WO 96/ 26944 PCT/ GB96/ 00382

Clayulanic Acid Salts The present invention relates _to
clavul anic acid salts, the preparation thereof, and pharmaceuti cal
conpositions containing such salts. Cl avullanic acid is active in

antibiotic waysgnkslsi ons because it inhibits many of the bepgr/chotsuigse
enzynes which cleave the beta-lactamring of anti-m crobial agents such as

penicillins and cephal osporins. Clavul anic acid, therefore, inproves the
anti bacterial actions of such anti-mcrobial agents. C avul anic acid has
the follow ng fornmula: [err]

@GB- A- 1578739 di scl oses a cl ass Wcl avul anic acid, and a
process for the preparation of .

The present invention relates to clavulanic acid salts,
the preparation <thereof, and pharmaceutical compositions
containing such salts.

Clavulanic acid is active in antibiotic formulations
because it inhibits many of the beta-lactamase enzymes which
cleave the beta-lactam ring of anti-microbial agents such as
penicillihs and cephalosporins. Clavulanic acid, therefore,
improves the antibacterial actions of such anti-microbial agents.
Clavulanic acid has the following formula:

. CHZOH

GB~A-1578739 discloses a class of amine salts of
clavulanic acid, and a process for the preparation of clavulanic
acid salts, which may be more easily formulated than previously
described salts of clavulanic acid to stable pharmaceutical
compositions. Typically, amine salts of clavulanic acid either
do not crystallise, or only crystallise on addition of very large
amounts of solvent, such as acetone.

W093/25557 discloses a broad range of amines for use
as intermediates in the preparation of clavulanic acid or
pharmaceutically acceptable salts and esters.

Clavulanic acid is typically recovered from agqueous
solution by acidification and extraction intoc an organic solvent.
It is therefore highly advantageous to be able to crystallise a
clavulanic acid salt direct from this solvent extract without the
addition of other solvents.
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acid salts, which may be nore easily fornul ated than previously descri bed
salts of clavulanic acid to _stable pharmaceutjical conpositions. Typically,
am ne salts of clavulanic acid either do not crystallise, or only '
crystallise on addition of very |arge amunts of solvent, such as acetone.
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the preparation of clavulanic acid or pharmaceutically acceptable salts and
esters. Clavul anic acid is typically recovered from aqueous
solution by acidification and extraction4nto an organic solvent. It is
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are all of the aliphatic type.

We have, surprisingly, found that a specific category
of aromatic organic amines, namely certain benzhydrylamines
confer significant advantages in preparing a clavulanic acid salt
from an organic solvent used in extracting clavulanic acid.

We have found that benzhydrylamine and related
compounds, despite being aromatic organic substances which might
normally be expected to associate with organic impurities will
cause clavulanic acid to crystallise as a purified white amine
salt direct from an organic solvent, such as ethyl acetate.

Accordingly, there is provided by a first aspect of the
present invention, a clavulanic salt derived from clavulanic acid
(or'a salt thereof) and a benzhydrylamine of the formula (I) (or
a salt therecf),

RI
(1)

CH — NHa2

R?.

wherein each of R' and R’ independently represents a hydrogen atom
or a pharmaceutically acceptable substituent, such as a lower
alkyl, haloalkyl, alkoxyl or acyloxy group or the like.
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ethyl acetate, for isolation of the clavulanic salts according
to the invention, there is in many cases no necessity for any
addition of a second solvent, such as acetone. If, however, the
organic solvent extract contains a significant 1level of
impurities, it is desirable to increase the polarity of the
crystallisation medium prior to addition of the amine. This is
most conveniently achieved by the addition of a second more polar
solvent such as a ketone or an alcohol. It has accordingly been
found that, as with other amines, when necessary, the purity and
general guality of the benzhydrylamine salt of clavulanic acid
may be enhanced by the addition of a suitable secondary solvent
to the ethyl acetate extract. Acetone is a preferred secondary
solvent. |

The clavulanic salts according to the invention are

themselves pharmaceutically acceptable, and may therefore be
used, together with a carrier, diluent or excipient, in a
pharmaceutical formulation. Alternatively, the clavulanic salts
may be used as intermediates for the preparation of further
pharmaceutically acceptable salts of clavulanic acid, such as the
potassium salt; such further salts may themselves be used
according to the invention in a pharmaceutical formulation.

