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Abstracs—8-Phenory-1, 6-octadiene (1) formed by the Pd-catalyzed telomerization of butadiene with phonol was
converted 10 $-pheaoxy-$-octen-1-of (3). The aicohol 3 was coaverted to $-iodo-1-phesoxy-2-octene (5). The

Grigaard reagont 7 propared from é-chioro 1-butyl

y! ether was coupled with the iodide 3 by the

catalysis of Cul and bipyridy! to give 12-phesoxy-10-dodecen-1-of (%), which was cooverted to 12-acetoxy-1-
pheooxy-2-dodecene (10). Finally, 12-acetoxy-1, 3-dodecadienc (11) was obtained by the paBedium catalyzed
ctimination of phenol from phesoxyacetoxy-dodecene (10).

In a previous paper, we reported a general synthetic
method for a terminal conjugated diene system by the
palladium catalyzed efimination reaction of scetic acid
from allylic acetates and phenol from allylic pbeayl
ethers.' We now wish to report an application of this
method to a simple synthesis of an insect sex pheromone
of the red bollworm moth, Diparopsis castanea, a major
pest of cotton in Africa. The most potent of the sex
pheromones produced by the virgin female moth was
shown by Nubn«al.tobeﬂmxyd 3.dode-
cadiene (11).7 The above method of the diene synthesis is
very suitable for the synthesis of this pheromone having
a terminal conjugated diene system. In this synthesis, a
butadiene telomer obtained by the Pd- catalyzed
tdowmnonofbcﬂuhenemthphenol was used as a

starting material. The telomer, namely ‘8-phenoxy-1, 6-

catalysts. lnwcouunuomeﬂonto:pplythe?d
catalysis to organic synthesis, we have reported simple
synmeucmuhodsofambuolmmﬂpmducuuﬂ-
izing Pd catalysts in key steps.* In this pheromone syn-
thesis, a Pd catalyst plays an important role in key steps.

Four syntbetic methods for this pheromone have been
reported. Nesbitt’ and Babler® utilized the Wittig reac-
tion for the preparation of the diene system. Coupling
mcmnofmanyhchahdewnha(}mmrdmtm
used in the synthesis by Mori.” Yamamoto ef al. reported
briefly the synthesis applying their method of 1,3-diene
synthesis from allylic alcohols vés oxirane and enediol.®
Our synthetic approach is quite different and the method
is based on fourcarbon eclongation of the butadiene
telomer and generation of the diene system by the Pd
catalyzed elimination of pheool from the allylic phenyl
ether moiety. The synthesis was carried out by the
following sequence of resctions.

The telomerization of butadiene with phenol catalyzed
by palisdium acetate and tripbeaylphosphine afforded 8-

09

phenoxy-1.6-octadiene (1) as & major product, accom-
panied by 3-phenoxy-1, 7-octadiene. The former was
isolated by fractional distillation in 78% yield. Selective
byth'obonnon of the terminal double bond without
the internal double bond of 1 was carried out
by the use of 9-borabicyclo{3,3,1lnosane to give a pri-
mary alcobol 3 after oxidation with hydrogen pesoxide in
80% yield. The akcobol 3 was converted to tosylate 4 in
84% yield. Then the tosylate was treated with sodium
iodide in boiling acetone 1o give iodide 5 in 95% yield.
The four-carbon unit aecessary for the chain elongation
derived from tetrahydrofuran, which was cleaved

hydrogen chloride to give 4-chloro-1-butanol (6).
Tbedcohol‘mpmtecwdbytemhydmpynny!aha
formation, and the Grignard reagent 7 was prepared. We
have reported that the coupling of alkyl halides with
Grignard reagents can be carried out with satisfactory
Mbythemofauwmmedbyu-
bipyridyl as a catalyst system,” and this method was
sucmduﬂyappbedmmmthemuynthemm
coupling of § with 7 was carried out by dropwise addition
of the Grignard reagent 7 in THF at 0* to a mixture of the
jodide 8, cuprous iodide (10mol%) and bipyridyl
(10 moi%). The coupled product was purified by column
chromatography to give the diether 8 in 80% yield. The
tetrahydropyranyl group was removed with dilute
hydrochloric acid to give crystalline akcohol 9, which was
converted to acetate 10 by the treatment with acetic
anhydride and pyridine. The final step of the synthesis is
the diene generation which was achieved by slow dis-
tillation of the acetate 19 under reduced pressure (1 Torr)
at 160" (bath temp) in the presence of catalytic amounts
of pelladium acetate (1 moi%) and triphenylphosphine
(10 mol%), and the distilled pure pheromone 11 was
collected as a coloriess ol in 71% yield.

