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PROCESS FOR PREPARING AMINE PLATINUM COMPLEXES

- CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims benefit of priority to provisional patent application U.S. Serial

5 No. 60/128,939, filed on April 13, 1999, and which is incorporated in its entirety by reference

herein.

TECHNICAL FIELD

The present invention relates to the area of platinum drugs. In particular, it relates to

10  an improved process for preparing platinum complexes having the general formula (Ia) or
(Ib):

_ Y
L-/ A L” | Sa
_ Y
Ia Ib

wherein: _
L and L' may be the same or different, provided that L' may be NH; , but L
15 ' may not be NH3; and .. | _ 3
L and L' are each an a'lmine or substituted amine that coordinates to the Pt atom
| through a nitrogen atom and is a heterocyclic; amine or heteroaromatic |
amine or is represehted by NRR'R", wherein R, R', or R" are independently
selected from the group consisting of: hydrogen, substituted or unsubstituted
20 '  straight, branched or cyclic aliphatic, aryl, nonaromatic or aromatic
heterocyclic groups; and preferably L is a substituted amine wherein the
substituent sterically hinders access of the Pt atom to a DNA strand of cell,
preferably a tumor cell; and
A may be the same or different and is a halogen or a leaving group such as
25 hydroxy, alkoxide, carboxylate and may be the same or different or form a
bi-dentate carboxylate, phosphoncarboxylate, diphosphonate or sulfate; and

Y is a halogen, hydroxy, carboxylate, carbamate or carbonate ester.
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- BACKGROUND ART
US Patent No. 4,329,299 and 5,665,771 describe platinum compounds and their

usefulness as antitumor drugs. These two patents dxscl_ose platinum compounds that

. encompass cOﬁiplexés'of the formula cis-[PtAz(L)(L)] and ¢/, c-[PtAzYz(L')(-L)], where A is a

leaving group such aS'halogeh, hydroxyl or carboxylaté, Lisan amine coordinated through
the mtrogen atom and L' is an ammonium or substituted amine. The process for preparing
these complexes dlsclosed in the patents are known in the art (Hydes, P. C. US Patent -
4,329,299 (1982); Murrer, B.A.. US Patent 5,665,771 (1997); Braddock, P. D.; Connors, T.
A.; Jones, M.; Khokhar, A. R.; Melzack, D. H. ; Tobe, M. L. Chem.-Biol. Interactions 1975,
11,145-161; and Giandomenico, C. M.; Abrams, M. J.; Murrer, B. A_; Vollano, J. F.;
Rheinheimer,' M. L.; Wyer, S. B.; Bossard, G. E.; Higgins (III), J. D. Inorg.' Chem. 1995, 34,
1015-1021). This process is illustrated in Figure 1 with the synthesis of cis-[PtCL(NH3)(L)]

_and ¢,1,c-[PtCL(OH),(NH;)(L)] as examples. From the readily available and commonly used

K[PtCl4] starting material, the synthesis of cis-[PtCl;(NH3)(L)] involves four steps and the
synthesis of ¢,, c-[PtClez(NHg)(L)] requires five steps. The synthesi:s of these complexes.
according to the process known ‘in the art gives low 6verall yield. US Patent No. 4,329,299
discloses an overall yield from K,[PtCls]of less than 8 %, while 6verall yields 0of 20-30 %
have been reported in US Patent No. 5,665,771 and in the literature (Khokhar ef al. and -
Giandomenico ef al.). The low overall yield is due to the many stages involved in the process
and to the difficult and. low yielding conversion of {PtClz(NH3)2] to [PtCl3(NH)]', which . -
requires the use of expensive Pt catalyst. The .synthes__is of K[PtCl3(NH3)] from [PtCl,(NH3),] -
is also not particularly rObhst and large scale synthesis pfodﬁcing K[PtCI3(NH3)] of consistent
quality is difficult to achieve. The procéss describ_ed above further requires the use of silver
and iodide ions, and generates silver and iodide coptaminated.wast_e products. -

US Patent 4,533,502 and UK Patent .GB 21371 98A'discloée a synthetic process to
preparc [PtX(L)(L")] where L and L' are ligands bonded tf__xrough éminc nitrogen and L=L'

‘(Rochon, F. D.; Kong, P.-C. UK Patent GB21371984 (1984) and Rochon, F. D.; Kong, P.-C.

US Patent 4533502 (1985)). The process is known in the art and the details of this synthetic
process has been published (Courtot P.; Rumm, R.; Peron, A.; Girault, J. P. J.
Organometallic Chem. 1978, 143, 343- 357 and Rochon, F. D.; Kong, P.-C. Can. J. Chem
1986, 64, 1894-1896). Figure 2 illustrates the process with [PtCl(L)(L")] as an example.
From K;[PtCls], the process disclosed in US Patent 4,533,502 and UK Patent GB 2137198A
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involves 4 steps and the isolation of 3 intermediate products. The oligomer intermediate
product is represented by [PtLI;])« where x =2 to 4; multiple oligomer species are possible.
The overall yield from K,[PtCls] was not disclosed in the patent. Silver and iodide ions are
used in the process and corresponding silver and iodide contaminated wastes are generated.
[PtCLL], where L is an amine other than NHs, represent an intermediate in the

present invention. The preparation of [PtCL;L] from a dilute solution of K,[PtCl,] in

- dimethylformamide (DMF) where L are pyridine and pyridine derivatives has been reported

(Rochon, F. D.; Kong, P.-C. Can. J. Chem. 1978, 56, 441-445 and Rochon, F. D.;
Beauchamp, A. L.; Bensimon, C. Can. J. Chem. 1996, 74, 2121-2130). The preparation of
[PtCIsL] in solvents other than DMF or H,0, or with amine other than pyridine and pyridine
derivatives have not been reported. _Thé synthesis of K[PtCl;L] in DMF as reported in the
literature was performed at 65-80 °C and the yields of the isolated product ranged from 40 %
to 90 % depending on the pyridine derivative. Synthesis of [PtCl3L] in DMF can produce
reactive or unstable Pt DMF complexes that could interfere with subsequent reactions or
decompose to give insoluble black Pt impurities. For example in Can. J. Chem. 1978, 56,
441, Rochon ef al reported the precipitation of insoluble black material when
K{[PtCl3(2,6-dimethylpyridine)] was dissolved in aqueous solution. It was also reported that
an oily paste that contained [PtCL(DMF)(pyridine derivative)] and other impurities was
obtained during the isolation of K[PtCl;(4-methylipyridine)] and K[PtCls(pyridine)].
Examples of [PtCl;(DMF)L] complexes have been reported (Kong, P.-C.; Rochon, F. D.;
Can. J Chem. 1979, 57, 682-684; Rochon, F. D.; Kong, P.-C.; Melanson, R. Can. J. Chem.
1980, 58, 97-101; and Rochon, F. D.; Melanson, R.; Doyon, M.; Butler, I. S. Inorg. Chem.
1994, 33, 4485-4493).

Citation of the above documents is not intended as an admission that any of the

foregoing is pertinent prior art. All statements as to the date or representation as to the

contents of these documents is based on the information available to the applicants and does
not constitute any admission as to the correctness of the dates or contents of these documents.
Further, all documents referred to throughout this application are incorporated in their entirety
by reference herein. Specifically, the present application claims benefit of priority to U.S.
provisional patent application serial number 60/128,939, which was filed on April 13, 1999

and which provisional patent application is incorporated in its entirety by reference herein.
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'DISCLOSURE OF THE INVENTION ©

-~ The present invention describes a more efficient and economical process for preparing

- Pt complexes of the form cis-[PtAy(L')(L)] (formula Ia) and c;¢,c-[PtA;Y(L')(L)] (formula Ib) .

- directly-from inexpensive and readily available platinum starting material, preferably

tetrahaloplatinite like [PtCL]* or [PtBra]”.
"whérein' ‘-'

LandL' may be the same ot different, provided that L' may be NHs, but L may notbe -
NH;; and _

L and L' are each an amine or substituted amine that coordinates to the Pt atom -
through a_nitfogén'atom and is a heterocyclic amine or heteroaromatic amine or is
represented by 'NRR'R"', wherein R, R, or R" are independently selected from the group
consisting of: hydrogen, substituted or unsubstituted straight, branched or cyclic aliphatic,
aryl, nonaromatic or aromatic heterocyclic groups§ and preferably L is a substituted amine
wherein the substituent sterically hinders access of the Pt atom to a DNA strand of cell,
preferably a tumor cell; and’ ) '

'A may be the same or different and is a halogen or a leaving group such as hydroxy,

alkoxide, carboxylatate and may be the same or different or form a bi-dentate carboxylate,

| phosphoncarboxylate, diphosphonate or sulfate; and

Y is a halogen, hydroxy, carboxylate, carbamate or carbonate ester.
. In one embodiment, the process of the present invention is preferred for preparation of
compound of formula Ja. -
Terms as used herein are based upon their art recognised meaning and from the ..
present disclosure should be clearly understood by the ordinary skilled artisan. For sake of
clarity, terms may also have particular meaning as would be clear from their use in context.

For example, a ligand is an ion or molecule bound to and considered bonded to a metal atom

. or ion. Mono-dentate means having one positidn through which covalent or.coordinate bonds.

with the metal may be formed. Bi-dentate means having two positions through which

covalent or coordinate bonds with the metal may be formed. The present invention preferably
is a mono-dentate coordination of the L and L' amine through the nitrogen atom.to Pt.

