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The thermal decomposition of a number of organo-bielemental vanadium 
compounds with the general formula Cp,V(ER3) (ERs = GeEt,, SnEts, CH,SiMe,, 
SeGeEtj) has been investigated in solids and in solutions. The main decomposi- 
tion products of Cp,V(SnEh) are vanadocene and hexaethyldistannane. Et3GeH, 
EhGeCp, Cp,V and CpV(C,&GeEt,) are formed from Cp,V(GeEt,) decomposi- 
tion. Isolated CpV(C,H,GeEt,) is characterized by IR and mass spectra. The 
decomposition of CpzV(CHzSiMe3) is accompanied by Me$i, Cp,V and CpV- 
(CsH&H,SiMes) formation, the latter is identified from the mass spectrum. Tri- 
ethylgermane, vanadocene, and a diselenide of vanadium are isolated on decom- 
position of Cp,V(SeGeEt,). Based upon the experimental data, mechanisms for 
the decomposition are proposed. 

Introduction 

Some bis-cyclopentadienylvanadium compounds such as Cp,VR (R = alkyl, 
aryl, CHzSiMes, N(SiMe,),) were obtained inthe reactions of Cp,VCL with RMgX 
or RLi [1,2]. Organo-bimetallic compounds such as Cp2V(GeRs) (R = Et, Ph) 
were obtained by oxidative addition of (RsGe)&d to vanadocene [3]. Sulfur 
and selenium are easily inserted into the vanadium-germanium bond giving 
Cp,V(SGeR3) and Cp,V(SeGeR,) [4]. CpzV(SnEt3) was obtained through 
E&SnH interaction with Cp,VMe, or Cp,V(CHzSiMeB) [2,5]. All the com- 
pounds prepared are easily oxidized. Both the vanadium-carbon and vanadium- 
element bonds are cleaved by the action of alcohols and acids. All the com- 
pounds mentioned above are stable even at room temperature. Earlier, the ther- 

. 

* In honor of Professor ETenry Gilman for his many years of outstanding research and teaching in 
the field of organometallic chemistry. 
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real  d e c o m p o s i t i o n s  o f  such  c o m p o u n d s  as Cp2VR (R ffi alkyl ,  aryl) were  investi-  
ga ted .  I t  was  estab ~lished t h a t  d e c o m p o s i t i o n  o f  Cp~VR resul ts  in t h e  h o m o l y t i -  
cal cleavage o f  t he  v a n a d i - r - - - c a r b o n  u - b o n d  w i t h  R H  f o r m a t i o n  a t  t h e  expense  
o f  t he  h y d r o g e n  o f  t h e  c y c l o p e n t a d i e n y l  ring. T h e  mig ra t ion  o f  a p o r t i o n  o f  t he  
R l igands in to  c y c l o p e n t a d i e n y l  r ing occurs  also b y  the rmolys i s  w i th  t he  fo rma-  
t i o n  o f  " s u b s t i t u t e d  v a n a d o c e n e s "  [1,6].  

I n  this  pape r  we r e p o r t  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  s o m e  organo-b imeta l l i c  
v a n a d i u m  c o m p o u n d s .  We w a n t e d  to  establ ish t he  in f luence  o f  t h e  n a t u r e  o f  
t h e  o rgano -e l emen t  subs t i t uen t  u p o n  t h e  m o d e  o f  t h e r m a l  d e c o m p o s i t i o n .  Cp2V- 
(CH2SiMe3), Cp2V(GeEt3),  Cp2V(GePh3),  Cp2V(SnEt~),  Cp2V[Sn(OPh)3]  and  
Cp2V(SeGeEts)  were  chosen  as subjec ts  o f  inqui ry .  

Resul t s  and  d iscuss ion  

T h e  t e m p e r a t u r e  intervals o f  t he  o rgano -e l emen t  c o m p o u n d  d e c o m p o s i t i o n  
have  b e e n  d e t e r m i n e d  by  o f  t he  D T A  m e t h o d .  The  D T A  curve o f  Cp2V(SnEt3)  
is charac te r ized  by  t w o  e n d o t h e r m i c  effects .  The  first  reversible e f fec t  a t  56°C 
is d u e  to  t h e  m e l t i n g  o f  t h e  c o m p o u n d .  The  d e c o m p o s i t i o n  s tar ts  a t  above  118°C, 
reach ing  a m a x i m u m  at  139°C. Cp2V(GeEt3) d e c o m p o s i t i o n  p roceeds  w i t h o u t  
p r o m i n e n t  t h e r m a l  ef fec ts  in t h e  t e m p e r a t u r e  range o f  130- -150°C.  The  endo-  
t h e r m i c  e f fec t  o f  Cp2V(CH2SiMe3) a t  58°C is due  to  t he  me l t i ng  o f  t he  com-  
p o u n d .  T h e  wide  e x o t h e r m i c  e f fec t  co r r e sponds  to  its d e c o m p o s i t i o n  a t  130 - -  
170°C w i t h  a m a x i m u m  at  145°C.  Cp2V(GePh3),  Cp2V[Sn(OPh)3]  and  Cp2V[N- 
(SiMe3)2] d e c o m p o s e  in t h e  t e m p e r a t u r e  range o f  180- -200°C w i t h o u t  p romi -  
n e n t  thermal effects. 

