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1,4,9,12-Tetrakis(trimethylsilyl)dibenzodehydro[12]annulene
(3) was synthesized by the Eglinton coupling reaction in a good
yield. In contrast to parent dibenzodehydro[12]annulene, 3 has
extremely high thermal and chemical stability, probably due to
the steric protection of the annulene ring by bulky trimethylsilyl
substituents on benzene.

Much attention has been focused on the electronic structure
and properties of macrocyclic conjugated m-electron systems
(annulenes).! Among annulenes, dibenzodehydro[12]annulene
(1) is unique because it has distorted acetylenic bonds and shows
remarkably red-shifted fluorescence at A, 532 nm.? Incorpora-
tion of the 77 system of 1 having unique photophysical properties
into functional materials is an interesting research target. How-
ever, parent dibenzodehydroannulene 1 is unstable both thermal-
ly and chemically; 1 polymerizes upon heating and irradiation
and reacts with various reagents. While a number of studies have
shown that not only 1 but also its derivatives are too unstable to
be applied to functional materials,>* introduction of four butyl
groups into the benzene rings of 1 giving 2 stabilizes remarkably
the cyclic 71 system due to avoided intermolecular interaction
between the diyne units.>* We wish to report herein the synthe-
sis and remarkable thermal and chemical stability of trimethyl-
silyl-substituted dibenzodehydro[12]annulene 3 (Chart 1).

The Eglinton coupling was applied for the synthesis of 3
(eq 1). To a mixture of pyridine (150 mL), methanol (150 mL),
diethyl ether (26 mL), and cuprous acetate mono hydrate
(5.1g, 26 mmol) was added 2,3-diethynyl-1,4-bis(trimethyl-
silyl)benzene’ (4, 250 mg, 0.92 mmol) in a mixture of pyridine
(50mL) and methanol (50mL) over 2h, and then the mixture
was stirred at 65°C for 8 h. The reaction mixture was hydro-
lyzed, extracted with ether, and then dried over sodium sulfate.
Removal of volatile materials in vacuo gave yellow solids of 3%
almost quantitatively. Recrystallization from a methanol/tetra-
hydrofuran mixture gave yellow crystals of 3 (600mg, 1.1
mmol) in 61% isolated yield. No higher cyclic oligomers of 4
were detected in the reaction mixture by NMR spectroscopy,
whereas a similar Eglinton-type coupling of 1,2-diethynylben-
zene has been shown to afford parent dibenzodehydro[12]-
annulene 1 in 58% together with trimeric and tetrameric cyclic
annulenes in 20% yied (eq 2).%
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Figure 1 shows molecular structure of 3 determined by
X-ray crystallography.” Structural parameters of 3 are similar
to those of 1 reported by Bunz and Enkelmann.?® The distances
of C13-C17 and C16—C20 of 3 are smaller than the correspond-
ing distances for 1 probably due to the buttressing effect of
trimethylsilyl substituents in 3; the distances (C13-C17/C16—
C20) for 3 and 1 are 2.703A/2.682 A and 2.734 A/2.735A,
respectively. Highly selective formation of 3 may be ascribed
to the buttressing effect making the formation of higher cyclic
oligomers of 3 unfavorable. Four trimethylsilyl groups of 3
effectively protect dehydroannulene ring from intermolecular
7T contact between two annulene planes rings; the shortest
distance between two annulene 77 planes in the crystal is

C14 C15

C18 C19

Figure 1. Molecular structure of 3 determined by X-ray
crystallography. Two structurally independent molecules exist
in a unit cell. Hydrogen atoms are omitted for clarity. Selected
bond lengths (A) and bond angles (°): Sil-C1 1.894(5), C2—
C13 1.435(7), C13-C14 1.198(7), C14-C15 1.383(7), C15-
Cl16 1.211(7), C16-C8 1.418(7), C3-C17 1.437(7), C17-C18
1.210(7), C18-C19 1.370(7), C19-C20 1.210(7), C20-C9
1.436(7), C1-C2-C13 123.3(5), C2-C13-C14 165.5(5), C13—
Cl14-C15 167.1(5), Cl14-C15-C16 167.4(5), C15-C16-C8
167.8(5).
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6.5 A, which is about two times as large as that of parent annu-
lene 1 (3.5 z&). In accordance with the relationship between the
distortion of polyynes and their 3C NMR chemical shifts,? the
corresponding shifts for 3 (§ 86.6 and 92.7) as well as for 1 (§
84.4 and 92.0)** are found at significantly lower fields than those
for unstrained 1,4-diphenyl-1,3-butadiyne (8 74.2 and 81.9).%°

Dibenzodehydro[12]annulene derivatives such as 1 and 2
are known to be unstable in the solid state both thermally and
photochemically.? Annulenes 1 and 2 decompose at 80 and
120°C, respectively, to give polymeric products.> Annulene 1
in the solid state decomposes under visible-light irradiation.
On the other hand, tetrasilyl-substituted annulene 3 is quite sta-
ble in the solid state; no decomposition occurs even at 300 °C or
no reaction of 3 takes place under the irradiation (Scheme 1).
The thermal stability of 3 in the solid state would be ascribed
to the larger distance between two neighboring annulene 77 sys-
tems prohibiting solid-state polymerization (vide supra).'”

Although annulene 1 reacts with iodine to give intramolec-
ular cross-linked compound in a moderate yield,*® annulene 3
does not react with iodine at all in benzene (Scheme 1). The
thermal and chemical stability of 3 in solution is ascribed to
the effective steric protection by bulky trimethylsilyl groups.

Annulene 3 in cyclohexane at room temperature shows three
absorption bands in the UV-vis region; Ap./nm (&) of these
bands are 320 (1.0 x 10°), 378 (2.7 x 10%), and 447 (8.2 x
10%), which are assigned to the HOMO — LUMO+1, HOMO
—1 — LUMO, and HOMO — LUMO transitions, respective-
ly, on the basis of the TD-B3LYP/6-31G* calculations.!! All
these bands are accompanied by the vibrational structures; the
vibrational separation of 2100 cm~' for the 320-nm band corre-
sponds to the C=C stretch, while other two bands show more
complicated vibrational structure. All these three bands of 3
are red-shifted from the corresponding bands of parent dibenzo-
dehydro[12]annulene 1, which shows the following A, /nm
(&) in cyclohexane: 303 (9.9 x 10%), 361 (4.8 x 10%), and 432
(9.0 x 10%).!9 The red-shift of 1750-1000cm™" of the band
maxima of 3 from those of 1 may be ascribed to the electronic
effects of trimethylsilyl-substituents, which are weakly elec-
tron-donating to the bonding 77 orbitals, while electron-accept-
ing to the anti-bonding 77 orbitals.'? Fluorescence spectra of 1
and 3 in cyclohexane show the band maxima at 532 and
555 nm, respectively, with the vibrational structures.!!

In summary, we have revealed that introduction of tri-
methylsilyl groups to dibenzodehydro[12]annulene increases
thermal and chemical stability of the 77 system. The electronic
perturbation to the annulene due to the trimethylsilyl substituent
is not large but significant.
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