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» invention relates to car bapenem; and in particular to such conpounds ’

cont ai Qi ng a ~car boxy Subst’ituted phenyl group Th| s invention further
relates to processes for their preparation, di | n their
preparation, to their use as therapgutijc_ agent g fgﬁ cal
conposj tions contai ni ng them The corrpoun eﬂ't ig
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agai nst both Gram positive and negative, aerobic and anaerobic bact eria.
They exhi bit good abj | e
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sem -systemati c nonencl ature:
mammals including humans.

Carbapenems were first isolated from fermentation media in
1974 and were found to have broad spectrum antibacterial activity.
Since this discovery substantial investigations have been made into
new. carbapenem derivatives and many hundreds of patents and scientific

papers have been published.

The first, and so far the only, carbapenem to be commercially
marketed is imipenem (N-formimidoyl thienamycin). This compound has a

" broad spectrum of antibacterial activity.

The present invention provides compounds with a broad
spectrum of antibacterial activity including against both Gram positive
and negative, aerobic and anaerobic bacteria. They exhibit good
stability to beta-lactamases. In addition representative compounds of
this invention exhibit a very favourable duration of action.

The carbapenem derivatives referred to herein are named in

accordance with the generally accepted semi-systematic ‘nomenclature:




[err] - 2-

Accordingly the present I nvention provides a conpound of the fornula (n:
[err]. or a pharnaceutlcally acceptable salt or in vivo hydrol ysabl e
ester fhereof wherein: Rerr] is 1-hydroxyethyl, 1-fluoroethyl or
hydroxynmet hyl ; Rl err] is hydrogen or C[errlalkyl Rlerr] is hydrogen or
Cerr]al kyl; R[err] and Rlerr] are the sane or dlfferent and are sel ected
fron1Hydrogen hal o, cyano, Cerr]alkyl, nitro, hydroxy, carboxy,

([ err]al koxy, Cerr] %EMS%I@QHH'preQ&@QﬁU&M@H l%nondes a compound of the

([ err]al kyl am nosul phonyl err] al kyl am nosul phonyl, carbanoyl,
C[err]alkylc&?ﬂﬁi%%? ):qi - C[err] alkylcarbannyl trlfluoronethyl sulphonic
acid, amno, Cerr]al kylam no, di C[err]alkylanino C[err]alkanoylanino,
C[err]alkanoyl (N—C[err]alkxh)anlno C[err]qkkanesulphonan1do and

Cerrlalkyl S(O[err]- dtel’n n is zer e or_two:. wih the proviso that
there is no hydroxy'gh cal subs uent | .nSI 1on ortho to the link
to -NR[err] - gd he imludes strqqght chai n

and branched chain su [ s for exanple -thyI et hyl, n-propyl,
i sopropyl, n-butyl an® i sobut Weoou

or a pharmaceutically acceptable salt or in vivo hydrolysable ester

thereof wherein:

! is 1-hydroxyethyl, 1-fluoroethyl or hydroxymethyl;

R2 is hydrogen or C1_4alky1;

B> is hydrogen or C,_,alkyl;

r* and R5 are the same or different and are selected from hydrogen,

halo, cyano, C1_4a1kyl, nitro, hydroxy, carboxy, C1_4a1koxy,

C1_4a1koxycarbony1, aminosulphonyl, Cl_aalkylaminosulphonyl, di-Cl_4-

alkylaminosulphonyl, carbamoyl, C1_4a1ky1carbamoy1, di—C1_4

alkylcarbamoyl, trifluoromethyl, sulphonic acid, amino, 1__,}alkylamino,

di-C alkylamino, ¢, 4alkanoylamino, 1- 4alkanoyl(N— alkyl)amino,
C,_ 4alkanesulphonamldo and C,_ 4alkylS(O) - wherein n is zero, one or

tvo: .-

‘with the proviso that there is no hydroxy or carboxy substituent in a

position ortho to the link to -NR3-.

- Alkyl when used herein includes straight chain and branched
chain substituents for example methyl, ethyl, n-propyl, isopropyl,
n-butyl and isobutyl.

Preferably rl is 1-hydroxyethyl.

R2 is hydrogen or ¢y 4alky'l for example methyl, ethyl,
n-propyl, isopropyl or n-butyl. Preferably R is hydrogen or methyl
and in particular R2 is methyl.

R3 is-hydrogen or Cl_4a1kyl for example methyl, ethyl,

n-propyl, isopropyl or n-butyl. Preferably R3 is hydrogen.



Preferably R err] is 1-hydroxyethyl. Rlerr] is hydrogen or
Cerr]alkyl for exanple methyl, ethyl, n-propyl, isopropyl or n-butyl.
Preferably R is hydrogeh or nmethyl and in particular Rerr] is nethyl.
Rlerr]* is-hydrogen or CJerr]al kyl for exanple nethyl, ethyl, n-propyl,

| sopropyl or n-butyl. Preferably R[err]_i3s_hydrogen.

-3- Rlerr] and R err] are thé sane or different and are

sel ect'ed from hydrogen; halo for exanple fluoro, bronmo or chloro; cyano; Cl
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methanesulphonamido; and Cl_4a1kyls(0)n- for example methylthio,
methylsulphinyl or methylsulphonyl.

general, it

In a particular aspect a suitable class of compounds is that

4 and R5 are the same or different and are selected from

in which R
" hydrogen, fluoro, chloro, hydroxy, carboxy, cyano, nitro, methyl,
ethyl, methoxy, ethoxy, methoxycarbonyl, carbamoyl, methylcarbamoyl,
dimethylcarbamoyl, trifluoromethyl, sulphonic acid, methylsulphinyl,
methylsulphonyl, methanesulphonamido or acetamido.

Ra and R5 may both be other than hydrogen but, in generél, it

is particularly preferred that at least one of R4 and R5 is hydrogen.

Particularly preferred compounds are those in which R4 is
hydrogen, carboxy, fluoro, chloro, methyl, methoxy, cyano, sulphonic

acid or methoxycarbonyl and R5 is hydrogen.

The present invention covers all epimeric, diastereoisomeric
and tautomeric forms of the compounds of the formula (I) wherein the
absolute stereochemistry at the S-position is as illustrated in



is particularly preferred that at |east one of Rlerr] and R5 is hydrogen.
Particularly preferred corrpounds are those in which R err] is hydrogen,
carbaxy, fluoro, chi of 0,-“fet hyl, met hoxy, cyano, sul phonic acid or

met hoxycar bonyl and Rlerr] is hydrogen. The present invention
covers all epineric, diastereoisoneric and_tautoneric forms of the
conpounds of the forrrul a (1) wherein the absolute stereochem stry at the
5-position is as illustrated in
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pyrrolidine finad Rl is 1-hydroxyethyl or 1-fluoroethyl); at®Hd 6-position; at the
Preferred co(rrpounds are tyhO§xey| I’lyWhI ch. the ty ract amri n% pr ot ons are in

trans confi gtnPRELEhemni¥hen BspiécCy 148 W@’aﬁﬁ‘i [f&r the)\#é and Af posigions in
1- hydr oxyet hgtle pyrrolidily @ehgeyy| it is preferred that the 8-substituent has
the R-configuration. Thus a preferred class of compounds is that of the

formula (111): J[err]
3 _
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~
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Preferred compounds are those in which the beta-lactam ring
protons are in trans configuration with respect to one another. When
R1 is 1-hydroxyethyl or 1-fluoroethyl it is prefefred that the
8-substituent has the R-configuration. Thus a preferred class of

compounds is that of the formula (III):

C,M"k : _C( Coouy
® 4N \@ _ (I1I)

Coo#

and\pharmaceutically acceptable salts and in vivo hydrolysable esters

2 3 L4 5

thereof, wherein R, R, R* and R~ are as hereinbefore defined.

When R2 is C1_4alky1 for example methyl it is preferred that
the compound is in the form of the IR configuration.

Preferred compounds. are those in which the pyrrolidine ring
has the following absolute stereochemistry at the 2/~ and 4’-
positions:



and pharmaceutically acceptable salts and in vivo hydrol ysable esters

t hereof, wherein Rerr], Rerr], Rerr] and R err] are as hereinbefore
def i ned. When Rlerr] is CJerr]alkyl for exanple nethyl it is
preferred that the conpound is in the formof the 1R configuration
Preferred conpounds are those in which ;@@_pyrrolidine ring has the
follow ng absolute stereochem stry at thé 2'- and 4'- positions:

-5- 7 Jerr] A preferred class of conpounds of the present
invention is that of the formula (1V): and pharmaceutically
acceptable salts and in vivo hydrolysable/gif%rs t hereof wherein Rerr],

Rlerr], and R err] are as def( ¢ eio ore_in ala (1) .
Particularly preferred corpmds thin ?ﬁ%ﬁ%ﬁig?rg (I%).are t hose wherein
Rlerr] is hydrogen and Rl err] Rgerr] are \sgame or different and are
sel ected from hydrogen, fluoro, chloro, hydmgfxy, *arboxy,

A preferred class of compounds of the present invention is
that of the formula (IV):

3

OH [ 4
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)/—N / NH R‘i
Vs R
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and pharmaceutically acceptable salts and in vivo hydrolysable esters

thereof wheérein R3, R4, and R5 are as defined hereinbefore in

formula (I).

. Particularly preferred compounds within the formula (IV) are
those wherein R3 is hydrogen and R4 and Rs are the same or different
and are selected from hydrogen, fluoro, chloro, hydroxy, carboxy,
cyano, nitro, methyl, ethyl, methoxy, ethoxy, methoxycarbonyl,
carbamoyl, methylcarbamoyl, dimethylcarbamoyl, -methanesulphonyl,

"trifluoromethyl, sulphonic acid, methylsulphinyl, methanesulphonamido

or acetamido.

Especially preferred compounds within the formula (IV) are
those wherein R3 and R5 are both hydrogen and R4 is hydrogen, carboxy,
fluoro, chloro, methyl, methoxy, cyano, sulphonic acid or
methoxycarbonyl.

Suitable pharmaceuticaliy acceptable salts include acid
addition salts such as hydrochloride, hydrobromide, citrate, maleate
~and salts formed with phosphoric and sulphuric acid. In another aspect
suitable salts are base salts such as an alkali metal salt for example
sodium or potassium, an alkaline earth metal salt for example calcium
or magnesium, an organic amine salt for example triethylamine,
morpholine, N-methylpiperidine, N-ethylpiperidine, procaine,



cyano, nitro, nethyl, ethyl, methoxy, ethoxy, methoxycarbonyl, carbanoyl,
nmet hyl car banoyl , di net hyl car banoyl, net hanesul phonyl, trifluoronethyl,

sul phoni ¢ aci d, nethyl sul phinyl, nethanesulphonanrdo or acetam do.

Especi-al | y preferred conpounds mnthrn the formula (1V) are those wherein
Rlerr] and R err] are both hydrogen and_ﬁg_rs hydr ogen, carboxy, fluoro,.
chloro, nethyl, nmethoxy, cyano, sul phonic acid or nethoxycarbonyl.

Sui t abl e pharmaceutically acceptable salts include acid addition salts such

as hydrochl oaimthebrwmalﬁ,ensyiaﬁ Pa:nl'?i@l &2 RiAe Aceds for Hiample W L h
phosphoric apd su phurrc acid,. ln ano ect syitable salts are base
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al kal i ne ear sdluv€baringatdtibns depandent 61lthemamber o) Basboxylicacadgani c:
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In vivo hydrol ysable esters are those pharmaceutically acceptable esters

that hydrolyse in th eﬂl’w_@chﬁ%ﬁ%lﬁlg@é@&g Jﬁetﬂﬁ agﬁaﬁﬁgp&%r&ql%fuch

esters can be identi sterin enous t est

ani mal , the wnepbale astrys than hmlxémeeqmﬂlnya@kaﬁymmgmmetem
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esters, (] ersybegqheamilioesaminingnyh@xtgst animal’s body fluids. Suitable in vivo
hydrolysable esters for carboxy include Cl_6a1koxymethyl esters for
example methoxymethyl, Cl_salkanoyloxymethyl esters for example
pivaloyloxymethyl, phthalidyl esters, C3_scycloalkoxycarbonyloxyb
C1_6alky1 esters for example 1l-cyclohexyloxycarbonyloxyethyl;
1,3-dioxolen-2-onylmethyl esters for example 5-methyl-1,3-dioxolen-2-
onylmethyl; and Cl_6a1koxycarbonyloxyethy1 esters for example '

" 1-methoxycarbonyloxyethyl and may be formed at any carboxy group in the
compounds of this invention. Suitable in vivo hydrolysable ester
forming groups for hydroxy include acetyl, propionyl, pivaloyl,
Ci_4a1koxycarbony1 for example ethoxycarbonyl and phenylacetyl.

Particular compounds of the present invention are:

(1R,5S,68,8R,2’S,4’S)~2~(2~(3-carboxy-5-hydroxyphenylcarbamoyl) -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,— o
-(1R,5S,6S,8R,2’S,4’S)~2-(2-(3-carboxy-4~chlorophenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,

(1R,5S,6S,8R,2’S,4’8)-2-(2-(3-carboxy-6-chlorophenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic



Clerr]al kyl esters for exanple 1-cycl ohexyl oxycarbonyl oxyet hyl ;

1, 3-di oxol en-2-onyl net hyl esters for exanple 5-nethyl-1, 3-di oxol en- 2-
onyl nethyl; and (] err]al koxycarbonyl oxyethyl esters for exanple

1- nethoxycarbonyloxyethyl and may be fornmed at any.carboxy group in the
conpounds of this invention. Suitable in yivo hydrolysable ester form ng
groups for hydroxy include acetyl, propionyl, pivaloyl,

C[ errJal koxycar bonyl for exanpl e ethoxycarbonyl and phenyl acetyl .
Particul ar cgggypounds. of the present invention are:

Enl/rRr (5)IS| S|Sn84 ’éﬁf@ﬁS)a&’% ﬁyg}%%ggx F;r dr O?fi;'ﬁ Bgi? g@?ﬁo&yl I C
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-7~ aci d, arboxyllc ac1d,
(1R, 5S, 6S, 8R 3- car boxyphenyl car barmyl pyrrolidin-4-

yl t hi o) - 6- (1( #?yé‘ﬁo&%n@ﬁh%ﬁ(% 4&5}7&-&% epEhosyatnfiuergphgnyAcarbapayd ) -

(1R, 35S, 6S, 8%ﬁﬁlﬂdﬂ-ﬂyk&ﬁ55-6‘-4uh@ato?émyhmeﬁutMeawa@bﬁmd3-carboxy11c
carbanoyl)pyrn&lldln 4-yl t hi o) (1- hydr oxyet hyl) met hyl car bapenem 3-
car boxyl i ¢ a%

(1R 5S, 6S, 8R(IR,SS #6S5PR22 (S 4( S)-Ca( Depdy-c dxticxyeé-cilheropheny lrambasoyl ) -

B G (1R SR R P ST M By 1Rl SEE A £
pyrrolidin- 4agiidy hj 0) - 6- (1- hydr oxyet hyl ) - 1- net hyl car bapenem 3- car boxyl i c
acid, (1R 5@.365386% BR324, %) 522 zimeé\fﬂa&yyz Léiﬂu&%eﬂﬁh@ﬁbhﬁ@ﬂbamyl ) -

QZ[{;" din- 4.y Eh o) - (niysdroxyqiinl) - ds mechyl carhapenem 3. car baxyl | &

(1R 5S, 6S, 8RcAdS, 4' S) - 2- ( 2- (3 4- d|carboxyphenylcarbannyl)pyrrpl|d|n-4-

(1R 59 o5, R B oot ST L G0 SR e e R mef i fovidin-s-

pyrrolidin- Zbdsﬂhtth)-fﬁ)-(6-1(Yﬂrrhmtbxilkihybyhﬂcm&whw3bam13 @aidoxylic
(1R,5S,6S5,8R,2’S,4/S)-2-(2~(3~carboxy-4-hydroxyphenylcarbamoyl)-
pyrrolidin-4-ylthio)-6- (l-hydroxyethyl) -1-methylcarbapenem-3-carboxylic
acid, .
(1R,5$,6S,8R,2’S,4’S)-2-(2-(3,5-dicarboxyphenykcarbamoyl)pyrrolidin--

" 4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic acid,
(1R,5S,65,8R,2’S,4’S)-2-(2-(2-carbamoyl-3-carboxyphenylcarbamoyl)
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid, .
(1R,58,6S5,8R,2’S,4/S)-2-(2-(3-carboxy-4-carbamoylphenylcarbamoyl)
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)~-1-methylcarbapenem-3-carboxylic
acid, -
(1R,5S,6S,8R,2’S,4’S)-2-(2-(3-carboxy-5-carbamoylphenylcarbamoyl)
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid, -
(1R,58,6S,8R,2S,4’S)~-2-(2-(3-carboxy-5-acetamidophenylcarbamoyl)

.pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3~carboxylic
acid, :
(1R,558,6S5,8R,2’S,4’S)~2-(2-(3-carboxy-4-acetamidophenylcarbamoyl)
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic



acid, (1R 5S,6S,8R 2'S,4'S)-2-(2-(3,5-di carboxyphenyl car banoyl’) pyrroli di n-
4-yl thio)-6-(1-hydroxyethyl)-1-nmnmethyl carbapenem 3-carboxylic acid,
(1R 5S,6S,8R 2'S,4'S)-2-(2-(2-carbanoyl - 3- car boxyphenyl car banoyl )
pyrrol-i di n-4-yl thio)-6-(1-hydroxyethyl)-1-nmet hyl car bapenem 3-carboxylic
acid, (1R 5S,6S,8R 2'S,4'S)-2-(2-(3- carbigy 4- car banoyl phenyl car banoyl )
pyrrolldln 4-yl thio)-6-(1-hydroxyethyl) met hyl car bapenem 3- car boxylic
acid, (1R, 5S,6S,8R, 2' S, 4'S)-2-(2-(3-carboxy-5-car banpyl phenyl car banoyl )
pyrrolldln g?%_thlo) 6- (1- hydroxyethyl) 1- met hyl car bapenem 3- car boxyl i c

acid, (1R 5 8R 2'S,4'9) - é;'[ car boxy- 5- acet am dophenyl car bamoyl )
pyrrol i di n- 4(1R,58i &5, 58, %@I’\ @yF?tbeHeﬁmFm&W%l phgpBoxyi i c
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DG (1R s B fy sl d e Qx*’f‘é%”%;‘im%’?ﬁm@‘ﬁﬁenw o o))

m)yl
pyrrol i di n- sxprehidip- 6—3(1£h %ﬁokyétmwjyer yhiyhethylspehaprpen-dacarbe 1)&
acid, (1R 5%d43,8R 2'S,4'S)-2-(2-(3-carboxy-2-dinethyl am nocar bonyl| phenyl -

car bamoyl ) pypbolL i s 019 2078 1 QS Wb erk IRLARL SRLDERRASE: >

carboxylic a
(5R, 6S, 8R, 2' @rbafi)yl) pyrol3d eitbpkthiodnéH (dahytnosyéthy}) f bimethylcarbapenem-3-

yl t hi o) - 6- (§%¥w§e£@@ ) car bapenem 3- car boxyl i c acid,
(1R 5S, 6S, 8 (2-(3- carboxy 4- nethylphenylcarbann
pyrrolidin- 4(5p 6ﬁ1&3>2§44iswax9%tcny 9KYthh¢?FWU&M€ﬁ¥@1@af"boxyl iC

aCIr?O“(éIRnS?ﬁﬁlgﬁsZ (B-HydSoxyeth 1e%rs é@@iﬁys-%ammwmul cargarrggl()llc
P8 (1R 59 BasEseB a8, %J?V% ?2 T e LT

pyrrolldin- -ylthio)-6- (l-hydroxyethyl) -1-methylcarbapenem-3-carboxylic
acid,

(1R,5S,65,8R,2’S,4’S)-2-(2-(3-carboxy-5-methylphenylcarbamoyl)-
pyrrolidin-4-ylthio)-6- (1-hydroxyethy1) 1-methylcarbapenem-3-carboxyllc
acid, =
" (1R,5S8,6S,8R,2’S,4’S)-2-(2-(3-carboxy-6-methylphenylcarbamoyl)-
pyrrolidin-4-ylthio)-6~-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,

(1R,5S,6S,8R,2'S,4/5)~-2-(2~ (3-carboxy-z-methoxyphenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)- 1-methy1carbapenem-3-cargoxylic
acid,

(1R,5S,6S,8R,2’S,4’S)-2-(2-(3-carboxy-4-methoxyphenylcarbamoyl) -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,

(1R,5S,6S,8R,2’S,4’S)-2-(2~(3~-carboxy-5-methoxyphenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid, o ’
(1R,5S,6S8,8R,2’S,4’S)-2~-(2~(3-carboxy-6-methoxyphenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,



pyrrol i'di n-4-ylthio)-6-(1-hydroxyethyl)-1-met hyl car bapenem 3- car boxyl i c
acid, (1R 5S,6S,8R 2'S,4'S)-2-(2-(3-carboxy-2-net hoxyphenyl car banoyl ) -
pyrralidin-4-ylthio)-6-(1-hydroxyethyl)-1-nethyl carbapenem 3-carboxylic
acid, -(1R 5S,6S,8R 2'S,4'S)-2-(2-(3-carboxy- 4- et hoxyphenyl car banoyl ) -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-% nmethyl car bapenem 3-car boxylic
acid, (IR 5S,6S,8R 2'S,4'S)-2-(2-(3-carboxy-5-net hoxyphenyl car banoyl ) -
pyrrolTi di n-4-yl thio)-6-(1-hydroxyet hyl)-1-nethyl car bapenem 3- carboxylic

acid, (1R 5S(fi5s85g, 8§;ﬁ'ss)4*§ {2278 33CBARRYY-= £, cTRITERS RYPHRNY T BaRE

géllr (rjol ' din- 4p}¥1!rt011 :'?n-lr-y('lthgxdIGO)H—hyr%o)ryeth t-h —Lleé'nyqaglgbna%glgm- atrzgr X¥cy!|.1c

(1R, 5S, 6S, 8RadidS, 4' S) - 2- (2- (3- car boxy- 4, 6-di net hoxyphenyl car banoyl ) -

lidin-4; o8- t h - b |
oyt i G 3 B98N GMSPRIST ALY
car banoyl ) pycaltliamdthrmltlkim?‘lﬂ-ﬁlﬂliohyélf(dxbzdmwthylt)relwmhnlmpm?ﬁ-
b | 6S, 8R, 2
cgr4o>§/ Izc(ggz;%ox%r xy- -cyanophen car ba
pyrrol i di n- 4(1R,5f;3,88,2: J.S»Hyﬁl)r'@ﬂ%'téyﬁ’ibl’ WPE%“B&MW&&WOXW ic

acid, (1R ﬁ%lﬁﬁnzasyrth%)-%-« Z-Ky%r6?7&ﬁyy)&=ﬁéw¢1u@fmehémd3pbﬁwy11c
car bam)yl ) pyr r@l i di n-4-ylthio)-6-(1-hydroxyethyl)-I-nmethyl carbapenem 3-
car boxyl i c a§

(1R, 5S, 6S, 8R(m S546S58R 22 1S) 4( S)-Ca( e(3y cdrboxpht J-twdf hyviremetthyd phenydy | ) -

PRNERE o o o L e o A T i
car banoyl )py‘FaﬂthOkﬁliN‘— acsd,t hi 0) - 6- ( 1- hydr oxyet hyl ) - 1- met hyl car bapenem 3-

carboxyl i ¢ agiglss,6s 8R 2/S,4’8)-2-(2-(3-carbo —4 6 d1f1uoro hen lcarbamoyl)-
(1R, 5S, 6S, 8R 2" S

4' (2-( b 5- | |
~pyrrolidin- ﬂ%ﬁ@i‘ﬁ%‘)“ é'XllthFl%nﬁt(;)%é/éfyl)%P’f!efh "r]r;#% &%’éﬁ‘?@ca%?%“r%gFMH’é’
acid, (1R 58&i@$, 8R 2'S,4'S)-2-(2-(3-carboxy-5-fluorophenyl carbanoyl ) -

l'i di n-4; b I
B (1R sk SR BRI R Ey&'z%éft@é%ﬁ%ﬁ LR T e U S

carbamoyl)pyrrolldin- —ylthlo) -6- (1-hydroxyethy1) 1-methylcarbapenem-3-

carboxylic acid,
(1R,5S8,6S,8R,2’S,4’S)-2-(2-(3-carboxy-5-methylsulphonylcarbamoyl)-

. pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid, - .

" (1R,5S,6S,8R,2S,4S)~2-(2-(3-carboxy-5-fluorophenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,

(1R,5S,6S,8R,2’S,4'S)-2-(2- (3-carboxy-6-cyanopheny1carbamoy1)-'
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,

(1R,5S,6S,8R,2’S,4’S)-2-(2-(3-carboxy N’-methylphenylcarbamoyl)-

-pyrrolldln-4-ylth10) 6~-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,
and pharmaceutically acceptable salts and in vivo hydrolysable esters
thereof.

Preferred compounds of the present invention are:

(1R,5S,6S,8R,2’S,4’S)~-2-(2-(3-carboxy-5-methylphenylcarbamoyl)-



pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-met hyl car bapenem 3- car boxyl i c
acid, (1R 5S,6S,8R 2'S,4'S)-2-(2-(3-carboxy N -nethyl phenyl car banoyl ) -
pyrralidin-4-ylthio)-6-(1-hydroxyethyl)-1-nethyl carbapenem 3-car boxylic
aci d, -and pharnaceutically acceptable salts and in vivo hydrol ysabl e esters
t her eof . Preferred compoundg,of the present invention are:

(1R 5S,6S,8R, 2'S,4"'S) - 2- (2-(3-car boxy-5-net hyl phenyl car banoyl ) -

- 10 ©

pyrrolidin-4s { Pn-8-= c] , 7 yﬁg@ﬁ@@&ﬁﬁ - Qd '
acid, (1R SASlP%%BgR&)Zn g %1]%1) Mg-r%y?{jagg%%%gﬂhnet hoxypheﬁsilrl %na(rgbgrmyl ifc
pyrrolidin-&ﬂyﬂ%hio)-6-(1-hydroxyethy|)-1-nethy|carbapenen}3-carboxylic

VT ol 1 dine Ay bl e B Gy e P e by
rrolidin-4- - 6- (J1= hydr -1s car bapenen 3- gar bgx
bl (1R stz b Lyrattl bty PL Hacdi EaRpta SRR e
car banoyl ) pyaaid), i di n-4-yl t hi o) - 6- (1- hydroxyet hyl) - 1- net hyl car bapenem 3-
b i ' 'Q 4t
(1R 55, 65, 81 D785 i%aPR:2 85419) 22 (3 (3 carboxy. 6 mpthoxyphenylcarhanoyl) -
pyrrol i di n- a¥rekidin-g=y1thigbotl-tvdyesye wrﬂym%%vbmm@-éaqawWh@
acid, (1R 5%&4,8R 2'S,4'S)-2-(2-(3-carboxy-6-chlorophenyl carbanoyl ) -
lidin-4-ylthig)-.6-(1-h tQyl)-1- hy| b 3- b i
B0 (1R 5o HesBrgs o e e e kA SRR VROl |l - a-
yl t hi 0) - 6- ( learpanaydy pyimdl)idin-keyhhioy+ 64 clnppiroSyethybpxd-me thydcadbapenem-3-
(1R 5S,6S,8 a%' ? Al§) -2+{2-(3-carboxy-4-fl uorophenyl car banoyl ) - ' .
pyrrolidin- -yP ﬁﬁd)-%- - hydr oxyet hyl ) - 1- met hyl car bapenem 3- car boxyl i c
aci d, (1R 531833865288, 2'Sgh )-22(3-d3ceanboxy-6cyanophepisaybanoydinoy| ) -
pyrrol i di n- 4soekbi dih= =% n 0y fUsQY Y- By biyeth - I Vb Ry RARDAB SR -8 2 A1DEIY 1¢

aci d,
(1R, 5S, 6S, 8Reddg 4' S) - 2- (2- (3, 4- di car boxyphenyl car banoyl ) pyrrol i di n- 4-
(1R,5S,6S,8R,2’S,4’S)-2~(2-(3-carboxy-6-chlorophenylcarbamoyl)-

pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic -
acid, -
(1R,58,6S,8R,2’S,4’S)-2-(2-(3-carboxyphenylcarbamoyl)pyrrolidin-4-
ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic acid.
(1R,5S8,6S,8R,2’S5,4’S)-2-(2-(3-carboxy-4-fluorophenylcarbamoyl)-
pyrrolidin-4-y1thio)-6-(1-hydroxyethy1)—1-methy1carbapenem—3-carboxyiic
-acid, o
(1R,5S8,6S,8R,2’S,4’S)~2-(2~(3-carboxy-6-fluorophenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid, - ‘
(1R,5s8,6S,8R,2’S,4/S)-2-(2~-(3,4-dicarboxyphenylcarbamoyl)pyrrolidin-4-
ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic acid.
(1R,5S,6S5,8R,2’S,4’S)-2-(2-(3,5-dicarboxyphenylcarbamoyl)pyrrolidin-4-
ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic acid.
(1R,58,6S,8R,2/S,4’S)-2-(2-(3-carboxy-5-sulphophenylcarbamoyl) -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,

and pharmaceutically acceptable salts thereof.

In order to use a compound of the formula (I) or a
pharmaceutically acceptable salt or in vivo hydrolysable ester thereof



yl t hi 0) - 6- (1- hydr oxyet hyl ) - 1- net hyl car bapenem 3- car boxyl i ¢ aci d.

(1R 5S,6S,8R 2'S,4'S)-2-(2-(3, 5-di carboxyphenyl car banoyl ) pyrrolidi n-4-

yl t hi.0) - 6- ( 1- hydr oxyet hyl ) - 1- net hyl car bapenem 3- car boxyl i ¢ aci d.

(1R 58S, 6S,8R, 2'S,4'S)-2-(2-(3-carboxy-5-sul phophenyl car banoyl ) -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)- # met hyl car bapenem 3- car boxylic
acid, and pharmaceutically acceptable sa %s t her eof . I n order
to us€ a conpound of the formula (1) or a pharmaceutically acceptable salt

?r ' tn vi ;’0 flbfﬂ" ehe/ l%ﬁgi'@pe%ﬂ@rtrteﬂﬁlfeﬁefof rnamma,lst 1nc]iut19ﬁg th‘ﬂﬁaﬂé‘fﬁ.ﬁlpeu'[ :c c t

reat ment of mammal s includin umans, in particu eat. i nfection,
it is nornalRAFHEEHAR Hféﬂe?ﬁ"‘gct’bfreﬁ&ﬁ% HFi3e §Pﬂ?ﬂ}37d£‘15ﬁ"di?f:§€e ical
practice as #@cpbddnteceith etandad|pharhaceutical practice as ahplisxmaceutibahnot her
aspect the presen . nvention provides a pharmaceutical conposition which

conprises a cSWﬂ Jﬂﬁ of the formula (l) or a pharmaceutically acceptable
salt or in vivo hydrolysable ester thereof and a pharmaceutically

acceptable carrier. gquerefore i 3 ano-EﬂSr E@@%ﬁtﬁfe%% qri‘ﬁgﬁéd. seasg%eg gll tion

i nvention may be admnistereq i n standard manner con

that it is Reaspaceytieak cappositinn whigh cemprises A cowwﬁ ofpthg farpuls 5|
adm ni strati@). oF @ thﬁfAeemrcamge%cééﬁammad@r Qh HVoShydt\bQ?édBl@ may be

formul ated b wn |n he ar t t he exanpl e,
tablets, ca P’és&'eﬁﬁ?fg Gmegéﬁfﬁ%r?chPt@?gpﬁf&Sﬁ‘s enul si ons,

di spersi bl e powders, supp05|tor|es and sterile injectable aqueous or oily
sol utions or suspens r

i nvention may be for&n}g‘{]ip aceut g co Igf?ﬁﬁp%gé”&ﬂf %vgﬁﬁ E 'ﬁ%ﬁ/ﬂcont ain
t he conpounchdsinistered é@eatandnv@rmnmr fovricheodispasg Qnﬂﬁlbiféhéb@ dtxiqre.

For exanpl e £33 A& &b CrieafPOtbrderdn né%y%e&ﬁmreemeapweﬁeé&ame dry bl ended
with an al kali netal carbonate, or blcar qﬁFF “ﬁé c&rled fornul ati ons of
GAMPOURAS ¢

conpounds of2dpiRistratian.  Frrckhess, PUTROSRE ERif dRventipRiar d

may be formulated by means known in the art into the form of, for
example, tablets, capsules, aqueous or oily solutions or suspensions,
emulsions, dispersible powders, suppositories and sterile injectable

aqueous or oily solutions or suspensions.

The compounds of the present invention may be formulated as
dry powder filled vials, which may contain the-compound of the present
" invention alone or as a dry blended mixture. For example an acidic
compound of the present invention may be dry blended with an alkali
metal carbonate or bicarbonate. Freeze dried formulations of compounds
of the present invention, alone or as a mixture with standard -
excipients, are possible. Standard excipients include structure
formers, cryoprotectants and pH modifiers, such as, mannitel, sorbitol,
lactose, glucose, sodium chloride, dextran, sucrose, maltose, gelatin,
. bovine serum albumin (BSA), glycine, mannose, ribose, '
polyvinylpyrrdlidine (PVP), cellulose derivatives, glutamine, inositol,
potassium glutamate, éiythritol; serine andhdzﬂér amino acids and
buffer agents e.g. disodium hydrogen phosphate and potassium citrate.



exci pients, are possible. Standard excipients include structure forners,
cryoprotectants and pH nodifiers, such as, mannitol, sorbitol, |actose,

gl ucase, sodiumchloride, dextran, sucrose, maltose, gelatin, bovine serum
al. bumi-n (BSA), glycine, mannose, ribose, polyvinylpyrrolidine (PVP),

cel lul ose derivatives, glutamne, inosi t% pot assi um gl ut amat e,

erythritol, serine and other anino acids “and buffer agents e.g. disodium
hydr ogen phosphate and potassiumcitrate.
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t he pharnmaceutical conposition his I nvention may al so contain, or be
co- adni ni st ePW@xﬂ%m%é%W%F‘é“ I&fomsdﬁﬁfﬁ‘té%‘l' Y L0 GPRtAiRe O De

clini c?l ly usshl uhmﬁehacbeth abnﬁgtﬁ'niwrd Ecﬁﬁwemn?i @edédted bﬂml otliuli:t ams or
am nogl ycosi des n r eta-1actapas Qr._exanpl e vul api ¢
aci d),g ?r/e_nal &?lt'}%ﬁ?gy #&’E %ﬁ‘é‘fﬁr%a% eagﬁngar(gﬂ’(é neé‘@f"ﬁ?e %ef %ﬁ?ﬁﬂa(‘j?%msof
met abol i si ngorRBpimEEly¢ésideskardphibitons kft beta-dacthsiager (forpexampies, for

| . 23 Hub h d
cxamle 72 Gt B0aCkD Ooiial 1AL VIGERAIS Ses (45 CpRaRRALI) aan

N-acyl ated am no aci ds e see uce
effects on tirhikitnzsyof metab°1lsin8 epzggs: 4% epsm%eréutbnms @6nposi tion of

this inventidgun uﬁomel&ayetsabﬁo& ERdmp26 - zademrahusﬁmtbmmmut&u bréfranssted or m

for exanple a {ablet _or cont aj ns be n 100 and 1g of the
conpound of f4fPs3f r?\;é?ﬁ‘iac'f'ﬁ ‘ind r¥\,n"““yﬁ“:"’dA é?’r‘}é‘m?g ﬁﬁ'@ﬁt?

conposi ti on EF-At178910Yy adiichredace radversd a@bfectisoon itherleddnepus, subcut aneous
or intranuscular injection, for exanple a sterile injectable containing
between 1 and 50% w w of the conpound of this invention.

Speci fic exanpl es of Acsuhsable ipbaxmacentisial acampositiont of dahissinyentionolsit i on
in water, frgeze, (bl ©20orAY aBRinTEEE 180 h BAE A9s Ly Yo Al §BH SexaRpid! M

chloride solution to give the required concentration, preferably
| ng- 10ng/ ni ,2 &2klets °Fo<fqpab\%e Vhi%ﬁﬁs'g?msohetfeen 100mg ' and Ig of the

compound of this invention.

A preferred pharmaceutical composition of the invention is
one suitable for intravenous, subcutaneous or intramuscular injection,
for example a sterile injectable containing between 1 and 50% w/w of
the compound of this invention.

. Specific examples of compositions, which are constituted as a
1% solution in water, freeze dried and may be made up by adding 0.9%
aqueous sodium chloride solution to give the required concentration,
preferably lmg-10mg/ml, are as follows:

Composition 1

Compound of Example 1 50mg

Composition 2

Compound of Example 1 50mg
Glycine 31mg

Further specific examples of compositions are as above, but



Conpound of Exanple 1 50ng Conposition 2 Conmpound of
Exanple 1 50ny d yci ne 31lny

Furt her specific exanples of conpositions are as above, but .

- 13 = where the conpound of exanple 1 is replaced by any one of exanples
2 to 37. The pharmaceutical_ggnpositions of the invention wll
normal |y be adm nistered to nman in order to conbat infections caused by
bacteria, in the sane general nanner as that enployed for im penem due

al | owance bejiFeesle chilpduaNSt RkafiPC1! £ ebp1dcRE By Anp YrRN6F e?:BH%IEH at¢pn
of action of_the conpound of the present invention relative to the clinical
use of Iim pe?17e'm Thus each patient will receive a daily intravenous,

subcut aneous or intranuscul ar dose of 0.05 to 5g, and preferably 0.1 to
2.5g, of the conpound,of .this invention co ition LN m ni st er ed
1to 4 tinmes per day,qhgrpé?gr'%%uﬁiﬁofglﬁp%sﬁgrg%nsaggg?/@ ir'heen?% nr%\jiggous,
subcut aneousnammdllntbeaadmindsteredote manyitherdg &n dopbatdmfectionshedused by
injection. ARERALT YR| the Bond Feh@MANRAIOFS tHBY B1oyel RoP Yind PeHenHES

i nfusi on over__a period of tine. ternatlve\é each patient will recelve a

dai ly oral ddevapse heing made dnri herms) 9f desetavels fog the-patency and ent er al
dose. Thus adirdtiédlof sedion OF zhe dsdmPontd Of Ofhe! préx@nefinveatisieeldtdveltd hi s

nvent Lon Ui, SOIRRSA Lo PAReatly leLed bt fnd LIP3 eBS s Bty |

t he conpoundmtrhvérdonsi osubehtaneoyis or intramusadert dosal bF (O6eyd 5| camslal t or

icgm‘;io‘ljﬁ dhzfrﬂe\eféf%ﬂrlﬁuﬁgf 6?{%;'3%’,98’% H' ChpBLRE SF St PidetE ol S ROt ECLI NG 2
composition being administered 1 to 4 times per day, preferably 1 or 2
times a day. The intravenous, subcutaneous and intramuscular dose may
be given by means of a bolus injection. Alternatively the intravenous
dose may be given by continuous infusion over a period of time.
Alternatively each patient will receive a daily oral dose which is
approximately equivalent to the daily parenteral dose. Thus a suitable
daily oral dose is 0.05 to Sg of the compound of this invention, the

composition being administered 1 to 4 times per day.

In a further aspect the present invention provides a proceés
- for preparing the compounds of the formula (I) or a pharmaceutically
acceptable salt or in vivo hydrolysable ester thereof which process

comprises deprotecting a compound of the formula (V):

— Coorl R?®

wherein Rz, R4 and n? are as hereinbefore defined (R4 and RS being

optionally protected if appropriate); -COOR6 and -COOR7 are carboxy or
protected carboxy; Rg is a group R3 or-an amino protecting group; R? is

hydrogen or an amino protecting group; and Rlo is a group Rl, protected



[err] ~ 5 wherein Rerr], Rerr] and Rerr] are as

her ei nbefore defined (R and R being optlonally protected if appropriate);
-COOR{err] and -COOR{err] are carboxy or protected carboxy; Rierr] is a

group~R[err] or an am no protecting group; R err] is hydrogen or an am no

protecting group; and R err] is a group Rgerr], protected

- 14 - 1- hydroxyet hyl or protected hydroxynethyl; and wherein at |east

one protecting group is present; and thereinafter if necessary; (i)

formng a phﬁ-‘h £64yethyl loy ﬁedte@teibhydﬁa:bhethyag i and wher@ihesd gh&@ ohe form
an in vi vo h roI sable e i Protecting groups may in

gener al iﬂgoﬁ%y %fprfaﬁ%“tgroups described in the literature or
known to themtdkthémdna:fmn isf rmsesmqrypprl ate fo'r the protection of the group

0 duesti on. cand My cheuudtd lued Gy LA o EROCS

Protecting ups may nven ent 6d as described in
the |iteratufdd)or knemltléymﬁetekﬁqme@lc’.ﬂeﬂmhwoébﬁhipr?%ﬁeé’ for the
renoval of the protecting group in questlon such nmet hods being chosen so
as to effect renoval _of the protectin ni num di st ur hance of

o
groups el sewhere in PFRFeSLIng greups ma % getlera ORsBuRERD 8RY 19 ther nul a
(V) are novegiroaps destrib@doim ahe abiteeciturie 6heummvemt thm skilled chemist as

appropriate for the protection of the group in question, and may be

introduced by conventional methods.

Protecting groups may be removed by any convenient method as
described in the literature or known to the skilled chemist as
appropriate for the removal of the protecting group in question, such
methods being chosen so as to effect removal of the protecting group
with minimum disturbance of groups elsewhere in the molecule.

The compounds of the formula (V) are novel and form another

aspect of the invention.

Specific examples of protecting groups are given below for
-the sake of convenience, in which "lower" signifies that the group to
phich it is applied preferably has 1-4 carbon atoms. It will be
understood that these examples are not exhaustive. Where specific
examples of methods for the removal of protecting groups are given
below these are similarly not exhaustive. The use of protecting
groups and methods of deprotection not specifically mentioned is of
course within the scope of the invention.

A carboxyl protecting group may be the residue of an
ester-forming aliphatic of.é;siiphatic alcohol or of an ester-forming
silanol (the said alcohol or silanol preferably containing 1-20 carbon
atoms).

Examples of carboxy protecting groups include straight or
branched chain (1-12C)alkyl groups (eg isopropyl, t-butyl); lower
alkoxy lower alkyl groups ' (eg methoxymethyl, ethoxymethyl,



Speci fic exanples of protecting groups are given below for the sake of
conveni ence, in which "lower" signifies that the group to which it is
appl i.ed preferably has 1-4 carbon atonms. It will be understood that these
exanpkes are not exhaustive. Were specific exanples of nethods for-the
renoval of protecting groups are given bgkow these are simlarly not
exhaustive. The use of protecting groups and net hods of deprotection not
specifically nentioned is of course within the scope of the invention.

AI caL boxyl msebeedxyﬂetlwlqyplmy mphbﬁd asywxy ]ﬁwe&nanqﬂ.egTdQSP q(ugh .

al i phatic or_ar c_alg est e [ silanol (the sai

al cohol or A%k ﬁﬂm%ﬁﬁ% e PEBP % nlg Ru'iyﬁyc 'P%'o Atons) .

Exanpl es of pizabopdpxpmetthyd); lgwer albexymbmmlou rlawghtaliyl (grenpscd@gchai n
1-12C) al kyl %

( ) al kyly &%%%oxy Qﬁﬁﬁnﬁet hcll.ﬂ%i ila Warbohﬂﬁfyeﬁl}kﬂ YahAgbwet KYkyl

o (i)gp_s (egl SE}‘QHP%KfﬂePTEﬂt)wxbeﬂéYlaaﬂrWPP%“%{éyIR)‘P}tFQkﬁBFyl&I bepzhydsybs, (eg

?cet oxylrrﬁt hﬂnd aﬁwam)qufnuhvén ab)ld}Mrs!lﬂ()gﬂ‘Bﬁﬂby |(e% hﬁllu&mb@mm%) |
ower al kox c Q met ho r e

1- et hoxycaré’o g’%‘ ﬁ%}l’ll)’dg)yl 1:’r' e’élaig?'f)sg}%%& VEed %Yﬂérﬂﬂ%gggzyl Y
o-nit robenzydr;meshylisiwdemhyl), bad Z12y 6C)dlkenyld gpiutpisa(egliallyl tand( | ower

al kyl ) silyl qg;lgegﬁlgﬁ_zg trimethylsilyl and t-butyldinmethylsilyl); tri(lower

al kyl)silyl groups (eg trinethylsilylethyl); and (2-6C) al kenyl
groups (eg allyl and vinylethyl). Met hods particularly
appropriate for the ﬁ@fﬂmelpafuaﬂalmydppr ﬁtaeetfd}gtﬂé YeRSvAIN6E U bbay1
exanpl e acid-, base-, netal - enzym ca

i ysed hédrol ysi s.

Exanpl es of BFQURGHiPE wécﬂ%d*grfaap%xw ‘th&é T’O\RéFe A~ °Broups (eg

al lyl); | owahz@hicaldytcatalyswl hedrodgseisil ); | ower al koxycar bonyl groups (eg
t - but oxycar bonyl); | ower al kenyl oxycarbonyl groups (eg allyloxycarbonyl);
aryl | ower al koxycarbonyl groups (eg benzoyl oxycarbonyl,

p- met hoxybenzyl oxycaEkmmples ofohydroxpbaroyectipgogioupy|include lower alkenyl

p-.ni trobenzy) Xy qehOMip) s tovet Wkhnoyl groups (eg acetyl); lower
alkoxycarbonyl groups (eg t-butoxycarbonyl); lower alkenyloxycarbonyl
groups (eg allyloxycarbonyl); aryl lower alkoxycarbonyl groups (eg
benzoyloxycarbonyl, p-methoxybenzyloxycarbonyl,
g-ﬁitrobenzyloxycarbonyl,.B—nitrobenzyloxycarbonyl); tri lower
alkylsilyl (eg trimethylsilyl, E-butyldimethylsilyl) and aryl lower
-alkyl (eg ben%yl) groups.

Examples of amino protecting groups include formyl, aralkyl
groups (eg benzyl and substituted benzyl, eg p-methoxybenzyl,
nitrobenzyl and 2,4-dimethoxybenzyl, and triphenylmethyl);
di-p-anisylmethyl and furylmethyl groups; lower alkoxycarbonyl (eg
t-butoxycarbonyl); lower alkenyloxycarbonyl (eg allyloxycarbonyl); aryl

- lower alkoxycarbonyl groups (eg benzyloxycarbonyl,
p-methoxybenzyloxycarbonyl, o-nitrobenzyloxycarbonyl,
p-nitrobenzyloxycarbonyl; trialkylsilyl (eg trimethylsilyl and
t-butyldimethylsilyl); alkylidene (eg methylidene); benzylidene and
substituted benzylidene groups.

Methods appropriate for removal of hydroxy and amino -
protecting groups include, for example, acid-, base-, metal- or



alkylsilyl (eg trimethylsilyl, t-butyldinmethylsilyl) and aryl |ower alkyl
(eg benzyl) groups. Exanpl es of am no protecting groups

i nclude fornyl, aral kyl groups (eg benzyl and substituted benzyl, eg

p- met koxybenzyl, nitrobenzyl and 2, 4-di net hoxybenzyl, and triphenyl nethyl);
di - p-ani syl nethyl and furyl methyl groupsjgl.ower al koxycarbonyl (eg

t - but oxycar bonyl); | ower al kenyl oxycarbonyl (eg allyl oxycarbonyl); aryl

| ower "al koxycar bonyl groups (eg benzyl oxycar bonyl,

p- rre% hogyberélax YiRead J:umuysea- {iydrroQ fmytwsgeaﬁﬁmuéh as

p- ni t r obenzyl ox tria |

t-butyl di metEhW‘%s/F %ﬂ'fy 0517 R3HDOFE g’b‘&?ﬂ%ﬁ‘\ ﬁté{?;’r é’HQ%Iﬁu&gnﬁs and

subst i t ut ed dsehundbedzyloxgcapsyl, photolyticallyket hods appropriate for renoval
of hydroxy and am no protecting groups include, for exanple, acid-, base-,
metal - or 16 -

enzyni cal | y- cat al ysebrafgared psptecting 8@961’.&)§°§1R,q¥b9§f and hydroxy groups in

p- ni t robenzxebﬂwﬁﬁ%bwﬂle Mﬁ!?ﬂ ﬁgtawtﬁ@%ﬂ)ﬁﬁs AN OPDandUsthidBobenzyl. A

7 oups Tor - SEPERBEPIAREIR EeS GonTad e (e B FRALD i PRPAIARIE ?T Sare’
groups are
t he groups a;htaiysalduzmﬂgl tetrakig(triplienyl picxphenk )pal batiufacand' Hebdmin’of t he
al Iyl group I pal&.g)%hgfn) %@{) cygbfveld%' rﬂﬁdro uran m xture, sd: far

tetrakls(trlﬁ ine i umand
aprotic sol \demetlwdsubmmm&:meanahndxotmn @Udh3-asblmethyl-z-oxo-tetrahydro-

di et hyl sul {g,g :ﬂﬁdéﬁéé&ﬁﬂﬁmﬂf&n & ah §1$h€§ﬁ¢ae&aﬁya%9nfﬁi h8PoteOsuch

pyrim di ne/ rof uran, or an al cohol/tetrahydrof uran m xture such as

i sopr opanol /aFe{-‘f%?H?‘H’fldFﬁFFaBY ErMEa ort é'fl}aé'ﬁ}(ﬁeé?ﬁmé’rw typramy, o prafieyably

ﬁ/en})lj entﬂ te”ﬁ@{jﬁiﬂi@ﬁt ﬂn?x@filﬁirf%ehltefﬁﬁthv'éml gmglmliale m@ede:u"seﬂl mef of )
ru S acC | or onetg na se C 1 t1o0 al | o ol at n_of thne
product by Bh‘é"&"r r?lr}t g‘fﬂt}ﬁmfﬁ achd, glgdﬁﬁ(ﬁqﬁ‘ig’é?"fe%gﬁn?’he o]l {:?r\éﬁ}ti?ns ag.g

salt such adsebaliiom @ ahbyproduchdyt precipitation of tlie modiwn rsadt nmt Itbel for
removal of g i bf WEhHn JLA'BulE Y SEAUR Al P1HLIaRGade PRI | adi um

cat al yst.

A preferred method for removal of the p-nitrobenzyl group is

hydrogenation using a palladium catalyst.

In another aspect of the present invention the compounds of

-the formulae (I) and (V) may be prepared by

a) reacting compounds of the formulae (VI) and (VII):

2
" K

4
K’° - L VI C,cJN/K ofé VIT

R Coor?

wherein Rz, R4-R10 are as hereinbefore defined and L is a leaving
group, or '

b) cyclising a compound of the formula (VIII):



I n anot her aspect of the present invention the conpounds of -the fornulae

(1) and (V) may be prepared by a) reacti ng conpounds of the
formulae (VI) and (VII): [err] wherein R err], Rerr]-Rerr]
are as hereinbefore defined and L is a. Ieaving group, or b) cyclising
a conpound of the formula (VII1): _

- 17 - [err] wherei n R[err] R[err]-R[err] as herei nbefore

def i néd and Rlerr]-Rerr] are |ndependently selected from Cerr] al koxy,
aryl oxy, -Cerr]al kylam no and diarylamno or any two of Rlerr]-Rerr]
repr esent o-phenylenedioxy, or one of Rlerr]-Rerr] is (Jerr]alkyl, allyl,
benzyl or phenyl, and the Qpher ,,K' _

lo CoN
' 6
O/-‘ \F?&lleae [r 4 R K‘ K"
coor?

10 11_p13 |

wvherein R2, R4-R as hereinbefore defined and R
independently selected from C1 falkoxy, aryloxy, d1-01 6alkylammo and
diarylamino or any two of R represent o-phenylenedioxy;

or one of Rll 13 is CI_4a1ky1, allyl, benzyl or phenyl, and the other
two values are independently selected from C1_4a1ky1, trifluoromethyl
or phenyl, wherein any phenyl group is optionally substituted with
Cl_3alky1 or 01_3
and vwherein any functional group is optionally protected and

alkoxy:

thereinafter if necessary:

(i) removing any protecting groups;
(ii) forming a pharmaceutically acceptable salt;
(iii) esterifying to form an in vivo hydrolysable ester.

) Suitably in the compound of the formula (VI) L is the
reactive ester of a hydroxy group such as a sulphonate (for example
Cl_salkanesulphonyloxy, trifluoromethanesulphonyloxy,

- ‘benzenesulphonyloxy, toluenesulphonyloxy), .a phosphoric ester (for
example a diarylphosphoric ester such as diphenylphosphoric ester) or
L is a halide (for example chloride). 1In an alternative L is a
sulphoxide for example -SOCH=CH-NHCOCH3 vhich may be readily
displaced. Preferably L is diphenylphosphoric ester (-0P(0)(0Ph)2).

Compounds of the formula (VI) and their preparation are well
known in the carbapenem literature, for example see EP-A-126587,
EP-A-160391, EP-A-243686 and EP-A-343499.

The reaction between the compeunds of the formulae (VI) and
(VII) is typically performed in the presence of a base such as an



two values are independently selected fromderr]alkyl, trifluoronethyl or
phenyl, wherein any phenyl group is optionally substituted with Clerr]alkyl
or ClLerr]al koxy: and wherein any functional group is optionally protected

and thRereinafter if necessary: (i) removi ng any protecting groups;
(1) form ng a pharmaceutically acce%able salt; (iii) esterifying
to forman in vivo hydrolysable ester. SUI tably in the conpound

of thé fornula (V) L is the reactive ester of a hydroxy group such as a

sul phonat e (§QanfX aRhe ﬁeéiimghgatﬂe§% fopfYdtt¥Yamine or an 1norgan1c base
trifluoronethanesul phon enzenesul p on | oxy, toluenesul gonaell oxy), a

phosphoric etaTeexamnie @kaﬂsﬂé aemlapyrlpﬂvagﬁwbca%gpw%w
di phenyl phosmo&escﬁshers) ceﬁvdmeﬁth b&i‘ﬂoﬁl’ﬁed faRr a coempptfueh| sytvee) -257C an

alternative r whi ch. may be
readily disp c@‘&giel#éfse"ﬁ E'Q' n% ngr p% ﬁeal’ﬂt?o tse?ﬂmr"‘dt|1
(- OP( O ( OPh)pexifpied in an organic fninpotlradrshods tahetdnclltmﬂmotVI ) and their

preparation [ h n X see
EP- A- 126587, ‘ﬁl‘:"gtwégé 1%EP&R%2§933%§%&S%§ Efieralfy BokfdmelOln SXRARCE,

reacti on betSkEhat He thatpdeseribed imnthe ddgerature \iop aimilay 1[9“FS°‘tsyp| caI ly
performed in the presence of a base such as an

- 18 - organica e for exanple di-isopro ethlam e oy .an inorganic
base for exanple an I&QF‘P”W@?Q& ﬂ?b@ﬂﬂl‘ga é&ﬁu p‘b‘i‘@i ?’U{nfBE? bonat e.
The react i oranotheoraspactedf| vhep présenteithvehtbort.enper at ure between -25[err]C
and anbient, suitably at about -20[err]C. The reaction is generally
performed in an organic solvent such as acetonitrile or dimethylformam de.
The reaction i s genefh¢ |opmpeundsr of ghe nfoxmuda (¥1I) sy beaprepanedaby dhecri bed

in the llter&tp&}s@eét%nsafrrhl GdmpbBRf bEOe formula (IX): The compounds of. the
formula (VII) "are novel and form another aspect of the present I nventi on.

