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ABSTRACT: The bis(amidinato)-heavier tetrylenes E(bzamP), (E = Ge (2a) ipr ipr Ph
and Sn (2b); bzamP = N-isopropyl-N’-(diphenylphosphanylethyl)- NN

benzamidinate), which are equipped with one heavier tetrylene (germylene or bh 4<‘,’ \E \>7Ph _ \

stannylene) and two phosphane fragments (one on each amidinate moiety) as " \l\/ll [Ni(cod),] {E=-Ni—=PPh,
Eoordinabl:T groups, haVE been )synthesized from the benzamidinum salt Ph N\_/’pph2
H,bzamP]Cl and GeCl,(dioxane) or SnCl, in 2:1 mol ratio. A preliminary —

inspection of their coordination chemistry has shown that their amidinate group /mN/

can also be involved in the bonding with the metal atoms as tridentate ENP and PhaP PPh, 'Pr

tetradentate PENP’ coordination modes have been observed for the

ECl(bzamP), ligand of [Ir{x’E,N,P-ECl(bzamP),}(cod)] (E = Ge (3a) and Sn (3b); cod = n*1,5-cyclooctadiene) and the
E(bzamP), ligand of [Ni{«*E,N,P,P’-E(bzamP),}] (E = Ge (4a) and Sn (4b)), which are products of reactions of 2a and 2b with
[IrCl(cod)], (1:0.5 mol ratio) and [Ni(cod),] (1:1 mol ratio), respectively. These products contain a S-membered NCNEM ring
that results from the insertion of the metal M atom into an E—N bond of 2a and 2b. Additionally, while iridium(I) complexes 3a and
3b are chloridotetryl derivatives (insertion of the tetrylene E atom into the Ir—Cl bond has also occurred) that have an
uncoordinated phosphane group, nickel(0) complexes 4a and 4b contain a tetrylene fragment that, maintaining the lone pair,

behaves as a o-acceptor (Z-type) ligand.
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1. INTRODUCTION

Heavier tetrylenes (HTs)," which are the heavier analogues of
carbenes (silylenes, germylenes, stannylenes, and plumby-
lenes), have been used as ligands in transition-metal
chemistry”” since the 1970s." However, their incorporation
into bi- or tridentate ligands is much more recent.”™"> Within
the broad family of bi- and tridentate HT ligands, those
containing at least one amidinato-HT (in which the E atom is
chelated by the N atoms of the amidinate group’) have
recently stood out since some of their complexes have shown
remarkable catalytic activities.””'> Most of these species have
been prepared by replacing the Cl atom of amidinato-HT's of
the type ECI(RNC(R’)NR) (E = heavier tetrel atom) with the
appropriate functionalized fragment. This is the case for the
recently reported HTs A,° B’ C,'* and D" (Figure 1), which
are the only currently known amidinato-HTs comprising a
phosphane fragment dangling from the E atom. The
attachment of a coordinable fragment to a N atom of the
amidinato-HT group is very rare, with compound E (Figure 1)
being the only phosphane-functionalized amidinato-HT of this
type known to date.'” Although various HTs decorated with
two phosphane groups, rendering PEP pincer-type ligands (E =
Ge and Sn), have been previously reported,”” the functional-
ization of an amidinato-HT with two phosphane groups is
currently unknown.

© 2023 The Authors. Published by
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A particular family of amidinato-HTs is constituted of those
that contain two amidinate groups. These compounds, which
are described by the general formula E{RNC(R')NR}, (E =
Si,"* Ge,"> Sn,'® and Pb”), display one or both amidinate
groups chelating the E atom, depending on the E atom and the
R and R’ substituents. Notably, upon attachment to a
transition metal, the two amidinate groups of bis(amidinato)-
silylenes generally chelate the Si atom (Figure 2)."**'® The
coordination chemistry of bis(amidinato)germylenes and
bis(amidinato)stannylenes remains underinvestigated.19

This contribution, aiming at expanding the family of
polydentate amidinato-HT ligands and their coordination
chemistry, describes the synthesis of an amidinium cation
equipped with a phosphane functionality on an N atom,
namely, the cation of [H,bzamP]Cl (1; HbzamP = N-
isopropyl-N’-diphenylphosphanyl ethyl)benzamidine), and its

use as a precursor to unprecedented bis(amidinato)-HTs of
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Figure 1. Currently known phosphane-functionalized amidinatote-
trylenes.
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Figure 2. Tacke’s bis(amidinato)tetrylene (F) and its coordination to
transition-metal complexes.

type E(bzamP),, E = Ge (2a) and Sn (2b), which have a
pendant phosphane group on each amidinate fragment. This
article also reports the incorporation of these potentially
tridentate PEP bis(amidinato)-HT ligands into iridium(I) and
nickel(0) complexes.

2. RESULTS AND DISCUSSION

The phosphane-functionalized benzamidinium salt
[H,bzamP]Cl (1) was prepared by treating N-isopropylbenzi-
midoyl chloride with 2-(diphenylphosphanyl)ethylamine
(Scheme 1), following the method previously reported by

Scheme 1. Synthesis of Compound 1
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Zhong and Zhu'’s group to synthesize amidine-phosphanes,*
but using the appropriate aminophosphane. The asymmetry of
the benzamidinium cation of 1 was clearly evidenced by its "H
NMR spectrum, which shows two NH signals (6 = 10.65 and
10.54 ppm). As far as we are aware, only a handful of related
phosphane-functionalized amidines have been previously
reported.”””!

Deprotonation of 1 with LiN(SiMe,), followed by the
addition of GeCl,(dioxane) or SnCl,, in 2:4:1 mol proportion,
allowed the synthesis of the bis(amidinato)-HTs E(bzamP),
(E = Ge (2a) and Sn (2b); Scheme 2), which were isolated in

Scheme 2. Synthesis of Compounds 2a and 2b
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yields of 29% (2a) and 80% (2b). Notably, a mechanochemical
approach®” (ball milling the solid reagents for 90 min at 1800
rpm) allowed a higher yield of 2a (56%).

Both 2a and 2b were characterized by single-crystal X-ray
diffraction (SCXRD). Both compounds are isostructural
(Figure 3, top). The two benzamidinate groups chelate the
corresponding E atom through their N atoms in such a way
that the molecules present a noncrystallographic C, symmetry
with the pseudo-2-fold axis containing the E atom and its
corresponding lone pair orbital (Figure 3, bottom). No
interaction between the phosphane P atoms and the tetrylene
E atom is observed. If one considers that the E lone pair of 2a
and 2b occupies a coordination position, these compounds
have their N atoms in 4 vertexes of a S-vertex polyhedron. The
XRD structures of 2a and 2b show (Figure 3) that the
coordination geometry of the E atom is distorted square
pyramidal, as has been previously observed for other
bis(amidinato)tetrylenes of type E{RNC(R")NR}, (E = Ge'®
and Sn'°).

The room-temperature NMR spectra of 2a and 2b indicate
that their bzamP groups are equivalent in solution, also
confirming that both phosphane groups remain uncoordinated
(NMR, 8,,p = —21.5 (1), —21.7 (2a), and —21.8 (2b) ppm, all
singlets). The 'Sn chemical shift of 4b (—154 ppm) is
comparable to those of other bis(amidinato)stannylenes.'
The fact that the room temperature "H NMR spectrum of 2a is
rather broad (Figure S3-top) led us to acquire its '"H NMR and
Sp{'H} spectra at lower temperatures. The room-temperature
signal of the isopropyl methyl groups broadens at lower
temperatures and is split into two signals at —80 °C (Figure
S3a), indicating that the facile rotation of the 'Pr groups about
the 'Pr—N bond at room temperature is restricted at very low
temperatures. The signals corresponding to the CH,CH,
protons also broaden at lower temperatures. The *'P{'H}
NMR spectrum is a singlet in the range of 25 to —80 °C
(Figure S4a), indicating that both P atoms are equivalent and
pendant at all temperatures.
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Figure 3. SCXRD molecular structures of 2a (top left) and 2b (top
right) (30% displacement ellipsoids, H atoms omitted for clarity) and
a view of 2a along the noncrystallographic C, axis (bottom; ball and
stick representation, H atoms omitted for clarity). Only one of the
two independent but analogous molecules found in the asymmetric
unit of 2a is shown. Selected interatomic distances (A) and angles
(deg): 2a: Gel—N1 2.239(4), Gel —N2 1.989(4), Ge1—N3 2.285(4),
Gel—N4 1.974(4), C4—N1 1.318(6), C4—N2 1.337(6), C11-N2
1.450(6), C11-C12 1.527(6), C12—P1 1.843(4), C28—N3 1.320(6),
C28—N4 1.337(6), C35—N4 1.451(6), C35—C36 1.527(6), and
C36—P2 1.837(4) and N1-Gel—-N2 62.2(2), N1-Gel—N3
139.5(1), N1—Gel—N4 92.0(2), N2—Gel—N3 91.5(2), N2—Gel -
N4 101.1(2), N3—Gel—-N4 61.7(1), N1-C4—N2 111.5(4), and
N3—C28—N4 111.8(4). 2b: Sn1—NI1 2.407(3), Sn1—N2 2.184(3),
Sn1-N3 2.358(3), Sn1—N4 2.186(2), C4—N1 1.315(4), C4—N2
1.338(4), C11-N2 1.452(4), C11—-C12 1.525(4), C12—P1 1.848(3),
C28—-N3 1.317(4), C28—N4 1.324(4), C35—N4 1.450(4), C35—
C36 1.531(4), and C36—P2 1.840(3) and N1-Sn1—N2 57.69(9),
N1-Sn1-N3 128.33(9), N1-Sn1-N4 87.23(9), N2—Sn1-N3
87.51(9), N2—Sn1—-N4 96.86(9), N3—Sn1-N4 57.97(9), N1-—
C4—N2 113.8(3), and N3—C28—N4 113.4(3).