The thermal decomposition of Cp2VER s is studied in solids and in toluene or 
tetrahydrofuran (THF) solut ions .  

T h e  d a t a  o f  Table  1 ind ica te  t h a t  Cp2V(SnEts)  d e c o m p o s i t i o n  occurs  in solids 
as wel l  as in  so lu t ions  w i th  t h e  quan t i t a t ive  f o r m a t i o n  o f  h e x a e t h y l d i s t a n n a n e  
and  va na doce ne .  

I t  was in te res t ing  to  clear  u p  w h e t h e r  t h e  n a t u r e  o f  t h e  s u b s t i t u e n t  a t  a t i n  
a t o m  will  i n f luence  u p o n  the  m o d e  o f  t he rma l  d e c o m p o s i t i o n .  F o r  this  p u r p o s e  

T A B L E  1 

P R O D U C T S  O B T A I N E D  F R O M  T H E  T H E R M A L  D E C O M P O S I T I O N  O F  C P 2 V ' ( E R 3 )  ( E R  3 = S n E t 3 ,  
G e E t  3 .  C H 2 S L ~ I e  3 )  

C o m p o u n d  D e c o m p o s i t i o n  
c o n d i t i o n s  
(°C0 h )  

D e c o m p o s i t i o n  p r o d u c t s  a 

( R 3 E )  2 R 3 E H  R 3 E C p  C P 2 V  C p V ( C s H 4 E R  3)  

C p 2 V ( S n E t 3 )  v a c u u m ,  1 4 0 ,  2 0 . 4 3  n o n e  n o n e  0 . 8 8  n o n e  
t o l u e n e ,  1 4 0 ,  2 0 . 4 5  t r a c e s  n o n e  0 . 9 0  n o n e  
T H F ,  1 4 0 ,  2 0 . 4 4  n o n e  n o n e  0 . 8 9  n o n e  

C P 2 V ( G e E t 3 )  v a c u u m ,  1 5 0 ,  2 n o n e  0 . 3 0  0 . 3 0  0 . 3 8  0 . 3 2  
t o l u e n e ,  1 5 0 ,  2 n o n e  0 . 3 1  0 . 3 0  0 . 4 0  0 . 3 3  
T H F ,  1 5 0 ,  2 n o n e  0 . 3 2  0 . 1 0  0 . 4 8  0 . 2 7  

C P 2 V ( C H 2 S i M e  3)  v a c u u m ,  1 5 0 ,  2 t r a c e s  0 . 4 0  n o n e  0 . 7 5  b 

a H e r e  a n d  f u r t h e r  t h e  y i e l d  i s  i n  m o l e s  p e r  m o l e  o f  i n i t i a l  o r g a n o v a n a d i u m  c o m p o u n d ,  b T h e  t o t a l  q u a n -  

t i t y  o f  C P 2 V  + C p V ( C s H 4 E R 3 ) .  
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Cp,VISn(OPh)B] was obtained as a result of CpzVCI interaction with NaSn- 
(0Ph)s in THF solution at 20°C and in a 1 : 1 molar ratio. Cp,V[Sn(OPh)3] 
decomposes in vacuum at 180°C during two hours. The only vanadium-contain- 
ing reaction product is vanadocene (0.88 mol). We were not successful in the 
identification of the organotin derivatives. 

In our previous work the main decomposition products of Cp,M(SnEt& in 
THF solution were shown to be hexaethyldistannane and metallocene, Cp,M 
(M = Ti, Zr). The bimolecular decomposition mode of the compounds indicated 
was proved by the ESR method 173. 

