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Abstract—The results of experiments on the anodic oxidation of secondary amines at silver oxide electrodes
are presented. The reaction differs significantly from the analogous reactions of primary amines. A reaction
mechanism is proposed which involves the participation of a carbonium ion intermediate.

INTRODUCTION

THE use of silver in its higher valence states in the oxidation of organic functional
groups is well founded. In previous papers we have shown that high valent silver
either as the picolinate,? or the oxide, may act as a specific oxidising agent. Electro-
chemical and chemical studies show that primary amines are readily oxidized by
‘AgO’ in aqueous electrolytes.*

This paper describes a study of the oxidation of secondary amines at a silver
electrode in alkali.

RESULTS AND DISCUSSION

(a) Constant potential experiments. The rate of oxidation of secondary amines at
silver electrodes was found to be very slow. Typically currents of ~1 mAcm ™2 were
observed at the relatively high positive potential 0-75 V NHE.

The reaction rate appears to be dependent upon the branching of the alkyl sub-
stituents. For example, the rate of oxidation of (n Bu), NH is 2-3 times greater than
that of n-Bu-NH-t-Bu. It is not clear whether this difference reflects a difference in
availability of reactant at the electrode interphase or an intrinsic difference in reaction
rate constant. In this connection it must be emphasised that a certain lack of control
always exists over conditions at the immediate electrode—electrolyte boundary due
primarily to variation in electrode surface conditions and to a lesser extent to complex
patterns of mass transport in soln. In the present experiments this is manifested as a
certain lack of reproducibility in the relative amounts of products formed. In view of
this a detailed kinetic analysis of results is not possible and the nature of the inter-
mediate mechanisms must be deduced from the type of products obtained.

The products of oxidation are shown in Table 1. In addition to aldehydes and
nitriles being formed we find products derived from carbonium ions. Thus for
example (n-Bu), NH yields in addition to n-PrCN and n-PrCHO the alcohol

* Tb whom communications should be sent.
+ Present Addresses: Dupont Co. Ltd. (U.K.), Maydown Works, Londonderry, Ulster.
1 Distillers Co. Ltd. (Research), Menstrie, Clackmannanshire, Scotland.
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n-BuOH. Previous work* showed that the oxidation of corresponding primary
amines followed the reaction path:

RCH,—NH, —2%=2" . RCH=NH —2% -2 _ RC=N
I I I

in which case the alcohol should not be formed, although hydrolysis of II may yield
the aldehyde in certain circumstances.*

The oxidation mechanism in the case of secondary amines is clearly not analogous
to that of primary amines. Specifically, in no case were Schiff bases (the analogue of II)
found among the products of the oxidation, nor did the oxidation of Schiff base yield
products (viz. alcohols) produced in the oxidation of secondary amines. These results
are shown in detail in Table 2.

Itissuggested that the mechanism of the oxidation of secondary aminesis as follows :

RCH,CH RCH,CH,
N .
R’CH/ R'CH:
v v
et
—Rt 4
R'CH=NH R'CH,NH + RCH,CH,
— — + -
-/ v \oH vi VIl | o
R'C=N R'CHO
X x RCH,CH,0H + RCH=CH,

X1 X1

TABLE 1. PRODUCTS FROM THE ELECTROCHEMICAL OXIDATION OF SECONDARY ALIPHATIC AMINES AT SILVER
ELECTRODES.
Supporting Electrolyte: 1-0 M NaOH; 23°; 0-75 V NHE.

Amine Products
(Et);NH EtOH, MeCN, C,H,
(iso-Pr),NH iso-PrOH
(n-Bu); NH n-PrCHO, n-PrCN, n-BuOH
n-Bu-NH-iso-Bu n-PrCHO, iso-PrCHO, is0-PrCN, n-BuOH, iso-BuOH
n-Bu-NH-sec-Bu n-PrCN, sec-BuOH, Butanone
n-Bu-NH-t-Bu t-BuOH, n-PrCN

Thus the formation of products which can be attributed to the participation of
carbonium ions can be explained if the intermediate V undergoes oxidative fission to
produce VI and VII of which the latter is responsible for the appearance of alcohols
(XI) and olefins (XII) in the reaction products. If such a mechanism operates V should
or (would be expected to) be oxidised in such a manner that the most susceptible C—N
bond undergoesfission (i.e. t-C-N sec-C-N n-C-N). This is reflected in the results shown
in Table 1, for example the oxidation of n-Bu-NH-sec-Bu yields sec-BuOH and not
n-BuOH, and similarly no n-BuOH is formed in the oxidation of n-Bu-NH-t-Bu.



Oxidations involving silver—VII 1111

TABLE 2. PRODUCTS FROM THE OXIDATION OF SCHIFF BASES AT SILVER ELECTRODES.
Supporting Electrolyte 1-0 M NaOH ; 23°; 0-75 V NHE.

