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NOVEL ALKYLENEDIAMMONIUM DICLAVULANATE DERIVATIVES,
A PROCESS FOR THE PREPARATION THEREOF
AS WELL AS THE USE THEREOF

TPC C 07 D 498/04, A 61 K 31/42

The present invention belongs to the field of 'phé:maceuﬁcal industry and relates to
novel alkylenediammonium diclavulanate derivatives, to a process for the preparation
thereof as well as to the use thereof as intermediate compounds for the preparation of

«clavulanic acid and of pharmaceutically acceptable alkali salts thexeof, such as.potas: .,

sium clavulanate.

Clavulanic acid, (2R,5R,Z)-3-(2-hydroxyethylidene)-7-ox0-4-oxa-1-azabicyclo-[3,2,0}-
heptane-2-carboxylic acid, is 4 known compound of the following structure:

¥ B 9 . CH,OH
H——'————r' : \=C<H 2
| . .
o7 ¥ 'COOH

This compound as well as the salts and esters thereof are active as inhibitors of beta-
lactamase, i.e. they inhibit beta-lactamases produced by gram-positive and gram-
negative microorganisms. Hence clavulanic acid and its salts are used in galenic
preparations in order to inhibit the inactivation of beta-lactam antibiotics. Commercial
preparations contain a stable potassium salt of clavulanic acid (clavulanic acid itself
being rather unstable) in combination with amoxicillin trihydrate.

Clavulanic acid is obtained by a fermentation method from various microorganisms
belonging to various Streptomycetes strains such as S. clavuligerus NRRL 3585, S.
Jjumoninensis NRRL 5741, S. katsurahamanus TFO 13716 and Streptomyces sp. P 6621
FERM P2804.
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C avul ani E aci d
(2R, 5R, Z)+ 3- ( 2- hydroxyet hyl i dene) - 7- oxo- 4- oxa- 1- azabi cycl o-

[3,2,0]- hept ane- 2-carboxylic acid, is a known conpound of the follow ng
structures [err] Thi s corrpczund as well as the salts and esters
thereof aFe active as inhibitors of béta- | act amase, ie. they inhibit

bet a- | act pnases produced by gram positive and gram negative
m croorgahi sms. Hence clavulanic acid and its salts are used in galenic

Slavulanic acid and its salts were first disclosed in GB 1,508,977. However, the process
?;r the preparation of clavulanic acid described therein is time-consuming and is based
-!n exacting purifications by means of various chromatographic methods. The saits of
iavulanic acid are obtained by binding the clavulanate anion present in the filtrate of
l-nc fermentation broth on an anionic exchange resin, subsequent elution of the
iavulanate anion therefrom by means of an electrolyte, desalting the obtained eluate,
assing the latter through another anionic exchange resin and a subsequent
hromatographic elution therefrom by means of an electrolyte, repeatedly desalting the
btained eluate and removing the solvent. '

'he process requires the use of preparative chromatographic columns, which repre-
ents a comfsidérable*ifivestment expenditure; in. addmon, the applicability on a large
cale is limited.

\ further drawback of this process is the fact that the most steps thereof are carried out
n an aqueous medium where clavulanic acid is very unstable.

5B 1,543,563 discloses a modified fermentative process, wherein the pH value of the
medium is maintained within the range from 6.3 to 6.7, which results in an increased
sield of the desired compound. The salts of clavulanic acid such as potassium
lavulanate are obtained from lithium clavulanate by double exchange.

According to the process for the preparation of clavulanic acid and of pharmaceutically
acceptable salts thereof as disclosed in EP-0-026044, the exacting methods of purifica-
ion by means of exchange resins are largely avoided. The process is based on the
preparation of the tert. butylamine salt of clavulanic acid, preferably in the form of its
hcetone solvate. The tert, butylamine salt of clavulanic acid is prepared by treating the
extract, preferably the ethyl acetate extract, containing crude clavulanic acid, which was
prepared according to the process as described in GB 1,508,977, with tert. butylamine in
n organic solvent such as acetone, followed by the conversion of the isolated tert.
butylamine salt of clavulanic acid to clavulanic acid or a pharmaceutically acceptable
salt thereof.

The aim of the invention is to prepare clavulanic acid and pharmaceutically acceptable
fgsalts thereof, such as potassium salt, in a new and simple manner, thus obtaining the
[fdesired substance in a high yield and high purity by isolation from the concentrate of the
extract, obtained in a known manner in an organic solvent after the fermentation with a
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greparatlons I n order to |nh| b|t the |nact|vat|on of beta Iactam

anti bi otfcs. Cormmer- cial preparations contain a nore stable potassi um
sal t of clavulanic acid (clavulanic acid itself being rather unstable) in
conbl Mation with anoxycyl l'in &rihydrate. Clavul anic acid is obtained by
a fermentation nethod from various m Ccroorgani sns bel ongi ng to vari ous
Sreptomycetes strains such as S. clavuligerus NRRL 3585, S. j unoni nensi s
NRRL 5741, S. katsurahamanus |FO 13716 and Streptonycessp. P 6621 FERM
P2804. clavulanic-apidepradreing miciaosganisme,s wheredn idavalanic acidiscpresentin crude

1, 508, 9%grmtlowever, the process for the .preparation of clavulanic acid
described therein is tinme-consum ng and is based on exacting
purifications by means of various chromatographi c nmet hods. The salts of
cl avul arThis aimds achicodd by nexﬂvdnﬁohhﬂ;dtraghﬂQMmfarmdmaMmbwﬂ:wbtpnmdmﬂeﬁ n
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el ectro |tgwcesdg.s% 662 EERM P2804 as descnbed in JP Kokai 80-162993 pnor to the solvent
" " extraction, which yields a solution of crude clavulanic acid in an organic solvent.

Solvents suitable for the extraction are ethyl acetate, methyl 1sobutyl ketone or butanol,
the preferred one being ethyl acetate.

) .= “~ The organic phase is then washed with water and concentrated by. evaporation to a
, crude clavulanic acid concentration of at least 20 g/l and to a residual water content of

" under 6 g/l. The obtained extract in the organic solvent, such as the ethyl acetate extract,
is further subjected to a treatment with activated charcoal to eliminate any coloured
matter. '

The extract obtained in the above-described manneI: is reacted with substituted
alkylenediamines of the formula II

R Rsg R,
N - CH-(CH,) N

2

wherein the substituents R}, R,, R, and R, denote

- a hydrogen atom,

- a strajght chain or a branched chain alkyl group having 1 to 8 carbon atoms,

-~ anarylalkyl group wherein the alkyl group is a methyl or ethyl group and the aryl
group is a phenyl group, which is optionally para-substituted by a methy),
methoxy, nitro or halo (chloro or bromo) group, the aryl group on the alkyl chain
being in - or in B-position,

y a hydroxyalky] group having 2 to 4 carbon atoms, _ ——
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éE:iél'ﬁat e, passing the latter through another anionic exchange resin

PLACEIVENT SHEET subsequent chromat ographic el ution therefrom by

i

glans .af, an electrol repeatedly desalt#ng the obtained el uate and renoving

- an aminoalky! group having 2 to 4 carbon atoms, which is optionally substituted
by an N-alkyl or N,N-dialkyl group having 1 to 4 carbon atoms, or

- R,andR,orR,andR, jointly independently denote a cyclic alkylene ring having
3 to 6 methylene groups, one of these groups being optionally substituted by an
oxygen or a sulphur atom or by an imino group and '
R, denotes a hydrogen atom, or a methyl group and
n denotes an integer from 1 to 3,

to yield alkylenediammonium diclavulanates of the formula I

coo
R
Ry |2
N-—CH—-(CHE)"..N/ B3
R + DR
2 H A4

wherein the substituents have the above meanings. These salts are novel and have not
yet been described in literature.

The reactions are carried out most advantageously by using N,N’-monosubstituted sym-
metric ethylenediamines having an alkyl chain of medium length, wherein R, and R,
denote an ethyl or an isopropyl group, R, and R, denote a hydrogen atom and n
denotes 1.

As the most preferred alkylenediamine the N,N’-diisopropylethylenediamine is used,
which yields the N,N’-diisopropyl-ethylenediammonium diclavulanate.

The alkylenediamine bases can be used either as such or, in the case that they are
present in a solid form, in the form of solutions in organic solvents, such as acetone or
ethyl acetate.

For the preparation of the salt of the clavulanic acid at least one equivalent of the
selected alkylenediamine is used.
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Tﬁe process reqU|res the use of preparatlve chronatographlc colunns mhlch
rep sents a considerable investnent expenditure; in addition, the

appl ircapility on a la scale is limted. A further drawback of this process
i §. the~fact that nost steps thereof ar$® carried in an aqueous nedi um where
Glavul anic acid is very unstable. GB 1,543,563 discloses a nodified
fermentative process, wherein the pH value of th nmediumis naintained
within the range from6.3 to 6.7, which results in an increase yield of the
desired conpound The salts of clavulanic acid such as potassiun
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| argel y avoi ded. The process iIs based
The desired salts of the clavulanic acid of the formula I are stable crystalline salts which
excel by high purity, thus rendering a further purification by recrystallization unneces-

sary.

They are used as intermediate compounds for the pre;paration of pure clavulanic acid
and pharmaceutically acceptable salts thereof, e.g. for the preparation of potassium
@:“ : -?clavulanate;-::awhéreat they-are. subjected to a.double exchange by reaction with a car-
¥ bonate, hydrogen carbonate or hydroxide of a pharmaceutically acceptable alkali metal
B " or with a salt of an appropriate alkanoic acid,-.such as potassium 2-cthylhexanoate, in an
organic solvent, such as isopropanol. In this reaction an ion exchange between the
alkylenediammonium cation and the alkali metal cation takes place.

