A
" Esters of 2-carbanoyl oxynet hyl - 6- hydr oxyet hyl - 2- penem: 3- car boxylic acid
The invention relates to penemesters, to a process for 5 their ' ZB:MJ‘C}
preparation and to pharnteutical conpositions containing them The ﬁ%h
ester «afe active against grampositive, gramnegative,

[ err]f. et amase- produci ng and anaerobi ¢ Bketeria, which nmakes then1usefu| -
as thg r eutic and prophylactic agents agai nst bacterial 10 I nfections in
ani mal's; including man and poultry. British Patent Specification No.

2043639B descri bes penem derivatives of the general formula I: [ERR] 15

wherein R' represents a hydrogen aton1 anal kyl group having from1 to 4

carbon atonms, a_2,2, 2 tr| hl or eth ben rr | trobenzyl,
[err].nethoxybeﬁgg q Fcﬁgt %ﬁpgp%§§9%ﬂxﬁgﬁ%ﬁV%#y$ peneii- 33
acet oxymnet hyl , 5& hyI or phthalldyl group or a group of the

formula.[err] or [err] wherein [err] represents an aIkyI group having from

1 to 4 carbon a%gg; : y L géggg¥

car banoyl oxy or fﬁﬁﬁﬁé%éﬁ:ﬁ%%ﬁ%ﬁﬁxé%raéaé?oup 0 fhe for%ﬁ?ééégtﬁfr

SR3 wherei g Rl rapd 68 §iiteparh @idey |afd 4P PyimedefER ] éomdositions
containing them. The penem esters are active against
gram-positive, gram-negative, f-lactamase-producing

-and anaerobic bacteria, which makes them useful as

therapeutic and prophylactic agents against bacterial

10 infections in animals, including man and poultry.

British Patent Specification No. 2043639B describes

penem derivatives of the general formula I:

| I
15 —N
o7 COOR"

&F ] wherein R" represénts a hydrdgen atom, an alkyl group (
having from 1 to 4 carbon atoms, a 2,2,2-trichloroethyl,
benzyl, acetonyl, p.nitrobenzyl, E.methoxybenzyl, phenyl,

20  p.nitrophenyl, benzhydryl, acetoxymethyl; pivaloyloxy-
methyl or phthalidyl group or a group of the formula
CH(CH4).0COOC,Hy or CH,NHCOR, wherein R, represents an
alkyl group having from 1 to 4 carbon atoms or a cyclo-
alkyl or aryl group, Z represents a carbamoyloxy or

25 pyridinium group, or a group of the formula OCOR1 or SR3

wherein R1 represents an alkyl group having from 1 to 4



6arbon atbnsland [err] represents an al kyl group having from1l to 4- carbon
atons or+a 5-nethyl-1,3,4-thi adi azol- -2-yl, 1-nethyl-lHtetrazol-5-yl,
1,2, 3-triazol -5-yl eor pyrazinyl group; and R represents a hydroxyal kyl

group 5 . having from1l to 4 carbon atons, the al coholic function of 'j
hydr oxyal kyl group being free or protected_by a )
[ erf]-nitrobenzyl oxycarbonyl group. The 6-substituent may have the | For

[err]-cdnfiguration, [err]-substitution being preferred. 10 British

Pat ent Specification No. 2097786 specifically describes T

(5R, 69) - 2- car banoy lc@tyent Btoms- 6hE- R d&eﬁresehlul An2apRPEMgZoud’ haxihigc
acid and its sodiumsalt. This conpodnd has the fornmula I1l. [ERR] In the
fight against infedtriomid diosdagazbonhatdfis ozvai bahekhyl-bf, 3ndwthdbdiaabile
conpounds which are orally well adsorbed, and therefore allow a safe and
sui tabl e treat nent -@Fylactlemeghyilni@ctetnszolsSvyly lnpeltamiazdieSpydsomt
invention is based on the discovery that sone esters of the penem _
carboxylic acid 25PYrRRENFIhIEONPEoRSRIRY aBRPTEEENASaR BYRrPRY2AKYdr JEP AP

adnministration in mice and rats, while the corresponﬂingl' -.3 - )
_ 5 having from 1 to 4 carbon atoms, the alcoholic function

of the hydroxyalkyl group being free or protected by
a p-nitrobenzyloxycarbonyl group. The 6-substituent may
have the &~ or P-configuration, éA-substitution being

preferred.

