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Summary

The first X-ray structural determination of a compiex with a Ti—carbonyl
linkage is reported. The Ti—C(carbonyl) bond length is 2.030(11) & , and the
average Ti—C(cyclopentadienyl) distance is 2.347(9) A.

Although titanocene dicarbonyl (dicarbonyldicyclopentadienyl-
titanium(IT)) was first obtained by Murray in 1958 [1], the chemistry of this
unique metal carbonyl has been little developed, due primarily to the consid-
erable experimental difficulties and low yieids incurred in its preparation by
the original literature method. Very recently, however, several greatly im-
proved methods for the synthesis of titanocene dicarbonyl have been reported
[2-4], and a variety of reactions involving displacement of the carbonyl
ligands by acetylenes, 2,2 -bipyridine, alkyl halides, acyl halides, iodine,
9,10-phenanthroquinone, etc., have been described [2,4-8].

In view of the high current interest in titanocene dicarbonyl and the
fact that no detailed structural information is available on any carbonyl
derivative of a Group VIB metal, it was of interest to undertake an X-ray
crystallographic investigation of this molecule. Our results are reported in the
present communication, together with a comparison of structural parameters
with iron carbonyls.

The dark reddish-brown air-sensitive compound cystallizes in the ortho-
rhombic space group Pnma with unit cell parameters @ = 7.837(9), b =
11.475(8), c = 12.232(8) A, and Z = 4. Full matrix least-squares refinement
of 648 observed reflections measured on an Enraf-Nonius CAD-4 diffracto-
meter has given a final R value of 0.086. All non-hydrogen atoms were
refined amsotropxca]ly, and the hydrogen atoms were included in calculated

positions.
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The molecule, shown in Fig. 1, regides on a crystallographic mirror.
plane, which bisects each of the cyclopentadienyl groups. The configuration
of the rings is eclipsed, and the centroid—metal—centroid angle in 138.6°. This
is much larger than the value for (Cs Hs ), TiCl, (131.0°) [9], where the rings
are staggered, or for (CH, )3 (CsH,; ), TiCl, (132.6°) [10], where the rings
are ecligsed,’ but bridged together. The C(carbonyl)—Ti—C(carbonyl) angle is
87.9(6)".

An important structural feature is the Ti—C(carbonyl) bond distance:
2.030(11) A. In order to examine the meaning of this length, a comparison
with iron is made in Table 1. The Fe—C(carbonyl) bond lengths reported in
the literature cover a wide range, but the recent structure determination of the
Fell complex (Cs Hs )Fe{CO), (C=CC; Hs) [11] presents a molecule geo-
metrically similar to (Cs Hs ), Ti(CO), . From Table 1, it is seen that the Ti—C-
(carbonyl) bond is longer than one might predict. It is possible that this observa-
tion could be due to the smaller number of d-electrons available for titanium,
or to the higher energy of the titanium d-orbitals [13].

In view of the renewed theoretical interest in molecules of the type
M(n®-CsHs). L, [14,15], it is worthwhile to note the effect of the oxidation
state of the titanium atom on the Ti—C{cyclopentadienyl) bond lengths. For

several well-determined structures of TilV complexes [10,16-181, the

Fig.1. Molecular structure of (n° -CyH, ), Ti(CO), .-

TABLE 1

COMPARISON OF TITANIUM— AND IRON—CARBONYL BOND LENGTHS
WITH METALLIC 8 RADII

M—C (carbonyl) R
Ti 2.030(11) 1.47
Fe 1.754(2) 1.26
A (Ti—Fe) 0.28 0.21

@ Metallic radii with legancy = 12 as given by ref. 12,
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‘ average TI—C separatlon is2 37 94A. TheTr—C lengths for Tilll complexes
[19-21] average ~2.36 A, and the value from the (C; H; ), Ti(CO), structure -
'is 2.347 A*. The trend is therefore the reverse of what simple ionic radii would
predict. This result is consitent with a model in which the d-electrons occupy
a molecular orbital which i is bonding with respect to the metal—ring interaction.
- The effect of the decrease in the metal ion radius in going from (C; H; ), Till
to (CsH; ), TilV is thus offset by a weakening of the metal—ring bonding.
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*The Ti—C bond lengths average 2.42 A in dicyclopentadienylpyridyltitanium(iI). but due to the
range (2.356 —r 2.507 A), and to crystallographxc disorder, they are not included in thus
comparison [22].



