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(57) ABSTRACT 

Platinum complexes of formula Ia or Ib 

Where each A, is a leaving group and may be the same or 
different, Which is suitably 

halo, especially chloro, hydroxy, carboxylate or together 
form a bi-dentate carboxylate or sulphate, 

each B, Which may be the same or different, is halo, 
hydroxy, carboxylate, carbamate or carbonate ester, 

Z is a substituted amine Wherein the substituent sterically 
hinders access of the Pt atom to a DNA strand of a 
tumour cell, and 

X is NH3 or mono- or di-alkyl substituted NH3, are active 
against cancer cells, and appear to shoW a unique form 
of chemical and biological action. 

15 Claims, No Drawings 
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PLATINUM COMPLEXES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

The present invention concerns improvements in plati 
num complexes, and particularly concerns novel platinum 
complexes having activity against cancer cells. 

The activity of a Pt(II) complex, cisplatin, [PtCl2 
(NH3)2], against cancer cells was discovered some twenty 
years ago, and this complex has become a major pharmaceu 
tical. However, cisplatin has long been known to suffer from 
two major drawbacks; namely, its severe toxicities 
(especially nephrotoxicity, nausea and vomiting and 
neurotoxicity) and the propensity of many tumours to 
exhibit resistance (either intrinsically or acquired after an 
initial promising response). Many platinum complexes have 
been studied in an attempt to overcome the limitations of 
cisplatin. 

The present invention provides a cis-platinum complex 
of general formula Ia or Ib 

where each A, is a leaving group and may be the same or 
different, which is suitably 

halo, especially chloro, hydroxy, carboxylate or together 
form a bi-dentate carboxylate or sulphate, 

each B, which may be the same or different, is halo, 
hydroxy, carboxylate, carbamate or carbonate ester, 

Z is a substituted amine wherein the substituent sterically 
hinders access of the Pt atom to a DNA strand of a 

tumour cell, and 
X is NH3 or mono- or di-alkyl substituted NH3. 
Preferably the complex is of formula Ia. 
Particularly, we have found that where Z is an unsaturated 

cyclic amine, where the ring may contain one or more other 
hetero-atoms, and most especially where Z is pyridine, and 
where Z has a substituent on the atom adjacent to the amine 
nitrogen atom, the complex appears to be sterically hin 
dered. 

The cyclic amine may be a 5- or 6-membered monocyclic 
or 8 to 10-membered polycyclic amine, especially bicyclic, 
for example fused ring systems where the amine is 
co-ordinated through the nitrogen atom of a pyridine ring. In 
the case of such bicyclic fused ring systems, the other ring 
may be phenylene or may contain one or more heteroatoms, 
especially nitrogen or oxygen. 

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 car 
bon atoms. The cyclic amine may carry other substituents 
either adjacent to the coordinating nitrogen atom or else 
where 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 
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2 
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. 
The leaving groups A may be selected from those well 

known to those skilled in the art. 
Preferably, each A is the same, and is chloro, or together 

form cyclobutane-l,l-dicarboxylate or sulphate. In the case 
of Pt(IV) complexes of formula Ib, preferably each B is the 
same, and preferably is hydroxy. 
We have demonstrated that members of this novel class of 

sterically hindered complexes exhibit different chemical 
characteristics from analogues which are not hindered, and 
they exhibit a different biological pro?le. Tests relating to 
these characteristics are described below. 
The complexes of formula Ia and lb are novel and may be 

prepared by methods analogous to those described in the art. 
For example, general preparations of platinum complexes 
with mixed ammine/alkylamine ligands are given by P D 
Braddock et al Chem. Biol. Interactions 1975, II, 145. We 
refer also to EP 328274 (Johnson Matthey). 
The requisite starting materials are themselves known. 
The complexes of the invention demonstrate activity 

against cancer cells in vitro; some complexes have also been 
tested in vivo and have also demonstrated interesting activ 
ity. The complexes appear to show a different activity, par 
ticularly towards cancer cells which are resistant to treat 
ment with cisplatin, to the existing commercial platinum 
anticancer complexes and therefore the complexes are indi 
cated for use in the treatment of tumours. 

