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The synthesis, reactivity, and complexation with Fe(0) precursor
of a tight-bite bis(N-heterocyclic silylene) (bis(NHSi)) ligand 1
are reported. The reaction of 1 with p-toluidine led to the
activation of both N� H bonds across Si(II) atoms to afford a
four-membered heterocyclic cyclodisilazane 2, with hydride
substituents attached to five-coordinate Si atoms. A 1 :2
reaction of 1 with Fe(CO)5 led to an intriguing dinuclear

complex 3 featuring a five-membered (N� Si� Fe� Fe� Si) ring
with a Fe� Fe bond distance of 2.6892(13) Å. All compounds (1-
3) were thoroughly characterized by various spectroscopic
methods and X-ray diffraction studies conclusively established
their molecular structures. DFT calculations were carried out to
shed light on bonding and energetic aspects in 1–3.

Introduction

Silylenes, once considered laboratory curiosities, are now one of
the most thoroughly studied classes of compounds in main-
group chemistry. A lone pair of electrons and a vacant 3p
orbital at the Si(II) atom allow them to function as Lewis bases
as well as Lewis acids.[1] West and Denk isolated the first
example of stable N-heterocyclic silylene (NHSi) in 1994, which
marked the beginning of a new era in silylene chemistry.[2] Since
then, several stable silylenes have been synthesized, and their
reactivity has been explored in various fields of chemistry.[1b,3]

However, silylene chemistry got a major breakthrough when
Roesky and co-workers isolated the first heteroleptic chlorosily-
lene [(PhC(NtBu)2SiCl], marking the start of a burgeoning era in
silylene chemistry.[4] Due to the readily functionalizable Si� Cl
bond, the heteroleptic chlorosilylene led to several functional-
ized silylenes, widely applied in main-group chemistry and
catalysis. Notably, bissilylenes obtained from chlorosilylene are
versatile compounds for stabilizing low-valent elements of the
main group, activating small molecules, and synthesizing
silicon-incorporated heterocycles, which were inaccessible

otherwise.[1c,5] Bissilylenes are classified into two types: (i)
interconnected and (ii) spacer-separated bissilylenes (Fig-
ure 1).[6]

In the spacer-separated bissilylenes, the silicon atoms
feature the oxidation states of +2, and the reactivity is based
on their lone pair of electrons. Whereas Si in interconnected
bissilylenes is in the +1 oxidation state, and the reactivity is
based on both, a lone pair of electrons at the silicon atoms as
well as the labile sigma bond between them. In the spacer-
separated bis-silylene the distance between silicon atoms plays
a crucial role in their reactivity. Driess and co-workers demon-
strated that smaller elements can be stabilized with spacer-
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Figure 1. (a) Amidinate stabilized bis-silylene ligands. (b) Driess bis(NHSi) III
and its reactivity studies
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separated bissilylenes with smaller Si···Si distances.[1c] Very
recently, a new type of spacer-separated bis(NHSi) III (Figure 1),
which is the silicon(II) analogue to well-known bisaminophos-
phanes, was developed by Driess and co-workers.[7] The reaction
of III with P4 led to the formation of a rare 2,5-disila-3,4-
diphosphapyrrole (IV). In contrast, diphenyl acetylene resulted
in the formation of an unusual diradical (V) at 4 °C and an
interesting cyclotetramer at room temperature.[8] With this
knowledge, we hypothesized that bissilylenes with short Si···Si
distances might help activate the challenging bonds and might
also afford the M� M bonded compounds upon treatments with
suitable precursors. Herein we report bis(NHSi) 1 using p-
toluidine as a spacer and its reactivity with p-toluidine and
Fe(CO)5. The details are described.

Results and Discussion

Synthesis and Characterization of the Bis(NHSi) (1)

Compound 1 was synthesized similarly to the procedure
developed by Driess and co-workers.[7] The reaction of in situ
generated dilithiated amide ArNLi2 (Ar=p-toluidine) with heter-
oleptic chlorosilylene [(PhC(NtBu)2SiCl] in 1 :2 molar ratios
afforded the desired bis(NHSi) compound 1 in good yield
(Scheme 1).