Organotin compounds are capable of intermolecular association d;re to the 
presence of vacant d-orbitals on the outermost tin atom shell. This influences 
strongly the chemical reaction direction. It is beneficial for the thermal decom- 
position process of Cp2M(SnEt& (M = Tit Zr) as well as CpzV(SnR,) to include 
a stage of binuclear intermediate complex formation: 

R3 

CP 
A 

2Cp2V(SnR3) e 
=p,“/S”-=._” / 

Cp’ -..=Sn’ ‘QJ 

- 2Cp2V + R,Sn, (I) 

R3 

It was ascertained that under certain conditions vanadocene reacts, resulting 
in oxidative addition with hexaalkyldistannane. By special experiments vanado- 
cene was shown to react with an excess of hexabutyldistannane (1: 10 molar 
ratio) in THF solution at 20°C. ESR spectra indicated the appearance of a tetra- 
valent vanadium compound, CpzV(SnBu&, with isotropic parameters: gi = 
2 . 0030 and A-Slv = 51.0 e in the reaction mixture. The tetravalent vanadium 
compound C~zV(SnBuj)2 proved to be unstable and attempts to isolate it led to 
the decomposition into the starting compounds: Cp,V and Bu,$n,. Cp,V- 
(SnBu& may be supposed to decompose consecutively, including the formation 
of intermediate binuclear complexes. First, Cp,V(SnBu3) is formed on decompo- 
sition of CpzV(SnBu3)z, which in turn decomposes to hexabutyldistannane and 
vanadocene. We did not succeed in isolating the compound CpzV(SnBu,) under 
the conditions of the reaction studied. 

CpzV + RJSn-SnR, * Cp,V(SnR3)2 *$Sn2R6 + Cp,V(SnR3) --f $Sn2R6 + Cp,V 

(2) 

The above leads to the conclusion that the only decomposition direction of 
organo-bielemental compounds with a vanadium-tin bond, Cp,V(SnR3)n (n = 
1,2; R = Et, Bu, OPh) is a bimolecular mode according to eq. 1. 

It should be mentioned that vanadocene does not react even with a large 
excess of hexaalkyldigermanes and -disilanes in the range of temperature from 
20 to 50°C and in THF solution. 

The therm& decomposition of the triethylgermyl-ianadocene derivative, 
Cp,V(GeEt,) resulted in the formation of a large number of products (Table l)_ 
The isolation of substantial quantities of substituted vanadocene, CpV- 
(C,&GeEt,), points to the fact that the migration of the Et3Ge group into 
cyclopentadienyl ring takes place during the thermal decomposition process of 
Cp,V(GeEt& The data of Table 1 show that the migration process does not 
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depend upon the decomposition conditions. Such migration of an organo-ele- 
ment group is found for the first time in +e thermal decomposition of organo- 
metallic compounds. 

RH (0.50 mol), small quantities of CpR (up to 0.01 mol), Cp,V (0.50 mol), 
CpV(C,QR) (0.30 mol) and (C,H,R),V (0.10 mol) are know to be isolated 
from the solid and solution state thermal decomposition of Cp,VR (R = alkyl, 
aryl). Therefore, alkyl and aryl groups o-bonded to vanadium in the initial 
Cp,VR migrate on thermal decomposition into the cyclopentadienyl ring with 
the formation of substituted vanadocene, CpV(C,H,R) [1,6]. CpV(C,H,GeE&) 
isolation points to the fact that on Cp,V(GeEts) decomposition, as well as in the 
case of Cp2VR, intramolecular rearrangement occurs with transition of the 
o-bonded E&Ge group into the cyclopentadienyl ring. In this case, an intermedi- 
ate ($-cyclopentadienyl)(~4-cyclopentadiene) complex (A) forms. 

Cp,VGeEt, a 

H 
GeEt3 

=iK 

/ I 

(31 

Similar additions to the cyclopentadienyl ring are known for bis-cyclopenta- 
dienyl compounds of nickel, cobalt, rhodium and iridium [8,11]. In these reac- 
tions one of the x-cyclopentadienyl ligands is transformed into a substituted 
cyclopentadiene one. For example, cobaltocene is capable of adding R radicals 
(R = CMe,CN, CH,Ph, C,H, etc.) and giving a stable (x-cyclopentadienyl)cyclo- 
pentadienecobalt complex x-CSH&oCSH,R [S,9]. The cation (7r-CsH&Rh’ 
reacts readily with RLi (R = C,H,, C6Hs). In this case the addition of the R 
group to one of the r-cyclopentadienyl rings occurs with formation of a rhodi- 
um complex similar to complex A [lo]. (x-Cyclopentadienyl)cyclopentadiene- 
nickel complexes are unstable and decompose readily to form substituted cyclo- 
pentadienes [ 111. 

