(Recdr barmyl oxyet hyl t hi o) - penem3 carboxylic acid and its pharmaceuticall y
accept abl e salts and netabolizable esters. As used herein, 21@8{14259
"pharmaceutically acceptable salts" pre- ferably neans aIkaI t l'ts
such as sodium and 10 potassium salts; alkaline earth netal salts such
as cal cium nmagnesium and alum numsalts; anine salts forned froma wide
variety of suitable organic amnes, i.e., aliphatic, cycloaliphatic,
(cycloaliphatic)aliphatic or araliphatic primary, secondary or tertiary
nono-, di- or 15 pol yam nes, or heterocyclic bases, e.g., salts derived
fromtriethylam ne, 2-hydroxyethyl am 0q, - di - (2- hydr oxy- ethyl)am ne,
tri-(a-hydroxyethyl)am ne, 4-am nobenzoic acid-2-diethyl am noethyl ester,

| - et hyl pi peridi ne, bicyclohexylanine, N, N -di benzyl ethyl enedi ani ne, 20
pyridi ne, collidine, quinoline, procaine, dibenzylam ne, 1-ephenam ne
([err]-nmethyl am no- a- phenyl - benzene ethanol) and N al kyl pi peridine. -

NOVEI, PENEM COMPOUNDS, PHARMACEUTICAL
COMPOSITIONS CONTAINING THEM, PROCESSES FOR THEIR
PREPARATION

This invention relates to 5R,6S,8R-6-(l-hydroxyethyl)-2-
5 ' (2-carbamoyloxyethy;tﬁio)-penem—3ecarboxylic acid and
. its pharmaceutically acceptable salts and metabolizable
esters. ) o

As used herein, "pharmaceutically acceptable salts" pre-
ferably means alkali metal salts such as sodium and

10 potassium salts; alkaline earth metal salts such as
calcium, magnesium and aluminum salts; amine salts formed
from a wide variety of suitable organic amines, i.e.,

aliphatic, cycloaliphatic, (cycloaliphatic)aliphatic or

i
o

araliphatic primary, secondary or tertiary mono-, di- or
15 polyamines, or heterocyclic bases, e.g., salts derived
from triethylamine, 2-hydrox7ethy1amine,Idi—(Z—hydroxy—

. ethyl)amine, tri-(a-hydroxyethyl)ahine, 4-aminobenzoic
acid-2-diethylaminoethyl ester, l-ethylpiperidine,
bicyclohexylamine, N,N'-dibenzylethylenediamine,

20 pyridine, collidine, quinoline, procaine, dibenzylamine,
l-ephenémine (B-methylamino-a-phenyl-benzene ethanol) and

N-alkylpiperidine.



"Pharmaceuti cal |y acceptabl e netabolizable esters” neans physi ol ogi cal |y,
cl eavabl e esters, i.e., those esters known in the penicillin, cephal ospc
and penem'arts to be easily cleaved within the body to the parent acid.
. anples of such esters are indanyl, phthalidyl, nethoxyme- thyl,
eg I0xynethy|, phenyl gl ycyl oxynet hyl , thienyl gly- cyl oxynethyl,
acet oxynet hyl and pi val oyl oxyret hyl . .Si & Far conpounds are disclosed in
Japanese Patent Appli- cation No. 56-142739 W have found that the
conmpounds 10 of the present:invention possess unexpectedly superior

activity agalnstgran}ne ative and grampositive bacteria conmpared with
penem conpound PHAAMRAFSHRIRRYYY. asreRtdtlicomatedRitdfd £s5RTENi BeRRFent i on

exhi bit |ow prﬁﬁiblbid'!ﬂéﬂﬁ%ié&ﬁﬂlé@s%@ﬂs ! 65,13V Hds le@t@rs"®nown °

unpl easant 15 odour. When tested in standardized nlcroblologlcal
assays, the cdﬁp&hﬁjsp?ﬂlqlrﬁ@q'mﬁ%&ha&?%‘ébﬁ%%"hﬁr &R beam

positive organisdgiBs diledad AEANEUS tﬁw dﬁfd? S:difld'xeB?iﬁﬁ'lelrrt lads asulpkil i s,

alnd sug h gran}ne atlve or gani sns_as é %1q. al_ nonel | a, at test
| evel s of behﬁmp éh; 7% are T anyl pht yl, methoxyme-

L thyl, glycyloxymethyl, phenylglycyloxymethyl, thienylgly-

»

cyloxymethyl, acetoxymethyl and pivaloyloxymethyl.

Similar compounds are disclosed in Japanese Patent Appli-

o cation No. 56-142739 We have found that the compounds

- 10 of the present invention possess unexpectedly superior '
activity againstgram-negative and gram-pos1t1ve bacteria
compared with penem compounds named hitherto. In addition
the -compounds of this invention exhibit low protein ..
'binding and their metabolites have little or no unpleasant

- 15 odour:

When tested in standafdized microbiological éssays;-the
compounds of this invention are acﬁive against such gram-
positive organisms as Staphylococcus epidermis and Baccil-
_ - lus subtilis; and such gram-negative organisms as E. coli
v 20 and Salmonella, at test levels of below 2.0 micrograms/
ml. Additionally, they show activity against organisms
which produce beta-lactamases, e.g., penicillinase and

cephalosporinase, indicsting a resistance against these

L enzymes. For instance, the sodium salt is active against
25 E. coli 74081501 (a beta-lactamase producing organism) at

a test level of 0.1250 microgram/ml.

As'antibacteriéi agents, the compounds of this invention
are conventionally formulated for oral, parenteral, '
topical and transdermal use, preferably parenteral. Thus,

30 this invention includes within its scope pharmaceutical



n1_ Addi tionally, they show activity against organi sns whi ch produce

| act amases, e.g., penicillinase and cephal osporinase, indicating a

Qnce agai nst these enzynes. For instance, the sodiumsalt is active

25 ~E. coli 74081501 (a beta-|actamase producing organism at.

a

" tes evel of 0.1250 microgram-nl. As antibacterial agents, the conpoundst
~of this invention are conventionally-f®r+ul ated for oral,- parenteral,

t opi cal
i nventi

and transdernmal use, preferably parenteral. Thus, 30 this
on includes within its scope pharmaceuti cal - 3 - conpositions

conprising the conpounds of this invention, in adm xture with a
phar mceut ickaldos iRGEHE G ine e &9&@0@1‘:’@@ ofl Rnile ihoergqbng .
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tions the conpounds of this in- vention can be used as the

enzurs didHi tors and/ or absorption enhancers. For the preferred

aqltagmp*@rmﬁw%@alﬁat RETeRteR16: K8FTARE BAct eri al

tion, for parenteral adm nistra- tion, a conpound in accordance mnth
the invention may be

In the foreg01ng comp051tions the compounds of this in-
vention can be used as the sole active antibacterial agent
onnin=¢ombination with other antibacterial agents, enzyme

inhibitors and/or absorption enhancers.

For the preferred composition, for parenteral administra—
tion, 'a compound in accordance Wlth the 1nvention may be
formulated into solution or suspensiOn. Typical topical
formulations are those such as lotions; creams, ointments,
sprays, and mechanical delivery devices, e.g., transdermal.
For oral administration the compounds of this invention
are typically formulated in the form of fablets, capsules,
elixirs or the like. ' |

'As well as pharmaceutioally aoceptableloarriers,_othef

' ‘non-toxic compatible fillers, binders, disintegrants and
lubricants commonly used in pharﬁaceutioal_formulations
mayzbe included. The compositions may alSo contain pre-
servetives, thickening, suspending, dispensing, emulsify-

ing, wetting, stabilizing and buffering agents.

