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Abstract: Aminosilylene, comprising reactive NH— and
Si(IT) sites next to each other, is an intriguing class of
compounds due to its ability to show diverse reactivity.
However, stabilizing the reactive NH— group next to the
free Si(II) atom is challenging and has not yet been
achieved. Herein, we report the first examples of base
stabilized free aminosilylenes Ar*NHSi(PhC(N'Bu),)
(1a) and Mes*NHSi(PhC(N'Bu),) (1b) (Ar*=2,6-di-
benzhydryl-4-methylphenyl and Mes* =2,4,6-tri-tert-bu-
tylphenyl), tolerating a NH— group next to the naked
Si(IT) atom. Remarkably, 1a and 1b exhibited interest-
ing differences in their reactivity upon heating. With 1a,
an intramolecular C(sp’)-H activation of one of the
benzhydryl methine hydrogen atoms to the Si(II) atom
produced the five-membered cyclic silazane 2. However,
with 1b, a rare 1,2-hydrogen shift to the Si(II) atom
afforded a silanimine 3, with a hydride ligand attached
to an unsaturated silicon atom. Further, the coordination
capabilities of 1a were also tested with Ru(II) and Fe(0)
precursors. Treatments of 1a with [Ru(y%p-
cymene)CL], led to the isolation of a #°-arene tethered
complex [RuCL{Ar*NHSi(PhC(‘BuN),)-«'-Si-’-arene}]
(4), whereas with the Fe(CO)s precursor a Fe(0)
complex [Fe(CO),{Ar*NHSi(PhC('BuN),)-x'-Si}] (5)
was obtained. Density functional theory (DFT) calcu-
lations were conducted to shed light on the structural,

bonding, and energetic aspects in 1-5. )

Introduction

The compounds of Group-14 low-valent elements have
drawn significant interest in the recent past owing to their
unique reactivity, catalytic activities, and abilities to stabilize
metals in unusual oxidation states."” Highly reactive
compounds of low-valent elements of Group-14 have been
obtained and structurally characterized using the concept of
kinetic and/or thermodynamic stabilization.*? However,
stabilizing reactive groups such as NH—, OH—, and SH— next
to highly nucleophilic free carbene and silylene centres is
very challenging because of its tendency to tautomerize or
react with itself intra- or intermolecularly to give undesired
compounds.®¥ In the realm of N-heterocyclic carbene
(NHC) chemistry, the replacement of one of the NR groups
from the traditional NR, NR-NHCs by NH- led to the
development of protic N-heterocyclic carbenes (pNHC).
However, the isolation of free pNHC is eluded to date,
mainly because the NH— group next to the nucleophilic
carbene carbon atom renders the free NH-NHC form less
stable than the corresponding azole form (Scheme 1a).l'#!
Macgregor et al. opined that the NH-NHC form of the
PNHC can be stabilized if the sterically demanding group is
placed near the NH— residue.” Contrary to this, the
aminosilylene form (HSi—NH,) is more stable than silani-
mine (H,Si=NH) by 70kJ/mol™' in silylene chemistry
(Scheme 1a).”"! In 1994, West and Denk reported the first
example of stable two-coordinate silylene 1,3-di-tert-2,3-
dihydro-1H-1,3,2-diazasilol-2-ylidene.”"! This discovery en-
couraged researchers to synthesize several stable silylenes
and further explore their chemistry.”>*! However, it was not
until 2006! that Roesky and co-workers isolated the first
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Scheme 1. a) 1,2-Hydrogen shift in carbene and silylene compound is
demonstrated. b) Aminosilylene generated in the coordination sphere
of Ni(0). c) Earlier attempts to synthesize free aminosilylene resulted in
an unusual silaiminyl-silylene Si(l)-Si(Ill) compound. d) iminosilane
(in situ detected). e) Free aminosilylenes (This work).

