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Scheme 1
CH,Cl,
Cp*(PMey)Ir(Me)(X) + RCHO BT [Cp*(PMes)Ir(R)(CO)][X]
1a, (X = OTf) —CH, 2a-m
1b, (X = BAr)

2a, R =Me, X=0Tf; 2b, R=Et, X = OTf; 2¢c, R=n-Pr, X = OTf;2d, R =
c-Pr, X = OTf; 2e, R = +-Bu, X = OTf"; 2f, R = +Bu, X =BPh,"; 29, R =
1-adamantyl, X = OTf"; 2h, R = 1-adamantyl, X = BAr;"; 2i, R = 1-ethylpropyl,
X =0Tf; 2j, R=Ph, X=0Tf; 2k, R = p-tolyl, X = OTf"; 2|, R =

2,4 6-trimethylphenyl, X = OTf"; 2m, R = 2-(2)-1-phenylpropenyl, X = OTf"

compoundg%19-21 Here we report that reactions betwekab
and aldehydes (RCHO) occur rapidly with decarbonylation at

The first syntheses of transition metal complexes containing room temperature to produce methane and iridium salts of the

tertiary alkyl ligands were reported as late as 1972.Since
then, very few tertiary alkyl complexes of transition metals have
been describett.® Such complexes have been difficult to

general formula [Cp*(PMgIr(R)(CO)][X] (2a—e, g—m) (X =
OTf, BAr;) (Scheme 1). In spite of the fact that these reactions
usually occur within minutes at 28C and in most cases at

synthesize and isolate due to their propensity to undergo furtherreasonable rates even-a60 °C, the reactions are exceptionally

reactions such g8-elimination, giving stable transition metal
hydrides!® In group 9, we are aware of a handful that have
been isolated’ 4 but none of iridium'> Herein, we report a
method for the synthesis of two cationic tertiary alkyl (and other
highly hindered) carbonyl complexes of iridium which are quite

clean and selective. High yields (quantitative by NMR—63
87% following two recrystallizations) are obtained with a variety
of aldehydes, and no evidence for attack of Ir at any hydrogen
other than that attached to the carbonyl carbon atom is observed.
Most unusual is the fact that even when the alkyl group is

stable; thus far, none has been observed to decompose at roortertiary or highly hindered, the reaction still proceeds cleanly

temperature. This work represents an exa#fgéthe rational
application of G-H bond activatio”’~1° to the synthesis of a
class of complexes of chemical or structural interest. During

the course of this work we have also examined the reactions of

o,B-unsaturated aldehydes. These lead to isolafilemplexes

to the metal alkyl (or aryl) produ@. Such selectivity for the
aldehyde C-H bond has been observed in other decarbonylation
systemg2-24

Following anion metathesis dfe to form 2f, single-crystal
X-ray diffraction studies were performed on tertiary alkyl

as kinetic products which, upon thermolysis, undergo subsequentcomplexe2f and2h. The structures d2f and2h clearly show

C—H bond activation and migratory deinsertion to give ther-
modynamically more stable (carbonyl)(vinyl)iridium complexes.
In earlier studies, we showed that the iridium(lll) complexes
Cp*(PMey)Ir(Me)(OTf) (1a) and [Cp*(PMe)Ir(Me)(CH,-
CII[BAr{] (1b) (Cp* = 5>-CsMes, OTf = OSQ,CFs, BAr; =
B(3,5-GH3(CRs)2)47) intermolecularly activate €H bonds in

the proposed formulation; however, both were plagued by severe
disorder, resulting in geometric data that should be considered
with care. For this reason, a single-crystal X-ray diffraction
study was performed on mesityl carbonyl comgkéx Although

this too was successfully modeled with 5% disorder in the
cation, these data are significantly more reliable than the other

a number of alkanes, arenes, and functionalized organictwo structures. ORTEP diagrams of each of these cations are
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illustrated in Figure 1 and full crystallographic data may be
obtained from the Supporting Information.

The 31P{1H} NMR chemical shifts of complexe®a—m in
CD,CI;, depend to some extent upon the nature of the group
coordinated to the metal. They appear at abeB4 ppm except
for bulky R groups (e.g., 2,4,6-trimethylphenyl, 1-adamantyl,
tert-butyl). For complexes containing such sterically demanding
ligands, theé’P{*H} NMR shifts appear further upfield (ca45
ppm). The terminal carbonyl stretching frequencies vary little
in these compounds, appearing between 1997 and 2035 cm
typical for late transition metaj-carbonyl complexe® Full
spectroscopic data are consistent with the formulations given.

Treatment of methyl triflate compleba with o.,3-unsaturated
aldehydes was explored to determine whetharoordination
of the double bond is competitive with activation of the
aldehydic C-H bond. Reaction ofla with a-methylcinnam-
aldehyde, (€)-PhC(HF=C(Me)CHO), once again leads to
decarbonylation of the organic reactant, affording the vinyl
carbonyl complex [Cp*Ir(PMg(CO)(2-&)-1-phenylpropenyl)]-
[OTf] 2m. However, upon treatment ofa with acrolein
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Figure 1. ORTEP diagrams of (a) [Cp*(PMe3)Ir(tBu)(CO)][BRI2f,
(b) [Cp*(PMe3)Ir(1-adamantyl)(CO)][BA} 2h, (c) [Cp*(PMe3)Ir-
(mesityl)(CO)][OTf] 2l showing the major component in each.
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(CH;=CHCHO), slow reaction over 10 days at room temper-
ature results in formation ofr-complex 3, which is easily
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but in that case may rearrange more rapidly to theHC
activation product. The reaction with acrolein is the first case
in our Ir(lll) C—H activation systems in which we have observed
formation of an adduct that continues on to &l activation
product.

We believe that formation of complex@s—m proceeds by
initial C—H activation of the aldehydic proton to afford acyl
intermediate Cp*(PMgIr(COR)(OTf) (complexA in Scheme
3). This may occur by oxidative addition to give an iridium-
(V) intermediate, followed by reductive elimination of meth-
ane?® [ridium(V) compounds are not common, but a few have
been isolated including (Cp*)Ir(HSiEt).2” and (Cp*)Ir(Me)28
synthesized by Maitlis and co-workers, which are surprisingly
stable, lending credence to the intervention of an intermediate
of this type. The reaction could alternatively occurdspond
metathesis between the iridisrmethyl and the aldehydic-€H
bonds, giving the same acyl intermedidtgeas is common in
many early transition metal®’dystem$? Demonstrating that
the aldehydic proton is indeed the one being activated, reaction
betweenla and [1-D]acetaldehyde results in quantitative
production of CHD and no detectable CHby 'H NMR
spectroscopy? Rearrangement oA by carbonyl migratory
deinsertion would give observed produ@as—m.

In conclusion, we have found a mild route to a variety of
cationic alkyl and aryl carbonyl complexes of iridium by the
C—H bond activation of aldehydes. This reaction demonstrates
a high degree of selectivity for the aldehydie-8 bond and
allows the formation of complexes having stable bonds between
a metal and several extremely sterically demanding alkyl and
aryl ligands. While most aldehydes react immediately to form
products2, the reaction with acrolein provides us with an
example of a substrate that first coordinates to the cationic
iridium starting material and subsequently undergoesHC
activation.
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to the reduced steric hindrance about the@double bond of
acrolein compared to that sxmethylcinnamaldehyde, resulting

in the observed competition between alkene coordination and

C—H activation. Ther-complex3 is found to be the kinetic
product of the reaction, as subsequent thermolysis inGGH
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