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Formation and Organometallic Reactivity of Iridium(n) Octaethylporphyrin Dimer
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Iridium(n) octaethylporphyrin dimer, [Ir(OEP)],, has been prepared by photolysis of (OEP)IrCH; in CgDg solvent, and
found to undergo alkene insertion and oxidative addition of alkyl C-H bonds.

Iridium(1r) octaethylporphyrin dimer, [Ir(OEP)], (1), is the
exclusive metalloporphyrin product that results from photoly-
sis (A 350 nm) of (OEP)IrCHj;! in C¢Dg solvent (reaction 1).%
Photohomolytic cleavage of the Ir-CH; bond? is shown to be
an important pathway by the observed trapping of methyl
radicals by C¢Dj¢ solvent to form CH3;CgD5 and CH;3D (Figure
1).3 The 'H n.m.r. and electronic spectra for compound (1)
are analogous to the spectra previously reported for
[Rh(OEP)],,* and are uniquely characteristic of metal-metal
bonded octaethylporphyrin dimers (Figures 1 and 2).5

There is only one previous report of a compound that
contains an unsupported Ir'-Ir!! bond,® and reactions invol-
ving the metal-metal bond have not been reported. Several of
the key organometallic reactions of [Ir(OEP)], have been
evaluated, including oxidative addition of H, and alkyl C-H
bonds, and alkene insertion (reactions 2—6).7+ The organo-
metallic products from reactions (3) and (4) were separated
from reaction mixtures by t.l.c. (silica), and characterized by
'Hn.m.r., i.r., and mass spectroscopy. (OEP)Ir(H) produced

+ In a typical photoreaction, a solution composed of (OEP)IrCH;
(2 mg) and C¢Dg (0.3 ml) was sealed in vacuo in a Pyrex container, and
irradiated for 180 h in a Rayonet Photochemical Reactor equipped
with RPR-3500 A lamps. The quantum yield for this process was
determined to be 0.018 = 0.005 (310 < A < 410 nm).

1 Reactions were performed at 25°C in C4Dg solvent with a slight
excess of reagent, unless otherwise stated.

in reactions (4) and (5) reacts with excess of aldehyde to form
«-hydroxyalkyl complexes (OEP)IrCH(OH)R (R = H,
CH,).§ (OEP)IrCH,CH(OEY)Ir(OEP) was characterized by
the exceptionally high field proton chemical shifts and a
pattern of proton coupling constants consistent with an
approximate trans arrangement of (OEP)Ir units; see struc-
ture (A): 'H n.m.r. (CsDg) & — 1.14 (3H, t, 3Jyy 6.6 Hz,

§ Spectroscopic data: (OEP)IrCH,Ph: 'H n.m.r. (C¢Dg) 89.75 (4H, s,
porphyrin -CH=), 6.23 (1H, t, Ph p-H), 5.68 (2H, t, Ph m-H), 3.87
(16H, q, CH,Me), 2.94 (2H, d, Ph o-H), 1.87 (24H, t, CH,Me), and
—4.25 (2H, s, CH,Ph); m/z 816/814 (M+).

(OEP)IrCH,C(:O)H: 'H n.m.r. (C¢Dy) 8 10.07 (4H, s, porphyrin
-CH=), 3.93 (16H, m, CH,Me), 3.79 [1H, t, C(:O)H], 1.88 (24H, t,
CH,Me), and —4.68 (2H, d, 3Jyy 4.4Hz, CH,CHO); v (KBr)
1693 cm—1.

(OEP)IrCH(OH)Me: 'H n.m.r. (CsDg) 8 9.93 (4H, s, porphyrin
-CH=), 3.94 (16H, m, CH,Me), 1.87 (24H, t, CH,Me), —3.25 [1H, p,
3Jyn 5.3 Hz, CH(OH)Me], —4.16 [3H, d, CH(OH)Me], and —4.73
(1H, d, OH).

(OEP)IrCH,OH: 'H n.m.r. (CsDs) & 9.94 (4H, s, porphyrin
-CH=), 3.92 (16H, m, CH,Me), 1.88 (24H, t, CH,Me), —2.95 (2H, d,
3Jyn 7.3Hz, CH,OH), and -5.30 (1H, t, CH,OH); 13CH,OH
compound: CH,OH becomes dd, 1J ¢y 157.3, 3Jy; 7.3 Hz, and OH m,
2Jey 5.2 Hz.

(OEP)IrCH,CH(OEt)Ir(OEP): 'H n.m.r. (C¢D) & 9.20 and 8.99
(total 8H, s, poprhyrin ~CH=), 3.92 and 3.73 (total 32H, overlapping
m, CH,Me), and 1.72 (48H, t, CH,Me): see text for bridging
CH,CH(OEQ).
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Figure 1. 'H N.m.r. spectrum of [Ir(OEP)], formed in siru by photolysis of (OEP)IrCH; in Ce¢Ds.
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Reactions (2)—(6), which are analogous to previously
reported reactions of [Rh(OEP)],,478 probably proceed
through the intermediacy of the metallo-radical, (OEP)Ir-,
formed by homolytic dissociation of the Ir!-Irl bond.
Selective reaction with methyl C-H bonds in toluene is
compatible with a metallo-radical mechanism in analogy with
the reactions of organic radicals with toluene.®

Reaction of (1) with acetaldehyde selectively produces the
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B-formyl complex, (OEP)IrCH,C(O)H, which corresponds to
the net activation of the stronger methyl C-H bond (Dc_g =
95 kcal/mol: 1 kcal = 4.184 kJ) in preference to the weaker
aldehydic C-H bond (Dc.yg = 86 kcal/mol).10 Several
examples of ketone alkyl «-CH bond reactivity with transition
metals are known,11—13 but aldehydes have invariably reacted
with metallo species at the aldehydic C-H bond.13.14 We
believe that this unusual example of C-H bond reactivity
occurs through a kinetic pathway which utilizes the enol form
of acetaldehyde [CH,=CH(OH)]. Addition of (1) to
CH,=CH(OH), by the metallo-radical mechanism proposed
by Halpern for [Rh(OEP)],,” would produce an intermediate
bridging complex, (OEP)IrCH,CH(OH)Ir(OEP), and subse-
quently eliminate (OEP)IrH (reaction 7). Plausibility for the

(1) + CH,=CH(OH)
— ‘(OEP)IrCH,CH(OH)Ir(OEPY
— (OEP)IrCH,C(O)H + (OEP)ItH 0

intermediate addition product is established by reaction (6) in
which the bridging complex, (OEP)IrCH,CH(OEt)Ir(OEP),
is stabilized by substituting an ethoxy group for the hydroxy
unit.

Current studies of this system are focused on more detailed
kinetic-mechanistic studies of reactions (2)—(6).
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