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(I). ALIPHATIC MONOENF. ALCOHOLS At-iD AC’ETATFS 

(a) Accryknrc Rourcs 

tZ)~9.Dodcccn-l~jl Acc~c tPartrlobesitr LIIPD~Q: grape bcrr) moth, 

(bl Wirrlg and Special RCMCS 
(2). MONOENE AI.DEHYDF_5 

(3) EPOXIDE 

ri~.7.~.Iipoxy.Z.merh)locradccanc (Porrhnno dispor; gypsy moth) 

(4). KEf’ONE 

(Z)&Hcncicoscn- I lunc ((I-yio psrudorsu~oro; Douglas-hr (usrock moth, 

(5) COSJLXiA’I’ED DIESItS 
t.t~ (XE.I~EI-n.lr)-lk~ccadlcn.I.ol t~cpqrer~o pomonello: codlmg moth) 

(b) (:E.9%)_7.9~T)odecad~n~l-yI Acetate (L~hcsio hofrono; European grapcvinc moth) 
(c) tfi1.9.I I~l)r~Iccad~cn~ I.!1 ACCI~IC t~pwopsir rosfanta; red bollworm moth) 

(d) (9Z.l lEj.9.1 I.Tcrradccaden. 1.~1 Acetate (Spodopkra lirforolis; Faypttan cotton leafworm) 

(c) ~IOI:‘.I2Z~~10.I!-Hcxadccadicn~l~ol (Homhvx man; silkworm moth) 

(6) NON(‘ONJUGATED DIFh’ES 

(a) ~9Z.l?E)-9.lZ-Tctradcc~~n~I-yI Acetate ((‘O&I courrllo: almond moth and Pkxfia inrcrprrnrfdlu; Indian meal moth) 

(b) (4E.7%)-4.7-TridccadKn-I-yI Acetate (Phlhotimaea oprrcufrllo; potato tuberworm moth) 

(c) (7Z.I IE)- and (7Z.1 lZb7.1 I.Hcxirdccadrn-I-yl Acciarc (Pe-rinuphoro gossypiclla; pink bollworm moth) 

(d) (3E.l.I’)Z). and ~3Z.l3Z~-3.13~~k-~adccadicn~l~~l Acetate (Synanthcdon picfipcr; kswr pcachtrcc borer and Sonninordto 
txifroro, peachtree borer) 

(c) IhE.IIZ~d.ll~Hcxadccad~n~l~~l Acetate (Anfhrrura polyphnu: polbphcmus moth) 
II. col.EoPTEH.4 

(a) t )_Sfcthjl t E)~!.4,~~Tcrradccarricnoatc (Acanrhosrrlida obfrrrus: bcan weevil) 

(h) (3E.>Z)-3.5.Tcrradccadlenoic Acid (Affagtnus mtgafoma; black carpc~ bcctk) 

(c) ( + )-ris.!.ltopropenyl.I-mcrhylcyclobuiarci~nul (Anfhonomus grandis; bdl weevil) 

Ill. L)/PTI:‘RA 
(a) (%)-9-‘~ricow~ (Afucru domestica: houw fly) 

Ih) (Z)-l4-Nonacoscnc (Must-o autumnalis. face fly) 

Exiting the past IO years there has been a rapidly cxpand- 

ing interest in the chemical identification and synlhesis of 
insect pheromones.’ ’ at least partially in an effort lo 
provide ahcrnatives IO the use of insecticides for the 

control of insect populations. The identification of a 

phermone and the development of a practical chemical 
synthesis allow the necessary biological research to be 
carried out IO determine whether or not the compounds 
can be used IO inrerferc with the normal behavior of the 
insect species and IO aid in successful pest control. 

Although no pheromone has IO date been fully registered 

+(‘onrriburlon Eo. 55 from the Research laboratory of jr.con 

(‘orporallon 

tH(owctcr. t%)-9-rncoxne ts uud by loecon Corporation IO 

mcrcasc rhc cffcc~~vcncss of a By ball conrainmg msccricrder. 
Tbs IS the firri commercial U.S. EPA rcgisrcrcd product using a 
scs pheromone for insect control purpows 

for use in crop protection,> progress has been made in 

the application of several pheromones in pcs~ control 
programs and some experimental use permits have hecn 

granted by the U.S. Environmental Protection Agency. 

Survey and monitoring naps incorporating synthetic sex 

pheromones have been widely used for measuring the 
presence and abundance of pest populations and arc 
commercially available. Many different experiments 
aimed at insect control have also been carried out with 

varying SUCCESS using mass trapping, host baiting. and 
communication disruption techniques.’ ’ 

This review is concerned with the synthesis of selected 
insect sex pheromones (see Refs. l&13) and includes 

much of our own unpublished work. The choice of 
compounds discussed is based principally on the rypes of 
pheromones of potential practical use in agriculture with 
the inclusion also of a few chemically interesting struc- 
tures of little economic importance. The compounds 
discussed have been grouped by chemical lype within the 
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orders covered. This review is designed lo be in- 

formative and critical and is not intended IO he com- 

prehensive. Experimental details have been emphasized 
in an effort IO make this report helpful to research 

workers with varying degrees of expertise in this held. 

I. m 

The majority of the pheromones discussed in this 

review are produced by moth species belonging to the 
order Iepidoptcra (moths and butterflies). Most of the 

identified sex pheromones from moth species are un- 
saturated straight-chain aliphatic alcohols. acetates, or 

aldchydcs.“ Reproductive isolation of the various spe 
ties is effected by many factors and chemical specificity 

of the pheromone is one important factor for reducing 
~ross.att~~tan~y. In the family Tortricidae. for example, 
structural variation is exhibited through changes in the 

functional moiety (acetate, alcohol. or aldehydel, the 

double-bond position. the configuration (Z or E) or num- 

ber of double bonds, or the carbon-chain length.” Many 
insect specms also use more rhan one attractant chemical 
as an aid IO reproductive isolation.“” The sex 
pheromone often consists of a particular blend of a 

number of componenls. some species using various mix- 

tures of % and E isomers, some utilizing acetate-alcohol 
or acetate-aldehyde mixtures. and some using mixtures 

of positional isomers. The different rates of release of a 
pheromone into the air stream by different species also 

have an impact on the effectiveness. 
Far many iepidopler~~us ph~r~)rnt~n~~ a precise mixture 

of the Z and E isomers of the double bond(s) is necer- 
sary if the synthetio material is IO be an effective at- 

trdctant in the geld. For example, the main component of 
the sex pheromone for the oriental fruit moth, Grupholi- 
rho molesta. is (Z)-&dodecen-1-y) acetate but optimum 
attraction of the male\ in the field requires the presence of 
about 7% of the ME)-isomer (although this isomer has 

not ye1 been characterized from the female).‘” The pure 
Z isomer is nor effective as an attractant for males in the 

field. For the male lesser appleworm moth. Grupholilha 
pmniwru, attractancy to (Zf-gdodecen- I-y] acetate is 
best when c-a. 2.2% of the E isomer is present although 

this species is attracted by the pure Z isomer.” Similarly, 

(Z)- I I-tetradecen- l-y1 acetate is the principal corn~n~n~ 
of the sex pheromone of the European corn borer, the 

Iowa Strain, Ostriniu ~:~~i~u/i~. and of the redbanded 

leafroller. Argyroruenia uelurinanu. but the geometrically 
pure (Z)-isomer is only weakly attractive to males of 

these species. The presence of about 3% and Ml%. 

respectively. of the (I I E)-isomer is necessary for op- 
timum attraction (although neither species is attracted IO 
the pure E isomer alone).“.“ The pheromone isolated 
from female redhanded leafrollers was found sub- 
sequently IO contain cu. 9% of the (I I &)-isomer.” In 

contrast. field tests with (E)-Y-dodeccn-l-y1 acetate, the 
sex pheromone of the European pine shoot moth. Rh.v- 
u&nia ~~~~~;u~u, have shown that the addition of as 

little as 1% of the % isomer to a bit~logic~ly active 
sample of the synthetic E isomer (already containing 

1.1% of the % isomer) almost completely inhibits the 
attraction of mdes.‘” 

- --------_ 

+Dist~llaI~on of the hdo-cther is u~uallg unnecessq hug if II 
is carried out II shod bc Jonc at a% low a rcmpcralurc as 
possibk. 

tin many cases cone sulfuric acid is a bcttcr catalyst for this 
reaction and aives higher !ieldc of the kuahydropyanyl ether. 

The purity of the synthetic pheromones is generally of 

crilical importance. The problem of inhibitors requires 
that synthetic methods be devised that give materials of 
very high chemical purity and of known stereochemical 
composition. The synthetic SEX pheromone must not be 

contaminated with inhibitor chemicals which can cause a 

decrease in the response of males to the attractant.‘~” 

The frequent finding that the synthetic pheromone which 
is the most attractive in field trials is not isomerically 

pure but a mixture of geomelrical isomers in a specific 

proportion makes it essential that the stercochemical 
purity of the synthetic compounds be accurately known. 
Synthetic products have generally been analyzed by IR 

spectrometry or by gas liquid chromatography (glcf (e.g. 
Refs. IbIg. 20). Small quantities of pure isomers have 
bczn obtamed by preparative glc (e.g. Ref. 17) or by- thtn 
layer ~hroma~og~phy (tic) on silver nitrate-imprcgnaled 
silica gel (e.g. Ref. IX). Hip-~~ormance liquid chroma- 

tographic (hplc) methods have recently been developed 
for both the analysis and the separation of olefinic 
isomers.” This technique often allows the isolation of 
suRicient amounts of the geometrically pure isomers for 

bioassay in the field. Crystallization of synthetic in- 
termediates (and sometimes of the pheromone itself) at 
low tcmperaturc has often been a valuable aid in the 

preparation of pure isomers. 

The structures of many of these Iepidopterous sex 

pheromones arc deceptively simple hut their efficient syn- 

thesis in high stereuchcmical purity has offered consider- 
able synthetic challenge. 

t 1) Aliphutic monome ofcohois and ucetutes 
(a) Acetylenic R~U~PS. e.g. G!)-9-bdecen-l-y/ acefule. 

‘1%~ main component of the sex pheromone produced by 
the female grape berry moth. Parulohesiu citema. has 
been shown IO be (Z)-9dodecenyl acetate (6).” As an 

example of a genera1 route often used IO prepare this 
type of attractant. the synthesis of this compound is 

outlined in Scheme I.” These experimental condilions 
arc Iypicaf of what has been used in the literature. 
Variations and recent improvements arc discussed sub- 

sequently. Thus. I&octancdiol (1) was heated with 42% 
hydrobromi~ acid at 90”. under conditions of ~onfinuous 

extraction with hot heptane to give g-bromo-l~tanol (2) 
in 90% yield. Purification of 2 was readily accomplished 

on a laboratory scale by column chromatography on 
Rorisil or silica gel. The tetrahydropyranyl ether 3 was 

prepared in Horlc yield (after distillation+ in L’UWO in the 

presence of a trace of K,CO,) using dihydropyran and a 

trace of cone hydrochloric acid4 as the catalyst at O-lo”. 
The alkylation step was carried out by forming the 
lithium salt of I-hutync with excess lithium amide in dry 
liquid ammonia with tctrahydrofuran (THF) added as a 
co-solvent, adding the bromide in THF. and stirring the 
mixture for 5 hr at -30” under reflux. This procedure 
gave 4 in XS% yield which was then converted directly to 

the acetate 5 with acetyl chloride and glacial acetic acid 
(2 hr under reflux) in gS% yield (distilled). Partial hydro- 
genation of the triple bond in 5 over Lindlar catalyst in 
pentane at room temperature with synthetic quinalinc 
added. gave 6 in Y-3 isolated yield. After column 

chromatography (on silica gel) the pheromone 6 was 
obtained in a purity (as the Z isomer) of Y7% by glc 
analysis in an overall yield of 48% from I. The material 
was also shown to contain 2.3% of the E isomer 9. 
@timurn field aclivity for arlracling male grape berry 



moths is obtained with the 2 isomer 6 ~ontainjn~ 4% of 

the E isomer 9.? 
There are many variations in this type of synthetic 

route. The hcptane (or toluene, etc.1 continuous ex- 

tmction method for the conversion of a polymethylcne 
glycol to a w.halo-I-alkanol generally gives a good yield 

of product (especially for bromo alcohols) ~ontamjnated 
by only a few percent of the starting dial and of the 

dihaIide.““,?d On a large scale the crude product can be 
purified by first cooling an ether solution and collecting 
the crystalline dial by filtration and then treating the 

filtrate (after removal of the ether) with tricthyl borate. 
and stripping off the ethanol-triethyl borate azcotrope. 
The dihalide is then distilled off in racuo and the residue 

treated with methanol (or with NaOH-brine) to re- 
generate the halo-alcohol.” An alternative large-scale 
purification procedure involves partitioning the crude 

bromo alcohol between hexane and aqueous methanol.‘” 
Reaction of the glycol (e.g. 1J with I.2 cquiv. of PHr, in 

benzene gives a mixture of dibromide :diol: hromo al- 
cohol in the ratio uf cu. 10:40: 50 and the bromo alcohol 
can be separated (in CU. 35% overall yield) from this 

misturc by column chromatography (Florisilf or hy the 
triethyl borate procedure dcvcribed above.” 5-H&~-l- 
pentanols can also he prepared in high yield by the 

opening of tetrahydr~3p~ran with acetyi chloride tor acctyl 
hromidel and a dnc chloride catalyst. followed by 

hydrolysis of the intermediate halo acetates.” 
The alkylation of an I-alkyn-l-ide ion with a primary 

alkyl hahdc such as 3 can be carried out under a w-idc 
variety of conditions (e.g. Refs. 30 and 311. To overcome 

the low solubility of higher alkyl halides and of metal 
I-alkyn-l-ides (especially the sodium salts) in liquid am. 
monia. other solvents have been investigated bth along 
and as co-solvents with liquid ammonia. The use of 
lithium salts of I-alkynes in liquid ammonia with THF as 
the co-solvent gives good yields with alkyi bromides 
when efficient stirring is used.” Excess lithium amide is 

often used as the base and although commercial lithium 
amide can be used, freshly prepared material is prcf- 
erahle. Alkyl chlorides generally give low yields under 
these conditions. Bipolar aprotic solvents such as di- 

meth~lfor~mide.” dimethyl sulfoxide,“~” and hex- 
amethylphosphori~ triamide (HMPIY-“‘.““.“ m have 
been used successfully. For example, dimethyl- 
f~r~mide has been used as a solvent aIone.” or mixed 

with xylenc.‘:‘ or THF. “* Rutledge investigated briefly 
the alkylation of sodium acetylide in HMPT but pre- 
ferred the use of dimethylformam~c-x~lenc mixtures.“’ 

Later, Normant suggested the USC of HMPT or of 

HMPT-THF mixtures for the alkylation of sodium I- 
alkynides.” The prefened method for general Iaboratory 

synthesis with alkyl chlorides or bromides appears to be 
the alkylation of lithium I-alkyn-l-ides in HMDT-tetra- 

hvdrofuran (or HMPT alonel.?b”.” The reaction is rapid 
at 0-Y tthc temperature should be kept below 25” in 

general) and the yields are usually high. The lithium 

alkvnides can be generated in THF at 0“ with I.6 M 
n-hutyllithium in hexancB ” * or les\ readily with lithium 
amide in THF (at G’).” For large scale laboratory runs 

the USC of 90% by weight n-butyllithtum in hydrocarbon. 

available from Ventron Corp. has the advantages of 
keeping the reaction volume small and increasing the 

yield of the alkyhition product.“ The alkylation of 
sodium salts of I-alkyncs under these HMDT-THF con- 
ditions is less satisfactory as some dehydrobromination 

of alkyl bromides such as 3 often occurs.“ Many of the 

acetylenic ufc~~~~~~ obtained in these types of syntheses 
(after removal of the protecting group) can be purified by 

cryrlallifation from pentane al low temperatures (e.g. 
I I-tetradccyn- l-01. m.p. E-W. 

‘I‘hc use of dimcthyl sulfoxide as the reaction solvent 

is best restricted to alkylations utilizing the commercially 

available lithium a~etylide.ethylencdiaminc complex,” 
(or to when it is a co-solvent with liquid ammonia for the 

alkylation of sodium aeetylidc’@). since the alkylation of 
higher lithium (or sodium) afkynides in dimethyl sul- 
foxide often gives low yields.“” The metalation of the 
dimethyl sulfoxtde is a competing reaction and it appears 
that the equil~hrium favors the methyl sulfinylme~ide 
(dimsylt anion over the sodium or lithium alkgnidc for all 
alkynes higher than acetylene itself.” Even with the use 
of the lithium a~etyiide~thylenediamine complex the 
yields can vary greatly with the concentration of the 
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reactants” u1 and with the order of addition of the reac- 
tants.+ .Wany of the aliphatic monoene acetate 
pheromones have been synthesized via a variation in 
Scheme 1 in which the bromide 3 is treated with the 
lithium acetylidetthylenediamine complex to give 7 and 
further alkylation of the I-alkyne anion with an alkyl 
halide then gives 4 (e.g. Ref. 38~). Dioxane has also been 

used as a solvent at temperatures of lO&lSCP for the 

alkylation of higher lithium alkynides which are soluble 
in hot dioxane.“.& m 

The hydroxy group of a w-hydroxy-I-alkyne can be 

effectively protected against afkylation by conversion to 
the corresponding lithium alkoxide. Selective carbon alk- 

ylation of the dilithium compound with one equiv. of an 
alkyl halide can be readily achieved.““’ Unprotected 

w-bromo-I-alkanols can also be used to alkylate lithium 
alkynides in the presence of an extra equivalent of a 

lithium reagent (either lithium amide or an excess of the 

lithium alkynide) to generate the lithium alkoxide.H.“’ 
Similarly. w-haloalkanoic acids may be utilized to alk- 
ylate lithium alkynides”‘.“‘.“ or even sodium alk- 

ynides’lb” without additional protection of the carboxyl 

group, and the dilithium salt of w-acetylenic acids can 
also be alkylated selectively on carbon with alkyl hal- 
ides.“” 

In these alkylations one should be aware that I&- 
ynes can be isomerized to 2-alkynes with excess lithium 

acetylide in HMPT or in HMPT-tetrahydrofuran at room 
temperature.‘U.” Prolonged heating of I-alkynes in 

homogeneous solution with sodium amide in dimethyl 
sulfoxide also is reported to give 2-alkynes.&t One 
should also keep in mind that polymetalation of terminal 

and internal acetylenes can occur with n-butyllithium in 
ether or hexane at room temperature.” although this side 

reaction does not appear IO be a problem with one equiv. 
of n-butyllithium at temperatures below lo” (the reaction 

temperature should preferably be kept below 0” during 
the formation of I-alkyn-l-ides with n-butyllithium). 

The partial selective catalytic hydrogenation of alk- 

ynes such as 5 over Lindlar catalyst [Pd-CaCOr 
Pb(OAc)J in the presence of synthetic quinoline 
generally gives high yields of the corresponding Z 

olefin.- Non-polar solvents such as pentane or hexane 
are to be preferred, in general. over alcohols for these 

hydrogenations.a-b When the reaction is carried out at 
room temperature the product usually contains 1.5-3.5s 
of the corresponding E isomer, and if the temperature is 

allowed to rise during the reaction (particularly in al- 
coholic solvents) the percentage of the E isomer in- 
creases (usually up to CIO%).~*l’.” Gutmann and 

Iindlar recommended& that the selective hydrogenation 

of triple bonds to Z double bonds be carried out at 
relatively low temperatures (l&20”). and ice-bath tem- 

tAddition of the dry complex IO a solution of lbc alkyl 

bromide m drmcthyl sulfoxidc al IS’ gave the bcsl resuhs in our 

hands“’ (see Ref. 386). 
tin contrast. muldposilanal isomerizattin of various inlernal 

alkyncs IO I-alkyner has been a&wed using potassium 3-amino- 
propylamdc in I.3diaminopropanc ar the solvent. For exampk. 

2. and 3.undecyn-1.01 are both conveticd IO IO-undecyn-14 in 

high yield under these conditions.ti 

011 only a very slow uptake of hydrogen occurs (or none al all) 
the Lmdlar catalysr may bc too srrongly poisoned or else im- 
purirics m the subswa~e may have further deactivated the ca- 

talyst. Fibcring the mixture and adding fresh calalysl lo the 

fihra~c often results in a satisfactory hydrwen uplake. 

perature has also been used.. It is generally thought that 
stereomutation of the Z olefin under the hydrogenation 
conditions over palladium catalysts. in general. occurs 

only in the presence of hydrogen and is not a problem 

until the acetylenic compound is completely hydro- 
genated, and that the formation of the E isomer occurs 

only via isomerization of the Z isomer.&” We have 
found that if the partial hydrogenation of alkynes such as 
5 is carried out over Lindlar catalyst” (poisoned by 
synthetic quinoline) at /onertemperatures (- IO to -NY) in 

pentane, hexane. or hexane-THF. the Z olefin obtained 
contains ~0.5% of the E isomer.” Analysis of an aliquot 
removed during one such hydrogenation indicates that 
the small amount of the E isomer produced is formed 

throughout the reaction and not only after the dis- 
appearance of all of the acetylene” (see Ref. 46~. 49).$ 

Other catalysts such as palladium-on-barium sulfate 

(poisoned by synthetic quinoline).%‘* “P-2 nickel” (with 
ethylenediamine),” and other nickel catalysts& have 
been employed successfully in place of the Lindlar ca- 

talyst for the selective hydrogenation of triple bonds to Z 
double bonds. 