The composition and the yield of the Cp,V(GeEt,) decomposition products 
indicate that complex A is unstable and decomposes in two directions under 
the conditions of the reactions studied. On the one hand, the isolation of tri- 
ethyl( cyclopentadienyl)germanium indicates that complex A decomposes ‘mtza- 
molecularly to form a substituted cyclopentadiene: 

u 

C,H,GeEt, i- FpVl (41 



H 

4 

GeEt, 

7- 

1 

w,.Et, 

f Cp,V(GeE~) - 

Q 
& 

Et,GeH + cpzv f 

0 A 
(5) 

237 

On the other hand the formation of triethylgermane, vanadocene and cyclo- 
pentadienyl(triethylgermylcyclopentadienyl)vanadium may be explaicled by the 
fact that complex A reacts with an initial molecule of Cp,V(GeEt,) according to 
the to the total equation: 

Thermal decomposition of Cp,V(CH,SiMea) in the solid state yields tetrame- 
thylsilane (0.40 mol), vanadocene and CpV(C,H,CH,SiMe,) (total quantity: 
0.75 mol) at 180” during two hours. A change of the thermal decomposition con- 
ditions did not result in a substantial change in reaction products. So, the ther- 
mal decomposition of Cp,V(CH,SiMe,) gives first Me,Si (0.16 mol) at 135°C 
during 0.7 h, then additionally 0.18 mol of Me.+Si at 180°C during 0.7 h; the 
total quantity of substituted and unsubstituted vanadocene did not exceed 0.75 
mol. The monosubstituted vanadocene CpV(C,H&H,SiMeJ) (m/e 267) is identi- 
fied by mass spectrometry. 

The data on the thermal decomposition of Cp,V(CH,SiMe,) were similar to 
the results of the methyl derivative decomposition: Cp,VMe, Cp,VMez and 
CpzVMeCl *under correlated conditions described earlier [6,12]. They include 
rearrangement with intermediate formation of a complex of type A. 

The results obtained allow to compare the thermal decomposition of bis-cyclo- 
pentadienyl-vanadium derivatives to that of the organic and organoelemental 
substituents. In both cases the rearrangement occurs with formation of an inter- 
mediate complex (A). 

L7 c9 

(A) 
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Two decomposition directions of this complex are possible: a) monomolecular 
and b) bimolecular. 

I v /e 
L 

(A) 

/ 

C&R + [CPV] 

a 

\ 
b 

’ RH + (or--Cp),V + v 

0 0 

R = alkyl. aryl. CHzSiMeg , GeEt3 _ 

In the case of the monomolecular mechanism the abstraction of the substi- 
tuted cyclopentadienyl ring and the formation of the substituted cyclopentadiene 
derivatives is observed. The bimolecular mode of the decomposition results in 
the isolation of RH, and substituted and unsubstituted vauadocenes. 

Cp,VR with organic substituents (alkyl, aryl) was earlier found to decompose 
through the bimolecular mechanism. Yet the monomolecular decomposition 
mode is observed too, but its part in the total process is small. For example, only 
small quantities of CpMe (up to 0.01 mol) were found on the decomposition of 
Cp,VMe. 

The experimental data show that for trimethylsilylmethyl-vanadocene deriva- 
tive the main direction of the decomposition is bimolecular. 

When passing to organo-bielemental vanadium compound Cp,V(GeEh) the 
contribution of the monomolecular mode increases considerably. This fact is con- 
firmed by the formation of fairly high amounts of Cp,VGeE& (0.32 mol). The 
data of Table 1 show that in the decomposition of CpzV(GeEta) the mono- and 
bimolecular mode of thermal degration are equivalent. 

It should be noted further that monosubstituted vanadocene CpV(C,H,R) may 
disproportionate according to eq. 6 under decomposition conditions, when 
R = alkyl, aryl: 

CPV(C,H~R) + CPZV + (C,H,R),V (6) 

For example, 0.1’7 mol of (C,HyIe)2V was found from Cp,VMe decomposition. 
In contrast, monosubstituted vauadocenes CpV(C,l&R) (R = CH,SiMe,, GeEt,) 
do not disproportionate according to eq. 6. 