The dosage of a compound in accordance with thié.invention
which is administered, will be in accordance with the
judgement of the attending.clinicien and depend upon a
variety of factors, i.e. the age and weight of the indi-
vidual being treated, the mode of administtation.and the
type and'severity of the bacteriai infection being pre-
vented or reduced. Typically, the dosage administered
per day will be in the range of from about 25 to 160 mg/kg
and preferably from about 50 to 100 mg/kg in divided

o



10 - formul-ated into solution or suspension. Typical  topical

formul ati-ons are those such as | otions, creans, ointnents, sprays, and
mechani cal delivery devices, e.g., transdernmal. For oral adm nistration
conpounds of this inventionare typically fornulated in the form of

t ahl'6ts, capsules, 15 elixirs or the like. As well as pharmaceutically.
accéﬁﬁable carriers, ot her non-toxic coﬁpd{rble fillers, binders,
~disintegrants and | ubricants conmonly used in pharnaceutlcal for mul at i ons
may be included. The conpositions may al so contain pre- 20 servatives,

t hi ckeni ng, suspendi ng, dispe |ng si_f n iyl §&l ng and
buf f eri ng agent@saﬁ?es'd RS 5&??(%? wzi'ggorb a%?%anl\%lfﬁg?%h if

i nvention whi Chidé—"aq"éjrﬂrﬁlﬁé Qroed;a:w:]dg hmnweracecm damoantist, h folre exatgdrent

of the attendin (g and de u ,faatcshve %Htr%tdg.eglg fc%?’&:‘l‘h%d i.e

t he age and wei orrdr d al9 reate
adnln|stratron~ﬁgﬁhtéﬁtdﬁﬁﬁbkﬁubuys&umdgndﬁlnyuaduﬁnhahhﬂ dagirdetri @F bei ng
pte- venied or reduced. Typically, the dosage adm nistered per day w ||
be in th ranged’o]fu?l?%‘m about- 25 to 160 ng/ kg 30 and preferably from
about 50 to 100 ng/kg in divided

Y

According to a further aspect of the invention, a process
-  for preparing compounds of formula I and their pharmaceu-

tically acceptable salts and ester is characterized by

A) reaction of a compound of the general formula

N | opg | | |
: /I\——( SCH,CH.,OH
10 ' ‘ ll I
/ N
0 COOPr

wherein Pg is a hydroxy protecting grohp and Pr is a
carboxy protecting group,
with an alkali metal cyanate in the presence of trifluoro-

acetic acid or trichloroacetic acid;



Aai ni ng conveni ent anounts, for exanple, 0.250, 0.500, 1 or 2 gns of
ve ingredient conmbined with a suitable physiologically acceptable
_carrier or 5 di luent. According to a further aspect of the invention, -a.

process for preparing conpounds of fornmula |I and their pharmaceu- tical hy~
acceptabl e salts and ester is characterized by A reaction of a conpound of
the general fornula [err] wherein Pg is a hydroxy protecting group and Pr
is a carboxy protecting group, with-ar akali netal cyanate in the presence
of trifluoro- acetic acid or trichloroacetic acid, B) reaction of a '
conpound of the general fornula [err] in which [err] is an organic radical
different from carbanmoyl - oxyethyl and any functional groups are protected

-4-dosages. Typically, the dosage will be adm nistered in dosagé units

if ne- B) reaction of a compound of the general formula

. 0

OH" ‘? "
]
A s | |
l ‘ ' II v
4 N
0 COOH
\&/

in which R is an organic radical different from carbamoyl-

oxyethyl and any functional groups are protected if ne-
5 cessary or desired, with a compound of the general formula

0
I IIT
HS CH,CH,0-C-NH,

Oor a reactive de;ivative thereof;

C) reaction of a compound of the general formula

OH _ ‘OH . B
| \Ir/ - .
/4 N \ /2 N \
o] COOH o] COOH
iva ) Vb
10 . in which any functional groups are protected if necessary

or desired, with a compound having the general formula



5 . cessary-or desired, with a conpound of the general fornula [err] or -8
reactive derivative thereof C) reaction of a conpound of the general

formul a OH H [err] 10 i n which any

functlonal groups are protected if necessary or desired, with a conpound
haviig- t he general fornul a -6- [err] in which L is a |eaving group, D)
reactfon of a conpound of the general f&mula O [err] 5 I n which any
functional groups are protected if necessary or desired, with a trival ent

or ganophosphorus conpound the process A, B, C, or D being followed by one

or nore of

the follow ng operations, if necessary or desired; (i)

deprotection of one or nore protected group% 10 (i) separation of

the (5R 6S,

(2]

1)

10

15

8R) st ereoi soner; i

L-CH_CH_O-C- NHz

¥
2 2

in which L is a leaving group,

D) reaction of a compound of the general formula

o)
OH S-CH_CH_O-GonN
. -C-NH
" | =
0 c=0

0=C-CH

in which any functional groups are protected if necessary

or desired, with a trivalent organophosphorus compound

the process A, B, C, or D being followed by one or more

of the following operations, if necessary or desired;

(i) deprotection of one or more protected groups;
(ii) separation of the (5R,6S,8R) stereoisomer:;

(iii) conversion of a free acid to a pharmaceutically

'acceptable salt or metabolisable ester;

(iv) conversion of a salt or ester to a free acid;

(v) transesterifying an ester or converting an ester
into a pharmaceutically acceptable salt;

(vi) converting a salt into another salt or an ester.



dpol i'sabl e ester; (iv) conversion of a salt or ester to a free acid; (v)

'("') conversion of a free acid to a pharmaceutically acceptable salt or

sesterifying an ester or converting an ester 15 . into a
pharmaceutically acceptable salt; (vi) converting a salt into another salt

or an ester.
sol vent, e.g.

[err], prefer

-7 - Process A is generally carried out in an organic . ,
benzene or nethylene chlgride at a tem perature of [err]~To
ably at about [err], e.g. 'roomtenperature. The preferred

solvent is nmethylene 5 chloride. The preferred al kali metal cyanates
are potassi- um and sodi um cyanate. The preferred acid is trifluoro- acetic
acid. Process B I nvol ving sul foxide replacenent is usually carried out in
an inert solvent, for exanple 10 . dichloronethane or tetrahydrofuran

The reacti Is usually,carried t under coolin r err|
prefer- ab%r?%?ﬁugo S o) g%eeﬁaf#% ﬁﬁ'f)’rec‘éo ’g ‘??%%‘{ Lf]s@dvef’L

‘reaction is

pe
ro

e.g. benzene or methylene chloride at a tem-
rature of 0°C to 35°C, préferably at about 25°C, e.g.
om temperature. The preferred solvent is methylene

5 chloride. The preferred alkali metal Cyanates are'botassi-

um and sodium cyanate. The preferred acid is trifluoro-

ac

etic acid.

Process B involving sulfoxide replacement is usually

10 di
ca

_ carried out in an inert solvent, for example
chloromethane or tetrahydrofuran. The reaction is usually -

rried out under cooling e.g. at -70%¢ to 1o°c, prefer-

ably'Ooc to Soc.

When the thiol compound is itself used the reaction is

generally carried out in the presence of a base, e.g. an

15 organic base such as diisopropylethylamine or~triethyl—

amine, or an inorganic base.

ri

Alternatively a reactive de- ;;;

vative of the thiol, for example an alkali metal salt

preferably a sodium or potassium salt may be used.

’ .

w



generally carried out in the presence of a base, e.g. an 15 organi ¢ base
such as-diisopropylethylam ne or triethyl- amne, or an inorganic base. z
Alternatively a reactive de- rivative of the thiol, for exanple an al k@
ne%g;-salt preferably a sodi umor potassiumsalt may be used. - 8 -
P ss-C is generally carried out in a solvent e.g. an organic solv
p6§£ib|y containing water e.g. acetonit#i Be-and water, or an anhydrous
organi ¢ solvent e.g. tetrahydrofuran, ethylether or dioxan. Gene- 5
rally the reaction will be carried out in the presence of a base which may
be an organic’ base e.g. triethylanine or nore usually an inorganic base

such as sodlu - Jbonate on te ratures are typically from
about [err] t c%% Cb § [gFPF PéiyeFPf FhoFﬁoﬁPtgnﬁgﬁg?ﬁge €1g-
(about 25 CD belng preferaador@aeﬁersedvéaavpbgsgbmyp&ohta&ﬁlhglQgeare 9.

i odo, tri- oroacetate. nd tri g hos honlun} Process D

I nvol vi ng CyCF at%%n%% ﬁélgoﬁg %F 8 an Y rous organic

s solvent e.g. tetrahydrqfuran, ethylether or dioxan. Gene-
5 rally the reaction will be carried out 'in the presence of

)

a base which may be an organic base e.g. triethylamine,
- or more usually an inorganic base such as sodium bicar-
| bonate. Réaction temperatures are typically from about
-10°%¢ to 45°C e.g. 10°¢ to 45°C with room temperature
— 10 (about 25°¢) being preferred.

Preferred leaving groups L are halogen e.g. iodo, tri-

fluoroacgtatg gnd triphenylphosphonium-oxy.

