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ABSTRACT

Reaction of [IrCl(CO)(PPhs);] with meso-bis[(diphenylphosphinomethyl)phenylphosphino]methane
(meso-dpmppm) afforded a mononuclear Ir' complex, [Ir(meso-dpmppm—«>)(CO),]Cl (1), which showed
excellent reactivity towards HX, H, HCOOH, and RsSiH to yield a series of Ir'! hydride complexes,
[IrH(meso—dpmppme3)(CO)2]X2 (X=Cl(2), PFg (2%)), [Ir(H)z(meso—dpmppmfK3)(CO)]C1 (4), and [IrH(-
SiR3)(meso-dpmppm—k>)(CO)]Cl (R3 =Me,Ph (5a), PhyH (5b)). The hydride Ir'' complexes with iso-
cyanides, [IrH(meso-dpmppm—k>)(RNC)2](PFg)2 (R=Xyl (2,6-xylyl) (3a), Mes (2,4,6-mesityl) (3b), Cy
(cyclohexyl) (3c), ‘Bu (tert-butyl) (3d)), were also prepared by reacting [IrCl(cod)], with meso-dpmppm
and RNC in the presence of NH4PFs. Complexes 2—5 were characterized by 'H and 3'P NMR and ESI-MS
spectroscopies and X-ray diffraction analyses (3a, 4, 5a,b) to have distorted octahedral Ir'' structures
supported by a meso-dpmppm in meridional mode as an unsymmetrical PPP—«> pincer ligand, coordi-
nating with two outer and one inner phosphorus atoms to form fused six- and four-membered chelate
rings and bearing an uncoordinate inner phosphine unit. The terminal hydride occupied the axial open
site surrounded by the equatorially oriented phenyl groups of meso-dpmppm and is trans to the
carbonyl (2, 4) and isocyanide ligands (3) nested in the closed site with respect to the {Ir(meso-
dpmppm—«3)} pincer plane. The remaining equatorial site is coordinated by CO (2), RNC (3), hydride (4),
and silyl (5) ligand. These structural features demonstrated that oxidative additions of H*, Ho, and R3SiH
occurred at the axial open site of 1. The uncoordinate inner phosphine of 1 is readily reacted with
[Cp*IrCly], to give [Ir(p—meso-dpmppm—k3)(n°—Cp*IrCly)(CO)]Cl (1-Cp*IrCl,, Cp* = 12,3.4,5-
pentamethylcyclopentadienyl), which further transformed by oxidative addition of H, and HCl to
[Ir(H)2(pn—meso-dpmppm—i>3)(n°—Cp*IrCl,)(CO)|Cl  (4-Cp*IrCly) and  [IrH(p—meso-dpmppm—«>)
(n°—Cp*IrCly)(CO)]Cl, (2 Cp*IrCly), respectively, and however addition of bulky Me,PhSiH resulted in a
disproportionation mixture of [IrH(Me,PhSi)(n—meso-dpmppm—«>)(1°-Cp*IrCl,)(CO)|Cl (5a- Cp*IrCly) as
well as 4-Cp*IrCly, indicating an allosteric influence by attaching Cp*IrCl, unit on the uncoordinate
phosphine of the {Ir(meso-dpmppm—«>)} unsymmetric pincer unit in 1.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

been synthesized in the early stage, unsymmetrical pincers with
two different terminal donors and/or arms have also been devel-

A number of pincer ligands, which support a metal center in
tridentate meridional mode, have been extensively developed by
varying central and lateral donor atoms and their linker units, and
have applied to versatile catalytic reactions as late transition-metal
complexes [1—3]. While symmetric pincer ligands having two same
lateral donor arms on the central donor unit have predominantly
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oped to utilize their intelligent multifunctions in many catalytic
reactions [4—7]. Among them, number of PPP pincer ligands is
relatively small owing to soft donating property of the central P
atom. As representative examples, RyP(CH3),P(R’)(CH3)2PRa
(R=Ph, Ar, ‘Bu, Et, Cy; R’ = Ph, Et) [8—19], R,P(CH>)3P(R')(CH2)3PR,
(R=Ph, 'Pr, Cy; R’ = Ph, ‘Bu) [20—26], (RP(0-CsHa4))2PX (R = 'Pr, Ph;
X =0, 0'Pr, OMe, Me, H) and {(‘Pr,P(0-CgH4)),P}~ [27—32], Pigiphos
[33—35], and so on [36—40] have been reported to act as PPP pincer
ligands. It should be noted that outstanding studies have recently
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been carried out for activation of dinitrogen by using PPP pincer
complexes with {Mo((‘BuyPCH,CH;),PPh)} [8] and {Fe((*PryP(o-
CgHy))2PPh)} units [26]. In contrast to the symmetric ones, un-
symmetrical PPP pincers are extremely limited to only few exam-
ples including RyP(CH;),P(Ph)(CH2)3PR, (R=Et [18], Ph [41]),
PhyP(CH;),P(Ph)R (R = 5,6-dimethyl-7-phenyl-7-phosphabicyclo
[2.2.1]hept5-ene) [42], and {Ph,P(CH;),P(Ph)(0-CsH4)PPh}™ [43],
due to synthetic difficulty.

We have synthesized a series of methylene-bridged linear tet-
raphosphine ligands, meso and rac-Ph,PCH,P(Ph)(CH;),P(Ph)
CH2PPh; (n =1 (dpmppm) [44—55], 2 (dpmppe) [56], 3 (dpmppp)
[56—59]), to organize structurally constrained multinuclear metal
centers. Especially, meso-dpmppm has been revealed to stabilize
versatile molecular metal chains of Pdg [53—55], Auyg [44,51], Ag4
[45], Cug and Cug [46], as well as AuAgCu octanuclear rings, [47]. It
also supports di- and tetranuclear copper hydride complexes,
[Cup(p—H)(u—meso-dpmppm),]™ and [Cug(ps—H)(p—H)o(u—meso-
dpmppm),]* [51] and nona- and hexadecanuclear CuH clusters,
[Cug(n—H)7(p—meso-dpmppm)s]**  and  [Cusg(pn—H)1a(p—meso-
dpmppm),]** [60], in various coordination modes. Furthermore,
we have recently found that meso-dpmppm hold a mononuclear
center of Pd" or Pt in a pincer-type fashion to form a {M(meso-

Ph |+
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dpmppm—«3)}** motif, in which six- and four-membered chelate
rings are fused with an uncoordinated phosphine unit involved in
the six-membered ring (Scheme 1) [48,61]. The Pd" pincer unit of
[PdCI(meso-dpmppm—«>)]* is so labile to be easily converted into
di- and trinuclear species of [PdCly(n’—Cp*MCly)(n—meso-
dpmppm—i3k!)],  [PACly(n’—Cp*M'Cly)(n°—Cp*MCl,)(p—meso-
dpmppm-—«?,k!k!)], and [PACI(p—Cl)(n°—Cp*M’Cl)(n°—Cp*MCL)

(n—meso-dpmppm—«>,kLk")]PFg (M, M’ = Ir, Rh), through an
addition of {Cp*MCl;} fragment (M Rh, Ir,
Cp* = pentamethylcyclopentadienyl) to the uncoordinated phos-
phine, which brought about conformational change of the six-
membered ring from a stable chair (C) to a twist-boat (T) struc-
ture, and further destabilized the strained four-membered chelate
ring to open for the third metal ion (Scheme 1) [48]. In contrast, the
Pt analogue, [PtCl(meso-dpmppm—«>)]*, is very stable and was
converted by treating with isocyanides to [Pt(meso-
dpmppm—«3)(RNC)]*" (R=2,6-xylyl (Xyl), cyclohexyl (Cy)) and
then reacted with R'NH; (R = benzyl (Bn), n-octyl (Oct)) to afford N-
acyclic diamino carbene complexes, [Pt(meso-dpmppm—k>)
{C(NHR)(NHR")}J>* (R=Xyl, Cy; R =Bn, Oct) (Scheme 1) [61]. An
attachment of {Cp*IrCl,} unit onto the uncoordinate P atom of
[Pt(meso-dpmppm—«>)(RNC)]>" interestingly prohibited formation
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Scheme 1. Reactions of [MCI(meso-dpmppm—«>)]* (M = Pd [48], Pt [61]).
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of the NAC complex, probably due to conformational change of the
six-membered chelate ring from a stable chair to a sterically
demanded twist-boat structure.