example of heteroleptic chlorosilylene stabilized by amidi-
nate ligand.™ The facile synthesis of chlorosilylene, with an
easily functionalizable Si—Cl bond,” resulted in easy access
to a plethora of Si(I) systems.”*! Silylenes are better
o-donor than phosphines and carbenes.” As a result,
several functionalized silylenes have been synthesized and
utilized to isolate several low-valent main group elements in
low-valent oxidation states.’>*? Furthermore, metal com-
plexes stabilized with functionalized silylenes have proven to
be  effective  catalysts in  various  challenging
transformations.” However, to the best of our knowledge,
the aminosilylene class of compounds, where the reactive
NH- group is present next to the naked Si(II) atom, is
unknown. Aminosilylene (HSi—NH,) is only observed ex-
perimentally in the gas phase.” Driess and co-workers, in
their elegant work, utilized an umbrella protection strategy
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to isolate the aminosilylene in the coordination sphere of
the Ni(0).'** They could isolate the aminosilylene, when
the lone pair of silylene is coordinated to a Ni(0) atom
(Scheme 1b). In their approach to synthesize the amino-
silylene class of compounds, P. Roesky et al. attempted the
reaction of mono-lithiated amide [DippN(H)Li] (Dipp=2,6-
diisopropylphenyl) with heteroleptic chlorosilylene [(PhC-
(‘BuN),SiCl], which resulted in the formation of an unusual
Si(T)-Si(I1T) mixed valent compound (Scheme 1c¢).

It was suggested that the reaction proceeds via the
formation of aminosilylene as an intermediate.® Driess and
co-workers could detect the “half-parent” aminosilylene, a
highly reactive ylidic imino-silane compound, in situ during
the reaction (Scheme 1d).”*! To the best of our knowledge,
there is no report on the synthesis and isolation of the
aminosilylene class of challenging compounds in its free
form. Our interest in synthesizing aminosilylene class of
challenging compounds stems from their multifaceted be-
havior in main-group chemistry, where the NH— group can
be deprotonated both (before and after complexation) to
afford several interesting low-valent main-group com-
pounds. This class of compounds can also show metal-ligand
cooperation during catalytic reactions,’® a well-known
phenomenon with phosphines and carbenes that has not yet
been explored in silylene chemistry. With this in mind, we
utilized the concept of steric protection of the NH— group to
synthesize aminosilylenes 1a and 1b in their free form. The
DFT calculation showed that the orientation of the NH—
group and Si(IT) lone pair is trans in bulky aminosilylenes.
Hence, it needs prior reorganization to come to the same
plane for the 1,2-hydrogen shift (see below). Additionally,
the bulky groups might also help prevent undesired inter-
molecular reactions. Herein, we report the synthesis, reac-
tivity, and coordination capabilities of this novel class of
compounds.

Results and Discussion

The investigation was started with sterically demanding
anilines (2,6-dibenzhydryl-4-methylaniline and 2,4,6-tri-tert-
butylaniline), hoping that bulky side arms might help in
stabilizing the reactive NH— group next to naked Si(II)
atom. Indeed, a 1:1 salt metathesis reaction of lithiated
amides [Li{NH(Ar*/Mes*)}], generated in situ with hetero-
leptic chlorosilylene [(PhC(N'Bu),SiCl]*! resulted in the
formation of aminosilylenes Ar*NHSi(PhC(N'Bu),) (1a)
and Mes*NHSi(PhC(N'Bu),) (1b), respectively in good yield
as off-white solids (Scheme 2). The presence of the NH—
group adjacent to the naked Si(IT) atom is the feature of 1a
and 1b that distinguishes them from the previously reported
amidinato-silylenes.”” Both compounds 1a and 1b are
stable in the solid state and under a toluene solution at
room temperature for months, and no detectable tautomeri-
zation or decomposition was observed. The presence of
bulky side-arms groups, which shield the Si(IT) atom in the
ligand backbone, might be the reason for this remarkable
stability.
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Scheme 2. Synthesis of Ta and 1b.

