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over Ether C-O Bond Cleavage
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The phosphine-substituted a-diimine Ni precursor, (P"?*PDI)Ni, has been found to catalyze alkene hydrosilylation in the
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presence of Ph,SiH> with turnover frequencies of up to 124 h* at 25 °C (990 h* at 60 °C). Moreover, the selective

hydrosilylation of allylic and vinylic ethers has been demonstrated, even though (P"2?P"DI)Ni is known to catalyze allyl ester

C-0O bond hydrosilylation. At 70 °C, this catalyst has been found to mediate the hydrosilylation of ten different gem-olefins,

with turnover numbers of up to 740 under neat conditions. Prior and current mechanistic observations suggest that alkene

hydrosilylation takes place though a Chalk-Harrod mechanism following phosphine donor dissociation.

Introduction

In addition to being valuable reagents in organic synthesis,®
alkylsilane compounds form the backbone of the silicone, cosmetics,
and coatings industries.? Alkylsilane monomers and polymers have
long been synthesized using precious metal hydrosilylation catalysts,
most notably Speier’s3 and Karstedt’s* Pt-based precursors. While
the efficiency of these catalysts promotes their continued utilization,
the cost and toxicity concerns associated with precious metal
reagents have provided motivation to develop more sustainable
alternatives.> Owing to their natural abundance and low toxicity,
recent efforts have focused on the development of alkene
hydrosilylation catalysts that feature Mn,® Fe,” and Co® metal centres.

Being in the same group as Pt, Ni has long been considered a
promising metal for this transformation.® Notable Ni catalysts for
Markovnikov-selective alkene hydrosilylation include indenyl
precatalysts having the general formula, (R-Ind)NiCI(PPhs),%0 as well
as [(allyl)Ni(NHC)][BArF,4], which has been found to catalyse alkene
hydrosilylation with turnover frequencies (TOFs) of up to 25 h-l at 60
°C.11 Reports describing anti-Markovnikov product selectivity are
somewhat more common. In 2012, Kuznetsov and Gevorgyan
reported that (PPhs);NiBr; catalyses the hydrosilylation of styrenes
using Ph,SiH, with modest TOF at 80 °C (up to 8 h'1).12 Lipschutz and
Tilley employed Ni[N(SiMes)(DIPP)], (Figure 1, A) to hydrosilylate 1-
octene with Ph,SiH, (TOFs of up to 24.7 h-1),13 while Shimada and co-
workers utilized (salicylaldiminato)NiCH; complexes (Figure 1, B) and
secondary silanes to convert internal and a-olefins to linear
alkylsilanes at ambient temperature.l* The Shimada group has also
demonstrated efficient alkene hydrosilylation at room temperature
using in situ activated (acac),Ni compounds?®> and cationic Ni allyl
catalysts (Figure 1, €).1617 To date, the most efficient Ni catalyst for
alkene hydrosilylation is (MeN;N)Ni(OMe) (Figure 1, D), which has
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been found to convert 1-octene to Ph,SiH(octyl) within 3 min at
ambient temperature, allowing for TOFs of up to 83,000 h-1.18 The Hu
group subsequently demonstrated that in situ generated Ni
nanoparticles catalyse the ambient temperature hydrosilylation of
alkenes in the presence of Ph,SiH, or tertiary silanes.?®
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Figure 1. Leading Ni catalysts for anti-Markovnikov alkene hydrosilylation.

