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Reaction of TiCl3(THF)3 with 3 equivalents of LiOSi(OtBu)3 produces the Ti(III) silox-
ide Ti[OSi(OtBu)3]3(THF)2 (1), and a 1:4 ratio of the same reagents gives {LiTi[OSi
(OtBu)3]4}x. Upon heating to 95 ◦C, compound 1 converts via THF ring-opening to [(tBuO)3
SiO]3TiO(CH2)4Ti[OSi(OtBu)3]3. The pyridine adduct Ti[OSi(OtBu)3]3(pyr)2, and polymeric
{Ti[OSi(OtBu)3]3(4,4’-bipyridine)}n , are also described. Electronic spectra for the Ti[OSi
(OtBu)3]3L2 complexes indicate D3h symmetry, and similar results for the 4,4’-bipyridine adduct
suggest a linear polymeric structure.
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Introduction

The use of sterically demanding alkoxide, siloxide,
and aryloxide ligands has led to the isolation of numer-
ous low valent, coordinatively unsaturated early transi-
tion metal complexes [1], which exhibit interesting re-
activities toward organic molecules. For example, Wol-
czanski has shown that neutral ligands can coordinate
to Ta(silox)3 (silox = OSitBu3) with unusual bonding
geometries such as η 2-N,C-bound pyridine [1b]. He
has also shown that Ti(silox)3 can stabilize organic rad-
icals which undergo reversible C-C bond forming reac-
tions [1a, c]. A variety of early transition metal d0 com-
plexes containing the -OSi(OtBu)3 ligand have been
isolated and characterized [2]. It is of interest to deter-
mine whether this ligand can also stabilize low valent
transition metal complexes with coordinatively unsat-
urated metal centers.

Early syntheses of Ti(III) alkoxides, from Ti(III)
halides or amides, gave products that were reported to
be polymeric or oligomeric [3]. More recently attempts
were made to prepare Ti(III) alkoxides by reduction of
Ti(IV) alkoxides with trialkoxysilanes. However, these
insoluble, diamagnetic materials were found to contain
silicon as an impurity and were presumed to be poly-
meric [4]. Monomeric Ti(III) aryloxides and siloxides
have been prepared by reduction of the correspond-
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ing trialkoxymonohalide or trisiloxymonohalide com-
plexes [1].

A wide variety of coordination networks have been
prepared by linking transition metal complexes with
the linear connector 4,4’-bipyridine. The structures ob-
tained in this way include one dimensional polymers
[5], two dimensional layered materials [6], and three
dimensional networks [7]. Such materials were stud-
ied for their potentially interesting magnetic [5b, d],
conducting [5c], and clathrating properties [6a, 7d]. In
contrast, coordination networks containing early tran-
sition metals, from groups 3 through 5, are rather
rare [8].

Here, the synthesis and reactivity of tris(tert-
butoxy)siloxy complexes of Ti(III) are described. The
synthesis of a crystalline coordination polymer con-
sisting of Ti[OSi(OtBu)3]3 units connected with 4,4’-
bipyridine is also described.

Results

Synthesis of Ti(III) siloxide complexes 1−5. Slow
addition of three equivalents of LiOSi(OtBu)3 in
THF to a THF solution of TiCl3(THF)3 resulted in
a color change of the initially blue solution to vi-
olet, black, and then dark green. From the reaction
mixture the light blue Ti(III) tris(siloxide) complex,
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Ti[OSi(OtBu)3]3(THF)2 (1), was isolated in 79% yield
(eq. (1)).

TiCl3(THF)3 +3LiOSi(OtBu)3
THF−−→

Ti[OSi(OtBu)3]3(THF)2 +3LiCl
1

(1)

The THF ligands could not be removed from 1 un-
der prolonged vacuum. In diethyl ether the analogous
reaction formed a brown solution from which only
HOSi(OtBu)3 was isolated. When this reaction was
carried out with four equivalents of LiOSi(O tBu)3 in
THF the light blue ate complex LiTi[OSi(OtBu)3]4 (2)
was formed (eq. (2)).

