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When norbornadiene (NBD) is combined with rhodium on carbon1 or with (NBD)ZRh+PF6- in

1,3,4
acetone, it is dimerized to two stereoisomers of structure I, »3s

However Schrock and
Osborn found that when hydrogen is combined with the reaction mixture of norbornadiene and
(NBD)ZRh+PF6-, a different hydrocarbon, C14H g’ is formed, congisting of two molecules of
norbornadiene plus one molecule of hydrogen. The nmr spectrum indicates that this hydro-
carbon has a disubstituted double bond and the ir spectrum indicates that the double bond
is probably in a norbornene ring system, but the spectra are so complex that further inter-
pretation is difficult.2’5
We have determined that the structure of the hydrocarbon is II, This was achieved by
distilling it at 5 mm pressure through a 50 cm x 8 mm id quartz tube heated at 450°, which
cleaved a molecule of cyclopentadiene6 giving in 62% yield 3-vinylnortricyclane (III}, whose

structure is known and easily recognized.
I I I ™

There are two ways II might be formed from norbornadiene, (NBD)ZRh+PF6-, and lydrogen,
The metal might link two norbornadiene molecules to give IV, whose carbon-rhodium bonds are
then cleaved by hydrogen, or metal hydride might add to norbornadiene to give either V or
VI,8 whose carbon-metal bond then adds to another molecule of norbornadiene before it is

cleaved by hydrogen.
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The first possibility is in accord with the observation that when a ligand that can
insert into a metal-carbon bond is attached to the metal, dimerized insertion products are
formed, for example NBD and Fe(CO)Sly;eld VII,9 while when such ligands are absent only
pure dimers, such as I, are formed, ’ The second possibility resembles the rhodium-
catalyzed addition of ethylene to either butadiene or ethylene,10 except that since cis
elimination of rhodium hydride is impossible, the reaction is terminated by the hydrogeno-
lysis of the carbon-metal bond.

When deuterium is used for the reduction in place of hydrogen, the product II is dideu-
terated,2 as is the pyrolysis product III, That the deuterium atoms are in the expected
positions, shown on structure VIII, is demonstrated by the 220 MHz proton nmr spectrum's
differing from that of III11 in the following respects: (1) there is no resonance for the
5-syn proton at -r8.53;12 (2) the resonance of the 5-anti proton at 78,98 is a singlet in-
stead of a 5,5 Hz doublet; the resonance of Hg is an 11 Hz doublet instead of a multip}gt;
the resonance of HB shows a 2.7 Hz splitting attributable to the trans-deuterium atom.
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