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Tetradeca-9Z,12E-dien-l-yi acetate, a sex pheromone of the Indian meal moth Plodia 
interpunctella has been synthesized from the readily available product of the hydro- 
dimerization of butadiene - octa-l,7-diene. 

Synthetic pathways via acetylene derivative [2-41 and syntheses based on the Wittig oie- 
fination reaction [5-7] and by the fragmentation of a substituted tetrahydropyridine 18i are 
known for tetradeca-gZ,12E-dien-i-yl acetate (I) - a componpnt of Lhe sex pheromones of many 
apecies of insects of the order Lepidoptera [i]. 

We have developed a convenient preparative synthesis of the pheromone (I) from octa- 
1,7-diene (II) - the readily available product of the hydrodimerization of butadiene [9]. The 
pioneering stage in the proposea synthesis con~i~ted of nne nydroalumination of the diene (If), 
whcih takes place under mild conditions de both double bonds under the action of diisobuty!- 
alumznum hydride (DIBAH) catalyzed by zirconium tetrachloride. The oxidation of the organo- 
aluminum intermediate by oxygen followed by hydrolysis led to octane-l,8-diol tiII), which 
was converted as in [i0] into the tetrahydropyrany! ether (THPE) of 8-bromooctan-l-ol (IV). 
fhe two-stage coup±ing of the bromohyarin (IV), first with acetylene and then with crotyl brQm- 
ide gave an enynic alcohol the acetylation of which led to the corresponding acstate (VI). 
The formation of the THPE of the alkynol (V) took place most smoothly in a mixture of liquid 
ammonla. DMSO, and THE. The condensation with crotyl bromide was carried out by firsl treat- 
ing (V) with an equimolar amount of ethylmagnesium bromide and CuI. Subsequent acid treat- 
ment and acetylation gave a mixture (9:1 according to GLC) of the linear (VI) and branche~ 
(VII) enynic acetates. The latter was identified after its isolation from the mixture of (VI) 
and (VII) with the aid of GLC. The formation of this by-product was due to the occurrence of 
a SN2' nucleophilic substitution in the crotyl bromide. Selective hydrogenation of the enynic 
acetate (VI) gave the desired pheromone (I). it must be mentioned that a high attractiveness ~ 
for males of the Indian meal moth is possessed by the product obtained by the hydrogenation of 
the mixture of (VI) and (VII) which contained, according to capillary GLC about 90% of com- 
pound (I). The overall yield of the pheromone (I) by the scheme developed amounted to 25%, 
calculated on the diene (II). 

EXPERIMENTAL 

IR spectra were taken on aUR-29 spectrometer (in film). PMR spectra were recorded on 
a Tesla BS-567 instrument (working frequency i00 MHz) with CDCI 3 as solvent and TMS as intern- 
al standard. GLC analysis was conducted on a Chrom-5 instrument with the silicone liquid SE- 
30 (5%) on Chromaton N-A~-OMCS (0.i6-0.20 mm) as stationary phase at a working temperature 
of 50-300°C 
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of 50-300~C with helium as the carreir gas. The stereochemical individuality of pheromone 
(I) was analyzed on a Chrom-5 instrument with the stationary phase SE-30 in a 0.2 ram ~ 50 m 
capillary column at a working temperature of 200°C with helium as the carrier gas. The mixture 
of compounds (VI) and (V) was separated in a Perkin-Elmer F-21 preparative chromatograph using 
a I0 mm 5 m column containing the stationary phase SE-30 (10%) on Chromaton N-A~-DMCS (0.20- 
0.25 mm) at a column temperature of 170°C and an evaporator temperature of 200°C, with helium 
as the carirer gas. Compound (I} was isolated from the product of the hydrogenation fo the 
mixture of (VI) and (VII) on a Du Pont 8800 instrument with a Zorbax-Sil 4.6 × 250 li~ column 
using hexane-ethyi acetate (i00:i) as eluent and a refractometer as the detector. 

Octane-J,8-diol tlIi). Fo 0.46 g (2"J0 -~ mole) of ZrCi~, was added 40 ol of a 73% solu- 
tion (0.16 mole) of DIBAH in toluene and the mixture was stirred (20°C, At) for 10 min, after 
which 7.7 g (0.07 mole) of octa-l,7-aiene (II), obtained according to {9], was added, stirring 
was continued for another 6 h, and then the mixture was diluted with 150 ml of dry n-heptane 
and the product was oxidized successively with dried air (0°C, 0.5 h) and oxygen (0°C, 0.5 
h; 20°C, 0.5 h; 20°C, 0.5 h: 50°C, 6 h). Then the reaction mixture was cooled to 0°C, 20 ml 
of water was added dropwise, stirring was performed at room temperature for:2 11, the product 
was extracted with diethyl ether (3 × 300 ml), and the extract was dried with Na~SO~ and evap- 
orated. The residue was distilled in vacuum. This gave 7.15 g (70%) of the diol (III), bp 
!18-120°C (i mm), mp 61-62~C ilO}. 

l-(2-Tetranvdropvranvloxv)dec-9-yne (V). At -4°C, acetylene was bubbled for 2 h at the 
rate of 1 liter/min through a suspension of lithium amide, obtained from 2.i g (0.3 g-atom) 
of lithium in 200 ml of redistilled liquid ammonia in the presence of 0.3 g of ferric chlor- 
ide at the same temperature, and then a solution of 58.6 g (0.2 mole) of 8-bromo-l-(2-tetra- 
hydropyranyloxy)octane (IV). obtained from the diol (III) according to [i0], in 58 ml of ab- 
solute THF was added and, immediately after this, over 5 min, 58 ml of absolute DMSO; the 
mixture was stirred at -40°C for 2 h and then without cooling for 2 h for the complete evap- 
oration of the ammonia, after which 200 ml of water was added and the mixture was extracted 
with hexane (3 x 300 ml). The combined extract was washed successively with 10% HCI and with 
saturated NaHCO 3 and NaCI solutions and was dried with MgSO 4 and evaporated. The residue was 
chromatographed on AI20 ~ (with hexane-diethyl ether (9:1) as eluent). This gave 40 g (84%) 
of compound (V), n~ ~ 1.4598 [11]. Its IR and PMR spectra were identical with those described 
in the literature |12]. 