TiCl3(THF)3 +4LiOSi(OtBu)3
THF−−→

{LiTi[OSi(OtBu)3]4}x +3LiCl
2

(2)

Light blue toluene solutions of 1 rapidly turn yellow
when heated above 95 ◦C. The product of this reaction
was found to be {Ti[OSi(OtBu)3]3}2[O(CH2)4] (3),
a dinuclear Ti(IV) complex containing an -O(CH 2)4-
bridge between the two metal centers. The stoichiome-
try of this reaction, with the generation of three equiv-
alents of free THF from two equivalents of 1, was con-
firmed by conducting the reaction in toluene-d 8 in a
sealed NMR tube with ferrocene as internal standard
(eq. (3)).

2Ti[OSi(OtBu)3]3(THF)2
toluene−d8−−−−−−→

∆
−3THF

1

[(tBuO)3SiO]3TiO(CH2)4Ti[OSi(OtBu)3]3
3

(3)

The 1H NMR spectrum for 3 reveals two closely
spaced singlets at 1.55 and 1.52 ppm corresponding to
the two inequivalent titanium tris(siloxide) fragments.
A DEPT 13C NMR spectrum confirmed that the new
ligand in 3 contains four methylene groups.

A single crystal X-ray structure analysis of 3 yielded
a disordered structural model. The most chemically
reasonable model was obtained in the space group P1.
The asymmetric unit contains two independent half
molecules. An inversion center located along the bu-
toxy bridge generates the second half of each molecule.
This results in considerable disorder in the asymmet-
ric -O(CH2)4- bridge (Fig. 1) which was modeled as a
symmetric -O(CH2)3O- bridge. In the structural model
the oxygen atoms in the bridging ligand were both
modeled with full occupancy although these sites are

Fig. 1. ORTEP view of the molecular structure of
Ti2[OSi(OtBu)3]6[O(CH2)4] (3). Methyl groups removed
for clarity. Displacement ellipsoids drawn to 50% proba-
bility. Pairs of disordered atoms, C(32)-C(33) and C(38)-
C(37), were refined with 60% and 40% relative pop-
ulations, respectively. Pairs of disordered atoms, O(29)-
O(30), O(31)-O(32), C(58)-C(59), C(61)-C(60), C(80)-
C(81), C(87)-C(86), C(93)-C(92), were refined with 70%
and 30% relative populations, respectively.

occupied by C and O atoms with equal probability.
The displacement parameters for these atoms were rea-
sonable and two different atom sites could not be re-
solved at each of these locations making a more com-
plicated model unnecessary. The Ti-O bond lengths
involving the siloxide ligands range from 1.806(5) to
1.787(5) Å. These bond lengths are very similar to Ti-
OSi bond lengths found in other molecular titanosili-
cates [9]. The Ti-O(15) bond length is slightly longer
(1.841(8) Å) as expected since O(15) represents a site
which is occupied by carbon with 50% probability.
Typical Ti-C bond lengths are about 2.1 Å [10]. The
O-Ti-O bond angles are all close to those expected
for a tetrahedral coordination environment about Ti
(105.2(3) to 112.0(2)◦).

The thermal conversion of 1 to 3 also occurs in the
solid state. A sample of 1 was heated at 120 ◦C for
15 min and the volatile products were collected by vac-
uum transfer and quantified by 1H NMR spectroscopy
with ferrocene as standard. Within 5 min the solid
changed color from blue to yellow and after 15 min
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Compound λmax[nm] (ε [L mol−1 cm−1]) Assignment
Ti[OSi(OtBu)3]3(THF)2 (1)a 218 (9000) LMCT

828 (23) E → T2
LiTi[OSi(OtBu)3]4 (2)a 220 (1400) LMCT

776 (71) E → T2
{Ti[OSi(OtBu)3]3}2[O(CH2)4] (3)a 218 (17800) LMCT
Ti[OSi(OtBu)3]3(pyr)2 (4)a 224 (5900) LMCT

