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Dinuclear Titanium Metallocene-Type Complexes with the Bridging
(Dimethylsilylidene)bis(cyclopentadienyl) Ligand. X-ray Structures of
[TiCly(n5-CsMes)hiu-15-15-(CsHy)2SiMey)] and of [{TiCl(n3-CsHs)ha(p-O){u-n3-n%-(CsHy)2SiMe,)]
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Treatment of Tl,[Me;Si(CsH,),] with 2 equiv of Cp’TiCl; (Cp’ = #°-CsHs; n°-CsMes) affords the corresponding
chloro derivatives [TiCly(n*-CsHs)]2[u-n%-n%-(CsH,)2SiMe;] (1) and [TiCly(n3-CsMes)]a[u-n3-13-(CsHa)2SiMe;)
(2). 1and 2 are metallocene type dinuclear complexes which contain the bridging (dimethylsilylidene)bis(cyclo-
pentadienyl) ligand. Compounds 1and 2 react with LiR (R = Me, CH,PPh,>TMEDA) to yield the alkyl complexes
[TiMey(n3-CsHs)]2[u-n°-n5-(CsHa):SiMe;] (3) and [TiR;(n5-CsMes) 15 [u-n%-1-(CsHa),SiMe,] (R = Me (4); CH,-
PPh; (5)). Hydrolysis of 1 produces the u-oxo derivative [TiCl(#5-CsHs)]2(u-O)[u-n3-n%-(CsH,).SiMe,] (6).
Compound 6 may also be obtained by reduction of 1 with 1 equiv of Na/Hg and subsequent treatment with oxygen.
All new compounds were characterized by elemental (C, H) analysis, IR, 'H, 13C and 3'P NMR spectroscopy, and
mass spectrometry. Molecular structures of 2 and 6 were determined by single-crystal X-ray diffraction methods.
Crystals of 2 are orthorhombic, space group Pna2; (No. 33) with Z = 4 in a unit cell of dimensions @ = 28.32(1)
A, b =14.023(6) A, and c = 8.431(5) A. Crystals of 6 are monoclinic, space group P2,/n (No. 14), with Z = 4
in a unit cell of dimensions a = 7.835(2) A, b = 18.291(4) A, ¢ = 15.415(2) A, and 8 = 96.22(1)°.
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The (dimethylsilylidene)bis(cyclopentadienyl) ligand [Me,-
Si(n%-CsH,),]* (DMSCp;) is capable of coordination to metallic
centers as a chelating (I) or as a bridging group (II) (Figure 1).

The chemistry of mononuclear, type I, compounds with
symmetric and asymmetric rings bridged by a SiR, fragment
and their potential applications as catalysts in stereo- and
enantioselective hydrogenation and polymerization of olefins have
been extensively studied.! Recently we have reported the syn-
thesis of similar halo- and alkyltitanium(IV),2 -(III),3 and -(11)4
derivatives as well as some aspects of their chemical behavior.
Dinuclear, type I, compounds are also well represented’ although
they are less well-known for group 4d metals, except for zirconiumS$
and some new monocyclopentadienyl titanium derivatives.’”

For compounds in which the ligand DMSCp, bonds to the
planar [M;(u-X),]*+ fragment, Fischer® has predicted, from
geometrical considerations, which of the two compounds should
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Figure 1. Coordination modes of the (dimethylsilylidene)bis(cyclopen-
tadienyl) ligand.

befavored. Such predictionscan betakenintoaccounttoevaluate
the required distortion of the angles C(Cp)-Si—C(Cp) and Cent—
C(Cp)-Si (« and S respectively) for the metal to choose between
the chelating or bridging dispositions. We have prepared the
first examples of dinuclear metallocene type complexes of titanjum
with the bridging ligand DMSCp; and report here our results as
well as the crystal structures of two representative complexes.

Results and Discussion

Overnight reaction of Tl;[Me;Si(CsHy),]? with 2 equiv of
Cp'TiCly; (Cp’ = »5-CsHs; n5-CsMes) in toluene at room
temperature was found to be a suitable method to obtain the
chloroderivatives [TiCly(n3-CsHs)]2(u-n3-n%-(CsHy),SiMe,] (1)
and [TiCly(n5-CsMes) ], [u-15-73-(CsH,):SiMe;] (2) in good yields
(eq 1).
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Titanium Metallocenes

Cp'= CsHs, CsMe; CpTIC,  CpTiClL,
Cp'=CsHs (D), (CsMes) Q)

20pTiCl; +  Tl[Me,Si(CsHy)s)

Treatment of 1 and 2 with 4.5 equiv of alkyllithium, LiR (R
= Me, CH,PPh,), in toluene at low temperature and subsequent
warming to room temperature, affords the corresponding tet-
raalkyl derivatives [TiMey(n5-CsHs)1,[u-n%-13-(CsHy),SiMe,)
(3), [TiMey(n3-CsMes) ]2 [u-n*-n-(CsHa)2SiMe] (4), and [Ti(CHy-
PPh;)2(n5-CsMes)]a[u-n5-1°-(CsHy)2SiMe,] (5) with yields be-
tween 70 and 75% (eq 2).