" con’
RS \@/ (IX)

6

:wherein R4-R R 8

R

protedting group, for example Cl_galkanoyl, C1_6alkoxycarbony1 or
1

14

and R9 as hereinbefore defined and R™ is a

benzoyl. Preferred values for R™ are acetyl and t-butoxycarbonyl.
The compounds of the formula (IX) can be converted to the compounds of
the formula (VII) by standard methods of deprotection, for example
acetyl groups can be removed by basic hydrolysis in aqueous alkanol or
alkenol for example allyl alcohol.

The compounds of the formula (IX) are novel and form another
aspect of the present invention.

The compounds of the formula (IX) may be prepared by the
reaction of an activated derivative of a compound of the formula (X),
which may be formed in situ, with a compound of the formula (XI):



The cohpodnds of the fornmula (VIl1) may be prepared by the deprotection of

a conmpound of the fornmula (IX): [err] wherei n Rlerr], Rerr]
and Rerr] as hereinbefore defined and R err] is a protecting group, for
exampke Clerr] al kanoyl, C[err]al koxycarbonyl or benzoyl. Preferred val ues

for R are acetyl and t-butoxycarbonyl. ;hhe conpounds of the formula (IX)
can be converted to the conpounds of the fornmula (VII) by standard net hods
of deprotection, for exanple acetyl groups can be renoved by basic

hydrol ysis in aqueous al kanol or al kenol for exanple allyl alcohol.

The conpounds of the formula (IX) are novel and form anot her aspect of the
present invention. The conpounds of the formula (I X) may be
prepared by the reaction Hvat ed deriwﬁiive of a conpound of the
formula (X), mhlch'nﬁys fo ned in S|tu(xynthla conmpound of tne Qi&yula

Xl):
(XI) \Rq \‘;l—z;/
gy+

KS

wherein R*-R®, R®, R? and r1*

derivatives of the compound of the formula (X) include acid halides,

are as hereinbefore defined. Activated

anhydrides and ‘activated’ esters such as 1H-benzo[1,2,3]

triazol-1-yl, pentafluorophenyl and 2,4,5-trichlorophenyl esters or the
benzimidazol-2-yl ester of the thiocarboxylic acid corresponding to
(X). The reaction of the compounds of the formulae (X) and (XI) is
performed under standard methods, for example in the presence of
Vilsmeier reagent (thus forming the reactive derivative of (X) in situ)
at temperatures in the region -30°C to 25°C, preferably in the region
-20°C to 5°C.

The compounds of the formulae (X) and (XI) are prepared by
standard methods known to the skilled chemist such as the methods of
- the Examples hereinafter, the methods described in EP-A-126587 or by
ﬁethods analogous or similar thereto.

Suitably, in the compounds of the formula (VIII), RII-gl3
are independently selected from Ci-6 alkoxy such as methoxy,
ethoxy, isopropoxy, n-propoxy or n-butoxy; aryloxy such as optionally
phenoxy; d1-C1 6alky'lamino such as dimethylamino or diethylamino;
diarylamino such as diphenylamino or any two of R11 R13 represent
o-phenylenedioxy. Preferably each of Rll-R13 have the same
value and are Cl_salkoxy for example methoxy,-ethoxy, isopropoxy or

n-butoxy or are phenoxy.

The compounds of the formula (VIII) are cyclized under
conventional conditions known in the art to form compounds of the
formula (V). Typical conditions are heating in a substantially inert



[err] “wherein Rlerr]-Rerr], Rerr], Rerr] and Rlerr] are as hereinbefore
defined. Activated derivatives of the conpound of the formula (X) include
acid.halides, anhydrides and 'activated' esters such as 1H benzo[l, 2, 3]
triazel -1-yl, pentafluorophenyl and 2,4,5-trichl orophenyl esters or the
benzi m dazol -2-yl ester of the thiocarboxylic acid corresponding to (X).
The reaction of the conpounds of the fornmulae (X) and (XI) is perforned
under ‘st andard met hods, for exanple in the presence of Vil sneier reagent
(thus forn ngrgaliec rs%deéﬁﬁ/%udl@rdsvﬁ&iﬂéﬁepfxyﬂ.é’:)e iofit Sﬂiytl) addtatengieratures in

the region -30[err]C to 25 err e ' rr]Cto
Slerric o temperaturel i’ EhE doetim Worl 0%, Yevleadlly £ rRRepoom B0
prepared by parfodsed meathodphem dfonitmegekidndeils cheriesi ogtidn alse t he

" met hods of I t in EP-A-126587
or by net hodé&%eﬁf%l%gugsrgp f}é:ﬂm@FL‘?&{ gr&‘i—oﬁﬂbﬁg%ﬁ%&h gﬁg ably, in the
conpounds of the fornula (M), Rerr]-Rerr] are independently sel ected

frgmt Cl-6 al koxy SUC&%@&: MYOf%QOﬁdhnul§WQﬂp>ﬁﬁ mrmaﬂiwxna)r ]
N- DUt OXY; uc S Op | Oona eno er | am no suc as
di met hyl ami n ’é""gf‘g%‘f %’ 8?‘91"%‘?‘&% ég%d"ﬁ"ﬂ&dfﬁﬁ i no or any two

of R err] - R convkniemiilypsde prepared\liye reattinyg . compowidsr ablthecfmimudée (XII)

R[err]-R[errJndh he sane value and are ([ err]al koxy for exanple nethoxy,
et hoxy, isopropoxy orf n-but oxy or are phenoxy. The conpounds of
the formula (MVI1) are cy clized under conventigonal conditions known in the
art to formcorrpoungs otthe formul a (\/) i cal condltlons are heating in
a substanti i nert - 20 -
organi ¢ sol ve ne or e cecropgat tenperatures in
the regi on 60- 1 yp| cal I gqactl S _perforned (RpIRn
at nosphere of ®troge is carried o | IR% he ptesence of a radical
scavenger for exanple drqu|none
ook’
pr11g12g13 (XIII)

13 are as hereinbefore defined.

wherein R?, and R4-R
Suitably the compound of the formula (XIII) is .a phosphite or is the -

-functional equivalent of such a compound.

The reaction between the compounds of the formulae (XII) and
(XIII) is conveniently performed in an organic solvent such as
toluene, xylene, ethyl acetate, chlofoform, dichloromethane,
acetonitrile or dimethylformamide. Typically the reaction is carried
out at an elevated temperature for example 60-150°C.

The compounds of the formula (XII) may be prepared by a
number of methods known in the art. For example the comp&unds of the
formula (XII) may be prepared bjr the acylation of a compound of the
formula (XIV):



The conpounds of the formula (M I1) may be forned and cyclized in situ. The
conpounds of the fornmula (VII1) may conveniently be prepared by reacting
comppunds of the fornulae (XII) and (XII1): [err] wherein
Rlerrf, and Rerr]-R err] are as hereinbefore defined. Suitably the
conpound of the formula (XII1) is a phaosghite or is the functional

eqU|vaIent of such a conpound. The reaction between the
conpounds of the fornmulae (XII) and (XIII) is convenlently performed in an
organi ¢ solvent such as tol yene, xylene, eth acet at e, ch xovef orm

di chl ororet hane, agetonMriN e Orggfﬁgi?xiﬂpiiﬁg%%ﬁECIMQQGa Iy the reaction
Is carried out at X ture fofy I'e 60-150[err]C.

The conpounds of the q pre by a nunber of methods

known in the art. Fpf eXahpl e the conpolinds t fornula (XII) may be

prepared by the acyl,atipn of ac und of the formul a
- 21 - yherein Rz, éiR , and Ré”ﬂiﬂ are as hereinbefore de 1ne with a

compound of the formula (XV):

7

C1-CO-COOR (XV)

7

wherein R’ is as hereinbefore defined.

The compounds of the formula (XIV) may be prepared by
reacting compounds of the formulae (XVI) and (VII):

W &
ij;‘l/'l\ CooH (XVI)
g " .

10 are as hereinbefore defined. The compounds of the

wherein R2 and R
formula (XVI) are known in the art and may be reacted with the
compounds of the formula (VII) under conventional acylation methods
known in the art.

Compounds of the formulae (VII), (XII) and (XIV) are novel
and, as such, form another aspect of this invention.

The following bidibéIEhl test methods, data and Examples
serve to illustrate the present invention. -

Antibacterial Activity

The pharmaceutically acceptable Carbapeﬁem compounds of the



wher ei n Rlerr], Rerr] -Rerr], and Rerr]-Rerr] are as herei nbefore
defined with a conpound of the formula (XV):

Cl - CO COOR7 ( XV) wherein R err] is as hereinbefore

defi néd. The conpounds of the formula (XIV) may be prepared by
reacting conpounds of the formulae (XVI) ,3nd (VII): [err] wherein
Rierr], and Rlerr] are as hereinbefore deT2| ned. The conpounds of the formula

(XVl) are known in the art and nay be reacted with the conmpounds of the

formul a (VI ) rdsderinveptiol hpdse ALY hatitae toBlalOsigent8 ONMYing 4 heoad t -
Conpounds of the forrmulae (VII1), (X1) and (Xl V) E<'i5r']§"_4)1ovel and, as such,

f or m anot her SRRSSERR off agHjvdty against standa VAW ng bi ol ogi cal
t est met hodsmidiebigaiidmix doph Granaiegative ahd \Granajositive,pwkicnare nsedt i on.

'g‘g%gﬁﬁ;gr IO? L‘f %%trégﬂ tf%r activity ag;r{]nestpp:ﬁ:rhgggnei%t bgcq!eera acahR tﬁllill.ﬁaéﬁg:?gf enem
spectrum and potency of a particular compound may be determined in a
standard test system. In particular the carbapenems of the present
invention show good stability to beta-lactamases and have a
particularly good elimination half life in mammals. 1In general

compounds show significant improvement over imipenem.

The antibacterial properties of the compounds of the

invention may also be demonstrated in vivo in conventional tests.

Carbapenem compounds have generally been found to be
relatively non-toxic to warm-blooded animals, and this generalisation
holds true for the compounds of the present invention. Compounds
representative of the present invention were administered to mice at
doses in excess of those required to afford protection against
bacterial infections, and no overt toxic symptoms or side effects
attributable to the administered compounds were noted.

) The following results were obtained for representative
compounds on a standard in vitro test system using Diagnostic
Sensitivity Test. The antibacterial activity is described in terms of
the minimum inhibitory concentration (MIC) determined by the
agar-dilution technique with an inoculum size of 104 CFU/spot.



- 22 -- present invention are useful antibacterial agents having a broad
spectrumof activity in vitro against standard | aboratory m croorgani sns,
bot h, G am negati ve and G am positive, which are used to screen for activity
agai nst pat hogenic bacteria. The antibacterial spectrum and potency of a
particul ar conmpound nay be determned in gl_standard test system In
particul ar the carbapenens of the presén? i nvention show good stability to
bet a-'act amases and have a particularly good elinination half life in

manmal s. |1 n general conpounds show significant inprovenent over in penem
The anti bacterial properties of the conpounds of the invention nmay al so be
denonstrated in vivo in comrentiomnatr-tests;~""""T"TTTTTTTTT carpapenem-

conpounds have generall¥ been found tqlbequhaLively non-toxic to

war m bl ooded aninmals, and this generalisation holds true for the conpounds
of the present invention " ToNPoOUNAs TEpresentative ol the present I nvention
wer e admi ni PrReANXEMt 0 i ¢e at doses in exEXAMPLBf those required to afford
protection agai nst bact?rial i nfections, and no overt toxic synptonms or
side effects attributablle to the adm ni stered conpounds were noted.

The following results wdre dbtained fbr représentati ¥ conpoGiffriarone
standard in vitro test qysten1using Di agnostic Sensitivity Test. The

anti bacteri at—actTvity 1,5 described m terns of _the mninuminhibrtory
concent r at i Fatexgbartefet drmi ned by the agar-dilution technique with an

i nocul um si z@o8¢ael@perr] Crlg.epot.  0.03 0.03 0.01 0.06
- 23 - | MC ([err]/m)
| Enterobacter 1.00 1.00 0.50 - 0.25 32

cloacae 108

I
I
I
E. coli |
TEM | 0.03 0.02 0.02 0.01 0.03
I
S. aureus 1
147N | 0.25 0.50 0.25 0.13 2.0
I
‘In the examples:
(a) NMR spectra were taken at 200MHz or 400MHz;
(b) Allyloxy means the propen-l-yloxy grouh -OCHZCH=CH2;
{c) THF means tetrahydrofuran; .
(d) DMF means dimethylformamide;
(e) Meldrum’s acid is 2,2-dimethyl-1,3-dioxane-4,6-dione.
(£) Evaporation of solvents was carried out under reduced
pressure;
(g) EtOAc means ethyl acetate;
o (h) EEDQ means N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline;
(1) DMSO means dimethyl sulfoxide;
(1) DCCI means dicyclohexylcarbodiimide; and
(k) The peak positions in NMR spectra taken in DHso-d6 and acetic

acid-d4 vary depending on the ratio of DMSO to acetic acid.



ORGANI 'SM : EXAVPLE : 1 2

4 10 ceftriaxone Ent er obacter cl oacae 029 0. 06

0. 03: 0.03 0.01 0. 06 Ent er obact er 1.00 1.00 0. 50
0.25 - 32 cl oacae 108 E. coli TEM 0.03 0.02 0.02
0.01 0. 03 S. aureus 147N 0.25 0. 50 0. 25

0.13 . 2.0 In the exanples: (a) INI\/R spectra were taken at 200MHz
or 400MHz; (b) Al'l yl oxy nmeans the propen-1-yl oxy group

-OCH err] CHeCHLsid i (C) THF neans tetrahydrofuran; (d) DVF nmeans
di met hyl f or ' e) Mel drum s acid is

2,2-dimethyl -1, 3- d| oxane- 4, 6-di one. (f) Evaporati on of solvents was
carried out : ¥-5-hydnoxyphenyltt s¥amegky:s et hyl
ilil-cgt ﬁz)iycgb) : : 5 205 l?’flr‘.c,l'"{e.thylcarba ¥eans

di et hyl suldacnho:gghc(adid d1soﬂi)ﬁi sai;ans di cycl ohexyl carbodi i m de; and (k)
The peak positions in NVR spectra taken in DVBO-d[err] and acetic

aci d-d4 vary depending on the ratio of DMSO to acetlc acid

- 24 - Exanple 1 To a solution of allyl (1R,5S,6S,8R,2’S,4’S)-2-(1-allyloxy-

carbonyl-2-(3-allyloxy-5-allyloxycarbonylphenylcarbamoyl)pyrrolidin-4-

ylfhio)-ﬁ-(l-hydroxyethyl)-1-methylcarbapenem-B-carboxylate (500 mg,
0.72 mM) and 2,2-dimethy1-1,3—dioxane-4,6-dione (Meldrum’s acid,

829 mg, 5.75 mM) in a mixture of DMF (8 ml) and THF (4 ml), under an
argon atmosphere, was added tetrakis(triphenylphosphine)palladium (83
mg, 0.072 mM). The solution was stirred, under argon with protection
from light, for 2 hours. The solution was diluted with diethyl ether
(40 ml), and the resultant precipitate centrifuged, and the supernatant
was removed. The product was washed by resuspension in ether followed
by centrifugation, and finally dried under high vacuum. The crude
product was dissolved in water (10 ml) and the pH adjusted to 6.8 with
NaHCO3.
on Diaion CHP20P resin, and the fractions combined as appropriate to
give the title product (66%). Nmr (DHSO-d6 + acetic acid-d4): §1.18
"(d, 6H); 1.82 (m, part obscured, 1H); 2.79 (m, 1H); 3.03 (dd, 1H); 3.22
(dd, 1H); 3.38 (quintet, 1H); 3.57 (dd, 1H); 3.82 (quintet, 1H); 3.99
(quintet, 1H); 4.19 (dd + m, 2H); 7.13 (t, 1H); 7.44 (t, 1H); 7.65

(t, 1H). :

After filtration, the solution was subjected to chromatography

The starting materials were prepared as follows:

Allyl 3-allyloxy-5-aminobenzoate

—E:Hydroxy-S-nitrobenzqic acid (3.9 g, 21.3 mM) was dissolved
in DMF (55 ml), and anhydrous cho3 (11.78 g, 76.5 mM) added with
stirring. Allyl bromide (5.4 ml, 62.4 mM) was run in, and the mixture
stirred for 18 hours at ambient temperature. The solvent was removed
by evaporation, the residue treated with water, the pH was adjusted to



(1R, 5S, 6S, 8R, 2' S, 4' S) - 2- ( 2- ( 3- Car boxy- 5- hydr oxyphenyl car banoyl ) -
pyrrolidin-4-yl-thio)-6-(1-hydroxyethyl)-1-nmethyl carbapenem 3- carboxylic
acid, disodiumsalt To a solution of allyl

(1R, 55,6S,8R 2' S, 4'S)-2-(1-allyl oxy-

car bonyl - 2-(3-al I yl oxy-5-al |l yl oxycar bon_y%gh_enyl car barmyl ) pyrrolidin-4-
ylthig)-6-(1- hydroxyet hyI ) - 1- met hyl car bafenem 3- car boxyl ate (500 ng, 0.72
mV) and 2, 2-di net hyl -1, 3-di oxane- 4, 6-di one (Meldrum s acid, 829 ngy, 5.75
mH) in a mxtyre an sphere,
was added t)est rék?'fsaz c‘:aw{g a%%@%‘%ﬁ‘%‘}' ggé Tlgé gz%‘bﬁ{ . .The

sol ution vvasix§ﬁl¢ﬁ€eﬁer%r‘ié ‘gﬁéé‘h agpeopsp Nefl 20y ) dﬁtPFgﬁFFF@htan drdyied oFsEr s

T?gcsol ?; L gmgsa; d ;rhet%iiuuéd f&f@éﬁfeb%oﬁﬁ:?&i vad Osubjecten o t@rﬁoﬁ@wglg
I PI centyrifuge an er na r.,odu
\a/as heg by r &yushbicey g?r'lqtﬁnﬁt"dlép B‘W@d° Weémgfqut%%a(ﬁﬂow iﬂp %#]1 ya

dri ed under ﬁhgtylo&yujmitfblmmwr&a(prwmwomas (Nms(ﬁnmg): rd m&@r(d(:lo m )
and the pH Wigt £ r .0 ytion
was subj ect Zl?)fo'{(;%ﬂ &) 2§¥ i 91 Maggcgl o%ﬂl’d—ngA%i’%r ééldn'lF é)ﬁrjd ?Flgei rﬁé?tﬂl)dns
conbi ned as 8apprpr ilﬁie to g| ve the title product (66%. Nnr (DHSO-d[err]
+ acetic acid-d4): 6 1 18 (d, 6H); 1.82 (m part obscured, 1H); 2.79 (m

1H); 3.03 (dd 1% s.g:ld 1H); 3.38 (quintet, 1H); 3.57 (dd, 1H); 3.82
(quintet, 92%&%‘ 1H); 4.19 (dd + m 2H); 7.13 (t, 1H); 7.44
(t, 1H); 7. 65 (t, 1H). The starting materials were prepared as

foll Al |yl b

SOHyg\rNixy 5-ni %/robeflJQ}b%I@gé%? (fs??' 39 g’néggdﬁ(Mas diss lsvggl%/ne(?ﬂl%l Iﬁ?ﬁt?th
m), and anh8rml)s ped radded o738 spspassivnmsg Saﬂb?élﬁgﬂt(}ﬂs?l&r bhg)Al |yl
brom de (5. hellted Wadr PHINAS 16 Uiny afed N85 Mgl hderShigdd 1R miudtaur s

at anbi ent tenperature. venl was renoved dy evaporati on, t he residue
treated wit Wagcheated: ¥ rgFlupfond| howrst sepled, an poured into a mix of 880

- 25 - 5. Gumaith RRLOGMOL andvatad r(20tE] .1 NtHe GEdilic AFedlwas FBparatediandd
' three further extractions made with ethyl acetate. The combined
extracts were washed with dilute ammonia solution, water and brine,
dried over MgSo,, and evaporated to give a yellow o0il of allyl
3-allyloxy-5-aminobenzoate (1.53 g, 86%). Nmr (CDCl3): é 3.60 (br,
2H); 4.53 (dt, 2H); 4.78 (dt, 2H); 5.25-5.44 (m, 4H); 5.96-6.12 (m,
2H); 6.43 (dt, 1H); 7.00 (m, 2H). -

Hs (cI): 233 (MH)*

Preparation of Side Chain Pyrrolidin-4-ylthioacetate

The cyclohexylamine salt of 4-acetylthio-1-allyloxycarbonyl-
2-carboxy-pyrrolidine (5.6 g, 15 mM) was suspended in ethyl acetate,
and shaken successively with 2M HC1 (20 ml and 10 ml), water and brine,
and the ethyl acetate layer dried over Mgso, . Evaporation gave the
free acid. - Vilsmeier reagent was prepared by treatment of
dimethylformamide (0.51 ml, 6.6 mM) in dichloromethane (20 ml) under
argon with oxalyl chloride (0.52 m1, 6 mM) in dichloromethane (5 ml)
for 30 minutes. 4-Acetylthio-1-allyloxycarbonyl-2-carboxypyrrolidine
(1.64 g, 6 mM) in dichloromethane (7 ml) was added to this in one
portion, followed by N-methylmorpholine (0.79 ml, 7.2 mM), in dichloro-



extracts were washed with aqueous NaH err]P(J err], water, brine, and dried
over MgSO err]. The residue after evaporation was subjected to

chromat ography on silica, eluting with a m xture of petrol/EtQOAc (10:1), to
give allyl 3-allyloxy-5-nitrobenzoate (5.94 g, 90%. N (CDCl[err]):

[err] 4.66 (dt, 2H); 4.87 (dt, 2H); 5.31,2.52 (m 4H); 5.94-6.14 (m 2H);
7.92 (m 2H); 8.46 (t, 1H. Ms (Cl): 2 (VH) + The above
ester (2 g, 7.6 M) was dissolved in ethyl acetate (15 m), and added to a
suspensi on Cﬁfetﬁﬁh@-[(grlﬁi)zH{l@r§digr{tﬂggc3nﬁznu§é 5¥) 30 heaGess Hﬂd-qu"r efdf‘éér in

ethyl acetate under_ar.g e m_xt ur e was heat e for 4
hours, cool &8° S’% tootdtd phd g’rﬁla‘( o¥y-ggeminghenaoate Ad - g?)g’a ePl"@ZO
m). The or Qb-aethylagephold fie SEN AP ailsd7 ah M) hdissolvedt Inerdiehldsmtatm (sle

wth ethyl oStale oA SORRLAGY LT AGLRAIELS RPHShuls y Uie, GITON o

sol ution, and ried over evaporate glve a
yel | ow oi | (ﬁndathqIreaclalmysmdem&dmrlrﬂoatAétell d53u@~0n86%h N

(CDCl[err]) diﬂ:ﬁi&ﬂométﬁﬁae( Pioo %k% tﬂe%a&tﬁi—e w%'é') wasierSwi(t‘ilt 2 %'dl 1,07anu 44
(m 4H); 5. 2H) ; Cd’ 233

(M)+  Pr e;ﬁtmfcﬁ# E?H%ded’éﬁﬁl Wepy#s%, el svernqrﬁm%-cet:&w@ material vas
The cycl ohexpirafiddebgakddith press@iey chiinatdgriphy| X ¥ERidaoaying a gradient

shaken sucodspotiey tp (HeBipkompehans’ (158 HH5 S B1id G TR HAS8Ra t he
et hyl acet atcarbenydr2¢€(3-adlyploxy- Wk@xy]carbdﬁyaphmvﬂcubagayb)pwmchdéa-l&m d.

Vilsneier r par LI eat t o} 51 m,
6.6 mMV) in ?Qﬁ{%arcgené gﬁeaq% ?37 %dm T g‘& \(/j\gth '{’)xal‘S ?@g‘(orlﬂ 0.52
m, 6 mv) ir?-88cthror Zhst ﬁa%% (dd, H)),fﬁ*o330q%nﬁa§eéﬂ), -13 (dd, 1H); 4.
4- Acetyl t hi ql- ﬂtybpea&eapq L- @ma(&pxnayw ehla!tnezr()l, %19 dé, rm%

¥.66

N oty mor B-ﬁ@‘ff 449, ther 8% asdgf%h%; ;i nes G5 .57 '('t?
- 26 - (t, 1H); 9 10 (br, 1H).

Ms (+ve FAB): 489 (MH)*, 511 (M + Na)*

Conversion to Pyrrolidin-4-ylthiols

(2S,4S)-4-Acetylthio-1-allyloxycarbonyl-2-(3-allyloxy-5-
-allyloxycarbonylphenylcarbamoyl)pyrrolidine (1.89 g, 3.9 mM) was
dissolved in allyl alcohol (25 ml) and the solution flushed with argon.
1M Sodium hydroxide (4 ml, 4 mM) was added, the mixture. stirred at
ambient temperature for 2 hours, and then evaporated to dryness. The
residue taken up in ethyl acetate (100 ml), washed with 2M HC1l, water,
NaHCO3, brine, dried (ngso4) and evaporated, to give (2S5,4S)-1-
allyloxycarbonyl-2- (3-allyloxy-S-allyloxycarbonylphenylcarbamoyl)-

" pyrrolidin-4-ylthiol as a gum (1.57 g, 76%). Crude material was used
in the next stage.

Preparation of Protected Carbapenems

A solution of allyl (1R,5R,6S,8R)-6-(1-hydroxyethyl)-
1-methyl-2-diphenylphosphoryloxycarbapenem-3-carboxylate (1.5 g, 3 mM)
was dissolved in dry acetonitrile (18 ml) under argon, cooled to -20°,



met hane (3 nl) and stirring continued for 30 nminutes at -10. After cooling
to -20[err], allyl 3-allyl oxy-5-am nobenzoate (1.39 g, 5.9 nM plus

N- net hyl nor pholine (0.79 m, 7.2 mV) dissolved in dichloronethane (15 m)
wer e added dropwi se. The tenperature was allowed to rise to O[err], and the
reaction stored for 18 hours. After dilutibon with dichloronmethane (100 m),
the m xture was washed with 2M HCO , H20, and saturated NaHCO err], dried
over MySO[err], and evaporated. Crude material was purified by medium

pressure chr gpyeos Bi‘ymhgiini‘iﬁ@_ WSb9%I13 Il A@MFdddell, PR1L6ded By dropwise

curbory 73 (Shcin s 06 b bl (el ppoors o o

gl 1:5 gi (()gcet gt &ﬁgnglglgi(egzlc%ﬁim@i)ﬁﬁ:%olim-%ﬂ)@iﬂ r(JL) 57 [ggr 8]5 BMP2in ;5 3H);

: r, 3. . ; nte i A : :

part obscur;%é,etfﬁ}?n ?5‘312(15%),‘ Zﬁgﬁggé](og‘t &iﬁﬁ?g %%8;1'%%%%5%4%5!2?3?129

(m 6H); 5.83-days5 (Selvaly) vay egepqrated Hjand7tlgy residueHpurified byt medipp: 9. 10

I(Z{/J:rollr%l A 's%E%’%lcsﬁéﬁiétoéggth@ £119de! wi M grh@dent EDGR4BRSI ON tO

e o

al 1yl oxycar borg, 58 an@’f 4 2 PY-alPyldkyOar q3- -54a oxpol ve
Iyl al cohol dt I on f| ol d

R L i

t enper a: Er F menhg'licinbapgnem;dcatrihewmamx: at gdn t(cg:l.Zﬁ wRe6GX ) - Thitmn ¢EPGh4Q: H;a_ken

up in e e e : HYek i ne,

dried (myso B 6 hr?é’}é&a‘ggr%dt’\g%’?ﬂtg'éﬁé@’(?ﬁ&sﬁz\ﬁg%l (B8 1k £ pling 1,

al | yl oxycar b8Ryl 3244 $ma| )5 o375 (qtinGebx 1B YoRY | (enllsaf biindy?9 -(m,

pyrrolidin- 4ot Ri sY-4288 gmJUIR (;15.517)-95467@(%-81@’; USi3Bl BX iRl 4§ 13sd (b the

next stage. reparation %fi | ro@(ic%?d ({ﬁr apenens A sol ution

of allyl (1FE5RIES, BRf- @b $hydr ¥ BEnAH- |

1- net hyl - 2- di phenyl phosphor yl oxycar bapenem 3- car boxylate (1.5 g, 3 MV was

di ssol ved i rhsdr( vg%s)piégrﬁi hﬁi)@lanhéj )(Hu+n§g$+ argon, cooled to -20,

Allyl (1R,5R,6S,8R)-6-(1-hydroxyethyl)-1-methyl-2-diphenyl-
phosphoryloxy-carbapenem-3-carboxylate was prepared as follows.

To a solution of allyl (1R,SS,6S,8R)~6-(1-hydroxyethyl)-

ll-methyl-z—oxocarbapenam-3-carboxylate (2.66 mMol) [prepared in situ
from allyl 2-diazo-3-oxo-4-methyl-4-(3-(1-hydroxyethyl)-2-oxoazetidin-
4-yl)butanoate and rhodium octanoate: see for example EP-A-208889] and
diisopropylethylamine (1.1 equivalents in acetonitrile, at 0°C; under
an argon atmosphere, was added dropwise diphenyl chlorophosphate (1.1
equivalents). The solution was stirred at ambient temperature for 30
minutes to form the corresponding 2-diphenylphosphoryloxycarbapenem.



- 27 - and diisopropylethylamne (0.63 m, 3.6 m\M) added, followed by
dropwi se addition of (2S,4S)-1-allyloxycarbonyl-2-(3-allyloxy-5-allyloxy-
car bonyl phenyl car banoyl ) pyrrolidin-4-yl-thiol (1.57 g, 3.5 mMm) in
acetonitrile (12 m). The reaction m xture was then stored at -20 for 3
days. Sol vent was evaporated, and the [péhdye purified by nmedi um pressure
chromat ography on silica with gradient elution (dichloronethane/ethyl
acetate 40:60 to 70:30), to give allyl

(1R 5S. 65, 8R 2' S, & Simg-foh1aling suvtset NaBubIck Garabkubaren: 5. al | y! oxy-

car bonyl phenyl car banoy )pyrroI|d|n-4-y|th|o)-6-(1-ﬁy roxyet hyl)-1-

net hyl car bapenem 3- car boxyl ate as a gum (1.25 g, 60%. Nnr (CDCl[err]):
[err] 1.23 (d, 3H); 1.350#d, ; £j65 (br, 2H); & 28,331 (dd overl appi ng

m 2H); 3.46 (m 1H); 3.¥94(qfh . 1H); 4.01 (M4.19-4.29 (m 2H);
) eo 7‘.36 (br s, 1H;

4.50-4.78 (m 9H); 5 . H) ;
7.64 (m 2H); 9.00 (bF, 1 AB) :| 696 (M¥=t=/718 (M + Na) +
Allyl (1R 5R 6S, 8R)-6-(1- - meihy| - 2- di%hedyl -
phosphor yl oxy- car bapene “prepared as foll ows.
To a solution of allyl (1R 5S,6S, tp- (1- hydroxyet hyl) -
1- met hyl - 2- oxocar bapenam 3- car boxyl ate (2.66 nivbl) [prepared in situ from
al Iyl 2-di azo- 3-oxo-4-nmnet hyl - 4-(3-(1-hydroxyet hyl)-2-oxoazeti di n-
4-yl ) but anoat™®&~and TROUI UNT oct anoat €: - see"Tor exanplre EP-A-Z0888Y] and
di i sopropyl ef hyl ani n¢ (1.1 PGRITYGN €OFS PHENYL e SUBSTITUENT at Oflerr] C, |undef
an argon atrnpsphere, vas added dropwise diphenyl chlorophospiate (141
equi val ents). The solution was stirred at anhi ent tenFeratur for 3

yl ox$car dapene

minutes to fbrmthe dorr@spondi ny 2- di pheny! dhosbhor

- 28 - | ExamplEN§ following further exanyles mere|preparqdzgl | R% |
bmmmee |---mmeee |--emmeee |-ommmmee |--emmmeee |-------- |----m- |-----1
| 2 | H | coom | c1 | H | H | e | H |
I I I I I I I I I
| 3 | H | cooH | H | H | c1 | Me | H |
I I I I | I I I I
| 4 | H | coom | H | H | H | Me | H |
| | I I I I I I |
| 5 | H | cooH | H | H - 50,CH, | Me | H |

A I I I I I I I I
| 6 | H | coon | F | H | H | Me | H |
I I I I I F I I
| 7 | H | cooH | H | H. | F | Me | H |
I I I I I I I I I
| 8 | F | coon | F | H | H | Me | H |
I I I I I I | I I
| 9 | H | CcooH | CooH | B | H | e | H |
| | | | | | | |1
| 10 | ® | cooH | oH | H | B | Me | B |

g I | I I I 1 I I
| 11 | H | coon | H | coon | B | ve | H |
I I | | I I | | I
| 12 | H | cCooH | H | ® | H | Me | H |

L I | I | I I I I
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-29- 7 POSITION OF PHENYL SUBSTI TUENT 2 3 4. 5 6

Exanpl e Rlerr]

Rl err] 13 H . COMH H CONH[ err] H

M =« H 14 H COOH H H CONH[ err] Me

H 15 CONMe[ err] COOH H - 30 - H H

Me H 16 H COOH H NHCOCH[ er r ] H

Me H 17 H COOH NHCOCH[ er r ] H H

Me H I | | | 18 H COOH H

NHSO errfMe H M o H ] 9 _ __.__H CooH

H sorerrTH H VE HT™20 H

COOH H H POSITION OF PHENYL SHBSTITUENT H [21 | H |

COOH H ONJ el M H_ 22 [H | . OpH

H OE/)I/E H II\/E H 23 H COOH H

H S 2 B 44 4 KW 5 | céon !l nu | I

Sqerr]Me | ﬂiaﬂ)]_e ] | H 25} H | |CRbH M2 |

CF[err] H
|- ] LS S |- |---emmv |- |-==-|
| 27 | H | cooH | OMe | H | H | Me | B |
| I I I I I I l I
| 28 | oMe | cooH | H | H | H | Me | |
I I I I I I I I l
| 29 | H | coon | H | H | He | Me | B |
l I I I I I l I I
| 30 | H | COOH | Me | H | H | Me | B |
I I I I I I I [
| 31 | H - | cooH | H | Me | H | He 1B S
I I I I I l I I I
| 32 | H | cooH | H | -cooMe | H | Me B
I I I I I I I I I
| 33 | H | cooH | F | H | F | Me | ®# |
I I I I I I I oo
] 34 | H | cooH | oMe | H | oMe | Me | B - |
I I I I I I I I
| 35 | ® | coon | H | H v o e | HO|
I | I I I I I I I
| 36 | H | cooH | H | F | H | Me ;.
l I I l l I I I I
| 37 | ® | coon | H | H | H | Me | Me |
I I I I | | I I I
Example 2 ’ T

(1R,5S,65,8R,2’S,4/S)~2- (2~ (3-Carboxy-4-chlorophenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3~carboxylic
acid, disodium salt was prepared in the same general manner as Example 1
except that after the addition of the palladium catalyst the solution was



26 " H COOH H H O\Ve Me H

- 30 - PCSI TION OF PHENYL SUBSTI TUENT 2 3 4

5 . 6 Exanpl e R err]

Rlerr} 27  H cooH QW H H M H 28
CooH  H CH _a .M H 29 H

COOH | H H Me H H cooH M

H H M H 31 H 0oH  H M H

Me

H :§%ntly Warmed to didsothb thertatalyst anﬂxaaybstlﬂied under ar¥en with
H COOH F H F q 3
COOH Owe Protecgion from light for 1 heur. 4 solygion ofr§odium tkiiﬂgxanqqte
H CNin THF Mas addeéd and¥othe colibined solut@6XdHpoutéd into THFFwith vigorbhs
Me stirring. The resultant precipitate was centrifuged and supernatant
removed. The product was washed twice by resuspension in THF followed by
centrifugation and finally dried under high vacuum to give the title
product. Nmr (DHSO-d6 + acetic acid-d4): 8 1.17 (d, 6H); 1.85 (m,
obscured, 1H); 2.73 (m, obscured, 1H); 2.95 (dd, 1H); 3.21 (dd, 1H); 3.40
(m, 1H); 3.54 (dd, 1H); 3.78 (quintet, 1H); 3.99 (t, 1H); 4.11 (t, 1H);
4,18 (dd, 1H); 7.41 (d, 1H); 7.75 (dd, 1H); 8.06 (d, 1H).

Ms (+ve FAB): 532/534 (HH) » (Na salt) 554/556 (Na salt)+
The starting materials were prepared as follows:

2-Chloro-5-nitrobenzoic acid was allylated essentially as in
Example 1, except that the final extraction solvent was toluene, to give
allyl 2-chloro-5-nitrobenzoate. Nmr (CDCl3): 8 4.89 (dt, 2H); 5.33-5.51
(m, 2H); 5.96-6.15 (m, 1H); 7.66 (d, 1H); 8.27 (dd, 1H); 8.72 (d, 1H).

s (CI): 241/243 M*, 259/261 (M + N )" .

Stannous chloride dihydrate was refluxed in ethanol, under an
argon blanket, to give a solution. The heat was removgd, and the above
nitro compouhd in ethanol was run in. Refluxing was then continued for 3
hours, the mixture cooled, and solvents removed. The residue was dissolved
in ethyl acetate, and treated with 880 ammonia until basic. ‘The organic
phase was decanted from precipitated tin salts, and the slurry
re-extracted similarly with more solvent. Combined organic phases were
then washed with diluted ammonia, water, and brine, before drying over
HgSO4. Evaporation gave allyl 5-amino-2-chlorobenzoate. Nmr (CDCls): 8§
3.74 (br, 2H); 4.81 (dt, 2H); 5.27-5.47 (m, 2H); 5.93-6.13 (m, 1H); 6.73
(dd, 1H); 7.15 (d, 1H); 7.24 (d, 1H).

Ms (CI): 212/214 K*, 229/231 (M + NH,)"



37 . H COOH H H H Me Me Exanpl e 2
(1R 5S,6S,8R, 2'S,4'S) - 2- (2-(3-Car boxy- 4-chl or ophenyl car banoyl ) -
pyrrelidin-4-ylthio)-6-(1-hydroxyethyl)-1-nethyl carbapenem 3-carboxylic

aci d, «di sodiumsalt was prepared in the same general nmanner as Exanple 1
except that after the addition of the palhadium catalyst. the solution was

- 31 - gently warned to dissolve the catal yst and was stirred under argon
W th protectl on fromlight for 1 hour. A solution of sodium

'?’Hle:t hylt Eexanoat e i nt ThE d&%_?g&ri:ﬂﬁéi @@?c&d&n%ﬂ'b‘iﬂl@gbr&miﬁ& laeé JR0ExAPLEN, Od

Wi Vi rqss i.n e resu | s_centri

super nat ant g‘? ‘é‘fgf“%ﬂfafl’%gs Re “l‘ﬁneg‘é %%é@\ﬁﬂ%ﬁéﬁ#ﬁﬁ%

IQ![ : owed 3y eﬂmtr(mngattu)anm)d thi giavel yzsimswmmﬂoﬂycgfborylwmt-o gi \{e81:5he
itle produc

(m obg cur edé HY ﬁ?@?@%?ﬂ %&mmeggfﬁﬁ)%ﬂ@lggg%?& ig '&3‘ ﬁ&g{f ?%Dc? te

3.40 (m 1|—|)Nm13(51¥3 del, 52!4)33 G, 78);qRi Mt dbr, 2H); B399(dd,, 1HM) 4. mﬂnu@l!tet,

L o U, 45 e 908 i
mat eri al s we% (ks éréé‘ sz@l’l 7.36 (d, 1H); 72J°CIW‘$T &Hﬁsrﬁ-tggoﬂbnzlg)’c

acid was al Ig/.l3at(3§kesnpnt|al ly as |n Exanpl e 1, except that the final
extraction solvent was toluene, to give allyl 2-chloro-5-nitrobenzoate.
Nnmr (CDCl[err]): 6 4.89 (dt, 2H); 5 33-5.51 (m 2H); 5.96-6.15 (m 1H);
7.66 (d, 1HMNMs &+?¢ FABY; 415?!!4698 (HQ) (,d’lBWHPl (M MeNZ)Cl ) . 241/ 243 M+, 259/ 261
(M+ NHerr])+
The above thioacetate was deacetylated to thiol, and condensed
with carbapenem phosphate as in Example 1, purifying by chromatography
using gradient elution from dichloromethane to ethyl acetate to give allyl
(1R,5S,6S,8R,2’S,4’S)-2-(1-allyloxycarbonyl-2-(3-allyloxycarbonyl-
4-chlorophenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-
methylcarbapenem-3-carboxylate. Nmr (CDCl3)= 6 1.24 (d, 3H); 1.36 (d,
3H); 2.65 (br, 2H); 3.25 (dd overlapping m, 2H); 3.48 (m, 1H); 3.80
(quintet, 1H); 3.98 (dd, 1H); 4.20-4.31 (dd overlapping quintet, 2H); 4.52
(t, 1H); 4.51-4.76 (m, 4H); 4.83 (dt, 2H); 5.20-5.47 (m, 6H); 5.85-6.11
(m, 3H); 7.39 (d, 1H); 7.77 (dd, 1H); 7.99 (d, -1H); 9.05 (br, 1H).

Ms (+ve FAB): 674/676 (MH)*, 696/698 (M + Na)*

Example 3

(1R,5S,6S,8R,2’S,4’S)-2-(2-(5-Carboxy-2-chlorophenylcarbamoyl)-
pyrrolidin-4-yl-thio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid, disodium salt was prepared using the technique of-Example 2. Nmr
(DHSO-d6 + acetic acid-d4)= 61.16 (d, 3H); 1.19 (d, 3H); 1.82 (m,

" obscured, 1H); 2.70 (dd overlapping m, 2H); 3.22 (dd, 1H); 3.35-3.60
(overlapping m, 3H); 3.95-4.08 (overlapping m, 2H); 4.16 (dd, 1H); 7.57
(d, 1H); 7.69 (dd, 1H); 8.36 (d, 1H).



St annous chl oride di hydrate was refluxed in ethanol, under an argon

bl anket, to give a solution. The heat was renoved, and the above nitro
conmpound in ethanol was run in. Refluxing was then continued for 3 hours,
the n¥xture cool ed, and sol vents renoved. The residue was dissolved in
ethyl acetate, and treated with 880 ammpnj,a_until basic. The organi c phase
was dgcanted fromprecipitated tin salts,”"and the slurry re-extracted
simlarly with nore solvent. Conbi ned organic phases were then washed with
di | uted ammoni a, mater and brine, before drying over MgSg err].

Evaporati on ave al | 5- ani no- 2- chl or obenzoa [err]

3.74 (br, 2Hfs (4verF r 332934 A M8y 5 (Ne s@lt) 2%4%5’*/555@ (‘gazmai%w ]1)H) 6.73
(dd, 1H): 7.15 (d, 1H): 7.24 (d, 1H. M (Cl): 212/214 M+, 229/231 (M +

NH err])+ 32 - The
above am ne was s&%rtc?é' cFeri?]hs BFB PHEP %r&dda%s?o %wr?ﬁl e 1, purifying by

chromat ography using a gradi ent of dlchloronethane/dlethyl ether (100:0 to

95:5) to give (2S, 4S) éﬁﬂﬂoﬁ.%f&{)&ggi’ a6id %ras allglateq essentially as in
al I yl oxycar bonyl - 4- chl or ophenyl car banoyl ) pyrrolid hi oacet dt e. Nnr

(coa[err]): E![aéwlf b abavg §° give, a@}é?’*(qs)rlonm-msr@snf%ﬂfe- 1Hjmr 4CRE35)
(quintet, 1F&.,864(a3 zmlel 5.81)5.48 om, Cly; B:ha-6L166(d,dun) 2H).58. 6 (8f; 8. i’zH)
5.24-5. 47 ( E% 2E£n1 2H); 7.36 (d, 1H); 7.70 (dd, 1H; 7.92 (d,
1H): 9. 32 (bdd’l )’ 834 @MraB) 467/ 469 (MH)+, 489/491 (M + Na) +

The above thi oacetate was deacetylated to thiol, and condensed with

car bapenem 1y PULHf y* Nng by chronat ography using
HaR IR T L R L A

gradi ent el uti to e acetate to give allyl
(1R 5S,6S,8R 2'S,4'S)-2-(1-al lyl oxycarbonyl - 2-(3-al | yl oxycar bonyl -

4- ;:EI Ior opgenyl car bam%ﬁmaﬁcuﬂ @hél-a‘ﬂmv%g%tf& c@inféurfdy ]Cﬁlﬂéeﬁébﬂoh éf Example 2
me car papenemnt [ a err rr

(d, %H) 2. ggﬂvfb?f 3'%1—1? a"§¥‘ si'(':&é!l%ﬂri’rs}‘ oatsr ndmn %%13)3 élé %?n(%fr-l)zn)?, %379
(quintet, 1Hdt,3288 6d25-51kk;(md. 210545 32-6dil quer IHRPT AP qdi ralw),, 7 238) (ddy. 52

t, 1 4.76 4.83 (dt, 2H); 5.20-5.47 (m 6H); 5. 85-6.11 (m
gH) ;Dsg (csiﬂﬂ)lkg47(q}’7%d (7 99 l(-?:l, 1H): 9.05 Ebr, T)H). (

Ms (CI): 212/214 M', 229/231 (M + NH,)"

The above amine was condensed with proline acid as Example 1,
purifying by chromatography using a gradient of dichloromethane/diethyl
-ether (100:0 to 95:5) to give (2S,4S)-1-allyloxycarbonyl-2-(5-
éllyloxycarbonyl—2—chlorophenylcarbamoy1)pyrrolidin-4-y1thioacetate.
Nmr (CDCl3): 8 2.32 (s, 3H); 2.56 (br, 1H); 2.66 (br, 1H); 3.43 (dd, 1H);
4.04 (quintet, 1H); 4.16 (dd, 1H); 4.61 (t, 1H); 4.66 (dt, 2H) 4.82 (dt,
2H); 5.21-5.45 (m, 4H); 5.84-6.11 (m, 2H); 7.45 (d, 1H); 7.77 (dd, 1H);
9.00 (d, 1H); 9.08 (br, 1H).

Ms (+ve FAB): 467/469 (MH)*, 4897491 (M + Na)*

The above thioacetate was deacetylated to thiol, and condensed
wvith carbapenem phosphate as Example 1, purifying by chromatography using
gradient elution from dichloromethane to ethyl acetate to give allyl
(1R,5S,6S,8R,2’S,4’S)~-2~-(1-allyloxycarbonyl-2-(5-allyloxycarbonyl-2-chloro
phenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methyl-
carbapenen-3-carboxylate. Nar (CDCly): & 1.23 (d, 3H); 1.36 (d, 3H); 2.65



Ms (+ve FAB): 674/676 (WVH) +, 696/698 (M + Na)+ Exampl e 3

(1R 5S,6S,8R, 2'S,4'S) - 2- (2-(5-Car boxy- 2-chl or ophenyl car banoyl ) -
pyrrolidin-4-yl-thio)-6-(1-hydroxyethyl)-1-nmethyl car bapenem 3- car boxylic
aci d,«di sodium salt was prepared using the techni que of Exanple 2. Nnr
(DMSO-d[err] + acetic acid-d4): 6 1.16 ( 3H; 1.19 (d, 3H); 1.82 (m
obscured, 1H); 2.70 (dd overl apping m '2 73.22 (dd, 1H); 3.35-3.60
(overlapp| ng m 3H); 3.95-4.08 (overlapp| ng m 2H); 4.16 (dd, 1H); 7.57 (d,

1H); 7.69 (dgy, 154 overL H); 3.88 tet, 1H 1H
D33 - +ve)’FAB§ 5§2/ SEAPRNEE M AR (qu"%si/’sss);(l\la[err]' sa)l’t)+

The starting*r8rér3oy(d \/R—’i’leéliﬂi’éﬁ&r@ém&%t’f éH) « 0\)(9363 (t, 1H); 4.67 (m, 4H); 4.8
4- Chl or o- 3- n(dﬁ,omnzgtm-achsi wgsewy;| 3led-gdoes@s N3l Fyssgdj nH)Examel

edd,
above to glv nltro oate Nrrr CDCl [err 4. 86
(d, 2H): 5864(211 9#3 §4I‘6"13ﬁ?2 7. 58 (d, [1H)])8 Egrr](dd,
1F% 8.52 (? 1H) Ms (CI) 241/ 243 M, 259/261 (Nf+E)I:IH4)I , .
Reduction o o anpl e ave
3-am no-4-ch lfst ?%%%gt eryﬂ/ﬁ&?%lﬁgé%lgg ﬁter r{')az 08 (br ,np2H); gf 79 ?dt?/
2H); 5.25-5.44 (m 2H); 5.92-6.11 (m 1H); 7.30 (d, 1H); 7.38 (dd, 1H);
7.47 (d, 1H)gxampdé 4(Cl): 212/214 Mr, 229/231 (M+ NHerr])+

(1R,5S,6S,8R,2’S,4/8) -2~ (2~ (3~Carboxyphenylcarbamoyl)pyrrolidin-4-ylthio)-
6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic acid, disodium salt was
prepared using the technique of Example 2 except that a mixture of DMSO
and THF vas used. Nmr (DHSO-dg + acetic acid-d,): & 1.18 (d, 6H); 1.94
(m, obscured, 1H); 2.85 (m, 1H); 3.10 (dd, 1H); 3.23 (dd, 1H); 3.40
(quintet, 1H); 3.66 (dd, 1H); 3.89 (quintet, 1H); 3.99 (t, 1H); 4.21 (dd,
1H); 4.27 (t, 1H); 7.46 (t, 1H); 7.71 (d, 1H); 7.86 (d, 1H); 8.27 (s, 1H).

s (+ve FAB): 498 (MH)", (Na salt)*; 520 (Na, salt)”

The starting materials were prepared as follows:

) 3-Nitrobenzoic acid was allylated essentially as in Example 1,
except that the final extraction solvent was diethyl ether, to give allyl
3-nitrobenzoate. Nmr (CDC13): d 4.88 (d, 2H); 5.33-5.49 (m, 2H);
5.96-6.17 (m, 1H); 7.66 (t, 1H); 8.41 (td, -2H); 8.88 (t, 1H).

Reduction of the above nitro compound by the method of Example
2, except that the solvent was methanol, gave allyl 3-aminobenzoate. Nmr
(CDC13): 8 3.38 (br, 2H); 4.79 (dt, 2H); 5.24-5.44 (m, 2H); 5.93-6.09 (m,
1H); 6.86 (dm, 1H); 7.21 (t, 1H); 7.37 (t, 1H); 7.45 (dt, 1H).

Preparation of Side Chain Pyrrolidin-4-ylthioacetate

(28, 48)~-4-Acetylthio-1-allyloxycarbonyl-2-carboxypyrrolidine
(2.54 g, 9.3 mM), allyl 3-aminobenzoate (1.5 g, 8.5 mM), and-
2-ethoxy-1-ethoxycarbonyl-1,2~dihydroquinoline (2.72 g, 11 mM) vere



The above am ne was condensed with proline acid as Exanple 1, purifying by
chromat ography using a gradi ent of dichloronethane/diethyl -ether (100:0 to
95:5) to give (2S,4S)-1-allyloxycarbonyl-2-(5-

al I yl @xycar bonyl - 2- chl or ophenyl car banmoyl ) pyrrol i di n-4-yl t hi oacetate. Nnr
(CDC1l[err]): [err] 2.32 (s, 3H); 2.56 (brg 1H); 2.66 (br, 1H); 3.43 (dd,
1H); 4.04 (quintet, 1H); 4.16 (dd, 1H); z? 61 (t, 1H); 4.66 (dt, 2H) 4.82
(dt, 2H); 5.21-5.45 (m 4H); 5.84-6.11 (m 2H); 7.45 (d, 1H); 7.77 (dd,

1H); 9.00 (dd1s%bﬁ.vec9198to(lhéne 50 -m1) Mid Gtyerdd Bdr 16KHOHHEOat Mibientd89/ 491 (M
+ Na) + ovetaloa etate was eac ¥Iat%ﬁ othio 1?0“1
condensed w'iﬁ‘l‘pﬁﬁ?%ﬁen pFRACkhoR mixture was di &te‘gﬁ 0 ﬁili‘;etate (150 m1)
chr omat ogr apdnd ussheg ¢ithd2¥rHCle(2i1thyoB0 fml) i whteln) . mnnettmhﬁam%etm beibetl at e
to give all _

(1R 5, 65, 8F0J-BE fEF ¥8S0, a9 eraparation, £37e 420 ) AR carbony! - 2- chl or o
pheny! car barahly}exycasbony n2z1(3yaun1@)=y@t(b9nw,nhe9x1,@trh9m9¥lipMy ine as a gum
car bapenem 3¢3;gr POXNYbRf Gn a NFaré JAPeiSienkly ﬂ\ﬁériorlfaﬁtl{e‘i' worh).; ﬁmﬁ@a‘ §)

Cdt’ over T apeh g% (521§ 132680 (BEi 283t 340 (40, 3D 03 fmintety. Hsoh th

gvig' gpglsn? @dl,nlm)t,54§52‘7) I HEE 3661t“tim7, 4Hﬁ,(7 4(.82 (41_ﬁ)721{71)°8(2 z(mlaemh, s
1 8. 98 (B sgk%” iy 2 4\]7 ("?AEB Y et ) 76%‘6?89%’[% @%?& Tuf
Exanple 4 9.1R 68, GIB 8R2 S, 4'9)

- 2-(2-(3- Car boxyphenyl car banoyl ) pyrrol i di n-4-yl thio)-

6- (1- hydroxyet hyl) - 1- met hyl car bapenem 3- car boxylic acid, disodiumsalt was
prepared using the tEhFIHTR t&wmm &g %sa,cegx 1ated to, thigk.yaad sondasedand

THF was usedsithNErbh S¥phhte aBCEX ac1 d dfla)f ih rH cBrokfatbgraphyiisihg 94
IR R RN I i oy
(qui nt et , o %‘b‘& % FoRfthaRe ¢ 1?6“3']3 i art"’dd
1H); 4. 27 (t], 11H)q givd Gllyl (1N)$S,'5878R,(2ds,4‘|-$) 27(1861ylox¥tfrboByP-2-(s, 1H).
(3-allyloxycarbonylphenylcarbamoyl)pyrrolidin—lf-};lthio) -6-(1-
hydroxyethyl)-1-methylcarbapenem-3-carboxylate. Nmr (CDC13): § 1.24 (d,
3H); 1.36 (d, 3H); 2.64 (br, 2H); 3.26,3.28 (dd overlapping m, 2H); 3.48
(m, 1H); 3.81 (quintet, 1H); 4.01 (dd, 1H); 4.22-4.32 (m, 2H); 4.54 (t,
1H); 4.62-4.75 (m, 4H); 4.82 (m, 2H); 5.19-5.45 (m, 8H); 5.82-6.10 (m,
4H); 7.41 (d, 1H); 7.81 (d, 1H); 7.92 (dm, 1H)y 8.11 (t, 1H); 8.98
- (br, 1H).

