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One of the important  methods for producing o rganomercury  halides RHgX is based on exchange reac-  
tions of R2Hg with mercu ry  halides HgX 2 [1]. It is suggested that these react ions are revers ible ,  but almost  
entirely shifted in the direction of formation of RHgX [2]. The analogous reactions of b is ( t r ie thylgermyD- 
mercu ry  (BEGM) [3] and related compounds [4, 5] with me rcu ry  halides, judging by the substantial evolution 
of heat, are more  energet ical ly  profitable, and their  uniqueness lies in the fact that the t r ie thylgermyl-  
m e r c u r y  halides formed (C2H~)3GeHgX, in contras t  to RHgX, are  ext remely  unstable and break down into 
mer cu r y  and (C2Hh)3GeX. 

We have shown that the exchange reactions of BEGM with ethyl es te r s  of a - m e r c u r a t e d  fluoroacetic 
acids and perf luorodia lkylmercury  compounds proceed just as uniquely, but with a less pronounced thermal  
effect: 

a b 
[(C~H5)3 Gel2 Hg -t- HgX~ --> 2 (C~H5)3 GeHgX --~ 2 (C~Hs)~ GeX + 2Hg 
X=F,CF(CF3)2, CHFCO2C~Hs, C(CF3)3. CF2CO~Cstth, CFC1COsC~H~ �9 (I) 

The exchange react ion with b i s - t e r t -per f luorobuty lmercurey  in te t rahydrofuran (THF) at ~ 20 ~ ends in seve-  
ral  minutes and gives mercury ,  as well as t r ie thylf luorogermane (IV) and perfluoroisobutylene,  formed in 
the f l -decomposit ion of te r t -per f luorobutyl t r ie thylgermane 

(C2H~)3GeC(CF~)3 --~ (C~Hh)3GeF + CFs = C (CF~)~, (2) 

Analogously, on the basis of e s t e r s  of ~ - m e r c u r a t e d  fluoroacetic acids, ethyl es te r s  of t r ie thylgermyl-  
f luoroacetic (I), t r ie thylgermyldif luoroacet ic  (II), and t r ie thylgermylf luorochloroacet ic  (III)acids were 
produced according to Eqs. (la), (lb) (Table 1). 

The s t ruc ture  of compounds {I)- (III) was confirmed by the data of the IR and mass  spectra.  In the IR 
spect ra  in the region of 1500-400 cm -~, bands are  observed belonging to the fragments  (C2Hh)3G@ with fre-  
quencies about 585 and 545 cm -1. The frequencies of the valence vibrations of C = O are 1755 cm -1 in (II) 
and (III); in (I) a band with a doublet s t ructure  (1750 and 1718 cm -1) is observed. The intense absorption 
bands with frequencies 1200 em -1 in (I), 1280 and 1110 cm -~ in (II), and 1260 cm -1 in (III) probably belong to 
the valence vibrations of the C - F  bonds. The mass  spectra  of the compounds contain the ion (C2Hh)3Ge 
(m/e  161 for Ge 74) and products of its further  fragmentation. The molecular  ion is detected only for (Ill) 
(m/e  300 for Ge 74 and C13~). 

Just  as with other mercu ry  halides [4], the reaction with HgF 2 in THF proceeds very  energet ical ly  and 
is descr ibed by Eqs. (la, b). 

The occurrence  of a reaction with intermediate formation of (C2Hh)3GeHgX is well confirmed for the 
examples of perf luorodimethyl-  and perf luorodi i sopropylmeroury .  It was established that in these eases,  
depending on the nature of the solvent (or additions of a complex former) ,  the exchange reactions can be 
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d e s c r i b e d  by Eqs .  ( la)  o r  ( la) ,  ( lb).  Thus ,  the  r e a c -  
t ion with  p e r f l u o r o d i m e t h y l m e r c u r y  g ives  (C2Hs)3Ge 
�9 HgCF 3 (V), if  i t  i s  conduc ted  in to luene  at  ~ 20 ~ o r  a 
m i x t u r e  of t r i f l u o r o m e t h y l t r i e t h y l g e r m a n e  (VI) and 
m e r c u r y ,  i f  an e q u i m o l a r  amount  of  a ,  w ' - d i p y r i d y l  i s  
a d d e d  to  the  r e a c t i o n  m i x t u r e ,  o r  if  T H F  i s  t a k e n  as  
the  s o l v e n t .  A n a l o g o u s l y ,  the  r e a c t i o n  with  p e r f l u o r o -  
d i i s o p r o p y l m e r c u r y  in to luene  l e a d s  to p e r f i u o r o i s o -  
p r o p y l ( t r i e t h y l g e r m y l ) m e r c u r y  (VII) and m e r c u r y ,  in  
THF the yield of mercury is increased to 60%, and to- 

