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INTRODUCTION 

Our previous studies in the field of organomethoxychlorohydroger- 

manes have demonstrated that these derivatives decompose already at room 

temperature with formation of divalent germanium species (i) (2) (3). 

H ~ elimination ~ 
~Ge / ~ Ge : + MeOH 

C1 f ~OMe C I ~  = C1, alkyl,  phenyl) 

After analysis of the behaviour of these germylenes with respect to 

conjugated dienes (2) (3), organollthium or magnesium compounds (3), we have 

studied several insertion reactions on halogenated organic derivatives which 

allow to synthesize new,-or ~- functionally substituted germanes (4). 

CI 
Z \  

G e  " + C l - ~ - ~ '  _ I I ' ,  C - ketone ,  e s t e r ,  
/ ! / | - -  

CI CI alkene .... group) 

RESULTS 

This paper concerns the insertion of the germylenes ~CIGe: 

(~ = CI,Et) on the tetrahalogenated compounds I~ 4 of group IV5 elements, 

M = C,Si,Ge,Sn. Owing to the intermediates ~-CI2Ge-MCI3, these reactions usu- 

ally lead by exchange to the divalent dihalides MX 2 : 

X 
z I 

(I) \ Ge : + MX 4 ~ ~--~e-MX 3 ~ ZGeX2CI + : MX 2 
/ 

CI CI 

i) Case of germanium : the insertion of ethylchlorogermylene on GeX4, 

at normal temperature, yields a limpid, undistillable liquid which has been 

identified with the digermane EtCIXGeGeX 3 ; alkylation at low temperature 

allows to isolate the stable hexaalkyl digermane : 
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20 ° 
(II) EtCIGe: + GeX 4 - EtCIXGe-GeX 3 

I EtMgBr 
- 30 o 

Et3Ge-C, eEt3(20 %) + (Et2Ge) n + Et4Ge + Et3GeH 

the obtention of Et4Ge and Et3GeH corresponds to the decomposition of the 

digermane by ~-ellmlnation with the formation of the most stable tetrava- 

lent compound ; in presence of the grlgnard reagent, the germylene which 

has been formed leads to polydlethylgermane and Et3GeH (3) 

X 

(III) EtCI(X) - EtCIGeX 2 + :GeX 2 (X = CI,Br,l) 
pentane 

Such a decomposition has already been reported for mono and dlchloro 

digermanes (5)(6) ; it is quantitative after a lon E heating (120 hours) at 

30-40 ° and offers an easy approach to the dihalogermylenes in an excellent 

state of purity. In particular the liquld germanium dichloride, initially 

obtained with traces of MeOH via the decomposition of CI2Ge(H)OMe (4) is 

here prepared without traces of methanol. The elementary analysis (found % 

CI. 48.85 ;calc. 49.41) corresponds to the stoichlumetrlc formula GeCII.95. 

In a sealed tube at 120 ° this germanium dlchlorlde disappears quickly and 

totally in GeCI 4. However we can not isolate from the obtained limpid phase, 

the dlgermane C13Ge-GeCI 3 which has been described in solid for~7~An equilibrium 

between this dlgermane and the initial reagents probably takes place, since tra- 

ces of stable digermane are characterised after alkylatlon. 

EtMgBr 
(IV) Cl2Ue: + GeCI 4 = =~13Ue-GeCl ~ ~ Et3Ue-GeEt 3 + Et4Ge 

- 2 0  ° 
(traces) 

+ Et3GeH + (Et2Ge) n 

The distillation allows for the recovery of GeCI 4 ; the germanium di- 

chloride remains ~ form of a white polymer (GeCI2) n. 

2) Case of carbon : the ethylchlorogermylene has been condensed in a 

sealed tube under thermal effect on carbon tetrachloride. The distillation 

gives (trichloromethyl) ethyldlchlorogermane in a 30 % yield. 

120 ° 
(V) EtCIGe: + CCI 4 , EtCI2GeCCI 3 + Et3GeCI + polymers 

4J 
0 = 1,6632 ; (EtCI2GeCCI 3 : Eb 57-59/0.8 --- ; n20D = 1,5089 ; ~4 

Analysis : found C 12,67 ; H 1,82 ; C1 60,45 ; C3HsCIsGe ;calc.: 

C 12,38 ; H 1,73;C1 60,93 %). 
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The alkylation with grignard reagent of this derivative is accompanied in 

this case also, by an ~ -elimination on the carbon atom, since the tetra- 

alkylated germanium derivative is isolated at the fractlonation : 

EtMgBr 
(VI) EtCI2GeCCI 3 ---Et4Ge (76 % yield) + polymers 

(-20°; ether) 

Like the (trichloromethyl)-silane (C13SICC13(8)) or-stannane 

(Me3SnCCI 3 (9)), the (trichloromethyl)germane is, under thermal effect, a 

precursor of dichlorocarbene which can be condensed on an olefinlc compound. 

With cyclooctene, the 9,9 dichlorobicyclo (6,1,O) nonane is obtained in a 

25 % yield after 14 hours at 200 ° (yield determined by GLC). 