The natural pheromone has been reported to consist of
75-85% trams- and 25-15% cis-isomer.’ while the
pheromone 11 synthesizod bere was indicated to com-
prise equal amounts of trams- and cis-isomers by an
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amlytical method involving reduction of the terminal
double bond with diimide and gic determination of the
12-acetoxy-2-dodecene isomers.

EXPERIMENTAL

All b.ps and m.ps were uncorrected. IR spectra were recorded
as nest films on a JASCO IRA-2 spectrometer. NMR spectrs
were recorded in CCl on a HITACHI R-24 (60 MHz) with TMS
as an internal standard.

8-Phenoxy-1, 6-octadiene (1. A mixture of phesol (9.4
0.1 mol), PAC1(PPhs}; (350 mg. 0.5 mmol) and sodium phenoxide
(300 mg. 2.58 mmol) in benzeae (10 mi) was placed in & 100ml
sutoclave. Butadiene (33 mi, 0.4 mol) was istroduced into the
sutockave. The reaction was carried owt at 60" for 17 hr. Ether
(30 mi) was added. Then triphea ine was added and the
soln was washed with 6N HCl to precipitate the Pd catalyst.
After the ppt was Sitered off, the fitrate was dried over MgSO,
and evaporated. The crude ol was distilled to give s mixture of 1
and 3-phewoxy-1, T-octadiene (7:1; 1803, 89%). The fractional
distillation of the mixture gave pure 1 (104°/4 Torr): 'H NMR
{CCL) 8 135 (2H, m, CHp), 205 (4H, m, «CCH-), 438 QH, 4,
J = 4 Hz, -OCH,C»), 4.72-6.20 (SH, m, olefinic), 6.63-7.40 (SH,
m, aromatic); IR (neat) 1640, 1600, 1500, 1240, 990, 90 cm™".

8- Phenoxy-6-octen-1-of (3). A 3-necked Sask was charged with
THF(lonl)wdl(w;.Qmol)wdphoedinnigem
under N Then 0.5 M soln of 9-borabicyclo{3.3.1)soasse in THF
(1 mi} was added slowly. The soln was stirred for 2hr at s
room temp. A mixture of 3N NaOH (30mi) and 28% H.0;
(30 ml) was added dropwise at 0° and stirred for | br at the room
temp. The mixture was posred isto & cooled aqueous sodinm
thicsulfate soln and the aqueous layer was extracted with
CH,Ch. The extract was dried over MgSO, snd evaporated to
give & crude oi} which was distilled ander vacuum to give 3 (7.2,
81.9%: bp. 143-54x 107 Tom): 'H NMR (CCL) & 145 (6H,
broad, ~<CHy), 2.05 (2H, m, -CH,Cw), 3.05 (IH, s, -OH), 3.49
(2H, 1, ) = 6 Hz, -CH,OH), 4.38 (2H, d, ] = 4 Hz, «CCH,0~), 5.68
(2H, m, -CH=CH-), 6.60-7.37 (SH, m, sromatic); IR (neat) 3360,
2948, 1601, 1590, 1500, 1245, 1080, 1058, 1035, 1013, 990,
9NSem™'.

8- Phenoxy-6-octen-1-W p-toluenesalfonate (4). A Omsk was
chtpdml!(l%g.?wmﬂudpmmd) After the
mixture was stimed for (Omin at —10°, p-tolueacsulfonyt
chioride (3.75g. 21.3 mmol) was added in one portion and the
mixture was stirred for 3 e at — 10 ~ 0%, The mixture was left in s
refrigerator overnight, poured iato e water, and extracted with
ether. The extract was washed with 3N HCl 1o remove pyridine,
dried over MgSO,, and evaporated o give & crude tosylate 4
(255g). The tosylate was used in the next step without
purification: ‘H NMR (CCly) & 1.00-2.20 (8H, broad, »CCH-,
~CHy-), 245 (3H, s, p-methy]), 3.95 QK. t, ] = 6 Hz, TsO-CHp),
440 (2H, 4, I = 4Hz. PHO-CHCw), 365 QH, o, CH~CH-),
6.60-7.88 (9, m, aromatic); IR (neat) 2940, 1600, 1590, 1500,
1360, 1245, 1195, 1190, 1100, 960, 910, 820, 760, 670, S60 cm ™",