gether with compounds (VII) the reaction mixture con- 

tains (IV) and perfluoropropylene, formed in the fl-de- 

composition of perfluoroisopropyltriethylgermane. 

In the IR spectra of compounds (V)-(VII), the 
presence of C- F bonds was established according to 

the appearance of bands in the region of 1000-1350 

em -~ [6]. The frequencies ~s and ~as of the Ge-C 
bonds have values of 548 and 592 cm -I (V); 542 and 

576 (VI); 540 and 577 cm -I (VII). The NMR spectrum 

of F I~ for (VII) consists of two signals�9 One of them 

belongs to the CF 3 group (6 F =-8.00 ppm; 3JFF = 13 

Hz; 3JHg199 F = 54.1 Hz); the other belongs to the CF 
group (5 F = + 128�9 ppm). The spin-spininteraction 

c o n s t a n t  2JHg199F was  not m e a s u r e d .  

We shou ld  men t ion  that  the  r e a c t i o n  of bis  ( t r i -  
p h e n y l g e r m y l ) m e r c u r y  wi th  p e r f l u o r o d i m e t h y l m e r e u r y  
in THF cannot  be brought  to c o m p l e t i o n  even  with  p r o -  
longed  he a t i ng  (19 h at  100~ The y i e l d s  of m e r c u r y  
and t r i f l u o r o m e t h y l t r i p h e n y l g e r m a n e  (VIII) a r e  c o r -  
r e s p o n d i n g l y  equa l  to 78.1 and 38.1~c. 

Exchange  r e a c t i o n s  of BEGM with m i x e d  c o m -  
pounds of the CIIIgX s e r i e s ,  w h e r e  X ~: CF(CF~)~, 

CHFCO2C2H 5, CF2CO2C2H 5, CFCICOzC2t]5 and CF(CF3) 
�9 CO2C2It~, j udg ing  by the p r o n o u n c e d  t h e r m a l  e f fec t ,  
p r o c e e d  m o r e  v i g o r o u s l y  in THF than with the c o m -  
pounds  of the HgX 2 type ,  c o r r e s p o n d i n g  to them.  E v i -  
den t ly ,  j u s t  as  in the  c a s e  of m e r c u r y  d i h a l i d e s  [4, 5, 
8] the e x o t h e r m i c  na tu r e  of t h e s e  r e a c t i o n s  i s  due to 
the r a p i d  p r o c e s s  of exchange  of (C2Hs)3Ge for  h a l o -  
gens  and s u b s e q u e n t  d e c o m p o s i t i o n  of the  t r i e t h y l -  
g e r m y l m e r c u r y  c h l o r i d e  f o r m e d  a c c o r d i n g  to Eq. (3b) 

At a [(C2H5)3 Ge]~ ttg ,- C1UgX ~ H ~  (C_,l-b,)3 GeHgCI -~- (C~IL)3(;ellgX 

- -  - -  ~ (3) 

