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Reduction of iridium(II) complex [IrCl{N(CHCHPtBu2)2}] is reduced by KC8 to give anionic iridium(I) 

pincer complex [IrCl{N(CHCHPtBu2)2}]– which was isolated and fully characterized upon stabilization 

of the counter caction with crown ether as [K(15-cr-5)2][IrCl{N(CHCHPtBu2)2}]. This unprecedented 

anionic iridium(I) pincer complex completes the unusual, structurally characterized IrI/IrII/IrIII redox 10 

series [IrCl{N(CHCHPtBu2)2}]–/0/+, all in square-planar coordination geometry, emphasizing the 

versatility of this PNP pincer ligand in stabilizing a broad range of oxidation states. The anionic chloro 

complex is a versatile source for the Ir(PNP) platform. Its reactivity was examined towards chloride 

ligand substitution against CO and N2, and oxidative addition of C-electrophiles, C–H bonds and 

dioxygen, allowing for the isolation of iridium(I) and iridium(III) (PNP) carbonyl, hydrocarbyl and 15 

peroxo complexes which were spectroscopically and crystallographically characterized. 

Introduction 

 Pincer ligands have attracted great interest in recent years as 
rigid, meridionally chelating ligand platforms.1,2 In many cases, 
pincer ligands provide tailorable steric protection around the 20 

metal, which proved highly useful for the stabilization of reactive 
metal fragments in challenging small molecule activation 
reactions and catalytic transformations, such as alkane 
dehydrogenation.3 Particularly the ‘archetypical’ anionic PCP 
ligand {C6H3-2,6-(CH2PtBu2)2}

– (L1tBu) was extensively 25 

employed. However, besides sterics, the electronic properties 
have a profound impact on the reactivity, as for example 
demonstrated for the thermodynamics of C–H oxidative 
addition.4 Particularly, the variation of the central atom of the 
anionic pincer framework offers strong variation of the donor 30 

properties. Hence, the introduction of related anionic pincer 
ligands with potentially -donating donors, such as PNP pincers 
with diarylamide (Figure 1, L2), disilylamide (L3), 
‘dearomatized’ pyridine based (L4) or dialkylamide (L5) 
frameworks are of particular interest.5,6,7,8 As for PCP complexes, 35 

C–H activation has been studied with some of these ligands, 
emphasizing the prominent role of transient M(PEP) (E = C, N) 
with d8 ions (e.g. M = RhI, IrI) in T-shaped coordination 
geometries as pivotal species for facile C–H oxidative addition. 
Typical pathways for the generation of these reactive 40 

intermediates comprise the thermal or photochemical dissociation 
of small molecules, such as N2, CO, and olefins9 or the reductive 
elimination of hydrocarbons from MIII hydride hydrocarbyl 
intermediates, e.g. intramolecularly within a cyclometalated 
complex10,11 or by reaction of a dihydrido complex with an alkene 45 

as H2 acceptor.12,13 

 
Figure 1. Monoanionic PNP pincer ligands. 

 Recently, we reported the synthesis of iridium(II) complex 
[IrCl(L6tBu)] (1, L6 = N(CHCHPtBu2)2 Scheme 1) by the 50 

oxidation of [IrCl(H)R(HL4tBu)] (R = 1-cyclooctenyl) with 
benzoquinone as hydrogen acceptor.14 Spectroscopic and 
computational characterization of 1 indicated the formation of a 
metal based radical, hence a rare example for a square-planar 
iridium(II) complex. This dehydrogenative template ligand 55 

functionalization provides access to the novel PNP pincer ligand 
framework L6, which represents an aliphatic analogue of L2. 
Notably, in contrast to L6 extremely bulky diarylamido PNP 
ligands, e.g. tBu substituted L2tBu, are not synthetically accessible 
to date. Surprisingly, the characterization of 1 by cyclic 60 

voltammetry in CH2Cl2 indicated the reversible oxidation to 
iridium(III) and chemical oxidation with AgPF6 allowed for the 
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isolation of first iridium(III) complex with square-planar 
coordination geometry, [IrCl(L6tBu)]PF6 (2). The isolation of such 
electronically highly unsaturated complexes 1 and 2 enabled the 
stabilization of extremely rare iridium nitrido complexes 
[Ir(N)(L6tBu)]0/+.15 However, similarly surprising was the 5 

observation that electrochemical characterization of 1 under the 
same conditions also indicated irreversibility of the IrI/IrII 
reduction wave given that the square-planar coordination 
geometry is by far predominant for iridium(I). 

 10 

Scheme 1. Syntheses of the IrI/IrII/IrIII redox series 1-3. 

 In this paper we describe the isolation and structural 
characterization of the anionic iridium(I) PNP pincer complex 
[K(15-cr-5)2][IrCl(L6tBu)] (3) by stabilization of the counter 
cation with crown ether. This result allows for the comparison of 15 

the unusual, isolable IrI/IrII/IrIII redox series [IrCl(L6tBu)]–/0/+. 
Complex 3 is a versatile source of the Ir(PNP) platform as 
demonstrated by ligand substitution, oxidative addition reactions 
and C–H and O2 activation. 

 20 

Figure 2. Cyclic voltammogram of 1 in THF (0.1 M [NnBu4][PF6], room 
temperature, Pt working electrode) at different scan rates. 