10 British Patent Specification No. 2097786 specifically
| describes (5R,6S)-2-carbamoyloxymethyl-6-(1R-hydroxy-
ethyl)-2-penem-3-carboxylic acid and its sodium salt.

This compound has the'formula'III.

COE

: 15 5 _
o "‘T- OCONH.,
U | | |

Yy et IT1
ol coon N

In the fight against infectious diseases, the
20 availability of new ahtibiotic-coMpounds which are
oraliy well édsorbéd, and therefore allow a safe and
suitable tréatment of bacterial infections, is very
important; The present invention is based on the
discoverylthat some esters of the penem carboxylic acid
25  III exhibit considerable bio-availability after oral

administration in mice and rats, while the corresponding



penem car boxylic acid and its sodiumsalt are adsorbed only when gi ven '
pargpteral ly. This dramatic difference coul d. not have been predicted froma

kng yge of known penem derivatives. No orally adsor bed penem esters have
5 gn known hitherto. Indeed, in the broader-field of [err]-lactam
ant i 'otlcs (penens and cephens) it is kn that the esters of acids which-

-

are rfot orally adsorbed are thensel ves not” orally adsorbed. Accordingly,
t he i'nventi onpenem ¢&rbosydma adig \And it seﬁiwmssalttaeegedSDabeﬂornula

[l1: OHHJ[ERR - h h
15 - thgxyn%thQIWWQ% xyetﬁﬁéﬁﬂhéﬁép' ﬁhtﬁﬁ%§?t$¥£m39i¥359¥ Qéﬁﬁ%% Y

[err]-ethoxyc A3VE begrectRAFAESHAS hyfirem %éh&gmiﬁégenefhyhognoup
The CO”DOUHdsgi éﬁ@efrqwﬂﬁﬁvésl Q@\&ém tﬁﬁ@é@deﬁex@.‘meéé‘c’ék% fableon of
t he penem_car L C amgllll or ‘a 20 |t or reactive esterifying
derivative th Fond JPERE e R SeIReF ef ek 9fas

'dﬁflped aFovFBaadgxﬁhsahmuuyatxﬁsnnpéhénsﬂaﬁdléﬁﬁhﬁmgr ﬁtgigunngﬁn
the-fornmul a r erej err a supstityted or
unsubstit ut ed%g’ra]fl té’lgoﬁﬁi%e[i? t°]§blaé: g%%e RThsCTR i RRYPPEpr esent
are chl ori ne, aipeorshemsagivesoaiote orpr]dhera&s:bn;bem.ps R are nethyl -and p-tolyl

Accordihgly,.the invention provides penem carboxylic
10 esters of the general formula II:

OH |
B&A '
ﬂ__fros OCONH,
—N ' I3
o?

COOR

in which R represents ar acetoxymethyl, pivaloyioxymethfl,
15 - methoxymethyl, methoxyethoxymethyl, phthali&yi,
a-ethoxycarbonyloxyethyl, acetamidomethyl or benzamido-
. methyl group.

The compounds of the formula II sbove méy be prepared by
esterification of the penem éarboxylic acid III or a \‘i_
20 salt or reactive esterifying derivative thereof with a
 compouné of the formula R-X wherein R is as definéd
‘above and X is halogen atom, a hydroxy group or a group
of the formula OSOZR2 wherein R2 is a lower aikyl or a
substituted or unsubstituted aryl group. Suitable
25 halogen atoms which X may represent are chlorine, bromine
and iodine:.preferréd groups R2 are methyl ané p-tolyl
groups.



o

groups. = - 4-- The esterification may be perfornmed for exanple, by

reactlon of the free acid Il with the appropriate conpound of the fornul a
R-X.in The presence-of a base or by reaction of.a salt of the free aci X

[11, optignally 5 generated in situ, with the appropriate conpound o&,;2
thé‘fornula R-X. Alternatively in place of +&e free acid Il there may

used a suitable salt such as any of the lithium sodium potassiumor
magnesi um-salts, or salts with an organic base, preferably an aromatic base

or 10 an aliphatic tertlar¥ am ne, nost preferably trleth¥ am ne,
di net hyl ani nopyri dFheé 8ty HFﬂEl°QIH§Y P%aEFF@@r@§§efPFy? Qmaé?rv9¥|ves

of the acid IIl include.the rea e I nt et g gg _ E reaction_in
situ with a condenEPRGTA8BNPESH ﬁ Eeﬁ ﬁﬁf%e #? Pg 1§PPI8?5hﬁP8