The 29Si NMR spectrum of 1 (Figure S2) showed a singlet
resonance at � 12.2 ppm, which is significantly upfield shifted

(25 ppm) compared to the starting chlorosilylene compound
[(PhC(NtBu)2SiCl] (14 ppm) and is similar to the same reported
for analogous bis(NHSi) compound reported by Driess and co-
workers (� 12.9 ppm).[7] The LIFDI mass spectrum of 1 showed
[M]+ at 623.4 (m/z=623.3839), suggesting the anticipated
compound formation. Compound 1 (Figure 2) crystallized in the
monoclinic space group C2/c with one molecule in the
asymmetric unit (see SI: Table S1).[9] The Si� N� Si angle of
109.33(8)° in 1 and the intramolecular SiII···SiII distance in 1
amounts to 2.8864(9) Å, akin to that in Ph-NSi2 (Si� N� Si angle:
109.4(1)° and SiII···SiII distance 2.895(1) Å).[7]

N� H bond activation is a crucial transformation in organic
synthesis due to its significance in several industrial
processes.[10] Nevertheless, transition metal-catalyzed “N� H
activation” reactions are challenging due to the propensity of
amines to form Werner-type complexes.[10a,11] Recently it has
been observed that low-valent elements of the main group
could activate N� H bonds, forming amido/hydride
derivatives.[12] The reactivity studies of silylenes with organic
compounds generally proceed with the oxidation from formally
divalent to thermodynamically stable tetravalent states.[13]

However, the N� H bond activation via oxidative addition is
challenging and only scarcely studied with silylenes (Fig-
ure 3).[14]

Roesky and co-workers were the first to utilize silylene for
the activation of N� H bonds in ammonia and alkylhydrazine to
give Si(H)(NHR) derivatives (VII–IX).[14a] Following this, Aldridge
and co-workers utilized an acyclic silylene X for the ammonia
activation reaction.[14b] Very recently, the same group utilized a
cationic silylene for the activation of tBuNH2 to afford XIII.[14c] A

Scheme 1. Synthesis of bis(NHSi) 1.

Figure 2. Molecular structure of 1. The anisotropic displacement parameters
are depicted at the 50% probability level. Hydrogen atoms have been
omitted for clarity. Selected bond lengths (Å) and bond angles (°). Si1� Si2
2.8864(9), Si1� N1 1.7693(16), Si2� N1 1.7688(16), Si1� N2 1.8901(16), Si1� N3
1.8785(16), Si2� N4 1.8752(17), Si2� N5 1.9081(16), Si2� N1� Si1 109.33(8),
N2� Si1� N3 68.86(7), N1� Si1� N2 106.50(7), N3� Si1� N1 102.93(7), N4� Si2� N5
68.68(7), N4� Si2� N1 103.29(7), N5� Si2� N1 106.76(7). Figure 3. Selected examples of N� H bond activation by silylenes.
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low-lying unoccupied 3p orbital in these systems facilitates the
coordination of substrates (amines) rather than activation of
N� H bonds, as observed similarly with transition metals.
However, it has been shown that subsequent proton transfer
from nitrogen to an electrophilic silicon atom affords the
Si(H)(NHR) derivatives.[13,15] While the cleavage of N� H bonds
has been documented by Si(II) compounds, the activation of
both N� H bonds of an amine to produce heterocyclic
compounds remains unexplored. It is worth noting that
activating both N� H bonds using low-valent elements is a
significant approach for creating highly complex heterocycles
that contain main-group elements. Considering this, we aimed
to examine the reaction of p-toluidine with bis(NHSi) 1 to
determine the resulting product. Remarkably, the reaction of 1
with an equal amount of p-toluidine (Scheme 2) resulted in the
simultaneous activation of both N� H bonds by both silicon(II)
atoms. This led to the formation of a four-membered hetero-
cyclic cyclodisilazane compound 2, which contains
N� SiH� N� SiH atoms. In an attempt to stabilize a reactive -NH
function next to Si(II), we tried to metalate p-toluidine first with
one equivalent of nBuLi, followed by the addition of one
equivalent of [(PhC(NtBu)2SiCl]. Interestingly, this resulted in the
formation of 2 instead of the aminosilylene target compound.

