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The thermal decomposition of compounds of the type Cp,TiR2 (Cp = cyclo- 
pentadienyl, R = aryl or benzyl) in the solid state and in various solvents has 
been studied. In the solid state and in aromatic and aliphatic hydrocarbon sol- 
vents the compounds decompose with quantitative formation of R-H and a Ti- 
containing residue which has lost the Cp?Ti structure. Experiments with deute- 
rated compounds and solvents showed that decomposition proceeds via intra- 
molecular abstraction of a hydrogen atom either from a cyclopentadienyl ring or 
from the other coordinated group R. Results of insertion reactions with tolane 
confirm these two reaction pathways. In tetrahydrofuran and tetrachloromethane, 
decomposition proceeds in a mere complex way, with participahon of the solvent. 

introduction 

There have been several studies of the thermal decomposition of alkyl- and 
aryl-dicyclopentadienyltitanium compounds, but there still is uncertainty con- 
cerning the mechanism of the thermolysis. Razuvaev et al. [l] studied the 
thermal decomposition of Cp,TiR, (R = alkyl, aryl) in various solvents. From 
consideration of the products (Cp,Ti, RH, R-R), they propose a homolytic 
cleavage of the Ti-C u-bond as the main decomposition pathway. Dvorak et al. 
[2] studied the thermal decomposition of CP~T~(&H~)~ in benzene and found 
C6H6 as the main reaction product; no biphenyl formation was observed. They 
suggest that benzene is formed by abstracting a hydrogen atom from another 
phenyl group with simultaneous formation of a phenylenetitanium complex. 
The decomposition of the related compounds Cp,Ti(R)Cl was studied by 
Waters et al. [3], who found evidence for a non-ionic mechanism. The rate-deter- 
mining step is the promotion of R to a non-ionic activated state in which R is 
still within the coordination sphere of titanium, but mobile enough to migrate 
from one titanium atom to another. Investigations in our laboratory on the . 
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thermal decomposition of Cp?TiR [4] Have indicated that the cyclopentadienyl 
groups serve as a hydrogen source in the formation of RH. 

The results outlined above prompted us to investigate the thermal behaviour 
of the compounds Cp,TiR2 (R = aryl, benzyl) in detail. DTA measurements were 
used to establish the dependence of the stability on R. Decompositions were ex- 
amined in solution (benzene, toluene, cyclohesane, THF and Ccl,) and in the 
solid state, using deuterated compounds and solvents in order to get insight in 
the thermal decomposition pathway. 

EkperimentaI 

Procedures 
All experiments were carried out under N? or in vacuum using Schlenk- 

type glassware. Gas chromatographic analyses were performed with a Hewlett- 
Packard 7620 A research chromatograph; for quantitative measurements an 
internal standard was used. Infrared spectra were recorded with a Hitachi EPI-G 
spectrophotometer; visible and ultraviolet spectra with a Perkin-Elmer EPS-3T 
spectrophotometer. The mass spectra were recorded by Mr. A. Kiewiet with an 
AEI-MS 9 instrument. Thermograms were obtained using a low-temperature 

DTA apparatus 151; the decomposition points were found by an interpolation 

method [63. Samples of about 20 mg of the pure compounds Cp,TiR? were 
sealed in evacuated (0.1 mmHg) glass ampoules and heated at a rate of 2-3”/min. 

The temperature effect 4T was measured as a function of the temperature T of 
the sample-holder block. 

Starting materials 
The atyl compounds CpzTiR1_ were prepared by a modification of the 

published method [7]. After reaction of CplTiC12 with two equivalents of RLi, 
the solvent was removed; the residue was ertracted with CH&l, and the product 
recrystallized from ether. The benzyl compound was obtained by the method 
of Razuvaev et al. [8]. The? compounds with deuterated cyclopentadienyl groups 
were prepared from the st:Ming material CpzTiC12-d10 which was synthesized 
by the method of Martin et al. [9]; mass spectra showed a degree of deuteration 
over 90%. For alI compounds satisfactory elementary analysis were obtained. 

Results 

Differential thermal analysis 
In all cases the thermograms showed one irreversible esothermic effect, 

which was due to the heat of decomposition. The decomposition temperatures 
are listed in Table 1. 

Thermolysis of the compounds 
Samples of about 1 mmol of the solid compounds CplTiRz were heated at 

a fixed temperature for a given time. Solutions of the compounds (1 mmol) in 
10 ml of solvent were thermolyzed under N2 at the boiling point of the solvent. 

