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The European pine shoot moth (Rhyacionia buoliana), a
major pest of pine trees, is widespread in the whole palearctic
region. The main component of the sex phercmone of this insect
is (E)-9-dodecenyl acetate (_1_).1 (2)-9-Dodecen-1-yl acetate
diastereomer, on the other hand, is so potent an inhibitor of
the attractive effect, that a synthetic E/Z mixture with more
than 2% of (Z)-isomer is almost completely inactive.1a Since
the separation of these geometrical isomers is difficult and
expensive, 1 prepared for artificial lures should be synthesiz-
ed by a highly stereoselective route excluding the formation of

the corresponding (Z)-alkene. Conventional syntheses 4 of 1

are based on stereoselective reduction of 9—dodecyne—1-ol,3 or

a suitable derivative.z'4

The procedures employed either pro-
longed heating with LAH at elevated temperature5 or treatment
with alkali metals in liquid ammonia.6 Other preparations of 1

use multi-step procedures or sophisticated reagents.7

Recently, Vig et al. synthesized compound 1 from 10-un-
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decen-1-0l1 through the intermediate (#)-12-tetrahydropyranyl-
oxyundec-2-en-1-o0l (g).S This alcohol (2} after mesylation and
reaction with lithium dimethylcuprate (3) afforded (E)-12-tet-
rahydropyranyloxydodec-3~-ene (4) which was converted to 1 by
routine transformations. However, the key steps of this ap-
proach (e.g. cuprate coupling and the preparation of 3) pro-
ceeded in only moderate yields and no evidence of the high
isomeric purity essential for our purpose was provided.8
Literature data8 cited above prompted us to elaborate a
simple method with higher overall yield and strict stereocont-

rol. The inexpensive propargyl alcohol {(5) served as starting

material in our synthetic pathway. The dianion generated from

(a)

HC=CCH,OH + THPO(CH,) gBr ~2/—> THPO (CH,) (C=CCH,O0H
] 6 7
H H
(b) . HPO(CH.).C=CCH.0H ‘S 5 THPO (CH.,) ,C=CCH..OAC
2)g 2 28"
2 H 8 H
H :
{d) . rupo(cH.).C=CH.cH. 18\ aco(cH.) é:CCH CH
2'g 213 2'8 2t
fl. H 1 H
(a) BuLi,HMPT,THF (70%) (d) LiCu(CH,),ether
(b) LAH,THF (83%) (e) Ac,0,AcOH
(c) Ac20,Et3N,DMAP,ether (94%) (2 steps: 91%).

this precursor (5) was selectively alkylated9 with the easily

2,74,9a,10

accessible bromoether 6 by a slightly modified lite-

rature procedure9a in fair yield. The resulting acetylenic

9a,b was then reduced under mild conditions with

9a, 11 8a,9%a

compound (7)

high stereoselectivity to the (FE)-allylic alchol (2)
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isolated by non-acidic work-up.12 A larger than usual11 excess
of lithium aluminium hydride was utilized to insure complete
reduction, because any trace of remaining starting material
(7) might result in contamination of pheromone 1;13 under the
conditions used, overreduction to 1l1-tetrahydropyranyloxyun-
decan-1-ol was not significant.”b’14
The transformation of (F)-alcohol 2 to (E)-olefin 4 was
best accomplished by allowing the acetate 8 to react with cup-

rate 3 according to literature procedures.z’15

2,15,16

The high reac-
tivity of cuprates toward allylic esters, the conserva-
tion of the geometry of the double bond and the minor amounts

of rearranged and other by-productsz’15

in such alkylations
with organometallics make acetate 8 the substrate of choice.
On the other hand Henrick on the basis of a critical analysis
of the literature suggested the use of lithium dialkylcuprates
for the regio- and stereospecific nucleophilic substitution of
the primary allylic acetates.2 Thus alcohol 2 was acetylated
under essentially neutral conditions17 to afford ester 8 which
was treated with an excess of lithium dimethylcuprate (3) in

ether at low temperature,15br16a,18

The resulting crude tetra-
hydropyranyl ether (4) was directly subjected to acetic anhyd-
ride in acetic acid19 to give 1 in high yield. The final prod-
uct (1) was contaminated with 0.6-0.9% of (Z)-isomer as deter-
mined by capillary GC and NMR studies. Pheromone traps baited
with this substance displayed high biological activity in field
experiments.
This principle was utilized also in the preparation of

(E)-11-tetradecen-1-yl acetate (9), the pheromone component of

various economically important insect pests such as Ostrinia
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20

nubilialﬂs,go Argyrotaenia velutiniana, Archips podana.zj

EXPERIMENTAL SECTION

IR Spectra, determined as films, were measured with a Zeiss
Specord-75 IR apparatus. NMR Spectra were recorded on a Varian
XL-100 spectrometer at 100 MHz for 1H and 25.2 MHz for 13cC
nuclei (CDC1,/TMS). Capillary GC-analyses were done by a Carlo
Erba 2190 gas chromatograph (25 x 0.22 mm FSOT column coated
with CP Wax 57 CB, carrier: 2.5 mL/min N,, split 1:100, FID).