This might be due to the facile dilithiation of p-toluidine with
nBuLi[16] leading to in situ generation of half equivalent of
bis(NHSi) 1, which further reacts slowly (over one week) with
half of the unreacted p-toluidine to afford 2 (Figure 4). The 1H
and 29Si NMR spectra and the unit cell of the crystals obtained
from these two reactions are completely identical, confirming
this outcome.

The 1H NMR spectrum of 2 in C6D6 showed a characteristic
Si� H resonance at 6.20 ppm, which is similar to the same
reported for a five coordinated donor-stabilized Si� H com-
pound reported from our group (6.34 ppm) and is slightly
downfield shifted compared to the five coordinated N-sub-
stituted hydrosila hydrazone (4.86 ppm) and four coordinated
Si� H resonance in 1,3-bis(silyl)cyclodisilazane (5.45 ppm).[17]

Whereas, the aromatic protons appeared in the range of 6.96–
7.59 ppm.

The tBu protons appeared as two broad singlets in the
range of 0.75 to 1.29 ppm, this might be due to the very facile
flipping of the two NtBu groups of amidinate backbone around
the Si center at room temperature. As can be seen from the X-
ray structure (vide infra), one of the Si� N bonds is longer
(2.0060(12) Å) than the other (1.8265(12) Å); this suggests that
such flipping of the NtBu group is possible. However, when the
1H NMR spectrum was measured at � 30 °C in THF-D8, both the
NtBu protons appeared as sharp singlets (see SI: Figure S7)
suggesting that the flipping of NtBu group is very facile at room
temperature and as a result an averaged signal was observed.

The 29Si NMR spectrum of 2 (Figure S8) showed a singlet
peak at � 97 ppm, which is upfield shifted compared to the
same in 1, and is comparable to that of a five-coordinated
silicon compound, and is also in agreement with the oxidation
of silicon(II) to silicon(IV) in 2.[17b–c,18] The LIFDI mass spectrum
showed [M]+ peak at 730.3 (m/z=730.0303) with high intensity
further substantiating the formation of 2. The solid-state
structure of 2 is shown in Figure 5. It crystallizes in the triclinic

Scheme 2. Synthesis of compound (2).

Figure 4. Stack plot of 29Si NMR spectra showing complete formation of
compound 2 in 7 days.

Figure 5. Molecular structure of 2. The anisotropic displacement parameters
are depicted at the 50% probability level. Hydrogen atoms, except SiH, have
been omitted for clarity. Selected bond lengths (Å) and bond angles (°).
Si1� Si1A 2.6546(9), Si1-H1 1.401(16), Si1� N1 2.0060(12), Si1� N2 1.8265(12),
Si1� N3 1.7369(12), Si1� N3A 1.8037(12), N1� Si1� N2 68.20(5), N1� Si1� N3
100.05(5), N1� Si1� N3A 176.92(5).
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space group P�1 with half a molecule in the asymmetric unit.
The structure demonstrates that both silicon atoms adopt a
trigonal-bipyramidal arrangement with two amidinate nitrogen
atoms (N1 and N3a) occupying the axial positions and two
nitrogen atoms (N2 of the amidinate and N3 of the p-toluidine)
as well as the hydride ligand H1 occupying the equatorial
positions. The position of the latter was taken from the
difference Fourier maps and refined freely. The trigonal-
bipyramidal geometry of the silicon atoms in 2 is further
supported by the almost linear axial N1� Si� N3a bond angle of
176.92(5)° and the sum of the equatorial bond angles close to
360° (357.7°). The relatively long axial Si1� N1 bond of
2.0060(12) Å compared to the other two (Si1� N2 1.8265(12) and
Si1� N3 A 1.8037(12) Å) indicates one of the axial nitrogen
atoms of the amidinate to form a dative bond to the silicon
atom, which is also supported by DFT studies (vide infra). The
angle between the four-membered Si2N2 ring and the CN2Si
ring planes is 60.27(5)°, probably to avoid steric congestion
caused by bulky tBu groups (see SI: Figure S19). The striking
feature of 2 is the presence of two Si� H bonds trans to each
other, suggesting its further utility in various reactions.