Both aminosilylenes 1a and 1b are well-characterized by
nuclear magnetic resonance (NMR) and infrared (IR)
spectroscopies, liquid injection field desorption ionization
(LIFDI) mass spectrometry, and elemental analysis. (see
Supporting Information: Figures S1-S19). The *Si{'H} and
»Si NMR spectra of 1a and 1b showed a singlet resonance
at —3.4 and —4.0 ppm, respectively, which is similar to the
same for R,NSi(amidinate) (R=Cy, Pr).’” The 'H NMR
spectra of 1a and 1b showed singlets at 0.91 and 1.06 ppm
for N'Bu protons, respectively. In contrast, the characteristic
NH- proton exhibited a singlet at 4.21 and 4.93 ppm,
respectively. The aromatic protons appeared in the range of
6.89-7.49 ppm. The LIFDI mass spectrum of la and 1b
showed molecular ions for [M]* at 697.4 (m/z=697.3852)
and 519.9 (m/z=519.4009), respectively, confirming the
desired compound formation (see Supporting Information:
Figures S9 and S18). Single crystals of 1b suitable for X-ray
diffraction analysis were grown from a saturated toluene
solution of 1b at room temperature over one month.
Compound 1b crystallizes in the monoclinic space group
P2,/n (see Supporting Information: Table S1)P**! with one
molecule in the asymmetric unit.

The molecular structure confirmed the trigonal-pyrami-
dal geometry around the silicon atom, with two N atoms
from the amidinate ligand and the NH— group of the bulky
aniline (Figure 1) occupying the three basal coordination
sites and the lone pair of silicon atom in the apical position.
The position of the hydrogen atom H1 attached to N1 was
taken from the residual electron density map and refined
freely. The angle between the centroid of the (CN,Si) plane
of the amidinate backbone and the Si—NH bond (102.5°) is
considerably smaller than the same reported for
R,NSi(amidinate) (R=Cy 107.7° and Pr 108.7°),”” high-
lighting the stronger s character of the lone pair of the
silicon atom in aminosilylene 1b. This is further supported
by the electronic occupancy of the 3s(Si) orbital, estimated
from Natural Bonding Orbital (NBO) analysis for 1b,
Cy,NSi(amidinate) and ‘Pr,NSi(amidinate) (3s"*, 3s"**, and
3s"4* respectively). The sum of the bond angles around the
silicon atom (266.38°) is also consistent with the stereoactive
lone pair at the silicon atom in 1b. The Si—N bond lengths in
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Figure 1. Molecular structure of 1b. The anisotropic displacement
parameters are depicted at the 50 % probability level. Hydrogen atoms,
except NH—, have been omitted for clarity. Selected bond lengths (A)
and bond angles (°). N1-Si1 1.7935(10), N2—Si1 1.9024(10), N3-Sil
1.8781(10), C1—NT1 1.4095(13), N1-Si1—N2 102.65(4), N1-Si1-N3
95.11(5).

1b are similar to those known for R,NSi(amidinate)
compounds.”*”

A reactive NH— group next to a naked Si(IT) atom in 1a
and 1b could facilitate a 1,2-hydrogen shift, forming
silanimine with a m bond between Si and N atoms, as
previously reported for 1,2-silyl shift with similar
systems.®! To check the 1,2-hydrogen shift to the Si(II)
atom, a C4Dy solution of 1a was heated at varying temper-
atures (50°C, 70°C and 80°C), and the 'H and *Si NMR
spectra were recorded (see Supporting Information for
details). No change was observed up to 50°C; however, at
70°C, almost 70 % conversion to a new compound 2 was
observed. Complete conversion occurred when the temper-
ature was raised to 80°C (Scheme3). The 'HNMR
spectrum of the reaction mixture showed a new character-
istic Si—H resonance at 6.15 ppm together with two distinct
singlets at 5.60 and 3.91 ppm (see Supporting Information:
Figure S23), each for one proton at Ph,CH and NH-,
respectively, suggesting the possible intramolecular C-

Intramolecular C(sp®)-H activation

Ph Ph
Bu Ph v
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Scheme 3. Reactivity studies of 1a and 1b upon heating.
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(sp®)-H activation of one of the methine hydrogen of side-
arm benzhydryl groups to the Si(II) atom. Furthermore, the
proton-coupled *Si NMR spectrum revealed a doublet of
doublets centered at —46.96 ppm with a 'Jgy coupling of
274 Hz and a *Jyy coupling of 4.8 Hz, supporting the likely
C(sp’)-H activation (see Supporting Information: Fig-
ure S27). LIFDI mass spectrometry also confirmed the
product formation with a [M]" ion at 697.3 (m/z=697.3852).
Additional evidence for the formation of 2 came from the
IR spectra, which revealed N-H and Si—H stretching
vibration at 3428 and 2105 cm™, respectively (see Support-
ing Information: Figure S29).

