PREPARATI ON OF PLATINUM I 1) COVPLEXES BACKGROUND OF
THE | NVENTION This invention relates to the
w@e@pas®si on of platinum(ll)oxal ato conpl exes PECDIB2007/000213
t hei r di hal ogenopl ati nun(l1) precursors having either
neutral nonodentate or bideptate non-|eaving
co-ligands. O particular interest is
c/s-oxalato(fral/ 7s-t-1
, 2-cycl ohexanedi ami ne) pl ati num(l1) (al so known as
oxal i platin), which has becone increasingly inportant
due to its anticancer activity.
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synt hesi zed by way of a process that utilizes a silver
salt to renove halide ions fromthe conplex. The use
of a silver conpound in the process results in

numer ous contam nants, which nust be renoved by
further processes in order to achieve a purity that is
suitabl e for anticancer pharmaceutical agent purposes.
Oxaliplatin and its pharmaceutical properties were
first disclosed by Kidani et al. in J Med Chem 1978,
21, 13135 and in United States Patent No. 4, 169, 846.
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cis-oxalato(trans-t-1,2-cyclohexanediamine)platinum(il) (also known as
oxaliplatin), which has become increasingly important due to its anticancer

activity.

Dicarboxylatoplatinum(il) complexes (such as oxaliplatin) containing a
neutral bidentate ligand (“non-leaving group”) have in the past been
synthesized by way of a process that utilizes a silver salt to remove halide
ions from the complex. The use of a silver compound in the process results
in numerous contaminants, which must be removed by further processes in
order to achieve a purity that is suitable for anticancer pharmaceutical
agent purposes.

Oxaliplatin and its pharmaceutical properties were first disclosed by Kidani
et al. in J Med Chem, 1978, 21, 13135 and in United States Patent No.
4,169,846. In this patent, a halogenoplatinum compound is used as the
starting material. Halide ions are removed by a silver salt, whereafter an
oxalate is introduced, either as the free acid or a salt thereof.

In general, a method for the production of oxaliplatin is as set out below:



or 1 mol PtLX2 + 1 nol Ag2Y (r) PtL(H20 2 2+ + 2AgX +
Y2 Y = SO 2 Step 3. PtL(H20 2 2+ + Z2(oxal ate)
werlofosmbate) + 2Z+ Z = K+, Nat+ or H+ US Pat eneCh™B2007/000213
5,290,961 in the name of Tanaka Ki ki nzoku Kogyo K. K.
teaches that the abovenentigned method has the
di sadvantage that many inpurities are incorporated
into the products. These inpurities include unreacted
Pt LX2, AgX and Ag+. The presence of PtLX2 is
attributed to its generally insoluble nature in water.
AsSEPrlesul t, large quantities of water must be used in
step 2 to dissolve PtLX2. This prevents the AgX, even
t hougha"tXi s 1maklol uble i Ptwét er2X'f rom bei ng conpl etel y
renoved fromthe solution. Variations of the above
meXiFdel, Bhd andh = ansdd, Bdiaginogyslohexahat e are al so
docunented in several patents (WO 2006/ 023154 A1,
US5420319 US patents no's. 5,338,874 and 5, 420, 319,
al Sepi2n t he nane of Tanaka Ki ki nzoku Kogyo K K.),
teach processes for the production of oxalato(trans- M
, 21 dichRiLXQeyZ ohAgklOe) phat i RELdbd)* W tIAdH g¢h2lpti cal
purity which can be used as an active pharnmaceuti cal
I ngredi ent of a carcinostatic agent. However, these
processes also follow conplicated nulti-step pathways,
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| \WENSOSN According to the invention there is provided
a nethod for the preparation of

Step 3.

PtL(H;0),*" + Z,(oxalate) — PtL(oxalate) + 2Z*
Z=K' Na*orH"

US Patent No. 5,290,961 in the name of Tanaka Kikinzoku Kogyo K.K.
teaches that the abovementioned method has the disadvantage that many
impurities are incorporated into the products. These impurities include
unreacted PiLX,, AgX and Ag+. The presence of PtLX; is attributed to its
generally insoluble nature in water. As a result, large quantities of water
must be used in step 2 to dissolve PtLX,. This prevents the AgX, even
though it is insoluble in water, from being completely removed from the
solution. Variations of the above method through the use of silver oxalate
are also documented in several patents (WO 2006/023154 A1, US5420319
US patents no's. 5,338,874 and 5,420,319, also in the name of Tanaka
Kikinzoku Kogyo K.K.), teach processes for the production of oxalato(trans-
£-1,2-diaminocyclohexane)platinum(ll) with high optical purity which can be
used as an active pharmaceutical ingredient of a carcinostatic agent.
However, these processes also follow complicated multi-step pathways,
making use of silver compounds which must also ultimately be removed
from the process.
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alcohols are isoamyl alcohol (3-methyl-1-butanol), tertiary butanol (2-
methyl-2-propanol) and 2-octanol (2-hydroxyoctane).

The oxalate may be a metal oxalate, typically an alkali metal oxalate such
as rubidium or cesium oxalate; preferably cesium oxalate.

The oxalate is preferably an organic oxalate salt such as a tetraalkyl or
arylammonium  compound, for example a tetraethylammonium,
tetrapropylammonium, tetrabutylammonium or tetraphenylphosphonium
oxalate, preferably tetrabutylammonium oxalate. By “organic oxalate salt” is
meant an oxalate salt where the cation is organic.