N, N, d hyl h

conpohﬁg yforogxaingpﬁﬁﬁFo ?égbégﬁgﬁﬁl%ghggoIQB ?ﬂaukéggkﬁcga§gog¥% erably

CPL o b 1 SLOR. FekeathioBe ECBUTL Ler RASERAE EELIVEEES cprionaliy
di oxan or tetpahydgehdiraRedainasiedpewdthr €nef appeBpriate compound of the
formula.R—X. Alternatively in place of the free acid
iII there may be used a suitable salt such as any of the
_ lithium, sodium, potassium or magnesium salts, or_sélts
with an organic base, preferably an aromatic base or
10 an aliphatic tertiary amine, most preferably triethyl-
amine,.dimethylaminopyridine or pyridine. Other
reactive esterifying derivatives of the acid III include
the reactive intermediate formed by reaction in situ
with a condensing agent such as a carbodiimide, for
15 example N,N}diethyl- or N,N-dicyclohexylcarbodiimide,
or a suitable carbonyl compound, for example N,N'-

-carbonyldimidazole.

The reaction is'preferably carried out.in an bfganic
reaction medium, for example methylene dichloride,

20 dimethyiformamide, acetonifrile, an alcohol, benzene,
dioxan or tetrahydrofuran, at a temperatﬁre of from

0° to 70°C.

Another method that may be used for preparing compounds
of the formula II is that which is generally described

25 and claimed in British Patent Specification No. 2111496A.



[err] to [err]. Another nethod that may be used for preparing conpounds of
grmula 11 is-that which is generally described 25 and cl ai ned in- -
P\ -Pat ent " Speci ficati on No. 2111496A. -5- The present invention
Jds within its scope a pharnaceutical conposition.conprising a,
CORP d of the fornula Il above in adnfXture with a pharmaceutically |
acceéptabl e diluent or carrier. 5 It has been stated that the penem
esters of the formula 11, although covered generically by the clains of

British Patent . 2043639, . are consi gderab and unpredi ctably superior to
tLL LZnaiﬁiﬁg de?P T VAT FTRRE HAYPRE PR T%%fu%%féﬂthé th8ySGPBeadmi ni strabl e

| i 1. | d
P Sea' el SEHPRRSHLED, SRS ol RIS SR T
Rkl

adm ni st ered or@tdeptLole (@i Piéht b5 . cdPrfdtain the results shown in Table
1, the two esters of FCE 22101 were each given orally in solution to mce

and rats in an anount equivalent to provide 40 ng of

-

5 It has been stated that the penem esters of the formula
II, althouéh_COvered generically by the claims of

British Patent No. 2043639, are considerably and

unpredidtably superior to the remaining derivatives s
claimed in-thaﬁ-patent, as they are administrable per gg.
10 To support this statement, Table 1 shows the plasma
| "levels and the area under curve produced when the
acetoxymethyl and pivaioyloxymethyl esters of (5R,6S)-
-2-carbamoyloxymethy1—G-QR-hydroxyethyl)-2-penem-3—_

~carboxylic acid (hereinafte; referred to as FCE 22101)

15 were administered orally to mice and rats.

To obtain the results shown in Table.l, the two esters of U

FCE_22101 were each given orally in solution to mice

and rats in an amount-eqdivalent to provide 40 mé of

FCE 22161 per kg of body weight afﬁer the expected
20 in vivo hydrolysis.

Periodic blood samples were taken from the animals

and each'assayed for FCE.22101 content by a standard

bio-assay technique.



r ’ . .
FCE 22101 per, kg of body weight after the expected 20 I n vivo hydrolysis.
Peri odi ¢ bl ood sanples were taken fromthe aninals and each assayed for.
22101 content by,a standard hi o-assay techni que. [ERR - -7-
Corresponding tests carried out on mce with the acetoxy- nethyl

and

pi ¥
rre;l\ﬁyl -64(1R- hydr oxyn

al oyl oxymet hyl esters of (5R 6S) - 2=aferoxy- .
byl)-2-npenem 3-carloxylic acid gaye area under curve