Single crystals of 2, suitable for X-ray diffraction
analysis, were obtained by growing them from a saturated
hexane solution at room temperature (Figure 2). SC-XRD
analysis confirmed the intramolecular C(sp®)-H activation
of the methine proton of the side-arm benzhydryl group,
resulting in the formation of the rare cyclic silazane 2
featuring a five-membered heterocyclic ring instead of a 1,2-
hydrogen shift. The positions of the hydrogen atoms H1
attached to Sil and H2 bound to N1 were taken from the
residual electron density map and refined freely. While
silylene-assisted C(sp’)—H activation is known with acyclic
silylenes,“**7! the C(sp®)-H activation with base stabilized
silylenes remains unexplored to the best of our knowledge.
Notably, 1a exhibits unusual reactivity and behaves as an
acyclic silylene during the C(sp®)-H activation reaction by
opening the donor-stabilized dative bond of the amidinate.

The molecular structure showed two different types of
‘Bu groups. However, the 'HNMR spectrum at room
temperature showed only an averaged signal for both at
0.7 ppm. This is most likely due to facile Si—N bond rotation
at room temperature. Variable-temperature 'H NMR spec-
trum in THF-Dg showed two well-resolved signals for 9
protons when the solution was cooled below —20°C (see

Figure 2. Molecular structure of 2. The anisotropic displacement
parameters are depicted at the 50% probability level. Hydrogen atoms,
except NH, have been removed for clarity. Selected bond lengths (A)
and bond angles (°). SiT—N1 1.7503(11), Si1—N2 1.7644(11), Si1—C21
1.9441(12), C1-N1 1.3918(14), N1-Si1—N2 107.99(5), N1-Si1—-C21
91.10(5), N2-Si1-C21 125.47(5).
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Supporting Information: Figure S24), indicating highly facile
Si—N bond rotation at room temperature.

However, in the case of 1b, even after heating the
solution at 80°C, only 50 % conversion to 3 was achieved.
Complete conversion was observed when the temperature
was increased to 100°C (Scheme 3). The 'H NMR spectrum
suggests a possible 1,2-hydrogen shift, with a new resonance
for Si-H at 5.90 ppm, leading to rare silanimine 3 (see
Supporting Information: Figure S30 and S34). This was
further authenticated with the help of a doublet in the
proton-coupled *Si NMR spectrum at —97.0 ppm with Jgy
coupling of 275Hz, and #Si{'H} NMR spectrum showed
only a singlet at —97.0 ppm (see Supporting Information:
Figure S35). The LIFDI mass-spectrometry showed a molec-
ular ion for [M]" at 519.9, whereas high-resolution mass
spectrometry showed [M+H]" 520.4067 (m/z=>520.4082),
confirming the rare silanimine 3 formation (see Supporting
Information: Figures S36-S37). Additionally, the IR spec-
trum showed a stretching vibration at 2136 cm™' for Si—H,
further suggesting the formation of 3 (see Supporting
Information: Figure S38). Unfortunately, even after several
attempts, we could not get a single-crystal for the X-ray
diffraction study. Nevertheless, the 'H and *Si NMR spectra
match those reported for similar systems.[*+]

