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The spined citrus bug, Biprotulus b&zx Bxddin (Hcmiptcra: Pcntatomid@, is an Australian citrus pest of 

&easing im~c& The pn%?cne of sexual dimorphism in the dorsal abdomM glands (DAGs) of these 

bugs (the males have enlarged glands whereas those of the females ~tr; very small) suggested an analogy to 

cextain pxdaccous penmtomids whuein a similar dimoqhism was related to p-one production by the male 

glaudsW Because the availability of a phuomone could be useful for monitoring and control strategies, we 

have investigated the see&on of the male glands and hem report its major components and the identification of 

the most abundant compounti as the previously unknown 12uubon unsaturated hem&tall. 
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Using a dissecting microscope, DAGs Tom cu. 15 males wen excised under water, blotted with tissue 

papcr,andmaccratalwithhepmneinasmallconicalvial. Thcheptanesolutionwasanalyzcdbygas 

cbgraphy-mass spccuometry (W-MS). A high nsolution MS of 1 established its empirical formula as 

t&H&, and contained ions qnescnting losses of Ha aad @I-). Chemical ionization MS with 

ammonia and dcutuoammonia as nxgcnt gases, zespccdvely. nvcalcd the presence of a single exchangeable 

hydrogen. Pnparative gas cm hy of most of the sample pnwided enough mat&al (75 ug 7) for lH- 

NMR and the following expcxhnents. Hydrogenation (ptoz, 1 atm) nsulted in uptake of two equivalents of 

hydrogen; thus the empirical formula of 1 squired one ring or additional element ofunsahradon. The 

hydrogenation p&uct mtaincd the exchangeable hydrogen and also displayal the losses of H@ and (H@CO) 

during electron ionization MS. Ozonolysis of 1 and daivatization with O-baqlhydroxylamhe gave a single 
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product ( observable by GC-MS) that was identified (by MS and retention time) as the O-benzyloxime of 

pmpanal. 
A &as phape idated spectmm (GC-FI’IR) contained band8 at 3644.1737, and 9t% cm-l, suggesting OH, 

carbonyl, aad &obf& thU8 the MS aAd m data seemed consistent with a hydmxy ddehyde. The lH-NMR 

speetmm (C&Da 1 was rather unstable in CDCl#,however, showed no sign of a strongly &shielded signal 

~~ganarArlrvde~O,butdidcontainwhataeemedtobea btoadad singlet (3 5.25) within the 

complex olefinic @on and too many modaately deshiekkd sign& to be explained by a carboxylic acid or a 

hydmxy ketone. Also puzzling in the tH-NMR spectrum WQC several well defkd multiplets that were too 

small(caO.uHeach)tonlatetothes~~signalsartobeconaistentwiththeapparenthishpurityofthe 

sample as judged by GC. Although the sample was too small for W oc COSY expeximats, some tentative 

amnectivities could be &duced fnnn decoupling, and it was possible to postulate a tetmhydrofman-2-01 

substituted in the f and 4-positions with I-butenyl ~poups. This general structme would also explain the 

equal sets oftH-NMR signals if the cyclic hemiacetal existed as an equilibtium mixtme of the two anomers. 

This conclusion was .&pox&d by synthesis of hydrogenation product (4a) (Scheme 1). Coupling of ethyl 

hexanoa@withLDAfollowcdbycupxicbroinkWpmducedthemcso andd,Z-suknates2aand2bwhichwen 

separated by flash chromatography. Each suc&atewaszeducedwithLAHtotheumespondingdio~3aand 

3b.andeachdialwasshaLenwithecbiMtadm~sedioocideinbe~. Themactions,monitondbyGC, 

Enwxsd#lintwosteeas,withlactol(4rar4b)fonnation~gaslowerconversion#, lactones!!aor!Ib. 

(Forprtparative purpose8 it was mane convenient to oxidize the diols dhecdy to the lactones Sa or Sb with 

py&inium chk&mma@ then reduce to 4a or 4b with diisobutylahwninum hydride). The c&3.4- 

dibutyllactol &, from the mesodkster and diol, was found to be identical to the hydrogenation p&uct of 17& 
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TheGC-~bandat%8an_tstrongly~~aEaoublebwd,butundgtbeconditionsaZdouble 

bondmightnothavebeen&~byIR,andtheolefir6cFegionofthetH-NMRspecmunwastoocomplwrfor 

definidve geometry assignments; thus whether 1 pc~scsscd two E-double bonds or one (E) and one (Z) was 

mxumin. ‘lMswasmsolvedbypmparingasampleofracemic lbyarouteana&ousto@utmuchless 

practical than) the e of 4a. Oxidative coupling of (B)-3-hexenolc x&i (dianion pmpankm with IDA 

followed by l/2 equivalent of I&ave a complex mixture (olefin location and m can both be akxxl by 

the conditions) that was educed without separation to a mix- of diols 6. Flash chromatography on silica gel 

( 3040% ethyl acetate in hexanes) yiekd a fraction containing the E,E-mes&iol ti and an isomer in which 

one double bond had evidently been inverted. Reparative RF’-HPLC (250 x 20 mm ODS column eluted with 

32% acetonitrile in water) was required to obtain pure 68; 68, by virtue of its symmetty, provided a simpler lH- 

NMR specmunlo from which the E,E-geometry assignment could confidently be made. Conversion of 6n to 

racemicl(Scheme2)wasperalleltodte2e~connrsionabonandconfinned~EBgaamePyinl. The1 

thus lnepared was identical by GC-MS, tH-NMR, and GC-retention time to the mataial isolated fxun B. bibax. 

GC comparison of the synthetic and natural pmducts on a chiral Cyclodex BN cohmm (J&W Scientific) clearly 

showed the insect-derived compound to be a single enantiome~ syntheses of both enantiomers have been 

initiated in another Momtory, and assigmnent of the absolute configuration of 1 will await the outcome of those 

experiments. 

,,&XzH 0 _ 6 HzOH + other isomers 

c or d 
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Sckne2. & 2LDA thea IL? 12. -7th’ b. w c. m/C&I6 

d FCC/CI-12Ci2 e. DIBAL-H 
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