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A process for the preparation of an oxalﬂalatin preparation

Desérigtion

~ The present invention relates to a procéss for'prepari'ng oxaliplatih, :

to an oxaliplatin preparation of high purity and its use in the treat-

ment of cancer.

Oxaliplatin, CAS Number [61825-94-3], is the genérally. used hame

- for the (SP-452)—[(1R,2R)'-1,2-cyclohexaned‘iamine-kN-,kN’}-(oxa'late4
'0,0')-platine(ll) complex of the structural formulal: o '

NHp /o
P_t
C “‘NHy” N0

0

| Oxaliplatin was fi'rst'reported by the Nagoya C'ity Uni\'/ersity, Japan, in

Gann, 1976, 67(6), 921-2. Oxaliplatin is frequently used in cancer
therapy. A general method for preparing'oxalipla'tin is de'scf_ibed in
US 4,169,846. The process described is baSéd on the reactioh ofla
(SP-4-2)-dichloro-[(1 R,2R)-1 ,2-cyc|ohexanédiamine-kN',kN ‘Iplatine(ll)
complex (in the following abbreviated as DACHPLtCI,) in water with
two equivalents of silver nitrate, an elimination of the obtained solid
phase and a subsequent reaction of the obtained ionic platinum
diaqua-complex with oxalic acid and/or its alkali metal salts. The

ionic platinum(ll)diaqua-complex described above can thus be con-

26150g2 SC-an
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sidered as a key synthetic intermediate. It has the structural formula

Il and it is usually in the form of a dinitrate salt:

, NHp /

/.\
|

- _ ' H
s S

The aqueous solution coh‘tainlng the ionic pla‘ti‘nUm_'diaqua-complex
1 exhibits a pH of about 2 due to the acidic protons of the complex. -
The yield of the finally obtained oxaliplatin is usually about 70%. OX-.
10 aliplatin prepared in such a way is, however, accompanied with vari-
ous synthetic impurities, e.g. oxalic acid, DACHPtCI2, Ag” ions and
g analogous hydroxo-bridged dimeric and trimeric platinum complexes
being formed from ionic platmum(ll)mono- and diaqua- complex in-
termediates.
15 | |
The analogous 'impurity'hydroxo-bridged dimeric pletinUm complex

described above has the structural formula (l11) :

| NH2\ / ~. /Hﬂ""-
O/ / \\ / \ HoN

(Il

20
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The dimeric platinum complex with the structural formula 111 is formed
from platinum complex with the structural formula Il (in the_follbwing: |
ionic platinum (ll)diaqua compleX) at a pH range of(labout 4 to 9 by
splitting off one ,ac_:idic pr_oton frbm the ionic platinum (Ii) diaqUa-
5 ébmplex and the subsequent condénsati‘onvof such two épécies. Thé _
~ dimeric platinu'rh complex lll (in the followih'g: dimeric plati'num‘ }cOm-.'
| p_lek III)' represents a deféctab|e’impUrity in the final‘ oxaliplatin. Any
~ of theébove-identiﬁed impurities, in particul'af the diméric platinum
complex lll, may cause severe’advérse effects in the therapeutic use |
10 of oxaliplatin. Their presence is to be avoided. Therefore, corre-
sponding purification procedures are the subject of a great wealth of
patents and patent applications. Among the r_host preferred bLlr'ifica;
tion processes éré those, which use alkaline iodidés for the elimina- -
tion of ionic impurities frdm the ionic plét'invu_m (1 diaqua-compléx'in
15~ combination with a large amount of water for the required re-
crystallization and washing of the crude product. Such a process is
 described for example in EP 0 617 043 B1, WO 03/004505 and-EP 0
625523 B1. o T

20 - For the satisfactory elimination of the A'g+ ions and other 'ionic'"impuki'-
ties including an ionic platinum mdnoaqUa-compléx present in the
ionic platinum (II)-diaqua-compIex, an about thréefold- excess of io-
dides is usually recqmmended. A seriéus drawback is, howe\)er, that
iodides parallelly and predominantly react with a surplus of reactive

25 ionic platinum (ll) diaqua-complex to the corresponding plati-
num(ll)diiodo complex. These iodo species then react with the spots
of Ag” ions to form insoluble silver iodide precipitates. That is why
this chemical purification method requires a considerable time,; usu-

ally more than 15 hours, to reduce the content of Ag’ ions below 5
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p.p.m. This purification also causes a considerable Ibss of oxaliplatin
and leads to the contamination and coloration of the product by
platinufn(ll)mbno- and diiodo complexes. Moreover, this chemical'
. “purification-procedure does not eliminate ’analogous hydroxo-bridged
‘5 dimeric pIatkihu'mvc':ompIex [l. The crude oxaliplatin must therefore be
A re-crystallized from water. A further resulting serious drawback is
" based on the very low solubility of oxaliplatin in any solvent. A large
f_afannf of water and a tempe’ratufe around the boiling point of water
ére necessary for the.re—crys'tallizaﬁon ‘of the ci"ude oxaliplatin. Fi-
10 nally, at the boiling point of water ‘side'produbts afe'eas'ily fofr_ﬁed
~ from: o'xaliplatih even during the short time 'of the exposure, which
’ rep.res'ents' another serious drawback. The vyields of the re-
crystallization of the product vary around 70%. If a repea_t'edv re- -
crystallization is necessary, a furthe‘r loss of thé product results.
15 ' , |
‘As follows from the above mentiOnéd prior art, there is a great de-
mand for a process to prepare oxali'plati'n in a high purity by an effec;