DFT calculations using Gaussian16/*) (B3LYP-D3/def2-
SVP//B3LYP-D3/def2-TZVP, see Supporting Information
for computational details) have been used to gain insight
into the reaction mechanism for different reactivity patterns
observed for the formations of 2 and 3 from 1a and 1b,
respectively (Figure 3 and Table S9). The formation of 2 is
an exergonic reaction (AG=—-3.20 kcal/mol) and involves
intramolecular C(sp®)—H activation of the benzhydryl group.
The reaction mechanism proceeds via proton abstraction by
Si(II) centre through TS;,-1 (26.17 kcal/mol) and adds to the
benzylic carbon of the side-arm benzhydryl group, leading
to the formation of Imt,,-1. This step is endergonic by
0.51 kcal/mol. A Si—N bond rearrangement in the second
step leads to the final product 2 via TS;,-2 (7.85 kcal/mol).
The high energy barrier, ie., TS;,-1 at 26.17 kcal/mol, is
concurrent with the elevated temperature and the longer
time required for the intramolecular C—H insertion (80°C
and 24 h). It is worth mentioning that the 1,2-hydrogen shift
in 1a requires a higher energy barrier (51.69 kcal/mol,
Figure S63), making it unfavourable. This contrasts with the
1,2-silyl shifts described by Scheschkewitz!®” and Nakatal*!
in the formations of donor-stabilized silene and silanimine,
respectively. Kira and co-workers also observed a similar
1,2-silyl shift in the isomerization of silylene to silene.[*! The
energy of HOMO of Nakata’s silylene (—4.34 eV) is higher
than that of 1a (—5.30 eV) and Kira’s silylene (—5.48 eV)
(see Supporting Information: Table S11 for details). This is
consistent with a facile 1,2-silyl shift observed with Nakata’s
silylene to form silanimine. However, the facile 1,2-silyl
migration with Kira’s silylene might be due to smaller
energy barrier for 1,2-silyl versus 1,2-hydrogen shifts in this
class of compounds. Kira and Iwamoto have theoretically
verified this in the silylene to silene conversion, where they
found a relatively small barrier for the 1,2-silyl shift
compared to the 1,2-hydrogen shift.[*’]
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Figure 3. B3LYP-D3 computed energy profile diagram for intramolecular

Unlike 1a, complex 1b shows a 1,2-hydrogen shift. This
can be attributed to the absence of the analogous intra-
molecular (Ph,C)H--Si interaction for 1b and the thermody-
namic equilibrium between 1b and 3, with the latter being
favourable with the formation of Si=N (Figure 6h). Since the
NH proton is oriented frans to the Si(II) lone pair, the first
step involves the rotation of the Si—N bond to bring the NH
proton and Si(II) lone pair in close proximity in the same
plane. This step is endergonic by 3.11 kcal/mol (Inty,-1,
Figure 3). Next, the 1,2-hydrogen shift occurs via a TSy,-1
(50.87 kcal/mol) to give 3. This is further supported by the
fact that very harsh conditions and prolonged heating
(100°C and four days) were required to generate 3. A
similar higher energy barrier for the reverse reaction, a 1,2-
hydrogen shift from silanimine to aminosilylene, was
reported earlier.” To the best of our knowledge, this is the
first report on experimental verification of 1,2-hydrogen
shift in silylenes. The 1,2-hydrogen shift to 3 was very
sensitive to reaction conditions; even a slight decrease in
temperature and reaction time affected the product yield
considerably (Figure S39). The product was only obtained
when the reaction was carried in a thin glass screw-capped
NMR tube.

In order to explore the potential of free aminosilylene,
1a, as a ligand and its stability and ligating capabilities, it
was treated with Ru(II) and Fe(0) precursors. The amino-
silylene 1a with bulky benzhydryl pendant arms might form
rare, tethered complexes involving phenyl groups as (7°-#°)
donors. The reaction of 1a with [Ru(s°-p-cymene)CL], in
2:1 ratios in fluorobenzene at 120°C resulted in tethered
complex 4 as confirmed by spectroscopic and structural
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studies. Phosphine and nitrogen donor ligands have all been
shown to generate tethered Ru complexes under suitable
conditions.’>™ However, silylene ligands are not prevalent
in such complexes.™

Further, treatment of 1a with [Fe(CO)s| resulted in the
formation of Fe(0) complex 5 as a red solid in good yield
(Scheme 4). Driess and co-workers have studied the reac-
tivity of Ni-protected N-heterocyclic silylene (NHSi) with
RNH, to generate the aminosilylene in the coordination
sphere of Ni(0)."*"" In contrast, our work stems from free

