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ABSTRACT: Low-coordinate titanium(III) amido complexes were readily prepared via treatment of β-TiCl3 with 1 or 2 equiv of
Li[N(SiiPr3)DIPP] (DIPP = 2,6-di-iso-propylphenyl) to form dinuclear [{Ti(N(SiiPr3)DIPP)Cl(μ-Cl)}2] (1) or mononuclear
Ti[N(SiiPr3)DIPP]2Cl (2), respectively. Both complexes were characterized by a variety of methods, including NMR spectroscopy,
Evans method magnetic susceptibility, and single-crystal X-ray diffraction studies. Complex 1 was shown to be a versatile precursor
for salt metathesis reactions to form heteroleptic complexes bearing alkoxide or silyl ligands. Alternatively, 1 formed adducts with
Lewis bases such as 4-dimethylaminopyridine (DMAP) that are paramagnetic, mononuclear species. The base-stabilized complex 5
was alkylated with 1 or 2 equiv of LiCH2SiMe3 to form mono- or dialkyl products, respectively. In contrast, treatment of complex 1
in the absence of DMAP with 2 equiv of LiCH2SiMe3 results in the ultimate formation of a dinuclear cyclometalated complex 9
bearing a [Ti2(μ-Cl)2(μ:η

1-CH2SiMe2CH2-)] core. This study demonstrates the convenient synthesis of a family of low-coordinate
titanium(III) amido complexes possessing a variety of neutral and monoanionic ligands.

■ INTRODUCTION

Low-valent early transition metal complexes have gained
attention due to their ability to enable difficult chemical
transformations useful to organic synthesis and catalysis, as
well as their applications in challenging processes like small-
molecule activation, energy storage, and photoredox catal-
ysis.1,2 Most low-valent complexes of titanium(II) and
titanium(III) that have been isolated feature cyclopentadienyl
(Cp)-type ligands or are stabilized by O- and N-based Lewis
bases as ancillary ligands.1,3−6 Indeed, many of the relevant
complexes used as olefin polymerization catalysts possess Cp-
type ligands.7 Titanium amido complexes offer an intriguing
alternative to these classic Cp-type catalyst frameworks, as both
types of ligands feature monoanionic and sterically tunable
ancillary ligands, yet the former have not been extensively
studied to date.8

In 1994, Gambarotta and co-workers demonstrated the
synthesis and characterization of a four-coordinate titanium-
(III) complex stabilized by two amido ligands [-NCy2 (Cy =
cyclohexyl)],9 which was of interest for its low-coordinate
nature. In 1995, Cummins, Wilcox, and co-workers described
the synthesis and isolation of Ti{NRAr}3 [R = C(CD3)2CH3,
Ar = 3,5-C6H3Me2] (A),10 the first homoleptic three-

coordinate titanium(III) amido complex structurally charac-
terized by X-ray diffraction (Scheme 1). The X-ray crystallo-
graphic analysis showed a close interaction between the aryl
rings of two of the amido ligands with the metal center,
reminiscent of the η3-bonding mode occasionally observed for
benzyl ligands.11 Soon after, Cummins and co-workers
successfully synthesized an alkyl titanium(III) derivative of A,
Ti(NRAr)2[CH(SiMe3)2] [R = C(CD3)2CH3, Ar = 3,5-
Me2C6H3], which also exhibited an aryl−metal interaction
involving one of the amido ligands.12 Although other examples
of both amido and silylamido13−17 complexes of titanium(III)
have since been described, to the best of our knowledge, a
systematic study of low-coordinate heteroleptic titanium(III)
amido complexes bearing other types of anionic ligands, such
as alkyls, aryls, and silyls, has not been reported.11
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In 2013, Power and co-workers described the synthesis and
isolation of a diamagnetic titanium bis(amido) complex,
Ti{N(H)AriPr6}2 [AriPr6 = C6H3−2,6-(C6H2−2,4,6-iPr3)2]
(C), prepared from its three-coordinate titanium(III)
precursor TiCl{N(H)AriPr6}2 (B) (Scheme 1).18 The X-ray
diffraction and magnetization analysis of complex C suggest
that the electronic structure is best viewed as involving a
formally reduced, dianionic aryl ring of the amido ligand
coordinated to titanium(IV). The structure of monomeric
complex B also possesses an η3-aryl−metal interaction similar
to that observed in complex A, and magnetic properties are
consistent with an open-shell d1 electronic configuration.
Recently, this research group demonstrated the versatility of

the amido ligand [N(SiiPr3)DIPP] (DIPP = 2,6-di-iso-
propylphenyl) in supporting two-coordinate chromium com-
plexes in the +1, +2, and +3 oxidation states,19 as well as the
two-coordinate vanadium(II) complex D (Scheme 2).20 Other
groups have used this amido ligand with yttrium,21 alkaline
earth metals,22−24 and several late transition metals.25 Further
investigations of this bulky amido ligand in allowing access to
low-valent early transition metal complexes are described here,
involving the synthesis, characterization, and reactivity of a
family of low-coordinate, heteroleptic complexes of titanium-
(III) supported by the [N(SiiPr3)DIPP] ligand.

■ RESULTS AND DISCUSSION
Synthesis and Characterization of 1 and 2. Reaction of

a suspension of TiCl3(THF)3 in toluene with 1 equiv of
Li[N(SiiPr3)DIPP] over 13 h afforded a minor amount of
dimeric {Ti[N(SiiPr3)DIPP]Cl(μ-Cl)}2 (1) as blue needles in
4% isolated yield (Scheme 3). Subsequent optimization studies
demonstrated that treatment of a suspension of β-TiCl3,

26 a

polymorph of TiCl3, in Et2O with 1 equiv of Li[N(SiiPr3)-
DIPP], followed by stirring of the reaction mixture for 3 h,
afforded 1 in a much improved yield (60% isolated, Scheme 3).
These results suggest that this source of titanium(III) might
offer useful synthetic routes to other THF-free low-coordinate
titanium(III) complexes.27 Treatment of 1 with an additional
equiv of Li[N(SiiPr3)DIPP] resulted in a color change from
blue to green, and after work-up, the product Ti[N(SiiPr3)-
DIPP]2Cl (2) was isolated in 37% yield by crystallization from
cold pentane (Scheme 3). Concurrent studies demonstrated
that complex 2 could be prepared directly by the treatment of
β-TiCl3 in Et2O with 2 equiv of Li[N(SiiPr3)DIPP] in 54%
isolated yield. An indication of the steric demands of the amido
ligand is given by the reaction of β-TiCl3 with 3 equiv of
Li[N(SiiPr3)DIPP] in Et2O, which after 30 min at room
temperature afforded only complex 2 rather than the
tris(amido) complex Ti[N(SiiPr3)DIPP]3.
Notably, preparation of bis(amido) complex B from

TiCl3(THF)3 required multiple steps and stirring at −78 °C
for days (Scheme 1).18 In contrast, the three-coordinate
bis(amido) titanium(III) complex 2 was prepared under mild
conditions by stirring for 3 h at ambient temperature.