According to a further aspect of the invention, there is 
provided a complex of formula Ia or lb for use in medicine 
and in particular for use in the treatment of cancer. A still 
further aspect of the invention provides the use of a complex 
of formula Ia or Ib in the manufacture of a medicament for 
the treatment of cancer. Alternatively, there is provided a 
method of treating cancer comprising administering to a 
patient in need thereof a pharmaceutically effective amount 
of a complex of formula Ia or lb. 
The active complexes may be administered in the form of 

pharmaceutical compositions formulated according to well 
known principles. Thus, a still further aspect of the present 
invention provides a pharmaceutical composition compris 
ing a compound of formula Ia or Ib in admixture with a 
pharmaceutically acceptable diluent or carrier and option 
ally one or more other therapeutic agents. Such composi 
tions may be in the form of solutions or suspensions for 
injection, or to be in capsule, tablet, dragee, or other solid 
composition or as a solution or suspension for oral 
administration, or formulated into pessaries or suppositories, 
or sustained release form of any of the above. Suitable 
diluents, carriers, excipients and other components are 
known. It may be desirable also to formulate a composition 
for topical administration such as an ointment or cream, or to 
be administered as a transderrnal patch. 

The pharmaceutical compositions according to the inven 
tion may contain dosages determined in accordance with 
conventional pharmaceutical methods, suitably to provide 
active compounds in the dosage range in humans of from 0.1 
to 100 mg/kg body weight per day, in a single unit dose or in 
a number of smaller unit doses. Preferred dosage ranges are 
1 to 30 mg/kg body weight per day. 
The complexes of the invention may be administered 

alone or in combination with another chemotherapeutic 
agent, such as cisplatin, either as a single treatment or course 
of treatment or as part of combined therapy with other phar 
maceuticals to overcome or diminish side effects or to 
improve bio-availability, or in combination with other thera 
pies such as radiation treatment. 
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Without Wishing to be bound by any theory, it appears to 
the inventors that the complexes of the invention exhibit 
increased selectivity toWards DNA in cancer cells compared 
to unhindered analogues, especially cisplatin. It has been 
reported by Tobe et al (Wadley Medical Bulletin 7, 1, 
1144135) that ster‘ic effects of bulky substituents close to the 
platinum atom have a profound effect upon the rate of sub 
stitution reactions there. At that time no systematic study of 
the Way in Which variation of the substituent on the primary 
amine affects the rate and extend of bonding of the Pt com 
plex to DNA had been undertaken. There is no evidence as to 
Whether such effects could be bene?cial or detrimental to the 
antitumour activity of platinum complexes. The present 
invention introduces ster‘ic hindrance as close as possible to 
the platinum atom by the use of substituted heterocyclic 
ligands, rather than amines, and We believe that the com 
plexes of the invention shoW unexpected bene?ts. In 
particular, the complexes of the invention exhibit reduced 
resistance factors (resistance factor is the ratio of the activity 
of a complex against a parent line of cancer cells to the 
activity against a derivative of that cell line Which has devel 
oped resistance to cisplatin). For example, in the CH1 
xenograft (Institute of Cancer Research, Sutton, Surrey) 
Which is derived from cell line sensitive to cisplatin, cispl 
atin shoWs signi?cant activity at the maximum tolerated 
dose, hoWever the tumour does groW back. The novel com 
plex [PtCl2(NH3)(2-methylpyridine)] shoWs slightly less 
potency, meaning that a greater dose is required than 
cisplatin, but the complex exhibits a curative effect, and the 
tumour does not groW back. 
We believe that cisplatin, and all knoWn anti-tumour 

active Pt complexes, bind to DNA in cancer cells, causing 
cross-linking of DNA strands. Approximately 10% of the 
total links are interstrand cross-links. Our tests With certain 
of the complexes of the invention indicate that there is no 
detectable cross-linking betWeen strands. This indicates a 
different mechanism of action. 

The invention Will noW be described With reference to the 
folloWing preparative examples. 