0.5 [Ru] oh
—>
fluorobenezene
120°C, 16 h
Ph /
Ph N .Siw
o .N
l RuU
N 'KJBU a”” \ \N’K
~No s o Ph
SN Cl g4 Bu
Ph N
PH By Ph
1a Ph .
[Fe(CO)s] H NBU
B H
THF, t, 12 h \Si/ S—Ph
S~
[Ru] = [Ru(n®-p-cymene)Cll Ph l B
Phoc Y MBu
Fe—CO
-
oc” g
5

Scheme 4. Synthesis of Ru(ll) and Fe(0) complexes 4 and 5.
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aminosilylene 1a to afford Ru(II) and Fe(0) complexes.
Both complexes were thoroughly characterized by various
spectroscopic techniques. The 'HNMR spectrum of 4
suggested the #°-coordinated rare tethered complex forma-
tion with characteristic resonances: multiplet at ¢ 5.69, a
broad singlet at 5.99, and doublets with a coupling of 5.7 Hz
at 4.92 and 4.79 ppm. The *Si{'H} NMR spectra of 4 and 5
showed singlets at 31.6 and 55.6 ppm, respectively, with a
coordination shift of 34.9 and 59 ppm compared to free

Figure 4. Molecular structure of 4. The anisotropic displacement
parameters are depicted at the 50% probability level. Hydrogen atoms
except NH— have been omitted for the sake of clarity. Selected bond
lengths (A) and bond angles (°): N1-Si1 1.724(3), N2-Si1 1.846(3),
N3-Si1 1.872(3), Ru1=Si1 2.3409(10), Ru1—Cl1 2.4209(9), Ru1—Cl2
2.4117(10), Rul—C from 2.176(3) (C9) to 2.302(4) (C12); N1—Si1—N2
104.24(15), N1-Si1—N3 108.05(14), Si1—Ru1—Cl1 84.90(3),
Si1—Ru1—Cl2 88.63(3), CI1-Ru1—Cl2 89.96(4).

Figure 5. Molecular structure of 5. The anisotropic displacement
parameters are depicted at the 50 % probability level. Hydrogen atoms
except NH— have been omitted for the sake of clarity. Selected bond
lengths (A) and bond angles (°): N1-Si1 1.7203(14), N2-Si1 1.8708
(14), N3-Si1 1.8171(14), Fel—Sil 2.2545(6), Fe1—C49 1.7698(18),
Fe1—C50 1.781(2), Fel—C51 1.7763(18), Fel1—C52 1.7871(19).
N1-Si1—N2 109.45(6), N1—Si1—N3 102.10(7), N1-Si1—Fel 124.60(5),
Si1—Fe1—C49 81.02(5), Sil—Fe1—C50 85.51(6), Sil—Fe1—C51 95.35(5),
Sil1—Fe1-C52 171.36(6).
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aminosilylene 1a. The *Si{'H} NMR spectrum of 4 showed a
significantly upfield chemical shift compared to that of 5,
indicating increased electron density on the silicon atom in
4. The “C{'H} NMR spectrum of 4 also showed character-
istic resonances at o 72.40, 7845, 97.79, 98.89, and
100.49 ppm, suggesting the #-arene coordination of one of
the side arms benzhydryl group. Whereas the "C{'H} NMR
spectrum of 5 showed singlet at 216.67 ppm for the carbonyl
group, which is similar to the same in the base stabilized
Fe(0) complex of silylene.”™ The LIFDI mass spectra of 4
and 5 showed the molecular ions (M)* at 869.1 (m/z=
869.2273) and 865.2 (m/z=865.2998), confirming the com-
plexes formation. Single-crystal X-ray diffraction studies
unambiguously established the molecular structures 4 and S.
The red-block-shaped crystals of 4 were obtained from the
saturated solution of fluorobenzene. In contrast, the yellow
needles of § were obtained from a saturated diethyl ether
solution at room temperature over a period of 2 days.

