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Abstract

A new scheme for the synthesis of optically pure (S)-(+)-hydroprene (insect juvenile hormone analogue with incomplete conversion cycle) from (R)-4-menthen-3-one has been presented. (2E,4E)-Isomer of (S)-(+)-hydroprene has been isolated.
Introduction

In an integrated system of plant protection products are increasingly gaining importance environmentally safe means of regulating the number of insects. The greatest effect is achieved when exposed to hormone system of insects. This influence may be either externally (exo-hormones), and inside the body (endogenous hormones). Exo-hormones include pheromones - substances that regulate behavioral responses and intraspecific relationship between individuals of insects, including the important function of reproduction. Sex pheromones affect certain species of insects, showing high activity in extremely low concentrations, which leads to the effectiveness of their use in practical applications for selectively regulating the number of certain of the most dangerous pests without impacting negatively on useful fauna and the environment. Endo-hormones include juvenile hormones that are responsible for the normal development of insects at the larval stage and its considered as environmentally friendly insecticides new generation. The prospects for their practical application is connected with the detected similar effect to certain natural substances and a number of synthetic compounds structurally similar to native juvenile hormone.
A group of the most active juvenoids are esters of acids with a 2,4-diene system. The active compounds of a well-known juvenile hormone-drug hydroprene (1) is the ethyl ester of 3,7,11-trimethyl-2E,4E-dodekadienoic acid. Known methods of synthesis hydroprene (1) based on the transformations citral [1] or its tetrahydroderivatives [2-6], geraniol [7] 1,5-dimethyl-1-cyclooctene [8,9] and (R)-4-menthen-3-one (2) [10].
Results and discussion
We have realized a new route for the synthesis of optically pure dienoates (1) from methyl (3S)-3,7-dimethyl-5-oksooctanoat (3) - the ozonolysis product of (R)-4-menthen-3-one (2) available from the l- menthol [11] - in the presence of pyridine or triethylamine in a mixture (1: 1) of methylene chloride and methanol [12].
Subsequent Huang-Minlon deoxygenation of ester (3) accompanied by saponification of the ester group gave (3S)-3,7-dimetiloktanoic acid (4), which successive hydride reduction reactions and oxidation by Corey is transformed in aldehyde (5).
Condensation of the aldehyde (5) with a phosphonate (6) in the presence of KOH and            [n-Bu4N]OH, according to [13], leading to the formation of the (S)-(+)-hydroprene (1) as a mixture (9 : 1, according to GC and NMR) (2E,4E)-(1a)- and (2Z,4E)-(1b)-isomers in a total yield 32% based on the ester (2). From the intensity ratio of singlet proton signals of the methyl group at (2-bond in the 2.26 ppm (E-isomer 1a) and 1.98 ppm (Z-isomer 1b) in NMR spectrum means that (2E,4E)-stereoisomer (1a) is predominant. Individual (2E,4E)-isomer (1a) isolated by column chromatography.
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Reagents and conditions: a) O3, Py или NEt3, CH2Cl2-MeOH (1 : 1) [11]; b) N2H4(H2O; затем KOH, ∆; 

