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Novel n-Conjugated Systems: The First Silatropylium Ion
and Planar Cyclooctatetraene Annelated with Bicyclic
Frameworks and New Derivatives of Fullerene Cy,

Koichi Komatsu, Tohru Nishinaga, Yasujiro Murata, Akira Matsuura,

Yoshiteru Izukawa, and Noriyuki Kato

The first silylium ion with cyclic n-conjugation, the silatropylium ion, was prepared, which was made
possible by annelation with three bicyclo[2.2.2]octene frameworks and steric protection of the silylium-
ion center by a mesityl group. The presence of cyclic m-conjugation through the p-orbital of silicon was
confirmed by NMR measurements. The first planar cyclooctatetraene was synthesized by cuprate medi-
ated cyclotetramerization of 2,3-diiodobicyclo[2.1.1]hexene, and its structure determined by X-ray crys-
tallography. On the other hand, a thermal reaction of fullerene C¢() with phthalazine in solution af-
forded a Cgy derivative with an eight-membered-ring opening on the surface while the reaction con-
ducted in the solid state gave a novel adduct with two Cg() cages incorporated in a bicyclic framework.
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1. The First Silatropylium Ionl1l and Planar Cyclo-
octatetraenel2] Stabilized by Bicycloannelation.

The problem of generation or isolation of the silyl cat-
ion in the condensed phase has been among the central
issues of organosilicon chemistry. So far the reports on a
silylium ion having no coordination with the solvent or
counteranion are quite limited. Furthermore, there has
been no example on the silylium ion incorporated in cy-
clic m-conjugation. As one of such m-conjugated silylium
ions, the silatropylium ion is of great interest, but its pres-
ence either in solution or in gas phase has been highly
questioned from the theoretical viewpoint.

In the present study, the first silatropylium ion was
made possible by applying the annelation with rigid bi-
cyclic frameworks and the protection of the silicon atom
by the sterically demanding mesityl group.
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Thus the hydride abstraction from mesitylsilacyclo-
heptatriene 1 in CH,Cl, at low temperature successfully
afforded the silatropylium ion 2, which was confirmed
by NMR measurements. In cation 2 the 2°Si NMR signal
(8 142.9) was downfield shifted from 1 by 192.2 ppm,
and so were the 13C NMR signals for the seven-mem-
bered ring carbons. Furthermore, the down-field shift of
the 'H NMR signals of the bridgehead protons of the bi-
cyclic frameworks indicated the presence of a diamag-
netic ring current. Thus, the silatropylium ion 2 is con-
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mechanochemical reactions of fullerenes.

Scope of Research
Fundamental studies are being conducted for creation of new functional materials with novel structures and properties and
for utilization of high pressure in organic synthesis. The major subjects are: synthetic and structural studies on novel cyclic
m-systems having o-7 conjugation; synthesis of redox-active dehydroannulenes; chemical transformation of fullerene Cg(;
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sidered as a new example of a positively charged aro-
matic T-conjugated system containing silicon.

Cyclooctatetraene (COT) is known as a tub-shaped
molecule. However, annelation with a highly strained
system such as bicyclo[2.1.1]hexene (BCH) is expected
to cause planarization of the COT ring, which is of great
interest from the viewpoint of antiaromaticity and real-
ization of a novel electronic structure.

When 2,3-diiodobicyclo[2.1.1]hexene was mono-
lithiated and treated with Cul, the COT 4 annelated with
four BCH units was obtained in 21% yield together with
benzene 3 in 34% yield. The structure of novel COT 4
was determined by X-ray crystallography: 4 has a com-
pletely planar eight-membered ring with remarkable bond
alternation (1.331 A and 1.500 A with the shorter bonds
exocyclic to bicycloannelation). The planarization of the
COT ring in 4 results in elevation of a HOMO level and
reduction of HOMO-LUMO gap as shown by the long-
wavelength absorption (459 nm) and extremely low oxi-
dation potentials (E1/2(1) +0.07 V vs Fe/Fc™, Epa(2) +0.76
V). The antiaromaticity in COT 4 is greatly reduced due
to the bond alternation and also o-7 interaction.

3 4
X-ray structure of COT 4
In solution
=N
|5 Intramolecular
zN [4+4]
+ 1. [4+2]
_—

2 Ny

In solid-state

2. Thermal Reactions of Cg, with Phthalazine.[3]

The mechanochemical solid-state reaction using a
high-speed vibration milling technique has been success-
fully utilized in our group for the organic functionalization
of fullerene Cg.

In a present study, it was demonstrated that the ther-
mal reactin of Cy, with phthalazine (5) takes totally dif-
ferent courses depending on the reaction phase.

A reaction of Cg, with § in a solution phase at 255 °C,
in 1-chloronaphthalene afforded a new compound 7 with
an eight-membered-ring opening on the Cg¢ surface as a
single product in 57% yield. The structure was confirmed
by 'H and 13C NMR and MS spectroscopy. This com-
pound has 60 n-conjugated carbons with sp? hybridiza-
tion, and its magenta-colored solution exhibits an elec-
tronic spectrum which is quite similar to that of Cg itself.

On the other hand, when the reaction was conducted
in the solid state with high-speed vibration milling for 1
h and then heated at 200 °C for 2 h, a totally different
product 8 was formed in 41% yield, which had two Cg,
cages incorporated in a bicyclic framework. The struc-
ture was confirmed by 'H and 13C NMR and MS spec-
troscopy.

These reactions are supposed to take place through a
common intermediate 6, which either undergoes the in-
tramolecular rearrangement to give 7 in solution or is sub-
jected to the [4+2] cycloaddition with Cg to give 8 in the
solid state where no solvent molecules intervene.

In the dimeric compound 8 the two Cg, cages are rig-
idly held at such close ploximity with the distance of two
six-membered rings of around 3.0 A. Reflecting this, 8
readily underwent an intramolecular [2+2] cycloaddition
in solution under irradiation of the visible light to give
the dimer 9.
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