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Summary: The reaction of equimolar quantities of 1,8-
bistrimethylstannylnaphthalene (1) and GaCl3 in toluene
yields a stannagallacycle, namely, bis(µ-1,8-naphtha-
lenediyl)(µ-chloride)methyltin(IV)chlorogallium(III) (2).
Compound 2 is insoluble in solvents of low polarity and
has been characterized by EA, MSCI, and X-ray analy-
sis. The latter revealed the existence of a folded eight-
membered dimetallacycle as well as the presence of a
chloride ligand bridging the two metals. When treated
with pyridine, formation of a soluble bis(pyridine) ad-
duct (3) occurs. Compound 3 has been characterized by
EA and 1H, 13C, and 119Sn NMR spectroscopy. As shown
by X-ray single-crystal analysis of 3, the central eight-
membered dimetallacycle of the molecule has remained
intact on going from 2 to 3. Compound 3 does not feature
a bridging chloride, and its structure is that of a Lewis
acid-Lewis base adduct in which two independent
pyridine molecules coordinate the metal centers.

Group 13 polyfunctional Lewis acids have emerged
as promising compounds for the molecular recognition
of anionic1-3 and neutral guests.4-7 Recent advances
have revealed the potential of these species to activate
organic substrates8-10 and to cocatalyze olefin polym-
erization reactions.11-13 In some cases, diboranes and
diindanes have proved useful for the construction of
supramolecular materials.14,15 In parallel, the study of

polyfunctional Lewis acids containing silicon and tin as
binding sites has led to the discovery of selective halide
receptors.16-19 Interestingly, heteronuclear systems that
combine a group 13 and a heavier group 14 element
have received only limited attention.20-23 This approach
should, however, yield polyfunctional Lewis acids whose
affinity for Lewis bases differs from that of the homo-
nuclear systems. In this paper, we report that tin-
gallium ligand exchange occurs between 1,8-bis(trime-
thylstannyl)naphthalene24 (1) and gallium trichloride
to yield a heteronuclear bifunctional Lewis acid with a
central eight-membered stannagallacycle. Organotin
reagents are often employed for the arylation, vinyla-
tion, and alkylation of boron halides.22,25-27 Such reac-
tions are not limited to boron and have been observed
on a few occasions with aluminum halides.13,28,29 To our
knowledge, however, this synthetic strategy has not
been previously applied to the preparation of organ-
ogallium species.30,31

The reaction of 1 and GaCl3 in toluene at 65 °C yields
after 4 h an insoluble crystalline compound (2) (Scheme
1) as well as Me2SnCl2 and Me3SnCl, which could be
recovered from the supernatant.32 Compound 2 is
insoluble in solvents of low polarity and readily reacts
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with polar solvents such as pyridine (vide infra). While
the CI mass spectrum of 2 allowed the detection of a
fragment corresponding to bis(1,8-naphthalenediyl)-
chlorotinchlorogallium, an X-ray analysis revealed that
2 is a stannagallacycle. While related homonuclear
dimetallacycles have been isolated on several
occasions,33-36 the formation of heteronuclear systems
such as 2 is a rare phenomenon and is limited to
mercuraindacycles.37 The mechanism of the reaction
leading to 2 is still under investigation. The formation
of tin halide species confirms, however, that ligand
exchange occurs between GaCl3 and 1.

In the crystal, 2 adopts an approximate Cs-symmetry
with a mirror plane containing the two metal centers
and the bridging chlorine atom (Figure 1).38 The two
naphthalene rings are planar within experimental error
and form a dihedral angle of 130.2°. Consequently, the

central eight-membered dimetallacycle is folded so that
the structure of 2 is reminiscent of a roof, with the
gallium, tin, and chlorine atoms sitting on the ridge.
The four-coordinate tin atom adopts a distorted tetra-
hedral geometry with an especially large C(1)-Sn(1)-
C(21) angle (125.50(9)°). A similar deviation has been
observed in the structure of the known distannacycle
7,7,14,14-tetramethyldinaphtho[1,8-bc:1′,8′-fg][1,5]-
distannocine (av 127.0°).34 The peri-carbon tin distances
Sn(1)-C(1) (2.129(2) Å) and Sn(1)-C(21) (2.122(2) Å)
are slightly shorter than those observed in 1,8-bis-
(trimethylstanny)naphthalene (av 2.16 Å).39 Due to the
presence of the bridging chlorine atom Cl(1), the gallium
center is four-coordinate and features a distorted tet-
rahedral geometry. The largest deviation from an ideal
geometry occurs in the C(8)-Ga(1)-C(28) angle (129.57-
(9)°). The tight geometrical constraints present in the
structure of 2 induce distortions of the naphthalenediyl
fragments. Especially noteworthy are the C(9)-C(1)-
Sn(1) (127.25(16)°), C(9)-C(8)-Ga(1) (127.45(16)°),
C(29)-C(21)-Sn(1) (126.63(16)°), and C(29)-C(28)-Ga-
(1) (127.54(16)°) angles, which are larger than the ideal
value of 120°. Similar distortions are encountered in the
structure of sterically hindered peri-substituted naph-
thalene systems37 such as 1,8-disilylnaphthalene40 or
1,8-bis(trimethylstannyl)naphthalene.39