Given the novelty of 2a and 2b and their potential as
tridentate PEP ligands, we decided to investigate their
reactivity toward transition-metal complexes. Both tetrylenes
reacted quickly at room temperature with [IrCl(cod)], (1:0.5
mol ratio) to produce [Ir{x’E,N,P-ECl(bzamP),}(cod)] (E =
Ge (3a) and Sn (3b); Scheme 3) almost quantitatively. Both
compounds were isolated as yellow solids after washing with n-
hexane, a solvent that could not be totally removed after drying
the solid for several hours at reduced pressure. SCXRD
analyses confirmed that both 3a and 3b coprecipitate with
solvents such as n-hexane or diethyl ether (see Supporting
Information).

Scheme 3. Synthesis of Compounds 3a and 3b
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The molecular structures of 3a and 3b are very similar
(Figure 4). They contain a S-membered NCNEIr ring that
results from the insertion of the Ir atom into an E—N bond of
2a and 2b. The phosphane fragment of the bzamP group
involved in this insertion is also coordinated with the Ir atom.
An Ir to E atom transfer of the CI atom has also occurred.
Accordingly, the original tetrylene fragment has been trans-

2 ).
D C53 C54
(3b)

Figure 4. SCXRD molecular structures of 3a (top) and 3b (bottom)
(30% displacement ellipsoids; H atoms have been omitted for clarity).
Selected interatomic distances (A) and angles (deg): 3a: Gel—NI
1.997(6), Gel—Irl 2.4027(8), Gel---N3 2.708(6), Gel—N4
1.906(6), Gel—Cl1 2.247(2), Ir1—-N2 2.095(6), Ir1—P1 2.297(2),
Ir1—C49 2.193(6), Ir1—C50 2.147(7), Ir1—C53 2.180(8), Ir1—C54
2.190(7), C4—N1 1.359(9), C4—N2 1.301(9), C11-N2 1.482(9),
C11-C12 1.53(1), C12—P1 1.836(8), C28—N3 1.27(1), C28—N4
1.38(1), C35—-N4 1.460(9), C35—C36 1.52(1), and C36-P2
1.853(8) and N1-Gel—N4 97.7(3), N1—-Gel-Irl 95.0(2), N4—
Gel—Irl 139.2(2), N4—Gel—Cl1 96.9(2), N1-Gel—Cl1 100.3(2),
Cl1—-Gel—Irl 118.74(5), Gel-Ir1—-P1 110.84(5), Gel—-Ir1—-N2
79.9(2), P1-Ir1-N2 82.0(2), N1-C4—N2 121.8(6), and N3—C28—
N4 116.9(7). 3b: Sn1—N1 2.246(7), Snl—Irl 2.5715(7), Sn1—N3
2.465(7), Sn1—N4 2.110(8), Sn1—CI1 2.422(2), Ir1-N2 2.126(8),
Ir1-P1 2.284(2), Ir1-C49 2.16(1), Ir1-C50 2.18(1), Ir1—C53
2.148(9), Ir1—C54 2.15(1), C4—N1 1.33(1), C4—N2 1.35(1), C11—
N2 1.47(1), C11—-C12 1.54(1), C12—P1 1.854(9), C28—N3 1.29(1),
C28-N4 1.36(1), C35—N4 1.43(1), C35—C36 1.52(1), and C36—
P2 1.855(9) and N1-Sn1—N4 91.3(3), N1-Sn1—Irl 88.4(2), N4—
Sn1-Irl 138.9(2), N4—Sn1—CI1 100.0(2), N1-Sn1—CI1 94.9(2),
Cl1-Sn1-Ir1 121.03(7), N1-Sn1-N3 147.7(3), N4—Sn1—-N3
57.9(3), N3—Snl—Irl 120.8(2), Cl1—Sn1—-N3 82.2(2), Snl-Irl—
P1 109.23(6), Sn1—Ir1—N2 81.2(2), P1-Ir1—N2 82.2(2), N1-C4—
N2 121.2(7), and N3—C28—N4 115.4(8).
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formed into a chloridotetryl ligand. The ligand environment of
the Ir atoms is better described as distorted trigonal
bipyramidal (calculated 75 values™ are 0.76 for 3a and 0.63
for 3b), in which the coordinated N atom (N2) and one of the
cod olefinic fragments (C53 and C54) are in a pseudoaxial
position. The Ge—Ir bond distance of 3a, 2.4027(8) A,
compares well with those found in complexes containing PGeP
germyl Ge—Ir bonds (2.4275(3) A for a cod complex and
2.3888(5) A for a dicarbonyl derivative).Sk Although a PSnP
stannyl Ir complex has been previously described,” its SCXRD
structure has not been reported. The most notable structural
difference between 3a and 3b is the attachment of the
amidinate N atoms of the other bzamP group to the
corresponding E atom, which is more asymmetric in 3a
(Gel—N3 2.708(6) A, Gel-N4 1.906(6) A) than in 3b
(Sn1—N3 2.465(7) A, Sn1—N4 2.110(8) A), reflecting the
congested environment of the E atoms and the smaller size of
germanium (vs tin). In both 3a and 3b, the Ir atom is
pentacoordinate. While the insertion of a tetrylene E atom into
a Cl-M bond (to become a tetryl ligand) has been often
observed,”">** the insertion of a metal atom M into a N—E
bond of an amidinato- or guanidinato-HT is less frequent.”> >’
As far as we are aware, ENP (E = Ge and Sn) pincer ligands,
such as those of 3a and 3b, have no precedent in the chemical
literature.

With the aim of preventing the conversion of the tetrylene
fragments into tetryl ligands upon the reactions of 2a and 2b
with transition-metal complexes, [Ni(cod),] was chosen as a
chlorido-free metal precursor. Both 2a and 2b reacted quickly
with [Ni(cod),] (1:1 mol ratio) at room temperature. NMR
monitoring of reactions performed in C4D4 showed the almost
quantitative formation of compounds [Ni{x*E,N,P,P’-E-
(bzamP),}] (E = Ge (4a) and Sn (4b); Scheme 4) after 30
min. However, compound 4b always decomposed during the
reaction workup and it could not be isolated as a pure solid.

Scheme 4. Synthesis of Compounds 4a and 4b
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The 'H, “C{'H}, and *P{'H} NMR spectra of both
compounds are very similar, indicating that they are
isostructural and asymmetric (they have two different bzamP
groups), that they do not contain cod, and that both P atoms
of their E(bzamP), ligand are coordinated (&;;p for 4a = 43.7
and 26.7 ppm (Jp_p = 27 Hz) and &;p for 4b = 37.1 and 18.3
ppm (Jp_p = 32 Hz)). The 'Sn{'"H} NMR spectrum of 4b is
a broad signal at 455 ppm. As expected, the '"”Sn chemical
shift of 4b, which contains a coordinated disubstituted Z-type
stannylene, differs considerably from those of 3b (=262 ppm),
which contains a coordinated tetrasubstituted stannyl ligand,
and 2b (—154 ppm), which is an uncoordinated bis-
(amidinato)stannylene. The '°Sn chemical shifts of free and
coordinated stannylenes and stannyl ligands strongly depend
upon the number and basicity of the groups attached to the tin

atom (the greater the number and the basicity of these groups,
the greater the shielding) and also on the nature of the metal
atom (when coordinated).>” Coordinated disubstituted Z-type
stannylenes appear at positive ''*Sn chemical shifts (in the
range 671—155 ppm for Ni’ and Pd° complexes).*®
Compound 4a was characterized by SCXRD. Figure 5 shows
that the Ni atom has been inserted into a Ge—N bond of 2a

Figure 5. SCXRD molecular structure of 4a (30% displacement
ellipsoids; H atoms have been omitted for clarity). Selected
interatomic distances (A) and angles (deg): Gel—NI1 2.010(2),
Gel—Nil 2.2910(4), Gel—N4 1.934(2), Nil—N2 1.922(2), Nil—P1
2.2163(6), Nil—P2 2.1189(7), C4—N1 1.335(3), C4—N2 1.333(3),
C11—-N2 1.492(3), C11-C12 1.522(4), C12—P1 1.839(2), C28—N3
1.284(3), C28—N4 1.383(3), C35—-N4 1.459(3), C35-C36
1.522(4), and C36—P2 1.855(2) and N1—-Gel—N4 97.37(8), N1—
Gel—Nil 91.62(6), N4—Gel—Nil 109.04(6), N2—Nil—P2
145.99(7), N2—Nil—P1 88.53(6), P2—Nil—P1-112.47(3), N2—
Nil—Gel 85.49(6), P2—Nil—Gel—89.31(2), P1-Nil—Gel
147.22(3), N1-C4—N2 119.4(2), and N3—C28—N4 120.3(2).