As an alternative method IO the selective hydro- 

genation, an alkyne such as 4 or 5 may be hydroborated 
with a sterically hindered reagent (e.g. disiamylborane). 
and protonolysis of the vinylboron intermediate with a 

carboxylic acid then gives the corresponding Z al- 
kene.“.” This method generally gives high yields of pure 
oletins (38R % isomer), but if disiamylborane is used in 

this reduction procedure it should be freshly prepared. 
Occasionally anomalous results have been obtained with 
the resulting olefin containing from SO% of the E 

isomer.“.” 
The preparation of the corresponding pure E isomer 

(e.g. 9) is usually conveniently accomplished by the 
reduction of the alkyne (e.g. 4) with metallic sodium (or 
lithium) in liquid ammonia.U This reaction is preferably 

carried out by the addition of the alkyne in ether ro a 
mixture of sodium in liquid ammonia. The alternative 

reverse addition procedure usually gives incomplete re- 
duction of the triple bo~L’~ An increase in the amount of 

liquid ammonia in relation to the starting alkyne is ad- 

visable for the reduction of high molecular weight al- 

kynes (carbon chain longer than co. 13 C atoms) to avoid 

incomplete reduction due to solublility problems.M The 
olefin product is usually very pure E isomer with little or 

no detectable Z isomer. *“” For example. reduction of 

0.1 mol of 2 - (I 1 . tetradecyn - 1 - yloxy)tetrahydropyran 
with 3 equiv. of metallic sodium in ether (150 ml) and 

liquid ammonia (500 ml) at -3@ for 4 hr with efficient 

stirring gave (E)-2_( 1 I-tetradecen-I-yloxy)tetra- 
hydropyran in 87% yield with no detectable Z isomer.“’ 
During this reduction procedure the I-ethynyl group of a 
non-conjugated diyne can be protected as the srxbum salt 
by reaction with sodamide in liquid ammonia. Reduction 
of such a sodium salt with sodium reduces only the 

disubstituted triple bond with the formation. after 
hydrolysis, of the non-conjugated (E)-enyne.“’ (E)- 
Isomers can also be prepared in high yield by reduction 
of the corresponding alkynes with lithium aluminum 
hydride (LAH) in an ether solvent.” For example. reduc- 
tion of 2-methyl-7octadecyne in diglyme at 140” gave 
(E)-2-methyl-7octadecene in co. 92% yield containing no 

detectable Z isomer.“” 
The synthesis by Holan and O’Keefe of (Z’Sdodecen- 

I-yl acetate (13). a sex pheromone of the oriental fruit 

moths. Cydia molesta and Grapholitha molesta, is out- 
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lined in Scheme 2 as an example of a modification of used for the synthesis of the E monoene acetates such as 

Scheme I.” Alkylation of the lithium salt of I-pentyne 9. For example. (E)-‘I-dodecen-I-yl acetate was prepared 

with I-chloroGxlohexane gave the chloro alkyne 11 utilizing the stereoselective procedure of Crombie and 

(see Ref. 64) which was converted to the carboxylic acid Harper” which involved the ring scission of 2-butyl-3- 

12 via the corresponding nitrile. The intermediate acid chlorotetmhydropyran with granulated sodium in ether 

allowed purification at this step by means of the acid salt. to give (E)Qnonen- l-01 followed by a somewhat lengthy 

(Z)-7-Dodecen-I-yl acetate. a phcromonc of the cabbage chain extension via diethyl malonate and then carboxyl- 

looper. Trichoplusia ni has been prepared by synthetic ation of a Grignard reagent.“’ The E acetate prepared 

routes similar to Scheme 2.“’ and also by modifications by this route was shown. hy careful glc analysis. to 

of Scheme I.“*.’ (Z)-7-Dodeccn-l-01 is a potent inhibitor contain 1.3% of the Z isomer.* This method is Iherc- 

of this pheromone in the field and care must be taken to fore not as stereoselective as the previously discussed 

ensure that the synthetic acetate contains no residual sodium-liquid ammonia reduction of a triple bond which 

alcohol.” affords entirely the E isomer.-Q 

Leznoff and Fyles”‘ have used an insoluble polymer 
as a support in the synthesis of Z monoene acetates by a 
route similar IO thaI outlined in Scheme I. The insoluble 

polymer phase (polymer-bound trityl chloride) is effec- 

tive in monoblocking the starting symmetrical diol (see 
1). Cleavage with acid after the alkylation step gave the 

acetyknic alcohols (and polymer-bound trityl alcohol) 
which were converted to the 2 acetates (see 6) by 

hydrogenation and acetylation in the normal manner. The 
recovered polymer can be recycled and this polymcr- 

support method has the potential, at kast on a small 
scale, IO be adapted to an automated procedure. 

(b) Wiffig and special mutes. Several of the 2 monoene 
acetates and related compounds have been synthesized 

by the Wittig reaction” between an aliphatic non-stabil- 
ized triphenylphosphonium ylide and the conesponding 

aliphatic aldchyde. either in a nonpolar solvent in Ihe 
absence of lithium salts (“salt-frce”)‘P or in a dipolar 

aprotic solvent such as dimethylformamide,‘O dimethyl 
sulfoxide.” or hexamethylphosphoric triamide.“.~ Under 

these conditions the Wittig condensation affords pre- 
dominantly the Z monoenes usually containing co. 6% of 

the corresponding E isomer. Bestmann er aLw recently 
observed that when the phosphonium ylklcs were 

generated with sodium bis(trimethylsilyl)amide in tetra- 

hydrofuran and the condensation was carried out at 
-78”. a Z: E ratio in the disubstituted oletin product of 

98:2. respectively. was obtained. In many cases the 
preparation of the w-oxygen-functionali aldehyde or 

of the w-functionalircd phosphonium salt is lengthy or 

proceeds in low yield and the alternative acetylenic route is 
preferable (e.g. Ref. 26). 

A stereoselective general synthesis of E olefins was 

recently described whereby the lithio derivatives of y- 
substituted allyl-phosphonatcs arc alkylated exclusively 

at the u-position by a variety of alkyl halides. The allylic 
phosphonates are then reduced (with double bond migra- 

tion and loss of the phosphonatc group) by treatment 
with LAH in ether at 0” to give exclusively E olefins.” 
For example, alkylation of the lithio derivaIive of dicthyl 

2butenylphosphonate (IS) with the bromide I4 (at -60’) 

gave the phosphonate 16 which was reduced and the 
protecting group removed lo give (E)- I I-Ietrddccen- l-01 

(17) in 73% yield (Scheme 3). This short stereoselective 
route should be useful on a laboratory scale. 

The ]3.3]-sigmatropic rearrangement of allylic dithio- 
carbamates has also been developed as a method for the 

stereoselective synthesis of E alkenyl acetates (Scheme 
4)” For example, alkylation of the lithio derivative of 18 
at -55” with n-butyl iodide gave 19 which was rearranged 

by heating in chloroform under reflux to give 28 (96% 

yield from 18) containing no detectable Z isomer. Fur- 
ther alkylation with 21 followed by reducIive removal of 
the dimethyldithiocarbamate group with lithium in cthyl- 

amine at -60” and then acetylation gave (E)-‘ldodccen- 
I-yl acetate (22) in high yield.“ Even though the yields in 
this scheme are high the requirement of low reaction 

temperatures for three of the steps would limit its ap 
plication on a large scale. 

(2) Monoene aldehydes 

A number of ahernative synthetic routes have been 

Both E’* and T.’ alkcn-l-ah have been identihed as 

sex pheromones of insects. Thus (Z)-9-tetradccen-l-al 
(23) and (Z)-I I-hexadecen-l-al (24) are components (in 
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0 investigations the aldehydes were synthesized by the 

-0 
oxidation of the corresponding primary alcohols with the 

e,-O O 

chromium trioxide-pyridinc complex in dich- 
loromethane,“‘-’ 7 9 or by alkylation of the lithium salt of 

wJ3 / 0 

, P(OEt 1, 0' 
’ f 
, LAH .lw. 

4 

4 
- 

OH 
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the ratio 1: 16. respectively) of the sex pheromone 
of the tobacco budworm, Heliofhis rirescens.7a.b and 
(Z) - II - hexadecen - I - al, has been isolated from the 
corn carworm. HeMhis zeo.T’4.’ but appears to bc an 
inhibitor for this insect specks in the tkld.n’ In these 

5.6 - dihydro - 2.4.4.6 - t&amethyl - 1.3 - (4H) - oxazine 
with an alkynyl halide followed by reduction with 
NaBHI and acid hydrolysis to the acetylenic aldehyde. and 

hydrogenation over lindlar catalyst (Scheme 5).“)Lm or by 

heating the primary alken-l-yl mcsytatc with dimethyl 
sulfoxide and NaHCO,.“” 

However. for the preparation of several hundred gram 

quantities of pure aldehydes these methods are not very 
satisfactory. For example, the oxidation of a primary 

alcohol with the chromium trioxide-pyridine complex is 
limited in the scak on which it can be carried out by the 
low sdubility of the complex (resulting in high solvent 

voiumcs). and by the requirement of a 6: I mole ratio of 
compkx to alcohol for rapid, complete conversion to 

aldehyde.” In attempts to overcome these difficulties 

several new methods have recently been developed for 
the oxidation of alcohols to atdehydes (and ketones). 
including the use of chromium trioxide and 3.5-dimethyl- 

pyrazok in CH~CI~.” pyridinium chlorochromatc in 
cHx11.L’ chromyl chloride and pyridinc in CH+& (plus 
added I-butyl alcohol),” dimcthyl su&dc and Nchlorosuc- 
cinimidc in toluene (followed by Et,NLak dimctbyl sul- 
foxidechlorine in CH+Jr (followed by Et,N),“’ 

chromium trioxide in HMPT.‘and N-methyl-morpholine- 
N-oxide in acetone catalyzed by ruthenium compounds.” 

For the large scale synthesis of (Z)_9-tetradecen-l-al 
(23) and (Z)-II-hexadecen-l-al (24) we have investigated 

the oxidation of the corresponding primarily alcohols by 
both a modified Collins procedures and the use of the 
dimethyl sulfide-N-chlorosuccinimide procedure.D, The 

use of the GO,-3.5dimethylpyrazole method” was un- 
satrsfactory and gave a poor yield of aIdehyde.- The 
modified Collins procedure involved the portionwise ad- 

dition of the reagent. Thus, one cquiv. of (Z)_I I-hex- 
adecen-l-01 (containing 0.4% of the E isomer) was added 

to 3.5 equiv. of the dipyridylCr0, complex in CHEI, 
containing a IO% excess of pyridine. After IO minutes at 

20“ the reaction ceased at SO-W% completion and on 
cooling to IO”. a further 5.5 cquiv. of pyridinc and 2.5 
cquiv. of CrO, were added with stirring. After an ad- 

ditional 0.5 to I hr at room temperature the reaction was 
complete and was worked up. This procedure was car- 
ried out routinely on a I mole scale and enabled the USC 

of about 5&70% of the normal volume of CH:CI,. After 
filtration in pentanc through a short column of Rorisil 
and distillation at 0.1 mm yields of CO. 75% of 24 were 
obtained.+ Recrystallization from pentane at -7tY gave 

Vtre pal residue was mainly rhc C-32 ester derivai from IWO 
atcobd residues; this ester wu also tz&.akd with the usual 
Collins procedure. 

23,n:r 

24.n=# 

Scheme S 
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(Z)-I I-hcxadccen-l-al (24) of Mf3.5% purity (containing 

0.4% of the E isomer).* The method of Corey and 
Kim”’ was found IO be even more satisfactory for large 

laboratory scale oxidalionsD” For example. addition of 
0.6 mol of (Z)-9-letradccen-l-01 to 0.9mo) of s- 
chlorosuccinimidedimethyl sulfide complex at -30” in 
tolucne followed. after 1.5 hr. by trealmcnt with triethyl- 

amine (initially al -65” then PI - 5”) gave afler workup 
and filtt-dtion in hcxanc through a short column of 
Florisil. the aldehyde containing about X% of (Z)-9- 
tetradecen-I-yl mcthylthiomethyl elher as the only major 

impurity.*” Repeated recrystallization from pentane at 

.-75” gave the aldehyde 23 in go% yield. (99.5% puriry 
with 0.2% E isomer: isomer ralio was delermined by 
careful glc analysis of Y.lO-epoxylctradccan-I-ol. derived 
by LAH reduclion and cpoxidalion).P”+ 

(3) Epoxide 
c-is - 7.X - Epoxy 2 methvlocradecane. The gypsy 

moth, f~orrhertio(L~manrrio) dispur. is a serious PSI of 
forest. shade. and orchard trees in Europe and in the 

northeaslern parts of the United Slates of America. The 

principal sex phcromonc emitled by the female of this 
species has been shown IO be cis - 7.8 - epoxy . 2 
melhyloctadccane (disparlure. Disparmo@ atttaclant; 
26)” Experiments wilh both enantiomcrs indicate that 
the <is-( + )-isomer [(7K.gS)-( + )disparlure] is the na- 

tural sex pheromone with the cis-( - )-isomer showing 
only weak or no activity and both enanliomers of rrans- 
disparlure showing essentially no activity. 

These results imply that the male gypsy moths have a 
chiral receptor system in their olfactory organ.” Racemic 
cisdisparlure allracls male moths. although the activity 

is somewhat lower than that shown by the cis-( + )- 
isomer alone.s”.r The racemic disparlurc has been used 
extensively in traps for monitoring populations and in 
field tests aimed al the control of the gypsy mothP.” and 

this phcromonc has been synthesized by a number of 

routes. The intermediate olefin, (Z)-2-nterhyl-7-oc- 
ladecene (25). which has been isolated from the female 

gypsy moth. is reported IO inhibit male altraction lo the 

pheromone 26,” and hence care must be taken IO ensure 
that synthetic samples of the epoxide for use in lrapping 

studies. contain <O.S% of this olefin. No reduction in 
activity of the raccmic cis isomer was observed when 
the rrans-i\omtr was added.” and hence removal of the 
rrun.s-isomer for synthetic preparalionc doe\ not appear 

to be critical. 
Bier1 et ul.” synthcsilcd the phcromonc by a Willis 

reaction route according IO Scheme 6. with an overall 

yield of 60%. Anti-MarkownikofT addition of hydrogen 

bromide to 6-methyl-I-heplcnc gave I-hromo6-melhyl- 
heptanc which was converted IO the corresponding 

triphenylphosphonium salt. Witttg condensation with 1. 
undccanal using n-bulyllithium in dimethyl sulfoxidc 

gave lhc olefin 25 as a mixture of co. RB% of the Z 
isomer and I!% of the E isomer. Epoxidalion with 
mchloroperbcnzoic acid followed by column chrorna- 
lography of the pro&cl on silica gel-silver nitralc gave 
the pure tic- and rruns-isomers of the pheromone. Rest- 
mann and Vostrowsky“” carried out this same Wittig 
reaction in HMPT as the solvent (using a solution of 

‘Sulfur h)-producls m rhc crude aldehydc wre shown IO 
calal)re isomerlralion of the douhk bond. Thus, a sample of lhc 

crwk producl after being held al 10s’ for 4 hr contained IS% of 
the I:’ isomer (KC Ref. tWPb 

76 

Szhcmc 6. 

polassium in HMPT as the base) and obtained 25 as a 

mixture of Y4% of lhe Z isomer and 6% of the E isomer. 
More recenlly. Hcstmann er u/.- generated this ylide 
with sodium bis(trimethylsilyl)amide in THF and carried 

out the Wiltig condensation at -78”. Under these con- 
ditions a 75% yield of 25 was oblained containing ~2% 
of the E isomer. A I : I mixture of the cis- and rrans- 

isomers of 26 has also been prepared by condensation of 
I-undecanal with I-triphenylsilyl-6methyl-hcplyllithium 

(Sheme 7) followed by epoxidation.R This mixture was 

biologically active in the field for the [rapping of male 

gypsy moths. The 2 olefin 25 has recently been prepared 
in 65% overall yield from I-undecanal via a stcreoselec- 
live route utilizing an organosilane inlermediate (Scheme 

X).% Keaclion of I-undecanal with a-lrimcthyl- 

silylvinyllilhium al -7H” followed by acclylation gave 27 

in 80% yield. The reaction of 27 with the organocopper- 
magnesium complex 28 at 7R” proceeded with allylic 
rearrangement to give the vinylsifane 29. which was 
protode~ilgl;ttcd wth acid to the Z-alkene 25 (Z: E = 

87: 13). 

LO 

Scheme 7 
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Scheme 8. 

The pheromone 26 has also been synthesized via 2- 
methyl-7-octadecyrte (31).“.s’ For example,” alkylation 
of sodium acetylide in dimethylformamide with ndecyl 
bromide gave I-dodecyne in M% yield. Anti-Mark- 
ownikoff addition of anhydrous hydrogen bromide to 
S-methyl-I-hexene gave I-bromo-5-methylhexae (3g). 
which was purified (to >99% purity) by spinning-band 
distillation and used to alkylate the lithium salt of I- 
dodecyne in dioxane at I IO” under pressure, giving a 60% 
yield of pure 31. Partial hydrogenation in pentane over 
Lindlar catalyst (poisoned with quinoline) then gave the 
2 olefin 25 (containing 2.1% of the E isomer) which was 
treated with peracid to give the cis-epoxide 24 (Scheme 
9). 

Similar routes to 31 were also developed by Eiter.* 
Shamshurin et al.*’ Kovalev et al.* and Sheads and 
Reroza.” The last authors utilized improved reaction 
conditions in the alkylation step. Thus the lithium salt of 

Idcdecyne was treated with the bromide M in HMPT- 
THF at 0” (see Ref. 98~) to give a hwr yield (M%) of 
the acetylene 31 (Scheme 9). Hydrogenation of 31 in 
hexane over 5% palladium on barium sulfate poisoned 
with quinoline at room temperature gave 25 as a mixture 
of co. %% 2 and 4% E isomers.‘” The okfin. 2methyl- 
7-octadecene has also been prepared, as a mixture of Z 
and E isomers, in low yield by a transition metal-ca- 
talyzed olelin cross-metathesis reaction between Idode- 
cene and 7-methyl-loctene.* Pilot plant scale quan- 
tities of disparlure have been prepared by both Wittig 
and acetylenic routes (see Schemes 6 and 9).la, The 
ekgant synthesis of ch_( + Msparlure (32) by Iwaki et 
al.. was carried out as outlined in Scheme IO”’ starting 
from (.S)-(+ )-glutamic acid. The cbd t Gsomer. ob 
tamed in <5% overall yield, was contaminated with CO. 
6% of its (- )-enantiomer. and the cis_( - bisomer, pre- 
pared by a modification of Scheme IO was contaminated 
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with 6% of its (+ j-enantiomer. More recently, Mori d 

al.‘lb prepared the pure disparlure enantiomers in higher 
optical purity (98%) starting from I.-( + btartaric acid. 
For example. (7H,8S)-t + j-disparlure (32) was prepared 
as outlined in Scheme II. The crystalline nature of the 

tosyloxyalcohol 33 enabled its ready purification. 

(4) Kefone 

(Z)4-Heneicosm-I l-one. The principal component of 

the sex pheromone (produced by the female) of the 
Douglas-fir tussock moth, Ogyia pseudotsugata, a se- 

vere defoliator of firs in western North America, has 

been identified as (Z)-6-heneicosen-I l-one (Js).“’ This 

structural type is unusual for a lepidopterous sex 
pheromone. The Z and E isomers of this pheromone 

have been synthesized by the routes outlined in Scheme 
12”” and Scheme 13.‘” and surprisingly both isomers 
attract male moths in laboratory bioassays and in field 

trials although the natural Z isomer is considerably more 
attractive than is the E isomer in laboratory bioassays.“’ 

In Scheme I2 the anion, generated from 2-n-decyl-l.3- 

dithiane (34) with n-butyllithium was alkylated with l- 

chloro4decyne IO give 35. Hydrolysis of the dithiane 
with cupric chloride and cupric oxide followed by reduc- 

Scheme 12 
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tion with LAH gave 6-heneicosyn-l l-01 (36). Reduction 
of the triple bond with sodium in liquid ammonia and 

oxidation of the alcolol group gave the E isomer 37. 
Catalytic hydrogenation of 34 over P-2 nickel catalyst 
poisoned with cthylenediamine” and oxidation of the 

alcohol group gave the pheromone 38 which was shown 

to be >97o/c pure by careful glc analysis of the derived 
epoxide.‘O’ In Scheme 13 the same alcohol 36 was prc- 

pared by reaction of the Grignard reagent prepared from 
39. with I-undecanal. The intermcdrate hydroxyacetylcne 

36 and the Z hydroxy olefin 40 were both purified by 
crystallization from pentane at -35”. The pheromone 38 

prepared by this scheme was shown IO be %s pure (as 
the Z isomer) and to contain (‘a. 2?& of the E isomer (by 
glc analysis of the derived epoxide).“’ A further syn- 

thesis of the Z isomer 38 has been recently reported 
(Scheme IJ).” The 21 C chain with the required 1.5. 
relationship between the ketone and acetylene functions 

was introduced in one step by a fragmentation reactron. 
Thus, Eschenmoscr cleavage’” of the a$-epoxy ketone 

42 with p-toluene-sulfonylhydrazine gave 6heneicosyn 
I l-one in 710/C yield. Partial hydrogenation then gave the 
pheromone 38 in m overall yield from the cnol ether 
41. 