~ tive method. - -

20 -~ The technical problem underlying the-p_resent invention is therefore
to provide a'process for preparing oxaliplatin, which is simple and
provides oxaliplatin with a high purity and simultaneously ina high

yield. "

25 The présent invention solves the above-identified technical problem
by providing a process for-preparing oxaliplatin of the structural for-

mula |
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NH | 0—~°

NI

Pt
4, / \

NH”  ~ 0o

M.

- comprising _the'followin'g steps:
a) réacting a (SP-4-2)d'ihalogen-['(1R,2R)-1,24_ .
5 » o cyclohexane-kN,kN’']platine(ll) complex with a silver salt” - -

in an aqueous medium, in particular water, to obtain an
aqueous solution containing.an ionic platinum(ll)diaqua-
complex (structural formula-ll) and a solid phase;

b) ‘-removing the solid phase, -

10 c) adjusting the pH-value of the aqueous solution contain-
’ - ing the ionic platinum(ll)diaqua-complex (structural for- '
mula Il) obtained in-step b) to a pH-value of 9,5 to 13,
to obtain an alkaline sdlutibn comprising a (SP-4-
. ' 2)dihydroxo-[(1R,2R)-1,2-cyclohexane-kN,kN platine(ll)
15 ~ complex (further DACHPt(OH)2), '

d) purifying the alkaline solution to obtain a purified alka-
‘line solution and ’ ' : :

e) adding oxalic acid and/or an oxalic salt’.tov the purified
. ' alkaiine‘solution obtained in step. d) to obtain purified
20 . - oxaliplatin. - o

The pH-adjustment of the solution con‘tainirig' the ionic plati-
num(ll)diaqua-complex intermediate with the struc‘tural, formula Il to é
pH-value of 9,5 to 13, preferably 10 to 12, leads to the formation of a
25  stabilized ahalogous (SP-4-2)dihydroxo-[(1R,2R)-1,2-cyc|ohexane-
kN,kN Iplatine(ll) complex (DACHPt(OH),) which is relatively inert



» WO 2006/108428 PCT/EP2005/003746

and non-ionic. DACHPt(OH). is not stable at a pH below 9,5 due to
~ the formation of dimeric platinum complex Ill Pure DACHPt(OH)g is
not also stable at a pH above 9,5 due to the formatlon of black pre-
crpltates but it is stabilized at -this pH in the presence of anlomc
5 : 'Ilgands e.g. mtrates which are present in the ionic platrnum(ll)dlaqua

~ complex.

Thus, the invention provides in the p'rocess to ob‘tain oxallp‘latin a
stabilized intermediate, which in turn can be-subjected to various pu- -
10 . rification steps, which otherwise would not be possible, or which
would cause the formation of further impurities or a loss of product.
The stabilized aqueous alkaline solution of . “in - situ” formed.
DACHPt(OH);_ represents a most preferred mtermedlate for its fur-'
ther purlfrc_atlon by a chemical reaction and/or by a physical sorption
15 before th'e' addition of the oxalic aoid and/or an oxalic’ salt and the
formation of - the final oxaliplatin. It was further found that the pH-
‘adjustment step concurrently leads to the conversron of undeSIrable
analogous hydroxo brldged dlmerlc platrnum complex I back to |
» DACHPt(OH). The present pH adjustment step also Ieads to the._

20 precrpltatlon of rests of solubilized or un reacted silver salts ‘which

can be easrly removed. The pH- adjustment can be made’ by common " :
and generally known procedures e.g. by the addition of sodium hy- "

’ droxrde solution and/or sodium carbonate.

25 Thus, the present invention provides a process for preparing OX-
| _ aliplatin in-an improve'd yield and improved.purity,-'One further pre-_
ferred embodiment of the present invention solves the above-
identified problem with the above-identified process, wherein such a

process provides a yield of oxaliplatin, which may be comparable or
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even worse in comparison to the prior art methods, but wherein the

- purity is improved ie. higher than in the prior art. Compared to other

prlor art, the present invention solves the problem in another pre-
ferred embodiment, whereln the punty may be comparable or even

5 worse in companson to the prior art, but wherein the yleld is im-

proved i e. hlgher than in the prior. art

',Accordlng to the present |nvent|on the present process solves the
above problem by employmg a pH-value- adjustment step, accordlng
10  to which the pH-vaIue of the aqueous solution comprising the ronlc'_
: platinum- (1l). diaqua-complex_obtain’ed in steps-a) and b) above is
adjusted to a pH-value of 9,5 to 13, in particular to a pH-value of 10
to 12 and sUbsequently the obtained alkaline solution comprising the
. stabilized mtermedlate DACHPY(OH); is purlfled to obtaln a punfled' '
15 - alkaline solution comprlsmg a purified (SP-4—2)d|hydroxo -[(1R, 2R)
1,2- cyclohexane -kN, kN ]platlne(ll) complex (DACHPt(OH)z) and a
SO|ld phase to be removed. Using this. teachlng, itis possible to, in an
efficient manner, obtain a high punty oxaliplatin without the need of‘
N addlng |od|des to the lnstable ionic platmum(ll)dlaqua -complex and,’
20 . in a further embodlment of the present invention, without the need of ”
a recrystalllsatlon of the crude: product using, for example a large-_-

- amount of b0|l|ng water.

