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Treatment of the ps-ethylidyne complex [{TiCp*(u-O)}s(ns-
CMe)] (1), (Cp* = n°-CsMes) with alkali metal amides leads to
the oxoheterometallocubane derivatives [M(u3-O)s{(TiCp*)s(ps-
CCHL)}] [M = Li (2), Na (3), K (4), Rb (5), Cs (6)] containing
the naked carbanion p;-CCH, ; the addition of triphenyl-
methanol and terr-butanol to the compounds 2-6 gives rise to
the oxoderivatives [{TiCp*(u-O)};(n-CHMe)(OCR3)] [R = Me
(7), Ph (8)] which show a p-ethylidene bridge on the surface
model TizO0s.

The chemical behaviour of the ps-alkylidyne groups in the
complexes [{TiCp*(1-O)}3(1s-CR)] (R = H, Me) has revealed a
surprising and unprecedented reactivity,' which establishes bridges
of understanding between molecular and surface chemistry. In
particular, the ethylidyne is a well-known surface hydrocarbon
fragment and its transformations to the C;H, or C,H, species have
been studied.> Herein, we would like to show that these
transformations are also possible on our molecular system
[Ti305] by reactions of the trinuclear titanium derivative
[{TiCp*(u-O)}3(13-CMe)] (1) with alkali metal alkyls and amides,
and subsequent treatment with alcohols.

Reaction of the complex [{TiCp*(u-O)}3(p3-CMe)] (1) with the
alkyl derivatives [MR] (M = Li, R = CH,CMe;, CH,SiMe;, nBu;
M = Na, K, R = CMej3) or the amides [MN(SiMes),] (M = Li,
Na, K, Rb, Cs) in a 1:1 ratio, at room temperature or heating
smoothly at ~60 °C, led us to isolate the compounds [M(us-
0):{(TiCp*)3(13-CCH)}] [M = Li (2), Na (3), K (4), Rb (5), Cs
(6)] as dark red solids in high yields (see Scheme 1). Complexes 2-6
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proved to be stable under argon at room temperature and
practically insoluble in most of the common solvents (toluene,
hexane, dichloromethane...) with the exception of tetrahydro-
furan, which allowed their NMR spectroscopic characterization.

NMR spectra in tetrahydrofuran-dg of these species are
consistent with the proposed oxoheterometallocubane structures
and reveal the equivalence of the °-CsMes ligands, with only one
signal in the '"H NMR spectra (6 = 1.88-1.87) and two in the
BC{'H} NMR spectra (6 = 11.5-11.3, CsMes; 114-119 CsMes).
Also, the NMR spectra display a singlet between 2.15-2.35 ppm in
the 'H and a triplet at 6 = 76.1-76.8 (Joy = 148 Hz) in the "°C,
attributed to the carbanion -CH, . Otherwise, the apical carbon,
w3-C, shows a singlet in the range 373-369 ppm, shifted to higher
field with respect to 1 [0(13-CMe) = 401.7].

The solid-state structure of 6 determined by X-ray diffraction®
exhibits an organometallic polymeric chain (see Fig. 1) made up of
oxoheterometallocubane  [(thf),Cs(u3-O)3{(TiCp*);(13-CCH,)}]
units with the caesium atom anchored on the deprotonated
precursor 1 and linked to the contiguous molecule through a Cp*
ligand. (see Fig. 2)

Bond lengths and angles of the [Ti305C;] system of 1 remain
unaltered in 6, being the Ti-C(1) 2.0998) A (av.), Ti-C(2)
3.301(8) A (av.) and the single bond C(1)-C(2) 1.528(11) A. The
value of the angle formed by the C(1)-C(2) bond and the Ti(1)-
Ti(2)-Ti(3) plane is 89.7(5)°. Each alkali metal atom shows a
trigonal prismatic environment constituted by the three oxygen
atoms of the anionic tridentate ligand [(13-O);{(TiCp*)s(ps-
CCH,)}]~, two molecules of tetrahydrofuran and a Cp* ligand
[C(11)-C(20)] of the closest molecule. Distances from caesium to
the oxygen atoms of the tetrahydrofuran are in the usual range.’
The incorporation of the pentamethylcyclopentadienyl ligand to
the caesium atom distorts its coordination sphere, and distances

