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Online Resource 1. Synthesis of 2-methyl-7-propyl-1,6-dioxaspiro[4.6]undecane (H) and 8-
propyl-1,7-dioxaspiro[5.6]dodecane (I) 
 

 

a: PCC, CH2Cl2; b:  n-C3H7MgI, Et2O; c: DHP, p-TsOH, CH2Cl2; d: BuLi, THF; e: H2/10% PdC, 
THF; f: HCl, THF 

 

Reagents and solvents were purchased from Aldrich and were of highest available purity. All 
reactions were carried out in an atmosphere of dry argon. Silica 60 M (0,04-0,063 mm), 
Macherey&Nagel, was used for chromatographic purifications.  

A Bruker AVANCEIII HD 600 MHz NMR-spectrometer, a Bruker DRX 500 MHz instrument 
and a Bruker AVANCE 400 MHz instrument were used to characterize the target compounds.  
70 eV EI-Mass spectra were obtained with a Hewlett-Packard 5973 mass selective detector as 
described in the text. 
 
Synthesis of 4-pentynal (2) 

To a solution of 2,0 g (23.8 mmol) 4-pentyne-1-ol (1) in 100 mL dry dichloromethane were 
added 3 g ground mol sieve 4 Å. The vigorously stirred mixture was cooled to -20°C, and 10 g 
(46.6 mmol) PCC were added portion-wise. After stirring at RT for 90 min the mixture was 
filtered through 10 g silica. Flash chromatography using hexane:diethyl ether 1:1 yielded 1.9 g of 
crude (2) which was immediately used in the next step.  
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7-Octyne-4-ol (3) 

A Grignard reagent was prepared by slowly adding a solution of 5.85 g (47.6 mmol) 1-
bromopropane in 50 ml diethyl ether to 3.4 g (139.9 mmol) of iodine-activated magnesium 
turnings. Subsequently, the solution was dropwise added to a -40°C cold solution of 1.9 g of 
crude (2) in 50 mL diethyl ether. After stirring for 3 h at RT, the mixture was slowly added to 50 
mL ice cold aqueous ammonium chloride solution. The layers were separated, and the aqueous 
layer was extracted with three 15 mL portions of diethyl ether. The combined organic solutions 
were washed twice with 25 mL saturated aqueous ammonium chloride solution and brine and 
dried over magnesium sulfate. Purification of the crude product by chromatography (100 g silica 
and a gradient of hexane:diethyl ether 20:1 to 5:1), followed by distillation at 75 mbar, yielded 
646 mg (5.1 mmol, 22 % over 2 steps) of the target product 3. 

 

Spectroscopic data of 7-octyn-4-ol (3) 

1H-NMR (400 MHz), 1H-1H-COSY (500 MHz), HSQC (600 MHz), CDCl3: d [ppm] = 0.94 (t, 
3J=7.3 Hz, 3H, CH3 C1), 1.32-1.40 / 1.41-1.48 (2m, 2H, CH2 C2), 1.42-1.48 (m, 2H, CH2 C3), 
1.62 (dddd, 2J=13.7, 3J=8.7, 6.8, 6.8 Hz, 1H, CH2 C5), 1.69 (dddd, 2J=13.7, 3J=7.6, 7.6, 3.4 Hz, 
1H, CH2 C5), 1.97 (t, 4J=2.7 Hz, 1H, HC≡  C8), 2.33 (ddd, 3J=7.6, 6.8, 4J=2.7 Hz, 2H, CH2 C6), 
3.72-3.81 (m, 1H, CH(OH) C4). 

13C-NMR, HSQC (151 MHz), CDCl3: d [ppm] = 14.20 (q, C1), 15.14 (t, C6), 18.92 (t, C2), 
35.82 (t, C5), 39.71 (t, C3), 68.82 (C8), 70.71 (d, C4), 83.83 (s, C7). 

MS (EI, 70 eV): m/z (%) = 37 (1), 38 (2), 39 (24), 40 (2), 41 (15), 42 (3), 43 (27), 44 (5), 45 (3), 
50 (3), 51 (6), 52 (3), 53 (15), 54 (13), 55 (100), 56 (6), 57 (5), 58 (6), 63 (1), 65 (4), 66 (1), 67 
(3), 68 (3), 69 (4), 70 (3), 71 (9), 72 (3), 73 (31), 74 (2), 77 (4), 78 (1), 79 (8), 80 (2), 81 (3), 82 
(3), 83 (68), 84 (5), 85 (1), 86 (4), 91 (3), 93 (7), 94 (1), 95 (1), 97 (5), 98 (1), 111 (2), 126 (1). 