Process D jnvolving cyclisation of the compound of

. formula VI is usually carried out analogously
15 .to the process described "in Eurépean Patent’ Appllcatlon

Publication No. 58317. Thus it is usually carrled ocut in

an inert solvent, for example an aromatic hydrocarben

e.g. toluene, benzene, aliphatic ethers, e.g. diethylether

and dipropylether, cyclic ethers e.g. dioxane and tetra-
20 hydrofuran, and halogenated hydrocarbons e.g. methylene

chloride and chloroform. '

In general the cyclization reaction is carried out at
temperatures in the range from 20°¢ to 80°C usually from
40°C to about 60°C for a period of from 6 to 24 hours.



la VI is usually carried out anal ogously 15 to the process .

N bed-in European Patent Application Publication No. 58317. Thus it is
/[y carried out in an inert solvent, for exanple an aromatic '
ydrocarbon e.g. toluene; benzene, aliphatic ethers, e.g. diethylether and,
di propyl ether, cyclic ethers e.g. dioxahe and tetra- 20 hydr of ur an, and”
hal ogenat ed hydrocarbons e.g. nethylene chloride and chloroform In
general the cyclization reaction is carried out at tenperatures in the
range from S €abbe 86r Grakewt | grdamopHddSithemabotempeunds fare acyekiod of

Lren e o ShdliE et LRSS P PR BaB s B 5
al kyl phosphiiesd oarphosbkpl phosipsitdheoprphosphoxamidesal B pre-
oroforred [EtTES. RETIRLANR, Ghbadobhospiorons oBSMRRA Eoed )t TV
t hescar boxyalkplphoéphheesonpbermest | Poefernndd 1s tntethylprosehites the
starting penemof process A wll be protected in the
Generally, in the process of the inventiqn, the carboxy
group of the compounds [IVa, IVb], II and VI, as well as
the starting penem of process A will be protected in the
respective ﬁrdcess. Thus, for instance, the'alkylation  -
10 reaction of process C will give a carboxy protected de- ;)
ri&ative of the compound of the invention which has |
Subsequently to be deprotected. The hydroxy group of the
hydroxyethyl attached to the S#positioh of the aietidinone
ring of the said compounds may”also, conveniently; be
15 - protected.

Suitable hydroxy protecting groups Pg for use in the pro-
cess of this invention are such groups conventionally used
for such purpose in the B-lactam art and which are readily
réﬁo?able.by procedurés utilizing elemental zinc or any
20 other convehtﬂzmq.procedures._Preferred_hydroxy protecting
. groﬁps are trichlofoethylxycarbonyl, dimethyluﬁ*butylsilyl,' vy
p—t?inetﬁyls_ilyiat_hoxyc_arbonyl ~and trimethylsilyljtrimethylsilyl
is a particularly preferred protecting group and is re-
movable by treatment with a mild_aqueouS'acid,'such'éé
25 aqﬁeous acetic acid.

Suitable carboxy protecting groups'are those conﬁentional-
ly used in the'penem.art and which can be removed under .
conventional conditions without reaction with other
functional groups presént on the penem molecule, for
30 example allylic, p-nitrobenzyl and trichloroethyl. The
- preferred carboxy protecting group is allyl.



respective process. Thus, for instance, the al kylation 10 reaction gf
process Cwill give a carboxy.protected de- rivative of the conpound 0l %
i nveriti on whi ch has subsequently to be deprotected. ,The hydroxy group/(fo
the hydroxyethyl attached to the 3- p03|t|on of thé azetidi none ring of
sai { ronpounds may al so, conveniently, éS protected. Suitable
hydrgxy protecting groups Pg for use in tﬁ pro- cess of this invention are
such groups conventional.ly used for such purpose in the [err]-lactam art
and which are readily renovabl e by procedures utilizing elenental zinc or

any 20 ot her conventional procedures. Preferrgd hydr ctin
groups are triEhe PR i X?%a?%gn9T°teﬁFﬁ%§h§??%?tgﬁ?@?%'$§¥t8£9£8 ]
Eg:”ch lr; me; hxgﬁ%ﬁ% F@f@f@rfgﬂ%ewdrfiembwlsylybnventmenaylprbye is a
rotecting grou vabl.e at ment
with a nild aqéeses %%4ékt§%c%° grggng gﬂﬁebégnﬁgQY gkaggé Lggltable
Cagbaﬁy ﬁrOteC%é@Qlﬂéogﬁ§u§rerbBOSHeCﬁémenflooalthéypneédrractherpﬁnenrart
a® ich can be renove ventiona r
with other funé?%oﬁa?ugro%ggyireggﬁt 5A"t hg Egﬂg#%%DE gk%@Q? ggagyon
exanpl e alIyll@at&i@tiéobeﬁaytland ini cheoppeshpte EneapbeBeﬁrpdeiseriy
‘pgotecting group i S

1llz¥ng procedures described in our European Patent
Appllcaulon Publication No. 0013663. Thus an allyl group
is preferably removed by utilizing a suitable aprotic
.g;, 10 solvent, such as tetrahydrofuran, diethyl ether or
methylene chloride, with an alkéii metal alkylcarboxylate,
preferably potaséium or sodium“2-ethy1he1anoaté (to give
the alkali metal penem-salt,'preferably the sodium or '
- potassium penem salt directly) or carquy;ic acid, pre-
15 - ferably 2-ethylhexanoic acid (to give theipenem free-
iacid) and 2 mixture of a palladium compbund'and tri-
phenyl phosphine as a catalyst.

Prepération of the foregeing salts and'estérs.méy 
.be carrled out accorc1ng to conventionzal procecu”es
20 for forming salts of beta-lactams such as penicillins,
‘ cephalosporins and penems. Szlts can be formeé upon
deprotection of an allyl group zs above, or for o
example, by treating the free acid with metal compounds
such as alkali metal salts of suitable carboxylic
25 - acids, or with ammonia or a suitable organic amine,
wherein preferably stoichiometric¢ amounts or only a
small-excess of the salt-forming agent is used. Acid
addition salts of the compound can be obtained in the
usual manner, for exémple by treating a compound of

30 formula I with an acid or a suitable anion exchange



e renoval of the protecting group froma protected carboxyl group
ff&)carried out by conventional proce- dures selected according to the
i déntity of the pro- tecting group. For the renoval of the preferred
protect- 5 ing group, allyl, this can in general be effected under
“catalytic conditions in the presence of a base, preferably by utilizing (JJ
procedures described in our European bht ent Application Publication No. >~
© 0013663. Thus an allyl group is preferably.renoved by utilizing a suitable
aprotic 10 sol vent, such as tetrahydrofuran, diethyl ether or nethyl ene

. chloride, with an alkali netal al kyl carboxyl ate preferabl ot assi um or

~ sodi um 2- HIRATRRANDEE ST Yi T tPECRFRIPTE iR oF PRIRST saPilogeRterabl y
‘the sodi U@t ESHAFA PESE O S athe dbd LEE4 YOIn@Ing dEHOXYS | 6F apélli-pre- 15
ferably 2-ethyl hexangic acid (to give the: penemfree- acid) and a m xture
of a pall d¢ftur %%dﬁﬁgn é%ﬁﬂ? PerHhRnyl phosphine as a catal yst. :
Preparation of the foregoing salts and esters may be carried out according

to conventjopal procedures . .
: éafks £§ycbe converted in the usual manner into the free
5 carBoxy compounds, e.g. by treatment with tartaric acid,
or into other salts, or pharmaceutically acceptable

metabolizable esters.

The compounds of the invention may be_produced in optically -/
active form by utilizing optically active starting material

10 in the reaction prcéedures.

The-compoundé of the invention may also be producéd'ip
mixﬁures with their stereoisomers, e.g. as racemic or dia-
steriomeric mixtures. For instance the 5R,6S,8R isomer ma& be
produced with its enantiomer (mirror image)_i;e. a 55,6R, 88
15 compound, in equal amounts.when the starting compound is
a racemic mixture. If desired,steroisomeric mixtures can
be separated by standar@ techniqﬁes. For instance tﬁo
enantiomérs may be éeparated by fractional crystallization
of optically active compounds, e.g. (-)-brucine, or (+) - -/
20 and (-)-ephedrine salts.