Fig. 1
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Fig. 2 Molecular structure of [Cs(us-O)3;{(TiCp*)s(us-CCH,)}] (6).
Selected lengths (A) and angles (°): Ti-O 1.865(6) (av.); Ti---Ti 2.754(2)
(av.); O(1)-Cs(1) 3.034(8); O(2)-Cs(1) 3.065(10); Cs(1)-O(13) 3.168(6);
Cs(1)-0(12) 3.175(5); Cs(1)-O(23) 3.275(5); Ti(1)-Cs(1) 3.835(1); Ti(2)-
Cs(1) 3.952(1); Ti(3)-Cs(1) 3.953(1); Cs(1)-C(11) 3.495(8); Cs(1)-C(12)
3.355(6); Cs(1)-C(13) 3.453(9); Cs(1)-C(14) 3.700(9); Cs(1)-C(15) 3.714(8);
O-Ti-C(1) 90.2(3) (av.); Ti-C(1)-Ti 81.9(3) (av.); Ti-O-Cs(1) 95.4(2)-
100.2(2); Ti-O-Ti 95.2(2) (av.); O-Ti-O 105.1(2) (av.); Ocube—Cs(1)-Ocube
550(1) (av.); Orar-Cs()-Orur 94.5(3); Otrr-Cs(1)-Ocuve  79.5(2)-
129.5(2). Hydrogen atoms have been omitted for clarity.

from the metal to the oxygen atoms of the cube vary in the range
3.168(6)-3.275(5) A, the longer distance corresponding to that
closer to the sterically demanding ring. Distances from caesium to
the C(11)-C(13) of the bridging Cp* are slightly longer than those
found for other compounds with two caesium atoms bridged by a
Cp or Cp* group,® while interactions with C(14) and C(15) are
approximately 0.30 A longer and could be indicative of a 1’
coordinative mode to the metal centre.

Reactions of 2-6 at room temperature with Me;COH and
Ph;COH in benzene-ds caused the protonation of the carbanion
moiety, and recovery of the complex [{TiCp*(u-O)}3(13-CMe)] (1)
in a quantitative way. Moreover, in the presence of an excess of
alcohol, the process evolves with transfer hydrogenation to the ;-
CMe fragment giving the trinuclear complexes [{TiCp*(pu-O)}s-
(i-CHMe)(OCR3)] [R = Me (7) Ph (8)] (Scheme 2). Complexes 7
and 8 were also successfully prepared by the one-pot reaction of 1
with the corresponding alcohol in hexane at room temperature.
Both compounds are soluble in the usual solvents (toluene,
hexane...) and can be stored under argon for long periods of time.
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Scheme 2

The spectroscopic and analytical data are in agreement with the
formulation given in Scheme 2 (see ESI¥).

The NMR spectra of these species display two types of Cp*
ligand in a 2:1 ratio, which is consistent with a C, symmetry. The
"H NMR spectra show as a remarkable feature a doublet at 1.94
(7), 1.97 (8) ppm and a quartet at 6.08 (7), 5.96 (8) ppm which
correspond to the ethylidene bridge between the two metal centres.
The '*C NMR spectra reveal resonances at 29.5 (7), 28.9 (8) ppm
(w-CHMe) and 207.0 (7), 203.7 (8) ppm (u-CHMe), this latter
showing a very strong shielding with respect to the ps-apical
carbon atom in 1. The mass spectra show the expected molecular
peak (m/z = 698) for 7 and other fragments consistent with the
proposed stoichiometries for 7 and 8.

The crystalline structure of 7 reveals a trinuclear species in which
a TizO3; moiety supports one ps-ethylidene group and a tert-
butoxide ligand (see Fig. 3).* The ethylidene group is bridging two
of the three titanium atoms, and its methyl group is oriented
towards the less crowded space existing among the three
pentamethylcyclopentadienyl rings. The third titanium atom is
linked to the fert-butoxide ligand which is located on the opposite
side of the Ti;O; unit with respect to the p-ethylidene ligand in a
similar way to that showed by other titanium trinuclear
oxoderivatives.’

