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The ligand exchange reaction of (THF),Fe[Si(SiMes);], with 2 equivalents of an N-heterocyclic carbene (NHC) led to the

DOI: 10.1039/x0xx00000x

formation of the square-planar iron(ll) complex with trans-oriented —Si(SiMe;); ligands. Conversely, the introduction of a

cis-coordinate bidentate organosilyl ligand instead of —Si(SiMes); furnished the formation of square planar iron(ll) complex

supported by cis-coordinate bidentate organosilyl ligand. A three-coordinate planar iron(ll) bis(silyl) complex was also

synthesized using a cis-coordinate bidentate organosilyl ligand and a cyclic (alkyl)(amino)carbene auxiliary ligand.

Investigating the catalytic performance of these complexes in the hydrosilylation of acetophenone revealed that the square-

planar iron(ll) complex with trans-oriented —Si(SiMe;); ligands exhibits superior reactivity relative to its tetrahedral

precursor.

Introduction

The tetrahedral coordination geometry is the most common
configuration in mononuclear four-coordinate iron(ll)
complexes. The tetrahedral configuration is generally sterically
preferred in iron(ll) complexes and typically observed when
large auxiliary ligands are present. However, it has been
reported that the use of appropriate auxiliary ligands, for
example, macrocyclic chelating ligands such as porphyrins,
facilitates the formation of square-planar iron(ll) complexes.!
Other auxiliary ligands that form square-planar four-coordinate
iron(ll) complexes are strongly electron-donating ligands, and
thus strong field ligands.? In these ligands, electronic
stabilization due to the presence of a high-energy, empty,
antibonding d,,.,, orbital overcomes any competing steric
effects. N-heterocyclic carbenes (NHC)3 and phosphine ligands
are good representative examples of such auxiliary ligands, and
selected examples are summarized in Figure 1. For instance,
Ohki et al. have reported that a trans- bis(NHC) iron(ll) complex
with two methyl groups at the iron center adopts a square-
planar coordination geometry, whereas the equivalent complex
with the methyl ligands substituted by two chloride ligands
adopts the more conventional tetrahedral coordination
geometry. The trans-bis(NHC)Fe(Me), complex was found to be
a good catalyst for transfer hydrogenation and the
hydrosilylation of 2'-acetonaphthone.?? Chirik and co-workers
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have conducted a systematic investigation on the coordination
geometry of (P),Fe(aryl), (aryl = mesityl, CsCls; P = phosphine)
iron(ll) complexes. They observed that
bis(monodentatephosphine) iron(ll) complexes prefer to adopt
the square-planar coordination geometry, whereas the
introduction of a bidentate phosphine ligand gave rise to the
formation of both square-planar and tetrahedral complexes,
depending on the particular steric influence of the ligand.%¢ In
addition, several examples of square planar iron(ll) complexes
supported by pincer-type ligands were also reported.2™
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Figure 1. Selected examples of previously reported four-coordinate square-planar
iron(Il) complexes.

We have recently focused on the synthesis of reactive iron(ll)
and manganese(ll) complexes supported by bulky organosilyl
ligands of the type -Si(SiMe3)s.* For instance, we have reported
that bis(silyl)-iron(ll) complex (THF),Fe[Si(SiMe3z)s], (1) can be
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easily synthesized in one step by the reaction of FeBr, with 2
equivalents of K[Si(SiMes)s]. A single-crystal X-ray diffraction
analysis of 1 revealed that the iron center in 1 adopts a
tetrahedral configuration, whilst 1 was also shown to be a good
catalyst for the hydrosilylation of ketones. In addition, the two
THF ligands in 1 could be easily replaced by two other electron-
donating ligands, and thus (pyridine),Fe[Si(SiMe3)s], was
formed instantly upon addition of 2 equivalents of pyridine to 1
at room temperature.*® Given that organosilyl ligands generally
act as the strong electron-donating ligands as well as strong
field ligands,> we hypothesized that it could be possible to
construct square-planar iron(ll) complexes from 1 by ligand
exchange with the appropriate auxiliary ligands. In this paper,
we report that a ligand-exchange reaction of 1 with the NHC
MelMMe  (MelMMe = 1 3-dimethyl-4,5-dimethylimidazol-2-
ylidene) efficiently produces the square-planar iron(ll) complex
trans-(MelMMe),Fe[Si(SiMe3)s], (2) in good yield. The molecular
structure of 2 was unequivocally determined via single-crystal
X-ray diffraction analysis. The structural characterization and
synthesis, by introduction of a six-membered bidentate
organosilyl ligand to the iron(ll) center, of an analogous iron(ll)
complex (3), which exhibits an unprecedented square-planar
cis-(MelMMe),Fe(silyl), configuration, is also reported. In
addition, a planar three-coordinate Fe(ll)-bis(silyl) complex (4)
was obtained when a sterically bulky cyclic
(alkyl)(@amino)carbene (CAAC) ligand was used instead of
MelMMe, The performance of 2, 3 and 4 as catalysts for the
hydrosilylation of acetophenone was examined, and square-
planar complex 2 was found to be a better catalyst than
tetrahedral precursor 1.

