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ABSTRACT: This contribution presents evidence for new pathways
manifested in the reactions of the phenylhydrosilanes PhnSiH4−n with
the pincer complexes (POCsp

2OP)Ni(OSiMe3), 1-OSiMe3, and
(POCsp

3OP)Ni(OSiMe3), 2-OSiMe3 (POCsp
2OP = 2,6-(i-

Pr2PO)2C6H3; POCsp
3OP = (i-Pr2POCH2)2CH). Excess PhSiH3 or

Ph2SiH2 reacted with 1-OSiMe3 to eliminate the disilyl ethers
PhnH3−nSiOSiMe3 (n = 1 or 2) and generate the nickel hydride
species 1-H. Subsequent reaction of the latter with more substrate
formed corresponding nickel silyl species 1-SiPhH2 or 1-SiPh2H and
generated multiple Si-containing products, including disilanes and redistribution products. The reaction of 1-OSiMe3 with excess
Ph2SiH2/Ph2SiD2 revealed a net KIE of ca. 1.3−1.4 at room temperature. Treating 1-OSiMe3 with excess Ph3SiH also gave 1-H
and the corresponding disilyl ether Ph3SiOSiMe3, but this reaction also generated the new siloxide 1-OSiPh3 apparently via an
unconventional σ-bond metathesis pathway in which the Ni center is not involved directly. The reaction of excess PhSiH3 and 2-
OSiMe3 gave polysilanes of varying solubilities and molecular weights; NMR investigations showed that these polymers arise
from Ni(0) species generated in situ from the reductive elimination of the highly reactive hydride intermediate, 2-H. The
stoichiometric reactions of 2-OSiMe3 with Ph2SiH2 and Ph3SiH gave, respectively, siloxides 2-OSiPh2(OSiMe3) and 2-OSiPh3.
Together, these results demonstrate the strong influence of pincer backbone and hydrosilane sterics on the different reactivities
of 1-OSiMe3 and 2-OSiMe3 toward PhnSiH4−n (dimerization, polymerization, and redistribution vs formation of new siloxides).
The mechanisms of the reactions that lead to the observed Si−O, Si−C, and Si−Si bond formations are discussed in terms of
classical and unconventional σ-bond metathesis pathways.

■ INTRODUCTION

A number of transition metal complexes are known to be viable
catalysts for the dehydrogenative polymerization of hydro-
silanes to polysilanes.1,2 To date, the most efficient catalysts are
Ti- and Zr-based metallocenes, whereas systems based on late
metals are generally less efficient and suffer from side reactions
such as redistribution (scrambling of Si substituents).3

Mechanistic studies have concluded that systems based on d0

metals break substrate Si−H bonds and form new Si−Si
linkages through successive, concerted constant-oxidation-state
σ-bond metathesis steps (Scheme 1, path A).4 In contrast, the
oligo- and polymerization of hydrosilanes by low-valence late
transition metals can, in principle, involve conventional Si−H
oxidative addition and Si−Si reductive elimination steps
(Scheme 1, path B).5

In the case of Ni-catalyzed polymerization of hydrosilanes,
mechanisms proceeding via oxidative addition/reductive
elimination steps would seem more realistic for zero-valent
precursors and intermediates,6 but some NiII species have been
suspected of reacting with PhSiH3 via σ-bond-metathesis-type
transition states.7 In the absence of sufficient data on this topic,
it is not known which factors contribute to the preference of
one pathway over the other. Another obscure question in this
context pertains to the factors that favor one or the other of the
two competing reactivities, Si−Si bond making steps that

contribute productively to the polymerization process versus
the Si-R bond making/breaking steps that lead to undesired
redistribution reactions (R = alkyl or aryl substituents). The
latter side reactions are quite prevalent in Ni-based systems and
often indicate the involvement of multiple active intermediates
in the catalytic manifold. That some of these intermediates are
paramagnetic species further complicates mechanistic studies.
We have been interested in probing the reactivities of

hydrosilanes with Ni complexes of different ligands,8 and it
occurred to us that some of the above-mentioned mechanistic
questions might be more effectively examined by conducting
our reactivity studies using thermally stable, diamagnetic NiII

complexes. Given the aptitude of tridentate pincer ligands to
securely anchor a divalent Ni center and generate highly stable
complexes,9 we have undertaken to study the reactivities of
hydrosilanes with NiII precursors based on two different
POCOP-type pincer ligands, namely, 2,6-(i-Pr2PO)2C6H3

(POCsp
2OP) and (i-Pr2POCH2)2CH (POCsp

3OP).10 The
original objective of this study was to establish whether or
not the pincer ligand backbone can influence the reactivity of its
complexes for dehydrogenative oligo- or polymerization versus
redistribution reactions. We began by examining the reactivities
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of PhnSiH4−n with (POCsp
2OP)Ni(OSiMe3), 1-OSiMe3, and

(POCsp
3OP)Ni(OSiMe3), 2-OSiMe3.

11 Our rationale for using
these precursors was twofold: the relatively reactive Ni-OSiMe3
moiety should facilitate the Si−H bond activation process, and
the ultimate fate of the readily trackable OSiMe3 fragment
might provide valuable mechanistic clues. This strategy has
been validated by the finding that the presence of Ni−O−Si
linkages in the precursors facilitates both the initial Si−H
activation step and the subsequent detection of side products
formed in various stoichiometric and catalytic reactions. The
results presented herein also help rationalize the unanticipated
formation of the siloxide derivatives 1-OSiPh3 and 2-OSiPh3
(from Ph3SiH and 1- or 2-OSiMe3) and 2-OSiPh2OSiMe3
(from Ph2SiH2 and 2-OSiMe3) and provide a mechanistic
framework for understanding how these systems might
promote hydrosilane redistribution. The relationship between
hydrosilane redistribution and dehydrocoupling promoted by
analogous POCsp

2OP−Ir systems has also been examined
recently by Waterman’s group;12 their findings of the
importance of pincer ligand and silane substituent sterics
echo some of our observations and will be discussed herein.

