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As is well known [1], b ihe te roorganic  compounds of the s e r i e s  (R3E)nM , where  E = Si, Ge, Sn; M 
= Zn, Cd, Hg, T1, Sb, Bi, Se, Te; n = 2, 3, p o s s e s s h i g h  reac t iv i ty .  However,  the mechan i sm of most  of 
the invest igated reac t ions  r em a i ns  in dispute,  s ince the reac t ion  conditions led to an uncontrollable c l eav-  
age of M1 the E - M  bonds in the molecu le .  

We recen t ly  demons t ra t ed  that  in the hydro lys i s ,  a lcoholysis ,  and acidolysis  of b is ( t r iphenylgermyl)  
cadmium,  the re  is a s t e p - b y - s t e p  c leavage of the G e - C d  bonds [2]. In this work we desc r ibe  two types  of 
reac t ions ,  in which the labi le  G e - C d  bonds of b i s ( t r ie thylgermyl)  cadmium (1) a re  also cleaved se lec t ively .  

The in terac t ion  of compound (I) with acet ic  and benzoic acids or with phenol p roceeds  with heterolyt ic  
c leavage of only 1 G e - C d  bond, if  the reac t ion  is conducted at 5-10 ~ in a solution of toluene or  hexane at a 
1 : 1 mole ra t io  of the reagen t s .  

[(C~H~)sGe]2Cd + R O H - ~  (C~Hs)sGeCdOR + (C~[ts)3GeH (1) 
(I) (II a, b, c) 
a R=CH3C0; b R --C6H5C0; c R=C6H5 

In the ac idolys is  of CH3COOH , the yields of t r i e thy lge rmane  and acetyloxy( t r ie thylgermyl)  cadmium 
(IIa) a r e  cor responding ly  equM to 89.5 and 81.2%. In the reac t ion  with benzoic acid, t r i e thy lge rmane  
(72.6%) and benzoyloxy( t r ie thylgermyl)  cadmium (l/b) (73.8%) a re  formed.  The compounds (IIa, b) a re  
c rys ta l l ine ,  r ead i ly  oxidized subs tances ,  t h e r m a l l y  l e s s  s table than the i r  (C6H~)3GeCdOR analogs [2]. Thus, 
the compound (IIa) a l r eady  decomposes  s lowly at N20 ~ In toluene solution at 100 ~ the decomposi t ion ends 
in 2 h with the fo rmat ion  of cadmium (100%) and ace ty loxy t r i e thy lgermane  (52.7%). 

The molecules  of o rganocadmium compounds of the s e r i e s  R C d - O R '  (R and R'  a re  hydrocarbon  r ad i -  
cals) f o rm stable  cycl ic  a s soc ia t e s  ( R C d - O R ' ) n  with O ~ Cd coordination bonds [3]. Judging by the d e t e r -  
ruination of the mo lecu l a r  weight (cryoscopy),  compound (IIb) is monomer ic  in benzene solution, and, conse-  
quently, in this case  the cadmium atom is I e s s  coordination sa tura ted  than in the assoc ia tes  (RCd-OR0n .  
This m a y  explain the fact  that in the in terac t ion  of b i s ( t r ie thylgermyl)  cadmium with two moles  of CH3COOH 
in hexane medium at 5-10 ~ when cleavage of both G e -  Cd bonds might have been expected, the compound 
(IIa) in t e rmed ia te ly  fo rmed  r eac t s  with CH3COOH , giving a complex compound (III) 

[(C~Hs)aGel=Cd + 2CHaCOOH -~ (C2Hs)aGeH + (C~Hs)aGeCdOCOCH3"CHaC00H (II1) (2) 

Stable compiexes  with a 1 : 1 composi t ion are  also fo rmed  in the in teract ion of compounds (IIa, b, c) 
with pyr id ine  or  dioxane. In pa r t i cu l a r ,  compound (Tic) can be isolated in the individual s tate  only in the 
f o r m  of the complex (C2Hs)aGeCdOC6H 5 �9 CsHsN (IV). In the case  when reac t ion  (1) between phenol and com-  
pound (1) is conducted in the absence of pyr idine,  only decomposi t ion  products  of compound (IIc) a re  fo rmed  
- meta l l ic  cadmium and phenoxyt r ie thy lgermane .  

