
1242 Russian Chemical Bulletin, VoL 43, No. 7, July, 1994 

Investigation of the reaction of bis(triethylgermyl)cadmium 
with titanium tetrachloride 
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The reaction between (Et3Ge)2Cd and TiC14 in the presence of ct,a '-bipyridyl afforded a 
compound with a Ge--Cd--Ti group. This compound was characterized by IR and ESR 
spectroscopy. Thermal decomposition of this compound at 130 and 160 ~ and its interac- 
tion with gaseous HC1 were studied. A novel complex, (Et3Ge)2Cd- bpy, was obtained as a 
by-product of the reaction, and some its physicochemical characteristics were determined. 
Based on the experimental results, a scheme for the interaction of (Et3Ge)2Cd with TiC14 has 
been suggested. 
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We have examined the possibility of synthesizing 
triethylgermyl derivatives by the reaction of (Et3Ge)2Cd 
with TiC14. This reaction is of interest as a method for 
preparing organopolymetallic compounds containing 
bonds between transition and nontransition metals. 

Results and Discussion 

We believed that the replacement of halogen atoms 
bound with titanium by triethylgermyl fragments might 
afford new compounds containing Ge--Ti bonds. Un- 
like derivatives of the type Cp2Ti(C1)GeR 3 (R = Et, 
Ph), these titanium compounds would contain no stabi- 
lizing cyclopentadienyl substituent. We chose THF, 
which is able to stabilize organotitanium compounds 
with ~-bonds to a certain extent, as the solvent. 

Titanium chloride TiC14 was preliminarily converted 
to the corresponding tetrahydrofuranate, TiC14" 2THF. 
The first step of the process involves substitution of the 
Et3Ge moiety for a chlorine atom. 

As titanium trichloride, which is formed in the reac- 
tion as the TiC13 �9 3THF complex, accumulated, it partly 
precipitated and partly reacted with new portions of 
(Et3Ge)2Cd to give (triethylgermyl)cadmiumtitanium di- 
chloride (1). 

TiCl 3 + (EtaGe)2Cd ~ EtaGeCdYiCl 2 + Et3GeC] 

1 

Exchange reactions are typical of TiC13. In particu- 
lar, its reactions with methyllithium and Grignard rea- 
gents yielding G-derivatives of titanium(nl) have been 
reported.3, 4 

Compound 1 is stable as a THF solution for several 
days. It was identified as a stable crystalline complex, 
(Et3GeCdTiC12-bpy)2 (2), obtained in 45 % yield. 
In addition, we isolated the titanium-free complex 
(Et3Ge)2Cd" bpy (3). 

Taking into account the resulting compounds, the 
overall reaction of TiC14 with (Et3Ge)2Cd may be writ- 
ten as follows: 

-20 ~ 
TiCl 4 + (Et3Ge)2Cd ~ ELaGeCdCl + ELaGeTiCl 3 

THF 

Triethylgermylcadmium chloride is a stable com- 
pound. As was reported previously, 1 it can be readily 
prepared from (Et3Ge)2Cd and CdC12 in THF. 

We could not isolate the triethylgermyl derivative of 
Ti TM. We believe that it reacted with excess titanium 
tetrachloride. 

TiC14 + EtaGeTiCl a --> Et3GeC1 + 2TIC13 

Similar processes have been described previously z for 
alkyl organotitanium(w) derivatives. 

THF 
TiCI 4 + (Et3Ge)2Cd ~ TiC13- 3THF + A 

A + bpy �9 (Et3GeCdTiCI 2" bpy) 2 + Et3GeC1 + 
2 

+ (Et3Ge)2Cd �9 bpy + TiCI 1.7. 1.5bpy + C d .  

3 

A denotes a mixture of the reaction products dissolved in 
THF including Et3GeC1 and Et3GeCdTiC12. Isolated 
compound 2 is extremely sensitive to oxygen and mois- 
ture. It is practically insoluble in toluene and hexane 
and is soluble in THF. The IR spectrum exhibits the 
following absorption bands (v/cm-1): 520, 545 (Ge--C); 
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1365, 1450 (CH3); 1585 ( C - - N ) .  The absorpt ion band at 
1585 cm - l  is shifted to the h igh-f requency spectral  
region with respect  to the  corresponding band in the  
spectrum of  free bpy by 15 cm -1. This attests to the 
donor  charac te r  o f  the  ni t rogen a tom in this compound.  
C o m p o u n d  2 is paramagnet ic ,  and its ESR spectrum is 
typical  of  Ti m derivatives, g = 1.969. To de termine  the 
f ragment  compos i t ion  of  compound  2 more  precisely we 
investigated its react ion with gaseous HC1 and its ther-  
mal decomposi t ion .  We found that  compound  2 incor-  
po ra t e s  E t3Ge  , bpy,  Cd,  and  Ti f r agmen t s  in a 
1 : 1 : 1 : 1 ratio. 