 

Results and Discussion 

Anionic iridium(I) pincer complex [IrCl(L6tBu)]– 25 

 The electrochemistry of 1 was reevaluated by cyclic 
voltammetry (CV) in tetrahydrofuran (Figure 2). The change of 
solvent showed for the IrI/IrII redox couple to be reversible even 
at slow scan rates (10-400 mVs–1) indicating that irreversible 
reduction of 1 in CH2Cl2 might be attributed to reoxidation by the 30 

solvent. Accordingly, chemical reduction of 1 with KC8 in THF 
and in the presence of crown ether (15-cr-5) affords the isolation 
of the anionic reduction product [K(15-cr-5)2][IrCl(L6tBu)] (3) in 
almost 90% yield as an orange compound (Scheme 1). The high 
air sensitivity of 3 is in line with the low oxidation potential E1/2 35 

= -1.8 V obtained by CV (Figure 2). Characterization by NMR at 
room temperature is in agreement with C2v symmetry on the 
NMR timescale. The 31P chemical shift of 3 exhibits a remarkable 

downfield shift by ∆δ = +45 ppm as compared with the cationic 
complex 2 indicating a profound influence of the 2-electron 40 

reduction on the paramagnetic screening tensor. 

 
Figure 3. Molecular structure of 3 in the crystal. Selected bond lengths 

[Å] and angles [°]:Ir1–Cl1 2.3995(8), Ir1–N1 2.030(2), Ir1–P1 2.2779(9), 
Ir1–P2 2.2760(9), N1–C2 1.370(4), N1–C3 1.369(4), C1–C2 1.349(4), 45 

C3–C4 1.350(4); N1-Ir1-Cl1 178.72(7), P1-Ir1-P2 164.00(3). 

 3 was characterized by single crystal X-ray diffraction (Figure 
3) completing a unique, structurally characterized IrI/IrII/IrIII 
redox series (1-3) in identical coordination environment. The 
molecular structure of 3 confirms the distorted square-planar 50 

ligand arrangement in the solid state. The distortion arises from 
the pincer bite angle (P1–Ir1–P2: 164.00(3)°), which is the 
smallest within the series (1: 166.22(2)°; 2: 167.56(2)°). This 
trend seems to be a consequence of the strong dependence of the 
Ir–N bond length on metal oxidation state which is transferred via 55 

the rigid pincer ligand backbone. In fact, the Ir–N bond becomes 
considerably shorter on going from IrI (2.030(2) Å) to IrII 
(1.985(2) Å) and IrIII (1.922(2) Å), respectively.14 This 
observation can be most easily rationalized with a simple Lewis 
structure formalism (Figure 4). As N→Ir π-donation increases 60 

with rising metal oxidation state, the Lewis structure A (Figure 4) 
is weighed stronger resulting in a shorter Ir–N distance. Note that 
the LUMO of 2 has predominant Ir–N π*-antibonding character, 
therefore exhibiting considerable Ir–N double bond character.14 
Upon successive reduction to 1 and 3 this orbital will be filled 65 

with two electrons resulting in no net Ir–N π-bond in 3, which 
provides an MO basis for the observed trend in bond lengths. In 
turn, the mesomeric Lewis structure B exhibits a higher weight 
upon reduction as reflected in the average pincer backbone N–C 
(IrI: 1.37 Å, IrII: 1.39 Å, IrIII: 1.41 Å) and C–C (IrI: 1.35 Å, IrII: 70 

1.34 Å, IrIII: 1.33 Å) bond lengths. However, the effect is much 
smaller as compared with the Ir–N bond length. Interestingly, the 
Ir–P bond lengths (2: 2.34 Å; 1: 2.32 Å; 3: 2.28 Å) exhibit the 
opposite trend as expected on simple considerations of ionic radii, 
therefore pointing towards increased Ir→P back donation upon 75 

reduction. 

 
Figure 4. Selected resonance structures and bond lengths for the redox 

series 3 (IrI, blue), 1 (IrII, red), and 2 (IrIII, black). 
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 Hence, the structural parameters within the IrI/IrII/IrIII redox 
series are in agreement with competitive -acceptance of the N-
lone-pair by the metal centre and the vinyl substituents, 
respectively, subject to the availability of a vacant (2) or half 
filled (1) metal d-orbital with suitable symmetry. This simple 5 

interpretation of the electronic structure explains the stabilization 
of this unusual redox series by the divinylamido PNP pincer 
ligand. To our knowledge, the isolation of a [MCl(PEP)]– anion 
(M = Rh, Ir; PEP = anionic pincer ligand) is unprecedented in 
pincer chemistry. One related compound, [IrI(dippe)2]

+ 10 

[IrICl2(dippe)]– (dippe = iPr2P(CH2)2PiPr2), was previously 
reported as coordinatively relatively labile intermediate leading to 
[Ir(-Cl)(dippe)]2 and [Ir(dippe)2]Cl.16 [Ir(OTf)2(dfepe)]– (dfepe 
= (C2F5)2P(CH2)2P(C2F5)2) with a highly fluorinated phosphine 
ligand was also reported, pointing towards stabilization by π-15 

acidic ligands.17 Accordingly, the dihalodicarbonyl anions of 
iridium are known for a long time and play an important role in 
catalytic carbonylation reactions.18 In our case, the combination 
of steric protection and electronic flexibility provided by the 
pincer ligand effectively stabilizes the unusually electron rich 20 

anionic complex and the complete IrI/IrII/IrIII redox series. 

