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Abstract - Methyl (2$42)-2,Cdecadiaoate (I), an important phs 
romone component of Pityogcncs chakogrophw, and ita three geomet+ 
&al isomers (2-4) have been synthekzed and obtained in >99 % iao- 
m&c purity. Urea inclusion complexes were used in the 3ual purifi- 
cation procedurea Spectrcscopic data (MS, lH and “C NMR) of all 
four isomers are discussed. A photoisomerization study of the deca- 
dienoates is presanted. 

Recently it has been found that methyl (2E,42’)-24decsdienoate (1) is a phero- 

mone component of the forest pest Pifgogenes chalcograpitw. This insect shows 

only low attraction towards the previously reported pheromone component chal- 

cogran.’ Howeve r, adding the diene ester 1 to chalcogran causes a 35fold increase 

in trap catches of the beet1e.l Since the bahavioural response usually is very sen- 

sitive to changes in the stereoisomeric composition of a pheromone, all four geo- 

metrical isomers of methyl 2,4decadienoate l-4 were prepared in high isomeric 

purity. An investigation of the biological activity of the isomers is presented in a 

separate paper.3 

The methyl and ethyl esters of (2E,4E)- and (2E,42)-2,4decadienoic acid 

are known as important contributors fo the flavour of ripe Bartlett pears.’ Fur- 

thermore, the (2E,42’)-2,4-decadienoic acid occurs ss a glyceride in stillingia oil, 

which is obtained from the seeds of Sap&m sebiferum (Chinese tallow tree).6-7 

The conjugated carbonyl-(E,E)-dr ‘ene system is also of interest as a synthetic 

intermediate on the route to some naturally occurring amides, which paseeas 

insecticidal properties.8’12 

Chrombie7 prepared the four isomers already in 1955 and since then a num- 

ber of synthesee have been reported for (2~?$4E)-‘~“~~ and (2E,4Z)-dienoates.27-6 

To our knowledge, only one practical synthesis of (22,4E)- and (22,4Z’)-dienoates 
2541 



2542 P. BECKSTR~M et al. 

I Ye0 
PW’fW4 

H2 
t 

Llndlwe cat. 

-0 

/-\ ‘1 Pd” 
1-Heptynr 

Oh-v---- .o_iJ’ 4 
1. CUB?. HBr 

0’ 
2. MeOH, H* 

6 

0 

HO 
-II 

6 
3 

Scheme 1 

has been reported. However, the isomeric purity was not specifkLg2 None of the 

published syntheses of the various isomers of Z&decadienoates provides products 

of isomeric purity sufficient for our purpose. We have therefore developed proce- 

dures for the preparation of all four isomers in an isomeric purity of more than 

99 % and a new synthesis of the (Z,E@omer. 

REXXJLTS AND DISCUSSION 

Syntheses. The (E,E) -isomer 2 was prepared starting from methyl crotonate in 

a way similar to previously described procedures”-‘o (Scheme 1). The isomeric 

purity, which was 93 %, could be improved to >99 % with the aid of urea inclusion 

complexes (clathratee) .*e-*’ The (E,EJ-isomer was selectively enriched in the 

clathrate (see Ekperimental) . 

Since ethyl (2E,4Z)-2,4decadienoate (5) is commercially available as an iso- 

merit mixture of 76 % purity, the (E,Z) -isomer 1 was prepared simply by trans- 

esterification with sodium methoxide in methanol (Scheme 1). The isomeric 

purity was increased to ~99 % with the urea inclusion procedure. The pure 

(E,Z)-isomer was isolated from the mother liquor. 
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The (Z,z)-isomer 4 was prepared from propiolic acid (6) in four stepe (Scheme 

1). The first three steps were performed according to Heck.s” The reduction of 

the enyne ester 7 with hydrogen and Lindlar’e catalyst”7 gave the dienoate 4 with 

an isomeric purity of 87 %. AU geometrical isomera were present in the product 

and preparative GC was used to obtain the pure (AS %) (Z,z)-isomer. 

