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[Me2Si] Ansa bridged complexes of permethyltitanocene: synthesis
and structural characterization of fulvene derivatives with
trialkylidenemethane character†
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A series of permethylated [Me2Si] ansa bridged titanocene
complexes has been synthesized and structurally charac-
terized by X-ray diffraction; the dialkyl complexes
[Me2Si(C5Me4)]TiR2 are thermally unstable towards
elimination of alkane (RH), thereby yielding fulvene
derivatives [Me2Si(C5Me4)(C5Me3CH2)]TiR.

We have recently reported how incorporation of the [Me2Si]
ansa bridge may have a profound effect on the chemistry of the
permethylzirconocene system by increasing the electrophilicity
of the metal center.1 In this paper, we describe chemistry of the
corresponding titanium system, [Me2Si(C5Me4)2]TiX2, which
includes (i) an unusual coupling reaction to form a biphenyl
derivative and (ii) the synthesis of fulvene derivatives that
possess trialkylidenemethane character.

The dichloride [Me2Si(C5Me4)2]TiCl2
2 provides a convenient

entry to a series of ansa titanocene complexes (Scheme 1).3 For
example, reduction of [Me2Si(C5Me4)2]TiCl2 with Mg(Hg)
under an atmosphere of CO gives the dicarbonyl, [Me2Si-
(C5Me4)2]Ti(CO)2, while reactions with RLi (R = Me, Ph,
CH2SiMe3) and LiNC4H4 yield [Me2Si(C5Me4)2]TiR2

4 and
[Me2Si(C5Me4)2]Ti(NC4H4)2, respectively. Most interestingly,
however, the reaction of [Me2Si(C5Me4)2]TiCl2 with excess PhLi
results in C–C coupling and the formation of the biphenyl-2,29-
diyl complex, [Me2Si(C5Me4)2]Ti[(C6H4)2] (Scheme 1).5

The dialkyl complexes [Me2Si(C5Me4)2]TiR2 may be used as

† Supplementary data available: tables of analytical and spectroscopic
data, and preparative details. For direct electronic access see http://
www.rsc.org/suppdata/dt/1999/1365/, otherwise available from BLDSC
(No. SUP 57522, 19 pp.) or the RSC Library. See Instructions for
Authors, 1999, Issue 1 (http://www.rsc.org/dalton).

precursors to other derivatives via reaction at the Ti–C bond;
for example, [Me2Si(C5Me4)2]Ti(OAc)2 and [Me2Si(C5Me4)2]Ti-
(NC4H4)Me, accompanied by elimination of methane, are
obtained upon treatment of [Me2Si(C5Me4)2]TiMe2 with AcOH
and C4H4NH, respectively.6 In the absence of a substrate,
the dialkyls [Me2Si(C5Me4)2]TiR2 (R = Me, Ph, CH2SiMe3)
eliminate alkane (RH) to give the corresponding fulvene
derivatives [Me2Si(C5Me4)(C5Me3CH2)]TiR (Scheme 2).7,8 The
molecular structure of the phenyl derivative [Me2Si(C5Me4)-
(C5Me3CH2)]TiPh has been determined by X-ray diffraction

Scheme 2

Scheme 1
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(Fig. 1),‡ thereby confirming that metallation occurs adjacent
to the ansa bridge. Furthermore, the diffraction study indicates
that the fulvene moiety is coordinated in a most asymmetric
manner, with individual Ti–C bond lengths ranging from
2.16 Å to 2.57 Å, with the shortest being that adjacent to the
methylene group, and the longest being those most distant from
the methylene group.9 For comparison, the longest Ti–C bond
length in the diphenylfulvene complex (C5H4CPh2)2Ti is only
2.40 Å.10,11 The fulvene moiety of [Me2Si(C5Me4)(C5Me3CH2)]-
TiPh is thus slipped, such that the principal interaction is
with four carbon atoms, namely C11, C12, C13 and C32
(Fig. 1). In this regard, the complex is perhaps better repre-
sented as a trialkylidenemethane, i.e. C(CR2)3, derivative,12 with
the bonding supplemented by a weak olefin (C14 and C15)
interaction (see Fig. 2). Supporting this notion, trialkyl-
idenemethane character is indicated by the observation that the
Ti–C12 bond is effectively perpendicular to the C11–C13–C32
plane, passing through its centroid.13 It is important to note
that this view of the metal–fulvene interaction as possessing
trialkylidenemethane character has not previously been offered
as a description for fulvene complexes; specifically, bonding
in transition metal fulvene complexes is typically only discussed

Fig. 1 Selected bond lengths (Å): Ti–C11 2.250(4), Ti–C12 2.156(4),
Ti–C13 2.395(4), Ti–C14 2.572(4), Ti–C15 2.491(4), Ti–C21 2.294(4),
Ti–C22 2.370(4), Ti–C23 2.459(4), Ti–C24 2.447(4), Ti–C25 2.336(4),
Ti–C32 2.328(5), C12–C32 1.408(6).

in terms of whether the interaction is better described as co-
ordination of a neutral η6-fulvene (i.e. a “diene-olefin”) or as
that of a dianionic η5,η1-ligand (Fig. 2).10,11,14 The trialkyl-
idenemethane-olefin view of the interaction, therefore, provides
an alternative description that may more appropriately describe
the bonding in certain fulvene complexes.15