In the present study, we have tried to synthesize Ir' pincer
complexes by utilizing meso-dpmppm as an unsymmetrical PPP
pincer ligand since Ir' pincer complexes generally possess high
reducing ability, and wish to report herein synthesis and
characterization of an Ir' pincer complex, [Ir(meso-
dpmppm—«3)(CO)]Cl (1) and its reactions with H", HCOOH, Ha,
and hydrosilanes to afford a series of Ir'' hydride complexes sup-
ported by meso-dpmppm, [IrH(meso-dpmppm—k>)(CO);]** (2),
[IrH(meso-dpmppm—i3)(RNC),]** (3; R = Xyl, Mes (2,4,6-mesityl),
Cy, Bu (tert-butyl)), [Ir(H)(meso-dpmppm—«3)(CO)]* (4), and
[IrH(SiR3)(meso-dpmppm—«>)(CO)|* (5; R=Me,Ph, HPhy). Allo-
steric effect of conformational switch via attaching a {Cp*IrCl,}
fragment on the uncoordinate P atom of 1 was also examined based
on formation of the Ir'! hydride complexes.

2. Results and discussion

2.1. Mononuclear Ir' complex with meso-dpmppm, [Ir(meso-
dpmppm—i®)(CO),ICl (1)

When [IrCI(CO)(PPh3),] was reacted with 1 equiv. of meso-
dpmppm under CO (1atm) atmosphere in THF, colorless micro-
crystals of [Ir(meso-dpmppm—k>)(CO),]Cl (1) were precipitated
quantitatively (Scheme 2), and were characterized by elemental
analysis, 'H and 3'P{'H} NMR and ESI-MS spectra. Complex 1 could
also be obtained by treating [IrCl(coe)], with meso-dpmppm under
CO (1 atm) in THF in 75% yield. The *'P{'H} NMR spectrum of 1 in
CDy(l;, showed four resonances at dpa —62.2 (dd, Jpp = 174, 80 Hz),
5[)3 -78.4 (ddd,]pp' =87, 80, 29 HZ), 6pc -33.6 (dd,]pp‘ =87,73 HZ),
and dpp —17.3 (ddd, Jpp =174, 73, 29Hz) (Fig. S5a), which are
assignable to Pa, Pg, Pc, and Pp atoms in the light of PP’ coupling
constants (Jpp) and 2D NMR (*H—'H and 3'P—3'P COSY and 'H-31P
HMBC) techniques (the labels of phosphorus atoms are indicated in
Fig. S5). The spectral patterns are reminiscent of those for
[PtCl(meso-dpmppm—«>)]Cl [61], which suggest the asymmetric
«>PPP pincer structure, although the characteristic trans-PaPp
coupling constant of 174Hz is considerably smaller than is
observed in the Pt complex (419 Hz). Variable temperature 3'P{'H}
NMR spectra of 1 did not indicate any fluxional behaviors of meso-
dpmppm-«>PPP ligand. While the ESI-MS spectrum of 1 in CHyCl,
(Fig. S9) showed a mono cation peak of [Ir(dpmppm)(CO)|" at m/
z=849.226 (z= 1), the IR spectrum of 1 as KBr disk give rise to two
vco peaks at 2004 and 1973 cm™ !, which indicate a cis geometry of
the carbonyl groups and are comparable to those of [Ir(PCP)(CO),]*
complexes (1971—2068 cm™ !, PCP = [C(2-PRy-4-R'-CgH3),] (R = Pr,
‘Bu; R'=H, NMe;), 2,6-[(OPBu;);CgH3]~ (= POCOP'Bu), 2,6-
[(CH2P(CF3)2)2CeH3] ) [62,63,70], and higher in energy than those
of [Ir(PBP)(CO),]* (1960, 1913 cm~", PBP = [B(2-P'Pry-CsHa)o]")
[64]. By analogy with the Ir' dicarbonyl complexes with the PCP and

Ph Cl
s
PB PC
[IrCI(CO)(PPhj3),] |
meso-dpmppm  ——— = Ph,Py——Ir-——PpPh,
CO (1 atm)
in THF oc CO
1

Scheme 2. Preparation of [Ir(meso-dpmppm—«>)(CO),]Cl (1).

PBP pincer ligands, complex 1 is estimated to possess a distorted
structure in between square pyramidal and trigonal bipyramidal
geometry with a meridional PPP pincer scaffold of meso-dpmppm,
which may be consistent with the reduced trans-PaPp coupling
constant.

2.2. Mononuclear Ir'" complexes with meso-dpmppm, [IrH(meso-
dpmppm—«>)(CO)2]Xo (X =Cl (2), PFg (2*)), [IrH(meso-
dpmppm—«> )(RNC),)(PFg)2 (R =Xyl (3a), Mes (3b), Cy (3c), ‘Bu
(3d)), and [IrH(meso-dpmppm—«>)(MeCN),](PFs)2 (3e)

Complex 1 readily reacted with HCl in CH,Cl, at room temper-
ature to give [IrH(meso-dpmppm—«3)(CO)]Cly (2) in 76% yield
(Scheme 3), which was further converted into [IrH(meso-
dpmppm—«3)(CO),](PFg)2 (2*) by treatment with excess NH4PFg.
Interestingly, complex 2* was synthesized from reaction of 1 with
NH4PFs in a moderate yield (47%). Since reaction of 1 with KPFg did
not afford 2* at all, the source of the hydride should be NHZ ion. By
a similar procedure with mixing [IrCl(cod)]; (0.5 eq.), meso-
dpmppm (1 eq.), RNC (2 eq.) in the presence of excess NH4PFg in
CH,Cl,, a series of hydride bisisocyanide Ir'! complexes, [IrH(meso-
dpmppm—«>)(RNC),](PFs)2 (R=Xyl (3a), Mes (3b), Cy (3c), ‘Bu
(3d)), were obtained in good yields (58—79%). Complexes 3 were
barely generated from reaction of 2* with 2 eq. of RNC in very low
yields due to instability of 2*. The 3'P{'H} NMR spectrum of 2 in
CD,Cl, showed the diagnostic spectral patterns for {Ir(meso-
dpmppm—«>)} pincer unit at dpy —45.5 (dd, Jpp =285, 57 Hz),
opg —53.4 (ddd, Jpp = 70, 57, 26 Hz), dpc —38.7 (dd, Jppr = 70, 42 Hz),
and épp —17.3 (ddd, Jpp = 285, 42, 26 Hz) (Fig. S5b), where trans-
PaPp coupling constant (285 Hz) is definitely larger than that of 1
(174Hz). The 'H NMR spectrum of 2 displays a hydride peak
at —15.67 ppm as a quartet due to coupling with three 3'P nuclei
(?Jpu = 9 Hz) (Fig. S8a). In the IR spectrum, an intense vco band was
observed at 2068 cm~! which is significantly high energy shifted
from those of 1 owing to oxidation of the Ir center from +1 to +3.
The ESI-MS spectrum showed a parent cation peak at m/
z=2885.211 (z=1) corresponding to {IrH(Cl)(dpmppm)(CO)}* (m/
z=2885.111) (Fig. S10). The 3'P{'H} NMR spectra of 3a-d are almost
identical independent of RNC (Fig. S6); e.g. that of 3a showed the
characteristic four resonances at dpa —51.8 (dd, Jpp =262, 50 Hz),
opg —69.6 (ddd, Jpp = 62, 50, 21 Hz), dpc —40.6 (dd, Jpp = 62, 43 Hz),
and dpp —20.6 (ddd, Jpp = 262, 43, 21 Hz) (Fig. S6a), with trans-PaPp
coupling of 262 Hz which is almost same as that of 2 (285 Hz). In
the 'H NMR spectra (Fig. S8b), a quartet hydride peak (}jpy = 14 Hz)
was observed around —9.32 to —10.07 ppm, which is down field
shifted by ca. 6 ppm from that of 2. The ESI-MS spectra of 3a-d in
CH)Cl, (Fig. S11) exhibited an intense monocation peak of
{[IrH(dpmppm)(RNC),]PFs}* at m/z = 1229.358 (3a), 1257.387 (3b),
1185.432 (3c¢), and 1133.426 (3d), and the IR spectrum exhibited
two vnc peaks at around 2235—-2181 cm ™.

