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A STEREOCONTROLLED SYNTHESIS OF (R,Z)- AND (R,E)-14-METHYL-8-HEXADECENALS 

(TROGODERMAL), THE SEX PHEROMONES OF TROGODERMA SPECIES 
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Chemistry Department of Resources, Mie University, Tsu, Mie 514, Japan 

Summary: A stereocontrolled synthesis of (R,Z)- and (R,El-14methyl-8-hexadecenals with high 
stereochemica2 purity in both absolute and geometrical configurations was achieved by the use of 
the SR2 type ring-opening reaction of IS)-B-methyl-B-propioZactone for the construction of the 
CR)-configurations, and the &s-addition of diorganocuprate to acetylene and the SR2' type ring- 
opening reaction of &vinyl-&valerolactone for the introduction of (Zl- and IE)-double bonds, 
respectively. 

(Z)-14-Methyl-8-hexadecenal and its (E)-isomer (trogodermal) were identified 

as the essential female-secreted sex pheromones of Trogoderma species of insects.' 

Although conflicting results have been reported on the pheromone activity of 

(R)- and (S)-trogodermals for male Khapra beetles (Trogoderma granariwnl,2'3 CR)- 

enantiomers of (Z)- and (E)-trogodermals were found to be more attractive to male 

T. incluswn and T. variabile and to T. glabrwn than the corresponding (S)- 

enantiomers, respectively.'15 

The (R)- and (S)-trogodermals were synthesized by Mori et a2."' and Rossi et 

al.3'7 In their syntheses, (R)-4f6 or (S)-citronellol,3 or (S)-2-methyl-l- 

butanol' was used as a starting chiral material, and introduction of (Z)- or (El- 

double bond was performed by the Lindlar reduction or lithium aluminum hydride 

reduction of carbon-carbon triple bond, respectively. We wish to describe here a 

shorter stereocontrolled route for the synthesis of (R,Z)- and (R,E)-trogodermals 

(1 and 2); asymmetric center of the C 14 carbon was constructed by the SN2 type 

ring-opening reaction of (S)-(-)-8-methyl-8-propiolactone (7) with a Grignard 

reagent in the presence of a copper catalyst, which proceeds with almost 
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inversion.' The geometrical configuration of the double bond was controlled by 

the cis-addition of organocuprate to acetylene9 for (Z)-configuration or SN2' 

type ring-opening reaction of 6-vinyl-6-valerolactone (12) with the Grignard 

reagent in the influence of a copper catalyst for (E)-configuration." These 

processes, including carbon-carbon bond formation, make the present route more 

efficient. 

One of the key-intermediates for the synthesis of 1, (Z)-13,13-trimethylene- 

dioxytridec-5-enyl chloride (fj) was prepared easily from 3,3_trimethylenedioxy- 

propyl bromide (3) as a starting material. Bromide 3 was converted into the 

corresponding Grignard reagent in 90% yield, "which was treated with 1,4-dibromo- 

butane in the presence of LinCuCll, (1 mol%) in THF at 0 "C for 1 h to give four- 

carbon homologated bromide (4)'* in 86% yield: bp 130 % 133 "C/1.8 mmHg. 

According to the modified procedure of Normant et al.,' (Z)-double bond of 6 was 

introduced by the &s-addition of diorganocuprate to acetylene, followed by 

alkylation. 7,7-Trimethylenedioxyheptylmagnesium bromide, prepared from 4 in 81% 

yield, was treated with a half equivalent of copper(I) iodide in THF-Me2S (2O:l) 

at -30 OC, followed by introduction of acetylene at -20 'C to give the diorgano- 

cuprate (5). Alkylation of 5 with l-chloro-4-iodobutane in the presence of 

trimethyl phosphite at -30 'C for 2 h and at room temperature overnight afforded 

fjl* (>99.9% pure) in 86% yield: bp 145 Q, 146 'C/O.5 mmHg. 

The chiral (S)-lactone 7 was easily prepared from (R)-(-)-3-bromobutyric 

acid (99% optically pure) ([Ml*& -115.3O (O.l65M, 2M HC104), lit-l3 [Ml’, +116.5O 

(O.l63M, 2M HClO+) for the (S)-enantiomer), which was derived by the resolution 

of racemic 3-bromobutyric acid with (S)-(-)-a-(l-naphthyljethylamine, in a yield 

of 66%; [a]; -27.8" (C 4.14, CHC13).' 

Synthesis of the chiral intermediate (8) was easily achieved by the Sn2 type 

ring-opening reaction of lactone 7 with the Grignard reagent, prepared in 83% 

yield from 6 and magnesium under reflux in THF, in the presence of a copper(I) 

catalyst. Thus, treatment of 7 with the Grignard reagent in the presence of 

copper(I) iodide (3 mol%) in THF-Me2S (2O:l) at -15 'C for 2 h gave the (S)-acid 

n n n - - 
0 0 X,&c; BrMgCuw 0 0 

HI2 “- H 

3 X=Br 5 6 
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8 X =C02H 

9 X=CHzOH 
10 X = CH20&CH3 
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8 '*in 80% yield; [a]; -4.96O (C 7.86, CHCl,). Esterification of 8 with diazo- 

methane and subsequent reduction with lithium aluminum hydride gave the alcohol 

(9)12 in 95% yield. Treatment of 9 with p-toluenesulfonyl chloride in pyridine 

gave the tosylate (10). Reduction of 10 with lithium aluminum hydride and 

deacetalization in acetone-aqHC1 afforded (R,Z)-trogodermal (1)12 in 70% yield (Z, 

>99.9%); [a]: -5.96' (C 1.06, CHC13) [lit.4 [a]: -5.94" (C 1.06, CHC13), lit.7 

[alg -5.90° (C 4.570, ether)]." Thus, the highly optically and gemetrically pure 

1 was obtained in an overall yield of 24% from 3. 

