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Intervention of Oxygen in the Horseradish Peroxidase-catalysed Oxidation 
of Aromatic Tertiary Arnines with Hydrogen Peroxide 

By GUIDO GALLIANI and BRUNO RINDONE* 
(Istituto d i  Chimica Organica, Via Saldini, 50, 20133 Milano, I ta ly )  

and AUGUSTO MARCHESINI 
(Ist i tuto Sperimentale per la Valorizzazione Tecnologica dei Prodotti Agricoli del &T.A .F., V i a  Celoria, 2, 20133 Milano I taly)  

Summary The horseradish peroxidase-catalysed oxidation 
of aromatic tertiary aniines with hydrogen peroxide leads 
to a secondary amine and an aldehyde, and with alkyl- 
methylanilines demethylation is preferred to dealkylation ; 
the reaction depends on the concentration of oxygen in 
the solution, probably as a consequence of the generation 
of peroxides by the reaction of oxygen with the radicals 
formed. 

THE horseradish peroxidase (HRP) -catalysed reaction of 
primary aromatic amines with hydrogen peroxide has 
found by Saunders et al.l to yield polycondensation 
ducts in most cases. 
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FIGURE 1. Reaction of (a) 4-FC,H,NMe2 and (b) 4-ClC6H,NMe, 
with H R P  and H,O, in normal (0) and partially deoxygenated 
(m) solution, followed by monitoring the absorption a t  290 nm 
and 275 nm respectively (D). The samples reach the asymptotic 
D a value, corresponding to  the demethylated amine. 

We report the oxidation at  room temperature of 15 
aromatic tertiary amines (3  x M in phosphate buffer, 
pH 6 )  with hydrogen peroxide (4.8 x 10-5 M) using 5 0 ~ 1 / l  
of a solution of HRP (Bohringer Grade 11, 1% in water) as 
a catalyst. 

The reaction products were a secondary amine and an 
aldehyde, in analogy with the reaction of these substrates 
with the acetates of PbIV, MnIII, Coin, and T1111.2 For 
alkylmethylanilines demethylation is preferred to dealkyla- 
tion, as noted with the high-valence metal acetates3 (Table). 
Control experiments showed that both HRP and hydrogen 
peroxide are necessary for the reaction. When a stoicheio- 
metric amount of hydrogen peroxide was used according to 
equation (1), the reaction was shifted toward polycondensa- 
tion products derived from further oxidation of the primary 

X-C6H4-NMe, + H202 ---+ X-C6H4-NHMe + 

product. This, together with the inhibitory effect of added 
4-t-butylcatechol and the high yields obtained with most 
substrates, suggested a radical reaction initiated by the 
activation of HRP by hydrogen peroxide4 and propagated 
by the intervention of another oxidant. This point could 
be clarified by inspection of the ratio of tertiary to secondary 
amine in the reaction of 4-chlorodimethylaniline by measur- 
ing the change in absorption at  275 nm under normal 
reaction conditions and in a solution partially deoxygenated 
with a nitrogen stream. A lower oxygen concentration led 
to a slower reaction. The ratio of tertiary to secondary 

H R P  

CH,O + H2O (1) 
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amine for the reaction of 4-fluorodimethylaniline was 
similarly obtained by observing the change in absorption at  
290 nm (Figure 1 ) .  These values were used in a polaro- 
graphic study of the dependence of the reaction rate for 
these two substrates upon the concentration of oxygen 
(Figure 2 ) .  These data indicated the intervention of oxy- 
gen in the reaction. 

Aromatic tertiary amines undergo oxidative dealkylation 
with the intermediate formation of an aminium radical, a 
carbon-centred radical, and a carbonium ion [equations 
(2)-(4)]. In this case the oxidation occurs via catalysis by 

Oxygen could take part in the reaction through attack 
on the radicals formed with formation of peroxides. These 
are specific substrates for HRP and could yield the oxidised 
species El and the reaction products with propagation of 
the radical reaction [equation (S)]. The different depend- 
ence of the reaction rate upon the concentration of oxygen 

H R P  
(8) R. + 0, + R-0-0- --+ El + products 

for the two substrates tested indicates the influence of 
electronic factors in the reaction of the radicals with oxygen. 

TABLE. Products of the oxidation of tertiary amines with H,O, with HRP catalyst. 

Compound 

4-MeOC6H,NMe 
4-MeC,H4NMe, 
PhNMe, 
4-FC6H,NMe, 
3-MeSC,H4NMe, 
4-C1C,H,NMe2 
4-IC6H,NMe, 
3-IC6H,NMe, 
4-NCC6H,NMe, 
3-O,NC6H,NMe, 
4-O,YC,H,NMe2 
4-MeOC6H,NMeBu* 
PhSMeBun 
4-C1C6H,NMeEt 
4-C1C,H4NMeBun 

Demethylation 

76 
40 
20 
46 
42 
49 
70 
18 

( %) 

58 
21 
24 
75 

Dealkylation Starting material 
( %) ( %) 

12 
17 
14 
19 
24 
16 
18 
8 

- 
- 
- 
- 
- 
- 
- 
- 

No reaction 

i 6  8 
21 

9 5 
9 

- 

- 

ox +. v,/v, (sat.) 
R-C6H,-NMe2 --+ R-C,H,-NMe, (2) 

o x  
+- 

x x  R-C,H,-NMe, -+ R-C6H4-NMeCH,- + H+ (3) 

ox 
R-C,H,-NMeCH; --+ R-C,H,-NMeCH,+ 

--+ products (4) 

HRP. The enzyme reacts with hydrogen peroxide to give 
the oxidised species El, which is reduced by the amine 
substrate to the oxidising intermediate E, which restores 
the enzyme by intervention of another molecule of the 
substrate. The net result is an HRP-catalysed transfer of 
two electrons from the amine to hydrogen peroxide [equa- 
tions (5)-(7)]. 
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FIGURE 2. Plots of (uo for different oxygen concentrations)/v, 
in a saturated solution) vs. i D / i ~  (standard). in the reaction 
of 4-FC,H4NMe, (X) and 4-C1C6H,NMe, (0) with H R P  and 
H,O,. Kinetic runs allow a correspondence between i ~ / i =  
(standard) and c(O,)/c(O,) (standard). 
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(7) 

HRP + H,02 + 2 H+ --+ El + 2 H,O 

E, + R,N --+ E, + R,Nf 

E, + R,N -+ HRP + R,N+ (Received, 27th M a y  1976; Corn. 608.) 
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