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Summary. The antitumor activity of the three air-stable 
bis(cyclopentadienyl)rhenium derivatives [(C5Hs)z- 

ReClz]+CI-,[(CsHs)2ReClz]+[AsF6] -, and [(CsHs)z- 
ReClz]+[SbF6] - was tested against Ehrlich ascites tumor in 
female CF1 mice. All three compounds contain the group-7 
transition metal rhenium in the +5 oxidation state as their 
central metal atom. They are ionic, salt-like complexes that 
are composed of the cationic [(CsHs)2ReC12] + moiety and 
one of the negatively charged counterions CI-, AsF6-, or 
SbF6-. Both the chloro and the hexafluoroarsenate com- 
plexes induced a maximal cure rate of 100% when given 
either in a dose range of 120-160 mg/kg (rhenocene 
trichloride) or at a single dose of 180 mg/kg (hexafluoroar- 
senate derivative). The hexafluoroantimonate complex ef- 
fected a maximal cure rate of only 50% at 60 mg/kg. For 
the two former compounds, the values for the therapeutic 
index (TI) amounted to 1.7 and 2.1, respectively. No im- 
pairment of the general condition or pathologic symptoms 
in the viscera could be detected by observation of the 
animals during the days following treatment with therapeu- 
tic doses or by autopsy of the surviving animals on the key 
date (day 90). The rhenocene derivatives investigated in 
the present study represent a new class of antitumor metal- 
locene compounds as well as the first rhenium(V) com- 
plexes exerting cytostatic activity. 

Introduction 

During the past two decades, strategies for the clinical 
chemotherapy of malignant tumors have been markedly 
changed by the introduction and the observed therapeutic 
success of cis-diammJnedichloroplatinum(II) or cisplatin 
[16, 32-34]. This heavy-metal complex was the first inor- 
ganic antitumor agent to enter clinical studies during this 
century. Despite initial reservations regarding the thera- 
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peutic application of a heavy-metal compound, the clinical 
trials rapidly confirmed that cisplatin is one of the most 
effective antitumor agents that are capable of curing most 
patients suffering from testicular carcinomas [14] and of 
prolonging the survival of many patients suffering from 
ovarian, bladder, prostate, lung, and head and neck carci- 
nomas [16, 32]. Worldwide, cisplatin is currently the most 
frequently applied cytostatic drug. 

This clinical success stimulated a broad search for other 
metal-containing cytostatic agents in recent years. Numer- 
ous inorganic and organometallic compounds have been 
found to exhibit antitumor activity against diverse experi- 
mental animal tumors and against "stronger" models such 
as xenografted human tumors or autochthonous, chemi- 
cally induced carcinomas [17, 19, 20]. These compounds 
include either platinum [16, 32] or platinum-group metals 
such as ruthenium [5, 19] and rhodium [2, 7] or other 
heavy metals such as gold [3]. Moreover, cytostatically 
active compounds of the main-group elements gallium [ 1], 
germanium [28, 30], tin [10, 11] and bismuth [21] have 
been developed. Of these, gallium trinitrate, Ge 132, and 
spirogermanium have entered clinical phase I and II trials. 
A third group of antitumor metal complexes comprises 
early-transition metal compounds; they are mainly repre- 
sented by metallocene derivatives, i.e., bis(cyclopen- 
tadienyl)metal diacido complexes of the general formula 
[(CsHs)zMX2] [24, 25]. These compounds are neutral 
complexes in which the position of the central metal atom 
M can be occupied by an atom of group 4 (Ti, Zr, Hf), 
group 5 (Nb, Ta), or group 6 (Mo, W) in the +4 oxidation 
state. Pronounced antitumor activity has thus far been con- 
firmed for titanocene, vanadocene, niobocene, and 
molybdenocene complexes of the general formula 
[(C5H5)2MX2], where M represents Ti, V, Nb, or Mo and 
whereby the acido ligands X could be widely varied 
without a loss of antitumor potency [22, 23]. 

