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Abstraet--A chemical study of the sex pheromone of the cigarette beetle was 
carried out. Seven components were isolated from active fractions of column 
chromatography of the female extract, and their structures were elucidated by 
spectroscopic evidence and confirmed by synthesis to be (4S,6S,7S)-4,6-di- 
methyl-7-hydroxynonan-3-one (serricornin) (I), 2,6-diethyl-3,5-dimethyl-3,4- 
dihydro-2H-pyran (anhydroserricornin) (II), 4,6-dimethylnonan-3,7-dione 
(III), 4,6-dimethylnonan-3,7-diol (IV), 4,6-dimethyl-7-hydroxy-4-nonen-3-one 
(V), (2 S,3 R)-2,3 -dihydro-3,5-dimethyl-2-ethyl-6-(1-methyl-2-oxobutyl)-4H- 
pyran-4-one (serricorone) (VI) and (2S,3R)-2,3-dihydro-3,5-dimethyl-2-ethyl- 
6-(1-methyl-2-hydroxybutyl)-4H-pyran-4-one (serricorole) (VII). 

These structural features suggested that the occurrence of these com- 
ponents might be related to the polyketide biosynthesis. The behavioral bioas- 
say and EAG experiments revealed the biological role of each component in 
the copulatory behavior of this insect. 

Key Words--Sex pheromone, Lasioderma serricorne F., cigarette beetle, 
Coleoptera, Anobiidae, serricornin, polyketide biosynthesis. 

INTRODUCTION 

The cigarette beetle (Las ioderma serricorne F.)  is a serious cosmopolitan pest 
of  not only cured tobacco leaves but also of nearly all dry food stuffs. The 
difficulty in detecting the infestation of  this pest until their population has in- 
creased beyond the economic threshold level because of their clandestine nature 
and the deficiency of pest ic ide-dependent  control methods led us to investigate 
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the sex pheromone of this insect. The goal of this investigation was the devel- 
opment of efficient tools for integrated pest control. 

The existence of the sex pheromone produced by female cigarette beetles 
has been previously reported (Burkholder, 1970). A simple quantitative labora- 
tory bioassay technique has also been developed (Coffelt and Burkholder, 1972). 
It was revealed that the male responses to the sex pheromone consisted of a 
sequence of copulatory behaviors such as an antennal elevation with leg exten- 
sion, rapid locomotion to the pheromone source, and copulatory attempts with 
other test males. 

No chemical studies had been reported when our study on the sex phero- 
mone of this insect started. The structural elucidation and the synthesis of ser- 
ricornin (Chuman et al., 1979a,b), determination of the absolute configuration 
of serricornin by stereoselective syntheses (Chuman et al., 1981; K. Mori et al., 
1981, 1982; M. Mori et al., 1982a,b), the structure-pheromone activity rela- 
tionship of serricornin (Chuman et al., 1982a,b) has already been reported. Re- 
cently, the structural elucidations of serricorone and serricorole were also re- 
ported (Chuman et al., 1983). 

In this article, we wish to describe the isolation, structural elucidation, 
syntheses, and sex pheromone activity of these components in detail, although 
some parts of this study have already been reported in the short communications, 
and to discuss the occurrence of the sex pheromone components related to the 
polyketide biosynthesis (Figure 1). 
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FIG. 1. Structures of the sex pheromone components. 
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METHODS AND MATERIALS 

Cigarette beetles were reared on corn flour containing 5% brewer's yeast 
powder at 28~ and 60% relative humidity with a 1:1 light-dark photoperiod. 
Virgin females for extraction and the males for bioassay and EAG experiments 
were sexed at the pupal stage by the tail characteristic. The pheromone activity 
was estimated by behavioral bioassy and EAG experiments as described previ- 
ously (Chuman et al., 1982a,b). 

Analysis 

IR spectra refer to films and were determined on a Jasco IRA-1 spectrom- 
eter. The 100-MHz FT-PMR and CMR spectra were recorded in CDC13 with 
TMS as an internal standard on a JEOL-FX-100 spectrometer unless otherwise 
mentioned. Optical rotations were measured on a Jasco DIP-4 polarimeter. Cap- 
illary GC analyses were performed on a Shimadzu Minim-1 GC using OV-101 
(30 m, 0.25 mm ID). Preparative GC was performed on a Hitachi 063 GC using 
OV-101 (1 m, 3 mm ID). The GC-MS analyses were carried out on JEOL-D- 
300, Hitachi 50GC, and Hitachi M80 mass spectrometers. 

