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ABSTRACT

Tandem Dess-Martin oxidation/Wittig reaction oZ(27)-2,5-octadien-1-ol yielded methyl
(2E,42,72)-2,4,7-decatrienoate, a newly discovered pherorsongonent of the male dried bean
beetle, while that of (+)-2,3-dodecadien-1-ol gasemethyl E)-2,4,5-tetradecatrienoate, the
racemate of the known and major pheromone componémethyl (ZE,4E,72)-2,4,7-decatrienoate
was also synthesized, which is the methyl estanaicid metabolite of a green alga. Reduction of
2,5-octadiyn-1-ol with Zn-Cu/EtOH cleanly gave&Z(27)-2,5-octadien-1-ol.

v For Part 256, see Ref. 1.
*  Tel.: +81 3 3816 6889; fax: + 81 3 3813 151énai address: kjk-mori@arion.ocn.ne.jp
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1. Introduction

In 1970 Horler isolated-§-methyl €)-2,4,5-tetradecatrienoatg, (Fig.1) as the male pheromone
of the dried bean beetlacanthoscelides obtect(S8ay)[Coleoptera: Bruchidag]. This chiral and
non-racemic allene attracted the attention of ceEnand a number of synthesis of (#g)-@nd
(9-1 were reported to date as detailed in ref. 3 afelerces cited therein.

The absolute configuration @fwas definitely determined &5(87% ee) by my synthesis of the
enantiomers of° followed by their GC comparison with the naturalscurringl.*  Although ®)-1
was electroantennographically bioactive, it did aitiact females, indicating that there must be
additional pheromone components. Internationaperative investigations carried out by several
research groups culminated in the identificatiotwaf additional methyl esteBsand3 along with
three other active compountis.A mixture of all six components in natural prapms proved to be
behaviorally bioactive as the pheromone of theddniean beetlé. As reported previousfithe
synthesis of could be accomplished smoothly. However, thelsgis of3, a new compound, was
not at all easy despite its seemingly simple stinectbecause of its high tendency to isomerize.

H H

n-CgHy7 = CO,Me

RrRE  COMe (2E,42)-2

\F\/MCOZMG TN XX COR

(2EA4Z,72)-3 (2EAE72)-4 (R = H)
(2E,4E,72)-5 (R = Me)

Fig. 1. Structured, 2 and3 of the pheromone components of the male dried beatie,
Acanthoscelides obtectuend structurd of a metabolite of the green algdadophora columbiana

The first objective of this paper is to report yathesis of methyl 42,72)-2,4,7-decatrienoate
(3) and its (&,4E,72)-isomer B). The latter is the esterification product ofeand metabolitel of
the green algaCladophora columbiana The second objective is to describe a concisthegis of
(+)-1 by modification of Landor's 1971 roufte. An attempted preparation @){1 is also recorded.

2. Results and discussion
2.1. Attempted synthesis of 2 and 3 via organopalladiurohemistry

As shown in Scheme 1, the pheromone comporiatsl3 seemed to be obtainable from
intermediate$ and11, which were to be prepared by either Sonogasbinaling’ or Heck reactiofi.

~3~



a

n-CsHyy NG -
T ¥ TcoMm

6\\ ; 2Me (Sonogashira)

n-CsHyq
\/\ LI n-C7Hys A
CO,Me CO,Me

8 9

n—C5I-{11_\=\
[ not CO,Me

(2E,42)-2

a

gz N
74 X+ |\/\C02Me -
(Sonogashira)

10 7
Jc Z X _

COzMe
1

Z X d
7NN+ A coMe

12 (Heck)

13 V
\A/a/\coz,\,,e
(2E,42,72)-3
Scheme 1. Attempts to prepar2 and3 via organopalladium chemistry. Reagents: (a) RBGIP),,
Cul, EgN, THF (50% for8); (b) H,, Pd/BaSQ, quinolone, MeOH (45%); (c},Imorpholine, GHe
(27%); (d) Pd(OAQg), KoCO;s, (n-Bu);NCI, DMF.

Firstly, an attempt was made to execute the Sohogaoupling between 1-heptyr@ and
methylB-iodoacrylate 7)°, which was successful to give the desired &ie50% yield. Semi-
hydrogenation o8 was expected to give the pheromone compdhentnfortunately, however,
hydrogenatgion o8 over Pd/BaS®in the presence of quinoline in Meélyielded the
over-reduction produd@ instead of the desiret]

Secondly, the Sonogashira coupling of 1,4-heptad{if)** with methylp-iodoacrylate T) was
attempted employing PdQIPhsP), and Cul as catalysts in the presence gl kit THF.

Unfortunately, the reaction gave only a dark anstabe mixture of products, add could not be
secured. The next attempt was the Heck reactidrA@do-1,4-heptadiynel@) with methyl acrylate
(13). Inthis attempt, too, no useful product suclilasould be obtained. It therefore seemed that
the presence of the skipped diyne systediand12 was the major reason for the failure to obfidin
Thus, organopalladium chemistry turned out to becofise in this particular case.

2.2. Attempted application of the two successful routefor the synthesis of 1 and 2 to the
synthesis of 3



In my previous synthesis @f organoselenium chemistry was successfully emglayéntroduce
the E)-double bond at C-2 df* It was therefore expected that edt®(Scheme 2) would give
(2E,42,72)-3 via a-phenylselenenyl esté6. The starting (3,62)-3,6-nonadien-1-ol1(4) was
prepared by the known methtd. Its purity, however, was only 81% with 18% of tsemers of
nonen-1-ol, the over-reduction products generatéda course of the semi-hydrogenation of
3,6-nonadiyn-1-ol. The impure dierfia} was then converted to methy¥(47)-4,7-decadienoate
(15) after four synthetic operations: (i) tosylatidii), treatment with KCN, (iii) alkaline hydrolysis
with NaOH in refluxing aq. EtOH, and (iv) esterdion with CHN,. The resultind5was only
44% pure, contaminated withE&Z)-isomer (20%) and others. Presumably, heatingualitaline
conditions to hydrolyze the nitrile group procea@th concomitant isomerization of thg){double
bond at C-4 to give more stable){somer and also with conjugation of the two deutbnds.

NN M NN TN
X COMe 4 P CO,Me
(2E,4E,72)-5 (61%) (2E,AZ72)-3 (3%)

many other isomers of 3,
dihydro compounds and
impurities

(36%)

17 18
CO,Me
j /\/ 2 k
N T _
19
AN e NC N + 19 + many other isomers of 3
CO,Me and impurities
(2E,42,72)-3 (38%) (21%) (41%)

Scheme 2. Further unsuccessful attempts to pre@areReagents: (a) TsClz8sN, DMAP (87%);
(b) KCN, DMSO [quant. (77% purity)]; (c) NaOH, EtOH,0, reflux, 6 h (87%), (d) CHN,, ELO
{80% [44% of15, 20% of (&,7Z)-isomer, 28% of other isomers 1B and 5% of dihydro
compounds]}; (e) KN(SiMg,, PhSeCIl, THF (48%); (f) NalQTHF, HO [45% (61% ob, 3% of3
and other isomers)]; (g) DMP, GEl,; (h) TMSCECH, MeMgBr, THF; (i) KCOs;, MeOH (37%,
three steps); (j) MeC(OMg)EtCQH, o-xylene, 145C (1 h) and then 16Q70°C (1 h) (85%); (k)
Al ;05 (basic Brockmann 1j-xylene, 166C (2 h) [41% (38% 08, 21% of19 and total 25% of
isomers of3 with strong M atm/'z= 180)].



Subsequent phenylselenenylatiod®fjave crudd 6, whose oxidative elimination with NaO
afforded the desired E24Z,72)-3 only as a minor product (3% of the whole prodyatéjile the major
product (61% of the whole products) wak,dE,72)-5 generated by further isomerization of the
double bond at C-4. It therefore became cleartti@brganoselenium route was inadequate for the
synthesis of (E,4Z,72)-3 due to unexpectedly facile isomerization of thenmate system &

In my previous synthesis offf22)-2,®> methyl 3,4-decadienoate was subjected to Tsuboi's
interesting allene to conjugated diene rearrangensentior to give the desired. The
rearrangement was thought to be applicable toyhiasis of (E,4Z,72)-3 from allenel9, which
could be prepared from commercially availalde 3-hexen-1-ol 17) via acetylenic alcohdl8. The
alcohol18 was synthesized by ethynylation dj-3-hexenal, which was obtained by oxidatiorl @f
with Dess-Martin periodinane (DMPj. Conversion ol8to 19 was executed via orthoester Claisen
rearrangement employing methyl orthoacetate iptasence of propanoic acid. Thermal
rearrangement of alleri® in the presence of AD; indeed gave 24Z7,72)-3, but its purity was only
38% with recovered allerf (21%) and many other isomers3f It therefore became clear that a
new route tB must be explored.

2.3. Successful synthesis of methyl 24Z,7Z)-decatrienoate (3) and its (&,4E,7Z)-isomer (5)

A lesson learned from the failures as described@bo2.2. was the instability of the
2E,4Z,7Z-triene system 08. To avoid isomerization of the double bond geoegtthe following
two points seemed to be of importance: (i) prepamaif pure (Z,52)-2,5-octadien-1-o0lZ3) and (ii)
its one-pot conversion to E4Z,77)-3 by a tandem oxidation/olefination process.

