, tetrazolyl-

25 ~lower alkyl, tetrahydrofuranyl-lower alkyl, thiophenyl-lower alkyl
or benzimidazolyl-lower alkyl; and

R is carboxy or esterified carboxy;

readily hydrolyzable esters thereof, pharmaceutically acceptable salts of said
compounds and hydrates of the compounds of formula I and of their esters
3 and salts, as well as the their use and the process for manufacturing such

compounds. SEPLAG EMENT ‘SHEET !
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M\

_bf own sofuti o.n was pﬁrl fied by Jmmﬁ,ﬂﬂ'“&"mmﬂmgr omat ogr aphy (CPﬂ@Ff QéQl"L

“at er : aeﬁﬁ,csmetmslaemm-pﬂced 1, 5.m (199 "1 R(KBr): 17pBes

1664 cnfer l2 (MNa KH err¥)-s - 85- (6R,
_7R)-7-[(Z) -4 yl -[TE) -1-¢6- chloro pyrld Hy=2"
oxo- pyrrol t hyl ] - 8- 0x0- 5- th| a- 1- aza- bi cyrzﬁEMéUF@-ﬁthEna-
2- carboxyli c aci d sodium salt The tri tﬁ group of 2.43 '
(6, R 7R) - 7=[ ( (2-am no-thiazol -4-yl)-2- 5 1999

- trityl oxyl}# éz"‘é%etyl am no] -3-[(E)-1-(6-chl oro-pyridi zan- 3- T?%AYOXO pyar ¢l
i di n- 1. A compound of formula I

3-ylidinemet hyl] - 8- oxo-5-thi a-1-aza- bi cycl o[ 4. 2. 0] oct - 2-|jene- 2- car boxyl i c
acid was renoved according to th ,Qﬁocedure used above. TFtre—produci was

t hen converted at roomterrperatu |m10 t he sodium salt by suspending the
raw materi al (199)|n240m sting the pHto 6.5 with 1 N
NaOR 10 The dar k- brown soI p r| |e(i by rev rs d ase

chromat ography (RP- 18 L| i 98:2). yield:
571 mg (32% | R(KBr): 1788, 1673 crr[e I\/S(TS : 577 1 (MH) + 15
According to the procedure set forth in the dceedi nd exanpl es, the

fol |l ow ng ?ﬁ?" éi onal conpounds were prepared: 11.2.3.
(6R, 7R) - 7] (2- Am no-t hi azol - 4-yl)-2-hydroxyi m no-acet yl am no] -

3-[(B)-1-[4- R'3- isargrowysebecteni from 22,3+ amd 4-hydmxyphedyl Benitrppheniyl, dind-33tuoro-4-

yl i denenet hyl | - ﬁ‘ﬁ'??? hll a- 1-aza-bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxylic acid
20 di sodi um sal XH%@P 1765, 1625, 1536 cnierr], MS (ISP): 668.3

( IE\SARZ %a;H)? aslgrell 2&14 rgad;}y_ hydrolz_zable Iesters theregf pharmaceutically acceptable salts of said
g- [(E) : 1- (é‘gfﬂlg)‘ﬂ?‘égﬁ‘ﬂﬁ}é’ﬁgﬂtﬁs- o 5§ 50 H&Pﬁ‘%‘h 8‘{] g‘P ‘-‘i)/ﬁ Pﬁ‘é‘ﬁﬁ@leﬁz?s?rp%r‘]‘gé&a%s t hi a-
1- .

2. A compound of formula II

REHN II
]:Q—CH N—R‘ :

COORM

in which R' is a group selected from 2-, 3- and 4-hydroxyphenyl, 3- nitrophenyl, and 3-
fluoro-4-hydroxyphenyl, Rfis hydrogen or an amino protecting group, R" is hydrogen or

a carboxy protecting group or esters or salts thereof.

