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5 The present invention relates to penam derivatives, in
particular it is concerned with 2B-alkenyl-penam derivatives of

the general formula

-

©O), -
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‘ S,
T

o/ :

COOR?

10
wherein
one of R! and R2 signifies -COR4, -CN, -CH2RS5, halogen, -CH=CHRS
or Q and the other signifies hydrogen or lower alkyl or both
together signify a y-lactam ring,
15 R3 . signifies hydrogen, lower alkyl, aryl-alkyl, allyl or a
residue which is cleavable in vivo,
R4 signifies hydrogen, lower alkyl, lower alkoxy, benzyloxy,
amino, lower alkylamino or lower alkyl-lower alkoxyamino,
RS signifies hydroxy, -OCONHR?, -OCONHz2 or a five- or six-
20 membered hetero-aromatic ring which contains N,S and/or O
and which is linked via a nitrogen atom,
R6  signifies -CN or CHO,
R7  signifies -COCH2Cl,
Q signifies a five- or six-membered hetero-aromatic ring
25 which contains N, S and/or O and
n signifies 0, 1 or-2,
as well as pharmaceutically compatible salts of these compounds.

These compounds are novel and are distinguished by thera-
30 peutically valuable properties. In particuiar, they have pronoun-
ced B-lactamase inhibiting. properties and are accordingly useful
in combination with p-lactam antibiotics such as the penicillins
and cephalosporins in' the control of pathogens which form B-
lactamase.
35
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whereim one of Rlerr] and Rlerr] signifies -COR el =CN,_-CHerr]Rerr],

halsegen, - CH=CHR6 or Q and the othep signifije¥HSyHEETaMOBEENYEr al kyl
or _both together signify a [err]-Ifaétamring,_ R3 REPIACGHED es hydrogen,

| ower al kyl, aryl-alkyl, allyl or a residue which 1s cleavant® in
vivo, R4 signifi %%g n, I , T I !

anmno, |ower al kyl?g%ﬁ%o orél_ 0t hbywﬁa\’%y:@q _OV\Ij?I’ aitg@?‘f%&tﬁ\(l)@f%ﬁ tﬁiéwpi fies
hydr oxy, - OGONPRAgainstoceptain Vﬁaq.tp;;@l girains,_such a réﬂ"}%i’sﬁg-e&omt iC
ring which ains N S and/or O and-which is linked via a nitrogen
atom R[err] 'signifies -CNor CHO Rerr] signifies -COCHerr]Cl, Q
signifies a five- or six-nenbered hetero-aromatic ring whi ch cont ai ns

N, S and/®r O andThe termi Jloweralkyl",1alone orain \cambinationasuabeasi cal | y

conpati bl e o] ow&d s ~hhe o] a and
are disti ngiﬁé@c’i’ %ﬁ%é’? peu |cg?lmla\;211nt?abl %ﬁp"?ﬁggrgﬂg@ﬁﬂrﬁhgﬁfﬁ%m ar,
they have prif satueated- hydraoasben; rasiduesnwithr apmaxiewnangt 7y e
accordingly wmtbtdbly a maximum of 4, carbon atoms such as methyl, ethyl,

isopropyl or t-butyl.

10
The term "aryl-alkyl" embraces benzyl, benzhydryl, p-
methoxybenzyl or p-nitrobenzyl.
The term "halogen" embraces fluorine, chlorine, bromine or
15 iodine.

The term “five- or six-membered hetero-aromatic ring
which contains N, S and/or O" preferably signifies 2-pyridyl, 1-
methyl-pyridin-2-ylio, 1,3-thiazol-2-yl, 1,2,4-oxadiazol-3-yl
20 and the like. '

A residue which is cleavable in vivo signifies a residue
which is suitable for oral administration and which preferably
contains an ester group such as, for example, -CH2OOCC(CHg)3,

25 .
Me
"
-CH(CHa)OOCO—O ) CH(CH;,)O-CO-I—OMe , ! p
o}
or -CH(CH3)OCO-CHgs.
30 Objects of the present invention are 2B-alkenyl-penam

derivatives of general formula | and pharmaceutically compatible
salts thereof per se and as pharmaceutically active substances,
.. the manufacture of these compounds, medicaments containing a
compound of general formula | or a pharmaceutically compatible
35 salt and, if desired, additionally a B-lactam antibiotic and the
manufacture of such medicaments, as well as the use of com-

—
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in combination with [err]-lactam antibiotics such as epcillins and
cephal osporins in the control of pathogens which for nﬁ"ésrg EETIH.6$BBHISG.
- 2- Furt hernore, they have an antd bacterial a EPRACED own
agai nst certal n bacterial strains, such as e.g. Aci net obacter spp.

The term "l gugnqal Br'qenéﬂfaﬂ%rﬁf ulan| Ce(?ﬂi)d?a haﬂnae@hneauylwm adiblexy" or

"l.ower al ky am no' es straig sat urat ed

hydr ocar bonSaHSi Hiﬁa@% t"h t enﬁ?i"ﬁ’l% Qf Wev 'Ioé‘r zQJI ﬂﬁ!?sf%ﬁ nBRPEFIAlY car bon
atonms such a$ Paeterial ﬁifb)z&tuonls§mmd>,p)réspectlvblyt,yfor the manufacture of

corresponding medicaments.

5
Furthermore, compounds of the general formula
S o]
In9'q .
N
o :
COOR?
10 wherein R3 has the above significance,
are an object of the invention.
These compounds of formula |l are important intermediates
for the manufacture of the compounds of general formula 1.
15
Those compounds of general formula | in which R1 = CN,
halogen or COR4 and R4 = amino, methyl, lower alkoxy or benzyl-
oxy and R2 = hydrogen, e.g. the following compounds, are espec-
ially preferred:
20

Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-
7-oxo0-4-thia-1-aza-bicyclo[3.2.0}heptane-2-carboxylate,
benzhydryl- (E)-(2S,3S8,5R)-3-(2-cyanoethenyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,
25 benzhydryl (Z)-(ZS,SS,5R)-3-(2-cyanoethényl)-s-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
sodium (E)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
sodium (Z2)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-4,4,7-
30 "trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,
sodium (Z)-(2S,3S,5R)-3-(2-chloro-vinyl)-3-methyl-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,
sodium(E)-(2S,3S,5R)-3-methyl-3-(3-0xo0-but-1-enyl)-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate.

35 T
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The term "aryl -al kyl" enbraces benzyl, benzhydryl, p-

_ Rethoxybenzyl
p-ai trobenzyl . The term "hal ogen enbr aces fI uof iTHEs SHEEmgAggE
bronine or iodine. The term "five4 or six- menbeked hGRIEPL,chgj orrat ijc
ring whlch_c_ontalns N, S and/or O preferably signifies 2-pyriayts
met hyl - pyr i di N 2pYlifbrmdored” #H 3pRbwing! belong 3ot agspaeially v! and t he

like. Are |sceavabe|n vo signifies a’residue which
i s suitabl eprefercedi compotings: ati on and which preferably contains an ester
group such as, for exanple, -CHerr]OOCC(CH err])[err],

PP ol ﬂ*; Bdiapan  (€/2)-(2SESBR1 342 e hoPinyny-3- [err]
5 methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,
| benzhydryl (E)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-
methyi-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,
benzhydryl (Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-
10 methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,
sodium (E)-(2S,3$,5R)-3-(2-carbamoyl-vinyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,
sodium (Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-methyl-
15 4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,
benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,
benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
20 carboxylate,
sodium (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,
benzhydryl (E)-(2S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-
25 3-methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxy-
late,

benzhydryl (E)-(2S,38,5R)-3-(2-benzyloxycarbonyl-_vnnyl)-
3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,
30 sodium (E)-(2S,3S,5R)-3-(2-benzyloxycarbonyl- vmyl) -3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2. Olheptane-2-car- .
boxylate.

The 2B-alkenyl-penam derivatives of general formula | as
35 well as their pharmaceutically compatible salts can be manu-
factured in accordance with the invention by

e
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Obj ects of the present invention are 2[err]-al kenyl - peraaderivatives of
general fornula | and pharnmaceutically ﬁrrpati bl e sal §Htsrmme,ge§ EEN and
as, pharmaceutically active substances, ~the nmanuf act urle._of RBES&m@pnpou ds,
medi canment s conai ning a conpound of general forrmula | or ap 2 aIIy
conpati ble salt and, if desired, additionally a [err]-lactam antibiotic and
t he manuf acture of such nedlcanentgs a as the use of com

-3- pounds of general formula p arnaceutlnally conpatible salts
thereof in the control or prev i1l nesses, especially of bacteria
I nfections, and, respectivel yQ or the nanufacture of correspondi ng

medi canment s.

wherein R3 has the significance given above,
5 with a compound of the general formula
H, ,91.

R® ‘Rz

wherein R! and R2 have the significance given above and R8
10 = P®(aryl)3, PO(Oalkyl)2, Si(alkyl)3 or halogen,
in the presence of an activating agent, or

b) oxidizing a compound of general formula | in which n
signifies 0, or

15
c) converting a compound of general formula | in which R3 is
different from hydrogen into the corresponding free acid, and

d) if desired, converting an acidic compound of formula | into a
20 pharmaceutically acceptable salt.

Scheme 1 shows two known methods (Wittig or Horner
reaction) for carrying out process variant a).

25 Scheme 1

R‘l
S —_—0 . S, =
FOXC . [T
N /N~
o) : (o] :
COOR? COOR3
-_R Ia
I Y—
R!

111

The substituents R!, R2 and R3 have the above significances.
30 '
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Furt hernore,

conmpounds of the general formula [err] wher ei n

Rlerr] has the above significance, are an object of HHEHISISHERTIHAR gEEN
These conpounds of fornula Il are |nport§n1 i nt er nedijat es REPLACES

manuf act ur e

of the conmpounds of general fornmula I. TNOSE-ToNpotH

s of

general formila 'TI‘\€ éﬁ’ﬂb@gdg[ pt rfbrmu@'dllgg' Baﬁi?%ﬂédcﬂ% i é:fﬁ yom no,

met hyl , | ower al k

Substifptad p%narysppfafferméa la by Q@Ym yeragtion SWith "'an

conpounds

(B 2)- (25, 3%I§Wd§né3ﬁ?ﬁ@’ﬁ?§§ ramd |\ Y <- Py atyl)l), awittig
- aza- bi cycl Ol]eac on; Caf a&y?ﬁ’ﬁ&’sﬁhonate (I, Y = (alkylO)2PO, Horner

5

10

18

20

25

reaction) in the presence of an activating agent, for example a
base such as triethylamine, sodium methylate, lithium di- '
isopropylamine or DBU (1,5-diaza-bicyclo[4.3.0]non-5-ene).
Suitable soivents are e.g. tetrahydrofuran, toluene, dichloro- -
methane, acetonitrile or benzene. The reaction temperature can
vary between -30° and 80°C depending on the solvent which is
used.

If desired, the compounds of formula | can also be manu-
factured by reacting correspondingly substituted triphenylphos-
phonium halides with 1,2-butylene oxide as the base and solvent.
In this case the preferred reaction temperature lies between 50
and 700C. Compounds of formula | in which n signifies 0 are
obtained.

The Peterson olefination and the Reformatsky synthesis are
further possibilities for carrying out process variant a). In the
case of the Peterson olefination, lithium derivatives of trialkyl-
silanes are reacted with compounds of formula Il in the presence
of a base. Scheme 2 shows the reaction with a lithium trimethyl-
silane of formula 1V in which R1 and R3 have the significances
given above.
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benzhydryl (E)-(2S, 3S, 5R)-3-(2-cyanoet henyl) - 3- net hyl—~4..4
, 7~trioxo-4-thia-1 -aza-bicyclo[3 .2.0] pt ane- 2- car oIS SHBET HAS BERn
benzhydryl (Z)-(2S, 3S, 5R)-3-(2-cyanoethényl) - 3-net hyls REPLACEp _
4,4,7-trioxo-4-thia-1 -aza-bicycl o[ 3. 2. 0] hept ane- 2- car boxy ah_ adi um
(E)-(2S, 3S, 5R) - 3- (2- cyanoet henyl ) - 3%@@& 494, 7- trioxo-4-thia-1

ylate

-aza- bi cycl o[ 3. 2. 0] hept ane- 2- car box sodi um .
(2)-(2S, 3S,5R) -3-(2-cyanoet henyl )-3-nethyl-4,4,7- trioxo-4-thia-1

-aza-bicycl o[ 3 . 2.0] hept ane- 2- car boxyl at e, sodi um h'lr .
(2)-(2S,3S,5R)-3- (% chloro-vinyl)-3-nmethyl-4,4,7- trioxq;4-thila-
-aza- bi cycl o[ 3T Btane- 2- car boxyl at e, S CH-CHSICHy;
sodi un(E) - (2S - -mat'ﬁyl -(QHY8I-CHb- BUT - T - enyl ) .4 /R-OH | 0X0-4-thia-1
-aza- bi cycl 003. 2. O]thept ane- 2- car boxi/l ate. o H '
COOR? ! COOR?
I IV A"
_rS
1
T X%
o/ : :
COOR?
b
5 The 2B-alkenyl-penam derivatives of formula Ib result from

the compounds of formula V by spontaneous dehydration. Com-
pounds of formula | in which n signifies 0 and R2 signifies hydro-
gen are obtained. In the case of the Reformatsky synthesis,
compounds of formula Il are condensed with organo-zinc deriva-
10 tives of a-halo esters to the corresponding B-hydroxyl esters of
formula VI, from which compounds of formula I in which n signi-
fies 0, Rt signifies COR4, R4 signifies lower alkyl and R2 signi-
fies hydrogen result by water cleavage, corresponding to Scheme

3.
15 Scheme 3
S o & 5, /H-CHy COOAIK
):D<= +  BrCH,-COOAIL I Nl \><OH
o : o :
COOR3? COOR?
I VI
5 COOAIk
Jro'en
o :
COPR?
. .

R3 has the significance given above. f
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Furt her nor e,

the follow ng belong to the especially
Benzhydryl (E/ 2)-(2S, 3S, 5R)-3-(2-carba

-aza-bicycl o[ 3 . 2. 0] hept ane- 2- car boxyl-at® S~
(B)-(2S, 3S, 5R) - 3-(2-carbanoyl -vinyl)-3- nmethyl-4,4,7-trioxo-4- =
-aza- bicycl o[ 3. 2. 0] hept ane- 2- car boxyl ate,

Z) - (2S, 3S, 5R) - 3-( 2- cay pajoyl - vi ny
Ea)zagbicyclo[S.ZT Ph@ﬁKEﬂE"QDfJbP

| -vinyl)-3-fn

conpounds:

®

ben

ShHEET- lx Az i a- 1
EPLACED

benzhydryl
[)-3- nmethyl-4,4, 7-triqQxo-4-thia-1
! sliphide group 14 e, sulphoxide' group

(5)- (25, 35, 6Rsulphdng giowp s offeethd docmiing 1o‘mthotsi kow-pét ol
. Lo ane-Z-carl X a . R R

cHofts Of AhBarafiparines pf Bénera), foritia A in whishy 1y gianiy
-aza- bi cgcl fig8. @. i leedwaorphaseaspste awith rutheriene ltgthoxide or with an

-aza-bi cycl
(2)-(2S, 3S,

e br cycl AiUe0YS pite

(E) - (2S, 3S, peyoxide2selu

-aza- bi cycl o[ 3. 2. 0] hept ane- 2- car boxyl at e,

-(2 R) - 3.(2-eth bonyl | ) - :
(E)-(25,35.5R) O(tf%ere oxidation reagents SYJC?‘I as NagWO4 or peracids can

10 also be used for the preparation of the penam sulphones. Di-
chloromethane is an especially suitable solvent.

bicarbonate and ruthenium(lV) oxide.

-vin 3-

sodi um

BRI bBARKNGRPAYY sclunGh' iy nf 3, Ak

tioxy basbbeen- found jtosbenespeciallyssuitablesxo- 4- t hi a- 1

The compound of general formula | in which n signifies 0 is
conveniently dissolved in dichloromethane and added to an
15 aqueous suspension consisting of sodium (meta)periodate, sodium

After completion of the

reaction the organic phase is separated, purified and dried.

30

Whether a sulphoxide or a sulphone results from this
20 oxidation depends on the nature and/or amount of oxidation agent.

The conversion of a compound of formula | in which RS is
different from hydrogen into .a free acid and the conversion of a
free acid into a pharmaceutically acceptable salt can be effected

25 according to methods known per se, in certain circumstances in a
single procedure.

Ester groups, e.g. benzyl, p-nitrobenzyl, benzhydryl, p-
methoxybenzyl or allyl, can be cleaved off as follows:

Benzyl and p-nitrobenzyl by hydrogenation over palladium-
carbon at about 0°C to 80°C in an organic solvent such as ethyl
acetate, methanol or water or by hydrolysis in the presence of
sodium sulphide at about 0°C to room temperature in a solvent

35 such as e.g. DMF. Allyl by palladium-(0)-catalyzed transallylation
in the presence of a sodium or potassium salt of 2-ethylcaproic
acid, benzhydryl with m-cresol at about 50°C within 4-5 hours.

—— c———
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met hyl-4, 4, 7-trioxo-4-thia-1 -aza-bicyclo[3.2.0] heptane=2-_carboxyl ate,
benzhydryl (E)-(2S,3S,5R)-3-(2-benzyl oxycarbonyl - vi nylf )THIS SHEE
BE
5 hébs PEeN

3-met hyl - 7-oxo0-4-thia-1 -aza-bicycl o[ 3. Z 0] hept ane- 2- gar boxmgp
3-nmethyl-4,4,7-t r boxyl at e,
vl 44, @%ﬁ?_ fipdiirits’ of %é}a%hﬁpfa 1P wHiERPar &séd 881 boxy

l

benzhydryl (E)-(2S, 3S, 5R) - 3- (2- benzyl oxycar bonyl - vi nyl ) -
sdium (E)-( bon

T 4 Starting, raterials.aan Be BIARAIRY| Fom (rorbERRBdNG. Alcobsls, in o.
The 2[err]- ah&liiw t@ethtéﬁgﬁtﬂfessaﬂe\seﬁbeﬁ ipe Tetahddronu4a, IN@sSyppl as their
|

phar maceutlgﬁl atible salts can be manu- factured in accordance with
the inventi reacting a conpound of the general formula.
Scheme 4
| |\><— DMSO, (COCl,, CH,Cl, l |\><=
EooR? NEt,
VIII I
10 In this, R3 has the significance given above.

Reaction with oxalyl chloride in dichloromethane has been
found to be of advantage, with the following procedure conven-
iently being used: dichloromethane and the oxidation agent are

15 cooled to about -60°C, treated with DMSO and a compound of
formula VIl and, after a reaction period of about 3 hours and
addition of triethylamine, the cooling bath is removed. The thus-
obtained aldehyde of formula Il can be purified using usual
methods. '

20

Compounds of general formula Il are obtained analogously by
oxidation with PCC (pyridine chlorochromate), Dess-Martin
reagent, MnO2 and the like.

25 As mentioned earlier, the compounds of general formula | in
accordance with the invention and pharmaceutically compatible
salts thereof with bases exhibit pronounced B-lactamase-inhibit-
ing activities against B-lactamases from various bacterial

strains. As illustrated hereinafter, these therapeutically
30 valuable properties can be determined in vitro on isolated B-

lactamases: —_—
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-5- [err]

wherein R err] has the significance P AS g s AV wWth a
conpound of the general forrmula [err] 10 wher ei n R?err E&’r'fcﬁﬂ BEfN Jhave
the significance given above and R8 ~ '€ Plerr] (ary!YfeLPLACED _

PQ(Cal kyl')[err], Si(alkyl)3 or halogen, in the presence of an actTvs

agent, or

10

15

20

25

30

35

oXglafibR%of 18 potRdaftageger al Tormula | in which n

Various B-lactamases can be isolated from penicillin- or
cephalosporin-resistant bacterial strains such as Klebsiella
pneumoniae NCTC 418, Proteus vulgaris 1028, Bacillus licheni-
formis 749/C, Escherichia coli SNO1 and Citrobacter freundii
1203. For this purpose, the corresponding strains are cultivated
in Tryptic Soy Broth (Difco) and harvested by centrifugation in
the last logarithmic growth phase (when necessary 50-100 mg/l
of ampicillin are added to the medium towards the end of the log-
phase in order to induce the B-lactamase). The thus-obtained
bacterial mass is treated with 20 mM Tris-HCI buffer (pH 7.0);
the cells are broken open with a French press while cooling. The
mixture is centrifuged (20,000 r/min.) for 20-30 minutes and a
clear crude extract is obtained. The purification of the proteins
is effected according to the methods of Cartwright, S.J. & Waley,
S.G. [Biochem. J. 221, 505-512 (1980)] and, for B. licheniformis,
Ellerby, L.M. et al. [Biochemistry 29, 5797-5806 (1990)].

B. Determination of the B-lactamase activity

The determination of the activity of the isolated B-lacta-
mases can be carried out according to the method of O'-Callaghan,
C.H. et al. [Antimicr. Ag. Chemother. 1, 283-288 (1972)] using the
chromogenic cephalosporin nitrocefin (87/312 from Glaxo). The
requisite test batch contains per ml of water: 50 mM phosphate
buffer (pH 7.0), 0.1 mM nitrocefin and sufficient enzyme (B-lac-
tamase) to achieve a AA/min. of about 0.1. The cleavage of the
substrate, which is accompanied by a change in colour, is
effected at 370C and is followed quantitatively at 482 nm using
a spectral photometer.

C. rminati h - -i
MROUN neral f |

The above-described cleavage of the chromogenic substrate
by B-lactamases (test B.) can be inhibited by the addition of com-

pounds of general formula | (inhibitors). Since it has been found
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signifies 0, or «c) Converting a conpound of general [ OHMISREFT ] ' R3
i s different from hydrogen into the corrfsponding freg_aci dRggy) laﬁ?EENf
desired, converting an acidic conpound & formula | into a eutjcglly

acceptabl e salt. Schene 1 shows two known nethods (Wttig or Horner

rfa[cg'r?]n ) T Har® theY ififibfibls PirAsERiBg iiditivite the B-lactamase in a
time-dependent reaction, the reaction (cleavage of the substrate)
is in each case started by addition of the substrate after a pre-
incubation period of B-lactamase with inhibitor of 15 minutes.

5 As a measurement for the affinity of the particular tested
inhibitor to the B-lactamase, which is a measurement of the
strength of the inhibitor, there serves that concentration which
inhibits by 50% (IC 50 in nM) the cleavage of the substrate
(nitrocefin) effected under the above test conditions (test B) in

10 the absence of an inhibitor. 4 to 6 tests with different concen-
trations of inhibitor were carried out in order to determine the
IC 50. The determination of the IC 50 was effected by means of
a graph.

15 The results obtained in the above test (test C) are presented
in Tables 1 to 3 hereinafter.
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The SU-bStItueth"b“RfEH ~Rper_q__and R[err]

The g fornula I converted intfo
penalug@h eé by di® ragt “reaction wth
trlph (e
i

- 6=
supstituted
al kyl i dene-
reaction) o

as triethyl
t et r ahydr of

reaction te
t he sol vent

rwth

am ne,” sodi um ret hyl at e,
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Examples of IC50 [uM] IC50 [UM]

compound of formuld ¢, freundii 1982 E. coli CF 102

I with reference
Tazobactam (reference) 0.900 0.015
6¢c (cis amide) 4.340 0.130
6¢ (trans amide) 2.250 0.054
5¢ (trans nitrile) 0.696 0.681
5¢ (cis nitrile) 0.210 0.126
2¢ (trans ethyl ester) 0.370 0.456
4¢ (trans benzyl ester) 0.478 0.444
8¢ (cis-chioro) 0.590 0.055
9c¢c (trans COCH3) 0.147 -0.417
11c (trans 1,2,4-oxadia- 0.490 0.217
z0l-3-yl)
12¢c (trans 2-thiazolyl) 0.410 0.054
12¢c (cis 2-thiazolyl) 1.270 0.160
13¢ (trans 2-pyridinyl) 1.010 0.092
14¢ (trans-CONMe(OMe)) 2.490 0.181
15 (trans 2-pyridinylio) 3.100 0.087
17b (trans CH=CH-CN(Z)) 3.300 0.420
18¢ (gamma-lactam) 14.250 0.320
20c (trans CH20H) 6.92 0.590
22¢ (trans CHoOCONH2) 0.479 0.763
23c (trans CHo2- 15.700 0.142
pyridinium) |
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part ceftriaxone + 4 parts inhibitor)

Examples of IC [ug/mli] IC [pg/ml]
compounds of C. freundii 1982 E. coli CF 102
formula 1| with

reference
Ceftriaxone 128 8
Ceftriaxone + 8 0.25
Tazobactam (reference)
Ceftriaxone +6¢ (cis 4 0.12
amide)
Ceftriaxone + 6¢ (trans NA 0.12
amide)
Ceftriaxone + 5c¢ (irans 2 0.25
nitrile)
Ceftriaxone + 5¢ (cis 1 0.25
nitrile)
Ceftriaxone + 2c¢ (trans 4 0.25
ethyl ester)
Ceftriaxone + 4c¢ (trans 16 2.00
benzyl ester)
Ceftriaxone + 8c (cis 4 0.25
chloro)
Ceftriaxone + 9¢ (trans 1 0.25
COCHg3)
Ceftriaxone + 11c (trans 4 0.5
1,2,4-oxadiazol-3-yl)
Ceftriaxone + 12c (trans 8 1
2-thiazolyl)
Ceftriaxone + 12c (cis 16 0.5
2-thiazolyl)
Ceftriaxone + 13c (trans 8 1
2-pyridinyl)
Ceftriaxone + 14c (trans 8 0.5
CONMe(OMe))
Ceftriaxone + 15 (trans 4 0.25
2-pyridinylio)
Ceftriaxone + 17b (trans 8 0.5
CH=CH-CN(2))
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Ceftriaxone + 18c 16 1
 (gamma-lactam)

Ceftriaxone + 20c - 8 0.5
(trans-CH20H)

Ceftriaxone + 22c¢c (trans 2 1
CH2OCONH2)

Ceftriaxone + 23c¢ (trans 8 0.25
CHo-pyridinium)

‘MIC signifies minimum inhibitory concentration.

This Sheet Has Been Replaced .




pounds:of forma—+—nwhichnmsignifies 0 and R2 signifies hydro- gen are

obt ai ned.

formul a |
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10

15

20

jorivative 5c with selected antibiofi inst_B-lact

(constant innhibitor concentration: 4 mg/l)
MIC MIC MIC MIC
E.cloacae|C.freundij Ps.aeru-|E.coli
ginosa

Ceftriaxone >64 64 >64 16
Ceftriaxone + 5c¢ (cis 4 2 16 <0.12
nitrile)
Ceftriaxone + tazobactam 64 32 >64 <0.12
Ceftazidime >64 >64 32 32.00
Ceftazidime + 5c¢ (cis 4 8 2 0.5
nitrile) :
Ceftazidime + tazobactam 64 64 8 0.5
Piperacillin >128 >128 >64 >64
Piperacillin + 5c¢ 8 8 16 4
(cis nitrile)
Piperacillin + tazobactam 128 64 64 4
Apalcillin >128 >128 64 >64
Apalcillin + 5¢ (cis nitrile) 16 8 4 2
Apalcillin + tazobactam >128 64 NA 2

The products in accordance with the invention can be used
as medicaments, e.g. in the form of pharmaceutical preparations
which contain them or their salts in admixture with a pharma-
ceutical, organic or inorganic inert carrier material which is
suitable for parenteral or enteral administration, such as e.g.
water, gelatine, gum arabic, lactose, starch, magnesium stearate,
talc, vegetable oils, polyalkylene glycols, Vaseline, etc. The
pharmaceutical preparations can be present in solid form, e.g. as
tablets, dragées, suppositories, capsules; or in liquid form, e.g. as
solutions, suspensions or emulsions. They may be sterilized and/
or may contain adjuvants such as preserving, stabilizing, wetting
or emulsifying agents, salts for varying the osmotic pressure,
anaesthetics or buffers. The compounds of formula [ and their



Rl err} has the significance given above.

- 8- The oxi dation of the sul phi geqngsroup to the anphm ; r
sul phone group is effected according 1 Fgﬁ"c

L St hods known [per S REPRREHT f
the conpounds of general formula | in which n signi- ste

system wi t fgéf{ f\ﬁ@féfaﬁwt coméleindd BbhSidutafionedor paterreralmagmimnganat e
solution an t n peroxide

especially %ndy or qgﬁ Pé‘rrpg'ﬁ?dﬁgoﬁ}?@éﬁaﬁt 9?§§5H£<§ TZ\?\DE)leor

peraci ds calyophnhzates or dry powders for dilution with usual agents such
as water or isotonic saline.

As mentioned earlier, the compounds of general formula |
and their pharmaceutically compatible salts can be used in
accordance with the invention in the control or prevention of
ilinesses, especially in the control of p-lactamase-forming
10 pathogens in combination with B-lactam antibiotics, i.e. anti-

biotics which contain a B-lactam ring, for example penicillins
such as piperacillin, mezlocillin, azlocillin, apalcillin, benzyl-
penicillin, phenoxymethylpenicillin, carbenicillin, methicillin,
propicillin, tricarcillin, ampicillin, amoxycillin or mecillinam and
15 cephalosporins such as cefiriaxone, ceftazidime, cefetamet,
cefatamet pivoxil, cefotaxime, cefmenoxime, ceftizoxime,
cefuroxime, cephaloridine, cephalotin, cefazolin, cephalexin,
cefoxitin, cephacetrile, cefamandole, cephapirin, cephradine,
cephaloglycine, cefpirome or cefepime as well as penems and
20 carbapenems such as imipenem or meropenem. Thereby, the
compounds of general formula | or pharmaceutically compatible
salts thereof with bases can be administered before, simultane-
ously with or after the administration or intake of B-lactam
antibiotics. Where the products in accordance with the invention
25 are administered simultaneously with a B-lactam antibiotic, then
this can be effected by administration as an ad-hoc combination
or in the form of a pharmaceutical combination which contains a
compound of general formula | or a pharmaceutically compatible
salt thereof with a base and a B-lactam antibiotic; such pharma-
30 ceutical combinations are also an object of the present invention.

The dosage of the compounds of general formula | and of the
pharmaceutically compatible salts thereof with bases can vary
within wide limits and will, of course, be fitted in each

35 particular case to the individual requirements and to the B-
lactamase-producing pathogen to be controlled. In general, a
daily dosage of about 0.1 to about 2.0 g should be appropriate.
The ratio of 8- |actamase mhubltor (compound of formula | or
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of general formula | or a pharmaceutically compatible salt there-
of are also an object of the present invention, as is a process for
the manufacture of such medicaments which comprises bringing
one or more compounds of general formula | or pharmaceutically
compatible salts thereof and, if desired, one or more other thera-
peutically valuable substances into a galenical administration
form; in this connection reference is again made to the pharma-
ceutical combinations referred to above, which are also an object
of the present invention. In particular, pharmaceutical combin-
ations containing a compound of general formula | or a pharma-
ceutically compatible salt thereof and a B-lactam antibiotic, e.g.
a penicillin such .as piperacillin, mezlocillin, azlocillin,
apalcillin, benzylpenicillin, phenoxymethylpenicillin,
carbenicillin, methicillin, propicillin, tricarcillin, ampicillin,
amoxycillin or mecillinam, a cephalosporin such as ceftriaxone,
ceftazidime, cefetamet, cefatamet pivoxil, cefotaxime, cefmen-
oxime, ceftizoxime, cefuroxime, cephaloridine, cephalotin,
cefazolin, cephalexin, cefoxitin, cephacetrile, cefamandole,
cephapirin, cephradine, cephaloglycine, cefpirome or cefepime or
a penem or carbapenem such as imipenem or meropenem, are an
object of the present invention. Such combinations are suitable
for the control of B-lactamase-forming pathogens.

The following Examples are intended to illustrate the
present invention in more detail, but are not intended to limit its
scope in any manner.

e

U
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Benzyl* and p-nitrobenzyl by hydrogenation over palladium carbon at about
Oferr]C to 80[err]Cin an organic sol vegtts such ST RS SRR (i_ﬁ\tsaé t hanol
or water or by hydrolysis in the preseﬂ “of sodi um SH]F ' about

Oferr]C to roomtenperature in a solvent such as—e—g- y

pal | adi um (S%%[ﬁmyzed transallylation in the presence of a sodi um or
pot assi um - et hyl caproi c acid,  benzhydryl with mcresol at about
50[err]C within 4-5 hours. - 9-

The COWpourBlénQ Jﬂe per 28, @RﬂsR)J3-fa\hn§-3a-metl$ﬁd7aoxot¢xmlag1 raza+ial s

can be pre @ng:mgw 3%9\%:% ggrbaw s in analogy to the process

descri bed i 3-1012

100 ml of dichloromethane are treated with 0.84 ml (9.6 mmol)
of oxalyl chloride under argon and cooled to -60°9C. Thereto there
are added dropwise 0.73 ml (10.25 mmol) of DMSO, followed by
2.5 g (6.52 mmol) of benzhydryl (2S,3R,5R)-3-hydroxymethyl-3-

10 methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
dissolved in 100 ml of dichloromethane. The mixture is stirred at
the same temperature for 3 hours and then 3.2 ml (23.0 mmol) of
triethylamine are added. The cooling bath is removed and the
mixture is left to warm to room temperature. The orange

15 solution is poured into 1000 m! of 0.2N hydrochloric acid and the
aqueous phase is extracted twice with dichioromethane. The
organic phases are washed with water and saturated, aqueous
sodium chloride solution, dried over sodium sulphate, filtered and
concentrated on a rotary evaporator. The thus-obtained product

20 (2.50 g, 100%) can be processed without further purification or
can be recrystallized from diethyl ether.

Yield: 2.00 g (80%) of white crystal powder; m.p. 111.8-112.80C

25 IR(KBr): 2720, 1788, 1743, 1718 cm-?

MS: (M-CH,CO) 339

TH-NMR (250MHz, CDCI3): 5[ppm] = 1.26(s,3H), 3.06(dd,1H,J=

30 16.2Hz, 2Hz, 6-H), 3.54(dd,1H,J=16.2Hz, 4Hz,6-H), 5.34(s,1H,2-H),
5.42(dd,1H,J=2Hz, 4Hz,5-H), 6.95(s,1H,CHPh2), 7.30-7.38
(m,10H,Ph), 9.20(s,1H).

/
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Scheme™ 4 [err] In this, Rerr] has the signifi cance gi ven above.
Relaction with oxalyl chloride in d| chl ororret hane has by Q_be of
advantage, with the follow ng procedure 18onven- ientl y %‘%QHEEEHAS BEEN

di chl oronet hane and the oxidation agent are cooled to out REPDA€ED] C,

treated w tg@@_egzd a conpound of formula VIIl and, after a reacttom—
peri od of abaou ours and addition of triethylamne, the cooling bath is
renoved. The thus- obtained al dehyde of formula Il can be purified using

usual nethoda) BenzHydmPUER(26,89)5FL3L @ Bthaxycatb® MALWinasL 3-
anal ogously bY - ethyl-7-0xo-4-thia-1-aza:bicyclo[3.2.0]heptane-2-
5 carboxylate

500 mg (1.30 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
are dissolved in 20 ml of THF under argon and treated with

10 500 mg (1.40 mmol) of ethoxycarbonylmethylene-triphenylphos-

- phorane. The yellow solution is stirred at 50°C for 75 minutes

and subsequently concentrated. The residue remaining behind is
chromatographed over silica gel (0.040-0.063 mm particle size)
with ethyl acetate:hexane 9:16 as the eluent.

15
Yield: 520 mg (88%) of yellow-orange resin;
IR (film): 1783, 1747, 1717, 1650 cm-!

MS: (M-CONH) 406, (M-CHPho) 284
20
TH-NMR (250MHz, CDCIg): 8[ppm] = 1.31(t,3H,J=7Hz) ,1.34(s,3H),
3.13(dd,1H,J=2Hz, 16Hz,6-H), 3.57(dd,1H,J=4Hz, 16Hz,6-H),
4.22(q,2H,J=7Hz), 4.78(s,1H,2-H), 5.30(dd,1H,J=4.2Hz, 5-H),
5.97(d,1H,J=15Hz,=CH), 6.94(s,1H,CHPh2), 7.07(d, 1H,J=15Hz,=CH),
25 7.30-7.38(m,10H,Ph).

(b) Benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-biéyclo[s.2.0]heptane-2-
carboxylate

30

250 mg (0.55 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxy-

carbonyl-vinyl)-3-methyl-7-oxo-4-thia-1-aza-bicyclo[3.2.0]-

heptane-2-carboxylate are dissolved in 10 ml! of dichloromethane
and treated with 6.5 ml of glacial acetic acid. 260 mg

35 (1.66 mmol) of potassium permanganate in 25 ml of water are
added dropwise to the yellow solution. After completion of the
addition stirring is continued for a further 30 minutes and then
the brown reaction mixture is treated with a 30% hydrogen per-
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oxi dation with PCC (pyridine chlorochromate), DeqsTHBISHERTIERISERN | M2 and
the |ike. As nmentioned earlier, %EF conpouqu of RgENRIEY Tforfula | in
accordance with the invention and phar céutically cGﬁﬁarfbfe—sak;J t her eof

wi th bases exhibit pronounced [err]-lactamase-inhibit- ing activities
agai nst [ erg ﬂ.dﬁagémmﬁ%ﬁm ogn d@xbum%sbmqsh@ée Shibiturs - folmns.! | THier at ed
herei nafter ese cally val erties can be determned in
vitro on i 1 aeﬁeéda[%rsqpa?'aqu §§paréjtmg FuRnel and the aqueous phase
10 - A ||§0émtracted3ft\m¢@_\{mhratd1mmme TheVerganie phask- isict amases
can be isol ol oo’ QhPUSH Shflirald sodium hydrogen carbonate
5 solution and saturated sodium chloride solution, dried over
sodium sulphate, filtered and concentrated. The residual oil is
chromatographed over silica gel (particle size 0.040-0.063 mm)

with ethyl acetate:hexane 9:16 as the eluent.

