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Grignard Reagents as Simple Precatalysts for the Dehydrocoupling 
of Amines and Silanes
Claire E. Bushey,a Diego R. Javier-Jiménez,a Matthew B. Reuter,a and Rory Watermana,*

Methyl magnesium bromide is a precatalyst for the dehydrocoupling of silanes and amines to produce aminosilane products 
under mild conditions. As a commercially available Grignard reagent, this precatalyst represents a simplification over 
previous magnesium-containing catalysts for Si–N bond formation while displaying similar activity to other magnesium-
based catalysts. This observation is consistent with the hypothesis that competitive Schlenk equilibrium can be addressed 
by not using an ancillary ligand. While the activity of MeMgBr is lower than some reported catalysts, including other 
commercially available precatalysts, unique selectivity was observed for MeMgBr that may allow for directed synthesis of 
aminosilane products. This work continues to increase the accessibility of Si–N heterodehydrocoupling through a growing 
family of commercially available precatalysts that balance activity and selectivity. 

Introduction
Silicon–nitrogen (i.e., Si–N) heterodehydrocoupling is a facile 
way to produce aminosilanes that play an important role as 
materials precursors for both chemical vapor deposition and 
ceramics.1,2 Further application of aminosilanes and silylamines 
include uses as ligands, silylating agents, and protecting 
groups.3-5 While many of these compound are made by 
stoichiometric dehydrohalogenation, heterodehydrocoupling 
has become an attractive route in comparison to stoichiometric 
processes due to the high atom economy and limited waste 
produced as a result of the catalytic reaction. The hydrogen gas 
formed in dehydrocoupling is an environmentally benign and 
non-toxic byproduct, which simultaneously simplifies product 
purification and provides a driving thermodynamic force for the 
desired transformation.6 Hydrogen is a key commodity 
chemical, and an economy of dehydrocoupling and hydrogen 
collection is an attractive idea, more so than disposing of salt 
waste. It is important to underscore that the generation of gas 
in a reaction, and hydrogen gas in particular, represents 
particular risks. Appropriate caution and controls are needed. 

In recent years, Si–N dehydrocoupling has been explored 
with a wide range of compounds across the periodic table.7-13 
That approach has yielded highly active precatalysts including 
the barium compound Ba[CH(SiMe3)2]2(THF)3, which has 
reported TOF up to 3600 h-1 and the platinum(II) compound 
[Pt(ItBu’)(ItBu)][BArF

4] (ItBu = 1,3-di-tert-butylimidazolylidene; 
ItBu’ = cyclometalated ItBu; BArF

4 = B(3,5-CF3)2C6H3)4
–).14,15 

Notably, [Pt(ItBu’)(ItBu)][BArF
4] not only has part-per-million 

catalyst loading allowing for high TON and TOF values but also 

demonstrates good selectivity for the less activated 
aminosilane products, with conversions greater than 90%.15 
This feature,  selectivity for the less activated aminosilane 
product, was also identified with amido calcium(II) compounds 
supported by Schiff base ligands, albeit with more modest 
activity than measured for [Pt(ItBu’)(ItBu)][BArF

4].16

These and related successes in identifying active 
precatalysts for Si–N bond formation have created new 
challenges for this transformation. In particular, there is now a 
drive to consider the selectivity of products when multiple Si–H 
and N–H bonds are available, which would require catalysts that 
are not necessarily the most active for the dehydrocoupling of 
these substrates.9,10 The second challenge is the discovery of a 
‘second’ generation of catalysts that are more accessible to 
researchers who may use this transformation infrequently. For 
those teams, catalysts that are simple, readily available, and 
inexpensive are ideal. We have sought to address this particular 
challenge through exploration of candidate precatalysts that 
are commercially available and routine reagents in many 
synthetic chemistry and materials laboratories, an effort that 
has yield some success with active precatalysts.17,18 Armed with 
these initial hits and facing the challenge of selectivity, we 
continued to explore of precatalyst candidates with the same 
governing aims of ease of access and abundance. 

