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ABSTRACT: Mesoionic compounds are currently hugely popular in several fields such as organic chemistry, organometallic chem-
istry and homogeneous catalysis. A new class of mesoionic compounds are the mesoionic imines (Mlls). For MIIs based on a 1,2,3-
triazole core, the synthetic strategy involves alkylation/arylation of the triazole-N3 atom and subsequent deprotonation to deliver
MIIs. We present here S-amino-4-pyridyl-1,2,3-triazole as an alternative and versatile synthon for generating metallo-MIIs. In this
approach, we make use of metallation at the N-pyridyl/N3-traizole chelating pocket (instead of quarternisation of N3-triazole) and
subsequent deprotonation to generate highly versatile and tunable metallo-MIIs. These unprecedented metallo-MIIs contain a highly
nucleophilic N-donor site, and a tunable electrophilic metal site within the same platform. Apart from displaying strong and directed
H-bonding interactions like their “classical” MII analogues, the metallo-MIIs engage in aromatic C-F activation as well as meta-C-
H activation reactions. Facile synthesis of homo and heterodincuelar complexes which contain a mixed coordinative saturation/un-
saturation with these metallo-MICs is presented. Apart from the metallo-MICs we have also used 5-amino-4-pyridyl-1,2,3-triazole
as a viable precursor to generate the first examples of amido-1,2,3-triazole complexes and the first example of a “normal” (and not
mesoionic) 1,2,3-triazole based imine. Apart from a combination of synthetic chemistry, multinuclear NMR spectroscopy and single
crystal X-ray diffraction, (TD)DFT calculations were also used to shed light on the electronic structure and the frontier orbital situa-
tion of these compounds. Our results thus establish metallo-MIIs as a versatile new class of mesoionic compounds that combine the
modularity of click reactions, with the functionality of metal fragments to generate electronically ambivalent compounds with a huge
potential in synthetic chemistry, catalysis and beyond.
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Chart 1. Structural comparison of selected, reported ligand
frames discussed herein.

In this context, the pyridyl-MIC ligands have emerged as a priv-
ileged ligand that combines the strongly o-donating properties
of MICs with the m-accepting properties of pyridine.*->"-%
Metal complexes of pyridyl-MICs have been shown to stabilize
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an oxidized chromiumtetracarbonyl-complex®® and intermedi-
ates postulated in the electrochemical reduction of protons with
a RhCp*-complex bearing a pyridyl-MIC ligand”. Newer addi-
tions to mesoionic compounds based on a 1,2,3-triazole core in-
clude mesoionic olefins (MIOs, Chart 1) and mesoionic imines
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(MlIIs, Chart 1). Both compound classes have already found use
in the stabilisation of elusive fragments”’?, as organocata-
lysts™76, as chromophores””® and as ligands in main-group el-

ement chemistry’®” and transition metal complexes’ .
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Scheme 1. Conceptual comparison of the synthesis of “classical” MICs/MIIs/MIOs with Metallo-MIIs.

One common feature in the synthesis of triazole-containing
MICs, MIOs and MIls is the formation of a triazole-core
through one type of cycloaddition reaction, the subsequent al-
kylation (or arylation) of the N3-triazole atom, and eventual
deprotonation to deliver the aforementioned intriguing com-
pounds (Scheme 1).43737678.7981 Having recently developed a
facile synthetic route for MIIs”#°, and having also shown that
pyridyl-MICs are a special compound class in organometallic
chemistry and catalysis, we have now turned our attention to
(pyridyl)aminotriazoles (Scheme 2-4 and 6). In particular, we
address three different question related to (pyridyl)aminotria-
zoles in this work: a) Are pyridyl substituted amido-triazole lig-
ands accessible? b) Is preferential methylation at the N2-nitro-
gen (and not N3) atom of 1,2,3-triazoles possible in order to
generate “normal” (and not mesoionic) triazole-based imines?
¢) Can metal chelation at the pyridyl-N/triazole-N3 be a viable
alternative to the N3-alkylation/arylation route for the genera-
tion of metallo MIlIs? In particular, the latter point, if success-
fully executed, would open up a completely new accessibility
to MIIs with properties that would not be possible with the al-
kytion/arylation strategy. This is because metal fragments are
able to offer different types of functionality (e.g. redox states,
different charges, spin states, photoactivity, coordination am-
bivalence) which is not possible if simple “innocent” fragments
like alkyls or aryls are used for the quarternisation of the N3-
atom of the 1,2,3-triazole ring. In the following, we present re-
sults from synthetic chemistry, reactivity studies, and quantum
chemical calculations to address each of the three points men-
tioned above. We also show first results in which the metallo
MIIs have been used either for C-F activation reactions or for
the selective meta-C-H activation of aromatic rings.
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Scheme 2. Representation of previous work on Py-substi-
tuted S5-amino-triazoles *"LH> and MIIs.”

