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Visible-light driven H2 reductive elimination
unlocks reactivity in polyhydrido niobium iridium
clusters

Zachary Dubrawski, a Samy Aïssiou, a Erwann Jeanneau,b Chloé Thieuleux a

and Clément Camp *a

Heterobimetallic complexes have recently attracted considerable attention due to their interesting

bonding patterns and reactivity. Here, we report the synthesis and characterization of a series of polyhy-

drido niobium–iridium heterobimetallic clusters using the Brønsted acidic Cp*IrH4 reagent. This series of

complexes exhibits Ir–Nb intermetallic distances significantly shorter than the sum of atomic radii sugges-

tive of multiple bonding character within the Nb–Ir interaction. When irradiated with visible light above

400 nm, a reductive elimination of dihydrogen occurs, which generates new species with very short Nb–

Ir interactions. This photochemical transformation, absent in the Ta–Ir analogues, not only highlights a

divergence in group-5 reactivity, but also unlocks substitution reactivity at the remaining dimethylamido

ligand, which is inert in the parent complex.

Introduction

Early/late heterobimetallic complexes have seen a surge in
popularity in recent years, in part due to their inherent asym-
metry and unique bonding.1–12 This asymmetry lends itself
nicely to unusual bond activations across the metals in a
variety of mechanisms, opening avenues for new reactivity.
Among these systems, iridium-containing heterobimetallic
species have emerged as particularly effective,13–16 especially
in C–H activation chemistry (Scheme 1).14–16 Related studies
by our group on Ta–Ir and Mo–Ir species, as well as work by
Suzuki on Zr–Ir systems, highlight how polarized early/late M–

Ir bonds can engage in cooperative C–H activation.17–23

Building on these findings, our group recently developed
efficient H/D exchange catalysts, with the Ta–Ir complex emer-
ging as one of the most effective.23,24

Building on the reactivity of the Ta–Ir system, we chose to
turn our attention to its lighter congener, niobium. Although
Nb is often regarded as chemically analogous to Ta, systematic
comparisons of their organometallic complexes remain sur-
prisingly scarce. Yet, differences do exist. A key distinction lies
in redox behaviour: Nb is generally more reduction-prone, a
trend that is exploited in Ta/Nb separation chemistry.25,26 In

addition, the radial extension of 5d (Ta) versus 4d (Nb) orbitals
imparts subtle but important differences in bonding,
especially when looking at multiple MvE (E = main group
element) π-bonded systems.27,28 The latter enable notable stoi-
chiometric and catalytic transformations through 1,2-addition
and cycloaddition pathways, with each metal (Ta vs. Nb) out-
performing the other in different cases.29–35

We therefore thought niobium to be an apt follow-up to
this research as niobium based heterobimetallic complexes
have long been underexplored in the literature (Scheme 2). Few
Nb–M interactions have been reported,36–39 typically exhibiting
intermetallic distances that are slightly longer than the sum of
covalent radii (as represented by the Formal Shortness Ratio,
FSR, defined as the ratio between the MM′ distance and the
sum of MM′ covalent radii).40,41 Although some transition-
metal pairs with FSR values slightly greater than one still
exhibit clear evidence of metal–metal single bonding, these
metal–metal distances may also result from the presence of
bridging ligands. Multiple bonding between Nb and other
transition metals remains, however, an exceptionally rare

Scheme 1 Representative structures of multiple-bonded M–Ir species
(M = Zr, Ta, Mo) reported in the literature that mediate C–H activation
across the metal–metal bond.
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phenomenon. To our knowledge, the landmark phosphina-
mide supported Nb–Fe triple bond reported by Thomas in
2017 remains the only Nb heterobimetallic multiply bonded
species that has been crystallographically characterized.39

Herein we report a family of Nb–Ir complexes which exhibit
short inter-metal atom distances which we attribute to a mul-
tiple bonding character. Irradiation with visible light causes a
reductive elimination of dihydrogen and a significant struc-
tural rearrangement. Further reactivity can be observed with
the new photo-activated species where the parent complex was
inert to substitution.

