'204425;5 1 PENI C] LLI N DERI VATI VES The present i nventi on reI at es to hit hert
anfgrown [err] -l actam conpounds including their salts 84%%3pharnaceutlcall

acceptabl e, non-toxic aci:ds or bases, to nethods for cing said new
bgnpounds to 5 pharnaceuti cal conp05|t|bns cont ai ning the new conpounds
and to dosage-units of the conpositions. The present invention provi des new
'coapounds useful in the treatnment of bacterial infections. The new _
conpounds aré.in particular strongly active against 10 [err]-lactamase’
produci ng bacteria. The conpounds of the invention, which are val uabl e
antibiotics in the human and veterinary practice, are represented by the.
“igeneral fornula |: [err] in EENICTRLEN DERIVAFIWEBhenyl, 4- hydroxypheny
" i1,4- 20 cycl ohexadi-enyl or a 3-thienyl group; [err] represents a primry
amino or a carboxyT@eoneSFQWrPnﬂﬁnt¢WMrn@b@La$ohp bithelrdger al kyl, aryl
- tor aral kyl radical, Ereferably a net hyl henyl or benzyl group, and A
stands f orurknowWm cAt éﬁtém[@PWPQQRQSN&E@&W@hﬂ%ltbﬁlgoﬁaaﬁﬁlWgt&

i[err]-lactam 25 rlng as_wel | as a carboxy group, A bei ng connect ed vi a t he
12 pharmaceutically acceptable, non-toxic acids or bases,

¥
6:
3

to methods for produ01ng said new compounds, to
5 pharmaceutical comp051t10ns containing the new compounds
and to dosage units_of the comp051tlons.___-

The-present inyention providee new compounds
useful_in the treatment of bacterial infections. The new
compounds are in particular ettohgly active against |

clO B-lactamase producing bacteria.
| The compounds of the invention, which are valuable
_antlblotlcs in the human and veterlnary practlce, are

represented by the general formula I:

.

N _cH-co-NH, 2 % s -
15 Ry EORSLONG S 4
S Rz 1

=L __% |
0T Y _n’: "‘:To-{H-A

| in which Ry stands for a phenyl, 4-hydroxyphenyl, 1,4-

.20'cyclohexad1enyl or a 3-thienyl group; Rz:represents a_
prlmary amino or a carboxylgroup, R3 15_3 hYdrogen atom,
or a lower-alkyl, aryl or aralkyl radicai, preferably a
methyl, phenyl or benzyl group, and A stancs for a

- radical of a B-lactamase inhibitor containing a f-lactam

25 fihg”as well as a carboxy group, A being connected via the
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- non-toxic. acids” GAJ
prlnary an1n§ group or or
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f.ormt’ae 11, 111 or IV: [err] in which R stands for a hydrogen or a
harbgen aton1 [err] is 10 a hydrogen atomor an amino or acylanino. group,
but- at | east one of [err] and [err] being hy@rogen; [err] represents a
halogen atonparticularly a- chlorine, bromine or iodine atom and [err]
stands for a hydroxyl group, or ‘a radi cal replacing it in a. known
clavul ani ¢ acid derivative with 15 [err]—lactanase i nhi bitory activity:
Gbﬁefally, "l ower alkyl" stands for a GI'to G 6 straight or branched-al kyl

“ﬁ%arboxy group.. More speeifically, Ais represented by one of ‘the- general(}%)

radical, aryl stands for a nono-- cyclic or bicyclic, carbocyclic .radical,

and acylan1no cathagyf groaipr.adiMate prsehficalije 3ide clegize sEn ved | bknone

20 penicillins. The asterisk in the side chain and, in case is different
from hydrogen, ofhthdaggaeriad tipgmusiae hﬁbelyllﬂaliﬁte chiral centres which
give rise to diastereo r|c fornms of the conpounds of -formula I.  The

i 'nvention conpr.ises_al é% di astereo s s well as 25 m xturgs there
The salts of thg n g&Sounds af e snkt h phar maceuti cal | y acgepta
ending °ASZ _§

N

N

1T L IIT T ‘."Iv
| in which Ry stands for a hydrogee er a heloéen atom;_R5 is
10 a hydrogen atom or an amino or acylamino group, but.at'
: least ene of R4-;nd 35 being h§dfogen;'R6 represents a
halogen atom,particularly‘a chlofine, bromine or iodine
atom; aﬁd R.7 sténas;for a hydroxyl group, Or a radical
bt replacing it in.a known clavulanic acid derivative with
15 3—1actamase_inhibito€5activity. |
Generally, "lower alkyl” stands for a C-1 to c-6
straight or branched alkyl radical, aryl stands for a mono-
cyclic or bicyclic; carﬁocyclic redical; and acylamino
stands for a radical present in the side chain ef well-known
20 penicillins. The asterisk in the side chain and, in case
R3 is differené f;om_hydrogen, the dagger in the ester
‘mojiety indieate chiral centres which give rise to
diastereomeric forms of the compounds of formula I. The
inveﬁtion comprises all'such diaetereomers-as well as
.25 mixtures thereof. | :
| The salts of the new compounds are ealte with

phamacéutically acceptable, non-toxic acids or bases, depending




S BT AR A NSt T M EE Trer 65 ARV e e et W D L A D T R TR TRl B T e

hydr ‘%W%n1c acid, hydroiodic acid, phosphoric acid, sulphuric 5 acid,

ni t¥ic acid, p- toluenesulphonlc aci d, nethanesulphonlc acid, formc ach,
aceth acid, propionic acid, citric aclg,wtartarlc aci d, naleic aci d,

‘pagoic acid, and p; (dlpropylsulfa- nyl ) benzoi c acid- (probeneC|d) Anong
-suitabl e baS|c salts can be nentioned alkali netal salts or alkaline earth
metal ,salts, 10 such as sodium potassium nagnesium or cal ciumsalts as
wek'l Tas saldrs whelh as bandui tfaht ex npnimaxiyc ammesgrouph cas fones
al'kyl amines, e.g. triet%%lan1ne hydr oxy-l.ower al kyl am nes, for ~exanple
2-1ydroxyeuhyfhakye gtz 2- hydroxy- ethyl)-am ne or - ' U
tris-(2-hydroxyethyl)-anmine, cycloalkyl- 15 anines, for exanple. :
d|,yclohexylan1nAmonglxumy&amanaslasncemabplmentﬂoned hydrochloric ac1d,-
N, N' - di benzyl et hyl enedi anmi ne or di benzyl am ne, w thout these exanples being -
Ilnltlngtﬂnydnubnbmmw d&sw,shyu&dmdduacadbd ,OlpIespito 2kl Bicdld £Ss@lphuric
within the scope of the invention. In sone instances; .it is preferred to -
usg 205 easidid sohdbhe saddsd, mbemuinénmsalbhbmmumumﬁﬁ, me tEyh e lphonic
approprlate to use an only slightly soluble salt, e.g. in order to obtain a
prblongedeﬁdxﬁ; fbmrmpar tdcld ar acea tprol aaiédl pkhyﬂoniwlbeldbtaﬂﬁmhbyac1d,
usang a salt with probenecid which bl ocks the tubul ar excretion of '
[arr]-lactamﬁﬁhrr©n@omddsmaleﬂ¢1ahédclpamuﬂcta@ﬂﬂneandob4ﬁﬁiprmpV1sulfa-
|nfect|ons it is -

myl)ben201c acid (probene01d) Among sultable basic salts can

carboxy group. Anong suitable acids can be nentioned hydrochloric acid, <ER

. be mentioned alkali metal salts or alkaline earth metal_salts,
10 such as sodium, potassium, magnesium, or calcium salts as |
well as salts with ammonia or suitable non-toxic amines, such
-as lower alkylamines) e}g. triethylémine, hydroxfmloﬁer
alkylamines, for example 2;hydfoxyethylamine; bis—(z-hydroxy-
ethyl)—aminé or tris-(z-hydroxyethyi)-amine, cycioalkyl«
15 amines, for example dicyclohéxylamine,'or benz&lamines,
for example N,Nt=dibenzylethylenediamine oxr dibenéylamine,_
_with6u£ these examples being 1imiting.the invention. Also
salts with acidic or basic antibjiotics are within the scope

of the invention. In some instances, it is preferred to use

20 easily soluble sélts, whereas for othér purposes, it may
be éppropriate'to use an only siightly éoluble salt, e.g.
"in order to obtain a prolonged effect., In particular, a’
.prolonged effect can be pbtained by using a sait with
~probenecid which blocks thé tubular éxcfetion of f-lactam

25 compounds .

o o




1 Seriqus problen1that [err]-lactanase produ0|ng bacterla are occurring

it he” |ncreaS|ng frequency These enzynes. i nactivate nost penicillins and
ephalosporlns and it is well recognized 5 that [err]-Ilactamases from bot
ram positive and gramnegati ve bacteria contribute significantly to the
esistance of bacteria to [err]-lactamantibiotics. Several naturally
ccurring [err]-Idctanase inhibitors, ineluding clavul anic acid and the

| i vani c acids, have 10 been described. Mre recently, a number of .
en1synthet|c [err]-lactan1conpounds e.g. penicillanic acid 1, 1-dioxide,

a-chi or openi ci I-| afinc tive dc1inidedxitkeatmenti 88 bpcieRiphninfgsitgons 1t is
erivatives, 6[err]-bronopenicillanic acid, nethicillin sul phone, and
uinacillin salph@n@uamﬂxphsemfémmftﬁr*ﬁ%§é§§5§|quﬁUQﬁ%goﬁﬁeéﬁrla are
roperties. Wth a few exceptions, these conpounds digsplay only weak antj -
acteri al actovpuyn%ﬁﬁrﬁ%thnsncgﬁ&ﬁ%ﬂﬁlf??@uaﬁ&ygnﬁﬁe%%g%?ﬁ?@%ﬁxﬁﬂﬁ%ﬁ%vate
Pput are powerful inhibitors of a wide range of [err]-Ilactanmases.

“Tonbinati on weplsts@lesti el pens- apd §nha %SﬁﬁaleephéFH%prlﬁf Wﬂk} recognized
tonpounds .act synergistically against a variety of errJ-Iacta :
roducing5bactbﬁ¢aﬂm%ﬁﬁﬁﬁm@ﬁe§ &ﬁﬂﬂﬂﬁ°?%egﬁéﬁrﬁqq%?% %nﬂneeﬁﬁﬁqxﬁﬁﬁ?ﬁéve
gai nst -i nactivation. As nentioned abovethe present invention rOV|des new

onmpounds i n bapﬁﬁmﬂ%ﬂc?%ﬁéﬁhéﬁqwﬁlgﬂﬁﬁﬁﬁPnﬁéé'éﬁﬁ- ?nﬁe§?F%

ntlbacterlally active in vivo. The advant ageous
bacteria to B-lactam antibiotics.

'Several.ﬁaturally occurring B-~lactamase inhibitors,
'inclﬁding clavuianic acid and the olivanic acids, have
10 beén described, More recently, &a numberxr of semisynthetic
_B—lactam'compounds, e.g. penicillanic acid 131Adio£ide,
6x-chloropenicillanic acid 1,1l-dioxide, a series of .
élaQulanic acid derivatives, 6B;bromopenicilianic
U écid, methicillin sulphone, and_quinacillin sulphone, were
1 found to pcssgss similar biological propertiés. Wfth a
féw exceptions, these compounds display only weak_anti—
- bacterial activity against most gram-positive and.gram—
negative organisms, bﬁt are powerful inhibitors of a wide
. raﬁge of B~lactamases. In combination with selected peni-
-29 cillins and cephalosporins, the compounds act synergistically
”agaiﬁét-a variety of p-lactamase produciné bacteria because
they proteét the pehicillins and ceph5105porins against

inactivation.

As mentioned above, the present invention provides new




“effect agai nst [err]-iactamase produci ng bacteria is achi eved because the |
; e b . ) . 5

C@F%]QOUHdS contain in one.and the sanme .nolecule 5 both the moiety of an

amtl bacterially highly active peni- cillin and the noiety of a potent fQ

[err]-lactanmase inhibitor. However, two prerequisites are necessary to

utilize this feature of the new conpounds. They nmust be capabl e of being

al@sorbed fromthe gastro-intestinal tract, and 10 during or "after the

absarpti on they nust be hydrol yzed w th §i-berati on of the penicillin and

t?e%’grr] -lactamase inhibitor. 1t has turned out that both of these :

pterequisites are. fulfilled..and therefar h r nt__conpounds .ate .

Dt uatl o ot uiass iy i 4 AUk Tt ded o B BRER-a10 B0 R0k e

i hhibitors,, T studi.es | ' S u nt S sh t hat
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the _new conpounds”are readi | rointestinal trac
Daring or alfer thaégﬁ%fﬁif CLQSXs%r§' éﬂéiﬁéeﬂgwéé}4%f§iaébREF%Ld
equi nol ar anount s of the Two conponents 1 n question, e penicillin and
ithe [err]- Senl"RiR4 88 | YLAG 5S84 0y 54 Myl tan us, a9 Bk eed, ;and
tissue | e\}ieﬁacgéloggt he“t\%g é)orrp%%gngé. Ther (ea“by ?%e petr?i cﬁ ihs are %r ot elct ed
agai nsts | RAGEL V@hia0MhdWe £€ %e% 'Qé%&ﬁ&@%@%‘all' fizh geéﬂﬁﬂ$é bni-
fab'sorptsi on a% in_evi Vo h droo ys:h]s of t e_corrB‘ounch o%g_tg_ inventi% a-re
Mdustrated; PY;8 and the moiety of a potent B-lactamase inhibitor.
However, two prerequisites are necessary to uytilize this
feature of the new compounds. They must be capable of
Eeing absorbed ffom'the-gaétro-intestinal tract, and

- 40 during or after the absorption they must_be hydrolyzed

with liberation of the penicillin and the f-lactamase

inhibitor., It has.turned out that both of these prerequisites
: L are_fuifilled, and therefore the present compounds are

A 'valuablg pro~drugs of both the penicillins and fhe f-lactamase
15 inhibitors. |

Thus, studies in animals and human volunteers have

A e d

1 _ Shoﬂh that the new compounds are readily absorbed from the
gastro«iﬁtestinal tract. During or after thé absorﬁtion
thef ére hydrolyzed with liberation of equimolar amounts

Y i 20 of fhe tonCOmponents in question, fﬁe peniéillin and the
‘B-lactamase inhibitor, giving rise to.simultaneéus high
blood.and tissue levels of the two components. Theggby

the peniéillins are protected against inactivétion by the

‘f-lactamases.
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nanel"y- Yhe hydrochl oride of 1,1-di- 5 oxopen|C|IIanoonxynEthyI
6-(‘D-[err]-anmino:[err]- phenylacet- am do) peni cillanate, in the follomnng

study in human vol unteers dosed orally wi'th one of the new conpounds, (%%
cal l ed VD-1827. For conparison, ‘the same group of volunteers was al so glven

equi mol ar armounts of the orally active anpicillin pro- drug,

pi vanpicillin, and potaSS|un1pen|C|IIa te 1,I-di- 10 oxi.de, respectlvely.
The results of ‘these studies are sumtariZed in Tables | and II. 7 -
'[errT’ - Table Il Uinary excretion in O to 6 hours of penicillanic acid

.1 1-di oxide in fasting.vol.unteers foll.awing oral _a of A 73'

Wg of potassium %iE?FF§n§¥€; 1358F3§ﬁﬁb na - 2n %ELgtgpﬁéég%kglng to 63
B ogﬁngf?anéﬁ‘écéféesop%ﬁ% R L N P

_' L_ di OXI de) yqu:l‘.erg)uﬁm%%lnm Io%u#\EleQ%Iéy doXsCerftJn?Qlﬁ.% letqf)sc%)xe of the

‘new compounds, namely the hydrochloride_of ;,l-di;. .

. 5 oxopenicillanoyloxymethyl 6-(D-a—amino—a-phen&lacet-

| amido)penicillanate, in the'following'called VD-1827.

'For comparison, the same group of voiunteeré was also

i glven equlmolar dmounts of the orally active amplclllzn pro..=
drug, pivampicillin, and pota551um penicillanate l,l-dl—

: __10'_oxide, respectively. The results of these studies are

summarized in Tables I and II.

A E R T e s T e

e~y

L5 s e




ol

Subj ect " &K - 2. -7 - 60 MK 4.0
76 F3.¥ 9.5 77 MM - 5.5
B37LA- . =45 79_Mean 5.2
71 9 1t will appear from{Tabke I{ t hat al adm nistration of VO 1827
‘gives rise to simlrﬂ serum]l gvels Jof anpikillin as obtained ajter| an
equi nol ar dose of piyanpicilfl ] 1t} al $0 appear s«fr@m Tabl ¢. 1 that{ the
urinary Eecovery of fanpi - 51 ¢£flliin_aftRr] alimi.nPst¥atidn 6f VP-'E8R7 is
conpairabke to that fol | owi nd & nijsfrati on of pivanpicillin. ps ilndicated
in Tablelll, only 5.2% of pgnisci || anic teeHs—ti—tiroxi-de—pere—ekereted in2
the uring after oral®adm niqtTation of {the COI’I’eSp-Ondi@ pot as salt. @ n
10 cont&ast theret d: admi ni 4t rga1 i oy of |ap jequl mep ar eanognt pf VDpli827 ga\@e
a 71% urBnary recovety of pdnict! | dniclacijd TS 1-0ti 0¥} dé& tKus ' -
illustraijng the efficient drg |abgorpiionof VD-1827. ¥ ot
‘conpoundg of the i nvent i on thqév'J antif- 1% bacterial spectrum of s
peni ci | 1in in questi®n is wilded § extendled,| a al@o ferrk-lgta g
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produci ng strains are found with increasing frequency and are a serious
probheﬁfin the clinical therapy. The .conpounds 20 of the invention will °
for.such purpose be of extreme val ue”™ fherapeutically'the new conpounds

have di stinct advantages over nmere conbinations of the penicillins and the
"[err]-lactanase inhibitors to which they are hydrolyzed, .or conbinations of
orally active esters thereof. 25 For exanple, many of the . ' '
[err]-lactamase inhibitors, including penicillanic acid 1,1-dioxide, are
absorbed - - 10 - poorly or irregularly fromthe gastro-intestinal tract

(cf. Table I1). ‘Al so, many of theapengi gid!ins, including anpicillin and-
carbenicillin, are inconpletely a@psorbéd. In addition, .individual

variations in the rate of absorption 5 of the wvarious penicillins and
[err]-|act grasRiyphi Rl ek ofBYink N0 MBBY 6 Bhare ese! Paﬁiwlen.ﬂwaabaa where -
the active conponents are not present sinultaneously or in the optinmum
ratio, evel if.diiSxide dLUGRA En gl ¥ENLSITBE#ANLOUSbY i nRId AT Samimt -

hwdrol yzabl e esters of penicillins and 10 T[err]-lactanase inhibitors are
absor bed. bgttar: f4§omyhe gastro- intestinal tract than the corresponding
free aci.ds. However, hydrolysis of such esters in the organismgives:rise

to ‘the formation of inactive by-products, and al though these ‘by-products -
are relatiVelmJ“N7§0mgCoﬂ1pdéayaﬂﬁﬁib@%ﬁ%ﬂihaﬁatexaqﬁid{@xgaganisn1t0
unnecessary netabol1tes Anot her , L

5 : _ (cofresponding to 63 mg of'penicillanic acid'

1,1-dioxide) in aqueous solution

B. 170 mg of VD-1827 hydrochloride (corresponding:-
to 63 mg of penicillanic acid l,l-dioxide) in

aquecus solution

N - Urinary excretion (% of dose)
Subject A : B
GK | 2.5 - 60
MK ) o0 76
. FJ | - 9.5 77
MM | 5.5 . 63
- LA - b.s - 79
- Mean ' .. 5.2 71




dlsadvantage by usi ng conbi nati ons of easily hydrol yzabl e esters of the
pen1C|fT|ns and the- [err]-Iactanase iinhibitors is that the ester noieties.

i nérease the nol ecul ar- wei ght of the cogpounds and consequently- the size of
t he dosage unit. By 20 usi ng. the conpounds of the invention, the size of
t he ‘dosage units can be decreased considerably. In addition, the absor ption

of such esters m&ll nqqﬁ%§% gg %%ﬁ;ﬁ%§$@ flgﬂgga@%gfﬂghmgﬁggtuéﬁgyh

COI’TpOUI’]dS are given to e sane tinme. For Instance

pi varoyl oxy; f2§9—18\%ﬁ 1 tFEsQf t%”r%-ﬁﬁii p F§rG§H ri] G -ADBYT BB Wi i11in

rapidly, he sparingly so e pival oyl oxymet hyl" ester of

the [err]-I aﬁéﬂ%‘i eQP A%%fl RgNiy ﬁrlx{v! 'mdgsggbge ok G 3_b§éa%n9 Tt

absor bed mith hore of t'hese vantages are avol ded by usi ng

‘the 5 CO&'PQH”@%%%J%‘%MMG?H% R 9 tehies PRENuAWNG- hal Lhe ryh ok tipi-

synergy bet ween erent -I"act anmse I nhi bitors and various

periicigli nélnlearatf@é%aahmlwl@mfenw/@eﬂ Ve g§ayi 9sblomodribeet W
conponents is between 3:1 and 1:3. As the various peni- 10 cillins have

slightly di {f88emto10 &-paiCalnial s 44488 0and ist +hiagtcqn 16y act eri stics,
the rati-o between the |ibérated conponents of the new conpounds in the -

organs and tissuag r?ﬁi/d:}./éé%eho 1~°tPnFa‘S|fgr &%, Rig1wi bl zﬁobﬁﬁ'ﬂ%ﬁ@lmwﬂm% the
above preferred limts.

acid 1l,l1-dioxide were excreted in the urine after oral

administration of the corresponding potaSsium salt. In
-{0 centrast thereto administration of.an equimolar amount
of VD-1827 géve a 71% urinary reeOVEry of penicillanic
acid 1 s l-~dioxide, thus again_illustrating the efficient oral

.absorptlon of VvD-1827.
By u31ng the compounds of the invention the anti-
f5 baeterlal spectrum of the penicillin in questlon is widely
extended, as also PB-lactamase producing strains will be-
susceptible to treatment. As mentioned above, sueh f-lactamase
producing straine are found with increasing frequency and
are a sefious problem in the clinipal'therapy. The_compopnds
20 - of the invention wiil for such purpoée be of extfeme value., -
- '_Therééeutically the pew'compeunde have distinct
advantages over mere combinations of the_fenicillins and B
the f-~lactamase inhibitors to which fhey are hydfolyzed,
or combinatibns-of orally active esters thereof.
25. - For example, many of the B-lactamase inhibitors,

including penicillanic acid 1,l1-dioxide, are absorbed



15 . The invention also conpri ses nethods for the pre- paration of the
conpounﬁs descri bed above. According to-one nethod of the invention a

conpound of formula V- [err] 20 in which [err], [err], and A are_ as
‘defined above, B stands for an azido group, a protected am no group, e.g. a
benzyl oxy- carbonyl-am no, triphenyl nethydam no, 1-nethoxycarbonyl - 12

propen- 2-yl -am no or.l-N,N-dlnethyIaninocarbohprropen-Z-yI- am no group,
Cyanshet haReRLBOR SreRELar L il WHoWRepF SPSeral Sh A8 0P Bsihoxy
depend ng 64 whARDACaHE b kARG +f BESTHRY  BAG: PARS Ul T | of s Hoime
Tetr ahydr ARPARG L0 it oF = pPeRerdasy | Aea Rregnie te IV b BEREYT T
or e 0 L g, EARER TS VAT B8, 005 Bk 08 M AP
i R A Y G B R T
€ v NydroChl rl oo fly 0D OTLS 11 St PRYT LC 360 o R SRbUENERY RN Fe
| components are not present simultaﬁeously or in the
optimum ratio, even if the two drugs are given simultaneously.
‘ Certain easily hydrélyzable esters of penicillins and
10 B--lactamase inhibitdrs are absorbed better from the gastro-
intéstinal.fract than the corresponding free acids. However,.
hydfoiysis of such esters in the organism gives rise to
the formation of inactive by=products, and althoﬁgh'these
by-pfoduéts are relatively non-toxic, it is'uﬁdesirable
~ 15 to expose the organism td unnecessary metabolites. Another
_diéadvaﬁfage b? using combinations of easily hydrolyzable
esters of the penicillins and the f-lactamase inhibitors is
that the ester moieties increase the moiecularlweight of thé
éompouhds and consequently the size ofithe dosage unit. By
20 using the compounds 6f the invention, the size of the dosage
units can be decreased considerably.
In addition; the absorption bf such esterq wi;l normally
not take place simultaneously, éven.if the compoﬁnds are g{vén:

to the patient at the same time. For instance, the pivaloyloxy-

25 ©  methyl ester of-ampiciilin is being absorbed very rapidly,'
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The- |nterrred| ates of formula V may be prepared by reacting a corrpound of
formal a*VI: [err] in which [err],[err], ‘and B have 4 he meani ngs as def i ned
above, and X stands for a .hal ogen atom or- another |eaving group, 25 -

13- with a conpound of formula A-Min which Ais as defined before and Mis.
.a cdtion, such as [err], [err], an anmonitumion, a tri- or a '

t et r aal kyl ammoni um i on, e. 'g. a tetra- butylammniumion., 5 The
reaction is perfornmed in a suitable solvent, e.g. dinethylfornmam de, ethyl
acet xt e, divbklrerzgret hanepaacisighe eolhbmmalphdgmmé@im;i éstteiam flethe
for a sufficient.-tine and at an adequate tenperature with a viewto

acconpl i shgtha deshded dammidristion, pasdalillatia semderlatir@idBodef domideing
[err]. Another nmethod for the preparation of the internediates of fornmula V
. conpri ses abfsaiedtepchnmatehshowdypound A-Mis reacted with a conpound
of formula VII to afford an internediate of fornula VIII: [err] in which
formul ae [err], &bl &fatkeas difsaddanbages axe Fveidedbbomuwiomg tbdi ne
atom an al kyl sul phonyl oxy, aryl- sul phonyl oxy, chl orosul phonyl oxy, or

'[ err]5 hal oalomporsud phoflylthe invention. : o

It has been found that the in vitro synergy between
the different B-lactamase inhibitors and various penicillins
is particularly pronounced when the retio between the two.
comﬁonents is between B:i aﬁd 1:3. As the various peni-

10 .cillins have slightly different-biological half-lives
and distribution characteristics, the ratio between the
liberated components of the new compounds in.the organs

'and.fissues may varygto some degree, but will normally'
.be within the above preferred limits. |

15 '_- The invention also comprisee metheds for the pre-
paration of the compounds deecribed above.