In accordance with a preferred embodiment of the invention, an aqueous
solution of an organic oxalate salt is prepared by dissolving oxalic acid in a
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The amount of halogenoplatinum(ll) complex containing a neutral bidentate
ligand in the solvent system may be more than 5 g/L, preferably more than
10 g/L, more preferably more than 20 g/L, more preferably more than 30
g/L, most preferably more than 40 g/L.

The oxalatoplatinum(ll) complex product may be purified by dissolving the
product in heated water. When approximately 95% of the product is in
solution it is filtered and the resulting liquor is cooled to form precipitated
crystals of the product which may be collected by suction filtration, washed
with several small volumes of dry acetone and dried to provide a first crop
of product. A subsequent solid crop of product may be obtained by
concentrating the mother liquor under vacuum and washing with dmf
followed by washing and drying with acetone. The subsequent crop is
combined with the first crop to provide a final purified product.
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ungxaliplatin. The method includes the step of reacting a halogenoplatlnum(ll)
complex containing a neutral bidentate ligand with an oxalate salt in an
aqueous solvent (water), a non-aqueous solvent or a mixed solvent system.
The non-aqueous solvent described is an amide, typically
dimethylformamide (dmf). In accordance with the present invention, it has
been found that the use of an alcohol as the non-aqueous solvent has
unexpected advantages over dmf.

Optically pure frans{-1,2-diaminocyclohexane is used to prepare an optically
pure halogenoplatinum complex containing a neutral bidentate ligand in the
form of cis-bis-halogeno(trans-t-1,2-diaminocyclohexane)platinum(ll), from
K:PtX,; where X=ClI, Br, |, preferably X=ClI.

Optically pure trans--1,2-diaminocyclohexane is reacted with a platinum(ll)
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pr@pmmobyclmaae)oatlawm(ll)( whergdhe oategearie prefaiadlyr eilorisle
of (AL ORR! * URRBFo ({1 YR)-(-)-1,2-diaminocyclohexane)platinum(ll)) s
added to the solution, followed by the addition of the alcohol to provide the
mixed solvent system. The alcohol may be any hydroxyl-containing organic
molecule being primary, secondary or tertiary with respect to the
substitution around the carbon atom bonded to the OH moiety. The alcohol
may be an organic molecule having the arrangement R,-CH>-OH, R{R,-CH-
OH or RyR:R;-C-OH where R, to R, are organic (alkyl or aryl), most
preferably an alkyl group ranging from butyl to octyl. Examples of alcohols
are isoamyl alcohol (3-methyl-1-butanol), tertiary butanol (2-methyl-2-
propanol) and 2-octanol (2-hydroxyoctane). The ratio of alcohol:water (v/v)
in the mixed solvent system may be from 70:30 to 99:1, preferably from
80:10 to 99:1, most preferably 90:10. The cis-bis-chloro(frans-{-1,2-
diaminocyclohexane)platinum(ll) and oxalate salt are reacted at a molar
ratio of greater than 1:1, typically between 1:1 to 1:10, preferably between



in the m xed solvent systemmay be from 70:30 to 99:1
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crop is obtained by concentrating the mother liquor under vacuum. If the
resulting solids are contaminated with small amounts of unreacted yellow
cis-bis-halogeno(trans-{-1,2-diaminocyclohexane)platinum(ll), the latter can
be removed by careful washing with minimal volumes of dmf. The resulting
solid is then washed with acetone and dried at 50°C, and the combined
crops can produce an overall yield of up to 74%. Where the method is used
to produce oxaliplatin, a pure white oxaliplatin product is obtained. The
overall oxaliplatin product yield is approximately 74% (based on cis-bis-
chloro(trans-t-1,2-diaminocyclohexane)platinum(ll)) with optical purity =

99% ee/LC and chemical purity > 99%.

The tetraalkylammonium oxalate may be prepared by combining one molar
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t hat corasdhinettheriarS edntaising chmpotrtsof e ggnera drinules,
for : ] o1 ero Li n.n
L Pk R
coot yridineg; conpounds of the general formula:
1-al kyl /ar.yl -2-al kyl t hi oal kyl /aryl heterocyclic
am neh, QUHRIRGARaH GBSy, O (af nes:
am noal lijthiobtheed foy Examriple 2Godithihestane. di t hi oet hers for
exanpl e 2,5-dithiahexanej

The following 2-methylthioalkyl imidazole and pyridine neutral bidentate

ligands :

Ligand (i) 1-methyl-2-methylthiomethylimidazole

Ligand (ii) 1-methyl-2-methylthioethylimidazole

Ligand (iii) 1-methyl-2-methylthiopropylimidazole

Ligand (iv) 1-butyl-2-methylthiomethylimidazole

Ligand (v) 1-butyl-2-methylthioethylimidazole

Ligand (vi)  2-methylthiomethylpyridine

Ligand (vii)  2-methylthioethylpyridine

Ligand (viii)  2-methylthiopropylpyridine

(prepared by the methods described in JGH du Preez, TIA Gerber, W
Edge, VLV Mtotywa and BJAM van Brecht. Nitrogen Reagents in Metal lon
Separation. XI. The Synthesis and Exiraction Behaviour of a New NS
imidazole Derivative. Solv. Extr. & lon Exch. (2001) 19(1), 143-154) (the



The follow ng 2-nethylthioal kyl imdazole and pyridi ne
neutral bidentate |igands : Ligand (i)

wQ 2002088957 2- net hyl t hi omet hyl i m dazol e Li gand (P€¥/1B2007/000213
1- met hyl - 2- et hyl t hi oet hyl i m dazol e Ligand (iii)
1- met hyl - 2- met hyl t hi opr opy!| R] m dazol e Ligand (iv)
1-butyl - 2-met hyl t hi onet hyl i m dazol e Ligand (V)
1 but yl - 2-met hyl t hi oet hyl i m dazol e Ligand (vi)

