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A convergent synthesis of octadeca-2E,13Z-dienyl acetate, a pheromone component of 
Synanthedon tipuliformis C., has been developed. The synthesis is based on cross-coupling of 
8-iodooct-2E-en-t-ol THP ether with dec-5Z-enyl bromide catalyzed by CuBr. 
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In the known syntheses of octadeca-2E,13Z-dienyl 
acetate (1), the major  component  of the sex pheromone 
of Synanthedon tipuliformis C., the construction of  the 
cis-double bond normal ly  presents no substantial diffi- 
culties and is accomplished by Wittig olefination 1,2 or 
via the corresponding acetylene derivatives. 3,4 However, 
the trans-allylic alcohol ic  function can be introduced by 
only one method,  i.e., by E-stereoselective reduction of  
the corresponding propargylic compounds. I--4 

We propose a new convergent pathway to the diene 
pheromone 1 based on a Wurtz-type coupling o f  two 
block synathons, namely,  dec-5Z-enyl bromide (2) and 
8 - i odooc t -2E-en - l -o l  T H P  ether (3), serving as the 
sources of  the 13Z- and 2E-double bonds, respectively 
(Scheme I). 

Ether 3 with a stereochemical  purity of 90% was 
prepared from the t e lomer  of  butadiene and water (4) by 
hydroa luminat ion- - iodina t ion  reactions as has been de- 
scribed previously for the synthesis 5 ofbombicol ,  the sex 
pheromone of  the mulberry, silkworm. 

Unsaturated bromide 2 was synthesized from hex-1- 
yne (5) by the t r ad i t iona l  "acetylene"  m e t h o d  
(5-+6--+7~2). The intermediate alk-ynol 6 was reduced 
to its Z-alkene analog 7 using a hydromagnesation reac- 
tion; 6 this allowed us to obtain the major s'tereoisomer 
bromide 2 (purity 98%) free of the corresponding satu- 
rated compound,  which is normally formed as an impu- 
rity under conditions of  catalytic hydrogenation. In ad- 
dition, pure bromide 2 of  only the Z-configuration was 
used for cross-coupling; this compound was synthesized 
by a procedure that we developed previously, 7 based on 
partial ozonolysis of  cyc lodeca- lZ ,6Z-diene  (8) result- 
ing from isomerization o f  a co-ol igomer of  butadiene 
and ethylene. 

When the final step of  the construction of  the carbon 
skeleton of pheromone 1 was catalyzed by Li2CuC14 and 
Cul - -bpy  complexes, only traces of the reaction prod- 
uct, dienol 9, were formed,  whereas in the presence of  
CuBr its yield was 36%. Acetytation of  alcohol 9 af- 
forded the target dienyl acetate I containing ~90% 
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Scheme 1 
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R e a g e n t s :  a. LiNH2; b. Br(CH2)aOTHP: c. TsOH/MeOH- -H20 :  d. E,uMgBr/C#2TiC 2; e.  TsCI/Py; f. LiBr; 
g. 2 /Mg /CuBr ;  h. AC20./Py. 

(E ,Z) - i somer  (accord ing  to capi l lao '  G L C )  in an overall 
yield of  25% based on the l imiting start ing alkyne 5. 

Experimental 

[R spectra were recorded on a UR-20 spectrometer in tifin 
films. IH NMR spectra were obtained on a Testa BS-567 
instrument (100 MHz) in CDCI? using tetramethylsilane as the 
internal standard. GLC analysis was carried out on a Chrom-5 
chromatograph ( l .2-m column, SE-30 as the stationa~' phase, 
working temperature 50--300~ and a Shimadzu GC-9A 
instrument (PEG-20M as the stationary, phase, a 25 rex0.2 mm 
capillary column, working temperature 50--200 ~ qsing he- 
lium as the carrier gas. 