■ RESULTS AND DISCUSSION

The reactions of the siloxide precursors 1-OSiMe3 and 2-
OSiMe3 with phenylsilanes were conducted in J. Young NMR
tubes to facilitate real-time monitoring of kinetic profiles and
detection of products and intermediates. Synthesis-scale
reactions were also carried out to allow isolation of various
products. The results of these experiments are described in the
following sections.
Reactivities of PhnSiH4−n with 1-OSiMe3. Treating 1-

OSiMe3 with excess PhSiH3 or Ph2SiH2 gave, initially, Guan’s
hydride 1-H13 and the corresponding disilyl ethers
PhH2SiOSiMe3 or Ph2SiHOSiMe3 (Scheme 2). The latter

were identified by GC/MS analyses of the reaction mixtures
(PhH2SiOSiMe3: MW = 196, Ph2SiHOSiMe3: MW − Me = 257;
Figures S1 and S2), whereas 1-H was identified on the basis of
its characteristic NMR signals (31P δ: 207.8; 1H δ: −7.9, t, 2JH−P
= 55 Hz).
The in situ generated hydride continued to react further,

albeit more sluggishly, with excess substrate (PhSiH3 or
Ph2SiH2), giving multiple species (Scheme 2).14 For instance,
the reaction with 10 equiv of PhSiH3 slowly converted 1-H to
the corresponding silyl complex 1-SiPhH2 (ca. 90% conversion
after 1 week at room temperature) and generated Ph2SiH2,
(PhH2Si)2

4a,7a,12,15 and trace amounts of Ph3SiH as well as
other unidentified species (Figure S3−S6). The reaction of in
situ generated 1-H with excess Ph2SiH2 was even slower,
requiring heating at 90 °C over 1 week to generate 1-SiPh2H,
Ph3SiH, (Ph2HSi)2, and trace amounts of other unidentified
species (Figure S7−S9).
The reaction of 1-OSiMe3 with Ph3SiH also gave 1-H and

the corresponding disilyl ether Ph3SiOSiMe3 (MW = 348;
Figure S10), but instead of a new silyl derivative, we obtained in
this case the siloxide derivative 1-OSiPh3 (Scheme 2). The
latter is a known compound that has been prepared from the
metathetic reaction of 1-Cl with KOSiPh3 and fully character-
ized,11c whereas the silyl derivatives 1-SiPhH2 and 1-SiPh2H
are new compounds. The isolation and complete character-
ization of these silyl derivatives and a discussion of the various
pathways leading to the products observed in these three
reactions will be presented later.

Reactivities of PhnSiH4−n with 2-OSiMe3. Compared to
the above-described reactions of complex 1-OSiMe3, we
observed very different reactivities with the closely related
siloxide 2-OSiMe3, including the formation of polysilanes with
PhSiH3 and Ph2SiH2. For example, addition of 200 equiv of
PhSiH3 to a 0.025 M benzene solution of 2-OSiMe3 at room

Scheme 1. Proposed Mechanisms for Dehydrogenative Oligo- and Polymerization of Hydrosilanes

Scheme 2. Different Reactivities of 1-OSiMe3 with PhnSiH4−n
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temperature led to an immediate and vigorous effervescence
and a gradual darkening of the reaction mixture. The
effervescence subsided somewhat after ca. 5 min, but did not
stop completely until about 15 h when a solid had precipitated.
Addition of THF to the final mixture followed by further
stirring over 3 h, evaporation, and washing with hexane and
acetonitrile gave a white solid that corresponded to ca. 60%
yield (on the basis of initial monomer mass). Analysis of this
sparingly soluble product by 1H NMR (C6D6, Figure S11)
showed broad resonances for Si−C6H5 (6.5−8.0 ppm) and Si−
H (5.0−5.7 ppm) in ca. 10:1 intensity ratio, and GPC analysis
(Figure S12) showed multiple components, one of which
displayed Mn and Mw values of 3900 and 23 246 g/mol,
respectively.
Interestingly, the final products of the reactions of 2-OSiMe3

with PhSiH3 varied considerably depending on reaction
conditions and especially workup procedures. For instance, a
solid sample obtained from a reaction run in toluene and
worked-up by simple evaporation showed a Si−Ph/Si−H
intensity ratio of 5:1 (Figure S13) and GPC parameters typical
of short-chain, linear (PhSiH)n oligomers: Mn = 1361 g/mol
andMw = 1399 g/mol (Figure S14). In contrast, conducting the
polymerization in neat PhSiH3 led to a more vigorous evolution
of gas and produced a nearly insoluble solid precipitate that
defied analysis by GPC or NMR. These observations suggest
that 2-OSiMe3 can convert PhSiH3 into fairly monodispersed
linear oligo(phenylsilane) or polydispersed polymers featuring
fairly high numbers of Si−Si linkages and possessing varying
degrees of cross-linking depending on the reaction conditions
(Scheme 3).

The analogous reaction of 2-OSiMe3 with excess Ph2SiH2
(room temperature, toluene) generated a small amount of gas,
and over time, small particles of a red solid formed on the sides
of the reaction flask. We suspected that this material was a
polymer derived from Ph2SiH2 but could not confirm this
hypothesis. Treating 2-OSiMe3 with only 1 equiv of Ph2SiH2
gave traces of the aforementioned red solid in addition to a
yellow solid that was isolated in ca. 35% yield and identified
(vide infra) as the new siloxide derivative 2-OSiPh2OSiMe3
(Scheme 3). This compound did react with Ph2SiH2 but did so
very slowly, implying that it was not involved in the vigorous
reaction leading to formation of the red solid.
Finally, the reaction of 2-OSiMe3 with excess Ph3SiH

resulted in a very complex mixture of products (Scheme 3).
That 2-OSiMe3 competes with an in situ generated derivative
2-X for reaction with Ph3SiH was evident from incomplete
conversions with stoichiometric amounts of substrate. For
instance, the room temperature reaction of 2-OSiMe3 with 1
equiv of Ph3SiH gave only ca. 50% conversion, even after 10
days of stirring (Figure S15). Addition of an additional 1 equiv
of Ph3SiH to this mixture led to ca. 93% conversion of 2-
OSiMe3 (Figure S16) and gave hydrogen gas (detected by 1H
NMR), Ph4Si (Figure S17) and Ph3SiOSiMe3 (identified by
GC/MS, Figure S18), and two solids identified by X-ray
diffraction studies as the known compounds 2-OSiPh3

11c and
Ph3SiOSiPh3.

16

Isolation and Characterization of 1-SiPhH2, 1-SiPh2H,
and 2-OSiPh2OSiMe3. The silyl derivatives were isolated from
the reactions of 1-OSiMe3 with PhSiH3 or Ph2SiH2 in 21−25%
yields. These poor yields reflect the complicated workup

Scheme 3. Reactivities of 2-OSiMe3 with PhSiH3, Ph2SiH2, and Ph3SiH

Figure 1. Solid structures of 1-SiPhH2, 1-SiPh2H, and 2-OSiPh2OSiMe at the 50% probability level. All hydrogen atoms except those on silicon
atoms and methyl groups on the i-Pr group are omitted for clarity.

