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The term “insect sex pheromones” denotes compounds used for chemical communication b
sexual partners in the insect kingdom. The aim of this review covering the literature 1990-199
survey papers on their syntheses. A review with 201 references.
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1. INTRODUCTION

Insect pheromones are defined as a general class of chemical messengers sec
the outside by an insect individual and received by another individual of the .
species, thereby releasing a specific reaction. Of them, insect sex pheromones
have evolved as an efficient means for bringing the two sexes of the same s
together for the purpose of reproduction, are probably the largest group. Over th
three decades, insect pheromones have gained considerable interest as alterne
conventional insecticides and became a significant part of natural product chen
The rationale for this interest includes a negligible environmental impact of pt
mones and increasing evidence of their effectiveness in pest control. Reflecting
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facts, there has been considerable effort towards developing methods for pher
synthesis.

General strategies and methods employed in synthesizing insect pheromone
stitute a collection almost as broad as the entire scope of organic synthesis. A n
of timely reviews on the synthesis of pheromones have been published, the la
most comprehensive of them being the excellent book byMdrich covers the lit-
erature through 1990. Since then, several more specialized papers dealing with
aspects of insect pheromone chemistry have also appe@réur review focuses or
syntheses published from 1990 to mid 1998. It is structured according to types
compounds and covers about 200 references obtained mainly from electronic I
The abbreviations used for the respective reactants and/or protective groups
those frequently employed in chemical journals and listegl,in the book of Greene
and Wuts®.

2. HYDROCARBONS

Pheromones used for sexual attraction by e.g. some insect species of Lepidopter:
ily comprise linear and branched hydrocarbons with 15-29 carbon atoms in the
cule'?. Their preparation usually does not represent any complication except fc
synthesis of compounds containing chiral centers. For instance, Kovalev and Sor
skaya? have shown that the hydroxyacetate 2.1 (easily accessible from geranyl a
by successive oxidation with tert-butyl peroxide, selenium oxide and PCC) can be
as the key intermediate in the preparation of racemic 5,9-dimethylheptad@c3ne
the sex pheromone dfucoptera scitella

A widely applicable strategy based on molecular symmetry considerations has
elaborated by Morét al'# for preparation of 13,25-dimethylheptatriacontad&)(and
11,23-dimethylheptatriacontan2.4), the major components of the tsetse Blqssina
tachinoide$ contact sex pheromone, as well as 11,21-dimethylheptatriacordie
the minor component. In this synthesis, methyl acetoacetate served as starting n
for alkylation with bifunctional Br(CH),Br, and the prepared diketon2s were then
treated with corresponding Grignard compounds. Stereoisomeric mixtures of
mones2.3, 2.4, and2.5 were thus obtained in five steps and 38% overall yield (Schem

Rl RZ (@] (@]
HO s Sope ~~—
¢ \«%\M n
s e plop?.

2.1 22, m=3,n=3,0=7,R"=R"=Me 2.7

23, m=11,n=11,0=11, R =R = Me

2.4, m=9,n=11, 0=13, R =R?=Me

25,m=9,n=9, 0=15 R =R?=Me

ScHEME 1 2-6,m=0,n=7,0=7,R1=Me,R2=H
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Ballini et al. have published several papers on synthesis of hydrocarbons using
able nitro-group-containing intermediates. A two-step synthesis of 2-methylh
decane 2.6), the sex pheromone of the tiger moth, includes condensatiol
tridecanal and 3-methyl-1-nitrobutane, the latter compound acting as an alkyt®ar
The subsequent tandem denitration—deoxygenation aff@ded\ practical synthesis
of (2)-tricos-9-ene, sex pheromone of the housdftygca domestigawas based on &
similar principle®.

While hydrocarbons containing no chiral atoms in the molecule or those in rac
form can be relatively easily prepared, synthesis of the corresponding optical is
may lead to some difficulties due to the similarity of functional groups (alkyl grot
attached to the chiral center. Thus, Mori and'\iwmbined the chiral building blocks
derived from methyl (R)-3-hydroxy-2-methylpropanoate.(02) and )-citronellal
(2.13 to obtain optically pure.2 by coupling2.8 and 2.9 under the catalysis of
Li,CuCl,. They were able to prepag10and?2.11, the major and the minor compc
nents of the sex pheromone of theucopteraspecies (Scheme 2).

PhSOZMR + \/\/\/|
2.8 2.9 l

ﬁ ﬁ WWR
HOJ\COOCHS MCHO 2.10,R = Et

211, R=Pr

2.12 2.13

214, R=H, R =R*=Me, R’ =H \N\W\M

2.15, R=R'=Me, R%=H,R®=H s

2.16, R=Et, R'=R?=H, R®= Me R
ScHEME 2

Another approach was published by Pogpeal. who used the baker's yeast mec
ated synthesis of both10and2.11, enriched in the Sisomers®. Poppe utilizedR)-
citronellal, obtained by baker’s yeast incubation of racemic citronellal, for creatin
(99)-9-methyl center ir2.1Q A similar strategy was used by Mori and HoriKliin the
synthesis of (R,119-5,11-dimethylheptadecan.14 and (%)-2,5-dimethylhepta-
decane Z.15, the major and the minor components of the female-produced sex p
mone of the western hemlock loopéabdina fiscellaria lugubrogaMori based his
synthesis on the enantiomers of methyl 3-hydroxy-2-methylpropan@at8 @nd
(9-citronellal .13.
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Synthesis of four stereocisomers of 3,13-dimethylheptadecaaé),(the major sex
pheromone component of the western false hemlock looper, was also perform
Mori et al?® who used the enantiomers of citronellol and 2-methylbutan-1-ol as ¢
building blocks. The stereogenic centers®F (@and §)-citronellol, and (R)- and (&)-
2-methylbutan-1-ol served as the centers of chirality of reaction intermediates
(9R)- or (99-9-methyltridecyl tosylate and R}- or (29-2-methylbutyl iodide. Having
coupled the respective intermediates under conditions avoiding racemization
stereogenic centers, Mori prepared all isomer&.&6 in purities enabling biological
tests.

— — m 217, m=1
2.18, m=2

ScHEME 3

Vig et al?! have reported the stereoselective synthesis B0Z§-nonadeca-6,9-
diene @.17) and (&,92)-henicosa-6,9-diene2(18), sex pheromones @&upalus pinia-
rius and Utethesia ornatrix.The almost pureZ-products were prepared by usin
(2)-oct-2-enyl bromide for alkylation of either 1-(tetrahydropyran-2-yloxy)prop-2-\
or 2-(chloromethyl)tetrahydrofuran with subsequent hydrogenation of the reactic
termediates over the Lindlar catalyst (Scheme 3).

Synthesis of a four-double-bond-containing sex pheromone was described in a
of Nikolaevaet al??>. Repeated coupling of appropriate propargylic compounds
lowed by hydrogenation over the Lindlar catalyst gave a mixture of products
which 2.19was obtained by chromatography.

3. ALCOHOLS

Odinokov et al. synthesized a number of methyl substituted chirons starting f
(-)-menthoné*2?4 To prepare the required intermediates, they elaborated a novel,
cient and selective oxidation with decaneperoxysulfonic acid (DPSA). This metho
been applied to the synthesis of optically purB){4-methylnonan-1-0l13.4), the sex
pheromone of the yellow mealworrmignebrio molito). The reaction sequence starte
with (-)-3.1which, after oxidation with DPSA, afforded the product of Baeyer—Villi
reaction 8.2) in high yield. Opening the lactor®?2 to hydroxy este3.3 led to an
intermediate of required stereochemistry (Scheme 4).

Both enantiomers of 4-methylnonan-1-&.4) with high optical purity ¢a 100%
e.e.) were also prepared from methyl 3-methyloctanoate by Kitahara anéPKang
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DPSA 1. KOH/MeOH COOCHs
DPSA _ . BN
> ~0 2. TsOH/MeOH OH
B O B O B
3.1 3.2 ll 3.3
WOH
ScHEME 4 34

A Swedish grouff had revealed that the sex pheromone secretion of the pine s:
(Diprion pini) from insects collected both in Finland and France contains stereoisc
of 3.11 (Scheme 5). To confirm the assumed structure, the threo and erythro ac
and propionates of 3,7-dimethyltridecan-2-8l10 were synthesized from enantic
merically highly enriched (>99% e.e.) building blocks. First, racemic 2-methylocta
acid (3.6) was subjected to enzyme-catalyzed esterification using commercial li
Two additional esterification cycles led to an easily separable mixturg)«.¢ and
(9-3.7 which after reduction afforded the desired enantiomeric alcohols of more
98% e.e. Then, the pure alcohols were separately converted to the tosylates al
mides and, subsequently, by reaction wihRj- or (S,9-3.8, to the ketone intermedi:
ate 3.9, structurally close t@.11

e} OR
R_=* * © = *
EW\ + — *
|
* Rl
3.5, R = CHy0H 3.8 39,R=H,R'=0
3.6, R = COOH 3.10,R=H,RY=H,

3.7,R = COON-C12Hzs 3.11, R = Ac, COEt, R'= Hy

ScHEME 5

Takenakaet al?’ published the synthesis of enantiomers of 2-methylheptan-
(3.13 and 2-methyloctan-4-o0l3(14), the components of the West Indian sugarcse
borer pheromone (Scheme 6). Starting fr@p énd R)-3.12 prepared from$)- and

. OH
MO Recull )W
R

3.12 3.13,R=Me

ScHeme 6 3.14, R = Et
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(R)-leucine, they obtained compoundsl3 and 3.14 by reaction with dialkyl lithio-
cuprates.

OH
OR Py <o
TN — L~ I DN
0 R OH
3.15 3.16,R=H
3.17, R = TBDMS 3.18 3.19
l OH OH OH
e OH OH
3.20 3.21 3.22
ScHEME 7

The male pheromone components of the longhorn bediidstupes bajulusand
Pyrrhidium sanguineuinhave been identified by Francke and collabordfossn un-
ambiguous structural assignment oR(3-hydroxyhexan-2-one3(18, (2R,3R)-hexane-
2,3-diol 3.21) and (5 3R)-hexane-2,3-diol 3.22 was based on the synthesis
enantiomerically pure standards purified by chiral gas chromatography (Schen
Thus, the commercially availableERhex-2-en-1-ol .15 was subjected to Sharples
epoxidation giving the chiral epoxy alcohol (97% e.e. by chiral GC). This alcohol
transformed into the bromide which, after dehydrobromination, afforded comp
3.16 Its Wacker oxidation resulted in the ketoBd8 Using a similar reaction se
quence, the dioB.21was prepared from the epoxy alcol3o2Q Finally, the synthesis
of 2R-enantiomer oB.22originated from diethyl (839)-tartrate and proceedeth the
intermediate3.19 where R = OH- OTs - Et.

Many pheromone alcohols contain two or more conjugated and/or nonconju
double bonds. While the conjugatE¢E-unsaturated system can be prepared relativ
easily, synthesis of pheromones with conjugated one or FHadiuble bonds makes
some troubles mainly due to an easy isomerization to the more &#&blsomers.
Odinokov et al. have chosen @-octa-2,7-dien-1-0l13.23) as a convenient startin
material to prepare (H)122)- and (1@&,12E)-hexadeca-10,12-dien-1-ols as well :
(10E,127)-hexadeca-10,12-dienal, the components of the mulberry silkworm sex p
mone?®. While the sequenc@&23 - 3.24 - 3.25followed by hydroboration proceede
without problems, alkylation 08.27 with 1-(tetrahydropyran-2-yloxy)butylmagnesiur
bromide under catalysis with CuBr resulted in reversal of configurat®)n{((E)) and
compound3.28was obtained as the only product (Scheme 8). Therefore, Odinokoy
to modify his original strategy and to chod&®81as the synthetic source f8r33
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Synthesis of (B,10E)-dodeca-8,10-dien-1-0B8(29 by Khrimyanet al3° uses3.30
as the key structure. Khrimyan found t/3a80 can be reduced by lithium dimethoxy

MR — W\/\/\/R — RMOH
3.23, R = CH2OH 3.26, R=0H 3.28,R=Et,n=8
3.24,R=CHO 3.27,R=1 3.29,R=H,n=6

3.25, R = CH=CHPr

wo > ¢InoH

R _
~S 8 CoH =~ 7 g TOH 3.30
3.31, R = CH2OH 3.33
3.32, R = CHO

ScHEME 8

aluminium hydride (preparei situ from LiAIH, and methanol in THF) giving gooc
yield of the E,E)-3.29 while with LiAIH, alone the yield was low because of an i
creased amount of by-products. Reductive removal of the terminal hydroxy \geou
the mesylate was the last step in this preparation.