~ The present invention in particular provides in a preferred embodi-

25 ment the advantage that all of its process steps can be carried out
using conventional water, or, in a particularly preferred embodiment;
destilled water as an aqueous medium in step a) above. According to

the present invention, it is not necessary to use deoxygenated water

in any of its process steps. The present invention therefore provides



WO 2006/108428 PCT/EP2005/003746

‘a process for preparing oxaliplatin, accOrdtn‘g to which no deoxygen-
ated water is used. In a particularly preferred embodiment' the proc-
ess of the present invention is carrled out under standard envnron-

' mental conditions, |n partlcular all and each process step of the pre-
5 . sent process is carried out in an enwronment which is not usrng
"specmc condrtrons such as: a low oxygen atmosphere ora vacuum

or an inert.gas, or a nltrogen atmosphere ora low oxygen atmos-__ ‘
: phere The OXIdIZIng power of spots of free oxygen present e. 9 in
water ] negllgrble with respect to nltrates -and/or nitric acrd berng
10 present in st0|ch|ometr|c amount during the preparatlon of the ionic

ptatlnum (1 dlaqua complex and/or oxallplattn

Thus, the present invention provrdes in a S|mple manner a prepara-
" tlon of oxaltplatln which is_highly pure,. in partlcular essentlally pure.
15 In the context of the present invention, “essentially pure” means that
 the oxaliplatin preparation obtained has a purity of at least 9_7',5%‘,
* preferably at least 98%, preferably at least 98,5%, even more pref¥
erably at least 99% most preferably at least 99 5% (percentage val-

ues glven according to the present teachmg are mass %,

20  mass/mass or welght/w.elght,v ie. wiw- percentage determrned by
‘HPLC if not otherwise indicated) that means other'compounds ex-
cept for the oxaliplatin are present only i |n the above rdentlfled specn-
fied mlnor amounts. In another preferred embodrment the degree of‘
lmpunty is |n overaII terms most preferably at’ maX|mum 2 5%, 2,0%,

.25 or 1,5%, more preferably at maximum 1,0%, in particular 0,5%.

In particular, the present invention provides an oxalip’latin preparation
according to the above-identified purity, wherein analogous hy-

droxyo-bridged dimeric platinum complex Il is essentially missing,
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' e is present at maximum in an-amount from 0,00 to 0, 08% pref- _

'erably Iess than 0, 08%, or preferably is completely mlssmg

Ina preferred embodlment the amount of oxallc aC|d (reactlon com-.
5 ponent) in the oxaliplatin preparation is at maX|mum 0,2%, in particu- .

~ larat maX|mum-0,1%, more preferablyat- maxrmum 0,05%.

The amount of ionic platinum I1 diaqua—c'omptex (synthetic intermedi-
ate) in the oxallplatln preparatlon is in a preferred embodlment at

| 10 maximum 0, 30%

‘The amount of dihydroxy platinum IV-complex (product of oxidation
of oxaliplatin) in the oxaliplatin preparation is in a preferred embodif
. ment.at maximum 0,05%. . - ' .

15

Ina preferred embodlment of the present |nvent|on the total amount
of the above-identified mentloned three rmpuntles oxallc acrd thICr
s platmum (II) ‘diaqua complex and the dlhydroxy plat|num (IV) com- .
- plex in the oxallplatln preparatlon is at maxrmum 0 30%.
20

Furthermore, the amount of the reverse S,S- enantromer of oxallplatln

- isina preferred embodiment at maximum O, 2%

" The amount of hydroxo-bridge. platinum-com'plex_.dimer‘and other
25 detectable 'impurities_ in the oxaliplatin p'repa'ra_tion is in a preferred,

embodiment at maximum 0,1%.

The amount of silver in the»oxaliplatin preparation is in a preferred

embodiment at maximum 5 ppm.
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‘The very low content of analogous hydroxo-bridged dimeric platinum.
“complex Il and oxalic acid obtained according to the present inven-

tion is advantageous because these substances can cause serious

side effects in the final pharmaceutical COmpositionl

In-a preferred embodrment the total content of- oxahplatm related

impurities in the product accordlng to the . mventron is Iess than -

0,30%.

| Ina further-preferred embodiment the total yield of the final product |
is at least 60%, at Iea'st 65%, at least 70%, preferably at least 72%, .

