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Silicon–nitrogen bond formation via dealkynative
coupling of amines with bis(trimethylsilyl)acetylene
mediated by KHMDS†

Krzysztof Kuciński * and Grzegorz Hreczycho

The catalytic synthesis of silylamines mediated by s- and p-block

catalysts is largely underdeveloped. Herein, commercially available

potassium bis(trimethylsilyl)amide serves as an efficient alternative

to transition metal complexes. N–H/Si–C dealkynative coupling

was achieved by means of user-friendly main-group catalysis with

ample substrate scope and high chemoselectivity.

Silylamines are prevalent in organic chemistry, so new methods
are needed for their synthesis.1–4 Indeed, these compounds
wherein the silyl moiety is directly bonded to nitrogen have
found broad applications, including their utilization as bases,5

silylating agents (e.g., needed for the protection of reactive
groups such as OH),6–8 and ligands for several complexes
(Fig. 1a).9–15 Aminosilanes can be readily accessed via well-
developed stoichiometric methods. Here, the Si–N bond is
formed by aminolysis of chlorosilanes with amines (Fig. 1b).16

Because of the inconvenient nature of these processes (e.g., high
moisture sensitivity of substrates, generation of salts and other
acidic wastes, etc.), researchers have tried to develop catalytic
alternatives. These methods can be generally divided into hydro-
silylation of imines17 and coupling between amines with different
silylating agents (hydrosilanes, vinylsilanes, and ethynylsilanes).
All reactions have good or high atom efficiency, producing no
waste or easy-to-separate byproducts such as dihydrogen, ethy-
lene, or acetylene. The dehydrocoupling between amines and
hydrosilanes seems to be the most attractive route, due to the
formation of H2 as the by-product (Fig. 1c).18–36 Unfortunately,
this approach is completely impractical for the preparation of a
highly important trimethylsilyl-protecting group, due to the
pyrophoricity of gaseous Me3SiH. Moreover, the control of the
chemoselectivity for Si–H/N–H dehydrocoupling has proved to be
challenging due to the possible formation of several products
including polymeric silazanes and a mixture of mono- and

disilylated amines. On the other hand, the use of vinylsilanes
within the dealkenative strategy gives high chemoselectivity for
the formation of the Si–N monocoupling product (Fig. 1d).37

However, other features of this process (e.g., expensive Ru
catalyst, long reaction time, possible homocoupling of vinylsi-
lane, etc.) dramatically reduce its potential. Finally, amines can
be N–silylated by using silylacetylenes under basic conditions.
To the best of our knowledge, there is only one example of such
an atypical synthetic strategy.38 Baba et al. showed that MgO or
KNH2 loaded on alumina, can be used as catalysts in deal-
kynative coupling between amines and silylacetylenes (Fig. 1e).
Notably, this strategy is not without its own disadvantages,
including the use of dimethylformamide as the solvent and a
long reaction time (20 h). Moreover, the authors have reported
only one product.

Sustainable and eco-friendly synthetic approaches pro-
ceeded by main-group catalysis have gained recent significant
attention.39–44 On the basis of our recent success in activating
silylacetylenes under sustainable catalysis,45–48 we reasoned
that an appropriate catalytic manifold could provide an effi-
cient platform to generate diversified libraries of trimethylsily-
lated amines. In this communication, we report on the catalytic
silylation of primary amines with bis(trimethylsilyl)acetylene
(BTMSA) for the construction of N–Si bonds via dealkynative
coupling, by using potassium bis(trimethylsilylamide) as the
catalyst (Fig. 1f).

In optimization studies, summarized in Table 1 (Table S1 in
ESI†), we investigated catalytic N–H trimethylsilylation of 3-
methylaniline (1a). Initial success was achieved using
bis(trimethylsilyl)acetylene (2a) as the silylating agent, and
KHMDS as the catalyst. Using MeCN as a solvent, this main-
group catalytic combination afforded the desired product 3a in
97% yield (entry 1). Control experiments showed that other
main-group mediators were also active in this transformation
(entries 7–9), but gave inferior results. Particularly noteworthy
is a very good conversion of 1a in the presence of 5 mol% KOH
(90% at r.t., and 95% at 50 1C). However, we decided to
continue our work with KHMDS, due to less problematic
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isolation and better yields of the final products. A catalyst-free
attempt was also carried out and proved the essential role of the
main-group catalysis and confirmed no leaching of the alkali
species from the glassware, which could act as potential co-
catalysts (entry 2, the results verified after 24 h).50 The reaction
can also be performed under an air atmosphere, although the
conversion was slightly lower (entry 3). The use of MeCN as a
solvent was critical, as demonstrated by the lack of conversion
observed in toluene and dioxane (entries 12 and 13) and the
lower yield (75%) obtained in THF (entry 11). These results
suggest that acetonitrile might play a more important role in
the reaction process, possibly acting as the stabilizer of Si-
containing intermediates. Next, an attempt to replace the
silylating source with trimethylsilyl-acetylene gave an inferior
result (entry 4).

We next studied the scope with respect to primary aromatic
amines (Scheme 1). A wide range of N-silylated anilines were
accessed in high yields and with perfect chemoselectivity,
leading to monosilylated derivatives exclusively (3a–3n). As an
initial example 3a, anilines bearing electron-donating alkyl
groups were readily silylated (3c–3f).

