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Abstract. Haloosmocenium salts, [OsCp2X]+P&j- (X = Cl (3). Br (4) or I (5); Cp = B5-2,4-cyclopentadienyl 
ring), have antiproliferative activity against 4 human and 2 murine cancer cell lines. ‘Ihe activity was highest 
in 3 and decreased in the order of 3>4>5. This order was consistent with that of their redox potentials, 
inhibitory activity for cell respiration and NADH oxidation rates, implying that the antiproliferative activity of 
3 might be due to interference with the intracellular redox or electron transfer systems. 

Ferrocenium ion has a weak antineoplastic activity against several tumors in vivola and in vitro.lb Its 

structure implies that the cytotoxic mechanism is different from one involving DNA chelation as suggested for 

cisplatin2 and other many cis-dihalometal antitumor complexes.3 Interference with cellular redox systems has 

been assumed to be the antitumor mechanism for ferrocenium ion .4 This dissimilarity in the mechanisms is 

interesting from the standpoint of drug &sign for new antitumor agents to suppress cisplatin-resistant cells 

which frequently appear in long-term therapy with cisplatin, thus stimulating investigation of a wider range of 

ferrocenium derivatives or, more generally, metallocene and metallocenium ion derivatives. Previous studies 

have primarily focused on dihalometallocenes of early transition metal elements (V, Ti, Nb, and Mo).3,5 Here, 

we report the antiproliferative activity of metallocenium ions which contain OS or Ru, senior members of the 

Fe family, instead of Fe in ferrocenium ion.6 

Six metallocenium salts (1,’ 2.8 3 - 69; listed in Table 1) were prepared by the methods in the literatureln 

and tested for their antiproliferative effect against human and murine cell lines.11 The IC50 values are 

summarized in Table 1, and the following common results can be pointed out for all cell lines. (1) The 

antiproliferative activity of osmocenium salt 2 was weaker than that of ferrocenium salt 1.12 but 

chlomosmccenium salt 3 showed remarkably stronger activity than 1. (2) When the chlorine of 3 was replaced 

by bromine (4) or iodine (!I), the antiproliferative activity decreased in the order of Cl (3) > Br (4) > I (5). 

(3) Chlororuthenocenium salt 6 was less active than the corresponding chloroosmocenium salt (3). In 

addition, NHs+PF6- was inactive even at 100 FM. Thus, the PF6‘ ion is not responsible for the present activity 

of the haloosmocenium salts. 

The above results indicate that the replacement of the center atom (Fe) for OS alone does not lead to an 

enhancement of antiproliferative activity of ferrocenium salt (I), but the replacement plus the introduction 

of a halogen atom, especially a chlorine atom, together were effective in increasing the activity. 

Although the activity of chloroosmocenium salt (3) was weaker than that of cisplatin, this compound was 

interesting in view of the relation between the structure and biochemical properties as described below. 
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Table 1. Biological and chemical properties of the metallocenium saltsc 

Compound IQ0 QtM) for cancer and embryonic cells 

u937 HL60 Daudi Co10320 S180 

FeCpzl+PFs- (1) 62 f 6 22 f 2 20 62 fi 19 57 f25 

[Oscp2l+BF4- (2) 148 f56 90 53 180 f 43 >200 

[osc$$.zl]+PFfj- (3) 14.8 f 1.8 11.2f 2.3 7.9f 4.2 14.6& 1.6 19.32 6.5 

@sCp$r]+PFe- (4) 60 +8 52 +I1 24 48 f 6 49 *7 

@sq211+PF6- (5) 167 251 75 fl2 79 f 2 >200 120 f9 

]RtQqCl]+PFe- (6) inactive 52 f 14 70 111 + 15 85 f8 

cisplatin (CDDP) 5.2 f 2.1 4.3f 1.3 1.7 6.6f 2.8 0.8f 0.1 

Compound Go UM) 