Ms (+ve FAB): 640 (MH)*, 662 (M + Na)¥

Example 5

(1R,5S,6S,8R,2’S,4’S)~-2~-(2~(3-Carboxy-6-methanesul phonylphenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid disodium salt was prepared from the appropriate protected carbapenem
as described in Example 1. Nmr (DHSO-d6 + acetic acid-d4)= 8 1.20 (d, -
6H); 1.99 (quintet, 1H); 2.75 (m, part obscured, 1H); 2.87 (dd, 1H); 3.22
(s, 3H); 3.25 (dd, part obscured, 1H); 3.44 (quintet, 1H); 3.62 (dd, 1H);
3.75 (quintet, 1H); 4.03 (quintet, 1H); 4.16-4.23 (m, 2H); 7.90 (dd, 1H);
8.17 (d, 1H); 9.00 (d, 1H).



Ms (+ve FAB): 498 (MH)+, (Na salt)+; 520 (Na[err] salt)+ The starting
materials were prepared as foll ows: 3-Ni trobenzoic acid was

al |yl ated essentially as in Exanple 1, except that the final extraction
sol vent was diethyl ether, to give allyl 3-nitrobenzoate. Nnr (CDCl[err]):
[err] 4.88 (d, 2H); 5.33-5.49 (m 2H); 5386:6.17 (m 1H); 7.66 (t, 1H);
8.41 (td, 2H); 8.88 (t, 1H). Reduction of the above nitro
conpound by the net hod of Exanple 2, except that the sol vent- was net hanol,
gave allyl 3-am nobenzoate. Nm (CDC1[err]) [err] 3.38 (br, 2H); 4.79

hy ! 7 a7 (e g Ryl ) ouilfy A e R pedie, geTE) T

Pyrrolidin-4-ylthioacetate

2S, 4S) - 4- A lid 2.54 g, 9.3
fnvy, |>|y| ;%%L%ﬂb éor%tlté)‘%ﬂéyﬁé?{ebg{’%ﬂ MC@J ordgwgt T ol i dine ( g

2- et hoxy- 1- et hoxycar bonyl -1, 2-di hydroqui noline (2.72 g, 11 nH) were
- 35 - dissolved In-n&huﬁﬁmﬁ&:ﬂti-ﬁ&éo&mbwc&cﬁerwak8ahmla@eaitesaemmly

t enperature. The ac m xt ure was luted with ethyl. 15
and washed % AP aﬁé Cis ggrend ﬁﬁt ePr° EUrasc BYF YeF T°'“(“ ﬁ%FarlT’m'
brine. Dryi rtgemvﬁliwgsqlatidg amth av gpatient wf dackdofafiethahe Zoacet yl t hi o- 1-

1yl - h | o |
e 101 el YRR A1 06 Y 4SSl o 2 0
(CDd [ err]) :3-pdtrdbepzggte( s, NHEI—IXCD@ 60 Br 45 Ai6) ; 31D ;48. Qi ddt 1 3f) 5 £.39-5.49

tet, 1 3 m. A1k gt d 82 dt, 2
gqglsnSe% (Bl)mfl—ll;)l g(%’%s iiﬂ)(m(, nﬁ éz9 J(h') IH?’ 66. 40 m46259n( ) ( L 91H%d
1H); 8.07 (t, 1H); 9.18 (br, 1H). The above t hi oacet ate was

deacetyl ated to thi oReduBiior @8dfx Exdmplie i, Cicbpp ahat tHeosslvene was mythymbe,

L purifyi n%avg é:ﬂgr?n?tam no-Plth}ﬁeﬁls egulphonylbenzoate. Nmr (CDC13) 8 3.07 (s,
3H); 4.82 (dt, 2H); 5.05 (br, 2H); 5.29-5.44 (m, 2H); 5.95-6.11 (m, 1H);
7.46 (m, 2H); 7.81 (d, 1H).

s (+ve FAB): 256 (MH)*, 273 (M + NH,)"

The above amine -was condensed with proline acid as Example 1,
purifying by chromatography using a gradient of dichloromethane/diethyl
-ether (100:0 to 90:10), to give (2S,4S)-1-allyloxycarbonyl-2-(5-
Qllyloxycarbonyl-z-methanesulphonylphenylcarbamoyl)pyrrolidin—4-
ylthioacetate. Nmr (CDC13): 8 2.31 (s, 3H); 2.41 (m, 1H); 2.80 (m, 1H);
3.11 (s, 3H); 3.51 (dd, 1H); 4.00-4.18 (m, .2H); 4.53 (dd, 1H); 4.65 (2m,
2H) 4.87 (dt, 2H); 5.23-5.47 (m, 4H); 5.83-6.13 (m, 2H); 7.93 (dd, 1H);
8.03 (d, 1H); 9.09 (br s, 1H). '

Ms (+ve FAB): 511 (MH)*, 533 (M + Na)*

The above thioacetate was deacetylated to thiol, and conden;ed B
with carbapenem phosphate as Example 1, purifying by chromatography using
gradient elution from dichloromethane through to ethyl acetate to give
allyl (1R,5S,6S,8R,2’S,4’S)~2-(1-allyloxycarbonyl-2-(5-allyloxycarbonyl-
2-methanesulphonylphenylcarbamoyl)-pyrrolidin-4-ylthio)-6-(1-
hydroxyethyl)-1-methylcarbapenem-3-carboxylate. Nmr (CDCl3)= $1.21 (d,



gradi ent elution fromdichl oromethane to ethyl acetate/dichl oronethane 1:1,
to give allyl (1R 5S,6S,8R 2'S,4'S)-2-(1-allyloxycarbonyl -

(3-al l yl oxycar bonyl phenyl car banoyl ) pyrrolidin-4-ylthio)-6-(1-

hydr oxyet hyl ) - 1- met hyl car bapenem 3- car boxyl ate. Nnr (CDCl[err]): [err]
1.24 (d, 3H); 1.36 (d, 3H); 2.64 (br ZHb 3.26,3.28 (dd overl apping m
2H); 3.48 (m 1H); 3.81 (quintet, 61 (dd, 1H); 4.22-4.32 (m 2H);
4.54 (t, 1H); 4.62-4.75 (m 4H); 4. 82 (m 2H); 5.19-5.45 (m 8H); 5.82-6.10
(m 4H) 7. 4|)Gd1.35H(a, BuG) LG43 ) 1HY; 9276 dbr, 1iM); 30‘31(£I,3Hw)3 28. @da (br,

(1 T)R 5S, 6S, 83"%@3&!}%?640 W 3 Eﬁ?&%&(% rﬁ? ﬁegﬁﬁ'ﬁo prﬂte’r?yl"c%ﬁ 8mAy -

pyrrolidin- 44.58t&i68) (65 (SH) hy4ir86x9dn,hyli), 5. hB{5n %7 oaw, b6iigN BT B-6¢ 2 Ha y3H)G

acid di sodi a prepared Opky .2 ct car bapenem
as descri beéanga é W%) B@l\ﬁf {@K%%{eérrwﬁ@ce?ﬂ% g’- c@? 6 1.20 (d,
6H); 1.99 (quintet, 1H) 2 75 (m part obscured, 1H); 2.87 (dd, 1H); 3.22
(s, 3H); 3.3k (J¢b FaBY{ nbsgu{)éd 741)"'11( ,Sngfr"(qw ntet, 1H); 3.62 (dd, 1H);
3.75 (quintet, 1H); 4.03 (quintet, 4.23 (m 2H); 7.90 (dd, 1H);
8.17 (d, 1H); 9.00 (d, 1H). - 36
- M ( +\VBxaln 6 554 (MH)+, 576 (Na salt) , 598 (Na[err] salt)+ The
starting materials were prepared as foll ows:

4- thhanesulphonyl 3- nltroben20|c aC|d was allyl ated essentlally as in
Exanmpl e 1, (8 BR, /Sy 48 )p2olf \ fle BNDAMOE yo b
silica, el ut,;_g_' ( G onet.han.
di chl or onet s < et ner 9. pITONyT -
3-nitrobenzoate. Nm (CDC[err]): [err] 345(s 3H), 4.90(dt, 2H) ;
5.30-5.49 (m 2H); 518G Golutiof ofl HllyB.(2R, 45J65,18H), 2/ 8,48y n46/{m 2H).

allyloxycarbonyl-2’-(3-allyloxycarbonyl-4-fluorophenylcarbamoyl)

pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylate
(199 mg, 0.3 mM) and 2,2-dimethyl-1,3-dioxane-4,6-dione (Meldrum’s acid,
259 mg, 1.8 mM) in DMF (1.5 ml), under an argon atmosphere, was added
tetrakis(triphenylphosphine)palladium (10 mg, 0.009 mM) in THF (0.1 ml).
The solution was stirred under argon for 2 hours and tetrakis(triphenyl-
phosphine)palladium (5 mg, 0.0045 mM) in THF (0.1 ml) was added. After
stirring for 30 minutes, THF (3 ml) and ether (9 ml) were added, the
‘resultant solid filtered off, washed with ether (9 ml), and dried under
high vacuum to give the title product (72 mg, 49%). Nmr (DHSO-d6 + acetic
acid-d4): 6 1.30 (d, 6H); 2.00 (m, part obscured, 1H); 2.91 (m, part
obscured, 1H); 3.13 (dd, 1H); 3.36 (dd, 1H); 3.55 (dq, 1H); 3.73 (dd, 1H);
3.95 (m, 1H); 4.12 (m, 1H); 4.29 (dd, 1H); 4.34 (dd, 1H); 7.40 (dd, 1H);
7.98 (m, 1H); 8.32 (dd, 1H).

Ms (+ve FAB): 494 (MH)*, 516 (M + Na)*
The starting materials were prepared as follows:

Allyl S5-amino-2-fluorobenzoate

2-Fluoro-5-nitrobenzoic acid (4.16 g, 22.5 mM) was dissolved in
DMF (45 ml), and anhydrous K2003 (4.65 g, 33.7 mM) added with stirring.



Reduction as in Exanple 1, except that the solvent was nethanol, gave allyl
3-am no- 4- net hanesul phonyl benzoate. Nnr (CDCl[err]): [err] 3.07 (s, 3H);
4.82 (dt, 2H); 5.05 (br, 2H); 5.29-5.44 (m 2H); 5.95-6.11 (m 1H); 7.46
(m 2H); 7.81 (d, 1H). Ms (+ve FAB): 256 (NH) +, 273 (M + NH4) +

The above am ne-was condensed wi th prolifg _acid as Exanple 1, purifying by
chromat ogr aphy using a gradi ent of dichloronmethane/diethyl ether (100:0 to
90:10), to give (2S,4S)-1-allyl oxycarbonyl - 2-(5-

al I'yl oxycar mnyi taoﬁﬁi&wmhphmyl nvis:&nhaimytl)é)yﬂikﬂhnajwas ftirred for

Th 9005 (98 oyt of Rblen Cipersflis narcke bmmeSphure flrq Phrel kgsd'yi} (™
(2m 2H) 4. aid(m;aeted wEtlP di6thyl ¢therd(d ;x 30813, 1 Thencomhiped 2xgBaqtsdvere

1H); 8.03 (%riéﬁo#ﬁ?'l%%o(brﬁnﬁ’ v]a?érated'véo Sg'igeacégi}mﬁﬂl(m g) 23%hd Mit

Na) + o%e tate wa ated to thfol, and

condensed wwah puibigk bEnshronsineraphaonesiishe ej.u ing with @gmbyture of ethyl

chr omat ogr aab&&&vn&awea@ue BLaplsyl i € gh @1y T H-g1esmi-baksrbbémegbe t(®. 64 hy|
acetate to give

(1R 55, 65, s s’ Furo (EUCIDt b dx % dcts. 33055250 fPenDdr Buyf:10 (=,

2- met hanesulighprm.Bphenyy LEpy [3a8®:8. %6 pour, r D) ;dB086 (gt} Hil)) - 6- ( 1-

hydr oxyet hyl ) -1 - met hyl car bapenem 3- car boxyl ate. Nnr (CDCl[err]): [err]

1.21 (d, 4 + 37 - 3H); 1.35 (d,

3H); 2.43 (Ms (BY): R6/FMHDr;, (CH):; 225 0§:(%43 M)+ Mg, )23 (dd overl appi ng m

‘123||:|)|); igSEgd 1I|:|)|) 3.85-4.08 (m 2H); 419428(m 2H); 4.53-4.68 (m

; 4.86 t, 2 5.17-5. 47 5.79-6.12 (m 3H);. 7.92 (dd, 1

8.00 (d, 1H); 9.16 (Hhe gbowstem(&?f( Br , 10t Py .mH)&AS(d%yéﬂﬁﬁé)?“ gf‘f‘é“ﬂ?i; (40

740 (M + Naht), dngos®inBofis chloride dihydrate (9.89 g, 43.76 mM) in conc HCl (9 ml)
vas added to the stirred solution while maintaining the temperature
between 5° and 15°. The mixture was then stirred overnight at ambient
temperature before being poured into water (200 ml) and neutralized with
solid NaHCO3 (17.6 g) to pH6. The mixture was extracted with chloroform
(3 x 200 ml), the combined extracts were dried over Mgso,, and evaporated
to give allyl 5-amino-2-fluorobenzoate (2.09 g, 98%) as a yellow oil. Nmr
(CDClB)z 8 3.60 (br s, 2H); 4.82 (dt, 2H); 5.25-5.48 (m, 2H); 5.93-6.12
(m, 1H); 6.78 (ddd, 1H); 6.93 (dd, 1H); 7.20 (dd, 1H). ’

Ms (EI): 195 K3 (CI): 196 (MH)*; 213 (K + NH,)"

The above amine was condensed with the proline acid as in
Example 1. The product was purified by chromatography on silica using
ethyl acetate/hexane (42.5:57.5) to give (28,48)-l-ailyloxycarbonyl-
2-(3-allyloxycarbonyl-4-fluorophenylcarbamoyl)pyrrolidin-4-ylthioacetate.
Nmr (CDCl3)= 8§ 2.32 (s, 3H); 2.50-2.70 (br s, 2H); 3.40 (d, 1H); 3.98-4.20
(m, 2H); 4.56 (t, 1H); 4.67 (dt, 2H); 4.84 (dt, 2H); 5.20-5.50 (m, 4H);
5.83-6.12 (m, 2H); 7.10 (dd, 1H); 7.80-7.89 (m, 1H); 7.93 (dd, 1H);
8.90-9.40 (br s, 1H).

Ms (+ve FAB): 451 (MH)Y, 473 (M + Na)*



3- Car boxy- 4-f | uor ophenyl car banoyl ) pyrroli di n-
) - 1- met hyl car bapenem 3- car boxylic acid
S,6S,8R 2'S,4'S)-2-(1" -

(1R, 5S,6S,8R 2'S,4'S)-2-(2-(
4-yl -thio)-6-(1-hydroxyethyl
To a solution of allyl (1R 5
al I yl exycarbonyl -2' - (3-al | yl oxycar bonyl - 4-f| uor ophenyl car banoyl )
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)_- kgonet hyl car bapenem 3-car boxyl at e
(199 ng, 0.3 MM and 2, 2-di net hyl - 1, 3- di oxane- 4, 6-di one (Meldrum s acid,
259 ng, 1.8 M) in DMF (1.5 m ), under an argon atnosphere, was added
tetraki s(trigdiRersinosp pyiedpidihasgivlthiol0 ny, 0.009 MM in THF (0.1 m).
The solution was stirred under argon for 2 hours and tetrakis(triphenyl-
phosphi ne) pal | adium (5 ng, 0.0045 mV) in THF (0.1 mM) was added. After
stirring for 30 ni nu(@8,4SPHE-13yheRycanbbnyl k2:+(3¢ 81 jlpxyearbonylddd fludrephenyl
resultant so e t he rs
¢drdahd \}1) o(ﬁ in W3y uctxwz%lts (e 53(5 gl bs il gwé ugfsdiog& in

hi gh vacuum to gl e pro
acetic aci d-aMy: TJé?PPPl 1(3@0"'“1 ang ghe @Mlelmﬂﬂﬁﬁd Hb%l!:l?FSEF‘ 11} Sodivm (1
part obscur Qﬁ&dr&k‘ﬁde 318 s1¢d3. 11k w%s%ﬁldedﬁ theHhixthreSstidded bid) ambieds (dd,

3o (n‘ie'"fl%at“g%é'% ) %fes' Rt R e has e ioac i d by siltedsps

The starti nga rfartheérabsmimmtes prandathen esapoohtaivso dryﬂbtg/.l The residue was

5-am 2-fl b 5= ,
225 mhy et eB ol B0yl gretare (g0 #1] BBERN QPE%‘F&TE;%% S,
m\V) added vmuli’sbtinebnéFled (MgSo,) and evaporated, to give (25,4S)- 1-a11y 0Xy8 -
Ayl bromi dghenyB 20} 3- a&&yiomrwmuumwmphlagyma%baﬁo@l\;\ﬁﬁrﬂm@d for 18

hours at anbient 1enperature Hefore bein poure into water (450 m)_ and
extracted wiXithipbasy? &El-Q738x 8P%)- niThe eide SpaRsTIRY Wémsset as vﬁé‘FB Wi ed
over MySO erthe, néttl seygor ated to give a yeI low oil (5.4 g). The oil was
purified by chromatography on silica, eluting with a m xture of ethyl

The thiol was condensed with carbapenem phosphate as in Example

1, and product purified by chromatography on silica, eluting with ethyl
acetate/dichloromethane (75:25) to give allyl (1R,5S,6S,8R,2S’,45')-
2-(1-allyloxycarbonyl-2-(3-carboxy-4-fluorophenylcarbamoyl)-pyrrolidin-4-
ylthio)-6-(1-hydroxyethy1)-1-methy1carbapenem-3-carboxylate. Nmr (CDCl3)=
8 1.24 (d, 3H); 1.35 (d, 3H); 2.40-2.80 (br, 2H); 3.24-3.28 (m, 2H);
3.40-3.58 (br, 1H); 3.80 (dq, 1H); 3.99 (dd, 1H); 4.19-4.33 (m, 2H); 4.53
-(t, 1H); 4.59-4.77 (m, 4H); 4.77-4.88 (m, 2H); 5.17-5.50 (m, 6H);
5.80-6.13 (m, 3H); 7.10 (dd, 1H); 7.82-7.95 (m, 1H); 8.00 (dd, 1H);
8.70-9.20 (br s, 1H).

Ms (+ve FAB): 658 (MH)'

Example 7

(1R,5S,6S,8R,2’S,4’S)-2-(2~(5-Carboxy-2-fluorophenylcarbamoyl)-
pyrrolidin—4-yl-thio)-6-(l-hydroxyethyl)-1-methy1caibapenem-3-carboxylic ''''
acid was prepared from the appropriate protected carbapenem as in Example
6. MNmr (DMSO-d, + acetic acid-d,): & 1.30 (d, 6H); 1.84 (m, 1H);
2.80-2.93 (m, 2H); 3.36 (dd, 1H); 3.58 (m, 1H); 3.66 (dd, 1H); 3.81 (m,
1H); 4.09( dq, 1H); 4.21 (m, 1H); 4.31 (dd, 1H); 7.56 (dd, 1H); 8.07 (m,
1H); 8.90 (d, 1H).



acet at e/ hexane (12.5:87.5), to give allyl 2-fluoro-5-nitrobenzoate (4.64 g,
92%. Nm (CDC[err]): [err] 4.89 (d, 2H); 5.30-5.50 (m 2H); 5.90-6.10
(m 4H); 7.32 (t, 1H); 8.38-8.46 (m 1H); 8.86 (dd, 1H). Ms (ElI): 226
(MH)+ (Cl): 225 M+, 243 (M+ NHerr])+ The above ester (2.47
g, 10.97 mM was dissolved in nmethanol (4f m), and stannous chloride

di hydrate (9.89 g, 43.76 M in conc HO (9 m) was added to the stirred
sol ution while maintaining the temperature between 5[err] and 15. The

m xture was then sti rred over ni ght at ambient tenperature before bei ng

poured into water (200 andyneutralized pmth solid NaHCO err] (17.6 Q)
to pH6. The ¥f £t18 FARYS "gﬁt"ﬁ’ét ePIfi th *cMedroform (3 x 200 m), the

conbi ned extracts were dried over MgSO err], and evaporated to give allyl

5-am no- 2-flJor gbenzoat e il. Nm (CDCl[err]):

[err] 3.60 (ﬁ? §?a‘%ﬁ)‘g “‘i’téﬁia?%tgéﬁgg“?%gga‘fy%ifﬁsozm 5. 9%-6. 1[2 (ml)lH);
6.78 (ddd, 1H); 6.93 (dd, 1H); 7.20 (dd, 1H). Ms (El): 195 Mk; (ClI): 196

(M) +; 213 (M1 NdaGE#d st Fluorobenzoate Th€ above ami ne was condensed with
the proline vcﬁé‘a‘rm—ﬁxa’nmm product was purified by

chromat ography on silica using ethyl acetate/hexane (42.5:57.5) to give
(2S, 49) - 1-al | yl oxycagmmgko-3-nitrobenzoic acid was allylated as in Example 6 to

2-(3- aIIonx car | - quoro enyl car banoy y i di tate.
N (CDCl[er b’?’éﬁ( ugEo-~ @sf‘??%ﬁ%"enm%ez.%g(é@%&) 2&)’“@?l zﬁé gﬁ?
3.98-4.20 (rﬁ.l;Bl-ﬁ 324(15,6 2f); SLBH:6.4467m,( dH); L0 @ldg41R)Gt 8.30HB; 38, (EQ 31)50
(m 4H); 5.83 @éc?d(i@l 2H); 7.10 (dd, 1H); 7.80-7.89 (m 1H); 7.93 (dd,
1H); 89094'8 r’,)1°H). Ms (+ve FAB): 451 (MH)+, 473 (M + Na)+

- 39 - Conversion to Pyrrolidin-4-ylthiol

(2S,49) - 1- alggy gr)y.cgﬁg)qmgl (et 3259 uy| ogmcg( hogy| y*- f | uor ophenyl
car banoyl ) - pyrrol i din-4-ylthioacetate (1.33 g, 2.96 mM was dissolved in
The above was reduced essentially as in Example 2, except that
methanol was used as solvent to give allyl 3-amino-4-fluorobenzoate. Nmr
(CDC13): 8 3.70 (br, 2H); 4.79 (dt, 2H); 5.25-5.44 (m, 2H); 5.96-6.09 (m,
1H); 7.02 (dd, 1H); 7.41-7.54 (m, 2H).

Ms (EI): 195 N'; (CI): 196 (MH)*

_ The above amine was condensed with the proline acid as in
Example 1, purifying the product by chromatography on silica using ethyl
acetate/hexane (50:50) as eluent, to give (28,4S)-1-allyloxycarbonyl-
2-(S-allyloxycarbonyl-Z—fluorophenylcafbamoyl)pyrrolidin-4-y1thioacetate.
Nmr (CDC13)= 8 2.33 (s, 3H); 2.62 (br, 2H); 3.40 (dd, 1H); 3.98-4.20 (m,
2H); 4.60 (t, 1H); 4.67 (dt, 2H); 4.82 (dt, 2H); 5.2-5.5 (m, 4H); 5.8-6.15
(m, 2H); 7.16 (dd, 1H); 7.83 (ddd, 1H); 8.97 (dd, 1H); 9.27 (br, 1H).

Hs (EI): 451 (MH)"; (CI)s 451 ()t

The above thioacetate was deacetylated to thiol, condensed with
carbapenem phosphate as in Example 6, and the product purified by
chromatography (eluting with ethyl acetate) to give allyl

" (1R,5S,6S,8R,2’S,4’S)-2-(1-allyloxycarbonyl-2-(5-allyloxycarbonyl-
2-fluorophenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-



allyl alcohol (30 M) and the solution flushed with argon. 1M Sodi um
hydroxide (3.1 m, 3.1 MV was added, the m xture stirred at anbi ent
tenperature for 30 mnutes, treated with acetic acid (0.3 m), stirred for
a further 5 mnutes. and then evaporated to dryness. The residue was taken
up in ethyl acetate (60 m ), washed w thsaturated ag. NaHCJ err] (60 m),
brine, dried (MygSJ err]) and evaporated, to give (2S,49)-1-allyloxy-
car bonyl - 2- (3-al | yl oxycar bonyl - 4-f | uor ophenyl car banoyl ) pyrrol i di n- 4-
ylthiol as amephyl¢drxb@apengm-39€4rboyiater udmrntiiSO-dl waseticcacidsdglcd 140G he
next stage. e .o copde h a m gRasphpyt e
as in Exanpl gm’l?alétr:]c?bps)?% uéti@dr?fﬁzmbf}mihp%%t !)“&r’apl)ﬁg;r ?ﬁﬂgi i’cgh’eFlr}?lt ng
with ethyl atmtdHps §-8Bto08ntmhails @789 Anid, t Hl)gi ﬁg?aﬂwlﬁ)s 4.53 (m, 1H);
(21(R’158i |68i 8R4 53-4463 I)(m,2 4H); 4.80 (dt,42H ; 5.05-hS.43|(m, 6H); 5.;3-5.98 ﬁm_,d_zu);4
-(1-al Iyl oxycar bonyl - 2- ( 3- car.hoxy-4-f| uqr nyl c anmpyl);pyrroli -4-
yl t hi o)-6-(1g1%?d?o‘%él“h "‘;5 1-1{’& ﬁ%’cé{' ; f{eﬂﬁn@s ﬁaabgk%éf%e("ﬁ Nt 862
(cbcferr]):(denHy. 1.24 (d, 3H); 1.35 (d, 3H); 2.40-2.80 (br, 2H);
3.24-3.28 (m 2H); 3.40-3.58 (br, 1H); 3.80 (dq, 1H); 3.99 (dd, 1H);
4.19-4.33 (m 2H); 4.53 (t, 1H); 4.59-4.77 (m 4H); 4.77-4.88 (m 2H)
5.17-5.50 (nifs drye FABRO-681GMH)Mm, A9 (M~ ﬂe)%dd, 1H); 7.82-7.95 (m 1H);
8.00 (dd, 1H); 8.70-9.20 (br s, 1H. Ms (+ve FAB): 658 (IVH)+ Exanpl e 7
(1R, 5S, 6S,8R, 2'S,4'S)-2-(2-(5-Carboxy-2-fl uorophenyl car banoyl ) -

pyrrolidin- AQEEELE&)) - 6- (1- hydroxyet hyl ) - 1- met hyl car bapenem 3- car boxyl i c
acid was prepared fromthe appropriate protected carbapenem as in Exanple

T 2. 80-2.95 (m RS EAGE Sl i Fobeg- k- epdpomndyd” {5l
(m ' 1H); 4. OS{rbiuoylpblFolidea-4-yiciie) -6 13hyduidyetiigl) - F-ueehy biuarbapgnenei-07

(m 1H); 8.9 iid acid £ the appropriate protected carbafi€hem as
Ms (+ve FAB) (Qar%gﬁy c, ’5‘_’{%5 l\r/leg_arﬁg) s Pprop P ﬂ
in Example 7. Nmr: ( HSO-d6 + acetic acid-d4): 8 1.29 (d, 6H); 1.94-1.99
(m, part obscured 1H); 2.81-3.07 (m, 1H); 3.05 (dd, 1H); 3.37 (dd, 1H);
3.56 (m, 1H); 3.75 (dd, 1H); 3.92 (q, 1H); 4.10 (dq, 1H); 4.29-4.38 (m,

2H); 7.22 (t, 1H); 8.07 (m, 1H).
Ms (+ve FAB): 512 (MH)*, 534 (M + Na)*

. The starting materials were prepared as follows:

Allyl 3-amino-2,6-difluorobenzoate

2,6-Difluoro-3-nitrobenzoic acid was allylated as in Example 6
to give allyl 2,6-difluoro-3-nitrobenzoate. Nmr (CDC13): 4.90 (dt, 2H);
5.33-5.50 (m, 2H); 5.95-6.03 (m, 1H); 7.09-7.27 (ddd, 1H); 8.22-8.27
(ddd, 1H). : .

Ms (EI): 244 (MH)%; (CI): 261 (M + NH, )"

The above ester was reduced as in Example 2, except that
methanol was used as the solvent, to give allyl
3-amino-2,6-difluorobenzoate. Nmr (CDCl3): S 4.86 (dt, 2H); 5.27-5.49
(m, 2H); 5.95-6.09 (m, 1H); 6.77-6.86 (m, 2H).



The starti ng materials were prepared as foll ows: Al lyl

3-am no-4-fl uorobenzoate 4- Fl uor o- 3-ni trobenzoi ¢ acid was
allylated as in Exanple 6 to give allyl 4-fluoro-3-nitro benzoate. Nnr
(CDCilferr]): [err] 4.87 (dt, 2H); 5.48-5.32 (m 2H); 5.95-6.14 (m 1H);
7.40 (dd, 1H); 8.30-8.38 (m 1H); 8.76 (dd,_1H). Ms (EI): 225 M+, (Cl):
225 My, 243 (M + NHerr])+ : The above was reduced essentially as
in Exanple 2, except that methanol was used as solvent to give allyl

3- ami no- 4- flua)l(nb)&nmaué’ hewy :(2DCKmyY]): [err] 3.70 (br, 2H); 4.79 (dt,
2H); 5.25-5.44 (m 2H); 5.96-6.09 (m 1H); 7.02 (dd, 1H); 7.41-7.54 (m
2H) . Ms (El): 195 MH+; (Cl): 196 (IVH) + The above am ne was
condensed wi th the pFh¢ iabeveciminesraisncdbdanped: vith thei pxolige tdeddpasduct by

chr ot 00" Aibmplle 31! HEALYP Gy Lhitnatiiafh AR G 14e Y12h) ety uent, 1O

gi ve (2S,49)
2- (5-al | yl oxafpehp gaxga (A0 ph%!hﬁ&ﬁr%nﬁl'}p@%ﬁbﬂpmaﬁb@%‘?h| oacet at e.

§m98( SDS%[ ?r(@]—hll;{l% laﬁ)oﬁﬁl A-Muox?o nytarbakdy x ( tlidiﬂz-lrlH) c
5.8-6. ﬁ‘gﬂa“'zﬁi‘“'? hie ]@3‘31 3(%5338)' foz"’ ‘g’ 975'{9@3 ’1‘12-1)(5‘1 ‘%g]

(br 1H) . MS(E.IIP (nimznow) 57 (1(;| ).H) ;4&161 Mdr+ 2H); 4.86 (dt, PHY; db@0e5.50

t hi t at | d t t

ne 1 Examp) QPSRN SHE LT et O, 895 CRBACNRTY ot (ude | BAFCOCH @RS ©

ethyl acetate) to give allyl
(1R 5S, 6S, 8@52 _Sve/-lpﬁﬁ 2469 - ﬁi}i ¥l oxycar bonyl - 2- (5-al | yl oxycar bonyl -
fIuorophenylcarbanDyI)pyrroI|d|n 4-yl thio)-6-(1-hydroxyethyl)-1-

The above thioacetate was deacetylated to thiol, and condensed
with carbapenem phosphate as in Example 6. The product was purified by
chromatography on silica, eluting with ethyl acetate, to give allyl
(1R,5s,6S,8R,25’,4587)-2-(1-allyloxycarbonyl-2-(3-carboxy-2, 4-difluoro
phenylcarbamoyl)pyrrolidin-4-ylthio)~-6-(1-hydroxyethyl)-1-methyl-
carbapenem-3-carboxylate. Nmr (CDC13): é1.26 (d, 3H); 1.36 (d, 3H); 1.80 -
(d, 1H); 2.62 (br, 2H); 3.19-3.36 (m, 2H); 3.44 (dd, 1H); 3.08 (q, 1H);
4.05 (dd, 1H); 4.19-4.33 (m,-2H); 4.50-4.80 (m, 5H); 4.86 (dt, 2H);
5.17-5.50 (m, 6H); 5.82-6.10 (m, 3H); 6.95 (dt, 1H); 8.38 (dt, 1H); 9.00

- (br, 1H).

Ms (+ve FAB): 676 (MH)*, 698 (M + Na)*

Example 9

(1R,58,6S,8R,2’S,4’S)~-2~(2-(3,4-Dicarboxyphenylcarbamoyl)-

pyrrolidin-4-ylthio)~-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic

- acid, trisodium salt was prepared using the technique of Example 2 except
that a mixture of DHSO and THF was used. Nar (DMSO-d, + acetic acid-d):
8 1.18 (d, 6H); 1.84 (m, part obscured, 1H); 2.78 (m, 1H); 3.02 (dd, 1H);
3.23 (dd, 1H); 3.40 (quintet, 1H); 3.58 (dd, 1H); 3.83 (quintet, 1H); 4.00
(quintet, 1H); 4.20 (dd overlapping m, 2H); 7.92 (dd, 1H); 8.17 (d, 1H);
8.33 (d, 1H).



- 41 - met hyl car bapenem 3- car boxylate. N (DVSO-d[err] + acetic
acid-d4): [err] 1.90 (m part obscured, 1H); 2.78 (m 1H); 3.22 (dd, 1H)
3.26 (m 1H); 3.52 (m 1H); 3.83-4.03 (m 2H); 4.09 (dd, 1H); 4.22 (m 1H);
4.53 {m 1H); 4.53-4.65 (m 4H); 4.80 (dt, 2H); 5.05-5.43 (m 6H);
5.73-5.98 (m 2H); 5.98-6.09 (m 1H); 7.38§ (dd, 1H; 7.78 (br s, 1H); 8.49

(m 1H); 8.62 (d, 1H. Ms (+ve FAB): 658 (WH) +, 680 (M + Na)+ Exanple 8
(1R, 5S, 6S,8R, 2'S,4'S)-2-(2-(3-Carboxy-2, 4-di fl uor ophenyl
car banoyl pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methyl carbapenem 3-

boxyl i id, th ' d b
h Branpl o e Chpr TABEABMEED ) (Ne-pekles dhvaie SR 20" (a: brp
1634-i.99 gnl part obscured 1H); 2.81-3.07 (m 1H); 3.05 (dd, 1H); 3.37

) ; . ; X . ) .10 (dq, ;
El. 29-4.Hg>,8 (rﬁ?‘gz ;“ﬂ?%é"a???ﬁffﬁ?s Q}EP}“F% 2%5;"?“‘%\;)5 (ivé F,(AB? : éT)z (MH) +,

534 (M + Na) + The starting materials were prepared as foll ows: Al lyl

vne ol |yl at S EEHPOEGhEzole acid vag alisTabbd aiShRuIAENLS hapRIEeuR of
, O- -o-Nnl e .

N (CDOl [ erfixpyple 4.9&)ﬂ?&?,a¥§Pﬂ;21?;§3LQ¥YS%rRQ?V? ?tféhfggﬁﬁ§93 (THE 2&&513?’

7.09-7.27 (dgld, 88 Hdxr, %H32- $.2975 (40 qm, 14H); 5.9¥66 (1 Xm, 244 ; (MSB ¢d, (18)j :8.381

(M+ NH err])+& . above ester was reduced as in Exanple 2,
except that %@rhgﬂdlsw5%‘ﬂs§' as the solvent, to give allyl
3-am no- 2, 6-di fl uor obenzoate. Nnr (CDCl[err]): [err] 4.86 (dt, 2H)

5.27-5.49 (m 2H); S5pQfic8i&P ofMthel Bbovd n{¢sd cBfipduid By )the method of Example
2, and purifying by medium pressure chromatography on silica using a
gradient of dichloromethane/diethyl ether (100:0 to 90:10), gave allyl
2-allyloxycarbonyl-4-amino-benzoate. Nmr (CDC13)= 8 3.94 (br, 2H);
4.71-4.80 (m, 4H); 5.22-5.42 (m, 4H); 5.88-6.10 (m, 2H); 6.69 (dd, 1H);
6.75 (d, 1H); 7.74 (d, 1H).

The above amine was condensed with proline acid as Example 1,
purifying by medium pressure chromatography on silica using a gradient
from dichloromethane to 20% diethyl ether in dichloromethane, to give
(28,48)-l-allyloxycarbonyl-z-(3,4-dial1y1oxycanbonylphenylcarbamoyl)'

-pyrrolidin-4-ylthioacetate. Nmr (CDCl3): 8 2.32 (s, 3H); 2.59 (br, 2H);
3.37 (dd, 1H); 4.03 (quintet, 1H); 4.12 (dd, 1H); 4.56 (t, 1H); 4.67 (d,
2H); 4.77 (t, 4H); 5.25-5.42 (m, 6H); 5.84-6.11 (m, 3H); 7.79 (m, 3H);
9.52 (br, 1H). :

The above thioacetate was deacetylated to thiol, which was
condensed without further purification with carbapenem phosphate as
Example 1, finally purifying by medium pressure chromatography on silica, -
using dichloromethane/ethyl acetate 3:2 as eluant, to give allyl
(lﬁ,§§:GS,SR,2'S,4'S)-2-(1-a11yloxycarbonyl-2-(3,4-dia11yloxycarbonyl-
phenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methyl-
carbapenem-3-carboxylate. Nmr (CDCls): 8 1.24 (d, 3H); 1.35 (d, 3H); 2.62
(br, 2H); 3.26 (dd overlapping m, 2H); 3.47 (br, 1H); 3.81 (quintet, 1H);
3.97 (dd, 1H); 4.19-4.29 (overlapping m, 2H); 4.53 (t, 1H); 4.62-4.82 (m,
8H); 5.19-5.44 (m, 8H); 5.84-6.07 (m, 4H); 7.82 (s, 3H); 9.30 (br, 1H).



- 42 5 NS (El): 213 M+, (Cl): 214 (MH)+ The above ani ne was
condensed with the proline acid as in Exanple 1, purifying by

chr omat ogr aphy and el uting vvith et hyl acet at e/ hexane (40:60), to give
(2S, 45) - 1-al | yl oxycar bonyl -

(3-al Iyl oxycar bonyl -2, 4- d|f|uorophenylcargannyl)pyrrol|d|n 4-

yl t hi pacetate. Nnr (CDCI[err]) [err] 2 § 2.60 (br, 2H); 3.40
(dd, 1H); 3.95-4.19 (m 2H); 4.57 (t, 1H);: 467 (dt, 2H); 4.86 (dt, 2H);
5.20-5.50 (rgxafiple 19- 81-6.13 (m 2H); 6.95 (ddd, 1H); 8.4 (ddd, 1H); 9.2
(br, 1H). ‘IVS'%V’G"FAB): 469 (IVH) + The above thi oacetate was
deacetylated to thiol, and condensed w th carbapenem phosphate as in

ExaLrpI ehGI The pr odmm,ssass,p)lnlr,'nfs ,4dS P32 -¢ P+ (B¥Bartgixgpéshydnoxyphenyl cazbanayi )
t t { t

(1R 55, 65, 8P %éai’zf’é':“y g?g&g%ﬁls_ L hydroxyethyl)s 1 methylgaxbapgnep-3-¢qrboxylic
phenyl car baraxjid) yaa poépatied- usipgt theo):etam(i!luhyrfr Exampilayl,) excepst jhat the crude
car bapenem c(i?l_]?@(%!fa%&tgécml_&mg%{d] did L\%{:ﬁ] 1113@ cﬁiﬁloma'i:'dkrapl)ﬁG Mt

?;‘?;1&9 804( olpusaT, trpceticiarid-dd (& 1 M(dzx gb 295 (nm OB uresi’ 5@3(&%

SH&) (5517 Fi;fnp oB3cukbll, 18 &323 71 d(,mmf;H); 26% (94, (aiy; IHp; (&, 38;1'1;113 .79 Hdd,
. r,
(1R 5S, 6S, 8 §%B9s§‘ 6259((52 (B%!,*u ngak/{%xg,g 3» %"a(rtb'\ﬁ%\”f &8P firy? 7.56

pyrrolidi n-4¢ad,t iH)3) 7697 Ydhydexyet hyl ) - 1- rret hyI car bapenem 3- car boxylic

acid, trisodiumsalt was prepared using the technique of Exanple 2 except
that a mxture of DMSO and THF was used. Nmw (DNSO-d[err] + acetic

aci d-d4): [ dfsr(+ve FaBjy, 498H)HH)L PL4( (M pla) obscured, 1H): 2.78 (m 1H):

3.02 (dd, 1H); 3.23 (dd, 1H); 3.40 (qU| ntet, 1H); 3.58 (dd, 1H); 3.83

g.ﬁl;“ n'ée'g-? % ;elgﬁgr%gggﬁa?:éﬂ%ggre prepar gdasO\fg{]I.oaspl ng m 2H); 7.92 (dd,

2-Hydroxy-5-nitrobenzoic acid was allylated essentially as in
-Example 1, except that the final extraction solvent was diethyl ether, to
give allyl 2-allyloxy-5-nitrobenzoate. Nmr (CDCl3)- 8 4.82 (m, 4H);
5.26-5.55 (m, 4H); 5.97-6.13 (m, 2H); 7.49 (d, 1H); 8.41 (dd, 1H); 8.52
(d, 1H). o
. Reduction of the above nitro compound by the method of Example
2, except that the solvent was methanol, and NaHCO, solution was used to
basify, gave allyl 2-allyloxy-5-aminobenzoate. Nmr (CDC13): $ 3.23 (br,
2H); 4.53 (dt, 2H); 4.79 (d, 2H); 5.21-5.49 (m, 4H); 5.93-6.14 (m, 2H);
6.80 (m, 2H); 7.16 (d, 1H).

The above amine was condensed with proline acid as Example 1,
purifying by chromatography using a gradient of dichloromethane/diethyl
ether (100:0 to 85:15) to give (28,4S)-l-allyloxycarbonyl-2-(4-
allyloxy-3-allyloxycarbonylphenylcarbamoyl)pyrrolidin-4-ylthioacetate.
Nmr (CDCl3): 8§ 2.33 (s, 3H); 2.56 (br, 2H); 3.39 (dd, 1H); 4.01 (quintet,
1H); 4.13 (dd, 1H); 4.52 (t, 1H); 4.60 (dt, 2H) 4.66 (m, 2H); 4.81 (dt,
2H); 5.23-5.51 (m, 6H); 5.85-6.13 (m, 3H); 6.91 (d, 1H); 7.76 (dd, 1H);
7.81 (d, 1H); 8.97 (br, 1H). _ -



- 43 - Ms (+ve FAB): 542 (MH)+, (Na salt) +; 564 (Na[err] salt)+ The
starting material was prepared as foll ows: 2- Car boxy-4-ni trobenzoic acid
was allylated according to the procedure of Exanple 1 to give allyl

2-al |l yl oxycarbonyl -4-nitrobenzoate. Nnr (CDCl[err]): [err] 4.85 (dt, 4H);
5.29-5.47 (m 4H); 5.91-6.12 (m 2H); 7.8% (d, 1H); 8.38 (dd, 1H); 8.63 (d,
1H) . . Reducti on of the above nitro conpound by the nethod of
Exanpl e 2, and purifying by medi um pressure chronmat ography on silica using
g glrfld: ent of bdi C|h| Zrmaeaml%eﬂeﬁoa&@uﬂteﬁam?eﬁaﬁwté@tQOehhel, @gzeox?ehyéd
-al I yl oxycar bgnyl - 4- am no-benzqat e. ny errd):.lerr : r ;
4.71-4.80 (nFidHjFarkapenen phos %%94 Exgmple g)? E%’fé@-{# %‘."’k’b"‘ &5‘;‘“‘%6‘?12“@
6.75 (d, 1H)gradiédt(elutiéf) from dichloromethidne th@rbyhrcetatensocgivecablyd wit h
proline acid e ; IR A ' [LeSEU gt ogr aphy on
silica usi ng(gﬁ’gi'rgggg}eérl\{t’zﬁ’ﬁngéi{c.\r(Fg%&%?%%gy@gﬁzgﬁd?g%bwgher in

di chl or onet hahky ogﬁcQﬂbogylphenylcarbamoyl)pyrrolidin-4-ylthio)- -(1-hydroxyethyl)-1-
(2S,49)-1-al ha&m&&%ﬁ%&ﬁ-ﬁc&ﬁwﬁ?m@.' WX YEBTIR YN YS FIUQE'Y('an?,l?@”Q)@() d,
pyrrolidin-4-ylthi oac%%ate. Nmr Q&y? %)grré 2.32 (32- H%; .éQ (br,
2H): 3.37 (dd)s1@y57 Abgg )i Hedde , 3-28) (dd) oyoriapping qpintetyg2H); 314 -(bE, 57

(d, 2I(—|%) . 4. TTHYt 3.780)(quintlt, S1H)E 6101 QEB,‘ 1H) 844.684&2(73[d(8|d)7efl7ap39ng m, ﬁﬂ),l
9.52 (br, 1H). . T Vv hi et af e, Was A(C eg.{0 thiol,
whi ch was csgﬁdsekégﬂ e h%'Lﬁs'P afﬂﬁf e‘;')*hr i?’%ak&dnzﬁf’t ﬁ'gg%g%e@émg%ifos hat e
as Exanpl e 15.83-6al2 y(mpuéH);ybiRB Iog, il uhn7Pr éddsudB) sc i 89relide gHit)sh § - 8 (br,
silica, usingggichloronethane/ethyl acetate 3:2 as eluant, to give allyl
(1R, 5S,6S,8R 2° S, 4'S)-2-(1-al |l yl oxycarbonyl -2- (3, 4-di al | yl oxycar bonyl -
phenyl car banoyl ) pyrrolidi n-4-ylthio)-6-(1-hydroxyethyl)-1-nethyl -

car bapenem 34¢ Qe xXpABIt €696 i), Ot [(ar £ INa)*[err] 1.24 (d, 3H); 1.35 (d,
3H); 2.62 (br, 2H); 3.26 (dd overlapping m 2H); 3.47 (br, 1H); 3.81
(quintet, 1H); 3.97 (dd, 1H); 4.19-4.29 (overlapping m 2H); 4.53 (t, 1H);
4.62-4.82 (nExample 11

(1R,58,6S,8R,2’S,4’S)-2-(2-(3,5-Dicarboxyphenylcarbamoyl)pyrrolidin-
4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic acid was
prepared using the technique of Example 1, except that the crude acid
wvas of sufficient purity, and did not need chromatography. Nmr

: (DHSO-d6 + acetic acid-d4): 8 1.15 (d, 6H); 1.77 (m, part obscured,

- 1H); 2.69 (m, part obscured, 1H); 2.85 (m, part obscured, 1H); 3.19
(dd, 1H); 3.33-3.51 (m, 2H); 3.71 (quintet, 1H); 3.94 (quintet, 1H);
4.03 (t, 1H); 4.15 (dd, 1H); 8.18 (t, 1H); 8.45 (d, 2H).

Ms (+ve FAB): 520 (MH)*, 542 (M + Na)*
The starting materials were prepared as follows:

3-Carboxy-5-nitrobenzoic acid was allylated essentially as in
Example 1 to give allyl 3-allyloxycarbonyl-5-nitrobenzoate. Nmr -

(CDCly): & 4.89-4.93 (m, 4H); 5.33-5.50 (m, 4H); 5.97-6.17 (m, 2H);-
9.00 (t, 1H); 9.04 (d, 2H). :



8H); 5.19-5.44 (m 8H); 5.84-6.07 (m 4H); 7.82 (s, 3H); 9.30 (br, 1H).

- 44 - Exanpl e 10

(1R,5S, 6S,8R, 2' S, 4" S) - 2- (2-(3-Car boxy- 4- hydr oxyphenyl car banoyl )
pyrrotidin-4-ylthio)-6-(1-hydroxyethyl)-1-nethyl carbapenem 3-carboxylic
acid was prepared using the techni que of 4gxanple 1, except that the crude
acid was of sufficient purity, and did not require chromatography. Nnr
(DHSO-d[err] + acetic acid-d[err]): [err] 1.17 (d, 6H); 1.95 (m obscured,
1H); 2.87 (m obscured, 1H); 3.17 (dd, 1H); 3.25 (dd, 1H); 3.42 (dt, 1H);

30 (o ;399" GugRetin oFrhie Sufe (ke Moyl e o B 0
The starti ndxampls 2agaverellylpBeptiydoxyearbonitlodsaminobenzoate. Nmr (CDCL, )

2- Hydr oxy- 5-g1igt §PR@RZ O ; 25198 -¥ogw QJn' Ydug' €51, 23S 6 agf '(ﬁ' | 3¥1) 155 .i9B - @ﬁal”PJ:
except that the fina extractlon sol vent “was di ethyl ether, to give aIIyI

2-al |l yl oxy- FH)s t T-o8ekdotds 8 ﬁ?nt(’cw[err]) [err] 482(m 4H); 5.26-5.55
(m 4H); 5.97-6.13 (m 2H); 7.49 (d, 1H) 841(dd 1H); 8.52 (d, 1H).

Reducti on of the aboye tro._c ound nmet,hod Ex | e except
that the sol vent wasil}f'?e?h?;\%eolaf"%gamf\la vith Bf?gjﬁemﬁgzﬁg’éag’{aﬂpgeaggfy,
gave allyl Zoagivd Qi?fﬁ)ammykmmathnnylm(%Ewaﬂéqux)rcaﬂmmy}p!&nﬂ- (br,

2H); 4.53 (Q:tarl}glh%'l é&?%&&n-zl_yl tﬁigélceﬁ?ﬁbg (g?a Ak@)ﬂlé 9§ 253%4 )Z'H)

6.80 (m 2H) (ensBd with
proline aci &89 @Fan%ﬂ)é 3. 40 ¢dds i)y oP3ctaudntebgdBpny-b4i (> alBsaditnt of

di chl or onret %neimbl er.l’ad-wm% (2511439 £.8304087 XR) 410;05V&-5.47 (m, 6H);
(2S, 4S)-I-a|| {by(l a bogiﬂ/q @hé 6
2l Lyl oxy- 3. A PyTebc Do P BeirByt3 §5r (805 1384 (Yin Mdncetate. Nm
(ChC[err]): [err] 2.33 (s, 3H); 2.56 (br, 2H); 3.39 (dd, 1H); 4.01
(quintet, . The above thioacetate was deacetylated to thiol, and
condensed with carbapenem phosphate as Example 1, to give allyl
(1R,58,65,8R,2’S,4’S)~2~-(1-allyloxycarbonyl-2-(3,5-diallyloxy-

. carbonylphenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-
methylcarbapenem-3-carboxylate. Nmr (CDC13): $1.23 (d, 3H); 1.35 (d,
3H); 2.63 (br, 2H); 3.25, 3.29 (dd overlapping m, 2H); 3.49 (br, 1H); -
3.84 (quintet, 1H); 3.98 (dd, 1H); 4.19-4.30 (m, 2H); 4.55 (t, 1H);
4.63-4.78 (m, 4H); 4.84 (d, 4H); 5.19-5.45 (m, 8H); 5.84-6.12 (m, 4H);
-8. 46 (s, 3H); 9.18 (br, 1H).

Ms (+ve FAB): 724 (MH)¥, 746 (M + Na)*

Example 12

(1R,5$,68,8R,2’S,4’8)-2-(2-(3-Carboxyphenylcarbamoy1)pyrrolidin—4-
ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic acid.