 
Scheme 2. Syntheses of carbonyl complex 4. 

 

Carbonyl complex [IrCO(L6)] 25 

The electronic properties of the Ir(PNP) pincer platform were 
further probed by the preparation of iridium(I) carbonyl complex 
[Ir(CO)(L6tBu)] (4, Scheme 2). 4 can be isolated from direct 
reduction of 1 with KC8 under an atmosphere of CO, 
demonstrating the suitability of the chloride as leaving group. 30 

Interestingly, 3 is stable in solution in the absence of CO, yet 
readily reacts with CO, as well, to give 4. Hence, this observation 
supports an associative Cl vs. CO substitution mechanism after 
reduction of 1. 
 35 

 
Figure 5. Molecular structure of 4 in the crystal. Selected bond 
lengths [Å] and angles [°]: Ir1–C2l 1.829(2), Ir1–N1 2.061(2), 
Ir1–P1 2.3137(6), Ir1–P2 2.3080(6), N1–C1 1.367(3), N1–C3 
1.371(3), C1–C2 1.347(3), C3–C4 1.351(3), O1–C21 1.153(3); 40 

N1-Ir1-C21 178.20(9), P1-Ir1-P2 163.37(2). 

 The solution NMR data of 4 is in agreement with C2v 
symmetry. The molecular structure in the solid state was also 
derived by single-crystal X-ray diffraction (Figure 5) confirming 
the distorted square-planar coordination geometry around the 45 

metal centre with a P1–Ir1–P2 bite angle (163.37(2)°) similar to 
that in 3. Accordingly, the Ir–N distance (2.061(2) Å) is slightly 
longer as in the case of parent 3 (2.030(2) Å) as a consequence of 
the higher CO vs. Cl trans-influence, again emphasizing the 
relationship of pincer bite angle and Ir–N distance within this 50 

rigid framework. The CO stretching vibration can be assigned to 
a signal at 1937 cm–1 in the IR spectrum. This value compares 
well with the CO band of [Ir(CO)Cl(PiPr3)2] (1939 cm-1)19 or 
with some corresponding disilylamido ([Ir(CO)(L3tBu)]: 1930 
cm-1)20 and diarylamido ([Ir(CO)(L2iPr)]: 1930 cm-1)21 PNP pincer 55 

complexes. In contrast, the dialkylamido PNP complex 
[Ir(CO)(L4iPr)] exhibits a CO band at considerably lower 
wavenumber (1908 cm-1),22 emphasizing reduced L→M electron 
donation by the divinylamido ligand. σ- and π-bonding effects 
cannot be separated merely from the CO stretching vibration. 60 

However, the conjugation of the azallylic C=C double bonds with 
the N-lone pair, which is indicated by the trends within the pincer 
ligand backbone bond lengths of the IrI/IrII/IrIII redox series (see 
above) indicates that reduced L→M π-donation of the divinyl- vs. 
the dialkylamido ligand probably constitutes a significant 65 

contribution to the higher of the CO stretching vibration in 3. 

 
 Clean reduction of 1 is also accomplished by reaction with 
nBuLi. Monitoring this reaction by 31P NMR reveals the 
quantitative formation of a diamagnetic compound at 56.5 ppm 70 

(THF), which was assigned to Li[IrCl(L6tBu)] by comparison with 
3 (55.5 ppm). These solutions were only stable below -20 °C, 
probably owing to LiCl elimination. However, the Ir(L6tBu) 
fragment could be trapped by thawing a frozen solution under N2 
atmosphere (1 bar) giving [Ir(N2)(L6tBu)] (5)15 in around 60% 75 

spectroscopic yield by 31P NMR (eq. 1). Hence, the observation 
of dinitrogen complex 5 suggests that C–H activation reactions 
should be carried out under argon to avoid inhibition by N2 
binding to the Ir(L6tBu) fragment. This observation was also 
reported for the Ir(L1) platform.23,24 

80 

 

Oxidative addition to [IrCl(L6tBu)]– 

 Besides substitution for CO, chloride dissociation can also be 
utilized as source for Ir(L6tBu) which undergoes C–H oxidative 
addition. Reduction of 1 with Na/Hg in benzene results in facile 85 

formation of the red iridium(III) hydrido phenyl complex 6 in 
almost quantitative spectroscopic (31P NMR) yield (eq. 2). 
Isolation of the highly lipophilic compound by crystallization 
from pentane resulted in isolated yields just below 50%. The 
addition of benzene to Ir(L6tBu) was confirmed by NMR 90 

spectroscopy and elemental analysis. The chemical shift of the 
hydride ligand (δ = -46.5 ppm) suggests a vacant coordination 
site in trans-position, hence the occupation of the apical position 
within a square-pyramidal coordination geometry around the 
metal. The three phenyl 1H and 13C signals at room temperature, 95 

respectively, indicate rapid rotation around the Ir–C bond on the 
NMR timescale. 
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 The structural assignments from solution NMR spectroscopy 
were confirmed by single crystal X-ray diffraction (Figure 6). In 
the solid state, the five-coordinate metal atom exhibits square 
pyramidal coordination geometry with the hydride ligand in 5 

apical position and an almost linear N–Ir–phenyl bond angle 
(179.8(3)°). The Ir1–N1 bond (2.109(6) Å) is particularly long 
due to the strong trans-ligand C6H5 also resulting in a smaller 
P1–Ir1–P2 pincer bite angle (162.58(7)°). 