_According to one method of the invention a coﬁpound

of formula V:

'R, -CH-CO-NH B | |
17y N S - o |
B s . V- g

H H
o= N
.@"\\
H ﬁ—O—?H-A )
0] R, -

200 in which Rl’ and A are as defined above, B stands for

R3,

an azido group, .a prdtected,amino group; e.g. a benzyloxy=-

- carbonylamino, triphenylmethylamino, l-methoxycarbonyl-



oxy rachaL, Y being a better |eaving group than X' 20 The reaction
is performed in the same manner as described for the preparation of the
known conpounds of formula VI' and takes place in a suitable solvent, e.g.
di met hyl f ormam de, ethyl acetate, dichloronethane, acetone - 14- or
hexamet hyl . phosphoric acid triam de, usud@y at :a tenperature from[err] to
[err] In a second step the internediate of fornmula VIII is reacted with a-
penicitllin derivative of fornula I X: [err] in which [err], B, and Mare as
def i méd above to formthe intermediate of formula V. If desired, the X in
formula VIl can in advance be exchanged by a better |eaving group. Another
efbodi ment of the nethod conprises a_first 10 ~ step in ich a conpound _.
of fornula A- MRESREHASH VTR BT ahiNePerdiiele iy aming ¢ReeRy LBropsRmdry 1~
X or an am no-protected derivative thereof, e.%i atrialkyl- sjilyl ' .
derivative, to3FHNG FEOWNPNNY BFOEBFRECa CRERQYY (JrAYP, FRChnfEna benzyl-
formulae R3, At and X are as defined before. The reaction is perforned in a
sui t abl e or ganiRYSARRGRY 1 0F. CYRABTRFRPFY FR&RAANY Ja fF QWP ¢ Phef AP f-8%

between 0 and [err]. Alternatively, the intermediates of fornula Xl can
. nown protected amino or carboxy groups, is subjected to

2

5 .acataIytrchydrdgenolysis'qr.hydrolysis depending on what A
. and B stand for. .
| The reactions are performed iﬁ'mixtures consisting
of a sultable organic solvenf, e.g., ethyl acetaﬁe or
téfrahydrofurane, and water, preferaably in a ratio of 3:1
10 to 1:3, more preferably 1:1,'and at femperatures_from o° to
30%c,  If B is an azido group'or aﬁqther group which can
be convertea into an amino or carboxy grqup'or'hydrogenolysis,

€.g., palladium on carbon may be used as a catalyst, and if B

'\-/.
| is.a group susceptible té hydrolysis, this may be catalyzed
15 by acid, e.g., hydrochloric, hydrobromic or sulphuric acid
6r p-toluenesulphonic acid.
The intermediates of formula V may be prepared by
L reacting a compound of formula VI:
: | R _ci-co-nn, 2 ¥ sl . o
: - - . . l | - «‘:- :-:- - ’ . |
20 - B - ' A
' _ _ o= N .
- - I . o ’ ﬁff‘F“o-?H—X
. o SR R é !
3

in which Rl’ RB{'and B have the meanings as defined above,
and X stands for a halogen atom or another leaving group,

25



15 be prepared by reacting 6-am nopenicillanic acid or a salt or an
animno-protected derivative thereof with a compound *of formula VIIl. In a _
secbnd step a conpound of formula X Hrie 5 derivative thereof in which one
of the hydrogen atons of t'he [err]- group in the 6 position has been |
replaced by a trialkylsilyl group is reacted with a reactive derivative of
an acid of ferMyl @ ofldoud@rbF irBrahiich {amrin ahd B ar ei fsadetieddcheabove. B
can in addition be [err], [err], where Hal is. a hal ogen . .atom The reactive
deri VAt i vep £28rbOknd1st apgeabearn oar) tsdiehi de, Nadgh 15, am asintoalthar i de or
acid brom de; an-acid anhydride; a m xed 15 anhydride wth an.
al kyl - carbpgh¢ acitthi-2 £Ar Hoxgkire 2AM ¥l aiohlamgadnirc, agig. oa aeS:utiaphonl c
acid; or.a radical -obtained by reacting the free acid of fornmula XII with a
car bodi i M g8+ aMed¥ 0@k bosxl - di i mi dazole or a sinmilarly functioning
-conpound. The reaction can be performed in an organic 20 solvent or in a
m xt urse t her eof Thid h-o¥ed €1 oat ilkOWerfsihght iy el evatiablenpeilsewty. e.8.
Sui t abl € solvents are dichl oronmethane, chloroform ethyl acetate, acetone,
d|nethylfoaﬂﬁgw@glﬁhfﬁ&hyhageb&myﬂaa@éh&tg,dd@mﬁﬂpﬁﬂﬂebhhaeﬂr&qqtone _
solvents. 25 The starting materials or iinternediates of fornmul ae

: or hexamethyl phosphorlca01d triamide, for a sufficient

time and at an adequate temperature with a view to
accomplish the désired con?ersion, usﬁally at a.temperature'
10 from_do'to 60°c. | |
Anéther'method for the preparation of the intermediates
of for@ula V comprises a first step in which.a compound
,_A—M_is reacted with a compound of formula VI to éfford

.an intermediate of formula VIII:'

15 | Y~-CH-X . A-CH-X
w - ' - | !{ .
e R3’- - 3

VII . | VIII

ip which formulae RB,-and X are as defined above, and Y
is a bromine or iodine atom,.an allesulphon&loxy, aryl-
sulphonyloiy; chlorosulphonylof&, or a=haloalkoxysulphonyl-
oxy radicél, Y being a better lea&ing group than X

20 The feaction is.performed iﬁ_the same manner as
deascribed for the preparation of the kn&wn compounds of
formula VI and takes_piace in a suitable solvent, e.g.

dimethylformamide, ethyl acetate, dichloromethane, acetqne



Vv, VI I“and Xl are unknown conpounds and the conpounds of fornula.VIII for m/%
the subject matter of our co-pending Patent Application Na. 822].654, -
di vt ded from this present application. -16- A further’ enbodi nent of the.

met hod, by which the com pounds of- fb'rr’nfﬂé‘ |, [err] being a primary am no
grolp, can be prepared directly by a one-step procedure, .conprises reacting

a salt of &F é}ﬁ’ﬁ%‘ﬁéﬁflé’i]flﬂlﬂf’l’é‘?é%ca?rﬁiléi |"1“-'Prii“8’r8%’ USHAoRycidYih T
represented by the general forgru] a bbl: [err] with a conmpound of formila.

VI i ne wihieskP e 67 hdFge frem 1© [*e?r?, M A and X are as defined before, and
preferably X stands for an i.odé ne' atom, The reactjon i erf

suitable 10 - orfAnitcS&5OPhtS P gt 18t Ijr%-ge&"&? :t%,“edf)lgﬁlfgfg}lrgﬁ%??c%lsoro-'

form dinethyl forpam de, and af | er at ur.es bet wee err] .an err],
pref er abl y %25 boh ¥ Fatliﬁlb’turﬁgggt %ﬁﬁ"nvga%‘f%r?gl 5 51 loar(rjr“':u ae VI, VII,

IX, and X are known or may be prepared by nmethods anal ogous to 15 t hose
used for the preparatiqn si i |-arBknoWn gonpounds. Most of the starting
‘fatdrials of formula A%M'(?rH"t%éeTllgﬁ Eespa ci ds are known conpounds.
New conpounds are aci ds amgd salts corregpondi pg~to A being ary adi cal of
fornula.ll in which [err] standsyfor ceptain hcylamno r adi cal s. The 20
latter conpounds are penicillin sul phones, HEi‘ch 8133& be :

B, and M are as defined above to form thg

_in.which Rl’-

intermediate of formula V. If desired, the X in formula
VIIT can in advance be exchangea by a befter leaving group.
'Andthér embbdimenf of the'method comprises a first
10 stép in which a CQmpouhd of fbrmula A-M is reacted with
a éméminopenicillanic acid ester of formula X or an
- ' amino—protecﬁed derivative-théreof, e.g. a trialkyl-

silyl derivative, to afford a compound of formula XI:

e H H S o S . H H |
R H2N «‘5 = /S \f . . ﬁzkz __-:- /SY
0= N ' J“. . ! . - O= N “ ..
o i p-o-gH-x Ify\ﬁ—o—?H-A
: 0 -R3 o . ' : o] R3
P X - o p ' XTI
15 in which formulae RB’ A, and X are as defined before.

The reaction is performed in a suitable organic solvent,
e.g. dimethylformamide, and at temperatures between 0°
and 30°C.

Alternatively, the intermediates of formula XI can



prepared by known nethods. The conpounds of forrmula | -can be purified and o
i sol ated I'n usual manner and nmay be obtained either as such or in the.for';lﬁ
of A salt. 17 The tonpounds may in some cases be obtained as . :

di ast ereoneric mixtures which when desird8 nay be separated by known

met hods, e.g., chromatography. It is a further object of the present _
“invention to 5 provide pharnmaceutical conpositions which are useful in the
treat ment of infectious diseases in the human and veterinary practice, and
whi ch”may - b&USBPBIFC@NPEr ¥RACkinentheratingpenbtthlandai acitdr om en.salt
Wth this object in view, the present invention also 10 rovides a

phar maceut i & FbrPBERTBREOLRCESSage Wiat e ithereefit eith paceompotaid @i
topical treatnent_of patients (including animals) suffering frominfectious
diseases,vwnﬁ9¥ﬂ§ﬁh%fvgé§-as an active ingredient 0.025 g- to 2.5 g. of a-
conmpound of formula | or a salt thereof as defined ‘above, together 15 with
‘an atoxi ¢ phar maceutt®a®| §eae8peasie ac Aaupeund e f afpemydhi dloox iquid
pharnaceu%ical;carrjers-and/or di luents rmy be_used. For oral treatnent: of
patients, 3t KEXEHRELYe i Bheprefeiapmpichhtin LT righe ohpdrggenoatomsy ofof |
.active Lngregient;. 20 . I n the said conpositions, the proportion of:

A t e.NHZ- group in the 6 position has been replaced by a :
- trialkylsilyl group is reacted with a reactive derivative

of an acid of formula XII:

U | | Rl-cl‘.H-COOH'
10 . 5 XIT.
in which R, and B are as defined abéve. B can in additioﬁ

’be'NH3+,,Hal"; where Hal is a halogen atom. 'The'reactive
defivative.can.for instance be an acid halide,:such as an
~acid chloride or acid bromide; an acid anhydride; a mixed

lSlanhydride-with an alkyl-carbonic.acid, a carbdxylic acié,

- én inorganic acid or a sulphonic acid; or a radical obtained
by reacting thé free acid of formula XII with a carbodiimide
-or.N}N‘-carbonyl—diimidazole or a simila;ly functioning_
compound. The reaction can be perforﬁed in an Crganic'

._éo}solvent.or~in a mixture thereof with water at low or
élightly-élevated temperature. Suiﬁable soivenfs aré
.diéhloromethane, éhloroform,.ethyl acetate, acetcne,
.aimethylformémide, diméthylacetamide, ether, dioxane and
other inert solvents. |

25  ', The starting materials.or intermediates of.foxmulae

.V;'VIII and XI are unknowﬁ compounds-and the compouhds of

fqrmula.VIII'form the subject matter of our co—pending _

Patent Application No. 8221654, divided from this present

'"appiication._



~therapeutically active material to carrier substance can vary between 1% @
and, 95% by wei ght. The conpositions can be worked up to various ' '
phar maceuti cal forns«of presentation, such as tablets, pills, dragees, _
supposi tories, .capsul €s, 25 - slustainedibéelease tablets, suspensions and the
| i ke containing the compounds of formula I or their atoxic salts, as.

S
defined above, mixed with catrigrs and/gr diluents. . Pharmaceutically
accept abl'e, non- dﬁ?ﬁ%ﬁrgﬁﬁ c?d&r’.“eirﬁbr% nitg,e g'&%'b"%r h??qﬂﬁacgja?t&}eer%om"__
andker .diluents, 30 . can_be.us rake Up_conpositions.containing the
o esont - colBOTs oot STPREE” Mt s oo CRAr 8 D TGS | TS Do 87808 S
veget able and_animal fats_and.qils um _palyal kyl ene.gl ycol , buffers or
ot her knomecgfre’lpearrée,éa% Fl’cgrl)y é’d’en sg}éﬁa}ag%pdi ruoecn?%gf P TRAPSaEnT s are

~all suitable, 35 . - 18,z Furthernor he ¢cQnpQsi tions pay.cant.ai n ot her.
t her apeut i Egﬁc%lélﬁ i%/es%]éﬁpggetr??s a&%‘ P A “%%g]ﬁ'lé*m i Gt et yaﬁélé:d%lnjinst%lfed

_togekher . w W esen S, i.n the treat - CllQus,

di segses, V\%’hgﬁva%?‘lo J%Z_? %ﬁ??-g%%%%d b%{:tgﬁlca g?zega?_l} tﬁérs‘}lﬂ{\;gg [Bjdal n-Telieving

.drugs, probenecid etc. In particular, antibacterials, which act syner.gi sti -

cally with one or bot-g of hg actj We cdipanents fornmed by in vivo
“hydr ol ysis of the co 'hﬁg" PT&#\‘:‘I nv?ki_% re appropriate.
. | | : | NH, | h | L

Xi4en

r
]

. XITI

o= N o
| __ﬁ?f‘F-o—M
-
0 | |
1! R3’

M, A and X are as defined before,'and preferabiy X stands

with a compound of formula VIII, in which formulae R

for an iodine atom. The reaction is.performed in a.suitable
_10 ) organiq solvent, é.g. ethyl acetate, dichlonomethéne, chloro-
form, dimethylformamide, and at teﬁpefatures between o°
.aﬁd QOOC, preferably at room temperature, | |
. The starting materials of formulae VI, VII, IX, and
. X are known of may be prepared by methods analogous to
fsl those used for the preparation of similar knoﬁn co@pounds.
Most of the starting materials of formula A-M or the
éorreéponding acids are known COﬁpounds, New.compounds are
S acids and salts §orres§onding to A be;ng a rédical ;f.formula
II.in which Rs_stands for certain.acylamino radicals. The
20 - 1after pcmﬁounds are penicillin_sulphoneé, which may be
prepared by knéwn methods; |
The-compounds'of.formuia I can be purified and isoléted

in usual manner and may be obtained either as such or in

the_fdrm of a salt.’



0 . ‘The conpounds of | fornula | can be used either as such or in (gi
the formof a salt. The conpounds as such are only slightly sol uble in ¢
water, whereas many of the salts, -e.g. the hydrochlorides and the sodi um
salts, are.readily soluble in water. As ijndicated above, the present

conpounds may be worked up to pharmaceutital forms of presentation

-1 ncl.udi ng suspensi ons and nonh-aqueous oi ntnents. A pharmaceutical
preparation for oral treatment may be in the formof a suspension of one of

t he present compounds, }he Er aratlon 20 containi.ng from 10 ng to 100 ny

per m of the vehicle. PEEHRES: MY tife SqRRe 3RS rkei absainethas

sel ecti on of adﬂxﬁtéﬁeéﬁ@rﬁanﬁﬂkﬁd&e%fﬁH%%HI%HEFl&&sﬁﬁédamQQSE%eééﬁéréﬁed
t he i nventiion whi ch dose and dosage unit Can

t he .conposi tions
adn1n|gPered s% EEQOWWEF%EE? 8d Scli-vi PRt RN eved mnthout';
si nul taneous secondary eéfests. fhpthBe Ruyrd her apyve éféséﬁésﬁﬁ%eﬁ%w%

composi 1 ong  PEOViGlS RAATHRAPHELAGL CERBIHIL B (b Aea 8et Boeged dg the

preferably fromckdfnEnit C Qaﬁoﬂﬁf%tiéh%mdals@ée%?s tie @Q@ﬂ@ﬁxﬂgno%gﬁggjﬁﬂe\?ﬁncahry

L Conabt "o ARG 288 TR e o fpcniody Beceionat o

handl ed and pambgical administration.

With this object in view, the present invention also
10 providés a pharmaceutical composition in dosage unit form for
.enteral parenteral or topical tfeatment of patients (including
“animals) suffering from infectious diseases which comprises
as an active ingredient 0.025 g. to 2.5 g. of a compound -
. of formula I or a salt thereof as defined above, fogether
15 with an atoxic pharmaceutically acceptable carrier. |
 Suitable solid or liguid pharmaceuﬁical carriers and/or
diluents may be used. For oral treatment of patients, the
composition preferably contains from 0.05 g. to 1.5 g. of
active ingredient. o . '
20 In the said compositions, the proportion of
' thérapeutically active material to carrier substance can
vary between 1% and 95% by weight. The compositions can'be
worked up to various pharmaceutical forms of presentation,
such as tablets, pills, dragees, suppositories, capsules,

'25 sustained-release tablets, suspensions and the like . .
contaiﬁing the cdmpodnds of formula I or their atoxic salts, :
as defined above, mixed with carriers and/or diluents.

| ' Pharmaceutically acceptable, non-toxic, organic
or inorganic, solid or liquid carriers and/or'diluénts

30 can be used to make up compositions containing the pfesent

| ]compdunds. Gelatine, lactose, starch, magnesium stearate,

talc, vegetable and animal fats and oils, gum, polyalkylene
glycol, buffers or other known carriers, aux111ary agents

_ '-and/qr diluents for medicaments are all suitable.

35



renalnlng ‘as a physical ly stable unit dose conpri sing either ‘the active . (;;)
materi®l as such of a rixture of it with solid or |'i qui d pharnmaceuti cal -
dlduents,_carrlers sol vents 10 and/or auxiliary agents. -I'n the formof a.
~dosage unit, the-conpound may be. adn1 I stered once or nore tinmes a-day at
appropriate intervals, always depend .- however, on the condition of the-
patient, and in accordance with the prescription made 15 by the nmedi-cal -
~practitioner. Thupuat@irmossetme! kopipRfLl vhdys bRaan camyiin od theem 0. 25
“to 48 g of .a compound of formula | -or an equiva- l'ent anount of a salt
t her eof ameaiefpeadibafiare,aoti-ed 66ifpoveR Nty 6ANchR dipd %ﬁriﬂt@l&everal
S|ngle doses. 20 In the continuous therapy of patients suffering
from inf ect idsi fi seases t#dee tAbFews tor WapSphesealke codhappdopihate form
of pharmaceutical preparation, if desired in the formof sustained- rel ease
f or mul at itties . t+@athentelod i 1ol yc pLaaki ad ddwesabpveuphamsneectti¢é cabn2i-~ '
-conpositions may al so be used, preferably in the formof . - 20 - dosage
unkt's. comtaad te rfjal EoMan® i apite, 2pad mefrdhiceebngodrtigsf, frrshiénekidr, a
correspondi ng anount of a salt thereof. For the treatnent of manmary
- di sorder tespkti phlry iloliane, tibhstdﬁﬁaxsuiohmbhrawtaxxnﬂrgﬂnthe
adn1n|stered :
cally with one or both of the active componeuts formed

by in vive hydrolysis of the compounds of the invention,

are appropriate.

10 The compounds of formula i can be used either as
such or in the form of a salt. The compounds_aé'soch are
'only sllghtly soluble in water, whéreas.maoy of the_salfs,
-e.g., the hydrochlorldes and the sodium salts, are reédily
soluble in water. | |
'Cj | o .'As indicated abové, the present compounds may be

worked up to pharmaceutlcal forms of presentatlon 1nclud1ng
suspensions and non-agueous ointments. A pharmaceutical

g prepafation for oral treatment may be in the form of a

suspension of one of the present compounds, the preparat¢on

'20 _ contalnlng 1"z‘om 10 mg to 100 mg per ml of the -vehicle..

. Another obJect of the invenulon resides in the selection
“of a dose of ‘the compcunds of the invention and a.dosage-
--uﬁit of the compositions.of'the-invention which dose and

dosage unit can be administered.so that_thé desired acti&it?

25 - is achieved w1thout 51mu¢taneous secondary effects. In

the human therapy, the present compounds are convenlontly

-administered (to aduits) in dosage units of the compositions




-

by the intramammary route in I|qU|d or sen1I|qU|d form such as an (é}
[0|ntnen? or toogether with a substantially water-insoluble and :

oi I%insol ubl e bi ndi ng®agent in the form of  granules. 10 - ©Still

anot her obj ect of the invention-is to_prqyide a.method of treating patients
suffering frominfectious diseases, the ifet hod. conpri sing adn1n|ster|ng to.
adul t patlents an effectlve anount of a conpound of fornula 1, either’ .

sucho 1 0 i L5 ThaY 458 ds 85l ondetl e e aip, Qrswfufg b¢¥efg@asf1<%,

formof the osage u oresai ound

typically @wgdnf%grﬁ%dlng fd$0£a§cu%$¥£4mgggtﬂ8dX0 rom?)%gtggrmuﬁ?

patient/day, correspo ul't human patients
g per .day, sor an equi val ent anDunt of 20 a salt as defined before af a - _
conpound of formula I..1n the treatment. of . patlents t he present conpounds

can be adm ni steredlaé}t{;&g‘[2 2l9ae .cgﬁgg&t gwnt%%n%l gﬁ%\?tﬁ%ﬂ&%r |l for .

active conpounds, e. probeneC|d “bact’eria

0TS 00, SUERGOUDLAeg 2 ] 04 TELASA U PEEL TR A1 LY L

contalnlng nore erapeu |caI IVE conpoun

‘these may 5%}@9@11'%' Sta%{&dwf{x gfle%rftge s%ﬁﬁf : quandﬁ-h%se bgl B%gr i eut i cal

si mul t aneo y Or Sul erva COﬂpOUﬂ

Cohposlvfnkemalnlng as a physically stable unit dose comprlslng

_either_the active material as subh or a ﬁixture.of it with
solid or liquid pharmacéuticél diluents, carriers, s;lvents
10 and/or auxiliary agents.
in'the form of a dosage unit, the compound may be
_admlnlstered once or more times a day at appropr:at°
'1ntervals, always dependlng, however, on the condltlon.ofl
:the patlent and in accordance with the'pfescfiption-made
15. by the medical practjtioner; | |
| Thus a daily dose will preferably be én amount of
from 0.25 to 15 g.of a”compound of formula I or an ngiva?
lent amount of a salt thereof as defined before, which Eon-
venieﬁfly can be divided into several singlé doses. |
20 - . In the continuous therapy of patients suffering
from infectious diseases, the tablets or capsuieé'ére_the
_:apﬁropriate.fbrm“of pharmaceutical preparation, if desired
in’ the form of sustained-réleasé formulations,
In the veterinary pracfiCe-the.above pharﬁ#ceutical

.25 compositions may also be used, preferably in the form of



pharﬂaﬁéutically accept abl e non-toxic aecid as the active ingredi-ent may
al o contain a known 8- (substituted am dino) penicillanic acid, or a.salt,
ester or. ester salt thereof, the ratio by weight between the active
conmpounds being from1:20 to 20: 1, prefgrably 1:5 to 5:1. The active 10

i ngredi ent may be ﬁ,l-dioxopenicillanﬁy 8x7hethyl.6-(D-[err]- '

am no- a- phenyl acet am do) penicillanate and the 6- (Substituted

am dino) - peidddd anhe tacicd st Riingyrbempivoaly | wxyset Bl g of the

6- [ (hexahydro-| H azepi ne- 1-yl ) - met hyl ene ami no] -penicill- anate, and both
conpounds - ERyrfRunidedri Fotdimi for of bheorrEsmaldingi bhophetr e eatical ly
acceptabl e, non-toxic acids. In the treatnent of patients, the daily dose -

i s-adm ni stserield €héheofat one time; or in divided dosages, e.g.:., two ,
‘three or four times a day. In the followi ng "Preparations™ the nmethods for
20 preparing new stRoii tlrerdimsa ahenandfi msamreedy ad ks oadensyr e specialial |y
descriQ;d, many of these "Preparations" formng part of the subject matter
of our -af obesaite ceaspéndisng Ped cab t Appkiteatiizdn.a@ént cad2bPrspeimisbrred -
6[err]-Bronopenicillanic acid 1, 1-dioxide To a stirred solution of . :
pot assi um per ndngahat eamammary route in liquid or semiliquid form,

conLaining'a conpound of  formula | or a salt thereof with 5 a (i:)
73

“such as an ointment; or togéther with a\éubstanfially
'water-insolﬁble énd oil~insoluble binding agent in the |

. form of granules., |

10 Still another object of the invention is to

provide a method of tréating patiénts-suffering from'

 infectious diseases, the.method'éomprisiﬁg'administering
to adult patients an_effeétive_amount of a compound of
.formula I, either as such o? in thé form of a_S#it as

15 defined 5ef§re; and preferably,; in the form of fhe-dbsage

units aforeséid; Thé compdunds of formula.I a;e typica1iy_
administered in amounts of 3 - 200 mg/kg body weight Qf the
patient/day; corresponding to, for adult human patients,
from'0.25 gito 15 g pef aay, or an quivalent amount of

,3’ a salt as defined before af'a compound 6f.formu1a I.

. ' e . In the treatment of-patients,:the'presgnt compounds
'één be administerea eithér:aione or'toééther with'qther
therapeutically active.compéunds, e.g.-probenecid; which
aid in combatting.the.bacterial.infeétiQn. Such cbmbined

- 25 | tfeatment can bé'performed_with.formﬁlatioﬁs contéining:

more or all of the therapéutically active compounds, or E



(1.90 g,+ 12 mmol ) in water (35 m) and acetic acid (1.36 ml, 5 .24 mmol ) _'(3
was sadded dropwi se at 0-5 C an icecold solution of potassium A
6[err]-bronopenicillanate (1.91 g, 6 mol) in water (25 m). After the
addition was finished (about 15 minutes), 2lhe nmixture was stirred for
another 20 .mnutes at the | ow tenperature. The cooling-bath was renoved,

and to the mixture 10 was added solid sodi um pyrosul phite (1.52 g, 8 .
mol x_t o reduce excess oxidation reagent. Precipitated manganese oxi des
were fi'lteredhese maw e 2feiniptesed (abserarnits ) fymsubadtbansel thesedi um
chloride (20 g) and ethyl acetate (50 m). The pH of the m'xture was = .
adj usted t o Pedngy e i phmaltangongdyocm sriith uitakele ntaryalsring,

and the organic phase was separated.¢&The aqueous phase was reextracted
with ethyl acetate (Zhw$)a @ABPPuadtphEiAaCyrrt exrpasisiaBre washed
wi'th saturated aqueous sodium chloride, dried, and evaporated in vacuo. -
The anpr phouSodFiguiend nyscopparnddofafoampsianld iR ® f$aht eEhereaii ¥ddtopy|
20 et her tg afford 6[err]-bromopenicillanic acid 1, 1-dioxide, nelting

poi nt: 124 & PharRaegathralaE pecapspbhes Aanvioxie adbdedtofpSundtiye
obt ai ned by addition of 1 M potassi um 2-et hyl hexanoate in acetone (3.6 nl)
to a stirredisguadignbimay eflFObFontadm 2 XNoW |§ahsebati frted. anddiae)
(0.94 g, 3 mol) in acetone (12 m). - 23 - Thée NWR spectrum of '
potassiun16aPGﬂ&ﬁﬁ%%ﬁQﬁ¢I%ﬁh@e or a salt, ester or ester salt thereof,

~ the ratio by weight between the active'compounds being
from 1:20 to 20:1; preferably 1:5 to 5:1. Thé'active
10 ingrediént may be l,1-aiox0penicillancyloxyméthyl 6~ (D-q~
| amino¥a¥phenylacetamido).penicillanate ahd the 6~(sub%é§uted'
amiaino)-penicillanic.acid ester may be pivaloyloxymethyl
6—[(hexahyd:o—lH-azepine—i;yl)-ﬁethfleﬁe'amino]—penicill»
: anate, and both compounds'may'be used in the form of their
15 éalts'with pharmaceutically acceptable, non-toxic acids,_
- .In'the treatment of patients, the daily dose is
: administered either at one time;-or in.dividéd dosages,
e.g., two , thrée or four times a day.
“ ~ In the fbllowing.“Preparations* the mé£hods for
20 preparing new starting materials and intermediates aie more
\ Specifically deséribed,'many of thésé ?Preparations“ |
: forming part of the.subject natter of our aforésaid co~-

’ bending Patent Application.