© (Vll) EtCI2GeCCI 3 + ~ EtGeCl 3 + 
Cl 

From 120 ° , in a sealed tube, we observed a sudden and quick dissolu- 

tion of liquid GeCI 2 in the carbon tetrachloride. The limpid colourless 

phase which had been obtained did not permit to isolate the crystallized 

(trichloromethyl) trichlorogermane which has already been described (IO) 

(ii), owing to a probable equilibrium of the type : 

EtMgBr 
(VIII) Cl2Ge: + CC14 ~ "~I3Ge-CCI~L~ , Et4Ge (60% yield) 

(-30 ° ) 

However, the formation of the trihalomethylated derivative is doubtless, 

since GeCI 4 (65 % yield) is obtained by distillation and the tetraethylger- 

mane by alkylation. The dichlorocarbene which is released under thermal ef- 

fect can be trapped in an olefinic medium : 

(IX) CI3Ge-CCI3 + 12h " CI (30% yield) + GeCl 4 

The reaction of ethylchlorogermylene with carbon tetrabromlde is slightly 

exothermic, the formed intermediate derivative EtCIBrGe-CBr 3 releases during 

the distillation the ethylchlorodlbromogermane ; several attempts to conden- 

se CBr 2 under thermal effect on cyclooctene have failed. 

3) Case of silicium : contrary to carbon or germanium tetrahalides 

which readily insert the germanium divalent compounds, silicium tetrachlori- 

de as well as the alkylchlorosilanes R3SiCI have been inert at 160 ° in a 

sealed tube with respect to ethylchlorogermylene. On the other hand, a very 

exothermic reaction takes place with GeCI 2 after mixture of the two reagents 

and stirring~the transitory formation of a germa-silane CI3GeSICI 3 can be 
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postulated ; however, its decomposition proceeds only by ~ -elimination on 

germanium, since only SICI 4 is isolated at the fractionatlon. 

(X) CI2Ge: + SICI 4 normal t ° (exoth.) [CI GeLSICI ]~/-~GeCI- + CI2SI: 

(GeCl2)n + SiCI 4 

The alkylatlon of the mixture merely yields Et4Sl as definite pro- 

duct and polymers (Et2Ge)n. 

4) Case of tin : the behavlour of the ge~ylenes CI2Ge and EtCIGe 

with respect to tin tetrachlorlde instead is totally different. The reac- 

tion, very exothe~ic, is accompanied by decomposition of the intemediately 

formed germa-stannane with precipitation of stannous chloride. 

exoth, l 
(XI) ~Ge: + SnCI 4 ' ~ [~e-SnCl 3 --~[GeCI 3 + :SnCI 2 

CI / [ CI ( ~ = Cl,Et) 

The reactivity of the strlcly anhydrous pulverulent stannous chlo- 

ride thus obtained is very different to that of commercial SnCI 2 dehydrated 

by acetic anhydride. The foyer reacts vigorously with conjugated dienes 

such as dimethylbutadiene which is immediately polymerized without formation 

of stannacyclopentene ; with THF this stannous chloride yields a complex 

SnCI2, THF in a ratio of I/i (F = :I48-152°)(NMR : signals of the THF protons 

at 6(CH20) = 4,42 ppm and 6(CH2) = 2,08 ppm), analogs of those described 

in the literature between SnCI 2 and dloxanne or pyridine (12). 

It is to be mentioned that the anhydrous co~mnercial SnCI 2 does not furnish 

either of these two reactions under the s~e conditions. It is probable that, 

contrary to what happens to the crystallized SnCI 2 which is characterized 

by Sn-CI-Sn-CI bond series (12) where tin is at the degree of coordination 6, 

the SnCI 2 prepared in our exchange reactions is associated in a "slngulet" 

state (carbenoid form) more reactive. Lastly, it is to be mentioned that 

several att~pts to obtain the stannylene BuCISn by exchange between CI2Ge 

and BuSnCI 3 have given way moreover to the formation of precipitate SnCI 2 

beside a liquid phase containing BuSnCI3, GeCI 4 and also BuGeCI 3. The for- 

mation of this latter derivative corresponds to a cleavage Sn~(butyl) which 

is concurrent with the cleavage Sn-CI during the ~ -elimination on the tin 

atom of the intemedlate derivative (CI3Ge-SnCI2Bu) . 

The different insertlon-elimlnation reactions which we have carried 

out between rXGe and ME 4 d~and some r~arks : in all cases, the insertion 

leads to an inte~edlate polyhalogenaled derivative with a Ge-M bond. However, 

in the case of siliclum, the fo~ation of this derivative could not be pro- 
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ved, the ~ -elimination taking place probably on the germanium only accor- 

ding to : ~ G~ "h SiCI~ 

%CI~ 

with an apparent inertness between two reagents such as EtCIGe and SiCl 4 ; 

with GeCI 2 the insertion is exothermic, but it ends with a polymerisation 

of GeCI 2. In the case of carbon, if an ~-ellmlnatlon on the Ge is possible 

and corresponds to the equilibrium (VIII), the disappearance of CCI 2 by 

condensation on an cycloalkene is likely to displace this equilibrium • In 

the case of ~CI2Ge-GeCI 3 and ~Cl2Ge-SnCl 3 ( ~ = Et), only the decomposi- 

tion on the trichlorated group is observed with formation of the most stable 

tetravalent [ MCI 3 derivative. 

It is difficult to establish a general rule to explain those elimina- 

tion reactions, especially the particular behaviour of SiCl 4 in the MX 4 

series with respect to I CIGe. Nevertheless, these different reactions offer 

an interest for the obtention of group IVb divalent compounds and we hope 

to extend them at the preparation of functional carbenes by reaction between 

CIGe and the derivatives of the CI3C-X type (X = functional group). 
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