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Summary. The antitumor activity of the four metal- 
locene compounds decaphenylstannocene [~/5_ 
(C6Hs)sCs]2Sn(II), decabenzylstannocene [r/5- 
(C6HsCHz)sCs]zSn(II), decaphenylgermanocene [q5 
(C6Hs)sCs]2Ge(II), and decabenzylgermanocene [r/5- 
(C6HsCH2)sCs]2Ge(II), containing the main group 
IV elements tin or germanium as the central metal 
atom and two pentasubstituted cyclopentadienyl ring 
ligands in sandwich arrangement, were tested against 
Ehrlich ascites tumor in female CF1 mice. The com- 
plexes caused cure rates 0f40% to 90% of the animals 
treated over rather broad dose ranges. With both ger- 
manocene complexes, no strong dose-activity relation- 
ship was manifest. The toxicity of all four metal- 
locenes was low, the LDlo values of both stannocenes 
being 460 and 500 mg/kg, and those of both germa- 
nocenes higher than 700 mg/kg. Regarding the iso- 
lated pentasubstituted cyclopentadiene ligands 
(C6Hs)sCsH and (C6HsCH2)sCsH, these also ex- 
hibited antitumor activity which was less pronounced 
than that of the metal-containing sandwich com- 
plexes. Decasubstituted stannocene and germanocene 
compounds represent a new type of non-platinum 
group metal antitumor agents structurally differing 
from known inorganic and organometallic cyto- 
statics. 

Introduction 

Experimental studies during past decade have indi- 
cated antitumor activity for a variety of non-platinum 
group metal complexes (K6pf-Maier and K6pf 
1987 a). Organometallic compounds comprising early 
transition metals such as titanium or vanadium (K6pf 
and K6pf-Maier 1979; K6pf-Maier and K6pf 1979; 
Keller et al. 1982) as well as iron, copper, and gold 
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complexes (Ktpf-Maier et al. 1984; Elo and Lumme 
1985; Mirabelli et al. 1985; Berners-Price et al. 1986), 
and organometallic compounds containing the main 
group elements tin and germanium (Crowe et al. 1980; 
Mulinos and Amin 1980; Kumano et al. 1978) were 
found to exhibit antiproliferative activity against vari- 
ous experimental, and in some cases, human tumors. 
Whereas the antitumor activity of the diorganotin 
complexes R2SnX2L2 and related compounds is ob- 
viously limited to the experimental leukemia system 
P388 (Crowe et al. 1984), the germanium compounds 
germanium sesquioxide and spirogermanium are able 
to inhibit the growth of diverse fluid and solid tumors 
(Mulinos and Amin 1980; Kumano et al. 1978). In 
early clinical studies performed since 1979, spiroger- 
manium has moreover shown some activity against 
advanced ovarian carcinomas and lymphocytic lym- 
phoma (Weiss et al. 1984). 

In the present study, new types of organometallic 
complexes of tin and germanium were investigated for 
antitumor properties against Ehrlich ascites tumor. 
The compounds tested were typical metallocene com- 
plexes in sandwich arrangement being composed by 
two substituted cyclopentadienyl rings and an inter- 
posed tin or germanium atom. 

Materials and methods 

Substances 

The metallocenes decaphenylstannocene [~/5-(CtHs)sCs]2Sn(lI ), de- 
cabenzylstannocene [~/5-(CtHsCH2)sCs]2Sn(II), decaphenylgerma- 
nocene [r/5-(CtHs)sCs]zGe(II), and decabenzylgermanocene [~/5- 
(CtHsCH~)sCs]2Ge(II) were synthesized as described recently (Heeg 
et al. 1984; Schumann et al. 1985, 1986). They were the first air- 
stable, monomenc metallocene compounds containing germani- 
um(II) or tin(I/) as central metal atoms. As organic ligands they in- 
cluded two pentasubstituted cyclopentadienyl rings in sandwich ar- 
rangement, the ring planes being either arranged in a parallel posi- 
tion in the decaphenylmetallocenes (Fig. 1) or forming an angle of 
31~ ~ in the decabenzyl-substituted derivatives (Fig.2). The 
compounds were characterized by infrared, Raman, nuclear 
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Fig. 1. Molecular structure of decaphenylmetallocenes (M = Sn, 
Ge) 