1,1-dioxide [err] showed signals at [err]:l.48j(s, 3H, 2- [err]) 1 59 (s, . (2%5?
3H, 2- ), 4.48 (s, |H 3-H), 5.10 3¢, -J=2Hz, 1H, 6-H), and 5:35 (d,

3=z, 1H 5- H ppm Tetranethyl sil ane 5 was used as internal reference
Preparatlon 2 6[err]-Chloropenicillanic acid 1, 1-di oxi de By substltutlng
potassi umé[err] - chl oropenicillanate for the potaSS|un1 :
6[err]-bronopenicillanate in the procedure of 10 Preparation 1,

‘6a-chl oropenicillanic acid 1, 1-dioxi de was obtained as crystals from
d||§bbropyl ether, nelting p 134 137 f The NWR spectrun1[err] showed
signal s at5 [err] = 1. 50 (s, 9§££2§egg 1.64 (s, 3H 2- [err]), 4.46 (s,

4. 70

AH, 3-H) 5.18 (d, J=1.5Hz, |H 5:-H)-
a&—?é?éﬁence A crystall ine -

'ppnl Tetr

potassium salt of t e above conmgoun S_obt |ne by addition of -
equi mol ar amount of *8. & M Pt RE%i 1?’ ?ﬁlﬁ c& gs a@ﬁﬁﬂ%ﬁ%gnate'
stirred solution 20 of 6 hlor ni_ci aC|d 1 di.oxi de, cegton
Pr epar at i gbr F G or bife R ge?ﬁlm Siat i Sﬂ%e‘é’ éL S(?ﬁft‘fll (2 3%0 L,

s o et L 9%%8 590 SATELRY Lmosfcgig%m e
pota551um Ga-bromopenlclllanate (l 91 g, 6 mmol) in water
-(25 ml). . After the addition was finished (about 15 mlnutes),
fhe mixture was stirred for another 20 minutes at'fhe low
temperature. The cooling—bath was removed, and to the mixture
10 ._was added.solid sodiﬁm.pyrosulphite (1.52 g, 8 mmol) to_?éduce:
excess oxidation'reégent.- Precipitated manganese oxides wvere
" filtered off, and to the filtrate (about 60 ml) was added solid
‘sodium chloride (26 g) andfethyl acetate (50 ml); The pH'of
i\/ the.mixture was adjusted to 1.5 by additien.of 4 N hydrochloric
15 acid with stirriﬁg, and the organic phase was separated. The |
_aqueous phase wes.reexfracted with ethyl acetate (25 ml), and
the combined organic extraets were washed with saturated aqﬁeous
sodium chloride, dried, and_evaporated in vacuo. The amorphoﬁs
residue thus.obtained ﬁas crystalli?ed frem efhér—diisopropyl
< 2. ether to afford 6a—bromopenlclllan1c acid 1,1- leYlde, melting
point: 124-127 C.

A crysta111ne potassium salt of the above compound

i'was'obtained by addition of 1 M potassium 2—ethylhexanoate
in acetone (3.6 ml)'to a stirred solution of 6a—bromopenie_

25 cillanic acid 1,l-dioxide (0.94 g; 3 mmol) in acetone (12 m1).
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(2.18 nlg, 30 nmmol ), and the m xture was stirred at. roomtenperature for 4
hougs. After dilution with ethyl acetate (30 m), the m xture was washed °
with™water (3 x 10-m )" 5 followed by sggurated aqueous sodium chloride (5 '
m), dried, and evaporated in vacuo to |eave the desired conpound as a
yel l owi sh oil, which crystallized from ether-petrol eumether, nelting ,
point: 94-96 C.: The NWVR spectrum (CDC13) showed signals at [err]= 1.47 10
(s,34,, 2-[err]),1.66 (s, 3H 2-[err]), 3.53 (d, J=3Hz, 2H; 6[err]-H and
6[err]-H), 4.46 (s, The MMR) spgcggyn o §-ppasmiun. fy-baamopgsi¢ABjanate
J=6Hz, 2H, OCH C) ppm,k Tetranpethylsilane was -2 us as i nternal '
r ef er ence.l Prepapzdidsn (4CQ§ODI)_- cloredt dyEnpdm @ IGnat & #81-(d oxBde 2—0E3) s
Fol | owi ng the procedure of "Preparation 3, but sub- stituting - :
1-chl oro- 11§ 5Roéehadd  3-¢H ﬁchll"orLtﬁ otiemeiHand-dhhs i BelBadidg I+RHzeadHson
time to 16 hours, crude 1-¢hloro- ethyl penicillanate 1, 1-dioxide was

obt ai ned #&H) yebnréw 2B 5 of ¢, Wirdizoul 85 b5~Hr ifned By taepeaddivheilane
.chromatography on silica gel (ethyl. acetate-petroleumether, 7:3).

Pr.epar gi ores Chkdr @éfetiyteshedr mafieomepesicil | anate 1, 1-di oxi'de By -
.Substituting 6[err]-bronopenicillanic acid 1,1-dioxide  -.25 - .

Preparation.Z

6a~Chloropenicillanic acid 1,l-dioxide

By substituting potassium 6a—chloropeﬁiéii1anate
. for the potassium 6a—bromo§enicillénate in'the'procedufe of
10 Prepafation 1, 6a-chlorop§nicillani¢ aéid l1,1~dioxide wa.s
- obtained as crystals from diisopropyl efher,_melting o
point: 134-137°C: | |
. The NMR spectrum (cpe1,) showed signals at o =
'-1750 (s, 3H; 2-0§3), 1.64 (s, 3H; 2-033),-4.h6 (s, 1H; 3-H),
15 . k.70 (a, J=1.5Hz, 1H; 6-H), and 5.18 (d, J=1.5Hz, 1H; 5-H) ppm.
| Tetramethylsilane was ﬁsed as internal réference.' | | | |

A crystalline potassium salt of the above éompound

was obtained by addifiqn of an equimolar amount of 0.8 M
potassium 2-ethylhexancate in acetone to a stirred solution

20 of 6a—chloropenicillani¢ acid 1,l-dioxide in acetone.

- ‘Preparation 3

. Chloromethyl penicillanate 1,l-dioxide
- To a solution of penicillanic acid 1,l-dioxide

(1.17 g 5 mmol) in dimethylformamide (7.5 ml) was added



for the pen|C|IIan|c acid 1,1-di OX|de [ A’l the procedure of Preparation 3, 3
chloroﬁ%thyl 6[err] - bronnpen|C|IIanare 4 =di oxi de was obtained as a : '

-yeld owi sh oil. The NWR spectrum [err] shomed signals at [err]=1.48 5

(s, 38H, 2-[err]), 1.64 (s, 3H 2-[err] ), 4.46 (s 1H, '3-H), 4.71 (d, J=1.5
Hz,” 1H; 6-H), 5.17 (d, J=1.5 Hz, 1H; 5-H), and 5 80(ABq,J6Hz 2H; -
[err]) ppm TMS was used- as: |nternal ref erenge. Preparatlon 6 10 '

Chl qr omret hyi %ﬁrr] br onopeni ci |l 1 anate By substituting potassium -
6[93*1 br droperhz il pimdaeR e ¢ op8 tmé,mgnmm¢lina@da@hﬁqr91qdemeihen@ t he
triethyl ar? ne in theéﬁ)rocedusle of preparation 3, chloronethyl 6p-bronpeni -
cillanat e (RslBbmainstd aamalyssesds @i¢ .migture was stirred at room
Preparat|on 7 Chl oronet hyl cl avul anat e Follomnnq_the procedure of

Pr epar at i diem@pepatunesh-fa¥ i b ubprg scodtlihe x| dddraran ¥hFht ﬁe%’é‘m%‘wtaﬁﬁc
acid 1,1-djoxide and the triethylanmne, chloronmethyl clayulanate 20 was .
“obt ai ned, H@patdsi diew rchkbroretad yrehed| Witk évaﬂqrd axP’-déord"h)
suspensi on of potassium penicillanate 1, 1-dioxide’ 91 i.n :
di et h)‘ilfd?m?&h?ﬂed(m’rﬁ%t‘a\ﬁétﬁdd@dl%%uéhFOGﬂ-@m c lonzs (5 m1), dried,

" . and evaporated 1n vacuo to leave the desired compound as
a yellow1sh oil, Wthh crystalllzed from ether—petroleum.
ether, melting point: 94~ 96°c. _
' The NMR spectrum (CDCl ) showed 51gnals at J~ 1.Af.
_19 (s, 3H; 2-.ch),_1.66 (s, 3H; 2-CH ), 3.53 (d, = 3Hz, 2H3
| 6a~-H and 6f-H), 4.46 (s, 1H; -H), 4,68 (t J—3Hz, lH 5;H),
and 5. 85 (ABq, J=6Hz, 2H; OCH Cl) pPpm. Tetramethylsllane was

used as internal reference.

Preparation 4

15 1-Chloroethy1 pen1c1llanate 1,l-dioxide

Following the procedure of Preparation 3, but sub-
stifuting l-chloro=l-iodoethane for the chloroiodqmethane
and increasing the reaction time to l6-hours,_crude'i-ehloro—
~ethyl penicillanate 1{1-dioiide was obtained es alyellow '
'.- :20 oii‘ﬁhich could be purified By dry column chromatography on

“

silica gel (ethyl acetate-petreleum ether, 7:3).

Preparation 5

Chloromethyl 6u-bromopenicillanate 1,l-dioxide’

By substifuting 6a—bromopenicillanic'acid;l,l~dioxide



SR et ST SmpEmel =

for -45 inutes. After dilution with ethyl acetate (50 n1) - the m xture was
washed with water fol towed by aqueous sodium bi carbonate,. dried and
evaporated in vacuo to | edve an 0i|l which was purified by chromatography on .
silica-gel to yield the desired conpound?5i dentical with the corrpound
described in preparatl on 3. Preparation 9 Chl oromnet hyI

6[err] chl gg ?8"&%5%51%?33@'Q&%ﬂf 101 gioxide . ytﬁ8b§ gfgdqgaIOXIde

6a- chf oropen|C| anfc acid i oxi de” fof tﬁe pen|C| anic

inthe pro%ﬁﬂ%é&r%&ﬂ% ra&h?@r%mé%ﬂfioggtE%%dﬁ%éﬁ&g QEg%é Alfnﬁt818x1de

met hyl - sul phat e (1 6 g) and the mixture was stirred at roomtenperature @

1, 1- di oxi de t'ai ned” &s a vi.scous ol | spectrum err

e S A s (el 8 G P
Eagéfg'a:g?ﬁgjlge% fﬁ“%%oﬁé# P%%Eﬁméﬁﬁé%: LR f%%%%lge%%rﬁgﬁﬁﬂ |
\tN:S- :'rgtegrzk)al’ %'}% 502@3 gi‘m atge od?uggcﬁﬂs Lgm)é g 5 8%5—‘ , -
fl'r}t)ered .of ? 9tlhi(ds’ol e%tsvxg g‘ﬁi\/ d%ﬁ 5638 fﬁe(ge;’slil dgé}’\[,\'la%'%?)’
obtai ned Wasnd %@%%jdiéh e&hgl (ﬂéﬁe 8&ﬁe&l) ppm. TMS was used as

1nuernal reference.

Preparation 6

10 Chloromethyl 6B-bromopenicillanate

By substituting potassium 6B-bromopenicillanate for
fhe'penicillanic acid 1,l-dioxide and the triethylamine in
the procedure of preparation 3, chloromethyl 68~brompeni-

N~ cillanate was obtained as a viscous oil.

15 _ L Preparation 7 .«

Chloromethyl clavulanate

Following the procedure of'Preparation 3, but sub-
stituting sodium clavulanate for the penicillanic acid
1, 1-d10x1de and the trlethylamlne, chloromethyl clavulanate

o0 - was obtaﬂned,

Preparation 8

Chloromethyl penicillanate 1,l-dioxide
To a suspen51on of pota551um penlclllanate 1, 1 ledee

_(l 08 g) in dlmethylformamlde (12 ml) was added bis-chloro-



6[ er r.] - Be RS ctbBRA S nBér| PR BRI BIX RS @ destdrred at T g
stirred solution of 6[err]-benzy| oxycarbonyl am no- penicillanic acid (63.5
g) and pofRSs HRMPEFBFETcar DonabeMirstte gy ARERA S YUHDSR N} thase WEHM v
‘(about 45 mnutes), at 0_.Q C added a solution_ofﬁﬁptassiunrpernan anate (38
g) in'matéF?ﬁ%EPn{ﬁQ Bdr/ingt i hembXityns Jfes avpRGE 67t hada fEFn R IR ag
in the reaction mixture by addition of dilute sulphuric acid. Insoluble
‘material R¥s FBHERVEA B U A FRRPORAF aheldTLfEr BRE AR RIFRECCediXBCLO
'ethyl;§therg The resulting aqueous phase was filtered again and, after
fadmtjcwyﬁp éﬁﬁﬁeaﬁﬁtaﬂé(WQKF%1Y?saaqﬁ¥@%ﬁﬁtBYpHQEQF%W?ﬁr§PhﬁWQEL The
.organi c 20l ayer was_separated, and the aqueous phase. was extracted wth
addi ti onaPidtitRA Bedi &Pe iR IA 3B nflpSiAdrCARPPRED ¢ HedeBhbrAdd "6 Hy |
acetate extracts were evapordted.in vacuo. The residue was recrystallized
[from et hyFPgc&teprorngo GaseriRedotBumraRAT2EE08 &) to yield the pure
conpound, nel.ting 25 -point: 153-[err]; [err]: [err](c=l", 96% [err]).

Preparation 9

Chloromethyl 6ag-chloropenicillanate. 1,l-~dioxide

27- (1:1). Isoluble sodiumiodide (6 g) was filtered off, and the filtrate. q

'mas-eVéborated at reduced pressure. The resi-dual oil was purified by col um '3

chromat ogr aphy on siltca gel (ethyl .Age4ate-n-hexan, 4:6) to yield the 5

title compound as.-colourless crystals fromether, nelting point: 101-[err].

Preparation 11 6[err]-Anin%ﬁgqéciélanic-acid 1,1-dioxide -hydrate A. '
pend

.40 By substituting 6a-chloropenicillanic acid 1,l-dioxide

- for the penicillanic acid l,l—dioxidé iﬂ'fhe'procedure'of
Prépération 3, chioromethyl 6a~chldropénigillanate 1,iwdioxide_
was obtained és a viééous.oil. _

: " The NMR spectrum (CDCiB) showed signals at_é = 1.48
15 (s, 3H; 2-CHj), 1.64 (s, 3H; 2-CHj), 447 (s, 1H; 3-H}, -
4,68 (4, J=1.5 Hz, 1H; 6-H), 5.17 (d, J=1.5 Hz, 1H; 5-H),
" and 5,81 (ABq, J=6 Hz, 2H; ocgzcl) ppm. TMS vas used_as

. intérnal reference.

Pfeparation'lo

. 20 Iodomethyl pemicillanate 1,l-dioxide
- To a sdluti;n of_chlofomethyl penicillanate l,l-&i--
oxide (5.6 g, 20 ﬁm;l) in ac§toné (45’m1) was a&ded sodium
iodide (9 g), and the miﬁture ﬁas stirred at rqom temperature
‘for 16 hours. Precipitated sodium chloride (1.15 g) was
_25 :filtered_off, the solveﬁt wés removed'ig vacuo, and the

- residue thus obtained was treated with ethyl-écetate—ether



B.. 6[err] - Amnopen|C|IIan|c aC|d 1, 1d|0X|de hydrate A filtered "
sol ut i dh of 6[err]-benzyl oxycar bonyI ani - 28- penicillanic acid. . o
1, 1™ di oxi-de (15.3 g) and potassium hydrdden carbonate (4 g).in water (160
m) was hydrogenated over 10% Pd/[err] (5 g) for .4 hours at slightly

el evated pressure. After filtration and extraction with ethyl ether (100 .
m), 5 {RelpH ofhspdubde cdiwnudodsdsol (fiioh was £jliseeddt ofZ,,5.arfkhe
preci pi tate thus formed was filtered off, washed with water, and air-dried.
Recryst al Ehgatfiidhit ¥a ben dﬁrﬁetqm:@@rﬁtedmade nedec odf poredehitde pure

ronohydr at e; rreltlng point: * 199-[err] (dec.); [err]. : [err] (c= 1
di net hyl f or manmi deThel@eRripanit pdd I Chpordfeielly by 1¢d3.dmnxc¢p:emxﬁatbgiﬁa§my
‘To a mi'xture of potassium1, 1-di oxopenicillanate (2.7 g, 10 nmol),

pot assi umady ds bhenaac @edonbe thy 6. @.c@, tzBe rmehp xamd tlet 6 hbuiby lydremndi tive
hydrogen sul phate (0.34 g, 15 1 mol) in water (10 nt) and dichl or onet hane
(15.m") 2 diitkoneenybund rosepphard gsis enyjteds duded. etheer, steltimg for
1 hour at 30 C the mxtye was filtered and the organic layer was :

separ at edmdl’d’rleal(-é&ﬂ fm sul phate). After -dilution wth propanol -2 (25

m ), the solution was 20 coricentrated to about 10 'm in vacuo and left .at
5 Cfor 1 hour. The crystals wer e flltered off Washed_vm't-h col.d

Preparatlon 11

68-Aminopenicillanic acid l,l-dioxide hvdrate

A, r 6B-BenzyloxYoarbonylaminopenicillanic acid l.,l-dioxide

10d - . 'To a stirred solution of 6ﬁ5benzyloxycarbonylamino;
- penicillianic acid (63.5 g) and potassium hydrogen carbonate
- (18.1 g) in'water (1125 ml) tas slowly'(about 45 minutes) at
o C added a solutlon of pota551um permangana te (38 g) in wat r.
(915 ml) During the oxidation, a pH of 6,5 was maimtained
15 in the reaction mixture oy additioﬁ of dilute.eulphdric acid.
eInsoluble material was removed by'filtration, and.the filtrate
was extracted with ethyl ether..The_resulting_aqueoue phase
was filtered again and,'after addition.of ethYl acetate
(600 ml), acidified to pH 2.5 with etlrrlng. The organic
20layer was separated and the aqueous pnase was extracted
with additional ethyl acetate (2 x 300 m1) After drying,.
-the comb;ned ethyl acetate extracts were- evaporated in wvacuo.
The residue was recrystalllzed from ethyl acetate (250 m1)»

petroleum ether (500 ml) . to yield the pure compound, meltlng

25 point: 153 154°¢ [a]ioz +146.9° (c=1, 96% C,H (OH) .

'B.. = 6B-Aminopenicillanic acid 1,l-dioxide hydrate

A filtered solution of 6B~benzyloxycarbonylamino-



propanol 2 and dried in vacuo to gi ve the title conpound as col ourless _ %
crystafs with-a nelting point of 94- [err 29 Prep ration 13 _ égi)
1- €hl oroet hyl |,]-di oxopenicillanaté To & m xture of potassium - .
1,1-dioxopenici||anate (40.7 g, 0.15 nol), silver nitrate (25.5 g, 0.15
mol-),and 5 silver oxide (7.5 g) in acetonitrile (750 nl), 1-chloro-1-

" ~-iodoethane (42 m) was added. After stirring for 48 hours at anbient
'tenpeuﬂupenﬂdmnxahierandds1wemﬂﬁa*ieaedhjij ghdanle fotasation dkedrogen
dryhess in. vacuo. The residue was dissolved in ethyl acetate (200 m);  and
the 'sol ut arrtkhaes (Asheld it rasaimr G160 agleowssshgidaogdbatiede over -
filtered, dried, and evaporated in vacuo. Chromatography of the residue on
silica geh.O%'l@@ﬁBaSO y|ﬁ]ﬁC§) attexr I Mogawe atheslighe 1g0mbend tasl 6pressure.
crystalline mxture o e two diastereoners with mp. 130-132C. 15 .

Prepar at i gt 1ri 0geeiidn lahadicoxopestsioh anpte Tebyiscdthien (Af00 m1),
1 chloroethyl 1, 1-di oxopenicillanate (30 g, [err]0.1 nol) in acetone- (100

ni()d' gRe Qo der( 30D 1 0e2c80ld YPsedddedonntibhe wiXtatguwaesttoreds.
at anbi ent 20 tenperature for 3 days. Aqueous sodium thiosul phate was

.added, ang ?ﬂééigq%é"@é £ﬁ{£§V%f~xHe&a¢vﬁ% fPc s8R Fof, Ohs¥RSs with
dlssolved |n yl acetate, the sol ut.ion was _
wvater, and a1r~drled Recrystalllzatlon from dlmethylformm

.amlde—water afforded the pure monohydrate; melt;ng pomnt:

- 199-200°¢ (dec.); [a]§0: +252,9° (c=l,_dimethylformamide).

" Preparation 12

Chlofomethyl l,l-dioxopenicillanate

To a mixture of pétassium 1,l—diokopeni§illanafe
'(2.7 g, 10 mmql), potassium hydrogen.carboﬁate (6.0 g,.
: 60 ﬁmol)'and tetrabutylémmonium hydrogen'sulphate (b.BH g,

15 1 mmol) in water (10 ml).aﬁd dichloromethane (15 ml), |
_chlorométhyllchlorosulphaﬁe (1.5 m1) wa§ added. After
étirring for l.hour at QOOC, the mixture was filtered and
the organic layer was separated and dried (sodium sulphéte).

_ After dilution with proéaﬁol-2 (25 ml), the solution was

20 concentrated to about 10 ml in vacuo and left at 5°C for

1 heur. The'crystals were fiitered'qff: washé& with cold |

propanol -2 and 4r 1ed in wvacuo tO'givé the title cémpound

as colourless crystals Wlth a melting point of 94~ 96°C.



.washed wth water.,, dried and evapor at it e8%i n vacuo.  The resi- dual oil was
'_chr@rrat‘()graphed on silica gel (hexane-ethyl 25 acetate, 3:1) to give a
crysstalline mxture (rp. 134- [err]) of the di ast ereoneric 1- |odoethyl and

1-chl oroet hyl - esters, 30 cont ai %493(%%n 5; i odo corrpound ~accor di ng-

to the mcroanal ytical deterninati eparation 15 5 :
Chl or onet hyd _ & €5 bl pPENY Chkly En {01 18biaf£d sol ution of potassium
6[err] broﬁﬁ"“ﬁ6ﬁ”C“Tg%%%TE‘tU“QGggﬁig"nnvﬁ%'an&LpotaSS|un1blcarbonate .
(1.80°g. 18 mol ) g Wﬂm@%)mﬂ?s Uh 38 Lo Bhak 1A%, Al
_tetrabutylannnnlun1h§3rogen sﬁlpha e %g Ig'q%l nﬁan wed by

chl oronet hyly ¢y opQsi ohates{ ., 4§1rfve O(d{,g *hgf)haselg (?ﬂovff and

stirred at . roomtenperature fol 1.5 hours

separat8d, @nthéheoaqRous; Phass Loy é@&ﬁeg %tehe@fﬁkg'm?get%e #193{11) “he

The conbi ned organi c extracts re washed w

dried, and con6s8thahed (a2 ak tw‘ésmadé’%] a! efuged. %@%@figﬁeﬂ% Q%‘Cﬁ”%%t €

was - subj ected to dry colum- c orratogra phy on sili

et her - ethYQ#“EﬁﬁigntgE@mﬂéi?gﬁgrdl%ﬂé*gfégggmggﬂ%saﬁﬁgr]§Ef¥n§??uﬂ$f

penicil.l anate as an al nost™ co our | és Sspec

[e{élrfymﬁ?hél?ﬂél?1@%ﬂé¥é]t§ké ‘%JsﬁrQHESg Eﬂwdgcu& £ NI =

was dissolved in ethyl acetate (200 ml), and the solution

'ﬂj was washed w1th saturated aqueous sodium chlorlde, flltereﬁ,
drled,;-and evaporated 1n.vacuo. Chromatography of the
"residue on silica gel (hexane-ethyl écetate, 3¢ ?) gave
the title compound as a crystalllne mixture of the two

.diastereomers with m.p. 130-132°C.

15 . ' ' Preparation 14

" 1-Todoethyl 1,l—dioxobenicillanate
| To a solution of 1-chloroethyl 1,1~ dloxopenlclllanate
_(30 g, ~0.1 mol) in acetone (100 ml),sodlum iodide (30 g;
0.2 mol) was added, and the mixture was stirred at ambient
éO temberature for 3 days._AqueQus éodium thioéulphafe_was
-jédded, aﬁd.tﬁe acetone wag remo§éd in vacuo. The separafe&
- oil wés-dissolved;inzethy; aéet&te,.and the sslution was
-washed.with water, dfied-aﬁd évapdréted ia.vacuo.-The_resi—
l_dual.oiL was chromatographed on-éilica gel (hexane—ethyl |
25 ‘acetate, 3:1) to give a crystalline_mixtﬁre (m.p. 134-36°C)

of fhe diastereomeric l~iodoethyl and lnchloroethyl es£ers,




[err]) Ppm

ineata e 20k 2 s N i ki = T e A el K bl S 1

= N PR E . N o R Sl 3t e ae e als Demrt ett —./M\z\'}
5. 35 and 5.59 (2d J=4Hz, 2H 5-H and 6- H), and 5.77 (ABq, J=5Hz, 2H (f%&

Tetranethylsrlane was used as internal reference. 25 - 31 -

Prebarati-on 16 1 odonethyl 6[err]- bronDpen|C|IIanate To a solution of

chloronethyl

6[err]-bronopenicillanate (0.82 g, 2.5 mmol) in acetone (5 m)

was™ added solid .5 sodiumiodide (0.75 2805 0 nnDI) and, after protection

fromlight,:

t he nrxture was- stirred.at

nrtenperature for 24 hours.