Results and discussion

The synthesis of complex (Cp*IrH2)(Cp*IrH3)2Nb(NMe2), 1,
follows the procedure developed in our research group exploit-

ing the Brønsted acidity of the tetrahydridopentamethyl-
cyclopentadienyliridium(V) complex (Cp*IrH4) with a basic
amido complex, in this case, pentakis(dimethylamido)
niobium(V).18,42 The reaction readily occurs at room tempera-
ture to yield the triiridoniobium(V) complex (Scheme 3), 1 in
86% isolated yield. 1H NMR spectroscopy in C6D6 solution
reveals three sharp diamagnetic resonances at 3.31, 2.16 and
−13.50 ppm corresponding to the dimethylamido, the Cp*
ligands and 8 hydrides respectively (Fig. S1). We attribute the
simplicity of the spectrum to some fluxionality of the Cp* and
hydride positions, as observed in similar asymmetric Cp*IrHx

complexes.43,44 Variable temperature NMR does not reveal any
deconvolution of this hydride signal up to −35 °C (Fig. S2).

Diffuse reflectance infrared Fourier transform (DRIFT) spec-
troscopy reveals νC–H stretches at 3025–2724 and several bands
in the 2256–1831 cm−1 range (Fig. S26), that we attribute to the
presence of both terminal and bridging hydrides. In monome-
tallic iridium complexes, terminal Ir–H bands typically appear
in the 2100–1800 cm−1 region, while bridging hydrides gener-
ally fall below 1700 cm−1.45 Representative examples include
the terminal Ir–H stretches in Cp*IrH4 (2150 cm−1),46 Cp*Ir
(CO)H2 (2131 cm−1)47 and Cp*Ir(PMe3)(CH3)H
(2090 cm−1).48,49 The homodimer [Cp*IrH3]2 exhibits both a
terminal Ir–H stretching vibration at 2120 cm−1 and broad μ-H
stretches at 1190 and 1120 cm−1 while complex {[Cp*Ir]2(μ-H)3}
{PF6} is reported to have a μ-H band at 936 cm−1.46,50 However,
in heterobimetallic systems, especially those featuring asym-
metric three-center–two-electron (3c–2e) Ir–H(μ)–M bridges,
the M–H stretching frequencies can deviate from this typical
range. Both the asymmetry in the Ir–H–M bridge together with
coupling between Ir–(μ-H) modes and other metal–ligand
modes, can lead to frequency shifts.51 A relevant illustration is
provided by the Ta–Ir and Hf–Ir complexes: the Ta–Ir species
[Ta(CH2tBu)3IrH2Cp*] bearing terminal hydrides displays a
ν(Ir–H) band at 2056 cm−1, while the Hf–Ir analogue [Hf

Scheme 2 Niobium-based heterobimetallic complexes reported in the
literature tend to have Nb–M distances longer than the sum of covalent
radii, as represented by the FSR of the Nb–M interaction.36–39

Scheme 3 The synthesis of the niobium iridium complexes.
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(CH2tBu)3(μ-H)3IrCp*], which contains three bridging hydrides
in a three-legged piano-stool geometry, shows a shifted ν(Ir–H)
band at 1982 cm−1.22,52 Although this shift is significant, it is
less pronounced than that typically observed for μ-H stretches
in diiridium systems. For comparison, compounds [Cp*Ir(μ-
H)3{Ln(η5-C5Me4SiMe3)2}] Ln = Y, Dy, Lu, in which the two
metal centers are bridged by three hydride ligands, exhibit
metal–hydride stretches at 1990, 1988, and 1994 cm−1, respect-
ively.53 The complexity of the IR pattern for complex 1 is thus
in agreement with the literature and the distribution of Ir–H
environments in this compound.

Given the stoichiometry of the reaction, we assume that
four dimethylamido ligands from Nb(NMe2)5 each abstract an
iridium–hydride to give eight hydrides left on complex 1 and 4
equivalents of dimethylamine are released, analogous to the
synthesis of tantalum iridium complexes well studied by our
group from perhydrocarbyl Ta precursors.22,52 No further sub-
stitution of the final dimethylamido ligand could be obtained
with excess Cp*IrH4 even under extended reaction times (7
days) nor elevated temperatures (75 °C), a result also seen with
the Ta congeners.

