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It is known that  b is( t r ia lkyls i ly l )  sulf ides,  (RsSi)2S, r eac t  smoothly with HgX 2 compounds (X=C1 [1], 
CH2COR [2], C(N2)COOC2H 5 [3], COOCH 3 [4], COON (C2H5) 2 [5]), with the format ion  of m e r c u r y  sulfide 
and der iva t ives  of the R3SiX type. 

It was shown by  us that  bis( t r ie thyls i lyl )  selenide,  b is( t r ie thyls i lyl )  te l lur ide  and the i r  ge rman ium 
analogs r eac t  with m e r c u r y  sa l t s  b y  the s a m e  scheme.  

[(C2Hs)3M]2E d- HgX2--~ (C~H s)3MX d- HgE (1) 
M-~-Si, Ge; E~---Se, Te; X-~C1,  CN 

The reac t ion  of bis( t r ie thyls i ly l )  selenide with e t h y l m e r c u r y  chlor ide p roceeds  in a m o r e  compl ica ted 
manner .  Here  the products  a r e  t r ie thylehloros i lane ,  b is( t r ie thyls i ly l )  selenide,  the p rev ious ly  unknowrt 
b i s (e thy lmereury)  selenide (I), d i e thy lmercury  and m e r c u r y  selenide.  Taking into account the genera l  
c h a r a c t e r  of the p r o c e s s e s ,  descr ibed  by  Eq. (1), and the p re sence  of Hg--C1 in the e thy lmercu ry  chloride 
f ragment ,  it is poss ib le  to postula te  the following initial step of the react ion:  

[(C2H 5)3Si]2Se -~- C2H~HgC1--~ (C2H5)3SIC1 d- (C2Hs)3SiSeHgC2tt5 
(II) (2) 

As is known [6], se lenides  of the R3M--Se--M'R 3 s e r i e s  (R = alkyl; M and M' = Ge, Sn, Pb) a r e  s y m -  
m e t r i z e d  with exceeding ease .  The amount of the symmet r i za t ion  products  [(CuHs)3Si]2Se (II) and 
:(C2H5Hg)2Se (I) in the react ion  mix ture  can be explained in this way. Mercu ry  selenide and diethyl-  
m e r c u r y  a r e  probably  fo rmed via a par t ia l  decomposi t ion of compound (I). 

P r ev ious ly  we have shown that  the react ion  of t r ie thyls i ly lhydrose len ide ,  (C2Hs)3SiSeH , with an equi- 
m o l a r  amount of t r i e thy la luminum proceeds  with a se lec t ive  he te ro lys i s  of the C--A1 bond, leading to the 
format ion  of ethane and (C2Hs)3SiSeAI(C2Hs) 2 [7]. 

An a t tempt  to obtain (H) by  the reac t ion  of one mole  of (C2Hs)3SiSeH with d i e thy lmercury  proved un-  
successfu l .  Together  with ethane, a complex  mix tu re  of products  was obtained. In contras t ,  the se lec t ive  
he tero ly t ic  c leavage of b i s ( t r i e t h y l g e r m y l ) m e r c u r y  by  e i ther  t r ie thyls i ly lhydrose lenide  or t r i e thy l s i ly l -  
hydrote l lur ide  in hexane medium proceeds  under v e r y  mild  conditions ( respec t ive ly  at --20 and --78 ~ in 
2-3 rain), with the format ion  of t r i e thy lge rmyl ( t r i e thy l s i l y l s e l eno )mercu ry  (IIIa) and its t e l lu r ium-con ta in -  
ing analog (IIIb). 

(C2H s)sSiXtt ~- [(C2H 5)3Gel~Hg --~ (C2It 5)3OeH -t- (QI-I 5)3SiXI-IgGe(C2H 5)~ 
X ~ Se (a); Te(b) (III) ~ (3) 

If the reac t ion  between e i ther  t r ie thyls i ly lhydrose lenide  or the te l lur ide  analog and b i s ( t r i e thy lge rmyl ) -  
m e r c u r y  in hexane solution is run at a 2:1 ra t io  of the reac tan t s ,  the re  is r e s p e c t i v e l y  formed,  together  
with t r i e thy lge rmane ,  e i ther  b i s ( t r i e thy l se l eno )mercu ry  (IVa) or  b i s ( t r i e thy l s i l y l t e l l u ro )mercu ry  (IVb), but 
the substitution of two (C2H5)3Ge groups  p roceeds  under  m o r e  dras t ic  conditions (30 rain at 50~ 

Institute of Chemistry, Academy of Sciences of the USSR. Translated from Izvestiya Akademii 
Nauk SSSR, Seriya Khimicheskaya, No. 6, pp. 1375-1379, June, 1972. Original article submitted October 30, 
1970. 