The utilization of redox active supporting ligands has also aided Ni
hydrosilylation catalysis. In 2013, we described the synthesis and
characterization of an a-diimine (DI) Ni compound, (P"2PP'DI)Ni
(Scheme 1, 1),20 which features a Ni(l) center that is
antiferromagnetically coupled to a chelate radical monoanion. At
that time, we found that 5.0 mol% 1 catalyses the hydrosilylation of
phenylacetylene, cyclohexanone, and diisopropyl ketone using
PhSiH3 over the course of 24 h at ambient temperature. Earlier this
year, we reported an expanded aldehyde and ketone hydrosilylation
scope for 1 that includes substrates featuring halogen, ether, and
nitrile substitution.2! Interestingly, when attempts were made to
hydrosilylate allylic esters using PhSiH3 and 1, we identified an
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efficient ester C-O bond cleavage pathway that produces propylene
and the corresponding tricarboxysilane with TOFs of up to 990 h1 at
25 °C.21 Following our 2013 report, redox active ligands were used by
other research groups for Ni-mediated alkene hydrosilylation. In
2015, Steiman and Uyeda described a dimetallic Ni catalyst featuring
a redox active naphthyridene-based ligand that is active for 1-octene
and styrene hydrosilylation using Ph,SiH,.22 Chirik and co-workers
subsequently found that the in situ generated compound, [(%¢
iPr2PhD[)NiH], (Figure 1, E), hydrosilylates 1-octene with TOFs of up to
166 h1 at 40 °C (up to 33 h'1 at 23 °C).2 Earlier this year, the groups
of Adhikari and Mandal reported that the bis(phenalenyl) complex,
(PLY),Ni(THF),, undergoes successive ligand-based reduction events
to generate a dianionic species that is believed to mediate alkene
hydrosilylation through a radical pathway.?* In this contribution, we
expand upon these results by utilizing 1 for the selective
hydrosilylation of a-olefins over ether C-O bonds and the
hydrosilylation of gem-olefins at extended reaction times.
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Scheme 1. Hydrosilylation of phenylacetylene,?® aldehydes,?* ketones,?* and
allyl esters?! using 1.

Results and discussion
Alkene Hydrosilylation

To commence this study, allyl phenyl ether was combined with a
stoichiometric quantity of PhSiH3 and 1.0 mol% 1 in benzene-ds for
24 h. The evolution of propylene was observed along with the
formation of PhSiH,(OPh) and PhSiH(OPh), by 'H NMR spectroscopy
(Scheme 2), indicating that partial C-O bond hydrosilylation had
occurred. However, in contrast to our previous work with allyl
esters,2! an additional product identified as PhSiH,(PrOPh) was
observed, indicating that 1 can catalyze the anti-Markovnikov
hydrosilylation of terminal alkenes.
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39% Conv.
O 1.0 mol% 1
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CeDg
25°C, 24 h

Scheme 2. Products of allyl phenyl ether hydrosilylation due to competing
alkene hydrosilylation and deallylation.
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Given the complicated product mixture obtained following allyl
phenyl ether reduction, we initially sought to optimize the conditions
for simple a-olefin hydrosilylation. Combining an equimolar solution
of 1-hexene and PhSiH; in benzene-ds with 1.0 mol% 1 resulted in
minimal conversion (11%) at ambient temperature within 24 h.
Seeking to identify a more efficient silane reductant, we screened a
variety of secondary [(TMSO),SiH,, (EtoN),SiH,, EtSiHy, PraSiH,
'Bu,SiH,, Ph,SiH,] and tertiary silanes [(EtO)sSiH, Ph(EtO),SiH,
Me(EtO),SiH, Me(EtO)SiH, Mex(Ph)SiH, Me(Ph),SiH, PhsSiH, EtsSiH,
iPr3SiH], finding that (TMSO),SiH, and Et,SiH, allowed for 56% and
21% 1-hexene hydrosilylation, respectively, under these conditions.
Although the tertiary silanes were not effective, the use of Ph,SiH,
resulted in greater than 99% conversion of 1-hexene to Ph,SiH(hexyl)
(Table 1, a, TOF = 4.1 h'1). Alternatively, heating to 60 °C allowed for
complete 1-hexene hydrosilylation within 1 h (TOF = 99 h) and no
side product formation was observed. To determine the limit of 1-
catalyzed a-olefin hydrosilylation activity, the catalyst loading was
first lowered to 0.1 mol%, which afforded complete conversion after
either 24 h at 25 °C (TOF = 41 h?) or 1 h at 60 °C (TOF = 990 h-%).
Lowering the loading of 1 to 0.01 mol% allowed for 89% 1-hexene
hydrosilylation after 72 h at 25 °C (TOF = 124 h-1, TON = 8,900) and
58% conversion after 6 h at 60 °C (TOF =967 h).