val ues  of -119. 3 and 4}5. 7§pg Min/m |5 regpectively and geak plasma _
concentrations of 12.2%&0- 3|53 pgfjm resgectivel y. Thesgq values are froma
gquarter to a half of {t .h-‘Pu 1 the. donpofngs accor §i ndsto theﬁi ngentj on
given in Table 1. Th¢ ®egt Err_eth‘yl of F 2101 i ad or§ed Dy the
10 oral route at a rjltﬁ‘/ 35p% as jfcal cul he areg ungeracurye ratio
for admi nistration og/ggat @ dose flof 20 m-ce. |Corgesgondy ng
val ues for the renmai f-Ag—estprs—ct i Nog« 2043639 are.
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~which is too low for oral admnistration. 15 The therapeullc
in mce, tested after oral adm ni st.ration, confirned t he

bi og ability of the antibiotic by oral route, with ED50 conpar abl e to s
FCE 101 gi ven subcut aneously as reported in Table 2. TABL E 2.20
Conpownd Admini stration Infdction - ED50ng/ kg Route FCE 221@k’
s.c. ¢ Corer@Bn&Eh@U%es%ssﬁhkﬂléﬁebﬁéyEﬁtRlbee%ﬁ%h Q%eFQEe% per

0S |van ynmet h ester _of FCE 22 er os

. mefhifloamgpwa#ﬁxﬁpst qhi Fse ér P <é&'6\$.)q? -@CeROXYin 25
ani mal s or |nmbmhymssagaRthdbokbméthynpeshpenemacdcﬁkbmuyﬂq%ibt&dbaCterla

;. t he conpounds 3 ggegrg ]at cg¥ggtbgqu§ °¥5§EB| |§§8h%§t atnen%vpf t he

i nf ections ca m Croor ganl sns, such™as-r
i nfections, fgesms#plvslm enéhbeak, pbﬁgmhspnssnma&mae plfellr2| ¢yand

hepatobil Larysasd, abien Bebpectertags s unbasRp oG, Y
g;ﬁgcoigg?galt° a galf o ggse g¥ the gompounds %ccordlng to the

1nventlon given in Table 1.

The acetoxymethyl ester of FCE 22101 is adsorbed by the

10 oral route at a rate of 56%, as calculated by the area
under curve ratlo for admlnlstratlon OS/lV at a dose of
20 mg/kg in mice. Correspondlng values for the remaining
esters clalmed in Brltlsh Patent No. 2043639 are from
10-20%, which is too low for Qral administration.

15 The therapeutic efficacy in micg, tested after oral
administration, confirmed the biocavailability of the
antibiotic by oral route, with ED50 comparable to FCE
22101 given subcutaneously as reported in Table 2.

 TABLE 2 |

20 Compound ' Admlnlstratlon Infection EDsdmg/kg

_ Route - i.p. :

FCE 22101 s.c. Staf.aureus 1

_ Smith

Acetoxymethyl ' : :

ester of FCE 22101 per os : “ " 3.2 g;}

Pivaloyloxymethyl ' ' - '

- ester of FCE 22 per os - : " " 1.7

Owing to their:high antibacterial-activity'éither in

25 animals or in humans against both Gram-positive and
Gram-negative bacteria the compounds of the present
invention are useful in the treatment of the infections
caused by said microorganisms, such as respiratory tract
infections, for example bronchitis, bronchopneumonia, '

30 pleurisy; hepatpbiliary and abdominal infections for
example septicemia; urinary tract infections for



v 4 .

infections, for instance, cervicitis, endonetritis; ear, nose and throat

i nfecti-cns, for instance, otitis,.sinusitis, parotitis. The toxicity of
gonpounds, of the invention is qU|te 5 negllglble and therefore they ca
safely used in therapy. The compounds of the invention are useful int

t r&at ment of bacterial infections in nmamal s, 8|nclud|ng man. They are
-adhfn|$1ered orally and may be in 10 capsule form or as tablets,

powder s, |iquid sekamilensyelcnegiontisnsystittisi obstegtrierl Ianﬁegynmogéﬂﬁounds

may be used al one jQkedi) ofOMRLAANEIAY, [ Kol BRI sACkIdRet AEESHIAR! hiosdhey may
‘be used in conpositions Including one or nore phar maceuti cal |y acceEtabIe

15 carriers or GRRURKPRL dafeplimngs f6F HOStRRRr B idiEs SiPERitES. $ifer s,
bi nders, anti oxi dghéstoRieseyVati ¥Re, corpouRasi 69 eseniﬁveﬁﬂﬁa@nﬂanulte