Me Me e
N7
Si
i t LlR f :
? ? R= Mc CH,PPh, )

CpTiCl, Cp'TiCl, Cp TiR, Cp‘TlR2
Cp'=CsHs (), (CsMes) @ R=Me; Cp'=CsHs @. CsMes @)

R = CH,PPhy; Cp' = CsMes (§)

[TiCl(n3-CsHs)]2(u-O) [u-n*-n*-(CsHa)2SiMe;] (6) may be
prepared in two ways: (i) by hydrolysis of 1 in the presence of
aniline, and (ii) by reduction® of 1 with sodium amalgam and
subsequent “in situ” treatment of the reaction mixture with oxygen.
In both cases compound 6 may be obtained pure from the crude
product by recrystallization from toluene/hexane at -30 °C.

A @ o

CpTiCl, CpTiCl, Cp(CHTi o _-TiCp(ChH
1

H,O + aniline

or Na/Hg, O,
[

All the new isolated compounds are soluble in chlorinated
solvents (chloroform, dichloromethane) as well as in aromatic
hydrocarbons (benzene, toluene). Their solubilities range in the
order: 3,4,5>1,2> 6. Compound 8§ is also slightly soluble
in hexane. They are air stable and may be stored for months
under dry nitrogen or argon, 3-5 being the least stable. A unique
behavior is observed for compounds 3 and 4. When pure, both
are yellow solids and remain unchanged when heated or exposed
to light. However, when they are handled, either as solids or in
solution, a fast blackening often occurs, and unidentified para-
magnetic products are obtained.

'H NMR spectra of compounds 1-5 show the expected
resonances for the bridging DMSCp, protons that appear as two
sets of pseudotriplets due toan AA’BB’ system. In 6 these protons
appear as four multiplets corresponding to an ABCD system
because substitution of chlorine by the Ti-O-Ti bridge makes
the cyclopentadienyl protons unequivalent, although the methyl
protons of the silylidene bridging groups remain equivalent.
Various spectral aspects may be drawn from the analysis of the
TH NMR spectra of these compounds. Values of Ad = [d4 - p],
where 84and §; are the chemical shifts for “distal protons” (BB’)
and “proximal protons” [AA’], respectively, are 0.25 for compound
1,0.91 for 2,0.03 for 3, 0.82 for 4, 0.54 for §, and 0.45 (estimated
average from the shifts of the corresponding protons) for 6. These
values are found to be smaller than those observed for complexes
containing DMSCp, as a chelating ligand {Aé 1.65 for TiCl,[Me,-
Si(CsHy)2],14 1.86 for TiMex[Me,Si(CsHy)ol,2* and 2.27 for
Ti(CH,PPh;),[Me;Si(CsH,).] %, which supports the validity of
this spectral parameter to distinguish between the bridging or
chelating disposition of the DMSCp; ligand. The other relevant
featureis the fact that in the mononuclear complexes Aé decreases

(9) Cuenca, T.; Parra-Hake, M.; Royo, P. Unpublished results.
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as the steric hindrance around the metallic center is reduced
while the opposite is observed for the dinuclear complexes. Itis
important to note that values for Ad are relatively smaller for
normal cyclopentadienyl dinuclear derivatives than for penta-
methylcyclopentadienyl analogues.

A second spectral feature that differentiates the mono- and
dinuclear complexes is related to the chemical shifts observed for
methy] protons of the bridging silyl groups in the DMSCp;, ligand.
In mononuclear complexes (chelating ligand), these protons
generate signals at higher fields (6 —0.01 t0 0.00) than indinuclear
complexes (bridging ligand) (& 0.16 to 1.44). This effect may
beattributed to the greater rigidity in the mononuclear complexes
and therefore to a more efficient shielding of these protons by the
conjugated = system in the neighboring rings. The lower rigidity
in the dinuclear complexes favors the rotation around the Si—
Cipso(Cp) bond, thus reducing the shielding effect of the 7 system
(confirmed by structure of 2, vide infra).

The methylene protons of the (diphenylphosphino)methyl group
in compound 5 exhibit a diastereotopic behavior (ABX system).
The 'H NMR spectrum shows two sets of signals at § 1.45 and
8 0.58 (similar to those observed for the mononuclear complex
and other analogues!!). The {!H, 'H}NMR COSY 2D spectrum
clearly shows the correlation between these methylene protons.

The 13C NMR spectra show the ring carbon atoms of the
DMSCp; ligand as three signals assigned to carbons Cigso, Cy,s
and C;4,!2 the first being of lowest intensity (not observed in
some compounds). Again an important difference is found
between mononuclear complexes with chelating DMSCp, ligand
and dinuclear complexes with the bridging ligand. The Ci, signal
appears, in the mononuclear derivatives at higher fields than the
other two (C; s and C;4) whereas in the dinuclear derivatives the
reverse is true.