In a first series of experiments the volatile decomposition products were 
distilled into a cold trap and analyzed (GLC and mass spectrometry). The residue 
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TABLE 2 

YlELDS OF PRODUCTS AFTER THERMOLYSIS OF Cp~TiR2 COMPOUNDS AND REACl-ION OF 

THE RESIDUE WITH HCl 

R Thermal decomposition 

Exp. conditions Volatile products 

Reaction with HCI 

Volatile products Cp2T1Ciz 

RH (R) other (5) RH f%) (S) 

CoHs 1 1 h 120” vacuum 

a 1 b 90° vacti*m 
3 8 h SO” vacuuxn 

4 “4 b 9o” vacuum 

5 300 h 50” vacuum 

6 5 h SO” cycloherane. 

7 5 b 1lCp Loluene. Nz 
8 5 h 6S= THF. N2 

9 24 h 65O THF. Nz 

10 21 h 75°CC4.Nz 

a7 

90 
20 

NZ 85 

85 
61 

88 

60 

4 

99 94 

77 71 

6 4 

79 75 

4 2 

7 
30 25 

11 
31 C6H5CI 

m-CH3C6H.1 11 1 h 131O vacuum 94 

12 5 h 80” benzene. Nz 90 -l 

13 24 h 65= THF.Nz 87 6 

p_CH,Cb& 11 1 h 125’ vacuum 99 

15 5 h SO” cvclohesane. N2 90 3 4 

3&fCH;),C,H3 16 1 h 1365 vacuum 96 
17 5 h 1 10J tolueae. N? 92 2 

18 5 h 80’ cyclohcrane. N, 88 8 6 

CA2C@j 19 1 h 95” vacuum 95 

20 5 h 8d benzene. N:! 94 

TABLE 3 

THERhlAL DECOhlPOSITION UStNG DEUTERATED COMPOUNDS AND SOLVENTS 

Compound Exp. .:0ndrt10ns Compoition of RH 
(5 relatlre a) 

1 1 h 137* racuum 
24 b 9oJ \acuum 2 

3 300 h 50° vzicuum 

CbOd (90);CbDjH (100): CODAH? (91) 
C6Db (84); C6DjH (100); C,DJH~ (80) 

-1 5 h 110” lolueae. Nz 
‘&Dg (95); CbDjH (100): C~DAH? (97) 

CbD6 (93): CbDsH (100); t&Dal-i? (95) 
5 I,4 b 65O THF. Nz 

6 34h 75” CC14.N2 
f&De (63): C6DjH (100): C6D4H:! (58) 

CbD6 (70); CbD5H (100): C,s&.H, (78) 
7 8 h 80c toluene. C,Db (100); CbDjH (98): C6DaH2 (-) 

tolane. N? 

CP?TifC6Hj)? 8 5 h 1 IO0 d8-loluene. N? 
9 2-l h 65= dS-THF. N, 

C6Hg (100); CbH5D (-); CbH_qD: (-_) 
CbHd (100); CbRjD (55); C6lQD2 (45) 

CP2TlCbHj)z ’ 10 1 h 140” vacuum CgDg (100); CeHg (100) 
+ 11 2-i h 90” vacuum CbDb (100): C6Hg (95) 

Cp,T~fCgDj)z-dlo 12 5 h 110” tolusne. N2 C& D6 f 100): C6 Hb (93) 

Cpzm(CgHj)?-dlti 13 1 h 140° vacuum CbH6 (100); CgH5D (85); C~H_JD~ (80) 
14 5 b llO” toluene. N2 C6H6 (100): CbHsD (83): Cb&Dz (80) 

Cp,TitCgD5)2-dlo = 15 1 h 137- vacuum 
5 b llO< toluene. Nz 

CgDg (100): CgD.jH (6): C6 D? Hz f-) 
16 CgDb (100); C,=,DsH (8); CgD4Hz (-) 

a ReLf.ne amounts of volallle product from the peak internhes in Lhe mass spectra. b Equjmolar tit- 
of Lk two -=ompounds c hIw spectra showed a de=ee of deuterahoo of about 90% for Lbc cyclopeob- 
&en)1 groups. 
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being formed, and so participation of the solvent in the decomposition is un- 
likely. This is confirmed by the decomposition of Cp,Ti(C6Hj): in toluene-d, 
(Table 3, exp. 8), where no deuterium is found in the product benzene. Also, the 
decomposition of CplTi(C,D,),-d,. in toluene produces only C6D,. In this case 
the small amount of C,D5H (8%) is due to incomplete deuteration of the Cp 
groups (Table 3, exp. 15). 