Treatment of the triazole LH2 with Zn(HMDS), in toluene se-
lectively yielded the homoleptic complex [LH]2Zn in quantita-
tive yields. The Zn-complex is a moisture and air sensitive solid
(Scheme 3). To best of our knowledge, [LH]2Zn represents the
first 5-amido-1,2,3-triazole complex reported.
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Scheme 3. Synthesis of [IrLH:]BF4 and [LH].Zn and the re-
spective molecular structures in ORTEP-representation in
the crystals obtained by single-crystal XRD (right). Ellip-
soids are set to 50% probability. Selected fragments are dis-
played in wireframe-representation for clarity. Counter-an-
ions, if present, are omitted for clarity.

Direct methylation of [LH]2Zn to [LH2]X with either Me;OBF4
or MeOTf yielded crude reaction mixture from which no prod-
uct could be further isolated or characterized (Scheme 4). We
therefore conducted transmetalation reactions of [LH]2Zn with
[IrCp*Cl,], either in the presence or absence of a methylating
agent to further gauge the reactivity of [LH]2Zn. By transmeta-
lation in absence of methylating agent, the formal amide-bound
Ir-complex [LHIr] could be isolated in a low yield of 34%
(Scheme 4). From examinations of the crude mixture via 'H-
NMR-spectroscopy we identified a second product from the re-
action which can be assigned to [IrNH:2]Cl (Supporting Infor-
mation Fig. S22). Unfortunately, besides [LHIr] we were not
able to isolate [IrNH2|Cl from the crude material. [IrNHz]* as

the BF4 salt can be selectively synthesized by the reaction of
LH: with [IrCp*Cl], over the course of two hours (Scheme 3).
[IrNH:]|BF4 was obtained after anion exchange in good yields
of 83% and characterized by NMR-, UV-Vis-spectroscopy (see
below, Figure 2 b)) and single-crystal XRD (Scheme 3).

Methylation of [LH]2Zn with Me;OBF, followed by the addi-
tion of [IrCp*Cl,], yielded a mixture of two compounds which
were identified by "H-NMR-spectroscopy (Supporting Infor-
mation Fig. S23): One of both being [IrLH:z]BF4. Single-crys-
tals obtained from the crude mixture by overlayering a DCM-
solution of the crude with Et;O were subjected to X-ray diffrac-
tometry (Scheme 4). The structure obtained thereof unveiled the
second component of the reaction to be [L’HIr]|BF4 via meth-
ylation of the N2-atom of the triazole-moiety not the N3-atom
as expected. By formulation of resonance structures
[L’HIr]BF4can be identified as an iridium-complex with a non-
mesoionic imine-ligand (Scheme 4). This is the first example of
a metal complex with a “normal” 1,2,3-triazole-based MII. Re-
action of [LH]2Zn with MeOTf followed by transmetalation
with [IrCp*Cl, ], resulted in a quantitative conversion to the Npy-
Nrr-coordinated product [IrLH2]JOTf according to the 'H-
NMR-spectrum obtained from the crude mixture (Scheme 4,
Supporting Information Fig. S24). In order to transform
[LH]2Zn to [IrLH2]X (X = BF,4, Cl, OTf), formally a proton
has to be added. This opens up the question of the origin of the
proton source. Examination of the methylating agents Me;OBF4
and MeOTf by 'H-NMR-spectroscopy suggested minor acidic
contaminations of the used MeOTf while Me;OBFj, as obtained
by the supplier is sufficiently pure. We therefore assume that
the quantitative conversion of [LH]2Zn to [IrLH2]OTf under
the presence of MeOTf might be the result of catalytic amounts
of acidic contamination. It was already pointed out by Timothy
and co-workers® that the cationic Npy-Nr-coordination to
Ir(I1D)-centers is preferred over the formal triazolide-coordina-
tion mode thus backing up the hypothesis stated before.
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Scheme 4. Reactivity of [LH].Zn towards methylation and transmetalation with [IrCp*Cl:]: and the respective molecular
structures in ORTEP-representation in the crystals obtained by single-crystal XRD. Ellipsoids are set to 50% probability.
Selected fragments are displayed in wireframe-representation for clarity. Counter-anions, if present, are omitted for clarity