(5) Conjugated dienes 
(a) (8E.IOE)4.IO-eodecadim-l-o/. The codling moth. 

laspeyresiu pomoneh. (Tortricidae: Olethreutinac) is a 
major world wide pest of apple orchards. On the basis 

mainly of electroantennogram studies of model com- 
pounds and of female extracts Roelofs er a/. proposed’“’ 

that the sex pheromone of the codling moth was 

.- - 
+Thc acclatc ester of 43 ha\ rcccnll) ken ldcnt#icd .I\ the 

prtmary componcnf of rk SC; phcromonc of the fern& plt;h 

pmc up mofh. Khwc~on~a n~idano.“” and ha\ also ken found IO 
k a good attractant for the male pea moth. f.a~prvrr~b nrpric-NW. 

m ok field I:: 

(HE.IOE)-g.IOdodccadicn-I-ol (43; Codlcmonc’ at- 

tractant) and its presence in female abdommal tips was 
later established by Heroza er al.‘” The synthetic com- 
pound has been shown to be very attractive IO male 
moths in the field and is of considerable value as a 

survey tool.“’ Field trials with the geometrical isomers 

of 43 have shown that the pure &.E isomer 43 is by far 
superior IO the other three isomers in attractiveness to 
malts and that the other geometrical isomers appear to 

inhibit the male response when mixed with 43.‘“’ The 
acetate ester of 43 has been shown 11~ inhibit the at- 
tracuon of male codling moths IO either the synthctrc 

sex pheromone 43 or IO virgin moths.‘m ‘-sf A number of 
other chemicals such as undecanol.‘a ethers and esters 

of 43.‘m and monocne esters such as t%)-H-dcdecen-I-yl 
acetate.“’ have also been shown to inhibit the attraction 

of male codling moths to 43. This pheromone is of 

considerable practical importance and the various syn- 
thetic routes discussed Mow illustrate some of the 

methods available for the synthesis of conjugated E.E 
dienes. The early syntheses are of littlc use in preparing 

quantities of 43, but they are discussed in this section IO 

demonstrate the development of the more practical 
routes. Even though the sorhyl halide route (Scheme 19) 
is only of moderate use it is discussed in detail as this 

work led finally to the prcfcrred route IO 43 which is 

outlined in Scheme 20. 
The first synthesis of 43 was carried out by Koelofs ef 

ol. as outlined in Scheme 15.“’ Wittig reaction of the 
triphcnylphosphonium Salk 4S [prepared from (0-l- 

bromo-2butenej with methyl g-oxooctanoate (44) in di- 
methylformamide using sodium mclhoxide as the base. 

and using a large excess (IO cquiv.) of the ylide. followed 
by hydrolysis. purification riu the acid, and reductron 

gave 43 as a mikture of isomers estimated’@’ to contain 
co. 75% of the g&lOE isomer and ?i;c/r of the gZ.lOE 

isomer. Isomerrration with iodine and sunlight in pentane 
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gave the crude HE.IOE isomer in low yield. To obtain 

pure 43 Ihis producr was aceIylaIed and the acetates 
were chromalographed on silver nitrate-impregnated sil- 

ica gel-G thin layer plates developed with bcn~cnc.“‘~“‘ 

Saponification of the material exlrdclcd from the upper 

edge of the higher Rf band then gave a small quantity of 
53 (91% X.10-dicnols by glc analysis; 98% XE.IOE 
isomer”‘). This lengthy route is not useful for preparing 

more than a small quantity of 43. The iodine-sunlight 
isomeriratmn conditions gave impure 43 m low yield and 
the KlOdodecadienol fraction of this reactlon product 

contained only CO. 50% of the XE,IOE isomer (plus 24% 
of the U,IOE isomer. and 16% of the IOZ Isomers) h) 

glc analvsis.“’ 
field.“‘ .‘- 

although this mixlure was a&e in the 

We imtlally prepared the KIOdienol as a mixture of 
isomers hy modifications of Ihc above WiIIig approach, 
such as Scheme 16.“’ The oxidation of ethyl X-hromooc- 

tanoatc and of the bromo ether 3 (from Schcmc I) with 

pyridinc N-oxide ‘I‘ in roluene in the presence of sodium 
hicarbonatc. in our hands gave the corresponding aldc- 
hydcs in only KEG yield. The normal WiItig rcacIion of 

Iriphenylphosphonium (El-!-hurenylide wiIh ethy I R-ox- 
ooctanoate in ether in the presence of lithium bromide 

tylide generated with n-hutyllithium) gave in high yield a 
mixture of isomers conlaming (hy glc analysis) 45% of 
the HEIOE isomer. 39% of rhe g%.lOE Isomer. and 16% 

of the IWO 10% isomers. Keduction of the ester with 

LAH gave Ihc dicnol. This mixIurc. containing 45% of 

43. was acIive as a sc‘x aIIracIan1 in both field and 
lahoralory tests.“” Acetylation of a sample of this mixture 

and column chromatography of the acetate isomers on 
Glica gel-25% AgNO, gave rhe EJC ace~atc 19% E,.E 
isomer by glc analysis) in low ylcld. The WiIIig reacIion 

of Ihe aldchydc 46 (Scheme 16) with this partially stahil- 
ircd glide was sIudicd in derail (‘l‘ahlc I).” The isomer 
ralio tn the product was not significantly different under 
‘kill-free” conditions”“’ ‘I- from that obtained under 

normal Wittig reaction conditions. Even Ihe E olefin 
procedure (Table I; enIry 41. whereby the primary Witrig 
inIermediaIc is a-meIallaIed,“‘ did no1 give an increase 

in the amount of XE.IOE isomer in Ihe produc1. Thcsc 
resuhs are in sharp contrxt IO (hose obtained when 

saIuraIed aliphaIic nonsrohiked Iriphcnylphosphonium 

ylides reac1 with aliphalic aldchydes.’ As a follow-up IO 

this study. the hromo ether 3 was convcrtcd IO its 

Iriphenylphosphonium salt (isolated as an oil) and the 
WiIIig reaction with (El-2-huten-l-al (using potassium 

t-hutoxide in dimethylformamidc) was carried out. After 
hydrolysis only a 10% yield of 8,lOdienols was okained 
containing 77% of the 8%.lOE isomer, 20% of the 8E.lOE 

isomer 43. and 3% of the IO.? isomers.“’ 
The above schcmcs wcrc no1 saatisfactory for Ihc large 

scale preparation of 43. and the stereoselective synthesis 
outlined in Scheme I7 was a considerable im- 

prokemenl.“’ Ring opening of the secondary cy- 

clopropylcarbinol 47 wiIh 48% aqueous hydrohromic 
acid a1 0” according IO the method of Julia”’ gave in %E% 

yield Ihe homoallylic bromide 48. Glc analysis of the 
IaIIer indicaIcd IhaI it was a mixIurc of the 3E.SE isomer 
(90%) and the 3ZSE isomer (IO%): however. in view of 

Ihc final isomer raIio obtained in the synthetic product. it 

Scheme 16 

_--- 
r;rhlc I Keactm of 46 ulth rriphcnylphosphonium tEk!-buknylidc 

.__-- ..__ _____ 
T-“- 

- -_ _ 

I’RCGL’CY 

Iac,\C;: ‘!!: :‘o:“JI 1’:. :;:: 
I. :ro?nLe:! YLC!d 

--- 

x*x-.,*r :?df;o 

‘L,lCi (43: 8”,10FL 102 :Boz?.cT’ 
Crr 

-- 

54 28 11 and 7 

50 30 13 and 7 

4: 4c i2 nnd E 

44 .16 12 ar.c! 8 



C. A. HPWCK 

SO&R :THP 

b. R : SotMe), 

probably only contained co. 80% of the 3E.SE isomer. 
Coupling of the Grignard reagents prepared from C-S 
halo ethers 49 in THF with the C-7 homoallylic bromide 

48 (see Ref. 120) was carried out at -5” using catalytic 

quantities (cu. 0.3%) of dilithium tetrachlorocuprate” to 
give SO in good yields (85%). Hydrolysis of the protecting 
group in sbs (p-tolucnesulfonic acid in aqueous 
methanol. 50” for 2 hr] or S&I [aqueous ethanol. 2 hr 

under reflux] gave. after distillation, the free alcohol in 
high yield containing 7% of the E.E. isomer 43 along 
with % of the 8Z.IOE isomer and 12% of the IO2 

isomers. This material readily crystallized at 5” and re- 
crystallization from pentane at -5” gave a high recovery 
of the pure E.E isomer 43 (m.p. 29-W’; YB.59, pure by 

glc analysis). 
The alternative coupling procedure. that of reaction of 

the Grignard prepared from UI with 496 under cuprous 

salt catalysis as above, gave a 60% yield (after dis- 
tillation) of SOB but the product contained only 68% of 

the E.E isomer, indicating some loss of stereochemistry 
either during the formation of the (irignard reagent from 

48 or during the coupling reaction (see Ref. 120). This 

route (Scheme 17) has been used by us to prepare multi 
hundred gram batches of 43 in a very high state of purity. 

The (8E+lOE)-dienol 43 is highly crystalline which 

allows its ready separation from mixtures. When the 
desired EJ isomer is separated from a mixture of g.lO- 
dodecadienol isomers by low temperature crystallization. 
the mother liquor fraction typically still contains co. 20% 

of residual E.E isomer. This mixture of geometrical 
isomers can be readily equilibrated by heating without 
solvent with 1% by weight of bcnzenethiol” at loo” for 
30 min to give a mixture containing co. W6 of the E,E 
isomer (equilibration of the pure XE.lOE isomer 43 also 
gives the same mixture).t Crystallization of this equili- 

?.Wonoenes such as (ZWdodeccn-I-yl acetate (13) can also be 
rcaddy equilibrated to give a mixture of lhc Z and E isomers 

(ratio 1.3. respectively) by heating without solvent wth 1% by 

we& of knrtnerhiol (I hr at IOOYLe 

brium mixture gives pure 43 and the mother liquor may 

again be rccquilibrated. When this process was repeated 
three times on 2408 of a mother liquor fraction contain- 
ing W96 of 8.lOdodecadien-I-al isomers, no dodc- 

cadienol was lost and no new impurities were produced 

significant amounts.‘” This cquilibrationcrys- 

ilization sequence reduces the requirement for a highly 
stereoselective synthesis of 43. 

Many other synthetic routes to 43 (and its geometric 

isomers) have been investigated by us and by other 
workers in this field. Vig et al. have published a syn- 

thesis of 43 whereby they generated the E.E diene 
system cia a phosphonate condensation, followed by 
removal of the C-12 functional group by reduction of the 

mcsylate with NaBH, in dimethyl sulfoxide (Scheme 
18).“’ However, their product was not crystalline and the 
purity is not discussed by the authors so that the 
stereoselectivity of their synthesis of the dicnol43 is not 

known. 
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We also carried out a detailed investigation of the 

synthesis of 43 starting from (2E.4E)-ZJ-hexadien-I-ol 

(sorbyl alcohol, Sl) and the corresponding aldehyde and 
acid in attempts to develop inexpensive routes to 43. As 

part of our work we studied the coupling reaction of 

sorbyl halides with Cb organometahic reagents.‘* It 
has been observed many times before that the reaction 
of monoene allylic halides with non-allylic or- 
ganometallic reagents ahnost invariably produces mixtures 

of isomeric olefins. Either member of a primary-sccon- 
dary pair of isomcric allylic chlorides or bromides usu- 
ally yields a similar complex mixture of unsaturated 

products. Of the expected cross-coupled products the 
compound derived from the primary C atom of the allylic 

system usually predominates, but varying amounts of 

dicnic hydrocarbons are also produced resulting from the 

homocoupling of two allylic fragmcnts.‘z’ In our work 
we found that treatment of the pure 2E.4E dienolS1 with 
I cquiv. of thionyl chloride in ctber in the presence of 

one tquiv. of tri-n-butylamine”’ gave a 90% distilled 

yield of a mixture of allylic chlorides 52a and S3a in the 
ratio ea. 7:3. along with a few percent of 54a (Scheme 

19). Coupling of this isomeric mixture with the Grignard 

reagent 5Sa in ether-THF. followed by acid hydrolysis of 
the protecting group gave a complex mixture of 

products. The 8,IOdodecadicn-l-al portion of the 
product was shown by glc analysis to contain co. 75% of 
the 8EIOE isomer but the crude product contained other 
dienol and tetraenc compounds along witb dodecamethy- 
lene glycol (which apparently formed both during the 

preparation of the Grignard reagent and during the coup- 
ling reaction). Fractional distillation of the product in 

uacuo to remove the large fraction of volatile hydro- 
carbons @t&5@%) and tbc C-12 dial. and crystallization 
of the alcohol fraction (containing R.IOdodecadicnols 

.-. .-_. _-.. _ -__ .- 
+Tksc coupling reactions arc dtscussed in dcti since our 

resulls with sorbyl dcrivatlves were in many cases surprisingly 

different from lhose obtained previously by orher authors with 

crotyl derivatives. 

Ube coupling of Ibe sorbyl chloride mixture 52a plus J3a with 

the organolithium reagent Sk in ether-THF at -2Y gave a 

similar mixture of producls IO lhat described above with rhe 
Crignard reagent 5% 

and other dienols in the ratio co. 3: I) from aqueous 

methanol at 0” gave the pure 8E.IOE isomer 43 in an 
overall yield from 52a plus 53a of IO to 30%. The 

reaction products obtained in this study with sorbyl 

derivatives were somewhat more complicated than those 
obtained previously by other authors with crotyl deriva- 

tives. For example. reaction of 2-buten-l-01 with thionyl 
chloride in ether in the presence of tri-n-butylamine is 
reported to give exclusively I-chloro-2-butene’S whereas 

treatment of 2-buten-l-al with thionyl chloride in dilute 
ether solution gave almost entirely 2-chloro-3-butene.‘n 

Coupling of either of these allylic chlorides with n- 
butylmagnesium halide,‘“” or n-butyllithium’z’b ‘n gave 

mainly 2-octene and only traces of dicnic products. Si- 

milar results have been obtained with phenyllithium.‘“-‘- 
and phenylmagncsium bromide.‘% The reaction of 

phenyllithium in ether with pure (E)-lchloro-2-hutene 

gave mainly (E)-I-phenyl -2-butene ]plus 3-phenyl-l-bu- 
tene and (E)-I-methyl-2-phenylcyclopropane] with no 
geometric isomerization during the course of the reac- 

tion’- (see Ref. I27h). In contrast IO these results. 
coupling reactions of sorbyl halides with organometallic 

reagents such as 5Sa-c and 56 gave complex mixtures 
usually containing up to 50% of unidentified unsaturated 

hydrocarbon products (see Ref. 127c).t Fractional dis- 
tillation of the sorhyl chloride mixture gave pure S2a. but 

coupling this isomer with the Grignard reagent 56 gave a 
similar complex mixture of products from which pure 43 
was isolated as above in 15% yield. Treatment of the 

dienol 51 with thionyl chloride in ether solution”’ at &5” 

(2Ohr) gave an 80% distilled yield of a mixture of 52a, 
S3a and 54a in the ratio ca. 25 :65 : IO. respectively. 
Coupling of this mixture with the Grignard reagent 56 in 

ether-THF gave a similar mixture of products to that 

described above. A number of other unsuccessful at- 

tempts were made to convert sorbyl alcohol to the cor- 

responding halides without allylic rearrangement. For 
example. variations in the conditions of Stork et al.,” 
Collington and Meyers.“’ and the use of CCL-hcx- 
amethylphosphorous triamide in ether.“’ all gave mix- 

tures of 521. !?3a and 541 plus recovered starting dienol 

51. 

Reaction of sorbyl alcohol with PBr, (0.4 mol equiv.) 
in ether at -40” (2.5 hr) gave a mixture of 52b and 53b in 

x 

b. X: Br 
x: .o.c(O) /a- f: x: OAC 

2 
7, 

a. Y : M&l 

b. Y : MO& 

c. Y LI 
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the ratio co. I : I, whereas at 0” (20 hr) with 0.5 mol equiv. 

of PBr, in ether a mixture of 52b. 53b and 54b was 
obtained in the approximate ratio 70: 10:20, respec- 

tively.+ Treatment of the sorbyl bromide mixrure (see 
Ref. 127~) with the Gtignard rcagen1 9th in ether-THF 
(with or without added HMPT, set Ref. IM) gave a 
complex mixlure of products similar IO that described 

above (for the reaction of S2a and 531 with 550) from 
which pure 43 was isolated as above in ca. 15% yield 
(from 51). Reaction of the organolithium reagent 57 with 

the sorbyl bromide mixture in THF a1 -20” in the 
presence of a catalytic quantity of dilithium 1eIra- 
chlorocuprate (see Ref. 121) gave a similar complex 

mixture of products and 43 was isolated in an overall 
yield of 17% (from sorbyl bromide) after recrys- 

lalliza1ion.‘” Reaction of sorbyl mesitoate (52c) with 
excess of the Grignard reagent 591 in ether-THF under 

reflux (with or without added HMPT) gave mostly uni- 
dentified volatile products with only traces of H.IOdode- 

cadienols (see Ref. 134). 

The preparation of 43 from sorbyl bromide has also 
been carried out by other group~.‘~ “‘I* BUII ef al. 
report a 25-30% yield of KlOdodecadien-l-01 containing 
75% of the E.E isomer 43 from the coupling of 55s with 

sorbyl bromide (prepared with PBr,) followed by spin- 

ning-band distillation of the producl.“’ Essentially the 
same rou1e. with crystallization of the distilled product. 

was used by George et a/.lw and by Yori.” 10 obtain 
pure 43. 

Finally we investigated” the coupling of sorbyl 

acetate (52d) and its allylic isomer S3d with organomag- 
nesium and organolithium reagenrs under copper(l) ca- 
talysis, and also with lithium diorganocuprdle complexes. 
as a method of preparing 43.“’ Allylic ha/ides are highly 

reactive towards lithium dialkylcuprate reagen(s.%-“‘” 
as well as towards Grignard and organolithium reagents 
as discussed ahove.“‘.‘n.‘-9-“’ Although good yields have 

been reported (e.g. Ref. 140). the cross-coupling reaction 
of lithium dialkylcuprates with allylic halides of1en pro- 

ceeds with considerable allylic rearrangemen1’” “‘J” and 

is accompanied by side reactions. especially the for- 
mation of homo-coupled products. For example. the 

reaction of lithium diethylcupra1e with I-bromo-2-butene 
in ether was reported IO give only 15% of cross-coupled 
products along with 42% of a mixture of C-8 diene 

dimers formed from the homo-coupling of the allylic 

bromide.“” The reac1ion of allylic halides with alipha1ic 

Grignard reagents in the presence of copper salts (e.g. 
CuCI?) can also give complex mixtures of products con- 

taining large amounts of homocoupled produc1s.V Pre- 
vious studies of the coupling of allylic errers with lithium 

dialkylcupratc reagents IO give alkyla1ed olcfins have 
been rePorted.* Ia I” w”. and in our work we ohserved 
lhal secondary and tertiary ahylic acclalcs rcacl rapidly 
at -lo” with cuprare complexes in ether IO give mainly 
the products derived from the displacement of (he 

acetate group wi1h allylic rearrangemenl.” With thcsc 
substrates polymeric alkylcoppcr reagents were found IO 

‘tirbyl bromide IS n01 as srahlc as the chlorde and should k 

stored cold (see Ref. I?_s): allylic bromides are known to 

iwmerizc much more readily than the corresponding chlondcs. 
iln conlras1. when copper(l) ~11s arc used IO car&~ the 

reactton kwecn Gngrwrd reagent\ and pnmary OUV/ bromldc\ 

(or tudidcs) in THF aI 0” rk ylclds of crossxoupled prtducts are 

high and the formation of homocouplcd drmcrc is a ver) mmor 
reactton.‘?’ 

give only partial conversion IO alkylated olefin.“” Alk- 
ylauon via direct displacement of the acetoxy group with 
lithium dialkylcupra1es can be the preferred reaction 

pathway for primary allylic acetates.‘*.” Recently 
Fouquet and Schlosser have reported that allylic (and 
benzylic) acetates reac1 with Grignard reagents in the 

presence of catalytic amounts of copper(l) salts lo give 
good yields of cross-coupled products.“’ For example, 

they reported that mixing (E)-2-buten-I-yl acetate. n- 
butylmagnesium bromide, and a catalytic amoun1 of 
Li.CuCL in THF-ether a1 -7R” and warming 10 room 

temperature gave a 62% isolated yield (88% yield based 

on glc analysis) of I&-?-octene along with % of 5- 
methyl-5-nonanol (from the competitive uncatalyzed at- 

tack on the acetate carbonyl). Similarly, (Z)_2ocIene 
was ohmined in 5% yield from (Z)-2-buten-I-yl acetate. 
so that these coupling reactions with primary allylic 

acetates were reported IO be both regio- and stereo- 
selective. These authors also nored (withou1 discussing 
any details) that secondary and tertiary allylic acetates 

react with Grignard reagents. in the presence of cop- 
per(l) catalysts. with allylic rearrangemenl.‘O, 

The reactions of bo1h IE.E)-sorbyl acetate (52d) and its 
secondary allylic isomer 53d with the organocuprate 

complex 58. and with the Grignard reagent 59~ in the 
presence of a ca1alyIic amount of Li?CuCL (Scheme 20) 

were sfudied.“’ Tbe cuprate complex 58 reacted regio- 
and stereo-selectively with 52d IO give a 65% isolated 
yield (after removal of the protecting group and purifi- 
cation by preparative tic) of 43 containing almost enfirely 

(!+!9.7%) the E,E isomer. Displacemen with allylic rear- 

rangement was a minor reac1ion pathway with these 

reactan1s. Under the same conditions the secondary al- 
lylic acetate S3d reacted with 58 with almost entirely 

allylic rearrangement lo give (after removal of the pro- 
tcc1ing group and IIC) a 61% isolated yield of a mixture of 
the 8E.IOE and 8Z.lOE isomers of 43 in (he ratio of ca. 

