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Description

The present invention relates to new diamine salts of clavulanic acid, pharmaceutical compositions thaereof, and
to the use of these salts in the production of clavulanic acid and salts and esters thereof.

GB patent 1508977 discloses that clavuianic acid, which has the formula {1):
H

0 |
—i/ CH,0H
(1)

o
O/

COsH

and its pharmaceutically acceptable saits and esters are antibacterial agents, able to enhance the effectiveness of
penicillins and cephalcsporins against many p-lactamase-producing bacteria.

US patent 4,650,795 discloses a group of primary amine salls of clavulanic acid which give stable pharmaceutical
compositions.

EP patent 26044 discioses the uss of the t-butylamine salt as a useful intermediate in the preparation of clavulanic
acid.

The non-prepublished EP patent appiication 562583 discioses-the same use for N,N-diisopropylethylenediammo-
nium di clavulanate and N,N-diethylethylenediammonium di clavulanate, both of the secondary, secondary type.

Surprisingly it has been found that tertiary, tertiary diamine salts of clavulanic acid have improved properties com-
pared to the t-butyl amine salt of clavulanic acid mentioned above. For instance, large crystals of the mono salt of N,
N,N',N'-tetramethy!-1,2-diaminoethane clavulanate can easily be precipitated in pure form. The salt is therefore a very
useful intermediate in the preparation of clavulanic acid.

Accordingly, the present invention provides tertiary, tertiary diamine mono salts of the formula (lla):

"H
0
——if/ CH5,0H
.| H
o _ Rl\@ ] ~R3
0~ HN—(CHy) y=C—(CHp) p—N
R2 l \R4
X
(IIa)

where 'R, and R, are each a (1-BC)alkyl, (3-8C)cycloalkyi or (3-8C)cycloalkyi{1-8C)alky| group, optionally having one
or more inert substituents selectad from the group consisting of halogen, hydroxy, C4 to C, alkyl, C; to Cy4 alkoxyl, C,
to C4 acyloxyl and C, to C, esterified carboxyl, or are interlinked to form a ring of 4-7 ring atoms; R, and R, are each
a (1-8C) alkyl, (3-BC)eycloalkyl or {3-8C)cycicalkyl(1-8C)alkyl group, optionally having one or more inert substituents
selected from the group consisting of halogen, hydroxy, C, to C, alkyl, C; to C4 alkoxyl, C,.to C,4 acyloxyl and C, to
C, esterified carboxyl, or are interlinked to form a ring of 4-7 ring atomns; X is hydrogen, hydroxy or halogen; and m
and n are each 0-5, respectively. ‘

An alkyl group may be branched or straight chain. _

A C, to Cgalkyl group is preferably a C, to C, alkyl group, for example, methyl, ethyl, propyl, isopropyl, butyl, sec.
butyl or tert.butyl, more preferably it is methyl.

A C, to Cg cycloalkyl group is preterably a Cg to C, cycloalkyl group, for example cyclopentyl, cyclohexyl or cy-
cloheptyl.

Preferably, X is hydrogen, hydroxy or halogen, for instance bromine or chiorine. Most preferably, X is hydrogen or
hydroxy.

Preferably n is from 0 to 3 and m is from 0 to 3, more preferably when X is hydrogen or hydroxy. Most preferably
n=1,mis 0and Xis hydrogen ornis 1, mis 1 and X is hydroxy.

Suitably inert substituents include halogen, hydroxy, C, to G, alkyl, C, to G4 alkoxyl, C; to C, acyloxyl and C, o
C,4 esterified carboxyl.

A halogen atom is, for example, bromine, chlorine or fluorine, preferably, bromine or chlorine,

A G, to C; alkyl is pretarably methyl or ethyl.



10

15

20

25

30

35

40

50

&5

EP 0 647 229 B1

A C, to C, alkoxyl is preferably methoxyl or ethoxyl.

A C; to C, acyloxyl is preferably C, or C, acyloxyi.

A C, 1o C, esterified carboxyl is preferably C, or C, esterified carboxyl.

