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Synthetic studies on female sex pheromones of lepidopteran insects 
Update: 2024.12.26 

     The pheromones are classified into (1) type I compounds, (2) type II compounds, (3) methyl-branched compounds, and (4) 
non-branched other compounds. 
The chemical formulae are symbolized by  

1) the number before the hyphen giving the position of double bond(s) [Z = (Z)-configuration, E = (E)-configuration, Δ = terminal]
and/or other structures in the chain as follows, ≡ = triple bond, epo = cis-epoxy ring, tepo = trans-epoxy ring, and Me = 
branched methyl group,  

2) the number before the colon giving the carbon atoms in the straight chain skeleton,
3) the words after the colon giving the functional groups as follows, H = hydrocarbon, OH = primaly alcohol, OAc = acetate of

alcohol, Ald = aldehyde, and one = ketone. 

Pheromone 
Family and species of moth Publication of synthesis 

(1) Type I compounds
1-1)  1,3-Dienes

E3,Z5-12:OAc Unelius, 1996; Park, 1998; Chong, 1999; Hodgson, 2007 
Tortricidae (Phtheochroa cranaodes) 

Z3,E5-14:OAc Rossi, 1982; Doolittle, 1986 
Cossidae (Holcocerus vicarius) 

E4,Z6-16:OAc Nishida, 2003; Awalekar, 2020 
Stathmopodidae (Stathmopoda masinissa) 

Z5,E7-12:OH  and/or  Z5,E7-12:Ald Chisholm, 1981; Ando, 1982; Bestmann, 1982; Trost, 1984; 
Lasiocampidae (Malacosoma disstria, Gardette, 1984; Ando, 1985; Fiandanese, 1989; Khrimian, 2002 

Dendrolimus spectabilis, etc.) 
E7,Z9-12:OAc Labovitz, 1975; Dressaire, 1980; Rossi, 1981; Ujvary, 1985; 

Tortricidae (Lobesia botrana) Gardette, 1984; Alexakis, 1988; Fiandanese, 1989; 
Yamamoto, 1989(c); Diego, 2006 
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 E8,E10-12:OH      Descoins, 1972; Mori, 1974(a); Samain, 1978; Knox, 1981; Bloch, 1983;  
  Tortricidae (Cydia pomonella)    Yamada, 1983; Ando, 1985   
 E8,Z10-14:Ald      Figueiredo, 2007; Grodner, 2009 
  Gracillariidae (Cameraria ohridella)   
 E9,Δ11-12:OAc      Nesbitt, 1972; Mori 1974(a); Babler, 1977; [Wollenberg, 1979];  
  Noctuidae (Diparopsis castanea)    Rossi, 1981; Knox, 1981; Bloch, 1982; Yamada, 1983;  

Engman, 1985; Nagano, 2002; Cahiez, 2008   
 Z9,Δ11-12:OAc      Gardette, 1984; Ishibashi, 1987 
  Noctuidae (Diparopsis castanea)   
 Z9,E11-14:OAc      Rossi, 1981; Gardette, 1984; Fiandanese, 1989 
  Noctuidae (Spodoptera littoralis)   
 E9,E11-14:OAc      Knox, 1981; Bloch, 1983  
  Tortricidae (Epiphyas postvittana)   
 Z9,E11-16:Ald      Svirskaya, 1984(b); Tao, 2013 
  Crambidae (Diatraea saccharalis)   
 E9,Z11-16:Ald      Passaro, 2003; Figueiredo, 2007 
  Pyralidae (Acrobasis nuxvorella)   
 E10,Z12-16:OH      Negishi, 1973; Bestmann, 1977; Zweifel, 1978; Gardette, 1984;  
  Bombycidae (Bombyx mori)     Alexakis, 1988; Fiandanese, 1989; Uenishi, 2000; Khrimian, 2002   
 E10,E12-16:Ald      Knox, 1981; Klug, 1982 
  Noctuidae (Earias insulana)   
 Z11,Z13-16:Ald      Bishop, 1983; Gardette, 1984; Mori, 2009(c), Liu, 2019 
  Pyralidae (Amyelois transitella) 
  Notodontidae (Notodonta dromedaries etc.)   
 Z11,E13-16:OAc      Alexakis, 1988; Gibb, 2007 
  Pyralidae (Herpetogramma licarsisalis) 
 
  1-2)  1,4-Dienes 
 E4,Z7-13:OAc      Voerman, 1978; Alexakis, 1978; Nishiyama, 1984; Yadav, 1986;  
  Gelechiidae (Phthorimaea operculella)   Nonoshita, 1990;Hutzinger, 1995; Odinokov, 1997;  

Vakhidov, 2007; Pan, 2022   
 Z9,E12-14:OAc      Jacobson, 1970; Bac, 1982; Kasymzhanova, 1992 
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  Noctuidae (Spodoptera eridania etc.) 
  Pyralidae (Cadra cautella, etc.) 
 
  1-3)  1,5-Dienes 
 E3,Z7-14:OAc      Ragoussis, 2008; Awalekar, 2021 
  Gelechiidae (Symmetrischema tangolias)   
 Z7,Z11-16:OAc and/or Z7,E11-16:OAc   Sonnet, 1974; Mori, 1974(b); Su, 1974; Anderson, 1975; Ishihara, 1984; 
  Gelechiidae (Pectinophora gossypiella,    Svirskaya, 1984(a); Ducoux, 1992; D’yakonov, 2017 
 Sitotroga cerealella) 
 
  1-4)  Other dienes 
 E2,Z13-18:Ald and/or E2,Z13-18:OAc   Hukumoto, 1998; Hoskovec, 1990; Grodner, 2006; Naka, 2006; Islam, 2007 
  Sesiidae (Vitacea polistiformis, etc)   
 E3,Z8 -14:OAc      Cabezas, 2019 
  Gelechiidae (Scrobipalpuloides absoluta)   
 Z3,Z13-18:OAc and/or E3,Z13-18:OAc   Voerman, 1979; Doolittle, 1980; Gardette, 1983(b); Svirskaya, 1984(a);  
  Sesiidae (Synanthedon exitiosa    Yamamoto, 1989(a); Hoskovec, 1990; Naka, 2006; 

 Synanthedon pictipes, etc.)     Armstrong-Chong, 2004   
 E6,Z11-16:OAc and E6,Z11-16:Ald    Kochansky, 1977 
  Saturniidae (Antheraea polyphemus) 
 
  1-5)  Trienes 
 E3,Z8,Z11-14:OAc     Cabezas, 2019 
  Gelechiidae (Scrobipalpuloides absoluta)   
 E4,E6,Z10-16:OH and E4,Z6,Z10-16:OH   Huang, 2017 
  Gracillariidae (Conopomorpha cramerella)   
 E4,E6,Z11-16:Ald      Tomida, 1993 
  Saturniidae (Samia cynthia)   
 E4,Z7,Z10-13:OAc     Voerman, 1978; Pan, 2022 
  Gelechiidae (Phthorimaea operculella)   
 Z7,Z11,E13-16:Ald     Leal, 2006; Moreira, 2006; Vang, 2008 
  Gracillariidae (Phyllocnistis citrella)    
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 Z9,E11,Δ13-14:Ald     Baker, 1989; Millar, 1990; Tellier, 1990; Tellier, 1991(a) 
  Pyralidae (Ectomyelois ceratoniae) 
  Elachistidae (Stenoma cecropia)   
 E10,E12,Z14-16:OAc or E10,E12,Z14-16:Ald   Ando, 1988; Doolittle, 1990; Tellier, 1991(b); Chen, 2000 
  Crambidae (Glyphodes pyloalis) 
  Sphingidae (Manduca sexta) 
 
  1-6)  Tetraenes 
 Z7,Z13,Z16,Z19-22:OisoBu     Khrimian, 2008 
  Erebidae (Euproctis chrysorrhoea) 
 
  1-7)  1,3-Enynes 
 Z9,≡11,Δ13-14:Ald      Hoddle, 2009; Zou, 2010 
  Elachistidae (Stenoma catenifer)   
 ≡11,Z13-16:OAc      Gardette, 1983(a); Camps, 1983; Shani, 1983 
  Notodontidae (Thaumetopoea pityocampa) 
 
(2)  Type II compounds   
 Z3,Z6,Z9-19:H and/or Z3,Z6,Z9-21:H   Conner, 1980; Becker, 1983; Baker, 1984; Underhill, 1983;  
  Geometridae (Ascotis selenaria, etc.)    Bestmann, 1985; Mangold, 1987; Langlois, 1990; Ando, 1993 
         Yadav, 1998(a); Wang, 2007; Davies, 2007   
 Δ1,Z3,Z6,Z9-19:H       Huang, 1983; Jain, 1983(b); Baker, 1984; Viala; 1991; Pohnert, 2000 
  Geometridae (Operophtera brumata)    Yamamoto, 2008   
 Δ1,Z3,Z6,Z9-21:H       Jain, 1983(a); Yamamoto, 2008 
  Erebidae (Utetheisa ornatrix)   
 Z3,Z6,Z9,E11-19:H     Yamamoto, 2008 
  Geometridae (Alsophila pometaria)   
 Z3,Z6,Z9,Z12-20:H     Yamakawa, 2011(a); Langseter, 2012 
  Geometridae (Thalassodes immissaria)     
 epo3,Z6,Z9-18:H  (3S,4R) and (3R,4S)   [Ando 1993]; Soulie, 1995; Qin, 1997 
  Geometridae (Ascotis selenaria)   
 Z3,epo6,Z9-18:H  (6S,7R)     Yu, 2017; Xu, 2017 
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  Geometridae (Ectropis obliqua)   
 Z3,epo6,Z9-19:H  (6S,7R)     Mori, 1991(c); [Ando 1993]; Qin, 1997 
  Geometridae (Erannis defoliaria)   
 Z6,epo9-19:H  (9S,10R)     MaGee, 2011; Zhou, 2024(a) 
  Geometridae (Ennomos subsignaria)   
 Z6,epo9-21:H  (9S,10R)     Brevet, 1992; [Bell, 1993]; [Ando 1995]; Zhang, 2000  
  Erebidae (Phragmatobia fuliginosa, etc.)  
        (9R,10S)     Muto, 2003(b); Zhou, 2024(a) 
  Erebidae (Teia anartoides, etc.) 
  Z3,Z6,epo9-19:H  (9S,10R)    [Ando 1993]; Qin, 1997; Khrimian, 2004 
  Erebidae (Lymantria mathura, etc.)   
 Z3,Z6,epo9-21:H  (9S,10R)    Mori, 1981; Mori, 1986; Pougny, 1987; [Bell, 1993]; [Ando 1993];  
  Erebidae (Estigmene acrea, Hyphantria cunea, etc)  Qin, 1997; Nakanishi, 2005   
 Δ1,Z3,Z6,epo9-21:H  (9S,10R)    Mori, 1989; Yadav, 1998(b); Nakanishi, 2005; Che, 2005; Yamakawa, 2012 
  Erebidae (Hyphantria cunea, etc.)       
 Z3,epo6,epo9-21:H  (6R,7S,9R,10S, leucomalure)  Yamamoto, 1999; [Yamazawa, 2001]; [Lizarraga, 2001]; Muto, 2003(a) 
  Erebidae (Leucoma salicis)     Wimalaratne, 2004   
 epo3,epo6,Z9-21:H  (3S,4R,6S,7R)    Yamamoto, 1999; [Yamazawa, 2001] 
  Erebidae (Perina nuda)   
 tepo4,Z6,Z9-19:H      [Yamamoto, 2013]; Kang, 2007 
  Geometridae (Bupalus piniarius)   
 Z6,Z9,tepo11-21:H  (11S,12S, posticlure)   Wakamura, 2001; Muto, 2001; Fernandes, 2002; Kang, 2007; 
  Erebidae (Orgyia postica)     Fernandes, 2007 
  
 (3)  Methyl-branched compounds   
  3-1)  Hydrocarbons   
 Me2-17:H      Dasaradhi, 1987 
  Erebidae (Holomelina aurantiaca etc.)   
 Me2,Me5-17:H  (S)  +  Me5,Me11-17:H  (5R,11S)  [Gries, 1991]; Li, 1993; Mori, 1996; Wang, 2023 
  Geometridae (Lambdina fiscellaria)   
 Me5,Me9-15:H  (5S,9R)     Kuwahara, 2000; Moreira, 2003; [Zarbin, 2004]; Mori, 2008 
  Lyonetiidae (Perileucoptera coffeella) 
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 Me5,Me9-17:H  (5S,9S)     Mori, 1991(a); Taguri, 2012; Li, 2013; Yu, 2023 
  Lyonetiidae (Leucoptera malifoliella)   
 Me7-17:H  (S)  +  Me7,Me11-17:H  (meso)  Shirai, 1999; Diaz, 2000; Enders, 2002; [Chow, 2004]; Nagano, 2007 
  Geometridae (Lambdina athasaria, L. pellucidaria)   

Me9-19:H  (S)      Lamers, 2003; Cao, 2013   
  Erebidae (Alabama argillacea)   
 Δ1,Me10,Me14-18:H  (10S,14S)    Tamagawa, 1999; [Nakamura, 2000(a)]; Summeren, 2005; Taguri, 2014;  
  Lyonetiidae (Lyonetia prunifoliella)    Yu, 2023   
 Δ1,Me14-18:H  (S)     [Sugie, 1984]; [Manabe, 1985]; Kato, 1985; Mori, 1985; Sonnet, 1987;  
  Lyonetiidae (Lyonetia clerkella)    [Yamamoto, 1989(b)]; Sankaranarayanan, 1995; Zhang, 2013;  
         Ishmuratov, 2013; Wei, 2020; He, 2021; He, 2022 
 
  3-2)  Epoxides 
 Me2,epo7-18:H  (7R,8S, (+)-disparlure)   Iwaki, 1974; Mori, 1981; Mori, 1986; Fukusaki, 1991; Keinan, 1992; 

Erebidae (Lymantria dispar)     Brevet, 1992; Hu, 1999; Koumbis, 2005; Inkster, 2005;  
Garg, 2017; Gwon, 2024  

