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The reactions of cyclopropenes with transition-metal complexes and a metatcarbon double bond. The use of a vinyl lithiate would

often generate interesting organometallic prodéctginly due
to the large amount of strain energy %0 kcal/mol) contained
within the three-membered rirfg-or example, 3,3-disubstituted
cyclopropenes form metal alkyliderfemnd metallacyclobutenés,

while ring-opening reactions of 3-vinyl-1-cyclopropenes produce

metallacyclohexadienes ang@-cyclopentadienyl complexes as
well as metallacyclobutenéOne particularly attractive aspect

provide the former, whereas rearrangement of a cyclopropene unit
to a vinyl carbene should afford the latter. Our approach would
be a one-step route to metallabenzenes since both of the essential
metal-carbon bonds can be formed from separate ends of a C
ligand. Combining these features into a single molecule suggested
the use of a functionalized 3-vinyl-1-cyclopropene, sucR,as

the appropriate precursor. TEegeometry about the vinyl group

of this chemistry is that a metallacyclohexadiene has been should ensure that both the nucleophilic addition and the cy-

transformed into a metallabenzéha,transition-metal analogue

clopropene rearrangement occur with the same organometallic

which is isolobal with benzene and retains aromatic physical and fragment.

chemical propertie3” We sought a method that would allow

Synthesis o2 was achieved as shown in Scheme 1. Reduction

direct entry into the metallabenzene manifold using a cyclopro- of Weinreb amide3® at low temperature with LiAll gave the
pene precursor. Reported herein is the preparation of iridabenzené&orresponding aldehyde in 93% yield. Wittig reaction of the

18 directly from the reaction of a nucleophilic 3-vinyl-1-cyclo-

aldehyde with iodomethyltriphenylphosphoréhturnished cy-

propene with Vaska’s complex and characterization of the metalla- ¢lopropene2 in 81% yield with high stereoselectivity-@5% Z

cycle by X-ray crystallography.

as determined bjH NMR integration). Lithium-iodine exchange

Considering the aforementioned chemistry, this approach ©f 2with 1 equiv of butyllithium at-78°C, followed by trapping

should favor the formation of both a metadarbon single bond
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of the intermediate vinyl lithiate with (PRRIr(CO)CI directly
resulted in formation of iridabenzerie When the initial suspen-
sion was slowly warmed to @C, a color change from yellow to
red was observed. Excess lithiate was quenched with ethanol, and
the insoluble salts were removed by filtration through a glass frit.
After removal of solvent, the crude reaction mixture was dissolved
in a mixture of toluene and hexanes (1:1) at room temperature
and then cooled te-35 °C, giving 1 as X-ray quality red prisms
in 72% vyield.

Unambiguous confirmation of the structurelofvas provided
by single-crystal X-ray diffraction (Figure 1). Selected bond
lengths and bond angles are given in Table 1. The structure is
similar in many respects to that reported for Bleeke’s iridabenzene
(4),° which has been thoroughly studied. Iridabenzéneas a
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slightly distorted square pyramidal coordination geometry with
P1 occupying the axial site and C1, C5, C6, and P2 filling the
basal sites. The metallabenzene ring is essentially planar (mean
deviation 0.024 A) and delocalization of thesystem is evident

in bond lengths throughout the ring. The-IE1 (2.021(8) A) and
Ir—C5 (2.025(8) A) bonds are nearly identical in length, and the
carbor-carbon bonds of the metallacycle are typical of a benzene
derivative. Although the structure df is quite similar to4,
iridabenzend. is air stable in both the solid state and in solution,
whereas4 reacts with atmospheric oxygen to produce a unique
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Figure 1. Molecular structure of iridabenzerigellipsoids drawn at the

30% probability level.

Table 1. Selected Bond Lengths (A) and Bond Angles (deg) for

Iridabenzenel

Ir—P1 2.317(2) P+Ir—P2 99.2(2)
Ir—P2 2.373(2) P%Ir—C1 112.6(2)
Ir—C1 2.021(8) P%Ir—C5 95.4(3)
Ir—C5 2.025(8) P%Ir—C6 99.3(3)
Ir—C6 1.925(9) P2Ir—C1 148.2(2)
C1-C2 1.41(1) C5Ir—C6 165.0(4)
C2-C3 1.41(1) CHIr—C5 86.9(3)
C3-C4 1.38(1) I-C1-C2 128.8(6)
C4-C5 1.33(1) C+C2-C3 123.6(8)
C6-0 1.14(1) C2-C3-C4 124.2(8)

C3-C4-C5 125.5(8)

C4—C5—Ir 130.7(7)

dioxygen-bridged speciédridabenzenel does, however, react
with maleic anhydride in a [4- 2] fashion to give an octahedral

adductt?

A likely reaction pathway is shown in Scheme 2. Initial
substitution of the chloride ligand by the vinyl lithiate should
give 5.12 Bicyclic, Dewar-type metallabenzertecould then be
formed by direct insertion of the Ir atom &f into one of the
cyclopropenes-bonds. An intermediate such &xould rapidly
valence isomerize ta.'3 Alternatively, the free cyclopropene in
complex5 could coordinate to the iridium through the cyclopro-
penerx electrons to give an intermediate similartoRearrange-

(11) Cycloaddition reactions involving iridabenzehare described in ref

' (12) Schwartz, J.; Hart, D. W.; McGiffert, B. Am. Chem. S0d.974 96,

5613-5614.
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ment of then?-cyclopropene in7 could give 1 directly;'* or
indirectly by first rearranging t®.> However, the equilibrium
betweerb and?7 likely favors uncoordinated cyclopropeBéo a
large degree because of the steric interaction that would result
between the PRHigands and the cyclopropene phenyl groups
when forming7.16 Direct formation of6 by insertion of Ir into a
cyclopropenec-bond would conceivably be a sterically less
demanding process and, therefore, appears more likely than
formation and rearrangement @fin our view. Cyclopropenes
frequently undergo rearrangement to vinyl carbeéngseaction

that would allow formation ofl. without involving either6 or 7.
However, this process typically occurs only at elevated temper-
atures or photochemically and is, therefore, an unlikely event in
the transformation o6 to 1. Coordination of the cyclopropene

to Ir prior to nucleophilic attack of the vinyl lithiate on the Ir
atom is also unlikely in the present case due to the large cone
angle of the triphenylphosphine ligantfs.

In summary, we have prepared iridabenzéihg a novel, direct
method. The reaction involves an intramolecular Ir-mediated
rearrangement of a cyclopropene. The individual reactions
involved in our preparation of iridabenzefe(i.e., addition of
carbon nucleophiles to low-valent metals and metgclopropene
rearrangements) are commonly used in conjunction with numerous
transition metald:3>-%912 For this reason, we are currently at-
tempting to extend the methodology described to prepare met-
allabenzenes incorporating different transition metals.
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does not coordinate witB in benzene at ambient temperature.