To a solution of 4-nitrobenzyl (1R,SS,68,8R,2’S,4’S)-2_-(2-(3-aliy10xy-
carbonylphenylcarbamoyl)-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-4-
ylthio)-6~(1-hydroxyethyl)-1-methylcarbapenem-3~carboxylate (10 g, 12
mM) and Meldrum’s acid (5.2 g, 36 mM) in THF (70 ml), under an
atmosphere of- argon and with the exclusion of light, was added
tetrakis(triphenylphosphine)palladium (1.4 g, 1.2 mM). The mixture



1H); 4.13 (dd, 1H); 4.52 (t, 1H); 4.60 (dt, 2H) 4.66 (m 2H); 4.81 (dt,

2H); 5.23-5.51 (m 6H); 5.85-6.13 (m 3H); 6.91 (d, 1H); 7.76 (dd, 1H); _

7.81 (d, 1H); 8.97 (br, 1H). - 45
. The above thioacetate was deacetylated to thiol, and

condensed wi th carbapenem phosphate as £4anple 1, purifying by
chronmat ography using gradient elution fromdichl ororret hane to ethyl acetate

to give allyl (1R 5S,6S,8R 2'S,4'S)-2-(1-allyloxycarbonyl -2-(4-allyl oxy- 3-
al |yl oxycar bwnwlspmeyll cﬁmbhimgﬂ Temperotunt fiort-30| minudps6- (I‘l;ehgmhtuxg/emhyl )-1-
t hyl b 1 - 1.36
ro e Zaga;ﬁ?w A F&Wh@&%a&é\ngaé qgge&?& ahaed Ecg[ﬁn lnsoiu&% £ shdhon (or
1H); 3.78 cmrb?natfrsl 54gpAn distiilpd vatexn. (3 Q?n dd W¥ePd-ahareraln(4 2)) -

4.51 (t 1H)was4a5&d4aﬂt9 the) mﬁ!hihre‘h 490 éi'iatec?"ﬁl a®-atflosphete (68 hPddogen for

5 83 .12 (73/ Jo % 61’%@6:(“?1‘9{368@ iras7 fé?% % ’\é}@ flg{ggﬁf%tfiwed §lt§l§ ‘:l?yl

(1R 5S, 68 8&@1:81:4 (3) x 21002m] )3 add [kthar b xphemwnll parand mehel ppyeaus| lajien-

4-yl thi o) -6- é&c%&a‘%&%ﬂ:)r P@?Lfﬁf@@@%&? Zgﬁ l{?.pxyi‘l'xfs g 19:1\6\@ as.

prepared usin e technique o excep ‘t he cru acl

of suffici eriPldtirinty, t%enélqwhosanméeop@ﬁﬁwamgraépnge qhmuglowsbldp:mr] +
acetic aci d-gbbbss &olurkp u@@n% Rter bs/dldene. Pahk %ﬁ%ﬁd ﬁ%loﬂé")werg c@ﬁlé@ﬂedpart
82.??“5691 (E%wdn%’éﬁezemleﬁswﬁgs ureg'fle EP!)‘PW&dO?s“( etpalfﬂg*e lmlsol(id , 1H)
8.18 (t, 1H)(3.8.#5H (Nmr IBMSO- d M dcevie RBBE-d 52Podiibnst sehditiphl to DRact The
Lt Lr0, e ghe NELS PsCPIsel el O 81Cac, e, 2,97 (a5, D 313 (a8
1H); 3.25 (dd, 1H); 3.42 (dt, iH); 3.68 (dd, 1H); 3 94 (quintet, 1H);
4.02 (quintet, 1H); 4.22 (dd, 1H); 4.32 (t, 1H); 7.46 (t, 1H); 7.73

(dt, 1H); 7.88 (dm, 1H); 8.27 (t, 1H).
Ms (+ve FAB): 498 (Na salt), 520 (di-Na salt).
The starting material was prepared as follows;

3-Nitrobenzoic acid (50 g, 0.3 M) was allylated by a similar method to
.that described in Example 1. Solid K CO3 (82.7 g, 0.6 M) was added to
the acid in dry DMF (700 ml) with stirring. There was a slight
exotherm and the mixture became thick. Allyl bromide (38.8 ml, 0.45 M)
was added over 30 minutes and the mixture was left stifring overnight.
After filtration through diatomaceous earth, the solution was
evaporated to dryness under reduced pressure and the residue

. partitioned between ether and aqueous NaHCOB. The ether layer was
washed with -dilute HC1l, brine and water, dried and evaporated giving a
yellow oil (62g). Nmr (DHSO-d6)= & 4.85-4.92 (m, 2H); 5.27-5.5 (m,
2H); 5.97-6.2 (m, 1H); 7.85 (t, 1H); 8.37-8.42 (dt, 1H); 8.48-8.54
(dq, 1H); 8.64 (t, 1H).

Vithout further purification this oil was reduced to allyl
3-aminobenzoate (53 g) using stannous chloride and the method described
in example 6. Nmr (CDC13)= é 3.6 (broad, 2H); 4.77-4.82 (dt, 2H);



Exarrpl'e 1 to give allyl 3-allyloxycarbonyl-5-nitrobenzoate. Nnr

(CDCl[err]): [err] 4.89-4.93 (m 4H); 5.33-5.50 (m 4H); 5.97-6.17 (m 2H);
9.00-(t, 1H,; 9.04 (d, 2H. - - 46
- - Reducti on of the above nitro conpound by the nethod of
Exanpl e 2 gave allyl 3-allyl oxycarbonyl - %gani nobenzoate. Nnr (CDCl[err]):
[err] .3.91 (br, 2H); 4.80-4.84 (m 4H); 5.26-5.45 (m 4H); 5.96-6.11 (m
2H); 7.53 (d, 2H); 8.09 (t, 1H). The above am ne was condensed

with prolinesai-8.6& (wsa2H);e5196-601 Qimye1H); 6.83-6.88 (mF1 1H); 7.17- 7.25

2S,4S) -1 -al |yl C | ,~52-(3,.5-dial |yl oxycar bonyl phenyl -
f:ar barrz)yl )gyk'}r{’oﬁﬁfcﬁigga‘-?hpé’agg? ate. Nm (CDC[err]): [err] 2.33 (s,
3H); 2.60 (br, 2H); 3.40 (dd, 1H); 4.03 (quintet, 1H); 4.14 (dd, 1H); 4.58

; .65-4.70 ) K ; . ; 5.84-6. 16
Eﬁn %t?) 8 59 (d, 2&0&?"3?&%"(?@%3 %&'s‘ggén?ggﬁe iﬂ%% B V6" WL o B8 O
t hi oacet at e RRdensed #ith A-agetyd thig-di-(4-nigrebnvarteryeavbanyl }+2-capborym

phos Egag g gst;E»tamEdngel(ss.Q gl ?oalwlﬂ)yby suspension in tgihéﬂeyl(éso ml) and

1R, 5S, 6S, 0 r - )

f(:ar bonyl phenﬁfﬁg‘iﬁ'ﬁ y%":&}t(gl}b‘lﬁy & ryﬁligy;)chryr{ﬁ -“ES‘F‘F%VG‘F Gt} Ere oyemight,

met hyl car bapdidated -wish bBLOAL a2 1) Noad gm@a[ eith dildeer H¢12,1w28%1( %gd ?ibﬁ)me,}i_g‘ﬁ
d, 3H); 2. : , 9 pin 3. r, ;
5 4" (ui nt o Fpac hase’ vad arfpf ung G Rhe Tl ot Fohand, L
4.63-4.78 (rRecxypgtaldiged fgom pthanel gdving,628,4S) SHacetyBhio-1-14¢m 4H): 8. 46

) ;9. en car ' y
5 S Sl S it

ca 5h4y§%i' Exanpl e
- 2-(2-(3-Car boxyphenyl'car am)y%{) rolidin-4-
yl thi o) - 6- (1P -gtwl'}-ﬁl'ma I(B!iWTé‘giheﬁﬂlSQ?céﬂBWbc Gi &:9

(m, 1H); 3.35 (m, 1H); 3.91-4.14 (m, 2H); 4.49 (quintet, 1H); 4.81
(dd, 2H); 5.22 (dd, 2H); 5.2-5.44 (m, 2H); 5.95-6.10 (m, 1H); 7.47
(d, 2H); 7.66 (t, 2H); 7.8-7.93 (m, 2H); 8.18-8.3 (m, 2H); 10.31
(s, 1H).

The above thioacetate (52.7 g, 0.1 M) was converted to the
thiol by dissolving it in degassed allyl alcohol (1 1) and adding
aqueous NaOH (2M, 50 ml) at 0°C. -After 3 hours aqueous HC1 (2 M, 52.5
ml) was added, the solvent evaporated and the residue partitioned i
-petween EtOAc and brine. The EtOAc phase was dried over Mgso,,,
filtered and evaporated. The thiol was used without further

purification.

A solution of 4-nitrobenzyl (IR,5R,6S,8R)-6-(1-hydroxyethyl)-
1-methyl-2-diphenylphosphoryloxycarbapenem-3-carboxylate (59.68 £
0.1 M) in acetonitrile (500 ml) and methylene chloride (120 ml) was
cooled to -15°C and ethyl diisopropylamine (52.5 ml) was added'slowly.
(28, 48) -1~ (4-Nitrobenzyloxycarbonyl)-2-(3-allyloxycarbonylphenyl-
carbamoyl)pyrrolidin-4-ylthiol (0.1 M), in acetonitrile (400 ml) was
added under argon and the mixture left overnight. The solvent was
evaporated and the residue suﬁjected to chromatography on silica,
eluting with methylene chloride, EtOAc and acetonitrile, giving
4-nitrobenzyl (IR,5R,6S,8R,2’S,4’S)-2-(1-(4-nitrobenzyloxycarbonyl)-2-
(3-allyloxycarbonylphenylcarbamoyl)pyrrolidin-4-y1thio)-6-(1éhydroxyb



To a solution of 4-nitrobenzyl (1R 5S,6S,8R 2'S 4'S)-2-(2-(3-allyloxy-
car bonyl phenyl car banoyl ) - 1- (4- ni t r obenzyl oxycar bonyl ) pyrrol i di n-4-

yl t hi 0) - 6- (1- hydr oxyet hyl ) - 1- et hyl car bapenem 3- car boxyl ate (10 g, 12 nV)
and Meldrums acid (5.2 g, 36 MM in THF (70 m), under an atnosphere

of -argon and with the exclusion of light,was added

tetraki s(tri phenyl phosphi ne)palladium (1.4 g, 1.2 mM. The mxture

- 47 - was stirred at anbient tenperature for .30 m nutes. The m xture

was di | ut egehlln 1ehbdtylasapefien-330arHokyBité asided emwassmmsms gt sodi um

bi carbonate (1. I, N i I'l.e r 0Q ) 1 P 4 g) was

‘added and tﬁ@‘ na%!%b ‘éﬁ‘l‘@dﬁ f@@aﬁﬁ a?ﬁ? g"/iﬁ gn’é?ﬁ

hours. The QaFa2)ast (mpdH)E I3.éBeIL40t (e, 2H) 3§ r3a15¢-33.>63rel:,t aH) ;N|3t.B ett,hyH) ;

acetate (2 0, et X, 10 )e NGy at hegnaqg I I

concentr at eé égdl'ermi rﬁé Ib?gsééﬁe % Qﬂglbult'625€jdﬁ1 ﬁi)‘l‘hggﬂégpht@i‘@h was

split into wd7sndSelh Gghmﬁl 83¢fudilf (d 18B); JadkHye2t tnowplex pattemn: of

HP20SS col unggupfdtadaN@ideib s delibis, 1Pa§. pure fractions were collected and

freeze-dried giving the title compound as a pale yellow solid (3.5 g).

Nnr (DMSO-d[err] + acetic acid-d[err], positions sensitive to exact

soI vent rat ipghmp¥e 1319 (d, 6H); 1.94 (dt, 1H); 2.97 (dt, 1H); 3.13 (dd,
3.25 (dd, IH), 3.42 (dt, 1H); 3.68 (dd, 1H); 3.94 (quintet, 1H); 4.02

(qU|ntet 1H); 4.22 (dd, 1H); 4.32 (t, 1H); 7.46 (t, 1H); 7.73 (dt, 1H);

7.88 (dh, m)ae tBapZatQtu;ionmnd hydridgedation F#Re: cargded Natshy ta sigiiar(wethad

salt). Qg éﬁﬁ TgaTe ] eﬁrl @4‘%“9’% ﬁegg‘gﬁ,@ asad qld benz y13- Ni trobenzoi ¢

acid (50 g, was a sim met ho to that described in
Bl o 17" $3R4 55 B R PB4 2G5 141 Ly Ry Ry DAY s abRGT IPMEYACT 0 1 dry
DMVF (700 )cat«b:t.dayisir-r(mnﬂxtrlibaimma&baﬂylg rMQ&ftﬁﬂfﬂymﬂol}kE‘-(lﬂ-Xt ure

Che- M xt Ur o AEEP BRI LI hY LEARERP 3 SarDRIAe (b o) O RS- o o
di at omaceoudfeer tthe lt}hleogexiatlipmp the sagueapsrlayexi vhe wksylﬁee;ezeuddknd,r educed
The et her | Syttt BPAGReCaRAat d:0RY, 181 PRV (B8 6808 2AOUE SIS
evapor at ed ¢Bv¢tanhory-hecrohansylphenylgarbameyl)prolidin4-ylthiedré- 4. 85- 4. 92
?LIr-ni) _ 2:;) hg. 8%% =y dtokyethyl) - 1-neify1R afbdptnentid-carbody1{d acid) jasBa a1l fellofit .

’ solid (125 mg). Nmr (DHSO-d6 + acetic acld-d4): & 1.9 (d, 6H);
1.98-2.06 (m, 1H); 2.85-2.98 -(m, 1H); 3.16- 3.21 (m, 1H); 3.26

(dd, 1H); 3.43 (quintet, 1H); 3.74 (dd, 1H); 3.91-3.97 (m, 1H); 4.0
-(t, 1H); 4.23 (dd, 1H); 4.39 (t, 1H); 8.24 (t, 1H); 8.33 (t, 1H); 8.44

(t, 1H).

The starting material was prepared as follows:

5-Nitroisophthalic acid (5g) was converted to the mono allyl
ester using one equivalent of allyl bromide (2 ml) using a similar
method to that described in example 1. The required acid (2.7 g) was
extracted from the organic phase with aqueous NaHC03 The organic
layer contained the di-allyl ester (2.7 g). The mono acid
3-allyloxycarbonyl-5-nitrobenzoic acid, was obtained as a white solid.
-Nmr (CDC13): 4.87 (d, 2H); 5.3-5.5 (q, 2H); 5.97-6.15 (m, 1H);
9.01 (t, 3H).

Ms (CI): 252 (MH)*



(dq, iH); 8.64 (t, 1H). Wthout further purification this oil
was reduced to allyl 3-am nobenzoate (53 g) using stannous chloride and the
nmet hod described in exanple 6. Nmr (CDCl[err]): [err] 3.6 (broad, 2H);

4.77-4.82 (dt, 2H); - 48 -
524544(m 2H); 5.96-6.1 (m 1H); 6.886.88 (m 1H); 7.17- 7.25 (m
1H); 7.35-7.47 (m 2H). The above allyl 3-am nobenzoate (26.6

g, O. i5 M vvas condensed with

4-acetyl thio-1-(4-nitrobenzyl oxycarbonyl)-2-carboxy- pyrrolidine (55.2 g,
0.15 M by suspensi op | ( [ o] 4.5 g,
0.18 M. The m xture % gg :isn‘gasoégéjemht '}@éu?ﬂ,ﬂ Lf%e glﬁd%ggg:{(dg 1) .and
washed with (di.bugle andN-hydranysuesinimide (0 &) Etrmetlpimye elorig

euaporat od, 0] GukaBleup el oIt/ aubldrSeéhot seiret Fan h&l:\él.ngA vh:lte
(2S,49) - 4- acet T' I 0-1-(4-

ni t r obenzyl (ﬁ@}éér‘{?@nﬁﬂte?e‘é angd| tha 5QINtAPR SRAPPFARAH 2 ATARL3A-) - The, #FFHNS di ne
(67.7 9). N,@te{- %q;ﬁlhcﬁéa Jon Eflich geld3dlétingnitih méthylefe Thlpridelihen 3. 35

510 ; 5 5.5 A Fi Upgeriedoin metiylcly ifkice ha challey ity silber egf e’

7.8-7.93 (ms5%t) ;The. URitR. Qoxmh viRidh; pﬁéhl@itai(&d wdsH3-allyloxycarbonyl-Phe above

Gogacsed af troferantas (11 95 , G608 o aqG)Q 052“?149' Z0 phoens o L
O[err] C. Aft2®); @*@uﬁslhdmed@é HG83( ¢hngpd 53 4H)g 8-9as b&&ééds’ tlﬂL 8ol ¥ent

evapor at ed hh}p @e§4 ge ﬁgrtgtgm(@ 1a¢t ween Et OAc and brine. The Et OAc
phase was dr| ed over err], filtered and evaporated. The thiol was used
wi t hout further purifi cat i on. A solution of 4-nitrobenzyl

(1R, 5R, 6S, 8Ms ¢e1)k:- hysirw;«am)}yl*)
1- met hyl - 2- di phenyl phosphor yl'oxycar bapenem 3- car boxyl ate (59.68 g, 0.1 M
in acetonitrile (500 M) and nethylene chloride (120 m) was cool ed to

-15[err] C and ethyl &rAldybexyeprbonydeS{rderebenzpmigdes (3K ¥as|xaduged with
(2S.45) - 1- (4ot { BPENEHIMILY GRARON L) eies (r3adivlsih 0oy BREYIRY LD/ @Ying
3-allyloxycarbonyl-5-aminobenzamide (0.5 g). Nmr (DHSO-d6)=
4.78 (dt, 2H); 5.2-5.8 (broad, 2H); 5.26-5.45 (m, 2H); 5.91-6.13
(m, 1H); 7.22 (broad s, 1H); 7.27 (t, 1H); 7.33 (t, 1H); 7.59 (s, 1H).

Ms (CI): 221 (uH)" . i

(ZS,AS)-4-Acety1thio-1-(4-nitrobenzyloxycarbony1)—2-carboxy-
pyrrolidine (0.75g) was converted to the acid chloride_and reacted with
3-allyloxycarbonyl-5-aminobenzamide (0.45 g) by a similar method to
that described in example 12. The crude product was subjected to
chromatography on silica gel, eluting with EtOAc and giving
4-acetylthio-1-(4-nitrobenzyloxycarbonyl)-2-(3-allyloxycarbonyl-5-
carbamoylphenylcarbamoyl)pyrrolidine (0.58 g). Nmr (DHSO-d6)= 3
1.92-2.06 (m, 1H); 2.3 (s, 3H); 2.79-2.83 (m, 1H); 3.38 (dd, 1H);
3.97-4.12 (m, 2H); 4.49 (dd, 1H); 4.83 (dt, 2H); 5.19 (dd, 2H);
5.25-5.43 (m, 2H); 5.97-6.11 (m, 1H); 7.31 (broad s, 2H); 7.54 (d, 2H);
8.04 (d, 2H); 8.12 (t, 1H); 8.26 (t, 1H); 8.31 (t, 1H); 10.0 (s, 1H).

The thiol was generated from the above thioacetate by the
method described in example 12.



car bamoyl )pyrrolidin-4-ylthioi (0.1 M, in acetonitrile (400 ni) was added
under argon and the m xture |eft overnight. The solvent was evaporated and
t he residue subjected to chromatography on silica, eluting with nethyl ene
chl ortde, EtQAc and acetonitrile, giving 4-nitrobenzyl
(1R, 5R 6S,8R, 2'S,4'S)-2-(1-(4-nitrobenzylsgxycar bonyl ) - 2-
(3-al Lyl oxycar bonyl phenyl car banoyl ) pyrrolidin-4-yl thio)-6-(1-hydroxy-
- 49- et hyl ) - 1- met hyl car bapenem 3- car boxylate as a yellow solid (52.6 Q).
Nnr (DMSO-d[err]+CD[err]OD): [err] 1.26 (d, 3H); 1.35 (d, 3H); 2.2-2.4 (m
1H; 2.7-2.95 (m 1H); 3.28-3..40 (im 2H):.3 54:3. 63 3.8 H) ;
4.01-4.1 (q. 1H): 4. ¥159tution of 8153‘?’91‘."’%5’%d@i’i%&ﬁ@lé‘%gﬁ,hyé‘ﬁb”;‘ye%ﬂ)l’
5. 17- 5. 45 ( nl-m@tthyl-2-88plenylphosphdriiloxytagbagenen-3-canpoxydapeat (0s 6ngofand
doubl et s and 8 _gau ol A 1 @tection and
hydr ogenat i og.g)\ﬁgrgieelcg??ﬁéﬁ%ﬁ%@%%‘l’ﬁi?}@t %glg ?f%-&t%ﬁgﬁ%gscri bed in
exampl e 12, wimeparhamgylphepylqazbaner})pynrofidia-4ethinl X0.48 g) &y
- 2- (b2- ( 3|‘ ?' adti(é}%iiﬁ?rﬂg nydo- lE].P Fabaraacted dyvh -sli_mél_lar metllncédh to thgt as
car banoyl ) - 1- (4- enz xy.gar hon rrolidin-4- 0)-6-(1-
Py oxy ot hyi SestrAhed IR crebfe fom FURLHIREPS as B E1be Hideatokfartoa o
t he hydr ogenelutdng wiltk Exaeothen| 50 MeOBLELOARS gfivbwy d-ditmblenzydi t hout HP20SS
chr omat ogr ap [ S,65 8R 2. ' -(2- {2 _
(3- car boxy- 5{%&55’ %&%3#%@%& slc;)ar2 bgingg I pt?P rﬁglf)ly&la’r?(%rw?%ll)of %3 allyloxy
(1- hydr oxy et ¢arbpnyl-SecanhapoylnhsaytoarBanoyd hpyarol discdy1thd o h-qrd L hydrprow
solid (125 %Y%Nngeé %Qrsup%éﬂl-stcaﬁﬁ;xﬁa@& Iag-aify)enwrsbhd-@.éﬁ
- m
{

2}oH) ;
1-08-2.06 (Tl F0e S0 doioh st (0 2% o b

(dd,  1H); 4.832((dd,ll#); 8.22-3.62 () 2HB. 339444.214,; 28) #4.31 t(brdkl d, 1H)Ehe

starting matgrd,a prepar fallows; ] _DiNitroisophthalic
acid (59) vvaé‘séokﬂ/’\gﬁ?bﬁ t'tggtﬁg 7 ogé%);g?l'%s(tmér(s@s’i ggsor?éleqéﬁ’vg ent of

al 'yl brom db422 8d52 (eimpdexn paitnermpf deoubhdets ond rdoubtie slonbkes,i hil)xanpl e 1.
The required acid (2.7 g) was

Example 14

The deprotection and hydrogenation was carried out by a
similar method to that described in example 12, except that
p-nitrobenzyl (1R,5S,6S,8R,2’S,4/S)-2-(2-(3~-allyloxycarbonyl-6-

. carbamoylphenylcarbamoyl)-1-(4-nitrobenzyloxycarbonyl)pyrrolidin-4-
.ylthio)-6-(l-hydroxyethyl)-l-methylcarbapenem—3-carboxy1ate was used.
After the hydrogenation, the aqueous layer was freeze-@éied to give
(1R,5S,6S5,8R,2’S,4’S)-2-(2~(3-carboxy-6-carbamoylphenyl-
carbamoyl)pyrrolidin-4-ylthio)y-6-(1-hydroxyethyl)-1-methylcarbapenem-3-
carboxylic acid. Nmr (DHSO-d6 + acetic acid-d4): é 1.3-1.38 (2xd,
6H); 2.0-2.11 (m, 1H); 2.85-2.96 (m, 1H); 3.09 (dd, 1H); 3.37 (dd, 1H);
3.53 (quintet, 1H); 3.79 (dd, 1H); 3.94 (t, 1H); 4.16 (t, 1H); 4.33:
(dd, 1H); 4.43 (t, 1H); 7.87 (dd, 1H); 7.97 (d, 1H); 9.12 (d, 1H).

‘Ms (+ve FAB): 541 (Na salt), 563 (di-Na salt).

The starting material was prepared as follows:



extracted fromthe organic phase wth aqueous NaHCJ err]. The organic

| ayer contained the di-allyl ester (2.7 g). The nono acid,

3-al l yl oxycarbonyl -5-nitrobenzoi c acid, was obtained as a white solid. Nnr

(cbA3g): 4.87 (d, 2H); 5.3-5.5 (q, 2H); 5.97-6.15 (m 1H); 9.01- (t 3H) .

Ms (Cl): 252 (IVH)+ - 52 50

DCCl (1.3 ¢g) was added to a solution of the above acid (1.5 g) and

N- hydr oxysuccinim de (0.76 g) in nethylene chloride (50 mM) and the m xture
stirred at anbient tNipssteirepithhbic 2chduges 33 A)Whn taethplens uhi'ﬂarﬁ&ét(ﬂsedl)and

h I d
(ne, 201 L1 ey aRpr ASeR! Sl Ry IO aER! S BReRYf 08
met hyl ene cht¢hdorilde H3d63 mdas AMPWA 2 {55amdrp @ind !;-aetbylr@nhql]i@e (17h§5\/1ﬂ|)t atsolid

whi ch d | |
(D:V%O 8{ gflr ]p')f e %g rx ?glxi/ ﬁﬂéy&ﬁv@ﬁ@é’ we?e %&B&&P%ﬂaa%‘éﬁm{é f&réﬁer Nm

7.83 (broad Ruri watiansaihebpmk% wafwiisse’lvsd(lp alﬂ?)f)l alcobal (20 El(-b ans 94

gt/“ ﬁ*? NBE( 1)) m136§¥d|¥Etrﬁﬂd[6#éﬂhight at ambient temgerature. g?e solve?Fs
oxycar bon robenza uce err

si il )altr rr)ét h‘lfd"et% "E‘WS "}‘SP%SE%%)’: ° m\% §'5huseds PV 2

3 aI I yI oxycaudmnxl - icm:lﬁnhermanf cthe( B %) soldtldron (aDWE@utpetiop) with E80Adt ,

22 (b d
o) by 57 o %rg@% AP oL 2-rlpdodiap fe g ;é,NHﬁ( -
(28 4S) 4- Adimry (€DfFlg) 1-§ 4-8 t(rdob ﬁo&&r@aﬁ%oﬁwwﬁ)z ea?réxia (Byr HBIsi diHe
(0.759) was (Q'Pn‘!ﬁ{-t eg.3® (uhg ﬂﬁ'-dS Sl 8&' Qﬁ angr ERAR! ﬁ@ri"ﬁi&’é‘tiou, this acid-

3-allyl oxycar bony 5- am nobenza by od to that
descri bed i ¥asxSopyeIted by #he PY)"dLFBt lbb’a?“%‘&tﬁ&‘g]&’f’ar? Y%‘E‘h?’%ﬁmt ogr aphy
on silica gediss6lvéd i THF hl(EtnMCatﬁ Cgi Ammenia gas was bubbled into the

solution until the reaction was completed. The solution was
partitioned between EtOAc and water, and the product from the organic
fraction pﬁrified on silica, eluting with methylehe chloride followed
by EtOAc. The product (4 g), containing a small impurity, was reduced
with SnCl2 by a similar method to that in example 12 giving
4-allyloxycarbonyl-2-aminobenzamide. Nmr (DHSO-dG): 8 4.79 (d, 2H);
5.22-5.46 (m, 2H); 5.91-6.13-(m, 1H); 7.02 (dd. 1H); 7.37 (d, 1H); 7.61
(d, 1H). - ’

(ZS,4S)—4-Acety1thio-1-(4-nitrobenzyloxycarbony1)-2-carboiy—
pyrrolidine (1.58g) was converted to the acid chloride by suspension in
methylene chloride (25'm1) and addition of .oxalyl chloride (1.52 ml).

A fev drops of DMF were added. After 2 hours the solvents vere
evaporated and the acid chloride, dissolved in methylene chloride (10
ml), was added under-argon to a solution of 4-allyloxycarbonyl-2-amino-
benzamide (0.52 g) in THF (10 ml) and methylene chloride (5 ml)
containing N-methylmorpholine (0.38 ml) at 0°C. The reaction was left
overnight and partitioned between methylene chloride and dilute aqueous

HCl. The methylene chloride fraction was washed with water, brine and
dried. Purification was by silica chromatography, eluting with
increasing concentrations of EtOAc in methylene chloride, giving
(28,48)-4-acetylthio-1-(4-nitrobenzyloxycarbonyl)-2-(3-allyloxy- -
carbonyl-6-carbamoylphenylcarbamoyl)pyrrolidine (0.84 g).



4- acetyl t hi 0- 1- (4- ni trobenzyl oxycar bonyl ) - 2- (3-al | yl oxycar bonyl -

car banoyl phenyl car banoyl )pyrrolidine (0.58 g). Nnr (DMSO-d[err]): [err]
1.92-2.06 (m 1H); 2.3 (s, 3H); 2.79-2.83 (m 1H); 3.38 (dd, 1H); 3.97-4.12
(m 2#); 4.49 (dd, 1H); 4.83 (dt, 2H); 5.19 (dd, 2H); 5.25-5.43 (m 2H);
5.97-6.11 (m 1H); 7.31 (broad s, 2H); 7.s34_(d, 2H); 8.04 (d, 2H); 8.12 (t,
1H); 8.26 (t, 1H); 8.31 (t, 1H); 10.0 (s, 1H). The thiol was
generated fromthe above thioacetate by the nethod descrl bed in exanple 12.
- 51 - Nmr (CDC1 6\ s®l2uk5 oyuehtet, NiKy;0Re2T Yls, 3H); 2.83 (m, 1H); 3.53

(1R 5R, 6S, 8

1- et hyl - 5&"&? é}} %o@%ﬁﬁ?%ﬂ%chﬂ)baﬁé%éﬁs )5 p4d7) 49 1% 4495 and
(2S,4S)-1- (4(d1| RHPHSR23+ 504G cam,bRHYS 5~ 2746313 (myl B dr BLi?yb- (broad, 2H);
am nocar ba I h lyGal | id I 4 tonitrile
(20 ) wagm?,esgc %lgg’ g’aZ?yr#qd:i)r/iﬁ t o%p?gg%h(;b?bgas gﬁ%c% g)dtdlnnﬁgﬁarrp: e I12
Purification was by flash chronmat ography, eluting with Et OAc then 5%

l(vﬁcR]_VSEt %C8R9I2VI ng g‘fﬁé the@BE RAY! g tenerated Ifrom thebabovle) thzio(agetaltle Fy a

ni,tro oxycarbo, a OoXy-
car bonyl - 5- csajr"ﬁ We%h‘édn&f’ éﬂ fﬁ?ﬁ& %‘?’H’& *t hi 0) - 6- (1- Kydr)c/)xy-
et hyl) - 1- et hyl car bapenem 3- car boxyl ate as a yellow solid (0.44 g).

DVSO- d 1 ., 1 1
532 (40, 1) 5. ao A 1 ither 5 ongtiberityt (o dnidS, atils- (f: @déo%%t&%)- i
4.53 (q, 1H 1-metigyl-2ddiphepylphogphayylexyaarbapgnens3-garboxylatenandH2S,AS)2-
8.52 (conpl ex Eaﬁitﬁ:'bﬁe 3199}@1%51%71 gag- @%Ql:ﬁ‘arﬁ%ﬁ—%ﬁiyl&%ﬁrhony ie 14

The deprotectlon and enati on was, carried out )2{ a Simlar nethod to
t hat descri fé&¥ WPYéQa}ﬂﬂOél In-4sylehiol i acptonitFbife (29 ml) were reacted as

(leSS 6|S ﬁae%cﬁubdsin?ex@al plad laL|gﬁvagydahbﬂfbHen5{)l (1}!)511,65 elmdzfs ,478)~2-

car banoyl pheny rha it carbonyl ) pyrrolidi n-4-

ylthio)-6-(1 ah)‘é %gﬁ%ﬁ)"} 1?&%? 3 ?'béé %é‘ycar boxyl ate was used. After

t he hydr ogerﬂa{canbpnyﬂhé-caqhewslphawelnamwl)awmomdlaellf-tydtgm/)e&

(1R 5S, 6S, 8 621.4 a £8Y;

car banoyl )pa r OYQH 3“? ?%’11) %’é)-tﬁgh%%ﬁ eﬁ i g Q A I}(':%lr ogpfeor?gm 3-

car boxyl i c adi-d4 8)NmN"(qDI]18€3'd[ 89 r(m,+6 %8 éﬂ)ﬂ )2 7293 (m, 3H); 33

(2xd, 3.27 (dd, 1H); 3.28-3.42 (m 1H); 3 65-3.92 (m, 2H); 4.17- 4.35 (m, 3H);
4.53 (t, 1H); 4.83 (d, 2H); 4.92-5.44 (m, 6H); 5.93-6.11 (m, 1H);
6.22-6.58 (broad, 2H); 7.35--8.23 (complex pattern of doublets and
double doublets, 10H); 9.20 (d, 1H). -

Example 15

The deprotection and purification were carried out by a
similar method to that described in example 2 (chromatography of the
final product was on an HP20SS column) except that allyl
(1R,5$,6S,8R,2’S,4’S)-2-(1-a11yloxycarbony1-2-(Z-dimethylaminocarbonyl-
3-allyloxycarbonylphenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxy-
ethyl)~1-methy1carbapenem-3-carboxYlate was used. The appropriate
aqueous fractions from the column were freeze-dried to give
(1R,5S,6S,8R,2’S,4’S)-2-(2-(2-dimethylaminocarbonyl-3-carboxyphenyl-
carbamoyl)pyrrolidin-4-ylthio)-6-{(1-hydroxyethyl)-1-methylcarbapenem-3-
carboxylic acid. Nmr (DHSO-d6 + acetic acid-d4, mixture of rotamers):
$ 1.17 (d, 6H); 1.75 (m, 2H); 2.65,2.72 (2 x s, overlapping m, 4H);



6H); 2.0-2.11 (m 1H); 2.85-2.96 (m 1H); 3.09 (dd, 1H); 3.37 (dd, 1H);
3.53 (quintet, 1H); 3.79 (dd, 1H); 3.94 (t, 1H); 4.16 (t, 1H); 4.33. (dd,
1H);-4.43 (t, 1H); 7.87 (dd, 1H); 7.97 (d, 1H); 9.12 (d, 1H). Ms (+ve
FAB) := 541 (Na salt), 563 (di-Na salt). The starting materi al
was prepared as follows: - 54 - - 52 -
Nitroferephthalic acid (6.33 g) in nmethylene chloride (75 m) and THF (15
m) was converted to the nono acid chloride using oxalyl chloride (2.63
m), DVF (2.390s3)01afd Nsyeoverlapyipgoni fl){ B.95 (ddy HH);- iefler(l!l]ltnte/ﬁf,ter 1

hour the sol ugant r % a I ho r tfigr. Coygh © he
product was iéﬁés%s\l/sgéﬁ ﬁng@s plgoﬁﬁ? ?Zggrgdu TaIL:mI t 61 zra]’nc?rsstlrred

over ni ght at (Manbiknd- 2@ 4P %Izuf“e d, tHe- sol vent s Were rem)ved and the residue
partitioned between Et OAc and aqueous Nchq err]. Acidification of the

NaHCO3 sol ution and tracti Wi t h ave t‘ﬂe %ge

4- al | yl oxycar bonyl - 2*Af t§86 ?'%te&&f‘ VFS e&are i % Y8&rr]): [err] 4.89
(d, 2H); 531549(m 2H); 5.95-6.15 (m 1H); 7.94 (d, 1H); 8.36 (dd,

1 8.54 (d, 1 by th
rr;?hod abO\(/e toH% he g‘g}%ﬁ‘ﬂhﬁ%ﬁé&%ﬁ&@ﬁ”a-ﬁﬂ Eb%(’g‘é I'n mﬁ(lﬁ‘gm? ate
O[err] C. Anthenithe gddyheastoniy edsimidar mh@daltetﬂm desquibeddn examplenl was

conpl eted. ThHe s %mﬁmsomuﬂ 3041 Nseaﬂuab%att@d§mhgr and the
product from_the ract ing with

I
met hyl ene crﬁl&yidgdgggﬁl‘l&%éﬂ“whgﬁ% 'erér BagRte ( 'jlcont aining a snall
inpurity, wawarr episoed yd 8h2 ISCIE £13H) ; 1B 93 &,nBH)a;r 4m t'(@ld t2H)t;h5128-56. &kanpl e
12,9010 4 GlLgrucaanil. SemAgbeaikilon 0L (RESLer ) el |
1 7.61 (d, 1
(|2-|)S 4S) - 4- ,(A Xg I 974- ((Hﬁ?‘hl trobenzyl oxycar bonyl) - 2- carboxy- pyrrolidine

(1.58g) was co verted to the acid chloride by suspension in nethyl ene
chloride (25 m) and addition of oxalyl chloride (1.52 m). A few drops of

DMF wer e added. Afte"the? a|1 Sest&e SOhN%tﬁay\&ém\daﬁﬁtﬂBﬁ B¢ & RAm@Tdrd
chloride, di sstg ng ne Ch'ﬂl?erﬁ rqn‘% nder argon to
a solution d€ Itl°y S FEGH 9I descy n &é %’d”gé n THF (10 )
and net hyl erg>dtinétdyil sieinosarbonyt e3rtamimobegzdates { 0y41ng) Hsoki nhaa(rOreB odl) at
Oferr]C Thg,' fascal PP 89224 S5 3m); 3.06 (s, 3H); 3.64 (broad, 2H); 4.68 (dd,
2H); 5.17-5.37 (m, 2H): 5.82-6.02 (m, 1H); 6.83 (dd, 1H); 7.09-6.85 (m,
1H); 7.37 (dd, 1H).

Ms (CI): 249 (MH)'

Allyl 2-dimethylaminocarbonyl-3-aminobenzoaté (0.39 g,
1.4 mM) was condensed with (2S,4S)-4-acetylthio-1-alloxycarbonyl-2-
. carboxypyrrolidine (0.42 g, 1.54 mM) using a similar method to the EEDQ
method described in example 12, giving (2S,4S)-1-allyloxycarbonyl-2-(2-
dimethylaminocarbonyl-3-allyloxycarbonylphenylcarbamoyl)pyrrolidin-4-yl
thiocacetate (0.84 g). Nmr (CDClg, mixture of rotamers): & 2.32
(s, 3H); 2.38 (br m, part obscured, 1H); 2.38 (br m, part obscured,
1H); 2.74,2.76 (2 x s overlapping br m, 4H); 3.11,3.14 (2 x s, 3H);
3.36-3.45 (m, 1H); 3.98-4.14 (m, 2H); 4.50 (dd, 1H); 4.56-4.79 (m, 4H);
5.16-5.44 (m, 4H); 5.93-6.06 (m, 2H); 7.45 (t, 1H); 7.81-7.86 (m, IH);
8.33-8.41 (2 x d, 1H); 8.60 (br, IH). '



overnight and partitioned between nethylene chloride and dilute aqueous
HC . The nethyl ene chloride fraction was washed with water, brine and
dried. Purification was by silica chronmatography, eluting with increasing
concentrations of EtOAc in nethylene chloride, .giving (2S,

4S) - 4- acetyl t hi o- 1- (4-ni trobenzyl oxycarbg Fyl)-Z-(S-aIIonxy-

car banyl - 6- car banoyl phenyl car banmoyl ) pyrroli dine (0.84 g).

- B3 - Nmr (CDCl[err]): [err] 2.25 (quintet, 1H); 2.29 (s, 3H); 2.83 (m
1H); 3.53 (dd, 1H); 4.02 (quintet, 1H); 4.2 (dd, 1H); 4.49 (dd, 1H); 4.85
(d, 2H); 5.23- 5 46 % %5% 5.97-6.13 (m 1H); 7.31-7.5 (broad, 2H); 7.57
(d, 1H); 7. M ( E& 81-7.95 (broad, 2H): 9.27 (d, 1H).

The thiol was generated fromthe above thioacetate by a simlar nmethod to
t hat described in ex i f. 4-ni zyl

(1R 5R, 6S, 8R) - 6- ( 1- hy &t Oxyé Hi )generated fréblh ?:RL Urodl ﬁuoélc&:latt[aowg

1- met hyl - 2- cﬁiphbawhphbsbmgrghaaxmbhgbriemmolﬂ 38xyl ate and (2S, 4S) -

1- (4-ni trobenzyl oxycar bonyl ) - 2- (2- car banoyl - 5- aIIonxycarbonyIphenyI
carbanoyl ) pyrrolidin-4-ylthiol in acetonitrile (20 m) were reacted as

described in exanpl eA180lugien 9f allydt (15 eRAR, SR8~ $h‘*§’§r8ﬂ’eé”h3 ris)_ o
(1-(4-nit romﬁﬂwﬁﬂﬁ?&&myﬁaspﬁofﬁnﬂtréwbﬁ Ydrem-3- carboxylate (0.73 g,

3- car bonyl l.i. dj

a5 g B ST SRR o L B bt oo

e e e o,

4.83 (d, 2 ), vete € LIgr qgthod to That desgr broad, 2

7 35 ( 23 (H)cmmatpa! tofr prefiecied sacbapenam’ #Eep|ie gramplet L, &ip gr 38132’0 (H)d
1R, 91, 68, 8R 2’S 4'3)-ih€14ainy Wik§Edrba fuzd(zuaﬂmétnymameﬁbduebenyl-

carrled out sim t hod th descr

(chr onat ogr &7 ﬁ}fﬂf‘”‘?ﬁ%r%i“ﬁ hegy LA W?@Q%‘T{% H’éoglég'éffﬁrpuéfﬁ)lzwgﬂ'that

al |yl ethyl)-1-methylcarbapenem-3-carboxylate as a white solid (0.63 g).

(1R, 5S, 6S, 8 | 1y oRy. t;h (o] nyl -

3-allyl oxyca%mﬁ f?yq%lﬁén x((‘::élr' o L‘%%Sr r)gl ?dil r12%4 3 QHF L éka@ % §i’r 0359-

1.98 (br, 1H); 2.34 (br, 1H); 2.73 (s, 3H), 3 11,3.13 (2 X s, 3H);
3.22-3.46 (m, 3H); 3.66-3.85 (m, 1H); 4.00-4.26 (m, 3H); 4.50 (t, 1H);
4.62-4.80 (m, 6H); 5.08-5.46 (m, 6H); 5.83-6.06 (m, 3H); 7.46 (td, 1H); -
7.86 (d, 1H); 8.29 (m, 1H); 8.55 (br, 1H).

‘Ms (CI): 711 (MH)"

Example 16

(1R,5S,6S,8R,2’S,4’S)-2-(2-(3-Carboxy-5-acetamidophenylcarbamoyl)-
pyrrolidin-4-ylthio]-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid, dipotassium salt. - : :

To a solution of 4-allyl (1R,5S,6S,8R,2’S,4’S)-2-(1-(4~
nitrobenzyloxycarbonyl)-2-(3-carboxy-5-acetamidophenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-
carboxylate (0.4 g, 0.53 mmol) in DMF (20 ml) were added Meldrum’s acid
(0.2 g, 1.39 mmol) and tetrakis triphenylphosphine palladium (40 mg,
0.035 mmol). The reaction mixture was stirred for one hour, at ambient
temperature. A solution of 1M potassium phosphate buffer (20 ml) and



et hyl Y- 1- met hyl car bapenem 3- carboxyl ate was used. The appropriate aqueous
fractions fromthe colum were freeze-dried to give

(1R, 58S, 6S,8R, 2'S,4'S)-2-(2-(2-di net hyl am nocar bonyl - 3- car boxyphenyl -

car banoyl ) pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-nmethyl car bapenem 3-
carboxylic acid. Nnr (DVMBO-d[err] + acetisg acid-d[err], m xture of
rotaners): 6 1.17 (d, 6H); 1.75 (m 2H); 2.65,2.72 (2 x s, overlapping m
4H) ; - 54 - 3.00,3.01 (2 x s,
over | appi ng ainciphuded. (07 5( gy wetel)adddddto Eheisviletionlbird a¥té5 ohe) hdlid) ; at3. 96

(m 2H); 4.15,6dd tle,i?»era?:uée?‘ the t %1 ﬁ?x\gdpe WD £ifeilabedt? (2 x d, 1H).

The starting materl l._ﬁrepare
2- Di net hy| ardisgenaqeong|eas aﬁ‘\dob@m?ﬂl ef abpdfilrraye adiusted ¥ 7ap |Withest er by

a simlar megd19d pdtabbfiim E8Sonbbed The WeATPI #ad FL1téWd) ObdiREhOFtel al |yl
3-al |l yl oxy-5-am nobenzopat e gi vi

2 ot hy | aFGE FORGY PIeRfusoRih Fie, ToSuBEARE §FoLdNA PTARASS AP CFSTEFS® [ e 11
2.45 (s, 3H)pha2e&9hrbﬁato%lﬂhphy4 (RbcXeddil 1B), MitR-watér e(smelﬁi'lbt, bo &iGe,l (M
1H); 7.81 (t H) ( 7 The
allyl ester 54&‘%2 dstgi'é%rugﬂﬁ t%’H%lﬁ @ﬁ?’ﬁ'f"edr q "fﬁ a si‘m I ar r(re’ﬁ? 86t o the
reduction dmti@ewldfﬂpxa&ﬂl -d51(d,gBH) g - &7 | (@, 3H); 1.74 (m, 1H); 2.06 (s,
(2 di m[%‘te m ?@mocwsow, 18) 213, @@b&nzm;‘es(é’eﬁ)hdg)u@s 8. 4 v 2'"?«5 9I7b %nN
oo Lot L bt E)ord s o5 i aboide S 9% (6o i0a, 1By 57 16 -4
1H); 7.37 (ddi).1H). Ms (Cl): 249 (MH) + Al lyl
2- di met hyl am nocar bonyl - 3- am nobenzoate (0.39 g, 1.4 mM was condensed with
(2S, 4S) - 4- acetyl thi o- 1-al | oxycar bonyl -2- carboxypyrrolidine (0.42 g, 1.54
mV) using a simlar T istartingt mateEEDwast prepaved @si Heddows: exanpl e 12,
giving (2S,49)-1-allyloxycarbonyl-2-(2- _
A solution of (2§,4S5)-4-acetylthio-2-carboxy-1-(4-nitro-
benzyloxycarbonyl)pyrrolidine (1 g, 1.8 mmol) and EEDQ (0.53 g, 3 mmol)
in chloroform (70 ml) was stirred at ambient temperature for 1 hour.
3-Acetamido-5-aminobenzoic acid (0.53 g, 2.7 mmol) and
diisopropylethylamine (0.7 ml, 4 mmol) were then added to the reaction
mixture, which was stirred for 2 hours, at ambient temperature. After
evaporation of the solvent, the crude compound . was purified by
.chromatography on HP20SS using methanol/water (80:20) as the eluant.
Partial evaporation of the solvents and lyophilisation gave
(2S,4S8)-1-(4-nitrobenzyloxycarbonyl)-2- (3-carboxy-5-acgtamidophenyl-
carbamoyl)pyrrolidin-4-ylthioacetate (lg, 67%).

(2S,4S)-1-(4-Nitrobenzyloxycarbonyl)-2-(3-carboxy-5-
acetamidophenylcarbamoyl)pyrrolidin-4-ylthioacetate was dissolved in a
mixture of methanol (60 ml) and water (20 ml) and the pH of the
solution was adjusted to 11 with a 1M aqueous solution of NaOH. After
30 minutes at ambient temperature, the reaction mixture was neutralised

. with methanol, evaporated and purified by chromatography on HP20SS,
using methanol/water (80:20) as the eluant. Evaporation and
lyophilisation gave (2S,4S)-1-(4-nitrobenzyloxycarbonyl)-2-(3-

.carboxy-5-acetamidophenylcarbamoyl)pyrrolidin-4-ylthiol (0.68 g. 74%).

Nar (DHSOd, + acetic acid-d,): & 2.05 (s, 3H); 2.05 (m, 1H); 2.75



di met hyl ami nocar bonyl - 3- al | yl oxycar bonyl phenyl car banoyl ) pyrrol i di n- 4-yt
t hi oacetate (0.84 g). Nnr (CDCl[err], mxture of rotaners): 6 2.32 (s, 3H);
2.38-(br m part obscured, 1H); 2.38 (br m part obscured, 1H); 2.74,2.76
(2 x 5 overlapping br m 4H); 3.11,3.14 (2 x s, 3H); 3.36-3.45 (m 1H);
3.98-4.14 (m 2H); 4.50 (dd, 1H); 4.56-479 (m 4H); 5.16-5.44 (m A4H);
5.93-6.06 (m 2H); 7.45 (t, 1H); 7.81-7.86 (m 1H); 8.33-8.41 (2 x d, 1H);
8.60 (br, 1H). - 55 - Ms (Cl):

504 (M) +  (m, 1H); 3.20-8080 (i, OdH)wes. e w) angsl tf.mgngi,hanﬁpweot(ruroapet ate
by a simlar nethod to that _described in exanple 12. A

sol ution of 2 y“‘élﬁ@R,('B’S]gﬂa) -6- (1- hydroxyet hyl)-1-

met hyl - 2- di phenyl phosphor yl oxycar bapenem 3- car boxylate (0.73 g, 1.47 m\)

and (2S,4S9)-1-allyl o,fa/car%élo)‘- - Qzuiq{r?ﬁw?lmﬁ’tgﬁ% ,(g? 16-(1-hydro

3-al | yl oxycar bonyl pheny & noy gyrro acet oni tll‘qh e (12
nm) were reathpl)-ymethyln2+diphenstlpbesphoryinsycarhapenes3-rarhorzlats éBef &vi on

of protected eaghane SERPmL we¥ 8d lseq@ibitind1pldiyk lethylami
(1R 5R, 6S, 8CRi, 3 ) s??zm-"fl{%f)? f w@ke Ead lneqleefadiy dixsopropylethylanine

3-al | yl oxycdOp®rithspRehymehtbd w%%f/?&gg%%ga%%?ﬁ@&@??g %@26‘?’&‘
et hyl ) - 1- metshyt &cHmd apsHeaFl cardakdydy pyiod i dn-A-yhthiel s(d.i6dg{ AL.03mel), Nnv
(%0 {517 e S e . i, o F a3y ol
3.22-3. 46 (1The3tdactIob@mistide ¢as stifrediodéxnigh®, (am 4 evapozated tolH)
56 a1ty gt dA et Fufl 5 Rfrodiiy Lfptost pilly,
16 (1R 5SussngReetenisrije/yater (30eeMbasyths. etk FygRerARiearBdnoy ) -
pyrrolidi n- 4yybhiiighe fim( gavy ALy §1R)IR), 68; 88 0bY) 408) baparesmnitectidnay)d |

oxycarbonyl)-2-(3-carboxy-S-acetamidophenylcarbamoyl)pyrrolidin-4-

ylthio)-ﬁ-(l-hydroxyethyl)-1-methy1carbapenem-3-carboxylate (0.8 g,

88%). Nmr (DHSO-d6 + acetic acid-d4)= 8§ 1.15 (d, 3H); 1.17 (d, 3H),

2.05 (s, 3H); 2.17 (m, 1H); 2.81 (m, 1H); 3.26 (dd, 1H); 3.36

(td, 1H); 4.56-4.74 (m, 2H); 5.02-5.73 (m, 4H); 5.91 (m, 1H);

7.47 (d, 1H); 7.68 (d, 1H); 7.85-7.99 (m, 3H); 8.20-8.29 (m, 2H).

Example 17 . -

.(1R,5$,68,8R,2’S,4'S)-2-(2-(4-Acetamido—3-carboxyphénylcarbamoy1)-
pyrrolidin-4—y1thio)-6-(1-hydroxyethy1)-1-methylcarbapenem—3-carboxylic

acid, dipotassium salt.

The title compound was prepared from 4-allyl (1R,5S,6S,8R,
2’S,4’S)-2-(1-(4-nitrobenzyloxycarbonyl)-2-(4-acetamido-3-carboxy-
phenylcarbamoyl)pyrrolidin-4—y1thio)-6-(1-hydroxyethyl)-l-methylcarba-
penem-3-carboxy1ate (diisopropylethylamine salt) using a similar method
to that of example 16. Nmr (DHSO-d6 + acetic_acid-d4); § 1.14 (d, 3H);
1.16 (d, 3H); 1.75 (m, 1H); 2.07 (s, 3H); 2.73 (m, 1H); 2.96 (dd, 1H);
3.21 (dd, 1H); 3.39 (m, 1H); 3.54 (dd, 1H); 3.78 (m, 1H); 3.96 (m, 1H);
4.08 (t, 1H); 4.18 (dd, 1H); 7.69 (dd, 1H); 8.18 (d, 1H); 8.42 (d, 1H).



acid, dipotassiumsalt. : To a solution of 4-allyl

(1R 5S,6S,8R 2'S,4'S)-2-(1-(4-

ni t robenzyl oxycar bonyl ) - 2- ( 3- car boxy- 5- acet am dophenyl car banoyl ) -
pyrrofidin-4-ylthio)-6-(1-hydroxyethyl)-1-nethyl carbapenem 3- carboxyl ate
(0.4 g, 0.53 mol) in DVF (20 m) vvere_aﬁ?e,gl Mel drum s acid (0.2 g, 1.39
mol ); and tetrakis triphenyl phosphi ne palladium (40 ng, 0.035 mml). The
reaction mixture was stirred for one hour, at anbient tenperature. A
solution of 1M potassium phosphate buffer (20 m) and

- 56 - zi nc po ( added to the solution and after one
hour, at arth é‘hYg\g %3? 8@) F8%% i on mixture was filtered over

di at onaceous earth and the pH of the f||trate adjusted to 7.5 with solid
pot assi um car bonat e. f] CEMk ed under reduced
pressure and the resuﬂ%?sﬁg%le? '3&54%5% |‘} @reg)gr?tg\%grggel ol

chromat ography (Nucl eosil C18), vmth wat er as el uant, to gl ve after

freeze dryi ng, t he tgﬁé e,s qunf\; gy;[ x?&ﬁ,ony I)luﬁ g{lagrj_ acetic
acid-d[err]) err 1 17 m ,
3H); 2.66 (rﬁar PIFP 2“814’3( Yeoébdwé-ylithloaeetaee aref.i feo'é'm

EIL.II:I)D 3. 97 (m-adétamidolH-amiiobehkdic dcdP dsing %imﬂaQéknéﬂm?]ilh? thét b¥ (s,
teri ar.e 0
A sol ution Japele Eg) m&c@%t’&?d’ Qc% ﬁ!4 - n?tﬁo( 18}5°2.12
benzyl oxycar(lson?ll)),pyr.'ilol(lsdl319,(1 o, (n, &Hl)mﬁ -B2atm) EENO3(93-3350,(r8 BHADd ) in
chl orof orm (7g4n§_)32wg,§ g r7eq7a§ ,@rrgdleryh tenperature for 1 hour.
nobenzoi 5 &

3- Acet am do- 5-am > aci d 7 mmol ) and
di i sopropyl et hyl am ne (0. 7 m, 4 mmol ) were then added to the reaction

m xture, which was sgag, msﬂ-iqm-ﬁiﬁeuémylaiy@fbbmt) -beppacatamige-3Af t er

Chr ot ogr AU PRI DAY PR ALY P b3S 03 eRe*Edh 28R

Partial evap@saés$)ei- o@-mheotrenlzymnysavbntytlymhM-amhmi:ﬂo-geuaa:boxy-

(2S, 4S) - 1( 15;}1%9651@91?% Oacg{% J(?q.(éﬁa Q%iﬁg af QL A1 4°R0ERY! o

car banoyl)
(2S, 4S) - 1- (¢hNthfol§§ﬂM51I60k§/-car bonyl ) - 2- ( 3- car boxy- 5-

Allyl (1R,5R,6S,8R,2’S,4’S)-2-(1-(4-nitrobenzyloxy-
carbonyl)-2-(4-acetamido-3-carboxyphenylcarbamoyl)pyrrolidin-4-ylthio)-
6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylate (diisopropylethyl-

- amine salt) was prepared from (2S,4S)-1-(4-nitrobenzyloxycarbonyl)-2-
(4-acetamido-3-carboxyphenylcarbamoyl)pyrrolidin-4-ylthiol and allyl
(1R, 5R, 6S,8R)-6-(1-hydroxyethyl)-1-methyl-2-diphenylphosphoryloxy-
carbapenem-3-carboxylate using a similar method to that of example 16.
Nmr (CDC1l;) 8: 1.14-1.80 (m, 23H); 2.17 (s, 3H); 2.67 (m, 1H);
3.00-3.30 (m, 3H); 3.35-3.90 (m, 4H); 3.90-4.40 (m, 3H); 4.40-4.75
(m, 3H); 5.00-5.75 (m, 4H); 5.70-6.10 (m, 1H); 7.38-8.65 (m, 7H).



acet am dophenyl car banmoyl ) pyrrol i di n-4-ylthi oacetate was dissolved in a

m xture of nethanol (60 m) and water (20 ml) and the pH of the solution
was adjusted to 11 with a 1M aqueous solution of NaOH After 30 m nutes at
anbi eft tenperature, the reaction m xture was neutralised with nethanol,
evaporated and purified by chromat ographggon HP20SS, using net hanol / wat er
(80:20)) as the eluant. Evaporation and |yophilisation gave
(2S,4S)-1-(4-nitrobenzyl oxycarbonyl)-2-( 3-

car boxy- 5- acet am dophenyl car banoyl ) pyrrolidin-4-ylthiol (0.68 g. 74% . Nnr

(DIVBOd[err] acid-d[err]): [err] 2.05 (s, 3H); 2.05 (m 1H); 2.75

- 57 - (m %%20380(m 2H); 4.00 (m 1H); 4.42 (m 1H); 5.40 (br

s, 2H); 7.45-8.30 (m 7H). To a solution of 4-nitrobenzyl

(1R, 5S, 6S, 8RO led 18RI £96Y 475) -2~ (2- (3-Carbox; -5-methylsulphonamidophenyl-

et hyl) - 1- netHyt=2-arphen |pnospnory|ox car . 6

mrol ) i n DHFcarbameyl) pyExolidis r@1(drhydrg 3 meriylcarbane

3.4 mmol ), (é’a‘ib&ﬁhl; ééltdltlipdﬂaeaiqﬂ @alﬁ.ar bonyl) 2- (3 car boxy-

5- acet am dophenyl car banoyl ) pyrrolidin-4-ylthiol (0.6 g, 1.2 mmol),

tri-n-butyl phosphine (0.6 m, 2.4 mmol) and water (0.1 m, 5.5 muol). The

reaction mi xture was The ititdel compouwnidgiras paepanfedr f1]0® abl.bd-porat ed to dryness

and the resi r4 Agl _E1V 568 D
gg 3 @ds)b-!hgi] (Q”H{&QB@:@;XEV 23@1 @arl‘n!ﬁ:& §-

acetonltrlle oratlon and I Sation
gave allyl (mhzhs@shméophﬁns}cazbemoxldwnqlésBrrz'yvlthm) 62 (l-hyclroxy-
oxycar bonyl ) erhyl p-Cak a5bé}féﬁbﬁm-dﬁﬂhﬁ@!£€eﬁhbﬁi§)h| $ 14166 nethdd 4o that

l'th 6-(1- d yl | b 3 89
K (DNEO, (% F roﬁsci% oV @b, o7 ot atard e BAoAsTS, S Hr©3-
2705 (S 510 (4,28, Q74 10, TB52. Gt 48 2 0. (d, 83 3.01 6, (W05 3630

£20°% 18 s 306 Gl A, SpbF 49, 8§10l 18

(1R 5S, 6S, 8Rs3' 8i)s 3)82-(s2- 1H)sA8dtakEddH- car boxyphenyl car banoyl ) -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-nmethyl carbapenem 3-carboxylic

aci d, dipotassiumsalt
P MS (+ve FAB). 607 (H+H) for monopotassium salt; 645 (H+H)+ for

1.
m

dipotassium salt.

