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Direc t  synthes is  is  extensively used to obtain var ious  a lkylhalosi lanes ,  including the hydrogen-con-  
taining types  RSiHC12 and R2SiHC1 [1], and a number  of lower a lky lha logermanes  [2, p. 212]. However ,  at 
t empt s  to synthesize  hydrogen-containing o rganogermanium compounds by this method have been unsuccess -  
ful. All known methods  for  the synthesis  of o rganohalogermanium hydr ides  have s t a r t ed  f rom organo-  
ge rman ium compounds which a l ready p o s s e s s  the Ge--H bond [2, p. 147]. Stagewise hydrogenation of the 
m o r e  readi ly  avai lable a lky lha logermanes  has  not me t  with success .  

For  the f i r s t  t ime  we have par t ly  rep laced  chlor ine in a lky lch lo rogermanes  by hydrogen by means  of 
organosi l icon hydrides:  CH~SiHC12, (CH3)2SiHC1 , (C2Hs)3SiH , and C6H5SiHC12 [3). 

The proposed  method is  s imple  and is  p e r f o r m e d  by boiling a mix tu re  of the corresponding organo-  
ha loge rmanes  with one of these  organosi l icon hydrides  in the p re sence  of 1-2% A1C13. Using this  p rocedure ,  
by the react ion  

A]CI~ 
I~GeC13 q- RSiHC12---~ RGeHCI~ + I~SiC13 

we obtained methy ld ich lo rogermane  with a 70% yield [3]. However ,  in the p repa ra t ion  of methyld ichioro-  
ge rmane  we noted that in addition to the main  product  CH3GeHC12, apprec iable  amounts (10-20%) of 
(CH3)2GeC12 are  always p re sen t  in the reac t ion  products.  When the reac t ion  mix tu re  is  left to stand above 
A1C13 for  a cons iderable  period,  the (CH~)2GeC12 content i n c r e a s e s  to 70-80%, and the CH3GeHC12 content 
correspondingly  d e c r e a s e s  to 20-3~0. But if AIC13 is  r emoved  f r o m  the reac t ion  mix tu re  as soon as the 
react ion  is completed,  i ts  initial  composi t ion does not subsequently change. Boiling of CH3GeHC12 above 
A1CI~ in absence of CH3SiHC12 leads mainly  to format ion  of CH~GeCI~, and although (CH3)2GeC12 is  fo rmed  
the amounts are  much smal le r .  An invest igat ion of these  reac t ions  by physical  methods (IR, NMR, and 
m a s s  spectra)  enabled us to postulate  two convers ion  schemes  of methyld lchiorogermane:  scheme A (in the 
p re sence  of AICI~) 

AICI~ 
2CH~GeHC12 -----> CH3GeC13 + CH3GeH}CI .. 

AICI~ 
2CH3GeH~C1 --'--> (CH3)~GeCh -b GeH~ 

AICIa 
4CH3GeHCh ----> 2CHaGeCh + (CH@2GeCh + GeHt 

and scheme  B (in the p r e s ence  of A1C1 a and CH~SiHC12. 
AICls ~ 

CI-hGeHCh + CHaSiHCh--'--> CHaGdH~CI + CHaSiCla 
A1CIa 

2CHaGeH~C1 - - - - >  (CHa)2GeC12 ~ GeHa 

AICIa 
2CHaGeHCh + 2CHsSiHCh ----~ (CH3hGeCh + GeI~ + 2CH3SiCh 
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Fig. 1. Amount of 
GeH~ formed during 
the react ion vs the 
A1C13 conter~t (%): 
t) 2; 2) 5; 3) 10. 

TABLE 1. Composition of the Products  of the Reaction of (CH3)2- 
GeC12 with CH~SiHC12 in the P resence  of A1C13 

~ a c -  
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s 

(CH3)zGeCIz, ~/0 (CH3)aGeC], % (CHz)_~OeHCI, % 

A1Cla, % A]CI~, % A1CIa, % 
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71 58 
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46 20 

I0 

57 
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29 
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10 
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t3 2.29 
16 28 
22 36 
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32 
41 
54 
78 
88 

2 5 
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1 14 
t3 i8 
i5 18 
tl t8 

tt 
tt 
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2 

As we see f rom scheme A, in absence of methyldichlorosi lane,  boiling of CH 3- 
GeHC12 with A1C13 leads to its disproportionation with formation of CH3GeC13 and 
CH3GeH2CL Methylchlorogermane in turn apparently very  rapidly (we failed to 
detect it) undergoes disproportionation with formation of (CH3)2GeC12 and GeH 4. 
The amounts of CH3GeC13, (CH3)2GeCI2, and GeH 4 formed agree with the proposed 
scheme. 