As observed previously by us with the corresponding phenyl-
substituted derivative (Scheme 2)”, the reaction of LH2 with
methylating agents like MeOTf or Me;OBF, yielded a crude
mixture of the possible monomethylated products or the bis-
methylated product [LH2]X2 from which only the latter could
be isolated in the case of X = BF4(Scheme 5). Compared to the
Nl1-phenyl substituted derivative (""LH2(OTF),”), the corre-
sponding N1-site of [LH2]X: contains a mesityl-subtituent and
is therefore blocked for aromatic C-H activation. To further an-
alyse the behavior towards C-H activation, [LH2] Xz was reacted
under basic conditions with [IrCp*Cl,],. According to the 'H-
NMR-spectrum of the crude reaction mixture the desired IrCp*-
complex with a bidentate MII-ligand [LHIr](BF4): via C-H-ac-
tivation of the ortho-H on the Py-site was formed during this
reaction as evident by three distinct multiplets in the aromatic
region beside the singlet assigned to the aromatic Mes-H pro-
tons (Scheme 5).
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Scheme 5. Methylation of LH: and subsequent C-H activa-
tion with [IrCp*CL]. For [LH2](OTf): the molecular struc-
ture elucidated by sc-XRD is shown in ORTEP-
representation. Ellipsoids are set to 50% probability and se-
lected fragments are displayed in wireframe representa-
tions for clarity. Counter-anions are omitted for clarity. For
[LHIr](BFs): a cut-out of the corresponding 'H-NMR-
spectrum (crude product) is shown and peaks are assigned
to the structure thereof.

 [LHIOT,

The coordination of an auxiliary MeCN-ligand as seen in the
proposed structure of [LHIr](BF4)2 (Scheme 5) can be deduced
from the red color of the thus obtained product, the relatively

high-field shifted signal assigned to the NH-proton (J=
3.94 ppm) and a signal with a relative integral of three with a
chemical shift (6 = 1.96 ppm) expected for coordinated MeCN.
This compound is the first example of a metal complex that is
simultaneously coordinated by a remote carbene and a MII do-
nor. The product decomposes over the course of several hours
even under inert conditions thus making a further characteriza-
tion or isolation impossible.

[IrNH:]BF4 can be considered a viable precursor for MII
(Scheme 1) with an I[rCp*-moiety in the backbone. In this con-
text, [IrNH:z]BF4 was employed in deprotonation and meta-
lation reactions known for classical MIls.”

[IrLH,]BF,

NaHMDS, o-DFB [IrCp*Cl,],, NaOAc
l 20°C - RT, 2h MeCN, 65°C, 3 days l

73% 59%

Scheme 6. Reactivity of the triazolium salt [IrLH:]BF4 to-
wards deprotonation and  C-H-activation  with
IrCp*CLwith the corresponding molecular structures elu-
cidated by sc-XRD displayed in ORTEP-representation. El-
lipsoids are set to 50% probability and selected fragments
are displayed in wireframe representations for clarity.
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Counter-anions, if present, are omitted for clarity. o-DFB:
ortho-difluorobenze.

Deprotonation of [IrLH:]BFs under typical conditions with
NaHMDS in 0-DFB yielded the corresponding metallo-MII
IrLH as a bright-orange powder (Scheme 6). The product iden-
tity was confirmed by NMR-spectroscopy, sc-XRD and CHN-
analysis. With a length of 1.301(5) A (Table 1), the C1-N4 bond
in IrLH is in the same range as observed for classical MIIs
(such as RL (R =Mes”, Fc®, Ph™), Figure 1) and therefore best
characterized as a C-N bond with significant double bond char-
acter. Like RL, IrLH shows intramolecular H-bonding with the
adjacent o-proton of the flanking substituent in solid state
(XRD-structure on the left in Scheme 6). IrLH is an air- and
moisture sensitive compound and decomposes in the presence
of CH,Cl, or MeCN. This observation contrasts the reactivity
of “classical”, purely organic MIIs, which can be dissolved in
non-dried, aprotic solvent and CH,Cl,/MeCN respectively
without undergoing hydrolysis or further reactions. Reaction of
IrLH with [Rh(CO),Cl], in THF overnight at room temperature
afforded a mixture of two compounds from which the desired

Rh-complex IrLHRh could be identified via '"H-NMR-, IR-
spectroscopy and sc-XRD (Scheme 7). Although the nature of
the side-product remains unclear, it was possible to separate
IrLHRh from the mixture by extraction with toluene.