The starting material for the synthesiSdiScheme 3jvas commercially available
1-bromo-2-pentyne2(). Alkylation of the tetrahydropyranyl (THP) eth@d) of propargyl alcohol
with 20 was executed as reported by Kobayashi et alveo2jb-octadiyn-1-ol22) in 90% yield after
deprotectiort®

Reduction oR2 to (2Z,52)-2,5-octadien-1-0l43) was then examined by employing various
different methods. Semi-hydrogenatior2@fto 23 was very sluggish when Lindlar catalstas
employed in either hexane/THF or MeOH. Recenibpreed Kaneda's Pd/SiMSO catalyst' in
hexane/THF did not work either (extremely sluggiste of hydrogenation). When Cram's
Pd/BaSQ catalyst was employed in MeOH containing quinglihieydrogenation took place
smoothly at 65°C.  The course of hydrogenation could be monitbre@GC-MS. Hydrogenation
of the C-2 triple bond was almost four times meyg@d than that of the C-5 triple bond, and the
desired (Z,52)-23 was generated subsequently. ZHeselectivity, however, was not so high,
giving 86% pure (Z2,52)-23in 87% yield after distillation A number of bygulucts Z/E-isomers
and over-reduced alken-1-ols) were present in dtéled product, (E,5Z)-isomer having been the
major one (6.3%) as analyzed by GC-MS. The selgctvas worse when the hydrogenation was

carried out at room temperature {28°C), while no hydrogen uptake was observed/&tC.
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Scheme 3. Synthesis 08 and5. Reagents: (a) EtMgBr, Cul, THF; (b) ag. HCI, Mé€(®0%, two
steps); (c) K Pd/BaSQ, quinoline, MeOH [87% (86% purity)]; (d) Zn, Br(G}Br, CuBr, LiBr,
EtOH, 100 C (56 h), 8GC (16 h for23and 3 d fo25) [70% (99% purity) for (Z,52)-23 and 73%
(98% purity) for (E,52)-25]; () DMP, PBP=CHCQMe, PhCQH, DMSO, CHCl, [71% (85%
purity) for 3 and 62% (75% purity) fd]; (f) LIAIH 4, THF (15%); (g) Zn, Br(Ck),Br, EtOH, 106C
(45 min) [50% (96.5% purity)].

Chemical reduction df2 to 23 was also examined. Titanium (I)-based reduciismeported by
Kitching*® was not suitable for gram-scale preparation. |irtae best reduction method was found
to be the classical one with Zn and EtOH as refdijeBrandsma’ When Zn activated with
Br(CH,).Br was used in EtOF22was reduced to giveZ)-2-octen-5-yn-1-0l1Z6) after refluxing for
45 min. Prolonged heating did not reduce the e@¢gre 23. However, when Zn activated with
Br(CH,).Br in hot EtOH was treated with CuBr and LiBr, tlesulting Zn/Cu in EtOH [10T (bath
temperature) for 6 h and ®D (bath temperature) for 16 h] converto (22,52)-23 of 99% purity
in 70% vyield after distillation. It thus becamespible to obtain 99% pure4{X2)-23in gram scale.
Chemical reduction with Zn/Cu in EtOH was bettesétectivity than catalytic semi-hydrogenation
over Pd/BaS@catalyst in this particular case.

The final step was the tandem oxidation/olefinatmoonvert (Z,52)-23 to (2£,4Z,72)-3.
Tandem MnQ oxidation/Wittig olefination as reported by Tayftwas first applied t@3.
Unfortunately, however, the product was a messyurexof unidentified esters. Barrett's DMP
oxidation/Wittig olefination methddwas then examined, and found to be successfukatient of
(22,52)-23 with Dess-Martin periodinane (DMP) andsPBCHCQMe in the presence of PhGID
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(acceleration catalyst for the Wittig reactionfdri,Cl,/DMSO gave crude &£4Z,72)-3in 71% yield.
The overall yield o8 was 45% based &0 (four steps). GC-MS analysis of the product réacké
to be a mixture of 85% of 4Z,72)-3, 6% of the (Z,4Z,7Z)-isomer, and 2% of the
(2E,4E,72)-isomer. The product was rechromatographed regadver SiQ, but the desired ester
3 could not be obtained in pure state. Even aftarthh chromatographic purification, the purity
remained as 89%. Prof. W. Francke (Hamburg Unityglisformed me that he could obtain pure
(2E,4Z,72)-3 after repeated SUAgNO; chromatography of my synthetic sample. The'HRNMR
and MS spectra of the syntheti&(2Z,72)-3 coincided with those of the naturally occurring
pheromone component.

Similarly, methyl (E,4E,72)-2,4,7-decatrienoat®) was synthesized as follows.
2,5-Octadiyn-1-0122) was reduced with lithium aluminum hydride to gi##-2-octen-5-yn-1-olZ4).
The yield (15%) of this step was quite poor, givitagk polymeric materials as the major products.
Reduction oP4 with Zn/Br(CH),Br/CuBr/LiBr in EtOH [100C (bath temperature) for 5 h and®80
(bath temperature) for 3 d] gavee(87)-25 (96% purity) in 73% yield. This was subjected to
Barrett's tandem DMP oxidation/Wittig olefinatiamdive 75% pure @&4E,72)-5in 62% yield. The
overall yield of5 was 6% based di (five steps). The IRH NMR and MS spectra of the synthetic
(2E,4E,77)-5 were consistent with the reported daththe methyl estel derived from the naturally
occurring acid isolated from the green al@dadophora columbiana

2.4. Concise synthesis of (x)-methyH)-2,4,5-tetradecatrienoate (1)

As to the synthesis dR(E)-1, the major component, there is a problem duedantability of the
conjugated allene systembf The pheromong was reported to be unstable and readily polymerize
with a half-life of about 20 days atC? The final step of the synthesis must thereforpleyn
mild conditions to avoid decompositionbf Of course the synthesis should be as concise as
possible.

Landor's first synthesis of (#)in 1971 was a concise one [Fig. 2 (A)].The known
(¥)-1-undecyn-3-0lZ7) yielded ()4 after only five steps, although the yield of tlaele step was not
disclosed in their paper. The conciseness of #mroach attracted my attention, because the
process might be improved by using contemporarthgfic methods.

Another interesting aspect of Landor's synthes{g)e1 is its modification to obtain optically
activel starting from the known optically acti?2?®. Landor and co-workers were the first to find
out the reductive elimination of a tetrahydropyiléfiP)oxy group from
4-(2-tetrahydropyranyloxy)-2-alkyn-1-ols to givéealic 2,3-alkadien-1-ols. They suggested a
concerted mechanism via intermediatéFig. 2)>2*  If this is the correct mechanisni®){28 should
afford (R)-29.



(A) Landor's 1971 synthesis®
COzMe
OH H —

)\ 5 steps
n-CeHi7” " n-Ceblir H

(#)-27 ()1

(B) Mechanism suggested by Landor et al.22:23
H.. .H
OH n

LiAIH, N
'7'08"!‘17 4 n'CBH‘w///
H Et,0 H
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n-CgHqz H
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H OH
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(C) Mechanism established by Olsson and Claesson26:27

OTHP OTHP

: LiAIH, <] H
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Et,0 TAG

(65%) H

B
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CHj H

(R)-31
85-95% ee

Fig. 2 (A) Landor's 1971 synthesis of ()Jand (B) (C) Proposed mechanisms for conversion of
4-(2-tetrahydropyranyloxy-2-alkyn-1-ol2§ and30) to 2,3-allenic alcohol2Q and31).

A few years later, Olsson and Claesson discavbia §)-30 gives the knownR)-31 upon
reduction with lithium aluminum hydride, and propd$rans-hydroaluminatiordnti-elimination
mechanism via intermediaB®>*® Two later works supported thans-additionanti-elimination
mechanisni/?® Chiral version of Landor's synthesis of (vill give an additional opportunity to
confirm the mechanism proposed by Olsson and Glagbgcause the absolute configurations of
optically active27 and1 are well-establishetf?

The improved synthetic route 1ds shown in Scheme 4. Methyl 4-(2-tetrahydropylaxy)-2-
dodecynoate33) was chosen as the substrate for the reductidnlifitum aluminum hydride.
Accordingly, the known (+)-1-undecyn-3-@7)°?°was treated with 3,4-dihydrd-2pyran (DHP)
andp-toluenesulfonic acid (TsOH) in diethyl ether tog(+)-32, which was converted to the
corresponding lithium acetylide by treatment withutyllithium in THF. Methoxycarbonylation of
the acetylide with CICeMe afforded (+)33.



OR OTHP

b [
—_— —_—
"'CsH17/'\ "'C8H17)\

CO,Me
(R)-27 R=H R)-33
al - (Ry32 R=THP "
H ~OH 4 H CHO e

\ \
n-CgH17 H n-CgH17 H

(5-29 (9-34

CO,Me
—/

H =
3 20% overall yield

n-Cgfle7 H for (S,E)-1 (four steps)
(S,E)-1

about 30% optical purity

Scheme 4. Synthesis ofl to provide ()1 and §E)-1. [The depicted formulas show the synthesis of
(SE)-1]. Reagents: (a) DHP, TsOHBt[quant. for both (z)- andR}-32]: (b) n-BuLi, CICOMe,

THF [91% for (£)33; 77% for R)-33]; (c) LIAIH 4, ELO [44% for (£)29; 48% for §-29]; (d) DMP,

wet CH.Cl, [71% for both (x)- and)-34]; (e) PRP=CHCQMe, CHCl,[39-44% for (x)4, 71% for
(9-1 of about 17% optical purity]; (d and e in tandem ane-pot mann&) DMP, PhRP=CHCGMe,
PhCQH, DMSO, CHCI, [27% for (x)-1 and 54% for -1 of about 30% optical purity].

Reduction of (83 with lithium aluminum hydride in diethyl ether wislowed by
chromatographic purification and distillation oétproduct to give allenic alcohol (28 in 44% yield.
Tandem and one-pot oxidation/Wittig olefination(sf-29 was executed by treatment with
Dess-Martin periodinane (DMP) and®PECHCQMe in the presence of Ph@®in
CH,CL/DMSO?* The product was purified by SiGhromatography (twice) to give (£)in 27%
yield. Many by-products were generated at thialfgtage, including methyl 2,4,6-tetradecatrienoate
Although the overall yield of the present four stgmthesis was only 11% based on Z¥)this
synthesis is the shortest one to givelz)-

The final tandem oxidation/olefination coulddecuted separately. DMP oxidation of 28)-
gave rather unstable (84 in 71% yield. Its olefination with the Wittig rgant furnished ()} in
39-44% yield (28-31% vyield based 28). In this particular case, the tandem procedig@ot
increase the efficiency of the reactions presumdbéyto the instability of both (834 and (+)4.

