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Nonconjugated Dienes from 1-Aikenes: Application to the Synthesis 
o f  Sex Pheromone  (4E,TZ)-4,7-Tridecadienyl  Acetate 

Taek Hyeon Klm* and Ki Man Park 
Depm'tment of Fine Chemical Technology, Chonnam National University, Kwangjn 500-757, Korea 

Abstracr. (4E,TZ)-4, 7-Tridecadienyl acetate 1, a component of the sex phtax~none was synthesized from 
5-hexenyl acetate. (E)-y,6-Unsaturatedphosphonate as the key intea'mediate afforded a tasget molecule, 
using the Homer -Wads w or th-Vznm ons (HWE) reaction and desulfonylation as the main process. 

Diene systems are widely encountered in sex pheromones. '  (4E,7Z)-4,7-Tridecadienyl acetate 1, a 

component of the sex pheromone of the potato tuberworm moth (Phthorimaeaoperculella),2 is prepared mainly 

from the stereoselective transformation of appropriate acetylene, 2' 3 Claisen rearrangement reaction, + and a 

specific method? 
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Scheme I 

In our continuing studies on the ct-heteroatom substituted phosphonates, + we found the Pummerer reaction 

of methylsulf inyl  methanephosphonate wi th  1-alkenes s t e r eose l ec t i ve ly  gave  the (E)-,t,6-unsaturated 

phosphonateY '~ Phosphonates are an important reagent for the construction of carbon-carbon double bonds, 

because their use provides control of olefin regio-and stereoselectivity 9 We projected that such a ~,,~-unsaturated 
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phosphonate analogue would be a significant precursor for the synthesis of 1, using the Horner-Wadsworth- 

Emmons (HWE) reaction for the stereochemical control of C7 position (Seheme I). 

We used a protected 5-bexen-1-ol as the starting material to investigate the route outlined in Scheme I. 

Pummerer rearrangement ofmethylsulfinyl methanephosphonate 2 with 5-bexenyl acetate 3 with trifluoroacetic 

anhydride (TFAA) in trifluoroacetic acid (TFA) afforded 7-acetoxy-1-methylthiohept-3-enyl phosphonate 4 in 

83% yields. The E and Z ratio of 4 was determined to be 85:15 by capillary GC and also by IH-NiVIR after the 

next HWE reaction. Deprotection of 4 with K~CO3/MeOH-H20 followed by reprotection of hydroxy group 5 

with 3, 4-dihydro-2H-pyran led to THP ether 6 in high overall yields. The HWE reaction of 6 with hexanal 

failed to generate the carbon-carbon double bond. 

O O 
I I  I I  a 

(EtO) 2P~SCH3 + ~ * ~ " / * ~  OR ~- 

2 3, R =Ac 

SMe 0 S02Me 

~ ,  4, R=Ac c 
b 5, R H ~ 6, R=THP 

7, R = THP 

e 
S02Me 

8, R=THP 

f 

- -  ~ OR 

0, R =THP h 
g 10, R = H  ~ 1 , R = A c  

S c h e m e  II  Reagents and conditions: (a)TFAA, TFA, rt (82%);(b) K=CO~, MeOH, H20, 

rt (85%);(c) 3,4-dihydro-2H-pyran, PPTS, CH2C12, rt (95%); (d) m-CPBA, CHCI 3, 0 °C-rt 

(80%); (e) n-BuLi, TI-IF, -78 °C-rt (86%); (f) sodium hydrosulfite, NaHCO 3, EtOH, H20, 

80 °C (42%); (g) PPTS, MeOH, 50 °C (67%); (h) Ac20, DMAP, F'yridine. 2s 

We turned to a more reactive sulfonyl group which would be removed readily. Methylsulfonyl 

phosphonate 7 was readily prepared by oxidation of THP ether with a excess m-chloroperbenzoic acid (m- 

CPBA), whereas using an excess sodium metaperiodate gave sulfoxide. The HWE reaction of lithium carbanion 

of 7 with hexanal successfully led to the required 1,4-diene system 8 in 86 % yields. The configuration of E 

and Z isomers of the vinyl sulfone 8 was determined with a ratio E:Z=70:30 on the basis of tH-NMR and could 

be separated by column chromatography on silica gel using mixed solvent, hexane:ethyl acetate=7:3. It should be 
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noted that the configuration of isomers 8 leading to a desired sex pheromone after the stereospecific 

desulfonylation is (4E,7E)-7-methylsulfonyl-1 -(tetrahydro-2H-pyran-2-yl)oxy-4, 7-tridecadiene. 