Table 1. Hydrosilylation of terminal alkenes using Ph,SiHz2 and 1.0 mol% 1 at
25 oc_a,b

1.0 1% 1 i
R/\ +  Ph,SiH, C"ng % R/\/SIHF‘h2
6Do
25°C,24h
" b .

\/\/\/SlHPh2 SiHPh,

a >99 (79)

>99% conv. (82% isol.)
>99 (92)0 /\/\/\/\/\C/\/SiHth
89d
>99 (87)

| SiHPh,
/s|\/\/s|HPh2 SiHPh,
>99 (81) >99 (86) >99 (78)
SiHPh, SiHPh, SiHPh,
©/g\/ /@/h\/ /©/|\/
>99 (85)° F >99 (71)° al >99 (48)°
SiHPh, SiHPh,
/@/j\/
>99 (92)°

2Percent conversion determined by 'H NMR spectroscopy. °lsolated yields in
parentheses (spectroscopic analysis provided in the ESI). °Neat conditions
using 0.1 mol% 1. YNeat conditions using 0.01 mol% 1 after 72 h. °Trial
completed in 3 h at 60 °C.

k

>99 (75)°

With optimized conditions in hand, we sought to broaden the
scope of terminal alkene hydrosilylation (Table 1). Sterically
unencumbered alkenes including 4-methyl-1-pentene, 1-tridecene,
allyltrimethylsilane, and allylbenzene were fully hydrosilylated within
24 h using 1.0 mol% 1 (b-d, f). At this loading, the same substrates
were hydrosilylated upon heating to 60 °C for 1 h. Although complete
conversion was also noted for vinylcyclohexane (e), the sterically
bulky vinyltrimethylsilane was left untouched after 24 h at 25 °Cor 1
h at 60 °C. Moreover, halogen functionalized alkenes including
3,3,4,4,5,5,6,6,6-nonafluoro-1-hexene, 6-chloro-1-hexene, and 6-
bromo-1-hexene were not hydrosilylated, possibly due to catalyst
deactivation. Styrenes were not efficiently hydrosilylated by 1 at
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ambient temperature; however, heating to 60 °C for 3 h afforded the
linear tertiary silane product in modest to good yield (g-k).

Armed with a better understanding of the alkene hydrosilylation
activity of 1, we returned to investigating the reduction of
unsaturated ethers. Mixing allyl phenyl ether with Ph,SiH, and 1.0
mol% 1 in benzene-ds yielded a mixture of Ph,SiH(PrOPh) and
Ph,Si(OPh), after 24 h at ambient temperature. However, alkyl-
substituted allyl and vinyl ethers were smoothly converted to alkyl
silane products after 24 h at 25 °C (Table 2, I-s) or 1 h at 60 °C.
Notably, the epoxide functionality of allyl glycidyl ether remained
intact following hydrosilylation, even at 60 °C. The formation of p is
noteworthy since the epoxide moiety can allow for further
functionalization. The ability of 1 to hydrosilylate vinyl phenyl ether,
vinyl isobutyl ether, and vinyl acetate was also investigated. No C-O
bond hydrosilylation was noted for the ethers (r-s), while minimal C-
O cleavage was observed during vinyl acetate hydrosilylation (t is the
major product).