Deuterium kinetic isotope and labeling studies 16 indicate that
elimination of methane from [Me2Si(C5Me4)2]TiMe2 occurs via
rate determining α-H abstraction of one of the titanium methyl
groups giving {[Me2Si(C5Me4)2]Ti]]CH2}, followed by rapid
transfer of a ring methyl hydrogen to the methylene group
(Scheme 2). Such a mechanism is precedented by Bercaw’s
detailed study of methane elimination from Cp*2TiMe2 to give
Cp*(C5Me4CH2)TiMe.17 In view of the structural changes intro-
duced by incorporating a [Me2Si] ansa bridge (see below), it
is perhaps surprising that the rate of methane elimination is
virtually unaffected by this modification;18 the primary kinetic
isotope for elimination from [Ti(CD3)2] is, however, consider-
ably greater for the ansa system [kH/kD = 5.16 at 100 8C] than
that for the permethyltitanocene system [kH/kD = 2.92 at
98.3 8C].19

Elimination of benzene from [Me2Si(C5Me4)2]TiPh2 pre-
sumably occurs via a similar mechanism involving a benzyne
intermediate,20,21 although the reaction is significantly more
facile than elimination of methane from [Me2Si(C5Me4)2]-
TiMe2.

22 Evidence for the presence of a benzyne intermediate
is provided by the observation that {[Me2Si(C5Me4)2]Ti(η2-
C6H4)} may be trapped by C2H4 or C2H2 to give [Me2Si-
(C5Me4)2]Ti(η2-C6H4CH2CH2) and [Me2Si(C5Me4)2]Ti(η2-
C6H4CH]]CH), respectively (Scheme 3). Furthermore, the
fulvene complex [Me2Si(C5Me4)(C5Me3CH2)]TiPh also reacts
with C2H4 to yield [Me2Si(C5Me4)2]Ti(η2-C6H4CH2CH2),
suggesting that isomerization of [Me2Si(C5Me4)(C5Me3CH2)]-
TiPh to {[Me2Si(C5Me4)2]Ti(η2-C6H4)} is kinetically facile.

The molecular structures of the majority of the above
[Me2Si(C5Me4)2]TiXX9 complexes have been determined by

Fig. 2 Coordination modes of fulvene ligands.

Scheme 3
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Table 1 Geometrical data for [Me2Si(C5Me4)2]TiXX9 derivatives

Cp*2TiCl2
b

[Me2Si(C5Me4)2]TiCl2
c

[Me2Si(C5Me4)2]Ti(CO)2

[Me2Si(C5Me4)2]Ti(CH2SiMe3)2

[Me2Si(C5Me4)2]Ti(NC4H4)2

[Me2Si(C5Me4)2]TiMe2

[Me2Si(C5Me4)2]Ti(NC4H4)Me
[Me2Si(C5Me4)2]Ti(C6H4C2H4)
[Me2Si(C5Me4)2]TiPh2

[Me2Si(C5Me4)2]Ti(C6H4C2H2)
[Me2Si(C5Me4)2]Ti[(C6H4)2]

d(M–Cpcent)/Å

2.128
2.136
2.046
2.167
2.154
2.138
2.133
2.129
2.143
2.090
2.095

d(M–C)/Å

2.404–2.484
2.365–2.552
2.281–2.465
2.392–2.574
2.386–2.557
2.371–2.530
2.375–2.517
2.383–2.521
2.396–2.521
2.363–2.470
2.366–2.468

d(M–C) range/Å

0.080
0.187
0.184
0.182
0.171
0.159
0.142
0.138
0.125
0.107
0.102

α/8

137.4
132.2
139.7
130.4
130.6
132.8
132.3
132.5
131.1
134.5
134.4

β/8

135.4
120.6
128.1
119.9
120.6
123.3
123.1
124.5
124.2
128.1
128.1

γ a/8

1.0
5.8
5.8
5.3
5.0
4.8
4.6
4.0
3.5
3.2
3.2

a γ = (α 2 β)/2. b From ref. 27. c From ref. 3.

X-ray diffraction‡ and details of the coordination of the ansa
ligands are summarized in Table 1. By comparison with the
non-bridged Cp*2TiCl2 derivative, in which the Cp* ligands are
coordinated in a symmetric η5-fashion, with individual Ti–C
bond lengths differing by less than 0.08 Å, the cyclopentadienyl
groups in [Me2Si(C5Me4)]TiXX9 derivatives are coordinated
much less symmetrically. Thus, individual Ti–C bond lengths in
[Me2Si(C5Me4)]TiX2 differ by up to 0.19 Å for each complex,
increasing in the sequence Ti–C1 < Ti–C2,5 < Ti–C3,4,

23 such
that the [Me2Si(C5Me4)] ligand adopts a modified geometry
which approaches an η3,η3-coordination mode. This modifi-
cation is accompanied by a small tilting (γ) of the cyclo-
pentadienyl groups away from the normal of the M–Cpcent

vector towards the ansa-bridge, i.e. the Cpcent–M–Cpcent angle
(α) is greater than the angle between the Cp ring normals (β).
As with the corresponding zirconium system, the modified
η3,η3-coordination geometry creates a more electrophilic metal
center, as judged by the greater ν(CO) stretching frequencies
of the dicarbonyl complex [Me2Si(C5Me4)2]Ti(CO)2 (1879 and
1955 cm21) compared to those for Cp*2Ti(CO)2 (1858 and 1940
cm21).24–26

In summary, a variety of permethylated ansa-titanocene
complexes has been synthesized. The dialkyl complexes [Me2-
Si(C5Me4)]TiR2 are thermally unstable towards elimination of
alkane (RH), thereby yielding fulvene derivatives [Me2Si-
(C5Me4)(C5Me3CH2)]TiR. Interestingly, the titanium–fulvene
interaction in these complexes may be considered to possess
character analogous to that of a metal–trialkylidenemethane
derivative.
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