: rretﬂw&fmmmﬁhlﬁ FBlg?édqﬁiréhgﬂpl%{érghé%) may be used in the

|t hioet I ne
2- n@pega Dﬁ|tl®rlm4§ptlmrt¢ direparg ﬁheer?am@myblyloalhﬁ crrnlexks of

v iR G R R Tt 882 reagents in

Metal 1on Separ ation. X. The Synthesis and Extraction
ey o 2 AR SR LAa0GE EIRIR Gl oy, pre
of prshesshof ‘ef\e| lmzerrtpo rage erelfl&merinnthBystrL@ttealelmeleardy bblew
USSR R A6 R, S A 00 46, RERRE S
( i fe.a. pheunyl) UWSO'ﬁHdCabéFmWhylEbmﬂM esmphxes of imidazole are

é@ﬁp&gxgsf}gqu}s)q?og\pnpl exes of im dazole pr epar ed by

roces é I'nvention are reflected in the
structural Formula (1) below where R-i and R2 nay be
sel ected fromal kyl (e.qg. , C2H5 etc.) and aryl
(e.g. phenyl) groups. Typicaf 2-nethylthioalkyl
conpl exes of im dazol e are n’pl exes (ipto (v) bel ow

Formula (1) Corrplex(l()é :%3Corrplex(ii)
Rl = CH3 R2=C2H5 Conpl kdz(| || R2=C3H7
Compl ex (iv) RL = CAHO Ro= / \

C

Formula (I)

Complex (i) R;=CHj R,= CH,3
Complex (ii) R;=CHjs R,=CyHs
Complex (iii) Rq=CH; R.=C;3H;
Complex (iv) R;=C4Hq R.>= CH;
Complex (v) R;=C4Hq R,= CyHs

The chemiéal names for the complexes (i) to (v) are:

Complex (i)  oxalato(1-methyl-2-methylthiomethylimidazole)platinum(ll)
Complex (i) oxalato(1-methyl-2-methylthioethylimidazole)platinum(ll)
Complex (iii) oxalato(1-methyl-2-methylthiopropylimidazole)platinum(il)
Complex (iv) oxalato(1-butyl-2-methylthiomethylimidazole)platinum(ll)
Complex (v) oxalato(1-butyl-2-methylthioethylimidazole)platinum(ll).

Examples of 2-methylthioalkyl complexes of pyridine that may be prepared
by the process of the invention are reflected in the structural Formula (ll)



Complex (v) R1L = C4AH9 R2= C2H5 The chem cal names for
the conplexes (i) to (v) are: Conplex (i) oxalato(l
WO p@viogd952- et hyl t hi onet hyl i m dazol e) pl at i num(P¢¥/1B2007/000213

Complex (ii) oxalato(1l

- met hyl - 2- met hyl t hi oet hyl | %dazol e)platinun(ll)

Conmplex (iii)

oxal at o( 1- net hyl - 2- met hyl t hi opr opyl i m dazol e) pl ati nunm(

Il ( CHs, CoHs etc.) andal
)E%| nF%rg)ﬁ& t‘n%(‘?l pe Sel%Ct?d from al alkyl (e.g. CHa, CHs ry

t'hy Ilmdazole Ia i nu
| Ye. @op’pﬁ;redb grwps Typical 2 methylthloaikyl complexes © pyr| ine ar

0 yl thi oethylim dazol e) pl ati nunt(l |
ﬁ%@éﬁ%ﬁ?%@' Vﬂgﬁemt%gcl t hi oal kyl conpl exes of pyridine
that may be prepared by the process of the invention
are reflected in the strgctural Fornula (I1)bel ow
where R2 may be sel ected From al kyl (e.g. CH3, C2H5
etc.) and aryl (e.g. phen ) groups. Olypi cal

2- met hyl t hi oal kyl con‘p S oDﬂr/l Ai ne are conpounds
(vi) to (viii) bel owHzFor I,a/(ll

CH3 Conpl ex (vii) R2
The chem cal nanes feo
are: Conmplex (vi)
oxal at o( 2- net hyl t
Compl ex (vii)
oxal at o( 2- net hyl t "NQELh
(viii)

oxal at o( 2- et hyl t hi opr of@IyiRildli ne) pl ati nun(11). The
follow ng Iigands: Ligand (iXx)

1- am no- 2-t hi onet hyl et hane Li gand (x)

1-Gornplex Qi) RRoeChlyl et hane nmay be used to prepare the

fo L.0g..al b phati,c am not hi oet her conpl exes of

Pt +Fﬁ§“8£§1“gt%fh%5‘%| ex (ix)

ox@braplex PHiaMRao C2H1 hi onet hyl et hane) pl ati nun(! 1)

Conpl ex (x)

oxal at o( 1- am no- 2-t hi oet h?/I et hane) pl ati nun(Il1).
The chemical names for the complexes (vi) to {viii) are:

Complex (vi) oxalato(2-methylthiomethylpyridine)platinum(il)
Complex (vii) oxalato(2-methylthioethylpyridine)platinum(ll)
Complex (viii) oxalato(2-methylthiopropylpyridine)platinum(li).