If CH3SiHCI 2 is present in the reaction (scheme B), which is the case when 
CH3GeCI 2 reacts with an excess of CH3SiHCI 2 and AICI3, first one chlorine atom 
and then another one are apparently replaced by hydrogen in the CH3GeCI3, after 
which the disproportionation of CH3GeH2CI takes place. In fact, in this case 
CH3GeCI 3 is not formed and GeH 4 is evolved in a much greater amount than in 
absence of CH3SiHCI 2 (see Experimental Method). 

Hence it is clear that depending on the conditions (the amount of AICI 3 and CH3SiHCI2, and tempera- 
ture) the re~ction of CH3GeCI 3 with CH3SiHCI 2 in the presence of AICI 3 may give either CH3GeHCI 2 (70%) 
or (CH3)2GeCI 2 (80%). No CH3GeH2CI is detected, because under these conditions (in the presence ofAICl 3 
and CH3SiHC,12) it is apparently extremely unstable and undergoes disproportionation. 

The compound (CH3)2GeHCI is also unstable in the presence of AICI 3. We failed to direct the reaction 
toward its preferential formation. However, if CH3GeH2CI was not detected, the (CH3)2GeHCI content of 
the reaction products reached 10-20~ Instead of the expected (CH3)2GeHCI we obtained trimethylchloro- 
germane with a 70-80% yield. Formation of (CH3)2GeCI is accompanied by evolution of GeH 4. The reaction 
probably takes place by scheme C: 

AICI~ 
(CH~)~GeCI~ % CH3SiHC12 -~---~ (CH~hGeHC1 -~ CH3SICI3 

AICh 
4(CHs)~GeHCI --'--+ 2(CH~)3GeCI ~ iCH3)~GeCI~ -~- GeH4 

AICl~ 
4(CH3)~GeC12 + 4CH3SiHGI~ ----> 2(CH~)aGeC1 + (CH~)2GeCI~ + GeH~ + 4CH3sic13 

We also investigated the variat ion of the composition of the react ion products  with the amount of A1C13 
added. The resul t s  of the investigation are listed in Table 1, f rom which it will be seen that the (CH3)2GeC1 
content of the react ion products  inc reases  with the A1C13 content. Figure 1 is a plot of the amount ofGeH 4 
formed during the react ion vs the amount of A1C13 added. 

Using 1:his method we replaced chlorine by hydrogen in t r imethylchlorogermane:  

AICI3 
(CH~)3GeC1 -~ CH~SiHCI~ -'-+ (CH3)3GeH ~ CH~SiC13 

As would be expected, in this case replacement  is far  more  difficult. Thus by boiling (CH3)3GeC1 with 
CH3SiHC12 in the presence  of 2% of A1C13 for  30 h we obtained (CH3)3GeH only with a 30% yield. However, 
an increase  in the A1C13 content to 10% enables one to obtain (CH3)3GeH with a 44% yield after only 5 h. The 
authors of [2, p. 149] descr ibed the disproport ionation of cer ta in  ethyl- and phenylhalogermanium hydrides 
in the presence  of A1C13 and drew the conclusion that the stability of organohalogermanium hydrides 
decreases  with an increase  in the number  of halogen atoms in the molecule:  

Rz(XiGeH --~ I~(X)GeH~ -+ R(X2)GeH 

Our data show that in the presence  of A1C13 the stability of methylchlorogermanium hydrides dec reases  in 
the ser ies :  CH3GeHCI 2 > (CH3)2GeHC1 > CH3GeH2CL 

EXPERIMENTAL METHOD 

Gas--liquid chromatographic analyses were performed by the method in [4] on an LKhM-8D chromato- 
graph. The ]:R spectra were registered by a UR-20 spectrometer in a thin layer in a cell 0.02 mm thick. 
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The PMR spec t ra  was r eg i s t e r ed  by an RYa-2308 spec t romete r  (60 1VIHz) in a CC14 solution, the internal  
s tandard was benzene. The mass  spect ra  were regis ted  on an MI-1305 device. 

