
action of combining the acetylene and allyl ligands also occurs in the case of the allyl complex of rho- 
dium. In addition, this reaction is a new method for obtaining the biscyclopentadienyl complexes of rhodium, 

which were obtained by reacting the Na, Mg, and Hg cyclopentadienides with Rh(III) compounds [i]. 

E X P E R I M E  NTA L 

All of the experiments  were run in a pure argon a tmosphere .  The s tar t ing ~-C3Hs-~-C~H~RhC1 [7] and 
AgBF 4 [8] were obtained by the descr ibed methods. The N~R spect ra  were recorded on Bruker  WP-80 and 
Varian XL-100 inst ruments .  

[~-CsHsRh(~-Ph2CsH3)]BF 4. With s t i r r ing ,  to a solution of 0.20 g (0.81 mmole) of ,~-allyl-~-cyclopenta- 
dienylrhodium chloride in 20 ml of acetone was added 0.40 g (2.0 rnmole) of AgBF~ in 20 ml of acetone. After 
s t i r r ing  for  2 h the mixture was t reated with a solution of 0.16 g (0.89 mmole) of tolan in 10 ml of acetone and 
the s t i r r ing  was continued for 5 h. Then the mixture was filtered f rom the AgC1 and Rh precipi ta tes ,  and the 
fi l trate was evaporated in vacuo to d ryness .  The addition of ethyl acetate to the residue precipitates a dark  
yellow powder, the rec rys ta l l i za t ion  of which f rom glacial AcOH gave 0.15 g {39.5%) of ~-cyclopentadienyl-~-  
(1,2-diphenylcyclopentadienyl)rhodium fluoroborate ,  mp 215-218 ~ Found: C 55.68; H 3.97; Rh 21.86%. C22- 
HisRhBF 4. Calculated: C 55.97; H 3.81; Rh 21.79%. 

In the experiments  with other charges  the yield of the complex varied f rom 28.5 to 43.7%. 

CONCLUSIONS 

i. The reaction of ~-allyl-~-cyclopentadienylrhodium chloride with tolan in the presence of AgBF 4 
gave u-cyclopentadienyl-~-(l,2-diphenylcyclopentadienyl)rhodium fluoroborate, which was obtained by the in- 
tramolecular condensation of diphenylacetylene with the ~-allyl ligand. 
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REACTIONS OF I-GERMA-3-CYCLOPENTENFS INVOLVING 

THE GERMYLENE FRAGMENT: TRANSGERMYLENATION 

AND OXIDATION 

S. P. Kolesnikov, I. S. Rogozhin, 
M. G. Safarov, and O. M. Nefedov 

UDC 542.91 : 547.346: 547.514.71: 542.943 

The reactions of germacyclopentenes at the multiple bond and also ring opening and the exchange of 
substituents at the Ge atom have been studied in considerable detail [1-3]. However, examples of reactions 
in which the l-germa-3-cyclopentenes served as a germylene source have not been described up to now, al- 
though it is known that under electron impact they decompose into butadiene and germylene fragments [4]. 

Substantial amounts of i, 3-butadiene were detected when i, l-dimethyl-l-germa-3-cyclopentene {I) was 
subjected to pyrolysis, but dirnethylgermylene was not trapped by the trapping agents and instead dispropor- 
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TABLE i. Yield of i, l-Dichloro-3,4-dimethyl-l- 

germa-3-cyclopentene (Ill) as a Function of the 

Heating Time and Addition of Ph3P [80~ mole ra- 

tio of (II) toDMB =i:i0, and of Ph 3 to (If) = 1:2] 

Heating 
time, 
min 

5 
10 
20 
40 

Yield of (IlI), % 

in nres-  in ab- 
endeof sence of 
PhaP ph3p 

8,6 3,5 
12,2 6,2 
2t,4 10,0 
34,4 t6,9 

Heating "Yield of (III),% 

time, i ~ P  ~s 2- I ~  
min ence of sence of 

PhaP_ PhaP 

87 
t60 
480 

55,9 / 35,0 
68;8 51,3 
88,0 81,0 

tionated in the pyrolyzer to metallic Ge. In particular, when 2,3-dimethyl-l, 3-butadiene (DMB) was cocon- 

densed with the pyrolysis products of (I) (30 x 5 mm quartz pyrolyzer, 600-800~ in vacuo on a cold surface 

at -196 ~ the reaction products of dimethylgermylene with DMB were not detected. The first successful ex- 

amples of the reactions of l-germa-3-cyclopentenes involving the germylene fragment are the transgermylen- 

ation and oxidation reactions discovered by us, as a result of which butadiene is liberated, while the GeR 2 is 
bound as another compound. 

