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In the last decade, much attention has been focused on the
anions and dianions of siloles[1] and germoles,[1f, 2] which are
heavier congeners of the cyclopentadienyl anion.[3] The
degree of aromaticity of silolyl anions depends on the
substituent,[1b,f] while the germolyl anions do not show
aromaticity because the negative charge is localized on the
germanium atom.[1f, 2a,2c] In contrast, the negative charges in
the dianions of siloles and germoles are significantly delocal-
ized in the C4M (M= Si, Ge) ring and they were concluded to
be aromatic.[1d–f, 2b,2d,2e,4] The aromatic delocalization in these
dianions was evidenced by NMR studies, calculations, and X-
ray crystal structural analyses, which showed no alternation of
the C�C bonds within the ring. In contrast to the well-
investigated mono- and dianions of siloles and germoles,
neither mono- nor dianions of stannoles had been reported
before we undertook a study of such species a few years ago.
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In the course of our studies on the synthesis of tin-containing
aromatic compounds,[5] mono- and dianions of stannoles were
revealed as fascinating synthetic targets because these species
are potential intermediates for the synthesis of tin-containing
aromatic compounds. Recently, we reported the synthesis of
compound 1 by the reduction of bi(1,1’-pentaphenylstan-
nole)[6] or hexaphenylstannole with the concomitant forma-
tion of phenyllithium.[7] The dianion in 1 was characterized by
1H, 13C, and 119Sn NMR spectroscopy and chemical trapping
with methyl iodide. However, the formation of phenyllithium
prevented the isolation of 1 in a pure form as well as the
estimation of its aromaticity by using 7Li chemical shifts[4b,8]

because of the intermolecular exchange of lithium cations.
Herein, we report the isolation of compound 1 and the
crystallographic and theoretical studies of its aromaticity.

The reduction of hexaphenylstannole 2[9] with excess
lithium in ether at room temperature gave 1 and phenyl-
lithium. Refluxing the reaction mixture for 14 h completely
decomposed phenyllithium,[10] and 1was obtained as deep-red
crystals in 98% yield (Scheme 1).

The structure of 1 was determined by X-ray analysis. As
shown in Figure 1, two lithium atoms lie above and below the
stannole ring. Each lithium atom is coordinated to the
stannole ring in an h5 fashion and is also coordinated to an
ether molecule. Each unit molecule of 1 contains a benzene
molecule in a unit cell. h5-Bonded lithium atoms were also
found in the lithium salts of the dianions of tetraphenylger-

mole[2d] and tetramethylsilole.[1e,f] The C2�C3 bond signifi-
cantly shortens to 1.442(5) ; from 1.511(6) ; in 2.[9b] On the
contrary, the C1�C2 and C3�C4 bonds significantly lengthen
to 1.422(6) and 1.446(6) ;, respectively, from 1.352 ; in 2.[9b]

The stannole ring is almost planar and the C�C distances
within the ring are nearly equal, ranging from 1.422(6) to
1.446(6) ;, which suggests a considerable aromatic character
of dianion in 1.

To aid in understanding the structure of 1, the geometry of
unsolvated 1 was optimized with the hybrid density functional
theory at the B3LYP[11] level by using Huzinaga@s (433321/
43321/421; DZP) basis set and a polarization d function (x=
0.183) for Sn[12] and 6-31G(d) for C,[13, 14] H,[15] and Li.[14, 16,17]

Two different dilithio complexes were found to be minima
(Figure 2). One of these (1a), which corresponds closely to

the X-ray crystal structure, is of C2 symmetry with both
lithium atoms h5-coordinated to the aromatic ring. The other
structure (1b) is of C1 symmetry with one lithium atom
bonded to the tin atom and the other bonded in an h5 fashion
to the ring. The structure 1a was calculated to be more stable
than 1b by 20 kcalmol�1. The calculated C�C distances within
the ring of 1a are nearly equal (1.436 and 1.471 ;), which
suggests a considerable aromatic delocalization of the neg-
ative charges in 1a. The calculated structure of 1a is in good
agreement with the X-ray crystal structure of 1 (Figure 1).
According to the natural population analysis, the a carbon
atoms are considerably negatively charged (�0.713) in 1a.
This finding suggests the large contribution of a resonance
form with stannylene character, as indicated in dianions of
siloles and germoles, although the natural population analyses
of these dianions were not reported. The b carbon atoms are
also negatively charged (�0.273) in 1a, whereas the a

(�0.415) and b (�0.030) carbon atoms of 2 are less negatively
charged than those of 1a, which suggests a considerable
delocalization of negative charges into the stannole ring.

The NMR spectroscopic analysis of 1 was also carried out.
The 119Sn signal for 1 (d= 163.3) appeared at a lower field
than that for 2 (d=�88 ppm in CDCl3), which reflects the
strong contribution of a resonance form with stannylene
character in 1 consistent with the natural population analysis
of 1a. The central tin atom of the isolobal diaminostannylene
3 (Scheme2) is known to resonate at about d= 240 ppm.[18]

However, the 13C NMR signal assignable to the a carbon
atom in the five-membered ring (d= 187 ppm) was observed
at a lower field than that for 2 (d= 143 ppm in CDCl3). This
result is contrary to the low-frequency resonance predicted by
the natural population analysis and the major resonance
contribution. The signal arising from the b carbon atom in the

Scheme 1. Synthesis of stannole dianion 1 by the reduction of hexa-
phenylstannole 2.