an ascitic tumor in the peritoneal cavity of mice. Details of the ex- 
perimental procedure have been described previously (K6pf-Maier 
et al. 1980,1984). The compounds dissolved or suspended in the mix- 
ture of Tween and saline were administered as single injections 24 h 
after tumor transplantation. Every dose group consisted of 10 ani- 
mals. Another 60 animals (6 groups of 10 mice) served as untreated, 
tumor-bearing control animals. They received 0.5 ml of the Tween- 
saline mixture 1/9, v/v) without drug additon. 

The number of deaths was registered daily. Deaths within 7 days 
after substance administration were related to substance toxicity, 
those occurring later defined as tumor deaths. All animals dying later 
than day 8 after tumor transplantation showed macroscopic signs of 
tumor disease. On day 90 after tumor transplantation, the survival 
rate was determined, and animals with no recognizable signs of tu- 
mor development were considered as cured. 

Fig.2. Molecular structure of decabenzylmetallocenes (M = Sn, 
Ge) 

magnetic resonance, mass spectroscopy, and X-ray structural analy- 
sis. No impurities were detected by these methods, and elemental 
analyses (C, H, Sn, or Ge) revealed deviations < 0.5% of the calcu- 
lated values. For comparison purposes, the isolated hydrocarbon li- 
gands pentaphenylcyclopentadiene (C6H~)sCsH and pentabenzyl- 
cyclopentadiene (C6HsCHJsCsH were also synthesized and tested 
for tumor-inhibiting properties. 

For antitumor testing, the decaphenylmetallocenes 
[(C6Hs)sCs]2M with M = Sn or Ge were administered in doses from 
20 to 600 mg/kg, rising by increments of 20 mg/kg, and the decaben- 
zylmetallocenes [(C6HsCH2)sCsI2M with M = Sn or Ge in doses 
ranging from 20 to 700 mg/kg. The pentasubstituted cyclopenta- 
diene ligauds were given in doses of 20 to 500 mg/kg with increments 
of 20 mg/kg. As the compounds were soluble in water to a limited ex- 
tent only, they were dissolved in Tween 80 (Serva, Heidelberg) and 
then suspended in saline, the volume ratio Tween:saline always 
amounting to 1:9. The substance concentrations were so selected 
that each mouse received a total volume of 0.44).5 ml (0.02 ml/g 
body weight). 

Animals 

Female CF1 mice (Winkelmann, Paderborn) weighing 20-25 g were 
kept under standard conditions. They received food (Altomin) and 
tap water ad libitum. 

Antitumor bioassay 

The antitumor properties of the four metallocenes and both hydro- 
carbon ligands were tested against Ehrlich ascites tumor growing as 

Results 

All control animals died due to tumor development 
between day 17 and 23 after tumor transplantation, 
the mean value of survival time amounting to 
20.2 + 2.1 days. 

Treatment with stannocenes 

Both stannocenes tested in the present study were 
characterized by antiproliferative activity against 
Ehrlich ascites tumor, and animals survived when 
doses higher than 100 mg/kg were used (Figs. 3 and 4). 
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Fig. 3. Dose-activity (left graph) and dose-lethality (right graph) rela- 
tionships of decaphenylstannocene. ~ Tumor deaths; ~ deaths 
due to substance toxicity; ~ surviving, cured animals 
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Fig.4. Dose-activity and dose-lethality relationships of decabenzyl- 
stannocene. For further explanations see legend to Fig. 3 
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In the dose ranges of 140-160 mg/kg (decaphenylstan- 
nocene) or 220-500 mg/kg (decabenzylstannocene) 
40 %-90% of the animals treated were cured of tumor, 
whereby decaphenylstannocene was obviously more 
effective inducing a higher mean cure rate of 68 % and 
an optimum cure rate of 90% in comparison to 55% 
and 80%, respectively, for decabenzylstannocene. As 
lethal dose (LD)l o values, doses of 460 and 500 mg/kg 
were found in the case of decaphenylstannocene and 
decabenzylstannocene. The LD~o and LDtoo values 
of both compounds were greater than 600 mg/kg. 