In the decomposition of staunyl-vanadocene derivatives Cp,V(SnR,) the for- 
mation of the intermediate complex A accompanied by the migration of the 
o-substituent into the cyclopentadienyl ring does not occur.-The only decompo- 
sition direction is bimolecular, according to eq. 1. The thermal decomposition of 
the latter proceeded in avacuum flow system at 400-450°C with the formation of 
triethylgermane and vanadocene, as well as vanadium carbide and diselenide, 
VSe,. Unusual was the formation of diselenide, rather than vanadium selenide, in 



spite of the fact that in the initial compound the ratio V : Se = 1.1. 
Based upon the thermal deconiposition products and the solid phase composi- 

tion the mechanism of the process was proposed as involving intermediate dimer 
complexes, in which elimination of triethylgermane, and then disproportion 
occurred. 

Cp,.-- ?e-GeEt, n - VSe, + V,C, 
Et,Ge -_je-VCp2 

-Et@eH 

In this case substituted vanadocene derivatives were not observed. 
CpV(CSl&GeEt,), which we have obtained, was isolated individually by frac- 

tional distillation in vacuum (120°C) (10m3 mmHg). The complex is a dark blue, 
air-sensitive, viscous liquid. The compound is characterized by its IR and mass 
spectra (Table 2). Its IR spectrum shows the absorption bands at 810,960, 
1020, 1110 and 3100 cm-‘, characteristic of the substituted and unsubstituted 
$-cyclopentadienyl ring and at 700,138O and 1460 cm-‘, characteristic of the 
ethyl group of the Et,Ge fragment. Its mass-spectrum has lines pertaining to a 
molecular ion of CSH5(CSH4GeEf3)V* and its fragments. Based upon the lines of 
the respective ions in the mass-spectrum and the metastable transitions found 
the following mechanism is proposed for the molecular ion (&H,V- 
(C,&GeEt,)V’: 

The main decomposition paths of the &HZ4GeV’ molecular ion are on the 
one hand elimination of ethyl groups bonded to germane, and on the other hand 
the elimination of the ethylene molecule. In the decomposition process of the 
fragment ioF elimination of cyclopentadienyl ligand as well as of the C,H,V 
fragment occurs. It should be mentioned that the fragment ions, in addition to 
the fragmentation path considered, also lose hydrogen atoms. 

TABLE 2 

MASS SPECTRUM OF (CSHS)V(CSH4GeEt3) (1= relative intensity) 

IOIl I(S) 1OI-l I(%) 

100.0 CIzHSGeV+ 
0.6 
0.9 

CI$-IIIGeV;_ 

45.6 
CloHIoGey 
CIOHgGeV 

222.7 C1oHSGeV+ 
9.1 CIOH7GeV+ 
9.5 CxOH6GeV+ 
5.1 CIOH5GeV+ 
4.6 
6.0 

CloH4Geye 
C#i+GeV 

23.0 CSHhGeV+ 
4.4 C5H5GeV+ 
6.7 C+&GeV+ 

13.7 
5.1 

Cd%P~* 

8.6 
CsHsG”+ 
CsH4Ge 

3.9 
23.5 

198.0 
116.0 

15.1 
4.9 
7.4 
0.7 
3.0 

23.0 
13.4 
11.4 
19.3 
33.8 
33.9 

5.2 
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C5H5GeV 
+ 

C&G&+- 

C,H .Ge 
+ 

C,H,GeV+ 

-C2H5 

C,H,Ge 
t 

Experimental 

All syntheses and reactions were carried out in an argon atmosphere or in 
vacuum using deoxygenated and dehydrated solvents. ESR spectra were 
determined with a ERA-2M radio spectrometer. Mn** in a MnO crystal lattice 
was used as a standard for calibration of the magnetic field. 2,2,6,6-Tetramethyl- 
piperidiuoxyl was used as a standard for defining the g factor. IR spectra were 
measured with a UR-20 spectrometer. The samples were prepared as suspensions 
in Nujol. Mass spectrometric measurements were carried out by means of a 
MY-1305, instrument with an accelerating voltage of 2 kV, an electron energy 
of 70 eV and an emission current of 1.5 mA. The differential-thermal analyses 
of compounds were carried out in the evacuated cells. The rate of temperature 
increase was 5” /min. A1203 was taken as a standard. The decomposition of 
compounds was carried out in evacuated ampoules equipped with a locking sys- 
tem for the sublimation of the decomposition products. Liquid and gaseous 
products were analyzed by GLC. 