20 - for formng salts of beta-lactans such as penicillins, cephal osporins
and penerns.” Salts can be forned upon deprotection of an allyl group as -
above, or for exanple, by treating the free acid with metal conpounds SKCR
asigLyaIi netal salts of suitable carboxylic 25 = acids, or with anmon

or- §L§U|table organi c am ne, wherein preferably st0|ch|onetr|c anounts o
only 7a smal | - excess of the salt- form ng agent is used. Acid addition salts
of the compound can be obtained in the usual nmanner, for exanple by

treating a conpound of 30 formula | with an acid or a suitable anion
exchange reagent. The esters are preparable in a nmanner anal ogous to the
preparation of the corresponding esters ﬁg peni- cillins and

cephal osporins. Salts may. be converted ih“the usual manner into.the free 5

car boxy conpounds, e.g. by treatment with tartaric acid, or into other
salts, or pharnaceutically acceptable netabolizable esters. The conpounds
of the i nvention may be produced in optically active formby utilizing
Optlcally active starting nmateri al

Compound I for usein process A) can be readily prepared

7 ' by the process described in European Patent Application

Publication No. 13662,'that is by cyclising & compound

Pg :
. s S
_ 3 4 i -
e X.
’az 4N\\
o C=—=Y
COOPr
_5 o in which R is optionally protected_hydfoxyethyl,ePr and Pg

are as definedabove and Y is a phosphono group customary for
a Witting reaction, especially a triary],e.g.'a triphenyl
group - The reaction is generally conducted at a tempera-
o ture of between 30° And 60°C and preferably at reflux
— 10 temperatures in an.organic solvent such as benzene, toluene
or xylene under an inert atmosphere e.g. nitrogen or

argen. Reaction time is e.g. 12 - 48 hours.

If R is protected hydroxyethyl, it will subsequently be

_ deprotected before use in the process of the invention. By

. 15  suitable selection of the protecting group it may be selec-
tively deprotected,leaving group Pg in position protecting
the 5-hydroxy group.



b@ phoduced in mxtures with their stereoisomers, e.g. as racemc or dia-
sfNeryotreri ¢ m xtures. For instance the 5R, 6S, 8R i soner nay be produced
with its enantionmer (mrror imge) i.e. a 55 6R 8S 15 conmpound, in

. equal armounts when the starting conpound is a racemic mxture. |f T
desiredsteroi someric mixtures can belseparated by standard techni ques. For
instance two enantionmers nmay be separated by fractional crystallization of
optically active conpounds, e.g. (-)-brucine, or (+) - 20 and
(-)-ephedrine salts. - 12 - Compound | for use in process A) cgn.he
readi |y pr@per s4lbynyhecprpensd ddsEPFpiaci APEBFBFESH gaf@ﬂt ﬁp%ﬁ?gééyon
P”b'icatioﬁrﬁgaré§6§§’t&Q@Eihé Ay ceMpbusiing rathengenedaleeokmola XiIn which
R is optionhalTy protécted hydroxyethyl, Pr and Pg are as defi nedabove and Y
"is a phosphono group custo for a Wtting reaction, especially a
triary],e.g. a triphenyl grolip- The reaction is generally conducted at a

- S .
t enper a : - SR, _

3

.10 in the reaction procedures. The conpounds of the invention may al so

S ——
- 0 COOH
in which Rzis an organic group different from carbamoyl- S L)
5 oxyethyl, with a mild oxidizing agent e.g. m—chlorope;oxy—

benzoic acid, in an inert solvent, for example dichloro-
methane at between -30°C and 20°c, e.g. at 0°¢ to 5°%. 1f
desired the 3—carboxy'group and 8-hydroxy group can be in
protected form. Such compound of formula XI can be pre-

10 pared'by methods generally known in the penem literature
e.g. by the method disclesed in European Patent Applica-
tion Publications Nos. 13662 and 58317. |

The tautomeric compound of formula [IVa, IVb] can be
. preparéd by the methods disclosed in_European_Patéht
15  Application No. 83111615.7.




ture of between [err] and [err] and preferably at reflux 10

tenperatures in an organi c solvent such as benzene, toluene or xylene u
an inert atnosphere e.g. nitrogen or argen. Reaction tinme is e.g. 12 -
hours. I'f Ris protected hydroxyethyl, it will subsequently be deprotectec

befof € use in the process of the invention. By 15 sui tabl e sel ection of
t he Bfotecting group it may be selec- tively deprotected,|eaving group Pg
in position protecting the 5-hydroxy 9 gup. -13- The sul finyl conmpound

Il for use in process B can be readiTy prépared by treating a conpound of
the general formula XI OH [err] in which Ris an organic group different
from carbanoyl - 5 oxyethyl, with a mld oxidizing agent e.qg. _

m chl or oper oxy- benzoic acid, in an inert solvent, for exanple dichloro-
met hane at banee prod@durand 20 £.pe ferale bded 0 d&iddisdd. desired the
3-carboxy group and 8-hydroxy group can be in prbtecﬁédlﬁorh1 Such conpound
of fornmula Xl can be pre-

&) reacting an azetidinone of formula XX

¢

O
fe o
w

porf s SR

E s

Q

N
b3

E.C
2 N

in which R3 is a sulfur protecting group, e.g. triphenyl-
5 methyl, with an g-substituted alliylacetate of formula XXI




d disclosed in European Patent Applica- tion Publications Nos. 13662
ang>58317. The tautoneric conpound of formula [IVa, |Vb] can be prepared by
t he- met hods di scl osed in European Patent 15 Application No. 83111615.7.
- 14 - This procedure, in a.preferngd form conprises: a) reacting an -~y
azetidinone of fornula XX [err] in which [err] is a sulfur protecting
group, e.g. triphenyl- 5 methyl, with an a-substituted allyl acetate
of fornula XX -15- [a&r] in which Wis a |eaving group e.g. iodo or

"brono to form a corrp%]_fizgajoélgzré’ﬁg@dz)(XII [errlxxT

| _'kégég ‘pared by nethods generally known in the penemliterature e.g. by the
am

in which W is a leaving group e.g. iodp or bromo

to form & compound of formula XXII

OH B

; B a3
- . SR

E /Ne III‘L_;/ #
- C/ l | XXIT .
. o// N\ 9 ’ :

CH.C~-OCH,CH=CH .
P 2 2 \
s
5 This reaction can be carried out at 15° to 30°C in the pre-

sence of an acid acceptor. Preferably the reaction is con-
ducted in acetonitrile employing cesium carbonate or
tetraalkyl ammonium hydroxide as the acid acceptor;

| b).tresting the compound of formula XXII with a stoi-

10, = chliometric excess of elemental zinec in hydrochloric acid

' in an suitable organic solvent such as tetrahydrofuran' at
15°C_to 250, to form the-compound'of formula XXIII

OR

B s 8 nrl—f/ S
s
o/

XXIII |
v Ny O ' .

"
Chzc-OCHZCH=CH2

¢) protecting the hydroxy group at the 5 position'With
15 2 trimethylsilyl group by reaction of compound of formula
XXIII with bis~-trimethyl silylacetamide; the reaction
suitably being carried out in a solvent such as dimethyl-'
formamide at 0°C to 300;



5 This reaction can be carried out at 150 to 300C in the pre- sence of
an acid acceptor. Preferably the reaction is con- ducted in acetonitrile e
enpl oyi ng cesi um carbonate or tetraal kyl amoni um hydr oxi de as the acid
acceptor; b).treating the conpound of formula XXIlI with a stoi- 10
chliqQmptric excess of elemental zinc in hydrochloric acid in an suitable
organic solvent such as tetrahydrofuran at. [err] to [err] to formthe
conpound of formula XXIII [err] c) protECQPng t he hydroxy group at the 5

position with 15 a trinmethylsilyl group by reaction of conmpound of
formula XXII'l with bis-trinethyl silylacetam de; the reaction suitably
being carried out id) ety Hcreas: diim htot dayemnidipaind WE 40 4 err]
- 16 - a) reacth% the resulting protected canp qqimﬁth a thiocarbor.yl
compound of f or'MACE 3R] rTITTHRfhi%Ch FPTFEAE 19 ng group such as
hapht hyl oxy or 5 I m dazolyl, generally using the sane solvent as in
the s=C(Y), YXIV

)

in which Y is a2 leaving grour such as naphthylcxy or
5 - imidazolyl, génerally'using the same solvent as in the
preceding step at & temperature in the range 10°C to hSOC
L to form the compoundéd XXV

S
0Py B g b4y
1‘: //I.\C ”"L_-'-/
“ M’NO§ .
CE, C-OCH,, CH=CH

2 2

in which Péis trimethylsilyl ané Y is as defined above;

i0 ¢) treating compound XXV with an'equimolar amount of
s - a strong base such as lithium diisopropyl amide, to produce 2
'compound'[IVa, IVb]; the reaction Will“geﬁerally be
carried out in an anhydrous inert organic¢ solvent, such
as tetrahydrofuran, with the base being added to a
= 15 solution of compound XXV in the soivent; typicél reaction
temperatures are -50°¢ to -100°C, and the reaction will
E generally be complete within 5 minutes to 24 hours.