'and most’ preferred at least 80% (w/w) based on the startlng

DACHPtCIz

"Thus, in a preferred embodirnent of'the present invention, the sub-
ject- _matter of this invention is a simple and effective method for the

' preparatlon of oxaliplatin of the structural formula | :

o Pt
///NHZ/ \O

~0

0N
by the reaction of a (SP-4-2)dihalogen-[(1R,2R)-1,2-cyclohexane-

kN,kN']pla‘tine(ll)-complex with a corresponding amount of a silver

‘salt, removal of the solid. phase, i.e. in particular the precipitated sil-

ver compounds, in particular halogenid, and reaction of the corre-

PCT/EP2005/003746
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' sp’pnding ionic platinum(li)diaqua-complex (structural formuia 1), with

oxalic acid or its salts, wherein the pH-value of the corresponding

|on|c platlnum(ll)dlaqua complex is adjusted to 9,5to 13, the result-'
ing solutlon is punfed by chemlcal reaction -and/or by physical sorp- S
tion until the desired purity is reached, oxalic acid and/or oxalic salts’
is/are then added and the final oxaliplatin is separated in a high pu-

: rity and yield.~ 'Oxal,iplatin-prepared acco.rdi'ng"to the invention has a.

high purity- and needs no additional re-crystallization steps from wa-

ter.

n a'preferr'ed embodiment of the present inventioh" DACHPICI, can
be used as a startrng material, i.e. as (SP-4 2)d|halogen [(1R 2R)
1 2- cyclohexane -kN,kN ]platlne(ll) complex :

In a further preferred embodiment of the present mventlon the silver

salt used in step a) is used in a stOIchlometnc amount in relatlon to

- the starting platme(ll)complex e.g. per molar equxvalent of the start- _

ing platine(ll)complex two molar equwalents of the S|Iver nltrate or

one molar equlvalent of silver sulphate are used

in é further preferred ernb()diment of the,pre‘seht»ihventio'h the silver

s e'alt- used in step a) is silver nitrate (AgNO3) or silver sulphate
" (Ag2S0a). |

In a preferred embodiment of the present invention,' _the content of

Ag® in the alkaline solution purified in step d) is less than 0,1 ppm |

before adding oxalic acid and/or an oxalic salt in step e).

PCT/EP2005/003746
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In a particularly preferred ,embediment of the present invention, in

step d), that means for the purificetion of the alkaline solution to ob-

" tain a purified alkaline solutlon 1,2, 3 or more dlfferent or ldentlcal'

punﬂcatlon steps. are conducted. According to the present invention it

- is possible to use physical and/or chemical means, for instance ad-

. sorptive and/or absorptive materials and/or ‘choosen anionic ligands

to purify the alkaline solution comprlsmg the stabilized DACHPt(OH)2

intermediate in ‘order to remove |mpur|t|es

In one preferred embodirh'ent of the‘pr'eeent invention, it'is for in-

stance possible to use active ca.rb.on,”’in particular to improve the fil-

tration of silver precipitates -and to remove non-polar impurities. In

- addition or instead of using the active cerbon silica gel and/or alu-
mlnlum oxnde and/or alumlnlum S|I|cate and/or chemlcal means, e.g..
.oxalate anions or carbonate -anions or phosphate anlons can be

_used separately or together in combmahon.'ln‘a par_tleula_rly prefe_rred .

erhbodi‘rhen’t of the present invention the purification in step d) is
conducted by usihg a mixture of activeCa‘rben-and silice gel. Such a

combination considerably decreases the content of Agf‘in the alka-

_ Iine"solutien of DACHPt(OH), as well as th'e c'ontent of related .ihpu- )

rities. Furthérmore, the solution is decolourised.

In a particularly preferred embodiment of the present invention three

cycles of pdrification are conducted using mixtures of active carbon
and silica gel which leads to a pure and colourless alkaline solution
of DACHPt(OH)..

PCT/EP2005/003746
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In a furthermore. preferred embodiment of the present invention, the

purification in step d) is conducted using a mixture of active carbon,

~ silica gel and oxalate or carbonate anions, in particular sodium ox-

alate or sodlum carbonate In a preferred embodrment of the present

_ |nvent|on two punflcatlon cycles are conducted using mlxtures of ac-

- tive carbon and silica- gel together W|th oxalate anions, in partlcular

.10

.15

e erably in Na cycle wrth a’'subsequent’ removal of the solid phase. In"

. 20

25

sodium oxalate whlch leads to a pure and colourless alkallne solu-

tion of DACHPt(OH)z

In a preferred embodiment of the present lnventlon the  above-

identified purlflcatlon steps are each followed by a process step to

‘remove the solid phase, for mstance by filtration. or centnfugatlon. It -
_ is'also possible to carry out the purification procedure on column with

~ said sorbents.