 10 

Figure 6. Molecular structure of 6 in the crystal. Selected bond lengths 
[Å] and angles [°]: Ir1–C2l 2.080(7), Ir1–N1 2.109(6), Ir1–P1 2.337(2), 

Ir1–P2 2.3276(19), N1–C1 1.348(10), N1–C11 1.357(10), C1–C2 
1.362(12), C11–C12 1.352(10); N1-Ir1-C21 179.8(3), P1-Ir1-P2 

162.58(7). 15 

 The C–H oxidative addition most likely proceeds via three-
coordinate [Ir(L5)] after reduction of 1 and NaCl elimination in 
the absence of stabilizing crown ether. Such three-coordinate d8 
intermediates are prone to C–H oxidative addition via an 
intermediate C–H -complex.25 However, to our knowledge 20 

halides as leaving groups were not previously reported for their 
formation. 

 
 Besides nucleophilic C–H activation, attack of C-electrophiles 
also provides access to iridium(III) hydrocarbyl complexes. The 25 

reaction of 3 with MeOTf yields iridium(III) methyl complex 
[IrCl(CH3){L5tBu}] (7) in around 90% yield (eq. 2). Spectroscopic 
characterization of 7 is in agreement with Cs symmetry on the 
NMR timescale. The methyl ligand was assigned to signals at 
2.08 (1H NMR) and -27.1 ppm (13C NMR), respectively, both 30 

exhibiting triplet multiplicity due to coupling with the 31P nuclei, 
unequivocally indicating formation of an iridium(III) methyl 
complex. In comparison, the dialkyamido complex 
[Ir(PMe3)(L5iPr)] is selectively methylated with MeOTf at the 
ligand nitrogen atom to form irdium(I) complex 35 

[Ir(PMe3){MeN(CH2CH2PiPr2)2}]OTf.26 Such ligand centered 
nucleophilic reactivity was similarly observed for palladium(II) 
dialkyamido complexes with MeOTf.27,28 Also, the five-
coordinate alkylvinylamido ruthenium(II) complex 
[RuH(PMe3){N(CHCHiPr2)(CH2CH2iPr2)}] exhibits exclusive 40 

ligand methylation upon reaction with MeOTf (eq. 4).29 In this 
context, the high selectivity of metal alkylation in case of 3 is 

remarkable and emphasizes the rigid, pincer-type behaviour of 
ligand L6. 

 45 

 

O2 activation 

 The activation of dioxygen with iridium complexes has been 
subject of several studies, e.g. in the context of alkene 
oxygenation.30,31,32 With phosphine pincer ligands, the formation 50 

of iridium(III) peroxo complexes, such as [Ir(O2)(L3tBu)] or 
[Ir(O2)(L1tBu)], which is in equilibrium with bisdioxygen complex 
[Ir(O2)2(L1tBu)], were reported upon hydrocarbon reductive 
elimination from iridium(III) under O2.

11,33 However, to our 
knowledge, the only crystallographically characterized iridium 55 

pincer mono-O2 adduct is the ‘POCOP’-complex [Ir(O2){C6H3-
2,6-(OPRF

2)2}] (9, RF = C6H2-2,4,6-(CF3)3) which was 
synthesized in the solid state and in turn not spectroscopically 
examined.34 Hence, a full set of spectroscopic and structural data 
for this class of compounds is surprisingly not available. 60 

 Tejel, De Bruin and co-workers observed the backbone 
oxygenation of a vinylenediamido ligand instead of 
cycloocadiene upon reaction of the corresponding anionic 
iridium(I) complex with dioxygen (eq. 6).35 Importantly, this 
reactivity was attributed to the redox non-innocent behaviour of 65 

the NNN ligand. Hence, the relationship of this iridate(I) with 3 
sparked our interest to examine the reactivity with molecular 
oxygen. 

 
 A solution of 3 in THF immediately turns red upon stirring 70 

under dioxygen. From this solution, the oxygen adduct 
[Ir(O2)(L6tBu)] (8) was isolated as stable compound in around 
80% yield (eq 6). The NMR spectroscopic characterization 
reveals the formation on a diamagnetic compound with C2v 
symmetry on the NMR timescale at room temperature. In the IR 75 

spectrum a strong band at 910 cm–1 was assigned to the O–O 
stretching vibration by comparison with parent 3. This value is at 
the upper end of the range reported for peroxo ligands and close 
to the one reported for [Ir(O2)(L1tBu)] (895 cm–1) suggesting a 
formal iridium(III) oxidation state for 8.36 The apparently slightly 80 

weaker reducing activation of the dioxygen ligand by the Ir(L6tBu) 
compared with the Ir(L1tBu) fragment is in line with the CO 
stretching vibrations of 4 (1937 cm 1) vs. [Ir(CO)(L1tBu)] (1913 
cm–1).37 

 85 
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 The spectroscopic interpretations are corroborated by the 
molecular structure of 8 (Figure 7). The crystal exhibited disorder 
with two superimposed positions of the molecule (see ESI). 
While for this reason the experimental bond lengths and angles 
should be interpreted with care, some important conclusions 5 

regarding O2 bonding from structural parameters can be drawn. 
Complex 8 exhibits distorted square-planar geometry and the 
side-on η2-O2 ligand occupies the trans-position to nitrogen with 
perpendicular orientation to this plane. The weak trans-influence 
of the dioxygen ligand, similar to chloride in 3, is indicated by the 10 