EXAMPLE 1 

(SP-4-3)-amminedichloro(2 -methylpyr‘idine) 
platinum(II) 

KCl (2.2 g, 29.5 mmol) and K[PtCl3(NH3)] (10 g, 28 
mmol) Were dissolved in Water (100 ml) and stirred during 
the addition of KI (13.90 g, 84 mmol) in Water (15 ml). 
2-methylpyridine (2.8 g, 30 mmol) Was then added. After 3 
hours stirring, the yelloW precipitate of (SP-4-3) 
amminediiodo(2-methylpyridine)platinum(II) Was collected 
by ?ltration, Washed With Water and then methanol and dried 
in vacuo, yield 8.06 g. The solid Was added to a stirred 
solution of AgNO3 (4.78 g, 28.1 mmol) in Water (50 ml) and 
stirring continued for 6 hours in the dark. After ?ltration to 
remove silver halides, the ?ltrate Was treated With concen 
trated HCl (4.5 ml, ca. 49.5 mmol) and stirred for 3 days. 
The resulting pale yelloW solid Was collected by ?ltration, 
Washed With Water than acetone, and dried in vacuo to give 
(SP-4-3)-amminedichloro(2-methylpyridine)platinum(II) 
(5.78 g, 52%), Found: C 19.4, H 2.7, N 7.3, Cl 18.9%; 
C6HlON2Cl2Pt requires C 19.5, H 2.7, N 7.4, Cl 18.9%. 

Using analogous procedures, the folloWing compounds 
Were prepared: 
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4 

Microanalysis 
% % found expected 

Ligand Z yield C H N Cl 

Example 2 2-ethylpyridine 41 21.5 3.2 7.3 18.0 
(21.5) (3.1) (7.2) (18.2) 

Example 3 2-methylquinoline 17 28.4 3.0 6.5 16.6 
(28.0) (2.8) (6.5) (16.6) 

Example 4 2,4-dimethyl- 37 21.4 3.2 7.1 18.1 
pyridine (21.5) (3.1) (7.2) (18.2) 

Example 5 2-isopropylpyridine 48 23.9 3.6 6.8 17.3 
(23.8) (3.5) (6.9) (17.6) 

Example 6 2,6-dimethyl- 14 21.5 2.85 7.3 18.4 
pyridine (21.5) (3.1) (7.2) (18.2) 

EXAMPLE 7 

(OC-6-43)-amminedichlorodihydroxo(2.4 
dimethylp.vridine)platinum(IV) 

The product of Example 4, [(SP-4-3)-amminedichloro(2, 
4-dimethylpyridine)platinum(II)], (2.0 g), heptane (5 ml), 
Water (2.9 ml) and H202 (30% W/v 2.9 ml) Were stirred 
vigorously and re?uxed for 2 hours. On cooling, the yelloW 
solid Was collected by ?ltration, Washed With H20 and dried 
to give (OC-6-43)-amminedichlorodihydroxo(2,4 
dimethylpyridine)platinum(IV) (1.74 g, 77%). Found C 
19.77, H 3.03, N 6.52, Cl 16.57%, C7Hl4N2Cl2O2Pt requires 
C 19.81, H 3.30, N 6.60, Cl 16.75%. 

EXAMPLE 8 

(OC-6-43)-amminebisbutyratodichloro(2.4 
dimethylpyridine)platinum(IV) 

The product of Example 7 (OC-6-43) 
amminedichlorodihydroxo(2,4-dimethylpyridine)platinum 
(IV) (1.5 g) Was suspended in butyric anhydride (5.6 g) and 
stirred at room temperature for 3 days. The pale yelloW solid 
Was collected by ?ltration, Washed thoroughly With MeOH 
and dried in vacuo to give (OC-6-43) 
amminebisbutyratodichloro (2,4-dimethylpyridine)platinum 
(IV) (1.17 g). Found C 31.4, H 4.5, N 4.9, Cl 12.5; 
Cl5H26N2O4Cl2Pt requires C 31.9, H 4.6, N 5.0, Cl 12.6%. 

EXAMPLE 9 

ammine(cyclobutane-1 .1 -dicarboxylato)(2 .4 
dimethylpyridine)platinum(II) 