A key intermediate for the synthesis of 2, (E)-13,13-trimethylenedioxy- 

tridec-5-enyl chloride (15) was synthesized via the acid (13), which was prepared 
by the use of the regio- and stereoselective ring-opening reaction of &-vinyl-&- 

valerolactone (12) with a Grignard reagent in the presence of copper(I) catalyst. 

Coupling of 1-bromo-3-chloropropane with the Grignard reagent of 3 in the 

presence of Li2CuCls gave three-carbon homologated chloride (11)12 in 81% yield; 

bp 118 s 120 "C/3.5 mmHg. The Grignard reagent, prepared from 11 and magnesium 
in 81% yield, was added into a solution of 12 and copper(I) iodide (5 mol%) in 

THF-Me2S (2O:l) at -45 OC. After stirring at -45 'C for 1 h, 13'2was obtained in 

a yield of 95%. Esterification of 13 with diazomethane and reduction with 

lithium aluminum hydride gave an alcohol (14)12in 97% yield; bp 155 2, 156 'C/O.3 

mmHg. Chlorination of 14 with triphenylphosphine in carbon tetrachloride under 

reflux for 12 h gave the chloride 1512 in 81% yield (E:Z = 9:l); bp 162 s 165 "C/ 

0.8 mmHg. The chloride 15 was converted into the corresponding Grignard reagent 

in 80% yield. The copper-catalyzed reaction of the Grignard reagent with 7 

afforded the (S)-acid (16)12in 77% yield. Reduction of 16 and deacetalization in 

the similar manner for the synthesis of 1 gave (R,E)-trogodermal (2)" in 60% 

yield (E:Z = 9:l); [a]: -4,72" (C 2.33, Et20) [lit.6 [a]$ -5.99O (C 5.08, CHC13), 

lit.7 [a]: -5.04" (C 4.776, Et20)]. 

n 
Cl- 0 0 

H N/n n 
0 0 

Xw 0 0 
H 

11 12 

16 

13 X=C02H 
14 X = CH20H 
15 X = CH2CI 

Thus, the stereocontrolled short-step synthesis of (R,Z)- and (R,E)- 

trogodermals was achieved by the use of the regio- and stereoselective ring- 

opening reactions of both (S)-B-methyl-B-propiolactone and 6-vinyl-&-valero- 
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lactone with Grignard reagents in the presence of copper(I) catalyst. 

Acknowledgement: We wish to thank Mr. K. Tamai for his assistance in the 

experimental work. The present work was partially supported by a Grant-in-Aid 

for Scientific Research from the Ministry of Education of Japan. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

References and Notes 

J. H. Cross, R. C. Byler, R. F. Cassidy, Jr., R. M. Silverstein, R. E. 

Greenblatt, W. E. Burkholder, A. R. Levinson, and H. 2. Levinson, J. Chem. 

Ecol., 2_, 457 (1976). 

H. 2. Levinson, A. R. Levinson, and K. Mori, Naturwissenschuften, 68, 480 (1981); 

R. Rossi, P. A. Salvadori, A. Carpita, and A. Niccoli, ibid., 66, 211 (1979), 

and references cited therein. 

R. Rossi, P. A. Salvadori, A. Carpita, and A. Niccoli, Tetrahedron, 3, 2039 

(1979). 

K. Mori, T. Suguro, and M. Uchida, Tetrahedron, 34, 3119 (1978). 

R. M. Silverstein, R. F. Cassidy, W. E. Burkholder, T. J. Shapas, H. 2. 

Levinson, A. R. Levinson, and K. Mori, J. them. Ecol., 5, 911 (1980). 

T. Suguro and K. Mori, Agric. BioZ. Chem., 43, 409 (1979). 

R. Rossi and A. Carpita, Tetrahedron, 21, 2447 (1977). 

The SN2 type ring-opening reaction of (R)-8-methyl-$-propiolactone, the 

antipode of 7, has been applied for the synthesis of several optically active 

terpenes; T. Sato, T. Kawara, A. Nishizawa, and T. Fujisawa, Tetrahedron Lett., 

21, 3377 (1980); T. Fujisawa, T. Sato, T. Kawara, and K. Ohashi, ibid., g, 

4823 (1981). 

H. Westmijze, J. Meijer, H. J. T. BOS, and P. Vermeer, Red. Trau. Chim. Pays-Bas, 

95, 304 (1976); A. Alexakis, G. Cahiez, and J. F. Normant, Synthesis, 1979, 

826. 

The regio- and stereoselective ring-opening reaction of 6-vinyl-6-valero- 

lactone with organocopper reagents gave 7-substituted (E)-5-heptenoic acids 

in high yields; T. Fujisawa, T. Sato, M. Kawashima, K. Naruse, and K. Tamai, 

preceding paper in this issue. 

J. C. Stowell, J. Org. Chem., 41, 560 (1976). 

All products were isolated by distillation or a preparative TLC on silica gel, 

and the structures were verified by compatible spectral data. The ratio of 

E:Z was determined by capillary glpc analysis (F.F.A.P. 50m). 

A. R. Olson and R. J. Miller, J. Am. Chem. Sot., fi, 2687 (1938). 

The maximum rotatory power of (S,Z)-14-methyl-8-hexadecenal, the antipode of 

1 was estimated as [a]? +6.54°f0.230 (C 4.958, ether) by Rossi and Carpita.' 

(Received in Japan 17 May 1982) 