PreC|p|tated sodiumchloride was filtered off, washed with acetone (2xl|
m), “and the filtrate vas evaporated in vacuo to. | eave an oily residue

whi.ch was re--

10 dissolved in ethyl acetate (20 ml).. The resulting

sol uti on was washed mﬁth'mater (2x10 nl)," dried'[err] and, follow ng

concent rat on Aol fiy Ae EAUCPIaRT SRR PUN SCLEG 40 £ol UM

chr omat ogr aphy on Si

t he el uent

usrng pé roIeunTet dce 9:1, -as

by .t hi n- Iaye%ﬁ%hrgggiogr $¥¥E€%£C§gtépﬁlﬂg%§0&'Eg?a<%ﬂB§aBgra?Zdr?xesgggo

to yield i odonethyl 6[err]-bronopenicillanate as a slightly yellow sh oi
‘The NMR spectrunrshomed srgnals at [err] = 1.55 (s, 3H 20

1o

15

20

" Chloromethyl GBhbrbmopenicillanate'

‘To a stlrred solution of pota551um € g~bromo-
pen1c1llanate (0. 96 g. 3 mmol) and potassxum bicarbonate

(1.80 g. 18 mmol) in water (9 ml.) and ethyl acetate (9 ml.) '

‘was added tetrabutylammonium hydrogen'suiphate {(0.10 é.

0.3 mmol), followed by chloromethyl chlorosulphate {0.45 ml.
4.5 mmol), and the mixture was stirred at room température
for 1.5 hours. The organic phasé was separated, and the

aqueous'phase re-extracted with ethyl acetate (9 mi.).

'The'combined'organic extracts were washed with water
(2 x5 nml,), dried, and concentrated to about 5 ml. at

reduced pressure. The concentrate was subjected to dry

column chromatography on silica gel (petroleum ether-ethyl

acetate, 9:1) to afford pure chloromethyl 68~bxromo-

- penicillanate as an almost-colourless oil,

The NMR spectrum {CDC1l ) showed s:gnals at § = 1 54

5.35 and 5.59 (2d, J=4Hz, 2H; 5-H and 6~H), and 5.77 (ABq,

' J=5Hz, 2H;'OC§201) ppm. Tetramethylsilane was used as

.internal reference.

25 -



o
- E@”EH

1.69 (s, 3H 2- ['err]) 4:50 (s, |H;,'3 H), 5.34 and 5.57 (2d,
5-H and 6- H). and 97 (ABg, J=5Hz, Terr]) ppm

Tet?anethyIS|Iane vias used as |nterna13¥bference - 32 - Preparation 17

Chl or onet
“Chl or onet

hyl 1, 1-di oxo- 6[err] . (2, 6-di met hoxybenzani do) peni ci | | anate -
hyl chlorosulphate'(l 8 m, 18 nmml) was added during 20 minutes

at. rcomtenperature to arnque(ﬁ 1, 1-di oxo- 5

-6[err]-(

tetrabuty

2, 6-di net hoxybenzam do)penicillanic acid (neth|C|II|n sulphone,
6.2 g, .15

mmol ), pot assi um hydrogen car bonat e (8 7 g, 87 nmmol) and
| anmoni um hydrogen sulphate (0.51 g, 1.5 nmmol) in water (15 m) -

and dichl oronethane (15 m). AftREerpneti a further 15 m nutesthe

.organic p
oi | which
m p. 142-

anal ytica

hase 10  was Zeparated, dri-ed, and evaporated in vacuo to | eave. an
hﬁﬂéLjﬁHE&ield colourless crystals with

[err] (dec). Two recrystallizations from acetone- -water gavethe

| sarrpl i hSALM t i3y q€5c@19met11uelr ﬁﬁf»@mqmc(memc[iéﬂra]na)te 15

-Preparatio Iodonethy

1, 1- di oxo-

g2,% & H‘é’toﬂdxyla‘én%ﬁmteéjl)epe(rﬁ dhlbaﬁa@ea%ﬁ@mﬁpédldde (3 g

20 . mol ) was added to a nglutlon of chl oronet hyl-
ige

1, 1- di oxo-
acet one.
't enper at u

sp&im (o ¢ Ch G b nz SrPdasen) ci #ndnaed e Hrgtes timal) in
(10 m),and the m xture was 20 ~stirred overnight at room
rgroqwiﬂghgn Sthﬂ¥ﬁture was stirred at room temperature -

- for 24 hours. Pre01p1tated sodlum chlorlde was flltered

off, washed with acetone (2x1 ml), and the filtrate was

- evaporated in vacuo to leave an oily residue which was re-

10

_dissolved in ethyl acetate (20 ml) .. The resulting solution

was washed with water (2x10 ml), dried (Mgsoh), and,

following concentration: to about 5 ml at reduced.pressure,

‘subjected to ¢olumn chromatography on silica gel using

15

20 -

petroigum ether-ethyl acetate, 9:1, as.the eluent., Fractions
cohtaining.the pure title dompound, as revealed by thin- |
1ayer chromatogrﬁphy.(TLC), were combined and evéporated.

in vacﬁo to yield ioddmethyl 6B-bromopenicillanate as a
sllghtly vellowish oil.

. The NMR spectrum showed 51gnals at 5 = 1.55'(s, 3H;
é-ch), 1.69 (s, 3H; 2-01{_3)f 4.50 (s, lH; 3,&), 5.34_and'
5.57 (24, J=bHz, 2H; 5-H and 6-H), and 5.97 (ABq, J=5Hz,
2H; OCEZI) ppm. Tetramethylsilane was used as ihternél_

reference.

@



precipitated the title corrpound as crystal's which were: collected by
filtratFon and dried in vacuo; mp. 153:[err] (dec). The product was

di skolved in a m xturée of acetone and@ 96%7@t hanol , t he acetone was r_em)ved
in vacuo and the desired 25.. conmpound crystallized. By repeating this.
procedure the mp. was raised. to 169-[err] (dec.); [.er.--r]' [err] (c_:l,
[err]). - 33 - Preparatlon 19 Chl oronethyl = - :

1, 1-di.oxo- 6[ err]-chl orepeni ci | | anad.£, By,.sybsti tiu/il ng pot assi um
1, 1- 4 oxo- 6[ err]-chloro- penici Ila'na‘t‘g—-im—tﬁe—po um_
6[err]- bromm%&é@ﬂg&er A NG A 95 dus €6 0k 4 s
conpound wasoptal med ™

mel ting point: 11@hi—3§9me[bﬁ“ﬂ cﬁﬁﬂl—ésui%élé (r @p@}%at '513% @9? fdﬁg‘é‘t Qéaé;i

1, 1- di oxo-6[err] - chloropen|C| | anate 10

chi or onet hylaudriln gi 880méherkls Gh H PR M smBl-bapate oy ?ﬁéﬁqu% )?’E% Yl dio0x0-

6[err]- bronopeni ci'llanate in the procedure of Preparati “on

conpound was.&mt @ D@ddﬁﬁe%h%%y%ﬂfeﬁxﬁ&& red. E@lmuﬁl%oe%:‘c&g:{:"‘ ((n%%lf;ﬁ%ﬂd

dignals at [err] = 1.49 (s, 1Iil52 err 5 62 <(ii.s I g 6,01
'E'Zigq;llﬁ’:S?);iz@ulﬂl&t@Z?p]g)ép%% ﬁ'%gimrmz?_rre)t hy’%??%ﬁ%lwgghgjsaeg%as ;%a:grﬁ%a s (8.7 &,

ref erence. 87 mmol) and tctrabuuylammonlum hydrogen sulphate (0.51 &
1.5 mmol) in water (15 ml) and dlchloromethane (15 ml)
| - After stirring for a further 15 mlnutes,the organic ohase
10 was separated, dried, aﬁd evapofated in vacuo-to.leave an oili
which crystallized.from 96% ethanoi to yield colourless orystals'
with m. P. 142-143° (dec). Two recrystalllzatlons from acetone-
. =water gave the analytlcal sample with m, - P. 154~ 155 C (dec;,

-La]2°= +195° (c-], CHC1 )

15 _ . Preparation 18

Iodomethy] 1,l-dioxc-68-(2, 6-d1methoxybenzam1do)penlclllanate

Sodium iodide (3 g, 20 mmol) was added to a solution
of chloromethyl 1,1 d10xo-65~(2 6-d1methoxybenzam1do)penlclllanat
(2 31 £, 5 mmol) in acetone (10 ml),and the mixture was
-~ '20 stirred overnlght at room temperature, Addltlon of water
prec1p1tated the title compound as crystéls thoh were
- collected by filtration and dried in yacuo; m. P. 153-156°C (dec)
| The product was dlssolved in a mixture of acetone and
96% ethanol, the acetone was :emoved in vacuo and the desired
'__25 compound crystallized. By.repeating.this procedure the m.p.

- was raised to_169;17o°c (dec.); [a]goz +197° (c=1, CHClS).

A ————— e



Preparagion 21 20 Chloronet hyl 1,1 dioxo-6[err]-bronopenicillanate By
substitldting potassium 1,1 di oxo- 6[err] Bronnpeni- cillanate for the

pot Assium 6[ err] - bronDpen|C|IIanate ThPhe prodecure of Preparation 15, th
title conpound was obtained as colourless crystals. from ether-diisopropyl

ether; nelting 25 point: 92-93C, J[err] + [err (c=0.5, [err]). - 34 -
Preparatlon 22 lodonmethyl 1,1-dioxo-6[err]-bronopenicillanate By _
substituting chloronethyl |,|-dioxo-6[err]-bromp- penicillanate for the

chld}énethyl 6[err] - bronnpenlﬁlllana%e |n1%£e procedure of Preparation 16,
the title conpound was ob rless f oam whi ch falled to
crystalliz The N pectyum ) [err] 1.49 (s,
3H, 2- [err§¥~—i¥ggg§%£L {38 derrenl

d - .70 and 5.16 (2d.

J=1.5 Hz, 2H 5-Ha J%ﬁtlggt?n%ng%%@% fiﬁﬂi ﬂodlogtLGhe EBbﬂHHﬂ

TetranethyIS|Iane ° et er ence’, Preparatlon 3 -
Chl oronet hyl _60-.i, do enichllapate t $ky te i
6lerr]-i odﬁﬁ@f’n IR ipnaaii # ?ﬁ& Bgiég%;éﬁaﬁné éfﬁ %ﬁgﬁ’%ﬁmpeg}a aenaj’tne in
the psocedure of 15 Prepaka e 1td 11,8, coppeynd WaS eRl@iwhed as a
slightly ygﬁfoﬁ T e e %kgggéggéﬁﬁn iﬁrﬁhshomed s?gn%os at 6 = 1.52

' obtained as colourless crystals from ether—dllsopropyl ether,

20
melting point: 111-113°C; [a]D +210° _(c=o.5, CHQ;B).

Preparation 20

'Iodomethyl 1, l—dloxo-Sa-chlorOpenlclllanate

10'l By substltutlng chloromethyl 1, l—dloxo—Ga-chloropenlu
'sillsnate for the chloromethyl SB—brpmopenlclllanate in the
‘procedure of Preparation 16, the title'compound was obtained

as a colourless foam,

Y _ -
- o The NMR spectrum (CDClB)!showedIQignals at & = 1,49
15 (s, 3H; 2-053), 1;62_(s, 3H; 2-C§3),'4.h1 (s, 1H; 3-H), 4.66
and 5.16 (2d, J=1.3 Hz, 2H; 5-H and 6-H), and 6.01 (ABq, J=5 Hz,
. 23;_00&21),ppm. Tetramethy;silane was used.as'internal
refsrence.
?réparation'2ls
20 . Chloromeﬁhyl 1,1~-dioxo-6a~bromopenicillanate

.By substituting potassium 1, l—dioxo-Ga-bromopéni~
" ¢cillanate for the potass1um SB-bromopenlclllanate in the
prodecure of Preparatlon 15, the title compound was obbalned
as colourless crystals _frsm ether-diisopropyl ether; melting

25 point: 92-93°C; [2]2° + 185° (e=0.5, CHCL;).



(s, 3H 2-[err]), 1.71 (s, 3H 2-[err]) 4.55 (s, 1H, 3-H), 5.40 and.5.63 _
(2d, J%#3.5 Hz, 2H, 5-H and 6-H), and 5.78 (ABg, J=5.5 Hz, 20 2H; [err])
ppM  Tetramet hyl sil afie was used as iB#esnal reference.. -3 - _ _
- Preparation 24 |odonethyl 6[err]-iodopenicillanate By substituting

chi oromethyl 6[eri]-iodopenicillanate for the chloronethyl - -
"6[err]-bronopenicillanate .in. the procedure of -Preparation 16, the title
conpound was obt ai ned as a.yBrkewirsitimid .23The NVR spectrum (CDCL3) showed
sigheds at. [err] = 1.53+(s, 3H 2-[err] ), 1.70 (s, 3H 2-[err]), 4.53 (s,

1H, 3-H), Ibddedngrs. 6,11 {Qiloxd=8 06 bomo3ténice il kamlaeH) , and 6. 00 (ABg, -
J=5.5 Hz, 2H, [err]) ppm Tetranethylsilane was used as in- ternal C
“reference. PreparatSyons@ss thtotamet eyl Bfeere§hyh| by bpdh bk bardtirm Ry~
substituting potassium6[err]-chloropenicillanate 15 for the potassium -

" 6[ err] - br pevpgavildidnabet fornthhe chlocomeatyk fcpunenopenitsllehe e tine
-conpound was obtained as a colour- less oil. The NVR spectrum|[err] showed
si-gnaj s atthjeemprjocedung ¢§, Pgpparaltdon] JL6,1.%0 (B1tBe|; comperyid) waks Hb< s,

1H, 3-H), 5.24 20 and 5.62 (2d, J=4 Hz, 2H . 5-H and 6-H), and 5.80 (ABq,
~J=5 Hz, tained as a colourless foam which failed to crystallize.

The NMR sﬁectrum (CDClB) showed signals. at & = 1.49
(s, 3H; 2-CH,), 1.63 (s, 3H; 2-CH,), 4.41 (s, 1H; 3-H), 4.70
and 5.16' (24, J=1.5 Hz, 2H; 5-H and 6-H), and '6.01 (ABq,_"J:S Hz,

10 2H; chzi) ppm. Tetramethylsilane was used as. internal reference.

Preparation.23

. Chloromethyl 6B-iodopenicillanate

By substituting potassium GB-iodopenicillanate'for
'fhe pétassium.6B-br6mopenicillanafe in the procedure of
15 -Preparation 15;'the title.COmpound was obtained as a slightly.
yellowish oil. | | |
The NMR spectrum (CDClB) showed signals at § = 1.52 -
(s, 383 2-CH,), 1.71 (s, 3H; 2-CH,), 4.55 (s, 1H; 3-H), 5.40 |
and; 5.63 (2d, J=3.5 Hz, 2H; 5-H and 6-H), and 5.78 (ABq, J=5.5 Hz,
20  RHj; OC§2C1) ppm. Tetramethyléilané was used as iﬁterﬁal -

reference.

few i bt s iy



2H, [err]) ppm .Tetranethylsilane was used as internal reference. - 36 - ;,\
Pr epar ation 26 1 odonet hyl -6[ err]-chl oropenicillanate By substituting -
chldronethyl 6[err]-chl oropenicillanate for the-chloronethyl N
6[err]-bronopenicillanate in the precegu~e 5 - of Preparation 16, ‘the
title conpound was obtained as a slightly yellow sh oil. The NVR spectrum
[err] showed signals at [err] = 1.52 (S, 3H, 2-[err]), 1.69 (s, 3H -
2-[err]), 4.52 (s, 1H 3-H), 5.22 and 5.58 (2d, J=4 Hz, 2H 5-H and 6-H),
and 1_5'.’_99 (ABg J=5 Hz, 10 RHep@galtigppr4 Tetranet hyl sil ane was used as
internal reference. Preparation 27 Chloronethyl. 6[err]-bronopenicillanate
A Codometdthy | 6@-Bodopeonipiddiagidienate 15 By ‘substituting
pot assi um 6, 6-di bronopenicillanate for the potassium ' o
‘6[ err] - bronopeni ci IBanstlesthtuidng cddduranath el epBrsodopeti citlieanatée
conpound was obtained as a slightly yellow sh oi'l which crystallized from
et her - di i $opr e chleromethyilngfpbnemondsi¢biianater ip: ther Prqeeduse
Jerr]) 20 ~The NVWR spectrum[err] showed signals at [err] = 1.54.
(s, 3H . of ParerjaratiionelbstheHtitYerqqipound. §9s(sbtainegl i9s 5. 80
“(ABg,” J=5 Hz, 2H; ‘[err]), and 5.83 (s, 1H 5-H ppm Tetra-

: vellowish oil. o

| ‘The NMR spec’tz;um (cpei,) showed signals at & = 1.53

(s, 3H; 2-cg3), 1.70 (s, 3H; 2051.3), k.53 (s, 1H; 3-1_1), 5.39

and 5.61 (2d, J=3.5 Hz, 2H; 5-E and 6;..@)', and 6.00 (ABq,
10 _J=$.5 Hz, 2H; OCEZI) ppm. Tetramethylsiiane was used as ine-

ternal reference,.

Preparation 25

Chlorométhyl GB-chloroﬁenicillanate
" By suﬁstituting potassium 6B-chl§ropenicillaﬁate

55 for the potassium 6f-bromopenicillanate in the procedure of

Preparation 15, the title cempound was obtained as a colour-

~less oil. | _ |
The NMR épgctrum (CDClS) shéwed sign;is ét'é ; 1.53

(s, 3H; 2_-031__3), 1.69 (s, 3H; 2-01{_3), 4.5k (s, 1H; 3-H), '5.24
20 and 5.62 (24, J=4 Hz, 2H; 5-H and 6-H), and 5.80 (ABq; J=5. Hz, -

2H; OC_'12 |

- reference,

H,Cl) ppm. Tetramethylsilane was used as internal



net hyl si | ane was-used as ‘internal reference. B. Chl or onet hyl

6[ err] - hommanmleMe'Mziﬁln?&émqunofcmommmhw

6, 6% di bronp- penicillanate (1.63 g, 4 mml) in.dry benzene (40 m) was
added under nitrogen at [err]- tri-n-butyltin hydride (1.16 g, 5 4 nmol).

9/

Af ter stirring at roomtenperature for 18 hours,; the .m xture. was evaporated

.I'n vacuo. The residual oil was purified by dry colunn chr omat ogr aphy -on
silica-gel petroleun1ether cetat 85 15) to-yield pure

chl ordnethyl 6[err]- -bro ELOYL-AG848 2 a slightly yellowi sh oil. 10
‘The NMR sggagggqhgﬁ_gﬂg_ﬁgg g#eﬂ@éihﬁ% Eqﬁal with that of the conpound
descri be -di oxopenicillanate To a -

sol ution of sodi umﬂ;}%ﬁ&ﬁu@l% bﬁll}ll}l‘o%et}%;ﬁzr@ﬂhyﬁief ghde (1% de Was

-added chl oronet hyl | oxo- penicillanate ( 8 9, mrol' ), and the

TXCUTe Va8l ol d AR STBRLBLULR IRl 0T S A Sheligrildentud Ll

-ethyl acetate he m xture was washed with water (4xIO nl), dried,

and §Vap03%tﬁ@é A APEUSN THe £R8T 842120 ¢ B i fh8doBYatakdas a
chromat ography on silica gef to yield. the esired conmpound as a yellomnsh

oil. The gyggﬁyyyr#gmi@w1;hsbgmed signal s at - [err] = 1. 49

The NMR spectrum (CDCL,) showed. signals at & = 1.52

3)
(s, 3H, 2-CH, ), 1. 69 (s, 3H; 2~CH. ), b, 52 (s, 1H; 3-H), 5 5.22

and 5.58 (2d, J=4 Hz, 2H; 5- H and 6~H), and 5.99 !ABq, J=5 Hz,--

10 2H;3 OCEQI) ppm. Tetramethylsilane was used as internal

‘reference.

Preparation 27

'Ch]oromethvl 6B~bromopenlclllanate-”

— A, Chloromethyl 6, 6-d1bromopen1c1llanate

15 By substltutlng potassium 6 6—d1bromopenlclllanate
: for the pota531um 66-bromopen1c1llanate 1n the procedure o*.
Preparation 15, the tltle compound was obtalned as a sllghtly
yellow1sh oil which crystallized from etﬁer-dllsopropyl ether=
melting point: 105-107°C; [aizo._+206_ (¢=0.5, CHCL )

-7 20 . : The NMR spectrum.(CDC13) showed-51gnals at 6.: 1.54

sy 3H; 2-CH ), 1.66 (s, 3H; 2-CH,), 4.60 (s, 1H; 3-H), 5.80 -

(ABq, J=5 Hz, 2H; 00§2c1); and 5.83 (s, 1Hj 5-H) ppm. Tetra-

methylsilane was used as internal reference.



- 38°- (s, 3H 2- [err]) 164 (s 3H 2-[err]), 3.52 (m 2H 6-H, 4.47 (s,
1H.+3-Hj, 4.75 (m 1H 5-H), and 5.98-(2Bgr J=4.5 Hz, 2H;[err]) ppm TM

was* used as internal Feference. The invention will be further described in
the 5 follow ng Exanpl es which are not to be construed as limting .the
i nvent i on. - 39 - Exanple 1 1, 1-.Di oxopenicill anoyl oxynet hyl-

6-(D-[err]-amino-[err]- phenylacet- am do) pen|C|IIanaete hydrochlorlde A
1, 1- Di oxopeni ci | | anoyl oxymet-hyl 6-(D-[err]-azido-[err]- '

- phehyl acegani do) pe@}ﬂAé&ﬁ'@%&ﬂ_OGBmSQBH&ﬂﬂﬂi‘lml%@gEt hyl S
6-(D-[err]-azido-[e Certam do)pentcriTanate (2.54 g, 6 mol) in

di met hyl.f or mami de (3% ™ .3tpseaddedupqiods o /IBHIESHEhbtRpat 6, b titirwmsle
(1.63 g, 6 mol), and the m xture was stirred at roon1tenperature for 10

20 hour's. pghtiek 1dianddon W& gt hyl ma@et)atier (P wehzehbe (HOX il )e wes
washed mntﬁ water (4 x 35 m), followed by saturated aqueous sodi um-

chloride (28deW) undng- thet o6 gani stpbidse was -diiwdtyndiavaparaded (iIn Macgp.
The yel low-0ily residue thus obtained was purified by dry col um

chr ome$ ogr 4pnoQr} .Sidfer g@tlfﬁyﬁgoaul&odﬁemetdnytrac@bat a8 1h1c)uars), '
yleld t he desired conpound as a yell ow sh oi
" the mixture was evaporated in vacuo., The residual o¢l was
" purified by dry column chromatography on silica gel (petrolehm
ether-ethyl acefaté, 85:15) to yield pufe chloromethyl 68—
-bromopenlclllanate as a slightly yellowish oil.

10 o The NMR spectrum of the product was 1dert1cal with

that of the-compound described in Preparatlon 15.

. Pfeparation 28

2 Bromomethyl l,l-~dioxopenicillanate

To a solution of sodiﬁm bromide (1.0 g) in ﬁ,N;diu
i5 metﬁylformamide (10 ml1) was added chloroﬁethyl 1,l1-dioxo~ -
penicillﬁnate,(0.28 gy 1 mmol),'and the mixture was stirred
‘at room temperature for 20 hours. After dilution with
‘ethyl acetate (50 ml), the mixture was Wéshed with water
(hklo ml), dried, and evapo?ated in vacuo. The residue
20_ was purified bv column chroﬂatographv on 51llca gel to_
:yleld the desired compound as a yellowish oil.

- The NMR spectrum (CDClB) showed signals atd = 1.49



1. 52 (s, 3H, 2-[err]), 1.59 (s, 3H,. 2-[err] .66 (s, 3H . 2-[err]), 3.48
(d, *J=3Hz, 2H; 6[err]-H and 6[err]-H), 4.44 (s, 1H, 20 3-H), 4.51 (s,

1H .3-H), 4.63 (t, J=3Hz, 1H, 5-H), 5.13 (s, |H [err], 5.65 (m 2H 5-H and
6-H), 5.92(s, 2H, [err]), and 7.48 (s, 5H, arom CH) ppn1 :
TetranethyIS|Iane was used as internal 38eference. . B.

1, 1- oxopen|C|Ilanoyloxynethyl 6-(D-[err]-amno-[err]-

P bon i c R By el o) o.éieﬁs\s@ Mo 2y 63,

6-(D-[err]zaghde[ eryr] a nat g -
mol ) in et hé? gc ta]t g?%f W;?ﬂpl ace @Hregﬂ%i‘% 3% glA% Je%bi%p%ﬁ’_
with a gass nl be opel rode and a’
burette cod?fb g%&%yedﬂ&gutgﬁgtgtqfﬁ%$ gg &2?3&&%%69%¥§¥§% ®10% - '
pal | adi um on carbon catal yst (1.77 Q) mere added and t he system was .
flushed with nitrogen. 10 -Thereafter, a streamof hydrogen was bubbl ed
through the suspension with stirring, a pHvalue of 2.5 being naintained in

{ e -aqueous phase by the addition of 0.5 N aqueous hydro- chloric acid via.

the automatic titr by 1nVBERIHE (ONPUIP! k0D +0:AC 8 51PBBE0: Al ] | ask

was flushed with nitrogen until rogen was renove and

catal ys “ﬁélﬁb%‘%{ge%ﬁéxplegh%ﬁ%%epﬂa%et\&a%ée@@ﬁ@%ﬁ%a” s limiting
freeze-dried to gi ve the desired conpound as a col ourless foan1 The NWR

spectrum [ ghk] ishued; shgnal s at [err] = 1.38

The NMR. spectrun1[err] showed S|gnals at [err] =1.43 (s, 3H, 2-[err]), (gi
), 1 -



(s, 6H ,2-

(m 24 [err]-Hand [err]-H, 4.60 (s :
(m 1H, 5-H), 5.27 (S, 1H [err]) 5.53 (s, 2H 5-H and 6-H), 5.97 (bs, 1H;:

[err] ), 1.46 (s, 3H 2-[errb%H 1.58 (54 gg;(zf[ﬁhr]é;H)3{g6d§0
- S, L 3- , 5.

