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Exohedral metallofullerenes have attracted a lot of attention
concerning the effects of metal coordination on the chemical and
physical properties of & In particular, the investigation on the
Cso—metal cluster chemistry has unraveled an aspectespfa€ a
versatile, multifunctional ligand exhibiting various andz-type
bonding mode&3 Cg—metal cluster complexes have a direct
analogy to carbon nanotubes decorated by metal nanopdtticigs
exhibit very strong electronic communication betwegpa®d metal
cluster centers that can be fine-tuned with ligands attached on the
metal centerd3Furthermore, the electrochemical studies of robust
self-assembled monolayers (SAMs) based gp—Cluster com-
pounds reveal that the solution electrochemical behaviorsefsC
directly transferred to a two-dimensional surface structuBeir
efforts in this field culminate in the recent preparation of the first
bisfullerene complex with a Rftluster bridge®, which serves as a
direct model for two carbon nanotubes connected by a heteroge-
neous inorganic junction. This compound shows unusually strong
electronic communication between twgg&ages via one metal
atom bridge® Prior to our study, only weak interfullerene electronic
communications have been reported in organic-based bisfullerene
compounds, which are of considerable interest due to their potential
for future optical and electronic applicatiohsierein, we report
the preparation of a newgg-Ir, metal sandwich complex with a
novel us-ntntnn?-Ceo bonding mode and further enhancement
of the interfullerene electronic communication by inserting two

metal atoms as a bridge between twg, €ages, which act as a 014
wide channel for efficient electronic communication. _ Figure 1. (a) Molecular geometry and atomic-labeling schemelfofb)
Reaction of I5(CO)(PMe;)4® with 4 equiv of Gy in refluxing Expanded view of ligated £xings of the two G ligands.

1,2-dichlorobenzene (DCB) for 2 *hfollowed by treatment with
0.15 equiv of CNR (R= CH,CgHs) at 70°C for 2 h, afforded a two Cgo units exhibit stronger interactions with metal atoms than
new green solid. as the major product (8989.Compoundl was the outer carbon atoms, C(1, 4) and C@), as was previously
formulated as WCOY(us-CH)(PMe)2(u-PMe)(CNR)(-72.7%Ceo)- observed for OL(CO), (PPh)(u-1721%*Cso):*? Ir1—C2 =
(st n272-Ceg) 0N the basis of microanalytical and NMR spec-  2-16(1) A;Ir2-Cc3=2.17(1) A; Ir2-=C2 = 2.14(1) A; Ir1-C3 =
troscopic data as well as the following X-ray crystallographic study. 2-11(1) A; Irl-C1=2.20(1) A; Ir2-C4 = 2.19(1) A; Ir2-C1' =

The molecular structure df is shown in Figure ! Extensive  2-19(1) A; Ir1-C4 = 2.20(1) A. The other two metal atoms, Ir3
structural changes have occurred for thenetal framework and ~ @nd Ir4, bind to two carbon atoms (C5 and C6) of org @it in
ligand coordination environments. The metal framework inl ao-fashion, which is the first example (?f a nomgl—n mixed type
has a square-planar geometry, while the starting mates(@@)- uan*ty?n*Ceo bonding mode. The-interactions (Ir3-C5 =
(PMey), adopts a tetrahedral coteThe overall valence electron  2-17(1) A and Ir4-C6 = 2.19(1) A) are comparable to thetype
count is 64e forl as expected for a metal cluster compound with interactions unlike other knowsi—s mixed complexes, in which
a square-planar geometry. The, firamework is face-capped, shorter bonq distgnces are cgmmonly observe(drfoondsl.3 The
surprisingly, by a methyne unit. The two metal atoms (Ir3 and Ir4), cyclohexatriene-like €ring in the u-7%*Ceo ligand shows
each coordinated with a terminal PMégand, are bridged by a alternation in G-C bond distances (av. 1.43 and 1.51 A, respec-
PMe, moiety. Interesting structural features are observed for the tively). However, the other ging in theus-n*n*n%n*Ceo ligand
Ceo—Mmetal interactions; two adjacent metals, Irl and Ir2, bridge exhibits the 1,3-cyclohexadiene-like nature; the bond lengths,
the two Go Units via au-172,2-Ceo bonding mode. The inner carbon ~ C1—C2 (1.44(2) A) and C3C4 (1.49(2) A), are shorter than the