A pharmaceuntical formulation according to the
invention preferably also contains a beta-lactam antibiotic, more
preferably a penicillin or a cephalosporin. Alternatively, a
pharmaceutical formulation according to the invention may be co-
administered with such a beta-lactam antibiotic. Thus the
effectiveness of such a beta-lactam antibiotic can be maintained
when administered with a pharmaceutically acceptab.le salt in a
pharmaceutical formulation according to the invention.

According to another aspect of the present invention,
there is provided a process for preparing a salt of clavulanic
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clavul anic acid, whichsalts have exceptionally beneficial colour and

chemi cal stability characteristics, and also a relatively low solubility in
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clavulanic s ording to the invention, there is in nmany cases no
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however, the organic solvent extract contains a significant |evel of
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alcohol or a ketone (preferably acetone).

The clavulanic salts according to the invention have
been found to be non-hygroscopic and may even be recovered direct
from aqueous solution. This may be achieved either by
evaporation of water from an agueous solution of the clavulanic
salts or by preparing the clavulanic salt in aqueous solution
under conditions of high clavulanate ion concentration. This
is a unique property of the amine clavulanic acid salt because
no other amine salts of the clavulanic acid are known to be
recoverable from aqueous solution in this way.

According to a further aspect of the present invention,
there is provided a process for preparing a salt of clavulanic
acid according to the first aspect of the present invention,
which process comprises reacting an aqueous solution of
clavulanic acid (or a salt thereof) having a pH in the range of
6-8 and a clavulanate concentration of at least 5% by weight,
with an equivalent amount of a water soluble salt (such as a
hydrochloride salt) of a benzhydrylamine of formula I, stirring
the mixture for several hours at a temperature of 0 to 5°C, such
that the clavulanic acid salt precipitates from the solution, and
can be filtered off.

Alternatively,'the clavulanate salt may be prepared
from an aqueous solution of the clavulanate salt by concentration
under conditions of reduced pressure and at a temperature not
exceeding 25°C, such that after stirring the mixture for several
hours at a temperature from 0-5°C, the clavulanic acid salt
precipitates from the mixture, and can be filtered off.
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free solution of clavulanic acid (or a salt thereof) in an
organic solvent, such as ethyl acetate, which solution is kept
at a temperature of between approximately 0 and 15°C (preferably
less than 10°C) and reacting with a benzhydrylamine of formula I
in the organic solvent. The process advantageously causes a
benzhydrylamine salt of clavulanic acid to crystallise
substantially in the form of small spherical crystals. This is
a yet further unique property of these amine salts because all
other amine salts of clavulanic acid for which data have been
reported crystallise mostly as needles or occasionally as prisms
or platelets. The new spherical crystal form is highly
advantageous because the crystallisation mixture has a low
viscosity and the crystal bulk density associated with the salt
is higher, thus allowing crystallisation of more concentrated
mixtures. The clavulanic salt is also easier to filter and wash
and, when dried, the resultiﬁg powder-like product has superior
flow and handling characteristics.

The

As is well known from the scientific literature,
certain amine salts of clavulanic acid have been shown to form
hydrates and solvates. Generally such compounds are not well
defined and are of variable composition. Also, on some

. occasions, in order to demonstrate their existence, it has been
necessary to contrive conditions which would not ordinarily apply
during a process to recover and purify clavulanic acid. 1In any
case, the formation of solvates can be a considerable nuisance
because of the inevitable carry over of solvent to subsequent
processing stages. The benzhydrylamine salts of clavulanic acid
according to the invention do not normally appear to form
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reduced pressure an a tenperatufe not exceedi ng 25C, such that after
stirring t hEYAR%A% for several hours at a tenperature from O 5[err]C, the

clavul ani c aci d salt Thecdnpehties hayrbd hore cleaely amsderstdygl firlome thel
32;)GBQG/OO%%E?MQf#yzgﬁg%%les given by way of'illustr?tion onlyi in which
reference is made to the accompanying drawings, wherein:
Figure 1 is a photomicrograph of crystals of the
benzhydrylamine salt of clavulanic acid;
Figure 2 is a photomicrograph of spherical crystals of
the benzhydfylamine salt of clavulanic acid;
Figure 3 is an infra-red spectrum of the benzydrylamine
salt of clavulanic acid. '

Example 1
tion of ¢ Be: amine t of Clavulanic a4

A magnesium sulfate and decolorising charcoal treated
solution of clavulanic acid (3.0% w/v clavulanic acid) in ethyl
acetate was prepared conventionally. To 100ml of this solution
was slowly added, with stirring, a solution of 4.15 grams of
benzhydrylamine (approximately 20% w/v solution in ethyl
acetate). After about 20% of the amine had been added, a few
nilligrams of benzhydrylamine clavulanate was added as a
crystallisation seed. Addition of the remainder of the
benzhydrylamine caused the desired salt to crystallise.