As well as allyl, as a carboxy protecting group, other
carboxy protecting groups known in the penem art can be

. used, e.g. p-nitrobenzyl.



precedlng step at a tenperature in the range [err] to [err] to formthe

and XXV [err] in which [err] is trimethylsilyl and Y is as defined
10 c) treating conpound XXV with an equi nol ar anmount of a
_ base such as |ithiumdiisopropyl anmide, to produce a conpound [Iva,
I Vb]; the reaction will generally be carried out in an anhydrous inert S
organi c solvent, such as tetrahydrofuran, with the base being added to a ™15
sol ution of conpound XXV in the sol ent; typical reaction tenperatures are
-50C to [err], and the reactjon w |l ‘génerally be conplete within 5 ninutes
to 24 hours. As well as allyl, as a carboxy protecting group, other carboxy
protecting groups known in the penemart can be used, e.g. p-nitrobenzyl.
- 17 - The starting conmpounds VI of process D) are preferably prepared by
the reaction of a conpound of the fornmula XXV OH [err]

The starting compounds VI of process D) are preferably

prepared by the reaction of a compound of the formula XXV

_OH e
/k o ./ S\ ~_S5-CH_.CH O-g-NH
ﬁ 2772 2 _
OJL—-—NH S ' -

with a reactive derivative e.g; chloride, of an acid of
5 " the formula XXVI |

. AN
Pr-0-C - OH"

e
H
|
H

in which Pr is as defined above. This reaction will usually
be éarried out under normal acylating conditions, namely J
'ln an inert solvent e.g. methylene chloride and in the
10 presence of a base e.g. an organlc base such as a tertlary
amine e.g. d11sopropylethylsm1ne, possibly together with

an inorganic base e.g. calcium carbonate.

Such process is described in more detail in the:Eﬁropean

Patent Application publication No. 58317.



with a reactive derivative e.g. chloride, of an acid of 5 the formul a

XXVI 0 [err] in which Pr is as defined above. This reaction wll usu,-vu.bg,
carried out under normal acylating conditions, namely in an inert so.%g?‘
e.g. nethylene chloride and in the 10 presence of a base e.g.

organi.c base such as a tertiary amne e.g. diisopropylethylam ne, pos
toge?ﬁer with an inorgani c base e.g. cal cium carbonate. Such process is
described in nore detail in the European Patent Application publication No.
58317. .- 18 - PREPARATION A Allyl- (5R, 6S.

8R) - 2- (et hanesul finyl)-6-(hydroxyet hyt+)18penem 3-carboxylate Stir at [err]
to [err] a solution of allyl-(5R 6S,8R)-2-ethylthio 5

-6- (1- hydr oxyet hyl ) - penem 3-car boxyl ate (31.5g) in ethyl acetate (200 m)
and di chl oronet hane (100 ml) and add over 30 m nutes a sol ution of

m chl or oper oxybenzoi ¢ aci d

bl y

PREPARATION A

of |

Allxl—(SR,GS,8R1-2—§ethane§ulfinxl)-6-§hzdroxxethzlz-
penem-3-carboxylate '

W, "~ stir at 0° to 5°C a solution of allyl-(5R,6S,8R)-2-ethylthio
' 5 -6-(1-hydroxyethyl) -penem-3-carboxylate (31.5g) in ethyl
acetate (200 ml) and dichloromethane (100 ml} and add
over 30 minutes a solution of m-chloroperoxybenzoic acid
(80-85%; 22 g) in ethyl acetate (120 ml). After a further
30 minutes, add the solution to a stirred mixture of
10 . ethyl acetate (150 ml), water (125 ml) and'sodium'bicarbd_
" nate (15 'g), and stir rapidly for 15 minutes. Dry the
organic phase over Mgso4, evaporate and chrdmatograph
rapidly on silica gel, elute using l:1 hexane-ethyl
acetate followed by pure_ethyl-acetate. Evaporate the
15 product fractions and subject the residue'to high vacuum

s to give the title compbund as a thick yellow oil.

NMR (CDC1,): $ 1.2-1.6 (m, 6H), 3.0-3.35 (m, 2H),
-3.38 (br.s, 1H, exch by Dzo), 3.83 (m, 1H), 4.18
(m, 1H), 4.75 (br.d, J=6.5Hz), 5.2-5.6 (m, 2H),
. 20 5,73 and 5.89 (both 4, J=1.5 Hz, total 1H). and

5.8-6.2 (m, 1H). '



(80-85% 22 g) in ethyl acetate (120 nl). After a further 30 minutes, add

t olution to a stirred m xture of 10 ethyl acetate (150 m), ‘water
( M) and sodi um bi carbo- nate (15 g), and stir rapidly for 15 minutes.
‘Dr he organi c phase over MgSO4, evaporate and chromat ograph rapidly on
silica gel, elute using 1:1 hexane-ethyl acetate foll owed by pure ethyl |
acetate. Evaporate the 15 . product fractions and subject the residue™o
hi gh vacuumto give the title conpound as a thick yellowoil. NVR [err]:
[err] 1.2-1.6 (m 6H), 3.0-3.35 (m 2H), 3.38 (br.s, 1H, exch by [err]),
3.83 (m 1H), 4.18 (m 1H), 4.75 (br.d, J=6.5Hz), 5.2-5.6 (m 2H), 20

5.73 and 5.89 (both d, J=1.5 Hz, total 1H). and 5.8-6.2 (m 1H). - 19 -
PREPARATI ON B A) Pot assi um car banmoyt od&et hyl trit hi ocar bonat e Add a solution
of potassium hydroxide (0.132 g) in ethanol (5 nl) to a solution of

mer capt oet hanol carbamate (0.3 g) 5 I n ethanol and carbon di sul phi de
(0.56 g) at [err] to [err]

' PREPARATION B

<

A) Potassium carbamovloxvethyltrithiocarbonate ;j

Add a solution of potassium hydroxide (0.132 g) in ethanol

_ (5 ml) to a solution of mercaptoethanolcarbamate (0.3 g)

5  in ethanol and carbon disulphide (0.56 g) at 0°C to 5°C
with stirring and under nitrogen. After stirring for 30
minutes add ether to the reaction solution, collect the
resulting title compound as a yellow powder and dry it.
Yield 0.52 g.

10 . B) 3=(1-(2,2,2-trichloroethoxvcarbonyloxy)ethyl)-4-
(carbamoyloxvethylthiocarbonothiovlthio)-aze- g“2

tidin-2-one

Dissolve 1 g potassium carbamoyloxyethyltrithiocarbonate
from step A) in 20 ml 90% ethanol containing 0.5 ml
15 carbondisulfide and 0.8 ml triethylamine. Cool the solu-
tion to 0°c to 5°C and stir, under nitrogen. Add to the
reaction mixture 1.2 g of 3-(1—(2,2,2-trichloroethoxy-
carbonyloxyethyl)-4-acetoxy-azetidin-2-one in 12 ml me-
thylene chloride. Stir the reaction mixture for 16 minutes,
20 then dilute with ethylacetate. Wash the solution with

aqueous citric acid, then water, then dry over magnesium



wi t.h stirring and under nitrogen. After stirring for 30 m nutes add .ether

to the reaction solution, collect the resulting title conpound as a yel | gwr
powder and dry it. Yield 0.52 g. 10 B) Eﬁa
3- (1 (2,2.2-trichl oroet hoxycar bonyl oxy) et hyl ) - 4-

(cafbanoyl oxyet hyl t hi ocar bonot hi oyl t hi 0) - aze- tidin-2-one Dissolve 1 g
pot§§§|un1carbanny|oxyethyltrlthlocarbog%te fromstep A) in 20 M 90%

et hanol containing 0.5 m ‘15 °~ carbondr'sidlfide and 0.8 nl triethylam ne..
Cool the solu- O Otionto O Cto 5 Cand stir, under nitrogen. Add to
the reaction m xture 1.2 g of 3- (I-(2 2,2- trlchloroethoxy-

Cor boryl onet e AL PN Uik S0 g, Therd ALEABLEURAEAe

ethyl acetate. Wish temilsuing IC[mldﬂ tHroapmo e @itldica geild, elvgdngawath t hen

dry over nagne p t | C when
chr omat ogr aph t e resuﬁ%{ng crude proé’?cgogr?qsvltelhlqc'?zlggd&é}t&t%l tr%tlg
- compound as a yellow oil.

r]

5 ¢y 1-(2-allvloxy-1,2-dioxo-ethyl) -3-(1-(2,2,2-trj-
. chloroethoxycarbonyl)ethyl) -4-carbamoyloxyethyl-

thioc onothioylthiocazetidin-2-one

Cool to.OOC a solution of the title compound (0.45 g)
from step B in methylene chloride (3 ml) and allyloxalyl-
10 chloride (0.14 ml) contalnlng calcium carbonate (0.4 g)
| and stlr under nltrogen whlle addlng drOlese a solution
of di- 1sopropy1ethylam1ne (0. 19 ml) in methylene chlorlde
(1 ml). After 10 minutes add 5 ml of ice water to the
reaction solution with vigorous stirring and flltgr the
15 = 'mixture. Separate the filtrate, dry the organic layer
~ over magnesium sulfate and dilute with ethanol-free
chloroform. The résulting'solution of the title compound
can then be used directly for intramolecular cyclisation

— of the title compound as described below.