In the present study, we addressed the question as to 
whether antitumor activity would also be characteristic for 
rhenocene derivatives that include as their central atom the 
group-7 element rhenium, a heavy-metal atom neighboring 
the platinum-group metals osmium and iridium. 
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Fig. 1. Structure of the ionic rhenocene complexes investigated 

Materials and methods 

Three air-stable bis(cyclopentadienyl)rhenium(V) ("rhenocene") com- 
plexes of the general formula [(CsHs)2ReC12]+X - (Fig. 1) were tested for 
antitumor activity against Ehrlich ascites tumor in mice. 

Substances. The compounds [(CsHs)2ReClz]+CI -, [(C5H5)2 ReC12] + 
[AsF6]-, and [(CsHs)2ReC12]+[SbF6] - were synthesized by methods de- 
scribed in the literature [9, 15]. They are typical metallocene derivatives, 
i. e., bis(cyclopentadienyl)metal complexes that contain the group-7 ele- 
ment rhenium in the +5 oxidation state as their central metal atom. All are 
ionic compounds and are composed of the cationic moiety 
[(CsHs)2ReC12] +, whereby the central metal is surrounded by four lig- 
ands, two organic cyclopentadienyl rings, and two chlorine atoms ar- 
ranged in the configuration of a distorted tetrahedron, and one of the 
monoanions C1-,[AsF6]-, or [SbF6]-, which are necessary for electro- 
static neutralization of the complexes. The complexes were chemically 
characterized by iH and 19F nuclear magnetic resonance (NMR) and 
infrared (IR) spectroscopy. No impurities could be detected by these 
methods. The elemental analyses (C, H, C1) revealed deviations that 
amounted to <0.8% of the calculated values. 

For antitumor testing, the three rhenocene compounds were injected 
intraperitoneally at doses ranging from 20 to 260 mg/kg in increments of 
20 mg/kg. For administration of the lower doses, the drugs were dis- 
solved in pure saline, whereas for doses of >180 mg/kg, a portion of 
10% dimethylsulfoxide (DMSO) was added to the injection solution. At 
present, no information is available as to whether the rhenocene com- 
plexes are stable in aqueous solutions. Thus, the substances were injected 
immediately after dissolution, their concentrations being selected such 
that each animal received a total volume of 0.4-0.5 ml (0.02 ml/g body 
weight). 

Animals. Female CF1 mice purchased from Winkelmann (Paderborn, 
FRG) were kept under standard specific pathogen-free (SPF) conditions. 
They received food (Altromin) and tap water ad libitum. At the begin- 
ning of the experiments, they were about 8-10  weeks of age and 
weighed 20-25 g. 

Antitumor bioassay. The antitumor activity of the three rhenocene com- 
plexes was investigated in the present pilot study against Ehrlich ascites 
tumor growing as a fluid tumor in the peritoneal cavity of mice. This 
model is intermediate between in vitro systems and solid animal tumors 
since it is an in vivo system but is based on local intraperitoneal injection 
of substances. Although it is considered in the literature to be only 
moderately sensitive to antitumor agents [6], it proved to be very sensi- 
tive to metallocene complexes and other organometallic compounds; 
moreover, it is suitable for application as a primary screening system, as 
it provides preliminary indications of the antitumor properties of these 
compounds, which must subsequently be confirmed by the use of stron- 
ger and more expensive experimental models. Most metallocene com- 
plexes that have thus far been found to be active against Ehrlich ascites 
tumor were confirmed as being inhibitors of the growth of solid animal 
and xenografted human tumors [23]. 