4: I. respectively. Reaction of the Grignard reagent SSb 

with 53d in the presence of a catalytic amount of 
ti?CuCL also proceeded with allylic rearrangement IO 

give a 40% yield of a mixture of the 8E.lOE and XZ,lOE 

isomers of sbs in the ratio 45 : 55, rcspec1ively. Reaction 
of the lithium reagent 57 with sorbyl acetale (526) in the 

presence of Ii~CuCL as a ca1alys1 gave a negligible 

amoun1 of S& and attack on the acetate carbonyl with 
the formation of 51 was (he major reaction. However. 

coupling of (he Grignard reagent 5Sb with S&l in the 
presence of I&CuCL gave a 6% yield of a mixture of 
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the isomers of St&a, containing 85% of the gE.IOE isomer, 

3% of the lIZtOE isomer and 12% of the two IO.? 
isomers. This last reaction was scaled up as a practical 

method of preparing 43. Thus a commercial batch of 

sorbyl alcohol containing co. 75% of the E.E isomer and 
25% of the E,Z Isomer was acetylated and the acetate 

was coupled with the Grignard reagent 5Sh in the 

presence of dilithium Ictrachlorocuprate (0.2%) in ether- 
THF at -20”. then at room temperature (mixing at -78” 

was found not to be necessary: see Ref. I&J). The 
coupling occurred regio-selectively with no significant 
allylic rearrangement and with no suhstantial change in 

the stereochemistry of the dienc system (the diene frac- 
tion contained cu. 75% of the E.E isomer). The crude 

product. after acidic hydrolysis to remove the protecting 

group. contained 43 contaminated with a small amount of 
51 and considerable I.l?dodecanediol. Dimerization of 

tk C-6 fragment apparently occurs as a side reaction 
both during the preparation of Ihe Cirignard reagent 5Sb 

and during the coupling reaction. The reaction product 
was cooled to -20”. rewarmed to 20” and extracted with 
hcxane. The hexanc-soluble fracrion was filtered through 

a column of Florisil, and crystallization of the producr 

from pentanc at 20” gave a 40% yield of the pure E.:E 
isomer 43. ‘This synthetic procedure is the overall pre- 

ferred method of preparing 43. We have also investigated 
the stereoselective coupling of sorbyl bcnroaIc (see Ref. 

145h) wirh SSb under copper(l) caIalysis and obtained 

similar yields (5060%) of pure 43.‘- 
(b) (7F..Y7.)-7.Y-~odecadien-I-~/ uc’erure. The Euro- 

pean grapvine moth. Lohesia ho~rono (Tortricidae; sub 
family Olcthrcutinac) is an important pest of vineyards In 
southern Europe. The 1.. horruno females have been 

shown IO produce (7E,YZ)-7.9dodecadienI-yl acetate 
(59) and the synthetic sex pheromone has been found to 
be highly actractivc IO 1.. bo~ranu males in the field.‘%“’ 
The various synIheses of Ihis pheromone discussed 
below illustrate some of the merhods now available for 

the stereoselective synthesis of conjugated (E,Z)dienes. 
The initial synthetic route to 59 by Roelofs er u/..‘~ 

is outhned in Scheme 21 (see kheme IS). Methyl 7- 
oxoheptanoate (60) was prepared via pyridinc N-oxide 

oxidation”’ of methyl 7-bromohcptanoate. The aldehyde 

60 was then converted to the a&unsaturated aldehyde 

61 cia use of the anion generated from dicthyl 2-(cyclo- 
hexylimino)ethylphosphonate.‘” The crude a#-un- 

saturated aldehyde was treated with triphenyl- 
phosphonium n-propylide in benzene (under essentially 

“salt-free” conditions; see Ref. 68) and the product was 
hydrolyzed to the acid. Reduction of the IaIIer with 
sodium dihydrobis(2-mcthoxycthoxykrluminate and 

acctylation of the resulting alcohol gave 59 (in 3@% crude 
yield from 60; purity co. 70% of total 7.9~isomers). This 

lengthy scheme produced somewhaI impure 59 in low 

overall yield. The crude 59 was purified by prcparalive 
glc to give a dicne mixture conlaining 88% of the desired 
7E.9Z isomer. plus 8% of the 7E.9E isomer. and 4% of 

Ihe 7Z.YZ isomer. This synIheIic maIcrial was atlraclive 

IO f.. horruna males in the field.‘%‘ 
Initially we prepared 59 by a similar rouIe (Scheme 

22)‘” However. the pyridine N-oxide oxidation of 62 

usually gave yields of only 3&50% of 63. DimeIhyl- 

formamidc (at IX?? could be used in place of Ioluenc with 

this subskate but WC were unable IO improve Ihc overall 
yield above 50%. The a./3unsaIuraIed aldehyde 64 was 

prepared in three steps since we found the diethyl !- 

(cyclohcxyliminokthylphosphonate rcagcnl difficulI lo 

prepare reproducibly. The "Salk free” reaction of Ihis 

aldehyde in cIher with Iriphenylphosphonium n-pro- 
pylidc (prepared with NaNHI in liquid NH,; see Ref. 
68) followed by acid hydrolysis and aceIylaIion gave a 

producl containing. by glc analysis (see Rcfs. ISOh, IS!). 
g8’% of the 7E.92 isomer 59 and I% of other isomers 
(g.57~ of the 7E.9E isomer, 2.5% of the 72.92 isomer 
and 1% of the 7Z.9E isomer). 

However. these routes (Schemes 21 and 22) were 

unsatisfactory as we were inIeresIed in developing a 
praclical scheme which could be used IO prepare 59 

slercoselcctively on a large scale. Such a route is OUI- 
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59 / 24,0-w 

Scheme 22. 

lined in Scheme 23.“’ I-Heptcn4yn-3-ol(65) was heated 
with trimethyl orthoacetate in toluenc (propanoic acid 

catalyst)“’ IO give. in 50% yield from acrolein. methyl 

Cnonendynoate (E: 2 ratio of co. 4: I: see Ref. IX&+ 

tin one run using trierhyl orthoaccta~e and adding Ibe catalyst in 

portions during the reaction lhe overall yield of elbyl csler was 
709t.“: 

Karc must be taken in rhe distillation of dknes such as lk 
pheromone I). In one disrillation of a 3Og batch (bath rem- 

peralurc 125”. head lempcralure 75-IO?“; ca. 45 min) al 0.06 mm, 

partial isomcrvarion (co. ‘XC) IO rhe 7L9E isomer occurred.“’ 

The pure E isomer can be readily obtained by distillation 

of the isomer mixture 66a on a spinning-band column. 
but such a separation is unnecessary at this stage. Con- 
version of the ester (E.Z isomers in ratio 4: I) IO the 

bromide 66d (7&80% yield) and coupling of the latter 
with 3-[( I-ethoxy)ethoxy]propyllithium’” using a cataly- 

tic quantity of dilithium tetrachlorocuprate (- 5”. I hr)’ 

gave 67s. Acid hydrolysis (rrichloroacetic acid in 
aqueous THF. 60“ for 1 hr) then gave the crude alcohol 

which was crysra/li:ed fn~rn pentone or -35” to give 
(E)-7Jodecen-9-yn-l-01 (67b) (99% purity by glc analy- 

sis) in SO-&I% over-all yield from 66d. The pure (E)- 

enyne alcohol 67b was converted IO the trimethylsilyl 
ether 67~. (Me&Cl-Et,N in CH+ZI:). Selective hydro- 
boration of the acetylene group of 67c with an equimolar 

amount of bis(3 - methyl 2 - butyl)borane (0”. 2 hr in 

THF) followed by protonolysis of rhe vinylboron in- 
termediate with acetic acid (62”. 5 hr).“* “’ and then 
alkaline H:O, treatment IO remove horoncontaining im- 

purities. followed by acid hydrolysis of the residual 

protecting group (CCI,CQH in methanol, 25” I hr) gave 
the 7E,9Z diene 68. Crystallization from pentane (or 
hexane) at -50” gave a 77% yield (from 67b) of 68 (~98% 

purity). Acetylation of 68 then gave the sex pheromone 
59. The pheromone synthesized by this route was shown 

by glc analysis IO contain 97.5% of the 7E.92 isomer and 
1.8% of the 7E9E isomer.t 

Scheme 23 depends on the efficient synthesis of the 

key intermediate, (E)-7-dodecen-9-yn-I-al (67b) (m.p. co. 

-10 IO -IS”) which can be readily purified lo ~99.5% by 

crystallization from pentane or hexane at low lem- 
peratures (-M” IO -45”) (the dienol 68 crystallizes much 
less readily than the enynol 67b). We also synthesized 

67b by the stereoselective procedure outlined in Scheme 

24 (see Negishi et al. Ref. 16la).‘“’ The overall yield 
(from 69a) of pure 67h (99.5% puriry) after cryslalliz- 
ation (pentane -35”). was only cu. !O%.“’ Although 

the conversion of the acetylene 60s IO 67d is 

carried out in one pot. the reaction is difficult IO follow, 
and is nor practical on a large scale. The route outlined in 
Scheme 23 is preferable in our hands for large 
scale synthesis. Kegishi”” has recently prepared 59 via 

=-vv-vvox 
67a. 

x <,,‘\ 

b.X H 
c. x : S,(Mel, 

6, x - THP 
k 

59 
., X -AC 

Scheme -23 
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a modification of the procedure in .Schcme 24. and has 

carried out the conversion of the (ELcnyne group to the 

(E,Z)diene by both partial reduction of the triple bond 

with powdered zinc in aqueous n-propanol.‘b’ as well as 
by the hydroboration-protonolysis procedure used above 

(Scheme 23). These authors used ‘I-octyn-I-yl acetate 
(69h) instead of 69a in their scheme and they prepared 

this terminal acetylene hy treating !octyn-l-al with po- 
tassium 3aminopropylamide (acetylene “zipper” reac- 

tionY followed by acetylation. The obtained a MI!% 
yield in rhe conversion of 7-octyn-I-yl acetate (69b) into 
the E enyne 67e under these modified conditions. 

We also attempted IO prepare the 7E.9Z isomer 59 by 

reduction of the triple bond in the tetrahydropyranyl 

ether of (Z)%Mecen-7-yn-l-al IO the E olefin using 
lithium diisobutylmethylaluminum hydride.‘” However, 

presumably due to steric hindrance, the triple bond in the 
(%)cnyne reacted very slowly, and mixtures of Z and E 

isomers were obtained on hydrolysis.‘*’ IniMly the 

hydroaluminabon of the triple bond appeared IO give 
predominantly (ENinylalanate but prolonged reaction 
times gave mostly Z olclin on hydrolysis. 

Descoins and Samain have also prepared the 

pheromone 59 via the (E)-enyne 67h (Scheme 25).‘@.‘“’ 
They found that treatment of Icyclopropyl-2-penlyn- I- 
01 (70) with hydrobromic acid’“.” gave mainly (Z)-l- 
bromo-3-octen-S-yne (Z and E isomers in the ratio 

67:33). These workers therefore cleverly modified the 

stereochemistry of he cyclopropyl ring opening by rem- 
porarily increasing the stcric hindrance of the acetylcnic 

linkage through the preparation of a complex between the 
triple bond and dicobah octacarbonyl. Treatmem of the 

complex 71 with hydrobromic acid (plus ZnBr*) followed 

by oxidation of the product with ferric nitrate gave the E 
homoallylic bromide 72 in 6% over-all yield with ~4. 

99% stereoselectivity.” Coupling of this bromide [Cu(l) 
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catalysis] with the Grignard reagent 73 gave, after acid 
hydrolysis. the enyne 67b (W4c E isomer) in m yield 

(see Scheme 17, Ref. 118). They then selectively hydro- 
genated the recrystallized 67l.r (>m E isomer) in 
methanol at -20” over a small amount of specially pre- 

pared Lindlar catalyst (with no added quinoline) IO give 

the dienol68 (9% 7 E.9Z: 8% 7E.9E) in cu. 4M@X yield 
after spinning band distillation.‘“’ Pure dienol was ob- 

tained by preparative glc and acetylated to give 59. 
However the hydroboration-protonolysis procedure des- 

cribed in Scheme 23 is much preferable IO any catalytic 
hydrogenation method for such a conjugated enyne sys- 

tem.+ In an alternative sy?thetic route to 59, Descoins 

had also independently carried out the Claisen rear- 

rangement described in Scheme 23 to give ethyl Cnonen- 
6ynoate.‘“’ The E isomer. obtained by spinning band 

distillation. was reduced (LAH) and the alcohol hydro- 
genated at -20” over a trace of I.indlar catalyst in 

methanol. The resulting (4E.62)-4.6-nonadien-I-al (9Iwr 
4E.6Z isomer; 609& yield from ester) was then homolo- 
gated to 59. However this modified scheme, as initially 

carried out, is less attractive than that described in 

Scheme 23.“’ 

We prepared the conjugated 7E.9E isomer 75 by a 

thexylborane procedure (Scheme 26)‘” developed by Ne- 

gishi and Yoshida. “I This is an excellent, versatile, 
general procedure for the synthesis of conjugated E,E 

dienes and is highly stereoselectivive. In Scheme 26 the 

*Partwl hydropcnation of conptgoftd enyne\ aM1 of diyms 
using lindlar catalyst is no1 very selective and usually giver 
mixtures containing 14osE of the desired conjugated dime (see 
Hefs !8h. 163a 169). 

#Such conjugated E.E dunes cannot he prepared. in general. 

h) rhe rcducrbn of conjugated diyncs with sodium m liquid 
ammonia.“’ 

alcohol 74 was obtained in 4oc/c distilled yield from the 
acetylene 69s and contained >9fls of the 7E.YE isomer 

by glc ana1ysis.t Descoins also prepared the 7E,YE 

isomer 75 by a scheme analogous to that previously 
developed IO prepare (ltE.IOE) - 8.10 - dodecadien - I - 01 
(Scheme 17).“’ Coupling of I-bromo-3,Soctadiene (m 

E.E. isomer) with the Grignard reagent 73 (catalytic 
amount of dilithium tetrachlorocuprate) in THF gave. 

after acidic hydrolysis, a 7M yield of 74 (9oc/c E.E 
isomer). Crystallir;ition from penlane ( -30’) gave pure 74 

(>99% FE isomer; m.p. cu. S-6”) which was acetylated 

to 75. 
(c) (E)-9.1 I-Dodecadien-I-v/ acefofe. The red bollworm 

moth, fXsparopsis cushmeu ‘is a major pest of cotton in 

Malawi. Rhodesia, Mozambique and South Africa. A 
multi-component mixture of physiologically active com- 

pounds. containing 9.1 I-dodecadien-I-yl acetate (E: Z 
isomers in the ratio cu. 80: 20). (E)-9-dodecen-I-yl 
acetate. I I-dodecen-I-);I acetate, and Idodecanyl 

acetate. was isolated from female abdominal tips.“’ The 
most abundant component of this mixture was the diene 
76. but on its own this compound was found IO be only 

weakly attractive to male moths. However. addition of 

~hc non-attractive compound, I Idodecen-I-yl acetate. to 
the diene in the ratio occurring naturally in the excised 

female glands (cu. I :4. respectively) resulted in a mix- 
ture which was highly attractive to male moths under 

held conditions.“’ The effect of the E isomer content on 

the attractiveness of 76 (in combinations of 76 with 
I I-dodecen-I-yl acetate) has been evaluated and it was 

found that the level of the E isomer necessary for 
maximum male attraction was between 8193%. with 

field catches diminishing rapidly if less than 7 or more 

than I39 of the Z isomer was present in the mixtures.“’ 
The field-attractive. synergistic combination of 9.1 I- 

dcnlecadien-I-yl acetate (E: Z isomers in the ratio cu. 

9: I) and Ildodecen-I-yl acetate in the ratio 4: I has 
been termed dicastalure.“” The non-attractive com- 

pound (09-dcxlecen-I-yl acetate. also isolated from the 
female, was found to be potent inhibitor and almost 
completely prevented male orientation when volatilized 
alongside virgin females in traps. I-Dodecanyl acetate 

was found to have no apparent effect on male response 

IO pheromone-baited traps and is probably a pheromone 
precursor.““ In field studies it was also found that 76 
and I I-dodecen-I-yl acetate inhibired male attraction to 

virgin females when used individually (but not as the 4: I 
combination) and in addition (Z)-9dodecenyl acetate 
and I I-dodecen-I-ol were strong inhibitors of male at- 

trdction.“~‘ 
The pure E and Z isomers of 76 were required for the 

initial field testing. both separately and combined in 
known ratios. Wittig condensation between triphenyl- 
phosphonium 2-propenylide and 9oxonon I -yI acetate 

(prepared by ozonolysis of oleyl acetate in CS: and 
reduction with Ph,P) in ether in the presence of lithium 
bromide gave a 7(mc yield of the diene containing the E 

and Z isomers in the ratio 3: 2 (Scheme 27).“” I“ Al- 
terations in solvent polarity in the H’ittig reaction gave 
E: Z ratios in the range 4: I IO 3:7 but attempts to obtain 
greater stereoselectivity were unsuccessful. Separalron 
of the isomers of 76 was very difficult and only partial 

resolution was obtained by chromatography on silica 
gel-AgNO,. However, treatment of the Wittig product 
with liquid sulfur dioxide at ,20” followed by chromatog- 

raphy on Florisil (IO remove the unreacted Z isomer) 
gave the I.4cycle-addition product n. Thermolysis of 
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the sulfolene 77 occurred stereospecifically”’ IO give the 
E diene 76 (99+ c/c purity) in high yield. The Z isomer of 
76 was isolated in good yield by treating the Wittig 

product with excess Ietracyanoethylene in THF at room 
Icmperature which selectively reacted with the E isomer. 

Chromatography of the product on Florisil enabled the 
separation of the Z isomer from the Diels-Alder adduct 

of the E isomer 76.“’ 

Mori prepared 76 by alkylation of the Grignard reagent 
prepared from 2-(7-bromo-I-hcpIyloxy)IeIrahydropyran 

(62). with (El-2.Cpentadien-I-yl bromide in HMPT-THF 

(Scheme 28). Acid hydrolysis of the product gave a crude 
alcohol mixture which was crystallircd from light 

petroleum at -78 IO give the partially purified alcohol 78 
in low yield.+ Acctylation of 78 gave the impure dienyl 

acetate (purity ca. 85%) which was shown to contain the 
E and Z isomers in the ratio 85: I5 respectively.” The 

diene 76 has also been prepared by Tanaka et a/. as an 
application of their general method for the conversion of 

an allylic alcohol into a l.3-dicne system utiliring the 
regio- and stcrco-selective opening of an oxirane ring 
(Scheme 29l.“’ ‘Thus treatment of the epoxy silyl ether 

88 with diethylaluminum 2.2.6.6~IcIrameIhylpiperidide 
followed by removal of the silyl groups. gave the trio1 81. 
Reaction of the acctoxy diol 82 with phosphorus Iri- 
bromide in ether m the presence of cuprous bromide 
followed by the addition of cxccss rinc powder gave the 

diene 76. 

(d) VU.1 I E)-9.1 I-7’etradeca&en-l-y/ acetate. The 

Egyplian cotton leafworm. Spodoplera liffofalis. is a 

widespread polyphagous pest of cotton plants and of 
various vegetable crops in southern Europe. Africa and 

pgv^ .Ab40” 
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+&xi found that thlt alcohol USI an oil .$I room temperalure ad 
II Jd no1 crjslaIli7c rcadd~ al loa Icmpcralwc and lkrcforr it 

could nol lx as easily purtfwd by recry\talharron ;1\ could the 
cudImp moth pheromone 43. 