Further, “sterically hindered” is used according to common ﬁsage in the art. “Sterically
hindered amine™ therefore refers to an amine component that because of its size or bulk

hinders or interferes with rotation or other function or property of any other component of the

Th1s Sheet.Has.Been: Repl
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Pt complexes disclosed herein. The processes of the present invention are preferably used to
prepare the compounds described in U.S. 5,665,771, (particularly the sterically hindered
amines derived by formula Ia in ‘771 patent) which is incorporated in its entirety herein and
specifically the definitions of substitutent groups as disclosed therein are specifically -
incorporated by reference herein. By the term “substituted” what is meant herein, when in
reference to both L and L’ as a nitrogen-linked heterocyclic amine(s) or heteroaromatic
amine(s), is that a substitute group is independently selected from the group consisting of:

hydrogen, substituted or unsubstituted straight, branched or cyclic aliphatic, aryl, nonaromatic

- or aromatic heterocyclic groups; and preferably where L is a substituted amine, the

substituent thereby sterically hinders access of the Pt atom to a DNA strand of cell, preferably
a tumour cell. Examples of such substituted L or L’, include, but are not limited to: alkyl
amines which may include: methyl amine; dimethyl amine; tributyl amine; di-isopropyl
amine; aryl amines which may include: aniline, toluidine, aminonaphthalene and
aminoanthracene; heterocyclic amines which may include: piperidine, piperazine, and
pyrrolidine; and heteroaromatic amines which may include: pyridine, pyrazoles, imidazoles,
oxazoles, iso-oxazoles; pyrimidine, and pyrazine. Other substituents are available to the
ordinary skilled artisan who would readily appreciate that such other substitutents may be
employed in the present invention in a manner consistent with the present disclosure.

More specifically, for example, in the case of substituted cyclic amines, the substituent
may be lower alkyl or alkoxy of 1 to 4 carbon atoms, (especially methyl or methoxy), halo,
(especially chloro or bromo), or aryl, (especially benzyl). The substituent may itself be
substituted by lower alkyl or halo. By the term “lower alkyl” is meant an alkyl group with
from 1 to.6 carbon atoms. The cyclic amine may carry other substituents either adjacent to
the coordinating nitrogen atom or elsewhere on the ring. Other substituents include electron-
withdrawing or electron-donating substituents such as nitro and alkoxy eg methoxy. If the
cyclic amine is a fused ring system where the fused ring is an aromatic ring in positions 2 and
3 of the cyclic amine, no other substituent is necessary, although a substituent may be present.
It can also be envisioned that this invention may be used to make trans isomers. For the
preferred embodiment, this invention is used to make the cis isomers.

To illustrate the invention, the synthesis of cis-[PtCl;(NH;3)(L)] and c,¢,c-
[PtCl:(OH),(NH;)(L)] from [PtCls}* are used as examples. The congeners cis-
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[PtBra(NH;5)(L)] and c.1,c-[PtBr2(OH)2(NH3)(L)] can also be prepai'ed in the same manner
from [PtBr]>. - - . ;

For the preparation of cis-‘[PtClz(N H3)(L)] , the improved process involves two steps
with the first step being the conversion of a suspension or concentrated solution of [PtCLJ* to.
[PtCI;L] in aprotic solvents. The second step converts a suspension or concentrated solution -
of [PtCI;L] to cis-[PtClz(NHg)(L)] in ammonium hydroxide solution. Compared to the
synthetic processes currently used in the art, the improved process has fewer synthetic steps,
fewer isolated products, requires smaller volumes of ecologically harmful solvents, generates
less metal contaminated wastes and produces cis-[PtCl,(NH3)(L)] with higher overall yields.
It also does not require the use of silver and iodide ions, and doeé not generate silver and
jodide contaminated wastes. All steps in the process are robust, reproducible and consistently
generate products of the same quality.

The first step of the im;irov.ed procéss is the reaction of [PtCly]* with the amine L
under aﬁpropriaie conditions in a first solvent to form [PtCIsL]". The potassium salt of
[PtCly)%, which is the most readily available, is commonly employed. However, other salts of
[PtCLs)* could also be used. Appropriate conditions herein shall mean those reaction
conditions that promote and facilitate the chemical reaction as disclosed and claimed.
Specifically, the present invention provides that such appropriate conditions include, but are
not limited to: temperature; pH; concentration of reac’tanté; degree of agitation; mesh size of
reactants; and other such conditions facilitating the disclosed chemical reactions. However, -
other appropriate conditions would be those familiar to the ordinary skilled artisan that result
in the steps of the disclosed chemical reactions. To aid in the dissolution of K3[PtCly], it is
preferred to use finely ground Ko{PtCly] powder. It is preferred that K3[PtCls] be less than or -
equal to about 240 uM in size. Itis more ﬁfeferable to have K> [PtC14]' be less than or equal to -
about 100 uM in size. In the .reaction-, 1 to 1.3 equivalents of the amine is reacted with 1 '
equivalent of K,[PtCls]. More preferably, 1 to 1.2 equivalent of the amine is used. Itis most .
preferred to have 1.05 to 1.15 equivalent of the amine react with 1 equivalent of Ky[PtCls].
Using high equivalents of the amine increase the rate of the reaction but could also increase
the formation of side producfs and lower the yield of the reaction. ‘Additionally, the amine, L,
is added to the reaction mixture in small portions over a period of time. Preferably, the amine -

is added in two or more equal amounts or more preferably in 4 or more amounts.
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The reaction can be performed at a temperature of about 30-100 °C but it is more
preferred to perform the reaction at about 40-70 °C. Most preferably, a temperature range of
about 50-65 °C is used. In general, the higher the reaction temperature the greater the rate of
the reaction between [PtCly]*" and the amine. However a high reaction temperature could

increase the formation of side products or allow the formation of reactive and unstable Pt

- impurities. In solvents that are capable of coordinating to metal atoms like DMF, reaction

temperature greater than or equal to about 60°C may promote the formation of Pt solvent
complexes, which would decompose or interfere with the next step of the process.
The reaction is performed in aprotic solvents. It is preferred that the solvent be

anhydrous containing less than about 25 % water but a water content of less than about 10 %

is preferred. Most preferably, a water content of less than about 3 % is desired. The reaction

can be performed in aprotic solvents such as acetone, chloroform, dichloromethane,
dimethylacetamide, dimethylformamide and N-methylpyrrolidinone. N-methylpyrrolidinone
is the most preferred solvent.

The first reaction step is performed at a ratio that is less than about (15 ml solvent)/(1
mmole platinum). A preferred embodiment of the present invention contemplates a ratio of
solvent (ml) to Pt (mmol) that is about 3-6 : 1. However, in a more preferred embodiment of
the present method, the first reaction step is performed at a solvent to Pt ratio of about 1-2:1.

The synthesis of [PtCLL]" in dimethylformamide (DMF), where L are pyridine or -
pyridine derivatives, are known in the literature (Rochon, F. D.; Kong, P.-C. Can. J. Chem.
1978, 56, 441-445; Rochon, F. D.; Beauchamp, A. L.; Bensimon, C. Can. J. Chem. 1996, 74,
2121-2130). For the synthesis of K[PtCl3(L)], K[PtCl;(2-picoline)] is used as an illustrative

example to compare the published method with the method disclosed in this invention. In the

'published method, the isolation of K[PtCl3(2-picoline)] requires two separate steps during

each of which solvents under reduced pressure are evaporated. In the evaporation of DMF
under reduced pressure, heating at 40°C is required. In large-scale industrial synthesis, the
evaporation of solvents under reduced pressure, particularly with heating is a costly and time
consuming procedure. In our preferred procedure, the synthesis and isolation of
K[PtCl3(2-picoline)] does not require the evaporation of solvents and does not require the
transfer of the material from one solvent to another. The method disclosed in this invention is
more efficient and is better suited for large-scale industrial production of the compound. The
two methods produce K[PtCl3(2-picoline)] in comparable yields and quality. Infrared and

-

cet Has Been Replaced

T



10

15

20

25

30

WO 00/61590 : PCT/CA00/00385
-8-
NMR spectroscopic data of K[PtCls(2-picoline)] produced -using the method known in the art
and with the method-discl_d_se’d in this invention are shown on Figure 4 and 5. The synthesis
of [PtCIsL] in other aprotic solvents such as acetone, chloroform, dichloromethane and
N-methylpyrrolidinone was demonstrated in this invention.

The coordination of solvent molecules to Pt causing the formation of reactive or

unstable Pt species poses a problem to the process described in this invention. .In the

published method (Rochon, F. D.; Kong, P.-C. Can. J. C’hem._1978, 56, 441-445),
[PtCl;(DMF)(pyridine derivative)) and other impurities were reported in the synthesis of
[PtCl(pyridine derivative)]. In this invention, we disclose a temperature range in which the
formation of undesired species such as.'[PtClz(DMF)(pyridine derivative)] is minimized. The
formation _df black precipitate during the isolation of the product is indicative of the presence

of reactive Pt impurities. Using the synthesis of K[PtClg(Z-picoline)] in dimethylformamide

as an example, no insoluble black precipitates are observed when the synthesis is performed

below about 60°C. In our most preferred procedure, a reaction temperature of about 50-65°C
is used in the first reaction step. However, any temperature at which the formation of
undesired species or reaction product impurities such as [PtClo(DMF)(pyridine derivative)] is
minimized (<10 %) or eliminated is contemplated by the present-_rnethdd.

- Conversion of [PtCl;L] to .[PiClz(NH3)L] in aqueous ammonia hydroxide is used to
illustrate step 2 of the préseht'invention. Step 2 is the réé_ct_ion of a suspension or
concentrated solution of [PtCl;L]” with NH; in a second solvent to produce [PtCl,(NH3)L].
The synthesis of [PtCl,(NH3)L] is performed at about 30-60 °C in ammonium hydroxide-
solution. It is more preferred to perform the reaction at about 35-55 °C, while about 40-50 °C
is most preferred reaction temperature. In general, a higher reactidn temperature shortens the
reaction time but could also promote the formation of Pt multi ammine/amine side products.
The greater formation of side products decreases the yield of the reaction. -

The reaction is performed at about pH 7-14. ‘A pH of about 7-12 is more preferred,
while a pH of 8-10 is the most preferfed. Performing the reaction at about pH> to 10 can
again result in lower yields due to the increased formation of Pt multi a_min_e side products.