To assess the ability of 2 to behave as a bifunctional
Lewis acid, 2 was treated with excess pyridine, which
resulted in the formation of a soluble adduct (3) (Scheme
1).32 The spectroscopic features of 3 suggested that the
eight-membered stannagallacycle had remained intact
on going from 2 to 3. The 1H and 13C NMR spectra of 3
revealed the existence of an unsymmetrically substi-
tuted 1,8-naphthalenediyl moiety. The presence of a tin
atom was confirmed by the detection of a 119Sn NMR
signal at -156 ppm as well as a 1H NMR signal (1.16
ppm) flanked by pairs of 117Sn/119Sn satellites. Crystals
of 3 suitable for X-ray analysis were obtained by cooling
a pyridine solution to -30 °C for a period of two weeks.38

Compound 3 does not feature a bridging chloride (Figure
2). Its structure is that of a Lewis adduct in which two
independent pyridine molecules coordinate the metal
centers. Its structure differs from that of 2 in several
features. The eight-membered dimetallcycle is twisted,
and the dihedral angle formed by the two naphthalene
rings (158.6°) is much larger than in 2. The tin center
is pentacoordinate and approaches a trigonal bipyra-
midal geometry. The equatorial sites are occupied by
the methyl group and the peri-carbon atoms. The
coordination sphere is completed by axial ligation of the
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mode, measurement range 2.06° e θ e 28.81°, 7610 unique reflections,
6223 reflections with I > 2σ(I), µ ) 1.737 mm-1. The structure was
solved by direct methods and refined by full-matrix least-squares
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Scheme 1

1 2 3
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pyridine molecule and the chloride ligand. The strongest
deviation from a trigonal bipyramidal geometry occurs
in the equatorial plane, as shown by the large C(1)-
Sn(1)-C(21) (144.26(12)°). The gallium center is four-
coordinate and departs drastically from a tetrahedral
geometry. The large C(8)-Ga(1)-C(28) angle (136.87-
(12)°) and the acute N(2)-Ga(1)-Cl(2) angle (94.53(8)°)
are especially noteworthy. As in 2, the naphthalendiyl
fragments suffer noticeable distortions (C(9)-C(1)-Sn-
(1) ) 130.8(2)°, C(9)-C(8)-Ga(1) ) 127.5(2°), C(29)-
C(21)-Sn(1) ) 130.0(2)°, and C(29)-C(28)-Ga(1) )
127.7(2)°).

It is noteworthy that gallium has rarely been incor-
porated in polyfunctional Lewis acids.41 The cyclization
reaction leading to the formation of 2 is unexpected.
Interestingly, however, Jurkschat et al. have observed
that, when treated with dimethyldichlorostannane, 1
undergoes ring-closure to yield a distannacycle.16 The
stannagallacycle 2 herein reported combines a gallium
and a tin center separated by approximately 3.2 Å. As

demonstrated by the isolation of 3, the complexation of
a base at each Lewis acidic center occurs readily.
Heteronuclear bifunctional Lewis acids containing boron
and silicon as the binding sites have already shown
unusual properties.20 Current studies are centered on
the use of 2 as a receptor for the cooperative binding of
polyatomic anions.
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Figure 1. Structure of 2 in the crystal. Selected bond
lengths (Å) and angles (deg): Sn(1)-C(40) 2.117(3), Sn-
(1)-C(1) 2.129(2), Sn(1)-C(21) 2.122(2), Sn(1)-Cl(1) 2.4571-
(6), Ga(1)-C(8) 1.966(2), Ga(1)-C(28) 1.968(2), Ga(1)-Cl(2)
2.2059(6), Ga(1)-Cl(1) 2.4645(7); C(1)-Sn(1)-C(21) 125.50-
(9), Cl(1)-Sn(1)-C(40) 106.01(10), C(8)-Ga(1)-C(28)
129.57(9), Cl(1)-Ga(1)-Cl(2) 98.03(2).

Figure 2. Structure of 3 in the crystal. Selected bond
lengths (Å) and angles (deg): Sn(1)-C(40) 2.164(3), Sn-
(1)-C(1) 2.144(3), Sn(1)-C(21) 2.137(3), Sn(1)-Cl(1)
2.45198(8), Ga(1)-C(8) 1.984(3), Ga(1)-C(28) 1.987(3),
Ga(1)-Cl(2) 2.2498(9); C(21)-Sn(1)-C(1) 144.26(12), C(21)-
Sn(1)-C(40) 108.50(13), C(1)-Sn(1)-C(40) 105.78(12), N(1)-
Sn(1)-Cl(1) 177.81(6), C(8)-Ga(1)-C(28) 136.87(12), N(2)-
Ga(1)-Cl(2) 94.53(8).
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