The starting material was prepared as follows:

(28,48)-1-(4- (Nitrobenzyloxycarbonyl)-2-(3-carboxy-5-methyl-
.sulphonamidophenylcarbamoyl)pyrrolidin-4-y1thioacetate was prepared
from 3-amino-5-methylsulphonamidobenzoic acid using a similar method to
that of example 16. Nmr (DHSO-d6 + acetic.acid-d4)= 8 2.00 (m, 1H);
2.30 (s, 3H); 2.84 (m, 1H); 2.95 (s, 3H); 3.20-3.51 (m, 1H); 3.83-4.20
(m, 2H); 4.30-4.58 (m, 1H); 5.20 (m, 2H); 7.48-8.22 (m, 7H).

(28,4S)-1-(4-Nitrobenéyloxycarbonyl)-2-(3-carboxy-5—méthy1—
sulphonamidophenylcarbamoyl)pyrrolidin-4-ylthiol was preparéd from
(28, 4S)-1- (4-nitrobenzyloxycarbonyl)-2- (3-carboxy-5-methylsulphonamido-
phenylcarbaﬁoyl)pyrrolidin—4-y1thioacetate using a similar method to
that of example 16. Nmr (Duso-d6 + acetic acid-d4)= $2.10 (m, 1H);
2.78 (m, 1H); 2.99 (s, 3H); 3.43 (m, 1H); 3.68 (m, 1H); 4.05 (m, 1H);
4.42 (m, 1H); 5.13-5.32 (m, 3H); 7.50-8.82 (m, 7H).



The title conmpound was prepared from4-allyl (IR 5S, 6S, 8R
2'S,4'S)-2-(1-(4-nitrobenzyl oxycar bonyl) - 2-(4-acet am do- 3- car boxy-
phenyl car banoyl ) pyrrolidi n-4-ylthio)-6-(1-hydroxyethyl)-1-nethyl carba-
penent 3- car boxyl ate (diisopropylethylam ne salt) using a simlar nmethod to
t hat of exanple 16. Nnr (DVSO-d[err] + %%etlc acid-d4): [err] 1.14 (d,
3H); 4.16 (d, 3H); 1.75 (m 1H); 2.07 2.73 (m 1H); 2.96 (dd, 1H);
3.21 (dd, 1H); 3.39 (m 1H); 3.54 (dd, 1H) 378(m 1H); 3.96 (m 1H);
4.08 (t, 1H); 4.18 (dd, 1H); 7.69 (dd, 1H); 8.18 (d, 1H); 8.42 (d, 1H).
- 58 - M5 (+ve FAB): 571 (MH)+ , (K salt) The startin
material was prepared ¥l {(dR) BRu65,8R,2’S,475)-2- (1- (4-nitrobenzyloxycarbony
(2S,49) - 1- (4o N3t Vi S PHdnanidd Tla® 1ypyrroli in-4- 1thio)-
N3 ngg?}? 5iﬁ§%gf¥ pheAfEla®Banly1Fpy d ylth o)

car boxyphenyl car b | t hi oacet at e repare

2- acet )a/.Pn doy%‘(a}n?’mﬁ?é‘ﬂi &)al:"‘lftg%]rﬁ%{’%!’??m -&#tﬁa&gt‘@st H%%PaB?‘?g{aﬁpl e
16. _ Nnr ( DM3ES, d[swr—](t;*nmebextzyaexytadba{yl]) }z-d%caﬂbo&y%n(athyﬂddlpl_a&aﬂdé-s
?|r_ni) ’ 2|2_|) 34 (Sp]heg\H%&a% %rro‘i)lﬂin -4 yléluo an .'-11%3}71(9 3{1&;?19;6%%1!)3-@(1-5' 04-5. 32
(2S, 4S) - | - (4hydroxetdwid yl-mepbyk-2odiphenylyhosphorydoxytarbapenem-3-

car boxyphenyl Gab o | o
(2S,49)-1- (4 nit robenz%%ygaérﬂ%%ﬂm&“(ﬂ% Mﬁ% Gf%&%ﬁ& flg mm"r (DHS0-d,

2
phenyl car barrbﬁcfﬁyi BGided s 49 Y- 287 GacdHat & %%l(ﬁg %{)SI hqﬁat(“‘rrétﬂri@dz‘tsé t hat
of exanple 1l , 3.00 (s, 2M);y2.26-3.57 (m, 3H); 3.87-4.28 (m, 4H); 4.42-4.76

(1R 5R, 6S, 8R (4-ni yl ox

car bonyl) - 2- (“h igé’t grﬁ)%'os( }?2 Q?’bé&{/’plse% (E'arﬁgnolﬁzp?r%l(ﬂ"du ). yl t hi o) -

6- (1- hydroxyet hyl) - 1- met hyl car bapenem 3- car boxyl ate (diisopropyl ethyl -

ani ne salt) ared from (2S,4S)-1-(4-nitrobenzyl oxycarbonyl) - 2-
(4-acet am do= i 1 yphenyl car banmoyl ) pyrrolidi n-4-ylthiol and allyl

(1R 5R, 6S, 8R) - 6 (1- hydroxyet hyl) - 1-met hyl - 2- di phenyl phosphoryl oxy-

car bapenem 3 ms@%bﬁt?suﬁ' hén &k "i_l;“ 16. Nnv

acid, d1sodium salt.

To a stirred solution of 4-nitrobenzyl (1R,5S,6S,8R,2’S,4’S)-
2-(1-(4-nitrobenzyloxycarbonyl)-2-(3-carboxy-5-sulphophenylcarbamoyl)-
pyrrolidin-4-y1thio)-6-(l-hydroxyethyl)-1—methylcarbapenem-3-carboxyiat

"e (0.5 g, 0.56 mmol) in DMF (5 ml) and water (5 ml) was added a
solution of 1M sodium phosphate buffer (5 ml) followed by zinc powder
(1 g). The reaction mixture was stirred for 1 hour and the pH of the
solution was adjusted to 8 by adding a saturated aqueous solution of
sodium hydrogen carbonate. After filtration over diatomaceous earth,
the filtrate was concentrated and purified by subjecting to preparative
chromatography (Nucleosil C-18), using water as the eluant.
Concentration and lyophilisation of the required fractions gave the
title compound (44 mg, 12%Z). Nmr (DHSO-d6 + acetic acid-d4): é 1.15
(d, 3H); 1.16 (d, 3H); 1.78 (m, 1H); 2.73 (m, 1H); 2.92 (m, 1H); 3.21
(dd, 1H); 3.40 (m, 1H); 3.48 (m, 1H); 3.75 (m, 1H); 3.97 (m, 1H); 4.03
(m, 1H); 4.18 (m, 1H); 7.93 (s, 1H); 8.11 (s, 1H); 8.29 (s, 1H).

MS (-ve FAB): 576 (M-H)  for monosodium salt; 598 (M-H) for
disodium salt.



(m 3H); 5.00-5.75 (m 4H); 5.70-6.10 (m 1H); 7.38-8.65 (m 7H).

- 59 - Exanpl e 18

(1R 58S, 6S,8R, 2' S, 4'S) - 2-(2-(3-Carboxy-5-net hyl sul phonam dophenyl -

car bafoyl ) pyrrolidi n-4-ylthio)-6-(1-hydroxyethyl)-1-nmethyl car bapenem 3-
carboxylic acid dipotassiumsalt. - 61 - The title conpound was
prepared fromallyl

(1R 55,6S,8R 2'S, 4' S)-2-(1-(4- nltrobenzyl oxycar bonyl ) - 2- ( 3- car boxy- 5-

met hyl sul phonam dophenyl car banoyl ) pyrrol i di n-4-yl thio)-6-(1-hydroxy-

et hyl ) - 1- met hyl car bapgne [ thod to that of
exanple 16. Nnr (DIVE@G&J?% P'gé%ﬂcllg%%c# PP%a@e ﬂké‘fll?é (d, 3H); 1.17
(d, 3H; 1.74 (m 1H,; 2.64 (m 1H); 2.81 (dd, 1H); 3.01 (s, 3H); 3.20 (m
1H); 3.40 (m 2H); 3(@5 (gﬁklltﬂLNié&G%@n ox@éﬂnboﬂyﬂ§l2C@§Lca¥bﬁ -5 Eﬁﬁﬂhﬁb 1H);

7.82 (s, 1H) +ve f or, ponopot assi um
salt; (645 (I\H-‘?‘B“Yi‘:?éha"‘ﬂ}']]s)@? Eﬁﬁl\{gh’g"s"ziﬂthmacetate ‘Sas PTﬁ'éar?Faf’EQ% -HPeril

\(/vas pr )epar (edsﬂiphf)béﬂzb\tﬁ al,c1d usmg a s1m11ar( method to that of ex?mple 16.

2S5, 45) -1 Ni nzyl oxygcar - 5z -

sul phonam dop rqb\ﬁ%hggba%oy#pylaf de& ﬁl?fﬁﬁ ‘aggﬁ\gg’pwﬁa?'e%’ from
3-am no- 5- rretnhyllﬂhi [Phdhaim,dbibsn 3o8e-4ath dmuszlﬁg & 4 i) AH)ed 054528 t hat  of

| e 16. t d-d 2.00 1H);
230 (5, ar) B e S e ZREE S T 5 20%8 51 (i 1hy: 3.85.4.20 (m

2H); 4.30-4.58 (m 1H); 5.20 (m 2H); 7.48-8.22 (m 7H).
(2S,4S5)-1-(4- NItrobemszt@)yw«mnnwobeazﬂ%xidﬂbexytﬁznps-lwkbo -5-

(2549 1. ( FOPrRE R st b ol A BT e Pl
phenyl car ban@ynipyobeskytixyedrbonyh) -2a ¢ 2+t catrboxjs-5nsulphephenyd cartemopl) < 0
pyrrolidin-4-ylthioacetate using a similar method to that of example
16. Nmr (DHSO-d6 + acetic acid-d4): é6 1.25 (d, 3H); 1.27 (d, 3H); 2.07
(m, 1H); 2.70 (m, 1H); 3.4 (m, 1H); 3.67 (m, 1H); 3.99 (m, 1H);
4,49 (m, 1H); 5.07-5.30 (m, 2H); 7.47-8.40 (m, 7H).

4-Nitrobenzyl (1R,5S,6S,8R,2’S,4’S)-2-(1-(4-nitrobenzyloxy

carbonyl)-2-(3-carboxy-5-sulphophenylcarbamoyl)pyrrolidin-4-ylthio)-6-
(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylate was prepared from -
- (28,48)~1-(4-nitrobenzyloxycarbonyl)-2-(3-carboxy-5-sulphophenyl-
-carbamoyl)pyrrolidin—4—y1thiol and 4-nitrobenzyl (1R,5R,6S,8R)-6-(1-
hydroxyethyl)~1-methyl-2-diphenylphosphoryloxycarbapenem-3-carboxylate
using a similar method to that of example 1. Nmr (DHSd-d6 + acetic
acid-d4)= 6 1.20 (d, 3H); 1.21 (d, 3H); 1.96 (m, 1H): 2.77 (m, 1H);
3.18-3.47 (m, 2H); 3.66-4.90 (m, 6H); 5.04-5.50 (m, 4H); 7.30-8.35

(m, 11H).

Example 20

(5R,6S,8R,2'S,4'S)-2-(2-(3-Carboxypheny1carbamoyl)pyrrolidin-k-
ylthio)-6~-(1-hydroxyethyl)carbapenem-3-carboxylic acid, disodium salt.

To a stirred solution of allyl (5R,6S,8R,4’S)-2-(1-
allyloxycarbonyl)-2-(3-allyloxycarbonylphenylcarbamoyl)-



that of exanple 16. Nnr (DVSO-d[err] + acetic acid-d[err]): [err] 2.10 (m
1H; 2.78 (m 1H); 2.99 (s, 3H; 3.43 (m 1H; 3.68 (m 1H; 4.05 (m 1H);
4.42% (m 1H); 5.13-5.32 (m 3H); 7.50-8.82 (m 7H).

- 60 = Al lyl

(1R 5R 6S,8R 2'S,4' ) -2-(1-(4-nitrobenzylggxycar bonyl)

2- (3-.gcar boxy-5- met hyl sul phonam dophenyl car banoyl ) pyrrol i di n-4-yl thio)-

6- (1- hydr oxyet hyl ) - 1- met hyl car bapenem 3- car boxyl ate was prepared from

( ﬁs, 4|S) - 15 ( 4pyrtirblni1ﬁnEwmyﬁmbQnsﬂy)ir&ay(e@rﬁhfdiﬁlﬁgeg;ﬁ?%ggmﬂyﬂbfmarri do-

enyl car ba t nd, ,a _6- (1 -
Iﬁydrgxet hyl )* II;;r%)%/ yﬁ-%dl p?il% f'r}#()ﬂggmo(r %i’y@ ﬂg’ﬁgﬁ%%egl-’gr@g?g%kyfﬁ?e
using a si maddlednﬁmedtiadly@-ﬂnediy]@namneemﬂ.% $inl. 7DBBol] cwatert (écml)i c

i d-d4 6 X
(s 51?2 2%‘"‘:%9%(7“* artme Qo Jil et Ehaptpdetiipithing ¢ )
(m 4H); 5.934%mg, ;PHS) 9 ‘}nmglb)-g APtenlo -,qu)nutes E}@g,ﬁgugogg phase was separated
(1R, 5|S SS 8Rnd tﬁ;} c)S):d ?on§8 a(3:1%ﬁ;p&yaﬁvamn{@ﬁellmﬁmlb mhgrrmﬂe) title .

rrolidin | ro -1-me cara xylic
it haabinc N TR e A Sl M S e R
(1R 5S, 6S, 8R,.B1(mw, $); 2.64 (m, 1H); 2.84 (m, 1H); 3.26 (m, 3H), 3 4 (m, 1H);
2-(1-(4-nit | b
e R i
(0.5 g, 0.5¢- ﬁﬁm(f)s LH) 215(sm} Jand water (5 n1) was added a sol ution of

1IN sodi um phosphate buffer (5 nl) foIIovved by zinc povvder (1 g). The
reaction mxture was_stirred for hour an § F‘\ﬁo, t he_sql uti on was
*$0 |

adj usted to ‘8 by addify Sgagfgflgr%&]ga Qﬂxéﬁtﬁk séhz d-abFleRy hydr ogen
carbonate. Afarbonyli-R¢ (mlmnyarwnﬂmymm pyrioledin-l4tyhithivpss-

concentrate t rLepar ative hro ogrg hy
(Nucl eosi | gllg?d&%ééﬂﬁ'&/a%aﬁgg J:a g@(ﬁ scgﬁ??ad:tel on' raEZ(% }% i
| yophi | i sat iushngfa sheilagopracedure ot tlmtsdgseoxebedwent example ohyp by rieattingy,

129 N d X _(d, 3 1.16 (d,
3H)/o L D ( %@yscg, ﬁeiﬁérliixf&‘%ﬁbﬁylaﬂgz %ﬂiﬁca{% gdp%m}? ( 3% (i 1(H) ;

3.48 (m .1Hyarha lzmrrg rTc]lmg- he.ﬁ,} ﬂq)scr:i‘peg?,m ee:ﬂqlplij;, vzj.th J( 1H) ;
7.93 (s, .lHX5R86SL8R§56-(1hﬂydr8x§5th&i)-Zudlphenylphosphoryloxycarbapenem-3—

carboxylate (EP-A-126780 and EP-A-208889).

Example 21 : -

(1R,5S,6S,8R,2’S,4’S)-2-(2-(3-Carboxy-5-cyanophenylcarbamoyl-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic

acid, disodium salt

To a solution of allyl (1R,5S,6S,8R,2’S,4’S)-2-(1-allyloxy-
carbonyl-z-(3-a11y10xycarbonyl-5acyanophenylcarbamoyl)pyrrolidin-4-y1—
thio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylate (358 mg, 0.54
mM) and 2,2-dimethyl-1,3-dioxane-4,6-dione (388 mg, 2.7 mM) in a mix-
ture of DMF (8 ml) and THF (4 ml), under an argon atmosphere, was added
tetrakis(triphenylphosphine)palladium (62 mg, 0.054 mM). The solution
vas stirred, under argon with protection from light, for 1.75 hours,
and solvent removed by evaporation. The residue was dissolved in a
mixture of THF (6 ml) and DMF (2 ml), and a solution-of sodium 2-ethyl-
hexanoate (295 mg, 1.77 mM) in THF (4 ml) was added, followed by



M5 (-ve FAB): 576 (MH) for nonosodiumsalt; 598 (MH) for disodiumsalt.
- 61 - The starting material was prepared as foll ows:

(2S,49) - 1- (4- Ni trobenzyl oxycar bonyl ) - 2- ( 3- car boxy- 5- sul pho-

phenyt car banmoyl ) pyrrolidin-4-ylthi oacetate was prepared from 3-am no-5-

sul phobenzoic acid using a sinilar nmethogsto that of exanple 16. Nnv
(DVMSQ-d[err] + acetic acid-d[err]): [err] 1.97 (m 1H); 2.30 (s, 3H); 2.80
(m 1H); 3.37 (m 1H); 3.86-4.15 (m 2H); 4.46 (m 1H); 5.05-5.28 (m 2H);
7.46-9. 25 (rndiethyl ether (20 ml). The resultant precipitate was centrifuged, and

28, 4S
Sl phopneny SRPESRHASE RemyaE AE pebaderl 4a€ YaSREY t¥ice by, Feguspensign tn 2
(4-ni t r obenailxboune af KBHE) (% -1)( amtakibﬂml Sthex (RO pHdnythear dtetbyl Jether (20

i di t | t f, 6.
Rl)r/r: r ?D:VBIOH 4n'1§ fﬂ}%gggtﬁggﬁ%fuﬁh m C@ﬁdﬁ?&b Qaé mks&veﬁmgﬁ'eot% (m

1H); 2.70 (rﬁ201!l-'b) and sthepH pdjusteds o (7m‘* ‘1 rﬂftfﬂ)fn,;r opyn ther -
5.07-5. 30 (rBoldtion ¥ad chBodtog B&ph&i) on HPZOSS resm, ﬂn&\" firaebinéytombined as

1R, 5S, 6S, 8R, 2' S 4-

Car bony ) - > PETQiIaEE o ELT SHB GG BAtBRA0S Mor B)i o SPRSA-d 4
(1- hydroxyetdcyet;c hcid+ I-c&rlbapertbnﬁm);canmm,apaxtwabsqnu:eqbarlﬂd, fx.8M (m,
2S, 4S) - 1- t 3

Car bamnyi ) py) i 3-400 06, V329 1) “sins *s oAt bk SRS, 15
hydr oxyet hy|3-88- (@tihwt,zlﬂ) :pl‘reﬂ%l (ﬂﬂé%%r Wox ¢ e lidéeri@rh 34-@ér tox ki e

using a simgd.gh et peg @ozg I*(Qt egamal(g gy (DVBO-d[err] + acetic
acid-d4): 6 1.20 (d, 3H) J 1796 (m 1H: 2.77 (m 1H);
3.18-3.47 (m 2H); 366490(m6H) 504550(m4H) 7.30-8.35 (m
11H). Examgl e+@0FAB): 523 (MH)*, (Na salt)

The starting materials were prepared as follows:

3-Cyano-5-nitrobenzoic acid

3-Amino-5-nitrobenzoic acid (3.64 g, 20 mM) was dissolved in
concentrated hydrochloric acid (20 ml), diluted with water (75 ml),
cooled to 0°, and added over 30 minutes to a solution of NaNo, (1.38 g,
-20 mM) in vater (10 ml). The pH was adjusted to 6.2 with saturated
Na2c03 solution. A mixture of CuSO4;5H20 (10 g, 42 mM) in water (40
ml) and KCN (10 g, 154 mM) in water (20 ml) was heated to 65°, the
solution of diazonium salt added over 15 minutes, and the mixture
refluxed for 40 minutes. After cooling, and acidifying with 2M
hydrochloric acid, the organics were extracted into ethyl acetate (2 x
200 ml). The combined extracts were washed with aqueous NaH, PO,
vater, brine, and dried over NaZSO4 Evaporation gave 3-cyano-5-

nitrobenzoic acid (3.6 g, 94%).
Nar (DMSO-dc): & 8.69 (t, 1H); 8.80 (t, 1H); 8.97 (t, 1H).
Ms (-ve FAB): 191 (M - H)~

Ir (nujol): v 2220 cm™1



(5R 6S,8R, 2'S,4'S)-2-(2-(3-Carboxyphenyl car banoyl ) pyrrol i din-4-

yl t hi 0) - 6- (1- hydr oxyet hyl ) car bapenem 3- car boxylic acid, disodiumsalt.
To a stirred solution of allyl (5R 6S,8R 4'S)-2-(1-

al I yloxycar bonyl ) -2-.(3-al | yl oxycar bonyl phenyl car banoyl ) -

-62- pyrrolidin-4-ylthio)-6-(1-hydroxy@shyl)carbapenem 3-carboxyl ate
(0.185 g, 0.296 mmmol ) in [err] (4 mM), at anbient tenperature, were added
sequentially N-nmethylaniline (0.190 g, 1.776 nmol), water (4 m), sodium
bi carbonate (100 ng) and tetrakis(triphenyl phosphine)pal | adi um (34 ny,

0.029 mml ). After 1 ) AUt e ln§.£ct ed
onto a C18) preparati \9/5 ggﬁ“&%ﬁ'ﬁ%ﬁ@?‘%@%ﬁt ?%a?:%&n%(%ﬁ% fgg&ir?s ilg?% .
N ( DMBO- d[Exemple- Ipcexqeptathat he chyomatogaphip)purifigatign used: a mixguye;,

zllH)l;Z (2 841(H) ef ?E%i-zol?fgﬁ}?( Hbet;di%e; (%-14},(1156 gi?& §a1§y.'g73-6 olbi)-l'ai&oﬂénzgoﬁteZH) ;
: m c 7. : s ; : ; S

The st arti nguum (HS0L85) 68 B (dendyi 32975, s 7813 5807 16%m, s

car bonyl - 2- (878l (1] ARyg &.Bdnd,pbEyyy Ocos HapolH))pyrrol i di n-4-yl -thio)-6-

(1- hydr oxyet hyl ) car bapenem 3- car boxyl ate was prepared in 67%yield using a
simlar procedure to that described in exanple 1, by reacting (2S,49S)

1- al | yl oxycafso@mye FAB) 8-282| ¥130%§2 Moo, phenyboth for amino compound by

car bamoyl ) pydumghifire@adeillh 0! . described in exanple 4, with allyl
(5R, 6S, 8R) - 6- (1- hydr oxyet hyl ) - 2- di phenyl phosphor yl oxycar bapenem 3-
car boxyl ate (EP-A-126780 and EP- A-208889). Exampl e 21

(1R 5S, 6S, 8R, 2' S, 4' Spedircit2on HECekid @byved niy oo @pRpsundChy thenydthod of

e " i soainpmbly o sdvd 31IVEs25MEGR chappRELASHr DB NS SRk Pl
(1R, 5S, 6S, 8M )" Sb 4.99 - @i, 121) ;5| $|20cp~45 (m, 2H); 5.94-6.13 (m overlapping br,

car bonyl - 2- (3nal ¥ WaO¥¥C Oy las5..CY epyl car fanoyl ) pyrrol i di n-4-yl -
t hi 0) - 6- (1- hy t’o!%/igt %1 S’ﬁ{?’ %ﬁﬁy*‘g’a?ggﬁtgﬁg%@?cgﬁﬁoxyI ate (358 ng, 0.54

Ms (+ve FAB): 202 M'; 232 (M + NH,)"

The above amine was condensed with proline acid as Example 1,
purifying by chromatography using a gradient of dichloromethane/ethyl
acetate (19:1 to 9:1) to give (2S,4S)-1-allyloxycarbonyl-2-(3-allyloxy-
carbonyl-5-cyanophenylcarbamoyl)pyrrolidin-4-ylthioacetate. Nmr

- (CDC1,): & 2.33 (s, 3H); 2.59 (br, 2H); 3.38 (dd, 1H); 3.97-4.17 (m,
2H); 4.56 (t, 1H); 4.69 (d, 2H); 4.84 (d, 2H); 5.26-5.48 (m, 4H); 5.85-
6.14 (m, 2H); 8.03 (br s, 1H); 8.18 (t, 1H); 8.29 (br s, 1H); 9.69 (br,
1H).

Ms (+ve FAB): 458 (MH)Y; 480 (M + Na)*

The above thioacetate was deacetylated as Example 1, to give
(28, 48)~-1-allyloxycarbonyl-2-(3-allyloxycarbonyl-5-cyanophenyl-
carbamoyl)pyrrolidin-4-ylthiol. Nmr (CDC13): § 1.90 (d, 1H); 2.52°
(br, 1H); 2.65 (br, 1H); 3.34-3.52 (m, 2H); 4.07 (dd, 1H); 4.54 (t,
1H); 4.69 (d, 2H); 4.84 (d, 2H); 5.27-5.47 (m, 4H); 5.87-6.11 (m, 2H);
8.01 (s, 1H); 8.21 (t, 1H); 8.28 (s, 1H); 9.56 (br, 1H). -



mV) and 2, 2-di net hyl -1, 3-di oxane-4, 6-dione (388 ng, 2.7 MM in a mx- ture
of DM (8 m) and THF (4 m ), under an argon atnosphere, was added

tetraki s(tri phenyl phosphi ne) pal | adi um (62 ng, 0.054 n\VM). The sol uti on was
stirred, under argon with protection fromlight, for 1.75 hours, and

sol vent renoved by evaporation. The resi _was dissolved in a mxture of
THF (6 m) and DM (2 m ), and a sol ution-"of sodium 2-ethyl - hexanoate (295
ng, 1.77 mV) in THF (4 m) was added, followed by

- 63 - diethyl ether (20 m). The resultant precipitate was centrifuged,

and super nat ant rerm ed., The (iduct was washed tw ce by resuspension in a
mxture of THF (4 m)F nﬂb‘lYeeF‘E’;ﬂ Yé?%éP“‘E%eﬁi‘ﬁithtmaH?‘lﬁ"hﬂminﬁﬁ? as20
mg foljl ?\r/]vedzbgm;ﬂenulphug@tmgnby c&bﬂiﬁo@fﬂﬁycisiﬁﬁsa ;yraaﬂ%ﬂttedf Itd_icWBél:U- (20
an e e : er fi op,

sol ution msggﬁ’mhg?éhggaﬁ%“at%n%éﬁfgg% ivfnaﬁﬂaé}ééﬁsggt#ﬁb?n hgg”
appropriate 2e( lg-la\]tk}'ldxycaﬂtohglﬂ-(ﬂata‘ltly@m&awgqnﬂe%cyanhphe@lﬁbl&ibd{mﬂr)]- +

d- 1 2.83
aceti'c aci d- gl din i 4l 1d 3%%%%&2@5 A gzl 1M 28

(m 1H); %‘pé ,
3.88 (quint eFaerP‘Viatf -0 2Ny 2§ ) 27 f(d323 )ddl 315r|)(d, 1 2467 m)br, 8. 00

(T ﬁ 1i-|) t8 281{)(,: 3. it-Ds 38. (b@eélapplh& , 2ij\45 |3|(5‘3/€(bFAH)H 52.33( Ms-&ihteé Napgal t)

e startin al ared as follo an 20|c
acid %393 ?dé ho-'gpg{‘t obTEF gf‘%"’é’él 'Ei’wszg.)téf"é, %"0 m \?Oaég oI ved
i n concentr a(md 6HYysir5e@h+Sr47c (mci6l) { 508244.11d(n totrenllapipuig \bt, 3H)(;78.08 Xt,

cool ed to 0 e ut n of Na err

(1.38 g, [ ] nggdéj ?Bp’rﬂ%ﬁT‘hme l\jﬁé 3§ @fljé o 6.2 V\n{\lﬁxsattrat ed
Na[err]CQerr] solution Amxture of CuSO[err].5Herr]0 (10 g, 42 MM in

wat er (40 m yg qade l¥al) (1@;59(}“1 4 g8 (0. waher (20 nl) was heated to 65, the
solution of diazoniumsalt ad over 15 mnutes, and the m xture refl uxed

for 40 mnutes. After cooling, and acidifying with 2M hydrochl oric acid,
t he organi csExumpte 22t racted into ethyl acetate (2 x 200 m). The conbi ned
extracts were washed with aqueous NaH err]PJ err],
(1R,55,65,8R,2’S5,4’S)-2~-(2-(3-Carboxy-5-methoxyphenyl-
carbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-
carboxylic acid, disodium salt was prepared using the technique of
Example 21. Nmr (DHSO-d6-+-acetic acid-d4): 6 1.17 (d, 3H); 1.18 (d,
3H); 1.83 (m, part obscured, 1H); 2.76 (quintet, 1H); 2.98 (dd, 1H);
- 3.22 (dd, 1H); 3.39 (quintet, 1H); 3.56 (dd, 1H); 3.81 (s overlapping
m, 4H); 4.00 (quintet, 1H); 4.15,4.18 (t overlapping dd, 2H); 7.22 (t,
1H); 7.58 (t, 1H); 7.84 (t, 1H).

Ms (-ve FAB): 505 (M - H) , (Na salt)
The starting materials were prepared as follows:

3-Hydroxy-5-nitrobenzoic acid was methylated essentially as
tﬁé-allylaﬁion step-of_E;;ﬁple 1, except that the allyl bromide was
replaced by dimethyl sulfate, and purification by chromatography was
unnecessary, to give methyl 3-methoxy-5-nitrobenzoate. Nmr (CDCl3): &
3.94 (s, 3H); 3.97 (s, 3H); 7.87 (t, 1H); 7.90 (t, 1H); 8.44 (t, 1H).



water, brine, and dried over Na[err]SOerr]. Evaporation gave 3-cyano-5-
nitrobenzoic acid (3.6 g, 94%. N (DVSO-d[err]): [err] 8.69 (t, 1H);
8.80-(t, 1H); 8.97 (t, 1H). Ms (-ve FAB): 191 (M- H) Ir (nujol): v
2220 enferr] - 64 -

3- Cyano- 5- ni t r obenzoi c aci d was all yl ate@dgessentially as in Exanple 1,
except that the chromatographic purification used a mxture of
petrol/ethyl acetate (5:1), to give allyl 3-cyano-5-nitrobenzoate. N
(DVMSO-d[err]): [err] 4.91 (dt, 2H); 5.39-5.53 (m 2H); 5.99-6.19 (m 1H);
8.78 (t, 1H); 8.81 ( 4. + AB) .. 20 anf32 (M +
NH err])+; (both for&'h%mlﬁkge 5 ( d%? 10 “"IXE‘éésr\eé cd[ﬁ'l%é‘ril)i%l %HMCIOB (
Reduct i on ofmk)hetedated wnﬂlrﬂiébﬁﬁbd@ﬁdmm msm;tmddat-)famb&mmm.r uve

allyl 3-am be 1 3 4.79
(dt. 2H): 5“%5550%%} NEeat E'rt-:mm“al of- Elljems%iyglltg ?}){@Qesbﬂ[lértids) tréa‘%@&]

t,
1H); 7.37 (tvithpyater H%’ ("B ﬂq}dlfledw o anEyricze?%an%ztmted vith
NH err]) + ethyl acetate Thex aémhw)amme doABikedNgenned trhcey dekdqaghéd as

Exanpl e 1,

i ohl or omet L) adiAgls NaigPhar brh B diTad bpge Hedfl,*"eviboration gave 3-
(2S, 45»-1-aJdephougHSantmnnbbnébﬂ@3aeﬂd,ywhﬁqh was allylated essentially as in
(o ) S D L SR L B s e,

(m 2H); 4.3d petrolypthy) goetage (G4)l), sL£oggiyela 3914) 3-me -ir@iemb@mat% 85-
6.14 (M 2Hnme8 (€5E10HE 3.997)(s, B3eyG bls7 bt 2&);’2% 8brs. %8 ) 2mP; 696br,

6.15 (m, 1H); 7.89 (t, 1H); 7.92 (t, 1H); 8.46 (t, 1H).
+ +
s (CI): 237 M'; 255 (M + NH,)

Reduction of the above nitro compound by the method of
Example 1 gave allyl 3-amino-5-methoxybenzoate. Nmr (DHSO-d6)= $ 3.72
(s, 3H); 4.50 (v br, 2H); 4.75 (dt, 2H); 5.25-5.43 (m, 2H); 5.95-6.11
(m, 1H); 6.47 (t, 1H); 6.75 (t, 1H); 6.93 (t, 1H).

Ms (CI): 208 (MH)* .

The above amine was condensed with proline acid as Example 1,
purifying by chromatography using a gradient of petrol{ethyl acetate
(5:2 to 2:1) to give (28,48)—l-allyloxycarbonyl-Z-(3-a11yloxycarbony1-
S-methoxyphenylcarbamoyl)pyrrolidin-4-ylthioacetate. Nmr (CDC13)= é
2.32 (s, 3H); 2.59 (br, 2H); 3.38 (dd, 1H); 3.85 (s, 3H); 4.02
(quintet, 1H); 4.15 (dd, 1H); 4.55 (t, 1H); 4.68 (d, 2H); 4.81 (d, 2H);
5.22-5.46 (m, 4H); 5.83-6.13 (m, 2H); 7.35 (t, 1H); 7.58 (br s, 1H);
7.64 (t, 1H); 9.12 (br, 1H).

Ms (+ve FAB): 463 (MH)'; 485 (M + Na)*
The above thioacetate was-deacetylated and condensed with

carbapenem phosphate as Example 1, purifying by chromatography using a
gradient of dichloromethane/ethyl acetate (60:40 to 45:55) to give



1H). Ms (+ve FAB): 458 (MH)+; 480 (M + Na)+ The above
t hi oacetate was deacetyl ated as Exanple 1, to give

(2S,4S)-1-al |l yl oxycar bonyl - 2- (3-al | yl oxycar bonyl - 5- cyanophenyl - -
car bafroyl ) pyrrolidin-4-ylthiol. Nnr (CDCl[err]): [err] 1.90 (d, iH); 2.52
(br, 1H); 2.65 (br, 1H); 3.34-3.52 (m 2k, _4.07 (dd, 1H); 4.54 (t, 1H);
4.69 (d, 2H); 4.84 (d, 2H); 5.27-5.47 (m 4H); 5.87-6.11 (m 2H); 8.01 (s,
1H); 8.21 (t, 1H); 8.28 (s, 1H); 9.56 (br, 1H).

- 65 - allyl (IR,5$hes @hpxes uhspiz-\(\@-&mgmd@aaﬂsbﬂwtn (@2aPBARREM

el e AR S e ot R SPEL RNV 1540 8- S5

(1R, 5S, 6S, 8F¢121y$)41-®)athylcarbapenem- -carboxylate. Nmr (CDCl ): 6 1.25 (d, 3H);

(L Al e S G R g

o OOl [ o Hy: 3180 (Ruinter, (M) 48485’ (3.58H) 5 4.0k (dds B 3 6. 1t 29 (over-

3 21 3.33 ( hagm NoHYY 4263 (t3 0B ; (brsz-ths (ﬁ %chsuzv-stas i) ;63593 (dd,
4.20-4.. | 6 86 6
: 21 47 { Z; L G athins e B n§5 2 i S e A S0 oy (b

S, 8. 371}()br s 1H) 9.35 (br, 1H). Ms (+ve FAB): 665 (WVH) +; 687 (M
+ Na)+ Exanpl e 22

(1R 5S,6S,8R 2' S, 4' S) - 2- (2- ( 3- Car boxy- 5- net hoxyphenyl -

car banoy| )p;lfSr @ veliFAB): yﬁl70h(lﬂ§) 6-§92- Wdr Yayet hyl) - 1- met hyl car bapenem 3-
carboxylic acid, disodiumsalt was prepared using the technique of Exanple

21. N (DI\/BOd err] + acetic acid-d[err]): [err] 1.17 (d, 3H); 1.18 (d,
3H); 1.83 (¥ scured, 1H); 2.76 (quintet, 1H); 2.98 (dd, 1H; 3.22
(dd, 1H); 3.39 (qui ntet, 1H); 3.56 (dd, 1H); 3.81 (s overlapping m 4H);

4.00 (quintet, 1H? 11%%’5 6& PQR(E g ‘ieﬁi-az‘l'?b n(% ‘ngbo%:@ 2—metﬁanésu1pl]ij_r|2y1—7 58

(t, 1H); 7.84 (t
phenylcarbamoyl)pyrrolidin-4-yl-thio)-6-(1-hydroxyethyl)-1-methyl-

carbapenem-3-carboxylic acid, disodium salt was prepared as a mixture
of diastereoisomers at the sulfoxide centre, using the technique of
Example 21. Nmr (DHSO-d6 + acetic acid-d4)= $1.18 (d, 6H); 1.87 (m,
part obscured, 1H); 2.64-2.91, 2.82, 2.84 (m overlpping 2 x s, 5H);
3.21 (dd, 1H); 3.40 (quintet, 1H); 3.52 (dd, 1H); 3.71 (quintet, 1H);
4.01 (quintet, 1H); 4.01 (m, 1H), 4.18 (dd, 1H); 7.83 (t, 1H); 7.94 )
- (td, 1H); 8.45 (d, 1H).

Ms (+ve FAB): 560 (MH)*, (Na salt); 582 (MH)*, (Na, salt)

The starting materials were prepared as follows:

4-Methanesulphinyl-3-nitrobenzoic acid

4-Methylthio-3-nitrobenzoic acid (4.36 g, 20 mM) was '
dissolved in acetic acid (200 ml), and treated at ambient'temperaéure
with H L0, (2.5 ml, 30%, 22 mM). After stirring at ambient temperature
for 4 days, excess peroxide was decomposed with sodium metabisulfite,
-and solvent evaporated. The residue was purified by chromatography on
silica, eluting with methanol, to give 4-methanesulphinyl-3-
nitrobenzoic acid (4.1 g, 89%), mp 238-239°. Nmr (DHSO-d6): 8 2.90 (s,



Ms (-ve FAB): 505 (M- H)-, (Na salt) The starting materials were
prepared as foll ows: 3- Hydr oxy-5-ni trobenzoi c acid was
nethylated essentially as the allylation step of Exanple 1, except that the
al l'yl#brom de was replaced by dinethyl sulfate, and purification by

chromat ogr aphy was unnecessary, to give ggthyl 3-nethoxy-5-nitrobenzoate.
Nmr (LDCllerr]): [err] 3.94 (s, 3H); 3.97 (s, 3H); 7.87 (t, 1H); 7.90 (t,
1H); 8.44 (t, 1H). - 66 -

The above esimi $§3294%dQ.1H}6 8k P GH)sseleedd, H)HF (100 m ), treated with
IM NaOH (25 m), and stirred at anbient tenperature for 5 hours. After
renoval of the solvent, the residue was treated with water (50 m),

acidi fied wilish(2%é FAB) urd28 @ti-df) and extracted with ethyl acetate (3 x 60
m ). The conbined organic extracts were vvashed wi t h aqueous

NaH err]Pferr], brine, and dried over err| Evaporati on gave 3-.

met hoxy- 5- ni t r obenzoftke Abpwe %fldﬁsv@%l}'&ﬁ &Féﬁ‘%&%@hﬁsaﬁ)ﬁx&%&r%lﬁaml e

1, t exlclep: ht r@&:e B&lﬁhrﬂféi&ﬂﬂfnﬁﬁbgﬁpﬁﬂf :piltﬁﬂidaﬁ?%ﬂl&ﬁd mt ¥és4r§, ofo give
petrol /ethy c lve.a 3-net ho i,trqpen
(CDA [err]): al[ixi f é@‘?@‘h‘ﬁ?g -3rnitrqbgpzoats, . "'%)iéi 18 ?Yt')ﬂ é&fsb %6)95-
6.15 (m 1H§ 279Bqs(t 3H);H%, 917 (8L, (2H); 15dR9-B.506 (1t 2H1H)5 99-6418( (h,) IHPS7 M+,
255 (M + NH[gR] . ycki f e above nitro conpound by the
met hod of Ex8§134l L‘itllgévéhghﬂﬂd'@m %o&n @ t"l%ulgkybenzoate. Nnr
(DIVBOd[err]). [err] 3.72 (s, 3H); 4.50 (v br, 2H); 4.75 (dt, 2H);
5.25-5.43 (m 2H) SReRctidil of 1B abble nbrdy c()ﬁlpoélh')by &hémdthod 149 ; 6. 93
(t, 1H. Y Clg 208 (am

Examplé 1 gave 1 3-amino-4-methanesulphinylbenzoate. Nmr (CDC13)

& 2.92 (s, 3H); 4.82 (dt, 2H); 5.17 (br, 2H); 5.28-5.46 (m, 2H); 5.96-

6.11 (m, 1H); 7.30 (dd, 1H); 7.41 (m, 2H).
Ms (EI): 223 (M - 0)*; 239 M*

The above amine was condensed with proline acid as Example 1,
purifying by chromatography using a gradient of hexane/ethyl acetate
(3:2 to 1:1) to give (2S,4S)-1-allyloxycarbonyl-2-(5- allyloxycarbonyl-

2-methanesulphinylphenylcarbamoyl)pyrrolidin-4=~ylthioacetate. Nmr
:(DHSO-d6 at 100°): & 1.98 (m, 1H); 2.32 (s, 3H); 2.73 (s, 3H); 2.86 (m,
part obscured, 1H); 3.36 (m, 1H); 3.91-4.10 (overlapping m, 2H); 4.48
(dd, 1H); 4.53 (m, 2H); 4.86 (d, 2H); 5.11-5.49 (m, 4H); 5.80-5.97 (m,
1H); 6.01-6.15 (m, 1H); 8.09 (s, 2H); 8.35.(s, 1H).

Ms (+;7e FAB): 495 (MH)+

The above thioacetate was deacetylated and condensed with
- carbapenem phosphate as Example 1, purifying by chromatography using a
. gradient from ethyl acetate to ethyl hcetate/isoﬁidﬁshol (98:2) to
give allyl (1R,5S,6S,8R,2’S,4’S)-2-(1-allyloxycarbonyl-2-(5-
allyloxycarbonyl-2-methanesulphinylphenylcarbamoyl)pyrrolidin-4-
ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylate. Nmr
- (DHSO-dG, mixture of rotamers): & 1.18 (d, 6H); 1.99 (br, 1H); 2.80 (s
overlapping m, SH); 3.25 (solvent overlapping m, 2H); 3.54 (m, 1H);



The above ani ne was condensed with proline acid as Exanple 1, purifying by
chromat ography using a gradient of petrol/ethyl acetate (5:2 to 2:1) to

gi ve: (2S,4S)-1-allyl oxycarbonyl -2-(3-allyl oxycarbonyl -

5- met hoxyphenyl car banmoyl ) pyrrol i di n-4-ylthi oacetate. N (CDCl[err]):
[err] 2.32 (s, 3H); 2.59 (br, 2H); 3.38.(¢dd.- 1H); 3.85 (s, 3H); 4.02
(quinget, 1H); 4.15 (dd, 1H); 4.55 (t, 1H); 4.68 (d, 2H); 4.81 (d, 2H);
5.22-5.46 (m 4H); 5.83-6.13 (m 2H); 7.35 (t, 1H); 7.58 (br s, 1H); 7.64
(t, 1K) 0. 13.90k L8igr, SHYb (16w €AEARN); 4635 (o) 47) ;48585 af D) *5.06 (4,
The above t hjpacet af_e s deacet g cgopde d car.bapene
phosphat e asi@ag'ﬁagi,y’\@pmr’i i’n‘yé'ﬁ/%éfﬁ?g@ét%gfaga@dﬁ\g@gr@’aﬁgﬁa&@n?}"bf

di chl or onet hHhe/ gg{ﬁﬂ (mcdfldt e (60:40 to 45:55) to give

- 67 - allyl (1R 5S,6S,8R 2'S,4'S)-2-(1-allyl oxycarbonyl -2-(3-allyl oxy-

car bonyl - 5- net hox | car bamgyl ) pyrrolidin-4-ylthio)-6-(1-hydroxy-
ethyl)-1- m%ﬂé&gﬁgﬁ%iﬂ%?@r boxylate. Nnr (CDCl[err]): [err] 1.25 (d,
3H); 1.37 (d, 3H); 2.64 (v br, 2H); 3.21-3.33 (overlapping m 2H); 3.48

(br, 1H); 35,3339. igg'?ntet, 1H); 3.85 (s, 3H); 4.01 (dd, 1H); 4.19-4.29

(over- lap . 4.53 (t, 1H); 4.62-4.83 (m 6H); 5.20-5.45 (m 6H);
5.84-6.11 (moverl apping br, 3 7.25 (t, 1H); 7.63 (m 2H); 8.90 (br,

H) ;
1H). Ms FAB) +5r0%2¢{ M_to N Xelr -
(1R 55,68 8R 2 5, 4’ é)‘llg’@ég%/"?‘lcgrﬁ'x?/f 2-{2000 Carbaes S Wb Hadobut phony1
phenyl car ba W)’Eﬁrrlbéf‘?ﬂi RyERajidingdoylighio) -6r(drivdrexystiyl) - krmethsl-
car bapenem Zarbapenen-3-ccatbblirlidi £adi, Ui svaliim \Wast Rfa8P¥parad ﬁig% thir € of

di [ .at t I i, d [ th chni Exanpl e
01 N © (DveSe ey o8 Bxap e 2, Mg [ bpyd rofeqtls aciard,) o 116 69 (m
part obscur éfl); 1H)18 pd,648HY; AL752(Antéx,84H) ;2062 r(mppil)g 2.79 gddpHH); 3. 21
(dd, 1H): 3.51G0( @ob lappddd m, 343 8%k (h!)2m)3 764 llALst,; 1Y) 3,05 (m,

2H); 4.14 (dd, 1H); 8.09 (t, 1H); 8.44 (m, 2H).
Ms (-ve FAB): 574 (M - H) , (Na salt)
The starting materials were prepared as follows:

3-Methylthio-5-nitrobenzoic acid -

3-Amino-5-nitrobenzoic acid (1.82 g, 10 mM) was dissolved in
concentrated sulphuric acid (1.9 ml), diluted with vater (10 ml), and
cooled to 5°. A solution of N’aN'O2 (0.7 g, .10 mM) in water (3 ml) was
added and the mixture stirred for 30 minutes. The cold solution of
diazonium salt was added to a slurry of thiomethylcopper(I) at 3°, and
the mixture stirred for 45 minutes. Organics were extracted into ethyl
acetate (5 x 60 ml), and the combined organic layers washed with
aqueous NaH2P04, wvater, brine, and dried over N32804. Evaporation gave
3-methylthio-5-nitrobenzoic acid (1.77 g, 83%). Nmr (DHSO-dG): 8 2.63
(s, 3H); 8.10 (t, 1H); 8.21 (t, 1H); 8.32 (t, 1H); 13.68 (br, 1H).

Ms (-ve FAB): 213 (M - H)~



4.01 (quintet, 1H; 4.01 (m 1H), 4.18 (dd, 1H); 7.83 (t, 1H); 7.94 (td,
8.45 (d, 1H). Ms (+ve FAB): 560 (WMH)+, (Na salt); 582 (M) +,
(Na[-err]
4- Met hanesul phi nyl - 3-ni t robenzoi ¢ aci d

4- Met hyl t hi o- 3-ni trobenzoic acid (4.36 g,7g20 M) was dissolved in acetic
acid {200 m), and treated at anbi ent terrperature with H202 (2.5 m, 30%
22 mV). After stirring at anbient tenperature for 4 days, excess perOX|d
was deconposed with sodi um et abi sul fite, and sol vent evapor at ed The

1H);

resi due was rified roma I |, ut I
gi vla El met haggs:ﬂ Iphl FFgg °vﬁlﬁ?§g§?§8ﬁﬁz}5gﬁ ‘%slcfgiitlgaﬂg@%? ago NnT

salt) The starting materials were prepared as foll ows:

([JVBC}(j[err]éxed@ertﬂatZtHE)chomatography eluant vas a m1xture of petrol/ethyl

3 FAB 2
H) v gc&%té GT%?%’ 612&%%? lv\éls_n'%hg'lﬁgt essen |a¥F (ag' Tn E2<arrp
1, except theEDClRE: chiebthit(8grHDhi £-8Fuldt., @ﬁ)i én330\7a§348n(1!3c6§l;m5y9316)0§| ve

5

4-meth eqnip .0y (m3- m)trgbgnzgatﬁ; Jp 119-121[err]. Nnr

68 -
(M -

al |yl

(DVSO-d[ err]

[err] 291( dt, 2H); 5.29-5.50 (m 2H);

599618(m1H) 834(d 1H); 8.61 (dd, lH) 8.69 (d, 1H).
Reducti on ofMd {@Ipb @88 Kt tro conmpound by the method of Exanple 1 gave allyl
3- am no- 4- net hanesul phi nyl benzoate. Nnr (CDCl[err]): 6 2.92 (s, 3H); 4.

(dt,
1H);

2H) ;

7. 41 (nAllzf)3-methylsulphonyl-5-nitrobenzoate

Allyl 3-methylthio-5-nitrobenzoate (1.12 g, 4.4 mM) was
dissolved in methanol (30 ml), and cooled to 2°. A solution of
"potassium peroxymonopersulfate"” (2KHSOS.KHSO4 KZSO4, 8.13 g, 13.2 mHM)
in water (25 ml) was added slowly, and stirring continued for 4 hours.
The mixture was diluted with water (60 ml) and extracted with ethyl
acetate (3 x 100 ml). The combined organic extracts were washed with
wvater, brine, and dried oﬁer Na,S0,. Crude product was purified by
chromatography on silica using a gradient of petrol/ethyl acetate (3:1
to 2:1) to give allyl 3-methylsulphonyl-5-nitrobenzoate (0.74 g, 59%).

Nmr (DHSO-dg): & 3.44 (s, 3H); 4.94 (dt, 2H); 5.32-5.53 (m, 2H); 6.01-

- 6.25 (m, 1H); 8.78 (t, 1H); 8.89 (t, 1H); 8.91 (t, 1H).

Reduction of the above nitro compound by the method of
Example 1 gave allyl 3-amino-5-methanesulphonylbenzoate. Nmr (DMSO-
d6): 8 3.15 (s, 3H); 4.80 (dt, 2H); 5.26-5.47 (m, 2H); 5.95-6.15 (m
overlapping br, 3H); 7.29 (t, 1H); 7.47 (t, 1H); 7.51 (t, 1H).

