
Tetrahedron Letters No.23, PP. 1975-1977, 1970, Pergamon Press. Printed in Great Britain, 

BAlWENATIONOFADAMANTANE ANDBBLATED GOMiJOUND9 

M.A. McKervey, D. Grant, and H. Hamill 
Department of Chemistry, The Queen's University, Belfast ET9 5AG 

(Received in UK 1 April 1970; accepted for publication 16 April 1970) 

Although there has been speculation as to the meohanism of the aluminium halide- 

catalysed rearrangement of s-trimethylenenorbornane (I) into adamantane little is known about 

this reaction beyond the fact that the first step involves the isomerization of <I) into its 

exo-isomer (II) (1). One way of studying this reaction is to trap and identify intermediate - 

products of the rearrangement and with this possibility in mind we examined the aluminium 

bromide-catalysed bromination of (I) and (II) (2) at 0'. Even at this low temperature, however, 

the rearrangement proceeded right through to the adamantane stage giving about equal amounts of 

two tribromoadamantanes (63% yield) and 1,2,3,5,6,7-hexabromonaphthalene (29% yield) (3). No 

apparent intermediates were involved since g.1.p.c. analysis of the reaction mixture showed only 

starting material and the two tribromoadamantanea at intermediate times. The hexabromonaphtha 

lene probably resulted from bromination of decalin, a reoognised by-product in the preparation 

of adamantane from (I) under aluminium halide catalysis; in any event, bromination of deoalin 

under similar conditions gavs the same hexabromonaphthalene in 85% yield. 
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One of the tribromides was readily identified as 1,3,5-tribromoadamantanne (IV) (4). 

The presence of the adamantane skeleton In the second tribromide was established by 

hydrogenolysis over palladium and the one proton signal in the n.m.r. spectrum (100 MHz, CDCl,) 

at 5.53Z indloated that one of the bromine atoms was attached to a non-bridgehead position. 

Hydrolysis employing silver sulphate and sulphurlc acid gave a trial, m.p. 310-31Z", which was 

subsequently oxidised to a keto-dlol, m.p. > 350'. This compound was assigned structure (VII) 

since the n.m.r. spectrum (CD3SOCD3) displayed an absorption at 1.64x attributable to the two 

protons on the bridgehead positions adjacent to the carbonyl group. Accordingly, the tribromidc 

and the trio1 were assigned structures (V) and (VI). 

While the results of the bromination reaction do not provide any information on the 

mechanism of adamantane formation, a number of points of interest aI%Se. First, tribromide (V) 

cannot be the product of direct bromination of adamantaN Since, under the conditions employed, 

this reaction IS known to produce bridgehead substitution excluSively (4). Rather,it must be 

formed by bromination of starting material or of an intermediate in the rearrangement which, 

however, continues on to the adamantsno skeleton. Second, (V) provides a direct entry into the 

previously unreported 1,3,6_trisubstituted adamantane series; in this connection, the effect of 

temperature on the product ratio is important: bromination of (I) at -12O gave (IV) and (V) in 

the ratio 1:3, and fractional crystallisation of the mixture gave (V), m.p. 169-170°, in 39% 

yield. 
Following these experiments we investigated other methods for effecting the rearrange- 

ment of suitable tricyclic hydrocarbons into adamantanes and the introduction of functional 

groups in a single operation. This approach has already been successfully applied to the 

preparation of several amlnoadamantanes from tricyclic precursors and trichloramine under 

aluminium chloride catalysis (5). Two reactions using exo-tetramethylenenorbornsne (VIII) (6) - 

are shown below. A solution of (VIII) in dichloromethane containins aluminium chloride was 

heated under reflux while the progress of the reaction was monitored by g.1.p.c. analysis. 

After 15 minutes, the mixture contained about equal amounts of l- and 2-msthyladamantane, but 

after two hours the product was almost exclusively composed of the l-methyl isomer. At this 

point the solution was cooled to O" and acetyl chloride was added. Distillation gave l-chloro- 

3-methyladamantane (IX), m.p. 39-41°, in 8% yield. This structural assignment is based on the 

Spectral data (7) and on Koch carboxylation which gave 3-methyl-1-adamantanecsrboxylic acid (6) 

in 65% yield. Adaption of the rearrangement-functionalisation procedure to the introduction of 

two chlorine substituents proved unexpectedly simple; if instead of acetyl chloride paraformal 

dehyde and additional aluminium chloride were added, the product isolated in 74% yield was 
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5-methyl-1,3-dichloroadamantane (X), m.p. 45-46'. 

Other examples of rearrangement and bridgehead halogenation were observed during a 

study of the behaviour of 2,2-dihaloadamantanes under aluminium halide catalysis. For example, 

2,2_dibromoadamantane (XI), m.p. 162-163O,(9) is smoothly converted into 1,3_dibromoadamantane 

(XII) by aluminium bromide in dibromomethane. Similarly, 2,2_dichloroadamantane (XIII), m.p. 

203-204O, (9) rearranges into 1,3_dichloroadamantane (XIV) in the presence of aluminium chloride 

z - xii z xiv - & 

in carbon tetraahloride. By changing the solvent to nitromethane in the latter reaction it was 

possible to observe five intermediate dichlorides. The two major components were isolated and 

identified as the cis- and trans-isomers of 1,4-dichloroadamantane (XV) (10). These rearrange- - 

ments probably proceed by way of intermolecular hydride transfer reactions (11) (12). 
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