Ir–N distance (2.015(5) Å) and the resulting P–Ir–P bite angle 
(162.79(4)°). The O–O distance (1.415(7) Å) suggests 
considerable activation of the dioxygen ligand (dOO = 1.21 Å) and 
is close to the typical range found for Ir(η2-O2) complexes (1.43-
1.53 Å).38 Furthermore, this bond is slightly longer than the ones 15 

reported for 9 (1.372(15) Å) and related rhodium dioxygen pincer 
complexes [Rh(O2)(L3tBu)] (1.363(10) Å) and [Rh(O2)(L1a

tBu)] 
(1.365(18) Å; L1a

tBu = Me2HC6(CH2PtBu2)2).
34,39,40 Hence, the 

structural features are in agreement with assignment to an 
iridium(III) peroxo complex, as also indicated by IR 20 

spectroscopy. However, as Caulton and co-workers carefully 
stated about the O-O bond lengths in such η2-O2 complexes, 
perhaps this parameter is not truly reliable for establishing 

charge state, but rather only the degree of back bonding.39 

 25 

Figure 7. Molecular structure of 8 in the crystal (one of two orientations 
within the disordered crystal). Selected bond lengths [Å] and angles [°]: 
Ir1–O1 1.945(3), Ir1–N1 2.015(5), Ir1–P1 2.3461(13), O1–O1’ 1.415(7), 

N1–C1 1.407(4), C1–C2 1.352(5); N1-Ir1-O1 158.66(11), O1-Ir1-O1’ 
42.7(2), P1-Ir1-P1’ 162.79(4). 30 

 

Experimental Section 

General Considerations 

 All experiments were carried out using Schlenk and glove-box 
(argon atmosphere) techniques. All solvents were dried by 35 

passing through columns packed with activated alumina. 
Deuterated solvents were obtained from Euriso-Top GmbH, dried 
over Na/K (C6D6 and d8-THF), distilled by trap-to-trap transfer i. 
vac., and degassed by three freeze-pump-thaw cycles, 
respectively. C10H10O5 (Acros), CH3SO3CF3 (Sigma-Aldrich), 40 

O2, H2 and CO (Linde gas) were used as purchased. Complex 2, 
Na/Hg and KC8 were prepared according to published 
procedure.14,41,42 Elemental analyses were obtained from the 
Analytical Laboratories at Friedrich-Alexander-University and 
Georg-August-University, respectively. IR spectra were recorded 45 

as nujol mulls between KBr disks on a JASCO FT/IR 4100 
Spectrometer. NMR spectra were recorded on a Bruker Avance 

III 300 and a Bruker Avance DRX 500 spectrometer and were 
calibrated to the residual proton resonance of the solvent (C6D6: 
δH = 7.16 ppm; δC = 128.39; d8-THF: δH = 3.58 ppm, 1.72 ppm; 50 

δC = 67.2 ppm, 25.3 ppm). 31P NMR chemical shifts are reported 
relative to external phosphoric acid (δ = 0.0 ppm). Signal 
multiplicities are abbreviated as: s (singlet), d (doublet), t 
(triplet), q (quartet), m (multiplet), br (broad). Cyclic 
voltammogramms were measured on an Autolab PGSTAT101 55 

from Metrohm in a 0.1 M [nBu4N][PF6]-solution referenced 
against the [(C5Me5)2Fe]0/+ couple, which was referenced to a 
potential of -0.440 versus [(C5H5)2Fe]0/+.43 
 

Syntheses 60 

 [K(C10H10O5)2][Ir(Cl){N(CHCHPtBu2)2}] (3): A mixture of 1 
(200.0 mg; 342.4 µmol; 1 eq) and KC8 (55.5 mg; 410.8 µmol; 
1.2 eq) is dissolved in a solution of C10H10O5 (164.0 µL; 
821.7 µmol; 2.4 eq) in THF (15 mL) at 50 °C. After 5 minutes 
stirring, all volatiles are removed i. vac. and the residue is washed 65 

with benzene (3 x 5 mL). The crude product is extracted with 
THF (3 x 7 mL), layered with pentane and crystallized at –32 °C 
over night. The crystals are collected by filtration, washed with 
pentane (2 x 5 mL) and dried i. vac. 3 is obtained as orange 
microcrystalline compound (Yield: 164.0 mg; 154.2 µmol; 45%). 70 

Anal. Calc. for C40H80ClIrKNO10P2 (1063.69): C, 45.16; H, 7.58; 
N, 1.32. Found: C, 44.97; H, 7.60; N, 1.29. NMR (d8-THF, 
[ppm]): 1H NMR (300 MHz, 20 °C): δ = 6.93 (ABXX’B’A’, 
N = | 3JHP + 4JHP’ | = 17.2 Hz, 3JHH = 5.2 Hz, 2H, NCHCHP) 4.04 
(ABXX’B’A’, N = | 2JHP + 4JHP’ | = 4.3 Hz, 3JHH = 5.1 Hz, 2H, 75 

NCHCHP), 3.64 (s, 40H, (CH2CH2O)5) 1.35 (A18XX’A’18, N = | 
3JHP + 5JHP’ | = 5.9 Hz, 36H, P(C(CH3)3)2). 