atoms, C(2, 3) and C(23), of the butadiene-like moieties of the ~ Other four G-C bonds (av. 1.52 A). The sums of three angles
around sphybridized C5 (33%) and C6 (333) are considerably

T Korea Advanced Institute of Science and Technology. smaller Fh.an t.hose 9f the other fo_ur carbon atom; (av)y3dith
*Korea University. sp? hybridization!* Similar protrusion of sphybridized carbons
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Figure 2. Cyclic voltammogram ofl in chlorobenzene with f-Bu)sN]-
ClO;4 as the electrolyte (scan rate 10 mV/s).

from the smooth curvature of thesgligand has been previously
observed for related—s mixed type Go—cluster complexe¥®

To address the origin of the face-capppmgCH unit, reaction
of Ir4(CO)(P(CDs)3)4 With Cgg, followed by treatment with benzyl
isocyanide, was carried out. Thg-CH signal at 15.52 is absent
in theH NMR spectrum of the formed deuterium-labeled phosphine
analogue ofl, implying that a methyl group in a PMdigand is
the source of the resultant methyne moiety by@and C-H bond
activation. Because three phosphorus atoms remaln ieaction
of stoichiometrically precise J(CO)(PMe&)s with Cgo was at-
tempted only to result in severe decompositions. Additional £Me
ligand in the starting material iCO)(PMe;)4, apparently, plays a
crucial role in the formation of.

The cyclic voltammogram (CV) df exhibits six well-separated
reversible, one-electron redox waves -al.25, —1.32, —1.66,
—1.82,—2.35,—2.58 V within the solvent cutoff window (Fig-
ure 2). Redox waves df correspond to sequential, pairwise addi-
tion of six electrons into the two g moieties to form
Ceo—Irs—Cos0~, Coo —Irs—Cs0~, Coo —Irs—Cso? ", ... and ultimately
Ceo® —Irs—Cg0® (see Figure 2). The first redox wave in each pair
in the CV is ascribed to that qi-5%1%-Cg ligand, because the
other ug-nt,ntn2n?-Ceo ligand bonded to phosphine coordinated
metal atoms would experience a higher degree of metakto-C
m-back-donation. Overall, the redox waveslddre shifted to more
negative potentials relative to thosel.19,—1.38,—1.62,—1.86,
—2.12, and-2.41 V) of the related bisfullerene complexdRBO)-
(dppm)(CNR)(uz-12,121m%Ce0)2 (2) due to the stronger metal-to-
Cso -back-bonding inl. The second redox wave in each pair in
the CV of 1 becomes increasingly separated from the first wave
(A(Ellzly E1/22) =0.07V, A(El/23, E1/24) =016V, A(Eilzs, E1/26)

communicaton as compared 20in which only one metal center
interconnects two £ cages.

In conclusion, we have prepared g€lr, metal cluster sandwich
complex1 with two metal centers bridging twog¢gunits, which
exhibits a novel-1tnt,n%1%-Cso bonding mode and an unusual
formation of aus-CH moiety. Such g—metalo complexes might
be utilized for selective functionalization ofg& Compoundl
reveals an enhanced electronic communication through a wide
channel of two metal centers for efficient electronic communication.
A detailed mechanistic study for the formationloand an inves-
tigation on its reactivity are currently under way. In addition, we
are investigating the electrochemical properties of SAMs based on
the fullerene-metal sandwich complexed @nd 2) for practical
applications of this unique family of gg—metal sandwich com-
plexes in electronic device fabrication.
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