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Ligands are at the heart of coordination chemistry, organ-
ometallic chemistry, and homogeneous catalysis. The chemis-
try community is well aware of the immense importance of
phosphine ligands in the above fields. In continuation with
chemists’ curiosities for the development of new as well as
improvement of existing chemical properties and processes,
the demand for new ligands always remains a major research
avenue to explore.

The initial discovery of stable N-heterocyclic carbenes!!!
has triggered an upswing in the investigation of their ligand
properties in fundamental as well as application-oriented
transition-metal chemistry in the past few years.”) N-hetero-
cyclic carbene(NHC)-based ligands (A, E=C, Scheme 1)
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Scheme 1. N-Heterocyclic carbene-type ligands of Group 13-15 p-block
elements E (A) and their most likely bonding picture with transition
metals M (B).

possess strong o-electron-donating properties, thereby form-
ing strong and stable bonds to wide varieties of transition-
metal centers. Moreover, they entertain some extra advanta-
geous characteristics as ligands, namely, 1) the o-electron-
withdrawing and m-electron-donating character of the nitro-
gen center(s) of the heterocyclic ring, 2) steric protection
from the exocyclic nitrogen substitutents, and 3) simple and
extensive structural modification. Owing to the above supe-
rior features, these compounds have been recognized as
excellent ligands and have been utilized extensively in various
fields including catalysis®”! and materials chemistry.[! The
rapid development of NHC-based transition-metal chemistry
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has influenced the organometallic chemists to discover and
explore the ligation behavior of the isovalent NHC-analogues
of other Group 13-15 p-block elements (A, Scheme 1).°!

All of these main-group carbene analogues possess one
unshared lone pair of electrons at the carbenoid center (in
their singlet states) and a vacant p-orbital with monoanionic
(Group 13), neutral (Group 14), or monocationic (Group 15)
charge (Scheme 1). Hence these species can be considered as
potential o-donor and m-acceptor ligands for transition metals
(B, Scheme 1). Considering the electronegativity and charge
effects, the nature and strengths of the o-donor and
m-acceptor abilities of these ligands differ. Accordingly, due
to weak o-donor and strong m-acceptor properties, Group 15
cationic ligands are electrophilic in nature and very much
susceptible to nucleophilic attack, in contrast to the nucleo-
philic Group 13 and Group 14 congeners. To explore this
diverse electronic nature, chemists have utilized almost all of
these species (e.g., boron, gallium, silicon, germanium,
phosphorus, arsenic analogues) as ligands for transition
metals.”] However, the nitrogen counterpart, that is,
N-heterocyclic nitrenium ions, were, until very recently,
unknown to behave as ligand for metals.

In transition-metal chemistry, a commonly followed
strategy for the modification of a reactive species to give a
potential ligand is to incorporate it into a pincer framework
that imparts stability to the generated metal complex by
virtue of providing a sterically and electronically protected
metal-ligating site through desired pendant design.!’ Very
recently, Gandelman and co-workers have utilized this
concept for exploring the unprecedented ligand behavior of
nitrenium cations and have found the missing link in the series
of main-group N-heterocyclic carbene-type ligands
(Scheme 2)."" Attaching the phosphorus chelating arms to
the two nitrogen atoms (at the 1- and 3-position) of the core
1,2,3-triazolium heterocyclic ring, they designed and synthe-
sized the new ligands 1-3 (Scheme 2) to investigate the
coordination ability of the central nitrenium nitrogen atom to
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Scheme 2. N-Heterocyclic nitrenium ligands based on tridentate pincer
framework.
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different metal centers. Thus unambiguous formation of
stable Rh! and Ru" complexes (4-6, Scheme 3) with the
novel N-heterocyclic nitrenium ligands in a tridentate bond-
ing fashion was proved both in solution and in the solid state
by multinuclear NMR spectral studies including selective
5N-labeling experiments and X-ray crystallography, respec-
tively.
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Scheme 3. Complexes 4-6 derived from the nitrenium ligands 1-3;
solv=solvent.

The "N NMR spectroscopy of complexes 4b and 6b
showed significant upfield shifts of 6 = 62.9 ppm and 41.9 ppm
relative to the free ligand 2b, thus indicating its coordination
to rhodium and ruthenium centers, respectively. Moreover,
for 4b, the "N signal appeared as a doublet of triplets caused
by both “N-'®Rh and “N-*'P couplings; for 6b, the signal
was a triplet caused by "N-'P coupling. The remarkably
large 'Jy_gy value (29 Hz) was attributed to an increase in the
carbene-like character of the triazolium nitrogen atom of 1b
upon coordination to the metal atom. X-ray crystallographic
analyses of the molecular structures of 4a and 6a established
long N—N bonds, hence again confirming an increased
nitrenium character of the central nitrogen atom of the
coordinated ligand. The N-heterocyclic nitrenium ligand was
also suggested to be weaker trans influencing than trialkyl-
phosphine based on the different Ru—Cl bond lengths in 6a.
A longer Rh—N bond in 5a (2.151(6) A) compared to 4a
(1.991(7) A) revealed weak o-donor and reasonable -
acceptor abilities of the nitrenium ion ligands that are in line
with related Group 15 ligands. The weaker o-donating
properties of these ligands compared to NHCs and pyridines
were also evident from significantly higher CO stretching
frequency values in 5a (voo=2024cm™) and 5b (veo=
2019 cm™) than in similar NHC- and pyridine-based rhodium
complexes.’! Density functional theory (DFT) calculations
explained that metal-to-ligand m-back-donation is the dom-
inant bonding parameter in nitrenium and related phosphe-
nium complexes, whereas ligand-to-metal o donation has a
stronger influence in NHC- and pyridine-complexes. There-
fore, these new ligands are found to be electronically similar
to the other cationic congeners of Group 15 elements, but
they differ from the neutral and anionic NHC analogues.

The above development of the ligand properties of
N-heterocyclic nitrenium cations within a tridentate pincer
scaffold is remarkable in the field of organometallic chemis-
try. However, there remains ample scope to investigate
whether other binding modes of these ligands, for instance,
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monodentate and chelating bidentate, to different metal
centers, can be made feasible to find broader application in
exploring basic organometallic reactions. In this respect, a
greater control over their electronic nature through judicious
modification of the heterocyclic core (that is to say, 1,3-N-
substituents of the triazolium system) is necessary. Any
potential non-innocent behavior of this type of ligands under
certain conditions would also be interesting. Nevertheless, the
key of the inspiring results reported by Gandelman and co-
workers is that they established the long-standing nitrenium
ions!”! as potential ligands for catalytically important transi-
tion metals. Moreover, they pave the way for opening new
avenues toward exploring their reasonable m-acceptor and
weak o-donor properties in both stabilizing electron-rich
metal centers, for example, Pd’ in many organometallic
reactions and in increasing the electrophilic properties of
metal centers during catalysis. The above electronic feature in
combination with a vast library of pincer frameworks remains
to be exploited in the near future to make this novel class of
N-heterocyclic nitrenium ligands not only an academically
interesting but also a potentially useful and versatile reagent
in transition-metal chemistry.
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