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A new PNP-pincer ligand 1 bearing neopentyl substituents
reacted with [Ir(cod)2]BF4 to form hydridoiridacycle 3 via oxi-
dative addition of a C–H bond of a neopentyl group to IrI. Addi-
tion of �-acceptor ligands induced C–H reductive elimination to
form cationic iridium(I) complexes 5 ligated by the �-acceptor
ligand. Although 3 did not give a benzene adduct, reaction of
3 with nitrobenzene or acetophenone afforded the C–H activated
7a or 8a.

Recent advances in the chemistry of late-transition-metal
complexes ligated by phosphine-based pincer ligands provide
a wide variety of interesting reactivities.1 Among them, some iri-
dium complexes have been reported to react with alkane2 and
benzene.3,4 Recent studies on the reaction of pincer-ligated Ir
complexes with benzene3,4 concluded that a facile formation
of a low-coordinate IrI center, which has been originally suggest-
ed as an intermediate in alkane dehydrogenetion,5 is a key step to
give aryliridium(III) hydride complexes via C–H oxidative addi-
tion. So far, substituents of phosphine-based pincer ligands on
iridium complexes, which can activate C–H bonds of hydrocar-
bons, are limited to t-Bu or i-Pr groups as described in Figure 1.6

Since it was reported that i-Pr-substituted pincer ligand exhibited
higher activity than t-Bu-substituted one in the Ir-catalyzed de-
hydrogenation of alkanes,2i the modification of the R groups in
pincer ligand is expected to induce significant changes on the
catalytic activity of their complexes. Such assumption prompted
us to introduce neopentyl (Np) groups as R. The neopentyl
groups have sufficient bulkiness to generate a low-coordinate
iridium complex and less bulky methylene chains around the
central iridium to keep a large space. Herein, we report synthesis
of a new PNP-pincer ligand 1 possessing neopentyl groups on
the phosphorus atoms, its complexation with iridium to form
an iridacycle 3, and oxidative addition of a C–H bond of arene
rings to 3.

A neopentyl-substituted PNP-pincer ligand 1, which could
be prepared in an analogous manner to t-Bu-substituted PNP li-
gand7 (see Supporting Information),8 reacted with cationic iridi-
um complex [Ir(cod)2]BF4 in CH2Cl2 to afford the correspond-
ing hydridoiridacycle 3 (Scheme 1). The formation of 3 should
result from a facile intramolecular oxidative addition of a C–H
bond of one of the methyl groups of neopentyl substituents in
a reactive T-shape complex 2 generated by a ligand exchange.9

The 31PNMR spectrum of 3 showed two doublets with a cou-
pling constant of 2JPP ¼ 314Hz which indicates trans configura-
tion of two phosphorus atoms.4 In the 1HNMR spectrum of 3, a
triplet signal of the hydride located trans to the pyridine nitrogen
atom resonated at � �16:87 with a coupling of 2JPH ¼ 12Hz to
two nearly equivalent phosphorus atoms. The H–H COSY ex-
periments revealed three distinct neopentyl groups, one C–H ac-
tivated neopentyl group, two AB quartets of methylene protons
connected to a pyridine ring, and an unsymmetrical pyridine ring
in 3. The cyclic structure of 3 was further confirmed by addition
of MeCN to form six-coordinate 3–MeCN using X-ray crystal-
lography (Figure 2, left). On the other hand, a reaction of 3 with
dihydrogen afforded the corresponding cationic dihyride com-
plex 410 (Figure 2, right) accompanied by a reproduction of
the neopentyl group.

In the crystal of 3–MeCN, the central iridium atom has typi-
cal octahedral geometry with a cis relationship between the ac-
tivated neopentyl group having a C9–Ir1 bond of 2.114(6) Å
and hydride ligand. The pyridine ring was slightly twisted from
the PNP–Ir plane to abate the metallacyclic strain. In 4, C25–Ir1
distances in 4 (2.729 and 2.828 Å) are longer than the covalent
C–Ir bond in 3–MeCN, indicating the existence of C–H agostic
interaction between a methyl C–H bond and the cationic iridi-
um(III) center. Although the two hydrido ligands could not be
assigned by Fourier map, the 1HNMR spectrum showed two
dd signals in the hydride region. They may be located cis and
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Figure 1. PXP-pincer ligand.
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Scheme 1. Synthesis and reactions of 3.

Figure 2. ORTEP drawings of 3–MeCN (left) and 4 (right) with 50% ther-
mal ellipsoids (hydrogen atoms except hydrido ligand in 3–MeCN, agostic
methyl group in 4, and anionic parts are omitted for clarity).
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trans to the nitrogen atom to form an octahedral geometry with
the C–H agostic interaction of C25–H43.

A reductive elimination of a neopentyl group induced by �-
acceptor ligand was examined to generate a coordinatively un-
saturated iridium(I) complex (Scheme 2). Addition of excess
ethylene, dimethyl fumarate, or carbon monoxide to 3 led to re-
ductive elimination of a neopentyl group to form the cationic
complexes 5–L.11 In a reaction with carbon monoxide, neopen-
tyl-activated �-acceptor complex 3–CO has been detected by 1H
and 31PNMR spectroscopy as a reaction intermediate. All the
resulting complexes 5–L could be considered as 16-electron
square-planar iridium(I) species. In the crystal of 5–C2H4 (see
Supporting Information), no apparent C–H agostic interaction
from a neopentyl group to the central iridium atom was observed
in contrast to the case of dihydridoiridium(III) complex 4.

Heating 3 in benzene did not afford the corresponding phen-
yl(hydrido)iridium complex 6 (Scheme 3), although there is a
possible formation of T-shape intermediate 2 in equilibrium with
3. This result is in contrast to that [(t-Bu)PNP–Ir(coe)]PF6 pro-
vided [(t-Bu)PNP–Ir(H)(Ph)]PF6 via activation of the C–H bond
of benzene at 60 �C.12 However, the reaction of 3 with nitroben-
zene or acetophenone at 90 �C afforded C–H activated com-
plexes 7a and 8a with intramolecular coordination of a nitro or
an acetyl group to the central iridium, with the aryl rings being
located trans to the nitrogen atom.13 The difference in reactivity
of 3 with benzene or nitrobenzene/acetophenone may be ex-
plained by the order of thermal stabilities from the most stable
7a or 8a > 3 > 6 (See Supporting Information for further dis-
cussion). Thus, the iridacycle 3 can be considered as an equiva-
lent to the T-shape intermediate 2.

In conclusion, a neopentyl-substituted PNP-pincer ligand 1
reacted with [Ir(cod)2]BF4 to form hydridoiridacycle 3 via C–
H activation of a neopentyl group. Addition of �-acceptor ligand
induced C–H reductive elimination of a neopentyl group. Al-
though 3 did not give a benzene adduct, reaction of 3 with nitro-

benzene or acetophenone afforded the C–H activated complexes
7a or 8a. Further reactivity of iridacycle 3 is under investigation.
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Göttker-Schnetmann, P. White, M. Brookhart, J. Am. Chem. Soc. 2004, 126,
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