Thus, l,l-dichloro-l-germa-3-cyclopentene (If) when refluxed with excess DMB (mole ratio i:i0) in 
abs. benzene forms i, l-dichloro-3,4-dimethyl-l-germa-3-cyclopentene (Ill) in up to 97% yield. 

Me Me 
\ / 

\9; / 6 80~ \ / q~ CH2--C(Me)C(Me)=CH:~ ~ Ge @ CH2~CHCH=CH,_, 
/ \  

c! cl cl / \ c t  
(ii) (iii) 

The add i t i on  of  Ph3P to the  r e a c t i o n  m i x t u r e  a c c e l e r a t e s  the  r e a c t i o n  (Tab le  1), a p p a r e n t l y  due to the  
f o r m a t i o n  of an i n t e r m e d i a t e  c o m p l e x  s i m i l a r  to the  c o m p l e x  Ph3P" GeC12 [5]. 

In a s i m i l a r  m a n n e r  (II) at  85 ~ in e x c e s s  1 , 3 , 5 - h e x a t r i e n e  (mole  r a t i o  ~ l : l O ) ,  in abs .  be nz e ne  f o r m s  
a n o t h e r  t r a n s  g e r m y l e n a t i o n  p r o d u c t ,  and s p e c i f i c a l l y  1 , 1 - d i e h l o r o - l - g e r m a - 3 ,  5 - c y e l o h e p t a d i e n e  (IV). 

.(ii) q- CtI~-CIICH---~CHCH~Ctt 2 1. @ q- CH2~CItCtI~CH 2 

Ci CI 

(~v) 

Here both the cis and trans isomers of the hexatriene react: the yield of (IV) from a mixture of the cis and 

trans isomers (1:3) was 76% in 25 h, while from the pure trans isomer it was 43% in 39 h of heating; cf. [6]. 

Under the same conditions, (I) does not enter into the transgermylenation reaction. Evidently, the pres- 

ence of Cl atoms on the Ge in (II) decreases the stability of the Ge-C bond due to the negative inductive effect 

of the Cl atoms. In contrast, alkyl substituents, which have the opposite inductive effect, stabilize this bond 

and deactivate the germacyc]0pentene in the discussed reaction. 

Previously it was assumed that the i, l-dialkyl-l-germa-3-cyclopentenes in many respects resembled 
the corresponding hydrocarbons, while their resistance to oxidation by air did not evoke doubt and was not 
discussed. It proved that (I) is slowly oxidized by atmospheric oxygen to give a mixture of cyclic and oligo- 

meric dimethylgermanoxanes (V). 

The oxidation of (1) with KMnO 4 in acetone also gives (V) (79% yield) and butadiene is liberated. 

Ge - ~  --[GeMe,~O]n--@ CH~CHCH=CH2 

%o (v) 
(I) 
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E X P E R I M E N T A L  

The GLC analysis was run on an LIfhM-8MD chromatograph equipped with a katharometer ,  using 
200 x 0.2 cm columns packed with 5% silicone e las tomer  SE-301 deposited on silanized Chromosorb  WP (60- 
80 mesh) (column 1) and 15% Apiezon L deposited on Chromosorb  P (80-100 mesh) (column 2). Calibration 
graphs were used when calculating the ch romatograms .  

1 , 1 - D i m e t h y l - l - g e r m a - 3 - c y c l o p e n t e n e  (I) was obtained as descr ibed in [1], 1 , 1 - d i c h l o r o - l - g e r m a - 3 -  
cyclopentene (II) as descr ibed in [7], 2 ,3 -d ime thy l - l , 3 -bu tad i ene  (DMB) as descr ibed in [8], 1 ,3 ,  5-1hexatriene 
(mixture of isomers)  as descr ibed in [9], and the pure t rans  i somer  of 1 ,3 ,5 -hexa t r i ene  as described in [10]. 

