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Abstract - The indirect electrooxidation of 4-picoline and its N-oxide with in 

situ electrogenerated Co(II1) acetate has been studied. Pyridiie-4-aldehyde 

diacetate was obtained in good yield (45 - 68%), if the electrolysis was 

performed in acetic anhydride at 80°C in an undivided cell under controlled 

current conditions. 

INTRODUCTION 

A large number of methods have been described for the oxidation of 4-piwline to pyridine-4- 

carboxylic acid using chemical oxidizing agents like nitric acid or transition metal compounds in high 

oxidation states like potassium permanganate or chromium triodde.l4 The formation of the 

synthetically interesting pyridine-4-aldehyde by chemical oxidation of 4-picoline is only possible with 

low yields by selenium dioxide in dioxane? In addition to that, the speht oxidizing agents are a 

hazard to the environment and therefore the waste treatment is getting more and more difficult and 

costly. A clean oxidation tecmique would be the electrochemical method, as it does not generate 

any waste. Direct electrochemical oxidation of picolines because of the electron-poor 

heteroaromatic ring is only possible at high oxidation potentials under acidic couditiom yielding 

pyridine carboxylic acids. Thus, in a divided cell under application of a Pt, Pb, or PbOz anode and an 

acidic medium 4-pidine is transformed to pyridine-4-carboxylic acid.8~~ The indired 

electrochemical method could in principle solve these problems as strong inorganic oxidizing agents 

may be electrochemically activated and regenerated in situ in a wntinuous process. This is true, for 

example, in the case of manganese(II1) and cobalt(1II) acetates,'' which are known for their 

selective sidechain oxidation of alkyl aromatic compounds. Electrochemically generated cobalt(II1) 



acetate in acetic add was used to oxidize 2- and 3-picoline in a two-step ex-ceU process in presence 

of oxygen to yield the corresponding pyridimecarboxylic acid?' 

We are now presenting an indirect electrochemical process for the selective oxidation of 4-picoline 

to pyridine-6aldehyde diacetate with in situ electrogenerated respectively regenerated cobalt(II1) in 

an undivided cell using graphite electrodes. 

To our knowledge this acetylation was up to now only carried out chemically in a step by step 

reaction via treatment of 4-picolie N-oxide respectively the thus formed 4-pyridinemethanol 

acetate N-oxide with acetic anhydride by rearrangement of the intermediate N-acetoxypyridinium 

acetate. This tedious method, however, is unfavourable in particular because four steps are needed 

instead of one and therefore the overall yield of 16% is very low. 12 

RESULTS 

Controlled Current Electrolvsis of 4-Picoline 

The selectivity and effectivity of the indirect electrochemical oxidation of 4-picoline in presence of 

CO(OAC)~ were optimized towards the formation of pyridiie-4aldehyde diacetate by changing the 

optimum conditions. 

(a) Effect of the solvent: 

Fust attempts for an in situ indirect electrochemical oxidation of 4-picoline (10 mmol) using 

CO(OAC)~ (1 mmol) as regenerable redox catalyst were performed in an undivided cell at a graphite 

anode at 2 m,4/cm2 using glacial acetic acid as solvent. The temperature was 80°C. However, only 

small amounts of the pyridiie-4-aldehyde and pyridine-4-carboxylic acid could be isolated. Under 

the same conditions only changing the solvent from glacial acetic acid to acetic anhydride resulted in 

the formation of 43% of pyridiie-4-aldehyde diacetate. 

(b) Effect of the mediator concentration: 

By changing the molar ratio between 4-picoline and CO(OAC)~ from u) to 2 it was found that the 

best results could be obtained by using a molar ratio 10 (43%) or 5 (46%). 
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(c) Effect of added supporting electrolyte: 

The addition of potassium acetate to the solution led to an enhancement of the reaction rate. 

Addition of 10 mmol of KOAc to 10 mmol of 4-piwline and 1 mmol of CO(OAC)~ in 150 ml of 

acetic anhydride resulted in an increase of the product yield to 55%. 

(d) Effect of oxygen: 

Passing oxygen through the electrolyte solution during electrolysis resulted in a dramatical decrease 

of the yield to 7% after the consumption of 1 F/mol and 70% after 4 F/mol. 

(e) Effect of current density: 

The current density was changed from 2 to 6 m,4/cm2 and it was found that the yield slowly 

dropped with increasing current density. 

(0 Effect of charge wnsumption: 

The madmum yield was obtained with 4 F/mol, the equimolar amount for the formation of the 

aldehyde,as shown in the Table. Lower as weU as higher charge consumption resulted in a drastic 

decrease of the yield. 

(g) Effect of the temperature: 

The effect of the temperature on the yield was examined in the range of 20 to 80'~. It was observed 

that the yield was strongly influenced by the temperature giving best results with highest 

temperatures. This can be attributed to the donor property of the N-heterocycle towards cobalt(II1) 

forming complexes?3 These complexes dissociate at elevated temperatures giving free Co(II1) ions 

able to oxidize piwline. The much smaller yield in the oxidation of 2-piwline may be attributed to a 

stronger complex formation. 

(h) Effect of the addition of water and bromide ions: 

It was described that bromide ions can act as co-catalyst for the allylic and benzylic oxidation of 

olefms and alkylarenes by Co(lI1) acetate.14 Therefore we studied the reaction in presence of 1 

mmol of KBr. However the yield decreased to 31%. The addition of 10% by volume of water also 

decreased the yield to 32%. 