.ethyl acetate: hexane (1:1) to give 1.02 g of the title conpound as a yellow
Oits.y 5 ., @) -(2-allyloxy-1.2-dioxo-ethyl) -3-(1-(2,2,2-tri-

chl-or hoxvcar bonvl ) et hyl-) - 4- car banoyl oxvet hyl -
fthloggaéonothlovlthloazetld|n 2-one Cool to [err] a solution of the title.
conp (0.45 g) fromstep B in nethylene chloride (3 m) and allyloxal yl-
10 ~ chloride (0.14 m) containing cal ciumcarbonate (0.4 g) and stir
under nitrogen while addi ng dropwi se a solution of di-isopropylethylam ne
(0.19 M) in nethylene chloride (1 m). After 10 mnutes add 5 m of ice.
water to the reaction solution with vigorous stirring and filter the 15

m xture. Separate the filtrate, dry the organic |ayer over nagnesium
sulfate and dilute with ethanol-free chloroform The resulting solution of
the title conmpound can then be used directly for intranolecular cyclisation

of the title conpound as described bejow 4 - 21 - EXAMPLE 1
EXAMPLE 1 -
SODIUM (5R, 6S, 8R) =2 (2-CARBAMOYLOXYETHYLTHIO) =6~ (1-HYDROXY~ (S

ETHYL) ~-PENEM-3-CARBOXYLATE

A). Allyl-(SR,es,SR)—Z— (2—car5amoyloxyéthylthio)—6—(l-
5 - _ [trichloroethoXycarbonyloxy]-ethyl)-penem-3fcarboxylate.

stir at 0° to 5°C a mixture of 0.80 g powdered potassium
cyanate and 1.1 g 6f allyl-(5R,6S,8R)-6-(1-[trichloro-
ethoxycafbonyloky]-ethyl)-2-(2-hydroxyethylthio)-pehem-3—
carboxylate ih 5 ml_CH2012 and add dropwise l.l_g tri-

10 fluoroacetlc acid. Stir the mixture at 0° to 5°C for 30
_mlnutes, and then for 6 hours at 25 C. Work up in CH2C12 _
agueous NaHCQ3, then dry, evaporate and chromatograph the [y
organic phase on silica gel in etber-CHZCIZ to yield

the title compound as a yellow oil.

15 IR spectrum (CH,Cl, solution) v max 3500,
1795, 1750 and 1700 em L. NMR (CDCI,):
6 1.53(d,3,3=7), 3.22(m,2), 3.90(dd,1,J=1.5
and 8.5), 4.32(d,2,3=7), 4.79(s,2), 4.5-5.0
(m,4), 5.05-5.55(m,2), 5.66(d,1,J=1.5) and

20 5.7-6.2(m,1).




SODI UM ( SR. 6S. 8R) - 2- ( 2- CARBAMOYLOXYETHYLTHI O) - 6- ( 1- HYDROXY-
ETHYL),- PENEM 3- CARBOXYLATE A) Al lyl-(5R, 6S, 8R) - 2-

(2- carbanoyl oxyet hylthio)-6-(1- 5

[trichl oroet hoxycarbonyl oxy] - et hyl ) - penem 3-car boxyl ate. Stir-at [err] to
[err]\);é\ m xture of 0.80 g powdered potassiumcyanate and 1.1 g of

allyl -(5R, 6S,8R)-6-(l-[trichloro-

et hoxycar bonyl oxy] - et hyl ) - 2- (2 hydroxyet@ﬂ thi o) - penem 3- carboxylate in 5
m CH d and add dropwise 1.1 g tri- 2 2 10 fluoroacetic acid. Stir the
mxture at 0 to 5 Cfor 30 mnutes, and then for 6 hours at [err]. Wrk
up in[err]- aqs?0u§1i9irkskhe§ @ﬁy(zetéH %@ﬁ&n@@ﬂo%%% phe t e
organi ¢ phase on silica her - 2C12 to yield the t|tIe compound. as
ayellowoil. 15 hydroxyethyl)-p¢m@@p%c¢¢ah9¥ 2 solution) [err] max
3500, 1795, 1750 and 1700 [err] NMR [err] 6 1.53(d, 3,J= 7) 3 22(rn2)
3.90(dd, 1,J=1.5 and 8.5), 4.32(d,2,3=7), 4.79(s,2), 4.5-

5.05- 5. 55(m 2) , SE1E6Rdmixuges9f Q44303 of the product 0% St%Pz%n1Q)45 g

zinc dust, 0.6 ml acetic acid, 0.6 ml water and 6 ml

o
wn

tetrahydrofuran (THF) for two hours at 25°%c. work up in
ethylacetate-Hzo. dry and eVaporate the organic phase,
then subject it to thin layer chromatography using a
mixture of ether and dichloromethane containing 25% by
volume ethef to yield the

title compound as a palé yvellow foam.

10 | IR spectrum (CH,C1,)9 max 3400, 1790, 1710 and |
1690 em™'; H NMR (DMSO-d,): ¢ 1.13(d,2,3=7),
3.20(m,2), 3.85(m,2), 4.14(t 2,3=7), 5.64(m,2),
5.1-5.5 (m,2), 5.71 (&,1,3=1.5), 5.7-6.2(m,1)

and 6. ,55 (br.s, 2, exch. by D,0) .

15 'C)' Stir under nitrogen at 25%, a mixture of 1.2 g of
the compound produced in step B, 0.55 g of sodium
‘2-ethylhexanoate, 0.12 ¢ triphenylphosphine and 40 ml dry
tetrahydrofuran. Add 0.12 g tetrakis-(triphenylphosphine)~
palladium, then stir for 2 hours and ‘add 100 ml ether,
7 . 20 centrifuge and wash with eﬁhyl acetate; Diésolve the
T resulting salt in water and chromatograbh_on 10 g of
reverse-phase C-18 silica, eluting with water. Combine
pure fractions and lyophilize to obtain the title com-~

pound as a pale yellow powder.

25 . IR(Nujol mull) v max 3500, 1775, 1700 and
1650-1600. em™Y. (*NUDL" is a Registered.Trade Mark)



- 22 - B) Alyl-(5R 6S, 8R (2-(2- carbanDonxyethyIthlo) 6-(1-
' ,ixyethyl)-penen}3 carboxylate. Stir a mxture of 0.47 g of the product
eb A, 0.45 g zinc dust, 0.6 m acetic acid, 0.6 m water and 6 m 5
S hydr of uran (THF) for tmo hours at 25 C. Vbrk up in ethylacetate-[errc]
dry and evaporate the organic phase, then subject it to thin |ayer “J

chromat ography using a m xture of ether and di chl or onet hane cont ai ni ng 25@6
by vol une et her to yield the title conpound
as a pale yellow foam 10 | R spectrum [err] max 3400, 1790,

1710 and -1 1690 cm ; H NMR (DNB%>[err] ): [err] 1.13(d,2,J=7), 3.20(m 2),
3.85(m2), 4.14(t,2,J=7), 5.64(m f 5.5 (m2), 571 (d,1J=1.5),
5.7-6.2(nml) and 6.55 (br.s, 2, exch. by [err]). 15 C Stir under
nitrogen at [err], a mxture of 1.2 g of the conmpound produced in step B,
0.55 g of sodium 2-ethyl hexanoate, 0.12 g triphenyl phosphine and 40 m dry
tetrahydrofuran. Add 0.12 g tetrakis-(triphenyl phosphine)- palladium then
stir for. 2 hours and add 100 m ether, 20 centrifuge and wash with
ethyl acetate. Dissolve the :

 EXAMPLE 2

'SODIUM (5R,6S,8R)-2-(2~ CARBAMOYLOXYETHYLTHIO) =6- (l-HYDROK! ;)
. ETHYL) ~PENEM-3-C BOXYLAT '