Synthesis of Fe(0) Complex 3

While iron complexes with monosilylene ligands have been
studied, there are only a few examples on iron complexes with
bis(silylenes) ligands.[19] Based on this knowledge and with
bis(silylene)-based ligand 1 in hand, we investigated its
coordination ability to Fe(0). Surprisingly, the reaction of 1 with
two equivalents of Fe(CO)5 in toluene under an atmospheric
pressure of argon gas gave a deep red-coloured solution, from
which complex 3 was obtained in 78% yield. As shown in
Scheme 3 compound 1 reacts with two molecules of Fe(CO)5
and three labile CO ligands are released. Two Fe atoms form a
Fe� Fe bond supported by one μ-bridging CO ligand to form an
interesting NSi2Fe2 five-membered ring. Notably, we also
performed this reaction with only one equivalent of Fe(CO)5,
but the same complex 3 was formed. The 29Si NMR spectra of 3
(Figure S13) showed a singlet resonance at 36.51 ppm, which is
significantly downfield shifted (46 ppm) compared to 1 and is
in agreement with the transition metal carbonyl complexes
stabilized by bis(silylene) ligands.[19b]

The X-ray structure (Figure 6) shows that complex 3
crystallizes in the triclinic space group P�1 with one molecule in
the asymmetric unit. In the molecular structure of 3 the
bis(NHSi) ligand 1 and one CO ligand are bridging the

(CO)3Fe� Fe(CO)3 moiety, yielding an 18-electron complex. The
SiII···SiII distance is not noticeably affected by the coordination
to Fe(0). However, the Si� N� Si bite angle opens up and
becomes considerably large (118.2(2)°) when compared to the
free ligand 1 (109.33(8)°) to accommodate two Fe atoms. The
Fe� Fe bond distance is 2.6892(13) Å and hence in the range of
Fe� Fe bond lengths (2.13–2.73 Å) found in similar molecules.
The Si� Fe bond distances are approximately the same,
2.2525(17) and 2.2972(18) Å, and are similar to iron carbonyl
complexes of amidinato-silylenes.[19b–d,20] The IR spectrum of 3
showed CO stretching frequencies in the 2056 to 1851 cm� 1

range (see SI: Figure S16). The terminal CO stretching frequen-
cies (2056-1929 cm� 1) in 3 are similar to the same found in
[(PhC(NtBu)2)(O

tBu)Si:!Fe(CO)4]
[19d] (2026–1899 cm� 1) and

[{Me2NC(N
tBu)(NDipp)}(H)Si:!Fe(CO)4]

[20a] (2022–1909 cm� 1)
complexes. However, as expected, the μ2-bridging CO was
slightly shifted to lower frequency and appeared at 1851 cm� 1,
similar to those reported for μ2-bridged CO transition metal
complexes.[21]

Theoretical Studies

To explore the structural and bonding aspects for 1–3, we have
performed Density Functional Theoretical (DFT) calculations
with the Gaussian16 software[22] on optimized (1 and 2,
B3LYP� D3/TZVP for Si and B3LYP� D3/SVP for N, C and H;
Table S6) and XRD (3) structures.[23] Second-order perturbation
theory analysis of fock matrix in natural bonding orbital
(NBO)[24] basis (B3LYP� D3/def2-TZVP[25] for Si and Fe, and
B3LYP� D3/def2-SVP for O, N, C and H) on 1–3 suggest strongest
Si···Si interaction for 3 {Si(3s3px/y) - Si(3s3px/y)} followed by 2Scheme 3. Synthesis of Fe(0) complex 3.