The solvents were purified and made absolute in conventional manner.  

Reaction of 1 ,1-Dichloro- l -germa-3-cyc lopente=ne  (II) with 2 ,3-Dimethyl-1 ,3-butadiene: .  a) A solution 
of 4.85 g (0.024 mole) of (II) and 20.5 g (0.24 mole) of DMB in 150 ml of abs. benzene was refluxed for 8 h. 
After  distil l ing off the solvents the residue was vacuum-dist i l led to give 5.0 g (90%) of 1 , 1 - d i c h l o r o - 3 , 4 - d i -  
me t hy l - l - ge r ma-3 -cye lopen t ene  (III), bp 100 ~ (9 mm), n~ 1.5177; el. [1]; based on the GLC data, it is identi- 
cal with an authentic sample (columns 1 and 2). 

b) A solution of 0.0949 g (0.48 mmole) of (II), 0.443 g (5.4 mmole) of DMB, and 0.0181 g {0.135 mmole) 
of durol (standard for cal ibrat ing the GLC peaks} in 2 ml of abs. benzene was sealed in an argon a tmosphere  
and heated for 8 h at 87 ~ The reaction mixture was subjected to exhaustive ethylation with excess ethylmag- 
nesium bromide. The yield of 3,4-dimethyl-i, l-diethyl-l-germa-3-cyclopentene was 97 % (based on the G LC 
data). 

c) A solution of 1.6953 g (8.6 mmole) of (If), 7.05 g (86 mmole) of DMB, and 0.2114 g (1.66 mmole) 
of duro] in 15 ml of abs. benzene was divided into two equal portions, and to one portion was added 1.1252 g 
(4.3 mmole) of Ph3P. Both samples were heated for 8 h at 80 ~ Samples were taken at definite time inter- 
vals, which were ethylated and then analyzed by GLC. The results are given in Table i~ 

Reaction of l,l-Dichloro-l-germa-3-cyclopentene (II) with 1,3,5-Hexatriene. a) A solution ef 0.1039 g 
(0.53 mmole) of (II), 0.5086 g (6.3 mmole) of i, 3, 5-hexatriene (based on the GLC data, 33% of the cis and 
67% of the trans isomer), and 0.0443 g (0.33 mmole) of durol in 4 ml of abs. benzene was sealedin an ampul in 
an argon atmosphere and heated for 30 h at 85 ~ Then the mixture was subjected to exhaustive ethylation. The 
formation of i, l-diethyl-l-germa-3,5-cycloheptadiene (VI) (76.5% yield) was proved via G LC by comparing 
with an authentic sample of (VI) [6]. 

b) A solution of 0.0629 g (0.32 mmole) of (II), 0.2081 g (2.6 mmole) of pure trans-l,3,5-hexatriene, and 
0.0238 g (0.18 mmole) of durol in 2 ml of abs. benzene was sealed in an ampul in an argon atmosphere and 
heated for 48 h at 85 ~ After ethylation the yield of (VI) was 43.5% (based on the GLC data). 

Oxidation of l,l-Dimethyl-l-germa-3-cyclopentene (1). a) Compound (1) (i.0 g) was kept in an open 
ampul in the air for 3.5 months. The obtained orange oil was treated with ether, and the white amorphous 
precipitate was filtered, washed with ether, and dried in a vacuum-desiccator to give 0.24 g of a pe.lymer of 
composition - [GeMe20]n - , r ap128 -135  ~ B a s e d o n t h e d a t a i n  [11] for n > 4, mp 132-133 ~ . Found: C 20.83; H 
5.1 3; Ge 60.00%. CzttGOGe. Calculated: C 20.24; H 5.10; Ge 61.81%. The fi l trate was evaporated, andthe residue was 
dried in a vacuum-des icca to r  to give 0.13 g of a polymer  of the same composition. Found: C 21.84; H 5.23; 
Ge 59.06%. Total yield 49%. 

b) To a solution of 2.0 g (0.013 mole) of (I) in 10 ml of abs. acetone was gradual ly added a solution of 
2.0 g (0.013 mole) of KMnO 4 in 25 ml of abs. acetone. 1 ,3-Butadiene was detected in the react ion mixture by 
GLC. The excess KMnO 4 was removed by adding 3 g of MeOH and the MnO 2 precipitate was centrifuged. After  
removal  of the solvent and volatile products we obtained 1.2 g (79% yield) of a pale yellow crysta l l ine  substance 
of composit ion - [Me2GeO]n-  , rap 115-127 ~ Found C 21.00; H 5.17; Ge 59.09%. 

