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We have p r e v i o u s l y  s t u d i e d  the m e t a t h e s i s  of a lkeny l  d e r i v a t i v e s  of s i l i c o n  [1-3].  In the  c a s e  of  the  a l -  
kenyl  d e r i v a t i v e s  of  g e r m a n i u m ,  Nefedov e t a l .  [4] have r e p o r t e d  the  p o l y m e r i z a t i o n  of  1 , 1 - d i m e t h y l - l - g e r -  
m a c y c l o p e n t - 3 - e n e  a c h i e v e d  by m e t a t h e s i s  on  a (CO)sW:C(OMe)Ph-T iC14  s y s t e m .  In the  p r e s e n t  w o r k ,  we 
s t u d i e d  the  m e t a t h e s i s  o i  a lkeny l  d e r i v a t i v e s  of g e r m a n i u m .  

Dimethyldiallylgermane (I) and trimethylallylgermane (If) were used as the substrates. Ethylene libera- 
tion occurred upon the contact of (I) with a heterogeneous Re2OT/AI203-SnBu4 system in n-heptane (the (I):hep- 
tane ratio was va~ie.'i from 1:4 to 1:50) at 45 ~ which corresponded to a conversion of (1) from 20% to 50% (the 
total conversion of (I) varied from 25% to 65%). As in the case of dimethyldiallylsi]ane [2], the reaction pro- 
ceeds by both possible pathways with the formation of i, l-dimethyl-l-germacyclopent-3-ene (Ill) by an intra- 

molecular mechanism and of 4,4, 9, 9~tetramethyl-4, 9-digerma-I, 6,1 l-dodecatriene {IV) by an intermolecular 

m e c h a n i s m .  
CH~--CH=CH~ 

/ 
(CH3)~Ge 

(1) \ 
CH~--CH=CH~ 

CH3 
l 

Re~OT/AhOs--SnBu~ 
--CH2~CHz ~ -~ 

Ge 
(CH3h 
(m) 

CH3 
l 

-~CH2=CH--CH~--Ge--CH~--CH~CH--CH2--Ge--CH,~--C H~ CH~ 
I I 

CH3 (IV) CH3 

The s t r u c t u r e  of (III) was  c o n f i r m e d  c h r o m a t o g r a p h i c a l l y  and by c o m p a r i s o n  of i t s  m a s s  s p e c t r u m  ob ta ined  
in the  c h r o m a t o - m a s s  s p e c t r a l  a n a l y s i s  of the  r e a c t i o n  m i x t u r e  wi th  tha t  of  an  au then t i c  s a m p l e  of(III) p r e p a r e d  
a c c o r d i n g  to M i r o n o v  and G a r  [5]. The s t r u c t u r e  of  (IV) was  e s t a b l i s h e d  by  the  ana logy  of  the  m a s s  s p e c t r u m  
of  (IV) and tha t  of the  p r e v i o u s l y  s t u d i e d  s i l i c o n  ana log  [2]. In both  c a s e s  wi th  the  a b s e n c e  of a m o l e c u l a r  ion 
p e a k ,  the  peak  wi th  h ighes t  m a s s  c o r r e s p o n d e d  to [1V[ - C3H5] + whi le  the  m a j o r  p e a k  c o r r e s p o n d e d  to the  [~11 - 
EMe2] + (E = Si and Ge).  The o t h e r  ions  p r e s e n t  a l so  c o r r e s p o n d  to ana logous  s t r u c t u r a l  f r a g m e n t s .  The y i e l d  
of  g e r m a c y c l o p e n t e n e  (III) was 5-7% in the  c a s e  of a 1:10 ( I ) / hep t ane  r a t i o  and 9-10% in the  c a s e  of  a 1:50 ( I ) /  
hep tane  r a t i o .  The y i e l d  of the  l i n e a r  m e t a t h e s i s  p r o d u c t  (IV) v a r i e d  f r o m  10 to 25%. 

In the  m e t a t h e s i s  of (II) wi th  ( I1) /heptane  r a t i o  f r o m  1:1 to 1:10 and 45~ c on t a c t  t e m p e r a t u r e ,  the  Con- 
v e r s i o n  r e l a t i v e  to e t h y l e n e  was  35-45% and the t o t a l  c o n v e r s i o n  was  40-55%. The m e t a t h e s i s  p roduc t  in th i s  
c a s e  i s  2 , 2 , 7 , 7 - t e t r a m e t h y l - 2 , 7 - d i g e r m a - 4 - o e t e n e  (V) 
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P r o d u c t  (V) was  i s o l a t e d  by f r a c t i o n a l  d i s t i l l a t i o n  in y i e l d s  of about 30% and was  c h a r a c t e r i z e d .  The p h y s i c a l  
c o n s t a n t s  of  t h i s  p r o d u c t  a r e  s i m i l a r  to l i t e r a t u r e  v a l u e s  [6] and i t s  m a s s  s p e c t r u m  was  i d e n t i c a l  to tha t  of an 
au then t i c  s a m p l e  p r e p a r e d  a c c o r d i n g  to Gar  et  a l .  [6]. 