Journal of the American Chemical Society Article

DOI: 10.1021/jacs.5b10066
J. Am. Chem. Soc. 2015, 137, 15287−15298

15289

http://pubs.acs.org/doi/suppl/10.1021/jacs.5b10066/suppl_file/ja5b10066_si_004.pdf
http://pubs.acs.org/doi/suppl/10.1021/jacs.5b10066/suppl_file/ja5b10066_si_004.pdf
http://pubs.acs.org/doi/suppl/10.1021/jacs.5b10066/suppl_file/ja5b10066_si_004.pdf
http://pubs.acs.org/doi/suppl/10.1021/jacs.5b10066/suppl_file/ja5b10066_si_004.pdf
http://pubs.acs.org/doi/suppl/10.1021/jacs.5b10066/suppl_file/ja5b10066_si_004.pdf
http://pubs.acs.org/doi/suppl/10.1021/jacs.5b10066/suppl_file/ja5b10066_si_004.pdf
http://pubs.acs.org/doi/suppl/10.1021/jacs.5b10066/suppl_file/ja5b10066_si_004.pdf
http://pubs.acs.org/doi/suppl/10.1021/jacs.5b10066/suppl_file/ja5b10066_si_004.pdf
http://dx.doi.org/10.1021/jacs.5b10066


procedures required for treating reaction mixtures that contain
multiple side products. Indeed, in addition to the products
shown in Scheme 2, the reactions of 1-H with PhSiH3 and
Ph2SiH2 also generate small amounts of complexes that we
believe to be various silyl species 1-SiR3; this assignment is
based on the closeness of their 31P NMR signals to those of the
isolated and fully characterized species 1-SiPhH2 and 1-SiPh2H
(ca. 200 ppm, vide infra). The new siloxide 2-OSiPh2OSiMe3
was isolated in 34% yield from the stoichiometric reaction of 2-
OSiMe3 with Ph2SiH2 (added dropwise at room temperature).
The NMR spectra of these three diamagnetic complexes

showed features that are similar to those of previously studied
analogues and were consistent with the proposed structures
(Figures S19−S27). For instance, the 31P NMR spectra showed
resonances upfield of corresponding resonance for the Ni−H
species, i.e., 199.7 ppm for 1-SiPhH2 and 200.7 ppm for 1-
SiPh2H, whereas the

1H NMR spectra showed the anticipated
triplets for the Si−H moieties in NiSiPhH2 (4.74 ppm, 3JP−H =
7.5 Hz) and Ni−SiPh2H (5.43 ppm, 3JP−H = 12.5 Hz)17 in
addition to virtual triplets for P−C−CH3 nuclei. The
characteristic ν(Si−H) absorptions were detected in the IR
spectra, appearing at 2028 cm−1 (s) in 1-SiPhH2 and 2126
cm−1 (s) in 1-SiPh2H. The 31P NMR resonance of 2-
OSiPh2OSiMe3 at ca. 177 ppm was in the region characteristic
of 2-OSiR3,

11c whereas its 1H and 13C NMR signals were
comparable to the corresponding signals in previously reported
siloxide complexes.18 For instance, the 1H and 13C NMR
signals for the OSi(CH3)3 moiety in 2-OSiPh2OSiMe3 appear
at 0.12 and 2.4 ppm, respectively, versus 0.24 and 5.5 for the
corresponding signals in 2-OSiMe3.

11c

The solid-state structures of these complexes confirmed the
above assignments (Figure 1). The Ni center in both silyl
compounds adopts a lightly distorted square planar geometry,
and most structural parameters (Table 1) are normal for this
family of complexes,11,19 including smaller than ideal trans P−
Ni−P angles of ca. 163−165°. The Si−H hydrogen atoms were
located in the electron density map and refined isotropically at
1.40−1.42 Å. The large separation between the nickel center
and the Si−H hydrogen atoms (>3.1 Å) and the large Ni−Si−
H angles in both 1-SiPhH2 and 1-SiPh2H (>110°) indicate the
absence of agostic Ni−H interactions.20 The Ni−Si distances
(ca. 2.28 Å in 1-SiPhH2 and ca. 2.30 Å in 1-SiPh2H) are in the
expected range for Ni−silyl species (2.21−2.37 Å),17,21 whereas
the somewhat longer Ni−C distances in these complexes
relative to the corresponding distances in the bromo and
OSiMe3 derivatives (ca. 1.91−1.92 Å vs ca. 1.88−1.89 Å) are
consistent with the greater trans influence of the silyl moiety.
The solid-state structure of 2-OSiPh2OSiMe3 confirmed the

spectral assignments and showed that the Ni center adopts a

lightly distorted square planar geometry. The Ni−O bond
distance (1.874(2) Å, Table 1) is in the normal range for Ni−
OR complexes.22 Similarly, the Si1−O3 distance (1.569(3) Å)
is comparable to the corresponding distances found in
complexes featuring a M−OSiMe3 moiety,18c,23 but it is
significantly shorter than Si1−O4 (1.654(2) Å) and Si2−O4
(1.631(3) Å) distances. The latter are, however, comparable to
Si−O bond distances found in organic siloxy structures.24 The
Ni−O−Si angle of 154° implies some degree of O → Si
electron delocalization that serves presumably to minimize the
dπ−pπ destabilizing interactions anticipated in square planar d8

systems featuring M−heteroatom linkages.25

Probing Kinetic Isotope Effects in the Reaction of 1-
OSiMe3 with Ph2SiH2. As mentioned at the outset of this
report, a central question in the context of metal-promoted
dehydrogenative transformations of hydrosilanes is whether the
crucial Si−H bond activation and Si−Si bond formation steps
proceed through classical oxidative addition/reductive elimi-
nation sequences or constant-oxidation-state σ-bond metathesis
steps. Tilley’s group has used a number of experimental and
theoretical indices, including kinetic isotope effect (KIE)
measurements, to establish that the latter scenario is operative
in the reactions of group 3 and group 4 metallocenes.26 For
instance, a kH/kD value of 2.5−2.7 was found for the 343 K
reaction of CpCp*Hf(SiR3)Cl with PhSiH3/PhSiD3,

4a,27 where-
as the 193−243 K reaction of Cp*2ScMe with Ph2SiH2/
Ph2SiD2 showed a kH/kD value of 1.15.28 Both of these
reactions are thought to proceed by σ-bond metathesis, and the
relatively small kH/kD value for the Sc system is thought to
result from an early transition state wherein the Si−H/D bond
is mostly intact. There have been fewer KIE measurements for
reactions of late transition metal complexes with hydrosilanes,
but our group has reported a kH/kD value of ca. 9.8 for the 313
K reaction of PhSiH3/PhSiD3 with (1-Me-indenyl)Ni(PMe3)-
Me, an efficient initiator for dehydrogenative oligomerization of
PhSiH3.