Scheme 1. Reported Examples of Low-Coordinate Titanium
Amido Complexes

Scheme 2. Previous and New Examples of Low-Coordinate
Complexes Stabilized by the -N(SiiPr3)DIPP Ligand

Scheme 3. Synthetic Routes to 1 and 2
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The 1H NMR spectrum of 1 in benzene-d6 features slightly
broadened resonances between 0.0 and +7.0 ppm. Magnetic
susceptibility measurements (Evans method) confirmed that
complex 1 is diamagnetic, most likely due to strong
antiferromagnetic coupling between two titanium(III) centers.
In contrast to complex 1, the 1H NMR spectrum of 2 in
benzene-d6 features broad resonances between −1.0 and 8.5
ppm consistent with a paramagnetic species. Accordingly, the
room-temperature magnetic susceptibility measurement
(Evans method) of 2 in benzene-d6 gave a μeff value of 1.4
μΒ, consistent with a monomeric (S = 1/2) titanium(III)
complex.
Solid-State Structures of 1 and 2. Single crystals of 1

were grown from a concentrated 1:1 pentane/toluene solution,
and the solid-state structure was determined by X-ray
crystallography. The solid-state structure of 1 consists of
molecular units possessing a planar central Ti2(μ-Cl)2 core
with terminal chloride ligands oriented in a transoid fashion
(Figure 1), a common motif for dinuclear titanium(III) species

bridged by two chloride ligands.28−31 Notably, Yeĺamos and
co-workers isolated and characterized the analogous
pentamethylcyclopentadienyltitanium(III) complex [{Ti(η5-
C5Me5)Cl(μ-Cl)}2], which exhibits similar structural parame-
ters, and this indicates that the [N(SiiPr3)DIPP] and η

5-C5Me5
ligands have comparable steric profiles.31

Dark green crystals of 2 were grown from a concentrated
pentane solution cooled to −30 °C, and an X-ray diffraction
analysis provides an unusual example of a three-coordinate
monomeric titanium(III) complex with a distorted T-shaped
geometry. This geometry is likely caused by the close
interaction of the ligand aryl ring (via C22 and C27) with
the metal center, resulting in interatomic distances of 2.414 (1)
and 2.554 (1) Å, respectively (Figure 2). Notably, the Ti−Cipso
distance is shorter than comparable distances in complexe 1 or
B18 (2.428 (3) and 2.485 (2), respectively Å).
Stoichiometric Reaction Chemistry of 1. Based on the

low-coordinate nature of complex 1, it was hypothesized that
this complex could be a potential synthon for the preparation
of Cp-free heteroleptic titanium(III) complexes. Accordingly,

complex 1 was treated with a variety of silyl- and alkoxy-based
alkali reagents (2.0 equiv) with the objective of producing
mononuclear heteroleptic titanium(III) complexes(X)Ti[N-
(SiiPr3)DIPP]Cl (X = SiR3, OR).
Treatment of complex 1 in Et2O with 2 equiv of

[K(THF)2][Si(SiMe3)3]
32 at ambient temperature led to

isolation of complex 3 as a pale orange powder in 85%
isolated yield (Scheme 4). X-ray quality crystals of 3 were

grown via vapor diffusion of pentane into an ortho-
difluorobenzene solution to give orange blocks. The solid-
state structure of 3 reveals an essentially planar central
Ti2[μ,η

2-(KCl)2] core [torsion angle K−Cl−K−Cl = 0.00
(2)°] (Figure 3), where a slightly distorted tetrahedral
geometry (τ4 = 0.83)33 is adopted around each titanium
center with a terminal Ti−Si bond distance of 2.6938 (6).34,35

Notably, the potassium ions are stabilized by η2 interactions
with the aromatic ring of the amido ligands, as well as by very
unusual κ1 coordination of two ortho-difluorobenzene mole-
cules per potassium. In 2019, Baumgartner and co-workers
isolated and characterized an anionic titanium(III) complex,
(18-crown-6)·K[Cp2Ti{(SiMe2)H}2], containing terminal Ti−
Si bonds with distances of 2.664 (2) and 2.674 (3) Å,36 that
are slightly shorter than the one found in compound 3. Also,
Harrod described the preparation of several examples of non-
chelating silyl complexes of titanium(III)37−39 stabilized by
Cp-type ligands. The 1H NMR spectrum of 3 in THF-d8

Figure 1. Solid-state molecular structure of 1 with 50% probability
ellipsoids. Several carbon atoms presented as wireframe and hydrogen
atoms and co-crystallized solvent omitted for clarity.

Figure 2. Solid-state molecular structure of 2 with 50% probability
ellipsoids. Several carbons presented as wireframe and hydrogen
atoms omitted for clarity.

Scheme 4. Stoichiometric Reactivity of 1
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contains broad resonances between −7 and 10 ppm, consistent
with a paramagnetic species, and an Evans method analysis
gave a μeff value of 2.2 μB, attributable to a dinuclear structure
with two magnetically isolated titanium(III) centers.
It seemed that addition of a suitable Lewis base to complex 3

might result in the disruption of the binding to potassium
cations to give a mononuclear titanium(III) species. However,
no change was observed upon the addition of excess (2.1
equiv) of 4-dimethylaminopyridine (DMAP) to complex 3 in
benzene-d6 at ambient temperature. Moreover, heating the
reaction mixture to 80 °C resulted only in decomposition to a
complex mixture of unidentified products, as monitored by 1H
NMR spectroscopy.
Although a number of titanium(III) aryloxide complexes are

known, alkoxide complexes of titanium(III) are more rare.27

To probe whether alkoxide analogues of complex 1 could be
accessed, complex 1 was treated with 2 equiv of LiOiPr in
Et2O, which resulted in a color change from blue to yellow-
green. After work-up, [Ti(N(SiiPr3)DIPP)O

iPr(μ-Cl)]2 (4,
Scheme 3) was isolated in 21% yield as an aqua blue powder
that is most soluble in coordinating solvents such as Et2O and
THF. The 1H NMR spectrum of 4 in benzene-d6 features
slightly broad resonances consistent with a diamagnetic species
due to antiferromagnetic coupling between the metal centers,
as observed for complex 1. The diamagnetism of 4 was
confirmed via the Evans method.
Light blue crystals of 4 from pentane−Et2O were used to

determine the structure by X-ray crystallography. As with the
parent complex 1, the solid-state structure of 4 shows that the
titanium coordination geometry is a distorted tetrahedron (τ4
= 0.85) associated with a planar central Ti2(μ-Cl)2 core. The
Ti−O bond lengths are 1.789 (4) Å (Figure 4), which are
slightly shorter than those of the octahedral titanium(III)
isopropoxide complex reported by Bochmann.40

Based on the electropositive nature of early transition
metals, it was of interest to treat 1 with a variety of neutral
Lewis bases (L) to form corresponding mononuclear titanium-
(III) adducts (L)Ti[N(SiiPr3)DIPP]Cl2, a class of compounds
that could be suitable precursors for the preparation of low-
coordinate dialkyl and diaryl titanium(III) species.
Treatment of complex 1 in Et2O with 2 equiv of DMAP at

ambient temperature led to isolation of the titanium(III)
adduct (DMAP)TiCl2[N(Si

iPr3)DIPP] (5) in 79% yield as a

yellow powder (Scheme 3). The xylyl isocyanide analogue of 5
was also prepared in a similar manner (see the Supporting
Information). The 1H NMR spectrum of 5 in benzene-d6
indicates a paramagnetic species, as confirmed by the Evans
method (μeff = 1.7 μB, similar to the value for mononuclear
complex 2).
X-ray quality crystals of 5 provided a crystal structure

composed of monomeric four-coordinate titanium(III) com-
plexes with a distorted tetrahedral (τ4 = 0.85) geometry
(Figure 5). In contrast to complexes 1 and 2, no metal−aryl
interactions were observed in the solid-state structure.

Alkylation and Arylation of 5. Based on the mono-
nuclear nature of complex 5 and the presence of two chloride
ligands, it was hypothesized that 5 would be a useful platform
for the preparation of well-defined dihydrocarbyl titanium(III)
complexes. Arylation of complex 5 was achieved with either 2

Figure 3. Solid-state molecular structure of 3 with 50% probability
ellipsoids. Several carbon and fluorine atoms presented as wireframe
and hydrogen atoms omitted for clarity. Figure 4. Solid-state molecular structure of 4 with 50% probability

ellipsoids. Several carbon atoms presented as wireframe and hydrogen
atoms omitted for clarity.