Details of the propagation and transplantation of the Ehrlich ascites 
tumor have been described elsewhere [25, 26]. On day 0 of the experi- 
ments, the animals were inoculated intraperitoneally with 6 x 106 Ehr- 
lich ascites tumor cells. At 24 h thereafter, they received a single in- 
traperitoneal injection of the substances dissolved as described above. 
Each dose group consisted of 8 mice; another 30 animals (3 groups of 
10 mice) served as untreated tumor-bearing controls which received 
0.4- 0.5 ml of the drug-free DMSO-saline mixture (1 : 9, v : v). 

The number of deaths were registered daily. Deaths occurring within 
7 days of substance administration were related to drug toxicity, and 
those noted later than day 8 after tumor transplantation were defined as 
tumor deaths. After day 8, all animals showed macroscopic signs of 
massive tumor development within the peritoneal cavity. The key date 
for determining the number of surviving mice was day 90, at which time 
all surviving animals were free of any recognizable signs of tumor and 
were considered to be cured. They were killed and examined macro- 
scopically by autopsy. 

Results 

Al l  con t ro l  an ima l s  that  had  b e e n  t rea ted  wi th  the  D M S O -  
con t a in ing  v e h i c l e  a lone  d i ed  b e t w e e n  day 16 and day  23 
af ter  t u m o r  t ransp lan ta t ion  and  s h o w e d  m a c r o s c o p i c  
s y m p t o m s  o f  bu lky  t u m o r  disease .  T h e  m e a n  su rv iva l  
a m o u n t e d  to 1 9 . 8 +  1.9, 2 1 . 1 + 2 . 2 ,  and 2 0 . 5 + 2 . 2  days,  
r e spec t ive ly ,  in the  three  con t ro l  g roups .  W h e n  tumor -  
bea r i ng  m i c e  w e r e  t rea ted  on  day  1 af ter  t r ansp lan ta t ion  
wi th  one  o f  the  three  ion ic  r h e n o c e n e  c o m p l e x e s  g i v e n  in a 

s ingle  d o s e  r ang ing  f r o m  20 to 260 m g / k g ,  op t ima l  cure  
ra tes  o f  5 0 %  and 100% w e r e  ach i eved .  T h e  m a i n  p h a r m a -  
c o l o g i c  and t o x i c o l o g i c  data  cha rac t e r i z ing  the  c o m p o u n d s  
are  s u m m a r i z e d  in Tab l e  1. 

Table 1. Pharmacologic and toxicologic data on the activity of the ionic rhenocene complexes [(CsHs)2ReC12]+X against Ehrlich ascites tumor as 
compared with the neutral titanocene complex [(CsHs)~TiCD] and the platinum complex [cis-(NH3)2PtCla] 

[(CsHs)2ReC12]+X - 

X =  C1 X=AsF6 X =  SbF6 

[(CsHs)aTiC12] [c/s-(NH3)2PtC12] 

Experimental dose range (mg/kg) 20-  260 20-260 20-260 10-180 
Optimal dose rangea (mg/kg) 60-160 80-180 60 30-  70 
Maximal cure rate (%) 100 100 50 100 
Increase in life span at optimal dose (%) 355 327 167 380 
LDs0 (mg/kg) 240 250 170 100 
LD100 (mg/kg) >260 >260 200 140 
TI b 1.7 2.1 - 3.3 

1-30 
6-12  

100 
371 

25 
ND 

4.1 

a Defined as the dose range achieving cure rates of -->50% 
b Therapeutic index, defined as LDs0/ED90; TI values can be given only 
when the maximal cure rate is >--90% 

ND, Not determined 
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Fig. 2. Dose-activity (left) and dose-lethality (right) relationships of 
[(CsHs)zReCI2]+C1 - against Ehrlich ascites tumor. The shaded area indi- 
cates the range of surviving, cured animals 
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Fig. 4. Dose activity (/eft) and dose-lethality (right) relationships of 
[(CsHs)zReC12]+[SbF6] - against Ehrlich ascites tumor (cf. legend to 
Fig. 2) 
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Fig. 3. Dose-activity (left) and dose-lethality (right) relationships of 
[(C5Hs)zReC12]+[AsF6] - against Ehrlich ascites tumor (cf. legend to 
Fig. 2) 

