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Abstract — Electrocatdytic oxidation of amines was studied using (%)-
trans,ci s-4-benzoyloxy-2, 2, 8a-trimethyldecahydroquinol inyl-N-oxyl . The
reaction with amines led to direct formation of carbonyl compounds in agqueous
media in adequate conversion (> 78 %), high current efficiency (> 90 %) and high
sdlectivity (100 %). Under anhydrous conditions, primary amines were aso
oxidized to the corresponding nitriles in satisfactory conversion (> 76 %), high
current efficiency (> 89 %) and high sdlectivity (> 95 %).

Oxoammonium ions such as 2 can be easily prepared dectrochemicaly by one-éectron oxidation of
nitroxyl radicals such as 1 (Scheme 1),* and they are powerful and selective oxidants for the oxidation of
severd functional groups.? Semmehack and Schmid have reported the eectrooxidation of amines to
nitriles and carbonyl compounds with 2,2, 6, 6-tetramethylpiperidinyl-N-oxyl (TEMPO) as a stable organic
nitroxyl radical catayst.>* MacCorquodale et al. have demonstrated that, based on ESR and cyclic
voltammetry, poly(TEMPO-4-acrylic ester) acts as an efficient cataytst for eectrochemica oxidation of
amines. We have dso achieved the dectrocataytic oxidation of amines to nitriles on agraphite fet (GF)
electrode coated with a thin poly (acrylic acid) (PAA) layer immobilizing 4-amino-TEMPO.> However, a
considerable body of these works has used TEMPO derivatives as an effective redox mediator. More
recently, we have reported the eectrocadytic behavior of (x)-trans,cis-4-benzoyloxy-2,2,8atrimethyl-
decahydroquinolinyl-N-oxyl (1)° in the eectrooxidation reactions of acohols to aldehydes or ketoness.’
To examine the wide applicability of this nitroxyl radical to the electrocatalytic oxidation of substrates other
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Scheme 1. A reversibleredox system based on 1.



than  acohoal, report here a preparaive
electrocatayti c oxidation of amines using 1.

Cyclic voltammetry was used to check whether
electrontransfer from oxidatively generated 2 to
benzylamine occurred.®  The cydlic voltammogram of 1
in the presence of benzylamine and 2,6-lutidine in
anhydrous CH,CN solution is shown in Figure 1. The
reversible wave a + 0.55 V vs. Ag/AgCl which
corresponds to the 1/2 couple became irreversible, an
increase of the catalytic pesk height corresponded to
oxidation of 1, dthough benzylamineis not eectroactive
below + 0.8 V vs. Ag/AQCI at aglassy carbon eectrode.
This means that 1 is eectrocatayticaly active for the
Based on the cyclic
voltammmetry results, we have used two procedures
In the first

we

oxidation of benzylamine.

for the oxidation of benzylamine’
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Figure 1. Cyclic voltammograms of 0.02 M of 1
in the presence ( ) and absence (- - - - - ) of 0.2
M of benzylamine and 1.6 M of 2,6-lutidinein 0.1
M of NaClO,/CHLCN at scan rate of 50 mV sec’™.

procedure (method A), the preparative dectrolysis reaction of benzylamine was performed a + 0.6 V vs.

Ag/AQCl in anhydrous CH,CN solution.
andyzed by gas chromatography (GC).°

During eectrolysis, the substrate and product were occasionaly
A time course of the eectrooxidation of benzylamine by 1 is

shown in Figure2. One mmol of benzylamine reacted aimost completely in about 5 h to yield benzonitrile.
The current efficiency in the dectrolysis is 93.5 % during the course of eectrolysis, and a smal amount of

benzaldehyde was observed (95.6 % sdectivity).

of 4-benzoyloxy-TEMPO in place of 1 yielded

The turnover number based on 1 (given by ratio of
mole of product x 2 / mole of 1) was calculated to be 19.0 at 5 h of electrolysis.