Figure 5. Solid-state molecular structure of 5 with 50% probability
ellipsoids. Several carbons presented as wireframe and hydrogen
atoms omitted for clarity.
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equiv of PhMgBr or 1 equiv of Ph2Mg(THF)2, resulting in the
formation of complex mixtures from which crude (DMAP)-
TiPh2[N(Si

iPr3)DIPP] (6) was isolated as maroon crystals,
albeit in low yield (16% from PhMgBr; 21% from Ph2Mg-
(THF)2, Scheme 5). Unfortunately, 6 was not obtained in

analytically pure form, and 1H NMR spectroscopic analysis of
the maroon product showed traces of additional unidentified
diamagnetic impurities, possibly due to the disproportionation
of the titanium(III) center.
Single crystals of 6 grown from a concentrated Et2O solution

at −30 °C were subjected to an X-ray diffraction analysis,
which revealed a coordination geometry similar to that of
parent complex 5 (τ4 = 0.86) (Figure 6). In 1976, Whitney and

co-workers synthesized and obtained the X-ray crystal
structure of the first σ-bonded aryl complex of titanium(III),
CpTi(C6H4CH2NMe2)2, containing only one cyclopentadienyl
ligand.41 This complex exhibits a σ Ti−C bond distance of
2.197 (6) Å, which is longer than those found in complex 6
(Ti1−C7 2.166 (2) Å, Ti1−C7 2.178 (2) Å). Both Manzer41

and Gambarotta42 have reported related diaryl titanium(III)
complexes stabilized by neutral amine and anionic amido
ligands, respectively. Otherwise, there are a few examples of
aryl titanium(III) complexes not stabilized by Cp ligands.42−44

Analogous attempts to alkylate 5 using MeMgBr (2 equiv)
resulted in dark brown mixtures of unidentified products (by
1H NMR spectroscopy). Hypothesizing that a bulkier alkyl
group might stabilize a low-coordinate organometallic product,
a suspension of complex 5 in Et2O was treated with 1 equiv of

LiCH2SiMe3 at room temperature. This reaction resulted in
isolation of complex 7 as a pale maroon powder in 88%
isolated yield following work-up (Scheme 6). X-ray quality
crystals of the monoalkyl species 7 were grown by cooling a
concentrated pentane solution to −30 °C over 16 h.

The solid-state molecular structure may be described as
consisting of distorted tetrahedral metal centers (τ4 = 0.86),
which, as in complex 5, does not display any secondary aryl−
metal interactions (Figure 7). Despite the steric bulk of both
the CH2SiMe3 and amido ligands, the Ti−C bond lengths of
both molecules in the asymmetric unit fall within the expected
values for titanium(III)−C bonds.18

Gratifyingly, the dialkyl analogue of complex 7 was also
readily accessed by the reaction of complex 5 with a slight
excess (2.3 equiv) of LiCH2SiMe3 in Et2O, resulting in a rapid

Scheme 5. Phenylation of 5 Using Magnesium Reagents

Figure 6. Solid-state molecular structure of 6 with 50% probability
ellipsoids. Several carbon atoms presented as wireframe and hydrogen
atoms omitted for clarity.

Scheme 6. Alkylation of 5 Using 1 or 2 Equiv of
LiCH2SiMe3

Figure 7. Solid-state molecular structure of 7 with 50% probability
ellipsoids. Several carbons presented as wireframe and hydrogen
atoms omitted for clarity.
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color change from yellow to dark violet. After work-up, the
dialkyl product (DMAP)Ti(CH2SiMe3)2[N(Si

iPr3)DIPP] (8)
was isolated in 73% yield as a dark violet powder, and an X-ray
diffraction analysis revealed that the structure is generally
similar to that of the monoalkyl analogue 7 (Figure 8). Related
dialkyl complexes of titanium(IV) have been reported,45−52 as
well as a few examples of much rarer titanium(III)
analogues.53,54

Reaction of 1 with LiCH2SiMe3. Following the successful
isolations of complexes 7 and 8, it was of interest to explore
analogous reaction chemistry in the absence of DMAP. Thus,
complex 1 was exposed to LiCH2SiMe3 (2 equiv) in Et2O
solution at room temperature, giving a rapid color change to
yellow. After allowing the reaction mixture to stir for 3 h,
solvent was removed under reduced pressure, and the resulting
residue was extracted with pentane to give a green solution.
Filtration and cooling (−30 °C) this solution gave light blue X-
ray quality crystals of {Ti[N(SiiPr3)DIPP](μ-Cl)}2[μ-
CH2(SiMe2)CH2] (9; Scheme 7) in 51% isolated yield.
The solid-state structure of the light blue product

demonstrated formation of a cyclometalated bimetallic
titanium(III) complex, with a distorted tetrahedral geometry
at each titanium center, and notably, the presence of a bridging

CH2SiMe2CH2 moiety (Figure 9). Also, each molecule features
a central Ti2(μ-Cl)2 core with the amido ligands in a cisoid

fashion, opposite to that observed for the parent complex 1. It
seems plausible that after alkylation of complex 1, a subsequent
C−H activation of one trimethylsilyl group occurs, resulting in
the formation of 9 along with concomitant generation of
tetramethylsilane (TMS). Indeed, reactions performed in a
sealed NMR tube show the clear formation of TMS in the
reaction mixture by 1H NMR spectroscopy. This type of C−H
activation of a CH2SiMe3 ligand has recently been observed
with titanium(IV),55 as well as with other metals like
molybdenum56 and zinc.57 However, metallacycles such as 9
are traditionally prepared by salt metathesis routes.58,59

It was hypothesized that the initial yellow solution observed
upon alkylation of complex 1 with LiCH2SiMe3 in Et2O could
form via the dialkyl intermediate 10 (Scheme 7). Unfortu-
nately, attempts to crystallize the yellow intermediate directly
from the reaction mixture failed, invariably resulting in the
formation of blue 9 instead. However, in support of the
proposed structure of 10, addition of 2 equiv of DMAP to
freshly generated 10 in Et2O resulted in an instant color
change from yellow to maroon, and analysis by 1H NMR
spectroscopy reveals clean formation of the expected
monoalkyl complex 7. Further studies on related C−H
activation processes with these systems are ongoing.

■ CONCLUDING REMARKS
In summary, this report details the synthesis of a family of low-
coordinate titanium(III) compounds stabilized by a bulky
amido ligand. These complexes are easily functionalized with a
variety of salt metathesis reagents to form heteroleptic silyl,
alkoxy, or alkyl complexes, which can adopt either mono-
nuclear or dinuclear structures, depending on the nature of the
anionic ligands. In certain cases, dimerization can be inhibited
by the addition of DMAP, which binds to the electrophilic
metal center as a Lewis base. Lastly, in the case of base-free
dialkylation, C−H activation was observed, resulting in the
formation of a dinuclear cyclometalated product. Overall, these
complexes should be useful both as precursors to unsaturated
low-coordinate complexes of titanium(III) and as catalysts for
a range of useful transformations like alkene polymerization

Figure 8. Solid-state molecular structure of 8 with 50% probability
ellipsoids. Several carbons presented as wireframe and hydrogen
atoms omitted for clarity.

Scheme 7. Synthesis of Cyclometalated Complex 9 Prepared
from 1 via Proposed Intermediate 10

Figure 9. Solid-state molecular structure of 9 with 50% probability
ellipsoids. Several carbons presented as wireframe and hydrogen
atoms omitted for clarity.
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and hydrofunctionalization. Efforts toward exploring these
applications are ongoing in our laboratory.