Scheme 29. 

the Middle Easy. The female moth was reported by 

Nesbitt et a1.‘7* IO produce a complex of four com- 
pounds: I-Ietradecanyl acetate. (Z)-9-Ietradecen-I-yl 

acetate. (E)- I I-Ietradecen- I-yl acetate. and (9Z. I I Eb 
9.1 I-Ietradecadien-I-yl acetate (84). Field trapping cvalu- 
ation of these components showed that only the dicnc 84 

was necessary for long range male moth attraction.“’ In 

baited traps. (Zl-9-Ictradecen-I-yl acetate was found IO 
almost completely inhibit the attraction of male moths IO 

the diene 84 or to virgin females, but no marked at- 
traction or inhibition of attraction was shown for the 

other IWO components isolated by Ncsbiil ef al. from the 

female moth. Nor was any synergistic action demon- 
strated for these IWO compounds when they were used in 

combination with the dicne 84.“& The pure 9Z.llE 

isomer 84 was found by Campion er al.“‘d IO be much 
more attractive IO male moths in the field than material 

of 70% purity (containing 15% of the Sir.1 IZ isomer and 
15% of the 9E.I Ii! isomcrl and the 9Z.llZ isomer was 
found IO be only slightly attractive IO male moIhs.“M In 

contrast. Kehat ef a/.“b’ found that their purified syn- 
thetic 9Z.IIE isomer (92% purity) was significantly less 

efficient in attractiveness than the partially purified syn- 

thetic attractant (72% 9Z.I IE isomer). 
‘The sex pheromone of Spodoptera lifura. a serious 

pest of vegetable crops in rhe south-western part of 

Japan. has been shown IO be a synergistic mixture (“lit- 
lure”) of the (9Z.I IEl-diene 84 and (9Z.I2El-9.12~Ietra- 
dccadicn- I-yl acctatc.“’ Both of these esters only evoked 
a weak. behavioral laboratory, male response when used 

alone but were much more active when mixed together in 
specific ratios. The optimum ratio of the synthetic 
9Z.l I E and 92121:‘ acetates for S. litura male moth 
response was found IO be co. 9: I. respectively.‘” Tamaki 
and Yushima also reportcd’-‘.‘X that these same IWO 

esters were biologically active components (in the ratio 

20: I. respectively) of the sex pheromone of S. litroralis 
(see Refs. 1720. 176). They reported that the optimum 



ratio of 9Z.I IE:9Z.l2E isomers for behavioral, labora- 

tory response for this species was between 5 : I and 20: I. 
In contrast. in the field trapping studies of Neumark ef 
al.,‘” the 9Z.12E isomer was found to have an in- 

hibitory effect on the attractancy of the 9Z.l lE diene 84 
at ratios of I : 20 and I : 50. However, admixture of the 
9Z.12E isomer with 84 at ratios of I : 500 to I : 1600 were 

synergistic, “& increasing male moth catches of S. lir- 
roralis up to 2.5 fold. Kehat et al.‘” found that addition 
of co. 1% of the 9Z,l2E isomer to purified 84 strongly 

enhanced the attraction. In field trapping experiments 
with 84 the addition of K-octyl-N’-phenyI-p-pheny- 

lenediamine (UOP 688) as an antioxidant was found by 
Neumark ef al.‘“.’ to increase the longevity of the 

pheromone (see however Ref. 1761). 

Nesbitt d al. first synthesized the (9Z,llE)diene 84 
by a Wittig condensation between (E)-2-pentenyl- 
triphenylphosphonium bromide and 9-oxonon-I-yl 

acetate, and separation of the resulting isomers by ar- 
gentation chromatography and preparative glc.“I’ This 
route was not stereoselective and thus they subsequently 
prepared 84 by a Wittig reaction between (E)_2-penten-l- 

al and a saturated alkyl ylide (Scheme 30) in dry dimethyl 

sulfoxide with sodium methylsulfinylmethide (“dimsyl 

sodium”) as the base, followed by acidic hydrolysis and 
acetylation. This procedure gave a 53% yield of the diene 

as a mixture of the 921 IE and 9E,l IE isomers in the 
ratio, 8.0: 20. The 9E.I I E isomer was selectively removed 

(as its Diels-Alder adduct) by treatment of this mixture 
with the appropriate amounI of Ietracyanoethylene in 
THF IO give an overall yield of 38% of &I containing ca. 
1.5% of the 9Z.l IZ isomer.lm cioto et ol.lD also prepared 

84 by the similar WitIig condensation of 9-acetoxynonyl- 
triphenylphosphonium bromide with (E)-2-penten-l-al 

(see Scheme 30) in dimethyl sulfoxide using “dimsyl 

sodium” as the base (at 5”). These authors obtained a 
74% yield of dienes containing 85-m of 84 and l&IS% 

of the 9E.llE isomer. The latter diene was removed 
from the mixture by the formation of its D&-Alder 

adduct with excess Ietracyanoethylene, as above. These 
authors found that the alternative Wittig condensation of 

OAc 

*When he pure 9X.1 I E isomer 64 was distilled on a large scak 

(b.p I I I’ ar 0.26 mm) the distillare was found IO contain co. 3% 

of ihe E,E isomer and hence. in pncral. such dicncs should not 
be dishlkd (xc S9. Scbemc 23). Tbc E.& isomer contaminanr in 

this experiment was removed by sckctive urea clahratioo. 

(E)-2-pcntenyltriphenylphosphonium bromide with 9-0x- 

onon-I-yl acetate gave a mixture of 84 and the 9E.I IE 
isomer in various ratios depending on the solvent 

polarity and on the base used: in benzene (potassium 
t-butoxide). 40:60: in glyme (n-butyllithium). 50:50: and 

in dimethyl sulfoxide (dimsyl sodium), 60:4O.‘” The 
diene 84 has also been prepared by a Wittig reaction 

between (E)-2-penten- I -al and 9-hydroxy- 

nonyltriphenylphosphonium bromide (see Scheme 30) in 
HMPT (n-butyllithium as the bae) followed by ac- 

cetylation of the product.“” 

Acetylenic routes have also been utilized to synthesize 
84. Tamaki er a/.IR’ prepared a mixture of the 9Z.llE 
and 9Z.I IZ isomers, in presumably low yield. by Scheme 

31 and isolated 84 by preparative glc. We prepared the 
diene from (E)-3-hexen-I-yne (8S) via alkylation. hydro- 

boration, and protonolysis as outlined in Scheme 32.“’ 
Pure 8S was obtained by spinning band distillation at 
atmospheric pressure of a mixture of the E and Z 
isomers which was prepared’? from I-hexyn4ol via”’ 
the p-toluenesulfonate (see Refs. 184. 185). Alkylation of 

the lithio derivative of M with 248-bromo-l-oc- 

tyloxy)tetrahydropyran in liquid ammonia-THF. fol- 
lowed by acid hydrolysis of the crude product and crys- 

tallization from pentane at low temperature. gave an 80% 
yield of pure (E)-I I-tetradecen-Pyn-l-al (86). m.p. I I”. 

The alcohol was protected as its trimethylsilyl derivative 

and the triple bond was hydroborated with 1.1 equiv. of 
disiamylborane in THF at -5” and the vinyl-boron in- 

termediate was protonolyzed with acetic acid at 65”. 

After treatment with alkaline hydrogen peroxide to re- 
mOve residual boron-containing impurities the product 

was purified by crystallization from pentane a1 -60” IO 
give Ihe pure alcohol 83 in 85% yield from 86 (see 
Scheme 23. Ref. 152). Acetylation gave 84 in 98.7% 

purity containing 0.5% of the E.E isomer.“‘t By a 
sequence analogous IO Scheme 32 the 92.1 IZ isomer was 

prepared beginning with (Zb3-hexen-I-yne. Isomeriza- 
tion of (92.1 L?)-9,l I-tetradecadien-I-01 (m.p. IP) with 
benzenethiolR and repeated recrystallization from pen- 

tane gave the E,E alcohol (m.p. 25”) in 80% yield which 
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Scheme 12. 

on acetylation gave the E.E acelalc of 99.4% purily.“’ 
(e) (IOE.IZZ)-lO.I?-Hexadecadien-I-ol. The isolalion 

of lepidoptcrous sex pheromones was pioneered by Bu- 

tcnandt er al.‘” who, after almost 20 years of cx- 
perimcntal work. starting with the glands from 500,ooO 

females, identified (IOE,lZZ)-10.12~hexadecadien-I-al 
(bombykol: 90) as a pheromone of the female silkworm 

moth, Romhp mori. The four geometric isomers of the 

conjugated drcnol 90 were synthesized for comparison 
with the physiochemical and biological properties of the 

natural pheromone and the lOE,l2Z isomer was found to 

be by far the most attractive IO male silkworm moths in 
laboratory bioassays leaving no doubt that the natural 
pheromone is mainly the lOE,l2Z isomer (although the 

potency of the natural material was considerably lower 
than thar of synthetic 90).‘“‘L” 

In Scheme 33.‘“.“’ the pheromone was prepared non- 
stereoseleclively via the Wittig condensation of 
triphenylphosphonium 2hexynylide with ethyl IO-ox- 

odecanoate (Ma) (NaOEt in ethanol). ‘The product from 
this reaction contained the E and Z isomers in ap 

proximately equal amounts and the E isomer 89 was 

separated by repeated recrystallization of its urea in- 
clusion complex from methanol (the Z isomer remained 

in solution). The conjugated (E)-cnync 8) was then 
selectively hydrogenated over lindlar catalyst (in 
petroleum ether with added quinoline) and the crude 
product was reduced with I.AH. The resulting dicnol was 
purified by treatment with urea in methano1.t Impurities 
were removed as their precipitated urea inclusion com- 

plexes with most of the desired dicnc 90 remaining in 

~. . ..-. _._-.. .._. --. . . .--~ 
+l’hc partial hydrogcnafion of conjugated cnym such as 09 

over lindlar catalyst is nof sckcrrve and usually gives mixtures 
(see Refs SRb. 1639. 169). 
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solution. The product from Ihe mother liquors was then 
repeatedly recrystallized from petroleum ether at low 
temperature to give the pure (IOE.I2Z)-dicnol 90. 

The pheromone 9@ was also prepared (Scheme 34)‘“.“’ 
by an acetylenic route whereby the lithium salt of I- 
pcntync was condensed with the epoxide 91 IO give 92. 
&hydration ciu the p-tolucne-sulphonatc derivative and 

removal of the protective group gave a mixture of the E 



and Z enynols with the latter predominating. The E 
isomer 93 was separated as its urea inclusion complex 
and was purified by crystallization from petroleum ether 
at low temperature. Hydrogenation of 93 over Lindlar 
catalyst (in petroleum ether with quinoline added), pre- 
cipitation of inclusion-forming impurities with urea. and 
low-temperature rec~st~l~~tion as before, gave the 
pure pheromone 90. These authors obtained 90 in low 
overall yields and made extensive use of urea inclusion 
complexes” and of low temperature recrystallization to 
purify the intermediates and the final dicnols. 

Truscheit and Eite? prepared bombykoi Go the Wit- 
tig condensation of triphenylphosphonium n-butylide 
with (Ef-12-acttoxy-2dodecen-l-af (Scheme 351, which 
gave mostly the required lOE.122 isomer plus a small 
amount of the lOEl2E isomer. The latter was removed 
by precipitation as its urea inclusion complex. These 
authors also used the Wittig condensation between 
triphen~lphosphonium iZ)_thexenylide and the cor- 
responding saturated aldehyde (Scheme 36) to prepare 90 
(see Rtfs. 184, 185).” However. the alternative Wittig 
reaction in Scheme 35 was more stereoselective for the 
required lOE.12Z isomer. The mixture of dienoic acids 
from Scheme 36 was fractionally crystallized from 
petroleum ether to give the Z,Z acid (m.p. 34-35”) and 
the required lOE,lZZ acid 95 (m.p. 25-26”). Recently, 
Restmann er QI.‘~ also prepared 99 by a Wittig conden- 
sation between methyl (0 12-0x0- IOdodcccnoate and 
t~phenylphosphonium n-butylide, in the absence of ii- 
thium salts,“b followed by reduction of the resulting 
ester 94 with I-AH (Scheme 35). The dienol thus ob. 
tained contained ru. 92% of the required EZ isomer 90. 

An alternative acetylenic route used to prepare bom- 
hykol is outlined in Scheme 37.‘” Dehydration of the 
alcohol % riu the chloride, gave the toyne 97 as a 
mixture of E and Z isomers in the ratio co. 7:3. Reduc- 
tion of 97. protection of the hydroxy group. alkylation 
with propyl bromide. hydrolysis, and crystalliration of 
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Scheme 36. 

the product from petroleum ether at -20” gave the pure 
Ecnyol 93 (see Scheme 34). Hydrogenation of 93 in 
methanol (no added quinoline) over a modified Lindlar 
catalyst gave impure bomhykol. The FE isomer was 

removed as its urea inclusion complex and the residue 
was repeatedly recrystallized from petroleum ether at 
-40” to give pure 90. 

More recently Negishi er 01.‘~‘~ prepared bombykol as 
an application of their stereoselective synthesis of con- 
jugated (IQ-enynes (Sheme 38). Thus addition of dis- 
iamyiborane to the acetylene 98 gave an alkenylborane 
which was treated with the lithium salt of I-pentync and 
the resulting complex was treated with iodine and 
sodium hydroxide to produce, in a highly stereoselective 
(YE%) manner the conjugated (Eknyne 99 in 63% 
yield from 98. The cnyne 99 was then converted into 90 
tin hydro~rAtion with I equiv. of disiamyl~ranc (0”. 
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Scheme M 

1 hr) followed by protonolysis with isobutyric acid and 
treatment of the hutyrate ester thus obtained with LAH. 
As discussed previously (see Schemes 23 and 321 this 
hydroboration-protonolysis procedure for the conversion 
of conjugated enynes into dienes is far superior to partial 
hydrogenation over Lindlar catalyst (KC Schemes 33, 34 
and 37). 

Finally, a synthesis of bombykol has been briefly 
described by Normant et al. as an application of their 
synthesis of conjugated cnynes and dients via vinyl- 
copper intcrmcdiatcs (Scheme 391.‘” The propargylic 
alcohol 1m was converted in high yield to the t&Z)_ 
dienol 101s by reduction with I-AH. The allylic acetate 
IOlb was then coupled with the Grignard reagent 102 in 

m: 

/ 

LAM 

Scheme 39. 

the presence of a catalytic quanlity of Cu(l)” lo give. 
after hydrolysis. the pheromone 90 (see Scheme 20”‘). 

(6) NonconjuRafed dienes 
(a) (92,I2E)_9,12-Terrudecodien-l-yl acetate. The al- 

mond moth. Cadra couteh, and the Indian meal moth, 
Plodiu interprmctella. are serious pests of stored grain 
and dried fruits and these species arc widely distributed 
in the Temperate and Tropical Zones of the world. Males 
of the almond moth respond to the crude pheromone 
extracted from females of the Indian meal moth and site 
terse. A component of the sex pheromone of both of 
these species has been isolated from virgin female moths 
and identified as (9Z,l2E)-9.12~tetradecadien-I-yl acetate 
(104f.‘” II is the major component of the sex stimulatory 
and attrac~nt pheromone of the female Indian meal 
moth. but in the female almond moth other components 
(including (a-9-tetradecen- I-y1 acetate] are present that 
are necessary, in addition to 104. for the elicitation of a 
normal response in almond moth malcs.‘Oo6’ Males of 
each of these species are preferentially attracted to fc- 
mates of their own species when females of the other 
species are present, and it appears that females of both 
species emit multiple-com~nent pheromones which aid 
in isolating these species.‘so’ The diene 104 has been 
identified, along with (Z)-9-tetradecen-I-yl acetate as 
part of the sex pheromone of the fcmalc southern army- 
worm moth. .Spodoptera( P rodenia) eri&niu.‘9’ The com- 
pound 161 has also been identified as a sex pheromone 
produced by the females of the Medite~a~an flour 
moth. .4nogasto ~~~~;e~~a.luu Is’ the tobacco moth, 
Ephestia eIuteUu.‘” the beet armyworm. Spodoptera 
exigua.‘” the raisin moth. Codra fi~uli/eI/o.“‘and also 
Spodoptera litura. IF The behavioral response of male 
Indian meal moths to l&4 is inhibited by the synthetic 
9Z.122 isomer of 104 in laboratory bioassays whereas 
the response of male almond moths is not affected by the 
presence of this isomer.‘a 

II has also been found that the synthetic 9E.lZZ and 
9&I2E isomers of 109 inhibit the laboratory bchaviordl 
response of male Indian meat moths to the synthetic XX 
pheromone 190 when mixed individually in the ratio of 
1: 1 with 1@4.“’ More recently it was found that female 



1868 C. A. Ht~ructi 

Indian meal moths release (9Z,l2E)-9.12~tetradecadien-l- 

01 which inhibits the response of male almond moths IO 

104.‘q Thus, it is important to have pure synthetic 104 
for pheromone studies with these insect species. II must 
be emphasized that the identifications of 194 as a sex 
pheromone discussed above were initially made. in 
general, using laboratory bioassays which measure sti- 

mulatory activity and short-range attractiveness of a sex 
pheromone. Recently it has been reported that neither 

164 nor (Z)-9lelradecen- I-yl acelale were attractive, 
alone or in combination, IO native male Spodoprera ex- 
igua or S. eridanio in field tests using pheromone-baited 

sticky ~raps.‘~‘ Also. in an attempt IO disrupt their 

mating. natural populations of Plodia inrerpuncreh and 
Cadre courella were continuously exposed IO synthetic 
104 [or IO 104 plus (Z)-9-tetra-decen-I-yl acetate] in 

commercial peanut storage facilities. However. mating 
activity based on spcrmatophorc counts of wild females 

sampled at intervals from the ICSI buildings was nof 
reduced in comparison IO that of control femalcs.‘Rb The 

criterion of effectiveness in this study was the mating 

activity of the wild females rather than inhibition of 

attraction of wild males IO caged laboratory-reared fe- 

males. This lack of inhibitory effect of synthetic material 
on mating appears IO indicate the existence of other 

important overriding mating stimuli.‘9s’.’ In another 

luhor4fo~ study. synthetic 109 (with and without an 
added antioxidant) was found IO reduce the mating 

frequency of P. inferpuncrtl/u held in enclosed en- 
vironments. The effectiveness of any dose of 104 was 
markedly increased as the population density of moths 

dccreased.lW 
The pheromone 104 is an example of a (Z.E)-l.4diene 

having “skipped” or “methylcne-interrupted” double 
bonds. The synthesis of the corresponding (Z.Z)-I.4 

dienes, typically present in polyunsaturated fatty acids, 
has been extensively studied.‘” The dicne 104 was syn- 

thesized initially as outlined in Scheme 40.“’ Coupling 

2_(&chloro-I-octyloxy)tetrahydropyran with lithium 
acetylide in dimcthyl sulfoxide gave 7 in 74% yield. 
Reaction of the lithium salt of 7 with (E)- I-bromo-2- 

butene in dioxane gave the enyne 103 (2!3% yield) which 

was partially hydrogenated over Lindlar catalyst (86% 

yield) and the product treated with acetic acid and acetyl 
chloride under reflux IO give, in 93% yield. the 

pheromone 104. A similar route was used by Su er 01.. 

(Scheme 41)“’ beginning with 19decadiync and crotyl 
alcohol. The acetal 105 was prepared from 19decadiyne 

in 46% yield as described previously”’ and the lithium 
salt of 105 was coupled with (E)-I-bromo-2-butene in 
dioxane under reflux (I6 hr) IO give 166 in 59% yield. The 
alternative coupling of the Grignard reagent of 105 (pre- 

pared with ethylmagnesium bromide) with (E)-l-bromo- 
2-butenc in THF in the presence of cuprous chloride and 

cuprous cyanide under retlux (36 hr) gave only a ,Y% 

yield of 101. Hydrolysis of 106 and reduction gave 1@7 
which was partially hydrogenated over 5% palladium on 

RaSO, IO give the dienol 106. Acctylation of 103 then 
gave the pheromone 184, which after distillation was 

further purified by glc. Fukami cr al.. have prepared all 
four possible isomers of 104 and their synthesis of the 
9Z,l?E isomer was similar IO that outlined in Scheme 
4&l”b 

The preparation of the l,4enyncs 103 (Scheme 40)‘” 

and 101 (Scheme 41)‘p’ by coupling of lithium I-alkyn-l- 

ides with (E)-I-bromo-2-butenc in dioxane is noteworthy 
since the reaction of strongly basic alkali I-alkyn-l-ides 
with allylic halides often gives a complex mixture of 

products. In addition IO the formation of allylic rear- 
rangement products and isomerizalion products (con- 
jugated enynes) the initial l&enyne can undergo ab- 

straction of a proton (from the skipped methylene group) 
and further alkylation.Q’--TY In a study of the reaction of 

sodium I-alkyn-l-ides with allylic halides in liquid am- 

monia it was found that complex isomeric mixtures of 
mono-, di- and tri-allylation products were obtained:- 
For example, reaction of sodium I-propyn-I-ide with one 

equiv. of I-chloro-Zbutene in liquid ammonia gave a 
mixture containing cu. 40% mono- and 55% di-allylation 
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prduc~s. Reaction of sodium I-butyn- I -ide gave an even 

more complex mixture of products under these con- 

ditionsm l.QEnyncs can be prepared by the cuprous 

salt catalyzed coupling of I-alkynylmagnesium halides 
with allylic halides in ethe?’ or in THF.S’mb.C In the 
ahsencc of a cuprous sall calafysl little or no reaction 

occurs between an acetylenic Grignard reagent and an 
allylic halide in ether solution.“‘.W’ although in THF as 
the solvent the reaction does proceed slo~Iy.-~ The 

variant on this method of coupling allylic halides with 
free terminal alkynes under the influence of amines and 

catalytic amounts of cuprous salts (Cadiot-Chodkiewicz 

conditions) is not very useful for the synthesis of sub 

stitutcd I&enynes. as the normal allylation product and 
the isomeric allylic rearrangement product arc formed in 
similar amounts. irrespective of the substitution on the 

allylic halide.“‘ ‘The reaction of preformed cuprous I- 
alkyn-l-ides wtth allylic halides in dipolar aprotic 

solvents also proceeds with partial allylic rearrangement. 