Table 2. Hydrosilylation of allyl ethers, vinyl ethers, and vinyl acetate using
Ph2SiH; and 1.0 mol% 1 at 25 °C.2P

o 1.0mol% 1 SiHPh,
ROCH) N+ PhSit, cD. ~ ROCH)Y
n=01 25°C,24h
Br
o SiHPh, o SiHPh,
>99% conv. (84% isol.) 99 (65)
O _~_SiHPh O~ SiHPh,
n o
>99 (63) >99 (74)
o .
[ O~ SHPR O _~_-SHPh,
p
>99 (78) 99 (88)
o siHPh,
L 2
r\/\SiHth o/s\/ )1\ S,
0" ¢
>99 (74) >99 (76) 86 (-)

2Percent conversion determined by *H NMR spectroscopy. *lsolated yields in
parentheses (spectroscopic analysis provided in the SI).

It should be emphasized that it is notoriously difficult to selectively
hydrosilylate the alkene functionality of allylic ethers using common
Pt hydrosilylation catalysts, as competing C-O cleavage and alkene
isomerization are observed.?> This tendency to undergo both alkene
hydrosilylation and C-O hydrosilylation has limited the overall utility
of allyl ethers for the preparation of y-substituted propylsilanes,
which are used on an industrial scale to prepare silicone polymers,
oils, and resins.>@ The results in Table 2 are impactful since they
suggest that Ni catalysts hold promise for the preparation of high-
performance silicones that require the hydrosilylation of non-
carboxylate allylic substrates.

After elucidating the scope of terminal olefin hydrosilylation, we
turned our attention to disubstituted alkenes. Although 1 was
incapable of mediating cyclohexene hydrosilylation, 23%
a-methylstyrene conversion to Ph,SiH(CH,CH(CHs)Ph) was observed
after 24 h at 60 °C using a 1.0 mol% catalyst loading. Heating for an
additional 4 d allowed for 60% conversion but coupled silane
products were also observed.2® Repeating this trial at 90 °C resulted
in 87% conversion after 24 h; however, extending the time frame did
not result in additional substrate consumption, despite unreacted
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Ph,SiH, remaining. Moreover, this elevated temperature also
increased the formation of coupled silanes and afforded small
amounts of the quaternary silane and Markovnikov addition
products. There was minimal evidence for coupled silane formation
during the terminal olefin trials in Table 1; however, this competing
reaction pathway was anticipated since it was observed during prior
ketone hydrosilylation trials.?!

Fortunately, complete a-methylstyrene hydrosilylation was
achieved in the presence of 1.25 equivalents of Ph,SiH, and 1.0 mol%
1 after 7 d at 70 °C (Table 3, u). To determine the limit of 1-catalyzed
gem-olefin  hydrosilylation  activity, a neat mixture of
a-methylstyrene and Ph,SiH, containing 0.1 mol% 1 was heated to
70 °C for 7 d, after which time 74% conversion was observed (TOF =
4.4 hl, TON = 740). Five additional a-methylstyrenes were
hydrosilylated using 1 and the racemic anti-Markovnikov silane
products were isolated in good yield (Table 3, v-z). Primary alkylsilane
products derived from 2-methyl-1-octene (aa), D-limonene (bb), and
methyl methacrylate (cc) were also obtained, demonstrating
selectivity for gem-olefin hydrosilylation over cyclic olefin and ester
reduction. In contrast, the sterically hindered substrate 1,1-diphenyl
ethene was only 38% hydrosilylated after 7 d at 70 °C (dd), while 1,1-
dicylohexyl ethene proved unreactive (ee). The hydrosilylation of 4-
chloro-a-methylstyrene is also of interest. While the intended
alkylsilane was observed (w), dechlorinated alkylsilane was found to
be the primary product (a 3:2 ratio of dechlorinated:chlorinated
alkylsilanes was obtained, see Figure S71). To confirm that 1 is active
for arene hydrosilylation, the dehalogenation of chlorobenzene was
performed and 67% conversion to benzene and Ph,SiHCI?? was
observed after 7 d at 70 °C in toluene-ds.