1. PCC
/%V{OTH P 2. Wittig — OTHP
o n I S W
s 3. LAH 3.36, R = CHO
i 3.37, R = CH=CHCOOEt
H 3.38, R = CH=CHCH,OH
3.39, n=2, R=n-C7H15 OTHP HO OTHP

3.40, n=4,R =n-C3H7 R W\jw -~ W\:\W

3.41,n=8,R=Me

ScHEME 9

In an attempt to elaborate a general stereoselective synthesis of insect pher
components possessing conjugalel-dienes, Viget al3! based their synthesis on th
utilization of 1,3-enynes (generated inysitu alkylation of prop-2-yn-1-ol dianion fol-
lowed by Wittig—Horner reaction). Thus, the dianion was coupled with BjCHHP
yielding 3.35(n = 2, 4, 8) which was oxidized by PCC to g&#86 Subsequent Wittig
reaction 8.37), reduction with LiAlH, (3.38), hydrogenation over the Lindlar catalys
and coupling of the terminal mesylate with alkyl bromide undgCuCl, catalysis
gave3.39-3.41 (Scheme 9). The synthesis also applies to the aldehydes and acet

Russian chemist$ accomplished the synthesis ofE(80F)-dodeca-8,10-dien-1-ol,
the sex pheromone dfaspeyresia pommonelldy acetolysis of 4-propenyl-1,3-dioxan
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(3.47. Thus,3.47was converted to diacetyl derivative whose pyrolysis afforded h¢
2,4-dien-1-yl acetate. This compound is widely used in the synthesEEtdieno-
ates.

Guo et al®3 synthesized all geometrical isomers of the poplar pole clearwing r
(Sphecia siningengigpheromone 3.42) in purities higher than 95%. For instance, tl
Z,Z-isomer was obtained from the dianion of prop-2-yn-1-ol and an alkynyl halide
Z-geometry being created by hydrogenation over P-2 Ni catalyst (Scheme 10).

/W%:A/OH ST TR
3.43, R = B(Me)2
3.42 3.44,R = OH
S
0__0O
3.45,R=H 3.47

3.46, R = OCOCH2CCl3

ScHeEME 10

A new route to hexadec-11-en-1-&.44), a sex pheromone @hilo infuscatellus,
has been presented by Narasimhan and GaneshwaridraBae authors started fron
undecenal, which with pentyltriphenylphosphonium bromide afforded){iéxadeca-
1,11-diene. Selective hydroboration of the terminal double bond was achieved by
hydroborating procedure with Ca(BH and the formed borar®243on a simple work-
up afforded uncontaminated compouhd4

Synthesis of optically pure 26S,109-6,10,14-trimethylpentadecan-2-&.45), one
of the stereoisomers of the rise mo@ofcyra cephalonicayex pheromone, was pel
formed using an enzyme-catalyzed hydrolysisAseudomonas fluorescetipase?.
The esteB.46was repeatedly resolved furnishing almost optically pure alcdHal

4. ETHERS AND EPOXIDES

cis-(7R,89)-7,8-Epoxy-2-methyloctadecane, disparlude?), was identified as a gyps)
moth Lymantria dispar)sex pheromonelhough it seems that the other isomers do |
decrease the biological activity in the field, optically pdréis an interesting object
for synthetic chemistsAlso syntheses of racemic disparlure are being continuol
published (Scheme 11).

Odinokovet al3® have reported the ozonolysis @, Z)-cycloocta-1,5-diene and con
versions of the functional groups attached to the carbon chain as outlined in the s
(4.1 -~ 4.6): e.g.,reaction with heptylmagnesium bromide in the presence afuGl,

Collect. Czech. Chem. Commun. (Vol. 63) (1998)
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gave4.3. Further conversion of this compound to tosylk@and subsequent reactio
with isobutylmagnesium bromidedGuCl, and MCPBA led finally to the racemais-4.7.

R R
— —_— * *
W 1 — )vj\M/\ —_— 3 7
R R R 8
(@]
4.7
_ 1_
4.1, R = OMe, R]_ = COOMe 4.3, R = OMe, Rl = OMe TT
4.2, R =0OMe, R™ = CH20Ts 4.4, R = CHO, Rl =H
4.5,R=CHo0H, R  =H
4.6, R = CH0Ts, R = H 3N %ol
O
4.8
ScHEME 11

Fukusakiet al2® applied lipase-catalyzed enantioselective acylation to 2,3-epox
methylnonan-1-ol 4.8) which served as a useful intermediate in the disparlure ¢
thesis. The enzymatic acylation was performed in acetic anhydride/diisopropyl
yielding the acetates of $3R)-4.8 and (R,39)-4.8 The optical purity was further
improved up to 95% e.e. by lipase-catalyzed alcoholysis. To optimize the e.e., v
anhydrides were checked as acylating agents.

. = CHy—==CH,OH L -
— ——CHp—CH,—R
&7 R o7
EtMgBr
4.9, R =CH(Me)OEt 4.12, R = CHyOH
4.10,R = OH 413, R=Li
411,R=1 l
4.14, R = OH, R* = n-CgH1g
1
415,R=Me,R'=n-CoHg R, , A A R
4.16, R = n-CgH1g, R* = Et
4.17, R = n-C1oHg1, R = Et ©
4.18, R = n-C1gHg1, R* = CH=CH,
ScHEME 12

The major constituent of the giant loop&oéarmia selenaripsex pheromone}.15
has been synthesized by Cosseal3’38 The alcohol.10Q, obtained as a product o
nonyl bromide and lithium/prop-2-yn-1-ol coupling, was transformed into the iof
4.11 which then reacted with hexa-2,5-diyn-1-ol in the presence of 2 equivalen
ethylmagnesium bromide. The obtained alco#dl2 as a template structure of th
pheromone, was converted iMal5 by partial hydrogenation and Sharpless epoxit
tion (Scheme 12).
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A general method for the synthesis of chictepoxides bearing both saturated a
unsaturated chain, elaborated by Sowieal., has been applied to the synthesis
structurally similar pheromon&s*®’. The synthetic strategy can be understood from
sequencet.19 - 4.21 (Scheme 13). Thus, the epoxide9was treated with lithium
dimethyl cuprate under the specific protection of hydroxy groups, the result of w
was the compound.21 Subsequent reaction with lithium acetylidld3 and alkaline
work-up afforded unsaturated§3R)-4.15 Compound4.16was prepared similarly.

o) OH o)
B”OW — BnOW =, A‘/<1 + 413 =, 415
OH OH OH

4.19 4.20 4.21
ScHEME 13

Glycals for the stereospecific synthesis o¥,6%,97,10R)-4.17, the component of
sex pheromone of the American white butterfly, has been used by Tolstikaiv'.
The synthesis originated from the aldehyd22 Its eight carbon atoms homologatic
using octyltriphenylphosphonium ylide and subsequent hydrogenation resuftethin
This oxirane was treated with lithium hepta-1,4-diynide and the product convert
(9S10R)-4.17 by means of a base (Scheme 14).

OAc

s OAc OH

AcO, ~ : :

‘ —>» AcO Y ~"CHO —> RO T 9
AcO . ~ =
~ N0 OAc OH
4.22 423, R=H
424, R=Ts
QBZ
417 -~ M(V)Q\ P
(e}
ScHEME 14 4.25

Within the framework of synthetic studies on insect sexual attractants, Nikolaev
Kovalev*? published preparation of racen#cl8 a component of thelyphantria cunea
sex pheromone. In this synthesis, acetylenic chemistry and triple bond hydroge
was mainly used.

(-)-@-(1S2R49-Epoxybisabolene4(33), the major component of the green stil
bug (Nezara viriduld sex pheromone, was prepared fr@()-perillyl alcohol é.26)
starting with Sharpless epoxidatfén Of the two possible productd,27, predomi-
nanted. Oxidation oft.29 with KMnO, gave the substrate for Wittig—Horner reacti
(4.30 where the erythro isomdr32resulted as a separable compound. Then the b
induced elimination simply affordel33 (Scheme 15).
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OH R

— E—
X . 4.27,R=0H
4.28, R = OMs
4.26 429,R=H
O=PPhy
4.33 4.32
ScHEME 15

Enantiospecific synthesis of spiroketalsi0 and 4.43 the minor components o
olive fruit fly pheromone, was accomplished by Spanish chethi@sheme 16). Their
interesting synthetic approach is basedédnuctose which determines the stereoche
istry of the final product. Compounds40and4.43have arisen as a result of reactiol
affected by different chemical properties of both hydroxy groups. Thus, having st
from 4.34 the compoundt.35 was obtained by the action of dibutyltin oxide. Su
sequent reaction with benzyl bromide occurred with high stereoselectivity giving
monobenzyl compound.36. Several other steps where stereo- and regioselective
tection—deprotection procedures were included, led final|.46@ The isomeric com-
pound4.43 was obtained similarly by conversion 436 into 4.41 and 4.42 making
use of Barton’s reduction and deprotection procedures.

o o
—
o — o
HOHO HO H
4.34 4.40
4.35, R = R'= OSn(0)Bu,
4.36,R = OH, R'= 0Bn \
4.37,R = OBz, R'= OBn
4.38, R = OBz, R'= OH o
4.39, R = OBz, R'= (imidazol- o
-1-yl)thiocarbonyloxy- H HO
4.41, R = OCSSMe, R'= OBn
4.42,R=H, R*=0Bn 443
ScHEME 16

Collect. Czech. Chem. Commun. (Vol. 63) (1998)
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5. ALDEHYDES

Dzumakulov and Kadyrova synthesized @)-hexadec-9-enal, one of the componer
of Heliothis armigerasex pheromone. The three-step synthesis involved Wittig r
tion of 8-acetoxyoctanal with heptyltriphenylphosphonium bromide, LiAktuction
of the ester and PCC oxidation to the desired aldehyd@)-Qdtadec-11-enal was
prepared similarif.

W\COOQ + @Ooc/\/\/\/\/COOMe T

51 5.2
= CHO
5.3
— cl X —
WOH + ol - CIW—\V)/G\R
5.4 5.5 5.6, R = CH,OH
l 5.7, R = CH2OTHP
NP — NP —
5.10, R = CH2OH 5.8, R = CH2OTHP
5.11, R=CHO 5.9, R=CH>0OH

ScHEME 17

(11E)-Tetradec-11-enal5(3), the sex pheromone of the eastern spruce budwic
was prepared by Sing#t al?’ (Scheme 17). Employing Kolbe’s anodic cross-coupli
of (3E)-hexen-3-oic acid¥.1) and methyl hydrogen decanedioate?), the authors
devised a simple way for obtaining the title compound. Millar described a shor
efficient synthesis of @ 11F)-tetradeca-9,11,13-triena.(L1), the major component o
sex pheromone of the carob mttiiEctomyelois ceratonideThe key step included
PdP-catalyzed coupling 05.4 (obtained from dec-3-yn-1-ol by the zipper reaction) a
(E)-1,2-dichloroethene5(5) with subsequent coupling with vinylmagnesium bromi
to form 5.7. The triple bond irb.9 was reduced with high stereoselectivity using zi
granules in agueous propan-1-ol with no detectable isomerization of the double
present. The synthesis was completed by Swern oxidation to aldéiyide 50% total
yield.

(11E)-Octadec-11-enal, (B)-octadec-14-enal, (El14E)-octadeca-11,14-dienal an
octadecanal, the components of female tea cluster caterildraca bipunctatpsex
pheromone, were synthesized by etoal #°. For the purpose of identification, Ho als
synthesizedZ-isomers of the above mentioned compounds as GC/MS standards

Collect. Czech. Chem. Commun. (Vol. 63) (1998)
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synthetic strategy was based on the consecutive alkylation of terminal acetylenic
mediates with appropriate alkynes giving compounds of required lengthZ-TdreE-
configuration of products was achieved by hydrogenation or reduction of the
bond with LiAIH, in diglyme.