Synthesis of optically activewas then attempted starting froR)-27. Preparation ofR)-27
was executed by asymmetric acetylation of (z)ihthylsilyl-1-undecyn-3-ol with vinyl acetate and
lipase PS to give itdJ-acetate and the recover@H-élcohol® In 2013, lipase PS coated with an
ionic liquid [IL1 : a-cetylpolyoxyethylene(19)ether sulfate] was repibiig Itoh and his co-workers
to be more active than Amano's commercial lipas&’ P$hdeed, 250 mg of Itoh's IL I-coated lipase
PS was as active as 4.0 g of Amano's lipase Pf&ettieg the asymmetric acetylation of 4.4 g of the
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racemic alcohol under the conditions previoushortadl (3 days at 30)> The R)-acetate yields
(R)-alcohol27 (97% ee) by treatment with potassium carbonate in methandlwate?

The corresponding THP eth&+32, [a]p?® +103.1 € 3.32, hexane), was treated with
n-butyllithium and CICGMe to give R)-33, [a]p?* +115.4 € 3.40, hexane), in 77% yield. This was
reduced with lithium aluminum hydride in diethyhet to give (+)29, [a]p>3 +60.0 € 3.47, hexane),
in 48% yield. The absolute configuration of @9was determined & because it gav&E)-1.
Since R)-33 afforded (S)-(+)29, the mechanism of the reaction must be as progmsé&lsson and
Claesson [Fig. 2 (Cff*

Finally, tandem oxidation/olefinatiéhof (S-29 furnished §E)-1 in 54% yield. Its specific
rotation, however, was disappointingly smaif}{** +45.3 € 1.18, hexane). Because the specific
rotation value of RE)-1 with 87% ee (determined by chiral GC) wagf* -130.3 € 2.23, hexane),
the present§E)-1 was of only 30% optical purity. Extensive raceatizn must have taken place in
the course of the tandem oxidation/olefination pssc

The two reactions were then executed separat8liyIP oxidation of §)-29 gave §-34, [0a]p*
+21.0 € 1.04, hexane), in 71% yield. Its Wittig olefiratifurnished $E)-1 in 71% vield, fi]p>
+25.2 €1.06, hexane). In this case, the optical purfiyst)-1 was about 17%. It therefore
became clear that the modified Landor process ¢doeosed for the synthesis of the naturally
occurring RE)-1 (87% ee) due to the racemization in the courskeofinal oxidation/olefination step
probably because of the stereochemical instalofi{)-34, although the process provid&H)-1 of
about 30% optical purity in 20% overall yield basedR)-27 (four steps).

The best preparative methods for the racematemantiomers of are those in ref. 33! In the
synthesis ofR)- and §-1, conditions which may cause racemization are alyedvoided by
generating the unstable conjugated allenic dsa¢the final stagd. Gratifyingly, a mixture of our
synthetic R E)-13, 2° and3 together with other components attracted the drésth beetles.

3. Conclusions

Synthesis of methyl £4Z7,72)-2,4,7-decatrienoat&), a new component of the male pheromone
of the dried bean beetl&¢anthoscelides obtecjusvas accomplished by tandem DMP
oxidation/Wittig olefination of (Z,52)-2,5-octadien-1-0l33). Reduction of 2,5-octadiyn-1-&t2)
with Zn/Cu in hot EtOH was the best method to se@%% pure (2,52)-23. Similarly, methyl
(2E,4E,72)-2,4,7-decatrienoat®) was synthesized by tandem DMP oxidation/Wittigfiolation of
(2E,52)-2,5-octadien-1-0l45), which was prepared by reduction Bj-@-octen-5-yn-1-o0lZ4) with
Zn/Cu in hot EtOH. Catalytic semi-hydrogenatior2@fwvas found to be inferior in selectivity to the
Zn/Cu reduction in these particular cases.

The modified Landor's method was shown to beethaa of choice for preparing (x)-methyl
(E)-2,4,5-tetradecatrenoat#) (the racemate of the major componé&Ej-1 of the male pheromone
of the dried bean beetle, although the methoddadegive optically pureSE)-1. Stereochemical
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course of the allene formation step was shownue @-allene29 from (R)-acetylenic este33in
accord with the mechanism proposed by Olsson aaels€bri>°

4. Experimental
4.1. General

Boiling points are uncorrected values. Refracdiivices were measured on an Atago EMT-1
refractometer. IR spectra were measured on a Fagte-410 spectrometer.lH NMR spectra
(400 MHz, TMS ad = 0.00 as internal standard) ari@ NMR spectra (100 MHz, CDgatd = 77.0
as internal standard) were recorded on a Jeol JNMO® spectrometer. GC-MS were measured on
Agilent Technologies 5975 inert XL. HRMS were retmat on Jeol IMS-SX 102A or Waters Synapt
G2 HDMS. Column chromatography was carried ouvienck Kieselgel 60 Art 1.07734.

4.2. 2,5-Octadiyn-1-ol (22)

A solution of EtMgBr in E1O (TCI, 3 M, 57 mL, 171 mmol) was added dropwisa siirred
solution 0f21 (23.8 g, 170 mmol) in dry THF (285 mL) under argoWhen the exothermic reaction
with evolution of ethane ceased after 30 min atixefCul (2.5 g, 13 mmol) was added to the solution
Subsequently, a solution 20 (Wako Chemical, 21.5 g, 154 mmol) in dry THF (20)wmas added
dropwise over 30 min. The reaction was exothetmiaise the inner temperature to-4%°C, and
solid MgBwr, separated from the solution. The mixture wasestiovernight, and then concentrated
in vacuo to remove ED and THF. The residue was diluted with ice and®liolution, and
extracted with EO. The E4O solution was washed with brine, dried (Mgh@nd concentrated in
vacuo to give 36.8 g (quant.) of the THP ethe2hs an oilvmax (film): 2941 (s), 2237 (w), 1120
(s), 1025 (s). This oil was dissolved into MeOIla@3nL) containing conc HCI (10 mL), and the
solution was stirred for 1 h at room temperaturé was then neutralized with solid NaHg@nd
concentrated in vacuo. The residue was diluteld witer, and extracted withJ2x.  The E1O
solution was washed with brine, dried (Mg@nd concentrated in vacuo. The residue was
distilled to give 16.0 g (90%) &2 as a colorless oil, bp 888°C/4 Torr; np'®= 1.4951Vmax (film):
3338 (br. s), 2977 (s), 2938 (m), 2920 (m), 287y, g4A59 (w), 1455 (m), 1415 (m), 1320 (s), 1115
(m), 1013 (s)dy (CDCh): 1.13 (3H, tJ 7.2), 1.962.00 (1H, br.), 2.18 (2H, g8,7.2, 2.4), 3.19 (2H,
m), 4.27 (2H, t]) 2.4); GC-MS [column: HP-5MS, 5% phenylmethylsiloga30 m x 0.25 mm i.d.,
carrier gas, He; press: 60.7 kPa; temp: 700Q@3810C/min)]: tr 8.18 min (99.0%). MS (70 eV, EI):
m'z 122 (5) [M], 121 (7) [(M-1)"], 107 (18), 104 (79), 91 (69), 79 (40), 78 (38),(Z00), 65 (30), 51
(24), 39 (26). HRMS calcd forg8100: 122.0732, found: 122.0731.

4.3. (2Z,52)-2,5-Octadien-1-ol (23)
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4.3.1. By catalytic hydrogenation. 5% Pd/BaSQ(TCI, 1.15 g) was added to a solutior?af

(3.70 g, 30 mmol) and quinoline (1.0 mL) in MeOH {BL). The mixture was stirred vigorously at
0-5°C (ice-water) under pHatmosphere (balloon). The Hptake ceased after 3.5 h. The mixture
was filtered through Celite, and the Celite layaswashed with ED. The filtrate and washings
were concentrated in vacuo, and the residue wasldesl in E2O. The E£O solution was
successively washed with dil HCI, NaHg$&blution and brine, dried (MgSfand concentrated in
vacuo to give 3.34 g (87%) @8. Distillation of a portion (2.32 g) of it gave62. g of purified23,

bp 59C/1 Torr;np ®=1.4698Vmax (film):3323 (br. s), 3013 (s), 2964 (s), 2988 2874 (s), 1650 (W),
1462 (m), 1023 (s), 716 (m);, (CDCk): 0.98 (3H, tJ 7.6), 1.40 (1H, br. s), 2.07 (2H, dij7.6, 7.6),
2.83 (2H,1J7.2), 4.24 (2H, br, s); 5.26.33 (1H, m), 5.3%.45 (1H, m), 5.586.55 (1H, m),
5.55-5.65 (1H, m), GC-MS (same conditions as thos@Ryrtg 6.09 min (1.1%). 6.19 (1.6%), 6.27
(86.0%,23), 6.31 (6.3%), 6.38 (3.3%). MS of4B2)-23 (70 eV, El):m/'z 124 (<1) [M-2)"], 108
(25), [M-H0)"]: 93 (31), 79 (100), 77 (30), 70 (19), 67 (33),(83), 41 (29). HRMS calcd for
CgH12 [(M—-H,0)]: 108.0939, found: 108.0936. Column chromatograpley 8iQ before

distillation did not improve the purity of the pract.

4.3.2. By reduction with Zn/Cu in EtOH.Br(CH).Br (0.8 mL) was added to powdered zinc
(Aldrich 209988, 14.0 g, 214 mmol) in anhydrous Ht0 mL) under argon. The mixture was
stirred and heated under reflux for 10 min. The{€Bl,).Br (0.8 mL) was added again, and the
mixture was stirred and heated under reflux fortla&o10 min.  When the inner temperature dropped
to 50°C, CuBr (3.2 g, 22 mmol) and LiBr (4.8 g, 55 mmialgry THF (15 mL) were added to the
mixture with vigorous stirring.  Subsequently, &uson of 22 (4.88 g, 40 mmol) in anhydrous EtOH
(10 mL) was added to the mixture, and the stirdng heating were continued for 6 h atIand
then 16 h at 8 under argon.  After cooling, the mixture was w@itlwith NH,CI solution and
thoroughly extracted with ED. The E£O solution was washed with water and brine, di¢d30y),
and concentrated in vacuo. The residue was dubtidl give 3.55 g (70%) @3 as a colorless oll, bp
64-65°C/4 Torr; GC-MS (same conditions as those2f)r tg 6.25 min (98.9%23).

