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Summary: Addition of 1,12-dilithiotriphenylenediyl to
L2NiCl2 (L ) PEt3) gives the nickelacycle L2Ni(1,12-
triphenylenediyl), which decomposes to a dimer (L2-
Ni2C36H20) containing two coupled triphenylene moieties
with a new C-C bond. Thermolysis of the dimer
completes the coupling, yielding a chiral tetraphen-
ylene, while alkyne addition leads to cleavage of the
newly formed C-C bond of the dimer and cycloaddition
of the alkyne to the triphenylene fragment.

Nickel has long been known to be an active metal in
C-C bond-making and -breaking reactions.1 Pioneering
work by Eisch2-6 and Hoberg7-11 has shown that nick-
elacycles can be important species in these reactions,
and nickelacycles have continued to attract attention

in bond-making and -breaking processes.12-17 Our group
is interested in expanding nickelacycle and other met-
allacycle chemistry into polycyclic aromatic systems in
order to develop new syntheses and derivatization proce-
dures for polycyclic aromatic carbon compounds.18-20

The ready availability of 1,12-dilithiotriphenylenediyl
(1) by double deprotonation of triphenylene with n-
butyllithium/tmeda21 allows easy access to triphenylene
metallacycle chemistry. We report here the nickelacycle
chemistry of the triphenylene system involving C-C
bond formation through nickelacycle dimerization and
following dimer reaction chemistry that results in
retention or cleavage of the newly formed carbon-
carbon bond.

Treatment of L2NiCl2 (L ) PEt3) with 1 equiv of 1 at
0 °C followed by warming to room temperature gives a
brown solution from which brown crystals are isolated
(Scheme 1). Spectroscopic data (Supporting Information)
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and single-crystal X-ray crystallography22 reveal the
brown complex to be the dimer 3 (Figure 1) and not the
anticipated mononuclear nickelacycle L2Ni(1,12-triph-
enylenediyl) (2). Although no significant color change
is observed on warming the reaction mixture from 0 °C
to room temperature, NMR spectroscopic monitoring of
the brown reaction mixture reveals the initial formation
of 2 as an intermediate that decomposes with PEt3 loss
to give brown 3 (Scheme 1). A similar dimerization of
brown L2Ni(2,2′-biphenyldiyl) (4) to the green dimer 5
was reported by Eisch (eq 1).3 Dimer 5 displays some
remarkable reaction chemistry, and we were interested

in comparing this reaction chemistry with that of the
triphenylene dimer 3.

The reaction chemistry for 3 is shown in Scheme 2
and is similar to that reported for the biphenylene dimer
5, except for two important features. First, the tetraphen-
ylene derivative 7, produced in a second carbon-carbon
bond-forming step on heating 3, is chiral, as compared
to the achiral tetraphenylene obtained from the biphen-
ylene dimer 5. Compound 7 has been characterized by
single-crystal X-ray crystallography22 and, though of
poor quality, establishes the presence of the two enan-
tiomers in the crystal. One of the enantiomers is de-
picted in Scheme 2. Chiral tetraphenylenes are of inter-
est in chiral recognition and materials chemistry.23-26

Tetraphenylene synthesis commonly utilizes ill-defined
copper(II) coupling chemistry, multistep procedures, or
metal-catalyzed biphenylene coupling.24,27-30 The second
feature is the reaction of 3 with alkynes. The biphen-
ylene dimer 5 does not react with alkynes, whereas 3
readily gives the 4,5-disubstituted benzo[e]pyrenes 9 (R
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Figure 1. Drawing of 3 (30% probability ellipsoids).
Primed and unprimed atoms are related by a 2-fold axis
bisecting the Ni-Ni′ and C12-C12′ bonds. Selected dis-
tances (Å) and angles (deg): Ni1-Ni1′ ) 2.3524(8), Ni1-
C1 ) 1.929(3), Ni1′-C1 ) 2.055(3), Ni1-C12 ) 2.118(3),
Ni1-C13 ) 2.234(3), Ni1-C14 ) 2.300(3), C1-C14 )
1.452(5), C14-C13 ) 1.461(4), C13-C12 ) 1.441(4), C12-
C12′ ) 1.496(6), Ni1-P1 ) 2.2034(11); C1-Ni1-C1′ )
102.88(13), Ni1-C1-Ni1′ ) 72.31(11), Ni1-Ni1′-P1 )
157.84(4), C1-Ni1′-P1′ ) 103.80(10), C1-Ni1-P1 )
137.35(10).

Scheme 1

Scheme 2
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) Ph,22 Et). Remarkably, these products result from
carbon-carbon bond cleavage in 3 and cycloaddition of
the alkyne to the triphenylene fragment.

A clue to this difference in alkyne reactivity and the
C-C bond cleavage in 3 is seen in a comparison of the
structures of the two dimers. The structural rigidity
introduced by the added benzo groups in 3 forces a close
distance of 2.118 Å between the nickel centers and the
carbon atoms of the newly formed C-C bond (Ni1-C12
in Figure 1). The corresponding distance in the biphenyl
dimer 5 is 3.376 Å, placing the C-C bond out of reach
of the nickel centers. The close approach in 3 must
activate the system to the C-C bond cleavage.

The alkyne reaction products 9 suggest the possibility
of reversible carbon-carbon bond cleavage,31 as depicted
in eq 2. Nickelacycles related to 2 are known to give

cycloaddition products with alkynes.3,15,32,33 To investi-
gate this possibility, a kinetic investigation of the
PhCCPh reaction was undertaken. If the equilibrium
in eq 2 is operative, than a half-order dependence on 3
should be observed. The reaction was found to be first

order in alkyne and 3 (pseudo-first-order conditions of
10, 20, and 30 equiv of alkyne), eliminating the pos-
sibility of the equilibrium shown in eq 2 and indicating
that the C-C bond cleavage in 3 is alkyne induced.

In conclusion, extension of the nickelacycle chemistry
of 1,1′-biphenyldiyl to 1,12-triphenylenediyl has uncov-
ered ligand-induced C-C bond formation reversibility
in the dimerization of the nickelacycle. This new reac-
tivity appears to result from increased rigidity in the
triphenylene system, which forces nickel-carbon inter-
actions absent in the biphenyl system. In addition, a
chiral tetraphenylene is obtained from thermolysis of
the triphenylene nickelacycle dimer, suggesting that
this system could be useful in the enantiomeric synthe-
sis of tetraphenylenes with potential applications in
chiral recognition and materials chemistry.23-26
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