All animals that had been treated with rhenocene 
trichloride at doses ranging from 120 to 160 mg/kg sur- 
vived until the key date (Fig. 2). This corresponds to an 
optimal cure rate of 100% and an increase in life span of 
355% as compared with untreated control values. Lethality 
occurred dose-dependently, and the values of the toxic 
thresholds for 10%, 50%, and 100% of the mice (LDt0, 
LDs0, and LD100) amounted to 180~ 240, >260 mg/kg, 
respectively. The therapeutic index (TI) as calculated by 
relating the LDs0 value to the effective dose for 90% of the 
animals (ED90) came to 1.7 for the rhenocene chloride 
complex; this value was smaller than that obtained for 
either the neutral complex titanocene dichloride or the 
heavy-metal cytostatic drug cisplatin under the same ex- 
perimental conditions (Table 1). The animals that had re- 
ceived therapeutic doses of rhenocene trichloride failed to 
show either behavior abnormalities following application 
of the compound or noteworthy symptoms that were de- 
tectable by autopsy on the key date, i.e., on day 90 after 
tumor transplantation. 

For the [(CsHs)2ReC12]+[AsF6] - complex, in which 
hexafluoroarsenate functions as a counterion to the posi- 

tively charged rhenocene moiety, a maximal cure rate of 
100% was attained after treatment with 180 mg/kg (Fig. 3). 
This corresponded to an increase in life span of 327% in 
relation to the control value as determined on day 90. 
Below the optimal dose of 180 mg/kg, cure rates of be- 
tween 50% and 90% were observed in the rather broad 
dose range of 80-160 mg/kg. Lethality was clearly dose- 
dependent, the LD10 value being 200 mg/kg and the LDs0 
value, 250 mg/kg. The LD100 value was obviously 
>260 mg/kg. Although the dose range over which 100% of 
the treated animals were cured and survived until the key 
date was much lower than that for rhenocene trichloride, 
the TI value indicating the therapeutic width amounted to 
2.1 for the hexafluoroarsenate derivative; this value 
slightly exceeded that found for rhenocene trichloride but 
failed to reach that obtained for either titanocene dichloride 
or cisplatin (Table 1). Similar to the case of rhenocene 
trichloride, the animals that had been treated with thera- 
peutic doses of the rhenocene hexafluoroarsenate deriva- 
tive showed neither abnormal behavior during the days 
following treatment nor conspicuous pathologic symptoms 
in the inner organs that were detectable by autopsy on the 
key date. After the administration of toxic doses, however, 
the livers were remarkably pale and blunt-edged. 

When the rhenocene derivative containing hexa- 
fluoroantimonate as an anion was injected under the same 
experimental conditions, the therapeutic effect was much 
less pronounced than that noted for the other two rheno- 
cene complexes (Fig. 4). The maximal cure rate attained 
only 50% at a single dose of 60 mg/kg; beyond that, the 
cure rates ranged from 20% to 40% following doses of 
between 40 and 120 mg/kg. The life span of the animals 
that had received the optimal dose (60 mg/kg) of the hexa- 
fluoroantimonate complex increased by 167% in relation 
to the control value. After the application of 140 mg/kg, 
the first toxic deaths occurred, and the LDs0 value for the 
hexafluoroantimonate complex amounted to 170 mg/kg. 
When a dose of 200 mg/kg was given, all treated animals 
died within 7 days. This means that, surprisingly, the 
rhenocene hexafluoroantimonate complex is obviously 
more toxic than the analogous hexafluoroarsenate and 
chloride derivatives. 
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Fig. 5 A -  K. Typical examples of platinum and non-platinum metal anti- 
tumor agents and the respective position of their central metal atoms in 
the Periodic Table. A bis(Cyclopentadienyl)diacido metal(IV) com- 
plexes. B bis(Cyclopentadienyl)iron(III) complex salts. C bis(Cy- 
clopentadienyl)dichlororhenimn(V) complex salts. D cis-Diammine- 
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dichloroplatinum(II). E bis[1,2-bis(Diphenylphosphino)ethane]gold(I) 
chloride. F Diorganodihalotin(IV) complexes. G bis(Carboxyethylger- 
manium) trioxide (germanium sesquioxide). I t  Gallium(III) nitrate. 
I trans-bis(Salicylaldoximato)copper(II). K Imidazolium trans-bis(im- 
idazole) tetrachlororuthenate(III) 