A)  Allyl-(5R,6S,8R)-2- (2-carbamoyloxyethylthio) -6~ (1-
5 : 'hydroxyethfl)-penem—3-carboxylate

Stir a mixture.of 1.8 g of 27(carbamoyloxy)-ethanethiol,
4.4 g of the product of the preparation A and 80 ml of
dichloromethane for 1 hour at 0° to 5°C while adding 1.6
. ml of diisopropylethylamine. chromatograph the mixture
10 on silica gel, eluting with increasing concentrations

2
to yleld the title compound as a pale yellow solid, iden-

(5 15%) of acetone in CH Cl . Evaporate the pure fractions §d2
tical to the product of_Example 1, step B.
B) ° The product from step A is ‘then deprotected by

15 the procedure of Example 1 step C to yleld the title
compound. ' '



resulting salt: in water and chr onat ograph on 10 g of reverse-phase C- 18~
silica,. elfuting wwth water. Conbine pure fractions and |yophilize to of

the title com pound as a pal e yell ow powder. 25 | R( Nuj §
mul I-)[err] max 3500, 1775, 1700 and 1650-1600 cm . ("NUDL" is a Register ed
. Trade Mark) - 23 - EXAMPLE 2 SODI UM

(5R 5%, 8R) - 2- ( 2- CARBAMOYLOXYETHYLTHI O) 6- I-HYDROXY—
ETHYL) - PENEM 3- CARBOXYLATE A) 24

Al'lyl - (5R, 6S, 8R)-2-(2- carbannyloxyethylthlo)-6-(l-
hydroxyet hyl ) - penem 3- carboxyl ate Stir a m xture of 1.8 g of

2- (car banoyl oxy) -ethanethiol, 4.4 g of the product of the preparation A and
80 m of dichloronethane for 1 hougxaivdigfrk to [err] while adding 1.6 n

of diisopropyl ethyl am ne. Chronmat egraph—the—ri xture 10 on silica gel,
eluting with increasing concentrations (5-15% of acetone in [err]
Evaporate the pure fractions to yield the title conpound as a pal e yell ow
s& id, iden- tical to the product of.Exanple 1, step B.

Sodium (5R,6S,8R)-6-(l-hvdroxyvethyl)-2- carbamo loxvethyl-
thio) -penem-3-carboxylate

el

A) Add to a flask 0.5 g of an equilibrium mixture of allyl

5 o (5R, 68, 8R) -6-(1l-hydroxyethyl) 2-thione -~ penam-3-
carboxylate and allyl(5R,6S,8R)-6-(l~hydroxyethyl)-2-thiol-
penem-3-carboxylate, 0.45g 2-carbamoyloxyethyliodide, 10 ml
acetonitrile, 5 ml water and 0.2 g sodium bicarbonate. Stir
the mixture for 2 hours at room temperature to obtain

10 - 0.55.g of allyl-(5R, 6S, 8R) -s- (1-hydroxyethyl)-2~(2~carba-~

' moyloxyethylthio) -penem-3-carboxvlate.Work up in ethyl-
acetate-Hzo, d}y,'eyaporate the 6rganic.phase, then sub-

- ject it to thin layer chromatography . using a mixture of

ether and dichloromethane containing 25% by volume ether.

15 B) Deprotect the product from step A) as described in
Example 1, step C, to yield the title compound.



yl 5

m water and 0.2 g sodium bicarbonate. -Stir the m xture for 2 hours at

. B) - The product fromstep Ais then
iqcedure of Exanple 1,

step Cto yield the title conpound..
di'um (5R, 6S, 8R) - 6- (| - hydr oxyet hyl ) - 2- (car banoyl oxyet hyl - t hi 0)
em 3-carboxylate A) Add to a flask 0.5 g of an equilibriumm xture of

deprotected by 15 ° , the

(5R, 6S, 8R) -6- (| -hydroxyethyl) 2-thione - penam3- =y
carboxylate and allyl (5R, 6S, 8R) -6-(l-hydroxyethyl)-2-thiol- '
penem 3-car boxy] ate, 0.45g 2-carbanoyl oxyet hyliodide, 10 ml acetonitrile, 5

tenperature to obtain 10 0.55 g of
allyl - (5R, 6S, 8R)-6- (I -hydroxyethyl)-2-(2-carba-
noyl oxyet hyl t hi 0) - penem 3- car boxyl ate. Wrk up in ethyl- acetate-[err]dry,

evaporate the organi c phase,

t hen-s@b--ject it to thin |ayer chromatography

using a mxture of ether and dichl oronet hane contai ni ng 25% by vol une
B) Deprotect the product fromstep A) as described in
step C, to yield the title conmpound.

ether. 15
Exanmpl e 1,

10

15

EXAMPLE

4

Sodjium (5R,6S,8R)-6-(l-hvdroxyethyl)-2- (carbamoyloxvethyl

thio) -penem-3-carboxylate

‘A) Reflux the solution obtained in Preparation B) under

stirring while adding a solutibn of triethylphosphite

(0.4 ml) in chloroform (5ml) QVer 2 hours. Continue to

reflux for a further 2 hours and then evaporate the

solvent under reducéd pressure. Chromatograph the residual

oil on silica gel, eluting with ethylacetate-hexane.
(1:4) to obtain 0.24 g of allyl-(5R,6S,8R)-3-(1-(2,2,2-

trichloroethoxy carbonyloxy)ethyl)-2-(carbamoyloxyethyl-
.thio%penem—3-carboxy1ate

IR: 5.62/u

NMR

3.18
3.90
4.25
4.85
5.65

(CDC13) : 1.5 (4,J=7cps)

(dt,J=J=6, 3cps)
(dd,I=3=7.5,1.5¢cps)
(r,I=6cps)

(s)

(d,J=1.5cps)

Ceeves/venan

-24- EXAMPLE

room

)

(%}



- 25 - EXAMPLE 4 Sodi um (.5R, 6S. 8R) - 6- (| - hydr oxvet hyl ) - 2- (car banoyl oxygt hvl. _
t hi o) - Denem 3- car boxyl ate A) Reflux the solution obtained in Prepa -q'on
B) under 5 stirring while adding.a solution of triethylp
(0.4 M) in chloroform (5m ) over 2 hours. Continue to reflux for
2 hglirs and then evaporate the sol vent under reduced pressure.

Chr &wat ogr aph the residual oil on silicgggel, eluting with

et hyl acet at e- hexane 10 (1:4) to obtarn 0.24 g of

allyl-(5R 6S,8R)-3-(1-(2,2,2- trichloroethoxy .

car bonyl oxy) et hyl ) - 2- (car banoyl oxyet hyl - thi 0) - penem 3-car boxyl ate IR
5.62[err] NVMR (CDC13) 1.5 (d,J=7cps) 15

318 (A =06 530085} U (I3 shalebofB) chelBekion 00P) 485 (5) 5.65

product from step A) (0.45 g) in tetrahydrofuran
(5 ml) containing water (0.8 ml) and acetic acid (2 ml),
under nitrogen and add zinc dust (1 g) in small lots to

5 the solution while stirring. After stirring 1.5 hours

of

filter the solution, evaporate the filtrate under re-
duced pressure and dissolve the residue in ethylacetate.
Wash the resulting solution successively with water,

g)- ' aqueous sodium bicarbonate and brine, dry over magnesium

10 sulphate and evaporate to dryness. Crystallize the residue

from éthylacetate:hexane to give 0.273 g of allyl-(SR,6s,
8R)-3—(l-hydroxyethyl)-quarbamoyloxyethylthioLpenem-3-
carboxylate. | "

C) Treat the penem product from step B) acéording to
15 ' " the procedure of Example 1, step C, to obtain the
title compound.