10 Yield: 170 mg (60%) of colourless foam.

IR(KBr): 1802, 1757, 1721, 1653, 1331, 960 cm-! T"l‘sliiiie[ﬁiiﬁ’ﬂ‘i"‘ie'ii“’
MS: (M-H) 4824
15
TH-NMR (250MHz, CDCI3): 8[ppm] = 1.26(s,3H), 1.35(t,3H,J=7Hz),
3.44-3.59(pseudo-m, 2H, 6-H), 4.29(q,2H,J=7Hz), 4.60(dd,1H,
J=4Hz, 2Hz,5-H), 4.61(s,1H,2-H), 5.99(d,1H,J=16Hz,=CH),
6.94(s,1H, CHPh2), 7.07(d,1H,J=16Hz,=CH), 7.23-7.40(m,10H,Ph).
20 '
(c) Sodium (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-4.4.7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

25 170 mg (0.35 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxy-
carbonyl-vinyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate are dissolved in 3 ml of m-cresol
under argon and stirred at 50°C for 4.5 hours. Thereafter, the
mixture is treated with 12.5 ml of isobutyl methyl ketone and the

30 vyellow-orange solution is extracted three times with 3 ml of
saturated, aqueous sodium hydrogen carbonate solution each time.
The aqueous phase is washed twice with 5 ml of isobutyl methyl
ketone each time, filtered over a fluted filter and subsequently
adjusted to pH = 1 with concentrated hydrochloric acid. The

35 mixture is extracted with ethyl acetate, the organic phase is
washed with saturated, aqueous sodium chloride solution, dried
over sodium sulphate, filtered and concentrated on a rotary
evaporator. The residual yellow resin is dissolved in 0.5 ml of



cephal espori n-resi stant bacterial strains such as BW ae
NCIC 418, Proteus vulgaris 1028, Bacillus |icheni- jf '%"E’Fﬁ AS BEEN |
Escherichia coli SNO1 and Citrobacter f2durdii 1203 —kor E%@E@urposa, t he
correspondi ng strains are cultivated in Tryptic Soy Broth (Difco) and
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mxture i s dehexanege Subsequemtly, the. aqueeus phrseiis ghromategsaphed, crude

extract ig Qg a&rp;éhei ﬁ%ﬂl‘&dsrfo?iégbloﬁviﬂi“w&é?tﬁ thel Bludritectib accor di ng
ining. Y

t th t hod t . J. | S. .| Bi h J, .221, 505-512
(3050 Mana ragions GoRiaRNG, e Braduch 86 Gombinsd AN | MPBBIER: ry 20,

5797-5806 (1990)]. B. Determination of the [err]-lactamase activity

L0 2 T A 4 BB ARG i
Ag. Chenother. 1, 283-288 (1972)] using the
10 [IR(KBr): 1782, 1715, 1627, 1396, 1192 cm-1

MS: (M-Na)- 316.1

1H-NMR (250MHz, D20): 8[ppm] = 1.31(t,3H,J=7Hz), 1.66(s,3H),
15 3.46(dd,1H,J=16Hz, 2Hz,6-H), 3.71(dd,1H,J=16Hz, 4Hz,6-H),

4.28(q,2H,J=7Hz), 4.62(s,1H,2-H), 5.15(dd,1H,J=2Hz,4Hz,5-H),

6.35(d,1H,J=16Hz,=CH), 7.10(d,1H,J=16Hz,=CH).

Example 3
20

(a) Benzhydryl (E)-(2S,3S,5R)-3-(2-methoxycarbonyl-vinyi)-3-
methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate . :

25 200 mg (0.52 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0Jheptane-2-carboxylate
are converted into benzhydryl (E)-(2S,3S,5R)-3-(2-methoxy-
carbonyl-vinyl)-3-methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate by reaction with 193 mg (0.58 mmol) of

30 methoxycarbonylmethylene-triphenylphorsphorane according to
Example 2.

Yield: 209 mg (91%) of colourless foam
IR (film): 1782, 1745, 1724, 1651 cm-1
35 MS: (M+NH4+) 455.3
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chro?mgem c cephal osporin nitrocefin (87/312 from @ axo). The requisite
te€st batch contains per m of water: 50_nM phosphate buffer (pH 7.0), 0.1
mVi ni trocefin and sufficient enzyne (re22]'l ac- tamapepyyd Q TRV SERn
[err]AAm n. of about 0.1. The cl eavage of the substrate, v& CES

acconpani ed%nge in colour, is effected at 37[errit—are—+s—olloved

quantitativ 2 nmusing a spectral photoneter. C Det erm nation
of the [err]-lactamase-inhibiting activity of the cgrrpounds of
general for(@la Benzh d 6?2“3 e39e5RYiN98-BbAFYIIRy CArDOR geni ¢
substrate by[eré-l gg w belnm ¥ﬁ % Yﬁ i tion of
com pounds of g E\él nQPF%' - |'%h1‘tﬂ¥%'r I)cyqépﬁ%@.,(} ali'@m?‘f ound

5 carboxylate

763 mg (2.0 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-methyl-
7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are
dissolved in 15 ml of THF under argon, treated with 821 mg (2.0

10 mmol) of benzyloxycarbonylmethylene-triphenylphosphorane and
the orange solution is stirred at 50°C for 2 hours. It is left to
cool to room temperature, the solvent is removed on a rotary
evaporator and the red-brown oil is chromatographed over silica
gel (particle size 0.040-0.063 mm) with ethyl acetate:hexane

15 9:16 as the eluent.

Yield: 800 mg (78%) of orange foam s Sheet Has BeenReplaced

IR (film): 1782, 1746, 1721, 1649, 985 cm-! H“\l“\“l““‘HIH“‘

20
MS: (M+H)+ 514.3

'H-NMR (250MHz, CDCI3): 5[ppm] = 1.33(s,3H), 3.11(dd,1H,J=16Hz,
1.6Hz, 6-H), 3.56(dd,1H,J=16Hz, 4.2Hz, 6-H), 4.78(s,1H,2-H),

25 5.20(s,2H), 5.36(dd,1H, J=1.6Hz, 4.2Hz, 5-H), 6.01(d,1H,J=
15Hz,=CH), 6.93(s,1H,CHPh2), 7.12(d,1H,J=15Hz, =CH), 7.30-
7.43(m,15H,Ph). |

(b) Benzhydryl (E)-(2S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-
30 3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-
2-carboxylate

800 mg (1.56 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-benzyl-
oxycarbonyl-vinyl)-3-methyl-7-oxo-4-thia-1-aza-bicyclo[3.2.0]-

35 heptane-2-carboxylate are oxidized according to Example 2.

Yield: 255 mg (30%) of colourless foam



- 11 - that the inhibitors irreversibly inactivate th rr]-lactamase in
a*ti me-dependent reaction, the reactio[?ggcl eavage of t HeTHISBgiEER S
each case started by addition of the sédstrate after alpre- ReMupg i BN
period of [err]-lactamase with inhibitor of 15 m nutes.

for the af fitii)0hgube PPs?/ aTiad, 1656cddgshigmtior to the [err] . |actamse,

which is a neasurenent of the strength of the inhibitor, there serves that
concentration which inhibits by 50% (IC 50 in nM the cl eavage of the
substrate (MBtr(4{)rdd4pfected under the above test conditions (test B) in.
the absence of an inhibitor. 4 to 6 tests wth different concen- trations
of inhibitor were carried out in order to determne the |IC 50. The

det er mi rfat i ‘&irNMR: (RDOMHzo GREIS): ddpRpe by .ABtsmaHM: 34 HdghH,J=16Hz,The
Lgfg! ;Z f ?2&2}'{?,%@%,” IES(RPIEIL PO 8, BIHF 4. F6RRETHEI=2RZz] HH£S-1 (o 3
H), 4.81(s,1H,2-H), 5.26(s,2H), 6.02 (d,1H,J=16Hz,=CH), 6.93(s,1H,

CHPh2), 7.22(d,1H,J=16Hz,=CH), 7.13-7.14(m,15H,Ph).

10 (¢) Sodium (E)-(2S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-3-
methyl-4.4.7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate .

250 mg (0.46 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-benzyl-

15 oxycarbonyl-vinyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate are deprotected according to
Example 2.

Yield: 54 mg (30%) of beige lyophilizate
20
IR (KBr): 1781, 1719, 1626, 1322, 1189, 979 cm-1

MS: (M-H)- 378.2

25 1H-NMR (250MHz, D20): 8[ppm] = 1.65(s,3H), 3.45(dd,1H,J=17Hz,
2Hz,6-H), 3.71(dd,1H,J=17Hz, 4Hz,6-H), 4.63(s,1H,2-H), 5.14
(dd,1H,J=4Hz, 2Hz,5-H), 5.29(s,2H), 6.42(d,1H,J=16Hz,=CH),
7.13(d,1H,J=16Hz,=CH), 7.42-7.55(m,5H,Ph).

30 Example 5

(a) Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-
methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

35 : I

This Sheet Has Been Replaced '

[T



-12 = . Tabl el The LC 50 value, given in
NM is a measurement of the [err]- |actamase inhi bi{items SKEET AAS@EERl e of
_5_-[ errJ]Mor less is con- sidered to bé& f’gnl ficant. [RBPLACERCt analse
: g{n bi i[l F([:] activity of compounds of formnula I EXanpr es of

err e . ICerr] [[err]M conpound "of formul C freundii
1982 E. M‘%"%&A‘loz | with reference Tazobactam (reference)
0. 900 0.015 6¢ (cis am de) 4. 340

0.130 6¢c (tHagsgag2®d mmol) of benzRy@8A (2S,3R,5R)-3-formyl-Bamethyl-

7-oxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate and

5 30 ml! of toluene are added to 946 mg (3.14 mmol) of cyano-
ethylene-triphenylphosphorane under argon. The brown suspen-
sion is stirred for 1 hour, concentrated and chromatographed over
silica gel (particle size 0.040-0.063 mm) with ethyl acetate:
n-hexane 3:1 as the eluent.

10

Yield: 1.0 g (94%) of isomer mixture, E:Z 3:1
\

" This Shee

//m/mmm/m ?i’l?“" .

Spectroscopic data of the mixture:

15 IR (film): 2224, 1781, 1744 cm!

MS: (M+Nat) 427.2

1H-NMR (250MHz, CDCI3) (E isomer): 8[ppm] = 1.32(s,3H),

20 3.13(dd,1H,J=16Hz, 1.6Hz, 6-H), 3.63(dd,1H,J=16Hz, 4.4Hz,6-H),
4.74(s,1H,2-H), 5.41(dd,1H,J=4.4Hz, 1.6Hz,5-H), 5.54(d,1H,J=15Hz,
=CH), 6.82(d,1H,J=15Hz,=CH), 6.95(s,1H,CHPh2), 7.30-7.44(m,10H,
Ph).

25 1H-NMR (250MHz, CDCI3) (Z isomer): 3[ppm] = 1.61(s,3H),
3.18(dd, 1H,J=16Hz,1.5Hz,6-H), 3.64(dd,1H,J=16Hz, 4.6Hz,6-H),
4.86(s,1H,2-H), 5.41(d,1H,J=12Hz,=CH), 5.44(dd,1H,J=1.5Hz,
4.6Hz,5-H), 6.63(d,1H,J=12Hz,=CH), 6.95(s,1H,CHPh2), 7.30-
7.44(m,10H,Ph). |

30
Method B:

A suspension of 2.88¢g (9.56 mmol) of cyanomethylene-tri-
phenylphosphorane in 24 ml of lithium perchlorate solution (0.4M
35 in acetonitrile) is cooled to -20°C under argon. A solution of
3.32g (8.70 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
in 30 ml of acetonitrile is added dropwise thereto, the mixture



5¢c (tr*ans nitrile) 0. 696 681 bc (cis nitrile)

0.+210 0.126 2c (trans ethyl ester) | THIS SHEEISHAS BEEN
0,456 4c (trans benzyl ester) 0-428 - REPLAQHED 8¢
(cis-chloro) 0. 590 0. 055 9c (trans

)
0. 217 7ol - oIS, Sfreesh & Pl Sarmpr epBPiute ok HFGh and thd Loent s o,

12c (cis 2-témayedyon a rotary evaportor. The residue mmamingcbehinghis

g %B' di nyl{aken up ]1n0]1@§) m| of etgxl ; etgﬁ)%xﬁ%t dar ﬂ'l"réecﬂ?ﬁ@é%ﬂ

0.087 17b (Wa4RE @@@p@(\@ aturat ium ghlonde solutgpnglr@gic
(gamma- | gct gupr magnesmm ddi filtered and coficéPaititt (Thansesidual r] OH)

o %63 230 (PHal% Rﬁll['féﬁg?'] 80t *Sifcl T4 (hafidis51d 6.oldb-o. 936?1!1‘}"‘8;.7& ni um)

with methylene chloride as the eluent.

Yield: 3.34 g (94%) of isomer mixture, E:Z 1:4
10
(b) Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza- blcyclo[3 2.0]heptane-2-carbox-
ylate

15 Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
is prepared in the same manner as described in Example 2 by
oxidizing benzhydryl (E/Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-
methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate.

20 The two isomers can be separated by chromatography over silica
gel (particle size 0.040-0.063 mm) with ethyl acetate:n-hexane
(9:16). The Z isomer is eluted as the first component.

Yield: Z: 76 mg (7%) of colourless oil
25 E: 253 mg (23%) of colourless foam
Spectroscopic data E isomer: " ﬂﬁlsi]i‘l’tﬁii“a Tﬂil lllird

MS: (M+NH4)+ 454.2
30
IR (KBr): 2228, 1802, 1758, 1334, 1192, 990 cm-1

1H-NMR (250MHz, CDCI3): 5[ppm] = 1.24(s,3H), 3.50(dd,1H,J=16Hz,
2.2Hz,6-H), 3.60(dd,1H,J=16Hz, 4Hz,6-H), 4.65(dd,1H,J=2Hz,

35 4Hz,5-H), 4.75(s,1H,2-H), 5.37(d,1H,J=16Hz,=CH), 6.85(d,1H,J=
16Hz,=CH), 6.98(S,1H,CHPh2), 7.25-7.45(m,10H,Ph).



- 13 » Table 2 J[err]-Lactang
by conbi nati on of conpounds of ‘

(1 part ceftriaxone + 4 parts inhi bi t'0|2)6 Exanpl E
[[err]g/m] ' IC [[err]g/m] conmpounds ' [
1982 fy gl wth ref erence Oef t ri axone
128 é;pe@l?béc@é%taa%onlgbﬁé 8 0.25
Tazobactam (reference)

MS: (M-H)' 4353 - - . This Sheet Has Been Replace

[ M

1H-NMR (250MHz, CDClg): 8[ppm] = 1.67(s, 3H), 3.48(dd, 1H,
J=16Hz, 2.4Hz, 6-H), 3.64(dd, 1H, J=16Hz, 4.6Hz, 6-H), 4.72(dd, 1H,
J=2.4Hz, 4.6Hz, 5-H), 4.85(s,1H, 3-H), 5.90(d,1H,J=12Hz,=CH),

10 6.41(d,1H,J=12Hz, =CH), 6.97(s,1H,CHPhy), 7.26-7.44(m,10H,Ph).

5 IR (KBr): 2220, 1801, 1757, 1333, 1190 cm-1

(¢) Sodium (E)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza- blcyclo[s 2.0]heptane-2-
carboxylate

15

215 mg (0.5 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-cyano-

ethenyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]-

heptane-2-carboxylate are deprotected according to Example 2.

20 Yield: 110 mg (82%) of white lyophilizate
IR (KBr): 2240, 1782, 1629, 1397, 1141 cm-1

1H-NMR (250MHz, CDCI3): §[ppm] = 1.64(s,3H), 3.47(dd,1H,J=16Hz,

25 2Hz,6-H), 3.72(dd,1H,J=16Hz, 4Hz,6-H), 4.62(s,1H,2-H), 5.15
(dd,1H,J=2Hz,4Hz,5-H), 6.07(d,1H,J=16Hz,=CH), 7.08(d,1H,J=
16Hz,=CH).

Sodium (Z)-(ZS,38,5R)-3-(2-cyanoethenyl)-3-methyl-4,4,7-
30 trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

95 mg (0.2 mmol) of benzhydryl (Z)-(2S,3S,5R)-3-(2-cyano-
ethenyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicycio[3.2.0]-
heptane-2-carboxylate are dissolved in 3 ml of m-cresol and

35 stirred at 50°C for 45 minutes. The reaction mixture is treated
with 10 ml of isobutyl methyl ketone and 120 ul of sodium 2-

ethylcaproate (2N in ethyl acet‘alte, 1.1 eq.). The mixture is
extracted twice with 3 mi of water each time, the combined



Cef t'rt axone +6¢ (cis 4 0.12 amde) Ceftriaxone + 6¢C
(¢rans NA %am de) Cef{ X SAEET &S
2 0.25 nitrile) Cef‘t axone + 5C (ClS REPLACEp Eﬁ
0.25 nitrile) Oeftrlaxone+2c (trans 4 25

ﬁ;ﬂi' | eztsteer t axoneérécwé Iﬁé&swuh 10 mllgf isobutyl methyl keton% OgS
chl o?/o) Cef@ illzegC ('[lp%rggel ow lyophilizate is dissolved in 1.3 gy

Cef t ri axonavdtetland(Ehromatographéd over polymeric hydroﬁhﬁblc gel.
1, 2, 4- oxadi azol - 3-yl) Ceftriaxone + 1 2c (trans

12th|azolyl) Ceftriaxone + 12c (cis 0.5
' 5 Yield: 50mg (80%) of colourless Iyophlllzate

IR (KBr): 2222, 1782, 1626, 1395, 1323, 1141 cm-1

TH-NMR (250MHz, D20): 8[ppm] = 1.94(s,3H), 3.47(dd,1H,J=16Hz,

10 1.6Hz, 6-H), 3.73(dd, 1H, J=16Hz, 4.4Hz, 6-H), 4.80(s,1H,2-H),
5.19(dd, 1H, J=1.6Hz, 4.4Hz,5-H), 6.15(d.1H,J=12Hz,=CH), 6.68
(d,1H,J=12Hz,=CH).

Example 6
15
(a) Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-
methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

20 2.60 g (6.86 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-methyl-
7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate and
2.15 g (6.86 mmol) of carbamoylmethylene-triphenylphosphorane
are suspended in 60 ml of THF under argon and stirred at 50°C for
45 minutes. Insoluble material is filtered off under suction and

25 the filtrate is concentrated on a rotary evaporator. The brown oil
is chromatographed on silica gel (particle size 0.040-0.063 mm)
with ethyl acetate:n-hexane 1:1 as the eluent and the two isomers
are separated. The Z isomer is eluted before the E isomer, both
can be obtained as crystalline solids from CH2Cl2:n-hexane.

30 '

Z isomer:

This Sheet Has Been Rep. laced

Yield: 217 mg (7.5%) of colourless solid “llll |||||| Ill |||

35 IR (KBr): 3441, 1777, 1743, 1678, 986 cm-1

MS: (M-CHPhp2) 255



2-thitazolyl) Ceftriaxone + 1 3c (trans 8 1

2-pyridinyl) Ceftriaxone + 1l4c (trans 8 THIS SHERT o '
CONMe( OMe) ) Ceftriaxone + 15 (trans -28 - 4 REPL Abp25 EEN
2-pyridinylio) Ceftriaxone + 1 7b (trans 8 - Q.5
CH=CH CN\( Z))Mp 188-189°C -14 - Ceftriaxone + 18c
16. .p.: A f

1H-NMR (250MHz, CDClg): 8[ppm] = 1.58(s,3H), 3.11(dd,1H,J=16Hz,
1.60Hz,6-H), 3.57(dd,1H,J=16Hz, 4.40Hz,6-H), 5.23(s,1H,2-H),

5 5.36(dd,1H,J=4.40Hz, 1.60Hz,5-H), 5.5(pseudo-d,2H,NH,), 5.75
(d,1H,J=12Hz,=CH), 6.24(d,1H,J=12Hz,=CH), 6.92(s,1H,CHPh,),
7.29-7.43(m,10H, Ph).

et Has Been Replaced .

W | \\ll\l\\\l\l\\\\\l\l\\ll\

Yield: 347 mg (12%) of crystalline solid

IR (KBr): 3444, 1775, 1728, 1671 cm-1
15 MS: (M+H)+ 423.4

M.p.: 142°C (dec.)

TH-NMR (250MHz, CDCI3): & = 1.36(s,3H), 3.11(dd,1H,J=16Hz,

20 2.0Hz,6-H), 3.56(dd,1H,J=16Hz, 4.2Hz,6-H), 4.83(s,1H,2-H),
5.37(dd,1H,J=2.0Hz, 4.2Hz,5-H), 5.55(s,br,2H,NH2), 5.97(d,1H,
J=15Hz,=CH), 6.94(s,1H,CHPh2), 6.95(d,1H,J=15Hz,=CH), 7.28-
7.40(m,10H,Ph).

25 (b) Benzhydryl (Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

370 mg (0.875 mmol) of benzhydryl (Z)-(2S,3S,5R)-3-(2-

30 carbamoyl-vinyl)-3-methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]-
. heptane-2-carboxylate are oxidized in accordance with Example
2. A mixture of ethyl acetate:n-hexane 1:1 is used as the eluent.

Yield: 225 mg (57%) of colourless foam
35

IR (KBr): 1799, 1750, 1678, 1326, 1188, 1140 cm-1



(gamm-l actam Ceftriaxone + 20c 8 0.5

(#trans-CH err]OH) Ceftriaxone + 22c (trans 2

CH{err]OCONH err]) Ceftriaxone + 23c (‘tzans 8 Ep )

CH err]-pyridinium M C signifies m ninmuminhibitor oR&ERCEDt i on.
Tabl e In vitro activity O

;:éﬁi-:)i nat i onMS¥ (MKENH432-2 sul phone

1H-NMR (250MHz, CDCI3): 3[ppm] = 1.50(s,3H), 3.45(dd,1H,J=16Hz,
oHz,6-H), 3.56(dd,1H,J=16Hz, 4Hz,6-H), 4.67(dd,1H,J=4Hz, 2Hz5-

5 H), 5.28(s,1H,2-H), 5.63(s,br,1H,NH2), 5.84(d,1H,J=13Hz,=CH), 6.69
(s,br,1H,NH2), 6.39(d,1H,J=13Hz,=CH), 6.93(s,1H,CHPh2), 7.29-
7.41(m,10H,Ph).

Benzhydryl (E)-(2S,3S,5R)-3-(2-Carbamoyi-vinyl)-3-methyl-
10 4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

0.64 g (1.51 mmol) of benzhydryl (E)-(2S,3R,5R)-3-(2-carbam-
oyl-vinyl)-3-methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-
2-carboxylate are dissolved in 30 ml of methylene chloride and

15 cooled to 0°C. 1.86 g (7.55 mmol) of meta-chloroperbenzoic acid
(content: 70-75%, 5 eq.) in 30 ml of methylene chloride are added
dropwise thereto, the cooling bath is removed after completion of
the addition and the mixture is stirred at room temperature for 6
hours. The reaction solution is extracted with sodium sulphite

20 solution (30% in saturated aqueous sodium bicarbonate solution)
and washed with saturated aqueous sodium chloride solution. The
solution is dried over magnesium sulphate, filtered, the solvent
is removed on a rotary evaporator and the residue remaining
behind is recrystallized using methylene chloride:n-hexane.

25
Yield: 210 mg (30%) of colourless solid

IR (KBr): 1799, 1756, 1686, 1329, 1143, 1191 cm-1

30 MS: (M+H+) 4553 ' This Sheet Has Been Re-plau.::;di5

T

TH-NMR (250MHz, CDCI3): 5[ppm] = 1.30(s,3H), 3.47(dd,1H,J=16Hz,

35 3.0Hz,6-H), 3.61(dd,1H,J=16Hz, 4.4Hz,6-H), 4.67(dd,1H,J=3.0Hz,
4.4Hz,5-H), 4.82(s,1H,2-H), 5.53(s,br,2H,NH2), 6.03(d,1H,
J=16Hz,=CH), 6.98(d,1H,J=16Hz,=CH), 6.94(s,1H,CHPhg), 7.26-
7.40(m,10H,Ph).

M.p.: 186-1880C . ”“



derivative 5c with selected antibiotics against [err]-

over - producer strains (constant innhibitor conce

ME M C M C mMmc - 30 -

C.freundii Ps.aeru- E. coli

Ceftri axone >64 64 >64 16

Ceftriaxone + 5c (cis 4 2 16 Eear
nitrile) Cefl@i axdadium: 423128 a38,5R)-342-carbamoylzyinyl)-3-mogay
[err]0. 122 OE‘ftaZ4,¢,'TEtrioxo-4-thia-1-aia-b?&ﬁclola.%.O]hﬁﬂtane-zz- 32

Lp.lZ

32.00 Ceftazidinme_ +,5¢c IC|s 0.5
nitrile) Ceftazi FREPAXYIRBhact am 64 64 8 0.5
Pi peracilgin >128 >128 >64 >64

i trire) Pi k8o (930, mypgl. B benzhydyl®(2)-(28.3§ SRP3-(2-caf (1S
Apalcillin bamoyl-vinyl)-3-metind-4.4.7-trioxg-4-thia-1-gza-bicycky
[3.2.0]heptane-2-carboxylate are deprotected according to
Example 2.
10

Yield: 67 mg (70%) of colourless lyophilizate
IR (KBr): 3434, 1781, 1668, 1626, 1397, 1317, 1139 cm-1
15 MS: (M-Na)- 287.2

1H-NMR (250MHz, D20): 5[ppm] = 1.76(s,3H), 3.44(dd,1H,J=16Hz,

1.2Hz,6-H), 3.69(s,1H,J=16Hz, 4Hz,6-H), 4.68(s,1H,2-H), 5.10

(dd,1H,J=4Hz, 1.2Hz,5-H), 5.94(d,1H,J=13Hz,=CH), 6.53 (d,1H,
20 J=13Hz,=CH).

Sodium (E)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-methyl-4.4.7-
trioxo-4-thia-1-azabicyclo[3.2.0]1heptane-2-carboxylate

25 350 mg (0.78 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-car-
bamoyl-vinyl)-3-methy!-4,4,7-trioxo-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate are deprotected according to
Example 2.

30 Yield: 190 mg (80%) This Sheet Has Been Replaced
IR (KBr): 1782, 1684, 1622, 1398, 1318, 1140 cm-1 ‘|I|l||”|||““||||”“| L

MS: (M-Na)- 287.2

35
TH-NMR (250MHz, D20): 3[ppm] = 1.66(s,3H), 3.46(dd,1H,J=17Hz,
1.4Hz, 6-H), 3.71(dd, 1H, J=17Hz, 4.0Hz,6-H), 4.62(s,1H,2-H),



Apal Ci*llin + 5¢c (cis nitrite) 16 8 4 2 Apalcillin

+°t azobact am >128 64 NA 2 THIS sERE—

i i accordance with the invention can BeSlised as medi camek RE ,

form of pharmaceutical preparations which contain them or thei

admi xture Wsi2(ddphay diiz, mwzsLH) osm1 HIJ4TBHMEAEK), nert carrier
era

mat eri al e par ent or enteral adninistration, such
as e.qg. Watégb(ge“gt“'ﬁ‘?h abic, lactose, starch, nagnesium stearate,
talc, vegetable oils, pol yaI kyl ene gI ycol's, Vaseline, etc. The

phar maceuti rations can be present in solid form e.g. as tablets,
drag[err] esﬁé‘gﬁﬁgﬁtori es, capsules; or inliquid form e.g. as solutions,
suspensi®ns or enul sions. They may be sterilized and/ or may contain

adj uvant s s h aBeﬁ%g@gP?z |E2 ?%tﬁé'mp-@-g%‘;ﬁwd*g{ﬁrb |s¢,fe(¥¢sglq¥ﬁgents,

salts for y|n sure t1°cs or
conmpounds of for w& 1-aza-bicyclo[3.2.0]heptane-2-

carboxylate

10 286 mg (0.75 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]heptan-2-carboxylate
are dissolved in 12 ml of THF under argon and treated with
271 mg (0.75 mmol) of (1-ethoxycarbonylethylidene)-triphenyl-
phosphorane. The yellow solution is stirred at 700C for 6 hours

15 and subsequently concentrated. The residue remaining behind is
chromatographed over silica gel (0.040-0.063 mm particle size)
with ethyl acetate:hexane 9:16 as the eluent.

.\\_

——

Vit 157 3 (5% fpl yolow ok 7’ili7iﬂ‘:i’iilﬁillltliltl

20
IR (film): 1788, 1754, 1704, 1642 cm-1

MS: (M+NH4+)483.4

25 1H-NMR (400MHz, CDCI3): 3[ppm] - 1.32(t,3H,J=7.1Hz) ,1.38(s,3H),
2.03(d,3H,J=1.5Hz), 3.05(dd,1H,J=1.8Hz, 16Hz,6-H), 3.57(dd,1H,
J=4.3Hz, 16Hz,6-H), 4.23(q,2H,J=7.1Hz), 4.89(s,1H,2-H), 5.29(dd,
1H,J=4.3, 1.8Hz,5-H), 6.94(s,1H,CHPh2), 7.20(d,1H,J=1.5Hz,=CH),
7.30-7.36(m,10H,Ph).

30

Example 8

(a) Benzhydryl (E,Z)-(2S,38,5R)-3-(2-chloro-vinyl)-3-methyl-
7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
35
A suspension of 1.37 g (4.40 mmol) of chloromethylene-
triphenylphosphorane in 25 ml of diethyl ether is cooled to 0°C
and treated with 1.60 g (4.20 mmol) of benzhydryl (2S,3R,5R)-3-
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dry powders for dilution with usual aje®fs” such as water O
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Yield: 1.20 g (69%) of yellow isomer mixture, E:Z 7:9
10
Spectroscopic data of the mixture:

This Sheet Has Been Replaced

{0}

(b) Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-chloro-vinyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carbox-
ylate

IR (film): 1782, 1747, 1590, 1496, 1251 cm-1 ““l‘“l“l“

15 MS: (M+NHz*) 413

20
2.98 g (14.05 mmol) of sodium metaperiodate are dissolved in
30 ml of water under argon and cooled to 0°C. The solution is
treated with 0.93 g (11.17 mmol) of sodium bicarbonate
followed by 45 ml of acetonitrile as well as 60 ml of methylene
25 chloride. 9 mg (0.070 mmol) of ruthenium dioxide and subse-
quently the solution of 1.20 g (2.90 mmol) of benzhydryl (E/Z)-
(2S,3S,5R)-3-(2-chloro-vinyl)-3-methyl-7-0x0-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate are added to the two-phase
mixture. The cooling bath is removed and the reaction mixture is
30 stirred until the reaction has finished (tic control). Subse-
quently, the mixture is treated with 2 g of active charcoal and
20 ml of saturated sodium chloride solution, stirred for
5 minutes and suction filtered over Dicalite. The phases are
separated in a separating funnel, the aqueous phase is extracted
35 twice with methylene chloride and the combined organic extracts
are washed with water and saturated sodium chloride solution,
dried over magnesium sulphate/fuller's earth, filtered and
evaporated. The residual oil is chromatographed over silica gel
(particle size 0.040-0.063 mm) with ethyl acetate:n-hexane 1:2



~cefuYoxi me, cephal oridine, cephalotin, cefazolin, cephale¥yj

cephacetrile, cefamandol e, cephapirin, phradi ne, cephdl og Eﬁé‘,HAs BEEN
cef pirone or cefepine as well as pener nd car bapenens “stekh §PliAmEp_enem pr

mer openem Thereby, the conpounds of general formula |I or pharnmaceu 5
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obj ect of the present invention. The dosage of th !,lﬂm ﬂﬁr
gener al forSpeeatrossopiefdatee hisomeeutical ly conpatibl e g B with

bases can vary within wide linmts and will, of course, be fitted in each
particul ar i,pdi 41 dual requirenents and to the [err]- .
| act amaig- p@wﬁﬁﬁgﬁﬁ@ge to be controlled. In general, a daily dosage
of about 0.1 to about 2.0 g shoul d be appropriate.

IR (KBr): 1800, 1756, 1612, 1331, 1143, 700 cm-1

Spectroscopic data Z isomer:
15

MS: (M+NHg4)+ 463.4

IR (KBr): 1800, 1755, 1630, 1330, 1143, 700 cm-1

20 (c¢) Sodium (E)-(2S,3S,5R)-3-(2-chloro-vinyl)-3-methyi-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

385 mg (0.86 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-chloro-
vinyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]-

25 heptane-2-carboxylate are dissolved in 2.3 ml of m-cresol under
argon and stirred at 500C for 4 hours. Subsequently, the mixture
is diluted with 15 ml of isobutyl methyl ketone, treated with
0.50 ml of sodium 2-ethylcaproate (2N solution in ethyl acetate)
and extracted three times with 8 ml of water each time. The

30 combined aqueous phases are washed once with 10 ml of isobutyl
methyl ketone, lyophilized and the lyophilizate obtained is
chromatographed over polymeric hydrophobic gel with water as
the eluent.

35 Yield: 57 mg (32%)
MS: (M-Na)- 278.2

IR (KBr): 1780, 1626, 1564, 1417, 1329, 1145 cm-1
40
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| actam antibiotic can also vary within de limts and will be tTtted—+e
the individual requirements in each particular case. In general, a ratio of
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phar rraceutl
5 vinyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]-

heptane-2-carboxylate are deprotected according to Example 8.

\

Yield: 176 mg (65%) of colourless lyophilizate This Sheet Has e

o e ey 21 ffmmfmmmﬁiﬂ““

IR (KBr): 1779, 1626, 1398, 1321, 1142 cm-1

Elementary analysis: CgHgCINOsSNa (301.676)

" Calc. C 3583 H 3.01 N 464
Found#) € 3572 H 3.04 N 465
20 : #) anhydrous, calculated with 5.53 % water
Example 9

(a) (E)-(2S,SS,5R)-3-methyl-7-oxo-3-(3-oxo-but-1-enyl)-4-
25 thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

381 mg (1.00 mmol) of benzhydryl (2S,3R,5R)-3-formyi-3-
methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
are dissolved in 12 ml of THF under argon and treated with

30 350mg (1.10 mmol) of acetylmethylene-triphenylphosphorane.
The mixture is stirred at 500C for 6 days and subsequently
concentrated. The residue remaining behind is chromatographed
over silica gel (0.040-0.063 mm particle size) with ethyl
acetate:methylene chloride 95:5 as the eluent.

35
Yield: 221 mg (52%) of white resin

IR (film): 1782, 1681, 1627, 1319, 1141, 980 cm-!

40 MS: (M-Na) 286.1
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is carried out from methylene chloride/n-hexane.
Yield: 95 mg (40%) of colourless crystals

MS: (M+NH4)+ 471.2

IR (KBr): 1798, 1760, 1682, 1627, 1330, 1193, 1142, 976 cm-1
M.p.: 183-1840C
() Sodium (E)-(2S,38,5R)-3-methyl-3-(3-0xo0-but-1-enyl)-

4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

250 mg (0.55 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-
(3-oxo-but-1-enyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]-

heptane-2-carboxylate are deprotected according to Example 8.

Yield: 47 mg (27%) of colourless lyophilizate

MS: (M-Na)- 286.1

IR (KBr): 1782, 1681, 1627, 1394, 1319, 1141, 980 cm-"

This Sheet Has Been Re laced
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scope i n any nmanner. _ - 18 -
Benzhydryl (2S, 3R, 5R)-3-fornyl-3-nethyl;{-oxo-4-thia-1-aza-
bi'cycl o[ 3. 2. 0] hept ane- 2-car boxyl ate. ~199 ™ of dichl

Exanmple 1

treat ed

with 0.84 m (9.6 nml) of oxalyl chloride under argdn anPHEESIHAS BEEN

-60[err] C Egggﬁ@ zgere are added dropwise 0.73 m (48 25REREACEDOf o]
fol l owed by 2.57¢g .52 mol ) of benzhydryl (2S, 3R, 5R)- 3-hydroxynet hyT= 3-

met hyl - 7- oxo- 4-t hi a-1 -aza- bi cycl o[ 3. 2. 0] hept ane- 2- car boxyl ate

10

15

20

25

30

35

(a) (E)-(2S,3S,5R)-3-(2-Formyl-vinyl)-3-methyl-7-0x0-4-
thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

3.81g (10.0 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-oxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
are dissolved in 40 ml of methylene chloride under argon and
treated with 3.34 g (11.0 mmol) of formylmethylene-triphenyl-
phosphorane. The yellow solution is stirred at room temperature
for 3 days and subsequently concentrated. The residue remaining
behind is chromatographed over silica gel (0.040-0.063 mm
particle size) with tert.butyl methyl ether:n-hexane 2:3 as the
eluent.

Yield: 528 mg (13%) of colourless resin

IR (film): 2738, 1781, 1744, 1717, 1690, 1496, 1178, 986 cm-1
MS: (M+MH4+) 425.6

Example 11

(a) Benzhydryl (E)-(2S,3S,5R)-3-methyl-3-[2-(1,2,4-0xadia-
zol-3-yl)-vinyl]-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

1.14 g (3.0 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-methyl-
7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are
dissolved in 15 ml of 1,2-butylene oxide, treated with 1.38 g
(3.6 mmol) of (1,2,4-oxadiazol-3-yl)methyl-triphenylphos-
phonium chloride and refluxed for 10 hours. Subsequently, the
mixture is filtered, the filtrate is evaporated and the residual
brown oil is chromatographed over silica gel (0.040-0.063 mm
particle size) with methylene chloride as the eluent.

Yield: 280 mg (21%) of colourless crystals This Sheet Has Been Replaced

MS: (M+NHg4)+ 465.3 : ”“ll



di sselved in 100 m of dichloromethane. The m xture is stirred at the sane
tenperature for 3 hours and then 3.2 ni 3.0 mol ) of txie | am ne are
added. The cooling bath is renoved and te "m xture is |

gf THISCSHERT R L DR EHPT
terrperature The orange solution is poured into 1000 m jof O. RBPLACED
hydrochloric acid and the aqueous phase is extracted tWI ce w

di-chl or onet hane. The or ani ctﬁohase are washed wit elr and sat ur at ed,
aqueous sodi'ﬁn(Kﬁfb'ri'('jZ 2017511698 4492612084 EMphate, filtered and

congentrat ed on a rotary evaporator. The thus- ob_t ai ned product (2.50 g,
rlggr/(i/stcglnl |b§(@ fr éﬁs‘gﬁﬁéﬁlmﬁ)h&gtg@%ﬁgﬁflc IP?S@?@(qaﬁ ‘ﬁﬁl te crystal
powder; rgp. 111.@xddPasd3I-yD)-viRyPd,4,7700oxbrd48thia413,a2948 cm 1 Ms:
(M o200 230 | LU OpE el iten bk atber ] PPr], = L 2605 30,
H 2-H), 5.42(dd, 1H, J=2Hz, 4Hz, 5-H), 6.95(s, 1H, CHPh2), 7.30-7.38
280 mg (0.63 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-
[2-(1,2,4-0xadiazol-3-yl)-vinyl]-7-0x0-4-thia-1-aza-bicyclo-

10 [3.2.0]heptane-2-carboxylate are oxidized according to Example 8.
Chromatography is carried out once over silica gel (particle size
0.040-0.063 mm) with ethyl acetate:n-hexane 9:16 as the eluent
and crystallization is carried out from methylene chloride/n-
hexane.

15
Yield: 95 mg (40%) of colourless crystals

MS: (M'H)- 478 .3 is Sheet Has Been Replaced

20 IR (KBr): 1805, 1758, 1650, 1334, 1196 cm-1 H“‘I“ ‘“I“ “‘l m ‘“‘

M.p.: 1579C

Elementary analysis: C24H21N306S(479.507)
25 Calc. C 6012 H 441 N 8.76
Found C 5994 H 426 N 8.55

(¢ (E)-(2S,3S,5R)-3-methyl-3-[2-(1,2,4-0xadiazol-3-yl)-
vinyl]-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
30 carboxylic acid

355 mg (0.74 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-[2-
(1,2,4-oxadiazol-3-yl)-vinyl]-4,4,7-trioxo-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate are dissolved in 3 ml of m-
35 cresol and stirred at 50°C for 4 hours. 20 ml of n-hexane are
added to the pale brown solution, the separated crystals are
filtered off under suction and rinsed with n-hexane. The crude
crystallizate is recrystallized from ethyl acetate/n-hexane.