The reac t ions  of protolyt ic  c leavage d i scussed  evidently p roceed  through a fou r - cen t e r  t rans i t ion  s ta te  
(V) according to an SE i -mechan i sm.  The t rans i t ion  s ta te  is cha rac te r i zed  by s imul taneous nucleophilic a t -  
tack  on the cadmium atom and electr.ophilic a t tact  on the g e r m a n i u m  atom (Scheme 1). 
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(C~H~)aGes ~e(%Hs)3 
~+ if-  (v) 

Scheme i 

I t  is known [1] that  b ihe teroorganic  compounds of the s e r i e s  (R3E)nM reac t  under  mild conditions with 
d ia lkylperoxides  with c leavage of all  the E - M  bonds. We have shown that  in the in teract ion of b is{ t r i -  
e thylgermyl)  cadmium and b is ( t r iphenylgermyl)  cadmium with equimolar  amounts  of benzoyl peroxide  (BP) 
in toluene solution, c leavage of the G e -  Cd bonds p roceeds  se lec t ive ly  

(RsGe)~Cd + (C8H~C00)2 -~ RaGeCdOCOCsH 5 + RaGeOCOC6H5 
(IIb), (VI) (3) 

(IIb) R -- C~Hs; (VI) R = CsH ~ 

Compound (VI) was isolated in the f o r m  of the complex (C6Hs)3GeCdOCOC6H 5 �9 2CsHsN (VII). The yields 
of the compounds (IIb) and (VII) reached  60%. The interact ion of compound (VI) produced according to the 
method of [2], with st i l l  another  mole  of BP p roceeds  under somewhat  more  r igorous  conditions with the 
format ion  of cadmium benzoate (93.4%) and benzoyloxytr iphenylgermane (92.6%) 

(CsH~)aGeCd0COC6H5 + (CsH~CO0)~ --+ Cd (OCOC6H~)~ + (C~Hs)sGeOCOC6H 5 (4) 

This observat ion ,  as well as the se lec t ive  cleavage of the G e - C d  bonds in the reac t ions  descr ibed  by 
Eqs. (1)-(3), show that the G e -  Cd bonds in compounds (IIa, b) and (VI) a re  s t ronger  in compar i son  with the 
initial g e r m y l c a d m i u m  der iva t ives .  In view of this ,  let  us note that  m e r c u r y  analogs of the type of R3GeHgX , 
where  X is an e lec t ron  at t ract ing subst i tuent  (C1, Br, I, CN, OCOCH 3, OCOC6H ~, etc.) ,  a re  e x t r e m e l y  
unstable and decompose  at the moment  of fo rmat ion  [4-6]. 

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

All the reac t ions  were  conducted in evacuated sealed ins t ruments .  The reagents  and solvents  were  
f reed of a tmospher i c  oxygen before  use. The boiling points of ge rmy lcadmium compounds were  de te rmined  
in a sealed evacuated capi l lary .  

React ion of b i s (Tr ie thy lgermyl )  Cadmium (I) with Acetic Acid. Mole Ratio 1 : 1. To a solution of 
4.95 g of compound (I) in 15 ml  of hexane at 5-10 ~ we gradual ly  added a solution of 0.68 g glacia l  CH3COOH 
in 15 ml of hexane.  The mixture  was kept for  1 h at ~20 ~ and evapora ted  under  vacuum. The res idue  was 
ex t rac ted  with chilled hexane and dried under vacuum. We obtained 3.08 g (81.2%) acetyloxy( t r ie thylgermyl)  
cadmium (IIa) with tdecomp.  N55 ~ Found: Cd 33.60%. CsH18CdGeO 2. Calculated: Cd 33.94%. 

Frac t ionat ion  of the hexane ex t rac t  yielded 1.65 g (89.5%) t r ie thyl  germane;  bp 122-124~ n~ 1.4360. 
According to the data of [7]: bp 124 ~ (760 ram); n~ 1.4382. 

Synthesis of the Complex (CaHs)aGeCdOCOCH 3 �9 C 5H~N (VIII). Under the conditions of the p reced ing  
exper iment ,  but with an addition of 2 ml of pyridine to the reac t ion  mixture ,  f rom 3.13 g of compound (i) 
and 0.42 g CHaCOOH in 35 ml  of toluene we obtained 0.98 g (85.0%) t r i e thy lge rmane  and 2.30 g (72.2%) 
of the complex (VIII); co lo r less  c rys ta l l ine  substance  with nap 62-64 ~ Found: Cd 27.05%. ClaH2aCdGeNO 2. 
Calculated: Cd 27.39%. 