Crystallisation .of the mixture was completed by
stirring at ambient temperature for 30 minutes and then at 0-3°C
for a further two hours. The white crystalline product, in the
form of needle shaped crystals, was then filtered, washed with
a little ethyl acetate and dried in vacuo to yield 4.6 grams of
salt (yield 80%). The benzhydrylamine salt of clavulanic acid
was subjected to elemental analysis, the results of which are as
follows:



- 5- These processes for preparing the clavulanic acid salts
according to this aspect of the present invention have the significant
advant age that no organic solvent is required in order to recover the
salts. According to a yet further aspect of the present invention
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preparing a substantially water free ng,ytion of clavulanic acid (or a salt
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to 100ml under reduced pressure on a rotary evaporator. To this
sclution at 10°C was added rapidly, with stirring, a solution of
3.5 grams of benzhydrylamine (approximately 20% w/v solution in
ethyl acetate). Crystallisation was completed by stirring at
10°C for 30 minutes and then at 0-3°C for a further two hours.
The white crytalline' product in the form of small, rapidly
settling, crystal spheres was then filtered, washed with a little
ethyl acetate and dried in vacuc to yield 4.1 grams of salt
(yield 85%). The benzhydrylamine salt of clavulanic acid in the
form of spherical crystals was subjected to elemental analysis,
the results of which are as follows:

Carbon (% m/m) 65.73 (calculated 65.96)
Hydrogen (% m/m) 5.83 (calculated 5.80)
Nitrogen (% m/m) 6.96 (calculated 7.32)

The shape of the crystals obtained is shown in the
photomicrograph of Figure 2.

Example 3
Preparation of the Potassium Salt of Clavulanic Acid

With stirring at ambient temperature, 3.8 érams of the
benzhydrylamine salt of clavulanic acid were dissclved in 100ml.
butan-1-ol which contained 2.0% v/v water. To this sclution was
added 7.0ml of a 2N solution of potassium 2-ethyl hexanocate in
butan=-1-o0l with continued stirring. After completion of this
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11.0 grams (3 equivalents) of benzhydrylamine was added
dropwise with stirring to 190ml of a mixture of ethyl
acetate/acetone (1l:1 v/v) containing 19.7 grams/litre of
clavulanic acid. After addition of about 6ml of the
benzhydrylamine, crystallisation commenced. After
completing the addition the mixture was stirred for about
one hour. The crystalline product was filtered off under
suction, washed with cold acetone and dried in vacuo. The
yield of the benzhydrylamine salt of clavulanic acid was
5.30 grams (73.7%) with a clavulanic acid content of 51.9%
{theoretically 52%).

To 3.6 grams of the benzhydrylamine salt of clavulanic acid
was added 1.2 equivalents of potassium 2-ethyl hexanoate.
The yield of potassium clavulanate was 2.17 grams {(99%) as
white crystals with a clavulanic acid content of 85.7%
(theoretically 83.6%).

Example 5.
Crvystallisation of ben drvlamine salt of clavulanic acid
ethyl acetate and. versi to ssi clavulanate.

(a)

9.2 grams (3 equivalents) of benzhydrylamine was added
dropwise at 5°C with stirring to 90ml ethyl acetate
containing 36.4 grams/litre clavulanic acid. After
stirring for half an hour the crystalline product was
filtered off under suction, washed with ethyl acetate and
dried in vacuo. The yield of the benzhydrylamine salt of
clavulanic acid was 6.62 grams (97.7%), as light yellow
crystals with a clavulanic acid content of 48.7%.
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With stirring at ambient temperature, 1.0 gram of the
benzhydrylamine salt of clavulanic acid was dissolved in 15ml.
water. A small amount of insoluble material was filtered off.
The resulting solution was then concentrated by evaporation using
a rotary evaporator with a bath temperature of 25°C to a volume
of ca. 5ml. This solution was then gently stirred overnight at
a temperature of 0-3°C, during which time the benzhydrylamine
salt of clavulanic acid precipitated.