Generally, R, Ry, Ry and R4 have three substituents or fewer, preferably two substituents or fewer. Most preferably
R;. R, Ry and Ry have one substituent or are unsubstituted.

When R, and R, or R, and R, are interlinked to form a ring of 4 to 7 atoms, the ring consists preferably of carbon
atoms and is most preferably saturated. Most preferably R,, R,, Ry and R, are methyl. )

Normally the amine of the formula (II1):

H

R | AR3 .
1\N*—(CH2)n—C—(CH2)m— (II1)

Ry }|{ . "Ry

from which the salts of the formula (lla) are derivable is a pharmaceutically acceptable amine.

Preferably, the salts of the formula (lla) are derivable from N,N,N',N'-tetramethyl-1,2-diaminoethane, 1,3-bis
{dimethylamino)-2-propanol, N,N,N'N'-letramethyl-1,4-diamincbutane, N,N,N',N'-tetramethyl-1,6-diaminohexane,
1,2-dipiperidincethane and dipiperidinomethane.

The prasent invention also provides a process for the preparation of a salt of tormula (|1a) which process comprises
the reaction of clavulanic acid with diamine (lli}:

H
R]_ | /R3
*N—(CHz) n=C— (CH2) i (111)
Ry I Rg
X

where Ry, Ry, A3, Ay, X, mand n are as above defined. A diamine mono clavulanate will be formed when the amount
of diamine is relatively high compared to that of clavulanic acid and the diamine di clavulanate will be formed when
the amount of diamine is relatively low compared to that of clavulanic acid or a mixture of the same at a concentration
in between. _

The conditions when mono or diamine salis of clavulanic acid or a mixture of the same wilt be formed have not
been investigated for each diamine, but it will be clear for someone skilled in the art that these will vary with the diamine
applied.

The concentration of diamine present in the reaction mixture may be varied by, for example, varying the pH. At

relatively high pH (dependent on the amine and the solvent used) more mono-protonated diamine (llla):

H
R1 & | ,R3
H—N—(CH3) n—C—(CH3 ) ;—N_ (I1Ia)
Rz" }]{ Ry .

will be prasent and therefore more mono salt will be pracipitated, and at relatively low pH more diprotonated diamine
(o) :

H

Rie l a R3

H—;N-—-(CHZ) n—C— (CHp ) y—N—H (IIIb)
Ry }l{ R4

will be present and therefore more di salt will be precipitated.

The present invention further provides the use of diamine salts of clavulanic acid as defined above as an interme-
diate in the preparation of clavulanic acid and a pharmaceutically acceptable salt or ester thereof.

In another aspect the present invention provides a process for the preparation of clavulanic acid or a pharmaceu-
tically acceptable salt or ester thereof which process comprises converting a diamine salt of clavulanic acid as defined
above into clavulanic acid, generally by acidification, or a pharmaceutically acceptable salt or ester thereof, generally
by adding a source of corresponding salt or ester forming compound.

In a further aspect the present invention provides a process for the purification of clavulanic acid or a phamaceu-
tically acceptable sait or ester thereof which process comprises:
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i} contacting impure clavulanic acid in an organic solvent with diamine to form a salt of formula (lla);

ii) isolating the salt produced in step i); and

iil) converting the isolated salt into clavulanic acid, generally by acidification, or a pharmaceutically acceptable salt
or ester thareof generally by adding a source of a corresponding salt or ester forming compound. For instance,
potassium clavulanate is formed by adding potassium acetate or potassium ethylhexanocate.

Most suitably the formation of the diamine salts of clavulanic acid takes place in an orgaﬁic solvent. Suitable
solvents include non-hydroxylic solvents such as, for example, tetrahydrofuran, dioxane, ethyl acetate, methyl acetate,
acetone, methylethylkelone and the like solvent and mixtures thereof.

The reaction may be carried out at from about -50°C to 40°C, most preferably from about 0°C to 15°C.

The pressnt invention alsc provides pharmmaceutical compositions which comprise a salt of the formula (l1a) and
a pharmaceutically acceptable carrier.