7a

In search of a mechanistic clue for the reactivities of our
complexes, we have probed the initial reaction of 1-OSiMe3.
Ph2SiH2 was selected for this study because its much slower
reaction with the initial product of the reaction, 1-H, would
facilitate measurements of product ratios. The reaction with
Ph2SiD2 generated the anticipated deuteride 1-D, which was
identified on the basis of the characteristic 1:1:1 triplet 31P
resonance (2JP−D ≈ 8 Hz, Figure S28); a competition study was
then conducted with 1-OSiMe3 and excess Ph2SiH2/Ph2SiD2,
revealing a net KIE of ca. 1.3−1.4 at room temperature (Figures
S29 and S30).29 This value is similar to the corresponding KIE
values of 1.15 reported by Tilley for Ph2SiH2/Ph2SiD2 (vide
supra) and also the value of 1.62 reported by Hartwig for the

Table 1. Bonding Parameters of Complexes 1-SiPhH2, 1-SiPh2H, and 2-OSiPh2OSiMe3

1-SiPhH2 1-SiPh2H 2-OSiPh2OSiMe3

Ni−C 1.9124(12) 1.9188(13) 1.941(19), 1.986(16)
Ni−Si/Ni−O 2.2826(4) 2.3040(4) 1.874(2)
Ni−P1 2.1206(4) 2.1314(4) 2.1450(11)
Ni−P2 2.1322(4) 2.1494(4) 2.150(7), 2.198(7)
O−Si 1.569(3)
P−Ni−P 164.542(16 163.528(17 164.5(2), 165.5(2)
C−Ni−Si/C−Ni−O 176.61(4) 174.26(4) 170.4(6), 167.8(6)
P1−Ni−X 95.180(15) 95.354(15) 95.10(8)
P2−Ni−X 100.277(15) 100.466(15) 98.8(2), 98.5(2)
Ni−O−Si 153.53(16)
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exchange of methyl in CpRu(PPh3)2Me with the hydrogen in
catecholborane;30 both of these reactions are believed to
proceed through a concerted, four-centered transition state.
The closeness of these KIE values to that for the reaction of 1-
OSiMe3 with Ph2SiH2 suggests that the Ni-promoted reactions
under discussion here likely proceed through constant-
oxidation-state, four-centered transition states characteristic of
σ-bond metathesis mechanisms, as illustrated in Scheme 4.

Nevertheless, we acknowledge that the observed KIE value can
equally reasonably imply an oxidative addition mechanism;
thus, an alternative mechanism based on stepwise pathways
involving NiIV intermediates cannot be ruled out.31

The transition state shown in Scheme 4 is logical because it
places the larger group at the less-hindered β position of the
transition state. This scenario is also consistent with the above-
discussed findings, including the fact that the initial reaction of
the Ni-OSiMe3 moiety with PhnSiH4−n gives a hydride species
and disilyl ethers and not the silanol Me3SiOH or polysiloxanes
arising from its decomposition.
Mechanistic Insights Pertaining to the Reaction of 1-

OSiMe3 with Ph3SiH. The observed formation of 1-H and
Ph3SiOSiMe3 from this reaction can be accounted for by
invoking a constant-oxidation-state transition state similar to
that proposed above for the analogous reaction with Ph2SiH2
(Scheme 4). Recall, however, that the Ph3SiH reaction also
generates 1-OSiPh3 which is a product that cannot arise
directly from 1-OSiMe3 via the same type of σ-bond metathesis
reaction; this product is also unable to form via a classical
oxidative addition/reductive elimination sequence. To gain
insight on the reaction of 1-OSiPh3 with Ph3SiH, we have
closely monitored a few reactions that produce or consume 1-
OSiPh3 with the following results.
Scheme 5 outlines different pathways leading to 1-OSiPh3,

including a two-step route that initially gives 1-H and the disilyl
ether Ph3SiOSiMe3 (path A), followed by their subsequent
reaction to give 1-OSiPh3 (path B). Tests with independently
prepared reactants showed that 1-H13 and Ph3SiOSiMe3
(prepared from Ph3SiOK and ClSiMe3) do react to give 1-

OSiPh3 (Figures S31 and S32),32 but the very sluggish rate of
this reaction (2−3% conversion over 5 days) implies that
another route must be responsible for the formation of 1-
OSiPh3 in the reaction of 1-OSiMe3 with Ph3SiH. We also
considered the opposite scenario, i.e., that 1-OSiPh3 forms
initially and reacts subsequently with Ph3SiH to give 1-H (path
D), but this, too, was dismissed on the basis of the following
observations: the reaction of Ph3SiH with 1-OSiPh3 gave ca.
12% conversion to 1-H over 24 h even under sonication
(Figures S33 and S34), whereas the analogous reaction with 1-
OSiMe3 gave more than 50% conversion under the same
conditions.
An interesting clue to the above puzzle was presented by the

observation that the relative amounts of 1-H and 1-OSiPh3
generated in the reactions of 1-OSiMe3 and Ph3SiH depend on
the amount of Ph3SiH used, with 1-OSiPh3 being the major
product with substoicheometric amounts of Ph3SiH, whereas
excess Ph3SiH led to the formation of greater proportions of 1-
H (Figures S35−S37). Putting this finding together with the
above observations, we conclude that 1-OSiPh3 is generated
independently of 1-H via a distinct pathway (path C) whereas
1-H results via two different pathways involving the reactions of
Ph3SiH + 1-OSiMe3 (paths A and B) and Ph3SiH + 1-OSiPh3
(path D). As shown in Scheme 5, the paths leading to 1-H
likely proceed through the “conventional” transition states TSα
that exchange the Ni−O and H−Si bonds, whereas 1-OSiPh3
can form through the “unconventional” metathesis-like
transition state TSβ exchanging the O−Si bond in 1-OSiMe3
and the Si−H bond in Ph3SiH.
We recognize that the TSβ proposed above might appear

controversial by virtue of not involving a transition metal center
whose d orbitals are normally considered to be required for
such otherwise Woodward−Hoffmann disallowed rearrange-
ments.33 However, it is instructive to recall that 2s+2s type
suprafacial−suprafacial [1,2] shifts are only symmetry-for-
bidden in carbon chemistry. Indeed, when they involve
migrating groups such as Si-based fragments that can adopt
pentacoordination at the transition state, such reactions should
have much lower activation barriers. This phenomenon also
underlies the energetic accessibility of the dyotropic [1,2]-SiR3
shifts such as Brook/retro Brook rearrangements commonly
seen in organosilanes.34 Thus, we believe that the pathways
proceeding through both the above-described transition states
TSα and TSβ are realistic.
Consideration of these transition states allows us to interpret

the observed reactivities of 1-OSiMe3 with PhnSiH4−n, as
follows. The initial reactions with PhSiH3 and Ph2SiH2 go

Scheme 4. Proposed Pathway for the Initial Reactions of 1-
OSiMe3 with PhSiH3 and Ph2SiH2