Preexamination of Pheromone Isolation 

To examine the chemical properties of the pheromone prior to the large 
scale isolation, about 100 virgin females were extracted with hexane. The ex- 
tract could elicit the strong sex pheromone activity on attractiveness and sex 
stimulation for the male. When the extract was reacted with 2,4-dinitrophenyl- 
hydrazine or with acetic anhydride and pyridine, nearly all the activity disap- 
peared. The activity could be recovered by hydrolysis of the acetylated material 
with 3 % KOH-methanol. Column fractionation on silicic acid with hexane-ether 
mixtures yielded a low-polarity fraction, eluted with 2-5 % ether/hexane, that 
was very active and a high-polarity fraction, eluted with 100 % ether, that was 
somewhat active. The activity of the low-polarity fraction was relatively stable 
to alkali, but unstable to acid. It was also unstable to heat as demonstrated by 
loss of activity on attempted preparative GC purification. This instability to 
preparative GC purification could be avoided by acetylation of the 2-5 % ether/ 
hexane fraction from column chromatography. 

Large-Scale Isolation 

The 260,000 cigarette beetles (mixed population, F/M ratio = 1:1) were 
extracted with hexane, and the crude extract was chromatographed on a silicic 
acid column with hexane-ether mixtures as a solvent to furnish two active frac- 
tions, which corresponded to the 2-5 % ether/hexane and 100 % ether fractions. 
The 2-5% ether/hexane fraction, which was the main active fraction, was 
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acetylated with acetic anhydride and pyridine. Final purification by preparative 
GC gave compound I (3.1 mg) as a main component, compound III (1.0 mg), 
and compound V (1.8 mg) from the acetylated 2-5 % ether/hexane fraction, and 
compound VI (1.2 mg) and compound VII (0.7 rag) from the 100% ether frac- 
tion. Compound II and compound IV were detected as minor components in 
the 2-5 % ether/hexane fraction by GC-MS analysis. 

Syntheses of Components (Fig. 2). 

4, 6-Dimethyl- 7-hydroxy-nonan-3-one (Serricornin ) (I) and 2, 6-Diethyl-3,5- 
dimethyl-3,4-dihydro-2H-pyran (Anhydroserricornin) (II) (Figure 2). Crude 
serricornin could be obtained by the method described previously (Ono et al., 
1980). The crude serricornin (100 g) was refluxed in benzene in the presence 
of TsOH and distilled to furnish pure 2,6-diethyl-3,5-dimethyl-3,4-dihydro-2H- 
pyran (anhydroserricornin, II, 54 g) in 60% yield. Boiling point 37-38 ~ C/1 
mm Hg, MS (m/z): 168(M +, 38), 41(46), 43(54), 55(58), 57(42), 69(42), 
86(31), 99(100), 111(12), 125(19), 139(15), 153(4); IR (cm -1, film): 2970(s), 
2930(s), 2840(s), 1682(s), 1460(s), 1380(s), 1350(m), 1270(s), 1230(s), l170(s), 
1050(s), 983(s); PMR (CDC13, 6 TMS): 0.8-1.0 (9H, m), 1.2-1.8 (5H, m), 1.56 
(3H, bds), 2.0 (2H, q), 3.2-3.6 (1H, m); CMR (CDC13, 6, TMS): 9.5 (t), 10.6 
(c), 12.2 (c,t), 13.5 (c,t), 17.5 (c), 17.7 (t), 23,6(cx2), 23.9 (t), 25.4 (t), 30.1 (c), 
31.4 (t), 35.7 (c), 35.9 (t), 79.0 (c), 80.7 (t), 98.6 (c), 99.5 (t), 148.4 (c), 148.9 
(t); multiplicity of completely decoupled CMR signals was due to the coexist- 
ence of C2,3_cis-(C ) and C2,3_ t . . . .  -(t) isomers. 

Treatment of pure anhydroserricornin (II, 54 g) with iso-PrOH (600 ml) 
and water (200 ml) in the presence of TsOH (20 g) at 35 ~ for 6 hr gave 4,6- 
dimethyl-7-hydroxy-nonan-3-one (serricornin, I) (51.9 g) with anhydroserricor- 
nin (II, 7.1 g). GC analysis showed that this stereoisomeric mixture of serricor- 
nin was composed of (4S*, 6S*, 7S*) 1 isomer (33%), (S*, S*, R*) 2 isomer 
(9%), (S*, R*, S*) isomer (48%), and (S*, R*, R*) isomer (10%). The assign- 
ments of the stereochemistries were established by the complete decoupled CMR 
data of each acetate of serricornin stereoisomers (Table 1). 

Column chromatography of the stereoisomeric mixture of serricornin on 
silica gel furnished pure (S* R* S*)- and (S* R* R*) serricornins. Pure (S* S* S*) 
and (S*S*R*) serricornins could be obtained by the Ca epimerization of 
(S*R*R*) and (S*R*S*) serricornins, respectively, because the chromato- 
graphic behaviors of (S* S* S*) and (S* S'R*) serricornins were very close and 
the direct separation on the column failed. 

A stereochemical sign with asterisks such as (4S*,6S*,7S*) means the racemate of the respective 
enantiomers. 