�9 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available [rom the publisher for $15.00. 

1324 



ca~ 

C~ 

r- 

W ~ 

o ~ ~ ~ ~ ~. ~ ~ ~ 

0~ ~'~ 
~ ~ o~o ~ 

o 

~ ~ ~ ~ ~o 
o o o ~.~ 00 

N X X 

0 

m 

@ 



2(C2H~)3SiXH -1- [(C2H~)3GeI~Hg-+ 2 (C2I-I 5)3GeIt -1- [(QI-Is)3SiXI~Hg. 
(VI) (4) 

X -~ So (a); Te(b) 
Triethylsi lylhydrosulf ide,  (C2Hs)3SiSH , does not react  with b i s ( t r i e thy lgermyl )mereury  under com-  

parable conditions, while at 70 ~ despite an excess of the hydrosulfide, the formation of the monosubstituted 
product,  namely  t r ie thylgermyl( t r ie thyls i ly l th io)mereury  (V), and t r ie thylgermane is observed. Compounds 
of the se r ies  (C2Hs)3SiXHgGe(C2Hs) 3 (X--~ S, Se, Te) can be isolated f rom the reaction mixture in the c r y s -  
talline state by low- tempera ture  crystal l izat ion.  When stored they are  easi ly  decomposed at ~20 ~ accord -  
ing to the scheme: 

(C2Hs)3SiXHgGe(C~H 5)3 -+ Hg -t- (C2Hs)3SiXGe(C~H3)3 
(VI) 

X~-~S (a); Se (b); Te (c) 
(5) 

The symmet r ica l  products ,  [(C2H5)3SiX]2Hg , a re  color less  crystal l ine compounds. They are  difficultly 
soluble in hexane and are  thermal ly  stable; in solutions they fail to decompose completely even on long heat-  
ing (7 h at 130~ in which connection their  decomposition products are  m e r c u r y  selenide and compounds of 
the type [(C2Hs)3Si]2X. 

E X P E R I M E N T A L  S E C T I O N  

Reaction of bis(Triethylgermyl)  Telluride with Mercur ic  Chloride. To 2.27 g of HgCl 2 in 10 ml of 
THF at 20~ was added 3.74 g of bis( tr iethylgermyl)  tel luride.  Here a slight warming up of the mixture 
and the separation of the HgTe precipitate were observed. The mixture was heated at 50 ~ for 1 h; the p re -  
cipitate was f i l tered (2.70 g, 98.2%). Fract ional  distillation gave 1.94 g (60.1%) of (C2Hs)3GeCI with bp 175 ~ 
and n}~ 1.4620. F r o m  [8]: bp 175.9~ n~ 1.4645. 

The react ions of [(C2Hs)3Si]2Se and [(C2Hs)3Ge]2Se with m e r c u r i c  chloride proceeded in a s imi lar  man-  
ner .  

Under comparable  conditions, f rom 0.99 g of Hg(CN) 2 and 1.20 g of bis(triethylsilyl) selenide in 10 ml 
of THF was obtained 1.05 g (97.5%) of HgSe and 0.61 g (54.7~) of t r iethylcyanosi lane with bp 94 ~ (40 ram); 
n~ 1.4278. The compound was identified by GLC. 

Reaction of bis(Triethylsi lyl)  Selenide with Ethylmereury  Chloride. To 1.11 g of C2H 5 HgC1 in 10 ml 
of toluene was added 1.31 g of bis( t r ie thylsi lylgermyl)  selenide. The mixture  was heated at 80 ~ for 3 h. The 
organic layer  was decanted f rom the HgSe precipitate (0.15 g, 26.8%) and cooled to --70 ~ (5 h). The obtained 
color less  c rys ta l s  of (I) were washed with chilled toluene (see Table 1). In the mother  liquor by GLC were 
detected 0.51 g (80.5%) of t r ie thylchlorosi lane,  0.61 g (94.0%) of bis(triethylsilyl) selenide, and 0.09 g 
(16.7%) of die thylmercury.  

Reaction of Triethylsi lylhydroselenide with bis (Tr ie thylgermyl)mercury.  a) Using an equimolar ratio.  
To 3.40 g of b i s ( t r i e thy lgermyl )mercury  in 8 ml of hexane at --20 ~ was added 1.27 g of (C2H5)3SiSeH. After 
1-3 min the charac ter i s t ic  yellow color of the g e r m y l m e r c u r y  compound disappeared. The mixture was 
cooled to --78 ~ (6 h). The obtained color less  c rys ta l s  of (III) were recrys ta l l i zed  three t imes from hexane 
at --78 ~ (0.47 g). In the mother  liquor by GLC was detected 0.84 g (80.7%) of t r ie thylgermane.  

b) Using a 2 : l  ratio.  A mixture of 1.15 g of (C2Hs)3SiSeH, 1.51 g of [(C2Hs)3Ge]2Hg and 7 ml of hexane, 
prepared  as indicated above was heated at 50 ~ for 30 rain, after which it was cooled at 0 ~ for  6 h. We isol-  
ated 0.81 g of (IVa). By GLC was detected 0.71 g (76.3%) of t r ie thylgermane.  