Magnesium compounds are established precatalysts for this 
transformation, and these are known as molecular compounds 
with various ancillary ligands. These compounds include 
ToMMgMe (ToM = tris(4,4-dimethyl-2-oxazoliny)phenylborate), 
IMesMg(Mes)[N(SiMe3)2], magnesocenophanes, and ansa-half-
sandwich magnesium complexes and have been shown to be 
active catalysts with some selectivity in Si–N 
heterodehydrocoupling reactions.19-22 For example, 
IMesMg(Mes)[N(SiMe3)2] gave between 80–100% product 
conversion for both primary and secondary silanes with a 
variety of amines, though high heating was required depending 
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on the substrates used.22 Good selectivity was demonstrated 
both by the tendency to form the less substituted aminosilane 
and the rarity of mixtures of different products. Similarly, 
ToMMgMe gave high product conversion for most substrates, 
and the detailed mechanistic study of this catalyst greatly 
informs understanding of most Si–N dehydrocoupling 
catalysts.21 Furthermore, selectivity for specific aminosilane 
products was high for this catalyst although specific adjustment 
of the silane to amine ratio was required.21 
Magnesocenophanes were less consistent in reactivity with 
variable activity and selectivity depending on both the 
substrates and catalyst ligands.20 Ansa-half-sandwich 
magnesium complexes, in comparison, gave exclusively the 
mono(aminosilane) product with modest to high activity 
depending on the substrates.19

Recognizing the value of these contributions with 
magnesium compounds, we have returned to this metal with 
two hypotheses. First, promoting heterodehydrocoupling over 
other methodologies to prepare Si–N bonds in chemical and 
materials synthesis requires a library of accessible catalysts, and 
simple organomagnesium compounds (i.e., Grignards) are ideal 
candidates as readily available examples. Second, the Schlenk 
equilibrium will undercut most efforts to use traditional ligands 
on group 2 metals, which indicates that precatalysts with no 
designer ligands are likely to exhibit similar activity to those 
with ligands.23,24 This issue was partially addressed by Hill and 
coworkers examining Mg[N(SiMe3)2]2 as a precatalyst for this 
transformation, demonstrating success and providing 
motivation for this work.25 In this study, we partially address 
both hypotheses through an investigation of MeMgBr, a 
representative Grignard reagent, as precatalyst for the 
heterodehydrocoupling of amines and silanes. While MeMgBr 
is modestly active for Si–N dehydrocoupling, demonstrating 
comparable activity to previous reports, the increased 
selectivity to the less substituted aminosilane products were 
observed with MeMgBr allowing access to products previously 
inaccessible through other commercially available 
precatalysts.17,18

Results and Discussion
This study focuses on methyl magnesium bromide 

(MeMgBr), which is widely available from commercial suppliers, 
typically as a THF or etherate solution. As with prior 
investigations of alkyl lithium and potassium alkoxide 
reagents,17,18 a key consideration was identifying a 
commercially available compound that is routine in many 
synthetic laboratories. Rather than considering heavier 
aliphatic Grignards or aryls Grignards, MeMgBr is particularly 
attractive for the ease of separating the byproduct conjugate 
base (methane) and inorganic salts.  

The reactivity of MeMgBr was initially screened in two key 
reactions using 5 mol % loading. The first was a 1:1 molar ratio 
of Ph3SiH and PhNH2 at ambient temperature in which no 
conversion was observed over a period of 24 h. The second was 
a reaction of 1.0 equiv. of PhSiH3 and 3.2 equiv. of tBuNH2, also 

at ambient temperature. The second reaction afforded 37% of 
the mono(aminosilane) product after 1 h. These screening data 
demonstrated that tBuNH2 was viable for optimization of 
reactions conditions. This substrate exhibits greater steric bulk 
than the more common nPrNH2, making it a more challenging 
but a better representative substrate for a wide range of 
amines.  

