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ABSTRACT

Flash vacuum pyrolysis (FVP) of linear [3]phenylene affords its angular counterpart and the same mixture of polycyclic aromatic hydrocarbon
isomers as that observed on FVP of angular [3]phenylene. A mechanism, supported by a 13C labeling study, is proposed to explain these
results.

The phenylenes are high-energy potential precursors to
polycyclic aromatic hydrocarbons (PAHs) including fullerene
substructures.1 Their thermal chemistry is also of interest
because of the possible isomerization of one phenylene to
another, which holds the synthetic potential to access hitherto
unknown isomers. Such an isomerization was recently
demonstrated by Scott.2 We present here the FVP of linear
[3]phenylene (1),3 the reinvestigation of the FVP of angular
[3]phenylene (2), and a 13C study leading to a new
mechanistic proposal for the isomerization of1 and2 into
PAHs.

In a previous study, it was found that the FVP of2 at
1000°C and 2× 10-2 Torr led to the formation of benzo-
[ghi]fluoranthene (3) in 10% yield.1a Repeating this experi-

ment using a turbomolecular vacuum pump (5× 10-7 Torr)
significantly improved this yield to 24% and facilitated the
isolation and structural elucidation4 of three additional PAHs
that were previously unidentified: acefluoranthylene (4,
11%), cyclopent[hi]acephenanthrylene (5, 3%), and the
highly mutagenic5 cyclopenta[cd]pyrene (6, 7%). Traces of
other PAHs, including fluoranthene and benz[a]anthracene,
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were also present.1a A small amount of2 (4%) was recovered
under these conditions.

The corresponding FVP of linear [3]phenylene (1) pro-
duced a strikingly similar product mixture:3 (10%),4 (4%),
5 (1%), and6 (2%), in addition to recovered1 (17%) and,
most significantly, its isomer2 (1%). These results strongly
imply the intermediacy of (the presumed to be more stable)6

2 in the FVP of 1. A likely mechanism for this initial
isomerization, paralleling that proposed by Scott for the
conversion of benzo[b]biphenylene to benzo[a]biphenylene,2

is presented in Scheme 1.

The isolation of4-6, in addition to3, is intriguing and
suggested that the thermal conversion of2 (and1) was more
complicated than previously envisaged,1a warranting further
investigation. A series of control experiments demonstrated
that3-6 did not interconvert under the reaction conditions.7

To gain insight into the pathways that lead to3-6, a labeling
study was performed using13C2-angular [3]phenylene (2a)
prepared as shown in Scheme 2. Thus, acetylene-13C2 was
coupled to 1-iodo-2-(trimethylsilylethynyl)benzene using a
general procedure,8 modified to optimize the yields on the

basis of labeled starting material. The resulting8 was
deprotected and cyclized in a stepwise protocol9 to furnish
2a.

Pyrolysis of 2a produced labeled3-6, in addition to
unchanged2a.4 The absence of scrambling in the starting
material ruled out equilibration of2 with 1 prior to
rearrangement. The major label locations in3-6 (shown in
Figure 1)10 were determined by13C NMR analysis, which

required the assignment of the13C NMR spectra of these
compounds by HMQC, HMBC, and other NMR techniques
(see Supporting Information). The vicinal nature of the label
pairs in the products was evident from the observed strong
carbon-carbon couplings, withJ values between 50 and 69
Hz (except in the symmetrical case5a).

These observations require a revision of the original
mechanism proposed for the conversion of2 to 3,1a as it
predicts the generation of only one isotopomer (3b) and
cannot be readily adapted to explain the formation of4-6.
While the literature provides several options,11 any reasonable
mechanistic description must account for the nature of the
observed isotopomers of the products and the ratios in which
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Scheme 1

Scheme 2

Figure 1. The major isotopomers isolated from the FVP of2a
and their relative abundances, based on normalized13C NMR signal
intensities.
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they are formed. The suggestions presented in Schemes 3
and 4 (leading to3, 4, and6) and in Scheme 5 (leading to
5) do so and rely on precedented steps. These steps include
the homolytic bond cleavage of strained rings followed by
radical hydrogen shifts and radical recombination,2 hydrogen
shift/ring contractions,11a and carbene formation/insertion
reactions.1b,c,11b

The cornerstone of Schemes 3 and 4 is an initial Stone-
Wales rearrangement of2a, as originally proposed.1a While
such a reorganization has never been observed and is
calculated to be (normally) energetically too demanding,12

the high strain (99.7 kcal/mol) in213 may make this step
feasible. Alternatively, a stepwise sequence may be followed.
In either case, dibenzoacepentalene (9)14 would be the first
intermediate. From9, two different pathways can be fol-
lowed. Thus, homolytic bond cleavage (Scheme 3), followed
by hydrogen shifts and bond formation, would result in3a,
4b, and 6b by a sequence of carbene formation/insertion
reactions and hydrogen shift/ring contractions. The prepon-
derance of3a in the total mixture of products would then

be precipitated by its early appearance in the scheme and
the energetically favorable nature of step b.

Scheme 4 depicts an alternative (perhaps minor) reorga-
nization of9, initiated by a hydrogen shift/ring contraction
at the benzene nucleus, followed by a combination of carbene
formation/insertion and further hydrogen shift/ring contrac-
tions to end up in3b, 4a, and6a, all observed in roughly
equal yields in the product mixture.

There appears to be no sequence of (precedented) steps
that would connect the emergence of the isotopomers of
5-13C2 directly with those of3, 4, and6. It is, however,
plausible to invoke an alternative (and evidently minor)
migratory initial rearrangement fate of2, namely, one that
relies on a pathway traversed by biphenylene itself1b,c

(Scheme 5). Among the two options open to2 which explain
the isolation of5aand5b, that resulting in the former would
be expected to be more favorable as it disassembles the
central, more activated ring,13 thus providing a tentative
rationale for the preference for5a.

In conclusion, the observed conversion of linear [3]-
phenylene to angular [3]phenylene demonstrates the potential
of pyrolytic methods to convert phenylenes from one
topology to another. This strategy might be applicable for
the synthesis of new phenylenes by isomerization of known
phenylenes.15 Moreover, the phenylenes represent a high-
energy entry into PAHs that may aid in developing a
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Scheme 3a

a Numbers in parentheses are AM1∆Hf° values in kcal/mol.
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mechanistic understanding of PAH formation under extreme
conditions.16
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Scheme 4a

a Numbers in parentheses are AM1∆Hf° values in kcal/
mol.

Scheme 5a

a Numbers in parentheses are AM1∆Hf° values in kcal/
mol.
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