2Stereoehemical signs such as (SSS), (SSR), (SRS), and (SRR) mean (4S,6S,7S), (4S,6S,7R), 
(4S,6R,7S) and (4S,6R,7R), respectively. 
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Among these four enantiomeric mixtures of serricornin, only the (S* R* S*) 
isomer yielded a cubic crystalline material (mp 46.5-47.5~ X-ray analysis of 
the crystalline material established the structure to be (2R*, 3S*, 5R*, 6S*)- 
2,6-diethyl-3,5-dimethyl-2-hydroxy-tetrahydropyran, which corresponded to the 
hemiketal form of (S* R* S*)-ketoalcohol form of serricornin (M. Mori et al., 
1984). IR (cm -1, KBr): 3400(s), 2970(s), 2930(s), 2870(s), 1460(s), 1400(s), 
1375(s), 1265(m), l180(s), l150(s), 1090(s), 1070(s), 1040(m), 1000(s), 970(s), 
920(s), 900(m); PMR (CDC13, fi TMS): 0.7-1.0 (12H,m), 1.2-1.8(8H,m), 3.34 
(1H,ddd, J = 3, 7.5, 10 Hz); CMR (CDCI3, 3 TMS): 7.1, 9.6, 16.4, 17.6, 25.6, 
32.6, 35.0, 36.7, 37.1, 76.0, 98.2. 

4,6-Dimethylnonan-3,7-dione (III). The mixture of serricornin (I, 3.7 g) and 
CrO3-pyridine complex in pyridine (150 ml) was stirred for 48 hr at 10~ and 
poured into water. The mixture was extracted with benzene and the benzene 
layer was washed with 10 % aq HC1 to eliminate pyridine. After washing with 
water and drying over Na2SO4, the mixture was concentrated in vacuo to give 
4,6-dimethylnonan-3,7-dione (III, 3.5 g). MS (m/z), 184(M +, 1): 41(10), 
57(100), 86(40), 99(4), 127(4), 142(2), 155(1); IR (cm -1, film): 2970(s), 
2940(s), 2880(s), 1710(s), 1460(s), 1410(m), 1375(s), ll00(s), 1020(m), 975(s); 
PMR (CDCI 3, 6 TMS): 1.04(6H, t, J = 7 Hz), 1.07 (6H, d, J = 7 Hz), 1.6 
(2H, m), 2.4 (6H, m). 

4,6-Dimethylnonan-3,7-diol (IV). A solution of serricornin (I, 5.6 g) is iso- 
PrOH (10 ml) was added dropwise to a stirred and ice-cooled suspension of 
NaBH 4 (0.38 g) in iso-PrOH (20 ml) and the mixture was stirred at room tem- 
perature overnight. The mixture was poured into ice-water, treated with 10% 
aq acetic acid, and extracted with ether. The ether layer was washed with water 
and dried over Na2SO4 to give 4,6-dimethylnonan-3,7-diol, (IV, 5.3 g). MS (M/ 
z): 41(40), 43(40), 55(40), 57(40), 59(60), 69(40), 83(16), 86(8), 123(16), 
141(4); IR (cm -1, film): 3300(s), 2960(s), 2930(s), 2875(s), 1455(s), 1370(s), 
1340(s), 1250(m), 1240(m), l140(m), ll00(m), 1060(m), 975(s), 950(s); PMR 
(CDCI3, 6 TMS): 0.8-1.0 (12H, m), 1.2-1.7 (8H, m), 3.4 (2H, m); 3,7-Diace- 
toxy-4,6-dimethylnonane (diacetate of IV), MS (m/z): 43(100), 55(16), 69(20), 
70(24), 83(10), 86(6), 103(11), 109(5), 123(11), 141(7), 152(2), 154(3). 

2,3-cis-2,3-Dihydro-3,5-dimethyl-2-ethyl-6-(1-methyl-2-oxobutyl)-4H-pyran- 
4-one (Serricorone, VI). A solution of BF3-Et20 (28.4 g) in ether was added 
dropwise to a stirred and ice-cooled solution of 4-methylheptan-3,5-dione (iii, 
28.4 g) in dry ether (100 ml) at 5-10~ To the mixture, propionaldehyde (18.5 
g) was added with stirring. After addition, the mixture was continuously stirred 
for 10-16 hr, subsequently poured into ice-water and extracted with ether. The 
ether layer was washed with Na2SO3, water, and dried over Na2SO4. The ether 
layer was concentrated in vacuo, and the residue was distilled to furnish 2,3- 
dihydro-3,5-dimethyl-2,6-diethyl-4H-pyran-4-one (iv) (18.8 g) in 56 % yield, l~p 
73-82~ mm Hg. Capillary GC analysis revealed that the ratio of the C2.3-r 
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and C2,3-t . . . .  isomers was 3:1. Pure 2,3-cis pyranone was obtained by column 
chromatography. MS (m/z): 182(M § 33), 55(67), 57(93), 83(89), 113(100), 
153(1); PMR (CDC13, ~ TMS): 0.98 (3H, t, J = 7 Hz), 1.03 (3H, d, J = 7 
Hz), 1.14 (3H, t, J = 7 Hz), 1.73 (3H, s), 2.2-2.4 (3H, m), 4A2 (1H, 
ddd, J = 8.2, 5.8, 3.1 Hz); CMR (CDC13, 6 TMS): 9.1, 9.5, 9.8, 10.9, 23.6, 
25.6, 42.5, 82.0 (cf. C2.3-, . . . .  : 83.7); signals due to the carbons belonging to the 
carbonyls and the fully substituted double bond were not observed because of 
the short pulse interval used for the CMR measurement. 