Figure 6. Molecular structure of 3. The anisotropic displacement parameters
are depicted at the 50% probability level. Hydrogen atoms have been
omitted for clarity. Selected bond lengths (Å) and bond angles (°). Fe1� Si2
2.2525(17), Fe2� Si1 2.2972(18), Si1� Si2 2.982(2), Fe1� Fe2 2.6892(13), Si1� N1
1.740(5), Si1� N2 1.875(5), Si1� N3 1.850(4), Si2� N1 1.736(5), Si2� N4 1.855(4),
Si2� N5 1.845(5), Fe2� C from 1.741(6) (C7) to 2.042(5) (C4), Fe1� C from
1.742(5) (C1) to 1.945(5) (C4), Si2� N1� Si1 118.2(2), N1� Si1� Fe2 115.98(16),
N1� Si2� Fe1 118.30(16), Fe1� C4� Fe2 84.8(2), Si1� Fe2� C5 178.73(19), Si2-Fe1-
Fe2 93.39(5).
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{Si(3s3py/z)–Si(3s3py/z)} and 1 {Si(3s3pz) - Si(3s3px/z)}, respectively
(Figure S21). This strong Si···Si interaction for 3 can be attributed
to strong back bonding from Fe (3s4px3dz

2
/xz) to Si (3s3px/y). This

is further supported by the NBO orbital composed of
Fe1(4px3dz

2)-Fe2(4px3dxz) with electronic occupation 1.309, due
to its involvement in the electron donation (Figure 7a–c and
S22). While the Si···Si distance in 2 is shorter than in 1 and 3, the
N� H activation of p-toluidine across Si atoms leads to the
formation of the Si� H bond in 2 (Figure 7d) and thus weakening
of Si···Si interaction. NBO analysis further suggests two strong
and different Si� N(p-toluidine) bond types in 2. This is further
supported by Atoms In Molecules (AIM) analysis[26] (Figure 8 and
Table S7, electron density of ρ(SiN)=0.50 and 0.38 e Bohr� 3) and
expected because 2 has two different types of Si� N1 bonds.
AIM analysis further suggests that 3 has the strongest Si� N
interaction (electron density of ρ(Si-N)=0.54 and 0.55 e Bohr� 3)
followed by 2 and 1 (electron density of ρ(Si-N)=0.41 e Bohr� 3).

DFT estimated the highest occupied molecular orbital (HOMO)
for 1 to be a π*-type orbital centered on the aromatic p-
toluidine group and the Si atoms with a prominent contribution
from the 3s orbital (Figure 9). This suggests reactivity of 1
toward p-toluidine and Fe(CO)5 leading to the formation of 2
and 3 respectively. In contrast, 2 has the HOMO localized on
the p-toluidine group. For 3, the HOMO is centered at the
Fe2(CO)7 moiety where the carbonyl-π* orbitals interact with the
Fe1(dz

2)/Fe2(dx
2
-y
2) orbitals. The LUMOs for 1–3 are centered on

the aromatic rings of the heteroleptic silylenes and are of π*-
type.

Conclusions

In conclusion, we have successfully synthesized a tight-bite
bis(NHSi) ligand 1 and studied its reactivity in the N� H bond

Figure 7. DFT computed NBO based (a) molecular orbital for 3 depicting a strong Fe� Fe interaction {Fe1(4px)
0.42(3dz

2)0.52 - Fe2(4px)
0.46(3dxz)

0.46} with an electron
population of 1.309; (b, c) NBO computed donor-acceptor plots for [{Fe1(4px3dz

2)0.57 - Fe2(4px3dxz)
0.43}!{Si2(3px)

1.0}]=28.1 kcal/mol and [{Fe1(4px3dz
2)0.57 -

Fe2(4px3dxz)
0.43}!{Si2(3s3py)

1.0}]=12.8 kcal/mol, respectively; (d) NBO based molecular orbital for 2 depicting the Si� H bonding {Si(3s)0.45(3pz)
0.55 - H(1 s)1.00} with

an electron population of 1.977.

Figure 8. DFT-QTAIM computed (a-c) shaded surface maps for 1–3, respectively, showing localized orbital locator (LOL) and (d-f) contour maps for 1–3,
respectively, showing molecular electrostatic potential (ESP).
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activation of p-toluidine and in complexation with a Fe(0)
precursor. The first reaction led to the oxidative addition of
both N� H bonds of p-toluidine at each silicon(II) atom, resulting
in the formation of a four-membered cyclodisilazane containing
two Si� H functions. In the case of the Fe complex 3, ligand 1
acts as a μ-bridging A-frame ligand and affords an interesting
binuclear complex with Fe� Fe bond by expanding its bite angle
to incorporate two metals. The DFT calculations suggest the
strongest Si···Si interaction in complex 3 owing to a back
donation from Fe(0) to Si(II) atoms. This study highlights the
potential of bissilylenes as versatile building blocks in bond-
activation reactions and other applications, warranting further
investigations in this rapidly evolving field of chemistry.