Discussion 

Rhenium compounds are not unknown in experimental 
medicine. Due to the close chemical relationship between 
Re and Tc, the latter being called "the working horse of 
nuclear medicine," and to the nearly optimal radiophysical 
properties of 186Re and 188Re, efforts are currently under 
way to develop rhenium complexes as therapeutic and 
diagnostic agents in nuclear medicine for local and embo- 
lyzing radiotherapy of human tumors and for binding to 
monoclonal antibodies raised against tumor-cell surface 
antigens [4]. Moreover, some rhenium(III) carboxylato 
complexes have been found to exhibit antitumor properties 
against certain animal tumors, e.g., B16 melanoma and 
sarcoma S180 [12, 13]. The most effective representatives 
of this group of compounds were the ionic inorganic com- 
plex tetra-g-propionatodirhenium(III) sulfate and the 
neutral compound bis(g-propionato)diaquotetrabromodi- 
rhenium(III), both being dimer complexes that contain 
multiple metal-metal bonds. Remarkably, only a few minor 
side effects such as hair loss and, at high doses, lesions of 
the liver were observed following treatment with both of 
these compounds. This led to the statement of the authors 
that "rhenium seems to be one of the least toxic of the 
metallic elements" [12, 13]. To our knowledge, no other 
reports have been published on these antitumor 
rhenium(III) carboxylato complexes. They are structurally 
analogous to rhodium carboxylate dimers, which have 
been shown to effect similar antitumor activity against 
animal tumor systems by blocking some thiolic enzymes 
that are involved in DNA synthesis [2]. 

In the present study, we investigated the antitumor ac- 
tivity of three air-stable rhenocene derivatives, i. e., bis(cy- 
clopentadienyl)rhenium compounds, in which rhenium(V) 
functions as the central metal atom and found remarkable 
antitumor properties for [(CsHs)2ReC12]+C1 - and 
[(CsHs)2ReC12]+[AsF6] - in the Ehrlich ascites tumor sys- 
tem. This antitumor activity was reflected in an optimal 
cure rate of 100% over a dose range that was broader with 
respect to absolute dose values than those for either titano- 
cene dichloride or cisplatin. However, in terms of TI 
values, which are defined as the quotient of LD50/ED90 and 
which indicate the relationship between toxic and effective 
values, the rhenocene complexes proved to be less advan- 
tageous than either of the control compounds. This was 
mainly due to the higher doses of the rhenocene complexes 
that were required to effect similar antitumor activity as 
estimated by the cure rate. These doses are within the same 
order of magnitude as the therapeutic doses of the second- 
generation platinum complex carboplatin and are thus in 
principle not too high to be used in humans. In this connec- 
tion, the comparably low toxicity, especially of the rheno- 
cene hexafluoroarsenate complex, was remarkable insofar 
as arsenic is generally known in pharmacology and toxi- 
cology to be a highly toxic metalloid, the toxicity of which 
seems to be disguised in the AsF6- anion by the coordina- 
tion of six fluorine atoms. 