[err]), and 7.53 (s, 5H, arom CH) ppm Tetranethylsilane was used as '

external r
6-[D-[err]-
hydr Qchl or
car bonyl) -

eference. . - 41 - Exanple 2 1, 1-Di oxopenicillanoxyl nethyl
am no- [err] (p- hydroxy- phenyl )acet am do] peni ci |l | anate, - -
ide A - 1, 1- Di oxopeni ci'l l-anoyl oxynet hyl-  6- [N—(benzyloxy-

Dflerr]- ani no- [err]-(p-Becaop¥phdnyl ) acetani do] peni - cill-anate To

a:solution of chloromethyl penicillanate 1,1-dioxide (1.41 g, 5 mol)x)in
di-net hyl f g piaaDd gﬂg&nﬂg}lm&snam;gmgl}wu@-(Dﬂa-amlno a-phenvlacet-
6- [N—(benzyloxycarbonyl) D-[err]-amino-[err]-(p- hydr oxyphenyl) - 10

‘acet ani do]gehdel peanatil 18nd6eq, Wy dmathloardde he mxture was stirred at
'roon1tenperature for 18 hours. After dilution mnth ethyl acetate (100 nl),

‘the ‘m xtur

vacuo. The'residua

silich gel .

was was tle

oy W B WRLS dfh ¥a A8 Tloe 1242001 8d N

: 15 (eth¥J§ﬁ5§¥2£3 @gﬁf)gggg ﬁﬁ]aﬁgtéo yield the deS|red
-conpound as a.yell | I anoyl oxymet hyl

6-[D-[err]-
hydr ochl or

ar no- [ etg £ b ydrun RIETML) AGSIATLOP) BRNC LANUE o —pneny1-

i de The benzyl-oxycar bonyl ‘prote |ng group of "t he conpoun

.acetamldo)pen1c111anate (2.54 g, 6 pmol) in dlmetnylformamlde

(35 ml) was added potassium penicillanmate 1,l-dioxide (1.63 g,

© 10 .

6 mmol),'and the mixture was stirred at room temperature for

20 hours. After dilution with ethyl acetate (140 ml), the

' ﬂixture was washed with mater (4 x 35 m1), followcd by aaturatw

15

aqueous sodlum.chlorlde (20-m¢), and the organic phase was drlw
aﬁd'evaporated ig'vacuo. _The yellow oily residue thus obtained
was purified by dry column chromatdgraphy'on silica'gel (cyclo—

hexane-ethyl acetate, 1:1) to yield the desired compound as a

‘yellowish oil,

20

The NMR spectrum (cpe1 showed signals at $ = 1.43

3)

(s, 3H; 2-CH ), 1.52 (s, 3H; 2-CH 1.59 (s, 3H» 2~CH., ), .66

1),
(s, 3H; 2~cg3), 3:48 (d, J=3Hz, 2H; 6a-H and’ 68-H), # hh (s, 1H
3-H),.4.51 (s, 1H; 3-H),4.63 (t, J=3Hz, 1H; 5-H), 5.13 (s, 1H;.
cgys), 5,§5.(m,'2H; 5-H and 6-H), 5.922(5, 2H; OQEQO),_and.7.h8

(s, 5H; arom. CH) ppm. Tetramethylsilane was used as internal

" reference.



20 preQared I n Exanple 2A was reanedh y hydrogenation at atnospheric
pregsure using the met hod described Tn dnple 1B to afford the title
.conpound as a-col ourl ess, annrphous product. x) or the equival ent anount of
t he correspondi ng |odonethyl ester 25 - resulting in a.much shorter -
reaction.time. - - 42 - Exanple 3-ami do)penicillanate hydrochloride By
substituting [err]l-chloroethyl 6-(D-[err]-azido-[err]-phenyt- 5
acet gnj-do) peni cill anate. for t he correspondi ng chl oronethyl ester in the
procedure_of Exanple 1A, - (1, 1-dioxopenicillano- ylg y).et hyl
(D-[err?-a2|do [ SALLR LAY Yos i
FoIIomAng t he proced uae of, Exanpl e 1\B but substl- 10 tutjng L
1- (1,1 - di oxopeni ci |TRAEH QUVA@QQ$'“ dg. Dﬂﬂﬂ&%ﬁlénﬁﬁﬁ rbmdrochl ride

~pheny|acetan1do)pen|C|Ilanate r the | |-dIOXQ en|C|IIano | - oxynet hyl
6- (D-[err]-azi do- [Fr$op H&Hthd%Ea%rHGﬂ&&ﬁQQ?W%Eé%%aWQW%9 ymethyl

G111 anat cO- PR DN B RESTDBHSF HEAS AR hits bhoBEGodubr 1116+ 2185

Ex 4 1, D | | 0 .

3 o e[e’r“’r’"]° REC WS HREEL SR AR A8} TR i & S TR BACHEoR
|-[]OXO§§ ‘i"gﬂg %%é tkth a(ggl[fgil ou eg tube, a.glasswcalomel

combination electrode, and a burette controlled by an automatic

titrator. Water (20 m1) and 10% palladium én.ca:bon catalyst
(.77 &) were added, and-the.systém.was flushed-with'nitrogeﬁ.
10. -Thercafter, a <tream of hydrogen was bubbled through the
'suspénsion with stlrring,'a pHuvalge of 2.5 bemng malntained
“vin the aqueous phase by the addition of 0.5 N aqueous hydro-
”-chlofic acid Qia fhe aﬁtémétic titrator. Whén fﬁe'coﬁsump+ioﬁ
_\/Q of acid stopped the flask was flushed with nltrogen until all
15'. hydrogen was removed, and uhe catalyet was filtered off The
aquedus”phéSe_was separated and freezeudrled to glve the desired
compound és a colourless foam, _
| The‘NMR_spectrum (Dzo)'showéd signals at 5.=11;38
(s, 6H; '2-0_1;1_3), 1.46 (s, 3ﬁ; 2-C§3), 1.58’-_(s, 3H; '2-0;;3)', 356
.- 20 (m, 2H; 6a-H and 68-H), h.§o {s, 1H; 3-H), b4.63 (s, 1H; 3-H),
| 5.03 (m, 1H; 5-H), 5.27 (s, 1H; cg-hrziz),s.sg,_ (s, 2H; 5-H and -
6-H), 5.9? (bs, 1H; ocg_zo_'), and 7.53 (s, 5H; arom.. CH) ppm. |

Tetramethylsilane was used as external reference.



-car bon 1- [err]- phenylacetantdo ) penhcﬂklanate 20 : Follomtng the(}iﬁ
protedure described in Exanple 2 A but substituting sodi um - - :
6- (D, L-[err]-benzyl oxycar honyl -[ err] - phenyl acet - antdo)pen|C|IIanate for

the potassium 6- [ N-benzyl oxycar bonyl - _
-D[err]-anino-[err]-(p- hydroxyphenyl)acetantdo]penlC|IIanate the desrred
conpound was obt ai ned. Expmple 2 1, 1-Di oxopenIC|IIanOonxynethyI

6- (D, L- carboxy- -[err]- phenylacetantdo ) peniflllanate sodiumsalt To a
soIutfon_Qtlknhqxqp@mmnnéimngwiaxymﬁﬁhMA (o AM LN Gom L (p—hydrory-

(D L-[err] benzyloxycarbon I-[err] phenylacetantdoggen|0|IIanate 5 (1.43
g. 2 mol ¢ ar bon catal yst,.

and the ntxture was hydrogenated at atnospherlc ressure. un |I the
consunpt i &n of  hydrigenDiexesmen bl & angMAgx ipe thay
-washed wi th ethanol, .- and t he f||trate was evaporated |n vac o Oi ¥ L
resi diie 10 thus olgafk & : -y Y dHP XY ptamide peni-
m) was added, and the apparent. pH in t he aqueous. phase was adjusted to 7.0 .
by addition of 0. 2 aihdanaie sodi um hydroxi de with stirring. The aqueous

phase was separated and freeze-dried to yield the desired conpound as a
yeH(wmsh 15 foamT&Exangld W idimvef asbliorgmpethyl penicillanate 1, 1-dioxide

(D—[err -am no-Jerr] - phe Q%tacetantdo)penl cillanate drochl ori de
: 1.4 g, 5 mmo 1 n dlmethylfornamlde. 25 ml was added

' potassium 6- [N~ (benzyloxycarbonyl) D-a-amlno—a-(o-hydroryphenyl)-
19.-acetam1do]pen1c1llanate (2.46 g, 5 mmol), and the mlxture was
stlrred at room temperature for 18 hours, After dilution w1th h
ethyl acetate (lOO ml), the m;xture was washed with ﬁater.
. (4 x 25 ml), dried, and evaporated in vacuo. The residual

" oil was purified by dry column chromatography on silica gel

-

o

(ethyl acetate—petroleum ether 8:2) to yield the desifed_

compoﬁnd as a yellowish oil,

B. - 1,1-Dioxopenicillanovloxymethyl 6-[D-g-amino-¢~({p-hydrox

phenyl)acetamido]peﬁicillanate hydrochloride

The'benzyloxycarbonyl protecting group of the compound.
20: prepared in Example 2A ﬁas removed by hydrogenatioh'a%.
'atﬁospheric pressure usihg the method described
in'Example 1B to affofd'the title compound ae a colourless,

‘amorphous product.

x) or the equlvalent amount of the covrespondlng 1odomethyl este:

25 result1ng in a much shorter reaction time.



By follomnng t he pr.ocedure described in Exanple 1A, 20 but substituting O
sodi um ¢tl avul anate for the potaSS|un1pen| C|Ilanate 1, 1-di oxi de,
cIaVuIanoonxynethyI 6-(D-.[err]-azido- [ - -phenylacetan1do)pen|0|lIanate
‘was obtained as a yellow sh oil. By cata yt|c hydr ogenation of the above
inftermediate 25 according to the method described in Exanple 1B, the title "
conpound was obt ai ned as an anor phous powder-. 44- Exanple 6
1,lnuioxo-[err]-chloropenici]Ianomb@g%ﬁgéh | 6-(D-[err]-am no-[err]- S
-phehylacetanido)peniciIlanate hydiochlori de By following the method -
descrlbed1¢Q1E1amm §g§n§c11muh lﬁﬁ%[@thﬁ éhl{@.aneihyho~a-phenvliacet—
[err]-chloropent crTTanate I OXI or e chloronethyl penicill anate

1, 1- dlOXhﬂﬁl&ﬂ@p@ﬂﬂﬁi&danaﬂﬁDnMwaroch]orlde '

6= [N—(I-N‘N—dlnethylan1nocarbonylpropen 2-yl)-D-[err]-

-am no- [ err] - phenylme ed vt dok peing |d-astat erbethiytie ﬁso(tmscswzudo-a-pnenyl-
6-[ N-(benzyl oxycarbonyl )-D-[err]-am no-[err]-(p-hydroxyphenyl)-acet- 10

am do] peni kb aandics) pdnile i hanafter rloxhtlve opemreiddandit.gxyhibrpimeshy 1

[ N-(I-N, N-di met hyl am nocar bonyl propen-2-yl)-D-[err]-amno-[err]-

- phenyl acesasirdanpaniei pravatierwas HlEcampile Ihaﬂwkﬁ@k;1ﬁglgm@m@n1pihbano—
above internmedi ate was renoved by acid-catal yzed hydrolysis [err] in a 1:1"°
m xture lﬁlokyébwﬁyxuﬁﬁéDeaaadnﬂﬁ%a-pbea?iap@taﬂtdﬁ)Bepapamhﬂn%#m was

freeze drying of the resultlng aqueous phase, the title
obtalned. .

B. ' Follo&ing'the procedure of Example 1 B, but substi-
10 tuting l-(l,l-dioxopenicillénoyloxy)ethyi 6-(D;d-azidoma—'
-ﬁhenylécetamido)pénicilianate fof the 1, ludioxopenicillanoyl-
; oxymethyl 6—(D-a—a21do- —phenylacetamldo)penlclllanate, la\l 1-
udloxopen1c1llanoy101y)ethyl 6 (D=0t am1no~a-pheny]acctam:do)penl-

éillanate, hYdrochloride_Was obtained as an. amorphous procduct,

U
. 15 . | A . - : Exémgle 4 _
1,l-Dioxopenicillanoyloxymethyl 6-(D,L~a~carboxy-a~phenyl-
'-acetamido)penicillanate' sodium salé |
. A. . 1,1-Dioxopenicillanoy oxgmethyl 6~( L-u-oenzyloxym
carbonyl—a-phenylace+amldo)per1c1llanate
- 20 o Follow1ng the procedure described in Example 2 4, but’

substituting sodium 6~(D,L-aébenzyloxycarbonyl-a-phenylacet-
amido)penicillanate for the potassium Gm[N—bénzyloxycarbonylu
-D-g¢-amino=ca-{p-hydroxyphenyl)acetamido |penicillanate, the

desired compound was obtained.



corrpound as an armrphous product . Exanpt el‘3’ - : ' Lo (6
[ery] - Bronnpen|C|IIanoonxynethyl 6- (D-[err]-amno-[err]- phenylacet-

ami do) peni ci | l anate hydrochl oride 20 By followi ng. t he method described in
Exanpl e 2A, but substituting chloronmethyl [err]- br onopeni cil lanate for the
chforo-.. methyl -penicillanate 1, 1-dioxide and trlethyiannnnlun16 [ N-

(I-N N-dlnethylanlnocarbonylpropen 2-yl)-D-[err]-amno-[err]-phenyl-acet -

o] peni cillanate for_the potassium 6-[ N (benzyl oxygarbonyl
f] - aRi-no- [err]ww}méﬁmﬁd&&m

e 45 - pem ci | l'anoyl oxyrret hyI 1gl\l-(l - N N-di neth ocarbon | -
-0 - _'v.. _l_

obtalned The protectfng rou in the above |nterned|

aci d- cat al yzed hydr ‘Py§| § Y&y °I? n°5€1 i; i"t‘?’n%&’iﬁ%‘*%*ce?ﬁrﬂ“’é@e"[’%’f'aeegﬁﬁﬁ\mat er

‘to afford, after tion a eze-drying of the r SU|tJ gue
phase, théﬂJQﬂkr%b EX&°§§9%F ﬁﬁu? ¢etenifs @%? ?ﬁhfanage

1,1 -Di oxopenicillanoyl oxyngthyl 6-(D-[err o [err] phenyl eam_do) -
penca | andte LhS}dSe)cﬁl W@Qf,ﬂ@-n e’b?é"trf%uﬂ%‘ °9 pall ddlum

6-(D-[err]-amno-[err]- phenyl acet am do) - penicil I anate
ornn carbon catalys and the mixture was hydrogenafed at

atmospherlc pressure.gntil the consumptlon of hydrogen ceased.'

The catalyst was removed by filtration, washed with ethanol,
- and the filtrate.was'evaporatbd-in vacuo. The oiiy residue

10 thus obtqlned was dlssolved in ethyl acetate (15 ml), waue*.

(lb ml) was added, and the apparenu pH in the aqueous phase
.was adgusted to 7 0 by addition of 0.2 N agqueous sodlum |
hydroxide with'stirring. ' The aqueous phase was separated

and freeze—dried to yield.the desired compound as a yellowish

.15 foam.

Example 5

Clavulanovlioxymethvl 6—(D-a—amino—a—phenylacetamido)peni—

cillanate hydrochloride

By following the'procedure desefibed in Example 1A,
20. _but substltutlng sod;um clavulanate for the pota551am penl-“
: c;llanate i, 1 ledee, clavulanoy;oxymethfl 6 (D-a—a21do-a-
—phenylacetamido;penicillanate was obtazned-as a yellpwlsh
o11. | |
By_cataiytic hydregenatioﬁ of the above_intermedigte
25 aceording to-fhe method described'in Exemple_lB, the ﬁitle

compound was obtained as an amorphous powder.



D Rhe T ey e TR T e e s e s T N B i CaeVSK

To a stlrred ‘cool ed [err] mxture of 6-(D-[err]-am no-{err]- 15 ' -
pheaylacetan1do)pen|C|IIanlc acid trihydrate (8.08 g) and - - - _'54
t et rabut yl ammoni um hydr oger sul'phate (6.9 g)-in water (20 m) and

di chl eronet hane (40 m) was added slowy 2 N acueous sodi um hydroxi de (20

m ). The organic |ayer was.separated, and the aqueous phase was -extracted

wi th dichl oromethane (20 nl). The 20 -conbined dichloronethane |ayers were
dried_ferr] and evaporated- in vaEsampdd ve a viscous.oil. The oil was

di ssolved in ethyl acetate (100 nm.), and residual" dlchlor met hane was

removed atk o rapens cdldmdionl oREmeitil i :
preC|p|tated crystals were collected, washed with ethyl acetate, and

dried in wahepyhagebemisgo penbciddanaie ashrdreehloxidel i ght |y

hygroscopic crystals with nelting point 125-130 C (deconp.)

1,.1- Ehoxopen|0|IIanBYléak#ﬂwwmbGtBBJWQﬁqcénﬁﬁécmaquph@n?#am@le 24,
acetanldo)pen|c1llanate hydrochl orirde To a stirred suspension of-

tet r dbut ylbanosieat s tabims r¢hlanpme- téxypiheémabépmmmléanaémtle, 5(2d95><3 de
g) .in ethyl acetate (20 m) and dichl oronethane (5 m ) was added-a sol ution

‘of i odonetley dhe- Qhéﬁm&mﬁiﬂYlananeqzﬂkﬁ@ﬁt?nleﬂbﬂlQ%EﬂatenﬂotqﬂﬁﬂhY}“
After .a fem/n1nutes nost cl ear solution was obtai ned. :

Di chl or onewimasi wmas6r "é{Nrédm@é@yﬂrmsmeaa'ﬂ?@qwa@r@p@at-édw) ~D-a-

t et rabutyl ammoni um i odide was filtered off. Fromthe filtrate the title
conpound wagtinemet eheay kar ebengdedpensinsblens tel ou tHhe Nodguatiam

hydrochl orjc acjd
6 N—tbenzyloxycarbonyl) D-a-amIno a-(n—hydroxyphenyl)~aceu~

1Q amldo]penlv;llanate, 1,l-dloxo~6a~chlorppen101llanoyloxymethyl
6—[N~(1~N;Nedimethylamino¢grbonylpropen-2-§l)-D—a—amino~a—.
: -phenylacetamido Jpenicillanate was obtéinedﬂ
The protecting group in the above:intermediate was
: reﬁoﬁed-by acidmcafalyzéd hydrolysis_(pHrJB)_in a.l;i mixture
15 of ethyl écetafé and water to afford, after séparétion and
'freeze»d rying of the.resultlng aqueous phase, the titie

'compound as an amorphous product.

Example 7

6B—BromopenicillanoyloxymethYl 6-{D-q~amino~a~phenvliacet.-

20' amido)penicillénatel hydrdchloride_

| | By following the method descriﬁed in Exémple 2A, but

- .sﬁbétituting chloromethyl 6f~bromopenicillanate for tne chloro-
methyl penicilianate 1,l-dioxide and triethylammonium 6~ N-
(l-N,N-dimethylaminocafbonylpropenéz-yl);D—a—amino-a-phenylacet-

25 ; amldo]penlclllanate foriﬂnapota¢51um 6 [Nu(benzyloxycaroonyl)-

D-a —amlno-a—(p—hydroxyphenyl)acetam1do]pen1c1llanate, 6B-bromo-



15 (pH 3.0, [err]), and fromthe a,qllz}got@ phase back to-an orgam c phase
(euhyl acetate, 25 m) with 0.5 M aqgueous sodlunlhydrogen carbonate (pH
[err]). The orgahic |ayer was washed with water and the desired-
.corrpound was again trans- ferred to an aqueous phase as descri bed . above.-
To"the 20 aqueous phase was added n-butanol, and.the water was renoved

t | J di st H
-;éff‘iu?fﬁéiara% rSAAThE S St (e S e b o tomauh ey
o er | -
6- (D[erﬁxl‘)a%?‘ﬁ féfrlr)] Prgnprinecs ﬁa%@&ﬁ%ﬁff‘gﬁgﬁ mmé %5] %&%r@&?y
sol-ution q; t he ﬁonpound_prepared 5 in Exanple 8 (631 ng) |n wat er - (10
m), ethy P et ¢ (10 m) ‘was added, and the pH of -the n1xture was

adj.usted to 7.0 by dd|t|o of_.0. 5 M aguequs odlu dro . car e mnth
L1 ring. The or gAARE IRFEP R AT ALED  uceREa RPN VT EP T AR R o

s d d .
coloi| oo crHaBvAL i S64EHS t%kz?f% kwmy?é%'g?a%ﬁ%??‘*”dm%
1690 cnil. Ex 0 1,1-Di || |
& (D [er mixhirRe P rrﬁ“&%lh%% A< hey PR SR B B e TP aaeePaTa-

hydrochlorlde
_ tion and freeze-drylng of the gesultlng aqueous phase; the

title compound as an amo:phdus product.,

Example 8

10 1,lADibxopenicillanoyloxymeth?l'6—(D4auamino~anphenylacetamidol-

penicillanate hydrochloride

A, Tetrabutylammonium 6-{D-g-amino-a-phenylacetamido)~

penicillanate

To_a stirred, cooled (5°c) ﬁiituré of.6«(Dma;aminoma— o
15"phenylacetamid§)penicillanic écid trihydrate (8.08 g) and
tetrabutylammonium hydrogen sulphate (6,9 g) in water (20 ml)
and dichloromethane (40 ml) was'added slowly é N écuecﬁs'sodium;
hyd%oxide (20 ml). The organlc layer was separated, and.the |
'aqueous phase was extracted with dlchloromethane (20 ml) The.
;20. combined dichloromethane layers were dried (MgSOh) and evaporated
 ;§ vacuo t§ leave é viscous-oil, ihé oil was.dissolved.ih
ethyl acetate (100'ml), and-reSidual dichlorbmethané was
' removed at redu ed pressure, After standing_overnight_at

_S_C, the precipitated crystals werehdollected, washed with



aceranldo]pen|c1IIanate To stirred, cooled - [err] solution of tetrabutyl-

annonlun1hydrogen sul phate (3.57 g, 10.5 nnDI) in water 20 (10 n), a-

m xture of dichloromethane and n-butanol (9:1, 20 n1) was added, fol | owed

by 2N sodi um hydroxide to bring the pHto about 3.7 Anoxycillin trihydrate

(4.2 g, 10 mmmol) mas added, ‘and the pH adj usted to 9 with 2N sodi um

hydr @xj de | a paLa n q e '
QY de T UYaBLe Kl 1881 8ADALANAL 0 Lagk 8ndlq! BaA0ugoL &S RR3ge o \c’iﬁf?p&(&qd

6- [D-[err] I no- err] (p peni‘cl ranlc aci

ext r act ed i e Wt 1Q Ms 0O | 95y, ?ggddtscé‘é;‘?fc?mé%:{‘-l FRuhneh dihd).

The. conbi ned extracts wdre concentra a Vi scous. ol vacuo, an

r'esi due g@ oS SB Bviéop@ égéfggtgate (50 m).. Crystallization was

i nduced scratc ' ngy and r nding at - [err] for 2 hours, ‘the
crystals were filtered off, washed and dried to glve the t|tIe conpound
with a melting point of I48 [err] (deconp.). B.

El.h;d?ogi(/gﬁeg;/fl) 'i?ﬂ%h%&%ﬁ% 1£%LR’05\/§U}1}W§%$H@%[ %r r(]g @ m:mo-g—;gl* enzl-—
stirged, cool ed']ep il S0ldNd Q0 0f 14 §h-aHt Wvaf R4 R ge

6-] [err] am no=erT[=(P- Nyur oxXyphenytacet anT oo peﬂtbll'&- nat e (606 ng,

3 ol o soit v TR o PR Sas PSSR (B,

10'nrnqte%ﬁfhgx&-ﬁﬁgﬁ&lacetamldo)pen1c111anate (2.95 g) in euhyl.acet¢fe

15 A Tetrabutylannnnlun16 [D-[arﬂk’aalno [err]-(p- hydroxyphenyl) | (EE%

(20 ml) and dichloromethane (5.m1) was added a solution cof
- 1oaomethyl 1 l—dloxopen1c1llanate (l 9 g) in ethyl acetate'
&O '(10 ml) l After a few mlnutes, an almost clear aplutlon was. .
- obtained. Dichlofomethané was reﬁovéd.at réduéed éreééure
aﬁd preéipitated tetrabutylammonium iodide was filtered off,
From the filtrate the title compound was transferred to an |
aqueous éhaée (25 m1) with l.N-aqueous.hydroch;oric acid.
15 -_(éH 3.0, :5°C), and from the aqueous ﬁhase back to an §rganic
| fhaée'(éthYI acetate, 25 ml) with 0.5 M aqueous sodium
hydrbgen carbonate (pH'7.0,:5°C), The organic layer was
.Qashed.with-ﬁater and fhe deéired compound was again trans-
ferred fo an aqueous ﬁhése és:aeécribed abofe. To the
- 50 aQueoﬁs phase was added nnﬁutanol, a#d the watér ﬁas removed
ézeotropically ﬁy distillation in vacuo ﬁo giée the title.‘
compound as colourless crystals, meltlag poxnt 175-177 °c

(decomp )3 [a] : 4201° (c 1, H o)

o —



15 acetate (50 m) wa$S added, and the solvent was stripped in vacuo. The @
residue was dissolved in‘ethyl acetatey20 m), and crystallized = .

t et¥:abut yl ammoni um i odi de was renoved by filtration. To the filtrate, water
(10 m) was -added, and the pH was adjusted to 3 with N hydrochtoric acid. .~
Yhe 20 aqueous phase was separated and freeze-dried to give.the title Ce
¢onmpound as a col ourl ess powder. Ehey sgectrum [err] showed signals at . -
serr] = 1.37 (s, 6H, 2-{err]), 1.SU“€§¥5%H2 2-[err]), 3.46 (m 2H, {err]-H
and [err];Hy, ik 4 b1 Batihv1d wiHe i) a-Bmlholhs, phéhvds -
[err], 5%%%%10‘1“]&5%‘1‘%% ?éél,-l}lzliarélaqfi-ﬂ), 5. 96 (bsl,j ZHZ’ [err]),

6.87 and 7, = iz L aalom CH) ppm. TMS was used as interna
reference;C%zz#%ggoﬂF%?é%%%ifﬁ?a%?%l,1-[10xopeni¢i|Lanolexy)ethyI -
6-(D-[err]-amnno-[err]-phenyl - acetanm do) peni cill.anate hydrochloride To a

sol ution- of "t et rRbuayicadmni (i 6-) Bqlrt]oamodo- ke r forpound prepared

phenyl acet anmi do) penicillanate (5.9 g, 10 mml) in dichloro- nethane (10 m)

and € hyl iamc@wxamol 20 &1 (631- nglodrhwater- 410 G&%genﬁémlar%‘t’%teﬂ?. 55 g of
40% purity, corresponding to 4.22.g, 10.9 mpl) dissolved in ethyl. acetate
(30. :n) fA® adtpdwathedded; soidutilon pHs ofinkle aREKFUsE JEYS WAEH 1t R-

10 butyl'anmoni um i odi de, whereafter dichl oronmethane was renoved in.vacuo,

and separ ated/ : @t byxbatddpdoni o ibdb B aguefdus epedivm hydrogen. carbonate

with Stirring. _The organic layer was_éeparéted, washed with
water,.dried (MgSOh), and évaporated iﬁ vécuo to'give.fhe
jo title compgund as.a_colourleés solid.
Thé_IR:spectrum'(KBr).shdweq_stropg bands at 1780'-'

and 1690 em™ L.

