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1,2-Methanoadamantane: A Molecule with a Twist Bent B Bond? 
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Summary: The reaction of l-(chloromethyl)-2-bromoada- 
mantane with sodium leads to ring closure to the hitherto 
unknown 1,2-methanoadamantane (1). Reactivity stud- 
ies of 1 provide strong evidence for the existence of a twist 
bent u bond. 

Over 20 years ago, Gassman suggested that the trans 
fusion of cyclopropane to a sufficiently small ring should 
result in the formation of a twist bent u bond that would 
impart unusual physical and chemical properties to the 
molecule in which it is contained.' Since then, numerous 
attempts have been made to fuse the cyclopropyl moiety 
with other small rings in the trans configuration.2-6 

The chemical and thermal reactivity of derivatives of 
trans-bicyclo[4.l.Olhept-3-ene has been shown to be 
dramatically different from that of the corresponding 
derivatives of cis-bicyclo[4.1.0]hept-3-ene.4 These major 
changes in reactivity have been attributed to the in- 
creased strain energy which results from the trans-ring 
fusion and formation of a twist bent u bond. Theoretical 
calculations have provided substantial evidence for the 
existence of a twist bent u bond.6 Several examples of 
molecules which contain the trans-bicyclo[4.1 .O]heptane 
unit as part of a more complex structure have been 
reported in the literature.6 

In this paper we report on the synthesis, properties, 
and chemical reactivity of the hitherto unknown 1,2- 
methanoadamantane (11, tetracyclo[4.3.1.13~8.03~61undecane, 
a molecule possessing a twist bent u bond. 
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We chose l-(chloromethyl)-2-bromoadamantane (2b) as 
the precursor of 1. As shown in Scheme 1, the synthesis 
of 2b started with 4-protoadamantanone (31.' Epoxida- 
tion with dimethylsulfonium methylide afforded a mix- 
ture of 4-exo- and 4-endo-epoxymethyleneprotoada- 
mantane (4) in a 3:2 ratio, respectively.8 On treatment 
with 33% of HBr in acetic acid the oxirane 4 gave the 
rearranged products, bromoacetates 5a and 6b in the 
ratio 4:l. Alkaline hydrolysis of the acetates gave the 
alcohols 6 which were separated on silica gel using (0 - 
100%) CHzClz in pentane as eluent. Treatment of 6b 
with carbon tetrachloride and triphenylphosphine gave 
2b in 80% yield.g l-(Chloromethyl)-2-bromoadamantane 
(2b) reacted readily with sodium to give a mixture of 
three products. The reaction was carried out in toluene 
at  105 "C under intensive stirring for 30 min. The 
reaction mixture was cooled, and products were trans- 
ferred to the flask via canula. The mixture of products 
contained 1, 1-methyladamantane, and 4-methylenepro- 
toadamantane in the ratio 18:15:1.'Oa Purification of 
products was achieved by vacuum transfer.lob The total 
yield of purified 1 based on 2b was 37%. 

The structure proof of 1 is based on the mass spectrum 
mlz 148 (M+),lla the IR spectrum (Y 3050 cm-l),llb as well 
as the 'H and NMR spectra.llc On the basis of 
selective decoupled and COSY NMR spectra we found 
that the triplet at  6 -0.03 and the multiplet at  6 1.08- 
1.22 are in interaction and therefore correspond to the 
cyclopropyl methyne proton at  CZ and cyclopropyl meth- 
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Scheme 1 
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Scheme 2 

3 
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ylene protons a t  (211, respectively. The chemical shift of 
cyclopropyl methyne proton upfield from trimethylsilane 
is in accord with the change in cyclopropane ring ani- 
sotropy due to trans ring f u ~ i o n . ~  Also, the C-H coupling 
constants of the 13C NMR signals, triplet a t  6 29.1 
(157Hz) and doublet at 6 25.3 (143 Hz), are typical for 
cyclopropane carbon atoms,12 which provides additional 
evidence for the structure of 1. 

According to MM2 calculations,13 the estimated strain 
energy of 1 is 47 kcdmol greater than that of adaman- 
tane itself, implying a high reactivity of th is system. 1,2- 
Methanoadamantane (1) is a highly reactive species 
indeed. It reacts with acetic acid, methanol, and water 
to give corresponding 3-homoadamantane derivatives 8. l4 
However, in the reaction of 1 with thiophenol a mixture 
of 3-(pheny1thio)homoadamantane (Q), 44phenylthio)- 
homoadamantane (lo), homoadamantane, and diphenyl 
disulfide was obtained.15 

The formation of products 8a-c could be explained by 
the attack of a proton, as a strong electrophile, on the 
central bond of the cyclopropane ring and formation of 
cation 7 which then reacts with the nucleophile (AcOH, 
CH30H, H20) to give 3-homoadamantane derivatives. 
However, the formation of 9 and 10 probably proceed via 
radical addition of thiophenol to the central bond of the 
cyclopropane ring in 1. 
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1,2-Methanoadamantane is thermally stable and inert 
to bases such as diethylamine and alkyllithium. Hydro- 
genolysis of 1 with PdC in toluene solution at room 
temperature gave 1-methyladamantane as the sole prod- 
uct. Interestingly, the central bond (Cl-Cd in 1 is not 
cleaved (this would lead to homoadamantane16 ). 

The reactivity of 1 is consistent with the bond distor- 
tion of the central cyclopropane bond in the trans-fused 
bicyclo[4.1.0lheptane ur1it,49~J' the HOMO being associ- 
ated with the C1-C2 bond, and provides strong evidence 
for the existence of a twist bent u bond. 
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