2,4-dimethylpyr‘idine (1.65 g) Was added to a solution of 
K[PtCl3(NH3)] (5.0 g), KCl (1.1 g) and KI (6.95 g) in Water 
(60 ml). After 3 hours stirring at room temperature the yel 
loW precipitate Was collected by ?ltration, Washed With 
Water and then methanol and dried in vacuo. This compound 
Was added to a solution of AgNO3 (2.94 g, 1.95 mmol) in 
Water (30 ml) and acetone (5 ml) and stirred in the dark for 5 
hours. The mixture Was ?ltered to remove silver halides and 
the ?itrate Was added dropWise to a Warm (600 C.) solution 
of dipotassium cyclobutane-1,1-dicarboxylate (13.2 mmol). 
The solution Was kept at 600 C. for 2 hours, then left at room 
temperature overnight. The solvent Was removed in vacuo 
and the White solid dissolved in the minimum amount of 
Warm EtOH, ?ltered and stored at —20° C. After 4 hours a 
White crystalline material Was ?ltered off, Washed With cold 
ethanol and dried (yield 0.81 g). NMR indicated the desired 
compound, together With ca 0.9 mol EtOH/Pt. (NMR, 
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CD3OD 6 8.7 d (1H), 7.3 s (1H), 7.1 d (1H), 3.6 q 
(CH3CH2OH), 3.1 S (3H), 2.9 m (4H), 2.4 s (3H), 1.9 m 
(2H), 1.2 t (CH3CH2OH). Microanalysis found C 34.8, H 

6 
We claim: 
1. A cis-platinum complex of general formula la or lb 

5.1, N 5.3, C13Hl8N2O4Pt. 0.9 EtOH requires C 35.3, H 4.7, 19 
N 5.6%. IR 1629 cm-1 (bound carboxylate). 5 X\ /A 

The complexes of the invention Were tested against human /Pt\ 
cancer cell lines groWn in cell culture according to estab- Z A 1b 
lished testing procedures (described by Kelland et al, Cancer B 
Research 53, 258142586, June 1993). The results are shoWn X\ | /A 
beloW in Table 1, in comparison With the commercial com- 10 /I|)t\ 
plexes cisplatin and carboplatin. The results are given in Z B A 
concentrations (11M) necessary to achieve a 50% decrease in 
cell proliferation, With resistance factors in brackets for the _ _ 

cisplatin-resistant cell lines. HX62 and SKOV3 are inher- gilgre each A’ Is a?eavtlqng grout}; and may be ghe STme or 
ently resistant to cisplatin, and the cell lines bred to be resis- 15 1 erem’ or toget er Orm a 1_ emate Car O-Xy ate O-r 

_ _ _ _ _ _ sulphate, each B, Which may be the same or different, is 
tant to c1splat1n have the designation R, as 1n'41MR. Resis- halo, hydroxy, carboxylate’ Carbamate or Carbonate ester, 
lance factors for HX62 and SKOV3, for Whlch there 15 no Z is a substituted unsaturated cyclic amine coordinated to 
sensitive counterpart, have been derived by dividing by the P; through [he amine nitrogen atom which amine may 
lC5O for the 41M line, an inherently cisplatin sensitive line. contain one or more other heteroatoms, wherein the 

It is not, of course, surprising that the resistance factors 20 amine is Substituted by_lower C1’C4 alkyhm’ alkoxy 
for cisplatin itself are fairly high, but it can be seen that the adjacent to ?he am ".16 mlmgen atom’ Wherem the Sub‘ 

. . . . st1tuent ster1cally h1nders access of the Pt atom to a 
other commercial complex, car'boplat1n, is also less effective DNA Strand of a tumour [C611] Cell’ and 
vvith c1splat1n-res1stant cell lines. The complexes of the X is NH3 [or mono_ or di_a1ky1 Substituted NH3]_ 
1nvent1on appear to shoW reduced res1stance factors com- 2_ A Complex according to Claim 1’ wherein Z15 a 5- or 6 
pared to the commercial substances, and this is assessed as 25 membered monocyclic or a 8 to 10_membered polycyclic 
being advantageous. tertiary amine. 

TABLE 1 

Compound HX62 SKOV3 41M 41MR CH1 CH1R A2780 A2780R 

Cisplatin 15.5 (37.8) 4.3 (10.5) 0.41 1.9 (4.6) 0.12 0.44 (3.7) 0.35 7.8 (22) 
Carboplatin 85 (26) 37.7 (11) 3.3 8.8 (2.7) 1.3 6 (4.6) 2.6 37.4 (14) 
Exalnplel 40 (9.8) 17.5 (4.3) 4.1 5 (1.2) 1.9 3.7 (1.9) 1.28 4.4 (3.4) 
ExaInpleZ 36 (10) 20 (2.9) 3.4 5.7 (1.7) 1.4 3.6 (2.6) 4.4 11.0 (2.5) 
Exalnple4 4.9 (1) 14.0 (3) 4.25 1.9 (0.4) 2.3 5.3 (2.3) 6.6 18.0 
ExaInpleS 49 (8) 20 (3.3) 6.1 5.6 (0.9) 2.4 4.2 (1.7) 3.9 14 (3.6) 
Exalnple6 62 (2) 46 (1.4) 33 28 (0.84) 20 35 (1.74) 35 77 (2.2) 
Exalnple7 72 (9) 47 (5.9) 8 17.5 (2.2) 3.1 8.9 (2.5) 14 30 (2.1) 