For example. the reaction of cuprous I-heptyn-I-idc with 
I - bromo - ? - butenc in HYPT (at 25” in the presence of 

NaCN) gave in 76% yield a mixture of 9undccendync 
and the isomeric allylic rearrangement product H-methyl- 

9-deccnb-yne. in the ratio 3: I. respectively.= Both (X)- 
and (E) - I chloro 2 - butcne react with cuprous 

phcnylacctylidc (at 75” in the absence of solvent) IO give 

the same isomeric cnyne mixture. consisting of (E) - I - 
phenyl - 4 - hexen - I - ync and 3 - methyl - I - phenyl - 4 
- penten - I - yne in the ratio 3: I. respectively.loP 

We synthesized the I.4enync 103 (contaminated with 
cu. 9% of the allylic rearrangement product) in 75% yield 

by the coupling of (E)-I-bromo-2-butene in THF (3hr 
under reflux). in the presence of cuprous chlorideSm’ with 

the (irignard reagent prepared from 7 (with cthyl- 
magnesium bromidc).w Conversion of 103 IO the cor- 
responding acetate and fractional distillation on a spin- 

ning band column gave the pure enyne acetate (free of 
the allylic isomer). The enyne 103 was also prepared in 
60% yield (after separation from 15% of the allylic 

isomer) by the reaction of the Grignard reagent of 7 with 
(E)-I-chloro-2-butene (THF under reflux) using cuprous 

cyanide as the catalyst.“’ In an attempt to minimize the 

formation of the allylic rearrangement product, he reac- 

tion with (E)-I-chloro-2-butene was carried out in THF 
at 24” (I5 hr) in the presence of lithium dichlorocuprate. 

Under these conditions using the lower reaction tem- 

perature. the product contained only 4.4% of the allylic 
isomer. After acid hydrolysis IO remove the protecting 

group and crystallization of the product from hexane and 
ethyl acetate at -35’. a 72% yield of pure (E)-12.tetra- 
dcccn-9yn-I-ol 1107; m.p. IV) was obtained. Partial 

hydrogenation of the triple bond in 107 over I.indlar 

catalyst m ‘CHF-hexanc (containing synthetic quinoline) 
at 0 IO -5” gave the (9il.l2E)-dienol 108 which was 

recrystallized from hexane a~ -55’ (96% yield from 107) 

and acetylated with acetic anhydride and pyridine. The 

pheromone obtained by this route was found, by glc 
analysis, IO be ‘XI’% pure 104 (as the 92.12E isomer).“” 

The pheromone has also been prepared by the Wittig 
condensation (Scheme 42) between triphenyl- 
phosphonium (E)-3pentenylide and 9-acetoxy-I-nonanal 
(110) using either potassium in HMPT”” or dimsyl 

-. _- 
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sodium in dimethyl sulfoxide.‘“’ Under the former con- 

ditions a yield of 40% was obtained with the product 

containing 9S% of the 9Z.l2E isomer, plus 5% of the 
9E.l2E isomer.‘“’ In the latter case a 53% distilled yield 

was obtained and the product contained 9% of the 
9E,I?E isomer which was removed by argentation 

chromatography (hplc on a silver nitrate-Florisil 
column).“‘b The homoaflylic bromide used IO prepare 
the crystalline phosphonium salt 109 was synthesized in 
w)q; yield via the Julia rearrangement of Icy- 
clopropylethanol with aqueous hydrobromic acid.“’ 

The l&diene 104 was found to autooxidize sig- 
nificantly on exposure IO air al room temperature after 

only a few hours.“’ Irradiation m air with sunlight 

gave a mixture of (9Z.llE) I3 - hydroperoxy 9.11 - 
tetradecadien - I - yl acetate and (IOEl2E) - 9 - hydro- 
peroxy - IO.12 - tetradecadien - I - yl acetate.“’ Addition 

of 2.6 - di - ren - butyl - 4 - methylphenol (BHT) IO 104 

was effective at preventing autooxidation without 
producing any mating inhibitory effects.“’ The an- 

tioxidant N - phenyl - K’ - octyl - I.4 - phenylene - 
diamine has also been added (5% by volume) to 104 to 
stablize the pheromone for use in laboratory mating 

disruption studies.‘” The addition of a mixture of 0.2% 

BHA. 0.2% BHT. and 0.1% citric acid is even more 

effective than the use of 0.2% N,N’-dioctyl-l.dpheny- 

knediamine or of 0.2% BHT at preventing air oxidation 
of the 1.4diene 104.“” 

(b) (4E,7Z)-4.7-Ttidecodien-l-~/ ocerore. The potato 
tuber-worm moth, Yhfhorimaeo opercvMo. is a widely 
distributed pest of solanaceous crops. A component of 
the sex pheromone has been isolated from the extracts of 
female abdominal tips and identified as the unusual odd- 

&on-chain compound, (4E.7Z) - 4.7 - tridecadien - I - yl 
acetate (1 lSb).2’hJ t The sex pheromone of the potato 
tuberworm moth does contain a second active ester 
component?“’ which has recently been identified as 
(4E.7Z.102) - 4.7.10 - ttidecatrien - I - yl acetate.?” and 

found to be more attractive than the diene ester 11% 
However the I.4diene 1lSb. by itself, is a useful at- 
tractant for male moths in the laboratory and in the 
tieM.2’w’C ‘The compound 1191 is the first odd-carbon- 
chain acetate IO be identified as a sex pheromone of a 
lepidopterous species. 

The synthetic route we followed IO prepare the 
pheromone llsb is outlined in Scheme 43.“’ 4-Pentyn-l- 
01 was converted IO the mixed acetal 111 with ethyl vinyl 
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ether IO protect the alcohol function.‘* Treatment of 111 
with n-butyllithium gave the lithium sah which reacted 

with paraformaldehyde in ether-THF to give the accty- 

lenic alcohol 112 in 71% yield. Stereosekctive reduction 
of 112 with LAH in THF under reflux gave the (E)- 

allylic alcohol 113r in 85% yield. This alcohol was con- 

verted to the desired allylic chloride 113b in 93% yield by 
the method of Coilington and Meyers (using methanesul- 

fonyl chloride, lithium chloride, and 2.4.6trimethyl- 
pyridine in dimethylformamide at 3”)‘” The formation of 

113~ under these conditions proceed without any detec- 
table allylic rearrangement or loss of stereochemistry 
and without any attack on the acid-sensitive acetal pro- 
tecting group. Coupling of the allylic chloride 11X1 with 

I-hcptynyl-l-magnesium bromide (prepared from I-hep- 
tyne and ethylmagnesium bromide in THF under reflux 

for 2 hr) was achieved by heating the two reactants in 
THF under reflux (4.5 hr) in the presence of a catalytic 
quantity of cuprous chloride.m’-W Hydrolysis of the 

crude coupling product 114a with trichloracetic acid in 
aqueous ‘THF and crystallization of the distilled alcohol 
from pentane at -70” gave the enyne alcohol 1141(!%.8% 
purity by glc analysis) in 60% yield. Selective partial 
hydrogenation of the triple bond in ll4b over Lindlar 

catalyst in hexane-THF (containing synthetic quinoline) 
at 3” followed by acetyktion gave the 4E.7Z diene 
acetate 1191 (98% purity by glc analyses) in 17% overall 
yield from 4-pentyn-loI.*” Glc analysis of the cor- 
responding benzoate showed this material to contain 
0.7% of the 4E7E isomer (1164). This inactive 4E7E 
isomer was prepared in 60% yield by reducing the 1.6 
enync alcohol 114b with lithium (I% sodium) in liquid 
ammonia-THF in the presence of e~honol, followed by 

acetylation of the resulting dienol 116~ The product 
prepared by this method was found to contain none of 
the 4E.7Z isomer but did contain 9% of a mono-oletin 
byproduct formed by over-reduction. presumably via 
lithium amide catalyzed conjugation of the dicne or of 
the enync and subsequent reduction. In an attempt to 
prepare (E,E)_I,4dknoic acids it was reported by Gun- 
stone and Jie that reduction of 1.4diynes with lithium in 

liquid ammonia-THF (in the absence of any added al- 
cohol) gave only a mixture of (E)-monoenoic acids.% 
For example. a 6.9diynoic fatty acid under rhcsc con- 

ditions gave a mixture of the 6E (15%). 7E (36%). 8E 

(33%) and 9E (16%) cnoic acids.ub Thus, such reduction 
of l&diynes are usually accompanied by, or preceded 

by. base-catalyzed isomcriration IO a compound with 

conjugated unsaturation and this is then reduced to the 
monoene level. Treatment of IA-cnynes with metal 
amides (Ii. Na. K and Ca) in liquid ammonia has been 

shown to give rapid rearrangement to (E)_ and (2)1.3- 

cnynes (with the Z isomer predominating).“6 However. 

there is a report of the successful reduction of 9,12- 
octadccadiynoic acid IO (9E.I2E)-9.12-octadccadienoic 

acid with sodium in liquid ammoniadicthyl ether at room 
temperature in an autoclave.mm’ In a further study of the 
above reduction of the 1.4-enync 114b we found that the 

reaction of 114b with sodium in liquid ammonia-‘rHF in 

the presence of I-hutyl alcohol gave less overreducation 
than in the presence of ethanol. No 4E.7Z isomer was 

formed under these conditions and the (4E7E)dicnol 
1168, after crystallization from pentanc at -60’. was ob- 

tained in 70% yield with a purity of 95% and contained 
2.4% of a dihydro byproduct.?” Dahm also SUC- 

ccssfully reduced a 1,ltnync system IO the cor- 

responding I.4diene with sodium in liquid ammonia in 
rhe presence of t-butyl alcohol. in preparing isomers of 
I&4.:“ The 1.ddienes IlSb and 116b were stabilized by 
the addition of 0.1% of BHT and stored under nitrogen 

to prevcnl autooxidation. 
In an unsuccessful attempt to identify the second 

active ester component of the sex pheromone of the 
potato tuberworm moth,‘” the IWO tricnes (4E.7Z.I I E)- 
and (4E.7Z.l lZ)4.7,1 I-tridecatricn-l-yl acetate (117 and 
118. respectively) were prepared as outlined in Scheme 
44.*” Although neither of these tricnes is a natural 
pheromone. both gave positive ckctroantennogram res- 
ponses [but less than that of the natural (4E7%.1OZ)_ 
tricne] and in field trapping studies the (4E.7Z.I I E)- 
tricne 117 was a potent attractant for male moths, being 
more active than virgin femalcs.“e 
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(c) WI lE)- und (72,11Zf-7.1 I - ~~adec~dien - 1 - yl 
ucerafe. The pink bollworm moth. Pecrinophoru gas- 

#e//o is a very destructive pest of cotton in many 

areas of the world. The sex pheromone of this species 
was originally assigned the structure (E) - IO - n - propyl 

- 5.9 - tridccadicn - 1 - yl acetate (propylurc).‘” and even 
though synthetic propylure exhibited very little biological 
activity in the field. many different syntheses of this 

l,S-diene were carried out.” However, after considerable 
controversy the sex pheromone released by the female 
pink bollworm moth was identified as a cu. I : I mixture 

of (7.?.llE)- and (72,112) - 7.11 - hexadtcadien - I - yl 
acetates and this mixture was given the name gos- 
syplure.t’i .‘I’ The I : 1 combination of the 72.11 E isomer 

12S and the 72.112 isomer 126 was by far the most 
attractive mixture to male moths in field tests in the 

USA.?“-“’ Addition of as little as IO% of either the 7E.I IZ 

or the 7E.I I E isomer greatly diminished the attractiveness 

of the I: 1 mixture of I25 and lM.-“: All four of the 
individual geometric isomers were inactive alone in field 
trapping studies. and other two~om~nent mixtures 
showed little activity.~~‘~onside~ble field testing has been 

carried out with gossylplure in studies designed to monitor 

the presence of, or to control the pink bollworm (by 

trapping and by communication disruption tech- 
niques). “‘*x~‘~ Field trials in Malawi have shown that 

gossyplure is very attractive to malt pink bollworm moths, 

and the ratio of geometrical isomers was found to be 
critical for optimal field attraction.“’ However, in Malawi a 

mixture of SMO% of the Z,Z isomer I26 in combination 

with 45-40% of the Z,E isomer 125 performed significantly 
better than all other isomer ratios. including the I: I 
optimal ratio reported in the t!SA.‘:‘“” 

Through empirical screening of synthetic compounds, 
(Zl - 7 - hexadecen - I f yl acetate (hexalureYz’ wa5 

found to be an attractant for male pink bollworm moths 
both in the laboratory and in the field and hexalure was 
used extensively prior to the identification of gos- 
syplure.“‘-‘.” The 7Z.1 I E isomer 12s has also been iden- 
tificd as a sex pheromone of the female Angoumois grain 
moth, Silormgu cenuleila.*~ The other three geometric 

isomers appeared to have almost no biological activity 
for this species. The two gossylplure components 125 

and 126 have been prepared separately via acetylenic 
intermediates mJm~‘~“~“2 by allylic Crignard coup- 
ling,?“.‘xY ’ and by Wittig olefination reactions.:“-“’ The 

pheromone has then been constituted by mixing the 
separate isomers in a 1: 1 ratio. In a different approach 

we prepared directly the required I : 1 mixture of isomers 

by a sin& synthetic scheme involving the stereochemi- 
cal control of the Wittig olchnation reaction.‘“” 

Su and Mahany”” prepared all four of the possible 

geometrical isomers in moderate overall yields by an 

acetylenic route using 3octyn-l-al (119) and ! - (6 - 
chloro - 1 - hexyloky)te~ydropy~n (Scheme 45). ‘Ihis 
general route was considerably improved by Dis- 

selnkbtter er 41. who obtained overall yields of 31-34% 

from 119.“’ The latter group prepared the homoallylic 

bromides 1% and 12lb from the corresponding alcohols 
in co. 85% yields by USC of triphenylphosphine dibromide 
in dioxane containing pyridine. whereas the former wor- 
kers used phosphorus tribromide in ether-pyridine and 

only obtained SO-S6% yields of the bromides. The coup- 

ling reactions of the bromides 12& and 12lb with the 
lithium salt of 69n were carried out in dioxane at lW 

(22-25% yields)*m or in diglyme at 110” (6266% 
yields).*” Under the latter conditions the acetylenic 
bromide 128 underwent dehydrobromination (see Ref. 

58b).U’ The E confi~tion in 12&s, 124 and 127 was 
generated by ~ium-liquid ammonia reduction of a triple 
bond, and the Z configuration in 1211, 129 and 1% was 

formed by selective hydrogenation of a triple bond over 
either palladium on calcium carbonate in ethanol (with 
added quinoline)‘m or over a modified Lindlar catalyst in 
petrokum ether (no added quinoline).‘” By capillary gk all 
four of the geometrical isomers, W-127. could be K- 
parated and the isomeric purities of the products could be 
established.“’ Using Scheme 45, Dissclnkcitter et 01. prc- 
pared 12.6 in a purity of 95.7% (containing 2.4% of 125 and 
1.9% of 127) and 125 in a purity of 97.1% (containing 1.4% 
of 126 and 1.5% of 124)“’ 

Uori et ai. synthesized 125 and 126 by Grignard 
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coupling reactions as outlined in Scheme 46:* Coupling 
of prop~8ylm~~sium bromide with I-bromo-2-hcptyn~ 
and with the crude allytic bromide 129 gave the diyne 130 
and the enyne 131 in crude yields of 79% and 63%. 

rcspcctively. Both products contained some allenic im- 
purities but after alkylation of the lithium salts of crude 
I30 and 131 with the bromide 132 in HMPT-THF and 
chromatography of the products on alumina. the diynt 

133a and the enync 122a were obtained in yields of 62% 
and 87%. respectively. Acidic hydrolysis to remove the 
protecting group, followed by partial hydrogenation of 
the alcohols 13M and 122~ over P-2 nickel” and then 
acctybtion. gave the pheromone components 126 (32% 
yield from I-bromo-Mcptync) and 125 (47% yield from 
129). Hierl tr ~11.““ prepared the 72.1 I E isomer I25 starting 
from IS-hcxadiyne. .~onoalky~t~n~.~” of the 

monolithium salt of this diync with I-bromobutane in 
HMPT-THF followed by fractional distillation gave a 
40% yield of l.S-decadiyne (130) [Scheme 461. Reduction 
of the lithium salt of 139 with sodium in liquid ammonia 
(see Ref. 62) gave (E)-SJecen-I-yne (131) which was then 
converted to 125 by a similar route to Scheme 46. 

Rierl er ~1.‘:’ also prepared all four isomers. in low 

yield. by the coupling of allylic halides wtth an allylic 
Grignard reagent (Scheme 47).“z”W A study was made 
of the coupling of the allylic Grignard reagent 139 prc- 
pared from i~htor~2-hep~enc (134 or 135). with the E 
and Z allylic chlorides 137 and 138. It is known that both 
members of a pair of isomeric alkyl-substituted allylic 
halides form Grignard reagents that are chemically in- 
distinguishible,“‘-?Y and that such reagents appear to 
exist in diethyt ether solution, at room temperature, as a 



The synrhesrs of Insect xx pheromone\ IX’! 

134 or 135 
Mg THF 

.-- _.- 

127 

Scheme 47. 

rapidly equilibrating mixture of 2 and E isomers with 

UK equilibrium well on the side of the structures with the 

magnesium covalently bonded IO the primary car- 
bon.“‘.““’ In ether solution the coupling of either mem- 

bcr of a primary-secondary pair of allylic chlorides with 
an alkyl-substituted allylic Grignard reagent gives a mix- 

lure of dienes in which the products having a primary 

all)lic residue coupled to a secondary one usually prc- 
dommate.““” Sonnet PI CI/.‘~ found that coupling of 
the allylic Grignard reagent 139 with the allylic chlorides 

137 and 138 in THF gave mixtures containing 85-m of 
secondary coupled products (not further investigated). In 

the case of 137 the primary coupled, unbranched producl 
contained a Z: E ratio at the generated 1 I-cne double 
bond of 43 : S7. respectively. In anlicipalion of suppress- 

ing secondary coupling and preserving the geometry of 

the 7ene double bond. these reactions were also carried 
out in the presence of HMPT.lm Indeed. the reaction of 

the allylic Grignard reagent 139 with the allylic chlorides 
137 and 138 in THF. containing 18% HMPT as a 
cosolvent. gave only 4S-SOS of secondary coupled 

products. hur surprisingly, in the unbranched products of 

primary coupling, the I I-ene double bond originating 
from the Grignard portion had almost entirely (!M-96%) 
the % configuration.‘m Thus the 7ZllZ Isomer 126 
could be prepared from the coupling of 139 with 138 in 

the presence of HMPT. followed by acetolysis. and the 
7E.I I% isomer 127 could be prepared via the reaction of 

139 with 137. The isomers I24 and I25 were prcparcd in 
low yield by the coupling reaction in the ahsencc of 

HMPT followed hy separation of the resulting mixtures 

by preparative glc followed by silver nitrate-silica gel 

column chromatography; however. this scheme is un- 
satisfactory for their preparation and the isomer 12.5 
could not be obtained free of 127. 