 
  3-3)  Esters of primary alcohol and acid   
 Me3,Me13-15:Ate with Me2-5:3-OH  (3R,13R,1’S)  Mori, 2009(b); Mori, 2010; Taguri, 2013; Sun, 2017(b); Wang, 2024 
  Psychidae (Clania variegata)   
 Me10-12:OAc  (R)     Suguro, 1979; Hjalmarsson, 1985; Sankaranarayanan, 1995; Geresh, 1998;  
  Tortricidae (Adoxophyes honmai)    Chow, 2001     
 Me10,Me14-15:OisoBu  (R)    Ichikawa, 1995; Sun, 2017(a); Sun, 2024 
  Erebidae (Arna pseudoconspersa) 
 
  3-4)  Secondary alcohols   
 Me5-17:7-OH  (5R,7R)     Yamakawa, 2011(b); Muraki, 2014; Yuan, 2022 
  Erebidae (Miltachrista calamine)   
 Me6,Me10,Me14-15:2-OH  (2R,6R,10R)   Mori, 1991(b); Nakamura, 2000(b), Shafikov, 2011   

 Pyralidae (Corcyra cephalonica, Aphomia sociella)  
 
  3-5)  Ketones   
 Me6-18:2-one  (S)  +  Me14-18:2-one  (S)   [Yamamoto, 2007]; [Do, 2009]; Mori, 2009(a); [Taguri, 2010];  



7 
 

  +  Me6,Me14-18:2-one     Shikichi, 2012; Zhou, 2024(b) 
  Erebidae (Lyclene dharma) 
 
 (4)  Non-branched other compounds   
  4-1)  Esters of secondary alcohols    
 17:7-OPr  (S)  +  17:8-OPr  (S)    Fujii, 2013 
  Erebidae (Barsine expressa)   
 Z12-17:2-OAc  (S)     Gries, 2006; Britton, 2009 
  Tineidae (Kermania pistaciella) 
 
  4-2)  Ketones   
 Z6-21:11-one      Smith, 1975; Akermark, 1978; Nishiyama, 1984 Larson, 1985;  
  Erebidae (Orgyia pseudotsugata)    Dasaradhi, 1987; Jones, 2006   
 Z6,E8-21:11-one      Muto, 2003(b);  Jury, 2003;  Comeskey, 2004 
  Erebidae (Orgyia pseudotsugata, O. vetusta)     
 Z6,Z9-21:11-one      Mayo, 2022 
  Erebidae (Orgyia leucostigma, Teia anartoides)   
 Z7-19:11-one (Z12-19:9-one)    Naoshima, 1981; Yadagiri, 1983; Yamashita, 1988 
 +  Z7-20:11-one (Z13-20:10-one) 
  Carposinidae (Carposina sasakii) 
 



8

References
Akermark, B. and A. Ljungqvist, 1978.  Eutectic potassium-sodium-aluminum chloride as a mild catalyst for ene reactions: simple synthesis of the sex pheromone 

from Douglas fir tussock moth.  J. Org. Chem., 43: 4387–4388. https://doi.org/10.1021/jo00416a036
Alexakis, A., G. Cahiez and J. F. Norman, 1978  Highly stereoselective synthesis of the insect sex pheromone of Phthorimaea operculella and of propylure. 

Tetrahedro Lett., 2027–2030. https://doi.org/10.1016/S0040-4039(01)94740-9
Alexakis, A. and D. Jachiet, 1988.  A new strategy for the synthesis of the pheromones of Lobesia botrana and Bombyx mori.  Tetrahedron Lett., 29: 217–218. 

https://doi.org/10.1016/S0040-4039(00)80057-X
Anderson, R. J. and C. A. Henrick, 1975.  Stereochemical control in Wittig olefin synthesis preparation of the pink bollworm sex pheromone mixture, gossyplure.  

J. Am. Chem. Soc., 97: 4327–4334. https://doi.org/10.1021/ja00848a032
Ando, T., M. H. Vu, S. Yoshida and N. Takahashi, 1982.  Stereoselective synthesis of some isomers of dodecadien-1-ol: compounds related to the pine moth sex 

pheromone.  Agric. Biol. Chem., 46: 717–722. https://doi.org/10.1271/bbb1961.46.717
Ando, T., Y. Kurotsu, M. Kaiya and M. Uchiyama,1985.  Systematic syntheses and characterization of dodecadien-1-ols with conjugated double bond, 

lepidopterous sex pheromones.  Agric. Biol. Chem. , 49: 141–148. https://doi.org/10.1271/bbb1961.49.141
Ando, T., Y. Ogura, M. Koyama, M. Kurane, M. Uchiyama and K. Yaul Seol, 1988.  Syntheses and NMR analyses of eight geometrical isomers of 

10,12,14-hexadecatrienyl acetate, sex pheromone candidates of the mulberry pyralid.  Agric. Biol. Chem., 52: 2459–2468. 
https://doi.org/10.1271/bbb1961.52.2459

Ando, T., H. Ohsawa, T. Ueno, H. Kishi, Y. Okamura and S. Hashimoto, 1993.  Hydrocarbons with a homoconjugated polyene system and their monoepoxy 
derivatives: sex attractants of geometrid and noctuid moths distributed in Japan.  J. Chem. Ecol., 19: 787–798. https://doi.org/10.1007/BF00985009

Ando, T., H. Kishi, N. Akashio, X.-R. Qin, N. Saito, H. Abe and S. Hashimoto. 1995.  Sex attractants of geometrid and noctuid moths: chemical characterization 
and field test of monoepoxides of 6,9-dienes and related compounds.  J. Chem. Ecol., 21: 299–311. https://doi.org/10.1007/BF02036719

Armstrong-Chong, R. J., K. Matthews and J. M. Chong, 2004.  Sequential alkynylation of ω-bromoalkyl triflates: facile access to unsymmetrical non-conjugated 
diynes including precursors to diene pheromones.  Tetrahedron, 60: 10239–10244. https://doi.org/10.1016/j.tet.2004.08.094

Awalekar, R., P. Mohire, A. Patravale, S. Salunkhe, D. Jamale, S. Hangirgekar, G. Kolekar and P. Anbhule, 2020.  Stereoselective synthesis of 
(4E,6Z)-hexadecadien-1-ol, (4E,6Z)-hexadecadienyl acetate and (4E,6Z)-hexadecadienal, the pheromone components of the persimmon fruit moth, 
Stathmopoda masinissa.  Chem. Sci. Rev. Lett., 9: 746–772.  

https://doi.org/10.1021/jo00416a036
https://doi.org/10.1016/S0040-4039(01)94740-9
https://doi.org/10.1016/S0040-4039(00)80057-X
https://doi.org/10.1021/ja00848a032
https://doi.org/10.1271/bbb1961.46.717
https://doi.org/10.1271/bbb1961.49.141
https://doi.org/10.1271/bbb1961.52.2459
https://doi.org/10.1007/BF00985009
https://doi.org/10.1007/BF02036719
https://doi.org/10.1016/j.tet.2004.08.094


9

Awalekar, R., P. Mohire, A. Patravale, S. Salunkhe, S. Usmani, D. Jamale, S. Hangirgekar, G. Kolekar and P. Anbhule, 2021.  Total stereospecific synthesis of 
(3E,7Z)-tetradecadienyl acetate, the major sex pheromone component of the potato pest Symmetrischema tangolias.  Chem. Natur. Comp., 57: 1000–1004. 
https://doi.org/10.1007/s10600-021-03537-1

Babler, J. H. and M. J. Martin, 1977.  A facile synthesis of the sex pheromone of the red bollworm moth from 10-undecen-1-ol.  J. Org. Chem., 42: 1799–1800. 
https://doi.org/10.1271/bbb1961.44.2229

Bac, N. V. and Y. Langlois, 1982.  Silicon-induced fragmentations: stereoselective preparation of (Z,E)- and (Z,Z)-1,4-dienamine derivatives. Synthesis of 
(9Z,12E)-tetradecadien-1-yl acetate pheromone of various Lepidoptera.  J. Am. Chem. Soc., 104: 7666–7667. https://doi.org/10.1021/ja00390a051

Baker, R., M. J. O'mahony and C. J. Swain, 1984.  Synthesis of (Z,Z,Z)-nonadeca-1,3,6,9-tetraene and (Z,Z,Z)-nonadeca-3,6,9-triene, pheromones of the winter 
moth, Operophtera brumata L., and the giant looper, Boarmia (Ascotis) selenaria.  J. Chem. Research (S), 190–191.  

Baker, T. C., W. Francke, C. Löfstedt, B. S. Hansson, J.-W. Du, P. L. Phelan, R. S. Vetter and R. Youngman, 1989.  Isolation, identification and synthesis of sex 
pheromone components of the carob moth, Ectomyelois ceratoniae.  Tetrahedron Lett., 30: 2901–2902. https://doi.org/10.1016/S0040-4039(00)99153-6

Becker, D., T. Kimmel, R. Cyjon, I. Moore, M. Wysoki, H. J. Bestmann, H. Platz, K. Roth and O. Vostrowsky, 1983.  (3Z,6Z,9Z)-3,6,9-Nonadecatriene -- a 
component of the sex pheromonal system of the giant looper, Boarmia (Ascotis) selenaria Schiffermüller (Lepidoptera: Geometridae).  Tetrahedron Lett., 24: 
5505–5508. https://doi.org/10.1016/S0040-4039(00)94124-8

Bell, T. W. and J. A. Ciaccio, 1993.  Alkylative epoxide rearrangement. A stereospecific approach to chiral epoxide pheromone.  J. Org. Chem., 58: 5153–5162. 
https://doi.org/10.1021/jo00071a026

Bestmann, H. J., K. H. Koschatzky, W. Stransky and O. Vostrowsky, 1976.  Pheromone IX. Stereoselective Synthesen von (Z)-7,(Z)-11 und 
(Z)-7,(E)-11-Hexadecadienylacetat, dem Sexualpheromone von Pecticophora gossypiella (Gelechiidae, Lepid.).  Tetrahedron Lett., 352–356. 
https://doi.org/10.1016/S0040-4039(00)93730-4

Bestmann, H. J., O. Vostrowsky, H. Paulus, W. Billmann and W. Stransky, 1977.  Pheromone XI. Eine Aufbaumethode for Konjugierte (E),(Z)-diene. Synthese des 
Bombykols, seiner Deivate und Homologen.  Tetrahedron Lett., 121–124. https://doi.org/10.1016/S0040-4039(01)92566-3

Bestmann, H. J., K. H. Koschatzky, H. Ptatz, J. Suz, O. Vostrowsky, W. knauf, G. Burghardt and I. Schneider, 1982.  Pheromones, XL. Synthesis of the pheromone 
complex of Lasiocampidae species (Lepidoptera); a sex attractant for Dendrolimus pini.  Liebigs. Ann. Chem., 1359–1365. 
https://doi.org/10.1002/jlac.198219820712

Bestmann, H. J., R. Dotzer and J. Manero-Alvarez, 1985.  Pheromone 48. Eine neue Synthese von (n,n+3)-Alkadiene.  Tetrahedron Lett., 26: 2769–2772. 

https://doi.org/10.1007/s10600-021-03537-1
https://doi.org/10.1271/bbb1961.44.2229
https://doi.org/10.1021/ja00390a051
https://doi.org/10.1016/S0040-4039(00)99153-6
https://doi.org/10.1016/S0040-4039(00)94124-8
https://doi.org/10.1021/jo00071a026
https://doi.org/10.1016/S0040-4039(00)93730-4
https://doi.org/10.1016/S0040-4039(01)92566-3
https://doi.org/10.1002/jlac.198219820712


10

https://doi.org/10.1016/S0040-4039(00)94907-4
Bishop, C. E. and G. W. Morrow, 1983.  Synthesis of (Z.Z)-11,13-hexadecadienal, a principal component of navel orangeworm (Pamyelois transitella) pheromone.  

J. Org. Chem., 48: 657–660 https://doi.org/10.1021/jo00153a007
Bloch, R. and J. Abecassis, 1982.  A highly stereoselective synthesis of (E)-1-substituted-1,3-dienes.  Tetrahedron Lett., 23: 3277–3280. 

https://doi.org/10.1016/S0040-4039(00)87591-7
Bloch, R. and J. Abecassis, 1983.  A general and stereoselective synthesis of (E,E)-conjugated dienes.  Tetrahedron Lett., 24: 1247–1250. 

https://doi.org/10.1016/S0040-4039(00)81626-3
Brevet J.-L. and K. Mori, 1992.  Pheromone synthesis; CXXXIX. Enzymatic preparation of (2S,3R)-4-acetoxy-2,3-epoxybutan-1-ol and its conversion to the 

expoxy pheromones of the gypsy moth and the ruby tiger moth.  Synthesis, 1007–1012. https://doi.org/10.1055/s-1992-26290
Britton, R., G. Khaskin and G. Gries, 2009.  A chromatography-free synthesis of (12S,12Z)-2-acetoxy-12-heptadecene – The major sex pheromone component of 

the pistachio twig borer moth (Kermania pistaciella).  Can. J. Chem., 87: 430–432.  
Cabezas, J. A., 2019.  A new and efficient synthesis of (3E,8Z,11Z)-tetradeca-3,8,11-trienyl acetate, the major sex pheromone component of the tomato leafminer 

Tuta absoluta.  Tetrahedron Lett., 60: 407–410. https://doi.org/10.1016/j.tetlet.2018.12.040
Cahiez, G., O. Guerret, A. Moyeux, S. Dufour and N. Lefèvre, 2017.  Eco-friendly and industrially scalable synthesis of the sex pheromone of Lobesia botrana. 