Scheme 5. Proposed Pathways for Reactions of 1-OSiMe3 with PhnSiH4−n
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through the more conventional TSα shown in Scheme 4,
whereas the reaction with Ph3SiH goes through both TSα and a
less common pathway TSβ involving the OSiMe3 moiety but
not the Ni center (Scheme 5). The different reactivity with
Ph3SiH is presumably due to the greater steric repulsion
between the Ph3Si and SiMe3 moieties (Scheme 5).3e,35,36

Significantly, both of these pathways result in the formation of a
new Si−O bond in preference over Ni−Si or Si−Si bonds.
Mechanistic Insights Pertaining to the Reaction of 2-

OSiMe3 with PhSiH3. Recall that the reactions of 2-OSiMe3
with PhSiH3 and Ph2SiH2 lead primarily to Si−Si bond
formation, whereas silane redistribution appears to be the main
outcome of the reaction with Ph3SiH. Significantly, no silyl or
hydride derivative was detected in any of these reactions even at
room temperature, but formation of hydride derivative 2-H was
inferred from the detection of the disilyl ethers Ph2HSiOSiMe3
and Ph3SiOSiMe3. In an effort to better understand these
reactivities, we have examined the reactions of 2-OSiMe3 with
PhSiH3 closely, including at low temperatures, with the
following results.
Low-temperature NMR analysis of a toluene-d8 solution of 2-

OSiMe3 with ca. eightfold excess of PhSiH3 showed the
formation of a new hydride species represented by a triplet at
−9.06 ppm in the 1H NMR spectrum (2JP−H = 57 Hz; Figures
S38) and a singlet resonance at 200.4 ppm in the 31P{1H}
NMR spectrum (Figure 2, 203 K). This new species (2-H)
likely arises through the expulsion of Me3SiOSiPhH2 (Scheme
6).

Warming the sample brought about a gradual decline in the
intensity of the new 31P signal, and over time, it was replaced by
two new transient peaks at ca. 195 ppm (A) and ca. 185 ppm
(B) plus a third peak at ca. 177 ppm (C). The latter turned out
to be the final P-containing product (Figure 2). The chemical
shift of the transient signal A is in a region characteristic of Ni−
SiR3 species,37 whereas signal C is in the Ni-OSiR3 chemical
shift range (175−180 ppm). The identity of the species giving
rise to signal B has not yet been established.38 The room-
temperature 1H NMR spectrum of this sample (Figures S39
and S40) showed unreacted PhSiH3, H2, a small amount of
Ph2SiH2, and broad resonances characteristic of oligo- or
poly(phenylsilane), (PhSiH)n. Allowing the mixture to react
over 1 week at room temperature increased the intensity of the
broad peaks assigned to (PhSiH)n.
Attempts to isolate 2-H and the other species A-C were

unsuccessful, because the reaction mixture evolved continu-
ously to give multiple species in small quantities; nevertheless,
1H NMR (Figure S38 for 2-H and Figure S41 for species C)
and GC/MS analyses of these mixtures helped identify two of
the nonmetallic species as Ph2SiH2 and PhSiH2OSiMe3. That
different products observed in the reactions of 2-OSiMe3 and
PhSiH3 under different conditions, i.e., polymeric materials
forming from room temperature reactions and Ph2SiH2 from
reactions initiated at low temperatures, indicate that redis-
tribution and Si−Si bond formation reactions might occur
independently of each other and are promoted by different Ni
species. Some evidence in support of this contention was
obtained from 31P NMR monitoring of a 1:50 mixture of 2-

Figure 2. 31 P NMR monitoring of the reaction between 2-OSiMe3 with 8 equiv of PhSiH3 (203−273 K in C7D8). The spectrum was recorded after
keeping the sample at 218 K for 10 min.

Scheme 6. Variable Temperature Reactions of PhSiH3 with 2-OSiMe3
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OSiMe3 and PhSiH3 at room temperature (Figures S42 and
S43): we observed the formation of free ligand (POCsp

3HOP,
151 ppm) and i-Pr2PH (−15.8 ppm) in the first hour of the
reaction. The free ligand likely arises via reductive elimination
of the in situ generated Ni−H species 2-H, a process observed
previously for the analogous species (PCsp

3P)NiH,39 whereas i-
Pr2PH likely arises from the attack of the hydride moiety on the
P−O moiety of (POCsp

3OP)NiX.40

Regardless of the precise mechanism(s) leading to the above
side products, their detection in the reaction mixture implies
that Ni(0) species are generated in this system and that they
might be active in the polymerization reaction. Indirect support
for this postulate was furnished by the results of the following
experiment. Addition of excess PhSiH3 to a red solution
obtained from stirring Ni(COD)2 with free protio ligand
POCsp

3HOP for 1 h at room temperature led to a vigorous
evolution of gas and generated polymeric substances as
indicated by broad SiH signals at ca. 4.5−4.8 ppm (Figures
S44−S47).41 We conclude, therefore, that the reaction of 2-
OSiMe3 with PhSiH3 leads initially to 2-H and that the fate of
this intermediate depends on the reaction conditions: at lower
temperatures, it is converted to silyl derivatives that promote
the redistribution of PhSiH3, whereas at room temperature 2-H
decomposes to zero-valent species that promote the oligo- or
polymerization process (Scheme 6). Given the different types
of polymeric substances produced in the reactions promoted by
2-OSiMe3 and zero-valent species, we speculate that the latter
produces linear or cyclic (PhSiH)n that are converted to cross-
linked poly(phenylsilane) by divalent species 2-X (in particular
when THF is present in the reaction medium).
Mechanistic Proposals Pertaining to Reactivities of 2-

OSiMe3 with Ph2SiH2 and Ph3SiH. By analogy to the above-
described observations from the reaction of 2-OSiMe3 with
PhSiH3, we can propose the reaction schemes illustrated in
Schemes 7 and 8 as tentative mechanisms for the analogous

reactions of Ph2SiH2 and Ph3SiH. Thus, the initial reaction
between 2-OSiMe3 and Ph2SiH2 generates 2-H and
Ph2SiHOSiMe3 via a classical σ-bond metathesis pathway

(TSα in Scheme 7). Decomposition of 2-H generates zero-
valent species that then react with excess monomer to give the
observed insoluble red solid, whereas Ph2SiHOSiMe3 reacts
with residual 2-OSiMe3 to give the observed siloxide derivative
2-OSiPh2OSiMe3 through the unconventional metathesislike
pathway alluded to above (TSβ in Scheme 7).
Scheme 8 proposes a similar mechanism for the reaction of

2-OSiMe3 with Ph3SiH: the silyl ether Ph3SiOSiMe3 and 2-H
are generated via the conventional TSα, and decomposition of
the latter generates a zero-valent species much as discussed
above for the reactions with PhSiH3 and Ph2SiH2. In this case,
however, the zero-valent species does not polymerize Ph3SiH,
leading instead to the redistribution product Ph4Si. Another
difference between the Ph2SiH2 and Ph3SiH reactions is that for
the latter case a reaction via the unconventional pathway TSβ
leads to the formation of 2-OSiPh3 that reacts further with
unreacted Ph3SiH to give via TSα the symmetrical disilyl ether
Ph3SiOSiPh3 and 2-H.

