
Organonickel Chemistry at the Edge of Naphthalene

James S. Brown and Paul R. Sharp*

Department of Chemistry, University of Missouri-Columbia, Columbia, Missouri 65211

Received April 29, 2003

Summary: Reaction of 1,8-diiodo- or 1,8-dibromonaph-
thalene with a mixture of Ni(COD)2 and trimethylphos-
phine gives the oxidative addition product Ni(PMe3)2-
(X)(C10H6X) (X ) Br, I), which on reduction with Na/
Hg gives perylene or, in the presence of alkynes, 1,2-
disubstituted acenaphthylenes.

Introduction

Polycyclic aromatic carbon compounds (PACs),1 in-
cluding fullerenes and carbon nanotubes,2 are a fasci-
nating and useful class of compounds. Although many
such compounds have been prepared, there is still a
great need for facile and selective syntheses and de-
rivatization techniques. Transition metal organometallic
chemistry offers much in this area, and complexes
where the polycyclic aromatic carbon compounds are
coordinated to the face of the polycyclic through the
π-system have been extensively studied.3 In contrast,
complexes with a transition metal multiply bonded to
the edge of a PAC are rare.4,5 The rich chemistry of
analogous non-polycyclic complexes (metallacycle6 and

benzyne complexes7) suggests that the analogous poly-
cyclic complexes will have a similar rich reaction
chemistry that will allow growth and derivitization of
the polycyclic system. In a previous publication, we
reported the formation and reaction chemistry of a
zirconacycle where zirconium is bonded to the 1,9
position at the edge of anthracene.8 Addition of L2NiBr2
(L ) PPh3, PMe3) to the zirconacycle allowed coupling
of the anthracene moiety with alkynes to form larger
polycyclic aceanthrylenes incorporating a five-mem-
bered ring. An alkyne reactive nickelacycle is the
presumed intermediate in these reactions.9 In this paper
we report an alternative, more direct route to an
analogous naphthalene nickelacycle, its decomposition
to the naphthalene coupled product perylene, and its
interception by alkynes to give 1,2-disubstituted acenaph-
thylenes.

Results

Addition of 1,8-diiodo- or 1,8-dibromonaphthalene to
a yellow toluene 1:2 mixture of Ni(COD)2 and PMe3
results in rapid formation of a red-brown solution of the
oxidative-addition product Ni(PMe3)2(X)(C10H6X) (1; X
) Br, I; eq 1). Crystals of both derivatives are readily

grown from toluene-hexane and were subjected to
X-ray analysis. Crystal data and data collection param-
eters and distances and angles are provided in the
Supporting Information. A drawing of the molecular
structure of 1 (X ) Br) is found in Figure 1.

The iodo derivative is isostructural, although the
crystals are not isomorphous, and a drawing of the iodo
derivative is supplied in the Supporting Information.
The structures show the expected insertion of the L2Ni
fragment into a naphthalenic C-X bond. The resulting
four-coordinate square plane, containing two trans
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phosphine ligands, the carbon and the halide, is ap-
proximately perpendicular to the plane of the naphtha-
lene ring system. This positions the remaining ring-
bonded peri-halogen atom (Br2, I2) above the four-
coordinate plane and in close proximity to the Ni center.
These Ni-halogen distances (Br, 2.899(1) Å; I, 2.988(2)
Å) are longer than typical distances10 but are similar
to those in reported complexes described as having Ni-
Br or Ni-I bonding interactions.11 This gives the
complexes a five-coordinate distorted square pyramidal
geometry. The geometry of the two complexes is very
similar to that observed in the five-coordinate Ni(II)
complex Ni(2-HOC6H4)(Br)(PMe3)3,12 which contains a
PMe3 ligand in place of the terminal halide in 1. The
bridging halide in 1 then corresponds to the terminal
halide in this complex, which is also in the apical
position of a square pyramid and has a rather long Ni-
Br distance of 2.805(2) Å. As suggested by this long
distance for a terminal halide, the bridging halide apical
interaction in 1 appears to be a reluctant one, as the
naphthalene framework should impose shorter dis-
tances than are observed. Ideally, the peri-relationship
of the Ni and the halogen fixes the Ni-halogen distance
at ca. 2.5 Å (the C1-C8 distance), a reasonable value
for Ni(II)-Br and Ni(II)-I bond distances. That longer
distances are observed indicates that a closer approach
of the halogen to the Ni center is unfavorable and
instead a distortion of the naphthalene framework is
found. (Distortions are well known in peri-substituted
naphthalenes with nonbonded contacts between the
substituents.13) In the present case, the long Ni-
halogen distances result in distortion of the angles
around C1 and C8. In an undistorted complex these
angles should be close to 120°. In 1 (X ) Br) they vary
from 116.0(3) to 124.9(3) Å for C1 and from 116.5(3) to
123.2(4) Å for C8, with the larger angles being the
internal angles in the five-membered ring formed from

Ni, C1, C9, C8, and Br2. A similar situation pertains
for 1 (X ) I), but the disorder in the structure (see
Experimental Section) makes the angles less reliable
than in the bromo derivative.