Complex (vi) R2 =
= C2HEPtCorrpI elx (viii) R = C3H7

th Ee\(w)to(vul)

Ipyrldl ne)ppatlnurr(ll)

| pyridine)platinum(ll) Conplex

The following ligands:

Ligand (ix) 1-amino-2-thiomethylethane

Ligand (x) 1-amino-2-thioethylethane

may be used to prepare the following aliphatic aminothioether complexes of
Pi(Il)oxalate:

Complex (ix) oxalato(1 -amino-2-thiomethylethane)platinum(ll)

Complex (x) oxalato(1-amino-2-thioethylethane)platinum(il).

Other halogenoplatinum(ll) complexes which may be used in the methods
of this invention include halogenoplatinum(ll) complexes having a neutral



whatoegeseepl ati num(1 1) conpl exes having a

O her hal ogenopl ati nun(l1) conpl exes which may be used
in the nethods of this invention include

neutral bi dentate |igand that contains donor atons
other than N, typically S, or exanpl e: neutral

bi dentate heterocyclic anmines with an S donor atom
such as thioetherial S containing conpounds of the

% ?aéﬁ"tgte ﬁa%ltﬁat dorfthily lc/oﬁBry %t'oﬁ-' a!)tﬁé‘ll tahod! g}.’)"g;/;aw ¥ for

erocyc m nes, parti dazol e
pyexaﬂmpI@s am noal kyI t hi oaI kyl /ar yI conpounds;

di t hi I
o B i RS Pl P PR e i
i) to x)as&lhxoevtberlaTISe:oImtdlrmg@nm'pb@undamfrthelgenetimfﬂrarmlmay
o2 BUBIRGE AN LB CUTGoR SRR sl
prerfmmdhmley, , Wth a suitable neutral bidentate
I d T | at [ I
for et AU BRG] “RrPHECe Ut al Formul a (111)
bel OWQWEHIO?ﬁérsﬁam%ﬁ?g 5bﬁthiaﬁb@@1e$d)fr0m al kylF (e.gd |
S or a
(1 19 ek Pidprntis Tl hayan ieched Pemeasihgt 850da 1 B
Cospdvex (xiii) RL Conplex (xiv) R = C4Hg R2= CI—I3
Complex (xv) R = C HO R2= C2H5The chem cal names for
the conplexes (xi) to (xv) are: Conplex (xi)
bi‘BhéJhHIa)cngnbﬁ\latlnum(Il) complex may be prepared by reacting a

Conﬁ'ta{? | _(ﬁg(pci)r)t‘lpg]c}/und such as I%/Il:’w vg/ﬁezrgl)a)s aI I'?atllldgléﬂ&'ll lCI Bror |,
bi @'eféﬁétﬂy ooﬂ 1-wiet hyl -stitablehyndutriapebiaghtats digapide) [ypitain
%ﬁ?@ﬂ ,‘rﬁ% XIII bISCEH@‘ fed sructural
nopia rFIS/' {CRMBIERO; 1M0Sd Gire Fflesisdnintie) structura
Formula (lll) below where R, and R, may be selected from alkyl (e.9. CH,,
C,Hs etc.) and aryl (e.g. phenyl) groups.

Formula (l11)

Complex (xi) R;=CHj R.= CH;
Complex (xii) Ry =CHj R2=C;H;s
Complex (xiii) Ry =CHjs R.=C3H7
Complex (xiv) Ry = C4Hg R2= CHs
Complex (xv) Ry =C4Hg R.= C,Hs

PCT/IB2007/000213



Conpl ex (xiv) bis-chloro-(1
-butyl - 2- et hyl t hi onet hyl i m dazol e) pl ati nun(l 1)

W@00pI083951 XV) PCT/1B2007/000213
bi s-chl oro- (1-butyl - 2- met hyl t hi oet hyl i m dazol e) pl ati nu
nm(l1). O her hal ogenoplatin 1) conpl exes which may

be used in the nethods of tH's invention include
hal ogenopl ati num(I1) conpl exes havi ng neutr al

”D'?Hgﬁﬁ%lﬁig%o@l%qgﬁme%HmBle%n% ﬁi))to Xv) are:

c/s-dic I amm nopl at 1 nu ((C| Sﬁﬁ_ati n).
c/ Somplek i obib-ghtaiordmhetioy-Aumgthyithiomethykraidarole)platnoini(im

0X g a;

a1 Cofto AR PisBhicE (AR AR IRl R Aum)
vi Gomplex((xii) abis-2hlord 1froethylGametbylfhiapdenylimidardie)patinum(il)

or Bl ni o 0f ci sdi A ne N . he
e SErBIShUE), Btcchlof B PRRiE b BRIz ok datrhiiul)
beConmplex, (x¥)heistchtorer-(obutyk-2-otethylthae tylimidazae) piginemédh d
the amount of cisplatin in the reaction mxture 6.7
g/L. The use of an alcohol as or as part of the

s oPiherthalagenedatintaitlecatnplexashehiph asyrie usedeint themethods

75 55 i, L L0 4 0 ) ol

sys&aageniate tligadBosash asmpadicblotcdisdTotnpplatimen@iricisplatin).
i) Th | '
7 a5 bbb o R, DELETIRGTH 2 RaBle iy Bt

di s@earitysystEhe sentainingras halcohmh ducke asyisbamyli aledhol Tiey doef
Sy I i ter | Qi LAl .0 g
o TR oSt JRPRORR, Bl 6 ool 3 W pleRRfREC 85
r edipchudnehxekatdplativumihedit ethewareactioandnikiure,ertbe. ratiee of
wat; f e ' [ at
R R A e D A
oxtheanouahdf cikplatindn theareactinsrroiafure $i7eg/sol i ds are
recovered by centrifusion and nust then be washed with

obl1iF ik of o aeBhOCarPes Bof it el kiR 5Bt win e

present invention, instead of dmf, has the following advantages:

() The yield of crude product is higher in the alcohol system, up
to 85% as compared to 67% in the dmf system.