and is also attached to the phosphane fragment of the bzamP
group involved in this insertion. The Ni atom is also attached
to the P atom of the other bzamP group, which is bonded to
the Ge atom only through the amidinate N atom that bears the
phosphane fragment. The Ge—Ni bond distance, 2.2910(4) A,
is slightly shorter than those reported for other Z-type bonded
germylene—nickel(0) complexes (2.217(1),> 2.2786(3),"
2.285(1),°" and 2.2559(4) A'?). Overall, the coordination
environment of the Ge atom is pyramidal, whereas that of the
Ni atom (7, = 0.47) is 47% along the way that goes from
square planar (7, = 0) to tetrahedral (7, = 1).”" As far as we are
aware, only one tetradentate PGeNP’ ligand, such as that of 4a,
has been previously reported: a related nickel(0) complex was
serendipitously prepared in low yield by reacting two
equivalents of the monophosphane-functionalized chlorido-
(amidinato)germylene E (Figure 1) with [Ni(cod),] and
reducing the resulting [Ni(x*Ge,P-E),] product with potassium
metal.'"” No PSnNP ligand, such as 4b, had been reported prior
to this work.

The coordination environment of the Ge atom of complex
4a suggested the presence of a lone pair on the Ge atom and,
therefore, that the Ni atom should donate o-electron density to
the Ge atom. This hypothesis was corroborated by DFT-NBO
calculations (at the wB97XD/SDDy;¢./cc-pVDZ level of
theory). Figure 6 clearly shows that the germylene maintains
its lone pair (HOMO — 30; 76.2% s, 23.8% p) and that the
HOMO is a o-type orbital that results from the overlap of a
filled spd hybrid (29.6% s, 12.8% p, 57.6% d) of the Ni atom
with an empty sp hybrid (11.3% s, 88.2% p, 0.5% d) of the Ge
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Figure 6. Selected NBOs of 4a (structure optimized at the wB97XD/
SDDy; g/ cc-pVDZ level of theory), showing the Ge lone pair orbital
(HOMO - 30) and the orbital responsible for the Ge « Ni Z-type
interaction (HOMO).

atom. A similar calculation with the tin—nickel complex 4b (at
the wB97XD/SDDy;,/cc-pVDZ level of theory) (Figure 7)
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Figure 7. Selected NBOs of 4b (structure optimized at the wB97XD/
SDDy; s,/ cc-pVDZ level of theory), showing the Sn lone pair orbital
(HOMO - 28) and the orbital responsible for the Sn « Ni Z-type
interaction (HOMO — 6).

indicated that the tin lone pair is the HOMO — 28 orbital
(85.6% s, 14.4% p) and that the orbital responsible for the o-
type interaction (HOMO — 6) results from the overlap of a
filled spd hybrid (25.2% s, 45.7% p, 29.1% d) of the Ni atom
with an empty spd hybrid (5.3% s, 94.4% p, 2.3% d) of the Sn
atom. Therefore, the tetrylene moieties of complexes 4a and
4b behave as o-acceptor (Z-type) ligands.”” Although still
uncommon in coordination chemistry, a few Z-ligands
involving HT's have already been identified.”*"*'**

3. CONCLUSIONS

In this work, we have expanded the family of polydentate
ligands containing germylenes and stannylenes by designing
novel phosphane-difunctionalized bis(amidinato)-HTs (2a and
2b). The incorporation of the potentially PEP tridentate
proligands 2a and 2b to Ir(I) and nickel(0) complexes has
been achieved. The structures of complexes [Ir{x’E,N,P-
ECl(bzamP),}(cod)] (E = Ge (3a) and Sn (3b)) and
[Ni{x*E,N,P,P’-E(bzamP),}] (E = Ge (4a) and Sn (4b))
have shown that the amidinate N atoms of 2a and 2b can also
be involved in the bonding with the metal atoms as the
ECl(bzamP), ligand of the Ir(I) complexes 3a and 3b is ENP
tridentate, whereas the E(bzamP), ligand of the nickel(0) 4a
and 4b complexes is PENP’ tetradentate. While ENP (E = Ge
and Sn) tridentate ligands have no precedent in the chemical
literature, PENP’ tetradentate hgands are very uncommon
(only one previous example'”). It is expected that the
coordination chemistry of the PEP-HTs 2a and 2b will be
extended to many other transition metals, which will present

new structural motifs and new physical and chemical
properties.

B ASSOCIATED CONTENT

© Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01953.

General procedures, experimental details, character-
ization data, and NMR spectra (PDF)

Atomic coordinates of the DFT-optimized structures of
complexes 4a and 4b (XYZ)

Accession Codes

CCDC 2269825-2269829 contain the supplementary crys-
tallographic data for this paper. These data can be obtained
free of charge via www.ccdc.cam.ac.uk/data_request/cif, or by
emailing data request@ccdc.cam.ac.uk, or by contacting The
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

B AUTHOR INFORMATION

Corresponding Authors

Javier A. Cabeza — Departamento de Quimica Orgdnica e
Inorgdnica, Centro de Innovacion en Quimica Avanzada
ORFEO—CINQA, Universidad de Oviedo, E-33071 Oviedo,
Spain; © orcid.org/0000-0001-8563-9193; Email: jac@
uniovi.es

Pablo Garcia-Alvarez — Departamento de Quimica Orgdnica e
Inorgdnica, Centro de Innovacion en Quimica Avanzada
ORFEO—CINQA, Universidad de Oviedo, E-33071 Oviedo,
Spain; Email: pga@uniovi.es

Authors

Felipe Garcia — Departamento de Quimica Orgdnica e
Inorgdnica, Centro de Innovacién en Quimica Avanzada
ORFEO—CINQA, Universidad de Oviedo, E-33071 Oviedo,
Spain; School of Chemistry, Monash University, Clayton,
Victoria 3800, Australia; © orcid.org/0000-0002-9605-
3611

Rubén Garcia-Soriano — Departamento de Quimica Orgdnica
e Inorgdnica, Centro de Innovacién en Quimica Avanzada
ORFEO—CINQA, Universidad de Oviedo, E-33071 Oviedo,
Spain

Enrique Pérez-Carrenio — Departamento de Quimica Fisica y
Analitica, Universidad de Oviedo, E-33071 Oviedo, Spain

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.inorgchem.3c01953

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This work has been supported by research grants obtained
from the Ministerio de Economia y Competitividad
(RED2018-102387-T), the Agencia Estatal de Investigacién
(PID2019-104652GB-100, PID2020-113558RB-C41, and
PID2021-127407NB-100), and the Gobierno del Principado
de Asturias (Margarita Salas Senior Program AYUD/2021/
59709). The authors also acknowledge the technical support
provided by Servicios Cientifico-Técnicos de la Universidad de
Oviedo.

https://doi.org/10.1021/acs.inorgchem.3c01953
Inorg. Chem. 2023, 62, 15502—15509


https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01953?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.3c01953/suppl_file/ic3c01953_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.3c01953/suppl_file/ic3c01953_si_002.xyz
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2269825&id=doi:10.1021/acs.inorgchem.3c01953
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2269829&id=doi:10.1021/acs.inorgchem.3c01953
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Javier+A.+Cabeza"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-8563-9193
mailto:jac@uniovi.es
mailto:jac@uniovi.es
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Pablo+Garci%CC%81a-A%CC%81lvarez"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
mailto:pga@uniovi.es
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Felipe+Garci%CC%81a"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-9605-3611
https://orcid.org/0000-0002-9605-3611
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rube%CC%81n+Garci%CC%81a-Soriano"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Enrique+Pe%CC%81rez-Carren%CC%83o"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01953?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01953?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01953?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01953?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01953?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01953?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01953?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01953?fig=fig7&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.3c01953?fig=fig7&ref=pdf
pubs.acs.org/IC?ref=pdf
https://doi.org/10.1021/acs.inorgchem.3c01953?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Inorganic Chemistry