Mole Ratio 1 : 2. To a solution of 3.90 g of compound(I)  in 15 ml of hexane at 5-10 ~ we added a solu-  
tion of 1.0 8 g CHaCOOH in 15 ml of hexane. P a r t  of the solvent was dist i l led off under  vacuum, and the 
res idue  left  for  12 h at - 5  to 0 ~ The c rys ta l l ine  p rec ip i ta te  was ext rac ted  with hexane and dr ied under vac-  
uum. We obtained 2.83 g (80.2%) of the complex (C2Hs)aGeCdOCOCHa-CHaCOOH (HI); co lo r less  c rys ta l l ine  
substance with Pdecomp. ~65~ poor ly  soluble in hexane and toluene. Found: Cd 28.85% CIoH22CdGeO4. 
Calculated: Cd 28.73%. 

The rma l  Decomposi t ion of Compounds (IIa) and (III). A solution of 1.69 g of compound (IIa) in 15 ml  
of toluene was heated for  2 h to 100 ~ The organic l aye r  was decanted f r o m  the p rec ip i ta te  and fract ionated.  
We obtained 0.59 g (52.7%) of ace ty loxyt r ie thy lgermane  with bp 75-77 ~ (20 ram); n~  1.4453. According to the 
data of [8]: bp 99-100 ~ (60 ram); n~  ].4430. The prec ip i ta te  was ext rac ted  with acetone, dr ied under vacuum, 
and dissolved in ni t r ic  acid. We de te rmined  0.58 g (100%) cadmium by t i t ra t ion  with Tr i lon  B. 
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Analogously,  by heating a mix ture  of 2.83 g of the complex (III) and 15 ml of toluene (5 h at 100 ~ we 
obtained 0.85 g (53.8~) ace ty loxy t r i e thy lge rmane  with bp 75-77 ~ (20 ram); n}~ 1.4410; 0.81 g (99~%) cadmium; 
and 0.39 g (92%) CH3COOH , identified by the method of g a s - l i q u i d  chromatography.  

React ion of Compound (I) with Benzoic acid. To a solution of 4.20 g of compound (I) in 20 ml of to l -  
uene we added a solution of 1.16 g benzoic acid in 10 ml of toluene at 5-10 ~ The solvent was dist i l led off 
under  vacuum. The res idue  was left  overnight  at the t e m p e r a t u r e  - 5  to 0 ~ The crys ta l l ine  prec ip i ta te  
fo rmed  was ex t rac ted  with chil led hexane and dr ied under vacuum. We obtained 2.82 g (73.8%) benzoyloxy 
�9 ( t r ie thylgermyl)  cadmium (lib) with mp 86 ~ (with decomp.) .  Found: Cd 28.00%; tool. wt. 414. C13H20Cd 
�9 GeO 2. Calculated: Cd 28.58%; me1. wt. 393. We isolated 1.19 g (76.2%) t r i e thy lge rmane  with bp 122- 
124~ n}~ 1.4370. 

In terac t ion  of Compound (I) with Benzoyl Peroxide .  Mole Ratio 1 : 1. To a solution of 4.00 g of 
compound (I) in 20 ml  of toluene, we added a solution of 2.24 g benzoyl peroxide  in 15 ml  of toluene at 5-10 ~ 
Most of the toluene was dist i l led off under vacuum, and the res idue  left  overnight at - 5  to 0 ~ The c r y s -  
tal l ine res idue  was ex t rac ted  with hexane and dr ied under vacuum. We obtained 1.70 g (46.4%) of compound 
(IIb) with mp 85 ~ (with decomp.) .  Found: Cd 28.45%. C13H20CdGeO 2. Calculated: Cd 28.58%. 

To the hexane ex t rac t  we added 10 ml of dioxane and left  at ~20 ~ for  12 h. An additional 0.82 g 
(18.4%) of compound (lib) c rys ta l l i zed  f r o m  the solution in the fo rm of the dioxanate (C2Hs)3GeCdOCOC6H 5 
�9 C4H802, mp 97 ~ (with decomp.) .  Found: C 42 .60 ;H 5.64%. Cl~H28CdGeO 4. Calculated: C 42.42; H 5.86%. 