3. A pharmaceutical composition comprising a therapeutically effective amount of a
compound of the formula

wherein
R' is a group selected from 2-, 3- and 4- hydroxyphenyl, 3-nitrophenyl, and 3-fluoro-
4-hydroxyphenyl,; |



=

aia bi cycl o[ 4. 2. O] oct- 2- ene- 2-car boml c acid Na salt IR KBIEPLACEKENJ QI6EET

| ~?rr[ errrgsneavaas(neapkepnmg (u“mmumn Um i i
6R, 7 Amn yrr0| |n3y| gngne; by,
[ (2) - 12!!‘! m) zol 4- yl'} P hydr oxyl m no-acet yl anm no] 4840 ﬁ)gtwk\ﬁ 129%2%
30 bi t 2-ene-2-carboxylic_acid sodiumsalt || R(KBr): 3427

1763, 1619 cni err] MS (I SP) 570. 2 (I\/FFW+ of the acid -86 we' cI ai m 1.

A corrpound of forrru whe R a el ec Y ur}d
4- hydr oxyff :“X{WR@%}"@ eﬁff gnefe{o&' }ba_rgl_%c%@ig?@( W'le sét& We? d
readily h;cdmbuﬁc&t&xﬂ Iegiratess of the rconipounisasffonmulailaat lof tiireskralahé saltd, and of
sai d conpounds and ydrateg of the conpounds of fornmula | and of their
esters and tgtapeutically qc G SETWE- formula Il in which Rlerr] is a group
sel ected from2-, 3- and 4-hydroxyphenyl, 3- nitrophenyl, and 3-

fl uoro-4- hydroxy henyl, Rerr] is hydrogen or an amno protegtin roup,
Rlerr] isdhydr @d&r@e%lag&iwnplrmf nﬁglarmmalrc‘emwaﬁm&a&?éng b

thereof . 3aidAnRR&: n conprising a therapeutically
effective glrmunt oa?% (?rrpoun ‘?orrrula OH [err] wherein R is a

group selected from2-, 3- a.mﬂi4 hydroxyphenyl 3-ni trophenyl, and

3-fluoro- 4- hydroxyphenyl
‘ T* J;f Qe
- R1
HzN = R

wherein

R! isa group selected from 2-, 3- and 4-hydroxyphenyl, 3-nitrophenyl, and 3-fluoro-
4-hydroxyphenyl;

as well as readily hydrolyzable esters thereof, pharmaceutically acceptable salts of said

compounds and hydrates of the compounds of formula I and their esters and salts , and

a therapeutically acceptable carrier. -

5. The composition of claim 3, wherein the compound of formula I is-(6R,7R)-7-[(Z)-2-
(2-Amino-thiazol-4-yl)-2-hydroxyimino-acet ylamino]-3-[(E)-1-(4-hydroxy-phenyl)-2-oxo-
pyrrolidin-3-ylidenemethyl}-8-oxo-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid.

6. The composition of claim 3, wherein the compound of formula I is (6R,7R)-7-[(Z)-2-
(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-(3-nitro-phenyl)-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

7. The composition of claim 3, wherein the compound of formula I is (6R,7R)-7-[(Z)-2-
(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-(3-fluoro-4-hydroxy-
phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

carboxylic acid.

8. The method of claim 4, wherein the compound of formula I is (6R,7R)-7-[(Z)-2-(2-
Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-(4-hydroxy-phenyl)-2-oxo-
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phar naceutical |y accept abl e I l! ounds and [Aydrates of tHe

conpounds of fornula I and. cm “mm mm II mmj) salts, 1998t ilcal |y
acceptable carrier. 4 A use *of ca &onpouhd ¥ or prepari

treating bacterial infections in a manmmal conprising a A ng to sajd
manmal a conpound of the fornula [err] WeTein Rlerr] |s a grou

4 hyclr oxy p PRSI IQeFORDY et il o o PR apboylic acid

pharmaceutically accept abl e salts of said conpounds and hydrates of the
conpounds of formula and their esters and salts, and_a therapeutically

accept abl e9cathej method Ofﬂf’émc‘bn‘ﬁ'@%ﬂ!lltbﬁ cgmpeyngd ﬁfﬁmﬂm?el & GR. TR)-EdtBodrkdt of
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pyrrol i di nPBY dlﬂénlélmmlﬁ#l}’ﬂ &:svm—élhlntlaazg-lm)eclq{ﬁ@ﬂilp@f%elze-bjcsﬂloxzh%md2 ca
rboxylic acid. 6. The corrp05| tion of claim3, wherein the conpound of

