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biosynthesis in the human body. Choline is widely used as a 
pharmaceutical excipient since it is considered to be safe. Ionic 
liquids with choline cations are less toxic and more biodegradable 
than imidazolium or pyridinium ILs because of the biological 
origin of choline. Also, choline has a synergistic action enhancing 
the pharmacological effect of active substances upon topical 
administration and can be used to boost the solubility for 
increasing the absorption of insoluble small molecules and as a 
carrier for targeted drug delivery.19–24

Previously, it was shown that (5Z,9Z)-alkadienoic acids 
belonging to the chemotype of non-methylene-interrupted fatty 
acids exhibit antimalarial, antimicrobial, antibacterial, and 
antitumor activities25–29 and inhibit cell cycle enzymes, topo
isomerases, which regulate vital processes in cells.30–32 These 
acids are present in sea sponges and gymnosperm fruits in only 
trace amounts.33–35 Together with the complexity of isolation of 
individual (5Z,9Z)-alkadienoic acids and the absence of efficient 
methods for their synthesis, this considerably hampered studies 
of their structure–biological activity relationships. A stereo
selective method comprising a small number of steps has been 
recently developed for the preparation of natural and synthetic 
(5Z,9Z)-alkadienoic acids, with the key step being the catalytic 
cross-cyclomagnesiation of aliphatic and oxygen-containing 
1,2-dienes.36 This approach made it possible to synthesize a 
range of dienoic acids with different hydrocarbon chain lengths 
containing a (1Z,5Z)-diene moiety in a specified position relative 
to the carboxyl group. It was shown that the synthesized 
unsaturated acids and new derivatives based on them exhibit a 
high inhibitory activity against topoisomerases and an antitumor 
activity in vitro against a number of cancer cell lines.37–41

Herein, we performed the first synthesis of new ionic liquids 
comprising anions of 5Z,9Z-alkadienoic acids and choline 
cation. To implement this plan, we synthesized the key (5Z,9Z)-
alka-5,9-dienoic acids from allenes 1a–d and 2 by the sequence 
of reactions developed previously (Scheme 1).36

The target ILs were synthesized via a two-step metathesis 
reaction, with slight modification of the previously published 
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procedure.42 Initially, choline chloride [HO(CH2)2NMe3]+Cl– 
was treated with silver oxide Ag2O in water and stirred for 2 h to 
generate choline hydroxide. After removal of the AgCl and Ag2O 
precipitation, the most of water was evaporated to leave a 
concentrated solution containing choline hydroxide (over 90% 
yield). In the second step, ILs were obtained by neutralization of 
the equimolar amounts of carboxylic acids 4a–d with choline 
hydroxide in acetone or methanol (see Scheme 1). During the 
reaction, the colour of the reaction mixture changed from brown 
to light yellow. Evaporation of the solvent and removal of water 
gave organic salts 5a–d as highly viscous liquids in quantitative 
yields.

The purity and the structure of the resulting organic salts were 
confirmed by 1H and 13C NMR spectroscopy, IR spectroscopy, 
and high-resolution mass spectrometry. In the 1H and 13C NMR 
spectra of compound 5a, the proton and carbon signals of the 
methylene group in the α-position to the carboxylate anion  
(CH2–COO–) are located at 2.08–2.14 and 38.4 ppm,  
respectively, whereas the analogous atoms in the free acid  
(CH2–COOH) resonate at 2.35–2.40 and 33.5 ppm, respectively. 
As the distance between an atom and the carboxylate anion 
increases, the deshielding effect gradually decreases: the proton 
signals for the β-methylene group are observed at 1.52–1.62 ppm 
versus 1.69–1.76 ppm for the free acid. There are also slight 
changes in the proton (5.30–5.41 ppm) and carbon  
(129.1–130.3 ppm) chemical shifts for the unsaturated part of 
IL, which is attributable to free movement of p-electrons.43 In 
the IR spectra, the C–O stretching modes of the carboxyl group 
of acid 4a, which are manifested at 1739 cm–1, shift to 1566 cm–1 
upon the formation of compound 5a. For the IL 5a, a new weak 
peak was observed at 1649 cm–1, the characteristic peak of the 
quaternary ammonium group spectrum indicating a strong 
interaction between the carboxylic proton of the fatty acid and 
the amine group of the choline. Similar changes in the NMR and 
IR spectra were found for all ionic compounds prepared from 
acids 4b–d and choline.

In conclusion, we accomplished the synthesis of novel ionic 
liquids based on isomerically pure biologically active (5Z,9Z)-
alkadienoic acids and choline. We believe that the developed 
synthetic route possesses considerable potential for the 
preparation of polyfunctional ILs by varying the structures of 
the  initial acids and the counterions, which have a potential 
pharmacological activity. Active studies along this line are in 
progress and, in the near future, we intend to considerably 
expand the range of prepared ILs, produce necessary amounts of 
compounds, and assess their antitumor and antibacterial activities 
using advanced cell technologies and flow cytometry. 

Synthesis of (5Z,9Z)-alka-5,9-dienoic acids was supported 
by  the budget of the UFRSC RAS State Targets  
(FMRS-2022-0075). The structural studies of the synthesized 
compounds were performed with the use of Collective Usage 
Centre ‘Agidel’ at the Institute of Petrochemistry and Catalysis 
of RAS.
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Scheme  1  Reagents and conditions: i, EtMgBr, Mg, Cp2TiCl2 (10 mol%); ii, NH4Cl, H2O; iii, Jones reagent; iv, [HO(CH2)2NMe3]+OH–, acetone or 
methanol, H2O, 45 °C, 24 h.
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