Proposed Mechanisms for the Dehydrogenative
Dimerization and Redistribution in the Reactions of 1-
OSiMe3 with PhnSiH4−n. As mentioned above, the reaction of
1-OSiMe3 with PhSiH3 and Ph2SiH2 gave hydrido and silyl
derivatives 1-H, 1-SiPhH2, and 1-SiPh2H in addition to
variable amounts of the silane redistribution products
Ph2SiH2 and Ph3SiH and dehydrogenative dimerization
products (PhSiH2)2

4a,7a,12,15 and (Ph2SiH)2.
12 We have argued

above that the new silyl derivatives are generated via concerted,
constant-oxidation-state σ-bond metathesis type transition
states as opposed to successive oxidative addition/reductive
elimination reactions going through NiIV intermediates. Similar
arguments can be advanced to rationalize the formation of the
observed disilanes via concerted transition states, as shown in
Scheme 9.

The redistribution-type side reactions, e.g., formation of
Ph2SiH2 from PhSiH3 or Ph3SiH from Ph2SiH2, occur quite
commonly in the reactions of hydrosilanes with various
transition metal species and are thought to proceed via
metal-silylene intermediates, M(SiR2).

12,42 Metal silylenes are
most readily prepared by Lewis acid abstraction of heteroatom-
based Si substituents in silyl species M−SiR2X,

43,44 but in a
number of cases, silylenes have been generated from M(SiHR2)
species via Si-to-M αH migration. Bulk of the silylene species
formed via this latter path occur with metals from groups 6
(Mo45 and W46), 8 (Os47), and 9 (Rh48 and Ir49), but Tilley’s
group has reported one example of αH migration with a group
10 metal silyl precursor: abstraction of the Me ligand in
(dippe)PtMe(Si{Mes}2H) (dippe = {i-Pr2PCH2}2, Mes = 2,4,6-
Me3C6H2) by B(C6F5)3 generated the silylene(hydride) species
[(dippe)PtH(Si{Mes}2)]

+.50,51

The above precedents raise the following question: is it
reasonable to expect that the silyl derivatives 1-SiPhH2 and 1-

Scheme 7. Proposed Pathways for Reactions of 2-OSiMe3
with Ph2SiH2

Scheme 8. Proposed Pathways for the Reactions of 2-
OSiMe3 with Ph3SiH

Scheme 9. Proposed Transition States for the Dimerization
of PhSiH3 and Ph2SiH2
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SiPh2H generated in our system lead to Ni−silylene
intermediates via αH migrations? First, it is worth noting that
Ni complexes bearing nonstabilized silylenes of the type
“:SiPh2” or “:SiPhH” that would result from the proposed αH
migrations are unprecedented: to our knowledge, the only
examples of unambiguously characterized Ni(silylene) com-
plexes are based on the so-called stable N-heterocyclic silylenes
that are isolobal to NHC carbenes.52,53 Second, Tilley’s group
has shown that the above-mentioned conversion of the Pt−silyl
to Pt(silylene) requires a Lewis acid generated vacant
coordination site in a 14-electron intermediate; indeed, the
charge-neutral, four-coordinate species (dippe)PtMe(Si-
{Mes}2H) does not convert to a silylene species in the absence
of B(C6F5)3 even when it is heated to 110 °C for 2 weeks.50,54

Finally, a report by Iluc and Hillhouse55 has established that αH
migrations might be difficult with NiII even when it features a
vacant coordination site within a cationic 14-electron
intermediate: one-electron oxidation of the Ni(I) silyl complex
(dtbpe)Ni(Si{Mes}2H) (dtbpe = {t-Bu2PCH2}2) generated
[(dtbpe)Ni(μ−H) (SiAr2)]+ that can be viewed as a protonated
silylene or the arrested form of a αH migration from Si to Ni
induced by the NiI → NiII oxidation. These precedents suggest
that the silyl species generated in our system are unlikely to
lead to the silylene intermediates “(POCOP)Ni(H)(SiR2)”
given that our reactions were conducted in the absence of
Lewis acids and oxidants. Note also that there is no evidence in
the solid structures of 1-SiPhH2 and 1-SiPh2H (vide supra) for
agostic Ni−H interactions that might foretell the predisposition
of these species to αH migrations.
The above arguments against the involvement of silylene

intermediates in our system indicate that a different mechanism
must be operative for the facile redistribution reactions
discussed earlier. Close inspection of the products arising
from redistribution and dimerization reactions initiated by 1-
OSiMe3 gave us a useful clue for answering this question: the
reaction with PhSiH3 gave comparable quantities of the two
types of products ((PhH2Si)2/Ph2SiH2 ≈ 1.2:1.0; Figure S48),
whereas the reaction with Ph2SiH2 favored the Si−Si bond
formation pathway ((Ph2HSi)2/Ph3SiH ≈ 3.0:1.0; Figure S49).
These ratios appear to suggest that steric factors are more
consequential for the redistribution pathway and might indicate
that Si substituents might be in close contact with the Ni
center. The crucial importance of steric factors, originating
from both the Si substituents on the hydrosilane and P
substituent(s) of the pincer ligand, have been clearly
demonstrated by Waterman’s recent report on the competitive
redistribution and dehydrogenative coupling of hydrosilanes.12

The observed impact of hydrosilane sterics in the present
context can be reconciled with a simple mechanistic proposal
that provides an alternative to the silylene pathway alluded to
above. This proposal involves a slightly different σ-bond
metathesis type transition state in which the Ni center interacts
with the silyl end of the approaching hydrosilane (Scheme 10).
Thus, the in situ formed silyl derivatives would react with
phenyl(hydrosilanes) via two different concerted pathways
leading to disilanes via Si−H bond rupture and Si−Si bond
formation (Scheme 9) or redistribution products via Si−C
bond rupture and formation (Scheme 10).