C O N C L U S I O N S  

1. The t ransgermylena t ion  react ion (exchange of germylene fragment) was discovered when 1 ,1 -d ich lo-  
r o - l - g e r m a - 3 - e y e l o p e n t e n e  is reacted with conjugated dienes and t r ienes .  

2. On the example of 1 , 1 - d i m e t h y l - l - g e r m a - 3 - c y c l o p e n t e n e  it was found that organo-subst i tuted ge r -  
macyclopentenes are  oxidized by air  or  other oxidizing agents to give polydiorganogermanoxanes.  
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BIS(B-CA RBORA NYL) THA LLIU M SALTS 

V. I. Bregadze, A. Ya. Usyatinskii, 
and N. N. Godovikov 

UDC 542.91:547.559.683'127-38 

Recently we described reactions for adding the thallium atom to the boron atom of the carborane nucleus, 
which lead to carboranylthallium bis(trifluoroaeetates) [i, 2]. The purpose of the present paper was to obtain 
compounds from them that contain two carboranyl groups attached to the thallium atom. 

Several methods are known for synthesizing compounds of type Ar2TIN by starting with ArTIX 2 (where X = 
acetate, trifluoroacetate). This is done either by refluxing the starting compound in acetone or water or by re- 
acting it with trimethyl phosphite [3]. Recently a convenient method was proposed for synthesizing bis(penta- 
fluorophenyl)thallium salts, which consists in reacting pentafluorophenylthallium bis(trifluoromethanesUlfonates) 
with AcONa in refluxing water [4]. It seemed of interest to study the possible use of these methods to symme- 
trize carboranylthallium bis(trifluoroacetates) (CTBT) to give biscarboranylthallium salts with a B-TI bond. 

It proved that symmetrization fails to occur when CTBT is refluxed in acetone. The use of triethyl phos- 
phite also failed to give the desired product, probably because of the formation of a stable complex by the 
(EtO)3P with the starting CTBT. However, the use of AeONa as the symmetrizing agent enabled us to isolate 
the bis(B-carboranyl)thallium acetates. The constants of the obtained compounds are given in Table i. 

RC--CW /RC--CR'\ 
\ / -- | ~ / | TIOCOCH~ (IIa--c) 

BtoHgT1 (0COCF3)2 \ BloH9 /,2 
R=R'=H-m (a), It=I:l'=CH~-m(b), tl=W=Ctt~-o (c)o 

Methods for  symmet r i z ing  o rganomercu ry  salts  using reducing agents are  well known. Thus, the s y m -  
metr izat ion of B - c a r b o r a n y l m e r c u r y  compounds using cadmium amalgams [5] or  LiA1H 4 [6] is descr ibed,  
which leads to the formation of b i s ca rbo rany lmercu ry  compounds with a B - H g  bond. As regards  the reduc-  
t i re  symmet r i za t ion  of organothal l ium compounds,  then only one example of such symmet r iza t ion  is known [7], 
where the react ion of PhCH(OMe)CH2TI(OAc)2 with hydrazine led, together  with the desired product PhCH- 
(OMe)Me, to (PhCH(OMe)CH2)2. T1OCOCH3 in 60% yield. Taking into account the tendency of TI(III) to easi ly 
change to the monovalent s tate ,  it could be expected that the react ion of CTBT with reducing agents will lead 
to obtaining bis(B-carboranyl) thal l ium salts .  Actually,  the t rea tment  of CTBT solutions with a solution of 
LiA1H 4 in THF gave bis(B-carboranyl) thal l inm salts .  The constants of the compounds are  given in Table 1. 
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