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Concentrated solutions of TiCI4 in CH2CI2, o-C6H4CI2, and n-hexane reacted with hexamethyl benzene producing 
[(r16-C6MeG)TiCi3]+[Ti~cl~]-, which can equally well be obtained from the same TiCI4 solutions and but-2-yne. 

Formation of charge-transfer complexes from Tic14 and 
arenes is claimed to be responsible for the coloured solution 
formed when TiC14 is dissolved in aromatic hydrocarbons.' 
The supposed instability/lability of the system did not encour- 
age efforts to isolate species from such solutions. Arene 
complexes of titanium are rare, and only two classes are 
known; titanium(I1) derivatives, [ (arene)Ti(p2-A1C14)2] ,2 and 
titanium(0) complexes in the form of sandwich complexes 
[Ti(arene)# or a phosphine derivative [[(q6-CloH8)Ti{ But- 
Si(CH2PMe2)3}] .4 Complexes derived from the interaction of 
do transition metals and arenes are unknown, the closest 
examples being the n-arene complexes of the f-block ele- 
ments5 and of tin(rI).6 

We report the synthesis of an 76-arene titanium( ~ v )  complex 
(1) which is formed from the reaction of Tic& with either 
hexamethylbenzene or but-2-yne (Scheme 1). 

Complex (l)? was isolated from the reaction between TiC14 
and C6Me6 in a molar ratio ranging from 6 to 10, using a 2 M 
solution of Tic14 in CH2C12, o-C6H4C12, or n-hexane; the yield 
was >70% based on C6Me6. TiC14 was added to a solution of 
C6Me6, which suddenly became deep red and gave, in a few 
minutes, a yellow crystalline solid (1). The reaction, followed 
by 1H NMR spectroscopy in CD2C12 at room temperature, 

Correct microanalytical results have been obtained. 
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Figure 1. An ORTEP drawing of the [($-C6Me6)TiC13]+ cation. 
Bond distances (A): Ti(1)-Cn, 2.059(12); Ti(1)-Cl(lO), 2.182(4); 
Ti(1)-Cl(ll), 2.168(4); Ti(l)-Cl(l2), 2.186(5). Bond angles (O): 

C1( 1 1 )-Ti( 1 )-C1( 12), 102.2( 2) ; 
C1( 10)-Ti( 1)-C1( l l ) ,  103.5(2); Cn-Ti( 1)-C1( 12), 115.8(4); CLTi( 1)- 
Cl(l l) ,  115.9(4); Cn-Ti(l)-Cl(lO), 115.0(4). Cn refers to the centroid 
of C6Me6. 

102.6( 2) ; C1( 10)-Ti( 1 )-C1( 12), 

showed a broadening of the singlet at 6 2.18 and the 
appearance of two singlets at 6 2.82 and 2.75 of much lower 
intensity, when the TiC14/C6Me6 ratio was >1.5. The addition 
of a large excess of TiC14 (TiC14/C6Me6 >lo) caused the 
quantitative precipitation of (1), while the resulting solution 
remained almost colourless. Complex (1) was also formed on 

reaction of 2~ solutions of TiC14 in the same solvents with 
but-2-yne, with a but-2-yne/TiC14 molar ratio slightly lower 
than 3. Complex (1) reacts with oxygenated solvents or water 
releasing hexamethylbenzene. 

The easy formation of (1) from highly concentrated 
solutions of TiC14 with a high TiC14/C6Me6 molar ratio is, 
presumably, the result of the action of TiC14 on an initially 
formed TiCI4.C6Me6 adduct. The two singlets at 6 2.82 and 
2.75, appearing when the reaction is followed by IH NMR 
spectroscopy, seem to support the genesis of (1) as in Scheme 
2. 

The ionization of the relatively more basic chloride in (2) is 
promoted by the excess of TiC14 forming the insoluble ionic 
complex (1). The peak at 6 2.82 is due to the Me groups in (l), 
while the other peak at 6 2.75 is probably due to complex (2). 
The formation of Ti2C19 (ref. 7) rather than (ref. 1) 
and Ti2Cllo2- (ref. 7) may be correlated with the rather low 
basicity of the C1- source available, as is the case for complex 
(2). We cannot exclude that in highly concentrated solutions 
of TiC14 an equilibrium exists between (TiC14), species of 
different molecular complexity, one of them capable of 
binding C6Me6. It should be emphasized that the cation 
[(C6Me6)TiC13]+ may be considered as a source for the highly 
acidic [TiC13]+ form of TiC14. The trimerization of but-2-yne 
occurs under conditions such that we cannot prove that the 
reaction can be adjusted to become catalytic. Rare examples 
of trimerization of acetylenes by Lewis acids8 are known, this 
reaction being largely confined to low-valent transition metal 
complexes which operate by a very different pathway.9 In the 
case of the reaction in Scheme 1 we cannot invoke any 
metallacycle precursor ending in the trimer. The significant 
stability of (1) may be the driving force for the trimerization of 
but-2-yne. 

