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Summary : Autoxidation is the cause for deterioration of organic materials. Many commercial 

products react with atmospheric oxygen under loss of quality. To retard unwanted oxidative damage 

and to prolong the useful life of the substrates, antioxidants are used to protect the organic matter. 

We linked phenolic compounds with fatty acids to obtain fatty acid conjugates with antioxidative 

action. The conjugates have a similar constitution like hindered phenols e.g. tert.-butyl-hydroxy-

anisole (BHA) and show good antioxidative action in the Rancimat-test. Ascorbic acid is an 

antioxidant and a strong reducing agent. Its action is based on a ketoene-diol structure. We were 

able to insert an analogous structure into a fatty acid chain. The products we obtained have similar 

oxidation potentials as ascorbic acid 
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Résumé : L'auto-oxydation est la cause de la dégradation des substrats organiques. Beaucoup de 

produits commerciaux réagissent avec l'oxygène de l'atmosphère, ce qui se traduit par une 

diminution de leur qualité. Pour retarder l'action dégradante de l'oxygène et préserver la structure 

des produits, l'emploi d'antioxydants pour protéger la matière organique est très répandu. Nous 

avons associé des composés phénoliques avec des acides gras afin d'obtenir de nouveaux acides gras 

« conjugués » ayant une action antioxydante. Ceux-ci ont une structure similaire au tertio-butyl-

hydroxyanisol (BHA) et présentent une très grande activité antioxydante comme dans le cas du test 

Rancimat. L'acide ascorbique est un antioxydant et un agent réducteur très puissant. La structure 

céto-ène-diole est responsable de cette activité. Nous avons pu insérer une structure analogue dans 

une chaîne d'acide gras. Les produits que nous avons ansi obtenus ont une propriété oxydante 

semblable à celle de l'acide ascorbique. 
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ARTICLE 

Antioxidants are used in many commercial products to prevent oxidative damage. To suppress 

autoxidation is important to plastics, fuels, hydraulic liquids, and of course to food, feed, cosmetics 

and pharmaceutical products.  

Linoleic acid [LA] is a natural occurring double unsaturated fatty acid, which is very sensitive against 

oxygen due to its chemical constitution. This oxidation occurs in a radical chain process as shown in 

Figure 1 [1].  

A possibility of suppressing autoxidation is the addition of reducing agents e.g. ascorbic acid. 

Reducing agents react with atmospheric oxygen and thus diminish the damage of products. Another 

possibility of suppressing autoxidation is the addition of radical trapping antioxidants, so called 

inhibitors. Inhibitors like tocopherols or hindered alkyl phenols are able to transfer a hydrogen 

radical to a chain-carrying peroxy radical. The resulting radicals are too stable to propagate the chain 

reaction [2].  

Fatty acids linked with phenolic compounds 

Linking a natural fatty acid to a phenolic compound should yield products which have a similar 

structure as hindered alkyl phenols e.g. tert.-butyl-hydroxy-toluene (Figure 2). Therefore these fatty 

acid derivatives should show similar antioxidative action.  

To obtain such fatty acid conjugates we linked phenolic compounds to oleic acid by a Claisen-

rearrangement (Figure 3). The rearrangement of aryl allyl ethers leads to conjugates with a covalent 

and stable carbon-carbon bond between the phenol and the fatty acid.  

In our synthesis of the aryl allyl ethers we investigated two ways to link the phenolic compounds to 

oleic acid. In the first way we used a Mitsunobu-reaction, in the second we prepared the precursor of 

the Claisen-rearrangement by a palladium (0)-catalysed reaction (Figure 4).  

The yields (based on purified products) of the aryl allyl ethers and of the fatty acid conjugates are 

shown in Table 1 and 2.  

The antioxidative efficacy of the fatty acid-phenol conjugates was determined by using the 

standardized Rancimat-test. [3] For that purpose samples of purified methyl oleate were heated up 

to 120°C. The airflow was about 20 liters per hour per sample. In each case, we added 0.1 mol% of 

inhibitor. Some of the results are shown in Figure 5. 

To assess the quality of the fatty acid conjugates, we have compared some of them with commercial 

inhibitors. As can be seen the performance of the conjugates is of the same order as that of alpha-

tocopherol (Figure 6).  

Fatty acid derivatives with an diene-dioxy structure 

Ascorbic acid is a well known and commonly used antioxidant. The antioxidative action is based on its 

oxygen trapping and reducing properties (Figure 7). The oxidation potential of ascorbic acid is about 

0.49V due to the keto-ene-diol structure [4].  



Fatty acid derivatives with a diene-dioxy structure should have similar reducing properties. Ricinoleic 

acid methyl ester was used as starting material (Figure 8).  

Ricinoleic acid was transformed into a diene diol diether and a hydroxy enone (Figure 8). The hydroxy 

enone forms an equilibrium with a tautomeric diene diol form. The proton NMR spectrum clearly 

revealed the existence of both isomers and indicated a ratio of 40 to 60% in CDCl3 as solvent with the 

diene diol as major component.  

The oxidation potentials of the fatty acid derivatives were determined by cyclic voltammetry, which 

is a common method to characterize the ease of electron release [5]. The cyclovoltammogram of the 

diene diol diether, its oxidation potential as well as these of the diene diol and of ascorbic acid are 

shown in Figure 9. As can be seen, the fatty acid derived diene-dioxy compounds show oxidation 

potentials of the same order as ascorbic acid.  

CONCLUSION 

Different phenols have been covalently connected via their aryl ethers and a subsequent Claisen-

rearrangement to methyl oleate. These fatty acid-phenol conjugates have been examined with the 

Rancimat-test with regard to their antioxidative efficacy. It is of the same order as that of alpha-

tocopherol.  

The diene dioxy structure, that causes the reducing ability of ascorbic acid has been inserted into 

ricinoleic acid by either oxidation with singlet oxygen or by epoxidation. The oxidation potentials, 

that reflect the ease of electron release, of the fatty acid derived diene dioxy compounds are of the 

same order as that of ascorbic acid.  
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Figure 1. Autoxidation of linoleic acid [LA]. 

 

 

 

 

 

 

 

 

  
Figure 2. Hindered alkyl phenol and fatty acid connected to a phenol. 

 

 

 

 



 

 

 

  
Figure 3. Claisen-rearrangement of aryl allyl ethers. 

 

 

 

 

 

  
Figure 4. Synthesis of aryl allyl ethers. 

 



 

 

 

  
Figure 5. Determination of the antioxidative efficacy using the Rancimat-test. 

 



 

 

 

  

Figure 6. Antioxidative efficacy of fatty acid conjugates (yellow) compared with 

commercial inhibitors (grey). 

 

 

 

 

  
Figure 7. Reducing behaviour of ascorbic acid. 

 



 

 

 

  
Figure 8. Synthesis of fatty acid derivatives with diene-dioxy structure. 

 

 

 

 

  

Figure 9. Cyclovoltammogram and oxidation potentials (vs Ag/AgCl) of fatty acid 

derived diene dioxy compounds and of ascorbic acid. 

 



 

 

 

  
Table 1. Synthesis of aryl allyl ethers. 

 



 

 

 

  
Table 2. Synthesis of fatty acid conjugates by Claisen-rearrangement.  

 


