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On the basis of its expected 6π-electron aromatic system, Doering
and Knox1 proposed the tropylium ion (cycloheptatrienyl cation)
structure for the intriguing species first observed by Merling in
1891.2 The chemistry of the analogous borepins, a class of neutral
isoelectronic seven-membered rings with a boron atom in the
cycloheptatrienyl framework, constitute a substantial body of
work.3-14 Depending on the nature and degree of substitution,
borepins may adopt either a boatlike15-17 or a planar conforma-
tion.4,14,18 The aromatic nature of borepins has been extensively
investigated.4,5,10,14,18

While five-membered19-21 and six-membered22,23 gallium het-
erocycles are well-known, seven-membered heterocycles incorpo-
rating group 14,24-26 15,13,27 and 1613,27 elements have also been
examined. Surprisingly, the corresponding borepin chemistry has
not been extended to the group 13 metals. Because of the substantial
electronegativity differences between the nonmetallic boron and
the metallic gallium atoms, the experimental realization of a
“gallepin” analogue of a borepin is an intriguing synthetic endeavor.
Herein, we report the synthesis and molecular structure28 of the
first gallepin,2. Moreover, our computations provide insight into
the nature of its bonding and aromaticity.

Reaction of an appropriate stannepin with boron halides has been
a popular preparative method for borepins.7-10 As five-membered29-31

and six-membered23,32heterocycles have been synthesized utilizing
dilithio reagents, we selected the dilithio-Z-stilbenyl derivative1
as the gallepin precursor.

Compound1 was obtained as orange-red crystals in moderate
yield by reaction of 2,2′-dibromo-Z-stilbene withn-BuLi followed
by treatment with TMEDA. Reaction of1 with GaCl3 affords 2
(Scheme 1).

Computations predicted that solid-state structures of 1,4-dilithium
organometallic compounds have two carbon atoms intramolecularly
bridged by two lithium atoms33 owing to electrostatic interactions.34-36

This geometrical feature has been observed for several 1,4-dilithium
compounds34-36 and is consistent with the structure of1 (Figure

1), which displays aZ-stilbenyl unit with two lithium atoms bridging
C(1) and C(1A), forming a butterfly four-membered ring. Each
lithium atom in1 is chelated by one TMEDA unit (Li(1)‚‚‚Li(2):
2.527(8) Å). Additionally, compound1 has a mirror plane contain-
ing the lithium atoms and the midpoint of the C(7)-C(7A) bond.

Compound1 is similar to other TMEDA stabilized ortho-dilithio
biphenyl compounds that have intramolecular dimerized dilithium
butterfly cores.37,38 However, compound1 is distinct from an 1,2-
dilithio adduct of theE-stilbenyl dianion, stilbene bis(lithium
TMEDA),39 in which the two Li atoms areπ-coordinated above
and below the central ethylene fragment.34 The Li(1)-C(1) and
Li(2)-C(1) bond lengths in1 (2.157(4) and 2.158(4) Å, respec-
tively) are essentially equivalent and are comparable to those
found in [(C6H4)2O][Li(TMEDA)] 2

37 (2.166(8) Å) and [(C6H4)2S]-
[Li(TMEDA)] 2

38 (2.147(9) Å). The C(6)-C(7)-C(7A) bond angle
(139.70(12)°) in 1 substantially exceeds that expected for a sp2-
hydridized carbon atom.

