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Abstract

The complex CPh(CPh),CPhTiBr, has been obtained by reaction of the system CoMeg—
(C¢H)Ti(AlBry), —2Et;Al with diphenylacetylene. The titanacycloheptatriene ring is not planar, all
C-C bonds are roughly equivalent and all carbon atoms are at bonding distances to titanium. The
complex is a product of catalyst deactivation in which the oxidative addition of trimeric intermediate to
Ti!' results in a release of aluminium-containing ligands.

The mechanism of cyclotrimerization of substituted acetylenes has recently been
studied using bis(tetrahaloaluminato)(arene)titanium(Il) complexes, (C,H,)Ti-
(AlX,), (X =Cl, Br, or partly Et) [1]. In particular with diphenylacetylene (DPA),
evidence was obtained for the formation of 1:1 and 2:1 DPA: Ti complexes by
electronic absorption spectroscopy; the X-ray single crystal analysis of the 2:1
product for X = Br revealed that it is the tetraphenylcyclobutadiene complex of Ti'!,
(C,Ph,)Ti(AlBr,),, which retained the pyramidal structure of the bis(tetra-
bromoaluminato)titanium skeleton known from (arene)titanium(II) complexes [2-6].
The absence of a d—d absorption band in the electronic absorption spectra of the
2:1 complexes indicated that d-electron orbitals are strongly mixed with w-orbitals
of the cyclobutadiene moiety [7]. The formation of further species corresponding to
3:1 complexes was indicating by their electronic absorption spectra but isolation
was precluded by the instability of these complexes, which easily released
hexaphenylbenzene (HPB). The catalytic activity of (arene)titanium(II) complexes
was strongly affected by addition of Et;Al: positively when X = Cl, negatively when
X = Br.

Addition of a 6-fold excess of DPA to the benzene solution of (CiMeg)Ti'!-
(AIBr,Et), prepared by mixing CoMe, with (CiH)Ti(AlBr,), and Et;Al in the
ratio known for the chloro complex [8,9] resulted in the intense blue colouration of
the solution due to the formation of 1,1-dibromo-2,3,4,5,6,7-hexaphenyltitana-



Cle

(a)

C23)

c@4)

Fig. 1. The molecular structure and atom numbering scheme.

cycloheptatriene, CPh(CPh),CPhTiBr, (1) [10*]. The conversion of the arene
complex to 1 was quantitative according to measurement of the electronic absorp-
tion spectra. Single crystals of 1 (benzene solvate) were obtained from the hexane-
benzene mixture by slow cooling and their structure was determined by X-ray
analysis [11*].

The structure of 1 is depicted in Fig. 1; selected bond lengths and angles are
listed in Table 1. The coordination around tltamum is approximately tetrahedral.
The Ti-C(1) and Ti-C(6) bond lengths (2.06, 2.04 A) correspond to a strong o-bond
[12] whereas other Ti~C distances (2.37-2.51 A) correspond to a m-bonding interac-

* Reference number with asterisk indicates a note in the list of references,



C17

Table 1

Selected bond lengths and angles in 1 (esd’s in parentheses)

Bond lengths (. A )

Ti—Br(1) 2.398(3) Ti-Br(2) 2.415(3)
Ti-C(1) 2.06(1) C(1)-C(2) 1.43(2)
Ti-C(2) 2.47(1) C(2)-C(3) 1.40(2)
Ti—-C(3) 2.37(1) C(3)-C4) 1.45(2)
Ti-C(4) 2.38(1) C(4)-C(5) 1.42(2)
Ti-C(5) 2.51(1) C(5)-C(6) 1.36(2)
Ti~C(6) 2.04(1) C(n)-C(nl) av.1.47
Bond angles (°)

Br(1)~Ti-Br(2) 107.3(1) C(2)-C(3)-C(4) 114(1)
C()-Ti-C(6) 128.3(6) C(3)-C(4)-C(5) 113(1)
Ti- C(1)-C(2) 88.1(9) C@)-C(5)-C(6) 111(1)
C(1)-C2)-C(3) 108(1) Ti-C(6)-C(5) 93.0(9)

tion. For example, the Ti—-C distances in bis(tetrabromoaluminato)(tetraphenyl-
cyclobutadiene)titanium, (C,Ph,)Ti(AlBr,), (2) are 2.27-2.30 A [1]. The titanacycle
is not planar as is seen from Fig. 1(b) and the carbon atoms (3) and (4) are closer to
titanium than C(2) and C(5). Both these features are analogous to those found
in 1,1-bis(tetrachloroaluminato)-2,3,4,5,6,7-hexaphenylzirconacycloheptatriene,
CPh(CPh),CPhZr(AICL,), (3), which has recently been prepared and its X-ray
structure deiermined by Calderazzo et al. [13]. In contrast to the structure of 3, the
Ti-C(1) and Ti-C(6) bond lengths are shorter by 0.13 A and the longest C-C
distance is between C(3) and C(4) (1.45 /3;) compared to the longest distance
between C(3) and C(4) (1.49 A) in 3. The light asymmetry in the titanacycle (see
Table 1) may be brought about by closer packing arising from smaller atom radius
of Ti compared to Zr; in 3 the larger atom radius is responsible for accomodating
four chlorine ligands along with the metallacycle. The asymmetry in 1 is retained in
solution as the °C NMR spectrum shows six different quaternary sp? carbon atoms
in the region 8 134.05-143.71 attributable to the titanacycle. The strong absorption
band of 1 in the visible region at 580 nm apparently reflects a large mixing of
d-orbitals with m-orbitals, which may account for the nearly equal C-C distances in
the metallacycle.

The formation of 1 from (C,Me)Ti'"(AlBr,Et), exemplifies one deactivation
mode in the cycloaddition reactions catalyzed by (arene)titanium(II) complexes [14].
The oxidative addition of an organic reaction intermediate to Ti" decreases the
stability of bis(aluminato)titanium(IV) skeleton, which results in a release of the
aluminium components to give 1 according to eq. 1.

(C4Meg ) Ti"(AIBr,Et), + 3 DPA — 1 + 2 EtAlBr, + C;Me, (1)
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