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SYNTHESIS OF 4-OXO-2(E)-DECENAL: PHEROMONE COMPONENT
AND ALLOMONE OF SOME TRUE BUGS OF HEMIPTERA
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In this paper a new method for the synthesis of 4-oxo-2(E)-decenal —
defensive compound (allomone) and pheromone component of several true bugs
of Hemiptera based on the 2-propyn-1-ol is described.
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Introduction. 4-Oxo0-2(E)-decenal serves as defensive compound (allomone)
and pheromone component of several true bugs of Hemiptera [1-4]. Besides,
researchers from Spain detected the presence of toxic aldehydes including
4-0x0-2(FE)-decenal in a sunflower oil heated to frying temperature in an industrial
fryer. This substance has been thought to be responsible for cancer and several
neurodegenerative diseases, such as Alzheimer’s and Parkinson’s [5].

4-Ox0-2(E)-decenal (1) have a great potential to be used in agriculture
(e.g., by affecting the behavior of pests thus increasing the control over them) and
biological research. Therefore, it is of a significant importance to set an easy access
towards the synthesis of abovementioned compound.

So far, there is only one method for the synthesis of 4-oxo-2(£)-decenal
described in the literature. Latter is based on the oxidation of 2-n-hexylfuran with
aqueous N-bromosuccinimide to form desired product via cleavage of furan ring [6].

Taking into consideration the growing interest towards this compound and the
possibility of its synthesis from commercially available materials, we have developed
a new method for the synthesis of 4-oxo-2(E)-decenal based on 2-propyn-1-ol (2).

At first, as a result of the reaction between 2-propyn-1-ol (2) and ethylmag-
nesium bromide, Jocic reagent was formed, which subsequently was treated with
heptanal to produce 2-decyne-1,4-diol (3) in 48.2% yield. In the second step of the
synthesis triple bond was reduced to corresponding frans-alkene by means of
lithium aluminium hydride solved in THF. Synthesized 2(F)-decene-1,4-diol (4)
was finally oxidized by pyridinium chlorochromate [7] to form desired product.
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4-Ox0-2(E)-decenal (1) was isolated and purified by column
chromatography on silica gel.

Overall yield of 4-ox0-2(£)-decenal (1) is 21.8 %.

Experimental Part. 'H NMR spectra were recorded on Varian Mercury-300
VX spectrometer (300.077 MHz). Samples were measured in CDCl;, CCly,
DMSO-ds and signals were referenced to the internal standard (TMS). Infrared
spectra were recorded on Specord 75IR spectrometer. Course of reactions was
controlled by thin-layer chromatography on Silufol UV-254 (eluent: hexane-ether,
colouring reagent: iodine steams and solution of KMnQO,). The products were
purified by column chromatography on silica gel (L 40/100).

Synthesis of 2-decyne-1,4-diol (3). To the solution of ethylmagnesium
bromide, prepared from 10.9 g (0.1 mol) of ethyl bromide and 2.4 g (0.1 mol) of
magnesium in 70 mL of THF, 2.8 g (0.05 mol) of 2-propyn-1-o0l (2) was added
dropwise. Reaction mixture was refluxed for 3 4 and cooled down to 0°C
temperature. Subsequently, 5.7 g (0.05 mol) of heptanal was added drop by drop
and the mixture was kept overnight at room temperature. On the next day the
solution was again refluxed for 2 4 and cooled to 0°C. Afterwards, the saturated
solution of NH4Cl was added and the aqueous layer was extracted with Et,O. The
combined organic layers were dried over MgSQ,, filtered and the solvent of the
filtrate was evaporated. Finally, the desired 2-decyn-1,4-diol (3) was obtained by
distilling (bp 118-120°C, 4 mm Hg) the residue.

Yield 4.1 g (48.2 %), R¢ 0.37 (hexane—diethyl ether, 2:1). IR spectrum, v, cm :
2220 (C=C), 3635 (OH). 'H NMR (CCL); ¢ , ppm: 0.88 t (J=6.8 Hz, 3H);
1.20-1.66 m (8 H); 1.71-1.82 m (2H); 1.85 br. s (2H, OH); 4.25-4.33 m (2H).

Synthesis of 2(E)-decen-1,4-diol (4). To a suspension of 2.27 g (0.06 mol)
lithium aluminum hydride in 40 mL of anhydrous THF was added 2.4 g (0.014 mol)
of 2-hexyn-1,4-diol (3) in 10 mL of anhydrous ether at 0°C under argon. The reaction
mixture was stirred for 2.5 4 at room temperature, cooled to from —6 to —8 °C, and
treated with 2.3 mL of water, 2.3 mL of 15% sodium hydroxide solution, and
6.8 mL of water. The precipitate was filtered off and washed with diethyl ether.
The filtrate was dried over sodium sulfate. After the solvents removal, the residue
was purified by column chromatography (hexane—diethyl ether, 9:1).

Yield 1.9 g (79.2 %), Ry (hexane—diethyl ether, 2:1). IR spectrum, v, cm
980 (trans. C=C), 3020 (C=C), 3630 (OH). '"H NMR (DMSO- d6); 6 , ppm: 0.88 t
(J=6.8 Hz, 3H); 1.20-1.66 m (10 H); 2.91 br. s (2 H, OH); 4.12 d (J=7.2 Hz, 1 H);
4.18 kv (J=7.2 Hz, 1 H); 5.58 m (2 H) [7].
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Synthesis of 4-oxo-2(E)-decenal (1). To the suspension of pyridinium
chlorochromate (8.64 g, 0.02 mol) in 10 mL dichloromethane was drop by drop
added 0.7 g (0.004 mol) of 2(E)-decen-1,4-diol solved in 4 mL dichloromethane
under nitrogen atmosphere at room temperature. Reaction mixture was stirred for
5 h and subsequently extracted with Et;O (3x50 mlL). After, combined organic
layers were dried over anhydrous Na,SO,, filtered and the filtrate was concentrated
under reduced pressure. The remaining crude material was purified by column
chromatography to give the desired product.

Yield 0.4 g (57 %). R; 0.42 (hexane—diethyl ether, 4:1). IR spectrum, v, cm
980 (E-C=C), 1590 (C=C), 1700 (C=0), 2730 (CHO). 'H NMR (CDCL); d, ppm:
0.92 t (J="7.0 Hz, 3H, H'); 1.24-1.66 m (8H, H®, H', H®, H’); 2.58 t (J= 7.22 Hz,
1H, H’); 6.78 dd (J; =7.2 Hz, J,=16.2 Hz, 1H, H%); 6.88 d (J= 16.2 Hz, 1H, H’);
9.74 d (J=7.2 Hz, 1H, H") [6].
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