pubs.acs.org/IC

B REFERENCES

(1) For reviews on general chemistry of HTs, see: (a) Mizuhata, Y.;
Sasamori, T.; Tokitoh, N. Stable Heavier Carbene Analogues. Chem.
Rev. 2009, 109, 3479—3511. (b) Kira, M. An Isolable Dialkylsilylene
and its Derivatives. A Step Toward Comprehension of Heavy
Unsaturated Bonds. Chem. Commun. 2010, 46, 2893—2903. (c) Asay,
M,; Jones, C.; Driess, M. N-Heterocyclic Carbene Analogues with
Low-Valent Group 13 and Group 14 Elements: Syntheses, Structures,
and Reactivities of a New Generation of Multitalented Ligands. Chem.
Rev. 2011, 111, 354—396. (d) Frenking, G.; Tonner, R; Klein, S,;
Takagi, N.; Shimizu, T.; Krapp, A.; Pandey, K. K; Parameswaran, P.
New Bonding Modes of Carbon and Heavier Group 14 Atoms Si-Pb.
Chem. Soc. Rev. 2014, 43, 5106—5139. (e) Prabusankar, G.;
Sathyanarayana, A.; Suresh, P.; Naga Babu, C.; Srinivas, K;; Metla,
B. P. R N-Heterocyclic Carbene Supported Heavier Group 14
Elements: Recent Progress and Challenges. Coord. Chem. Rev. 2014,
269, 96—133. (f) Marschner, C. Silylated Group 14 Ylenes: An
Emerging Class of Reactive Compounds. Eur. J. Inorg. Chem. 2015,
2015, 3805—3820. (g) Rivard, E. Group 14 Inorganic Hydrocarbon
Analogues. Chem. Soc. Rev. 2016, 45, 989—1003. (h) Khan, S,
Roesky, H. W. Carbene-Stabilized Exceptional Silicon Halides.
Chem.— Eur. ]. 2019, 25, 1636—1648. (i) Dasgupta, R.; Khan, S.
N-Heterocyclic Germylenes and Stannylenes: Synthesis, Reactivity
and Catalytic Application in a Nutshell. Adv. Organomet. Chem. 2020,
74, 105—152. (j) Wang, L; Li, Y.; Li, Z.; Kira, M. Isolable Silylenes
and their Diverse Reactivity. Coord. Chem. Rev. 2022, 457, 214413.

(2) For reviews on the coordination chemistry of HTs, see: (a) Petz,
W. Transition-Metal Complexes with Derivatives of Divalent Silicon,
Germanium, Tin, and Lead as Ligands. Chem. Rev. 1986, 86, 1019—
1047. (b) Lappert, M. F.; Rowe, R. S. The Role of Group 14 Element
Carbene Analogues in Transition Metal Chemistry. Coord. Chem. Rev.
1990, 100, 267—292. (c) Blom, B.; Stoelzel, M.; Driess, M. New
Vistas in N-Heterocyclic Silylene (NHSi) Transition-Metal Coordi-
nation Chemistry: Syntheses, Structures and Reactivity towards
Activation of Small Molecules. Chem.— Eur. ]J. 2013, 19, 40—62.
(d) Baumgartner, J.; Marschner, C. Coordination of Non-Stabilized
Germylenes, Stannylenes, and Plumbylenes to Transition Metals.
Inorg. Chem. 2014, 34, 119—152. (e) Benedek, Z.; Szilvasi, T. Can
Low-Valent Silicon Compounds Be Better Transition Metal Ligands
Than Phosphines and NHCs? RSC Adv. 201§, S, 5077—5086.
(f) Benedek, Z.; Szilvasi, T. Theoretical Assessment of Low-Valent
Germanium Compounds as Transition Metal Ligands: Can They Be
Better than Phosphines or NHCs? Organometallics 2017, 36, 1591—
1600.

(3) For reviews on HT transition-metal complexes in catalysis, see:
(a) Sen, N.; Khan, S. Heavier Tetrylenes as Single Site Catalysts.
Chem.— Asian J. 2021, 16, 705—719. (b) Cabeza, J. A.; Garcia-
Alvarez, P. Cyclometallation of Heavier Tetrylenes: Reported
Complexes and Applications in Catalysis. Eur. J. Inorg. Chem. 2021,
2021, 3315—3326. (c) Zhou, Y.-P.; Driess, M. Isolable Silylene
Ligands Can Boost Efficiencies and Selectivities in Metal-Mediated
Catalysis. Angew. Chem., Int. Ed. 2019, 58, 3715—3728. (d) Hadling-
ton, T.; Driess, M.; Jones, C. Low-Valent Group 14 Element Hydride
Chemistry: Towards Catalysis. Chem. Soc. Rev. 2018, 47, 4176—4197.

(4) See, for example: (a) Schmid, G.; Balk, H. J. Silylene als
Liganden in Platinkomplexen. Chem. Ber. 1970, 103, 2240—2244.
(b) Marks, T. J. Dialkylgermylene- and -Stannylene-Pentacarbonyl-
chromium Complexes. J. Am. Chem. Soc. 1971, 93, 7090—7091.

(5) For examples of di- and polydentate nonamidinato-HTs, see:
(a) Keil, P. M.; Szilvési, T.; Hadlington, T. J. Reversible Metathesis of
Ammonia in an Acyclic Germylene-Ni’ Complex. Chem. Sci. 2021, 12,
5582—-5590. (b) Aman, M. Dostdl, L; Ruzicka, A; Tydlitat, J.;
Beckmann, J.; Turek, J,; Jambor, R. Sn,P-Coordinated Ru Cation: a
Robust Catalyst for Aerobic Oxidations of Benzylamine and Benzyl
Alcohol. Chem. Commun. 2021, 57, 12992—12995. (c) Arauzo, A;
Cabeza, J. A; Fernindez, I; Garcia-Alvarez, P.; Garcia-Rubio, L;
Laglera-Géndara, C. J. Reactions of Late First-Row Transition Metal
(Fe-Zn) Dichlorides with a PGeP Pincer Germylene. Chem.— Eur. J.
2021, 27, 4985—4992. (d) Cabeza, J. A.; Fernindez, 1; Garcia-

Alvarez, P.; Garcfa-Soriano, R.; Laglera-Géndara, C. J; Toral, R.
Stannylenes Based on Pyrrole-Phosphane and Dipyrromethane-
Diphosphane Scaffolds: Syntheses and Behavior as Precursors to
PSnP Pincer Palladium(1I), Palladium(0) and Gold(I) Complexes.
Dalton Trans. 2021, 50, 16122—16132. (e) Buil, M. L.; Cabeza, J. A;
Esteruelas, M. A.; Izquierdo, S.; Laglera-Géndara, C. J.; Nicasio, A. L;
Onate, E. Alternative Conceptual Approach to the Design of
Bifunctional Catalysts: An Osmium Germylene System for the
Dehydrogenation of Formic Acid. Inorg. Chem. 2021, 60, 16860—
16870. (f) Aman, M.; Dostal, L.; Ruzickova, Z.; Mebs, S.; Beckmann,
J.; Jambor, R. Ambiguous Role of N—Sn Coordinated Stannylene:
Lewis Base or Acid? Organometallics 2019, 38, 816—828. (g) Cabeza,
J. A.; Fernindez, 1; Garcia-Alvarez, P.; Laglera-Gdndara, C. J. A
Dipyrromethane-Based Diphosphane-Germylene as Precursor to
Tetrahedral Copper(I) and T-Shaped Silver(I) and Gold(I) PGeP
Pincer Complexes. Dalton Trans. 2019, 48, 13273—13280. (h) Cabeza,
J. A,; Fernindez, L; Fernindez-Colinas, J. M,; Garcia-Alvarez, P,;
Laglera-Géndara, C. J. A Germylene Supported by Two 2-
Pyrrolylphosphane Groups as Precursor to PGeP Pincer Square-
Planar Group 10 Metal(II) and T-Shaped Gold(I) Complexes.
Chem.— Eur. ]. 2019, 25, 12423—12430. (i) Septelean, R.; Moraru, 1.
T.; Kocsor, T.-G.; Deak, N.; Saffon.Merceron, N.; Castel, A.; Nemes,
G. Computational and Experimental Investigation of Phosphaalkenyl
Germylenes from Donor-Acceptor Perspective. Inorg. Chim. Acta
2018, 475, 112—119. (j) Alvarez-Rodriguez, L.; Brugos, J.; Cabeza, J.
A.; Garcia-Alvarez, P.; Pérez-Carrefo, E.; Polo, D. Synthesis and
Initial Transition Metal Chemistry of the First PGeP Pincer Type
Germylene. Chem. Commun. 2017, 53, 893—896. (k) Brugos, J.;
Cabeza, J. A; Garcia-Alvarez, P.; Pérez-Carrefio, E. From a PGeP
Pincer-Type Germylene to Metal Complexes Featuring Chelating (Ir)
and Tripodal (Ir) PGeP Germyl and Bridging (Mn,) and Chelating
(Ru) PGeP Germylene Ligands. Organometallics 2018, 37, 1507—
1514. (1) Brugos, J.; Cabeza, J. A.; Garcia-Alvarez, P.; Pérez-Carrefio,
E.; Polo, D. Synthesis and Some Coordination Chemistry of the PSnP
Pincer-Type Stannylene Sn(NCH,P'Bu,),C¢H,, Attempts to Prepare
the PSiP Analogue, and the Effect of the E Atom on the Molecular
Structures of E(NCH,P'Bu,),C¢H, (E = C, Si, Ge, Sn). Dalton Trans.
2018, 47, 4534—4544. (m) Wiitz, T.; Diab, F; Wesemann, L.
Synthesis and Coordination Chemistry of a Chelating P-Sn Ligand
Based on Stanna-closo-Dodecaborate. Eur. J. Inorg. Chem. 2017, 2017,
4645—4652. (n) Yadav, D.; Kumar Siwatch, R; Sinhababu, S.;
Karwasara, S.; Singh, D.; Rajaraman, G.; Nagendran, S. Digermylene
Oxide Stabilized Group 11 Metal Iodide Complexes. Inorg. Chem.
2015, 54, 11067—11076. (o) Krebs, K. M.; Freitag, S.; Schubert, H.;
Gerke, B.; Pottgen, R.; Wesemann, L. Chemistry of Stannylene-Based
Lewis Pairs: Dynamic Tin Coordination Switching Between Donor
and Acceptor Character. Chem.— Eur. ]. 2018, 21, 4628—4638.
(p) Tan, G; Enthaler, S.; Inoue, S.; Blom, B.; Driess, M. Synthesis of
Mixed Silylene-Carbene Chelate Ligands from N-Heterocyclic
Silylcarbenes Mediated by Nickel. Angew. Chem., Int. Ed. 2015, 54,
2214-2218. (q) Garcia, J. M.; Ocando-Narviez, E.; Kato, T.; Coll, D.
S.; Bricefio, A.; Saffon-Merceron, N.; Baceiredo, A. Synthesis and
Characterization of Rhodium Complexes with Phosphine-Stabilized
Germylenes. Inorg. Chem. 2012, 51, 8187—8193. (r) Zabula, A. V,;
Pape, T.; Hepp, A;; Hahn, F. E. Coordination Chemistry of Bis-
stannylenes with Platinum(0). Dalton Trans. 2008, 5886—5890.
(s) Schulz, A,; Kalkuhl, T. L.; Keil, P. M.; Hadlington, T. J. T-Shaped
Ni° Systems Featuring Cationic Tetrylenes: Direct Observation of L/
Z-type Ligand Duality, and Alkene Hydrogenation Catalysis. Angew.
Chem., Int. Ed. 2023, 62, No. €202305996. (t) Watanabe, T.; Kasai,
Y,; Tobita, H. A Nickel Complex Containing a Pyramidalized,
Ambiphilic Pincer Germylene Ligand. Chem.— Eur. ]. 2019, 2§,
13491-13495. (u) Gendy, C.; Mansikkamiki, A.; Valjus, J;
Heidebrecht, J.; Hui, P. C.-Y.; Bernard, G. M.; Tuononen, H. M,;
Wasylishen, R. E.; Michaelis, V. K.; Roesler, R. Nickel as a Lewis Base
in a T-Shaped Nickel(0) Germylene Complex Incorporating a
Flexible Bis(NHC) Ligand. Angew. Chem., Int. Ed. 2019, 58, 154—158.