On the contrary, the use

benzonitrile low conversion (18.2 %) a 5 h of 1.00\ o — ] 100
dectrolysis, because the dectrolysis potential N R - == e

was more negative than the oxidation pesk 8 0.8 7 80 8
potentia 4-benzoyloxy-TEMPO (+ 0.66 V vs. E i §
Ag/AgCI). The nitroxyl radicd compounds é 06 : 60 gb.;
having benzoyloxy group has been smoothly S 04 140 =)
dectron transfer between dectrode and 8 | g
substrate than  other nitroxyl radica é 0.2 4 20 OE
derivatives.’*  In the second procedure _
(method B), the reaction was carried out in 0.0 0
mixtures of H,O and CH,CN. The 0 1 2 3 4 5

consumption of benzylamine and formation of

Electrolysistime/ h

benzaldehyde are plotted against dectrolysis
time in Figure 3. After 5 h of dectrolysis,
benzylamine was oxidized to benzadehyde in

Figure 2. Macroelectrolysis of benzylamine by 1 in the
presence of 2,6-lutidine in 0.1 M of NaClO,4/ CH3CN.
O benzylamine, O : benzonitrile, @ : benzaldehyde and
[1: current efficiency.



95.3 % vyidd, and no by-product was
observed (100 % selectivity). The current
efficiency and turnover number were 96.2 %
and 19.1, respectively, a 5 h of electrolysis.

The prepardtive results of oxidation for five
kinds of amines (benzylamine, p-methoxy-
benzylamine, nonylamine, 1-phenylethylamine
and cyclohexylamine) are shown in Table 1.
Under anhydrous condition, nitriles were the
major products from RCH,NH,. After 5 h
of dectrolysis, amines were oxidized to the
corresponding nitriles in adequate current
efficiency (89.1-93.5 %) and yield (76.6 -
92.8%). A slightly lower selectivity (95.6 -
96.8 %) is ascribable to the formation of small
amounts (2.5 - 4.2 %) of adehyde induced by
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Figure3. Macroelectrolysis of benzylamine by 1 in the
presence of 2,6-lutidinein 0.1 M of NaClO, / CH3CN-

H,0 (4:1viv). O : benzylamine, @ : benzaldehyde and
[]: current effi ciency.

H,O. The turnover numbers are larger than 15. Shono et al. have reported the eectrooxidation of
amines to nitriles using halogen ions as mediators.’> However, the use of halogen ions required more
charge passed than that of nitroxyl radicals such as 1. On the other hand, as long as some water was
present, the products from RCH,NH,, and R,CHNH,, were adehydes and ketones, respectively. After 5 h
of electrolysis, amineswere oxidized to the corresponding carbonyl compoundsin 90.2 —98.4 % current

Table 1. Electrocatalytic Oxidation of Amines to Nitriles and Carbonyl Compounds on 1

Substrate Method Product

Charge  Current  Conversion Selectivity Turnover
passed / C efficiency / % % % number

NH,

CHO

NH>

CH30 CH30

CHO

& Q
Q8QQ

CN CHO
©/ 195.9 935 90.7(42) 956 19.0

191.2 96.2 95.3 100 19.1

CN CHO
O/ 200.5 92.6 92.8(3.4) 96.5 19.2
CH40

B 192.6 98.4 98.2 100 19.6
CH,0
CH{CHgNH, A CH3(CH2)7CN  (CH4(CH,);CHO ) 171.3 89.1 766(25) 96.8 15.8
B CH3(CHz)7CHO 167.7 2.2 78.4 100 15.7
NH, 0
©)\ cHa o ©)L CHa 184.8 018 87.9 100 17.6
NH, 0
@ B é 1855 95.7 92.0 100 18.4
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Scheme 2. A proposed mechanism of oxidation of amine to nitrile and carbonyl compound with 2.

efficiency, 78.4 — 98.2 % yidd and 100 % sdectivity. (R)- and (S)-forms of racemic 1-phenethylamine
were equd ly oxidized to acetophenone, though 1 contains chiral centers. This fact means that 1 is non-
enantioselective for the oxidation of optically active amines.

The mechanism of dectrocatalytic oxidation of amines to nitriles and carbonyl compounds with 1 is
proposed in Scheme 2. The oxoammonium ion (2) is expected at first to react with the amine, that is, to
eliminate a proton from the amine, then to change to the hydroxylamine (3). Thedisproportionation of 2
and 3 produces 1, which is re-oxidized eectrochemicaly to complete a catalytic cycle.® Imines are the
expected unstable intermediates, which can react again with 2 to produce stable nitriles or can be hydrolyzed
to carbonyl compounds.

In conclusion, the compound (1) catalyzed the oxidation reaction of RCH,NH, and R,CHNH, to aldehydes
and ketones, respectively, in an aqueous media.  Under anhydrous conditions, RCH,NH,, were converted
to the corresponding nitriles. During eectrolysis, the oxoammonium ion (2) slowly decomposes. We
are now trying to clarify the decomposition mechanism of 2.
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