Both derivatives of 1 are slowly reduced by sodium
amalgam in THF solution (Scheme 1). The initially red-
brown solutions turn green over the course of a couple
hours. 31P NMR spectra of the solutions show unre-
solved broad peaks. 1H NMR spectroscopy reveals the
formation of peaks associated with perylene. Reaction
quenching and workup give pure perylene in nearly
quantitative yields.

Addition of diphenylacetylene to solutions of 1 prior
to reduction results in a different outcome. The red-
brown solutions again turn green over the course of a
couple hours, but now 31P NMR spectra show a sharp
peak at positions expected for the alkyne complex L2-
Ni(RCCR).14 1H NMR spectroscopy shows the formation
of small amounts of perylene along with new peaks in
the aromatic region. Reaction workup and product
isolation reveal that the new aromatic product is the
1,2-diphenylacenaphthylene (Scheme 1, R ) Ph). Yields
vary according to the amount of alkyne added, with
increasing alkyne concentration giving greater yields of
the acenaphthylene at the expense of perylene forma-
tion. A similar reaction with dimethylacetylenedicar-
boxylate also yields the acenaphthylene (R ) CO2Me),
but RCCR (R ) Et, SiMe3) do not yield the correspond-
ing acenaphthylenes. The results of these reactions are
summarized in Table 1 for 1 (X ) Br).

Discussion

A proposed sequence for the reduction process and the
formation of perylene and the acenaphthylenes is shown
in Scheme 2. The reduction of 1 to the nickelacycle 2 is
modeled after the reduction of L2Ni(X)(2-XC6H4) to the
Ni benzyne complexes L2Ni(C6H4) as executed by Ben-
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Figure 1. ORTEP drawing of Ni(PMe3)2(Br)(C10H6Br) (1,
X ) Br).

Table 1. Yields from the Reduction of 1 (X ) Br)
with 6 equiv of RCCR

R acenaphthylene yield (%) perylene yield

Ph 82a trace
CO2Me 22 0
Et ∼0 88
SiMe3 ∼0 84
a A reaction with 2 equiv of PhCCPh gave a lower yield with a

perylene:1,2-diphenylacenaphthylene ratio of 1:6.

Scheme 1
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nett and co-workers.7c,g However, 2 is apparently un-
stable under the reaction conditions and decomposes
producing perylene. While the platinum triethylphos-
phine analogue of 2 is known and is stable at ambient
temperatures,15 the low stability of 2 was not unantici-
pated. The related five-membered nickelacycle 4 (L )
PEt3), formed by low-temperature insertion of “L2Ni”
into the C-C bond of biphenylene, is unstable at
ambient temperatures and decomposes to the analogous
coupled product tetraphenylene (eq 2).16,17 In contrast,

the platinum analogue of 4 is stable at 80 °C.18 In
addition, alkyne trapping reactions of the four-mem-
bered nickelacycle 6 (Scheme 3) formed by metallacycle
transfer from Cp2Zr(1,9-anthracenediyl) 5 to L2NiX2 (X
) Cl, Br) indicate that 6 (L ) PPh3) is not stable above
10 °C,8,19 although the difference in phosphine ligand
(PPh3 versus PMe3) may alter stability.

The trapping of 2 by alkynes was also expected in
analogy with the anthracene derivative 5 (L ) PPh3,

PMe3), which reacts readily with alkynes to produce
aceanthrylenes8,19 (Scheme 3). However, 5 is success-
fully trapped by RCCR for R ) Et and SiMe3, whereas
the naphthalene derivative 2 is not suggesting that 2
is less stable than 5 or slower to react with alkynes
before decomposition.

An alternative to nickelacycle 2 in the reduction of 1
is radical formation. Radical coupling could give perylene,
and radical trapping by the alkynes could give the
acenaphthylenes. Cycloaddition of alkynes to radicals
is known.20 To investigate this possibility, we added 9,-
10-dihydroanthracene to the reduction reaction. Perylene
was again obtained along with unreacted 9,10-dihy-
droanthracene. Naphthalene and anthracene, the ex-
pected products of hydrogen atom abstraction from 9,10-
dihydroanthracene, were not detected.