The above amine was condénsed with proline acid as Example 1,
purifying by chromatography using a gradient of hexane/ethyl acetate
(2:1 to 1:1) fd_give (2S,4S)~1-allyloxycarbonyl-2-(3-allyloxycarbonyl-
5-methanesulphonylphenylcarbamoyl)pyrrolidin-4-ylthioacetate. Nmr

(CDCL,): & 2.34 (s, 3H); 2.48 (m, 1H); 2.62 (m, 1H); 3.17 (s, 3H); 3.41

(dd, 1H); 4.03 (quintet, 1H); 4.15 (dd, 1H); 4.58 (dd, 1H); 4.71 (d,

2H); 4.84 (dt, 2H); 5.27-5.47 (m, 4H); 5.88-6.14 (m, 2H); 8.23 (br s,
2H); 8.37 (t, 1H); 9.69 (br, 1H).

e

to

29
| e
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5.17 (br, 2H): 5.28-5.46 (m 2H): 5.96- 6.11 (m 1H); 7.30 (dd,



Ms (EI'): 223 (M- 0)+; 239 Mt The above am ne was condensed-
with proline acid as Exanple 1, purifying by chromatography using a
gradi ent of hexane/ethyl acetate (3:2 to 1:1) to give

(2S,4S)-1-all yl oxycar bonyl - 2- (5-al | yl oxycar bonyl -

2- met hanesul phi nyl phenyl car banoyl ) pyrral pgin-4-ylthi-oacetate. Nnv

(DVMsQx d[err] at 100[err]): [err] 1.98 (m 1H); 2.32 (s, 3H); 2.73 (s, 3H);
2.86 (m part obscured, 1H); 3.36 (m 1H); 3.91-4.10 (overlapping m 2H);

4.48 (dd, 1H); 4.53 (m 2H): 486 (d, 2H); 5 11- 549 (m 4H); 5.80-5.97 (m

1H); 6.01-6.,15 ; 0 Ms (+ve FAB): 495
(||;/||)—|)+ Hls ('{"}2 'F%Eg'at?iée al’gig)gfé" &é deacetyl at ed gn\éecondénsed W th

car bapenem phosphat e as Exanpl e 1, purifying by chromatography using a

glr ?S: e?EL Rf r5 gm6§t g)él Zﬁg@}%g? %ﬂzgﬂ%{:%u?gz)%%gt% e tgeazgﬂl cénifenééd WAR! Ve

al | yl oxycar (séxbapenemephosphata gRi Bxam riyl writgam |byp9hm@#tqgrnpw using a

yl thio)-6- (Jgrtaaflcs:&xuﬁtduhloﬂan@eﬁmé/éa{ aa@é&%?» &boewbem) tb\g;vez 50 (
: S

bver | appi ng ab g s 2, 6 a""%“?{ﬁ)oaeﬂ-aiﬁvf?gv L2 aralionty

- 69 - 3. tﬁ@bmﬂSS(mathahésuléhdr@wliehyli:h&bmﬁﬁy(mlilﬂiﬂl-4-®lﬁﬁic(ﬂﬁ -2 ;
506 (o 1 @qbafﬁ@h%gq W CES ST -&%ggz ) erSPeita03( 3 1250
(1R 5S, 6S, 8Kd2' 3H)4' £)30(d2-3H); CrHokhr,5 1kt Rah smrphuﬁws 17 (s, 3H);
phenyl car ba@lb-)?mrf)d#e@wpﬂh&'ﬁhlzﬁ) &, 61 ﬁx)yehw )(3& xm%fthyiu), 3.94

car bapenem 3- Eir boxylic acjd, disodi um sal ared _usin
t echni que of(d I’e 42p,4 W‘l\“mé?ﬂ%ﬂ-ﬂpmga@% ?E adi- a2 diter ?’H 4837
1.16 (d, 4.80 (m, 4H); 4.85 (d, 2H); 5.20-5.46 (m, 6H); 5.86-6.12 (m overlapping

br, 3H); 8.31 (br, 1H); 8.43 (br, 1H); 8.52 (br, 1H); 9.40 (br, 1H).

Ms (+ve FAB): 718 (MH)*; 740 (M + Na)®

Example 25

(1R,5S,6S,8R,2’S,4’S)-2-(2-(3-Carboxy-5-trifluoromethyl-
phenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methyl-
-carbapenem—3-carboxylic acid, disodium salt was prepared using the
fechnique of Example 2. Nmr (DHSO-d6 + acetic acid-d4): 8 1.16 (d,
6H); 1.92 (m, part obscured, 1H); 2.77 (m, part obscured, 1H); 3.00
(dd, 1H); 3.21 (dd, 1H); 3.37 (quintet, 1H); 3.59 (quintet, 1H); 3.80
(quintet, 1H); 3.97 (quintet, 1H); 4.20 (m, 2H); 7.91 (br s, 1H); 8.27
(br s, 1H); 8.44 (br s, 1H).

Ms (-ve FAB): 542 (M - H) , (acid); 564 (M - H) , (Na salt)

The starting materials were prepared as follows:
3-Nitro-5-trifluoromethylbenzoic acid was allylated

essentially as in Example 1, except that the product was sufficiently

pure for use without chromatography, to give allyl 3-nitro-5-trifluoro-
methylbenzoate. Nmr (DHSO-d6): d 4.91 (dt, 2H); 5.30-5.51 (m, 2H);

12



3H); 1.18 (d, 3H); 1.75 (quintet, 1H); 2.63 (m 1H); 2.79 (dd, 1H); 3.20 (s
overlapping m 4H); 3.38 (m 2H); 3.64 (quintet, 1H); 3.95 (m 2H); 4.14
(dd,- 1H); 8.09 (t, 1H); 8.44 (m 2H). . M (-ve FAB): 574 (M- H), (Na
salt)* The starting materials were prepared as follows:

3- Met hyl t hi 0- 5-ni trobenzoic acid 72 - 3- Ami no-5-nitrobenzoic aC|d
(1.82.,9, 10 MM was dissolved in concent r at ed sul phuric acid (1.9 n),
diluted with water (10 m), and cooled to 5. A solution of NaNJ err] (0.7

g, 10 MM i ns.water2d Imfr i) yes. sedged santy;he. 79 Xbeirs§ $ity 5 eest. f@, #).m nutes.
The col d solution of diazoniumsalt was added to a slurry of

t hi omet hyl copper (1) at 3, and the mxture stirred for 45 m nutes. Organics
wer e extractdsd (Chy:02285l; 29t(ate N5)% 60 m ), and the conbined organic

| ayers washed with aqueous NaH err]PO[err], water, brine, and dried over
Na[err] SO err]. Evaporation gave 3- rrethylthlo 5- nltrobenzmc acid (1.77 g,
83% . Nnr (DVSO- d[ er Rgductien (df phesabpwe nityo compeungd: by 1ghp; merhpd ¢f | 1H);

8. 33 (t, 1HExahp169 Qsﬁe a1t91 3-aﬁ§hoL5N%¥iEfﬁgromg 160hzodEk, suffic1ent1

he above acid was . al |yl ated essenti_al as in
1, except tHYEE f%“éﬁr%?‘b"gﬁ&ﬁwtggm \N&Fé,“ra DYSPrdg ) éf‘x?ét ¥y éf’h’yl
acetate (6:19.24t9.43 (e, 2H)y|5.93r8113y (1 )Hil6) p-Mm0Br @ReIAPATC27 Nb: s, 1H);
(CDCl[err]) [{'grh% %?0 (s, 3H); 4.87 (dt, 2H); 5.32-5.49 (m 2H);
5.93-6.07 (rh 1H)%; g.’ZO(m 2H); 8.57 (t, 1H). Ms (El): 253 M+ Al lyl
3- et hyl sul phonyl - 5-ni t robenzoat e

Ms (CI): 245 M¥; 263 (M + NH4)+

The above amine was condensed with proline acid as Example 1,
purifying by chromatography using a gradient from dichloromethane to
dichloromethane/diethyl ether (9:1) to give (28S,4S)-1-allyloxycarbonyl-
2-(3-allyloxycarbonyl-5-trifluoromethylphenylcarbamoyl)pyrrolidin-4-
ylthioacetate. Nmr (CDC13)= 8 2.33 (s, 3H); 2.59 (m, 2H); 3.39 (dd,
1H); 4.04 (quintet, 1H); 4.14 (dd, 1H); 4.58 (t, 1H); 4.62 (dt, 2H);
4.85 (dt, 2H); 5.23-5.48 (m, 4H); 5.84-6.15 (m, 2H); 8.03 (br s, 1H);
8.23 (br s, 2H); 9.60 (br, 1H).

“Ms (+ve FAB): 501 (MH)*; 523 (M + Na)*

The above thioacetate was deacetylated and condensed with
carbapenem phosphate as Example 1, purifying by chromatography using a
gradient from dichloromethane to ethyl acetate/dichloromethane (9:1) to
give allyl (1R,5S,6S,8R,2’S,4’S)-2~(1-allyloxycarbonyl-2-(3-allyloxy-
carbonyl-5-trifluoromethylphenylcarbamoyl)pyrrolidin-4-ylthio)~-6-(1-
hydroxyethyl)-1-methylcarbapenem-3-carboxylate. Nmr (DHSO-d6 + acetic
acid-d4): § 1.21 (d, 6H); 2.05 (br, 1H); 2.85 (br, 1H); 3.29 (dd, 1H);
3.44 (dd, 1H); 3.51 (quintet, 1H); 3.93 (br, 1H); 4.05-4.18 (m, 2H);
4,27 (dd, 1H); 4.43-4.71 (overlapping m, 5H); . 4.85 (d, 2H); 5.16-5.46
(m, 6H); 5.70-6.16 (m, 3H); 7.94 (br s, 1H); 8.37 (br s, 1H); 8.53 (br
s, 1H).



Al'lyl 3-nethylthio-5-nitrobenzoate (1.12 g, 4.4 mM) was dissolved in

nmet hanol (30 m ), and cooled to 2[err]. A solution of "potassium

per exynonopersul fate" (2KHSO err].KHSO err].Klerr]S0[err], 8.13 g, 13.2 m\)
inwater (25 m) was added slowy, and stirring continued for 4 hours. The
m xture was diluted with water (60 nl) -amsl extracted with ethyl acetate (3
x 106, m ). The conbi ned organic extracts were washed wth water, brine,
and dried over Na[err]SJerr]. Crude product was purified by
chronatography on silica using a gradient of petrol/ethyl acetate (3:1 to
2:1) to giv I pbh | rp-"ihjobenzoate (0.74 g, 59%. N
(DVBO-d[ err] {[errla%ﬁgla 7?& QHJ) O)I:%4Ug4 %I%I{ 2H); 5.32-5.53 (m 2H); 6.01-
6.25 (m 1H); '8.78 (t, 1H,; 8. 89 (t, 1H); 8.91 (t, 1H).
Reducti on ofgxdalagléidgve nitro conpound by the nethod of Exanple 1 gave

al |l yl 3-am no-5-net hanesul phonyl benzoate. Nm (DMSO- d[err]): [err] 3.15
(s, 3H); 4.80 (dt, 2H); 5.26-5.47 (m 2H); 5.95-6.15 (m overl apping br,
3H); 7.29 (t, 1H); 7(1W,58,6S,BR)2’S]458)-(2+(24(9-Carboxy-2-methoxyphkeaylabove ami ne

vas condens el phidafpptidifedtdy ETadﬂghE}?deoi?&l{ﬂh&!g-ﬁgmgﬂhﬁ@&%teﬂaﬁ-@hy

using a gra xane ethy ace
(2S, 4S) - 1- aldaybexxidsr aridly| disoddum |spdt d&@?ch’?%ﬁ?‘i using the techruque of

5- met hanesuln&faﬁm rihermzc@nﬁwmgla B¥é¥iR! heiidlu4)yls mmqagas B; 1199 (m,
(CDCl[err]): [err] 2.34

3.41 (dd, 1HBrtossuredy ﬁ‘:{*ét ZHéﬁ)(q“an (HH' irﬁzz (gdss%élgg Zfo‘Hm&‘;’_L

?%7 ?- 84 1(FD¢ .442tquinbeR,7 18) A B. 68 (ddL)) 1H)5. B5B46 (quiinter, AH); B.9IB3({HBH); 2H)
. t i
- Ms (+ver l‘—’isfqulé%t’(rj\‘/ﬁan” B34y Wg6:34 (£, 1H); 7.13.(d, Ls 7.78

t hi oacet at e (dds HBac8i38 4dedHind condensed with carbapenem phosphate as
Exanpl e 1, purifying by chromatography using a gradient of
dlchloronethane/etgy acetate (55:45 to 20: 80) to+g|ve al y

(1R, 5S, 6S, sAisp(+ye'FaB) » 508 Qﬁ)w dMacsaltd ny 559 (Map | (Nagy§alt)

car bonyl - 5- nethanesulphonylphenylcarbannyl)pyrrol|d|n 4-yl thio)- 6 (1-

hydr oxyet hyl b 1o et by Gt bapgiel d SALR0K ' gonn Mgy (CoCUerrl): Lerr]
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4-Methoxy-3-nitrobenzoic acid was allylated essentially as in
Example 1; except that the product was sufficiently pure for use
without chromatography, to give allyl 3-nitro-4-methoxybenzoate. Nmr
.(CDC13): 8 4.03 (s, 3H); 4.83 (dt, 2H); 5.29-5.46 (m, 2H); 5.93-6.14
(m, 1H); 7.14 (d, 1H); 8.24 (dd, 1H); 8.52 (d, 1H).

Ms (CI): 237 M'; 255 (M + NH,)"

Reduction of the above nitro .compound by the method of
Example 2 gave allyl 3-amino-4-methoxybenzoate sufficiently pure for
use vithout chromatography. Nmr (CDCl;): & 3.72 (br, 2H); 3.90 (s,
3H); 4.77 (dt, 2H); 5.24-5.43 (m, 2H); 5.95-6.10 (m, 1H); 6.79 (d, 1H);
7.41 (d, 1H); 7.50 (dd, 1H). - -

Ms (CI): 208 (MH)*

The above amine was condensed with proline acid as Example 4,
except that the material was purified by chromatography on silica,



(d, 3H; 1.36 (d, 3H); 2.54 (br, 1H); 2.66 (br, 1H): 3.12 (s, 3H);:
3.19-3.22 (overlapping m 2H); 3.54 (br, 1H); 3.87 (quintet, 1H); 3.94 (dd,
1H);» 4.25,4.29 (quintet overlapping dd, 2H); 4.55 (t, 1H); 4.65- 4.80 (m
4H); +4.85 (d, 2H); 5.20-5.46 (m 6H); 5.86-6.12 (m overlapping br, 3H);
8.31 (br, 1H); 8.43 (br, 1H); 8.52 (br,. ¥g). 9.40 (br, 1H. Ms (+ve FAB):
718 M)+, 740 (M + Na)+ Exanpl e 25 _
(1R, 5S, 6S,8R,2'S,4'S)-2-(2-(3-Carboxy-5-trifluoronethyl -
phenyl car banmsingpy rgratiditn £4ony dithlo)ofethiné Wi xgilokbyhethineéstieyhyl ether
car bapenem 3z cak boxyl. | | gy Q1 SBARUM S ag_Jr epar ng 1 he
t echni que of(l'E)a(ih‘pﬁ)%lﬂg %%%’D%B%ﬁ?‘gﬁﬁa%hég\gg?l Q'{ §g?’ﬁﬁgf’§$lf oﬁyist”] 1.16
(d, 6H); 1.9ethoxyphenylerbanoyddpyridlidin-#7ylthioacatatebs dar e(CDC1L):; 63233
(dd. 1H): 3. Gl Gl 2188 od, o el e, MY 234PSgaguiaies,onthy k)00
(quintet, 1H): 3.837. &qui(ntét, )iH)' 4%18% ) ;9‘7.91*1?5r s, K‘LHS 3757 (br
s, 1H): 8.44-0br(quintef, 1H)pb.17\(ddznl); &85 (Fa -1H)s 4-6afdaPH) 5480 M - H)
5 (N Na Sagt) (dtlIhm)st BEIQ-:SQ“T%?M}W;_SSdmr-G.mﬁﬁ?éﬁilaﬁpifx@ bp,v\ﬁn); 6.91 (d,
-Nitro-5-trjfluor yl.henzop e Aci S at essentially as in
Exanpl e 1, e@eepfetq'h”Z@;]’t ﬁgf’pfaoéﬁc Tha su?‘\‘adlc?(ghtﬁg'pure for use w thout
chromat ography, to give allyl 3-nitro-5-trifluoro- nethyl benzoate. Nnr
(DVBO-d[ er r |y r%\ . ( ,+2|—p{3- OgpyH1l (m 2H);
D72 - 5.9}%}‘-&;%1?%?‘%&6’;8?)58 Brﬁé,g“l' -78.77 (br s, 1H): 8.84 (t, 1H).
Ms (Cl): 275 M¥; 293 (M + NHerr])+
The above thioacetate was deacetylated and condensed with
carbapenem phosphate as Example 1, purifying by chromatography using a
gradient from dichloromethane to ethyl acetate to give allyl
(1R,5S,6S,8R,2’S,4’S)-2-(1-allyloxycarbonyl-2-(5-allyloxycarbonyl-2-
methoxyphenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-
methylcarbapenem-3-carboxylate. Nmr (CDC13): 6 1.23 (d, 3H); 1.36 (d,
3H); 2.52 (br, 1H); 2.66 (br, 1H); 3.22 (dd, 1H); 3.28 (quintet, 1H);
3.44 (dd, 1H); 3.83 (quintet, 1H); 3.93 (s, 3H); 4.09 (m, 1H); 4.19-
4.31 (overlapping m, 2H); 4.53 (t, 1H); 4.65 (m, 4H); 4.81 (d, 2H);
5.19-5.45 (m, 6H); 5.83-6.11 (m, 3H); 6.91 (d, 1H); 7.83 (dd, 1H); 8.79
(br, 1H); 9.04 (d, 1H). . )

s (+ve FAB): 670 (MH)¥; 692 (M + Na)*

Example 27

- (1R,5S5,6S5,8R,27S,4’S)-2-(2-(3-Carboxy~-4-methoxyphenyl-
carbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-
carboxylic acid, disodium salt was prepared using the technique of
Example 2, except that the DMF was replaced by DMSO. Nmr (DHSO-d6 +
acetic acidfd4): $1.17 (d, 6H); 1.83 (m, part obscured, 1H); 2.75
(quintet, 1H); 2.97 (dd, 1H); 3.23 (dd, 1H); 3.40 (quintet, 1H); 3.56
(dd, 1H); 3.82 (s + m, 4H); 3.99 (quintet, 1H); 4.12 (t, 1H); 4.19 (dd,
1H); 7.09 (d, 1H); 7.75 (dd, 1H); 7.95 (d, 1H).

s (+ve FAB): 528 (MH)*, (Na salt); 550 (MH)®, (Na, salt)



Reduction of. the above nitro conmpound by the nmethod of Exanple 2 gave allyl
3-am no-5-trifluoronethyl benzoate, sufficiently pure for use w thout
chremat ography. Nnr (DVSO-d[err]): [err] 4.78 (dt, 2H); 5.24-5.43 (m 2H);
5.93%6.13 (m 1H); 7.08 (t, 1H); 7.27 (br s, 1H); 7.44 (t, 1H). Ms (Cl):
245 M+; 263 (M + NHerr])+ _ The above am ne was condensed with
prollne acid as Exanple 1, purifying by chromatography using a gr adi ent
from di chl oronet hane to dichl oronet hane/ di ethyl ether (9:1) to give

(2S, 4S)-1-allyl oxycarbonyl -

2-(3-allyl ox&:arbon yl-5-trifl uororreth I phenyl cai nmoyl ) pyrrolidin-4-

yl t hi oacet at esmnes:matpmliswefeempaz 3ag Jollgys:" 5 59 (m 2H): 3.39
(dd, 1H); 4.04 (quintet, 4.14 (dd, 1H); 4.58 (t 1H); 4.62 (dt, 2H);

4.85 (dt, 2H); 5.23- 2 S - 8. 23
(br s, 2H: 9.60 (br§ ‘?‘ﬂa“w} ?\75}‘%&‘5’8“% ac’s‘gripaf r\%j%lﬂat%‘gﬁg t-’pak&H??s e
The above t hExzmpde di,cexeeptdthetetiye axredma:ndascmdéhsi@dth tpure dfdrapsmem
phosphat e a I en rom
di chl or onet ﬁ%ﬁegﬁ?ﬁ cgltr %@g;g@; e%% n g‘ilg e ysﬁﬁqog?r%rgg 1 Pm;

(1R 5S, 6S, 8R@Ch, ) )4203( ;(Saﬁ*lyso&-;ﬂéaf%n%);zﬁeéoaﬁ |49| Ghy2H); 5.95-6.14

car bonyl - 5- t r,f hipy ges hodl, Py B oy Raapyl )Fyg J7el (di,l nuf: yl thio)-6-(1-

hydr oxyet hylg 1- net hyl car bapenemS carboxylate. Nm (DMSO-d[err] + acetic
acid-d[err]): [err] 1.21 (d, 6H); 205(br 1H); 285(br 1H); 3.29 (dd,

1H); 3.44 (oM (CH): 238 5(MH)§i256e(y +1M1;) 3. 93 (br, 1H); 4.05-4.18 (m 2H);
4.27 (dd, 1H); 4.43-4.71 (overl appi ng m 5H); .4.85 (d, 2H); 5.16-5.46 (m
6H): 5.70-6.16 (m 3H): 7.94 (br s, 1H): 8.37 (br s, 1H): 8.53 (br s, 1H).
- 73 - Ms (+ve FAByducmgl (ofHrher abged) n(im‘or cegpeund Bta%l methgd of

Example 2 gave allyl 5-amino-2-methoxybenzoate sufficiently pure for
use without chromatography. Nmr (CDCl3): é 3.39 (br, 2H); 3.83 (s,
3H); 4.80 (dt, 2H); 5.23-5.47 (m, 2H); 5.94-6.13 (m, 1H); 6.83 (d, 2H);
7.18 (t, 1H).

Ms (CI): 208 (MH)*

The above amine was condensed with proline acid as Example 4,
-except that the material was purified by chromatography on silica, )
-using a gradient from dichloromethane to dichloromethane/diethyl ether
(4:1), giving (2S,4S)-1-allyloxycarbonyl-2-(3-allyloxycarbonyl-4-
methoxyphenylcarbamoyl)pyrrolidin-4-ylthioacetate. Nmr (CDCl3): 8 2.32
(s, 3H); 2.58 (br, 2H); 3.39 (dd, 1H); 3.89 (s, 3H); 4.02 (quintet,
1H); 4.13 (dd, 1H); 4.53 (t, 1H); 4.66 (dt, 2H); 4.80 (dt, 2H); 5.23-
5.48 (m, 4H); 5.84-6.13 (m, 2H); 6.94 (d, 1H); 7.80 (m, 2H); 8.94 (br,
1H).

Ms (CI): 463 (MH)"

The above thioacetate was deacetylated and condensed with
carbapenem phosphate as Example 1, purifying by chromatography using a
gradient from dichloromethane to ethyl acetate to give allyl
(1R,5S5,65,8R,2’S,4’S)-2-(1-allyloxycarbonyl-2-(3-allyloxycarbonyl-4-
methoxyphenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-



(1R, 58 6S, 8R, 2'S,4"'S) - 2-(2-(5-Carboxy- 2- net hoxyphenyl -

car banmoyl ) pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-nmethyl car bapenem 3-
carboxylic acid, disodiumsalt was prepared using the techni que of Exanple
1. Nm (DI\/SO_d[err] + acetic acid-d4): [err] 1.20 (d, 6H); 1.93 (m part
obscured, 1H); 2.86 (quintet, 1H); 3.02 (¢d. 1H); 3.26 (dd, 1H); 3.44
(quintet, 1H); 3.68 (dd, 1H); 3.84 (quintet, 1H); 3.95 (s, 3H); 4.03
(quintet, 1H); 4.22 (dd, 1H); 4.34 (t, 1H); 7.13 (d, 1H); 7.78 (dd, 1H;
8.25 (d, 1H)methyl&r(baymﬁAB)Car58ﬂyl(ahibl) +Nm¢|\bcn::a }9 ;8 5515 (8H)3H); (INSee(d,

salt) The argi t a 0
4- Met hoxy- 3- 3:# t’r%bﬁég?c%géf c?szg/e( il?’; dfj8 3§e 'ﬁJ l&r}’\@”és?'i"r? E?(%’n]%fl?e’ 1,
except that 38 feuinget, UHY; SuBPi b‘!,eﬂﬁ)?y"pﬁl ddflorli)g 4 +li8t-hodR (overlapping

Fg;?]ﬁaz ogga?.t;yan -04951’e(3ta| by 3 66 t(h.o éh)rrekwmenéﬁﬁgs éblfg 4(scaplkﬁ§r] ):
7.14 (d, 1H)>- ’38-%111( m, 38 5§55 ( an)amw -7 %E ("tz%‘*)?z:?ﬂ%brzsl(a“)(m +

NH err]) + Reduction of the above nitro conmpound by the nethod

of Exarrple zoate sufficiently pure for use
wi t hout chr 6‘6‘?2%3// é&nﬂh@ %EE] Fgrr] 3.72 (br, 2H): 3.90 (s,

3H): 4.77 (dt, 2H): 5.24-5.43 (m 2H): 5.95-6.10 (m 1H): 6.79 (d, 1H):

7.41 (d, 1I—I)Ex PO Jgdd, 1H). Ms (C1): 208 (MH)+ The above
am ne was th proline acid as Exanple 4, except that the

mat eri al was purified by chromatography on silica,

- 74 - (1R, 5S,6S,8R,2’S,4’S)-2- (2-(3-Carboxy-2-methoxyphenyl-

carbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-
carboxylic acid, disodium salt was prepared using the technique of
Example 2, except that the DMF was replaced by DMSO. Nmr (DHSO-d6 +
acetic acid-d4)= 8 1.18 (d, 6H); 1.85 (m, part obscured, 1H); 2.66-2.86
(overlapping m, 2H); 3.21 (dd, 1H); 3.41 (quintet, 1H); 3.52-3.72
(overlapping m, 2H); 3.82 (s, 3H); 3.99 (quintet, 1H); 4.08 (dd, 1H);
4,17 (dd, 1H); 7.17 (t, 1H); 7.45 (dd, 1H); 8.41 (dd, 1H).

Ms (+ve FAB): 528 (HH)+, (Na .salt); 550 (HH)+, (Na, salt)

. The starting materials were prepared as follows:

2-Hydroxy-3-nitrobenzoic acid was methylated essentially as
the allylation step of Example 1, except that the allyi bromide was
replaced by methyl iodide, and purification by chromatography was
unnecessary, to give methyl 2-methoxy-3-nitrobenzdate. Nmr (DHSO-d6):
8 3.88 (s, 3H); 3.90 (s, 3H); 7.44 (t, 1H); 8.04 (dd, 1H); 8.12 (dd,
1H).

s (CI): 212 (MH)®; 229 (M + NH,)"

The above ester (3.45 g, 16 mM) was hydrolysed by essentially
the method of Example 22, except that the solvent was DMSO in place of
THF, to give 2-methoxy-3-nitrobenzoic acid. Nmr (DHSO-d6)= 8 3.89 (s,
3H); 7.40 (t, 1H); 8.01 (dd, 1H); 8.06 (dd, 1H).



using a gradi ent from dichl oromethane to dichl oronet hane/ di et hyl et her
(4:1), giving (2S,4S)-1-allyloxycarbonyl -2-(5-allyl oxycarbonyl -

met hoxyphenyl car banoyl ) pyrrolidin-4-ylthi oacetate. Nnr (CDCl[err]): [err]
2.33%s, 3H); 2.51 (br, 1H); 2.66 (br, 1H); 3.41 (dd, 1H); 3.93 (s, 3H;
4.01 (quintet, 1H); 4.17 (dd, 1H); 4.55 (,?,_1H); 4.64 (d, 2H); 4.80 (dt,
2H); 5.18-5.44 (m 4H); 5.81-6.14 (moverlapping br, 2H); 6.91 (d, 1H);
7.84 (dd, 1H); 8.90 (br, 1H); 9.01 (d, 1H). Ms (+ve FAB): 463 (NH) ; 485

(M + Na) The above thioacetate was deacetyl ated and condensed
W th carbapenem hate as Exanple 1, purifying by chromatography using a
gr adi ent frdts & E%n@tﬁamhto ethyl acetate to give allyl

(1R 5S, 6S, 8R, 2' S, 4 S)-2-(1-allyl oxycar bonyI 2- (5- aI I yI oxycar bonyI - 2-

met hoxyphenyl car banmoyl rro | n- 4 hy

net hyl car bapenem 3- cgh%gz(?yY%tné TR %’r”ﬁ]’& F?'} )%fé’é ain fﬁ)’"‘p]f 36
(d, 3H); 2.33 ékeeptlthat 2hé&product whb; snﬂfﬂﬁe@mty plkk ; £03. G%e (wd,uhmtuet

3.44 (dd, 1 niet

(overl appi nglil}l m %tﬁ%ré&ws t giv :311”2 %3‘ &ﬁoxyglli%nit% g%z%? I':%lmréc%glz)‘l 45
(m 6H); 5.834600 A5¢ 3H)3Hf: 866 (94, 2H); 5P 57593(1(,daﬂ)1|-‘|y9686 A6 (myr 1H)3) -
9.04 (d, 1Hj7.27 0& (Hye 7698)add 1) Mo, (&9,2 1M + Na)+  Exanple 27

(1R, 5S, 6S,8R, 2' S,4'S) - 2-(2-(3-Carboxy- 4- net hoxyphenyl -

car banmoyl ) pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methyl carbapenem 3-
carboxyl i c Msi (CI)di 2381 (MH) Eal265 vak + dred using the techni que of Exanple
2, except that the DMF was replaced by DVMSO. Nnr (DVMSO-d6 + acetic
acid-d[err]): [err] 1.17 (d, 6H); 1.83 (m part obscured, 1I& 2.75
(qui nt et 1H) 2.97 %@Mctlm of 3thE3 abeie nityo cempoynd chy sheme of .0f3. 56 (dd,

1H); 3.82 xégﬁme 4Fﬂave3af¥§i(9U&dﬂhQLZ-mkkmaxy%eﬁéhdib sdﬂﬂhc1éhtigsﬁ , £d47) ;
7.09 (d, 1H) 75 1H; 7 (d VB, (+ye FAB) o VL (Na
salt); 550 @mwthem[%ma@gmhy Mo (EC1 3)t 8 3.86 (s, 3H); 3.92 (br,

2H); 4.82 (dt, 2H); 5.26-5.49 (m, 2H); 5 96-6.16 (m, 1H); 6.91 (dd,

1H); 7.00 (t, 1H); 7.23 (dd, 1H).

s (CI): 208 (MH)'; 225 (M + NH,)"

The above amine was condensed with proline acid as Example 4,
to give (2S,4S)-1-allyloxycarbonyl-2-(3-allyloxycarbonyl-2-methoxy-
:phenylcarbamoyl)pyrrolidin-4-y1thiohcetate. Nmr (CDC13)= 8 2.30 (s,
3H); 2.53 (br, 1H); 2.65 (br, 1H); 3.41 (dd, 1H); 3.86 (s, 3H); 4.04.
(quintet, 1H); 4.16 (dd, 1H); 4.58 (t, 1H); 4.66 (d, 2H); 4.83 (dt,
2H); 5.20-5.47 (m, 4H); 5.83-6.13 (m overlapping br, 2H); 7.16 (t, 1H);
7.60 (dd, 1H); 8.57 (dd, 1H); 9.15 (br, 1H).

Ms (+ve FAB): 463 (MH)*; 485 (M + Na)*

The above thioacetate was deacetylated and condensed with
carbapenem phosphate as Example 1, purifying by chromatography using a
gradient from dichloromethane to ethyl acetate to give allyl
(1R,58,6S,8R,2’S,4’S)-2-(1-allyloxycarbonyl-2-(3-allyloxycarbonyl-2-
methoxyphenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-
methylcarbapenem-3-carboxylate. Nmr (CDCl3)= $ 1.24 (d, 3H); 1.35 (d, -
3H); 2.53 (br, 1H); 2.68 (br, 1H); 3.24 (dd, 1H); 3.28 (quintet, 1H);



- 75 - The starting materials were prepared as foll ows:
2- Met hoxy-5-ni trobenzoic acid was allylated essentially as in Exanple 1,
except that the product was sufficiently pure for use wthout

chromat ography, to give allyl 2-nethoxy-5-nitrobenzoate. Nnr (CDCl[err]):
[err] 4.03 (s, 3H); 4.85 (dt, 2H); 5.30-549 (m 2H); 5.95-6.14 (m 1H);
7.08 {(d, 1H); 8.48 (dd, 1H); 8.72 (d, 1H). Ms (Cl): 238 (NH)+; 255 (M +
NH err]) + Reduction of the above nitro conpound by the method
of Exanpl e 2, @ayer,alihy} 3586 fi\Qn@et”Eiﬁ‘PXSbﬁ“%?t:ﬁiﬁUifllzczﬂ”tl s P4ine-for

use w t hout c omato ra I 3. 83 S,
3H): 4.80 (dt 2 (gverda lgilé By éﬁﬁ"lgz (dﬁv ’1‘13-1) 633814 (dez (
7.18 (t, 1H)S. 18-5Ms ((ﬁi; )6H)2053.d1M§b]:& (m, 3H); 7.17 (ﬂhen)abovem(mdr,\em)ass 56

condensed w | i Exarrpl e 4, except that the material was
purified by é‘ﬁr’ n% grapﬁ;l/’g | lica, using a gradient from dichl oronethane

‘'to dichl oronet hane/ di ethyl ether (4:1), giving

(2S, 4S)-1-al I olpy ) 3— bHonyl - 4-
met hoxypheny l*@c/agra am)yF) pyrr d| ?lédd?fyk txlyhl ggcet ate. Nnr (CDCl[err]): [err]

2.32 (s, 3H); 2.58 (br, 2H); 3 39 (dd 1H); 3.89 (s, 3H); 4.02 (quintet,
1H); 4.13 (dgkampid ;294.53 (t, 1H); 4.66 (dt, 2H); 4.80 (dt, 2H); 5.23- 5.48
(m 4H); 5.84-6.13 (m 2H); 6.94 (d, 1H); 7.80 (m 2H); 8.94 (br, 1H). Vs
(Cl): 463 (MH) + The above thioacetate was deacetyl ated and
condensed wi th car bapmﬁs\;&paes,é'ap-zzxamﬂ-sanbomuunfeyhmmyl-

S Ih\r/g”glt f’gr AR bRy pPr it 2GR ALy 1 128) (LY R 0R) AADE) L RmEtiP caBbielbfi-3-0

(1R, 5S, 6S, srearbexylig) acid; 1 digodjum,62d b ruasnprepared using | ey teghniaye of-

et hoxyphenydxaﬁpp@rzqyéﬁdaserﬁidtdtﬁb Huy a3l pPeplacéd H@yﬂnwyeﬁﬁwl(buéo-d +
acetic acid-d 4): 6 1.19 (d, 6H); 1.88 (m, part obscured, 1H); 2.31 (s,
3H); 2.77 (dt, 1H); 2.93 (dd, 1H); 3.22 (dd, 1H); 3.42 (quintet, 1H);
3.57 (dd, 1H); 3.77 (quintet, 1H); 4.01 (quintet, 1H); 4.16 (t, 1H);

4.19 (dd, 1H); 7.35 (d, 1H); 7.69 (dd, 1H); 8.39 (d, 1H).

Ms (+ve FAB): 512 (HH)+, (Na salt); 534 (HH)+, (N’a2 salt); 556 (M +
Na)*, (Na, salt);

- The starting materials were prepared as follows:

4-Methyl-3-nitrobenzoic acid was allylated as in Example 1,
except that purification by chromatography.was unnecessary, to-give
allyl 4-methyl-3-nitrobenzoate. Nmr (DHSO-d6): 8 2.59 (s, 3H); 4.84
(dt, 2H); 5.27-5.47 (m, 2H); 5.96-6.16 (m, 1H); 7.67 (d, 1H); 8.16 (dd,
1H); 8.44 (d, 1H).

Ms (EI): 222 ()"
Reduction of the above nitro compound by the method of

Example 2, except that the solvent was methanol, gave allyl 3-amino-4-

methylbenzoate sufficiently pure for use without chromatography. Nmr

(DHSO-d;): & 2.10 (s, 3H); 4.74 (dt, 2H); 5.15 (br, 2H); 5.22-5.43 (m,

2H); 5.93-6.12 (m, 1H); 7.04 (d, 1H); 7.11 (dd, 1H); 7.28 (d, 1H).
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(d, 3H): 2.

aci d-d4):

met hyl car bapenem 3- car boxylate. Nm (CDCl3): 6 1.25 (d, 3H);

1.36

65 (br, 2H); 3.25 (dd, 1H); 3.28 (quintet, 1H); 3.47 (br, 1H);
3.79 (quintet, 1H); 3.89 (s, 3H); 4.01 (dd, 1H); 4.18-4.29 (overl apping
2H); 4.51 (t, 1H); 4.66 (m 4H); 4.79 (dt, 2H); 5.19-5.46 (m 6H);
5.84-6.11 (m 3H); 6.95 (d, 1H); 7.79-7.§§gm 2H); 8.70 (br, 1H). Vb
(+ve F£AB):

(1R, 5S, 6S,8R, 2' S;4'S) - 2- (2-(3-Car boxy- 2- net hoxyphenyl -

car banoyl ) pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-nethyl car bapenem 3- -
carboxylic acid, disodiumgalt was prepared using the technique of Exanple

2, except thg (Chy: 392 (8L 5 0% 4 B IDVMSO. N (DVMBO-d[err] + acetic

670 (MH) +; 692 (M + Na)+ Exanpl e 28

6 1.18 (d, 6H); 1.85 (m part obscured, 1H); 2.66-2.86

(Over| apbing M 210 | The Fhobe aniic vas sqidehthd RAEh prpiie, 3584 o Eramppe 4
1H); 7.giEi€yingl by chitonstagidphyl yingd adgradidnt frpm dickBoxXomeehseBro 528
(M) +, (Na

(dd,

prepared as

“Pihorpietnali/te NGl (B, Jvp g17¥ RSN ToalBASHS ©

ehzdi ¢ aci

m

.17

re

met hyl at ed eeAFdaRYkri2-{5 Al lyhexysprRonyl+ bimethydphenyloazhemoyllpyraed din-fhat t he

allyl brom

th@SacdetBtac e tmPY(DNBO LY., mBdbeerotamnera)ur 6f1.03t (fAink¥t, 1H);

T il TS L 8y SRl T

A g. 12 (dal, 28D .4.53 Mbr( BY); 218D (ﬂlﬂzj'ﬂﬂl)gzﬁl()M:&let{l QiVEi:)albpin%] br, 4}:});
T il ' t
arple. 22 biBatnty miovetlediihe B S R0, MpSoI By tn) D08

1H);

Exanpl e 22,

2- met hoxy- 3- ¢t r &dd 2 08 Plachbnl. 0.3 9 NSO @-bH);: 9F6F r(br3. B9H)s, 3H);

(t,

1H); 8.

01 (dd, 1H: 8.06 (dd, 1H).
Ms (CI): 447 (MH)*; 464 (M + NEHY

The above thioacetate was deacetylated and condensed with
carbapenem phosphate as Example 1, purifying by chromatography using a
gradient from dichloromethane to dichloromethane/ethyl acetate (1:1),
to give allyl (1R,SS,6S,8R,2’S,4’S)-2-(1-allyloxycarbonyl-2-(5-allyl-
6xycarbony1-2-methylphenylcarbamoyl)pyrrolidin-4-y1thio)-6-(1-hydroxy-
ethyl)-1-methylcarbapehem-3-carboxy1ate. Nmr (=DHSO—d6 + acetic acid--

1d4, mix of rotamers): & 1.16 (d, 3H); 1.18 (d, 3H); 1.98 (quintet, 1H);

2.27 (s, 3H); 2.86 (br, 1H); 3.27 (dd, 1H); 3.33 (t, 1H); 3.56 (quin-
tet, 1H); 3.95 (quintet, 1H); 4.02 (dd, 1H); 4.15 (quintet, 1H); 4.27
(dd, 1H); 4.48-4.70 (overlapping m, 5H); 4.80 (d, 2H); 5.10-5.45 (m
overlapping br, 6H); 5.81-6.14 (m overlapping br, 3H); 7.38 (d, 1H);
7.75 (dd, 1H); 8.01 (br, 0.5H); 8.07 (br, 0.5H); 9.60 (br, 1H).

Ms (+ve FAB): 654 (MH)*; 676 (M + Na)*

Example 30

(1R,5S,6S5,8R,2’S,4’S)-2-(2- (3-Carboxy-4-methylphenyl-
carbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-
carboxylic acid, disodium salt was prepared using the technique of
Example 2, except that the DMF was replaced by DMSO. Nmr (DHSO-d6 +

d of
7. 40



- 77 - . M (Cl): 215 (M+ NHerr])+ The above nitro acid was
allylated essentially as in Exanple 1, except that the product was
suffsiciently pure for use w thout chromatography, to give allyl

2- methoxy- 3-ni trobenzoate. Nnr (CDCl[err]): [err] 4.00 (s, 3H); 4.86 (dt,
2H); 5.31-5.50 (m 2H); 5.96-6.16 (m 1Hgp 7.27 (d, 1H); 7.92 (dd, 1H);
8.06 ((dd, 1H). Ms (Cl): 238 (WH)+; 255 (H + NH4) Reducti on of
t he above nitro conpound by the nethod of Exanple 1 gave allyl

3- am no- 2- neidepiy hayidedf)e Sulflisc{dnBHY; Aude (dyr 3H)ze 1wWe hduey 1H): o2&EiBogs Aphy.

CDd : ) 3H).; 92 , S - ; .
N 5 g0 (i, 216 (g aRYy oo dd, Tyi2al 2 (adihim? B3l f%lem%E%z 15)3,
(dd, 1H). 3449( Old,: 1HDS 3¢ KB)(quinters 1H);+3pM1 dauintet, 1H); 4.03 (tyHdE)above

am ne was copdgnggdl Wjh 089l daneimsi 9. AP (Baanmmh§ gLzt pd Jitkg.
(28,48)-I-a|IonxycarbonyI-Z-(é-aIIyIoxycarbonyf-z-nethoxy-

phenyl car banmoyl ) pyrrolidi n-4-yl thi oacetate. Nnr (CDCl[err]): [err] 2.30
(s, 3H); 2. 598 ((bve FAB): 5326@mH)D;, (MbHyalt) ;4934 (HH)LH(Na3 s3bt) s 558HK +4. 04
(qui ntet, 1%{)34.6@(%& 1H); 4.58 (t, 1H); 4.66 (d, ; 4.83 (dt, 2H);
5.20-5.47 ( )4H),§a. '3 13 (moverlapping br, 2H); 7.16 (t, 1H); 7.60
(dd, 1H); 8.57 (dd, 1H); 9.15 (br, 1H). Ms (+ve FAB): 463 (WVH)+; 485 (M +

Na ' ted and d dwth
! hapenem oS ShEta A IALELAIsCHE BLEnRl LPREELNT 2 oaraphy using @

car bapenem I'ng by chromat ography using a
gradient fromdichloronethane to ethyl acetate to give allyl

2-Methyl-5-nitrobenzoic acid was allylated as in Example 1,
except that purification by chromatography was unnecessary, to give
allyl 2-methyl-5-nitrobenzoate. Nmr (DHSO-d6): 8 2.65 (s, 3H); 4.84
(dt, 2H); 5.28-5.47 (m, 2H); 5.99-6.18 (m, 1H); 7.65 (d, 1H); 8.31 (dd,
1H); 8.57 (d, 1H). '

Ms (CI): 222 (MH)*; 099 (¥ + NHY)*

Reduction of the above nitro compound by the method of
Example 2, except that the solvent was methanol, gave allyl 5-amino-2-
methylbenzoate sufficiently pure for use withoyt chromatography. Nmr
.(DHSO-d6)= 8 2.33 (s, 3H); 4.73 (dt, 2H); 5.18 (br, 2H); 5.23-5.44 (m,
2H); 5.93-6.12 (m, 1H); 6.68 (dd, 1H); 6.95 (d, 1H); 7.12 (d, 1H).

Ms (CI): 192 (MH)*; 209 (M + NEH)*

The above amine was condensed with proline acid as Example 4, .
purifying by chromatography using a gradient from dichloromethane to
dichloromethane/diethyl ether (9:1), to give (2S§,4S)-1-allyloxy-
carbonyl-2-(3-allyloxycarbonyl-4-methylphenylcarbamoyl)pyrrolidin-4-
ylthioacetate. Nmr (DHSO-ds, mix of rotamers): & 1.91 (br m, 1H); 2.33
(s, 3H); 2.76 (br m, 1H); 3.28 (s overlapping m, 4H); 4.00 (br m, 2H);
4.38 (t, 1H); 4.51 (br, 2H); 4.78 (dt, 2H); 5.01-5.46 (m overlapping
br, 4H); 5.68-6.16 (m overlapping br, 2H); 7.27 (d, 1H); 7.72 (dd, 1H);
8.11 (br, 0.5H); 8.05 (br, 0.5H); 10.17 (br, 1H). :



(1R 5S,6S,8R 2'S,4'S)-2-(1-al |l yl oxycarbonyl - 2-(3-al | yl oxycar bonyl -

nmet hoxyphenyl car banoyl ) pyrrol i di n-4-ylthio)-6-(1-hydroxyethyl)-1-

nmet kyl car bapenem 3- carboxylate. Nm (CDC[err]): [err] 1.24 (d, 3H); 1.35

(d, 3H); 2.53 (br, 1H); 2.68 (br, 1H); 3.24 (dd, 1H); 3.28 (quintet, 1H);

- 78 - 3.43 (br, 1H); 3.80 (quintet, 1[5% .83 (s, 3H); 4.12 (m 1H);

4.19-,4.29 (overlapping m 2H); 4.57 (t H: 4.64 (m 4H); 4.83 (d, 2H);

5.18-5.48 (m 6H); 5.81-6. 14 (m 3H; 7.17 (t, 1H); 7.61 (dd, 1H); 8.56

(dd 1H); 9.02 (br, 1H). Ms (+ve FAB): 670 (NH) +; 692 (M + Na)+
Exanpl e 29

(1R, 5S, 6S, sRis'(s FABYs 447 2“‘()540’&%6%y+ Naget hyl phenyl

car banoyl ) pyrrolidi n-4-ylthio)-6- (1 hydr oxyet hyl ) - 1- et hyI car bapenem 3-

b | id, di I t I
5" excupt that the DU /iTe9E SdRErREE s acekmr?areﬁﬁfétf Richieq Sl 0P ©
?glt d- ilﬁg . 6 darb8péném phidsphate3@s(Bmampde t1,0purifydng bYI—phroztangx(aphy mang 2 77
3.77 {qui nt qut% iﬁ% f“’% diihf%oﬂgdlanét% d%cﬂfor%ﬂé‘éﬂ%ﬁ@?eth}@ ace?aég (@ fl),7
Co 1ty 7' 5 i adby) (BRAH.G8, By s 4 Shi2(lyalivinpycarbonyily (3-alixkr
salt); 534 (J)lly‘);irbclnm:e!né}:hﬂ%lhbﬂylo‘ia%ﬁan{dyljpﬁ&bhd:!nWyl?cﬁha)qs (1Ji{yer5i;a-rtl ng

R A I R

chr omat ogr apd») wadl. uan(zd;esu)a;r V.92 qbgi \paral dhdcudedyedly] 2348 (s, oRiE)3Zz 2al%.

S ST Ry e

1H); 4.01 (qulntet, 1H); 4.12 (dd, 1H); 4.25.(dd, 1H); 4 45 (m, 1H);
4.50-4.68 (m, 4H); 4.78 (dt, 2H); 5.18-5.45 (m, 6H); 5.70-6.13 (m over-
lapping br, 3H); 7.25 (d, 1H); 7.76 (dd, 1H); 8.12 (br m, 1H).

Ms (+ve FAB): 654 (MH)*; 676 (M + Na)¥

Example 31

(1R,58,6S,8R,2’S,4’S)-2-(2-(3-Carboxy-5-methylphenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
-pcid, disodium salt

Allyl (1R,5S,6S,8R,2’S,4’S)-2-(1-allyloxycarbonyl-2-(3-allyl-
oxycarbonyl-5-methylphenylcarbamoyl)pyrrolidin-4-ylthio)~-6-(1-hydroxy-
ethyl)-1-methylcarbapenem-3-carboxylate (3 g, 4.59 mM) and 2,2~
dimethyl-1,3-dioxane-4,6~-dione (3.97 g, 27.6 mM) were dissolved in a
mixture of DMSO (15 ml) and THF (5 ml), under an argon atmosphere, and
tetrakis(triphenylphosphine)palladium (531 mg, 0.46 mM) was added. The
solution was stirred, under argon with protection from light, for 1
hour. A solution of sodium 2-ethy1hexanoéte (1.53 g, 9.22 mH)-iﬁrEHF
(5 ml) was added, followed by THF (250 ml). The resultant precipitate
was filtered, under an argon blanket to exclude moisture, and washed
successively with small portions of THF (twice), and diethyl ether.
Crude product and NaHCO3 (1.5 g) were dissolved in water (100 ml), and
the solution chromatographed on HP20SS resin using a gradient elution-



Ms (El): 222 (NH)+ Reduction of the above nitro conmpound by the

met hod of Exanple 2, except that the solvent was nethanol, gave allyl

3-ami no-4- met hyl benzoate sufficiently pure for use w thout chromatography.

Nnr (‘DMSO-d[err]): [err] 2.10 (s, 3H); 4.74 (dt, 2H); 5.15 (br, 2H);

5.22-5.43 (m 2H); 5.93-6.12 (m.1H); 7.g4 (d, 1H); 7.11 (dd, 1H); 7.28 (d,

1H) . ~ : -79- Ms (Cl): 192 (VH) +;

209 (M + NH err])+ The above am ne was condensed with proline

aci d as Exarfitbe vhtepUtd fitewyaeyptatiteils q9t BphyAppioppistegfratitdais fwenen

di,chl or oSt BB dhe YxRLONTH 180 Y kRl Vin 66, 02 9,4 P A ¥Ea-

car bonyl - 2- (carbésyrbemstdul penyllcerhamoyl ipyreedidinr Lakthao) p§r (lohydraxy4-

yl thi oacet ate‘%h%lkg\-‘_rif-méﬁﬁ?) Sfﬂa?(eﬁlm-sm:&‘r%&yiﬁ QEEd,S Hisddium] saled 7 MaU (DHSRL,
ceitc asig-

1H); 2.26 (s, 2. - 2.80 (br, 1H): 3.30 (br,_1 3.93-4.08
(b 2ry | dg sAdeste ami-d i 1ad. (R 5 1x8s cldsaTih Buld (lbp: 1095 o2-3241) -
g. E738- 6. éSO(lmsqvm)l;aum'mdbr 1H3¥)2.87. &dd,( dH)5118) 18 dd? 1H)¢l, 3.86) (quin@ét( br,
(V0 o (D% Solpofddyy T3 371 (atantd Tt aioY niubb W ice o7 te, 47
deacet yl at edHandk.déndhys @) sni7t B9 (& bHbgn@néPlies pllds 8.85 Bardfde 1,

purifying by chromatography using a gradient from dichl oronethane to
di chl oronet hane/ ethyl acetate (1:1 give al |yl

(1R, 5S, 6S, sMs2(ye4FAR) 2 513 - @H) yi dRpcealidnyI3 (K 5| (Na, salt); 556 (M +
oxycar bonyl Ngj'hpt(MI phary! car bamoyl ) pyrrolidin-4-ylthio)-6-(1-hydroxy-
et hyl ) - 1- met hyl car b%penem 3-carboxylate. Nmw (DMSO-d[err] + acetic acid-
dierr], mx of rotaners): 6 1.16 (d, 3H); 1.18 (d, 3H); 1.98 (quintet, 1H);
2.27 (s, 3HrheZstirtiy matéhials. ete( prepatl] ;as3f@Aofss 1H); 3.56 (quin- tet,
1H); 3.95 (quintet, 1H); 4.02 (dd, 1H); 4.15 (quintet, 1H); 4.27 (dd, 1H);
4.48-4.70 (overlapping m 5H); 4.80 (d, 2H); 5.10-5.45 (m overlapping br,
6H); 5.81- 63tHethylogenitzpbenzginracidH); 7.38 (d, 1H); 7.75 (dd, 1H); 8.01
(br, 0.5H); 8.07 (br, 0.5H); 9.60 (br, 1H). _
3,5-Dimethylnitrobenzene (30 g, 0.198 M) was heated with stirring to
80° in a mixture of'pyridine (400 ml) and water (250 ml). KMnO, (62.7
g, 0.396 M) was added in portions over 0.75 hours, and heating
continued at 85-90° for 1.75 hours. The hot solution was filtered
through celite, washing with hot water (150 ml). The pink filtrates -
.were decolourised with a few drops of sodium metabisulfite, and
evaporated to dryness. The residue was dissolved in water (250 ml),
and extracted with diethyl ether (2 x 90 ml). The aqueous layer was
acidified (concentrated hydrochloric acid), and extracted with.ethyl
acetate (3 x 120 ml). Combined organic extracts were washed with
NaH2P04 solution, brine, and dried over Mgso, . Crude product was
. eluted through a pad of silica, using a mixture of ethyl
acetate/dichloromethane/acetic acid (25:25:1), to give 3-methyl-5-
nitrobenzoic acid (14.5 g, 40%Z), mp 171-172°. Nmr (DHSO-dG): $ 2.51

(s, 3H); 8.17 (s, 1H); 8.30 (t, 1H); 8.42 (t, 1H); 13.58 (br, 1H).
Ms (CI): 181 (MH)*

3-Hethyl-5-nitrobenzoic acid vas allylated as in Example 1,
except that purification by chromatography was unnecessary, to give



Ms (+ve FAB): 654 (MH)+ ; 676 (M + Na)+ Exanpl e 30

(1R /5S,6S,8R,2'S,4'S) - 2- (2-(3-Car boxy- 4- net hyl phenyl -

car banoyl ) pyrrolidi n-4-ylthio)-6-(1-hydroxyethyl)-1-nmethyl car bapenem 3-
carbokxylic acid, disodiumsalt was prepared using the techni que of Exanple
2, except that the DMF was replaced by DMeO. Nnr (DMSO-d[err] +

- 80 - acetic acid-d[err]): [err] 1.15 (d, 3H); 1.16 (d, 3H); 1.78 (dt,
1H); 2.48 (s, 3H); 2.60 (dt, 1H); 2.90 (dd, 1H); 321(dd 1H); 3.39
(quintet, 1H11 §3ne(tﬂ9|1-slhlitr&ezeoa(taw Nt c : 3 9% qu;rmgt; 4479 (a¢, 03

(1 T & L0 ot g 2%l s 1 7°+ﬂ8 %Qn ERT L L A

(Na[err] sals)e8 (dhangtarting materials were prepared as foll ows:

2- Met hyl -5-nitrobenzoic acid was allylated as in Exanple 1, except that
purification by chromatography was unnecessary, to give al I yl

2- net hyl - 5- niis (6Bkn233t @H) Nnv (DMSO-d[err]): [err] 2.65 (s, 3H); 4.84 (dt,
2H); 5.28-5.47 (m 2H); 599618(m 1H); 7.65 (d, 1H); 8.31 (dd, 1H);
8.57 (d, 1H). Vs CI 222 ( 099 (M + NH[err|§r

Reduction of the abo% vatie ¢y %Li’rl?a"%flf‘ﬁ‘é comp themihed of oy cept
that the solmbwvas, gE¥d1allyl 59anihoalindthplbvikzosre’ suffiiciphtlin pard Eor

S 10, SRy YT 0L O {0 6k, o
’ 2H); 4.78 (dt, 2H); 5.23-5.45 (m, 2H); 5.93-6.12 (m, 1H); 6.68 (t, 1H);
7.17 (t, 1H); 7.27 (t, 1H).