Table 3. Hydrosilylation of gem-olefins using Ph,SiH2 and 1.0 mol% 1 at 70

°C_a,b
SiHPh,
1.4 1% 1
+ 125PhSH, —omA%l_
. CeDe
R R 70°C,7d R R
: SiHPh, /@/(SHPh /@/(SHPM
>99% conv. (85% isol.) >99 (91)
3 2 u w
>99 (98) >99 (85) >99 (60)
SiHPh,
\/\/\/§\/3'th2 (

SiHPh, SiHPh,

opolone

2Percent conversion determined by 'H NMR spectroscopy. Plsolated yields in
parentheses (spectroscopic analysis provided in the SI).

>99 (78) >99 (76)

)%

09 (64) SHPh,

J. Name., 2013, 00, 1-3 | 3



Outside of Table 3, literature examples of nickel catalyzed gem-
olefin hydrosilylation are limited. In 1976, Kumada and co-workers
reported low vyields and optical purity for asymmetric
a-methylstyrene, 2,3-dimethyl-1-butene, and 2-methyl-1-butene
hydrosilylation using [(R)-(PhCH2)MePhP];NiCl,.28 Hu and co-workers
found that 1.0 mol% (MeN,N)Ni(OMe) (Figure 1, D) mediates 2-
methyl-1-heptene and a-methylstyrene hydrosilylation using Ph,SiH;
after 6 h at ambient temperature (TOF = 16.5 h'1).18 This group also
reported that Ni nanoparticles allow for 60% a-methylstyrene
hydrosilylation after 4 h at ambient temperature.l® Two of Puerta
and Valerga’s (NHC)Ni(allyl) catalysts were found to mediate a-
methylstyrene hydrosilylation at 60 °C; however, yields below 35%
were obtained in both cases.!! Although 1 exhibits lower alkene
hydrosilylation TOFs than (MeN,N)Ni(OMe), this report demonstrates
for the first time a substantive scope for Ni-catalyzed gem-olefin
hydrosilylation. Additionally, the a-methylstyrene hydrosilylation
TON of 740 determined for 1 is believed to be the highest reported
for Ni catalyzed gem-olefin hydrosilylation.

Past and Current Mechanistic Insight

Earlier this year, we determined that 1 catalyzes carbonyl
hydrosilylation through a modified Ojima mechanism, whereby
PhSiH3 oxidative addition is followed by carbonyl insertion and Si-O
reductive elimination.?! Experiments showing that exogenous PMes
inhibits carbonyl hydrosilylation were also consistent with phosphine
donor arm dissociation during catalysis. Importantly, it was also
found that adding 100 equiv. of PhSiH; to 1 in the absence of
substrate resulted in partial silane coupling, even at ambient
temperature (35% conversion after 24 h).21

As part of this contribution, we sought to identify the active Ni
species, initially by monitoring dehydrogenative PhSiH3 coupling in
the absence of alkene by 3P NMR spectroscopy. After 24 h at 25 °C,
1 remained along with several minor resonances that in aggregate
account for ~5% of the Ni compounds present (Figure $92). Similarly,
adding 100 equiv. of Ph,SiH; to 1 in the absence of alkene produced
two very minor resonances at 20.64 and 16.68 ppm after 24 h at 25
°C (Figure S93), which are believed to be intermediates of silane
coupling. Interestingly, following 1-hexene hydrosilylation using
Ph,SiH, and 1.0 mol% 1 by 3P NMR spectroscopy revealed that only
1is present after 1 or 5 h. However, following the completion of 1-
hexene hydrosilylation, a small peak was again observed at 20.64
ppm (Figure S94). No reaction was observed between 1 and 1-hexene

after 24 h at 25 °C.
////PPh2

N .

m = SiHPh,

PPh2 I \Ni/
L) "

thHS|
H

R(H)

