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Dehydroannulenes and their benzofused derivatives, originally
of interest mainly as molecules with which to probe cyclic
π-electronic delocalization,1 have been the subject of renewed
attention, because of their potential to function as precursors to
or models for new materials, in particular novel carbon
allotropes and related polymers with high C/H ratios.2,3 We
have reported that tribenzotetradehydro[14]annulene1undergoes
topochemical polymerization that results in a novel polyannu-
lenoenyne.4 In this connection, the “expanded” title compound
2a suggested itself as a promising candidate on route to
unprecedented annulene-crosslinked polyenynes. We report the
very different physical and chemical behavior of2a, most
importantly its explosive transformation to methane, hydrogen,
and extensively ordered pure carbon.

The synthesis of2awas accomplished by oxidative coupling
[Cu(OAc)2‚H2O, pyridine, CH3OH, Et2O]5 of bis(2-ethynylphen-
yl)ethyne6 in 13% yield, a procedure that also gave the
corresponding trimer (5%), and traces of a pentamer.7 In

contrast to planar and strained1, 2 (and the trimeric analog)
adopt non-planar, essentially unstrained,3c,d,8 chiral configura-
tions in the crystal.7 MNDO-PM3 calculations9 on2a reproduce
its twistedD2-symmetric conformation and predict a barrier to
enantiomerization through a planar structure of 7.5 kcal mol-1.
To probe the occurrence of this process in solution,10 the tetrakis-
(isopropyl) derivative2b was prepared, starting from com-
mercial 2-bromo-4-isopropylbenzenamine in a scheme analo-
gous to that employed for2a (five steps, 5.2% overall yield).7

Decoalescence of the diastereotopic methyl carbon resonances
occurred at-87 °C (500 MHz, THF-d8) indicating a∆Gq )
9.3 kcal mol-1, in reasonable agreement with the calculated
value.11 Inasmuch as2 can be regarded as a carbomer2c of
tetrabenzocyclooctatetraene, it is noteworthy that the former is
considerably more mobile not only than the latter (∆Gq > 45
kcal mol-1 )12 but cyclooctatetraene itself.13

Not surprisingly, in light of the X-ray data, and in contrast
to 1, 2a does not undergo UV light-induced topochemical
polymerization (in solution or the crystal) but is inert to
irradiation. However, most dramatic is its thermal behavior:14

under vacuum at 245°C it exploded violently with a flash of
orange light, the evolution of gas, and the formation of black
powder. Quantification of this reaction revealed a sharp
exotherm (and no endotherm) by DSC (differential scanning
calorimetry), signaling the release of 95 kcal mol-1 of heat.15,16

TGA indicated a mass loss of 10% at this temperature, and
analysis of the gases evolved (Raman spectroscopy, gas phase
NMR) allowed their identification as CH4 and H2. Significant
mass loss of hydrogen-rich molecules from2a, which already
contains 96.4% carbon, suggested that an essentially pure carbon
material is produced. An indication of what we presume to be
the initial stages of this process is provided by UV (337 nm N2

laser) LD-TOF and IR LD-FTMS17measurements on neat thin
films of 2a.18 The former provided a clean molecular ion
spectrum at low laser intensity; whereas, at higher laser power,
oligomers of up to 20 units could be detected. The latter
technique allowed the resolution of the oligomer signals to peak
envelopes that revealed the formation of not only straight
oligomers Mn+ but also a range of molecules with (Mn+ - Hx,
rel intensity 100%) and [(Mn+ - Hx) - CH4, ca. 10%].19

Clearly, some stepwise “annealing” process is taking place on
route to the final carbon product.

+ Universität-GH Essen.
‡ University of California at Berkeley.
(1) (a) Garratt, P. J.Aromaticity; Wiley-Interscience: New York, 1986.

(b) Balaban, A. T.; Banciu, M.; Ciorba, V.Annulenes, Benzo-, Hetero-,
Homo-DeriVatiVes, and their Valence Isomers; CRC Press: Boca Raton,
FL, 1987.

(2) For dehydroannulenes, see, inter alia: (a) Diederich, F. InModern
Acetylene Chemistry; Stang, P. J.; Diederich, F., Eds.; VCH: Weinheim,
1995; Chapter 13, p 443 and references therein. (b) Tobe, Y.; Fujii, T.;
Matsumoto, H.; Naemura, K.Pure Appl. Chem.1996, 68, 239. (c) Chauvin,
R. Tetrahedron Lett.1995, 36, 397.

(3) For dehydrobenzoannulenes, see, inter alia: (a) Kuwatani, Y.; Ueda,
I. Angew. Chem., Int. Ed. Engl.1995, 34, 1892. (b) Zhou, Q.; Carroll, P.
J.; Swager, T. M.J. Org. Chem.1994, 59, 1294. (c) Baldwin, K. P.; Simons,
R. S.; Rose, J.; Zimmerman, P.; Hercules, D. M.; Tessier, C. A.; Youngs,
W. J. J. Chem. Soc., Chem. Commun.1994, 1257.