The CO-stretching modes of IrLHRh were examined via
FTIR-spectroscopy from which a TEP*® (Tolmann electronic
parameter) of 2045 cm™ was determined. Contrary to the obser-
vation of IrLH being a) a stronger base (hydrolysis under am-
bient conditions) and b) a stronger nucleophile (reaction with
MeCN and DCM) compared to classical MIIs (like M*L™, Fig-
ure 1), the obtained TEP suggests that IrLH is a slightly weaker
net-electron donor as M*L. As the TEP-value combines effects
of donating and accepting properties which influence the TEP-
value in a contrary fashion, the observed reactivity of IrLH
might be the result of higher m-accepting contributions in IrLH.
In earlier reports, we have pointed out that MIIs might be able
to engage in n-backbonding.”® To gain further insight, theo-
retical calculations were conducted (Figure 1).
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Figure 1. Molecular frontier orbitals of selected MIIs and the respective energies and HOMO-LUMO-energy gap. Isovalue = 0.0622. Refer-
ences: ML, and PPL 7°, FeL%°, YL, RhLH and ReLH: Hypothetical molecules whose structures were deduced from molecular structure
elucidated by single-crystal XRD of similar compounds and then subjected to geometry optimization. Only selected orbitals are displayed to
highlight the changes of the electronic structure by different substitutions in order to remain clarity of the figure. Level of theory: PBE(Q/def2-

TZVP/SARC-ZORA-TZVP(Ir, Re, Rh)/CPCM(CH2Clz). Computational details can be found in the SI.

The frontier MOs (Figure 1) of the differently decorated MlIs
qualitatively show the same characteristics: The HOMO-orbital
mostly resides on the very electron rich Ney,. This observation
is in line with reactivity studies, which show that MIIs act as
strong N-donors (Scheme 7).7%° The LUMO of MIIs mostly
resides on the triazole-backbone with 7"-symmetry — an obser-
vation which lead us to discuss possible accepting properties of
MIls in previous reports.”* The flanking-substituents on the
triazole-backbone can heavily influence the degree of delocali-
zation and therefore the LUMO-energy. By parallelization of
the flanking substituent with the triazole-ring (e.g. through H-
bonding as present in MIIs) the degree of conjugation of the
system increases and thus the respective LUMOs are energeti-
cally lowered. This leads presumably to a more accessible back-

donation from the metal to the MII-ligand. In the case of the
metallo-MII IrLH and the theoretically calculated Py-substi-
tuted MII L this effect is quite pronounced compared to the
bismesityl-substituted derivative M*L. Therefore, it is reasona-
ble to assume, that the higher TEP-value of IrLH compared to
MesT, is the result of a higher z-acidity of IrLH thus giving un-
precedented experimental proofs for MIIs to act as acceptor-lig-
ands.

The high donating-capacities of IrLH were tested in the C-F
activation reaction of hexafluorobenzene (Scheme 7). The reac-
tion leads to the condensation of C¢F¢ with the metallo-MII
IrLH under the formation of the C¢Fs-MII IrLCsFs and formal
depletion of HF according to sc-XRD of single-crystals ob-
tained from the reaction mixture in deuterated THF (Scheme 7).

https://doi.org/10.26434/chemrxiv-2024-gptvc ORCID: https://orcid.org/0000-0003-4887-7277 Content not peer-reviewed by ChemRxiv. License: CC BY-NC 4.0


https://doi.org/10.26434/chemrxiv-2024-qptvc
https://orcid.org/0000-0003-4887-7277
https://creativecommons.org/licenses/by-nc/4.0/

Further analysis of the reaction mixture via 'H- and '’F-NMR-
spectroscopy implies the formation of a side product. Presuma-
bly, the C¢Fs-substituted triazolium salt [IrLH(Ce¢Fs)]F is
formed after nucleophilic aromatic substitution of CsFg, which
protonates another IrLH-molecule (IrLCsFs is a weaker base
than IrLH due to the electron-withdrawing CeFs-substituent)
yielding IrLCeFs and the corresponding triazolium salt
[IrLH:]X (X =F, HF,).3**" As the solubility of IrLCsFs and
[IrLH2]X is very similar, we were not able to separate both
compounds (Scheme 7).
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Scheme 7. Reactivity of the metallo-MII IrLH towards CeFs
and [Rh(CO):Cl]. with the respective molecular structures
in ORTEP-representation in the crystals obtained by single-
crystal XRD. Ellipsoids are set to 50% probability. Pro-
posed mechanism for the formation of IrLCe¢Fs and
[IrLHz]X based on the experimentally determined chemi-
cals shifts . X =F, H2F. [a]: ref. 887, [b]: ref. 3

