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1. General Experimental Methods 
 

1H NMR spectra were recorded at 250, 300 or 600 MHz. Chemical shifts in CD2Cl2, CD3OD or [D6]-

acetone are reported as δ values relative to CHDCl2 (δ 5.32), CHD2OD (δ 3.35) or [D5]-acetone (δ 2.05) 

as internal reference unless stated otherwise. – 13C NMR spectra were recorded at 62.9, 75.5 or 150.8 

MHz. Chemical shifts in CD2Cl2 or [D6]-acetone are reported as δ values relative to CD2Cl2 (δ 53.37) or 

[D6]-acetone (δ 29.84); the multiplicity of the signals was determined by the APT or DEPT technique. – 

Chemical shift assignments were made using COSY, HSQC and if necessary HMBC spectra. Spectra 

were recorded at ambient temperature and with normal detection (300MHz) or inverse detection (600 

MHz). 600 MHz COSY spectra were collected using a gCOSY pulse sequence. HSQC spectra were 

collected using a gHSQC pulse sequence. 13C HMBC spectra were collected using a gHMBC pulse 

sequence. 600 MHz NOESY spectra were recorded using a NOESY pulse sequence. – HRMS used a 

preselected ion peak matching at R >> 10000 to be within ± 2 ppm of the exact masses. – Optical 

rotations are referenced to the sodium D line (589 nm). – Melting points are uncorrected. – Solvents for 

extraction and chromatography were of technical grade and distilled before use. – All moisture sensitive 

reactions were carried out under dry nitrogen or argon in oven- and/or flame-dried glassware. – Column 

chromatography: silica gel 60 (0.040–0.063 mm, Machery&Nagel), Sephadex LH-20 (Pharmacia). – 

Flash column chromatography: silica gel 60 (0.025–0.040 mm, Machery&Nagel). – TLC: silica gel 60 

F254 precoated plates (Merck, 0.25 mm). – Fermentations were carried out in a 2L fermentation vessel; 

medium A: 10 g/L malt extract, 4 g/L glucose, 4 g/L yeast extract, culture plates: additional 10 g/L 

agar. – Methyl lithium was titrated according to the method of Suffert.1 – Ethyl ether was distilled from 

sodium benzophenone ketyl, dichloromethane and DMF were distilled from CaH2. (2S,3S)-3-

Benzyloxymethyl-2-[(tetrahydro-2H-pyran-2-yl)oxy]-4-butanolide (10)2 and (S)-2-[(tetrahydro-2H-

pyran-2-yl-oxy]-4-pentyne (12)3 were prepared as described in the literature.  

 
 
 

 

 

 

(1) Suffert, J. J. Org. Chem. 1989, 54, 509–510. 

(2)  Ueki, T.; Kinoshita, T. Org. Biomol. Chem. 2004, 2, 2777–2785. 

(3) White, J. D.; Somers, T. C.; Reddy, G. N. J. Org. Chem. 1992, 57, 4991–4998. 
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2. Procedures for the isomerization of 4 and analytical data of isomers 4a–4c 

Condition A: Storage of the spiroacetal 4 (86.9 mg, 0.430 mmol) in CDCl3 (0.4 mL) for 48 h at rt led 

to an isomerization. After concentration in vacuo and column chromatography on silica gel (25 g, 

CH2Cl2/MeOH 9:1) 24.1 mg (28%) of 4 (Rf 0.42), 38.8 mg (45%) of 4a (Rf 0.40), 15.9 mg (18%) of 4c 

(Rf 0.28) and 4.1 mg (5%) of 4b (Rf 0.25) were obtained as colorless solids. 

Condition B: Okaspirodiol (4) (1.5 mg, 7.5 µmol) was dissolved in CD3OD (100 µL) and concentrated 

hydrochloric acid (1 µL) was added. The resulting mixture was kept at rt and the equilibration process 

was monitored by TLC (CH2Cl2:MeOH 9:1) and 13C NMR spectroscopy. After standing at rt for 48 h, 

no further conversion was observed.  