13C NMR (75 MHz, 
20 °C): δ = 122.4 (AXX’A’, N = | 2JCP + 3JCP’ | = 5.8 Hz, 
NCHCHP), 95.0 (AXX’A’, N = | 1JCP + 3JCP’ | = 22.5 Hz, 
NCHCHP), 68.6 (s, 20C, (CH2CH2O)5), 38.8 (A4XX’A’4, N = | 80 
1JCP + 3JCP‘ | = 11.2 Hz, 4C, PC(CH3)3), 29.9 (A6XX’A’6, N = | 
2JCP + 3JCP’ | = 1.7 Hz, PC(CH3)3). 

31P NMR (121 MHz, 20 °C): 
δ = 55.5 (s). 
 [Ir(CO){N(CHCHPtBu2)2}] (4): A mixture of 1 (60.0 mg; 
102.7 µmol; 1 eq) and KC8 (13.9 mg; 102.7 µmol; 1 eq) is 85 

dissolved at -50 °C in a THF solution (15 mL) saturated with CO 
and stirred for 15 min. After removal of all volatiles i. vac., the 
residue is extracted with pentane (3 x 4 mL) and after evaporation 
to dryness, the crude product is purified by column 
chromatography (silanized silica gel, 0.3 x 6 mL, pentane). After 90 

removing the solvent i. vac., the product is lyophilized out of 
benzene (5 mL) and 4 is obtained as bright yellow powder (30.4 
mg; 58.9 µmol; 51%).  Anal. Calcd. for C21H40IrNOP2 (576.71): 
C, 43.73; H, 6.99; N, 2.43. Found: C, 43.82; H, 7.01; N, 2.16. 
NMR(C6D6, [ppm]): 1H NMR (400 MHz, 21 °C): δ = 7.02 95 

(ABXX’B’A’, N = | 3JHP + 4JHP’ | = 18.9 Hz, 3JHH = 5.8 Hz, 2H, 
NCHCHP), 4.31 (ABXX’B’A’, N = | 2JHP + 4JHP’ | = 3.4 Hz, 3JHH 
= 5.5 Hz, 2H, NCHCHP), 1.36 (A18XX’A’18, N = | 3JHP + 5JHP’ | = 
7.0 Hz, P(C(CH3)3). 

13C NMR (100 MHz, 21 °C): δ = 190.6 (t, 
2JCP = 7.6, Ir-CO), 163.7 (AXX’A’, N = | 2JCP + 3JCP’ | = 9.6 Hz, 100 

NCHCHP), 85.8 (AXX’A’, N = | 1JCP + 3JCP’ | = 21.5 Hz, 
NCHCHP), 36.7 (A2XX’A’2, N = | 1JCP + 3JCP’ | = 13.5 Hz, 
P(C(CH3)3), 29.8 (A6XX’A’6, N = | 2JCP + 4JCP’ | = 3.0 Hz, 
P(C(CH3)3). 

31P NMR (162 MHz, 21 °C): δ = 82.0 (s). IR (cm–1): 
1937 vs (νCO). 105 

 Reduction of 1 under N2 atmosphere: 1 (4.5 mg, 7.7 µmol) is 
dissolved in pentane (0.5 mL), cooled to 20 °C and n-
butyllithium (4.8 µL, 1.6 M in n-hexane, 7.7 µmol) is added. The 
solution immediately turns yellow and is cooled to -80 °C. All 
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volatiles are removed i. vac. The residue is dissolved in pentane, 
and the solution is degassed by three freeze-pump-thaw cycles. 
After backfilling the vessel with N2 the mixture is warmed to 
room temperature and examined by NMR spectroscopy. [Ir(N2) 
{N(CHCHPtBu2)2}] (5, δ(31P) = 70.3 ppm) is identified as the 5 

main product (61%).15 

 [Ir(H)(C6H5){N(CHCHPtBu2)2}] (6): A solution of 1 (30.0 mg; 
51.4 µmol; 1 eq) in benzene (5 mL) is added to Na/Hg (1 mol/L; 
833.4 mg; 61.6 µmol; 1.2 eq) and stirred at room temperature for 
16 h. The solution is decanted off, the Hg slurry is extracted with 10 

benzene (2 x 5 mL) and the combined organic fractions are 
filtered over a pad of celite. After the removal of all volatiles i. 
vac., the crude product is extracted with pentane (2 x 5 mL), 
concentrated and crystallized at -82 °C. The crystals are collected 
by filtration, washed with cold pentane (3 mL), dissolved in 15 

benzene (7 mL) and lyophilized over night. 6 is obtained as red 
powder (13.0 mg; 21.2 µmol; 41%). Anal. Calcd. for C26H46IrNP2 
(626.83): C, 49.82; H, 7.40; N, 2.23. Found: C, 49.42; H, 7.25; N, 
2.15. NMR(C6D6, [ppm]): 1H NMR (300 MHz, 21 °C): δ = 7.73 
(d, 3JHH = 7.5 Hz, 2H, ortho-C6H5), 7.37 (ABXX’B’A’, N = | 3JHP 20 