(6) For examples of di- and polydentate amidinato-HTs containing
no phosphane groups, see: (a) Lentz, N.; Cuevas-Chavez, C.; Mallet-

https://doi.org/10.1021/acs.inorgchem.3c01953
Inorg. Chem. 2023, 62, 15502—15509


https://doi.org/10.1021/cr900093s?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/c002806a
https://doi.org/10.1039/c002806a
https://doi.org/10.1039/c002806a
https://doi.org/10.1021/cr100216y?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr100216y?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr100216y?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C4CS00073K
https://doi.org/10.1016/j.ccr.2014.01.036
https://doi.org/10.1016/j.ccr.2014.01.036
https://doi.org/10.1002/ejic.201500495
https://doi.org/10.1002/ejic.201500495
https://doi.org/10.1039/C5CS00365B
https://doi.org/10.1039/C5CS00365B
https://doi.org/10.1002/chem.201801672
https://doi.org/10.1016/bs.adomc.2020.04.001
https://doi.org/10.1016/bs.adomc.2020.04.001
https://doi.org/10.1016/j.ccr.2022.214413
https://doi.org/10.1016/j.ccr.2022.214413
https://doi.org/10.1021/cr00076a004?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr00076a004?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/0010-8545(90)85012-H
https://doi.org/10.1016/0010-8545(90)85012-H
https://doi.org/10.1002/chem.201203072
https://doi.org/10.1002/chem.201203072
https://doi.org/10.1002/chem.201203072
https://doi.org/10.1002/chem.201203072
https://doi.org/10.1515/revic-2013-0014
https://doi.org/10.1515/revic-2013-0014
https://doi.org/10.1039/C4RA14417A
https://doi.org/10.1039/C4RA14417A
https://doi.org/10.1039/C4RA14417A
https://doi.org/10.1021/acs.organomet.7b00155?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.7b00155?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.7b00155?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/asia.202100038
https://doi.org/10.1002/ejic.202100430
https://doi.org/10.1002/ejic.202100430
https://doi.org/10.1002/anie.201811088
https://doi.org/10.1002/anie.201811088
https://doi.org/10.1002/anie.201811088
https://doi.org/10.1039/C7CS00649G
https://doi.org/10.1039/C7CS00649G
https://doi.org/10.1002/cber.19701030728
https://doi.org/10.1002/cber.19701030728
https://doi.org/10.1021/ja00754a069?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja00754a069?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D1SC00450F
https://doi.org/10.1039/D1SC00450F
https://doi.org/10.1039/D1CC06173A
https://doi.org/10.1039/D1CC06173A
https://doi.org/10.1039/D1CC06173A
https://doi.org/10.1002/chem.202005289
https://doi.org/10.1002/chem.202005289
https://doi.org/10.1039/D1DT02967C
https://doi.org/10.1039/D1DT02967C
https://doi.org/10.1039/D1DT02967C
https://doi.org/10.1021/acs.inorgchem.1c02893?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.1c02893?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.1c02893?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.8b00816?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.8b00816?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C9DT03045J
https://doi.org/10.1039/C9DT03045J
https://doi.org/10.1039/C9DT03045J
https://doi.org/10.1039/C9DT03045J
https://doi.org/10.1002/chem.201902784
https://doi.org/10.1002/chem.201902784
https://doi.org/10.1002/chem.201902784
https://doi.org/10.1016/j.ica.2017.08.057
https://doi.org/10.1016/j.ica.2017.08.057
https://doi.org/10.1039/C6CC09283G
https://doi.org/10.1039/C6CC09283G
https://doi.org/10.1039/C6CC09283G
https://doi.org/10.1021/acs.organomet.8b00171?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.8b00171?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.8b00171?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.8b00171?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C7DT04561A
https://doi.org/10.1039/C7DT04561A
https://doi.org/10.1039/C7DT04561A
https://doi.org/10.1039/C7DT04561A
https://doi.org/10.1002/ejic.201700471
https://doi.org/10.1002/ejic.201700471
https://doi.org/10.1021/acs.inorgchem.5b01436?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.5b01436?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/chem.201406486
https://doi.org/10.1002/chem.201406486
https://doi.org/10.1002/chem.201406486
https://doi.org/10.1002/anie.201409739
https://doi.org/10.1002/anie.201409739
https://doi.org/10.1002/anie.201409739
https://doi.org/10.1021/ic300600c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic300600c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic300600c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/b809878f
https://doi.org/10.1039/b809878f
https://doi.org/10.1002/anie.202305996
https://doi.org/10.1002/anie.202305996
https://doi.org/10.1002/anie.202305996
https://doi.org/10.1002/chem.201903069
https://doi.org/10.1002/chem.201903069
https://doi.org/10.1002/anie.201809889
https://doi.org/10.1002/anie.201809889
https://doi.org/10.1002/anie.201809889
pubs.acs.org/IC?ref=pdf
https://doi.org/10.1021/acs.inorgchem.3c01953?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Inorganic Chemistry