(m 10K, Ph), 9.20(s, 1H). _ -19- Exanple 2
(a) Benzhydryl (E)-(2S, 3S, 5R)-3-(2-et hg ycar bonyl - vi ny|
met hyl - 7- oxo-4-thi a-1 -aza-bicyclo[3.2 ?hept ane- 2-

my (1.30 nmol ), of benzhydryl (2S, 3R 5R)-3-formyl-3- me}hyl - REgk
-aza- bi cycl o[ 3. 2. 0] hept ane 2- car boxyl ate are dissolved 1n 20 m of THF

gPﬂg;ygggggﬁ&ﬁetti ted eR 8Iﬁ8éée§ﬁoﬁ:@(ﬁg'&he yel l ow solution is

stirred at 50[err]C for 75 m nut es and subsequently concentrated. The
resi due rengygy m_p‘?_hgqg2s
5
IR (KBr): 2900(br), 1811, 1714, 1660, 1331, 1194, 980 cm-1

M.p.: 1610C (dec.)

10 Elementary aanalysis: C11H1{N30gS (313.284)
Calc. C 4217 H 354 N 13.41
Found C 4241 H 364 N 13.18

(¢) Sodium (E)-(2S,3S,5R)-3-methyl-3-[2-(1,2,4-0xadiazol-3-
15 yl)-vinyl]-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-
2-carboxylic acid

85 mg (0.27 mmol) of (E)-(2S,3S,5R)-3-methyl-3-[2-(1,2,4-
oxadiazol-3-yl)-vinyl]-4,4,7-trioxo-4-thia-1-aza-bicyclo-
20 [3.2.0)heptane-2-carboxylic acid are added in one portion to a
clear solution of 23 mg (0.27 mmol) of sodium hydrogen
carbonate in 10 ml of water, the mixture is stirred for about
10 minutes, filtered and lyophilized. -
Been Replaced

25 Yield: 90 mg (91%) of colourless Iyophilizate \\“\‘\“‘“\“\\“‘“\\\

MS: (M-Na)- 312.2

IR (KBr): 1787, 1627, 1395, 1321, 1192, 970 cm-1
30
Elementary analysis: C11H{gN30gSNa (335.266)
Calc. C 39.41 H 3.01 N 1253
Found#) C 3986 H 3.04 N 1251

#) anhydrous, calculated with 5.82% water
35



chr ondt ogr aphed over silica gel (0.040-0.063 nmparticlpe
acet ate: hexane 9:16 as the eluent. Yield: 520 ng (889
resin; IR (filnm: 1783, 1747, 1717, 165589 cm 1 VB (M -o
284 [err]H NWR (250MHz, CDCl[err]): [err][ppm = 1.31 A
, 1. 34(s, 3H) 1H, J=2Hz, 16Hz, 6-H), 3.57(dd,1 HJ 4Hz P~
4.22(q, 2H)= , &.73(s,1 H 2-H), 5.30(dd,1 H, J=4. 2Hz, 5-H) 5. 97(d 1
H, J=15Hz, =CH), 6.94(s,1 H, CHPh2), 7.07(d,1 HI=15Hz, =CH),

7.30-7. 38 OH, L thyl-3-(2-thi -
(B-(25 3(an5 Bohzhythyl (E9'aMd (2)(25.38,5R)-3-methyl-3-(2-thiazo

met hyl - 4, 4, 7- %rls%(yﬁ -yin ﬂsy.(/‘ar S5 tl!')‘l\{legiT § Q'Qnﬂs;iﬁa%eolileptanec%r boxyl at e

250 ng (®.55 nnwarhﬂxyjamehydryl (E)-(2S, 3S, 5R) - 3- (2- et hoxy-
car bonyl -vi nyl ) - 3-nmet hyl - 7- oxo-4-thi a-1 -aza-bi cycl o[ 3. 2. 0] -
hept ane- 2-car boxyl ate are dissolved in 10 ml of dichl oronet hane
1.14 g" (3.0 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-methyl-

7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are
dissolved in 50 ml of 1,2-butylene oxide, treated with 1.53 g

10 (3.86 mmol) of (thiazol-2-yl)methyl-triphenylphosphonium
chloride and refluxed for 40 hours. Subsequently, the mixture is
filtered, evaporated and the brown residue remaining behind is
chromatographed over silica gel (0.040-0.063 mm particle size)
with methylene chloride:ethyl acetate 95:5 as the eluent. The

15 two isomers are separated in this manner, the Z isomer being
eluted as the first component.

Z isomer: —
IR (film): 1778, 1743, 1493, 1197, 986 cm-1 i II/ -
MS: (M+H+) 463.5

25
E isomer:

Yield: 855 mg (62%) of yellow resin
30 IR (KBr): 1779, 1746, 1492, 1292, 988 cm-1

MS: (M+H)+ 463.5
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sodi um sul phate, filtered and concentrated. The resi dual
ap0Odmgv 0.4 8| mazolyelof ( banzhyidryti ¢E)-(2848S (5 RP3-mythyl-3-
(2-thiazol-2-yl-vinyl)-7-ox0-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate are oxidized according to Example 8.
Chromatography is carried out over silica gel (particle size

oi |

0.040-0.063 mm) with methylene chloride:ethyl acetate 95:5 as -

the eluent.

Thts Sheet Has Been Rep
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MS: (M+H)* 495.4

IR (KBr): 1799, 1756, 1329, 1192, 1142, 963 cm-1

Benzhydryl (Z)-(2S,3S,5R)-3-methyl-4,4,7-trioxo-3-(2-thiazol-
2-yl-vinyl)-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

210 mg (0.45 mmol) of benzhydryl (Z)-(2S,3S,5R)-3-methyl-
4,4,7-trioxo-3-(2-thiazol-2-yl-vinyl)-4-thia-1-aza-bicyclo-

[3.2.0]heptane-2-carboxylate are oxidized according to Example 8.

Chromatography is carried out over silica gel (particle size
0.040-0.063 mm) with methylene chlonde -ethyl acetate 95:5 as
the eluent.

Yield: 72 mg (33%) of colourless foam

MS: (M+H)+ 495.4

IR (KBr): 1793, 1754, 1490, 1328, 1184, 1142, 963 cm-1

(E)-(285,3S5,5R)-3-Methyl-4,4,7-trioxo-3-(2-thiazol-2-yl-vinyl)-
4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylic acid

200 mg (0.40 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-
(2-thiazol-2-yl-vinyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo-

[ llll

S



wi theet hyl acetate: hexane 9:16 as the eluent. Yield: 170 (60% of
colourless foam |IR(KBr): 1802, 1757, 1721, 1653, 1331,

(MH 482.4 [err]H NWR (250Mz, CDCI['e|4r])' [err][ppm| = 1. RERSvcEd) »
1.35(t, 3H,J=7Hz), 3.44-3.59(pseudo-m 2H, 6-H, 4.29(q

e g@wﬁa@ﬁ@cﬁg&%%;%z@%ww%a%@og@f%s x

(E) - (28 38 ample-1dt.hoxycar bonyl - vi nyl ) - 3-

met hyl - -trioxo-4-thia-1 -aza-bicycl of 3. 2. 0] hept ane- 2-
car boxyl ate of be zhydr E) - (2S, 3S,:5M}sShee( Has BedaRéMaced
car bonyl - vi rﬁﬁj‘? g%eéﬂﬁ/ (4@%0'&&??'9)@6 €8St ﬁr%i@‘s aza- bi cy | o e
[ 3. 2. 0] hgpt ane- 2-car boxyl ate are dissolved in 3 ml of m _re "L““H"Imuﬂ

and stirred ﬁé ?ﬂ‘ﬂ)d:&éﬁr 4.5 hours. Thereafter, the

IR (KBr): 2800(br), 1791, 1740, 1634, 1321, 1142, 965 cm-1

10 Sodium (E)-(2S,3S,5R)-3-methyl-4,4,7-trioxo-3-(2-thiazol-2-
yl-vinyl)-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

53 mg (0.16 mmol) of (E)-(2S,3S,5R)-3-methyl-4,4,7-trioxo-3-
(2-thiazol-2-yl-vinyl)-4-thia-1-aza-bicyclo[3.2.0]heptane-2-

15 carboxylic acid are converted into the corresponding sodium salt
analogously to Example 11.

Yield: 55 mg (98%) of colourless lyophilizate
20 IR (KBr): 1778, 1627, 1392, 1318, 1192, 1141, 955 cm-1
Elementary analysis: C12H11N205S2Na (350.339)
Calc. C 4114 H 3.16 N 8.00
25
Foundi) C 40.73 H 3.51 N 7.92

#) anhydrous, calculated with 5.9% water

30 Sodium (Z)-(2S,3S,5R)-3-methyl-4,4,7-trioxo-3-(2-thiazol-2-
yl-vinyl)-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

160 mg (0.32 mmol) of benzhydryl (Z)-(2S,3S,5R)-3-methyl-
4,4,7-trioxo-3-(2-thiazol-2-yl-vinyl}-4-thia-1-aza-bicyclo-

35 [3.2.0]heptane-2-carboxylate are converted into the corres-
ponding sodium salt analogously to Example 8.

Yield: 60 mg (57%) of colourless lyophilizate



m xture is treated with 12.5 m of isobutyl nethyl ketone and the
yel | ow- orange solution is extracted thr&g tinmes with \&H{g ] =
agueous sodi um hydrogen carbonate sol at¥en”each tine e EE%‘HQ§ ﬁ%lsk
washed twice with 5 m of isobutyl nethyl ketone each—tt+e; RE ed er a

fluted filter and subsequently adjusted to pH =1 W|th concentrated

hydrochloric acid. The mxture is extracted with et géet at g the organic
phase is watReKBR) h 1981ur 1623, 183980032041 d83cH lffd d89Q0f®Yi'on, dri ed

over sodium sul phate, filtered and concentrated on a rotary evaporator. The
resi dual S di d 5
-21 - et hb”&éﬁ gdﬁﬁ mb@ ﬂﬁﬁfgl%q}%ﬂﬁ?}{bﬁ 4(% gfﬁlj‘]et‘lhsﬂzdaproat e
(2N sol usi on.2iHz@-k)| 368(addH,JFh6HZ, x4 diHz, BsH},0 6c@hidch1 =1 2H
4.1Hz,5-H), 5.19(s,1H,2-H), 6.06(d,1H,J=12.5Hz,=CH), 7.14(d, 1H J=
12.5Hz,=CH), 7.75(AB system,2H,J=3.5Hz, thiazole-H).

Example 13
10

(@) Benzhydryl (E)-(2S,3S,5R)-3-methyl-3-(2-pyridin-2-yi-
vinyl)-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

15 A suspension of 353 mg (1.0 mmol) of (2-picolyl)methylene-
triphenylphosphorane and 381 mg (1.00 mmol) of benzhydryl
(2S,3R,5R)-3-formyl-3-methyl-7-ox0-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate in 10 ml of diethyl ether is stirred
at room temperature under argon for 2 hours. The mixture is

20 treated with 10 ml of methylene chloride, insoluble material is
removed by suction filtration and the filirate is concentrated.

The residue remaining behind is chromatographed over silica gel
(particle size 0.040-0.063 mm) with methylene chloride:ethyl
acetate 95:5 as the eluent.

25 e
Yield: 128 mg (28%) of a colourless foam Been Replaced

ws: () 455 : "

30 IR (KBr): 1779, 1747, 1634, 1291, 988 cm-1

(b) Benzhydryl (E)-(2S,3S,5R)-3-methyi-3-(2-pyridin-2-yl-
vinyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

35

196 mg (0.43 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-

(2-pyridin-2-yl-vinyl)-7-0x0-4-thia-1-aza-bicyclo[3.2.0]-

heptane-2-carboxylate are oxidized according to Example 8.



resfdue is treated with 1.5 nml of water and extracted OFAE qit“ =

Subsequent |y, the aqueous phase is chr gﬂt ographed oyer p&j HAS BEEN
hydr ophobic gel with water as the el de The fracti brrs—eod Bg the
product are conbl ned and | yophili zed. Yield: 60 ng (50% of colourless

| yophi l'i za 1@?0 5350&6 Vor Isiica ddP{paRiale’ bize V5 (M Na)-
SO0 e Lo i o

1. 66(s, 3H), Q QGQ
4, 28(q 2H, ‘}ﬁél-lé]uerﬁ 62(s 1 H2-H, 51 5(dd,1 H J=2Hz, 4Hz, 5-H), 6.35(d, 1

H, J=1 6Hz, =CH), 0(d, 1 H J=1 6Hz,=CH). Exanple 3 (—ai—Beﬁfhydwl—
(E)- (28 3S, 5R) - 3- (2 nmet hoxycar bonyl - vi nyl ) - 3- met |

- aza- bi gyclYieRki: 2130 hagt af62%) of coloutlessofodmt e hr)TIslli‘i'”cﬁi‘i|]|3 TilillTliir}

IR (KBr): 1799, 1756, 1580, 1490, 1327, 1184, 1141, 969 cm-1

ne.

MS: (M+H)*+ 489.4

10
(c) (E)-(2S,3S,5R)-3-Methyl-3-(2-pyridin-2-yl-vinyl)-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylic
acid

15 200 mg (0.41 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-
(2-pyridin-2-yl-vinyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate are deprotected analogously to Example
10.

20 Yield: 85 mg (65%) of pale beige crystal powder
MS: (M+H)+ 323.3

IR (KBr): 2700(br), 1790, 1720, 1621, 1318, 1140, 978 cm"1

25
Sodium (E)-(2S,3S,5R)-3-methyl-3-(2-pyridin-2-yl-vinyl)-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylic acid

83 mg (0.17 mmol) of (E)-(2S,3S,5R)-3-methyl-3-(2-pyridin-2-

30 yl-vinyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylic acid are converted into the corresponding sodium salt
analogously to Example 10.

Yield: 89 mg (100%) of colourless Iyoph'ilizate
35
IR (KBr): 1784, 1629, 1587, 1478, 1396, 1320, 1187, 1141, 980 cm-1



200 g (0.52 mmmol) of benzhydryl (2S, 3R 5R)-3-fornyl-3
met hyl - 7- oxo-4-thi a-1 -aza-bicycl o[ 3. 2% hfapt ane- 2- ca b%%l§/}SHEEr HAS Brpy
converted into benzhydryl (E)-(2S, 3S, 5Rf*¥3>(2-net hoxy3 > O]REPLACED

car bonyl -vinyl ) - 3-net hyl - 7- oxo-4-thi a-1 -aza-bi cycl o]

. hept ane- 2- cEigmentane avalyeist | 0 4M{3NIO3SNE ($B1mol ) of
nmet hoxycar bonyl net hy)fene-'tyﬁ pheﬁ{)ﬁpﬁrgr sﬁ%rane(accormg to Exanple 2.
Yield: 209 ng (91% of colourless foamIR (film: 1782, 1745, 1724, 1651

cnerr] Ms: (MtNH err]) 455.3 Cale. 'C 4884 H 381 N 814- 22 -
5 Found#) C 49.18 H 4.23 N 8.17

#) anhydrous, calculated with 6.86% water

Example 14
10
(@) Benzhydryl (E)-(2S,3S,5R)-3-[2-(methoxy-methyl-carbam-
oyl)-vinyl]-3-methyl-7-0xo0-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate

15 An orange solution of 1.14 g (3.0 mmol) of benzhydryl
(2S,3R,5R)-3-formyl-3-methyl-7-0x0-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate and 1.14 g (3.15 mmol) of (N-
methoxymethylaminocarbonylmethylene)-triphenylphosphorane is
stirred at room temperature under argon for 3 days. The solvent

20 is removed on a rotary evaporator and the residue is chromato-
graphed over silica gel (particle size 0.040-0.063 mm) with
ethyl acetate:n-hexane 1:1 as the eluent.

—_— . _

Yield: 1.12 g (80%) of colourless foam
25
MS: (M+H)+ 467 .4

 ‘This Sheet Has Been Repla

T

IR (KBr): 1781, 1744, 1662, 1629, 995 cm-1

30 (b) Benzhydryl (E)-(2S,3S,5R)-3-[2-(methoxy-methyl-
carbamoyl)-vinyl]-3-methyl-4,4,7-trioxo-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate

0.69 g (1.48 mmol) of benzhydryl (E)-(2S,3S,5R)-3-[2-(methoxy-
35 methyl-carbamoyl)-vinyl}-3-methyl-7-0x0-4-thia-1-aza-

bicyclo[3.2.0]heptane-2-carboxylate is oxidized in analogy to

Example 8. Chromatography is carried out over silica gel



Exanpke 4

3-net hyl - 7- oxo-4-thia-1 -aza-bicycl o[ 3. 2. 0] hept ane-
mg (2.0 mol) of benzhydryl (2S, 3R 5Ry-45fornyl - 3- net
7 0x0-4-thia-1- aza blcyclo[3 2. 0] hept ane- 2- carboxylate

(a) Benzhydryl (E)-(2S, 3S, 5R)-3-(2-benzy| arysgih0o

are dissolved in 15

trrengill -(I)-;lgc;? ehﬁ(fﬁp%%%%ﬁlggﬁ%(éﬁlgﬁgeﬁ@ grr?i%ﬁ%n%olau%l onis

Wﬁne]étuént 2 hours. It is left to cool to roomtenperature,

stirred at

the solvent is renoved on a rot ary evapor-ator and the red-brown oil

S

chr omat ogr aphed over silica (partlcle size 0.040-0.063 mm with ethyl
acet at e: hexdieldy: 4@D 199t (=5 L!éfnpo ouylagsgfodWo ny (78% of orange foam IR
(film: %782, 1746, 1721, 1649, 985 cnferr] Ms: (MrH)+ 514.3

10

15

20

25

30

e

MS: (M+H)* 499.4
IR (KBr): 1807, 1753, 1662, 1624, 1318, 1140, 1000 cm-1
() Sodium (E)-(2S,3S,5R)-3-[2-(methoxy-methyl-carbamoyl)-
vinyl]-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]-
" heptane-2-carboxylate.
200 mg (0.40 mmol) of benzhydryl (E)-(2S,3S,5R)-3-[2-
(methoxy-methyl-carbamoyl)-vinyl]-3-methyl-4,4,7-trioxo-4-
thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are deprotected
according to Example 8.
Yield: 95 mg (67%) of colourless lyophilizate
MS: (M+H)*+ 355.3
IR (KBr): 1785, 1650, 1626, 1390, 1322, 1191, 1141, 980 cm-1
Elementary analysis: C12H15sN207SNa (354.309)
Calc. C 4068 H 427 N 7.91

Found#) C 4037 H 435 N 7.84

#) anhydrous, calculated with 2.74% water

Sheet Has Been Replaced .

T -



[err]H NVR (250MHz, CDCl[err]): [err][ppnl = 1.33(s,3
H;J=16Hz, 1.6Hz, .6-H), 3.56(dd, 1H, J=16Hz, 4.2Hz, 6-H)
5:20(s, 2H), 5.36(dd, 1H, J=1.6Hz, 4. 2Hz,4§-1—|) , 6.01(d,
6.93(s,1 H CHPh2), 7.12(d,1 H,J=1 5Hz, =CH), 7. I30- 7. |4§%(m
Benzhydryl , $8, 5R) - 3- (2- benzyl oxycar bonyl - vi nyl ) -
3-net hyl - 4,%— 4-thia-1 -aza-bicycl o[ 3. 2. 0] hept ane-
2-carboxylate 800 ng (1.56 mmol) of benzhydryl (E)-(2S, 3S, 5R)-3-(2-benzyl -
oxycar bonyl (E)4(2S ;38 /8RN -Me2h9i-BPL et Imedhy WEFQ{%—ﬂi@-vligyI]Z-SS
?gg},@ang; 2;:8?:) ,%ibg&ﬁ;gr- f)ax-'1o-“azz%qb?8§8fod['3r.]§.6ﬂ\epf3‘anﬁ)-f-carb0)'(yelic' o

5 acid

150 mg (0.31 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-
(2-pyridin-2-yl-vinyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylic acid are dissolved in 3 ml of

10 methylene chloride, cooled to 0°C and treated with 56 pl
(0.51 mmol) of methyl trifluoromethylsulphonate. The cooling
bath is removed and the mixture is stirred at room temperature
for 2 days. The solvent is removed on a rotary evaporator and the
residue is dried in a high vacuum. The thus-obtained product

15 (200 mg, 100%) is processed without further purification. The
brown resin is dissolved in 2 ml of m-cresol and stirred at 50°C
for 2 hours. Thereafter, the mixture is treated with 10 ml of
isobutyl methyl ketone as well as 5 m! of water, shaken, the
phases are separated and the organic phase is extracted twice

20 with 5 ml of water. The aqueous phases are washed twice with
10 ml of isobutyl methyl ketone each time, filtered and lyoph-

~ilized. The yellowish lyophilizate is chromatographed over

polymeric hydrophobic gel with water as the eluent.

25 Yield: 105 mg (72%) of orange lyophilizate

—_—

, ’I'_l_zis_ Sheet Has Been

IR (KBr): 1778, 1627, 1377, 1185, 970 cm-! ; ”"I,Mm””' m’iﬂ“’

MS: (M+) 337.4
30

Example 16

(@) Benzhydryl (1E,3E)-(2S,3S,5R)-3-(4-formyl-buta-1,3-
dienyl)-3-methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]-
35 heptane-2-carboxylate

Benzhydryl (1E,3E)-(2S,3S,5R)-3-(4-formyl-buta-1,3-dienyl)-3-
methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate



- 23+ IR(KBr): 1802, 1757, 1723, 1650, 1332 crnierr] __MS. (M H)- 544.2
[err] HHNMR (250MHz, CDO [err]): [err][pgrr] = 1. 25(s 3H)|, TRISAHEET 1S B
HJ=16Hz, 2Hz, 6- H) 3.55(dd, 1H, J=16Hz; ¥fz; 6-H), 4.66(dd, 1HREPAdED T &

), 4.81(s, 1H 2-H), 5.26(s, 2H), 6.02 (d, 1%\1 12?)2 g%)j B35 TH—CHPh2
e 22(d1H§ mgé ?1@ ﬁ'!p‘lg froht’3.89%"' 19.0 mmol) of

E) - (25, 3S, BR T‘

Em% h§/| 4. 4. beﬁz ﬂsyh (@ ﬁ?ﬁéhoaqny@ymydt%me@wbaramé thia-1-aza-

car boxyl at Ieb.c 318.0] ﬂeﬁ@aﬁé@-ba@?ob?ﬁ%éﬁ%{rﬁd 4185 §2%18D Fnoly (8f benzyl -
n | ' gxo- hi
br el o 3. AcsidplemyieherinBeiy RIS SahSTanS. o LORMALgARNY, IS0  Exan! e
2. 5 carried out over silica gel (0 040-0.063 mm particle size) wnth :
methylene chloride:ethyl acetate 98:2 as the eluent.

—

—\\

Yield: 347 mg (8%) of yellowish resin Thsuh

o o . //:I/I//W///l/l//iif“

IR (KBr): 1779, 1745, 1680, 1637, 1201, 988 cm"1

\

Example 17

15
(a) Benzhydryl (1E,3E) and (1E,3Z)-(2S,3S,5R)-3-(4-cyano-
buta-1 ,3-dienyI)fS-methyl-7-oxo-4-thia-1 -aza-bicyclo-
[3.2.0]heptane-2-carboxylate

20 Benzhydryl (1E,3E) and (1E,3Z)-(2S,3S,5R)-3-(4-cyano-buta-1,3-
dienyl)-3-methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate is prepared in analogy to Example 4, Method B, from
815 mg (2.14 mmol) of benzhydryl (1E,3E)-(2S,3S,5R)-3-(4-
formyl-buta-1,3-dienyl)-3-methyl-7-0x0-4-thia-1-aza-bicyclo-

25 [3.2.0]heptane-2-carboxylate. The residual oil is purified over
silica gel (particle size 0.040-0.063 mm) with ethyl acetate:n-
hexane 1:2 as the eluent.

Yield: 820 mg (89%) of isomer mixture, E:Z 2:3
30

Spectroscopic data of the isomer mixture:

IR (film): 2215, 1780, 1745, 1202, 982 cm-1

35 MS: (M+NH4+) 4485



Yield: 54 309 f beige lyophilizate | R (KBr) 17 3 —~3-626
1|3(2§2., 1189,ng9(79 c/()rr[ (Ca)rr](al gI\/IS: y(I\/H—|)- 378,2 [err] |—|-Ny\/|lgL éﬁ Hb§d35EN
Lerr][ppm = 1.65(s, 3H), 3.45(dd, 1H J=19%" -7 HHACGER-1 71y
AHz, 6-H), 4.63(s, 1H 2-H), 5.14 (ddll—U@_;Hz 2H25H) 52429(;%2%
6.42(d, 1 H, 05}l6HBeR %%/d T(HEIE) dhd1E 8D

le 5 i a t.hen
LRI NG R R Rt R

blcyclo[s 2.0]heptane-2-carboxylate

5§ 770 mg (1.79 mmol) of benzhydryl (1E,3E) and (1E,32)-
(2S,3S8,5R)-3-(4-cyano-buta-1,3-dienyl)-3-methyl-7-0x0-4-
thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are oxidized
according to Example 8. The two isomers can be separated by
chromatography over silica gel (particle size 0.040-0.063 mm)

10 with ethyl acetate:n-hexane 9:16 as the eluent. The Z isomer is
eluted as the first component.

Yield: Z: 430 mg (52%) of colourless oil

15 E: 280 mg (34%) of colourless foam

Spectroscopic data E isomer: This Shest Has Been Repl

A Illl

MS: (M+NHg4)+ 480.5
20
IR (KBr): 2219, 1800, 1756, 1329, 1191, 994 cm-1

Spectroscopic data Z isomer:

25 MS: (M+NH4)+ 435.3

IR (KBr): 2210, 1800, 1756, 1330, 1192, 993 cm-1

() Sodium (1E,3E)-(2S,3S,5R)-3-(4-cyano-buta-1,3-dienyl)-
30 3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

250 mg (0.54 mmol) of benzhydryl(1E,3E)-(2S,3S,5R)-3-(4-

35 cyano-buta-1,3-dienyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate are deprotected in analogy to
Example 8.




-24-* *Method A: 1.0 g (2.62 mmol ) of benzhydryl
(2S, 3R, 5R) - 3-fornyl -3-net hyl - 7-oxo-4- théa 1l -aza- blcycl
[ 8. 2. 0] hept ane- 2- car boxyl ate and 30 nt %

mmol ) of cyano- ethyl ene-triphenyl phosphorane under argon.

suspen- si oWid|y: 55? hgdéa@so)lggc%g%o‘g@ﬁc%ﬁﬁh nd chr omat ographed over

silica gel partl acetate: n-hexane 3:1
as the eluent. Yield: 1.0 g (94% of isoner mxture, E:Z 3:1

Spectroscop|R H: of22dg 1¥81urie31,! R39F) 11819,22939, B2 cni-A44 cnferr]
M5: (M-Na+) 427.2

5 MS: (M+Na)*+ 341.2

Sodium (1E,3Z)-(2S,3S,5R)-3-(4-cyano-buta-1,3-dienyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

10
230 mg (0.49 mmol) of benzhydryl (1E,3E)-(2S,3S,5R)-3-(4-
cyano-buta-1,3-dienyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate are deprotected in analogy to

Example 8.
'l'lns Sheet Has Been Rep laced

15 '
Yield: 84 mg (58%) of yellowish lyophilizate “IIII“I"IH”I |II

IR (KBr): 2219, 1780, 1625, 1396, 1316, 1138, 951 cm-1
20 MS: (M+H)*+ 319.3

Elementary analysis: C12H1{N205SNa (318.279)

Calc. C 4528 H 348 N 8.80
25

Found#) C 4529 H 363 N 8.82

#) anhydrous, calculated with 6.93% water
30 Example 18

(@) . Benzhydryl (E/Z)-(2S,3S,5R)-3-methyl-7-0x0-3-[2-0x0-1-
(2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidenmethyl]-4-thia-
1-aza-bicyclo[3.2.0]heptane-2-carboxylate

35

762 mg (2.0 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-

methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

are reacted with 1.02g (2.0 mmol) of rac-[2-ox0-1-(2,2,2-



[err]H NVR (250MHz, CDCl[err]) (E isomer): [err][ppn‘] #‘Hiss
3.13(dd, 1H, J=16Hz, 1.6Hz, 6-H), 3.63(d 1H J=16Hz, 4.
H 2-H), 541(dd1HJ44Hz 1 .6Hz,™5 554(d,1H —
6.82(d, 1H, J=15Hz, =CH), 6. 95(s, 1H, CHPh2), 7.30-7. 44(m 10H, Ph) 1 H NMR

(250Mz, C@ﬁ'f[lﬁfdéth&i)-Qs Vﬁfdlldlh gﬁh{lpﬁéhy?pﬁo%hbﬁﬂﬁiﬁ Bromfdgd. 1 H J=1

?EEllH ?Hi afq-q@rﬁm 0 )&ﬁlmgé 112%4 1'0@ ogr %g&isj %m&é ou{_'over 5.41
6.63(d, 1H, sill¢aizge parﬁc%(snszﬁ:Bl%Qo 063 ftm) 7with rethyH, abptatebs hod B:

A suspensi ) of cyanonet hyl ene-tri- phenyl phosphor ane
in 24 m o%’%"ﬁzaﬁﬁ)&éﬁngﬂ@ olution (0.4Min acetonitrile) is cool ed

to -20[ & r] C under argon A solution of 3.32 g (8.70 mmol ) of benzhydryl

(2S, 3R, 5R) ? | 6f iseRTert nhik 1g-7 :
-aza- bi cycld\gr'?zy% he t - -cfar boxylﬁat'ettﬁﬁ % n15 of acetonmitrite 75 added
dropwi se thereto, the m xt ure This Sheet Has Been Replaced:

Spectroscopic data of the mixture:

(R

]

10 IR (film): 1782, 1748, 1702, 1664, 1158 cm-1
MS: (M-CPh2) 363

(b) Benzhydryl (E) und (Z)-(2S,3S,5R)-3-methyl-3-[2-0x0-1-
15 (2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidenemethyl]-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

763 mg (1.42 mmol) of benzhydryl (E/Z)-(2S,3S,5R)-3-methyl-7-

ox0-3-[2-0x0-1-(2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidene-
20 methyl]-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are

oxidized according to Example 8. The two isomers can be separ-

ated by chromatography over silica gel (particle size 0.040-
0.063 mm) with ethyl acetate:n-hexane 1:2 as the eluent.

25 Yield: E: 192 mg (24%) of colourless foam
Z: 32 mg (4%) of colourless foam

Spectroscopic data E isomer:
30 '
MS: (M+NH4)+ 580.4

IR (KBr): 1801, 1759, 1706, 1667, 1329, 1144 cm-1

'35 Spectroscopic data Z isomer:

'MS: (M+NH4)+ 580.4



-25- *is stirred at the sane tenperature for 4 hours a
renmoved on a rotary evaporator. The re%due remai ni ng
100 m of ethyl acetate, extracted thr T i

sat urated sodium chl oride solution, dried over magnesi um sU

q ; Th : e e L I o
a1 ze 0. 0405 6B Hm 1708 Vo, TERE IR LLFESCL Sl Lent. PV el a5 34 g
(94% of isonmer mxture, E:Z 1:4 (b) Benzhydryl
(E/Z)-(2S, ?(é?gR)Z(E%-g‘QS%@,Sﬁﬁ%ﬂMétr?ymst [Ploxo-1-(2,2,8-tFiflbpyo- 4-thia-1
Sty

-aza-bicyclo ?-p;t)?Pfdl%&f:n%rstl?/)ﬁdenemethyl]-4,4,7-trioxo-4~thia-1 .

5 aza-bicyclo[3.2.0]heptane-2-carboxylic acid

192 mg (0.34 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-
[2-0x0-1-(2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidenemethyl]-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
10 are deprotected analogously to Example 11.

. " 'This Sheet Has Been Replaced
Yield: 78 mg (59%) of colourless crystal powder ”IIII |III" Il III |II
MS: (M+NH4)* 414.4 - |

15

IR (KBr): 2800(br), 1790, 1729, 1674, 1646, 1321, 1166 cm-1

Sodium (E)-(2S,3S,5R)-3-methyl-3-[2-0x0-1-(2,2,2-trifluoro-
ethyl)-pyrrolidin-3-ylidenemethyl]-4,4,7-trioxo-4-thia-1-aza-
20 bicyclo[3.2.0]heptane-2-carboxylate

50 mg (0.13 mmol) of (E)-(2S,3S,5R)-3-methyl-3-[2-0x0-1-
(2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidenemethyl]-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylic acid are

25 converted into the corresponding sodium salt analogously to
Example 11.

Yield: 52 mg (98%) of colourless lyophilizate
30 IR (KBr): 1780, 1699, 1628, 1478, 1396, 1323, 1140 cm-1
Elementary analysis: C14H14N20g F 3SNa (418.318)
Calc. C 4020 H 337 N 6.70
35

Found#) C 3980 H 3.28 N 6.62

#) anhydrous, calculated with 7.24% water



ylate. Benzhydryl (E Z)-(2S, 3S, 5R)-3-(2-cyanoet heny e
4,4, 7-trioxo-4-thia-1 -aza-bicyclo[3.2.0 hept ane- 2- cfa s L epar ed
in the sane manner as described in Exam#e 2 by oxildiz]
(E/2)-(2S, 3S, 5R) - 3- (2-cyanoet henyl ) - 3-  net hyl - 7- oxo- 4- t hi 8 :

-aza- bi cycl o[ 3. 2. 0] hept ane- 2- car boxyl ate. The two isonmers can be separated
by chromat ography over silica gel (particle size 0.040-0.063 mm wth
ethyl acet aggamplext®e (9:16). The Z isoner is eluted as the first
conponent . Yi el d: Z: 76 mg (799 of colourless oil E: 253

ng (23% of colourless foam S t t E

454.2 | R ((@r): BenzbydrgoAE /Z?)eC é@éﬁ& 1a§¥§ iﬁﬁ%w@?épﬁmmﬁ

(250MHz, 5 CDA [erbb}ro[la|ﬁlﬁﬁﬂ”ﬂieﬁejmé'#h9!)35%m6tl5¢(ﬂdpm-ﬂsibia-1 -
aza-bicyclo[3.2.0]heptane-2-carboxylate

381 mg (1.0 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-oxo-4-thia-1-aza-bicyclo[3.2.0]heptane-z-carboxylate

10 are reacted with 495 mg (1.1 mmol) of rac-[1-cyclopropyl-2-
oxo-sépyrroIidinyl]-triphenylphosphonium bromide according to
Example 18. Chromatography is carried out over silica gel
(particle size 0.040-0.063 mm) with ethyl acetate:n-hexane 9:16
as the eluemt. —

15 Has Been Replaced

Vield: 362 mg (74%) of eomer mixue, £ 51 \\l\\\\\\l\l\\\\\l\l\\\l\

Spectroscopic data of the mixture:
20 IR (film): 1780, 1750, 1692, 1661, 1195, 1118 cm-1

MS: (M+H)+ 489.4

Example 20
25

(a) Benzhydryl (E)-(2S,3S,5R)-3-(3-hydroxy-propen-1-yl)-3-
methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

30 5.80 g (14.2 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-formyl-
vinyl)-3-methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate are dissolved in 240 ml of toluene under argon and
cooled to 0°C. Then, 14.2ml (21.3 mmol) of a 20% diisobutyl-
aluminium hydride solution (in toluene) are added dropwise and

35 the cooling bath is removed. The reaction mixture is stirred at
room temperature for 6 hours, poured into 150 mi of saturated
ammonium chloride solution and extracted three times with
200 m! of methylene chloride each time. The combined organic



2.2Hz;6-H), 3.60(dd, 1H, J=16Hz, 4Hz, 6-H), 4.65(dd, 1HI=2HPHIs4}
4.75(s,1H 2-H), 5.37(d,1 H J= 16Hz =CH), § 85(d, 1 H, J=
6.798( S, 1HCHPh[ err]), 7.25-7.45(m 10H, Ph§ B

-26- Spectroscopic data Z isonmer: M. (MH- 435.3 IR (KBr):

1757, 1323 ekfracts drer wWasHed ]dﬁd‘dvﬁli&%@w?ml @quh%f ]és méﬂgéﬁlgw Z 6hz.
6. t2{)7(34 7o gaturated ssodiim “chigHAp Safulfon., daled, duar Hlagresium
5.90(d, 1H, Jsmmtepm)ltered%hd freet-fimn, selvidnt 6n9d( aotalryQPk;beratb}
7. 26- 7. A4( M- ESkyal yellow oil is chromatographed over silica gel
5 (particle size 0.040-0.063 mm) with ethyl acetate:n-hexane 9:16
as the eluent.

Yield: 1.90 g (32%) of colourless resin
10 IR (film): 3480(br), 1778, 1750, 1202, 1080, 988 cm-1

MS: (M+NH4)+ 427.6

(c) Sodium (E)-(2S,3S,5R)-3-(3-hydroxy-propen-1-yl)-3-
15 methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

500 mg (0.95 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-
4,4,7-trioxo-3-[3-[(R)- and (S)-tetrahydro-pyran-2-yloxy]-

20 propenyl]-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are
deprotected according to Example 8.
Yield: 165 mg (62%) of colourless lyophilizate

25 MS: (M-Na)- 274.3

IR (KBr): 3428, 1780, 1622, 1398, 1311, 1192, 1139, 1082 cm-1

Elementary analysis: C1oH12NOgSNa (297.257)

30
Calc. C 4041 H 407 N 4.71
Found#) C 4044 H 448 N 4.79
35 #) anhydrous, calculated _with 8.73% water

//Il/l///lll/////l/l/?ii?“"



| THS SHEET HAS BEEN
Ep EED at e

(c) Sedium (E)-(2S, 3S, 5R) - 3-(2-cyanoet henyl ) - 3- net hyl
4,4, 7-trioxo-4-thia-1 -aza-bicycl o[ 3. 2. 0] hept ane- 2-
mg (0.5 nmmol) of benzhydryl (E)-(2S, 3S,9R)=3-(2-cyano-

et henyl)-3-methyl -4, 4,7-trioxo-4-thia-1 -aza- blcyclo[3 2. 0]

hept ane- 2- cgm p F(gspgst?% ;392 110
9 {
e bt s o

H, J=16Hz, 2 4Hz, 6- 4.62(s,1 H,2- 5.15
(dd, 1 H, J= 2@ %@hgpﬁbaﬁéézi%fa(?d ﬂﬁéﬁesm CH)H)7 08(d(i H, J= llg)Hz =CH) .