4.4. (2)-2-Octen-5-yn-1-ol (26)

Br(CH,),Br (0.4 mL) was added to powdered zinc (Aldrich 288, 7.0 g, 107 mmol) in
anhydrous EtOH (10 mL) under argon. The mixturs stared and heated under reflux for 10 min.
Then Br(CH).Br (0.4 mL) was added again and the mixture wasestand heated under reflux for
another 10 min.  After cooling to 4D, a solution 022 (2.44 g) in anhydrous EtOH (2.5 mL) was
added to the mixture, and the stirring and heatiege continued for 45 min under reflux.  After
cooling, the mixture was diluted with N@I solution and thoroughly extracted with@t The E{O
solution was washed with water and brine, dried$K3g, and concentrated in vacuo. The residue
was distilled to give 1.24 g (50% ) ®6 as a colorless oil, bp 789°C/3 Torr;ny'®= 1.4822Vmax
(film):3349 (br. s), 3026 (m), 2976 (s), 2937 E78 (s), 1657 (W), 1456 (m), 1422 (m), 1320
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(m),1290 (m), 1025 (s), 937 (W), (CDCk): 1.11 (3H,tJ 7.2), 1.661.82 (1H, br.), 2.122.19 (2H,

m), 2.942.96 (2H, m), 4.22 (2H, d,5.2), 5.565.62 (1H, m), 5.645.70 (2H, m); GC-MS (same
conditions as those f@2): tg 7.14 min (96.5%). MS (70 eV, Eyz 123 (2) [(M-1)"], 106 (47),
[(M-H,O)"], 95 (30), 91 (100), 79 (40), 78 (29), 77 (43),(28), 65 (23), 57 (13), 53 (16), 41 (21), 39
(25), HRMS calcd for gH10[(M-H,0)']: 106.0785, found: 106.0785.

4.5. Methyl (2E,4Z,7Z)-2,4,7-decatrienoate (3)

DMP (1.106 g, 2.6 mmol) was added in one portioa $stirred and ice-cooled solution of
(22,52)23(98.9% purity, 259 mg, 2 mmol), Ph@®(490 mg, 4 mmol), BP = CHCQMe (1.39 g,
4 mmol) and DMSO (1.5 mL) in Gi€l, (7.5 mL) at 65°C. The ice-bath was removed after the
addition, and the mixture was stirred for 30 mincatim temperature. The colorless mixture soon
turned yellow, and then darkened to give a darkspddtion. It was cooled again at39C, and
saturated NaHCgXolution (30 mL) was added to the mixture. Aftérisg for 1 h, the mixture was
diluted with E3O and filtered through Celite. The Celite layeswashed with EO. The
combined filtrate and washings were washed withehriried (MgSG@), and concentrated in vacuo to
give 0.3 g of adark oil. This was chromatograpbeer SiQ (15 g). Elution with hexane/EtOAc
(75 : 1) gave 264 mg (71%) of 85% pur&,@,72)-3 as a colorless oihp**=1.5060Vmax
(film):3012 (m), 2964 (m), 2875 (m), 1721 (vs), 863), 1604 (m), 1435 (s), 1407 (m), 1311
(m),1268 (s), 1204 (m), 1170 (s), 1133 (m), 995 @6P (M), 727 (m), 705 (mdiy (CDCL): 0.99 (3H,
t,J7.2),2.09 (2H, dg] 7.2, 7.2), 3.05 (2H, dd-lik&, 7.2, 7.2), 3.76 (3H, s), 5.32 (1H, d10, 7),
5.45 (1H, dtJ 10, 7), 5.80 (1H, dt] 11, 7.6), 5.89 (1H, d} 15), 6.13 (1H, ddJ 7, 7), 7.65 (1H, dd]
15, 10);dc (CDCh): 14.1, 20.5, 26.4, 51.5, 121.0, 125.0, 126.3,2,339.35, 139.37, 167.6; GC-MS
(same conditions as those f&8): tr 10.88 min [85.1%, @,4Z,72)-3], .10.98 [6.0%,
(22,4Z,72)-isomer], 11.36 [2.1%, @4E,7Z)-isomer]. MS of3 (70 eV, El):mVz 180 (5) [M], 165
(2), 149 (14), 137 (16), 121 (53), 120 (38), 118)(311 (55), 105 (40), 98 (28), 93 (34), 91 (89),
(100), 77 (46), 67 (21), 65 (20), 55 (29), 39 (22Jhe MS was identical with that of the naturally
occurring pheromone component. HRMS calcd faHGO,: 180.1150, found: 180.1158.
Attempted purification 08 by repeated chromatography over Si@as fruitless. The pure3t
obtained was 89.1% pure with 6.2% o @,72)- and 1.7% of (,4E.7Z)-isomers.

4.6. (E)-2-Octen-5-yn-1-ol (24)

A solution 0f22 (3.66 g, 30 mmol) in dry THF (10 mL) was addedmvise to a stirred and
ice-cooled suspension of LiAlH1.36 g, 36 mmol) in dry THF (20 mL) atB’C. The mixture was
stirred for 3 h with ice-cooling. It gradually #é@ned in color. The reaction was then quenched by
slow addition of water with ice-cooling. Subsedilerthe mixture was poured into ice and dil HCI
containing NHCI, and extracted with &D. The E4O solution was successively washed with water,

NaHCG; solution and brine, dried (MgQ}§pand concentrated in vacuo. The dark-coloreduas
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oil was chromatographed over %130 g). Elution with hexane/EtOAc (10 : 1) gavéllg of24 as
an oil. This was distilled to give 552 mg (15%)pofe24 as a colorless oil, bp 887°C/4 Tourr;
np'=1.4850Vmax (film):3333 (br. s), 2976 (s), 2937 (s), 294B 2878 (s), 1672 (W), 1456 (m),
1421 (m), 1322 (m), 1094 (m), 997 (s), 971 &)(CDCk): 1.14 (3H, tJ 7.6), 1.52 (1H, br),
2.17-2.23 (2H, m), 2.95 (2H, bs;like), 4.15 (2H, br. s-like), 5.68.74 (1H, m), 5.885.94 (1H, m);
GC-MS (same conditions as those 2@): tr 7.39 min (93.0%24). MS (70 eV, EI)m/z 123 (4)
[(M-1)"], 109 (30), 95 (75), 91 (69), 79 (100), 77 (79),(84), 65 (30), 57 (37), 53 (23), 41 (27), 39
(32). HRMS calcd for gH1,0: 124.0888, found: 124.0882.

4.7. (2E,52)-2.5-Octadien-1-ol (25)

Br(CH,).Br (0.1 mL) was added to powdered zinc (Aldrich 288, 2.0 g, 31 mmol) in anhydrous
EtOH (3 mL) under argon. The mixture was stirred heated under reflux for 10 min. Then
Br(CH,).Br (0.1 mL) was added again, and the mixture wiaedtand heated under reflux for another
10 min.  After cooling to 5tC, a mixture of CuBr (0.3 g, 2 mmol) and LiBr (@56 mmol) in dry
THF (2 mL) was added to the mixture with vigorotigiag. Subsequently, a solution 24 (310 mg,
2.5 mmol) in anhydrous EtOH (2 mL) was added tontindure, and the stirring and heating were
continued for 5 h at 160G and then 3 d for 8C. After cooling, the mixture was diluted with NE
solution and thoroughly extracted withy@ The E£O solution was washed with water and brine,
dried (MgSQ), and concentrated in vacuo to give 245 mg (73®8@B52)-25 as a colorless olil,
np2°=1.4733Vmax (film):3334 (br. s), 3010 (m), 2963 (s), 298P, £837 (s), 1668 (W), 1461 (M),
1090 (m), 1005 (s), 970 () (CDCh): 0.97 (3H, tJ7.6), 1.21 (1H, br. s), 2.05 (2H, dt7.2, 7.6),
2.92 (2H, t-likeJ 6.4), 3.74 (2H, br. s), 5.36 (1H, dt10.8, 7.2), 5.50 (1H, dj,10.8, 7.2), 5.80 (1H, d,
J 15.6), 6.14 (1H, dij 15.6, 6.8); GC-MS (same conditions as thos@Rjrtr 6.31 min (98.4%25).
MS (70 eV, El):m/z 126 (<1) [M'], 108 (20), 98 (12), 95 (36), 93 (39), 91 (31),(84), 83 (49), 82
(43), 79 (80), 77 (47), 70 (27), 67 (100), 57 (8H,81), 53 (27), 51 (13), 43 (19), 41 (76), 38)(81
(12). HRMS calcd for gH140: 126.1045, found: 126.1047.

4.8. Methyl (2E,4E,7Z)-2,4,7-decatrienoate (5)

DMP (1.206 g, 2.8 mmol) was added in one portioa $tirred and ice-cooled solution of
(2E,52)-25 (237 mg, 2 mmol), PhCB (492 mg, 4 mmol), RBR=CHCQMe (1.39 g, 4 mmol) and
DMSO (1.5 mL) in CHCI, (7.5 mL) at 65°C.  After stirring for 30 min at room temperatuttee
mixture was worked up as described3an 4.5 to give 208 mg (62%) of 75.6% pur&4E,72)-5,
No°=1.5127Vmax (film):3014 (m), 2962 (s), 2935 (m), 2875 (4§20 (vs), 1641 (s), 1617 (m),
1435 (m), 1267 (s), 1203 (m), 1171 (m), 1138 @P2L(m), 866 (w), 714 (mpy (CDCk): 0.97 (3H, t,
J7.6), 2.04 (2H, quint-likd 6.4), 2.91 (2H, t) 6.8), 3.74 (3H, s), 5.36 (1H, dt10.8, 6.8), 5.50 (1H,
dt,J 10.8, 6.8), 5.80 (1H, d,15.6), 6.12 (1H, di] 15.6, 9.2), 6.16 (1H, d§,15.6, 10.8), 7.27 (1H, dd,
J10.8, 16.2)dc (CDCh): 14.1, 20.5, 30.5, 51.4, 119.0, 124.4, 128.2,8,332.5, 145.0, 167.7,

~15 ~



GC-MS (same conditions as those2@): tz 10.69 min (4.4%, M= 180, isomer 085), 11.14 (9.2%,
strong M at 180, unidentified), 11.32 [6.9%, M180, (Z,4E,72)-isomer], 11.38 (75.6%G), 11.62
(1.4%, strong Mat 180, unidentified). MS & (70eV, EI): m/z: 180 (12) [M, 149 (17), 138 (14),
137 (9), 133 (8), 124 (14), 121 (44), 120 (35), (49), 111 (72), 105 (37), 98 (44), 93 (32), 91)(81
81 (32), 79 (100), 77 (44), 68 (21), 67 (22), 6B)(B5 (21), 59 (23), 55 (35), 53 (21), 39 (26).heTe
IR, *H NMR and MS data are in good accord with the repbdated. HRMS calcd for GiH160,:
180.1150, found: 180.1148.