AT oent s ar o, of of "SERIBIS 058 GRBEPEOLE eel Ok e CagPlly hinditn

nagne5|unlstearatgherapz- vegetable oils and cellulose. Daily doses in the

range of about 1 ‘I‘Heagehl%oﬁﬂgsnyfp@ﬁekgn{?én@?&y &Fégﬁ%] ePRY bg uged, in

various ani mal species he exact dose_dependin e age melght 25
and condi tion of FHGaEEBPECPftBa%EeF%ébtbﬂfﬁﬁﬁlﬁﬁsth% $§@Eﬁ%ﬁcyl%¢1Udlng

admi ni stration. ThenCompRefpdsrevydiacn dteredt 6retlyf ahaenaypbe i® adul t
hgnans, Ln aTOaanggsule form, or as tablets, powders, liquid solutlons,
suspensions, elixirs, or the like. The compounds
C ' may be used alone or in combination'with.other active

ingredients. They may be used in compositions
. including one or more pharmaceutically acceptable _

15 carriers or diluents as well as other ingredients such

' as stabilizers, binders, antioxidants, preservatives,
lubricating'agents, suSpending agents, viscosity agents
and/or flavouring.

Acceptable carriers and diluents are, for example,
20 water, gelatine, lactose, starches, magnesium stearate,
talc, vegetable o0ils and cellulose.

Daily doses in the range of about 1 to about 100-mg
U per kg of body weight may be used, in various animal
species, the exact dose depending on the age, weight
25 ° and condition of the subject to be treated and on the
' frequency'of administration. The compounds may be
administered, for example to adult humans, in an amount’
‘ranging from about 100 mg to about 300 mg pro dose,
preferably about 200 mg E£g dose, 1-4 times a day.
30 They are alsc useful as nutritional supplements in
animal feeds. |
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rangiaenfrom about 100 ng to about 300 ng pro dose, preferably about” 200 ny
profdose) 1-4 tines a day. 30 They are al so useful as nutritional
suppliements in ani nal feeds. -9- The following exanples il|lustrate the- &
I nvent i on. EXAMPLE 1 Pival oyl oxynet hyl (5R, 6S) - 2- carbannyloxynethyl 6- (1R—

- hydroxyet hyl ) - 2- penem 3-car boxylate. 5 I1:R= [err] [ERR] 775 ng of SOdIUQlP
(5R6S) - 2- car banmpyl oxynet hyl - 6- (I R- - @ oxyet-hyl ) - 2- penem 3- car boxyl at e
were dissolved in 15 . nm of dinmethylformanide and treated with 50 ng of

di met hyl ami nopyPheli frl kewing iexanplss pi Maisiane heyinvemtian ori de at 40C
for 4 hours. The reaction mxture was diluted with ethyl acetate, washed
with water and ENAMBLE, L anhydr ous sodlunlsulphate The sol vent was
evaporated of f._The re |due : ggnPo nd in
pure form U. V.REE e [err]

:_3600;  1795; azzaﬁrg,s;éahﬁwpéneqp.wargoe,z;ﬂgtgerr]<ppn> 121 (s, 9H

5  II:R= CH,O. COC(CH P ,
OH ) . ) . )
OH . | 5
,/J\\J s ' //J\\j
—T , OCONE,
ey .
N ' : N -
/ . / - "N COOCH,0COC(CH,) 31_J
J ‘\Wxxmg_ | 0 .
775 mg of sodium (5R,GS)—2-carbamoyloxymethy1-5-(1R-
-hydroxyethyl)—Z-penem¥3—carbbxy1ate were dissolved in
15 ml of dimethylformamide and treated with 50 mg of
dimethylaminopyridine and 1.15 ml of pivaloyloxymethyl
10 chloride at 40°C for 4 hours. The reaction mixture was

diluted with ethyl acetate, washed with water and dried
over anhydrous sodium sulphate. The solvent was evaporated off.
The residue consisted of480 mg of the title campound in pure form.