The detailed structure of 3a was determined by X-ray diffraction
analysis to consist of an octahedral Ir'" center coordinated by a
meso-dpmppm ligand, two XyINC, and a hydride (Fig. 1 and Fig. S1,
Table 1 and Table S3). The meso-dpmppm ligand coordinates to the
Ir center with two outer (P1, P4) and one inner (P2) phosphorus
atoms in an unsymmetric K>PPP pincer form as observed in
[MCl(meso-dpmppm—«>)]X (M = Pt, Pd; X = Cl, PFg) [48,61], where
six- and four-membered chelate rings are fused, and the remaining
inner P atom (P3) is uncoordinated (Ir1—P1=2.3682(7) A,
Ir1—P2 =2.3092(7) A, Ir1-P4 =2.3536(8) A). The six-membered
ring takes a stable chair conformation and the phenyl group on
P3 atom occupies an equatorial position. The P2—Ir1—P4 bite angles
for six-membered ring is 95.52(2)°, and the P1-Ir1—P2 angles for
four-membered ring is 71.04(2)°. The trans angle of P1—Ir1—P4 is
162.46(2)°. The bicyclic chelate ring system constrains three phenyl
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Scheme 3. Preparations of [IrH(meso-dpmppm—«>)(C0),]X, (X=Cl (2), PFs (2*)),
[IrH(meso-dpmppm—k«>)(RNC),](PFs); (R =Xyl (3a), Mes (3b), Cy (3c), ‘Bu (3d)), and
[IrH(meso-dpmppm—«>)(MeCN),](PFs), (3e).

open site

closed site

Fig. 1. Perspective view for the complex cation of [IrH(meso-
dpmppm—«3)(XyINC);](PFs); (3a) with atomic numbering schemes. The thermal el-
lipsoids are drawn at the 40% probability level. The phenyl and xylyl groups are
illustrated with wire models and C—H hydrogen atoms are omitted for clarity. eq in-
dicates equatorially oriented phenyl groups of meso-dpmppm and ax indicates axially
oriented ones. Ir (dark blue), P (orange), N (light blue), C (gray), and H (pink). (For
interpretation of the references to color in this figure legend, the reader is referred to
the Web version of this article.)

groups of P1, P2, and P4 atoms to axial direction (ax) with respect to
the {Ir(meso-dpmppm-—«>)} pincer plane (closed site), and the
other three phenyl groups are in equatorial orientation (eq) on the
other side of the plane (open site) (Fig. 1). The hydride was deter-
mined by difference Fourier syntheses at the axial open site with
respect to the Ir(PPP) plane (Ir—H = 1.48(3) A) and two isocyanides

Table 1
Structural Parameters of 3a, 4, 5a, and 5b.".

P APh "
P2 P3
Pw—\lr P4
H | 0
X
3a 4 5a 5b
n 2 1 1 1
X XyINC (C1) H™ (H41) SiMe,Ph ™~ SiHPhy
L XyINC (C2) CO (C1) CO (C1) Cco
Ir—P1 2.3682(7) 2.3258(16) 2.3601(11) 2.3746(19)
Ir—P2 2.3092(7) 2.3399(18) 2.3862(11) 2.391(2)
Ir—P4 2.3536(8) 2.2939(17) 2.3303(11) 2.3315(19)
Ir-L 2.032(3) (€C2)  1.936(5) (C1)  1.941(5) (C1)  1.965(10) (C1)
Ir-X 2.002(2) (C1)  1.52(9) (H41)  2.4527(12) 2.436(2)
Ir—H 1.48(3) 1.51(5) (H42) 1.50(5) (H52) 1.48 (H1)
P1-Ir-P2  71.04(2) 70.84(6) 69.39(3) 70.06(6)
P1-Ir-P4  162.46(2) 162.17(4) 157.52(4) 157.27(6)
P2—Ir—-P4  95.52(2) 98.79(6) 94.63(3) 96.31(6)
P1-Ir-L 93.50(8) 100.9(2) 101.14(15) 98.2(2)
P2—Ir-L 98.93(8) 102.6(2) 101.41(15) 97.2(2)
P4—Ir-L 99.87(8) 95.5(2) 97.40(14) 101.6(2)
P1-Ir-X 99.54(9) 95(2) 94.00(4) 102.05(7)
P2—Ir-X 165.06(8) 163(2) 161.98(4) 171.39(4)
P4—Ir-X 91.09(9) 92(3) 99.16(4) 90.01(7)
L-Ir-X 93.08(12) 89(2) 88.31(15) 87.2(2)
P1-Ir—H 82.8(14) 74(3) 87(2) 88.5
P2—Ir—H 81.1(13) 80(3) 84(2) 94.0
P4—Ir—H 84.0(14) 90(3) 76(2) 74.0
L-Ir—H 176.1(15) 173(3) 171(2) 168.4
X—Ir—H 86.3(13) 87(4) 88(2) 82.1

2 The atomic numbering schemes are shown in Figs. 1-3 and Figure S1-54.

are attached at the other axial closed site (Ir1—C2 = 2.032(3) A) and
at equatorial position trans to P2 (Ir1—C1 =2.002); the former bond
distance is slightly longer than the latter value due presumably to
strong trans influence of the hydride.

By the spectroscopic similarity between 2 and 3, the structure of
2 is assumed to have an octahedral Ir'! geometry like 3a, in which
two isocyanide ligands are replaced by two carbonyl moieties. In
the present reaction of 1 with HCl, an Ir'" complex formulated as
[IrH(Cl)(meso-dpmppm—«3)(CO)]JCl was not obtained at all,
although the square planar Ir' pincer complex, [Ir(POCOP®Y)(CO)],
underwent oxidative addition of HCl to give the chloride coordi-
nated Ir'" complexes with H™ and CI~ ligands in mutual trans po-
sitions [63].

When [IrCl(cod)]> (0.5 eq.) was treated with meso-dpmppm (1
eq.) and excess NH4PFg in acetonitrile, an Ir'" hydride/acetonitrile
complex, [IrH(meso-dpmppm—«>)(MeCN),](PFg), (3e), was ob-
tained (Scheme 3). The 3'P{'H} NMR spectra of 3e showed the
characteristic four resonances at dpa —42.1 (dd, Jpp = 325, 51 Hz),
opg —58.1 (ddd, Jppr =67, 51, 20 Hz), dpc —39.5 (dd, Jpp = 67, 42 Hz),
and opp —11.4 (ddd, Jpp = 325, 42, 20 Hz) (Fig. S7a). The trans-PaPp
coupling constant (325 Hz) is appreciably larger than those of 2
(285Hz) and 3a-d (262—267Hz). In the 'H NMR spectrum
(Fig. S8c), a quartet hydride peak (¥py=13Hz) was observed
at —17.95 ppm which is significantly up-field shifted from the
values of 2 (—15.67 ppm) and 3 (—9.32 to —10.07 ppm).

2.3. Reactions of 1 with Hj, formic acid, and hydrosilanes to form
[Ir(H)2(meso-dpmppm—«>)(CO)JCl (4) and [IrH(SiR3)(meso-
dpmppm—«>)(CO)|Cl (R = Me»Ph (5a), HPh; (5b))

Complex 1 was subject to oxidative addition of Hy (1 atm) in
CH,Cl, at room temperature and afford an Ir'! dihydride complex,
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[Ir(H)2(meso-dpmppm—«>)(CO)]Cl (4), which was isolated as
colorless single crystals in 39% yield (Scheme 4). The IR spectra
showed a C=0 stretching band at 2005 cm ™ together with an Ir—H
peak at 2106 cm™!, and the ESI-MS spectrum in CH,Cl, displayed a
prominent peak at m/z=851199 (z=1) corresponding to the
complex cation of [Ir(H)(dpmppm)(CO)]* (m/z=851.151)
(Fig. $12). The 3'P{'H} NMR spectrum of 4 in CD,Cl, showed four
resonances at opa —45.4 (dd, Jpp =267, 38 Hz), dpg —62.6 (ddd,
Jpp =106, 38, 21 Hz), dpc —35.2 (dd, Jpp = 106, 45 Hz), and dpp —12.9
(ddd, Jpp = 267, 45, 21 Hz) (Fig. S7b), which are similar to those of 2
except the up-filed shifted Pg signal due to large trans influence of
the hydride. The "H NMR spectrum (Fig. S8d) exhibited two hydride
peaks at —11.37 ppm as a doublet of doublets (}/py = 117 Hz, 15 Hz)
and at —9.13 ppm as a quartet (?Jpy; = 15 Hz), which are assignable
to the hydrides at equatorial and axial positions, respectively, in
regard to the Ir pincer plane and in agreement with the crystal
structure described below.

The structure of 4 was determined by an X-ray analysis to have
an Ir'" octahedral structure containing {Ir'(meso-dpmppm-—«3)}
pincer unit; Ir1—P1=2.3258(16) A, Ir1-P2=2.3399(18) A,
Ir1-P4=2.2939(17) A, P1-Ir1—P2=70.84(6)°, P1-Ir1—P4=
162.17(4)°, P2—Ir1—P4 =98.79(6)° (Fig. 2 and Fig. S2, and Table 1
and Table S4). The other meridional sites are occupied by two hy-
dride and one CO ligands; Ir1—C1 =1.936(5) A, Ir1—-H41 =1.52(9) A,
Ir1—H42 = 1.51(5) A. The hydride positions were determined by DF
syntheses. The Ir1—P2 bond length is elongated owing to trans in-
fluence of the hydride (H41) and is longer than those for the lateral
P atoms (P1, P4). While it is well known that concerted oxidative
addition of dihydrogen to d® Ir' center is likely to afford kinetically
preferred cis-dihydride complexes, isolated and characterized cis-
dihydride carbonyl Ir'"" complexes with pincer ligands have rela-
tively been few [65—67] due to isomerization to thermodynami-
cally stable trans-dihydride species and/or dissociation of dihydride
as H, to regenerate Ir! starting materials [68—71]. Milstein et al.
reported that H, addition (1atm, rt) to [If(PCP")(CO)]
(PCP" = 1,3-[CgH3(CH,P'Pr2)2] ) generated a cis-dihydride com-
plex of [Ir(H)»(PCP")(CO)], which was converted to trans-isomer
upon heating at 90 °C under pressurized Hy [71]. Roddick et al. have
also reported that [Ir(PCPF3)(CO)] (PCPP =1,3-
[CeH3(CHLP(CF3),2)2] ) easily underwent addition of Hy (1 atm,
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Scheme 4. Reactions of 1 with H, and HCOOH leading to [Ir(H),(meso-
dpmppm-—«3)(C0O)|Cl (4).