Developing reaction conditions

In the optimization reactions presented in Table 1, PhSiH3 was 
treated with varying equivalents of tBuNH2 and 5 mol % of 
MeMgBr in benzene-d6 solution. Because initial conversions 
were modest over convenient time periods, reactions at 40 °C 
were also performed. Conversion to both PhSiH(NHtBu)2 and 
PhSiH2(NHtBu) was observed by 1H NMR spectroscopy, and 
conversion was measured by integration of the residual PhSiH3 
peak vs. combined integration of the PhSiH(NHtBu)2 and 
PhSiH2(NHtBu) against the internal standard. Calculation of the 
ratio of mono- to bis(aminosilane) products was performed by 
relative integration of methyl resonances for the respective 
products. 

 

Table 1 Optimization of conditions for the reaction of PhSiH3 and tBuNH2 with MeMgBra 

Entry tBuNH2
b Products 1 h 2 h 4 h

1a 3.2 PhSiH(NHtBu)2 4 5 8

PhSiH2(NHtBu) 96 95 92

1bc 3.2 PhSiH(NHtBu)2 7 21 47

PhSiH2(NHtBu) 93 79 53

1c 6.0 PhSiH(NHtBu)2 9 12 20

PhSiH2(NHtBu) 91 88 80

1dc 6.0 PhSiH(NHtBu)2 22 NA NA

PhSiH2(NHtBu) 78 NA NA

aMeasured by integration of 1H NMR spectra in benzene-d6 solution at ambient 
temperature with 5 mol % of MeMgBr. bRelative equivalent of amine to silane. 
cReaction conducted at 40 °C.

After 1 h, there was nearly quantitative conversion to the 
mono(aminosilane) product regardless of optimization 
conditions. Indeed, the simplest conditions with ambient 
temperature and 3.2 equiv. of amine consumed just over 1.0 
equiv. of Si–H bonds (entry 1a, Table 1). Due to the conversion 
to the mono(aminosilane) being facile, further optimization was 
then based on the conversion to the bis(aminosilane) product, 
which occurred relatively slowly. As expected, both excess 
amine and increased temperature provided more rapid 
conversion to the bis(aminosilane) product, with heating having 
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a more significant effect on conversion. This qualitative 
observation is an initial indicator of a nucleophilic mechanism in 
which the Grignard deprotonates amine to then attack silane, 
consistent with Sadow’s study of magnesium compounds for 
this transformation.21

The key observation from these optimization reactions is 
that MeMgBr can afford selectivity not seen by KOtAmyl or 
nBuLi.17,18 At ambient temperature (entries 1a and 1c), 
conversions were quite high, and large excesses of amine failed 
to give significant quantities of multiple Si–H bond activation 
products unless both excessive concentrations (6 equiv.) of 
amine and elevated temperatures were used (entry 1d, Table 
1). This observation is interesting because the relative rate of 
Si–H bond activation appears to be relatively high as evidenced 
by high conversions at ambient temperature (entries 1a and 1c, 
Table 1).     

The optimization process yielded standard conditions of 1:6 
silane to amine ratio treated with 5 mol % of MeMgBr at 
ambient temperature for 1 h, used for the duration of this work. 
These conditions are similar to that for nBuLi, but this 
investigation uses a 50% lower catalyst loading of 5 mol %.18 In 
comparison to other magnesium precatalysts, Sadow’s work 
with ToMMgMe used different silane to amine ratios which 
required individual optimization based on substrate to afford 
selective product formation and conversion was measured after 
24 h, rather after 1 h with MeMgBr.21 Ansa-half-sandwich 
magnesium complexes used near identical reactions conditions 
with the exception of silane to amine ratios which were 1:1 
rather than excess of amine.19 In studies with 
magnesocenophanes, similar to ToMMgMe, conversion was 
measured after 24 h with heating to 60 °C.20 In this study, 
heating was demonstrated to push the reaction forward, but it 
was hypothesized that better selectivity would be achieved for 
more reactive amines at lower temperature so reactions were 
performed at ambient temperature. 
Substrate Scope

The amine substrate scope for this reaction was first explored 
using a variety of primary and secondary amines (Table 2). 
Primary silanes such as PhSiH3 are more facile substrates in this 
reaction as compared to secondary or tertiary silanes, where 
steric bulk often limits conversion.12 Additionally, a primary 
silane substrate allows for up to three Si–H bond activation 
events, and this substrate was used to identify trends in product 
selectivity, which appears to be an advantage of MeMgBr as a 
precatalyst.