Sodi um (2) - (2S, 3S, 5R) - 3- (2- cyanoet henyl ) - 3 nmethyl -4,4,7- trioxo-4- thla 1
-aza- bi cgcl 628. D] flepOamendh) c afbdenztydryl (E)- (2S 3S ,5R)-3-(3-hydroxy-

propenyl)-3-methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]heptane- .
2-carboxylate are dissolved in 30 ml of methylene chloride and
treated with 4.5 mg (0.024 mmol) of p-toluenesulphonic acid
monohydrate. Subsequently, 0.25 ml (2.70 mmol) of 3,4-di-

10 hydro-2H-pyran is added and the mixture is stirred for a further
1 hour. The solvent is removed on a rotary evaporator and
chromatography is carried out over silica gel (particle size
0.040-0.063 mm) with ethyl acetate:n-hexane 9:16 as the eluent.

215

15 Yield: 700 mg (93%) colourless oil, diastereomer mixture (1:1)
IR (film): 3031, 1782, 1749, 1257, 1134, 967 cm-1

MS: (M+NH4)* 511.6

20
Benzhydryl (E)-(2S,3S,5R)-3-methyl-4,4,7-trioxo-3-[3-[(R)- und
(S)-tetrahydro-pyran-2-yloxy]-propenyl}-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate

25 585mg (1.18 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-7-
oxo-3-[3-[(R)- and (S)-tetrahydro-pyran-2-yloxy]-propenyl]-4-
thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are oxidized
according to Example 8. Chromatography is carried out over
silica gel (particle size 0.040-0.063 mm) with ethyl acetate:n-

30 hexane 9:16 as the eluent.

Yield: 525 mg (84%) of colourless foam, diastereomer mixture

(1:1)
35 IR (KBr): 1800, 1756, 1327, 1189, 1141, 969 cm-!
e
MS: (M+NH4)*+ 543.5 - This Speey o

i



95 my (0.2 nmol) of benzhydryl (2)-(2S, 3S, 5R)-3- (2- cyano-

ethenyl )-3-nethyl-4,4,7-trioxo-4-thia-1 _-aza-bicycl o[ 3. 208}
hept ane- 2- car boxyl ate are di ssol ved imd® M of mcresol
50[err]C for 45 mnutes. The reaction mxture is treated

20

25

30

35

HeIs 5T

i sobut yl Me and 120 [err]l of sodium 2- ethyl caproatedZh in
et hyl acet .). The mxture is extracted twice with 3 nl of
each tinme, the corrbl ned -27-
?qgeﬁ:]ISi gggé?The | Iagg{S gﬁ)-GSE@-I(E‘bhl@ﬁdl)idcgtﬂ@ﬂﬁno:g?er and
c%rgmat ogr aphed c@j’&oqﬂgﬁ@ppg ORPEHY glﬂ:f) ﬁbd \}egx -4- th'am1 -aza-
5 bicyclo[3.2.0]heptane- 2-carboxylate
300 mg (0.73 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(3-hydroxy-
propenyl)-3-methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-
2-carboxylate are dissolved in 10 ml of tetrahydrofuran under
10 argon and treated with 90 pl (1.05 mmol) of chloroacetyl
isocyanate. The mixture is stirred for 3 hours, evaporated and
chromatography is carried out over silica gel (particle size
0.040-0.063 mm) with ethyl acetate:n-hexane 9:16 as the eluent.
156

Yield: 300 mg (77%) of colourless foam
IR (KBr): 3300(br), 1779, 1753, 1730, 1495, 1203 cm-1

MS: (M+NH4)* 546.4

(b) Benzhydryl (E)-(2S5,3S,5R)-3-[3-(2-chloro-acetylamino-
carbonyloxy)-propenyl]-3-methyl-4,4,7-trioxo-4-thia-1-
aza-bicyclo[3.2.0]heptane-2-carboxylate

295 mg (0.57 mmol) of benzhydryl (E)-(2S,3S,5R)-3-[3-(2-
chloro-acetylaminocarbonyloxy)-propenyl]-3-methyl-7-0x0-4-
thia-1-aza-bicyclo[3.2.0]Jheptane-2-carboxylate are oxidized
analogously to Example 8. Chromatography is carried out over
silica gel (particle size 0.040-0.063 mm) with ethyl acetate:n-
hexane 9:16 as the eluent.

Yield: 216 mg (68%) of colourless foam

IR (KBr): 3413(br), 1798, 1758, 1730, 1705, 1326, 1198, 991 cm-1

MS: (M+NH4)* 578.4 -
is Sheet Has Been Replaced
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Yierd: 50nmg (80% of colourless Iyophilizate | R (KBrl.
1395, 1323, 1141 cnferr] [err]H—NI\/R( I\/Hz D[ er r] O “THIS §iiEL
1. 94(s,3H), 3.47(dd, 1H J=16Hz, 1.6Hz,~ |, 73(dd, , RGBTz
6-H), 4.80(s,1H 2-H), 5.19(dd, 1H, J16Hz 44H25H

6. 15(d. 1H, J=12 - - hydr yl
»(E/Z§ (29 35 52)2(_ C'(4)2 %énu@ﬁ ngE?J(als éﬂstéfm 301*3 (2 Ehma-adét ‘@'*“".53”? ydry

- aza- bi cycl o[ 3. ZRRQY Pmpen)ylha?‘ﬁBﬁ;théﬂ 4, r5‘2317 g"ax%%’ M) of
benzhydryl (2S, 3ksBicpclio[81210]hepitng-2-carboxylate

7- 0x0-4-thi a-1-aza-bi cycl o] 3. 2. 0] hept ane- 2- carboxyl ate and 2.15 g (6. 86
nmol ) of car banoyl net hyl ene-tri phenyl phosphorane are suspended in 60 m of

THF undes @Y MGn{035 mmolptobdpenzhydrylr (E3- (lﬂS]BtSaEH)i-a-slal-(arl e material

is filtere f | Lat on a rotar

bvapor st or CIRIOEAESY RHfiln Gdatibny[t5ky)-propefiyI - AEHYILAI£7 - y
trioxo- 4 thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are
deprotected in analogy to Example 8 and converted into the

corresponding sodium salt.

2222. 1782 1626,

10
Yield: 60 mg (49%) of colourless lyophilizate

MS: (M-COCH2CI-Na)- 317.3

15 IR (KBr): 3435, 1781, 1721, 1622, 1533, 1396, 1314, 1192, 1139
-1
cm

1H-NMR (250MHz, D20): §[ppm] = 1.61(s,3H), 3.42(dd,1H,J=16Hz,

1.6Hz, 6-H), 3.69(dd, 1H, J=16Hz, 4.0Hz, 6-H), 4.43(s,2H,CH2Cl),
20 4.49(s,1H,2-H), 4.84(d,2H,J=4.4Hz,CH20), 5.08(dd,J=1.6Hz, 4.0Hz,

5-H), 6.08(d(br),1H,J=16Hz,=CH), 6.22(ct,1H,J=16Hz, 4.4Hz, =CH)

Example 22

25 Benzhydryl (E)-(2S,3S8,5R)-3-(carbamoyloxy-propenyl)-3-methyl-
4,4 ,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]lheptane-2-carboxylate

450 mg (0.80 mmol) of benzhydryl (E)-(2S,3S,5R)-3-[3-(2-
chloro-acetylaminocarbonyloxy)-propenyl]-3-methyl-4,4,7-

30 trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are
dissolved in 5 ml of tetrahydrofuran under argon and treated
with 1.7 ml of methanol. 135 mg (1.61 mmol) of sodium
hydrogen carbonate in 2.8 ml of water are added to this solution.
After completion of the reaction (tlc control) the solvent mixture

35 is removed on a rotary evaporator, the residual yellow oil is
taken up in 15 ml of ethyl acetate as well as 15 ml of saturated
sodium chloride solution, shaken and the phases are separated.
The aqueous phase is back-extracted twice with 15 ml of ethyl

This Sheet Has Been Replaced
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I's chromat ographed on silica gel (particle size 0.040- .“‘g ﬁEErWKEWE@Nh“
acetate:n-hexane 1:1 as the eluent and ?he two i sonersla SEQQA@EQd z
isoner is eluted before the E isoner, é h can be obt ai e

Y’

solids from CH2Cl 2: n- hexane. Z isoner Yield: 217 ng (7.5% of colourless
IR (Ggdtate ¥hth tilid and 8. cdmbinedSorganieréitradts: atéwabhéd 255

solid
‘-u28_

10

15

20

25

30

35

once with 15 ml of saturated sodium chloride solution. They are
dried over magnesium sulphate, concentrated on a rotary evapor-
ator and the residual oil is chromatographed over silica gel
(particle size 0.040-0.063 mm) with ethyl acetate:n-hexane 2:1
as the eluent.

Yield: 200 mg (78%) of colourless foam
IR (KBr): 3481, 1799, 1749, 1731, 1601, 1329, 1191, 996 cm-1
MS: (M+NH3)*+ 484

(¢} Sodium (E)-(2S,3S,5R)-3-(carbamoyloxy-propenyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

190 mg (0.60 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(carbamoyl-
oxypropenyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo--
[3.2.0]heptane-2-carboxylate are deprotected in analogy to
Example 8.

Yield: 82 mg (62%) of colourless lyophilizate

1H-NMR (250MHz, D20): 8[ppm] = 1.61(s,3H), 3.42(dd,1H,J=17Hz,
1.6Hz,6-H), 3.69(dd,1H,J=17Hz,4Hz,6-H), 4.48(s,1H,2-H), 4.70
(d,2H,J=4.6Hz,CH2), 5.08(dd,1H,J=4Hz, 1.6Hz,5-H), 5.97
(d,1H,J=16Hz,=CH), 6.19(dt,1H,J=16Hz, 4.6Hz,=CH).

Example 23

(a) (2S,3S,5R)-1-[3-(2-Benzhydryloxycarbonyl-3-methyl-7-
oxo0-4-thia-1-aza-bicyclo[3.2.0]heptan-3-yl)-allyl]-
pyridinium trifluormethanesulphonate

410 mg (1.0 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(3-hydroxy-
propenyl)-3-methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]Jheptane-
2-carboxylate are dlssolved in 6ml of methylene chloride,

Tlm Sheet Has Been Re placed
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Mp. > 188-189C [err]H NVR (250MHz, CDCl[err]): [err][ppm = 1.58(s, 3H),

3.11(dd, 1H, J=16Hz, 1. 60Hz, 6-H), 3.57(dd, 1H J=16Hz, 4| 40I¥sEEEDHAS B
5.23(s, 1H, 2-H), 5.36(dd, 1H, J=4. 40Hz, 1- 63z, 5- H) 5. 5(psem@pujc1§§-| 'ﬁﬁ‘ﬁ)
5775 (d, 1 H, J=12Hz, =CH), 6.24(d, 1 H, J=12Hz, =CH), 6. 97(5 T CHPR>~

'R (Ker):  3/aoted 8 -40o0° 8E reglpl, ﬂwﬁ’%ﬂ?‘wﬁﬁ 7ihol 4, Bihbghp ' ¢
(dec ) [errmlatlnamsammc aobygeide] ) : Adter] 5=mingtass, 200 ul3. 11 (dd, 1
%7(1 ng 1H, J@gBﬁEm‘ﬂ) %B&ﬁ%&yé@?&ﬁ&z%@mﬁe %ﬁﬁg’d*aﬁ the
same temperature for a further hour and subsequenfly the cooling
5 bath is removed. The solvent is removed on a rotary evaporator at
room temperature, the reaction mixture is taken up in 20 ml of
methylene chloride and washed twice with 10 ml of saturated
sodium chloride solution each time. Drying over magnesium
sulphate, filtration and concentration on a rotary evaporator are
10 carried out. The residual red resin is oxidized without further

purification. \\

eet

Yield: 600 mg (97%) of red resin //Il

\
/////Ill////l/l//l//%" ‘

15 MS: (M+)471.6
IR (KBr): 1777, 1743, 1630, 1160, 987 cm-1

(b) (2S,3S8,5R)-1-[3-(2-Benzhydryloxycarbonyl-3-methyl-
20 4.,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptan-3-yl)-
allyl]-pyridinium trifluoromethanesulphonate

600 mg (0.97 mmol) of (2S,3S,5R)-1-[3-(2-benzhydryloxy-
carbonyl-3-methyl-7-0x0-4-thia-1-aza-bicycio[3.2.0]heptan-3-
25 yl)-allyl]-pyridinium trifluoromethanesulphonate are oxidized in
analogy to Example 8.
Yield: 440 mg (70%) of green resin
30 MS: (M+) 503.3
IR (KBr): 1797, 1753, 1632, 1167 cm-1

(E)-(2S,3S,5R)-3-Methyl-4,4,7-trioxo-3-(3-pyridin-1-ylio-
35 propenyl)-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

A solution of 440 mg (0.67 mmol) of (2S,3S,5R)-1-[3-(2-
benzhydryloxycarbonyl-3-methyl-4,4,7-trioxo-4-thia-1-aza-



J=15Kz, =CH), 6. 94(s, 1H, CHPh2), 6.95(d, 1H, J=15Hz, =CH), 28- 7.40(m 1
OH, Ph). (b) Benzhydryl (2)-(2S, 3S, 5R)- 3- ( 2- car banoyl -xmmysﬁm#m
met hyl -4, 4, 7-tri oxo-4-thia-1 -aza-bi cyel® 3 2. 0] hept - 2- REPLAcﬁflr%%\g(xIl ate
370 mg (0.875 nmol ) of benzhydryl (2)-(2S,3S, 5R) - 3- (2-

hept ane: 2. PG PLS 2 DihefidiPa MMk MdiBLR Bittudrdimetbans-: . ur e
of ethyl acesulphonatexime milof snceresohdst stirreduatt 50°€i dod: 1 bouts.(57%
of col ourl esghposixtd@ (KBaNutell With 118t 1t feobltyf metiA: kéidecat errl
room temperature and extracted three times with 8 ml of water
5 each time. The combined aqueous extracts are washed twice with
10 ml of isobutyl methyl ketone each time, filtered over a paper
filter and lyophilized. The brown lyophilizate is subsequently
chromatographed over polymeric hydrophobic gel with water as
the eluent. '
10
Yield: 125 mg (55%) of beige lyophilizate

IR (KBr): 1780, 1625, 1485, 1372, 1312, 980 cm-!

15 MS: M+H+ 3374

-~

~——.
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- 29.- MBS (MrH)+ 455.2  [err] H NMR (250MHz, err]): [err][pprﬂ =
15053—3—&56dd—rH’T]—T6“FE’2|—|26||:%§356dd1Fﬂ‘HlslﬁidE BEE

4..67(dd, 1H, J ‘lm l5 28(s, t , 5.63(s, br, &Eh
5.84(d, 1H, J= mﬂﬂzﬂﬂlﬂlﬁi\l “'s br,1 H, NH2) 6. 39(d, T HI=T3H—=EH—
6.93(s, 1 HCHPHR2) ¢ 729" %.41 (m1 ) Benzhydryl
(B)-(2S,3S,5R) -3-(2- Carbam)yl vinyl)-3- yl- 4,4, 7-trioxo-4-thia-1
-aza- bi cycl o[ 3. 2. 0] hept ane- 2- car boxyl at e 0.64 g (1.51 mmol) of benzhydryl

(B)-(2S, 3R, 5R) - 34( 2- capratkenylypenany |derdrativey | of7 theo génerab-formula
-aza-bicycl o[ 3. 2. 0] heptane- 2-carboxylate are dissolved in 30 m of

nmet hyl ene chloride and cooled to O <;rr]C 1.86 g (7.55 mmol) of _
nmet a- chl oroperbenzoic acid (contenfy™70-784 5 eq.) in 30 of rethytene—

chl oride are added dropw se th,g_ﬁb@ cooling bath is rem)ved ft
conpletion of the addition and|the dxtur@®is stirfked at 1 ﬁﬁiﬁ“

ced

for 6 hours. The reaction soI syextracted with sodi u
5

wherein
one of R! and R2 signifies -COR4, -CN, -CH2RS5, halogen, -CH=CHR®
or Q and the other signifies hydrogen or lower alkyl or both
10 together signify a y-lactam ring,
R3 signifies hydrogen, lower alkyl, aryl-alkyl, allyl or a
residue which is cleavable in vivo,
R4 signifies hydrogen, lower alkyl, lower alkoxy, benzyloxy,
. amino, lower alkylamino or lower alkyl-lower alkoxyamino,
15 R5 signifies hydroxy, -OCONHR7, -OCONH2 or a five- or six-
membered hetero-aromatic ring which contains N,S and/or O
and which is linked via a nitrogen atom,
R6 signifies -CN or CHO,
R7  signifies -COCH2Cl,
- 20 Q signifies a five- or six-membered hetero-aromatic ring
which contains N, S and/or O and
n signifies 0, 1 or 2,
as well as pharmaceutically compatible salts of these compounds.

25 2. Compounds according to claim 1,
wherein
one of R1 and R2 signifies -COR4, -CN or -CH20RS5 and the
other signifies hydrogen or lower alkyl,
R3 signifies hydrogen, lower alkyl, aryl-alkyl, allyl or a
30 residue which is cleavable in vivo,
R4 signifies hydrogen, lower alkyl, lower alkoxy, benzyloxy,
amino or lower alkylamino,
RS signifies hydroxy or -CONHa,
R6 signifies lower alkyl and
35 n signifies 0, 1 or 2.



sol ut4 on (30%in_saturated--agueots sodi um bi carbonate sol uti on)

wi th saturat
over nagnesi

evaporator and t
met hyl ene chl ori de: n- hexane. Yield: 210 ng (30°/c) of col ourl ess S0

(KBr): 1799,

1756, 168§, 1329, 1143, 191 455. 3
Mp.: 186-188[err$C 89 Reylds @59 pal ;@5 3 )OFME Nél]qrsbh{ﬁi)

1.30(s, 3H),
4.67(dd, 1H, J
6.03(d, 1 H,

o SRR 15 38 o™ o PO

cestdu® rendining . behind is recrysts

and washed
d

ﬁgﬁ?ﬂéﬁj(ﬂ\l Hhé éitior GORE, E”ﬁl nﬂle"slh drogen ardR4 4. 4Hz, 6- H)

sig D@bﬁgémﬁz‘ QQ‘%{ ?“%Pz’é&léﬁﬁ B?V Sﬁﬁoi’faﬁﬁé) 7. 26-

7. 40(m 1081, Ph).

10
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4, Compounds according to any one of claims 1 to 3,
wherein n signifies 0 or 2.

5. Compounds according to any one of claims 1 to 4,
wherein R3 signifies hydrogen or benzhydryl.

6. Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-
methyl-7-oxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate.

7. Benzhydryl (E)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate.

8. Benzhydryl (Z)-(2S,3S8,5R)-3-(2-cyanoethenyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate.

9. Sodium (E)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate.

10. Sodium (Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyi-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]lheptane-2-carboxylate.

11. Sodium (E)-(2S,3S,5R)-3-(2-chloro-vinyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate.

12. Sodium (E)-(2S,3S,5R)-3-methyl-3-(3-ox0-but-1-
enyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate.

13. Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-
3-methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-

carboxylate, _

Sheet Has Been Replaced
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-30- (c¢)

4,4, 7-trioxo- cl o[ 3. 2. Q] hept ane- 2-
nmg (0.30 mml) ﬂw‘ﬂgﬁ ) - (2S, 3SPERy- 3- (2-car -
banoy! - vi nyl ) - 3= -AT

[ 3. 2. Ohept ane- 2-car boxyl ate are deprot ected according to Exanple 2.

Qnrh um-(Z)-(2S, ’2‘% 5R) - 3- (2- car banmoyl -vin

i oxo-4-thia-1 -aza-bicyclo-

“Yield:

9 ? I I hiljzate | R (KBr 3434, 1781, 1668, 1626,
67 (709 of colourless y(%s é,3é,5R)-3i ) :

1397 1317, 1139

10

15

20

25

30

35

zhyqryl 2-carbamoyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,

benzhydryl (Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,

sodium (E)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,

sodium (Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,

benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-7-ox0-4-thia-1 -aza-bicyclo[3.2.0]heptane-2-carboxylate

benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,

sodium (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,

benzhydryl (E)-(ZS,38,5Fl)-3-(2-benzyloxycarbonyl-vinyl)-
3-methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,

benzhydryl (E)—(ZS,SS,5H)-3-(2-benzyloxycarbony|-vinyl)-
3-methyl-4,4,7-trioxo-4-thia-1 -aza-bicyclo[3.2.0]heptanse-2-
carboxylate,

sodium (E)-(2S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate.

This Sheet Has Been Replaced.
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5

{MNa)- 287.2 [err]H NWR (250MHz, Dierr]O: -[ern

. 44(dd, 1H, J=16Hz, 1.2Hz,6-H), 3.69(s,1_H J=1 6Hz, { 81133;\11
~2-H), 5.10 (dd, 1H, J=4Hz, 1.2Hz,5-H)S §394(d,1H,J CHLACED53 (df 1H,
1

[

lu = o( S, 3H)
“;"i ET Has

IOO

3Hz, =CH). Sodium (E)-(2S, 3S, 5R) - 3- (2- car banoyl - vi nyI) 3-nmethyT-#. 4. 7-

" 4-thia-1 bicey t | at 350 0.78 |
[ benzhydryl (B¢ 2saL BRSO 166 georen A @t e 320 1Y 10 12 )

(53 0] hept ane. 2. car boxyl at ¢ o e 1 are b iro o ML INE I

Yield: 190 ng (80% IR (KBr): |1782, X684, 1622, 138, 1318,* 1140c nf'er #] *
MS: (M Na)- 287.2 o /

o0 TG

COOR?
5 wherein R3 has the significance given in claim 1.

15. Benzhydryl (2S,3R,5R)-3-formyl-3-methyl-7-ox0-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylate.

10 16. Compounds according to any one of claims 1 to 13 for
use as therapeutically active substances. -

17. Compounds according to any one of claims 1 to 13 for
use as B-lactamase inhibitors.

15
18. A process for the manufacture of compounds according
to any one of claims 1 to 13, which process comprises

a) reacting a compound of the general formula
20

FC7 Tl

wherein R3 has the significance given in claim 1,
with a compound of the general formula
25

H Rt

S

RS 'R?

wherein R1 and R2 have the significance given in claim 1
and R8 = P®(aryl)s, PO(Oalkyl)2, Si{alkyl)s or halogen,
30 in the presence of an activating agent, or

b) oxidizing a compound of general formula | in which n
signifies 0, or



[err]H—NNR(Z err][ppn’] :166(5,3H), 3.

-1311-HZ 56122 dd:ﬂ"”mm,m ’, 6. 4(5(41 x H ? %I(-Ii

464dd, 1H J=17Hz

'H, J=16Hz, = .. - EXanpl en ! Benzhydryl

(E)-(2S, 38 5R) 3-(2-et hoxycar bonyl propenyl ) - 3-net hyl - 7- oxo 4-thia-1
~aza-bicycl o] 3. 2. 0] hept ane-2- carboxyl ate 0. 7.5 of
benzhydryl GRS, 30mMertings ar agmpeung:ofyge r@idﬂﬁ@?ﬁggi Wh'c

- aza- bi cycl gitfdrénPlffmat Aydrogen binty | thiee corresponding free acid, and

5 d) if desired, converting an acidic compound of formula | into a
pharmaceutically acceptable salt.

19. A medicament containing a compound according to any
one of claims 1 to 13.
10
' 20. A B-lactamase-inhibiting medicament containing a
compound according to any one of claims 1 to 13.

21. A medicament according to claim 19 or 20 which
15 additionally contains a B-lactam antibiotic.

22. A medicament according to claim 21 containing a
penicillin, cephalosporin, penem or cabapenem as the p-lactam
antibiotic.

20

23. A medicament according to claim 22 containing
piperacillin, mezlocillin, azlocillin, apalcillin, benzylpenicillin,
phenoxymethylpenicillin, carbenicillin, methicillin, propicillin,
ticarcillin, ampicillin, amoxicillin, mecillinam, ceftriaxone,

25 ceftazidime, cefetamet, cefetamet pivoxil, cefotaxime,
cefmenoxime, ceftizoxime, cefuroxime, cephaloridine, cephalotin,
cefazolin, cephalexin, cefoxitin, cephacetrile, cefamandole,
cephapirin, cephradine, cephaloglycine, cefpirone, cefepime,
imipenem or meropenem or a pharmaceutically compatible salt of

30 one of these compounds.

24. A medicament according to claim 22 containing
ceftriaxone or one of its pharmaceutically compatible salts.

35 25. A medicament according to any one of claims 21 to 24
as a combination preparation for the simultaneous, separate or
chronologically stepwise use in antibacterial therapy.

—_———

——
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are dissolved in 12 m of THF under argon and treated™ ™\ )
mol ) of (1-ethoxycarbony|ethy|idene)-tbbphenyl- phoip ETHAS BeN w
solution is stirred at 70[err]C for 6 °hOrS and subs ntrajed.

The residue remaining behind is chronatographed over silica gel

(0. 040-0. 063 mm gt Qi wsaebf Woh’ibcﬁiﬁd/é a@é@hﬁhg ﬁ'ﬁéﬁ?eoﬁel@f §%H%el
| | d;,, 157 | 1] IR Cfrlm 754,
i?gim 1642 QL3 (10 “ﬁé /glh ??‘? fop O‘{ ﬁﬁ]‘ﬁ%ﬁe (400MHz, CDOI [err]):

[err][ppn = 1.32(t, 3HJ 7.1 Hz) ,1.38(s,3H), 2.03(d,3H J=1 .5H),

05tk 5oL 2 Y e B ik oot 6 and e 5t b

6. 94(s, 15H, thHi)ln 1heopanlr0H Qr=prevention) of 7bame7|a361(nﬁeqmns>h) Exanpl e 8

28. The use of compounds according to any one of claims 1
to 13 for the manufacture of antibacterially-active medicaments.

10 29. Compounds in accordance with any one of claims 1-15.
whenever prepared according to-the-protess as claimed in claim

18-or By an obvious chemical equivalent thereof.

) O L

——.
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7-0x0-4-thia-1 -aza-bicycl o[ 3. 2. 0] hept gae- 2- car boxyl a:[T &si-en. of
1% 37 g (4.40 mol) of chl oromet hyl ené-"Pri phenyl phospherafPLARERS
:'di ethyl ether is cooled to O[err]C and treated with 1.60 g
benzhydryl (2S, 3R 5R)- 3- BAN 443D/238
“fornyl -3-nmet hyl - 7-oxo-4-thia-1 -aza-bicycl o 3. 2. 0] hept ane-2- car boxyl at e.
The cooling bath is renoved and the m xture is stirred at roomtenperature
for. a further 3 hours. The orange sAlstraictn is filtered and subsequently
concentrated. The residue remaining behind is chromatographed over silica
gel (0.040-0.063 mmparticle size) with ethyl acetate:hexane 1:2 as

5 The present invention is concerned with penam derivatives,

in_particular it is concerned with 2B-alkenyl-penam derivatives
of the general formula

©), -

Rl
—— "
OOR3

cet Has Been Replaced:

T

10
wherein
one of R and R2 signifies -COR4, -CN, -CH2R5, halogen, -CH=CHR®
or Q and the other signifies hydrogen or lower alkyl or both
together signify a y-lactam ring,
15 R3 signifies hydrogen, lower alkyl, aryl-alkyl, allyl or a
residue which is cleavable in vivo,
R4  signifies hydrogen, lower alkyl, lower alkoxy, benzyloxy,
amino, lower alkylamino or lower alkyi-lower alkoxyamino,
R5 signifies hydroxy, -OCONHR?, -OCONH> or a five- or six-
20 membered hetero-aromatic ring which contains N,S and/or O
and which is linked via a nitrogen atom,
Ré  signifies -CN or CHO,
R7  signifies -COCH2Cl,
Q signifies a five- or six-membered hetero-aromatic ring
25 which contains N, S and/or O and
n signifies 0, 1 or 2,
as well as pharmaceutically compatible salts of these compounds.

These compounds are good B-lactamase inhibitors. They can

30 be used for the prevention or treatment of bacterial infections,
optionally together with a P-lactam antibiotic.



ey 6oL

the eluent. Yield: 1.20. g (69% of yellow i soper—mrxtu e
Spectroscopic data of the mixture: IR (filn):mﬁbﬁﬂéﬁc MEN T Sﬂiﬁﬁ
cnferr] MS. (MENH4+) 413 (b) Benzhydryl

(E/Z)-(2S, 3S, 5R) - 3- (2-chl oro-vinyl) - 3-net hyl - 22N0V 49940%P-
| a- 1- aza- bi cycl o[ 3. 2. 0] hept ane- 2- car box- yl ate 2.98 g (1p.
sodi um net aperi odate are dissolved in3Q of | on
to O[err]C. The solution is treated with 0.93 Qk(ll 17 mol) of

—

1496 1251

M-t h

D5 mmol ) of
and cool ed
sodi um

bi carbonate followed by 45 m of acetonitrile as welT as 60 MmO

nmet hyl ene

chlorides# 9 ng2(-§ BELBENWD| PENRMr SUREONES A8 ofk F UACTAMASEOINHIBLTORSY t he

sol ution of 1. g (2.90 mmol ) of benzhydryl (E 2)-

(2S, 3S, 5R) -

3- (2-ch| oro-vinyl)-3-nmethyl -7-oxo0-4-thia-1 -aza-

The present invention relates to penam derivatives, in
particular it is concerned with 2p-alkenyl-penam " derivatives of

the general formula

(lcl))n ]
: S
N ﬁ R I
d/ :
: COOR3

wherein

one of R! and R2 signifies -COR4, -CN, -CH2R5, halogen, -CH=CHR6
or Q and the other signifies hydrogen or lower alkyl or both
‘together signify a y-lactam ring,

R3 signifies hydrogen, lower alkyl, aryl-alkyl, allyl or a

_ residue which is cleavable in vivo,

R4  signifies hydrogen, lower alkyl, lower alkoxy, benzyloxy,
amino, lower alkylamino or lower. alkyl-lower alkoxyamino,

RS signifies hydroxy, -OCONHR7?, -OCONH2 or a five- or six-
membered hetero-aromatic ring which contains N,S and/or O
and which is linked via a nitrogen atom,

R6  signifies -CN or CHO,

R7  signifies -COCH2Cl,

Q signifies a five- or six-membered hetero-aromatic ring
which contains N, S and/or O and

n signifies 0, 1 or 2,

as well as pharmaceutically compatible salts of these compounds.

Y S e

These compounds are novel and are distinguished by thera-
peutically valuaBEa properties. In particular, they have. pronoun-
ced B-lactamase | ‘hhnbmng properties and .are accordlngly useful
in combination with [3 -lactam antlbnotlcs such as the pemcullms
and cephalosporins in the COntroI of pathogens which form B-
lactamase -



b| cycl o[ 3. 2. 0] hept ane- 2- ‘carboxyl ate are added to the twg X
cooling bath is renoved and the reaction mixture is sti rr(%smﬁMEMThSHEET
feaction has finished (tlc control). Subse- quently, th xture 1S treated
with 2 g of active charcoal and 20 ml of saturated sodi mchszrNgv 1004
solution, stirred for 5 mnutes and suctidn filtered ovgr |Dicalite. The '
phases are separated in a separating funnel, the aqueoud p ract ed
twice with rrethyl hl ori de and t he conbin o gani ra e washed
with water and sat'thf %ﬁ%ﬂ“gfﬁh ﬁ’l‘ﬁ%hh%Y?d%nsﬁpﬁg?S{?qag %8 8 ?rggifey Um

sul phat e/ f ul |ewhsagainsi, céitaine battenial etrains,asedh aheeigsAdinatobacters

chr omat ogr ap over silica gel (particle.size 0.040-0.063 nm with ethyl
acet at e: n- hexdrie 1:2 - 33 -

The term "lower alkyl", alone or in combination such as
"lower alkoxy" or "lower alkylamino", signifies straight-chain or
branched saturated hydrocarbon residues with a maximum of 7,
preferably a maximum of 4, carbon atoms such as methyl, -ethyl,
isopropyl or t-butyl.

The term "aryl-alkyl" embraces benzyl, benzhydryl, p-
methoxybenzyl or p-nitrobenzyl.

The term "halogen" embraces fluorine, chlorine, bromine or
iodine.

The term "“five- or six-membered hetero-aromatic ring
which contains N, S and/or O" preferably signifies 2-pyridyl, 1-
methyl-pyridin-2-ylio, 1,3-thiazol-2-yl, 1,2,4-oxadiazol-3-yl
and the like.

A residue which is cleavable in vivo signifies a residue
which is suitable for oral administration and which preferably
contains an ester group such as, for example, -CH2O0OCC(CHg)3,

Me

CHZ\%\O
-CH(CHa)ooco-O , cmcngoco-{—OMe p | .

O
(o
or -CH(CH3)OCO-CHa.

Objects of the present invention are 2B-alkenyl-penam
* derivatives of general formula | and p‘harmaceu’ncally compatible
salts thereof per se and as pharmaceutically .active substances,
the manufacture: Of these compounds medlcaments 'cohtammg a
compound of general formula | or a pharmaceutlcally compatlble
salt and, if desired, additionally a B-lactam antibiotic and the
manufacture of such medicaments, as well as the use of com-



as the el uent, the two isomers bei ng separated in thi

Is eluted as the first conponent. Yield: Z: 495 ng 5§9Q§kygﬁig§5§§

f oam

i soner : VE:

spner

E: 385 ng (30% of colourless foam Sgedtroscopic dat
(MtNH4) + 463.4 IR (KBr): 1800, 1756, 1672.,{ 122INOY1996

]
[0

SS

cnferr] Spectroscopic data Z isoner: I\/§: (M:NH4) + 443.14 IR (KBr): 1800,
(€)

1755, 1630,

(E)-(2S,3S,5R) -3-(2-chloro-vinyl)-3-nethyl-4,4,7-

1330, 1143, 700 cnferr] Sodi um

tri oxo-4-thia-1

- aza- bi cycl Qdgurdd]drepeneral feanRX)! ah@ of pharmaceutically compatible

salts thereof in the control or prevention of ilinesses, especially'
of bacterial infections, and, respectively, for the manufacture of
corresponding medicaments.

Furthermore, compounds of the general formula

o :
COOR?

wherein R3 has the above significance,
are an object of the invention.

These compounds of formula Il are important intermediates
for the manufacture of the compounds of general formula I.

Those compounds of general formula | in which R1 = CN,
halogen or COR4 and R4 = amino, methyl, lower alkoxy or benzyl-
oxy and R2 = hydrogen, e.g. the following compounds, are espec-
ially preferred:

Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-
7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,
benzhydryl (E)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,
benzhydryl (Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
sodium (E)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0}heptane-2-carboxylate
sodium (Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,
sodium (Z)-(2S,3S,5R)-3-(2-chloro-vinyl)-3-methyl-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,
sodium(E)-(2S,3S,5R)-3-methyl-3-(3-oxo-but-1-enyl)-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate.



385 nmy (0.86 mml) of benzhydryl (E)-(2S,3S,5R)-3-(2-chlo OFEPLACEMENT SHEET

vinyl)-3-nmethyl-4,4,7-trioxo-4-thia-1 -aza-bicycl o[ 3. 2. 0]
hept ane- 2- carboxyl ate are dissolved in 2.3 m of mecresol jupde? 2NQb19%nd
stirred at 50[err]C for 4 hours. Subsequeptly, the m xtur ir[s diluted wt
15 m of isobutyl methyl ketone, treated th 0.50 mM of godium

2-ethyl caproate (2N solution in ethyl acetate) and extracted.three fjnes

with 8 m of WaterFmﬁérmor@ tﬁbefmmngecbedaugotcs thiea espediallyvashed once
with 10 m of | rreth ketone, Iyophilized and the Iyophilizate

obtained is cﬂfP 'B%r pol ynmeri c hydrophobic gel with water as
the eluent. i eId 57 ng (3299 Ms: (MNa)- 278.2 IR (KBr): 1780, 1626,

1564, 1417, 1329, gdAsnglkyl " {E/2)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-
methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,
benzhydryl (E)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-
methyi-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate, :

benzhydryl (Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza- blcyclo[3 2.0]heptane-2-
carboxylate,

sodium (E)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,

sodium (Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,

benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,

benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,

sodium (E)-(2S,3S,5R)-3- (2 -ethoxycarbonyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate, '

benzhydryl (E)-(2S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-
3-methyl-7-ox0-4-thia-1-aza-bicyclio[3.2.0]heptane-2-carboxy-
late,

benzhydryl (E)-(2S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-
3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,

sodium (E)-(28S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-car-
boxylate.

The 2B-alkenyl-penam derivatives of general formula | as
well as their pharmaceutically compatible salts can be manu-
factured in accordance with the invention by

a) reacting a compound of the general formula



- 34 - Sodium (2)-(2S, 3S, 5R) - 3- (2- chl or o-vi nyl ) - 3- et hy;
trioxo-4-thia-1 -aza-bicycl o[ 3.2. 0] hept ane- 2-car boxyl ate

mol ) of benzhydryl (Z)-(2S,3S,5R)-3-(2-chl oro-

vinyl)-3-methyl-4,4, 7-trioxo-4-thia-1 -aza-bicyclo[3.2.0]-] 22NOV 1996
hept ane- 2- carboxyl ate are deprotected agcording to Exanplej8. Yield: 176
nmg (65% of colourless lyophilizate M (MNa)- 278.2 RT(RBr): 1779,

1626, 1398, 1321, 1142 cnierr] Elenentary anal ysis:

Cerr]Herr]CNJerr]SNa (301.676)

‘_rs =0
/——N\><=' I
8]

COOR?®

wherein R3 has the significance given above,
with a compound of the general formula

H, _R!
RB \RZ_

wherein R! and R2 have the significance given above and R8
= P®(aryl)s, PO(Oalkyl)2, Si(alkyl)s or halogen,
in the presence of an activating agent, or

b)  oxidizing a compound of general formula | in which n
signifies 0, or

c) converting a compound of general formula | in which R3 is
different from hydrogen into the corresponding frée acid, and

d) if desired, converting an acidic compound of formula | into a
pharmaceutically acceptable salt.

_ Scheme 1 shows two known methods (Wittig or. Horner
reaction) for carrying out process variant a).

Scheme 1
. R!
S e ' ) —
B QEETI. o't
O/ : O/ :
COOR? R COOR3
- Ia
Y
o ""< g2

I

The substituents R1, R2 and R3 have the above significances.



Cal c. C35.83 HB3.0l N 4. 64 | FREPUACEMENT SBEETR
Q 0

H 3.04 N 4. 65 : #) anhydrous, cal cul,
water Example 9 (a) (E)-(2S, 3S, 5R) - 3-net hyl - 7- oxo- 3- ( 3- xo-gtﬁ-é
-enyl)-4- thia-1 -aza-bicycl o[ 3. 2. 0] hept ane- 2- car boxy| jat § Y Waé
(1.00 mmol ) of benzhydryl (2S,3R 5R)-3-fornyl-3- nethyl-7toko-4-thjia-1
-aza- bi cycl o[ 3. 2. 0] hept ane- 2- car boxyl at® -are dissolved inf 12 ml of THF

o

under argon and treated with 350 ng (1.10 mol ) of

fcety' met hyl e”e‘l‘r{g QMWSOéP'fGﬁﬁp% I HE %Né’(t&di fits! tHd f’éikéﬁy%o[.e”] c
or 6 days and subsequently. concentr at ed, e resrdue remai ning” behind is
chr onat ogr SyBstituies pgnarnsg ofc forroumdaobyedirest e@ation with 28) with ethyl
me: 2t re:eg?tndmlmﬁﬁﬁheﬁﬂp%s@mahbe (Rluant= PE(argH 32 AVittig (52% of
reaction) or with an alkylphosphonate (lll, Y = (alkylO)2PO, Horner
reaction) in the presence of an activating agent, for example a
base such as triethylamine, sodium methylate, lithium di- B
isopropylamine or DBU (1,5-diaza-bicyclo[4.3.0]non-5-ene).
Suitable solvents are e.g. tetrahydrofuran, toluene, dichioro- -
methane, acetonitrile or benzene. The reaction temperature can
vary between -30° and 80°C depending on the solvent which is

used.