pubs.acs.org/IC

Ladeira, S.; Sotiropoulos, J.-M.; Baceiredo, A.; Kato, T.; Madec, D.
Germylene-f-Sulfoxide Hemilabile Ligand in Coordination Chem-
istry. Inorg. Chem. 2021, 60, 423—430. (b) Liicke, M. P; Yao, S,;
Driess, M. Boosting Homogeneous Chemoselective Hydrogenation of
Olefins Mediated by a Bis(silylenyl)terphenyl-Nickel(0) Precatalyst.
Chem. Sci. 2021, 12, 2909-291S. (c) Qi, X; Zheng, T.; Zhou, J;
Dong, Y.,; Zuo, X,; Li, X.; Sun, H.; Fuhr, O.; Fenske, D. Synthesis and
Catalytic Activity of Iron Hydride Ligated with Bidentate N-
Heterocyclic Silylenes for Hydroboration of Carbonyl Compounds.
Organometallics 2019, 38, 268—277. (d) Cabeza, J. A; Garcia-Alvarez,
P.; Gonzélez-Alvarez, L. Facile Cyclometallation of a Mesitylsilylene:
Synthesis and Preliminary Catalytic Activity of Iridium(III) and
Iridium(V) Iridasilacyclopentenes. Chem. Commun. 2017, $3, 10275—
10278. (e) Wang, Y.; Kostenko, A; Yao, S.; Driess, M. Divalent
Silicon-Assisted Activation of Dihydrogen in a Bis(N-Heterocyclic
Silylene)xanthene Nickel(0) Complex for Efficient Catalytic Hydro-
genation of Olefins. J. Am. Chem. Soc. 2017, 139, 13499—13506.
(f) Luecke, M. P.; Porwal, D.; Kostenko, A.; Zhou, Y.-P.; Yao, S,;
Keck, M.; Limberg, C.; Oestreich, M.; Driess, M. Bis(silylenyl)-
substituted ferrocene-stabilized 7°-arene iron(0) complexes: synthesis,
structure and catalytic application. Dalton Trans. 2017, 46, 16412—
16418. (g) Zhou, Y.-P.; Raoufmoghaddam, S.; Szilvasi, T.; Driess, M.
A Bis(silylene)-Substituted ortho-Carborane as a Superior Ligand in
the Nickel-Catalyzed Amination of Arenes. Angew. Chem., Int. Ed.
2016, 55, 12868—12872. (h) Metsinen, T. T.; Gallego, D.; Szilvsi,
T.; Driess, M.; Oestreich, M. Peripheral Mechanism of a Carbonyl
Hydrosilylation Catalysed by an SiNSi Iron Pincer Complex. Chem.
Sci. 2015, 6, 7143—7149. (i) Gallego, D.; Inoue, S.; Blom, B.; Driess,
M. Highly Electron-Rich Pincer-Type Iron Complexes Bearing
Innocent Bis(metallylene)pyridine Ligands: Syntheses, Structures,
and Catalytic Activity. Organometallics 2014, 33, 6885—6897.
(j) Gallego, D.; Briick, A.; Irran, E.; Meier, F.; Kaupp, M.; Driess,
M.; Hartwig, J. F. From Bis(silylene) and Bis(germylene) Pincer-Type
Nickel(II) Complexes to Isolable Intermediates of the Nickel-
Catalyzed Sonogashira Cross-Coupling Reaction. J. Am. Chem. Soc.
2013, 13S, 15617—15626. (k) Wang, W.; Inoue, S.; Enthaler, S.;
Driess, M. Bis(silylenyl)- and Bis(germylenyl)-Substituted Ferro-
cenes: Synthesis, Structure, and Catalytic Applications of Bidentate
Silicon(II)-Cobalt Complexes. Angew. Chem., Int. Ed. 2012, Sl,
6167—6171. (1) Wang, W.; Inoue, S.; Irran, E.; Driess, M. Synthesis
and Unexpected Coordination of a Silicon(1I)-Based SiCSi Pincerlike
Arene to Palladium. Angew. Chem., Int. Ed. 2012, S1, 3691—3694.
(m) Briick, A.; Gallego, D.; Wang, W.; Irran, E.; Driess, M.; Hartwig,
J. F. Pushing the o-Donor Strength in Iridium Pincer Complexes:
Bis(silylene) and Bis(germylene) Ligands Are Stronger Donors than
Bis(phosphorus(III)) Ligands. Angew. Chem., Int. Ed. 2012, SI,
11478—11482. (n) Wang, W.; Inoue, S.; Yao, S.; Driess, M. An
Isolable Bis-Silylene Oxide (“Disilylenoxane”) and Its Metal
Coordination. J. Am. Chem. Soc. 2010, 132, 15890—15892.

(7) For a review, see: Alvarez-Rodriguez, L.; Cabeza, J. A.; Garcfa-
Alvarez, P.; Polo, D. The Transition-Metal Chemistry of Amidinato-
silylenes, -Germylenes and -Stannylenes. Coord. Chem. Rev. 20185, 300,
1-28.

(8) Cabeza, J. A; Garcia—Alvarez, P.; Laglera-Géndara, C. J.; Pérez-
Carreflo, E. Phosphane-Functionalized Heavier Tetrylenes: Synthesis
of Silylene- and Germylene-Decorated Phosphanes and Their
Reactions with Group 10 Metal Complexes. Dalton Trans. 2020,
49, 8331-8339.

(9) Nazish, M.; Siddiqui, M. M.; Kumar Sarkar, S.; Miinch, A;
Legendre, C. M,; Herbst-Irmer, R.; Stalke, D.; Roesky, H. W.
Synthesis and Coordination Behavior of a New Hybrid Bidentate
Ligand with Phosphine and Silylene Donors. Chem.— Eur. J. 2021,
27, 1744—1752.

(10) (a) Zhong, M.; Wei, J.; Zhang, W.-X,; Xi, Z. Synthesis and
Reactivity of Side-Arm Phosphine Functionalized Amidinatosilylene-
and Amidinatogermylene-Supported Nickel(0) Complexes. Organo-
metallics 2021, 40, 310—313. (b) Parvin, N.; Pal, S.; Rojisha, V. C,;
De, S.; Parameswaran, P.; Khan, S. Comparing Nucleophilicity of

Heavier Heteroleptic Amidinato-Amido Tetrelylenes: An Experimen-
tal and Theoretical Study. ChemistrySelect 2016, 1, 1991—1995.

(11) Akhtar, R; Kaulage, S. H; Sangole, M. P.; Tothadi, S
Parvathy, P.; Parameswaran, P.; Singh, K; Khan, S. First-Row
Transition Metal Complexes of a Phosphine-Silylene-Based Hybrid
Ligand. Inorg. Chem. 2022, 61, 13330—13341.

(12) Feng, Z.; Jiang, Y.; Ruan, H; Zhao, Y,; Tan, G.; Zhang, L,;
Wang, X. A Diamidinatogermylene as a Z-Type Ligand in a Nickel(0)
Complex. Dalton Trans. 2019, 48, 14975—14978.

(13) For a review, see: Cabeza, J. A.; Garcia-Alvarez, P.; Laglera-
Gandara, C. J. The Transition Metal Chemistry of PGeP and PSnP
Pincer Heavier Tetrylenes. Eur. J. Inorg. Chem. 2020, 2020, 784—795.

(14) (a) Junold, K; Baus, J. A;; Burschka, C.; Tacke, R. Bis[N,N'-
diisopropylbenzamidinato(—)Jsilicon(II): A Silicon(II) Compound
with Both a Bidentate and a Monodentate Amidinato Ligand. Angew.
Chem., Int. Ed. 2012, §1, 7020—7023. (b) Junold, K.; Nutz, M.; Baus,
J. A; Burschka, C.; Fonseca Guerra, C.; Bickelhaupt, F. M.; Tacke, R.
The Donor-Stabilized Silylene Bis[N,N’-diisopropylbenzamidinato-
(—)Jsilicon(II): Synthesis, Electronic Structure, and Reactivity.
Chem.— Eur. J. 2014, 20, 9319—9329.

(15) (a) Yeong, H.-X; Zhang, S.-H.; Xi, H.-W.; Guo, J.-D.; Lim, K.
H.; Nagase, S.; So, C.-W. An Amidinate-Stabilized Germatrisilacyclo-
butadiene Ylide. Chem.— Eur. J. 2012, 18, 2685—2691. (b) Karsch,
H. H.; Schluter, P. A; Reisky, M. Bis(amidinate) Complexes of
Silicon and Germanium. Eur. J. Inorg. Chem. 1998, 1998, 433—436.
(c) Foley, S. R; Bensimon, C.; Richeson, D. S. Facile Formation of
Rare Terminal Chalcogenido Germanium Complexes with Alkylami-
dinates as Supporting Ligands. . Am. Chem. Soc. 1997, 119, 10359—
10363.