formul a | is%_GR?R £(Z - 2-

(2- Ami no- t h)adbe d o chymﬁommm&emmuam&@mﬂ{l@ﬁé@e?@'%[w)& fdreny|

) - 2- 0XO0- . } 1.2 A ; )
pyrrolidi nAgun? |ﬂ(11mzn ok I d‘§”‘3 a{:?_lt?'laan&noé [(E' (}y(gl %?01924. l&ﬁdg%)fgheelwe) 2-ca

rboxylic a2+od:o?pyr1"ﬁﬂld1rxe3nyhdmdmemhyl¢48-®doaﬁ-ﬂna&l -azirbicgclo[4.28]ocbRqener2 ebarfoxylic

formula | [ S4(6R 7R)-7-[(2)-2-

(2- Ami no-t hirazol - 4-yl) - 2- hydr oxyi m no-acetylam no]-3-[(E)- 1-(3

-fluoro-4-hydroxy- -

phenyl ) - 2- oxo- pyrrol i di n- 3-yI'i denemethiyt}=8-6x0- 5- t hi a- 1- aza- bi cycl o[ 4. 2. 0]

oct-2-ene-2- carboxylic acid. T&Sh&tﬁﬁ%eaa ngI ted in claim4, wherein the

conpound of formula | is (6R 7 ced
(2- Ami no-t hi azol -4-yl)-2-hydro ,I ' IHIam no] - 3-[ (E) - 1- (4- hydr oxy- phen
yb)-2-



-88 ‘oxo-pyrrolidin-3- I|denerrethyl] 8- 0x0- 5- thla 1-aza- bi cyclo[4é’0?éo‘) s
carboxylic acid.. 9. A use as reci |n claim4, wherein the corrpound’@$

.. fzg‘z rzmlb\?n InoI fhl(ng mm"q"mwm “m/l m no- acetyl ami no] 3-[(E) - 1-($EFLAGEME1\!T68HEE?

yl)-2-
oxo-pyrrolidin-3-ylidenemethyl] - 8- oko 5-t higg- 1- aza- bi cycl o[ 4. 4. O] ogts 27 -
2- carboxylic acid. 10. A use as reC|ted |ns%cl aim4, wherein tjh cgr{{)égﬁgﬁgg
of formula | We ¢l&R:7R) - 7-
!]£|Z2JOI’20(421 Ami pOAPQ(!»rgSc?led oly}ormulahlydr oxyli m no- acetyl am no] -3-[(E)-1-(3

hydr oxy- phenyl ) - 2- oxo- pyrrol i di n- aﬁylldenenethyl] 8- oxo0-b-thi a-1-aza-

bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boNy| | & acid. 11. The conposition of claim1,
wherein the conpound of formulalll i§ (6R R -7-

[(Z)-2-(2-Am no-thi azol - 4- y\ ro ng acetyl o] - 3 [ (E)-1-(4-hydro
Xy- 4 \ CH== N-R

phenyl) - 2- oxo- pyrrol i lesN -y$ denerr@t hyl I -P- 0x0- 5-t hNa- 1- aza- bi cycl o[ 4. 2. 0]
oct - 2-ene- 2-carboxylic acid. 12. The conposdeti on of ¢laim1l, wherein the

Q

* tonpound of fornmula | is (6R 7R)-7-

[(2)-2-(2- AriW8T8IBi azol - 4-y| ) - 2- hydr oxyi mi no- acetyl ami no]-3-[(E)-1-(3-nitro

- phenyl ) - R! lect )

2- 0x0- pyrrol i d| n- 1sa|grougnsgr$ge f'l-Q]m% oxachIdS4 l%dlrgxylphe% %lnclztflo hgf% ﬁndo? 5]&01'%4

e-2- carboxyli c aéIYdfOXJYB emylie conposition of claim1, wherein the conpound

of formula I 4

[(2)-2-(2- Am no t I azég?ﬁ-l;h%h}dyfa Rledp sge)@ ithr%r ?log gmfe%cﬂlgf agce[p al?}e S%ts of said
- (3-fl uor o- 4compounds and hydrates of the compounds of formula I and of their esters and salts.

