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A NOVEL STEREOCONTROLLED SYNTHESIS OF (%,Z)-3,13-OCTADECADIEN-1-YL

ACETATE, THE SEX PHEROMONE OF SYNANTHEDON SPECIES
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Abstract: Starting from lO-undecenoic acid, a stereocontrolled synthesis of
(2,2)-3,13-octadecadien~1-yl acetate with high stereochemical purity was
achieved by the use of Wittig-olefinations for the introductions of (Z)-double
bonds.

The Synanthedon species are frequent and occasionally serious pests
of orchards in Eurasia. Tumlinson and co-workers have identified and synthe-
sized the major components of the pheromone extract of the female lesser
peachtree borer (Synanthedon pictipes, Grote, Robinson) as (%,%Z)-3,13-octa-
decadien-1l-yl acetatel (1). Compound 1 and its (E,Z)-isomer are also the
sex pheromones of Synanthedon myopaeformis Brkh., Synanthedon tripuliformis,
Clerk and Synanthedon hector, Butlerz. Several syntheses of this sex phero-
mone (1) have recently been published, making use of rather complicated

. . : : 3
reactions and expensive starting materials”.

We have now explored a more efficient synthesis which starts from the
available lO0-undecenoic acid (2), and gives high yield of title compound (1),

as outlined in Scheme 1.
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Scheme 1.
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Following the procedure of Swern4, treatment of 1lO-undecenocic acid (2)

with a mixture of formic acid and 30% hydrogen peroxide (7:1, 40 OC, 2 h)

afforded 10,11-dihydroxy-undecanoic acid (_3)5 in a yield of 90%, which was

esterified through its sodium salt with dimethyl sulfate in methanol (reflux,

)6 5 [95%;4ir(neat)v : 3350, 1740, 1200 cm—i;
max

4 h)". The resulting ester (4)

1
Honmr(DMS0-d,)6:1,35(14H,br.s,7 CH,), 2, 2(2H,m, CH,), 3.60-3.50(5H,m,CH OH),

.13 —_ -—
3,65(3H,8,0CH,); " "C-nmr(DHE0-d )173,8(C,), 28,8(C,), 35,4(Cy),71,6(C ),

7 8,9

55,1(011),51,5(03)] , on lead(IV)-acetate oxidation (in benzene, 25°C,12 h)

produced methy1—9—formyl-nonanoate(§)10[90%,b-p.: 100-103/0, 2mm;ir(neat)

Z;ZH—nmP(CDCZS)a:Z,35(12H,br.s,6CH2),2,2(2H,m,CH2),2,4

13

vmax:2720,2740 cm

(2H,tt,J=7 and 2 bz,CHZ), 3,65(3H,S,OCH3),9,8(1H,t,JIZ Hz,CHO); C—nmr(CDCZg)

51,5(C? )]. This aldehyde was then allowed to react

1 1) 10
with the ylide generated from pentyl-triphenyl-phosphonium bromide by so-

), 174,1(C ), 208,6(C

dium silazide-methodll(ylid generation: Na HUDS in THF, 1 h veflux; coupling

reaction:—7800,1 h and then 2500,20 n)}. The resulting unsaturated ester
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(g)[50%;ir(neat)vmax:1740,1650 cm_zgzH—nmr(CDCZS)6:0,85(3H,t,J:7 Hz,CHS), 1,38

(JBH,br.s,BCHZ), 2,0 (48, m, 2CH,), 2,2 (2H,m, CHy), 3,65(3H,8,0CH
13

3)s8,35(2H,t,7=48,

cuzcH); TPo-nmr(cCl,) 51,5(¢3), 26,8 and 27,2(C,,C1,),129,8 and 129,9(C
011),173,8(01)]12was reduced with LiAlH, in ether (3 n,25°C) to yield the

)3b

unsaturated alcohol (2 , which was converted immediately to the corres-

ponding bromo-derivate (8)(PBr 8500,1 h, 80%). Reaction of the crude bromide

32

with triphenylphosphine in acetonitrile at reflux (24 %) furnished guantita-

tively phosphonium salt (2)[Ih’—nmr(DMSO—ds)é:O,ES(SH,t,J:8 Hz,CH,), 1,3(184,

3

br.s,9CH,), 2,0(4H,m, 2CH,), 2,7 (2H,¢,J=6 Hz,CHy),5,34(2H, t,J=4 Ha,CHy),7,8(15 8,

2

m,aromatic protons);zgc—nmr(DMSO—d6)14,0(015), 19,5(01),117,7(03),129,6 and

3 2 3
129,8(C;,sCq4)526,8 and 27,1(09,012),130,5(03),133,5(02),135,2(04)].
The next phase of the synthesis, attachment of the Cl—C3 moiety required

3-acetoxy-propanal (10). This was synthesized from 3-bromo-propanocl by

displacement of bromine with acetoxy group (AgOAc in 2~butanone, 48 h,reflux),
followed by oxidation of the resultant 3—acetoxy—propanol[ir(neat)vmax:SSSO,
1760,1260, 1040 cm_l;]H—nmr(CDCZS)6.‘2,05(3[1,8,00[-15), 2,10(2H,tt,J=6 and 8 Hz,

CH 2,95(1H,¢,0H),53,45(2H,¢t,J=8 Hz,CH_),3,8(2H,t,d=6 Hz, CH b.p.:

P 2);

70/13 mm] with pyridinium chlorochromate on alumina13 (hexane, 2500,3 nyl80%;

2)3

ir(neat)vmax:2720,1760 cm‘];]H—nmr(CDCZS)6:2,05(3H,S,CH ), 2,4(2H,tt,dJ=7 and

3
2 Hz,CHy), 3,4(2H, ¢,J=7 Ha,CH,),9,7(1H,t,J=2 Hz,CHO)]l4.