The (Z,E)-isomer 3 was prepared from methyl (A?‘)-3-bromopropenoate (8) 

(Scheme 1). This compound was coupled with (E)-1-heptenyl-1,3,2be~odi- 

oxaborole (9) (prepsred from catecholborane and 1-heptyne) in the presence of 

Pd(PPfisfi and sodium methoxide. ti The croeacoupling reaction gave the prod- 

uct 3 with 92 % isomeric purity The contaminating (E,E)-isomer could be r+ 

moved with liquid chromatography or the use of urea inclusion complexes to yield 

isomerically pure (>99 %) (2,&J -isomer. The possibility of using a vinyl bromide 

conjugated with a carbonyl function in this typs of c-coupling reaction is of 

general synthetic interest and has not been reported earlier. 

NM&data. All the lH and lsC NMR signals of the four stereoisomers were un- 

ambiguously sssigned using ‘HJH and ;lH-lsC Mmensional correlati spec- 

troscopy (see Table 1 and 2). The /3-proton of the (E&Z)- and (E,E)-isomers and 

the r-proton of the (Z,E)- and (Z,z) -isomers sre influenced by an anisotropic ef- 

fect due to the vicinity of the ester function and thus the chemical shifts of those 

protons appear at a very low field (Table 1). 

General empirical rules for assigning 19C JYMR shifts of alkyl-substituted di- 

ene systems have been suggested by Roesi et ~IJ.‘~ and Ando et aZ.60-61 based 

on extensive shift calculations. To some extent our data fit the suggested shift 

ranges, but the presence of the ester function causes discrepancies. Thus, these 

empirical rules have to be used with great caution when applied to diene systems 

where the su~tituen~ are other than alkyl groups. On the other hand, the use 

Table 1. "H NMR shift data (ppm) of the diene 

esters l-4. 

J%E 5.79 7.30 6.16 6.16 2.26 

E,z 5.89 7.63 6.13 6.89 2.31 

Z,E 5.58 6.56 7.37 6.09 2.21 

zz 5.67 6.94 7.27 5.92 2.27 

Table 2. 13C NMR shift data (ppm) of the diene esters 14. 

Cl c2 c3 a c5 .cxI CT C8 CQ Cl0 Me0 

E,E 167.0 118.5 144.8 128.0 144.2 33.1 28.6 31.6 22.7 14.2 51.3 

E,z 166.9 120.5 139.2 126.1 141.1 28.4 29.3 31.6 22.7 14.2 51.3 

Z,E 166.4 114.9 145.1 126.7 145.4 33.2 28.8 31.7 22.8 14.3 51.1 

z.z 166.4 116.8 138.6 124.2 141.3 27.8 29.3 31.7 22.8 14.3 51.2 
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Table 8. Isomslkration of methyl 2,Unoab. The numbem show 

the ratio between the isomers in the mixture (%). 

a) Irradiation without iodine 

Starting mixture E,E 

starting mixture z,z 

Final equilibrium mixture* 

92 7 1 0 

2 7 4 87 

39 22 27 12 

b) Irradiation with iodine 

Iodine + starting mixture E,E 92 I 1 0 

Iodine + starting mixture E,Z 11 89 0 0 

Iodine + equilibrium mix. from a) 39 22 27 12 

Final equilibrium mixture0 81 11 7 1 

a The final equilibrium mixture wiul reached after 6-8 h. 

of vsrious puls&echniques available on modern NMR spectrometers offers a fast 

and safe route to un~biguo~ assi~nts. 

MS-data. Generally the bsse peak in the msss spectra of most methyl esters is 

m/z 74 (arising from a McLafferty rearrangement). The spectra of the methyl 

decadienoates l-4 show very small intensities of this ion. Instead the domi- 

nant peaks are m/z 111 and 81. We believe that this is due to the forma. 

tion of the pyrylium fragments shown be10w.“~ These ions can easily be formed 

[ o,]’ [Q]+ 
m/z 111 mh 01 

from the isomers with the cr-,8 double bond in (Z)-configuration. In accordance 

with this, the m/z 111 ion is more dominant in the spectra of the (22,4E)- and 

(22,4z)-isomers. 

Isomerkation. Chrombie reported’ that no isomerization occurred when methyl 

2,4-decadienoates were subjected to irradiation (with W-light from Hanovia 

lamps in glsss or quartz tubes) in the presence of iodine. Repeating these ex- 

periments under very similar conditions revealed that extensive isomerization oc- 

curred both by direct irradiation and by irradiation with iodine present. The pro- 

portions of the four geometrical isomers in the equilibrium mixtures are strongly 

influenced by the presence of iodine (Table 3); the (E,E)-isomer being favoured 

by iodine. 