In f ract ionat ion of the mothe r  l iquor we obtained 2.00 g (77.8 %) benzoyloxyt r ie thylgermane  with bp 
106-107 ~ (1.5 ram); n ~  1.5060. According to the data of [9]: bp 106-108 ~ (1.5 ram); n~ 1.5076. 

React ion of b i s (Tr iphenylgermyl)  Cadmium with Benzoyl Peroxide .  Mole Ratio 1 : 1. To a solution 
of 3.10 g b is ( t r iphenylgermyl)  cadmium in 15 ml  of toluene at 5-10 ~ we gradual ly  added a solution of 1.04 
g BP in 10 ml  of toluene. The mix ture  was left  at ,~20 ~ overnight,  and 2 ml  of pyr idine was added. Read-  
ily volat i le  products  were  dis t i l led off under  vacuum, and the res idue  was ext rac ted  with hexane and dried.  
We obtained 1.86 g (62.8%) of the complex (C6H~)3GeCdOCOC6H 5. 2CsHsN (VII); co lo r less  c rys ta l l ine  sub-  
s tance with mp 135 ~ Found: C 60.05; H 4.26; Cd 16.10%. C35H30CdGeN202. Calculated: C 60.43; H 4.35; 
Cd 16.16%. 

The hexane extract was evaporated, the residue recrystallized from a mixture of toluene and hexane. 
We obtained 1.02 g (55.7%) of benzoyloxytriphenylgermane with bp 108 ~ A mixed sample with the pure sub- 
stance gave no depression of the melting point. 

Reaction of Benzoyloxy(triphenylgermyl) Cadmium (VI) with Benzoyl Peroxide. To a solution of 2.20 
g of compound (VI) [2] in 20 ml of toluene we added a solution of 1.00 g BP in 20 ml of toluene and left the 
mixture overnight. We isolated 1.36 g (93.4%) cadmium benzoate. Found: Cd 31.18%. Cl4Ht0CdO 4. Cal- 
culated: Cd 31.69%. From the toluene solution 1.61 g (92.6%) benzeyloxytriphenylgermane with mp Ii0 ~ was 

isolated in the usual way. 

Reaction of Compound (I) with Phenol. Mole Ratio i : I. A mixture of 3.30 g of compound (I), 0.77 g 
phenol, 2 ml of pyridine, and 20 ml of toluene was heated to 100 ~ (I h). Readily volatile products were dis- 
tilled off under vacuum. A crystalline product was extracted with chilled hexane and dried under vacuum. 
We obtained 2.99 g (88.5%) of the complex (C:Hs)3GeCdOC6Hs. CsHsN (IV); co lo r less  c ry s t a l s  with bp 80 ~ 
read i ly  soluble in toluene and hexane. Found: C 46.00; H 5.70; Cd 25.50%. Ci?H25CdGeNO. Calculated: C 
45.95; H 5.67; Cd 25.29%. F r o m  the hexane ex t rac t  0.78 ex t rac t  0.78 g (64.0%) t r i e thy lge rmane  was i so-  
la ted in the usual  way. 

A mix tu re  of 4.95 g of compound (I), 1.06 g phenol, and 30 ml of toluene was left  at ~20 ~ for  four days.  
We isolated 1.27 g (98.4%) cadmium.  The organic  l aye r  was fract ionated.  We obtained 1.37 g (75.0%) t r i -  
e thy lge rmane  with bp 122-124~ n~ 1.4369 and 2.35 g (81.7%) phenoxyt r ie thylgermane  with bp 138-140 ~ (18 
ram); n}~ 1.5080. According to the data  of [10]: bp 140 ~ (18 mm);  n~  1.5102. 

C O N C L U S I O N S  

1. In the reac t ion  of phenol, acet ic  and benzoic acids with an equimolar  amount of b is ( t r ie thyigermyl)  
cadmium,  the re  is a se lec t ive  he t e ro lys i s  of the G e - C d -  Ge group, and phenoxy- or  acyloxy( t r ie thyl -  
germyl )  cadmium compounds are  formed,  r e spec t ive ly .  
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2. The reaction of benzoyl peroxide with bis(triethylgermyl)- and bis(triphenylgermyl) cadmium leads 
to selective cleavage of the heteroelement-heteroelement bonds. 
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