Preparation of 

- THF (2.46 g, 4.9 mmol) in 100 ml of THF was added slowly 
to a Cp,VCl solution (1.08 g, 4.9 mmol) in 50 ml of THF. The reaction mixture 
was stirred at 20°C for 5 hours. The colour of the reaction mixture changed 
from blue to green. The solution was filtered from the residue of NaCl. Then 



2 4 1  

the  solvent  was comple t e ly  r emoved  u n d e r  vacuum.  The  residue was solved in 
THF,  t he  solut ion  prepared  was f i l tered out .  Hexane  was added  to  the  fi l trate.  
The  green crystals which  were  prec ip i ta ted  were  f i l tered ou t  and  dried u n d e r  
vacuum.  (Yield, 2.25 g, 80%). (Found :  C, 57.94; H, 5.37; V, 8.80. G2sH2sOSnV 
calcd.: C, 57.07; H, 4.90;  V, 9.01%). 

eaetion o f  vanadocene with hexabutyldistannane 
A mix tu r e  o f  Cp2V (1.84 g, 10.6 retool)  and  Bu6Sn2 (2.94 g, 5.3 mmol )  was 

hea ted  in an evacua ted  ampou le  w i t h o u t  solvent  a t  50°G for  15 hours.  The  
colour o f  the  re c t ion  mixt~_,re changed  f r o m  violet  to  black. A t  hou r ly  intervals 
after  beginning the  ating an ESR signal was registered which  was typical  o f  
Gp2V. The  ESR signal in tens i ty  o f  Cp2V pract ical ly  did n o t  change in the  course 
of  t he  react ion.  Bu6Sn2 (2.05 g, 69%) was isolated f rom the  reac t ion  mix tu r e  
by vacuum distillation. The  solid residue r ema ined  was subl imed at  160--165°C/ 
10 -1 m m H g  to give violet  crystals  o f  Cp2V (1.21 g, 66%). Mixing the  sample wi th  
a pure  sample d id  n o t  resul t  in a depress ion o f  mel t ing point .  The  mix tu re  o f  
Gp2V (0.06 g, 0.3 retool)  and Bu6Sn2 (2.00 g, 3.0 m m o l )  in 10 ml  o f  THF was 
kept  a t  20°G for  20 hours.  The  co lour  o f  the  reac t ion  m i x t u r e  changed gradu- 
a l ly  f rom violet  to  dark-green. A signal wi th  gi = 2 .0030 and .+~A -s'v = 51.0 e 
appeared in the  ESR spect rum.  This signal m a y  belong to  Gp2V(ER3)2 deriva- 
tives. The  ha l f~ lecompos i t ion  per iod  o f  Gp2V(SnBu3)2 was f o u n d  to  be equal  to  
0.5 h. Af te r  20 hours  the  reac t ion  solut ion consis ted o f  a m ix tu r e  o f  t he  initial 
products .  V t1 was de t e r mi ne d  by  t i t ra t ion  in the  reac t ion  solution.  The  initial 
Bu6Sn2 (1.65 g, 83%) was isolated by  v a c u u m  distil lation at  168--170°C/1 
mmHg.  

Reaction o f  vanadocene with hexaethyldisilane 
A m i x t u r e  o f  Cp2V (0.50 g, 2.7 m m o l )  and Et6Si2 (0.62 g, 2.7 mmol )  was 

hea ted  in an evacuated  ampoule  in to luene  at  80°G for  3 hours.  A t  h o u r l y  inter- 
vals a f t e r  beginning the  reac t ion  an ESR signal was registered which was typical  
of  Cp~V. The  ESI% signal in tens i ty  o f  Cp2V pract ical ly did n o t  change in the  
course o f  the  react ion.  T e initial Et6Si 2 (0.56 g, 2.4 mmol )  was found  in the  
reac t ion  solut ion by  the  GLC m e t h o d .  The  remaining solid residue was subl imed 
at 160--165°C/10 -1 mmHg,  to  give violet  crystals o f  Cp2V (0.40 g, 2.2 mmol) .  

Reaction o f  vanadocene with pentarnethyl(butyl)disilane 
A mix tu r e  o f  Cp2V (0.50 g, 2.7 mmol )  and  M%SiSiM%Bu (0.51 g, 2.7 mmol )  

was hea t ed  in an evacuated  ampou le  in to luene  at  80°C fo r  30 hours.  The  analy- 
is o f  the  reac t ion  mi x t u r e  was c o n d u c t e d  as in the  previous exper iment .  Accord-  

to  t he  ESI% spect ra  the  signal in tens i ty  o f  Gp2V does  n o t  change. The  initial 
Mes(Bu)Si2 (0.46 g, 2.4 mmol )  was ident i f ied  by  the  GLC m e t h o d  in the  react ion  
mix ture .  V Ix (2.1 m m o l )  was t i t ra ted  in t he  reac t ion  solution.  