The 3P NMR (C¢Ds) of compound 5 shows a singlet at § 9.91
as expected for a noncoordinated phosphorus atom.

The mass spectra of all compounds are in agreement with their
dinuclear nature. The infrared spectrum of compound 6 shows
the v1io-1; absorption band at 725 cm-!.

Crystal Structures of [{TiCly(n*-CsMeg)}2{u-n®-n"-(CHy),Si-
Me;}] (2) and of [{TiCl(n3-CsHs)}2(1-0){u-13-n3-CsHy),SiMes}]
(6). An Ortep view of the molecular structure of compound 2
with the atomic labelling scheme is shown in Figure 2. Final
atomic coordinates and equivalent isotropic thermal parameters
are presented in Table I. Selected bond distances and angles are
given in Table II.

The molecular structure of 2 shows a dinuclear compound
with two Cp*TiCl, (Cp* = CsMes) units bound by a DMSCp,
bridging ligand.

Each metallic center shows a metallocene type pseudotetra-
hedral geometry assuming that the ring centroids occupy a unique
coordination position, comparable to the structures for Cp,TiCl,!?
and CpCp*TiCl,.!# The angles are in agreement with those
expected for this coordination, except the Cl(3)~-Ti(2)-Cl(4)
[91.7(3)°] angle, which is slightly closer than those observed for
mononuclear metallocenes (94-100°).

The angles between the planes of the rings of the bridging
ligand and the Cp* on Ti(1) and Ti(2) of 58 and 52°, respectively,
are similar to those found for other metallocene type structures.
The chlorine atoms are located exactly on the bisecting planes,
and the Cp (bridge) and Cp* are equidistant from these planes,

(10) Flores, J. C. Ph.D. Thesis. University of Alcal4d de Henares, Spain,
1992.
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Figure 2. Ortep view of molecular structure of compound 2 with the atomic labeling scheme

Table I. Positional Parameters for Compound 2 and Estimated
Standard Deviations

Table II. Selected Bond Distances (A) and Bond Angles (deg) for
Compound 22

atom x y z B A?
Ti(1) 0.2989(1) 0.0868(4) -0.306 3.4(1)
Ti(2) 0.4917(1) —0.2555(4) —0.2001(6) 3.2(1)

(1) 0.2538(2)  -0.0281(6)  —-0.172(1) 7.3(2)
Cl(2) 0.3271(3)  -0.0114(6)  -0.510(1) 7.5(2)

CI(3) 0.44102)  -0.3170(5)  -0.0091(9)  5.1(2)

Cl(4) 0.5584(2)  —0.2903(5)  -0.0432(8)  5.0(2)

Si(1) 0.3799(3)  -0.1059(6)  -0.0922(9)  4.2(2)

cq1) 0.3617(9) 0.017(2) -0.135(3) 5.9(8)*
c(12) 0.3832(7) 0.079(2) -0.254(3) 7.8(6)*
c(13) 0.3661(9) 0.173(2) -0.254(3) 4.6(7)*
c(14) 0.3362(9) 0.175(2) -0.107(3) 5.5(7)*
c(15) 0.3354(9) 0.088(2) -0.049(3) 5.5(7)*
C(16) 0.2776(7) 0.198(2) -0.510(3) 3.2(6)*
c(17) 0.2737(8) 0.256(2) -0.367(3) 3.1(6)*
C(18) 0.2400(8) 0.195(2) -0.285(3) 4.4(7)*
c(19) 0.2177(8) 0.140(2) -0.382(3) 3.7(7)*
C(10) 0.2429(7) 0.125(2) -0.516(3) 2.8(6)*
c@1) 0.4422(8)  —0.116(2) -0.151(3) 4.5(7)*
C(22) 0.4834(8)  —0.104(2) -0.054(3) 4.0(6)*
c(23) 0.5241(9)  —0.097(2) -0.143(3) 5.1(7)*
C(24) 0.5112(8)  —0.101(2) -0.308(4) 5.3(7)*
C(25) 0.4608(8)  —0.111(2) -0.314(4) 4.2(6)*
C(26) 0.5027(8)  —0.290(2) ~0.474(3) 4.3(7)*
c@27) 0.5335(8)  —0.348(2) -0.392(3) 3.1(6)

C(28) 0.5089(7)  —0.419(2) -0.309(3) 3.8(6)

