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[(q5-C5Me5)2Ti]2(p-OC)2[cpM~(C0)]2 (cp = q5-C5H5): A Compound with Linear Co- 
ordination of Titanium to a Bridging Carbonyl and a d6-d6 [cpMo(CO)& Fragment 
Eric J. M. de Boer,a Jan de With,a and A. Guy Orpenb 
a Shell Research B. V., Badhuisweg 3, 1031 CM Amsterdam, The Netherlands 
b Department of Inorganic Chemistry, University of Bristol, Bristol BS8 1 TS, U. K. 

Reaction of ( ~ l 5 - C ~ M e ~ ) ~ T i - n e o - C ~ H ~ ~  with [ ~ p M o ( C 0 ) ~ ] ~  (cp = v5-C5H5) yields the title compound (1); X-ray analysis 
of (1) shows a 4e (a, JC) Ti-0 interaction, resulting in a novel linear co-ordination of titanium to a bridging carbonyl 
and a new geometry of a [cpM0(C0)~ ]~  fragment caused by a dLd6 (Mo-Mo) electron count. 

Compounds in which CO is activated by co-ordination of a 
Lewis acid to the oxygen of a metal-co-ordinated CO ligand 
(bi-functional activation) are well-known.1 A number of 
compounds containing cyclopentadienyl (cp) complexes of the 
early transition and lanthanide metals (e.g. cp2M, with M = 
Ti, Zr, Hf, Yb) co-ordinated to metal carbonyls have been 
structurally characterized. In these complexes the CO ligand 
binds via oxygen to the cp2M unit and via carbon to one or 
three other metal atoms; all show a non-linear M-0-C 
arrangement. We have now characterized a linear M-0-C 
arrangement in the compound [ (v5-C5Me5)2Ti]2(p-0C)2- 
[cpMo(C0)]2 (l), a new and remarkable compound, which 
shows the theoretically predicted geometry of a [cpMo( CO)2]2 

Figure 1. Molecular structure of (1). Bond distances (A) and angles 
("). Mo-C(l) 2.047(5), Mo-C(2) 2.005(8), C(2)-0(2) 1.163(11), 
C(1)-0(1) 1.271(7), O(1)-Ti 1.929(4), Mo-Mo' 2.647(1), M0'-C(2) 
3.116(7); Ti-O( 1)-C( 1) 177.9(4), O(1)-C( 1)-Mo 138.8(4), O( 1)- 
C( l)-Mo' 140.4(4), M-C( 1)-Mo' 80.8( 2), C( l)-Mo-C( 1 ') 99.2( 2). 

dimer with the so far unknown d6-d6 (Mo-Mo) electron 
count. 

Compound (1) is prepared in about 50% yield as a green 
crystalline compound by reaction of ( C5Me5)2Ti-neo-CSH1 
with [~pMo(C0)~] ,  in benzene at room temperature, accord- 
ing to equation (1). Compound (1) is paramagnetic and is a 

2(y5-C5Me&Ti-neo-CSHll + [cpMo( CO)2]2 -+ 

(1) + neo-C5H12 + (neo-C5H,1)2 (1) 

2 : 1 adduct of (C5Me5)2Ti and [~pMo(C0)~]2 ,  showing v(C0) 
at 1872 and 1351 cm-l. It reacts with CC14 to give (CSMe5)2- 
TiC12 and [cpMo(CO),I2. To characterise (1) more fully a 
low-temperature X-ray structure analysis? was carried out. 

t Crystal data for (1): C54H70M0204Ti2, M = 1070.8, monoclinic, 
space group P2,/c, a = 10.652(5), b = 12.819(8), c = 18.110(9) A, p = 
110.20(4)", U = 2 426(2) A3, 2 = 2, D, = 1.47 g ~ m - ~ ,  F(OO0) = 
1107.7, T = 220 K ,  graphite monochromated X-radiation, x = 
0.71069 A, p(Mo-K,) = 8.50 cm-1. Intensity data were collected on a 
Nicolet R3m at cu. 220 K for 4<28<50; current residual R = 0.062 for 
3449 unique, absorption corrected, observed 1>30(1) data. Molecules 
of (1) lie at crystallographic inversion centres (at midpoint of Mo-Mo' 
bond). The atomic co-ordinates of this work are available, on request, 
from the Director of the Cambridge Crystallographic Data Centre, 
University Chemical Laboratory, Lensfield Road, Cambridge CB2 
1EW. Any request should be accompanied by the full literature 
citation for this communication. 
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The structure of (1) is given in Figure 1 with some important 
angles and distances. (1) is a centrosymmetric compound in 
which two (C5Me5)2Ti fragments are co-ordinated onto the 
[cpMo(CO),], fragment via the oxygen atoms of two (Mo- 
Mo) bridging CO ligands. The plane formed by the two 
(C5Me5)-ring centroids, Ti, and 0 is nearly perpendicular to 
the plane formed by the two titanium atoms and the atoms of 
the Mo,-(~-CO)~ core: the dihedral angle is 93.5'. 