(C2It5)3 GeC1 ~ Itg (C2Ih)3 ~eX -~ Hg 
X=CF (CF@~., CttFCOeC2H~, CF2CO2C~H~, CFCICO2C2H5, CF (CF@ CO~C~H~, 

In a c c o r d a n c e  wi th  th i s ,  i t  was  found tha t  in the 
r e a c t i o n  with  C1HgCF (C]23) 2 t o g e t h e r  wi th  t r i e t h y l -  
c h l o r o g e r m a n e  (yield 98.6~c), (VII) was ob ta ined .  Con-  
s e que n t l y ,  the e x o t h e r m i c  n a t u r e  of the r e a c t i o n  cannot  
be a t t r i b u t e d  to d e c o m p o s i t i o n  of (VII) a c c o r d i n g  to 
Eq. (3c). In the  r e m a i n i n g  c a s e s  the  r a t e s  of r e a c t i o n s  
(3b) and (3c) a r e  m o r e  c o m p a r a b l e � 9  T h e r e f o r e ,  the 
y i e l d s  of m e r c u r y  r e a c h  ~ 100% of i t s  to t a l  conten t  in 
the  i n i t i a l  r e a g e n t s ,  and the o t h e r  p r o d u c t s  a r e  t r i -  
e t h y l c h l o r o g e r m a n e  and the e s t e r  (I) (or i t s  c o r r e s p o n d i n g  
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analog) .  It is  i n t e r e s t i n g  to note tha t  the e thy l  e s t e r  of c ~ - t r i e t h y l g e r m y l p e r f l u o r o p r o p i o n i c  ac id  (IX), s y n -  
t h e s i z e d  a c c o r d i n g  to s c h e m e  (3), exh ib i t s  no t e n d e n c y  fo r  f i - d e c o m p o s i t i o n ,  w h e r e a s  the ana logous  c o m -  
pounds  (C2Hs)3GeCF(CF3) 2 and (C2Hs)3GeC(CFa) 3 a r e  uns tab le  under  c o m p a r a b l e  cond i t ions  (see above) .  

In the  IR s p e c t r u m  of compound  (IX) the  f r e q u e n c i e s  v s and Vas of the  G e -  C bond a r e  c o r r e s p o n d i n g l y  
equa l  to 542 and 587 cm-1;  the band of the v a l e n c e  v i b r a t i o n  of C = O is  s p l i t  into a double t  1742 and 1662 
c m  -1. In the  NMR s p e c t r u m  of F 19 (IX), two s i g n a l s  a r e  o b s e r v e d ,  the c h e m i c a l  sh i f t s  of which ( f rom 
CE3COOH) a r e  equa l  t o -  6.85 ppm (doublet  JF3_F2 = 11.3 Hz) and 120.00 ppm (quadruple t ) .  These  s i g n a l s  
belong to the CF  3 and CF g roups .  

As  is  we l l  known, the n o n s y m m e t r i c a l  compounds  (C2Hs)3GeIIgR(X), w h e r e  R = Alk ,  a r e  t h e r m a l l y  
s t a b l e  [9, 10] in c o n t r a s t  to (C2H5)3GeItgX (X = Hal) ,  which d e c o m p o s e s  at  the m o m e n t  of f o r m a t i o n  [3, 9, 
10]. An ana logous  p a t t e r n  i s  o b s e r v e d  for  s i l i c o n - c o n t a i n i n g  ana logs  [4, 5, 9, 10]. F r o m  our  i n v e s t i g a -  
t ion i t  fo l lows tha t  c o m p o u n d s  of the  s e r i e s  (C2Hs)3GeHgX, w h e r e  X is  an e l e c t r o n  a t t r a c t i n g  f l u o r i n e - c o n -  
t a in ing  r a d i c a l ,  a r e  a l so  uns t ab le .  Th is  phenomenon  m a y  be due to the fac t  tha t  in s t a b l e  compounds  (X), 
both r a d i c a l s  next  to the m e r c u r y  p o s s e s s  the s a m e  induc t ive  e f fec t  (+I), w h e r e a s  in (C2II5)3GeHgX the I-  
e f f ec t s  of the s u b s t i t u e n t s  d i f f e r  in s ign.  In a c c o r d  with  th is  i n t e r p r e t a t i o n ,  the  compounds  C13Si-HgX (X 
:= Br ,  I), in which  the C13Si g roup  [11] and X have the s a m e  I - e f f e c t ,  a r e  s t a b l e  even  at  i n c r e a s e d  t e m -  
p e r a t u r e s  [12, 13]. E x c e p t i o n s  to th is  r u l e  a r e  the compounds  (C2Hs)aGeHgCF 3 (V) and (C2Hs)GeHgCF(CF3) 2 
(VI), wh ich  can  be e x p l a i n e d  by the p r e s e n c e  of an  i n t r a m o l e c u i a r  d o n o r - a c e e p t o r i n t e r a c t i o n b e t w e e n t h e  
f l uo r ine  (at the s - c a r b o n )  and m e r c u r y  a t o m s .  The d e c r e a s e  in the  s t a b i l i t y  of t h e s e  compounds  in con t ac t  
wi th  d o n o r - t y p e  l i gands  (THF, c~, ~ ' - d i p y r i d y l )  a g r e e s  with th i s  e x p l a n a t i o n  [7]. 