Treatment with germanocenes 

Both metallocenes containing germanium as the cen- 
tral metal atom effected cure rates of 40%-90% over 
a broad dose range of more than 400 mg/kg (Figs. 5 
and 6). There were pronounced variations between the 
cure rates of neighboring dose levels resulting in agi- 
tated courses of  the graphs representing the dose-ac- 
tivity relationships of decaphenylgermanocene and 
decabenzylgermanocene (Figs. 5 and 6). The mean 
cure rate of both germanocenes was 60% in the dose 
ranges 280-700 and 300-700 mg/kg. Toxic deaths did 
not occur within the experimental dose ranges up to 
700 mg/kg. Nevertheless, higher doses were not used 
because it was very difficult to dissolve or suspend 
them sufficiently in the injection volume of 0.5 ml. 
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Fig. 5. Dose-activity relationship of decaphenylgermanocene. For 
further explanations see legend to Fig. 3 
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Fig. 6. Dose-activity relationship of decabenzylgermanocene. For 
further explanations see legend to Fig. 3 
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Fig. 7. Dose-activity and dose-lethality relationships ofpentaphenyl- 
cyclopentadiene. For further explanations see legend to Fig. 3 
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Fig. 8. Dose-activity and dose-lethality relationships of pentabenzyl- 
cyclopentadiene. For further explanations see legend to Fig. 3. 

Treatment with pentasubstituted eyclopentadienes 

The isolated hydrocarbon ligands pentaphenylcyclo- 
pentadiene and pentabenzylcyclopentadiene also 
showed antitumor activity against Ehrlich ascites tu- 
mor (Figs. 7 and 8), whereby maximum cure rates of  
60 and 80% were induced. In comparison to the 
metal-containing complexes, the ranges of doses in- 
ducing cure rates exceeding 40% were comparably 
narrow and extended from 300 to 380 mg/kg in the 
case of pentaphenylcyclopentadiene and 180 to 
340 mg/kg for pentabenzylcyclopentadiene. Within 
these dose ranges, the mean cure rates were 50% and 
55%. Toxic deaths were caused by both compounds 
used at doses higher than 380 or 340 mg/kg, respec- 
tively, the LDso and LDtoo values of pentabenzyl- 
cyclopentadiene being 390 and 440 mg/kg. 

Discussion 

The stannocene and germanocene complexes investi- 
gated in the present study are the first main group 
metallocenes for which antitumor activity was shown. 
They represent a new type of non-platinum group 
metal antitumor agent, the main exponents of which 
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Fig. 9. Examples of non-platinum group metal antitumor agents and the position of their central metal atoms in the Periodic Table of Elements. 
(A) bis[tl~-cyclopentadienyl)metal(IV) diacido complexes; (B) bis(tlS-cyclopentadienyl)iron(III) complex salts; (C) trans-bis(salicylaldoxima- 
to)copper(II); (D) bis[l,2-bis(diphenylphosphino)ethane]gold(I) chloride; (E) diorganodihalotin(IV) complexes with donor molecules (R = 
alkyl or phenyl; L = unidentate ligand, e.g., pyridine; or Lz = bidentate chelating ligand, e.g., 2,2'-bipyridyl or o-phenanthroline); (F) bis(car- 
boxyethylgel~anium) trioxide (germanium sesquioxide), (G) gallium(III) nitrate 

known to date are summarized in Fig. 9. Stannocene 
and germanocene complexes contain the main group 
IV elements tin and germanium in oxidation state + 2 
and by this, differ from the octahedrally arranged 
diorganotin(IV) complexes R2SnX2L2 (Crowe et al. 
1980) and the germanium(IV) compounds bis[(car- 
boxyethyl)germanium] trioxide (germanium sesquiox- 
ide) (Tsutsui et al. 1981) and 8,8-diethyl-2-[3-(N-di- 
methylamino)propyl]-2-aza-8-germaspiro[4,5]-decane 
(spirogermanium) (Rice et al. 1974). 