Important progress for the eco-protection of vineyard.  Org. Process Res. Dev., 21: 1542–1546. https://doi.org/10.1021/acs.oprd.7b00206
Camps, F., J. Coll, A. Guerrero and M. Riba, 1983.  Simple and stereoselective synthesis of sex pheromone of processionary moth Thaumetopoea pityocampa 

(Denis and Schiff.).  J. Chem. Ecol., 9: 869–875. https://doi.org/10.1007/BF00987811
Cao, J. and P. Perlmutter, 2013.  “One-pot” reductive lacone alkylation provides a concise asymmetric synthesis of chiral isoprenoid targets.  Org. Lett., 15: 4327–

4329. https://doi.org/10.1021/ol401801g
Cahiez, G., V. Habiak and O. Gager, 2008.  Efficient preparation of terminal conjugated dienes by coupling of dienol phosphates with Grignard reagents under iron 

catalysis.  Org. Lett., 10: 2389–2392. https://doi.org/10.1021/ol800816f
Che, C. and Z.-N. Zhang, 2005.  Concise total synthesis of (3Z,6Z,9S,10R)-9,10-epoxy-1,3,6-heneicosatriene, sex pheromone component of Hyphantria cunea.  

Tetrahedron, 61: 2187–2193. https://doi.org/10.1016/j.tet.2004.12.060
Chen, X. and J. G. Millar, 2000.  Preparative scale syntheses of isomerically pure (10E,12E,14Z)- and (10E,12E,14E)-hexadeca-10,12,14-trienals, sex pheromone 

components of Manduca sexta.  Synthesis, 113–118. https://doi.org/10.1055/s-2000-6227
Chisholm, M. D., W. F. Steck, B. K. Bailey and E. W. Underhill, 1981.  Synthesis of sex pheromone components of the forest tent caterpillar, Malacosoma disstria 

https://doi.org/10.1016/S0040-4039(00)94907-4
https://doi.org/10.1021/jo00153a007
https://doi.org/10.1016/S0040-4039(00)87591-7
https://doi.org/10.1016/S0040-4039(00)81626-3
https://doi.org/10.1055/s-1992-26290
https://doi.org/10.1016/j.tetlet.2018.12.040
https://doi.org/10.1021/acs.oprd.7b00206
https://doi.org/10.1007/BF00987811
https://doi.org/10.1021/ol401801g
https://doi.org/10.1021/ol800816f
https://doi.org/10.1016/j.tet.2004.12.060
https://doi.org/10.1055/s-2000-6227


11

(Hubner) and of the western tent caterpillar, Malacosoma californicum (Packard).  J. Chem. Ecol., 7: 159–164. https://doi.org/10.1007/bf00988643
Chong, J. M. and M. A. Heuft, 1999.  Hydroalumination of 3-butyn-1-ol: application to a stereoselective synthesis of (3E,5Z)-3,5-dodecadienyl acetate, the sex 

pheromone of the leaf roller moth.  Tetrahedron, 55: 14243–14250. https://doi.org/10.1016/S0040-4020(99)00899-6
Chourreu, P., O. Guerret, L. Guillonneau, E. Gayon and G. Lefèvre, 2020.  Short and easily scalable synthesis of the sex pheromone of the horse-chestnut leaf 

miner (Cameraria ohridella) relying on a key ligand- and additive-free iron-catalyzed cross-coupling.  Org. Process Res. Dev., 24: 1335–1340. 
https://doi.org/10.1021/acs.oprd.0c00191

Chourreu, P., O. Guerret, L. Guillonneau, E. Gayon and G. Lefèvre, 2021.  Stereoselective cross-coupling of Grignard reagents and conjugated dienylbromides 
using iron salts with magnesium alkoxides.  Eur. J. Org. Chem., 2021: 4701–4706. https://doi.org/10.1002/ejoc.202100844

Chow, S. and W. Kitching, 2001.  Hydrolytic kinetic resolution of mono- and bisepoxides as a key step in the synthesis of insect pheromones.  Chem. Comm., 
2001: 1040–1041. https://doi.org/10.1016/S0957-4166(02)00175-1

Chow, S., W. A. Koenig and W. Kitching, 2004.  Synthesis and enantioselective gas chromatography of stereoisomers of 7,11-dimethylheptadecane – A pheromone 
component of Lambdina species.  Eur. J. Org. Chem., 2004: 1198–1201. https://doi.org/10.1002/ejoc.200300643

Comeskey, D. J., B. J. Bunn and S. Fielder, 2004.  Stereospecific synthesis of all four isomeric 6,8-heneicosadien-11-ones: sex pheromone components of the 
painted apple moth Teia anartoides.  Tetrahedron Lett., 45: 7651–7654. https://doi.org/10.1016/j.tetlet.2004.08.095

Conner, W. E., T. Eisner, R. K. V. Meer, A. Guerrero, D. Ghiringelli and J. Meinwald, 1980.  Sex attractant of an arctiid moth (Utetheisa ornatrix): a pulsed 
chemical signal.  Behav. Ecol. Sociobiol., 7: 55–63. https://doi.org/10.1007/BF00302519

Dasaradhi, L. and U. T. Bhalerao, 1987.  A new synthesis of (Z)-6-heneicosen-11-one and 2-methylheptadecane.  Synth. Comm., 17: 1845–1850. 
https://doi.org/10.1080/00397918708077330

Davies, N. W., G. Meredith, P. P. Molesworth and J. A. Smith, 2007.  Use of the anti-oxidant butylated hydroxytoluene in situ for the synthesis of readily oxidized 
compounds: Application to the synthesis of the moth pheromone (Z,Z,Z)-3,6,9-nonadecatriene.  Aust. J. Chem., 60: 848–849. https://doi.org/10.1071/CH07223

Descoins, C. and C. A. Henrick, 1972.  Stereoselective synthesis of a sex attractant of the codling moth.  Tetrahedron Lett., 2999–3002. 
https://doi.org/10.1016/S0040-4039(01)84993-5

Diaz, D. D. and V. S. Martin, 2000.  Enantioselective synthesis of alkyl-branched alkanes. Synthesis of the stereoisomers of 7,11-dimethylheptadecane and 
7-methylheptadecane, components of the pheromone of Lambdina species.  J. Org. Chem., 65: 7896–7801. https://doi.org/10.1021/jo0055436

Diego, D. G., R. L. O. R. Cunha and J. V. Comasseto, 2006.  Tellurium in organic synthesis: an approach to the synthesis of (Z,E)-dienic precursors of insect 

https://doi.org/10.1007/bf00988643
https://doi.org/10.1016/S0040-4020(99)00899-6
https://doi.org/10.1021/acs.oprd.0c00191
https://doi.org/10.1002/ejoc.202100844
https://doi.org/10.1016/S0957-4166(02)00175-1
https://doi.org/10.1002/ejoc.200300643
https://doi.org/10.1016/j.tetlet.2004.08.095
https://doi.org/10.1007/BF00302519
https://doi.org/10.1080/00397918708077330
https://doi.org/10.1071/CH07223
https://doi.org/10.1016/S0040-4039(01)84993-5
https://doi.org/10.1021/jo0055436


12

pheromone.  Tetrahedron Lett., 47: 7147–7148. https://doi.org/10.1016/j.tetlet.2006.08.005
Do, N. D., M. Kinjo, T. Taguri, Y. Adachi, R. Yamakawa and T. Ando. 2009.  Synthesis and field evaluation of methyl-branched ketones, sex pheromone 

components produced by Lithosiinae female moths in the family of Arctiidae.  Biosci. Biotechnol. Biochem., 73: 1618–1622. 
https://doi.org/10.1271/bbb.90125

Dong, K., Q. Zhu, F. Liu, Y. Zhang and Y. Tao, 2022.  Concise synthesis of (3E,8Z,11Z)-tetradeca-3,8,11-trienyl acetate and (3E,8Z)-tetradeca-3,8-dienyl acetate, 
both sex pheromone components of the tomato leafminer Tuta absoluta.  Tetrahedron Lett., 107: 153928. https://doi.org/10.1016/j.tetlet.2022.153928

Doolittle, R. E., A. T. Proveaux and R. R. Heath, 1980.  Synthesis of sex pheromones of lesser peachtree borer and peachtree borer.  J. Chem. Ecol., 6: 271–284. 
https://doi.org/10.1007/BF00987545

Doolittle, R. E. and J. D. Solomon, 1986.  Stereoselective synthesis of (Z,E)-3,5-tetradecadienyl acetate: sex attractant for carpenterworm moth, Prionoxystus 
robinidae (Peck) (Lepidoptera: Cossidae) and effect of isomers and monounsaturated acetates on its attractiveness.  J. Chem. Ecol., 12: 619–633. 
https://doi.org/10.1007/BF01012097

Doolittle, R. E., A. Brabham and J. H. Tumlinson, 1990.  Sex pheromone of Manduca sexta (L.). Stereoselective synthesis of (10E,12E,14Z)-10,12,14- 
hexadecatrienal and isomers.  J. Chem. Ecol., 16: 1131–1153. https://doi.org/10.1007/BF01021016

Dressaire, G. and Y. Langlois, 1980.  Pyridines as precursors of conjugated diene pheromones (II): stereoselective synthesis of (7E,9Z)-dodecadien-1-yl acetate, sex 
pheromone of Lobesia botrana.  Tetrahedron Lett., 21: 67–70. https://doi.org/10.1016/S0040-4039(00)93626-8

Ducoux, J.-P., P. L. Menez, N. Kunesch, G. Kunesch and E. Wenkert, 1992.  An efficient and stereoselective synthesis of insect pheromones by way of 
nickel-catalyzed Grignard reactions. Syntheses of gossypure and pheromones of Eudia pavonia and Drosophila melanogaster.  Tetrahedron, 48: 6403–6412. 
https://doi.org/10.1016/S0040-4020(01)88230-2

D’yakonov, V. A., I. I. Islamov, A, A. Makarov and U, M. Dzhemilev, 2017.  Ti-catalyzed cross-cyclomagnesiation of 1,2-dienes in the stereoselective synthesis of 
insect pheromones.  Tetrahedron Lett., 58: 1755–1757. https://doi.org/10.1016/j.tetlet.2017.03.061

Enders, D. and T. Schüßeler, 2002.  Asymmetric synthesis of all stereoisomers of 7,11-dimethylheptadecane and 7-methylheptadecane, the female pheromone 
components of the spring hemlock looper and the pitch nine looper.  Tetrahedron Lett., 43: 3467–3470. https://doi.org/10.1016/S0040-4039(02)00595-6

Engman, L. and S. E. Bystrom, 1985.  Tellurolate-induced 1,4-elimination of 1,4-dibromo 2-enes. Syntheses of 1,3-dienes.  J. Org. Chem., 50: 3170–3174. 
https://doi.org/10.1021/jo00217a031

Fernandes, R. A. and P. Kumar, 2002.  Asymmetric dihydroxylation and one-pot eoxidation routes to (+)- and (-)-posticlure: a novel trans-epoxide as a sex 

https://doi.org/10.1016/j.tetlet.2006.08.005
https://doi.org/10.1271/bbb.90125
https://doi.org/10.1016/j.tetlet.2022.153928
https://doi.org/10.1007/BF00987545
https://doi.org/10.1007/BF01012097
https://doi.org/10.1007/BF01021016
https://doi.org/10.1016/S0040-4039(00)93626-8
https://doi.org/10.1016/S0040-4020(01)88230-2
https://doi.org/10.1016/j.tetlet.2017.03.061
https://doi.org/10.1016/S0040-4039(02)00595-6
https://doi.org/10.1021/jo00217a031


13

pheromone component of Orgyia postica. (Walker).  Tetrahedron, 58: 6685–6690. https://doi.org/10.1016/S0040-4020(02)00685-3
Fernandes, R. A., 2007.  An efficient synthesis of (-)-posticlure: the sex pheromone of Orgyia postica.  Eur. J. Org. Chem., 2007: 5064–5070. 

https://doi.org/10.1002/ejoc.200700449
Fiandanese, V., G. Marchese, F. Naso, L. Ronzini and D. Rotunno, 1989.  An easy route to insect pheromones with a E-Z or Z-E conjugated diene structure. 

Tetrahedron Lett., 30: 243–246. https://doi.org/10.1016/S0040-4039(00)95171-2
Figueiredo, R. M. de, R. Berner, J. Julis, T. Liu, D. Türp and M. Christmann, 2007.  Bidirectional, organocatalytic synthesis of lepidopteran sex pheromones.  J. 

Org. Chem., 72: 640–642. https://doi.org/10.1021/jo0620415
Fujii, T., R. Yamakawa, Y. Terashima, S. Imura, K. Ishigaki, M. Kinjo and T. Ando, 2013.  Propionates and acetates of chiral secondary alcohols, novel sex 

pheromone components produced by a lichen moth Barsine expressa (Arctiidae: Lithosiinae).  J. Chem. Ecol., 39: 28–36.. 
https://doi.org/10.1007/s10886-012-0225-4

Fukumoto, T. and A. Yamamoto, 1998.  Synthesis of E,Z-2,13-octadecadienyl compounds.  Jap. Kakai Tokkyo Koho JP,, H11-2868161.  
Fukusaki, E., S. Senda, Y. Nakazono, H. Yuasa and T. Omata, 1992.  Large-scale preparation of (+)-disparlure, the gypsy moth pheromone, by a practical 

chemico-enzymatic procedure.  J. Ferment. Bioeng., 73: 284–286. https://doi.org/10.1016/0922-338X(92)90184-V
Gardette, M., A. Alexakis and J. F. Normant,1983(a).  Synthesis of (Z)-13-hexadecen-11-yn-1-yl acetate. major component of sex pheromone of the processionary 

moth.  J. Chem. Ecol., 9: 219–223. https://doi.org/10.1007/BF00988039
Gardette, M., A. Alexakis and J. F. Normant, 1983(b).  Synthesis of (Z,Z)-3,13-octadecadien-1-yl acetate. Component of the sex pheromone of Synanthedon tenuis.  

