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General Experimental: 1H and 13C NMR spectra were recorded with a Bruker AV300 (300.13 

MHz; 75.47 MHz), AV400 (400.13 MHz; 100.62 MHz), DRX500 (500.13 MHz; 125.77 MHz), 

AV750 (749.41 MHz; 188.46 MHz) and AV900 (900.13 MHz; 226.36 MHz) in 

deuteriochloroform (CDCl3) or hexadeuteriobenzene (C6D6) unless otherwise stated. Coupling 

constants are given in Hz and chemical shifts are expressed as δ values in ppm. Microwave 

irradiation was conducted with a CEM Discover microwave in 10 mL or 80 mL pressurized vials. 

Low resolution electrospray ionisation mass spectrometry measurements (LRESIMS) were 

recorded in positive ionization mode on a Bruker Esquire HCT (High Capacity 3D ion trap) 

instrument with a Bruker ESI source. High resolution electrospray ionisation (HRESIMS) 

accurate mass measurements were recorded in positive mode on a Bruker MicrOTOF-Q 

(quadrupole – Time of Flight) instrument with a Bruker ESI source. Accurate mass measurements 

were carried out with external calibration using sodium formate as reference calibrant. 

Microanalyses were performed by the University of Queensland Microanalytical Service. 

Column chromatography was undertaken on silica gel (Flash Silica gel 230–400 mesh), with 

distilled solvents. Analytical high performance liquid chromatography was performed on an 

Agilent 1100 with Phenomenex Luna 18C 5 µm column. Tetrahydrofuran was freshly distilled 

from a sodium/benzophenone still. Melting points were determined on a Fischer Johns Melting 

Point apparatus and are uncorrected. Crystallographic data for structure 14 has been deposited 

with the Cambridge Crystallographic Data Centre as supplementary publication no. CCDC-

665998 and can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, 

or from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; 

fax: +44 1223 336 033, or e-mail: deposit@ccdc.cam.ac.uk.

Methyl 6-(2-methoxypropan-2-yl)-1-methyl-4-oxobicyclo[3.3.1]non-2-ene-3-carboxylate 

(10). 5-Methyl-5-(4-methylpent-3-enyl)-2-cyclohexenone (6) (300 mg, 1.56 mmol) was added 

dropwise to a flask containing methanol (15 mL) and concentrated hydrochloric acid (1 drop 

added). The solution was then stirred at room temperature and after 30 minutes, saturated sodium 

hydrogen carbonate solution (5 mL) was added. Methanol was removed in vacuo and the solution 

diluted with water (15 mL) and extracted with diethyl ether (4 x 30 mL). The organic phase was 
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washed with brine, dried (MgSO4) and concentrated in vacuo. Column chromatography 

(petroleum ether/ethyl acetate, 9:1) provided 6-(2-methoxypropan-2-yl)-1-

methylbicyclo[3.3.1]nonan-3-one (7) (264 mg, 76%) as a white solid. Colourless crystals (m.p. 

53˚C) were obtained by recrystallisation from petroleum ether.  

6-(2-Methoxypropan-2-yl)-1-methylbicyclo[3.3.1]nonan-3-one (7) (300 mg, 1.34 mmol), 

was dissolved in anhydrous tetrahydrofuran (5 mL) under an argon atmosphere. The solution was 

cooled to -78˚C (dry ice/acetone bath) and freshly distilled (CaH2) chlorotrimethylsilane (187 µL, 

1.47 mmol) added. Separately, at 0˚C, anhydrous 2,2,6,6-tetramethylpiperidine (285 µL, 1.68 

mmol) was added to a flask containing anhydrous tetrahydrofuran (2 mL) under an argon 

atmosphere. To this n-butyllithium (1.4M, 1.05 mL, 1.47 mmol) was added dropwise via syringe, 

and the solution stirred for 15 minutes. The lithium 2,2,6,6-tetramethylpiperidide solution was 

then added dropwise via cannula to the above solution at -78˚C and the mixture stirred at this 

temperature for 1 hour. The solution was then allowed to warm to room temperature over 2 hours 

before addition to ice/water and extraction with diethyl ether (4 x 30 mL). The organic phase was 

washed with saturated ammonium chloride (50 mL), saturated sodium hydrogen carbonate (30 

mL), brine (20 mL), dried (MgSO4) and concentrated in vacuo. Column chromatography 

(petroleum ether/ethyl acetate, 50:1) of the residue provided [8-(2-methoxypropan-2-yl)-5-

methylbicyclo[3.3.1]non-2-en-3-yloxy]trimethylsilane (377 mg, 95%) as a colourless oil in  a 

ratio of 8:2 in favour of the desired regioisomer (1H NMR). 

