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The mechanism of the oxidative decarboxylation of ali- 

phatic acids with lead tetra-aoetata has reoeived considerable 

attention in recent years (I-4). As a result of a study of the 

action of the above reagent and pyridine on exe- and endo-2- 

norbornane carboxylic acids (I and II respeotively) in benzene 

and acetonitrile as solvents, Corey and Casanova (1) conclu- 

ded that the reaction for both acids proceeded via the classi- 

cal norbornyl cation (III). These authors recognised, however, 

the possibility that the reactions may have involved initial 

homolytic decarboxylations followed by fast electron transfers 

from the norbornyl radical (IV) to give the cation III. Com- 

pelling evidence for such a two-step mechanism, i.e. homolysis 

followed by rapid formation of the carbonium ion, at least in 

other systems, has been recently presented by Kochi (3), and 

Davies and Waring (4). 
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In an attempt to gain further insight into the nature 

of the mechanism of oxidative decarboxylation with lead 

tetra-acetate of acids in the norbornyl series, we have 

oarried out an investigation of this reaction with exo- and 

endo-2-carboxybornane (V and VI, respectively) (5). Our 

reasons for believing that such a study could be informative 

were twofold. A. The presence of bornane (VII) in the react- 

ion mixture would be evidence for the formation, at least 

in part, of the bornyl radical (VIII).Berson and co-workers 

(7,8) have shown that bornane is the major product formed 

from the above radical. Of particular importance is the fact 

that this radical does not undergo skeletal change in the 

temperature range in which the oxidative decarboxylationa are 

carried out (7). B. The nature of the products derived from 

oarbonium ion precursors could give information as to the 

precise nature of these cationic intermediates. 
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Although de Potton (9) prepared the optically pure 

exo- and endo-2-carboxybornanes by carbonation of the Grignard 

reagent of optically pure bornyl chloride, the precedure was 

long and gave a very poor yield of the exo isomer. Accordingly, 

alternative methods for the preparation of the optically 

active acids were investigated. (+)-&-Acid (VI), n7g" __ 

+16.8 (benzene), was conveniently obtained by Flautt and 

Errnan's procedure (10) for the preparation of the inactive 

acid. For the preparation of optically pure z-2-carboxy- 

bornane (V), (+)-camphor was converted into 2-methylene- 

bornane (IX) (11) by a Wittig reaction. Oxidative hydrobora- 

tion of the olefin with disiamylborane (12) gave a mixture 

(9:1, 59'$) of the carbinols (X and XI, respectively) which was 

oxidised with Jones' reagent (13) to give an acidic mixture 

containing the desired exo-acid (75%) and the endo-acid (25%). 

Pure (-)-exo _ -2-carboxybornane, /a7A8 - 95 (bzne) was iso- -- 

lated from the mixture via its (+)-bornylamine salt (9). 

Initial attempts to carry out the oxidative decarboxy- 

lations in acetic acid containing sodium acetate were abandoned 

when it was found that the endo-acid underwent reaction only 

slowly under these conditions, and that the initially formed 

products were apparently consumed in secondary reactions with 

the lead tetra-acetate (14). 

The reactions of the acids V and VI were therefore 

carried out under conditions described by Corey and Casanova 

(1), i.e. in benzene containing pyridine as catalyst. It was 

found that both acids underwent reaction qualitatively at the 

same rate and gave the same products and in essentially the 

same proportions (15) when the number of equivalents of the 
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reagent were the same. The proportions of the products de- 

pended, however, on the amount of lead tetra-acetate used 

since the major product, camphene (XII), readily underwent 

secondary reactions with the reagent (16). 

With1.25 equivalents of lead tetra-acetate, both acids 

gave mixtures (~a. 60 - 75 $) which consisted of tricylene 

(XIII, 2$), camphene (XII, 53-57$), 8-methylcamphene (XIV, 

3-4$), isobornyl acetate (XV, IT-13%), bornyl acetate (XVI, 

5-6$), acetate of camphene hydrate (XVII, 9$), acetate A (2$), 

acetate B (5-6$), and acetate C (5-6$).* 8-Methylcamphene and 

the acetates A, B and C were shown to be secondary products 

formed from camphene by the action of lead tetra-acetate. The 

camphene obtaine'h from these oxidative decarboxylations had a 

high optical purity; that from the E-acid showed l%_&" 

+109' (benzene), lit.(17) &_& -117.5' (toluene) while that ob- 

tained from the e-acid showed /%I? + 112 (benzene). -_ 

A d& AZ,,, &c...i 3 
XII XIII XIV XVII 

* The analyses were carried out by vapour phase chromatography 
using a 300' Ukon capillary column. 



No.6 

Camphene (XII) and the acetate of camphene hydrate 

(XVII) must be derived from cationic species, and not the 

bornyl radical (VIII), since their formation has involved 

rearrangement of the original bornane structure. Tricyclene 

(XIII) has been detected as a very minor product from the 

bornyl radical (7,8) as well as from cationic intermediates 

(6). Significantly however, bornene (VII) could not be ae- 

tected in the mixtures under analytical conditions in which 

0.5s could have been readily determined. It is therefore con- 

cluded that the free bornyl radical was not formed, and that 

the isobornyl and bornyl acetates (XV and XVI, respectively) 

are also formed from carbonium ion species. Also noteworthy 

was the absence of limonene (XVIII) and d-terpinyl acetate 

(XIX) in the mixtures. The formation of these two compounds 

might have been expected if a llhot" bornyl cation (18) had 

been formed. 

The proportions of the three acetates XV, XVI and XVII 

formed directly from the two acids are shown in Table I. Of 

particular interest is the finding that the ratio of isobornyl 

to bornyl acetate is always ~a. 68 : 32. To our knowledge this 

is the highest ratio of bornyl to isobornylderivative formed in 

carbonium ion reactions of isobornyl and bornyl derivatives (19). 
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TABLE I 

Acid 
Equivs 
Pb(OAc)4 

1.04 

1.02 

1.16 

1.25 

Acetates_Formed (5) 

20 

19 

21 

21 

XVII 

39 67 : 33 

41 68 : 32 

35 68 : 32 

35 68 : 32 

xv 
Ratio 

XVI 

As derivatives of borneol, i.e. attack from the endo direction, 

have not been observed in reactions believed to proceed through 

the non-classical camphenehydro-isobornyl cation (XX) (6), the 

formation of bornyl acetate is believed to result from the 

classical bornyl cation (XXI). If the latter species were, 

however, tie only reactive carbonium ion present, a much higher 

ratio (perhaps greater than 9 : 1) of bornyl to isobornyl 

acetate may have been expected since the ~-7 methyl group 

causes the exo side to be the more hindered (20). We believe 

therefore that the initially formed classical ion (XXI) is to 

a large extent converted into the non-classical ion (XX) (21). 

Further support for the intervention of the latter species 

comes from the fact that the acetate of camphene hydrate (XVII) 

was not contaminated by the epimeric methylcamphenilyl acetate 

(XXII). The analytical conditions were such that 1 '$ of the 

latter in the former could have been easily detected. 
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&I + /&I <:q-_ 
xx XXI 

As already mentioned, the absence of bornane (VII) in 

the reaction mixtures indicates that the products were entire- 

ly formed via carbonium ion species, a result which is accord 

with Corey and Casanova's conclusions (1) in the case of the 

unsubstituted acids I and II. If the initial decarboxylation 

step in V. and VI involves a preliminary homolysis as suggested 

by Kochi's work (3), the intermediate radical must be oxidised 

in a very fast step, probably one in which the lead (III) 

species is reduced before it has departed from the sphere of 

the bornyl radical. 
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