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There has been much interest recently focussed
on the synthesis of geometrically pure conjugated diene
alcohols, aldehydes and esters useful as sex pheromones
and candidate sex attractants.l,2 o t"""nt communica-
tion" on the synthesis of a1.J- four geometrj-cal isomers
of some conjugated dienols by four different Wittig
reactj-ons prompts us to report our results on t'he syn-
thesis of a cis, cis conjugated dienol, as the reported
synthesis of this type of isomer yielded product of low
geometricat purity.r we describe below our stereo-
selective synthesis of a cis, cis conjugated dienol

To whom correspondence should be addressed



by a simple alternative route involving a Cadiot-
Chodkiewicz coupling reaction and a dialkylborane
reduction as the key stePs.

A methanolic solution of 1-bromo-1-hexyne (1) 4

and 9-decyn-l-ol (2) " was treated with cuprous chloride
and hydroxylamine hydrochloride in a slightly modified
verslon of the Cadiot-Chodkiewicz coupling reactiono to
give 9,11-hexadecadiyn-1-o1 (3) in 51? yield as out-
lined in the Scheme. The conjugated diyne (3) can be

stereoselectively reduced to cisrcis-9, 11-hexadecadien-
1-o1 ( ) by treatment with two equivalents of dicyclo-
hexylborane by the procedure described by Zweifel and

1
Polston' but slightly modified as described below-
Compound (4) can be readily oxidized to cis,cis-9,11-
hexadecadienal (5) by chromium trioxide and pyridinium

Rchloride." Analysis-of (4) and (5) by vpc showed that
both compounds were greater than 948 pure and hence a

rapid method of obtaining pure cisrcis conjugated die-
nols and derivatives has been achieved.
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Both (4) and (5) were tested against various Lepidop-
teran pests.
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Surprisingly, the Cadj-ot-Chodkiewicz coupJ-ing
reaction had not previously been applied to the synthe-
sis of sex pheromones and yet provided an ideaL rapid
method of obtaining the stereochemically pure cis, cis
conlugated dienols. Attempts to adapt our solid phase
syntheses of insect sex attractants9 to the synthesis
of coniuqated dienols by the above sequence failed.

EXPERIMENTAL

A Bausch and Lomb Abb6 3L refractorneter was used
to record the refractive indices. fnfrared spectra
vrere recorded on a Unicam SP1000 ir spectrophotometer
as neat films between NaCI discs unless otherwise
specified. Nuclear magnetic resonance spectra were
recorded on a Varian 8M360 spectrometer using deuterio-
chloroform as solvent and tetramethylsilane as an inter-
nal standard. Mass spectra (ms) were recorded on a

Perkin-E1mer-Hitachi RMUSE mass spectrometer, operated
at 70eV. Vapour phase chromatograms (vpc) were ob-
tained using OV-l0l and Hi-eff 8BP (cyclohexanedimetha-
nol succinate) colunns at l750 and 19OoC respectively.

Experiments involving reactive organometallic
reagents were carried out under arglon'. The tetrahydro-
furan (THF) was refluxed over LiAlHn for 4 hr. and
distilled under argon. It was freshly distilled. The
hexamethylphosphoric triamide (HMPT) and other solvents
were dried and distilled. Solvents were removed on a

rotary evaporator. Melting and boiling points are un-
corrected. Microanalyses were performed by G. cygli in
Toront.o. Spectral and analytical data are given for
all new compounds and for known compounds where data
are unreported.



9, 11-Hexadecadiyn-1-o1 (3)

To the stirred mixture of a 338 solution of pro-
pylamine in water (10 ml), cuprous chloride (25 mg) and

hydroxylamine hydrochloride (1.8 g) was added rapidly a

solution of (2J (4.62 g, 30 mmole) in methanol (50 mf).
The mixture was cooled to 0o and a methanolic solution
of (1) (5.1 9, 32 mmole) was added dropwise with vigo-
rous stirri-ng. The temperature rose to 30o. An excess
of hydroxylamine hydrochloride should be kept to main-
tain the copper in the reduced state (smalI portions of
NH4OH.HCl were added from time to time). The reaction
mixture was stirred at 40o for 3 hr, then treated with
potassium cyanide (0.S g1 ' diluted with cool water
(300 ml) and extracted with ether (3 x 50 ml). The

ether extract was washed with water (25 ml), dried
(Na2so4) and the ether evaporated. The resulting resi-
due was distilled through a short Vigreux colurnn to
give: fr.r b.p. 50-90/0.02 mm, 2.5 s, no'u 1.4563 i fr.
rr b.p. go-Lloo/0.02,1.0 g, r.'u 1.4630r fr.rrr b.p.
r7o-r72o/0.02,3.15 g, nr" r.isao. chromatography of
fr.I on silica ge1 using benzene as eluant gave 1.0 g

of the dimer of (U, 5,7-dodecadiyne. Elution with ben-
zene:ether (90:10) gave 1.0 g of (2). The spectral
data of these samples were identical with those of an

authentic sample. Chromatography of fr.II on a silica
ge1 column, using benzene:ether (85:15, 80:20) as

eluant gave 0.5 g of pure (1). The fraction rrI repre-
sented almost pure (3) (tota1 yield 3.65 g, 518). Ra-

pid chromatography of the yellow product on silica gel
uslng benzene:ether (85:15' 80:20) as^eluant gave pure
(3) as a slightly ye11ow thick oil noz5 1.4985; rR:
3340 (O-H) , 2190, 2280 (C=C-C=C) ; 1060 (C-O) ; NMR 6:

3.66 (t, 2, J = I Hz, CEZO), 2.2 (t, 4, J = 7 Hz, CH2-



C=C-CH2), I.7-L.
(t,3,J=6H2,
l*.* (2r4, 226,
Anal. Ca1cd. for
C, 82.36i H, tl

15 (m, 17, aliphatic H and lH OH) , 0.92
CE:). MS: 234 (M-); uV: (erhanol)

24I, 254 nm (e 486, 4I0t 429, 275).
Cl6H260t C,81.99i Hr 11.18. Found:
qn

(2, Z) -9, 11-Hexadecadien-1-o1 (1)

To the dicyclohexylborane (ll mmole) in 25 m1

THF was added at -5oto-2o a solution of (3) (0.6 g,
2.5 mmole) ln 10 mI of THF under argon. The suspension
was stirred at -5o to Oo for 2 hr. and then the mi-xture
was allowed to warm slowly to room temperature. During
stirring for an addltional 2 hours at room temperature
the precipitate of the dicyclohexylborane disappeared.
To the colourless solution was added glacial acetic
acid (2.5 ml) and the mixture was stirred at 40 to 50o

overnight. Treatment of the cool mixture wi_th 6N so-
dium hydroxide (8.5 mI) and dropwise adding 30? hydro-
gen peroxide (2.6 m1) at 35o oxidized the dicyclohex-
ylborinate completely. The residue was extracted with
ether (100 ml ) and the etheral solution \^/as washed with
water, dried and the solvent removed to give 1 g of
crude product, whi-ch was chromatographed on silica gel.
Elution with benzene:ether (95:5 and 92.5:7.5) gave 0.5
g (828) of alcohol 4. Distillation gave pure 4; b.p.
I45-L46o/0.02 mm; nr'n ,.4769 as a clear liquid which
crystallized in refrigerator; UV: (ethanol) lrn"* 237

nm (e 29.l-OO), 230 nm (sh.25.600); MS: 238 (34) (t"t');
+220 (13) (M -H2o) , 67, 81 (100); rR: 3380 (o-H), 1780

(w) , 1662 (w) , 1600 (s) (C=C conjugated) , 1060 (C-O) ,

730 (cis CH=CH); NMR 6: 6.32-6.20 (m, 2) and 6.52-6.46
(m, 2 [C=CL conjugated) 3.68 (t, 2, 3 = 6 Hz, CH,O),



2.2 (m, 4, C\- (CH=CH) 2-C\), 1.BB-1.08 (m, 19, 18 a1i-
phatic H and lH OH), 0.88 (t, 3, J = 5 Hz, CH3-CH2).

Ana1. Calcd. for ClOH30Or C. 80.60; H, L2.68. Found:
C, 80.74; H, 12.83.

Analysis of (4) by vpc on two colunns known to
separate geometrical isomers of conjugated dienes
showed that (4) was greater than 94? oi tfr" pure Z,Z
isomer.

(Z,Z-9, 11-Hexadecadien-1-al (5)

Chromium trioxide (110 mg, 1l mmole) and pyri-
dinium chloride (125 m9, 1.1 mmole) was added to the
sti-rring solution of methylene chloride and the mix-
ture stirred for l0 min. The alcohol 5 (100 mg. 0.42
mmole) in 5 m1 dichloromethane was added in one portion
(temperature rose at 35o) and the rnixture was sti'rred
an additional hr. at room temperature. The reaction
mixture was poured into a solution of sodium bicarbo-
nate (58, 30 ml). The organic layer was separated, the
water extracted with methylene chloride (2 x 25 m1) and
the combj-ned extract \^/as washed with water and passed
through a bed of alumina (act III, 5 S). The a]umina
took out all coloured impurities. The solvent evapora-
ted to gi-ve 100 mg of crude product. The aldehyde 5

was rapidly chromatographed on a silica gel column (20

9) eluting with benzene:ether (95:5) to give 7.0 mg of
pure aldehyde, which was immediately sealed in ampoules
under arglon. ]P.: 2720 (CHO) 1735 (C=O) . 720 (cis CH=CH);
UV: (ethanol) l*.* 237 nm (2770Q),230 (25800); NMR 6:
9.85 (t, 1, J = L Hz, CHO), 6.3-6.1 (m, 2), 5.5-5.3 (m,

2) (HC=CH-conjugated) 2.5-I.9 (m, A, C\Z(CH=CH) ZC\Z) ,

I.9-1 (m, 14, (cH2)7), 0.9. (t, 3, J = 6 Hz, cl.t3cH2). us:
238 (34) (M+), zo, (25) (M+-cHo): 193 (4r) 1r,r+-curcuol;
67 (100).



Anal. Calcd. for CrOHrrO:
C, 81.59; H, 12.45.

n_-r--^. - ^f (5) asdrrdry>rs

:1cn araa+6r +r-,ah 95? of

no isomerization occurred
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