Synthesis of long-chain aldehydes with several conjugated double bonds in the
cule is certainly a troublesome preparation because the compounds undergo eas)
dation and extensive isomerization. Therefore, the reaction procedure had
carefully chosen according to the individual compounds’ properties and pos
separation of products from by-products.

| /\40 1. PhaP=CHMe
B OTBDMS T > R OEERTT™"S0 -
£ 2. oxidation
5.12 P 5.13, R = OTBDMS
OHC ™ IR
Hc=czncl | Pd® 5.14
1. PhyBH
w 2.MeC=CLi_ oHC™ )7 ™~
~¢Jg TOTBDMS -~ »
3. BuzSnCl 5.15
5.17 4. oxidation _
OHC IR
5.16
1. Ph3P=CHCH=CHMe
2. oxidation
— Buli — 1. LiAlHg
— — ~._CHO
0¥ OTHP (50> THPO B OH 2 mno, THPO )
5.18 5.19 5.20
ScHEME 18

A report by Doolitleet al>° described a stereoselective synthesis oE(I12E,14E)-,
(10E,12E,147)-, and (1&,127,14F)-hexadeca-10,12,1ienals 6.14 5.15 5.16), two
of them being the components danduca sextgpheromone (Scheme 18). Aldehyds
5.14and5.15were prepared from iodide 12 (obtained by catecholborane—iodine co
version of undec-10-yn-1-ol) which was further coupled with either prop-2-enal or
tylene-zinc chloride giving.13 and 5.17, respectively. Dess—Martin periodinan
oxidation proved to be the most suitable method for converting alcohols into the
aldehydes. The products of the preceding reactions were mostly obtained as mixt
geometric isomers. Rather surprisingly, the isomers could be separated by re
phase HPLC.

6. KETONES

For the synthesis of the already knowiR,@5)-4-benzyloxy-2,3-epoxybutaril (6.2),
the Katsuki—-Sharpless asymmetric epoxid2fiaf a starting material for the synthes
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of serricornin and, sex pheromone of the cigarette béedlgoderma serricorne).1,
was useef. The general strategy for obtaining the pheromone included oxidation ¢
hydroxy group in6.2 and Horner—-Emmons reaction of the resulting aldehyde giv
epoxyhexenoaté.3, the methylation of which with trimethylaluminum led to the alc
hol 6.4. Hydrogenation 06.4 followed by methylation of the formed lactoe5 af-
forded the dimethyl lactoné.6. To avoid isomerization of tha-methyl group, the
lactone was convertétito the amide6.7. Acetylation, hydrogenation and mesylatic
gave the mesylaté.8 Conversion of the mesylate to the epoxéd@followed by reac-
tion with lithium dimethylcuprate and then with ethyllithium led to serricoriri)(
(Scheme 19).

OH
\‘)W\ Bnow BNOWCOOE Bno/\‘)\/ACOOEt
(e} (e}
OH o o
6.1 6.4

6.2 6.3
o A A
1
o . R T “OMe T ~OMe
I R? o) o o)
6.9

6.5,R=H 6.7, R* = 0Bu, R>= OH

6.6, R=Me 6.8, R* = OMs, R? = OAc
ScHEME 19

For the synthesis of serricornin, Ferraitaal > used (&59)-4-methyl-5-ethylpentano-5-
lactone 6.10 instead of3-homoallylic alcohols as described by Satcal®®. The key
step for creating the chiral centers involved an enantioselective lactonization of
cally active vinyl sulfoxide¥ (Scheme 20).

o]
c

O.g~Tol  cizccoct, znicu o AlHg
_— (@]
\)\v ﬁ» NaOH ﬁ&»
LAH l

(0]
I 1. TsCl, py OH
see ref.131 6] 2. NaCN, Nal
61 = 2 kon \)\A/OH
3. KOH :
4. TsOH :

ScHEME 20
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Synthesis of serricornir6(1) by Chanet al®8, suitable for preparing gram quantitie
of material, was based on coupling of pentan-3-dh&4 with 6.12 prepared by a
shorter route than described by M8riThe authors turned to the aldol methodolo
developed earli€?:%1 They used crystalline addu6t15 with phenylalanine-derived
oxazolidine providing an excellent diastereoselectivity of the reaction intermediate
five-step sequence leading to the iod&l&3 involved routine steps and was used
produce hundreds of grams of the final product (Scheme 21).

OR OH Ph

\/\/\

g X I H N

: N~ E /K

-~ =0
6.12, R=H, X =1 6.14 6.15
6.13, R=TBS, X =
ScHEME 21

Earlier, the Japanese autHBrgresented a (-)-serricorni.{) synthesis using palla-
dium-catalyzed stereoselective hydrogenolysis of an alkenyloxirane (Scheme 22)

M\/OH Sharpless /\<k\/OH . Ww
= €poX. ‘(‘)

0 o}

Pdy(dba)z, (MeO)3P

o, PAC P HCOOH, EtsN
61 —-—"——r I

OH

ScHEME 22

Among the scale pests, tiatsucoccusscales play an important role in damagi
the host pine population in Europd.(feytaudj, U.S.A. (M. resinosag Asia (M. mat-
sumuraeandthunbergianag and in Israe(M. josephi) They were found to use brar
ched and unsaturated ketones as sex pheromones. Except for the European ar
endemites, they use EAE,R,10R)-4,6,10,12-tetramethyltrideca-2,4-dien-7-one (m:
suone) 6.16 as a main sex pheromone component.

An attractive strategy for the synthesis of matsuone presented by @ywaifS in-
cluded (3B3R,4E,6E)-1,2-epoxy-3,5-dimethylocta-4,6-dien@.17) as a key compound
The copper-assisted addition of the Grignard rea@di&to the epoxidé.17gave rise
to the alcohob.19 which, after oxidation with tetrapropylammonium perruthenate
to the final produc6.16 Using the same reaction sequence, theePimeric (&,105)-
product was also prepared (Scheme 23).
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The Chinese authdissynthesized all four stereoisomers of the ke®ni&in order
to assign the absolute configuration to the natural sex pheromone. Startingfrcm
tronellal to build the aldehyd@.23with known configuration, the set of reactions w

ScHeME 23 6.18 6.19

followed by aldol condensation of the aldehy&l23 with the boronate$.24to build
the configuration at C-6 d3.16 (Scheme 24).

1. PCC
: OH - 2. MeMgl
: MeMgl :
HCW\ *Q,W CIP(O)(OEt) )W\
3. Li, EtNHz
6.20 6.21 6.22
l O3, PPh3
/V\B ple] E/\B -0 -
| COOiPr | COOQOiPr
(@] (@] :
CHO
COOIPr COOQiPr
6.24 6.23
ScHEME 24

The R- or S-configuration on C-6 was achieved by condensatiod.283with (E)- or
(2)-boronates.24 In a similar way, Mori and Harashif¥gprepared matsuoné.(6)
and its antipode starting fronR)- and §)-citronellol, respectively (Scheme 25). The

MOH MCHO W\/OH

6.25 6.26

6.27, R = CHoOH )v'\/\<F )Q\/\HQ\/COOIEt
6.28, R = CHO
6.29, R = CH=C(Me)COOEt

ScHEME 25
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used asymmetric epoxidatithof the allyl alcohol6.26 to 6.27 and palladium-cata-
lyzed reductive cleavage of the epoxy ringgdt9to 6.30as the key steps. The remait
ing reactions, namel§.25t0 6.26 6.27t0 6.29 and6.30to 6.16 are routine.

In 1995, a new and effective synthesis of matsuone was performed byetvadfe
(Scheme 26). Their synthesis started fromR, 83)-4-(tert-butyldiphenylsilyloxy)-2,3-
epoxybutan-1-ol €.31) and methyl R)-3-hydroxy-2-methyl propanoateés.2). The
epoxide6.33was derived from the epoxide31and furnished the hydroxy compoun
6.34 by alkylating cleavage of the epoxide ring with the Grignard compéLsta The
synthesis of matsuor@16was then finished in the following wa§:35 - 6.36 —» 6.16

HO -
OTBDPS  OH OTBDPS )W
%o% Hooc™ >~ (’?N MgBr
6.33 6.35

6.31 6.32

OTBDPS

OH
6.34 6.36

6.37 6.38
ScHEME 26

Four possible stereocisomers of matsudhéadj were preparéd-®®in order to bioas-
say them with the natural pheromone. The authors applied a newly devel
diastereoselective (2,3)-Wittig rearrangement of tertiary biallylic e8t8# - 6.38for
this purpos®®. Surprisingly enough, the laboratory bioassaysvbrresinosaewhich
helped to determine the absolute configuration of the natural matsuone 8, beR}6
6.16, revealed that the unnaturaR@80S-isomer also shows significant activity. Th
question whetheM. matsumuraendM. thunbergianaelso respond to this unnature
(6R,109)-isomer remains still unanswered.

The synthesis of @4E,6R,109-4,6,10-trimethyldodeca-2,4-dien-7-oné.43, an
assumed major component of a sex pheromone blend of the maritime pineéviatale
sucoccus feytaufliwas performed by Cywin and Kallmerténlt was based on the
coupling of epoxidé.39with Grignard reager.40 (easily obtained fron6.42 giving
alcohol6.41, which by oxidation with tetrapropylammonium perruthenate afforded
desired (®,109-ketone6.43 (Scheme 27). Comparison of the NMR spectra confirn
its identity with the nativéM. feytaudipheromone.
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Mori and Harashim@ also synthesized the keto&t3and its (6,10S)-stereoisomer
in a way analogous to the synthesis of matsuone as described in the papefdaibi
— after re-examination of the NMR spedfra confirmed the conclusion that the natur
M. feytaudipheromone has actuallyRALOS-configuration.

6.39 6.40 6.41 6.42

6.43 6.44 6.45

ScHEME 27

Mori et al”® published an improved way of preparing the above pheromone stz
from the epoxidés.39which, after treating with Grignard reagesdQ, gave the alco-
hol 6.41 Routine oxidation and Wittig reaction steps furnished the ketoéstgand
finally, the pheromoné.43

The lIsraeli pine bast scal®( joseph), is assumed to use two main pheromo
componentsf.54 and 6.56 the former being more important as far as the activity
concerned. The synthesis was based on the C; + C; approach using crotonalde
hyde 6.48, ethyl 2-bromopropanoaté.49 and the Wittig ylide6.52 derived from
(3E)-pent-3-en-2-al* (Scheme 28). Of the two possible isomer){6.54 and (B)-
6.56, the former, having supposedly the same stereochemistry atké® position as
the pheromones of othdtatsucoccuspecies, was synthesized preferentially.

_—
2N + J\ > \AH\COOB + JV\
CHO COOEt PhaP =

OR
6.48 6.49 6.50,R=H
6.51, R = OTBS
6.53, R = OTBS 6.55, R = OTBS
6.54,R==0 6.56, R==0
ScHEME 28
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Compound (B)-6.54was also preparétistarting from the epoxy estér57 (Scheme 29).
The cleavage of the oxirane ring €57 gave the dialdehydé.58 which on Wittig
chain extension furnished the alcot&b9 and further the final product §-6.54

% N
PivO N\ > OHC = CHO :
COOEt : 6H

6.57 6.58 6.59
ScHEME 29
Racemic form of the spotted cucumber bedd@lfrotica undecimpunctajssex phero-

mone 6.62 was prepared from 7-methyldecanoic aéid() via acetoacetic ester con
densation with the bromo compoufid1 (ref.’®) (Scheme 30).

6.60, R = COOH 6.62 (e}
6.61, R = CHBr M
ScHemE 30

The biologically active enantiomer, ®BB10-methyltridecan-2-one(62, was syn-
thesized by Enders and Jandéleitsing enantiopure chiral tetracarbonyliron derivati
6.65(Scheme 31). This intermediate was obtained fr8x{)-lactic acidvia the vinyl
sulfone® 6.64

Wsowh Sy SO2Ph 1. CH=CHCH3Si(Me)3 \Gsozph
E—
=

: e
OBn Fe(CO)4BF4 2. (NH4)2Ce(NO3)e
6.64 6.65 6.66

SOzPh
P T s )
10R663 < M -
6.67

Pd/C

3. O3/CH2Cly
6.68

ScHeME 31

The synthesis of @12R)-6,12-dimethylpentadecan-2-0ig6.63), the sex phero-
mone of theDiabrotica balteata,was based on the same principle as shown in
previous paper of Enders However, the intermediaté.67 was coupled with the
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bromo derivative6.69in order to introduce the second methyl group into the car
skeleton (Scheme 32).