Another object of the present invention is a process for the purification of the clavulanic
acid and of the pharmaceutically acceptable salts thereof, which is characterized in that

- crude clavulanic acid is reacted in an ofganic solvent with an appropriate sub-
stituted alkylenediamine of the formula II

R, Rs

~ |

. N - CH- (CHz)n—N\
R - R

2 4

wherein the substituents R;, R,, R,, R, and R, and n have the meanings as
defined herein above,
- the obtained alkylenediammonium diclavulanate of the formula I
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wherein the substituents R,, R,, R;, R, and R; and » have the meanings as

= .- defined herein above, is optionallyisolated.and - P ; :
- then coverted to the clavulanic acid or to the pharmaceutically acceptable salts
thereof.

All steps of the process of the invention are carried out at temperatures about room
temperature.

In comparison with the known method for the préparation of the clavulanic acid and
pharmaceutically acceptable salts thereof as described in EP-0-026044, the process of
this invention excels by the preparation of the intermediate product, i.e. of the salt of
formula I in high yield and purity without any need of additional purification by recrys-
tallization, and this intermediate product can be obtained directly from the ethyl acetate
extract of the clavulanic acid without the use of additional organic solvents, such ‘as
acetone. According to the process as described in EP-0-026044 the clavulanate is

~® precipitated with tert. butylamine, the obtained precipitate is treated with acetone,

purified by reprecipitation with acetone from the isopropanol solution and then trans-
formed in an isopropanolic solution to the potassium salt of the clavulanic acid.

The invention will be illustrated in more detail by the following, in no way limiting Ex-
amples.
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In EP—A—O 002 312 the preparatlon of cI avuI anic acid derlvatlves i s

dLSC| osed and as internediates tert. butylam ne salts are forned.
REPLACEI\/ENT SHEET 3 Database WPIL,
Week '8849," AN-86- 320905 di scl oses the p?eparatlon of alkali netal salts of
ol avul ani ¢ acid wherein a guat ernary ammoni um salt of clavulanic acid is

Preparation of Starting Materials

Example 1
N,N’-diisopropylethylenediammonium diclavulanate

To the ethyl acetate extract obtained in accordance with known methods (1 ], crude
clavulanic acid content 20 g/l, water content 6 gfl), which was previously partly dis-
coloured by treatment with activated charcoal, N,N'-diisopropylethylenediamine (9 mI)
was added under vigorous stirring within 10 min. The solution was stirred for another 30

3 min., ' whereat.a precipitate separated. The -obtained precipitate was dissolved in water i, .7:::.

4_’ (20 ml) diluted with acetone (400 ml), whereat N,N’-diisopropylethylenediammonium
i " diclavulanate (13.0 g) separated in form of fine crystals, m.p. 130-132°C. '

H-NMR (D,0, DSS, 300 Hz): § = 133 (6H, d, J=6.5 Hz, CH(CH,),), 3.12 (1H, d,
J=17.0 Hz, 6-8CH), 3.38 (2H, 5, NCH,), 3.45 (1H, hept, J=6.5 Hz, CHME,),
3.55 (1H, dd, J=17.0 and 2.8 Hz, 6-CH), 4.18 (1, d, J=7.4 Hz, CH,
H”OH), 4.19 (1H, d, J=7.8 Hz, CH’H"OH), 4.88-4.96 (2H, m, 3-CH,
=CH-), 5.72 (1H, d, J=2.8 Hz). .
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3 N,N’-diethylethylenediammonium diclavulanate
To the ethyl acetate extract obtained in accordance with known methods (1 ], crude
clavulanic acid content 20 g/l, water content 6 g/l), which was previously partly dis-
coloured by treatment with activated charcoal, were added acetone (2 1) and then under
vigorous stirring within 15 min. N,N’-diethylethylenediamine (6.4 ml). The obtained
mixture was stirred for another 30 min., the separated precipitate was filtered off and
washed with acetone. The obtained amorphous precipitate was suspended in acetone (1
1), broken up by vigorous stirring and the obtained suspension was filtered once again.
The obtained product was dried, dissolved in water (20 ml) and to the solution acetone
(200 m1) was added. The clear fraction of the mixture was decanted from the soft mass
adhering to the walls of the vessel and filtered. To the filtrate additional acetone (400
ml) was added whereat of a precipitate formed, which was filtered off and washed with
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forhed ﬁ%lch |s reacted mnth an aIkaI| netal t hi ocyanate or earth alkal
metal thiocyanate in acetone. In EP-A-0 387 178 a process for the

pr epar.ation of Z(2R 5R)-3-(2-hydroxy-

ethylldene) 7- 0X0- 4- oxa- 1- azabi cycl o-[8, 2, 0] - hept ane- 2-carboxylic acid (=
clavu- Tanic acid) and pharmaceutically acceptable salts thereof from
fermentation broths of Streptonyces sp. is disclosed, the central step
bei ng the obtention of benzyl-tert. butylan ne clavul anate. In FR-A-1 290
132 the us [ gl of
benzati n- ﬁ%ﬁﬁ%%“!‘!nthlgg)ﬁ%&}%%gg%eghe ai m%ﬁoﬁﬁ&e(jltd‘ é%?on 4?150?9 pr epare
pure clavulanic acid and pharnaceutically ac- ceptable salts thereof such

as pot assjuqMIR Igb snmm)i 85 TFR9( 3iE 1t 7.3t i n1ng1Hha, desired
substance 1n J-—l‘l%kh;q gp&_ﬁng 1%&'?—1 %uj—bﬁﬁ}é, Cfﬂtii.j B4 Qﬁ],s,rﬁ(ﬁ-?ﬁ

3.55 (1H, dd, J=17.0 and 2.7 Hz, 6-CH), 4.18'(1H, d, J=8.2 Hz, CH,

H"OH), 4.18 (1H, d, J=8.0 Hz, CE'H"OH), 5.85-5,96 (2H, m, 3-CH,

~CH.), 5.72 (1H, d, J=2.7 Hz).

Process according to the Invention

) - Example3 -
Potassium clavulanate

N,N’-diisopropylethylenediammonium diclavulanate (10 g, clavulanic acid content 69%)
was dissolved in water (10 ml), the solution was diluted with isopropanol (190 ml) and 2
solution (15 ml, 2M) of potassium 2-ethylhexanoate in isopropanol was added within 15
min. with stirring. The obtained suspension was stirred for another 30 min. whereat a
precipitate separated, which was filtered off, washed with isopropanol and then dried.
Thus there was obtained potassium clavulanate (4.8 g; 70%), (USP Grade, clavulanic
acid content 81% as determined by the HPLC method).

Example 4
’. Potassiuvm clavul'anate

N,N’-diethylethylenediammonium diclavulanate (10 g, clavulanic acid content 70%) was
dissolved in water (10 ml) and to the resulting solution isopropanol (190 ml) was added.
The mixture was filtered off and a solution of potassium 2-ethylhexanoate in
isopropanol (15 ml, 2M) was added to the filtrate within 15 min. with stirring. The ob-
tained suspension was stirred for another 30 min. whereat a precipitate formed, which
was filtered off, washed with isopropanol and then dried. Thus there was obtained
potassium clavulanate (4.0 g; 47%), (USP Grade, clavulanic acid content 81% as deter-
mined by the HPL.C method).
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centtate of the extract obtained 1n a known manner from an ofgani c sol vent ’
aftef the'fernmentation with a m croorgani sm produci ng cl avul ani ¢ aci d
whérei-n clavulanic acid is present in a crude form Fhis—atm-i-s-achieved

by‘gonveﬂti'onally treating the fernent at'bon broth obtaipged ae{ £ t he
fernentation with a mcroorgani smproducing clavul anic a $
Streptonmyces sp. P 6621 FERM P2804 as described in JP KM'@"WWH or
to the solvent extraction, which yields a solution of cr acid
in an organic solvent. Solvents suitam the extraction are

et hyl acetate, nethyl isobutyl ketone, or a mxture of ethyl acetate
wi.th acetone, ethyl nmethyl ketone or nethyl isobutyl ketone, preferably in

atl1:0.5 to,1:5 Eﬁ{f e _ver BELHSH gfpyl acetate. The
ofganic ph%fse I's F]egir?d\if\%gﬂ'éﬁm&? p#ﬂ/\ﬁﬁeﬁgﬁd coﬁgg%tur ated by evaporation to
a
H H CH,OH HOH.C' -
H. .t 0oz @ ch\ o =H I:{
' 'l H g—C=3 W\-_ H
N H
O/' - : H - o N ‘\\
s 0o0C 0
: coe
R
R |2 R
N - Swca-(om, ) w3
2 N
-~ R + + R4
L& 2 H H
wherein the substituents R'l, R, R, and R, denote
- a hydrogen atom,_
- a straight chain or a branched chain alkyl group having 1 to 8 carbon atoms,

- an arylalkyl group wherein the alkyl group is a methyl or ethyl group and the aryl
group is a phenyl group, which is optionally para-substituted by a methyl,
methoxy, nitro or halo (chloro or bromo) group, the aryl group on the alkyl chain

‘being in a- or in B-position,

- a hydroxyalkyl group having 2 to 4 carbon atoms,

‘ - an aminoalkyl group having 2 to 4 carbon atoms, which is optionally substituted
i D by an N-alkyl or N,N-dialkyl group having 1 to 4 carbon atoms, or '

'% 2 - R, and R, or R, and R, jointly independently denote a cyclic alkylene ring having
! 3 to 6 methylene groups, one of these groups being optionally substituted by an
' oxygen or a sulphur atom or by an imino group and

R, denotes a hydrogen atom, or a methyl group and

n denotes an integer from 1 to 3.