In view of the limited SUECCSS of this method for 
preparing the dienes via the coupling of allylic Grignard 
reagents (Scheme 47). Sonnet set OUI IO develop an 
alternative practical route for the preparation of I25 and 
126 using a Wittig condcnsatlon (Scheme 48).‘% Alk- 
ylation of the lithium salt of 69s with I-hromo-3-chloro- 
propane in H.MPT-THF gave 100 in 53% yield. Trcat- 
ment of 140 with triphenylphosphinc gave the phos- 

phonium salt 141 which was converted IO the ylide with 

n-hutyllithium. Condensation of this ylide with I-pen- 
[anal in HMPT-THF and acelolysis of the product gave 
the enync I23b (58c/c yield from 141) containing the Z 

and E isomers in the ratlo %:4 (see Ref. a). Partial 

hydrogenation of the triple bond then gave the Z.Z 
isomer 126 in a purity of 93% (containing cu. 3.5% of the 
7L.1 IE isomer 125 and 3.SR of the 7E.I I% isomer 127). 
However, Sonnet was unable IO modify the Wittig con- 

ditions IO stereoselectively obtain the other required 
isomer, 125. Subsequently. Sonnet’& isomcrircd the 

721 IZ and 7i!,l IE isomers (as their tctrahydropyranyl 
ethers) IO the 7E.I IE and 7E.I Ii! isomers. respectively, 

by the method of Vedejs and Fuchs (treatment of the 

bis-epoxides with lithium diphenylphosphide and then 

123b 

Scheme 48 
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methyl iodide).“’ The proximity of fhe double bonds in 
these dienes did not cause any side reactions during 
these isomeriration reactions. Sonnet reported that he 

was unable to cleanly prepare the 7E.llZ and 7E,llE 
isomers by sodium-liquid ammonia reductions of the 

corresponding IJtnyne or l.Sdiyne system (see 

however, Scheme 45).‘& For example. reduction of the 
7,lldiyne 133a with excess sodium in liquid ammonia 

containing t-butyl alcohol produced a mixture containing 

72% of tk E,E diene. 5% each of two cyclic products. 
and 18% of other dienes.lY* Presumably the proximity of 
the unsaturated centers led IO side reactions. 

Bestmann er of.*” prepared the isomers 125 and I26 

separately by means of Wittig condensations (Scheme 

49). They observed that generation of non-stabilized 

ylides with sodium bis(trimethylsi)yl) amide in THF was 
more convenient than the previous method (using sodium 

amide in liquid ammonia and subsequent replacement of 

the ammonia by another solvent; see Refs. 68.690). and 
these conditions gave highly (Z)-stereoselective olefin 

formation due to the absence of lithium salts (with or 
without the removal of the sodium bromide).* The 
stereoselectivity was also found to be temperature de- 

pendent and by operating at -78“ the Z: E ratio in the 

disubstituted olefin product was 98: 2. whereas at 20” the 
ratio was 94:6 (see Ref. 68). By this route the Z.Z isomer 

126 was obtained in 94.5% purity (Scheme 49). but the 
72.1 I E isomer IU was prepared in only 83.7% purity 
due IO the lower stereoselectivity obtained in the pre- 

paration of (E)Qnonen- I-01 (142). 

We prepared gossyplure directly by a single synthetic 
scheme involving the controlled partial equilibration of 
the intermediate adducts in a Wittig reaction (Scheme 
50).“” Since both of the 7E isomers inhibit the at- 

Scheme 49. 
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traction of pink bollworm males to the pheromone.-“’ we 

defined the stereochemistry at this double bond by 
choosing a starting material already possessing a Z 

olefinic bond. This was achieved by taking advantage of 

the stereochemistry present in the readily available 

(Z.Z)-IJ-cyclooctadiene (143) and carrying out a selec- 
tive, nonsymmetrical cleavage of one of the double 

bonds. which provided an intermediate containing not 
only the required functional groups but also the Z double 

bond. Thus oxidation of 143 with either one equiv. of 

mchloro-pcrtKnroic acid or with t-butyl hydropcroxide 
(in the presence of molybdenum hexacarbonyl) gave the 
monocpoxide 144 in G-70% yield. bubbling air through a 
solution of 144 in dimethyl sulfoxidc at I lo” gave a St% 

yield (after chromatography) of the a-ketol 145. and lead 
tetraacctate (I equiv.) cleavage of 245 in benzene-ethanol 
gave the aldehydc-ester I46 in 91% yield. A study was 

then made of Ihe factors influencing the stereochemical 

outcome of the Wittig reaction of the aldchyde I46 with 
triphcnylphosphonium n-pcntylide (147). II was known 

that aliphatic nonstabilized triphenylphosphonium ylidcc 

reac1 with aliphatic aldehydes such as I46 in nonpc)lar 
solvents (e.g. benzene or ‘I’HF) in the absence of in- 
organic ions (“sall-free”). lo give predominately eryIhro 

intermediaIc adducts which undergo elimination of 

triphenylphosphinc oxide IO give the Z oleftns 
(>90%).“” The same result is obtained in the presence 

(or absence) of lithium salts if the reaction is carried out 
in a dipolar aproIic solvent such as dimcthylformamide. 

dimcthyl sulfoxide. or hexamcthylphosphoric triamidc. 

In non-polar solvents the stereochemistry of Ihc olefin 
product IS dependent on the nature of the inorganic salt 
presenl.“‘.‘~ A normal WiItig reaction between I46 and 
I47 in ether in the presence of lithium bromide. gave a 

78: 22 ratio of 148s: 149~ respectively. and a “salt-free” 

reaction in benzene at 0” gave a 94:6 ratio of Ma: 149s. 
respectively. However. when the ylide I47 (prepared 
from the phosphonium bromide salt with n-butyllithium) 

was allowed IO react in ether (in the presence of I.iHr) 

with the aldehyde I46 a1 -40” for l-l.5 hr. followed by 

the slow addition of ethanol IO the intermediate adduct 

(153 or 151). and the resulting reaction mixture was 
allowed to remain co. IO min a1 -40” prior IO warming IO 
room temperature. then a I: I mixture of 148s and 149s 
was reproducibly obtained (in M.Co/c yield). The aldc- 

hyde and ylide presumably react initially in ether to give 

a bctaine (153) or an oxaphosphetane (154) with pre- 

dominately the erythro configuration. and the subsequent 
addition of eIhanol at -40” facilitates the parIial equili- 
brarion of this adduct. prior IO olefin formation. IO give 

some of thrco adduct and hence an increase in the 

proportion of the E isomer in the olefin product. The 
equilibration appears IO occur via the removal. by lithium 

ethoxide in ether-ethanol. of the proton on the carbon 
adjacent IO the phosphorous atom in the protonated 

Maine I55 (i.e. the /3-hydroxyphosphonium salt 1% 

gives reversibly the /3-hydroxy ylide 156). 1,onger times 
of cquilibrdtion of the Wittig intermediate (with ethanol) 

al lower temperatures gave increasing proportions of the 
E isomer l49a up 10 a maximum of co. 72%. hur this 
method is unlikely IO give more than W91ylc of the E 
isomer wtth these reactants.” To complete the synthesis 
of gossyplurc. a functionalircd three-carbon unit was 

-- 

+Recently. a I. I mixture of the E.Z and %.% tsomus was 
found IO be a potenr sex attractant for mak cherry tree twrcr 
moths (Synonfhcdon htmr).24n 

coupled wnh the appropriate derivatlvc of 14&r - 149a. 
Thus, reduction of the I : I mixture of esters 14&t t 14911 

with LAH gave the alcohols which were converted IO the 

iodides in 88% yield (from the esters) via the cor- 
responding mesylates. The iodides l4tk plus l49c were 
then coupled in erher-THF at 30” with the lithium 

dialkylcupratc complex’” prepared from the lithium 

reagent lSO.‘” IO give the mixture of acctals ISIS plus 152s. 
Mild acidic hydrolysis gave the I : I mixture of the alcohols 
lSlb and l52b in 82% overall yield from the iodidcs. 

Finally. acetylation of the alcohol mixture gave goszvpbrc 

(I: I mixture of I26 and 125) in a purity of 9%. 

(d) (3Kl3%)- and (32,131.) - 3.13 - Ocrudecadien I - 
y/ acetate. The lesser peachtree borer. S,vrtunrhedon pit- 
fipes. and the closely related species the Peachtree borer, 
Sanninoidea exifiosa. are isolated rcproducrivcly by Ihc 

different male responses to IWO geometrical isomers. 

Thus (3E.13Z) - 3.13 - octadecadicn I - yl acetate (159) 

was isolated and identified as a pheromone from the 

female lesser pcachtrcc borer. whereas the cor- 
responding 3Z,l3Z isomer I60 was identified as a 
pheromone from the female peachtree borcr.‘o Pure 

synthetic samples of these compounds strongly allriicled 
the respective males of these species in held bioassays. 
These two C-18 isomers possess the longest carbon chain 

of any dienc acetate isolated thus far from a lepidop- 

terous species and identified as a sex pheromone. 
Sanninoidea exifiosa males did not respond IO the E.% 

isomer 159. and low concentrations of it in the LZ 
isomer did not interfere with their response to the Z.Z 

isomer. Mixed in a I : I ratio with ~hc %.% isomer. the EZ 
isomer did appear IO Inhibit the S. exiriosa male rcspon- 

SC.‘& although it has also been reported that lraps hatted 

with a mixture containing ca. 93% of the Z.Z isomer plus 
7% of the E.Z and Z,E isomers were considerably more 

attractive 11~ S. exifiosa males in Ihe field Ihan were 
traps baited with only the Z.% isomer.‘yu In contrast. as 
little as 0.5% of the Z.Z isomer I60 in the EZ isomer 

significantly inhibited the response of S~nanthedon pic- 
ripes males IO their pheromone, the E.Z tsomcr 159. This 

strong inhibttion of the response of males of one spccics 
(S. piclipes) by the pheromone of the other species (S. 

exiriosa) reinforces their rcproducttvc isolation.‘&’ 
All four geometrical isomers of 3.13~octadecadicn-I-yl 

acetate were synthesircd by acctylenic routes (Scheme 
511.?& The Z.Z isomer I60 was prepared by partial 

hydrogenation of the diync ISI and the E,Z isomer I59 
was prepared by sodium-liquid ammonia reduction of the 

cnync 158. The isomers were purified by prcparativc glc 

IO give the compounds 159-362 each containing cu. 3-595 
of one or more of Ihc other isomers. The Z.Z isomer I60 

prepared in this way. was aIIractivc IO S. niriosa males 
in the field bum the synthetic E,% isomer I59 was onl) 
slightly attractive IO S. picfipes males. Further purifi- 

cation of the isomers by repeated hplc on a silica gcl- 
silver nitrate column gave materials of 99.5% purity. The 

purified E,K isomer I59 was then as attracttve IO the 
male S. pitfipes moths as was the natural pheromone. 
Seither of Ihesc IWO pure isomers attracted the other 
species, nor were the fC::E and %.E isomers attractive IO 
cilhcr species.+ 

(c) (6E.I I%) . 6.1 I - Htwdecudirn I vl acetate. 
Antheraea polyphemus is a wild silkmoth which occurs 
in the United States of America and in Canada from coast 

10 coast. The sex pheromone isolated from the fcmalc 
abdominal tips of this species has been shown IO contain 
(6E.l IZ) - 6.1 I - hexadecadicn - I yl acetate (165) as the 
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primary component and rhe corresponding aldehyde 166. 

as a secondary component, and a cu. 9: I mixture of the 

acetate and aldehydc. respectively. was found IO bc 
highly attractive IO wild males in the field.“’ The acetate 

165 and the aldehydc 166 were synthesized starting with 
dpcntyn-l+l and 1.5~pcntanedlol (Scheme 52). The 

coupling of (Z)-t-nonen-I-yl bromide (163) with the 

acetylene 164 proceeded in low yield. The overall yield 
of 1U and 166. after purification by preparalivc glc. was 

only about I% hut cffor~s were not made IO optimize the 
yields.“‘? 

ll. CWXPTFRA 

Coleoptera (beetles and weevils) is the largest order of 
insects. The sex pheromones of beetles and weevils arc 

_- _. _--.. -. _- 
+.4n improved synthesis of rhls pheromone (by a modification 

of Scheme 52) has ken recently developed; J. P. Kochanrky. R. 

T. CardC. F.. 1:. ‘l’aschenkrp and W L. Roclofs. 1. (‘hem Eu~f. 3. In 

pre\\ t 197’1 

Scheme ?? 

structurally diverse and attractants may bc produced by 

the male and/or the female of rhe species. 
(a) ( - )-Mefhvl (E)-2.4.S Terradecortienoore. Males of 

the bean weevil. Acanfhoscdides ohfecfus, produce a 

short-range sex pheromone which attracts the virgin fe- 

male weevils. and ( - )-methyl (0Z.4.5lctra- 

decatrienoate (170) has been isolated from hexanc ex- 
tracts of the male and tentatively identified as a com- 

ponent of this pheromone.“‘^“’ Fractions containing this 

material usually attracted the virgin female weevils, al- 
though occasionally. negative results were obtained. This 

Scheme 51 
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is the first example of an allenic sex pheromone and a 

number of syntheses have been developed for this in- 

teresting compound. The pure compound is unstable and 
polymer&s readily. although it can be stored for pro- 

longed periods in dilute solution in hexane at low tcm- 

peratures.“’ 
The first synthesis of racemic 170 was carried out by 

Landor et al.. (Scheme 53)*” using their general method 
for the preparation of allenic alcohols.‘& Thus. reductive 
elimination of the 2tetrahydropyranyloxy group from 4 - 
(2 - tetrahydropyranyloxy) - 2 - dodecyn - I - 01 (167) 

with excess LAH gave 2.3dodecadienl-01 (168) which 
was oxidized with active manganese dioxide in hexane to 

the unstable allenic aldehyde 169. Condensation of the 
crude aldehydc with the anion of trimethyl- 

phosphonoacetate (in dimethoxyethane at 60”) and re- 

peated chromatography (over acidic alumina) gave the 

allenic ester 170. No yields were quoted in this short 
paper. 

We synthesized the racemic ester 170 utilizing the 

reaction of a lithium dialkylcuprate with a propargylic 
allylic acetate to generate the required allene-ene system 
(Scheme 54).:” Reactions of lithium dialkylcuprates with 

isolated allylic esters (to give alkylatcd olefins).“‘.“’ pro- 

pargylic acetates (to give alkylated and non-atkylated 

allenes).‘” and a-acetylenic epoxidcs (to give alkylatcd 

a-hydroxyallcncs):~ have been reported. We initially 

explored the reaction of lithium dialkylcuprates with 3 - 
acctoxy - I - penten - 4 - yne (175) and found the major 

product was 176. resulting from addition to the triple 

bond. and that the alkylation of the double bond”“” to 
give 177 was only a minor reaction. For example. when R 
was n-octyl and the alkylation was carried out in ether at 

30”. a 52% yield of I76 plus I77 was obtained in the 
ratio 9: I. respectively.‘” Thus, to synthesize the 

pheromone we alkylatcd the dimethyl acctal l72b with 

S&me 54 

lithium dioctylcupratc in ether at -M” to give a 25% 

isolated yield of the aflene 173 (purified by preparative 

tic). The acetal 172b was prepared in 78% yield (as in 

Scheme 54) from (E) - 4,4 - dimethoxy - ! - buten - I - al 
(171), which was synthesized from furan.” Careful 

hydrolysis of 173 with 0.1 N aqueous HCI in ether gave 
the unstable aldehydc 174 (60% yield) which was then 

oxidized in methanol with manganese dioxide-sodium 

cyanide?” to the methyl ester 170. This allenic ester is 
unstable at room temperature and partially decomposes 
on distillation in racuo. but it can be stored as a IO% 

solution in hexane at -20”. This synthetic, raccmic sam- 

ple (purity 91% by glc analysis) was found to be active in 

laboratory bioassays on female bean weevils (as an ex- 

citant and as a short range attractant).?““’ but was not 
as attractive as the natural ( - )-material.“’ 

More recently another synthesis was developed which 
also proceeded through the allenic aldehyde 174 (Scheme 

55).“’ Baudouy and Gore applied their general method of 

preparing o-vinylallenic alcohols”’ to the synthesis of 
170 with the key step being the conversion of 179 to the 

(E)tnallene 180 in high yield and with high stereosclec- 

tivity. Thus. coupling the mcsylatc of 3-hydroxy-l-un- 

dccyne with propargylic alcohol in the presence of t- 
butylamine and cuprous chlorideZH gave the allenynol 
179. Reduction of 179 with lithium methoxyaluminum 

‘., . . . . . 
‘\,, -lC( 

‘i + R 
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Scheme 5.C 

hydride gave exclusively the stable E alcohol 180 in 800/c 

yield. which was then converted IO 170 by the method of 

Corey ef u/.“’ 

Michelol and Iinstrumcllc synthesized 170 by the use 
of allenic lithium reagents (Scheme 56).*” Conversion of 

the alkylated allcne 181Lu into its lithium diahcnylcuprate 

complex and addition of the latter IO methyl propynoate 

(see Ref. 259) gave the pheromone 170 in unspecified 
yield.+ 

(b) (3E~Z)-3,5-Terrodecodienoic acid. The principal 

component of the sex pheromone produced by the fe- 

male black carpet beetle, Arrogenus mqofomo. has been 
identified as (3E,SZ)-3,5-tetradecadienoic acid (me- 

-- .-- _.._. 
‘The racemic pheromone has also been recently synthesized 

from metbyl 4J~rctradecad&oa1e via rbe reacuon of its Mbium 

enola~c with dipbenyl disclen& IO give the a~phenylseleno ester. 
which on lrcatment with tial0. in aqueous THF gave 170; P. J. 

Kocienrki. G. Cemigliaro and G. Feldrtein. 1. Om. Chn. 42,353 
(1977). 

gatomoic acid, 184).” The response of the male to 
synthetic 184 seemed IO be slightly weaker than to the 
total exlrac~ of the female beetles, suggesting the possible 
presence of other unidentified components of the sex 

pheromone. None of the other three geometrical isomers 
of 184 were anywhere near as attractive IO the male 
beetles. nor did they mask the attractiveness of the E.% 

isomer. A mixture of rhe conjugated 3E.52 dienc 184, 
and the 3Z.52 isomer was prepared%’ in low purify by 

the sequence shown in Scheme 57 based on the pro- 

cedure described by Celmer and !Solomons.N for the 

synthesis of methyl (3E,SZ)-3,Mridecadienoate. In the 

crude dienoic ester 183, prepared by partial hydro- 

genation of the conjugated enync 182 (mixture of Z and 
E isomers in the ratio cu. I : 2) over Lindlar calalyst. the 

3E,5Z and 3Z.V isomers together comprised only 65% 
of the product (see Refs. 58h. 163~. 169). Hydrolysis of 
183 gave the crude acid which contained only 50% of the 

required 3EJZ isomer 184 and 22% of the Z.Z isomer. 

The 3Z.SE isomer 185 (along with the 32.52 isomer) was 
prepared as outlined in Scheme 58. This route made 
extensive use of preparative glc IO purify intermediates. 

The E,E isomer was obtained by isomcriration (IJight) 

of the E.Z or Z..E methyl esters followed by hydrolysis. 

Small amounts of all four of rhc pure isomeric acids were 

prepared by mild alkaline hydrolysis of the cor- 
responding methyl esters which were isolated by prc- 

parative glc from the synthetic mixtures.n’ The synthesis 

of the sex pheromone 184 described by these workers is 

not a practical route IO the conjugated E.Zdiene system 

(see Schemes 23. 32 and 38). 
Keccntly it has been proposed that a related com- 

pound, (325E) - 3.5 - tetradecadien - I - yl acetate (187). 

is the primary component of the sex pheromone of the 
female carpenterworm moth. P tionoxystus tobinioe (Le- 

Scheme 57. 
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Scheme 58. 

pidoptera).“’ Although this compound has not been posi- 

tively identified from the female extract, it was indicated 
to be a natural pheromone by electroantennogram 
analyses of female gland extracts and of synthetic stan- 

dards. The synthetic diene 187. which corresponded in 
glc retention time with the primary pheromonal com- 

ponent of the female extract, was active in the laboratory 

and was a good attractant for male moths in the field. All 
four geometrical isomers of the 3.5-dicne were syn- 

thesized and bioassayed in the laboratory and in the 
hcld.ti’ The (3%.5Z)-and (3E,5Z)-tetradecadien-I-yl 

acetates were prepared by a modification of the route 

used by Rodin et 01.“’ to prepare the corresponding 

carboxylic acids (see Scheme 57). The E and Z isomers 

of 182 were separated hy prcparativc glc and each was 

partially hydrogenated over Lindlar catalyst. The in- 
dividual dienoic esters were reduced with LAH and the 
products acctylated. Purification of the diene acetates by 

preparative glc then gave the 32.52 and 3E.SZ isomers 

of 187. The 3Z.5E isomer 187 was initially obtained by 
reduction of the impure acid 185 (Schcmc 5X) with LAH 

followed by acctylation and purification by preparative 
glc. Subsequently, the 3Z.SE and 3E.5E isomers were 
synthesized as shown in Scheme 59. A Wittig conden- 

sation was carried out in dimethyl sulfonide-THF with 

2-undeccn-l-al and the ylide generated from the salt 186 
(see Ref. 169). This reaction. after acctylation of the 
product, gave a mixture of the 3%.5E and 3E.SE acetates 
in the ratio I :2. respectively. Initially. samples of the 
individual isomers were obtained by preparative glc. 
Distillation of the acctatcs on a spinning-band still failed 
IO completely separate the mixture but did give one 
fraction containing the 3Z.5E isomer 187 in a purity of 
95% and a still-pot residue containing 9KJ pure EE 
isomer. Hplc was used 10 prepare a 99&Q pure sample of 
the sex attractant 187. In field ICSIS (and in laboratory 
bioassays) the Z.Z. E.% and E.E isomers were not 

Scheme 59 

attractive to males. and while the Z.Z and E.Z isomers 

appeared IO inhibit the attractiveness of the Z.E 
isomer 187 the E.E isomer did not. Addition of up to 20% 
of the E.E isomer to the Z.E isomer did not appear to 

inhibit the response of males IO I&7. This is fortuitous 
since the method of synthesis (Scheme 59) gave a mix- 

ture of these two isomers, and the E.E isomer was 

difficult to remove completely from the sex attractant 187 
on a practical scale. 