C(29) 0.4615(8)  —0.395(2) -0.330(3) 4.3(6)*
C(20) 0.4556(8)  —0.323(2) -0.435(3) 3.8(6)*
c@31) 0.377(1) -0.112(2) 0.125(4) 7.7(9)*
Cc(32) 0.3416(9)  -0.193(2) -0.194(4) 5.8(7)*
Cc(161)  0.310(1) 0.226(2) ~0.650(3) 7.0(9)*
C(171)  0.2988(9) 0.339(2) -0.334(4) 6.0(8)*
c181)  0.224(1) 0.240(2) -0.125(4) 7.3(8)*
c(191)  0.174(1) 0.075(2) -0.341(4) 7.1(9)*
ca01)  0.229(1) 0.067(2) ~0.654(4) 8.0(1)*
Cc(261)  0.514(1) —0.229(2) -0.614(4) 7.0(8)*
C(271)  0.5871(9)  —0.339(2) —0.413(3) 5.6(8)*
c(281)  0.530(1) -0.494(2) ~0.200(4) 7.3(9)*
Cc(291)  0.422(1) —0.464(2) 0.277(4) 6.7(9)*
C(201) 041119  —0.291(2) -0.520(4) 5.8(8)*

a Starred values denote atoms that were refined isotropically. Values
for anisotropically refined atoms are given in the form of the isotropic
equivalent displacement parameterdefined as: (4/3){a2B(1,1) + 52B(2,2)
+ ¢2B(3,3) + ab(cos v)B(1,2) + ac(cos B)B(1,3) + bc(cos a)B(2,3)].

placing their centroids at 1.91 and 1.95 A from Ti(1) and Ti(2),
respectively, further supporting the metallocene disposition.

Due to the bulkiness of the permethylated rings, the cyclo-
pentadienyl rings of the bridging DMSCp;, ligand are rotated
around the Si-C(bridge-head) bond. In this way the titanium
atoms are far enough from each other (7.33 A) to prevent any
interannular repulsions. In order to achieve the maximum
distance between the two titanium atoms, the ligand loses its
symmetry by rotating the rings in opposite directions around the

Ti(2)-CI(1) 2.345(9)
Ti(1)~C1(2) 2.348(9)
Ti(1)-Cp(11) 2.057
Ti(1)-Cp(12) 2.124
Si(1)-C(11) 1.84(3)
Si(1)-C(31) 1.84(3) Si(1)-C(32) 1.85(3)

CI(1)-Ti(1)~CI(2) 97.8(3) CI(3)-Ti(2)-Cl(4) 91.7(3)
CI(1)-Ti(1)-Cp(11) 103 CI(3)-Ti(2)-Cp(21) 107
CI(1)-Ti(1)-Cp(12) 106 CI(3)-Ti(2)-Cp(22) 106
CI(2)-Ti(1)-Cp(11) 104 CI(4)-Ti(2)-Cp(21) 106
CI(2)-Ti(1)-Cp(12) 106 CI(4)-Ti(2)-Cp(22) 106
Cp(11)-Ti(1)-Cp(12) 132 Cp(21)-Ti(2)-Cp(22) 133

2 Cp(11) is the centroid of C11-C15; Cp(12) is the centroid of C16-
C10; Cp(21) is the centroid of C21-C25; Cp(22) is the cent5roid of C26-
C20.

Ti(2)~CI(3) 2.324(9)
Ti(2)-C1(4) 2.357(8)
Ti(2)-Cp(21) 2.110
Ti(2)-Cp(22) 2.111
Si(1)-C(21) 1.84(3)

Si-C(bridgehead) bond. Thus, the bridging ligand places the
two titanium atoms on the same side of the plane defined by two
bridgehead carbon atoms, C(11)-Si—(C(21), and the Si atom.

Following the proposal by Petersent® to evaluate this rotation,
we calculated the dihedral angle § between the corresponding
lines passing through each pair of proximal carbons of the linked
five-membered rings. If the ligand were symmetric, this angle
would be zero. The value found in the structure of 2 is 46.2°.
The Cp* rings then remain in an external position with respect
to the bridging ligand, showing an angle between planes of 95-
(1)°. Such distortion can also be evaluated by comparing the
distances from the carbons adjacent to the bridge-head carbon
tothe plane defined by Si~C(31)-C(32). These distances, would
be equal in a symmetric situation, but in our case are as follows:
C(12), 1.65 A; C(15), 2.74 A; C(22), 2.17 A; C(25), 1.75 A.

The poor quality of the crystal prevented the acquisition of
enough reflections to refine the carbon atoms anisotropically.
Therefore, a detailed analysis of bond distances involving carbon
atoms was not feasible.

An Ortep view of the molecular structure of compound 6 with
the atomic labelling scheme is shown in Figure 3. Final atomic
coordinates and equivalent isotropic thermal parameters are
presented in Table ITI. Selected bond distances and angles are
given in Table IV.

The molecular structure of 6 contains two CpTiCl fragments
bound by a bridging oxygen atom and a bridging DMSCp;, ligand.
The coordination around each titanium atom is approximately
tetrahedral, assuming that the ring centroids are in a unique
coordination position.