Results and discussion

Synthesis of trans-(MelMMe),Fe[Si(SiMes)s], (2).

As described in the introduction, the two THF ligands in 1
can be easily replaced with electron-donating ligands. Here, the
NHC ligand MelMMe, in which electron-donating methyl groups
are attached to the two nitrogen centers was used. The reaction
of 1 with 2 equivalents of MelMMe in diethyl ether at room
temperature for 1 h generated trans-(MelMMe),Fe[Si(SiMes)s]>
(2) in the form of red crystals in 66% yield after recrystallization
from diethyl ether at -30 °C (Scheme 1). Although 2 is highly
sensitive toward air and moisture, the results of the elemental
analysis were consistent with the theoretically expected values.

2 equiv, TNTNT
(Me;Si),Si /= Me .
\_ . THF (MelMMe) MelM7?  «Si(SiMe3)3
e ‘Fe
~ . .
Messi)ssi” THF  EtOrt,1h  (MesSSi™  “MelMMe

1 2, 66% isolated yield

Scheme 1. Synthesis of 2.
A single-crystal X-ray diffraction analysis of 2 revealed that

the iron center adopts a four-coordinate square-planar
coordination geometry (Figure 2). The crystallographic analysis

2| J. Name., 2012, 00, 1-3

also revealed that the trans-oriented MelMMe and —Si(SiMes)s
ligands are related by an inversion center. In other words, the
iron center in 2 is surrounded by two MelMMe ligands as well as
two —Si(SiMes); ligands, and the two MelMMe ligands are
located trans to each other. The iron center and the four
surrounding atoms create a plane where none of the atoms
deviate from the least-square plane defined by these atoms.
The Okuniewski parameter, t, was estimated to be ~1.26, which
corroborates a square-planar configuration.® The five-
membered rings of the MelMMe ligands are oriented around
iron center in direction perpendicular to the least-square plane,
and their dihedral angle was found to be 83.05°. This
orientation is likely induced by the desire to avoid steric
repulsion between the MelMMe ligands and the —Si(SiMes)s
ligands. The Fe—C bond lengths in 2 (1.9563(15) A) are
comparable to those found in previously reported four-
coordinate square-planar iron(ll) complexes that contain two
trans NHC ligands analogous to the MelMMe ligands. The

following is a list of representative examples: trans-
(MelMH),Fe(SnBus),  (Fe-C = 1.942(3) A)’, trans-
(PrIMH),Fe(mesityl), (Fe-C = 2.016(3) A)’ and trans-

(‘PrIMMe),Fe(mesityl), (Fe-C = 1.973(4) and 1.980(4) A)29, where
MelM" = 1,3-dimethyl-4,5-imidazolin-2-ylidene, PriIM" = 1,3-
diisopropyl-4,5-imidazolin-2-ylidene, and PriMMe = 13-
diisopropyl-4,5-dimethylimidazol-2-ylidene. In contrast, the Fe—
C bond lengths are significantly shorter than those of previously
reported bis(NHC) complexes with a tetrahedral coordination
geometry such as (MelM"),Fe(mesityl), (Fe-C = 2.164(2) and
2.153(2) A).7 It should be noted here that despite the difference
in the coordination geometry around the iron center, the Fe—Si
bond lengths (2.5385(4) A) are comparable to those found in
precursor 1 (2.5445(8) A)*@ as well as those in the iron(ll)
bis(silyl) complex [(SiMes),SiSiMe,0SiMe,Si(SiMe;),]Fe(THF),,
which has recently been reported by Marschner et al. (2.494
A).8 In addition, a cobalt complex, trans-(NHC),Co[Si(H)Ph,],, of
which structure is relevant to complex 2 was recently reported
by Deng and co-workers.?