Dec-5 -yn- l -o l  (6). At - 4 0 ~  hex- l -yne 5 (5.19g, 
63.3 rrunol) was added to a solution of lithium amide prepared 
from Li (0.43g, 61.4 mg.-at.) in dry. NH 3 (580mL) in the 
presence of FeC13 (0.014g). The mixture was stirred for 1 h, 
4-bromo- 1 -(2-tetrahydropyranyloxy)butane ( 10.0 g, 42.2 mmol) 
in anhydrous THF (43 mL) was added dropwise, and then dry 
DMSO (43 mL) was added. The mixture was stirred until the 
NH 3 completely evaporated and then was allowed to stand at 
~20 ~ for 16 h; H~O (50 mL) was added, and the product was 
extracted with Et20 (3• 100 mL). The solvent was evaporated. 
and the residue was dissolved in MeOH (208 mL). Water 
(86 mL) and TsOH (2.08 g, 13.4 mmol) were added, and the 
mixture was stirred for 24 h and concentrated. The residue was 
dissolved in CH2CI 2 (450 mL), and the solution was washed 
successively with saturated solutions of NaCI, NaHCO 3, and 
NaCI, dried with Na2SO 4, and concentrated. The residue was 
chromatographed on a column (SiO2, heptane--AcOEt, 10:11 
to give 5.85 g (90%) of alcohol 6, nD 20 1.4576 tcf Ref. 8). 
JH NMR (CDCI3), 8:0.86 (t, 3 H. Me, J = 7 Hz); 1.25--1.66 
(m, 8 H, CH2); 2.07--2.17 (m,~4 H, CH2--C-~C); 2.62 (br.s. 
I H, OH); 3.61 (t, 2 H. CH20, , /=  6 Hz). 

Dec-5Z-en- l-ol (7). At 0 ~C. a 1.4 M solution of BuiMgBr 
(21 mL) m E,.?O was added to a solution of alkynol 6 (0.92g, 
6 retool) in anhydrous Et:O (60mL),  and the mixture was 
stirred lbr 15 rain and then heated to ~20 ~ Cp~TiCI 2 (0.09 g) 
was added, and the mixture was stirred until gas evolution 
ceased (1--1.5h) and cooled to O~ 10% HCl (30mL) was 
added, and the mixture was stirred at 20 ~ for 0.5 h. Ether 
(200 mL) was added to the reaction mixture, and the organic 
layer was separated, washed successively with saturated solu- 
tions of NaHCO 3 and NaCI, dried with Na2SO4, filtered 
through an AI203 layer (10cm), and concentrated to give 
0.91 g (98%) of compound 7, nD 2~ 1.4520. The IR and 
t H N MR spectra of the product were identical with those 
described previously.  7 

l -gromodec-SZ-ene (2). At 0 ~ TsCI (1.22 g, 6.40 mmol) 
was added portionwise to a mixture of alkenol 7 (0.91 g, 
5.83 mmol) and dry Py ,;1.8 mL). The mixture was stirred 
(0 ~ 15 i~). diluted with I00 mL of ErgO. washed successively 
with 11)% HCI and with saturated solutions of NaHCO 3 and 
NaCI, dried with MgSO4, and concentrated. The residue 
(I.Sl g. IR, v/cm-I: 950, 1140, 1330 (S=O), 1600 (At)) was 
dissolved in 6 mL of dry acetone, LiBr (1.02 g, 11.7 mmol) was 
added, and the mixture was stirred at 40"C for 3 h and 
filtered, and the solvent was evaporated to give 1.03 g (80%) of 
bromide 2, nD -*~ 1.4713. Its [R and tH NMR spectra were 
identical with those reported previously. 7 

Octadeca-2E,13Z-dien-l-ol (9). CuBr (0.[5 g) was added 
to a solution of 8-iodo-!-(2-tetrahydropyranyloxy)oct-2E-ene 
3 (1.12 g, 3.33 retool) prepared from octa-2E,7-dien- l -ol (4) 
by a known procedure 5 in anhydrous THF (12 mL) (Ar), the 
mixture was cooled to - 15 ~ and a solution of the Grignard 
reagent prepared from Mg (0.09 g, 3.97 mg-at.) and bromide 2 
(0.80 g, 3.65 retool) in 42 mL of  anhydrous THF was added. 
The reaction mixture was stirred ( I0 ~ 0.5 h; 20 ~ 12 h); at 
- 1 0 ~  10% HCI (4mL) was added, and the mixture was 
again stirred (20 ~ 5 h), diluted with Et20 (200 mL), washed 
successively with saturated solutions of NaHCO 3 and NaCI, 
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dried (Na2SO4), and concentrated, The residue was chromato- 
graphed (SiO 2, heptane--AcOEt. 10:1) to give 0.35 g (36%) 
of alcohol 9; its IR and tH NMR spectra were identical with 
those reported previously. 1 

Octadeca-2E, t3Z-dienyl acetate (1). Ac20 (1.6 mL) was 
added to a stirred mixture of  alcohol 9 (0.30 g, l . l  retool), Py 
(1.95 mL), and CH2CI 2 (3 mL). The mixture was stirred (20 ~ 
24 h), diluted with 80 mL of CHiCle, washed successiveiy with 
10% HCI and with saturated solutions of NaHCO 3 and NaCI, 
dried (MgSO4) , and concentrated to give 0.32g (92%) of 
acetate 1, whose IR and IH NMR spectra were identical with 
those reported previously, l 
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