[8-(2-Methoxypropan-2-yl)-5-methylbicyclo[3.3.1]non-2-en-3-yloxy]trimethylsilane 

(1.27 g, 4.3 mmol) was dissolved in distilled acetone (50 mL) and cooled to -78˚C. 

Dimethyldioxirane (~0.08M, 4.5 mmol, 57 mL) was then added dropwise over 10 minutes. The 

reaction was monitored by TLC (petroleum ether/ethyl acetate, 10:1), which showed complete 

consumption of starting material after 20 minutes. After pouring the solution (-78˚C) into water 

(100 mL) at room temperature and removal of acetone in vacuo the aqueous phase was extracted 

with diethyl ether (4 x 60 mL). The organic phase was washed with brine (50 mL), dried 

(MgSO4) and concentrated in vacuo. Crude 4-hydroxy-6-(2-methoxypropan-2-yl)-1-

methylbicyclo[3.3.1]nonan-3-one (8) (850 mg, 83%) was obtained as a colourless oil and not 

further purified.  

To a solution of anhydrous dimethylsulfoxide (0.34 mL, 4.8 mmol) in anhydrous 

dichloromethane (15 mL) under an argon atmosphere was added trifluoroacetic anhydride (0.5 

mL, 3.57 mmol) at -78˚C. After 10 minutes of stirring, hydroxy ketone 8 (500 mg, 2.08 mmol) in 

anhydrous dichloromethane (5 mL) was added. The solution was stirred for 30 minutes at -78˚C

before addition of anhydrous triethylamine (1.72 mL, 12.4 mmol). The reaction was allowed to 
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warm to room temperature over 40 minutes and then poured into water (20 mL). The mixture was 

extracted with dichloromethane (4 x 15 mL) and the organic phase washed with brine (20 mL), 

dried (MgSO4) and concentrated in vacuo. The crude was subjected to column chromatography 

(petroleum ether/ethyl acetate, 15:1) affording 3-hydroxy-8-(2-methoxypropan-2-yl)-5-

methylbicyclo[3.3.1]non-3-en-2-one (9) (308 mg, 62%) as a white solid. A sample was then 

crystallised from (50:50) petroleum ether/diethyl ether giving colourless crystals (m.p. 82˚C). 

Compound 9 (420 mg, 1.76 mmol) was dissolved in anhydrous tetrahydrofuran (20 mL) 

under an argon atmosphere and the solution cooled to -78°C. Sodium hydride (60% wt in paraffin 

oil, 141 mg, 3.52 mmol), initially washed with petroleum ether (2 x 3 mL), was added to the flask 

in portions and the solution stirred for 30 minutes at which time effervescence ceased. N-Phenyl-

bis(trifluoromethanesulfonimide) (943 mg, 2.64 mmol) was then added and the solution stirred 

for 40 minutes at which time TLC (petroleum ether/ethyl acetate, 10:1) indicated consumption of 

starting material. Water (10 mL) was added at -78°C and the solution allowed to warm to room 

temperature over 1 hour. The mixture was extracted with diethyl ether (3 x 20 mL), and the 

combined organic phase washed with brine (10 mL), dried (MgSO4) and concentrated in vacuo.

6-(2-Methoxypropan-2-yl)-1-methyl-4-oxobicyclo[3.3.1]non-2-en-3-yl trifluoromethanesulfonate 

was often used in subsequent reactions without further purification, however, purification by 

column chromatography (petroleum ether/ethyl acetate, 15:1) in this case afforded the triflate 

(518 mg, 80%) as a colourless oil.   

Tetrakis(triphenylphosphine)palladium(0) (373 mg, 0.32 mmol) was added in one portion 

to a flask containing 8-(2-methoxypropan-2-yl)-5-methylbicyclo[3.3.1]non-3-en-2-one-3-yl 

trifluoromethanesulfonate (2.33 g, 6.30 mmol) dissolved in anhydrous tetrahydrofuran (100 mL) 

under an argon atmosphere at room temperature. Carbon monoxide was bubbled through the 

solution (solution became dark red) for 30 minutes before the addition of anhydrous triethylamine 

(4.70 mL, 33.8 mmol) and anhydrous methanol (10.3 mL, 0.25 mol). The mixture was heated at 

reflux for 90 minutes with a continuous stream of carbon monoxide being passed through the 

solution. At this point a further addition of palladium catalyst, triethylamine and methanol (two-

thirds of the original amounts) were added. The reaction was complete (TLC) within 30 minutes. 