In further experiments, similar solutions of salts of
clavulanic acid with other amines, in which the clavulanic acid
solution content was ca. 3.5% w/v, were prepared and subjected
to the same conditions.

These other amines included tertiary-butylamine,
cyclohexylamine, dimethylethylamine, 2-methyl-2-amino-1-propanol
and dimethylbenzylamine. None of these amine salts of clavulanic
acid could be precipitated under the conditions described.
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was then filtergdsayastisreds,handl at beezieyduytlacisienod &hed flormala ,vazuo to
yield 4.1 grans_of fgl hé?@ d 85% . The benzhydryl am ne salt of clavul anic
acid in the forfhdf Spherical crystals was subjected to el enental analysis,

the results of which are as foll ows™_,— Carbon (% m m 65. 73
(cal cul ated 65. 96) Hydr ogen /(89 niYy) 5.83 (cal cul ated

5. 80) Nitrogen (% mm 6/ (calculated 7.32) The shape
of the crystals obtained is shown in t ot om crograph of Figure 2.
Exanpl e 3 Preparation of the Potassium Sal t\of C avul anic Acid

Wth stirring at anmbient tenperature, 3.8 grafs ef Niwe I

Rl

wherein each of R' .and R? independently represents a
hydrogen atom or a pharmaceutically acceptable substituent.

2. A salt according to claim 1, wherein the pharmaceutically
acceptable substituent comprises a lower alkyl, haloalkyl,
acyloxy or alkoxy group.

3. A salt according to claim 1 or 2, in the form of
substantially spherical crystals.

4. A salt according to any of claims 1 to 3, wherein R' and R’
are both hydrogen.

5. A salt according to any of claims 1 to 4, for use as an
intermediate in the preparation of a pharmaceutically
acceptable salt or ester of clavulanic acid.

6. A process for preparing a salt of clavulanic acid according
to any of claims 1 to 4, which comprises reacting a
benzhydrylamine of the formula I, or a salt thereof, with
clavulanic acid, or a salt thereof, in an organic solvent,
and isoiating the resulting salt.

L) A R



benzhydryl ami ne salt of clavulanic acid were di ssolved in 100n . butan-1-ol
whi ch_contai ned 2. 0% v/v wat efhiss];&ttmigiembmeﬂon was_added 7.01_of a 2N

sol uti on of potassium 2-et hyl utan-1-ol with continued
stirring. After conpletion of q'mmnm“ 96/ 26944 _

PCT/ GB96/ 00 96126944 addi t i oipcriddeidbags Ur €
was stirred at anbient tenperature for one hour and then at 0-3C for a
further hour. The product in the formof,a thick crystal slurry was
filtered, washed with butan-1- ol and then acetone and dried in vacuo to
yield 1.9 grans of the salt (yield 80.6%. Exanple 4 Crystallisation of
benzhydryl @ ne. spréceds Clazesirding ags d claiaces pnemeiriain a@@idﬂ Q;t G'u'.]g:
conversion to RQfy u a g eqU|v en 0
benzhydryl am n%%wa%?'lt g&%&/ﬂ&n LE 4181)%%%%&?‘??%@ 188 Af'xt ure
of et hyl 2ddPhptisckebare( 1: 1 v/v) contai ni ng 19. grans/lltre of

cl avul ani c -aci d. After addition of about 6m of the benzhydryl am ne,

crystallisgfio ced. . Af C npl t he addi tion.the
mi Xt ure wa;ost st :Ar rgggg%%‘ga%%&tordmg oéle Slile ?\g ?’gl | T3 pPEFRREChas
filtered off uf@dvent is ethyl acetate. -

9. A process according tc any of claims 6 to 8, which includes
addition of a polar solvent to the resulting salt, which
polar solvent is more polar than said organic solvent.

10. A process according to claim 9, wherein said polar solvent
comprises an alcohol or ketone.

11. A process for the preparation of clavulanic acid or a
pharmaceutically acceptable salt or ester thereof which
comprises converting a clavulanic acid salt as claimed in
any of <claims 1 to 4 into clavulanic acid or a
pharmaceutically acceptable salt or ester thereof.