Reaction of [IrLH:]BF4 with [IrCp*Cl,], under basic condi-
tions (NaOAc) yielded the dinuclear Ir-complex [IrLHIr]BF4
via C-H activation at the meta position on the Py-substituent
(Scheme 6). Spectroscopic (NMR, UV-Vis (see below, Figure
2 b) and Supporting Information Fig. S49 and S51)) and crys-
tallographic methods elucidated the product composition and
connectivity within the molecule. From the dark-green color
and the downfield shifted signal assigned to the NH-Ir moiety
in the "H-NMR-spectrum (Supporting Information Fig. S32 and
S34) it was apparent that a coordinatively unsaturated Ir-com-
plex was formed during the reaction. The metallo-MIIs can thus
be used for facile meta-C-H activation and the formed dinuclear
complex is also a rare example in which a coordinatively satu-
rated and a coordinatively unsaturated iridium center are part of
the same molecule. The coordinative unsaturation was further
proven by reactivity studies: The addition of Ph;P to
[IrLHIr]|BF; resulted in an immediate change in color from
dark-green to yellow accompanied by the formation of two new
species according to the 'H- and *'P-NMR-spectra (Supporting
Information Fig. S36 and S38) of the reaction mixture. In the
"H-NMR-spectrum the signal assigned to the NH-moiety is sig-
nificantly shifted towards a higher field (9 ppm vs. 1 ppm)
while a new resonance in the 3'P-NMR-spectrum at 9.1 ppm

provides strong indications for the formation of
[IrLHIrPPh;3]BF4 (Scheme 8) 3° Sc-XRD of single-crystals ob-
tained from the reaction mixture proved the coordination of the
phosphine-ligand onto the free coordination site. The appear-
ance of signals in a set of two in both the 'H- and 3'P-NMR-
spectra of [IrLHIrPPhs]BF4allows for speculation of possible
(side)-products. As [IrLHIrPPh;]BF, was obtained as a rea-
sonably pure compound according to CHN-analysis, we assume
that a diastereomeric mixture was obtained. The phosphine-lig-
and can attack the Ir-atom either on the Cp*- or Cl-face forming
either the Cp*-Cp*-trans or Cp*-Cp*-cis diastereomer. The
molecular structure of the cis-diastereomer could be elucidated
by sc-XRD (Scheme 8).

____PPh, )\ Mes
[IrLHIr)BF, oM RTZh - an
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Scheme 8. Reaction of the coordinatively unsaturated bime-
tallic Ir-complex [IrLHIr|BF: towards PPhs with the re-
spective molecular structures in ORTEP-representation in
the crystals obtained by single-crystal XRD (right). Selected
fragments are displayed in wireframe representation.
Counter-anions are omitted for clarity.

cis-{IrLHIrPPh,BF,

Interestingly, the complex [IrLHIr|BFis stable under ambient
conditions and MeCN will not coordinate unlike observed for
the readily decomposing derivative [LHIr](BF4): (Scheme 5)
and the previously reported dicationic complex P"LIr(ACN)/
PhLIr (Scheme 2).” This might be the result of two effects:
Compared to [LHIr](BFs). (with a neutral MIl-ligand),
[IrLHIr|BFs bears a monoanionic MIl-ligand frame thus
providing more stabilization through stronger electron-dona-
tion.® On the other hand further electron density in
[IrLHIr]|BF4 is shared from the IrCp*Cl-fragment through the
Py-ligand into the IrCp*-fragment by z-donation as evident
from the crystallographic data (Figure 2a)). The Npy-Ir bond
from [IrLH:]BF4 to [IrLHIr]BF4 is shortened, while the cor-
responding Nr.-Ir bond is elongated after coordination to the
second IrCp*-moiety. After coordination of the phosphine-lig-
and ([IrLHIrPPh;]BFs) to the free coordination site of
[IrLHIr|BF4 this effect is reversed as evident by an elongated
Npy-Ir and shortened Nr-Ir while the Cp,-Ir bond is elongated
in that row. Thus, the Py-ligand can act as a mediator of electron
density and stabilize the unsaturation on the Ir-atom.
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a)

The electronic structure of some selected Ir-complexes was fur-

e 2.041(5) E:lr'll:::lr']Pme]X ggg?gg;l ther analyzed via UV-Vis spectroscopy (Figure 2 b)) fmd sup-
[IrLHINX 2.077(8) pqrted by (TD)-DFT calgulatlons (see SIs for computational de-
[IrLH,]X 2.1130) || i A tails). Except for the dinculear complexes [IrLHIr|BFs and
[IrLHIFPPh;IX 2.134(5)7) [IrLHIrPPh;3|BFy4, the transition in the VIS-region of the spec-
o A Ir trum mostly translates to LLCT from Nex, onto the Py-substitu-