The Ti(1)-O(1)-Ti(2) angle of 177.0(2)° shows a virtually
linear disposition for the oxygen atom, for which Ti-O bond
distances [Ti(1)-O(1) = 1.830(4) A and Ti(2)-O(1) = 1.831(4)
A] indicate a multiple character commonly observed in this type
of structure.’
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Figure 3. Ortep view of molecular structure of compound 6 with the
atomic labeling scheme

Table III. Positional Parameters for Compound 6 and Estimated
Standard Deviations

atom x y z Be A?
TI(1) 0.0755(1) 0.11656(6) 0.65786(7) 2.18(2)
TI(2)  -0.0142(1)  0.29650(6)  0.74638(7)  2.29(2)
Si(1)  -0.0801(3)  0.1178(1)  08761(1)  2.99(4)
CI(1) -0.0152(2) 0.1484(1) 0.5099(1) 3.87(4)
Cl(2)  02756(2)  0.3419(1)  0.7504(2)  4.80(5)
o) 0.0339(5)  02059(2)  0.7048(3)  2.28(8)
C(11)  —-0.0973(7)  00750(3)  0.7659(4)  2.4(1)
C(12)  -0.0025(8)  00139(3)  0.7390(5)  3.1(1)
C(13)  -0.058(1)  -0.0028(4)  06530(6)  4.2(2)
C(14)  —0.1895(3)  00461(4)  0.6251(5)  4.0(2)
C(15)  -02125(8)  0.0939(4)  06922(5)  3.3(1)
C(16) 0.3431(8) 0.0840(4) 0.7363(5) 3.7(2)
C(17)  03287(9)  0.0404(4)  0.6591(6)  4.6(2)
C(18) 0.3306(9) 0.0852(5) 0.5892(6) 4.6(2)
C(19)  03501(9)  0.1569(5)  0.6186(7)  5.2(2)
C(10)  03609(8)  0.1566(4)  0.7094(6)  5.0(2)
C(21) -0.0643(9)  02193(4)  08729(5)  3.0(1)
C(22) —02011()  0.2698(4)  08545(5)  4.0(2)
C(23) -0.135(1) 0.3417(4) 0.8711(5) 5.002)
C(24)  0.040(1) 0.3359(4)  08952(5)  4.8(2)
C(25)  0.085(1) 0.2622(4)  08946(5)  4.3(2)
C(26) -0.2787(9) 0.3468(4) 0.6815(5) 4.7(2)
Cc(27)  -0.160(1) 0.4051(4)  06882(6)  5.3(2)
C(28) -0.036(1) 0.3910(4) 0.6353(6) 4.6(2)
C(29) -0.070(1) 0.3233(4) 0.5929(5) 4.1(2)
Cc(20)  -0.221(1) 0.2965(4)  0.6211(5)  3.9(2)
Cc(31)  -0.282(1) 0.0968(5)  09284(6)  5.5(2)
C(32)  0111(1) 0.0805(4)  09441(5)  5.1(2)

¢ Values for anisotropically refined atoms are given in the form of the
isotropic equivalent displacement parameter defined as: (4/3)[a2B(1,1)
+ b2B(2,2) + ¢2B(3,3) + ab(cos v)B(1,2) + ac(cos 8)B(1,3) + bec(cos
a)B(2,3)].

The Ti(1)-Cl(1) and Ti(2)-Cl(2) distances are 2.387(2) and
2.412(2) A, respectively, both atoms being positioned trans with
respect to the Ti~O-Ti line, thus making the Cp rings trans with
respect to the same line.

The structure of 6 also shows a nonsymmetric disposition for
the bridging ligand. The lines defined by the carbon atoms
adjacent to the bridgehead carbons in the Cpring form a dihedral
angle of 23° and their distances to the Si~C(31)-C(32) planes
are as follows: C(12), 2.664 &; C(15), 1.35 A; C(22), 2.188 A;
C(25), 2.474 A.

The centroids of both rings are equidistant to the plane defined
by Ti—O-Cl in each half of the structure. However, the angle
formed by the planes Ti(1)-0(1)-Cl(1) and Ti(2)-0(1)-C1(2)
is 83°, and this is considerably different than that found by
Petersen for the analogous zirconium complex.¢t
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Table IV. Selected Bond Distances (A) and Bond Angles (deg) for
Compound 62

Ti(1)~CI(1) 2.387(2) Ti(2)~Cl(2) 2.412(2)
Ti(1)-0(1) 1.830(4) Ti(2)-0(1) 1.831(4)
Ti(1)-C(11) 2.382(6) Ti(2)-C(21) 2.473(6)
Ti(1)-C(12) 2.373(6) Ti(2)-C(22) 2.386(8)
Ti(1)-C(13) 2.418(7) Ti(2)-C(23) 2.379(8)
Ti(1)-C(14) 2.449(7) Ti(2)-C(24) 2.398(8)
Ti(1)-C(15) 2.408(6) Ti(2)-C(25) 2.415(7)
Ti(1)-C(16) 2.379(6) Ti(2)-C(26) 2.385(7)
Ti(1)-C(17) 2.422(7) Ti(2)-C(27) 2.416(7)
Ti(1)-C(18) 2.429(8) Ti(2)-C(28) 2.425(8)
Ti(1)-C(19) 2.412(7) Ti(2)-C(29) 2.409(7)
Ti(1)-C(10) 2.404(6) Ti(2)-C(20) 2.380(7)

