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Z-Tribenzo[c,g,k]-1,2,5,6-tetradehydro[ 12]annulene, a Concave n-Electron System
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Synthesis of Z-tribenzo[c,g,k]-1,2,5,6-tetradedydro[12]-
annulene 1 has been carried out in a good total yield. The
Bergman reaction of the closely situated acetylene bonds in the
endiyne structure of 1 and the reaction of 1 with AuCl produced
the corresponding cyclization products.

Concave and bowl-shaped n-conjugated hydrocarbons
attract current interest, because of host/guest interactions,! self-
assembly,? formation of metal complexes,® and biological
activities in some cases.* In order to reduce the molecular
strain, Z-tribenzo[c,g,k]-1,2,5,6-tetradedydro[ 12]annulene 1
possesses a concave n-framework, and hence the two acetylene
linkages are located so close together that their electron clouds
begin to overlap. Therefore, 1 can be expected to show inter-
esting chemical behavior. We now report the synthesis of 1
and the reactivities of its acetylenic bonds.
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Figure 1. Z-tribenzo[c,g,k]tetradedydro[12]annulene 1.

The synthesis of 1 was carried out according to the reac-
tion sequence outlined in Scheme 1. The Sonogashira coupling
of o-diiodobenzene 3 with 2 (2 equiv) in refluxing Et;N for 1 h
gave the dialdehyde 4 (81%).5 The intramolecular pinacol cou-
pling of 4 with a low valent vanadium complex®’ generated
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a, Pd(PPhg),, Cul, EtaN; b, VClj(thf)s, Zn, CH,Cly, DMF, 1t; ¢, TCDI
(thiocarbonyldiimidazole), toluene, reflux; d, DMPD (1,3-dimethyl-
2-phenyl-1,3,2-diazaphospholidine), benzene, reflux.

Scheme 1. Synthesis of 1.

from VCI4(THF); and Zn in CH,Cl,-DMF at room temperature
produced selectively the erythro-5 (59%) together with a small
amount of the threo-isomer (3.4%). The reaction of 5 with
TCDI (1,1'-thiocarbonyldiimidazole) in refluxing toluene for 27
h afforded the thionocarbonate 6 (80%), which, on treatment
with DMPD (1,3-dimethyl-2-phenyl-1,3,2-diazaphospholidine)’
in refluxing benzene for 14 h, produced the desired [12]annu-
lene 1in 77% yield.
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Figure 2. Crystal structure of 1. a) The top view. b) The side view.

Although the [12]annulene 1 was expected to hold a fairly
large strain energy, 1 proved to be a thermally stable com-
pound. Recrystallization of 1 from CH,Cl,—isopropyl ether
gave single crystals, and the crystal structure has been deter-
mined by the X-ray diffraction method.® The crystal lattice
contains two crystallographically independent molecules,
which are found to have essentially the same structure. As
shown in Fig. 2, 1 has an approximate C, symmetry, and the Z-
double bond in 1 rises up from the molecular plane to form a
cage structure. Interestingly, the intramolecular Cg,-Cg, dis-
tances of C2--C5 (2.77 A) and C1--C6 (3.57 A) are definitely
shorter than those (2.85 and 4.05 A) of tribenzohexadehy-
dro[12]annulene 7° and those (2.87 and 4.11 A) of 1,2-
diethynylbenzene 8,° respectively (Figure 3). It is worth noting
that the averaged distance between the Z-olefinic and acetylenic
carbons is 2.88 A which is 15% shorter than the sum of van der
Waals radii, and the C—C bond formation can be expected for
the olefinic (C10 and C9) and acetylenic (C1 and C6) carbons.
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Figure 3.

Recently, thermal and photochemical Bergman reactions
have been investigated extensively.*1% Since 1 has closely situ-
ated acetylenic bonds in the endiyne structure, a ready Bergman
cyclization can be expected. Therefore, we attempted thermal
and photochemical Bergman reactions (Scheme 2). The irradi-
ation of 1 under a high-pressure mercury lamp in benzene at
room temperature produced 9 as the sole product in 93% yield,
and 9 was stable under photolysis conditions.!? In contrast, the
reaction of 1 in o-dichlorobenzene in the presence of 1,4-cyclo-
hexadiene (50 equiv) at 250 °C for 96 h afforded the desired
product 11 in 52% yield, together with 4% of 9, and 43% of 1
was recovered. The low reactivity of 1 for the Bergman
cyclization may be due to the difficulty to form the strained
diradical intermediate 10.
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a, hv (>310 nm), benzene, 1, 7.5 h ; b, 1,4-cyclohexadiene,
0'CsH4C|2, 250 °C.
Scheme 2.

In order to examine the formation of metal complexes, we
attempted the synthesis of gold(l), silver(l), and copper(l) com-
plexes. Although no complex formation of 1 with AgOTf and
CuOTT was observed in solutions, the reaction of 1 with AuCI*?
in CHCI; proceeded smoothly to form the corresponding
cyclization products 12, 13, and 14 in 35, 25, and 14% yields,
respectively (Scheme 3). The formation of 12, 13, and 14 indi-
cates the reaction of the olefinic (C10 and C9) and acetylenic
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(C1 and C6) carbons.®® Interestingly, a solution of 14 in CHClI,
shows an intense deep blue color corresponding to the electron-
ic absorption of A, 570 nm.
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