Brm

1. Na/Hg

. SOsPh
6.69 BuLi W 2. HgOAC
—X—————> 6.63
+ m ™ 3.Jones
6.67 6.70 oxidat.
ScHEME 32

Females of the oriental beetlanomala orientalis use the 9 : 1 blend of ZJ- and
(7E)-tetradec-7-en-2-oneZ)-6.73and E)-6.76) as sex pheromone. Zhaagal®® syn-
thesized both isomers for flight-tunnel bioassays, starting fray éhd (&)-tridec-6-
en-1-ol 6.71 and6.74 respectively)yvia the corresponding aldehydés/2 and6.75
using MeMgBr as the methylating agent (Scheme 33).

/\/M\/R /\/\/WR
6.71, R = CH2OH 6.74, R = CH20H
6.72, R=CHO 6.75, R = CHO
6.73, R =COMe 6.76, R = COMe
(0]
— — — — ‘
Br- >~ 7T T T ST T T TN T T (jv
6.77 6.78 6.79 6.80 6.81
ScHemE 33

The male swift moth Hepialus hecth sex pheromone, (+)-B-6-ethyl-2-methyl-
2,3-dihydro-H-pyran-4-one §.81), was prepared from 1-bromo-3-ethylbenze®&7)
which was further converted to alcolV8by means of (-)§)-methyloxirané®. After
inversion of the chiral center in the alcolo¥8to 6.79according to Mitsunold, the
resulting isomeB.79 was partially reduced and the obtained alcah8Dwas treated
with Li/NH; and ozonized to give the final (6)81

1. Li, Eto0
SN T _— >
Br WI

2. CH=CH, Iz, CuLi .
BulLi
Cul

0 0 Culi
WM/)/H W
6.85,n=7 6.83,n=7 6.82
6.86,n=9 6.84,n=9
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Sex pheromones of the peach fruit ma@faposina nipponensjsand the Douglas fir
tussock moth @rgyia pseudotsugajawere found to be straight-chayd-unsaturated
ketone&. A procedure based on the reaction ofZj{glkenyl) cuprates.82 with vinyl
ketones6.83 or 6.84 was used to prepare4)fnonadec-7-en-11-oné.85 for C. nip-
ponensis,and (7Z)-heneicos-7-en-11-one6.86 which the authors erroneousl
presented as aD. pseudotsugataex pheromorfé (Scheme 34).

In 1991, Ballin?* published the synthesis of bothZjéhenicos-6-en-11-one6(87),
the Douglas fir tussock motf©rgyia pseudotsugatagex pheromone and {BHnon-6-
en-2-one §.88), an intermediate for the synthesis of brevicomin, the sex pheromo
the Western pine beetl®éntroctonus brevicomlisThe functionalized nitroalkanes ex
plored for this purpose have been prepared from commercial alkenols by conv
into the corresponding bromides and substitution with sodium nitrite in DMFa-Hiteo-
ketones were denitrated by LiAJHeduction of their 4-methylbenzenesulfonohydr
zones (Scheme 35).

NO2 NO2

1. LAH 1

> 1 > 1 - R
R™NOz + R'CHO Amberlyst R)\H/R TsNHNHy R)\H/R 2. Amberlyst R/\H/
A2l o) NNHTs ~ ALS @

ScHeEME 35

The synthesis of th@rgyia pheromonés.87 published by Kovaleet al®® was based
on ethyl 4-oxotetradecanoate which, after protecting the keto gf89,(was trans-
formed into the bromidé.90by conventional methods (Scheme 36). Treatment of
bromide with lithium acetylide5.91, deprotection and partial reduction of the trip
bond in the ketoné.92gave the expected produ@B7.

i I o0
/WWQ/)/Q NN TN 9 R
6.87 6.88 6.89, R = COOEt
6.90, R = CH2Br
o)
LIC=CCsH11 Mg”v%é/ﬁ
ScHeME 36 6.91 6.92

Stowell and Pelit?® applied thed-ketoaldehyde synthesis for the preparation of
above sex pheromor@87 (Scheme 37).

o
1. n-C1oH21COCI I CHO
Cimg WO 2. TSOH, MeOH e T
_
O\f 3. ACOH, H0 + > 6.87
Phgp\\/\/\/

ScHeEME 37
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(72)-Eicos-7-en-11-on€6.95, the main component of the peach fruit mdttarpo-
sina nipponens)spheromone blend, was prepared by Kang and’Ldéis synthesis
involved the reaction of the imir@93with (22)-1-bromonon-2-ene6(94 (Scheme 38).

o + PN
i \NJ\(V)E Br
6.93

LDA 6.94
HMPA, THF

6.95
ScHEME 38

(R)-Citronellol 6.97) and ethyl (®)-3-hydroxybutanoate6(98 were the starting
materials for preparation of 3,11-dimethylnonacosan-2-6r8), the female-producec
sex pheromone of the German cockroaBlatella germanicq For the synthesis of al
four stereoisomers @.96(6.1016.104, the key step was chromatographic separat
of (5RS6R)-6-hydroxy-5-methylheptan-2-one isom&so give pure6.99 and 6.100
(Scheme 39).

\)\MJ\V( )\W ;Ovcooa

6.96 6.97 6.98
" 6.100
M7 M7 W/)J\(VYH YR O
o o o o
6.101 6.102 6.103 6.104
ScHemE 39
7. ACETATES

The Hessian flyNlayetiola destructgrhas been reported to be one of the most dest
tive insect pests of wheat. The identity of the main component of the native pherc
with (2S10E)-tridec-10-en-2-yl acetatd ) was reported by Fostet al®®,
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Millar et al®® started the synthesis of the Hessian fly pheromone, in addition t
10Z- isomer and its R-enantiomer, from (-)S)-propylene oxide and oct-1-yne to ol
tain (25-unde-4-cyn-2-ol 1.1) in high optical purity (Scheme 40). To move the trig
bond, a modified zipper reactitinwas used resulting in the alcoloP, which on ethyl
bromide alkylation furnishedS-tridecynol (7.3). Reduction of the triple bond with
either P—2 Ni or Na/NE gave (1@)- and (1@)-tridecen-2-ols 1.4 or 7.5), respec-
tively. The acetylation was the final step to obtdi For comparative evaluations c
biological activity, the R-antipode of7.6 was also prepareda stereoselective nucleo
philic displacement of the mesylate group7if.

N~ — R B NN NP
7.1 OH 72,R=H oH
7.3, R=Et
OH OR
\/W\ W\
75, R=H
74 7.6, R = COMe
7.7, R = SOoMe
Etooc/\/ Br\/\/ OTHP
OH OTHP =
7.8 7.9 7.10
— T P AN
= OTHP = OH
7.11 7.12
W\OAC
ScHEME 40 713

There are two more papers dealing with the synthesis of the Hessian fly pherc
7.6differing in the way of creating the chiré){acetate center. For instance, Takeuc
and MorP? have chosen yeast reduction of ethyl acetoacetate and then convert
product of reduction?8) to the bromid& 7.9. Alkylation of hept-1-yne witlv.9 gave,
after acetylene zipper reactfdnthe protectedS)-undec-9-yne-2-ol7.10 which, after
alkylation with ethyl iodide, subsequent LiAJHeduction and acetylation, afforded tt
desired final product in a good yield and 95% e.e.

Kamezawaet al®® synthesized (810E)-tridec-10-en-2-yl acetate7 6) in a highly
enantiomerically pure form. Thus, alkylation of 9-(tetrahydropyranyloxy)dec-1-
(7.17), deprotection and LiAll reduction of the triple bond, furnishedEj@dodec-9-
en-1-ol (7.12), which was further oxidized and coupled with MeMgBr. Subsequent
tylation gave the racemic acetatd3 The racemate was hydrolyzed Bgeudomonas
cepacialipase to afford7.6in 100% e.e. (overall yield 10.3%).
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(E)-y,8-Unsaturated phosphonate14 was chose¥ as a key intermediate for th
synthesis of (B,72)-trideca-4,7-dienyl acetat& (L7), a sex pheromone component
the potato tuberworm,Phtorimaea operculella(Scheme 41). The methylsulfany
group in7.14 was oxidized with MCPBA to the more reactive and easily removze
methanesulfonyl group furnishing, after Horner—-Wadsworth—-Emmons reaction
hexanal, compound.16 and after chromatographic purification, desulfonylation w
sodium hydrogensulfite, deprotection and acetylation, the acétiate

R R
(EIO)ZP(O))\WOTHP W:\WOAC
7.14, R = SMe 7.16, R = SO2Me
7.15, R = SO2Me 717, R=H

WCOOME f— ~ \COOMe WBF

7.18 7.19 7.20

ScHEME 41

Another synthesis 0f.17, which is also a component of thé&hocolletis corylifo-
liella pheromone, was described by the Roumanian adthdisey used methyl @-
tridec-7-en-4-ynoate7(18 prepared by Grignard-promoted coupling ©fi9 and
(22)-1-bromooct-2-ene?(20), as the key compound. An LiAjHeduction of both the
triple bond and the ester group followed by acetylation gave the ag@etatd~or the
synthesis of (£,92)-dodeca-7,9-dienyl acetaté.21), a sex pheromone component
the leafrollers oEpinotiaandEucosmasp., (Z,52)-1-bromoocta-3,5-diene/ (23 was
found to be the intermediate of chd®erhe organocuprate coupling witht@rt-butoxy-1-
chlorobutane 1.24 gave (Z,92)-1-tert-butoxydodeca-7,9-dien&.@2 and, after aceto-
lysis, the target pheromore21 with the configurational purity of 87% (Scheme 42).

N TN T N TN /\/\/O[—BU
OR Br Cl
7.21,R=Ac 7.04
7.22,R=tBu 7.23
ScHEME 42

Chrelashviliet al®® performed the synthesis @25 the Lobesia botranaphero-
mone, using (B,52)-1-bromoocta-3,5-diene7(27) as the main building block. The
3E,5Z-double bond configuration was achieved by stepwise reduction of the d
tylenic alcohol7.29 by means of LiAlH reduction of theA® bond followed by the
Zn/Cu/ +PrOH reduction of the other. The obtainedt-butoxydodecadien&.26 was
transformed to acetate in the way mentioned e&l{&cheme 43).
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Alternatively, 7.25was prepared in 45% vyield and 84.7% configurational purity
Ac,O/FeC} acetylation of (E,92)-1-tert-butoxydodeca-7,9-diene7 26 obtained by
Li,CuCl, catalyzed cross-coupling of tért-butoxybutylmagnesium chloride with th
enyné®7.28

MWOR WBr /\M
= Br
7.25,R=Ac 7.27 7.28
7.26, R =tBu
== 4 <o; — — — OH
7.29
ScHEME 43

In these papers (réfs199, the advantage of thert-butyl over the tetrahydropyrany
protection has been emphasized because of the stability and ability of the forn
direct transformation into the acetyl group (see also: Tellier and De¥épi@cheme 44).