4.9. 1-Undecyn-3-ol THP ether (32)

4.9.1. Racemate. TsOH-HO (200 mg, 1.2 mmol) was added

to a solution of (£27 (6.0 g, 35.7 mmol) and DHP (3.8 g, 45 mmol) in B3O (60 mL) with
shaking in an ice-bath. After the initial exoth@meaction, the mixture was left to stand for &h
room temperature. It was then diluted withEtwashed with aqueous®O; solution and brine,
dried (MgSQ), and concentrated in vacuo to give 9.2 g (quaih{3)-32 as a colorless oll,
np2°=1.4544; IRvmax (film) cmi*: 3310 (m), 2926 (s), 2855 (s), 2111 (w), 1467 (t4p5 (m), 1201
(m), 1118 (s), 1077 (m), 1022 (s), 974 (m), 871, @BH (M), 625 (m); Different batches of 3J-
showed differentH NMR spectra due to their differences in diasteredc ratios originating from the
stereogenic center in THB; (CDCL): 0.88 (3H, tJ 7.2), 1.27 (8H, br. s), 1.40.65 (7H, m),
1.65-1.90 (5H, m), 2.368 (0.8H, d,2), 2.426 (0.2H, d]2), 3.50-3.56 (1H, m), 3.81 (0.8H, m), 4.02
(0.2H, m), 4.38 (0.2H, m), 4.41 (0.8H, m), 4.72¢.t,J 3.2), 4.98 (0.8H, 1] 3.2). HRMS calcd
for CieHoeOoNa [(M+Na)]: 275.19815, found: 275.1981.

4.9.2. (R)-Isomer. Similarly, ])-27{2.10 g; [0]p**+13.8 € 4.01, EO)} yielded 3.34 g (quant.) of
(R)-32as an 0ilnp?°=1.4546; f1]p>°+103.1 € 3.32, hexane). Its IR arttli NMR spectra were
identical with those of (B2

4.10. Methyl 4-(2-tetrahydropyranyloxy)-2-dodecyoate (33)

4.10.1. Racemate.A solution ofn-BuLi in hexane (1.6 M, 23.2 mL, 37 mmol) was addeapwise
to a stirred and cooled solution of (33-(9.22 g, 36.6 mmol) in dry THF (30 mL) &8 to-60°C
under argon. The slightly yellowish mixture wasmed to-15°C and then cooled again-at0°C.

A solution of CICOQMe (3.78 g, 40 mmol) in dry THF (10 mL) was addedpvise to the stirred and
cooled mixture. The mixture was stirred for 1 hZ8°C and an additional 1 h at room temperature
until the colorless precipitates of LiCl separatett.was then quenched with aqueousSHsolution,
and extracted with &D. The E4O solution was washed successively with water aime jdried
(MgSQy), and concentrated in vacuo. The residue (12vag)chromatographed over SiQ00 g).
Elution with hexane/EtOAc (50:1) gave 10.4 g (91¥o}t)-33 as a colorless 0ihp?°=1.4612;ymax
(film): 2927 (s), 2855 (s), 2235 (M), 1720 (s), 8461), 1435 (m), 1252 (s), 1119 (m), 1022 (s), 973
(m), 751 (m). Different batches of (88 showed differentH NMR spectra due to their differences

in diastereomeric composition originating from #tereogenic center in THP. In one occasion the
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'H NMR spectrum of a single diastereomer of 8was observedy (CDCk): 0.88 (3H, t,J 6.8),
1.21-1.35 (10H, br), 1.461.50 (2H, m), 1.561.70 (5H, m), 1.761.90 (3H, m), 3.523.60 (1H, m),
3.77 (3H, s), 3.9%4.03 (1H, m), 4.34 (1H, §6.8), 4.75 (1H, t) 3.2). Another diastereomer showed
the following signalsdy (CDCk): 3.78 (3H, s, C&CH3), 4.53 (1H, 1) 6.8 ), 4.92 (1H, 1) 3.2);
GC-MS (same conditions as those &3): tgr 18.91 min [0.84%, a diastereomer of 88519.18 min
[98.69%, another diastereomer of @ These two diastereomers showed slightly difiehS.
MS(70 eV, EI) of ()33 with tz 18.91 minnvz 309 (<1) [M—1], 210 (14), 209 (100) [MTHPO],
177 (8), 149 (14), 107 (12), 93 (14), 85 (87) [THA] (13), 67 (11), 55 (12), 41 (12); MS (70 e\} El
of (+)-33 with tg 19.18 minnmvz 309 (<1) [M—1], 210 (9), 209 (59), 177 (4), 149 (6), 114 (1@7
(7), 93 (10), 85 (100), 79 (14), 67 (10), 55 (1H),(14). HRMS calcd for gH300sNa [(M+Na)]:
333.2036, found: 333.2035.

4.10.2 (R)-Isomer. Similarly, R)—-32(3.30 g) furnished 3.12 g (77%) &)(33 as an oll,
np2*=1.4628; fi]p>*+115.4 € 3.40, hexane); GBS (same conditions as fap): tr 18.93 min
(87.6%), 19.10 min (13.4%). Its IB4 NMR and MS spectra were identical with thosex){33.

411  2,3-Dodecadien-1-ol (29)

4.11.1. Racemate.A solution of (+)33(10.3 g, 33 mmol) in dry &D (10 mL) was added dropwise
to the stirred and ice-cooled suspension of LiA23 g, 60 mmol) in dry ED (80 mL) at 515°C.
After the addition, the mixture was stirred andtadainder reflux for 2 h.  After cooling, the exzes
LiAIH 4 was destroyed by successive addition of waterl(p %% aqueous NaOH solution (2 mL),
and water (6 mL) to the stirred and ice-cooledtreaanixture. The mixture was stirred for 30 min
at room temperature, and filtered through Celit€he Celite layer was washed with@t The
combined filtrate and washings were dried (Mg5@nd concentrated. The residue (4.0 g) was
chromatographed over SI(80 g). Elution with hexane gave 0.83 g of hydrbons, and further
elution with hexane/EtOAc (50:1) gave 2.66 g (44%})-29, bp 104C/2 Torr,np*°=1.4712;ymax
(film): 3325 (m, br), 2955 (s), 2925 (s), 2854 (964 (W), 1465 (m), 1013 (m), 870 (w), 722 (&);
(CDCl): 0.88 (3H, tJ 7.2), 1.27 (10H, br. s), 1.40 (2H, dt7.2, 6.8), 1.52 (1H, br.), 1.99.05 (2H,
m), 4.11 (2H, ddJ 7.2, 5.6), 5.265.36 (2H, m); GEMS (same conditions as those &3): tr 11.97
min (96.8%), MS (70 eV, E/z 180 (<1) [M], 164 (1), 151 (1), 135 (4), 121 (6), 107 (8),(28),
93 (16), 91 (13), 84 (86), 83 (90), 79 (40), 69)(43F (40), 56 (60), 55 (100), 43 (40), 41 (52).
HRMS calcd for GH,20: 182.1671, found: 182.1684.

4.11.2. (S)-Isomer. Similarly, 3.10 g (10 mmol) oR)-33 was reduced with 0.76 g (20 mmol) of
LiAIH 4 in E6O (35 mL) to give 878 mg (48%) dBf29 as a colorless oihp>*=1,4708; fi]p>>+60.0

(c 3.47, hexane). Its IRH NMR and MS spectra were identical with thosex){q9, GC-MS (same
conditions as those f@2): tr 11.95 min (98.7%).

4.12. 2,3-Dodecadienal (34)
4.12.1 Racemate. DMP (870 mg, 2.1 mmol) was added portionwise toreed and
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ice-cooled solution aft)-29 (259 mg, 1.4 mmol) in CKl, (6 mL) containing KO (32 mg).  After 5 min,
the icebath was removed, and the mixture was stirred foafiLroom temperature to give a colorless
suspension af-iodobenzoic acid. The reaction was quenched bdngEtO and agueous NaHGO
solution. The mixture was then filtered throughit€eand the Celite layer was washed withCEt
The EtO solution was separated from the aqueous filtvedshed with brine, dried (Mg and
concentrated in vacuo. The residue was chromaibgdhover Si@(4 g). Elution with
hexane/EtOAc (50:1) gave (84 (184 mg, 71%) as a colorless oi>’=1.4778vmax (film): 2926 (s),
2855 (s), 2720 (w), 1944 (m), 1692 (s), 1465 (rhB8L(m), 1081 (m), 878 (M), 456 (nd); (CDCL):
0.88 (3H, tJ 7.2), 1.28 (10H, br. s), 1.4[RH, dt,J 7.6, 7.2), 1.55 (1H, br. s), 2:1%522 (2H, m),
5.72-5.77 (1H, m), 5.785.83 (1H, m), 9.48 (1H, d,3.2); GC-MS (same conditions as those &3):

tr 11.71 min (88.6%); MS (70eV, Elvz 180 (5) [M], 151 (2), 137 (7), 123 (23), 109 (13), 95 (31),
83 (42), 81 (100), 67 (23), 55 (27), 41 (32). Taldehyde was unstable and no good HRMS data
could be collected.

4.12.2. (S)-Isomer. Similarly, 583 mg (3.2 mmol) o§-29 was oxidizded with 2.40 g (5.66 mmol)
of DMP to give 410 mg (71%) 0§[-34 as a colorless oip>=1,4771; f]p**+21.0 € 1.04, hexane).
Its IR, *H NMR and MS spectra were identical with those)f34.