8-Jodo-1-phenoxy-2-octene (5). A mixture of crude 4 (2.55g)

and Nal (3.13g, 21.0mmol) in dry acetone (30 mi) was reftuxed
under N, for 2br. Acetone was removed by evaporstion and the
reddish residue was extracted with ether. The extract was
washed with &a aqueous sodium thiosslfate sola and brine, dried
over MgSO,. and evaporsted to give the crude §, which was
paribed by column chromatography (silica gel, n-hexane-ether) to
give the pure § (1.87 g, 80% from 3): 'H NMR (CCL) 8 1.00-2.40
(SH, broad, sCCHy~, -CHy-), 3.11 (2H, t, J = 6 Hz, -CH,)), 4.0
(2H, 4, ] = 4 Hz, -OCH,C»), 568 (2H, m, -CH=CH-), 6.64-7.40
(SH, m, aromatic); IR (weat) 2948, 1600, 1590, 1495, 1243, 1175,
1080, 1030, 1010, 990, 970, 78S cm™".

4Chioro-1-butyl tetrakydropyranyl ether. 4-Chioro-1-butanol
prepared by the known method.” A mixture of 4-chioro-1-
(&;QIM&&M(SQLG‘NM
amount of p-tolsesesutionic acid in CH.Clh
)meammanaduN,forlhrmnum
‘ot asother | hr at room temp. The mixtire was poured into
mN;HCO,nmmhyﬂmemm
the combined CH,Cl, sols was washed with brine
ovullcSO, After removal of CH,Cly, a pale yellow
78 5) was obtained and chromatograpbed over silica gel.
de&ﬂdwd«dm%l-&nﬂm
ydropyranyl etber (7315, b.p. 92°77 Tomr, 87.3%): 'H NMR
(CCL) 8 13-2.2 (10H, broad, -CHy-), 3.1-4.1 (8H, o, -OCHy-,
~CH,LCD, 4.5 (1H, s, -OCHO-).

Grignard reagent 7. 1n 2 100 ol 3-necked flask, flushed with N,,
fitted with a condenser, a rubber septum and a magnetic bar, was
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mmdtazirnw Normality of the reagent was about 0.50N
by titration with 0.1 N HCL.

12-Phemoxy-10-dodecen-1-3i tetrahydropyranyl ether (8). To a
100 mi Bask, fushed with N, fitted with 2 magnetic bar and &
rubber septum, was added a mixture of Cul (283 mg, 1.5 mmol),
bipyridyl (234 mg, 1.5 mmol) and THF (4 o). To the mixture, §
491 g, 149 mmol) in THF (10 mi) was added and the resulting
mixture was stirred in an ice bath. The Grignand reagest 7 (30 mf)
was added dropwise for 30 min at 0*. The soln (purple) was
stiered for 2 hr st a room temp. and queached with a sat NH.Clag.
After removal of THF, the resulting mixture was extracted with
MgSO,. After removal of ether, the resulting crude product was
chromatographed over silics gel to give 8 (4283, 30%): 'H NMR
{CClY) 8 1.1-1.8 (14H, broad, -CHy-), 1.5-2.3 (2H, m, »CCHy),
3.1-39 (4H. m, -OCHy-), 4.4-4.6 (3H, m, PAO-CH/C»), 5.6-5.8
(2K, m, -CH=CH-), 6.6-7.3 (SH. m, aromatic): IR (neat)1600,
1590, 1498, 1240, 1032, 990, 90 cm™'.

12-Phenoxy-10-dodecen-1-0f (9). A mixture of 8 (4.283.
11.9 mmol) in MeOH (50 mi) and 3 N HC1 (30 ml) was stirred at &
room temp. overnight in s 200 mi flask. After neutralization of
the mixture, MeOH was removed and the resuiting mixture was
extracted with CH;Cl,. The CH,Cl, sola was washed with brine
and dried over MySO,. Removal of the solvest gave crede ¢



