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A b s t r a c t .  Evidence is presented for the high temperature opening of a 5-membered 
ring by extrusion of a carbene (the reverse of a C-H bond insertion), which results in 
the net thermal migration of an ethynyl group from one benzene ring to another. 
© 1997 Elsevier Science Ltd. All rights reserved. 

Thermal isomerization of a terminal alkyne to a vinylidene under flash vacuum pyrolysis (FVP) conditions 
and trapping of the transient carbene by intramolecular C-H insertion to form an etheno-bridged aromatic 
compound was first demonstrated by R. F. C. Brown et al. in the 1970s. 2 This high-temperature cyclization 
reaction is estimated to be exothermic by 15-20 kcal/mol overall, 3 and only the endothermic hydrogen shift 
has generally been regarded as reversible. We have now encountered a case, however, in which the vinylidene 
insertion step also appears to be reversible, and this reversibility leads to the net migration of an ethynyl group 
from one benzene ring to another along the edge of a polycyclic aromatic hydrocarbon ring system (eq 1). 
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Extrusion of a carbene by de-insertion from a remote C-H bond is enormously endothermic, 3 of course, 
and reported examples are quite rare, 4 but every unimolecular reaction, in principle, must be reversible at 
sufficiently high temperatures. Accordingly, it seems reasonable that such ethynyl group migrations could 
play a significant role in the chemistry of hydrocarbons in flames, in the mechanism of carcinogen formation 
in smoke, and in the production of fullerenes and carbon nanotubes under high energy conditions inter alia. 
Our discovery of the title reaction occurred during the course of experiments designed to prepare the benzo- 
pyracylene 1, a molecule we had hoped could be used to test the feasibility of the "Stone-Wales 
rearrangement 5'' (eq 2). 
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Palladium-mediated coupling of trimethylsilylacetylene with 9,10-dibromoanthracene (3) yielded the 
attractive synthetic precursor 4. 6 Exposure of 4 to conc. HCI in glacial acetic acid (0.004:1, 80 °C, 3 h) then 
gave 9,10-bis(1-chlorovinyl)anthracene (5) (eq 3). 7 
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We developed this latter synthetic transformation as an alternative to simple desilylation in order to avoid 
having to handle the unprotected 9,10-diethynylanthracene (6); 6 our previous experience with diethynyl- 
substituted aromatic hydrocarbons of this size had taught us that such compounds are ill-suited substrates for 
FVP because they polymerize too easily during sublimation. 8 Fortunately, we found that the 1-chlorovinyl 
group can be used as a "masked ethynyl group" in FVP, 9 since it loses HC1 readily at high temperatures. The 
direct conversion of 4 to 5 represents a simple new method for preparing l-chlorovinyl groups. 

It was anticipated that thermal cyclization of 6, generated in situ from 5, would give the desired target 
compound (1) and/or the isomeric cyclopent[hi]aceanthrylene (7).1° Unfortunately, when the FVP of 5 was 
conducted at 900 °C, ll only the undesired isomer 7 was obtained (eq 4). 
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At higher temperatures, cyclopent[hi]acephenanthrylene (8) was also produced, at the expense of 7.10 We 
view the secondary formation of 8 as a straightforward example of the hydrogen-shift/benzene ring contrac- 
tion rearrangement (eq 5), a well-precedented process discovered in our laboratory that is known to occur 
under FVP conditions at temperatures above 1000 °C. ~ 2 Calculations 3 indicate that isomerization of the 
anthracene derivative 7 to the phenanthrene derivative 8 should be exothermic by approximately 8 kcal/mol. 
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FVP of 1,5-bis(1-chlorovinyl)anthracene (9) 13 likewise gives 7 as the sole product at 900 °C, presumably 
via 10 (eq 6); a mixture of 7 and 8 was again obtained at 1100 °C.10 
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Based on these rational results, we confidently assumed that FVP of 1,4-bis(1-chlorovinyl)anthracene 
(11) 13 would have no choice but to yield our desired target molecule, 1, via 12. With an oven temperature of 
900 °C, both side chains did lose HC1; however, only one ethynyl group cyclized, and we isolated the ethynyl- 
aceanthrylene 13.14 At 1100 °C, no 13 survived, but instead of isolating the desired product, 1, we were 
surprised to find the same mixture of 7 and 8 that had been formed from the isomeric precursors 5 and 9! At 
no intermediate temperature were we ever able to detect even a trace of 1. The most logical explanation for 
this unforeseen result is that 13 does actually cyclize to the expected product (1) but that the cyclized product 
is unstable under the reaction conditions, reopens the other way, and then proceeds on to 7 (eq 7). It is this 
isomerization of 13 to 14 via 1 that constitutes net migration of an ethynyl group from one benzene ring to the 
next (cf eq 1). 
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The reason 1 suffers ring opening at these temperatures more easily than do most such compounds, we 
believe, stems from the strain energy of the pyracylene moiety. Ordinarily, cyclizations of aryl acetylenes to 
form etheno-bridged aromatic compounds are expected to be exothermic by 15-20 kcal/mol; 3 however, 
calculations place the heat of formation of 1 very close to that of the ring-open isomers 13 and 14. 3 Thus, 1 
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can disappear almost as fast as it is formed, and the final cyclization of 14 to 7 (exothermic by 18-22 kcal/mol, 
according to theoretical calculations) 3 drains the equilibrium mixture into a deeper energy well. 

In retrospect, the ability of an ethynyl group to migrate from one benzene ring to the next at high 
temperatures (eq 1) could have been predicted from energetic considerations and then demonstrated by 
rationally designed experiments. We make no claim for having predicted this process, but we have now begun 
to examine its scope by rationally designed experiments. 
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