■ EXPERIMENTAL SECTION
General Considerations. Unless otherwise noted, all experiments

were conducted with dry oxygen-free solvents using standard Schlenk
techniques or in a nitrogen atmosphere glovebox. Pentane, toluene,
Et2O, and tetrahydrofuran were dried and deaerated using a JC
Meyers Phoenix SDS solvent purification system. Deuterated solvents
were purchased from Cambridge Isotope Laboratories, degassed by
three freeze−pump−thaw cycles, and stored under nitrogen over
activated 3 Å molecular sieves prior to use. Ph2Mg(THF)2,

60 β-
TiCl3,

26 and [K(THF)2][Si(SiMe3)3]
32 were prepared according to

the literature procedures. Experimental details for the preparation of
Li[N(SiiPr3)DIPP] are included in the Supporting Information. All
other reagents were obtained from commercial suppliers and used as
received.
Analytical Method Details. Elemental analyses were performed

by the College of Chemistry Microanalytical Facility at the University
of California, Berkeley.
NMR Spectroscopy. All NMR spectra were collected at ambient

temperature (ca. 25 °C) on Bruker AV-300, AVB-400, AVQ-400, AV-
500, or AV-600 MHz spectrometers. 1H NMR spectra were
referenced to TMS calibrated via residual proteo solvent signals.61

All NMR spectra were analyzed with MestReNova (v. 12.0.3).
Solution-state magnetic susceptibilities for compounds 1−9 were
determined by 1H NMR spectroscopy using the Evans method,
without diamagnetic corrections.62,63

X-ray Diffraction Experiments. Data for 1 and 2 were collected
at Beamline 11.3.1/12.2.1 (Small Molecule Crystallography) of the
Advanced Light Source at the Lawrence Berkeley National Laboratory
(LBNL). All crystals were kept at 100(2) K throughout collection.
Data collection, refinement, and reduction were performed with
Bruker APEX2 or APEX3 software (v. 2013.4-0 or v. 2016.9-0).
Structure solution, modeling, and refinement were performed using
Olex2.64 All structures were solved using SHELXT-201465 and refined
with SHELXL-2018,65 with refinement of F2 on all data by full-matrix
least squares. In all models, non-hydrogen atoms were refined
anisotropically, and hydrogen atoms were included at the geometri-
cally calculated positions and refined using a riding model, unless
otherwise specified. Specific details can be found in the Supporting
Information and in the crystallographic information files.
Synthesis of 1. Method A. To a 20 mL scintillation vial were

added TiCl3(THF)3 (0.100 g, 0.272 mmol, 1.00 equiv) and toluene
(4 mL). The resulting blue suspension was stirred, and a solution of
Li[N(SiiPr3)DIPP] (0.0962 g, 0.284 mmol, 1.04 equiv) in toluene (3
mL) was added dropwise, resulting in an immediate color change to
dark brown. The reaction mixture was stirred at ambient temperature
for 13 h. The resulting reaction mixture was concentrated under
reduced pressure to a brown residue, which was dissolved with a
minimal amount of a 1:1 pentane:toluene solution. The resulting
solution was filtered and stored at −30 °C for 16 h to yield 4.6 mg
(0.0051 mmol, 4%) of 1 as blue needles, which were isolated by
decanting the supernatant and removing residual volatiles in vacuo.
Method B. To a 20 mL scintillation vial were added β-TiCl3 (0.100

g, 0.648 mmol, 1.00 equiv) and Et2O (4 mL). The resulting maroon
suspension was stirred, and a solution of Li[N(SiiPr3)DIPP] (0.225 g,
0.663 mmol, 1.02 equiv) in Et2O (4 mL) was added dropwise. The
reaction mixture was stirred at ambient temperature for 3 h. The
resulting reaction mixture was concentrated under reduced pressure
to a brown residue, which was triturated with pentane (2 mL). The
resulting blue residue was dissolved with a minimal amount of a 1:1
pentane:toluene solution. The resulting deep blue solution was
filtered and stored at −30 °C for 16 h to yield 0.176 g (0.195 mmol,
60%) of 1 as blue X-ray quality needles, which were isolated by
decanting the supernatant and drying in vacuo. 1H NMR (400 MHz,
benzene-d6) δ 6.92 (t, J = 7.7 Hz, 2H, Ar-para-H), 6.75 (d, J = 7.7 Hz,
4H, Ar-meta-H), 4.17 (br s, 4H, Me2CH), 2.92 (br s, 6H,
Si(CHMe2)3), 1.59 (d, J = 5.2 Hz, 36H, Si(CH(CH3)2)3), 1.25 (br

s, 12H, HC(CH3)2), 0.21 (br s, 12H, HC(CH3)2). Anal. Calcd for
C42H76Cl4N2Si2Ti2: C, 55.88; H, 8.49; N, 3.10. Found: C, 55.59; H,
8.56; N, 3.02.

Synthesis of 2. Method A. To a 20 mL scintillation vial were
added 1 (0.0300 g, 0.033 mmol, 1.00 equiv) and Et2O (2 mL). The
resulting blue suspension was stirred, and a solution of Li[N(SiiPr3)-
DIPP] (0.0321 g, 0.0945 mmol, 2.86 equiv) in Et2O (3 mL) was
added dropwise. The reaction mixture was stirred at ambient
temperature for 3 h. The resulting dark brown reaction mixture was
concentrated under reduced pressure to a brown residue, which was
washed with minimal pentane (2 mL). The resulting green residue
was extracted with pentane, filtered through a glass fiber, and stored at
−30 °C for 16 h to yield 9.1 mg (0.0122 mmol, 37%) of 2 as green
crystals, which were isolated by decanting the supernatant and drying
in vacuo.

Method B. To a 20 mL scintillation vial were added β-TiCl3 (0.100
g, 0.648 mmol, 1.00 equiv) and Et2O (4 mL). The resulting maroon
suspension was stirred, and a solution of Li[N(SiiPr3)DIPP] (0.450 g,
1.33 mmol, 2.05 equiv) in Et2O (8 mL) was added dropwise. The
reaction mixture was stirred at ambient temperature for 3 h. The
resulting reaction mixture was concentrated under reduced pressure
to a brown residue, which was washed with minimal pentane (2 mL).
The resulting green foam was dissolved with a minimal amount of
pentane. The resulting solution was filtered through a glass fiber and
stored at −30 °C for 16 h to yield 0.260 g (0.347 mmol, 54%) of 2 as
X-ray quality green crystals, which were isolated by decanting the
supernatant and drying in vacuo. Effective magnetic moment (Evans
method, 500 MHz, benzene-d6, 25 °C): μeff = 1.4 μB. Anal. Calcd for
C42H76N2TiClSi2: C, 67.39; H, 10.23; N, 3.74. Found: C, 67.10; H,
10.37; N, 3.62.

Synthesis of 3. To a 150 mL Erlenmeyer flask equipped with a
stir bar were added 1 (0.300 g, 0.332 mmol, 1.00 equiv) and Et2O (12
mL). The resulting suspension was stirred, and a solution of
K(THF)2Si(SiMe3)3 (0.289 g, 0.674 mmol, 2.03 equiv) in Et2O (4
mL) was added dropwise. The reaction mixture was stirred at ambient
temperature for 15 min and then pentane was added (30 mL). After
15 min, the precipitate was collected by filtration, washed with
pentane (2 × 2 mL), and dried in vacuo to yield 418 mg (0.283
mmol, 85%) of 3 as an orange powder. Crystals of 3 were grown via
vapor diffusion, from a concentrated 1,2-difluorobenzene solution and
using pentane as the antisolvent, and stored at −30 °C for 2 weeks,
thus yielding orange blocks. Effective magnetic moment (Evans
method, 400 MHz, THF-d8, 25 °C): μeff = 2.2 μB. Anal. Calcd. for
C60H130Cl4K2N2Si10Ti2: C, 48.82; H, 8.88; N, 1.90. Found: C, 48.87;
H, 8.63; N, 1.76.

Synthesis of 4. To a 20 mL scintillation vial were added 1 (20.0
mg, 0.0222 mmol, 1.00 equiv) and Et2O (5 mL). The resulting blue
suspension was stirred, and a solution of LiOiPr (3.0 mg, 0.0454
mmol, 2.05 equiv) in Et2O (4 mL) was added dropwise, resulting in
an immediate color change to yellow-green. The resulting reaction
mixture was stirred at ambient temperature for 2 h. The resulting
reaction mixture was concentrated under reduced pressure to a blue
solid residue, which was washed with pentane (2 mL). The resulting
suspension was filtered to yield 4.4 mg (0.046 mmol, 21%) of 4 as a
blue powder. X-ray quality crystals of 4 were grown by cooling an
Et2O and pentane solution of 4 to −30 °C for 2 days, yielding light
blue crystals. 1H NMR (500 MHz, benzene-d6) δ 6.85 (br s, 6H, Ar-
H), 4.22 (br s, 2H, Me2CH), 3.44 (br s, 4H, Me2CH), 2.26 (br s, 6H,
Si(CHMe2)3), 1.46 (d, J = 5.6 Hz, 36H, Si(CH(CH3)2)3, 1.24 (d, J =
6.6 Hz, 12H, (CH(CH3)2), 1.14 (d, J = 6.5 Hz, 12H, (CH(CH3)2),
0.66 (br s, 12H, HC(CH3)2). Anal. Calcd for C48H90Cl2N2O2Si2Ti2:
C, 60.68; H, 9.55; N, 2.95. Found: C, 59.30; H, 9.66; N, 2.84.
Although satisfactory elemental analyses could not be obtained after
repeated attempts, the data here are included to demonstrate our best
results.

