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Abstract - (+)-ham,cis-4-Benzoyloxy-2,2,8a-trimethyldecahydroquinolinyl-N- 

oxyl reveals a reversible redox peak whose oxidation potential is at + 0.55 V 

vs. AgtAgCl. The compound catalyzed the oxidation reactions of benzyl 

alcohol and 1-phenethyl alcohol to benzaldehyde and acetophenone, 

respectively, in satisfied current efficiency (74.4-80.6%) and selectivity (100%). 

N-Oxyl radical is a usually stable organic radical, and its oxidized species (ie., an oxoammonium ion) 

can be easily prepared electrochemically by one-electron oxidation of N-oxyl radical (Scheme).l The 

oxoammonium ion is known to be a specific and useful oxidant for several functional groups, and 

piperidine and pyrrolidine type N-oxyl radicals such as 2,2,6,6-tetramethylpiperidinyl-N-oxyl (TEMPO) 

and 2,2,5,5-tetramethyl-3-pyrrolinyl-N-oxyl (PROXYL) have been used extensively as catalyst for the 

electro-oxidation reaction of alcohols.2-9 However, no other N-oxyl radical has been used as catalyst 

in electro-oxidation reactions. In order to improve the performance of the electrocatalytic features of 

N-oxyl radicals, the development of other type of N-oxyl radicals is still required. In this 

communication, we report electrocatalytic behavior of decahydroquinoline type N-oxyl radical, 

(+)-ham,cis-4-benzoyloxy-2,2,8a-trimethyIdecahydroquino1iny1-N-oxyl (l),lo in the electro-oxidation 

reaction of primary and secondary alcohols. 

The cyclic voltammetry of 1 was carried out in an acetonitrile solution containing 0.1 M NaC104 as 

supporting electrolyte.ll Figure 1 shows the cyclic voltammograms of 1, in which a reversible redox 
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Figure 1. Cyclic voltammograms of 0.01 M 1 in the 
presence (--) and absence(-----) of 0.2 M benzyl alcohol 
and 0.4 M 2,6-lutidine in 0.1 M NaC104/acetonitrile. Scan 
rate: 50 mV sec-1. 

couple can be observed. This redox couple 

corresponds to the one-electron oxidation of 1 

to the oxoammoniurn ion. The oxidation 

potential and the difference between the anodic 

peak potential and cathodic peak potential of 1 

are + 0.55 V vs. AgtAgC1 and 75 mV, 

respectively. These values are comparable to 

those for TEMPO derivatives.12 In addition, 

the diffusion coefficient of 1 was estimated to 

be 2.4 x 10-5 cmz sec-1 based on the plot of 

the peak current vs. (scan rate)l" in the cyclic 

voltammetry.l3 These observations suggest a 

possible use of 1 as catalyst in the electro- 

catalytic oxidation of substrates. The cyclic 

voltammogram of 1 in the presence of benzyl 

alcohol and 2,6-lutidine is also shown in 

Figure 1. The oxidation peak current of the 

cyclic voltammogram was enhanced up to 220 

pA in the presence of benzyl alcohol, as 

compared with 170 pA in the absence of benzyl alcohol at + 0.59 V vs. AgIAgC1, suggesting that 1 is 

electrocatalytically active for the oxidation of benzyl alcohol. 

Preparative electrolysis reactions of alcohols were performed at a constant potential (+ 0.8 V vs. Agl 

time / h 

Figure 2. Macroelecholysis of benzyl alcohol by I in 
the presence of 2,6-lutidine. 0 : benzyl alcohol, 0 : 
benzaldehyde and 0 : current efficiency. 
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Figure 3. Macroelecuolysis of 1-phenethyl alcohol by 
1 in the presence of 2,6-lutidine. 0 : (R)-1-phenethyl 
alcohol, A :  (GI-phenethyl alcohol, 0 : acetophenone 
and 0 : current efficiency. 
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AgCI) in an acetonitrile solution. The electrolyte solution (5 mL) contained I mmol of benzyl 

alcohol or 1-phenethyl alcohol, 0.05 mmol of 1, 0.5 mmol of tetralin as a standard for high 

performance liquid chromatography (HPLC) analysis, 2 mmol of 2,6-lutidine as a deprotonating agent, 

and 0.25 mmol of supporting electrolyte (NaC104). A graphite felt electrode, the size of 5 x 5 x 5 

nun, was used as working anode electrode. During electrolysis, the substrates and products were 

occasionally analyzed by HPLC.14 

A time course of the electro-oxidation of henzyl alcohol by 1 is shown in Figure 2. One mmol of 

henzyl alcohol reacted almost completely in about 10 h to yield benzaldehyde. The current efficiency 

in the electrolysis is ca. 80% during the course of electrolysis, and no by-product was observed (100% 

selectivity). The turnover number based on 1 was calculated to be 38.4 at 10 h of electrolysis. 

Figure 3 shows the similar results for the electrolysis of racemic I-phenethyl alcohol. About 76% of 

I-phenethyl alcohol was consumed in 10 h to afford acetophenone and no by-product was produced. 

The current efficiency and tumover number were 74.4% and 30.4, respectively, at 10-hour electrolysis. 

The oxoammonium ion of 1 oxidized (R)- and @)-form of I-phenethyl alcohol equally, though 1 

contains chiral centers. No oxidation reaction occurred in the absence of 1 for both alcohols under 

the same reaction conditions, confirming the electrocatalytic oxidation mediated by 1. 

The results of macroelectrolysis of henzyl alcohol and I-phenethyl alcohol clearly demonstrate that 1 

can he used successfully as catalyst which mediates electron relay between electrode and the substrates 

for the electro-oxidation of both primary and secondary alcohols. It should he emphasized that, in 

the electrocatalytic oxidation by 1, the alcohols are converted into the corresponding aldehyde and 

ketone in 100% selectivity with adequate current efficiency (74.4-80.6%). The turnover number of 1 

for the reactions is satisfactorily high, being comparable to those reported for TEMPO derivatives.!' 

Thus, it became apparent that 1 has valuable potentiality as an electron mediator for electrocatalytic 

oxidation of alcohols. 

The successful use of 1 in homogeneous system suggests that the electrocatalytic oxidation of alcohols 

can he performed using 1-modified electrodes in which 1 is immobilized covalently on the electrode. 

This system is expected to provide improved current efficiency and tumover number together with 

enantioselectivity for the reactions. We are now fabricating the 1-modified electrodes for this purpose. 
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