250 (5700) π −π∗ (pyr)
526 (290) 2E′′ → 2A1

′(D3h)
606 (190) (shoulder)
897 2E′′ → 2E′(D3h)

{Ti[OSi(OtBu)3]3(4,4’-bipyridine)}n (5)b 255 π −π∗ (4, 4’- bipy)
368 MLCT
740 2E′′ → 2A1

′(D3h)
1014 (broad) 2E′′ → 2E′(D3h)

Table 1. List of Uv-vis-near IR
bands and their assignments for
1 to 5.

a In isooctane, b Diffuse reflectance
spectrum.

Fig. 2. TGA trace of 1 under N2 with a heating rate of 10 ◦C
min−1.

0.38 equiv of THF and 0.03 equiv of isobutene were
obtained. Thermal gravimetric analysis (TGA) of 1
shows that weight loss occurs in two steps (Fig. 2). The
first weight loss has an onset temperature of 124 ◦C and
a second weight loss begins above 200 ◦C. The ceramic
yield at 1000 ◦C (22.7%) is lower than that expected
for the formation of TiSi3O8 (26.5%). The TGA of 3
reveals a sudden weight loss with an onset temperature
of 202 ◦C (Fig. 3). This is similar to the thermal be-
havior of Ti[OSi(OtBu)3]4 which also has an onset to
decomposition just above 200 ◦C [2a, c]. The ceramic
yield of 3 at 1000 ◦C (23.3%) is also less than the the-
oretical ceramic yield of TiSi3O8 (29.8%).

The THF ligands of 1 can be readily replaced by
more basic ligands. The addition of two equivalents of
pyridine to a toluene solution of 1 resulted in a rapid
color change of the solution from light blue to dark pur-
ple. Crystallization of the reaction product from pen-
tane allowed isolation of the bis(pyridine) complex,
Ti[OSi(OtBu)3]3(pyr)2 (4), in 73% yield. As with com-

Fig. 3. TGA trace of 3 under N2 with a heating rate of 10 ◦C
min−1.

plex 1, the datively coordinated ligands (pyridine) in
complex 4 could not be removed under vacuum.

The availability of two coordination sites in 1 al-
lowed formation of a coordination polymer by con-
necting the titanium tris(siloxide) units with a bifunc-
tional connector. Layering a toluene solution of 4,4’-
bipyridine on a THF solution of 1 resulted in forma-
tion of a purple color at the interface of the solutions.
Over the course of several days blue blocky crystals
of {Ti[OSi(OtBu)3]3(4,4’-bipyridine)}n (5) grew on
the walls of the container. These air sensitive crystals
are not soluble in excess THF or toluene. The poly-
mer does dissolve in a toluene solution of excess 4,4’-
bipyridine. Presumably the molecular bis(bipyridine)
unit Ti[OSi(OtBu)3]3(4,4’-bipy)2, similar in structure
to 4, is formed.

Electronic spectra of 1−5. The electronic spectra
of 1 – 4 were measured from solution samples (isooc-
tane) and the spectrum of 5 was obtained from a solid
sample in reflectance mode. The bands observed for
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each complex and their assignments are summarized
in Table 1.