There are two remarkable features in the structure of (1): (i) 
a linear Ti-0-C chain; and (ii) the rearrangement of the four 
semi-bridging CO ligands in [ ~ p M o ( C 0 ) ~ ] ~  to two bridging 
and two terminally co-ordinated CO ligands. These structural 
observations may be explained in a coherent fashion with the 
aid of the theoretical work of Hoffmann etaZ.233 Of importance 
to (i) the linearity of the Ti-0-C chain is the observation that 
both the Ti-0 and the C-0 bond are of approximate bond 
order two. This indicates a 4e interaction between Ti and 0 
using 2al- and b2-acceptor orbitals from the cp2Ti fragment 
and a a- and a n-donor orbital from oxygen (Scheme 1). Most 
effectively this is achieved with an sp-hybridization on oxygen, 
offering the possibility for a strong Ti-0 rc-interaction in a 
symmetrical co-ordination along the z-axis,4 which in this 
linear arrangement, will lead to optimal overlap for Ti-0 and 
C-0. An additional benefit is the creation of a low-lying 
acceptor orbital at the bridging carbonyl by combination of the 
b2-orbital with an antibonding 0-C orbital.5 This orbital lies 
in the plane bisecting the (C5Me5)-ring planes and can readily 
interact with the filled orbitals of the [cpMo(C0)]2 frag- 
ment.6$ In the crystal structure of (1) an almost optimal 
orientation of the (C5Me&Ti unit relative to the Mo2-(p- 
CO), plane exists for this interaction. 

The structural stability of (1) must be seen as a co-operation 
of the 4e (a, rc) interaction with the backbonding from the Mo2 
fragment to the isocarbonyl. Although we cannot quantify the 
relative contributions of these two interactions, it may well be 
that the carbon being p2 i.e. the backbonding in the Mo2 unit, 
is the most important interaction. 

The change of geometry (ii) of the [cpMo(CO)212 fragment 
is related to the electron count of the molybdenum atoms. In 
line with its paramagnetic behaviour, (1) is best described by 
considering it as a (C5Me5)2TiIII derivative [and this implies an 
electron transfer from (C5Me5)2TiII (from d2 + dl) to the 
[cpMo(CO),12 fragment [from d5 + d6 (Mo)]. By simple 
extension of the theoretical arguments of Hoffmann et aZ. for 
the various geometries of cp2M2(C0)4 species, the d6-d6 
(Mo-Mo) electron count will cause a change in geometry with 
the observed dibridged structure with two terminal CO ligands 
as the most favourable in this case.3 

Recently, Bercaw reported the reaction of (C5Me5)2Zr with 
[ ~ p F e ( C 0 ) ~ ] ~ . 7  In this case the Zr" is formally oxidized to ZrIV 
and the electrons supplied to the [ ~ p F e ( C 0 ) ~ ] ~  are used to 
form a carbon-carbon bond between two CO molecules. 

$ CJ the following bond lengths and angles. 

Ti-O/A C-O/8, Ti-0-C/O Ref. 
cp2Ti(THF)(p-OC)Mocp(CO), 2.14 1.20 135.4 6a 
(C5Me5)2TiMe(p-OC)Mocp(CO)2 2.06 1.21 144.3 6b 
cp,TiCI( y-OC)Co,( CO)9 1.94 1.22 164.7 6c 
(1) 1.93 1.27 178.4 

cp2Ti+ 0-c 

Scheme 1. Qualitative orbital interaction diagram for (1). On the left 
hand side are the cp2M fragment orbitals, on the right hand side the 
orbitals of the bridging CO ligand; local C2,-symmetry is assumed. Of 
the n- and n*-orbitals only the orbitals of b2 symmetry are depicted. 
The C-0 a-interaction and empty high-energy orbitals are omitted. 
The negative charge resides on the [cpMo(CO)], fragment. 

Although the difference in metal frameworks will not be the 
single cause, the disparity in products from the two reactions 
may reflect the important role of the metal carbonyl fragment 
in determining the course of the reaction. 

Received, 17th June 1985; Corn. 842 
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