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THE RING CLOSURE OF 5-METHYLCYCLOPENTA-1,3-DIEN-5-YLCARBENE TO 1-METHYLBENZVALENE.

AN INTRAMOLECULAR 1,4 CHELETROPIC CARBENE ADDITION
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Abstract. The title carbene (7) is shown to produce the benzvalene skeleton by stereospecific
intramolecular 1,4 addition and not by classic cyclopropanation.

Cyclopentadienylanion (1) reacts with chlorocarbene generated from dichloromethane and
methyl 1ithium to give benzvalene (4).'! Analogous reactions have been reported for further
carbo- and heteroaromatic anions.? Mechanistic studies in our laboratory suggest that the parent

reaction proceeds via the cyclopentadienylcarbene (3).
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However, an interesting question has not yet been answered: benzvalene may formally result
from (3) by a classic cyclopropanation reaction, Z.e. a 1,2 addition [(3)+(4')], or by 1,4 addi-
tion [(§)+(3)]. We now wish to show, by independent generation of a properly substituted cyclo-
pentadienylcarbene, that indeed the abnormal pathway is followed, 7Z.e. the benzvalene skeleton
results from stereospecific intramoiecular 1,4 addition of the carbene to the butadiene unit.*

For this purpose, the cyclopentadienylcarbene (7) was generated with the C-5 hydrogen atom

of (3) replaced by a methyl group. This group has a triple function. Firstly, the notoriously

4281



4282 No, 44

fast 1,5 hydride shift of monosubstituted cyclopentadienes, which would scramble any peripheral
label, is avoided.® Secondly, in the absence of an acidic ring proton, carbene (7) can be gene-
rated directly by base-induced a-elimination® from the chloromethyl group of (6). Finally, from
the site of the methyl group in the resulting benzvalene [(8) or (10)] we discover the pathway by

which the bicyclobutane unit is formed.
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5-Chloromethyl-5-methyl-cyclopenta-1,3~diene (6) was obtained by reaction of alcohol (§)7
with a twofold excess of triphenylphosphine in carbon tetrachloride in 32% yield.® When a 0.5 M
solution of (6) in ether was allowed to react at 25°C in the presence of two equivalents each of
potassium tertiary butoxide, n-butyl lithium and [18]-crown-[6] (18-C-6) for 3 hours, 1-methyl-
benzvalene (8) was formed stereospecifically in 38% yield, accompanied by toluene (9) [184].
After the addition of 2 equivalents of water at 0°C, (8) could be isolated in ethereal solution
by flash distillation. 23% of chloride (6) was recovered. The structure of (8) was unambiguous-
1y established from the H-NMR spectrum.® In addition, (8) was synthesized independently by the
reaction sequence (4)+(11)!°+(8).

In order to prove that no 2-methylbenzvalene (10) is formed besides (8), in the a-elimina-

tion of (6), we have also synthesized the former. Compound (10) was obtained in an analogous
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manner to (4)* in 38.4% yield by reacting methylcyclopentadienyllithium (12) with dichloromethane
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and methyllithium in dimethyl ether at -70°C; 3-methylbenzvalene (13) [18.5%] and (9) [7%] are
also formed, but remarkably no (8). The structures of (10) and (13) follow without difficulty

from the 'H-NMR spectrum of the mixture. (10) is characterized particularly by the presence of
two chemically non-equivalent olefinic protons, whereas (13) displays a single olefinic proton

now coupled to the methyl group.!?!

Benzvalenes (8), (10) and (13) undergo thermal rearrangement to (9). At 30°C in ether the
half-lives are respectively ca. 7, 13 and 35 hours. Thus all methylbenzvalenes are less stable
than the parent compound (4) for which, under identical conditions, a half-life of 48 hours is
observed. Apart from partial thermal decomposition, {10) and (13) are found to be stable under
the conditions of the a-elimination (6)>(8).
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