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Chain elongation of the methyl esters of linoleic and linolenic acids by one, two, or three 
methylene groups followed by elimination of the functional groups leads to (Z,Z)-6,9-alkadienes 
and (Z,Z,Z)-3,6,9-alkatrienes that function as pheromones in various insects. All of the simple 
reactions involved proceed in excellent yield, they do not require expensive reagents, high 
pressure or high temperature. The route of synthesis is applicable on a large scale. Rigorous 
analyses prove the purity of the hydrocarbons prepared.

Introduction

The constituent fatty acids of lipids in plant and 
animal tissues include polyunsaturated  species that 
are characterized by a m ethylene-in terrupted  system 
of double bonds [1, 2]. The same structural feature is 
found in some insect pherom ones [3, 4], It is, th e re ­
fore, tem pting to use naturally occurring fatty acids 
as abundant starting m aterial for the preparation  of 
such “chemical m essengers” (Scheme 1).
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Scheme 1. Methyl linoleate and (Z,Z)-6,9-alkadienes de­
rived therefrom.
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T he presen t com m unication describes the sem i­
synthesis of polyunsaturated hydrocarbons that 
function as pherom ones in various insects. M ethyl 
linoleate and m ethyl linolenate, i.e. the methyl esters 
of (Z ,Z )-9,12-octadecadienoic and (Z ,Z ,Z )-9 ,12,15- 
octadecatrienoic acids, are converted via the 
alcohols, m ethanesulfonates, and cyanides to m eth­
yl esters of fatty acids with a chain length of 19 
carbon atom s. Following the same rou te, further 
chain elongation leads to the methyl esters of fatty 
acids with 20 and 21 carbon atoms. The reaction of 
m ethanesulfonates with lithium alum inum hydride af­
fords the desired hydrocarbons (Scheme 2).

O bviously, m ethanesulfonates play a pivotal role 
as in term ediates in the sequence of reactions that 
lead from  fatty acids to hydrocarbons having one, 
tw o, o r th ree m ethylene groups m ore than the s ta rt­
ing m aterial.

In contrast to total syntheses [3, 4], the fairly sim­
ple procedures described do not require expensive 
reagents, they save both tim e and energy. Relatively 
large am ounts of polyunsaturated hydrocarbons can 
be produced  in high yields by workers who need not 
be experts in organic synthesis. The application of 
these pherom ones should contribute to the control of 
insect pests w ithout leading to environm ental pollu­
tion.
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Scheme 2. Preparation of hydrocarbons from the methyl esters of fatty acids.

Experimental

Analytical methods

The course of reactions was followed by adsorp­
tion thin-layer chrom atography on Silica Gel H (E. 
M erck, D-6100 D arm stadt) using hexane-diethyl 
e ther, 90:10, as developing solvent. Lipid fractions 
w ere detected  by exposing the chrom atogram s to 
iodine vapors.

The purity of the final products, hydrocarbons, 
was assessed by chrom atographic, spectroscopic and 
therm oanalytical m ethods. A dsorption chrom atogra­
phy was carried out on thin layers of Silica Gel H and 
argentation  chrom atography on thin layers of Silica 
G el H  containing 10% silver n itrate; hexane-diethyl 
e ther, 90:10 and 80:20, served as developing sol­
vents. Lipid fractions were detected by charring after 
spraying the chrom atogram s with sulfuric acid-water, 
50:50. Gas chrom atography was carried out both on 
a C arlo E rba F ractovap 4160 instrum ent (Carlo E rba 
Instrum ents, D-6238 H ofheim ) that was equipped 
with a fused silica capillary, 30 m x  0.33 mm i.d ., 
coated  with DB-5, film thickness 0.20 ^im (ict, 
D-6230 F rankfurt 80) and on a V arian M odel 3700 
instrum ent (V arian , D-6100 D arm stadt), with a 
fused silica capillary, 30 m x 0.32 mm i.d ., coated 
with DB-210, film thickness 0.50 |im (ict). The flow 
rate  of hydrogen, the carrier gas, was adjusted to 
yield optim um  resolution; the column tem perature 
was 120 °C or 140 °C. Peak areas were calculated by 
a M erck-H itachi C hrom ato-Integrator D-2000 (E. 
M erck).

Infrared  spectra were taken  on a Perkin-Elm er 
Spectral P ho tom eter 257 (Perkin-E lm er Boden- 
seew erk, D-7770 Ü berlingen) using carbon te tra ­
chloride as solvent. U ltraviolet spectra were re ­
corded on a Pye U nicam  SP 8-200 UV-VIS spectro­
pho tom eter (Pye U nicam , Cam bridge CB1 2PX) in 
ethanol solution.

Critical solution tem peratures with nitrom ethane 
(F luka A G , CH-9470 Buchs), CST(MeNC>2), were de­
term ined  on a K ofler heating stage under the micro­
scope [5].

Syntheses

All reagents, adsorbents, and solvents were prod­
ucts of E . M erck. M ethyl linoleate and methyl 
linolenate, products of N u-C heck-Prep Inc., Elysian 
M N 56028, had been prepared  from  safflor (Car- 
thamus tinctorius) and perilla (Perilla frutescens) 
seed oils, respectively.

The syntheses were perform ed on a 30 g (0.1 mol) 
scale. All procedures were carried out under purified 
nitrogen in freshly distilled solvents; oxygen-free 
w ater was used for washing solutions of the reaction 
products.