Experimental section
General Comments. All manipulations were performed under an Ar
atmosphere using Schlenk techniques. [PhC(NtBu)2SiCl] was pre-
pared according to the previous literature,[4b] and all solvents were
purchased from commercial sources. The solvents were dried and
distilled over suitable agents before use. 1H, 13C{1H}, and 29Si NMR
spectra were recorded on a Bruker Avance 400 MHz instrument.
Chemical shifts are reported in parts per million (ppm) and are
referenced to residual peaks of the deuterated solvents. High-
resolution mass spectra were measured on a Bruker Daltonik MaXis
ESI-QTOF instrument.

Synthesis of 1. nBuLi (2 mL, 2.5 M in hexanes) was added dropwise
to the solution of p-toluidine (0.5 g, 4.66 mmol) in toluene (45 mL)
at � 85 °C and the resulting mixture was allowed to warmed to
ambient temperature and was further stirred for 4 h. Subsequently
the reaction mixture was cooled again to � 85 °C and a solution of
[(PhC(NtBu)2SiCl] (2.751 g, 9.32 mmol) in toluene (20 mL) was added
dropwise. The reaction mixture was slowly warmed to ambient
temperature and stirred for another 16 h. Then it was filtered to

remove LiCl, and the solvents were removed under vacuum to give
compound 1 as a dark yellow solid. This was washed twice with
5 mL of hexane to afford the pure product as a bright yellow solid.
Single crystals of 1 suitable for X-ray diffraction analysis were grown
by slow evaporation of the toluene solution at room temperature
over one week at � 20 °C. Yield 2.03 g (70%). mp 182 °C(dec.). 1H
NMR (400 MHz, C6D6); δ=7.38 (t, J=4.4 Hz, 4H, ArH), 7.26 (d, J=

7.8 Hz, 2H, ArH), 7.12 (d, J=7.3 Hz, 1H, ArH), 7.08 (d, J=7.8 Hz, 2H,
ArH), 7.02 (t, J=8.4 Hz, 1H, ArH), 7.00–6.93 (m, 4H, ArH), 6.94–6.87
(m, 2H, ArH), 2.34 (s, 3H, ArCH3), 1.20 (s, 36H, NtBu). 13C NMR
(101 MHz, C6D6): δ=161.13 (s, tBuNCNtBu), 147.75 (s, ArC), 135.03 (s,
ArC), 130.70 (s, ArC), 129.37 (s, ArC), 129.33 (s, ArC), 129.20 (s, ArC),
128.58 (s, ArC), 128.23 (s, ArC), 127.70 (s, ArC), 127.52 (s, ArC),
125.70 (s, ArC), 123.87 (s, ArC), 53.01 (brs, CMe3), 31.72 (brs, CMe3),
21.16 (s, ArCH3).

29Si NMR (80 MHz, C6D6); δ=-12.24 (s). MS (LIFDI,
toluene): m/z for C37H53N5Si2 (M)

+ : 623.4

Synthesis of 2. To the solution of bis(NHSi) (1) (0.300 g, 0.48 mmol)
in toluene (30 mL), a solution of p-toluidine (0.051 g, 0.48 mmol),
also in toluene (40 mL), was added dropwise at room temperature.
The reaction mixture was stirred for another three days at the same
temperature. During this time the yellow solution turned colorless.
The solvents were removed under vacuum, and the resulting solid
was washed with hexane (2 x 15 mL) to give the product as an off-
white solid. Single crystals suitable for X-ray diffraction analysis
were grown from slow evaporation of a toluene solution of 2 at
room temperature over one week. Yield 72% (0.252 g). mp=252-
256 °C (dec.). 1H NMR (400 MHz, C6D6): δ=7.58 (d, J=7.8 Hz, 4H,
ArH), 7.30 (t, J=6.6 Hz, 8H, ArH), 6.97 (d, J=7.1 Hz, 6H, ArH), 6.20 (s,
2H, SiH), 2.35 (s, 6H, ArCH3), 1.50–1.34 (m, 18H,