~hydr oxy-phenyl ) - 2- oxo- pyrrolidin-3-ylidenenet hyl | - 8- 0XO0- 5-thia-1-aza-

blcyclo[4 2. 0] oct - 2-ene- 2-carboxylic acid.
. A compound of formula II

REIN B
IQ—CH N—-R! :

COORM®

in which R' is a group selected from 2-, 3- and 4-hydroxyphenyl, 3- nitrophenyl, and 3-
fluoro-4-hydroxyphenyl, Rfis hydrogen or an amino protecting group, R" is hydrogen or
a carboxy protecting group or esters or salts thereof.

3. A pharmaceutical composition comprising a therapeutically effective amount of a
compound of the formula .

N’OH . |
|- H
N. -]
i’ﬁ J—_ - [ L
' = - R?
HN- s © (o} N R
. COOH fo)

wherein

R' is a group selected from 2-, 3- and 4- hydroxyphenyl, 3-nitrophenyl, and 3-fluoro-
4-hydroxyphenyl; -

9% 10602~ ¢4
\fuh’r
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as well as readily hydrolyzable esters thereof, pharmaceutically acceptable salts of said
compounds and hydrates of the compounds of formula I and of their esters and salts, and

a therapeutically acceptable carrier.

4. A use of a compound for prégaring a medicament for treating bacterial infections in
a mammal comprising administering to said mammal a compound of the formula

N™ |
N 3 I
3T el
HN" s o .
COCH o

wherein :
R! isa group selected from 2-, 3- and 4jhydroxyphe1iyl, 3-nitrophenyl, and 3-fluoro-
4-hydroxyphenyl;

- . as well as readily hydrolyzable esters thereof, pharmaceuuca.lly acceptable salts of said

compounds and hydrates of the compounds of formula I and their esters and salts , and
a therapeutically acceptable catrier. '

5. The composition of claim 3, wherein the 6ompound of formula I is (6R,7R)-7-[(Z)-2-
(2-Amino-thiazol-4-yl)-2-hydroXyi1hino-acet ylamhlo]-3-[(E)-1-(4-hydroxy~pheny1)—2-oxo-
pyrrolidin-3-ylidenemethyl]-8-o0xo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid.

6. The composition of claim 3, wherein the compound of formula I is (6R,7R)-7-[(Z)-2-
(2-Amino-thiazol-4-yl)-2-hydroxyimino—acetylamino]-3-[(E)-l-(3-ni11‘o-phenyl)-2-oxo—
pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

7. The composition of claim 3, wherein the compound of formula I is (6R,7R)-7-[(Z)-2-
(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1- -(3-fluoro-4-hydroxy-
phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid.

8. A use as recited in claim 4, wherein the compound of formula I is (6R,7R)-7-[(Z)-2-
(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-l-(4-hydroxy—phenyl)—2-
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oxo-pyrrolidin-S-yliden'emethyl]-8—oxo-5-thia- 1 -aza-‘bicyéio[4.2.0] OCt2-ene-2=

carboxylic acid.

9. A use as recited in claim 4, wherein the compound of formula I is (6R,7R)-7-[(Z)-
2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-(3-nitro-phenyl)-2-
oxo-pyrrolidin-3-ylidenemethyl]-8-0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

carboxylic acid.

10. A use as recited in claim 4, wherein the compound of formula I is (6R,7R)-7-
[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-(3-fluoro-4-
hYdroxy—phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]—S-oxo-S-thia—l-aza-

bicyclo[4.2.0]oct-2-ene-2-carboxylic acid.

11. The composition of claim L wherein the compound of formula I is (6R,7R)-7-
[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-(4-hydroxy-
phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-
* 2-carboxylic acid. ' '

12. The composition of cléim 1, wherein the compound of formula I is (6R,7R)-7-
[(Z)-2-(2-Am1no-thlazol-4-yl)-2-hydroxmnmo—acetylammo] 3-[(E)-1-(3-nitro-phenyl)-
-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2- '

carboxylic acid.

13. The composition of claim 1, wherein the compound of formula I is (6R,7R)-7- :
[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino}-3-[(E)-1-(3-fluoro-4-
hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-

bicyclo[4.2.0]oct-2-ene-2-carboxylic acid. -



