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Only a few data are available in tne literature on alkyldigermane 

halides. A compound with the composition BuqGe212 was isolated by 

Jacobs from the reaction of Se12 with Bu2Hg (1) . Vyazankin(*) isolated 

impure Et3GeGeBrEt2 in about 50$ yield by reacting Et3GeGeEt with 
3. 

i-PrBr in the presence of AlCl 
3' 

Our investigations on transalkylaticn reactions between alkyl- 

germanium derivatives (3) according to: 

RqGe + GeC14 cntalgst 
+ R3GeCi + RGeC13 (1) 

have been extended to hexaslkyldigermanes. It appeared that compounds 

of the type R3GeGeC1112 and R2C1GeCeClR2 ,sre readily accessible 

according to: 

R3GeGeR3 + G&l4 - R3GeGeClR2 + FtGeC13 

P.3GeGeR3 + 2 GeC14 -3 R2C1GeGeC1R2 + 2 RGeC13 

* Part V in the series "Investigations on Orgnno#erman5um 

Part IV: ref. 3. 

(2) 

(3) 

compound8” 8 
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As can be seen from Table I pentaalkyldigermane halides can easily be 

prepared in high yields according to (2). The introduction of a second 

chlorine atom according to (3) can only be performed either by prolonged 

reaction timmor by using CeI2 (3) as a catalyst. 

TABLE I 

Reaction of Et3GeGeEt3 with GeC14 at 200°C 

Molar ratio Total Composition ($) of Reaction Loss of 

GeC14:Et3GeGeEt3 reoovery of the digermane fraotionb time, digermane 

digermanesa Et3GeGeC1Et2 Et2ClGeGeClEt2 bra. by decorap: 

(moles) 

l,OJe O,Bl -IO0 trace 6 trace 

1 ,OOf o,a0 100 0 6 - 

l,9je 0,02 20 80 6 traoe 

2,9ze 0,77 14 86 6 trace 

3,9Be 0,73 4 96 6 + 

1,99d,e 0,76 0 100 6 + 

l,SSe 0,78 0 100 24 + 

* The reaction mixtures were separated by distillation in a monogermane 

and a [Ligermane fraction. Only the latter was analyzed; 
b 

Determined by 

gaschromatography and chlorine analysesj Et3GeGeEt3 was completely 

converted; ' Mainly Et2GeC12; 
d 

Catalyzed by Ge12 (3), e Sealed tube5 

f 
Expts. at atmospheric pressure (4). 

The dichlorodigermanes isolated have a symmetric structure as 

appears from the halogen cleavsge reaction (4), a dialkylgermanium 

dihal:de being the sole reaction product. 

R2C1GeGeC1R2 + X2 4 2 R2GeC1X (4) 
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Reaction between a hexaallcyldigermane and one or two equivalents 

of either CC1 
4 

or Sic1 
4 

results in appreciable decomposition. S&l4 

reacts essentially in the same way as GeGl 
4’ 

but is much more reactive 

than the latter. The reaotion with SnC14 is especially suited for the 

preparation of tetraalkyldigermane halides (see Table 11). 

Both the observation that substitution of a second alkyl group by 

halogen takes place preferably at the germanium atom with the highest 

degree of alkylation and the greater reactivity of SnC14 as compared 

with GeCl 
4 

sxe in agreement with a mechanism involving electrophilic 

attack by chlorine on carbon (of. ref. 3). 

The oomposition of the digermane mixtwes obtained was determined 

by gaschromatography, since a mixture of R3GeGeR3, R3GeGeC1R2 and 

R#1GeGeC1R2 can not be separated by distillation. Therefore, the 

conditions rhioh give rise to the formation of either R GeGeClR2 or 
3 

R2C1GeGeC1R2 as the sole reaction product have been determined. 

Digermane halides differ markedley from t!leir ditin analogs in 

thermal and oxidative stability. Whereas compounds of the tjrpe 

R2ClSnSnClR2 are highly susceptible towards oxydation (>! , the chlorinated 

digermanes are relatively inert. Pentaethylditin chloride is stable at 

-2O'C but decomposes at room temperature wit:? formation of tr;cth;ltin 

chloride(6). On the other hand Et3GeGeC1Et, 
c 
was recovered Llnchsnged 

aft& heating for 6 hrs. at 2OO'C (cnder nitrogen). Under t::e sane 

conditions Et2ClGeGeC1Bt2 was decomposed for about 8 $ ir:to Et2GeC12 

and some polymeric material, possibly according to: 

n Et 
2 
ClGeGeClEt 

2-e_, 
n $t 

2 
;eC1 i + [Et2Gejn (Z) 
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A variety of reactions can be performed with the digermane 

without rupture of t;te metzl -metal bond. Xydrolysis affords the 

(6, 7), the dichlorodi<ermone yielding the cyclic diner. 

. . 
:*‘ 0 

R~G~G,,CIR~ - (~3Ge-GeR2)20 (6) 

3475 

ha1 ides 

oxides 

I! 0 
B2”J GeGeClR2 ~~RgGe-GeR2-G+ (7) 

Red~ctior~ of Z 
3 

GeGeClau 2 with LiAl:! 4 in Et20 &fords Bil3GeCe23u2 

as ?.n ‘air-sensitive : iqJid. Allcylation of Bu3GeGeC1Su2 with blel!gBr 

gives Su3JeGebie%2. 

The physical constants and yields for some new digerrranes are 

swaxzized in TCie IIT. 

TABLE IJI 

I&:; di,-ernanes prepered e 

Compo1:nd z.n.(‘C/nm Fig) 20 
% yield ($) 

Tt GeGeClE’ 3 "2 12L -127/l 6 1,5092 00 

Et2CiCeGeC:Zt. ‘ 130-132/16 I,5197 86 

Pr3CeGeC1Pr2 IlO-112/ @,4 1,:007 60 

3~. CeGe2l)u 3 2 130-132/ 0,ot I,4932 a7 

a; 2 C! 3eGeC?Z 2 133-138/ 0,16 I,5027 86 

(St3Cemt,,, L’CO 1;2-lO;/ 0,3 I,5185 70 

J3u2Ce-Ge3_,-"- L vd 130-132/ 5.10-5 I,4993 80 

3u3GeGeX3x L 11;-116/ 0,09 1,485l 50 

3u GeCeiie3u 3 I2 125-l 26/ 0,l I, 4841 04 

z 
Setisfxtoz: rnnl~xs have been obtained for all compounds reported. 
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