Similar to the case in the neutral metallocene com- 
pounds of the early-transition metals titanium(IV) or 
vanadium(IV), [(CsHs)2TiC12] and [(CsHs)2VC121, which 
are known to exhibit antitumor activity against diverse 
animal and human tumors [22, 23], the rhenium(V) atom in 
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the rhenocene derivatives tested is characterized by the 
same coordination number 4 and is similarly surrounded 
by two cyclopentadienyl rings and t;wo chlorine atoms 
arranged in the shape of a distorted tetrahedron [9, 15]. 
Because of the incomplete compensation of the rhenium 
+5 oxidation state by only four uninegative ligands 
(2•  C5H5-, 2 x C1-), the (CsHs)zReCI2 moiety is posi- 
tively charged and must be electrostatically neutralized by 
appropriate counterions in a salt-like lattice. Thus, the 
rhenocene derivatives investigated in the present study 
differ fundamentally from the aforementioned early-transi- 
tion metal metallocene complexes [22, 24, 25] in their 
charged, ionic character. Although electric neutrality has 
been postulated as being an essential prerequisite for the 
exertion of antitumor activity by metal complexes [8, 29], 
the ionic rhenocene compounds effected remarkable inhi- 
bition of the growth of Ehrlich asckes tumor, which is 
considered to be only moderately sensitive to antitumor 
agents [6]. This finding demonstrates that at least in the 
case of rhenium compounds and metallocene derivatives, 
electric neutrality cannot be imperative for the realization 
of pronounced antitumor properties. This can be similarly 
concluded from the findings that both the neutral bis(g- 
propionato)diaquotetrabromodirhenium(III) complex and 
the ionic tetra-g-propionatodirhenium(III) sulfate complex 
are active against the same animal tumors, particularly 
against B16 melanoma [12, 13]. Moreover, even in the 
case of bis(cycloperltadienyl)titanium compounds, ionic 
derivatives such as the N-methylaminothiophenolate com- 
pound {(CsH5)zTi[o-S(NHCH3)C6H4]}+I - and the ace- 
tonitrile complex [(CsH5)2TiCI(NCCH3)]+[FeC14] - have 
been shown to exhibit antitumor activity against animal 
and human tumors that is similar in strength to that exerted 
by the parent neutral compound titanocene dichloride [27]. 
The advantage of all ionic compounds over neutral species 
is their improved solubility in water, which markedly facil- 
itates their application in biological systems and or- 
ganisms. 

From a general point of view, the results of the present 
study provide further confirmation that numerous metal 
atoms can display antitnmor properties, provided that they 
are in an appropriate molecular environment. These atoms 
comprise early-, medium-, and late-transition metals as 
well as main-group elements (Fig. 5). Some of the gallium 
and germanium compounds have entered clinical phase II 
trials. Others, such as titanium or ruthenium complexes, 
are currently being investigated in phase I studies. Because 
of the great number of inorganic and organometallic com- 
pounds that have been found to exhibit antitumor activity 
over the past 20 years, it can reasonably assumed that this 
development will continue such that numerous other anti- 
tumor compounds will be detected during the next few 
years. In this connection, it is noteworthy that amplifica- 
tion of the arsenal of metal-containing cytostatic agents 
from platinum, to non-platinum metal compounds seems to 
be beneficial, especially insofar as many of the non-plati- 
num metal compounds are characterized by a different 
pattern of toxicity and lack the typical features of heavy- 
metal toxicity that are usually dominated by severe ne- 
phrotoxicity. This has been confirmed for budotitane, ti- 
tanocene dichloride, and vanadocene dichloride as welt as 

for organogermanium compounds [18, 23, 30, 31]. For 
rhenium carboxylate antitumor compounds, only minor 
side effects such as hair loss following doses in the thera- 
peutic range and macroscopic liver lesions at toxic doses 
have been reported [ 13]. Studies examining the toxicologic 
properties of the rhenocene derivatives investigated in the 
present study will be undertaken in the near future to define 
the pattern of toxic symptoms induced by these ionic me- 
dium-transition metal complexes. 

Acknowledgements. The authors thank Dr. P. Gowik for providing sub- 
stance samples and Mrs. A. Susanto for typing the manuscript. 