J. Chem. Ecol., 9: 225–233. https://doi.org/10.1007/BF00988040
Gardette, M., N. Jabri, A. Alexakis and J. F. Normant, 1984.  General methodology for the synthesis of conjugated dienic insect sex pheromones.  Tetrahedron, 40: 

2741–2750. https://doi.org/10.1016/S0040-4020(01)96893-0
Garg, Y., A. K. Tiwari and S. K. Pandey, 2017.  Enantioselective total synthesis of cis-(+)- and trans-(+)-disparlure.  Tetrahedron Lett. 58: 3344–3345. 

https://doi.org/10.1016/j.tetlet.2017.07.024
Geresh, S., T. J. Valiyaveettil, Y. Lavie and A. Shani, 1998.  Chemoenzymatic synthesis of (R)-(+)-2-methylbutan-1-ol, a chiral synthon for the preparation of 

optically active pheromones.  Tetrahedron Asymmetry, 9: 89–96. https://doi.org/10.1016/S0957-4166(97)00613-7
Gibb, A. R., D. M. Suckling, A. M. El-Sayed, B. Bohman, C. R. Unelius, J. J. Dymock, M. L. Larsen and B. E. Willoughby, 2007.  (11Z,13E)-Hexadecadien-1-yl 

acetate: sex pheromone of the grass webworm Herpetogramma licarsisalis – Identification, synthesis, and field bioassays.  J. Chem. Ecol., 33: 839–847. 

https://doi.org/10.1016/S0040-4020(02)00685-3
https://doi.org/10.1002/ejoc.200700449
https://doi.org/10.1016/S0040-4039(00)95171-2
https://doi.org/10.1021/jo0620415
https://doi.org/10.1007/s10886-012-0225-4
https://doi.org/10.1016/0922-338X(92)90184-V
https://doi.org/10.1007/BF00988039
https://doi.org/10.1007/BF00988040
https://doi.org/10.1016/S0040-4020(01)96893-0
https://doi.org/10.1016/j.tetlet.2017.07.024
https://doi.org/10.1016/S0957-4166(97)00613-7


14

https://doi.org/10.1007/s10886-007-9259-4
Gries, G., R. Gries, J. H. Borden, J.-X. Li, K. N. Slessor, G. G. S. King, W. W. Bowers, R. J. West and E. W. Underhill, 1991.  5,11-Dimethyl-heptadecane and 

2,5-dimethylheptadecane: sex pheromone components ofthe geometrid moth, Lambdina fiscellaria fiscellaria.  Naturwissenschaften, 78: 315–317. 
https://doi.org/10.1007/BF01221418

Gries, R., G. Khaskin, H. Daroogheh, C. Mart, S. Karadag, M. Kubilay Er, R. Britton and G. Gries, 2006.  (2S,12Z)-2-Acetoxy-12-heptadecene: major sex 
pheromone component of pistachio twig borer, Kermania pistaciella.  J. Chem. Ecol., 32: 2667–2677. https://doi.org/10.1007/s10886-006-9190-0

Grodner, J., 2006.  Stereospecific synthesis of (2E,13Z)-2,13-octadecadienyl acetate, the sex pheromone component of the Lepidoptera species.  Synth. Commun., 
36: 909–924. https://doi.org/10.1080/00397910500466181

Grodner, J., 2009.  An alternative synthesis of (8E,10Z)-tetradeca-8,10-dienal, sex pheromone of horse-chestnut leafminer (Cameraria ohridella).  Tetrahedron, 65: 
1648–1654. https://doi.org/10.1016/j.tet.2008.12.044

Gwon, G. B., H. S. Kim, J. W. Park, J. S. Choi, K. O. Doh, K. J. Kim and S. Y. Bae, 2024.  Formal synthesis of sex pheromone of gypsy moth (+)-disparlure from 
L-(+)-tartaric acid.  J. Korean Chem. Soc., 68: 131–134.  

Khrimian, A., D. R. Lance, M. Schwarz, B. A. Leonhardt and V. Mastro, 2008.  Sex pheromone of browntail moth, Euproctis chrysorrhea (L.): synthesis and field 
development.  J. Agric. Food Chem., 56: 2452–2456. https://doi.org/10.1021/jf073161w

Klug, J. T., J. Skorka and A. Shani, 1982.  A short synthesis of (E,E)-10,12-hexadecadienal: the main component of the female sex pheromone of the spiny 
bollworm (Earias insulana). Chem. Indust., 5: 372–373. 

He, G.-G., S.-F. Liu, B.-Q. Rao, H.-J. Bai and Z.-T. Du, 2021.  A new asymmetric synthesis of (S)-14-methyl-1-octadecene, the sex pheromone of the peach 
leafminer moth.  Nat. Prod. Comm., 16: 1934578X211020149. https://doi.org/10.1177/1934578X211020149

He, G.-G., C.-T. He, B.-Q. Rao, B.-B.Chen, H.-J. Bai, T. Zhang and Z.-T. Du, 2022.  Asymmetric synthesis of (S)-14-methyl-1-octadecene, the sex pheromone of 
the peach leafminer moth.  Chem. Nat. Comp. 58: 320–325. https://doi.org/10.1007/s10600-022-03668-z

Hjalmarsson, M. and H.-E. Högberg, 1985.  Synthesis of (R)- and (S)-10-methyl-dodecyl acetate, sex pheromone components of the smaller tea tortrix moth 
(Adoxophyes sp.), from chiral synthons prepared via asymmetric synthesis.  Acta Chem. Scand., B39: 793–796.  

Hoddle, M. S., J. G. Millar, C. D. Hoddle, Y. Zou and J. S. McElfresh, 2009.  Synthesis and field evaluation of the sex pheromone of Stenoma catenifer 
(Lepidoptera: Elachistidae).  J. Econ. Entomol., 102: 1460–1467. https://doi.org/10.1603/029.102.0409

Hodgson, D. M., M. J. Fleming and S. J. Stanway, 2007.  The reactivity of epoxides with lithium 2,2,6,6-tetramethylpiperidide in combination with organolithiums 

https://doi.org/10.1007/s10886-007-9259-4
https://doi.org/10.1007/BF01221418
https://doi.org/10.1007/s10886-006-9190-0
https://doi.org/10.1080/00397910500466181
https://doi.org/10.1016/j.tet.2008.12.044
https://doi.org/10.1021/jf073161w
https://doi.org/10.1177/1934578X211020149
https://doi.org/10.1007/s10600-022-03668-z
https://doi.org/10.1603/029.102.0409


15

or Grignard reagents.  J. Org. Chem., 72: 4763–4773. https://doi.org/10.1021/jo070291v
Hoskovec, M., D. Saman and B. Koutek, 1990.  A convenient synthesis of 2,13- and 3,13-octadecadienyl acetates, sex pheromone components of the Synanthedon 

species.  Collect. Czech. Chem. Commun., 55: 2270–2281. https://doi.org/10.1135/cccc19902270
Hu, S., S. Jayaraman and A. C. Oehlschlager, 1999.  An efficient enantioselective synthesis of (+)-disparlure.  J. Org. Chem., 64: 3719–3721. 

https://doi.org/10.1021/jo9820871
Huang, W., S. P. Pulaski and J. Meinwald, 1983.  Synthesis of highly unsaturated insect pheromones: (Z,Z,Z)-1,3,6,9-heneicosatetraene and 

(Z,Z,Z)-1,3,6,9-nonadecatetraene.  J. Org. Chem., 48: 2270–2274. https://doi.org/10.1021/jo00161a025
Huang, F., Y. Zhang, Y. Yao, W. Yang and Y. Tao, 2017.  Synthesis of (4E,6Z,10Z)-hexadeca-4,6,10-trien-1-ol and (4E,6E,10Z)-hexadeca-4,6,10-trien-1-ol, the 

pheromone components of cocoa pod borer moth Conopomorpha cramerella.  RSC Advances, 7: 35575–35580. https://doi.org/10.1039/C7RA04027J
Hutzinger, M. W. and A. C. Oehlschlager, 1995. Stereoselective synthesis of 1,4-dienes. application to the preparation of insect pheromones 

(3Z,6Z)-dodeca-3,6-dien-1-ol and (4E,7Z)-trideca-4,7-dienyl acetate.  J. Org. Chem., 60: 4595–4601. https://doi.org/10.1021/jo00119a043
Ichikawa, A., T. Yasuda and S. Wakamura, 1995.  Absolute configuration of sex pheromone for tea tussock moth, Euproctis pseudoconspersa (Strand) via synthesis 

of (R)- and (S)-10,14-dimethyl-1-pentadecyl isobytyrates.  J. Chem. Ecol., 21: 6271–634. https://doi.org/10.1007/BF02033705
Inkster, J. A. H., I. Ling, N. S. Honson, L. Jacquet, R. Gries and E. Pletner, 2005.  Synthesis of disparlure analogues, using resolution on microcrystalline cellulose 

triacetate-I.  Tetrahedron Asymmetry, 16: 3773–3784. https://doi.org/10.1016/j.tetasy.2005.10.031
Ishibashi, H., H. Komatsu and M. Ikeda, 1987.  'Ene'-type reaction of the Pummerer rearrangement product derived from 4-chlorophenyl methyl sulphoxide: 

synthesis of some insect sex pheromones.  J. Chem. Research (S), 296–297.  
Ishihara, T. and A. Yamamoto, 1984.  Novel synthesis of alkynyl halides by a Grignard coupling reaction with α,ω-dibromo-1-alkyne: synthesis of (Z,Z) and 

(Z,E)-7,11-hexadecadienyl acetate: a sex pheromone of pink bollworm.  Agric. Biol. Chem., 48: 211–213. https://doi.org/10.1271/bbb1961.48.211
Ishmuratov, G. Y., V. A. Vydrina, I. S. Nazarov, Y. A. Galkina, M. P. Yakovleva, I. F. Lobko, R. R. Muslukhov and A. G. Tolstikov, 2013.  Wittig olefination of 

menthone lactol and its aluminate.  Chem. Nat. Compd., 48: 981–984. https://doi.org/10.1007/s10600-013-0444-0
Islam, MD. A., M. Yamamoto, M. Sugie, H. Naka, J. Tabata, Y. Arita and T. Ando. 2007.  Synthesis and characterization of 2,13- and 3,13-octadecadienals for the 

identificatin of the sex pheromone secreted by a clearwing moth.  J. Chem. Ecol., 33: 1763–1773. https://doi.org/10.1007/s10886-007-9334-x
Iwaki, S., S. Marumo, T. Saito, M. Yamada and K. Katagiri, 1974.  Synthesis and activity of optically active disparlure.  J. Am. Chem. Soc., 96: 7842–7843. 

https://doi.org/10.1021/ja00832a055

https://doi.org/10.1021/jo070291v
https://doi.org/10.1135/cccc19902270
https://doi.org/10.1021/jo9820871
https://doi.org/10.1021/jo00161a025
https://doi.org/10.1039/C7RA04027J
https://doi.org/10.1021/jo00119a043
https://doi.org/10.1007/BF02033705
https://doi.org/10.1016/j.tetasy.2005.10.031
https://doi.org/10.1271/bbb1961.48.211
https://doi.org/10.1007/s10600-013-0444-0
https://doi.org/10.1007/s10886-007-9334-x
https://doi.org/10.1021/ja00832a055


16

Jacobson, M., R. E. Redfern, W. A. Jones, M. H. Aldridge, 1970.  Sex pheromones of the southern armyworm moth: isolation, identification, and synthesis.  
Science, 170: 542–544. https://doi.org/10.1126/science.170.3957.542

Jain, S. C., D. E. Dussourd, W. E. Conner, T. Eisner, A. Guerrero and J. Meinwald, 1983(a).  Polyene pheromone components from an arctiid moth (Utetheisa 
ornatrix): characterization and synthesis.  J. Org. Chem., 48: 2266–2270. https://doi.org/10.1021/jo00161a024

Jain, S. C., W. L. Roelofs and J. Meinwald, 1983(b).  Synthesis of a sex attractant pheromone from a geometrid moth, Operophtera brumata (the winter moth).  J. 
Org. Chem., 48: 2274–2275. https://doi.org/10.1021/jo00161a026

Jones, D. M., S. Kamijo and G. B. Dudley, 2006.  Grignard-triggered fragmentation of vinylogous acyl triflates: synthesis of (Z)-6-heneicosen-11-one, the Douglas 
fir tussock moth sex pheromone.  Synlett, 2006: 936–938. https://doi.org/10.1055/s-2006-939051

Jury, J. C., S. Fielder and M. Vigneswaran, 2003.  Synthesis of 6Z,8E-heneicosadien-11-one, a sex pheromone of the painted apple moth, Teia anartoides.  
Tetrahedron Lett., 44: 27–28. https://doi.org/10.1016/S0040-4039(02)02515-7

Kang, B. and R. Britton, 2007.  A general method for the synthesis of nonracemic trans-epoxides: concise syntheses of trans-epoxide-containing insect sex 
pheromones.  Org. Lett., 9: 5083–5086. https://doi.org/10.1021/ol702273n

Kasymzhanova, M., V. S. Abdukakharov and A. A. Abduvakhabov, 1992.  Synthesis of the pheromone of Ephestia kuehniella.  Chem. Nat. Comp., 28: 525–526. 
https://doi.org/10.1007/BF00630682

Kato, M and K. Mori, 1985.  Synthesis of the enantiomers of 14-methyl-1-octadecene, the sex pheromone of the peach leafminer moth.  Agric. Biol. Chem., 49: 
2479–2480. https://doi.org/10.1271/bbb1961.49.2479

Keinan, E., S. C. Sinha, A. Sinha-Bagchi, Z.-M. Wang, X.-L. Zhang and K. B. Sharpless, 1992.  Synthesis of all four isomers of disparlure using osmium-catalyzed 
asymmetric dihydroxylation.  Tetrahedron Lett., 33: 6411–6414. https://doi.org/10.1016/S0040-4039(00)79002-2

Khrimian, A., J. A. Klun, Y. Hijji, Y. N. Baranchikov, V. M. Pet'ko, V. Mastro and M. H. Kramer, 2002.  Synthesis of (Z,E)-5,7-dodecadienol and 
(E,Z)-10,12-hexadecadienol, Lepidoptera pheromone components, via zinc reduction of enyne precursors. Test of pheromone efficacy against the Siberian moth.  
J. Agric. Food Chem., 50: 6366–6370. https://doi.org/10.1021/jf020472s