The electronic spectrum of 1 consists of a LMCT
band at 218 nm and a d-d band at 828 nm. The
higher energy transition is assigned to a LMCT tran-
sition by comparison with the UV-vis spectrum of
Ti[OSi(OtBu)3]4 [2] which possesses a single band
at 216 nm (11000 L mol−1 cm−1). The low energy
transition at 828 nm may be due to a E → T2 (d-
d) transition in a tetrahedral ligand field. The com-
plex [Ti(O-2,6-iPr2-C6H3)4•Na(THF)2], containing a
tetrahedrally coordinated Ti atom, also has a single
low energy band in the UV-vis spectrum at 970 nm
which was assigned to a E → T2 (d-d) transition [1d].
Complex 2 also shows two bands in the UV-vis spec-
trum, a LMCT band at 220 nm and a d-d band at
776 nm. The d-d band of 2 may also be due to a E→T 2
transition since the Ti atom in this complex is pre-
sumably also tetrahedrally coordinated. As expected,
the Ti(IV) complex, 3, only shows a LMCT band at
218 nm in the UV-vis spectrum. The UV-vis spectrum
of the bis(pyridine) complex, 4, consists of a LMCT
transition at 224 nm and a π − π ∗ transition associ-
ated with the pyridine ligands at 250 nm. The assign-
ment of the π − π ∗ transition was made by compari-
son to a UV-vis spectrum of pure pyridine which ex-
hibits only one transition at 252 nm. At lower ener-
gies there are three d-d transitions, at 526 nm with a
small shoulder at 606 nm and at 897 nm. The elec-
tronic spectra for five coordinate, d1, MX3L2 com-
plexes with D3h symmetry, are predicted to have two
d-d transitions assigned as 2E′′ → 2A1

′(dxz,yz → dz2)
and 2E′′ →2 E′(dxz,yz → dxy,x2−y2 ) [11]. The two major
low energy bands of 4 may be assigned to these tran-
sitions. The origin of the small shoulder on the higher
energy band is not clear. The related complex [Ti(O-
2,6-iPr2-C6H3)3(pyr)2] has two d-d bands at similar
energies (580 and 920 nm) as observed for 4 [1d].
For the polymer 5, no well resolved band could be
assigned to a LMCT transition. The band at 255 nm
was assigned to the π − π ∗ transition associated with
the bipyridine ligands, by comparison to a UV-vis
spectrum of pure 4,4’-bipyridine. A lower intensity
band was observed at 368 nm, and two d-d transitions
were observed at 740 nm (2E′′ → 2A1

′) and 1014 nm
(2E′′ → 2E′), again consistent with a D3h coordination
geometry about the metal center. Electronic spectra
of Ti(III)Cl3-pyridine complexes were found to pos-
sess bands around 400 nm which were assigned to
MLCT transitions [12]. The band in the UV-vis spec-

trum of 5 at 368 nm may be assigned to such an MLCT
transition.

The infrared spectra of 4 and 5 contained the ring
stretching bands of pyridine and 4,4’-bipyridine, re-
spectively. In the related complex (silox)3Ti(pyr) the
pyridine ring stretching bands were absent from the IR
spectrum which was attributed to the partial reduction
of the pyridine ligand by the metal center [1b]. The dis-
appearance of the ring stretching bands in the IR spec-
trum seems to be very sensitive to partial reduction of
this ligand since NMR and EPR experiments indicate
that most of the spin density remains localized on the
metal center in this complex. Thus, the IR spectra of
4 and 5 give no evidence for partial reduction of the
pyridyl ligands in these complexes.

Discussion

The Ti(III) siloxide, 1, is formed in high yield
by the direct reaction between LiOSi(OtBu)3 and
TiCl3(THF)3. This complex presumably adopts a trig-
onal bipyramidal structure with axial THF ligands.
However, this was not confirmed by the UV-vis spec-
trum which revealed only one d-d transition, inconsis-
tent with D3h symmetry. However, there are reports de-
scribing Ti(III) complexes known to posses D3h sym-
metry which did not display two d-d transitions in their
UV-vis spectrum [1a, e]. However, the energy of the d-
d transition of 1 is similar to that found for other com-
plexes containing a 4-coordinate Ti(III) center, such
as 2 [1d]. It is possible that one of the THF ligands
in 1 is labile resulting in a solution species that is 4-
coordinate.

The “ate” complex 2 is similar to the structurally
characterized aryloxide complex, [(THF)2NaTi(O-2,6-
iPr2-C6H3)4] [1d]. This complex consists of a Ti atom
coordinated by four aryloxide ligands and a Na atom
coordinated by two aryloxide ligands and two THF lig-
ands. Since complex 2 contains no coordinated THF it
may form an oligomeric complex in order to increase
the coordination number of the Li atom.

