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Abstract: One electron oxidizing agents have been employed to achieve the isomerization of epoxides to 

ketones.The reactions most likely proceed via a radical cation chain electron-transfer mechanism. 

Recently, the electrochemical conversion of epoxides to ketones,ls2 a procedure more convenient than 

the conventional acid-catalyzed reactlonsP has been object of an intriguing debate on the actual mechanism 

operating in thls process. Simonet et a/’ proposed, on the basis of cyclic voltammetric studies, an electron- 

transfer chain lsomerlzation induced by the electrode, coming to the conclusion that the loss of an electron or 

the addition of a proton may have similar or ldentlcal effect in the rearrangement of epoxides. In contrast to 

thls statement, Torli et a/ 2 suggested thal similar electrochemical transformations could be due to an 

electrogenerated acid catalyzed reactlon.4 The inhibitron to the lsomerlzation observed in the presence of 

pyridine (1 equiv.) and/or in the electrolysis of epoxldes carried out in acetonitrile (simply distilled once 

over P205) were the main chemfcal proofs that could account for such a mechanism not involving cation 

radicals as intermediates.5’6 

In this context, as part of our continuing studies on the thermal and/or photochemical Induced 

generation and evolution of cation radicals of different classes of organic substrates, 7*8 we report herein thal 

Irls-p-bromo-phenylammonlumyl-hexachloroanl~monate (p-BrCgHq)3N+ SbC+-) I or trityl 

hexachloroantimonate (C3H3)3C+ SbClg‘) II, well known one electron-oxldlzing agents,g react at room 

temperature, under air atmosphere an&or oxygen-saturated methylene chloride solutions of several epoxides 

la-c,3-methoxy-3-(naphtyl)splro[oxlrane-2,2’-adamanlane] Id, and B-lonone epoxlde le, easily 

synthesized by known procedures.“* ” to yield the corresponding carbonyf compounds 2a-c (eq.l), 

different Isomers Pd or 4 from id and a rlng contraction Isomer 2e from le (see text). 

1 a R I Rf - R2 - R3 I Phenyl 2a-c 

1 b R - R3 - H; R2 - R3 I Phenyl 

lc R,Rt - R2, R3 I Adamantyl 
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The general procedure, attractively simple, Is as follows: la-e (0.119 mmol) are dissolved in dry 

methylene chloride (5 ml) and then I or II (0.01-0.02 mmot) are added. The progress of the reactions can 

be monitored by tic, gc until completion (within the range 5min to 1 h). The solvent Is removed In vacua and 

the reaction products Isolated by column chromatography (silica gel, petroleum ether/ethyl ether 5/I WV). 

All products were identified by physical, spectral data (‘H, 13C nmrs, ir, ms) and by comparison with 

commercial or synthesized pure samples 3a 

The success of this novel synthetic procedure for the lsomerization of epoxides to ketones might be 

rationalized on the basis of the peculiar features of the reagents involved in this process. In fact, the powerful 

ammoniumyl salt oxidant ( Ered = 1.17 V vs SCE)12 can tnduce electron-transfer reactions on substrates 

la-e with the formation of the corresponding cation radicals (la-et) and neutral amine [(tris-p- 

bromophenyl) amine 31. 

Although this first step is endoergonic,(epoxides such as la, 1 b, Id show oxidation potentials in the range 

1.9-2.1 V vs Ag/Ag+),13 the driving force of the process could be the following isomerization of the ring 

closed callon radicals into the corresponding ring opened ones. In a recent ab initio molecular orbital study on 

the structure and stability of ethylene oxide cation radical, with the charge almost exclusively located on the 

oxygen, It has been ascertained that the C--O bonds are relatively weak and they can easily be broken, so that 

the ring closed and Its C...O ring opened isomer are separated by only a small energy barrier.14 On the 

contrary the fission of the WC bond requires more energy (105-120 KJ mol-I) but, when it occurs, the 

corresponding cation radical should be quite stable. By extension to our substrates, the fate of the presumed 

cation radicals (la-c!) could be the same with the generation of the corresponding ring opened cation 

radicals. The migration of a group, In relation to their aptitude, followed by the subsequent electron-transfer 

with the neutral substrates would afford the reaction products 28-c, as described by Simonet In the 

electrochemical process’. 

The chemical proofs that, in our conditions, could account ior such a mechanism are the following: (a) the 

total isomerization of bladamantylldene oxide ic to splro[adamantane-2,4’-homoadamantane-5‘-one] 2c is 

unprecedented. In fact, lc and PC are always In equilibrium even under acidic conditions.3a ; (b) the 

isomerlzatlon lc---2c Is totally inhibited In the presence of catalytic amounts of 1,4-diazabicyclo[2,2,2] 

octane DABCO [Ered - 0.60 V ws SCEJ and the Inhibition could be due to a faster electron-transfer reaction 

between I and DABCO rather than to its basic behavlour;‘5 (c) if the amount of added acid is calculated on the 

basis of the amount of the used oxidizing agent (assuming that loss of an electron corresponds to one equivalent 

of acid ), the concentration of added acid is too tow to cause the lsomerization of la in the time scale of our 

reactions; (d) similar reactlons on B-lonone-oxide le” with 0.015 mmoles of I lead, within I h, to I- 

(I ,2,2-trimethylcyclopent-1-yl)-pent-2-ene-I ,4-dlone 28 (90%)’ 7 (eq. 2). 

w \ 0 
‘0 ---&Ly 2 

le 2e 
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On the contrary, the same epoxlde le undergoes acid catalyzed ring contraction and enlargement together with 

the formation of several different reaction products In relation to the reaction conditions.‘8b1 ” ; (e) 

similar reactions on Id with O.OPmmoles of II quantitatively lead to two different reaction products, namely 

2d or 4, exclusively in relation to the reaction temperature (eq. 3). 

Id I w 
-80” 

2d 

The products 2d, 4 have been easily Isolated and fully characterized by physical and spectral data.*’ These 

latter unprecedented results, In our opinion, straightforwardly substantiate the Involvement of a C-O ring 

opened cation radical , and at the same time, they show the different migratory aptitude of the groups F12, R3 

In relation to the reaction conditions. In conclusion, although further detailed lnvestlgations in the area are 

warranted, we believe the preliminary results reported herein provlde one more attractive procedure for the 

ring opening isomerization of epoxides. 
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