2, N,N’-diisopropylethylenediammonium diclavulanate.
3. N,N'-diethylethylenediammonium diclavulanate .
4, A process for the preparation of compounds of the formula I, according to claim

1, characterized in that a solution of clavulanic acid in an organic solvent is reacted with

substituted alkylenediamines of the formula II
RN O
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_e cl avuI ani ¢ aci d concentratlon of at Ieast 20 g/l and to a residual
watfdr “cont'ent of under 6 g/I. The obtained extract in the organic sol vent
as the etyl acetate ex- tract is further subjected to a treatnment with
'vat &t charcoal to elininate any col®ured natter.

§ ACEVENT SHEET ' 4

R
CH,), .
R, R4

wherein the substituents R, R,, R;, R, and R5 and n have the meanings as defined at
. ) formula I in claim 1, optionally with solutions thereof in an organic solvent, such as
acetone or ethyl acetate. '

5. A process éccording to claim 4, characterized in that ethyl acetate or optionally a
mixture of ethyl acetate and acetone, ethyl methyl ketone or methyl isobutyl ketone in a
1:0.5 to 1:5 ratio is used as the organic solvent.

6. Use of the alkylenediammonium diclavulanates of the formula I according to

one of the claims 1 to 3 as intermediate compounds in the preparation of clavulanic acid

and of pharmaceutically acceptable alkali salts thereof.

7. A process for the preparation of clavulanic acid and of pharmaceutically accept-

able alkali salts thereof, characterized in that alkylenediammonium diclavulanates of
) - the formula I according to one of the claims 1 to 3 are converted to clavulanic acid or
. pharmaceutically acceptable alkali salts thereof.
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Thé’ extract prepared as d| SC| osed above |s react ed wrth substrtut ed

al kyl ene dian of the formula |1 [err] wherein the substituents
Rlérr], Rerr], R3 and R4 denote - a hydrogen atom - a

str.ar ght~chtai n or branched-chain al kyl gfoup having 1 to 8 carbon atons of
- . a hydroxyl akyl group having 2 to 4 carbon atons and NR[ err] R2 and/ or

NR[ err]

8. A process for the preparation of clavulanic acid and of pharmaceutically accept-
able alkali salts thereof, characterized in that

a) crude clavulanic acid is reacted in an organic solvent with a substituted

alkylenediamine of the formula II
R, Rs R,
N - CH-(CH,) N
R, . R,

wherein the substituents R, R, R,, R and R, and » have the meanings as defined at
formula I in claim 1,

b) the thus obtained alkylenediammonium diclavulanate of the formula I

H H CH,OH HOH..G ' |
S 9 = s S
7— 0= T —H
. H
g Ne—H ; N
© SoEE ~00C” %
CO0
R
Ry, 2
N-CH-(CH ),,-N< 5
R T Ry
2 H H

wherein the substituents R, R,, R, R, and R, and n have the meanings as defined at
formula I in claim 1, is isolated and

) then converted to clavulanic acid or pharmaceutically acceptable alkali salts

- thereof.

R




e a heterocycllc r|ng haV|ng 3 to 6 nethylene groups bound to
m one of these groups being optionally substituted by an oxyge
atomor by an imno group and Rlerr] denotes a hydrogen atom
group and n denotes an integer froml to 3, to yield
I anmoni um di cl avul anat es of thenf ormul a |

DO O S

9. A process according to one of the claims 7 or 8 characterized in that

clavulanic acid in the form of its stable potassium salt is prepared by reacting

. alkylenediammonium diclavulanate of the formula I with potassium 2-ethylhexanoate
in isopropanol. - |

10. A process according to one of the claims 7 to 9, characterized in that the or-
ganic solvent is selected from the group comprising ethyl acetate or a mixture of ethyl

acetate and acetone, ethyl methyl ketone, or methyl isobutyl ketone

11, A process according to claim 10, characterized in that ethyl acetate is used as
" “the organic solvent.
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the substltuents have the above meani ngs These salts are
t advant ageously by using N, N -nonosubstituted symetric

thyl or an isopropyl group, R err] and R err] denote a
and n denotes 1.

ABSTRACT

S Nole alkylenediammonium diclavulanate derivatives, process for the prcparatmn
: tthGOf and use thercof

| A novel process for the preparation of calvulanic acid and pharmaceutically acceptable
salt thereof, such as potassium clavulanate, is described. According to the novel process,
crude clavulanic acid, which is present in the form of an extract in an organic solvent,
' such as ethyl acetate, the extract having been obtained in known manner upon fermen-
tation with a calvulanic acid producing microorganism, is reacted with substituted
alkylenediamines of the formula I

R Rs. &
1 \ l
N - CH-(CH,) -N
R, R,

wherein the substituents R, R,, R;, R, and R, and » have the meanings as defined in
claim 1, e.g. with N N’-dnsopropylethylcncdlannne, to the novel alkylcncdxammomum
diclavulanates of the formula I

‘.2*/.
. H H CH,OH HOH .G H B
/ . h . 0 / 2 2 \ 1 :
J H_: P cL /O ~3 .
H
R N N \
& H ~ 00C’ Ro)
coo™
R
N-CH-(CH )n—-N ~
R Ry
2 H H
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NOVEL ALKYLENEDIAMMONIUM DICLAVULANATE DERIVATIVES,
A PROCESS FOR THE PREPARATION THEREOF
AS WELL AS THE USE THEREOF

IPC C07 D 498/04, A 61K 31/42

The present invention belongs to the field of pharmaceutical industry and relates to
novel alkylenediammonivm diclavulanate derivatives, to a process for the preparation
thereof as well as to the use thereof as intermediate compounds for the preparation of
cfavxﬂanic acid and of pharmaceutically acceptable. alkali salts thereof, such as potas-, . .
sium clavulanate.

Clavulanic acid, (2R,5R,Z)-3-(2-hydroxyethylidene)-7-ox0-4-oxa-1-azabicyclo-[3,2,0]-
heptane-2-carboxylic acid, is 2 known compound of the following structure:

aselTd

n-_———( T\H

o” " COOH

This compound as well as the salts and esters thereof are active as inhibitors of beta-
lactamase, i.e. they inhibit beta-lactamases produced by gram-positive and gram-
negative microorganisms. Hence clavulanic acid and its salts are used in galenic
preparations in order to inhibit the inactivation of beta-lactam antibiotics. Commercial
preparations contain a stable potassium salt of clavulanic acid (clavulanic acid itself
being rather unstable) in combination with amoxicillin trihydrate. :

Clavulanic acid is obtained by a fermentation method from various microorganisms

belonging to various Streptomycetes strains such as S. clavuligerus NRRL 3585, S.

Jumoninensis NRRL 5741, S. katsurahamanus IFO 13716 and Streptomyces sp. P 6621
: FERM P2804.

R
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.sel ected al kyl enediarnine is used. The desired salts of clavulanic acid
(1:2) of the formula |I such as N, N - diisopropyl ethyl ene-di anmoni um

dicl avul anate can then be isol ated, whereby the clavulanic acid is obtained
free of nost inpurities or even free of all inpurities. The desired salts
of the clavulanic acid of the formula | are stable crystalline salts ex-
celling by high purity, thus rendering azfurther purification by
recrystallization un- necessary. They are used as internediate conpounds
for the preparation of pure clavulanic acid and pharmaceutically acceptable

salts thereof, e. for the preparation of potassium clayul anate wher eat
they are subj e¥avelanicacid ang ity paits cnest frstydiscigscd in GB; 1087 1. Hopevsh thapyAcass,

hydr ogen car bojtaheproparaticlr ofclsialaaic acidassrived eietein isl tinye-cansemingtand isbased i
metal or with g ezitihg BhrifdduciPhyREdnd of vaidA Mkdmatsgrablid fld it PPiAsmERS 8
2-ethyl - lavulanic acid are obtained by binding the clavulanate anion present in the filtrate of
he fermentation broth on an anionic exchange resin, subsequent elution of the
javulanate anion therefrom by means of an electrolyte, desalting the obtained eluate,
' vassing the latter through another anionic exchange resin and a subsequent
hromatographic elution therefrom by means of an electrolyte, repeatedly desalting the
ibtained eluate and removing the solvent.

fhe process requires the use of preparative chromatographic columns, which repre-
ents a cofisiderable’ ifivestment expenditure; in addition, the apphcabihty on a large
cale is limited.

A further drawback of this pfoccss is the fact that the most steps thereof are carried out
n an aqueous medium where clavulanic acid is very unstable. -

5B 1,543,563 discloses a modified fermentative process, wherein the pH value of the
medium is maintained within the range from 6.3 to 6.7, which results in an increased
{ield of the desired compound. The salts of clavulanic acid such as potassium
slavulanate are obtained from lithium clavulanate by double exchange.

According to the process for the preparation of clavulanic acid and of pharmaceutically
acceptable salts thereof as disclosed in EP-0-026044, the exacting methods of purifica-
tion by means of exchange resins are largely avoided. The process is based on the
preparation of the tert. butylamine salt of clavulanic acid, preferably in the form of its
acetone solvate. The tert. butylamine salt of clavulanic acid is prepared by treating the
extract, preferably the ethyl acetate extract, containing crude clavulanic acid, which was
prepared according to the process as described in GB 1,508,977, with tert. butylamine in
an organic solvent such as acetone, followed by the conversion of the isolated tert.
butylamine salt of clavulanic acid to clavulanic acid“or a pharmaceutically acceptable
salt thereof. .