A purification of the obtained alkaline solution from impurities,.includ-
‘ing spots ofp‘Ag’f' ions, can further be performed in a preferred em-

| bodiment’by the use of for- example a ca'tionic exchange resin, pref-

| a further preferred embodrment of the present mventron the active
carbon’ and/or silica gel and/or alumlnlum 0XIde and/or alumlnrum -

- silicate .and/or chemical means,e.g.. oxalate anions or carbonate

anions or phosphate anions can be vused'lnstead of or in addition to
the cationic exchan_ge resin. L-cys"teln and/or iodides can be used
instead of e.g. oxalate anions, but their rest must be‘ removed before
addition of oxalic acid, for example by an anion exchange resin in

OHcycle. These chemical puriflcation procedures have a negligible

~effect on the relatively inert and non-ionic DACHPt(OH), and so,

PCT/EP2005/003746

13



WO 2006/108428

10

15

20

25

there is negligible Iess of the final oxaliplatin, too. The alkaline solu-

- tion of the non-ion,ic' DACHPt_(OH)g_'can ln a further preferred em-
* bodiment of the present invention be purified by physical sorption by

" means of non-polar and/or polar sorbent. Ina further preferred em- -

bodiment of the present invention active carbon can be used as a
non-polar sorbent for the elimination of non-polar impurities from this

ihtermediate,'ln a further preferred embodiment of the present‘ inven-

-tion silica gel and/or' aluminosilicate and/or aluminium oxide can be
used as a polar sorbent for the elrmrnatron of polar and other i rmpurl-

'- ties from thls mtermedlate

In a preferred embodiment of the present invention, the abeve-
described purrflcatlon procedures can be repeated once or more -
. tlmes before addltron of the oxalic acrd and/or the oxallc salt until the

| desrred purity is reached wrthout substantral Ioss of the product.

In a further preferred'embodimeht of the present invention, oxalic |

- acid in"an amount of 1,0 to 3,0 equivalents with reSpect to starting

DACHPtCI; is preferred for the conversion to'oxaliplatin in a high. pu-

rity: and yields. The conversion takes place in a preferred embodi-
ment of the invention for 2 to 6 hours, preferably at room tempera-

© ture.

1t is advantageous in a further preferred embodimen_t of the present

invention to wash the final oxaliplatin, for example by repeatedly,ds-
ing small amounts-of water to remove inorganic salts and, in a further
embodiment, then repeatedly by bigger amounts of for example an

aliphatic alcohol, e.g. ethanol. Oxalic acid is soluble in ethanol and

PCT/EP2005/003746
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its excess can be effectively removed by such a procedure. Ox-

aliptatin is 'pra'ctically insoluble in ethanol and s0, there is also a neg-

' ligible loss of the desired product. -

tis advantageous in a further preferred embodrment to add hydro- .' :

. -chlonc acid to the waste water from oxalrplatrn f Itratlon and washlng

to. recover the preferred starting material DACHPtClg in a high purity

" and moderate amount. It improves -,effrcacy of the process accordlng

to invention, too.

The process of the present invention. can, ina preferred embodlment
of the present |nvent|on be. conducted in water preferably at room
temperature. In a preferred embodrment of the pres_ent rnventron, the

process is carried out in the absence o‘f 'Iight, in _par‘tioular visible

light.

The present invention also provides an 0xaliplatin'preparation exhib-

iting a specmc rmpunty proflle accordlng to which it contains’ the -
analogous hydroxo brrdged dlmenc platinum complex wrth the struc-_
~ tural formula Ill.in an amount of less than 0,08% w/w which is ob-

‘tainable according to the present invention. -

The present.invention also provides a non-ionic stabilized intermedi-

ate prepared according to the above-identified process steps a)', b),

c) and optionally d), which is DACHPt(OH),, preferably in a form

substantially free of related impurities'and silver.
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The present invention also foresees a process. for preparing such an

intermediate comprising the above-identified steps

a) reacting a (SP-4-2)dihan'gen-[(1'R,2R)--1,25cyclohexane-

kN kN’]pIatine(II) complex with a silver salt in an agueous

_medlum preferably water, to obtaln an aqueous solutlon_ ‘

' contalnlng an ionic platlnum(ll)dlaqua complex and a SO|Id

phase

b) removing the solid phase;

RY)) adjustlng the pH—vaIue of the aqueous solution contamlng :

the ionic platlnum(ll)dlaqua compiex obtalned in step b) to

a pH-value of 9,5 to- 13, to obtaln an ‘alkaline solution”

comprising  (SP-4-2)dihydroxo-[(1R,2R)-1,2-cyclohexane-
kN_,‘kN’]pIatine(II) complex (DACHPt(OH)g ),

' and optlonally d), purlfylng the alkahne solutlon to obtain a purified .
alkallne . solution and |solat|ng the stablllzed mtermedlate ‘
DACHPt(OH), therefrom whereln a purlf" ed DACHPt(OH)z is ob-

N tained.

The present lnventlon also foresees a pharmaceutlcal composmon
icomprlsmg an oxallplatln preparation of the present invention to-

V gether with at least. one .pharmaceutlcally acceptable carrier-and op-

tibnally further additives.

Furthermore, the present invention provides the use of an oxaliplatin

preparation according to the present invention for the preparation of

- a pharmaceutical composition for the treatment of cancer.
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o to adjust the pH to 12. Active c_arbori in ‘an-amount 0,3 g'-was .added'

20

25

' Fu‘rther.p‘referred' e,m_bodimen_ts are the subject-matter of the sub-

- claims.

