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Bicyclo[2.2.1]heptan-1-ylcarbene Can Ring Expand!
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Abstract: Generation of bicyclo[2.2.1]heptan-1-ylcarbene from a hydrocarbon precursor avoids
the problems that attend generation from nitrogenous molecules and allows the determination that
such carbenes can ring expand to bridgehead alkenes. © 1998 Elsevier Science Ltd. All rights reserved.

Many years ago we used the pyrolysis of bridgehead-substituted diazo compounds to
generate bridgehead alkenes.2 We assumed at the time that the carbene was an intermediate.
Nowadays, this presumption should surely be sharply questioned, as it is likely that the products of
the photochemical decomposition of diazo compounds do not come entirely from the carbene, but
derive in substantial measure from rearrangements of the nitrogen-containing precursors
themselves.3 In particular, carbon-carbon insertion reactions, unknown in intermolecular chemistry
of carbenes,4 are found to be at most minor pathways in the intramolecular chemistry of
alkylcarbenes.5 Indeed, Frey, and Stevens,6 and Shechter” had provided strong evidence long
ago that such was the case. Although the thermal decomposition of simple alkyl-substituted diazo
compounds seems to be free of similar complications,s'7 in strained systems such as
cyclopropylcarbenes, even the thermal reactions do not involve pure carbene chemistry.8

Accordingly, the capacity of carbenes such as 1 to do the ring expansion to 2 comes into question,
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as the real precursor of the alkene might well be the diazo compound 3. In this note, we show that
at least one such carbene, bicyclo[2.2.1]heptan-1-ylcarbene (1), is capable of the ring expansion

reaction.

H ?? ?? CHN,

Our strategy was simple: generate 1 from a hydrocarbon precursor that would obviously be
free of the complications introduced by diazo compounds and diazirines. Bicyclo[2.2.1]heptan-1-
yllithium was generated from 1-chlorobicyclo[2.2.1]heptane by the method of Dimitrov, Thiele and
Zschunke® and coupled to dichlorocyclopropane 410 give 5 though the modified procedure of

Kitatani, Hiyama, and Nozaki.11

2

Photolysis of 5 in 2,3-dimethyl-2-butene at 25 °C through quartz leads to much
photoisomerisation of 5 (to other photoactive cyclopropanes) and to modest amounts of 6 and 7,
the products of capture of the carbene (ratio 2:1). For example, after complete photolysis of 5 and its
photoisomers, 6 and 7 were present in 28% of the amount of phenanthrene formed. Bian had seen
similar results from the photolysis of 3 in the 2-butenes.'2 Thus 5 (and its photoisomers) are

capable of producing carbene 1.
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The next step was to remove efficient carbene traps such as alkenes from the photolysis
mixture to see if evidence of ring expansion would appear. When the photolysis of 5 was carried out
in benzene, a molecule impervious to 1, GC/MS revealed five compounds isomeric with dimers of
1. Analysis of the mixture by TH NMR spectroscopy shows that the alkenes formed by formal
dimerization of the carbene are not present, as the appropriate vinyl hydrogens are not detectable.
Presumably, these dimeric compounds include the cyclobutanes formed from 2 + 2 dimerization of
the bridgehead alkene, 2. Our inability to separate and identify these dimers makes them useless
as firm diagnostics for the presence of the ring-expanded carbene, bicyclo[2.2.2]oct-1-ene (2).

However, in earlier work we had shown that 2 underwent a reverse Diels-Alder reaction at high

temperature to give triene 8.2

\
/N

2 8
Authentic 8, synthesized afresh, was conspicuous by its absence from the reaction products.
However, when the photolysis was carried out at 60 °C, compound 8 made up 15% of the products,
and at ca. 100 °C, it became the sole product. Although we now know that carbene 1 can indeed

undergo the ring expansion reaction, we still do not know whether it is the active ingredient in the
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formation of 2 and 8 in the pyrolysis of the diazo compound 3. Nor can we be certain about the
temperature effect on the appearance of 8 in the photolysis of 5. Is it the ring expansion or the
reverse Diels-Alder that does not take place at low temperature? The formation of the large number
of dimeric products makes it likely that the latter situation applies, but a final resolution of this matter
awaits further work.
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