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When norbornadiene i1s refluxed with 5% rhodium on carbon it ylelds quantita-

tively a mixture of dimers consisting almost entirely of two stereoisomers of
structure I and a trimer of structure II.l The remainder of the dimer mixture is
the substance assigned structure III. Other dimers as well as these are formed
when norbornadiene i1s reacted with a variety of group VIII metal complexes. The
following are all the dimers that have been described: dimers of structure 1,1'5
presumebly always the same two stereoisomers described above;2 III and two of its
stereoisomers, IV and V;l'7 a bis-nortricyclene assigned structure VI;2 and a
caged saturated dimer, either VII or VIII.3’8

Reported below is a reaction implying that the stereochemistries of the
dimers of structure I are X (the major dimer in the rhodium catalyzed reaction)
and XI (the minor dimer), and that the caged saturated dimer is VII, not VIII.
The structures of these products suggest a simple formal relationship, described
below, that links all the dimers but one. Only if the structure of the one un-
related dimer were possibly misassigned, and its structure were IX, not VI, would
it be related to the others. The relationship between the other dimers is point-
ed out because it suggests that in the metal catalyzed cycloaddition an inter-
mediate is produced in which only one carbon-carbon bond unites the two norbor-
nadiene moieties, about which rotation may occur before the second bond closes.
This contrasts with the hypothesis that all new carbon-carbon bonds are formed

while the reactants are fixed on the catalyst in a conformation resembling the
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product.2’9 If the substance assigned structure VI were actually IX, the hypo-
thesis2 that it is formed by the union of two norbornadiene rings fixed to ad-
jacent metal atoms would .be untenable.

The structure VI was assigned to the bis-nortricyclene only on the basis of
the observation of a greater number of bands in the infrared spectrum than the
number of infrared active fundamental modes allowed structure IX.2 The reasons
for questioning the assignment are that not all the bands observed were necessar-
1ly fundamentals, some of the banas reported could not be found in the spectrum
(e.g. 2984 and 2940 cm'l), and some bands that are observed in the infrared
spectrum are not in the raman spectrum (e.g. 2914, 1045.5, 840.2, 798.8 cm'l),
implying, although not definitively, by reasoning similar to that which had been
used to assign the structure VI, that this structure should be excluded because

for VI, unlike IX,  all fundamental vibrations are allowed in the raman spectrum.
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The reaction that implies the stereochemistries of the dimers of structure
I and the structure of the caged saturated dimer is the reaction of the minor
dimer of structure I, formed in the rhodium catalyzed reaction and previously

1,10 with hydriodic ac:l.d.ll When this

suggested to have the stereochemistry XI,
hydrocarbon is sheken for ten hours with 47-50% hydriodic acid at 65-700, it
gives a mixture of substances from which one can isolate by chromatography on
alumina the hydrogen iodide adduct presumed to be XII in scheme I, a liquid
identified by its analysis and by its spectroscopic properties:* When this

jodide is warmed at 80° for 25 hr. with alcoholic potassium hydroxide,ll’12 it

gives in high yield the major dimer I from the rhodium catalyzed dimerization.l

This substance is therefore assigned the structure X.

SCHEME II

*The absence of olefinic protons is indicated in its n.m.r. spectrum by the ab-
sence of absorption below 6t and in its infrared spectrum by the absence of
strong absorption between 700 and 750 cm-1, The presence of a noItricyclene is
indicated in the infrered by strong absorption at 800 and 814 cm~ and in the
n.m.r. spectrum by an AB, absorption pattern at 8.75 and 9.151 (J=&.6 cps)
characteristic of the cy&lopropane and by the absorption at 8.67t characteristic
of the methylene bridge of a nortricyclene.
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MAJOR DIMER MINOR DIMER

Besides the iodide XII, the reaction of the minor dimer (XI) with hydriodic
acid yields other products including, interestingly, the caged diner.3’8 This
product is therefore assigned the structure VII because, unlike the alternative
VIII, this structure is derived simply from the original hydrocarbon, as shown
in scheme II, by protonation of either the olefin or the cyclopropane and re-
organization of neighboring bonds.l3 The reaction also supports the assignment
of structure XI to the minor dimer.

A relationship between the norbornadiene dimer is, as shown in scheme III,
that they are derived from the three possible trans bis-norbornenes, III, 1V,
and V, by cleavage of one of the carbon-carbon bonds joining the norbornadiene
moieties, and re-formation of the bond in the homoconjugate position. The
implication may be that in all the metal catalyzed dimerizations one new carbon-
carbon bond is formed before the other, and the product only subsequently de-

termined.
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