The invention will be further éxplainéd in_‘mor‘ef’detau by way of ex-

amples. These examples are illustrative oni:y and do in no way limit

* the scope of the invention'defined in-the claims and the contents of

‘the present description.
', 'Examples -

Exavmple'1 -
Al procedures were carried out at room téfhpératu’re in the absence
- of light. . - | N
A mixture.of‘ 3,80-g of ﬁhé powdered 97% D.AC_HP.tClz (9,7 mmol),
3,33 g 99% AgNO; (19,4 mmol) and 38 ml water was intensively agi- -

tated for 48 hours. The solid fraction was then removed and a 'cak_e

was properly sucked. 0,1N _solution of NaOH was édded to the filtraté

to the mixture and stirred for 1 hour. The solid vfractiOn'was‘rembved

, by filtration and é cake was properly su‘é}ked. The.yellow crude alka-.
~line filtrate has the content of Ag+ 0,0022 mass.%, i.e. 22-ppm. 0,08

‘g of sodium oxalate (0,6 mmol), 0,3 g of 'active carbon and 0,3 g of '

silica gel were then added to this filtrate, pH was adjusted to 12
again and mixture was stirred 4 hours. The solid fraction was re-

moved by filtration and a cake was properly sucked. The near color-

less filtrate has the content of Ag+ 0,2 ppm. The purification process
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with sodium‘oxalate, active carbon and silica gel was repeated one
times. The clear colorless filtrate has the content of Ag+ under a de-
tection limit. 1 ,1 g oxalic acid dihydrate p.a. (8,7 mmol) was added to ‘

Athe ﬂtrate and the mlxture was. stirred for 4 hours The flnal sohd OX-.

allplatln was flltered washed four tlmes W|th 2 mI |ced ‘water and six

times-with 5 ml ethanol Waste water was collected. Oxallplatln was s }

. dried under nrtrogen flow at 40°C to the constant welght

The y|eld of oxallplatrn was 280 g (72 7% based on startlng

"DACHP1CIy). The appearance of the product was white. The content '

~ of silver was less than 0.0001 mass %, the content of analogous hy-

droxo -bridged dimeric platinum complex [l was 0, 06% the content

"of oxaI|c acid was 0,08% and the. total content of related lmpurltles’

- was 0,22% (by HPLC method).

20 -

25

3 ml of 'c'oncentrated hydrOchIoric acid was added to the waste water
from oxallplatm filtration and washing. 0,4 g of startlng DACHPtCIz

with the purlty greater. than 98% was recovered
| Examole 2.

All procedures were carried-out at room temperature in the absence

of light.

A mixture of 3,80 g of fine powdered 97% DACHPtCIz (9,7 mmol),.

3,33 g 99% AgNO; (19,4 mmol) and 38 ml water was intensively agi-

* tated for 48 hours. The solid fraction was then removed and a cake

PCT/EP2005/003746
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was prooerl'y sucked O 1N solution of NaOH was added to the filtrate
to adJust the pH to 12. Active carbon in an amount 0,3 g was added
to the mixture and stlrred for 1 hour. The solid fraction was removed

by f|ltrat|on and a cake was properly sucked. The yellow crude alka-

' line fltvrate h'asthe content of Ag+ 0,0025 mass.%, i.e. 25 pprn 03g

of actlve carbon and 0,3 g of silica gel-were. then added to- thls fl|-

' .trate the pH was adjusted 10:12 again and the mixture was: stlrred 2
| ' hours The SO|Id fractlon was removed by fi Itratlon and a cake was o
' 'properly sucked The near colorless filtrate has the content of Ag+ 2

~ppm. The purification process-. with active carbon-and silica gel was

repeated one times. The clear colorless filtrate has the -content of

~ Ag+ 0,3 ppm. The purific‘ation process with active carbon and' silica
gel was repeated one times. The clear colorless flltrate has the con-
tent of Ag+ under a detection l|m|t 1 23 g oxalic aC|d dlhydrate p.a:
"_-(9 76. mmol) was added to the f||trate and the mlxture Was stlrred for
. 4 hours. The final solid oxallplatln_was fltered, washed.four times
with 2 ml iced water and six times with 5 ml ethanol. Oxaliplatin was

-dried under nitrogen ﬂowvat 40°C to the constant weight.

The yield of okéliplatin’ was 2,68 g (69,5% based. on starting '
K DACHPtCIz) The appearance of the product was whlte The content

of srlver was less than 0. 0003 mass %, the content of analogous hy-'

droxo-bridged dl_merlc platmum complex Il was 0.,03%,»the content

of oxalic acid was 0,06% and the total content of related impurities

" was 0,18% (by HPLC method).
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- Example 3

All procedures were carried out at r_o'om temperature in the absence o
- of light. | | |

o , A mixture of 3,80 g of fine powdered 97% DACHPtCIz (9,7 mmol),
u3 339 99% AgNO3 (19 4 mmol) and 38 ml water was mtensrvely agi-
- tated for 48 hours The solid fraction was then removed and a cake

“was, properly sucked. 0, 1N solution. of NaOH was added to the frltrate

to adjust the pH to 12. Actlve carbon in an amount‘0,3 g was added

by frltratlon and a cake was properly sucked. The yellow crude alka-
- line flltrate has the content of Ag+ 25 ppm. The fi Itrate was poured
. ona column with 30 ml- of wet DOWEX 50W-X8 (Na" cycle) (54
| meqv) and the eluent mcludrng necessary amount of washrng water. .