Reaction o f  vanadocene with triethylgermanium hydride 
Et3GeH (1.50 g, 9.4 m m o l )  in 10 ml  to luene  was added  to  a Cp2V solut ion 

0.72 g, 4.0 retool)  in 20 ml  o f  to luene .  The  reac t ion  mix tu re  was kept  a t  20°C 
for  20 hours .  The  ESR signal in tens i ty  for  Cp2V has n o t  changed dur ing this 
per iod o f  t ime.  The  initial E tsGeH (1.35 g, 8.4 mmol )  was ident i f ied in the  reac- 
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tion solution by the GLC method. The solvent was removed in vacuum. The solid 
residue was sublimed at 165%/10-’ mmHg, to give Cp,V (0.50 g, 2.7 mmol). 

Preparation of bis(wcyclopentadienyl)(triethylgermyl)uanadium 
Cp,V (2.14 g, 11.8 mmol) was dissolved in 100 ml of toluene and (EtsGe)zCd 

(5.09 g, 11.8 mmol) in toluene was added dropwise. The mixture was kept in an 
ampoule for 48 hours at room temperature. The colour of the solution changed 
from black-green to violet. Metallic cadmium (1.31 g, 10.2 mmol) was precipi- 
tated from the reaction mixture. The solution was filtered and the solvent was 
removed under vacuum. The residue was extracted by hexane and the extract 
was filtered. The filtrate was concentrated under reduced pressure and cooled 
down to -78°C. The precipitated dark violet crystals were separated, washed 
out with cold hexane and dried in vacuum. (Yield, 2.13 g, 53%), m-p. 32°C. 
(Found: C, 56-40; H, 7-45: V, 14.75. C,,H,,GeV c&d.: C, 56.37; H, 7-95: V, 
14.90%). 

Preparation of bis(~-cyclopentadienyI)(trimethylsilylmethyl)uanadium 
Cp,V (4.50 g, 24.8 mmol) was dissolved in 70 ml of hexane and Me$SiCH,Cl 

(1.52 g, 124 mmol) was added. The mixture was kept in an ampoule at 80°C for 
3 hours. The colour of the solution changed from violet to dark blue. Cp,VCl 
(1.62 g, 7.5 mmol) precipitated from the reaction mixture. The solution was 
filtered and the solvent was removed under vacuum. The residue was recrystal- 
lized from hexane. The precipitated black crystals were separated, washed with 
hexane and dried in vacua. (Yield, 2.70 g, 81%), m-p. 56”C, (Found: C, 62.71; 
H, 8.11; V, 18.61. C14Hz1SiV calcd.: C, 62.86; H, 7.85; V, 18.88%). 

Thermal decomposition of bis(-rr-cyclopentadienyl)(triethylstannyl)uanadium 
Cp,V(SnE&) (0.12 g, 0.30 mmol) was heated at 140°C for 2 hours. Then 

toluene (2 ml) was added in ampoule. Et&r2 (0.05 g, 0.13 mmol) was identi- 
fied in the toluene solution by the GLC method. The solvent was removed un- 
der vacuum. The residue was sublimed at 80-100”C/10-3 mmHg, to give Cp,V 
(0.05 g, 0.26 mmol). 

Thermal decomposition of bis(r-cyclopentadienyl)(triethylstannyl)vanadium in 
toluene 

Cp,V(SnEt,) (0.20 g, 0.52 mmol) in 5 ml of toluene was heated at 140°C for 
2 hours. Et&%, (0.09 g, 0.22 mmol) was identified in the reaction solution by 
the GLC method. The solvent was removed under vacuum. The residue was 
sublimed at 80-100°C/10-3 mmHg, to give black-violet crystals of Cp,V 
(0.09 g, 0.47 mmol). Vanadocene was identified from the mass-spectrum (AZ’ 
m/e 181). 

Thermal decomposition of bis(?r-cyclopentadienyl)(triethylstannyl)vanadium in 
THF 

Cp,V(SnEts) (0.13 g, 0.35 mmol) in 5 ml of THF was heated at 140°C for 
2 hours. Et,%, (0.06 g, 0.15 mmol) was identified in the reaction solution by 
the GLC method. The solvent was removed under vacuum. The residue was 
sublimed under vacuum at 100”C/10-3 m&g, to give dark violet crystals. 
Vanadocene was identified by the mass-spectrum (Iw’ m/e 181). 
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Thermal  decomposi t ion  o f  (Tr-cyclopentadienyl)(trisphenoxyphenylstannyl)-  
vanadium 

Cp~V[Sn(OPh)3]  (0 .58 g, 1.0 mmol )  was hea ted  a t  200°C fo r  t w o  hours .  
Then the  solid res idue was subl imed u n d e r  vacuum at  80 - -100°C/10  -3 m m H g  
to  give bright  dark  viole t  crystals.  Cp2V (0 .14  g, 0.8 m m o l )  was ident i f ied  
f rom the  mass spec t rum (M ÷ m / e  181).  