EXPER.IhJEDITAL 

Ail reactions of air- and water-sensitive materials were performed under inert 
conditions (Nr or Ar). Liquid chromatography was performed on silica gel, Merck 
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60 (0.040-0.CX33 mm), dry-packed in 15 or 25 mm inner diameter (i.d.) glass 
columns. Gradient elution with hexane and increasing amounta of ethyl acetate 

(unless otherwise stated) was performed as described by Baecksttim et ~2.~~ TLC 
was performed on eilica gel (Merck 60, HF precoated aluminum foil) using 2Q % 
ethyl =&ate in hexane aa the eluent. The plates were developed with vanilline 
and eulphuric acid in ethanol. NMR spectra were recorded in CDCle on Bruker 

WP 200 and AM 400 spectrometers. Standard Bruker microprograms were u88d 
to perform the DHPT, ‘H-‘H and lH-lsC COSY experiments. Analytical GC 
was performed on a PYB U&am 204 instrument with an FID detector using 

a 25 m croesbound Chrompack (Cp wax 57 CB) fused silica capillary column, 
The elution order of the decadienoatea ww (Z,E), (E,z), (Z,z) and (E,E). Mess 
epectra (70 eV) were recorded on a Finn&an 4021 GC/MS instrument supplied 
with a Superox FA fused silica capillary column. 

Methyl (2E&)-2,&decadienoate (1). Commercial ethyl (2&4z)-2,4deca- 
dienoate (b) was obtained from IFF (International Flavours and Fragrances) 
and the purity was 76.5 % (by GC). Apart from some polymerized material, 
the contaminante were ethyl (2E,4E)-2&decadienoate (4.6 %), methyl (2E,4z)- 
L&decadienoate (7.1%) and ethyl (3E,5E)-3,5-decadienoate (10.9 %). The latter 
compound can be formed by treatment of b with a strong baee.64-66 The commer- 
cial ethyl ester (4.68 g, 23.88 mmol) was dissolved in methanol (200 ml) without 
prior purification. Sodium methoxide in methanol (24 ml, 0.5 MI) was added at 
0°C. The reaction mixture was stirred overnight in darkness at room tempers 
ture and then neutralized with saturated ammonium chloride. The product was 

extracted with several portions of hexane and the combined organic phases were 

dried (MgSO4) and concentrated. Chromatography yielded 82.5 % of the methyl 
(E,Z)-ester. The purity was 85.2 % with 4.7 % of the (E,Z)-isomer aud 10.2 % 
of the methyl (3E,5E)-3,5isomer. MS (m/a): 182 (23%, M+), 111 (loo), 81 (85), 
79 (42), 67 (57), 66 (36), 59 (36), 55 (3Q), 41 (?2), 39 (42), 29 (58). ‘H NMRz 
b 7.66-7.53 (dd, lH, J& = 11.5 Hz, J’_= = 15.0 Hz), 6.10 (t, lH, .& = 11.5 

Hz, J,_a = 11.0 Hz), 5.85 (m, 2H), 3.73 (s, 3H), 2.28 (q, %a), 1.43-1.25 (m, 6H), 
0.88 (t, 3H). 

Urea inchnsfon complexes. In a typical experiment 2.52 g (13.8 mmol), of 
the impure methyl decadienoate 85 % of the (E,Z)-isomer was mixed with a hot 
solution of urea (5 g, 83.2 mmol) in methanol (25 ml). The resulting solution 
was allowed to cool to room temperature before leaving it in the refrigerator 
overnight. The resulting crystals were rapidly filtered off and the mother liquor 
was mixed with silica gel. The methanol was evaporated and the impregnated 

silica gel was applied on top of a dry-packed silica gel column. Gradient elution 
gave 0.91 g of the (E,Z) -isomer and its isomeric purity was 99.2 %. The clathrate 
wae diesolved in brine and extracted with ether. Drying and concentration gave 

1.27 g of a mixture containing 72.4 % of the (E,Z)-isomer together with 8.7 % of 

the (E&isomer and 16.4 % of the (3E,5E)-3,5isomer. 
Methyl 2(E)-4-bromo-2-butenoate (10). Methyl crotonate (35.0 g, 350 mmol), 