Interestingly, the chemistry of 1 is very different
from that displayed by the related complex Ti(silox) 3
(silox = OSitBu3) reported by Wolczanski [1a]. The
titanium tris(silox) complex reversibly coordinates
Lewis bases such as DME, PMe3, nitriles, and isoni-
triles. These ligands are readily removed by heating
or under vacuum. The addition of THF to Ti(silox) 3
was reported to form a transiently stable complex
that decomposed via cleavage of the THF. The prod-
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Fig. 4. Probable geometry for Ti[OSi(OtBu)3]3(pyr)2 (4) and
a d orbital splitting diagram for five coordinate complexes
with D3h symmetry.

ucts of this reaction were, however, not character-
ized. In contrast, the THF ligands in complex 1
are stable at room temperature and cannot be re-
moved under vacuum. The stability of the Lewis base
adducts of 1 are presumably due to the lower steric
demand of the -OSi(OtBu)3 ligands compared with
the silox ligands. The greater apparent reactivity of
Ti(silox)3 with THF may be partially attributed to a
more electron rich metal center which results from
a greater inductive effect of the silox ligands. When
1 is heated in toluene it cleanly forms a dinuclear
Ti(IV) complex (3) with a -O(CH2)4- bridge between
the metal centers. This occurs formally by two one-
electron reductions of the THF to form a dianionic
ligand. Interestingly, Ti(silox)3 reacts with 0.5 equiv
of ethylene to form an insoluble yellow complex pro-
posed to be (silox)3Ti-CH2CH2-Ti(silox)3 on the ba-
sis of analytical and IR data [1b]. This reaction also
occurs by two one electron oxidations of an ini-
tially neutral molecule to form a dianionic bridging
ligand.

Ring openings of the THF ligands in [(C5Me5)2
Sm(THF)2][BPh4][13] and [(C5H4Me)2Zr(H)(THF)]
[BPh4] [14] also produce alkoxide ligands. In these
cases the reaction is thought to occur by nucleophilic
attack by an anion at the carbon atom adjacent to the
oxygen atom in THF. The Lewis-acid initiated ring
opening polymerizations of THF are also believed to
proceed by nucleophilic attack of an oxonium interme-
diate by a free THF molecule [15]. The mechanism for
ring opening of the THF ligand in 1 is distinct from
these cases since no nucleophilic species are present.
It is possible that the THF first undergoes a one elec-
tron reduction to form an n-butoxy radical intermediate
[(tBuO)3SiO]3TiOCH2CH2CH2CH2•, which then un-
dergoes another one electron reduction upon coupling
with a second Ti(III) center.

Fig. 5. Probable structure of {Ti[OSi(OtBu)3]3(4,4’-bi-
pyridine)}n (5).

The THF ligands of complex 1 are readily dis-
placed by pyridine to form the bis(pyridine) complex
Ti[OSi(OtBu)3]3(pyr)2 (4). In comparison, the addi-
tion of excess pyridine to Ti(silox)3 yields only the
four coordinate Ti(silox)3(pyr) complex [1b]. This can
be attributed to that of the greater steric demand of
the silox ligand compared to the -OSi(OtBu)3 ligand.
Complex 4 is structurally related to the Ti(III)X3L2
(X = halide, L = neutral donor ligand) complexes stud-
ied by Fowles [12, 16]. The metal centers in these
complexes possess trigonal bipyramidal coordination
with the halides occupying equatorial positions and
the neutral ligands occupying the axial positions. The
electronic spectra of these complexes reveal two d-d
transitions. This is in accord with theory which pre-
dicts 2E′′ → 2A1

′(dxz,yz → dz2) and 2E′′ → 2E′(dxz,yz →
dxy,x2−y2 ) transitions for d1 complexes with D3h sym-
metry (Fig. 4) [11]. Similarly, the electronic spectrum
of 4 contains two bands that can be assigned to d-
d transitions indicating that this complex also pos-
sesses D3h symmetry (Fig. 4). A very similar com-
plex, Ti(O-2,6-iPr2-C6H3)3(pyr)2, reported by Roth-
well, was also presumed to have a trigonal bipyramidal
structure based on the electronic spectrum [1d].