Ti(1)-Cp(11) 2.091
Ti(1)-Cp(12) 2.097

Ti(2)-CP(21) 2.091
Ti(2)-Cp(22) 2.088

Si(1)-C(11) 1.863(6) Si(1)-C(21) 1.861(6)
Si(1)-C(31) 1.889(9) Si(1)-C(32) 1.863(8)
CI(1)-Ti(1)-0(1) 96.4(1) O(1)-Ti(1)-Cp(11) 106.8
CI(2)-Ti(2)-0(1) 95.2(1) O(1)-Ti(1)-Cp(12) 107.4
Ti(1)-O(1)-Ti(2) 177.0(2) OQ1)-Ti(2)-Cp(21) 108.2

O(1)-Ti(2)-Cp(22) 106.8
Cp(21)-Ti(2)-Cp(22) 131.1

4 Cp(11) is the centroid of C11-C15; Cp(12) is the centroid of C16—
C10; Cp(21) is the centroid of C21-C25; Cp(22) is the centroid of C26—
C20.

Cp(11)-Ti(1)=Cp(12)  130.8

Experimental Section

All manipulations were carried out under an inert atmosphere (nitrogen
or argon), using Schlenk techniques and a high vacuum line or a drybox
Model HE-63-P. Solvents were purified by distillation with the
appropriate deoxygenating, dehydratingagent. Hexane wasdistilled from
Na/K amalgam, toluene from sodium, and dichloromethane from
phosphorus pentoxide. Ti(5%-CsHs)Cls,!3 Ti(n’-CsMes)Cls,'6 LiCH,-
PPh; TMEDA,!? and T1;[Me,Si(CsH,),]” were prepared by methods
already published. LiMe (Aldrich), Na (Aldrich), and Hg (Aldrich)
were used without further purification. NMR spectra were obtained
with Varian FT-80A and Varian Unity FT-300 instruments (SiMe, was
used as internal reference for 'H chemical shifts and H;PO, for 31P).
Mass spectra were obtained with a Hewlett-Packard 5890 spectrometer.
Infrared spectra were obtained with a Perkin-Elmer Model 883 instrument
between 4000 and 200 cm™!. Elemental analyses for C and H were made
with a Perkin-Elmer 204B microanalyzer.

Synthesis of [TiCly (n3-CsHs) bl u-13-1°-(CsHy)2SiMe;] (1). A mixture
of 1.69 g (7.70 mmol) of Ti(3-CsH;s)Cl; and 2.36 g (3.97 mmol) of
TI2[Me;Si(CsHa)2] in 100 mL of toluene was refluxed for 3 h. A deep
red solution was formed. The reaction mixture was evaporated to dryness
in vacuo and the resulting solid extracted with CH;Cl, in a Soxhlet
apparatus. The solution was evaporated to dryness, the product washed
with toluene and then with hexane, and dried under vacuum to obtain
a reddish-brown powder. (1.33 g, 60% yield).

Anal. Caled For C2;H4CLSiTi; (found): C, 47.67 (46.62); H, 4.33
(4.34). 'H NMR (300 MHz, CDCl3, 25 °C): 4 0.63 (s, 6H, Me;Si),
6.53 (s, 10H, CsHs), 6.87 (t, J = 2.44 Hz, 4H, CsH,), 6.62 (t, J = 2.44
Hz, 4H, CsH,). 13C NMR (75 MHz, CDCl3, 25 °C): §-0.54 (Me,Si),
120.8 [C3,4(CsHa)], 129.2 [C,,5(CsHa)], 135.5 [C1(CsHa)].

Synthesis of [TiCly(n3-CsMes) b{u-1*-n*-(CsHy),SiMey), (2). A mixture
of 11.38 g (39.31 mmol) of Ti(n5-CsMes)Cl; and 11.69 g (19.65 mmol)
of TI;[Me,Si(CsHa)z] in 200 mL of toluene was refluxed for 12 h. The
reaction mixture was filtered while still warm and the residue washed
with CH,Cl; (2 X 75mL). Thesolutions were combined and concentrated
invacuo to 30 mL then stored overnight at —30 °C. Garnet-red crystals
were obtained. These were washed with cold toluene and hexane to give
a final product identified as 2. A second crop was obtained by cooling
the residual solution. (9.14 g; 67% yield).