If desired, the compounds of formula | can also be manu-
factured by reacting correspondingly substituted triphenylphos-
phonium halides with 1,2-butylene oxide as the base and solvent.
In this case the preferred reaction temperature lies between 50
and 70°C. Compounds of formula | in which n signifies 0 are
obtained.

The Peterson olefination and the Reformatsky synthesis are
further possibilities for carrying out process variant a). In the
case of the Peterson olefination, lithium derivatives of trialkyl-
silanes are reacted with compounds of formula Il in the presence
of a base. Scheme 2 shows the reaction with a lithium trimethyl-
silane of formula 1V in which R1 and R3 have the significances
given above.



IR (film: 1782, 1681, 1627, 1319, 1141, 980 cm1l N5 (Nr-Nay—-286—t

-35-  (b) Benzhydryl (E)-(2S, 3S, 5R)-3-net hyl - 3- ( 3- oxo- tutRE&LAﬁEME)\H SHEET

4,4, 7-trioxo-4-thia-1 -aza-bicycl o[ 3. 2. 0] hept ane- 2- ccrboxy[ ate 22}
ng (0.49 mmol) of benzhydryl (E)-(2S,3S,5R)-3-nethyl-7- dxd-3s olgggﬂ 1
-enyl)-4-thia-1 -aza-bicycl o[ 3. 2. 0] heptanfe-2- car boxyl at g ere OXI
according to Exanpl e 8. Chronmat ography
Scheme 2
RI
S. ,—0 CH-CH«S:(CH3)3
M +  (CHpSiCHLI T \XOH
G : |
R® R COOR?
I IV v
1
T X
0/ :
COOR?
Ib

The 2p-alkenyl-penam derivatives of formula lb result from
the compounds of formula V by spontaneous dehydration. Com-
pounds of formula | in which n signifies 0 and R2 signifies hydro-
gen are obtained. In the case of the Reformatsky synthesis,
compounds of formula Il are condensed with organo-zinc deriva-
tives of a-halo esters to the corresponding B-hydroxyl esters of
formula VI, from which compounds of formula | in which n signi-
fies 0, R1 signifies COR4, R4 signifies lower alkyl and R2 signi-
fies hydrogen result by water cleavage, corresponding to Scheme

3.
Scheme 3
=0 Zn CH-CH,-COOAIK
\)( + BrCH,-COOAIK \X
Ve
o)
COOR?
I VI
Ers: :==>—~COOA11<
N
o :
COOR?
L Ie

R3 has the significance given above.



Is carried out once over silica gel (particle si ze 0. (4@58%5‘@@%5%%
et hyl acetate:n-hexane 9:16 as the eluent and crystal lji }at ion is carrijed
0,

out from met hyl ene chloride/n-hexane. Yield: 95 ng (40% 22 NOV0oR9$ess
crystals M. (MtNH4)+ 471.2 IR (KBr): 1798, 1760, 1484, 1627, 1330, {1193,
1142, 976 cnferr] Mp.: 183-184[err] C 8(€) Sodium T —
(B)-(2S, 3S,5R) - 3-net hyl - 3- (3-o0x0-but-1-enyl) - 4,4 7-trioxo-4-thia-1
-aza- bi cycl o[ 3. 2. 0] hept ane- 2- carboxylate 250 ng (0.55 mmol) of
benzhydryl (E)-(2S,3S,5R)-3-nmethyl-3- (3-oxo-but-1 .
aeny| )-4, 487-t r i pre-dkitlation lof ake- Hulphider [giolpOio thep‘s?lpdﬂo&idmrgmx:pl ate are
|§§Lﬁ} Fftzgt%ra%ﬁ?ﬂhddnneg drup A BHBchsd alicdrding' fo MhethddsdkMiwii PEHs6SSS
Reaction of the compounds of general formula | in which n signi-

fies 0 in a two-phase system with ruthenium tetroxide or with an
aqueous potassium permanganate solution and with a hydrogen
peroxide solution has been found to be especially suitable.

Other oxidation reagents such as NagWOg4 or peracids can
also be used for the preparation of the penam sulphones. Di-
chloromethane is an especially suitable solvent.

The compound of general formula | in which n signifies 0 is
conveniently dissolved in dichloromethane and added to an
aqueous suspension consisting of sodium (meta)periodate, sodium
bicarbonate and ruthenium(lV) oxide. After completion of the
reaction the organic phase is separated, purified and dried.

Whether a sulphoxide or a sulphone results from this
oxidation depends on the nature and/or amount of oxidation agent.

The conversion of a compound of formula | in which R3 is
different from hydrogen into a free acid and the conversion of a
free acid into a pharmaceutically acceptable salt can be effected
according to methods known per se, in certain circumstances in a
single procedure.

Ester groups, e.g. benzyl, p-nitrobenzyl, benzhydryl, p-
methoxybenzyl or allyl, can be cleaved off as follows:

Benzyl and p-nitrobenzyl by hydrogenation over palladium-
carbon at about 0°C to 80°C in an organic solvent such as ethyl
acetate, methanol or water or by hydrolysis in the presence of
sodium sulphide at about 0°C to room temperature in a solvent
such as e.g. DMF. Allyl by palladium-(0)-catalyzed transallylation
in the presence of a sodium or potassium salt of 2-ethylcaproic
acid, benzhydryl with m-cresol at about 50°C within 4-5 hours.



9REP}£\%%!§/IEIETR($HEET

3
M5: (MNa)- 286.1 IR (KBr): 1782, 1681, 1627, 1394, 13{
cnjerr] _ -36 - Exanplp fLO é?{)
A(E)-(2S, 3S,5R) -3-(2-Fornyl -vinyl)-3-net hyl - 7- oxo- 4- 22 NOV 1994
t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept ane- 2-carboxylate 3.81 g (10,0 nnol) of
benzhydryl (2S, 3R 5R)-3-fornyl-3-

met hyl - 7- oxo- 4-t hi a- 1- aza- bi cycl o[ 3. 2« | hept ane- 2- car bo |

in 40 M of nethylene chloride under argon and treated with 3.34 g (11.0

ol ) of fornyl ﬁtehgoﬁ'lnpedt}nrééo %?naelﬁeral formula Il which are used as
starting materials can be prepared from corresponding alcohols in
analogy to the process described in Tetrahedron 43, No. 5, pp

1003-1012.
Scheme 4
S OH 5, =0
JO X osocayaa ST X
: (o] . N
© ooms NEt; E ooRs
v i

In this, R3 has the significanée given above.

Reaction with oxalyl chloride in dichloromethane has been
found to be of advantage, with the following procedure conven-
iently being used: dichloromethane and the oxidation agent are
cooled to about -60°C, treated with DMSO and a compound of
formula VIl and, after a reaction period of about 3 hours and
addition of triethylamine, the cooling bath is removed. The thus-
obtained aldehyde of formula Il can be purified using usual
methods.

Compounds of general formula Il are obtained analogously by
oxidation with PCC (pyridine chlorochromate), Dess-Martin
reagent, MnO2 and the like.

As mentioned earlier, the compounds of general formula | in
accordance with the invention and pharmaceutically compatible
salts thereof with bases exhibit pronounced B-lactamase-inhibit-
ing activities against p-lactamases from various bacterial
strains. As illustrated hereinafter, these therapeutically
valuable properties can be determined in vitro on isolated -
lactamases:

ed



phosphorane. The yell ow solution is stirred at roomtg
and subsequently concentrated. The residue remaining pePERACEMENT SHEET
thromat ogr aphed over silica gel (0.040-0.063 mmpartiflg size) wth
tert.butyl methyl ether:n-hexane 2:3_aqqthe eluent. Vipl @2 NOV 15 18°
colourless resin IR (film: 2738, 1781, 1744, 1717, [l6p0, 1496, 117§,
cnferr] M (IVHrM—|4+) 425. 6 Exarrpl e 11 (a) Benzhydfy
(E) - (2S, 3SAR ) - 3soation o8-tha AMASES - zol -3-yl)}vinyl]-7-o0xo0-4-thia-1
-aza- bi cycl o[ 3. 2. 0] hept ane- 2- car boxyl ate 1.14 g (3.0 mmT) of benznydryl
(2S,3R 5R) -3-fornyl -3-nethyl - 7-oxo-4-thias1l -az g_IC
hept ane- 2- car boMari@us apdagtasaseedcan g r'ﬁo‘@?eél oﬂﬁ %{’? hﬁ B, treated
with 1.38 ¢ephalosporin-resistant bacterial strains such as KlebSIeIla

‘pneumoniae NCTC 418, Proteus vulgaris 1028, Bacillus licheni-

formis 749/C, Escherichia coli SNO1 and Citrobacter freundii

1203. For this purpose, the corresponding strains are cultivated

in Tryptic Soy Broth (Difco) and harvested by centrifugation in

the last logarithmic growth phase (when necessary 50-100 mg/|

of ampicillin are added to the medium towards the end of the log-

phase in order to induce the B-lactamase). The thus-obtained

bacterial mass is treated with 20 mM Tris-HCI buffer (pH 7.0);

the cells are broken open with a French press while cooling. The

mixture is centrifuged (20,000 r/min.) for 20-30 minutes and a

clear crude extract is obtained. The purification of the proteins

is effected according to the methods of Cartwright, S.J. & Waley,

S.G. [Biochem. J. 221, 505-512 (1980)] and, for B. licheniformis,

Ellerby, L.M. et al. [Biochemistry 29, 5797-5806 (1990)].

B. inati f -1 ivi

The determination of the activity of the isolated B-lacta-
mases can be carried out according to the method of O'-Callaghan,
C.H. et al. [Antimicr. Ag. Chemother. 1, 283-288 (1972)] using the
chromogenic cephalosporin nitrocefin (87/312 from Glaxo). The
requisite test batch contains per ml of water: 50 mM phosphate
buffer (pH 7.0), 0.1 mM nitrocefin and sufficient enzyme (B-lac-
tamase) to achieve a AA/min. of about 0.1. The cleavage of the
substrate, which is accompanied by a change in colour, is
effected at 370C and is fo!lowed quantitatively at 482 nm using
a spectral photometer.

The above-described cleavage of the chromogenic substrate
by B-lactamases (test B.) can be inhibited by the addition of com-

pounds of general formula | (inhibitors). Since it has been found



(3.6 Mol ) of (1,2, 4-oxadiazol - 3-yl)nethyl - tri phenyl phos-| JHEAAGEMBW SHEGE
and refluxed for 10 hours. Subsequently, the mxture is fjljered, the

filtrate is evaporated and the residual brown oil is chropat ogranpydgRKe"
silica gel (0.040-0.063 mmparticle size) with nethylene ghjoride as the
eluent. Yield: 280 mg (21% of col ourl 'ZS crystals ©ME: -
- 37 - IR (KBr): 1792, 1753, 1658, 1492,-1200, 991 cniefr] (b)

Benzhydryl (E)-(2S, 3S,5R)-3-nmethyl-3-[2-(1, 2, 4-
that the inhibitors irreversibly inactivate the p-lactamase in a -
time-dependent reaction, the reaction (cleavage of the substrate)
is in each case started by addition of the substrate after a pre-
incubation period of B-lactamase with inhibitor of 15 minutes.
As a measurement for the affinity of the particular tested
inhibitor to the B-lactamase, which is a measurement of the
strength of the inhibitor, there serves that concentration which
inhibits by 50% (IC 50 in nM) the cleavage of the substrate
(nitrocefin) effected under the above test conditions (test B) in
the absence of an inhibitor. 4 to 6 tests with different concen-
trations of inhibitor were carried out in order to determine the
IC 50. The determination of the IC 50 was effected by means of
a graph.

The results obtained in the above test (tesf C) are presented
in Tables 1 to 3 hereinafter.



oxadi azol -3-yl)-vinyl]-4, 4, 7-tri oxo-4-thia-1 -aza- bi-cyehe
[ 3. 2. 0] hept ane- 2-carboxyl ate 280 ng (0.63 nmol) of beerRfEtAOEMENT SHEET

(E)-(2S,3S,5R) -3-nethyl-3- [2- (1,2, 4-oxadiazol-3-yl)-\in q-1
-aza-bicyclo- [3.2.0] heptane-2-carboxyl ate are oxidi zeq 4c g?d'tl w

Exanpl e 8. Chromatography is carried_oyp once over silifcg gg %I

size 0.040-0.063 mm wth ethyl acetate:n-hexane 9:16 gs

crystallization is carried out fromnethyl ene chloride/ln- hexane. Yiel d:
95 ngy (40% of colourless crystals Table(M H)- 478.3 |~R—(-r®—)—-rae:57-=az-7%8,
1650, 1334, 1196 cnferr] Mp.: 157[err]C El enentary anal ysis:

CH:[Zer]lH[ erNr]8 76%h4 Feeld hal tfg,gg@%p in nM, is a measurement ofcﬁj'epﬁ C 60.12
lactamase inhibition. An IC 5o value of 5 uM or less is con-

sidered to be significant.

oL act nhibiting activity of s of formula |

Examples of 1C50 [uM] ICs50 [LM]

compound of formuld ¢. freundii 1982 E. coli CF 102

I with reference
Tazobactam (reference) 0.900 0.015
6¢c (cis amide) 4,340 0.130
6c (trans amide) 2.250 ' 0.054
5¢ (trans nitrile) 0.696 0.681
5¢ (cis nitrile) 0.210 0.126
2¢ (trans ethyl ester) 0.370 0.456
4c (trans benzyl ester) 0.478 0.444
8c (cis-chloro) 0.590 0.055
9c (trans COCH3) 0.147 0.417
11c (trans 1,2,4-oxadia- 0.490 0.217
zol-3-yl) '
12¢ (trans 2-thiazolyl) 0.410 ' 0.054
12¢ (cis 2-thiazolyl) 1.270 0.160
13¢c (trans 2-pyridinyl) 1.010 0.092
14¢ (trans-CONMe(OMe)) 2.490 : 0.181
15 (trans 2-pyridinylio) 3.100 0.087
17b (trans CH=CH-CN(Z)) 3.300 0.420
18c (gamma-lactam) 14.250 0.320
20c (trans CHoOH) 6.92 0.590
22¢ (trans CH2OCONH2) 0.479 0.763
23c (trans CH2- 15.700 0.142
pyridinium) -




Found C59.94 H4.26 NB855 (c) _
(E) - (2S, 3S, 5R) - 3- met hyl - 3-[ 2- (1, 2, 4- oxadi azol - 3-yl ) - REPLACEMENT SHEET
vinyl]-4,4,7-trioxo-4-thia-1-aza-bicycl o[ 3. 2. 0] hept ane- - car boxyl {c

acid 355 ng (0.74 mml) of benzhydryl (E)-(2S,3S,5R)-3{ngt hyp-NOY 2996
(1, 2, 4-oxadi azol -3-yl)-vinyl]-4, 4, 7-trngxo-4-thia-1-aza-
bi cycl o] 3. 2. 0] hept ane- 2-car boxyl ate are dissolved in 3 i ‘ef—mmr—TCTesol and
stirred at 50[err]C for 4 hours. 20 of Q-hexane are a&dded to the pale
brown sol ution, the separated crysta-l-a}-’-'%-e-filtered of f Onder suction and
rinsed with n-hexane. The crude crystallizate is recrystallized from ethyl
acet at e/ n- he inhibiti ivi i

[ 2 | wil fr
(1 part ceftriaxone + 4 parts inhibitor).
Examples of IC [pg/ml}] IC [pg/ml]
compounds of C. freundii 1982 E. coli CF 102
formula | with
reference
Ceftriaxone 128 8
Ceftriaxone + _ 8 0.25
Tazobactam (reference)
Ceftriaxone +6c¢ (cis 4 0.12
amide)
Ceftriaxone + 6c¢ (trans NA 0.12
amide)
Ceftriaxone + 5c (trans 2 0.25
nitrile) .
Ceftriaxone + 5¢ (cis 1 ' 0.25
nitrile)
Ceftriaxone + 2¢ (trans 4 0.25
ethyl ester)
Ceftriaxone + 4c (trans 16 2.00
benzyl ester)
Ceftriaxone + 8c (cis 4 0.25
chloro)
Ceftriaxone + 9c (trans 1 0.25
COCH3)
Ceftriaxone + 11c (trans 4 0.5
1,2,4-oxadiazol-3-yl)
Ceftriaxone + 12c¢ (trans 8 1
2-thiazolyl)
Ceftriaxone + 12c (cis 16 0.5
2-thiazolyl) ) .
Ceftriaxone + 13c (trans - 8 1
2-pyridinyl)
Ceftriaxone + 14c (trans 8 0.5
CONMe(OMe))
Ceftriaxone + 15 (trans 4 : 0.25
2-pyridinylio) ,
Ceftriaxone + 17b (trans 8 0.5
CH=CH-CN(Z))




- 38- Yield: 170 ng (73% of colourless crystals M §

EPUAGEREAT SHEET,

(KBr): 2900(br), 1811, 1714, 1660, 1331, 1194, 980 cnf4r
(dec.) Elenentary aanalysis: CerrJ]Herr]Nerr](err]$ (|1313. 284)
Cal c. C42.17 H3.54 N 13.41 FR 2 NOV 199& 42.
H 3.64 N 13.18 (c) Sodium
(B)-(2S,3S,5R) -3-nmethyl -3-[2-(1, 2, 4- oa di azol -
yl)-vinyl]-4,4,7-trioxo-4-thia-1-azd-Bi*cycl of 3 2 0] heptlane-
2-carboxy|ic acid 85 ng (0.27 mmol) of
(B)-(2S,: )éoHEtBYHaé [2-TI[ 2.3 16 _ 1
oxadi azol é/lgg dmjl 4, 7-trfoxo-4-thia-1 -aza- i cycl o-
Ceftnaxone + 20c . 8 0.5
(trans-CH20H)
Ceftriaxone + 22¢ (trans 2 1
CH2OCONH2)
Ceftriaxone + 23c (trans 8 0.25

CHo-pyridinium)

MIC signifies minimum inhibitory concentration.

]C
41



[3.2.0]heptane-2-carboxylic acid are added in one portion.to.a.clear
solution of 23 ng (0.27 mml) of sodi um hydrogen car boH‘aIHQPLACEmmi SKHEET

water, the mxture is stirred for about 10 m nutes, filjt gred-and

| yophilized. Yield: 90 ng (91% of colourless Iyophili zatezzll\_:/ﬁ (%&la - |
312.2 IR (KBr): 1787, 1627, 1395, 133k .1192, 970 cnidrr] QW96 |

analysis: Cerr]Herr]Nerr]gerr]SNa (335.266)
Cal c. C 39.41 H 3.01 N 12.53 Found#) C
30.86 H3.04 N 12.51 Table 3 4 anhydreuss—esatedtated

with 5.82% wat er

jerivative 5c wit lected _antibiofi inst_B-lact
over-producer strains

(constant innhibitor concentration: 4 mg/l)

MIC MIC l MIC MIC
E.cloacae|C.freundii Ps.aeru-|E.coli
_ inosa

Ceftriaxone >64 64 >64 16
Ceftriaxone + 5c¢ (cis 4 2 16 <0.12
nitrile)
Ceftriaxone: + tazobactam 64 32 >64 <012}
Ceftazidime >64 >64 32 32.00
Ceftazidime + 5c (cis 4 8 2 0.5
nitrile) -
Ceftazidime + tazobactam 64 64 8 0.5
Piperacillin ' >128 >128 >64 >64
Piperacillin + 5c¢ 8 ' 8 16 4
(cis nitrile)
Piperacillin + tazobactam 128 . 64 64 4
Apalcillin >128 >128 64 >64
Apalcillin + 5¢ (cis nitrile) 16 8 4 2
Apalcillin + tazobactam >128 64 NA 2

The products in accordance with the invention can be used
as medicaments, e.g. in the form of pharmaceutical preparations
which contain them or their salts in admixture with a pharma-
ceutical, organic or inorganic inert carrier material which is
suitable for parenteral or enteral administration, such as e.g.
water, gelatine, gum arabic, lactose, starch, magnesium stearate,
talc, vegetable oils, polyalkylene- glycols, Vaseline, etc. The
pharmaceutical preparations can be present in solid form, e.g. as
tablets, dragées, suppositories, capsules; or in liquid form, e.g. as
solutions, suspensions or emulsions. They may be sterilized and/
or may contain adjuvants such as preserving, stabilizing, wetting
or emulsifying agents, salts for varying the osmotic pressure,
anaesthetics or buffers. The compounds of formula | and their



. 39 - Exanple 12 (a) Benzhydryl (E) and REPLAGEMENT SHEET

(2)-(2S, 3S,5R) -3-net hyl - 3-(2-thiazol - 2-yl-vinyl)-¥-éxo0-4-thia-1
- aza- bi cycl o[ 3. 2. 0] hept ane- 2- carboxylate 1.14 g (3]0 220V 3996
benzhydryl (2S, 3R 5R)-3-fornyl-3-nethyl ‘1 7-0x0-4-thia-1

-aza-bi cycl o[ 3. 2. 0] hept ane- 2- car boxyl at 6ar'e di ssolved §n 50 ml of
1, 2-butylene oxide, treated with 1.53 g (3.86 mmol) of

(thi azol - 2- gh)epheterablyheomieplintp considecationi tar patenteralxadmisi- 40

hours. Subsegquent | h | ' i
resi due renﬁ%ﬁ?ﬁ?@ M’nﬁ)rnméﬁbgfg&oéglr é?)%«re@%cg\e/gérﬁg%lﬁéc@gg%éhg4gr 8\.,\,863 nm
particle si MlezatemtﬁwwePQWd@f§dﬁQl’eﬂHytloacwm &%@'539§ ﬁé‘%ﬁment .

The two i SOURY Guaf GPAbRIMAE 5aliAgl s manner, the Z isomer being

As mentioned earlier, the compounds of general formula |
and their pharmaceutically compatible salts can be used in
accordance with the invention in the control or prevention of
illnesses, especially in the control of B-lactamase-forming
pathogens in combination with B-lactam antibiotics, i.e. anti-
biotics which contain a B-lactam ring, for example penicillins
such as piperacillin, mezlocillin, azlocillin, apalcillin, benzyl-
penicillin, phenoxymethylpenicillin, carbenicillin, methicillin,
propicillin, tricarcillin, ampicillin, amoxycillin or mecillinam and
cephalosporins such as ceftriaxone, ceftazidime, cefetamet,
cefatamet pivoxil, cefotaxime, cefmenoxime, ceftizoxime,
cefuroxime, cephaloridine, cephalotin, cefazolin, cephalexin,
cefoxitin, cephacetrile, cefamandole, cephapirin, cephradine,
cephaloglycine, cefpirome or cefepime as well as penems and
carbapenems such as imipenem or meropenem. Thereby, the
compounds of general formula | or pharmaceutically compatible
salts thereof with bases can be administered before, simultane-
ously with or after the administration or intake of B-lactam
antibiotics. Where the products in accordance with the invention
are administered simultaneously with a p-lactam antibiotic, then
this can be effected by administration as an ad-hoc combination
or in the form of a pharmaceutical combination which contains a
compound of general formula | or a pharmaceutically compatible
salt thereof with a base and a B-lactam antibiotic; such pharma-
ceutical combinations are also an object of the present invention.

The dosage of the compounds of general formula | and of the
pharmaceutically compatible salts thereof with bases can vary
within wide limits and will, of course, be fitted in each
particular case to the individual requirements and to the -
lactamase-producing pathogen to be controlled. In general, a
daily dosage of about 0.1 to about 2.0 g should be appropriate.
The ratio of B-lactamase inhibitor (compound of formula | or



eluted as the first conmponent. Z isoner: Yield: 240 ny (&WCWEN;‘EWBI
oil IR (film: 1778, 1743, 1493, 1197, 986 cnierr] M| (M) 463.5
tsomer: Yield: 855 ng (62% of yellowresin IR (KBr): {7/9.2 2ROV 199692
1292, 988 cnerr] Ms: (MtH)+ 463.5
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pharmaceutically compatible salt thereof with a base) to B-
lactam antibiotic can also vary within wide limits and will be
fitted to the individual requirements in each particular case. In
general, a ratio of about 1:20 to about 1:1 should be appropriate.

As mentioned earlier, medicaments containing a compound
of general formula | or a pharmaceutically compatible salt there-
of are also an object of the present invention, as is a process for
the manufacture of such medicaments which comprises bringing
one or more compounds of general formula | or pharmaceutically
compatible salts thereof and, if desired, one or more other thera-
peutically valuable substances into a galenical administration
form; in this connection reference is again made to the pharma-
ceutical combinations referred to above, which are also an object
of the present invention. In particular, pharmaceutical combin-
ations containing a compound of general formula | or a pharma-
ceutically compatible salt thereof and a B-lactam antibiotic, e.g.
a penicillin such .as piperacillin, mezlocillin, azlocillin,
apalcillin, benzylpenicillin, phenoxymethylpenicillin,
carbenicillin, methicillin, propicillin, tricarcillin, ampicillin,
amoxycillin or mecillinam, a cephalosporin such as ceftriaxone,
ceftazidime, cefetamet, cefatamet pivoxil, cefotaxime, cefmen-
oxime, ceftizoxime, cefuroxime, cephaloridine, cephalotin,
cefazolin, cephalexin, cefoxitin, cephacetrile, cefamandole,
cephapirin, cephradine, cephaloglycine, cefpirome or cefepime or
a penem or carbapenem such as imipenem or meropenem, are an
object of the present invention. Such combinations are suitable
for the control of B-lactamase-forming pathogens.

The following Examples aré intended to illustrate the
present invention in more detail, but are not intended to limit its
scope in any manner.



-40- (b) Benzhydryl (E) -(2S,3S,5R)-3-nmethyl -4,4,7-tri(
thi azol -2-yl-vinyl)-4-thia-1 -aza-bicycl o[ 3. 2. 0] hept ane-

carboxylate 200 ng (0.43 nmol) of benzhydryl (E)-(2S, 3%

(2-thiazol -2-yl-vinyl)-7-o0xo0-4-thia-1 -aza-bicycl o[ 3. 2. (
hept ane- 2- car boxyl ate are oxi di zed accordi ng to Exanpl e
is carried out over silica gel (parti<l¥8 size 0.040-0. 04
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col ourl ess éoam lﬁl (MtH)[err] 495.4 IR (KBr): 1799, 1756, 1329, 1192,

1142, 963

Benzhydryl (2S,3R,5R)-3-formyl-3-methyl-7-oxo0-4-thia-1-aza-

bicyclo[3.2.0]heptane-2-carboxylate.

100 ml of dichloromethane are treated with 0.84 ml (9.6 mmol)
of oxalyl chloride under argon and cooled to -600C. Thereto there
are added dropwise 0.73 ml (10.25 mmol) of DMSO, followed by
2.5 g (6.52 mmol) of benzhydryl (2S,3R,5R)-3-hydroxymethyl-3-
methyl-7-0x0-4-thia-1-aza-bicycio[3.2.0]heptane-2-carboxylate
dissolved in 100 ml of dichloromethane. The mixture is stirred at
the same temperature for 3 hours and then 3.2 ml (23.0 mmol) of
triethylamine are added. The cooling bath is removed and the
mixture is left to warm to room temperature. The orange

solution is poured into 1000 ml of 0.2N hydrochloric acid and the
aqueous phase is extracted twice with dichloromethane. The
organic phases are washed with water and saturated, aqueous
sodium chloride solution, dried over sodium sulphate, filtered and
concentrated on a rotary evaporator. The thus-obtained product
(2.50 g, 100%) can be processed without further purification or
can be recrystallized from diethyl ether.

Yield: 2.00 g (80%) of white crystal powder; m.p. 111.8-112.8°C

IR(KBr): 2720, 1788, 1743, 1718 cm-1

MS: (M-CH,CO) 339

TH-NMR (250MHz, CDCI3): 5[ppm] = 1.26(s,3H), 3.06(dd,1H,J=
16.2Hz, 2Hz, 6-H), 3.54(dd,1H,J=16.2Hz, 4Hz,6-H), 5.34(s,1H,2-H),
5.42(dd,1H,J=2Hz, 4Hz,5-H), 6.95(s,1H,CHPh2), 7.30-7.38
(m,10H,Ph), 9.20(s,1H).



Benzhydryl (2)-(2S,3S, 5R)-3-net hyl -4, 4, 7-tri oxo- 3- ( 2- {1} -
2-yl-vinyl)-4-thia-1 -aza-bicyclo[3.2.0] heptane-2-cafb Eéﬁﬁ@mil%l%
(0.45 nmol ) of benzhydryl (Z)-(2S, 3S, 5R)-3-net hyl - _
4,4, 7-trioxo-3-(2-thiazol-2-yl-vinyl )-_41§h_| a-1 -aza-bi C)_C|22 NOV 1996
[ 3. 2. 0] hept ane- 2- car boxyl ate are oxidized according t¢ HExanple 8.

- Chromat ography is carried out over silica gel (particlle STZ€ 0. 040-0.068
my) with meExample 2hl ori de: ethyl acetate 95:5 as thejeluent. Yield: 72 ny
(33% of colourless foam M. (MrH)[err] 495.4 IR (KBr): 1793, 1754, 1490,
1328, 1184, 1142, 963 cni

(E) - (25, 33, &) - 3Banghydryl 4(é7) (28088, 8R)s31(R-atboxycarboiny+yinyl)-3-

d-1hi a 1-aza bi cHedgl. 2- &iaemtfhn§ = P-£28 10eYCI [ 32 B héPlafe-2Q- 40 mmol ) of

benzhydryl (E) (
(2-thi azol - 9?5@?3‘ Qt ® 7-trioxo-4-thia-1 -aza-bicycl o-

500 mg (1.30 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
are dissolved in 20 m! of THF under argon and treated with

500 mg (1.40 mmol) of ethoxycarbonylmethylene-triphenylphos-
phorane. The yellow solution is stirred at 50°C for 75 minutes
and subsequently concentrated. The residue remaining behind is
chromatographed over silica gel (0.040-0.063 mm particle size)
with ethyl acetate:hexane 9:16 as the eluent.

Yield: 520 mg (88%) of yellow-orange resin;
IR (film): 1783, 1747, 1717, 1650 cm-1

MS: (M-CONH) 406, (M-CHPhy) 284

TH-NMR (250MHz, CDCIg): 8[ppm] = 1.31(t,3H,J=7Hz) ,1.34(s,3H),
3.13(dd,1H,J=2Hz, 16Hz,6-H), 3.57(dd,1H,J=4Hz, 16Hz,6-H),
4.22(q,2H,J=7Hz), 4.78(s,1H,2-H), 5.30(dd,1H,J=4.2Hz, 5-H),
5.97(d,1H,J=15Hz,=CH), 6.94(s,1H,CHPh2), 7.07(d,1H,J=15Hz,~CH),
7.30-7.38(m,10H,Ph).

(b) Benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

250 mg (0.55 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxy-
carbonyl-vinyl)-3-methyl-7-oxo-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate are dissolved in 10 ml of dichloromethane
and treated with 6.5 ml of glacial acetic acid. 260 mg

(1.66 mmol) of potassium permanganate in 25 ml of water are
added  dropwise to the yellow solution. After completion of the
addition stirring is continued for a further 30 minutes and then
the brown reaction mixture is treated with a 30% hydrogen per-
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- 41 - [3.2.0] heptane-2-carboxyl ate are deprotected anal ogopstyto EXanplie
11. Yield: 53 ng (40% of colourless crystals M. (MtH)+ 329.242ng %%r):
2800(br), 1791, 1740, 1634, 1321, 1142, 965 cnierr] Sodi ujn
(B)-(2S,3S,5R) -3-nethyl -4, 4, 7-tri oxo- 3- (A-t hi azol - 2-

yl -vinyl)-4-thia-1-aza-bi cycl o] 3. 2. 0] hefft‘ane- 2- car boxyl at e

oxide solution until a colourless two-phase mixture forms. The
phases are separated in a separating funnel and the aqueous phase
is extracted twice with dichloromethane. The organic phase is
washed with water, saturated sodium hydrogen carbonate
solution and saturated sodium chloride solution, dried over
sodium sulphate, filtered and concentrated. The residual oil is
chromatographed over silica gel (particle size 0.040-0.063 mm)
with ethyl acetate:hexane 9:16 as the eluent.

Yield: 170 mg (60%) of colourless foam.
IR(KBr): 1802, 1757, 1721, 1653, 1331, 960 cm-1
MS: (M-H) 482.4

1H-NMR (250MHz, CDCIg): §[ppm] = 1.26(s,3H), 1.35(t,3H,J=7Hz),
3.44-3.59(pseudo-m, 2H, 6-H), 4.29(q,2H,J=7Hz), 4.60(dd,1H,
J=4Hz, 2Hz,5-H), 4.61(s,1H,2-H), 5.99(d,1H,J=16Hz,=CH),
6.94(s,1H, CHPhp), 7.07(d,1H,J=16Hz,=CH), 7.23-7.40(m,10H,Ph).

(c) Sodium (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-4.4.7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

170 mg (0.35 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxy-
carbonyl-vinyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate are dissolved in 3 ml of m-cresol
under argon and stirred at 50°C for 4.5 hours. Thereafter, the
mixture is treated with 12.5 ml of isobutyl methyl ketone and the
yellow-orange solution is extracted three times with 3 ml of
saturated, aqueous sodium hydrogen carbonate solution each time.
The aqueous phase is washed twice with 5 ml of isobutyl methyl
ketone each time, filtered over a fluted filter and subsequently
adjusted to pH = 1 with concentrated hydrochloric acid. The
mixture is extracted with ethyl acetate, the organic phase is
washed with saturated, aqueous sodium chloride solution, dried
over sodium sulphate, filtered and concentrated on a rotary
evaporator. The residual yellow resin is dissolved in 0.5 ml of



my (0.16 nmol) of (E)-(2S, 3S, 5R)-3-nethyl -4, 4, 7-t ri oxp- AEPLACEMENT SHEET
(2-thiazol -2-yl-vinyl)-4-thia-1 -aza-bicycl o[ 3. 2. 0] hept apet 2- carboxylic
acid are converted into the correspondi ng sodiumsalt angl bg@3INOV 999¢
Exanple 11. Yield: 55 ng (98% of colourless lyophilizaje} IR (KBr): 178
1627, 1392, 1318, 1192, 1141, 955 cnferr El ementary angl ySTs*
C[err]H[err]N[err]CIerr]S[err]Na(350 33)' Cal c.
C41.14 H3.16 N 8. Found#) C 40.73 H 3.51
N 7.92 d ' 9 er
SO i um (2) - f%yl gcg%te and ﬁrqaﬁ%d a\ﬂi}}ﬁ 108° ;élécﬁh‘ﬁﬁi ?"ézthyfba%/fb‘é%
-vi nyl ) - 4{2Ni 80 thmmew Aacetate)) heﬁhen@uﬂu@arﬁommatraied f§e( 0. 32
mm') of bepgsddeyis (trdatedSwith SRb- #1INBt Water and extracted once with
- n-hexane. Subsequently, the aqueous phase is chromatographed
over polymeric hydrophobic gel with water as the eluent. The

fractions containing the product are combined and lyophilized.

Yield: 60 mg (50%) of colourless lyophilizate
IR(KBr): 1782, 1715, 1627, 1396, 1192 cm-!
MS: (M-Na)- 316.1

1H-NMR (250MHz, D20): 8[ppm] = 1.31(t,3H,J=7Hz), 1.66(s,3H),
3.46(dd,1H,J=16Hz, 2Hz,6-H), 3.71(dd,1H,J=16Hz, 4Hz,6-H),
4.28(q,2H,J=7Hz), 4.62(s,1H,2-H), 5.15(dd,1H,J=2Hz,4Hz,5-H),
6.35(d,1H,J=16Hz,=CH), 7.10(d,1H,J=16Hz,=CH).

Example 3

(a) Benzhydryl (E)-(2S,3S,5R)-3-(2-methoxycarbonyl-vinyl)-3-
methyl-7-o0x0-4-thia-1-aza- blcyclo[3 2.0]heptane-2-
carboxylate

200 mg (0.52 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
are converted into benzhydryl (E)-(2S,3S,5R)-3-(2-methoxy-
carbonyl-vinyl)-3-methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate by reaction with 193 mg (0.58 mmol) of
methoxycarbonylmethylene-triphenylphorsphorane according to
Example 2. '

Yield: 209 mg (91%) of colourless foam
IR (film): 1782, 1745, 1724, 1651 cm-1
MS: (M+NH4+) 455.3 '




4,4,7-trioxo-3-(2-thiazol-2-yl-vinyl)-4-thia-1 -aza-bi cygtrgs —

[ 3. 2. 0] hept ane- 2- carboxyl ate are converted into the corrlsﬁfmmwsﬁﬁmm
salt anal ogously to Exanple 8. Yield: 60 ng (57% of colioJrless

| yophilizate - 42 - IR ' 1
1623, 1398, 1320, 1193, 1140, 950 cn{er2? -[err] H NWR (ZEOBW?%[Q?Q] :
[err][ppm = 1.52(s,3H), 3.42(dd, 1H,J=16Hz, 1.2Hz, 6-H), J. 58tde+t—tirI=161z,
4.1 Hz,6-H), 5.04(dd,1 H, J=1.2Hz, 4.1Hz,5-H), 5.19(s, 1H 4-H),

6. 06(d, 1H, JEXammie 4cH), 7.14(d, 1H J= 12.5Hz, =CH), 7.75(AB"

system 2H, J=3. 5Hz, thi azol e-H).

(a) Benzhydryl (E)-(2S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-
3-methyl-7-o0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

763 mg (2.0 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-methyl-
7-oxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are
dissolved in 15 ml of THF under argon, treated with 821 mg (2.0
mmol) of benzyloxycarbonylmethylene-triphenylphosphorane and
the orange solution is stirred at 509C for 2 hours. It is left to
cool to room temperature, the solvent is removed on a rotary
evaporator and the red-brown oil is chromatographed over silica
gel (particle size 0.040-0.063 mm) with ethyl acetate:hexane
9:16 as the eluent. '

Yield: 800 mg (78%) of orange foam
IR (film): 1782, 1746, 1721, 1649, 985 cm-1
MS: (M+H)*+ 514.3

1H-NMR (250MHz, CDCI3): 8[ppm] = 1.33(s,3H), 3.11(dd,1H,J=16Hz,
1.6Hz, 6-H), 3.56(dd,1H,J=16Hz, 4.2Hz, 6-H), 4.78(s,1H,2-H),
5.20(s,2H), 5.36(dd,1H, J=1.6Hz, 4.2Hz, 5-H), 6.01(d,1H,J=
15Hz,=CH), 6.93(s,1H,CHPh2), 7.12(d,1H,J=15Hz, =CH), 7.30-
7.43(m,15H,Ph).