Condition C: Okaspirodiol (4) (1.5 mg, 7.5 µmol) was dissolved in CD2Cl2 (100 µL) and (+)-10 

camphorsulfonic acid (1 mg) was added. The resulting mixture was kept at rt and the equilibration 

process was monitored by TLC (CH2Cl2:MeOH 9:1) and 13C NMR spectroscopy. After standing at rt 

for 48 h, no further conversion was observed.  

 (3R,4S,5S,7S)-3-Hydroxymethyl-7-methyl-1,6-dioxaspiro[4.5]decan-4-ol (4a). Mp 85 °C; [α] 20
D  –

112 (c 1.0, MeOH); 1H NMR (600 MHz, CD3OD) δ 1.14 (d, 3J = 6.1 Hz, 3 H, CH3), 1.21 (mc, 1 H, 8-

H), 1.45 (mc, 1 H, 10-H), 1.58 (mc, 1 H, 8-H), 1.64–1.75 [m, 2 H, 9(10)-H], 1.79 (mc, 1 H, 9-H), 2.40 

(mc, 1 H, 3-H), 3.42 (d, 3J = 8.5 Hz, 1 H, 4-H), 3.56 (dd, 3J = 7.5, 2J = 11.0 Hz, 1 H, 2-H), 3.65 (dd, 
3J = 7.0, 2J = 8.8 Hz, 1 H, CH2OH), 3.75 (dd, 3J = 4.0, 2J = 11.0 Hz, 1 H, 2-H), 3.91 (ddq, 3J = 2.0, 
3J = 6.1, 3J = 12.5 Hz, 1 H, 7-H), 3.98 (t, J = 8.5 Hz, 1 H, CH2OH); 1H NMR (300 MHz, CD2Cl2) δ 

1.11 (d, 3J = 6.1 Hz, 3 H, CH3), 1.15–1.30 (m, 1 H, 8-H), 1.48–1.75 [m, 5 H, 8(9,10)-H], 2.35 (mc, 1 H, 

3-H), 2.70 (s, br, 2 H, OH), 3.40–3.80 [m, 4 H, 2(4)-H, CH2OH], 3.85–4.10 (m, 2 H, 7-H, CH2OH); 

13C NMR (75.5 MHz, CD2Cl2) δ 20.1 (C-9), 21.9 (CH3), 30.3 (C-10), 32.8 (C-8), 47.1 (C-3), 63.5 (C-

2), 66.8 (CH2OH), 67.2 (C-7), 79.1 (C-4), 102.9 (C-5); IR (cm–1, KBr) 3425, 2939, 2538, 1444, 1383, 

1199, 1137, 1106; MS (ESI) m/z (%) 225.1 (90) [M+Na]+, 256.5 (100), 426.8 (50) [2M+Na]+.  

(3S,4S,5R,7S)-3-Hydroxymethyl-7-methyl-1,6-dioxaspiro[4.5]decan-4-ol (4b). Mp 98 °C; [α] 20
D  

+60 (c 0.5, MeOH); 1H NMR (600 MHz, CD3OD) δ 1.15 (d, 3J = 6.1 Hz, 3 H, CH3), 1.17 (mc, 1 H, 8-

H), 1.38 (mc, 1 H, 8-H), 1.57–1.66 [m, 2 H, 9(10)-H], 1.77 (mc, 1 H, 9-H), 2.12 (mc, 1 H, 10-H), 2.74 

(mc, 1 H, 3-H), 3.62 (dd, 3J = 7.0, 2J = 11.0 Hz, 1 H, 2-H), 3.66 (dd, 3J = 9.5, 2J = 8.0 Hz, 1 H, 

CH2OH), 3.71 (ddq, 3J = 2.0, 3J = 6.1, 3J = 12.5 Hz, 1 H, 7-H), 3.82 (dd, 3J = 7.5, 2J = 11.0 Hz, 1 H, 2-

H), 4.04 (dd, 3J = 9.0, 2J = 8.0 Hz, 1 H, CH2OH), 4.32 (d, J = 4.5 Hz, 1 H, 4-H); 1H NMR (300 MHz, 