In experiments in which the thermal decomposition was not taken to com- 
pletion, treatment of the residue with HCI in ether produced Cp,TiCl, and RH 
(l/2), indicating a corresponding amount of undecomposed Cp,TiR,, which re- 
acts quantitatively according to eqn. 1. The amounts of RH formed in the ther- 

Cp,TiR, + 2 HCl --f Cp2TlC12 f 2 RH (1) 

mal decomposition and of RH formed after treatment of the residue with HCI, 
together correspond to the amount of groups R in the original sample. From 
these results a step-wise degradation via stable intermediates with a Ti/R ratio of 
about l/l can be escluded. Evidently, both aryl groups attached to TI are virtu- 
ally simultaneously liberated as R-H, and the decomposition can be formulated 
as in eqn. 2. The decomposition is probably an intramolecular process. This is 

Cp,TiRz --f “ClOHsTi” + 2 RH (2) 

shown by esperiments 10, 11, 12 in Table 3, ‘n which decomposition of an 
equimolar misture of Cp,Ti(C,Hj), and Cp,Ti(C,D,)?-d,, in the solid state or 
in toIuene produces only C,H, and CBDB (l/l) and no partially deuterated 
benzenes. 

The results discussed so far are not consistent with a simple decomposition 
involving formation of free radicals, as suggested by Razuvaev et al. [l] or \vlt.li 
the migration of a group R from a Ti atom to another as proposed for the de- 
composition of Cp,Ti( R)CI [ 31. The fact that the hydrogen atoms for the forma- 
tion of RH are abstracted from ligands attached to the same Ti atom agrees with 
the view of Dvorak et al. [2] that benzene is formed by abstraction of hydrogen 
from the second phenyl group with simultaneous formation of an (instable) 
phenylenetittium complex. This scheme is attractive, but our esperiments 
(Table 3, exp. l-4,1 3,14) lead us to conclude that another decomposition route 
is also operative, viz. an intramolecular decomposition with formation of C,H, 
by direct abstraction of a hydrogen atom from the Cp rings. In the case of 
CpZTi(C6D5)2 this leads to the various deuterobenzenes as shown in Scheme 1. 
Route 1 leads via the intermediate formation of a phenylenetitanium complex 
to equimolar amounts of C,D6 and C6D4HZ. Route 2 only produces CeDjH by 
direct abstraction of hydrogen of the Cp rings. According to OLJZ experiments 
(Table 3, exp. l-4) about l/3 of the molecules decompose according to route 
2. Experiments with Cp2Ti(C,Hs)z-d,,-, (Table 3, esp. 13,14) confirm these con- 
clusions. Here equimolar amounts of CdH6 and C,H,D, (route 1) and of C,HjD 
(route 2) are found. Evidently, isotope effects do not play an important role; 
deviations from the expected values are mainly due to the fact that the degree 
of deuteration of the Cp rings is about 9 0 70. Further proof for the proposed 
reaction scheme -via two routes is found in the thermal decomposition of 
QzTi(CbDj)z in the presence of tolane (Table 3, exp. 7). The formation of 
CsD4H2 via route 1 is blocked by the presence of tolane which is inserted in 
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CCL is evident. Decomposition of CplTi(C,Hj), in THF-d, (Table 3, exp. 9) 
gave &He, but also considerable amounts of C6H5D and C,H4D,, showing the 
participation of the solvent. Although complete decomposition of Cp,TiR2 com- 
pounds in THF again proceeds with a quantitative formation of RH, the Ti-con- 
taining residue is different from that of the decomposition reactions in hydro- 
carbons. Its IR spectrum shows relation with that of dimeric titanocene 
(C,OHgTiH)Z [ 111 (absorption bands at 3100-3090,1440,1020.500-790 charac- 
teristic for C5Hg and at 1060 cm-’ for C5H4 groups). Mass spectra indicate the 
presence of O-containing groups probably from cleavage of THF *. Treatment 
with HCl in excess gave a green product; no Cp?TiCIZ was formed. The IR 
spectrum of the green complex was identical with that of (C,,H,TiCI,),, the 
reaction product of titanocene (C,,,HgTiH): with HCl in excess, reported by 
Salzmann and Mosimann [ 121. 

Decomposition in carbon tetrachloride proceeds with formation of RH 
(60%) and RCl (31%) (Table 2, esp. 10). Sublimation of the yellow-brown 
residue yielded Cp,TiCI? (24%) and CpTiCl, (58%). The participation of THF 
and CCL in the decomposition is probably due to the donor properties of 
these solvents which can coordinate at the titanium atom. 

The kinetics of the thermal decomposition reaction of dicyclopentadienyl- 
titaniumdiaryl and dibenzyl compounds will be described m a forthcoming 
paper. 
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