c) LiAlH4, Et2O; d) PCC, CH2Cl2; e) 
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Experimental section
IR spectra were recorded on the device IR Prestige-21 (Shimadzu) in a thin layer. 1H NMR spectra were registered on a spectrometer BRUKER AM-300 (operating frequency 300.13 MHz for 1H ), internal standard – TMS. A chromatographic analysis was performed on Chrom-5 [column length is 1.2 m, stationary phase - silicone SE-30 (5%) + OV-225 (3%) on Chromaton N-AW-DMCS (0.16-0.20 mm with operating temperature 50 -200º] and GC-9A Shimadzu [silica capillary column 25 m in length, stationary phase DB-1 (0.25 microns), the operating temperature of 80-280º]; gas carrier is helium. Optical rotation was measured on a polarimeter «Perkin-Elmer 241-MC». Column chromatography was performed on silica gel L (60-200 microns) of «Sorbfil» (Russia). TLC plates used Sorbfil (Russia). Using petroleum ether, b.p. 40-70ºC was used for chromatography. Solvents were dried according to standard procedures.
(3S)-3,7-Dimethyloctanoic acid (4). To 3.40 g (17.0 mmol) of ester (3) dissolved in 17 ml of diethylene glycol were added dropwise 3.20 g (51.0 mmol) of 80 % hydrazine hydrate at 15ºC and stirred for 2.5 hours and left for 16 h at room temperature. Then was added 4.73 g (84.5 mmol) KOH, refluxed for 2 hours under reflux, then distilled H2O and excess hydrazine hydrate heating the reaction mixture up to 195ºC and maintained for a further 4 hours at the same temperature and then cooled to room temperature, diluted with 20 mL of H2O and extracted with CH2Cl2 (3×50 mL). The aqueous layer was acidified with 10% H2SO4 and extracted with CH2Cl2 (3×50 mL). The combined organic layer was dried with MgSO4 and evaporated. The residue was chromatographed (SiO2, CHCl3). Isolated 1.90 g (65%) of the acid (4). Rf 0.44 (petroleum ether : EtOAc, 2: 1), [(]D25 - 7.3º (c 5.0, CHCl3). IR spectrum (KBr, ν, cm-1): 3300-2950 (CO2H). 1H NMR (300.13 MHz , CDCl3, δ, ppm, J/Hz): 0.83-1.03 (m, 9H, 3CH3), 1.09-1.67 (m, 8H, 2CH, 3CH2), 2.03-2.46 (m, 2H, H-2), 11.20 (s, 1H, CO2H).
(3S)-3,7-dimethyloctanal (5). To a stirred suspension of 0.84 g (22.1 mmol) LiAlH4 in 22 ml of dry Et2O was added (0ºC, Ar) solution of 1.90 g (11.0 mmol) of the acid (4) in 11 ml of dry Et2O. The reaction mixture was stirred for 2 hours at room temperature, then cooled to 0ºC and stirred successively added 2 ml H2O and 0.72 ml of a 15 % solution of NaOH. The reaction mixture was stirred for 2 hours, then the organic layer was separated and the aqueous extracted with Et2O (3×50 mL). The combined organic layer was washed with a saturated solution of NaCl (3×5 mL) to pH 7, dried with MgSO4 and evaporated. The residue (1.31 g) was dissolved in 10 ml dry CH2Cl2 and added to a vigorously stirred suspension of 3.85 g (17.9 mmol) of PCC 20 ml of dry CH2Cl2 (5-10ºC, Ar). The reaction mixture was stirred for 2 hours at room temperature, added 30 ml Et2O, stirred 15 min and filtered through a layer of Al2O3, washing with Et2O, and the filtrate was evaporated to get 1.24 g (72 % based on (4) of the aldehyde (5). nD20 1.4265, [(] D25 -13.75º (c 0.65, CHCl3) The IR and NMR spectra identical to that described previously [14].
Ethyl (2E,4E,7S)-3,7,11-trimethyldodeca-2,4-dienoates (1). To a mixture of 0.68 g (2.0 mmol) of phosphonate (6), 0.24 g (4.0 mmol) of powdered KOH and 0.38 g (7.0 mmol) [n-Bu4N]OH in 6.0 mL PhH, wet additive 0.02 ml H2O, at 20ºC and stirring was added dropwise a solution of 0.42 g (2.8 mmol) of the aldehyde (5) in 0.5 mL PhH. After stirring for 2 h the reaction mixture was poured into 12.0 mL of ice H2O and extracted with PhH (3×30 mL). The combined organic layer was washed with H2O (2×40 mL), dried MgSO4. After evaporation of the solvent and column chromatography (SiO2, CH2Cl2) obtained 0.44 g (65%) hydroprene (1) as a mixture (9 : 1, according to GLC) (2E,4E)- and (2Z,4E)-isomer, wherein chromatography (SiO2, CH2Cl2) gave 0.30 g of (2E,4E)-isomer (1a). Rf 0.43, [(]D28 +3.41º (c 0.80, MeOH). IR spectrum (KBr, ν, cm-1): 1735 (CO2Et), 1640 (C=C). 1H NMR (300.13 MHz , CDCl3, δ, ppm, J/Hz): 0.88 (d, 9H, J=6.0, H3C-7, H3C-11, H-12), 1.06-1.80 (m, 10H, 4CH2, 2CH), 1.27 (t, 3H, J=7.0, H-2'), 2.26 (s, 3H, H3C-3), 4.13 (q, 2H, J=7.0, H-1'), 5.67 (s, 1H, H-2), 6.08 (m, 2H, H-4, H-5).
Conclusion

Thus, we showed new ways of using (R)-4-menthenone (1) available from a main component of peppermint oil - l- menthol - in the synthesis of (S)-(+)-hydroprene from methyl (3S)-3,7-dimethyl-5-oksooctanoat.
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