In all examples with aliphatic amine substrates, conversions 
of no less than 70% were measured after 1 h under standard 
conditions (Table 2). This activity is comparable to that seen for 
nBuLi and simple lanthanide precatalysts but distinctly less than 
those compounds.18,26,27 Nevertheless, the Grignard does 
continue to exhibit enhanced selectivity as compared to the 
aforementioned precatalysts, which give silylamine byproducts. 
Such byproducts are not observed in these reactions. Other 
magnesium precatalysts exhibit somewhat variable behavior in 
comparison. For example, magnesocenophane precatalysts 
reported by Schäfer are much less active, but this is a particular 

feature of these compounds with primary silane substrates.20 
For ToMMgMe, quantitative conversions were measured after 
24 h. Based on optimization data (vide supra), it is anticipated 
that MeMgBr would continue to convert substrate at longer 
reaction times, which suggests activity is comparable to 
ToMMgMe. As an example, for the coupling of PhSiH3 and 
tBuNH2, where MeMgBr gave 91% conversion to PhSiH2(NHtBu) 
after 1 h (entry 2b, Table 2), ToMMgMe gave 99% conversion to 
PhSiH2(NHtBu) after 24 h.21 While the activity of MeMgBr may 
not standout significantly from more complex magnesium 
precatalysts, the absence of ancillary ligands or additional 
preparation to use MeMgBr is an important consideration for 
other investigators to consider this catalyst for routine use. 
Indeed, reactivity here is highly comparable to Mg[N(SiMe3)2]2, 
and the main difference is that Grignard reagents are often 
already available in most laboratories as commercial solutions 
of routine use.25 This data provides additional support to our 
assertion that dehydrocoupling reactions can be achieved with 
simpler catalysts than previously reported, namely those 
routinely available in synthetic laboratories.  

Table 2 Dehydrocoupling of primary and secondary amines with PhSiH3 with MeMgBra

Entry Amine Percent of productsb

A B C

2ac nBuNH2 - - 98

2b tBuNH2 91 9 -

2c sBuNH2 - - 70

2d nHeNH2 - - 98

2e iPrNH2 - - 70

2f Et2NH 44 56 -

2g PyNH - 100 -

2h PhNH2 - - -

aConditions: PhSiH3 (3.4 × 10–1 mmol, 1.0 equiv.), amine (2.02 mmol, 6.0 equiv.), 
and MeMgBr (1.68 × 10–2 mmol, 5.0 mol %, stock solution in THF) in 0.5 mL of 
benzene-d6 with C6Me6 as an internal standard at ambient temperature in a PFTE-
valved J-Young type NMR tube. bConversion was measured at 1 h by integration of 
residual silane vs. product by 1H NMR spectroscopy. cConversion measured after 
0.5 h.

Anime basicity appears to play an important role in 
reactivity. For example, aniline, a traditionally challenging 
substrate in this kind of catalysis, showed no reactivity under 
the standard conditions (entry 2h, Table 2). This observation is 
implicit of a nucleophilic mechanism, which is common in Si–N 
heterodehydrocoupling catalysis.7

Steric factors are also important in the selectivity of these 
reactions. The bulkiest two substrates, tBuNH2 and Et2NH, 
afforded mixtures of products based on gradual substitution 
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(entries 2b and 2f, Table 2). However, neither substrate gave 
the fully substituted, PhSi(NRR’)3, product under standard 
conditions. The slightly less encumbered iPrNH2 only afforded 
the fully substituted product PhSi(NHiPr)3, though the 
conversion was at an apparently reduced relative rate as 
compared to other substrates (entry 2e). These data would 
suggest that there may be conditions to select for products like 
PhSi(NHR)H2 under MeMgBr catalysis, but optimal conditions 
are substrate dependent. Exploration of such conditions are 
clearly based on product need and not a focus of this study. 
Aliphatic chain length appeared to have no significant effects on 
reactivity as both entries 2a and 2d gave 98% conversion to the 
tris(aminosilane) product after 1 h. 