The mixture of the C2,3-c,-s pyranone (iv) (33.6 g) and propionic anhydride 
(78 g) was stirred in the presence of ZnCI 2 (24.9 g) for 48 hr at 40~ After 
cooling, the mixture was poured into ice-water and the ether layer was sepa- 
rated. The ether layer was washed with saturated NaHCO 3 to remove excess 
propionic anhydride and with 10% aq Na2CO3, water and dried over Na2SO 4. 
After concentration, the residue was dissolved in 40 % aq dimethylamine-meth- 
anol (30 ml) and allowed to stand for 24 hr. After filtration, the filtrate was 
poured into ice-water and extracted with ether. The ether layer was washed with 
water and dried over Na2SO4. The ether solution was concentrated, and the 
residue was chromatographed on silica gel to give 2,3-cis-2,3-dihydro-3,5-di- 
methyl-2-ethyl-6-(1-methyl-2-oxobutyl)-4H-pyran-4-one (2,3-cis serricornone) 
(VI, 26.8 g) in 60% yield. MS (re~z): 238 (M +, 5), 43(13), 55(27), 57(100), 
69(7), 83(28), 97(8), 109(15), 112(9), 113(30), 124(18), 139(4), 153(7), 182(53), 
183(7); IR (cm -~, film): 2950(s), 2930(s), 2860(s), 1710(s), 1660(s), 1605(s), 
1455(m), 1370(m), 1340(m), 1200(m), 1135(w), l120(m), 1045(m); PMR 
(CDC13, ~ TMS): 0.99 (3H, t, J = 7.8 Hz), 1.03 (3H, d, J = 7.8 Hz), 1.07 
(3H, d, J = 7.1 Hz), 1.30 (3H, d, J = 6.9 Hz), 1.33 (3H, d, J = 6.9 Hz), 1.80 
(3H, s), 1.4-1.8 (2H, m), 2.4 (3H, m), 3.70 (1H, q, J = 6.6 Hz), 4.15 (1H, m); 
CMR (CDC13 8, TMS): 7.8, 9.5, 9.7, 12.7, 12.9, 23.3, 23.6, 33.9, 42.7, 49.1, 
49.5, 8.27, 83.0 (cfi C2,3-t .... isomer: 84.3); signals due to the carbons belonging 
to the carbonyls and the double bond were not observed. 

2,3-cis-2,3-Dihydro-3,5-dimethyl-2-ethyl- 6- (1-methyl-2-hydroxybutyl)-4H- 
pyran-4-one (serricorole, VII). To an ice-cooled suspension of NaBH4 (0.38 g) 
in EtOH (20 ml), a solution of 2,3-cis-serricorone (VI, 2.38 g) in EtOH (5 ml) 
was added without stirring, and the resulting solution was allowed to stand for 
5-6 hr. The solution was added to ice-water and extracted with ether. The ether 
layer was washed with water and dried over Na2SO4. Concentration in vacuo 
gave 2,3-cis-2,3-dihydro-3,5-dimethyl-2-ethyl-6-(1-methyl-2-hydroxybutyl)-4H- 
pyran-4-one (serricorole VII, 1.6 g). MS (m/z): 43(16), 55(16), 57(49), 59(67), 
69(23), 70(30), 83(46), 96(15), 97(18), 109(38), 111(13), 112(99), 113(100), 
117(15), 124(37), 141(17), 153(28), 182(80); IR (cm -~, film): 3400(bds), 
2950(s), 2920(s), 2870(s), 1650(s), 1640(s), I600(s), 1455(s), 1370(s), l190(m), 
l150(m), lI30(m), 1060(m), 1030(m), 970(m); PMR (CDC13, 6 TMS): 0:9-1.2 
(12H, m), 1.4-1.6 (4H, m), 1.75 (3H, s), 2.21 (2H, m)~ 2,82 (1H, m), 3.5-4.2 
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(2H, m). 2,3-cis-2,3-Dihydro-3,5-dimethyl-2-ethyl-6-(1-methyl-2-acetoxybutyl)- 
4H-pyran-4-one (acetate of 7), MS (m/z): 282(M +, 4), 43(67), 57(15), 69(10), 
70(12), 83(52), 97(58), 101(26), 109(10), 113(16), 124(24), 125(11), 152(53), 
153(100), 171(22), 182(76), 193(66), 222(59). 

