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KINETICS OF OXIDATION OF TRIMETHYLAMINE
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The reaction of trimethylamine with aqueous hexacyanoferrate(Ill) gave formyldi-
methylamine. The rate depends on the first powers of the concentrations of substrate
and oxidant; the activation parameters were: E = 57.0 kJ mol-? , AST = _154 JK!
mol~!. The mechanism involves abstraction of the proton attached to the a-carbon,
yielding a radical, whose ESR spectrum gave 9 spectral lines.

Peakiyis TPMMETHNAMUHA C BOIHLIM rexcauuanogepparom(Ill) npusena o6paso-
BAHUD (QopmunIuMeTHiaMuHa. CKOPOCTh PeaKiMi 3aBHCUT OT KOHICHTpauun Ccy 6-
CIpara ¥ OKCHMAHTa B uepBoi cremedd, E = 57,0 xllx. monb™ !, AS* = —154 [Ix.
K~' mons~'. Mexamnsm peaxuuu — OTPLIB BORopoaa oT a—CH cBssu ¢ ofpaso-
BaHnem cBoGonHoro panukana. Criextp J1IP comepsut 9 mumumit,

INTRODUCTION

Aliphatic amines have been oxidized by Mn(lli) /1/, RuO4 /2/, V(V) /3/, and by
alkaline KMnO,, /4/. The present study reports the kinetic features of the oxida-
tion of trimethylamine by aqueous potassium hexacyanoferrate(III).

EXPERIMENTAL

(a) Materials, methods and stoichiometry

Trimethylamine solution (30%, w/v) was an SD’s sample. K3Fe(CN)s was an
E. Merck sample. Aqueous solutions of substrate and oxidant were separately
thermostated for 3 h at 35°C. 1 ml aliquots of each solution were syringed into
the spectrophotometric cell, and the reaction followed by observing the disappearance
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of Fe(CN)2~ at 420 nm, spectrophotometrically (UV-26, Beckman), at the required
temperature /5/. The stoichiometry of the reaction was determined /5/ to be:

CsHgN + 4Fe(CN);™ + H,0 - C3H,NO + 4Fe(CN)§~ + 4H*

(b) Product analysis

Stoichiometric amounts of substrate (1 mol) and oxidant (4 mol) solutions were
mixed and heated for 3 h at 60°C. The reaction mixture was cooled, extracted with
ether, concentrated and dried over anhydrous MgSQO,, to give the product in about
75% yield. This product, I, was characterized by bp (154 °C) and by IR analysis
(absorptions at 2940, 1670, 1490, 1430, 1390, 1250, 1090 cm™') to be the
N-acyl derivative, formyldimethylamine.

RESULTS AND DISCUSSION

The rate of the reaction was dependent on the first powers of the concentra-
tions of substrate and oxidant (Table 1). The rate was enhanced with an increase
in temperature, and the activation parameters were: E = 57.4%1.2 kJ mol™!, A =
=14 X 10° 57!, AS* = —154%3 JK™! mol~!.

Table 1

Rate data for oxidation of trimethylamine
at 35.0 °C

[Substrate] [K,;Fe(CN)s1  10° X kopg

(102 X M) (103 X M) (Chi)
5.0 5.0 2.8
25.0 5.0 143
50.0 5.0 29.0
50 2.5 2.8
5.0 1.0 3.0
5.0 05 2.7

5.0 5.0 3.3%
5.0 50 5.5

5.0 5.0 747

Temp.: *40.0 °C; *45.0 °C; ¥50.0 °C; all
values of rate constants were the average of two
or more experiments, with agreement being
+1.5%or better

394



GOPA DASGUPTA, MAHANTI: OXIDATION OF TRIMETHYLAMINE

The ESR spectrum of the radical generated from the oxidation of trimethylamine
gave 9 spectral lines. The unpaired electron is subject to a strong interaction with
the nitrogen atom (I = 1, ay = 10 gauss), and weaker interactions with two
magnetically equivalent protons (I = 1/2, ag = 1.5 gauss). The spectrum observed
consists of 3 main lines of equal intensity, 10 gauss apart, each of which is further
split into a 1 : 2 : 1 triplet, the lines of which are separated by 1.5 gauss.

The mtechanism of the reaction could be envisaged as proceeding via the removal
of the a-hydrogen in the initial step, giving a radical intermediate. The subsequent
steps are rapid, and no intermediate product(s) could be isolated from the reaction.
Efforts to isolate the carbinolamine, A, were not successful. It could be postulated
that the carbinolamine, when formed as intermediate, would be rapidly oxidized
to the N-acyl derivative, formyldimethylamine. This mechanism involves the removal
of four electrons from the starting compound, which would be in agreement with
the stoichiometry of this reaction. The reaction sequence is shown in the Scheme.

Scheme

(CH3)3 N+ FelcNly 3% (ch,),N-CH,

3~
Fe(CN)s (CH3)2 NEHZ _H_ZL {CH3 )2 N"CH;OH
fast (a) -

3- 3-
Fe (NI (ch,), nEHon FelPNe (ch.), NCHOH

————> (CH3J, N-CHO

{-H%)
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