N-bromosuccinimide (37.4 g, 210 mmol) and azaisobutyronitrile (100 mg, 0.61 
mmol) were refluxed in carbon tetrachloride for 3 h. The succinimide was fil- 
tered off and subeequently washed with CCL. The organic phase was washed 
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the product extracted with ether. Drying (MgSOd), concentration and chro- 
matography yielded 256 mg (77.3 %) of product. Notably, the first chromatog- 
raphy tube contained 3 mg of >98 % pure (E,z)-ieomer. The ieomeric purity 
of the other combined fractiona wae 92 $6 with 7 % of the (E,E)-isomer. The 
urea inclusion procedure increased the isomeric purity to >99 %. MS (m/z): 182 
(15%, M+), 111 (XXI), 81 (32), 79 (26), 67 (W), 66 (17), 59 (16), 55 (19),41 (35), 
39 (20), 29 (29). ‘H NMR: 6 7.33 (m, lH), 6.56 (t, lH, JB_-a = 11.5 Hz, JB_7 
= 11.5 Hz), 6.08 (m, lH, L., = 15 Hz), 5.57 (d, lH, Jo_@ = 11.5 Hz), 3.73 (8, 
3H), 2.21 (q, 2H), 1.48-1.26 (m, 6H), 0.90 (t, 3H). 

Methyl (Z)+decen+noate (7). A mixture of methyl (2)~3-bromoprope- 
noate (8) (1.0 g, 6.1 mmol), distilled l-heptyne (2.7 g, 28.2 mmol), Pd(OAc)p 
(101 mg, 0.45 mmol), triphenylphoephine (237 mg, 0.904 mmol) and distilled 
triethylamine (18 ml) wae stirred under argon atmoephere for 24 h. Water (25 
ml) wae added and the mixture was extracted with ether (3 x 25 ml). The com- 
bined ether &r&a were dried (M&O& concentrated in vacua and fin&y chro- 
matographed on eilica gel. A &action containing 3.58 g (88 %) WBB >99 % pure 
by GGanalysis. ‘H NMR: 6 6.16 (dt, lH, J= 11.4 Hz, J= 2.2 Hz), 6.02 (d, lH, 

J= 11.4 Hz), 3.76 (e, lH), 2.45 (t, 2H, J= 2.2 Hz, Jas = 7.1 Hz), 1.64-1.32 

(m, 6H), 0.91 (t, 3H). 

Methyl (2.&U)-2,kaecadienoate (4). Methyl (Z)G?-decen4ynoa& (7) (100 
mg, 0.556 mmol), hexane (5 ml), quinoline (0.1 ml) aud I&&u’s catalyst (20 
mg) were mixed in a threenecked flask. Hydrogen atmoephere wss established 
and hydrogen uptake was measucped by meaus of a gas buret. When 12.5 ml 

(0.56 mmol) hydrogen had been consumed the reaction mixture was filtered and 
chromatographed. The isomeric purity of the product was 87 %. Preparative GC 
was used to obtain the pure (~99 %) (Z,Z)-isomer. MS (m/z): 182 (15%, M+), 

111 (XXI), 81 (35), 79 (29), 67 (28), 66 (17), 55 @I), 53 (17), 41 (36), 39 (21),29 
(28). rH NMR 6 7.27 (t, lH, J= 11.5 Hz), 6.94 (t, lH, J= 11.5 Hz), 5.98-5.84 
(m, lH), 5.67 (d, lH, J= 11.5 Hz), 3.72 (s, 3H), 2.35-2.20 (m, 2H), 1.50-1.27 
(m, 6H), 0.39 (t, 3H). 

&omeri&ion experiments. The photoisomerizations were carried out in a 
Rayonet reactor equipped with 16 RPR 300 nm lamps. The methyl decadienoatee 
(4 mg) in pentaue (1 ml) with or without a crystal of iodine were kept in the 
reactor in an NM&tube (borosilicate glass). Aliquots for GGanalysis were with- 
drawn at intervals until the isomeric ratio wss constant. The equilibrium mixture 
w&s reached after 68 h. The results are presented in Table 3. 

This work forma part of the joint research project “Odour Signals for Con- 
trol of Pest Insects”. We thank the Swedish Natural Science Research Council 
and other various funds who sponsored this project. G&an Birgersson, Depart- 
ment of Chemical Ecology, Gothenburg, is gratefully acknowledged for assistance 
regarding the GGMS data and preparative GC. 
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