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Reaction of tert-butylchloride with the stannole dianion
first and simply prepared by the reduction of 1,1,2,3,4,5-hexa-
phenylstannole with lithium in ether gave 1-tert-butylstannole
anion which was characterized by 1H, 13C, 119Sn, and 7Li
NMR spectra and whose reactivities were investigated.

Recently, much attention has been focused on the anions
and dianions of siloles1 and germoles,1f,2 heavier congeners of
the cyclopentadienyl anion.3 The structural and chemical prop-
erties of these species are of interest because these species
having a novel �-electron system may possess some degree
of aromaticity as predicted by theoretical calculations.4 The de-
gree of aromaticity of silolyl anions depends on the substituent

on the silicon,1b,1f while the germolyl anions do not show aro-
maticity because the negative charge localizes on the germa-

nium.1f,2a,2c On the contrary, the negative charges in the di-
anions of siloles and germoles significantly delocalize in the
C4M (M = Si, Ge) ring.1d–f,2b,d,e In contrast to the well-investi-
gated mono- and dianions of siloles and germoles, neither
mono- nor dianions of stannole had been reported before our
project to investigate stannole mono- and dianions started. In
the course of our studies on tin-containing compounds with a
unique structure,5 we have already reported the first formation
of stable stannole mono- and dianions by the reduction of the
novel bi(1,1-stannole) 1 (Scheme 1).6 The intermediary stannole
anion 2 which was observed by 119Sn NMR spectrum and chem-
ically trapped by methyl iodide was easily reduced to the corre-
sponding dianion 3 in the reaction conditions with the formation
of phenyllithium. Reductive elimination of a phenyl group of 2
to form 3 prompted us to investigate the method for the prepa-
ration of the stannole dianion 3 by the reduction of simple stan-
noles having a phenyl group on tin and the formation of a stan-
nole anion by alkylation of 3. We report herein the alkylation of
stannole dianion 3 to afford a novel stannole anion which was
characterized by 1H, 13C, 119Sn, and 7Li NMR spectra. A simple
method for the synthesis of stannole dianion 3 from 1,1,2,3,4,5-
hexaphenylstannole 47 is also reported.

Reaction of 4 with lithium (excess) in ether at room temper-
ature gave a deep red solution suggesting the formation of
anionic species. By treatment of the reaction mixture with meth-
yl iodide, 1,1-dimethylstannole 5 was obtained in 61% yield as
a sole product suggesting the formation of stannole dianion 3
directly from 4 through reduction (Scheme 2).

Monitoring the reaction of 4 with lithium by NMR in ether–

C6D6 showed only the signals assignable to 38 and phenyllithi-
um.9,10 However, the signal assignable to the stannole anion 2, a
possible intermediate to 3, was not observed. Although all the
signals of 1H and 13C NMR spectra of 3 in ether–C6D6 do
not appear in the same field as those in THF–C6D6 reported pre-
viously,6 probably due to solvent dependency, a characteristic
low-fielded signal (187.6 ppm) in 13C NMR with a large tin–
carbon coupling constant of about 380 Hz is assignable to the
�-carbon of 3. The 119Sn NMR signal appeared as a broad sig-
nal at 131.3 ppm in ether–C6D6, upfield-shifted compared to
that (186.7 ppm) in THF–C6D6,

6 although the reason for the up-
field-shift in ether is still unclear. In the 7Li NMR, a single res-
onance was observed at �1:3 ppm, suggesting the rapid inter-
molecular exchange of lithium cations between 3 and
phenyllithium (1.4 ppm in THF–C6D6).

To synthesize a stannole anion from the dianion 3, the alky-
lation of 3 was studied. Since the reaction of 3 with methyl io-
dide gave dimethylated compound 5, tert-butyl chloride was
chosen as a bulkier alkylating reagent than methyl iodide. When
tert-butyl chloride was added to an ether solution of 3 at room
temperature, the color of the solution turned from deep red to
bright red. By the treatment of the reaction mixture with methyl
iodide, 1-tert-butyl-1-methylstannole 711 was obtained in 55%
yield suggesting the formation of stannole anion 6 by alkylation
of 3 (Scheme 3). The formation of 6 from 3 was reasonably ex-
plained in terms of electron transfer mechanism, as observed in
the reaction of a tributylstannyl anion with tert-butyl halides.12

The reaction of 3 with of tert-butyl chloride followed by expo-
sure of the reaction mixture to the air without treatment of
methyl iodide gave bi(1,1-stannole) 813 in 27% yield. Since a
silyl anion is known to oxidize by NOþ to a silyl radical,14

the formation of 8 is reasonably interpreted in terms of dimeri-
zation of 1-tert-butylstannole radical resulting from air oxida-
tion of 6.

Monitoring the reaction of 3 with tert-butyl chloride by
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NMR was also carried out. In 119Sn NMR there appeared only
one signal for stannole anion 615 at 30.4 ppm with the complete
disappearance of the signal for 3. In 13C NMR a characteristic
low-fielded signal (170.66 ppm) with a large tin–carbon cou-
pling constant of about 113Hz assignable to the �-carbon in
6 was observed. In 7Li NMR a single resonance was observed
at 0.92 ppm, suggesting the the rapid intermolecular exchange
of lithium cations between 6 and lithium chloride.

In summary, stannole dianion 3 was synthesized by reduc-
tion of 1,1,2,3,4,5-hexaphenylstannole 4 with lithium. This is a
convenient method for the synthesis of stannole dianion 3 be-
cause 47 is easily prepared. Reaction of 3 with tert-butyl chlo-
ride gave stannole anion 6, a tin-analogue of cyclopetadienyl
anion. The anion 6 was characterized by 1H, 13C, 119Sn, and
7Li NMR spectra. Further investigation on aromaticity of 6 is
currently in progress.
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