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Synthesis and Structure of an Organotitanoxane Containing a Tetrahedral Ti406 Cage, 
“q5-C5Me5)Ti1406 
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Base hydrolysis of (q5-C5Me5)TiCI3 in toluene yields [ ( ~ f - C ~ M e ~ ) T i ] ~ o ~  which, according to X-ray structural analysis, 
has an adamantane-like cage structure with a tetrahedral TilV406 core. 

The family of polyhedral organosiloxanes ( RSi03/2)n is well 
established,l but no corresponding organotitanoxane cage 
compounds are known. Since chain and ring organotitanox- 
anes with TiIV20 (ref. 2), Ti1V3O3 (ref. 3), and TiIV404 (ref. 4) 
frameworks as well as mixed-valence cages L6Ti608-,c1, (ref. 
5) (L = -q5-C5H5, q5-MeC5H4; x = 0,2,4) are known to be 
stable, organotitanoxane cages with TiIVnO3,,2 frameworks 
are expected to be stable species. We report here the synthesis 
and structure of the first such species, [(~)~-C5Me5)Ti]~06. 

Reaction of (q5-CSMe5)TiCl36 with excess of 1.5 M aqueous 
NH40H in toluene for three days at ambient temperature 
followed by filtration to remove NH4C1, drying over Na2S04, 
elution through a basic alumina chromatography column, and 
removal of solvent under reduced pressure yields yellow, 
crystalline [(~)~-C5Me~)Ti]~06 in 65% yie1d.t The course of 

t [(rf-C5Me5)Ti],&: satisfactory elemental analyses (C,H,Ti) were 
obtained; 1H n.m.r. (CDC13, 300 MHz, rel. to Me&) 6 1.973(s); 
13C{1H} n.m.r. (CDC13, 75.48 MHz, rel. to Me,Si) 6 11.37 (s, 
C5Me5), 121.47 (s, C5MeS); 1 7 0  n.m.r. ( 0 . 0 2 ~  CHC13, 22”C, 33.92 
MHz, rel. to tap water) 6 645 p.p.m. (s, 42 Hz full width at half 
maximum); i.r. (mineral oil) v(Ti-@Ti) 780 cm-1; mlz (field 
desorption) 828. 

Q z T i ;  @=O; 0 =C; o = H  

Figure 1. Perspective drawing of the [(?15-C&k5)Ti]406 molecule. 
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(75-C5Me5)TiCl3 hydrolysis is very dependent upon reaction 
conditions.7 Hydrolysis in refluxing acetone, for example, 
yields [ (q5-C5Me5)TiC1( p-O)l3,$ the chloro analogue of a 
known compound, [(qS-C5Me5)TiCH3(p-O)]3.3a 

X-Ray structural analysis of crystalline [(q5-CSMeS)Ti]406, 
obtained from toluene solution, revealed the presence of an 
adamantane-like cage molecule with a tetrahedral Ti406 core 
(see Figure 1).§ The Ti406 cage approximates quite closely its 
maximum possible point group symmetry of Td. The Cg-Ti,n 
Cg-0, and Ti-0 distances average** 1.978 (-,4,5,4), 2.018 
(-,2,6,6), and 1.837 (3,4,12,12) r f ,  respectively; the Ti-Cg- 
Ti, Ti-O-Ti, and 0-Ti-0 angles average 109.5(-,1,3,6), 
123.0(1,2,4,6), and 101.9(1,2,6,12)", respectively. The two 

f [(q5-C5Me5)TiC1( p-O)l3: satisfactory elemental analyses 
(C,H,Ti,Cl); 1H n.m.r. (CDC13, 300 MHz, rel. to Me4Si) 6 2.122 (s, 
30H), 2.098 (s, 15H); 13C (1H) n.m.r. (CDC13, 75.48 MHz, rel. to 
Me4Si) 6 12.11 (s, 5C, C5Me5), 12.40 (s, lOC, C5MeS), 128.22 (s, lOC, 
C5MeS), 128.90 (s, 5C, C5Mes); i.r. (mineral oil) v(Ti-&Ti) 780 
cm-1; m/z (field desorption) 704. 

9 crystal data: C40H6006Ti4, M = 828.5, triclinic, space group PT-C,, 
a = 11.355(3), b = 12.347(3), c = 18.694(4) A, 01 = 89.91(2), p = 
96.87(2), y = 123.36(2)"; U = 2167(1) 8 1 3 ;  Z = 2; D, = 1.27 g/cm3; 
~ ( M O - K & ~ .  = 0.74 mm-1; 99<6 unique data having 28(Mo-Kz) 
4 5 "  were collected on a Nicolet P1 autodiffractometer using graphite 
monochromated Mo-Kz radiation (A = 0.71073 A) and full (1.2" wide) 
o scans. The intensity data were corrected empirically for variable 
absorption effects and the structure was solved using (SHELXTL) 
'direct methods' techniques. The resulting structural parameters have 
been refined using counter-weighted cascade block-diagonal least- 
squares techniques to R = 0.051 and Rw = 0.069 for 7004 independent 
absorption-corrected reflections having I > 30(Z). These refinement 
cycles employed anisotropic thermal parameters for all non-hydrogen 
atoms and isotropic thermal parameters for the hydrogen atoms of the 
methyl groups which were refined as rigid rotors with idealized sp3 
hybridization and a C-H bond length of 0.96 A. 

Atomic co-ordinates, bond lengths and angles, and thermal 
parameters have been deposited at the Cambridge Crystallographic 
Data Centre. See Notice to Authors, Issue No. 1. 

T[ Cg is used to represent the centre-of-gravity for the Ti406 cage; 
Cp( 1)-Cp(4) represents the centre-of-gravity for the five-membered 
rings of the four independent CSMe5 ligands. 
* *  The first number in parentheses following an averaged value of a 
bond length or angle is the root-mean-square estimated standard 
deviation of an individual datum. The second and third numbers are 
the average and maximum deviations from the averaged value, 
respectively. The fourth number represents the number of individual 
measurements which are included in the averaged value. 

types of 0-Cg-0 angles average 90.0(-,1,3,12) and 
179.9(-,0,1,3)", respectively. Each of the six-membered 
(-Ti-0-)3 rings in the cage exists in a chair configuration. 

The co-ordination geometry at each TiIV atom is pseudo- 
tetrahedral with three sites being occupied by bridging oxygen 
atoms and the remaining site by a n-bonded q5-CSMe5 ligand; 
Ti-C, ring C-C, and ring-to-methyl C-C distances average 
2.378(5,10,25,20), 1.392(8,23,72,20), and 1.504(10,12,48,20) 
r f ,  respectively. The Ti-C distances and CpTi -0  angles 

tively. Thus the metrical parameters for the TiIV co-ordination 
sphere in [ (q5-CSMe5)TiI4O6 are similar to those previously 
observed for Ti in chain and ring organotitanoxanes.2-4 
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average 2.062(-,5,10,4) K and 116.2(-,7,12,12)", respec- 
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