The aim of the invention is to prepare clavulanic acid and pharmaceutically acceptable
salts thereof, such as potassium salt,- in a new and simple manner, thus obtaining the
desired substance in a high yield and high purity by isolation from the concentrate of the
extract, obtained in a known manner in an organic solvent after the fermentation with a

. Replaced. | [ REPLACEMENT SHEET
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hexanoate, in an organi c solvent such as isopropanol. In this reaction an

i an exchange between the al kyl enedi ammoni um cation and the al kali netal
cation takes pl.ace. Another object of the present invention is a process
for the purification of clavulanic acid and of the pharmaceutically
acceptabl e salts thereof, which is chargcterized in that - a crude
clavul anic acid extract in an organic solvent resulting from sol vent ex-
traction of the fermentation broth obtained after the common processing
thereof after the fernmentation with a m croorgani sm producer of clavulanic

acid, is reagiGhaifehBaroidBRf WittbGdadllYhFGEH @lulGiclcid Beprlett'ih 2rdak

Lerr] form.

This aim is achieved by conventionally treating the fermentation broth obtained after
the fermentation with a clavulanic acid producing microorganism of the genus Strep-
tomyces sp. P 6621 FERM P2804 as described in JP Kokai 80-162993 prior to the solvent

" extraction, which yields a solution of crude clavulanic acid in an organic solvent. ‘

Sclvents suitable for the extraction are ethyl acetate, methyl isobutyl ketone or butanol,
the preferred one being ethyl acetate.

The organic phase is then washed with water and concentrated :by. evaporation to a e
crude clavulanic acid concentration of at least 20 g/l and to a residual water content of
under 6 g/l. The obtained extract in the organic solvent, such as the ethyl acetate extract,
is further subjected to a treatment with activated charcoal to eliminate any coloured
matter.

The extract obtained m the above-described manner is reactcd with - substituted
alkylenediamines of the formula II

N - CH~(CH,) N

\

wherein the substituents R,, R,, R, and R, denote

- a hydrogen atom, .

- a straight chain or a branched chain alkyl group having 1 to 8 carbon atoms,

- an arylalkyl group wherein the alkyl group is a methyl or ethyl group and the aryl
group is a phenyl group, which is optionally para-substituted by a methyl,
methoxy, nitro or halo (chloro or bromo) group, the aryl group on the alkyl chain
being in a- or in 8-position, |

- a hydroxyalkyl group having 2 to 4 carbon atoms,
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wherein the substituents Rerr], Rerr], Rerr], R4 and R err} and n have
t he above-defined ne ings, - t he obt ai ned al kyl enedi anmoni um

clfavul anate of the fornula |

an aminoalkyl group having 2 to 4 carbon atoms, which is optionally substituted
by an N-alkyl or N,N-dialkyl group having 1 to 4 carbon atoms, or
. R,andR,orR;andR, joinily independently denote a cyclic alkylene ring having
3 to 6 methylene groups, one of these groups being optionally substituted by an
oxygen or a sulphur atom or by an imino group and
R, denotes a hydrogen atom, or a methyl group and
n denotes an integer from 1to 3, '
to yield alkylenediammonium diclavulanates of the formula I

CH.OH H ;
H-\ \__c/ 2 o HOHZC\ . 0 ,H H
r_ . H/‘c':—.r .'\l.-\: ..H
| 7 H H\J“N : r
o7 i ~00c” %
coc )
R
Ry~ {2
/N-CH-(cH2 er/ Rs
R2 H H R4

wherein the substituents have the above meanfngs. These salts are novel and have not
yet been described in literature.

The reactions are carried out most advantageously by using N,N'-monosubstituted syin-
metric ethylenediamines having an alkyl chain of medium length, wherein R, and R,
denote an ethyl or an isopropyl group, R, and R, denote a hydrogen atom and n
denotes 1. :

As the most preferred alkylcncdiéminc the N,N’-diisopropylethylenediamine is used,
which yields the N,N’-diisopropyl-ethylenediammonium diclavulanate.

The alkylenediamine bases can be used either as such or, in the case that they are
present in a solid form, in the form of solutions in organic solvents, such as acetone or
ethyl acetate.

For the preparation of the salt of the clavulanic acid at least one equivalent of the
selected alkylenediamine is used.
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[err] wherein the substituents
and n have the above neani ngs,

Rlerr], Rerr], R[err]., R err]

is of tionally isolated and -

and Rlerr]

subsequently converted to pure clavulanic acid or pharmaceutically accept

abl e al kal i

sal ts thereof.

The desired salts of calvulanic acid (1:2) of the formula I, such as N,N’-
diisopropylethylenediammonium diclavulanate, can then be isolated whereby the
clavulanic acid is obtained free of most or even free of all impurities.

The desired salts of the clavulagic acid of the formula I are stable crystalline salts which
excel by high purity, thus rendering a further purification by recrystallization unneces-
sary.

They are used as intermediéte compounds for the pre:paration of pure clavulanic acid
and pharmaceutically acceptable salts thereof, e.g. for the preparation of potassium

- clavulanate;:whereat they-are subjected to a double exchange by reaction with a car-

bonate, hydrogen carbonate or hydroxide of a pharmaceutically acceptable alkali metal
or with a salt of an appropriate alkanoic acid, such as potassium 2-ethylhexanoate, in an
organic solvent, such as isopropanol. In this reaction an ion exchange between the
alkylenediammonium cation and the alkali metal cation takes place.

Another object of the present invention is a process for the purification of the clavulanic
acid and of the pharmaceutically acceptable salts thereof, which is characterized in that

- crde clavulanic acid is reacted in an orgamc solvent with an appropnatc sub-
stituted alkylenediamine of the formula II

R Rs R,

[
. N - CH-(CH,) ~N
yas N
R, R,

wherein the substituents R,, R,, R,, R, and R, and n have the meanings as
defined herein above,
- the obtained alkylenediammonium diclavulanate of the formula I

This Sheet Has Been Rerlaced i

REPLACEMENT SHEET

16 DEC 1996




Al'l steps of the process of the invention are carried out at tenperatures
ahout roomtenperature. In conparison with the known nmethod for the
preparation of clavulanic acid and pharmaceutically acceptable salts

t hereof as described in EP-0-026004, the process of the invention excels in
the preparation of the intermediate prgpduct i.e. of the salt of fornula I
in a high yield and purity wi thout any need of additional purification by
recrystallization, and this internedi ate product can be obtained directly
fromthe ethyl acetate extract of clavulanic acid w thout tﬂg use ,of

addi tional organic gl venis §ych as ,8gltbne. AE@%fﬁlng tg th& process as
described in EP- (#.02% : CTHITFaHate is pre ~—H

butyl am ne, the obtal ned precipijate is treated Wltlh cetone, puritied by
reprecipitation with|acetoge frointhe isopropanol so nd—t-he\h
transformed in an ig0propanoki c 58 ution to the pwmssmm salt of O
cl avul ani ¢ aci d. coo™
' R

R |2 R

1\N4H-(CH21,-N/ 5

R 1 g

wherein the substituents R;, R,, R,, R, and R, and » have thc meanings as
defined herein above, is optionally:isolated and - o

then coverted to the clavulanic acid or to the pharmaceutically acceptable salts
thereof.

All steps of the process of the invention are carried out at temperatures about room
temperature.

In comparison with the kinown method for the préparation of the clavulanic acid and
pharmaceutically acceptable salts thereof as described in EP-0-026044, the process of
_ this invention excels by the preparation of the intermediate product, ie. of the salt of
formula I in high yield and purity without any need of additional purification by recrys-
... tallization, and this intermediate product can be obtained directly from the ethyl acetate
extract of the clavulanic acid without the use of additional organic solvents, such ‘as
acetone. According to the process as described in EP-0-026044 the clavulanate is
precipitated with tert. butylamine, the obtained precipitate is treated with acetone,
purified by reprecipitation with acetone from the isopropanol solution and then trans-
formed in an isopropanolic solution to the potassium salt of the clavulanic acid.
N
The invention will be illustrated in more detail by the following, in no way limiting Ex- .
amples. -
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The invention will be illustrated in nore detail by the followng, in no
way |imting Exanples. o
7° Preparation of Starting Materials

7

Preparation of Starting Materials

Example 1
- N,N’-diisopropylethylenediammonium diclavulanate

To the ethyl acetate extract obtained in accordance with known methods (1 1, crude
clavulanic acid content 20 g/l, water content 6 g/l), which was previously partly dis-
coloured by treatment with activated charcoal, N,N'-diisopropylethylenediamine (9 ml)
was added under vigorous stirring within 10 min. The solution was stirred for another 30

min., whereat a precipitate separated. The -obtained precipitate was dissolved in water ;... . ::

(20 ml) diluted with acetone (400 ml), whereat N,N'-diisopropylethylenediammonium
" diclavulanate (13.0 g) separated in form of fine crystals, m.p. 130-132°C.