In conclusion, the results here reported show the use of the
molecular oxide model [Ti305] in the study of the transformation
of the ps-ethylidyne unit into the hydrocarbon fragments
w-CCH, ™ and p-CHCHj;. Further experimental and theoretical
work is necessary in order to understand the stabilization of these
species and their reactivity.}
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(BQU2001-1499) and the Comunidad de Madrid (07N/0091/2002)
for financial support.

Fig. 3 Molecular structure of [{TiCp*(u-O)}3(n-CHMe)(OCMes)] (7).
Selected averaged lengths (A) and angles (°) for the two independent
molecules: C(1)-C(2) 1.533(14), C(1)-Ti 2.113(11), Ti(3)-O(1) 1.797(9),
C(71)-0O(1) 1.408(14), Ti-Oyigge 1.842(7), Ti-C(1)-C(2) 123.1(8), Ti-C(1)~
Ti 83.4(4), O(12)-Ti-C(1) 83.5(4), Ti-O(13/23)-Ti 124.3(4), Ti(1)-O(12)—
Ti(2) 99.4(3), OpriggeTi-Oprigge 103.9(3), O(1)-Ti(3)-Oprigee  104.9(3),
Ti(3)-O(1)-C(71) 171.4(8) and 157.0(9). Hydrogen atoms except that of
the ethylidene ligand have been omitted for clarity.
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Notes and references

i Preparation of 2 from the reaction of 1 with [LiN(SiMe3),] is reported as
an example for complexes 2-6. A solution of 80 mg (0.48 mmol) of
[LiN(SiMejs),] and 0.30 g (0.48 mmol) of 1 in hexane (40 mL) was placed in
a 100 mL Carius tube with Young’s valve. The reaction mixture was heated
at ~60 °C overnight and the red solid formed was filtered, washed with
hexane and dried in vacuo to give 0.22 g of 2 (yield: 73%). IR (KBr, cm™):
7 = 2908 (vs), 2851 (s), 1496 (w), 1439 (m), 1375 (m), 1024 (w), 802 (w), 647
(s), 585 (vs), 529 (s), 418 (s); '"H NMR (300 MHz, THF-ds, 20 °C, TMS):
5= 1.88 (s, 45H, CsMes), 2.20 (s, 2H, ps-CCH,); *C{'H} NMR (75 MHz,
THF-dg, 20 °C, TMS): 6 = 11.5 (CsMes), 76.3 (13-CCH,), 114.7 (CsMes),
373.1 (u3-CCH,); elemental analysis caled. (%) for C3,H47LiO5Ti; (630.25):
C 60.98, H 7.52; found C 60.59, H 7.80. The syntheses of 7 and 8 are very
similar, so only the preparation of 7 is included here: zerz-butanol (12 mg,
0.16 mmol) was added to a solution of 1 (0.10 g, 0.16 mmol) in 50 mL of
hexane in a 100 mL Carius tube with Young’s valve. The reaction mixture
was left stirring overnight at room temperature. The final solution was
concentrated and cooled to obtain 7 as a violet solid (yield: 0.11 g, 99%). IR
(KBr, cm™): 7 = 2965 (s), 2908 (vs), 2856 (s), 1491 (w), 1438 (m), 1227 (m),
1183 (s), 1021 (vs), 740 (vs), 654 (vs), 621 (s), 566 (s); "H NMR (300 MHz,
benzene-ds, 20 °C, TMS): 6 = 1.28 (s, 9H, OCMes), 1.94 (d, 3H, *Jyyy =
7.8 Hz, pi-CHMe), 1.98 (s, 30H, CsMes), 2.13 (s, 15H, CsMes), 6.08 (q, 1H,
3Jun = 7.8 Hz, i-CHMe); '*C NMR (75 MHz, benzene-d, 20 °C, TMS):
0 =114, 12.2(q, CsMes), 29.5 (qd, Jcp = 124.6 Hz, p-CHMe), 32.8 (qm,
Jen = 124.6 Hz, OCMes), 119.5, 121.8 (m, CsMes), 207.0 (dq, Jeg =
116.5 Hz, u-CHMe); EI mass spectrum: m/z (%) 698 (1) [M*], 641 (6) [M*
— CMej), 613 (30) [M* — CMe; — C,HyJ; elemental analysis caled. (%) for
C36Hss04Ti3 (698.46): C 61.90, H 8.37; found C 61.40, H 7.79.
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