(c) ( i )cis-2-fsopropenyl-I-melhylcyclobufoneefhonol. 
Male boll weevils, Anthonomus grandis, produce a 

pheromone that is highly attractive IO females in the 
laboratory and to both sexes in the field. An aggregating 

response is obtained from both sexes in early and late 

season, but primarily females arc attracted to the male 
weevils in mid-season. indicating a true sex pheromone 

at this time of year. This pheromone has ken isolated 

and identified by Tumlinson et 01:‘” as a synergistic 
mixture of the four compounds 188-191 (collectively 

called “grandlure”). When combined in the proper pro- 

portions, mixtures of these four synthetic compounds 
elicit behavioral responses in the laboratory and in the 

field (both as an aggregation and a sex pheromone) 
identical to those produced by the natural 

pherOmone.r’-w Grandlure has ken used cxtcnsivcly in 
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the field in traps and in lrap crops in experiments design- 
ed IO moniIor and also IO control the boll weevil.*‘.” 

The three components l&&190 of grandlure are cyclo- 
hexylidene monoterpenoids and Iheir synthesis has been 
described by straight-fomard rouIes.“.“’ Of consider- 

ably more synthetic inIeres1 is the cyclobutane alcohol 

component 191. termed “grandisol”. The natural maIerial 
is the (*)-isomer and i1 has cis-slereochemistry. The 

corresponding racemic frons-isomer has also been syn- 

Ihesized and was found IO be al least IOO- to 2O@fold less 
active than [he racemic cis-isomer in laboratory bioas- 

SaysW Inlereslingly. the frons-isomer (oplical rotation 
unspecified) is also a natural product and has been 

isolaIed from the roots of Anemisia fragrans (a plant of 

the family Compositae). and termed fragranol.M 

The various synthetic procedures used IO prepare 
grandisol (191) have been recently reviewed in detail by 
Katzenellenbogen.” Several of the early synthesis of 

racemic 191 involved a photochemical step which se- 
verely limits the quantity of material IhaI can be pre- 

pared. AlmosI all of the syntheses of 191 described in the 
IiIeraIure are lengthy and involve steps IhaI would be 
difficult IO scale up IO prepare the quanIiIies required for 

held ux. However, these synthetic studies have resulIed 

in useful new methods for the formation of cyclobutane 

rings.” UnIil 1973. the synthetic route of Gueldner ef al. 

(Scheme 60)” was used by USDA workers IO prepare a 
total of ccl. I kg of racemic 191 for field studies.” This 

method has now been replaced by Ihe eleganr. non- 

phorochemical procedure of Billups et al. (Scheme 
62).‘)O The procedure of Gueldner ef al. relied on the 
phoIocycloaddiIion of erhylene IO the unsaturated lac- 

tone I92 (photosensitized by acetophenone) IO form the 

cyclobuIane ring. Stereochemical conlrol was achieved 

by constraining the cis-substituents within the lactone 

ring. The side chains were then elaborated from Ihe 
fused hicyclic photoaddition product (Scheme 60)” 
Thus, addiIion of the photoadduct 193 to excess methyl- 

lithium gave the diol 1% which was purified by recrys- 

ii+ I ‘c;i o 

1 192 

0 

tallization (IO remove I2-15% of Ihe rrans-diol formed 
by epimerizanon of the imermediate methyl ketone). 
TreaImenI of the diol wiIh aceIic anhydride under reflux 
gave, in !WZ yield, a mixture of the acetate of 191 and 
the structural isomer 1951 in a 2: I ratio. respectively. 

Other attempted methods of dehydration were even less 
satisfactory. Reduction of the aceIaIe mixture with IAH 

and fractional disrillation of the diols on an annular. 
spinning-band411 removed Ihc undcsircd isomer 19Sb 

and gave pure 191. 

The Zoecon stereoselective synthesis (Scheme 61)“’ 

was somewhat more lengthy but did not produce the 
structural isomer l!Xb. Thus photochemical cycload- 

dition of ethylene IO 3-methyl-2-cyclohexenone (1% solu- 

tion in benzene) gave the bicyclic phoIoadducI 1%. 

which was hrominaIed with phenylIrimeIhylammonium 
rribromide and Ihe a-bromoketones were dc- 
hydrobrominared IO give the unsaturated ketone 197. 
AddiIion of meIhylliIhium and then cleavage of the dou- 
ble bond by osmium Ietroxide-catalyxd sodium 

periodate oxidation gave direcrly the kcIo-acid 198 con- 

taining less than Iok of the rrans-isomer. Reaction of 1% 
with 2.5 equiv. of Iriphenylphosphonium methylide in 

THFdimeIhyl sulfoxide followed by hydride reduction 

gave racemic gram&sol (191) containing only 3% of the 

undesired Irons-isomer. Pure 191 was obtained by pre- 

parative glc. 
‘The Iwo-sIep procedure of Billups ef (I/. (Scheme 

62yrn is based on the discovery of Heimbach and Bren- 

ner that certain zero-valet-it nickel complexes can be used 
for the catalytic formation of cis - I.2 - divinyl- 
cyclobutanes from 1,3dienes.*” Thus, the desired cis- 

cyclobutane 199 was produced by dimerizing isoprenc 
with a catalytic quantity of the complex formed from a 

I: I mixture of bis(l.5 - cycle - octadienyl)nickel and 

Iris(2-biphenylyl)phosphiIe. At room temperature. a mix- 
Iure of products was obtained but the cis-dimer 199 
could be separated in moderate purity and in l2-15% 

yield (based on reacted isoprene) by fractional dis- 
Iillation a1 0” after removal of the unreacted isoprene. 

Above room temperature the cisdiene 199 undergoes a 

\ I AC,0 

\’ LAM 

Scheme 60 Scheme 61 
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Cope rearrangement IO give 1,5dimcthylcyclooctadicne 
(u)o).“: No other cyclobutanes were produced in yields 
exceeding I% in this dimcrization reaction. Conversion 

of 199 IO 191 was carried out by selective hydroboration 

with disiamylborane in THF al 0”. After oxidation of the 

organobowne with alkaline peroxide, racemic grandisol 
(191) was obtained in 52% yield. This synthetic route has 

IW)W been modified and scaled up by Chem!SampCo to 

produce commercial quantities of grandisoln’ Recently a 

multistep synthesis of optically active ( + l-grandisol has 
been carried out by Hobbs and Yagnus starting from 

( - l-/l-pinene, preserving lhroughoul the synthesis the 
cyclobutanc ring and the chirality originally present in 
this natural product. By this procedure natural ( t )- 
grdndisol has been shown IO have the absolute configura- 

tion, I RX” 

(Z)-Y-Tricosene (201) was prepared initially hy the 

Wittig condensation of triphcnylphosphonium tctra- 

dccylide with I-nonanal in dimethyl sulfoxide which 
have a mixture of the Z and E isomers in the ratio co. 

85 : IS. respectively, in 73% yield from the phosphonium 

salt (Scheme 63).“.?‘-’ ‘lhe isomers were separated by 

column chromatography in hexane on silver nitrate-silica 

gel. Rioassays conducted in a laboratory olfactometer 
with virgin male house flies demonstrated that the natural 
Z isomer 201 was more attraclivc than was the E isomer. 

So masking (reduction in activity) was ohserved when 

the Z and E isomers were mixed in ratios up IO I :3. 

respectively.“-“’ Hestmann er al.“’ prepared the Z 
olelin from I-Ietradecanal via a Wittig reaction (Scheme 

63) in HMPT as the solvent [using a solution of potas- 
sium in HMPT as the base]‘: which gave a 32% yield of 

241 containing only 4% of the E isomer. 

Muscalure has also been prepared via acctylcnic in- 
termediates (Scheme 641.“‘.% Conversion of I-pen- 

tadecyne IO its lithium salt with n-hutyllithium and alk- 

ylation of this salt with n-octyl hromide in diglymc tar 

1200)~ or in HMPT-THF ( lIL2001S-’ gave high yields of 

9lricosyne (202). Partial hydrogenation of the triple 
bond over l.indlar catalyst- or over 5% palladium on 

(a) (%b-Y-‘r’ricrutvtc. The hydrocarbon fractions from 

the cuticular lipids as well as from the fecal lipids of 

sexually mature female house flies. Musra domtsrica. 
arc attractive IO sexually mature male house flies. ‘lhe 

most active hydrocarbon isolated from these extracts of 

mature female house flies was identified as (Z)_9-tri- 

cosene (muscalure: Muscamone* fly attractant: 201) with 

several other homologous hydrocarbons being present 

bum showing less activity.“’ This sex attractant was 
found by Carlson and Herora IO be active in field tests..“* 

Addition of the pheromone 201 increased by several 
times the number of flies caught in various traps. Traps 
bailed with muscalurc caught about equal numbers of 

males and females in the field in contrast IO the labora- 

tory results, where only males were attracted IO 201 in 

olfactometer studies. Thus in the field 201 may act as an 
aggregation pheromone luring both male and female flies. 
rather than as a sex attractant for males only (see Ref. 
277). Other research groups have also evaluated 201 in 
combination with sugar-base fly baits and have obtained 
similar results:- Although this pheromone is consider- 
ahl) less potent than many of the lepidopterous sex 
pheromones discussed above. the compound has been 
synthcsizcd by many different routes and is used com- 
mercially to enhance the effectiveness of a sugar-base fly 
hait containing insecticides.” 

HYPT 
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Mansingh er oLm reported that a 7 : 3 mixture of (Z)-9- .%cmc 63 

Iricosene (201) and (Zl-9-heneicosene was more potent 

as an aItracIant than was 201 alone in laboratory olfac- 

Iometer bioassays with virgin male house flies, and they 

also observed that (Z)-9-heneicosene appeared IO be a 
male orientation pheromone. However. in our field tests 

with sugar baits we failed IO detect any differences in 
effectiveness between such mixtures and 201 by itself.“’ 
Carlson Ed ul..“’ also were unable IO confirm the finding 

of Mansingh er al.. that a 7: 3 mixture of 201 and (Z)-9- 
heneicosene improved attractancy in laboratory tests. 
The structural requirements for activity of the muscalure 

molecule appear IO be less stringent than those for most 
leipidopterous sex pheromones since several structural 
variations of muscalurc have shown activity similar IO 

201 in laboratory hioassays.‘-‘30-r’ 
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barium sulfate (hexane with synthetic quinolinc added)“: 
gave MI in quantitative yield. In the latter case the 
product contained 95% of the (X)-isomer 291.“’ MIS- 
calure has been synthesized in 8S% yield from erucic 
acid by conversion of the latter into the methyl ketone 
with methyllithium followed by Huang-Minlon reduction 
(Scheme &S).n’ A similar route involved the reaction of 
okic acid with n-pentyllithium to give (Z)-Mricosenb- 
one which was reduced under Huang-Minion conditions 
to give 201 in 77% overall yield.% Another multistep 
route beginning with methyl erucate is outlined in 
Scheme 66.-r: This synthesis involved chain elongation of 
(Z)- I3-docoscnyl methanesulfonatc (283n) with KCN, 
methanolysis of the nitrile. reduction of the methyl ester, 
and then reduction of a mcthanesulfonate with LAH. 
This route is too lengthy to be useful although high yields 
were obtained for all steps. 

A mixed Kolbe electrolysis of (Zb9octadccenoic acid 
(pure olcic acid) and n-heptanoic acid in methanolic 
NaOMe with platinum foil electrodes (IS”) gave mu+ 
calurc (261) in one step in 14% isolated yield (after 
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fractional distillation of the neutral fraction). along with 
dodecane (20%). (.2,X)-9.25-tctratricontadienc (7%).(Z)-X- 
hcptadcccne (2%). methyl n-heptanoate (16%). and 
methyl oleate (@%).‘D 9-Tricoscnc has also been pre- 
pared in low yield as a mixture of E and Z isomers from 
the homogeneous transition metal-catalyzed olefm cross- 
metathesis reaction between I-dcccnc and I-pentadectnt 
at room temperature.R’ The mixture of C-l& C-23, and 
C-2g olefins. obtained in quantitative yield. was frac- 
tionally distilled to give P-tricosene (E and Z isomers) in 
25% yield. A similar cross-metathesis reaction between 
2hexadecene and 9octadccene at 20-50” gave a 9-12% 
yield of 9-tricosene.” 

Because of our commercial interest in 201 we required 
a synthetic procedure suitable for plant-scale produc- 
tion.‘” We initially synthesized 201 via the acetylene 202. 
which WC prepared by the alkylation of the lithium salt of 
ldecyne with l-brumot~de~a~ (see Scheme 64). and we 
also investigated in detail. independently of Dribble et 
Ul.,fP a one step synthesis by Kolbe cross-coupling of 
either a mixture of crucic acid and propionic acid. or of 
olcic acid and heptanoic acid (in methanol containing 
sodium mcthoxide. using a gold, a platinum, or a vitreous 
carbon anode).= However. synthetic routes applicable 
to the production-scale preparation of 2&I were de- 
veloped utilizing the copper(I) catalyzed coupling”‘.“’ of 
erucyl and oleyl derivatives with the appropriate Grig- 
nard reagents (Scheme 671.*90 

Conversion of (%)-l3-docosen-l-al (crucyi alcohol) to 
its methanesulfonatc 2030 was carried out in quantitative 
yield with methanesulf(~nyl chloride and triethytaminc in 
dichloro~t~~ at -So.“’ Coupling of erucyl 
mcthancsulfonate (2@a) with mcthyimagncsium chloride 
(1.S equiv.) in THF at 0” in the presence of lithium 
tetra~hl~~r~~cupratc (0.05 cquiv.) gave a high yield (cu. 
MY%) of 201 (containing 98% of the 2 isomer: the 1:: E 
ratio in the 9-tricosene samples was determined by glc 
analysis of the corresponding cpoxides; see Ref. 20~). 
Similar results were obtained with erucyl bromide but 
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the reaction with erucyl chloride was too slow to be of an) 

practical utility. Use of I.2 equiv. of MeMgCl with erucyl 

methanesulfonate only gave a 6@% yield of 201. An 

excess of the Grignard reagent was necessary to com- 

pensate for the loss of the reagent due to side reactions 
involving the methancsulfonate group. However, large 

scale production of 201 from erucyl alcohol was hindered 

by the limited commercial availability of this alcohol. 
Therefore, (Z)-9-octadecen-l-01 (olcyl alcohol)+ was 
used as a starting material and an extensive study was 

carried out on the coupling of its derivatives. Preparation 

of oleyl methanesulfonate on a production scale by the 

procedure of Crossland and &vi?’ proceeded in quan- 
titative yield. Coupling of this methanesulfonate u#s 

with I.5 equiv. of n-amylmagnesium bromide (205) in 
THF at -IS” in the presence of lithium dichlorocuprate 

as the catalyst gave a high yield (cu. 8%) of 201. Due to 
a number of side reactions involving the methanesul- 

fonate group which consumed some of the Grignard 
reagent, and excess of 205 (ca. I.5 equiv.) was necessary 
in order to obtain complete reactton of the methanesul- 
fonate. For example. when only I.25 equiv. of the Grig- 

nard reagent 205 was used the product contained cu. IO% 

of the starting ester. In the absence of the copper(l) 
catalyst, #Lk did react readily with the Grignard reagent 

205 at 0” to give. after hydrolysis. olcyl alcohol and 

methyl amyl sulfone. In contrast, oleyl bromide and 205 
reacted very slowly in THF in the absence of a copper(l) 
catalyst. In the above cxothermic copper(l) catalyzed 

coupling of 204r (and of 2.04b) with 2&J. the thermal 
instability of the catalytically-active n-amylcopper in- 
termediate necessitated an oprating temperature of - IO” 
to -20”. which caused a number of production problems 
on a plant scale in maintaining adequate cooling and heat 

- 

+C’omnxrciatly abailable okyl akohol IS contammatcd with 
other saturated and unsaturated compounds and a “pure” grade 
only contains co. g?(k 9.ocbdcccnols of which co. 15% is the 
(EGomer (the latter IS apparently formed by isomeriz.Aon dunng 
manufacture). However, this material IS satisfactory for rhe 
produclion of commcncat 281. 

transfer. freatment of oleyl methanesulfonatc with 

sodium bromide in dimethylformamidc-toluene at 70” 

gave the bromide 2&fh. Reaction of u#b with I.2 equiv. 

of the Grignard reagent 205 at -20” in the presence of 

0.05 equiv. of LiCuCI: gave a rapid 110% conversion to 

201 and then the reaction ceased due to the decom- 
position of the catalyst. with the residual bromide being 
converted to (Z)-9octadecene and (Z)-I.9-octadecadicne 
when the mixture was allowed to warm to room tem- 

perature. This decomposition of the n-amyl copper in- 
termediate is catalyred by active metal surfaces in- 

cluding copper (autocatalytic).“’ Copper metal also ca- 

talyzed the undesirable reaction of oleyl bromide with 

the Grignard reagent Los to give (Z)-9octadecene. (Z)- 
19octadccadiene. pentane. and pentene. especially at 

higher temperatures (>o”). In the search for a more 

stable alkylcopper intermediate it was found that lithium 
chloride (or I.iHr) forms a THF-soluble complex with 

cuprous cyanide which is a particularly useful catalystB’ 

The cyano group is presumably retained in the or- 

ganocopper intermediate improving its thermal stability 

(see Ref. 293). Thus coupling of oleyl bromide (204b) 
with I. I.5 equiv. of n-amylmagnesium bromide (205) in 

THF at V-5” in the presence of 0.03 cquiv. of lithium 

chlorocyanocupratc (2.15 hr) gave a nearly quantitative 
yield of 201.“’ This procedure has been used to prepare 

production-scale (IS0 kg batches) quantities of 201. and 

allows a more efficient utilization of the Grignard reagent 
than did the use of the mevylate and allow 5 also the use of a 
higher operating temperature. The n-amylcyanocuprate 
intermediate does decompose within a few hours above 

5” but the corresponding methyl-complex is considerably 

more stable. Coupling of crucyl bromide (20%) with I.? 

equiv. of methylmagnesium chloride in the presence of 
0.025 equiv. of lithium chlorocyanocupratc in THF can 
be carried out at temperatures up to So” IO give >9S% 

yields of 2O1.-m The high thermal stability of the methyl 

cyanocuprate intermediate is noteworthy. The use of 

lithium chlorocyanwuprate as a catalyst appears to offer 

little advantage over other copper(l) catalysts for labora- 

tory scale syntheses as a decrease in the rate of coupling 
accompanies the increased stability, but for plant scale 

operation it allows the use of significantly higher operat- 

ing temperatures then is possible with lithium dich- 
Iorocuprate.~s? The cganocupratc catalyst was nor soris- 

foc‘fo~ for use in the coupling of oleyl methanesulfonate 
with I.5 equrv. of 205 at O’-5’. The product from this 
reaction contained considerable quantities of oleyl al- 

cohol and of unchanged methanesulfonate indicating that 
the cleavage of the IIIt?dKiIICSu~fOn2tC group by 205 was 
more rapid. with respect to the coupling reaction, at 0” in 
the presence of this catalyst than at .. IS’ in the presence 

of the more active dichlorocuprate catalyst. 
(b) (Z)-14-Nonncosene. The sex pheromone of the 

female fact fly. ,Uusco avrumnolis. is only weakly active 
and is apparently effective for mating stimulation only at 
short range. The most active components (in lahordtory 
hioassays on male face flies) isolated from the insect 

cuticular extracts (of both sexes) were. in order of their 
activity. (Z)-ICnonacosene. (Z)-ISnonacosenc and (Z)- 
13-heptacoscnc.” These olefins wcrc prepared initially 
by Wittig condensations. For example. reaction of 

triphcnylphosphonium pentadccylidc with I-tetradecanal 
in THF-HMPT gave a 7tE4 yield of (Z)-14nonacosene 
containing co. 9496% of the Z isomer. as estimated 
from the intensity of the 970cm ’ IR hand due to the E 
isomer:% A sample of (El-13.hcptacosenc was found to 
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be devoid of activity. These three olelins have also been 
prepared (as mixtures of 2 and E isomers) in low yields 

from transition metal-catalyzed olefin cross-metathesis 
reactions.” (il)-l4-Nonacosene has also been prepared 

via the alkylation of the lithium salt of I-hexadccyne 

with tridecyl bromide in HMPT-THF 10 give l4- 

nonacosyne. followed by partial hydrogenation of the 
triple bond over Lindlar catalyst (see Scheme 64).‘9’ 
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