Synthesis of 5. To a 20 mL vial equipped with a stir bar were
added 1 (0.103 g, 0.114 mmol, 1.00 equiv) and Et2O (5 mL). The
resulting blue suspension was stirred, and a solution of DMAP
(0.0499 g, 0.408 mmol, 3.58 equiv) in Et2O (5 mL) was added
dropwise. The orange reaction mixture was allowed to stir at ambient
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temperature for 15 min. The resulting reaction mixture was then
concentrated to one-third of its volume. Pentane was then added (10
mL), and the reaction mixture was left to stir. After 15 min, the
resulting precipitate was collected by filtration, washed with pentane
(2 × 2 mL), and dried in vacuo to yield 104 mg (0.181 mmol, 79%)
of 5 as a yellow powder. X-ray quality crystals of 5 were grown by
cooling an Et2O and pentane solution of 5 to −30 °C for 2 days,
yielding yellow crystals. Effective magnetic moment (Evans’ method,
400 MHz, benzene-d6, 25 °C): μeff = 1.7 μB. Anal. Calcd for
C28H48Cl2N3SiTi: C, 58.63; H, 8.44; N, 7.33. Found: C, 58.47; H,
8.69; N, 7.41.
Synthesis of 6. Method A. To a 20 mL vial equipped with a stir

bar were added 5 (50.0 mg, 0.0872 mmol, 1.00 equiv) and Et2O (5
mL). The resulting yellow solution was stirred, and a solution of
PhMgBr (3 M in Et2O, 59.0 μL, 0.177 mmol, 2.03 equiv) in Et2O (3
mL) was added dropwise. The reaction mixture was allowed to stir at
ambient temperature for 1 h. The resulting reaction mixture was
concentrated under reduced pressure to a maroon solid residue, which
was triturated with pentane (2 mL). The resulting maroon residue
was dissolved with a minimal amount of toluene, filtered, and stored
overnight at −30 °C to yield 6.4 mg (0.0097 mmol, 11%) of 6 as X-
ray quality, maroon crystals, which were isolated by decanting the
supernatant and drying in vacuo. Effective magnetic moment (Evans
method, 400 MHz, benzene-d6, 25 °C): μeff = 1.3 μB.
Method B. To a 20-mL vial equipped with a stir bar were added 5

(31.8 mg, 0.0554 mmol, 1.00 equiv) and Et2O (4 mL). The yellow
solution was stirred, and a solution of Ph2Mg(THF)2 (18.9 mg,
0.0589 mmol, 1.07 equiv) in Et2O (2 mL) was added dropwise,
resulting in an immediate color change to maroon. The reaction
mixture was allowed to stir at ambient temperature for 1 h. The
resulting reaction mixture was concentrated under reduced pressure
to a maroon residue, which was washed with pentane (2 mL). The
resulting maroon residue was extracted with toluene, filtered through
a glass fiber, and stored at −30 °C to yield 6.4 mg (0.0097 mmol,
18%) of 6 as maroon crystals, which were isolated by decanting the
supernatant and removing residual volatile compounds in vacuo.
Synthesis of 7. To a 20 mL vial equipped with a stir bar were

added 5 (34.1 mg, 0.0595 mmol, 1.00 equiv) and Et2O (4 mL). The
resulting yellow suspension was stirred, and a solution of LiCH2SiMe3
(5.9 mg, 0.0627 mmol, 1.05 equiv) in Et2O (3 mL) was added
dropwise, resulting in an immediate color change to maroon. The
mixture was allowed to stir at ambient temperature for 1 h. The
resulting maroon reaction mixture was concentrated under reduced
pressure to a maroon residue, which was triturated with pentane (3 ×
2 mL). The resulting maroon residue was dissolved with a minimal
amount of pentane and then filtered. The volatiles were then removed
in vacuo to yield 32.8 mg (0.0525 mmol, 88%) of 7 as a pale maroon
powder. Crystals suitable for single-crystal X-ray diffraction studies
were obtained by dissolving the resulting pale maroon powder with a
minimal amount of pentane, filtering through a glass fiber, and storing
the maroon solution at −30 °C to yield maroon crystals. Effective
magnetic moment (Evans method, 400 MHz, benzene-d6, 25 °C): μeff
= 1.8 μB. Anal. Calcd for C32H59ClN3Si2Ti: C, 61.46; H, 9.51; N, 6.72.
Found: C, 61.17; H, 9.29; N, 6.60.
Synthesis of 8. To a 20 mL vial equipped with a stir bar were

added 5 (19.0 mg, 0.0332 mmol, 1.00 equiv) and Et2O (4 mL). The
resulting yellow suspension was stirred, and a solution of LiCH2SiMe3
(6.4 mg, 0.0681 mmol, 2.1 equiv) in Et2O (3 mL) was added
dropwise, resulting in an immediate change to dark violet. The
mixture was allowed to stir at ambient temperature for 1 h. The
resulting dark violet reaction mixture was concentrated under reduced
pressure to a violet residue, which was triturated with pentane (3 × 2
mL). The resulting violet residue was extracted with pentane (blue-
violet solution) and then filtered through a glass fiber. The volatiles
were then removed in vacuo to yield 20.5 mg (0.0303 mmol, 91%
yield) of 8 as a dark violet powder. Dark violet crystals suitable for
single-crystal X-ray diffraction studies were obtained by dissolving the
resulting dark violet powder with a minimal amount of pentane,
filtering the solution through glass fiber, and storing the blue-violet
solution overnight at −30 °C. Effective magnetic moment (Evans

method, 400 MHz, toluene, 25 °C): μeff = 1.6 μB. Anal. Calcd for
C36H70N3Si3Ti: C, 68.86; H, 10.42; N, 6.21. Found: C, 64.53; H,
9.31; N, 5.68. Although satisfactory elemental analyses could not be
obtained after repeated attempts, the data here are included to
demonstrate our best results.