 

5-(Tetrahydropyran-2-yloxy)-1-octyne (4) 

To a solution of 290 mg (2.3 mmol) 7-octyne-4-ol (3) in 6 mL dichloromethane were added 0.92 
g (10.9 mmol) freshly distilled 3,4-dihydro-2H-pyran (Aldrich). The solution was cooled to 0°C, 
and 50 mg (0.3 mmol) p-toluenesulfonic acid were added. After 15 min stirring at RT, the 
mixture was poured into 20 mL of saturated aqueous sodium hydrogen carbonate solution, and 
the layers were separated. The organic phase was extracted with three 10 mL portions of diethyl 
ether, and the combined organic solutions were washed with brine and dried with magnesium 
sulfate. Purification of the crude product by chromatography (60 g silica and a gradient of 
hexane:diethyl ether 15:1 to 5:1) yielded 380 mg (1.8 mmol, 79 %) of 4, which was immediately 
used in the next step. 
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2-Methyl-7-propyl-1,6-dioxaspiro[4.6]undecane (H) 

A stirred solution of 121 mg (0.96 mmol) 7-octyne-4-ol (3) in 10 mL dry THF was cooled to  
-78°C, and 1.3 mL (2.1 mmol) n-BuLi-solution in hexane were slowly added. After warming to 
RT the mixture was stirred for 1 h and cooled again to -78°C. After drop-wise addition of 50 µL 
(0.41 mmol) BF3•Et2O, a solution of 104 mg (1.04 mmol) freshly distilled g-valerolactone in 
2 mL dry THF were added. After warming to RT, the mixture was stirred for 6 d after which 10 
mL saturated aqueous sodium hydrogen carbonate solution were added. The organic phase was 
separated, and the aqueous layer was extracted with three 10 mL portions of diethyl ether. The 
combined organic solutions were washed twice with 8 mL aqueous sodium hydrogen carbonate 
solution and brine and dried with magnesium sulfate. The obtained crude addition product 5 was 
dissolved in 5 mL dry THF and after the addition of 40 mg 10 % Pd/C hydrogenated during 2 h 
at 40 bar H2 and RT. Subsequently, the solution was filtered over silica using hexane:diethyl 
ether 5:1 and further purified by chromatography (16 g silica, hexane:diethyl ether 30:1) yielding 
5 mg of the slightly contaminated target product H.  Its mass spectrum is shown shown in Fig 3. 

8-Propyl-1,7-dioxaspiro[5.6]dodecane (I) 

A stirred solution of 106 mg (0.50 mmol) of the THP-derivative 4 in 10 mL dry THF was cooled 
to -78°C, and 0.35 mL (0.55 mmol) n-BuLi-solution in hexane were slowly added. After 
warming to RT the mixture was stirred for 1 h and cooled again to -78°C. After drop-wise 
addition of 30 µL (0.24 mmol) BF3•Et2O, a solution of 79 mg (0.79 mmol) freshly distilled d-
valerolactone in 2 mL dry THF were added. After warming to RT, the mixture was stirred for 
36 h, after which 10 mL saturated aqueous sodium hydrogen carbonate solution were added. The 
organic phase was separated, and the aqueous layer was extracted with three 10 ml portions of 
diethyl ether. The combined organic solutions were washed twice with 8 mL saturated aqueous 
sodium carbonate solution and brine and dried with magnesium sulfate. The obtained crude 
addition product 6 was dissolved in 2 mL dry THF and after the addition of 30 mg 10% Pd/C 
hydrogenated during 1 h at 40 bar H2 and RT. After filtration over silica and addition of 5 mL 
THF the hydrogenated THP-derivative was deprotected and cyclized with 25 µL conc. HCl at 
RT during 1 h. After the addition of 10 mL Et2O, the solution was washed twice with 8 mL 
aqueous sodium hydrogen carbonate solution and purified by chromatography (16 g silica, 
hexane:diethlether 20:1) to yield 9 mg of compound I. Its mass spectrum is shown below.  
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70 eV EI-mass spectrum of the non-natural 8-propyl-1,7-dioxaspiro[5.6]dodecane (I) 

 

 

 

  



R. F. Mitchell 6 

Online Resource 2. Representative total ion chromatogram of headspace volatiles of an agitated 
adult male Megacyllene caryae.  Peak labels indicate general chemical structures of spiroacetals 
and elution order, as in Table 1.  Compound E4 is present, but the corresponding peak is 
obscured by geranial at 10.3.  Peaks other than spiroacetals are numbered as follows: 1) 1-
(methylthio)-2-methylbut-2-ene, 2) (S)-(–)-limonene, 3) (–)-α-terpineol, 4) neral, 5) geranial, 6) 
(E)-β-farnesene, and 7) β-bisabolene.  AT-5ms column, programmed from 40 °C (1 min hold) to 
160 °C at 10 °C/min.  Compounds U1-U5 remained unidentified.  Their mass spectra are 
presented in Online Resource 4.   
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Online Resource 3.  

a) Single ion monitoring of 5 diagnostic ions of G2 (7E,2Z)-7-butyl-2-methyl-1,6-
dioxaspiro[4.5]decane (G2) and the unknown natural product (H), recovered from the headspace 
of a female Megacyllene caryae.  The SIM reveals two peaks that are otherwise merged in the 
total ion chromatogram.  H elutes slightly ahead of G2.

 

b) Single ion monitoring of synthetic (2E,7E)-2-methyl-7-propyl-1,6-dioxaspiro[4.6]undecane 
(H1) and G2, using the signals at m/z 169 and m/z 155, respectively. 
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Online Resource 4. Mass spectra of unidentified compounds (U1-U5) recovered from headspace 
volatiles of agitated adult male Megacyllene caryae, obtained with a Hewlett-Packard 5973 mass 
selective detector. 
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Online Resource 5. Mass spectrum of (2E,8E)-2,8-dimethyl-1,7-dioxaspiro[5.5]undecane (D1) 
recovered from headspace volatiles of adult Callisphyris apicicornis (spectrum obtained with a 
Shimadzu GCMSQP5050 instrument). 

 