RESULTS AND DISCUSSION 

Structural Elucidation of the Components 

(4S, 6S, 7 S)-4,6-Dimethyl-7-hydroxynonan-3-one (Serricornin, I). Com- 
pound I was isolated from the 2-5 % ether/hexane fraction of column chro- 
matography and purified by preparative GC after acetylation. [o~]2L17.7, [c~]546- 
19.7, [ot]435-36.8, [ot]365-70.3 (c = 0.155, hexane), MS (m/z): 168 (M +- 
CH3COOH, 8), 43(100), 55(24), 57(71), 69(39), 70(20), 83(27), 86(64), 99(13), 
111(27), 127(4), 128(5), 139(20), 153(1), 157(20); IR (cm -1, film): 2960(s), 
2940(s), 2870(s), 1735(s), 1715(s), 1460(m), 1370(m), 1240(s), ll00(m), 
1020(m), 960(m), 890(m); PMR (CDC13, 6 TMS): 0.86 (3H, t, J = 7 Hz), 0.89 
(3H, d, J = 7 Hz), 1.05 (3H, t, J = 7 Hz), 1.08 (3H, d, J = 7 Hz), 1.43 (2H, 
m), 1.60 (1H, m), 1.66 (2H, m), 2.06 (3H, s), 2.44 (2H, q, J = 7 Hz), 2.63 
(1H, m), 4.78 (1H, m), irradiation at 1.43, 1.60, 2.44, and 2.63 simplified the t 
at 0.86 to s, the t at 0.89 to s, the t at 1.05 to s, and the d at 1.08 to s, respec- 
tively; CMR (CDC13, 6 TMS): 7.84, 10.18, 14.45, 16.67, 21.06, 24.22, 33.70, 
34.22, 35.98, 43.53, 78.04, 170.88, 214.88. 

Structural elucidation of serricornin (compound I) as its acetate form by 
spectroscopic evidence and its synthesis has already been reported (Chuman et 
al., 1979a,b). The absolute configurations of the three chiral centers at C a, C6, 
and C7 in the serricornin molecule were established to be (4 S,6 S,7 S) by several 
synthetic studies of serricornin stereoisomers (Chuman et al., 1981a; K. Mori 
et al., 1981; M. Mori et al., 1982a) and (4S,6S,7S)-serricornin, the natural 
isomer (K. Mori et al., 1982; M. Mori et al., 1982b; Mori and Watanabe, 
1984). 

In addition to the stereochemistry, the serricornin molecule is also of in- 
terest because it can exist in both the acyclic chain and cyclic hemiketal forms. 
This assumption was strongly supported by the actual occurrence of the hemi- 
ketal form of (S'R* S*)-serricornin as a crystalline material. Recently, detailed 
assignments of high-field 500-MHz PMR spectral data revealed that natural 
(SSS)-serricornin existed at equilibrium between the acyclic keto alcohol form 
and cyclic hemiketal form with a ratio of 1:2.5 in C6D 6 solution. The 500-MHz 
PMR studies of the serricornin stereoisomers also indicated that nonnatural iso- 
mers, (S*R*S*)- and (S*R*R*)-serricornins existed predominantly in the 
hemiketal form and the keto alcohol form, respectively, at equilibrium, but 
(S*S*R*)-serricornin existed at equilibrium in the same ratio as that of 
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OH 
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FIG. 3. Equilibrium between the acyclic keto alcohol and the cyclic hemiketal forms of 
serricornin. 

(S* S* S*)-serricornin (Figure 3). These differences of the equilibrium relation- 
ships among serricornin stereoisomers were coflsidered to be due to the ster- 
eochemical relationship between C4 and C6 methyls in the hemiketal molecule. 
Although this equilibrium between the keto alcohol and the hemiketal forms 
seems to be closely related to the occurrence of the sex pheromone activity of 
serricornin, it remained unknown whether the active form of serricornin was the 
acyclic keto alcohol form or the cyclic hemiketal form and whether both were 
required with some ratio in the copulatory communication of the cigarette bee- 
tie. Judging from the inactivity of anhydroserricornin (II), which formed easily 
by dehydration of serricornin, it is possible that the structural conversion be- 
tween keto alcohol-hemiketal and anhydroserricornin has a regulatory flmction 
of the occurrence and disappearance of the pheromone activity (Figure 4). 

4,6-Dimethylnonan-3,7-dione (III). Compound III was isolated from the 
acetylated 2-5 % ether/hexane fraction and purified by preparative GC. [a]23 
+6.0, [Ot]545 q-0, [Or q-0, [ot]365-34.0 (C = 0.05, hexane); MS (m/z): 184 
(M § 1), 41(10), 57(100), 86(49), 99(6), 127(11), 142(5), 155(3); IR(cm -~, 
film): 2790(s), 2925(S), 2870(s), 1710(s), 1460(m), 1375(m), ll00(m), 
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NO . 