Figure 2. Molecular structure of 2 with thermal ellipsoids at 50% probability; methyl
groups on the silicon atoms are shown in wireframe style; all hydrogen atoms are
omitted for clarity.

Complex 2 is paramagnetic, and its *H NMR spectrum in CgDg
at room temperature exhibits a signal at 5.00 ppm for SiMe;s as

This journal is © The Royal Society of Chemistry 20xx

Page 2 of 6



Page 3 of 6

well as resonances at -46.24 and 16.10 ppm for the methyl
group of the MelMMe ligands. The theoretical magnetic moment
in solution for a square-planar iron(ll) complex with an open-
shell intermediate spin S = 1 ground state with a d® electronic
configuration and high-energy, empty, antibonding d,;.,, orbital
is Hefr = 2.83. The magnetic moment of 2 in CgDg solution was
measured using the Evans method at room temperature,’® and
found to be slightly higher than the theoretical value (Uess =
3.75). This larger s value in 2 might be ascribed to a significant
contribution from spin—orbit coupling in the planar structure as
observed in the square planar cobalt complexes reported by
Chirik and co-workers.1?

It should be noted here that Luo and Deng et al. have
reported the synthesis of an iron(ll) diphenyl complex
supported by two 'PrIMMe ligands, (‘PriIMMe),FePh,. The single-
crystal X—ray diffraction analysis of (‘PriIMMe),FePh, revealed the
presence of both the trans square-planar isomer and the
tetrahedral isomer.2d In addition, the magnetic susceptibility of
this complex was estimated to be s = 4.2 in solution. DFT
calculations conducted on the (‘PriIMMe),FePh, complex
revealed that the tetrahedral and trans square-planar isomers
have similar energies, whereby the tetrahedral isomer is by 1.5
kcal/mol lower in enthalpy than the square-planar isomer in the
gas phase. Based on these experimental and theoretical results,
the authors suggested that the large magnetic moments of
iron(ll) diphenyl complex might be due to the contributions of
spin—orbit coupling in the planar structure and/or the presence
of the high-spin tetrahedral isomer together with the square-
planar isomer.

The above mentioned Luo and Deng’s results prompted us
to estimate the relative stability of square planar isomer (25 opt)
relative to its tetrahedral isomer (2i.op). The geometry of
(MelMMe),Fe[Si(SiMe3)s], was optimized using DFT calculations
with the B3PW91 functional and the 6-31G** basis set for H, C,
N, and Si atoms, and with the B3PW91 functional and the SDD
basis set, which uses the Stuttgart-Dresden effective core
potentials, for Fe. The results showed that the energy minima
for the S =1 and S = 2 electronic configurations refer to the 2.
opt and 2. o, respectively. Although the estimated Fe—Si bond
lengths in 24,5 (2.6285 A) are slightly longer than those
determined crystallographically, the Fe—C separation (1.9736 A)
and the bond angles found in 2,,, agree well with the
experimental results (for details, see the Supporting
Information). The theoretical calculations revealed that both 2.
opt and 2¢,, have similar energies, and that 2.4, is by 5.5
kcal/mol lower in enthalpy. This small enthalpy difference is
similar to that reported for (‘PriMMe),FePh, reported by Luo and
Deng et al. It should be noted here that the subtle energy
preference of 2., With tetrahedral geometry is inconsistent
with the experimental observation in which the square planar
isomer 2 was obtained as the sole product. This might be due to
the inherent uncertainty tolerances of DFT calculations on the
transition metal with open-shell electronic
configuration. Similar discussion was also made on the Luo and
Deng’s complexes.2d

complexes

This journal is © The Royal Society of Chemistry 20xx
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Synthesis of square-planar iron(ll) complex 3, which bears a cis-
oriented bidentate organosilyl ligand.

Next, we attempted to introduce a cis-coordinate bidentate
organosilyl ligand onto the iron center to examine whether the
orientation of the two silicon atoms of the organosilyl ligand
affects the coordination geometry around the iron center. Thus,
a potassium salt of the six-membered cyclic oligosilanide shown
in Scheme 2 was generated according to a previous report by
Marschner et al.?2 This ligand was then treated with a 1:2
mixture of FeBr, and MelMMe in toluene at room temperature,
from which complex 3 was obtained as red crystals in 52%
isolated yield.