Anal. Caled for C3;HysCLSiTiz (found): C, 55.35 (54.90); H, 6.34
(6.17). 'HNMR (300 MHz, C¢Dg, 25 °C): 6 1.12 (s, 6H, Me;Si), 1.75
(s, 30H, CsMes), 5.71 (t, 4H, CsH,), 6.62 (t, 4H, CsHy). 'H NMR (300
MHz, CDCl;, 25 °C): 60.65 (s, 6H, SiMey), 2.01 (s, 30H, CsMes), 6.08

(15) (a) Gorsich, R. D. J. Am. Chem. Soc. 1958, 80, 4744. (b) Gorsich, R.
D. J. Am. Chem. Soc. 1960, 82, 4211.

(16) Hidalgo,G.; Mena, M.; Palacios, F.; Royo, P.; Serrano, R. J. Organomet.
Chem. 1988, 340, 37.

(17) Schore, N. E.; Benner, L. B.; Labelle, E. Inorg. Chem. 1981, 20, 3200,
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(t, 4H, CsHy), 6.42 (t, 4H, CsH,). 1*C NMR (75 MHz, C¢Dg, 25 °C):
50.77 (SiMe3y), 13.33 (CsMes), 129.10 (CsMes), 116.89, 130.06 [C2,sCa -
(CsHy)l, 134,37 [C1(CsH,4)]. *C NMR (75 MHz, CDCl,, 25 °C): 6
-1.17 (SiMe3), 13.20 (CsMes), 128.90 (CsMes), 117.26,129.41 [C2,sCa4-
(CsHa)l, 134.37 [C1(CsHy)].

Synthesis of [TiMey(n*-CsHs) b{u-n*-n%-(CsHy)2SiMey] (3). A sus-
pension of 0.50 g (0.90 mmol) of complex 1in 20 mL of hexane at -78
°C was treated with 2.1 mL of 1.7 M LiMe (3.57 mmol). The cold bath
was removed after 15 min, and the mixture was allowed to warm to room
temperature and stirred until the solution became yellow. The reaction
mixture was filtered and the solution concentrated in vacuo at 5 °C and
then stored overnight at —15 °C to yield long orange needles. (0.36 g,
84% yield).

Anal. Caled for CogH36SiTiz (found): C,66.11(65.83);H,7.68(7.77).
'H NMR (300 MHz, C¢Ds, 25 °C): 6 0.12 (s, 12H, Ti~Me), 0.16 (s,
6H, Me;Si), 5.97 (t, J = 2.5 Hz, 4H, CsHy), 5.94 (t, J = 2.4 Hz, 4H,
CsHy), 5.76 (s, 10H, CsH;s). 13C NMR (75 MHz, C¢Ds, 25 °C): 6-0.8
(Me;Si), 47.00 (Ti-Me), 117.70 [C3,s (CsHa4)], 120.20 [C;34(CsHy)],
113.90 (CsHs), C;y of CsHy not observed.

Synthesis of [TiMe(n®-CsMes) Llu-n*-n*-(CsHy),SiMey] (4). A sus-
pension of 1.50 g (0.90 mmol) of complex 2 in 30 mL of toluene at -78
°C was treated with 5.4 mL of 1.6 M LiMe (8.64 mmol). The cold bath
was allowed to warm to room temperature, and the solution changed
color from red to light-yellow. The reaction mixture was stirred at room
temperature for 30 min and then filtered. The resulting solution was
concentrated invacuo to 10 mL and stored overnight at —30 °C to obtain
fine yellow needles identified as 4. The product was further purified by
recrystallization from toluene/hexane. (1.30 g, 98% yield).

Anal, Calcd for C34HseSiTi; (found): C,70.60(70.75); H,9.15(9.44).
'H NMR (300 MHz, C¢Dg, 25 °C): 6 -0.15 (s, 12H, Ti-Me), 0.65 (s,
6H, SiMe;), 1.65 (s, 30H, CsMes), 5.47 (t, 4H, CsH,), 6.29 (t, 4H,
CsH,). BC NMR (75 MHz, C¢Dg, 25 °C): 60.11 (SiMey), 12.28 (Cs-
Mes), 47.13 (Ti-Me), 120.13 (CsMes), 115.59, 121.10 [C,5Ci 4(Cs-
Hy)], 135.73 [C{CsHy)].

Synthesis of [Ti(CH;PPhy)a(n®-CsMes)hfu-n%-n*-(CsHy)a] (5). A
1.00-g (1.44-mm01) sample of [TiCl;(n’-C;Me;)]z[u-n’-n’-(CsHozSiMez]
(2) in 50 mL of toluene was treated with 1.95 g (6.05 mmol) of LiCH-
PPh, TMEDA at -78 °C. The reaction mixture was slowly warmed up
to 0 °C in the absence of light and allowed to react for 6 h. The mixture
was filtered and the solvent removed in vacuo to obtain a dark red oil.
The product was washed with hexane (4 X 20 mL). Then, stirred for
1 h at -78 °C. The final product was a red solid identified as 5 (0.97
g, 50.0% yield).

