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INTERVENTION OF N,N-DIMETHYLANILINIUM CATION RADICAL IN THE POLONONOVSKI TYPE REACTION OF
N,N-DIMETHYLANILINE N-OXIDE CATALYZED BY MESO-TETRAPHENYLPORPHINATOIRON/IMIDAZOLE
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Abstract:Meso-tetnaphenylporphinatoinon (1) /imidazole catalyzes the Polonovski type reaciion of
substituted N N-dimethylanilne N-oxides to give mixtures of N-demethylated and N-deoxygenated
products. Effect of substituent on the turnover number and the ratio of the demethylation to
the deoxygenation, and othen observations suggest that the Polonovski type N-demethylation
neaction takes place via the rate determining N,N-dimethylanilinium cation radical formation.

Mechanisms of reactions of N,N-dimethylaniline N-oxide (DMAQ) catalyzed by metalloporphy-

rins have recently been a matter of controversy as model reactions of cytochrome P-450.1'4)

Bruice et al. have reported that metalloporphyrins containing FeIH, MnHI and CrIn catalyze both
N-demethylation and N-deoxygenation of DMAO via rate determining heterolytic cleavage of N-0
bond of the N-oxide bound to the meta]]oporphyrins.z) Meanwhile, Burka et al. have claimed
that both MnIH
1eve1.3) We have found that amines, especially imidazole, in cooperation with meso-tetra-
pheny]porphinatoiron(ﬂl)ch]oride(TPPFeIHC1) catalyze effectively the Polonovski type
reaction of DMAO eventually affording N-demethylated product, N-methylaniline (NMA), and N-
deoxygenated product, N,N-dimethylaniline (DMA)(eq.]).]’4) This paper deals with that the N-
demethylation of p-substituted N,N-dimethylaniline N-oxides (DMAO-X} with TPPFeIH/imidazole
proceeds via the rate determining N,N-dimethylanilinium cation radical (DMA-X+.) formation.
The reaction of DMAO-X with TPPFe!l

C and monitored by thin layer chromatography. When the reaction was completed, the mixture was

and CrIH-porphyrins do not promote the N-demethylation of DMAC in detectable

C1/imidazole has been carried out in cnhloroform at 25°

treated with hydrazine to convert quantitatively the intermediary N-hydroxymethyl-N-methyl-
aniline to NMA by removing forma]dehyde4) and then subjected to gas chromatographic analysis
(OV-1, 2m column, 90°C), The results are summarized in Table I together with oxidation
potential of DMA-X.S) The data in Table I reveal that not only the electron-withdrawing
substituent, X, retards the reaction of DMAO-X catalyzed by TPPFeIH/imidazo1e but also
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Table I Reactions of DMA-X with TPPFeIHC]/imidazole in Chloroform at 25°Ca)

X Reaction timeb) Demethylation : Deoxygenation Epa of DMA-XC)
OCH 3 min 73+ 27 + 0.60 volt vs SCE
3 : .
CH3 1 67 : 33 + 0,73
H 30 39 : 61 + 0.81
C1 30 31 : 69 + 0,97
da d)
N0, 1y 16 : 84 +1.20

a) Initial concentrations of reactants: [DMAO-X],=10 mM;[TPPFeIHC1]°=O.1 mM;[imidazol].=10 mi.
b) Time required to complete the reaction. c) Peak potential of the first oxidation peak of
cyclic voltammetric curve in CH3CN (0,1 M BugNC104) using Pt electrode. d) Increase of the
concentration of the iron catalyst extremely shortens the reaction time to consume DMAO-NOZ.
decreases ratio of the N-demethylation to the N-deoxygenation; i.e. the reaction of DMAO-OCH,
is completed within 3 min and gives mainly NMA-OCH3, whereas it takes one day to consume whole
DMAO-NO2 under the condition to afford mainly the deoxygenation product.

A1l conceivable reaction intermediates are illustrated in Scheme I. Since both DMAQ-X
and imidazole are good ligand to TPPFeHI in chloroform, the reaction begins undoubtedly with
fast formation of the ternary complex, A.4) Then there are two possible modes for the cleavage
of the N-0 bond of DMAO bound to TPPFeIH as an axial ligand, i.e. heterolytic (A-»B) and
homolytic (A-=C) ones. Meanwhile, MINDO/3 MO calculations of heats of formations for DMA-X+',
substituted N-methyl-N-phenylaminomethyl radicals and N-methyl-N-phenylmethaniminium cations
reveal that both processes of proton abstraction (C—»D) and hydrogen atom abstraction (C—E)
from DMA-X"" are accelerated by electron-withdrawing substituent on the cation radical, and
therefore the C-H bond cleavage processes cannot be the rate determining step of the reaction
in eq.1. Thus, the rather nice correlation between significant polar substituent effect on
the turnover number and oxidation potential (E a) reveals that the rate determining step

of the reaction in eq.1 involves DMA-X"" formation.6’7)