Me,
MesSi, K S
lVlessl\S/i “SiMe,
MelMMe —Fe™—si_
MelMMe Mgzi\\s;!\:es
3, 52% isolated yield

_Si_
FeBry / MelMMe | Me,Si™ " SiMe,

(1:2) MeZSi\Si,SiMez toluene

SN r.t.,, 30 min
K 'SiMe,

Scheme 2. Synthesis of 3.

The solid-state structure of 3, which was determined using
single-crystal X-ray diffraction, is shown in Figure 3. Similar to
complex 2, the iron center in 3 exhibits a square-planar
coordination geometry; however, in contrast to the trans
configuration in 2, the two MelMMe ligands occupy the cis
positions and the Okuniewski parameter (t=1.21) is
comparable to that of 2.6 The coordination geometry around
the iron center was found to be slightly distorted compared to
that in 2, where the silicon and carbon atoms deviate from the
least-square plane defined by the two carbon and two silicon
atoms by ~0.16 and ~0.18 A, respectively. The dihedral angles
between the FeSi,C, plane and the five-membered rings of the
MelMMe ligands (~80.2/~82.0°) are comparable to those in 2.
The Si(1)—Fe-Si(2) angle (85.997 (14)°) is considerably narrower
than that in tetrahedral complex 1 (135.23(3)°). The Fe-Si bond
lengths (Fe=Si(1) = 2.4091(4) A; Fe-Si(2) = 2.4259(4) A) are
considerably shorter than those in 2 (2.5445(8) A), reflecting the
lower trans influence of the MelMMe ligands compared to that
of the organosilyl ligands. Similarly, the Fe—C bonds in 3 (Fe—C(1)
=1.9800(13) A; Fe—C(2) = 1.9873(14) A) are slightly longer than
the equivalent bonds in 2, presumably due to the strong trans-
influence arising from the organosilyl ligands, rather than the
MelMMe ligands, located at the trans-position.

J. Name., 2013, 00, 1-3 | 3
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Figure 3. Molecular structure of 3 with thermal ellipsoids at 50% probability. The methyl
groups on the silicon atoms are shown in wireframe style; all hydrogen atoms are
omitted for clarity.

In the *H NMR spectrum of 3 in C¢Dg at room temperature,
five resonances are observed at-78.37,-31.32, -1.40, 11.98 and
15.87 ppm, which were in good agreement with the molecular
structure of 3. The magnetic susceptibility of 3 in CsDg solution
at room temperature was measured using the Evans method.
The estimated effective magnetic moment (Uess = 4.13) is slightly
higher than the theoretical value ([ = 3.75), this could be
attributed to the significant contributions of spin—orbit coupling
in the planar structure.

To confirm whether the choice of functional and basis sets for
the calculation of complex 2 was appropriate or not, geometry
optimization of complex 3 was performed with the same level
of theory for the calculation of 2. It was found that the
optimized structural parameters of 3., are in good agreement
with the data obtained from the XRD analysis (see Supporting
Information for details). Thus, we concluded that the choice of
functional and basis sets for the calculation of iron complexes
was appropriate.

Synthesis of three-coordinate planar iron(ll) complex 4.

As mentioned above, the use of MelMMe ligands in iron(ll)
bis(silyl) supported by sterically demanding
organosilyl facilitates the construction of four-

complexes
ligands

coordinate square-planar iron(ll) complexes. We next focused
on the introduction of other types of carbenes at the iron
center, and, due to their differing electronic properties
compared to NHCs, a cyclic (alkyl)(amino)carbene (CAAC) was
chosen as the ligand to use. CAACs, which consist of nitrogen-
and a carbon-based moieties flanking the carbene center, are
better than NHCs.13
Unfortunately, despite several attempts to produce an iron(ll)
bis(silyl) complex supported by both MeCAAC and -Si(SiMe3)s
ligands, no identifiable products were formed in the reaction of
1 with MeCAAC (MeCAAC = 1-(2,6-di-isopropylphenyl)-3,3,5,5-
tetramethyl-pyrrolidin-2-ylidene). Therefore, a 1 : 1 mixture of
FeBr, and TMEDA (TMEDA = N,N,N',N"-
tetramethylethylenediamine) was treated with the potassium