Khrimian, A., J. E. Oliver, R. C. Hahn, N. H. Dees, J. White and V. C. Mastro, 2004.  Improved synthesis and deployment of (2S.3R)-2- 
(2Z,5Z-octadienyl)-3-nonyloxirane, a pheromone of the pink moth, Lymantria mathura.  J. Agric. Food Chem., 52: 2890–2895. 
https://doi.org/10.1021/jf035506q

Knox, G. R. and I. G. Thom, 1981.  Simple, stereospecific syntheses of some insect pheromones using the -Fe(CO)3 protecting group.  J. Chem. Soc., Chem. 

https://doi.org/10.1126/science.170.3957.542
https://doi.org/10.1021/jo00161a024
https://doi.org/10.1021/jo00161a026
https://doi.org/10.1055/s-2006-939051
https://doi.org/10.1016/S0040-4039(02)02515-7
https://doi.org/10.1021/ol702273n
https://doi.org/10.1007/BF00630682
https://doi.org/10.1271/bbb1961.49.2479
https://doi.org/10.1016/S0040-4039(00)79002-2
https://doi.org/10.1021/jf020472s
https://doi.org/10.1021/jf035506q


17

Comm., 373–374. https://doi.org/10.1039/C39810000373
Kochansky, J. P., R. T. Carde, E. F. Taschenberg and W. L. Roelofs, 1977.  Rhythms of male Antheraea polyphemus. Attraction and female attractiveness, and an 

improved pheromone synthesis.  J. Chem. Ecol., 3: 419–427. https://doi.org/10.1007/BF00988185
Koumbis, A. E. and Chronopoulos D. D., 2005.  A short and efficient synthesis of (+)-disparlure and its enantiomer.  Tetrahedron Lett., 46: 4353–4355. 

https://doi.org/10.1016/j.tetlet.2005.04.081
Kuwahara, S., T. Liang, W. S. Leal, J. Ishikawa and O. Kodama, 2000.  Synthesis of all four possible stereoisomers of 5,9-dimethylpentadecane, the major sex 

pheromone component of the coffee leaf miner moth, Perileucoptera coffeella.  Biosci. Biotechnol. Biochem., 64: 2723–2726. 
https://doi.org/10.1271/bbb.64.2723

Labovitz, J. N., C. A. Henrick and V. L. Corbin, 1975.  Synthesis of (7E,9Z)-7,9-dodecadien-1-yl acetate, a sex pherompone of Lobesia botrana.  Tetrahedron Lett., 
4209–4212. https://doi.org/10.1016/S0040-4039(00)91150-X

Lamers, Y. M. A. W., G. Rusu, J. B. P. A. Wijnberg and A. de Groot, 2003.  Synthesis of chiral methyl-branched linear pheromones starting from 
(+)-aromadendrene. Part 7.  Tetrahedron, 59: 9361–9369. https://doi.org/10.1016/j.tet.2003.09.085

Langlois, Y., L. Konopski, N. V. Bac, A. Chiaroni and C. Riche, 1990.  Synthesis of a pheromone of Boarmia selenaria via a sila-cope elimination. Stereochemical 
implications.  Tetrahedron Lett., 31: 1865–1868. https://doi.org/10.1016/S0040-4039(00)98806-3

Langseter, A. M., L. Skattebol and Y. Stenstrom, 2012.  A practical synthesis of (all-Z)-eicosa-3,6,9,12-tetraene, a pheromone component isolated from emerald 
moths.  Tetrahedron Lett., 53: 940–941. https://doi.org/10.1016/j.tetlet.2011.12.039

Larson, G. L., D. Hernandez, I. M. De Lopez-Cepero and L. E. Torres, 1985.  Reaction of α-silyl esters with Grignard reagents: a synthesis of β-keto silanes and 
ketones. Preparation of the Douglas tussock moth pheromone.  J. Org. Chem., 50: 5260–5267. https://doi.org/10.1021/jo00225a053

Leal, W. S., A. L. Parra-Pedrazzoli, A. A. Cossé, Y. Murata, J. M. S. Bento and E. F. Vilela, 2006.  Identification, synthesis, and field evaluation of the sex 
pheromone from the citrus leafminer, Phyllocnistis citrella.  J. Chem. Ecol., 32: 155–168. https://doi.org/10.1007/s10886-006-9358-7

Li, J.-X., G. Gries, R. Gries, J. Bikic and K. N. Slessor, 1993.  Chirality of synergistic sex pheromone components of the western hemlock looper Lambdina 
fiscellaria lugubrosa (Hulst) (Lepidoptera: Geometridae).  J. Chem. Ecol., 19: 2547–2561. https://doi.org/10.1007/BF00980690

Li, N.-S. and J. A. Piccirilli, 2013.  Synthesis of stereopure acyclic 1,5-dimethylalkane chirons: building blocks of highly methyl-branched natural products.  
Tetrahedron, 69: 9633–9641. https://doi.org/10.1016/j.tet.2013.09.020

Liu, F., X. Kong, S. Zhang and Z. Zhang, 2019.  Facile and efficient syntheses of (11Z,13Z)-hexadecadienal and its derivatives: key sex pheromone and attractant 

https://doi.org/10.1039/C39810000373
https://doi.org/10.1007/BF00988185
https://doi.org/10.1016/j.tetlet.2005.04.081
https://doi.org/10.1271/bbb.64.2723
https://doi.org/10.1016/S0040-4039(00)91150-X
https://doi.org/10.1016/j.tet.2003.09.085
https://doi.org/10.1016/S0040-4039(00)98806-3
https://doi.org/10.1016/j.tetlet.2011.12.039
https://doi.org/10.1021/jo00225a053
https://doi.org/10.1007/s10886-006-9358-7
https://doi.org/10.1007/BF00980690
https://doi.org/10.1016/j.tet.2013.09.020


18

components of Notodontidae.  Molecules, 24: 1781. https://doi.org/10.3390/molecules24091781
Lizarraga, J. R. and K. Mori, 2001.  Synthesis of (±)-leucomalure [(3Z,6R*,7S*,9R*,10S*)- cis-6,7-cis-9,10-diepoxy-3-henicosene], the major components of the 

female sex pheromone of the satin moth.  Natul. Prod. Lett., 15: 89–92. https://doi.org/10.1080/10575630108041264
MaGee, D. I., P. J. Silk, J. Wu, P. D. Mayo and K. Ryall, 2011.  Synthesis of chiral alkenyl epoxides: the sex pheromone of the elm spanworm Ennomos subsignaria 

(Hubner) (Lepidoptera: Geometridae).  Tetrahedron, 67: 5329–5338. https://doi.org/10.1016/j.tet.2011.05.015
Mayo, P. D., S. D. Abeysekera, P. J. Silk and D. I. MaGee, 2022. A new synthesis of (Z,Z)-11,11-dimethoxy-6,9-heneicosadiene and 

2-((Z,Z)-1,4-decadienyl)-2-ndecyl-1,3-dioxolane, precursors of (Z,Z)-6,9-heneicosadien-11-one, a pheromone component of the whitemarked tussock moth, 
Orgyia leucostigma (J. E. Smith) (Lepidoptera: Erebidae).  Can. J. Chem., 100: 422–428. https://doi.org/10.1139/cjc-2021-0320

Manabe, Y., J. Minamikawa, J. Othubo and Y. Tamaki, 1985.  Improved synthesis of 14-methyl-1-octadecene, the sex pheromone of the peach leafminer moth.  
Agric. Biol. Chem., 49: 1205–1206. https://doi.org/10.1080/00021369.1985.10866878

Mangold, H. K., H. Becker and E. Schulte, 1987.  Polyunsaturated pheromones: semi-synthesis of (Z,Z)-6,9-alkadienes and (Z,Z,Z)-3,6,9-alkatrienes from naturally 
occurring fatty acids.  Z. Naturforsch., 42c: 1035–1038. https://doi.org/10.1515/znc-1987-9-1005

Millar, J. G. 1990.  Synthesis of 9Z,11E,13-tetradecatrienal, the major component of the sex pheromone of the carob moth, Ectomyelois ceratoniae (Lepidoptera: 
Pyralidae).  Agric. Biol. Chem., 54: 2473–2476. https://doi.org/10.1271/bbb1961.54.2473

Moreira, J. A. and A. G. Correa, 2003.  Enantioselective synthesis of three stereoisomers of 5,9-dimethylpentadecane, sex pheromone component of Leucoptera 
coffeella, from (-)-isopulegol.  Tetrahedron Asymmetry, 14: 3787–3795. https://doi.org/10.1016/j.tetasy.2003.09.030

Moreira, J. A., J. S. McElfresh and J. G. Millar, 2006.  Identification, synthesis, and field testing of the sex pheromone of the citrus leafminer, Phyllocnistis citrella. 
J. Chem. Ecol., 32: 169–194. https://doi.org/10.1007/s10886-006-9359-6

Mori, K., 1974(a).  Simple synthesis of sex pheromones of codling moth and red bollworm moth by the coupling of Grignard reagents with allylic halides. 
Tetrahedron, 30: 3807–3810. https://doi.org/10.1016/S0040-4020(01)90668-4

Mori, K., M. Tominaga and M. Matsui, 1974(b).  Synthesis of the pink bollworm sex pheromone, 7-cis,11-cis-hexadecadienyl acetate and its 11-trans isomer.  
Agric. Biol. Chem., 38: 1551–1552. https://doi.org/10.1271/bbb1961.38.1551

Mori, K. and R. Ebata, 1981.  Synthesis of optically active pheromones with an epoxy ring, (+)-disparlure and the saltmarsh cterpillar moth pheromone 
[(Z,Z)-3,6-cis-9,10-epoxyheneicosadiene].  Tetrahedron Lett., 22: 4281–4282. https://doi.org/10.1016/S0040-4039(01)82934-8

Mori, K. and M. Kato, 1985.  New synthesis of the enantiomers of 14-methyl-1-octadecene, the pheromone of Lyonetia clerkella L.  Liebigs Ann. Chem., 2083–

https://doi.org/10.3390/molecules24091781
https://doi.org/10.1080/10575630108041264
https://doi.org/10.1016/j.tet.2011.05.015
https://doi.org/10.1139/cjc-2021-0320
https://doi.org/10.1080/00021369.1985.10866878
https://doi.org/10.1515/znc-1987-9-1005
https://doi.org/10.1271/bbb1961.54.2473
https://doi.org/10.1016/j.tetasy.2003.09.030
https://doi.org/10.1007/s10886-006-9359-6
https://doi.org/10.1016/S0040-4020(01)90668-4
https://doi.org/10.1271/bbb1961.38.1551
https://doi.org/10.1016/S0040-4039(01)82934-8


19

2087. https://doi.org/10.1002/jlac.198519851015
Mori, K. and T. Ebata, 1986.  Syntheses of optically active pheromones with an epoxy ring, (+)-disparlure and both the enantiomers of 

(3Z,6Z)-cis-9,10-epoxy-3,6-heneicosadiene.  Tetrahedron, 42: 3471–3478. https://doi.org/10.1016/S0040-4020(01)87314-2
Mori, K. and T. Takeuchi, 1989.  Synthesis of the enantiomers of (3Z,6Z)-cis-9,10-epoxy-1,3,6-henicosatriene and (3Z,6Z)-cis-9,10-epoxy-1,3,6-icosatriene, the 

new pheromone components of Hyphantria cunea.  Liebigs Ann. Chem., 453–457. https://doi.org/10.1002/jlac.198919890180
Mori, K. and J. Wu, 1991(a).  Synthesis of the (5S,9S)-isomers of 5,9-dimethylheptadecane and 5,9-dimethyloctadecane, the major and the minor components of 

the sex pheromone of Leucoptera malifoliella Costa.  Liebigs Ann. Chem., 439–443. https://doi.org/10.1002/jlac.199119910180
Mori, K., H. Harada, P. Zagatti, A. Cork and D. R. Hall, 1991(b).  Synthesisand biological activity of four stereoisomers of 6,10,14-trimethyl-2-pentadecanol, the 

female-produced sex pheromone of rice moth (Corcyra cephalonica).  Liebigs Ann. Chem., 259–267. https://doi.org/10.1002/jlac.199119910144
Mori, K. and J.-L. Brevet, 1991(c).  Pheromone synthesis; CXXXIII. Synthesis of both the enantiomers of (3Z,9Z)-cis-6,7-epoxy-3,9-nonadecadiene, a pheromone 

component of Erannis defoliaria.  Synthesis, 1125–1129. https://doi.org/10.1055/s-1991-28403
Mori, K. and H. Horikiri, 1996.  Synthesis of (5R,11S)-5,11-dimethylheptadecane and (S)-2,5-dimethylheptadecane, the major and the minor components of the sex 

pheromone of the Geometrid moth, Lambdina fiscellaria lugubrosa.  Liebigs Ann., 1996: 501–505. https://doi.org/10.1002/jlac.199619960409
Mori, K., 2008.  Synthesis of the (5S,9R)-isomer of 5,9-dimethylpentadecane, the major component of the female sex pheromone of the coffee leaf miner moth, 

Leucoptera coffeella.  Tetrahedron Asymmetry, 19: 857-861. https://doi.org/10.1016/j.tetasy.2008.03.016
Mori, K., 2009(a).  Synthesis of all the stereoisomers of 6-methyl-2-octadecanone, 6,14-diemthyl-2-octadecanone, and 14-methyl-2-octadecanone, the components 

of the female-produced sex pheromone of a moth, Lyclene dharma dharma.  Tetrahedron, 65: 2798–2805. https://doi.org/10.1016/j.tet.2009.01.092
Mori, K. and T. Tashiro, 2009(b).  Synthesis of all the four stereoisomers of (1’S)-1-ethyl-2-methylpropyl 3,13-dimethylpentadecanoate, the major component of 

the sex pheromone of Paulownia bagworm, Clania variegate.  Tetrahedron Lett., 50: 3266–3269. https://doi.org/10.1016/j.tetlet.2009.02.046
Mori, K., 2009(c).  New synthesis of (11Z.13Z)-11,13-hexadecadienal, the female sex pheromone of the navel orangeworm.  Biosci. Biotech. Biochem., 73: 2727–

2730. https://doi.org/10.1271/bbb.90611
Mori, K., T. Tashiro, B. Zhao, D. M. Suckling and A. M. El-Sayed, 2010.  Pheromone synthesis. Part 243: Synthesis and biological evaluation of 

(3R,13R,1’S)-1’-ethyl-2’-methylpropyl 3,13-dimethylpentadecanoate, the major component of the sex pheromone of Paulownia bagworm, Clania variegate, 
and its stereoisomers.  Tetrahedron, 66: 2642–2653. https://doi.org/10.1016/j.tet.2010.02.028

Muraki, Y., T. Taguri, R. Yamakawa and T. Ando, 2014.  Synthesis and field evaluation of stereoisomers and analogues of 5-methylheptadecan-7-ol, an unusual sex 

https://doi.org/10.1002/jlac.198519851015
https://doi.org/10.1016/S0040-4020(01)87314-2
https://doi.org/10.1002/jlac.198919890180
https://doi.org/10.1002/jlac.199119910180
https://doi.org/10.1002/jlac.199119910144
https://doi.org/10.1055/s-1991-28403
https://doi.org/10.1002/jlac.199619960409
https://doi.org/10.1016/j.tetasy.2008.03.016
https://doi.org/10.1016/j.tet.2009.01.092
https://doi.org/10.1016/j.tetlet.2009.02.046
https://doi.org/10.1271/bbb.90611
https://doi.org/10.1016/j.tet.2010.02.028


20

pheromone component of the lichen moth, Miltochrista calamine.  J. Chem. Ecol., 40: 250–258. https://doi.org/10.1007/s10886-014-0405-5
Muto, S. and K. Mori, 2001.  Synthesis of posticlure [(6Z,9Z,11S,12S)-11,12-epoxyhenicosa-6,9-diene], the female sex pheromone of Orgyia postica.  Eur. J. Org. 