Ph,SiH,

. \\\\ R
PPh,

Scheme 3. Chalk-Harrod mechanism for 1-mediated alkene hydrosilylation.
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Given these experiments and our prior evaluation of 1-catalyzed
carbonyl hydrosilylation,?! we propose that Si-H oxidative addition
results in the formation of intermediate A (Scheme 3). Once formed,
an incoming alkene can coordinate to A and insert into the Ni-H bond
to generate B (Scheme 3). We have found that the insertion of
sterically demanding olefins such as 1,1-diphenylethene (dd) is slow,
leading to increased formation of coupled silane (via o-bond
metathesis between the Ni-H of A and an additional Si-H equivalent).
Slow alkene insertion to generate B also accounts for the observed
dechlorination of 4-chloro-a-methylstyrene (w), since o-bond
metathesis between the Ni-H of A and C-Cl becomes competitive.
Substrates that undergo fast insertion into the Ni-H bond of A,
including 4-chlorostyrene (i), 4-chlorobenzaldehyde,?® and 4-
chloroacetophenone,?! are not dechlorinated in the presence of
silane reductant. Once insertion takes place and intermediate B is
formed, reductive elimination leads to product formation and
regeneration of the catalyst resting state, 1 (catalyst 1 is always
observed by 3P NMR spectroscopy throughout the course of
catalysis — intermediates A and B cannot be observed). The two
electron pathway in Scheme 3 is largely consistent with the alkene
hydrosilylation mechanism popularized by Chalk and Harrod;%®
however, the redox activity and phosphine co-donors of Ph2PPrp|
serve to stabilize 1, allowing it to remain active for up to 7 d at 70 °C.

Conclusions

In summary, we have determined that 1 is an efficient catalyst for
the hydrosilylation of primary and gem-olefins using Ph,SiH,. For
primary olefins, TOFs of up to 124 h'! have been achieved at 25 °C,
while heating to 60 °C allowed for maximal TOFs of up to 990 h-.
Furthermore, selectivity for alkene hydrosilylation over ether C-O
bond cleavage was demonstrated, which differs from our prior
report of 1-catalyzed allyl ester C-O bond cleavage. The observation
of a broad gem-olefin hydrosilylation scope indicates that it should
be possible to develop effective Ni catalysts for the asymmetric
hydrosilylation of prochiral olefins. Furthermore, by employing a
redox-active ligand that takes advantage of the chelate effect to
stabilize catalyst resting state 1, TONs of up to 8,900 and 740 have
been demonstrated for a-olefin and gem-olefin hydrosilylation,
respectively.

Experimental

General Considerations

All reactions were carried out inside an MBraun glovebox
under an atmosphere of purified nitrogen. 1-Hexene, o-
methylstyrene, 4-methylstyrene, D-limonene, phenylsilane,
diphenylsilane, methyltriphenylphosphonium bromide,
potassium tert-butoxide, 4-fluoroacetophenone, 4-
methylacetophenone, allyl trimethylsilane, vinyl
trimethylsilane, allyl phenyl ether, 2-octanone, 6-chloro-1-
hexene, 6-bromo-1-hexene, and trimethylsilylchloride were
purchased from Oakwood. Diethylsilane, 1,1,1,5,5,5-
hexamethyltrisiloxane, and all other silanes were obtained from
Gelest. Allyl benzene, 1-tridecene, cyclohexene, 4-
chloroacetophenone, benzophenone, allyl methyl ether, allyl
ethyl ether, 4-fluorostyrene, 4-chlorostyrene, vinyl phenyl
ether, chlorobenzene, and diethyl ether were purchased from
Sigma Aldrich. Allyl glycidyl ether, 4-methoxyacetophenone,
N,N-dimethylaminoacetophenone, dicyclohexylketone, vinyl
acetate, methyl methacrylate, styrene, 4-tert-butylstyrene,
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vinyl isobutyl ether, 3,3,4,4,5,5,6,6,6-nonafluoro-1-hexene, and
4-methyl-1-pentene were purchased from TCI. Allyl benzyl
ether, allyl (2-bromophenyl)methyl ether, and vinyl
cyclohexane were purchased from Santa Cruz. Allyl alcohol was
obtained from Alfa Aesar. Benzene-ds was purchased from
Oakwood and dried over 4 A molecular sieves and potassium
prior to use. (PP2PPDI)Ni (1),2° allyl trimethylsilyl ether,30 4-
fluoro-a-methylstyrene, 4-chloro-a-methylstyrene, 4,a-
dimethylstyrene, 4-methoxy-a-methylstyrene, 4-(N,N-
dimethylamino)-a-methylstyrene, 1,1-diphenylethene,  2-
methyloctene, and 1,1-dicyclohexylethene were synthesized
using literature methods.3! Liquid substrates were dried over 4
A molecular sieves, solid substrates were recrystallized from
diethyl ether, and all were stored at -35 °C prior to use.