We shou ld  note tha t  t h e r e  i s  s o m e  d i s c r e p a n c y  be tween  the  c o n v e r s i o n  r e l a t i v e  to e t h y l e n e  l i b e r a t e d  and 

the  t o t a l  c o n v e r s i o n  { re la t ive  to u n r e a c t e d  s t a r t i n g  m a t e r i a l )  in the  m e t a t h e s i s  of  (II) (as in the  c a s e  of  (I)). This  
b e h a v i o r  i s  l i k e l y  a c o n s e q u e n c e  of c o n d e n s a t i o n  at  the  a l l y l  g roups  wi thout  the  l i b e r a t i o n  of  e t h y l e n e .  The c h r o -  
m a t o - m a s s  s p e c t r a l  a n a l y s i s  of the  r e a c t i o n  m i x t u r e  showed the  p r e s e n c e  of d i m e r  (II),  whose  m a s s  s p e c t r u n i  
con t a in s  a m o l e c u l a r  ion wi th  m / z  312 and a peak  c o r r e s p o n d i n g  to [M - CH3] +. 
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Thus,  despite  the well-known labil i ty of the G e - A l l  bond re la t ive  to the S i - A l l  bond in var ious  reac t ions  
(for example ,  the Ge - A l l  bond is c leaved by hydrogen halides even at -80~ [6]), i ts p r e sence  in mono-  and 
d ia lkeny lgermanes  does not hinder the i r  me ta thes i s  by the action of the Re2OT/A1203-SnBu 4 sys t em.  

In conclusion,  we note that the pur i ty  of the subs t r a t e s  used plays an e x t r e m e l y  impor tant  role  in the 
success  of the me ta thes i s  reac t ion  of alkenyl der iva t ives  of group IVB e lement s .  

E X P E R I M E  NTA L 

The c h r o m a t o - m a s s  spec t ra l  analysis  was c a r r i e d  out on an LKB-2091 ins t rument  using an SE-30 co l -  
umn �9 

The sample  of d imethyld ia l ly lgermane  (I) obtained by the methylat ion of d ia l ly lgermane  had bp 145.5-  
146~ d42~ 1o 035, and n~ ~ 1.4641 [7]. This sample  was purif ied by ch romatography  on an alumina column. 
The sample  of t r i rne thyla l ly lgermane  (II) synthes ized according to Pe t rov  et al .  [7] had bp 100 ~ d42~ 0. 9935, 
n~  1.4330 and was fur ther  purif ied by ch romatography  on an alumina column. 

Metathes is  of Dimethyld ia l ly lgermane  (I). The ca ta lys t  was p r epa red  by our previous  method.  The 
me ta thes i s  was c a r r i e d  out for  a solution of 5.25 g (0.03 mole) (I) in 45 rnl heptane in the p r e sence  of 3 g 
Re2OT/Al203-SnBu 4. The ca ta lysa te  was f i l te red  and dis t i l led.  C h r o m a t o - m a s s  spec t roscopy  showed that 
the ca ta lysa te  contained 6% (HI) and 2770 (IV). A t a r r y  product  was obtained in about 3070 yield in the res idue .  
Mass spectrum_ of (HI), m / z  (%): 154" ([M] +, 50) 
(16.5),  70 (7), 69 (3.5),  57 (21), 56 (9.5),  55 (9) 
t r u m o f  (IV), m/z(%):  295 ([M-C3HsI +, 47), 267 
([AI1GeMe2] +, 100), 139 (17), 115 ([GeMe3] +, 65) 

, 139 ([M-CH3] +, 48), 100([M-C4H~] +, 91), 85(100),  71 
, 44 (18), 43 (19), 42 (12), 41 (22 .5 ) ,  40 (41.5). Mass  spec-  
(24.5), 257 (81), 241 (36), 217 (10.5),  201 (16), 153 (13), 141 

, 101 (44.5), 100 ([GeMe2] +, 15.5),  85 (53)~ 

2 , 2 , 7 , 7 - T e t r a m e t h y l - 2 , 7 - d i g e r m a - 4 - o c t e n e  (V). By analogy, the meta thes i s  was c a r r i e d  for  a solution 
of 6.3 g (0.04 mole) (II) in 60 ml heptane in the p re sence  of 5 g Re2OT/A1203-SnBu 4. A sample  of (V) with bp 
80~ (9 ram) ,  d42~ 1.12,  and n~  1.4715 was obtained af ter  f i l t ra t ion of the ca ta lysa te  and remova l  of the solvent 
by vacuum dist i l lat ion of the res idue .  A yield of about 15% condensation products  was obtained in the final r e -  
sidue.  Mass  spec t rum  of (V), m/z(%): 284 ([IV[] +, 8.5) ,  231 ([M-C4Hs] +, 1), 230 ([M-CtH~] +, 1), 215 (1.5),  
169 (2.5),  154 (17), 139 (6), 115 [GeMe3] +, 100), 100 ([GeMe2] +, 14), 85 (15.5),  71 (2.3),  70 (1.5).  

The authors exp re s s  the i r  grat i tude to T. K. Gar for  providing authentic samples  of 1 , 1 -d ime th y l -1 -  
g e r m a e y c l o p e n t - 3 - e n e  and 2 , 2 , 7 , 7 - t e t r a m e t h y 1 - 2 , 7 - d i g e r m a - 4 - o e t e n e .  

CONCLUSIONS 

Feasibility was demonstrated for the metathesis of dimethyldiallylgermane on a rhenium oxide/alumina 
catalyst with the formation of dimethylgermacyclopentene and a linear product, 4,4, 9, 9-tetr amethyl-4,9-di- 
germa-l, 6, ll-dodecatriene. The metathesis of trimethylallylgermane leads to the quantitative preparation 
of 2,2,7,7-tetramethyl-2,7-digerma-4-octene. 
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* In all cases, the mass spectral data are given for monoisotopie spectra for the 7~ isotope. 
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