Anal. Calcd for Cg4Hg,SiP4Ti; (found): C, 74.78 (76.09); H, 6.83
(7.13). 'H NMR (300 MHz, C¢D, 25 °C): 6 0.58 (4H, Ti~CH»-P,
2Juy = 9.8 Hz, 2/yp < 2 Hz), 1.44 (s, 6H, SiMe,), 1.45 (4H, Ti-CH-P,
2J]-“.l =938 HZ, 2J].[p =43 HZ), 1.68 (S, 30H, C5M65), 6.13 (m, 4H,
CsH,), 6.67 (m, 4H, CsH,), 6.88-7.22 (m, 24H, Ph), 7.38-7.47 (m, 8H,
Ph), 7.64-7.72 (m, 8H, Ph). *C NMR (75 MHz, C¢Dg, 25 °C): 62.70
(SiMe3), 13.03 (CsMes), 58.14 (d, Ti-CH»-P, IJcp = 58.59 Hz), 117.92,
123.02 [Cz'y C3_4 (C5H4)], C (C5H4) not observed, 128.56-147.94 (Ph)
3P NMR (C¢Ds, 25 °C): 6 9.91.

Synthesis of [TiCl(n*-CsHs)ha(u-0)[s-n-n*-(CsHi):SiMes), (6). A
0.31-g (0.56-mmol) sample of 1 and 0.027 g (1.17 mmol) of 10% sodium
amalgam in 50 mL of toluene was stirred for 17 h at room temperature.
The resulting dark brown solution was exposed to air for several hours
toobtain 6 in stoichiometric yields. A change to yellow-orange color was
observed uponoxidation. After removal of thesolvent invacuo,an orange
crystalline solid was obtained. Suitable crystals for X-ray analysis were
obtained by slow evaporation of a saturated solution in CH,Cl..

Anal. Caled for C33H23C1,08iTi; (found): C, 52.93(53.23); H,4.82
(4.83). 'H NMR (3060 MHz, CDCl;, 25 °C): § 0.44 (s, 6H, SiMe,),
6.09 (m, 2H, CsHy), 6.24 (m, 2H, CsH,), 6.42 (s, 10H, CsHs), 6.59 (m,
2H, CsH,), 6.63 (m, 2H, CsH,). 13C NMR (75 MHz, CDCl;, 25 °C):
6 -2.2 (SiMey), 117.2 (CsHs), 111.7, 114.2, 125.2, 129.2, 133.6 (5C,
CsHy). IR (Nujol, CsI): 725 cm™! (vrio-Ti).
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Table V. Crystallographic Data for Compounds 2 and 6

2 6
chem formula TizChSiCnH“ TizCleiOszHu
a,A 28.32(1) 7.835(2)
b A 14.023(6) 18.291(4)
¢, A 8.431(5) 15.415(2)
8, deg 96.22(1)
v, A3 3348(4) 2196(1)
V4 4 4
MW 694.4 449.2
symmetry, space group  orthorhombic Pna2;  monoclinic P2,/n
, °C 22 22
NA 0.71073 0.71073
Pealeds 8 cm3 1.37 1.5
u, cm! 8.49 10.29
Re 0.088 0.074
R\ 0.074¢ 0.101¢

*R = L(IFo| - [F)/LIFe. ® Ry = [IwlIFd/IFd1?/TwiFoP]!/2. cw =
4F 2/ [o(Fo)’)2.

Structural Data for [{TiCla(n3-CsMes) la{u-1*-n*-(CsHy):SiMes}] (2)
and [{TiCI(n*-CsHs)}a(u-0)fu-r*-n" (CsHo):SiMes)] (6). Crystallo-
graphic and experimental details are given in Table V. Both sets of data
were collected at room temperature. Intensities were corrected for Lorentz
and polarization effects in the usual manner. No extinction correction
was made. Absorption correction was made for compound 6 with the
DIFABS method.!®

The structures were solved by a combination of direct methods and
Fourier synthesis and refined (on F) by full-matrix least-squares
calculations.

In compound 6, all non-hydrogen atoms were refined anisotropically
and in the last cycle of refinement the hydrogen atoms were included
from geometrical positions and thermal parameters equivalent to the
carbon to which they were attached.

In compound 2, only the non-hydrogen non-carbon atoms were refined
anisotropically due to the poor quality of the crystals. The carbon atoms
were refined isotropically and the hydrogens were included from
geometrical calculations and fixed.

Final values of R = 0.074 and R, = 0.101 were obtained for compound
6 and R = 0.088 and R, = 0.074 for compound 2 with R, =
[IWIIFol/|Fd1/ TWFS1/2 and w = 4F 2/ [o(Fo)?]2.

Anomalous dispersion corrections and atomic scattering factors were
taken from ref 19. Calculations were performed with the SDP Enraf-
Nonius package,?® Multan,?! and Dirdif22ona MICROVAX Il computer.
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