Synthesis of 9. To a 20 mL scintillation vial were added 1 (0.100
g, 0.111 mmol, 1.00 equiv) and Et2O (5 mL). The resulting
suspension was stirred, and a solution of LiCH2SiMe3 (21.2 mg, 0.225
mmol, 2.03 equiv) in Et2O (3 mL) was added dropwise, resulting in
an immediate color change to yellow. The reaction mixture was
stirred at ambient temperature for 3 h. The resulting yellow reaction
mixture was concentrated under reduced pressure to a yellow residue,
which was triturated with pentane (2 × 2 mL) and filtered through a
glass fiber, and the volatiles were then removed in vacuo to a dark
green residue. The resulting green residue was dissolved in pentane (4
mL). The resulting deep green solution was let to stir, and after 30
min, pentane was removed under reduced pressure. This process was
repeated three times, during which the color of the solution and dried
residue changed from green to blue. The volatiles from the resulting
blue solution were then removed in vacuo to an aqua blue powder.
The resulting aqua blue powder was suspended in hexamethyldisilox-
ane (3 mL) and let to stir. After 15 min, the blue solid was collected
by filtration, washed with a minimal amount of hexamethyldisiloxane,
and dried in vacuo to yield 52.3 mg (0.0570 mmol, 51%) of 9 as an
aqua blue powder. Crystals suitable for single-crystal X-ray diffraction
studies were obtained by dissolving the resulting blue solid residue
with a minimal amount of pentane. The resulting solution was filtered
through a glass fiber and stored overnight at −30 °C to yield X-ray
quality blue needles. 1H NMR (400 MHz, benzene-d6) δ 7.07 (d, J =
7.6 Hz, 2H, Ar-para-H), 6.94 (t, J = 6.9 Hz, 4H, Ar-meta-H), 3.83 (br
s, 4H, Me2CH), 1.85 (br s, 6H, Si(CHMe2)3), 1.40 (d, J = 6.0 Hz,
36H, Si(CH(CH3)2)3), 1.21 (br s, 12H, HC(CH3)2), 0.46 (br s, 12H,
HC(CH3)2), 0.37 (s, 12H, Si(CH3)2), 0.12 (s, 4H, Ti(CH2)Si-
(CH2)Ti). Anal. Calcd for C46H86Cl2N2Si3Ti2: C, 60.18; H, 9.44; N,
3.05. Found: C, 59.47; H, 9.60; N, 2.92. Although satisfactory
elemental analyses could not be obtained after repeated attempts, the
data here are included to demonstrate our best results.
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(23) Martin, J.; Knüpfer, C.; Eyselein, J.; Färber, C.; Grams, S.;
Langer, J.; Thum, K.; Wiesinger, M.; Harder, S. Highly Active
Superbulky Alkaline Earth Metal Amide Catalysts for Hydrogenation
of Challenging Alkenes and Aromatic Rings. Angew. Chem., Int. Ed.
2020, 59, 9102−9112.
(24) Martin, J.; Eyselein, J.; Grams, S.; Harder, S. Hydrogen Isotope
Exchange with Superbulky Alkaline Earth Metal Amide Catalysts. ACS
Catal. 2020, 10, 7792−7799.
(25) Wagner, C. L.; Tao, L.; Fettinger, J. C.; Britt, R. D.; Power, P.
P. Two-Coordinate, Late First-Row Transition Metal Amido
Derivatives of the Bulky Ligand -N(SiPri3)Dipp (Dipp = 2,6-
Diisopropylphenyl): Effects of the Ligand on the Stability of Two-
Coordinate Copper(II) Complexes. Inorg. Chem. 2019, 58, 8793−
8799.
(26) Hermes, A. R.; Girolami, G. S.; Andersen, R. A. An Active Form
of Titanium(III) Chloride Me3SiSiMe3 + 2TiCl4 → 2Me3SiCl +
2TiCl3. Inorg. Synth. 1998, 32, 309−310.

Organometallics pubs.acs.org/Organometallics Article

https://doi.org/10.1021/acs.organomet.2c00162
Organometallics 2022, 41, 1434−1444

1442

https://orcid.org/0000-0003-1853-242X
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ryan+J.+Witzke"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-1729-1636
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Addison+N.+Desnoyer"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-1767-264X
https://pubs.acs.org/doi/10.1021/acs.organomet.2c00162?ref=pdf
https://doi.org/10.1038/s41570-018-0059-x
https://doi.org/10.1038/s41570-018-0059-x
https://doi.org/10.1038/s41570-018-0059-x
https://doi.org/10.1039/D0CS00229A
https://doi.org/10.1039/D0CS00229A
https://doi.org/10.1002/tcr.201500277
https://doi.org/10.1002/tcr.201500277
https://doi.org/10.1002/tcr.201500277
https://doi.org/10.1002/ejic.201400022
https://doi.org/10.1002/ejic.201400022
https://doi.org/10.1021/acs.inorgchem.9b03399?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.9b03399?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.9b03399?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D1CC02772G
https://doi.org/10.1039/D1CC02772G
https://doi.org/10.1021/om0507272?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om0507272?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ma030053b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ma030053b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ma030053b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ma030053b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om00024a047?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om00024a047?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om00024a047?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00112a032?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00112a032?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00112a032?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/9780470166482.ch7
https://doi.org/10.1002/9780470166482.ch7
https://doi.org/10.1021/om960315g?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om960315g?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om960315g?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.1c03065?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.1c03065?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.1c03065?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1107/S2414314617014882
https://doi.org/10.1107/S2414314617014882
https://doi.org/10.1002/(SICI)1521-3749(199801)624:1<57::AID-ZAAC57>3.0.CO;2-R
https://doi.org/10.1002/(SICI)1521-3749(199801)624:1<57::AID-ZAAC57>3.0.CO;2-R
https://doi.org/10.1002/(SICI)1521-3749(199801)624:1<57::AID-ZAAC57>3.0.CO;2-R
https://doi.org/10.1002/cber.19961291115
https://doi.org/10.1002/cber.19961291115
https://doi.org/10.1002/cber.19961291115
https://doi.org/10.1002/(SICI)1521-3749(199807)624:7<1105::AID-ZAAC1105>3.0.CO;2-T
https://doi.org/10.1002/(SICI)1521-3749(199807)624:7<1105::AID-ZAAC1105>3.0.CO;2-T
https://doi.org/10.1002/(SICI)1521-3749(199807)624:7<1105::AID-ZAAC1105>3.0.CO;2-T
https://doi.org/10.1021/ic4021355?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic4021355?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic4021355?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic4021355?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C4CC06615D
https://doi.org/10.1039/C4CC06615D
https://doi.org/10.1039/C4CC06615D
https://doi.org/10.1021/acs.organomet.9b00134?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.9b00134?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.ica.2007.08.010
https://doi.org/10.1016/j.ica.2007.08.010
https://doi.org/10.1016/j.ica.2007.08.010
https://doi.org/10.1039/D0CC04330C
https://doi.org/10.1039/D0CC04330C
https://doi.org/10.1002/anie.202001160
https://doi.org/10.1002/anie.202001160
https://doi.org/10.1002/anie.202001160
https://doi.org/10.1021/acscatal.0c01359?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acscatal.0c01359?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.9b01159?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.9b01159?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.9b01159?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.9b01159?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/9780470132630.ch50
https://doi.org/10.1002/9780470132630.ch50
https://doi.org/10.1002/9780470132630.ch50
pubs.acs.org/Organometallics?ref=pdf
https://doi.org/10.1021/acs.organomet.2c00162?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(27) Jones, N. A.; Liddle, S. T.; Wilson, C.; Arnold, P. L.
Titanium(III) Alkoxy-N-Heterocyclic Carbenes and a Safe, Low-Cost
Route to TiCl3(THF)3. Organometallics 2007, 26, 755−757.
(28) Rannabauer, S.; Bettenhausen, R.; Schnick, W. Reaktion von
Bis(Trimethylsilylamino)Dichlorsilan Mit Titantetrachlorid - Syn-
these Und Kristallstruktur von [μ-ClTiCl2N(SiMe3)SiCl2NH2]2. Z.
Anorg. Allg. Chem. 2002, 628, 373−376.
(29) Porter, R. M.; Danopoulos, A. A. O-(Cyclohexyliminoethyl)-
(Arylamido)Benzene and Related Complexes of Zirconium and
Titanium. The Non-Innocence of the Ketimino Functionality. Dalton
Trans. 2004, 269, 2556−2562.
(30) Spicer, C. W.; Lovitt, C. F.; Girolami, G. S. Nonagostic
M•••H-C Interactions. Synthesis, Characterization, and DFT Study
of the Titanium Amide Ti2Cl6[N(t-Bu)2]2. Organometallics 2012, 31,
4894−4903.
(31) García-Castro, M.; García-Iriepa, C.; Del Horno, E.; Martín, A.;
Mena, M.; Pérez-Redondo, A.; Temprado, M.; Yélamos, C. The
Puzzling Monopentamethylcyclopentadienyltitanium(III) Dichloride
Reagent: Structure and Properties. Inorg. Chem. 2019, 58, 5314−
5324.
(32) Marschner, C. A New and Easy Route to Polysilanylpotassium
Compounds. Eur. J. Inorg. Chem. 1998, 2, 221−226.
(33) Yang, L.; Powell, D. R.; Houser, R. P. Structural Variation in
Copper(i) Complexes with Pyridylmethylamide Ligands: Structural
Analysis with a New Four-Coordinate Geometry Index, Τ4. J. Chem.
Soc. Dalton Trans. 2007, 955−964.
(34) Wu, Z.; Diminnie, J. B.; Xue, Z.; Pca, Z. Synthesis and
Characterization of Group 4 Amido Silyl Complexes Free of Anionic
π-Ligands. Inorg. Chem. 1998, 37, 6366−6372.
(35) McAlexander, L. H.; Hung, M.; Li, L.; Diminnie, J. B.; Xue, Z.;
Yap, G. P. A.; Rheingold, A. L. Alkyl-Silyl Complexes Free of Anionic
π Ligands. Synthesis and Characterization of (Me3ECH2)3MSi-
(SiMe3)3. Organometallics 1996, 15, 5231−5235.
(36) Zitz, R.; Hlina, J.; Arp, H.; Kinschel, D.; Marschner, C.;
Baumgartner, J. Group 4 Metal and Lanthanide Complexes in the
Oxidation State +3 with Tris(Trimethylsilyl)Silyl Ligands. Inorg.
Chem. 2019, 58, 7107−7117.
(37) Britten, J.; Mu, Y.; Harrod, J. F.; Polowin, J.; Baird, M. C.;
Samuel, E. Crystal Structures and Conformational Analysis of
Complexes of the Type Cp2Ti(SiHRR′)PMe3 (R, R′ = H, Me, Ph):
Relationships between Calculated Molecular Structures and Observed
Solid-State Structures. Organometallics 1993, 12, 2672−2676.
(38) Hao, L.; Harrod, J. F.; Lebuis, A.; Mu, Y.; Shu, R.; Samuel, E.;
Woo, H.-G. Homogeneous Catalytic Hydrosilylation of Pyridines.
Angew. Chem., Int. Ed. 1998, 37, 3126−3129.
(39) Hao, L. Synthesis and Structural Characterization of Cp2Ti-
(SiH3)(PMe3). Chem. Commun. 1998, 559, 1089−1090.
(40) Sarazin, Y.; Howard, R. H.; Hughes, D. L.; Humphrey, S. M.;
Bochmann, M. Titanium, Zinc and Alkaline-Earth Metal Complexes
Supported by Bulky O, N, N, O-Multidentate Ligands: Syntheses,
Characterisation and Activity in Cyclic Ester Polymerisation. J. Chem.
Soc. Dalton Trans. 2006, 340−350.
(41) Manzer, L. E.; Gearhart, R. C.; Guggenberger, L. J.; Whitney, J.
F. Synthesis and X-Ray Crystal Structure of a Novel Paramagnetic
Organotitanium(III) Compound, Cyclopentadienyl-Bis[o-(NN-Di-
methylaminomethyl) Phenyl]Titanium. J. Chem. Soc., Chem. Commun.
1976, 942−943.
(42) Minhas, R. K.; Scoles, L.; Wong, S.; Gambarotta, S. Tri- and
Tetravalent Titanium Alkyls Supported by Organic Amides. Organo-
metallics 1996, 15, 1113−1121.
(43) Rosset, J. M.; Floriani, C.; Mazzanti, M.; Chiesi-Villa, A.;
Guastini, C. Vanadium(III)-Carbon and Titanium(III)-Carbon
Functionalities Supported by a Tetradentate Schiff Base Ligand.
Inorg. Chem. 1990, 29, 3991−3996.
(44) Zanotti-Gerosa, A.; Solari, E.; Giannini, L.; Floriani, C.; Re, N.;
Chiesi-Villa, A.; Rizzoli, C. Titanium-Carbon Functionalities on an
Oxo Surface Defined by a Calix[4]Arene Moiety and Its Redox
Chemistry. Inorg. Chim. Acta 1998, 270, 298−311.