Based on the above-presen ted  data  from IR and ESR 
spectroscopy,  the  results of  the study of  the fragment 
composi t ion  o f  c o m p o u n d  2, and the l i terature s data 
that  solid t i t an ium t r ichlor ide  is a crystal l ine po lymer  
with halogen bridges and a Ti m coordinat ion  number  of  
6, one may  suggest that  compound  2 exists as a d imer  
with bridging chlor ine  atoms. For  the (TiCI 3"bpy)2 
complex  the following structure has been  proposed.  6 

Cl 
N Cl ) / "  " ll \ .../N / - Yi Yi 

k._N I Ol 
Cl 

C o m p o u n d  2 contains  Et3GeCd moiet ies  instead of  
two axial chlor ine  atoms. Two isomers of  this compound  
are possible. The  fact that  the  products  of  thermal  
decompos i t ion  of  2 (see below) conta in  Et3GeC1 and no 
Et6Ge 2 allows one to give preference to the trans- 
isomer.  

CdGe Et 3 CI 

C>-c'- '"Cl/ "'N) 
Cl CdC~Et~ 

2 

In a T H F  solut ion,  format ion  of  the m o n o m e r  
c o o r d i n a t e d  wi th  a T H F  m o l e c u l e ,  viz., 
Et3GeCdTiC12.  b p y .  T H F ,  would also be expected.  

Thermal  decomposi t ion  of  2 was carried out at 130 ~ 
in toluene.  As shown by G L C ,  the resulting solution 
conta ined  bpy in a quanti tat ive yield and Et3GeC1. 

When  thermal  decompos i t ion  of  2 was carried out  
under  more  drastic condi t ions  (160 ~ the yield of  
Et3GeC1 increased.  In the solid residue, Cd was de-  
tected,  which was formed in a quanti tat ive yield. Most  
of  the  t r i e t h y l g e r m y l  mo ie t i e s  were  e l im ina t e d  as 
Et3GeC1. In addi t ion,  the  residue conta ined  halides of  
low-valence  t i t an ium,  amorphous  to X-rays. 

Based on the products  of  the  thermal  decomposi t ion ,  
one may  assume that  this process begins with abstract ion 

of  bpy. The arising vacant  sites in the coord ina t ion  
envi ronment  of  Ti m facil i tate in t ramolecula r  dispro- 
port ionat ion.  

The react ion of  compound  2 with gaseous HC1 in 
toluene at ambient  tempera tures  and a 1 : 1 ratio be-  
tween the reactants  did not  result in the decompos i t ion  
of  the starting complex.  When  the amount  of  HCl  taken 
for the react ion was increased to four moles  per mole  of  
compound  2, the  react ion afforded Et3GeH and a pre-  
cipitate of  the composi t ion  C 1 C d T i C l 2 . b p y .  HC1 (4). 
The fact that  Et3GeH is formed in the  react ion of  
compound  2 with HC1 attests to the cleavage of  the 
G e - - C d  bond. 

A tenfold increase in the amount  of  HC1 taken for 
the react ion did not  result in a higher  degree of  decom-  
position. The complex salt 4 was still the  major  react ion 
product .  

When  we studied the in terac t ion  of  TIC14 with 
(Et3Ge)aCd with the addi t ion of  bpy,  some of  the 
starting ge rmylcadmium compound  did not  react and 
was isolated as complex  3. To confi rm the structure of  
compound  3 we prepared it specially by the react ion of  
(Et3Ge)2Cd with bpy (1 : 1) in hexane.  The product  
was readily soluble in to luene and hexane and very 
sensitive to oxygen and air moisture.  The IR  spect rum of  
this compound  exhibited the following absorpt ion  bands 
(v /cm-1) :  510, 550 ( G e - - C ) ;  1000 ( C - - C ) ;  1360, 1410, 
1440 (CH3); 1580 ( C - - N ) .  

Experimental 

All of the operations with readily oxidizable and hydrolyz- 
able compounds were carried out under dry argon (freed from 
oxygen) or under a vacuum. 

The resulting compounds were identified by elemental 
analysis, determination of functional groups, and spectroscopy. 
Volatile compounds were identified on a Tsvet-129 chroma- 
tograph with a heat-conductivity detector; a 100x0.3 cm co- 
lumn packed with OV-17 on Chromaton N-Super, granulation 
0.160--0.200; helium as the carrier gas (33 mL min-l) .  IR 
spectra were recorded on a Perkin Elmer spectrophotometer in 
the region 400--3000 cm -1. NaCI, LiF, and KBr prisms were 
used. Samples of solid compounds as suspensions in vaseline 
oil were prepared under argon. 