(b) Benzhydryl (E)-(2S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-
3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-
2-carboxylate

800 mg (1.56 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-benzyl-
oxycarbonyl-vinyl}-3-methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]-

heptane-2-carboxylate are oxidized according to Example 2.

Yield: 255 mg (30%).of colourless foam



Exanple 13 (a) Benzhydryl (E)-(2S, 3S,5R)-3-nethyl -3-(2- pyr REPLACEMENT SHEET

vinyl)-7-o0xo0-4-thia-1 -aza-bicyclo [3.2.0]heptane-2- ¢a
suspension of 353 ng (1.0 mml) of (2-picolyl)nmethylene- 22 NOV 1996
tri phenyl phosphorane and 381 ng (1.00 nmol) of benzhydryl

(2S, 3R 5R) - 3-fornyl - 3-nmet hyl - 7- oxo- 4- 1 aa-.1 -aza- bi cycl o- .
[ 3. 2. 0] hept ane- 2-carboxylate in 10 ml of diethyl ether is qtirred at room

tenperature under argon for 2 hours. The mixture is treated wtirto—mt—of
net hyl ene dF(KBrile 1802501 76T e 17@35r 1650/ s133&mwmd by suction filtration and
the filtrate is concentrated. The residue remaining behind is

chromat ographed over silica gel (particle size 0.040-0.063 nm wth

met hyl ene d¥Bor(Mr)at844.2acet ate 95:5 as ' the eluent. VYield: 128 ng (28%
of a colourless foam M. (Merr]) 456

1H-NMR (250MHz, CDCI3): 3[ppm] = 1.25(s,3H), 3.47(dd,1H,J=16Hz,
oHz,6-H), 3.55(dd,1H,J=16Hz, 4Hz, 6-H), 4.66(dd,1H,J=2Hz, 4Hz,5-
H), 4.81(s,1H,2-H), 5.26(s,2H), 6.02 (d,1H,J=16Hz,=CH), 6.93(s,1H,
CHPh2), 7.22(d,1H,J=16Hz,=CH), 7.13-7.14(m,15H,Ph).

(¢) Sodium (E)-(2S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-3-
methyl-4.4.7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

250 mg (0.46 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-benzyl-
oxycarbonyl-vinyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate are deprotected according to
Example 2.

Yield: 54 mg (30%) of beige lyophilizate

IR (KBr): 1781, 1719, 1626, 1322, 1189, 979 cm-1

MS: (M-H)- -378.2

tH-NMR (250MHz, D20): §[ppm] = 1.65(s,3H), 3.45(dd,1H,J=17Hz,
2Hz,6-H), 3.71(dd,1H,J=17Hz, 4Hz,6-H), 4.63(s,1H,2-H), 5.14

(dd,1H,J=4Hz, 2Hz,5-H), 5.29(s,2H), 6.42(d,1H,J=16Hz,=CH),
7.13(d,1H,J=16Hz,=CH), 7.42-7.55(m,5H,Ph).

Example S
(a) Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-

methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate



IR (KBr): 1779, 1747, 1634, 1291, 988 cm 1l (b) Benzhydrlyl
(B)-(2S, 3S,5R) - 3-net hyl -3-(2-pyridin-2-yl -
vinyl)-4,4,7-trioxo-4-thia-1 -aza-bicycl o[ 3. 2. 0] hept ane- 2
carboxylate 196 ng (0.43 mmol) of bgnégyglryl (E)-(2S, 3S,{5R) - 3- net hyl - 3-
(2-pyridin-2-yl-vinyl)-7-oxo0-4-thia-1 -aza-bicycl o[ 3. 2. 0]{-
hept ane- 2- car boxyl ate are oxi di zed accordi ng to. Exanpl e
Chr onpétb@daby is carried out over silica gel (particle size

-43-
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0.040-0.063 nm wth nethylene chloride:ethyl acetate 95:5 as

1.0 g (2.62 mmol) of benzhydryt (2S,3R,5R)-3-formyli-3-methyl-
7-ox0-4-thia-1-aza-bicycio[3.2.0]heptane-2-carboxylate and
30 mi of toluene are added to 946 mg (3.14 mmol) of cyano-
ethylene-triphenylphosphorane under argon. The brown suspen-
sion is stirred for 1 hour, concentrated and chromatographed over
silica gel (particle size 0.040-0.063 mm) with ethyl acetate:
n-hexane 3:1 as the eluent.

Yield: 1.0 g (94%) of isomer mixture, E:Z 3:1
Spectroscopic data of the mixture:

IR (film): 2224, 1781, 1744 cm-1

MS: (M+Nat) 427.2

TH-NMR (250MHz, CDCI3) (E isomer): 8[ppm] = 1.32(s,3H),
3.13(dd,1H,J=16Hz, 1.6Hz, 6-H), 3.63(dd,1H,J=16Hz, 4.4Hz,6-H),
4.74(s,1H,2-H), 5.41(dd,1H,J=4.4Hz, 1.6Hz,5-H), 5.54(d,1H,J=15Hz,
=CH), 6.82(d,1H,J=15Hz,=CH), 6.95(s,1H,CHPh2), 7.30-7.44(m,10H,
Ph).

1H-NMR (250MHz, CDCI3) (Z isomer): 8[ppm] = 1.61(s,3H),
3.18(dd,1H,J=16Hz,1.5Hz,6-H), 3.64(dd,1H,J=16Hz, 4.6Hz,6-H),
4.86(s,1H,2-H), 5.41(d,1H,J=12Hz,=CH), 5.44(dd,1H,J=1.5Hz,
4.6Hz,5-H), 6.63(d,1H,J=12Hz,=CH), 6.95(s,1H,CHPh2), 7.30-
7.44(m,10H,Ph).

Method B:

A suspension of 2.88 g (9.56 mmol) of cyanomethylene-tri-
phenylphosphorane in 24 ml of lithium perchlorate solution (0.4M
in acetonitrile) is cooled to -20°C under argon. A solution of
3.32g (8.70 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-oxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
in 30 ml of acetonitrile is added dropwise thereto, the mixture



the eluent. Yield: 130 ng (62% of colourless foam M§: Rgpmmgn$$%g1'l
(KBr): 1799, 1756, 1580 1490, 1327, 1184, 1141, 969 ¢n

‘(E)-(2S, 3S, 5R) - 3- Met hyl - 3-( 2- pyr|d|n2yl vinyl)-4,4, 7
trioxo-4-thia-1 -aza-bicycl o[ 3. 2. 0] hept ane- 2- car boxyl i ¢ 226’”2@\{1 90
(0.41 mmol ) of benzhydryl (E)-(2S, 3S, 5RL- 3- net hyl - 3-
(2-pyridin-2-yl-vinyl)-4,4,7-tri oxo-4- a-1 -aza-bicydlo[3.2.0]-
hept ane- 2- car boxyl ate are deprotected anal ogously to EX

mg (65% ofis P&fifedChpdhe’ ¥ahid tBRpkratufdStot MHbtrs2a8nd the solvent is
removed on a rotary evaporator. The residue remaining behind is
taken up in 100 ml of ethyl acetate, extracted three times with
water and once with saturated sodium chloride solution, dried
over magnesium sulphate, filtered and concentrated. The residual
oil is purified over silica gel (particle size 0.040-0.063 mm)
with methylene chloride as the eluent.

Yield: 3.34 g (94%) of isomer mixture, E:Z 1:4

(b) Benzhydryl (E/Z)-(28,3S,5R)-3-(2-cyanoethenyl)-3-methyi-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carbox-
ylate

Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxyiate
is prepared in the same manner as described in Example 2 by
oxidizing benzhydryl (E/Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-
methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate.
The two isomers can be separated by chromatography over silica
gel (particle size 0.040-0.063 mm) with ethyl acetate:n-hexane
(9:16). The Z isomer is eluted as the first component.

Yield: . Z: 76 mg (7%) of colourless oil
E: 253 mg (23%) of colourless foam

Spectroscopic data E isomer:

MS: (M+NHg4)+ 454.2

IR (KBr): 2228, 1802, 1758, 1334, 1192, 990 cm-1

1H-NMR (250MHz, CDCI3): 8[ppm] = 1.24(s,3H), 3.50(dd,1H,J=16Hz,
2.2Hz,6-H), 3.60(dd,1H,J=16Hz, 4Hz,6-H), 4.65(dd,1H,J=2Hz,
4Hz,5-H), 4.75(s,1H,2-H), 5.37(d,1H,J=16Hz,=CH), 6.85(d,1H,J=
16Hz,=CH), 6.98(S,1H,CHPh2), 7.25-7.45(m,10H,Ph).

85



IR (KBr): 2700(br), 1790, 1720, 1621, 1318, 1140, 978 cn ¢r REPLABERHENT SHEET

(B)-(2S,3S,5R) -3-nethyl -3-(2-pyridin-2-yl-vinyl)-4,4,7- '
tri oxo-4-thia-1-aza-bicycl o[ 3. 2. 0] hept ane- 2-carboxylic agic f% %989 17
mol ) of (E)-(28,38,5R)-3-m3thy|-3-(2[)£%ridin-2- N 6
yl-vinyl)-4,4,7-trioxo-4-thia-1 -aza-

14

ycl o[ 3. 2. 0] hept an¢- 2-_carboxylic

acid are converted into the correspondi ng sodium salt analjogously to

Exanpl e 10
1784, 1629

- 44-

' ' gatd 120j8omlercol ourl ess |yophili zat-e—+R-KBr}son ]
,Splegg@,%ﬂ%, 1396, 1320, 1187, 1141, 980 cnierr] :

MS: (M-H)- 435.3
IR (KBr): 2220, 1801, 1757, 1333, 1190 cm-1

1H-NMR (250MHz, CDClg): 8[ppm] = 1.67(s, 3H), 3.48(dd, 1H,
J=16Hz, 2.4Hz, 6-H), 3.64(dd, 1H, J=16Hz, 4.6Hz, 6-H), 4.72(dd, 1H,
J=2.4Hz, 4.6Hz, 5-H), 4.85(s,1H, 3-H), 5.90(d,1H,J=12Hz,=CH),
6.41(d,1H,J=12Hz, =CH), 6.97(s,1H,CHPh,), 7.26-7.44(m,10H,Ph).

(c) Sodium (E)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-
 4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

215 mg (0.5 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-cyano-
ethenyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate are deprotected according to Example 2.

Yield: 110 mg (82%) of white lyophilizate
IR (KBr): 2240, 1782, 1629, 1397, 1141 cm-1

TH-NMR (250MHz, CDCI3): §[ppm] = 1.64(s,3H), 3.47(dd,1H,J=16Hz,
2Hz,6-H), 3.72(dd,1H,J=16Hz, 4Hz,6-H), 4.62(s,1H,2-H), 5.15
(dd,1H,J=2Hz,4Hz,5-H), 6.07(d,1H,J=16Hz,=CH), 7.08(d,1H,J=
16Hz,=CH).

Sodium (Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

95 mg (0.2 mmol) of benzhydryl (Z)-(2S,3S,5R)-3-(2-cyano-
ethenyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate are dissolved in 3 ml of m-cresol and
stirred at 500C for 45 minutes. The reaction mixture is treated
with 10 ml of isobutyl methyl ketone and 120 pl of sodium 2-
ethylcaproate (2N in ethyl acetate, 1.1 eq.). The mixture is
extracted twice with 3 ml of water each time, the combined



B enent ary analysis: Jerr]Herr]Nerr]Qerr]SNa (344.317) REPLACEMENT SHEET
Cal c. C48.84 H3.81 NB8.14 copind#)  C 497 ]
H 4.23 N 8. 17 #) anhydrous, cal cll 3t?j2WdW1®686%
water Exanple 14 (a) Benzhydryl
(B)-(2S, 3S,5R) - 3-[ 2- (net hoxy- net hyl - car lpgm.
oyl )-vinyl]-3-nethyl-7-oxo0-4-thia-1 -aza- bi ](c:ycl o[ 3. 2.( g] 0
hept ane- 2- car boxyl ate An orange solution of 1.14 g .0 mol ) of
beﬁz hydryl @8sesss phasesorrg | washed hyith718xel st isebutyl methyl ketose
ot hoxyet hyp ool o Fhe Yellon ySphilizate e dlestived in 13 mlof ot
met hoxynet m nocar bon ne)-frip ; A
room tgmerﬁ%?é %ﬂ&e @Bgf?qféP?@%éQy?F ﬁﬁX@l‘QQ&&P?%P%\QﬁJ'on a rotary
evaporator and the residue is chronato-

Yield: 50mg (80%) of colourless lyophilizate

IR (KBr): 2222, 1782, 1626, 1395, 1323, 1141 cm-1

TH-NMR (250MHz, D20): 5[ppm] = 1.94(s,3H), 3.47(dd,1H,J=16Hz,
1.6Hz, 6-H), 3.73(dd, 1H, J=16Hz, 4.4Hz, 6-H), 4.80(s,1H,2-H),
5.19(dd, 1H, J=1.6Hz, 4.4Hz,5-H), 6.15(d.1H,J=12Hz,=CH), 6.68
(d,1H,J=12Hz,=CH).

Example 6

(a) Benzhydryl (E/Z)-(28,3S,5R)-3-(2-carbamoyl-vinyl)-3-
methyl-7-o0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

2.60 g (6.86 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-methyl-
7-oxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate and
2.15 g (6.86 mmol) of carbamoylmethylene-triphenylphosphorane
are suspended in 60 ml of THF under argon and stirred at 50°C for
45 minutes. Insoluble material is filtered off under suction and
the filtrate is concentrated on a rotary evaporator. The brown oil
is chromatographed on silica gel (particle size 0.040-0.063 mm)
with ethyl acetate:n-hexane 1:1 as the eluent and the two isomers
are separated. The Z isomer is eluted before the E isomer, both
can be obtained as crystalline solids from CH2Cl2:n-hexane.

Z isomer:
Yield: 217 mg (7.5%) of colourless solid
IR (KBr): 3441, 1777, 1743, 1678, 986 cm-1

MS: (M-CHPhp) 255



draphed over silica gel (particl e size 0.040-0.063 mm w gh
acetate:n-hexane 1:1 as the eluent. Yield: 1.12 g (80% fREﬁMELMEM SﬂEg m

M5: (MrH)+ 467.4 IR (KBr): 1781, 1744, 1662, 1629 995 ¢ ékrr% r$
Benzhydryl (E)-(2S, 3S, 5R)-3-[ 2- (et hoxy- net hyl - 2 NOV 1996
carbamoyl ) -vinyl]-3-methyl-4,4,7-trioxo-4;th ia-1 -aza- bi cycl o] 3

. 2. 0] hept ane- 2- car boxyl at e 0 69 g (1. 4@ | ) of benzhydjyl
(E)-(2S, 3S, 5R) - 3 [2 (et hoxy-

met hyl -carb 88J3ggec3- net hyl - 7- oxo- 4-t hi a- 1- aza-
bi cycl o[ 3. 2. 0] ept ane- 2-carboxylate is oxidized in anal ogy to Exanple 8.

O Omat 09T ARTY \MR {250MHz, CDGIg): Slppmi = 1.58(s,3H), 3.11(dd,1H,J=16Hz,

1.60Hz,6-H), 3.57(dd,1H,J=16Hz, 4.40Hz,6-H), 5.23(s,1H,2-H),
5.36(dd,1H,J=4.40Hz, 1.60Hz,5-H), 5.5(pseudo-d,2H,NH,), 5.75
(d,1H,J=12Hz,=CH), 6.24(d,1H,J=12Hz,=CH), 6.92(s,1H,CHPh2),'
7.29-7.43(m,10H, Ph).

E isomer:

Yield: 347 mg (12%) of crystal_line solid
IR (KBr): 3444, 1775, 1728, 1671 cm"1
MS: (M+H)+ 423.4

M.p.: 142°C (dec.)

TH-NMR (250MHz, CDCI3): § = 1.36(s,3H), 3.11(dd,1H,J=16Hz,
2.0Hz,6-H), 3.56(dd,1H,J=16Hz, 4.2Hz,6-H), 4.83(s,1H,2-H),

© 5.37(dd,1H,J=<2.0Hz, 4.2Hz,5-H), 5.55(s,br,2H,NH2), 5.97(d,1H,
J=15Hz,=CH), 6.94(s,1H,CHPh2), 6.95(d,1H,J=15Hz,=CH), 7.28-
7.40(m,10H,Ph).

(b) Benzhydryl (Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

370 mg (0.875 mmol) of benzhydryl (Z)-(2S,3S,5R)-3-(2-

carbamoyl-vinyl)-3-methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate are oxidized in accordance with Example
2. A mixture of ethyl acetate:n-hexane 1:1 is used as the eluent.

Yield: 225 mg (57%) of colourless foam

IR (KBr): 1799, 1750, 1678, 1326, 1188, 1140 cm-1



45 particle size 0.040-0.063 mm) with ethyl acetate:n} 3 )
el uen'gl.o Yield: 405 ng (55% of colourless foam Ms: (M#H ?ﬁflﬁ@@ gﬁaﬁ?
{KBr): 1807, 1753, 1662, 1624, 1318, 1140, 1000 cnierr] £) Sodi um

(E)-(2S, 3S, 5R) - 3-[ 2- (et hoxy- net hyl - carhanoyl ) - 22 NOV 1996
vinyl]-3-methyl-4,4,7-trioxo-4-thia-1 -9Zza-bicyclo[3.2.0]-
hept ane- 2- car boxyl ate. 200 ng (0.40 mmol ) of benzhydryl}

E) - (2S, 3S, .- +
Errzat mey- met hy (ﬁgﬁaﬁg‘?ﬂ?} -vinyl]-3-nethyl-4,4,7-trioxo-4-

1H-NMR (250MHz, CDCIg): 8[ppm] = 1.50(s,3H), 3.45(dd,1H,J=16Hz,
2Hz,6-H), 3.56(dd,1H,J=16Hz, 4Hz,6-H), 4.67(dd,1H,J=4Hz, 2Hz5-
H), 5.28(s,1H,2-H), 5.63(s,br,1H,NH2), 5.84(d,1H,J=13Hz,=CH), 6.69
(s,br,1H,NH2), 6.39(d,1H,J=13Hz,=CH), 6.93(s,1H,CHPh2), 7.29-
7.41(m,10H,Ph).

~T

Benzhydryl (E)-(2S,3S,5R)-3-(2-Carbamoyl-vinyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

0.64 g (1.51 mmol) of benzhydryl (E)-(2S,3R,5R)-3-(2-carbam-
oyl-vinyl)-3-methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-
2-carboxylate are dissolved in 30 ml of methylene chloride and
cooled to 0°C. 1.86 g (7.55 mmol) of meta-chloroperbenzoic acid
(content: 70-75%, 5 eq.) in 30 ml of methylene chloride are added
dropwise thereto, the cooling bath is removed after completion of
the addition and the mixture is stirred at room temperature for 6
hours. The reaction solution is extracted with sodium sulphite
solution (30% in saturated aqueous sodium bicarbonate solution)
and washed with saturated aqueous sodium chloride solution. The
solution is dried over magnesium sulphate, filtered, the solvent
is removed on a rotary evaporator and the residue remaining
behind is recrystallized using methylene chloride:n-hexane.

Yield: 210 mg (30%) of colourless solid

IR (KBr): 1799, 1756, 1686, 1329, 1143, 1191 cm-1

MS: (M+H+) 455.3

M.p.: 186-1880C

TH-NMR (250MHz, CDCI3): 8[ppm] = 1.30(s,3H), 3.47(dd,1H,J=16Hz,
3.0Hz,6-H), 3.61(dd,1H,J=16Hz, 4.4Hz,6-H), 4.67(dd,1H,J=3.0Hz,
4.4Hz,5-H), 4.82(s,1H,2-H), 5.53(s,br,2H,NH2), 6.03(d,1H,

J=16Hz,=CH), 6.98(d,1H,J=16Hz,=CH), 6.94(s,1H,CHPh2), 7.26-
7.40(m,10H,Ph).




‘t hi a- 1- aza- bi cycl o[ 3. 2.—0] hept ane- 2- car boxyl ate are degdr REPCAGEMENTCOHEETN(

Exanpl e 8.
355.3 IR

Cal c.

H 4.35 N 7.84

wat er

Yield: 95 ng (67% of colourless Iyophili Zzat .
. (KBr): 1785, 1650, 1626, 1390, 1322, 1191, H141, r]
El ementary analysis: (err]J]Herr]Nerr]Jerr]SNa (354.{3 9)2%8‘&09%2
L_Eaund#) C

C40.68 H4.27 N7.91 .30 -

181

0.

#) anhydrous, cglculated with 2.74%

| to
]

37

(¢) Sodium (Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

135 mg (0.30 mmol) of benzhydryl (Z)-(2S,3S,5R)-3-(2-car-
bamoyl-vinyl)-3-methyl-4.4.7-trioxo-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate are deprotected according to
Example 2.

Yield: 67 mg (70%) of colourless lyophilizate

IR (KBr): 3434, 1781, 1668, 1626, 1397, 1317, 1139 cm-1
MS: (M-Na)- 287.2

TH-NMR (250MHz, D20): 8[ppm] = 1.76(s,3H), 3.44(dd,1H,J=16Hz,
1.2Hz,6-H), 3.69(s,1H,J=16Hz, 4Hz,6-H), 4.68(s,1H,2-H), 5.10
(dd,1H,J=4Hz, 1.2Hz,5-H), 5.94(d,1H,J=13Hz,=CH), 6.53 (d,1H,
J=13Hz,=CH).

Sodium (E)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-methyl-4.4.7-
trioxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate

350 mg (0.78 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-car-
bamoyl-vinyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate are deprotected according to
Example 2.

Yield: 190 mg (80%)

IR (KBr): 1782, 1684, 1622, 1398, 1318, 1140 cm-1!

MS: (M-Na)- 287.2

TH-NMR (250MHz, D20): 8[ppm] = 1.66(s,3H), 3.46(dd,1H,J=17Hz,
1.4Hz, 6-H), 3.71(dd, 1H, J=17Hz, 4.0Hz,6-H), 4.62(s,1H,2-H),



46 - Exanple 15 REPLACEMENT SHEET
(B)-(2S,3S,5R) -3-Met hyl -3-[2-(1-net hyl -pyridin-2-ylio)-vijnyl]-
-4,4,7-trioxo-4-thia-1-aza-bicycl o 3. 2. 0] hept an- 2- car boxylji g a%?cNO\iEiﬂ%Tg
(0.31 mmol) of benzhydryl (E)-(2S, 3S, SRgy3.nethyl -3-
(2-pyridin-2-yl-vinyl)-4,4,7-trioxo-4-thia-1 -aza-bicycl ¢
[ 3. 2. 0] hept ane- 2-carboxylic acid are dissolved in 3 m of
chl oride, cdoflé(dd,d=0[4Mz] d.0H2,5-H)at646(d ik .de1pk2,3:CH)0. 51 nmol ) of

met hyl trifl | saLph e. The cooling bath is renpved and the

m xture is sﬁflg?@gpg%'?gg%%ﬁ%erature for 2 days. The solvent is renoved
on a rotary evaporator and the residue is dried in a high vacuum The
‘thus-obtain (200 ng, 100% is processed wthout further
purification. e brown resin is dissolved in 2 ml of mcresol and stirred
at 50[err]C for 2 hours. Thereafter, the mxture is treated with 10 m of

i sobutyl net(dy! |Bemzteydryl WE)-(28,3S5R)F3v(@-ethoxpearbonyhpropenyl)-
3-methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0}heptane-2-
carboxylate :

286 mg (0.75 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptan-2-carboxylate
are dissolved in 12 ml of THF under argon and treated with

271 mg (0.75 mmol) of (1-ethoxycarbonylethylidene)-triphenyl-
phosphorane. The yellow solution is stirred at 70°C for 6 hours
and subsequently concentrated. The residue remaining behind is
chromatographed over silica gel (0.040-0.063 mm particle size)
with ethyl acetate:hexane 9:16 as the eluent.

Yield: 157 mg (45%) of pale yellow solid
IR (film): 1788, 1754, 1704, 1642 cm-1
MS: (M+NH4+)483.4

TH-NMR (400MHz, CDCI3): §[ppm] = 1.32(t,3H,J=7.1Hz) ,1.38(s,3H),
2.03(d,3H,J=1.5Hz), 3.05(dd,1H,J=1.8Hz, 16Hz,6-H), 3.57(dd,1H,
J=4.3Hz, 16Hz,6-H), 4.23(q,2H,J=7.1Hz), 4.89(s,1H,2-H), 5.29(dd,
1H,J=4.3, 1.8Hz,5-H), 6.94(s,1H,CHPh2), 7.20(d,1H,J=1.5Hz,=CH),
7.30-7.36(m,10H,Ph). :

Example 8

(a) Benzhydryl (E,Z)-(2S,3S,5R)-3-(2-chloro-vinyl)-3-methyl-
7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

A suspension of 1.37 g (4.40 mmol) of chloromethylene-
triphenylphosphorane in 25 ml of diethyl ether is cooled to 0°C
and treated with 1.60 g (4.20 mmol) of benzhydryl (2S,3R,5R)-3-




phases are separated and the organi ¢ phase is extractedjft T of
wat er. The aqueous phases are washed twice with 10 mM o ﬁ%@@\(}wmﬁrﬁh

ketone each tine, filtered and Iyoph- ilized. The yell ol ¢h Iyophlllzat SIS
chromat ogr aphed over pol yneric hydrophobic gel with watgr |as2 2HNOV I8t
Yield: 105 ng (72% of orange |yophili-z82e- IR (KBr): 17178, 1627, 1377,
1185, 970 cm1 WMs: (M+) 337.4 Exanple 16 (a) BenzhydryT (I

Caza bl cyel SpRny gy metRYR A InTs 152a HIEVEIOLE, FdiReniprARR A L &
E, 3E) - (2S, 3sasyxyatel- f Theycooling:-biath- is cegovesl anst the - mnttuae 48t hi a- 1
-aza- bi cycl ghikredt UtNARS A" ferhperatitsYicH @ further 3 hours. The orange
suspension is filtered and subsequently concentrated. The
residue remaining behind is chromatographed over silica gel
(0.040-0.063 mm particle size) with ethyl acetate:hexane 1:2 as
the eluent.

Yield: 1.20 g (69%) of yellow isomer mixture, E:Z 7:8
Spectroscopic data of the mixture:
IR (film): 1782, 1747, 1590, 1496, 1251 cm-1

MS: (M+NH4+) 413

(b) Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-chloro-vinyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carbox-
ylate

2.98 g (14.05 mmol) of sodium metaperiodate are dissolved in
30 ml of water under argon and cooled to 0°C. The solution is
treated with 0.93 g (11.17 mmol) of sodium bicarbonate
followed by 45 ml of acetonitrile as well as 60 ml of methylene
chloride. 9 mg (0.070 mmol) of ruthenium dioxide and subse-
quently the solution of 1.20 g (2.90 mmol) of benzhydryl (E/Z)-
(25,3S,5R)-3-(2-chloro-vinyl)-3-methyl-7-0x0-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate are added to the two-phase
mixture. The cooling bath is removed and the reaction mixture is
stirred until the reaction has finished (tlc control). Subse-
quently, the mixture is treated with 2 g of active charcoal and
20 ml of saturated sodium chloride solution, stirred for

5 minutes and suction filtered over Dicalite. The phases are
separated in a separating funnel, the aqueous phase is extracted
twice with methylene chloride and the combined organic extracts
are washed with water and saturated sodium chloride solution,
dried over magnesium sulphate/fuller's earth, filtered and
evaporated. The residual oil is chromatographed over silica gel
(pérticle size 0.040-0.063 mm) with ethyl acetate:n-hexane 1:2



- 47 - is prepared in analogy to Exanple 9 from3.81 g ('10R %MENBfSHEET
benzhydryl (2S, 3R, 5R)-3-fornyl -3-nethyl -7-o0xo0-4-thia-1-azh-
bi cycl o[ 3. 2. 0] hept ane- 2- car boxyl ate and 4.55 g (15.0 mol ) pf 22 NOV 1996
fornyl net hyl ene-tri phenyl phosphorane.  Chromatography is pafried out over
silica gel (0.040-0.063 mm particle si ze)33/v| th met hyl ene phlorrderettyt
acetate 98:2 as the eluent. Yield: 347 (8% of yellowsh resin N5

(MENH4) + 451.4 IR (KBr): 1779, 1745, 1680 1637, 1201, 988 cnierr]
as the eluent, the two isomers belng separated in this manner.

The Z isomer is eluted as the first component.

Yield: Z: 495 mg (38%) of colourless foam
E: 385 mg (30%) of colourless foam

Spectroscopic data E isomer:
MS: (M+NH4)+ 463.4

IR (KBr): 1800, 1756, 1612, 1331, 1143, 700 cm-!

Spectroscopic data Z isomer:

MS: (M+NH4)*+ 463.4

IR (KBr): 1800, 1755, 1630, 1330, 1143, 700 cm1

() Sodium (E)-(28,38.5R)-3-(2-chIoro-vinyI)-3-methyl-4_,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

385 mg (0.86 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-chloro-
vinyl)-8-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate are dissolved in 2.3 ml of m-cresol under
argon and stirred at 50°C for 4 hours. Subsequently, the mixture
is diluted with 15 ml of isobutyl methyl ketone, treated with
0.50 ml of sodium 2-ethylcaproate (2N solution in ethyl acetate)
and extracted three times with 8 ml of water each time. The
combined aqueous phases are washed once with 10 ml of isobutyl
methyl ketone, lyophilized and the lyophilizate obtained is
chromatographed over polymeric hydrophobic gel with water as
the eluent.

Yield: 57 mg (32%)
MS: (M-Na)- 278.2

IR (KBr): 1780, 1626, 1564, 1417, 1329, 1145 cm-1



: l_ REFLAVEMENT SHEET
Exanple 17 (a) Benzhydryl (1E, 3E) and (1E, 32)-(2S, 3S, pR) - 3- (4- cyano-
but a- 1, 3-di enyl ) - 3- net hyl - 7- oxo- 4- t hi a- 1- aza- bi cycl o- 22 NOV 1996

<[ 3. 2. 0] hept ane- 2- car boxyl ate Benzhydryl (1 E, 3E) and

(1E, 32)-(2S, 3S,5R) - 3-(4-cyano-buta-1, 3- gi enyl) - 3- net hy| - 7-oX0#=ttHre4
-aza- bi cycl o[ 3. 2. 0] hept ane- 2- car boxyl at 43 prepared ifp_anal ogy to Exangl e
4, Method B, from 815 ng (2.14 mmol) of benzhydryl (1E, 3E)-(2S,3S, 5R)-3-14-
{gr r27ylo] Eut a- 1S&ddjmn>(2))-(|2$r;38155R7f33>$2=dhIfohba\lvmwai&-ft_)éﬂwll-é-.%?- . |

2. ept a - cof | /|42 - | _pu silica ge
(particle si 2@'%‘%%?8'%83%%% Ev%ﬂ%i?%ﬁlg%@ttgbg %&%Fe%)(gﬁgp%}%rz as the
eluent. Yield: 820 ng (89% of isomer mxture, E:Z 2:3 Spectroscopic data
of the isomer4gDximy e: (0.08 Ml of BdbahyidiyD. (7455, 356R)-B42-chibro- |

vinyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate are deprotected according to Example 8.

Yield: 176 mg (65%) of colourless lyophilizate
MS: (M-Na)- 278.2
IR (KBr): 1779, 1626, 1398, 1321, 1142 cm-1

Elementary analysis: CgHgCINOsSNa (301.676)
Calc. C 3583 H 301 N 464
Found#) C 3572 H 3.04 N 465

- #) anhydrous, calculated with 5.53 % water
Example 9

(@ (E)-(25,3S,5R)-3-methyl-7-0x0-3-(3-0x0-but-1-enyl)-4-
thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

381 mg (1.00 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
are dissolved in 12 ml of THF under argon and treated with

350 mg (1.10 mmol) of acetylmethylene-triphenylphosphorane.
The mixture is stirred at 50°C for 6 days and subsequently
concentrated. The residue remaining behind is chromatographed
over silica gel (0.040-0.063 mm. particle size) with ethyl
acetate:methylene chloride 95:5 as the eluent.

Yield: 221 mg (52%) of white resin
IR (film): 1782, 1681, 1627, 1319, 1141, 980 cm-1

MS: (M-Na)- 286.1



M5:  ( MENH4
Benzhydryl
; 3-dienyl) -
bi cycl of 3.
E, 3E) and

(28 3S, 5R) -
thi a-1-aza-
Exanpl e 8.

gel (parti
el uent.

+) 448.5 )34 - A8 - (b)
(1E 3E) and (1E, 32)-(2S, 3S, 5R) - 3- cyano-
-methyl-4,4,7-trioxo-4-th ia-1 -aza- REP@'ﬁEﬁEﬂIT SHEET
2.0] hept ane- 2- car boxyl at e 770 ng (1.79 mol DT benz \;/dryl 1
(1 E, 32)-
3- (4 cyano- buta-1, 3- dlenyF)3§ met hyl - 7- oxo- 4
bi cycl of 3. 2. 0] hept ane- 2- car boxyl ate are oxidjzed according to
The two |sorrers can be separated by chronmat bgaphy over silicih

Thib§ T Esathydri (B2 ES s s kRl Fur ébayrggt Z%toxorfx?qe nylf. as the
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2. O]heptane 2- .
carboxylate

221 mg (0.49 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-7-
0x0-3-(3-0x0-but-1-enyl)-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate are oxidized according to Example 8. Chromatography
is carried out once over silica gel (particle size 0.040-0.063 mm)
with ethyl acetate:n-hexane 9:16 as the eluent and crystallization
is carried out from methylene chloride/n-hexane.

Yield: 95 mg (40%) of colourless crystals

MS: (M+NHz)+ 471.2

IR (KBr): 1798, 1760, 1682, 1627, 1330, 1193, 1142, 976 cm-1

-M.p.: 183-1840C

(c) Sodium (E)-(2S,3S,5R)-3-methyl-3-(3-0xo-but-1-enyl)-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

250 mg (0.55 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-
(3-oxo-but-1-enyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]-

heptane-2-carboxylate are deprotected according to Example 8.
Yield: 47 mg (27%) of colourless lyophilizate

MS: (M-Na)- 286.1

IR (KBr): 1782, 1681, 1627, 1394, 1319, 1141, 980 cm-1



Yi el d: Z: 430 mg (52% of colourless oil
col ourl ess. foam Spectroscopic data E isoner: N5 (M:N REP%EMENTISHEET
:(KBr): 2219, 1800, 1756, 1329, 1191, 994 cnierr] Spectifo
i sonmer: MS: (MrNH4)[err] 435.3: IR(KB@E 2210, 1800,
993 cnferr] (c) Sodium (1E,3E)-(2S,3

nmethyl -4,4,7-trioxo-4-th ia-1-aza- blcyclo[3 0]

car boxyl at e Example 10

(@ (E)-(2S,3S5,5R)-3-(2-Formyl-vinyl)-3-methyl-7-0x0-4-
thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

3.81 g (10.0 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
are dissolved in 40 ml of methylene chloride under argon and
treated with 3.34 g (11.0 mmol) of formylmethylene-triphenyl-
phosphorane. The yellow solution is stirred at room temperature
for 3 days and subsequently concentrated. The residue remaining
behind is chromatographed over silica gel (0.040-0.063 mm
particle size) with tert.butyl methyl ether:n-hexane 2:3 as the
eluent.

Yield: 528 mg (13%) of colourless resin

IR (film): 2738, 1781, 1744, 1717, 1690, 1496, 1178, 986 cm-!
MS: (M+MH4+) 425.6

Example 11

(a) Benzhydryl (E)-(2S,3S,5R)-3-methyl-3-[2-(1,2,4-0xadia-
zol-3-yl)-vinyl]-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

1.14 g (3.0 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-methyl-
7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are
dissolved in 15 ml of 1,2-butylene oxide, treated with 1.38 g
(3.6 mmol) of (1,2,4-oxadiazol-3-yl)methyl-triphenylphos-
phonium chloride and refluxed for 10 hours. Subsequently, the
mixture is filtered, the filtrate is evaporated and the residual
brown oil is chromatographed over silica gel (0.040-0.063 mm
particle size) with methylene chloride as the eluent.

Yield: 280 mg (21%) of colourless crystals

MS: (M+NH4)*+ 465.3



250 mg (0.54 mol ) of behzhydryl (1E, 3E)-(2S, 3S,5R) - 3-(4-

cyano-buta-1, 3-dienyl)-3-nethyl-4,4,7-tri oxo-4-thia-1-az aREPLACEMENT SHEET

bi cycl o[ 3. 2. 0] hept ane- 2- car boxyl ate are deprotected in gng
8 - 4947 _Yield: 55 ng

| ogy to Exanp

o U (4122 ROVY®YS OV
| yophilizate IR (KBr): 2221, 1781, 1631, °1397, 1319, 1134,

e
M

992 cnferr]

MS: (MtNa)[err] 341.2 Sodium
(1E, 32)-(2S, 3S, 5R) - 3- (4-cyano- but a- 1, 3-di enyl ) - 3-

eyl -4 4 TR (RBA: 1793, 17850 1658019007 F200,"884 2B AT

(b) Benzhydryl (E)-(2S,3S,5R)-3-methyl-3-[2-(1,2,4-
oxadiazol-3-yl)-vinyl]-4,4,7-trioxo-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate

280 mg (0.63 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-
[2-(1,2,4-0xadiazol-3-yl)-vinyl]-7-0x0-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate are oxidized according to Example 8.
Chromatography is carried out once over silica gel (particle size
0.040-0.063 mm) with ethyl acetate:n-hexane 9:16 as the eluent
and crystallization is carried out from methylene chloride/n-
hexane.

Yield: 95 mg (40%) of colourless crystals

MS: (M-H)- 478.3

IR (KBr): 1805, 1758, 1650, 1334, 1196 cm-1
M.p.: 15670C

Elementary analysis: C24H21N30sS(479.507)
Calc. C 6012 H 441 N 8.76
Found C 5994 H 426 N 8.55

() (E)-(2S,38,5R)-3-methyl-3-[2-(1,2,4-0xadiazol-3-yl)-
vinyl]-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylic acid ' :

355 mg (0.74 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-[2-
(1,2,4-oxadiazol-3-yl)-vinyl]-4,4,7-trioxo-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate are dissolved in 3 ml of m-
cresol and stirred at 50°9C for 4 hours. 20 mi of n-hexane are
added to the pale brown solution, the separated crystals are
filtered off under suction and rinsed with n-hexane. The crude
crystallizate is recrystallized from ethyl acetate/n-hexane.



carboxylate 230 nmg (0.49 mmol) of benzhydryl (1 E, 3E)-(2S, 3S.5R)-3-(4-

cyano-but a- 1, 3-di enyl ) - 3-nethyl -4, 4, 7-tri oxo-4-thia-1 -aza-| REPLAGEMENT SHEET
bi cycl o[ 3. 2. 0] hept ane- 2- carboxyl ate are deprotected in anal .
8. Yield: 84 ng (58% of yellow sh Iyophilizate IR (KBr):|2 13, é780,

1625, 1396, 1316, 1138, 951 cnferr] M5 (MtH)+ 319.3 Elenenta >2 lel”‘s:
CerrJ]Herr]Nerr]Jerr]SNa (318.279)- 38 - Co C
45.28 H 3.48 N 8. 80 Found#) C 45.29 H 3.63
8. 82 #) anhydrous, calculated with 6. ¢

Yield: 170 mg (73%) of colourless crystals

MS: (M-H)- 312.2 |

.IR (KBr): ~2900(br), 1811, 1714, 1660, 1331, 1194, 980 cm-1
M.p.: 1619C (dec.)