The crystal structure of2 (Figure 2) displays two gallepin
moieties bridged by a TMEDA unit. The pseudotetrahedral four-
coordinate gallium atoms in2 reside 0.58 Å above and 35° out of
the C(1)‚‚‚C(6)‚‚‚C(9)‚‚‚C(10) plane. Each gallepin in2 has a
boatlike conformation (the phenyl rings tilted in one direction with
the CdC fragment and gallium atom in the opposite direction).
The C(6)-C(7)-C(8) (137.44°) and C(7)-C(8)-C(9) (137.93°)
bond angles considerably exceed the trigonal planar expected value
(120°) while the Ga(1)-C(1) (1.9476(17) Å) and Ga(1)-C(10)
(1.9477(18) Å) bond distances in2 are comparable to the distances
reported for other gallium heterocycles (1.934-2.164 Å).20,21

The geometries of2 were compared with computations on two
simpler models: 2Cl‚NMe3 and 2Cl. The B3LYP/LANL2DZ
optimized bond lengths of2Cl‚NMe3 and 2Cl (Figure 3) are in

Scheme 1

Figure 1. Molecular structure of1 (thermal ellipsoids are shown at 30%
probability levels; Hydrogen atoms omitted for clarity). Selected bond
distances (Å) and angles (deg): Li(1)-C(1), 2.158(4); Li(2)-C(1), 2.157-
(4); C(1)-Li(1)-C(1A), 100.8(3); C(1A)-Li(1)-N(2), 119.93(17); C(1A)-
Li(1)-N(1), 116.51(18).
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reasonable agreement with2 (2Cl‚NMe3, Ga-C ) 1.958 Å, Ga-
Cl ) 2.121 Å; 2Cl, Ga-C ) 1.920 Å, Ga-Cl ) 2.230 Å). The
C(7)-C(8) bond length (1.346(3) Å) in2 is marginally smaller
than those in2Cl‚NMe3 and2Cl (1.373 and 1.375 Å, respectively).
Notably, 2Cl‚NMe3 adopts a boatlike conformation, similar to2,
while 2Cl assumes a planar conformation.

Nucleus-independent chemical shifts (NICS)40 for 2Cl‚NMe3 and
2Cl were computed at the IGLO-PW91/IGLOIII level to assess
aromatic character. The sophisticated NICSπzz

41 index provides
superior ring current evaluations, since only the perpendicular (zz)
tensorπ MO contributions are included. The NICSπzz values for
the heterocyclic seven-membered rings in2Cl‚NMe3 and2Cl, -9.0
and-9.9, respectively, shows that weak adduct formation has little
effect on the ring current. However, the-15.3 NICSπzz value
computed for the unsubstituted parent gallepin (C6H6GaH) indicates
that the benzannulation in2Cl‚NMe3 and 2Cl diminishes the
aromaticity of the seven-membered rings (the phenyl rings have
NICSπzz values of -32.7 and-34.1 for 2Cl‚NMe3 and 2Cl,
respectively). This is a well-known effect of benzannulation, as
the more aromatic phenyl ring essentially “wins out” in a competi-
tion for π-electrons.42 Furthermore, the smaller NICSπzz value of
C6H6GaH (-15.3) than C6H6BH (NICSπzz ) -27.7) suggests that
gallepins arelessaromatic than borepins.

To summarize, we have prepared the first isoelectronic gallium
analogue of the iconic tropylium ion. This compound exhibits the
expected aromatic 6π-electron structure and will serve as a
benchmark for our continuing explorations of this intriguing class
of chemical compounds.
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Figure 2. Molecular structure of2 (thermal ellipsoids are shown at 30%
probability levels; Hydrogen atoms omitted for clarity). Selected bond
distances (Å) and angles (deg): Ga(1)-C(1), 1.9476(17); Ga(1)-C(10),
1.9477(18); Ga(1)-Cl(1), 2.2258(5); Ga(1)-N(1), 2.1158(15); C(1)-Ga-
(1)-C(10), 117.94(7); C(1)-Ga(1)-Cl(1), 110.47(6); C(10)-Ga(1)-Cl-
(1), 112.29(5); C(1)-Ga(1)-N(1), 104.64(6); C(10)-Ga(1)-N(1), 108.99-
(7); Cl(1)-Ga(1)-N(1), 100.79(5).

Figure 3. B3LYP/LANL2DZ optimized structures of2Cl‚NMe3 and2Cl.
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