The positions of the hydrogen atoms H1 attached to N1
in both structures were taken from the residual electron
density map and refined freely. Figures 4 and 5 depict both
views of the molecular structures of 4 and 5. The crystallo-
graphic data and the details of the structure determination
are given in ESL***! and the selected bond lengths (A) and
the bond angles (°) are given in the Figure captions.”
Complexes 4 and 5 crystallized in monoclinic crystal systems
with P2,/n and P2,/c space groups, respectively (see Support-
ing Information: Table S2-6). In the asymmetric unit of 4,
one molecule is present with three molecules of fluoroben-
zene as a lattice solvent of crystallization. The molecular
structure of 4 confirms the formation of the rare 5%-arene
tethered complex formation. The Ru complex 4 adopts the
three-legged “piano stool” geometry. The Rul-Sil bond
length of 2.3409(10) A is slightly longer than the same in
Ru(1T) complexes of silylene-based ligands.””* The Ru—Cl
bond lengths are unexceptional and fall within the range of
previously reported similar complexes.”!

In the asymmetric unit of 5, only one molecule is
present. The molecular structure of 5§ shows the trigonal-
bipyramidal arrangement around the Fe atom with bulky
aminosilylene ligand 1a occupying one of the apical
positions to minimize the steric repulsion and four CO
groups occupying the other four sites. The apical position of
1a in complex 5 is akin to other strcutrally similar Fe(0)
complexes of bulky silylene ligands [(PhC(NBu),)-
(O'Bu)Si:—Fe(CO),J” and  [{Me,NC(NBu)(NDipp)}-
(H)Si:—Fe(CO),]."”! The Fel-Sil bond length in complex 5
(2.2545(6) A) is slightly longer than the same observed in
similar  complexes, [(PhC(NBu),)(O'Bu)Si:—Fe(CO),]
(2.237(7) A and  [{Me,NC(N'Bu)(NDipp)}(H)Si:—Fe-
(CO),] (2.234(1) A)* and are similar to [Fe(CO),{NMe,Si-
(PhC(NDipp),)}]®" (2.2574(7) A).1®! The average Fe—Ccq
bond length of 1.778 A in 5 is in the range observed in
similar complexes such as [(PhC(N‘Bu),)(O'Bu)Si:—Fe-
(CO),] (1.769 A),5 and [{Me,NC(N'Bu)(NDipp)}(H)Si:—
Fe(CO),] (1.779 A).®) The Fe—Cc(, bonds trans to the Si(IT)
atom (Fe(1)—C(52)=1.7871(19) A) in complex 5 are slightly
longer than the same found in the equatorial positions. This
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can be attributed to the better o-donor ability of the Si(II)
atom in complex 5.

We have further conducted DFT analyses on 1-5 using
Gaussian16®! to elucidate the structural, bonding and
energetic aspects. The optimized structures for 1b, 2, 4, and
5 (using B3LYP-D3 functional,®** LANL2TZ basis set!*!
for Ru, Fe; TZVP basis set for Si, Cl; and SVP basis set for
O, N, C and H atoms) are in excellent agreement with the
XRD structures (Figure S50-54 and Table S7).%! This
gives confidence in the optimized structures for 1a and 3
(Figure S54 and Table S7). Interestingly, the single point
calculations (B3LYPD3/def2-TZVP)®! on the optimized

T T
6.64 8.86 11.07

Length unit: Bohr
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structures for 1-5 suggest that for 1-3, the highest occupied
molecular orbital (HOMO) is a n-type orbital centred on the
substituted-amino group and Si atom. In contrast, the lowest
unoccupied molecular orbital (LUMO) is n*-type, centred
on the aromatic ring of the silylene group (Figure S55). It is
worth mentioning here that the HOMO for 1a has a
prominent contribution from the 3s orbital of Si (Figure 6a
and S55), advocating its reactivity toward [Ru(y’-p-
cymene)ClL], and [Fe(CO);s], leading to the formation of 4
and 5. For 4, the HOMO is centred on {RuCl,} group where
the Ru(d,,) orbital has n* type interaction with both CI(3p,)
ions. However, the LUMO is centred on the {RuCl,Ph}