In investigating the initial substitution chemistry of Nb
(NMe2)5 with Cp*IrH4, the synthesis of bimetallic complexes
with lower Nb : Ir stoichiometries was also attempted.
Specially, the formation of species from 1 : 1 (NbIr) and 1 : 2
(NbIr2) stoichiometries could be observed by NMR spec-
troscopy (Fig. S6) but the resulting product distributions were
very difficult to control. A significant concentration of 1, NbIr2
and NbIr were observed in the reactions aiming for lower stoi-
chiometries even when the reactions were performed with slow
addition of reagents (dropwise over 5 minutes), reduced temp-
erature (−40 °C) or done in dilute (0.7 mM) pentane solutions.
The purification of the materials was also very challenging as

they coprecipitate from a saturated pentane solution and could
never be cleanly isolated for characterization, despite repeated
crystallization attempts. The reaction between complex 1 and
Nb(NMe2)5 (2 equiv. or excess) was also attempted as an
alternative route to access lower-nuclearity species, but no
reactivity was observed (up to 100 °C) between the two reagents
(Fig. S7). Therefore, these products were not explored further.

Single crystals of 1 appropriate for X-ray diffraction could
be grown from a saturated pentane solution (Fig. 1). The Nb1–
Ir2 bond length (2.3973(6) Å, FSR = 0.91) is considerably
shorter than the other Nb–Ir distances (2.6836(7) and 2.6901
(4) Å, FSR = 1.03) and with a Formal Shortness Ratio below
unity. We conclude that this is due to some niobium–iridium
multiple bonding which we have represented here as a double
bond for clarity. The long Nb–Ir interactions exhibit an FSR
over one, suggestive of bridging hydrides between the metal
centers rather than any formal Nb–Ir interaction. Hydrides
adjacent to heavy transition metal centers are known to be very
difficult to locate from X-ray diffraction data,54 however they
can be qualitatively inferred from the Cp*–Ir–Nb angle, as
used with great success in the literature.55 The Cp*centroid–Ir3–
Nb angle of 176.2° suggests three hydrides bridges between
the two metal centers. Conversely, we assign the Cp*centroid–
Ir2–Nb (152°) and Cp*centroid–Ir1–Nb (141°) angles as indicative
of the presence of one or two terminal hydrides on the Ir
centers. These structures can be compared to the (Cp*IrH2)
(Cp*IrH3)TaNp2(Np = neopentyl) structure previously reported
by our group.24 The Ta–Ir distances (2.4291(9)–2.5891(9) Å,
FSR = 0.93–0.99) also show this Cp*IrHx asymmetry with com-
putational results confirming that a terminal hydride accounts
for the non linearity of the Cp*centroid–Ir–Nb angle. From the
attempted syntheses of lower stoichiometries of Nb and Ir, one
X-ray quality crystal of NbIr2 could be obtained (Fig. S35). This

Fig. 1 Single crystal X-ray diffraction structures of complexes 1 (left) and 2 (right). Hydrogens are removed and the 2,6-diphenylphenol ligand is
truncated for clarity; thermal ellipsoids are shown at 50% probability. Structural parameters (distances in Å and angles in °) for complex 1: Nb1–N1 =
1.982(3), Nb1–Ir1 = 2.6836(7) (FSR = 1.03), Nb1–Ir2 = 2.3973(6) (FSR = 0.91), Nb1–Ir3 = 2.6901(4) (FSR = 1.03), <Cp*Centroid–Ir1–Nb1 = 141.10,
<Cp*Centroid–Ir2–Nb1 = 152.17, <Cp*Centroid–Ir3–Nb1 = 176.2, τ4 = 0.96. Structural parameters for complex 2: Nb1–O1 = 1.971(6), Nb1–Ir1 = 2.632(1)
(FSR = 1.01), Nb1–Ir2 = 2.367(1) (FSR = 0.91), Nb1–Ir3 = 2.665(4) (FSR = 1.02), <Cp*Centroid–Ir1–Nb1 = 141.10, <Cp*Centroid–Ir2–Nb1 = 152.17,
<Cp*Centroid–Ir3–Nb1 = 176.2, τ4 = 0.96.
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structure also exhibits a low FSR on one of the Nb–Ir inter-
actions but it is longer than that in 1 (Nb–Ir = 2.4284(6) Å, FSR
= 0.93). As discussed above, this complex was not fully charac-
terized and will not be discussed further in this article.

Much to our disappointment, complex 1 does not react
with classical small molecules such as alkenes (vinyltrimethyl-
silane), alkynes (phenylacetylene and diphenylacetylene),
heteroallenes (CO2, tBuNCO), carbon monoxide nor donor
ligands like pyridine or N-heterocyclic carbenes (IMes).
Attempts to abstract the dimethylamido ligand with strong
Lewis acids (B(C6F5)3) led to decomposition of the material.
Under a D2 atmosphere at 50 °C in the dark, complex 1
remains stable for several days. However, 1H and 2H NMR
monitoring show no evidence of deuterium incorporation at
either the hydride or Cp* positions under these conditions.
Upon further heating, decomposition to unidentified products
occurs, and deuterium exchange remains inefficient. These
observations suggest that hydride ligand exchange with D2

does not take place under the tested conditions. The only sub-
stitution reactivity that could be observed with complex 1 was
the protonolysis of the dimethylamido ligand with 2,6-diphe-
nylphenol which cleanly liberates one equivalent of dimethyl-
amine to generate the phenoxide substituted analogous
complex, 2 (Scheme 3), in excellent yield (96%). Note that this
protonolysis is pKa dependant as weaker acids (tris(tert-butoxy)
silanol, pKa, MeCN, calculated = 34) does not show the same reac-
tivity.56 Complex 2 is extremely light sensitive with even
ambient light being enough to cleanly convert it into a new
species (complex 4, see below), therefore 2 must be handled in
the dark. Despite this challenge, 2 could be spectroscopically
characterized before significant conversion. As expected,
signals arising from the new diphenylphenoxide ligand can be
observed in the 1H and 13C NMR spectra, with all resonances
appropriately assigned (Fig. S8–S12). The reaction is quite
selective with quantitative yields and no indication of hydride
elimination to yield dihydrogen. A crystal suitable for X-ray
crystallography could be grown from a saturated pentane solu-
tion cooled to −40 °C. The solid-state structure, shown in
Fig. 1, is very similar to that for 1, with a short Nb1–
Ir2 multiple bond (2.367(1) Å, FSR = 0.91 vs. 2.3973(6) Å, FSR =
0.91 for complex 1) and two [Cp*IrH3]

− fragments with Nb–Ir
bond lengths longer than the sum of atomic radii. While the
light sensitivity is also observed with 2 in the solid-state, when
the vial containing the material is tightly wrapped with alumi-
num foil, complex 2 is stable in the glovebox over several
weeks.

Complex 1 is also sensitive to light, although less so, neces-
sitating a more intense light source and longer reaction times.
Exposing a C6D6 solution of 1 (approx. 17 mM) to full spec-
trum light (250 nm–1000 nm) from an unfiltered 300 W xenon
light source (see SI for details) causes a darkening of the solu-
tion with total consumption of 1 in 18 h of exposure. This reac-
tion can also be performed in pentane using thick wall glass
Schlenk flasks without significant slowing of the reaction. The
UV-Vis absorption profile of complex 1 is dominated by bands
in the UV region with only one absorption band near the

visible region at 389 nm (Fig. S32). This absorption band is
very broad, extending into the visible region where the absorp-
tion begins at about 470 nm. Interestingly, when using a
400 nm longpass filter on the light source during the experi-
ment, the reaction still readily occurs in the same period of
time. This result confirms the reaction is visible-light mediated
and likely due to the broad absorption centered at 389 nm.

The 1H NMR signals for the Cp* ligands of 3 in C6D6

appeared as two singlets at 2.32 ppm (integrating for 30H) and
1.98 ppm (integrating for 15H, Fig. S13), showing a distinct
chemical environment of the Cp* ligands post-photolysis. The
hydride signal shifted to −13.03 ppm, became very broad
(1.5 ppm linewidth at half-height); and decreased in intensity
from 8H in 1 to 6H in 3. Released dihydrogen can be observed
from the reaction at 4.46 ppm through reaction monitoring via
1H NMR in a tube completely full of C6D6 (see Fig. S15).
Performing the 1H NMR spectroscopy experiment at −35 °C in
d8-toluene allows some deconvolution of the hydride signal
which splits into two broad singlets, each integrating for 3H,
at −11.85 and −13.90 ppm (see Fig. S16). It is clear that, while
the Nb–Ir interactions of 1 interconverted at room tempera-
ture, 3 has locked these positions at lower temperature, giving
distinct environments for the two types of Nb–Ir interactions.
UV-Vis spectroscopy on 3 shows a marked difference after
photolysis (Fig. S33): the band at 389 nm has now broadened
even further with absorbance starting at 600 nm.

Single crystals (grown from a saturated pentane solution
cooled to −40 °C) suitable for X-ray diffraction reveal the new
complex has undergone a significant structural change as a
result of the reductive elimination of H2 (Fig. 2). Perhaps most
obvious is the bending of Ir1 and Ir2 towards one another.
Given the long distance between the two metal centers (2.7633
(7) Å, FSR = 1.09), we propose that such structural rearrange-
ment is driven by hydride ligands bridging the two iridium
centers. Notably, the observed Ir–Ir distance closely matches
those reported for other hydride-bridged polynuclear iridium
clusters in the literature.57 A similar photo-induced structural
change was also reported recently on polyhydride osmium–

actinide multimetallic complexes.58 This change in geometry
is reflected in the decrease in τ4 value from 0.96 in complex 1
to 0.85 in 3 indicative of a distorted tetrahedral geometry. The
Nb–Ir2 distance has slightly shortened to 2.3479(7) Å (FSR =
0.90) with Nb–Ir1 showing the largest change from 2.6836(7) to
2.5620(7) Å (FSR in complex 1 = 1.03 to 0.98 in 3).

Addition of dihydrogen (1 bar) to complex 3 does not regen-
erate 1 even under prolonged reaction times, more elevated
temperatures (75 °C), or light irradiation. The light sensitivity
of these Nb–Ir species is especially intriguing, since this behav-
iour was not observed with the Ta–Ir congeners previously pre-
pared in our group.15,22,24,52 Although examples of niobium-
based photochemistry are rare,59,60 one particularly relevant
precedent is a trihydridobis(cyclopentadienyl) niobium(V)
complex which releases one equivalent of H2 upon irradiation
from a xenon lamp.61,62 The authors of this work suggested a
reductive elimination with oxidation state change from Nb(V)
to Nb(III), a phenomenon documented in other high-valent Nb
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polyhydrides.63–65 Accordingly, we propose that the divergent
reactivity between the Nb–Ir and the Ta–Ir systems arises from
the easier reduction of Nb relative to Ta which predisposes the
system to photochemical H2 elimination.25,26 Note that other
heterobimetallic transition metal complexes based on a poly-
hydrido(pentamethylcyclopentadienylosmium(VI)) (Cp*OsHx)
fragment have shown a photolytic dihydrogen elimination.58

Finally, the reducing character of the Cp*IrHx motif has also
emerged in our recent work on Fe–Ir species, where Fe(III) pre-
cursors consistently yielded Fe(II)–Ir clusters, albeit not
initiated by light.66

Addition of 1 equivalent of diphenylphenol to complex 3
generates complex 4 in quantitative yield (Scheme 3). This
compound spectroscopically matches the product obtained
when a C6D6 solution of 2 is intentionally exposed to ambient
light. A crystal suitable for single crystal X-ray crystallography
could be grown from a saturated pentane solution of 4 cooled
to −40 °C. As anticipated, this crystal reveals a structure
similar to that of 3 (Fig. 2) with two short Nb–Ir interactions
(2.43955(4) Å, FSR = 0.93 and 2.4266(5) Å, FSR = 0.93) and one
long (2.6598(6) Å, FSR = 1.02). The Ir1–Ir2 distance is perhaps
the largest difference between these structures (Ir1–Ir2 =
2.8921(2) Å, FSR = 1.15 in 4 versus 2.7633(4) Å, FSR 1.09 in 3)
accompanied by the change in Cp*centroid–Ir1–Ir2–Cp*centroid
dihedral angle to 4°, contrasted with the Cp*centroid–Ir1–Ir2–
Cp*centroid dihedral angle in 3 of 87°. This marked change in
Ir–Ir distance and dihedral angle may be explained by the
steric demands of a diphenylphenoxide ligand.

After the loss of H2, complex 3 now exhibits reactivity at the
dimethylamido ligand bound to niobium, unlike complex 1.
Exposure of 3 with one equivalent of Cp*IrH4 very quickly gen-
erates the new tetrairidium complex, 5 (Scheme 4), in quanti-

tative yield by NMR but only 75% after recrystallization as the
complex is quite soluble in pentane. Complex 5 exhibits two
sharp Cp* signals in 1H NMR, each integrating for 30H, along
with a broad hydride signal at −14.17 ppm integrating for 9H
(Fig. S22). Crystals appropriate for single-crystal X-ray diffrac-
tion could be obtained from a saturated pentane solution
cooled to −40 °C. The solid-state structure (Fig. 3) shows the
expected substitution of the [NMe2]

− group by a [Cp*IrH3]
−

moiety, featuring an Ir–Nb distance of 2.6297(5) Å. This
Cp*IrHx fragment shows a Cpcentroid–Ir4–Nb angle of 135(1)°,

Fig. 2 Single crystal X-ray diffraction structures of complexes 3 (left) and 4 (right) with thermal ellipsoids at 50% and hydrogens and phenyl rings
from the 1,6-diphenylphenoxy ligand removed for clarity. Relevant structural parameters (distances in Å and angles in °) for complex 3: Nb1–N1 =
1.996(6), Nb1–Ir1 = 2.5619(7) (FSR = 0.98), Nb1–Ir2 = 2.3477(7) (FSR = 0.90), Nb1–Ir3 = 2.6832(7) (FSR = 1.03), Ir1–Ir2 = 2.7633(4) (FSR = 1.09),
<Cp*Centroid–Ir1–Nb1 = 136.24, <Cp*Centroid–Ir2–Nb1 = 154.77, <Cp*Centroid–Ir3–Nb1 = 178.02, τ4 = 0.85. Relevant structural parameters for complex
4: Nb1–O1 = 1.978(3), Nb1–Ir1 = 2.4395(4) (FSR = 0.93), Nb1–Ir2 = 2.4266(5) (FSR = 0.93), Nb1–Ir3 = 2.6598(6) (FSR = 1.02), Ir1–Ir2 = 2.8921(4) (FSR
= 1.15), <Cp*Centroid–Ir1–Nb1 = 146.85, <Cp*Centroid–Ir2–Nb1 = 149.35, <Cp*Centroid–Ir3–Nb1 = 178.53, τ4 = 0.89.

Scheme 4 Complex 3 exhibits protonolysis and insertion reactivity at
the remaining dimethylamido ligand. This is exemplified by the synthesis
of complexes 5 and 6.
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indicative of some terminal hydrides pointing away from the
Nb center. This substitution is accompanied by a substantial
geometric change, represented by the Ir1–Ir2 bond length,
which expands from 2.7633(7) Å in complex 3 to 2.9383(7) Å
(FSR 1.16) in complex 5. Similarly, the Cp*centroid–Ir1–Ir2–
Cp*centroid dihedral angle falls from 87° in 3 to 1° in 5. Like in
complex 4, this change again perhaps stems from the steric
bulk of the fourth Cp*IrH3 group which pushes the iridium
centers apart resulting in a cis orientation of the Cp*IrHx frag-
ments. Exposing complex 5 to the same photolysis conditions
described above do not cause another loss of dihydrogen
although some decomposition is observed.

Carbon dioxide (CO2) also inserts into the dimethylamido
group of complex 3 to generate complex 6 (Scheme 4) in quan-
titative yields. However, the complex is very soluble in pentane,
leading to a small recovered yield of 45%. The 1H NMR spec-
trum of this complex, recorded in C6D6 solution, exhibits four
resonances, two for the inequivalent Cp* ligands (integrating
for 15 H and 30 H respectively, as expected), a signal at
2.36 ppm for the dimethylcarbamato ligand integrating for
6H, and a hydride signal at −12.66 ppm integrating for 6H
(Fig. S24). 13C NMR data confirms the insertion of CO2 into
the dimethylamido ligand with the characteristic carbamato
resonance found at 163 ppm (Fig. S25). DRIFT spectroscopy
confirms the presence of the carbamate moiety, with a diag-
nostic CvO stretching frequency at 1574 cm−1. Single crystals
appropriate for X-ray diffraction could be grown from a satu-
rated pentane solution of 6 cooled to −40 °C. The solid-state
structure (Fig. 3) confirms the insertion of CO2 into the di-
methylamido ligand. The Nb–O bond lengths of 2.197(7)–

2.198(7) Å are within literature expectation and the Nb–Ir
lengths are not altered significantly from those in complex 3
with only a moderate shortening of the Nb1–Ir3 bond length
(from 2.6832(7) Å in complex 3 to 2.632(1) Å in 6).33,67 This is
perhaps due to the change in Cp*centroid–Nb1–Ir3 angle which
was almost linear in complex 3, moving to 147.25° in
complex 6. We attribute this to the flexibility of this ligand
architecture and a change in the hydride coordination mode,
whereby the Ir hydrides can reorient to accommodate the
coordination of the κ2–carbamato ligand. Addition of another
equivalent or excess CO2 leads to rapid decomposition of the
complex.

Conclusions

We have described herein a family of heterobimetallic
niobium–iridium complexes which exhibit Nb–Ir intermetallic
distances much shorter than the sum of atomic radii.
Examples of Nb–M multiple bonding are extremely rare, and
this research significantly expands the library of known
examples. The Cp*IrHx fragment plays a central role in stabiliz-
ing these architectures by adapting its coordination mode.
Besides shifting hydrides coordination from terminal to brid-
ging, steric pressure can be alleviated through the lengthening
of Ir–Ir interactions and Cp* bending. This inherent flexibility
enables structural reorganization under photochemical con-
ditions. The light sensitivity of compounds 1 and 2 is particu-
larly striking, given that previously reported heterobimetallic
complexes using the same Cp*IrHx motif show no photo-reor-

Fig. 3 Single crystal X-ray diffraction structures of complexes 5 (left) and 6 (right). Thermal ellipsoids set at 50% and hydrogens removed for clarity.
Relevant structural parameters (distances in Å and angles in °) for complex 5: Nb1–Ir1 = 2.3709(3)(FSR = 0.91), Nb1–Ir2 = 2.4306(2) (FSR = 0.93),
Nb1–Ir3 = 2.5799(3) (FSR = 0.99), Nb1–Ir4 = 2.6297(5) (FSR = 1.01), Ir1–Ir2 = 2.9383(3) (FSR = 1.16), <Cp*Centroid–Ir1–Nb1 = 151.08, <Cp*Centroid–Ir2–
Nb1 = 151.25, <Cp*Centroid–Ir3–Nb1 = 175.69, <Cp*Centroid–Ir3–Nb1 = 134.99. τ4 = 0.86. Relevant structural parameters for complex 6: Nb1–O =
2.197(7)–2.198(7), Nb1–Ir1 = 2.347(1) (FSR = 0.90), Nb1–Ir2 = 2.5715(8) (FSR = 0.98), Nb1–Ir3 = 2.632(1) (FSR = 1.01), Ir1–Ir2 = 2.7527(6) (FSR = 1.09),
<Cp*Centroid–Ir1–Nb1 = 153.16, <Cp*Centroid–Ir2–Nb1 = 139.49, <Cp*Centroid–Ir3–Nb1 = 147.25.
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ganization. These results thus highlight that the unique archi-
tecture of these niobium derivatives is needed for this reactiv-
ity to occur. Ongoing studies aim to explore how this photo-
reactivity can be exploited in catalysis, while future work will
also target the use of these Nb–Ir complexes as versatile pre-
cursors for heterogeneous catalyst development.
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