Suitable forms of the compaositions of this invention include tablets, capsules, reconstttutable powders and sterile
forms suitable for injection or infusion. Such compositions may contain conventional pharmaceutically acceptable ma-
terials such as diluents, binders, colours, flavours, preservatives and disintegrants.

Injactable or infusible compositions of the salts of formula (lla) are particularly suitable as high tissus levals of the
compound of clavulanic acid can occur after administration by injection or infusion. Thus, one preferred composition
aspect of this invention comprises salts of the formula (l1a) in sterile form.

Unit dose compositions comprising a salt of the formula {II) adapted for oral administration form a further preferred
composition aspect of this invention.

The following examples will illustrate the invention. The pH value mentioned relates to this value measured with
an Ingold electrode, type U402-S7/120, in the solvents applied.

Examples
Example 1
Comparison of crystallization of various dlamine salts

A solution of potassium clavulanate in ice cold water was stirred with ethyl acetate under cooling with ice-water.
With a solution of about 10% (w/w)} sulphuric acid the pH was brought at about 2, the water layer separated and twice
extracted with ethy} acetate. The collected extracts were dried with magnesium suiphate, filtered and washed with ethy!
acetate, yielding a solution of clavulanic acid of about 2% (w/w). The clavulanic acid was diluted with an equal volume
of acetone and diamine was added.

The results are summarized in Table |. The ratic moles diamine/moles clavulanic acid has been indicated in the
last column. The tertiary, tertiary type diamine salts of clavulanic acid are present in the preferred crystal form oniy,
viz. not in the form of an oil.
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Table I

Diamine type! | crystals | oil |‘diamine
N,N,N’,N’~tetramethyl-1,2-di- | t,t + - 1.90
aminoethane

N,N,N’ ,N’-tetramethyl-1,2~-di~ t,t + - 0.68
aminoethane .

N,N,N’,N’~tetramethyl-1,3-di- £, t + - 1.89
aminopropane

1,3-bis(dimethylamino) -2~ t,t + - 1.74
propanol

N,N,N’,N’~tetramethyl-1,4-di- t,t + - 1.34
aminobutane

N,N,N’,N’-tetramethyl-1, 6-di- t,t + - 1.84
aminohexane

1,2-dipiperidinoethane t,t + - 2.70
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Table I, continued

Diamine type' | crystals |oil |diamine
1,2-diaminoethane P.P + 3.98
1,3-diaminopropane p.,p + 1.69
1, 6-diaminohexane P.P - + 1.69
1,10-diaminodecane pP.p - + -1.46
N-methyl~-1l,3-diaminopropane p,s - + 1.69
N,N-dimethyl-1,3-diamino- p,t - + 1.86
propane

N,N-dimethyl-1,2-diamino- p,t - + 1.69
ethane - .

piperazine ) s,s - + 1.20
N-methylpiperazine s, t - + 1.20
N,N-diethyl-1,2-diaminoethane p,t - - 0.81
N-(2-aminoethyl)-morfoline | p,t - - 1.20
digiggridinomethane t, t + ‘ - 14.92

' p: primary; s: secondary; t: tertiary

Example 2
Preparation of N,N,N' N'-tetramethyl-1,2-diaminoethane mono clavulanate from ethyl acetate/acetone solution

A clavulanic acid extract in dry ethyl acetate (828 g containing 18 g of clavulanic acid/kg prepared according to
example 1) was added in 20 min to 1 | of acatone while cooling (8°C) and keeping the pH at § with N,N,N' N'-tetramethyl-
1,2-diaminoathane (TMEDA, 19.18 g, viz. a molar ratio of 2.2 related to clavulanic acid). Stirring was continued at 10°C
for 1 hr. The precipitate was filtered off and washed with 100 mi of acetone and dried in vacuum at 35°C to yield 20.09
g of TMEDA mono clavulanate (large crystals). The mother liquor (1642 g) contained about 1.12 g of clavulanic acid.