Fig. 2. Perspective view for the complex cation of [Ir(H),(meso-dpmppm—«>)(CO)]CI
(4) with atomic numbering schemes. The thermal ellipsoids are drawn at the 40%
probability level. The phenyl groups are illustrated with wire models and C—H
hydrogen atoms are omitted for clarity. eq indicates equatorially oriented phenyl
groups of meso-dpmppm and ax indicates axially oriented ones. Ir (dark blue), P (or-
ange), O (red), C (gray), and H (pink). (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this article.)

20°C) to be converted exclusively into trans-[Ir(H)2(PCPF)(CO)],
VT 'H NMR measurements of which revealed the presence of mer/
fac isomerization of PCP™ as well as cis/trans isomerization of the
dihydride Ir'" complex with mer-PCP scaffold [70]. In order to
examine cis/trans and mer/fac isomerizations of 4, variable tem-
perature NMR measurements under N, were carried out, and
demonstrated that the cis-dihydride isomer 4 was remarkably
stable at —30°C to 40 °C and would not be subject to any isomer-
ization and decomposition, which might be ascribable to rigidity of
the {I'"(meso-dpmppm—«3)} pincer unit. The cis-dihydride struc-
ture of 4 suggested that concerted oxidative addition of H, occurred
at the open site of the pincer plane surrounded by equatorially
directed phenyl groups, not at the closed site, to avoid steric
repulsive interaction with phenyl groups of dpmppm ligand.
When complex 1 was treated with HCOOH in CH,Cl, at room
temperature, the monohydride complex [IrH(meso-
dpmppm—«3)(COR]X2 (2, X;=Cl/HCOO) was quantitatively
generated in situ, and further work-up under reduced pressure
unexpectedly gave birth to the dihydride complex 4 in a complete
NMR yield (Scheme 4). Although the detailed mechanisms are not
clear, the dihydrogen abstraction from formic acid may involve an
formate complex, [IrH(HCOO)(meso-dpmppm—«>)(CO)ICl (12’/4),
generated from dissociation of CO under reduced pressure, and [3-
hydrogen elimination of the formate to release CO, (Scheme 4).
Oxidative addition of hydrosilanes to 1 was examined since
hydride silyl Ir'!' species are recognized as very important in-
termediates in catalytic hydrosilylation of unsaturated organic
compounds. Reactions of 1 with excess of Me,PhSiH and Ph,SiH5 in
CH,Cl;, proceeded at room temperature to afford [IrH(SiR3)(meso-
dpmppm—«3)(CO)]Cl (R3 = Me,Ph (5a), PhyH (5b)) in high yields
based on 3'P{'H} NMR spectra, which were successfully isolated as
colorless crystals in yields of 28% (5a) and 62% (5b) (Scheme 5). The
IR spectra showed vco and vy peaks at 1985 cm~! and 2099 cm™!
(5a) and 1993 cm~! and 2103 cm™! (5b), and the ESI—MS spectra in
CH,(l; indicated a parent peak at m/z=985.330 (z=1) (5a) and
1033.284 (z=1) (5b) corresponding to the complex cation of
[IrH(SiR3)(meso-dpmppm—>)(CO)]* (m/z = 985.206 (5a), 1033.206
(5b)) (Fig. S13). The 3'P{'H} NMR spectra of 5a,b in CD,Cl, pre-
sented four typical resonances of {Ir'"'(meso-dpmppm~—«>)} pincer
unit at dpa —43.9 (dd, Jpp = 266, 45 Hz), dpg —60.5 (ddd, Jpp = 92, 45,
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Scheme 5. Reactions of 1 with RsSiH leading to [IrH(SiR3)(meso-dpmppm—«>)(CO)]CI
(R3 = Me,Ph (5a), PhyH (5b)).

27 HZ), (3pc -41.1 (dd,]PP' =92,51 HZ), and 61)[) -16.6 (ddd,]PP’ =266,
51, 27 Hz) for 5a and at dpa —50.2 (dd, Jpp = 263, 46 Hz), 6pg —61.6
(ddd, Jrp = 88, 46, 26 HZ), (3pc —39.6 (dd, Jrpr = 88, 50 HZ), and
dpp —18.5 (ddd, Jpp = 263, 50, 26 Hz) for 5b (Figs. S7c and d). The 'H
NMR spectra (Fig. S8e) exhibited a quartet hydride peak
at —7.41 ppm ()Jpy = 18 Hz) (5a) and at —7.20 ppm (%Jpy = 15 Hz)
(5b).

Complexes 5a and 5b were characterized by X-ray diffraction
analyses (Fig. 3, Fig. S3 4 and Table 1, Table S5,6) to have Ir'! octa-
hedral structures analogous to that of 4, in which the equatorial
hydride is replaced by a silyl group (SiMe,Ph (5a) and SiHPh; (5b)).
The hydride and silyl H atoms were determined by difference
Fourier syntheses. The Ir1—P2 bond lengths (2.3862(11) A (5a),
2.391(2) A (5b)) are appreciably longer than those of 4 (2.3399(18)
A) and 3a (2.3092(7) A) owing to stronger o-donating ability of the
silyl ligand. Whereas the Ir—Si bond lengths (2.4527(12) A (5a),
2.436(2) A (5b)) are noticeably longer than the reported values for
other Ir'"'—SiR; derivatives [72—74], the distances between the
hydride and the Si atoms (2.832 A (5a), 2.671 A (5b)) clearly indi-
cate no bonding interaction between them and consequently, 5a,b
could be recognized as classical hydride silyl Ir'' complexes. Steric

Fig. 3. Perspective view for the complex cation of [IrH(SiMe,Ph)(meso-
dpmppm—«3)(C0O)|Cl (5a) with atomic numbering schemes. The thermal ellipsoids are
drawn at the 40% probability level. The phenyl groups of meso-dpmppm are illustrated
with wire models and C—H hydrogen atoms are omitted for clarity. eq indicates
equatorially oriented phenyl groups of meso-dpmppm and ax indicates axially oriented
ones. Ir (dark blue), P (orange), Si (pale yellow), O (red), C (gray), and H (pink). (For
interpretation of the references to color in this figure legend, the reader is referred to
the Web version of this article.)

bulkiness of the silyl ligands leads to somewhat lager deformation
from an octahedron in comparison with 4 (P1—Ir1—P4 = 157.52(4)°
(5a), 157.27(6) ° (5b)). Noteworthy is that in spite of importance as
intermediate species in various catalytic transformations of orga-
nosilanes, characterized hydride silyl Ir'' complexes with pincer
ligands are very limited to only few examples, including [IrH(CI)(-
SiEts)(Xant(P'Pr2),)] and [Ir(H)y(SiCIPhy)(Xant(P'Pr2),)] (Xant(-
P'Pry); = 9,9-dimethyl-4,5-bis(diisopropylphosphino)xanthene)
[72], [IrH(SiR3)(PNP'™] (R=Ph, Et; PNP"M=[N(2-PPh,-4-Me-
CeHs)2]™)  [73],  [IrH(SiR3)(POCOP®Y)]  (R=Me,Ph,  Ets;
POCOP™Y =2 6-[(OPBu; ),CsH3]~) [74], the latter complexes
involving n?—Si—H ¢ coordination to the Ir' center.

Substituents effects of hydrosilanes were examined by >'P{'H}
NMR spectral changes using MePh,SiH, Me,PhSiH, and Et3SiH, and
the reactions with 1 completed after 20 min for MePh,SiH, 1.5 h for
Me,PhSiH, and 1d for Et3SiH in CD,Cl, at room temperature
(Figs. S14 and S16a-c), the order of which is consistent with the
known reactivity of silanes with Vaska type complexes and elec-
tronegative substituents accelerate oxidative addition of Si—H
[75—77]. In the initial stage for reaction of 1 with Ph,SiH; (after
15min), the 3'P{'H} NMR spectra disclosed the presence of an
isomer 5b* in a 0.8/1.0 ratio for 5b (Figs. S15 and S16d), which
disappeared after 1d to indicate 5b exclusively. Although the
structure was not characterized, 5b* is presumed to take an
isomeric structure that possess another trans-H, CO form with the
hydride in the closed site.