Conclusions

Oxidative addition of one C-X bond of 1,8-dihalo-
naphthalene to the L2Ni fragment yields a five-coordi-
nate Ni(II) complex where coordination of the remaining
carbon-bonded halogen is forced on the Ni center by the
constraints of the naphthalene geometry. Reduction of
the Ni(II) oxidative addition complexes most likely
provides access to the unstable nickelacycle L2Ni(1,8-
naphthalenediyl) (L ) PMe3) 2, which decomposes
giving perylene. Nickelacycle 2 is trapped by alkynes
in a cycloaddition reaction yielding 1,2-disubstituted
acenaphthylenes.

Experimental Section

Unless stated otherwise, all experiments were performed
under a dinitrogen atmosphere using a VAC drybox or by
Schlenk techniques. Solvents were dried and deoxygenated by
standard procedures.21 Sodium amalgam22 and 1,8-diiodo- and
dibromonaphthalene were prepared as previously reported.
PMe3 (1 M THF solution), Ni(COD)2, and alkynes were
purchased from Aldrich or Acros Chemical Companies and
used as received. NMR spectra were recorded on a Bruker
ARX-250, 300, or 500 NMR instrument at ambient probe
temperatures. Infrared spectra were obtained with a Nicolet
Nexis spectrometer. 1H, 13C, and 31P NMR chemical shifts are
reported in parts per million and are referenced to TMS (1H,
13C) or external 85% H3PO4 (31P) standards. Desert Analytics
performed the elemental analyses.

(PMe3)2Ni(X)(C10H6X) (1). X ) I. To a stirred suspension
of Ni(COD)2 (49.7 mg, 0.263 mmol) in 5 mL of toluene was
added 0.526 mL of 1 M PMe3 (0.526 mmol) in THF. The
solution was stirred for 5 min to ensure a complete reaction.
The resulting solution was then added to 1,8-diiodonaphtha-
lene (100 mg, 0.263 mmol) dissolved in 1 mL of toluene with
stirring. The mixture was stirred for 2 h at room temperature
and then concentrated under reduced pressure. Hexane (4 mL)
was added and the mixture was cooled to -34 °C to produce
the pure insertion product as brown-red crystals. Yield: 74
mg (53%). Anal. Calc (found) for C16H24I2P2Ni: C, 32.53 (32.21);
H, 4.09 (4.39). 1H NMR (250 MHz, C6D6): 0.91 (t, 3JHH ) 3.7
18H PMe3), 6.80 (t, 3JHH ) 7.6, 1H), 7.10 (m, 2H), 7.53 (d, 3JHH

) 8.1, 1H), 7.79 (d, 3JHH ) 5.8, 1H), 8.13 (d, 3JHH ) 7.2, 1H).
13C{1H} NMR (62.8 MHz, C6D6): 15.12 (t, JCP ) 15.0, PMe3),

(15) Tinga, M. A. G. M.; Schat, G.; Akkerman, O. S.; Bickelhaupt,
F.; Smeets, W. J. J.; Spek, A. L. Chem. Ber. 1994, 127, 1851-1856.

(16) Eisch, J. J.; Piotrowski, A. M.; Han, K. I.; Krüger, C.; Tsay, Y.
H. Organometallics 1985, 4, 224-231.

(17) The analogous PMe3 complex is a postulated intermediate in
the Ni(0) catalytic conversion of biphenylene to tetraphenylene:
Schwager, H.; Spyroudis, S.; Vollhardt, K. P. C. J. Organomet. Chem.
1990, 382, 191-200.

(18) Edelbach, B. L.; Lachicotte, R. J.; Jones, W. D. J. Am. Chem.
Soc. 1998, 120, 2843-2853.

(19) Ramakrishna, T. V. V.; Sharp, P. R. Work in progress.

(20) Leading reference: Kokubo, K.; Yamaguchi, H.; Kawamoto, T.;
Oshima, T. J. Am. Chem. Soc. 2002, 124, 8912-8921.

(21) Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.;
Timmers, F. J. Organometallics 1996, 15 (5), 1518-1520.

(22) Templeton, J. L.; McCarley, R. E. Inorg. Chem. 1978, 17, 2293-
2299.

Scheme 2

Scheme 3
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121.75 (s), 124.07 (s), 124.83 (s), 125.07 (s), 128.64 (s), 129.00
(s), 131.18 (s), 134.00 (s), 140.80 (s) 164.15 (s, C-Ni). 31P{1H}
NMR (101 MHz, C6D6): -17.8.