The reaction of bis(triethylgermyl)cadmium with titanium 
tetraehloride in THF. THF (20 mL) was added to TiCI 4 
(2.20 g), and a solution of (Et3Ge)2Cd (4.74 g) in THF 
(10 mL) was added at - 2 0  ~ to the resulting tetra- 
hydrofuranate, TiCI 4. 2THF, over a period of 1 h. A blue- 
colored suspension of TiCI 3 �9 3THF formed. The temperature 
was raised to -20 ~ and after 20 h the solution of compound 
1 was decanted from the precipitate. 0.07 g (5.0 %) of Cd and 
2.36 g (55 %) of TiCI 3 �9 3THF were found in the precipitate. 
Found (%): Ti, 12.60. Calculated (%): Ti, 12.97. cL,ct'-Bipyfidyl 
(1.66 g) was added to the THF solution of 1 left, and the 
mixture was kept for 24 h at -20 ~ The solution was de- 
canted from the dark-blue precipitate insoluble in THF. The 
precipitate contained 0.1 g (2.0 %) of TiCll. 7 �9 1.5bpy. Found 
(%): Ti, 13.50; Ct, 17.0. CI5Ht2N3CII.7Ti. Calculated (%): 
Ti, 14.00; CI, 17.6. THF was removed in vacuo, and the 



1244 Russ.Chem.Bull., VoL 43, No. 7, July, 1994 Lomakova  et al. 

residue was washed with hexane and dried to give 2.70 g 
(44.6 %) of bis(triethylgermylcadmiumtitanium bipyridyl 
dichloride) (Et3GeCdTiC12-bpy) 2 (2), m.p. 124 ~ (dec.); 
g =  1.969. Found (%): C, 36.00; H, 4.36; C1, 11.80; 
Cd, 20.11. C32H46N4Cd2C14Ge2Ti 2. Calculated (%): C, 35.11; 
H, 4.21; CI, 12.98; Cd, 20.48. 

The reaction of bis(triethylgermyl)cadmium with c~,a'- 
bipyridyl. A mixture of (Et3Ge)2Cd (1.00 g) and c~,c~ "-bipyridyl 
(0.36 g) in 30 mL of hexane was kept for 4 h at -20 ~ The 
solution was cooled to -78  ~ and kept for 12 h, and 
bis(triethylgermyl)(dipyridyl)eadmium (Et3Ge)2Cd bpy (3) 
(0.95 g, 70.0 %) was isolated at -20 ~ as red needle'crys- 
tals, m.p. 45--46 ~ Found (%): C, 45.37; H, 6.43; 
Ge, 24.61; Cd, 19.09. C22H38N2Ge2Cd. Calculated (%): 
C, 45.00; H, 6.47; Ge, 24.70; Cd, 19.10. 

Thermal decomposition of compound 2..4. Thermal decom- 
position was carried out in toluene in evacuated sealed tubes. 
Compound 2 (0.61 g) was kept for 10 h at 130 ~ The 
solution was decanted from the precipitate. As shown by GLC, 
the solution contained bpy (0.17 g, 98 %) and Et3GeCI (0.08 g, 
36.7 %). The dark-blue precipitate (0.25 g) of an unknown 
structure contained (%): Cd, 40.2; C, 15.3; C1, 13.0; Ti, 13.5. 

B. Compound 2 (0.48 g) was kept for 10 h at 160 ~ and 
filtered. According to GLC, the filtrate contained bpy (0.12 g, 
90 %) and Et3GeC1 (0.12 g, 70 %). The dark-blue precipitate 
was a mixture of Cd (0.1 g, 100 %) (X-ray phase analysis) and 
compounds of low-valent titanium (0.07 g). The variation in 
the valency of titanium in the course of thermal decomposition 
was monitored in a separate run using an RE-1301 ESR 

spectrometer. The ESR spectrum was a singlet with gi = 1.969 
typical of Ti III. 

The reaetion of eompound 2 with gaseous HCI. A mixture 
of compound 2 (0.61 g) and anhydrous HC1 (the ratio between 
the reactants was 1 : 4) in 20 mL of toluene was kept for 24 h 
at -20 ~ The resulting light-grey precipitate was filtered off, 
washed with THF, and dried to give 0.40 g (78.3 %) of 
C1CdTiC12 "bpy" HC1 (4), m.p. 120--130 ~ (dec.). 
Found (%): C, 27.06; H, 2.27; C1, 32.16; Cd, 24.34. 
CIoH9N2CI4CdTi. Calculated (%): C, 26.05; H, 1.96; 
C1, 30.80; Cd, 24.40. Et3GeH (0.13 g, 72.3 %) was detected 
in the volatile products by GLC. 
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