2.4. Addition of n°—Cp*MCl, fragment onto the uncoordinate P
atom of {Ir(meso-dpmppm—«>)} pincer unit

In order to examine allosteric influence of attaching {IrCp*Cl,}
fragment (Cp* = pentamethylcyclopentadienyl) onto the uncoor-
dinate phosphine of {Ir'(meso-dpmppm—«>)} pincer unit, which is
assumed to take place conformational change of the six-membered
chelate ring from a stable chair form to a sterically demanded twist
boat one as observed for the {Pt'(meso-dpmppm—«>)} complex
[61], reactions of 1 with Hy, HCl, and Me,PhSiH in the presence of
[IrCp*Cly]2 (0.5 eq.) were investigated by 'H and 3'P{'"H} NMR and
ESI mass spectroscopy.

The uncoordinate inner phosphine of 1 is readily reacted with
[Cp*IrCly], in CHyCly, at room temperature to give [Ir(p—meso-
dpmppm—i3,k!)(n°>—Cp*IrCly)(COY%]Cl (1-Cp*IrCly) (Scheme 6).
The 3'P{'H} NMR spectrum of the reaction mixture (Fig. S17a)
exhibited a predominant existence of 1.-Cp*IrCl, by four charac-
teristic resonances at 6 —88.2 (Pg), —68.2 (Pa), —28.2 (Pp) and 2.1
(Pc)  with  Ypapp=73Hz, %papp=231Hz, Jpppc = 10Hz,
2Joppp = 34 Hz, and Jpcpp = 26 Hz, where the peak of P¢ consider-
ably down field shifted from that of 1 (—33.6 ppm) and 2Jpp
coupling constants for Pc appreciably decreased from those of 1
(®Jpgpc = 87 Hz, ?Jpcpp =73 Hz), due to coordination of P¢ to
{IrCp*Cl,} unit. The methyl protons of Cp* are observed at 1.46 ppm
as a doublet coupling to Pc. These spectral features are also
observed for [PtCl(pn—meso-dpmppm—«>,k')(n>—Cp*IrCl,)|PFs [61].
The ESI-MS spectrum of the reaction mixture exhibited a promi-
nent monocation peak at m/z = 1247.329 (z = 1) corresponding to
{Ir(dpmppm)(IrCp*Cl;)(CO)}*" (m/z=1247151) (Fig. S19a). The
adduct of 1.-Cp*IrCly easily underwent oxidative addition of H;
(1atm) at room temperature to result in [Ir(H)y(p—meso-
dpmppm—«3)(n°>—Cp*IrCly)(CO)|Cl (4-Cp*IrCly) (Scheme 6). The
31p{1H} NMR spectrum of the reaction mixture (Fig. S17¢) revealed
an exclusive formation of 4.Cp*IrCl, at 6 —73.2 (Pg), —51.7
(Pa), —19.3 (Pp) and 1.8 (P¢) with 2Jpaps = 25 Hz, %Jpapp = 262 Hz,
2Jogpc =16 Hz, Jpgpp=21Hz, and %pcpp =26Hz. The peculiar
spectral changes for Pc gave an account of its ligation to the IrCp*Cl;
unit. In the '"H NMR spectrum (Fig. S18b), two hydride peaks were
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Scheme 6. Reactions of 1 and 4 with [IrCp*Cl;], (0.5 eq.) leading to 1-IrCp*Cl, and
4.1rCp*Cl,, and that of 1-IrCp*Cl, with H, (1 atm) to give 4-IrCp*Cl,.

observed at —9.34 ppm as a quartet (}Jpy = 16 Hz) and —11.59 ppm
as a broad doublet (¥py = 118 Hz), which were quite similar to
those of 4at —9.13 (¥Jpy = 15 Hz) and —11.37 (¥py = 117,15 Hz), and
the Cp* methyl signal was observed at 1.36 ppm as a doublet
(])Jpu =16 Hz). The ESI-MS spectrum of the reaction mixture
exhibited an intense predominant peak at m/z=1249.345 (z=1)
for the complex cation of [Ir(H)y(dpmppm)(IrCp*Cl,)(CO)]* (m/
z=1249.166) (Fig. S19b). Complex 4 was also transformed by
treating with [Cp*IrCl;]; to 4-Cp*IrCl, quantitatively. These results
demonstrated that concerted oxidative addition of Hy to 1 was no
longer interrupted by the structural switch induced from an
attachment of {IrCp*Cl} unit to the uncoordinate Pc atom. Noted
that 4-.Cp*IrCl; would not react with further 0.5 equiv of
[IrCp*Cly],. Similarly, a complete conversion of 1.Cp*IrCl, to
[IrH(p—meso-dpmppm—k>)(1°—Cp*IrCly)(CO),]Cly (2.Cp*IrCly)
was established by reacting with HCl (Scheme 7, Figs. S17b, S18a,
and S19c).

In contrast, reaction of 1-Cp*IrCl, with bulky Me,PhSiH (3 eq.)
resulted in a disproportionation mixture of [IrH(Me,PhSi)(u—meso-
dpmppm—«3)(1°—Cp*IrCly)(CO)]Cl (5a- Cp*IrCly) and 4. Cp*IrCly in a
1:2 ratio together with small amounts of many unidentified
byproducts (Scheme 7). The 'H NMR spectrum of the reaction
mixture for the hydride region (Fig. S18c) displayed three reso-
nances at —8.32 ppm as a quartet (]py=15Hz), —9.34 ppm as a
quartet (}py=16Hz), and —11.59ppm as a broad double
()Jpy = 118 Hz) in ca. 1:2:2 ratio, the latter major two being assign-
able to a cis-dihydride Ir'" species of 4-Cp*IrCl, and the former
minor one corresponding to a monohydride at an axial position vs
{Ir(meso-dpmppm—«>)} pincer plane. In the 3'P{'H} NMR spectrum
(Fig. S17d), two sets of diagnostic four resonances were observed as
indicated with Pagcp and Papcp; and the former major set is
corresponding to 4-Cp*IrCl, and the latter minor set should be
assignable to [IrH(MeyPhSi)(n°—Cp*IrCly )(pu—meso-
dpmppm-—«3)(CO)]Cl (5a-Cp*IrCly), on the basis of the NMR spectral
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Scheme 7. Reactions of 1-IrCp*Cl, with HCl and Me,PhSiH resulting in 2-IrCp*Cl; and
in a 1:2 mixture of 5a.IrCp*Cl, and 4-IrCp*Cl,, respectively.

features, 6 —76.4 (Pp), —54.2 (Pa’), —22.4 (Pp’) and —4.1 (P¢) with
2_]pA'pB' =35 Hz, ZJPA’PD' =265 Hz, 2]pB'pc' =11 Hz, 2]pB'pD' =21 Hz, and
2]pc'pD': 29 Hz, and the ESI-MS peak for [IrH(Me,PhSi)(Cp*IrCly)(-
meso-dpmppm)(CO)]* at m/z=1383.252 (z=1) (Fig. S19d).
Although formation mechanisms for 4.Cp*IrCl, are unknown, the
allosteric influence by attaching Cp*IrCl, unit on the uncoordinate
phosphine of the {Ir(meso-dpmppm~—«>)} unsymmetric pincer unit
in 1 definitely unstabilized the oxidative addition product of bulky
Me,PhSiH.

3. Conclusion

In the present study, a series of Ir'' hydride complexes with
meso-dpmppm, [IrH(meso-dpmppm—«>)(CO);]X, (X =Cl (2), PFg
(2*)), [IrH(meso-dpmppm—«>)(RNC),](PFs), (R=Xyl (3a), Mes
(3b), Cy (3¢), ‘Bu (3d)), [Ir(H)z(meso-dpmppm—«>)(CO)|CI (4),
and [IrH(SiR3)(meso-dpmppm—«>)(CO)]Cl (R3=Me,Ph (5a),
PhyH (5b)) were synthesized by oxidative additions of HX, Hy,
HCOOH, and RsSiH, (for 2, 4, 5) to [Ir'(meso-dpmppm—«3)(CO);]
ClI (1) and reactions of [IrCl(cod)], with meso-dpmppm and RNC
in the presence of NH4PFg (for 3). The tetraphosphine meso-
dpmppm acts as an unsymmetric pincer ligand in meridional
k>PPP—fashion, and rigidly coordinates to the Ir center with two
outer and one inner phosphorus atoms to form fused six- and
four-membered chelate rings with an uncoordinate inner phos-
phine unit. The structural features of the isolated complexes
suggested that oxidative additions of H*, H,, and R3SiH occurred
at the axial open site surrounded by equatorially oriented phenyl
groups of meso-dpmppm. The uncoordinate inner phosphine of
1 is readily reacted with [Cp*IrCly], to give an adduct of
1.Cp*IrCly, which was further transformed by oxidative addition
of Hy and HCl to 4-Cp*IrCly and 2-Cp*IrCly, respectively, and
however addition of bulky Me,PhSiH resulted in a dispropor-
tionation mixture of 5a.Cp*IrCl, and 4-Cp*IrCl,. The allosteric
influence of conformational switch by attaching Cp*IrCl, frag-
ment on the uncoordinate phosphine unstabilized the oxidative
addition product of bulky organosilanes but not for dihydrogen
and HCI reactions. The present results could provide useful in-
formation as generally postulated key intermediate species to
develop functional catalytic systems by utilizing unsymmetric
pincer ligands.
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4. Experimental
4.1. General

