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Abs t rac t  - The synthesis, s t ruc tu re ,  and proper t ies  o f  masked- 

carboxyethylgermanium sesquioxide (Ge-132) and r e l a t e d  compounds w i t h  one 

t r ie thano lamine component were invest iga ted.  The hyd ro l ys i s  of these compounds 

afforded t r ie thano lamine and trihydroxygermylpropanoic ac id  d e r i v a t i v e s  

which are impor tant  f o r  t h e i r  b i o l o g i c a l  a c t i v i t y .  

1  The g rea t  and ever- increasing i n t e r e s t  i n  me ta l l a t rane  compounds stems n o t  on l y  from t h e i r  

unique cage s t ruc tu res  and phys ica l  and chemical p roper t ies  b u t  as we l l  from the s p e c i f i c  

b i o l o g i c a l  a c t i v i t y  of a  number o f  them. It i s  o f  p a r t i c u l a r  i n t e r e s t  t h a t  Lukev i t s  e t  a12 

r e c e n t l y  repor ted carbamoylethylgermatrane (2 : R,=R~=R~=H, X = N H ~ )  t o  have psychotropic and 

ant i tumor  a c t i v i t i e s .  We prev ious ly  observed t h a t  carboxyethylgermanium sesquioxide (Ge-132) 

(2 : Rl=R2=R3=H, X=OH) and r e l a t e d  compounds having unique s t ruc tu res  showed ant i tumor  

3  4 a c t i v i t y  and were capable of inducing of i n t e r f e r o n  . 
The present paper discusses a  simple synthesis,  t h e  structure,  and r e a c t i v i t y  o f  

germatranes subs t i t u ted  w i t h  carboxyethyl groups. A comparison i s  made w i t h  Ge-132 r e l a t e d  

compounds w i t h  respect  t o  phys ica l  and chemical p roper t ies  and b i o a c t i v i t y .  
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We previously reported a simple synthesis of 1-substituted germatranes via methanolysis of 

trichlorogermyl adducts l b y  sodium methoxide followed by refluxing with triethanolamine, and 

direct reaction of ; with triethanolamine in the presence of sodium hydride5. However, we 

were unable to obtain the desired compounds (Qa : R1=R2=R3=H, X-OH) by such a method of synthesis. 

Thus, the reaction of the carboxyethylgermanium sesquioxide La, prepared by hydrolysis of the 

corresponding trichlorogermyl adduct la, with triethanolamine, was investigated. On refluxing 
in benzene with triethanolamine, carboxyethylgermanium sesquioxide 2 did not afford the 
desired product, carboxyethylgermatrane 5, but the known spiro compound having a lactone ring 
system, 9-(2'-hydroxyethyl)-1,6,1Z-trioxa-9-ara-5-germaspiro[4,7]dodecan-2-one (2 : R1=R2=R3=H) 6 
was obtained in an 80% yield 
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The s t ruc tu re  o f  2 and the presence o f  t h e  N+Ge in te rac t i on  were p rev ious l y  es tab l ished by t h e  

6 1 X-ray c r y s t a l l o g r a p h i c  ana lys is  of Mironov e t  a1 . However, t h e  90 MHz H NHR spectrum o f  2 showed 

1 many complex s i gna l s  i n  a l i q u i d  s ta te .  The 400 MHz H and 400 MHz I 3 c  NMR spectroscopic data 

confirmed the occurrence o f  the 1:1 tautomeric transformation of germocine 2 and germatrane 3 i n  

a 2 so lu t i ons  i n  DMSO-d6 and DMF-d6 (F ig .  I., Fig. 2 . .  Table I ) .  More recent ly ,  Mironov e t  a1 7 

a lso  repor ted t h i s  unusual tautomeric rearrangement germocinetgennatrane us ing 5a- and i t s  analogous 

s p i r o c y c l i c  germocines w i t h  a lac tone r i n g  from h i s  100 MHz NMR spectroscopic data. 

A s i m i l a r  procedure was conducted t o  ob ta in  Z-f from sesquioxides 2-1 i n  good y i e l d s .  

A.0 >.a 2.0 L m  .," 
Fig .  1. 400 MHz IH-NMR Spectrum of the germocine 5a i n  DMSO-d6 s o l u t i o n  

F ig .  2. 1 3 ~ - ~ ~ ~  Spectrum o f  the  germocine 5a i n  DMSO-dg s o l u t i o n  



Tab le  I. Chemical s h i f t s  and coup l ing  constants of  3 i n  OMSO-d6 

proton 
chemical s h i f t  ( Sppm) 

Tab le  11. The compounds?, 9 - ( 2  -hydroxyethyl)-l,6,12-trioxa-9-aza- 

5 R1 R2 R3 Y i e l d  MP 1 ~ ( c m - ' )  Mo lecu la r  formulaa MS 

i%l i 0 C )  C-0, N -+ Ge GeO mlz 

a Elemental analyses o f  these  compounds were w i t h i n  acceptab le  l i m i t s .  

b Wf6 

c Ref 7 
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The results of the preparation of L a r e  sumnarized in Table 11. It should be noted that the IR 

spectra of 5 generally showed an absorption band corresponding to the carbonyl group of germa-y- 
1 I lactone at an unusuall~ lower frequency (1630cm- -1680cm' ), compared to that of the y-lactone. 

On the hydrolysis of gemocines 2-f and the amide 49, 3 - L w e r e  generally rapidly hydrolyzed to 

8 afford ion pairs of triethanolamine and tr ihydroxygermylpropanoic acid derivatives . On the other 

hand, 49 was slowly hydrolyzed to give triethanolamine and trihydroxygermylpropanamide 8g8. .., - 
Differences in relative rates of hydrolysis of germocine 5- and the amide 49 may be explained by the - 
process in Scheme 2. Under such conditions that the equilibrium between the germocine 5 and germa- 

w 

trane 4 can be expected like in water as in DMSO, ?may possibly be led to the zwitterionic inter- -, 
mediates 6 and 1 by proton transfer. These intermediates are easily attacked by water to produce -, 
ion pairs. In the case of amide 49, the transannular N+Ge bond may be stable without such 

w 

protonation on N, and therefore, an attack of water on the electronegative germanium atom is slower. 

An equilibrium between Ge-132 3_a and tr ihydroxygermylpropanoic acid in water was also observed 
9 by ESR and 136 NMR spectroscopic data . It thus appeared that Ge-132, the germocine 2-f, and the 

germatrane (2-f and 9) may also afford similar key intermediates, tr ihydroxygermylpropanoic acid 

derivatives 8, in vivo. These intermediates seem to be important for their outset of biological ..,- 
activity. 
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