S?‘hiﬁbase Products

n-PrCH=N-n-Bu n-PrCHO, n-PrCN
n-PrCH=N-iso-Bu n-PrCHO, iso-PrCHO, iso-PrCN
n-PrCH=N-t-Bu n-PrCHO, t-BuOH, t-BuNO,
Me\

P C=N-n-Bu Ethyl Methyl ketone, n-PrCHO, n-PrCN
Et
n-PrCH=N-sec-Bu n-PrCHO, Butanone

(b) The oxidation of Schiff bases. Attempts to oxidize Schiff bases, the results of
which are shown in Table 2, were largely complicated by the.rapid hydrolysis of the
Schiff base by the alkaline electrolyte. As far as we have been able to ascertain the
products of the oxidized Schiff base are identical with the oxidation products of the
hydrolyzed Schiff base.

RCH,N—CHR' g'g RCH,NH, + R'CHO
2

anodic oxidation anodic oxidation
OH~/HO,

RCN, RCHO, R'CHO

(c) Potential sweep experiments. When a slow linear potential ramp is applied to a
polished etched silver electrode, initially at equilibrium, a current-potential curve of
the form shown in Fig. 1 (curve A) is obtained.’ The current peaks represent the
formation of thick layers of Ag,O and AgO. Additions of an aliphatic secondary
amine* to the electrolyte cause the magnitude of the peaks to increase (Fig. 1 curve B).
The increase in peak ‘“height” varies (to a first approximation) in direct proportion
to the conc of amine present (Fig. 2). This effect is interesting. At C, ., = 0, the peaks
corresponding to Ag,O and to AgO are of approximately the same area (~ 100mC
cm~?) je. the AgO film results solely from the oxidation of Ag,O. Additions of
secondary amine to the electrolyte cause the AgO peak to increase at a greater rate
than the Ag, O peak (Fig. 2)and thus thiseffect cannot be caused by an amine “assisted”’
thickening of the film. When each oxide-formation reaction is complete all reaction
ceases (the current drops to zero (within experimental accuracy) between peaks) and
thus the effect does not involve dissolved or dissolving species. In this connection
chemical studies do not indicate that any Ag' (amine) complex such as was observed
with primary amines* is formed with secondary amines.

We may explain these observations by the progressive blocking of the electrode
surface by an oxidation product. The blocking of electrode surfaces is a well established
phenomenon in electrochemistry. Frequently the surface concentration required to
reduce an electrode reaction rate to an insignificant value is much less than a mono-
layer and is generally explained in terms of the deactivation of active sites. In the

* This effect was only appreciable with low molecular weight amines which had an appreciable solubility
in the electrolyte.
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present experiments it is suggested that a minor product of the electrode reaction
becomes adsorbed at the electrode at lattice sites which become deactivated for the
electrode oxidation reaction. The reaction occurs then only on the “clean’ growing
crystailites. The identity of the intruding species cannot be unequivocaiiy stated but
it is reasonable to suppose, since it must be formed more slowly at higher amine
concentrations, that its production involves OH . Thus in accordance with step VII
to X1 it is most likely to be an alchol. At higher positive potentials it is to be expected
that the adsorption of hydroxy compounds at an electrode would be facilitated. The
oxidation of alcohols at silver oxide electrodes in this potential region is unexpectedly
slow reinforcing this view.”

EXPERIMENTAL

All experiments were carried out under potentiostatic conditions. The cells, electrodes, apparatus and
electrochemical techniques have been fully described in previous communications.* *

Secondary amines, obtained commercially (Fisons Ltd.) or prepared by reduction of Schiff bases with
NaBH, ¢ were distilled and analysed by GLC before use. Schiff bases were prepared by the slow addition of
the required carbonyl compound to a cooled dried soln of the required primary amine in ether. (Anhyd
MgSO, was a satisfactory drying agent.)
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Fi1G. 1 Potentiodynamic current curves for Silver in alkaline electrolytes. 23°, electrode area
445 x 10~2cm?,6 x 10~3V sec™!. Curve A: 1:0M Na OH. Curve B: 1-0M NaOH + 7 x
102 M (i Pr); NH.
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FIG. 2 Dependence of peak height on amine concentration (upper plot Ag,O peak ; lower plot
AgO peak). Electrode area 445 x 1072 cm?2,23° 6 x 10”3V sec™!, 1-0M NaOH.

Preparative oxidations using amine saturated electrolytes were run for ~ 36 hr with a continuous slow
N, purge exhausting through a Br,/CCl, trap (to absorb any hydrocarbons). Organic products were
extracted from the electrolyte (1-0M NaOH) into ether and analysed by GLC (Pye 104 chromatograph)
using two or more of the following stationary phases: Silicone (S.E.30). P.EA.G., Carbowax, D.N.P. and
Fluorosilicone (Q.F.1.). Compounds were identified by comparison with authentic materials.
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