was carefully collected and partlally concentrated. 0,3 g of active A‘ :

carbon and 0,3 g of silica gel were then added to the concentrated

~ eluent, the pH was adjusted to 12 again and the mtxture was strrred .
for 2 hours. The solid fraction was. removed. by f|Itrat|on and a cake
was properly sucked. The resulting filtrate was colorless and ‘it'has

the content of Ag+ 0, 03 ppm. 1,23 g oxallc acid d|hydrate p.a. (9 76

’mmol) was added to the filtrate and the mixture was stirred for 4

hours The final solrd oxallplatln was filtered, washed four trmes wrth

2 ml iced water and six times with 5 ml ethanol. Oxaliplatin was

dried under nitrogen flow at 40°C to the constant weight. The yield

| was 2,50 g (164,9% based on starting DACHPtCI;). The appearance

of the product was white. The content of silver was less than 0.0003

mass %, the content of hydroxo-bridged dimeric platinum complex il
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was 0,04%, the content of oxalic acid was 0,05% and the total con-

_ tent of related irnpurities was 0,24% (by HPLC method).
- Example 4 (comparative)v

. All procedures were: made at room temperature in the absence of

o Itght

| _‘g 99% AgNO; (19,4 mmol) and 38 ml water was intensively agitated
10

15

20

25

A mlxture 3 80 g of fne powdered 97% DACHPtCIz 9,7 mmol) 3, 33

for 48 hours. The solid fraction was then removed and the cake was

: properly sucked. 0,17 g potassium iodide (1 mmol) was added to the.

filtrate and strrred for 15 hours. Actlve carbon in an amount of 0,3 g

was then added and the suspensron was stlrred for another 1 hour

~ The solid fractlon was removed by flltratlon and the cake was prop-

‘ -erly ‘sucked.. 123 g ‘oxalic acnd dthydrate pa (39, 76 mmol) was

added to the ﬂltrate and the mtxture was stlrred for 4 hours The solld'

- oxaliplatin was filtered, ‘washed four tlmes W|th 2 ml iced water and :
_SIX times with 5 ml of ethanol Oxahplatm was drled under nltrogen. .

flow at 40°C to the constant welght The yleld was 2 40 g (62 3%

based on starting DACHPtCIg) The appearance of the product was '

.Ilght yellow. The content of silver was. Iess than 0.0003 mass % the g

content of anatogous hydroxo- brldged dimeric pIatlnum complex was

" 0,25%, the content of oxalic acid was 0,03% and the total content of
-related impurities was 0,45% (by HPLC method).

The crude product was dissolved in 105 ml water at 95-97°CT The

' .hot solution was filtered without delay, the filtrate was cooled to 5°C
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o and stirred for an- additional 2 hours. The final solid oxahp!atrn was

filtered, washed twrce wrth 2 m! iced water and six times with 5 ml of

o ethanol The oxalrplatrn was drred under nrtrogen flow at 40°C to the

' 'constant werght The yield-was 1,70 g (44, 1% based on the starting

DACHPtCl,). The appearance of the product was white. The content -

of silver was Iess than 0.0002 mass % the content of analogous hy-

- . droxo- brldged dimeric Pt-complex was .0, 12%, the content of oxalic
.. acid was 0,02% ~and the total content - of related |mpur|t|es was
' 0, 21% (by HPLC method)

22



WO 2006/108428 PCT/EP2005/003746

Patent claims

B 1. A precess -for_ prepérjng oxaliplatin of the structural"formule I:

_0
(1)
.chprisingvfhe following steps:
5. a) reactlng a (SP 4- 2)d|halogen [(1R 2R) 1 2 cyclohexane-"

kN, kN’ ]platlne(ll) complex W|th a silver salt inan aqueousj :
" mediurh to ‘obtain an aqueous solutlon contamlng an ionic -

' platmum(ll)dlaqua complex and a sohd phase
~b) ‘remov'ing the solid phase, .

10 o) adjusting the pH—vaIue of the aqueous solutlon contalnmg .
’ the ionic platlnum(ll)dlaqua complex obtained in step b) to
~a pH-value of 9,5 to 13, to obtain an alkalme solutlon com-
prising a (SP-4- -2)dihydroxo- [(1R 2R)-1,2- cyclohexane-k
kN, kN Jplatine(ll) complex (DACHPt(OH)g )

15 - d) purifying the alkaline solution ‘to obtain a 'purified alkaline

solution and

e) adding oxalic acid and/or an oxalic salt to the purified alka-
line solution obtained in step d) to obtain pur'ified oxX-

aliplatin.
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The process according to claim 1, wherein the pH-value of the

aqueous solution containing the ionic platinum(ll)diaqua-

_ complex in step c) is adjusted to 10}12;_
7' “The m'ethod according to claim 1 or 2, wherei'n' the pH-value in
‘ step c) is adjusted by the addition of sodium hydroxrde solutlon'

_' and/or sodlum carbonate

 The method according to'any one of cl_,aims 110 3 wherein the

alkaline solution is purified - in step d) by a chemical reaction

and/or a physical sorption.