(45) Stephan, D. W.; Stewart, J. C.; Guérin, F.; Courtenay, S.;
Kickham, J.; Hollink, E.; Beddie, C.; Hoskin, A.; Graham, T.; Wei, P.;
Rupert, E.; Spence, H.; Xu, W.; Koch, L.; Gao, X.; Harrison, D. G. An
Approach to Catalyst Design: Cyclopentadienyl-Titanium Phosphini-
mide Complexes in Ethylene Polymerization. Organometallics 2003,
22, 1937−1947.
(46) Osseili, H.; Truong, K. N.; Spaniol, T. P.; Maron, L.; Englert,
U.; Okuda, J. Titanium Carbene Complexes Stabilized by Alkali Metal
Amides. Angew. Chem., Int. Ed. 2019, 58, 1833−1837.
(47) Lee, H.; Bonanno, J. B.; Hascall, T.; Cordaro, J.; Hahn, J. M.;
Parkin, G. [Me2Si] Ansa Bridged Complexes of Permethyltitanocene:
Synthesis and Structural Characterization of Fulvene Derivatives with
Trialkylidenemethane Character. J. Chem. Soc. Dalton Trans. 1999,
1365−1368.
(48) Fokken, S.; Spaniol, T. P.; Okuda, J.; Sernetz, F. G.; Mülhaupt,
R. Nine-Membered Titanacyclic Complexes Based on an Ethylene-
Bridged Bis(Phenolato) Ligand: Synthesis, Structure, and Olefin
Polymerization Activity. Organometallics 1997, 16, 4240−4242.
(49) Rahimi, N.; De Bruin, B.; Budzelaar, P. H. M. Balance between
Metal and Ligand Reduction in Diiminepyridine Complexes of Ti.
Organometallics 2017, 36, 3189−3198.
(50) Sattler, A.; Vandervelde, D. G.; Labinger, J. A.; Bercaw, J. E.
Lewis Acid Promoted Titanium Alkylidene Formation: Off-Cycle
Intermediates Relevant to Olefin Trimerization Catalysis. J. Am.
Chem. Soc. 2014, 136, 10790−10800.
(51) Yélamos, C.; Heeg, M. J.; Winter, C. H. Imido Complexes of
Titanium Bearing η2-Pyrazolato Ancillary Ligand Sets. Organometallics
1999, 18, 1168−1176.
(52) Gómez-Sal, P.; Mena, M.; Palacios, F.; Royo, P.; Serrano, R.;
Martínez Carreras, S. Preparation of the Compounds (μ-O)[Ti-
(C5Me5)R2]2 (R = Me, CH2Ph, or CH2SiMe3) and the Crystal
Structure of the Derivative with R = CH2SiMe3. J. Organomet. Chem.
1989, 375, 59−65.
(53) Bailey, B. C.; Fan, H.; Baum, E. W.; Huffman, J. C.; Baik, M.
H.; Mindiola, D. J. Intermolecular C-H Bond Activation Promoted by
a Titanium Alkylidyne. J. Am. Chem. Soc. 2005, 127, 16016−16017.
(54) Basuli, F.; Adhikari, D.; Huffman, J. C.; Mindiola, D. J.
Organometallic Consequences of a Redox Reaction: Terminal
Trimethylsilylmethylidene Titanium Complexes Prepared by a One-
Electron Oxidation Step. J. Organomet. Chem. 2007, 692, 3115−3120.
(55) González-Pérez, J. I.; Martín, A.; Mena, M.; Santamaría, C. C-H
Activation on an Oxo-Bridged Dititanium Complex: From Alkyl to μ-
Alkylidene Functionalities. Organometallics 2016, 35, 2488−2493.
(56) Chisholm, M. H. The Coordination Chemistry of Dinuclear
Molybdenum(III) and Tungsten(III): d3-d3 Dimers. Acc. Chem. Res.
1990, 23, 419−425.
(57) Westerhausen, M.; Gückel, C.; Habereder, T.; Vogt, M.;
Warchhold, M.; Nöth, H. Synthesis of Strontium and Barium
Bis{tris[(Trimethylsilyl)Methyl]Zincates} via the Transmetalation of
Bis[(Trimethylsilyl)Methyl]Zinc. Organometallics 2001, 20, 893−899.
(58) Tikkanen, W. R.; Liu, J. Z.; Egan, J. W.; Petersen, J. L. 1-
Metalla-3-Silacyclobutanes. Synthesis and Characterization of [Cy-
clic] (η5-C5H5)2M[CH2Si(CH3)2CH2], M = Ti, Zr, Nb, and Mo.
Organometallics 1984, 3, 825−830.
(59) Kabi-Satpathy, A.; Bajgur, C. S.; Reddy, K. P.; Petersen, J. L.
Synthesis and Structural Characterization of Group 4 Ansa-Metal-
locene Complexes Containing a 1-Sila-3-Metallacyclobutane Ring. J.
Organomet. Chem. 1989, 364, 105−117.
(60) Murarka, S.; Möbus, J.; Erker, G.; Mück-Lichtenfeld, C.;
Studer, A. TEMPO-Mediated Homocoupling of Aryl Grignard
Reagents: Mechanistic Studies. Org. Biomol. Chem. 2015, 13, 2762−
2767.
(61) Fulmer, G. R.; Miller, A. J. M.; Sherden, N. H.; Gottlieb, H. E.;
Nudelman, A.; Stoltz, B. M.; Bercaw, J. E.; Goldberg, K. I. NMR
Chemical Shifts of Trace Impurities: Common Laboratory Solvents,
Organics, and Gases in Deuterated Solvents Relevant to the
Organometallic Chemist. Organometallics 2010, 29, 2176−2179.
(62) Grant, D. H. Paramagnetic Susceptibility by NMR: The
“Solvent Correction” Reexamined. J. Chem. Educ. 1995, 72, 39.