Synthesis of 12-acetoxy-1, 3-dodecadiene 3n

(3.28¢) in a quantitative yield. The crude alcohol 9 was chrome-
tograpbed over silica gl and recrystallized to afford coloriess
crystals of 9. m.p. 40-41°; (Found: C, 78.41; H, 10.26. C,sH»0,
Calcd: C, 7821; H, 10.21%); MS m/e 276. M*, 276. 'H NMR
{CCL) 8 1.30(14H, broad, -CH7-), 285 2H, m,»CCH,-), 290 (1H,
broad, 3, -OH), 3.52 (2H, m, -CH,-OH), 441 QH, 4, J=4Hz,
»CCH-OPY), 5.70 2H, m, -CH=CH-), 6.60-7.40 (SH, m, aroms-
tic); IR (KBr) 3300, 2850, 1600, 1585, 1240, 963, 750, 700 com ™",

1-Phemoxy-12-acetoxy-2-dodecene (19). A mixtwre of AcO
(4 o) and 12-phenoxy-10-dodecen-1-ol (2.00 g, 7.25 mmol) in dry
pyridine (4 ml) was stirred overnight at a room temp. The result-
The ethereal sots was washed with 1 N HCL, sat NaHCO, aq and
brime, and dried over MgSO, Removal of ether gave 10 a3 2
colorless of (2.15 5. 97%): 'H NMR (CCL) 8 1.2-1.8 (14H. broad,
-CHy), 1.9 31, s, CHYCO-), 1.9-2.2 (2H, m, »CCH ), 4.0 (2H,
t. J=6Hz, -CH;0Ac), 4.4 QH, d, I =4 Hz, PRO-CH,C=), 5.6-
5.8 (2H, m, -CH=CH-), 6.7-7.4 (SH, m, aromatic); IR (neat) 1740,
1600, 1593, 1498, 1460, 1390, 1370, 1240, 1118, 1080, t03S, 1015,
990,973 cm'.

12-Acetaxy-1, 3-dodecadiene (11). A mixture of 18 (23S mg,
074 mmol), P&(OAc), (12mg, 0.053memol) and tripbenmyl
phosphise (50 mg, 0.191 mmol) was placed in & beat glass tube
and distiled under reduced pressure (1 Torr) to give a coloriess
oil (197 mg, bath temp. 160"). The oil was mixture of the desired
compound and phenol. The mixtwre was puribed by column
chromatograpby (silica gel) to give pure 11 (117 mg, 71%): 'H
NMR (CCL) 8 1.38 (12H, broad, -CH-), 1.98 (3H, s, -COCH;,).
212 (2H, m, «CCH;-), 4.00 (2H, 1, ] = 6 Hz, -CH,0Ac), 4.90-6.78
{SH, complex m, CH»CH-CH=CH-); IR (neat) 2940, 1748, 1243,
1037, 1007, 900 cm™'; MS m/e (rel inteasity), 224 (M°, 1.4), 182
(0.9), 165 (14), 135 (9, 121 (13), 109 (6), 108 (8), 95 (17), %4 (17), 81
(40), 80 (56), 68 (44), 67 (T7), 55 (48), 54 (66), 43 (100).

Determination of cis: traps ratio of 12-acetoxy-1, 3-dode-
cadiene (11). Since the ratio of cis- and trans-isomer in the diene
11 synthesized above could not be determined by its gic analysis
which showed oaly a single peak at R, 7.3 min. (the reiative
retention time to tetradecyl acetate: 1.12) on DEGS SCOT
columa (0.28mm x20m) at 140" with He Slow rate 30 mi/min.
{split ratio: 1/100), it was reduced to 12-acetoxy-3-dodecene with
diimide formed from hydrazine and H/O, as follows: Stock solas
of hydrazine and H,0, were prepared by dissolving hydrazine
hydrate (3 ml) or 30% H,0, (0.4 ml) i EtOH (100 mi each). Each
100 sl of these stock soins was added into the dieoe 11 (ca.
50 ug) and heid at 50-60" in a water bath. Aliquots (each 3 ul)

1
4T
1]
E
é
5
%

mmmmm«mmmm&
TJm)Mnmmmdnvlym
tmnpuh(slﬂ,ﬁndwn-).vhdmww:m
snd cis-12-acetoxy-3-dodecene respectively. These results in-
dicate that 12-acetoxy-1.3-dodecadiene synthesized above is
mixture of sbout eqeal amounts of the cis- and trass-isomer.
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Note added in proof. Mr. R. Lester and Dr. D. R Hall of
Tropical Products Institute ia Losdon kindly analyzed the
pheromone we prepared by using a liquid crystal as a GC
phase, and found that the trans/cis ratio was 64:36.
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