The structure of [(q6-C@e6)TiC13]+ is shown in Figure l;$ 
the anion [Ti,C19]- has the known structure.7 The overall 
geometry of the cation can be described as a three-legged 
piano stool, with the C1-Ti-C1 angles being essentially equal 
and averaging 102.8(3)". The Ti-@ (Cn = centroid of C6Me6) 
distance is significantly longer [2.059(12) A than in the 

close to that in [Ti(q6-C6Me6)(y2-Alc14)2] (4) (2.06 A). Ti-C 
distances, ranging from 2.460(13) to 2.524(12) A, are close to 
those in (4) (Ti-Cav, 2.50 A).2c 

We have found that the binding of arenes by high-valent 
early transition metal halides is quite a general reaction which 
is being actively explored in our laboratory. 

We thank the Fonds National Suisse de la Recherche 
Scientifique (Grant. No. 2000-005536) for financial support, 

titanium(0) arene [ T ~ ( V ~ - C ~ H ~ ) ~ ]  (3) [1.736 a ]3d and very 
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$ Crystal data: Cl2HI8Cl3Ti-Cl9Ti2, M = 731.4, orthorhombic, space 
group P C U ~ ~  (from systematic absences and structure determination), 
a = 17.263(2), b = 8.712(1), c = 17.256(2) A, U = 2595.2(5) A3,Z = 
4, D, = 1.872 g cm-3, Mo-K, radiation (A = 0.71069 A), ~(Mo-K,)  = 
21.44 cm-1. Crystal dimensions0.40 X 0.48 X 0.51 mm. The structure 
was solved by the heavy-atom method (Patterson and Fourier 
synthesis) and refined by full-matrix least-squares. For 2252 unique 
observed structure amplitudes [ I  > 2 4 4 1  collected at room tempera- 
ture on a Siemens AED diffractometer in the range 6 < 20 < 54", the 
R value is 0.059 (unit weights). The hydrogen atoms were put in 
calculated positions and introduced as fixed contributors in the final 
stage of refinement. All calculations were carried out using 
SHELX76. Atomic co-ordinates, bond lengths and angles, and 
thermal parameters have been deposited at the Cambridge Crystallo- 
graphic Data Centre. See Notice to Authors, Issue No. 1. 



J .  CHEM. SOC., CHEM. COMMUN., 1989 1749 

References 
1 C. A. McAuliffe and D. S.  Barratt, ‘Titanium,’ in ‘Comprehensive 

Coordination Chemistry,’ eds. G. Wilkinson, R. D. Gillard, and 
J .  A .  McCleverty, Pergamon Press, Oxford, 1987, vol. 3, ch. 31. 

2 (a) E. 0. Fischer and F. Rohrschied, J. Organomet. Chem., 1966,6, 
53; (b) H. Martin and F. Vohwinkel, Chem. Ber., 1961, 94, 2416; 
(c) U. Thewalt and F. Osterle, J. Organomet. Chem., 1979, 172, 
317; (d) U. Thewalt and F. Stollmaier, ibid., 1982, 228, 149. 

3 (a) M. T. Anthony, M. L. H. Green, and D. Young, J .  Chem. Soc., 
Dalton Trans., 1975, 1419; (b) P. D. Morand and C. G. Francis, 
Inorg. Chem., 1985, 24, 56; (c) P. N. Hawker, E. P. Kundig, and 
P. L. Timms, J. Chem. Soc., Chem. Commun., 1978,730; (d) 0. N. 
Krasochka, A. F. Shestakov, G. G .  Tairova, Y. A.  Shvetsov, E. F. 
Kvashina, V. I. Ponomarev, L. 0. Atovmyan, and Y. G. Borod’ko, 
Khim. Fiz., 1983, 11, 1459; (Chem. Abstr., 1984,100,43387g); (e) 
F. G. N. Cloke, M. F. Lappert, G. A. Lawless, and A. C. Swain, 
J. Chem. SOC., Chem. Commun., 1987, 1667; F. G. N. Cloke, 
K. A. E. Courtney, A. A. Sameh, and A. C. Swain, Polyhedron, 
1989, 8, 1641. 

4 T. G. Gardner and G. S.  Girolami, Angew. Chem., Int. Ed. Engl., 
1988, 27, 1693. 

5 M. Cesari, U. Pedretti, A. Zazetta, G. Lugli, and N. Marconi, 
Inorg. Chim. Acta, 1971, 5 ,  439; F. A. Cotton and W. Schwotzer, 
Organometallics, 1985,4,942; G. C. Campbell, F. A. Cotton, J. F. 
Haw, and W. Schwotzer, ibid., 1986, 5 ,  274; F. A. Cotton, W. 
Schwotzer, and C. Q. Simpson, Angew. Chem., Int. Ed. Engl., 
1986,25,637; F. A. Cotton and W. Schwotzer, J. Am. Chem. Soc., 
1986, 108, 4657. 

6 H. Schmidbaur, T. Probst, B. Huber, 0. Steingelmann, and G. 
Miiller, Organometallics, 1989, 8, 1567, and references therein. 

7 T. J .  Kistemacher and G. D. Stucky, Znorg. Chem., 1971, 10, 122. 
8 W. Schafer, Angew. Chem., Int. Ed. Engl., 1966, 5 ,  669. 
9 J .  L. Davidson, ‘Reaction of Coordinated Acetylenes,’ in ‘Reac- 

tions of Coordinated Ligands,’ ed. P. S. Braterman, Plenum Press, 
New York, 1986, ch. 31, p. 825; S.  G. Davies, ‘Organotransition 
Metal Chemistry: Applications to Organic Synthesis,’ Pergamon 
Press, Oxford, 1982, pp. 255-259. 




