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Abstract: The anodlc oxidation of X-cyanomethyloxazolidine system 1 initiates an 
electrocatalytic cycloaddition of vinylethylether at the h:O acetal function and affords, after NaBb 
reduction and acrd hydrolysis, the corresponding enantiomeric pure bicychc ketal 4. 
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In recent papers’,’ we have described the anodic oxidation of N-cyanomethyl-oxazolidine derivatives 
1. We postulated that an electrogenerated radical cation was a key intermediate in these reactions. In order 
to conlirm this hypothesis and to develop electrochemical routes horn 1, based on the regioselective 
oxidation at the N,O-acetal function, we undertook the anodic oxidation of derivatives 1 io presence of 
vinylethylether (VEE). Indeed, it has been reported that VEE can undergo addition to radical species, 
generated by anodic oxidation of anions?“ or to iminium ion generated by electrooxidation of hydrazine 
compounds‘. 

The controlled potential electrolysis (CPE) of 1 (E = 1.8 V vs s.c.e.), at a platinum electrode in 
acetonitrile, using VEE as reactant, perchloric acid as proton donor and lithium perchlorate as supporting 
electrolyte, led to the corresponding ketal 2 as a mixture of a number of diastereomers (four from la and 
two from lb or lc). Upon sodium borohydrure reduction 2a and 2b finnished respectively 3a and 3b as a 
mixture of two diastereomers. The hydrolysis in hydrochloric acid of 3a and 3b afforded a single isomer 4a^ 
or 4b” in 45% overall yield corn la or lb. With 219 reduction and hydrolysis treatment provided only tarry 
materials. 
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Scheme 1 

The new carbon-carbon bond formation, which took place during the electrochemical step, was 
highly stereoselective, since the ketal2a (or 2b) was isolated as a mixture of four (or two) diastereomers but 
the elimination of the cyanide group halfed the number of isomers and hydrolysis of acetal centre led to a 
single isomer 4a (or 4b) (Scheme 1). 
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The absolute configul-ation at the newly created chiral centre of 4a (and 4b) was assessed by 
chemical colTelation. We recently reported’” the preparation of enantiomerically pure (2R)-ketal 5a (aud 
(2R)-ketal Sb) Corn la (and lb) VILE an alkylation/reduction sequence. These ketals were easily transformed 
to 4a and 4b identical in all aspects to the compounds obtained vm the elect]-ochemical route” 
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Scheme 2 

Concerning the mechanistic pathway of the electrochemical step different experimental facts should 
be underlined: 
(:I) the small amount of electricity (0.5 electron per mole), required for this reaction, suggests a chain 
process initiated by a single electron transfer. 

Flgore Cyclic voltammogmns at a 0 11 V s.’ potenual scan rate in CH,CN contamng LICIO., (5x IO-’ mol L-’ ) of a solwon 
of la (2 5x10.’ mol L.‘) (curve a--j, a mixture of la (2 5x10.’ mol L”) and HCIO,, (I 75rlO”’ mol L.’ 1 (curve b -). the 
electrolysis mxture at the end of the oxdatron (0 5 electron per mole) (curve c - - - -), and electrolysis nmture after addltlon of 
pyndlne (2 5x IO.’ mol L-’ ) (curve d -- -) 
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(b) although 2 was not an authentic oxidation product versus 1, the electrochemical step was essential to its 
formation since in the absence of anodic oxidation compound 1 did not react with VEE under various acidic 
conditions. 
(c) the anodic oxidation of la has been followed by cyclic voltammetry (CV) as shown in Figure. In an 
acetonitrile solution and presence of lithium perchlorate, la exhibited an oxidation peak at 1.8 V(sce) (curve 
a). After addition of 0.5 equivalent of perchloric acid the anodic peak decreased by half since 50% of la was 
in a non-oxidizible protonated form [la-H]+ ( curve b). At the end of the reaction no more product could be 
detected (curve c) but after addition of 1 equivalent of pyridine a new peak was recorded at 1.5 V(sce) 
(curve d). This signal corresponded to the oxidation of compound 2a as indicated by CV of a solution of 
this compound after isolation and purification. This means that after exhaustive electrolysis of la, in 
presence of VEE and perchloric acid, the cyclic adduct 2a obtained was in a protonated form [2a-E]+. 

Scheme 3 shows a postulated electrocatalytic mechanism for the formation of ketal 2 based on 
numerous reported examples’2”6. The different steps can be detailed as follows: the initially formed radical 
cation If’ (initiation step of the process) reacts with VEE to form a new cyclic radical cation 2” which then 
accepts an electron from 1 to initiate a new cycle (propagation step or SET). On the other hand, a proton 
exchange between [1-H]‘and 2, which is more basic than 1, afforded the final protonated product [t-R]‘. 

Although the anodic oxidation of 2 occurs at a lower potential than 1 (Figure), the 
thermodynamically unfavourable electron exchange between 2+’ and 1 was then rendered possible due to a 
fast protonation step that followed the SET. This latter step constituted the driving force of the reaction and 
prevented the overoxidation of 2. Besides the amount of acid (0.5eq) introduced at the beginning of the 
electrolysis (Figure, curve b), the same amount (0.5eq) was electrogenerated by oxidation of residual water, 
solvent or electrolyte support which then permited the quantitative protonation of 2 (Figure, curve c). 
Indeed this proton electrogeneration would be mainly responsible for the observed consumption of 
electricity (0.5 electron per mole), thus a very small quantity of electricity was used for the oxidative process 
of 1 in accordance with the proposed catalytic mechanism. 

[2-H]+ 1 2+’ 

Scheme 3 

The occurrence of this electrolytic oxidative coupling is consistent with the previously reported’ 
hypothesis which postulated the formation of a radical cation species during the anodic oxidation of N,O- 
acetal fimction of synthon 1. In addition this stereoselective addition of VEE to anodically generated radical 
constituted an alternative route versus chemical method to afford ketal compounds which are usell 
intelmediates in the synthesis of piperidine or pyrrolidine alkaloids”. However, it should be mentioned that 
the electrochemical route preserves the a-amino&rile function which might be used for subsequent 
alkylation or oxidation reactions”. 
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