Figure 6. (a) DFT computed HOMO for 1a centred on the substituted-amino group and Si atom; (b) DFT optimised molecular structure of 1a
showing intramolecular (Ph,C)H--Si interaction along with the (c) NBO computed donor-acceptor plot for the same {[Si(35s*%3p,>*") —
{C(252py1) " —H(15°®)}] = 8.0 keal/mol}. (d) DFT-QTAIM computed contour map for T1a showing intramolecular (Ph,C)H--Si interaction (CP1)
and (e) total electrostatic potential (ESP) map for 1a showing electron localization between (Ph,C)H--Si. NBO based bonding orbitals for (f) 4
depicting strong Si—Ru interaction {Ru(5s%*5p,*%4d,, . -,,"*%) ***~Si(35**3p,**)***} with electronic occupation 1.865; (g) 5 showing strong Si—Fe

interactions {Fe(5s**4p,;,,,"**3d, ./,
{Si(3p,)*"*~N(2p,)**"} with electronic occupation 1.800.
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023)057_5 (35%4°3p,2%) 4%} with electronic occupation 1.604; and (h) 3 showing strong Si=N bonding
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group with Ru(d,> ”) interacting with Ph(n) and CI(3p,)
orbitals (Figure S55). For 5, the HOMO is {Fe(CO),}
centred where Fe(d,” %) interacts with CO(n*) orbitals. In
comparison, the LUMO is n*-type, centred on the sub-
stituted silylene group (Figure S55). For 1la and 2, the
calculated HOMO-LUMO energy gap is found to be more
than 1b [AEgomo.Lumo in ev; 2(4.18) >1a(4.14) >1b(3.87)].
This can be attributed to the higher stabilization of HOMO
for 1a and 2 due to the four Ph- groups. Second-order
perturbation theory analysis of fock matrix in natural
bonding orbital (NBO) basis™ " and Quantum Theory of
Atoms in Molecule (QTAIM)"*™ suggest strong intra-
molecular (Ph,C)H--Si interaction for 1a ([Si(3s**3p,**)—
{C(282pyy,)""—H(15**)}] =8.0 kcalmol '; and electron den-
sity of p=0.027e Bohr?), favouring thermodynamic
equilibrium between la and 2 with later being favourable,
thus reasoning the intramolecular C(sp*)—H activation for
1a with the weakening of Si—N bond (Figure 6b-e, S56 and
Table S8). NBO and DFT-QTAIM analysis in 4 suggest
strong  Si(3s3py,)—Ru(5s5p,4d,,)  electron  transfer.
Whereas in 5, due to filled valence orbitals (4s/4p/3d), Si—
Fe electron transfer is not observed (Figure 6f—g, S56-62
and Table S8). It is worth mentioning here that both in 4
and 5, Ru/Fe—Si electron transfer is observed.

Conclusion

In summary, we have successfully reported the synthesis of
so far elusive aminosilylenes 1a and 1b containing an NH—
unit next to the naked Si(IT) atom. The bulky groups in the
ligand periphery might be the key to the stabilization. The
aminosilylene 1a on heating, showed unique reactivity by
activating C(sp’)-H bond of the benzhydryl side-arms to
afford silazane 2, featuring NH-SiH direct linkage. How-
ever, with 1b, a 1,2-hydrogen shift afforded a rare silanimine
3 with a hydrido ligand attached to the unsaturated silicon
atom. To the best of our knowledge, this work represents
the first example of the experimental and theoretical
verification of 1,2-hydrogen shift in aminosilylene to silani-
mine conversion. The coordination capabilities of 1a were
also explored in Ru(I) and Fe(0) complexation. The amino-
silylene 1a forms the mononuclear (x'-Si) complex with
[Fe(CO)s]. In contrast, with [Ru(y’-p-cymene)CL],, a
x'-Si-n’-arene complex is formed where Si acts as two
electron o-donor atom and a benzhydryl arene acts as a 6e”
#° m donor. Hence, the aminosilylene 1a acts as an 8¢~ donor
in 4. The aminosilylene reported in this work is an analogue
of well-studied aminophosphine (RNHPR,). We hope our
work opens a new arena in silylene chemistry where this
class of compounds can be used as a non-innocent ligand in
bond-making and breaking processes.

Supporting Information

The data that support the findings of this study are available
in the Supporting Information of this article. The additional
references within the Supporting Information.’*7°
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