Compound (IVb) was obtained in a s imilar  manner.  

Tr ie thylgermyl( t r ie thyls i ly l th io)mercury  (V). A mixture of 1.24 g of (C2Hs)3SiSH , 2.21 g of b is ( t r i -  
e thy lgermyl )mercury  and 6 ml of hexane (ratio of the reactants  = 2:1) was heated at 70 ~ for 30 min, after  
which it was cooled to ~ --90 ~ for 5 h. The obtained color less  c rys ta l s  were recrys ta l l i zed  twice from 
hexane at --90 ~ We obtained 1.21 g of (V). 

Reaction of Triethylsi lylhydrotel lur ide with bis (Tr ie thylgermyl)mercury.  To 2.26 g of bis( t r ie thyl-  
germyl)mercury in 17 ml of pentane (equimolar ratio) at --78 ~ was added 1.13 g of (C2Hs)3SiTeH. The ob- 
tained mixture was kept at the same temperature for 6 h. The obtained colorless crystals of (IIIb) were 
washed twice with pentane at ~--70 ~ (0.88 g). In the mother liquor by GLC was found 0.47 g (68%) of t r i -  
ethylgermane. 
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T h e r m a l  Decomposi t ion of T r i e thy lge rmy l ( t r i e t hy l s i l y l t e l l u ro )mercu ry  (IIIb). Compound (IIIb), ob- 
tained as descr ibed  above f rom 0.89 g of (C2H5)3SiTeH and 1.98 g of b i s ( t r i e t h y l g e r m y l ) m e r c u r y  in 4 ml  
of hexane, v~ithout isolation f rom the reac t ion  mix ture ,  was allowed to stand at room t e m p e r a t u r e  ove r -  
night. The organic l ayer  was decanted f rom the m e r c u r y  (0.71 g, 97.3%) and f rac t ional ly  distil led. We 
isolated 1.32 g of (VIc). In the light f rac t ions  by  GLC was detected 0.41 g (69%) of t r i e thy lge rmane ,  which 
was fo rmed  according  to reac t ion  (3). The s ame  composi t ion of the products  was obtained when (IIIb) was 
decomposed  in the absence  of a solvent.  

Compounds (Via) and (VIb) were  obtained in a s i m i l a r  manne r  (see Table 1). 

The rma l  Decomposi t ion of b i s (T r i e t hy l s i l y l s e l eno )mercu ry  (IVa). Compound (IVa) (obtained, as 
descr ibed  above, by  heating a mix tu re  of 0.83 g of (C2H5)3SiSeH and 1.15 g of [(C2H5)3Ge]2Hg in 2 ml of 
toluene, 50 ~ 30 rain), without isolation f rom the react ion  mix ture ,  was heated at 130 ~ (7 h). The obtained 
prec ip i ta te  of HgSe (0.52 g, 88%) was separa ted  by  decantation. By GLC was found 0.63 g (93.1%) of t r i -  
e thy lgerma~e ,  which was fo rmed  according to react ion  (4), and 0.63 g (95.5%) of [(C2Hs)3Si]2Se. 

The decomposi t ion of (IVb) was run in a s im i l a r  manner .  

C O N C L U S I O N S  

1. Bi~(tr iethylsi lyl)  selenide,  b is( t r ie thyls i ly l )  te l lur ide ,  and their  ge rman ium analogs,  r eac t  with 
m e r c u r y  sai ts ,  HgX 2 (X = C1,CN), fo rming  the m e r c u r y  chalcogenide and the compound (C2Hs)3MX (M = Si, 
Ge). 

2. The react ion  of [(C2H5)3Si]2Se with e t h y l m e r c u r y  chloride gives  t r i e thy lch loros i lane  and b is (e thyl -  
mercu ry )  selenide.  

3. By reac t ing  hydrochalcogenides  of the s e r i e s  (C2Hs)3SiXH (X= S, Se, Te) with b i s ( t r i e thy lge rmyl ) -  
m e r c u r y ,  u~ing e i ther  a 1:1 or a 1:2 rat io ,  were  r e s p e c t i v e l y  synthesized der iva t ives  of the type (C2H5)3Si- 
XHgGe(C2Hs) 3 and [(C2Hs)3SiX]2Hg. 

i. 

2. 

3. 

4. 
5. 
6. 
7. 

8. 
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