4.13. Methyl E)-2,4,5-tetradecatrienoate (1)

4.13.1. Racemate. (a) Tandem DMP oxidation/Wiiggtion. DMP (1.106 g, 2.6 mmol) was
added over 3 min to a stirred and ice-cooled smiuti (+)-29 (364 mg, 2 mmol), PhC®Hl (490 mg, 4
mmol) and P§P=CHCQMe (1.385 g, 4 mmol) in C¥LI, (7.5 mL) and DMSO (1.5 mL) containing a
drop of HO. The mixture was then stirred for 30 min at rdemperature. Subsequently, the
mixture was diluted with aqueous NaHg&lution (30 mL), stirred for 30 min, and filterd@ough
Celite. The Celite layer was washed with@Et The E2O solution was washed with brine, dried
(MgS(Qy), and concentrated in vacuo. The brown residied)lwas chromatographed over (@0
g). Elution with hexane/EtOAc (50:1) gave 277 mgrade (x)1. This was rechromatographed
over SiQ (7 g). Elution with hexane/EtOAc (50:1) gave 18 (27%) of ()1 as the first fraction,
and 29 mg of the second fraction containing me2t¥/6-tetradecatrienoate (tentative) andi(x)-In
another run, the yield was 118 mg (25%). Propedfg+)-1 as a slightly yellowish oilnp?°=1.4910,
vmax (film): 2926 (s), 2855 (s), 1943 (m), 1721 (30 (m), 1437 (m), 1306 (m), 1264 (m), 1242
(m), 1176 (m), 1139 (m), 984 (m), 882 (w), 858 (&) (CDClL): 0.88 (3H, tJ 6.8), 1.221.36 (10H,
br), 1.36-1.50 (2H, m), 2.022.10 (2H, m), 3.74 (3H, s), 5.44 (1H,X6.8), 5.85 (1H, dd] 0.7, 15),
5.865.92 (1H, m), 7.147.26 (1H, m); GEMS (same condition as those £§): tr 15.91 min
(78.0%); MS (70 eV, El) of (£)}: m/z 236 (<1) [M], 138 (52), 137 (28), 123 (13), 107 (25), 106 (23)
105 (21), 91 (25), 79 (100), 78 (35), 77 (22), 8%)( 55 (11), 41 (16). HRMS calcd fogdH240.:
236.1776, found: 236.178¢) Wittig reaction with (£)34. The stabilized ylid PP=CHCQMe

(501 mg, 1.5 mmol) was added to a solution 0f34)4189 mg, 1.04 mmol) in dry Gi&l, (4 mL),

and the mixture was stirred for 1.5 h at room tenaijpee under argon. The yellowish solution was

concentrated, and the residue was triturated veigahe/E{O. The hexane/ED solution was
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separated from solid BPO, and chromatographed over (& g). Elution with hexane/EtOAc
(50:1) gave 109 mg (44%) of (#)- In another run, the yield was 39%. Its speqraperties were
identical with those described above for {+)-

4.13.2. (S)-Isomer. (a) Tandem DMP oxidation/Wittig reaction Similarly, 182 mg (1 mmol) of
(9-29 was treated with DMP (700 mg, 1.65 mmol), PhRB@@24 mg, 2 mmol) and BR=CHCQMe
(668 mg, 2 mmol) to give 128 mg (54%) §-1 as a yellowish 0ilny**=1.4900, {i]p** +45.3 € 1.18,
hexane){about 30% optical purity, becauBe1 of 87% ee showed]p**-130.3 € 2.23, hexane}}
Its IR, *H NMR and MS spectra were identical with those)fX. (b) Wittig reaction with (Sp4.
Similarly, 281 mg (1.56 mmol) o§-34 and 1.00 g (3 mmol) of BRB=CHCQMe with 360 mg (3
mmol) of PhCGH in CH,Cl, (6 mL) gave 260 mg (71%) o1 as a yellowish oilnp?*=1.4933;
[0]p?*+25.2 € 1.06, hexane) (about 17% optical purity).  Its'iR, NMR and MS spectra were
identical with those of (£}
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Legends for Figures and Schemes

Fig. 1. Structured, 2 and3 of the pheromone components of the male dried beatie,
Acanthoscelides obtectuend structurd of a metabolite of the green algdadophora columbiana

Fig. 2 (A) Landor's 1971 synthesis of (¥)and (B) (C) Proposed mechanisms for conversion of
4-(2-tetrahydropyranyloxy-2-alkyn-1-ol2& and30) to 2,3-allenic alcohol29 and31).

Scheme 1. Attempts to prepar2 and3 via organopalladium chemistry. Reagents: (a) KBGIP),,
Cul, EgN, THF (50% for8); (b) H,, Pd/BaSQ@, quinolone, MeOH (45%); (c},Imorpholine, GHe¢
(27%); (d) Pd(OAg) KoCO;s, (n-Bu);NCI, DMF.
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Scheme 2. Further unsuccessful attempts to prefgareReagents: (a) TsCls8sN, DMAP (87%);
(b) KCN, DMSO [quant. (77% purity)]; (c) NaOH, EtOH,0, reflux, 6 h (87%), (d) CHN,, ELO
{80% [44% of15, 20% of (&,7Z)-isomer, 28% of other isomers 1B and 5% of dihydro
compounds]}; (e) KN(SiMg,, PhSeCIl, THF (48%); (f) NalQTHF, HO [45% (61% ob, 3% of3
and other isomers)]; (g) DMP, GEl,; (h) TMSCECH, MeMgBr, THF; (i) KCOs;, MeOH (37%,
three steps); (j) MeC(OMg)EtCQH, o-xylene, 145C (1 h) and then 16Q70°C (1 h) (85%); (k)
Al ;05 (basic Brockmann 1j-xylene, 166C (2 h) [41% (38% 08, 21% of19 and total 25% of
isomers of3 with strong M atm/z= 180)].

Scheme 3. Synthesis 08 and5. Reagents: (a) EtMgBr, Cul, THF; (b) ag. HCI, Mé€(®0%, two
steps); (c) K Pd/BaSQ, quinoline, MeOH [87% (86% purity)]; (d) Zn, Br(G}Br, CuBr, LiBr,
EtOH, 100 C (56 h), 86C (16 h for23and 3 d fo25) [70% (99% purity) for (Z,52)-23 and 73%
(98% purity) for (E,52)-25]; (e) DMP, PBP=CHCQMe, PhCQH, DMSO, CHCl, [71% (85%
purity) for 3 and 62% (75% purity) fd]; (f) LIAIH 4, THF (15%); (g) Zn, Br(Ck),Br, EtOH, 106C
(45 min) [50% (96.5% purity)].

Scheme 4. Synthesis ofl to provide ()1 and §E)-1. [The depicted formulas show the synthesis of
(SE)-1]. Reagents: (a) DHP, TsOHBt[quant. for both (z)- andR}-32]: (b) n-BuLi, CICOMe,

THF [91% for (2)33; 77% for R)-33]; (c) LiAIH 4, ELO [44% for (x)29; 48% for §)-29; (d) DMP,

wet CHCI; [71% for both (z)- andS)-34]; (e) PRP=CHCQMe, CH.CI,[39-44% for (+)4, 71% for
(-1 of about 17% optical purity]; (d and e in tandemd ane-pot mann&) DMP, PhRP=CHCGMe,
PhCQH, DMSO, CHCI, [27% for (x)-1 and 54% for §-1 of about 30% optical purity].
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Pheromone synthesis. Part 257: Synthesis of m@&BylZ,72)-2,4,7-decatrienoate
and methyl E)-2,4,5-tetradecatrienoate, the pheromone compsraérthe male dried
bean beetleAcanthoscelides obtectus (Say)

Kenji Mori

Supplementary Data

Experimental part related to Schemes 1 and 2
S1. Methyl E)-2-decen-4-ynoate (8)

A solution of6 (1.00 g, 10.4 mmol) in BN (3 mL) was added to a stirred mixture of
PdCL(PhsP), (100 mg, 0.14 mmol) and(2.10 g, 10 mmol) in dry THF (25 mL). Cul
(30 mg, 0.16 mmol) was added to the mixture whiels wtirred for 4 h at room
temperature under argon. The color of the mixtureed from yellow to red, and
EtsNHCI precipitated. The mixture was filtered throuQelite, and the Celite layer
was washed with ED. The combined filtrate and washings were comagsd in
vacuo, and the residue was chromatographed over(30Qy). Elution with
hexane/EtOAc (50 : 1) gave 1.57 g (84%Bpivhich was distilled to give 934 mg
(50%) of pureB as an oil, bp 8&/2 Torr;np°=1.4914:Vmax (film): 2954 (s), 2933 (s),
2861 (m), 2215 (m), 1726 (s), 1621 (s), 1459 (MB5L(m), 1305 (s), 1266 (s), 1219
(m), 1194 (m), 1176 (m), 1158 (s), 962 (B);(CDCk): 0.91 (3H, tJ 7.2), 1.30-1.43
(2H, m), 1.56 (2H, m), 2.37 (2H, dt2.4, 7.2); 3.75 (3H, s), 6.15 (1H,H15.6), 6.76
(1H, dt,J 2.4, 15.6); GC-MS [column:HP-5MS, 5% phenylmethgisane, 30 m x 0.25
mm i.d., carrier gas; He; press; 60.7 kPa; tem@23W@C (+10FC/min)]: tg 11.22 min
(98.6%); MS (70 eV, El)m/z 180 (2) [M1], 179 (3), 165 (76), 149 (60), 137 (46), 133
(44), 121 (61), 120 (47), 119 (63), 109 (65), 195)( 93 (65), 92 (56), 91 (93), 79 (100),
65 (45), 63 (45), 55 (38), 41 (33). HRMS calcd@tH160,: 180.1150, found:
180.1153.

S2. Methyl E)-2-decenoate (9)
5% Pd/BaS®(267 mg) was added to a solution8d00 mg, 5 mmol) and

quinoline (0.3 mL) in MeOH (15 mL). The mixture svatirred vigorously underH
(balloon) for 2 h at room temperature. Then thetune was filtered through Celite,
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and the Celite layer was washed with@t The filtrate was concentrated in vacuo,
and the residue was dissolved in@&t The E4O solution was washed successively
with dil HCI, NaHCQ solution and brine, dried (MgSQJ) and concentrated in vacuo.
The residue was distilled to give 415 mg (45%9 @k a colorless oil, bp 85/2 Torr;
np2°=1.4472Vmax (film): 2954 (m), 2928 (s), 2856 (m), 1728 (58 (m), 1459 (m),
1436 (m), 1271(s), 1197 (s), 1170 (s), 1128 (m3110n), 980 (m)dy (CDCl): 0.88
(3H,t,J6.8), 1.29 (8H, br. s), 1.45 (2H, t-likéy7.2), 2.19 (2H, g-like) 6.8), 3.73 (3H,
s), 5.82 (1H, dJ 15.6), 6.97 (1H, dt] 15.6, 6.8); GC-MS (same conditions as those for
8): tr 9.76 min (5.6%); 9.96 (9.7%), 10.62 (81.69%,MS of9 (70 eV, El):nV/z 184 (1)
[M™], 153 (31), 152 (20), 141 (6), 123 (15), 113 (29)) (29), 101 (19), 100 (20), 96
(23), 87 (100), 84 (30), 81 (31), 74 (32), 69 (IH,(57), 43 (44), 41 (42). HRMS calcd
for C11H200,: 184.1463, found: 184.1462.