IH-NMR (D,O, DSS, 300 Hz): § = 1.33 (6H, d, J=6.5 Hz, CH(CH,),), 312 (1H, d,
J=17.0 Hz, 6-8CH), 3.38 (2H, 5, NCHL), 3.45 (1H, hept, J=6.5 Hz, CHMe,),
3.55 (1H, dd, J=17.0 and 2.8 Hz, 6-«CH), 4.18 (1H, 4, J=7.4 Hz, CH,
H"OH), 4.19 (1H, d, J=7.8 Hz, CH’'H"OH), 4.88-4.96 (2H, m, 3-CH,
=CH-), 5.72 (1H, d, J=2.8 Hz). :

Example 2

N,N’-diethylethylenediammonium diclavulanate

To the ethyl acetate extract obtained in accordance with known methods (1 ], crude
clavulanic acid content 20 g/l, water content 6 g/l), which was previously partly dis-
coloured by treatment with activated charcoal, were added acetone (2 1) and then under
vigorous stirring within 15 min. N,N’-diethylethylenediamine (6.4 ml). The obtained
mixture was stirred for another 30 min., the separated precipitate was filtered off and
washed with acetone. The obtained amorphous precipitate was suspended in acetone (1
1), broken up by vigorous stirring and the obtained suspension was filtered once again.
The obtained product was dried, dissolved in water (20 ml) and to the solution acetone
(200 ml) was added. The clear fraction of the mixture was decanted from the soft mass
adhering to the walls of the vessel and filtered. To the filtrate additional acetone (400
ml) was added whereat of a precipitate formed, which was filtered off and washed with
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Exanpl e | N, N - di i sopropyl et hyl cnedi anmoni um di cl avul anat e To the ethyl
acet ate extract obtained in accordance wth known nethods (11, ci
clavulanic acid content 20 g/1, water content 6 g/l), which was previously
partly coloured by treatnent with activated charcoal,

N, N -di i sopropyl et hyl enedi am ne (9 was &ded under vigorous stirring
within 10 mm The solution was stirred for another mn, whereat a

preci pitate separated. The obtained precipitate was dissolved in wa (20
m) diluted with acetone (400 m ), whereat N, N -diisopropylethyl enedi anmoni
di cl avul anat e adt8n® Thys hersarasobuined thefesirest compaund (10:8)amp: 1%-}33./8“0
130-132[err]C [err]HNWR (Dlerr]O DSS, 300 Hz): [err] = 1.33 (6H, d,

J=6.5 Hz, CH( 8 Eﬁg )61411.29 (3H, 1, 1=7.3 B fﬂi’jz 18dB/¢ ] O
3.38 (2H s, %‘ﬁ%ﬁ ﬁd Hgs éﬁ )%%gﬁﬁt 4, ﬁﬁ%ﬁ;'&iﬁé 4 {zh s, NCHL),
_ : 3.55 (1H, dd, J=17.0 and 2.7 Hz, 6-«CH), 4.18'(1H, d, J=8.2 Hz, CH,

H"OH), 4.18 (1H, d, J=8.0 Hz, CH'H"OH), 5.85-5,96 (2H, m, 3-CH,
=CH-), 5.72 (1H, d, J=2.7 Hz).

Process according to the Invention

Example-3 - . . -
Potassium clavulanate

N,N’-diisopropylethylenediammonium diclavulanate (10 g, clavulanic acid content 69%)
was dissolved in water (10 ml), the solution was diluted with isopropanol (190 ml) and a
solution (15 ml, 2M) of potassium 2-ethylhexanoate in isopropanol was added within 15
min. with stirring. The -obtained suspension was stirred for another 30 min. whereat a
precipitate separated, which was filtered off, washed with isopropanol and then dried.
Thus there was obtained potassium clavulanate (4.8 g; 70%), (USP Grade, clavulanic
acid content 81% as determined by the HPLC method).

Example 4

Potassium clavulanate

N,N’-diethylethylenediammonium diclavulanate (10 g, clavulanic acid content 70%) was
dissolved in water (10 ml) and to the resulting solution isopropanol (190 ml) was added.
The mixture was filtered off and a solution of potassium 2-ethylhexanoate in
isopropanol (15 ml, 2M) was added to the filtrate within 15 min. with stirring. The ob-
tained suspension was stirred for another 30 min. whereat a precipitate formed, which
was filtered off, washed with isopropanol and then dried. Thus there was obtained
potassium clavulanate (4.0 g; 47%), (USP Grade, clavulanic acid content 81% as deter-
mined by the HPLC method).

REPLAGEMENT SHEET

16 DEC 1996

This Sheet Has Been Re,ilaced
|

A




3.55 (1H, dd, J=17.0 and 2.8 Hz, 6-[err]CH) 4.18 (1H, d, J=7.4 Hz, CH,
H'OH), 4.19 (1H, d, J=7.8 Hz, CHH'OH), 4.88-4.96 (2H, m 3-CH,

=CH), 5.72 (1H, d, J=2.8 Hz). Exanple 2 N N -diethyl et
diclavul anate To the et hyl acetate extract obtained in ac O'R(EPDAB‘EMEI\FI'hSHEET
known methods (11, crude clavul anic acig content 20 g/, SO Rt—6—
g/l), which was previously partly dis- coloured by treatne tTvmth act i vat eq
charcoal, were added acetone (21) and then under vigorous gti rrf'ﬁgbﬁﬁ 196
15 mn. N N di et hyl et hyl enedi amne (6.4 m ). The obtained m xture was |
stirred for another 30 min, the separa@EAMSem pitate was filtered off and

1. Alkylenediammonium diclavulanates of the formula I
H
H_: E o e H20H Honac H H
-l e H/ c= - .— H
N H
/4 2 -t \
° N - ooC
coc
1\ ?5 - 3
/N-CH-(CHz);-N §
R Rq_
2 H H

wherein the substituents R}, R,, R; and R, denote

- a hydrogen atom,

- a straight chain or a branched chain alkyl group having 1 to 8 carbon atoms,

- an arylalkyl group wherein the alkyl group is a methyl or ethyl group and the aryl
group is a phenyl ‘group, which is optionally para-substituted by a methyl,
methoxy, nitro or halo (chloro or bromo) group, the aryl group on the alkyl chain
being in o~ or in B-position,

- a hydroxyalkyl group having 2 to 4 carbon atoms,

- an aminoalkyl group having 2 to 4 carbon atoms, which is optionally substituted
by an N-alkyl or N,N-dialkyl group having 1 to 4 carbon atoms, or o

- R, and R, or R; and R, jointly independently denote a cyclic alkylene ring having
3 to 6 methylene groups, one of these groups being optionally substituted by an
okygcn or a sulphur atom or by an imino group and
R, denotes a hydrogen atom, or a methyl group and
n denotes an integer from 1 to 3.

2. N,N'-diisopropylethylenediammonium diclavulanate.
3. N,N’-diethylethylenediammonium diclavulanate .
4. A process for the preparation of compounds of the formula I, according to claim

1, characterized in that a solution of clavulanic acid in an organic solvent is reacted with
substituted alkylenediamines of the formula II
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washed with acetone. The obtained anorphous precipitate was suspended in
acetone (1 1), broken up by vigorous stirring and the obt
was filtered once again. The obtained product was dried,
(20 M) and to the solution acetone (200 ml) was added. THe yetear FractT o
of the m xture was decanted fromthe sofe mass adhering t the §F§§§'€ﬁPt e
vessel and filtered. To the filtrate additional acetone (40 d
whereat of a precipitate fornmed, which was filtered of f and
REPLACEMENT SHEET

N - CH-(CH,) -N

wherein the substituents R, R,, R;, R, and R, and n have the meanings as defined at
formula I in claim 1, optionally with solutions thereof in an organic solvent, such as
acetone or ethyl acetate. '

- A process éccording to claim 4, characterized in that ethyl acetate or optionally a
mixture of ethyl acetate and acetone, ethyl methyl ketone or methyl isobutyl ketone in a
1:0.5 to 1:5 ratio is used as the organic solvent.

6. Use of the alkylenediammonium diclavulanates of the formula I according to
one of the claims 1 to 3 as intermediate compounds in the preparation of clavulanic acid
and of pharmaceutically acceptable alkali salts thereof.

7. A process for the preparation of clavulanic acid and of pharmaceutically accept-
able alkali salts thereof, characterized in that alkylenediammonium diclavulanates of

- the formula I according to one of the claims 1 to 3 are converted to clavulanic acid or
pharmaceutically acceptable alkali salts thereof.
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8 acetone.

Thus there was obtained the desired corrpound (10 g), mp.

104-108[err]C [err]HNWR (Dlerr]O DSS, 300 Hz): 8 = 1.24 .

Hz, CH err]CHerr]), 3.11 (1H d, J=17.0 Hz, 6-[erd] EZ;;LAG&MENT(MET
J=7.3 Hz, CHerr]CHerr]), 341(2H s, NCHerr]), 3.55 (IA,

J:17.0and27Hz, 6-[err]CH), 4.18 (I H_d, J=8.2 Hz, CH, .