. The method according to any’ o‘ne of claims 1 to 4, wherein

" subsequent to the purification step d) a solid phase is removed

from the'purified alkal_ine solution.

 The process accordrng to any one of claims 1 to 5, whereln the
o alkallne solution.is purified in step d) by the. addltron of actlve

' carbon optionally together with a polar sorbent .and the solld

phase obtalned is then removed.

‘The process accordrng to any one of claims 1 to 6 wherern the

alkalme solution is purified in step d) by the addition of oxalate

anions and/or carbonate anions and/or phosphate anions and

~ the solid phase is then removed.

The process accordihg to any one of claims 1 to 7, wherein the

alkaline solution is purified in step d) by the addition of a cati-
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- 10.
 ica gel.and/or. alumlnlum srllcate and/or alumlnrum oxrde is used

11,
12
15
13.

4.

“onic exchange resin, preferably in Na* cyclé, and the solid

.phase is then removed.

 The process accordmg to any one. of. claims 1 to 8, wherein the -
- aIkahne solution is- purified in step d) by the addition of oxalate o

' anronstogether with at least one non- -polar.and/or- polar sor—

bent and the solid phase is then removed.

; Th'e process according to any one of claims 1 to'AQ wherein sil-
“as polar sorbent

The process according to any one of clalms 1 to 10 wherein

the purrﬂcatlon step.d), in particular the addltlon and removal of

oxalate anions together with the non- polar and/or polar sorbent

is repeated at Ieast once..

The process accordmg to any one of claims 1 to 11, wherem in

step e) 1, 0 to 3,0: equrvalents oxalic acrd or oxalic salt are used
- with respect to starting DACHP{Cl,. T

The process accordlng to any one of claims 1 to 12, wherein

] -step e) is’ carrled out for 2 to 6 hours at room temperature

The process according to any one of claims 1 to 13, wherein
the purified oxaliplatin in step e) is isolated from the purified al-

kaline solution.
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’ 16&.

17.

The process of any one’ of clalms 1 to 14, wherein the ox- -

.-allplatln obtained. in step e) is subsequently washed at- Ieast.

once.

The process according to any one of claims 1 to 15, wherein

'the oxaliplatin obtained in step e) is washed at least once, pref-
X erably with water and subsequently W|th an allphatlc alcohot in -

particular ethan_ol. -

The p'rocess_ according to c’Iaims_ 15 and 16, wherein hydro-

chloric acid is added to the waste water and the star-ting (SP-4-

2)d|chloro [(MR, 2R) -1,2- cyclohexane kN kN’ ]platlne(ll) comp'lex .

s recovered

18

20.

.The process. accordmg to any one of ctalms 1 to 17, wherem in
| step "a") . (SP-4- 2)d|chloro -I(1R, 2R) 1;2- cyclohexane-
kN,kN’ ]platlne(ll) complex ‘is used as the starting . (SP 4 .
'2)d|halogen [(1R 2R) 1,2- cyclohexane -kN,kN’ ]platune(ll) com-

- plex.

The process accordihg to any one of claims 1.to 1‘8 wherein a .
storchlometrrc amount of the srlver salt in respect to the amount’
- of the starting (SP-4- 2)d|halogen [(1R 2R)-1,2- cyclohexane-

kN, kN']platine(ll) complex (DACHPtCI, ) is used.

An oxaliplatin preparation with a specific impurity profile pre-

pared according to any one of claims 1 to 19, wherein it con-

tains an "analogous hydroxo-bridged dimeric platinum complex

[l in an amount less than 0,08% (w/w).
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© 20

21.

22.

A non-ionic stabilized- preparation of DACHPt(OH), prepared

according to steps a), b), c) and optionally d) of claims 1 to 11.

A proe'ess'for prepating a stabilized non-ionic oompound (SP-4-
2)dlhydroxo [(1R 2R) -1 2-cyclohexane -N,N’ ]platlne(ll) 'oomplex '
(DACHPt(OH)z, oomprISIng the steps 3 |

“a) reaoting a" (SP-4- 2)d|halogen [(1R 2R)-1 2 cyclohexane-_ )

- '.kN kN’ ]platlne(ll) comp|ex W|th a S|Iver salt.in an aqueous '
medium to obtain an aqueous solutlon containing an |on|c"_

platlnum(lI)dlaqua-complex and a solld phase
b) removing the solid phase,

c) adjustlng the pH -value of the aqueous solutlon contalnmg
the ionic platlnum(ll)dlaqua complex obtalned in step b) to
a pH -value of 9,5 to 13, to obtaln an alkaline solution com-
I prlsmg (SP-4- 2)d|hydroxo [(1R 2R) -1,2- cyclohexane-l

. : 'N N ]platlne(ll) complex (DACHPt(OH)z) and optlonally

d) purlfymg the alkallne solutlon to obtaln a purlfled alkahnef
solutlon comprlsmg the pur|f|ed DACHPt(OH)z and |so|at-

ing them therefrom.

The use of the-oxaliplatin preparation prepared according to

~any one of claims 1 to 19 or of the oxaliplatin of claim 20 for the

preparation of a pharmaceutical composition for the treatment

of cancer.
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