K / t o - a l c o h o l  H o m l k e t a l  Anhydro  

|o r r l cornJn  l e r r l c o r n l n  l e r r l c o r n l n  

A C T I V E  I N A C T I V E  

Fr~. 4. Structural conversion of the serricornin molecule. 

1020(w), 965(m); PMR (CDC13, ~ TMS): 1.04 (6H, t, J = 7 Hz), 1.08 (6H, 
d, J = 7 Hz), 1.66 (2H, m), 2.44 (4H, q, J = 7 Hz), 2.55 (2H, m), irradiation 
at 2.55 simplified at t at 1.04 and the d at 1.08 to bds and the m at 1.66 to s, 
respectively. 

Structural elucidation of 4,6-dimethyl-nonan-3,7-dione by spectroscopic 
evidence has already been reported (Chuman et al., 1979a). 

4,6-Dimethyl-7-hydroxy-4-nonen-3-one (V). Compound V was isolated 
from the acetylated 2-5 % ether/hexane fraction and purified by preparative GC. 
[c~]23-24.8, [c~]546-41.1, [c~]435-56.7, [c~]365-114.4 (c = 0.09, hexane); MS (m/z): 
168(M+-CzHsCOH, 2), 43(100), 57(15), 67(8), 69(8), 97(33), 109(7), 126(93), 
137(24), 155(12), 166(2); IR (cm -1, film): 2960(s), 2920(s), 2870(s), 1730(s), 
1665(s), 1455(m), 1370(m), 1240(s), 1085(m), 1040(m), 1015(m), 960(m), 
900(m); PMR (CDC13, 6 TMS): 0.87 (3H, t, J = 7 Hz), 1.02 (3H, d, J = 7 
Hz), 1.09 (3H, t, J = 7 Hz), 1.4-2.0 (3H, m), 1.79 (3H, d, J = 1.5 Hz), 2.66 
(2H, q, J = 7 Hz), 2.08 (3H, s), 4.78 (1H, m), 6.38 (1H, d, J = 7 Hz), 
irradiation at 1.6, 2.66, and 6.38 simplified the t at 0.87 to s, the t at 1.09 to s, 
and the d at 1.79 to s, respectively. 

Precise mass determination of the ions at m/z 166 and 168, which were 
caused by a loss of CH3COOH and C2HsCOH from molecular ion, respectively, 
in EI-MS (found 166.1386; calcd. 166.1358; found 168.1160; calcd 168.1150), 
established the molecular formula to be C13H2203 which was also confirmed by 
the presence of an ion at m/z 244 (M + +NH4) in the CI-MS spectrum. 

Three oxygen atoms in the molecule were attributable to an o~,/3-unsatu- 
rated carbonyl (1665 cm -1) and an acetoxyt group (1730 cm-1). Therefore, 
three unsaturations were due to these two carbonyls and the double bond. 

By decoupled PMR experiments, five methyls were assigned to be a methyl 
(0.87) attached to a methylene, a methyl (1.02) attached to a methine, a methyl 
(1.09) attached to an ot-carbonylmethine, a methyl (1.79) attached to the double 
bond, and a methyl (2.08) in the acetoxyl group. These spectroscopic data in- 
dicated that compound C was a dehydro derivative of serricornin acetate. Judg- 
ing from the presence of the conjugated double bond with carbonyl group in the 
molecule, 7-acetoxyl-4,6-dimethyl-4-nonen-3-one was assigned for the acetate 
of V. 
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(2 S ,3  R )  - 2 ,3  - D i h y d r o  - 3 ,5  - d i m e t h y l  - 2 - e thy l  - 6 -  (1 - m e t h y l  - 2 - oxo-  

b u t y l ) - 4 H - p y r a n - 4 - o n e  (Se r r i corone ,  VI). Compound VI was isolated from the 
100% ether fraction and purified by preparative GC. MS ( m / z ) :  238 (M +, 15), 
43(10),55(10), 57(77), 69(7), 83(18), 97(11), 109(15), 112(10), 113(31), I24(19), 
139(7), 153(10), 182(100), 183(12); IR(cm -z, film); 2970(s), 2940(s), 2850(s), 
1715(s), 1660(s), 1605(s), 1460(m), 1380(m), 1360(m), 1350(m), 1240(m), 
1210(m), ll60(w), l140(m), l120(m), 1090(m), 1050(m), 960(m); PMR 
(CDC13, ~ TMS, 400 MHz): 0.59, 0.60 (3H, t, J = 7.3 Hz), 0.83, 0.85 (3H, d, 
J = 7.3 Hz), 0.95, 0.97 (3H, t, J = 7.3 Hz), 1.16, 1.18 (3H, d, J = 6.8 Hz), 
1.36 (2H, m), 1.768, 1.773 (3H, s), 2.10 (2H, m), 2.22 (1H, m), 3.11 (1H, q, J 
= 6.8 Hz), 3.50 (1H, m); irradiation at 1.36, 2.10, 2.22, and 3.10 simplified the 
ts at 0.59, 0.60 to bds, the ts at 0.95, 0.97 to ss, the ds at 0.83, 0.85 to ss, and 
the ds at 1.16, 1.18 to ss, respectively; CMR (CDC13, 6 TMS): 7.78, 9.5, 9.7, 
12.7, 23.3, 23.6, 33.9, 42.7, 49.1, 49.5, 82.6, 83.3; signals of the carbons be- 
longing to the carbonyls and the double bond were not observed. 