tBu), 0.96 (s, 18H,
tBu). 13C NMR (101 MHz, THF-D8): δ=169.67 (s, tBuNCNtBu), 148.65
(s, ArC), 137.47 (s, ArC), 130.91 (s, ArC), 130.62 (s, ArC), 129.26 (s,
ArC), 129.07 (s, ArC), 128.56 (s, ArC), 127.80 (s, ArC), 124.59 (s, ArC),
54.93 (brs, CMe3), 32.71 (brs, CMe3), 31.69 (brs, CMe3), 21.15 (ArCH3).
29Si{1H} NMR (80 MHz, C6D6); δ= � 97.84 (s). MS (LIFDI, toluene): m/z
for C44H62N6Si2 (M)

+ : 730.3.

Synthesis of 3. It was prepared by adding two equivalents of
Fe(CO)5 (86.6 μL, 0.64 mmol) to a solution of 1 (200 mg, 0.32 mmol)
in 50 mL of freshly distilled dry toluene at 0 °C. The mixture turned

Figure 9. DFT computed HOMO-LUMO orbitals for 1–3 along with the energy difference (ΔELUMO-HOMO) in kcal/mol.

Wiley VCH Dienstag, 28.05.2024

2431 / 347889 [S. 139/141] 1

Chem. Eur. J. 2024, 30, e202400389 (6 of 8) © 2024 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

Chemistry—A European Journal 
Research Article
doi.org/10.1002/chem.202400389

 15213765, 2024, 31, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/chem
.202400389, W

iley O
nline L

ibrary on [07/11/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



to a dark red solution immediately. It was stirred for 8 hours.
Subsequently the solvent was reduced under vacuum to 5 mL and
kept at � 18 °C to give the pure crystalline red product. Crystals
suitable for X-ray diffraction analysis were grown by slow evapo-
ration of the C6D6 solution at 20 °C. Yield 66%. mp 238–240 °C-
(dec.).1H NMR (400 MHz, C6D6): δ=7.40 (d, 1H, ArH), 7.27-7.24 (m,
10H, ArH), 7.08-7.00 (m, 3H, ArH), 2.32 (s, 3H, � CH3), 1.34 (s, 36H, �
tBu). 13C NMR (101 MHz, C6D6): δ=210.10 (s, CO), 152.64 (s,
tBuNCNtBu), 140.44 (s, ArC), 139.85 (s, ArC), 132.81 (s, ArC), 129.71 (s,
ArC), 129.53 (s, ArC), 129.30 (s, ArC), 129.10 (s, ArC), 128.12 (s, ArC),
127.64 (s, ArC), 116.91 (s, ArC), 115.95 (s, ArC), 52.79 (brs, CMe3),
51.21 (brs, CMe3), 25.20 (s, CMe3), 20.46 (s, ArCH3).

29Si NMR
(400 MHz, C6D6): δ 36.51 (s). MS (LIFDI, toluene): m/z for
C44H53N5O7Si2Fe2 (M)

+ : 931.2.

Crystal Structure Determination

The diffraction data were collected using Mo Kα radiation and a
Bruker Photon III detector (2 and 3) and Ag Kα radiation and a
Bruker Apex II detector (1). The data were integrated with SAINT.[9a]

A multi-scan absorption correction was applied using SADABS[9b] (2
and 3) and TWINABS[27] (1). A 3λ correction was applied for structure
2.[9b] The structures were solved by SHELXT[9d] and refined on F2

using SHELXL[9c] in the graphical user interface ShelXle.[9e] All
hydrogen atoms were placed according to geometrical criteria and
refined with a riding model, except for H1 in 2, which was refined
freely. In structure 1, a severely disordered toluene molecule on a
special position was treated using SQUEEZE.[28]

Supporting Information

Data that support the findings of this study are available in the
Supporting Information of this article.
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