4.18 (1H, d, J=8.0 Hz, CH H'CH), 5.85- 5196 (2H, m 3-CH, 10:‘%%)%“’

5.72 (1H, d, J=2.7 Hz). Pr ocegs leecorei-hrg—te

the I nvention Exanpl e 3

8. A process for the preparation of clavulanic acid and of pharmaceutically accept-
able alkali salts thereof, characterized in that

a) crude clavulanic acid is reacted in an organic solvent with a substituted
alkylenediamine of the formula II

Rl\ | '75 %
N - CH-(CH,) -N

wherein the substituents R;, R,, R, R, and R, and 7 have the meanings as defined at
formula I in claim 1, .

b) the thus obtained alkylenediammonium diclavulanate of the formula I

B H CH,OH ROH.G i
H ¢ i -0 oLy 2 23 o) :H :
N H
/ :\ - o N \
Y . H_ 00C ~0
coe
R
R (2 R
I y_cu-(cx N 3
+ 2 ™~
R Rq.
2 H H

wherein the substituents R,, R,, R,, R, and R, and 7 have the meanings as defined at
formula I in claim 1, is isolated and

c) then converted to clavulanic acxd or pharmaceutically acceptable alkali salts

-thereof,

— e
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¥
Pot assi um cl avul anat e N, N - di i sopropyl et hyl enedi amoni um
(10 g, clavulanic acid content 69% was di ssolved in water
solution.was diluted with isopropanol (190 m) and solutio
pot assi um 2- et hyl hexanoate in isopropanol was added within
stirring The obtai ned suspension was stirred for another 30
preci pitate separated, which was filtereg off, washed with ils
then dried Thus there was obtai ned potassium clavul anate (
(USP Grade, clavulani acid content 81% as determnned by the et hod) .
Exanpl e 4 Pot assi um cl avul anat e N, N - di et hyl et hyl enedi amoni um
di cl avul anat e ¢ 10 4, probess pccondiog aclmemeemlmﬁﬁ)% onds - characterized in that

clavulanic acid in the form of its stable potassium salt is prepared by reacting
alkylenediammonium diclavulanate of the formula I with potassium 2-ethylhexanoate
in isopropanol.

inﬁmﬁmt\ﬂt%“m

10. A process according to one of the claims 7 to 9, characterized in that the or-
ganic solvent is selected from the group comprising ethyl acetate or a mixture of ethyl
acetate and acetone, ethyl methyl ketone, or methyl isobuty] ketone.

11. A process according to claim 10, characterized in that ethyl acetate is used as
the organic solvent.
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di ssolved in water (10 nml) and to the resulting solution isopropanol (190

n1) was added.

2-‘et hyl hexanoat.e in isopropanol (15 m, 2M was added to EEEH GSHEET
a rrn of

within 15 min.

another 30 min. whereat a precipitate fo d, which was fi}l tjered of f,
washed with i"sopropanol and then dried. us there was obtjai nedprEﬁsmﬁm
clavul anate (4.0 g, 47%, (USP G ade, clavulanic acid contle 81% as_det
m ned by the HPLC net hod) . ' :

The mixture was filtered off ‘and a sol ution of pOtaSSl um

Wth stirring. The ob- t ai ned suspensi on

ABSTRACT

Novel alkylenediammonium diclavulanate derivatives, process for the preparation
(hereof and use thereof.

A novel process for the preparation of calvulanic acid and pharmaceutically acceptable
salt thereof, such as potassium clavulanate, is described. According to the novel process,
crude clavulanic acid, which is present in the form of an extract in an organic solvent,
such as ethyl acetate, the extract having been obtained in known manner upon fermen-
tation with a calvulanic acid producing microorganism, is reacted with substituted
alkylenediamines of the formula II |

R, . Rg R,
™~ |
N - CH-(CH,) -N

wherein the substituents R,, R,, R, R, and R, and  have the meanings as defined in
claim 1, e.g. with N,N"-diisopropylethylenediamine, to the novel alkylenediammonium
diclavulanates of the formula I

H H CH,OH HOH.G H H
R . 0 v 2 2 \ (o] 3 :
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l H ]
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NOVEL -ALKYLENE DIAMMONIUM DICLAVULANATE DERIVATIVES PROCESS FOR—
THEIR PREPARATION AND FOR THEIR USE. '

The present invention belongs to the field of pharmaceutical industry and relates to
novel alkylenediammonium-diclavulanate derivatives, to a process for the prepara-
“tion thereof as well as to the use thereof as intermediate compounds for the prepara-
tion of pure clavulanic acid and of pharmaceutically acceptable alkali salts thereof
such as potassiiim clavulanate. -

Clavulanic acid, (2R,5R,Z)-3-(2-hydroxyethy_!idcnc)-7-oxo-4-oxa-1-azabicyclo-

[3,2,0}-heptane-2-carboxylic acid, is a known compound of the following structure:

CEZOE

”
T E

This compound as well as the salts and esters thereof are active as inhibitors of beta-
' lactamase, ie. they inhibit beta-lactamases produced by gram-positive and gram-

negative microorganisms. Hence clavulanic acid and its salts are used in galenic

preparations in order to inhibit the inactivation of beta-lactam antibiotics. Commer-

cial preparations éontain a more stable potassium salt of clavulanic acid (clavulanic -
- acid jtself being rather unstable) in combination with amexycylin trihydrate.

Clavulanic acid is obtained by a fermentation method from various microorganisms
belonging to various Streptomycetes strains such as S. clavuligerus NRRL 3585, S.
Jumoninensis NRRL 5741, S. katsurahamanus IFO 13716 and Streptomyces sp. P 6621
FERM P2804. '

Clavulanic acid and its salts were first disclosed in GB-1,508,977. However, the
process for the preparation of clavulanic acid described therein is time-consuming
and is based on exacting purifications by means of various chromatographic methods.
The salts of clavulanic acid are obtained by binding the clavulanate anion present in
the filtrate of the fermentation broth on an anionic exchange resin, subsequent
elution of the clavulanate anion therefrom by means of an electrolyte, desalting the
‘obtained eluate, passing the latter through another anionic exchange fesin and a




wherein the substituents Rerr], Rerr], Rerr] FREF@MEMENF’%HQE'F

a hydrogen atom - a straight-chain or branched-chh
<having 1 to 8 carbon atonms or - a hydroxyl akyl group ha/| 2. to 4
carbon atons and NR[err]Rerr] and/or NRlerr]Rerr] 0 npf§N§@hﬁﬂl
het erocyclic ring having 3 to 6 nethyl ene groups bound to g

2

subsequent chromatographic elution therefrom by means of an electrol
repeatedly desalting the obtained eluate and remaving the solvent.

‘The process requires the use of preparative chromatographic columns, which rep
sents a considerable investment expenditure; in addition, the applicability on a la
scale is limited.

A further drawback of this process is the fact that most steps thereof are carried o
in an aqueous medium where clavulanic acid is very unstable.

GB 1,543,563 discloses a modified fermentative process, wherein the pH value of th
medjum is maintained within the range from 6.3 to 6.7, which resuits in an increase:
yield of the desired compound. The salts of clavulanic acid such as potassiun
clavulanate are obtained from lithium clavulanate by double exchange.

According to the process for the preparation of clavulanic acid and of pharmaceuti-
cally acceptable salts thereof as disclosed in EP-0-026044, the exacting methods of
purification by means of exchange resins are largely avoided. The process is based on
the preparation of the tert. butylamine salt of clavulanic acid, preferably in the form
of its acetone solvate. The tert. butylamine salt of clavulanic acid is prepared by treat-
ing the extract, preferably the etyhlacetate extract, containing crude clavulanic acid,
which was prepared according to the process as described in GB 1,508,977, with tert.
butylamine in an organic solvent such as acetone, followed by the conversion of the
isolated tert. butylamine salt of clavulanic acid to clavulanic acid or a pharmaceuti-
cally acceptable salt thereof.

%

. DE-A-27 08 046 relates to the process for the preparation of crystalline calcium
diclavulanate dihydrate and the medicines containing this compound. To this effect
an aqueous solution of a salt of clavulanic acid different from calcium salt is con-
tacted with a cation exchange resin in the form of calcium sait, the calcium
clavulanate formed is eluted from the exchange resin and there is obtained a calcium
diclavulanate solution practically free of cations different from calcium - ions,
wherefrom the calcium diclavulanate is left to crystallize.

In EP-A-0 002 312 the preparation of clavulanic acid derivatives is dlsc!osed and as
intermediates tert. butylamine salts are formed.



nitrc;gen atom one of these groups being optionally substitut ed|
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oxygen or a sul phur atomor by an imno group and R err]

hydrogen atom or a nethyl group and n denotes an integer from 03 2. ,
N, N' - di i sopropyl et hyl enedi anmoni um di cl avul anate. 3. 0 1 NOV 1997 |
- N, N -di et hyl et hyl enedi ammoni um di cl avul anate. 4. A process fjorl_t he i
preparation of conpounds of the fornmul8 I, according to claim '

characterized in that a crude clavul anic extract in an organic ‘'selvent
resulting froma solvent extraction of the fernentation broth obtained

after the coflasabgsedVBilki Week B6#BoANAiG-32090A dixcinsee theartepnarationtofalkali metal
m croor gani SE&ltdOBPdéIEﬁIlaﬁE zf‘ck@\mhh?ahq; dGarndr§ dnfmbhRE Whlk bf HRaldnidhEd is

al kyl enedi am_nes or mu
Y ormed w"uc?: is reacte% thh an alkali metal thiocyanate or earth alkali metal

.. thiocyanate in acetone.

In EP-A-0 387 178 a process for the preparation of Z(2R,5R)-3-(2-hydroxy-
ethylidene)-7-oxo-4-0xa-1-azabicyclo-[3,2,0]-heptane-2-carboxylic acid (= clavu-
lanic acid) and pharmaceutically acceptable salts thereof from fermentation broths
of Streptomyces sp. is disclosed, the central step being the obtention of benzyl-tert.
butylamine clavulanate. '

In FR-A-1 290 132 the use of N N"dibenzyl-ethylene-dxamme for the preparation of
benzatm-pemczllm is dlsclosed

The aim of the invention is to prepare pure clavulanic acid and pharmaceutically ac-
ceptable salts thereof such as potassium salt in a new and simple manner, thus ob-
_taining the desired substance in a high yield and high purity by isolation from the con- -
_ centrate of the extract obtained in 2 known manner from an organic solvent after the
fermentation with a microorganism producing clavulanic acid wherein clavulanic acid
is present in a crude form.