The reaction is performed at a concentration of 1 g of K[PtCI;L] per 3-10 mL of
solvent. A concentration of 1 g of K[PtCL;L] per 4-8 mL of solvent is more preferable, while
a concentration of 1 g of K[PtCI3L] per 5-7 mL of solvent is most preferred. It was

unexpected that performing the reaction at a high concentration would efficiently generate the
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product at a high yield. The reaction can be performed at a much more dilute concentration
but the yield of the reaction was low due to the formation of side products. Larger volumes of
solvents and more dilute concentration also requires the disposal of larger volumes of
ecologically harmful solvents and waste. It is preferred to perform this reaction in strictly
aqueous solutions. However, combination of organic and aqueous solvents can also be used.
Specifically, the present method provides that the second reacting step 1b) is performed at a
solvent to platinum ratio of less than or equal to about 5:1 (ml solvent)/(mmole
platinum.).The second step of the process is performed with a NH3/Pt ratio range of about 3 to
7. A NH;/Pt ratio or about 4 to 6 is preferred, while a NH3/Pt ratio of about 4.5 to 5.5 is most
preferred. The present method provides that the second reacting step 1b) is performed at a
molar ratio of free base form of L' to platinum between about 3:1 and 1:1. Large excess
NH3 decreases the time of reaction but may also increase the formation of Pt multi
ammine/amine side products.

From cis-[PtA2(NH3)(L)], ¢/, c-[PtA2(OH);(NH3)(L)] can be prepared by reacting a
suspension of cis-[PtA;(NH3)(L)] with hydrogen peroxide. Other P(IV) complexes of the
formula ¢z, c-[PtAzYz('NHg)(L)] using methods known in the art, where Y is a halogen,
hydroxy, carboxylate, carbamate or carbonate ester, other thaﬁ where both Y are hydroxide, -
can be prepared from c, ¢, ¢c-[PtA;(OH),(NH;)(L)].

The examples used to illustrate the preparation of cis-[PtCL(NH3)(L)] and c,7,c-
[PtCl,(OH),(NH;3)(L)] can also be used to prepare compounds of the general formula of cis-
[PtAL(L)(L] and ¢,t,¢c-[PtA2Y2(L)(L")], where L and L' may be the same or different,
provided that L' may be NH; , but L may not be NHj; and L and L' are each an amine or
substituted amine that coordinates to the Pt atom through a nitrogen atom and is a
heterocyclic amine or heteroaromatic amine or is represented by NRR'R", wherein R, R, or
R" are independently selected from the group consisting of: hydrogen, substituted or
unsubstituted straight, branched or cyclic aliphatic, aryl, nonaromatic or aromatic heterocyclic
groups and preferably L is a substituted amine wherein the substituent sterically hinders
access of the Pt atom to a DNA strand of cell, preferably a tumor cell. A may be the same or
different and may be a halogen or a leaving group such as hydroxy, alkoxide, carboxylate or
form a bi-dentate carboxylate, phosphoncarboxylate, diphosphonate or sulfate; and Y is a

halogen, hydroxy, carboxylate, carbamate or carbonate ester.
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* For complexes la or.Ib, inethods are known in the art for converting Ligand A, to
- different leaving group(s) such as halide, hydroxy, alkoxide. or mono-dentate carboxylate, or
bi-dentate carboxylate, Or'bi—dentate-_phosphonocarbox}'late, or bi-dentate.phosphonate, or
bi-dentate sulphate. Examples of such transformations are depicted in Equation: 1 and
5 Equation 2.  Many other permutations and combinations of the leaving group conversions can

“be conceived that would lead to useful complexes.- The method of prepar‘atioh of the

disclosed intermediates would be useful for the preparatibn of all these compounds.
Equation 1. Method of preparmg a complex of formula Ia where the two leaving groups
A are halides and are different.

1- . 1- .
' N

Y . S _ T LY
,N\ /Cl Nal ,N\ /I \Pt/
o’ Nal i-oa wep2 L7
L . . Intermediate : unisolated : -
i 10 of this invention intermediate
Equation 2 Conversion of both ligands A (where A = halide to form a new compound
, where both A is the same and form a bi-dentate carboxylate.
! . .
.i l g : _ ©/ 0
I /N\ /A 1) AgNO, | ’N\ /O
_ /Pt\ ' 2 cyolobuan - _ /Pt\ .
cyclobutane
BN A G aboxylicacid N © Y
15
Having now generally described the invention, the same will be more readily
. understood through reference to the following examples which are provided by way of
; illustration, and are not intended to be limiting of the present invention, unless specified. =
20

BRIEF DESCRIPTION OF THE DRAWINGS
Flgure 1. Ilustrates the synthe51s of cls-[PtClz(NHg)(L)] and c,t,c- [PthYz(NHg)(L)]
via K[PtCl3(NH;)].
Figure 2. Illustrates the synthesis of [PtCl(L)L'] via [Ptl(L))x oligomer. -
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Figure 3. Illustrates the synthesis of [PtAs(L")L] via the method of the present

invention.

Figure 4. Illustrates infrared and nuclear magnetic resonances spectrometric data for
[PtCI:(NH;)(2-picoline)] prepared from the method disclosed in this invention. Figure 4A.
Infrared Spectrum of [PtCl;(NH3)(2-picoline)] prepared from the method disclosed in this
invention. Figure 4B. '"*Pt NMR Spectrumlof [PtClz(Nng(Z-picoline)] prepared from the -
method disclosed in this invention. Figure 4C. 'H NMR Spectrum of
[PtCL,(NH;3)(2-picoline)] prepared from the method disclosed in this invention

. Figure 5. Illustrates infrared and nuclear magnetic resonances spectrometric data for
[PtCl,(NH;3)(2-picoline)] prepared from the method known in the art as illustrated in Figure 1.
Figure SA. Infrared Spectrum of [PtCl,(NH;)(2-picoline)] prepared from the method known
in the art as illustrated in Figure 1. Figure 5B. Pt NMR Spectrum of
[PtCl,(NH3)(2-picoline)] prepared from the method known in the art, as illustrated in
Figure 1. Figure 5C. '"H NMR Spectrum of [PtCl,(NH3)(2-picoline)] prepared from the
method known in the art, as illustrated in Figure 1.

EXAMPLES

In the examples illustrated below, the compounds were analyzed by 'H and '**Pt NMR
spectroscopy, elemental analysis and by HPLC. NMR spectra were recorded on a Bruker -
Avance 300 (‘H and '*°Pt NMR) spectrometer in DMF-d” and compared to the spectra of .
reference compounds synthesized using methods known in the art. Elemental Analysis (%C,
%H, %N) were performed using a Perkin Eimer 2400 or Carlo Erba 1108 analyzer. The %Cl
content was determined by silver nitrate titrations. Two HPLC methods (anionic and cationic
HPLC methods) were used to analyze the compounds illustrated in the examples below. For
the anionic HPLC method, the retention times of K[PtClz(2-picoline)] and
[PtCl,(NH3)(2-picoline)] are 21.9 minutes and 4.2 minutes, respectively. For the cationic
method, the retention times of [PtCl,(NH3)(2-picoline)] is 3 minutes. The HPLC retention
times of the synthesized compounds were compared to the retention times of reference
compounds prepared via method known in the art. The operating conditions of the anion and

cation HPLC methods are as follows:
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' Cationic HPLC Method:
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- Column: Hichrom-RPB, 5 pum, 100mm x 4.6mm, 100 A, ser # HIRPB3374

'Mobile Phase: ~ A:0.02M H;PO, (99.999%, Aldrich 34524-5), SmM Hexane
- Sulfonic Acid (Sigma 39705-9), adjusted to pH 2.7 w1th

concentrated NaOH
-~ 'B: Methanol (Fisher HPLC grade)
Gradient: Omin -~ 95%A 5%B.
6 min 5%A S5S%B
20min @ 50%A 50%B
25min . 50%A 50%B

N 2501min = 95%A S5%B
Total Run Time: 35.0l min o

- Flow rate: 1.0 mV/min
Temperature: 25°C
Detector: DAD @ 267 nm
. Injection: . . 10 pl
- Anionic HPLC Method: = | | ,
Column: _ Hichrom-RPB Cy¢/Cjg, 5 pm, 100mm x 4.6mm, 100 A, ser #
HIRPB3265

Mobile Phase:  A: 0.02M H3PO, (99.999%, Aldrich 45228—9), 5 mM
E ~ tetrabutylammonium hydrogen suifate (Sigma 39683-4), adjusted
- to pH 2.5 with concentrated NaOH
B: Methanol (Fisher HPLC grade)

Gradient: 0 min 95%A 5%B
~ -~ S5min BS%NA 5%B
22 min 65%A 35%B
23 min 50%A 50%B
28 min 50%A 50%B-
30min  95%A 5%B
Total Run Time: 40 min
Flow rate: 1.0 m/min .
Temperature: 35°C _
Detector: DAD @ 230 nm
- Injection: 15pul .

Examples 1-9 exen_:plify steb one of the process.