NMR (DMSO-d8) : 2.37 ppm, N-CHy (s, 12H); 2.70 ppm, N-CH, (s, 4H); 2.95 ppm, C8-BH (d, 1H); 3.49 ppm,
C6-aM (dd, 1H); 3.99 ppm, CH,OH (m, 2H); 4.60 ppm, C3-H (s, 1H); 4.66 ppm, =C-H (tr, 1H); 5.58 ppm, C5-H (d, 1H).

To 1 g of this TMEDA mono clavulanate 200 ml of a mixture of ethyl acetate/acetone {1/1 v/iv) comprising 1 m| of
TMEDA was added. After stirring during 1 hr at room temperature and filtrating the solution, the filtrate was slowly
evaporated, resulting in large crystals. '

Ali parameters were obtained by least squares from 2 e values for reflections measured on a diffractometer under
the following experimental conditions:

- GAD 4 Rf Nonius

- =30

- Mo-Ka radiation

- A=070145 A

- The salt {C,4H35N40;, group 1 CgHgNOg and group 2 CgH,gN,, Mw = 315.37) crystallizes in the orthorhombic
space group P2,2,2, with a = 8.268(1), b = 8.929(7) and ¢ = 20.221(2) A. o, p and y= 90°.

- R =0.206 for 2747 reflections.

- Z=4

- The molecules are bonded via a strong hydrogen bond (2.65(1) A) between N{2) and 0(3). The C(6)-O(2) and C
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The atom coordinates are shown in Table Il:

Table II
x/a y/b z/c sigx sigy sigz
ci .73451 .61143 .51083 .00109 ] . .00094 .00039
c2 .72822| .73554| .46864 . 00099 .00085| .00037
C3 .77712| .80814{ .53160} .00099 .00091 ] ,00038
C4 .62466 » 80092 .62729 .00091 .00081 .00035
cs .74057! .68316| .63023| .00092| .00079] .00033
Cé .87476| .71031] .68279 .00092 .00083 | .00034
c7 .51426 .83929 .67005 .00099 . 00089 .00039
o/ v
Table II, continued
x/a y/b z/c sigx sigy sigz
c8 .40390 .95903 .66482 .00104 .00092 .00040
co .94385| .09742| .62131( .00161{ .00119| .00049
C10 . 77651 .20910 . 70628 .00115 .00169 | -.00053
Cll 1.36988 .31842 .57368 .00165 .00182 .00077
Ccl2 1.28231 .43860 .66215 .00211 .00137 .00068
C13 1.07802 «36142 . 57942 .00185 00171 .00077
Ccla .92742 -34721 .63555| .00146 .00127 .00064
N2 .92914 .21251 .566938 .00078 . 00080 . 00031
N3 1.22359 .33641 .61693 .00112 .00091 .00037
0l .63320 .49552 .50870 .00079 . 00072 .00030
02 .98843 .77785 .66617 . 00065 .00064 .09027
03 .84583 . 65805 .73917 .00070 .00070 .00025
Q4 .64046 .B6534 .56720 .00068 .00060 .00026
05 .42783 | 1.04139 .72369 .00074 .00075 .00031
N1 .80549 .68028 .56442 -00069 . 00067 .00028
H21 .82775 . 76503 .43642 . 00679 . 00618 .00278
H22 .60667{ .74308| .44395 .00696| .00637| .00278
H31 .87967 .86532 .53289 .00739 . 00655 .00279
H51 .69414 .59219 .64269 .0075%9 .00616 .00283
H71 .51235 .78214 .69945 .00721 .00654 .00273
Example 3

Preparation of N,N,N',N'-tetramethyl-1,2-dlaminoethane mono clavulanate from ethyl acetate solution

A solution of clavulanic acid in ethyl acetate (75 g, containing about 20 g of clavulanic acid/kg) was added in 10
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min to 75 ml of ethyl acetate at 8°C while stirring and keeping the pH between 8 and 9 with N,N,N',N'-tetramethyi-

1,2-diaminoethane (TMEDA, 5.1 g, viz. a molar ratio of 8 related to clavulanic acid). Stirring was continued for 0.5 hr
and the precipitate was fillered off, washed with ethyl acetate and dried in vacuum at 35°C 1o give 2.62 g of TMEDA
mono clavulanate (large crystals). The mother liquor (155 g} contained 0.02 g of clavulanic acid.