Elementary aanalysis: C11H11N30sS (313.284)
Calc. C 4217 H 3.54 N 13.41
Found C 4241 H 3.64 .N 13.18

(c) Sodium (E)-(2S,3S,5R)-3-methyl-3-[2-(1,2,4-0xadiazol-3-
yl)-vinyl]-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-
2-carboxylic acid

85 mg (0.27 mmol) of (E)-(2S,3S,5R)-3-methyl-3-[2-(1,2,4-
oxadiazol-3-yl)-vinyl]-4,4,7-trioxo-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylic acid are added in one portion to a

- clear solution of 23 mg (0.27 mmol) of sodium hydrogen
carbonate in 10 ml of water, the mixture is stirred for about
10 minutes, filtered and lyophilized.

Yield: 90 mg (91%) of colouriess lyophilizate
MS: (M-Na)- 312.2
IR (KBr): 1787, 1627, 1395, 1321, 1192, 970 cm-1
Elementary analysis: C11H_10N3053Na (335.266)
Calc. C 39.41 H 3.01 N 1253

Found#) C 39.86 H 3.04 N 1251

#) anhydrous, calculated with 5.82% water



Exarrpl e 18 (a) Benzhydryl (E 2)-(2S, 3S, 5R)-3-nethyl -7-o0xo0-3-[ 2- oxo0- 1-

(2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidennethyl]-4-thia-

-aza- bi cycl o[ 3. 2. 0] hept ane- 2-carboxylate 762 ng (2.0 mmol}) RB#'L%%WNJ;@%ET
(2S, 3R 5R) - 3-fornyl - 3- l .

met hyl - 7- oxo- 4- t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept ane- 2- car boxyl{ae 22N0V499¢d
with 1.02 g (2.0 mmol) of rac-[2-oxo- %-89, 2, 2-
- 50 - trifluoroethyl)-2-pyrrolidinyl]-triphenylphosphonijum brom de

accordi ng tgi Exarrpl_g 12. Chromatography is carried out ovér.silica gel
(particle s ' .063 M) with ethyl acetate:n- .

(a) Benzhydryl (E) and (Z)-(2S,3S,5R)-3-methyl-3-(2-thiazol-
2-yl-vinyl)-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

1.14 g (3.0 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-methyl-
7-oxo0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are
dissolved in 50 ml of 1,2-butylene oxide, treated with 1.53 g
(3.86 mmol) of (thiazol-2-ylymethyl-triphenylphosphonium
chloride and refluxed for 40 hours. Subsequently, the mixture is
filtered, evaporated and the brown residue remaining behind is
chromatographed over silica gel (0.040-0.063 mm particle size)
with methylene chloride:ethyl acetate 95:5 as the eluent. The
two isomers are separated in this manner, the Z isomer being
eluted as the first component.

Z isomer:

Yield: 240 mg (17%) of yellow oil

IR (film): 1778, 1743, 1493, 1197, 986 cm-1
MS: (M+H+) 463.5

E isomer:

Yield: 855 mg (62%) of yellow resin

IR (KBr): 1779, 1746, 1492, 1292, 988 cm-1

MS: (M+H)+ 463.5



et =RVRIILIVE onfkED

hexane 9:16 as the eluent. Yield: 763 ng (71% of isoner mixtjure, EZ 5:1
Spectroscopic data of the mixture: IR (filnm: 1782, 1748, 1j7Q2 Z@NQV 199638
cnerr] M (MCPh2) 363 (b) .Benzhydryl (E) und
(2)-(2S, 3S, 5R) - 3- et hyl - 3-[ 2- oxo- 1- 4
(2,2,2-trifluoro-ethyl)-pyrrolidin-3- yht?enerrethyl] 4,4,7-
trioxo-4-thia- 1 -aza-bicyclo[3.2.0]heptane-2-car boxyl ate 763 ng (1.42

m("23| )2 (Z)ftbeflb gdrBénﬁEf'aByl(2{5)3&5&S$5R!)t$theTthyb94Q4$7Eﬂmxo -3- (
ri uor rr
met hyI] 4-t hi a- lqﬁé '%%OY@NﬂO‘?ﬁgrﬁate ggc% o‘§<I [gf?é y hee%'g( %I -d

according to Exarqaré)aa(ylalhe two i soners can be separ- ated by

chromat ography over silica gel (partlcle size 0.040- 0.063 mm wth ethyl

t at h 1:2 th lu
acet at e: n- exanemg (0a23 m?noel) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-

(2-thiazol-2-yl-vinyl)-7-ox0-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate are oxidized according to Example 8.
Chromatography is carried out over silica gel (particle size
0.040-0.063 mm) with methylene chloride:ethyl acetate 95:5 as
the eluent. -

Yield: 72 mg (33%) colourless foam
MS: (M+H)* 495.4
IR (KBr): 1799, 1756, 1329, 1192, 1142, 963 cm-1

Benzhydryl (Z)-(2S,3S,5R)-3-methyl-4,4,7-trioxo-3-(2-thiazol-
2-yl-vinyl)-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

210 mg (0.45 mmol) of benzhydryl (Z)-(2S,3S,5R)-3-methyl-
4,4,7-trioxo-3-(2-thiazol-2-yl-vinyl)-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate are oxidized according to Example 8.
Chromatography is carried out over silica gel (particle size
0.040-0.063 mm) with methylene chloride:ethyl acetate 95:5 as
the eluent.

Yield: 72 mg (33%) of colourless foam
MS: (M+H)* 495.4
IR (KBr): 1793, 1754, 1490, 1328, 1184, 1142, 963 cm-1

(E)-(2S,3S,5R)-3-Methyl-4,4,7-trioxo-3-(2-thiazol-2-yl-vinyl)-
4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylic acid

200 mg (0.40 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-
(2-thiazol-2-yl-vinyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo-



- : : REPLAGEMENT SHEET
Yi el d: E: 192 ng (24% of col ourless foam A M @ LYY

NS T

AL
col ourl ess foam Spectroscopic data E isoner: M. (MtNHE)+ 580.4 IR
.(KBr): 1801, 1759, 1706, 1667, 1329, 1144 cnferr] Spect osc@&!"%ﬂ@ﬁz
i somer: M5: (MENH4) + 580. 4 41 _ - 51 -

[3.2.0]heptane-2-carboxylate are deprotected analogously to
Example 11.

Yield: 53 mg (40%) of colourless crystals
MS: (M+H)+ 329.4
IR (KBr): 2800(br), 1791, 1740, 1634, 1321, 1142, 965 cm-1

Sodium (E)-(2S,3S,5R)-3-methyl-4,4,7-trioxo-3-(2-thiazol-2-
yl-vinyl)-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

53 mg (0.16 mmol) of (E)-(2S,3S,5R)-3-methyl-4,4,7-trioxo-3-
(2-thiazol-2-yl-vinyl)-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylic acid are converted into the corresponding sodium salt
analogously to Example 11.

Yield: 55 mg (98%) of colourless lyophilizate

IR (KBr): 1778, 1627, 1392, 1318, 1192, 1141, 955 cm1
Elementary analysis: C12H11N20sS2Na (350.339)

Calc. C 4114 H 3.16 N 8.00

Found#) C 4073 H 3.51 N 7.92
#) anhydrous, calculated with 5.9% water

Sodium (Z)-(ZS,3S,5R)-3-methyl-4',4,7-trioxo-3-(2-thiazol—2-
yl-vinyl)-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

160 mg (0.32 mmol) of benzhydryl (Z)-(2S,3S,5R)-3-methyl-
4,4,7-tridxo-3-(2-thiazol-2-yl-vinyl)-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate are converted into the corres-
ponding sodium salt analogously to Example 8.

Yield: 60 mg (57%) of colourless lyophilizate



IR (KBr): 1798, 1755, 1694, 1327, 1142 cnferr] (c) REPLACEMENT SHEET
(B)-(2S,3S,5R) -3-Methyl -3-[2-0x0-1 -(2,2,2-trifluoro-
et hyl)-pyrrolidin-3-ylidenenethyl]-4,4,7- tr| oxo-4-thia-1 - NOV 1996
aza- bi cycl o[ 3. 2. 0] hept ane- 2-car boxyl iC ﬁ 192 ng (0.34 nmpl (%2
benzhydryl (E)-(2S, 3S, 5R)-3-nethyl - [g oxo-1 :
-(2,2,2-trifluoro-ethyl)-pyrrolidin- 3 yl i denenet hyl ] -

4,4, 7-trioxo-4-thia-1-aza-bicycl o[ 3. 2.0] heptane-2-carboxy| at é—e-e
depr ot ect ed anal 0 ous to Example 11.

| .
crystal powtfd H 1629) [1888, 411312 1ﬂﬂ3(78 (ggé%?ﬁ{)coa%{)l ei?zg,

1674, 1646, 1321 1166 cm1l Sodium

(BE)-(2S, 3S, 2-t4r

et hyl)-pyrr iﬁ mﬁeéﬁq%ﬁ-ﬁ%@%)}lég&@ t?ll SQ{)SE%? ?;:2(dd 1H.J=16Hz,

bi cycl o[ 3. 21(BHe 8-k e-258ddbIH, e 6HzZ, 4.1Hz,6-H), 5. 04(dd 1H, J 1 .2Hz,
4.1Hz,5-H), 5.19(s,1H,2-H), 6.06(d,1H,J=12.5Hz,=CH), 7. 14(d,1H,J=
12.5Hz,=CH), 7.75(AB system,2H,J=3.5Hz, thiazole-H).

Example 13

(a) Benzhydryl (E)-(2S,3S,5R)-3-methyl-3-(2-pyridin-2-yl-
vinyl)-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

A suspension of 353 mg (1.0 mmol) of (2-picolyl)methylene-
triphenylphosphorane and 381 mg (1.00 mmol) of benzhydryl
(28,3R,5R)-3-formyl-3-methyl-7-oxo0-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate in 10 ml of diethyl ether is stirred
at room temperature under argon for 2 hours. The mixture is
treated with 10 ml of methylene chloride, insoluble material is
removed by suction filtration and the filtrate is concentrated.
The residue remaining behind is chromatographed over silica gel
(particle size 0.040-0.063 mm) with methylene chloride:ethyl
acetate 95:5 as the eluent.

Yield: 128 mg (28%) of a colourless foam

MS: (M®) 456

IR (KBr): 1779, 1747, 1634, 1291, 988 cm-1

(b) Benzhydryl (E)-(2S,3S,5R)-3-methyl-3-(2-pyridin-2-yi-
vinyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

196 mg (0.43 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-

(2-pyridin-2-yl-vinyl)-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate are oxidized according to Example 8.



>

50 ng (0.13 nmmol) of (E)-(2S, 3S, 5R) - 3-net hyl - 3-[ 2- oxo-1- —

(2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidenenethyl]-4,4,7- REPLACEMENT SHEET

trioxo-4-thia-1-aza-bicycl o[ 3.2.0] heptane-2-carboxylic acid |afe converted

into the correspondi ng sodi um salt anal ogously to Exanple 11. i 2 2:NOR

(98% of colourless Ilyophilizate I|IR-(43r): 1780, 1699, 1628, {1478, 1396,

1323, 1140 cm1l Elenentary analysis: derr]J]Herr]Nerr]derf]F errTSNa
418. 318 . . Cal c. G,.40. 20, H 3.37 . ydo)

I(: By ) Chromgtographys is Gargiesh out’ over silica gel (partlgle#)sda#‘%drou&

- cal cul at ed i04i0-3.08%awm) ewith methylene chloride:ethyl acetate 95:5 as

the eluent.

Yield: 130 mg (62%) of colourless foam"
MS: (M+H)* 489.4
IR (KBr): 1799, 1756, 1580, 1490, 1327, 1184, 1141, 969 cm-1

(¢) (E)-(2S,3S,5R)-3-Methyl-3-(2-pyridin-2-yl-vinyl)-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]Jheptane-2-carboxylic
acid '

200 mg (0.41 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-
(2-pyridin-2-yl-vinyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]-

heptane-2-carboxylate are deprotected analogously to Example
10.

Yield: 85 mg (65%) of pale beige crystal powder
MS: (M+H)+ 323.3
IR (KBr): 2700(br), 1790, 1720, 1621, 1318, 1140, 978 cm-1

Sodium (E)-(2S,3S,5R)-3-methyl-3-(2-pyridin-2-yl-vinyl)-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylic acid

83 mg (0.17 mmol) of (E)-(2S,3S,5R)-3-methyl-3-(2-pyridin-2-
yl-vinyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-

carboxylic acid are converted into the corresponding sodium salt
analogously to Example 10. '

Yield: 89 mg (100%) of colourless lyophilizate

IR (KBr): 1784, 1629, 1587, 1478, 1396, 1320, 1187, 1141, 980 cm-1



-52 - Exanple 19 (a) Benzhydryl

(E/2)-(2S, 3S,5R) -3-(1-cycl opropyl - 2- oxo- -
pyrrolidin-3-ylidenenethyl)-3-nmethyl-7-oxo0-4-thia-1 -

aza- bi cycl o[ 3. 2. 0] hept ane- 2-car boxylate . 381 ng (1.0 mmol)
(2S, 3R 5R) - 3-fornyl -3- nethyl -7-oxo-4-t Aa-1

-aza-bicycl o[ 3. 2. 0] hept ane- 2-carboxyl ate are reacted with
of rac-[1-cyej - A3 a3- | Ngl r(igRResyFyphos
accordi ng t?lgxﬂgérr@%ylép a%%ha%{;ﬂﬁ@%@%ér r(?g?i' out)pove
(particle size 0.040-0.063 nm with ethyl acetate:n-hexane

eluent. Yield: 362 ng (74% of ggrrer mxtusg,g4 ZHo:3181
Found#) C 49.18 H 4.23
#) anhydrous, calculated with

xampl

REPLACEMENT SHEET

of benzhydryl
2 2 NOV 1996
19 ng (1.1 mol )
pbhonT um br om ae
silica gel

9:16 as the
N 8.14

N 8.17

6.86% water

(a) Benzhydryl (E)-(ZS,38,5R)-3-[2-(methoxy-methyl-carbam-
oyl)-vinyl]-3-methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]-

heptane-2-carboxylate

An orange solution of 1.14 g (3.0 mmol) of benzhydryl
(2S,3R,5R)-3-formyl-3-methyl-7-ox0-4-thia-1-aza-bicyclo-

[3.2.0]heptane-2-carboxylate and 1.14 g (3.15 mmol)

of (N-

methoxymethylaminocarbonyimethylene)-triphenylphosphorane is

stirred at room temperature under argon for 3 days.
is removed on a rotary evaporator and the residue is
graphed over silica gel (particle size 0.040-0.063 m
ethyl acetate:n-hexane 1:1 as the eluent.

Yield: 1.12 g (80%) of colourless foam
MS: (M+H)+ 467 .4

IR (KBr): 1781, 1744, 1662, 1629, 995 cm-1

The solvent
chromato-
m) with

(b) Benzhydryl (E)-(ZS,3S,5R)_—3-[2-(methoxy-methyl—
carbamoyl)-vinyl]-3-methyl-4,4,7-trioxo-4-thia-1-aza-

- bicyclo[3.2.0]heptane-2-carboxylate

0.69 g (1.48 mmol) of benzhydryl (E)-(2S,3S,5R)-3-[2-(methoxy-
methyl-carbamoyl)-vinyl]-3-methyl-7-0xo0-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate is oxidized in analogy to
Example 8. Chromatography is carried out aver silica gel



Spectroscopic data of the mxture: IR (film: 1780, 1750, REPEACEMENI SHEET
1195, 1118 cnjerr] WMs: (MtH)+ 489.4 Exanple 20 (a) Ben2r fr-yrt
{(E) - (2S, 3S, 5R) - 3- ( 3- hydr oxy- propen- 1-yl ) - 3- met hyl - 7-joxjo néjﬂbg%
-aza- bi cycl o[ 3. 2. 0] hept ane- 2- carboxylate 5.80 g (14. 2 1996
benzhydryl (E)-(2S, 3S,5R)-3-(2-fornyl- ginyl)-3-nethyl-7-oxokd4-thia-1
-aza-bi cycl o[ 3. 2. 0] hept ane- 2- car boxy! g)lse are di ssol ved i 240 mM of

t ol uene under argon and cooled to O[err]C. Then, 14.2 m (‘Z&-3—retr—of—oa

20% di i SObl(FHchlé' iz 01040-0.068 mat)utwith éthiylt elogtatd:nahexanded:2r opwi se
and the coaq glg a‘ #s renoved. The reaction mxture is stirred at room

terrperatur@sf e CIHEN poured into 150 ml of saturated ammoni um chl ori de
solution and extracted three times with 200 m of nethyl ene chloride each

time. The AYlY:"565 Mg (B5%) of colourless foam
MS: (M+H)+ 499.4
IR (KBr): 1807, 1753, 1662, 1624, 1318, 1140, 1000 cm-1
(¢) Sodium (E)-(2S,3S8,5R)-3-[2-(methoxy-methyl-carbamoyl)-
vinyl]-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate.
200 mg (0.40 mmol) of benzhydryl (E)-(2S,3S,5R)-3-[2-
(methoxy-methyl-carbamoyI)-vinyl]-3-methyl-4,4,7-trioxo-4-
thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are deprotected
according to Example 8.
Yield: 95 mg (67%) of colourless lyophilizate
MS: (M+H)+ 355.3
IR (KBr): 1785, 1650, 1626, 1390, 1322, 1191, 1141, 980 cm-1
Elementary analysis: Ci2H15N207SNa (354.309)
Calc. C 4068 H 427 N 7.91

Found#) C 4037 H 435 N 7.84

#) anhydrous, calculated with 2.74% water



sodi um chl ori de sol ution, dried over nmagnesi um sul phate, fi
from solvent on a rotary evaporator. The residual yellow oi .
chr omat ogr aphed over silica gel (particjri size 0.040-0.063 2iZ NOVt1995
acetate: n-hexane 9:16 as the eluent. Yield: 1.90 g (32% df jcol ourl ess
resin IR (film: 3480(br), 1778, 1750, 1202, 1080, 988 cnilerrt

: 53 - extracts are washed once with 300 ml of water as wdll
| REPEACEHIENT, SHEET
| Wis

(E)-(2S,3S,5R)-3-Methyl-3-[2-(T-methyl-pyridin-2-ylio)-vinyl]-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptan-2-carboxylic
acid

150 mg (0.31 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-
(2-pyridin-2-yl-vinyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylic acid are dissolved in 3 ml of
methylene chloride, cooled to 0°C and treated with 56 pl

(0.51 mmol) of methyl trifluoromethylsulphonate. The cooling
bath is removed and the mixture is stirred at room temperature
for 2days. The solvent is removed on a rotary evaporator and the
residue is dried in a high vacuum. The thus-obtained product
(200 mg, 100%) is processed without further purification. The
brown resin is dissolved in 2 ml of m-cresol and stirred at 50°C
for 2 hours. Thereafter, the mixture is treated with 10 ml of
isobutyl methyl ketone as well as 5 ml of water, shaken, the
phases are separated and the organic phase is extracted twice
with 5 ml of water. The aqueous phases are washed twice with
10 ml of isobutyl methyl ketone each time, filtered and lyoph-
ilized. The yellowish lyophilizate is chromatographed over
polymeric hydrophobic gel with water as the eluent.

Yield: 105 mg (72%) of orange lyophilizate
IR (KBr): 1778, 1627, 1377, 1185, 970 cm-1
MS: (M+) 337.4

Example 16

(a) Benzhydryl (1E,3E)-(ZS,38,5R)-3-_(4-formyl-buta-1,3-
dienyl)-3-methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]-
heptane-2-carboxylate

Benzhydryl (1E,3E)-(2S,3S,5R)-3-(4-formyl-buta-1,3-dienyl)-3-
methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate



MS: (M:NH4)+ 427.6 (c)  Sodium REPLACEMENT SHEET
(B)-(2S, 3S,5R) - 3- (3- hydroxy- propen-1-yl) - 3- .
et hyl -4,4,7-tri oxo-4-thia-1 -aza-bicycl o[ 3. 2. 0] hept ane- 2- '
carboxylate 500 nmg (0.95 mml) of benzhydryl (E)-(2S, 3S, 5R)-3-2r3tmv 1996
4,4, 7-trioxo-3-[3-[(R) - and (S)-tetrahy o-pyran-2-y| oxy] -
propenyl ]-4-thia-1-aza-bicyclo[3.2.0]h dne- 2- carboxyl atej are deprotected

according to Exanple 8. Yield: 165 ng (62% of col ourl ess Yyophitizate
VS (M Na) |s25f‘e;5’arebRu‘ @iéloﬂgg?@ EH:% 1@2\%ml%9§ gq}?(ibohi%!) b¥39, 1082

EQT% Hle tarxxa LyZZ%;IB FEJ 51 erréﬁ'lNal (720xo 2 t)hla 1-aza-

blcyclo[320]heptane-2-carboxylate and 4.55g (15.0 mmol) of
formylmethylene-triphenylphosphorane. Chromatography is
carried out over silica gel (0.040-0.063 mm particle size) with
methylene chloride:ethyl acetate 98:2 as the eluent.

Yield: 347 mg (8%) of yellowish resin

MS: (M+NHg)*+ 451.4

IR (KBr): 1779, 1745, 1680, 1637, 1201, 988 cm-1
E&émp_le_'ll

(a) Benzhydryl (1E,3E) and (1E,32)-(2S,3S,5R)-3-(4-cyano-

buta-1,3-dienyl)-3-methyl-7-ox0-4-thia-1-aza- blcyclo-
[3.2.0]heptane-2-carboxylate

Benzhydryl (1E,3E) and (1E,3Z)-(2S,3S,5R)-3-(4-cyano-buta-1,3-
dienyl)-3-methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate is prepared in analogy to Example 4, Method B, from
815 mg (2.14 mmol) of benzhydryl (1E,3E)-(2S,3S,5R)-3-(4-
formyl-buta-1,3-dienyl)-3-methyl-7-0x0-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate. The residual oil is purified over
silica gel (particle size 0.040-0.063 mm) with ethyl acetate:n-
hexane 1:2 as the eluent.

Yield: 820 mg (89%) of isomer mixture, E:Z 2:3
Spectroscopic. data of the isomer mixture:

IR (film): 2215, 1780, 1745, 1202, 989 cm-!

MS: (M+NH4+) 448.5



Found#)  C40.44 H 4,48 N 4.79 #NERLACEMENT, SHEET

calculated wth 8. 73% wat er 54 -
Benzhydryl (E)-(2S,3S, 5R)-3-nethyl-7-o0x0-3-[3-[(R)- and () 2 2 NOV 9%
t et rahydr o- pyran- 2-yl oxy] - propenyl ]-4-thia-1 -aza-bicycl o-

[ 3. 2. 0] hept ane- 2-carboxylate 620 ng ( Q mmol ) of benzhydfy
(B)-(2S,3S,5R) - 3-(3-hydroxy- propenyl)-3-nethyl -7-o0xo0-4-thi @-_1

-aza-bi cycl o[ 3. 2. 0] hept ane- 2-carboxyl ate are dissolved in 30 m_of

met hyl ene cil)or i Benzhydey et EcB E) tandt (SERBZ) (28,3 Sy5R)) 3ef4-cyano-
p- t of uenesul phoms g1t & -TREAVISITrfthYPSEWIITH b 42Tni-{ 2 28- 1) of

3,4-di- bicyclo[3.2.0]heptane-2-carboxylate

770 mg (1.79 mmol) of benzhydryl (1E,3E) and (1E,32)-
(2S,35,5R)-3-(4-cyano-buta-1,3-dienyl)-3-methyl-7-0x0-4-
thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are oxidized
according to Example 8. The two isomers can be separated by
chromatography over silica gel (particle size 0.040-0.063 mm)
with ethyl acetate:n-hexane 9:16 as the eluent. The Z isomer is
eluted as the first component.

Yield: Z: 430 mg (52%) of colourless oil
E: 280 mg (34%) of colourless foam
Spectroscopic data E isomer:

MS: (M+NH4)* 480.5
IR (KBr): 2219, 1800, 1756, 1329, 1191, 994 cm-!

Spectroscopic data Z ‘isomer:

MS: (M+NH4)+* 435.3
IR (KBr): 2210, 1800, 1756, 1330, 1192, 993 cm-1

() Sodium (1E,3E)-(28,3S,5R)-3-(4-cyano-buta-1,3-dienyl)-

3- .
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

250 mg (0.54 mmol) of benzhydryl(1E,3E)-(2S,3S,5R)-3-(4-
cyano-buta-1,3-dienyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate are deprotected in analogy to
Example 8.



hydro- 2H pyran is added and the m xture is stirred for a f ——e
The solvent is renoved on a rotary evaporator and chronmat ogrREPLACEMENT SHEEW
out over silica gel (particle size 0.040-0.063 nMm) with ethy
acetate:n-hexane 9:16 as the eluent. Yigld: 700 ng (93% Fo o%ﬁww
di astereoner mixture (1:1) IR (filnm: 3081, 1782, 1749, 1p5¥, , é
cnferr] M. (M:NH4) + 511.6 Benzhydryl

(B)-(2S, 3S, SRjigld:m85hmg 4(44°/Z) tafi gelowidhs- beammzumd |
(S)-tetrahydro-pyran-2-yl oxy]-propenyl]-4-thia-1 -aza-bicyttos

[ 3. 2. 0] hept ane- 2-carboxylate 585 ng (1.18 mml) of benzh dryI

(

(

t

E) - (2S, 3S, 5RR 8KBe):hy2221, d¥813-1631,( RB97ant819, 1139, 99 cm-1
S) -t et rahydr o- pyr an- 2-yl oxy] propenyl ] - 4-

hi a- 1- aza- bi cgcl o[ 3. 2. %Ahegt ane- 2- carboxyl ate are oxidi zed according to
Exanpl e 8. carried out over silica gel (particle size
0. 040- 0. 063 MM vmth et hyl acetate:n- hexane 9:16 as the eluent.

Sodium (1E,32)-(2S,3S,5R)-3-(4-cyano-buta-1,3-dienyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0}heptane-2-
carboxylate

230 mg (0.49 mmol) of benzhydryl (1E,3E)-(2S,3S5,5R)-3-(4-
cyano-buta-1,3-dienyl)-3-methyi-4,4,7-trioxo-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate are deprotected in analogy to
Example 8.
Yield: 84 mg (58%) of yellowish lyophilizate
IR (KBr): 2219, 1780, 1625, 1396, 1316, 1138, 951 cm-1
MS: (M+H)+ 319.3
Elementary analysis: Cq12H11N20sSNa (318.279)
Calc. C 4528 H 348 N 8.80
Found#) C 4529 H 363 N 882

#) anhydroué, calculated with 6.93% water

Example 18

(a) Benzhydryl (E/Z)-(ZS,BS,5R)-3-methyl-7-oxo-3-[2-oxo-1-
(2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidenmethyl]-4-thia-
1-aza-bicyclo[3.2.0]heptane-2-carboxylate

762 mg (2.0 mmol) of benzhydryl (2S,3R,5R)-3-formyi-3-
methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
are reacted with 1.02 g (2.0 mmol) of rac-[2-0x0-1-(2,2,2-



X !
Yield: 525 ng (84% of colourless foam diastereonmer m xt
(KBr): 1800, 1756, 1327, 1189, 1141, 969 cnierr] Ms (Mt

+ 543.5 : - 55 - Exanple
Benzhydryl (E)-(2S, 3S,5R)-3-[3-(2-chl oro-acetyl am no-
car bonyl oxy) - propenyl ] - 3- net hyl - 7- oxo-_45bhi_a- 1l -aza-

[ 3. 2. 0] hept ane- 2- car boxyl at e
tritluoroethyl)-2-pyrrolidinyl]-triphenylphosphonium
according to Example 12. Chromatography is carried
silica gel (particle size 0.040-0.063 mm) with ethy

hexane 9:16 as the eluent.

Yield: 763 mg (71%) of isomer mixture, E:Z 5:1
Spectroscopic data of the mixture:

IR (film): 1782, 1748, 1702, 1664, 1158 cm-!

MS: (M-CPh2) 363

" REPLAGENENT SHEET
12N

biTyclo

bromide
out over
| acetate:n-

(b) Benzhydryl (E) und (Z)-(2S,3S,5R)-3-methyl-3-[2-0x0-1-"
(2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidenemethyl]-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

763 mg (1.42 mmol) of benzhydryl (E/Z)-(2S,3S,5R)-3-methyl-7-
0x0-3-[2-0x0-1-(2,2,2-triflucro-ethyl)-pyrrolidin-3-ylidene-
methyl]-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are
oxidized according to Example 8. The two isomers can be separ-
ated by chromatography over silica gel (particle size 0.040-
0.063 mm) with ethyl acetate:n-hexane 1:2 as the eluent.

Yield: E: 192 mg (24%) of colourless foam

Z: 32 mg (4%) of colourless fdam
Spectroscopic data E isomer:
MS: (M+NH4)+ 580.4
IR (KBr): 1801, 1759, 1706, 1667, 1329, 1144 cml°1
Spectroscopic data Z isomer:

MS: (M+NH4)* 580.4



300 ng (0.73 mml) of benzhydryl (E)-(2S, 3S,5R)- 3-(3-hydr gry=

propenyl ) - 3- met hyl - 7- oxo- 4-t hi a- 1 - aza- bi cycl o[ 3. 2. 0] hept gnREPLACEMENT. SHEETe

are dissolved in 10 m of tetrahydrofuran under argon and {tr
[err]]l (1.05 nmol) of chl oroacetyl isogﬁnate. The m xtur
hours, evaporated and chronat ography T arried out over gfilfi

ated wtm 9

s 917 va%er

ca ge

(particle size 0.040-0.063 mm) with ethyl acetate:n-hexan

1758, 1730, LAKEH 07981 155 BRATAEI AT (0)) Senanytryr——

1Lt
T

. LU T ASTet

3

(E)-(2S, 3S,5R)-3-[3-(2-chl oro-acetyl am no-

car bonyl 0XY?¢9D?{)EE—>('2]S,%ST,FSFI)/JS-MétHYI-@'-E%%ﬁoI111(62,2,2-trifluo ro-
. 2. e

aza- bicycl o

( E) _ ( 2S, 38, 5R) _ ﬁ%@?@é%%f’gl—l%%pg}%llgeneme?hgﬁ-a%?;-twg)l(z}-githqea%hydr yl

chl or o- acet yl ani apa<bicycio[3x2)0]hepianet2-carbexiyyic- 7acid- 4-

192 mg (0.34 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-3-
[2-0x0-1-(2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidenemethyl]-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

are deprotected analogously to Example 11.
Yield: 78 mg (59%) of colourless crystal powder

MS: (M+NH4)+ 414.4

IR (KBr): 2800(br), 1790, 1729, 1674, 1646, 1321, 1166 cm-1

Sodium (E)-(28,3S,5R)-3-methyl-3-[2-0x0-1-(2,2,2-trifluoro-

ethyl)-pyrrolidin-3-ylidenemethyl}-4,4,7-trioxo-4-thia-

bicyclo[3.2.0]heptane-2-carboxylate '

1-aza-

50 mg (0.13 mmol) of (E)-(2S,3S,5R)-3-methyl-3-[2-0x0-1-

(2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidenemethyl]-4,4,

7-

trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylic acid are
converted into the corresponding sodium salt analogously to

Example 11.

Yield: 52 mg (98%) of colourless lyophilizate

IR (KBr): 1780, 1699, 1628, 1478, 1396, 1323, 1140 cm-1

Elementary analysis: C14H14N20g F 3SNa (418.318)
Calc. C 4020 H 337 N

Found#) C 3980 H 328 N

6.70

6.62

#) anhydrous, calculated with 7.24% water




t hi a- 1- aza- bi cycl o[ 3. 2. 0] hept ane- 2- car boxyl ate are oxi di zge—eral-0gousty
Exanpl e 8. Chromatography is carried out over silica gel pﬂERMGEME&T &IEET
D.040-0.063 nm with ethyl acetate:n- hexane 9:16 as the Tent. —Yrert:
216 mg (68% of colourless foam IR (K 3413(br), 1798} L7

1705, 1326, 1198, 991 cnferr] M5 Mrﬁa) + 578. 4 % NW%%
- 56 - (c) Sodium (E)-(2S, 3S 5R) - 3-[ 3- (2- chl or 0- acpt H-aH-Ro-—
car bonyl oxy) - propenyl ] -3-nethyl -4,4,7-tri oxo-4-thia-1 -

lU

aza- bi cycl oﬁﬁ%ﬁgt ane- 2- car boxyl ate

(a) Benzhydryl (E/Z)-(2$,3S,5.R)-3-(1-cyclopropyl-z-oxo-
pyrrolidin-3-ylidenemethyl)-3-methyl-7-0x0-4-thia-1-
aza-bicyclo[3.2.0]heptane-2-carboxylate

381 mg (1.0 mmol) of benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate
are reacted with 495 mg (1.1 mmol) of rac-[1-cyclopropyl-2-
oxo-3-pyrrolidinyl]-triphenylphosphonium bromide according to
Example 18. Chromatography is carried out over silica gel
(particle size 0.040-0.063 mm) with ethyl acetate n-hexane 9:16
as the eluent.

Yield: 362 mg (74%) of isomer mixture, E:Z 5:1
Spectroscopic data of the mixture:

IR (film): 1780, 1750, 1692, 1661, 1195, 1118 cm-1
MS: (M+H)+ 489.4 |

Example 20

.(a) Benzhydryl (E)-(2S,38,5R)-3-(3-hydroxy-propen-1-yI)-3-
methyl-7-o0x0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate

5.80 g (14.2 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(2-formyl-
vinyl)-3-methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate are dissolved in 240 ml of toluene under argon and
cooled to 0°C. Then, 14.2 ml (21.3 mmol) of a 20% diisobutyl-
aluminium hydride solution (in toluene) are added dropwise and
the cooling bath is removed. The reaction mixture is stirred at
room temperature for 6 hours, poured into 150 mi of saturated
ammonium chloride solution and extracted three times with
200 mi of methylene chloride each time. The combined organic



195 my (0.35 nmol) of benzhydryl (E)-(2S,3S,5R)-3-[3-(2-

chl oro- acet yl ani nocar bonyl oxy) - pr openyl | - 3- net hyl - 4, 4, 7- REPLACEMENT SHEET
{rioxo-4-thia-1-aza-bicycl o[ 3. 2. 0] hept ane- 2-car boxyl ate are
anal ogy to Exanple 8 and converted into the correspondi ng sod U V
Yield: 60 ng (49% of colourless |yophilizate VS: (MCOCH[err]g| RQ) 1996
317.3 IR (KBr): 3435, 1781, 1721, 1648 -1533, 1396, 1314, |1192—113Q

cml [err]H-NIVR (250MHz, Derr]O: [err][ppnl = 1.61 (s, 3H)]

3.42(dd, 1H,

4. 43Es 2H, ¥ J FC?IGG‘A%ﬁﬁggHéﬂcé WM%@LF}! éﬂ]‘@ ézsowglﬁg]ﬂ)o)

5.08(dd, J= JsaﬁHzated @adium ehjorde ssaiusion, 1dried QBﬂE magNesiupb( dt | 1

H, J=16kz, %lﬁb‘ﬁate,,q‘ﬁterg&aﬁﬂ?aefrggd from solvent on a rotary evaporator.
The residual yellow oil is chromatographed over silica gel
(particle size 0.040-0.063 mm) with ethyl acetate:n-hexane 9:16

as the eluent.
Yield: 1.90 g (32%) of colourless resin
IR (film): 3480(br), 1778, 1750, 1202, 1080, 988 cm-1
MS: (M+NH4)+ 427.6
(c) Sodium (E)-(2S,3S,5R)-3-(3-hydroxy-propen- -1-yl)-3-
methyl-4,4,7-trioxo- 4 thia-1-aza- blcyclo[s 2.0]heptane-2-
carboxylate
500 mg (0.95 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-
4,4, 7-trioxo-3-[3-[(R)- and (S)-tetrahydro-pyran-2-yloxy]-
propenyl}-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are
deprotected according to Example 8.
Yield: 165 mg (62%) of colourless lyophilizate
MS: (M-Na)- 274.3
IR (KBr): 3428, 1780, 1622, 1398, 1311, 1192, 1139, 1082 cm-1
Elementary analysis: C1oH1éNOsSNa (297.257)
Calc. C 4041 H 407 N 4.71

Found#) C 4044 H 448 N 4.79

#) anhydrous, calculated with 8.73% water



Benzhydryl (E)-(2S, 3S, 5R)-3-(carbanoyl oxy- propenyl) - 3-net hyl -
4,4, 7-trioxo-4-thia-1-aza-bicycl o[ 3. 2. 0] hept ane- 2- car boxyl at €
smol ) of benzhydryl (E)-(2S, 3S,5R)-3-[3-(2- ch

| or o- acet yl am nocar bonyl oxy) - propenyl ]-3-nmethyl -4, 4, 7-
tri oxo-4-thia-1-aza-bicycl o[ 3. 2. 0] hept 84e-2-car boxyl ate are |dijssolved in
m of tetrahydrofuran under argon and treated with 1.7 m of ‘
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m xture is tetrahpdrorpyprant2+yloxydpprepenyi}-dethissilidaza-picyolvoi|l is taken

up in 15
sol uti on,

m I e as .15 m of saturated sodium chloride
Jﬁg%é(ﬁh%éaﬁﬁéégéig@%@gésepar ated. The aqueous phase is :

back-extracted twice with 15 nl of ethyl

620 mg (1.50 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(3-hydroxy-
propenyl)-3-methyl-7-oxo-4-thia-1-aza-bicyclo[3.2.0]heptane-
2-carboxylate are dissolved in 30 ml of methylene chloride and
treated with 4.5 mg (0.024 mmol) of p-toluenesulphonic acid
monohydrate. Subsequently, 0.25 ml (2.70 mmol) of 3,4-di-
hydro-2H-pyran is added and the mixture is stirred for a further
1 hour. The solvent is removed on a rotary evaporator and
chromatography is carried out over silica gel (particle size
0.040-0.063 mm) with ethyl acetate:n-hexane 9:16 as the eluent.