~ Example1) Synthesis of K[PtCl3(2-picoline)] in N-methylpyrrolidihone

K2 [PtCl4] was ground into a very fine powder with a mortar and pestle. 3.5047 g (8.443
mmoles) of K[PtCl;] was placed in a 25 mL round bottom flask and 6-7 mL of dry NMP was
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added. 0.8648 g (9.286 mmoles) of 2-picoline was placed in 3-4 mL of NMP and divided in
5 equal portions. The first portion of 2-picoline was added to the Pt mixture. The mixture
was completely immersed in a 60°C oil bath and stirred at 1200 rpm. Subsequent portions of
2-picoline was added at 30-35 minutes intervals. The rate of 2-picoline addition was 20%
every 30-35 minutes. After the addition of the last portion, the reaction was allowed to
proceed for another 50 to 60 minutes. The reaction solution was orange in color at the end of
the reaction. The reaction solution was allowed to cool to ambient temperature. 100 mL of
methylene chloride was added to the reaction at ambient temperature. The addition of
methylene chloride caused the precipitation of K[PtCl3(2-picoline)] and KCl. The precipitate
was collected by vacum filtration using a glass frit and washed with methylene chloride (3 x 5
mL), followed diethyl ether (3 x 5 mL). The precipitate was dried under vacuum at ambient
temperature for 16-24 hours and weighed. Yield: 3.8440 g (86.8 %). Anal. Calcd (found) for
Ce¢HsN,C13KPt+1.2 K Cl;: C, 13.74 (13.54); H, 1.35 (1.39); N, 2.67 (2.59); Cl, 28.51 (28.32).
'H NMR (300 MHz, DMF-d%): 9.12 (d, 1 pyridine H); 7.90 (t, 1 pyridine H); 7.61 (d, 1
pyridine H); 7.40 (t, 1 pyridine H); 3.40 (s, 3 methyl H). '**Pt NMR (300 MHz, DMF-d®):
conforms to the 195pt NMR spectrum of K[PtCl3(2-picoline)] prepared via method known in
the art. HPLC (anionic HPLC method): retention time conforms to retention time for

reference compound.

Example 2)  Synthesis of K[PtCl3(2,6-lutidine)] in N-methylpyrrolidinone

K>[PtCl4] was ground into a very fine powder with a mortar and pestle. 1.9427 g (4.68
mmoles) of K[PtCly] was placed in a 15 mL round bottom flask and 4 mL of dry NMP was
added. 0.5501 g (5.13mmoles) of 2,6-lutidine was placed in 3-4 mL of NMP and divided in 5
equal portions. The first portion of 2-picoline was added to the Pt mixture. The mixture was
completely immersed in a 60°C oil bath and stirred at 1200 rpm. Subsequent portiohs of
2-picoline was added at 30-35 minutes intervals. The rate of 2-picoline addition was 20%
every 30-35 minutes. The total reaction time was 24 hours. The reaction solution was orange
in color at the end of the reaction. The reaction solution was allowed to cool to ambient .
temperature. 200 mL of methylene chloride was added to the reaction at ambient
temperature. The addition of methylene chloride caused the precipitation of
K[PtCl3(2-picoline)] and KCl. The precipitate was collected by vacum filtration using a glass
frit and washed with methylene chloride (3 x 5 mL), followed diethyl ether (3 x 5mL). The
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precipitate was dried under vacuumat ambient temperature for 16-24 hours and weighed.-

Yield: 2.1415 g (84.7 %). Anal. Calcd (found) for C;HgN;CliKPt+1.24 K, Cli: C, 15.57 .

(15.40); H, 1.68 (1.72); N, 2.59 (2.60); Cl, 27.83 (27.70). TH NMR (300 MHz, DMF-d°): 7.6

(t, 1 pyridine H); 7.28 (d, 2 pyridine H); 3.51 (s, 3 methyl H); 3.43 (s, 3 methyl H). .

Example 3) Synthesis of K[PtCl3(2-picoline)] in Dimethylformamide at 50°C

K»[PtCly] was ground into a very fine powder with a mortar and pestle. 2.6461 g (6.375
mmoles) of Ka[PtCls] was placed in a 25 mL round bottom flask and 6 mL of dry DMF was
added. 0.6233 g (6.693 mmoles) of 2-picoline was added to the Pt solution. The reaction was
immersed in a 50 °C oil bath and allowed to proceed for approximately 120 minutes. The
reaction solution was orange in color at the end of the reaction. The reaction solution was .
allowed to cool to ambient temperature. - 100 mL of chloroform was added to the reaction at .

ambient temperature. The addition of chloroform caused the precipitation of

- K[PtCl3(2,6-lutidine)] and KCl. The precipitate was collected by vacum filtration using a
glass frit and washed with méfthylene chloride (3 x 5 mL), followed diethyl ether(3 x 5mL). - - -

No black precipitate was observed when the product was dissolved in aqueous solution. -
Yield: 2.8565 g (84 %). Anal. Caled (found) for C¢H;N ClsKPte1.3 K, Cl;: C, 13.58 (13.65); -
H, 1.33 (1.31); N, 2.67 (2.64); Cl, 28.73 (28.78). 'H NMR (300 MHz, DMF-d%): 9.12 (d, 1
pyridine H); 790 (t, } pyridiné H); 7.61 (d, 1 pyridine H); 7.40 (t, 1 pyridine H); 3.40 (s, 3
methyl H). '%Pt NMR (300 MHz, DMF-d®): conforms to the Pt NMR spectrum of

K[PtCl3(2-picoline)] prepared via method known in the art. HPLC (anionic HPLC method):

retention time conforms to retention time for reference compound. -

Example 4) Synthesis of K[PtC13(2,6-lutidiné)] in Dimethylformamide at 50°C

K,[PtCL] was ground into a very fine powder with a mortar and pestle. 1.0900 g (2.62
mmoles) of K,[PtCly) was placed in a 15 mL round bottom flask and 2-3 mL of dry DMF was
added. 0.3078 g (2.87mmoles) of 2,6-lutidine was placed in 1-2 mL of DMF and divided in 5

equal portions. The first portion of 2-picoline was added to the Pt mixture. The mixture was

completely immersed in a 50°C oil bath and stirred at 1200 rpm. Subsequent portions of -
2-picoline was added at 30-35 minutes intervals. The rate of 2-picoline addition was 20%. -

every 30-35 minutes. The total reaction time was 72 hours. The reaction solution was orange
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in color at the end of the reaction. The reaction solution was allowed to cool to ambient
temperature and filtered. 100 mL of methylene chloride was added to the reaction at ambient
temperature. The addition of methylene chloride caused the precipitation of

K[PtCl3(2,6-lutidine)]. The precipitate was collected by vacum filtration using a glass frit and

- washed with methylene chloride (3 x 5 mL), followed diethyl ether (3 x 3 mL). The

precipitate was dried under vacuum at ambient temperature for 16-24 hours and weighed. No
black precipitate was observed when the product was dissolved in aqueous solution. Yield:
0.6815-g (53.1 %). Anal. Calcd (found) for C;HoN,Cl3KPt+0.1 K,[PtCly): C, 17.19 (17.20);
H, 1.85 (1.90); N, 2.86 (2.935); Cl, 24.64 (24.61). 'H NMR (300 MHz, DMF-d%: 7.6 (t, 1
pyridine H); 7.28 (d, 2 pyridine H); 3.51 (s, 3 methyl H); 3.43 (s, 3 methyl H).

Example 5) Synthesis of [PtCl3(2-picoline)] in Acetone, Dichloromethane or Chloroform
1.0040 g (2.419 mmoles) K;[PtCly] was placed in a 25 mL round bottom flask and 1 mL

- of acetone was added. 0.67 g (2.4 mmoles) of tetrabutylammeonium chloride was dissolved in

2 mL of acetone and added to the K,[PtCls] solution. 0.2783 g (2.988 mmoles) of 2-picoline
was dissolved in 2 mL of acetone and added to the Pt solution. The reaction was heated at 60
°C. The K;[PtCl4] gradually dissolved over a hour as it was converted to the more soluble

tetrabutylammonium salt of [PtCL}>". The reaction solution was stirred at 50 °C for 16 hours.

“The reaction solution was filtered to remove KCl and the acetone removed under reduced

pressure to yield an oil orange in color, corresponding to the [PtCls(2-picoline)])" product. 'H
NMR (300 MHz, DMF-d®): 9.0 (d, 1 pyridine H); 7.8 (t, 1 pyridine H); 7.45 (d, 1 pyridine H);
7.25 (t, 1 pyridine H); 3.20 (s, 3 methyl H). '**Pt NMR (300 MHz, DMF-&®): conforms to
reference. S ' '

A identical procedure was used to prepare [PtCl3(2-picoline)]'" with chloroform or
Dichloromethane as the solvent. 'H NMR: conforms to reference.