NMR (DMSO-d6): 2.38 ppm, N-CHj (s, 12H); 2.70 ppm, N-CH; (s, 4H); 2.83 ppm, C6-BH (d, 1H); 3.48 ppm, C6-aH
(dd, 1H); 3.98 ppm, CH,OH (m, 2H); 4.58 ppm, C3-H (s, 1H}, 4.66 ppm, =C-H (ir, 1H); 5.58 ppm, C5-H (d, 1H).

Example 4

Preparation of 1,3-bis{dimethyiamino)-2-ptopancl mono clavulanate

A solution of clavulanic acid in ethyl acetate {100 g, containing 20 g clavulanic acid/kg) was added over a period
of 10 min to 100 ml of acetone while stiring at B°C and keeping the pH between 8.5 and 8.7 with 1,3-bis{dimethylamino)-
2-propanol (2.54 g, viz. a molar ratio of 1.74 related to clavulanic acid). Stirring was continued for 0.25 hr and the
precipitate was filtered off and washed with 50 ml of a 1/1 mixture of acstone and ethyl acetate and with acetone.
Drying in vacuum at room temperature yielded 1.82 g of 1,3-bis{(dimethylamino)-2-propancl mono clavulanate with a
purity of 25.6% as free acid.

NMR (DMSO-d6): 2.41 ppm, N-CHg (s, 12H), 2.50 ppm, N-CH, (dABq, 4H, J 12.6 Hz, J 4.8 Hz); 2.61 ppm, N-CH,
(dABq, 4H, J 12.6 Hz, J 4.8 Hz) ; 2.94 ppm, C6-8H (d, 1H, J 16.5 Hz) ; 3.49 ppm, C6-aH (dd, 1H, J 16.5 Hz, J 2,7 Hz);
3.86 ppm CHyOH, CHOH (m, 3H); 4.58 pprm, C3-H (s, 1H); 4.64 ppm =C-H (tr, 1H, J 6.8 Hz); 5.57 ppm, C5-H (d, 1H,
J 2.6 Hz).

Example 5
Conversion of N,N,N',N'-tetramethyl-1,2-diaminoethane mone clavulanate into potassium clavulanate
30 ml of a 0.35 M potassium acetate solution {solvent isopropylaicohol and 1% (w/v) water) was added dropwise

to a suspension of 2 g of N,N,N' N'-tetramethyl-1,2-diammincethane mono clavulanate {content 68.6%) in 50 m| of
isopropanol. After 0.75 hr stirring at room temperature the precipitate was filtered, washed with 10 mi of iscpropanaol

-and dried in vacuum at 35°C yielding 1.44 g of crystalline potassium clavulanate with a content of 87% (clavulanic

acid) and about 1.5% potassium acetate {HPLC analysis). The mother liquor contained about 0.06 g of clavulanic acid.
Example &
Conversion of 1,3-bis(dimethylamino)-2-propancl mono clavulanate into potassium clavulanate

1.6 ml of a 2M solution of potassium 2-athyl-hexanoate in isopropanol was added to a stirred solution of 1 g ol
1,3-bis(dimethylamino) -2-propanol mono clavulanate in 19 ml of isopropanol and 1 ml of water at room temperature.
After stirring for 0.25 hr the precipitate was filtered off and washed with 15 mi of isopropanol. Drying in vacuum at room
temperature gave 0.38 g of polassium clavulanate with a purity of B0% as free acid.

