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Iron-catalysed Oxidation of N,N-Dimethylaniline with Molecular Oxygen 
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N,N-Dimethylaniline is oxidised by molecular oxygen in the presence of a number of iron complexes or salts in 
acetonit ri le to give a mixture of N-methylforma ni I ide and 4,4'-met hylene bis( N,N'-dimet hyla n i I i ne) toget her with 
N-methylaniline, the product composition being a marked function of the identity of the iron species employed. 

Because of their relevance to enzymatic N-dealkylation and as 
models for cytochrome P-450 and the other iron-containing 
proteins, there have been numerous studies of tertiary amine 
oxidation with a number of model systems.1--3 These model 
reactions are often performed with various alternative oxygen 
sources including iodosobenzene and hydroperoxides in the 
presence of appropriate iron species. For instance, it has been 
reported that the oxidation of N,N-dimethylbenzylamine with 
iodosobenzene catalysed by [Fe(tpp)]Clt proceeds via initial 
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t Abbreviations: tpp = meso-tetraphenylporphyrinato, salen = N , N -  
bis(salicy1idene)ethylenediaminato. 

one-electron oxidation, whereas with t-butylhydroperoxide 
hydrogen abstraction of the amine by the oxidant is the 
predominant reaction.2d.f On the other hand, oxidation using 
molecular oxygen directly has been little studied.3.4 

In this communication, we report our findings that N,N-  
dimethylaniline (1) is efficiently oxidised in the presence of 
several iron complexes [Fe(salen)]OAc, [Fe(salen)120, 
[Fe(tpp)]OAc, and [Fe30(OAc)6(H20)3]C1 and simple iron 
salts FeC13 and Fe(C104)3 under molecular oxygen to give a 
mixture of N-methylaniline (2), N-methylformanilide (3), 
N- (4-dimet hylamino benzy1)-N-me th ylaniline (4), and 4,4'- 
methylenebis(N,N-dimethylaniline) (5) , the product composi- 
tion being remarkably influenced by the identity of the iron 
catalyst employed [equation (1) and Table 11. 

Treatment of (1) ( 1 . 0 ~ )  in acetonitrile in the presence of 
the iron catalysts (1 .o-3.0 mM) under oxygen (1 atm) at 60 "C 
for 10 h gave (2)-(5), 40-350 equiv. of product being 
produced per equiv. of catalyst used.$ It was confirmed that, 
in the absence of the catalysts or under nitrogen, no detectable 

$ Products (2)-(5) were isolated by column chromatography on silica 
gel using hexane-ethyl acetate as eluant and were compared with 
authentic specimens.8 
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Table 1. Oxidation of N,N-dimethylaniline with molecular oxygen . a  

Catalyst 
FeCI3 
FeCI3c 
FeCI3d 
Fe(CIO,), 6H20 
[ Fe( salen)] 0 Ac 
[Fe(salen)] 0 Acc 
[Fe(salen)] 0 Acd 
[ Fe( saIen)],O 

[Fe30(OAc)6(H20)3]C1. 2H20 
IFe(tpp)lOAc 

Conc. of 
catalyst 

/mM 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
1.5 
3.0 
1 .o 

(2) 
43 
27 
10 
48 
172 

69 
169 
45 
66 

- 

(3) 
- 
- 
- 
- 
335 

52 
333 
144 
64 

- 

Products/mMb 

(4) 
10 
3 

4 
33 

2 
25 
83 
100 

- 

- 

( 5 )  
65 
61 

81 
- 

- 
- 

3 
1 
48 
17 

Conc. of (1) - (mM)after 
(11) reactionb 
- 760 
- 760 
105 855 

763 
- 204 

90 713 
- 246 
- 527 
- 588 

- 

- - 

Catalyst 
turnover 
number 

39 
30 
38 
44 
1 80 

72 
352 
107 
247 

-e 

a The reaction was carried out at 60°C in acetonitrile under oxygen (1 atm) for 10 h. [(1)10 = 1 . 0 ~ .  
c Reaction in the presence of 2,6-di-t-butyl-4-methylphenol (50 mM). 
e No product was detected. 

Determined by g.1.c. analysis. 
Reaction in the presence of n-butyl vinyl ether (2.0~). 
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amount of the products was formed. In the reaction with 
either iron(II1) chloride or perchlorate, the dimerised product 
(5) was obtained as the major product together with (2) and 
(4). In contrast, with [Fe(salen)]OAc or [Fe(salen)120 the 
mono-oxygenated product (3) was the predominant product; 
the turnover number related to the catalyst used (mol 
product/mol catalyst) was considerably higher than that of the 
reaction using simple iron salts. In the reactions with the two 
model complexes [Fe(tpp)]OAc and [Fe30(0Ac)6- 
(H20)3]C1,5--7 the yield of (3) was comparable with that of the 
dimerised products (4) and (5 ) .  

Addition of 2,6-di-t-butyl-4-methylphenol (6) (50 mM) 
completely inhibited the oxidation of (1) using 
[Fe(salen)]OAc, whereas the reaction using FeC13 was little 
affected. The intramolecular kinetic isotope effect ( k ~ l k ~  by 
g.c.-m.s. analysis) calculated from the product ratio of 
N-trideuteriomethylaniline to (2) in the reaction of N-methyl- 
N-trideuteriomethylaniline using FeC13 was found to be 1.6. 
In contrast, a relatively large isotope effect (kH/kD = 5.0) was 
observed in the reaction with [Fe(salen)]OAc. These results 
suggest that the oxidation of (1) using FeC13 proceeds via 

initial one-electron oxidation to give an aminium cation 
radical (7) (path a in Scheme l), whereas with [Fe(salen)]OAc 
hydrogen abstraction at the a-position of the nitrogen to give 
ac-amino radical (8) (path b) is the predominant reaction, 
although the active species in each case is unclear. In the 
reaction with FeC13, the radical (8) may also be formed by the 
proton loss from (7) (path c) followed by a further one- 
electron oxidation to give an iminium cation (9) (path d). The 
subsequent electrophilic dimerisation reaction affords (4) 
which is further transformed into ( 9 . 8  This is supported by the 
fact that the rection of (1) using FeC13 in the presence of 
n-butyl vinyl ether (10) (2.0 M) gave 4-n-butoxy-1,2,3,4-tet- 
rahydro-1-methylquinoline (11) selectively.9§ The one-elec- 

§ The quinoline (11) was isolated as an oil by column chromatography 
on silica gel using hexane-ethyl acetate as eluant; m.s., m/z 219 ( M + ) ;  
lH n.m.r. (400 MHz in CDCl3), aH 0.91 (3H, t ,  J 7.6 Hz), 1.29-1.43 
(2H,m),1.52-1.62(2H,m),1.87-1.95(1H,m)2.0&-2.14(1H,m), 
2.91 (3H, s), 3.11 (IH, dt, J 11.2, 4.4 Hz), 3.39 (lH, dt, J3.4, 11.5 
Hz), 3.36-3.65 (2H, m), 4.31 ( lH,  t, J 3.7 Hz), 6.61-6.65 (2H, m) 
7.14-7.26 (2H, m). 
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tron oxidation of (8) to (9) in the reaction with [Fe(salen)]- 
OAc would be so slow as to compete with the reaction of (8) 
with molecular oxygen to give (2) and (3) (path e) .  The 
reaction of (1) using this complex in the presence of (10) 
afforded a mixture of (3) and (11). 
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