To isolate [PtCl3(2-picoline)]’” as the potassium salt, the orange colored oil was dissolved
in 2 mL of methanol. Potassium acetate dissolved in methanol was added, causing the
precipitation of K[PtCl3(2-picoline)]. The precipitate was dried under vacuum at ambient
temperature for 16-24 hours and weighed. Yield: 0.5762 g (55 %).
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Example 6) Synthesis of [PtCls(tributylamine)]” from Tetrabutylammonium

- Tetrachloroplatinate in Acetone
0.2715 g (0.33 mmoles) of tetrabutylammonium tetrachloroplatinate was dissolved in acetone. . -
0.1323 g (0.7135 mmoles) of tributylamine was added to the Pt solution. : The reaction
solution was heated at 60 °C overnight.” The reaction solution was filtered to remove KCl and
the acetone removed uhder reduced pressure to yield a orange oil, corresponding to the
[PtCls(tributylamine)] pfoduct. 195pt NMR (300 MHz, DMF-d°): conforms to reference. To
isolate [PtCls(tributylamine)}* as the potassium salt, the orange colored oil was dissolved in
2 mL of methanol. Potassiu_m acetate dissolved in methanol was added, causing the
précipitation of K[PtCls(tributylamine)]. The precipitate was dried under vacuum at ambient
temperature for 16-24 hours and weighed. Yield: 0.1577 g (64 %)

Example 7) = Synthesis of K[PtCl3(2,5-dimethylpyrazine)] in N-methylpyrrolidinone (NMP)
K,PtCl, was ground to a very fine powder with a mortar and pestle. 1.0724 g (2.58
mmoles) of K;PtCly was chargéd to 2 10mL round bottom flask and ~5 mL of NMP added.
The reaction vessel was stirred at ~700 rpm and immersed in an oil bath at 65°C. 0.3196 g -
(2.96 mmoles) of 2l,5-dimethylp'yrazine was mixed with ~1 mL of NMP. Approximately four .

equal portions of the 2,5-dimethylpyrazine solution were added to the reaction mixture in

30 minute intervals. After the last addition, the reaction was allowed to proceed for 60. -

minutes and was then cooled to ambient temperature. 150 mL of methylene chloride was -
added to the reaction mixture. The addition of methylene chloride caused the precipitation of
the product. The precipitate was collected by vacuum filtration using a glass frit and was
washed with methylene chloride (3 x 30 mL) and diethyl ether (3 x 10 mL). The precipitate:
was dried under vacuum at ambient temperature for 16 hours and weighed. - Yield: 1.0507 g
(66.3%). Anal. Calcd (found) for C¢HgN,Cl:3KPt«2.2KCl:. C, 11.73 (11.50); H, 1.31 (1.50); -
N, 4.56 (4.27); CI, 30.14 (29.86). 'H NMR (300MHz, DMF-d") 9.11 (s, 1 pyrazine H); 8.68

(s, 1 pyrazine H); 3.31 (s, 3 methyl H), 2.68 (s, 3 methyl H).

Example 8) Synthesis of K[PtCl3(4,6-dimethylpyrimidine)] in NMP
K,PtCl, was ground to a very fine powder with a mortar and pestle. 0.5277 g (1.27
mmoles) of K;PtCl; was charged to a 15 mL round bottom flask and ~3 mL of NMP added.

The reaction vessel was stirred vigorously and immersed in an oil bath at 65°C. 0.1549 g
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(1.43 mmoles) of 4,6-dimethylpyrimidine was mixed with ~1 mL of NMP. The
4,6-dimethylpyrimidine solution was added to the reaction mixture in approximately four
equal portions over 30-minute intervals. After the last addition, the reaction was allowed to
proceed for 60 minutes; it was then cooled to ambient temperature. The reaction mixture was
quenched with ~80 ' mL of methylene chloride, which caused solids to precipitate. The
precipitate was collected by vacuum filtration using a glass frit and washed with methylene
chloride (3 x 30 mL) and diethy] ether (3 x 10 mL). The precipitate was dried under vacuum
at ambient temperature for 16 hours and weighed. Yield: 0.4353 g (76.3%). ,'H NMR
(300MHz, DMF-d’) 9.58 (s, 1 pyrimidine H); 7.65 (s, 1 pyrimidine H); 3.32 (s, 3 methyl H),
2.65 (s, 3 methyl H). ' "

Example 9) Synthesis of [PtCls(diisopropylamine)]” from Tetrabutylammonium
Tetrachloroplatinate in Acetone
0.7961 g (0.9687 mmoles) of tetrabutylammonium tetrachlorplatinate was placed in a
25 mL round bottom flask and 8 mL of acetone was added. 0.1699 g (1.679 mmoles) of
diisopropylamine was dissolved in 2 mL of acetone and added to the Pt solution. The
reaction was immersed in an oil bath at 60°C and stirred for 60 hours. The red [PtCl,]” was
converted to the orange [PtCls(diisopropylamine)]” as confirmed by *>Pt NMR spectroscopy.
The [PtCl3(diisopropylamine)]” could be used to prepare [PtCl,(NH;)(diisopropylamine)]
directly without isolation as the potassium or tetrabutylammonium salt. '*>Pt NMR (300
MHz, DMF-d’): conforms to the **Pt NMR spectrum of [PtCls(diisopropylamine)] prepared
via method known in the art.

Examples 10 — 18 exemplify step 2 of the process
Example 10) Synthesis of [PtClo(NH;)(2-picoline)] in Aqueous Solution :

6.819 g (12.50 mmoles) of K[PtCl3(2-picoline)}+ 1.5 KCI was placed in a 25 mL round
bottom flask and 10 mL of 2.5 N KCl solution added. 8.2688 g (63.12 mmoles) of ammonium
acetate trihydrate was dissolved in 25 mL of 2.5 N ammonium hydroxide solution and added.
to the stirring Pt mixture. The total volume of the reaction was ~35 mL. The orange colored
mixture was immersed in a 45 °C oil bath and was stirred for 1 hour in the dark at >1000 Ipm.

The orange mixture gradually turned into a yellow colored mixture. The yellow precipitate
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was collected by vacuum ﬁltr,étion using a glass frit and washed with water (2 x 5 mL) and
acetone (3 x 5mL). The precipitate was dried under vacuum at ambient temperature for
16-24 hours;and weighed. Yield: 3.8996 g (83 %). Anal.-Calc__:d (found) for C¢H,oN,CL,Pt: C,
19.16 (19:25); H, 2.68 (2.72); N, 7.45 (7.43); Cl, 18.85 (18.81). 'H NMR (300 MHz,

DMF-d®%: 9.19 (d, 1 pyridine H); 8.03 (t, | pyridine H); 7.15 (d, 1 pyridine H); 7.51 (t, 1

. pyridine H); 4.39 (bs, 3 NH; H); 3.34 (s, 3 methyl H). '*>Pt NMR (300 MHz, DMF-d°%):

conforms to the 193pt NMR spectrum of [PtCl,(NH;)(2-picoline)] prepared via method known
in the art. HPLC(cationic HPLC method): retention time conforms to retention time for

reference compound.

Example 11) Synthesis of [PtCl,(NH;)(2,6-lutidine)] in Aqueous Solution

1.7412 g (3.224 mmoles) of K[PtCl3(2,6-lutidine)] 1.24 KCI was placed in a 25 mL
round bottom flask and 3-mL of 2.5 N KCI Sc)lution added. 1.3478 g (17.48 mmoles) of
ammonium acetate was dissolved in 6.4 mL of 2.5 N ammonium hydroxide solution and
added to the stirring Pt mixture. The total volume of the reaction was ~9.5 mL. The orange
colored mixture was immersed in a 45 °C oil bath and was stirred for 40 hour in the dark at
>1000 rpm. The orange mixture gradually turned into a yellow colored mixture, The yellow

precipitate was collected by vacuum filtration using a glass frit and washed with water 2x5

'mL) and acetone (3 x 5 mL). The precipitate was dried under vacuum at ambient temperature

for 16-24 hours and weighed. Yield: 0.9791 g (78 %). 'H NMR (300 MHz, DMF-4%): 7.87
(t, 1 lutidine H); 7.49 (d, 2 lutidine H); 4.28 (bs, 3 NH; H); 3.49 (s, 6 methyl H). '®*Pt NMR

- (300 MHz, DMF-d%): conforms to reference. Analysis Calculated (found) for C7H;,N,ClL,Pt:

C,21.55 (21.70); H, 3.10 (3.13); N, 7.18 (7.07); Cl, 18.17 (18.28).

Exémple 12) Synthesis of [PtClz(NHg)(Z,S-dimethylpyraZine)] in aqueous solution. .

0.5325 g (0.8665 mmoles) of K[PtCl;(Q,5-dimethy]pyrazine)]°2.2 KCl was charged to a
15mL round bottom flask and 1.0 mL of 2.5 M KCl solution added. 0.335 g (4.35 mmoles)
of ammonium acetate was dissolved in 1.75 mL of 2.5 M (4.38 mmolés) ammonium
hydroxide solution and added to the stirring reaction mixture. The reaction mixture was
immersed in a 45°C oil bath.- After 15 minutes, the mixture became yellow in colour. After
1 hour, the mixture was cooled to ambient temperature and the yellow precipitate collected by

vacuum filtration using a glass frit. The precipitate was washed with water (2 x 10 mL) and
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acetone (1 x 10 mL) and dried under vacuum at ambient temperature. 'H NMR (300MHz,
DMF-d’): 9.16 (s, 1 pyrazine H); 8.80 (s, 1 pyrazine H); 4.70 (bs, 3 NH; H), 3.26 (s, 3
methyl H); 2.69 (2, 3 methyl H).

Example 13) Synthesis of [PtCl,(NH3)(2-picoline)] in N-Methylpyrrolidinone/Aqueous
Solution. _ _
1.84 g (14.0 mmoles) of ammonium acetate trihydrate was dissolved in 4.63 mL of 2.9 N
ammonium hydroxide. The aqueous solution was added to 2.68 mmoles of [PtCl3(2-

picoline)]" in 2.5 mL of N-methylpyrrolidinone. The reaction solution was stirred at 45 °C for

- 80 minutes. Yellow precipitate formed. The precipitate was collected by vacuum filtration

using a glass frit and washed with water (2 x 5 mL) and acetone (3 x 5 mL). The precipitate
was dried under vacuum at ambient temperature for 16-24 hours and weighed. Yield: 0.3391
g (34 %). Anal. Calcd (found) for C¢HoN2CLPt: C, 19.16 (19.22); H, 2.68 (2.69); N, 7.45
(7.23); Cl, 18.85 (18.83). 'H NMR (300 MHz, DMF-d%: 9.2 (d, 1 pyridine H); 8.0 (t, 1
pyridine H); 7.2 (d, 1 pyridine H); 7.5 (t, 1 pyridine H); 3.4 (s, 3 methyl H). '*Pt NMR
(300 MHz, DMF-d°): conforms to the '*Pt NMR spectrum of [PtCl,(NHs)(2-picoline)]

- prepared via method known in the art. HPLC(cationic HPLC method): retention time

conforms to retention time for reference compound .

