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Scope of Research
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Organic chemistry has mainly developed with the use of second-row
elements such as carbon, oxygen, and nitrogen, while the synthesis
and isolation of the heavier congeners of typical organic molecules as
stable compounds has been a dream for organic chemists. Our main
research interest is the elucidation of the similarities and differenc-
es in structures and reactivities between organic compounds and the
corresponding heavier congeners. These studies are interesting and
important from the standpoints of fundamental chemistry, and open
the way to more extensive application of main group chemistry.
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Reactions of Diaryldigermynes with Ethylene
and Acetylene

Recently, divalent or multiple-bonded compounds
of heavier group 14 eclements have
received much attention as potential
transition metal-free catalysts. We
have investigated the reactivity of R
stable Ge—Ge triple-bond compounds,
digermynes, with small molecules and
reported their unique and transition
metal-free transformations with eth-
ylene and acetylene.

Reaction of the digermyne BbtGe=GeBbt (1a, Bbt =
2,6-[CH(SiMe;),],-4-[C(SiMes);]-CsH,) with ethylene ini-
tially afforded the corresponding 1,2-digermacyclobutene
2. Depending on the reaction conditions applied, further
reaction of 2 with ethylene furnished two different reaction
products: 1,4-digermabicyclo[2.2.0]hexane 3 or a bis(ger-
miranyl)ethane 4. Combined experimental and theoretical
results suggested that 3 and 4 are the thermodynamic and
kinetic reaction products, respectively.

SiMe,
MeSi

MesSi
SiMEg
Bbt: R = SiMe,
Tbb: R = CMe;
| ———

> chede,
Bbt Bba

1a 2 3

i |

Bot ~Ge=

G~ gy —F-Bbt—ﬁ:nla-f}e-ﬂb'l

product

i )
o e Ge kinatic
Ga ™ "Bbt product
4

Figure 1. Reactions of digermyne 1a with ethylene.
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Figure 2. Reaction of digermyne 1b with acetylene and the structure of §
(overhead and side views).

The reaction of the digermyne TbbGe=GeTbb (1b, Tbb
= 4-t-Bu-2,6-[CH(SiMe;),].-C¢H,) with two equivalents of
acetylene gave the 1,2-digermabenzene 5 as a stable, crys-
talline compound via a formal [2 + 2 + 2] reaction. The
[Ge,C,4] ring of 5 exhibited a nonplanar structure, wherein
six m electrons are partially delocalized. Despite its non-pla-
nar structure, theoretical calculations suggested aromaticity
for 5, comparable to that of 1,2-disilabenzenes.

Formation of an Alumacyclononatetraene by
Insertion of Two Alkyne Molecules into the
Al-C Bonds of an Alumacyclopentadiene

The reaction of heteroles with compounds contain-
ing carbon—carbon multiple bonds, such as alkynes, is
a useful method to construct new heterocyclic skele-
tons with specific structures and properties. Treatment
of 1-bromo-2,3,4,5-tetracthylalumole (6) with 3-hexyne
afforded the corresponding ring-expansion product 1-bro-
mo-1-alumacyclonona-2,4,6,8-tetraene (7), accompanied
by the formation of hexaethylbenzene. Compound 6
is, to our knowledge, the first example of structurally
characterized, stable group 13 element—containing cyclo-
nonatetraene derivative. The AlCs nine-membered ring of
6 exhibited a highly twisted, nearly C,-symmetric structure
both in the crystalline state and in solution. Deuterium-
labeling experiments and DFT calculations on the reaction
of 6 with 3-hexyne suggested that 1-bromo-1-alumacyclo-
hepta-2,4,6-triene (8), which is formed by the insertion of
one molecule of 1-hexyne into the Al-C bond of alumole
6, is the key intermediate for the generation of 7 as well as
hexaethylbenzene.
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Figure 3. Reaction of bromoalumole 6 with 3-hexyne.
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