- 0 B) Cool to O C a solution of the penem product fromstép A)" (0.45
tetrahydrofuran (5 nl) containing water (0.8 m) and acetic acid (2
under nitrogen and add zinc dust (1 g) in small lots to 5 t he
solution while stirring. After stirring 1.5 hours filter the solution, _
evaporate the filtrate under re- duced pressure and dissolve the re5|duQJ n
ethyl acetate. Wash the resulting sols4ion successively with water, aqueous
sodi um bi carbonate and brine, dry over nmagnesium 10 sul phat e and
evaporate to dryness. Crystallize the residue from ethyl acet ate: hexane to
give 0.273 g of allyl-(5R, 6S, '

8R) - 3- (I - hydr oxyet hyl ) - 2- (car banoyl oxyet hyl t hi 0) - penem 3- car boxyl ate. C)
Treat the merti® Bodduwsiing matpapsB)th@cmmdMeg Ihgriaﬁient is sbldéupmr ocedure

of Bxanpl g 1. SR & (1L hy MRS UL G ARG 1 oxyethylthio) -

penenm-3-carboxylate:

EXAMPLE 5
- . : o o/
5 . Injectable Powder: (per wvial) _
gzvigl a/vial ngial
Active Ingredient 0.5 1.0 2.0
Sterile Powder S -
Add sterile water for injection eor bacterioétatic water
10 for injection, USP for reconstitution..
EXAMPLE 6
| ),
Injectable Solution: mg/ml mg/ml
Active Ingredient 100 500
Methylparaben 1.8 1.8
15 Propylparaben 0.2 0.2
Sodium Bisulfite ' . 3.2 3.2
Disodium Edetate . 0.1 0.1
. Sodium Sulfate 2.6 2.6

Water for Injection g.s. ad 1.0 ml 1.0 ml



- 24 - 1In the follow ng Exanpl es the Active Ingredient is sodium

SR, 6S, 8R-6- (| - hydr oxyet hyl ) - 2- ( 2- car banoyl oxyet hyl t hi o) - _
penem 3-car boxyl ate: EXAMPLE 5 5 I nj ectabl e Powder: (per vial) /vi
a/vial. alvial Active |Ingredient 0.5 1.0 2.0
Sterid e Powder Add sterile water for injection or bacteriostatic water 10
forsnj ection, USP for reconstitution. - BRANMPLE 6 InJectabIe Sol uti on:

ng/ m ma/ m Active | ngredient : 100 500

Met hyl par aben _ 1.8 1.8 15

Propyl par aben 0.2 0.2 SodiumBisulfite

3.2 3Methogogrupkkdebatare | 0.1 0.1

Sodi um Sul f at e 2.6 2.6 Water for Injection

g.s. ad 1. DiksB1¥e parabehisOifil a portion (85% of the final volume)
of the water for injection at 65° to 70°C

~ 2. Cool to 25° to 35°C. charge and dissolve the sodium bi-

5 ; sulfate, disodium edetate and sodium sulfate.

K*)

3. Charge and dissolve the Active Ingredient.

4. Bring the solution to final volume by adding water for
injection. )
Filter the solution through 0.22 micron membrane and

10° | fill into appropriate containers.

6. Terminally sterilize the units by autocléving.'

EXAMPLE 7

Powder for preparation of injectable solution:
hilize owder er vial

15 : . g/vial g/vial
. Active Ingredient 1.0 2.0
N

-Sodium Citrate 0.05 _0.10

Add sterile water for injection or bacteriostatié water

for injection for reconstitution.



Met hod of Manufacture 1. Dissolve parabens in a portion (85% of the

g volume) of the water for.injection at [err] to [err] 2. Cool to [err]

‘ rrqumlmlmmmlmufol ve the sodiumbi- 5 sul fate, disodium
ate e. 3. Charge and dissolve the Active Ingredient.,

4. Bring*thé& sblulioh t'o final volume by adding water for injection. 5.4y

Filter the solution through 0.22 m cron nenbrane and 10 fill into

appropriate containers. 6. Termnally sterilize the units by autoclaving.
EXAMPLE 7 Powder for preparation of injectable solution: (lvophilized

~ powder, per vial) 15 : al/ vi al
-alvial Active Ingredient 1.0 2.0 Sodium Citrate
0.05 0.10 Add sterile water2Por injection or bacteriostatic water

-for injection for reconstitution.

CLAIMS

1. SR, 68,8R-6-(l-hydroxyethyl)-2-(2-carbamoyloxyethylthio)
penem-3-carboxylic acid and the pharmaceutically ac-
ceptable salts and metabolizable esters thereof.

5 2. An alkali metal salt of the compound named- in claim 1.

3. 2 compotnd as defined in claim 2, characterized in that
it is the sodium salt.

4. A pharmaceutical composition characterized by a com-
pound as defined in any one of claims 1, 2 or 3, in
10 . admixture with a pharmaceutically acceptable carrier

or excipient.

)

o



- 29 - CLAIMS'1l. 5R 6S,8R-6-(1- hydroxyethy|Xﬂg_ig,QaLbanDyFexyethylthio) N

met abol i zabl e esters thereof. 5 2. An. mmmﬂ“m of t he
compaound nanmed in claim1. 3. A conpound as 3

charggterized in that it is the sodiumsalt. 4* A‘pharnaceutlca
conposition characterized by a com pound as defined in any one of clains
1, 2 or 3, in 10 adm xture with a pharnmaceutically acceptable carrier
or excipient. - 30 - 5. A process for preparing

5R, 6S, 8R- 6- (1- hydr oxyet hyl )-2- (2-carbanoyl oxyet hyl t hi 0) penem 3- carboxyllc
acid and the pharnmaceutically acceptable salts and netabolizable esters

t hereof, characterized by: 5 A) reaction of a conmpound of .the
general fornula [err}]

penem 3-carboxylic acid and the pharmaceutically ac- cepta salts 7????}

- 30 -

5. A process for preparing 5R,6S,8R-6-(l-hydroxyethyl) -2-

N~ (2-carbamoyloxyethylthio) penem-3-carboxylic acid and
the pharmaceutically acceptable salts and m§tabolizab1e
esters thereof, characterized by:

5 . - A) reaction of a2 compouné of the general formula
OPg ' : .
P s
' : “\— SCE_CH_OH
] L
N [}
7 \
o COOPTIr

vherein Pg is a hydroxy protecting ¢Toup and Pr is a
carboxy protecting group,
with an alkali metal éYanate in the presence of trifluoro-

10 ‘acetic acid or trichloroacetic acid;



] N Eg_Lg_a_hyd%exy—prﬁfectlng group and Pr is a carboxy protecting
W th an alkalmﬂjg cyanate in the presence of trifluoro- 10

‘ac “‘\“’“\“‘ etic acid, - 31 - B) reaction of a conpound
.of the ge er] in which Ris an organi c radical different

f rom car barfoy!* OXyethy| and any functional groups are protected if ne- &,

cessary or desired, wth a conpound-of1ithe general fornula [err] or a
reactive derivative thereof; C) reaction of a conpound of the general

formula [err] 10 ~in which any functional groups are protected if
necessary or desired, with a conpound having the general formula 22
z

B) reaction of &z compound of the generzl formulsa

OE ©
| 7
|
V3 N
o COOE
in 'which 'R is an organic raéical Gifferent from carbamoyl- |
oxvethyl ané any functiona al groups are protected if ne-
5 cessary or desired, with a compouné of the general formula
o
| f
BS CHE,CE_.O-C-NE 111
2 72 2
or & reactive derivative thereof;

C) reaction of a2 compound of the general formula

Q
H
—Q
4

| i < _
V3 N N\ V73 N
o} _ COOH. o} COOE.
Iva _ ' IVb
10 . in which any functionzl groups are protected if necessary

or desired, with & compound having the general formula

Ly



inwhich L i.s a | eaving group, D) reaction of—a—¢ rd—of —the geng

formula:OH S-CH CH 0-C-NH [err] 5. I n Wniam grum/
protected if necessary or desired, with a triv Bnlitﬂﬁ mﬂﬁ hor
conpound the process A, B, C, or D being follo k nmere of
fofiowing operations, if necessary ar gesired; (i) deprotection of one or
NDI€ protected groups; 10 (ii) separation of the (5R, 6S, 8R
stereoisoner; (iii.) conversion of a free acid to a pharnmaceutically
acceptabl e salt or netabolisable ester; (iv) conversion of a salt or ester
to a free acid; (v) transesterifying an ester or converting an ester 15
into a pharmaceutically acceptable salt; (Vi) convertlng—a salt into

anot her salt or an ester. L—CE2CH20 C—th -

in which L is a leaving group,

)
B ]
t

L

D) reaction of a compound of the general formula

o]
P S-CH,CH,.O g N '
i 3 -C=NH
/H S<c” 272 2 .
s a——
o] Cc=0
=C~-0H
5 " in which any functional groups are protected if necessary
or desired, with a trivalent organophosphorus compound
\
(N
the process A, B, C, or D being followed by one or more
. of the following operations, if necessary or desired;

(i) deprotection of one or more-prétected groups;
- 10 . (i1i) separation of the (5R,6S,8R) stereoisomer;

(iii) conversion of a free acid to a pharmaceutically

acceptable salt or metabolisable ester:

(iv) conversion of a salt or ester to a free acid;

(v) transesterifying an ester or converting an ester
15 - into a pharmaceutically acceptable salt;

(vi) converting a salt into another salt or an ester.