(i) Effect of added CU(OAC)~: 

The addition of wpper(l1) acetate as excellent oxidizing agent for carbon radicals should result in 

better yields of the product, if the reaction takes place via the side-chain rad id2 '  However, the 

addition of CU(OAC)~ in a ratio of 1 to 10 respectively 1 to 5 compared with CO(OAC)~ reduced the 

yield to one half (28%). 



Table: Results of the Indirect Electrochemical Oxidation of4-Picoline Using CO(OAC)~ as Mediator 

in Acetic Anhydride as  Solvent 

Exp. Ratio of Current Charge Temp KOAc Oz CII(OAC)~ yieldb 

No. 4-Picoline to Density Consump insertion 

Co(0Ac); [ m ~ / c m ~ ]  tF/moll I0C1 [mmol] [mmoll [%I 

a 10 mmol of 4-picoline always in 150 ml of acetic anhydride. 

for 4 F/mol: chemical yield = current yield. 

C P  

The nitrogen oxide group in 4-picolie N-oxide should enhance the reactivity as compared with 4- 

picoline towards the indirect electrochemical oxidation. This was in fact found. Under standard 

conditions (substrate to C ~ ( O A C ) ~  ratio = 10:l; 80'~; 2 mi4/crn2; 4 F/mol; no KOAc; no oxygen; 

no Cu(0Ac)J the chemical yield of pyridiie-4-aldehyde diacetate was 68 % (34% current yield). 
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DISCUSSION 

Oxidations with Co(III) acetate have been extensively investigated and most of the have 

been interpreted in terms of an electron transfer mechanism including a radical cation as 

intermediate: 

RCH, t cO3+ ---+RcH;+ + coZ+ 

RCH;+ -----+RCH; t H+ 

On the other hand, the hydrogen atom transfer process leading directly to the free radical has also 

been suggested in which the rate determining step involves the abstraction of the hydrogen atom 

from the organic molecule by the Co(II1) ion. 18-20 

R C H ~  t co3+ ------+RCH; t H+ + co2+ 
From the observation that oxygen very negatively influences the oxidation of 4-picoline it can be 

concluded that the N-oxide is not an intermediate on the way to the product because the N-oxide 

has to be formed by an oxygen derived intermediate. Oxygen also usually does not influence 

electrochemical oxidations via cation radicals very much. On the other hand oxygen can act as 

radical trap. This might point to a reaction driven by a radical. This radical could be the 

carboxymethyl radical ('CH2COOH) as described for the reaction between toluene derivatives and 

M~(oAc)~.'' Acetic anhydride and the presence of KOAc are reported to suppress the electron 

transfer relative to the carboxymethyl radical pathway.2"22 This is in agreement with our 

observations. The presence of Cu2+ as a good oxidizing agent for benzylic radicals to the benzylic 

cations should favor the electron transfer reaction and hinder the reaction via the carboxymethyl 

radical. Our results again point to the radical pathway. The electrophiiicity of the carboxymethyl 

radical obviously prevents its addition to 4-picoline. Thus the following mechanism would explain 

the effect of the solvent, electrolyte, presence of cuZt, and oxygen. 

CO(OAC)~ -----+CO(OAC)~ t 'CH2COOH 

Py-CH3 t 'CH2COOH -------IPy-CH* t CH,COOH 

Py-CH2 + CO(OAC)~ -------+F'~cH~' + CO(OAC)~ t AcO' 

P ~ - C H ~ +  t AcO- ------+Py-CH20Ac 

The acetoxy snbstitueet would then lead to an easier side-chain oxidation by electron transfer by 

CO(OAC)~ giving the end product. As benzaldehyde acetals have much higher oxidation potentials 

than the corresponding benzyl ethers and even the corresponding toluene derivatives,= it can be 

expected that the pyridie-4-aldehyde diacetate behaves similarly having an oxidation potential so 

high that further oxidation can not occur. Starting from 4-picoline N-oxide is a totally different 



reaction, as in acetic anhydride the intermediate N-acetoxypyridinium acetate rearranges under 

formation of the benzylic acetatez4 which subsequently is further oxidized as mentioned above. 
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EXPERIMENTAL 

Materials. 4-Picoline was purified by distillation. Co(I1) acetate, KOAc, acetic anhydride (Riedel de 

Haen) and 4-picoline N-oxide (Janssen Chimica) were used without further purification. 

Eauiument for Prenarative Electrolvsis. Preparative electrolyses were carried out using a stabilized 

current source, model NTN 700 M-200 (FuG, Rosenbeim), together with a digital coulometer. An 

undivided beaker type ceU (200 ml) with a cooling mantle equipped with two parallel graphite plate 
2 electrodes (24 cm ) and a magnetic stirrer was used. 

General Procedure for the Constant Current Electrolvsis. 10 mmol of 4-picoline were dissolved in 

150 ml of acetic anhydride containing the appropriate amount of Co(I1) acetate as mediator and 

sometimes KOAc as supporting electrolyfe (see Table). The electrolyses were performed at a 

constant current under thermostatization. 

General Method for the Seuaratinn and Identification of the Product. After the passage of 4 F/mol, 

the electrolysis was stopped. The solvent was evaporated, the residue was dissolved in chloroform, 

filtrated, and evaporated. The residue was chromatographed on column (silica gel) using 

chloroform/methanol (100:l) as eluent. The separated product gave satisfactory ir, nmr and ms 

spectra. Moreover, the hydrolysis of the product in refluxing concentrated HCI for 3 h gave the 

corresponding pyridine-4-aldehyde as proven by gc/ms analysis (Hewlett Packard HP 5970 B MSD) 

and comparison with an authentic sample. 
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