Example 14) Synthesis of [PtClo(NH;)(2-picoline)] in dimethylformamide/Aqueous
Solution. : _
[PtCL(NH;)(2-picoline)} was prepared in dimethylformamide/aqueous solution as described
in Example 13).Anal. Calcd (found) for C¢H;oN,CLPt: C, 19.16 (19.30); H, 2.68 (2.62); N,
7.45 (7.18); Cl, 18.85 (18.59). 'H NMR (300 MHz, DMF-d‘): 9.1 (d, 1 pyridine H); 8.1 (t,
1 pyridine H); 7.3 (d, 1 pyridine H); 7.4 (t, 1 pyridine H); 3.4 (s, 3 methyl H). Pt NMR

(300 MHz, DMF-d®): conforms to the '®*Pt NMR spectrum of [PtCL(NH;)(2-picoline)]

prepared via method known in the art.

Example 15) Synthesis of [PtCL(NH;)(diisopropylamine)] in Acetone/Aqueous Solution
6 ml 2.5 N ammonium hydroxide was added to [PtCl;(N H;)(diisopropylamine)]” (~2.69

‘mmoles) in 2.5 ml acetone. The pH of the solution was 12. The reaction solution was stirred

at 45°C for 48 hours. Yellow precipitate formed. the precipitate was collected by vacuum
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filtration using a glass frit and Wa_shed with water (2 x5 mL) and diethyl ether (3 x 5 mL).

The precipitate was dried under vacuum at ambient temperature for 16-24 hours. Anal. Caled =
(found) for C¢H;sN>Cl2Pt+0.095 CsH3oN,CLPt: C, 20.00 (19.98); H, 4.90 (4.89); N, 7.16
(7.12); Cl, 18.11 (17.93). 'H NMR (300 MHz, DMF-d’ ): 4.5 (bs, 1 diisopropylamine H), 3.9
(bs, 3 NH; H); 3.3 (m, 2 methine H in diisopropylamine); 1.7 (d, 6 methyl H in
diisopropylamine); 1.5 (d, 6 methyl H in diisopropylamine). '*Pt NMR (300 MHz,

DMF-d%): conforms to the '9Pt NMR spectrum of [PtCl(N H3)(dusopropylamme)] prepared.

via method known in the art '

Example 16) Synthes1s of [PtClz(2-plcohne)(NH2CH3)] in aqueous solution
0.5055 g (1.17 mmoles) of K[PtCl3(2-picoline)] was placed in 2 15 mL round bottom

‘flask and 1 mL of 2.5 M KCl solution added. The suspension was immersed in a 45°C oil

bath and stirred at ~1000 rpm. After five minutes, a solution consisting of 0.1704 g of 40%
methylamine (2.19 mmoles) and 1 mL water was added to the reaction mixture. The pH of
the solution was 12. Heatihg was discontinued after a total reaction time of 1 hour. The -
reaction mixture was then cooled to ambient temperature. A pale yellow precipitate was
collected by vacuum filtration using a glass frit and washed with water (2 x 20 mL) and
acetone (3 x 20 mL). The precipitate was dried under vacuum at ambient temperature for
16 hours. Anal. Caled (found) for C;H12N,CLPt: C, 21.55 (21.73); H, 3.10 (3.09); N, 7.18
(7.14); C1, 18.17 (18.20). 'H NMR (300 MHz, DMF-d’): 9.24 (d, 1 pyridine H), 8.06 (t, 1
pyridine H); 7.75 (d, 1 pyridine H); 7._55 (t, 1 pyridine H); 5.22 (bs, 2 methylamine H); 3.35

(s, 3 methyl H of 2-picoline); 2.45 (t, 3 methyl H of methylamine).

Example 17) Synthesis of [PtCly(2-picoline)(NH(CH3),)] in aqueous solution

0.5459 g (1.26 mmoles) of K[PtCl;(2-picoline)] was placed in a 15 mL round bottom
flask and 1.5 mL of 2.5 M'KCI solution added. The suspension was immersed in a 45°C oil
bath and stirred vigorously. After five minutes, a solution consisting of 0.1426 g of 40%
dimethylamine (1.27 mmoles) and ~1 mL of water was added to the r_eaction mixture. The
pH of the solution was 12. -After one hour of reaction the heating was discontinued and the
reaction mixture was cooled to ambient temperature. A yellow precipitate was collected by
vacuum filtration using a glass frit and washed with water (2 x 20 mL) and acetone (2 x 10

mL). The precipitate was dried under vacuum at ambient temperature for 16 hours. Anal.
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Calcd (found) for CsH1aN2CLPt: C,23.77 (24.00); H, 3.48 (3.49); N, 6.93 (6.80); Cl, 17.54
(17.63). "H NMR (300 MHz, DMF-d"): 9.31 (d, 1 pyridine H), 8.09 (t, 1 pyridine H); 7.78
(d, 1 pyridine H); 7.58 (t, 1 pyridine H); 6.06 (bs, 1 NH H); 3.37 (s, 3 methy! H of picoline);
2.76 (d, 3 methyl H of dimethylamine); 2.70 (d, 3 methyl H of dimethylamine).

~ Example 18) Synthesis of [PtCly(2-picoline)(NBuj3)] in aqueous solution

0.6289 g (1.45 mmoles) of K[PtCl3(2-picoline)] was placed in a 15 mL round bottom
flask and 1.0 mL of 2.5 M KCI solution added. The reaction mixture was immersed in a 45°C
oil bath and stirred vigorously for 5 minutes. 0.2735 g (1.47 mmoles) of tributylamine was
dissolved in 1.0 mL of water and added to the orange reaction mixture. The pH of the
solution was 12. After one hour heating was discontinued. After cooling to ambient
temperature, the precipitate was collected by vacuum filtration using a glass frit. The solids
collected were dried under vacuum at ambient temperature. 'H NMR (300 MHz, DMF-d"):
9.14 (4, 1 pyridine H), 7.90 (t, 1 pyridine H); 7.60 (d, 1 pyridine H); 7.42 (t, 1 pyridine H);
3.41 (s, 3 methyl H of 2-picoline); 3.28 (d, 2 methylene H of tributylamine); 1.88 (tt, 2
methylene H of tributylamine); 1.56 (m, 2 methylene H of tributylamine); 1.10 (t, 3 methyl H
of tributylamine).

Examples 19-23 exemplify additional steps of the process
Exaniple 19) Synthesis of ¢,t,c-[PtClo(OH)>(NH3)(2-picoline))

5.0 mL of water and 5.0 mL 30% H>0, was added to a suspension of 3.142 g of ZD0473
in 15-20 mL of heptane.. This mixture was stirred and heated to ~80 °C for 2 hours. The
mixture was cooled to room temperature and then stirred for 1 hour in an ice bath. The bright
yellow solid was éo]lected by vacuum filtration and washed with water and methanol. The
product was dried under vacuum at ambient temperature overnight. Yield: 2.975 g (87%). -
Anal. Calcd (found) for CgH2N2CLO,Pt: C, 17.57 (17.67); H, 2.95 (2.93); N, 6.83 (6.79); C],
17.29 (17.38).

Example 20) Synthesis of c,s,c-[PtCl,(OH)>(NH;)(2,3-dimethylpyrazine))
. 2.5 mL of water and 3.5 mL 30% H,0, was added to a suspension of 1.6731 g of cis-
[PtC1:(NH;3)(2,3-dimethylpyrazine)] in 10 mL of heptane. This mixture was stirred and
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heated to ~80 °C for 2 hours. “The mixtui_'e was _cobled to room temperature and then stirred

~ for 1 hour in an ice bath. The bright yellow solid was cooled by vacuum filtration and

washed with water and methanol. The product was dried under vacuum at ambient
temperature overnight.‘ Yield: 1.1341 g (62%). Anal. Calcd (found) for C¢H;3N;CLO,Pt: C,

116.95 (16.81); H, 3.08 (3.12); N, 9.88 (9.66); Cl, 16.68 (16.44).

Example 21) Synthesis of PtCI(OH);(NH3)(2-picoline)] | i

0.246 g of LiIOH-H20 was dissolved in 5 mL of water . 2.402 g of c,5,c- -
[PtCl(OH),(NH3)(2-picoline)] was suspended in this solutidn; The mixture was stirred
overnight at ambient temperature. The yellow solid gradually dissolved overnight. The pH
of the solution was adjusted to 7. The solvent was removed under reduced pressure to yield a
yellow solid. In order to.wash'aWay the resulting LiCl, the solid was stirred in 10 mL of
ethanol for 30 min. The mixture was Centriﬁlg‘cd and the supématant decanted off. This
washing proces'.s"was repeated until lithium chlbri‘de was removed. The prodﬁct was dried
under vacuum at ambient temperature overnight. Yield: 1.209 (50%). Anal. Calcd (found)
for CgHy3N;ClO3Pte2H;040.12 LiCL: C, 16.65 (16.45); H, 3.96 (4.04); N, 6.47 (6.75); C1, 9.17
(9.47).

Example 22) Synthesis of PtCI(OAc);(NHs)(2-picoline)] -
0.352 g of PtCI(OH)s(NH;)(2-picoline)] was added in small portions to 1.1 mL of acetic

‘anhydride at 0°C. This mixturé was st_irred vigorously at ambient temperature. After 3 days,

the solid dissolved into the solution. The solvent was removed under reduced jne"ssure to
yield a yellow solid. The product was dried under vacuum at ambient temperature overnight.
Yield: 0.314 g (70%). Anal. Calcd (found) for C;zngNZClOsPt: C, 27.83 (27.93); H, 3.70
(3.66); N, 5.41 (5.34); Cl, 6.85 (7.00). | | -

Example 23) Synthesis of PtCl>(OAc)(NH3)(2-picoline)]
1.367 g of c.¢,c-[PtCl(OH)>(NH3)(2-picoline)] was added in small portions to 3.1 mL of

acetic anhydride at 0°C. This mixture was stirred vigorously at room temperature. After 4

- days, the solid was collected by vacuum filtration and washed with diéthyl ether. The product

was dried under vacuum at ambient temperature overnight. Yield: 1.318 g (96%). Anal.
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Calcd (found) for CoH;¢N.CL,O4Pt: C, 24.30 (24.32); H, 3.26 (3.15); N, 5.67 (5.66); Cl,

14.35 (14.29).