S3. 1-lodo-1,4-heptadiyne (12)

lodine (15.2 g, 60 mmol) was dissolved in stirred avarmed benzene (170 mL) at
40°C. A solution of morpholine (15.7 g, 180 mmol)danzene (20 mL) was added
dropwise to the above iodine solution with stirrtnggenerate dark orange-colored
iodine-morpholine complex. After 10 min, a solutiof 10 (5.0 g, 54.3 mmol) in
benzene (10 mL) was added to the stirred mixture the stirring was continued for 22
h at 45C (bath temperature). After cooling, the precigithmorpholine hydroiodide
was removed by filtration through a glass filtedansuction. The filter-cake was
washed with BO (25 mL x 3). The combined filtrate and washingse washed
successively with N&,0O3 solution, NaHC@ solution and brine, dried (MgSJ) and
concentrated in vacuo to give an oil (16.7 g). smas distilled to give 3.23 g (27%)
of 12 as a yellowish oil (The rest polymerized.), bp78€/4 Torr; np>°=1.5080:Vmax
(film): 3295 (w), 2214 (w), 1318 (s), 1308 (s), #13);d4 (CDCk): 1.12 (3H, tJ 7.6),
2.14-2.21 (2H, m), 3.32 (2H, 3,2.4); GC-MS (same conditions as those8pitr 8.33
min (81.3%,12), 8.89 (14.3%, probably 1-iodo-1,2-heptadien-4)yiS of 12 (70 eV,
El): mv/z: 218 (100) [M], 91 (58), 65 (58). HRMS calcd for,B-1: 217.9592, found:
217.9588. Heck reaction @R with 13 gave black tar.

S4. 3,6-Nonadiyn-1-ol

This was prepared from 1-bromo-2-pentyne and 3+bditpl THP ether as reported
by Kajiwara et al? as an oil, bp 101-16¢/3 Torr;Vmax (film): 3366 (s), 2976 (s),
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2938 (s), 2919 (s), 2882 (s), 2213 (W), 1321 (BA5L(S);04 (CDChL): 1.12 (3H, tJ 7.2),
2.14-2.21 (3H, m), 2.42-2.47 (2H, m), 3.12-3.15 (&4, 3.70 (3H, df 5.2, 6.0);
GC-MS (same conditions as those 8yrtg 9.12 min (98.3%); MS (70 eV, Elj/z 136
(1) [M™], 135 (5), 121 (18), 117 (11), 107 (20), 105 (283 (21), 91 (100), 77 (62), 65
(23), 51 (18), 39 (15), 31(10).

S5. (Z,62)-3,6-Nonadien-1-ol (14)

5% Pd/BaS®(1.0 g) was added to a solution of 3,6-nonadiysi-(t.70 g, 12.5
mmol) and quinoline (0.7 mL) in MeOH (50 mL). Timxture was stirred vigorously
under H (balloon) at room temperature for 45 min until éx@thermic H uptake
ceased. It was then filtered through Celite, dr@dGelite layer was washed with,@t
The filtrate was concentrated in vacuo. The residas dissolved in ED. The E2O
solution was washed with dil HCI, NaH@®olution and brine, dried (MgS}) and
concentrated in vacuo. The residue was distitbegite 1.42 g (81%) df4 as a
colorless oil, bp 80-8Z/3 Torr;vmax (film): 3335 (m), 3011 (m), 2962 (s), 2932 (s),
2874 (m), 1655 (w), 1456 (m), 1049 (s), 968 (M) {@); oy (CDCk): 0.98 (3H, tJ
7.2),1.92-2.14 (3H, m), 2.36 (2HJ4.2), 2.82 (2H, tJ 6.8), 3.65 (2H, tJ 6.8),
5.26-5.35 (1H, m), 5.35-5.50 (2H, m), 5.50-5.60 (it); GC-MS (same conditions as
those for8): tr 7.54 min (4.6%, nonen-1-ol isomer), 7.61 (80.8%), 7.70 (7.2%,
nonen-1-ol isomer), 7.77 (6.2%, nonen-1-ol isom&$; of 14 (70 eV, El):m/z 140
(<1) [M*], 122 (8), 107 (21), 93 (79), 91 (38), 81 (30),(79), 77 (32), 67 (100), 55
(40), 41 (39), 39 (28), 31(13).

S6. Methyl (&,72)-4,7-decadienoate (15)

S6.1. Tosylation of 14. TsCl (2.1 g, 11 mmol) was added to a stirred and ice-cooled
solution 0f14 (1.40 g, 10 mmol) and DMAP (10 mg) in dry pyridifemL). After 2 h
at 0-5C, the mixture was worked up to give 2.54 g (87%he tosylate ofl4 as a

colorless oilYmax (film): 3011 (m), 2962 (s), 2931 (s), 2873 (455 (w), 1599 (m),
1362 (s), 1189 (s), 966 (s), 909 (s), 816 (s), BY4555 (S).

S6.2. (47,77)-4, 7-Decadienenitrile. Powdered KCN (2.50 g, 8.5 mmol) was added
to a solution of the above tosylate (2.50 g, 8.5afyim dry DMSO (20 mL). The
mixture was stirred for 3 d at room temperatureanradgon. Work-up yielded 1.28 g

(quant.) of the nitrile as a colorless diinax (film): 3012 (m), 2963 (s), 2932 (s), 2873
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(m), 2246 (m), 1653 (w), 1456 (m), 1427 (m), 970,(@19 (m); GC-MS (same
conditions as those f@): tr 9.11 min (0.9%, decenenitrile isomer), 9.22 (5.5%,
decenenitrile isomer), 9.27 (4.7%, decenenitriterier), 9.34 (76.8%, the desired
nitrile), 9.44 (4.6%, decenenitrile isomer), 9.8806, isomer of the desired nitrile); MS
of the desired nitrile (70 eV, Ewvz 149 (6) [M1], 148 (14), 134 (14), 120 (63), 108
(14), 93 (27), 79 (94), 67 (100), 55 (51), 41 (38).

S6.3. (4Z,77)-4, 7-Decadienoic acid. A solution of the above nitrile (1.25 g, 8.4
mmol) and NaOH4.0 g, 100 mmol) in 99% EtOH (20 mL) and waten{b) was
stirred and heated under reflux for 6 h. Usualkagp gave 1.23 g (87%) of the acid

as a colorless oi¥max (film): ~3500- ~2500 (br, m), 3012 (s), 2968 (13 (s), 1413
(m), 1283 (m), 967 (m), 948 (m), 727 (m).

S6.4. Methyl (4Z,77)-4, 7-decadienoate (15). A solution of the above acid (1.20 g, 7
mmol) inEt,O (10 mL) was treated with GN, (prepared from 2.5 g of
N-methylN-nitrosourea) in EO (70 mL), and concentrated in vacuo. The residue
was distilled to give 962 mg (80%) b5 as a colorless oil, bp 82-8%3 Torr;Vmax
(film): 3011 (m), 2961 (m), 2933 (m), 2873 (m), 27/&), 1654 (w), 1437 (m), 1199 (m),
1164 (m), 969 (w), 728 (w). It$4 NMR spectrum was complicated due to the
extensive double bond isomerization and migratiothé course of the nitrile
hydrolysis. GC-MS (same conditions as thosegjotg 9.73 min (1%, decenoate
isomer), 9.81 (44%)5), 9.84 [20%, (&,7Z)-isomer 0f15], 9.89 (8%, (Z,7E)-isomer of
15], 9.93 [4%, decenoate isomer), 9.99 [3%,)-isomer ofl5], 10.40 [(6%,
(5Z,72)-conjugated isomer], 10.47 [11% EH5Z)-conjugated isomer], 10.57 [0.5%,
(5Z,7E)-conjugated isomer], 10.63 [0.5% H5%E)-conjugated isomer]. Accordingly,
the composition of the product was 44% df,&)-15, 31% of otheE/Z-isomers ofL5,
18% of the conjugated diene isomers with strorigab/z 180, and 5% of decenoate
isomers. Assignments &/Z geometries of the components are tentative and
speculative.

S7. Methyl (RS,42,7Z)-2-phenylselenenyl-4,7-decadienoate (16)

A solution of KN(SiMe), (TCI, 0.5 M in toluene, 30 mL, 30 mmol) was added
dropwise to a stirred and cooled solution of crt8¢€887 mg, 4.9 mmol) in THF (20
mL) at -78 to -68C under argon. The stirring was continued for 30 at -78C to
generate a pale orange-colored enolate solutiohen & red solution of PhSeCl (1.53 g,
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8 mmol) in THF (20 mL) was added dropwise at -786®'C, and the mixture was
stirred for 30 min at -78 to -7G. The reaction was quenched by the addition of
NH,CI solution, and the mixture was extracted withEt The E£O solution was
washed with water and brine, dried (Mg3@nd concentrated in vacuo. The residue
was chromatographed over $i@30 g). Elution with hexane/EtOAc (200 : 1) gave
PhSe (70 mg), and further elution with the same elugate 878 mg (48%) df6 as a
yellowish viscous oilYmax (film): 3058 (w), 3010 (m), 2959 (s), 2930 @&3,/2 (m),
1732 (s), 1653 (w), 1578 (m), 1437 (m), 1250 (MBA(m), 741 (s), 691 (Sh

(CDCl3) (Major signals due t@6 are recorded.): 0.96 (3H,X,7.2), 1.90-2.10 (4H, m),
2.45-2.60 (1H, m), 2.60-2.80 (2H, m), 3.63 (3H,55),0-5.55 (4H, m), 7.20-7.45 (3H,
m), 7.55-7.65 (1H, m), 7.65-7.70 (1H, d-liké 6.8); GC-MS (same conditions as those
for 8): tr 19.26 min (58.3%16), 19.51 [7.6%, (&,7Z)-isomer ofl6]; Other isomers of
16 with (M+1)"=338 : 19.88 (4.5%), 20.17 (3.7%); Dihydro isomafr6 with

(M+1)"= 340 : 19.20 (5.1%), 19.32 (7.9%), 19.40 (2.8%Y1S of 16 (70 eV, El):m/z

338 (21) [(M+1)], 243 (11), 181 (17), 169 (18), 1871), 149 (42), 138 (16), 121 (100),
120 (44), 93 (38), 91 (39), 79 (63), 77 (46), 6T)(B5 (38), 41 (29).

