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Dibenzodehydro[16]annulenes containing silicon–silicon
and germanium–germanium � bonds were newly prepared, and
their structures were established by spectroscopic methods and
X-ray diffraction analysis. On the photolysis, these sila- and
germa-cycles evolve the corresponding divalent species, silylene
and germylene, respectively, and in addition, the germanes led to
the ring contraction to give a fourteen-membered germacycle.

The electronic structure and properties of macrocyclic con-
jugated �-electron systems (annulenes) have been extensively
studied and have been the subject of current interest.1 New annu-
lenes containing the � bond of group 14-element catenates,
which is known to be as reactive as that of the corresponding
C=C � bond,2 are interesting research targets in view of annu-
lene, group 14-element chemistry, and new materials. While
the chemistry of ethynylene polysilanes has been studied by
Sakurai and co-workers,3–5 there have been few reports on ger-
manium analogs.5 We wish to report herein the syntheses and
their structures of 1,2,9,10-tetrametalladehydro[16]annulenes
(1,1,2,2,9,9,10,10-octaalkyl-1,2,9,10-tetrametalla-5,6,13,14-di-
benzocyclohexadeca-3,7,11,15-tetrayne (1: E = Si, R = Me; 2:
E = Ge, R = Me: a, R = iPro: b). The photolysis of 1 and 2 led
to the ring contraction accompanied by the generation of diva-
lent species (silylenes and germylenes). The divalent species
formed were identified with appropriate trapping experiments
and laser flash photolysis.

Compounds 1 and 2 were obtained by the treatment of 1,2-
bis(2-lithioethynyl)benzene with the corresponding 1,2-dichlo-
rodisilane and 1,2-dichlorodigermanes, respectively (eq 1). Typ-
ically, to a solution of 1,2-diethynylbenzene (28.2mmol) in
Et2O (40mL) was added BuLi (27.6mmol) in Et2O at �70 �C
under argon. The reddish orange solution was stirred for addi-
tional 1 h. To the solution, 1,1,2,2-tetramethyl-1,2-dichloro-

1,2-digermane (27.2mmol) was added, and then, the mixture
was warmed to room temperature over a period of 10 h with stir-
ring. The reaction mixture was hydrolyzed, extracted with ether,
and then dried over sodium sulfate. Removal of the volatile com-
ponents in vacuo gave 2a as colorless solids in 3.0% isolated
yield. At the same time, considerable amounts of unidentified
cyclic and linear oligomers were also detected in the residue.
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The compound 2a6 was recrystallized from hexane and
characterized by spectroscopic methods coupled with X-ray
diffraction analysis.

Dibenzodehydro[1]annulenes, 17 and 2b,8 were prepared
similarly by the reaction of 1,2-(diethynyllithio)benzene with
1,1,2,2-tetramethyl-1,2-dichloro-1,2-disilane and 1,1,2,2-tetra-
isopropyl-1,2-dichloro-1,2-digermane in 9.0 and 7.0% isolated
yields, respectively. Figure 1 shows molecular structures of 1
and 2a determined by X-ray crystallography. Compounds, 1
and 2a, have chair-like geometries where the aromatic rings
adopt anti-configuration each other as shown.

The average bond distances of C(sp)–C(sp), Si–C(sp), and
Si–Si of 1 are 1.23, 1.84, and 2.35 Å, respectively. These bond
distances obtained are normal for cyclic organosilicon com-
pounds having ethynylene units.9 In sixteen-membered silacycle
1, the averages of C(sp)–Si–Si and C(sp)–C(sp)–Si bond angles
are 108.2 and 175.1�, respectively. On the other hand, in germa-
nium compound 2a, the average bond distances of C(sp)–C(sp),
Ge–C(sp), and Ge–Ge are 1.21, 1.92, and 2.42 Å, respectively.
The averages of C(sp)–Ge–Ge and C(sp)–C(sp)–Ge bond angles
are 106.3 and 171.3�, respectively.

These sixteen-membered ring compounds 1 and 2a show
UV maxima (�max) at 258 nm (": 8:0� 104 M�1 cm�1) and
254 nm (": 8:0� 104 M�1 cm�1), respectively.10 In comparison
with that of 3 (�max 241 nm, " ¼ 9:0� 104 M�1 cm�1), the large
bathochromic shift observed indicates appreciable electronic in-
teraction between these ethynylene units through the � (metal–
metal) bonds. Interestingly, the � (metal–metal) and the verticalFigure 1. Molecular structures of 1 and 2a.
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� (C=C) orbitals are well located for �–� conjugation albeit in
solids as shown in the figure. Theses results may be due to �
(metal–metal)–� (C–C) conjugation interaction in contrast with
that of 1,2-diethynylbenzene.

Preliminary examination of thermal and photochemical
properties of 1 and 2a revealed that both were stable on pro-
longed heating at 150 �C, but silacycle 1 was labile on UV irra-
diation, and in fact the irradiation of 1with 110-Wmedium-pres-
sure Hg arc lamp at room temperature for 30min under argon in
cyclohexane (ca. 0.05M) gave unidentified complex mixtures
(81% conversion yield), whereas in similar photolysis of 1 in
the presence of 2,3-dimethylbuta-1,3-diene, only a small amount
of 1,1,3,4-tetramethyl-1-silacyclopenta-3-ene11 was formed and
detected with GC and GC-MS spectra (>10% yield) along with
complex reaction mixture. So, the laser flash photolysis12 of 1
was attempted to clarify the mechanism of silylene generation,
but any clear transient signal was not observed around 420–
430 nm being assigned to that due to the silylene.13

On the other hand, similar irradiation of 2a in cyclohexane
with the Hg arc lamp underwent the ring contraction to give
fourteen-membered germacycle 314 (20% yield) together with
a small amount of unreacted 2a (85% conversion yield). The for-
mation of 3 is indicative of the generation of dimethylgermylene
during the photolysis. Actually, dimethylgermylene generated
was trapped with 2,3-dimethylbuta-1.3-diene, a germylene-trap-
ping reagent, to give 1,1,3,4-tetramethyl-1-germacyclopenta-
3-ene15 in low yields (ca. 30% yield). At the same time, the
germylene reacted with the dissolved oxygen to form 1,3,5-
trioxacyclohexatrigermane (ca. 10% yield)16 Accord with those
results obtained, laser flash photolysis of 2a in cyclohexane gave
a weak transient absorption around 420–430 nm and is reasona-
bly assigned to that of the germylene from the comparison of its
spectral characteristics reported.17
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In summary, we have newly prepared dibenzode-
hydro[16]annulenes 1 and 2 containing E–E � bonds (E = Si
and Ge). The electronic perturbation to the annulene due to the
�–� conjugation is not large but significant. The UV photolysis
of the silicon and germanium compounds led ineffectively to the
ring contraction with the formation of silylenes and germylenes,
respectively.

We thank Prof. M. Wakasa and Mr. M. Gohdo of Saitama
University for measuring laser flash photolysis of 1 and 2a.
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13:0790ð12Þ Å, � ¼ 106:735�, � ¼ 98:573ð5Þ�, � ¼ 98:585ð6Þ�,
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