The methods of desulfonylation of vinyl sulfones have been found in a number of literature, in some cases 

stereospecifically) ° Desulfonylation of the mixed isomers 8 with sodium hydrosulfite led to 9, which was 

deprotected using pyridiniump-toluene sulfonate (PPTS) to provide the well-known alcohol 10. The synthetic 

10 has identical spectroscopic data with that of reported compound? 5 The synthesis of target acetate I from 10 is 

well-known process) -s The structures of all the compounds were confirmed by spectral methods, NMR, IR, and 

Mass spectrocopy and comparison with the known products. ~ 

This synthetic strategy successfully led to a target sex pheromone. Furthermore, considering the nature of 

the transformation, one would expect such a process for preparing a nonconjugated diene system from 1-alkene 

to be quite general. 
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Compound 4. ~HNMR(CDCI3) 8 1.32-1.38(t, 6H), 1.71(quintet, 2H, J=7.0 Hz), 2.04(s, 3H), 2.24(s, 

3H), 2.24-2.20(m, 2H), 2.30-2.73(m, 3H), 4.05(t, 2H, J=7.0 Hz), 4.13(dq, 4H, J=7.7 Hz), 5.53- 
5.58(m, 2H); IR 1740(s), 1244(vs), 1028(vs); Mass: m/e(%) 81(25.0), 93(39.4), 125(38.0), 141(44.2), 
198(100.0), 338(M ÷, 3.2). 
Compound 5. ~H NMR(CDCI~) 8 1.27(t, 6H, J=7.0 Hz), 1.57(quintet, 2H, J=7.0 Hz), 2.03-2.14(m, 

2H), 2.16(s, 3H, Eisomer), 2.17(Z isomer), 2.20-2.64(m, 3H), 3.55(t, 2H, J=6.5 Hz), 4.12(dq, 4H, 
J=7.7 Hz), 5.44-5.54(m, 2H); IR 3424(m), 1232(s), 1028(vs); Mass: m/e(%) 125(21.8), 141(21.9), 
152(32.0), 198(100.0), 296(0.8, M*). 
Compound6. 'H NMR(CDC13) 8 1.34(t, 6H, J=7.0 Hz), 1.53-1.85(m, 8H), 2.12-2.16(m, 2H), 2.2.3(s, 

3H), 2.25-2.70(m, 3H), 3.32-3.52(m, 2H), 3.68-3.88(m, 2H), 4.18(dq, 4H, J=7.7 Hz), 4.57(bs, 1H), 
5.49-5.63(m, 2H); IR 1244(s), 1030(vs); Mass: m/e(%) 93(15.0), 152(18.5), 198(100.0). 
Compound 7. 'H NMR(CDCI3) 8 1.33-1.39(t, 6H), 1.42-1.89(m, 8H), 2.03-2.18(m, 2H), 2.18- 

3.00(m, 3H), 3.20(s, 3H), 3.30-3.68(m, 2H), 3.68-3.90(m, 2H), 4.15(dq, 4H, J=7.7 Hz), 4.57(bs, 
1H), 5.48-5.72(m, 2H); IR 1311(s), 1250(s), 1022(vs); Mass: m/e(%) 55(46.3), 84(52.9), 93(64.3), 
175(50.4), 203(100.0), 230(57.6). 
Compound 8. ~H NMR(CDCI~) 7-E isomer 8 0.89(t, 3H), 1.25-1.33(m, 4H), 1.50-1.88(m, 10H), 

2.03-2.10(m, 2H), 2. I0-2.22(m, 2H), 2.84(s, 3H), 3.20(bd, 2H), 3.35-3.50(m, 2H), 3.68-3.85(m, 
2H), 4.55(s, 1H), 5.39-5.49(m, 1H), 5.50-5.59(m, 1H), 6.81(t, 1H); 7-Z isomer 0.89(t, 3H), 1.25- 
1.89(m, 14H), 2.08-2.19(m, 2H), 2.51-2.63(m, 2H), 2.90(s, 3H), 3.10(bd, 2H), 3.35-3.50(m, 2H), 
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1304(s), 1126(s); Mass: m/e(%) 55(42.0), 67(33.8), 85(100.0), 120(35.9). 
Compound 9 )  ~H NMR(CDC13) 8 0.89(t, 3H, J=6.8 Hz), 0.95-1.72(m, 14H), 1.80-2.17(m, 4H), 

2.44-2.82(m, 2H), 3.32-3.42(m, 2H), 4.28-4.56(m, 2H), 4.66(s, 1H), 5.14-5.48(m, 4H). 
Compound 1 0.35 t H NMR(CDCI3) 8 0.90(t, 3H), 1.15-1.34(m, 8H), 1.80-2.17(m, 4H), 2.56-2.78(m, 

2H), 3.60(t, 2H, J=6.0 Hz), 5.25-5.85(m, 4H). 
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