Moreover they are different from other cytostat- 
ic agents as cis-diamminedichloroplatinum(II) (cis- 
platin) (Rosenberg 1978; Cleare et al. 1978) or the bis- 
(cyclopentadienyl)metal diacido complexes of early 

transition metals, e.g., titanium and vanadium (K6pf- 
Maier and K6pf 1986), in as much as the metals are 
sterically shielded by the bulky, pentasubstituted 
cyclopentadienyl ligands, so that the lone pair of elec- 
trons at the metal atom becomes chemically inert 
(Heeg et al. 1984; Schumann et al. J986). It is therefore 
not easily conceivable that the central metals of the 
complexes might be the intrinsically active site of the 
molecules which induces biological activity. Actually, 
investigating the pentasubstituted cyclopentadienes 
themselves, they also effect antitumor activity which 
is, however, less pronounced than that of the corre- 
sponding stannocene and germanocene complexes, 
especially when the width of the therapeutic ranges is 

Table 1. Effective and toxic doses of decaphenylmetallocenes, decabenzylmetallocenes, and the penta- 
substituted cyclopentadienes 

ED,m" EDso" 

mg/kg pmol/kg mg/kg 

LDlo b 

gmol/kg mg/kg gmol/kg 

Decaphenylstannocene 160 158.5 220 217.9 460 455.5 

Decaphenylgermanocene 200 207.5 380 394.4 - - 

Pentaphenylcyclopentadiene 160 358.3 - - 400 895.7 

Decabenzylstannocene 160 139.1 380 330.4 500 434.8 

Decabenzylgermanocene 60 54.3 320 278.3 - - 

Pentabenzylcyclopentadiene 100 193.5 340 658.0 360 696.7 

ED, effective dose: EDr and EDso , doses leading to the survival of 40% or 80% of the animals, 
respectively 
b LD~o ' lethal dose causing the death of 10% of the animals treated 
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considered. Regarding the molar concentrations lead- 
ing to equivalent therapeutic and toxic effects 
(Table 1), about 2-fold higher molar doses of the hy- 
drocarbon ligands are generally necessary to cause 
corresponding effects, which would be in accordance 
with the presence of two active cyclopentadienyl ring 
ligands per metallocene molecule. Thus, the pentasub- 
stituted cyclopentadienyl ring ligands may essentially 
contribute to the antitumor activity of the decasubsti- 
tuted stannocene and germanocene complexes tested 
in the present study. 

The decasubstituted stannocene and germanocene 
complexes differ from unsubstituted titanocene and 
vanadocene compounds where the isolated organic li- 
gands cyclopentadiene and dicyclopentadiene cer- 
tainly exhibit local tumor-inhibiting effects, but only 
in 10- to 20-fold higher molar doses than the metal- 
complexed compounds, and moreover lack systemic 
antiproliferative and antiarthritic activities (K6pf- 
Maier and K6pf 1987b; Fairlie et al. 1987) which are 
characteristic for titanocene and vanadocene dichlor- 
ide. 

As the stannocene and germanocene complexes 
described in the present study are only poorly soluble 
in water to a lesser extent than other organometallic 
antitumor agents, their biological administration is 
problematic and limited by this property. Future in- 
vestigations are necessary to see if the water solubility 
of stannocene and germanocene complexes can be im- 
proved by chemical modification of the molecules and 
if, perhaps, the antitumor properties can be intensified 
by this procedure. 
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