Example 10

. l,1~Dioxobenicillanoyloxymethyl 6-[D~a—amino~a«(p—hydroxy«

15 phenyl)acetamido]penicillanate. hydrochloride

A. Tetrabﬁtylammonium 6| Dmgg~amino-a-{p-hydroxyphenvi)

acetamidojpenicillanate
To stirred, .cooled (SOC) solution of tetraﬁutyl-.
ammdnium hyvydrogen sulphate_(3;57;g,.16.5 mmo;) in water
20  (10 ml), a.mixture'of.dichloromethane and n-butanol (9:1,
20'm1) was added, followed by 2N sodium hydroxide to bfing
"the_pH to about 3. iAmoxycillig)trihydrate (4.2 e, lO'mmbl)

wés'added, and the pH adjusted to 9 with 2N sodium hydroxide.

The'érganic layer was separated, and the agqueous phase was

- %) 6—[D—awAmino-a-(p-hydroxyphenyl)acetamido]peniciilanic acid



of f.. Frqmthe f||trate the title cor’quund was. transferred to an aqueous
phage (50 M) with N hydrochl oric acid (pH 3.0, 5.C and fromthe aqueous - '
phase to an organr c phase (ethyl 15 acetate, 50 m) Wi th sodi um hydr ogen
garbonate (pH 7.0,[err]) The organi c phase was washed with water,. and the

title cogpeund was 99%@ L0051 26T A G0 261 SAHCRUS (IS0 RBuESCsh et
above. Freeze-drying o t he aqueous phase gave the title conpound as a -

.coloyrle r.(g0 J hfd r&heved s teagat
[erriLl SE%EQ?E}%_ g—? l) erTrhe Qﬁz?k(@sép%ﬁ;fg&}t[;er]e%r 1.55 (s, @;’fl

2- 1,5 vadus0 4 53
| [err])go @i(%%oglﬁ'do4g‘r rj]n) adus? (at'ﬂd”gzieg%e{s{nz]]dﬁaﬂgsl[_ﬁ;r%sgﬂév(es T

'[err]) ?n?;é)tfh}l %&f‘errﬁrom% 2%y @t&ﬁl&%atja%n[ﬁég] Ena@ided. by (s, o

S5H, arom eni ci I | anoyl oxynet hyl 6- .

tD[s;fl @g*aft%}tfrr att@tnﬂe&;a mﬁ%@gnwl@etmwmﬂldem a

stir d 26 ion of’tetrabut D[err]

- ani no- [gr qegyggggtm @)g]lg%pgal g#ﬂ am@g éﬁ %?ncg dlllédrr%l) iPeatmexture

.of et hyl eta drch rorret was added a solution °
- i odo h | [e Cil Iqﬂﬁ{ QR Gel 48mitgl])°¢ N 8Bk
acet aten% té‘ Jm#?{z SUIrrri ng*"at roo {)giﬁgeratur]é for a fevv( m nut é)s ) 1

crystalline tet rabutyl armmoni um.i odi de began to precipitate. The . :
di chl or onet hane was renpved fromthe reaction mxture at reduced pressure,

iandIimaﬁfyStali)%ﬂﬁﬁgkebgh@%i¥fanoyloxymethyl G-fDma«amlno am(pm

—hydroxfphenyl)acetamido]penicillanate, hydrochloride

10 ~ To a stirred, eoqled (5°c) solution of tetrabutyl~.
| ammonium 6-[D-auamiﬁo—e—(p-hydroxyphenyl)acetamido]penicillan.
nate (606 mg, 1 mmol) in acetonitrile (5 ml),.iodomethyi 1,1-
ﬂ—dioxopehieillanate (373 mg; 1 mmol) dissolved in acetonitfiie
- (2 ml)-was added. Aftef stirring for 10 minutes at 500, ethy
_15 acetate (50nml) was added, and the solvent was strippeﬁ
in vacuo. The residue was dissolved in ethyl acefate (20 ml),
and cryetal]mzed tetrabutylanmonlum iodide was removed by
.fflltratlon. To the filtrate, water (10 ml) was added, and
the pH was adjusted to 3 with N hyd;ochlorlc ac1d. Thel"
_20 aqueous phase was separated and freeze~dried to give the
title compound as a colourless powder.
" The NMR spectrum [(CD )5 S0] showed 31gnals at é .37-
(s, 6H; 2-CH 5 1. 50 (s, 6H; 2-CH ),_3 46 (m, 2H, 6a-H and
Gﬁ—H), h L6 (s, 1H; 3-H), 4. 57 (s, 1Hj 3 H), 5.04 (vs, 1H;
_25 CHNH ), 5.27 (m, 1H; 5-H), 5.58 (m, 2H; 5~H and 6-H), )'96.'
't(bs, ?H OCH o), 6.87 and 7.37 {24, J=8. 5Hz, Ly efom..CE) ppm;

™S was used as internal reference.



and wasj;ned eith.ethyl acetate (2 x 2.5 ml). The filtrate was washed with é)
wat ef (5 mM), to the organlc phase was ¥ -added fresh water (10 nm), and

the -pH of the aqueous ‘phase was adjusted to 3.1 by addition.of 1 N =
hydrochloric acid with stirring. The aqueous phase was separat ed and -
freeze- dried to give the desired_conpound as a colourl ess foam The NMVR .
spectrum[err] showed signal's atExample- 11 34 (s, 20 3H, 2-[err])  1.36

S, r 1. 43 (s, 3H, _2-[err 1.58 (s, 3H 2-[err]), 4. 54 S,
(1H 3 [_q(r ]i Dlmxow(qmlc;lb o JL]) (3 [, 1) N -
6-H), 5 88 (bs, 2H err]) and 7,47:(s, 5H,_arom CH ppm - Exarrpl e 13
1, 1- Di oxo- a i ' thﬁ.il}.ﬁl’,eﬂi?[err] amno[err]

- phenyl acet am do)‘ﬁenl cillanate hydrochl ori.de By substi tlrge‘rg | odonet hyI
1,1-dioxo-[err]-c ?O?Oﬁ@ﬁ'l"ﬁqq'QHSOf tedmaha Yok anpe s 81'“ ~amino-a-
[err,] br ono en|C|IIanate ”Sdb‘?e procedure o{ Exanple 12,. the title
conpodnd wR &bl nedagd de %BFP-éé-émfao%ﬁn :h% QNRJ%M¥ﬂnFFerdrl]°Ts%md

S0 % o BTk oS S e bl Bnd 4S5k, e
6- I[-l)e,rr])S’.Zé S, err 1(Ij§5 Hor 6-H, 5 493(5 2H, 5- H;nd
6-H), 5. 940(1%913%0}5;#?}1)&%(1(170455@ o %%om—‘reﬂ)'?rpﬁ?ﬁrﬁaﬁﬁlné@@ to
L 1-Droxopgni g g Q¥ OX%&EJIBV'dE‘ss%?v[e% rin""é“t“?u[ircre]ta'?i‘ee“ Ly !
adood. The clear qolutlon was 1mmed1ately seeded with feﬁré—
'19 butylammonlum iodide, whereafter_dlchioromethane was removed
ig_véduo, ond separatéd totrabutylamhonium iodide was ?ilfefed'
off, Froﬁ the filtrate, the title compound was tzansfe red
‘to .an aqueous phase (50 m1) with N.hydrochloric acid {pH 3.0,
| 5°C) and from'the agueous phaoe.to an Ofgaﬁic phase (ethfl
'15” acetate, 50 ml) with sodium hydrogen carbonate (pH 7. 0, 5 °e).
'oThe organlc phase was washed with water, and the tltle
 compoupd jas again transferred to an aqueocus ﬁhase as
_described above. Freeze-dryiﬁg of the aqueous phase gave
. the title compound as a colourless powder. _
20 The NMR spectrum (D 0) showed ‘signals at 5 = 1. 3Q
'é 6H; 2-CH 53)s 143 (s, 3H; 2-CH 3)s 1. 55 (s, 3H» 2 CH e
1. ;6 (d 3H CHCH ), 3.50 (m, 2H; 6«-H and 65-H), 4.53
'.(s, 1H; 3-H), 4.55 and 4.59 (2s, 1H; B—H), 4.96 (m, 1H;
5-H), 5.26 (s, 1H; CHNH,), 5.51 (s, 2H; 5-H and 6-H), -

25 . 6.95 (m, 1H; CHCH,), and 7.51 (s, SH; arom. CH) ppm.



peni ci |l anate hydrochl oride A

1,-Dioxo-[err]- bronnpenlcrIIanoonxyne;%yl 6- (D-[err] ai no- [err]
--phenylacetanrdo)pen|0|Ilanate hydr ocHl"ori de By substltutlng |odonethyl
1,1-di oxo-[err]-bronmopenicillanate for the i odonet hyl-

[err] bronnpenrcrllanate in the procedure of. 20 Exanple 12, the desrred_

canmpound was obtained as a col'ourl ess foam The NVR spectrunl(DZO) showed
.srgnqL§ at [err] = 1.36 (s, 6H 2-[err]), 1.41 (s,. 3H;.2-Terr]), 1.54 (s,
3H; - 2- [err]), 4.57 (s, 1H; 3-H), Bdafibi(es,14H 3-H), 5.09 (s, 1H 5-Hof
6-H), 5.27 (s 1H, 25 - Jerr], 5.35 (s, 1H, 5-H or 6-H), 5.50 (s,.2H;'5-H
and 6- H) Gﬁ4ﬁkdhopaﬁgdﬂﬂldﬂcyla&@ﬁéﬁﬂb{86 5Hrw%dﬁﬁn&}ﬁ-ﬁm@nvlace52.-
B. - 1, 1-Di oxopeni ci |  anoyl oxynet hyl 6-(D-[err][-am no- [errT-phenyI- '
acetanrdohmﬂum)taﬂataﬂnakam@lonyd&dﬁhrbﬁﬂhut|on of- '

1, 1- di oxo-[ err]-bronopenicillanoyl.oxy- nethyl

6- (D-[err] anrnor@earbtﬁhenyaasenamhdﬁﬁpeﬂltekkemmﬂmyXémheﬁabedtir@nm&«36 g

of the correspondi ng hydrochloride) in ethyl acetate (50 m) was added

wat e (25qﬁmlnwmaiﬁﬁamyﬂaﬁbuameaoQ@@bexnlahﬁﬂe(@Djeg)g;auduﬂmmaijture

was shaken in a hydrogen atnosphere for 40 mnutes. After renoval .of the
cdtal yst Wy fd Imiatiee, ofhes iy f atha pmpiepRsphadd wasd adj ubiled dnte Babnd0
with 1 N hydrochloric acid.  .Fromthe separated aqueous phase the title’

'conpound\@x;urmmyfeaee&dds@ﬂaosgamﬁaqﬁmﬁﬁ ieubﬁeﬁnxaaserbaimﬂjem&ah.

aqueous potassrunrblcarbonate (pH 7.0, 500) .
cillanate (0. 60 g, 1.4 mmol) in ethyl acetate (5.6 m1).

After stirring at room temperature for_a few minutes,

10 crystalline'tetrahutyiammonium iodide began fo preci?itate.
'-The,dichloromethaﬁe was removed from the.%eaction'miﬁture
;,1at reduced pressure, and the crysfals were'filtcred.off

and washed eitﬁ.ethyl acetate (2 x 2.5 ml)., The filtrate
‘was washed with_water (5 ml), to the organic phase was
15 added ffesh water (10.m1), and the pH of the aqueous phése
| wes.adjuSted to 3.1 by addition of 1 N hydrochloric acid
with stirring; The adueous phase was separated and freeze-
dried td'giﬁe the desired compouﬁd as a eoleurless'foam.
| __The NMR spectrum (nzé) showed signals at & =1.34 (s,

20 - 3H; Z'CEB)’ 1.36 (s, 3H;'2-053), 1.43 (s, 3H; 2-cg3),

- ' }_"1.58 (s, 3H; 2gcg3),"h.54 (sy 1H; 3-H), 4.75 (s, 1H; 3-H),

' 5.24 (s, 1H; cgNHZ);M5.46-5.62 (m, 4H; 5-H and 6-E), 5.88

(bs, 2H; OCH,0), and 7,47 (s, 5H; arom. CH) ppm.




and- baclg to a fresh. aqueousphase with 1 hydrochl oric acid (pH 2.7). The /@/
aqugous phase -was freeze-dried to giv& thktitle 15 conpound as a ' -
col ourl ess powder. Theé NVR spectrum of the product was identical mrth t hat !
of - the conpound described i.n Exanple 1. Exanple 15
[err]-1odopenicillanoyl oxynet hyl Bggmpler iB-. ani no- [err]- phenylacetanrdo)
penicillanate hydrochlorrde 20 Follomrng the procedure descrrbed in. Exanple

12 byt s 2L0L) % eb e ot

lerr]- bronopenrcrllanate the title conpound was obtalned as a col ourl ess -
foam 25 =phenyiacdiremibdel pemifcd gedtlomideerr] = 1.33 (S

3H, 2_[err] ), 1.38 (s, 3H 2 [err]) 1. 45 (s 3H 2-[err]); 1.60 (s,

2-[err] ), 4.56 @&, $ubs Bltwtlmgwﬁq%pmqthye Hﬁ1%ﬁ¥§F0-GGSCHHQTQE#m}?ll‘f
5.3.5.7 (m4H, 5-Hand 6-H), 5.92 (bs, 2H, [err], and 7.49 (s, 54 arom = .
CH) 5;nnnlﬁaeﬁﬁléemsTh@r}oeﬁm&ﬁﬁx%16$+baneymeamﬁa¥&anabe in the procedure
6- (D-[err] am no-[err] -phenyl acet am do)- 5 penici |l anate hydrochl ori de

Fol | owi. ngo¥ hBxgmatled k2> dEBEr itidd 9 - ERaApRe ¥2s MRtaimsdi ggt imgolourless -
|odonethyl [err]-chl oropenicillanate for the iodo- nethyl ,

[err]- broﬁBﬁEnrcrllanate the title conpound was obtained as a colourless

f oam '

The NMR spectrum (D 0) showed signals at S = 1.35 (s, 6H,

Z’CES)’

10 3-E), %.73 (s, 1H; 3-H); 5.08 (s, 1H; 5-E or 6-E); 5.26 (s, 1H:

‘1.41 (s, 3H; 2~C§3); 1.53 (s, SH; 2~CH3), 4.57 (s, 1H;

'-ogNHZ), 5 34-(5, 1H; 5-H or 6-H); 5 49 (s, 2H; 5-H and 6-g),

5.94 (b 2H, OCH, 0), and 7 Lo ( , 5H; arom. CH)} ppm.

Example 14

'L)l;Dioxopenicillanoylokymethvl 6 (D-q~amino-g~phenylacetamido)-

S AUAD penicillanate hydrochloride

A, l,l-Dioxo;6a-bromopenicillanoyloxymethvl 6—(D—auamiﬁo-a—

~-phenvylacetamido)penicillanate hydrochloride

_ By substituting iodomethyl 1,1-dioxo-6a-bromopenicillanate
for the iodomethyi 6B-bromopeniciilanate in.the procedure of
20 Example.lz, the desired oompound'was obtained as a colourlees |
_Ifoam.. | | _ | | _
| The_NMR spectrum (D20) showed;signals at § = 1.36 (s, 6H;
_2-o§3);';.41 (s, 3ﬁ; 2fc§3);'1.5h (s, 3H; 2-033), b.57 (s, 1H;
| 3-H), u,71 (s, 1H, 3-H); 5§09 (s, 1H; 5-H or 6-5); 5.27 (s, 1H,
o5 .cguﬁz); 5.35.(5,.;H; 5-§ or 6-H); 5.50 (s,_zﬂ; 5-H and 5-&);'5.95

(b, 2H; OCEZO);“and 7.50 (s, 5H; arom. CH) ppm.



o a et

10 The IR spectrum (KBr) showed strong bands at 1790 1770 and
1690 [err] Exanpl.e 17 C avul anoyl oxysetszy b :

6- (t)[err] amno-[errJ- phenylacetanrdo)pen|0|I--Ianate hydrochlorlde 15 A

| odonet hyl 6-(D-[err]-azido-{err]-phenyl acetani do)penicil- |anate To a

sol ution of chl ororret hyI 6- (D[err -azi do- [err] phenyl - -

acet am doBpenici | : AL arieinh o 6¢ P B~gi-jaminel anpheaivde
1.80 g, 12 mmol ) was added, and the m xture 20 ~ was stirred at room .
tenperatuEﬂEﬂEL;E82hEaE3E&&IEEEEEEQEmQEEEéEMEEEQQItered off, and the
filtrate was evaporated in vacuo. The residue extracted with ethyl -~
acetate (25 nl), Toe2 301W§¥Qn19§r&c@‘ﬂ&§ﬁﬂn&§gﬁFaﬁéﬂqa&%ﬂxﬁﬁnSYﬁannd
subj ected to col um chronatography on silica gel using hexane eth acet ate
1:1 as el Gedtyl HabPrenemdaiF T REY A& CEFaHeRP cBﬁﬁaﬁﬁ&J«ﬁéraet%oﬁﬁrhea‘%
evagorated in vacug to |l eave the title conpoynd 5 eIIoer oil.
The NMR sF&@ un 3 rs]Osh&ﬂﬁj%ﬁfm%fg°&93HﬁwﬁYdr&°§é°€§d Hi%. ¢ PY?

.1.67 (s, 3H, 2-[er H; 13 (s [ ), 5 '

(m - 2H 52AERES- W) @ldor(w@sqad%ri F@Fﬂr 75 '(“s) %Prd ;ﬂéénp?:f& gaﬁal on
7.0-7.4 (m -1H ed as | nternal Srence

Cravul anoflag'ﬁﬂf'ét%?/f’aée(slﬁ [(c-?r’r? %ysdﬁnfieri'ﬂ Jf/ hﬁef"é‘r?r sken in 2 hydrc’gen

atmosphere for 40 minutes., After removal of the catalyst by

- filtration, the pH of’ theaqueousphase was adJusted te 2.5
10 - .with L N hydrochlorlc'aold. From the separated aqueous phase
| the title comoound was transferred to an orgahic phase (ethyl
acetate, 25 ml) wiﬂnaqueouspotéssidm oicarbonafe (pH 7.0, 5°C)
end back to a fresh.aqueousphase with l N hydrochloric ac:d
-(ph 2 7Y, The agueous phase was fresze~dr1ed to give the title
15 compound as a colourless powder. o | |
The NMR.spectrum of the product was identical.with thet

of the compound described in Example 1.

Example 15

: 6B-Iodopenicillahoyloxymethyl 6-(Dmamamino-d-phenylacetamido)F

20 'penicillanate hydrochloride
| Following the procedure descrlbed in Example 12 but
'substltutlng 1odomethyl 65«1odopenlclllanate for the 1odomethy3
.6ﬁ_bromopenlclllanate,-the.tltle compound was obtained as a
colourless foam, | | |
25 . The NMR spectrum {D, O) showed signals at J = 1. 33

- (sy 383 "CHB)’

)

1,38_(5, 3H;_ —CEB), 1.45 (s, 3H; z-cgs), 1.60

(s, 3H,_2-CH 4.56 (s, 1H; 3-H), 4.74 (s, 1H; 3-H); 5.22°



penl cillanate To a sol ut| on of i odonethyl

(D—\[err] azi do-[err] - phenyl acet - am-dﬁ)ipenl cil I anat e (378 ng, 0 73 mml)
in hexamet hyl phosphoric 15 - aci d triamde (3.8 m), lithiumclavulanate
(90 ng, 0.44 mol) was added, and the mixture was stirred at room . ,
terrperaturefor one hour .’ The m xture was diluted with ethyl acetate (90
m) and washed with water (3 x 20 m), followed by saturated aqueous sodi um

chl ogi de (168w )]-H»drq%{oénd'je@a';ﬁ)ﬁat(e@slthaOu-(Iﬁ arthe62B) ; PolddW(HE | 2Hys
obt ained was_purified by gl ur(n chr omat ogr aphéaon silica gel using =~
-hexane- et hyPC ﬁg@t)at @rid4/a Jelgent3Hio aTend €He cmt«ed conpound as a
slightly yellow sh foam The NWR spectrum[err] showed 'signals:at [err] -
1.51 (s, 3H_ 2-[err]), 1.64 (s, 3H 2[err]) 3.11 (d, J=17 Hz,  1H, 25

6-H), 351('dd J =17 Hz, [err]3Hz 4.25 (d, J=7 Hz, 2H :
[err])451(s 1H; 3H) 4.92 (mEXAED M513(s - 55 - 1H 5H)
5,13 (s, m 5.5-5, 8, ; 589(ABq 2H; :
[err]), 7. 1an BUQpy s ' Amim o - phe oydAc e TABLdo) -
was used as_inter ' ni ci | 1anat e hydr ochl ori de A sol ution of

cl avu? anoyl : 2 rr]-phenyl - acetamnido)penicillanate
(130 mg, O0.22 _mml)rp ilgl et hyl @ﬁet ate (20 m) was placed in_a three-necked
flask, equi pped witf g0 Pnlpé't°/°cﬁﬂ‘1“é? faperibeg s -Bappdle 12, but
ponblnaILqEé% tr%@lng 1ogbmethyl 65-chloropenlclllanate for the 1odo«

‘methyl 65—bromopen1C1llanate, the title compound was obnalneu

as a colourless foam,

10 o '~ The IR spectrum (KBr) showed qtrong bands at 1790-1770 -

-and 1690 cm l.

Examble 17

: Clavulanoyloxymethyl'6-(D-a-amino—a-phenylacetamido)penicil;

lanate hydrochloride
15 :A. : Todomethyl 6-(D—a-azido-afphenyiacgtémido)penicil—
lanate |
- To alsolution of chloromethyi.6-(D-anazido—é-phenyi-
acetamido)penicillanate (l 32 g, 3.mmol).in acetone (25 ml),
--sodlum iodide (l 80 g, 12 mmol) was added, and the mixture |
.20 _was stlrred at room temperature for 18 hours. ThelpreC1p1tate-

-was filtered off and the flltrate was evaporated in vacuo.

The residue was extracted with ethyl acetate (25 ml), the
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burette,' Water (20 m) and 10% pal | adi umf on/ carbon catal yst (130 :ng)- were /..
added, and the systemwas flushed with nitrogen. Hydr ogen- was passed (_7
-through the stirred m'xture, and the pH val ue was nai nt ai ned at 2.5 by
sinmul taneous addition of 0.1 N aqueous g hydrochl oric acid. = Wen the-
consunption of acid ceased, the flask~wd¥ flushed with nitrogen, and the
catal yst- was filtered of f . The aqueous |ayer was- separated, filtered and
'f-ree(/ dried to give the desired conpound as a col ourl ess powder. The NWR
'spect rum ertrjacshowed sograistrzdtéerth abolit3(3 261 &ad Skbj2desd] to toddmn
(s 3H, 2-[err]), 3.12 (d, J=17 Hz, 1H, 6-H), 3.65 (dd, [err]=17 Hz, -
[err] =3Hz, chitonathgrd4phy (©Om aZlH,ltterg}a,l Asdhd hetxdhe3eldhyld. a7<5efﬁ“belh:| 1 as
CH:)515(bs .IH 3-H), 5.40-5.75 (m 3H, 5-H, 6-H, and [err]), 5.85
(ABg, 2H; P@quti 5DrénW15Hséﬂanwafhﬁngamﬁé)dﬁbiﬂedJGEmﬁhuﬂd4waﬁe COMﬂ"

ppm TMS.was -used as internal reference. - 56 ‘Exanpl e 18 :
d avul anoykcompistég | agd[ Bviegroria ted nba[ ¥echof p;dwylje@xyphmey[t)lianetauhﬂohnd
‘eni ci || anat e hydrochl oride A Chl or orret.hyl

6- [ NSbenzyesxye arobhgwibh] erdd] ani no-[err]-(p- -5

- hydr oxphenyl ) acet am do] peni ci | | anate To a suspensi on of pot assium-

8- [N.benzy| ocycar ibng | NBR[ eprectrum. (cDC1l,) showed signals atd = l 58
-am no-[err]-(p-hydroxyphenyl)acet am do] pénicillanate (2.46 g, 5 mol) in
N, N- di met hyisforFfin 2eCH33 »ni). %s(addau,cm—@@j)oddnewaﬁe,(gm 34H),36.13

mmol ), and ,the m xture was stirred. at room t erpe-
: (s, 1H; CENB), 5.52-5.82 (m, 2H; 5-H and 6-H); 6.00 (ABq, 2H;

oqggg),'7.4 (s, 5H; arom, CH), and 7.0-7.4 (m, 1H; CONH) ppm.

10 - TMS was used as internal reference.