Chem., 2001: 4635–4638. https://doi.org/10.1002/1099-0690(200112)2001:24<4635::AID-EJOC4635>3.0.CO;2-J
Muto, S. and K. Mori, 2003(a).  Synthesis of all four steroisomers of leucomalure, components of the female sex pheromone of the satin moth, Leucomaa salicis.  

Eur. J. Org. Chem., 2003: 1300–1307. https://doi.org/10.1002/ejoc.200390186
Muto, S. and K. Mori, 2003(b).  Synthesis of the four components of the female sex pheromone of the painted apple moth, Teia anartoides.  Biosci. Biotechnol. 

Biochem., 67: 1559–1567. https://doi.org/10.1271/bbb.67.1559
Nagano, Y., A. Orita and J. Otera, 2002.  Combined Lewis acid catalysits in shortgun process: a convenient synthesis of the female sex pheromone of the 

red-bollworm moth.  Tetrahedron, 58: 8211–8217. https://doi.org/10.1016/S0040-4020(02)00970-5
Nagano, H., R. Kuwahara and F. Yokoyama, 2007.  Radical mediated stereoselective synthesis of meso-7,11-dimethylheptadecane, a female sex pheromone 

component of the hemlock looper and pitch pine looper.  Tetrahedron., 63: 8810–8814. https://doi.org/10.1016/j.tet.2007.06.027
Naka, H. T. Nakazawa, M. Sugie, M. Yamamoto, Y. Horie, R. Wakasugi, Yu. Arita, H. Sugie, K. Tsuchida and T. Ando, 2006.  Synthesis and characterization of 

3,13- and 2,13-octadecadienyl compounds for identification of the sex pheromone secreted by a clearwing moth, Nokona pernix.  Biosci. Biotechnol. Biochem., 
70: 508–516. https://doi.org/10.1271/bbb.70.508

Nakamura, N. and K. Mori. 2000(a).  Synthesis of the enantiomers of anti-2,6-dimethylphentane-1,7-diol monotetrahydropyranyl ether and their conversion into 
the enantiomers of the sex pheromone components of the apple leafminer, Lyonetia prunifoliella.  Eur. J. Org. Chem., 2000: 2745–2753. 
https://doi.org/10.1002/1099-0690(200008)2000:15<2745::AID-EJOC2745>3.0.CO;2-I

Nakamura, Y. and K. Mori, 2000(b).  New syntheses of the rice moth and stink bug pheromones by employing (2R,6S)-7-acetoxy- 2,6-dimethyl-1-heptanol as a 
building block.  Biosci. Biotechn. Biochem., 64: 1713–1721. https://doi.org/10.1271/bbb.64.1713

Nakanishi, A. and K. Mori, 2005.  New synthesis of (3Z,6Z,9S,10R)-isomer of 9,10-epoxy-3,6-henicosadiene and 9,10-epoxy-1,3,6-henicosatriene, pheromone 
components of the female fall webworm moth, Hyphanitria cunea.  Biosci. Biotechnol. Biochem., 69: 1007–1013. https://doi.org/10.1271/bbb.69.1007

Naoshima, Y., M. Kawakubo, S. Wakabayashi and S. Hayashi, 1981.  Synthesis of (Z)-7-eicosen-11-one and (Z)-7-nonadecen-11-one, the sex pheromone of peach 
fruit moth.  Agric. Biol. Chem., 45: 439–442. https://doi.org/10.1271/bbb1961.45.439

Negishi, E., G. Lew and T. Yoshida, 1973.  Stereoselective synthesis of conjugated trans-enynes readily convertible into conjugated cis,trans-dienes and its 
application to the synthesis of the pheromone bombykol.  J. Chem. Soc., Chem. Comm., 874–875. https://doi.org/10.1039/C39730000874

Nesbitt, B. F., P. S. Beevor, R. A. Cole, R. Lester and R. G. Poppi, 1973.  Synthesis of both geometic isomers of the major sex pheromone of the red bollworm moth.  

https://doi.org/10.1007/s10886-014-0405-5
https://doi.org/10.1002/1099-0690(200112)2001:24%3c4635::AID-EJOC4635%3e3.0.CO;2-J
https://doi.org/10.1002/ejoc.200390186
https://doi.org/10.1271/bbb.67.1559
https://doi.org/10.1016/S0040-4020(02)00970-5
https://doi.org/10.1016/j.tet.2007.06.027
https://doi.org/10.1271/bbb.70.508
https://doi.org/10.1002/1099-0690(200008)2000:15%3c2745::AID-EJOC2745%3e3.0.CO;2-I
https://doi.org/10.1271/bbb.64.1713
https://doi.org/10.1271/bbb.69.1007
https://doi.org/10.1271/bbb1961.45.439
https://doi.org/10.1039/C39730000874


21

Tetrahedron Lett. 4669–4670. https://doi.org/10.1016/S0040-4039(01)87305-6
Nishida, T,, L. V. Vang, H. Yamazawa, R. Yoshida, H. Naka, K. Tsuchida and T. Ando, 2003.  Synthesis and characterization of hexadecadienyl compounds with a 

conjugated diene system, sex pheromone of the persimmon fruit moth and related compounds.  Biosci. Biotechnol. Biochem., 67: 822–829. 
https://doi.org/10.1271/bbb.67.822

Nishiyama, H., K. Sakuta and K. Itoh, 1984.  New stereocontrolled aproach to some insect pheromones via silicon-directed Beckmann fragmentation.  
Tetrahedron Lett., 25: 223–226. https://doi.org/10.1016/S0040-4039(00)99845-9

Nonoshita, K., H. Banno, K. Maruoka and H. Yamamoto, 1990.  Organoaluminum-promoted Claisen rearrangement of allyl vinyl ethers.  J. Am. Chem. Soc., 112: 
316–322. https://doi.org/10.1021/ja00157a049

Odinokov, V. N., R. R. Vakhidov, R. N. Shakhmaev and V. V. Zorin, 1997.  Insect pheromones and their analogs LV. Synthesis of trideca-4E,7Z-dien-1-yl 
acetate-component of the sex pheromone of Phthorimaea opercucella.  Chem. Nat. Compd., 33: 350–352. https://doi.org/10.1007/BF02234894

Pan, H., H. Zhao, L. Ai;, J. Huang and Y. Chen, 2022.  Sex pheromones of the potato tuber moth (Phthorimaea operculella).  Front. Chem., 10: 882400. 
https://doi.org/10.3389/fchem.2022.882400

Park., C. P., J. M. Gil, J. W. Sung and D. Y. Oh, 1998.  A concise synthesis of the sex pheromone of Phtheochroa cranaodes (Lepidoptera: Tortricidae).  
Tetrahedron Lett., 39: 2583–2584. https://doi.org/10.1016/S0040-4039(98)00274-3

Passaro, L. C. and F. X. Webster, 2003.  Synthesis of (9E,11Z)-hexadeca-9,11-dienal, sex pheromone of the pecan nut casebearer, Acrobasis nuxvorella (Neunzig).  
Synthesis, 1187–1190. https://doi.org/10.1055/s-2003-39400

Pohnert, G. and W. Boland, 2000.  High efficient one-pot double-Wittig approach to unsymmetrical (1Z,4Z,7Z)-homoconjugated trienes.  Eur. J. Org. Chem., 
2000: 1821–1826. https://doi.org/10.1002/(SICI)1099-0690(200005)2000:9<1821::AID-EJOC1821>3.0.CO;2-U

Pougny, J. R. and P. Rollin, 1987.  Synthesis from D-xylose of the salt marsh caterpillar moth pheromone (3Z,6Z,9S,10R)-epoxyheneicosadiene and its 
(3Z,6E)-stereoisomer.  Tetrahedron Lett., 28: 2977–2978. https://doi.org/10.1016/S0040-4039(00)96260-9

Qin, X.-R., T. Ando, M. Yamamoto, M. Yamashita, K. Kusano and H. Abe, 1997.  Resolution of pheromonal epoxydienes by chiral HPLC, stereochemistry of the 
separated enantiomers and their field evaluation.  J. Chem. Ecol., 23: 1403–1417. https://doi.org/10.1023/B:JOEC.0000006472.12370.c6

Ragoussis, V., S. Perdikaris, A. Karamolegkos and K. Maghiosi, 2008.  Improved synthesis of (3E,7Z)-3,7-tetradecadienyl acetate, the major sex pheromone 
constituent of the potato pest Symmetrischema tangolias (Gyen).  J. Agric. Food Chem., 56: 11929–11932. https://doi.org/10.1021/jf802473m

Rossi, R., A. Carpita and M. G. Quirici, 1981.  Dienic sex pheromones. Stereoselective syntheses of (7E,9Z)-7,9-dodecadien-1-yl acetate, (E)-9,11-dodecadien-1-yl 

https://doi.org/10.1016/S0040-4039(01)87305-6
https://doi.org/10.1271/bbb.67.822
https://doi.org/10.1016/S0040-4039(00)99845-9
https://doi.org/10.1021/ja00157a049
https://doi.org/10.1007/BF02234894
https://doi.org/10.3389/fchem.2022.882400
https://doi.org/10.1016/S0040-4039(98)00274-3
https://doi.org/10.1055/s-2003-39400
https://doi.org/10.1002/(SICI)1099-0690(200005)2000:9%3c1821::AID-EJOC1821%3e3.0.CO;2-U
https://doi.org/10.1016/S0040-4039(00)96260-9
https://doi.org/10.1023/B:JOEC.0000006472.12370.c6
https://doi.org/10.1021/jf802473m


22

acetate, and of (9Z,11E)-9,11-tetradecadien-1-yl acetate by palladium-catalyzed reactions.  Tetrahedron, 37: 2617–2623. 
https://doi.org/10.1016/S0040-4020(01)98966-5

Rossi, R., A. Carpita, M. G. Quirici and M. L. Gaudenzi, 1982.  Insect sex pheromones: palladium-catalyzed synthesis of aliphatic 1,3-enynes by reaction of 
1-alkynes with alkenyl halides under phase transfer conditions.  Tetrahedron, 38: 631–637. https://doi.org/10.1016/0040-4020(82)80204-4

Samain, D., C. Descoins and A. Commercon, 1978.  A short, stereoselective synthesis of 8E,10E-dodecadien-1-ol; the sex pheromone of the codling moth, 
Laspeyresia pomonella, L.  Synthesis, 388–389. https://doi.org/10.1055/s-1978-24758

Sankaranarayanan, S., A. Sharma, B. A. Kulkarni and S. Chattopadhyay, 1995.  Preparation of the versatile chiron, (R)- and 
(S)-12-(tetrahydropyranyloxy)-3-methyldodecan-1-ol: application to the syntheses of methyl branched insect pheromones.  J. Org. Chem., 60: 4251–4254. 
https://doi.org/10.1021/jo00118a047

Shafikov, R. V., A. Y. Spivak and V. N. Odinokov, 2011.  Chemoenzymatic synthesis of (2R,6R,10R)-6,10,14-trimethylpentadecan-2-ol, sex pheromone of rice moth 
(Corcyra cephalonica), and of its (2S,6R,10R)-diastereomer.  Russian J. Org. Chem., 47: 290–294. https://doi.org/10.1134/S1070428011020217

Shani, A., J. T. Klug and J. Skorka, 1983.  Stereoselective synthesis of (Z)-13-hexadecen-11-yn-1-yl acetate, the major component of the sex pheromone of the pine 
processionary moth (Thaumetopoea pityocampa).  J. Chem. Ecol., 9: 863–867. https://doi.org/10.1007/BF00987810

Shikichi, Y. and K. Mori, 2012.  Synthesis of all the stereoisomers of 6-methyl-2-octadecanone, 14-methyl-2-octadecanone, and 6,14-dimethyl-2-octadecanone, sex 
pheromone components of the Lyclene dharma dharma moth, from the enantiomers of citronellal. Biosci. Biotechnol. Biochem., 76: 1943–1951. 
https://doi.org/10.1271/bbb.120436

Shirai, Y., M. Seki and K. Mori, 1999.  Pheromone synthesis, CXCIX. Synthesis of all the stereoisomers of 7-methylheptadecane and 7,11-dimethylheptadecane, 
the female sex pheromone components of the spring hemlock looper and the pitch pine looper.  Eur. J. Org. Chem., 3139–3145. 
https://doi.org/10.1002/(SICI)1099-0690(199911)1999:11<3139::AID-EJOC3139>3.0.CO;2-8