2
To complete the synthesis acetoxy-aldehyde (10) was reacted with the

ylide generated from the above phosphonium salt (9)(NaHMDS in THF,—78OC, 1 h

and 20 h at 25 °c) affording the target sex pheromone (1) in 60% yield and

of 98% isomer purity15 [ir(neat)vmax: 3030,2650,1740,1210 cm_z,]H—nmP(CDcls)

6:0,85(3H,t,J=8 Fa,CH,),1,3(16H,br.s,8CH,), 2,05(3H,5,0CH), 1.95-2,10(8H,m,

3
4CH9), 4,05(28,¢t,J=6 Hz,CH_),5,35(4H,t,J=6 Hz,CH=CH); ZgC—nmr(CDCZS) 14,0
&

(C,)520,9(C3),22,4(C,,),26,9(C

2
,129,8 and 129,9(C,,C

27,700, 50527, 8(05),27,8(C,),82,05(C ),

,170,4 (03 199525

18> 15)

63,1(C

2
J) 4’013’014)
Our synthetic approach proved to be attractive economically and appli-

cable to large-scale production of the title pheromone.

Acknowledgements: The authors wish to thank to the Hungarian Academy of Sci-

ences for financial support, E.Baitz-Ga&cs and M.Kajtar-Peredy for lH and 13C—




2704

NMR, dr.Z.Juvancz for GC measurements, dr.G.Blaskd for helpful discussions,

and Mrs.M.Roczkov and Mrs.B.Modr for technical assistance.

References and Notes:

1/ TUMLINSON, J.H.; YONCE,C.E.; DOOLITTLE, R.E.; HEALTH,R.E; GENTRY,C.R;
MITCHELL,E.R: Science 1974/185/614-616

2/ a:VOERMAN,S; MINKS,A.K; VANWETSWINKEL,G; TUMLINSON,J.H: Entomol .Exp.Appl.
1978 23 3 301-4 T
b :KUMAKURA ,M.; TAMAKI,Y.; YUSHIMA,T.; TUMLINSON,J.H.: Appl.Entomol.Zool.
1976 11 (3) 266-8

3/ a:UCHIDA,M; MORI,K; MATSUI,M: Agric.Biol.Chem.1978 /42/ 1067;
b:EBATA,T.; MORI,K.: Agric.Biol.Chem. 1979 /43/ 1567; c:UCHIDA,M.;
NAKAGAWA,K.; MORI,K.: Agric.Biol.Chem; 1979 /43/ 1919; d:VOERMAN,S.:
J.Chem.Ecol; 1979 /5/ 759; e:DOOLITTLE,R.E; PROVEAUX,A.T; HEATH,R.R:
J.Chem.Ecol. 1980 /6/ 271; f:CARDETTE,M.; ALEXAKIS,A.; NORMANT,J.F.:
J.Chem.Ecol. 1983 /9/ 225; g:ABRAMS,S.R; NUCCIARONE,D.D; STECK,W.F.:
Can.J.Chem. 1983 /61/ 1073

4/ SWERN,D.: Org.React. Vol.7. 398 /1953/; SWERN,D.; SCANLAN,J.T;

DICKEL,G.B; Org.Synth.Coll.Vol. 4, 317 /1963/

5/ CHICOISNE,A.; DUPONT,G.; DOLOU,R.: Bull.Soc.Chim.Fr. 1957 1232

6/ When the esterification of 3 was carried out in methanol in the presence

of cataljtic amount of sulfuric acid the formation of 4 was observed only
with moderate yield due to previous lactonization.

7/ IR spectra were recorded on SPECORD IR 75 spectrometer. lH--NMR and
1 C~NMR spectra were determined on a VARIAN XL-100-15 instrument.
All signals are expressed by the ppm downfield from TMS used as an
internal standard.

8/ WOLF,F.J; WEIJLARD,J.: Org.Synth.Coll.Vol. 4. 124 /1963/; NOVAK,L.:;
BAAN,G.; MAROSFALVI,J.; SZANTAY,CS.: Chem.Ber. 1980 /113/ 2939

9/ The known periodic acid procedure [See: KING,G.: J.Chem.Soc. 1938
1826; WITTCOFF,H.; MOE,0.A: IWEN,M.H.: J.Am.Chem.Soc. 1948 /70/
742] gives lower yield /70 %/ and we noticed many side reactions.
Using lead(IV)-acetate in glacial acetic acid the yield was around
40%. [See: SCANLAN,J.T; SWERN,D.: J.Am.Chem.Soc. 1940 /62/ 2305].
The tri- and tetramerisation of obtained aldehyde (5) was of very
large scale.

10/ NOLLER,C.R; ADAMS,R.; J.Am.Chem.Soc. 1926 /48/ 1077

11/ BESTMANN,H.J.; VOSTROWSKY,O.; STRANSKY,W.: Chem.Ber. 1976 [109/ 1694

12/ GC analysis showed that 6 had chemical and stereoisomeric nurity
higher than 98%. PERKIN ELMER instrument, CP57CB capil&ary column
/25m x 0,22 mm i.d./ and a FID detector/column at 170 “C, temp. of
detector 290 ~C /. Rt(Z—isomer) 7,27 min, Rt/E—isomer/ 7,14 min.

13/ CHENG,Y.; LIU,W.; CHEN,S.: Synthesis 1980 223

14/ WATANABE,Y.; MITSUDO,T.; YASUNORI,Y.:; KIKUCHI,J.; TAKEGAMI,Y.:
Bull.Chem.Soc. Jpn. 1979 /52/ 2735

15/ GC analysis showed that 1 had 99% chemical purity and 98% isomeric

purity. R, (Z,Z2-isomer ) 17,2 min.

(Received in UK 9 April 1984)