Ms (CI): 192 (MH)*; 220 (M + 02H5)+

The abové amine was condensed with proline acid as Example 4,
purifying by chromatography using hexane/ethyl acetate (3:1) as eluant,
to give (2S,4S)-1-allyloxycarbonyl-2-(3-allyloxycarbonyl-5-methyl-
phenylcarbamoyl)pyrrolidin-4-ylthioacetate. Nmr (CDC13): & 2.33 (s,
3H); 2.39 (s, 3H); 2.58 (br, 2H); 3.29 (dd, 1H); 4.02 (quintet, 1H);
4.13 (dd, 1H); 4.56 (t, 1H); -4.68 (dm, 2H); 4.82 (dt, 2H); 5.23-5.44
(m, 4H); 5.86-6.12 (m, 2H); 7.63 (s, 1H); 7.85.(s, 1H); 7.85 (s, 1H);

-9.09 (br, 1H). '

Ms (+ FAB): 447 (MH)Y

The above thioacetate was deacetylated and condensed with
carbapenem phosphate as Example 1, purifying by chromatography using a
gradient of dichloromethane/ethyl acetate (3:2 to 2:3), to give allyl
(1R,5S,6S,8R,2’S,4’S)-2-(1-allyloxycarbonyl-2-(3-allyloxycarbonyl-5-
methylphenylcarbamoyl)pyrrolidin-4-ylthio)-6~(1-hydroxyethyl)-1-methyl-
carbapenem-3-carboxylate. Nﬁr_?EDCI3): § 1.23 (d, 3H); 1.35 (d, 3H);
2.38 (s, 3H); 2.63 (br, 2H); 3.23 (dd, 1H); 3.27 (quintet, 1H); 3.46
(br, 1H); 3.78 (quintet, 1H); 4.00 (dd, 1H); 4.24 (overlapping m, 2H);
4.51 (t, 1H); 4.59-4.63 (m, 4H); 4.79 (d; 2H); 5.17-5.42 (m, 6H); 5.82~
6.09 (m, 3H); 7.61 (s, 1H); 7.73 (s, 1H); 7.99 (s, 1H); 8.87 (br, 1H).



2H); 5.93-6.12 (m 1H); 6.68 (dd, 1H); 6.95 (d, 1H); 7.12 (d, 1H). Vs
(A): 192 (MH)+;, 209 (M+ NHerr])+ The above am ne was
condensed with proline acid as Exanple 4, purifying by chromatography using
a gradient fromdichl oronethane to dichl oronet hane/ di ethyl ether (9:1), to
give (2S,4S5)-1-allyl oxy- -84 -

car bonyl - 2- (3-al | yl oxycar bonyl - 4- met hyl pﬁenyl car banoyl ) pyrrolidin-4-

yl thi oacetate. Nmr (DVMSO-d[err], mx of rotamers): [err] 1.91 (br m 1H);
2.33 (s, 3H); 2.76 (br m 1H); 3.28 (s overlapping m 4H); 4.00 (br m 2H);
4.38 (t, 1H); 4.51 (br, 2H); .,,78 (dt 2H); 5.01-5.46 (m overl appi ng br,

4H): 5. 68- 6. Y% (tve FABY§ 561 HEDDbr | 7.27 (d, 1H); 7.72 (dd, 1H:; 8.11
- (br, 0.5H); 8.05 (br, 0.5H); 10. 17(br, 1H).

- 81 - Vs é+ EAEE: 447 (MH)+; 469 (H + Na)+ The above

t hi oacet ate. tylated and condensed wi th carbapenem phosphate as

Examol e 1, ﬁuri fyi ng byI chroma';]ography using a gradient from
i chl oronet hane to / Lyl
(iR S8 8E § SR AR A0 eiabodly
oxycar ony| -phenglear PE rpihie) ¢ = (3111 =Xpe oXYy-
SE 2¥Li)1 Fg?éh}% x{éﬁpgr&fb &Egézeml adi%odnthlrrrsawwﬁ% épakbd "us'zlfﬁgtﬁh@ aci d-
: rt. o ure

2.79 (br, 1H5e°h§i%§ ggd‘”‘a'i'ﬂe% ridd "-‘J%Fw) %Bgﬁ ??Pg‘g%éd%%g“é"sglﬁ'@o
zllH?%é) j gé g lﬂgoed Zlghseuétéxﬁdédgb 3H) .184(&,5 6fidigl, 1. 99*)(br4014&1( obscided,

m -
| appi ng br, |_Q?B (1lglq (dfig %@d ‘{%QH@ QE}), §d ( Jﬂ%eé l\}g\!er

FAB) : 654 (M-J)ﬁl (167GHQM3+9NaQS-I-OVelE.)§ap(*n%m314H), 4.00 (quintet H); 4.21
(1R 5S, 6S, 8Rgerldbphg ,( 213858 Qe Yl "Biswy (R &yl car banoyl) -

s (+ve FAB): 556 (MH)®, (Na salt); 578 (MH)®, (Na, salt)
The starting materials were prepared as follows:

3-Methoxycarbonyl-5-nitrobenzoic acid was allylated as in
Example 1, except that purification by chromatography was unnecessary,
. to give allyl 3-methoxycarbonyl-5-nitrobenzoate. Nmr (DHSO-d6): § 3.97 .
- (s, . 3H); 4.91 (dt, 2H); 5.31-5.51 (m, 2H); 6.00-6.19 (m, 1H); 8.75 (t,
1H); 8.81 (d, 2H).

Ms (EI): 265 M*

Reduction of the above nitro compound by the method of
Example 2, except that the solvent was methanol, gave allyl 3-amino-5-
methoxycarbonylbenzoate sufficiently pure for use without chromato-
graphy. Nmr (DHSO-dG): 8 3.79 (br, 2H); 3.92 (s, 3H); 4.82 (dt, 2H);
5.26-5.46 (m, 2H); 5.94-6.14 (m, 1H); 7.53 (m, 2H); 8.07 (t, 1H).

s (CI): 236 (uH)*; 253 (M + NE)*

The above amine was condensed with proline acid as Example 1,
purifying by chromatography using a gradient from dichloromethane to



pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-nmethyl carbapenem 3-carboxylic

acid, disodiumsalt Al lyl _

(1R;5S, 6S,8R, 2'S,4'S)-2-(1-al |l yl oxycar bonyl -2-(3-al l yl -

oxycaf bonyl - 5- met hyl phenyl car banoyl ) pyrrol i di n-4-yl t hi o) - 6- ( 1- hydr oxy-

et hyl) - 1- net hyl car bapenem 3- car boxyl at e g; g, 4.59 nM and 2, 2-

'di met hyl - 1, 3- di oxane- 4, 6-di one (3.97 g, .6 M) were dissolved in a

m xture of DMSO (15 ml) and THF (5 nml), under an argon atnosphere, and

tetraki o(tr| pESYGUBREN/ALIARL Ao AL £Dg1fe 405y MamBAgRl The
gon Wt

solution was stirr under for 1 hour. A

rot ect on from’l i ght
sol ution of CAFRPR¥A-2- QWFMHB%H@Y}'P@S‘:@XYQQ@ nyiphenyl gﬂba("s}' P was
added, foll owadobwﬁbllf-;(ﬁﬁﬂoarsekatethenmeswbtvzpt. armeap(s ,2BH) waseb i (brer ed,

il por 1 o 5ot Eada BREE - SBT e coimaron tRpHERR, LS o pa s ip Y

NaHCO err] (4.58 (B, WM} £ 4168 s@my e2H)is;n4 v&it ¢dt( PHY; ri.R5-3%d (the 480} R.BOA

chromat ogr a 0 e en o
- 82 - fP‘g%@ ’erli"ﬁ?’o%$3 @/’ac@ioﬁgt?l(ﬂé% ?ﬁAS%{r.opr date fractions
were conbined and freeze-dried to give (1R 5S,6S,8R 2'S,4'S)-2-(2-(3-.

car boxy- 5- nqggn(l*pﬂg)ylmr I?mlgp_yrﬁq w;lﬁ 4-yl thio)-6-(1-hydroxy-
et hyl ) - 1- met hyl car bapenem 3-car boxyl iC aC| d, disodiumsalt. Nnr (DVBO
dierr] + acetic acid-d[err]): [err] 113(d 3H); 1.15 (d, 3H); 176(dt,

éLH) , 2.32 g S, 3;1) ; 52(5@, 4(32;141&910:@1:8%0@911- -J(Bl}alﬁlﬂlﬁyt(aidonsillﬂ)i-m&tﬁ . 0
ui nt et .3, U t t

(301 0. I8y Re sl S B By ehbacctad? 09910151y et 02
FAB) : 512 ( MHsselved\in STFt §30 9311, ey an afge etmdspbare, andsBiueps: meghyl-

(Na[err] salfypine (33 w/Arb 'ﬂgg'mé Qr hﬁ‘j YaiCidded! e%l?gn%swﬁglcloﬁ‘ﬁﬁmed for
3-Met hyl -5-nit roben20| c acid D net hyl ni trobenzene ‘iljd'g 2 hyg M was
)

heat ed wi t h 3HPEFS:ngnd Sodgensy Ffm‘f"i?da Mngt H‘F%idBF A Fﬂ?arﬁg ( !ﬁ‘a’ wat er
(250 m). KOk ed rakbid Ghd7efbrabrePeidh ethgl addesd.n TiY birgasico¥6lutdon 5
hours, and hw%%t {ras%ed with water, brine, aqueous NaHCO3 and dried over HgSO
Removal of solvents gave (2S,4S)-1-allyloxycarbonyl-2-(3-allyloxy-
carbonyl-5-methoxycarbonylphenylcarbamoyl)pyrrolidin-4-ylthiol (1.02 g,

93%). The thiol was condensed without further purification with

carbapenem phosphate as Example 1, purifying by chromatography using a

gradient from dichloromethane to dichloromethame/ethyl acetate (1:1),

- to give allyl (1R,5S,6S,8R,2’S,4’S)-2-(1-allyloxycarbonyl-2-(3-allyl-
oxycarbonyl-5-methoxycarbonylphenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-
hydroxyethyl)-1-methylcarbapenem-3-carboxylate. Nmr'(CDC13): é
1.24 (d, 3H); 1.37 (d, 3H); 2.64 (br, 2H);-3.26 (dd overlapping
quintet, 2H); 3.48 (br, 1H); 3.86 (quintet, 1H); 3.94 (s overlapping m,
4H); 4.25 (quintet, 1H); 4.29 (dd, 1H); 4.56 (t, 1H); 4.69 (m, 4H);
4.86 (dm, 2H); 5.19-5.46 (m, 6H); 5.85-6.13 (m, 3H); 8.46 (m, 3H); 9.18
(br, 1H).

Ms (+ve FAB): 698 (MH)'; 720 (M + Na)*

Example 33

(1R,5S,6S,8R,2’S, 4’S)~2-(2-(5-Carboxy-2, 4-difluorophenyl-
carbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-



continued at 85-90 for 1.75 hours. The hot solution was.filtered through
celite, washing with hot water (150 m ). The pink filtrates -were

decel ourised with a few drops of sodium netabisulfite, and evaporated to
dryness. The residue was dissolved in water (250 m), and extracted with
diethyl ether (2 x 90 m). The aqueous I?ﬁer was acidified (concentrated
hydrochl oric acid), and extracted with eflyl acetate (3 x 120 m). Conbi ned
organi c extracts were washed vvith [err] solution, brine, and dried over

[err]. t f | xture
of ethyl acg{aat e%gﬂ ordrrle ane a%g |c a@r%ﬁ?g@ D'R&Sﬁl% té@ln\q/gm%o?eth | - 5-
ni t r obenzoi cExample (214 lsnrg(DHﬂ%i imgcetdc agdd-d, hprd 1 5] $:9¢ émy] 2.51
(s, 3H); 8. x&SosteH}ed81ﬁ9 @811@11& 3.14 (d&H)m)133528 (JR{ 18}) 3.43 M5
(C): 181 ( 5-ni t f obenzoj ¢ id was allylated as
' Exapl e NRERH: Whad- FrBe | B0 $r9 by CuiiEstmt 7 il (S 0ERPre dBbbary.
to give 4.23 (dd, 1H); 4.43 (t, 2H); 7.29 (t, 1H); 8.54- (83 1H). allyl

3-nmet hyl -5-ni trobenzoate. N (Cril[err]) [err] 2. 53 (s, 3H); 4.87 (dt,
2H); 5.31-5.48 (m 2H); 5.99-6,13 (m 1H); 8.20 (s, 1H; 8.23 (s, 1H

8.68 (s, 1lHMs (+ve\iFABDI )5342Q21)(NI-()N3 salt); 556 (MH) Redl!@zt iseht)of the above
nitro conpound by the nmethod of Exanple 1, gave allyl

5-am no- 3- net hyl benzoate sufficiently pure for _use w thout chromatography.
Nnt  (CDCl [ er’he) starging “2‘:8’013(@ veyis) prepazgd (a5 follows: 4 78 (dt, 2H);
5.23-5.45 (m 2H); 5. 93 6. 12 (m 1H) 6.68 (t, 1H); 7.17 (t, 1H); 7.27 (t,
1H. M (CI)'. 92 ] err]) + The above am ne
was condens et Eshpl e 4, purifying by chromat ography
usi ng hexane/ et hyl acet ate (3 1) as el uant,

2,4-Difluorobenzoic acid (5 g, 0.031 M) was dissolved in

concentrated sulfuric acid (30 ml), and cooled to 0°. The mixture was
stirred, and fuming nitric acid (d 1.567 g/ml, 1.91 ml, 0.047 M) added
dropwise, keeping the temperature below 5°. After stirring for 3
hours, the mix was poured onto ice, and organics extracted into
dichloromethane (2 x 75 ml). The combined organic layers were washed
with water, dried'(HgSO4), and evaporated to give 2,4-difluoro-5-nitro-
benzoic acid (3.9 g, 61%). Nmr (DHSO—d6): $ 7.18 (t, 1H); 8.88 (t,
1H); 9.93 (br, 1H). .

-Hs (-FAB): 202 (M - H)™

2,4-Difluoro-5-nitrobenzoic acid-was allylated as in Example
1, except that the reaction time was only 1.5 hours, the DMF was
stirred over IR-120-H ion exchange resin before use, and purification
by chromatography was unnecessary, to give allyl 2,4-difluoro-5-nitro-
benzoate. Nmr (CDC13): & 4.88 (dt, 2H); 5.31-5.50 (m, 2H); 5.93-6.13
(m, 1H); 7.13 (t, 1H); 8.80 (dd, 1H).

Ms (EI): 265 M¥

Reduction of the above nitro compound by the method of
- Example 2, except that the solvent was methanol, gave allyl 5-amino-
2,4-difluorobenzoate, sufficiently pure for use without chromatography.



to give (2S,4S)-1-allyloxycarbonyl-2-(3-allyloxycarbonyl-5-nethyl -

phenyl car banmoyl ) pyrrolidi n-4-ylthioacetate. Nnr (CDCl[err]): [err] 2.33
(s, *3H); 2.39 (s, 3H); 2.58 (br, 2H); 3.29 (dd, 1H); 4.02 (quintet, 1H);
4.13 (dd, 1H); 4.56 (t, 1H); 4.68 (dm 2H); 4. 82 (dt, .2H); 5.23-5.44 (m
4H); 5.86-6.12 (m 2H); 7.63 (s, 1H); 7835} (s, 7.85 (s, 1H); 9.09 (br,
1H). = Ms (+ FAB): 447 (MH)+ . The above t hi oacetate was
deacetyl ated and condensed with carbapenem phosphate as Exanple 1,

pur It ; %/g H?Sbymmr(@ﬁ@i ol arzhmuamgm ;06261 qat, %) ¢l £2Pk0s YER(hanRR) £ld1Yh-

(1R 5S, 6S, 8RO 225 §?{32 ?%%ﬂyllﬁiy(?a%oﬁﬂ?“l B)-3- al I yl oxycar bonyl - 5-
nethylphenylcarbanoyl)pyrrol|d|n 4- yIthlo) 6- (1- hydr oxyet hyl ) - 1- et hyl -

SR L R %WQE@‘{ I 527 (quintel, 1H); 5 46

(br, 1H); 3.78 (quintet, 4.00 (dd, 1H) 4.24 (overlapping m 2H); 4.51
t, 1H); 4.59-4.63

gH); ??61 (s, 1H); ( %Adpove%lgeg@agggéﬂden ﬂ?ilighé% ?gﬂ gﬁ_ﬁ a¥ g}?ampéeoﬂ (m
- 84 - MsPYE g:u;ga\gy ctg'ggat(qaq? y usiegng gratient from d1chloromethane to

(ﬁR, 5|S, 6858I%ﬁh$ofon§)clh£xae(/aié thyTasaery &1?‘;E£t9>gieart9n¥§) -1-all loxy-

enyl car banp ro i 0 oxye

E ar bgpenem 3‘:%‘%%’ FK% a&?’ﬂf E‘?)‘Uﬁ)yt]m?*5%9#&5?%’@%?%&’%&%@%%““'

t echni que of4-§>1ah1:daeeﬁateexcnm (Cmﬂt )t h& 2D8F msmp,p&asaac(bby 2HYybQ. 38 dd,
DVSO-d d 6 1 9

(()bscuregjerrll ?14'? Eﬁfg{ff [@-r) W 3d?&‘£] &) 259 (&dl_h&) % 2% 2E}?ht et,

1H); 3.61 (n‘y 8_3_H§dt,32§D; (5522)'<ﬁe|49a¢!p| Al) sm> &H)G 13, @O ?H})Jl 6124 (tll-l)li),48,282

(overlappin %{%9 @@r tlH 1H); 8.50 (m 2H). Ms (+ve FAB): 556 ( MH)+,
(Na salt); [err] salt)

Ms (+ FAB): 469 (MH)¥; 491 (M + Na)*

The above thioacetate was deacetylated and condensed with
carbapenem phosphate as Example 1, purifying by chromatography using a
gradient from dichloromethane to dichloromethane/ethyl acetate (1:1),
to give allyl (1R,5S,6S,8R,2’S,4’S)-2-(1-allyloxycarbonyl-2-(5-allyl-
oxycarbonyl-2, 4-difluorophenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-

- hydroxyethyl)-1-methylcarbapenem-3-carboxylate. Nmr (CDCl3): [
1.25 (d, 3H); 1.38 (d, 3H); 2.62 (br, 2H); 3.24 (dd overlapping
quintet, 2H); 3.45 (dd, 1H); 3.88 (quintet, 1H); 4.03 (dd, 1H); 4.25
(quintet, 1H); 4.29 (dd, 1H); 4.57 (t, 1H); 4.68 (m, 4H); 4.82 (dm,
2H); 5.21-5.48 (m, 6H); 5.85-6.10 (m, 3H); 6.94 (t, 1H); 8.85 (t, 1H);
9.12 (br, 1H).

Ms (+ve FAB): 676 (MH)*; 698 (M + Na)*

Example 34

(1R,5S,6S,8R,2’S,4’S)-2-(2-(5-Carboxy-2, 4-dimethoxyphenyl-
.carbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-
carboxylic acid, disodium salt was prepared using the technique of
Example 2. Nmr (DHSO-d6 + acetic acid-d4): 8 1.20 (d, 6H); 1.95 (m,



The starting materials were prepared as foll ows:

3- Met hoxycar bonyl -5-ni trobenzoic acid was allylated as in Exanple 1, except
t hat- purification by chromat ography was unnecessary, to give allyl

3- net hoxycar bonyl - 5- ni t robenzoate. Nmr (DMSO-d[err]): [err] 3.97 (s, 3H);

4.91 (dt, 2H); 5.31-5.51 (m 2H); 6.00-6.gk9_(m 1H); 8.75 (t, 1H); 8.81 (d,
2H) . ~ Ms (El): 265 Mt Reduction of the above nitro conpound

by the nethod of Exanple 2, except that the solvent was nethanol, gave

al l'yl 3-ani npaft- ob®dutedy cianporydroedw,0atip; Vo8 i @agntH)y m.m_reeéad),r 1H$£ sy hout

chromat o- graph n. d rl)e Lexd] 3,79 (br, 2H): 3.92 (s, 3H);
4.82 (dt, gH?‘?“’%?Eg- é."ig\g% &ﬁ;; 1%).?95:%{ iﬂ“’(”rﬁe“ma,rtf%“ﬁf?' 21&‘1)5, 385%7 (t,
1H) . M (95 3EBS I.B6) (s, 2BB GM3 (Waiieret] ) HH); 4.2f1 (dd, blH)il'hHe3ab(n/,e2!i)‘r;'hne
was condenseg Li agid Exanpl e 1, purifying by chromat ography
using a grad?’e?r?t RF’r E)iwai%ﬁ'll'of%’rré?ihne to _

- 85 - di chl or onet hane/ di et hyl ether (9:1), to give (28548)-%;allyloxy-
car bonyl - 2- (18 qlby/| FaBY ¢ 3580 i) *S- (Il Boryga whphenih canbgyoy! ) -
pyrrolidi n-4-qut hi oacgt at-e. r”‘II\IHn)‘r (% [ie(?l)r] ?@Ferﬂn 3 B%Q(as,ﬁgl—l); 2.60 (br,
2H); 3.40 (dd, 1H); 3.94 (s, 3H); 4.04 (quintet, 1H); 4.14 (dd, 1H); 4.58
(t, 1H); 4. Ghhe( dtartiby;mateBbaXsdirere’lprepdredSas £6Y1dud: 4H); 5.85- 6.16 (m
2H); 8.36 (t, 1H); 8.43 (m 2H); 9.40 (br, 1H). Ms (+ FAB): 491 (HH) +;
513 (M + Na) +
(2S, 4S) - 1- Al 4,

d/car bonyl - 5- met hoxy-

A solution of sodium methoxide was prepared by dissolving
sodium metal (1.42 g, 0.062 M) in methanol (40 ml) with cooling. Allyl
2,4~-difluoro-5-nitrobenzoate (5 g, 0.021 M) was added and the mixture
was stirred for 2 hours. A solution of NaOH (2 g, 0.05 M) in water (10
ml) was added, and the mixture stirred at ambient temperature for 16
hours. Solvent was evaporated, the residue dissolved in water (50 ml),
and extracted with diethyl ether (40 ml). The aqueous layer was
acidified with sulfuric acid, and the precipitate filtered and dried to
give 2,4-dimethoxy-5-nitrobenzoic acid (4.23 g, 91%). Nmr (CDC13): 6
4.07 (s, 3H); 4.16 (s, 3H); 6.62 (s, 1H); 8.81.(s, 1H).

Ms (CI): 228 (MH)Y; 245 (M + naty*

. 2,4-Dimethoxy-5-nitrobenzoic acid was allylated as in Example
1, except that purification by chromatography was unnecessary, to give
allyl 2,4-dimethoxy-5-nitrobenzoate. Nmr (CDC13)= 8 4.02 (s, 3H); 4.04
(s, 3H); 4.79 (dt, 2H); 5.26-5.46 (m, 2H); 5.93-6.13 (m, 1H); 6.54 (s,
1H); 8.63 (s, 1H). '

Ms (+ FAB): 268 (MH)¥; 290 (M + Na)*

Reduction of the above nitro compound by the method of
Example 1, gave allyl 5-amino-2,4-dimethoxybenzoate. Nmr (CDCls): é
3.25 (br, 2H); 3.87 (s, 3H); 3.90 (s, 3H); 4.76 (dt, 2H); 5.22-5.46 (m,
2H); 5.93-6.12 (m, 1H); 6.47 (s, 1H); 7.29 (s, 1H).



car bonyl phenyl car banoyl ) pyrrolidi n-4-ylthi oacetate (1.2 g, 2.4 mm was
dissolved in THF (50 m) under an argon atnosphere, and aqueous nethyl -
amne (33%wWv, 0.51 g, 5.4 M) was added. Stirring was continued for 3
hours; and sol vent renoved. The residue was treated with 2M hydro- chloric
acid and extracted wth ethyl acetate. ng organi c solution was washed with
wat er ~ brine, aqueous NaHCO err] and dri over HgSO err]. Renoval of

sol vents gave (2S,4S)-1-allyloxycarbonyl-2-(3-allyloxy-

car bonyl - 5- met hoxycar bonyl phenyl car banoyl ) pyrrolidin-4-ylthiol (1.02 g,
93% . The thiol was condenged without further purification with carbapenem
‘phosphat e asMEX&Fb! 238 (M) fyi ng by chronatography using a gradient from
di chl oronet hane to di chl oronet hane/ et hyl acetate (1:1), to give allyl

(1R 5S,6S,8R,2'S,4'S)-2-(1-al |l yl oxycarbonyl -2-(3-allyl -

Oy car bonyl -5 et hox T8 AUGRE | BB A Foesed MSFh dreitse acid o Eymele
hydr oxyet hyl purifpixg by cehronpeopraplyy aatig aygraddient\rfirof Glichleramerhafecto] 1. 24
(d, 3H); 1.37; : , D 3126 LeapRi_Rg j t, 2H);
3.48 (br, 1 ﬁcg‘g‘.”é‘%l%q‘ﬁ‘?er{tgg‘?@hﬁ@% 5@' 1(%5 %@%ﬁ?%ﬁ‘&?ﬁ%m'i ﬁ%y;lgﬁf%

(qui ntet, 1Hyarbanyb-2(-{5ally}oxysaspnyl-2,f-imerthgzyphenylearbanoydd pyeralidin-
5.19-5.46 (nl-gﬁhhioaiegéceﬁ- Tinod f(bn@a@i 82482 (8, )5 2%9&pebrimyit.es (b6
(+ve FAB): 69 (l\/:2+; 720 SM+ Nalfo Exang:‘lre 33 )

(1R 5S, 6S, SRE;S3405(dd, 1) § 3-81, uxJiDs 2-% 1(FacdBEnéRA (quintet, 1H);

car banoyl ) pys gl '(@l_i,niﬂ)yld.t.g]} o)t, 61K)%- byl qiy eam)y| § -77- (it ,hRHYAShaAPS&E6} (n,

- 86 - carpaxylig acid, di sodi al t . R ed,Msi gg t ni que of
Exanpl e 2. ﬁﬁf %[@Sg}'%{je(rmrTve%qggﬁn%ctﬁc?@fﬁﬁégg]a()’s:’ fﬁ’r?ié ggr(gﬁﬁﬁ—b;
1.96 (m par8.83bésud8d, 1H); 2.81 (m 1H); 3.14 (dd, 1H); 3.27 (dd, 1H);
3.43 (quintet, 1H); 3.73 (m 1H); 3.91 (quintet, 1H); 4.04 (quintet, 1H)
4.23 (dd, 1H); 4.43 (t, 2H); ;.29 (t, 1H); 8.54 (t, 1H). Ms (+ve FAB):
534 (NH) + ,?ﬁﬂé"‘s%@)’;‘%@"{‘hﬂ—i) +, (Na[err] salt)

The above thioacetate was deacetylated and condensed with
carbapenem phosphate as Example 1, purifying by chromatography using a
gradient from dichloromethane to ethyl acetate, to give allyl
(1R,58,6S,8R,2’S,4S)~-2-(1-allyloxycarbonyl-2-(5-allyloxycarbonyl-2, 4-
dimethoxyphenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-
methylcarbapenem-3-carboxylate. Nmr (CDC13)= § 1.22 (d, 3H); 1.36 (d,

" 3H); 2.48 (br, 1H); 2.65 (br, 1H); 3.23 (dd, 1H); 3.28 (quintet, 1H);
3.43 (dd, 1H); 3.80 (quintet, 1H); 3.91 (s, 3H); 3.92 (s, 3H); 4.09
(dd, 1H); 4.24 (quintet, 1H); 4.27 (dd, 1H); 4.51 (t, 1H); 4.66 (m,
4H); 4.77 (dt, 2H); 5.20-5.45 (m, 6H); 5.83-6.11 (m overlapping br,
3H); 6.49 (s, 1H); 8.45 (br, 1H); 8.82 (s, 1H).

Ms (+ve FAB): 700 (MH)+

Example 35 )

(1R,5S,6S,8R,2’S,4’S)-2-(2-(5-carboxy-2-cyanophenyl-
carbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-
carboxylic acid, disodium salt was prepared using the technique of
Example 2, except that the DMF was replaced by DMSO. Nmr (DHSO-d6 +
acetic acid-d4): 8§ 1.17 (d, 6H); 1.83 (m, part obscured, 1H); 2.62-2.79



The starting materials were prepared as fol | ows:

2,4-Difl uoro-5-nitrobenzoic acid 2,4-Difl uorobenzoic acid (5 g,
0.031_M was dissolved in concentrated sul furic acid (30 mM), and cooled to
O[errI The m xture was stirred, and fumng nitric acid (d 1.567 g/m, 1.91 .
m, 0.047 M added dropw se, keeplng theghenperature below 5. After
stirrkng for 3 hours, the mx was poured onto I ce, and organics extracted
into dichloronethane (2 x 75 m). The conbined organic |ayers were washed
wth water, ehfi Va r.ageq Diree, 21 03 fdeupgiineed) t 1 O-
benzoic acid HN ?ﬂaﬂﬂ‘ﬂgq § }%\Is wé\ggb%g r ?r{d]d 7 Hg gt J(N, § 88 (t,
1H): 9.93 (blf ’1% thFA@) 'Hl 4. 1 79 {a) 2d
2,4-E]fluoroeﬁﬁh(i;qhen20|c acid was allylated as in Exanple 1, except

that the reaction tinme was only 1.5 hours, the DMF was stirred over

| R-120-H i on exchange resin before use, and purification by chronatography
was unnecessis (#ve FAB) ve523| (NH) 2, @adsalt)or 0545 (MEY'o- (Npnsedtle. Nnv
(cbclerr]): [err] 4.88 (dt, 2H); 5.31-5.50 (m 2H); 5.93-6.13 (m 1H);

7.13 (t, 1H, 8.80 (dd, 1H. Ms (EI): 265 Mt Reduction of the
above nitro %ﬁ‘é%ﬁdnswatq%i#i’ét Wexe remargdds £911e¥scept that the sol vent
was net hanol , gave allyl 5-am no- 2,4-difluorobenzoate, sufficiently pure
for use mnthg chro tqﬁia :

- 87 - iﬁ&}—%g%l (br, 2H); 4.81 (dt, 2H); 5.26-5.48 (m
2H); 5.92- 6.12 (m 1H); 6.83 (t, 1H); 7.38 (dd, 1H). Ms (Cl): 214 (MH) +;

231 (M+ NH{err])+ 4~Chloro-3-nitrobenzoic acid (5.84 g, 29 mM), cuprous cyanide
(5.2 g, 58 mM), cuprous chloride (0.96 g, 9.7 mM), and quinoline (6.9
ml, 58 mM) were heated under an argon atmosphere at 180° for 3.5 hours.
After cooling, the mixture was dissolved in concentrated hydrochloric
acid (60 ml), diluted with water (80 ml), and extracted with ethyl
acetate (3 x 100 ml). The combined organic layers were washed with

NG

aqueous NaH2P04, brine, and dried over HgSO4. Crude product was
purified by chromatography on silica, eluting with a mixture of di-
chloromethane/acetic acid (98:2), to give 4-cyano-3-nitrobenzoic acid
(2.65 g, 48%). Nmr (DHSO-d6)= § 8.31 (d, 1H); 8.41 (dd, 1H); 8.68 (d,
1H). .

Ms (EI): 192 M*

The above nitro acid was allylated essentially as in Example
1, purifying the crude product by chromatography on silica, using an
eluant of hexane:ethyl acetate (6:1), to give allyl 4-cyano-3-nitro-
benzoate. Nmr (CDCl3): 8 4.93 (dt, 2H); 5.37-5.50 (m, 2H); 5.97-6.13
(m, 1H); 8.03 (d, 1H); 8.46 (dd, 1H); 8.94 (d, 1H).

Ms (CI): 221 (MH)*; 250 (M + NH)*

Reduction of the above nitro compound by the method of
Example 1 gave allyl 3-amino-4-carbamoylbenzoate, recrystallised from
ethyl acetate/petrol, mp 149-150°. Nmr (DHSO—dG): é 4.77 (dt, 2H);
5.25-5.43 (m, 2H); 5.96-6.11 (m, 1H); 6.72 (br, 2H); 7.04 (dd, 1H);



The above am ne was condensed with proline acid as Exanple 1, purifying by
chromat ography using a gradi ent from dichl oronethane to

di chl oromet hane/ di ethyl ether (9:1), to give (2S,4S)-1-allyloxy-

car bonyl - 2- (5-al | yl oxycar bonyl - 2, 4- di f | uor ophenyl car banmoyl ) pyrrol i di n-
4-ylthioacetate. N (CDCl[err]): [err]gqg.33 (s, 3H); 2.63 (br, 2H); 3.39
(dd, 3H); 4.04 (quintet, 1H); 4.14 (dd, 1H); 4.59 (t, 1H); 4.66 (dt, 2H)
4.83 (dt, 2H); 5.22-5.49 (m 4H); 5.84-6.13 (m 2H); 6.94 (t, 1H); 8.82 (t,
1H); 9.22 (r.251the, 1H)NS 7(35 HAR) 1H)469. d3Vi(ld;+ 1) 4 97 8¢ M br, Nt The
above thioacetate was deacetyl ated and condensed with carbapenem phosphate
as Exanpl e 1, purlfylng+by chromat ography using a gradient from

di chl or omet HEn¢EI)s @2@M or onet hane/ et hyl acetate (1:1), to give ally

(1R 5S,6S,8R 2" S, 4'S)-2-(1-al |l yl oxycarbonyl -2-(5-allyl -

oxycar bonyl - 2, 4- d|f|uorgghenylcarbanDyI)pyrroI|d|n 4-ylthio)-6-(1-

hydr oxyet hyl) - 1- met h{he aPe¥h aBing ¥as Landegsas with prelinepmid ps|Bxample 1}

1 25 (d, 3H uri—fﬁ&g(ﬂy chibmatd §2ph§'bﬁsin%|'ﬁnex§e2éﬂ(ydd %Eéagph?&oqgiﬁ et,

4 29 ?ng (H%S é‘!% %lclyqiﬁ% Eg 8n{H5) &ila}yloﬁéarkoan} ?zﬂyrbaawﬂﬁj%?lxh-(

6H); 5.85-6. ch@binnylSWtroﬂiid&iAa—(ﬂ-ylthﬂ:bace&aﬁé. ( Nmr l(ld)JC139, h2x (dF rotdners): g6

FAB 7 3
(1R 55, 65, o8-3° S ftafer, "1 40 08) ;s S B dmy s e2) 0d, 1m0; 4.3
car baroyl ) py(ltls olH)di ﬁ 20. (bx W,01BB- ¢15hy(ddoxd0s N46)L- (brvelRYi daBha(de n2Hi;:3-
carboxylic acpgl.s dbsﬂﬂ'o%i-ﬁiisbi 232, pmpas% aswqmtweﬂzgmg ﬁ QﬁbExarml e

2. Nnr (DVB + acetic. acid-d
- 88 - parﬁrSgb@Eurb‘H’ 91§ (Ereiﬁldﬂ 51%31’1' dé‘])édﬂ'nl 3( B0 1H)
3.41 (br m, 1H); 11.68 (br, 0.5H); 12.06 (br, 0.5H).

Ms (+ve FAB): 476 (MH)'

(ZS,4S)-1-A11yloxycarbony1-2-(5-allyloxycarbonyl-2-cyanopheny1-

carbamoyl)pyrrolidin-4-ylthioacetate

DMF (0.2 ml, 2.5 mM) was dissolved in acetonitrile (10 ml),
cooled to -5°, and treated with oxalyl chloride (0.2 ml, 2.3 ml).
.After stirring for 30 minutes, a solution of (2S,4S)- l-allyloxy-
carbonyl-z (5-allyloxycarbonyl-2-carbamoylphenylcarbamoyl)pyrrolidin-4-
ylthioacetate (1 g, 2.1 mM) in acetonitrile (15 ml) was added, followed
by pyridine (0.38 ml, 4.6 mM). After 15 minutes, the ﬁixture was
diluted with ethyl acetate (200 ml), washed with hydrochloric acid (2H,
20 ml), water, aqueous NaHCO3, and brine, and dried over NaZSOA. Crude
product was purified by chromatography using a gradient from dichloro-
methane to ethyl acetate to give (2S,4S)-1-allyloxycarbonyl-2-(5-
allyloxycarbonyl-2-cyanophenylcarbamoyl)pyrrolidin-4-ylthioacetate (0.9
g, 93%). Nmr (CDCl;): & 2.32 (s, 3H)j 2.63 (br, 2H); 3.46 (dd, 1H);
4.06 (quintet, 1H); 4.16 (dd, 1H); 4.64 (t, 1H); 4.71 (dt, 2H); 4.85
(dt, 2H); 5.22-5.47 (m, 4H); 5.87-6.14 (m, 2H); 7.67 (d, 1H); 7.87 (dd,
1H); 8.96 (d, 1H); 9.42 (br, 1H).

Ms (+ve FAB): 458 (MH)+; 480 (M + Na)¥



(qui nt et , 1H); 3.71 (dd, 1H); 3.87 (quintet, part obscured, 1H); 3.91 (s,
3H); 3.96 (s, 3H); 4.03 (quintet, 1H); 4.21 (dd, 1H); 4.39 (t, 2H); 6.76
(s, *1H); 8.44 (s, 1H). Ms (+ve FAB): 558 (MH)+, (Na salt); 580 ( M)+,
(Na[efr] salt) The starting materials were prepared as foll ows:

2, 4- Di met hoxy- 5- ni trobenzoic acid A solution of sodium

rret hoxi de was prepared by dissol ving sodPan net al (1.42 g, 0.062 M in
met hanol (40 m) with cooling. Alyl 2,4-difluoro-5-nitrobenzoate (5 g,
0.021 M was added and the m xture was stirred for 2 hours. A solution of
NaOH (2 g, 0.05 M in water (10 m) was added, and the m xture stirred at
anbi ent tenperature The abevédinicaceSate aias drasetyltated ;andy condensed siighe

di ssol ved i rba%sﬁéneﬁ%&bhat@ad Pﬁétled pitieyinl dhiroRbbsiraphy udling alhe

aqueous | ayer was acidified wt furic cid, and th tate
flq| t ered a%oSrGF’ii%‘tF tf6°'b|‘ﬁ'é JZ’r&mﬂFWhEB(ftBYa}mlaPFB’cﬁ?nE% 5? gc?e"&’ﬁlél 23 g, 91%.
Nm (CDC1[ er(r1]R),5sIesr,Bk,24'sQE' )s-2- Ballylok§cirhong2- (8-AAylexychkbonyd-34 (s,

2 4 D net ho%f)tg W@Fg’%@ﬁg gékg’&r\ﬂés A Il'yr/ﬁtiﬁea) as (ll?l ygo%ﬁthyp- except

t hat purifi wthphdryapétmn&{uagbawiytwas Nonng®Eigker B, 1124 ¢dyaHab |1:B5 (d,

f;*gbm o 'éorggﬁe 269 3. zg‘ln(d(i( wﬁ)hﬁﬁidg) quirtet] (241)023H) {52 (B wfs 04
8.63 (s, 1H)3- 8g (iptetsARH); 2'692(ﬁm)+lﬂ)290 Fv(quigte, 1 "4 228 (dd’Rééchtuon’

gf t he alz)oza,d%uﬁ:,cmpguwtzhxst(ui; ,MBAY} (i)E_Sl nd- sExes[TRine 6H); gﬂm-alilyl(m, 5 g7
ani no- | e er .
(s, 3H): 3.9 6§H¥‘? 713@ Pg\wé‘ﬁycﬁg’zg @AB T (§h i‘bﬁﬂ 2545 @(m 1H);
6.47 (s, 1H); 29 (s, 1H.

Ms (+ve FAB): 665 (MH)+; 687 (M + Na)*

Example 36

(1R,5S,6S,8R,2/S,4’S)-2-(2-(3-carboxy-5-fluorophenyl-
carbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-
carboxylic acid, disodium salt was prepared using the technique of
Example 2, except that the DMF was replaced by DMSO. Nmr (DHSO-d6 +
acetic acid-d4): 8§ 1.20 (d, 6H); 1.99 (dt, 1H)y 2.91 (dt, 1H); 3.26 (dd

" overlapping m, 3H); 3.42 (quintet, 1H); 3.74 (dd, 1H); 3.96 (quintet,
1H); 4.04 (quintet, 1H); 4.22 (dd, 1H); 4.41 (t, 1H); 7.43 (dm, 1H);
7.81 (dd, 1H); 8.00 (t, 1H).

s (+ve FAB): 516 (MH), (Na salt); 538 (MH)', (Na, salt)
The starting materials were prepared as follows:

3-Fluoro-5-nitrobenzoic acid

A vigorously stirred slurry of nitrosonium tetrafluoroborate
(3.53 g, 30.2 mM) in acetonitrile (50 ml) under an atmosphere of argon
was cooled in an ice bath, and 3-amino-5-nitrobenzoic acid (5.0 g, 27.5
: mM) was added in three portions. The temperature was then allowed to
rise to ambient, and the mixture was stirred for 48 hours. 1,2-Di-



- 89 1 Ms (Cl): 238 (MH)+ The above am ne was condensed with
proline acid as Exanple 4, purifying by chromatography using a gradient
from di chl oronet hane to di chl oronet hane/ di et hyl ether (4:1), to give

(2S, 48)-1-al | yl oxy-

car bonyl - 2- (5-al | yl oxycar bonyl - 2, 4- di net yphenyl car banmoyl ) pyrrol i di n-

4-yl t ki oacetate. Nm (CDCl[err]): [err] 2.32 (s, 3H); 2.49 (br, 1H); 2.64
(br, 1H); 3.40 (dd, 1H); 3.91 (s, 3H); 3.93 (s, 3H); 4.00 (quintet, 1H);

4.17 (dd, 1|'Q:h104'o§é1zfehe g4 mlfl -t i‘tﬂiedm'gnd écgt?miﬁiii:le%'ﬂstlilé@'ﬁonﬂ@:h(am
4H); 5.80-6.14 (m over

1N
(s, 1H).  MEXEpTe g rei@% %msﬁure- e mixtbig, g2 5958 RaFEACA 2007 JRE
deacet yl at ed3aridnﬁeéuietaﬁad gustévomathmnwrmam phfder ocolingimike @kix was

pur Y19, DY bG8 Q0BAANN rbaleiing @615 add 808Hcebh UiRiikiRRS 1O othY!
(1R 5S, 6S, 8R$c21u$;mn8) Afterl batk washi}ml:b@raﬂhe@ﬁ( phage yi'dxylcahmetl@m
di met hoxyphepy '»ﬁ@@&rﬁ‘iﬂé@%ﬁq{ﬁ@b& H;:Yét §8) Qnﬁ]oﬂr@m{&’(léﬁ{:( d]viith

met hyl car bapenem 3- car bo err 3H); 1.36
(d, 3H); 2.4ethydacenafe @y 651*2%#"1)-1 e ropbin ora_qrr)ic layegs (VRFenvashed ) ) -
?i—l;l?, S, dg4 %Wlth?bgﬁld,qwxdﬂd&%ed be%r 1892 (%ru@d")pro&c%zwiéS puﬁﬁmedjlla_gm S, d(;7

; | nte .
(s oy S Sashography of STu4eaS ooy izt of xpdiehy fon gigfiogdds
1H); 8.45 bnethhh&/ac&tw acsd (99:1) toIVHn(hﬂsoeoxreftﬁ)me/ﬁfsﬁptdud)ml/acﬁxwpicéd35
1R 5S, 6S, 8 gﬂgﬁ
E:ar banoy! )pﬁér)oo? )rf 53 ]t%ﬁ(iﬁg[’?@&ndroxyet yl lf- r(ret% Féarlgzgpenem 3-
car boxylic aﬁmﬁo-d%)éoél 4sé¢!: WHEs yﬁréba&déd 15 n®- 46n émy é@hnl que of Exanpl e

2, except that the DMF was replaced by DVMSO Nnr (DVBO-d[err] + acetic

aci d- d[err])H [(%I)r] 1}3517.,L(d 6H); 1.83 (m part obscured, 1H); 2.62-2.79

Allyl 3-fluoro-5-nitrobenzoate

3-Fluoro-5-nitrobenzoic acid (3 g, 16.2 mM), p-toluene-

sulfonic acid (1.54 g, 8.1 mM), and allyl alcohol (50 ml) were heated

- to reflux, passing the distillate through 33 molecular sieves, for 16
hours. After cooling, the mixture was neutralised with triethylamine,
- and solvent removed. The residue was dissolved in ethyl acetate,
washed with 2M hydrochloric acid, aqueous NaHCO3, and brine, and dried
over HgSO4. Crude product was purified by chromatography on silica,
using a gradient elution from dichloromethane to ethyl acetate/di-
chloromethane (3:1), to give allyl 3-fluoro-5-nitrobenzoate. Nmr
(CDC13): 8 4.89 (dt, 2H); 5.33-5.49 (m, 2H); 5.95-6.15 (m, 1H); 8.11
(m, 2H); 8.70 (t, 1H).

s (CI): 226 (MH)'; 253 (M + C,H)"

Reduction of the above nitro compound by the method of
Example 1 gave allyl 3-amino-5-fluorobenzoate. Nmr (CDC13)= $ 3.89
(br, 2H); 4.79 (dt, 2H); 5.25-5.45 (m, 2H); 5.92-6.12 (m, 1H); 6.54
- (dt, 1H); 7.07-7.15 (m, 2H).



- 90 - (overlapping m 2H); 3.18 (dd, 1H); 3.41 (quintet, 1H); 3.66 -
(quintet, 1H); 3.98 (quintet, 1H); 4.07 (dd, 1H); 4.17 (dd, 1H; 7.79 (m
2H) 5 867(5 1H). Ms (+ve FAB): 523 (MH)+ , (Na salt); 545 (MH) +,
(Na[err] salt) The starting materials were prepared as foll ows:

4- Cyano- 3- ni trobenzoic acid _ 4ChI oro-3-nitrobenzoic acid (5.84
g, 29-mM), cuprous cyanide (5.2 g, 58 , cuprous chloride (0.96 g, 9.7

mV), and quinoline (6.9 nm, 58 nV) were heated under an argon atnosphere at
180[err] for 3.5 hours. After cooling, the m xture was dissolved in
concentrated hydrochloric acid (60 m), diluted with water (80 m), and
extract ed wHsh(@)hyl9&d¥Bhte (3 x 100 m ). The combined organic |ayers were
washed wi th aqueous [err], brine, and dried over [err]. Crude product was

urified by chromatogra on silica, eluti th_a.m xture_of
(F:)hl or onet h)a/me/ acetic EEX 8ne I"’ﬁ) cﬁf’e%‘sfgg‘fliavgﬁ'op?al F)r(%ct)iéln%%lnxgm 1%L 2. 65
g, 48% . Npuri{fHVog i ehrc}n)atogmph]y @sidg £ gradignt Eroml dickloromgthagec® (d,
1 ted
e;?sent iall yﬁgéhllo#géimkanfldifth ! etpe %Saﬁﬁv [Ef'%o %C:ljg et ir%lgr;gt ggr aphy

on silica, agrb@yanzeﬂ%aml@ww)ban@%rﬁworae@raﬂeaxt@mmyl)%rﬂ Addnagy |
4- cyano- 3- ng; o1 0aB80FARA! ENmr Eﬁm ?Nhesz]()s 31950 b.3b QB M) ; 2348 Bd37-5. 50

Eg ) 2H)2215(|W|)» 4. QQg&WFlIQNH h]’*)£3 (]dl‘_’l) 13 4. *‘%ﬂﬁui‘%m‘%ﬁ“ ‘#@ 5%& \e

ni tro conpoung?2 pdet heH)Fes [esds5046 Iimanzpi)e 9.88a6ellal(y|2H); 6.47 (dm, 1H);
3-am no-4-car I ecr algl fr ethyl acetate/petrol, np
149- 150. Nzrp?g%éop‘ﬁ[ ?a‘?f(dé 3t5§§§)‘ B 5 43 (m 20 5 966 11
(m 1H); 6.72 (br, 2H); 04(dd 1H)

Ms (+ve FAB): 451 (MH)*; 473 (M + Na)*

The above thioacetate was deacetylated and condensed with
carbapenem phosphate as Example 1, purifying by chromatography using a
gradient from dichloromethane to ethyl acetate to give allyl

" (1R,58,6S,8R,2S,4’S)-2-(1-allyloxycarbonyl-2-(3-allyloxycarbonyl-5-
fluorophenylcarbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methyl-
carbapenem-3-carboxylate. - Nmr (CDCl3): 8 1.24 (d, 3H); 1.36 (d, 3H);
2.63 (br, 2H); 3.26 (dd, 1H); 3.29 (quintet, 1H); 3.48 (br, 1H); 3.81

- (quintet, 1H); 3.97 (dd, 1H); 4.27 (dd overlapping m, 2H); 4.54 (t,
1H); 4.62-4.76 (m, 4H); 4.81 (dt, 2H); 5.20-5.46 (m, 6H); 5.85-6.10 (m
overlapping br, 3H); 7.48 (dt, 1H); 7.83 (br s, 1H); 7.88 (dt, 1H);
9.18 (br, 1H).

Ms (+ve FAB): 658 (MH)+; 680 (M + Na)*

Example 37

(1R,58,68,8R,2’S,4’S)-2-(2-(3-carboxy-N’-meth&lphenyl—'
carbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-
carboxylic acid, disodium salt was prepared using the technique of
Example 2, except that the DMF was replaced by DMSO, and product was
purified by chromatography on a CHP20P column, eluting with water. Nmr
(DHSO-d6 + acetic acid-d4, run at 50°): & 1.12 (d, 3H); 1.18 (d, 3H);



- 91" 7.25 (br, 1H); 7.35 (d, 1H); 7.63 (d, 1H); 7.87 «(br, 1H). Vs
(El): 220 M+ The above am ne was condensed with proline acid as
Exanpl e 1, purifying by chromat ography usi ng hexane/ ethyl acetate (1:1) to
give (2S,4S)-1-allyl oxycarbonyl - 2- (5-al | yl oxycar bonyl - 2- car banoyl phenyl -
car banoyl ) pyrrolidin-4-ylthioacetate. Nnr (CDCl[err], mx of rotamers): 6
2.25 ¢quintet, 1H); 2.28 (s, 3H); 2.82 (5P,'1H); 3.52 (dd, 1H); 4.13 (t,
1H); 4.20 (br m 1H); 4.52 (dd, 1H); 461(br 2H); 4.85 (d, 2H); 501548

(m overl appi pi 2 5 o

6.89 (br, Hy%P‘Bﬁ’%‘P %qﬁ r'7lé{; 2eit n‘? %rig’biéd F%d tnp? %l(f
(br, 0.5H); é6fexlapping mQ. HH). 3.65MEbx,+18) +ABPS msntmverlappmg m, 2H);
(2S,4S)-1-A arkqQny I b n enyI
car banoyl )py’??i & 2@ }3% g%e?gwpyycﬁ’ 2 72';Dlv?gﬁ 2.5 M) was
di ssolved in acetonltrlle (10 m), cooled to -5, and treated mﬁth oxal yl
chloride (0.#s{4ve2rab)aMi12 AET, hd Isalep; f 634 ?(m’fmme;,saat;ol ution of
(2S,4S)-1-all yl oxy-

car bonyl - 2- (5-al | yl oxycar bonyl - 2- car banmoyl phenyl car banoyl ) pyrrol i di n- 4-

yl t hi oacet at thd ktgrtihglmatdrials aeeé qreparddeag Ifolidbys:was added, fol | owed by
pyridine (0.38 M, 4.6 M. After 15 mnutes, the mxture was diluted with
et hyl acetate (200 n1) mashed W th hydrochlorlc acid (2M 20 m), water,
aqueous [ er r Allydngd-ngthydanin poabe [err]. Crude product was purlfled
by chromat ography using a gradient fron1d|chloro- nmet hane to ethyl acetate
to give (2S,4S)-1-allyloxycarbonyl - . .

al | yl oxycar bonyl - %ﬁ %W*Wﬂ%ﬂﬁ?ﬁl S%ﬁr’r%ﬁ'izdm)- Fag) sglred dptiip. 9 g,
93% . Nnv (Cmib{EB{'l}ﬂofo{:ﬁﬂ’e] (50 32) (and BHEludrddethe ,ac28l) (5 drds)(das 1H);

2Hy: 522-5. B9l 9 FoLihn o) srdndd, o rdihoced o) phfbughtsh mofelligh

8.96 (d, 1FD$iéw942f(ﬂ)5 hdhs. Solvent was removed, and the residue dissolved in
ethanol (50 ml), followed by the addition of acetic acid (8.08 ml) and
sodium cyanoborohydride (6.85 g, 0.108 M) in several portions. The
mixture was stirred at ambient temperature for 16 hours, and solvent

removed. The residue was dissolved in diethyl ether, washed with
water, brine, and dried over ngsoa. Crude product was purified by
chromatography on silica, eluting with a gradient from dichloromethane
to dichloromethane/ethyl acetate (95:5), to give allyl 3-methy1amino;

"_benzoate (0.93 g, 174). Nmr (CDC13): 8§ 2.88 (s, 3H); 4.81 (dt, 2H);
5.23-5.45 (m, 2H); 5.94-6.13 (m, 1H); 6.83 (dd, 1H); 7.25 (dd, 1H);
7.33 (t, 1H); 7.43 (dm, 1H).

Ms (CI): 192 (MH)*

The above amine was condensed with proline acid as Example 1,

purifying by chromatography using a gradient from dichloromethane to
" dichloromethane/diethyl ether (4:1) to give (2S,4S)-1-allyloxycarbonyl- ~

2-(3-allyloxycarbonyl-N’-methylphenylcarbamoyl)pyrrolidin-4-ylthio-
acetate. Nmr (CDClB, mixture of rotamers): & 1.93 (m, 1H); 2.32 (s,
3H); 2.48 (m, part obscured, 1H); 3.28, 3.31 (2 x s, 3H); 3.40
(quintet, 1H); 3.76 (m, 1H); 4.01 (m, 1H); 4.24 (m, 1H); 4.50-4.74 (m,
2H); 4.86 (d, 2H); 5.18-5.48 (m, 4H); 5.84-6.13 (m, 2H); 7.38-7.68 (m,
2H); 7.90-8.11 (m, 2H).



Ms (+ve FAB): 458 (MH)+; 480 (M + Na)+ .