12. A process according to eclaim 11, wherein said
pharmaceutically acceptable salt comprises potassium
clavulanate.

13. A process for preparing a salt of clavulanic acid according
to any of claims 1 to 4, which comprises reacting an
. agueous solution of salt of clavulanic acid the solution
having a pH in the range 6 to 8 and a concentration of at
least 5% by weight, with an equivalent amount of a water
soluble salt of a benzhydrylamine of the formula (I), and
isolating the resulting salt by stirring the mixture at a
temperature of from 0 to 5°C, and filtering the resulting
precipitated salt from the solution.

14. A process according to claim 13, wherein the water soluble
benzhydrylamine salt comprises the hydrochloride salt.

R
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suction, washed with cold acetone and dried in vacuo. The yi el d of

t he benzhydryl am ne salt_of clavul ani¢c acid was 5.30 grans (73.7%
with a clavulanic acid content of 51.9% (theoretically 529%. (b) To
3.6 grans of the benzhydrylam ne salt of clavulanic acid was added 1.2
equi val ents @foPkagsSi Um 2-et hyl hexanoat e. The yiel d perieabdmmsdaum
clavul anate was 2. 17 grans (99% as white crystals with a clavul anic
acid content of 85.7% (theoreticall

Crystal lisation of benzhydryl am ne salt

¥ 83. 69 . Exanpl e 5.
ozf clavulanic acid in ethyl acetate

and conversion to potassiumclavul anate. (a) 9.2 grans (3 equival ents) of
benzhydryl ars.ne mpgoadsgdior isclatingsa sHltSGfuclavslanic ngitoadbatdidy|

acetate con a' %f %‘iﬁi‘msgia{!&/ hithRici! ﬁ%‘ef‘s Rk ntratﬁgé%
stirring for hal hour fhe crystalline pro uc re ?
under sucti on, \E@é‘l?@&svm%#‘gtm 2k etthee skt vadapicy 4GS U

yi9<79|<; of theI bersnadtibasi o€ IHduced pressﬁhhraVldrﬂnlact asi demperstuire gﬁamfs
79 ! o { t
(97790, as 11 O AGQY pooc, SLYSEAS OHel Ri Rl YA BL6eREL DARY 8R! 00

PCT/ GB96/ 00382 5°C and filtering the salt from the solution.

16. A process for preparing a salt of clavulanic acid according

to claim 3,' which process comprises

preparing a

substantially water free solution of clavulanic acid in an
organic solvent . at from approximately 0 to 15°C, and
reacting a benzhydrylamine of the formula (I) (or a salt
thereof) with the clavulanic acid in said solution, and

isolating the resulting salt.

17. A process according to claim 16, wherein said organic

solvent comprises ethyl acetate.

18. A process according to claim 16 or 17, wherein said water
free solution of clavulanic acid in organic solvent is

prepared at less than 10°C.

19. A pharmaceutical formulatioh, which comprises a salt of
clavulanic acid according to any of claims 1 to 4, or a

pharmaceutically acceptable salt of clavulanic acid

prepared by a process according to any of claims 6 to 18

together with a pharmaceutically acceptable

diluent or excipient therefor.

carrier,

20. A pharmaceuticai formulation according to claim 139, further

comprising a beta-lactam antibiotic.

21. A pharmaceutical formulation according to claim 20, wherein

said beta-lactam antibiotic comprises a penicillin or a

cephalosporin.

A,
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- 9- (b) 4.8 grans of the benzhydryl am ne salt of clavulanic acid was

. .converted into potassium clavul apate’ as’ described in Exanpte—4—The
-yi~et-d—of~potassi um cl avul ate was 2.59 grans . (949 as aI nost white
crystals with a clavul anic acid content of 83.8% | e 6 Recovery

of the Be%gﬁ%%épm ne Salt of C avulanic Acid from Wt erPCT’G 96/00382 \y t
stirring at t tenperature, 1.0 gram of the benzhydryl am ne salt of
clavul anic acid was dissolved in 15m . water. A small anount of insoluble
material was filtered off. The resulting so] it on was then concentrated by
evaporation using a rotary evaporator with a bath tenperature of 25C to a
volunme of ca. 5m . This solution was then gently stirred overnight at a
tenperature of 0-3[err]C, during which tine the benzhydryl am ne salt of
cl avul ani c acid precipitated. I n further experinents, simlar
solutions of salts of clavul anic aci ch Got er amnes, in whi ch the
clavul anic acid solution content was S%w v, were prepared and
subjected to the samr condi tions. These other am nes i ncl Jaed
tertiary-butyl am ne, ]
cycl ohexyl am ne, di nmetfhyl et hyl am ne, 2- rret%yl - 2-am na- 1, rc/panol and LA

d be

di met hyl benzyl am ne. }None of thesg am ne salts of clavulanic acid co
preci pitated under the condl ti ons;descrl bed \