2
P N N N A VN
N OAc R R 1

7.31, R'= R%= OH

1_~rm B2e
\W/OAC 7.32, R"= Ot-Bu, R°=Br

ScHEME 44

The Roumanian authdf® described the synthesis of @edodec-10-en-1-yl acetate
(7.30), the sex pheromone of the spotted tentiform maithgcolletis blancardella
based on a {5+ C, coupling scheme. They used decane-1,10-did81 as starting
material. Reaction of 1-bromo-I@ért-butoxydecane?.32 with sodium acetylide fur-
nished a compound with terminal acetylene group which was isomerizé®3dy
means of KOH/ethylene glycol at 18G. Subsequent LiAllreduction and acetylatior
gave7.30

Ireland—Claisen rearrangemé&fitof 3-acetoxy-11-(tetrahydropyranyloxy)undec-:
ene .34 followed by oxidative decarboxylatié? were the principal reactions of th
synthesis of the red bollwornD{paropsis catengasex pheromort&€. Thus, the syn-
thon 7.34 prepared by reaction of 1-bromo-8-(tetrahydropyranyloxy)octylmagnes
bromide .35 with acrolein and subsequent acetylation, was converterkarrange-
ment and hydrolysis of a silyl ether into th&-unsaturated acid.36which was further
decarboxylatet?* at 80°C with lead tetraacetate and acetylated to give the final |
duct, (E€)-dodeca-9,11-dien-1-yl acetaté.§7) (Scheme 45).
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OTHP THPO o~~~
W MgBr

\H/O 7.34 7.35
(e}
HOOCM/\/WOTH P MWOAC
7.36 7.37
ScHEME 45

(52)-Tetradec-5-en-1-yl acetat@.42, the major component of a pheromone mi
ture, produced by a polyphagous pesgrotis exclamationiswas prepared starting
from dodec-1-en-3-yri€ (7.38 (Scheme 46). This was converted into methyl 4-ch
rotetradec-5-ynoate/ (40 by Mn (lll) acetate oxidation followed by treatment of tt
obtained lacton&.39 with SOCL/MeOH. Dicobalthexacarbonyl compféX of the
chloroester7.40was regioselectively reduced to give methyl tetradec-5-yn@adé)(

Y 14<j RlTWOMe
RL— 7 R—— b
0~ o I
1 1 1_ 2_ o
7.38, R'= n-CgH17 7.39, R'= n-CgH17 7.40, R™= n-CgH17, R" = Cl

7.41, R*= n-CgH17, R> = H
\/\/W
OAc

ScHEME 46
The synthesis of the sex pheromoneefferia lycopersicella(4E)-tridec-4-en-1-yl

acetate 1.43) (Scheme 47), was based on undec-1-en-3-yd)(prepared from vinyl-
acetylene and n-heptyl bromi#8 Reaction 0f7.44 with acetic acid and man.

SN TN TR T 1 2
N OAc R \/V\/R
7.43 N 5
7.46, R'= n-C7Hys5, R%= COOH
1 2
- 7.47, RY= n-C7H1s, R?= CH,0H
fl— R1T<j\ R 7H1s, ] 2
— 0~ ™o 7.48, R= n-C7H15, R“= CHO
7.44, R*= n-C7H15 7.45, RY= n-C7H15 7.49, R'= n-C7H15, R?= COOEt

1 = ‘ OH
RW/\/Br R1 OJ le

1
750, R = n-C7H]_5 751 752
ScHEME 47
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ganese(lll) acetate afforded the lactahé5 which was converted by partial hydroge
nation of the acetylenic bond and opening of the lactone ring to th& A@dLiAIH ,
reduction of the carboxy group @f46and subsequent acetylation (according to Vir
zeret al''¥ resulted in the pheromone43

A Tashkent group of chemidf8 prepared the sex pheromonekaiferia lycopersi-
cella starting from (&)-1-bromododec-3-ene7 50 the synthesis of which was puk
lished by the same authors elsewh&teThe G alcohol 7.47 preparedvia Grignard
reactiod!! furnished the expected pheromchd3on acetylation.

Alternatively, Claisen rearrangement of vinyl etfiésl was used by Odinokaost all?
to create thé&-double bond of the same pheromoield. Rearrangement of the ethe
7.51afforded the aldehyde.48as the only product, its reduction and acetylation lec
the expected.43

Similarly, Claisen rearrangement of undec-1-en-3-yl orthoacetate (derived
7.52) yielding the (&)-tridec-4-enoate 1.49 followed by the LiAlH, reduction and
acetylation was also us€dto preparer.43

Verba and coworket&® prepared (B)-dodec-5-en-1-0l 1.57 and (%E)-tetradec-5-
en-1-yl acetate7.62), the pheromone components of the diptefanimba cinctaand
the lepidopterarRhynchopachap., respectively. The synthesis was based on
Knoevenagel condensation (Scheme 48). Thus, condensation of the o¢ta8aiid
decanal 7.58 with malonic acid and the subsequent series of reactions of the resp
unsaturated {3 (7.54 - 7.55 - 7.56 and G, (7.59 - 7.60 - 7.61) intermediates, gave
— after reaction of the bromid@s56and7.61with malonic ester and subsequent dec
boxylation, LiAIH, reduction and acetylation — the desired pheromone compa@usids
and7.62

1
R'cHo —— R SNR2 — NN TN T o

753 7.54, RY= n-C7H1s, R%= COOH 757
7.55, RY= n-C7H1s, R%= CH,OH
7.56, R = n-C7H15, R%= CH2Br

2
— — > TN TN T
Rl/\/CHO RlWR ~ OAc

758 7.59, R'= n-C7H1s, R>= COOH 7.62
7.60, R'= n-C7H1s, R%= CH,OH

7.61, R'= n-C7H15, R%= CHBr
ScHEME 48

(9Z,11E)-Tetradeca-9,11-dien-1-yl acetatéq7), the major sex pheromone comp
nent of Spodoptera littoralisand S. litura and of other species, was synthesized
Indian authors™® starting from propargyl alcoho? (63 and 1-bromo-8-(tetrahydropy:
ranyloxy)octane {.64). Their combination afforded the acetylenic derivatité5
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which was further oxidized t@8.66 Subsequent reaction @f66 with propyltriphenyl-
phosphonium bromide followed by hydrogenation over Lindlar catalyst and acetyl
led to7.67 (Scheme 49).

OH Br
= THPO ™ > R
W
7.63 7.64 THPO
7.65, R = CHoOH
IS VN e P 06, R =
X OAc 7.66, R = CHO
ScHEME 49 7.67

The potential sex pheromones $fenoma cecropja(9Z,117)-, (92Z,11E)-tetradeca-
9,11-dienyl, and (®-tetradec-9-en-11-yn-1-yl acetates. 40 7.72 7.74) were pre-
pared by Ramiandrasoa and Tefl{€rThe synthesis was based on the iodoac@t&&
using tetrakis(triphenylphosphine) palladium-catalyzed cross-coupling reaction
the respective organozinc reagent89 7.71 and7.73 (Scheme 50).

— W

—/—\ZnBr — 5 OAc
7.69 7.70

Ww

A0 s T >y + NSz 5 OAc
7.68 7.71 7.72
——ZnBr T

/W OAc
ScHEME 50 7.73 7.74

A similar strategy consisting in palladium-catalyzed cross-coupling reaction o
organozinc compound, followed by partial hydrogenation of the acetylenic interme
was adapted for the stereospecific synthesis @f1(®)-tetradeca-9,11,13-trien-1-y
acetate 71.75, the sex pheromone component@ttnoma cecropiand Ectomyelois
ceratoniaé!’ (Scheme 51).

Br
\w L BrCH:CHBr, - \\
Ot-Bu

Br

2. Ac20, FeCls OAc
l HoC=CHZnBr
Pd/C
N

A e e P

OAc S oA

7.75

ScHeME 51
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Pink bollworm moth Pectinophora gossypiellajpnks among to the most importal
destructive cotton pests. The essential components of its sex pheronfph#&,)¢7and
(7Z,11E)-hexadeca-7,11-dien-1-yl acetates, act as a synergistic mixture (“gossyp
in the ratio of about 1: 1. Extending the series of stereospecific syntheses des
earlier (seege.g, refd'®119 Odinokovet al!?° performed synthesis of Z711E)-hexa-
deca-7,11-dien-1-yl acetat&.88 (Scheme 52). Cross-coupling of two eight-carb
units, namely that of 8-(tetrahydropyranyloxy)oct-1-yAe&’ ¢ prepared from diof.77)
and of (¥)-oct-3-enyl bromide 4.78 prepared from hexanaV 80 via (3E)-oct-3-
enoic acid 7.79), gave the & acetylenic alcohoV.81 Hydrogenation of7.81 and
subsequent acetylation were the final steps in the preparatibB8&f

N
\\w HO_~o~e oo~ R
OTHP OH =
7.76 7.77 7.78, R = CH2Br
7.79, R = COOH
=
""cHo X
OTHP
7.80 7.81
/V\A/OH /\/\/\/\/R S~ R
7.82 7.83, R=0H 7.85, R=0H
’ 7.84,R=Br 7.86, R =Br
OHC\/\/\/\ AP\ U e e P
OAc OAc
7.87 7.88

WWOAC

ScHEME 52

The acid7.79 was also prepared from the aldehyfi80 by modified Knoevenagel
condensatioffl. Later on, both the Z11E- and Z,11Z-isomers7.88 and 7.89 were
synthesizet?? using non-4-yn-1-0l .82 as the key intermediate which enabled t
formation of either7.83 or 7.85isomers depending on how the triple bond was redu
(LiAIH , or P-2 Ni). For instance, the corresponding Wittig compound prepared
7.84 furnished (Z,11E)-hexadeca-7,11-dien-1-yl acetate88 by reaction with alde-
hyde 7.87. (7Z,117)-Hexadeca-7,11-dien-1-yl acetate§9 was prepared in a simila
way from7.850r 7.86

(112)-Hexadec-11-en-1-ol, its acetate and the corresponding aldeRy2® 7.91
and7.92 respectively) the pheromone componentdamestraandHeliothissp., were
synthesized by Odinokost al1?3, starting from cyclododecene (Scheme 53). The e
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aldehyde7.94 dtained by its ozonolysis was subjected to reaction with pentyltriy
nylphosphonium ylide and subsequent decarboxylation/oxidation of thadtl 7.93
furnished (1X)-hexadeca-1,11-dien&.95. This was hydroborated and the obtain
7.900n acylation afforded the acetaté1 or, on oxidation, the aldehyde92

\/W\/\/\/\/R /\/\/\/\/\/COOEt
OHC

7.94
7.90, R = CHOH

7.91, R = CHp0AC P
N G N N
7.92, R =CHO

7.93, R = CH,COOH 7.95
ScHEME 53

Methyl 5-oxopentanoaté7.96 was used by Odinokoet al'?* in the synthesis of
(52)-dec-5-en-1-yl acetater 08, the pheromone of the moths Afrotis sp. In this
synthesis (Scheme 54), the esté@6reacted with pentyltriphenylphosphonium ylide |
give 7.97 (R = CHy(CH,),) which, on reduction and acetylation, furnished the ace
7.98

OHC™ ™" cooMe R— ™ "Coome N OAC
7.96 7.97 7.98
ScHEME 54

For the synthesis of B-dodec-9-en-1-0l1.99 and its acetate7(100, the sex
pheromone components of the vinyard p@giSparganothis pilleriang Claisen rear-
rangement of pent-1-en-3-07.(L01) was employed in the first step to obtain eth
(4E)-hept-4-enoate7(102. Conversion into the bromidé.103followed by reaction
with 5-(tetrahydropyranyloxy)pentylmagnesium bromide, hydrolysis and acetyle
furnished the final products.99and7.100(Scheme 55).

A
NN N N N R /\O(H\ NN TNR
7.99, R=H o 7.102, R = COOEt
7.100, R = Ac 7.101 7.103, R = CHyBr
/\/\/\/\/\/\
/\WV\/OAC = OAC
7.104 7.105
WR R \/\/\/V\/OAC
7.106, R = COOQiPr 7.108, R = OH
7.107, R = CH>OAc 7.109, R=Br
ScHEME 55
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Odinokov and coworket&® described the synthesis of isopropyE)3iona-3,8-di-
enoate 1.106, the key compound for a variety of pheromone components. It was
for instance, for the synthesis of acetatek04and7.105 the pheromone component
of variousLepidopteranspecies. The terminal double bond7iri06allows the intro-
duction of a hydroxy group into this position making thus easy to perform reactiot
either end of the chain. Thus, hydroboration of the e&te®6led to the 9-hydroxy
derivative, and subsequent reduction of the ester group to the pher@modeThis
applies also to the synthesis of the pheronit@5from acetateé’.107via compounds
7.108 and 7.109 Sex pheromone of the leafroller motRh{erochroa cranaodés
(3E,52)-dodeca-3,5-dien-1-yl acetaté (7.112, was prepared using Horner-Wad
worth—Emmons reaction of methyl diethyl [3-(methoxycarbonyl)prop-2-en-1-yl]pt
phonate 7.110 with octanal, followed by a strong base-induced deconjugation of
2,4-dienoate to its 3,5-isomer. Compound11 after DIBALH reduction and acetyl-
ation furnished’.112(Scheme 56).