-92- The above thioacetate was deacetyl ated and condensed with
car bapenem phosphate as Exanple 1, purifying by chromatography using a
gradi ent from di chl oronet hane to ethyl- acetate to give allyl

(1R, 5S,6S,8R 2'S,4'S)-2-(1-al |l yl oxycar bopyl - 2- (3-al | yl oxycar bonyl - 2-

met hoxyphenyl car banoyl ) pyrrol i di n-4-yl fhi'o)-6-(1-hydroxyet hyl)-1-

nmet hyl car bapenem 3- carboxylate. Nm (CDC[err]): [err] 1.24 (d, 3H); 1.35
(d, 3H); 2.60 (br 2H) 3 25 (dd overl appi ng qui ntet 2H); 3.52 (br, 1H);
3.88 (quintet, édd 15, 4. 255‘583q| nt et 4.28 (dd, 1H);
4.55-4.74 (M§ GWﬁ FAIB)SS’*Q t(MHY}y) 46% M+ Na6g (m 6H) '5.83-6.11 (m 3H):
7.65 (dt, 1H); 787(dd 1H) 9.00 (br s, 1H); 9.25 (br, 1H). Ms (+ve
FAB): 665 (MH) +; 687 . _Exanpl e 36 .

(1R, 5S, 6S, 8R, 2' S, &' s?heza'e‘zve( gh’c%FBB%&?- K35 [degreiyflaksy and condensed with

car banoyl ) pyatbdpetien-phoygplidtieods Exqipley 8y purdfying) bit -chrthatogaapiypusing 8-

b | f Ex |
52 oxeupt v AEpdient R HLAB:bneiind SPROBA Lot §%\/§gd%rﬁje+oacet e
aci d- d[ er r ] X1R[ 5,65, 8R,205 (&I S)&ﬁ(l-ilmomatbqn)l 29 33'@1})1%01‘5'%5'30“31‘23 ~(dd

over | appi ng t@t ﬁgmnﬁcﬁgb&ﬁgﬂmf&oﬂdﬂ» ~(i &ﬁﬁhﬁmﬂlﬂﬁ@h y11H) ;

- 4.04 (quinte 4.41 £01 gdd
11y 8700 cahapphen- S abargLases) | Nas dCPRky itz ok epEamessh!
(Na[err] salty, 3ujbelrsua(s ixng, BH)eri.B7s (msr enp;r epame(d:rasm)qlncms 3.31 (2
3-Fl uoro-5-ni E,r%tw’r%?f pingG, den); 4.05-4.30 (m, 4H); 4.50-4.81 (m, SH); 4.96 (d,
2H); 5.20-5.48 (m, 6H); 5.85-6.13 (m, 3H); 7.39-7.68 (m, 2H); 7.91-8.11

(m, 2H).

Ms (+ve FAB): 654 (MH)+; 676 (M + Na)¥



AVI orousl stirred slurry of nitrosoniumtetrafluoroborate (3.53 g, 30.2
|n a th"u l'mruljwlm) under an at mosphere of “argon was cooled in an
|ce bat h, trobenzoic acid (5.0 g, 27.5 m\V) was added in

t hree portlons errperature was then allowed to rise to anbient, and
the mxture was stlrred for 48 hours. 1,%-Di-

- 93 - chl or obenzene (50 m) was added, and acetonitrile distilled from
the mxture_ at reduced pressure. The m xture was then heated to 170 for
30 .mi nut es, & evol ution had ended. After cooling, the mx was

poured into dichl ororret hane (200 m ), and extracted with [err] solution.
After back shing t D (giehloronet hane, it was
acidified (E/a hydroc fe'orl @Sgg?%d@g ﬁ%rga{ ?cs extracted with ethyl
acetate (2 x 100 m ). The conbined organic | ayers were washed wth brine,
and dried over MySQ er r%. ngr ude pr oduct purified by chromatography on
silica, eluting with a 'gradi ent from r o- rret hane/ acetic acid (99:1)

|
to di chl oronet hanezf nol / acg P4 to give
3-fluoro-5-nitrobenzoj claci gy @ “64% (DI\/SOd[err]()I) [err] 8.14
(dm 1H); 8.37 (dt, ) 6 (m (E18% 185 M+ Allyl
3-fluoro-5-nitrobenZoate COON 3-Fl uoro-5-nitrobenzoic acid (3 g,
16.2 m\V), p-toluene- sulfonic aC|d (1.54 g, 8.1 MM, and allyl alcohol (50
M) were he d Si4 I eMBs@gul ar
si eves, forgﬁg ﬁour SE‘H é}?%%%%?%&?@fs%‘t#i#f%ﬁé ?neu??%ﬁ sed with
triet hyI am hhereaﬁdfl?é‘ﬁ%'é-nt renoved. The residue was dissolved in ethyl
acetate, waghag 1\4. rédfdth§il P AR EDiidrde 8y 1d or AlipdeoxsmeylG err |, and bri ne,
and dried ovgr err roduct was purified by chromat ography on
reFu-tliaCol%yf

silica, us Eht° ¥ om di chl oronet hane to ethyl acetate/di-
chl or onet h 1(s3h3&drogam oyl ae lkyl; 3-fl uoro-5-nitrobenzoate. Nnr

( CDA [err] ) p4 [agd%S %{ggiﬁﬁ;jgam ld)f: dﬁf%gelﬁ: %gd (Jﬂa géj)ectéd Foft- H&ﬁr&éﬁn,ll—l)

11(m2
halo, cyano, C alkyl nitro, hydroxy, carboxy, C 1- 4alkoxy,

01 4:«).lkoxycarbonyl aminosulphonyl, C1 4alkylanunosulphonyl di-Cl_ 4
alkylaminosulphonyl, carbamoyl, C1 4a1kylcarbamoy1 di- C1 4
alkylcarbamoyl, trifluoromethyl, sulphonic acid, amino, alkylammo,
di—Cl_4a1kylamino, Cl_4a1k§noy1amino, Cl_aalkanoyl(g-c 1-4 alkyl)amlno,
C1_4a1kanesulphonamido and -S(O)nC1_4a1ky1 wherfin n is zero, one or
tvo:

.ﬁith the proviso that there is no hydroxy or carboxy substituent in a

position ortho to the link to -NR3-.

2. A compound according to claim 1 wherein R is 1-hydroxyethyl.

. . 2
3. A compound according to either claim 1 or claim 2 wherein R

is hydrogen or methyl.

4. A compound according to either claim 1 or claim 2 wherein R _
is methyl. '
5. A compound according to any one of claims 1 to 4 wherein R?

is hydrogen.



Ms (C): 226 (MA)F 253—(M-+[err])+ . Reduction of the above
nitro conpound hod of Exanple 1 gave allyl

3-anigo-5-f|uo” D (cdCf[err]): [err] 3.89 (br, 2H); 4.79 (dt,
2H); 5.25-5.45 {fmc - W12 (m 1H; 6.54 (dt, 1H); 7.07-7.15 (m
2H) . - 98 - - 94 - Ms (Cl): 196 (M) +
The alfove am ne was condensed with proline acid as Exanple 1, purifying by
chromat ography using a gradi ent from dichl oronet hane to

di chl or onet Bane/ di et yompeundy ageprding tooagy gee (ofsclaims| 1 49 y| ofrhe

carbonyl - 2- E3rmilay (B)car bonyl - 5-f | uor ophenyl car barmoyl ) pyrrol i di n- 4-

yl thi oacetate. Nnr (CDCl[err]): [err] 2.33 (s, 3H); 2.59 (br, 2H); 3.48
(dd, 1H); 4.03 (quintet, 1H); 4.13 (dd, 1H); ,4.56 (t, 1H); 4.68 (dt, 2H)
4.82 (dt, 2H); 5.25-5 46 (m 4H); 5.86-6.11efm 2H); 6.47 (dm 1H); 7.72
(t, 1H; 7.87 (dt mO¥H), @438 (br, lHoN 451 (MH)+; 473 (M
+ Na) + ve thi cetyl ated and condensed
with carbapeneﬁ;éﬁbsp &, purj by chromat ogfi¥aphy using a
gradi ent fromdichlor e to-ethyl aceRate t'd give allyl

(1R 5S, 6S, 8R,2' S, 4' SR 2-(1- aflgybpxycar bonyl - 2- (3-al | yl oxycar bonyl - 5-

fl uor ophenyl car banoyl ) pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-nethyl -

car bapenem 3-car boxylate. Nmw (CDCl[err]): [err] 1.24 (d, 3H); 1.36 (d,

3H); 2.63 2H) .3 3,26 5 1H); 3.29. intet _.1H); 3.48 (br, 1H); 3.81
Caui ntet. Fperedhtg’,CRq e ey dekeutibdptt Sersned ' )1 %, (2 (11
4.62-4.76 (m 4H); 4.81 (dt, 2H); 5.20-5.46 (m 6H); 5485-6.10 (m
I [ br, 3H); t ool s : -, 9.18
Corr 20 TR (v A fpitiualacctElin gﬁ%ltﬂﬁﬁ togthin £ Gha( £ arkiie 9. 19
: same or different and selected from hydrogen, fluoro, chloro, hydroxy,

carboxy, cyano, nitro, methyl, ethyl, methoxy, ethoxy, methoxycarbonyl,

g

carbamoyl, methylcarbamoyl, dimethylcarbamoyl, trifluoromethyl,
sulphonic acid, methylsulphinyl, methylsulphonyl, methanesulphonamido

or acetamido.

8. A compound according to either claim 6 or claim 7 wherein at

least one of R4 and R5 is hydrogen.

23

-9, A compound according to claim 6 wherein R4 is hydrogen,
carboxy, fluoro, chloro, methyl, methoxy, cyano, sulphonic acid or

methoxycarbonyl and R5 is hydrogen.
10. A compound according to claim 1 which is

(1R,5S,6S,8R,2’S,4’S)-2-(2~(3-carboxy-5-hydroxyphenylcarbamoyl) -
pyrrolidin-4—y1thio)-6-(l-hydroxyethyl)-l-methylcarbapenem-B-carboxylic
acid,

(18;5S,65,8R,2S,48)-2-(2-(3-carboxy-4-chlorophenylcarbamoyl)- =
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid, . _
(1R,SS,GS,8R,2’S,4'S)-2-(2—(3-éarboxy-6—ch10ropheny1carbamoy1)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic

acid,



Exa 1e 37

(1R 5S, 6S, 8R, 2 3 car boxy- N - net hyl phenyl -

car bagoyl )pyrrosnmﬂbwmu (1- hydroxyet hyl) - 1-met hyl car bapenem 3-
car boxylic acid s prepared using the technique of Exanple
2, except that the DVMF was repl aced by-DMBO, and product was purified by
chr omatt ogr aphy on a CHP20P colum, eluting with water. Nnr (DVMSO-d[err] +
acetic acid- d4 run at ¢ 6 1.12 3H); 1.18 (d, SIQ; L.

- 95 - 1. 6¥R{35p 65882 %"i§)(%-r(2 ﬂ(:ﬁar@wzhf't}'clcaiwo pyrrobiginidy . 3. 28
(s over | appiDghis) b—h;?dxﬁﬁyéﬂf 1) 1 metBy RArbapsnehc3-cavbodydppideddm 2H) ;

PG R O e %zﬁ%‘a’fgr srchiapnatdp ooy ot or o <

wer e prepar eartasmoyb) xiywmhdmﬁé-lnllth&)ﬁét- detmbehyﬂc)almethylcarbapenemﬁm-l yl
3-am nobenz}g?lt x% g 2 nM was dissolved in tri- ethyl orthoformate (50
m) and trifluor acetlc aC|d rops) was added. The soluiton was stirred

and ref | uxellBy3S: 65 -SBgh’ B4’ ﬁb‘t’-’e‘d&f carkoxys4fiduorpphgnylearbamaydir was

d, -
a1 11 on of Thcatt e et 1 (B be 1) AR B0t i Cyandbor oupart de (5 RATge

0.108 M i n2Sver al portions. The m xture was stirred at anbi ent
t enper at ur e(IR)5S 165,882 55, 448 )+ 25¢R V(S tarivixpveludivphenylcdubanuyd) di ssol ved in

di et hyl et h e _ d (.e Jde
product was pur| ﬂl qb%/“hﬁ X:Bé ‘?gal}}%: g’?&%@ﬂ @éa (}é?‘){gaﬁgg\% t3h5%4b§?c§§ ent
from di chl cacidet hane to di chl oronmet hane/ et hyl acetate (95 5), to give allyl

3-met hyl ami pg; s besy%ﬁtf'd,ﬁ 29(23(8% arb z(acmllu%%ﬂﬂenyi@awblm&’yl g (s,
‘;’H)z 5 ?‘ dgl 1&,:1-0#[_%31 (iryltj}m)gg- (( A\-j}%dam: ;ﬁi) 1—methy1carbapenem-3 carb%xyhljz)

acid,
(1R,5S,6S,8R,2’S,4’S)-2~(2-(3,4~-dicarboxyphenylcarbamoyl)pyrrolidin-4-
ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic acid,
(1R,5S,6S,8R,2’S,4/S)~2~(2-(3-carboxy-4-hydroxyphenylcarbamoyl) -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic

acid,
(1R,5S5,6S,8R,2’S,4S)-2-(2-(3,5-dicarboxyphenylcarbamoyl)pyrrolidin-
4-y1thio)-6-(1-hydroxyethy1)-1-methylcarbapenem:3-carboxylic acid,

- (1R,55,65,8R,2S,4’S)-2-(2-(2-carbamoyl-3-carboxyphenylcarbamoyl)
'pYrrolidin-4—ylthio)-6-(l-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,

(1R,SS,GS,8R,2’S,4’S)-2—(2-(3-carboxy-4-carbamoylphenyldérbamoyl)
pyrrolidin—A—ylthio)—ﬁ-(1-hydroxyethy1)-1-méthy1carbapenem—3-carboxylic
acid,

(1R,5S,6S5,8R,2’S,4’S)-2-(2~(3~carboxy-5-carbamoylphenylcarbamoyl)
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)~-1-methylcarbapenem-3-carboxylic
acid,
(IR,SS,6S,8R,2'S,4’S)-2-(2-(3-carboxy?5-acetamidophenylcarbamoyI)“‘ -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,

(1R,5S,6S,8R,2’S,4’S)-2-(2- (3-carboxy—4-acetamldophenylcarbamoyl)
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)- 1-methylcarbapenem-3-carboxyllc

acid,



M (d): 192 (M-IF The above am ne was condensed with proline

aci d as Exanpl e 1 m omat ogr aphy using a gradient from
di chl gr onet hane t !o mrl H [dl ethyl ether (4:1) to give
(2S,4S)-1-allyl oxycar

2- (3-al Il yl oxycar bonyl - rret hyI phenyl car b@ﬂmyl)pyrrol i di n- 4- yl t hi o-
acet at’e. Nnr (CDCI[err] m xture of rotaners): [err] 1.93 (m 1H); 2.32

(s, 3H); 2.48 (m part obscure ; 3.28, 3.3

(qui ntet, 1HR,35,H§, th'ﬁrﬁ's)azﬂ@'ﬁ‘r“}ﬁ)’w‘ ‘Eﬂ]}tyﬁfuﬁwnaﬂlj%@hﬁ“’éd (m 2H);
4.86 (d, 2H)oarﬁarﬂeﬁ'l?pﬁ&oﬁ.ﬂuﬂ-ﬁ)-ylﬁi%f&(131y(dfbx3%ﬁ)1y17-13&eﬂ1yﬂ.ﬂatbnpeﬁéﬁ—3-
7.90-8.11 (m E : 3
(+ve FAB): £270Q%jiki¢.-acide (M + Na)+ The above thloacetate was
deacet yl at ed 1RpSS cﬁsmalle,ms'sdl\tW)Pa-mmbmbemﬁﬁesm@mcm%)

purifying b hr ogr, ugi hr hyl
puriiying é’?’\%e %ﬁ%lﬂyﬁpﬂ%) 181 PELEGESAALR) -1 xﬁHPhsilé‘d}'bQ{)&!EﬁLba&%BQyﬁk
(1R, 5S, 6S, 8Rc2dS, 4' S) - 2- (1-al | yl oxycar bonyl - 2-(3-al | yl oxycar bonyl -

net hyl phenyl qﬁrw@ybﬁwsrmmdnn wLéa&lbeiyfs earﬁmdywﬁymdrbaﬁoymt hyl
car bapenems( car oxyI at [i urehoi 2; ﬁ) (2 X
d, 3H); 1. 3@Y(2°$&dan-%ﬂ§thi°)gﬁ iy d gt et‘zyr?éo thy jeqr. age‘}’é}“ 3°a§i’°{‘ X's
overlapplngaﬁmdﬁl-l) 405430(m 4H) 450481(m 5H); 4.96 (d, 2H);

E/B 2? +\5/ e4|8: A(B) 1R6§9416€§ﬁ-€§ QS%%)(-E: (23 %*caz:bggy 72 ﬁﬁnéﬂﬁ&l%oczrb%ﬁyﬁpﬂehyim 2H) .
carbamoyl)pyrr011d1n-4-y1th10) -6-(1-hydroxyethyl)-1-methylcarbapenem-3-
carboxylic acid,

(5R, 6S,8R,2’S,4S)-2-(2-(3-carboxyphenylcarbamoyl)pyrrolidin-4-
ylthio)-6-(1-hydroxyethyl)carbapenem-3-carboxylic acid,
(IR,SS,68,8R,2’S,4’S)-2-(2-(3-carboxy-4-methylphenylcarbamoy1)-
pyrrolidin-4-y1thio)—6-(1-hydroxYethy1)-1-methylcarbapenem—3-carboxylic
acid,
(1R,SS,65,8R,2’S,4’S)-2-(2-(3-carboxy—5-methylphenylcarbamoyl)-
pyrrolidin-4-y1thio)-6-(1-hydroxyethy1)-l-methylcarbapenemf3—carboxylic
acid, o
(1R,5$,6$,8R,2’S,4’S)-2-(2-(3-carboxy-6-methylghenylcarbamoyl)-
Q.pyrrolidin-4-y1thio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3—carboxylic
acid,
(IR,SS,68,8R,2'S,4’S)-2-(2-(3-carboxy-2-methoxyphenylcarbamoyl)-
pyrrolidin-k-ylthio)-6-(1-hydroxyethy1)-1-methylcarbapéhem-3-carboxylic
acid,
(1R,SS,68,8R,2’S,4’S)-2-(2-(3-carboxy-4~methoxypheny1carbamoy1)-
pyrrolidin-h-ylthio)-6-(1-hydroxyethy1)-1-methylcarbapenem—3-carboxylic
acid,
(1R,5S,6S,8R,2’S,4/5)-2-(2-(3- carboxy—S-methoxyphenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)- -1-methylcarbapenem-3-carboxylic -
acid, _
(1R,5$,6S,8R,2’S,4'8)-2-(2-(3-carboxy-6-methoxypheny1carbamoy1)- '
pyrrolidin-a-ylthio)-ﬁ-(l-hydroxyethyl)-l-methylcarbapenem-3-carboxylic
acid,
(1R,5S,6S,8R,2’S,4’S)-2~-(2~-(3-carboxy-4,6- d1methoxypheny1carbamoy1)-



- 97 ¢ PCT-CLArMS 1. A conpound of the formula (1): [err]

or a phar mace Me salt or in vivo hydrol ysabl e ester thereof
wherein: Rerr m“MMHnum 1-fl uoroet hyl or hydroxymethyl; Rerr]
i s hydrogen or er r tal Ryl 8 R[err] i's hydrogen or CJerr]alkyl; Rerr] and
R[err] are the sane or different and ardOdetected from hydrogen, hal o,
cyano, Cl 4alkyl, nitro, hydroxy, carboxy, (err]alkoxy,

d err]al koxycar bon | , am nosul phonyl, ( err]al kyl am nosul phon Jerr]

o kyl B nosbrBieAgIa-tcar R abyi- (LOMEPrER Ry L DR AR oRe b parboxyiic

aI kyl car bamgyid, trifluoromethyl, sul phonic acid, am no d err]al kyl am no,
-Cerr]al k y , :

C[ err] al kan&ﬁ %%Lgf’@ﬁc%g{ Ié]f/ﬂ%rﬁ?% 3'6?’3?%?51"1&'&&8%%65‘8)?{9{&?%‘%%

- S( O [ er r ] atsbamopEypgirnokidiis-4~gil thio) R6- (I-hydwnxyeiliyl ) t heneghpldasbapdnam-3-her e

IS no hydroxg?%&yfﬁrggﬁa/ substituent in a position ortho to the link to

-NR[ err npound according to claim1l wherein Rerr] is
1- hydroxyet hiR,5S,6% 8R,2’S, 4'N-@o@d§ngammﬁmgnqnheeﬂwamyaq)m 1 or claim

2 wherein R{,ﬁrl’ohldﬁl AYFT 6L 621 1m°5}di1¥kye ?:ﬂ) 1-methg:16aﬁ§H§Bﬁ -B&FRkFINY tO

either claiml or claim?2 erein'Ris ne A conpound
accordi ng tﬁc’éiny one of clains 1 to 4 V\/nerel n R is hydrogen.
(1R,55,65,8R,2’S,4/S)-2-(2~-(3~carboxy-5-trifluoromethylphenyl-

carbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)~-1-methylcarbapenem-3-
carboxylic acid,

(1R,5S,6S,8R,2’S,4/S)~2-(2-(3-carboxy-4,6- d1f1uoropheny1carbamoy1)-
pyrrolidin-4-ylthio)~-6~(1~hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,

(1R,58,6S8,8R,2’S,4’S)~2~(2~(3-carboxy-6-methylsulphinylphenyl-
carbamoyl)pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-
carboxylic acid,
(1R,5S5,6S5,8R,2’S,4’S)-2-(2-(3-carboxy-5-methylsulphonylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,

(1R,5$,6$,8R,2’S,4’8)—2-(2-(3—carboxy-5—fluoropyenylcarbamoyl)-
pyrrolidin-4—ylthio)-6-(l-hydroxyethyl)-1-methyicarbapenem~3-carboxylic
.écid,

(1R,5S,65,8R,2’S,4’S)-2~(2~(3-carboxy-6-cyanophenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(l-hydroxyethyl)-1-methylcarbapeﬁem-3-carboxylic
acid,

(1R,5S,6S,8R,2’S,4’S)~2~(2-(3-carboxy N’-methylphenylcarbamoyl)-
pyrrolidin-4-ylthio)-6~(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,

or a pharmaceutically acceptable salt thereof.

11. A compound according to claim 1 which is

(1R,5$,68,8R,2’S,4'S)-2-(2-(3;carboxyéS-methylphenylcarbamoyl)—
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic

acid,



e

- 98- 6. A compound according to any one of clainms 1 to 5 of the
fornila (1V): rein Rlerr], Rerr] and Rerr] are as

her gi r}bef ore def”lmn Il III""'II Im[rA conmpound according to claim®6 wherein
Rl err] Rlerr]*ar®e tthe®same or different and sel ected from hydrogen,
fluorq, chI oro hydroxy, carboxy, cyane,1Q% tro, nethyl, ethyl, nethoxy,

et hoxy, nethoxycarbonyl, carbanoyl, nethyl carbanoyl, di nmet hyl car bam)yl
trifluoronethyl, sul honi ¢ aci d, met h Isulphlnyl nethylsulphon

met-hanesul pl‘é%a?ﬁré%"g"za%’ét Shtard2- (3'*831"’0"3" -pethoxrpheRRlcarbameyil Xg to either
claim6 or gyaidlidinieyEthiodted(@ahydrorpetlyl it Bivethylitdrbiineh-3-sabokyden.
9. A coppound according to claim6 wherein Rlerr] is.hydrogen,
carboxy, fl@86t%, chloro, methyl, methoxy, cyano, sul phonic acid or

met hoxycar thl;{JSSaﬁsl,ﬂ[,ers,]tn'sys-h;(d*cngearboxyie-methoxyphenplmbmbyaaeor ding to

claim21 whi . _ _ _
(1R 58S, 6S, sﬁzpﬁ‘l didingi-ylehjo)=6-(1-ydroxyethyl) 1 mephylearbanenen 3 -carboxylic
pyrrolidin- 461,4,t hi o) 6- (1- hydr oxyet hyl ) - 1- et hyl car bapenem 3- car boxylic
aci d, | 15% 5S ﬁsﬁ%ﬁﬁg ﬂ'ss,)wéé-(zZ 163 .'ﬁ-%lﬁ?%ﬁf-§- S 1pRE mnél)
pyrr0||n Y |;? [o y ar_hapene r bo c
acid, (1R 5 sarpamayd Yoy r?llllg}x X‘Q?)cé ’%’ﬁF‘&f“S ﬁe’?ﬁ’:g%icﬁfg eia X
py_rrol i di n- dasboxitliy) a6id,1- hydr oxyet hyl ) - 1- met hyl car bapenem 3-car boxyl iC
aci d, (1R,5S,6S,8R,2’S,4/S)~-2~(2-(3-carboxy-5-cyanophenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic

acid,

(1R,5S8,6S,8R,2S,4’S)~2~(2~-(3~carboxy-6-chlorophenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid, _
(1R,5S,65,8R,2’S,4S)-2-(2-(3-carboxyphenylcarbamoyl)pyrrolidin-4-
ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic acid.
(1R,SS,6S,8R,2'S,4’S)-2-(2-(3—carbéxy-4-fluorophenylcarbamoyl)~
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3~-carboxylic
acid,

(lR,SS,68,8R,2'S,4’S)-2-(2-(3-carboxy-6—fluoroppenylcarbamoy1)-
_pyrrolidin-4-ylthio)-6-(1l-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,

(1R,5S5,6S,8R,2’S 4’S) -2-(2-(3,4- dlcarboxyphenylcarbamoyl)pyrrol1d1n-4-
ylthio)-6-(1-hydroxyethyl)-1-methylcarbapenem-3- carboxyllc acid.
(1R,58,6S,8R,2/S,4’S)-2-(2-(3,5-dicarboxyphenylcarbamoyl)pyrrolidin-4-
ylthio)~-6-(1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic acid.
(1R,5S5,6S,8R,2’S,4’S)-2~-(2-(3-carboxy-5-sulphophenylcarbamoyl)-
pyrrolidin-4-ylthio)-6-(1l-hydroxyethyl)-1-methylcarbapenem-3-carboxylic
acid,

or a pharmaceutically acceptable salt thereof.

12. A pharmaceutical composition which comprises a compound
according to any one of claims 1 to 11 and a pharmaceutically

acceptable carrier.



(1R %S, 6S,8R 2' S, 4' S) - 2- ( 2- ( 3- car boxyphenyl car banoyl ) pyrrol i di n- 4-

yl t hi o) -6-(1-hy l ﬂH hyl car bapenem 3- car boxyl i ¢ aci d,

(1R 38S, 6S, 8R 2 EIM'BI HZ" m r boxy- 6- met hanesul phonyl phenyl -

car banoyl ) pyrrol #di h- 4= yI* hi*o) *6- (1- hydr oxyet hyl ) - 1- et hyl car bapenem 3-
car boxylic acid, - 103 - '

(1R, 5S,6S,8R, 2'S,4'S)-2-(2-(3-carboxy-4-1luorophenyl car banoyl ) -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-nethyl carbapenem 3-carboxylic
aci d, | (éR, 553.6|S, ﬁR, A hethod) oﬁ-t(raa{;-&n@h ad)sbcmyn&efch ltmr (hpf'miiﬁhﬁﬁlfdt&frg)dn)l-
pyrrolidin-4-ylthjo)-6-(1- roxyet -1- net car n 3-.carbo L C
acid, (1R 53‘,‘%@?8?8')21'5‘2,1’21'%)}‘-!'2?(‘72- T’?'%gr‘b%fyc?"%uﬂ‘? fﬂl%ﬁgl?eogﬁ"é%‘i/ acé?’o%o?l ) -
pyrrolidi n- gatdenhi 1) néed Lheyebfoxyet hyl ) - 1- met hyl car bapenem 3- car boxyl i c
aci d,

(1R 5S,6S,8R 2' S, 4' 5)-2-(2-(3, 4-di carboxyphenyl car banoyl ) pyrrol i di n-4-

yl t hi 0) - 6- ( ¥4hydr oxYePr9aess 1£ere PESRaTARS h SABPAUDd C36a95%ing &0 fladm 1 which
(1R, 5S, 6S, 8Eemprsés Aeplotedtink GAt&ipornd -ty €h Evpheny (vps banoyl ) - _
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-nmethyl carbapenem 3-carboxylic
acid, (1R 5S,6S,8R 2'S,4'S)-2-(2-(3,5-di carboxyphenyl car banoyl ) pyrroli din-
4-yl thio)-6-(1-hydroxyet hyt)-1-net hyl car bapgmem 3-carboxylic acid,

(1R 5S, 6S,8R 2'S,4'9S) - 2,—( -(2-carba Ry€ar boxyphenyl car banoyl )
pyrrolidin-4-ylt R'®y<6-447 [sqx@ﬁ%‘ql- i aC apenem 3- car boxyl i c
acid, (1R 5S, 6S, 8R 2SN 9)f 2- ( 2- arpoxy banmoy!| phenyl@ar banoyl )
pyrrolidin-4-ylthio®-6-(1-hydroxygt hy ﬁ 1- e hyl'®&r bapenem 3- car boxyl i c
acid, (1R 5S,6S,8R 2'S, 4"'S)-2-Z2%(3-carboxy-5=car banoyl phenyl car banoyl )
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-nmethyl carbapenem 3-carboxylic
acid, (1R 5S,6S,8R 2'S, 4'S) -2-(2-(3-carboxy-5-acetamnm dophenyl car banoyl )
pyrrolidin-4-ylthi@-64(1-hyslroxyet - 1-npet hyl.c penemB-.carboxylic
acid, (1R 5‘5*,'%'&1% o g 4‘"§)gz-"’(‘zi‘%%ﬁ‘b‘*@@l‘zﬁ%ﬁ%ﬁ?do ﬁ%gir‘m"ceé%anow )
pyrrol i di n- dptylonally) pBetecthy difoapptdpyiate)sneClOR candoafROfemate carbaxyy brc
aci d, protected carboxy; R8 is a group R3 (as defined in claim 1) or an amino

10

protecting group; R9 is hydrogen or an amino protecting group; and R
is a group R1 (as defined in claim 1), protected l-hydroxyethyl or
protected hydroxymethyl; and wherein at least one protecting group is
present;

and thereinafter if necessary; q

ki) forming a pharmaceutically acceptable salt,

(ii) esterifying to form an in vivo hydrolysable egtér.
15. A compound of the formula (V) as defined in claim 14.

16. A process for preparing a compound according to claim 1 or a
compound of the formula (V) as defined in claim 14 which comprises:

a) reacting compounds of the formulae (VI) and (VII):

2

. | . .
1o o . 7~ 6
R : CoN ok
7—nN | L (VI) .us—C'S '; Q“ (VII)
O ~ s
R K

q
Coor? R
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- 100 - (1R 5S,6S,8R 2'S, 4'S)-2-(2-(3-car boxy- 5- net hyl sul phonani dopheny! -

ot o R o) e

(1R 5S,6S,8R, 2'S, %' -2 (2- (8- chrboxy-5- I_iL)Lil phophenyl car banoyl )

pyrroLl di n-4-yl thi o) 6- ( 1- hydr oxyet hyl ) -"I-'met hyl car bapenem 3- car boxyl i c
acid, (1R 5S, 6S, 8R@2 84_?&%%1 2- (2-(3-carboxy- 6-car banoyl phenyl car banoyl )
pyrrolldln i Y, apene

acid, (1R 56Shé6i]SE8R 2 g X{jé‘(&g Eé?:ﬂ}c‘g% bléxyg%lm%?ﬁeaéthﬁyl?g% %I)%ar ﬁ%%xkenyl
car barmyl )p%rol idin-4-ylt h| 0) - 6- (1 hydr oxyet hyl ) - 1- met hyl car bapenem 3-
car boxylic B;:l d, cyclising a compound of the formula (VIII):

(5R, 6S,8R 2'S, 4" §) - 2- (2- (3- car boxyphenyl car barmoyl ) pyrrol i di n- 4-

yl t hi 0) - 6- (1- hydr oxyet hyl ) car bapenem 3-car boyyl i c acid,

(1R 5S,6S,8R 2'S,4'S) - 2;:{ - (3-car boxy- 4 msk | phenyl car barmyl)

pyrrolidin-4- ygam o) -(11- hydroxy fem 3- car boxyl i ¢
acid, (1R 5S,6 QZ.{z :z%rbo hyl phenyl car banoyl ) -
pyr rol i di n- 4 yl t hi (1 hydr oxyethyly R rret gytear bapenem 3{(¥&kBoxyl i c
acid, (1R 5S,6S, 8® 2'S, 121 ¢'2L2('B- car boxy- € et hyl phenyl car banoyl ) -

pyrrol idin-4-ylthio)-6-(1- ydroxyet hyl ) - 1- met hyl car bapenem 3- car boxyl i c
acid, (1R 5S,6S,8R 2'S, L£.Qp? (2-(3-car boxy- 2- net hoxyphenyl car banoyi ) -
pyrrol i di n-4-ylthio)-6-(1-hydroxyet hyl ) 1 met hyl car bapenem 3- car boxyl i c

acid, (1R % Q?% I§22 ‘g. ls%y(fr ééy&%ﬁ g ‘fﬁ”f ‘yq{mnﬂlxar banoyl ) -

pyrrol i di n- apenem3 €ar boxyl i c
acid, (1R 5@@&@@2138 se¢leyted Epon( fa xx/r Eryrbndsrox nyd L ywimo y anyd

pyrr ol i di n- &aygiml% & Q&y%r emétl répfe;tenw()_ iegﬁa%ﬂ 03( carboxylic

acid, (1R 5S, 6S, 8R ( 3-.carl boxy Jf car barmyl)
pyrrol i di n-9F gne rﬂfoﬁ‘ 6‘3( 1- %ﬁ/&llow&}ﬂyl%uxlw@@ﬂﬂ]caﬂﬁ}%ﬁ rﬂ“\'}e/‘é he 196ReT i ¢
acid, (1R SSobvaRis?af 4ndpeddértly3ssRicked rtn e di QXY PITa Uyt sithynoy! ) -
or phenyl, wherein any phenyl group is optionally substituted with
C1_3a1ky1 or Cl_3a1koxy;
and wherein any functiomal group is optionally protected and

thereinafter if necessary:

(1) removing any protecting groups;
(ii) forming a pharmaceutically acceptable salt;
- (iii) esterifying to form an in vivo hydrolysable ester.
17. A compound of the formula (I), as defined in claim 1, in the

form of a non-pharmaceutically acceptable salt.

18. A compound of the formula (VII) or (VIII) as defined in
claim 16. '
19. A compound of the formula (IX), (XII) or (XIV):

CON
\Kq
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- 101 -
pyrrdlidin-4-y m I):m l [I (“ yet hyl ) - 1- met hyl car bapenem 3- car boxylic
acid, (1R, 5S, GI m m] Nl u qm( 2- (2- (3-car boxy-5- net hoxycar bonyl phenyl -
car banoyl ) pyrrol1difn-4-yFthfo)*6-(1- hydr oxyet hyl ) - 1- net hyl car bapenem 3-
carboxylic acid, 105

(1R 5S5,6S,8R,2'S,4"'S) - 2-(2-(3-carboxy-5-cyanophenyl car banoyl ) -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)- 1- metghyl car bapenem 3- car boxyl i ¢
aci.d, (1R 58S, 6S, 8Ry2"' SRE S) - 2- (2-(3-car box;:& trlfl uor orret hyl phenyl -

car banoyl )pgl'PoI i di Q- 41y| t hi o) - 6- L1+ - %@ﬁl ‘car bapenem 3-

car boxylic aci COS

(1R, 5S, 6S, 8R, 2 -2 -(3-ca <$p- di rophenyl car bam)yl)
pyrrolidin-4-yOx hi 'ngﬁ‘ - hydr oxyet hyl - 1- ne# hyl R&r bapenem 3-@Aboxyl i c
acid, (1R 5S,6S,8R 2'3.4'S) - 2 (2-(3-carboxy- 6-net hyI sul phi nyl phenyl -

car bam)yl )pyrrolidin- ﬂolﬂ ) - 6- (1- hydr oxyet hyl ) - 1- net hyl car bapenem 3-

car boxylic acid, .

(1R 5S, 6S,8R, 2'S,4'S)-2-(2-(3-carboxy-5-net hyl sul phonyl car banoyl ) -
pyrrolidin-4-ylthio)-6-(1- hydr oxyet hyl ) - 1- net hyl car bapenem 3- car boxyl i c
acid, (1R 5S, 6S, 8R 2'S, - 2- (2-.(3- caghoxy- 5-f | uor ophenyl car bamoyl ) -
- pyrrolidin-4-ylthiow 61(’1 hydroxyet hyl );& met hyl car bapenem 3- car boxyl iC
acid, (1R 5S,6 2' S, 4'1S) - 2(2- -C ylcarb -
pyrrolldln 4-ylthio)-6 (1- yl)-1- carbapenem3 oxyllc
acid, (1R 5S,6S,8 ' S) - 2 (2 ~eﬁﬁboxy t hyl phenyl car bam)yl ) -
pyrrol i din-4-ylthro)- 6-( 1- hydr oxyet hyl ) - 1-&% car bapenemS car boxylic
acid, or a pharmaceutically acceptable salt ther eof . A conpound
accordl ng to claim1 which is

(1R 5S, 6S, 8&&e5n4n23)ana K28L8-Gar boasf e ihyd1aien and retoys o

gxcllr&ol i di n- 4r3/ ectm gmlgl hydr oxyet hyl ) - 1- net h}/l (lzgrzbiapenem?) car boxylic
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(1R §S 6S, 8R, 2'S, 4" S)-2-(2-(3-carboxy-5-nmet hoxyphenyl car banoyl ) -

pyrrol i di n-4-ylthio)-6;(1- hydroxyet hyl ) - 1- met hyl car bapenem 3- car boxyl i ¢

aci @, « 1R, 5S, 6S, 8R, 2' S,*4' Sy- 2- ( 2- ( 3- car boxy- 6- net hoxyphenyl car banmoyl ) -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-nmethyl carbapenem 3-carboxylic

aci d, (1R, 5S,6S,8R, 2' S, 4'S) - 2- (2- ( 3- car 38&y= 5- et hof}c yiaphe vl

car banoyl ) pyrrolidi n-4-ylthio)-6-(1l-hydroxyethyl)-1 ﬁaﬂbgn?ng - 9
car boxylic acid, _
(1R, 5S, 6S,8R, 2'S,4'S)-2-(2-(3-carboxy-5-cyanophenyl car banoyl ) -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-nmethyl carbapenem 3-carboxylic
~acid, (1R 5S,6S,8R 2'S,4'S)-2-(2-(3-carboxy-6-chl orophenyl car banoyl ) -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-nethyl carbapenem 3-carboxylic
acid, (1R 5S, 6S,8R 2 'S 4'S) -2-(2-(#BsTBAGLXxyphenyl car banoyl ) pyrroli di n-4-
yl t hi 0) - 6- (1- hydr oxyet hyl ) - 1- net hyl car bapenem 3- car boxyl i ¢ aci d.

(1R, 5S,6S,8R, 2'S,4'S)-2-(2-(3-carboxy-4-fl uorophenyl car banoyl ) -
pyrrolidin-4-ylthio)-6-(1-hydr ox3N& iﬁ ]F@Eﬂ”@h%arbapenen}S car boxylic
acid, (1R 5S,6S,8R 2'S,4'S)-2-(2-(3-carboxy-6-fluorophenyl car banoyl ) -
pyrrolidin-4-ylthio)-6-(1-hydroxyethyl)-1-nmethyl carbapenem 3-carboxylic
aci d,

(1R 5S, 6S,8R 2' S, 4 $91e Dprefen(t3 invantden relypisety | carbbpeneyls) md podvidies-al-

yl thio)-6-( e{lgey y| car bapenem 3- carboxylic acid.

(1R 5S, 6S, 8 (%?"@X%{(P)% %é“g“}gef i car boxyphenyl car banoyl ) pyrrol i di n-4-
ylthio)-6-(1- hydroxyethyl) 1- met hyl car bapenem 3- car boxyli c acid.

(1R, 5S, 6S,8R, 2'S,4'S)-2- (& (3-carboxy-5- sn?phophenylcarbannyl)
pyrrolidin-4-ylthio)-6H(1hydroxyet Lle nef hyl caslapenem 3- car boxylic
acid, or a pharmaeéuti G r eof . 12. A

phar maceuti cal conpogi tlj on kpound accordipy to any one
of claims 1 to 11 a maceutical l'y ceptable carrier.

96 01 9 79 -9 1¥ An ant¢dewmterial agent conprising as active
ingredient a conpound according to any one of clains 1 to 11.

or a pharmaceutically acceptable salt or in vivo hydrolysable ester

thereof wherein:
R1 is 1-hydroxyethyl, 1-fluorcethyl or hydroxymethyl;
R2 is hydrogen or C1 4a1ky1'

r3

R4 and R5 are the same or different and are selected from hydrogen,

is hydrogen or C1 4alkyl

-halo, cyano, 1_4alkyl,.nitro, hydroxy, carboxy, C1_4a1koxy,

C,. 4alkoxycarbonyl aminosulphonyl, C;. 4alkylaminosulphonyl, di-Cl_a-
alkylaminosulphonyl, carbamoyl, C,. 4alkylcarbamoy'l d1-—C1 4 _
alkylcarbamoyl, trifluoromethyl, sulphonic acid, amino, 1-4 alkylamino,
di-C,_,alkylamino, C,_,alkanoylamino, Ci_4a1kanoy1(§-01_4alkyl)amino,
Cl_4alkanesulphonamido and C1_4a1ky18(0)n- vherein n is zero, one or
tvo: .

with the proviso that there is no hydroxy or carboxy substituent in a
position ortho to the link—to -NR3-. Processes for their preparation, -
intermediates in their preparation, their use as therapeutic agents and

pharmaceutical compositions containing them.
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ound according to claim21 which

he formula (V): [err]

wherein R2, R4 and in claim1 (R4 and R5 being optionally
pr ot ect ed i f appr opr and - COOQ[err] are car boxy or

prot ected carboxy; is a group R3 j(ds_ |ned [
protecting group; ROJis hydrogen or an o “prot
is a group R (as deflned in ¢claiml), protected 13 ye hy otect d

hydr oxynet hyl ;_ and.wher.ei e QU S

t%er ei %af t e)r/ 1¥- neth aglét\:l acg%%gfsége?%r rﬁa%%%%%d;%rr%ceut Flgalllﬂégggiegerbtt abl e
salt, (ii) - est edjd.nfgdulﬁ.g tocdotimganoi anwione kfdebrimnll goedter. 15, A
compound of the.fornula (V) as-defined in claim14. 16. A process for
preparing a conpound according to claim1l1 or a conpound of the fornmula (V)
as defined in claim 14 which conprises: a) reacting conpounds of the
formul ae (VI } and (VI process for ppepdring a compound according to claim 1 which

- 104 - Meemﬁlﬁﬁm@broﬂcemg aR{:&{ﬂoLn@roEf e (}ggﬂgfgdm cI aiml1l4 and L is

14. ;. A process f
conpri seS deprotecti

a |l eaving group, or b) - cyclising a conpoun e fornula (VII1):
9
con”
R'® {'\’ cooe®
V)
s
Coorl
s 2 L4 5 . . 4 5 .
vherein R®, R and R” are as defined in claim 1 (R" and R being

optionally protected if appropriate); -COOR6 and -COOR7 are carboxy or
protected carboxy; Rs is a group R3'(as defined in claim 1) or an amino
protecting group, R9 is hydrogen or an amino protecting group; and Rlo
is a group R (as defined in claim 1), protected l-hydroxyethyl or
protected hydroxymethyl; and wherein at least one protecting group is
present;

and thereinafter if necessary;

Zi) forming a pharmaceutically acceptable salt,
(ii) esterifying to form an in vivo hydrolysable ester.
- 15. A compound of the formula (V) as defined in claim 14.
16. A process for preparing a compound according to claim 1 or a

compound of the formula (V) as defined in claim 14 which comprises:

oTa) reacting compounds of the formulae (VI) and (VII):
&* | ¢
H : R
Rm\’ EI) - . con’ or®
/—NQ- - (VI) «s-—CS W (v11)
[») \R‘l 25. K“ .

Coor?



[err] :Wherein Rlerr], Rerr]-Rerr] are as herei nbefore defined and

Rlerr]-Rerr] are independently selected fromC al koxy, aryl oxy,
i-Cerr]al kylam no and diarylamno or any two of Rlerr]-Rerr] represent

o- phenyl enedi oxy; or one of Rerr]-Rerr] is (err]alkyl, allyl, benzyl or

phenyl and the other two values are independently sel ect ed from

Cerr]al kyl, trifluoronmethyl or phenyl? Wherein any phenyl group is

optionally substituted W th C[err]alkyl or (ferr]al koxy; and wherein any

functional gpou, 8 Oé“-'nmaixley aQr&’éf‘)iﬁéfqnaQﬁaitmh?Ee' Qﬁfx.t £ 4 f1 Sg&%

renovi ng any protecflng ar et |ca

acceptableofalt; (iii) esterlfylng to forman in vivo hydrol ysabl e
ester. b) . eyclising a compound of the formula (VIII): - REPLACEMENT
SHEET _LIF
- 105- 17. A conpound of the fornmula (VIl1)gor (M I1) as defined in claim
16. 18. Acorrpound oizﬁheforrmla(lX) ~&XI1) or (XIV) [err]
__4<::S: l CJDOfL
Ry
j"‘l/\c,o R“ p K" (VIII)
‘P&"z"z" R
COO(

vherein R?, R‘-Rlo are as hereinbefore defined and Rll- 13 re

independently selected from C1 ialkoxy, aryloxy, di- -C,_ 6alkylam:.no and

diarylamino or any twvo of R represent o-phenylenedzoxy,

4
or one of Rll 13

is Cl_aalkyl, allyl, benzyl or phenyl and the other
two values are independently selected from Cl_halkyl, trifluoromethyl
or phenyl, vherein any phenyl group is optionally substituted with
C,_jalkyl or C; jalkoxy;

and vherein any functional group is optionally protected and
thereinafter if necessary:

(1) removing any protecting groups;
(ii) forming a pharmaceutically acceptable salt;
(iii) esterifying to form an in vivo hydrolysable ester.
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wherein Rerr] and R[err]éR[err] are as defined in claim14 and Rerr] is a
protecting group. 19. (1

R, 5S, 6S,8R, 2' S, 4'S) - 2- (2-(3-Car boxyphenyl car banoyl ) pyrrolidin-4-ylthio)-6-(
1 - hydroxyethyl)-1-net hyl car bapenem 3-carboxylic acid or a

pharmaceutically acceptable 'salt or in vilvo hydr ol ysabl e ester thereof.
106 - 20. (1 - 105-

R, 5S, 6S,8R, 2' S, 4' S)-2-(2-(3-Carboxyphenyl car banoyl ) pyrrol i di n-4-ylthio)-6-(

1~ hydr oxipet NyA ol bFHETRRRNET AN 7 (ORI 4 deriSlith ciaim 16.

18. A compound of the formuia (I1X), (X11) or (XIV):

: 2
R ¢
co N\@,c.o ok (13)
14 _
R S N\Kq oS R4

. .
fR)Q L,‘ R /K?
ON
7:,\,"J\CO3~<:S( Coog ¢
o’ N=0 Y&
r_ : R RS {XII)
Cooce™
e Y & _R?
j\.i’J\COS—C(CON oR &
& Ny —N_eq \E,L—;rcp (XIV)
we Tl aags. R%
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wherein R? and R*-R'® are as defined in claim 14 and R'* is a protecting group.

19. (1R,5S,6S,8R,2'S,4'S)-2-(2-(3-Carboxyphenylcarbamoyl)pyrralidin-4-ylthio)-6-(1-
hydroxyethyl)-1-methylcarbapenem-3-carboxylic acid or a pharmaceutically acceptable

salt or in vivo hydrolysable ester thereof.



R 5S, 6S, 8R 2'S, 4' S) 2- (2- (3- Car boxyphenyl car bamoyl ) pyrrol i di n-4-yl thio)-6-(
1 - hydroxyet hyl)-1-net hyl car bapenem 3-carboxylic acid in the form of a
nonosodi um sal t. 22 (1 - 106 -

R, 5S,6S,8R 2'S,4'S)-2-(2-(3- Carboxyphenyl car banoyl ) pyrrolidin-4- yIth| 0) - 6- (
1- hydroxyethyl)-1-net hyl car bapenem 3-carboxylic acid in the formof a :

di sodi 2t sa(tR 55,68.8R A‘Sﬁ-')&)t&-&-()?o -Qatboxyphenylcarbarmioyl)pyrrolidin-4-ylthio)-6-(1-
R 5S, 6S, % ﬁ ﬁﬂé % 3- Car boxyphenyl car bamoyl ) pyrrol i di n-
4-yl t hiy rogy?t Y| pulca %ﬂeﬂ%rﬁ%’@QP‘Y)‘éFp%ﬂﬁmS carboxylic acid in the

form a nonosodium salt and
R, 5S,6S,8R 2'S,4'S)-2-(2-(3-car boxy phenyl car banoyl ) -

pyrrol pdi n- ¢t BH68)8R, ﬁ'SL4*80@-(2@(3”63&bxﬂph‘é?iyﬂbdrﬁéihbwﬁweﬁtﬁnﬂﬁyméw&ﬁ-
acid in the formof a disodiumsalt. a conpound according to
any onby@froxwmwh‘zﬂ@bevigam&nenem-amar@pwhma@d in the forgt obha meanesodivm sajt.
the treatnment of infection. 25. Use of a conpound according to any one
of claims 19 to 22 for the manuf acture of a medi canent for the

treat npat 0(1RI§S?SSI8W2'S 462 (2 gmresxfpﬂawdﬁrsaﬁﬁgggfhagd %giéltﬁgogﬁzﬁfor

t he manufacture of a nedi canen treat

27.  Ahydroaxybthyl)et-iméthplcarbapenem-atarboxplicaciddn thé farm obaplisctismesait.
effective anmount of a conpound according to any one of clainms 19 to 22 and
a pharmaceutically acceptable carrier. 28. An antibacteri al

phar maegut i aalmicRiIe L __ Tl ure

accord?%g tg@cllal m (2)%1 gﬂgrssl\éﬁar ﬁg%ﬁ)g ?%&%&%\é@%ar ri er09 )p?rrmidiﬁ

-107- 4239th|d§-&-<¢1ﬁhydmkye;thylhe-rhethytdabapémm}s-carboxyllc acid in the form a
monosodium salt * and (1R,5S,6S,8R,2'S,4'S)-2-(2-(3-carboxy-phenylcarbamoyl)-
pyrrolidin-4-yithio)-(6-1-hydroxyethyl)-1-methylcarbapenem-3-carboxylic acid in the form

of a disodium salt.

24.  Use of a compound according to any one of claims 1 to 11 for the manufacture

of a medicament for the treatment of infection.

25. Use of a compound according to any one of claims 19 to 22 for the
manufacture of a medicament for the treatment of infection.

26. Use of a mixture according to claim 23 for the manufactur_e of a medicament for
the treatment of infection. '

27. An antibacterial pharmaceutical composition which comprises an effective
amount of a compound according to any one of claims 19 to 22 and a pharmaceutically
acceptable carrier. '

28. An antibacterial pharmaceutical composition whic.h. comprises an effective

amount of a mixture according to claim 23 and a pharmaceutically acceptable carrier.
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wherein R err], Rerr], Rerr] and R err] are as defined in claim14 and
t he "hydrroxy group in the 1-  hydroxyethyl group is unprotected or protected.
30. A compound of the formul a: [err] wherein R err],
Rlerr] Rerr] and Rerr] are as defined in claiml1l4, Rerr]-Rerr] are as

defined in claim16 and the  hydroxy group in the 1-hydroxyethyl group is
unprotected or protected.

REPLACENMENT SHEET - 107 -
18 DEC 1997 ' : -108- 31. A conpound of
the for r%.a. A compound of the formula
. 3 {
R COOR.
oH CH3 ,
/K - Cond
_C“-‘ S N
O// Kﬁ

cooRT

wherein R®, R7, R® and R? are as defined in claim 14 and the hydroxy group in the 1-
hydroxyethyl group is unprotected or protected.

30. A compound Sf the formula: RS 6

' 1;’:‘ c,oo(dé" :
Chs CON'@
g 2,13
~ /FEH KP ﬂ'
0 N\\(/ cX
CeoR

wherein R®, R, R? and R? are as defined in claim 14, R''-R" are as defined in claim 16

and the hydroxy group in the 1-hydroxyethyl group is unprotected or protected.
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[err] wherein Rerr],

Rlerr], Rlerr] and Rlerr] are as
defined in claim 14 and the hydroxy group in the 1- hydroxyet hyl group is
unprotected or protected and Rlerr] is a protecting group.

- 108-
31. A compound of the formula:
' PR :
R Coofl(’
A CO}\‘
- KS
"
oH ook
Ch CoS’CNr
3 .
)_N . N1
0 LI
= cool™
or .
<8 Cooe®

wherein R®, R, R® and R? are as defined in claim 14 and the hydroxy group in the 1-
hydroxyethyl group is unprotected or protected and R“isa protecting group
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ABSTRACT

ANTIBIOTIC COMPOUNDS

The present invention relates to carbapenems and provides a

compound of the formula (I):

(2. ,Kz

H CoN Coom
2'\ ‘ .
S -duu ;Q &+ (1)
7

° COOH

or a pharmaceutically acceptable salt or in vivo hydrolysable ester
thereof wherein:

Rl is 1-hydroxyethyl, l-fluoroethyl or hydroxymethyl;

R2 is hydrogep or C1_4a1ky;;

R3 is hydrogen or C1_4alky1;

R and R5 are the same or different and are selected from hydrogen,

.halo, cyano, Cl_4alkyl, nitro, hydroxy, carboxy, C1_4alkoxy,

A

Cl_Aalkoxycarbonyl, aminosulphonyl, Cl_aalkylaminosulphonyl, di-Cl_4-
alkylaminosulphonyl, carbamoyl, C1_4alkylcarbamoy1, di-C1_4
alkylcarbamoyl, trifluoromethyl, sulphonic acid, amino,_C1_4alky1amino,
di-Cl_kalkylamino, C1_4alkanoylamino, C1_4a1kanoyl(§7C1_4a1ky1)amino,
C1_4a1kanesulphonamido and Cl_aalkyls(O)n- vherein n is zero, one or
two: .

wvith the proviso that there is no hydroxy or carboxy substituent in a
position ortho to the link-to -NR3-. Processes for their preparation,
intermediates in their preparation, their use as therapeutic agents and

pharmaceutical compositions containing them.
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