Smith, R. G., G. D. Daves, Jr. and G. E. Daterman, 1975.  Synthesis of (Z)-6-heneicosen-11-one. Douglas fir tussock moth sex attractant.  J. Org. Chem., 40: 
1593–1595. https://doi.org/10.1021/jo00899a016

Sonnet, P. E., 1974.  A practical synthesis of the sex pheromone of the pink bollworm.  J. Org. Chem., 9: 3793–3794. https://doi.org/10.1021/jo00939a046
Sonnet, P. E., A. T. Proveaux, E. Adamek, H. Sugie, R. Sato and Y. Tamaki, 1987.  Stereoisomers and analogs of 14-methyl-1-octadecene, sex pheromone of peach 

leafminer moth, Lyonetia clerkella L.  J. Chem. Ecol., 13: 547–555. https://doi.org/10.1007/BF01880098
Soulie, J., F. Pericaud and J. Y. Lallemand, 1995.  Access to unsaturated chiral epoxides, part. III: synthesis of a component of the sex pheromone of Boarmia 

selenaria.  Tetrahedron Asym., 6: 1367–1374. https://doi.org/10.1016/0957-4166(95)00169-P

https://doi.org/10.1016/S0040-4020(01)98966-5
https://doi.org/10.1016/0040-4020(82)80204-4
https://doi.org/10.1055/s-1978-24758
https://doi.org/10.1021/jo00118a047
https://doi.org/10.1134/S1070428011020217
https://doi.org/10.1007/BF00987810
https://doi.org/10.1271/bbb.120436
https://doi.org/10.1002/(SICI)1099-0690(199911)1999:11%3c3139::AID-EJOC3139%3e3.0.CO;2-8
https://doi.org/10.1021/jo00899a016
https://doi.org/10.1021/jo00939a046
https://doi.org/10.1007/BF01880098
https://doi.org/10.1016/0957-4166(95)00169-P


23

Su, H. C. F. and P. G. Mahany, 1974.  Synthesis of the sex pheromone of the female Angoumois grain moth and its geometric isomers.  J. Econ. Entomol., 67: 
319–321. https://doi.org/10.1093/jee/67.3.319

Sugie, H., Y. Tamaki, R. Sato and M. Kumakura, 1984. Sex pheromone of the peach leafminer moth, Lyonetia clerkella Linné: isolation and identification.  Appl. 
Entomol. Zool., 19: 323–330. https://doi.org/10.1303/aez.19.323

Suguro, T. and K. Mori, 1979.  Synthesis of optically active forms of 10-methyldodecyl acetate, a minor component of the pheromone complex of the smaller tea 
tortrix moth.  Agric. Biol. Chem., 43: 869–870. https://doi.org/10.1271/bbb1961.43.869

Summeren, R. P. van, S. J. W. Reijmer, B. L. Feringa and A. J. Minnaard, 2005.  Catalytic asymmetric synthesis of enantiopure isoprenoid building blocks: 
application in the synthesis of apple leafminer pheromones.  Chem. Comm., 2005: 1387–1389. https://doi.org/10.1002/chin.200533266

Sun, Z.-F. L.-N. Zhou, Y. Meng, T. Zhang, Z.-T. Dua, H. Zheng, 2017(a).  Concise asymmetric synthesis of the sex pheromone of the tea tussock moth. Tetrahedron 
Asymmetry, 28: 15621–1567. https://doi.org/10.1016/j.tetasy.2017.09.007

Sun, Z.-F., L.-N. Zhou, T. Zhang and Z.-T. Du, 2017(b).  Stereoselective synthesis of the Paulownia bagworm sex pheromone.  Chinese Chem. Lett., 28: 558–562. 
https://doi.org/10.1016/j.cclet.2016.11.018

Sun, Z.-F., H. Liu, Y.-F. Li, Y.-P. Duan, L.-X. Jin, X.-H. Ji, H.-P. Dai and J.-F. Lu, 2024.  The asymmetric total synthesis of the female-produced sex pheromone of 
the tea tussock moth. Molecules, 29: 3866. https://doi.org/10.3390/molecules29163866

Svirskaya, P. I. and C. C. Leznoff, 1984(a).  Syntheses of unconjugated (Z,Z)-diolefinic insect pheromones on insoluble polymer supports.  J. Chem. Ecol., 10: 
321–333. https://doi.org/10.1007/BF00987860

Svirskaya, P. I., S. N. Maiti, A. J. Jones, B. Khouw and C. C. Leznoff, 1984(b).  Syntheses of pure (9Z,11Z), (9E,11E), (9E,11Z), and 
(9Z,11E)-9,11-hexadecadienals: possible candidate pheromones.  J. Chem. Ecol., 10: 795–807. https://doi.org/10.1007/BF00988544

Taguri, T., R. Yamakawa, Y. Adachi, K. Mori and T. Ando, 2010.  Improved synthesis of three methyl-branched pheromone components produced by the female 
lichen moth.  Biosci. Biotechnol. Biochem., 74: 119–124. https://doi.org/10.1271/bbb.90639

Taguri, T., R. Yamakawa, T. Fujii, Y. Muraki and T. Ando, 2012.  Stereospecific inversion of secondary tosylates to yield chiral methyl-branched building blocks 
which were applied to the asymmetric synthesis of leafminer sex pheromones.  Tetrahedron Asymmetry, 23: 852–858, 
https://doi.org/10.1016/j.tetasy.2012.05.023

Taguri, T., M. Yamamoto, T. Fujii, Y. Muraki and T. Ando, 2013.  Synthesis of four stereoisomers of (S)-2-methylpent-3-yl 3,13-dimethylpentadecanoate, a sex 
pheromone of the bagworm moth Clania variegate, using stereospecific inversion of secondary sulfonates as a key step.  Euro. J. Org. Chem., 2013: 6924–

https://doi.org/10.1093/jee/67.3.319
https://doi.org/10.1303/aez.19.323
https://doi.org/10.1271/bbb1961.43.869
https://doi.org/10.1002/chin.200533266
https://doi.org/10.1016/j.tetasy.2017.09.007
https://doi.org/10.1016/j.cclet.2016.11.018
https://doi.org/10.3390/molecules29163866
https://doi.org/10.1007/BF00987860
https://doi.org/10.1007/BF00988544
https://doi.org/10.1271/bbb.90639
https://doi.org/10.1016/j.tetasy.2012.05.023


24

6933. https://doi.org/10.1002/ejoc.201300874
Taguri, T., K. Yaginuma, M. Yamamoto, T. Fujii and T. Ando, 2014.  Enantiospecific synthesis and filed evaluation of four stereoisomers of 

10,14-dimethyloctadec-1-ene, a sex pheromone component secreted by female moths of the apple leafminer.  Biosci. Biotechnol. Biochem., 78: 761–765. 
https://doi.org/10.1080/09168451.2014.905187

Tamagawa, H., H. Takikawa and K. Mori, 1999.  Pheromone synthesis, CXCII. Synthesis of all the stereoisomers of 10,14-dimethyloctadec-1-ene, 
5,9-dimethyloctadecane and 5,9-dimethylheptadecane, the sex pheromone components of the apple leafminer, Lyonetia prunifoliella.  Eur. J. Org. Chem., 
1999: 973–978. https://doi.org/10.1002/(SICI)1099-0690(199905)1999:5%3C973::AID-EJOC973%3E3.0.CO;2-%23

Tao, Y., X. Yang, Y. Jin and Q. Wang, 2013.  Facile synthesis of (Z,E)-9,11-hexadecadienal, the major sex pheromone component of the sugarcane borer, Diatraea 
saccharalis: An efficient strategy for synthesis of (Z,E)-dienic pheromones.  Syn. Comm., 43: 415–424. https://doi.org/10.1080/00397911.2011.602494

Tellier, F. and C. Descoins, 1990.  Stereospecific synthesis of (Z,E)-9,11,13-tetradecatrienyl-1-yl acetate and aldehyde. Sex pheromone components of Stenoma 
cecropia and Ectomyelois ceratoniae.  Tetrahedron Lett., 31: 2295–2298. https://doi.org/10.1016/0040-4039(90)80210-D

Tellier, F. and C. Descoins, 1991(a).  Stereospecific synthesis of 1,5-dien-3-ynes and 1,3,5-trienes. Application to the stereochemical identification of trienic sex 
pheromones.  Tetrahedron, 47: 7767–7774. https://doi.org/10.1016/S0040-4020(01)81934-7

Tellier, F., 1991(b).  New stereospecific syntheses of (E,E,Z)- and (E,E,E)-10,12,14-hexadecatrienal sex pheromonal components of Manduca sexta.  Bioorg. Med. 
Chem. Lett., 1: 635–638. https://doi.org/10.1016/S0960-894X(01)81167-7

Tomida, I. and T. Fuse, 1993.  Preparation of four geometric isomers of the eri-silk moth pheromone, (11Z)-4,6,11-hexadecatrienals, and their effect toward male 
eri-silk moths.  Biosci. Biotech. Biochem., 57: 648–652. https://doi.org/10.1271/bbb.57.648

Trost, B. M. and S. J. Martin, 1984.  Alkynyl sulfenylation. A direct approach for nucleophilic addition and substitution of olefins by carbanions.  J. Am. Chem. 
Soc., 106: 4263–4265. https://doi.org/10.1021/ja00327a032

Uenishi, J., R. Kawahama, Y. Izaki and O. Yonemitsu, 2000.  A facile preparation of geometrically pure alkenyl, alkynyl, and aryl conjugated Z-alkenes: 
stereospecific synthesis of bombykol.  Tetrahedron, 56: 3493–3500. https://doi.org/10.1016/S0040-4020(00)00271-4

Ujvary, I., A. Kis-Tamas and L. Novak, 1985.  Simple and economic syntheses of some (Z)-7- and (Z)-9-alkenyl acetates, and of (E,Z)-7,9-dodecadien-1-yl acetate, 
the sex pheromone of the European grapevine moth, using aleuritic acid as a common starting material.  J. Chem. Ecol.,11: 113–124. 
https://doi.org/10.1007/BF00987610

Underhill, E. W., P. Palaniswamy, S. R. Abrams, B. K. Bailey, W. F. Steck and M. D. Chisholm, 1983.  Triunsaturated hydrocarbons, sex pheromone components of 

https://doi.org/10.1002/ejoc.201300874
https://doi.org/10.1080/09168451.2014.905187
https://doi.org/10.1002/(SICI)1099-0690(199905)1999:5%3C973::AID-EJOC973%3E3.0.CO;2-%23
https://doi.org/10.1080/00397911.2011.602494
https://doi.org/10.1016/0040-4039(90)80210-D
https://doi.org/10.1016/S0040-4020(01)81934-7
https://doi.org/10.1016/S0960-894X(01)81167-7
https://doi.org/10.1271/bbb.57.648
https://doi.org/10.1021/ja00327a032
https://doi.org/10.1016/S0040-4020(00)00271-4
https://doi.org/10.1007/BF00987610


25

Caenurgina erechtea.  J. Chem. Ecol., 9: 1413–1423. https://doi.org/10.1007/BF00990747
Unelius, C. R., A. Eiras, P. Witzgall, M. Bengtsson, A. Kovaleski, E. F. Vilela and A.-K. Borg-Karlson, 1996.  Identification and synthesis of the sex pheromone of 

Phtheochroa cranaodes (Lepidoptera: Tortricidae).  Tetrahedron Lett., 37: 1505–1508. https://doi.org/10.1016/0040-4039(96)00050-0
Vakhidov, R. R. and I. N. Musina, 2007.  Synthesis of 4E,7Z-tridecadien-1-ylacetate, a component of the Phthorimaea opercucella sex pheromone.  Chem. Nat. 

Compd., 43: 282–284. https://doi.org/10.1007/s10600-007-0105-2
Vang, L. V., Md. A. Islam, N. D. Do, T. V. Hai, S. Koyano, Y. Okahana, N. Ohbayashi, M. Yamamoto and T. Ando, 2008.  7,11,13-Hexadecatrienal identified from 

female moths of the citrus leafminer as a new sex pheromone component: synthesis and field evaluation in Vietnam and Japan.  J. Pestic. Sci., 33: 152–158. 
https://doi.org/10.1584/jpestics.G07-40

Viala, J., P. Munier and M. Santelli, 1991.  C3-Homologation. Synthesis of C19-skipped polyenic pheromones.  Tetrahedron, 47: 3347–3352. 
https://doi.org/10.1016/S0040-4020(01)86399-7

Voerman, S. and G. H. L. Rothschild, 1978.  Synthesis of the two components of the sex pheromone system of the potato tuberworm moth, Phthorimaea 
operculella (Zeller) (Lepidoptera: Gelechiidae) and field experience with them.  J. Chem. Ecol., 4: 531–542. https://doi.org/10.1007/BF00988917

Voerman, S., 1979.  Chemical conversion of 9-tetradecen-1-ol acetates to 3,13-octadecadien-1-ol acetates, sex attractants for male clearwing moths (Lepidoptera: 
Sesiidae).  J. Chem. Ecol., 5: 759–766. https://doi.org/10.1007/BF00986560

Wakamura, S., N. Arakaki, M. Yamamoto, S. Hiradate, H. Yasui, T. Yasuda, and T. Ando, 2001.  Posticlure: a novel trans-epoxide as a sex pheromone component 
of the tussock moth, Orgyia postica (Walker).  Tetrahedron Lett., 42: 687–689. https://doi.org/10.1016/S0040-4039(00)02038-4

Wang, S. and A. Zhang, 2007.  Facile and efficient syntheses of (3Z,6Z,9Z)-3,6,9-nonadecatriene and homologues: Pheromone and attractant components of 
Lepidoptera.  J. Agric. Food Chem., 55: 6929–6932. https://doi.org/10.1021/jf070821o

