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Adarnantene and its Dimer 

By D. GRANT, M. A. MCKERVEY,* J. J. ROONEY, N. G. SAMMAN, and G. STEP 
(Department of Chemistry, The Queen's University, Belfast BT9 5AG) 

Summary Treatment of 1,2-di-iodoadamantane with n- 
butyl-lithium in pentane a t  0" yields 98% of a C2,H2, 
hydrocarbon which is formally the product of head-to-tail 
dimerisation of adamantene. 

AS suggested in the previous communication,' the ease with 
which palladium-catalysed deuterium-hydrogen exchange 
reactions propagate through the bridgehead positions of 
bridged-ring alkanes can be correlated with the stability of 
the appropriate bridgehead alkene, the absence of multiple 
exchange with adamantane reflecting the prohibitively 
large increase in strain energy which would accompany the 
formation of a 7.r-complex of adamantene (1) with the metal. 
Wiseman and Pletcher2 have made the useful proposal that 
the strain energies of bridged-ring alkenes in which one of 
the vinylic carbon atoms occupies a bridgehead position 
should be comparable with those of trans-cycloalkenes. 
On this basis, adamantene should be extremely unstable ; 
there is no direct evidence for the existence of its mono- 
cyclic analogue, 2rans-cy~lohexene.~ However, bicyclo- 
[2,2,l]hept-l(2)-ene, which also contains a trans-cyclo- 
hexene unit, appears to be an intermediate in the reaction 
of butyl-lithium with some dihalogenobicyclo [2,2,1 J h e p  
tanes.' Evidence is here presented which suggests that the 
elusive adamantene (1) may be formed in the reaction of 
1,2-di-i0doadamantane with n-butyl-lithium .6 

A cold solution of protoadamantan-4-one hydrazone (2) 
and triethylamine in chloroform was treated with iodine6 
in chloroform to yield 4-iodoprotoadamant-4-ene (3) (25%), 
b.p. 80-82" at 0.15 mmHg, and 1,2-di-iodoadamantane (4) 
(14%), m.p. 106-108".t The iodo-olefin could be con- 
verted into the di-iodide quantitatively by treatment with 
hot hydriodic acid. Exposure of the di-iodide to n-butyl- 
lithium in pentane at  0" furnished a single dimeric hydro- 
carbon (98% isolated yield), C2,H2*, m.p. 152-153", which 
has been assigned the head-tail adamantene dimer struc- 
ture (5) on the following evidence. The absence of cyclo- 
propyl or ethylenic functions was inferred from the spectral 
data and confirmed by the dimer's inertness towards Br2- 
CCl,, hot formic acid, and catalytic hydrogenation/hydro- 
genolysis in solution. Although simple cyclobutanes are 
susceptible to catalytic hydrogenolysis in the gas-phase at  
elevated temperatures, this was not the case with (5)  a t  
220" in hydrogen on a platinum-silica catalyst: instead two 
new C,,H2, hydrocarbons (ratio 2 : 1) were produced 
quantitatively. Use of rhodium-alumina or palladium- 
pumice at 200-220" gave essentially the same result. 
However, ring-opening was achieved via disproportionation : 
treatment of the dimer with aluminium trichloride in 
carbon disulphide at  20' for 1 h afforded predominantly 
(64%) a single C2,H,,, hydrocarbon, identified by combined 
g.1.c.-m.s. analysis as 1,2'-biadamantyl (7) ;8 other products 
included a C2,H,, hydrocarbon and the two C,,H,, hydro- 
carbons obtained in the gas-phase reactions. We interpret 
the formation of (7) as evidence for the head-tail arrange- 
ment (5 )  rather than the head-head arrangement (6) .  

t Satisfactory analytical and spectral data were obtained. 

The remarkable propensity for rearrangement on cata- 
lysts with the dimer in the gas-phase (on palladium-pumice 
reaction was detectable a t  as low as 150") is consistent with 
the presence of a cyclobutane ring. Models imply that (5) 
should be of very high strain energy since the torsion 
angles for cyclohexane are considerably larger than that for 
cyclobutane. This will substantially increase the cyclo- 

butane torsion angle, and hence its strain energy, since the 
cyclohexane rings of the adamantane skeleton are rigidly 
interlocked and consequently much more difficult to deform. 
On the other hand, the bulky flanking adamantyl groups 
should render the cyclobutane ring inaccessible to a metal 
surface. Consequently, rearrangement on the metals, 
which probably initiates outside the four-membered ring, is 
favoured over hydrogenolysis. Although the rearrange- 
ment products have yet to be identified, they are most 
probably products of ring expansion of the cyclobutane ring 
since they were both stable towards hydrogen on platinum 
at  350". 

In the bis-dehalogenation of 1,2-dihalogenobicyclo [2,2,1]- 
heptanes, Keese and Krebs4 found substantial amounts of 
unidentified C,,H,, hydrocarbons. On the basis of our work, 
these products are almost certainly cyclobutane-containing 
dimers. They also obtained Diels-Alder adducts with 
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furan, thereby providing compelling evidence for the inter- 
mediacy of bicyclo[2,2,l]hept-l(2)-ene. Thus far we have 
been unable to trap adamantene in a Diels-Alder reaction, 
but this need not necessarily imply that adamantene is not 
produced from the di-iodide. An alternative explanation is 
that adamantene is so much more highly twisted about the 
double bond axis than is bicyclo [2,2,1] hept- l(2) -ene that 
i t  is in fact unreactive as a dieneophile compared with its 
reactivity in dimerisation ; the extreme double bond twist 

and the concomitant twisting of the orbitals provide to a 
high degree the precise requirements for a symmetry- 
allowed dimerisati~n.~ The stereochemistry of (5), which 
is of interest in relation to the stereochemistry of rX2, + 
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