Ir: / ent and LMCT from Ny, to the Ir-atom. The absorption at low-

. est energy for the triazolium salt [IrLH2]BF4 at 324 nm red-

N
[IrLH,1X 2.062(3) W
[IrLHIrPPh,]X 2.089(5) N=N

shifts upon deprotonation to IrLH to 470 nm which can be ex-
plained by a lower HOMO-LUMO (Supporting Information

IrLH 2.101(4) R Fig. S53 and 61) energy-gap by a destabilized HOMO. The
[IrLHIr]X 2.17(7) same explanation can be given when comparing [IrLHz]BFato
[LHIr]. Additionally, the band at 346 nm of [LHIr] can be as-
________________________ signed to a MLCT from the Ir-centre onto the Trz-backbone
(Supporting Information Fig. S55). This transition hints to a
b) somewhat nucleophilic Ir-centre and a quite electrophilic Trz-
— 1.0 backbone which could explain the observed tendency of [LHIr]
rf',:',:‘::‘] ::‘; and reported compounds®? to preferably undergo isomerization

=t 08 from the Npy-Neyo- to the cationic Npy-Nrr,-coordination mode.

— -[IrLH,]BF 4

'g - IrLHIrPPh;IBF4 = For [IrLHIr]BF4two low energy bands at 466 nm and 404 nm
‘72' 470nm (06 3 were observed which can be assigned to a LMCT from Ny, to
< 424 nm | 2 the coordinatively unsaturated Ir-atom and MMCT from the Cl-
= i, Joenm ===y |04 < bound Ir-atom to the coordinatively unsaturated Ir-atom (Sup-
N X A porting Information Fig. S57)). Upon coordination with PPh;
‘QK/\ 0.2 ([IrLHIrPPhs3|BF4), which is connected to a color change from

i green to yellow, both bands collapse into one band at 424 nm.
00 N \ % This band can be assigned to a HOMO-LUMO transition (Sup-

300 450
A[nm]

Figure 2. a) Representation of relevant bond length (in A) deduced
from sc-XRD data for selected compounds. b) UV-Vis spectra of
selected compounds measured in CH2Cla. The UV-Vis spectrum of
IrLH was measured in THF due to reaction of the substrate with
CH2Clz. The supporting TD-DFT calculations suggest no solvent
effect on the qualitative shape of the UV-Vis spectra. For IrLH no
quantitative analysis via Lambert-Beer’s-Law was conducted due
to concentration dependent agglomeration of MIls in solution.
Therefore, a single UV-Vis at a fixed concentration is displayed.

porting Information Fig. S59)). The HOMO of
[IrLHIrPPh;3]BFy is localized on Neo, the Trz-ring and the
PPhs-coordinated Ir-atom while the LUMO mostly resides on
the Py-substituent of the triazole-ligand and the Cl-coordinated
Ir-atom. This transition therefore translates to a mixture of a
LLCT (Trz + Nexo to Py), a LMCT (Trz + Nexo to I-Cl) and a
MMCT (Ir-PPh; to Ir-Cl) which is in a complete contrast to the
transitions observed for the complex [IrLHIr]BF4with a coor-
dinatively unsaturated Ir-atom.

Judging from the absorption spectra and the supporting compu-

tational results, the electronic structure of the different herein
presented Ir-complexes can be tuned quite easily.

Table 1. Selected crystallographic and spectroscopic data of the herein reported compounds.

Compound C1-N4 N4-R CI-N4-R SH(-NH)
[A] [A] [°] [ppm]
LH: 1.360(2)/1.358(3)M - - 5.3708,4.95[], 4,95l
[LH]:Zn 1.337(5Y/1.331(5)M 1.924(4)/1.907(4) ™ 119.4(3)/117.8(3) ™ 3.18M, 3,634
[IrLH:|BF4 1.332(5) - - 54714
[LHIr] 1.317(3) 2.063(2) 123.42) 2.6414)
[L’HIr|BF4 1.309(4) 2.060(3) 123.7(2) -
P Ir(ACN)/™! 1.322(3) 2.096(2) 117.4(2) 4.86l¢)
Phy [yiml 1.33(1) 1.986(8) 128.8(7) 11.300
[LH2](X): 1.328(3)l! - - 6.391<1, 6.090cK]
[LHIr](BF4): - - - 3.94l¢l
IrLH 1.301(5) - - 4811, 4,760
IrLRh 1.323(6) 2.075(4) 137.4(4) 33714
IrLCFs 1.312(7) 1.346(8) 123.1(5) -
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[IrLHIr|BF4 1.33(1) 1.999(8)
[IrLHIrPPhs|BF4 1.324(7)1 2.102(5)ti
[RhLH:]BF4 1.351(2) -
[RhLHIr|BF4 1.341(6) 1.996(4)
[ReLH:]OTf 1.349(3) -