The reaction mixture was allowed to cool to room temperature, then poured onto water (100 mL) 

and extracted with diethyl ether (3 x 100 mL). The organic layer was dried (MgSO4) and 

concentrated in vacuo. Column chromatography (petroleum ether/ethyl acetate, 15:1) of the 

residue provided the title compound (10) (1.27 g, 72%) as a colourless oil. 
1H NMR (300 MHz, CDCl3): δ = 7.12 (d, J = 2.5 Hz, 1H), 3.74 (s, 3H), 3.01 (s, 3H), 2.80-2.75 

(m, 1H), 2.09 (ddd, J = 12.9, 3.1, 3.1 Hz, 1H), 1.76-1.37 (m, 6H), 1.10 (m, 9H). 13C NMR (75 
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MHz, CDCl3): δ = 198.1, 165.0, 160.4, 133.9, 75.5, 51.9, 48.7, 48.6, 45.4, 42.2, 34.9, 34.2, 27.9, 

22.8, 22.5, 19.9. GCMS (EI) m/z (%) 280 (M+•, 0.1%), 247 (8), 209 (8), 208 (14), 119 (5), 115 

(5), 107 (5), 105 (8), 93 (7), 91 (16), 81 (6), 79 (16), 77 (15), 74 (19), 73 (100), 67 (9), 65 (9), 59 

(14), 55 (18), 53 (13). HRMS (ESI) Calculated for C16H24O4Na+: 303.1567 Found: 303.1563 

 

2-[(1,3-Dioxolan-2-yl)methyl]-5'-(hydroxymethyl)-6-(2-methoxypropan-2-yl)-1-

methyldihydro-2'H-spiro{bicyclo[3.3.1]nonane-3,3'-furan}-2',4-dione (14). Copper(I) iodide 

(658 mg, 3.46 mmol) was added to a flask containing anhydrous tetrahydrofuran (130 mL) under 

an argon atmosphere. The flask was cooled to -78°C and commercial (1,3-dioxolan-2-

ylmethyl)magnesium bromide (0.5M, 13.8 mL, 6.92 mmol) was added dropwise via syringe over 

10 minutes. The solution was allowed to stir for 30 minutes before addition of 10 (1.29 g, 4.60 

mmol) in dry tetrahydrofuran (5 mL) dropwise over 5 minutes. The mixture was allowed to warm 

to room temperature (~ 4 hours) and then stirred overnight. The mixture was then gently heated at 

45°C until consumption of 10 was complete (TLC). The mixture was poured onto a saturated 

ammonium chloride solution (100 mL) and then extracted with diethyl ether (3 x 80 mL). The 

combined organic fractions were washed with brine (50 mL), dried (MgSO4) and concentrated in 

vacuo. Column chromatography (petroleum ether/ethyl acetate, 8:1) provided methyl 4-[(1,3-

dioxolan-2-yl)methyl]-2-hydroxy-8-(2-methoxypropan-2-yl)-5-methylbicyclo[3.3.1]non-2-ene-3-

carboxylate (11) (1.19 g, 70%) as a colourless oil.  

Compound 11 (1.19 g, 3.23 mmol) was dissolved in freshly distilled, anhydrous N,N′-

dimethylpropylene urea (35 mL). Potassium hydride (30 wt % dispersion in mineral oil, 431 mg, 

6.46 mmol) was added and the solution allowed to stir for 35 minutes until effervescence had 

ceased. Allyl iodide (705 mg, 4.20 mmol) was then added and the reaction monitored (TLC) until 

consumption of 11 (30 mins). The reaction mixture was carefully poured onto water (50 mL) and 

then extracted with diethyl ether (3 x 60 mL). The combined organic fractions were washed with 

brine (40 mL), dried (MgSO4) and concentrated in vacuo. Column chromatography (petroleum 

ether/ethyl acetate, 10:1) of the residue provided methyl 4-[(1,3-dioxolan-2-yl)methyl]-2-

(allyloxy)-8-(2-methoxypropan-2-yl)-5-methylbicyclo[3.3.1]non-2-ene-3-carboxylate as a 

colourless oil (0.99 g, 75%). 