U.V. (EtOH 95%) :A max 325 nm (¢ 7000) T
1 ~

15 I.R. (CHZCIZ)\) max ¢ 3600; 1795; 1725 C"l

P.M.R. (200 MHz,-CDCI3).6 (ppm)
1.21 (s,9H, (CHj) ) |
1.33 (4,J=6.3Hz, 3H, CHCH,)
3.75 (44, J=1.5,6.4 Hz, lH, H-6)
20 4.23 (m,1H, CHOH) |
4.76 (bs, 2H, CONH,)
5.08, 5.42 (two 4, J=15.8Hz, cgzocomaz)'
5.62 (4, J=1.5Hz, 1H, H-5)

5.81,5.91 (two 4, J=5.5 Hz, OCEZOCOO(CH3)3)



| 33 (d,J=6.3Hz, 3H, [err] ) 3.75 (dd, J=1.5,6.4 Hz, 1H, H6) 20 4.23
n1IH,’CHCH) 4.76 (bs, 2H [err]).5.08, 5.42 (two d, J=15.8Hz, [ERR] ) 5.62
(d, J=1.5Hz, |H H5) 5.81,5.91 (two d, J=5.5 Hz, [err] ) - 10- EXANP?iééi)

(\/—\ H‘;

Acetoxynethyl (5R, 6S) - 2- carbannyloxynethyl 6- (IR

- hdr oxyet hyl ) - 2- penem 3- car boxyl ate. 11: -1 [err] [ERR] 5 1.3 g of sodi
. (5FY68)(2 car banoyl oxynet hyl -6- (I R- -hydrd yethyl) 2- penem 3- car boxyl ate
wer e .di ssol ved |n§§%ﬁg¥£ginanhydrous di met hyl formam de and treated with
0.65 g of acetoxy m de at roomtenperature for 3 hours. 10 The

reaction mxture W@ tQ@RW%%h-QLEMEbQQQ _b& shedewi(ih-vater,
dri‘ed over anhydr OUS

obt ai ned crude comg@umﬁyw&myqnyek@bhbaed—Eagﬁb&buatefornlcyclohexane and
then from hot chloroform

II: R= —CHZO COCH3

oH | i . ~ OH

'//l\\I"'T/’S f“//ﬂ\\Yxxmﬁz — ,/’1\\i__1,—s N

: , —
4 Y oo d/ o H,OCOCH

L/- _ 5 1.3 gof sodz.um (SR,GS)-2-carbamoyl'oxy'methyl-6-(1R--
-hydroxyethyl )-2-penem-3-carboxylate were dissolved.in
30 ml of anhydrous dimefhylformamide ;nd treated with
0.65 g of acetoxymethyl bromide at room temperature
for 3 hours. |

10 The reaction mixture was then diiutéd withlethyl écetate,'
washed with Qater, dried over anhydrous sodium sulphate
and evaporéted to dryness.
The obtained crude compound was crystallized from
chlorbform:cyclohexane and then from hét chloerorﬁ;

15 m.p. 127°C (from CHC13):'
[2]2%= +137° (1% in acetone) |
I.R.(KBr):v max35°0'3390;11800'1769'l72° and 1590 cm-l.
U.V.:A __ (EtOH 95%) 327 nm (e 7800) |
P.M.R; (200.MHz} acetone ds),é (ppm) :

20 1.26 (d, J=6.0 Hz, 3H, CH,CH)
2.06 (s,3H, -g-g§3ﬁ
3.78 (s, 1H, OH) / _

T~ :
3.80 (ad, J=1.7 and 6.4 H?/ 1H, H-6)

4.14 (m, 1H, CH,CH)



¥

15 mp. [err] (fron15err] ); [err]=[err] (1% in acetone) I.R.(KBrj:[err]
3500-.3300, 1800, 1760, 1720 and 1590 [err]. u.v.:[err] (EtOH 95% 327 nm

N\ 7800) P.M R (200 MHz, acetone [err]),[err] (ppm : 2Q  1.26 . (d,
, 3H, [err] ) 2.06 (s,3H [err]) [err] 3.78 (s, 1H OH 3.80 (dd, _

and 6.4 Hz, 1H, H6) 4.14 (m 1H.y{err]) = -11- 5.08, 5.34 (two d g
J=15.0 Hz, 2H, 69 (d, J=1.7Hz. iH H-5) 5 80, 5.86 (two.d,
J=5.8Hz, 2H, [agﬁf’;]ééé ?b"gﬂ’? Sk, JFiPrP) H@’E%Léﬁq\%ﬁm&ygemyl

(5R, 6S)-2-carb | oxy L?yE%G-( - z.hydroxy ethyl)-2 -penem 3
-car boxyl ate Is?gngé[gﬁr : 5(a§§hgﬂa§qdescribed i n-Exanple 2, but

enpl oyi ng 10 nggﬁg;yg?gﬁﬁgggbogidaféngggcgﬁqfdﬂagggﬁgsghyl-bronide, t he

title conpound was o I'n 65
6.10 (bs, 2H, NH,)

.

