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The oxidation of triamantane by sulphuric acid was s tudied in various reaction conditions. 
8-Triamantanone, 8, 16-triamantaned ionc, and 15-hydroxy-8-triamantanone were isolated and 
identified as reaction products. The reaction was monitored and the purity of the compounds 
prepared was checked by gas chromatography a nd mass spectrometry, the posi tion of the func
tional groups was determined by 13C NMR spectrometry. 

------- - _._---.. _._--_ .. _ ------

Similarly as adamantanc and diamantane, triamantane contains in its molecule se

condary carbon atoms, the reactivity of which is considera bly lower than that of the 
tertiary carbon atoms present I ; and so while a number of derivatives have been 

synthesized with substituents at the tertiary carbon atoms 2
, no triamantane derivative 

substituted a t a secondary carbon atom has been as yet reported. Therefore , as part 

of our wider study of polycyclic hydroca rbons, we have concerned ourselves with 

the preparation of some tri ama ntane derivatives of this kind, 

For adamantane and diamantane, derivatives with substituents at secondary carbon atoms 
a re best prepared by oxidation with concentrated sulphuric acid; this reaction has beel1 studied 
in detai l for adamantane by Geluk a nd Schlatmanl13

, Sulphuric acid acts on adamantane to trans
form it first into a hydroxy derivative substituted at a tertiary car bOil atom, and by additional 
oxidation, possibly assoc iated with disproportionation, adamantanone is formed ill a high yield 
as the final product. Diamantanone has been obta ined similarly in a high yield from a reaction 
of dia mantane with concel1trated sulphuric acid4

, and nowadays this substance is the only starting 
ma terial available for the prepa ration of deriva tives substituted at seco ndary carbon atoms, 

We attempted to oxidize triamantane in the same manner, a lthough the situation 

is more complicated in this case owing to the more complex structure of the molecule. 

Triamantane is the first member of the adamantane-analogue series in which a quater

nary carbon atom is present. Owing to the occurrence of three non-equivalent carbon 

atoms in positions 5, 8, and 16, three isomeric ketones can be formed, that with 
the keto group in position 8 being statistically most favoured , This derivative was 

actually isolated from the product of oxidation of triamantane; the position of the 
keto group was determined by 13C NMR spectroscopy making use of the additive 

rules. A disubstituted derivative containing a keto group in position 8 and another 

keto group in position 16 was also isolated from the reaction mixture. Only small 
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quantities o f this derivative are fo rmed a t the reac tion tempera ture of 75°e , but it is 

o btained in higher a mount s a t elevated temperatures a nd prol o nged reaction periods. 

fn addition to these substances, a deriva tive invo lving a keto group and a hydroxy 

group was a lso iso lated . The prese nce o f the hyd roxy group indica tes tha t similarly 

as with adamantane, oxidation of triamantane proceeds via a hydroxy deriva tive, 

which after a rearra ngement of the hydroxy group from the tertiary to a seconda ry 

carbon atom is tra nsform ed , on additi o na l ox ida ti o n a nd , possibly, disproportio

nation , into the keto deriva tive. 

The composition of the reactio n mixture from the ox idati o n of tri amantane by sul

phuric acid was investiga ted in dependence o n temperature. At 500 e the reaction 

did not ta ke place. On the o ther ha nd , when the tempera ture was rai sed to JOooe, 
disubstituted deri vat ives were formed besides a variety o f sid e products, probably 

higher molecular mass co mpound s. A temperature of 75°e emerged as a suitable 

compromise for the preparation of mo nosubstitut ed derivatives, a t which the yield 

of the ketone was highest. 

The composition of the system was a lso examined in dependence o n time. In 10 h, 

only several per cent triamantan e had reacted, but the yield increased with time up 

to 40% in 40 h. Additional lengtheni ng o f the reaction time had no favo ura bl e effect 

on the yield of the ketone , unidentified side products being formed during that time. 

Thus, comparing the composition of the reac tion mixture for tri a manta ne with 

that for diamantane und er identical conditions we find that while. for diama ntane 

the monosubstituted deriva tives a re formed readily in a yield higher than 80%, the 

oxida tion products of tri amantane contain , in addition to the m onosubsti tuted 

deriva tives and a sma ll amo unt of the unreacted starting substance , a lso di substituted 

derivatives and higher molecular mass compounds. 