X ) Br. PMe3 (700 µL of a 1 M THF solution, 0.700 mmol)
was added to a stirred suspension of Ni(COD)2 (96.2 mg, 0.350
mmol) in 5 mL of toluene. The solution was stirred for 5 min
to ensure complete reaction. The solution was then added
slowly to a stirred solution of 1,8-dibromonaphthalene (100
mg, 0.350 mmol) in toluene (5 mL). The mixture was stirred
for 2 h at room temperature and then concentrated to about 2
mL under reduced pressure. Hexane (5 mL) was added, and
the solution was placed at -34 °C overnight to induce
crystallization (red-brown crystals). Yield: 129 mg (74.3%).
Anal. Calc (found) for C16H24Br2P2Ni: C, 38.68 (38.95); H, 4.87
(5.05). 1H NMR (250 MHz, C6D6): 0.75 (t, 3JHH ) 3.8 18H
PMe3), 6.85 (t, 3JHH ) 7.8, 1H), 7.02 (t, 3JHH ) 7.5, 1H), 7.13
(presumed d, 1H, partially obscured by solvent peak), 7.43 (d,
3JHH ) 7.9, 1H), 7.70 (d, 3JHH ) 7.3, 1H), 7.83 (d, 3JHH ) 6.7,
1H). 13C{1H} NMR (62.8 MHz, C6D6): 12.64 (t, JCP ) 13.9),
122.00 (s), 124.53 (s), 125.02 (s), 127.53 (s), 128.48 (s), 129.48
(s), 132.59 (t), 136.25 (s), 137.79 (s), 162.43 (s, C-Ni). 31P{1H}
NMR (101 MHz, C6D6): -16.8.

Reduction of 1. Compound 1 (X ) Br) (40 mg, 0.0080
mmol) was dissolved in THF and stirred over 0.5% Na/Hg (1.0
g, 0.22 mmol) for 2 h. The reaction was quenched with 10 mL
of 1 M HCl and extracted with 10 mL and 2 × 5 mL of Et2O.
The volatiles were removed from the combined extracts in
vacuo. The residue was dissolved in hexane, placed on a silica
gel column, and eluted with hexanes. The perylene fraction
was collected and evaporated to dryness and the perylene
identified by comparison of its properties with an authentic
sample. Yield: 10 mg (98%). A similar reaction with an added
2 equiv of 9,10-dihydroanthracene gave only perylene and
recovered 9,10-dihydroanthracene.

Reduction of 1 in the Presence of Alkynes (RCCR).
Compound 1 (X ) Br) (21.6 mg, 0.00435 mmol) and the alkyne
(0.0264 mmol, 6 equiv) were dissolved in 4 mL of THF and
stirred over 0.5% Na/Hg (1.0 g, 0.22 mmol) for 2 h. The reaction
was quenched with 5 mL of 1 M HCl or NaHCO2(aq) (R )
SiMe3) and extracted with 10 mL and 2 × 5 mL of Et2O. The
volatiles were removed from the combined extracts in vacuo.
The residue was dissolved in hexane, placed on a silica gel
column, and eluted with hexanes. The perylene and acenaph-

thylene fractions were collected and evaporated to dryness.
Yields are given in Table 1. Acenaphthylenes were identified
by comparison of their 1H NMR spectra with published data.23

Crystal Structure Analysis. Crystal data, reflection col-
lection, and processing parameters, and solution and refine-
ment data are summarized in Table 1 and given as a complete
listing in the Supporting Information. Crystals were grown
as described above. In both cases, a sample of crystals was
placed in a pool of heavy oil. One crystal was selected and
removed from the oil with a glass fiber. With the oil-covered
crystal adhering to the end of the glass fiber, the sample was
transferred to an N2 cold stream on the diffractometer. Data
collection and processing proceeded normally for both deriva-
tives, and both structures were solved by indirect methods.
Refinement and location of all atoms proceeded rapidly with
the bromide. For the iodide, complete carbon atom location was
difficult, and it became apparent that a secondary position for
the ring-bound iodine atom was present, indicating likely
disorder. A disorder model featuring a 2-fold rotation about
the Ni-C9 vector, leaving the PMe3 ligands and the Ni
unaltered, was developed and successfully refined. The two
possible orientations refined to an occupancy ratio of 0.8:0.2.
In the minor orientation the naphthalene was refined as a rigid
group with isotropic carbon atoms. All other atoms were
refined anisotropically with no restraints.
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