(4) Baldwin, K. P.; Matzger, A. J.; Scheiman, D. A.; Tessier, C. A.;
Vollhardt, K. P. C.; Youngs, W. J.Synlett1995, 1215. Addendum:Synlett
1996, 288.

(5) Campbell, I. D.; Eglinton, G.J. Chem. Soc.1964, 1158.
(6) Diercks, R.; Vollhardt, K. P. C.Angew. Chem., Int. Ed. Engl.1986,

25, 266. This procedure is greatly improved (61% in three steps) by the
one-step synthesis of bis(2-bromophenyl)ethyne from commercialo-
bromoiodobenzene and gaseous ethyne (90%).7

(7) For experimental, spectral, and structural details, see Supporting
Information.

(8) Gleiter, R.; Merger, R. InModern Acetylene Chemistry; Stang, P. J.,
Diederich, F., Eds.; VCH: Weinheim, 1995; Chapter 8, p 285 and references
therein.

(9) For the method, see: Stewart, J. J. P.J. Comput. Chem.1989, 10,
209.

(10) For the explicit (but unquantified) recognition of potential enanti-
omerization of analogous benzodehydroannulenes, see, inter alia: (a) Rubin,
Y.; Parker, T. C.; Khan, S. I.; Holliman, C. L.; McElvany, S. W.J. Am.
Chem. Soc.1996, 118, 5308. (b) Romero, M. A.; Fallis, A. G.Tetrahedron
Lett.1994, 35, 4711. (c) Staab, H. A.; Wehinger, E.; Thorwart, W.Chem.
Ber. 1972, 105, 2290.

(11) See also: Li, Yi; Rubin, Y.; Diederich, F.; Houk, K.J. Am. Chem.
1990, 112, 1618.

(12) Wong, H. N. C. InAdVances in Theoretically Interesting Molecules;
Thummel, R. P., Ed.; JAI Press: London, 1995; Vol. 3, p 109.

(13) Paquette, L. A.Tetrahedron1975, 31, 2855.
(14) Compounds2b and the trimeric analog of2aalso explode on heating

and are the subject of continuing investigations.
(15) This value (47.5 kcal per diyne unit) is noticeably higher than that

measured for topochemical 1,3-diyne polymerizations, typically approxi-
mately-31 to-39 kcal mol-1 (Eckhardt, H.; Prusik, T.; Chance, R. R.
Macromolecules1983, 16, 732 and references therein).

(16) Two derivatives of the close analog of2a, 1,2:7,8-dibenzo-3,5,9,-
11-tetradehydro[12]annulene, polymerize with∆H ) -55.2 and-39.0 kcal
mol-1, respectively. See: ref 3b.

(17) We thank Professor C. L. Wilkins, UC Riverside, for performing
the FT experiments.

(18) For similar applications of this technique, see: ref 1 (on1). Hunter,
J. M.; Fye, J. L.; Boivin, N. M.; Jarrold, M. F.J. Phys. Chem.1994, 98,
7440 and references therein.

(19) For example, detected for the following:n ) 2, x ) 1-7; n ) 3,
x ) 1-13; n ) 5, x ) 1-15.

2052 J. Am. Chem. Soc.1997,119,2052-2053

S0002-7863(96)03845-0 CCC: $14.00 © 1997 American Chemical Society



Treatment of the black powder with various solvents (toluene,
pyridine, HMPA) did not extract any soluble components (such
as fullerenes). However, TEM (transmission electron micros-
copy) investigations20 on several samples revealed the presence
of not only amorphous carbon and graphite but also formation
of ordered carbon layers of tube- and onion-type21 (Figure 1),
seemingly caught at various stages of annealing from imperfect

to increasingly more closed-shell carbon particles. The struc-
tures we observe are very similar to those obtained in numerous
studies depicting the conversion of less- to more-highly-ordered
carbon by various forms of high-energy treatment.22 As such
they are not novel, but their simple method of instantaneous
thermal preparation from a single, defined, high-energy organic
precursor is unique20a,21,23and may be general.14,24

We believe that our observations open up a new area of
exploration, starting with mechanistic studies25 and the deter-
mination of the effect of crystal packing on the morphology of
the resulting carbon allotrope, perhaps ultimately leading to
designed synthesis. Moreover, the alkyne and arene function-
alities in the starting material could be utilized to bind transition
metals,26 in order to test for the possibility of catalysis in tubular
or spherical carbon formation27 or on route to metal encapsulat-
ing carbon tubes or spheres.28 Other structural “tailoring” can
be readily envisaged in approaches to non-carbon nanotubes.29

Finally, our results present a clear validation of the notion that
dehydroannulenes might be potential precursors to carbon
allotropes.
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Figure 1. TEM images of various areas in samples of carbon produced
from 2a: concentric spherical nanocapsules of “hollow graphitic
onions” (top); a distorted “filled graphitic onion” (center); multicapped
carbon nanotubes (bottom). The distances between dark parallel lines
correspond to graphitic sheet spacings.
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