Additionally, electron-rich methoxy substituted reagent
1n also gave the corresponding product 3n (95% yield).

Gratifyingly, halo-substituted anilines were readily adopted in
this protocol (3h–3i, 88–99% yield; in the case of 3i, there was
incomplete conversion B 93%), as were electron-deficient ones

Fig. 1 Context of the investigation.

Table 1 Optimization of N–H silylationa

Entry Variation from standard conditions
Conversion of
1ab [%]

1 No change 99 (97)c

2 No catalyst 0d

3 Under air atmosphere 97
4 Trimethylsilylacetylene instead of 2a 95ef

5 Trimethyl(phenylethynyl)silane instead of 2a 16e

6 0.5 eq. of BTMSA 85
8 1.5 mol% of KHMDS 95
8 3 mol% of KOH 85
9 5 mol% of KOH (r.t./50 1C) 90/95 (92)c

10 3 mol% of t-BuOK 94
11 3 mol% of KF 0
12 In tetrahydrofuran 75
13 In toluene 0

a Reaction conditions: 1a (1 mmol), 2a (1 mmol), under argon atmo-
sphere. b Conversion determined via GC, with n-dodecane as the inter-
nal standard. c Isolated yield in parentheses. d In a brand-new set of
equipment, to exclude the influence of any transition metal
impurities.49 e After 2 h and 10 h. f 2 eq. of trimethylsilylacetylene.

Scheme 1 Substrate scope for silylation of variously substituted anilines.
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bearing fluorinated functionalities (3j–3m, 85–88% yield).
Moreover, the synthetically useful cyano derivative 1g was also
well tolerated, and led to silylated product 3g in very good yield
(82%). Encouraged by these results, we then investigated the
use of heterocyclic primary amines, which are synthetically
useful and biorelevant scaffolds (Scheme 2).

All of them afforded the expected products in excellent yields
(5a–5f, 91–99%), including amine-substituted pyridines, pyrimi-
dine, pyrazine, quinoline, and benzothiazole. All these examples
highlight both the electronic generality of this method and its
tolerance for typically existing organic motifs, showcasing the
unique robustness and versatility of our strategy. Notably, our
initial studies ruled out the efficient silylation via dealkynative
coupling (please see ref. 47 and 48). The main problem was
related to the acidity of the amine. When we used more basic,
aliphatic amines we did not observe any product, whilst the use
of N-methylaniline gave only traces of the product. Finally, the
use of primary amines with more acidic -NH2 protons showed
an excellent conversion to their silylated forms.

Finally, our protocol was scaled up to a 10 mmol scale
yielding 92% (2.16 g) of the silylated product 3m (Scheme 3).
This once again makes it clear that the proposed methodology
has a significant application potential.

Given the fact of our previous studies concerning O–H and
sp C–H silylation in the presence of KHMDS,47,48 anilines with
hydroxyl and ethynyl moieties were also examined (Scheme 4).
For this purpose, an equimolar combination of BTMSA and
bifunctional amines was subjected under our reaction condi-
tions. In the case of 4-aminophenol (1o), O-silylated derivative
3o was obtained exclusively (99%). Further addition of BTMSA
gave a hard-to-separate mixture of O- and N-silylated products.
On the other hand, 3-ethynylaniline (1p) led efficiently to

C,N-silylated product 3p (88%), in the presence of 2.0 eq. of
BTMSA (compared to an observed mixture of silylation pro-
ducts when 1.0 eq. of 2a was applied).

To gain some mechanistic insights into this main-group cata-
lysis, we conducted preliminary experiments. The trimethylsilyla-
tion was performed in the presence of a typical radical scavenger
such as TEMPO (100 mol%), giving the desired product (with
almost the same efficiency), thereby implying that radical path-
ways were likely not operative (see ESI†).51 We next evaluated the
role of the potassium cation. Therefore, the reaction of 1m with 2a
was performed in the presence of chelating agent 18-crown-6, as
well as metal scavenger Quadra-PuresTU (for both experiments
see ESI†). As a result, again, the desired product was obtained with
almost the same efficiency, thereby suggesting that the metal ion
does not play any decisive role in our process. In general, as
already mentioned, the acidity of the amine is a very important
factor. It somehow confirms the importance of a deprotonation
step. A stoichiometric reaction between 1m and KHMDS con-
firmed (by 1H NMR) the disappearance of protons from the NH2

group (for details see ESI†).
On the basis of our experimental results and previous

literature, a plausible catalytic cycle is presented for the N–H
trimethylsilylation (Fig. 2).

Scheme 2 Substrate scope for silylation of amine-substituted
heterocycles.

Scheme 3 Scaled-up synthesis of 3m.

Scheme 4 Competition experiments.

Fig. 2 The plausible mechanism.
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In summary, we have reported on a very efficient protocol for
catalytic N–H silylation of aromatic primary amines under main-
group catalysis. Here, a commercially available KHMDS enabled a
dealkynative coupling with ample scope. Considering the combi-
nation of desirable features, such as operational simplicity, high
chemoselectivity, good atom economy, benign reaction conditions,
low cost of the reagents, and their commercial availability, this
reaction system is expected to provide a promising alternative to
existing methodologies. Moreover, the mechanistic studies pro-
vided strong support for the deprotonation step. In a broader
context, this interesting example of dealkynative coupling might
inspire the design of novel atom-economical reactions.
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