CD2Cl2) δ 1.12 (d, 3J = 6.1 Hz, 3 H, CH3), 1.15–1.30 (m, 1 H, 8-H), 1.42–1.61 [m, 3 H, 8(9)-H], 1.71–

1.80 (m, 1 H, 10-H), 2.00–2.10 (m, 1 H, 10-H), 2.55 (s, br, 1 H, OH), 2.72 (mc, 1 H, 3-H), 2.80 (s, br, 

1 H, OH), 3.51–3.70 (m, 1 H, 7-H), 3.71 (t, J = 9.0 Hz, 1 H, CH2OH), 3.78–3.90 (m, 2 H, 2-H), 4.00 (t, 

J = 9.0 Hz, 1 H, CH2OH), 4.49 (d, 3J = 6.1 Hz, 1 H, 4-H); 13C NMR (75.5 MHz, CD2Cl2) δ 21.1 (C-9), 
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22.1 (CH3), 27.9 (C-10), 32.5 (C-8), 43.5 (C-3), 60.3 (C-2), 67.4 (CH2OH), 71.2 (C-7), 72.9 (C-4), 

109.8 (C-5); IR (cm–1, KBr) 3426, 2934, 1635, 1458, 1381, 1205, 1062; MS (ESI) m/z (%) 225.1 (100) 

[M+Na]+. 

(3R,4S,5R,7S)-3-Hydroxymethyl-7-methyl-1,6-dioxaspiro[4.5]decan-4-ol (4c). Mp 65 °C; [α] 20
D  

+24 (c 1.0, MeOH); 1H NMR (600 MHz, CD3OD) δ 1.14 (d, 3J = 6.1 Hz, 3 H, CH3), 1.17 (mc, 1 H, 8-

H), 1.39 (mc, 1 H, 8-H), 1.57–1.68 [m, 2 H, 9(10)-H], 1.76 (mc, 1 H, 9-H), 2.05 (mc, 1 H, 10-H), 2.34 

(mc, 1 H, 3-H), 3.59 (dd, 3J = 8.0, 2J = 10.5 Hz, 1 H, 2-H), 3.67–3.73 (m, 3 H, 2(7)-H, CH2OH), 4.11 

(t, J = 8.5 Hz, 1 H, CH2OH), 4.14 (d, 3J = 2.0 Hz, 1 H, 4-H); 1H NMR (300 MHz, CD2Cl2) δ 1.12 (d, 
3J = 6.1 Hz, 3 H, CH3), 1.15–1.30 (m, 1 H, 8-H), 1.40–1.61 [m, 3 H, 8(9)-H], 1.72–1.82 (m, 1 H, 10-

H), 1.95–2.10 (m, 1 H, 10-H), 2.36 (mc, 1 H, 3-H), 2.61 (s, br, 1 H, OH), 2.90 (s, br, 1 H, OH), 3.60–

3.75 [m, 4 H, 2(7)-H, CH2OH], 4.10 (t, J = 9.0 Hz, 1 H, CH2OH), 4.19 (mc, 1 H, 4-H); 13C NMR (75.5 

MHz, CD2Cl2) δ 20.6 (C-9), 21.8 (CH3), 28.3 (C-10), 32.2 (C-8), 51.1 (C-3), 63.5 (C-2), 67.8 

(CH2OH), 71.2 (C-7), 75.9 (C-4), 109.1 (C-5); IR (cm–1, KBr) 3422, 2939, 1653, 1445, 1381, 1194, 

1162; MS (ESI) m/z (%) 203.2 (30) [M+H]+, 225.1 (80) [M+Na]+, 427.2 (100) [2M+Na]+. 