Structural elucidation of serricorone (VI) by spectroscopic evidence and its 
synthesis has already been reported (Chuman et aI., 1983). 

(2S,3R) - 2 ,3  - D i h y d r o  - 3 ,5  - d i m e t h y l  - 2 - e thy l  - 6 - (1 - m e t h y l  - 2 - hy-  

d r o x y b u t y l ) - 4 H - p y r a n - 4 - o n e  (Se r r i coro l e ,  VII) .  Compound VII was isolated 
from the 100% ether fraction and purified by preparative GC. MS ( m / z ) :  

240(M +, 28), 57(10), 59(8), 70(8), 82(10), 83(35), 112(37), 113(100), 133(28), 
145(11), 153(8), 182(43), 183(21); PMR (CDC13, 6 TMS): 0.9-1.1 (12H, m), 
1.4-1.8 (4H, m), 1.76(3H, s), 2.35 (1H, m), 2.88 (1H, m), 3.75 (1H, m), 4.06 
(1H, m). Acetate of compound G was also obtained from the 100% ether frac- 
tion after acetylation. MS (re~z);  282 (M +, 4), 43(83), 57(16), 69(18), 70(12), 
83(52), 97(50), 101(23), 109(13), 113(16), 124(23), 125(15), 137(10), 152(25), 
153(100), 171(29), 182(73), 193(51), 222(54); PMR (CDC13, 6 TMS): 0.83-1.3 
(12H, m), 1.4-1.8 (4H, m), 1.76 (3H, s), 1.97 (3H, s), 2,3-2.4 (1H, m), 2.95 
(IH, m), 3.97 (1H, m), 5.02 (1H, m). 

Structural elucidation of serricorole (VII) by spectroscopic evidence and its 
synthesis has already been reported (Chuman et al., 1983). Recently, the ab- 
solute configurations of C2 and C 3 of serricorone (VI) and serricorole (VII) were 
established to be (2S,3R) by comparative study on the ORD curves of natural 
ones with that of stegobinone (XX), the sex pheromone of the drugstore beetle. 3 

2, 6 -D ie thy l -3 ,5 -d ime thy l -3 ,  4 -d ihydro -2  H - p y r a n e  ( A n h y d r o s e r r i c o r n i n ,  II) 

a n d  4 , 6 - D i m e t h y l n o n a n - 3 , 7 - d i o l  (IV).  Compound II and compound IV were de- 
tected in the 2-5 % ether/hexane fraction. Mass spectra of compounds II and 
IV were identical to those of the synthetic anhydroserricornin (II) and 4,6-di- 
methylnonan-3,7-diol (IV), respectively. 

3private communication from Dr. Ebata and Prof. K. Mori, University of Tokyo, Japan. 
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The Pheromone Activity of the Components 

The hexane extract of the female could elicit the pheromone activity, which 
was observed as sequential behavior of the males; an antennal elevation with 
mesothoracic legs, rapid zig-zag locomotion toward the pheromone source, and 
copulation attempts with other test males. To investigate the contribution of each 
component to the biology activity, the sex pheromone activity of each component 
was estimated by the behavioral bioassay and EAG experiments using synthetic 
materials. Three parameters were employed in our bioassay: (1) attractiveness-- 
the number of males that climbed up the filter impregnated with test chemicals 
(total number of times males climbed up filter paper exceeds 10 because some 
males climbed up filter paper several times); (2) sex stimulation--the number of 
homosexual couples induced; and (3) reactivity--number of males responding 
among 10 test males (Figure 5). 

Results of our bioassay indicated that (S*S*S*)-serricornin 4 (I) could elicit 
the strongest sex pheromone activity on all parameters of this bioassay among 
the test chemicals. It showed that serricornin was the main component of the 
sex pheromone of this insect which could evoke strong attractiveness and sex 
stimulation for the males. Serricorone (VI) and serricorole (VII) could also stim- 
ulate strong sexual activity which induced the mass-mounting behavior among 
test males, but these components showed somewhat weak attractiveness. These 
components were considered to contribute to the supplementary factors of sex 
stimulation by cooperation with serricornin in the copulation of this insect. 4,6- 
Dimethylnonan-3,7-dione (III) and 4,6-dimethylnonan-3,7-diol (IV) had slight 
sex pheromone activity, but anhydroserricornin (II) elicited almost no typical 
activity. These results were entirely opposite to those reported by Levinson et 
al. (1981). Judging from the small amount of components II and IV in the female 
extract, these were not considered to play an important role in the occurrence 
of sex pheromone activity. 