This aim is achievéd by conventionally treating the fermentation broth obtained after
the fermentation with a microorganism producing clavulanic acid of the genus
Streptomyces sp. P 6621 FERM P2804 as described in JP Kokai 80-162993 prior to
the solvent extraction, which yields a solution of crude clavulanic acid in an organic
solvent. ' :

»

Solvents suitable for the extraction are ethylacetate, methyl isobutyl ketone, butanol
or a mixture of ethyl acetate with acetone, ethyl methyl ketone or methyl isobutyl
ketone, preferably in a 1:0.5 to 1:5 ratio, the very preferred one being ethyl acetate.

The organic phase is then washed with water and concentrated by cifaporation toa
crude clavulanic acid concentration of at least 20 g/l and to a residual water content
of under 6 g/l. The obtained extract in the organic solvent such as the etyl acetate ex-
tract is further subjected to a treatment with activated charcoal to eliminate any
coloured matter. -
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The extract prepared as disclosed above is reacted with substituted alkylene dian
of the formula I1

wherein the substituents R, R,, R, and R, denote

- a hydrogen atom,

- a straight-chain or branched-chain alkyl group having 1 to 8 carbon atoms o

- a hydroxylakyl group having 2 to 4 carbon atoms and NR,R, and/or NR,i
jointly denote a heterocyclic ring having 3 to 6 methylene groups bound to
nitrogen atom, one of these groups being optionally substituted by an oxyge
or a sulphur atom or by an imino group and

R, denotes a hydrogen atom, or 2 methyl group and

ndenotes an integer from1to 3, '
to yield alkylenediammonium diclavulanates of the formula I

..~ CH,0H . HOE.Q B
H. Q\<—<:£K 2-_ : 2\0 ~0. 3 b
. [—' B =

. : H
™ e N )
coo™ : 0
' . R
"Ry .12 R,
FSw-cp-(om,) w3
2 & "

wherein the substituents have the above meanings. These salts are novel and have
not yet been disclosed in the literature.

. The reactions are carried out most advantageously by using N,N’-monosubstituted
symmetric ethylenediamines having an alky! chain of medium length, wherein R, and

R, denote an ethyl or an isopropyl group, R, and R, denote a hydrogen atom and n
denotes 1.



n have the neanings as defined at forrmla I in clalml
sol utions thereof in an organic solvent, such as aceton RﬁPLAﬁEMENTasHEHt

met hyl isobutyl ketone, butanol or a m xturegof ethyl

solvent. 6. A process for the preparation of
N, N - di i sopropyl et hyl enedi anmoni um di cl avul anate according to claim 2,

wherein the substituents Rerr], Rerr], R3, Rerr] and Rlerr] and
Ly wi th

A process according to claim 4, characterized in t

nmet hyl ketone or nethyl isobutyl ketone is used

% R Mgl N

acetate with N, dilso

characterized i th@%qg@g?&d%d%@éﬂﬁ(}ﬁrﬁuﬁqm I*?N’-dﬁ][@ﬁr%wpy ethylénediamine is uség

which yields th -dusopropylethylene-dtammomum diclavulanate.

The employed alkylenediamine bases can be used either as such or, in the case that
they are present in solid form, in the form of solutions in organic solvents such as

acetone or ethyl acetate.

For the preparation of the salt of the clavulanic acid at least one equivalent of the
selected alkylenediamine is used.

The desired salts of clavﬁlanic acid (1:2) of the formula I such as N,N’-
diisopropylethylene-diammonium diclavulanate can then be isolated, whereby the
clavulanic acid is obtained free of most impurities or even free of all impurities.

The desired salts of the clavulanic acid of the formula I are stable crystalline salts ex-
celling by high purity, thus rendering a further purification by recrystallization un-
necessary. '

They are used as intermediate compounds for the preparation of pure clavulanic acid
and pharmaceutically acceptable salts thereof, e.g. for the preparation of potassium
clavulanate, whereat they are subjected to a double exchange by reaction with a car-
‘bonate, hydrogen carbonate or-hydroxide of a pharmaceutically acceptable alkali
metal or with a salt of an appropriate alkanoic acid such as potassium 2-ethyl-
hexanoate, in an organic solvent such as isopropanol. In this reaction an ion exchange
between the alkyle?ediammonium cation and the alkali metal cation takes place.

"Another object of the pfesent invention is a process for the purificétion of clavulanic
acid and of the pharmaceutically acceptable salts thereof, which is characterized in
that
- a crude clavulanic acid extract in an organic solvent resulting from solvent ex-
traction of the fermentation broth obtained after the common processing thereof
after the fermentation with a microorganism, producer of clavulanic acid, is reacted
with a substituted alkylenediamine of the formula I

R TS R,
N - CH-(CH,) N

n,/ R.



tai ned NN -diisopropyl et hyl enedi ammoni um di cl avul anat e is~Qptianally
i solated. 7. Use of the al kyl enedi ammoni um di cl avul a aﬂEBLAﬂ’EMENQ? $HEETUL 2

] according to one of the clains 1 to 3 as internediate]c

preparation of pure clavulanic acid and of pharmaceuticgl Ity

al kali salts thereof. 8. Use of N, N -diisopropyl ethylfefe

di cl avul anate according to claim?2 as the intefnediate und.in the |
preparation of pure potassiumclavul anate. 9. A proc ss for the
preparation of pure clavulanic acid and of pharmaceutic

al kali salts thereof, characterized in that t he al kyl enedi amoni um

di cl avul anat es owhétein tiee substitdendc RO R, IR, mﬂeRf)ﬁnd! hehavk ah&abdve-Geffned @e
reacted to pure %Iggvul ani c acid or phar meceUt i cal y acceptable alkali salts
t her eof .
- the obtained alkylenediammonium clavulanate of the formula [
- H
H H o CHZOH HOHZC\ .H L
: p —cZ Y I P
H e \_ " = \i___ H
' l H
N | > N >
coo”
R
(2 R
’-\n-cn-<cgz),.-n/: |
B % B¢
wherein the substituents Rx Rz, R, R, and R, and n have the above meanings, is of
tionally isolated and '
- subsequently converted to pure clavulanic acid or pharmaceutically accept
able alkali salts thereof. .

All steps of the process of the invention are carried out at temperatures about room
temperature.

In comparison with the known method for the preparation of clavulanic acid and
pharmaceutically acceptable salts thereof as described in EP-0-026004, the process of
the invention excels in the preparation of the intermediate product i.e. of the salt of
formula I in a high yield and purity without any need of additional purification by
recrystallization, and this intermediate product can be obtained directly from the
ethyl acetate extract of clavulanic acid without the use of additional organic solvents

~ such as acetone. According to the process as described in EP-0-026044 the
clavulanate is precipitated with tert. butylamine, the obtained precipitate is treated
with acetone, purified by reprecipitation with acetone from the isopropanol solution
and then transformed in an isopropanolic solution to the potassium salt of clavulanic
acid.

The invention will be illustrated in mare detail by the following, in no way limiting
Examples.
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according to claim2 is reacted to pure potassi um cl avul anfte
11 11. A process for the preparation of pure clavul gnifc Qcﬁ NONN993¢

phar maceut i cal
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Preparation of Starting Materials

Example 1
N,N'-diisopropylethylenediammonium diclavulanate

To the ethyl acetate extract obtained in accordance with known methods (11, o
clavulanic acid content 20 g/l, water content 6 g/l), which was previously partly
coloured by treatment with activated charcoal, N,N'-diisopropylethylenediamine (9
was added under vigorous stirring within 10 min. The solution was stirred for anothe;
min., whereat a precipitate separated. The obtained precipitate was dissolved in wz
(20 ml) diluted with acetone (400 mi), whereat N,N’-diisopropylethylenediammoni
diclavulanate (13.0 g) separated in form of fine crystals, m.p. 130-132°C,

'H-NMR (D,0, DSS, 300 Hz): § = 1.33 (6H, d, J=6.5 Hz, CH(CH,),), 3.12 (1H, 4,
J=17.0 Hz, 6-8CH), 3.38 (2H, s, NCEL,), 3.45 (1H, hept, J=6.5 Hz, CHMe,),
3.55 (1H, dd, J=17.0 and 28 Hz, 6-«CH), 4.18 (1H, d, J=7.4 H, CH,
H"OH), 4.19 (1H, d, J=7.8 Hz, CH'H"OH), 4.88-4.96 (2H, m, 3-CH,
=CH-), 5.72 (1H, d, J=2.8 Hz).

Example 2

N,N’-diethylethylenediammonium diclavulanate

To the ethyl acetdte extract obtained in accordance with known methods (1 1, crude
clavulanic acid content 20 g/l, water content 6 g/l), which was previously partly dis-
coloured by treatment with activated charcoal, were added acetone (21) and then under
vigorous stirring within 15 min. N,N’-diethylethylenediamine (6.4 mi). The obtained
mixture was stirred for another 30 min., the separated precipitate was filtered off and
washed with acetone. The obtained amorphous precipitate was suspended in acetone (1
1), broken up by vigorous stirring and the obtained suspension was filtered once again.
The obtained product was dried, dissolved in water (20 ml) and to the solution acetone
(200 ml) was added. The clear fraction of the mixture was decanted from the soft mass

) adhering to the walls of the vessel and filtered. To the filtrate additional acetone (400
ml) was added whereat of a precipitate formed, which was filtered off and washed with



cl avul ani ¢ extract

of the fernentation broth obtained after the common processi
the fernmentation with a m croorgani sm producer .of clavul ani
reacted with substituted al kyl enedi am ne of the fornmula I1

acceptabl e alkali salts thereof, characterized in that a) | NEPLAGEMENT SHEET |
j
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dcid, is

in an organic solvent resulting fromsolv

[err] wherein thge substituents Rerr]l__Rerr],

Rlerr] Rerr] and R err] and n have the neani ngs as defined at
acetone. Thus thercwas obtained the desired compound (10 g), m.p. 104-108°C.