Methyldichlorogermane.  A mixture  consisting of 93g (0.6 moles) of CH3GeCI3, l l 0 g  (0.95 moles) of 
CH3SiHCI2, and 4g (2%) of AICls, was boiled for  7h  at 55-59~ until evolution of gas began. Heating was 
then immediately stopped and A1C13 was separated f rom the liquid products ,  the mixture  being twice sub- 
jected to vacuum distillation. The composit ion of the organogermanium compounds was as follows. 
CH3GeHC12 78%, CH3GeC13 15~ and (CH3)2GeC12 7%. After disti l lation in a rect i fying column with 20 
theore t ica l  plates we obtained 48 g (63%) of CH3GeHCI2, bp 101-102~ (750 mm), nD 2~ 1.4689, d 2~ 1.6432 
(see [5], p. 164) Found= MR 27.15. Calculated. MR 27.32. Infrared spectrum 2115 cm -1 (Ge--H); PMR 
spect rum (5, ppm): 0.56 sec (Ge--H). 

Dimethylchlorogermane.  A mixture  of 10.2 g (0.05 moles) CH3GeC13, 15 g (0.13 moles) CH3SiIICI2, 
and 2.5 g (107'~) A1CI 3 was boiled for  3h. The composit ion of the organogermanium compounds was as 
follows: (CH3)2GeC12 80%, CH3GeHCI 2 20%. 

Reaction of CH3GeHC12 with A1C13. A mixture  of 5.14 g (0.03 moles) CH3GeHC12 and 0.1 g (2%) 
A1C13 was boiled in a f lask with a ref lux condenser  for  5 h until all evolution of gas ceased. A total of 33 
ml  of GeR 4 was collected. The composit ion of the liquid organogermanium compounds was as follows: 
CH3GeHC12 53%, CH3GeC13 29~ (CH3)2GeCI 2 18%. The IR spect rum of GeH4 (v, cm -1) was as follows= 850, 
2115. 

Reaction of CH3GeHC12 with CH~SiHC12 and AIC13. A mixture  of 5.2g (0.03 moles) CH3GeHC12, 6.6 g 
(0.06 moles) CH3SiIIC12 and 0.25 g (go) A1C13 was boiled for l l h  until evolution of gas ceased. Gas was 
not evolved during the f i r s t  5 h at 53-56~ In the next 4 h at 70~ we col lected 195 ml,  and in the following 
2h 55 ml of gas. A total  of 250 ml  of GeH 4 was obtained. The composit ion of the liquid organogermanium 
compounds was as follows: CH3GeHC12 24%, (CH3)2GeC12 76%. 

Reaction of (CH3)2GeC12, CH3SiIIC12, and A1C13. A mixture  of 5.4 g (~ 0.03 moles) (CH3)2GeC12, 4.2 
g (~ 0.03 moles) CH3SiHC12, and 0.5 g (5~b) A1C13 was boiled for 5h at 62-73~ until evolution of gas ceased. 
A total of 325 ml of GeH 4 was collected. The composition of the organogermanium compounds was as 
follows: (CH3)2GeC12 20%, (CH3)~GeC1 62%, and (CH3)2GeHC1 18%. The presence  of (CH3)2GeHC1 in this 
mixture  is  also indicated by the IR and PMR spectra.  Inf rared  spectrum 2085 cm -i  (Ge--H); I~ spect rum 
(5, ppm): 1.67 sec (Ge--H). 

Tr imethylchlorogermane .  A mixture  of 90g (~ 0.5 moles) (CH3)2GeC12, 123 g (~ 1 mole) CH3SiHC12, 
and 4.5 g (2%) A1C13 was boiled for  21h at 62-73~ until evolution of gas ceased.  The composit ion of the 
organogermanium compounds was (CHa)3GeC1 82~0 and (CH~)2GeC12 18%. The mixture  obtained was twice 
subjected to vacuum disti l lation to remove A1C13. As a resul t  of disti l lation in a rect ifying column we 
obtained 29g of (CH3)3GeC1 and 17g of (CH3)2GeC12. The physical  constants of (CH3)3GeC1 were  exactly 
the same as the values given by Mironov and Gar [5, p. 170]. 

Tr imethylgermane.  A 'mixture  of 10g (0.06 moles) (CH3)3GeC1, 12.6 g (0.11 moles) CH3SiHC12, and 
2.3 g (10c/o) A1C13 was boiled for  5h in a f lask with a rect ifying column. The (CH~)3GeH formed was 
per iodical ly  removed. We obtained 3.4 g (44%) of (CH3)3GeH with a bp of 26~ 

C O N C L U S I O N S  

1. Disproportionation of methylchlorogermanium hydrides in the presence  of aluminum chloride has 
been investigated. The stability of methylchlorogermanium hydrides is governed by the rat io  of all the 
groups entering the molecule  and by the i r  nature.  

2. The authors have de termined the conditions for obtaining CH3GeHCI 2 and (Ctt3)3GeH by the rep lace-  
ment of chlorine in a lkylchlorogermanes  by hydrogen by means  of organosil icon hydrides.  
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