Table 1 Summary of the Examples of Step 1 of the process to form an mtermedlate
[PtAs(L)]" of formula Ia.

Example L A solvent Temp pH
Example 1) | A a N 60°C NA
amp N methylpyrrolidinone
® N “
. - 0
Example 2) ZN cl methylpyrrolidinone 60°C Na
= .
Example 3) | | Cl  dimethylformamide 50°C NA
2
\
Example 4) I N Cl  dimethylformamide 50°C NA
N acetone or
Example 5) | Cl  chloroform or 60°C NA
N dichloromethane
Example 6) N(CH,CH,CH,CHs); Cl  acetone 60 °C NA
= " N-
Example 7) N a N . 65°C NA
: NN methylpyrrolidinone
W N- .
Example 8) NI N c methylpyrrolidinone 65°C NA
Example 9) >-—NH —-< Cl  acetone 60°C NA
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Table 2 Summary of the Examples of Step 2 of the process to form an cisplaﬁnum
complex of the general formula Ia.

Tem

Example L L' A _ solvent p pH
Example X - 45
10) | N NH; Cl aqueo_gs oc 910
. X .
Example | _N NH:  Cl aqueous 35 9-10
11) C
S % L |
Example_ NI/Y NH; . Cl  aqueous : 35 - 9-10
12) A | c
. N
-Example | T NH; cl mgthylpyrrohdm ;45 9-10
13) N one-aqueous C
mixture
dimethylformam
R (
Example _ | : NH; Cl  ide-aqueous 35 9-10
14 NN mixture C
- Example >—NH | Acetone-aqueous 45 .
5 —< N Cl ptore o 12
Example A C 45
16) [ h NHy(CH;) Cl  aqueous oC _12
Example e e o - 45 :
17) | N NH(CH3;), Cl aqueous e 12
Example "" 45
18) | A N(butyl); Cl  aqueous oC 12
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Table 3 Summary of the examples of platinum complexes of the general formula Ib.

Example L L A Y

Example \ _ -
o) CN( NH; cl  OH
' N
E";‘;‘)p‘e [:]: NH; cl  OH
. _ N
Example =
o » NH; cl  OH
Example =
9. 9 NH;  CUOA: OAc
Example X -
5 B NH; Cl  OAc

This Invention Has Been Described By A Direct Description And By Examples. As
Noted Above, The Examples Are Meant To Be Only Examples And Not To Limit The
Invention In Any Meaningful Way. Additionally, One Having Ordinary Skill In The Art To
Which This Invention Pertains In Reviewing The Specification And Claims Which Follow
Would Appreciate That There Are Equivalents To Those Claimed Aspects Of The Invention.
The Inventors Intend To Encompass Those Equivalents Within The Reasonable Scope Of The

Claimed Invention.
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CLAIMS

- Weclaim: :
1. A method to prepare a platinum complex of general formula Ié‘ orlb
\P L A | '
/ A / | \

Ia Ib
compﬁsiﬁg: o
1a) a first step, whereih [PtA4]2' is reacted with L undef appropriate conditions in a first
solvent to form [PtAs(L)]’; o
1b) a second step, wherein [PtA3(L).]' is reacted with L' uﬁder appropriate conditions in a
second solvent to form cis-[PtA2(L")(L)]; ' |
1c) in the case where Y is halogen or hydroxy a third step, wherem cis-[PtA(LY(L)] is
reacted with H,0,, Yz or halogen contammg oxidant to form c,t,c-[PtA;Y2(L')(L)];
in the case where Y is carboxylate,.carbamate or carbonate ester a fourth step, wherein an
intermediate, where Y is hydroxy formed in step Ic) is functionalized with an appropriate
acylating agent; and
1d)in the case where A is not a halide or is different from the original halide, additional
step(s) in which the oﬂginal halide A of an intermediate formed in step laor 1blcorldis

converted to a different halide or a new leaving group(s) A such as mono-dentate hydroxy,

alkoxy, carboxylate or bi-dentate carboxylate, phosphonocarboxylate, diphosphonate, or

- sulphate;

wherein: _

L and L' may be the same or different, provided that L' may be NH; , but L may not be NH;;
and |

L and L' are each an amine or substituted amine that coordinates to the Pt atom through a
nitrogen atom and is a heterocyclic amine or heteroaromatic amine or is represented by
NRR'R", wherein R, R, or R" are independently selected from the group consisting of:
hydrogen, substituted or unsubstituted straight, branched or cyclic aliphatic, aryl, nonaromatic

or aromatic heterocyclic groups; and -

-

I
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carboxylate and may be the same or different or form a bi-dentate carboxylate,
phosphoncarboxylate, diphosphonate or sulfate; and

Y is a halogen, hydroxy, carboxylate, carbamate or carbonate ester.

2. A method to prepare a platinum complex of general formula Ia or Ib

\Pt/ \'
L7 4 | \

Ia | Ib
comprising:
2a) a first step, wherein [PtX4]* is reacted with L under appropriate conditions in a first
solvent to form [PtX3(L)];
2b) a second step, wherein [PtX3(L)] is reacted with L' under appropriate conditions in a
second solvent to form cis-[PtXa(LY(L)]; '
2¢) in the case where Y is halogen or hydroxy, a third step, wherein cis-[PtA;(L")(L)] is -
reacted with H,O,, Y> or halogen containing oxidant to form c,t,c-[PtA> Y>(L'XL)};
2d) in the case where Yis carboxylate, carbamate or carbonate ester a fourth step, wherein an
intermediate, where Y is hydroxy formed in step 2¢), is functionalized with an appropriate
acylating agent; and
2e) in the case where A isnot a halide or is different from the original halide, additional
step(s) in which the originai halide X of an intermediate formed in step 2a or 2b or 2c or 2d is
converted to a different halide or a new leaving group(s) A such as mono-dentate hydroxy,
alkoxy, carboxylate or bi-dentate carboxylate, phosphonocarbexylate, diphosphonate, or
sulphate.
wherein:
L and L' may be the same or different, provided that L' may be NH; , but L may not be NH;;
and |
L and L' are each an amine that coordinates to the P{ atom through the nitrogenand is a
heterocyclic amine or heteroaromatic amine or is represented by NRR'R", wherein R, R, or

R" are independently selected from the group consisting of: hydrogen, substituted or

rmm
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unsubstituted straight, branched or cyclic allph_a_txc, aryl, nonaromatic or aromatic heterocyclic

groups; and -

- X is a halogen

A may be the same or difféfent and may be X or other hal‘dgeh or a leaving group such as
hydroxy, alkoxide, carboxylatate or form a bi-dentate carboxylate, phosphoncarboxylate,
diphosphonate or sulfate; and '

Y is a halogen, hydroxy, carboxylate, carbamate or carbonate ester.

3. The method of claim 1 or claim 67, wherein in the first reacting step 1a) the platinum salt

is finely ground before use.

4. The method of claim 3, wherein said first solvent is an aprotic solvent.

5. The method of claim. 4 wherein said aprotic sdlvent is sélected from the group consisting -
of: acetone, chloroform, dimethylacetamide, d1chloromethane d1methy1fonnam1de N-
methylpyrolidinone and tetrahydrofuran

6. Thé method of claim 4, wherein said aprotic solvent is N—_methylpyrrolidinone.

7. The method of claim 1 or claim 67, wherein said first solvent is dimethylformamide and

said first step 1a) re_sults in the formation of l_ess than 10% of impurities.
8. The method of claim 7, wherein éaid impuﬁﬁes includes [PtA;(DMF)(L)]. -

9. The meﬂmd of claim 1 or claim 67, wherein in the first reacting step 1a) the amine L is

added in small portions during the course of said reacting step.

10. The method of claim 1 §r claim 67, wherein said first re'écting step 1a)is performedata

temperature of between about 30-100°C.

11. The method of claim 10, Whérein said temperature of first step 1a) is between about 40-
70°C. :

S
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12. The method of claim 11; wherein said temperature of ﬁrsﬁf-ﬁi’é‘p 1a) is between about 50-
65°C. |

PCT/CA00/00385
=29~

13. The method of claim 1 or claim 67, wherein the first reacting step 1a) is performed at a

solvent to platinum ratio of less than about 3-6 : 1 (ml solvent)/(mmole platinum).

14. The method of claim 13, wherein the first reacting step 1a) is performed at a solvent to

platinum ratio of less than about 1-2 : 1 (ml solvent)/(mmole platinum).

15. The method of claim 13, wherein L is a substituted amine, wherein the substituent

sterically hinders access of the Pt atom to a DNA strand of cell.

16. The method of claim 15, wherein L is a substituted amine, wherein the substituent

sterically hinders access of the Pt atom to a DNA strand of a tumor cell.

17. The method of claim 13, wherein said first solvent contains less than 10% water w/w.
18. The method of claim 1 or claim 67, wherein said second solvent is an aqueous solvent.
19. The method of claim 18, wherein said second solvent contains an organic solvent.

20. The method of claim 1 or claim 67, wherein said second solvent contains between about
0.1 and 6N chloride.

21. The method of claim 1 or claim 67, wherein the second reacting step 1b) is performed at
a temperature of between about 30-60°C.