All preparative procedures were carried out under nitrogen at-
mosphere using standard Schlenk techniques. All chemicals
(highest purity available) were purchased from Wako Pure Chem-
ical Industries, Ltd. Reagent grade solvents were dried by the
standard procedures and were freshly distilled prior to their use.
Compounds meso-dpmppm [44], [IrCl(cod)], [78], [IrCI(CO)(PPh3);]
[79], and [Cp*MClz]; (M =Ir, Rh) [80] were prepared by the
methods described in the literature. 'H and 'H{*'P} NMR spectra
were recorded on a Bruker AV-300N instrument (300 MHz) and the
frequencies were referenced to the residual resonances of the
deuterated solvent. 3'P{'"H} NMR spectra were recorded on the
same instrument at 121 MHz with chemical shifts being calibrated
to 85% H3PO4 as an external reference. The assignments of 31pNMR,
Pa, Pg, Pc, and Pp are shown in Figs. S5-S7. IR spectra of solid
samples as KBr disks were recorded on a JASCO FT/IR-410 spec-
trophotometer at ambient temperature. ESI-TOF mass spectra
were recorded on a JEOL JMS-T100LC in a positive detection mode
in the range of m/z 100—3000, equipped with an ion spray interface.
The sprayer was held at a potential of +2.0 kV, and the compressed
N, was employed to assist liquid nebulization.

4.2. Preparation of [Ir(meso-dpmppm-«>)(CO),]Cl (1)

Under CO (1atm) atmosphere, to a THF solution (1 mL) con-
taining meso-dpmppm (36 mg, 57 umol) was added [IrCl(-
CO)(PPhs)2] (45 mg, 57 umol) and THF (2 mL). The mixture was
stirred at room temperature for 30 min under stream of CO, and
then the mixture was stirred under CO atmosphere overnight to
deposit a white powder of 1, which was separated by filtration,
washed with diethyl ether, and dried under nitrogen (49 mg, 94% vs
dpmppm). Anal. Calc. for C41H3602P4ClIr (1 (912.288)): C, 53.98; H,
3.98. Found: C, 54.05; H, 4.05. IR (KBr): v 2004 (s, CO), 1973 (s, CO),
1435 (s), 1096 (m), 1059 (m), 836 (m), 744 (m), 693 (m), 513 (m),
495 (m) cm™L'H{*'P} NMR (CD,Cl»): 6 3.03 (d, 1H, CH,), 3.14 (d, 1H,
CH,), 3.89 (d, 1H, CH>), 4.54 (d, 1H, CH>), 5.30 (d, 1H, CH;), 6.68 (d,
1H, CH), 7.28—7.90 (m, 30H, ArH). 3'P{'H} NMR (CD,Cl,): 6 —78.4
(ddd, 1P (Pg), Jppr =87, 80, 29 Hz), —62.2 (dd, 1P (Pa), Jpp = 174,
80Hz), —33.6 (dd, 1P (P¢), Jepp =87, 73Hz), —17.3 (ddd, 1P (Pp),
Jepr =174, 73, 29Hz). ESI-MS (CHyCly): m/z 849.226 (z1,
{Ir(dpmppm)(CO)}* (849.135)).

4.3. Preparations of [Ir(H)(meso-dpmppm-«>)(CO)2]X> (X=Cl (2),
PFs (2%))

To a dichloromethane solution (8 mL) containing 1 (76 mg,
83 umol) was added a methanolic solution of HCl (135pL,
250 pmol), and the mixture was stirred at room temperature
overnight. Then the solvent was removed under reduced pressure,
and the residue was extracted with 7 mL of dichloromethane. The
extract was passed through a membrane filter and was concen-
trated to ca. 2 mL, and diethyl ether (40 mL) was carefully added to
give a white powder of 2, which was separated by filtration, washed
with diethyl ether, and dried under vacuum (60 mg, 76%). Anal.
Calc. for C41.5H3802P4C13]l' (2-0.5CH2C12 (991.216))2 C, 50.29; H,
3.86. Found: C, 49.90; H, 4.03. IR (KBr): v 2068 (s, CO), 1484 (m),
1435 (s), 1365 (m), 1102 (s), 1059 (m), 999 (m), 836 (m), 745 (s), 711
(s), 691 (s), 520 (s) cm~ LIH{?'P} NMR (CD,Cl»): 6 —15.67 (s, 1H, IrH),
2.67 (d, 1H, CH3), 3.07 (d, 1H, CH>), 3.87 (d, 1H, CH3), 4.01 (d, 1H,
CH,), 5.20 (d, 1H, CH>), 6.06 (d, 1H, CHz), 715—7.97 (m, 30H, ArH).
31p{1H} NMR (CDyCl): 6 —-53.4 (ddd, 1P (Pg), Jpp =70, 57,
26 Hz), —45.5 (dd, 1P (Pa), Jpp = 285, 57 Hz), —38.7 (dd, 1P (P¢),

Jep =70, 42 Hz), —17.3 (ddd, 1P (Pp), Jpp' = 285, 42, 26 Hz). ESI-MS
(CHaClp): m/z 857219 (z1, {IrH(dpmppm)CI}* (857.116)), m/z
885.211 (z1, {IrH(dpmppm)(CO)CI}" (885.111)).

To a dichloromethane solution (7 mL) containing 1 (35 mg,
38 umol) was added NH4PFg (13.8 mg, 85 umol), and the mixture
was stirred at room temperature overnight. The solvent was
removed under reduced pressure, and the residue was extracted
with 5 mL of dichloromethane. The extract was passed through a
membrane filter and was concentrated to ca. 3 mL, and diethyl
ether (3 mL) was carefully added, which was allowed to stand in
refrigerator to afford an off-white powder of 2*. The product was
separated by filtration, washed with diethyl ether, and dried under
vacuum (21 mg, 47%). Anal. Calc. for C41H3702F2Plr (2%
(1167.772)): C, 42.17; H, 3.19. Found: C, 45.71; H, 3.54. Due to some
contaminations, satisfactory analytical data was not obtained. IR
(KBr): v 2075 (s, CO), 2003 (s, CO), 1485 (m), 1437 (s), 1100 (m), 999
(m), 840 (s), 711 (m), 693 (m), 557 (m) cm ™~ L'H{3'P} NMR (CD,Cl,):
0 —15.57 (s, 1H, IrH), 2.48 (d, 1H, CH>), 2.68 (d, 1H, CH>), 3.90 (d, 1H,
CH,), 4.06 (d, 1H, CH>), 5.03 (d, 1H, CH3), 534 (d, 1H, CH3),
6.72—8.03 (m, 30H, ArH). >'P{'H} NMR (CD,Cl,): 6 —144.4 (sep, 2P
(PFg), Jpr = 712 Hz), —53.9 (ddd, 1P (Pg), Jpp = 70, 57, 26 Hz), —45.9
(dd, 1P (Pa), Jepr =286, 57Hz), —38.9 (dd, 1P (P¢), Jer =70,
43 Hz), —17.2 (ddd, 1P (Pp), Jpp = 286, 43, 26 Hz). ESI-MS (CH,Cl,):
m/z 885.169 (z1, {IrtH(dpmppm)(CO)CI}* (885.111)).