(EtO)zp(O)WCOOMe R N TN N NN

7.110 7.111, R = COOMe
7.112, R = CH20AC

ScHEME 56

Another dienoate synthesis was published by Chinese atihdfse synthesis of
(12E,2)-7.116 pheromone mixture of the Asian corn bor@strinia furnacali§ harm-
ing mostly on maize, wheat, barlejc, started from (18)-docos-13-enoic acid’(113
which was converted t@.114by ozonization and subsequent sodium borohydride

— P N N
R /—\/\/\/\/\/\/COOH AcO R
7.113, R = (CH2)7CH3 7.114, R = CH,COOH
7.115, R = CH2Br
WOAC
7.116

ScHEME 57

duction and acetylation (Scheme 57). Decarboxylation of the acid in the presence
mercuric oxide and bromine afforded the bromo derivafiid 5 Wittig ylide derived
from 7.115was reacted with acetaldehyde to giz&16

1
\/\/j\/\/\/\/\
=~ OAc R \/\/\/\ORZ

7.117 7.118,R* = OH, R? = H
7.119,R* = Br, R? = THP

N
\\ P2 N NN
OAc
ScHEME 58 7.120 7.121
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(92,12E)-Tetradeca-9,12-dien-1-yl acetatel17, a pheromone component of se
eral Lepidopteranspecies, was prepared by Odinolaial 1?° (Scheme 58). Odinokov
started his synthesis from hexane-1,6-diblL18 preparedvia octa-1,7-dieneq.12J).
Then theO-protected bromoalcohd.119was subjected to the reaction with sodiu

/\/\Z/VVWR /W/R
=
7.122, R = CH20Ac 7.124, R = CH20OH
7.123, R = COOEt 7.125, R = CH2Br
7.126, R = CHO
= S ot
7.127

// \\ OTHP /V\W/R

7.128

7.129, R = CHO

7.130, R = CH20H

OH —
- -
= X
OH
7.131 7.132
/\/\/\/\/COOME R
OHC PN S\ 4
7.133 7.134, R = COOMe
7.135, R = CH2Br
— OAc
7.136
1. HoC=CHOEt
- TSOH
\\(V)/OH 2. LiNHa, NH3 /V\YOH P2-Ni \N:(V)/OH
m _ = R m
3. BuBr m
4. Dowex W50
PhzP
CBrg
n 1. LICZC(CH2)nOTHP
= oM HIPA NS o
— m
m 2. Dowex W50
Na
toluene
: 7.122,m=9,n=1
L _P2Ni__ 7136, m=8,n=2

ScHEME 59
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acetylide first and then with but-2-en-1-yl bromide giving the acé&dt2Q a template
structure of7.117

Octadeca-2,13-dien-1-yl and octadeca-3,13-dien-1-yl acetates are the most cc
components of the sex pheromone blend of the mott®ypénthedorspecies. Their
syntheses are mainly based on acetylenic intermediates as a source of double
also, the Wittig—Horner reaction has been used for this purpose. For instance, tt
thesis of (E,132)-octadeca-2,13-dienyl acetit® (7.129 involves 7.127 as the key
intermediate, prepared by the following coupling strat@gi24 - 7.125+ 3-(tetrahydro-
pyranyloxy)prop-1-yne» - 7.127 - 7.122

Another synthetic approach was published by Sorochinskaya and Ktalhere
the pheromon&.122was obtained from est@c123 formed by Wittig olefination from
hexadec-11-ynal7.129 prepared from the acetylenic alcool30.

Narasimharet all3? performed the synthesis ofZ337)-octadeca-3,13-dienyl acetat
(7.136 from the readily available undec-10-yn-1-a1.125. In this synthesis, the
corresponding aldehydé126was subjected to the reaction with pentyltriphenylph
phonium ylide and the product was coupled with 1-bromo-2-(tetrahydropyre
oxy)ethane to give (13-octadec-13-en-3-yn-1-oF(132.

The compoundZ.136was also prepared by Vinczet all3® by a series of Wittig
reactions. The double bond in the estdr34was formed from the ester-aldehytd 33
and pentyltriphenylphosphonium ylide, the obtaifeti34was converted into the bro
mide 7.135and this was again subjected to Wittig reaction with 3-acetoxyprope
yielding 7.136 (Scheme 59).

An alternative general wa$# leading to octadecadienyl acetai&422and 7.136
was based on the acetylenic route of chain lengthening. For instance, the synth
sex pheromones of cocoa pod borer md@@lnopomorpha cramerela(4E,6Z,102)-
hexadeca-4,6,10-trienyl acetate (37 and its £,6E,1®-isomer7.141, published by
Chinese authot$®, started from (&)-dec-4-en-1-df® (7.138 (Scheme 60).

WMA/\OM /\/\/j\/\R

7.138, R = CH20H
7.139, R = CH2Br

NN TN S S OAC 7.140, R = CHO
7.141
P Br\/\/\/\
OHC ™ OTHP = OTHP
7.142 7.143
ScHEME 60

The corresponding bromidé.139 was converted into a Wittig ylide and sul
sequently subjected to reaction with 6-(tetrahydropyranyloxy)hex-2-@nbd3q to
give, after deprotection and acetylatioh137 Similarly, 7.141was obtained from
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[6-(tetrahydropyranyloxy)hex-2-en-1-yl]triphenylphosphonium bromide arf)-déc-

4-enal®’ (7.140. Sex pheromone compounds with a conjugated triene system
double bonds in positions 8,10,12, 9,11,13, and 11,13,15 were synthesized by int
ing stereospecifically two double bonds of faeonfiguratiort®. The mixture ofE- and

Z-isomers of the third double bond was then separated using the HPLC tect
(Scheme 61).

THPO CHO Ph3P NN, —— OAc
W + 3P — W“M
7.144

THPO ( yos CHO  + PhgP=CHCOOEt ——=, = OHC -~ ;OTHP

7.145
MM/)/BOAC -

OAc

THPOWCHO + Ph3P=CH-CH=CH; —=>, NS 0

7.146
ScHEME 61

The synthetic strategy is outlined in the scheme Wit¥4-7.146as the key inter-
mediates. Synthesis of vinyl-branched pheromone analogs by Keutak'3® was
based on the chemistry of allyl sulfones. Generation of allyl sulfonyl carbanion
allyl phenyl sulfone 7.14% and its reactions with haloalkanes led to new C—-C bor
Thus, 7.147 was combined with protected 6-bromohexan-1-ol or 6-bromononan-
(7.148and 7.149 respectively) and then alkylated with 1-iodopropane or 1-iodoett
producing the dialkylated sulfon@s150and7.151(Scheme 62). Subsequent reducti
removal of the benzenesulfonyl group and photo-oxidation of the by-produg&? (

R R SO.Ph

HO _~_~_ WO
vsozph R

(@]
n T ~
7.147, R =Pr, Et

7.150,R=Pr,n=6
7.151,R=Et,n=9

7.148, R = Br
7.149, R = (CH2)3Br

R
WOA{:
n

7.152,R=Pr,n=6
7.153,R=Et,n=9

ScHEME 62

R
%—<M,(,)AC

7.154,R=Pr,n=6
7.155,R=Et,n=9

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



Review 933

7.153 to achieve easier separation, afforded 99.5% pure pheromone afidlégs
and7.155

é (&/ X CO0Me —— WCOOMe

7.158
7.156 7.157 7.159
M WOAC
G R M
= OAc 7N OAc
7.162
7.160, (3S)-isomer ;122 E N ?)H
7.161, (3R)-isomer Deiniay
7.165, R=Cl

ScHEME 63

California red scaleAonidiella aurantig pheromone component,.16Q was ob-
tained in 14 steps by a Swiss grétfpas a mixture with its B 6R-isomer 7.161)
(Scheme 63). The synthesis started from R}imonene 7.156, the key step of the
reaction being the reductive coupling &){5-(2-iodoethyl)-6-methylhept-6-en-2-on
ethylene acetal7(157% with methyl but-2-enoate7(159 leading to the estétf.159

(S-Citronellyl acetate 7.163 was the starting material for an efficient synthsis
of one of theAonidiella aurantiasex pheromone componentsS@R)-6-isopropenyl-3-
methyldec-9-en-1-yl acetat&.(62. The key feature of the synthesis was a higl
stereoselective attack of but-4-enylmagnesium bromide tg-$ite of the chloroallylic
system of ($)-8-chloro-3,7-dimethyloct-6-en-1-yl acetate. 165 prepared from citro-
nellyl acetate7.163via the hydroxy derivativer.164. The final compound was ob
tained as a stereoisomeric mixture gtafom. The guiding idea of the stereoselecti

OHC : )\W
~"opiv OH S

= OAc
7.166 7.167
7.168
HzC CHOEt tBuNH2» N
\>< HePOs N CHO i proNLi, EtsSiCl ~NEBU
34 2T =S SiEts
7.169 7.170
ScHEME 64
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synthesi$*? of the Aonidiella citrina sex pheromone, @5E)-6-isopropyl-3,9-di-
methyldeca-5,8-dien-1-yl acetaté.168 consisted in the condensation of the alc
hyde 7.166 (prepared from $)-(-)-citronellol (7.167), with the a-silylaldimine
7.17Q The silylaldimine was synthesized from 2-methylbut-3-en-2-ol accordin
the Scheme 64.

n-CegH13MgCl
N MCOOMG —_—> NN

e}

7.172 7.173

: : 0-©
AcO - g i
\/\/\COOH Ph3P\/\7 \(VA?\/LI E—(

7.174 7.175 7.176 7.177

7.171

\/\/\/\/\/\/\/\WY

7.178 OAc 7.179 OAc
ScHEME 65

Sex pheromones of the pine sawfliepdiprion sertife), (253579-3,7- and
(2R,35,79-3,7-dimethylpentadec-2-yl acetates 178 and 7.179 respectively), were
prepared according to the following proceddfgScheme 65). UsingRj-pulegone
(7.1710) and compound$.172-7.177as reaction intermediates, a mixture d§85,7S)-
and (R3579-3,7-dimethylpentadecan-2-ols separable by HPLC, was obtai
Acetylation of the respective alcohols afforded the acefated88and7.179 Synthesis
and gas chromatographic separation of the sex pheromone component®ipfitmdae
saw flies were performed by Swedish authttsThey described syntheses of eig
possible stereoisomeric 3,7-dimethylpentadecan-2-ols and their corresponding a
(see also the structu11). Chiral starting materials or products of asymmetric s
thesis were used as key intermediates for this purpose. For instance, in the prep
of the threo series of four sterecisomers, two enantiomers of 1-lithio-2-methylde
(7.176 and twocis-dimethyllactone enantiomera177 were used. The four erythre
stereoisomers were prepared by the Mitsunobu re&étignich is known to proceec
with complete inversion of configuration providing in this case a tool for stereospe
preparation of the erythro from threo isomers.

A stereospecific five-step synthesis of Ej@8-acetoxy-6-methyloct-6-en-2-on
(7.180, the main component of the Mexican and Caribbean fruit fly sex pheromc
was described in 1996 (r&). The key intermediate, ethylZ23-[(diethoxyphospho-
ryl)oxy]-7,7-ethylenedioxyoct-2-enoate&/ .(L89, prepared from the ketoest@&rl81
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(Scheme 66), was transformed to the protected keto &st&B by reaction with
MeMgCl/MeCu. The final produci.180was obtained from the estérl83by a standard
reaction sequence (Scheme 66).

[ NaH ! R

(@)
° 0 | E®owPEE T PO
COOEt  (EtO)P(O)CI < cookt
7.181 7.182, R = OP(O)(OE),
O 7.183, R =Me
I -
OAc
ScHEME 66 7:180

The synthesis of the racemic sex pheromone of the comstock mealybeigd6-
coccus comstocki(R,9)-3-acetoxy-2,6-dimethylhepta-1,5-dierie 186 was announced
by Korean authofé® The principal reaction path is given in the scheme. Reactio
the ylide7.184with acetone gav&.185which on treatment with isopropylmagnesiu
bromide afforded’.186 (Scheme 67).