B. Clavulanoyloxymethyl 6-(Dua—a21do—a phenylacatam:do)—

penlclllanate

- To a solution of iodomethyl 6-(D-a-azido~a~-phenylacet~
"amido)penicillanaté (378 mg, 0.73 mmoi) in hexamethyl phosphoric
15 " acid triamide (3.8'ﬁl), lithium clavulanate (90 mg, 0,44 mmol)
.was added, and the mixtﬁre was stirred at room temperaturgfor
one hour. The mixture was diluted ﬁith ethyl acetate (90 ml)
and washed with water (3 x 20 ﬁl)lgéliowéd by saturéted aqueous
~ sodium chloride (10 ml), dried, and e&aporated'ig vacuo. The
20 yellow Qil thus thained was purified by column chromatography -
. B  oh.si1ica gel usiﬁg hexane-ethyl acetate 1l:4 as éluent to
yield the de51red compound as a sllghtly yellowish foam.
The NMR spectrum (CDCl ) showed 51gnals at 6 « 51
(s, 3H; 2- CHB), 1.64 (s, 3H; 2-CH ), 3. 11 (a, J=17 Hz, 1H-
25 6«H), 3.51 (dad, J;=17 Hz, J, 3 Hz, 1H; 6- H), u.25 (a, J=7 Hz,

2H; CH,OH); 4.51 (s, 1H; 3-H), 4.92 (m, 1H; =CH-), 5.13 (s,



m xture was washed with water (4 x 25 m), dried, and evapo- rated.in -
vacuo. The residue was purified by cGl UH ehronatography on silica gel"
(using ethyl acetate/hexane 1:1 as eluent) to yield the desrred conpound as
a yellowish oil.- 15 ~B. - davul anoyl oxymethyl .- .
6-[D-[err]-am no-[err]-(p-hydroxyphenyl) - acetanrdo]penrcrllanate

-Z%Sr%“:c%%‘?iab@"' Lf“*ﬁ%%?&%ﬁﬁfﬁ%’ Bhﬁrﬁbg' Jgedal D SpmRLE, llrs./r, 7.8
car bony 52ﬁ93ﬂ5¥9 ¢§%é£ gﬁ xgﬁp h;fykgag gn%pen cr hﬁn%ﬁ?ﬂ%?r

20 the c azrdo ad acet anaf

e CorTRR7 IS TH2I080 Bo ceuprthge 08 Gl ‘FQ‘*MQG“MLE-'%AB

Exanmpl e 19 sda % Q%‘xopenrcrllanoyloxynethyl 6-(D, L-[err]- carboxy [err]
phenylacetanr penicillanate sodiumsalt A . 1,1 R :
Di oxopenrcrIIanoonxynethyI 6- (D L err] b nzyI )
-oxycagbonyf-[ er r] phahyl ansyde N ami ~phie

6- (D L-Terr]- benzyl oxycarbonyl - -[err]- phenylacetanrdo)penrcrIIanate (0h98
g 2 nnnl)Dﬁml lanate hydrochlor:de. _

10 - rature for 3 hours After dilution with ethyl acetate (100;h1)r-the o <;§

A solutlon of clavulanoyloxymethyl 6—(D-a-az1do~a-pheryl~f
acetam1do)pen1c1llanate (130 mg, 0.22 mmol) in ethyl acetate |
(20 ml) was placed in a three-necked ‘lask, equipped w;th a gas
10 1nlet/outlet tube, a. glass-calomel comblnatlon electroac, and =a
burette. Water (20 ml) and 10% palladlum/on/carbon catalyst
(130 mg) were added, and the system was flushed wifh nitpegeﬁ.
 e_ Hydroéen was passed through pﬁe:stirfed mixture, and.the pH—value
- : -.'ﬁas maintaiped et 2.5 by simultaneous addition of 0.1 N agueous
\J.55 hydrochloric aeid. When the ebhsumption of acid ceased; the —
| .flask.was_flushed wifh nitrqgen, and the catalyst was filtered
off, . The aqﬁeous 1ayer was eeparated, filtefed.and_freezew.
:dried to give the desired eompouﬁd as a colourless powder.

" The NMR 5pectrum.[(CD SO]-showed signals at é = 1.30

3)2

20 (s, 3H; 2~CH_), 1.44 (s, 3H; 2-033), 3,12 (4, J=17 Hz, 1H;

o) 2
6-H), 3.65 (;e, J1=17'Hz, J,=3 Hz, 1H; 6-H), 4.00 (m, 2H;
CH,0H), 4.42 (s, 1H; 3-H), 4.75 (m, 1H; ;cg;); 5.15 (bs,.lH;

g3-H}, 5.40-5.75 (m; BH'.5»H 6-H, aﬁd CHNH ), 5.85 (ABq, 2ﬁ;
OCH o), 7 50 (m, 5H; arom. CH), and 9..45 (d, J=7 Hz, 1H;

'25 CONH) ppm. TMS was used as 1nterna1 reference._



-di met hyl f ormam de (10 nl), iodonet hyl en|C|IIanate 1, 1- d|0X|de (0. 75 g, 2
mol,)- was added, and.the m xture was s?lrred for 10 30 mn. at room - - 'ﬁ
tenperature EthyI acétate (50. m ) was_added, and the mixture was extract ed
Wi th saturated aqueous cal ci'umchloride (3x12 ml), -dried, and evaporated in

-vacuo. ‘The oily residue was purlf lunm chronatography on silica ge
usi ng hexane-ethyl acetate 1:1 BEmp ijyleld the desired 15 conpound

25 2.8 2 L%\Mégiﬁ, oy1B SNOPEdn SRSl d £ L) tamido]-
s 8P { '

CHCO), 4. . 5.19 (s, 2H [err]). 5.4-5.75 (m .
2H, 5-H a' , 7.3 (s, 20 5H, arom CH), 7.35 (s

5H, arom ' an@hio?oﬁle%}éim 6= 1! % c dMPoNRS -@)%Qd-é}élﬁat Sr
_reference B.

-['ers] - phenyl acs) ﬂ;gﬂmeara&téém&&qpeﬁe@ﬂmé@ﬁem a sol ution of

1 1-.di oxopentcr T T anoyr oOXymer iyt 25

“6- (D, L- b hanyl s aceh ) Lo
O Pl s e pbow st bt ok goand spshonl gy B%%%%‘f‘?%é‘&%%‘% o

car boncat a, 1s0(9- fq qt Xt Hr -
o veted rotnt ﬁyé?oé%‘ﬁ"é‘;fﬁﬂ@‘*ﬂ?@%%%%ﬁ%%?%&%ﬁ%ﬁdi‘%. (L96"%, 5 mmo1

mixture, angd i we- am¥ahya Masnami abai(red pit) 7Ds by qadd tdlﬂ.rbloélgdgmlélfhane |
aqueous sodlun1hydrOX|de When the consunption.of base stopped (afte

(2.¢8 ml), 30 mmol), and the mixture was stirred at room tempem

1dj'jrature-xor 3 hours.'After dilution with ethyl acetate (100 ml),

. the mixturé.was.washed with water (4 x 25 ml),_driéd, and.evapo-
rated in vacuo. The- re51due was purified by column chromatugraphy
on silica ‘gel (u51ng ethyl acetate/hexane 1: 1 as eluent) to
yield the desired compound as a yellowish oil.

i5 . Bu ' Qlavulanoyloxymethyl 6-|D-g—amino-o—{p-hydroxyphenyl)-

'acetamido]penicillanate hydrochloride

By'folléwing the procedure described in Example 17 A;
17 B,_and 17 C but substituting chloromethyl 6~[N-benzyloxy-
QérbonyieD-a-émino-au(p-hydroxyphenyl)abetamido]penicillanate.for
2d' -the.chlqromethyl 6-(D-a-azido-a-phenylacetamido)penicillanéte,
| ;the title compouhd-was-obtained as a coioufless freeze;dried
powder; o | |
The IR spectrum (KBr) showed strong bands at 1773 and

. '1690 cm’ 1;'
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about 1 hour), the catalyst was filtered off, and the 5 -aqueous phase
was separated, filtered, and freeze-dried to,glve t he desired conpound as .
- colfour |l ess powder. The NNR—spectrun1reP§] “showed signals at [err] =1.47
(s, 3H, 2-[err]), 1.53 (s,FBH; 2-[err]); 1.63 (s,;GH; 2-[err]),. 3.55 (m
*2H, 6-H), 4,12 (S, 1H 3- FD 4,17 (s, 1H, "3-H), 10 ~ 4.70 (s, | H. CHCO),
5.00.(m- IH, 5-H), 5.4-5.7 (m 2H 5-H and 6-H, 6. 00 (bs - 2H; [err])
7.42.(s; 5H;arom’ CH) ppm TMS was used as external reference. Exanple 20
1, 1- $Xoxopen|0|lIanoyloxynethyl [err]-am nopenicillanat-e hydrochl oride. 15

A Tétrabutylannnnlunl[enﬁxéﬁﬁpgpe2|0|IIanate To a stirred,
~ice-cool ed mxture of [err]-am AOPeENT Ci | anic acid (4.32 g, 20 nnnl)

~tetrabut y|18£%@ﬁb?¥ﬂ&@&&'la&iﬂﬂfﬂ?@céﬁhﬁlg GZQ_I)_fjjlg_ng_‘ob-ce&F&kbkﬂc@HEt hane (50 . .
m), and wat er was added STowy a solutron of sodrum hydroxi de
(1.60 9, 4hemplacébawation) pehizil)addite Or gagiam apars was separated, and :
the aqueous Tayer was extracted wth dichlor o- net hane (2x25 m). The

conbi ned atganic IayemsDWemapﬁnxﬁhIﬂmheyaaﬁyabeﬁwU1GRﬁQgLimuteﬁﬂﬁlthe B

- desired conpound as. a 25 viscous oil: The I'R spectrum (CHC13) "showed

Strogg banﬂ6y@§rﬂagﬁlaadph&ﬂiﬂnnetamldo)pen1c1llanate

To a suspen51on of sodium 6- (D L-a—ben7yloxyéarbonVl-
;géphenylacetamldo)pen1c1ll§nate_(0.98 g, 2 mmol) in N,N-
: .;;dimgthjlforﬁamidei(lo ml% iodométhyl penicillanate l,l-didxidé
(O,?S_g, 2 mmol) was added, and the mixture was stirred for
10” 30 min. at room temperature. Ethyl acetate-(50 ml) was added,
'-aﬁd the hixture was extracted with éaturated agueous calcium
chloride (3x12 m1), drie&, and evaporated in vacuo. The oilf
résidue was purified by columﬁ chromatography on silica gel
-kj  ; using hexane-ethyl-acetate l°1'aé eluent télyield the.desired_
55. compound as a yellow1sh oil. | | _ |
| The NMR spectrum (CDCl ) showed 51gnals at § = 1.4-1.6
| '(m, 12H; 2-053), 3.46 (m, 2H; 6-H), 4.4-4.5 (m, 2H; 3;g and
'-',cgco), b,56-4,65 (m, 2H; 3-H and 5-H), 5.19 (s, 2H; phcgzo),
S,h;5.75 (m, 2H{_5~§ and 6-§), 5.9 (ABq, 2H; ocgzo), 7.3 (s,
. 26 SH; arom. Cﬁ), 7.35_(3; 5H; arom. CH), and‘7f5—7p95 (m, 1H;

CONH) ppm. TMS was used as internal reference.

¢

B, 1,1~ Dioxopenicillanovioxymethyl 6-=(D,L-0=carboxy-

ua#phenylacétamidq)penicillanafe sodium salt

To a solution of 1,1~ dioxopenlc1llanoyloxymethyl

éS 6 (D L—a—benzyloxycarbonyl a—phenylacetamldo)penlclllanate
. (1.0 g, 1.4 mmol) in ethyl acetate (25 ml),water (2“ ml) and
- 10% palladlum on carboncatalyst (L.0g. ) were added, and the

-'pH-value of the mlxture was:’ adgusted to 7.0. Hydrogen was
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59 B. , 1,1-Dioxopenicillanoyl oxymethyl [err]- an1nopen|C|IIanate
hydgochlorlde To.a sol ution of tetrabu§§ amoni um [ err] -amni nopeni -
citlanate (5.1.g. 11 rfmol) inethyl acétate. (25'm). . was 5 = added a
sol ution of iodonethyl penicillanate. 1,1-dioxide (3.73 g: 10 mml). in
ethyl acetate (25 nl). After stirring for 15 mn. at roomtenperature, the
precipitate was filtered off, and the filtrate was evaporated in vacuo. The
resi que was purified by col.um chr omdt ogr aphy on 1G- "Sephadex" LH 20

using. chl guehard NexpReAS tHa a5 SLHER! maltesmr I 1A g0sREOUUCI 45, di ssol ved

in ethyl acetate (25 m), water (25 nml) was adde and the pHVval Ue of the
m xture Was sadiaust©dih0a2a@ by, @@9%&?81%0% thy(grfcﬁl élu%o%cs dso%{]@(m

aqueous phase was separated and freeze-dried to e the tit

conpound asdedaaéeuIﬁﬁénp@weeeoﬁ@ﬁhﬁbﬁbﬁp%etwagéf%¥$pﬁaawq%f%&wa'S at 6

= 1.52 (s 3H, s-[err]), 1.60.(s, 3H 2-[err]), 1.6 [err]) 1 76

(s, 3H;" 2aboit] )1, 1R F?ﬁ Sh@Scéﬂilf%fﬂwaé %&l@%ré&*o§?H)anﬁs¥%és
“3-H), 5.05-5.25 (m 1 20 (d . 5.78 (d " 3=4

Hz, 5LH; Sahmeomyiﬁhéﬁb(bas %deﬁaﬁéa p@”l;e?M%ﬂMﬁhﬁsﬁge@§é3@f¥Q@|
reference * "SEPHADEX" is a reglstered Trade Mark. -

“e- :e to glve the desired compound as- a colourless powder.
| ‘The NMR-spectrum (DZO) showed signals at & = 1.47
(s, 33; 2-053); 1753 (s, 3H;‘2-cg3); 1.63 (s, 6H; 2;0§3),
~ 3.55 (m, 2H; 6-H), 4,12 (s, 1H} 3-H), 4,17 (s, 1H; 3-H),
o 10 4.70 (s, -1H; CHCO), 5.00 (m, 1H} 5-H), 5.4-5.7 (m, 2Hj
| L BeH and 6-H), 6. oo (bs, 2H; OCH o), 7. 42 (s, 5H; arom,

;CH) ppm. TMS was used as external reference..

Example 20

o - ls;1l-Dioxopenic¢illaneyloxymethyl 6f8-aminopenicillanate
ﬁ5 - hydrochioride
' ‘A, _ Tetrabutylammonium 6B—aminopenicillanate

To'a stirred, . 1ce—cooled mixture of 6B-am1nopen1c1l—
' 1an1ca01d(4 32 g, 20 mmol), tetrabutylammonlum hydrogen
sulphate (6.8.g, 20 mmol), dichlofomethane (50 ml), and
20 .watef (?O ml) was added slowly a solutlon of sodium hydrox1de
.(1 60 g, 40 mmel) in water (3.5 ml) The organic layer was
separated, and the aqﬁeous layer was.extracted w1th dlchlofoa
methane (2x25 mi). The combined organic léYersfwere dried
and evaporated ia-xgggg-to 1ea§e the.deeifed oompound as a
25 viscous oil.
The IR spectrum (CHCl ) showed strong bands at

1760 and 1610 cm 1.



Exanple 21 1, 1- D oxopen|C|IIanoonxynethyI _ ' '
6- (Q—[err] am no- [err]- .phenyl acet - an1do)pen|01llanate hydrochlorlde To a

stirred suspension of "D-[err] -phenyl gl ycyl chloride. hydrochloride (1.98 g, <\

0 mml) in dichloromethane (25 m). was gdded at [err] sodi um hydr ogen
~carbonate (1.68 g, 20 nmmol) followed by T, 1- dloxopen|0|IIanoonxynethyl
6- ami nopeni - cillanate hydrochl oride (3.98 g, 8 mmvol ). After vigorous

stirging at [err] for 1.5 h, -the m xture was evaporated 10 - in vacuo. The -

resi due was taken up in an ice-cooled mxture of-ethy] acetate (25 m) and-

:2%;;:%:3 usgrs sgdqu;g é rogen 4 ;b§n¥%§ %ﬁgtqihegggaé%ﬁgﬁgngbgignmﬁg

adj usted t ition of 2N hydrochlorlc acid. 15 - The aqueous phase
?zéis& o _ |

was separa dried to glve an anor phous powder whi ch-

= I1ized f e Wiih that
RS E;gmpfg%ggoé P58l sty (R Sopthi R ¢ at

o, (0 Lort)-apgache cohen! - aogian oloepicy| '%%actaeté"yw%ﬁws A
D[e[P.r] am Daalar Ll &ag{ylﬁecﬁﬁn%g&é@s%ﬂ' baamlﬁ%rgéeo'ftiwlame

tri efhyl anmdnrum
A ot OnYA5 8T, S idb] o415 10, baELk 198 et ke -
o stlrrlﬁg for 15 min. at room temperature, the prec1p1tate ~
‘was filtered off, and the filtrate was evaporated in ygggé.
-Thé reéidue was pufified.by column chrbmgﬁography on
16'_ "Sephadex“* ‘LH 20 using ch]oroform-hexane 65:35 as eluent.
The purified product was dissolved in etnyl acetatn ’23 ml),

water (25 ml) was added, and the pH-value of the mlxture

| was_adjﬁsted to 2.0 by aﬁdition”of 2 N hydrochléric-acid.

The agqueous phase was separated and fréeze~dried to
15 give thé title compound as a cblourléss-powder.
"~ The NMR spectrum'(ch}_showed signals at § ='i.52
(s; 3H;'s-c_}_1_3), 1.60 (s, 3H; 2-CH,) 1.65 (s, 3H; 2CH,) ,
.76 (s, 3H; 2-CH,), 3.52-3.8 (s, 2H; 6-H), 4.78 (s, 11;
3-H), 4.90 (s, 1H; 3-H), 5..05-5_.'25 (m, 1H; 5-H), 5.20
20 -'.(d; J=4 Hz, 1lH; 6-H), 5.78 (d; J=4 Hz, 1H; ng),'and '

- 6.08 (bs, 2H; OCH20) ppm. TMS was used as external
 _reference.

% “SEPHADEX"'is a registered Trade Mark.

»



61 - potaSS|un12 et.hyl hexanoate in_ag gtone (49 m) was added dropmnse
After stirring at room tenperature for hour's, the precipitate was :
filtered off and recrystallized fronfnethanol-lsopropanol to afford the -
title conpound melting 5 point:. 201-[err] (dec.); [err] =T[err] (c=1,
“water) . -~ 1,1-D oxopen|C|IIanoonxynethyI" (D-Terr]-amno-[err]-
phenylacenfdo)pen|C|IIanate hydrochl ori de To an i ce-cool ed solutlon of-
pot assi um 6- [N-(I-di- met hyl ani nocar pgawkAleopen2- yl)-

D-[é?f] am no-[err]-phenyl acet - 10 am doJ peni ci'l |l anate (5.49. g, 11° nnDI)

in NN-di aetiuyg { O &b e2RcdQ 1240 71 d xyinedarat M(Wéhhh@ﬂ&?ﬂeﬂzﬂh@é%de
a err

(3 73 g, 3°U mmol ) Was added, and the mXture was Stirre or 30

monutes. . affildy) shhition awalde et}_ﬁj%&raﬁﬁtl%tzqc(eloo m), the mxture was
extract ed W th wat er (48X and saturated 15 aqueous sodi um chlori.de
(25.nm). The organré ahasawasd dshsfenBd otV IOITUL £UphBnYAGIG dPL hahl otrh@e
|n|t5al vol une. Water (25 m) was added, and the apparent pH value of the -
m xt Ur e’ way @adj d1st edite 11598 @fdioi anoel) A hytknTblericamaisl (@5hn1)
stirring. During the hydrolysis this pHvalue 20 was maintai ned by
addi tion ehd wddea aydoSchlgydumchiarvbemn tdwerseonaueptiiQEsig ackd ﬁmaaed
(after about 30 minutes), the aqueous phase was separated and freeze-dried
to gi ve afodIrarsd, thlQhdﬂﬂdxoﬁéﬂsb&Ehaﬁmyiﬂkfm@ﬁh?lh6mﬂd1ﬂnﬁ@ﬁﬂne 2
was identical with that described in Exanple 8. _

' cillanate hydrochloride (3.98 g, 8 mmol). After V1gorous-

stirring at Ooclfor 1.5 h, the mixture was evaporated
dO in vacuo. The residue was taken up in an ice-cooled mixtﬁre
of eth}l acetate'(25.ml) and daturafed aqﬁeous sodium
.ﬁydrogen carboﬁate (25'ml). The organic phase was separatéd,
mafer (20 m1) was added, and fhe.pH;§alﬁe of the mixture
was adjusted to 2.5 by‘addition Pf 2N hydrochloric acid.
K{15' The équgous phase was_separated and freéze4dried'to give
ah amorphous powder which crystallized from ethanol/butanone-2
to yield a product ideritical with that described in

Example 8.

Example 22

.t 20 _-1,l-Dioxopenicillanoylbxvmethyl 6~(D~amamino_a4phénylw

acetamido)penicillanaté hydrochloride o :

A, . Potassium 6-(N—(1-dimethylaminocarbonYlpropen~2~vl)—

'D—a-amino-a—phehylacetamido]penjcillanate

| To a solution of tr1ethy1ammon1um 6-[V-(1 dimet hy1~
'25 am1nocarbony;propen—2—y£FD»a-am1n0aa—pheny¢acetamldoJnenl-

01llanate_(27.3 g,_48 mmol) in acetone (1 lltre)t M
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-62 Exanpl e 23
1, 1-Di 0XO0- 6[err]-(2.6- d|nethoxybenzanhdoﬁpen|C|lIanoyloxynethyl
6- (t)[err] anmi no-[err]-phenyl acetani-do) penicillanate hydrochloride.
,Sodium 6-(D-[err]-am no-[err]-phenyl acetam do )penicillanate (0.75 9. 2
mmol ) was added tq an ‘i ce-cold sol ui on .of. i odonet hyl
1,1-dioxo-6[err]-(2,6-di nethoxybenzam do).penicillanate (1 11 g 2 nnnl)

~di et hyl fog:a&ras@.idnlozn&hy 1Hacdfsdt &1 g seletdn (e ket valk AHubse- bat h
for 30 mnutes, diluted with ethyl acetate (40 m) and washed with water

(4x10 m ). dR@:ﬁreganl.&f&er stahas @est Skbbred sigdraehipe Woid € nours,
hydrochloric acid was added to pH 2.5. The aqueous phase was separated. and
freeze-dri etet el thAeet indlse fONPOHEd aFrfa a6nl Ok £$8 tROMEARIed THEoMTR
spectrum ([err]. TM5 as internal reference) showed signals at

[err]=1. 47pkebancty{ e6pkpphnald (o &bFofar he Eitle105ﬁp©$nd¥4méEﬁih§
3.83 (s, 6H, [err] ), 4. 50 (s, I'H 3-H, 6 69 (s, 1H 3-H),5.18(s, 1H, -
[err]3, 5. 2pbdntad 3014205%H) (dedk )B; 8[@% - 4574 ° ape=6-, H)«ateno)o (m 2H
[err]), 6.27 ( d, J=4 Hz 1H 6-H), 6.737(d, 2H arom 3-H and 5-H), 7 43
(t, .111; arom 4-H), and 7.53 (s, 5H, arom CH) ppm 20

Exanple 24 1-(1,1-Di oxopeni cil | anoyl oxy)ethyl 6-[D-[err]-anino- [err] (P-
-hydroxypthvI)acethgldymewbgdﬂxnﬁﬂhahngQQMmﬂtgklBﬁ-(ﬁkh@mmggdhe—
procedure of Exanple |1 OB, but substituting |-iodoethyl

1, 1- dloxopen|C|IIam&L_j;gcewaﬂEﬁo)penﬂodéﬂmwaﬂé drpdopehilodidmat e, the
t|tIe conpound was obtained as a col ourl ess powder. :
- ' To an ice-cooled solution of potassium 6—[N-(1 die=

'.metﬁylaminocarbonylpropen-Z-yiFD—amamino—a—phenylacetw
_1Q amido]penicillaﬁate (5.49 g,.ll mmol) in N,Nddimothylform—
ami@e_(zs ml), iodomethyl penicillanéte 1,1-dioxide,(3.73 g,
10 mmol) was.added, and the mixturé was stirred at 5°C
) forﬁﬁolﬁinutesa After dilution with ethyl acetate (100 ml),
\ the mixture was extracted with water (4x25 ml) and séturated
15 agueous sodium chloride (25 ml). The orgénic phase.was
- dried and evaporated in vacuo to.holf the initial volume.
WVater (25 ml) was added, and the apparent pH-value of the
. mixture was adjusted to 2.5 by addition of 2N hydrochloric
_ acid with stirring. During fhe hydrolysis this pH~valué
?Q_ .was maintained.by_addition of'fgrthef hydrochloric aciq.
When the consumptien of acid oeased (after about 30 minutéé),
the aqueous phase waé separated and froezendried to.give“”

a compound, which after erystalllzatlon from ethanoL/

butanone-2 was 1dentlca1 w1th that descrlbed in Example 8.




" Fhe IR spectrum (KBr) showed strong bands at 1785, . 1690, and 1655 cm
-63- Eranpl e- 25 [err]-Bronopeni cil lanoymsxymet hl 6- ' '
D-& amino-[err] - (p-hydroxy- phenyl)acetanldol]pen|0|IIanate hydrochlorlde

By substituting iodomethyl 6[err]-bronopenicillanate 5 for the
“iodonethyl” 1, 1-di oxopenicillanateg e, cedure of Exanple | OB, the
title conpound wab obtalned as a | | owi sh.powder. The IR spectrum

lé553;12h82@d Sty .éZ%@t#%Q@bég%% @9}ﬁgglclglanozloxxmethzl

6-[D-[err] g Cbcia‘%ﬁ:rﬂm-(&_{}ﬁ%%)éce&'}%ydc)ﬁ?%ﬁ&lﬁﬂsﬂﬁ%c' LR oride.
m@-s Exanpte OB but——

hydrOChlor v o oW g the procedur e descrToed T1T

substituting iodgeihylel Lepe Lh= 5&@%6@&44%@&9&&5 &pen&f&ﬂmﬂr@é hyl.

-1, 1-di oxopeni ci | | anat e, titl e conpound 'was obtai ned”as an anor phous

powddr- The lonesoeét raumuﬁ&ﬁo)wagowa@e%i rtcmoqlbamé-@slé?%@luu% &fﬂdl&&éﬁethyl

[err] conpound of the formula
- f‘,_ 1,1-dioxo-~6B-(2,6-dimethoxybenzamido)penicillanate (1.11 g,

o 2.mmol) in dimethylformamide (10 ml), The resulting solution
.was.kept in an ice;bath for 30 minutes,.dilutéd with ethyl
 a§eta£e (40 ml ) and washed with water.(hxlo mi). The.organig

10 phase'was stirréd with water while hydroéhioric acid was added
'-to-pﬂi2.5. The aqueous phase was.separated and freeze-dfied to
yleld the title compound as a colourlesé powder,

The NMR spectrum (CD oD, - TMS as internal reference)

ehowed signals at §=1. 47 (s, 3H; 2mbH ), 1.50 (s, 6H; 2~c§3),'

15 1.58 (s, 3H, 2~CH ), 3 83 (s, 6H; OCH 4,50 (s, 1H; 3-H),

3)’ |
o 4.69 (s, 1H;3-H), 5.18 (s, 1H; CHNH,), 5.21 (d, J=4 Hz, 1H; 5-H),
. 5.4.5.8 (m, 2H; 5-H and 6-H), 6.00 (m, 2H; bcgzo), 6.27
( d, J=4 Hz, 1H; s_g); 6.73 (d, 2H; grom. 3-H and 5-5),:7.43'

(t, 1H; arom. h.H), and 7.53 (s, 5H, arom. CH) ppm.