Wang, X., Y. Yang, B. An, J. Wu, Y. Li, Q. Bian, M. Wang and J. Zhong, 2023.  Asymmetric synthesis of sex pheromone of the western hemlock looper, Lambdina 
fiscellaria lugubrosa (Hulst).  Tetrahedron Lett., 118: 154401 https://doi.org/10.1016/j.tetlet.2023.154401

Wang, X., J. Wu, J. Wang, D. Liu, Q. Bian and J. Zhong, 2024.  Total synthesis of the sex pheromone of Clania variegata Snellen and its stereoisomers. Int. J. Mol. 
Sci., 25: 4893. https://doi.org/10.3390/ijms25094893

Wei, L., G.-G. He, L. Liu, M. Tang, T. Zhang, H. Bai and Z.-T. Du, 2020.  A new asymmetric synthesis of (S)-14-methyloctadec-1-ene, the sex pheromone of the 
peach leafminer moth.  Rus. J. Org. Chem., 56: 1089–1095. https://doi.org/10.1134/S1070428020060196

Wimalaratne, P. D. C. and K. N. Slessor, 2004.  Chiral synthesis of (Z)-3-cis-6,7-cis-9,10-diepoxyhenicosenes, sex pheromone components of the Satin moth.  J. 

https://doi.org/10.1007/BF00990747
https://doi.org/10.1016/0040-4039(96)00050-0
https://doi.org/10.1007/s10600-007-0105-2
https://doi.org/10.1584/jpestics.G07-40
https://doi.org/10.1016/S0040-4020(01)86399-7
https://doi.org/10.1007/BF00988917
https://doi.org/10.1007/BF00986560
https://doi.org/10.1016/S0040-4039(00)02038-4
https://doi.org/10.1021/jf070821o
https://doi.org/10.1016/j.tetlet.2023.154401
https://doi.org/10.3390/ijms25094893
https://doi.org/10.1134/S1070428020060196


26

Chem. Ecol., 30: 1225–1244. https://doi.org/10.1023/B:JOEC.0000030274.73355.b8
Wollenberg, R. H. and R. Peries, 1979.  Efficient syntheses of insect sex pheromones emitted by the boll weevil and the red bollworm moth.  Tetrahedron Lett., 

297–300. https://doi.org/10.1016/S0040-4039(01)85954-2
Xu, K., S. Zhao, J.-K. Xu, M. W. Shan, J. L. Yu, Y.-B. Wang, C. F. Zhang and X. Chen, 2017.  Total synthesis of (3Z,9Z,6S,7R) and (3Z,9Z,6R,7S)- 

6,7-epoxy-3,9-octadecadienes.  Synth. Comm., 47: 1848–1853. https://doi.org/10.1080/00397911.2017.1342842
Yadagiri, P. and J. S. Yadav, 1983.  A convenient synthesis of (Z)-7-nonadecen-11-one and (Z)-7-eicosen-11-one. the pheromones of peach fruit moth.  Synth. 

Comm., 13: 1067–1074. https://doi.org/10.1080/00397918308080890
Yadav, J. S. and P. S. Reddy, 1986.  Allylation of grignard reagents: its application for the synthesis of (4E,7Z)-4,7-tridecadienyl acetate, a sex pheromone of potato 

tuberworm moth. Synth. Commun., 16, 1119–1131. https://doi.org/10.1080/00397918608056355
Yadav, J. S., R. Kache, K. V. Reddy and S. Chandrasekhar, 1998(a).  Practical synthesis of pheromone components of Achaea janata (Noctuidae).  Synth. Comm., 

28: 4249–4255. https://doi.org/10.1080/00397919809458706
Yadav, J. S., M. Y. Valli and A. R. Prasad, 1998(b).  Total synthesis of enantiomers of (3Z,6Z)-cis-9,10-epoxy 1,3,6-henicosatriene the pheromonal component of 

Diacrisia obliqua.  Tetrahedron, 54: 7551–7562. https://doi.org/10.1016/S0040-4020(98)00389-5
Yamada, S., H. Ohsawa, T. Suzuki and H. Takayama, 1983.  Stereoselective synthesis of (E)-, (E,Z)- and (E,E)-conjugated dienes via alkylation of 3-sulfolenes as 

key step.  Chem. Lett., 1003–1006. https://doi.org/10.1246/cl.1983.1003
Yamakawa, R., N. D. Do, K. Kinjo, Y. Terashima and T. Ando, 2011(a).  Novel components of the sex pheromones produced by emerald moths: identification, 

synthesis, and field evaluation.  J. Chem. Ecol., 37: 105–113. https://doi.org/10.1007/s10886-010-9895-y
Yamakawa, R., R. Kiyota, T. Taguri and T. Ando, 2011(b).  (5R,7R)-5-Methylheptadecan-7-ol: a novel sex pheromone component produced by a female lichen 

moth, Miltachrista calamine, in the family Arctiidae.  Tetrahedron Lett., 52: 5808–5811. https://doi.org/10.1016/j.tetlet.2011.08.136
Yamakawa, R., Yoshiko Takubo, Hiroshi Shibasaki, Yoko Murakami, Masanobu Yamamoto and Tetsu Ando, 2012.  Characterization of epoxytrienes derived from 

(3Z,6Z,9Z)-1,3,6,9-tetraenes, sex pheromone components of arctiid moths and related compounds.  J. Chem. Ecol., 38: 1042–1049. 
https://doi.org/10.1007/s10886-012-0165-z

Yamamoto, A., T. Ishihara and T. Fukumoto, 1989(a).  Improved synthesis of (3Z,13Z)- and (3E,13Z)-3,13-octadecadienyl acetate, sex pheromone of the 
Synanthedon species.  Agric. Biol. Chem., 53: 285–287. https://doi.org/10.1271/bbb1961.53.285

Yamamoto, A. and T. Fukumoto, 1989(b).  Convenient synthesis of racemic 14-methyl-1-octadecene, sex pheromone of the peach leafminer moth.  Agric. Biol. 

https://doi.org/10.1023/B:JOEC.0000030274.73355.b8
https://doi.org/10.1016/S0040-4039(01)85954-2
https://doi.org/10.1080/00397911.2017.1342842
https://doi.org/10.1080/00397918308080890
https://doi.org/10.1080/00397918608056355
https://doi.org/10.1080/00397919809458706
https://doi.org/10.1016/S0040-4020(98)00389-5
https://doi.org/10.1246/cl.1983.1003
https://doi.org/10.1007/s10886-010-9895-y
https://doi.org/10.1016/j.tetlet.2011.08.136
https://doi.org/10.1007/s10886-012-0165-z
https://doi.org/10.1271/bbb1961.53.285


27

Chem., 53: 1183–1184. https://doi.org/10.1271/bbb1961.53.1183
Yamamoto, A. and T. Fukumoto, 1989(c).  Efficient preparation of (7E,9Z)-7,9-dodecadienyl acetate, sex pheromone of the European grapevine moth (Lobesia 

botrana).  Agric. Biol. Chem., 53: 2521–2522. https://doi.org/10.1271/bbb1961.53.2521
Yamamoto, M., H. Yamazawa, N. Nakajima and T. Ando, 1999.  A convenient preparation of optically active diepoxyhenicosene (leucomalure), lymantrid sex 

pheromone, by chiral HPLC.  Euro. J. Org. Chem., 1503–1506. https://doi.org/10.1002/(SICI)1099-0690(199907)1999:7<1503::AID-EJOC1503>3.0.CO;2-6
Yamamoto, M., T. Kamata, N. D. Do, Y. Adachi, M. Kinjo and T. Ando, 2007.  A novel lepidopteran sex pheromone produced by females of a Lithosiinae species, 

Lyclene dharma dharma, in the family of Arctiidae.  Biosci. Biotechnol. Biochem., 71: 2860–2863. https://doi.org/10.1271/bbb.70551
Yamamoto, M., R. Yamakawa, T. Oga, Y. Takei, M. Kinjo and T. Ando, 2008.  Synthesis and chemical characterization of hydrocarbons with a 6,9,11-, 3,6,9,11-, or 

1,3,6,9-polyene system, pheromone candidates in Lepidoptera.  J. Chem. Ecol., 34: 1057–1064, https://doi.org/10.1007/s10886-008-9461-z
Yamamoto, M., R. Maruyama, Y. Murakami, Y. Sakamoto, R. Yamakawa and T. Ando, 2013.  Characterization of posticlure and the structure-related sex 

pheromone candidates prepared by epoxidation of (6Z,9Z,11E)-6,9,11-trienes and (3Z,6Z,9Z,11E)-3,6,9,11-tetraenes.  Anal. Bioanal. Chem., 405: 7405–7414. 
https://doi.org/10.1007/s00216-013-7144-2

Yamashita, M., K. Matsumiya, K. Murakami and R. Suemitsu, 1988.  Simple synthesis of (Z)-12-nonadecen-9-one, (Z)-13-eicosen-10-one, the sex pheromone of 
peach fruit moth, and (Z)-5-undecen-2-one, a biologically active molecule from the pedal gland of the bontebok.  Bull. Chem. Soc. Jap., 61: 3368–3370. 
https://doi.org/10.1246/bcsj.61.3368

Yamazawa, H., N. Nakajima, S. Wakamura, N. Arakaki, M.Yamamoto, and T. Ando, 2001.  Synthesis and characterization of diepoxyalkenes derived from 
(3Z,6Z,9Z)-trienes, lymantriid sex pheromones and their candidates.  J. Chem. Ecol., 27: 2153–2167. https://doi.org/10.1023/A:1012255201380

Yu, J., F. Guo, Y.-Q. Yang, H.-H. Gao, R.-Y. Hou and X.-C. Wan, 2017.  Synthesis of the enantiomers of (3Z,9Z)-cis-6,7-epoxy-3,9-octadecadiene, one of the major 
components of the sex pheromone of Ectropis oblique Prout.  Tetrahedron Asymmetry, 28: 758–761. https://doi.org/10.1016/j.tetasy.2017.04.010

Yu, S., G. Yuan, J. Liu, Q. Bian, M. Wang and J. Zhong, 2023.  Asymmetric synthesis of the sex pheromone of the apple leafminer, Lyonetia prunifoliella.  
Chirality, 35: 118–128. https://doi.org/10.1002/chir.23524

Yuan, G., J. Liu, S. Yu, X. Wang, Q. Bian, M. Wang and J. Zhong, 2022.  Enantioselective synthesis of the sex pheromone of lichen moth, Miltochrista calamine, 
and its diastereomer.  Synlett, 33: 80–83. https://doi.org/10.1055/s-0040-1719835

Zarbin, P. H., J. L. Princival, E. R. de Lima, A. A. dos Santos, B. G. Ambbrogia and A. R. M. de Oliveira, 2004.  Unsymmetrical double Wittig olefination on the 
syntheses of insect pheromones. Part 1: Synthesis of 5,9-dimehtylpentadecane, the sexual pheromone of Leucoptera coffeella.  Tetrahedron Lett., 45: 239–241. 

https://doi.org/10.1271/bbb1961.53.1183
https://doi.org/10.1271/bbb1961.53.2521
https://doi.org/10.1002/(SICI)1099-0690(199907)1999:7%3c1503::AID-EJOC1503%3e3.0.CO;2-6
https://doi.org/10.1271/bbb.70551
https://doi.org/10.1007/s10886-008-9461-z
https://doi.org/10.1007/s00216-013-7144-2
https://doi.org/10.1246/bcsj.61.3368
https://doi.org/10.1023/A:1012255201380
https://doi.org/10.1016/j.tetasy.2017.04.010
https://doi.org/10.1002/chir.23524
https://doi.org/10.1055/s-0040-1719835


28

https://doi.org/10.1016/j.tetlet.2003.10.183
Zhang, Z.-B., Z.-M. Wang, Y.-X. Wang, H.-Q. Liu, G.-X. Lei and M. Shi, 2000.  A simple synthetic method for chiral 1,2-epoxides and the total synthesis of a 

chiral pheromone epoxide.  J. Chem. Soc., Perkin Trans. 1, 53–57. https://doi.org/10.1039/A907396E
Zhang, T., W.-L. Ma, T.-R. Li, J. Wu, J.-R. Wang and Z.-T. Du, 2013.  A facile asymmetric synthesis of (S)-14-methyl-1-octadecene, the sex pheromone of the 

peach leafminer moth.  Molecules, 18: 5201–5208. https://doi.org/10.3390/molecules18055201
Zhou, Y., J. Wang, B. Tian, Y. Zhu, Y. Zhang, J. Han, J. Zhong and C. Shan, 2024(a).  Asymmetric synthesis of three alkenyl epoxides: crafting the sex pheromones 

of the elm spanworm and the painted apple moth.  Molecules, 29: 2136. https://doi.org/10.3390/molecules29092136
Zhou, Y., J. Wang, Y. Zhang, X. Fu, H. Xie, J. Han, J. Zhang, J. Zhong and C. Shan, 2024(b)  Enantioselective synthesis of the active sex pheromone components of 

the female lichen moth, Lyclene dharma dharma, and their enantiomers.  Molecules, 29: 2918. https://doi.org/10.3390/molecules29122918
Zou, Y.-F. and J. G. Millar, 2010.  Improved synthesis of (9Z)-9,13-tetradecadien-11-ynal, the sex pheromone of the avocado moth, Stenoma catenifer.  

Tetrahedron Lett., 51: 1336–1337. https://doi.org/10.1016/j.tetlet.2010.01.010
Zweifel, G. and S. J. Backlund, 1978.  Synthesis of 1,4-disubstituted (E,Z)-1,3-dienes from lithium dicyclohexyl(trans-1-alkenyl)(1-alkynyl)borates.  J. 

Organometal. Chem., 156: 159–170. https://doi.org/10.1016/S0022-328X(00)84873-1

https://doi.org/10.1016/j.tetlet.2003.10.183
https://doi.org/10.1039/A907396E
https://doi.org/10.3390/molecules18055201
https://doi.org/10.3390/molecules29092136
https://doi.org/10.3390/molecules29122918
https://doi.org/10.1016/j.tetlet.2010.01.010
https://doi.org/10.1016/S0022-328X(00)84873-1