The crystalline, insoluble material analyzed to be
{Ti[OSi(OtBu)3]3(4,4’-bipyridine)}n (5) is presum-
ably polymeric. The linear nature of the 4,4’-bipyridine
linker and the D3h geometry about the metal center, in-
ferred from the electronic spectrum, suggest that this
material has a linear polymeric structure as depicted in
Fig. 5.

The formation of well-ordered coordination net-
works requires conditions in which assembly of the
network is reversible [6c, 17]. Under such conditions
defects in the growing network can be corrected before
becoming embedded in the structure. The solubility of
5 in solutions containing excess 4,4’-bipyridine indi-
cates that the reversibility required for the formation
of well ordered crystals of 5 may come in part from
the equilibrium between the coordination polymer
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and a soluble species such as Ti[OSi(OtBu)3]3(4,4’-
bipyridine)2.

Conclusion

A variety of stable Ti(III) complexes can be pre-
pared containing the -OSi(OtBu)3 ligand. This ligand
is, however, not sterically demanding enough to sta-
bilize a three coordinate Ti(III) complex. The metal
center in these complexes is less reducing than in
Ti(silox)3. Crystalline coordination polymers can also
be prepared with early transition metals and 4,4’-
bipyridine provided that the assembly of the network
is reversible.

Experimental Section

All manipulations were performed under a nitrogen atmo-
sphere using standard Schlenk techniques or a Vacuum At-
mospheres dry box. Diethyl ether, tetrahydrofuran, and pen-
tane were distilled from sodium benzophenone under nitro-
gen. Toluene and benzene were distilled from sodium un-
der nitrogen and then degassed. NMR spectra were recorded
on a Bruker AMX-300 spectrometer at 300 (1H) or 75.5
(13C) MHz, or on a Bruker AMX-400 spectrometer at 400
(1H) or 100 (13C) MHz. Benzene-d6, vacuum transferred
from a Na/K alloy, was used as the solvent for all NMR
studies. Infrared spectra were collected as Nujol mulls on
a Mattson Galaxy 3000 spectrometer, using CsI cells. Elec-
tronic spectra were collected on a Hewlett-Packard 8452A
or a Perkin-Elmer Lambda 9 spectrophotometer. Magnetic
moments of solution samples were measured by the Evans
method[18] and solid samples were measured on a Johnson
Matthey magnetic susceptibility balance. Thermal analyses
were performed on a DuPont model 2000 thermal analysis
system. LiOSi(OtBu)3 was prepared according to literature
procedures [2a].

Ti[OSi(OtBu)3]3(THF)2 (1). A THF solution (30 ml)
of LiOSi(OtBu)3 (2.850 g, 10.50 mmol) was added drop-
wise to a THF solution (35 ml) of TiCl3(THF)3 (1.302 g,
3.51 mmol). The reaction mixture was stirred for 12 h. The
solvent was then removed under vacuo, and the resulting
solid was extracted into pentane (30 ml). The resulting blue-
green solution was filtered, concentrated to 5 ml, and cooled
(−40 ◦C) affording 2.71 g of 1 as blue crystals in 79% yield.
UV/vis (isooctane): λ (ε , L mol−1 cm−1) = 218 (9000), 828
(23) nm. – IR (CsI, Nujol): ν̃ 1386, 1362, 1237, 1218, 1194,
1050, 1024, 972, 886, 825, 699, 649, 500, 463, 434 cm−1. –
C40H89O13Si3Ti: calcd. C 53.79, H 9.95; found: C 53.85,
H 9.90. – µeff (B.M., 22 ◦C): 1.2(1) (solid), 1.5(1) (solution).