A clavul anate salt derived fromclavulanic acid, or a salt
a salt t her eof

CLAI MS: ___1.

t hereof, and a benzhydrytanmirre—of the fornula |, or

[err] wherein each of R err] and R err] T1ndependent | y-represents

a hydr ogen W smesds a substituent such that the clavul anate salt is

pharmaceutically acceptable. = 2. A clavulanate salt accordiqqn? §% im1l,
hal oal kyl, acy ((%? @#’

in the

wherein the substituent conprises an al kyl,
3 A clavul anate salt according to claim1 or 2,

al koxy group. :
of substantially spheri cal cryﬁt | s.
¥
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4. A clavulanate salt accordlng to any of clains 1 to 3, wher ei n
Rl err] and R}:err] are both hydrogen.- :»-5.. A clavul anate salt according to
any of clains 1 to 4, for use “as . an |nterned|ﬁnse>hedtﬁasﬂel€tﬂze laced

preparation of a phar maceut i cal | y.jgecept abl e sa gl
| t

cl avul ani c aci d. 6. A process for preparing a

according to any of claime 1 to 4, which conprlses

benzhydr yorxmMses: of the formula |, or a salt thereof, with clavulanlc
acid, or a salt thereof, in an organic sol vent, and isolating the
resulting clavul anate salt. 7. A’'process according to claim®6,
wherein slai d dkgsailt of cdhvedanicnmadcibsand & i banehydryilboinei ofstbe or
an allphaLﬁéfﬁ@i QNg 8. A process according to claim7, wherein said
organic vent Is ethyl acetrate. 9. A process according to any of
clainms 6 to 8, which includes

-CH — NH;

Rz

wherein each of R!' and R’ independently represents a
hydrogen atom or a pharmaceutically acceptable substituent.

2. A salt according to claim 1, wherein the pharmaceutically
acceptable substituent comprises a lower alkyl, haloalkyl,
acyloxy or alkoxy group.

3. A salt "according to claim 1 or 2, in the form of
substantially spherical crystals.

4. A salt according to any of claims 1 to 3, wherein R! and R?
are both hydrogen.

5. A salt according to any of claims 1 to 4, for use as an
intermediate in the preparation of a pharmaceutically
acceptable salt or ester of clavulanic acid.

6. A process for preparing a salt of clavulanic acid according

' to 'any of claims 1 to 4, which comprises reacting a
benzhydrylamine of the formula I, or a salt thereof, with
clavulanic acid, or a salt thereof, in an organic solvent,
and isolating the resulting salt of clavulanic acid.

-
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addition of a polar solyent to the resutting salt, V\,hi,?'%_ 'ri“\(‘g‘%@ur bhﬁ l;ant.
is nore polar than said organic solvent. ~10. A procdsg accordi ngqgto claim
9, wherein said polar solvent | conp_r_ril%e;s;-an al coholj ¢r LB ARR 1998 1{.
process for the preparation of clavulanic acid or a phar maceuti call y
accept alPlAEMBE or ester thereof which conpri ses donverting a
clavul anate salt as clained in any of clains 1 totdnto clavulanic
acid or a pharnaceutically accepfabl e salt gr est er, thereof. 12. .
process 1+ acchratayulpnatyg fsadt geriveRfEry claypdanic ;?r%’rqomc‘é’at?cﬁﬁ-g
acceptabl e s@héres®PEmEa HEHABAIEYlaning! a¥utheaifermulad.I A ¢ cgesaltor
prepari ng a-c%avul a%ate salt according to any of clainms 1 to 4, which
conprises rea I(‘PF§° n aqueous R' solution of clavulanate salt the solution

having a pHin the range 6 to 8 ang a—CQncentration of at |east 5% by
wei ght, with an equival ent anmobunt of g Wwatey)soluble salt of a
benzhydryl ami ne of the formula (1), any\i sdl/at i ng the resulting salt by

stirring the mxture at a tenperature o fromO to 5[err]C, and
filtering the resulting precipitated salt fromthe solution. 14'IA
process according to claim 13, wherein the wat @Hset tifle

berizhydryl am ne salt conprises the hydrochl ofide salt.