Organometallics pubs.acs.org/Organometallics Article

https://doi.org/10.1021/acs.organomet.2c00162
Organometallics 2022, 41, 1434−1444

1443

https://doi.org/10.1021/om060486d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om060486d?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/1521-3749(200202)628:2<373::AID-ZAAC373>3.0.CO;2-2
https://doi.org/10.1002/1521-3749(200202)628:2<373::AID-ZAAC373>3.0.CO;2-2
https://doi.org/10.1002/1521-3749(200202)628:2<373::AID-ZAAC373>3.0.CO;2-2
https://doi.org/10.1039/B404173A
https://doi.org/10.1039/B404173A
https://doi.org/10.1039/B404173A
https://doi.org/10.1021/om300483v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om300483v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om300483v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.9b00437?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.9b00437?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.9b00437?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/(SICI)1099-0682(199802)1998:2<221::AID-EJIC221>3.0.CO;2-G
https://doi.org/10.1002/(SICI)1099-0682(199802)1998:2<221::AID-EJIC221>3.0.CO;2-G
https://doi.org/10.1039/B617136B
https://doi.org/10.1039/B617136B
https://doi.org/10.1039/B617136B
https://doi.org/10.1021/ic980821t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic980821t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic980821t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om960813p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om960813p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om960813p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.9b00866?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.9b00866?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om00031a042?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om00031a042?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om00031a042?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om00031a042?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/(SICI)1521-3773(19981204)37:22<3126::AID-ANIE3126>3.0.CO;2-Q
https://doi.org/10.1039/A800967H
https://doi.org/10.1039/A800967H
https://doi.org/10.1039/B511851D
https://doi.org/10.1039/B511851D
https://doi.org/10.1039/B511851D
https://doi.org/10.1039/C39760000942
https://doi.org/10.1039/C39760000942
https://doi.org/10.1039/C39760000942
https://doi.org/10.1021/om9508288?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om9508288?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic00345a016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic00345a016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/S0020-1693(97)05863-5
https://doi.org/10.1016/S0020-1693(97)05863-5
https://doi.org/10.1016/S0020-1693(97)05863-5
https://doi.org/10.1021/om020954t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om020954t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om020954t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201812579
https://doi.org/10.1002/anie.201812579
https://doi.org/10.1039/A900173E
https://doi.org/10.1039/A900173E
https://doi.org/10.1039/A900173E
https://doi.org/10.1021/om9704105?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om9704105?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om9704105?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.7b00239?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.7b00239?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja5055687?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja5055687?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om980802r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om980802r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/0022-328X(89)85084-3
https://doi.org/10.1016/0022-328X(89)85084-3
https://doi.org/10.1016/0022-328X(89)85084-3
https://doi.org/10.1021/ja0556934?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja0556934?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.jorganchem.2007.03.033
https://doi.org/10.1016/j.jorganchem.2007.03.033
https://doi.org/10.1016/j.jorganchem.2007.03.033
https://doi.org/10.1021/acs.organomet.6b00381?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.6b00381?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.6b00381?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar00180a004?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ar00180a004?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om0008272?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om0008272?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om0008272?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om00084a001?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om00084a001?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om00084a001?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/0022-328X(89)85336-7
https://doi.org/10.1016/0022-328X(89)85336-7
https://doi.org/10.1039/C4OB02689F
https://doi.org/10.1039/C4OB02689F
https://doi.org/10.1021/om100106e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om100106e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om100106e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om100106e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ed072p39?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ed072p39?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/Organometallics?ref=pdf
https://doi.org/10.1021/acs.organomet.2c00162?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(63) Sur, S. K. Measurement of Magnetic Susceptibility and
Magnetic Moment of Paramagnetic Molecules in Solution by High-
Field Fourier Transform NMR Spectroscopy. J. Magn. Reson. 1989,
82, 169−173.
(64) Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J.; Howard, J. A.
K.; Puschmann, H. OLEX2: A Complete Structure Solution,
Refinement and Analysis Program. J. Appl. Crystallogr. 2009, 42,
339−341.
(65) Sheldrick, G. M. Crystal Structure Refinement with SHELXL.
Acta Crystallogr. C Struct. Chem. 2015, 71, 3−8.

Organometallics pubs.acs.org/Organometallics Article

https://doi.org/10.1021/acs.organomet.2c00162
Organometallics 2022, 41, 1434−1444

1444

 Recommended by ACS

Mono- and Bis-Titanium Complexes Bridged by 2-
Butene Tetraanion: Synthesis and Structural
Characterization
Chao Yu, Zhenfeng Xi, et al.
MARCH 04, 2020
ORGANOMETALLICS READ 

Synthesis of Molybdenum(VI) Tritylimido Alkylidene
Complexes
Bhaskar Paul, Veronica Carta, et al.
JUNE 13, 2022
ORGANOMETALLICS READ 

Synthesis and Characterization of Dinuclear
Allenediide Bridged Hafnocene(IV) Complexes
Kevin Lindenau, Torsten Beweries, et al.
SEPTEMBER 03, 2021
ORGANOMETALLICS READ 

Bulking up CpBIG: A Penta-Terphenyl
Cyclopentadienyl Ligand
Gabriele Hierlmeier and Robert Wolf
MARCH 15, 2022
ORGANOMETALLICS READ 

Get More Suggestions >

https://doi.org/10.1016/0022-2364(89)90178-9
https://doi.org/10.1016/0022-2364(89)90178-9
https://doi.org/10.1016/0022-2364(89)90178-9
https://doi.org/10.1107/S0021889808042726
https://doi.org/10.1107/S0021889808042726
https://doi.org/10.1107/S2053229614024218
pubs.acs.org/Organometallics?ref=pdf
https://doi.org/10.1021/acs.organomet.2c00162?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
http://pubs.acs.org/doi/10.1021/acs.organomet.0c00055?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.0c00055?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.0c00055?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.0c00055?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.0c00055?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.2c00189?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.2c00189?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.2c00189?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.2c00189?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.1c00385?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.1c00385?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.1c00385?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.1c00385?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.2c00009?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.2c00009?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.2c00009?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
http://pubs.acs.org/doi/10.1021/acs.organomet.2c00009?utm_campaign=RRCC_orgnd7&utm_source=RRCC&utm_medium=pdf_stamp&originated=1657402205&referrer_DOI=10.1021%2Facs.organomet.2c00162
https://preferences.acs.org/ai_alert?follow=1