In order to examine whether the ovA-X*" is formed by the single step mechanism involving
the rate determining N-O bond homolysis (A;*)Q) or the stepwise mechanism (A;»gj’g) involving
the fast N-O bond heterolysis and subsequent rate determining single electron transfer (SET)
from DHA-X to TPP""FelV=0, DMAO-NO, was treated with TPPFe/imidazole in the presence of
DMA-OCH3. If the single step mechanism is responsible for the poor reactivity of DMAO-NOZ,
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Table 11 Reactions of DHAO-NO,, with 7PPFe™C1 under Various Conditions in CHC1 4 at 25003

Run [Imidazole], [DMA-OCH3]° Reaction time Conversion Demethylation : Deoxygenation

1 0 mM 0 mM 30 min ~0 %

2 10 0 30 1

3 10 0 1 {(day) 100 16 : 84
4 0 12 30 0.4

5 10 12 30 100 0 : 100
6 10 20 3 69 0 : 100
7 10 20 20 100 0 : 100

a) Initial concentrations: [OMAG]o=10 mM; [TPPFellc17,=0.1 mM,

the presence of DMA-OCH3 should not change the rate of the reaction catalyzed by TPPFeIH/imida-
zole. Whereas, if the stepwise mechanism is valid, the presence of DMA-OCH3 should accelerate
the reaction of DMAO-NOZ, since DMA-OCH3, an excellent electron donor, gives an electron to the
iron oxencid and undergoes eventually oxidative N-demethylation instead of the N-demethylation
of DMA-NO2 (eq.2). Experimental results are summarized in Table II. In the presence of
DMA-OCH, DMAC-NO, has been consumed extremely fast (runs 5-7) affording exclusively deoxygenated
product, DMA-NOZ. Under the condition, DMA-OCH; was found to undergo the oxidative
N-demethylation, Imidazole is again essentia14) in this reaction as shown in runs 4 and 5 in
Table I1. When a solution containing DMAO-NO2 (10 mM) and N,N-bis(trideuteromethyl)-p-nitro-
aniline (20 mM) was treated with TPPFeIHC1 (1 or 0.1 mM) and imidazole (10 mM) in chloroform
at 25°C. The unreacted N-oxide was recovered after a partial reaction and reduced to DMA-NOZ,
which was then subjected to mass spectroscopic analysis. Even after 95 % of the N-oxide has
been consumed, no excess deuterium has been introduced into the remaining N-oxide at all (eq.3),
clearly revealing that the N-0 bond cleavage of DMAO-NOZ is irreversible.

Thus, the Polonovski type N-demethylation of DMAO-NO2 catalyzed with TPPFeIE/imidazo1e has
been shown to take place by the stepwise mechanism through the initial fast irreversible N-0
bond heterolysis followed by the rate determining SET process of B—»C. However, very low E
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of DMA OCH3 (0.60 V vs SCE in CH CN) and the extremely high reactivity of DMAO- OCH3 toward
TPPFe /1m1dazo]e suggest that DMAO OCH bound to the iron cata]yst affords directly DMA- OCH
i.e. the mode of the N-O bond cleavage of DMAO-X bound to TPPFe /1m1dazo1e may vary from
heterolytic to homolytic, depending on the polar nature of the substituent, X,

It is of particular interest that the rate determining step for the reaction of DMAQ-CN
catalyzed by TPPFeIHCI alone was reported to be the siow N-O bond heterolysis by Eruice and
coworkerde) after we finished this work, though electron withdrawina abilities of NO2 and CN
are similar, This difference in the rate determining steps between our system and theirs may
be due to the stronger catalytic effect of imidazole than C1~ as the fifth ligand to TPPFeIII
as reported in our previous paper. An increase of electron donating ablity of the fifth ligand
to TPPFenI increases the ability of the iron catalyst to cleave N-O bond of DMAQ in the order
of Ci~ « pyridine £ 1,4-diazabicycio[2,2,2]octane < imidazole <:thiophen01.]’4) In our system,
since the N-0 bond cleavage of DMAO-NO2 bound to the TPPFeIH/imidazo]e is facilitated by the

imidazole, the unfavorable SET process from DMA-NO2 (Epa=1.20 V} became the slowest step in

the whole reaction., The data in Table II show how imidazole is effective than C1~ to promote
the reaction.
The mechanism of the processes of C—F is not yet conclusive and now under investigation.
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