22. The method of claim 21, wherein said temperature of second step 1b) between about
40-50°C.

-

LT
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23. The method of claim 1 or claim 67 wherein the second reacting step 1b) is performed at
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" a pH between about 7 and 14

24. The method of claim 23 wherein the second reacting step 1b) is performed at a pH

between about 7 and 12.

25. The method of claim 24 wherein the second reactmg step 1b)is performed ata pH

between about 8 and 10.

26. The method of claim 1 6r claim 67, wherein the second reacting step | 1b) is performed at

a solvent to platinum ratio of less than or equal to about 5:1 (ml solvent)/(mmole platinum.)

27. The method of claim 1 or claim 67, wherein the second reacting step 1b) is performed at

a molar ratio of free base form of L' to platinum between about 3:1 and 1:1.

28. The method of claim 1 or claim 67, wherein A is a chloride ligand.

29. The method of claim 1 or claim 67, wherein L is a steriéally hindered amine.

30. The method of claim 1 or claim 67, wherein L is 2-picoline.

31. The method of claim 27, wherein L' is represénted by NRR'R", wherein R, R’, or R" are
independently selected from the group consisting of: hydrogen, substituted or unsubstituted
straight, branched or cyclic aliphatic, aryl, nonaromatic or aromatic heterocyclic groups.
32. The method of claim 30, wherein L' is NH;,

33. The method of claim 32, wherein A is chloride.

34. The method of claim 2 or claim 68, wherein in the first reacting step 2a) the platinum salt .

is finely ground before use.

SUBSTITUTE SHEET.®ULE20. | MW WD AN TN 0
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35. The method of claim 34, wherein said first solvent is an aprotic solvent.
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36. The method of claim 35, wherein said aprotic solvent is selected from the group
- consisting of: acetone, chloroform, dimethylacetamide, dichloromethane, dimethylformamide,
N-methylpyrolidinone and tetrahydrofuran.

37. The method of claim 35, wherein said aprotic solvent is N-methylpyrrolidinone.

38. The method of claim 2 or claim 68, wherein said first solvent is dimethylformamide and

said first step results in the formation of less than 10% of impurities.
39. The method of claim 38, wherein said impurities includes [PtX;(DMF)(L)].

40. The method of claim 2 or claim 68, wherein in the first reacting step 2a) the amine L is

added in small portions during the course of said reacting step.

41. The method of claim 2 or claim 68, wherein said first reacting step 2a)is performed at a
temperature of between about 30-100°C.

42. The method of claim 41, wherein said temperature of first step 2a) is between about
40-70°C.

43. The method of claim 42, wherein said temperature of first step 2a) is between about

- 50-65°C. .

44. The method of claim 2 or claim 68, wherein the first reacting step 2a) is performed at a

solvent to platinum ratio of less than about 15:1 (ml solvent)/(mmole platinum).

45. The method of claim 44, wherein said first solvent contains less than about 10% water

w/w.

46. The method of claim 2 or claim 68, wherein said second solvent is an aqueous solvent.

* c L M S *




- WO 00/61590 _ PCT/CA00/0038S

10

15

20

25

30

-32-

47. The method of claim 46, wherein said second solvent contains an organic solvent.

48. The method of c]aix;i "2:;'or claim 68, wherein said_ second solvent contains between about =
0.1 and 6N chloride.

49. The method of claim 2 or claim 68, wherein the second reacting step 2b) is performed at

a temperature of between about 30-60°C.

50. The method of claim 49, wherein said temperature of thé second step 2b) is between
about 40-50°C.

51. The méthod of 6laim 2 or claim 68, wherein the second reacting step 2b) is performed at

a pH between about 7 and 14.

52. The method of claim 51, wherein the second reactmg step 2b) is performed at a pH
between about 7 and 12.

53. The method of claim 52, wherein the sécond reacting step 2b) is performed at apH
between about 8 and 10. ' |

54. The method of claim 2 or claim 68, wherein the second reacting step 2b) is performed at .

a solvent to plétinum ratio of less than or equal to about 5:1 (ml solvent)/(mmole platinum.) -

- 55. The method of claim 2 or claim 68, wherein the “second_ reacﬁng step 2b) is performed at. -

a molar ratio of free base form of L' to platinum between about 3:1 and 1:1.
56. The method of claim 2 or claim 68, wherein X is a chloride ligand.
57. The method of claim 2 or claim 68, wherein L is a s_terically hindered amine.

58. The method of claim 2 or claim 68, wherein L is 2-picoline.

U
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59. The method of claim 58; Wherein L' is represented by NRR'R", wherein R, R', or R" are
independently selected from the group consisting of: hydrogen, substituted or unsubstituted

straight, branched or cyclic aliphatic, aryl, nonaromatic or aromatic heterocyclic groups.
60. The method of claim 58, wherein L' is NH;,
61. The method of claim 60, wherein X is chloride.

62. The method of claim 1, claim 2, claini 67, or claim 68 wherein L and L' are each an
amine or substituted amine, wherein if substituted, L. or L’ or both are selected from the group

consisting of: alkyl amines; aryl amines; heterocyclic amines and heteroaromatic amines.

63. The method of claim 62, wherein said substituted L or L’ or both are independently
selected from the group consisting of: aniline, toluidine, aminonaphthalene and

aminoanthracene.

64. The method of claim 62, wherein said substituted L or L’ or both are indepéndently

selected from the group consisting of: piperidine, piperazine, and pyrrolidine.

65. The method of claim 62, wherein said substituted L or L’ or both are independently
selected from the group consisting of: pyridine, pyrazoles, imidazoles, oxazoles, iso-oxaioles;
pyrimidine, and pyrazine.

66. The method of claim 62, wherein said substituted L or L’ or both are independently
selected from the group consisting of: methyl amine; dimethyl amine; tributyl amine; and

diisopropyl amine.

67. A method to prepare a cisplatinum complex of general formula Ia or Ib

: Y

L/ \A L/l \A
_ Y
Ia Ib

T
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comprising:

. 1a) a first step, wherein: [P_tA4]2' is reacted with L under appropriate conditions in a first

solvent to form [PtA3(L)], '

| 1b) a second step, wherein [PtAs(L)] is reacted with L' under appropriate conditions in a

second solvent to fonn c1s-[PtA2(L')(L)],

1c) in the case where Y i 1s halogen or hydroxy a third step, wherein CIS-[PtAz(L')(L)] is
'reacted with H;0,, Y or halogen containing oxidant to form c,t,c-[PtA; Yo(L')}(L)];

in the case whére Y is carboxylate, carbamate or carbonate ester a fourth step, wherein an
intermediate, where Y is hydroxy formed ih step 1¢), is functionalized with an appropriate
acylating agent; and |
“1d)in the case where A is not a halide or is different from the original halide, additional
step(s) in which the original halide A of an intermediate formed in step laor 1blcorldis
converted to a different halide or a new leaving group(s) A such as mono-dentate hydroxy,
: alkoxy, carboxylate or .bi_.-'dentate carboxylate, phosphonocarboxylate, diphosphonate, or
sulphate; . ' ' '

wherein:

L and L' may be the same or different, provided that L' may be NH3 , but L may not be NHs;
and ' _

L and L' are each an amine or substituted amine that coordinates to the Pt atom through a
nitrogen atom and is a heterocyclic amine or heteroaromatic amine or is represented by
NRR'R", wherein R, R’, or R" are independently selected from the group consisting of:
hydrogen, substituted or unsubstituted straight, branched or cyclic aliphatic, aryl, nonaromatic
or aromatic heterocyclic groups; and B

A may be the same or different and is a halogen or a leaving group such as hydroxy, alkoxide,
carboxylate and may be the same or different or form a bi-dentate carboxylate,
phosphoncarboxylate, diphosphonate or sulfate; and

Y is a halogen, hydroxy, carboxylate, carbamate or carbonate ester.

68. A method to prepare a cisplatinum complex of general formula Ia or Ib

T e L M8 *
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comprising:

2a) a first step, wherein [PtX4]* is reacted with L under appropriate conditions in a first
solvent to form [PtX3(L)];

2b) a second step, wherein [PtX3(L)] is reacted with L' under appropriate conditions in a
second solvent to form cis-[PtX(L")(L)]; '

2¢) in the case where Y is halogen or hydroxy, a third step, wherein cis-[PtA(L")(L)] is
reacted with H>O,, Y> or halogen containing oxidant to form c,t,c-[PtA;Y2(L")(L)];

2d) in the case where Y is carboxylate, carbamate or carbonate ester a fourth step, wherein an
intermediate, where Y is hydroxy formed in step 2c¢), is functionalized with an appropriate
acylating agent; and :

2e) in the case where A is not a halide or is different from the original halide, additional
step(s) in which the original halide X of an intermediate formed in step 2a or 2b or 2c or 2d is
converted to a different halide or a new leaving group(s) A such as mono-dentate hydroxy,
alkoxy, carboxylate or bi-dentate carboxylate, phosphonocarboxylate, diphosphonate, or
sulphate.

wherein:

L and L' may be the same or different, provided that L' may be NH; , but L may not be NH3;
and

L and L' are each an amine that coordinates to the Pt atom through the nitrogen and is a
heterocyclic amine or heteroaromatic amine or is represented by NRR'R", wherein R, R', or
R" are independently selected from the group consisting of: hydrogen, substituted or
unsubstituted straight, branched or cyclic aliphatic, aryl, nonaromatic or aromatic heterocy'clié
groups; and

X is a halogen

A may be the same or different and may be X or other halogen or a leaving group such as
hydroxy, alkoxide, carboxylatate or form a bi-dentate carboxylate, phosphoncarboxylate,
diphosphonate or sulfate; and

Y is a halogen, hydroxy, carboxylate, carbamate or carbonate ester.

* c L " S *:




