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Iridium(lll) complexes play a prominent role in organometallic chemistry, with
significant research efforts directed toward Cp*Ir(lll) species, broadly cate-
gorized into cyclic and acyclic types. Although studies on these two classes

began roughly simultaneously, the development of acyclic Cp*Ir(Ill) com-
plexes has lagged significantly behind their cyclic counterparts. Herein, we
report a general and efficient strategy for synthesizing various persistent aryl
Cp*Ir(IlI)(CO)CI complexes directly from aryl aldehydes, with in situ generated
CO as a stabilizing ligand. These acyclic Cp*Ir(lll) complexes showcase
exceptional reactivity, undergoing reactions with up to eight classes of
nucleophiles to generate diverse diorganoiridium(lll) species with remarkable
stability. Electrochemical analysis of these complexes provides insights into
their reductive elimination processes. Guided by these findings, Cp*Ir(lll)-
mediated decarbonylative C-C and C-O cross-couplings of aryl aldehydes are
successfully developed. This study establishes a robust platform for the
exploration of acyclic Cp*Ir(lll) complexes, paving the way for further
advancements in iridium(lll) chemistry.

Iridium(Ill) chemistry represents a fundamental and dynamic field
within organometallic chemistry, attracting substantial research
interest over the decades. The synthesis and characterization of the
dimeric complex [Cp*IrCl,], by Maitlis and coworkers in 1969 marked a
pivotal milestone’, sparking extensive investigations into related half-
sandwich organoiridium(lll) complexes (Fig. 1a). Subsequently, in
1985, the same group successfully prepared and isolated a cyclome-
tallated Cp*Ir(lll) complex from benzoic acid using a chelation
strategy”. Since then, numerous kinetically stable cyclometallated
Cp*Ir(lll) complexes have been synthesized and characterized>. These
complexes have played crucial roles in stoichiometric organometallic
transformations and have found wide-ranging catalytic applications
(Fig. 1a, left)*™. Today, cyclometallated Cp*Ir(lll) complexes are
recognized for their remarkable catalytic efficiency in diverse reac-
tions, including asymmetric hydrogenation, dehydrogenative oxida-
tion, hydrosilylation, and C-H functionalization*>,

Research on acyclic Cp*Ir(lll) complexes has advanced at a slower
pace compared to their cyclic counterparts, despite early investigations
dating back to the 1970s (Fig. 1a, right). In 1971, Maitlis demonstrated the

reduction of [Cp*IrCl,], with CO gas to yield Cp*Ir(CO),, which, upon
treatment with arylsulfonyl chloride at 110 °C, released SO, to produce
aryl Cp*Ir(CO)CI complexes. However, the reactivity of these organoir-
idium(lll) complexes was not further explored®. Later, Bergman repor-
ted the synthesis of a highly reactive Cp*(PMe3)IrH, complex via
successive treatment of [Cp*IrCl,], with PMe; and LiEt;BH. This complex
was shown to activate C-H bonds in benzene, cyclohexane, and neo-
pentane stoichiometrically under UV irradiation, producing three air-
sensitive aryl/alkane Cp*Ir(lll)(PMes)H complexes”. Despite these pio-
neering efforts, subsequent studies on acyclic Cp*Ir(lll) complexes have
remained limited, predominantly focusing on their synthesis and struc-
tural characterization. These endeavors often rely on the use of exo-
genous ligands and intricate multi-step synthetic procedures®2 Unlike
their cyclic counterparts, the reduced structural rigidity of acyclic
Cp*Ir(lll) complexes renders them more fragile, which limits their
accessibility and practical applications®. As a result, studies exploring
their stoichiometric reactivity and catalytic potential have been
sparse”*°. To advance the field of iridium(lll) chemistry, it is highly
desirable to develop straightforward and efficient methods for
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Fig. 1| Context of the work. a Development of Cp*Ir(lll) complex. b This work: synthesis and investigation of acyclic Cp*Ir(lll) complexes in cross-couplings. Cp*

pentamethylcyclopentadienyl, Me methyl, Ph phenyl.

synthesizing acyclic Cp*Ir(lll) complexes with enhanced stability, ideally
starting from simple feedstocks. Such efforts would facilitate a deeper
understanding of their chemical properties and broaden their potential
applications.

Herein, we report a general method for synthesizing a diverse
array of acyclic Cp*Ir(lll) complexes directly from readily available aryl
aldehydes, along with an investigation of their chemical reactivity
(Fig. 1b). In this approach, aryl aldehydes undergo direct iridation with
[Cp*IrCl,], to provide aryl Cp*Ir(IlI)(CO)CI species. The in situ gener-
ated CO serves as a coordinating ligand, stabilizing these acyclic spe-
cies and obviating the need for chelating groups or exogenous ligands.
These isolable aryl Cp*Ir(Il[)(CO)CI complexes then undergo trans-
metallation, demonstrating broad compatibility with eight distinct
nucleophiles. The resulting post-transmetallation diorganoiridium(III)
species, including aryl-Ir-aryl, aryl-Ir-alkenyl, aryl-Ir-alkynyl,
aryl-Ir-alkyl, and aryl-Ir-acyloxy complexes, exhibit exceptional air
and moisture stability. Electrochemical studies of these diorganoir-
idium(lll) complexes reveal oxidation potentials that guide reductive
elimination processes, implicating an Ir(IV) intermediate in the reac-
tion mechanism. Building on these insights, we developed Cp*Ir(lll)-
mediated and -catalyzed C-C and C-O cross-coupling reactions. Col-
lectively, this work establishes a versatile platform for probing the
fundamental stoichiometric chemical processes of iridium-enabled
cross-couplings and provides a foundation for advancing Ir(lll)-cata-
lyzed cross-coupling methodologies.

Results
Iridation
This work was initiated by an unexpected discovery made during our
investigation into the mechanism of iridium-catalyzed ortho C-H acti-
vation of benzaldehyde*. Our original aim was to synthesize a carbonyl-

chelated iridacycle by treating benzaldehyde (1a) with [Cp*IrCl,], in the
presence of NaOAc in 1,2-dichloroethane (DCE). To our surprise, the
reaction did not yield the anticipated iridacycle. Instead, we isolated an
acyclic phenyl Cp*Ir(ll[)(CO)CI complex, 3a. We hypothesize that the
formation mechanism of this species involves a tandem C-H activation
and CO deinsertion process from 1a, where the in situ generated CO
behaves as a stabilizing ligand, negating the need for an external ligand
(Fig. 2a). Systematic optimization of the reaction conditions led to the
successful synthesis of 3a in a 52% yield (for details see Table S1).

With the optimized reaction conditions established, we explored
the substrate scope of aryl aldehydes. As depicted in Fig. 2b, a wide
variety of aryl aldehydes (1) reacted with [Cp*IrCl,], to provide aryl
Cp*Ir(Il)(CO)CI complexes in moderate yields. Aryl aldehydes bearing
either electron-donating or electron-withdrawing substituents on the
phenyl ring were well-tolerated, yielding the corresponding complexes
3a-3s. This reaction exhibited exclusive selectivity and accom-
modated a plethora of sensitive functional groups, including chloro,
bromo, iodine, methoxy, acyloxy, ester, amide, nitro, cyano, and N-
morpholino groups. This broad functional group tolerance likely arises
from the intrinsic properties of iridium-mediated C-H activation.
Furthermore, multisubstituted benzaldehydes and naphthaldehydes
also participated in this transformation under the optimized condi-
tions (3t-3w). The reaction of [Cp*IrCl,], with cinnamaldehyde or
hexanal failed to undergo iridation (see Supplementary Information
for the details, Fig. S2). All aryl Cp*Ir(Il[)(CO)Cl complexes were readily
purified via silica gel column chromatography and exhibited robust
stability in both air and moisture, enabling their comprehensive
characterization and further investigation of their properties.

The structures of selected aryl Cp*Ir(Il[)(CO)CI complexes (3d, 3e,
3f, 3i, 31, and 3w) were elucidated by single-crystal X-ray diffraction. As
depicted in Fig. 2c, the coordination environment surrounding the Ir
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Fig. 2 | Iridation of aryl aldehydes. a Iridation of aryl aldehydes with [Cp*IrCl;],.
b Scope of aryl aldehydes. Reaction conditions: Aldehyde 1 (0.40 mmol), [Cp*IrCl,],
(0.05 mmol) and NaOAc (1.0 mmol) in DCE (1.0 mL) under N, at 80 °C for 24 h.

Isolated yields are given. ¢ X-ray structures of selected aryl Cp*Ir(lll)(CO)Cl com-
plexes. Cp* pentamethylcyclopentadienyl, Me methyl, ‘Bu tert-butyl, DCE 1,2-
dichloroethane.

center consists of an rP-Cp* ligand, a chloride ion, a carbonyl ligand, and
an aryl group. This structural arrangement confirms that the oxidation
state of the Ir center remains unaltered following the iridation procedure,
which occurs via a concerted metallation-deprotonation (CMD)
mechanism*. This pathway contrasts with the traditional oxidation
addition typically involved in low-valent metal-mediated decarbonylation
processes®. In these complexes, the Ir-Cl bond lengths range from
23687(16) to 2.3885(18) A, while the Ir-C(ipso) bond lengths span
2.075(7) t0 2.098(7) A (Table S19). The Ir-CO bond distances (1.862(10) to
1.982(6) A) are shorter than those of the Ir-C(Ar) bonds, indicating a
relatively strong coordination between the Ir center and the CO ligand.
This strong Ir-CO interaction likely contributes to the notable stability of

these complexes. Additionally, the C(Ar)-Ir-Cl angles are approximately
90°, consistent with a pseudo-tetrahedral geometry**. These structural
insights provide valuable additions to the growing database of Ir(lll)
complexes and enhance our understanding of their coordination
chemistry.

Transmetallation

The transmetallation step, a pivotal stage in cross-coupling reactions,
entails the migration of an organic group from one metal to another
and is heavily influenced by the choice of nucleophile**°. Despite its
significance, the capture and characterization of post-transmetallation
organoiridium species remain underexplored, with limited reports in
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the literature. In this study, the successful synthesis of aryl Cp*Ir(lll)
(CO)CI complexes offers a unique opportunity to probe this mechan-
ism. As shown in Fig. 3, these stable complexes served as robust

platforms for transmetallation, enabling the isolation of a broad range
of diorganoiridium species. Surprisingly, this reaction exhibited com-
patibility with eight distinct classes of nucleophiles, encompassing
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Fig. 3 | Transmetallation of aryl Cp*Ir(III)(CO)CI complexes with diverse
nucleophiles. a Transmetallation with arylboronic acids. Reaction conditions: Aryl
Cp*Ir(IlN)(CO)CI complex (0.10 mmol), arylboronic acid (0.40 mmol) and K,CO3
(0.40 mmol) in toluene (1.0 mL) under N, at 80 °C for 24 h. b Transmetallation with
other phenylating reagents. Reaction conditions: *3a (0.10 mmol) and PhMgCl or PhLi
(0.15mmol) in THF (1.0 mL) under N, at room temperature for 3 h. ®3a (0.10 mmol)
and PhZnClI (0.15 mmol) in THF (1.0 mL) under N, at 60 °C for 10 h. “3a (0.10 mmol),
Cu(OAc); (0.01 mmol), "BuyNF (0.30 mmol) and PhSi(OMe); (0.15 mmol) in THF

(1.0 mL) under N, at room temperature for 24 h. “3a (0.10 mmol) and PhSn("Bu);
(0.20 mmol) in toluene (1.0 mL) under N, at 120 °C for 24 h. ¢ Transmetallation with
alkenylboronic acid. Reaction conditions: Aryl Cp*Ir(Ill)(CO)CI complex (0.10 mmol),
alkenylboronic acid (0.40 mmol) and K,CO3 (0.40 mmol) in toluene (1.0 mL) under N,

at 65 °C for 24 h. d Transmetallation with alkylating reagents. Reaction conditions:
€Aryl Cp*Ir(Il1)(CO)CI complex (0.10 mmol) and alkyl-Li (0.15 mmol) in THF (1.0 mL)
under N, at -60 °C for 0.5 h. fAryl Cp*Ir(lll)(CO)Cl complex (0.10 mmol) and
alkyl-MgCl (0.15 mmol) in THF (1.0 mL) under N, at 0 °C for 5 min. e Transmetallation
with terminal alkynes. Reaction conditions: Aryl Cp*Ir(Il)(CO)CI complex (0.10 mmol),
terminal alkyne (0.30 mmol), CuCl (0.005 mmol) and NEt; (0.30 mmol) in THF

(1.0 mL) under N, at 80 °C for 24 h. f Transmetallation with carboxylic acids. Reaction
conditions: Aryl Cp*Ir(Il)(CO)CI complex (0.10 mmol), carboxylic acid (0.30 mmol)
and Ag,0 (0.15 mmol) in DCE (1.0 mL) under N, at 80 °C for 24 h. g X-ray structures of
representative products. Cp* pentamethylcyclopentadienyl, Me methyl, Ph phenyl, Et
ethyl, Pr iso-propyl, "Bu n-butyl, TMS trimethylsilyl, ‘Bu tert-butyl, THF tetra-
hydrofuran, DCE 1,2-dichloroethane.
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aryl/alkenyl boronic acids, aryl/alkyl magnesium reagents, aryl/alkyl
lithium reagents, arylzinc reagents, arylsilanes, aryltin reagents,
alkynes, and even carboxylic acids. For instance, arylboronic acids
underwent smooth transmetallation with aryl Cp*Ir(ll[)(CO)Cl com-
plexes in the presence of K,COj in toluene under N, at 80 °C, yielding
aryl-Ir-aryl complexes (5a-5j) with excellent functional group com-
patibility (Fig. 3a). Similarly, a range of organometallic arylating
reagents, including PhMgClI, PhLi, PhZnCl, PhSi(OMe); and PhSn("Bu)s,
reacted effectively with complex 3a to afford complex 5a in high yields
(Fig. 3b). (E)-Styrylboronic acid also participated in this transforma-
tion, yielding the corresponding aryl-Ir-alkenyl complex (5k) in a 46%
yield while preserving the trans configuration of the alkene (Fig. 3c).
Organometallic alkylating reagents, such as alkyl-Li and alkyl-MgClI,
were similarly effective, forming aryl-Ir-alkyl complexes (51-5q) in
moderate to good yields (Fig. 3d). Unexpectedly, terminal alkynes
underwent efficient transmetallation with aryl Cp*Ir(Il[)(CO)Cl com-
plexes in the presence of triethylamine as the base and CuCl as the
catalyst, furnishing diverse aryl-Ir-alkynyl complexes (5r-5w, Fig. 3e).
This process likely involves the initial formation of an alkynyl copper
intermediate*’, which transmetallates with aryl Cp*Ir(lll)(CO)CI com-
plex (see Supplementary Information for the details, Section IV). To
further explore the scope, non-carbon-based nucleophiles, such as
carboxylic acids, were examined. Aryl, alkenyl, and alkyl carboxylic
acids successfully underwent transmetallation to generate
aryl-Ir-acyloxy complexes (5x-5aa) in satisfactory yields (Fig. 3f).
When employing phenol or aniline as nucleophile, no target product
was observed (see Supplementary Information for the details, sec-
tion IV). Collectively, these results underscore the remarkable versa-
tility of aryl Cp*Ir(IlI)(CO)ClI complexes in accessing diverse
diorganoiridium species, providing valuable intermediates for
mechanistic studies and further applications, which have previously
been difficult to achieve.

To illustrate the structural characteristics of these complexes,
single crystal X-ray diffraction analyses were conducted on each type
of diorganoiridium complexes (5e, 5k, 5p, 5s, and Sy) (Fig. 3g,
Tables S13-S17 and S20). In these complexes, the Ir-C bond lengths
between the iridium center and the carbon atom of the original aryl
group or CO ligand range from 2.064(4) to 2.088(9) A and 1.826(12) to
1.863(4) A, respectively, slightly shorter than the corresponding bonds
in their chloride precursors. The Ir-C(Nu) bond lengths of the newly
formed bonds vary depending on the hybridization of the carbon
atoms in the nucleophiles, ranging from 1.999(4) to 2.106(9) A. Nota-
bly, the Ir-C(alkynyl) bond is the shortest at 1.999(4) A, while the Ir
-alkyl bond is the longest at 2.106(9) A. The Ir-C(aryl) and Ir-C(alke-
nyl) bonds fall in between, measuring 2.076(4) and 2.072(5) A,
respectively. Additionally, the Ir-O bond in complex Sy is 2.072(7) A,
closely resembling the Ir-C(alkenyl) bond length in complex 5k. The
bond angles, specifically the C(Ar)-Ir-C(Nu) or O(Nu) angles, are
smaller than those observed in their chloride counterparts, likely due
to increased steric hindrance in the diorganoiridium species. These
diorganoiridium complexes, which were previously difficult to access
or required elaborate synthetic efforts, represent a significant
advancement and offering valuable opportunities to investigate ele-
mentary steps in Cp*Ir(lll)-enabled cross-coupling reactions.

Reductive elimination

The catalytic cycle concludes with reductive elimination, a key step
in which two bonds are broken and a new bond is formed between
two organic groups*®. In traditional transition metal-catalyzed cross-
coupling reactions, especially those involving palladium, C-C bond
formation typically proceeds through transmetallation followed by
direct reductive elimination**"®’, However, attempts to achieve
direct reductive elimination from the synthesized diorganoiridium
complexes were unsuccessful, implying that their high kinetic sta-
bility impedes the formation of the desired cross-coupling products.

To address this limitation, we hypothesized an alternative high-
valent pathway wherein the post-transmetallation species is acti-
vated via oxidation of the metal center, thereby facilitating the
reductive elimination process®. To verify this hypothesis, cyclic
voltammetry (CV) experiments were conducted to examine the
redox behavior of the aryl-Ir-aryl complexes. The cyclic voltam-
mograms of five electronically varied aryl-Ir-aryl complexes dis-
played two irreversible redox events, tentatively assigned to the
Ir(IN/Ir(1V) redox couple (£;%*/2) and the oxidation of Ir(IV) to Ir(V)
(E2%p/2), respectively (Fig. 4a)®. Hammett plot analysis of the half
peak oxidation potential (E°*,/,) revealed positive Hammett-slopes
(p), indicating that electron-donating substituents facilitate the
electro-oxidation process, whereas electron-withdrawing sub-
stituents reduce the electron density at the iridium center, thereby
increasing the oxidation potential (Fig. 4b, c)®°. The reduction peaks
further corroborated the electronic influence of the aryl ligands,
confirming the role of substituent effects in modulating redox
behavior (Fig. 4d, e). The peak positions of both redox events
depend on the scan rate, implying an electrochemical-chemical (EC)
mechanism® . For instance, as the scan rate increased from 50 to
400 mVs™, the electrochemical response current of 5d intensified,
while the CV profiles maintained consistent, displaying only minor
shifts in peak positions (Fig. 4f).

Building on the characterization of the redox behaviors of the
aryl-Ir—aryl complexes, we proceeded with the reductive elimination
of the post-transmetallation complexes through an electrochemical
pathway. Unlike traditional chemical oxidation methods, which often
necessitate the careful selection of oxidizing agents and can be time-
consuming, organic electrochemistry offers precise control of reac-
tion voltage or current, tailored to the redox potential of the reac-
tants. This approach is both sustainable and environmentally friendly,
making it an attractive alternative’®”, Additionally, insights from
electrochemical oxidation experiments can inform chemical oxida-
tion strategies. In this study, electrolysis of aryl-Ir-aryl complex 5e
(E:%p2=118V, E;,%,/, =211V vs saturated calomel electrode (SCE) in
MeCN) was performed in a "BuyNPF electrolyte solution, resulting in
reductive elimination and the formation of the desired C-C coupled
product 6a (Fig. 4g). Systematic variation of electrical current and
potential provided further insight into this reaction. At a constant
current of 5maA, the yield of 6a peaked at 70%, with deviations in
current intensity leading to reduced yields. Notably, reductive elim-
ination did not occur at an applied voltage of 1.0V (U, ;= 0.8 V vs SCE
in MeCN), which is below the £,°%,, of 5e. Moreover, applying an
anodic potential slightly above the £,°, > of 5e (Ucen=3.0V, £,;=1.2V
vs SCE in MeCN) (Differences exist between the input potential of the
electrolysis cell and the real anodic potential, and the initial anodic
potentials were measured by a three-electrode system. In this three-
electrode system, Ag/Ag’, platinum wire and the anodic of the elec-
trolysis cell serve as reference, counter and work electrode, respec-
tively. The real anodic potential is the potential between the reference
electrode and the anodic.) generated 6a in a yield of 32%, implying
that the electrochemical reductive elimination occurs via a high-
valent Cp*Ir(IV) intermediate, as the applied voltage was insufficient
to oxidize the Ir(lll) intermediate to Ir(V). Increasing the potential
further to 4.0V (E,;=1.7 V vs SCE in MeCN) reduced the yield to 27%
yield, presumably due to competing decomposition pathways from
over-oxidation. To complement the electrochemical studies, the
oxidation-induced reductive elimination of 5e at room temperature
was examined using chemical oxidants, including AgOAc, AgOTFA,
DDQ (2,3-dichloro-5,6-dicyano-1,4-benzoquinone), and NOPF¢
(Fig. 4h)’°. As expected, oxidants with lower redox potentials, such as
Ag(l) salts (Ep/2 = 0.44 V vs SCE in MeCN) and DDQ (£p,/> =0.53 V vs SCE
in MeCN), failed to promote reductive elimination. In contrast, NOPF¢
(Ep2=1.27 V vs SCE in MeCN), with a sufficiently high redox potential,
effectively facilitated reductive elimination, consistent with the
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electrochemical findings. Using 1.0 equiv. of NOPF¢ afforded 6a in a
64% yield, further supporting the hypothesis that the reductive
elimination is induced by single-electron oxidation.

a CVs for the oxidation potentials

The successful electrochemical reductive elimination of 5e led us

to investigate whether other types of post-transmetallation diorga-
noiridium complexes could similarly undergo reductive elimination.

b Hammett plot analysis for the Ir(lll)/Ir(1V) events
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Fig. 4 | Electrochemical analysis and reductive elimination of aryl-Ir(lll)-aryl
species. a CVs for the oxidation potentials (0.1 M "BusNPF¢ in MeCN, 100 mV s™).
b Hammett plot analysis for the Ir(Ill)/Ir(IV) events. c Hammett plot analysis for the
Ir(IV)/Ir(V) events. d CVs for the reduction potentials (0.1 M "BusNPF¢ in MeCN,
100 mV s™). e Hammett plot analysis for the reduction events. f CVs of 5d at dif-
ferent scan rates (0.1 M "BusyNPF4 in MeCN). g Reductive elimination of 5e via
electrochemical pathway. Reaction conditions: with constant current or cell

voltage, 5e (0.10 mmol) and "BuyNPF¢ (0.50 mmol) in MeCN (5.0 mL) under N, at
room temperature for 3 h (Uee: Cell voltage; U,;: Initial anodic potential).

h Reductive elimination of 5e via chemical oxidation. Reaction conditions: 5e
(0.10 mmol) and oxidant (0.10 mmol) in MeCN (1.0 mL) under N, at room tem-
perature for 3 h. Cp* pentamethylcyclopentadienyl, Me methyl, Ph phenyl, "Bu n-
butyl, DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone.
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Fig. 5 | Investigation for the reductive elimination of diorganoiridium com-
plexes and elementary steps-cascaded cross-coupling reaction. a Reductive

elimination of diorganoiridium complexes. Reaction conditions: with a cell voltage

of 3.7V, diorganoiridium complex (0.10 mmol) and "BusNPF¢ (0.50 mmol) in MeCN
(5.0 mL) under N, at room temperature for 3 h. b CVs for diorganoiridium complex
(0.1M "BugNPF4 in MeCN, 100 mV s™). ¢ Calculated energy profiles. d Tandem

cross-coupling reactions. Reaction conditions: *Aryl Cp*Ir(1ll)(CO)CI complex

(0.10 mmol), arylboronic acid (0.40 mmol), AgOAc (0.10 mmol) and K,CO3

(0.40 mmol) in TFE (1.0 mL) under N, at 80 °C for 24 h. ®Aryl aldehyde (0.20 mmol),
carboxylic acid (0.40 mmol), [Cp*IrCl,], (0.01 mmol), AgNTf, (0.04 mmol), Ag,0
(0.40 mmol) and NaOAc (0.20 mmol) in DCE (1.0 mL) under N, at 130 °C for 24 h.

Cp* pentamethylcyclopentadienyl, Me methyl, Ph phenyl, "Bu n-butyl, TFE 2,2,2-
Trifluoroethanol, DCE 1,2-dichloroethane.

As anticipated, all the diorganoiridium complexes, including aryl-Ir
—alkenyl, aryl-Ir-alkyl, aryl-Ir-alkynyl, and aryl-Ir-acyloxy complexes
(5k, 5p, 5s, and 5x), smoothly underwent reductive elimination under
electrochemical conditions, validating the oxidation strategy as a

general approach for facilitating reductive elimination of post-
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transmetallation organoiridium complexes. To compare the reactiv-
ity of different types of complexes, their reductive elimination reac-
tions were conducted at a constant electrolysis potential. As shown in
Fig. 5a, the yields of the reductive elimination products followed a
decreasing trend from 6a to 6e. This trend was hypothesized to arise



www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-025-59817-9

from variations in the redox properties of these diorganoiridium
complexes. To test this hypothesis, CV measurements were performed
to evaluate the redox potentials of these species. As outlined in Fig. 5b,
the £,%p,, of Se, 5k, 5p, 5s, and 5x were determined as 1.18, 1.11, 1.28,
1.23,1.46 V vs SCE in MeCN, respectively, revealing an overall increas-
ing trend. Since higher oxidation potentials indicate greater resistance
to oxidation under a constant electrode potential, the observed fluc-
tuation in yields of 6a to 6e can be logically attributed to the rising
redox potentials of the complexes. This finding highlights the critical
role of understanding the redox behavior of post-transmetallation
diorganoiridium complexes for the optimization of reductive
elimination.

To gain deeper insight into these results, density functional the-
ory (DFT) calculations were performed. Experimental evidence estab-
lished that oxidation-induced reductive elimination occurs from a
high-valent Ir(IV) intermediate rather than Ir(V). Accordingly, the DFT
calculations focused on the reductive elimination pathways originat-
ing from the Ir(IV) intermediates. As illustrated in Fig. 5c, the reductive
elimination from the aryl-Ir(IV)-alkyl, aryl-Ir(IV)-aryl, aryl-Ir(IV)
—alkenyl, and aryl-Ir(IV)-alkynyl intermediates is energetically down-
hill by 9.7, 23.5, 16.5, and 7.2 kcal mol™, respectively, with barriers
ranging from 6.4 to 12.4 kcal mol™. Conversely, reductive elimination
from the aryl-Ir(IV)-acyloxy intermediate exhibits a significantly
higher barrier of 21.8kcalmol® and is energetically uphill by
1.2kcalmol™. This elevated energy barrier likely accounts for the
reduced efficiency of reductive elimination for aryl-Ir-acyloxy com-
plexes compared to other types of diorganoiridium species under a
constant electrode potential (Fig. 5a).

Stoichiometric and catalytic reactions

Based on the stoichiometric reactivity of these organoiridium com-
plexes, we further investigated the feasibility of cascade reactions. To
our delight, tandem transmetallation and reductive elimination of aryl
Cp*Ir(IlH)(CO)CI complexes with aryl boronic acids were successfully
achieved in the presence of K,CO3 and AgOAc in 2,2,2-trifluoroethanol
at 80 °C, producing the corresponding C — C cross-coupled products
(6f-6 h) in good yields. Furthermore, although the energy barrier of
the reductive elimination from aryl-Ir(IV)-acyloxy intermediate is up to
21.8 kcal mol?, a catalytic version of the Cp*Ir-enabled decarbonylative
cross-coupling reaction was developed for aryl aldehydes and car-
boxylic acids under elevated temperature conditions. Using Ag,0 as a
chemical oxidant, aryl aldehydes were effectively coupled with aryl or
alkyl carboxylic acids under iridium catalysis at 130 °C, yielding the
desired C-O cross-coupled products (6i-6k) in moderate yields
(Fig. 5d). These findings underscore the versatility of the aryl Cp*Ir(lll)
(CO)CI system and its potential to guide the development of novel
iridium-catalyzed cross-coupling methodologies.

Discussion

In conclusion, we have conducted the synthesis and reactivity inves-
tigation of acyclic aryl Cp*Ir(Ill)(CO)CI species and their transmetal-
lated derivatives, emphasizing three fundamental events: iridation,
transmetallation, and electrochemical reductive elimination. Notably,
we achieved a well-orchestrated combination of two elementary pro-
cesses, transmetallation and reductive elimination, between aryl
Cp*Ir(Il)(CO)ClI species and aryl boronic acids, forming formal Suzuki-
Miyaura cross-coupling products in one-pot. Furthermore, these stoi-
chiometric studies inspired the development of a Cp*Ir(lll)-catalyzed
decarbonylative C-O cross-coupling of aryl aldehydes with carboxylic
acids. Overall, this work not only advances the understanding of
organoiridium(lll) chemistry but also establishes the potential of
Cp*Ir(lll) complexes as versatile platforms for cross-coupling reac-
tions. We anticipate that these findings will pave the way for further
innovations in iridium(lll)-enabled catalysis.

Methods

General procedure for the iridation of aryl aldehydes

A flame-dried Schlenk test tube with a magnetic stirring bar was
charged with aryl aldehydes (0.40 mmol), [Cp*IrCl;], (40.0 mg,
0.05 mmol), NaOAc (82.0mg, 1.0 mmol) and 1,2-dichloroethane
(1.0 mL). The reaction mixture was allowed to stir for 5 min at room
temperature under a N, atmosphere, and then heated at 80°C in a
pre-heated oil bath for 24 h. The reaction mixture was then cooled to
room temperature, diluted with 10.0 mL of dichloromethane, fil-
tered through a celite pad, and washed with 25.0-35.0 mL of
dichloromethane. The combined organic extracts were con-
centrated under reduced pressure and the resulting residue was
purified by column chromatography on silica gel to provide the
desired product.

Data availability

The experimental data generated in this study are provided in the
Supplementary Information and Source Data file, and also are available
from the corresponding author upon request. Crystallographic data
for the structures reported in this article have been deposited at the
Cambridge Crystallographic Data Centre (CCDC), under deposition
number CCDC 2349028 (3d), 2349029 (3e), 2349030 (3f), 2349031
(3i), 2349032 (31), 2349033 (3w), 2349034 (5e), 2349035 (5k), 2349036
(5p), 2349037 (5s), 2349038 (5y), and 2378258 (6i). These data can be
obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif.
Source data are provided with this paper Source data are provided
with this paper.
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