■ CONCLUSIONS
This study has validated our strategy based on using siloxide
precursors to shed light on the complex reactivities of divalent
nickel with hydrosilanes. The detection, at various stages of the

investigated reactions, of Me3SiO- and PhnSi3−nO-containing
disilyl ethers as well as new Ni−siloxide derivatives has revealed
new reaction pathways that might lead to development of new
Ni-promoted synthesis processes. In particular, the proposed 2s
+2s rearrangements occurring between siloxide moieties and
sterically encumbered hydrosilanes or disilyl ethers (without
involving the Ni center) should inspire new synthetic avenues.
The different reactivities promoted by our POCsp

2OP− and
POCsp

3OP−Ni complexes underline the importance of ligand
backbone in favoring one course of reaction over another, in
this case hydrosilane dimerization and redistribution over
dehydrogenative oligo- and polymerization. The evidence
presented above for the involvement of zero-valent Ni species
in reaction settings that lead to polysilanes also implies that the
latter result from stepwise pathways that shuttle Ni0 and NiII

intermediates.56 In contrast, the reactivities of PhnSiH4−n with
divalent hydrido and silyl derivatives lead to dimerization and
redistribution reactions through concerted, constant-oxidation-
state reactions that exchange Ni−X, Si−H, and Si−C bonds.
The subtle balance between these two different outcomes
appears to be governed by two factors: the pincer ligand
backbone and the steric bulk of Si substituents.
Future efforts will be directed toward application of the

observed new reactivities with Ni−siloxide derivatives as well as
testing the generality of these reactivities with analogous
precursors such as Ni−thiolates and Ni−amides.

■ EXPERIMENTAL SECTION
General. All manipulations were carried out under nitrogen using

standard Schlenk procedures and a dry box. Solvents were dried by
passage over molecular sieves contained in MBRAUN systems.
Phenylsilane (Aldrich) was dried over CaH2 and distilled prior to
use; diphenylsilane (Aldrich) was dried over 4 Å molecular sieves.
Triphenylsilane was used without further purification. Literature
procedures were employed to prepare (POCsp

2OP)NiCl (1-Cl)57

and (POCsp
3OP)NiBr (2-Br).10b,c A Bruker AV400rg spectrometer

was used for recording 1H (400 MHz), 31P (161.9 MHz), and 13C
(100.56 MHz) NMR spectra. Unless otherwise specified, the NMR
spectra were recorded at room temperature (ca. 25 °C), and the
chemical shift values are reported in ppm (δ) and referenced internally
to the residual solvent signals (1H: 7.15 and 13C: 128.06 ppm for
C6D6) or externally (31P, H3PO4 in D2O, δ = 0). Coupling constants
are reported in hertz. The elemental analyses were carried out by the
Laboratoire d’Analyze Éleḿentaire, Deṕartement de Chimie, Uni-
versite ́ de Montreál. The GPC analyses were carried out on a Waters
GPC system equipped with a refractive index detector calibrated with
polystyrene standards in THF. Average molecular weights were
calculated relative to those of polystyrene standards.

Synthesis of (POCsp
2OP)Ni(SiPhH2), 1-SiPhH2. To a room-

temperature solution of 1-OSiMe3 (150 mg, 0.307 mmol) in toluene
(20 mL) was added PhSiH3 (376 μL, 3.05 mmol), and the mixture was
stirred at room temperature and the head gas purged occasionally with
pure N2 gas to remove the in situ generated gases. Analysis of the
reaction mixture after 8 days of stirring and purging showed that very
little of Guan’s hydride 1-H was left. Pumping all the volatiles and
extraction of the solid residue with n-haxane (15 mL) gave a yellowish

Scheme 10. Proposed Transition States for the
Redistribution of PhSiH3 and Ph2SiH2
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mixture, which was filtered, concentrated to 0.5 mL, and stored at −40
°C for 1 week to give the target complex as yellow crystals (32 mg,
21%). 1H NMR (δ, C6D6) 1.24 (ps sextet, 3JHH = 6.9, 3JHH = 8.6, vJHP
= 7.4, 24H, PCH(CH3)2), 2.17 (sept, 3JHH = 7.0, 4H, PCH(CH3)2),
4.74 (t, 3JHP = 7.5, 2H, SiH2), 6.83 (d,

3JHH = 7.8, 2H, Ar−H), 7.02 (t,
3JHH = 7.8, 2H, Ar−H), 7.11−7.21 (m, 2H, Ar−H), 7.82 (m, 2H, Ar−
H). 13C{1H } NMR (δ, C6D6) 17.05 (s, 4C, PCH(CH3)2), 18.25 (vt,
vJPC = 2.6, 4C, PCH(CH3)2), 29.12 (vt, vJPC= 13.9, 4C, PCH(CH3)2),
104.65 (t, JPC= 6.3, 2C, Cmeta), 125.66 (s, Ar−C), 129.30 (s, Ar−C),
130.27 (s, Ar−C), 136.27 (s, Ar−C), 142.29 (s, Ar−C), 142.93 (t, JPC
= 15.9, Ar−C), 167.33 (t, JPC = 9.2, 2C, Cortho).

31P{1H} NMR (δ, 25
°C, 162 M, C6D6) 201.30 (s). Anal. Calcd for C24H38O2P2SiNi
(507.28) C, 56.82; H, 7.55. Found: C, 57.35; H, 7.66.
Synthesis of (POCsp

2OP)Ni(SiPh2H), 1-SiPh2H. To a room-
temperature solution of 1-OSiMe3 (120 mg, 0.245 mmol) in toluene
(20 mL) was added Ph2SiH2 (455 μL, 2.45 mmol), and the mixture
was stirred while being heated at 90 °C for 1 week. During this period,
the head gas was purged occasionally with pure N2 gas to remove the
in situ generated volatiles. Evaporation of the final mixture and
extraction of the solid residues with n-hexane (15 mL) followed by
filtration gave a yellow solution, which was concentrated to 1 mL and
stored at −40 °C for 1 week to give a crop of yellowish crystals of the
target complex as well as white crystals identified as Ph3SiH. The
yellowish crystals were carefully separated from the mixture and
recrystallized to give analytically pure samples of the target complex
(44 mg, 25%). 1H NMR (δ, C6D6) 1.02 (dtv, 3JHH = 9.4, vJHP = 7.6,
12H, PCH(CH3)2), 1.11 (dtv, 3JHH = 7.0, vJHP = 7.0, 12H,
PCH(CH3)2), 2.07 (sept, 3JHH = 7.1, 4H, PCH(CH3)2), 5.43 (t, 3JHP
= 12.5, 1H, SiH), 6.84 (d, 3JHH = 7.8, 2H, Ar−H), 7.04 (t, 3JHH = 7.8,
1H, Ar−H), 7.18−7.21 (m, 4H, Ar−H), 7.83 (d, 3JHH = 6.5, 4H, Ar−
H). Note that two H atoms were overlapped by residual solvent
resonances. 13C{1H} NMR (δ, C6D6) 16.84 (s, 4C, PCH(CH3)2),
18.41 (vt, vJPC = 2.3, 4C, PCH(CH3)2), 29.21 (vt, vJPC = 13.6, 4C,
PCH(CH3)2), 104.51 (t, JPC = 6.2, Cmeta), 127.50 (s, Ar−C), 130.35 (s,
Ar−C), 137.12 (s, Ar−C), 142.71 (t, JPC = 14.8), 144.20 (s, Ar−C),
167.30 (t, JPC = 9.0, Cortho).

