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ABSTRACT: We report artifactual degradation of pharmaceutical compounds containing primary and secondary amines during peroxy
radical-mediated oxidative stress carried out using azoalkane initiators. Two degradation products were detected when model drug
compounds dissolved in methanol/water were heated to 40°C with radical initiators such as 2,2′-azobis(2-methylpropionitrile) (AIBN). The
primary artifact was identified as an !-aminonitrile generated from the reaction of the amine group of the model drug with formaldehyde
and hydrogen cyanide, generated as byproducts of the stress reaction. A minor artifact was generated from the reaction between the
amine group and isocyanic acid, also a byproduct of the stress reaction. We report the effects of pH, initiator/drug molar ratio, and type
of azoalkane initiator on the formation of these artifacts. Mass spectrometry and nuclear magnetic resonance were used for structure
elucidation, whereas mechanistic studies, including stable isotope labeling experiments, cyanide analysis, and experiments exploring the
effects of butylated hydroxyanisole addition, were employed to support the degradation pathways. C⃝ 2015 Wiley Periodicals, Inc. and the
American Pharmacists Association J Pharm Sci
Keywords: artifacts; stress testing; forced degradation; oxidation; autoxidation; free radicals; chemical stability; strecker reaction;
degradation products; mass spectrometry; stability

INTRODUCTION

A key component of pharmaceutical stress testing is the execu-
tion of simple solution-based experiments to reveal intrinsic hy-
drolytic and oxidative susceptibilities of new drug compounds.1
Stress testing is used to support various aspects of drug devel-
opment including development and optimization of stability-
indicating methods and relevant control strategies. Identifica-
tion of potential drug degradation products from solution-based
experiments may also facilitate the risk assessment process
for the evaluation of degradation products for potential mu-
tagenicity (ICH M7).2 It is therefore desirable that solution
stress testing conditions trigger degradation pathways that are
relevant not only to the drug substance, but also to the as-
sociated drug product dosage forms. Primary hydrolytic drug
degradation products are often predicted via solution-phase
chemistry,3 however, evaluation of propensity of drugs to ox-
idize is more complex.4–6 Peroxy radical mediated oxidation,
a type of autoxidation, is induced by trace impurities (e.g., in
various excipients) and is considered the most common route of
drug oxidation.6 The solution stress test involves peroxy radi-
cal formation via thermal decomposition of azo compounds and
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is designed to accelerate oxidative kinetics so as to induce in
a short period of time an observable response for molecules
susceptible to autoxidation induced by peroxy radical attack.7
Because of the complexity of the oxidative system, the test has
historically suffered from some selectivity issues in creating
the peroxy radical activity, allowing artifactual degradation to
be observed.8 The current study represents another step in re-
fining the test conditions and understanding its limitations.

Peroxy radicals, known to selectively abstract weakly-bound
H atoms (bond dissociation enthalpy < !90 kcal/mol),4,9 can
be generated for the purpose of the stress test through ther-
mal decomposition of radical initiators such as 2,2′-azobis(2-
methylpropionitrile) (AIBN)10,11 or 4,4′-azobis(4-cyanovaleric
acid) (ACVA).7,11 The subsequent, rapid reaction with dissolved
oxygen generates the desired peroxy radicals as shown for
AIBN in Scheme 1. Usually, the experiment is carried out
in dilute drug solutions at 20 mol% or greater of the radi-
cal initiator.12 The long-lived azoalkane-derived peroxy radi-
cals may therefore encounter drug molecules from which they
may abstract H atoms, but may also readily undergo recom-
bination/decomposition as shown in Scheme 2. Characteristic
to tertiary peroxy radicals, the recombination/decomposition of
the azoalkane peroxy radicals leads to the undesired formation
of alkoxy radicals, estimated to react 104–105 times faster with
organic substrates, than the corresponding peroxy radicals.13

As a result, the selectivity of the test for weakly bound H atoms
is lost, as the drug may preferentially react with alkoxy rad-
icals at a variety of sites within the drug molecule. For drug
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