125.4(7) 9011, 7.94[¢)
119.5(4)t 1.03/0.8714¢]
- 534141, 5 58[¢]
124.8(4) 9.0014
. 6.0714

[2l: Recorded in CDCls. ) Recorded in C¢Ds. [°l: Recorded in toluene-d8. [41: Recorded in CD2Cly. [¢): Recorded in CD3CN. [l: Recorded
in THF-d8. [8l: Diastereomeric mixture of cis- and trans-isomer./": Two independent molecules in the asymmetric unit. [: Cis-diastereomer.
ll: X = OTf. XI: X = BF4. : Recorded in acetone-d6. [™I: Data taken from ref. 7°.

The herein presented route to synthesize metallo-MIIs was
transferred to different metals in order to investigate the viabil-
ity of the chosen route. For this, LH2 was reacted with either
Re(CO)sOTf or [RhCp*Cl;], respectively resulting in the tria-
zolium salts [MLHz]|X, which could be isolated in good yields
and characterized by (*H, 3C)-NMR-and IR-spectroscopy (for
[ReLH:]OTY, Supporting Information Fig. S 48), mass spec-
trometry, CHN-analysis and sc-XRD (Scheme 9). The deproto-
nation of both compounds resulted in the formation of solution
with intense colors. In the case of ReLH the desired MII could
not be detected by NMR-spectroscopy or MS-methods. The
"H-NMR-spectrum of the crude reaction mixture shows broad
and poorly resolved signals indicating the formation of an oli-
gomer (see SI for details and proposed mechanism). We as-
sume, as also crystallization of the compound was not possible,
that the in situ formed MII ReLH reacts with either a carbonyl-
coligand of another molecule of ReLH or under ligand-substi-
tution of one CO-coligand by the highly nucleophilic N-atom
of the MII-ligand under the formation of a coordination poly-
mer. IR-spectroscopic measurements before and after deproto-
nation (Supporting Information Fig. S 48) reinforce this hypoth-
esis as after deprotonation only three carbonyl-stretching modes
were detected. In the case of RhLH work up afforded a brown
powder from which no substances could be identified. Follow-
ing up the deprotonation reaction via 'H-NMR-spectroscopy re-
vealed that the deprotonation of [RhLH2]BF4is unselective and
from the reaction mixture no product could be identified. As
with ReLH, we assume a tail-biting mechanism of RhLH or
the in situ deprotonation of newly generated Rh-MII (RhLH)
resulting in a variety of different products (see SI for details).
These assumptions are backed up by theoretical calculations,
which show that the LUMOs (Figure 1) of ReLH (Supporting
Information Tbl. S 28) and RhLH (Supporting Information Tbl.
S 30) are energetically accessible and mostly located on the
ML, fragment (Supporting Information Fig. S 67 and 68). This
suggests a very pronounced eletrophilicity of the ML, fragment
compared to IrLH, which in contrast to ReLH and RhLH
could be isolated.

NH
LH, 7\
NaHMDS _
—’e =N N —Mes
A)or B)l 0-DFB, -20°C — RT, 2h \F_ Ny
MLH

NH, xe Products not detected
@\((
- =
N® N =Mes =
\ NN
5]
A ' x

[MLH,]X

0
1" < NH

M =Re, L, = (CO),, X = OTf (65%) (IrCp*Clyl, NaOAG 7 \ ) M
M = Rh, L, = Cp*Cl, X = BF, (80%) — » =il
MeCN; 65°C, 3 days \®_NT
t
[MLHIr]X

M =Re, L, = (CO),, X = OTf (only MS)
M =Rh, L, = Cp*Cl, X = BF, (45%)

%Remz}(ﬂf

Scheme 9. Synthesis of metallo-MII precursors and reactiv-
ity thereof. A) For M = Re: Re(CO)sOTf, DCM, 16 h, RT.
B) for M = Rh: 1.) [RhCp*CL]2, DCM/acetone, 1 h, RT. 2.)
NH4BF4, DCM/acetone, 1 h, RT. Respective molecular
structures are shown in ORTEP-representation in the crys-
tals obtained by sc-XRD. Selected fragments are displayed
in wireframe representation. Counter-anions are omitted
for clarity.