(16) (a) Ungpittagul, T.; Wongmahasirikun, P.; Phomphrai, K.
Synthesis and Characterization of Guanidinate Tin(II) Complexes for
Ring-Opening Polymerization of Cyclic Esters. Dalton Trans. 2020,
49, 8460—8471. (b) Kim, S. B; Sinsermsuksakul, P.; Hock, A. S.;
Pike, R. D.; Gordon, R. G. Synthesis of N-Heterocyclic Stannylene
(Sn(II)) and Germylene (Ge(II)) and a Sn(II) Amidinate and Their
Application as Precursors for Atomic Layer Deposition. Chem. Mater.
2014, 26, 3065—3073. (c) Chlupaty, T.; Padélkova, Z.; Ruzicka, A.
Synthesis and Structure of the First Tin(Il) Amidinato-Guanidinate
[DippNC("Bu)NDipp]Sn{pTol-NC[N(SiMe;),]N-pTol}. Main
Group Met. Chem. 2014, 37, 49—52. (d) Yeong, H.-X,; Xi, H-W,;
Li, Y.; Kunnappilly, S. B.; Chen, B.; Lau, K.-C.; Hirao, H.; Lim, K. H,;
So, C.-W. Zwitterionic Base-Stabilized Digermadistannacyclobuta-
diene and Tetragermacyclobutadiene. Chem.— Eur. J. 2013, 19,
14726—14731. (e) Stewart, C. A.; Dickie, D. A.; Moasser, B,; Kemp,
R. A. Reactions of CO, and Related Heteroallenes with CF;-
Substituted Aromatic Silylamines of Tin. Polyhedron 2012, 32, 14—23.
(f) Chlupaty, T.; Padelkova, Z.; DeProft, F.; Willem, R.; Ruzicka, A.
Addition of Lappert’s Stannylenes to Carbodiimides, Providing a New
Class of Tin(II) Guanidinates. Organometallics 2012, 31, 2203—2211.
(g) Phomphrai, K; Pongchan-o, C; Thumrongpatanaraks, W.;
Sangtrirutnugul, P.; Kongsaeree, P.; Pohmakotr, M. Synthesis of
High-Molecular-Weight Poly(e-caprolactone) Catalyzed by Highly
Active Bis(amidinate) Tin(ii) Complexes. Dalton Trans. 2011, 40,
2157-2159. (h) Hitchcock, P. B.; Lappert, M. F.; Merle, P. G.
Synthesis and Structures of Selected Benzamidinates of Li, Na, Al, Zr
and Sn(II) Using the C;-Symmetric Ligands [N(SiMe;)C(CsH,Me-4
or Ph)NPh]™. Dalton Trans. 2007, 585—594. (i) Antolini, F.;
Hitchcock, P. B.; Khvostov, A. V.; Lappert, M. F. Synthesis and
Characterization of N-silylated, C;-Symmetric Benzamidinates of
Lithium, Sodium and Tin(II). Can. J. Chem. 2006, 84, 269—276.
(j) Aubrecht, K. B.; Hillmyer, M. A,; Tolman, W. B. Polymerization of
Lactide by Monomeric Sn(II) Alkoxide Complexes. Macromolecules
2002, 35S, 644—650. (k) Foley, S. R; Yap, G. P. A; Richeson, D. S.
Synthesis and Structural Characterization of the First Trialkylguani-
dinate and Hexahydropyramidopyramidinate Complexes of Tin.
Polyhedron 2002, 21, 619—627. (1) Foley, S. R;; Zhou, Y.; Yap, G.
P. A; Richeson, D. S. Synthesis of M"[N(SiMe;),] [Me;SiNC(‘Bu)-
NSiMe;] (M = Sn, Ge) from Amidinate Precursors: Active Catalysts
for Phenyl Isocyanate Cyclization. Inorg. Chem. 2000, 39, 924—929.

https://doi.org/10.1021/acs.inorgchem.3c01953
Inorg. Chem. 2023, 62, 15502—15509


https://doi.org/10.1021/acs.inorgchem.0c03101?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.0c03101?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D0SC06471H
https://doi.org/10.1039/D0SC06471H
https://doi.org/10.1021/acs.organomet.8b00700?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.8b00700?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.8b00700?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C7CC04832G
https://doi.org/10.1039/C7CC04832G
https://doi.org/10.1039/C7CC04832G
https://doi.org/10.1021/jacs.7b07167?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b07167?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b07167?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b07167?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/c7dt03301j
https://doi.org/10.1039/c7dt03301j
https://doi.org/10.1039/c7dt03301j
https://doi.org/10.1002/anie.201606979
https://doi.org/10.1002/anie.201606979
https://doi.org/10.1039/C5SC02855H
https://doi.org/10.1039/C5SC02855H
https://doi.org/10.1021/om500966t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om500966t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om500966t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja408137t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja408137t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja408137t?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201202175
https://doi.org/10.1002/anie.201202175
https://doi.org/10.1002/anie.201202175
https://doi.org/10.1002/anie.201200632
https://doi.org/10.1002/anie.201200632
https://doi.org/10.1002/anie.201200632
https://doi.org/10.1002/anie.201205570
https://doi.org/10.1002/anie.201205570
https://doi.org/10.1002/anie.201205570
https://doi.org/10.1021/ja106458p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja106458p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja106458p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.ccr.2015.04.008
https://doi.org/10.1016/j.ccr.2015.04.008
https://doi.org/10.1039/D0DT01727B
https://doi.org/10.1039/D0DT01727B
https://doi.org/10.1039/D0DT01727B
https://doi.org/10.1002/chem.202003513
https://doi.org/10.1002/chem.202003513
https://doi.org/10.1021/acs.organomet.0c00770?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.0c00770?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.organomet.0c00770?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/slct.201600656
https://doi.org/10.1002/slct.201600656
https://doi.org/10.1002/slct.201600656
https://doi.org/10.1021/acs.inorgchem.2c01233?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.2c01233?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.inorgchem.2c01233?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C9DT03803E
https://doi.org/10.1039/C9DT03803E
https://doi.org/10.1002/ejic.201901248
https://doi.org/10.1002/ejic.201901248
https://doi.org/10.1002/anie.201203109
https://doi.org/10.1002/anie.201203109
https://doi.org/10.1002/anie.201203109
https://doi.org/10.1002/chem.201402483
https://doi.org/10.1002/chem.201402483
https://doi.org/10.1002/chem.201102201
https://doi.org/10.1002/chem.201102201
https://doi.org/10.1002/(SICI)1099-0682(199804)1998:4<433::AID-EJIC433>3.0.CO;2-P
https://doi.org/10.1002/(SICI)1099-0682(199804)1998:4<433::AID-EJIC433>3.0.CO;2-P
https://doi.org/10.1021/ja9719891?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja9719891?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja9719891?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D0DT01115K
https://doi.org/10.1039/D0DT01115K
https://doi.org/10.1021/cm403901y?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cm403901y?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cm403901y?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1515/mgmc-2014-0007
https://doi.org/10.1515/mgmc-2014-0007
https://doi.org/10.1002/chem.201300447
https://doi.org/10.1002/chem.201300447
https://doi.org/10.1016/j.poly.2011.06.010
https://doi.org/10.1016/j.poly.2011.06.010
https://doi.org/10.1021/om201118m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om201118m?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C0DT01050B
https://doi.org/10.1039/C0DT01050B
https://doi.org/10.1039/C0DT01050B
https://doi.org/10.1039/b614351b
https://doi.org/10.1039/b614351b
https://doi.org/10.1039/b614351b
https://doi.org/10.1139/v05-250
https://doi.org/10.1139/v05-250
https://doi.org/10.1139/v05-250
https://doi.org/10.1021/ma011873w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ma011873w?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/S0277-5387(01)01018-X
https://doi.org/10.1016/S0277-5387(01)01018-X
https://doi.org/10.1021/ic991004b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic991004b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic991004b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/IC?ref=pdf
https://doi.org/10.1021/acs.inorgchem.3c01953?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Inorganic Chemistry

pubs.acs.org/IC

(m) Hitchcock, P. B,; Lappert, M. F.; Layh, M. Metal (Li, K, Sn" and
Hg") Complexes of the 1,3-Diazaallyl [N(R)C(Ph)NC(Ph)=CR,]~
(R SiMe,). J. Chem. Soc, Dalton Trans. 1998, 3113—3118.
(n) Zhou, Y.; Richeson, D. S. Multiple Bonds between Sn and S:
Synthesis and Structural Characterization of (CyNC(‘Bu)NCy),SnS
and [(CyNC(Me)NCy),Sn(u-S)],'Bu)NCy),Sn = S and [(CyNC-
(Me)NCy),Sn(u-S)1,. J. Am. Chem. Soc. 1996, 118, 10850—10852.

(17) (a) Stasch, A.; Forsyth, C. M.; Jones, C.; Junk, P. C. Thermally
Stable Lead(I1) Amidinates and Guanidinates. New J. Chem. 2008, 32,
829—834. (b) Kilimann, U, Noltemeyer, M; Edelmann, F. T.
Viergliedrige Anorganische Ringsysteme des Zweiwertigen Zinns und
Bleis: Synthese und Struktur von Chelatstabilisierten Stannylenen und
Plumbylenen. J. Organomet. Chem. 1993, 443, 33—42.

(18) Tacke, R; Ribbeck, T. Bis(amidinato)- and Bis(guanidinato)-
silylenes and Silylenes with One Sterically Demanding Amidinato or
Guanidinato Ligand: Synthesis and Reactivity. Dalton Trans. 2017, 46,
13628—13659.

(19) Matioszek, D.; Saffon, N.; Sotiropoulos, J.-M.; Miqueu, K;
Castel, A.; Escudié, J. Bis(amidinato)germylenerhodium Complexes:
Synthesis, Structure, and Density Functional Theory Calculations.
Inorg. Chem. 2012, 51, 11716—11721.

(20) Liu, R;; Zhu, K; Zhong, X; Li, J; Liu, Z,; Chen, S.; Zhu, H.
Chromium Complexes Bearing Amidinato-Phosphino Ligand: Syn-
thesis, Characterization, and Catalytic Properties of Ethylene Tri-/
Tetramerization and Polymerization. Dalton Trans. 2016, 45, 17020—
17029.

(21) (a) Tsukada, N.; Tamura, O.; Inoue, Y. Synthesis and
Structures of Palladium and Platinum A-Frame Complexes Bridged
by a Novel Binucleating Ligand, N,N'-Bis[(2-diphenylphosphino)-
phenyl]- formamidine. Organometallics 2002, 21, 2521—2528.

(22) Leén, F.; Garcia, F. Comprehensive Coordination Chemistry. 3rd
ed, Vol. 9, ch. 19, pp 620—679, Elsevier, Amsterdam, 2021.