Thermal decomposi t ion  o f  bis(Tr-cyclopentadienyl)(triethylgermyl)vanadium 
Cp2V(GeEt3) (1.20 g, 3.5 retool)  was hea ted  at  150°C for  t w o  hours .  Then  

to luene  (3 ml) was added  into the  ~mpoule.  Et3GeH (0.20 g, 1.2 retool)  and 
Et3GeCp (0 .20 g, 0 .9  retool)  were  d e t e c t e d  in the  reac t ion  so lu t ion  by  the  
GLC m e t h o d .  The  solvent  was r emo v ed  unde r  vacuum.  The solid residue was 
subl imed in vacuo.  The  violet  crystals  o f  Cp2V were  subl imed at  80- -100°C/  
10 -3 m m H g  (yield,  0 .20 g, 1.1 mmol ) .  A b lue  viscous l iquid was distil led o f f  
at  120°C/10  -3 m m H g  f rom the  residue.  The liquid was ident i f ied  to  be CpV- 
(CsH4GeEt3) (0.40 g, 1.1 retool)  b y  the  mass - spec t romet ry  m e t h o d  and analy- 
sis. ( F o u n d :  V, 14.00.  C~6H24GeV calcd.:  V, 14.90%). Mass spec t rum:  M* m/e  
341: 

Thermal decomposi t ion  o f  bis(~r-cyclopentadienyl)(triethylgermyl)vanadium in 
toluene 

Cp2V(GeEt3) (1.32 g, 3.8 retool)  in 20 ml  o f  to luene  was hea ted  at  150°C for  
t wo  hours .  Et3GeH (0.18 g, 1.1 retool)  and Et3GeCp (0.25 g, 1.1 mmol )  were  
de t ec t ed  in the  reac t ion  so lu t ion  b y  the GLC m e t h o d .  The  solvent  was r emoved  
unde r  vacuum.  Cp2V (0.28 g, 1.5 mmol )  was subl imed f rom the  res idue a t  100  
100°C/10 -3 mmHg.  A blue viscous l iquid was distil led o f f  at  120°C/10  -3 m m H g  
(Yield, 0 .42 g, 1.2 mmol ) ,  and was ident i f ied as CpV(CsH4GeEt3) f rom its mass 
spec t rum (M* m / e  341).  

Thermal decomposi t ion  o f  b is(~r-cyclopentadieny l )( trieth y lgerm y l )vanad ium in 
THF 

Cp2V(GeEt3) (1.32 g, 3.8 mmol )  in 20 ml  o f  T H F  was hea ted  at  150°C for  
t w o  hours .  Et3GeH (0.20 g, 1.2 mmol )  and Et3GeCp (0.09 g, 0.4 mmol )  were  
d e t e c t e d  in the  react ion  so lu t ion  b y  the  GLC me thod .  The  solvent  was r emoved  
u n d e r  vacuum.  Cp2V (0.33 g, 1.8 retool)  was subl imed f rom the  res idue a t  80 - -  
X00°C/10 -3 mmHg.  A b lue  viscous l iquid (0.35 g, 1.0 mmol )  was distilled o f f  at  
120°C/10  -3 m m H g ,  and was ident i f ied  as CpV(CsI-I4GeEt3) f rom its mass spec t rum 
CM + rn/e 341). 

Thermal decomposi t ion  o f  bis(lr-cyclopentadienyl)(trimethylsi lylmethyl)vana- 
d ium 

Cp2V(CH2SiMe3) (0 .27 g, 1.0 m m o l )  was hea ted  a t  150°C for  t w o  hours.  The  
evolved gas was ident i f ied  as Me4Si (0 .4  m m o l )  b y  the  GLC me thod .  The  solid 
res idue was sub l imed  in vacuo  a t  100 - -110°C/10  -3 mmHg.  V I~ (0.75 retool)  was 
de t e rmined  b y  t i t ra t ion  o f  the  subl imate .  According  to  the  mass s p e c t r o m e t r y  
analysis the  sub l imate  consists  o f  a mixtt t re:  Cp2V (M + m/e  181)  and CpV- 
(CsI-I4CH2SiMe3) (M* m/e  267) .  
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