40 

The compound of Example 1 Was used for toxicological 3. A complex according to claim 1, Wherein Z is a substi 
Studies and pharmacological Studies in Balb C mice_ tuted pyridine or a bicyclic amine Where the amine is coordi 

nated through the nitrogen atom of a pyridine ring. 
The resuhs are given in Table 2_ 4. A complex according to claim 1, Wherein Z is a pyridine 

45 substituted by [loWer alkyl or alkoxy] methyl in the 2 posi 
TABLE 2 tion 

5. A complex according to claim 4, Wherein each A is 
EXAMPLE 1 CISPLATIN [halo, hydroxy, carboxylate or together form bi-dentate car 

boxylate or sulphate chloro. 
TUMOUR LD5O EDQO TI LD5O EDQO TI 50 6. A cis-platinumlcomplex selected from the group con 
ADJ/PC6 sisting of 

. . (SP-4-3)-amminedichloro(2-methylpyridine) platinum 

31112123222 E22?) 523 2.2 $313 13133 216 Z1; (11); (SP-43)-amminedich1oro<2ethylpyridine) 
Daily><5 (i.p.) 21 0.8 26.3 2.4 0.2 11.7 platinum(ll); (SP-4-3)-amminedichloro(2 -methyl 

LD ( /k ) d I 500/ 1 th I. 55 quinoline) platinum(ll); (SP-4-3)-amminedichloro(2,4 

EDZZ (12:: ifs-(111181111151 to roediucfel htlilnour mass by 90% dlmethylpyfldme) p1an_m:1m(H); (SP _4_3)_amm1ne_ 
TI, therapeutic index; LD5O/ED9O. dlchloro(2'lsopropylpyndlne) platlnum?l); (SP-4'3)‘ 

ammine-dichloro(2,6-dimethylpyridine) platinum(ll); 
_ _ _ _ _ _ _ (OC-6-43)-amminedichlorodihydroxo-(2,4 

No signi?cant h1'stolog1cal ev1~dence of liver‘, ‘kidney, 60 dimethylpyridine) platinumuv); (OC_6_43)_ 
spleen, gastrointestinal tract, brain or skin toxicity was aminebisbutyratodichloroaa4_dimethy1pyridine) 
observed in mice receiving a LDl0 dose ofthe compound of platinumuv); and ammine(CyC1Obutane_1,1_ 
Example 1. There Were no signi?cant differences in levels of dicarboxylato) (2’4_dimethy1pyridine) Platinum (11)' 
alkaline Phosphatase (ALP): alanine aminotransferase 7. A pharmaceutical composition comprising as active 
(ALT), the gut disaccharides, maltose, sucrose and trehalose, 65 ingredient a comp1ex according to Claim [1] 5, in admixture 
and urea and creatinine in treated mice (LD5O dose) com 
pared to control mice. 

With a pharmaceutically acceptable diluent or carrier and 
optionally one or more other therapeutic agents. 
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8. A composition according to claim 7, in unit dosage 
form. 

9. A composition according to claim 7 or 8 for oral admin 
istration. 

10. A method of treating cancer [compsiring] comprising 
administering to a patient in need thereof a pharmaceutically 
effective amount of a complex according to claim [1] 5. 

1]. The cis-platinum complex ofclaim 6, that is (SP-4-3) 
amminedichloro(2-methylpyridine)platinum 

12. A pharmaceutical composition comprising the com 
plex according to claim I], in admixture with apharmaceu 

5 

8 
tically acceptable diluent or carrier and optionally one or 
more other therapeutic agents. 

13. The composition according to claim 12, in unit dosage 
form. 

14. The composition according to claim 12 or 13, adapted 
for oral administration. 

15. A method oftreating cancer comprising administering 
to a patient in need thereof a pharmaceutically efective 
amount ofthe complex ofclaim 1]. 

* * * * * 


