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Theoretical Investigation of Oxidation Mechanisms and Transformation
Products of Hypochlorous Acid Reacting with Unsaturated Fatty Acids*
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ABSTRACT Objective: To reveal the oxidation mechanisms and transformation products of HOCI reacting with unsaturated fatty
acids. Methods: Gaussian 16 software package was used, in which density functional method M06-2X (D3) in conjunction with 6-31+G
(d) basis set along with implicit SMD solvent model were selected. Results: In the oxidation reaction of HOCI with oleic acid, a
monounsaturated fatty acid, chloronium ion intermediate was initially generated, and then it reacted with water molecule to yield
chlorohydrin. The initial chloronium ion intermediate formation was the rate-limiting step with the activation free energy of ~8 kcal/mol.
Epoxide and truncated aldehyde were two transformation products. The former was produced from dehydrochlorination of chlorohydrins,
while the latter was yielded from epoxide and chlorohydrin through a series of reactions with hypochlorite. Their activation free energies
of the rate-limiting steps were ~23 and 24 kcal/mol, respectively. Ethylene substituted with two ethyl groups was selected as the oleic
acid model, and its activation free energy in reacting with HOCI was higher than that of oleic acid by only 1 kcal/mol. The activation free
energies of HOCI reacting with linoleic acid, cis-9, trans-11 LCA, catalpic acid, and arachidonic acid models to generate chlorohydrin
were ~10, 13, 16, and 14 kcal/mol, respectively. Conclusions: The chloronium ion intermediate formation is the main mechanism in the
oxidation reaction of HOCI and unsaturated fat acid and the activation free energy is generally lower than 15 kcal/mol, which indicates
that this oxidation reaction is kinetically feasible to occur. The oxidation product chlorohydrin can transform into epoxide and truncated
aldehyde, but the activation free energies are relatively high with the values of ~23 and 24 kcal/mol, respectively. The structure within 3
carbon atoms from the double bond in the unsaturated fat acid can be selected as the model, which can well reflect the reaction activity of
unsaturated fat acid.
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Fig.1 Structure of unsaturated fatty acids
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Fig.2 Reaction mechanism of unsaturated bonds and hypochlorous acid
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Fig.3 Structures of the transition states of HOCI reacting with oleic acid and oleic acid model
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Fig.4 Formation mechanism of transformation products of oleic acid model
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Fig.5 The structure of unsaturated fatty acids models
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Table 1 The AG” and AH values of the reaction of polyunsaturated fatty acid models and hypochlorous acid (unit: kcal/mol)

R, R, AG I AH
CH,CH; CH,CH=CH, 10.2/-1.6
CH,CH; CH=CH, 13.3/2.1
CH=CH, CH=CH, 16.4/10.9

CH,CH=CH, CH,CH=CH, 13.7/2.3
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Fig.6 The structures of reactant, transition states, and product of HOCI reacting with oleic acid model and CH,CH;CH=CHCH=CH,
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Red, blue, gray, white, and green represent O, C, H, and Cl atoms, respectively; bond length unit: A
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