5 EXAMPLE 3

Methoxymethyl (SR,SS)?2-carbamoonxyméfhy1-61(lR-

?hXQSQSYethyl)-2-penem*3—carboxylate._

II: R= CHZOCH3

Operating és-described in Example .2, but employing
10 methoxymethybiroﬁide in place of acetoxymethyl&rdmide,
~the title comﬁound was.obtained in 65% yield.

_ - -1
I.R. (CH)Cly) v, = 3610, 1795, 1720 cm .

EXAMPLE 4

Methoxyethoxymethyl (SR,GS)-2-cérbamoyloxymethyl-6—(lR- \~)

15 ~hydroxyethyl )-2-penem-3-carboxylate.

II : R= CH,OCH

,OCH,CH, OCH

3

2
Operating as described in Example 1, but employing
: ﬁethoxYethoxymethyLﬂjﬂoride in place of

pivaloyloxymethyl-dhloride, the title compound was



I.R [err] = 3610, 1795, 1720 [err] EXAMPLE 4 thhoxyethoxynethyl

(5R, 6S) -2- carbannyloxynethyl - LR 15

-hydroxyethyl) 2- penem 3- carboxylate Il : R= [err] [err] Operating 53(3
descrlbed in Exanpl e 1, but enpl oyi ng net hoxyet hoxymet hyl -chl oride in ;
oprlvanonxynethyI chlorlde the titl e conpound was -12- obtained in’
58% yietd. |.R [err] _3590 1795121720 [err] EXAMPLE 5 Pht hal i dyl

(5R, 6S) - 2- car banoyl oxynet_hyl - | R, 5 -hydroxyethyl)-2-penem 3- carboxyl ate.
|1 : Rephthalidyl © éﬂ&?@n@naé egéﬁﬂged in Exanple 2, but enpl oying

3- bronopht hal i de |n cetoxy | b e titl e conpound was
obtained in 62@6y|é ?%gzgﬁ " mp&r | %Bﬁ %3?5 £#50 1720 cm EXAVPLE

6 [err]- Ethoxycarbonyloxyethyl (5R, 6S) - 2- carbanoyloxynethyl
- 6- (1R- hydr oxyet hyl )-2-penem 3-car boxyl at e.

EXAMPLE S

Phthalidyl (5R,6S)-2-carbamoyloxymethyl-6— (1R-

5 —hydroxyethyl)fz-penem~3-carboxylate.

II : R=phthalidyl

Operating as.described in Example 2, but employing-
3-bromophthalide in plaée of acetoxymethyl bromide, the
title compound was obtained in 62% yield.
3 . -1
10 IfR. (CH2¢12) Voax™ 3600, 1795,.1750,_1?20 cm .
EXAMPLE 6

a-Ethoxycarbonyloxyethyl (5R,6S)-2-carbamoyloxymethyl-

-6-(1R ~hydroxyvethyl }-2-penem-3-carboxylate.

II : R=CH(CH3)O.CO.OC2HS

. 15 Operating as described in Example 1, but employing
chlorodiethyl carbonate in place-of

p:rvaloyloxymethyl chloride, the title cohpound was

obtained in 40% yield.

= -1
I.R. (CH,Cl,) v, = 3600, 1795, 1720, 1420 cm ~.

-20 EXAMPLE 7

Acetamidomethyl (5R,6S)—2—carbamoyloxymethy;—6-(137

-hvdroxyethyl) -2-penem-3~carboxylate.

II : R=. CHzNHCOCH3

Operating as described in Example 1, but employing

25 acetamidomethyl chloride in place of



Il : Re[err] 15 Cperatl ng as described in Exanple 1, but enpl oy| ng
chlf? i ethyl carbonate in'place of p- valoyloxynethyl chl oride, the t|tIe

co d was obtained in 40%vyield. |I.R [err] 3600, 1795, 1720, 1420
cm EXAMPLE 7 Acet am donet hyl (5R, 68) 2- car barmyl oxynet hyl - ' 6- (I R,

-h xyet-hyl) - 2- penem 3- car boxyl at e. : [err] Operating as descri beet_’
in Bxanple 1, but enploying 25 acetanldﬁHﬁThyl chloride in place of - 13-

pi val oyl oxynet hyl chlorlde the title conpound was obtained in 45%yvyi el d.