Alcohols were obtained in >  95% yield by the 
reduction of methyl esters with lithiumaluminum - 
hydride in diethylether for 4 h at 35 °C followed by 
hydrolysis of the lithium alum ino complexes with 
aqueous sulfuric acid [6 ],

Methanesulfonates were prepared  in >  80% yield 
by esterification of alcohols with methanesulfonyl
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Chloride, e ith er  in pyridine for 1 h at 0 °C and  
an oth er  5 h at room  tem p erature  [7], or in h ex a n e-  
tr ie th y la m in e  for  0.5 h at 0 °C [8 ].

Cyanides were obtained in >  95% yield by the 
reaction of m ethanesulfonates with potassium  cy­
anide in dimethylsulfoxide for 1 h at 80 °C [9].

M ethyl esters of elongated fatty acids were p re­
pared in >  95% yield by treating cyanides with 
m ethanol-hydrogen chloride for 2 h at <  20 °C fol­
lowed by hydrolysis of the resulting imino ethers with 
conc. hydrochloric acid for 2 h at <  20 °C [9].

Hydrocarbons were obtained in >  95% yield by 
the reaction of m ethanesulfonates with lithiumalu- 
m inum hydride for 4 h at 35 °C [10].

The following three pherom ones were prepared 
using methyl linoleate as starting m aterial: (Z ,Z )-
6,9-nonadecadiene, CST(MeNO,) 135 °C; (Z ,Z )-6,9- 
icosadiene, CST(MeNO,) 139.5 °C; (Z ,Z )-6 ,9- 
henicosadiene, CST(MeNO,) 144 °C. A no ther three 
pherom ones were obtained from methyl linolenate: 
(Z ,Z ,Z )-3 ,6 ,9-nonadecatriene, CST(MeNO,) 121 °C; 
(Z ,Z ,Z )-3 ,6 ,9-icosatriene, CST(MeNO,) 127.5 °C; 
(Z ,Z ,Z )-3 ,6 ,9-henicosatriene, CST(MeNO,) 132.5 °C.

Results and Discussion

The lipids and their constituent fatty acids are 
abundant natural products whose utilization for the 
semi-synthesis of biologically active com pounds of 
considerable value is far from being fully exploited.

The present com munication dem onstrates that 
pherom ones having 19, 20, and 21 carbon atom s can 
be p repared  in high yields from the m ethyl esters of 
naturally occurring polyunsaturated fatty acids with a 
chain of 18 carbon atoms. M ethyl linolenate, for ex­
am ple, serves as starting m aterial for the sem i-synthe­
sis of (Z ,Z )-6 ,9-nonadecadiene, a com ponent of the 
pherom one complex of the m oth Alsophila quadri- 
punctata  [1 1 ], as well as hom ologous hydrocarbons 
with 20 and 21 carbon atoms. M ethyl linolenate is 
used for the preparation  of (Z ,Z ,Z )-3 ,6 ,9-nonadeca- 
triene, a sex attractan t of the giant looper, Boarmia 
selenaria [1 2 ], and hom ologous hydrocarbons that 
serve as pherom ones in o ther insect species.

C hrom atographic and spectroscopic techniques 
prove tha t the hydrocarbons we prepared  are free of

o th er classes of com pounds. A rgentation chrom atog­
raphy, gas chrom atography, and infrared spectro­
scopy, how ever, show the presence of between 1.5 
and 5%  of configurational isom ers in the diunsatu­
rated  hydrocarbons and up to 1 0 % in the triunsatu­
rated  ones. C onjugated systems of double bonds, 
which would be apparen t in the ultraviolet spectra, 
are not found.

The very low melting points of the polyunsatu­
rated  hydrocarbons are of little value as physical con­
stants. In contrast, the CST-values of these as well as 
o th e r pherom ones prove to be m ost useful for their 
characterization. The CST(MeNO,)-values of the (Z ,Z )-
6,9-alkadienes and (Z ,Z ,Z )-3 ,6 ,9-alkatrienes with 
19, 20, and 21 carbon atoms increase with increasing 
chain length. Obviously, the CST(MeNO,(-values of 
hydrocarbons having the same chain length decrease 
with increasing num ber of (Z)-double bonds in a 
linear fashion. The positions of the double bonds, 
how ever, have hardly any effect [5].

In carrying out the sequence of reactions deline­
ated  in Schem e 2, it is not necessary to isolate the 
in term ediate  alcohols. The reduction of methyl 
esters to  alcohols and the esterification of the latter 
can even be com bined in a one-pot procedure by 
reacting the lithium alum ino complexes with 
m ethanesulfonic anhydride. M oreover, neither the 
cyanides form ed by the reaction of m ethanesulfo­
nates with potassium  cyanide, nor the imino ethers 
derived therefrom  need be isolated. Instead, the 
m ethanesulfonates are converted in a one-pot p ro ­
cedure to  m ethyl esters of fatty acids having one 
m ethylene group m ore than the starting m aterial. 
M alonic ester synthesis, which is frequently em ploy­
ed  for chain elongation of m ethanesulfonates by two 
m ethylene groups, cannot be recom m ended as this 
reaction  leads to  as much as 1 0 % conjugated poly­
enes.

A t p resen t, the high price of unsaturated  fatty 
acids im pedes the ir use as starting m aterial for the 
p repara tion  of pherom ones on an industrial scale. It 
can be expected , how ever, that as a consequence of 
cu rren t in terest in the exploitation of renewable re ­
sources large am ounts of these natural products will 
becom e available in high purity and at reasonable 
prices.
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