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144. Sigmatropic Rearrangements Accompanying the Addition
of Dichlorocarbene to Norbornadiene')
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Summary

A new product arising from the reaction of dichlorocarbene with norbornadiene,
6endo-(2,2-dichlorovinyl)-cis-bicyclo [3.1.0]hex-2-ene, is described. It does not arise
from the normal exo-1,2-adduct, but possibly originates by sigmatropic rearrange-
ment of an initially formed zwitterionic intermediate.

Nearly all additions of singlet halocarbenes to mono-olefins occur in a single
concerted step. The result is a cyclopropane adduct which retains the configuration
of the original substituents [1]. However, a few exceptions have been noted where
the products have been rationalized by two-step processes [2]. We now report an
exception where a sigmatropic rearrangement apparently occurs during the addition
of dichlorocarbene to norbornadiene!) (1), a reaction which, despite much study,
still reveals novel facets of reactivity [3].

When dichlorocarbene generated by the action of potassium t-butoxide on
chloroform in ether is allowed to react with 1 in excess, several additions take
place [4]. The most important is 1,2-addition which gives the exo-adduct 2. The
normal fate of 2 is rapid rearrangement [5] to 3,4-exo-dichlorobicyclo{3.2.1]octa-
2,6-diene (3). However, we have now discovered that another simple addition must
have occurred, because a second rearrangement product 4 is formed, albeit in
small yield (8-11%). It was isolated and identified by its further reaction with
dichlorocarbene. The structure of the single ensuing adduct 5 was unambiguously

) The IUPAC name of norbornadien is 8,9, 10-trinorborna-2, 5-dien.
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Fig. 1. ORTERP stereoscopic view of the molecular structure of compound 5

identified by single crystal X-ray analysis [6]. Apart from the pair of trans-disposed
cyclopropane rings, the chief features are the endo-configuration of the vinyl group
with respect to the parent cis-fused bicyclo[3.1.0]hexene fragment and its extended
conformation (Fig. /). This geometry may be extrapolated to the mono adduct 4,
which undoubtedly accounts for its existence. If the more hindered conformation 6
were adopted, Cope rearrangement to 4,4-dichlorobicyclo[3.2.1]octa-2, 6-diene (7)
would be the expected outcome. In fact, similar molecules, but lacking bulky
geminal substituents on the vinyl group, undergo instantaneous rearrangement to
the bicyclo[3.2.1]Jocta-2, 6-diene skeleton [7]. Nonetheless, strong heating of 4
{150-170°) gives initially the presumed 4, 4-dichlorobicyclo[3.2.1}octa-2, 6-diene (7),
which is converted entirely into its rearrangement products 8 and 9. However, at
lower temperatures, namely 120°, the first-formed product is the exo-isomer 10
which on further heating to 150-170° gives products 8 and 9. The endo- and exo-
isomers 4 and 10, respectively, are easily distinguished by the values of the vicinal
coupling constants of the cyclopropane H-atoms.
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Both isomerization processes may arise by homolytic rupture of the cyclo-
propane ring. Both the passage of 4 to 10 and the ultimate conversion of 10 to
products 8 and 9 undoubtedly involves the double allylic radical 11 [8]. Closure
can occur in two senses either to equilibrate 4 and 10 or to give the final product 7,
which is presumably the most stable thermodynamically.

The last question concerns the origin of 4. It is unlikely that the exo-cyclo-
propane product 2 would spontaneously generate 4 on account of its ready ioniza-
tion to give 3. Although oxa- and azacyclopropane analogues of 2 readily rearrange
at room temperature to the corresponding hetero atom substituted skeleton 3 [9],
the exo-tricyclo[3.2.1.0>%loctane requires elevated temperatures to bring about
rearrangement [10). In order to verify this conclusion, one equivalent of dichloro-
carbene was allowed to add to 1 at 0°. The exe-adduct 2 was carefully isolated.
Thermal isomerization of pure 2 at 20° was monitored by NMR. spectroscopy
and GC. Conversion to 3 was quantitative with no trace of 4 being detected. On
the other hand, initial mixtures obtained from the reaction of dichlorocarbene with
norbornadiene at temperatures below — 10° always contained 2 as main product,
small amounts of 4, but no trace of 3. Consequently, we believe that 1,2-addition
is preceded by a zwitterionic species such as 2 which branches to 2 and 4?).
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