E X P E R I M E N T A L  M E T H O D  

The i n i t i a l  m i x t u r e s  w e r e  c o m p i l e d  wi thout  con tac t  with a t m o s p h e r i c  oxygen�9 The r e a c t i o n s  w e r e  con-  
duc ted  in e v a c u a t e d  s e a l e d  t e s t  tubes  a c c o r d i n g  to the method  of [14]. T y p i c a l  e x p e r i m e n t s  a r e  c i t ed  below. 

R e a c t i o n  of bis ( T r i e t h y l g e r m y l ) m e r c u r y  with  P e r f l u o r o d i m e t h y l m e r c u r y .  A so lu t ion  of 1.13 g p e r -  
f l u o r o d i m e t h y l m e r c u r y  in 5 ml  of to luene  was f r o z e n  (liquid n i t rogen)  and 1.75 g BEGM was  added.  The 
m i x t u r e  was  lef t  at  ~ 20 ~ unt i l  d e c o l o r i z a t i o n  (12 h). The o r g a n i c  l a y e r  was  d e c a n t e d  f r o m  the m e r c u r y  
(0.09 g; 6.7%) and f r a c t i o n a t e d  unde r  vacuum.  We ob ta ined  2;32 g (82.0%) of compound  (V). 

U n d e r  the cond i t ions  of the  p r e c e d i n g  e x p e r i m e n t ,  f r o m  a so lu t ion  of 1.30 g p e r f l u o r o d i m e t h y l m e r c u r y ,  
2.01 g BEGM and 1.21 g ~ ,  ~ ' - d i p y r i d y l  in 5 ml  of to luene  ( r eagen t  r a t i o  1:1:1), 1.38 g (89.7%) m e r c u r y  is  
ob ta ined .  F r a c t i o n a t i o n  of the o r g a n i c  l a y e r  y i e l d e d  1.20 g (68.2%) of compound  0fI) and 0.97 g (80.7%) of 
unchanged  ~ ,  a ' - d i p y r i d y l  wi th  bp. 80 ~ (1 mm) .  The m e l t i n g  poin t  of the s u b s t a n c e  in a m i x e d  s a m p l e  was  

71 ~ 

F r o m  a so lu t ion  of 2.18 g p e r f l u o r o d i m e t h y l m e r c u r y  and 3.21 g BEGM in 3 m l  of THF,  p r e p a r e d  as  
i n d i c a t e d  above ,  0.86 g (34.7%) m e r c u r y  i s  i s o l a t e d  a f t e r  12 h at  ~ 20 ~ The m i x t u r e  was  h e a t e d  to 80 ~ (5 h). 
The y i e ld  of m e r c u r y  was  2.38 g (96.1%). The o r g a n i c  l a y e r  was  f r a c t i o n a t e d .  We i s o l a t e d  2.24 g (79.4%) 

of compound  (VI). 

P e r f l u o r o i s o p r o p y l ( t r i e t h y l g e r m y l ) m e r c u r y  (VII): A m i x t u r e  of 2.46 a p e r f l u o r o d i i s o p r o p y l m e r c u r y  
and 2.58 g BEGM in 4 m l  of to luene  was  lef t  ove rn igh t .  In the u sua l  way  we i s o l a t e d  0.20 g (10.4%) of m e r -  
e u r y  and 4.05 g (80.4%) of compound (VII) unde r  c o m p a r a b l e  cond i t i ons ,  f rom 2.58 g p e r f l u o r o d i i s o p r o p y l -  
m e r c u r y  and 2.48 g BEGM in 6 ml  of THF we ob ta ined  0.94 g (49.3%) m e r c u r y ,  1.58 g (31.2~c) of compound  
(VII), and 0.36 g (41.4%) t r i e t h y l f l u o r o g e r m a n e .  P e r f l u o r o p r o p y l e n e  was  d e t e c t e d  in a t r a p  coo led  with 

l iqu id  n i t r o g e n  by the me thod  of g a s - l i q u i d  c h r o m a t o g r a p h y .  