4.4. Preparations of [Ir(H)(meso-dpmppm-«>)(RNC)2](PFs)2
(R=Xyl (3a), Mes (3b), CyCN (3c), ‘Bu (3d))and
[1r(H)(dpmppm—«®)(MeCN);|(PFs)> (3e)

For 3a: To a dichloromethane solution (7 mL) containing meso-
dpmppm (51 mg, 82 pumol) were added [IrCl(cod)], (28 mg,
42 umol), NH4PFs (57 mg, 0.35mmol), and XyINC (47 mg,
0.36 mmol) successively over 2hat room temperature, and the
mixture was stirred overnight. The solvent was removed under
reduced pressure to dryness, and the residue was washed with
diethyl ether and extracted with dichloromethane (5mL). The
extract was passed through a membrane filter and was concen-
trated to ca. 0.5 mL, and diethyl ether (40 mL) was carefully added
to give a white powder of 3a, which was separated by filtration,
washed with diethyl ether, and dried under vacuum (89 mg, 79%).
Anal. Calc. for Cs7Hs55N,F2Pglr (3a (1374.100)): C, 49.82; H, 4.03; N,
2.04. Found: C, 49.76; H, 3.77; N, 1.92. IR (KBr): v 2208 (s, C=N),
2189 (s, C=N), 1477 (m), 1437 (s), 1376 (m), 1098 (s), 1000 (m), 842
(s), 743 (m), 711 (m), 691 (m), 557 (s) cm~ “'H{>'P} NMR (CD,Cl,):
0 —9.32 (s, 1H, IrH), 1.58 (s, 6H, 0-Me), 1.70 (s, 6H, 0-Me), 3.04 (d, 1H,
CH>), 3.25 (d, 1H, CH,), 3.61 (d, 1H, CH>), 3.66 (d, 1H, CH>), 4.84 (d,
1H, CH,), 6.04 (d, 1H, CH>), 6.98—7.91 (m, 36H, ArH). >'P{'H} NMR
(CD2C12)Z 0 —144.6 (sep, 2P (PFG),][JF: 709 HZ), —69.6 (ddd, 1P (PB),
Jpp =62, 50, 21 Hz), —51.8 (dd, 1P (Pa), Jpr = 262, 50 Hz), —40.6 (dd,
1P (P¢), Jop = 62, 43 Hz), —20.6 (ddd, 1P (Pp), Jpp = 262, 43, 21 Hz).
ESI-MS (CH)Cly): m/z 1229.358 (z1, {[Ir(H)(dpmppm)(XyINC);]
PFe}" (1229.259)). Recrystallization of 3a from an acetonitrile/
diethyl ether mixed solvent afforded prismatic colorless crystals of
3a-2CH3CN which were suitable for X-ray diffraction analysis.

For 3b: By a procedure similar to that of 3a, using MesNC instead
of XyINC, 3b was obtained in 58% yield. Anal. Calc. for
Cs9.5Hg0N2F12P6ClIr (3b-0.5CH,Cl, (1444.620)): C,49.47; H, 4.19; N,
1.94. Found: C, 49.36; H, 3.89; N, 1.85. IR (KBr): v 2197 (s, C=N),
2181 (s, C=N), 1484 (m), 1437 (s), 1381 (m), 1312 (m), 1268 (m),
1193 (m), 1098 (s), 1044 (m), 1000 (m), 837 (s), 740 (m), 693 (m),
557 (s) cm~ .'H{>'P} NMR (CD,Cl,): 6 —10.00 (s, 1H, IrH), 1.44 (s, 6H,
0-Me), 1.63 (s, 6H, 0-Me), 2.24 (s, 3H, p-Me), 2.28 (s, 3H, p-Me), 3.00
(d, 1H, CH>), 3.20 (d, 1H, CH>), 3.57 (d, 1H, CH>), 3.61 (d, 1H, CHa),
4.80(d, 1H, CH>), 6.00 (d, 1H, CH>), 6.78—7.89 (m, 34H, ArH). 3'P{1H}
NMR (CD,Cly): 6 —144.3 (sep, 2P (PFg), Jor = 709 Hz), —69.3 (ddd, 1P
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(Pg), Jer = 68, 50, 21 Hz), —51.6 (dd, 1P (Pa), Jpp = 264, 50 Hz), —40.5
(dd, 1P (Pc), Jpp = 68, 48 Hz), —20.4 (ddd, 1P (Pp), Jpp =264, 48,
21 Hz). ESI-MS (CH)Cly): m/z 1257.387 (z1, {[Ir(H)(dpmppm)(-
MesNC),]PFs}* (1257.291)).

For 3c: By a procedure similar to that of 3a, using CyNC instead
of XyINC, 3c was obtained in 63% yield. Anal. Calc. for
C53,5H50N2F12P6C11r (3C-0.5CH2C]2 (1372.556))2 C,46.82; H,4.41; N,
2.04. Found: C, 46.68; H, 4.14; N, 2.00. IR (KBr): v 2235 (s, C=N),
2219 (s, C=N), 1485 (m), 1437 (s), 1326 (m), 1314 (m), 1267 (m), 1110
(m), 1096 (m), 1000 (w), 839 (s), 745 (m), 693 (m), 557 (s), 493
(m)cm~H{3'P} NMR (CD,Cl,): 6 —10.07 (s, 1H, IrH), 0.38—1.44 (br
m, 20H, CH, (Cy)), 2.95 (d, 1H, CH>), 3.17 (d, 1H, CH>), 3.17 (d, 1H,
CH,), 3.36 (d, 1H, CH3), 3.36 (d, 1H, CH3), 3.54 (br t, 1H, CH(Cy)), 3.75
(br m, 1H, CH (Cy)), 5.98 (d, 1H, CHy), 7.31-7.81 (m, 30H, ArH). 3P
{('H} NMR (CDyClp): 6 —144.4 (sep, 2P (PFs), Jpr =709 Hz), —67.9
(ddd, 1P (Pg), Jpp =66, 50, 21 Hz), —49.3 (dd, 1P (Pa), Jpp = 267,
50 Hz), —38.2 (dd, 1P (P¢), Jppr =66, 44Hz), —19.1 (ddd, 1P (Pp),
Jop =267, 44, 21Hz). ESI-MS (CHoCly): m/z 1185.432 (z1,
{[Ir(H)(dpmppm)(CyNC)2|PFg}" (1185.290)).

For 3d: By a procedure similar to that of 3a, using ‘BuNC instead
of XyINC, 3d was obtained in 75% yield. Anal. Calc. for
Ca9Hs55N,F1Pglr (3d (1278.015)): C, 46.05; H, 4.34; N, 2.19. Found: C,
45.76; H, 4.24; N, 2.38. Due to unidentified contamination, satis-
factory analytical data was not obtained. IR (KBr): v 2224 (s, C=N),
2210 (s, C=N), 1485 (m), 1437 (s), 1373 (m), 1312 (m), 1236 (m), 1191
(s), 1104 (s), 1084 (m), 1058 (m), 999 (w), 881 (m), 743 (s), 711 (m),
694 (m), 482 (m) cm™ LTH{?'P} NMR (CD,Cl): 6 —10.00 (s, 1H, ItH),
0.87 (s, 9H, CH3 (‘Bu)), 0.97 (s, 9H, CHs (‘Bu)), 2.96 (d, 1H, CHy), 3.13
(d, 1H, CH>), 3.32 (d, 1H, CH>), 3.42 (d, 1H, CH5), 4.68 (d, 1H, CH>),
6.04 (d, 1H, CH3), 7.39—7.92 (m, 30H, ArH). >'P{'H} NMR (CD,Cl,):
0 —144.6 (sep, 2P (PFG)v]PF =709 HZ), —-67.3 (ddd, 1P (PB), Jep = 70,
50, 21 Hz), —49.2 (dd, 1P (Pa), Jpp = 265, 50 Hz), —40.2 (dd, 1P (P¢),
Jpp =70, 48 Hz), —20.8 (ddd, 1P (Pp), Jop = 265, 48, 21 Hz). ESI-MS
(CHxClp): mjz 1133426 (z1, {[Ir(H)(dpmppm)(‘BuNC),]PFg}*
(1133.259)).

For 3e: To an acetonitrile solution (7 mL) containing meso-
dpmppm (56 mg, 89umol) were added [IrCl(cod)]; (30mg,
45 umol) and NH4PFs (66 mg, 0.41 mmol) successively over
20 min at room temperature, and the mixture was stirred over-
night. The solvent was removed under reduced pressure to dryness,
and the residue was washed with diethyl ether and extracted with
acetonitrile (7 mL). The extract was passed through a membrane
filter and was concentrated to ca. 0.5 mL, and diethyl ether (40 mL)
was carefully added to give a pale yellow powder of 3e, which was
separated by filtration, washed with diethyl ether, and dried under
vacuum (87 mg, 81%). Contamination of inorganic salts prevented
from obtaining satisfactory analytical data. IR (KBr): v 1486 (m),
1437 (s), 1403 (m), 1315 (m), 1191 (m), 1163 (m), 1101 (s), 1026 (m),
1000 (m), 839 (s), 742 (m), 710 (s), 693 (s), 557 (s), 496 (m) cm ™~ L1H
{3'P} NMR (CD3CN): 6 —17.95 (s, 1H, IrH), 2.86 (d, 1H, CH3), 3.09 (m,
2H, CH), 3.38 (d, 1H, CH;), 4.20 (d, 1H, CH), 5.85 (d, 1H, CH>),
7.10—8.07 (m, 30H, ArH). 3'P{'H} NMR (CD3CN): § —144.3 (sep, 2P
(PFg), Jor =704 Hz), —58.1 (ddd, 1P (Pg), Jpp = 67, 51, 20 Hz), —42.1
(dd, 1P (Pa), Jppr=325, 51Hz), —39.5 (dd, 1P (Pc¢), Jppr=67,
42 Hz), —11.4 (ddd, 1P (Pp), Jpp = 325, 42, 20 Hz).