Methyl 4-[(1,3-dioxolan-2-yl)methyl]-2-(allyloxy)-8-(2-methoxypropan-2-yl)-5-

methylbicyclo[3.3.1]non-2-ene-3-carboxylate (300 mg, 0.82 mmol) was dissolved in anhydrous 

toluene (2.5 mL) under an argon atmosphere and the mixture heated under microwave irradiation 

for 60 minutes (maximum temperature 195°C, 250W). The solvent was removed in vacuo, and 

column chromatography (petroleum ether/ethyl acetate, 10:1) of the residue provided methyl 2-
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[(1,3-dioxolan-2-yl)methyl]-3-allyl-6-(2-methoxypropan-2-yl)-1-methyl-4-

oxobicyclo[3.3.1]nonane-3-carboxylate (12) (279 mg, 93%) as a colourless oil.  

Compound 12 (442 mg, 1.08 mmol) was dissolved in tert-butanol/water (1/1, 20 mL). To 

this was added potassium carbonate (168 mg, 1.22 mmol), 4-methylmorpholine N-oxide (140 mg, 

1.20 mmol) and potassium osmate(VI) dihydrate (26 mg, 0.08 mmol). The mixture was allowed 

to stir at room temperature for 16 hours. Saturated sodium sulfite solution (2 mL) was added and 

the solution stirred for 30 minutes. The solvent was removed in vacuo and the residue dissolved 

in dichloromethane and passed through a plug of Celite®. The residue was redissolved in tert-

butanol/water (1/1, 10 mL), potassium carbonate (750 mg, 5.40 mmol) added and the mixture 

stirred at room temperature overnight. The solvent was removed in vacuo, the residue dissolved 

in dichloromethane and passed through a plug of Celite®. After concentration in vacuo, the 

residue was dissolved in ethyl acetate to facilitate crystallisation of the lactone. Any unreacted 

diol remaining in solution was re-subjected to the lactonisation protocol. This procedure provided 

the desired lactone as a mixture of diastereomers (60:40), partially separable by recrystallisation, 

as colourless crystals (386 mg, 87% over two steps). Minor diastereomer reported only. 
1H NMR (300 MHz, CDCl3): δ = 4.90 (dd, J = 6.4, 3.5 Hz, 1H), 4.57-4.49 (m, 1H), 3.98-3.75 (m, 

5H), 3.62 (dd, J = 12.4, 5.4 Hz, 1H), 3.10 (s, 3H), 2.89-2.86 (m, 1H), 2.79 (bdd, J = 8.9, 3.5 Hz, 

1H), 2.35 (dd, J = 13.7, 9.3 Hz, 1H), 2.19-1.94 (m, 3H), 1.92-1.63 (m, 5H),  1.45-1.21 (m, 3H), 

1.20 (s, 3H), 1.09 (s, 3H), 1.08 (s, 3H). 13C NMR (75 MHz, CDCl3): δ = 215.0, 176.7, 103.6, 

77.9, 76.2, 64.8, 64.7, 64.2, 61.9, 51.4, 48.6, 44.0, 41.4, 40.9, 36.8, 33.7, 31.7, 30.5, 28.0, 22.4, 

22.0, 20.8. GCMS (EI) m/z (%) 410 (M+•, 0.03%), 379 (0.4), 364 (0.3), 363 (0.5), 348 (0.1), 337 

(2), 322 (0.2), 316 (0.2), 309 (0.3), 292 (0.3), 280 (0.2), 273 (0.2), 269 (0.1), 256 (0.1), 249 (0.4), 

233 (0.4), 219 (0.2), 215 (4), 207 (1), 196 (4), 191 (0.4), 181 (1), 175 (1), 173 (1), 164 (4), 153 

(2), 149 (1), 147 (1), 137 (2), 136 (3), 135 (2), 122 (2), 121 (3), 109 (3), 95 (3), 93 (4), 91 (5), 81 

(5), 79 (5), 77 (3), 73 (100), 67 (5), 55 (7), 53 (4), 45 (24), 43 (15), 41 (10). HRMS (ESI) 

Calculated for C22H34O7Na+: 433.2197  Found: 433.2186 

(E/Z)-5,14-bis-epi Spirovibsanin A (22 and 21). Compound 14 (250 mg, 0.61 mmol) was 

dissolved in anhydrous dichloromethane (6 mL) under an argon atmosphere. To this was added 

anhydrous triethylamine (170 µL, 1.22 mmol) followed by mesyl chloride (71 µL, 0.92 mmol). 