11-Tetrahydropyranyloxy-2-undecyn-2-ol (7).- The experiment

was carried out under argon with stirring while the temperature
of the reaction mixture was maintained at 4-6°. n-Butyllithium
in hexane (13.75 mL, 1.6 M, 22.0 mmol) was added dropwise to a
solution of propargyl alcohol (0.60 mL, 10 mmol) in anhydrous

THF (8 mL) and HMPT (6 mL) over 0.5 hr. After 1 hr, bromoether
6 (2.93 g, 10 mmol) dissolved in dry HMPT (2 mL) was added over
0.5 hr; stirring was continued at room temperature overnight.

The solution was poured into a 25% aqueous NH4C1 solution. Usu-

al extractive work up with hexane followed by flash chromato-

graphy (toluene/ethyl acetate 10:1) afforded 1.88 g (70%) oily

product 7.

IR: 3450, 2250, 1140, 1090, 1030 cm '. 'H-NMR: 6§ 1.2-2.0 (m,
18H, CH,), 2.1-2.4 (m, 2H, CH,C=C), 3.2-4.1 (m, 5H, 2CH,0, OH),
4.23 (t, J = 2.5 Hz, 2H, CECCH2O), 4.58 {(m, 1H, O-CH-0).
13C-NMR: § 51.1 (C-1), 78.7+86.1 (C-2 + C-3), 18.8 (C-4), 26.2-
29.7 (C-5 -C-10), 67.7 (C-11), THP: 98.8 (C-2'), 30.8 (C-3"),
19.7 (C-4'), 25.6 (C-5'), 62.3 (C-6").
(£)-11-Tetrahydropyranyloxy-2-undecen-1-0l (2).- Lithium alu-

minium hydride (2.28 g, 60 mmol) added portionwise to the

stirred solution of alcohol 7 (3.22 g, 12.0 mmol) in 100 mL of
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dry THF at -20° under argon. The resulting slurry was stirred
at reflux for 10 hrs, then 40 mL of water was added cautiously
with cooling followed by 200 ml of 25% aqueous solution of
sodium potassium tartarate dihydrate which caused the dissolu-
tion of the precipitate on stirring. The mixture was extracted
with ether, the organic layers were washed with water, dried
(Na2504), stripped of solvent, and purified by flash chromatog-
raphy (toluene/ethyl acetate 10:1.5) to yield 2.7 g (83%) of

compound 2 as an oil. IR: 3450, 1660, 1300, 1025, 960 cm-1.

1

H-NMR: § 1.2-1.9 (m, 18H, CH2), 1.9-2.2 (m, 2H, CH,C=C), 3.2-

2
3.9 (m, 4H, 2CH20), 4.07 (dd, J = 5+1.5 Hz, 2H, CEZOH), 4.56

(m, 1H, O-CH-0), 5.67 (m, 2H, 2C=CH). ‘3¢

-NMR: § 63.3 (C-1),
132.6+129.3 (C-2 + C-3), 32.2 (C-4), 26.2-30.8 (C-5 - C-10),
67.6 (C-11), THP: 98.7 (c-2'), 30.8 (C-3'), 19.6 (C-4'), 25.5
{C-5'), 62.1 (C-6"}.

(E) -11-Tetrahydropyranyloxy-2-undecen-1-0l Acetate (8) .- Ace-

tic anhydride (0.64 mL, 6.6 mmol) was added to a solution of
alcohol 2 (1.62 g, 6.0 mmol), 4-dimethylaminopyridine (37 mg,
0.3 mmol) and triethylamine (0.94 mL, 6.6 mmol) in 50 ml of
dry ether. The reaction mixture was stirred under nitrogen for
2 hrs at room temperature, diluted with ether, extracted with
10% aqueous acetic acid (1x50 mL and 2x20 mL), water (10 mL),

