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Abstract - The synthesis, structure, and properties of bio- 
active germanium sesquisulfides (6) were investigated. Compound 
(6) prepared from the substitution reaction of trichlorogermyl 

adducts (2) with hydrogen sulfide seems to have the thiogerma- - 
adamantane structure from mass spectral data. It was found to 

have the unique bioactivities, such as those of an antitumor and 

antioxidant, and inhibitory activity towards enkephalin hydro- 

genase. 

For many years, silicon has been considered biologically inactive. However, the 

development in the field of organosilicon compounds has shown it to be an essential 

element to metabolism. This has spurred a considerable interest in recent years to 

the synthetic chemistry of bioactive silicon compounds having unique structures and 

termed silapharmacal. Only a few reports2 have appeared on the synthesis of bio- 

active organic germanium compounds with chemical and physical properties similar to 

those of silicon. We recently observed that carboxyethylgemanium sesquioxide3 (4: 

R1=R2=R3=H, X=OH) (Ge-132) and related compounds formed via (3) from the hydrolysis .-" 
of 8-trichlorogermylpropionic acid and germyl adducts ( z ) ~  obtained from the react- - 
ion of readily available o,B-unsaturated carboxylic acids (1) with trichlorogermane, - 
have unique chemical structures, antitumor activity5, and the major function of an 

6 inducer of interferon . 
This report presents a general method for the synthesis of novel functionalized 

germanium sesquisulfides (6) by replacement of trichloro moiety on germyl adducts - 



(2) with hydrogen sulfide instead of water, for a comparison of Ge-132 related 
compounds (4) in regard to their chemical properties and biological activity. The 
synthetic process is shown in Scheme 1. Gemyl adducts (2) were prepared regio- 
selectively from the reaction of trichlorogermane with a.8-unsatureted compounds 

(1) in high yields4. The reaction of (2) with hydrogen sulfide in the presence of 
w 

pyridine gave the unstable trimercaptogermyl products (5) which immediately under- 
went self-dehydrosulfidation to yield germanium sesquisulfides (6) in good yields. - 
The structures of (6) were confirmed by spectral (ir, nmr tlH and 13c)) and ana- 

e 

lytical data. The results of the preparation of (6) are summarized in Table I. - 
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Elemental analyses of these compounds were within acceptable limits. 

It should be noted that (z) obtained here were found to be tetramer from mass 
spectroscopic data. Their mass spectra generally showed parent-ion peaks along with 

relative strong peaks corresponding to fragments produced by the loss of one bridge 

head suhstituent. This characteristic phenomena in the mass spectrum have been also 

exhibited in substituted adamantane hydrocarbons and silicon analogs7. The 'H and 



13c m r  spectra showed the typical symmetrical signals of the expected intensity. 

The ir spectrum was relatively simple. The germanium sesquisulfide is thus con- 

sidered to be a bridgehead compound with highly symmetrical and stable adamantane 

structure (11) containing four germanium and six sulfur atoms in a molecule, since 

8enno8 confirmed the structure for tetra(methy1germanium)hexasulfide from x-ray 

crystallographic analysis. It should be noted that the structure of I differs 

from that3 of (41 which was obtained from hydrolysis of the same germyl adducts 
v 

(2) and was found by X-ray crystallographic analysis to be polymer (I1 with a - 
twelve-size ring. When refluxed in aquous ethanol, (6) was converted to (4) in a 
quantitative yield. We also observed that the germanium sesquisulfides generally 

exhibit the following unique bioactivity. a) more efficacious antitumor activity 

in mice at a dose lower than Ge-132 and related sesquioxides. b) stronger action 

9 as a pain reliever (inhibitory toward dipeptidyl carboxypeptidase and dipeptidyl 

aminopeptidase of enkephalin hydroqenase) than Ge-132 and related sesquioxides. 

c) antioxidant activity (the antioxidant activity of ( 1  is almost the same with 

that of vitamine El. 

A study on the relationship between structure and the biological activity of the 

newly prepared germanium sesquisulfides is now being carried out and the results 

will appear in a future publication. 
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