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Proposed Mechanism for Production of Stable Aminoxyl Radical
Impurities in the Synthesis of Substituted 5,5-Dimethylpyrroline-N-oxide (DMPO) Spin Traps

Edward G. JANZEN,*T Yong-Kang ZHANG, and Masana ARIMURA 1
National Biomedical Center for Spin Trapping and Free Radicals, Molecular Toxicology Research Program,
Oklahoma Medical Research Foundation, 825 N.E. 13th Street, Oklahoma City, Oklahoma 73104, U.S.A.

Paramagnetic impurities in nitrone spin traps are bothering researchers in the prac-
tice of spin trapping. By use of mass spectroscopy, a hydroxylamine dimer of 2,5,5-
trimethylpyrroline-N-oxide (M3PO) has been found in samples of M3PO. Air
oxidation of the hydroxylamine may produce the aminoxyl radical impurity detected.
Mechanisms for the generation of impurities in DMPO and derivatives are proposed.

5,5-Dimethylpyrroline-N-oxide (DMPO) and C-phenyl-N-terz-butyl nitrone (PBN) are the two most wide-
ly used spin traps for detecting free radicals in biological systems. We have recently begun a program of syn-
thesis in order to modify these spin traps with the expectation that better spin traps can be produced.l’z)A
major problem in this kind of project is to find methods which produce “ESR-grade” spin trapping materials.
This means that at some suitable concentration of spin trap in aqueous solution, e.g. 0.1 M, no signal is ob-
tained by EPR spectroscopy at maximum gain of the instrument. Although such standards can be achieved with
PBN or substituted PBN’s with careful recrystallizations and repeated sublimations, this cannot be said for
DMPO or its simple derivatives. With DMPO for example, even low temperature vacuum distillation and/or
treatment with carbon black after benzene extraction3) produces a weak aminoxyl EPR signal at 1 x 106 gain
with a Bruker ESP-300 spectrometer from buffer solutions at concentrations of 0.1 M DMPO. In practice a
small “control signal” can be ignored if the spin adduct of interest gives a strong signal-to-noise spectrum. In
principle, however, it would be better to understand the mechanism of production of the impurity signal and
perhaps by proper choice of conditions or substituents completely eliminate this problem in spin trapping.

We have been recently studying the mechanism of decay of spin adducts in aqueous solutions#0) so that
spin traps can be selected which give the most long-lived spin adducts. In this connection the spin trapping
chemistry of 2,5,5-trimethylpyrroline-N-oxide (M3PO) is being re-evaluated.2:7) The problem with this spin
trap which otherwise has some excellent characteristics is the strong impurity triplet EPR signal which is
produced during the synthesis and/or purification by vacuum distillation.2) Others have encountered the same
problem.8’9) Chromatography has not been successful in improving M3PO samples. A typical EPR spectrum
obtained in aqueous buffer solution is shown in Fig. 1. '
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Fig. 1. EPR spectrum of 0.1 M M3PO solution in water using the best purified sample of M3PO available; in-
strument settings for ESP-300E Bruker EPR spectrometer; modulation amplitude 0.975 G, microwave power
20 mW, scan time 83.9 s, sweep width 100 G; receiver gain: 1 x 108,

In a separate study of the fragmentation patterns obtained from low-energy collision-induced decomposi-
tions of PBN and DMPO spin adducts, the mass spectra of the alkyl adducts of M3PO have been obtained (10).
In the case of the impurity signal of M3PO we searched for a possible dimer precursor to the triplet EPR signal.
In fact the presence of a m/z = 254 component could be established in a sample of M3PO [m/z = 127 (M1)].
Moreover when the MS/MS capability of the instrument was used, the m/z = 254 component was found to frag-
ment in the same manner as hydroxylamine derivatives of alkyl adducts of M3PO. At lower pressures, only the
m/z = 254 component could be found. At higher pressures of M3PO, [dimer + 1]% (m/z = 255) and [trimer +
1]% (m/z = 382) peaks could also be detected. Formation of these species is believed to be due to ion-molecule
reactions in the ionization chamber. Examples of this type of reaction have been seen before in thermospray MS
studies of PBN spin adducts. 1)
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Fig. 2. a) Mass spectrum of M3PO: 15 eV electron impact ionization, probe temperature 28 °C, ion chamber
temperature 130 °C; b) Collision induced dissociation mass spectrum of m/z = 254, collision gas: Ar.

A dimer hydroxylamine of M3PO (1) could be produced by an enamine type of addition to M3PO. K it is
assumed that a small amount of the enamine of M3PO is formed in equilibrium with M3PO, perhaps catalyzed
by surfaces such as the glass distillation apparatus or chromatography stationary phase, the following coupling
reaction can occur:
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This reaction is quite consistent with the mechanism typically given for addition of electron-rich
enamines to electron-attracting double bonds.12) Once the dimer hydroxylamine of M3PO is formed, air oxida-
tion would produce the dimer aminoxyl (2). Since all B-positions are carbon groups, the EPR spectrum would
be a triplet and the aminoxyl would be as stable as a spin label. That this kind of unconjugated “nitronyl
nitroxide” is very stable has been known for almost 70 ycarsl3) and a nitronyl nitroxide of similar structure,
known as “the Banfield and Kenyon radical,” is produced from C,C-dimethyl-N-phenyl nitrone.14)
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A similar possibility is also present in DMPO derivatives when the 3-position remains unsubstituted. If
DMPO itself undergoes enolization, the same coupling could occur. In fact, a carbon-centered adduct of DMPO
is often detected as an impurity by EPR. The dimer hydroxylamine of DMPO (3) may be the precursor. In addi-
tion another structure (4) which could also come from oxygenation of the N-hydroxyl enamine of DMPO has
been identified by MS and NMR analysis having similar EPR hyperfine splitting constants.15)

In summary, dimerization of DMPO to produce the hydroxylamine precursor of a dimer aminoxyl ap-
pears to be enhanced by methyl substitution in the 2-position. Coupling in the 3-position by a similar mechan-
ism for DMPO or derivatives with non-enolizable hydrogens in the group attached in the 2-position, e.g.
2-phenyl-DMP02) seems somewhat less likely. Further work is underway to produce stable nitrony! spin traps
which can be purified to EPR-grade levels taking these factors into account.
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