Solution H nuclear magnetic resonance (NMR) spectra were
recorded at room temperature on a Bruker 400, Varian 400, or
Varian 500 MHz NMR spectrometer. All 1H and 3C NMR
chemical shifts (ppm) are reported relative to Si(CHs)4 using 1H
(residual) and 13C chemical shifts of the solvent as secondary
standards. 29Si NMR chemical shifts are reported relative to
Si(CHs)s as an external reference. DEPT135 2°Si NMR data was
collected using a one bond coupling constant of 260 Hz.

General Procedure for Primary Alkene Hydrosilylation at 25 °C.
Under an inert atmosphere, the primary alkene (approx. 0.42
mmol) and Ph,SiH; (approx. 0.42 mmol) were added to a vial
containing 1 (approx. 0.0042 mmol) dissolved in 0.6 mL of
benzene-ds. The resulting red solution was then transferred into
J. Young NMR tube. After 24 h, greater than 99% conversion was
observed via IH NMR spectroscopy. The reaction was then
exposed to air to deactivate the catalyst, filtered through Celite,
and volatile compounds were removed under reduced
pressure. Diphenyl alkyl silanes were isolated and characterized
via 'H and 13C NMR spectroscopy.

General Procedure for Primary Alkene Hydrosilylation at 60 °C.
Under an inert atmosphere, the primary alkene (approx. 0.42
mmol) and Ph,SiH; (approx. 0.42 mmol) were added to a vial
containing 1 (approx. 0.0042 mmol) dissolved in 0.6 mL of
benzene-ds. The resulting red solution was then transferred into
aJ. Young NMR tube and heated to 60 °C. After 1 h, greater than
99% conversion was observed via 'H NMR spectroscopy. The
reaction was then exposed to air to deactivate the catalyst,
filtered through Celite, and volatile compounds were removed
under reduced pressure. Diphenyl alkyl silanes were isolated
and characterized via 'H and 3C NMR spectroscopy.

General Procedure for Styrene Hydrosilylation at 60 °C. Under
an inert atmosphere, the styrene (approx. 0.45 mmol) and
Ph,SiH; (approx. 0.045 mmol) were added to a vial containing 1
(approx. 0.0045 mmol) dissolved in 0.6 mL of benzene-ds. The
resulting red solution was then transferred into a J. Young NMR
tube and heated to 60 °C. After 3 h, greater than 99%
conversion was observed via 'H NMR spectroscopy. The
reaction was then exposed to air to deactivate the catalyst,
filtered through Celite, and volatile compounds were removed
under reduced pressure. Diphenyl alkyl silanes were isolated
and characterized via 'H and 13C NMR spectroscopy.

General Procedure for Gem-Alkene Hydrosilylation at 70 °C.
Under an inert atmosphere, the gem-alkene (approx. 0.54
mmol) and Ph,SiH; (approx. 0.67 mmol) were added to a vial
containing 1 (approx. 0.0054 mmol) dissolved in 0.6 mL of
benzene-ds. The resulting red solution was then transferred into
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aJ. Young NMR tube and heated to 70 °C. After 7 d, greater than
99% conversion was observed via H NMR spectroscopy. The
reaction was then exposed to air to deactivate the catalyst,
filtered through Celite, and volatile compounds were removed
under reduced pressure. Diphenyl alkyl silanes were isolated
and characterized via 'H and 13C NMR spectroscopy.
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