Rz
wherein each of R' and R* independently represents a

hydrogen atom or a substituent such that the clavulanate
salt is pharmaceutically acceptable.

2. A clavulanate salt according to claim 1, wherein the
substituent comprises an alkyl, haloalkyl, acyloxy or
alkoxy group.

3. A clavulanate salt according to claim 1 or 2, in the form
of substantially spherical crystals.

4. A clavulanate salt according to any of claims 1 to 3,
wherein R! and R® are both hydrogen.

5. A clavulanate salt according to any of claims 1 to 4, for
. use as an intermediate in the preparation of a
pharmaceutically acceptable salt or ester of clavulanic

acid. '

6. A procéss for preparing a clavulanate salt .according to any
* of claims 1 +to 4, which comprises reacting a
benzhydrylamine of the formula I, or a salt thereof, with
clavulanic acid, or a salt thereof, in an organic solvent,
and isolating the resulting clavulanate salt.

AR



WO 96/ 26944

. S - PCT/ C :
-12- 15. A process for isolating a salt of clavul an %MNB&HEEJ‘
to any of clainms 1 to 4, which.conprises concentrating aqueous
solution of the.salt of clavulanic acid under . condj t) oR9 APRredgcdd
pressure and at a tenperature not exaeeding 25[err|| G, stirring th
m xture for several hours at O- 5C and filtering tlhe ]
sol uti on. 16. A process for preparing a salt of clagvulanic acid

accordi ng7. Al oprokess &ccowdinky poocelasimcodprildesrepnepsalidg oxganic
substantial ly rJgr tion_of 1.C L.el L apt.c
PN BEmRBlP" o STHBERLC 88 feiddh oprEOOBhe an

sol vent at err
benzhydryl an adiphatiie fketenae. (1) (or a salt thereof) with the
clavulanic acid in said solution, and isolating the resulting salt.
17. A process according to claim 16, wherein said organic . .sol vent

conpri ses8et N BESEgSs. acegrdingyrteesalad®orl ngvherelni waddoronganic

wherein sai d wali®fent is fd@fyPAEetRLReof clavulanic acid in organic sol vent
S . prepared at less than 10[err]C _

9. A process according to any of claims 6 to 8, which includes
addition of a polar solvent to the resulting salt, whi_ch
polar solvent is more polar than said organic solvent.

10. A process according to claim 9, wherein said pélar solvent
comprises an alcohol or ketone.

11. A process for the preparation of clavulanic acid or a
pharmaceutically acceptable salt or ester thereof which
comprises converting a clavulanate salt as claimed in any
of claims 1 to 4 into clavulanic acid or a pharmaceutically
‘acceptable salt or ester thereof. |

12. A process according to claim 11, vwherein . said
pharmaceutically acceptable salt comprises potassium
clavulanate. ’

13. A process for preparing a clavulanate salt according to any-
of claims 1 to 4, which comprises reacting an aqueous
.solution of clavulanate salt the solution having a pH in
the range 6 to 8 and a concentration of at least 5% by
weight, with an equivalent amount of a water soluble salt
of a benzhydrylamine of the formula (I), and isolating the
resulting salt by stirring the mixture at a temperature of
from 0 to 5°C, and filtering the resulting precipitated salt
from the solution.

14. A process according to claim 13, wherein the water soluble
benzhydrylamine salt comprises the hydrochloride salt.
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19.'* "A pharnmaceutical fornulation, which conprises alé f@g D
clavul anic acid according to any of clainms 1_to 4, % ‘F ! - v
phar maceutical |y acceptable salt of clavulanic acid " prepared by a
process according to any of clains 6 to 18 t oget her wi t b
pharmaceutically acceptable carrier, di luent or exci pi e
20. A phar macep(i"qal fornulwakﬂnmmxmtﬁkﬂ@mmahmm& fur ty
conprising a be?g?zct am ant i bi ot i c. "W PR pharmaceutical fornulation
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