R e a c t i o n  of b i s ( T r i e t h y l g e r m y l ) m e r c u r c y  with b i s - T e r t - p e r f l u o r o b u t y i m e r c u r y .  A m i x t u r e  of 2.46 g 
b i s - t e r t - p e r f l u o r o b u t y l m e r e u r y f l u o r o b u t y I m e r o u r y  and 2.02 g B E GM in 3 ml  of T t t F ,  p r o d u c e d  as  d e s c r i b e d  
above  was thawed .  The  e x o t h e r m i e  r e a c t i o n  ends  in  5 -7  ra in  with l i b e r a t i o n  of 1.52 g (98.9~) m e r c u r y .  
F r a c t i o n a t i o n  of the  o r g a n i c  l a y e r  y i e l d e d  1.16 g (85.0%) t r i e t h y l f l u o r o g e r m a n e  (IV) with bp.  81-85 ~ (60 mm);  
n ~  1.4200, which a g r e e s  with the  da ta  of [15]. P e r f l u o r o i s o b u t y l e n e  was d e t e r m i n e d  in the  t r a p  by  the m e t h -  
od of  g a s - l i q u i d  c h r o m a t o g r a p h y .  Under  ana logous  cond i t ions ,  f r o m  2.05 g BEGM and 0.93 g HgF 2 in 4 m l  
of T H F  we ob ta ined  1.53 g (97.5%) m e r c u r y  and 1.08 g (76.8%) t r i e t h y l f l u o r o g e r m a n e  (IV). 

E thy l  E s t e r  of T r i e t h y l g e r m y l f l u o r o a c e t i c  Ac id  (I). A m i x t u r e  of 1.2 g BEGM and 0.95 g Hg(Ct tFCOO 
�9 C2H5) 2 i n  3 ml  T H F w a s  i e f t o v e r n i g h t a t - 2 0  ~ and for  2 4 h a t  ~ 20 ~ . In the usua l  way we i s o l a t e d  0.88 g 
(92.7%) m e r c u r y  and 0.74 g (59.7%) of compound  (I). 

78 



Compounds ([I) and (III) were produced analogously. 

Ethyl Es te r  of c~-(Triethylgermyl)perfluoropropionic Acid (IX). F rom a mixture of 3.66 g BEGM, 
2.82 g C1HgCF(CFa)COOC2H 5, and 4 ml of THF a t - 5 0  ~ (1 h) we isolated 2.70 g (95.8~) mercury .  In addi- 
tion, 0.90 g (66.5~-) t r ie thylchlorogermane with bp. 66-68 ~ {20 mm); n2i% 1.4640 and 1.82 g (78.5~) of com-  
pound (IX) were obtained in the usual way. 

Compounds (I)- 0II) and (VII) were produced analogously according to reaction (3). 

C O N C L U S I O N S  

1. Exchange react ions of bis ( t r ie thylgermyl)mercury  with f luorine-containing mercu ry  compounds of 
the HgX 2 or  ClttgX type give derivatives of the ser ies  (C2Hs)3GeHgX [when X = CF a and CF(CF3)2] or  decom- 
position products of the latter- mercury and (C2IIs)3GeX Of = F, C(CFa) a, CHFCO2C2H ~, CF2CO2C211a, 
CFCICO2C2Hs, and (CF3) CO2C2Hs). 

2. The compounds (C2115)3GeCE(CF3)2, (C2H~)3GeC(CF3)3, but not (C2Hs)3GeCF(CF3)CO2C2H 5 readily 
undergo fl-decompositien, forming triethylfluorogermane. 
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