(i) The alcohol system makes use of a single reaction of 8h
which produces the crude white crystals directly. These are
washed and recrystallized. The dmf system is multi-stepped
after the initial reaction of 6-10 hours, the dmf solvent is
evaporated and the residue dissolved in heated water and
filtered. The water is evaporated and the resulting residue
treated with ethanol to remove residual tetrabutylammonium
oxalate and derivatives thereof. The solids are recovered by
centrifusion and must then be washed with dmf before a
white oxaliplatin product can be obtained. Thus a complex
time-consuming procedure.

iii) The insolubility of the oxaliplatin in the alcohol system results



(iii) The insolubility of the oxaliplatin in the
al cohol systemresultsin a progressive crystallization
wobRooa/ 085y readily filtrationabl e product whi cPCEHIB2007/000213
drives the reaction closer to conpletion and at the
same tinme avoi ds deconposi &i@_n of the product. (iv)
The smal | er donor nunber (weaker donicity) of the
alcohol limts the formation of internedi ate sol vated
products vi a; ' el aN j f . '
o "these vas TALI RN eRBvs I BRcE o iy leaty A EREAR
yi el d of thepgiet whichiatr drives itiggirédotiamiclopehiogermpletion
t he al cohol | Z i 720 9 6%
n-the. dnt s oad Seip SHre tirkr iR RERAbGfor & 5 bt
2006/ 024997) Thaseallerveertor swmber [(wealwr Islonigiy cafi the eldohol
nore detail w f%%@ ol | O\ ;
non-limti ng%&%rtrlﬁ) és. 8@%%&%3@8@(}%&%{% &E?%L{Citsor\{'a
of tetrabut yregrdibaiiannm owdgnsedor the dparadidn b these wiak Jouryl
oxalic acid ) in a 40% sol uti on of
tetrabutyl am"ﬁﬂ‘%ﬁ%gﬁﬁ'g?@g? Sm()appr ox. 88 n_, 0.131
mol ) anty)ad;j libe iyield whéeppuntcoprpductas sighifeantiyo higber i the

di chloro((fr = B = 0 o o i

di am nocycl oﬁ@égﬁg %%'gt Y'ﬁ'u?‘?(f)ﬁs)comf%e,d %3&{%? ?r%f))m the
fol | owed by dmisysterh (Sesd=auapiples & ahdf of WO 2006/024897).
(3-nmethyl-1-butanol). In this mxture, the nolar ratio
of platinun(ll) conpound: oxalate was 1:2.5, the ratio
of The dvleotinmwélr ngw /og) degsrilsed smuhoreh detaitonitint reddrence to the

di Y n.al ~ - -

di @%&\ﬁlgg&%f\gﬂ@i@neéa%quet%i nunm(ll) in the sol vent
reaction mxture was 8.3 g/L. The m xture was stirred
fog, Bhouhi I st its internal tenperature was
thernmostatically nmaintained at 85C. During this tine

the relatively insoluble dichloro(frans-t-1
\’Aﬁ/i\ntﬁ“eéﬂbé&féy WoRR6%2BE) RtAbLDUAR dnlunt@3x4I6R! a6RFaf by
dissolving oxalic acid (8.29 g, 0.0658 mol) in a 40% solution of

tetrabutylammonium hydroxide (approx. 88 mL, 0.131 mol) and adjusting
the pH to 7, was added to solid dichloro((trans-t-1,2-
diaminocyclohexane)platinum(ll)) (10g, 0.0263 mol) followed by 1.1L of
isoamyl alcohol (3-methyl-1-butanol). In this mixture, the molar ratio of
platinum(ll) compound:oxalate was 1:2.5, the ratio of alcohol:water (v/v)

95:5, and the amount of dichloro((trans-£-1,2-
diaminocyclohexane)platinum(ll) in the solvent reaction mixture was 8.3
g/L.

The mixture was stirred for 8h whilst its internal temperature was
thermostatically maintained at 85°C. During this time the relatively insoluble
dichloro(trans-£-1,2-diaminocyclohexane)platinum(ll) was replaced by white
oxaliplatin which precipitated out of solution.

Thereafter, the mixture was cooled at 4°C, the solids collected by suction
filtration and washed with several volumes of dry acetone. The relatively



oxal i platin which precipitated out of solution.
Thereafter, the m xture was cool ed at 4C, the solids
w@odoreeed by suction filtrati on and washed wi PET/1B2007/000213
several volunes of dry acetone. The rel ativel ypure
oxal i platin was recovered ghth a yield of 83%(8.71 9)
as an off-white crystalline 'solid. Purification was
ef fected by dissolving the above solids in 500 m _
t ' e f
¢ T oRARAR i oo dd Wil iR ORI Rt o
| ianysdallireossllidd at 40C for 6-1Ch. The precipitated white
crystals were collected by suction filtration, washed
with several small volunmes of dry acetone and dried at
5Rdficatiopl was- effigcted by djgsoMnisthecalnyp . solitie ins 6OQ enjuwater
|36 f [ r;
gt B e oG BpRE R RRsaGs IR Biferal G
c clotutivayt itowasl Ufittetenl anttheriliquen cooledi tat 4ihlfor Bdbnt Jhef