LiTi[OSi(OtBu)3]4 (2). A toluene solution (30 ml) of
LiOSi(OtBu)3 (2.02 g, 7.47 mmol) was added dropwise
to a toluene solution (30 ml) of TiCl3(THF)3 (0.692 g,

1.87 mmol). The reaction mixture was stirred for 12 h. The
solvent was then removed under vacuo, and the resulting
solid was extracted into pentane (30 ml). The resulting deep
blue solution was filtered, concentrated to 5 ml, and cooled
(−40 ◦C) affording 1.56 g of 2 as blue crystals in 75% yield.
The flame test of 2 is positive for Li. UV/vis (isooctane): λ (ε ,
L mol−1 cm−1): 220 (1400), 776 (71) nm. – IR (CsI, Nujol):
ν̃ 1387, 1363, 1241, 1186, 1054, 1026, 997, 954, 826, 802,
699, 639, 519, 479, 438 cm−1. – C48H108LiO16Si4Ti: calcd.
C 52.01, H 9.82; found C 51.69, H 9.87.

{Ti[OSi(OtBu)3]3}2[O(CH2)4] (3). A sample of 1
(0.733 g, 0.746 mmol) was dissolved in 15 ml toluene.
The solution was heated to 90 ◦C for 30 min during
which time the color of the solution turned from blue to
yellow. The solvent was then removed under vacuo, and
the resulting solid was extracted into pentane (20 ml). The
solution was filtered, concentrated to 3 ml, and cooled
(−40 ◦C) affording 0.515 g of 3 as yellow crystals in
79% yield. UV/vis (isooctane): λ (ε , L mol−1 cm−1): 218
(17800) nm. – IR (CsI, Nujol): ν̃ 1386, 1364, 1241, 1192,
1065, 1026, 975, 928, 831, 806, 703, 675, 626, 501, 476,
430 cm−1. – 1H NMR (400 MHz, C6D6): δ = 4.60 (t, 2 H,
TiOCH2CH2-), 2.31 (m, 2 H, TiOCH2CH2-), 2.04 (m, 4 H,
TiOCH2CH2CH2CH2Ti), 1.55 (s, 81 H, -OTi(OSiR3)3),
1.52 (s, 81 H, -CH2Ti(OR3)3). – 13C{1H} NMR (100 MHz,
C6D6): δ = 81.05 (TiOCH2-), 78.87 (TiOCH2CH2-),
72.81 (-OTi(OSiCMe3)3), 72.62 (-CH2Ti(OCMe3)3),
37.45 (-CH2CH2Ti), 32.03 (-OTi(OSiCMe3)3), 31.99
(-CH2Ti(OCMe3)3), 26.40 (-CH2Ti). – C76H170O25Si6Ti2:
calcd. C 52.20, H 9.80; found C 52.13, H 9.76.

Ti[OSi(OtBu)3]3(pyr)2 (4). A toluene solution (15 ml) of
pyridine (0.092 ml, 1.14 mmol) was added to a toluene solu-
tion (15 ml) of 1 (0.532 g, 0.542 mmol). The reaction mix-
ture was stirred for 12 h. The solvent was then removed un-
der vacuo, and the resulting solid was extracted into pen-
tane (30 ml). The resulting violet solution was filtered, con-
centrated to 5 ml, and cooled (−80 ◦C) affording 0.393 g
of 2 as violet crystals in 73% yield. UV/vis (isooctane):
λ (ε , L mol−1 cm−1): 224 (5900), 250 (5700), 526 (290),
606 (190) sh, 897 nm. – IR (CsI, Nujol): ν̃ 3076, 3056,
1605, 1547, 1491, 1447, 1385, 1361, 1238, 1221, 1197,
1057, 1024, 962, 941, 825, 754, 698, 653, 632, 500, 463,
432 cm−1. – C46H91N2O12Si3Ti: calcd. C 55.45, H 9.21,
N 2.81; found C 55.05, H 9.21, N 2.61. – µeff (B.M., 22 ◦C):
1.7(1).