(23) Addison, A. W.; Rao, T. N.; Reedijk, J.; van Rijn, J.; Verschoor,
G. C. Synthesis, structure, and spectroscopic properties of copper(II)
compounds containing nitrogen—sulphur donor ligands; the crystal
and molecular structure of aqua[l,7-bis(N-methylbenzimidazol-2'-
yl)-2,6-dithiaheptane]copper(Il) perchlorate. J. Chem. Soc, Dalton
Trans. 1984, 1349—1356. )

(24) See, for example: (a) Cabeza, J. A; Garcia-Alvarez, P.
Tetrelanes versus Tetrylenes as Precursors to Transition Metal
Complexes Featuring Tridentate PEP Tetryl Ligands (E = Si, Ge,
Sn). Chem.— Eur. J. 2023, 29, No. €202203096. (b) Krebs, K. M.;
Freitag, S.; Maudrich, J.-J.; Schubert, H.; Sirsch, P.; Wesemann, L.
Coordination Chemistry of Stannylene-Based Lewis Pairs. Insertion
into M-Cl and M-C Bonds. From Base-Stabilized Stannylenes to
Bidentate Ligands. Dalton Trans. 2018, 47, 83—95. (c) Alvarez-
Rodriguez, L.; Cabeza, J. A.; Garcia-Alvarez, P.; Polo, D.
Amidinatogermylene Complexes of Copper, Silver, and Gold.
Organometallics 2015, 34, 5479—5484. (d) Cabeza, J. A;
Fernidndez-Colinas, J. M.; Garcia-Alvarez, P.; Polo, D. Diaminoger-
mylene and Diaminostannylene Derivatives of Gold(I): Novel AuM
and AuM, (M = Ge, Sn) Complexes. Inorg. Chem. 2012, 51, 3896—
3903. .

(25) Cabeza, J. A; Garcia-Alvarez, P.; Polo, D. Intramolecularly
Stabilized Heavier Tetrylenes: From Monodentate to Bidentate
Ligands. Eur. J. Inorg. Chem. 2016, 2016, 10—22.

(26) Cabeza, J. A.; Garcia-Alvarez, P.; Pérez-Carreno, E.; Polo, D.
Conversion of a Monodentate Amidinate-Germylene Ligand into
Chelating Imine-Germanate Ligands (on Mononuclear Manganese
Complexes). Inorg. Chem. 2014, 53, 8735—8741. )

(27) Cabeza, J. A.; Fernindez-Colinas, J. M.; Garcia-Alvarez, P.;
Polo, D. Steric Effects in the Reactions of Amidinate Germylenes with
Ruthenium Carbonyl: Isolation of a Coordinatively Unsaturated
Diruthenium(0) Derivative. RSC Adv. 2014, 4, 31503—31506.

(28) Cabeza, J. A.; Garcia-Alvarez, P.; Pérez-Carrefio, E.; Polo, D.
Ring Opening and Bidentate Coordination of Amidinate Germylenes
and Silylenes on Carbonyl Dicobalt Complexes: The Importance of a
Slight Difference in Ligand Volume. Chem.— Eur. J. 2014, 20, 8654—
8663.

15509

(29) (a) Baus, J. A; Miick, F. M.; Bertermann, R.; Tacke, R.
Homoleptic Two-Coordinate 14-Electron Palladium and Platinum
Complexes with Two Bis(guanidinato)silylene Ligands. Eur. J. Inorg.
Chem. 2016, 2016, 4867—4871. (b) Miick, F. M.; Baus, J. A.; Ulmer,
A.; Burschka, C,; Tacke, R. Reactivity of the Donor-Stabilized
Guanidinatosilylene [ArNC(NMe,)NAr]Si[N(SiMe,),] (Ar = 2,6-
Diisopropylphenyl). Eur. J. Inorg. Chem. 2016, 2016, 1660—1670.
(c) Baus, J. A,; Miick, F. M.,; Schneider, H.; Tacke, R. Iron(II),
Cobalt(II), Nickel(II), and Zinc(1I) Silylene Complexes: Reaction of
the Silylene [iPrNC(NiPr,)NiPr],Si with FeBr,, CoBr,, NiBr,
MeOCH,CH,0OMe, ZnCl,, and ZnBr,. Chem.— Eur. ]. 2017, 23,
296. (d) Miick, F. M.; Klo, D.; Baus, J. A.; Burschka, C.; Tacke, R.
Novel Transition-Metal (M = Cr, Mo, W, Fe) Carbonyl Complexes
with Bis(guanidinato)silicon(I) Ligands. Chem.— Eur. J. 2014, 20,
9620—9626.

(30) Agustin, D.; Ehses, M. ''*Sn NMR Spectroscopic and Structural
Properties of Transition Metal Complexes with Terminal Stannylene
Ligands. C. R. Chim. 2009, 12, 1189—1227.

(31) Okuniewski, A.; Rosiak, D.; Chojnacki, J.; Becker, B.
Coordination Polymers and Molecular Structures among Complexes
of Mercury(II) Halides with Selected 1-Benzoylthioureas. Polyhedron
2018, 90, 47-57.

(32) (a) Amgoune, A.; Bourissou, D. o-Acceptor, Z-Type Ligands
for Transition Metals. Chem. Commun. 2011, 47, 859—871. (b) You,
D.; Gabbai, F. P. Tunable o-Accepting, Z-Type Ligands for
Organometallic Catalysis. Trends Chem. 2019, 1, 485—496.

(33) Cabeza, J. A.; Garcia-Alvarez, P.; Laglera-Gandara, C. J.; Pérez-
Carreno, E. A Z-Type PGeP Pincer Germylene Ligand in a T-Shaped
Palladium(0) Complex. Chem. Commun. 2020, 56, 14095—14097.

https://doi.org/10.1021/acs.inorgchem.3c01953
Inorg. Chem. 2023, 62, 15502—15509


https://doi.org/10.1039/a804134b
https://doi.org/10.1039/a804134b
https://doi.org/10.1039/a804134b
https://doi.org/10.1021/ja960350e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja960350e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja960350e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja960350e?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/b718537e
https://doi.org/10.1039/b718537e
https://doi.org/10.1016/0022-328X(93)80006-W
https://doi.org/10.1016/0022-328X(93)80006-W
https://doi.org/10.1016/0022-328X(93)80006-W
https://doi.org/10.1039/C7DT01297G
https://doi.org/10.1039/C7DT01297G
https://doi.org/10.1039/C7DT01297G
https://doi.org/10.1021/ic3016194?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic3016194?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C6DT03216H
https://doi.org/10.1039/C6DT03216H
https://doi.org/10.1039/C6DT03216H
https://doi.org/10.1021/om020003f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om020003f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om020003f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/om020003f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/DT9840001349
https://doi.org/10.1039/DT9840001349
https://doi.org/10.1039/DT9840001349
https://doi.org/10.1039/DT9840001349
https://doi.org/10.1002/chem.202203096
https://doi.org/10.1002/chem.202203096
https://doi.org/10.1002/chem.202203096
https://doi.org/10.1039/C7DT04044J
https://doi.org/10.1039/C7DT04044J
https://doi.org/10.1039/C7DT04044J
https://doi.org/10.1021/acs.organomet.5b00828?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic3001575?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic3001575?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic3001575?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/ejic.201500855
https://doi.org/10.1002/ejic.201500855
https://doi.org/10.1002/ejic.201500855
https://doi.org/10.1021/ic501418p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic501418p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ic501418p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C4RA05972G
https://doi.org/10.1039/C4RA05972G
https://doi.org/10.1039/C4RA05972G
https://doi.org/10.1002/chem.201402295
https://doi.org/10.1002/chem.201402295
https://doi.org/10.1002/chem.201402295
https://doi.org/10.1002/ejic.201600872
https://doi.org/10.1002/ejic.201600872
https://doi.org/10.1002/ejic.201600099
https://doi.org/10.1002/ejic.201600099
https://doi.org/10.1002/ejic.201600099
https://doi.org/10.1002/chem.201603802
https://doi.org/10.1002/chem.201603802
https://doi.org/10.1002/chem.201603802
https://doi.org/10.1002/chem.201603802
https://doi.org/10.1002/chem.201402889
https://doi.org/10.1002/chem.201402889
https://doi.org/10.1016/j.crci.2009.04.004
https://doi.org/10.1016/j.crci.2009.04.004
https://doi.org/10.1016/j.crci.2009.04.004
https://doi.org/10.1016/j.poly.2015.01.035
https://doi.org/10.1016/j.poly.2015.01.035
https://doi.org/10.1039/C0CC04109B
https://doi.org/10.1039/C0CC04109B
https://doi.org/10.1016/j.trechm.2019.03.011
https://doi.org/10.1016/j.trechm.2019.03.011
https://doi.org/10.1039/D0CC06614A
https://doi.org/10.1039/D0CC06614A
pubs.acs.org/IC?ref=pdf
https://doi.org/10.1021/acs.inorgchem.3c01953?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