Figure 1. ORTEP drawing of 1 with thermal ellipsoid plots (40% proba-
bility for non-hydrogen atoms). All hydrogen atoms and a benzene
molecule are omitted for clarity. Selected bond lengths [C] and angles
[8]: Sn1-C1 2.179(4), C1-C2 1.422(6), C2-C3 1.442(5), C3-C4 1.446(6),
C4-Sn1 2.133(4), Sn1-Li1 2.758(8), Sn1-Li2 2.769(8); C1-Sn1-C4
77.43(15).

Figure 2. Geometry optimization and relative energies of 1a and b.
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five-membered ring appeared at a higher field than that for 2
(d= 133 vs. 155 ppm).

The observed values of 1 are in good agreement with the
calculated values of d= 207 and 138 ppm, respectively
(Table 1).[19] The high-frequency resonance of the a carbon

atom could be explained by the paramagnetic contribution of
a tin–carbon bond.[20] The 7Li NMR signal attributable to 1
was observed at d=�4.36 ppm; the calculation predicted d=

�6.30 ppm (Table 1). This appreciable low-frequency reso-
nance is evidently caused by the strong shielding effect of the
diatropic ring current resulting from the 6p-electron system,
and hence the stannole dianion in 1 is concluded to have
considerable aromatic character.[4b,8]

The nucleus-independent chemical shift (NICS) value of
d=�5.96 ppm[19] calculated at 1.0 ; above the ring (non-
weighted mean of the heavy-atom coordinate) of non-lithium-
coordinated 4 also suggests that the stannole dianion in 1
should be aromatic (Table 2).[21] The origin of the aromaticity

of 1 could be reasonably interpreted in terms of the
delocalization of negative charges of the tin out-of-plane
p orbital into the LUMO of the butadiene moiety
(Figure 3).[22] However, the degree of aromaticity of 1 is
smaller than those of the germanium and silicon analogues,
judging from the NICS(1) values of non-lithium-coordinated
dianions 4–6 (Table 2).

In summary, the lithium salt 1 of a stannole dianion was
isolated and characterized by NMR and X-ray crystal
structural studies, and the related calculations were carried
out. The stannole dianion has a planar structure with almost
equal C�C distances within the ring, and hence the negative

charges considerably are delocalized in the ring. The strong
low-frequency resonance arising from the diatropic ring
current from the 6p-electron system was observed by
7Li NMR spectroscopy. Compound 1 is concluded to be the
first tin-containing carbocyclic aromatic compound.

Experimental Section
Synthesis of 1: Ether (10 mL) was added to a mixture of 2 (971 mg,
1.54 mmol) and lithium (103 mg, 14.8 mmol), and the resulting
suspension was refluxed for 17 h. Insoluble materials were removed
by filtration, and the filtrate was concentrated in a glove box. The
residue was washed with hexane to give 1 (741 mg, 98%); 1H NMR
(400 MHz, Et2O/C6D6): d= 6.61–6.68 (m, 4H), 6.75–6.82 (m, 12H),
6.88–6.93 ppm (m, 4H); 13C NMR (101 MHz, Et2O/C6D6): d= 121.90
(d), 124.09 (d), 127.17 (d), 127.21 (d), 128.43 (d), 132.64 (d), 133.46 (s,
J(Sn,C)= 29 Hz), 144.18 (s, J(Sn,C)= 14 Hz), 150.57 (s, J(Sn,C)=
34 Hz), 187.68 ppm (s, J(Sn,C)= 375, 393 Hz); 119Sn NMR
(149 MHz, Et2O/C6D6): d= 163.3 ppm; 7Li NMR (156 MHz, Et2O/
C6D6): d=�4.36 ppm. An elemental analysis and the measurement of
the melting point of 1 could not be carried out because of its
extremely high reactivity toward water.

Crystal data for 1: Crystals suitable for X-ray diffraction were
obtained by slow evaporation of the solvent from a solution of 1 in
ether performed in a glove box. The crystal was mounted in a glass
capillary. Data for the X-ray crystallographic analysis were collected
on Mac Science DIP3000 diffractometers with MoKa radiation (l=
0.71073 ;) at 298 K. The structure was solved by direct methods by
using SIR[23] and refined with full-matrix least-squares procedures on
F2 (SHELXL-97).[24] The non-hydrogen atoms were refined aniso-
tropically except for the disordered carbon atoms (see below), and all
the hydrogen atoms were placed at calculated positions (d(C-H)=
0.96 ;). Disorder around one of the ether molecules was found. The
occupancies of the disordered ether carbon atoms were fixed as
0.50:0.50 and the corresponding hydrogen atoms were not placed.
Formula C36H35Li2O2Sn, C6H6, Mr= 710.34, crystal dimension 0.40 I
0.40 I 0.20 mm3, triclinic, space group P1̄, Z= 2, a= 10.8280(6), b=
13.3290(7), c= 15.2920(10) ;, a= 104.449(3), b= 94.865(3), g=
113.249(3)8, V= 1921.6(2) ;3, 1calcd= 1.228 gcm�3, R1= 0.057 (I>
2s(I), 5247 reflections), wR2= 0.169 (for all reflections) for 6519
reflections and 423 parameters, GOF= 1.146. CCDC-271622 contains
the supplementary crystallographic data for this paper. These data
can be obtained free of charge from the Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Scheme 2. Mesomeric forms of diaminostannylene 3.

Table 1: Calculated and measured chemical shifts for 1.

Ca Cb Li

Calculated 206.69 138.15 �6.30
Experimental 187.68 133.46 �4.36

Table 2: NICS(1) calculation for 4–6.

Compound NICS(1)/ppm

�5.96

�6.26

�6.30

Figure 3. Orbital correlation between butadiene and tin dianion
moieties.
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