[RhLHIr]BF,

As the free metallo-MIIs MLH were not isolable, we conducted
C-H activation reactions of the triazolium salts [MLH:]X with
the IrCp*Cl,-Dimer. During this reaction the corresponding
metallo-MII is generated in sifu and directly coordinated thus
giving the possibility to catch the corresponding metallo-MIIs
indirectly by coordination to IrCp* ([MLHIr]X). For the Rh-
analogue the corresponding heterodinuclear Rh/Ir-complex
[RhLHIr]|BF4 was isolated with a yield of 45%. The product
identity was confirmed by elemental analysis, MS, NMR-
spectroscopy and sc-XRD. The dark-green color and the highly
deshielded signal in the '"H-NMR spectrum (Supporting Infor-
mation Fig. S45) assigned to —NH points to a coordinatively
unsaturated Ir-centre which was further confirmed by single-
crystal XRD (Scheme 9). This observation follows the trend es-
tablished for the Ir-analogue [IrLHIr]|BF4 (Scheme 6). [RhL-
HIr]BF4 is thus a rare example of a heterodinuclear metal com-
plex with meta-C-H activation, and a combination of one coor-
dinatively saturated (Rh) and one coordinatively unsaturated
(Ir) metal centers.
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The corresponding Re(CO)s-analogue [ReLHIr]OTS could be
detected by mass-spectrometry while "H-NMR spectroscopy
conducted on the crude material indicated the formation of the
desired compound but also revealed the formation of a product
mixture.

In summary, we have shown here that 5-amino-4-pyridyl-1,2,3-
triazole is a versatile synthon for generating a series of interest-
ing compounds. The first examples of amido-complexes based
on a 1,2,3-triazole platform, and the first example of a normal
(as opposed to mesoionic) triazole-based imine have been pre-
sented here. Most intriguingly, by using metalation of the N-
pyridyl/N3-triazole chelating pocket (as opposed to alkyla-
tion/arylation at the N3-triazole), we were able to generate the
first examples of metallo-MII. These metallo-MIIs are versatile
compounds in which the modularity of the synthesis of amino-
triazoles can be combined with the functionality of the metal
fragment at the backbone to generate compounds with very in-
teresting properties. The metallo-MIIs are extremely strong do-
nors and at the same time possess accepting properties because
of the incorporation of the metal fragments. Such compounds
are thus ambivalent and contain both a nucleophilic and an elec-
trophilic center. The metallo-MIIs can engage in strong intra-
molecular hydrogen bonding, can perform C-F bond activation,
as well as meta-C-H activation. Additionally, heterodinucelar
complexes with a coordinatively saturated and a coordinatively
unsaturated metal center can be readily and selectively synthe-
sized based on the metallo-MlIs. In view of the modular syn-
thesis, the easy incorporation of additional functionalities
through the metal fragments, the electronic adaptability, and
their intriguing bond activation ability, we believe that this new
compound class will have a strong impact on synthetic chemis-
try, catalysis and beyond in the coming years.
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ABBREVIATIONS

Py, pyridyl; MIC, mesoionic carbene; NHC, N-heterocyclic car-
bene; MIO, mesoionic olefin; Cp*, u’-(CsMes); MII, mesoionic
imine; PDI, pyridinediimine; bpy, 2,2’-bipyridine; 2,2°:6°2"’-ter-
pyridine; NaOAc, sodium acetate; ORTEP, Oak Ridge Thermal-
Ellipsoid Plot; (sc-)XRD, (single-crystal) X-ray diffractometry;
HMDS, hexamethyldisilazane; Trz, 1,2,3-triazole; OTf, F3CSOs;
NMR, nuclear magnetic resonance; ppm, parts per million; o-DFB,
ortho-difluorobenzene; DCM, dichloromethane; IR, infrared;
HOMO, highest occupied molecular orbital; LUMO, lowest unoc-
cupied molecular orbital; FTIR, Fourier-transformed infrared;
TEP, Tolmann electronic parameter; SI, supplementary infor-
mation; Mes, 2,4,6-trimethylphenyl; THF, tetrahydrofurane; UV-
vis, ultraviolet and visible light; (TD)-DFT, (time-dependent) den-
sity functional theory; LLCT, ligand-to-ligand charge transfer;
LMCT, ligand-to-metal charge transfer; MLCT, metal-to-ligand
charge transfer; MMCT, metal-to-metal charge transfer; Nexo, €x0-
cyclic nitrogen atom on MlIlls; J, chemical shift (NMR-
spectroscopy); MS, mass-spectrometry; mCPBA. Meta-chloroben-
zoic acid.
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