Claims

1. A salt of clavulanic acid of the formula (lla):

. H o
——-t/ CH,OH
N H
0 Ry, @ ~R3
co,"~ H—N— (CH2) n=C— (CH2) m— N
Ry l Rq

X

{IIa)
where R, and R, are each a (1-8C)alkyl, (3-8C)cycloalkyl or {3-8C)cycloalky!(1-8C)alkyl group, optionally having
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one or more inert substituents selected from the group consisting of halogen, hydroxy, Cy to Cy alkyl, C, to Gy
alkoxyl, C, to C4 acyloxyl and C, to C, esterified carboxyl, or are interlinked to form a ring of 4-7 ring atoms; Ry
and R, are each a (1-8C)alkyl, (3-8C)cycloalkyl or (3-8C)cycloatkyl(1-8C)alkyl group, optionally having one or
more inert substituents selacted from the group consisting of halogen, hydroxy, C, to Cy4 alkyl, C, 1o C,4 alkoxy!,
C, to G4 acyloxyl and C, to C, esterified carboxyl, or are interlinked to form a ring of 4-7 ring atoms; X is hydrogen,
hydroxy or halogen; and m and n are each 0-5, raspecitively.

2. A sait of clavulanic acid according to claim 1 where R,, Ry, Ry and R4 are methyl.

3. A salt of clavulanic acid according to claim 1 or 2 where X is hydrogen, nis 1 andm is 0.

4. A salt of clavulanic acid according to claim 1 or 2, wherein X is hydroxy, nis 1and mis 1.

5. Asalt of clavulanic acid of formula lla according to claim 1, wherein B, Ry, B3 and R, are methyl, X is hydrogen,
nis1andmis C.

6. Aprocess for preparing a salt as claimed in claim 1, 2, 3 or 4, wherein clavulanic acid is reacted with a diamine (I11):

H
Rix I ~R3 o
/NH—(CHz)nTC—(CHZ)m—N\ (III)
R2 | Ry
X
wherein By, Ry, Ra, By, X, m and n are as defined in claim 1, 2, 3 or 4, in an organic solvent.

7. Aprocess according to claim 6 wherein the molar amount of diamine is greater than that of clavulanic acid.

8. A process to prepare a salt as claimed in claim 5, wherein clavulanic acid is reacted with N,N,N' N'-tetramathyi-
1,2-diaminoethane wherein the molar amount of N,N,N',N'-tetramethyl-1,2-diaminoethane is greater than that of
clavulanic acid.

9. Aprocess for the preparation of clavulanic acid or a pharmaceutically acceptable salt or ester thereof which com-
prises converting a salt as claimed in claim 1, 2, 3, 4 and 5 into clavulanic acid or a pharmaceutically acceptable
salt or ester thereof.

10. Aprocess for the purification of clavulanic acid or a pharmaceutically acceptable salt or ester thereof which process
comprises:

i) containing impure clavulanic acid in an organic solvent with diamine of formula (IIl) to form a salt of formula
(lla);

ii) isolating the salt produced in step i); and

iy converting the isolated salt into clavulanic acid or a pharmaceutically acceptable salt or ester thereof.

11. A pharmaceutical composition comprising a salt of clavulanic acid as claimed in ¢laim 1, 2, 3, 4 or 5 and a phar-
maceutically acceptable carrier or diluent.

12. Use of a salt as claimed in claim 1, 2, 3, 4 or 5 as an intermediate in a process for the preparation of clavulanic
acid or a pharmaceutically acceptable salt or ester thereof.

Patentanspriiche

1. Salz der Clavulanséure der Formel (lla)
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B
0
———T” CH-OH
V. H
o N | A3
Coo~ H—;N—(CHz) n—C—(CH3) m—N\R
R7 | 4