TeLradec-12E-en-9-vn-l-vl Acetate (VI) and ll-Methyltridec-12-en-9-yn-l-yl Acetate (~II). 
At 20°C, under Ar, a solution of 11.9 g (0.05 mole) of the THP ether (V) in 50 ml of absolute 
THF was added to a solution of Grignard reagent prepared from 1.2 g (0.05 g-atom) of magnesium, 
and 5.45 g (0.05 mole) of ethyl bromide in 50 ml of absolute diethyl ether, and the reaction 
mixnure was boiled for 3 h and was then cooled to 0°C, after which 9.52 g (0.05 mole) of CuI 
was added, and the ~esulting mixtue was stirred for 0.5 h; then 9.45 g (0.07 mole) of crotyi 
bromide was added dropwise, the temperature was raised to 20°C and stirring was carried out 
at this temperature for 4 h and, after the addition of I00 ml of saturated NH4CI solution, the 
product was extracted with diethyl ether (3 x 200 ml) and the combined extract was evaporated. 
The residue (13 g) was dissokved in a mixture of 120 ml of ethanol, 12 ml of water, and 3 g 
of TsOH and the solution was stirred at room temperature for 20 h, after which the solvent 
was evaporated off, the residue was extracted with diethyl ether (3 x 200 ml), and the combined 
extract was washed successively with saturated NaHCO 3 and Nac± solutions and was dried with 
Na2SO ~ and evaporated. 
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rhe residue (8 g) was treated at 0°C with 44 ml of a mixture (2:3) of acetic anhydride 
and pyridine and the resulting mixture was stirred at room temperature for 24 h, after which 
the solvent was evaporated off and the residue was dissolved in 400 ml of diethyl ether; this 
solution was washed successively with 10% HCI and with saturated solutions of NaHCO 3 and NaCI 
and was dried with MgSO~ ana evaporated. The residue was chromatographed on AI203 (with hex- 
ane-diethyl ether (9:1) as eluent~. This gave 8.7 g (69%) of a mixture (9:1, respectlvely, 
according to GLC) of the acetates (VI) and (VII). The individual compounds (VI) and (VII) 
were isolated by preparative GLC. 

Compound (VI). IR spectrum (~, cm-1): 970, 1640, 3020 (E, CH----CH), 2210 (C~C), 1240 
(C-O-C), 1740 (C----O). PMR spectrum (i00 MHz, CDCI3): 1.25-1.50 (m 12H, CH2), 1.60-1.73 (m, 
3H, H-14), 2.05 (s, 3H, CHACO), 2.08-2.44 (m, 2H, H-8), 2.76-2.93 (m, 2li, H-ll), 4.06 
(t, 2H, J = 6.5 Hz, H-I), 5.45-5.95 (m, 2H, CH-----CH). Found, %: C 76.69; H 10.42. C~H2~O 2. 
Calculated, %: C 76.75; H 10.47. M 250.37. 

Compound (Vii). IR spectrum (~J, cm-J): 920, i000, 1670 (CH----CH2), 2210 (C~C). 1245 
(C-O-C~, 1740 (C----O). PMR spectrum (i00 MHz, CDCI3): 1.23 (d, 3H, J=7 Hz, CH~-II), 1.25-1.52 
(m, 12H, CH2), 2.05 (s, 3H. CH3CO), 2.0-2.42 im, 2H, H-8), 2.93-3.[9 (m, iH, H-il), 4.05 (L, 
2H, J = 6.5 Hz H-I), 4.90-5.30 (m. 2H, H-13), 5.53-5.94 (m, IH, H-12). Found, %: C 76.67; 
H 10.43. CI~H2~O2. Calculated, %: C 76.75; H 10.47. M 250.37. 

Tetradeca-gZ,12E-dien-l-yl Acetate (I). a) With stirring, a solution of 0.015 g 
(0.0004 mole) of sodium tetrahydroborate in 50 ml of ethanol and then 0.13 ml of ethyienediam- 
ine were added to a solution of 0.i g (0.0004 mole) of nickel acetate in [.i ml of 95% ethan- 
ol, after which 0.5 g (0.002 mole) of the enyne (VI) was also added, and hydrogenation was 
carried out at room temperature in an atmosphere of hydrogen. The course of hydrogenation was 
monitored with the aid of GLC. After the end of hydrogenation, the reaction mixture was fil- 
tered, the solvent was distilled off, the residue was dissolved in diethyl ether (50 ml), and 
the solution was washed successively with 10% HCI and saturated NaCI solution and was dried 
with MgSO~ and evaporated. The residue was chromatographed on AI203 (with hexane-diethyl eth- 
er (9:1) as eluent. This gave 0.43 g (85%) of the acetate (I) containing, according to capil- 
lary GLC, 97-98% of the main substance, n~ ° 1.4570 [6]; the IR and PMR spectra were identical 
with those descrlbed previously [7]. 

b) As described in the preceding experiment, 5.0 g (0.02 mole) of the mixture of (VI) 
and (VII) was hvdrogenated. This gave 4.23 g (84%) of the acetate (I), containing, accord- 
ing the capillary GLC, 88-89% of the main substance. The individual acetate (I) was isolated 
by preparative HPLC with spectral characteristics coinciding with those given previously [7]. 
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