To facilitate the isolati on of the products from the reaction mi xture we finished 

the procedure with the Koch-Haaf ca rboxylation , consisting in a transformation 

of the hydroxy derivatives present into the corresponding carboxylic acids. The 

carboxylation was, however, inco mple te, so that a small amount of the hydroxy 

derivative was isolated, besides the keto deriva ti ve, a lso from the ethereal extracts. 

The carboxylic acids were transformed with diazomethane into the esters to facilitate 

the gas chromatogra phic analysis. 

I , RI = 0 , R2 = H, R3 = Hz 
II, Rl = 0, R2 = H, R3 = ° 
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III, RI = 0, R2 = OH, R3 = H2 
IV, RI = 0 , R2 = COOCH3 , R3 = ° 
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EXPERIMENTAL 

The melting points have not been corrected. The purity of the substances was checked gas chroma
tographically on a Chrom 4 apparatus, mass spectrometrically on a n LKB 9000 instrument, and 
DC N MR spectroscopically on a Tesla BS 567 spectrometer. 

Trialllalltane was prepared from 2,5-norbornadiene by a five-stage synthesis6
,7; m.p. 218 to 

219°C (ref. 6 221 - 221·5°Cj. 
Oxidation of Iriulllanlane with sulphuric acid. Triamantane (I g) was heated8 with constantly 

stirred 96% sulphuric ac id (10 ml) at 75°C for 40 h. The mixture was allowed to cool down to 
room temperature, 99% formic acid (2 ml) was added, and the whole was filtered over a glass 
lilter and poured into cooled water. The product separated was multiply extracted with ether, 
the combined extracts were washed with 5% aqueous solut ion of potassium hydroxide and water 
a nd dried with sod ium su lphate, and ether was removed by distillation to give a solid residue 
(0'4 g, yield 40%). 

The residue (0'8 g) was dissolved in benzene and chromatographed on an Al z0 3 column 
(Brockmann II neutral, 32 g) using benzene, ether, and acetone as eluents. The residue from the 
benzene fraction obta ined on evaporating the solvent was recrystallized from hexane to give a sub
stance, m.p. 218 - 219°C. For C I8 H2Z O (254'4) calculated: 84'98% C, 8'73% H; found: 84'76% C, 
8'62% H; IR spectrum: I'max 1 700cm - l

; M+ = 254; DC NMR spectrum: 217'7; 55'8; 47'4; 
46'0; 45'7; 45'6; 43'6; 38'5; 47·6; 37· 3; 37' J; 36'9; 36'2; 34'8; 33·4; 27'4 ppm. The substance was 
identified to be 8-triamantanone (I). 

The etherea l fraction was evaporated to givc a residue which furnished a substance with m.p. 
240- 242°C on recrystallization from a hexane-acetone mixture (I : I). For C I8 HZO G2 (268-4) 
calculated: 80'56% C. 7'52% H; found: 80'26% C, 7'40% H; M+ = 268; !3 C NMR spectrum: 
215'5; 78 ' 8; 78-4; 77-1; 76'3; 75'9; 54'9; 46'5; 46'2; 45'3 ; 45 '0; 44'7; 44'2; 37'3; 36'8; 36'2; 35 '2; 
33·2 ppm. The substance was identified as 8, 16-triamantanedione (II). 

The residue obtained by evapora ting the solvent from the acetone fraction was recrystallized 
from a hexane- acetone mixture (I : I) and a su bstance with m.p. 171 - 173°C wa,:; obtained. 
For CI8H2Z0Z (270'4) calculated: 79'95% C, 8'2 1% H; found: 79'71 % C, 8'38% H; M-+ = 270; 
!3 C N MR spectrum: 78'4; 77' J; 75'8; 68'0; 55'0; 50'9; 46'2; 45· J; 44'7; 44'6; 39'7; 39'3; 38'3; 
37'0; 36'4; 35'9; 33·6 ppm. The substa nce was identified to be 15-hydroxy-8-triamantanone (III). 

The aqueous layer afte r the separation of the ethereal layer was neutralized wit h hydrochloric 
acid (I : I), extracted with ether and dried with sodium sulphate, and ether was distilled off. The di
stillation residue constituted by the corresponding acid (M+ = 298) was converted to the ester by 
means of diazomethane. A substance m.p.48-51 °Cwas obtained, M+ = 312; !3 C NMR spectrum: 
55· 3; 51 '7; 46'4; 45 '4; 45'3; 44'8; 39· J ; 38 '6; 38 '2; 37'1; 37'0; 36'9; 36'7; 36'3; 33 '8; 33·3 ppm. 
The substance was identified to be methyl ester of 8-triamantanone- 15-carboxylic ac id (IV). 
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