S8. Methyl (£,4E,72)-2,4,7-decatrienoate (5)

A solution 0f16 (474 mg, 1.4 mmol) in THF (16 mL) was added drcgentio a
stirred suspension of Nal@2.14 g, 10 mmol) in water (10 mL) at room tempera
The reaction was slightly exothermic. The mixtwaes stirred for 1 h at room
temperature, diluted with N@O; solution, and extracted withJ&. The E£O
solution was washed with water and brine, dried $&), and concentrated in vacuo.
The residue was chromatographed over,%#0 g). Elution with pentane/EtOAc (30 :
1) gave 113 mg of crudeas a slightly yellowish oi¥max (film): 3013 (m), 2960 (s),
2932 (s), 2873 (m), 1721 (s), 1643 (s), 1617 (MRB5L(m), 1268 (s), 1139 (s), 1001
(m); &4 (CDCl) 0.85-0.92 (1.6 H, m, due to decadienoate isomers8p (3H, tJ 7.2),
1.25-1.40 (1.8H, m, due to decadienoate isomer@)-2.10 (2H, m), 2.92 (2H, 3,6.8),
3.74 (3H, s), 5.30-5.42 (1H, m), 5.43-5.56 (1H, ;125-5.40 (1.4H, due to impurities),
6.05-6.24 (2H, m), 7.27 (1H, dd 10, 16); GC-MS (same conditions as thoseBjotr
10.38 (6.2%, decadienoate isomer), 10.43 (1.4%gdienoate isomer), 10.51 (2.9%,
decadienoate isomer), 10.55 (9.8%, decadienoateeigp10.87 [3.0%, R 4Z,72)-3 =
natural component], 10.93 (2.0%, decadienoate isph@.97 (1.7%, isomer &),

11.17 (1.8%, isomer &), 11.39 [60.8%, (B,4E,72)-5], 11.49 (1.5%, isomer ),
11.86 (0.7%, isomer & with a large M peak), 12.14 (1.8%, isomer ®fwith a large
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M* peak). Use of N&O; at the work-up stage might have caused the isaatérn of
3t05. MS of5 (70 eV, El):nvz 180 (13) [M], 149 (19), 138 (14), 137 (9), 133 (10),
124 (14), 121 (45), 120 (34), 119 (45), 111 (7Dp 139), 98 (42), 93 (30), 91 (87), 81
(33), 79 (100), 77 (48), 68 (21), 67 (21), 65 (BH,(21), 55 (32), 53 (22), 39 (27).

S9. ©)-3-Hexenal

According to Wavrin and Vial& DMP (10.0 g, 23.6 mmol) was added portionwise
to a stirred and ice-cooled solutionlof (TCI, ZE = 99.2 : 0.6 as analyzed by GC-MS,
2.0 g, 20 mmol) in CkCl, (20 mL) at 0-8C under argon. The mixture was stirred for
1 h at room temperature, and quenched by addintutian of NaHCQ and NaS,0s.

After stirring for 10 min, the mixture was dilutedth Et,O and filtered through Celite.
The Celite layer was washed withy@8t The E4O layer of the filtrate was separated,
washed with brine, dried (MgSJ) and concentrated under atmospheric pressuree Th
residue was diluted with drysHs and concentrated under atmospheric pressure to give
a solution of Z)-3-hexenal in @Hg(ca. 10 mL). This was employed in the next step.

A small portion of the solution was further concated to give crudeZ-3-hexenal,

Vmax (film): 2724 (w), 1725 (s), 1656 (m): MS (70, &l): m'z 98 (12) [M], 83 (27),

80 (19), 69 (57), 55 (46), 41 (100), 39 (41).

S10. (*)-B)-5-Octen-1-yn-3-ol (18)

A solution of MeMgBr in E£O (TCI, 3 M, 20 mL, 60 mmol) was added to a stirred
and cooled solution of TMSE CH (6.60 g, 66 mmol) in dry THF (30 mL) at D
under argon. The mixture was stirred for 3 h &C30ntil the evolution of Cliceased.
Then a GHg solution (10 mL) of crudeZ)-3-hexenal prepared from 2.0 g1of was
added dropwise to the stirred and cooled solutfoFMSC = CMgBr at -78C, and the
mixture was left to stand overnight. It was theued into ice and NiCI solution,
and extracted with ED. The E4O solution was washed with water and brine, dried
(MgSQy), and concentrated in vacuo to give crude TMSvdérie of18, MS (70 eV,
El): m/z 181 (12) [M-1], 127 (59), 99 (100), 75 (31), 73 (21), 70 (19K.COs (4.0 g,
29 mmol) was added to a solution of the TMS denreain MeOH (60 mL) and water
(2 mL), and the mixture was stirred for 1 h atG0 It was then concentrated in vacuo.
The residue was diluted with water, and extractéd &,0. The EfO solution was
washed with water and brine, dried (Mg3@nd concentrated in vacuo. The residue
was distilled to give 920 mg (37%, three steps)®és a colorless oil, bp 60-82/5
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Torr; Vmax (film) ~3400 (br. s), 3303 (s), 3013 (m), 296%p 2934 (m), 2875 (m), 2116
(w), 1654 (w), 1041 (s), 656 (Y (CDChk): 0.98 (3H, tJ 7.6), 1.71 (1H, dJ 7.2),

2.10 (2H, dg) 7.2, 7.2), 2.47 (1H, d1 2.0), 2.50 (2H, dd] 6.4, 7.2), 4.40 (1H, dg 2.0,
6.4), 5.41-5.48 (1H, m), 5.61-5.67 (1H, m); GC-MS&rfie conditions as those B)r tr
5.02 min (90.3%); MS (70 eV, Elywz 124 (2) [M], 123 (2), 109 (22), 95 (42), 91
(49), 70 (49), 69 (42), 67 (64), 55 (81), 41 (1®Y,(38).

S11.  (¥)-Methyl (Z)-3,4,7-decatrienoate (19)

Propanoic acid (0.1 g) was added to a solutior)piig (0.90 g, 7.3 mmol) in
methyl orthoacetate (20 mL), and the mixture wasest and heated at 125 (bath
temperature) for 1 h with distillative removal bktlow bp materials. After cooling,
the mixture was concentrated in vacuo. The resicagediluted with methyl
orthoacetate (10 mL) ar@xylene (10 mL) containing propanoic acid (0.1ay)d
heated at 160-17C (bath temperature) for 1 h.  After cooling, thixtare was
concentrated in vacuo. The residue was distitbegite 1.11 g (85%) of ()9 as a
colorless oil, bp 93-9&/6 Torr;Vmax (film) 3010 (m), 2964 (m), 2875 (m), 1967 (w),
1742 (s), 1653 (w), 1166 (S (CDCk): 0.96 (3H, tJ 7.2), 2.08-2.11 (2H, m),
2.73-2.76 (2H, m), 3.04 (2H, dd2.4, 7.2), 3.70 (3H, s), 5.17-5.21 (1H, m), 5.228
(1H, m), 5.33-5.39 (1H, m), 5.41-5.48 (1H, m); GGNsame conditions as those for
8]: tr 9.58 min (12.7%, unidentified), 10.26 [0.8%kEfH#somer 0f19], 10.33 (80.8%,
19). MS of19(70 eV, El):m/z 180 (4) [MT], 165 (3), 151 (9), 137 (7), 123 (23), 121
(32), 120 (22), 106 (50), 105 (42), 93 (54), 91Q1.09 (66), 77 (38), 69 (28), 67 (29),
55 (24), 41 (62).

S12. Thermal isomerization of (+)-19 over basicamina

Al,O3 (Aldrich 199443, basic Brockmann 1, 3.0 g) wasethin a 30 mL
round-bottomed flask, and heated at ZD(bath temperature) for 2 h under reduced
pressure (4 Torr). After cooling, a solution of-#9 (1.02 g, 5.6 mmol) ir-xylene (6
mL) was added to ADs; which turned yellow in color, and the mixture waégorously
stirred and heated at 1D (bath temperature) for 2 h under argon. Aftedliog, the
mixture was filtered through a glass filter, and@J was washed with EtOAc (10 mL).
The combined filtrate and washings were concerdrst@acuo. The residue was

distilled to give 0.423 g (41%) of a slightly yeNash oil, bp 100-10ZC/5 Torr;Vmax
(film): 3502 (w, due tdl8), 3299 (w, due td8), 3013 (s), 2964 (s), 2934 (s), 2874 (S),
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2113 (w, due td.8), 1967 (w, due to the recovergf), 1741 (s, due t@9), 1720 (s),
1637 (s), 1603 (w), 1436 (m), 1268 (s), 1170 (8% @n). The distillate was a mixture
containing 6% ofL8, 21% of19, 38% of (E,4Z,7Z)-3 and total 25% of isomers 8fas
revealed by GC analysis. GC-MS (same conditiorth@se for8): tgr 4.98 min (6.3%,
18), 10.31 (20.9%19), 10.88 [37.8%, (B,4Z,72)-3], 11.64 (17.8%, an isomer 8fwith
strong M atm/z180). MS of (E,4Z,72)-3 (70 eV, El):m/z 180 (4) [M7], 165 (2),

149 (13), 137 (15), 121 (50), 120 (38), 119 (34}, (52), 105 (40), 98 (27), 93 (35), 91
(88), 79 (100), 77 (49), 67 (21), 65 (22), 55 (XY,(27). The MS was identical to
that of the naturally occurring pheromone component