The solution was stirred at room temperature for 30 minutes and then added to water (5 mL). The 

aqueous phase was extracted with dichloromethane (3 x 5 mL) and the organic phase then 

washed with brine, dried (MgSO4) and concentrated in vacuo to provide {2-[(1,3-dioxolan-2-

yl)methyl]-6-(2-methoxypropan-2-yl)-1-methyl-2',4-dioxodihydro-2'H-



6

spiro[bicyclo[3.3.1]nonane-3,3'-furan]-5'-yl}methyl methanesulfonate (15) (>95%) as a mixture 

of diastereomers (50:50). The mesylate was used without further purification.   

Compound 15 (528 mg, 1.08 mmol) was dissolved in anhydrous dichloromethane (30 

mL) under an argon atmosphere. To this was added 2,6-lutidine (1.14 mL, 9.80 mmol), followed 

by trimethylsilyltrifluoromethanesulfonate (1.17 mL, 6.5 mmol). The reaction was followed by 

TLC to note disappearance of the starting material and appearance of a polar spot on the baseline 

of the TLC plate (30 minutes). At this point water (20 mL) was added and the mixture monitored 

by TLC for the formation of a newly running spot. The mixture was then extracted with 

dichloromethane (3 x 30 mL), washed with brine (20 mL), dried (MgSO4) and concentrated in 

vacuo. Column chromatography (petroleum ether/ ethyl acetate, 1:2) of the residue provided {6-

(2-methoxypropan-2-yl)-1-methyl-2',4-dioxo-2-(2-oxoethyl)dihydro-2'H-

spiro[bicyclo[3.3.1]nonane-3,3'-furan]-5'-yl}methyl methanesulfonate (16) (305 mg, 64%), as a 

colourless oil (dr = 1:1) 

To aldehyde 16 (179 mg, 0.40 mmol) dissolved in anhydrous toluene (3 mL) was added 

4-(dimethylamino)pyridine (82 mg, 0.67 mmol) and 3-methylbut-2-enoic anhydride (102 mg, 

0.56 mmol). The mixture was heated under microwave irradiation for 20 minutes (maximum 

temperature 85°C, 250W). On cooling, diethyl ether (10 mL) was added and the organic layer 

washed with water (2 x 10 mL), saturated sodium hydrogen carbonate solution (10 mL), brine (5 

mL), dried (MgSO4) and concentrated in vacuo. Column chromatography (petroleum ether/ethyl 

acetate, 2:3, with 1% triethylamine) provided (E/Z)-2-{6-(2-methoxypropan-2-yl)-1-methyl-5'-

[(methylsulfonyloxy)methyl]-2',4-dioxodihydro-2'H-spiro[bicyclo[3.3.1]nonane-3,3'-furan]-2-

yl}vinyl 3-methylbut-2-enoate (17 and 18) (115 mg, 55%) as an inseparable mixture of E/Z (7:3) 

diastereomers (colourless oil).  

To mesylates 17 and 18 (27 mg, 0.05 mmol) dissolved in anhydrous dioxane (1.5 mL) 

under an argon atmosphere was added n-tetrabutylammonium iodide (21 mg, 0.06 mmol) and 

1,8-diazabicyclo[5.4.0]undec-7-ene (12 µL, 0.08 mmol). The mixture was heated under 

microwave irradiation for 30 minutes (maximum temperature 155°C, 270W). The mixture was 

diluted with diethyl ether (2 mL) on cooling and then washed with sodium metabisulfite solution 

(1 mL) and water (2 mL). The organic phase was dried (MgSO4) and solvent removed in vacuo 

providing (E/Z)-2-{6-(2-methoxypropan-2-yl)-1-methyl-5'-methylene-2',4-dioxodihydro-2'H-

spiro[bicyclo[3.3.1]nonane-3,3'-furan]-2-yl}vinyl 3-methylbut-2-enoate (19 and 20) as a mixture 

of unresolved E/Z (7:3) diastereomers (colourless oil).  

Compounds 19 and 20 (8 mg, 0.02 mmol) were dissolved in anhydrous 1,2-

dichloroethane (0.5mL). A catalytic amount (~1 mol%) of pyridinium p-toluenesulfonate was 
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added and the mixture heated under microwave irradiation for 30 minutes (maximum temperature 

110°C, 50W). The mixture was diluted with dichloromethane (2 mL), then the organic layer was 

washed with saturated sodium hydrogen carbonate (0.5 mL), water (1 mL), brine (0.5 mL), dried 

(MgSO4) and concentrated in vacuo. Column chromatography (petroleum ether/ethyl acetate, 5:1, 

with 1% triethylamine) of the residue provided a colourless oil (crude yield 53%) consisting of a 

mixture (65:35) of (E/Z)-5,14-bis-epi-spirovibsanin A (21 and 22). HPLC (0.2mL/min, 

methanol/water gradient elution) purification provided pure E (22) (0.5 mg, 6%) and Z (21) (1.5 

mg, 19%) isomers.  