LX830 NIW3T3 

1 66 + 20 20.2 f 2.3 

2 85 40 

3 16.5It 3.1 16.1 It 3.4 

4 63 f 4 29 +6 

5 inactive 87 fl2 

6 123 f 27 44 f22 

CDDP 13.2f 6.7 0.30 It 0.06 

PO 02 consumption Oxidation rateC 

rate6 NADH reduced cytochrome c 

(V 
( 

nmol 

I 
@M/mm) (nM/min) 

min107 cells 

0.46 - 

0.57 6.8 f 0.4 13 96 

0.54 7.6+ 0.3 12 207 

0.46 10.5 f 0.8 8 824 

0.70 

- 13.4+ 2.8 

(14.5 f 2.5)# 

a Values a~. given in mean 51 standard deviation (II = 3-15) OT mean of two separate experiments. Origin of the cell : U937. human 
histiocytic lymphoma: HL60, human promyelocyiic leukemia; Daudi, human Burkitt lymphoma; Colo320. human colon 

adenocarcinoma; S180, mouse sarcoma; LX830, mouse lymphoma; NIHnT3, mouse embryo. bOf 11937 cells with 200 pM 3 - 5, 

10 )IM CDDP, or none of them # at 30 “C. The control value# indicates that the respiration of U937 cells was about 4 times that of 

normal human le~cocytes.~~ CMeasunxl with 0.24 mM NADH vs. 0.5 mM 3 - 5 and 0.049 mM reduced cytochrome c vs. 0.44 mM 
3 - 5 at 30 Oc. “-” indicates “not tested”. 

The structure of 3 was unknown and we determined it by X- 

ray crystallographic analysis.13 The crystal structure shows that 

the chlorine atom is bound to the OS atom (Fig 1). This Cl -0s 

structure caused us to wonder whether some nucleophilic group 

such as base nitrogen atoms or phosphate ions in DNA might 

substitute the chlorine atom as suggested for cir-dihalometal 

metallocenes by NMR.3.14 We took tH- and 3tP-NMR spectra for 

mixtures of 3 with adenosine, guanosine, dAMP, or dCiMP in 

D20. No significant change was found either for the base protons in 

the tH-NMR or for the signal of the S-phosphate in the 3tP-NMR 8 a 
spectra as compared with those of the pure nucleosides and wg. 1. Crystal StruCIUre of 3 
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nucleotides, leaving little possibility of coordination binding of 3 to nucleic acid constituents. A recent study 

on the haloosmocenium salts by IR and NMR suggested that the interaction between the osmium and halogen 

atoms increases in the order of I<BrcCl. ‘5This means that substitution of the halogen atom by cellular 

components, if it were to occour, would be most difficult with the chloroosmocenium salt (3). 

contradicting the result in the antiproliferative activity. In conclusion, the Cl-OS structure seems not to 

directly connect with the cytotoxicity of 3 in such a way as ligand exchange reaction. 

Since metallocenium ions have oxidation-reduction properties, redox potential (Eo) of the present 

compounds (1, 3 - 6) was determined from their cyclic voltammogram (Table 1). The chloroosmocenium salt 

(3) showed the highest value among the three haloosmocenium salts, the bromo salt (4) the middle value, 

and the iodo salt (5) the lowest value. This order in IZ.c (3>4>5) was the same as that found for the 

antiproliferative activity. The difference in E.c would reflect difference in the interaction with cellular redox 

systems. 

The respiration of U937 cells was then measured by the consumption of 02 in the medium with or without 

the haloosmocenium salts.16 All three compounds inhibited the respiration (Table 1) but 3 was most Potent; 

inhibition rate was again in the order of 3>4>5. These correlations between b, respiration inhibition and 

antiproliferative activity imply that interference with intracellular electron transfer might be the basis of the 

cytotoxicity of these haloosmocenium salts (3 - 5). 

NADH and cyctochrome c are the early and the late constituent of the respiration chain, respectively. The 

haloosmccenium salts (3 - 5) chemically oxidized NADH as well as the reduced form of cytochrome c.17 The 

NADH oxidation rates of the three compounds were aligned in the order 3>4>5, while this order was 

reversed for the oxidation of reduced cytochrome c (Table 1). Although these rates were obtained under 

specific reaction conditions, comparison of the orders suggests that the main target of the chloroosmocenium 

salt (3) is not cytochrome c. It is not certain at present what is the true target for 3, because living cells 

contain many oxidation-sensitive compounds, e.g., cysteine, glutathione, proteins, ascorbic acid, 

metalloenzymes erc., in addition to respiration chain components. The inhibition of respiration might be 

merely a consequence of metabolic disorder caused by the interaction with one of these compounds. 

The present work suggests that a new drug design of antitumor agents is possible utilizing an interference 

with intracellular redox systems by organometallic moieties. In viva evaluation of 3 and study of its activity 

against cisplatin-resistant cells are in progress. 
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