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Synthesis and Characterization of Dimetallostannafluorenes
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The reaction of 9,9-bis(p-methoxyphenyl)-9-stannafluorene
with lithium or potassium gave the corresponding dimetallostan-
nafluorene, as evidenced by NMR spectral analysis and a trap-
ping experiment.

For a decade there has been considerable interest in the
chemistry of anions and dianions of group 14 metalloles as heav-
ier congeners of the cyclopentadienyl anion.! Silole and germole
dianions are believed to have considerable aromatic character,
based on the X-ray crystal structures which indicated no C-C
bond alternation in each five-membered ring,> and theoretical
calculations.® After considerable work on dianions of group 14
metalloles,' attention was next paid to the effect of benzannu-
lation of metallole anions and dianions on aromaticity. The six-
membered rings in both silaindenyl and germaindenyl dianions
have a diene property, while each five-membered ring has con-
siderable aromatic character with no C—C bond alternation.*>
Both silafluorenyl and germafluorenyl dianions have also con-
siderable aromatic character as evidenced by the X-ray struc-
tures and theoretical calculations.5® In contrast to the well-in-
vestigated dianions of siloles and germoles, neither mono- nor
dianions of stannole had been reported before the start of our
project to investigate stannole mono- and dianions. Very recent-
ly, we have reported the first synthesis and characterization of
mono- and dianions of stannoles, the latter of which is the first
stannaaromatic compound.® In the course of our studies on the
effect of benzannulation of stannole dianions on aromaticity,10
we report herein the first synthesis of 9-stannafluorenyl dianions.

Reductive cleavage of the phenyl groups on the tin in the re-
duction of stannoles®®***%10 prompted us to first choose 9,9-di-
phenyl-9-stannafluorene (1a)'! as a precursor of 9-stannafluo-
renyl dianions. The reduction of 1a with lithium, however, be-
came rather complicated although the treatment of the resulting
reaction mixture with methyl iodide gave 9,9-dimethylstanna-
fluorene (2) (31%),'!? suggesting the formation of the first
9,9-dilithiostannafluorene (3a) (Scheme 1). Next was chosen
9,9-bis(p-methoxyphenyl)-9-stannafluorene (1b)!! as another
precursor of 1-stannafluorenyl dianions. Reduction of 1b with
lithium also gave 9,9-dilithiostannafluorene (3a), as evidenced
by the formation of 2 (46%)'! after the treatment of the reaction
mixture with methyl iodide. The reduction of 1b with potassium
became cleaner than that with lithium. The yield of 2 was im-
proved to be 54%,'! suggesting high efficiency of the generation
of 9,9-dipotassiostannafluorene (3b) (Scheme 1). The best meth-
od for the synthesis of 9-stannafluorenyl dianion was concluded
to be the reduction of 9,9-bis(p-methoxyphenyl)-9-stannafluo-
rene (1b) with potassium.

The reaction of 1b with excess potassium was monitored by
NMR. Compound 1b (92 mg, 0.19 mmol) and potassium (131
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Scheme 1.

mg, 3.36 mmol) were mixed in THF (2mL) in a glovebox.
The color of the solution changed to dark red. An aliquot of
the reaction solution was placed in an NMR tube with C¢Dg
for NMR lock.!3 The "?Sn NMR spectrum showed only one sig-
nal at —21.8 ppm, assignable to 9,9-dipotassiostannafluorene
(3b). The ''“Sn signal attributable to 3b appeared in lower field
than that for the starting 1b (—95.3 ppm in CDCl;), as was
observed in the stannole dianions.”!° Similar downfield shifting
was observed in the silafluorenyl dianion.” The 2°Si chemical
shift is strongly correlated with the aromaticity of silole dian-
ions. The downfield shifting of the 2°Si nuclei in silole dianions
is consistent with delocalization of the negative charges into the
silole ring, resulting in their aromatic nature. Hence, the down-
field resonance of the ''°Sn nuclei suggests that the 9,9-dipotas-
siostannafluorene (3b) also should have a considerable aromatic
character. The 'H and '*C NMR spectra were rather complicat-
ed. Some major signals were assignable to those of anisyl potas-
sium, which can be prepared from the reaction of p-bromoan-
isole with potassium, as evidenced by a separate experiment.
The 'H and '*C NMR signals due to 3b could be finally assigned
by subtracting these signals from those for the reaction mixture
as well as by the comparison to those of the silicon and germa-
nium derivatives.”® The «-carbon atom resonated at 189 ppm
with a large J(''*Sn—'3C) coupling constant of 308 Hz, similar
to those of the stannole dianions.’®!® The B-carbon in the five-
membered ring resonated at 138 ppm, slightly downfield-shifted
compared to those of the stannaindenyl dianion (136 ppm)'® and
the stannole dianion (133 ppm).”® The assignment is consistent
with the calculated values (206.2 and 141.9 ppm for «- and B-
carbon atoms, respectively; vide infra).!#!> The resonances of
the - and ,3—carb0n atoms shift downfield, as the atomic number
of the group 14 elements goes down, as were observed in the
non-benzannulated systems.>® The complete assignment of
other >*CNMR signals could not be achieved even by the aid
of theoretical calculations because of intervention of the signals
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Table 1. Theoretical calculations of 3b

_— /CSQCA C-C bond lengths/A a(Bc
7_c6
AN

\ /Cl\cz/ c2c3 1388 c? 1489

Sn c3c* 1413 c3 1200
K" K* chc5 1387 c* 1237
3b c5.ct 1422 c5 1259
cb-ct 1444 ct 1419
cb-c” 1470
Ref. 15.

due to unidentifiable decomposition products from 3b.'3 After
the solution was stored at room temperature for a few days, no
1196n NMR signal was observed and a black precipitate was
formed. The 1,1-dipotassiostannafluorene (3b) was unstable in
solution and gradually decomposed probably to metallic tin.

To aid in understanding the structure of dipotassiostanna-
fluorene, the geometry of 3b was optimized with the hybrid den-
sity functional theory at the B3LYP!6 level using Huzinaga’s
(433321/43321/421) (DZP) basis set and a polarization d-func-
tion (§ = 0.183) for Sn'” and 6-31G(d) for C,'®!° H,2° and K*!
(Table 1). The most stable complex has two potassium atoms
n3-coordinated to the planar stannole ring. The calculated C—C
distances within the stannole ring of 3b are nearly equal
(1.444 and 1.470 z&), suggesting the considerable aromatic de-
localization of the negative charges in 3b. On the contrary, the
six-membered ring has a slight alternation of the C—C bonds
(1.387-1.422 A), as was observed in sila- and germafluorenyl di-
anions.”® The more negative NICS(1) value (—8.59) of the five-
membered ring of the free stannafluorenyl dianion than that
(—7.82) of the six-membered rings also suggests the considera-
ble aromatic character of the five-membered ring.!

In summary, the first synthesis of dimetallostannafluorenes
was reported. The downfield ''?Sn resonance and theoretical cal-
culations suggest the dipotassiostannafluorene 3b should have a
considerable aromatic character, as do sila- and germafluorenyl
dianions.”?
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