saturated agqueous NaHCO, solution (1x60 mL, 2x10 mL), brine

3
{2x10 mL), dried (NaZSO4) and evaporated. Oily acetate 8

(1.76 g, 94%) was found to be homogeneous on TLC, and used

without purification in the next reaction step. IR: 1760, 1240,

1140, 1090, 1040, 985 cm '. 'H-NMR: & 1.2-1.9 (m, 18H, CH,) ,

2.0 (m, 2H, CH,C=C), 2.04 (s, 3H, COCH3), 3.2-4.0 (m, 4H,

2
2CH20), 4.52 (4d, J = 5+1 Hz, 2H, C=CCH20), 4.58 (m, 1H,
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0-CH-0), 5.7 (m, 2H, 2C=CH). 13C-NMR: § 65.2 (C-1), 136.5+123.9
(C-2 + c-3), 32.3 (C-4), 26.3-30.8 (C-5 - C-10), 67.6 (C-11),
21.0+170.7 (CH,CO), THP: 98.8 (C-2'), 30.8 (C-3'), 19.7 (C-~4'),
25.6 (C-5'), 65.2 (C-6'}).
Anal. Calcd. for C,gH,,0,: C, 69.20; H, 10.32

Found: C, 69.45; H, 10.39

(E) -9-Dodecen—-1-yl Acetate (1).- Lithium dimethylcuprate (15

mmol) was prepared as follows. Cuprous iodide (2.86 g, 15 mmol)
was added to a cooled solution of methyllithium in ether (30
mL, 1.0 M, 30 mmol) at -20° with stirring under argon; the mix-
ture was stirred at the same temperature for 10 mins, at 0° for
1 hr, and then cooled to -78°. Ester 8 (937 mg, 3.0 mmol) dis-
solved in 15 mL of anhydrous ether was added dropwise and the
stirring was kept on at -75° for 1 hr, at -20 - -30° for 1 hr,

and finally poured into a stirred mixture of 25% aqueous NH,Cl

4

(100 mL) and 25% agueous NH, (1 mL) solutions. The organic

3
phase was separated, the water layer was extracted with ether
{(2x30 mL). The combined etheral solutions were washed with 25%
aqueous NH4C1 solution (2x20 mL) and brine (10 mL), dried
(Na2804) and the ether was stripped off. The crude coupled
product (4) was directly acetylated. Acetic acid (4 mL) and
acetic anhydride (2 mL) was added, and the solution was strirr-
ed at 80° under argon overnight, cooled, poured into ice-water
and extracted with ether (4x10 mL). The collected organic por-

tions were washed with saturated agueous NaHCO, solution (1x50

3
ml,, 2x20 mL), brine (10 mL), dried (Mgso4) and concentrated in
vacuo. Purification by flash chromatography (benzene) resulted
in 0.62 g (91%) of a colourless oil (1). IR: 1740, 1240, 1050,
1

965 cm '. 'H-NMR: & 0.96 (t, J = 7 Hz, 3H, CH,CH,), 1.2-1.9 (m,
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12H, CH2), 2.0 (m, 4H, 2CH2=C), 2.02 (s, 3H, COCH3), 4,06 (t,
J = 6 Hz, 2H, OCHZ),5.42 (m, 2H, 2C=CH). 13C—NMR: § 64.6 (C-1),
26.0-29.7 (c-2 - Cc-7), 32.6 (C-8), 129.3+132.0 (C-9 + C-10),
25.6 (C-11), 14.0 (C-12), 21.0+171.1 (CH3CO). The spectral da-
ta were in agreement with those previously reported.4c’7’8a’22a

L]
GC analysis, carried out at 140 , revealed the presence of 0.6-

0.9% of the corresponding (Z)-isomer (tr 8.8 min) in the

et
essentially pure product 1 (tret = 8.5 min).
(E)-11-Tetradecen-1-yl Acetate (9).- This substance was

prepared in a way similar to the route described above for 1,

starting from 10—bromo-1-(2—tetrahydropyrany10xy)_octane?r7dJ0

Spectra of 9 showed characteristics in accord with litera-

ture. 2:19:22b 12 1940, 1240, 1050, 965 cm ', 'H-NMR: & 0.95
(t, 3 = 7 Hz, 3H, CH)CHy), 1.1-1.9 (m, 16H, CH,), 2.0 (m, 4H,
2CH,C=C), 2.01 (s, 3H, COCH,), 4.05 (t, J = 6.5 Hz, 2H, OCH,),
5.42 (m, 2H, 2C=CH). '3C-NMR: & 64.7 (C-1), 26.0-29.7 (C-2 -

Cc-9), 32.6 (C-10), 129.4+131.9 (C-11 + C-12), 25.6 (C-13},
14.0 (C-14), 21.0+171.1 (CH3CO). Compound 9 (tr = 8.36 min)
was contaminated with only a minor amount (0.8%) of (2)-11-
tetradecen-1-yl acetate (tr = 8.82 min), determined by GC in-
vestigations (160°).
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