These observations were consistent with the results of EAG experiments 
except that of 4,6-dimethylnonan-3,7-dion III, the EAG intensity of which cannot 
be explained at present. 

Consequently, it was demonstrated that sex pheromone activity of this in- 
sect was evoked mainly by serricornin, although it remained uncertain whether 
the active form was the acyclic keto alcohol or cyclic hemiacetal. Serricorone 
(VI) and serricorole (VII) might act with serricornin (I) as supplementary factors 
to enhance the sex stimulation in the copulation. 

4In this bioassay (S*S*S*)-serricornin, which was purified from stereoisomeric mixture of serri- 
cornin, was used as testing material. A recent study on the stereochemistry-pheromone activity 
of serricornin revealed that only (S,S,S)-serricornin, a naturally occurring isomer, had the strong 
sex pheromone activity among eight stereoisomers (Mochizuki et al., 1984). 
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Relationship between Sex Pheromone Components 
and Polyketide Biosyntheses 

Seven components isolated in our study on the sex pheromone of cigarette 
beetle could be divided into two groups according to the carbon skeletons of 
their gross structures. One of the groups was made up by C-11 series compo- 
nents, serricornin (I), anhydroserricornin (II), 4,6-dimethyl-nonan-3-one (III), 
4,6-dimethylnonan-3,7-diol (IV), 4,6-dimethyl-7-hydroxy-4-nonen-3-one (V); 
and another was comprised of O14 series components, serricorone (VI) and 
serricorole (VII). These components had structural similarities regarding the 
position of the functional groups and methyl branches in their structure. The 
3,7-bifunctional and 4,6-dimethyl relationship in C-11 series could be also ex- 
panded to the 3,5,7,9 multifunctional and 4,6,8 trimethyl relationship in C-14 
series. These structural features suggested that these C-11 and C-14 components 
might be derived from the corresponding C-I1 and C-14 polyketide precursors 
which were formed by the condensation of four propionate units and five pro- 
pionate units, respectively (Chuman, 1981b) (Figure 6). 

It could be assumed that C-11 precursor 3,5-dioxo-7-ol (XXIV), was con- 
verted to 3-oxo-5,7-diol by regioselective hydrogenation of C3-carbonyl group, 
followed by dehydration to give 4,6-dimethyl-7-hydroxy-4-nonen-3-one (V). 
Stereoselective hydrogenation of the double bond in V furnished serricornin (I), 

c,,-poJyketide c,~-polyket ide 

x x I v  y2~'v i i 

O O H  "" -'" 

v ~ 0 v~ 

o oH 
2 

/ ",,, \ 

I I I  IV I I  

FI~. 6. Possible polyketide biosynthesis of the sex pheromone components of the 
cigarette beetle. 
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which formed the equilibrium between the acyclic keto alcohol and cyclic hem- 
iacetal structures. 

This equilibrium of serricornin (I) gave anhydroserricornin (II) by dehy- 
dration, 4,6-dimethyl-nonan-3,7-dione (IID by oxidation of the C7-hydroxyl , and 
4,6-dimethyl-nonan-3,7-diol (IV) by hydrogenation of the C 3 carbonyi. It was 
also shown that the C-14 precursor, 3,5,7-trioxo-9-ol (XXVII), might furnish 
serricorone (VI) by dehydrative cyclization between C5 and C 9, followed by the 
selective hydrogenation of the carbonyl in the side chain to give serricorole 7. 
Another route for the formation of serricorone (VI) from CI~ pyranone by an 
aldol condensation with a propionate unit could be considered. 

This assumption of polyketide biosynthesis was supported by the biomi- 
metic syntheses of serricorone (VI) and stegobinone (XX), which were synthe- 
sized via polyketide precursors (Ansell et al., 1979; Sakakibara and Mori, 1979; 
Chuman et al., 1983; Ono et al., 1983). 

Many biologically active substances of insects that seemed to be related to 
the polyketide biosynthesis were reported as defensive substances of opilionids, 
(VIII-XII, XV, XXIII) (Jones et al., 1976, 1977), and of mutilid wasps, (XII, 
XVI, XVII) (Fales et al., 1980), alarm pheromone of ants (XII-XIV) (Fales et 
al., 1972; Riley et al., 1974), an aggregation pheromone of bark beetle (XII, 

~7 

MXI VIII IX X 

C. 

x~II xI XlI XIIi 

XXIII Xl~J XV XVI 

xxiv v 5~.Icom/irt I 

C,o ~ ."... 

"'. OH [31 t 
II IV 

xxv xlx k 

C13 o 

IO<VI XX XVII XVIII 

NIl VI VIII 

FiG. 7. Biologically active substances of insects related to polyketide biosynthesis. 
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XIX) (Pearce et al., 1975), an aggregation pheromone of rice and maize weevil 
(XXII) (Schmuff et al., 1984), and a sex pheromone of drugstore beetle (XX) 
(Kuwahara et al., 1978) (Figure 7). 
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