o-donors/m-acceptors conventional

salt of a six-membered cyclic oligosilanide in toluene followed
by the addition of pyridine to generate the iron(ll) bis(silyl)
complex in situ. Then, 1 equivalent of MeCAAC was added, from
which (MeCAAC)Fe(ll) bis(silyl) complex 4 was obtained as dark

purple crystals in 21% yield.
ﬁ}

MesSi, K Me,
?Si/ 1)toluen'e MesSi. /SI\SiMez
FeBr,/ TMEDA  Me,Si~ “SiMe, Mt 30min  (MeCAAC) WSi
+ ! L. T Fe—Si—q;
1:1) Mezs'\SifS'Mez 2) pyridine Et,O  Mecaac” \Si\\ SiMes
K\\‘ \SiMe rt,15min r.t, 10 min Me;~siMe,
3

4, 21% isolated yield

Scheme 3. Synthesis of 4.

The molecular structure determined using single-crystal X-ray
diffraction is shown in Figure 4. The iron center in 4 adopts a

4| J. Name., 2012, 00, 1-3

three-coordinate planar structure with two silicon atoms
derived from the bidentate organosilyl ligand and the carbon
atom of the MeCAAC ligand. These three surrounding atoms are
positioned on a plane, and the iron center in 4 resides on this
plane with a deviation of 0.049 A. The five-membered ring in
MeCAAC also lies on this plane, and C(2) and N(1) deviate from
this plane by 0.149 and 0.141 A, respectively. It should also be
noted here that the two Fe—Si bonds (Fe-Si(1): 2.4886(6) A; Fe-
Si(2): 2.5110(7) A) are considerably longer than those found in
3, which probably reflects the high spin (S = 2) induced by the
planar three-coordinate structure (vide infra). These Fe—Si bond
lengths are comparable to those found in the planar three-
coordinate anionic complex (NEt;){FeCI[Si(SiMe3)s],} (Fe-Si =
2.488(6)/2.491(6) A), which has been reported by Tilley et al.14

Complex 4 is paramagnetic and affords broad peaks over a
wide range from -40.07 ppm to 50.63 ppm in the *H NMR
spectrum in C¢Dg at room temperature. The magnetic moment
of 4 in C¢Dg solution at room temperature was measured using
the Evans method. Although the observed value for 4 (i =
5.83) is slightly higher than that expected for an open-shell S =
2 ground state with a three-coordinate planar structure (fsfs =
4.89), this result is consistent with the fact that 4 adopts a
coordination geometry that is different from those of 2 and 3.
Although 4 is highly sensitive to air and moisture, the results of
the elemental analysis were consistent with the theoretically
expected values.

Figure 4. Molecular structure of 4 with thermal ellipsoids at 50% probability; carbon
atoms of the 2,6-diisopropylphenyl group and all methyl groups are shown in wireframe
style; all hydrogen atoms are omitted for clarity.

Catalytic performance of planar iron(ll) complexes 2, 3, and 4.
The development of highly reactive iron catalysts has attracted
much attention recently due to the increasing desire for cheap
and environmentally friendly catalytic reactions.!®> Especially,
the development of iron-catalyzed hydrosilylation reactions is
currently a hot topic in synthetic chemistry!®, and
hydrosilylation of ketones is often used to evaluate the catalytic
performance of newly synthesized iron complexes. For instance,
as described in Introduction, Ohki et al. have demonstrated the
catalytic performance of their trans-(NHC),FeMe,2* complex
toward hydrosilylation of acetophenone. Iron(ll) complexes
with tetrahedral coordination geometry and an S=2 electronic
configuration are often unreactive, despite their 14-electron
structure, presumably due to the lack of low-lying empty