References  

1. Adamson RH, Canellos GP, Sieber SM (1975) Studies on the anti- 
tumor activity of gallium nitrate (NSC-15 200) and other group HI a 
metal salts. Cancer Chemother Rep 59: 599-610 

2. Bear JL, Gray HB, Rainen L, Chang IM, Howard R, Sefio G, 
Kimball AP (1975) Interaction of rhodium(H) carboxylates with 
molecules of biologic importance. Cancer Chemother Rep 59: 
611-620 

3. Berners-Price S J, Mirabelli CK, Johnson PK, Mattern MR, McCabe 
FL, Faucette LF, Sung CM, Mong SM, Sadler PJ, Crooke ST (1986) 
In vivo antitumor activity and in vitro cytotoxic properties of bis[1,2- 
bis(diphenylphosphino)ethane]gold(I) chloride. Cancer Res 46: 
5486-5493 

4. Bl~iuenstein P (1990) Rhenium in nuclear medicine: general aspects 
and future goals. N J Chem 14:405 -407 

5. Clarke MJ (1980) The potential of ruthenium in anticancer phar- 
maceuticals. In: Martell EA (ed) Inorganic chemistry in biology and 
medicine. ACS, Washington, D. C., pp 157-178 

6. Cleare M (1974) Transition metal complexes in cancer chemothera- 
py. Coord Chem Rev 12:349-405 

7. Cleare MJ, Hydes PC (1980) Antimmor properties of metal com- 
plexes. In: Sigel H (ed) Metal ions in biological systems, vol. 11. 
Marcel Dekker, New York, pp 1-62 

8. Cleare MJ, Hydes PC, Hepburn DR, Malerbi BW (1980) Antitumor 
platinum complexes: structure-activity relationships. In: Prestayko 
AW, Crooke ST, Carter SK (eds) Cisplatin - current status and new 
developments. Academic Press, New York, pp 149-170 

9. Cooper RL, Green MLH (1967) Some bis-~-cyclopentadienyl 
halides of molybdenum, tungsten, and rhenium. J Chem Soc [A]: 
1155-1160 

10. Crowe AJ, Smith PJ, Atassi G (1980) Investigations into the anti- 
tumor activity of organotin compounds: I. Diorganotin dihalide and 
di-pseudohalide complexes. Chem Biol Interact 32:171 - 178 

11. Crowe AJ, Smith PJ, Atassi G (1984) Investigations into the anti- 
tumor activity of organotin compounds: II. Diorganotin dihalide and 
di-pseudohalide complexes. Inorg Chim Acta 93: 179-184 

12. Dimitrov N, Eastland GW (1978) Antitumor effect of rhenium car- 
boxylates in tumor-beating mice. In: Siegenthaler W, Luethy R (eds) 
Current chemotherapy, vol 2. Proceedings of the 10th International 
Congress on Chemotherapy 1977. American Society for Microbi- 
ology, Washington, D. C., p 1319 

13. Eastland GW, Yang G, Thompson T (1983) Studies of rhenium 
carboxylates as antitumor agents: II. Antitumor studies of bis(p.-pro- 
pionato)diaquotetrabromodirhenium(III) in tumor-bearing mice. 
Methods Find Exp Clin Pharmacol 5:435 -438 

14. Einhorn LH, Williams SD (1980) Chemotherapy of disseminated 
testicular cancer. A random prospective study. Cancer 46: 
1339-1344 

15. Gowik P, Klaprtke T, Tornieporth-Oetting I (1989) Dichlorobis(rls- 
cyclopentadienyl)rhenium(VII)-tris(hexafluoroantimonat): Synthese 
des ersten R,henocen(VII)-dichlorid-Kations. Chem Ber 122: 
2273-2274 