5,14-bis-epi-Spirovibsanin A (22): 1H NMR (900 MHz, C6D6): δ = 7.58 (d, J = 11.7 Hz, 

1H), 5.51 (bs, 1H), 5.35 (dd, J = 11.7, 11.7 Hz, 1H), 4.58 (bs, 1H), 3.13 (dd, J = 11.7 Hz, 1H), 

3.04 (s, 3H), 2.73-2.71 (m, 1H), 1.98 (s, 3H), 1.74-1.70 (m, 1H), 1.68-1.64 (m, 1H), 1.58 (ddd, J

= 13.5, 3.6, 3.6 Hz, 1H), 1.50 (ddd, J = 12.6, 3.6, 3.6 Hz, 1H), 1.43-1.40 (m, 1H), 1.42 (s, 3H), 

1.32 (s, 3H), 1.22 (s, 3H), 1.21 (s, 3H), 0.99-0.94 (m, 1H), 0.93-0.89 (m, 1H),  0.77 (s, 3H). 13C

NMR (226 MHz C6D6,): δ = 209.6, 176.0, 162.7, 159.7, 155.2, 137.6, 115.0, 110.3, 104.1, 76.0, 

68.1, 52.5, 48.6, 45.0, 43.6, 41.9, 39.5, 31.5, 28.1, 26.9, 22.5, 21.8, 21.2, 20.2, 13.7. GCMS (EI) 

m/z (%) 430 (M+•, 0.1%), 316 (1), 295 (0.1), 273 (0.1), 270 (0.1), 236 (0.1), 227 (0.1), 218 (0.1), 

196 (1), 173 (0.1), 164 (2), 153 (1), 149 (0.4), 137 (1), 136 (2), 135 (1), 127 (1), 121 (1), 109 (1), 

107 (1), 105 (1), 95 (1), 93 (3), 83 (100), 73 (15). HRMS (ESI) Calculated for C25H34O6Na+:

453.2248 Found: 453.2249 

(Z)-5,14-bis-epi-Spirovibsanin A (21): 1H NMR (750 MHz, C6D6): δ = 7.42 (d, J = 6.5

Hz, 1H), 5.73-5.72 (m, 1H), 4.56 (bs, 1H), 4.49 (dd, J = 10.7, 6.6 Hz, 1H), 4.09 (d, J = 10.4 Hz, 

1H), 3.01 (s, 3H), 2.75-2.74 (m, 1H), 2.10-2.05 (m, 1H), 2.01 (d, J = 1.1 Hz, 3H,), 1.86-1.84 (m, 

2H), 1.61-1.59 (m, 1H), 1.57-1.54 (m, 1H), 1.45 (d, J = 1.1 Hz, 3H), 1.28 (s, 3H), 1.22 (s, 3H), 

1.19 (s, 3H), 1.10-1.07 (td, J = 12.9, 4.4 Hz, 1H), 1.01 (dd, J = 13.7, 1.9 Hz, 1H), 0.79 (s, 3H). 
13C NMR (125 MHz, C6D6): δ = 209.8, 176.0, 163.0, 106.0, 155.3, 135.8, 115.2, 108.8, 140.4, 

76.1, 67.3, 52.6, 48.6, 45.0, 42.8, 39.7, 39.5, 31.5, 28.3, 26.9, 22.6, 21.7, 21.4, 20.4, 13.7. GCMS 

(EI) m/z (%) 430 (M+•, 0.1%), 398 (0.1), 370 (0.1), 333 (0.1), 330 (0.3), 316 (1), 301 (0.1), 298 

(0.2), 288 (0.1), 273 (0.1), 270 (0.2), 255 (0.1), 246 (0.1), 235 (0.2), 229 (0.1), 227 (0.1), 218 

(0.1), 207 (0.1), 200 (0.2), 196 (1), 180 (0.1), 173 (0.1), 164 (2), 159 (0.2), 153 (1), 149 (1), 147 

(0.3), 137 (1), 136 (2), 135 (1), 131 (0.4), 127 (1), 121 (1), 109 (1), 107 (1), 105 (1), 93 (3), 83 

(100), 73 (17).  HRMS (ESI) Calculated for C25H34O6 Na+: 453.2248 Found: 453.2238 

 