4.5. Preparation of [Ir(H)z(meso-dpmppm-«*)(CO)JCl (4)

<Method 1> Stream of H; (1atm) was introduced into a
dichloromethane solution (10 mL) containing 1 (68 mg, 75 pmol)
for 10 min, and the mixture was stirred at room temperature for 3 h
under H; atmosphere (1 atm). Then, the solution was concentrated
to ca. 7 mL under reduced pressure, and diethyl ether (2.5 mL) was
carefully added to the solution, which was allowed to stand in
refrigerator to afford colorless crystals of 4. They were separated by

filtration, washed with diethyl ether, and dried under vacuum
(26 mg, 39%). <Method 2> To a dichloromethane solution (5 mL)
containing 1 (51 mg, 56 umol) was added formic acid (6.5 pL,
171 pmol) and CH,Cl; (2.5 mL), and the mixture was stirred at room
temperature overnight. The solvent was removed under reduced
pressure, and the residue was washed with Et;0, and extracted
with CH,Cl, (7 mL). The extract was passed through a membrane
filter and was concentrated to ca. 5mlL, to which diethyl ether
(4 mL) was carefully added to give colorless crystals of 4 (24 mg,
49%). Anal. Calc. for C4025H3&50P4C1].511‘ (4-0.25CH2C]2 (907.527)):
C, 53.27; H, 4.28. Found: C, 53.50; H, 4.46. IR (KBr): v 2106 (s, IrH),
2005 (s, CO), 1484 (m), 1434 (s), 1372 (m), 1331 (w), 1263 (w), 1159
(w), 1096 (s), 1054 (m), 1026, 998 (m), 848 (m), 827 (m), 803 (m),
775 (m), 737 (s), 692 (s), 511 (m), 482 (m), 462 (m)cm™.'H{>'P}
NMR (CD,Clp): 6 —11.37 (s, 1H, IrH), —9.13 (s, 1H, IrH), 3.05 (d, 1H,
CHs), 3.16 (d, 1H, CH3), 3.30 (d, 1H, CH3), 3.70 (d, 1H, CH>), 5.24 (d,
1H, CH>), 6.04 (d, 1H, CH>), 7.29—7.88 (m, 30H, ArH). 3'P{'H} NMR
(CD,Cly): 6 —62.6 (ddd, 1P (Pg), Jpp = 106, 38, 21 Hz), —45.4 (dd, 1P
(PA), Jrp = 267, 38 HZ), —35.2 (dd, 1P (Pc), Jrp = 106, 45 HZ), -12.9
(ddd, 1P (Pp), Jpp = 267, 45, 21 Hz). ESI-MS (CH,Cl;): m/z 851.199
(z1, [Ir(H)z(dpmppm)(CO)]* (851.151)).

4.6. Preparations of [Ir(H)(SiR3)(meso-dpmppm-«>)(CO)]Cl
(R3 = MeyPh (5a), HPh; (5b))

For 5a: To a dichloromethane solution (4mL) containing 1
(33 mg, 36 umol) were added Me,PhSiH (17 pL, 111 umol) and
CH,Cl, (2 mL), and the mixture was stirred at room temperature
overnight. The solvent was removed under reduced pressure, and
the residue was washed with Et;0, and extracted with CH»Cl,
(6 mL). The extract was passed through a membrane filter and was
concentrated to ca. 4mlL, to which diethyl ether (0.5mL) was
carefully added. The solution was kept at 2°C to give colorless
crystals of 5a, which were separated by filtration, washed with
diethyl ether, and dried under vacuum (10 mg, 28%). Anal. Calc. for
C48_5H490P4C121r (5&-0.5CH2C12 (1063.011))2 C, 54.80; H, 4.65.
Found: C, 54.45; H, 5.04. IR (KBr): v 2099 (s, IrH), 1986 (s, CO), 1484
(m), 1435 (s), 1378 (w), 1239 (w), 1099 (s), 998 (w), 805 (s), 740 (s),
694 (s), 642 (m), 494 (m)cm~ L'H{?'P} NMR (CD,Cl,): 6 —7.41 (d,
1H, IrH), —0.10 (s, 3H, SiCH3), —0.07 (s, 3H, SiCH3), 2.19 (d, 1H, CH>),
2.87 (d, 1H, CH;), 4.47 (d, 1H, CH3), 5.29 (d, 1H, CH>), 5.79 (d, 1H,
CH,), 5.95 (d, 1H, CH>), 6.78—8.11 (m, 35H, ArH). 3'P{'H} NMR
(CDyCly): 6 —60.5 (ddd, 1P (Pg), Jpp =92, 45, 27 Hz), —43.9 (dd, 1P
(Pa), Jop = 266, 45 Hz), —41.1 (dd, 1P (Pc), Jpp =92, 51 Hz), —16.6
(ddd, 1P (Pp), Jpp = 266, 51, 27 Hz). ESI-MS (CHCl,): m/z 849.239
(21, [Ir(dpmppm)(CO)|* (849.135)), 985.330 (21,
[Ir(H)(SiMe,Ph)(dpmppm)(CO)] " (985.206)).

For 5b: By a procedure similar to that of 5a, using Ph;SiH,
instead of Me,PhSiH, 5b was obtained in 62% yield. Anal. Calc. for
Cs52.25H48 50P4Cly 5Ir (5b-0.25CH,Cl, (1089.821)): C, 57.58; H, 4.49.
Found: C, 57.24; H, 4.65. IR (KBr): v 2103 (s, IrH), 1993 (s, CO), 1485
(m), 1435 (s), 1376 (w), 1315 (w), 1098 (s), 999 (w), 819 (s), 738 (s),
692 (s), 490 (m)cm~L'H{?'P} NMR (CD,Cly): 6 —7.20 (s, 1H, IrH),
2.56 (d, 1H, CH>), 2.88 (d, 1H, CH3), 4.29 (d, 1H, CH3), 4.86 (s, 1H,
SiH), 5.34 (d, 1H, CH3), 5.83 (d, 1H, CH>), 5.95 (d, 1H, CH3), 6.76—8.16
(m, 40H, ArH). 3'P{'H} NMR (CD,Cl,): 6 —61.6 (ddd, 1P (Pg), Jpp = 88,
46, 26 Hz), —50.2 (dd, 1P (Pa), Jer = 263, 46 Hz), —39.6 (dd, 1P (P¢),
Jep =88, 50 Hz), —18.5 (ddd, 1P (Pp), Jpp = 263, 50, 26 Hz). ESI-MS
(CH,Cly): m/z 849.192 (z1, [Ir(dpmppm)(CO)]* (849.135)), 1033.284
(21, [Ir(H)(SiHPhy)(dpmppm)(CO)] " (1033.206)).

4.7. X-ray crystallographic analysis

The crystals of 3a-2CHsCN, 4-1.5CH,Cl;, 5a-1.5CH,Cl;, and
5b-1.5CH;Cl;, were quickly coated with Paratone N oil and mounted
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on top of a loop fiber at room temperature. Crystal and experi-
mental data are summarized in Tables S1 and S2. All data were
collected at —120°C on a Rigaku VariMax Mo/Saturn CCD diffrac-
tometer equipped with graphite-monochromated Mo Ko, radiation
using a rotating-anode X-ray generator RA-Micro7 (50 kV, 24 mA).
A total of 720—2160 oscillation images, covering a whole sphere of
6° < 20 < 55° were collected by the w-scan method
(=70° <w < 110° (3a, 4, and 5a), —62° < w < 118° (5b)) with Aw of
0.25° or 0.50°. The crystal-to-detector (70 x 70 mm) distance was
set at 45 mm (3a, 4, and 5a) or 60 mm (5b). The data were pro-
cessed using the Crystal Clear 1.3.5 program (Rigaku/MSC) [81] and
corrected for Lorentz—polarization and absorption effects [82] The
structures of the complexes were solved by direct methods with
SHELXLS-97 [83] (4) and SIR-97 [84] (3a, 5a, and 5b), and were
refined on F° with full-matrix least-squares techniques with
SHELXL-97 [83] using Crystal Structure 4.0 package [85]. All non-
hydrogen atoms were refined with anisotropic thermal parame-
ters, and the C—H hydrogen atoms were calculated at ideal posi-
tions and refined with riding models. The hydride H atoms of 3a
and 5a were determined by difference Fourier (DF) syntheses and
were refined with isotropic temperature factors, and those of 4
were also found in DF maps and were refined with appropriate
thermal parameters. The Ir—H and Si—H hydrogen atoms of 5b were
determined by DF syntheses and were refined as riding models
with appropriate Biso. All calculations were carried out on a Win-
dows PC with Crystal Structure 4.0 package [85].

CCDC 1894233—1894236 contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Center via www.
ccdc.cam.ac.uk/data_request/cif.
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