The behavior of secondary amines is slightly variable. Where 
Et2NH gave a mixture of mono(aminosilane) and 
bis(aminosilane) products (entry 2f), pyrrolidine (PyNH) gave 
exclusively the bis(aminosilane) in quantitative conversion 
(entry 2f). This difference appears to be attributable to the 
steric constraints of Et2NH, but it is interesting that no excess 
reaction to the tris(aminosilane) was seen with PyNH, despite 
the conditions (6.0 equiv. of pyrrolidine). The pyrrolidine 
reaction demonstrates the potential selectivity of MeMgBr, 
noting that nBuLi-catalyzed dehydrocoupling with this substrate 
proceeded rapidly to the tris(aminosilane) product.18 

Interestingly, the mixtures of products in reactions with 
Et2NH seen herein echo those reported for Mg[N(SiMe3)2]2.25 In 
that study, greater selectivity was achieved with a bulkier 
substrate, (SiMe3)2NH,25 while in this instance, pyrrolidine was 
adequate to provide product selectivity.

The reactivity of MeMgBr was then examined with 
secondary silanes using both primary and secondary amines 
(Table 3). The increased substitution on the silane and 
corresponding increased steric bulk likely led to the reduced 
activity, but further examples of uniquely high selectivity were 
also noted. In most cases, there was complete consumption of 
silane substrate within 1 h, except in reactions with the most 
sterically encumbered amines, tBuNH2 and Et2NH, which gave 
conversions of 27–60% (entries 3b, 3d, 3f, and 3f, Table 3). Prior 
reactions indicate that substrate-optimized conditions would 
likely give quantitative conversion.  

In comparison with other commercially available 
precatalysts such as nBuLi, the activity of MeMgBr is somewhat 
lower.18 However, MeMgBr exhibits greater selectivity for the 
less activated aminosilane products. Furthermore, activity as 
well as selectivity were akin to that seen for Mg[N(SiMe3)2]2 
excepting that MePhSiH2 was not used in Hill’s report.25 
Examination of other magnesium compounds with secondary 
silanes shows similar selectivity trends of formation of the 
mono(aminosilane) product. The ansa-half-sandwich 
magnesium compounds have similar reactivity as MeMgBr after 
1 h19 (entries 3b and 3c), while magnesocenophane precatalysts 
show a range of reactivity dependent on both the specific 
precatalyst and substrates.20 This reactivity ranges from 
formation of Ph2SiH(NHtBu) in 94% conversion after 24 h at 60 
°C to formation of the same product in 27% conversion with the 
only difference being magnesocenophane precatalyst.20 
Furthermore, the most active precatalyst is not consistent, as 

the best precatalyst for Ph2SiH2 and tBuNH2 is the worst 
precatalyst for PhSiH3 and tBuNH2.20 Sadow’s work with 
ToMMgMe shows better reactivity with secondary silanes than 
MeMgBr giving 89% or greater yield for alkyl amines and 
secondary silanes although the commercial availability of our 
example lends itself to better accessibility of these reactions 
and products.21

Table 3 Dehydrocoupling of secondary silanes with amines catalyzed by MeMgBra

Entry Silane Amine Percent of productsb

A B

3a Ph2SiH2
nBuNH2 20 80

3b Ph2SiH2
tBuNH2 50 -

3c Ph2SiH2 PyNH 100 -

3d Ph2SiH2 Et2NH 27 -

3e PhMeSiH2
nBuNH2 45 55

3f PhMeSiH2
tBuNH2 29 -

3g PhMeSiH2 PyNH 100 -

3h PhMeSiH2 Et2NH 60 -

aConditions: R2SiH2  (3.4 × 10–1 mmol, 1.0 equiv.), amine (1.34 mmol, 4.0 equiv.), 
and MeMgBr (1.68 × 10–2 mmol, 5.0 mol %, stock solution in THF) in 0.5 mL of 
benzene-d6 with C6Me6 as an internal standard at ambient temperature in a PFTE-
valved J-Young type NMR tube. bConversion was measured at 1 h by integration of 
residual silane vs. product by 1H NMR spectroscopy.