+ 4JHP’ | = 16.3 Hz, 3JHH = 5.6 Hz, 2H, NCHCHP), 7.20 (m, 2H,  
meta-C6H5), 6.97 (t, 3JHH = 7.2 Hz, 1H, para-C6H5), 4.27 
(ABXX’B’A’, N = | 2JHP + 4JHP’ | = 3.7 Hz, 3JHH = 5.5 Hz, 2H, 
NCHCHP), 1.14 (A9XX’A’9, N = | 3JAX + 5JAX’ | = 7.0 Hz, 18H, 
P(C(CH3)3)2), 1.12 (A9XX’A’9, N = | 3JAX + 5JAX’ | = 7.0 Hz, 18H, 25 

P(C(CH3)3)2), -46.52 (t, 2JHP = 12.6 Hz, 1H, IrH). 13C NMR (75.5 
MHz, 21 °C): δ = 163.6 (AXX’A’, N = | 2JAX + 3JAX’ | = 7.3 Hz, 
NCHCHP), 144.6 (t, 3JCP = 6.1 Hz , ortho-C6H5), 128.9 (t, 2JCP = 
0.1 Hz, ipso-C6H5), 127.1 – 126.6 (m, meta-C6H5), 120.5 (s, 
para-C6H5), 85.8 (AXX’A’, N = | 1JAX + 3JAX’ | = 22.6 Hz, 30 

NCHCHP), 39.7 (AXX’A’, N = | 1JAX + 3JAX’ | = 12.1 Hz, 
P(C(CH3)3)2), 35.3 (AXX’A’, N = | 1JAX + 3JAX’ | = 13.4 Hz, 
PC(CH3)3), 29.5 (A3XX’A’3, N = | 2JAX + 4JAX’ | = 3.0 Hz, 
PC(CH3)3), 29.3 (A3XX’A’3, N = | 2JAX + 4JAX’ | = 2.7 Hz, 
PC(CH3)3).

 31P NMR (121.5 MHz, 21 °C): δ = 61.3 (s). 35 

 [Ir(Cl)(CH3){N(CHCHPtBu2)2}] (7): Methyl triflate (3.7 µL, 
33.7 µmol) is added to a solution of 3 (35.4 mg, 33.3 µmol) in 
toluene (2 mL) at -20 °C and stirred for 5 minutes. After the color 
of the solution changes from orange to violet, the solution is 
filtered off and all volatiles are removed i. vac. The residue is 40 

dissolved in benzene (10 mL), filtered off and lyophilized i. vac. 

overnight. 7 is obtained as analytically pure violet powder (Yield: 
17.7 mg; 29.5 µmol; 89%). Anal. Calc. for C21H43ClIrNP2 
(599.19): C, 42.09; H, 7.23; N, 2.34. Found: C, 42.43; H, 7.06; N, 
1.92. NMR (C6D6, [ppm]) 1H NMR (300 MHz, 20 °C): δ = 6.82 45 

(ABXX’B’A’, N = | 3JAX + 4JAX’ | = 17.8 Hz, 3JAB = 5.8 Hz, 2H, 
NCHCHP), 4.06 (ABXX’B’A’, N = | 2JBX + 3JBX’ | = 3.4 Hz, 3JBA 
= 6.2 Hz, 2H, NCHCHP), 2.08 (t, 3JHP = 5.3 Hz, 3H, Ir-CH3), 
1.32 (A9XX’A’9, N = | 3JAX + 5JAX’ | = 6.6 Hz, 18H, P(C(CH3)3)2), 
1.24 (A9XX’A’9, N = | 3JAX + 5JAX’ | = 6.6 Hz, 18H, P(C(CH3)3)2). 50 
13C NMR (75 MHz, 20 °C): δ = 163.3 (AXX’A’, N = | 2JAX + 
3JAX’ | = 7.2 Hz, NCHCHP), 85.3 (AXX’A’, N = | 1JAX + 3JAX’ | = 
20.4 Hz, NCHCHP), 40.0 (AXX’A’, N = | 1JAX + 3JAX’ | = 12.1 
Hz, P(C(CH3)3)2), 36.2 (AXX’A’, N = | 1JAX + 3JAX’ | = 12.1 Hz, 
P(C(CH3)3)2), 30.6 (A3XX’A’3, N = | 2JAX + 3JAX’ | = 2.2 Hz, 55 

P(C(CH3)3)2), 30.0 (A3XX’A’3, N = | 2JAX + 3JAX’ | = 2.2 Hz, 
P(C(CH3)3)2), -27.1 (t, 3JCP = 4.0 Hz, Ir-CH3). 

31P NMR 
(121 MHz, 20 °C): δ = 41.9 (s, P(C(CH3)3)2). 
 [Ir(O2){N(CHCHPtBu2)2}] (8): A solution of 3 (60.0 mg, 56.4 
µmol) in 20 mL THF is degassed by one pump-freeze-thaw cycle 60 

and the reaction vessel is backfilled with oxygen (1 bar) and 
stirred at -60 °C for 1h. All volatiles are removed i. vac. and the 
residue is washed with pentane (2 x 5 mL) and extracted with 
THF (3 x 5 mL) and filtered. The THF solution is layered with 
pentane (45 mL) and product is crystallized at -32 °C. Red 65 

crystals of 8 are collected by filtration, washed with pentane and 
dried i. vac. (26.3 mg, 45.2 µmol, 80%). Anal. Calcd. for 
C20H40IrNO2P2 (580.71): C, 41.37; H, 6.94; N, 2.41. Found: C, 
41.06; H, 6.67; N, 2.23. NMR (d8-THF, [ppm]): 1H NMR (300 
MHz, 20 °C): δ = 6.77 (ABXX’B’A’, N = | 3JHP + 4JHP | = 17.9 70 

Hz, 3JHH = 6.0 Hz, 2H, NCHCHP), 4.76 (ABXX’B’A’, N = | 2JHP 
+ 4JHP | = 4.4 Hz, 3JHH = 6.0 Hz, 2H, NCHCHP), 1.39 
(A18XX’A’18, N = | 3JHP + 5JHP | = 6.2 Hz, 36H, P(C(CH3)3)2). 