_20 B ' . Example 24 o

_l-(l,l-Dioxopenicillanoylbxy)ethvl G;LD—a—amiho—au(p-

.~hydroxyphenvl)acefamidojpenicillanafe hydrochloride'
. .  S j By following fhe.pfocedure of Example lOB, but'-
| substituting 1—1od0ethyl 1, l—dloxopenlclllanate for the
.é5.- .1odomethyl 1,1~ dloxopeﬁ1c1llanate, the t;tle compound
| was obtalned as a colourless powder.
.The.IR spectrum (XKBr) showed strong.bands at'l785,

1690, and 1655 cm_;. 



[err] hexadienyl or a 3-thienl group, [err] represents a pr| mary am no or a
carboxy® group; [err] is a hydrogen-at®fm -or a |ower alkyl, aryl or aral kyI
radfcal , and A stands-for a radical of a [err]-lactamase i nhi bi tor
.containing a. p-lactamring.10 as well as a carboxy group, A being:
connected via the carboxy group, and salts of the conpound of for rrul al

_wi th pharmaceu- -tilcal |y acceptable, non-toxic acids or bases. 2. -The
pure di astereoners of the fornula | of claim1l1, mxtures thereof, as well

as satf'ts of the diastereoners and JEQ,:am‘g_% xt gr;es thereof. 3. - A conpound.

of formula | of claim1, in which ~ sents a prinary amno group,

and R ‘andgf_Raved {Banings Qﬁé cbaqm;h éﬁhtgﬁ # %_
'corrp_ound o X1 }é ds.

2 o Ehém&gggﬁgﬁéﬂidggﬁ@Wﬁ%1Liﬁn§¥@| &mddhﬂ@%f@e[err] repre-
sents a car OXy groap, an err an ave € neani ngs defined -in claim -

'1, and salts of thﬁ}ayeomgﬁdtgftlfﬂg‘ N4 @othe Vhi H%m@ﬁblhh‘é&l'hnate
accept abl e, non-toxic bases. _ A conmpound of fornula | of "Claiml,

in \Mgl ch Arbs &hreaq_@@ém§eh9g_t agd ]J‘Jcpiai@ﬁeﬁfi@lip.l@{b%&iﬁgtﬁfe Procedude
-radi-cal. of the fornmula Il: [err]

Tlin mthhf[Ek@hpﬁaan@s feheaHﬁﬂM@g@@mgbuaduuagﬁﬁbﬁé@ﬁbd as a
sllghtly vyellowish powder.
. The IR spectrum (KBr) showed strong bands at 1790,.

_;775,;ahg 1690 cm™1.

%O R ; .. 5Examp;e 26

6B-~Todopenicillanoyloxymethyl 6=|D~g-aminoc—a-(p-hydroxy-

phényl)acetamidolpenicilianate hvdrochloride

By following the proceduré described in_Example
'ldB, but substituting iodomethyl 6f-iodopenicillanate for
15 the iodémethyl l,l-dioxoéenicillanate, the title cémpound
' ﬁas obtained as an amorphous powder.. o _
The IR-spectrum (EBr) showed strong bands at 1790,

1775, and 1685 cm'l.

(x
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10 o is a hydrogen ‘atom or an anino or acylan1no group, and mheré

at 1easf'one of R and R is hydrogen; b) =~ a radica

JII YR 15 [err] in which R6 stands for- % halogen aton1

fadlcal of_the_fornula IV: [err] 25 < 6 -in mhlch g ﬂﬁ&”ﬂ"
hydroxy group, o 2 radical replacing it in a known- cl avuta
derivative with Ia tamase inhibitory activity; and salts thereof mnth

phar nageutical ly acc non-toxi c acids.or bases.. 66 6. A 1'
conpound 5F§ﬁﬁq%% %Eggggaccordlng to claim5, in which A stands for a

radical. of-the formula Il, R and R 4 . - 5 'both representing a hydrogen
at.om and salts thereof as defined in cIa|n15 7. A compound of fornula |
and according to claimb5; in i.ch sta or aradical of the fornula-
111, [errftereprét %%ﬂ??ﬁ&da9$wq85%nég salts thereof as defined in-
cIa|n15 ~8.° A conpound of fornmula I and accordlng to claim?7, in which
S H H' S ; S

v R ~CH—CO-NH = = :

TR o I°

IR o= 15 . ;T

Ha _-‘F-Q'CH-
5w
: | | | . 3 | |
2 in which Ry standsfor a phenyl, h hydroxyphenyl 1,4;cyclo§

bexadlenyl or a B—thlenyl groups Rz_represents a pfimary.
amino or a carboxy*group; rﬁ3sls a hydrogen.afom, orna
lower alkyl, aryl or aralkyl radioal, aﬁd A stands for a
" radical of a B-lactamase inhibitor containing = ﬁélactam'riﬁg
{o' as well as a carboxy group, A belng connected v1a the carboxy

N\ group, and. salts of the compound of formula I Wlth pharmaceu-

tically acceptable, non-toxic acids or bases.'

2. " The pure dlastereomexs of the formula I of clalm l,
amixtures thereof, as well as salts of the dlastereomers and

45 mixtures thereof,

3. A componnd of formula I of clalm l, in whioH'Rz.repre-
sents a-prlmary amino group, and Rl and A have the meanlngo
defined in claim 1, and salts of ‘the compound of formula I with

phafmaceutioally acceptable, nonatoxic-acids.

20_ : &.. A compound of formula I of claim 1, in whlch R2 ¥epre—_
"sents. a carboty group, and Rl and A. have the meanlngs deflned
.in claim l, and salts of the compound of formula I w1th pharna-

ceutlcally acceptable,.non—toxlc bases.'



" [err] stands for bromine or iodine and salts therww
ceuticdl Iy acceptable, non-toxic acids or bases. 9. A conmpound of
forfiula | and accordi'ng to'claim5, in whic hAstaﬂm ﬂ
,for nula IV, R representing 7 a hydroxy up; and 1 nﬂmmmﬁmﬁ Ildefl ned
“in-claim5. * 10.. 1, 1-Di oxopenicillanoyl oxyrret hy
6-(D-[err]-amno-[err] 15 - -phenyl acet am do) peni ci I'l'anate, . and salts.

‘thereof w th pharnaceuti cal pt abl e, n oxic .aci.ds.,

i"V(E1- D oxbpent o aﬁ8§}’P&?§5 it %m&f:tafaﬂ% §15: X in vnich A is
. phenyl acet anj d (e ate,..and a ts_thereof wi harJraceutical | y

accept abl e, $o’ﬁ ‘3%5‘?2 h Q:efﬁ J.ro& I9F0W09888f‘ris A | oxymet hyI :

6-[D-[err]-a no[err] celam do pen|C|IIanate and
salts theredt’ with pﬁaF%@&&?& é’gﬁr q{}%gcf%%‘?‘ég?e&?non %om c acids. . 67 13
1,1 -Di oxopeni C|Ilanoyl oxyethyl - 6-[D-[err] -amno~[err]- _
(p hydroxyphenyl ) acet am do] peni cK%~ ﬁat e, and salts thereof vm t h
phar maceutl cal |y accept abl e, Rno Qtic acids. 14, .

,1-Di oxo B[ err] - chl or op@RiKEM an xfmethyl 6: (D-a-. IX -
-am no- [ err] - phenyl acet ani dofpenifci | | fmat e, and salts thereof Wit h :
phar maceuti cal I'y acceptabl e, {nan ig acids. 15. 1,1 -Di oxo- [err]
(2, 6-di met hoxybenzam do) peniz Xy- met hyl 6- - =
(D- a-ani no-[ err] - phenyl acefani do) peld mﬁ#ﬁﬁat e, and sal ts ther eof with
pharmaceutical |y acceptable, non-toxic - :

in which Ry stands for a hydrogen or a halogen atom;
1 R5 is a hvdrogen atom or an amino or acylamino

group, and where at least one of R4 and R5 is

hydrogen' '
by a radical of the formula IIT:
o -  p H H
o o I -
' 15 64 ; -'(s\(.’
I LI
oé"__.N \\ o : |
H Sa-o—-
in which R, stands for a halogen atom; and
20 ©). © - a radical of_ihe formula Iv:
. e . ' . ) o
_ ‘ :. IV
J . . '
ey N
Y - H ?}"Q"’
25 .~ in which R7_ stands for a hydroxy group, or a radical

replacing it in a known clavulanic acid derivative with 8-
" lactamase inhibitory activity;

 and salts thereof with pharmaceutlch.J.y acceptable ‘non-toxic acids or
‘bases. '
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10 ~_gacids. 16. [err]-Bronopenicillanoyl oxyﬁﬂ—hs,d\hw

6- (D.a am no-[err]-phenyl - acetani do) penl cillanate d salts thereo h
phar Wraceu- tically acceptable, non-toxic acids. 17. Dn’"”m,"””'l””
[err]-1odopenicillanoyl oxymethyl 6-(D-| erg#- am no- [.¢ ,
phenyl - acet ani do) peni ci Il anate, and salTs théreof Wit hatmadeuti ca ly
accept abl e, non-toxic acids.- 18. . [err]- Brom)penl ci I | anoyl oxynet hyl
6- [ D-a-- am no- a- (p- - hydroxyphenyl ) acetam do] penicillanate, and salts
ther eof . wi tﬁ-phar Hacanpeanfly ofc feptrabl ®, I nandt exicn mtins. t80c1a1m 49.in
[err]-1odopenicillanoyl oxymethyl 6-[D-[err]-amno-[err]-(p-
hydr.oxyphenyhjabetard tvoldpefivri bl amaticahndf séhes ficdienebd Mt,hR and R
phar maceutical |y acceptable, non-toxic acids. 68 20.

1,1- Ehoxopéh@§hlP&m%ﬁ&%@%%ﬂﬂyﬁ @M@?QEQQCthm;ynﬂ-salts thereof as

- phenyl acetani-do) penicillanate, and salts thereof with pharmaceutically

5

accept abl e, debmnedxiia buketm 21 G avul anoyl oxynet hyl _ o
6+ ( D- a- ami no- a- phenyl acet ani do) 5 peniciltanate, 'and salts thereof with
pharmaceutical |y acceptabl e non-toxic acids. 22. - Cl avul anoyl oxynet hy

6- D-a- am no: a- (p- hydroxyphenyl) acet ami do penicillanate and salts thereof

with ghar mateut i cAl [OPMRAEPE apf e FopmmmkaxT candi gscorGiims. to clA:LmetmOdui or .

produ0| ng a cor‘rBound of formula | of Caim1, in which ,
o c stands for a radical of the formula III R6 r°pre«_

DECIVILN

SIS A o

¢

"senting a halogen atomj and salts thereof as defined in claim 5.

"~ 8. A bompbund of formula I and according to claim 7, in which

-Rs'sténds for bromine or iodine; and salts thereof with pharma-

10 céutically acceptable; non-toxic acids or bases.

9. A combound of formula I and according to claim 5, in '

" which A stands for a radical of formula IV, R7 representing

a hydroxy groupsand salts thereof as defined in claim 5.

10. 1,1-Dioxopenicillanoyloxymethyl 6-(D=t=amino-(t-
15 -phenylacetamido)penicillanate, and salts thereof with

pharmaceutically acceptabie, non-texic acids,

1l1. lm(l,leioxopenicillanoyloxy)ethyi 6-(D—aaamino;a—
;phenylacetamido)penicillahate, and salts thereof with
‘pharmaceutically acceptable, non~toxic acids.

200 12, . l,l-Diqxopenicillanbyloxymethyl 6-[D—a-aminona-(p?
-hydroxﬁphenyl)acetamido pen1c1llanate, and salts thereof

with pharmaceutlcally accentable, non~tox1c acids.
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7a)“-’g%a conpound of formula V: H H [err] I n which Rl R3, and A are
as deffned in Caiml, B stands for an azido group, a protected am no ' :

group, or a protected-carboxy group, is SubjeCté%L44L4%4¥¥4¥AAA4;—;

hydrogenol ysis or hydrol ysi s dependrng what A aagi.B stand for, in.a
m xture of an organic- sol vent and'mater a tent uﬂﬂwl " H [err] to
[err] or 25 69 b) a 6- anrnopenrcrllanrc Aiarilial mul a Xl :

-[errh\p a derivative thereof, in which one of the hydro en atons of the
NH2-group .i'n the 6-position has been repl aced by a trialkylsilyl group, in

-ghrch . and A are. as 10 defined-in Claiml, is reacted mnth a reacti ve
erivative of aci d tnula X I fined in -
ﬁ]ar ml, and é‘a%ns f?‘n ﬁoffgpgtB&&él&TanéJé&ﬂ’T al?% %-{[; gr%e Efa i's _
'X?:'?gf-g’”f ' C)(p-hyd:%]x?p en@f?Ia%'eltlalnldoi%reensiecrgﬂar?gtéPeaggng Q{}{E{leaof

, w1th pharmaceutlcally acceptable, non-~-toxic acids.
14. -1, l~D10xo-6a-chloropen1c111anoyloxymethyl 6 (D-a-
.5 /._ :—amlno—a-phenylacetamldo)pen1c1llanate, and salts thereof e
_w1th pharmaceutically acceptable, non-toxic a01ds.. |
| 15, l,l-Dloxo—GB-(2,G-dlmethoxybenzamldo)penlclllanoylokyn
methyl 6- (D-a-amino~o-phenylacetamido)penicillanate, and |
salts thereef with pharmaceutically acceptable, non-toxic B
10 acids.. o ' | |
16. 6B—Bromopenicillanoyloxymefhyl é—(D—a-amino—a~phenyl4
acetamldo)penicillanate, and salts thereof with éharmaceu~
'.\/.'_ . ticallylacceptable, non-toxic acids.
| 17. 6B-Iodopenicillanoyloxymethy1 6—(D~aramino~d~
:15'l ; phenyl-acetamido)penicillanate, and salts thereof with
_ pharmaceutlcally acceptable, non—-toxic ac1ds. |
18.. a 6B-Bromopenlcll1anoyloxymethyl 6- [D—a«amlno—a—(p—
-hydroxyphenyl)acetam;do]penlcillanate, and salts thereof
| wlth pharmaceutiéally acceptable, ﬁon~toxic acidst-
20_-- '19. 6B—Iodopenlclllanoyloxymethyl 6~ [D—a~am1no a~(p—
| E hydroxyphenyl)acetamldo pcn1c1llanate, and salts thereof

'w1th pharmaceutlcally acceptable, non-toxic acids.



|s reag{ed mnth a conmpound of formula VIRE [err] =~ 70 in: mhlch formil ae
[err]’and A are as defined in aim1l, M stands for a cation, and X stands
- f hal ogen atom or another IeaV|ng group, in ani c sol vent' at a

temmrmure[erﬂ of fromO to 40 C, MHHeMterthecommumio onmlai
" of Clalml i s recovered as such or in th&8form of ?”mmm

Claim 1. 24. * = The-nethod of Caim23a); in whi ¢ j' ﬁ “ bEnber
selegdpd fromthe group consisting of benzyl oxy--10. -cérbbnyhanﬁno

tri phenyl net hyl'am no, 1-met hoxycarbonyl - propen- 2- yl'-"ani no,
1-N, N—d|nethylan1nocarbonylpropen 2-yl - amino, benzyl oxycarbonyl, - and

cyanonethoxyca onyl . . The npt m 23C I n_which, in
formula VI, ®’stands F&rl%ﬂﬁQR?n%. é§P°Y1°X$WBﬁ§YAa§eJRNEﬂa(Rﬂﬁk8¥¥lBn
in'dOSage~un|t form nt er ren1 or topi.cal trea nt of |ents
(including ani FRRSHY asﬁgamgiaq> SRt (rBBaeBlt suAbET o dbs ae
‘an active ingredient O. L.to 2. 5 of a conEound s clalned in Cla|n11
Foget het with BRATHRCEPGECE Soler PORCTEDEABI BACRRM er. 27, A

'ph@r"aggup'ca' fonpOSIEig%uf;ﬁ¥x¥iE}ﬁg%ﬁyioé (D~awamlno—a-phenylacetamldo)

< 5 pen1c1llanate, and salts thereof with pharmaceutlcally
| acceptable non—tox1c acids.
.22; Clavulanoyloxymethy 6- [b—a—amlno—a—(p-hydroxypheryl)
"acetamidélpenlclllanate,_and salts_thereof with
phafmaceutiéally acceptablé, non~toxic acids.

__lO 23. A method for producing a compound of formula I of

~ Claim l, in which

a) . a compound of formula V: : _ S
N _ 2 = o
S 'Rl—?H-CO-NHh-— = S\,< oy
o B L0 .
S _ o= N g
15 L H.Jﬁ-—o-' H-A
O Ry .

in which Rl' R3, and A are as deflned ‘in Clalm 1, B stands
.'for an a21do group, a protec*ed amino group, or a protected
o .carboxy group, is subjected-to a catalytic hydrogenolysis
20 or hydrolyéis depending én what A and B stand for}.in a

' " mixture of an organic solvent and water at a temperature

bf from OO to 3o°c; or

25

(



a§ clained.in C1a|n126 for oral treatnent .of patients?_conliﬂlﬂ_ﬂg_iigﬂ%9:05
g;ﬁ?b\ﬁfg g. of ‘the active ingredient 28. - A pharmaceutical conposition
i'n dosage unit. form 25~ as clained in Cai 26 and CCNTI "ﬂ”"w tive -
71 conponent t he conmpound 1, 1-di oxopeni ci | noyloxynet '"m ,un

6- (D- a- ani no- a- phenylacetanldo)pen|0|IIanate or a'salt thetedf Wth a*
pharmaceutical ly adceptable non-toxic acid..29. - A pharnaceuti cal 5
conposi ti-on iy dosageupi d igdng as
the active ceg%onent ?hg %g%ﬁg?{bfg?f%?%ggpe%?cF%?ggg§?g§$%§ﬁ¥iéi£&

6- [ D- a- am no- a- ( p- hydr oxyphe I)agptanldo] pen|C|IIanate or a salt t her eof
Wth a pharnaceutically*gﬁée it abl & -t exic.acid...10° 30.

phar maceut i cal = conpositi = un|¥~ Jormas cl ained in C gdfn 26-and -
containing.as the active co nent th npound 6 EEIPEATIE _
--bronopeni ci | | anoyi oxymet hyl. o ' _
6-(D-[err]-am no- a- phenylacetanldo)pe ci P eA a- salt thereof with a
pharmaceutigal Iy acceptable non-toxi ¢ 15 C|d - A pharnaceutlca
conposition in dosage unit formas clai med$i n @gl m 26 and_containing as

t he active conponent t he. conpound [err]-lodopen|0|lIanoyloxynethyl
6-(D-[err]-amno-[err]- phenyl acet ami do) peni cill anate or ‘a salt 20 - thereof
WI th a. phar rT&ﬁ‘-ﬁUélﬂékhiﬁa%(i%%pt&mﬁeoflpniﬂ%‘hﬁch ‘one of the hvdrogan

atoms of the NHZ—group in the 6-p051t10n has been
.'replaced by a txlalky151lyl group,:ln whlch 3

ana\é are as
.iO-deflnediln Claim 1, is reacted w1th a react;ve derivétive

of an acid of formula XII: _

"R, =CH-COOH -

ol |

T .

| XII_?”

| in which_Rl-ie as defined in C;aim lf_ané Btge aS'aefineé

.;5¥abeve 5: additionally HN3+; hal_,_whereeﬁal is haloéen;

: -orhﬁ _ _ - o ;
'¢y an amlnopenlcllizn represented by the generai

_ formula XIII

. . : . . . ': - H . . T . . .I
o . ' .CH-CO-NH,= = .S S
o | .'Rl ?H 0 4 7. -
20 oW, | o} 0 XIIT

:ozzw;g—N-—jgr\ . .
o B _;—0"}¢ o
R s

is reacted with a compound of formula VIII:

. . A-CH-X - .
L . C o 1:_ O VIIX
25 Ry .
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ATHTh, 33 A phar maceut i cal conposi tion in dosage unit formas clainmed
in apy one of Clains 28 to 31, in the formof tablets, pills, or capsules.

25> 33. . A pharmacéutical composition containing'a~eeﬁpoung_ﬁ_lgé§ts_s

clainmed in Aaim1l together with carrier Bbstances_a auxiliary ag

cont ai ni ng fron119910 95% by wei ght of t active.cona ﬂﬂﬂ”ﬂ aw
e L”!M’l’#,,lng

conpounded- phar neceuti cal conposition as 5 clained in
the "active ingredient together with a known 6-(substitute
am di no) penicillanic-acid, or a salt, ester or ester salt thereof, the
ratio-by -wei ght between the active -conpounds being from1:20 to 20:1. 35.
A conpounded phar eutical conpqgsition as claimed 10 in Claim 34 .in which
sai-d-rati o by W8i gﬁgc"b{et,f\ﬁé'é"ﬁﬁta:% Faot iReer coPPolin@sei asf definest g £haimel,
A .conpounded ppar paceutical conposition as clained in Caim34 or 35, in
which the acti espﬁaﬁgdﬁgﬁ § cation, and X stands for a halogen atom or

1; 1- di oxopeni ci | | anoyl gxynet hyl 6- ( D- a- ami no- a- phenyl acet- 15 T
‘ami do) peni ci | |§ﬁ8§ge§ngeﬂ‘(&n§/ i thit P AT IRREFPERLYENL [B4nisc tamperature
gigg?h[?-siy?h§¥L§¥§ﬁg E?hﬁ?}ﬁé Qg??rgggfélkthe.abové active conboundé |
_dbtibnally'gefng.use% in;%%g f orm of eugs,mjth'a EharﬁaceuticaLLy
acceptabl e, > no terepttel; fhe compound of formula I of Claim 1 is
T L recovered as such or in the form of a salt as defined in
' Claim 1. '. | |
24. The method of Claim 23a), in which B stands for a
member selected.frdm the groﬁp consiéting of benzyloxy-
1o carbonylémino, triphenylmethylamino, 1-methoxycarbony1¥"
'propen—ZéYI-aminb,_i—N,ﬁ—dimethylaminocarbonylpropen—2-y1—
amino, beﬁzyloxycarbonyl, and cyanomethoxy&arbonyl.
o 25, The method of Claim 23¢), in which, in formula VIII,
X stands for iodine. |
15 26. . A pharmaceﬁtical;compositién in dosage unit form
for'énterél,pareqteral or topical treatment of pafients
'(inqlﬁding animals) suffering from infectious diéeases,
which comprises as an active ingredient 0;025 g..té |

2.5 g.'of a compound as claimed in Claim 1 together with

ol

20 an atoxic pha;macéutically acceptable carrier.
o o '27. A pharmaceutical compositiéﬁ in dosage unit form
as.claimed in Claim 26 for oral treatment of patienﬁs,
- containing Exom 0.05 g. to 1.5 gq. of_the active.ingredient.
28. A pharmaceutical composiﬁion in dosage unit form

25 as claimed in Claim 26 and'contéining as the active .



s

4
K

/20 25°  7337. . A conpound of formula |- déf[ned in Caim1

- substaftially as herelnbefore described in any one of _the foregoing .

" Exarfpl es. 38. - * A net hod of produ0|zg a conpound of formula I 5 &S
defined in Claim1 substantially as herei#before descri Hﬂm _
“the foregoing Exa Ies. The text of the specification h ummm L‘m IR
by phot ocopyi ng the applicants original ‘typescript. 1t*my cdontaif a* ew
‘manuscri pt anendnments which are difficult to read. The ori gi nal

typest?lpt cont ai ni ng these nanuscrlpt anendnents nay be i nspected. on the

prem ses of the Pgt %ggltdgﬂececollép

3 l l lehopen1c11lanoyloxymethyl
] 6~ (D«a-amino—a—phenylacetamldo)pen1c1llanate or a salt
_thereof with a pharmaceutlcally acceptable, non-tox1c acid.
29. A pharmaceutical composition in dosage unit form
5 as claimed in Claim 26 and containihg.as the active
componeniithe ¢ompound 1,1~aioxopenicillanoleXYmeﬁhyl_
| 6-[D-a;amino-s—(p—hydroxyphenyl)acetamidé]penicillanate
6r a salt thereof with a pharmaceutically acceptable,
non~-toxic acid. -
1 30. A pharmaceutical composition in'dosage unit form _
as claimed—in.Claim 26 and contaihing.as the active
component the compound 6B—bromopenidillanoyloxymethyl

6= (D-a-amino~o~-phenylacetamido) penicillanate or a salt

-_therebf with a pharmaceutically'acceptable, non-toxic
15 acid.
31. A pharmaceutlcal composition in dosage unit form

as clalmed in Claim 26 and contalnlng as the actlve
component the compound 68-iodopenicillanoyloxymethyl
6—(D;dfamino—a-phenylacetamido)penicilléﬁate or a salt
 20 thereof with a pharﬁaceutisally acceptable, non~toxic
‘acid. | | | |
. 32. | A pharmaceutical compositionsin dosage.unitiform
~as clained in any one of'Claims'ZS to 31, in the form:

of tablets,. pllls, or capsules.

25 33. A pharmaceutlcal comp051ulon contalnlng a compound
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as claimed in Ciaim-l'together with caxrief subsﬁances

“and auxiliary agents, containing from 1% to 95% by weight

of the active compound.

34.'_ ' A compounded pharmaceutical composition as

_claimed'in claim 33 containing the active ingredient'

together with a known 6- (substituted amidino)penicillanic

acid, or a sait, ester or ester salt thereof, the ratio by

 weight between the active compounds being from 1:20 to 20:1.

10

15

20

.25

35. A compounded pharmaceutical.composition as claimed

in Claim 34 in whiéh said ratio by wéight between the
active compounds is from 1:5 to 5:1. “

36. A compounded pharmaceutical compositidn_aé'claiméd.
in Claim 34 or 35, in which the active ingredient is

l,1-dioxopenicillénoyloxymethyl6»(D—a-amino~a—phenylacet—

'amido)péniCillanate and the 6-(substituted amidino)penicil-

lanic acid ester-ié pivaloyloxymethyl 6-!}hexahydro—lﬂ“
azepin- l-yl)—methyleneamlndj—pen1c1llanate, the above active
compounds optionally ‘being used in the form of salts with

a pnarmaceutlcally acceptable, non—tox1c acid.
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'37. . A compound of fqrmula'I'defined in Claim 1

- substantially as hereinbefofendéscribed in any one of -

'thé foregoing Examples.

38. A'meﬁhod of producihg a .compound of fdtmulé I

5 as defined in Claim 1 substantially as hereinbefore

described in any'one of the foregoing Examples.

-The text of the specification has been reproduced, by photv_:copying' ?he._applicanf.s agriggﬁ
typéscript. . It way contain a few wanuscript amendments which a:te.d:.fi‘z.fult totge . ohe
original tjpescript containing these manuscript amendments ma,y_'oe inspected on e preai
of the Patent Office
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