. R [err]= 3pbealaybexymetyl qlsboride r |t scaepaand doast hy|

(5R 6S) - 2- car ba onynethyl 6- (] R-_hydroxyet hyl ) - 2- penem 3-car boxyl ate. |
R= [err] Cxég%é db3t ¥R n Exanpl e 7, but enpl oying

benzanldonethyl qQIO(ég in)place of3a§§t égﬂﬁ¥;9% cﬂ%cw|de,1the title

conmpound was

EXAMPLE 8

Benzamidomethyl5(SR,GS)-2-cérbamoyloxymethy146-(lR-

-hydroxyethyl)-2—penem43-carboxylate._

II : R= -CHZ—NH--COCG'H5

' Operating as descrlbed in Example 7, but employlng \‘)
benzamldometMﬂ.chlorlde in place of
acetamidomethchh}bride, the'title coﬁpound.was
obtained in 43% yield.
1

I.R. (CH2C12) v max% 3600, 1795, 1715, 1690 cm ~.



obtalned in. 43@6y|eld . R [err] 715, 1690 [err]. -14..
CLAI NG -1. Apenem car boxylic esthuE@mlun eral formula Il as . \
gefined herein. 2. - Acetoxynet hyl car anoyloxynethyl 6-(l R 3.2~
-hydroxyelhyl) 2- penem 3- car boxyl ate. 3. Pi val oyl oxynet hyl :

(§¢‘6S) 2- car banmoyl oxymnet hyl - 6- (IR—hydwhkyethyl) 2- penem 3- car boxyl at e. .
A phar maceut i cal conposition conprising a penem carboxylic ester
accordlng to any preceding claim 10 in adm xture with a pharnmaceutically

acceptabl e dlluenégéé arrier. 5. A process for the preparation of a
penem car boxylic dccording to claim1, the process conprising
esterifying (5R 69 2- ¢ Y. t I r 15

et hyl ) -2- penem 3- garbox&%?%ﬁgél §§1QéLFQtQIRP%§g %éﬁhgéggPefﬁin§°rm“13
derivative thereofrwakhgas$RERONOHe gVi Ng the general fornula RX as defined
herein. 6. A process according to claim5 carried out in the presence of
a base in an organic reaction nediumat a b - 20 t enper at ure of
from[err] to [err]. _ '

' 2. Acetoxymethyl (5R,6S)-2-carbamoyloxymethyl-6-(1R-

5 = -hydroxyethyl )-2-penem~3~carboxylate. .

3. Pivaloyloxymethyl (5R, 6S)-2-carbamoyloxymethyl-6-
-(1R-hydroxyethyly2-penem~3-carboxylate. |

4. A pharmaceutical composition comprising a penem
carboxylic ester according to any preceding claim
10 _ln admixture with a pharmaceutlcally acceptable diluent

or carr:.er .

5.- A process for the preparation of,a penem carboxylic
ester according to claim 1, the process comprising
esterifying (5R,6S)-2~carbamoyloxymethyl-6-(1R-hydroxy-
15 ethyl)-2-penem§3-carboxylic acid or a éalt or rgactive
esterifying derivative thereof with a compound having

the genefal formula RX as defined herein.

6. A process according to claim 5 carried out in the
presence of a base in an organic reaction medium at a

20 temperature of from o° to 70°C.

7. A process according to claim 6 in which-organic

reaction medium is methylene dichloride, dimethyl-



7. A process according-to ¢lai ' ! nic reaction nmediumis
met ene dichloride, dinethyl- mmjlimm‘“ﬂ'H|m acetonitrile, an -
al ,- benzene, dioxan or tetraRydeofwuram. s8. * A process for the

pr tioon of a penem carboxylic ester according to claim1l, the process é

bel substantially as described in any ofl3he Exanpl es

.

X
.
formamide, acetonitrile, an alcohol, benzene,

dioxan or tetrahydrofuran.

8. A process'for the preparatién of a penem
carboxylic ester according to claim 1, the process
S being substantially as'desc:ibed in any of the

Examples.