Steric factors continue to play an important role in 
selectivity. Less encumbered amines (entries 3a and 3e) 
afforded a mixture of products, but reactions of secondary 
silanes with bulkier amines such as Et2NH and tBuNH2 afforded 
a single product, respectively (Table 3, entries 3b, 3d, 3f, and 
3h). Pyrrolidine, which showed selective formation of the 
bis(aminosilane) with PhSiH3, gave similarly selective product 
formation to the mono(aminosilane) for both Ph2SiH2 and 
PhMeSiH2 with quantitative conversion under standard 
conditions (entries 3c and 3g, Table 3). The selectivity seen with 
MeMgBr allows for easy access to aminosilane products 
previously inaccessible through commercially available 
precatalysts.17, 18

Further expansion of the substrate scope to tertiary silanes 
showed a pronounced decrease in activity. For these reactions, 
extended reaction times and elevated temperatures were 
necessary for appreciable conversions in any substrate pair 
examined. 
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Table 4 Scope of Si–N heterodehydrocoupling between Ph3SiH and amines with 
MeMgBra

Entry Amine     1 hb 4 hb 20 hb,c

4a tBuNH2 0 0 0

4b nBuNH2 0 1 63

4c PyNH 0 9 51

aConditions: Ph3SiH (3.4 × 10–1 mmol, 1.0 equiv.), amine (6.7 × 10–1 mmol, 2.0 
equiv.), and MeMgBr (1.68 × 10–2 mmol, 5.0 mol %, stock solution in THF) in 0.5 mL 
of benzene-d6 at ambient temperature in a PFTE-valved J-Young type NMR tube. 
bConversion was measured by integration of residual silane vs. product by 1H NMR 
spectroscopy at time noted. cReaction performed at 40 °C.

Amines that showed good reactivity with PhSiH3 such as nBuNH2 
and PyNH showed little reactivity after 4 h at ambient 
temperature, affording only reliably detectable product as 
measured by 1H NMR spectroscopy. Heating these reactions at 
40 ° C for 20 h gave greater product conversion to 63% and 51%, 
respectively, but these conditions failed to realize the 
comparable reactivity with other commercially available 
catalysts, KOtAmyl or nBuLi.17,18 The more sterically encumbered 
substrate tBuNH2 showed no conversion under the conditions 
used. 
Mechanistic considerations

Throughout this study, results with MeMgBr have implied that 
the amine substrate is being deprotonated and attacks the 
silane substrate, consistent with detailed mechanistic study of 
ToMMgMe,21

 a so-called nucleophilic mechanism. This 
supposition is supported by the formation of methane during 
catalytic reactions herein, as observed by 1H NMR spectrosocpy 
(~ = 0.17), and by deprotonation of amine in a stoichiometric 
reaction between nBuNH2 and MeMgBr in a benzene-d6 
solution. It would be anticipated that silane would be relatively 
inert towards MeMgBr in a nucleophilic mechanism.7 A 
stoichiometric reaction of PhSiH3 and MeMgBr in a benzene-d6 
solution did provide evidence of partial silane alkylation to 
afford PhMeSiH2. However, no catalytic reactions provide 
evidence of this reactivity, suggesting that the relative rate of 
alkylation is greater than that of silane dehydrocoupling. The 
final consideration is that related reagents give similar 
conversions. For example, MesMgBr affords a similar 
conversion, and Me2Mg gives lower conversion, both for the 
reaction of PhSiH3 and nBuNH2 in comparison to MeMgBr under 
standard conditions. The latter observation is attributed to the 
lower nucleophilicity of dialkyl magnesium compounds relative 
to Grignard reagents.           