glnpgg%? I%Laggdcﬁkﬁggg{] J ?Vg{éscorﬁﬁ_%fﬁa }oy S{Jﬁtloq fi I{r?tlon Washed with

r exeperat shnall calehed ofvdghacejorve ahd riried ratl 56761 u?f&ki &f 4t
unt i t ow col our was renoved. The white solids
mg%gg%‘hggt%géined with acetone and dried at 50C. The
conbined crops ( 1 & 2) totalled 7.47g (72% overal |
yield). Exanple 2 PtdachCl2 (50 g, 0.132 nol),

temgagg%e?é\gagﬁogjgﬂmv&’g( PﬁGr?ed(gy 8%ent%’u§@ tﬁ@ i‘é@ﬁ@rpﬁt‘i@oq

t emdabwaywammfrhe rmehtyitimgm:ogba;lad @ \yapow atdlewgationOdye. to
W%to?‘\{a)mngtfb% ' vﬁ?ﬁ IQf]l\alla‘l s (612 %nfga};te\ele f&rﬁ&?{t&%&h Lo
a teactor . rethe mo 10 0

Ptﬁaoh@bs@:lmam)elavmn(ﬂ)z the ratio al cohoLwat er
(v/v) was 90:10 and the anpbunt of PtdachCl2 in the
reaction mxture was 42 g/L The m xture was heated to
anTHenktienahs trempeschbyicarefifl vEBhDQ Wigh nénimeh volumes of dmf

until the yellow colour was removed. The white solids were then washed
with acetone and dried at 50°C.

The combined crops (1 & 2) totalled 7.47g (72% overall yield).

Example 2

PtdachCl, (50 g, 0.132 mol), tetrabutylammonium oxalate (274 ml, 0.96 M)
(prepared by dissolving 33.2g oxalic acid in 035L 40%
tetrabutylammonium hydroxide and evaporating 110 mL water), and
isoamyl alcohol (925 ml) were charged into a reactor. In this mixture the
molar ratio of PtdachCl,:oxalate was 1:2, the ratio alcohol:water (v/v) was
90:10 and the amount of PtdachCl, in the reaction mixture was 42 g/L. The
mixture was heated to an internal temperature of 88 °C for 8-10h
accompanied by vigorous stirring. During this time the relatively insoluble
PtdachCl, was replaced by white oxaliplatin which precipitated out of the
reaction mixture.



acconpani ed by vigorous stirring. During this tinme the

relatively insoluble PtdachCl2 was repl aced by white
wWo@@b7iogioat i n whi ch precipitated out of the reaPCT/tB2007/000213

m xture. After reaction, the m xture was cooled to an

internal tenperature of 2-4 0C for 1- 2h, whereafter

the precipitate was recover® via suction filtration

on a sintered glass filter. The precipitate was washed

wi th several volunes of dry acetone and dried. A crude

yield of 86% (45 g) oxaliplatin (relative to

Pt Afieheadtonwtie mixtue ves. coBlei thiaanfearal \tempeﬁéfueé:bﬁﬂ-m}c

di I '

r ek it} Mgt BReL bR AiAc e Peby et B s iafinuion on -
masivieranl glaes fiiter. Jok ydrecipitate wasagashiet tveithe sk vaidg) \Idl@nes of
i I oC. f t

or P ERG A B atiusBinel shbreodB e Rpldabntahie t
waBtdadh@ly)twesdrbjainesdtt one. Yield = 28 g (50% rel ative to
Pt dachCl 2) . A subsequent crop was obtai ned by

concentrating the nother |iquor under vacuum at 60 OC.
ThRunicetdrpives effecteth ibyejxssolvir@sthwuﬁecsdhhl@m ed L washiet a

corPre e8] 2 6 Dl oaiadgely PG S i réterel wenic
2)sqlutEmaHtpWGs 3f|lﬂét@tadm6£l e lidliog, cdaleazat mmo for 6-10h. The
o SEBPY BETRE MEERBINED bl R 38 e v

sodlrMaceinnleYleldt—-rZH)gl(M%m‘mtweuwtqadhox).de and adj usting
the pHto 7) and 520 ml 2- octanol were stirred
together at 85 OC for 10h. In this m xture the nol ar

r A isubssudhtdaoh G2 abxahet by varmcehtrating, the meoth@t liqoPfinder

al : e v s, 9010 and the a nt of .
o SEURALB °E ¢ Vleseten Wole st SIS HHRR. vasted i
t hiry atétome amcbdnier wridev ehguurmaidostd.e Pt dachCl 2 was

repl aced by white oxaliplatin which precipitated out
of the reaction m xture. After reaction, the m xture
wahecmoibitedatield 00@ops hvas $61% ¢slatiod toeritiachdly). sucti on
filtration and

Example 3

PtdachCl, (10g, 0.026 mol), tetrabutylammonium oxalate (0.066 mol)
(prepared by dissolving 8.3 g oxalic acid in 88 ml of a 40% wt solution of
tetrabutylammonium hydroxide and adjusting the pH to 7) and 520 ml 2-
octanol were stirred together at 85 °C for 10h. In this mixture the molar ratio
of PtdachCl,:oxalate was 1:2.5, the ratio of alcohol:water (v/v) was 90:10
and the amount of PtdachCl, in the reaction mixture was 16 g/L.