16. Hacker MP, Douple EB, Krakoff IH (1984) Platinum coordination 
complexes in cancer chemotherapy. Nijhoff, Boston 



366 

17. Haiduc I, Silvestru C (1990) Metal compounds in cancer chemother- 
apy. Coord Chem Rev 99:253-296 

18. Keppler BK, Schm~ihl D (1986) Preclinical evaluation of dichloro- 
bis(1-phenylbutane-l,3-dionato)titanium(IV) and budotitane. Arz- 
neimittelforschung 36:1822-1828 

19. Keppler BK, Henin M, Juhl UM, Berger MR, Niebl R, Wagner FE 
(1989) New ruthenium complexes for the treatment of cancer. Progr 
Clin Biochem Med 10:41-69 

20. K6pf-Maier (1987) Cytostatische Nicht-Platinmetall-Komplexe: 
neue Perspektiven far die Krebsbehandlung? Naturwissenschaften 
74:374-382 

21. K6pf-Maier P, Klap6tke T (1988) Antitumor activity of some or- 
ganometallic bismuth(III) thiolates. Inorg Chim Acta 152: 49 -  52 

22. K6pf-Maier P, K6pf H (1987) Non-platinum-group metal antitumor 
agents: history, cmTent status, and perspectives. Chem Rev 87: 
t i 3 7 - 1 t 5 2  

23. K/3pf-Maier P, K6pf H (1988) Transition and main-group metal 
cyclopentadienyl complexes: preclinical studies on a series of anti- 
tumor agents of different structural type. Struct Bond 70:103 - 185 

24. K6pf-Maier P, Hesse B, K6pf H (1980) Tamorhemmung durch 
Metallocene: Wirkung yon Titanocen-, Zirconocen- und Hafnocen- 
dichlorid gegentiber Ehflich-Ascites-Tumor der Mans. J Cancer Res 
Clin Onco196:43 -51 

25. K6pf-Maier P, Hesse B, Voigtlander R, K6pf H (1980) Tumor inhi- 
bition by metallocenes: antitumor activity of titanocene dihalides 
(CsHs)2TiX2 (X = F, C1, Br, I, NCS) and their application in buffered 
solutions as a method for suppressing drug-induced side effects. J 
Cancer Res Clin Onco197:31-39 

26. KOpf-Maier P, Ktipf H, Neuse EW (1984) Ferricenium complexes - 
a new type of water-soluble antitumor agents. J Cancer Res Clin 
Oncol 108:336-340 

27. K/3pf-Maier P, Neuse E, Klap6tke T, K6pfH (1989) Ionic titanocene 
complexes: a new type of antitumor agent. Cancer Chemother Phar- 
macol 24: 23-  27 

28. Kumano N, Nakai Y, Ishikawa T, Koinumaru S, Suzuki S, Konno K 
(1978) Effect of carboxyethylgermanium sesquioxide on the methyl- 
cholanthrene4nduced tumorigenesis in mice. Sci Rep Res Inst To 
hoku Univ 25:89-95 

29. Leh FKV, Wolf W (1976) Platinum complexes: a new class of 
antineoplastic agents. J Pharm Sci 65:315-328 

30. Mulinos MG, Amin P (1980) Toxicology and phase I study of a new 
anticancer agent, spirogermanium HC1. Fed Am Soc Exp Biol 
39:747 

31. Murthy MS, Rao LN, Kuo LY, Toney JH, Marks TJ (1988) Anti- 
tumor and toxicologic properties of the organometallic anticancer 
agent vauadocene dichlo15de. Inorg Chim Acta 152:1 t7 - 124 

32. Nicolini M (1988) Platinum and other metal coordination com- 
pounds in cancer chemotherapy. Nijhoff, Boston 

33. Rosenberg B (I 985) Fundamental studies with cisplatin. Cancer 55: 
2303-2316 

34. Rosenberg B, VanCamp L, Trosko E, Mansour VH (1969) Platinum 
compounds: a new class of potent antitumor agents. Nature 222: 
385 - 386 