Conclusions

Commercially available MeMgBr was explored as a precatalyst 
for Si–N bond formation under the hypothesis that this reagent 
would give at least similar activity to more complex magnesium 
catalysts that have been reported. This hypothesis is part of a 
larger goal of screening and identifying reagents that will make 
this kind of catalysis broadly accessible to synthetic chemists 
and materials researchers. Overall, MeMgBr is a modestly 
active and easy to use precatalyst for this reaction, showing 
particular success with primary silanes and aliphatic amines. 
Consistent with our initial hypothesis, an increase in selectivity 
was observed characterized by limited formation of byproducts 
common in reactions with linear amines and primary silanes 
along with the formation of the less substituted aminosilane 
product when using bulkier amines and more substituted 
silanes. Reactions with pyrrolidine showed particular success 
with quantitative conversions and perfect selectivity to the less 
substituted aminosilane product under mild conditions. This 
precatalyst, however, quickly becomes limited by steric bulk, 
and reactions with tertiary silanes are ineffective without 
forcing conditions. Reactivity patterns for MeMgBr are 
consistent with a nucleophilic mechanism such as that proposed 
for other magnesium compounds, like ToMMgMe.21 This study 
helps to expand the scope of commercially available 
precatalysts as well as establishing reactivity patterns that give 
end users choice in product selectivity.

Experimental Methods
All manipulations were conducted under a positive pressure of 
purified nitrogen gas in either an M. Braun glovebox or by 
standard Schlenk techniques. Dry, oxygen-free solvents, 
reagents, and molecular sieves were used and stored in a 
glovebox. Benzene-d6 was subjected to three freeze-pump-
thaw cycles and stored over activated 3Å molecular sieves for 
at least 48 h prior to use. Molecular sieves (3Å) were dried 
between 180–200 °C under dynamic vacuum for at least 1 d. 

Methyl magnesium bromide and 2-mesitylmagnesium 
bromide (MesMgBr) were obtained from chemical vendors as 
solutions in tetrahydrofuran (THF). Dimethylmagnesium was 
synthesized according to a modified literature procedure 
followed by filtration.28 For catalysis, this reagent was titrated 
thrice with I2 and 0.5 M LiCl in THF solution to determine 
concentration. Amines were distilled under dynamic N2 from 
CaH2 and stored over 3Å molecular sieves. PhSiH3 was distilled 
under dynamic N2 and stored over 3Å molecular sieves while 
Ph2SiH2 and PhMeSiH2 were distilled under dynamic vacuum 
and stored over 3Å molecular sieves. Ph3SiH was recrystallized 
from hexanes solution at –40 °C. Hexamethylbenzene (C6Me6) 
was sublimed at 150 °C under dynamic vacuum. 

Glassware was cleaned by sequential washings of base (5% 
KOH/10% iPrOH/85% H2O), acid (10% HNO3/90% H2O), and 
deionized water. Glassware was then oven dried at 140 °C for at 
least 1 h, followed by either transfer to the antechamber of an 
M. Braun glovebox or placed under dynamic vacuum through a 
Schlenk line. Catalysis reactions were conducted in PTFE-sealed 
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J-Young NMR tubes that were cleaned and dried by the 
methods mentioned above. Nuclear magnetic resonance (NMR) 
spectra were recorded at ambient temperature on a Bruker AXR 
500 MHz spectrometer. Chemical shifts (δ) are reported in parts 
per million (ppm). 1H NMR spectra were referenced to an 
internal standard of C6Me6 (δ = 2.13).

General catalysis protocol

SAFETY NOTE: While these reactions are moderately active, 
appropriate controls for reactions generating gas and, in 
particular, a flammable gas such as hydrogen should be used.

In a glovebox, a 20 mL scintillation vial was charged with 0.5 mL 
of benzene-d6, followed by 50 µL of a 0.4 M C6Me6 solution in 
benzene-d6, silane, amine, and catalyst in the molar amounts 
specified. The solution was quickly transferred to a PTFE-valved 
J-Young NMR tube via a glass pipette. The reaction was then 
removed from the glovebox, monitored as specified, and left to 
react at ambient temperature unless otherwise specified.
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