{Ti[OSi(OtBu)3]3(4,4’-bipyridine)}n (5). A toluene so-
lution (15 ml) of 4, 4’-bipyridine (0.0485 g, 0.311 mmol)
was carefully layered on top of a THF (10 ml) solution of
1 (0.049 g, 0.311 mmol). The Schlenk tube containing this
reaction mixture was allowed to stand for 5 d during which
time dark blue crystals of 5 deposited on the walls of the
flask. The liquid was removed via canula and the crystals
were dried under vacuum affording 0.108 g of 5 in 35% iso-
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lated yield. UV/vis (isooctane): λ : 255, 368, 740, 1014 nm. –
IR (CsI, Nujol): ν̃ 1609, 1532, 1491, 1419, 1385, 1362,
1238, 1218 , 1194, 1048, 1024, 958, 854, 824, 734, 697, 650,
635, 515, 492, 470, 433 cm−1. – C46H89N2O12Si3Ti: calcd.
C 55.56, H 9.02, N 2.81; found C 55.56, H 8.89, N 2.74. –
µeff (B.M., 22 ◦C): 1.2(1) (solid).

Crystallographic structure determination of 3. Crystals
of Ti2[OSi(OtBu)3]6[O(CH2)4] were grown from a con-
centrated pentane solution at −40 ◦C. A colorless blocky
crystal of dimensions 0.40× 0.31× 0.15 mm was mounted
on a glass fiber using Paratone N hydrocarbon oil. Data
was collected using a Siemens SMART diffractometer with
a CCD area detector. A preliminary orientation matrix
and unit cell parameters were determined by collecting
60 10-s frames, followed by spot integration and least-
squares refinement. A hemisphere of data was collected
using ω scans of 0.3◦ and a collection time of 20-s per
frame. Frame data was integrated (XY spot spread = 1.60◦;
Z spot spread = 0.60◦) using SAINT. The data were cor-
rected for Lorentz and polarization effects. An absorp-
tion correction was performed using XPREP (µR = 0.10,
Tmax = 0.85, Tmin = 0.77). The 21893 integrated reflec-
tions were merged to give 14671 unique reflections (Rint =
0.035). Of these 10321 reflections were considered observed
(I > 3.00σ(I)). No decay correction was necessary. The
structure was solved using direct methods (SIR92) in the

space group P1. The atoms that were modeled as disor-
dered over two sites were refined isotropically. The pairs
of disordered atoms, O(11)-O(12), O(13)-O(14), O(21)-
O(22), O(23)-O(24), O(25)-O(26), C(39)-C(39)∗, C(40)-
C(40)∗, C(41)-C(41)∗, C(47)-C(48), C(49)-C(50), C(51)-
C(52), C(62)-C(63), C(66)-C(67), C(68)-C(69), C(71)-
C(72), C(73)-C(74), C(75)-C(76), C(78)-C(79), C(82)-
C(83), C(94)-C(94)∗, C(95)-C(95)∗, C(96)-C(96)∗ were re-
fined with equal populations at each site. The pairs of dis-
ordered atoms, C(32)-C(33), C(38)-C(37) were refined with
60% and 40% relative populations, respectively. The pairs of
disordered atoms, O(29)-O(30), O(31)-O(32), C(58)-C(59),
C(61)-C(60), C(80)-C(81), C(87)-C(86), C(93)-C(92), were
refined with 70% and 30% relative populations, respectively.
The remaining atoms were refined anisotropically. No hy-
drogen atoms were included in the model. The number of
variable parameters was 954 giving a data/parameter ratio of
10.82. The maximum and minimum peaks on the final differ-
ence Fourier map corresponded to 0.74 and −0.48 e− Å−3:
R = 0.091, Rw = 0.120, GOF = 4.05.
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