'H-NMR (D,0, DSS, 300 Hz): § = 1.29 (3H, t, J=7.3 Hz, CH,CH,), 3.11 (1H, d,
J=17.0 Hz, 6-8CH), 3.16 (2H, q, J=7.3 Hz, CH,CH,), 3.41 (2H, s, NCH,),
3.55 (1H, dd, J=17.0 and 2.7 Hz, 6-aCH), 4.18((1H, d, J=8.2 Hz, CH,
H"OH), 4.18 (1H, d, J=8.0 Hz, CH'H"OH), 5.85-5,96 (2H, m, 3-CH,
=CH-), 5.72(1H, 4, J=2.7 Hz).

Process according to the Invention

Example 3
Potassium clavulanate

N,N'-diisopropylethylenediammonium diclavulanate (10 g, clavulanic acid content 69%
was dissolved in water (10 ml), the solution was diluted with isopropanol (190 mi) and
solution (15 ml, 2M) of potassium 2-ethylhexanoate in isopropanol was added within 1
min. with stirring. The obtained suspension was stirred for another 30 min. whereat
precipitate separated, which was filtered off, washed with isopropanol and then driec
 Thus there was obtained potassium clavulanate (4.8 g; 70%), (USP Grade, clavulani
acid content 81% as determined by the HPLC method). |

Example 4

Potassium clavulanate

.N,N'-diethylethylenediammonium diclavulanate (10 g, clavulanic acid content 70%) was
- dissolved in water (10 ml) and to the resulting solution isopropanol (190 ml) was added.
The mixture was filtered off and a solution of potassium 2-ethylhexanoate in
isopropanol (15 ml, 2M) was added to the filtrate within 15 min. with stirring. The ob-
tained suspension was stirred for another 30 min. whereat a precipitate formed, which
was filtered off, washed with isopropanol and then dried. Thus there was obtained
potassium clavulanate (4.0 g; 47%), (USP Grade, clavulanic acid content 81% as deter-
mined by the HPLC method).
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CLAIMS

1. Alkylenediammonium diclavulanates of the formula [

E E CE,0H BoEG _ E K
E;E.___l/' : °\=°.f-:2 . 'E*'C—‘_':/ °--\i——°—ﬁ
. E : .
. N B “ooc” o
coo™
-
R &
L N_CE(CA )N~
-] -+ : -+ £,
2 H E

wherein the substituents R,, R,, R; and R, denote

-. a hydrogen atom, :

- a straight-chain or branched-chain alkyl group having 1 to 8 carbon atoms or

- a hydroxylakyl group having 2 to 4 carbon atoms and NR R, and/or NR,R,
jointly denote a heterocyclic ring having 3 to 6 methylene groups bound to a
nitrogen atom, one of these groups being optionally substituted by an oxygen
or a sulphur atom or by an imino group and |

R, denotes a hydrogen atom, or a methyl group and

n denotes an integer from 1 to 3.

2. N,N’-diisopropylethylenediammonium diclavulanate.
3. N,N’-diethylethylenediammonium diclavulanate.

4. . A process for the prepafation of compounds of the formula I, according to
claim 1, characterized in that a crude clavulanic extract in an organic solvent resulting
from a solvent extraction of.the fermentation broth obtained after the common
processing thereof after the fermentation with a microorganism, producer of
clavulanic acid, is reacted with substituted alkylenediamines of the formula II



wherein the substituents Rerr], Rerr] Rerr], RA and R err] and n have
the meanings as defined at formula | in claiml, is isolated and
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wherein the substituents R, R.‘.', R, R, and R, and n have the meanings as defined at
formula I in claim 1, optionally with solutions thereof in an organic solvent, such as

acetone or ethyl acetate.

S. A process according to claim 4, characterized in that ethyl acetate, methyl
isobutyl ketone, butanol or a mixture of ethyl acetate with acetone, ethyl methyl
ketone or methyl isobutyl ketone is used as the organic solvent.

6. A procéss for the preparation of N,N'-diisopropylethylenediammonium

diclavulanate éccording to claim 2, characterized in that a crude clavulanic acid ex-
- tract is reacted in ethyl acetate with N,N'-diisopropylethylenediamine and the ob-

tained N,N’-diisopropylethylenediammonium diclavulanate is optionally isolated.

7.  Use of the alkylenediammonium diclavulanates of the formula I according to
one of the claims 1 to 3 as intermediate compounds in the preparation of pure
clavulanic acid and of pharmaceutically acceptable alkali salts thereof.

& Use of N,N'-diisopropylethylenediammoniuni diclavulanate according to
*
claim 2 as the intermediate compound in the preparation of pure potassium
- clavulanate.

9. A process for the preparation of pure clavulanic acid and of pharmaceutically
acceptable alkali salts thereof, characterized in that the alkylenediammonium
diclavulanates of the formula I according to one of the claims 1 to 3 are reacted to
pure clavulanic acid or pharmaceuiically acceptable alkali salts thereof.

10. A process for the preparation of pure potassium clavulanate, characterized in
that N,N’-diisopropylethylenediammonium diclavulanate according to- claim 2 is
reacted to pure potassium clavulanate,



c) subsequently converted to pure clavulanic acid or pharmaceutically
acceptab. alkali salts thereof. 12. A process according to one of the

clainms 9 or 11, characterized in that th pure pota
prepared by reacting al kyl enedi amoni un di cl avuI anat I WI th
pot assi um 2- et hyl hexanoate in isopropanol . : %ﬂma‘@ one
of the clains 9, 11 or 12, characterized in that the

selected fromthe group conprising ethyl acetate, nethyl i sobutyl

11. A process for the preparation of pure clavulanic acid and of pharmaceutica;
acceptable alkali saits thereof, characterized in that

~a) a crude clavulanic extract in an organic solvent resulting from solvent extra:
tion of the fermentation broth obtained after the common processing thereof afte
the fermentation with a microorganism, producer of clavulanic acid, is reacted with

substituted alkylenediamine of the formula II

REPLACEMENT SHEET
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wherein the substituents R, R,, R, R, and R, and n have the meanings as defined at
formula I in claim 1,

‘b) the obtained alkylengdiammonium diclavulanate of the formula I

E B O ' :
B : H2 E
N A
o - R
» coo” 9
Iyt
\N-cx-(cxa)_.n/ 3
RZ H H R“'

wherein the substituents Rl,.Rz, R,, R, and R, and n have the meanings as defined at
formula I in claim 1, is isolated and 3



ket one, butanol or a m xture of ethyl acetate with acetone, ethyl nethyl
ketone, or nethyl isobutyl ketone. 14. A process according to claim 13,

“characterized in that ethyl acetate is used as the_atgam c_solvent. 15. A
process for the preparation of pure potassium cl dvul anate, characterized in

that a) crude clavulanic acid extract is rgacted me,muu“m”um

N, N - di i sopropyl et hyl enedi am ne in ethyl ace at e,

N, N - di i sopropyl et hyl enedi ammoni um di cl avul anate .is i sol ated afid *

subsequent |y reacted w th potassi um 2-et hyl hexanoate i n aqueous |sopr opanol

to .
c) subsequently converted to pure clavulanic acid or pharmaceutically acceptab.

alkali salts thereof.

12. A process according to one of the claims 9 or 11, characterized in that th
pure potassium clavulanate is prepared by reacting alkylenediammoniun
diclavulanate of the formula I with potassium 2-ethylhexanoate in isopropanol.

13. A process according to one of the claims 9, 11 or 12, characterized in that the
organic solvent is selected from the group comprising ethyl acetate, methyl isobutyl
ketone, butanol or a mixture of ethyl acetate with acetone, ethyl methyl ketone, or

methyl isobutyi ketone.

14. A process according to claim 13 charactenzed in that ethyl acetate is used as
the orgamc solvent.

15. A process for the preparatidn of pure potassium clavulanate, characterized in
that :

a) crude clavulanic acid extract is reacted with N,N’-diisopropylethylenediamine in
ethyl acetate,

b) the obtained N,N’-diisopropylethylenediammonium diclavulanate is isolated and

c) subsequently reacted with potassium 2-ethylhexanoate in aqueous isopropanol to
pure potassium clavulanate and the desired salt is isolated.

®
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NOVEL ALKYLENE DIAMMONIUM DICLAVULANATE DERIVATIVES,

PROCESS FOR THEIR PREPARATION AND FOR THEIR USE

ABSTRACT

A novel process for the preparation of calvulanic acid and pharmaceutically acceptable
salt thereof, such as potassium clavulanate, is described. According to the novel process,

crude clavulanic acid, which is present in the form of an extract in an organic solvent,

o/

such as ethyl accetate, the extract having been obtained in known manner upon fermen-
tation with a calvulanic acid producing microorganism, is reacted with substituted
alkylenediamines of the formula II

R, Ts R,

N - CH-(CH,),-N

R, R,
wherein the substituents R,, R,, R;, R, and R and » have the meanings as defined in
claim 1, e.g. with N, N’-diisopropylethylenediamine, to the novel alkylenediammonium

\ diclavulanates of the formula 1
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