During this time the relatively insoluble PtdachCl, was replaced by white
oxaliplatin which precipitated out of the reaction mixture. After reaction, the
mixture was cooled at 4 °C, the solids collected by suction filtration and
washed with several volumes of dry acetone. The relatively pure oxaliplatin
was recovered with a yield of 80% (relative to PtdachCl,) as an off-white
crystalline solid.



washed with several volunes of dry acetone. The

relatively pure oxaliplatin was recovered with a yield
w@R00808596T el ati ve to PtdachCl 2) as an of f - whi t BCT/IB2007/000213

crystalline solid.Purification was effected by

di ssol ving the above solids in 450 m water preheated

to 75 0C. When approxi mat e11)5‘95% of the material was

in solution, it was filtered and the |iquor cool ed at

4 0C for 6-1Ch. The precipitated white crystals were

coll ected by suction filtration, washed with several

s rRarificatiohuwas efiécteld \byadiesariey #redabbnvieesbliat i550Gn! Wagdrd

= 9 | ative. t\q, Pt dachCl. 2 ub uent, crop was
ob[i%zji{gr‘?l ?—:%Je 6@ 7Ié-’ocﬁzc eﬁ/lhfe Bt ?Wgﬁo%"ﬂéte%éﬁ%’r OF ﬁ@% JPatSH%i‘e{%’as n
vaolution,att 68s Gitersthand ahbi llgdr coolpd 4t 4 °& &) 6abAl FHe
7. (0% relative to PtdachCl . Exanple 4 .
IS BB bk e, CEER Y spertiBedan westeqwith
0.%8&aheﬂg)au vb&lmmbf:t Wyaam%tmi:swand)mlbdta 5@);@8&3%;)5”3%

Lssol ving 10. oxalic acid in
gggﬁ?ﬁ@%?%ﬁ%%&ﬁ%@mni umghydr oxigde sol ution and
adjusting the pHto 7) and 1.4 L isoanyl alcohol were
stirred vigaorousl .75 .0C for 10h. In this mxture
¢ o SYEE R Ut aBleireR i cerdlnig. F motisrd b o
alvaoloh at@d 8. was 95:5 and the anount of cisplatin in
the reaction mxture 6.7 g/L. During this tinme, a

white precipitate of cisdi anm nooxal atoplatinun{ 11)
f dheedmbiNeti eropsgd & 2)totalddie3guvione resativieds PeRichCl,).
recovered by filtration at a crude yield of 96%
Purification was effected by recrystallization from
wixempkt4 75 0C to furnish 5 g of pure

c/ s-di amm nooxal atopl ati nun(l1) (47 %yield relative
to cisplatin). CLAIM5S 1. A nethod for the preparation

ofciseDiphiatodizmmbinbplatmnmiiex ¢ qeating ng  ewyr al  0.033 mol),

?E%%g?@éa%ieor%mbbga Qttea[o?osts' rﬁgls1 d(%l‘eptape%l g'y?tcngs%l\}irpgd‘lﬁ% g? g
oxalic acid in 112 ml 40% tetrabutylammonium hydroxide solution and
adjusting the pH to 7) and 1.4 L isoamyl alcohol were stirred vigorously at
75 °C for 10h. In this mixture the ratio of cisplatin:oxalate was 1:2.5, the
ratio of alcohol:water was 95:5 and the amount of cisplatin in the reaction
mixture 6.7 g/L. During this time, a white precipitate of cis-
diamminooxalatoplatinum(ll) formed. After reaction, the white solids were
recovered by filtration at a crude yield of 96%.

Purification was effected by recrystallization from water at 75 °C to furnish
5g of pure cis-diamminooxalatoplatinum(ll) (47 % vield relative to
cisplatin).
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neutral nonodentate or bidentate |igands wth an
wWo@a8®sT n a non-agueous solvent or a m xed sPCTEBR07/000213

system wherein the non-aqueous solvent is an al cohol.

2. The nmethod according to claim1, wherein the

al cohol is an organi c nol ecldre haV| ng the arrangenment

Ri - CH2- OH, R1R2-CH OH or RIR2R3-COH where the R-i to

R3 rgani ¢ al kyl or aryl groups. 3. The nethod

aced! gtoclaiml or claim2, wherein the al cohol

has 3 or nore carbon atons. 4 The met hod according to

claim3, e t he al ohoI carbon atons. 5.
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the aIcohoI is 2- hydroxyoctane (2-octanol). 9. The
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4. The method according to claim 3, wherein the alcohol has 4-12 carbon
atoms.

5. The method according to claim 4, wherein the alcohol has 5-10 carbon
atoms.

6. The method according to any one of the preceding claims, wherein the
alcohol is 3-methyl-1-butanol (isoamyl alcohol).

7. The method according to any one of claims 1-5, wherein the alcohol is 2-
methyl-2-propanol (tertiary butanol).

8. The method according to any one of claims 1-5, wherein the alcohol is 2-
hydroxyoctane (2-octanol).

9. The method according to any one of the preceding claims, wherein the
oxalate is an organic oxalate salt.

10. The method according to claim 9, wherein the organic oxalate is a



13. The nethod according to any one of the preceding
clains, wherein the solvent is a m xed solvent system

wQ@ 200770885t hod according to claim 13, wherei nP€TEB2007/000213
rati o of al cohol:water (v/v) in the m xed sol vent
systemis from70:30 to 99:1 . 15. The nethod
according to claim 14, v\,her‘| in the ratio of
al cohoLwater (v/v) in the m xed solvent systemis from

wnare bttt BBt or (V) i1 the m xed
soI vent system is 90:10. 17. The nethod according to
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rmhatnaiahylammomzrurml déettaprapylanyaerdsmi s tealmttgdmwionhunt heor
oxahat e a I ar rati.o of greater than 1:1. 18. The