-~
o
e e e AN
PhaP ~ o~ CHO

7.184 7.185 7.186

ScHEME 67

8. LACTONES

The heptanolide3.8 is a component of the sex pheromoneMecrocentrus grandii.
This wasp isa larval parasitoid for the European cdorer Ostrinia nubilali§ andas
such it is usede.g.,in the U.S.A. to control the pest. Due to the possible role in
insect pest management much effort was devoted to the understanding of ch
ecology of this parasitoid. Therefore, several syntheses of the active com@®ur
have been published (Scheme 68).

Kiyota and Mort#’ offered a relatively short synthetic approach, with stereoselec
halolactonization §.3 - 8.4) as the key reaction. Starting with ozonolysis of metl
(R)-citronellate affordingd.1, subsequent protection and reaction with methylmag
sium iodide,etc. led to the alcoho8.2 An exomethylene derivative arising as by-pre
duct was separated on Aqiodified silica gel. As already mentioned, the key react
in this synthesis was the stereoselective conversion of the&did the bromolactone
8.4. Debromination and alkylation with methyl iodide in the presence of LDA resu
in 8.8, together with its stereoisomer. Although the alkylation was not stereoselel
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both products were easily separated by chromatography thus offering a simple ac
the pheromone.

/VU\ O/
HO COOMe - *’ o Ty
Br
8.1

8.2, R = CH2OH

8.3, R = COOH 84 |, BusSNH
2. LDA, Mel
OMe
O
> ‘ 4> — O// o
e g
CHa 8.8
8.7 (PhaP)3RuClp
B -0
~1COOIPr
O .
8.10 COOQiPr

ScHEME 68

Raju and Pandéf? based their synthesis 88 on the readily available isobutyralde
hyde and furan, the compounds simply convertabl8.50 Oxidation with MCPBA
yielded quantitativel\8.6 (after methylation with methyl iodide and silver nitrate) a
subsequent cuprate addition introduced regio- and stereoselectively another 1
group into the desired position. Wittig reaction yield@ed and subsequent hydrogen:
tion and Jones oxidation led finally 88.

OR OH OH
) LcHmOsOPh 1 KOOCN=NCOOK . .
X —— X ——
: PPh3, Pd(OAc)2 : AcOH, DMSO E
OAc CH(NO2)SO2Ph CH(NO2)SO2Ph
8.12, R = Ac
813, R=H Oa, NaOMe
CICOOMe,
il \Q\ O3 )Q/
NaOMe
Meocoo 1 CH2(NO2)SO2Ph ooy (NOL)HE PhSO2(NO2)HC
M PPhs, Pd(OAC)2 M KOOCN=NCOOK
—_— _— >
N 2 HO® TN AcOH, DMSO E
OAc OH OH
ScHEME 69
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Lin and Xu® synthesize®.8 from the monoaceta® 9 which was obtained by PPL
acetylation of the corresponding meso diol (98% e.e.). Oxidation with PDC and &
metric aldol reaction witl8.10afforded8.11(R = Ac, R = CH=CH,) in 88% d.e. This
compound was converted to the d&lll (R = H, R = Me) from which 8.8 was ob-
tained by oxidative lactonization with (EF);RuCL,.

Enantioselective enzymatic hydrolysis of diacetafi? has been used 8chink and
Backvalft*® for the preparation of the carpenter bXgl¢copa hirutissimppheromone
8.15and its R,5S5enantiomer8.14 In this synthesis, the meso diacetate is hydroly:
by acetylcholinesterase. The resultidd 3 was converted into the respective enant
mers8.14and8.15by reaction routes outlined in the scheme with significant impro
ments upon the previously reported preparations (Scheme 69).

The lactone analogs @strinia nubilalisand Cydia molestgpheromones were syn
thesized by Koutelet al®182(Scheme 70). They expected that similar lactones

o) o)
_ I NaBH4 _ I ~q
R™T— > In>cooMme — R n>o
8.16,R=Et, n=9 HO
—O R=EL = 8.18

8.16,R=Pr, n=6

ScHEME 70

alkylate serine-containing enzymes and thus block irreversibly the pheromone re
sites. The key intermediates of the synthesis were the keto 8stérand 8.17, pre-
pared by coupling of the corresponding acyl chloride and Grignard compound |
catalysis with Fe(acag) The analogs3.18 were obtained fron8.16 and 8.17 by a
simple synthetic procedure involving NaBkduction and closing of the lactone rir
under acid conditions.

~_0..0_ ~_ COOMe P MgBr
G 7
o} o}

8.19

-

l 8.20

OR
o~~~ ——=——___COOMe

8.21 i

M MO
T oo =7 °
8.22 8.23

ScHEME 71
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Fukusakiet al!®? prepared (8)-5-(oct-1-en-1-yl)tetrahydrofuran-2-on8.23, a sex
pheromone of the cupreous chafer beefleis compound is structurally close to tt
Japanese beetle pheromone (the side chain is by two carbon atoms longer) @
unnatural enantiomer was assumed to be a pheromone inhibitor. Therefore, Fu
also synthesized the antipode &P3 The synthetic strategy included the lipase-ca
lyzed acylation oB.21as the key step. The lipase-mediated acylation in a mixtur
n-butyric acid/diisopropyl ether affordeR)facyloxy esteB.21(R = COPr) in 93% e.e.
Fukusaki further improved the optical purity by repetitive enzymatic acylation/hy
lysis. Subsequent distillation and hydrogenation over Lindlar catalyst afforded
8.23 TheS-derivative was prepared in a similar manner starting fromhen@ntiomer of
8.21(R = H) (Scheme 71).

Another synthetic approach leading to the sex pheromone of the cupreous
beetle8.28was published by Kosekit al1®3 and the procedure was also applied to 1
synthesis of the Japanese beetle pherom8r29)( b-Ribose was used as the startir
material and the final products were prepared in eight steps. Kosel® 25¢dbtained
via 8.24 8.25 and8.26 as the key compound in his synthesis. Then the la@dti®e
was reduced with BSnH/TMSCI/LICI giving 8.28and8.29 of high purity as checkec
by chiral GLC (Scheme 72). The method was claimed by Koseki to be a new proc
for the preparation ofR,2-alk-5-en-4-olides of high optical purity.

HO o
; _\(,PMOH 1. R==—MX ? ?—R gﬁ

2. NalOg
O><O 3. oxidation
OMe 8.26
8.24 8.25 i
o)
T A
8.28, R = (CH2)5CH3 H R
8.29, R = (CHp)7CH3 8.27
ScHEME 72

In the synthesis of Japanese beetle pheromone, Stighi** obtained the enantio:
merically enriched intermedia& 31 by lipase-catalyzed enantioselective lactonizati
of 8.30 Sugai further improved the optical yield by opening the lactone and repe
the enzyme lactonization (Scheme 73).

OH PPL, Et,0
— COOMe
200C, 48 h
8.30

ScHEME 73 8.31
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Baskararet al!®® developed a general approach to the synthesis of butanolide:
applied it to the synthesis of the racemic Japanese beetle pheromone. The prc
was based on bromoetherification&B2 with NBS @.33). Base-induced eliminatior
of the halogen atom, treatment with PCC and hydrogenation gave ra8e2fic
(Scheme 74).

t-BuOK _
—_

HoO —-pg — > Br o0 =g ol —g
8.32 8.33
R = n-CgH17

Ha k PCC

829 <———— = —
PdBaso, O o~ ——g
8.34
ScHEME 74

Mori and Takeuch?®, and independently Skit al!®’, determined the absolute cor
figuration of supellapyrone3(42), the sex pheromone of the brownbanded cockro
(Supella longipalpaby comparing the natural material with synthetic standards.

Mori et al started the synthesis from 2,4,6-trimethylphenol which was converte
methyl 5-hydroxy-1,3-dimethylheptanoat@a 8.35and8.36 as the reaction intermedi
ates®®. Under the conditions of lipas&cylation (vinyl acetate in hexane), only tt
254S6R-isomer 0f8.37 was acylated while its antipode remained intact. The ene
omeric purity of the products was 100 and 98%, respectively.

Conversion of (-)-5-hydroxy-1,3-dimethylheptanoa®3{) to tosylate, subsequen
reduction with LiAlH, (8.38 and iodination gave compour3l39 which was further
used for alkylation of diethyl malonate. The alkyl malonate, after treatment
LiAIH 4/NaH in DME and MnQ, afforded8.40 the molecule with the structure patte
of the side chain. Closure of the pyranone ring led finall§.42 (Scheme 75).

Meinwald’s and Shi’s synthesi¥ consists in the direct attachment of the alkyl si
chain to the pyranone ring, the method which has not been used so far. The alk
chain preparation resulting in the iodiBe€39 was similar to that described in Mori’:
papet®®. The second part of the general synthetic strategy consisted in the prepé
of pyranone bromide3.45 (R = Br), which was obtained from pentano-2-lactone
several reactions involving alkylation of pentano-2-lactone enolate, reaction
PhSeCl, photobromination and reaction withNEtMeinwald and Shi finally tried sev-
eral methods of direct coupling 8f39and8.45(R = Br) and have found that the be
results were obtained by coupling an appropriate zinc derivativi 38 with 8.45
under the catalysis of Pd{dippf). The coupling afforde8.42 (the assignment of the
absolute configuration is also given in this paper). Imidazolidin-2-one proved to
versatile chiral auxiliary for the preparation of optically pure alcohols. The methsd
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elaborated by Mobbilet al!®® and has been applied to the synthesi€ldfna sac-
charina pheromone8.50 The lithium salt of8.46 was alkylated with 1-bromo-3-
methylbut-2-ene and cleaved afterwards with LiBH4 leading.43. The key reaction

8.37 l
8.35 8.36 l
M «—— R
CHO
8.38, R=0H
l 8.40 3.39,R=1
CHO SPh MO
MCOOB NP®)
COOEt 8.42
(0] (e} (e}
I I I
\Qo \QO (e}
= | — > \
=
8.43 8.44 Br 8.45
ScHEME 75

step here was the reaction &#9 with Me,CuLi giving (+)-eldanolide .50 in high
optical purity (Scheme 76).

ScHEME 76
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9. OTHER ESTERS

Diisovaleryl ester of (E,6E)-2,6-dimethylocta-2,6-diene-1,8-dio9.Q), a sex phero-
mone ofAgriotes tauricuswas synthesizé@® from 6-methylhept-5-en-2-oned.(l).
This compound was converted to the e&t@and diol9.3 which, after esterification,
afforded the above-mentioned bis(3-methylbutanoate) (Scheme 77).

9.1 9.2 9.3

ScHEME 77

(+)-a- and (-)e-Pinenes §.5aand9.5b) were the starting materials for the synthe:
of 9.9aand9.9b, citrus mealybugRlanococcus cit)i sex pheromoné&’.

Thus, ozonization of (+d~pinene furnished the keto aldehy@&, which was con-
verted into enol acetat®.7 on treatment with organic base. One more ozonizat
reaction of the carbonyl group @7 with PhP=CH,, reduction and acetylation, re
sulted in9.9a The same reaction sequence was used for the enanti@rBer{Scheme 78).

‘ 1oy W W AQ/
éj L A éz o

9.50 9.9a

ScHEME 78

Another synthesis of thelanococcugpheromone4.9) was also published using th
same starting materials, however, with a slightly different reaction sed@&née
three-step synthesis of{Bdodec-3-en-1-yl ester of E2-but-2-enoic acid9.12), the
sex pheromone of the Sweet potato wee@ilés formicariuy, was described by In-
dian author¥2 Dodec-3-yn-1-0l9.11), prepared from but-3-yn-1-08(10 in a routine
way, furnished the final produ&.12 on partial hydrogenation of the triple bond al
esterification (Scheme 79).

= — I
R—— OH SN NN TN N g NN
9.10,R=H 9.12

9.11, R = (CH2)6CH3
ScHEME 79
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A synthesis of (£)-octadec-7-en-1-yl 3-methylbutanoa® 16), the sex pheromone
of Euproctic similis,was described by Sharma and VetfAaThe key compound,
pentadec-4-yn-1-o0l(13) was obtained through the reaction of 1-bromodecane with
dianion of pent-4-yn-1-0l9.14 preparedin situ from furfuryl chloride and lithium
amide in liquid ammonia). The bromide15(9.13 - 9.15 gave, after coupling with
3-bromo-1-(tetrahydropyran-2-yloxy)propan@.17) followed by the deprotection an
esterification steps, the title compou@d 6 (Scheme 80).