31P{1H} NMR (δ, C6D6) 199.70 (s). Anal.
Calcd for C30H42O2P2SiNi (583.37) C, 61.76; H, 7.26. Found: C,
62.00; H, 7.40.
Synthesis of (POCsp

3OP)Ni(OSiPh2OSiMe3), 2-OSiPh2OSiMe3.
To a room-temperature solution of 2-OSiMe3 (230 mg, 0.505 mmol,)
in toluene (10 mL) was added dropwise Ph2SiH2 (93 μL, ca. 0.5
mmol), and the mixture stirred at room temperature overnight.
Removal of all volatiles followed by extraction of the solid residues
with n-hexane (15 mL) gave a yellow solution that was concentrated to
0.5 mL and stored at −40 °C for 2 days to give the target complex as
yellow crystals (110 mg, 34%). 1H NMR (δ, C6D6) 0.12 (s, 9H,
SiMe3), 1.21 (dtv, 3JHH = 6.9 and vJHP = 5.9, 6H, PCH(CH3)2), 1.24−
1.32 (m, 12H, PCH(CH3)2), 1.46 (dtv, 3JHH = 9.3 and vJHP = 7.4, 6H,
PCH(CH3)2), 1.83 (sept, 3JHH = 7.2, 2H, PCH(CH3)2), 1.97 (sept,
3JHH = 7.2, 2H, PCH(CH3)2), 2.45 (m, 1H, CH2CHCH2), 3.13 (dd,
3JHH = 9.2, 3JHH = 6.7, 2H, CH2CHCH2), 3.21−3.33 (m, 2H,
CH2CHCH2), 7.19−7.25 (m, 2H, Ar−H), 7.27−7.31 (m, 4H, Ar−H),
7.85−7.88 (m, 4H, Ar−H). 13C{1H} NMR (δ, C6D6) 2.41 (s, 3C,
SiMe3), 16.28 (s, 2C, PCH(CH3)2), 16.99 (s, 2C, PCH(CH3)2), 18.11
(vt, vJPC = 3.8, 2C, PCH(CH3)2), 19.00 (vt, vJPC = 3.4, 2C,
PCH(CH3)2), 27.59 (vt, vJPC = 11.5, 2C, PCH(CH3)2), 28.50 (vt,
vJPC = 9.3, 2C, PCH(CH3)2), 42.80 (t, JPC = 13.5, 1C, CH−Ni), 76.60
(vt, vJPC = 7.8, 2C CH2CHCH2), 127.24 (s, Ar−C), 135.23 (s, Ar−C),
142.77 (s, Ar−C). 31P{1H} NMR (C6D6) 176.77 (s). Anal. Calcd for
C30H52O4P2Si2Ni (653.54) C, 55.13; H, 8.02. Found: C, 54.79; H,
8.26.
NMR Monitoring of Reaction of 2-OSiMe3 with PhSiH3. A

PTFE-capped NMR tube was charged with 2-OSiMe3 (9 mg, 0.02
mmol) and 0.7 mL of toluene-d8, and the mixture was cooled to −70
°C. Excess PhSiH3 (17 mg, 0.016 mmol) was added at this
temperature, and the NMR tube was promptly transferred into the
precooled probe of the NMR instrument. 1H and 31P NMR spectra
were recorded over ca. 10 min before warming the sample to ca. −55
°C, recording new spectra, and repeating this process at 15 °C

intervals. The overall observations of this experiment are described in
the Results and Discussion section. Provided here are partial data for
the tentatively identified products generated in situ. (POCsp

3OP)Ni-
(H), 2-H: 1H NMR (δ, −70 °C, 500 M, C7D8) −9.06 (t, JHP = 57.3,
1H, NiH), 1.16−1.26 (m, 24H, PCH(CH3)2), 1.90 (sept, JHH = 6.8,
2H, PCH(CH3)2), 2.00 (sept, JHH = 6.7, 2H, PCH(CH3)2), 2.84 (m,
1H, JHH = 9.3, CH2CHCH2), 3.37 (m, 0.5H, CH2CHCH2), 3.37 (dd,
JHH = 11.7, JHH = 8.9, 2H, CH2CHCH2), 3.85 (m, 0.5H, CH2CHCH2),
4.39 (m, 0.5H, CH2CHCH2), 4.65 (m, 0.5H, CH2CHCH2).

31P{1H}
NMR (δ, −70 °C, 202 M, C7D8) 200.44 (s). PhSiH2OSiMe3:

1H
NMR (δ, −70 °C, 500 M, C7D8) 0.11 (s, 9H, Si(CH)3)3), 5.42 (2H,
SiH2). (POCsp

3OP)NiOSiR3, 2-OSiR3 (species C):
31P{1H} NMR (δ,

25 °C, 202 M, C7D8) 177.6 (s). For 1H NMR, see Figure S41.
General Procedure for Polymerization of PhSiH3. Working

inside a glovebox and at room temperature, 200 equiv of PhSiH3 was
added to a Schlenk flask containing 2-OSiMe3 (12 mg, 0.026 mmol)
either in solid form (neat reaction) or as a concentrated solution in
C6H6 (1 mL). Vigorous effervescence was observed upon mixing. The
reaction vessel was sealed with a septum, brought out of the glovebox,
and connected to a double-manifold Schlenk line. With the reaction
vessel under positive pressure of nitrogen, a small syringe needle was
installed on the septum to remove volatiles in the head gas. The
mixture was stirred at room temperature with occasional purging of
the head gas overnight, and the solid products that formed in the
vessel were isolated as follows: dry THF (3 mL) was added to the
mixture and stirred for 3 h before concentrating under vacuum. After
all volatiles were removed, hexane (10 mL) and acetonitrile (5 mL)
were sequentially added to wash the solid residues. This procedure
gave a white solid, which was dried overnight under vacuum and
identified as cross-linked poly(phenylsilane) (ca. 60−70% yield).

Phenylsilane Oligomerization/Polymerization Test Medi-
ated by the Combination of POCsp

3HOP and Ni(COD)2. Addition
of 10 equiv of POCsp

3HOP ligand (310 mg, 1 mmol) to an NMR tube
containing Ni(COD)2 (28 mg, 0.1 mmol) turned the original yellow
color of Ni(COD)2 to red. This sample was allowed to stand for 1 day;
then, PhSiH3 (430 mg, ca. 4 mmol) was added, which generated a
vigorous evolution of gas upon contact. NMR monitoring of the
sample showed a broad Si−H resonance at 4.5−4.8 ppm, indicating
the formation of (SiPhH)n.
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