%QP%X@QP%H '%O)éql%tl m 17, wherein the

hal ogenopl at i nun(l I ) conpl ex contai ni ng neutr al

nt a of bid te Li .react w th_ the
oxld ol Bt afedr LT Coir” BTy Rkl TR ciSent blaibgtis
Thtetratﬁutylanhnwmwn dkaigtet 0 cl ai m 18, wherein the
hal ogenopl ati num(I1) conpl ex containing neutral
nonodentate or bidentate ligands is reacted with the
oxm dthe ra¢thad aod:cﬁdlngad> any ofie bethegeecelliry ¢laints; Wheh the

rre&hod a% R‘?’ cI aim19, wherein the
(ngeé‘ & A REEHSHET 8 "ex containing neutral

rmnodent ate or bidentate ligands is reacted with the
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whEheimthe heixedsaven Bystemdafromao: :ﬁltoaagt‘enper ature in
the range from70 to 110C0C. 22. The nethod accordi ng
to claim21, wherein the reaction is carried out at a
t et eat method dcbelingatogeaiof 14, nemeréi the rabd 6f alaholTater

d d
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(v/v) in the mixed solvent system is 90:10.

17. The method according to any one of the preceding claims, wherein the
halogenoplatinum(ll) complex containing neutral monodentate or bidentate
ligands is reacted with the oxalate at a molar ratio of greater than 1:1.

18. The method according to claim 17, wherein the halogenoplatinum(ll)
complex containing neutral monodentate or bidentate ligands is reacted
with the oxalate at a molar ratio of between 1:1 to 1:15.

19. The method according to claim 18, wherein the halogenoplatinum(ll)
complex containing neutral monodentate or bidentate ligands is reacted

with the oxalate at a molar ratio of between 1:1 to 1:5.

20. The method according to claim 19, wherein the halogenoplatinum(ll)



amount of hal ogenopl ati nun{l1) conpl ex cont ai ni ng

netural nonodentate or bidentate |igands in the
waodovmestossystemis nore than 5 g/ L. 25. The nep¢ntB2007/000213

according to claim24, wherein the anount of

hal ogenopl ati nun(l1) conpl g@_cont ai ni ng netural

nonodenate or bidentate [igands in the solvent system

is nore than 10 g/L. 26. The nethod according to claim

25 o e t ' .
cocp ek Tl AR m o RIR0 R PR Hhis £ AR
t hwits $le@iate pba eralarsatimefdrorhdd t8d:3%.L. 27. The net hod
according to claim 26, wherein the anount of

hal ogenopl ati nun(l1) conpl ex containi ng netural
moAbdinet methodracoprdingt ta ey long @hths pracedieg slalmes mthesajrs them
is : . I o any
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t he hal ogenopl ati num(Il) conplex is d, Br or I. 29.

Th j ' - i 1 [
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pr atarapergtucd ki the rangeenf Hom thet®aP@genopl at i nun(1 1)

conpl ex contai ni ng neutral nonodentate or bidentate

ligands is optically pure. 31. The nethod according to
any3.olfe methplecperdingdo gy ohaiofrthe prkeeding claings, hgeainl then
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1, wherein the neutral bidentate ligand in the
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hahalggareplatinum((domplexoeqsitaining eturalambnedenate or bidentate

ligands in the solvent system is more than 10 g/L.
26. The method according to claim 25, wherein the amount of
halogenoplatinum(ll) complex containing netural monodentate or bidentate
ligands in the solvent system is more than 30 g/L.
27. The method according to claim 26, wherein the amount of
halogenoplatinum(ll) complex containing netural monodentate or bidentate

ligands in the solvent system is more than 40 g/L.

28. The method according to any one of the preceding claims, wherein the
halogen in the halogenoplatinum(ll) complex is Cl, Bror .

29. The method according to claim 28, wherein the halogen is Cl.

30. The method according to any one of the preceding claims, wherein the



36. The nethod according to claim35, wherein the
neutral nonodentate ligand in the hal ogenopl ati nun{l1)

w@ oooplogsesT s ci sdi chl or odi anm nopl ati nun( |1). BCT/1B20€7/000213
met hod according to any one of the preceding clainms,
wherein the hal ogenopl atinugd|1) conplex is
bi s-chloro-( ra/7s-M 2-

di am nocycl ohexane) plati num(l1). 38. The nethod
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, 2-di am nocycl ohexane) pl ati nun(11).

31. The method according to any one of the preceding claims, wherein the
ligand in the halogenoplatinum(ll) complex is a neutral bidentate ligand.

32. The method according to claim 31, wherein the neutral bidentate ligand
in the halogenoplatinum(ll) complex is an amine.

33. The method according to claim 32, wherein the neutral bidentate ligand
in the halogenoplatinum(ll) complex is 1,2-diaminocyclohexane.

34. The method according to any one of claims 1-30, wherein the ligand in
the halogenoplatinum(ll) complex is a neutral monodentate ligand.

35. The method according to claim 34, wherein the neutral monodentate
ligand in the halogenoplatinum(l) complex is an amine.

36. The method according to claim 35, wherein the neutral monodentate
ligand in the halogenoplatinum(ll) complex is cis-
dichlorodiamminoplatinum(ll). |

37. The method according to any one of the preceding claims, wherein the
halogenoplatinum(il) complex is bis-chloro-(trans-{-1,2-
diaminocyclohexane)platinum(ll).

38. The method according to claim 37, wherein the halogenoplatinum(ll)
complex is cis-bis-chloro(frans-t-1,2-diaminocyclohexane)platinum(ll).