X

{IIa)

in der R4 und R, jewails einen Cy_g-Alkyi-, C4 g-Cycloalkyl- oder Cg g-Cycloalkyl-C,_g-alkylrest, gegebenentalls mit
einem oder mehreren inerten Substituenten, bedeuten, wobei die Substituenten aus der Gruppe ausgewahlt sind,
die aus Halogen und einem Hydroxyl-, C, 4-Alkyl-, C,.4-Alkoxy-, C;4-Acyloxy- und C;_4-Carboxylesterrest besteht,
oder Ry und R, zur Bildung eines Rings mit vier bis sieben Ringatomen miteinander verbunden sind, Ry und Ry,
jeweils einen C,_g-Alkyl-, G, g-Cycloalkyl- oder C, -Cycloalkyl-C, g-alkylrest, gegebenentfalls mit einem oder meh-
reren Substituenten, bedeuten, wobei die Substituenten aus der Gruppe ausgewanhlt sind, die aus Halogen und
einem Hydroxyl-, C;.4-Alkyl-, Cy_4-Alkoxy-, C,_4-Acyloxy- und C, 4-Carboxylesterrest besteht, oder Ry und R, zur
Bildung eines Rings mit vier bis sieben Ringatomen miteinander verbunden sind, X Wasserstoff, sinen Hydroxylrest
oder Halogen darstellt sowie m und n jeweils unabhangig voneinander einen Wert von 0 bis 5 bedeuten.

Salz der Clavulansure nach Anspruch 1, worin Ry, Ry, R, und R, jeweils Methyl bedeuten.
Salz der Clavulansaure nach Anspruch 1 oder 2, worin X Wasserstoff, n die Zahl 1 und m die Zahl O bedeuten.

Salz der Clavulansdure nach Anspruch 1 oder 2, werin X einen Hydroxylrest, n die Zahl 1 und m die Zahi 1 be-
deuten.

Salz der Clavulansaure der Formel lla nach Anspruch 1, werin Ry, Ry, R und R, jeweils Methyl, X Wassarstoff,
n die Zahl 1 und m die Zahl 0 bedeuten.

Verfahren zum Herstellen eines Salzes nach Anspruch 1, 2, 3 eder 4, worin Clavulansaure in einem organischen
Lésungsmittel mit einem Diamin der Formel |11

Ry H R3
N“(CH2)n‘?‘(CH2)m"N\ (IIT)
/
Ra X R4

umgesetzt wird, in der R,, By, B3, By, X, m und n wie im Anspruch 1, 2, 3 oder 4 definiert sind.

Verfahren nach Anspruch 6, worin die molare Menge des Diamins gréBer ist als jene der Clavulansaure.
Varfahren zur Herstellung eines Salzes gemaB Anspruch 5, worin Clavulansdure mit NN, N' N'-Tetramethy!-
1,2-diaminoethan umgesetzt wird, wobei die molare Menge des N,N,N',N'-Tetramethyl-1,2-diaminoethans gréGer
ist als jena der Clavulansaure.

Verfahren zum Herstellen von Clavulansaure oder eines pharmazeutisch akzeptablen Salzes oder Esters hiervon,
bei dem ein Salz geman Anspruch 1, 2, 3, 4 und 5 in Clavulansaure oder ein pharmazeutisch akzeptables Salz

oder einen Ester hiervon umgewandelt wird.

Verfahren zum Reinigen von Clavulansaure oder eines pharmazeutisch akzeptablen Salzes oder Esters hiervon
mit folgenden Verfahrensstufen:

i} Vorliegen von unreiner Clavulansaure in sinem organischen Lésungsmittef mit einem Diamin der Formel 111,
um ein Salz zu bilden;
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i} Isolieren des in der Stufe i) gebildeten Salzes; und

ii)Umwandeln des isolierten Salzes in Clavulansaure oder in ein pharmazeutisch akzeptables Salz oder einen
Ester hiervon.

11. Pharmazeutische Zusammensetzung, enthaltend ein Salz der Clavulansdure geméafn Anspruch 1, 2, 3, 4 oder 5
und ein pharmazeutisch akzeptables Trager- oder Verdinnungsmittel.

12. Verwendung eines Salzes geman Anspruch 1, 2, 3, 4 oder 5 als Zwischenprodukt in einem Verfahren zur Herstel-
iung von Clavulansaure oder eines pharmazeutisch akzeptablen Salzes oder Esters hiervon.

Revendications .