13C 
NMR (75.5 MHz, 20 °C): δ = 166.9 (AXX’A’, N = | 2JCP + 3JCP | 
= 7.3 Hz, NCHCHP), 98.7 (AXX’A’, N = | 1JCP + 3JCP | = 18.7 75 

Hz, NCHCHP), 36.2 (A2XX’A’2, N = | 1JCP + 3JCP | = 11.5 Hz, 
P(C(CH3)3)2), 29.9 (A6XX’A’6, N = | 2JAX + 4JAX’ | = 3.0 Hz, 
P(C(CH3)3)2). 

31P NMR (121 MHz, 20 °C): δ = 43.8 (s, 
P(C(CH3)3)2). IR (cm–1): 910 s (νOO). 
 80 

Crystallographic characterization 

Suitable crystals for single crystal X-ray diffraction analysis were 
selected from the mother liquor under an inert gas atmosphere 
and transferred in protective perfluoro polyether oil on a 
microscope slide. Crystals of compound 3 were selected on a 85 

microscope slide cooled by a nitrogen gas flow from a X-Temp2 
device.44,45 The selected and mounted crystals were transferred to 
the cold gas stream of the diffractometer. 
Diffraction data for 3, 6 and 8 were collected at 100 K with a 
Bruker D8 three-circle diffractometer equipped with a SMART 90 

APEX II CCD detector and an INCOATEC microfocus source46 
with Quazar mirror optics (λ = 0.56086 Å). The data were 
integrated with SAINT47 and a multi-scan absorption correction 
with SADABS48 was applied. The structures were solved by 
direct methods (SHELXS-2013) and refined against all data by 95 

full-matrix least-squares methods on F2 (SHELXL-2013)49,50 
within the SHELXLE GUI.51 The diffraction data for 4 was 
collected at 150 K with a Bruker-Nonius KappaCCD 
Diffractometer using MoKα radiation (λ = 0.71073 Å) and a 
graphite monochromator. The data were integrated with 100 

EvalCCD52 and a semi-empirical absorption correction based on 
multiple scans with SADABS53 was performed. The structure 
was solved by direct methods and the full-matrix least-squares 
refinement was carried out on F2 using SHELXTL NT 6.12.54  
All non-hydrogen atoms were refined with anisotropic 105 

displacement parameters. The C-H hydrogen atoms were refined 
isotropically on calculated positions by using a riding model with 
their Uiso values constrained to 1.5 Ueq of their pivot atoms for 
terminal sp3 carbon atoms and 1.2 times for all other carbon 
atoms. The Ir-H hydrogen atom of 6 was located on the electron 110 

density map and isotropically refined. The structure of 3 exhibits 
disorder of one of the CH3 groups. Two alternative sites were 
refined with site occupation factors of 0.75 and 0.25, 
respectively. The disorder of 8 was refined using the PART -1 
command and some restraints on the distances and anisotropic 115 

displacement parameters (SAME, RIGU). 
 

Conclusions 

 This study emphasizes the versatility of divinylamido pincer 
ligand L6 to stabilize a wide range of oxidation states in identical 120 

coordination environments and 1-electron redox-processes within 
the platinum metals, as demonstrated by an unusual IrI/IrII/IrIII 
redox series. The bond parameters indicate that the extended π-
system within the Ir–N(–C=C)2 moiety is a decisive electronic 
feature for the stability of 1-3. While this ligand platform has 125 

similar electronic properties as the popular PNP ligands L2 and 
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L3, e.g. expressed in carbonyl stretching vibrations of the 
corresponding [Ir(CO)(PNP)] complexes, it combines the 
hydrolytic stability of L2 (unlike L3) with accessibility of the 
sterically highly protecting phosphine substituents, such as PtBu2, 
which are on the other hand not available for L2. 5 

 The unprecedented anionic iridium(I) chloro pincer complex 3 
is an excellent starting material for the synthesis of several 
iridium(I) and iridium(III) complexes by ligand substitution and 
oxidative addition. In contrast to [Ir(PMe3)(L5iPr)], exclusively 
metal-directed oxidative addition of MeOTf is observed, 10 

demonstrating the rigid and chemically inert character of the L6 
pincer platform. The use of chloride as leaving group represents a 
new route to generate the transient M(PEP) (M = d8 ion) 
intermediates, which readily oxidatively add hydrocarbons, like 
benzene. In reverse, the stabilization of the M(PEP) platform by 15 

chloride emphasizes that excess halide salt formation in catalytic 
transformations could have a detrimental effect on C–H 
activation with such pincer species, as was observed for N2. 
Finally, we presented the first fully spectroscopically and 
structurally characterized iridium pincer η2-O2 complex 20 

indicating the formation of an iridium(III) peroxo compound. 
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