This journal is © The Royal Society of Chemistry 20xx
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molecular orbitals available for substrate binding.!” We have
examined the catalytic activity of planar iron(ll) bis(silyl)
complexes 2, 3, and 4, and their tetrahedral precursor 1 in the
catalytic hydrosilylation of acetophenone. Notably, 2 and 4
exhibit good catalytic performance for the hydrosilylation of
acetophenone with Ph,SiH, under neat conditions, i.e., the
quantitative formation of the hydrosilylated product was
confirmed within 1 h at room temperature in the presence of
0.1 mol% of 2 or 4 (Table 1, entries 2 and 5). A slightly decreased
catalytic performance was observed for 3, where an 85%
conversion of acetophenone was observed in the presence of
0.1 mol% of 3 under otherwise identical reaction conditions
(entry 4). In contrast, 0.5 mol% of 1 was required for the
complete consumption of acetophenone under otherwise
identical reaction conditions, as reported in our previous paper
(entry 1)%. Thus, we concluded that the planar iron(ll) bis(silyl)
complexes show superior catalytic performance than their
tetrahedral counterpart. It is noteworthy that the amount of
catalyst used could be decreased to 0.05 mol% when the
hydrosilylation of acetophenone was mediated by 2, and the
formed silyl ether was isolated in 89% vyield after distillation
(entry 3).

Table 1. Hydrosilylation of acetophenone catalyzed by iron complexes 1, 2, 3, and
4.2

Ph,SiH,
(e} or o [Si]
O . Fe cat
+ Mez(H)SI Sl(H)Me2 m
(TMDS) T H
(2 equiv.) ) ) ) )
(Si] = Si(H)Ph, or SiMe,0Si(H)Me,)
entr cat hvdrosilane Cat. loading Time Conv.
Y Y (mol%) () (%
1¢ 1 Ph,SiH, 0.5 1 >99
2 2 Ph,SiH, 0.1 1 >99
. >99
3 2 Ph,SiH, 0.05 1 (89)¢
4 3 Ph,SiH, 0.1 1 85
5 4 Ph,SiH, 0.1 1 >99
6 1 TMDS 0.5 24 30
7 2 TMDS 0.5 24 85
8 3 TMDS 0.5 24 22
9 4 TMDS 0.5 24 75

9 Reactions were performed using 3 mmol of acetophenone and Ph,SiH, (6.6
mmol) 1 mmol of acetophenone with TMDS (2.2 mmol) in the presence of a
catalytic amount of the iron catalyst under neat conditions at room temperature.
bThe conversion was determined using H NMR spectroscopy in the presence of an
internal standard (1,4-dioxane). °For details, see ref. 4a. 9Value in bracket indicates
the isolated yield of the formed silyl ether.

As noted by Larson et al.'8 1,1,3,3-tetramethyldisiloxane
(TMDS) is considered to be one of the most practical reagents
for hydrosilylations in terms of its cost and availability, and
therefore, we decided to examine the hydrosilylation of
acetophenone with TMDS using iron-based catalysts 1, 2, 3, and
4. When the reaction was mediated by 0.5 mol% of 1 at room
temperature for 24 h under neat conditions the conversion only

reached 30%. However, the conversion of acetophenone

This journal is © The Royal Society of Chemistry 20xx
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increased to 85% when using 0.5 mol% of 2 under otherwise
identical reaction conditions. Similarly, 4 showed good catalytic
performance for the hydrosilylation of acetophenone with
TMDS, providing 75% of the hydrosilylated product (entry 9).
The catalytic performance of 3 was also investigated under the
same reaction conditions, from which the corresponding
hydrosilylated product was obtained with a 22% conversion
(entry 8). Given these results, the catalytic performance of
square-planar iron(ll) complex 2 can be considered the best of
those examined in this study.

Conclusions

In conclusion, two square-planar iron(ll) bis(silyl) complexes
have been synthesized by introducing two N-heterocyclic
carbene (NHC) ligands onto an “Fe(silyl),” species. The
arrangement of the auxiliary ligands around the iron center
changed depending on the structure of the organosilyl ligands.
For example, the mono-coordinated ligand, —Si(SiMe3)s, gave
rise to the formation of trans-configured complex 2, whereas
the use of a cis-coordinate bidentate organosilyl ligand provided
cis-oriented complex 3. In addition, the introduction of a cyclic
(alkyl)(amino)carbene (CAAC) ligand furnished planar three-
coordinated iron(ll) bis(silyl) complex 4. An investigation of the
catalytic performance of the obtained complexes in the
hydrosilylation of acetophenone revealed that 2 is a superior
catalyst compared to tetrahedral precursor 1. Efforts to
synthesize iron silyl complexes with higher reactivity based on
the introduction of appropriate organosilyl ligands as well as
auxiliary ligands are currently in progress in our laboratories.
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