1. Sel de I'acide clavulanique de formule (lla) :

H
__‘/ CH,OH
—N.
04 : Ri® l -R3
coy” B—N——(CHz) n=C~ (CH2)m N
Ry | 4
X
(IIa)

ol :

R; et R, sont chacun un radical alcoyle en C, g, cycloalcoyle en Cq g ou (cycloalcoyl en Cyglaicoyle en Cy g,
ayant tacultativement un ou plusieurs substituants ineries choisis dans le groupe consistant en halogéne,
hydroxyle, alcoyle en C, & C,, alcoxy en C, & C,, acyloxy en C, & C, et carboxyle en C, & C, eslérifié, ou ils
sont reliés pour former un cycle de 4 4 7 atomes;

Ry et R4 sont chacun, un radical alcoyle en G, _g, cycloalcoyle en C, g ou {cycloalcoyl en Gy g)alcoyle en C,
ayant facultativernent un ou plusieurs substituants inertes choisis dans le groupe consistant en halogéne,
hydroxyle, alcoyle en C, & C,, alcoxy en C, & G, acyloxy 8n C, & C,4 et carboxyle en C, & C, estérifié, ou ils
sont reliés pour former un cycle de 4 4 7 atomes; '

X est un hydrogéne, hydroxyle ou halogéne, st m et n sont chacun, indépendamment, 0 4 5.

2. Sel de l'acide clavuianique suivant la revendication 1, dans lequel Ry, Rs, Rj et R4 sont méthyle.
3. Sel de l'acide clavulanique suivant la revendication 1 ou 2, dans lequel X est hydrogéne, n est 1 et m est 0.
4. Sel de l'acide clavulanique suivant la revendication 1 ou 2, dans lequel X est hydroxyle, n est 1 et m est 1.

6. Seide l'acide clavulaniiue de formule (lla) suivant la revendication 1, dans lequel R,, Ay, Ry et R, sont méthyle,
X est hydrogéne, n est 1 et m est 0.

6. Procédé de préparation d'un sel suivant la revendication 1, 2, 3 ou 4, dans lequet on tait réagir 'acide clavulanique
avec une diamine (Il1) :

H
l
N - (CHy), - C = (CHy), - N (ITII)
|
X

ol

11
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By, Ay Ra, Ry X, m et n sont tels que définis & la revendication 1, 2, 3 ou 4, dans un solvant organique.

Procédé suivant la revendication 8, dans lequel la quantité molaire de la diamine est supérisure & celle de l'acide
clavulanique.

Procédé de préparation d'un sel suivant la revendication 5, dans lequel on fait réagir facide clavulanique avec e
N,N,N'N'-tétraméthyl-1,2-diamincéthane, ol la quantité molaire du N,N,N',N'-tétraméthyl-1,2-diaminoéthane est
supérieure A celle de l'acide clavulanique.

Procédé de préparation d'acide clavulanique ou d'un sel cu ester pharmaceutiguement acceptable de celui-ci, cui
comprend la conversion d'un sel suivant les revendications 1, 2, 3, 4 el 5, an acide clavulanique ou en sel ou ester
pharmaceutiquement acceptable de celui-ci.

Procédé da purification de l'acide clavulanique ou d'un sel ou ester pharmaceutiquement acceptable de celui-ci,
le procédé comprend :

i) la mise en commun d'acide clavulanique impur dans un sclvant organigue et d'une amine de formule (It
pour former un sel de formule (l1a);

i) 'solement du sel produit & I'étape i), et

iii} la conversion du sel isolé en acide clavulanique ou en un. sal ou ester pharmaceutiquement acceptable da
celui-ci.

Composition pharmaceutique comprenant un sel de 'acide clavulanique suivant ia revendication 1,2, 3, 4ou 5 et
un excipient ou diluant pharmacautiquement acceptable.

Utilisation d'un sel suivant la revendication 1, 2, 3, 4 ou 5 comme intermédiaire dans un procédé pour la préparation
d'acide clavulanique ou d'un sel ou ester pharmaceutiguement acceptable de celui-ci.

12
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