Yield: 700 mg (93%) colourless oil, diastereomer mixture (1:1)
IR (film): 3031, 1782, 1749, 1257, 1134, 967 cm.-1
MS: (M+NH4)* 511.6

Benzhydryl (E)-(2S,3S,5R)-3-methyl-4,4,7-trioxo-3-[3-[(R)- und
(S)-tetrahydro-pyran-2-yloxy]-propenyl]-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate

585 mg (1.18 mmol) of benzhydryl (E)-(2S,3S,5R)-3-methyl-7-
oxo-3-[3-[(R)- and (S)-tetrahydro-pyran-2-yloxy]-propenyl]-4-
thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are oxidized
according to Example 8. Chromatography is carried out over
silica gel (particle size 0.040-0.063 mm) with ethyl acetate:n-
hexane 9:16 as the eluent.

Yield: 525 mg (84%) of colourless foam, diastereomer mixture

(1:1)

IR (KBr): 1800, 1756, 1327, 1189, 1141, 969 cm-1

MS: (M+NH4)+ 543.5




-57- acetate each tine and the conbined organic extracts ar T ———
with 15 m of saturated sodiumchloride solution. They are rlwmm@f’m’f SHEET

nmagnesi um sul phate, concentrated on a rotary evapor- ator ard jt he residual
oil is chromatographed over silica gel (particle size 0.040-0. OGZZrMDV\q'ggp
et hyl acetate:n-hexane 2:1 as the eluengg . Yield: 200 ng{( 8% of
colourless foam IR (KBr): 3481, 1799, 1749, 1731, 1601, 1329, '

cnferr] Ms (l\/HrNH4E + 484 (c) Sodium ’ ’
(E)-(2S, 3S, banmoyl oxy- propenyl )-3- nmethyl-4,4,7-trioxo-4-thia-T
-aza-bi cycl o[ 3. 2. 0] hept ane- 2- carboxylate 190 ng (0.60 mml) of benzhydryl
(5) (2535 7~ *BbREhSaY (22481 2855) 5 178 Moo alalylaifba t 1 o1
carbonyloxy)-propenyl]-3-methyl-7-oxo0-4-thia-1-aza-
bicyclo[3.2.0]heptane-2-carboxylate

300 mg (0.73 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(3-hydroxy-
propenyl)-3-methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]heptane-
2-carboxylate are dissolved in 10 ml of tetrahydrofuran under
argon and treated with 90 pul (1.05 mmol) of chloroacetyl
isocyanate. The mixture is stirred for 3 hours, evaporated and
chromatography is carried out over silica gel (particle size
0.040-0.063 mm) with ethyl acetate:n-hexane 9:16 as the eluent.

Yield: 300 mg (77%) of colourless foam
IR (KBr): 3300(br), 1779, 1753, 1730, 1495, 1203 cm-!

MS: (M+NH4)+ 546.4

(b) Benzhydryl (E)-(2S,3S,5R)-3-[3-(2-chloro-acetylamino-
carbonyloxy)-propenyl]-3-methyl-4,4,7-trioxo-4-thia-1-
aza-bicyclo[3.2.0]heptane-2-carboxylate

295 mg (0.57 mmol) of benzhydryl (E)-(2S,3S,5R)-3-[3-(2-
chloro-acetylaminocarbonyloxy)-propenyl]-3-methyl-7-oxo0-4-
thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are oxidized
analogously to Example 8. Chromatography is carried out over
silica gel (particle size 0.040-0.063 mm) with ethyl acetate:n-
hexane 9:16 as the eluent.

Yield: 216 mg (68%) of colourless foam
IR (KBr): 3413(br), 1798, 1758, 1730, 1705, 1326, 1198, 991 cm-1

MS: (M+NH4)*+ 578.4



[ 3. 2. 0] hept ane- 2-car boxyl ate are deprotected in anal ogy to E
Yield: 82 ng (62% of colourless lIyophilizate [err]H NWR (2
{err][ppm = 1.61(s,3H), 3.42(dd, 1H,J=17Hz, 1.6Hz,6-H), 3.69
H, J=17Hz, 4Hz, 6-H), 4.48(s, 1H, 2-H), 4. 7%¢d,2H,J=4. 6Hz, CH err
5.08(dd, 1H, J=4Hz, 1.6Hz,5-H), 5.97 (d,
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- [ 3- (2- Benzhydr ycpxy Sediumi| {B)(2318S,6R)-3-[3(Lochibro-acetylamino-

Cr1T1 Lo yot hane SR BNy IrRsoRE MR gty 12k Bxp-4-thia-1-
(E) - (2S, 3S, 5R) - aza-Higyco{3-2 0 heptane-2-carihgkylatexo- 4-t hi a- 1

-aza-bicycl o[ 3. 2. 0] hept ane- 2-carboxyl ate are dissolved in 6 nm of

met hyl ene chl ori de,

195 mg (0.35 mmol) of benzhydryl (E)-(2S,3S,5R)-3-[3-(2-
chloro-acetylaminocarbonyloxy)-propenyl]-3-methyl-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are
deprotected in analogy to Example 8 and converted into the
corresponding sodium salt.

Yield: 60 mg (49%) of colourless lyophilizate
MS: (M-COCH2CI-Na)- 317.3

IR (KBr): 3435, 1781, 1721, 1622, 1533, 1396, 1314, 1192, 1139
-1 :
cm

TH-NMR (250MHz, D20): 5[ppm] = 1.61(s,3H), 3.42(dd,1H,J=16Hz,
1.6Hz, 6-H), 3.69(dd, 1H, J=16Hz, 4.0Hz, 6-H), 4.43(s,2H,CH2Cl),
4.49(s,1H,2-H), 4.84(d,2H,J=4.4Hz,CH20), 5.08(dd,J=1.6Hz, 4.0Hz,
5-H), 6.08(d(br),1H,J=16Hz,=CH), 6.22(dt,1H,J=16Hz, 4.4Hz, =CH)

- Example 22

Benzhydryl (E)-(2S,3S,5R)-3-(carbamoyloxy-propenyl)-3-methy!-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

450 mg (0.80 mmol) of benzhydryl (E)-(2S,3S,5R)-3-[3-(2-
chloro-acetylaminocarbonyloxy)-propenyl]-3-methyl-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate are
dissolved in 5 ml of tetrahydrofuran under argon and treated
with 1.7 ml of methanol. 135 mg (1.61 mmol) of sodium
hydrogen carbonate in 2.8 ml of water are added to this solution.
After completion of the reaction (tic control) the solvent mixture
is removed on a rotary evaporator, the residual yellow oil is
taken up in 15 ml of ethyl acetate as well as 15 ml of saturated
sodium chloride solution, shaken and the phases are separated.
The aqueous phase is back-extracted twice with 15 ml of ethyl
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cooled to -40[err]C and treated with 250 [err]l (
nmet hanesul phoni ¢ anhydride. After 5 m nutes 200
the m xture is stirred at the
for a further hour and subsequently the ggoling bath is re
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Yield: 600 ngrigd’Yvepf magheshshnsulphate, concentrated on a rotary evapor-
ator and the residual oil is chromatographed over silica gel

(particle size 0.040-0.063 mm) with ethyl acetate:n-

as the eluent.
Yield: 200 mg (78%) of colourless foam
IR (KBr):
MS: (M+NHg4)+ 484

(c)

hexane 2:1

3481, 1799, 1749, 1731, 1601, 1329, 1191, 996 cm-!

Sodium (E)-(2S,3S,5R)-3-(carbamoyloxy-propenyl)-3-

methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-

carboxylate

190 mg (0.60 mmol) of benzhydryl (E)-(2S,3S,5R)-

3-(carbamoyl-

oxypropenyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo-
[3.2.0]heptane-2-carboxylate are deprotected in analogy to

Example 8.

Yield: 82 mg (62%) of colourless lyophilizate

1H-NMR (250MHz, D20): 8[ppm] = 1.61(s,3H), 3.42(dd,1H,J=17Hz,
1.6Hz,6-H), 3.69(dd,1H,J=17Hz,4Hz,6-H), 4.48(s,1H,2-H), 4.70
(d,2H,J=4.6Hz,CH2), 5.08(dd,1H,J=4Hz, 1.6Hz,5-H), 5.97

(d,1H,J=16Hz,=CH), 6.19(dt,1H,J=16Hz, 4.6Hz,=CH).
Example 23
(a)

(2S,3S,5R)-1-[3-(2-Benzhydryloxycarbonyl-3-

methyl-7-

oxo0-4-thia-1-aza-bicyclo[3.2.0]heptan-3-yl)-allyl]-

pyridinium trifluormethanesulphonate

410 mg (1.0 mmol) of benzhydryl (E)-(2S,3S,5R)-3-(3-hydroxy-

propenyl)-3-methyl-7-0x0-4-thia-1-aza-bicyclo[3.2.

O]heptane-

2-carboxylate are dissolved in 6 ml of methylene chloride,
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M5: (M+) 471.6 IR (KBr): 1777, 1743, 1630, 1160, 987 cnierr]{ TD)

(2S,3S,5R -1 -[3-(2-Benzhydryl oxycar bonyl - 3- net hyl - 22N0

4,4, 7-trioxo-4-thia-1 -aza-bicycl o[ 3. 2.0] heptan-3-yl)- \ 1996
allyl]-pyridiniumtrifluoromethanesul phoggie 600 ng (O. 97

(2S, 3S,5R) - 1-[ 3- (2- benzhydryl oxy- carbonyl™- 3-net hyl - 7-oxo-4-fhia-1
-aza-bicyclo[3.2.0] heptan-3- yl)-allyl]- pyr| di ni um
trifluoronet hegsied tdod0EC agadokiediteddwith B0 mygt I of 8trifludm-d:

0

1167 anf err] Metyaistulplbnly SFotibe. 3 Ater, 5 Wit -yt

propenyl ) - 4- t(2.50 mrwip-dfi pyridires. éa'eohﬂd@rhnme?-mmtbwmbasmred at the
same temperature for a further hour and subsequently the cooling
bath is removed. The solvent is removed on a rotary evaporator at
room temperature, the reaction mixture is taken up in 20 mi of
methylene chloride and washed twice with 10 ml of saturated
sodium chloride solution each time. Drying over magnesium
sulphate, filtration and concentration on a rotary evaporator are
carried out. The residual red resin is oxidized without further
purification.

Yield: 600 mg (97%) of red resin

MS: (M+)471.6

IR (KBr): 1777, 1743, 1630, 1160, 987 cm-1

(b) (28,33,5R)-1-[3-(2-Benzh;'dryloxycarbonyl-3-methyl-

4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptan-3-yl)-
allyl]-pyridinium trifluoromethanesulphonate

600 mg (0.97 mmol) of (2S,3S,5R)-1-[3-(2-benzhydryloxy-
carbonyl-3-methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptan-3-
yl)-allyl]-pyridinium trifluoromethanesulphonate are oxidized in
analogy to Example 8.

Yield: 440 mg (70%) of green resin
MS: (M+) 503.3
IR (KBr): 1797, 1753, 1632, 1167 cm-1

(E)-(2S,3S,5R)-3-Methyl-4,4,7-trioxo-3-(3-pyridin-1-ylio-
propenyl)-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate

A solution of 440 mg (0.67 mmol) of (28,35,5R)-1-[3-(2-
benzhydryloxycarbonyl-3-methy|-4,4,7-trioxo-4-thia-.1-aza—



A solution of 440 ng (0.67 mol) of (2S, 3S, 5R)-1-[3-(g-
benzhydryl oxycar bonyl - 3-net hyl -4, 4, 7-tri oxo- 4?t hi <[3.- 1g ZHEPLACEMENT SHEET
-59- bicyclo[3.2.0]heptan-3-yl)-allyl]-pyridiniumtr}f]uoronethane-
sul phonate in 3 M of mcresol is stirred at 50[err]
m xture i.s diluted with 10 ml of isobutyl nethyl ketgne_at roomtenp
and extracted three tines with 8 nl of ga@ter each ti ~ The conbi ne
aqueous extracts are washed twice with 10 m of isobut

l—nethy]l ket one

flor 212 NONow9s. {THe
rd

It ur e

each

time, filtered over a paper filter and_lyophjl,zed. The bro | yophilizate
”Eghahéalmater

i s subsequebi¢yclohd 28] bgpiancd- W@ yhinydindum arisihesre

as sulphonate in 3 ml of m-cresol is stirred at 50°C for 1.5 hours.
The mixture is diluted with 10 ml of isobutyl methyl ketone at
room temperature and extracted three times with 8 ml of water
each time. The combined aqueous extracts are washed twice with
10 ml of isobutyl methyl ketone each time, filtered over a paper
filter and lyophilized. The brown lyophilizate is subsequently
chromatographed over polymeric hydrophobic gel with water as
the eluent. -

Yield: 125 mg (55%) of beige lyophilizate
IR (KBr): 1780, 1625, 1485, 1372, 1312, 980 cm-!

MS: M+H* 3374
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Claims
1. 2p-Alkenyl-penam derivatives of the general formula
<'<|))n -
‘ S, /=
e
& Y
COOR?

wherein
one of R1 and R2 signifies -COR4, -CN, -CH2R5, halogen, -CH=CHR6

R3
R4
R5
R6
R7
Q

n

or Q and the other signifies hydrogen or lower alkyl or both
together signify a y-lactam ring,

signifies hydrogen, lower alkyl, aryi-alkyl, allyl or a
residue which is cleavable in vivo,

signifies hydrogen, lower alkyl, lower alkoxy, benzyloxy,

amino, lower alkylamino or lower alkyl-lower alkoxyamino,
signifies hydroxy, -OCONHR7, -OCONHz or a five- or six-
membered hetero-aromatic ring which contains N,S and/or O
and which is linked via a nitrogen atom,

signifies -CN or CHO,

signifies -COCH2Cl,

signifies a five- or six-membered hetero-aromatic ring
which contains N, S and/or O and

signifies 0, 1 or 2,

as well as pharmaceutically compatible salts of these compounds.

2. Compounds according to claim 1,

wherein
one of R1 and R2 signifies -COR4, -CN or -CH20RS and the

R3
R4
RS

R6
n

other signifies hydrogen or lower alkyl,

signifies hydrogen, lower alkyl, aryl-alkyl, allyl or a
residue which is cleavable in vivo,

signifies hydrogen, lower alkyl, lower alkoxy, benzyloxy,
amino or lower alkylamino,
signifies hydroxy or -CONH2,
signifies lower alkyl and - This Shect Has Been Repl

sos 0oz T llll




i wher ei n nd Rje ) ENTiS#EET
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met hoxyhenzyl*, p€ni tro'benzyl ally or a residue which isj|cleavable in

AY%

~ vivo and which contains an ester group, such as

[VECI_I% §{H e eré.] )1 e&)lr’npounds according to claim 1 or 2, wherein R1
signifies CN, halogen or COR4, R2 'signifies hydrogen and R4
signifies methyl, lower alkoxy, benzyloxy or amino.

4, Compounds according to any one of claims 1 to 3,
wherein n signifies 0 or 2.

5. Compounds according to any one of claims 1 to 4,
wherein R3 signifies hydrogen or benzhydryl.

6. Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-
methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate.

7. Benzhydryl (E)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate.

8. Benzhydryl (Z)-(ZS,38,5R)-3-(2-cyanoeth_enyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate.

9. Sodium (E)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate.

10. Sodium (Z)-(2S,3S,5R)-3-(2-cyanoethenyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate.

11.  Sodium (E)-(2S,3S,5R)-3-(2-chloro-vinyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate.

12.  Sodium (E)-(2S,3S,5R)-3-methyl-3-(3-oxo0-but-1-
enyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate.

13. Benzhydryl (E/Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-
3-methyl-7-oxo-4-thia-1-aza-bicyclo[3.2.0]hepta&2-\

carboxylate, ‘This Sheet Has Been

- [N Ill llll
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I nked via a nitrogen ato R err]
S|gn|f|es -ON or - Rlerr] signifies -COCH erTietHs Q

signifies 2- pyrldyl 1- met hyl - pyridin-2-ylio, 1,3-thiazol-2-yl, 1, 2, 4-
oxadi azol - 3-yl an<!>enzh dryl E)- (ES@GfSR)" 31(21cal‘b£moyl -vinyl)- -3-as wel | as
£

phar maceut i cal I A cloqut#btlnoxsgl‘{ Sihla ness, blC%?OFgSQ O]heptane-2-
carboxylate,

y

benzhydryl (Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,

sodium (E)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,

sodium (Z)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-methyi-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,

benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-7-oxo0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,

benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxycarbonyi-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,

sodium (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-
methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]1heptane-2-
carboxylate,

benzhydryl (E)-(2S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-
3-methyl-7-ox0-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,

benzhydryl (E)-(2S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-
3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,

sodium (E)-(2S,35,5R)-3-(2-benzyloxycarbonyl-vinyi)-3-

methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-

carboxylate. TTTT—
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p- nltrobenzyl a'1|y| or a residue which €%l eavable in

and whi ch contains an ester group,

[err] 14. Compounds of the general formula

or -CH(CH err])OCO-CH err],

such as -CH err]OOCC)CH err][err],

Rl err] signi fies hydrogen,

Cerr]-Cerr]-akyl, Cerr]-Cerr]-al kgxy, %enzyloxy, am no or

o)

i
N .

COOR?

wherein R3 has the significance given in claim 1.

15. Benzhydryl

(2S,3R,5R)-3-formyl-3-methyl-7-0x0-4-

thia-1-azabicyclo[3.2.0]heptane-2-carboxylate.

16. Compounds according to any one of claims 1 to 13 for
use as therapeutically active substances.

17. Compounds according to any one of claims 1 to 13 for
use as P-lactamase inhibitors.

18. A process for the manufacture of compounds according
to any one of claims 1 to 13, which process comprises

a) reacting a compound of the general formula

¢}

FXT

COOR?

wherein R3 has the significance given in claim 1,

with a compound of the

wherein R1 and R2
and R8 = P®(aryl)s,

general formula B
' This Sheet Has Been Re

e [T

have the significance given in clalm 1
PO(Oalkyl)2, Si(alkyl)s or halogen,

in the presence of an activating agent, or

b)  oxidizing a compound of general formula | in which n

signifies 0, or



Jerr]-C err] al kyI ani no, REESr SHEET HADBEN 35 hydr

and 1l of 2 REPLACEIPOUNGS acc( r
2, wherein err % ‘ CN, hal ogen or COR e RFer

srgnrfre “u im‘hﬂ “H“rr] signifies nmethyl, C[err]-?,[ r X

benzyl qx \ \ Corrpounds ac@y ding to any ong jc?ﬂdig%&o
where n srgnrfres 0 or 2. : Conmpounds according to an

4, wherein Rlerr] srgnrfres hydr ogen or benzhydryl . 6. The

conmpound according to claim1, benzhydryl (E Z)-(2S, 3S, 5SR=38=¢2

cyanoet henyly - 3- g king- 9X86ng§&ﬁud1 o éndict kfiluta 3 HoRioANRZis

b | at t I b dr
?g ?)Z(é gse ﬁprgn'( 4from hydrogen 1?1%8 0trhe c rre%p%n&mg freeegchal a¥\d

cyanoet henyl )-3-nmet hyl -4, 4, 7-tri oxo-4-thi a-1-aza- bi cycl o[ 3. 2. 0] hept ane- 2-
carboxyl ate d) if desired, converting an acidic compound of formula | into a
pharmaceutically acceptable sali.

19. A medicament containing a compound according to any
one of claims 1 to 13.

20. A p-lactamase-inhibiting medicament containing a
compound according to any one of claims 1 to 13.

21. A medicament according to claim 19 or 20 which
additionally contains a B-lactam antibiotic.

22. A medicament according to claim 21 containing a
: pemcmm cephalosporin, penem or cabapenem as the B-lactam

antibiotic.

23. A medicament according to claim 22 containing
piperacillin, mezlocillin, azlocillin, apalcillin, benzylpenicillin,
phenoxymethylpenicillin, carbenicillin, methicillin, propicillin,
ticarcillin, ampicillin, amoxicillin, mecillinam, ceftriaxone,
ceftazidime, cefetamet, cefetamet pivoxil, cefotaxime,
cefmenoxime, ceftizoxime, cefuroxime, cephaloridine, cephalotin,
cefazolin, cephalexin, cefoxitin, cephacetrile, cefamandole,
cephapirin, cephradine, cephaloglycine, cefpirone, cefepime,
imipenem or meropenem or a pharmaceutically compatible salt of
one of these compounds.

24. A medicament according to claim 22 containing
ceftriaxone or one of its pharmaceutically compatible salts.

25. A medicament according to any one of claims 21 to 24
as a combination preparation for the simultaneous, separate or

chronologically stepwise use in antibacterial- therapy. -
This Sheet Has Bzen Re laced
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62 8. The conpound accordin hydr yl REPLA

(2)-(2S, 3S, SR) - 3- (2- cyanoe] &Y B S5 fes WEM A 7otk CEMENT. SHEET
- aza- bi cycl o[ 3.2 carfFFLOCED o . The cgrg)ﬂgv
accordi ng [”mm m (E) - (2S, 3S, 5R) - 3- (2-

cyanoet hen m”m m,7 trioxo-4-thia-1 -aza-bicycl c[ELQ Q] hept ane- -
carboxylate® 940.t *heé cenpound according to claimi, Sﬂdl um

(2)-(2S, 3S, 5R) - 3- ( 2- cyanoet herryPP- 3- net hyl - 4, 4, 7- tToxe—d-thia- 1
-aza- bi cycl o[ 3. 2. 0] hept ane- 2- car boxyl at e.

26. The use of compounds according to any one of claims 1
to 13 in the control or prevention of illnesses.

27. The use of compounds according to any one of claims 1
to 13 in the control or prevention of bacterial infections.

28. The use of compounds according to any one of claims 1
to 13 for the manufacture of antibacterially-active medicaments.

7
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11. The conpound according to claim11, sodium (E)-(2S,{3 ﬁg"'T-
vinyl).-3-methyl -4,4 , 7-trioxo- 4 e sderrrAs BeeNCl o[ 3. 2.10] #&gﬁh@é@’ﬁ ﬁr .
., carboxylate. 12. The. conpound aCCQ{Eﬁ_’RQEIBO g 1, godium :
(E)-(2S, 3S,5R)-3-nethyl -3-(3- | V1) -4, 4 7t 2i2oNOV99&i
-aza- bi cycl o[ 3. 2. Ohept ane- 2- carboxylate. 13. Thgq_conpounds
according to claiml1, benzhydryl (E Z)¢62S, 3S, 5R)-3-(2-
car banoyl -vi nyl ) - 3-net hyl - 7-oxo-4-thi a-1 -aza- bi cycl o] 3..2-Qlhept ane- 2-
car boxyl at e, benzhydryl _
(E) - (2S, 3S, 5Re~2~-a2RENYIA PENAM ISURFONESTRSh Bi- LACTANASE INHIBITORS
trioxo-4-thia-1 -aza-bicycl o[ 3. 2. 0] hept ane- 2- car boxyl at e,
benzhydryl (2)-(2S, 3S, 5R)-3-(2-carbanoyl -vinyl)-3-nmethyl -4, 4,7-
trioxo-4-thia-1 -azabicycl o[ 3. 2. 0] W car boxyl at e,
sodi um (E) - (2S, 3S, 5R) - 3- (2- car banoyl -vinyl)-3-nethyl -4,4,7-tri oxo-
4-thia-1 -aza-bicycl o[ 3. 2. 0] hept ane- 2- car boxyl at e, .
The present invention is concerned with penam derivatives,
in particular it is concerned with 2B-alkenyl-penam derivatives

of the general formula

&3 i

one of R! and R2 signifies -COR4, -CN, -CH2RS, halogen -CH=CHRS6
or Q and the other signifies hydrogen or lower alkyl or both
together signify a y-lactam ring, _

R3 signifies hydrogen, lower alkyl, aryl-alkyl allyl or a
residue which is cleavable in vivo, _ |

R4 signifies hydrogen, lower alkyl, lower alkoxy, benzyloxy,
amino, lower alkylamino or lower alkyl-lower alkoxyamino,

R5 signifies hydroxy, -OCONHR7, -OCONH2 or a five- or six-
membered hetero-aromatic ring which contains N,S and/or O
and which is linked via a nitrogen atom,

Ré  signifies -CN.or CHO,

R7 signifies -COCH2Cl,

Q signifies a five- or six-membered hetero-aromatic ring
which contains N, S and/or O and

n signifies 0, 1 or 2,

as well as. pharmaceutlcally compatlble salts of these compounds.

These compounds are good'B -lactamase inhibitors. They can

be used for the prevention or treatment. of bacterial infections,
optionally together with a - lactam antlblotlc



_sodi um (2)- (28, 38, 5R) - 3- ( 2- car bamoy! - vi nyl ) - 3- net hyl - 4, 4, 7-trioxo-

2 4- thi-a=t—=aza=bircycto[ 3. 2. 0] hept ane- 2- car boxyl at e,

wbenztﬂ“‘“u HLEHHHHH |EQISR) 3- (2- et hoxycar bonyl - vi nyl ) - 3- net hyl - 7- '

0X0- i | o 3. 2. 0] hept ane- 2- car boxyl at e, ryl

(E)- (25, 35, BR) *3- f 2- REPLACEMENTDSHEEY ¢
4,4, 7-trioxo-4-thia-1-aza-bicycl o[ 3. 2. 0] hept ane- 2-

sodi um (E)-(2S, 3S, 5R) - 3- (2- et hoxycar bonyl - vi nyl ) - 3- net

Claims

1.

63

t hoxycar bonyl - viggy! ) - 3- met-hyl -

car l})O

]! 32024 1999

3p-Alkenyl-penam derivatives of the general formula

(O Rt
[ # s .
N ¥ :
o’ :
COOR®

wherein
one of R' and R? signifies -COR?, -CN, -CH,R®, halogen,

-CH=CHR® or Q

and the other signifies hydrogen or C,-C,-alkyl or both together signify a y-

lactam ring,

R®  signifies hydrogen, C,-Q,-alkyl, benzyl, benzhydryl, p-
methoxyhenzyl, p-nitrobenzyl, ally or a residue which is cleavable in

vivo and which contains an ester group, such as
-CH,00CC(CH,),,

-CH(CEUOOCO-O , CHCHyo<cofome .

or -CH(CH,)OCO-CH,,

R* signifies hydrogen, C,-C,-alkyl, C,-C,-alkoxy, benzyloxy, amino, C,-

C;-alkylamino or C,-C,-alkyl-C,-C,-alkoxyamino,

R® signifies hydroxy, -OCONHR’, -OCONH,, or a five- or six--membered
hetero-aromatic ring which contains N,S and/or O and which is

linked via a nitrogen atom,
R®  signifies -CN or -CHO,
R”  signifies -COCH,CI,

Q  signifies 2-pyridyl, 1-methyl-pyridin-2-ylio, 1,3-thiazol-2-yl, 1,2,4-

oxadiazol-3-y! and
n signifies 0, 1 or 2,

as well as pharmaceutically compatible salts of these compounds.



trioxo-4-thia-1 -aza-bicyclo[3.2.0]heptane-2-carboxyl at e,
“benzhydryl (E)- (28 3S, 5R) - 3- (2- benzyl oxycar bonyl - yRyam3—rRthy
~ 0X0- 44“’,@& ﬂﬁ? o[ 3. 2. 0] hept ane- 2- car boxyl atREPLAcEMENT SHEEB’e nzhydryl

=(E)-(2S yl oxycar bonyl -vi nyl )-3-meth

4,4,7-1 a bi cycl o[ 3. 10] hept ane-2{c4 y

sodi um (E) - (28 3S, 5R) 3-(2-benzyl oxycar bonyl - vi nyl}) lé(r)rg '?1%6‘953 _

4,4, 7-trioxo-4-thia-1 -aza-bicycl o[ 3. 2. 0] hept ane- 2- ¢arboxytate; 4.

Compounds of the general formula [err] wherein R ern] has
| ai

the signfic i : 1 Qi . he conpéumd—aTTordTyTO
B i T S _

one of R' and R? signifies -COR?, -CN or -CH,R® and the other signifies
hydrogen or C,-C,-alkyl,

: f\

R® signifies hydrogen, C,-C,-alkyl, benzyl, benzhydryl, p-
methoxybenzyl, p-nitrobenzyl, allyl or a residue which is cleavable in
vivo and which contains an ester group, such as -CH,00CC)CH,),,

cH
-CH(CH,)ooco-O c:-;(cx-;go.co-{—om : zﬁ .

or -CH(CH,)OCO-CH,,

R* signifies hydrogen, C,-C,-alkyl, C,-C,-alkoxy, benzyloxy, amino or
C,-C,-alkylaminé,

R®  signifies hydroxy or -CONH, and

n .gignifies 0, 1 or 2

3. Compounds according ta claim 1 or 2, wherein R signifies CN, halogen or
COR*, R? signifies hydrogen and R* signifies methyl, C,-C,-alkoxy,
benzyloxy or amino.

4, Compounds according to any one of claims 1 to 3, where n signifies 0 or 2.

5. Compounds according to any of claims 1 to 4, wherein R? signifies
hydrogen or benzhydryl.

6. The compound according to claim 1, benzhydryl (E/Z)-(2S,3S,5R)-3-(2-
cyanoethenyl)-3-methyl-7-oxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylat_e.

7. The compound according to claim 1, benzhydryl (E)-(2S,3S,5R)-3-(2-
cyanoethenyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate.



_met hyl - 7- oxo-4-thi a- 1- azabi cycl o-[ 3. 2. 0] hept ane-2-carqQxylate. 16.

~ Conpounds rd| ng to an one of clains 1 to 13 for
“t her apeut i Emﬂ mll stances. 17. Conpounds acTorﬁCEMgNln%We
1c¥_gﬁdﬂn-&’”d93&y 0

Tl ai ns 1

64 18.. A process for the manuf act urge of conpounds
of claims 1 to 13, characterized by a acting . a conpo
of the general formula :

8.

10.

11.

12.

13.

[err]-lactamase i nhibifo

of

e
Hnd

The compound according to claim 1, benzhydryl (Z)-(2S,3S,SR)-3-(2-

cyanoethényl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.Q]heptane-2-

carboxylate.

The compound according to claim 1, sodium (E)-(2S,3S,5R)-3-(2-

cyanoethenyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-

carboxylate.

The compound according to claim 1, sodium (Z)-(2S,3S,5R)-3-(2-

cyanoethenyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-

carboxylate.

The compound according to claim 1, sodium (E)-(2S,3S,5R)-3-(2-chloro-
vinyl)-3-methyl-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0lheptane-2-
carboxylate.

The compound according to claim 1, sodium (E)-(2S,3S,5R)-3-methyl-3-(3-

oxo-but-1-enyl)-4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate.

The compounds according to claim 1, bénzhydryl (E/Z)-(2S,3S,5R)-3-(2-
carbamoyl-vinyl)-3-methyl-7-oxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-
carboxylate,

benzhydryl (E)-(2S,3S,5R)-3-(2-carbamoyl-vinyl)-3-methyl-4,4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0]Jheptane-2-carboxylate,

benzhydryl (Z)—(ZS,3S,5R)-3-_(2-carbamoyl-vinyI)-3-methyl-4,4,7-
trioxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate,

sodium (E)-(28,3S,5R)-3-(2-carbamoyi-vinyl)-3-methyl-4,4,7-trioxo-

4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,

sodium (Z)-(28,3S,5R)-3-(2-carbamoyl-vinyl)-3-methyl-4,4,7-trioxo-

4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,



[err] = - : wher ei n Rlerr] has the significance given in |

- cI al m 1 vmth a conmpound of the gener§

Pi ﬂ; and R err] have the significance given ifn
aand R[err i ](aryl)[err], PQO(Qal kyl)[err]
hal ogen, ”1' mm"ﬂf"mﬁl e presenceggf an activating 4
b) oxi di zi ng a corrpouﬁd bf general fornmula | in which i

{ge nt Uobﬁh) {Qsar

R[err] S

c) converting a conmpound of general foiiula I in which

| RE?M@EW‘SHEET

Lanifies 0,

benzhydryl (E)-(2S,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-methyl-7-
oxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,

benzhydryi (E)-(2S,33.5R)-3-(2-ethoxycarbonyl—vinyl)-3-methyl-
4,4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,

sodium (E)-(28,3S,5R)-3-(2-ethoxycarbonyl-vinyl)-3-methyi-4 4,7-
trioxo-4-thia-1-aza-bicyclo[3.2.0}heptane-2-carboxylate,

benzhydryl (E)~(2S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-3-methyl-7-
oxo-4-thia-1-aza-bicyclo[3.2.0}heptane-2-carboxylate,

benzhydryl (E)-(2S,3S,5R)-3-(2-benzyloxycarbonyl-vinyl)-3-methyl-
4 4 7-trioxo-4-thia-1 -aza—bicyclo[3.2.0lheptane-z-carboxylate.

sodium (E)—(ZS::’.S,5R)-3-(2-benzyloxycarbonyl-vinyl)-3-methyl-
4 4,7-trioxo-4-thia-1-aza-bicyclo[3.2.0]heptane-2-carboxylate,

14. Compounds of the general formula

X
o éooas _

wherein R? has the significance given in claim 1.

15. The compound according to claim 14, benzhydryl (2S,3R,5R)-3-formyl-3-
methyl-7-oxo-4-thia-1-azabicyclo-[3.2.0]heptane-2-caroxylate.

16. Compounds according to any one of claims 1 to 13 for use as

therapeutically active substances.

17.  Compounds according to any one of claims 1 to 13 for use as p-lactamase

inhibitors.




di fferent fromhydrogen into the corresponding free CRIPLMEMENT SHEET

| f -desired;,——converting an aci dic conpound of formjl a At
phar mac ll w " Ie salt 19. A medicanment donfa g Ne 4999 ouind
yaccordi ﬂm ﬂ jlmll ﬂ lains 1 to 13. 20. A 2%
[err]-lac’tar?asé i Bhi bi t1 ng nmedi canent ;gont ai ning a conp -t

any one of clains 1 to 13. 21. A nedrcanent accordi g to claim19 or RO
whi ch additionally contains a [err]- | act am ant FsrotTC:
65 , .

18. A process for the manufacture of compounds accordmg to any one of
claims 1 to 13, characterized by
a) reacting a compound of the general formula

_.rs o} o
.of—Nx' | :

COOR?

wherein R® has the sighiﬂcance given in claim 1, with a
compound of the general formula

RS R?

wherein R' and R? have the significance given in claim 1
and R® signifies P®(aryl),, PO(Qalkyl),, Si(alkyl), or. halogen,
in the presence of an activating agent, or

b) oxidizing a compound of general formula | in which n signifies 0,
or - ' '

c) converting a compound of general formula | in which R® is
different from hydrogen into the corresponding free acid, and

d) if desired, converting an acidic compound of formula | into a
" pharmaceutically acceptable salt.

19. A medicament containing a compound according to any one of claims 1 to
13.

20. A p-lactamase-inhibiting medicament containing a compound according to
any one of claims 1 to 13.

21. A medicament according to claim 19 or 20 which additionally contains a -
lactam antibiotic.



22. A nedi canent according to claim 21 containi ng a penicillin,

‘_eephal osppLy or cabapenem as the [err]-1actam antibiotic.
23. A mFl!mmmlniﬁlHiﬂ%} to claim 22 containing pi FF?ﬂRdEMENT SHEET

ezl oci | | n, apalcillin, benzyl penici

phenoxyiret hyl penicillin, carbenicillirmgsg met hi ci |}l i}n, Brgﬁ cillim,
ticarcillin, anpicillin, amoxicillin, necillinam ced Or e No1989
ceftazidine, cefetanet, cefetanet pivoxil, cefotaxineg, cef nenoxi r’rq

ceftizoxi me, cefuroxime, cephal oridine, cephalotin, cefazolin,

cophal £x28: o8 kldaha R ABRIREI i 93/ RIS pBRARF PP rempp
or a phar macepenen oycakapenenbas thepragtampartinietic.nese compounds.  24. A
medi canment according to claim22 contining ceftriaxone or one of its

pharmaceutical |y conpatible salts. 25. A nmedicanent according to any one
of clai m2321 #Homedicamentaseprdiag toalaim 22 conpaispng pipetaeillin mezecillin,

si mul t aneous, 78BN aPakillif, B2y peaicifih, phetioxpMictiyipésicillin, carbenicillin,

anti bacteri al thtﬁralm/ e s - -
methicillin, propicillin, ticarcillin, ampicillin, amoxicillin, mecillinam,
ceftriaxone, ceftazidime, cefetamet, cefetamet pivoxil, cefotaxime,
cefmenoxime, ceftizoxime, cefuroxime, cephaloridine, cephalotin,
cefazolin, cephalexin, cefoxitin, cephaceterile, cefamandole, cephapirin,
cephradine, cephaloglycine, cefpirone, cefepime, imipenem or meropenem
or a pharmaceutically compatible salt of one of these compounds.

24. A medicament according to claim 22 contining ceftriaxone or one of its
pharmaceutically compatible salts.

25. A medicament according to any one of claims 21 to 24 as a combination
preparation for the simultaneous, separate or chronologically stepwise use
in antibacterial therapy.

26. The use of compounds according to any one of claims 1 to 13 for the
manufacture of a medicament for the control or prevention of illnesses.

27. The use of compounds according to any one of claims 1 to 13 for the
. manufacture of a medicament for the control or prevention of bacterial
infections.

28. The use of compounds according to any one of claims 1 to 13 for the
manufacture of antibacterially-active medicaments.



26. The use of conpounds according to any one of clains Lfo 13 for the
. manuf acture of a nedi canent for the control or prevention q&-{g’l @Eﬁgﬁfb

- 27. The use of conpounds according to any one of clains L‘Jt.\ tSHEET
.manufacture of a nedicament for the control or preventionf of bacterral

infections. 28. The use of conpoundggaccording to any dnef o8 &IJAiNriggy tjo
13 for the manuf acture of antibacterially-active anents.

2-8-ALKENYL PENAM SULFONES AS R-LACTAMASE INHIBITORS

Abstract

The present invention is concerned with penam derivatives,
in particular it is concerned with 2B-alkenyl- penam derivatives

of the general formula

"?)ﬂ Rt ) -
. _.rs ’
Nﬁ R 1
0/ : _
COOR?

wherein
one of R! and R2 signifies -COR4, -CN, -CHzRS, halogen, -CH=CHRS
or Q and the other signifies hydrogen or lower alkyl or both
together signify a y-lactam ring,
R3 signifies hydrogen, lower alkyl, aryl-alkyl, allyl or a
residue which is cleavable in vivo,
R4 signifies hydrogen lower alkyl, lower aIkoxy, benzyloxy,
- amino, lower alkylamino or lower alkyl-lower alkoxyamino,
. R® . signifies hydroxy, -OCONHR7, -OCONH; or a five- or six-
membered hetero-aromatic ring which contains N,S and/or O
and which is linked via a nitrogen atom,
Ré  signifies -CN or CHO, '
R7 signifies -COCH2CI,
Q signifies a five- or six-membered heterc-aromatic ring
which contains N, S and/or O and
n signifies 0, 1 or 2,
as well as pharmaceutically compatible salts of these compounds.

These compounds are good B-lactamase inhibitors. They can

be used for the prevention or treatment of bacterial infections,
optionally together with a B-lactam antibiotic.