O
e _ PR
Rl/T\/R (@]

9.13, R'= OH, R%= (CHy)sCHs 9.16
9.14, R'= OH, R= H Br._~__OTHP
9.15, R'= Br, R°= (CHp)sCHs 9.17

ScHeME 80

For the synthesis of methyl E2tetradeca-2,4,5-trienoat8.L8, the sex pheromone
of Acanthoscelides obtectudpdec-1-en-3-yn€9.19 was employed as starting me
terial%4 The chloroeste®.21was prepared from the acetylenic compo@ritBvia the
lactone9.20 (ref.1®%. Reduction 0f0.21 with Zn/Cu gave the allenic est@r22 which
on allylic oxidation with sodium periodaf€ afforded the pheromor@&18(Scheme 81).

P
PN~ /V\COOMe

9.18
ScHEME 81

Ichikawaet al®” synthesized both (H)- and (18)-10,14-dimethylpentadec-1-y
3-methylbutanoates9(26) from (§- and R)-citronellols ©.23 in order to determine
the absolute configuration of the sex pheromond&wbroctis pseudoconsperséhe
synthesis involved hydrogenation of the double bond (Scheme 82), oxidation t

\/\/\/\;7 M n(OAC)3 > M\O

— AcOH o)
9.19 9.20
SOClz l
P Cl
P a4 “cooMe <«— \W:v
COOMe
9.22 9.21

ScHEME 82
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aldehyde9.24 and reaction with (7-hydroxyheptyl)triphenylphosphonium bromide (f
pared from9.25. The final double bond reduction with hydrazine and esterificat
afforded,e.qg.,(10R)-9.26 (Scheme 83).

Br \/\/\/\/OH
)MR
9.23, R = CH20OH 9.25
)\W/OJ\
I
9.26 o

9.24,R=CHO

ScHEME 83

Synthesis of racemic 8-methyl-2-decy| propion®&&7), the sex pheromone of se\
eral Diabrotica sp., was performed by a Moldavian group of chefi$t3he authors
started from (E)-7-methyl-non-4-en-1-019.28 and 2-methylbutylmagnesium bro
mide. Hydrogenation and oxidation of the alcoBdk8 furnished the aldehyd®.33
which gave, by reaction with MeMgBr and subsequent esterification, the expecte
duct9.27 (Scheme 84).

All four stereoisomers of the western corn rootworiaprotica virgifera) sex
pheromone9.27, were synthesized from nona-1,8-die@e39) by means of the Sharp
less asymmetric dihydroxylatié®?1’? (2R,8R)-Nonane-1,2,8,9-tetrol9(29), obtained
from diene9.32in this way, was capable of desymmetrization by modifying any of
two ends of the molecule, thus producing one diastereomer onhyS, Biwomer9.30
prepared from the tetrd.29 via dibromide9.31, was then converted to give all th
four isomers 0f9.27 (2R89- and (R,8R)- were produced fron®.30, while the
isomeric (5,8R)- and (5,89)-8-methyl-2-decyl propanoates were generated from
first two by inversion of the carbinol center according to Mitsufitibu

A synthesis leading to the four stereoisomer9.87 using Thermoanaerobiunalco-
hol dehydrogenase was described in detail by Keataal.'’. Nonane-2,8-dione as :
substrate for the enzyme as well as the Mitsunobu métfiedepimerizing the carbi-
nol centers in the este®37-9.41 were chosen as a basic reaction principle.

Synthesis of the pure RZ8R)-8-methyl-2-decyl propionate9(34), a component of
the sex pheromone @. virgifera virgifera,was performed through the enzyme-cat
lyzed hydrolysis of the racem®&.35using Pseudomonas fluorescelipase. Repeatec
operations gave the alcoh®!36in high optical purity. Esterificatidri? and chromato-
graphic purification furnished finally the pheromah84

Three isomeric components of the San Jose sc@ladraspidiotus perniciosis
pheromone 9.42-9.44 were synthesized from the comm@rketoester intermediate
9.45 (obtained from methyl acetoacetate and 3-methylbut-3-enti2¢Bcheme 85).
The trisubstituted double bond-containing compound8.42 and9.43 were prepared
stereospecificallywia copper-catalyzed coupling of methylmagnesium bromide with

Collect. Czech. Chem. Commun. (Vol. 63) (1998)
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(E)- or &@)-enol phosphates.47 and9.49 and the respective esters were converted i
the final pheromone componer@l2and9.43by a standard reaction sequence. For
third component9.44, the ketoesteB.45 was reduced to the alcoh®146 and then
esterified and transformed to the pherom@n&t with the Tebbe reagérit.

j\WOiOEt j\w T
AN
OH 9.32
9.27 9.28
or* oR? 9.29, R = OH, R'=R?= H
RM'\/R 9.30,R=R'=R’=H CHO
9.31, R=Br,R’=R%= Ac
9.33

~ OCOEt ™~ OR
: H H H 9.35, R = COCH2CCl3
P N NN NN NN 9.36, R=H
9.34
OH OCOEt OTs OCOEt
9.30 s : TsCl, py :
9.37

9.39
OTs
037 PhsP, DEAD
Zn(OTs)2
™~ OCOEt
9.40
ScHEME 84

l EtoCuMgBr

1. KOH, H20, MeOH

2. Ph3P, DEAD,
EtCOOH
9.38
OCOEt

EtoCuMgBr
1.KOH, H20, MeOH ™ OCOEt
2. PhaP, DEAD, PN

EtCOOH
9.41
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H X | A j /H\/\/H\/\ /H\/
(@] (@]
9.42 9.43 0 o 9.44

1

I o R H ?
/\/\/H\/R W\/Rz M 5

9.45, R = COOMe
9.46, R = CH20H

ScHEME 85

9.47, R*= OP(0)(OEt)2, R?= COOMe
9.48, R'= Me, R%= CHOCOEt

10. CONCLUDING REMARKS

9.49, R= OP(0)(OEt),, R*= COOMe

9.50, R= Me, R?= CH»0COEt

During the preparation of the manuscript many more papers dealing with the syn
of insect sex pheromones have appeafedrief surveyof the most recent syntheti
effort is included in this sectiorfror instance, a new synthesisNézara viridulasex

pheromone blend and the intermediate for its preparation can be found in the paj
Kuwaharaet al!’® and Ceccherellet al1’® While the former authors based their sy
theses on the similar principle as Baptistélidid (see also the sequent@6to 4.33

with reaction intermediat&0.2involved, the latter concentrated their effort on the s
thesis of ketond 0.7 (Scheme 86) as a suitable compound for preparatidn3af

COOH

10.1

10.7

ScHEME 86

10.5 10.6
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Ceccherelli started his synthesis from (R)-{imonene (0.4 to obtain selenides
10.5 and 10.6 Since the compounds could not be separated by chromatograph
authors utilized the fact that selenitie.6 does not undergo the retrohydroxyselener
lation with 4-methylbenzenesulfonic acid whil®.5 does. Then the ketor.7 was
selectively gained from0.6 by conversion with Oxone® oxidizing reagesi& corre-
sponding selenone.

The fourth component of the female sex pheromonBlatella germanical10.13
was synthesized by Mot al'’’. The synthesis is based on alkylation of the ketoe:
10.10with iodide 10.11 (Scheme 87).

S~ v’\
- COOEt
: — COOEt ~— —>» COOMe + IW
OH : \(\) 15

OH OTBS
10.8 10.9 10.10 10.11

|
I R P S

| :
© 10.13 OR °© 1012

ScHEME 87

Titanium-mediated formation of 1,2-disubstituted cyclopropanols from esters ar
kenes as a new approach to the synthesis of 3,11-dimethylnonacosani®-diig &
component of the sex pheromoneBtditella germanicawas elaborated by Epsteshal®’s,
They used disubstituted cyclopropanol (obtained fidni4by treatment with an alkyl-
magnesium halide in the presence of Ti(OisgR3 the key intermediate (Scheme 88).

HO >
HOW > OH — W
16 8 1778 "OH

10.14 10.15 10.16
M -
10.17 o
ScHEME 88

The synthesis of dienic acetat®.2Q the component oSynanthedon tipuliformis
pheromone, was published by Tolstiketval.!’®. The authors coupled the halide3.18
and 10.19to obtain the corresponding alcohall22which was further acetylated t
10.20(Scheme 89).
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NWBT + I\/\/\/MOTHP e 7.122

10.20
ScHEME 89

The chemoenzymatic access to (R)-2-methylbutan-1-ol )-10.23 as a chiral
synthon for the synthesis of optically active methyl-branched pheromones, was put
by Gerestet al!®. The authors subjected acetoaceldt®1to the baker’s-yeast reduc

tion to obtain, after subsequent Na@BMSO reduction and chromatographi®)0.23
(Scheme 90).

OTs O NaBH
1! > I aBi4 | /\fOH
10.21 10.22 10.23

N U
CHO

10.25 VV\W/OAC < ~
= CHO

ScHEME 90

Gil et al'8! described the preparation of stegobit0.8% R =H) and serricorol
(10.3% R =Me), pheromones @&tegobium paniceumnd Lasioderma serricornere-
spectively. The preparation consists in condensatidtD#8with either10.27 (stego-
biol) or 10.29(serricorol), and closure of the ring (Scheme 91).

The female-produced pheromone of the yellowish elongate chidéptqphylla
picea), 10.39 as well as the isomeri0.4Q was published by Mori and Nakayat¥a
The synthesis proceeded as outlined in the scheme. For resolving the compounds,
lipases were used to obtain products with different degree of optical purity (Scheme

The enantiospecific synthesis of ({9H3-methylhenicosan-2-one, the sex phel
mone analog oBlatella germanicgpheromone, can be found in the paper of Ishmt
tov et al84 while the synthesis of (B)-tetradec-11-en-1-ol and its acetate appeare
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OH O TBDMSO (o] OH O
I I I
)W on
10.27 10.28 10.29
(0] l (e}
Il I
HO
TBDMSO 0O - \
I 0" 'R
(e} R
10.30 10.31
ScHEME 91 )

ref185 Fukusakiet al'® published the preparation of 21-methylpentatriacont-8-i
and Matsuoet al. the key intermediate for grandisol synth&&isldentification and
synthesis of vesperal is described in‘f&fand some common approaches to the s
thesis of pheromones can be found in}&f$%°

EtOOC __~__~__COOEt w -
. — + I ST
OHC o © o~

10.32 1033 10.34

WW “H0 Qo
= — coopr H20O =~ — o]

10.36 10.35
l Lipase PS
OH HOOCCH2CH20CO
W +
= — COOPT MAMA/\COOPT
10.37 10.38
l Amberlyst-15 l Lipase OF-360
= — 7 ‘@\O M/\/OO\O
10.39 10.40
ScHEME 92

The synthesis of the pine bast scale pheromone (dienic k&tbae)l a new compo-
nent of the German cockroach female pheromone have been réffoateavell as the
syntheses of koiganal, the sex pheromone component of the webbing cloth&¥.m
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Also thePhtorimaea operculellaex pheromon'@* and enantiomers of lactonic pher
mones$®>1%have been described.

During the prepartion of the manuscript, several microreviews have appézaa¥d
dealing mainly with the enantioenriched syntheses of the discussed compo
A microreview describing synthesis, stereochemistry, and bioactivity of semioct
calsincl. pheromones has been recently published by Wfori

Recent years have generally withessed an increased interest in the prepara
nonracemic bioactive compounds. Accordingly, the flurry of recent activity in the f
of pheromone synthesis has expanded some of the traditional synthetic meth
allow preparation of nonracemic pheromones. Reflecting the general quest for
efficient, more specifically targeted enantiopure pheromones, a number of
strategies for stereocontrolled pheromone synthesis is being published. Althoug!
siderable progress has been made in this direction, further advances in asymmet
thesis are expected to make these strategies even more amenable to larg
pheromone synthesis.

The authors acknowledge financial support by the Grant Agency of the Czech Republic (grat
203/97/0037 and No. 203/98/0462).
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