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A  FACILE  SYNTHESIS  OF  THE  SEX  PHEROMONE
OF  Grapholitha  molesta

Jiu-ming Li,1,2* Jian-ping Yong,3* Feng-lan Huang,2,4                                                             UDC 547.3+547.29
and Shu-zhen Bai1

The sex pheromone of Grapholitha molesta, (Z/E)-8-dodecylen-1-ol acetate, was easily synthesized in an
overall yield of 41.5% with 1,8-octanediol as starting material via mono-esterification, PCC oxidation, and
Witting reactions. The Z/E ratio is 83:17. Configuration transformation of Z/E 83:17 compound with sodium
nitrite and nitric acid resulted in the production of a compound with Z/E 24:76. The products were confirmed
by IR, 1H NMR, and MS spectral data.

Keywords: sex pheromone, 1,8-octanediol, Grapholitha molesta, 8-dodecenyl acetate, Wittig reaction.

Grapholitha molesta (or Oriental fruit moth) is a pest that damage peaches, apples, pears, apricots, etc. Its pheromone
was isolated [1] and identified as (Z/E)-8-dodecenyl acetate by Roelofs in 1969 [2]. It has been reported by Leal and other
researchers that an (E)-isomer content in the range of 5% to 10% in (Z/E)-8-dodecenyl acetate (1 and 2) is more biologically
active [3, 4]. A mixture of 1 and 2 can be used as attractant to capture insects such as Cryptophlebia batrachopa, G. leucotreta,
G. funebrana, G. lobarzewskii, Eucosma notanthes, etc [5, 6].

Several synthetic methods for the sex pheromone of G. molesta have been reported [7–14]. However, there are some
disadvantages in the synthetic routes. The expensive cost of material, harsh reaction conditions, and long reaction steps are the
main disadvantages in the reported methods. Thus, it is important to explore more economical and easier synthetic routes.

Continuing our previous study [15, 16], herein we report a more facile and economical method for synthesizing the
G. molesta sex pheromone (Scheme 1). In this route, we use the low-cost 1,8-octanediol as starting material, via mono-
esterification, PCC oxidation, and Witting reactions, to obtain the sex pheromone of Grapholitha molesta in an overall yield of
41.5%, with a  Z/E ratio of 83:17. Subsequently, the mixture with Z/E 83:17 was stirred in a solution of sodium nitrite and nitric
acid at 70–75�C under nitrogen gas to obtain a mixture with a low  Z/E ratio of 24:76. The products were confirmed by the 1H
NMR and MS spectral data.
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EXPERIMENTAL

All melting points were determined on a Yanaco MP-300 micromelting point apparatus, and values are uncorrected.
Thin layer chromatography (TCL) was performed on silica gel F254 sheet and monitored by iodine vapor. 1H NMR spectral
data were recorded on a Varian Inova-400 spectrometer using  tetramethylsilane (TMS) as an internal reference and CDCl3 as
solvent; ESI-MS were performed on an HP1100LC/MS spectrometer. The chemicals are commercially available and used
without further purification. THF was distilled from sodium and benzophenone before used.

8-Hydroxyoctan-1-ol Acetate (3). To a solution of 1,8-octanediol (36.5 g, 0.25 mol) in toluene (430 mL) was added
0.68 mL conc. H2SO4 and 14.4 mL acetic acid  (diluted with 50 mL toluene) at 75�C. The mixture was refluxed for 15 h. The
completion of the reaction was monitored by TLC. The mixture was evaporated under reduced pressure. Then the residue was
poured into 300 mL ice water, neutralized with saturated sodium carbonate solution, and extracted with ethyl acetate (50 mL � 3).
The organic layer was dried over sodium sulfate and purified by column chromatography (petroleum ether–EtOAc, 5:1) to
give 3 (41.68 g) in 89% yield. Colorless oil. IR: 3456 (-OH), 2950–2832 (C-H), 1745 (C=O), 1011 (C-O). 1H NMR (400 MHz,
CDCl3, �, ppm, J/Hz): 1.25–1.29 (8H, m, (CH2)4), 1.54–1.62 (4H, m, 2-CH2, 7-CH2), 2.04 (3H, s, OCOCH3), 2.27 (1H, s,
OH), 3.63 (2H, t, J = 6.6, HOCH2), 4.03 (2H, t, J = 6.8, CH2OAc).

Acetic Acid 8-Oxo-octyl Ester (4). Pyridinium chlorochromate (PCC) (59.1 g, 275 mmol) was slowly added to a
solution of compound 3 (41.5 g, 220 mmol) in 600 mL anhydrous dichloromethane, and the mixture was stirred at room
temperature. The completion of the reaction was monitored by TLC. The mixture was filtered, and the filtrate was concentrated
under reduced pressure. The residue was dissolved in 500 mL ether, then washed with dilute hydrochloric acid solution (50 mL � 2),
saturated sodium bicarbonate solution, and brine. The organic layer was dried over sodium sulfate and concentrated to obtain
the crude product 4 (44.5 g), which can be used for the reaction below  without further purification.

Z/E-12-Tetradecen-1-ol Acetates 1 and 2. Potassium tert-butoxide (275 mmol) was slowly added to  a  solution of
butanylthiphenylphosphonium bromide (122.6 g, 308 mmol) in 385 mL anhydrous THF under  N2. When the potassium
tert-butoxide dissolved completely, a solution of compound 4 (44.0 g) in anhydrous THF was added at –15�C.  The mixture
was stirred at –15�C for 2 h and then at room temperature overnight. The completion of the reaction was monitored by TLC.
A saturated solution of NH4Cl (50 mL) was added, and the mixture was concentrated under reduced pressure. The residue was
extracted with ether (300 mL � 3). The organic layer was dried over sodium sulfate and purified by column chromatography
(petroleum ether–EtOAc, 10:1) to give a mixture of 1, 2; 26.8 g, colorless oil, yield: 53.8%. IR: 3006, 2926, 2855, 1742
(C=O), 1465, 1365, 1240, 1038, 969 (C=C,E), 723 (C=C,Z). 1H NMR (400 MHz, CDCl3, �, ppm, J/Hz): 5.36 (2H, m, CH=CH),
4.05 (2H, t, J = 6.8, CH2OAc), 1.98–2.00 (4H, m, CH2C=C-CH2), 2.03 (3H, s, COCH3), 1.62 (2H, m, 2-CH2), 1.27–1.36
(10H, m, 11-CH2, (CH2)4], 0.91 (3H, t, J = 7.6, 12-CH3). The Z/E ratio of 1, 2 was confirmed to be 83:17 by GC-MS.

Configuration Transformation of the Z/E Ratio [17]. A 2.5 mL solution of sodium nitrite (2 mol/L) and  1.7 mL of
nitric acid solution  (2 mol/L) were added to 22.6 g (0.1 mol) of a mixture of 1, 2 (Z/E, 83:17) under N2, and the whole stirred
at 70–75�C for 1 h. Then the reaction mixture was naturally cooled to room temperature. The mixture was neutralized with
saturated sodium carbonate solution to pH = 7 and extracted with hexane (100 mL � 3). The organic layer was washed with
saturated brine, dried over sodium sulfate, concentrated under reduced pressure, and purified by column chromatography
(petroleum ether–EtOAc, 20:1) to obtain 22 g of colorless oil. The Z/E ratio of 1, 2 was confirmed to be  24:76 by  GC-MS.
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