 

3. Observed cross peaks from NOESY experiments 
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The signal assignment in 4c is complicated by extensive signal overlaps, especially for the protons of 
the five membered ring. 
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4.  HMBC and COSY correlations for okaspirodiol (4) 

Carbon 
atom 

δC  
[ppm] HMBC COSY 

2 68.9 3.76 (2-Ha), 3.74 (11-Hb), 3.69 
(11-Ha) 

a) 3.98 (2-Hb), 2.49 (3-H) 

b) 3.76 (2-Ha) 2.49 (3-H) 
3 43.2 3.98 (2-Hb), 3.84 (4-H), 3.76 (2-

Ha), 3.74 (11-Hb), 3.69 (11-Ha) 
3.98 (2-Hb), 3.84 (4-H), 3.76 (2-
Ha), 3.74 (11-Hb), 3.69 (11-Ha) 

4 77.8 3.98 (2-Hb), 3.76 (2-Ha), 3.74 (11-
Hb), 3.69 (11-Ha), 2.49 (3-H) 

2.49 (3-H) 

5 103.9 3.98 (2-Hb), 2.49 (3-H), 1.73 (10-
Hb), 1.67 (9-Ha), 1.48 (10-Ha) 

- 

7 67.9 1.73 (10-Hb), 1.67 (9-Ha), 1.21 (8-
Ha), 1.14 (12-H) 

1.58 (8-Hb), 1.21 (8-Ha), 1.14 (12-
H) 

8 33.4 1.80 (9-Hb), 1.73 (10-Hb), 1.67 (9-
Ha), 1.48 (10-Ha), 1.14 (12-H) 

a) 3.93 (7-H), 1.80 (9-Hb), 1.67 (9-
Ha), 1.21 (8-Ha) 
b) 1.80 (9-Hb), 1.67 (9-Ha), 1.58 
(8-Hb) 

9 21.0 1.73 (10-Hb), 1.48 (8-Hb), 1.21 (8-
Ha) 

a) 1.80 (9-Hb), 1.73 (10-Hb), 1.58 
(8-Hb), 1.48 (10-Ha), 1.21 (8-Ha) 
b) 1.73 (10-Hb), 1.67 (9-Ha), 1.58 
(8-Hb), 1.48 (10-Ha), 1.21 (8-Ha) 

10 31.4 3.84 (4-H), 1.80 (9-Hb), 1.67 (9-
Ha), 1.58 (8-Hb) 

a) 1.80 (9-Hb), 1.67 (9-Ha), 1.73 
(10-Hb) 
b)1.80 (9-Hb), 1.67 (9-Ha), 1.48 
(10-Ha) 

11 62.1 3.98 (2-Hb), 3.84 (4-H), 3.76 (2-Ha) a) 3.74 (11-Hb), 2.49 (3-H), 
b) 3.69 (11-Ha), 2.49 (3-H) 

12 22.0 1.21 (8-Ha) 3.93 (7-H) 

Spectra were recorded on a 500 MHz spectrometer, COSY and 1H NMR in acetone-d6, 
HMBC and 13C NMR in methanol-d4.
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7. Exclusion of a sedoheptulose-based biosynthesis 
 

CH2OH

CH2OH

O

OH

OH

OH

OH

OH

OH

OH

O
O

OH

OH O
O

OH

OH

The alternative hypothesis for the biosynthesis of okaspirodiol with sedoheptulose and glycerol as pre-
cursors is not supported by the observed incorporation pattern!

sedoheptulose

+ 

glycerol

3
7

8

12

hypothetical incorporation pattern 
for okaspirodiol with 
sedoheptulose as precursor

= [U-13C3]glycerol

3
7

8

12

�

observed incorporation pattern 
of okaspirodiol 
from [U-13C3]glycerol feeding
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8. Spectra 

 
 

a) 1H, 13C NMR and NOESY spectra of okaspirodiol (4) with extentions (CD3OD) 
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b) 1H NMR, 13C NMR and NOESY spectra of isomer 4a with extentions (CD3OD) 
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c) 1H NMR, 13C NMR and NOESY spectra of isomer 4b with extentions (CD3OD) 
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d) 1H NMR, 13C NMR and NOESY spectra of isomer 4c with extentions (CD3OD) 
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e) 1H NMR and 13C NMR spectra of 5 (CD2Cl2) 
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f) 1H NMR and 13C NMR spectra of 5a (CD2Cl2) 
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g) 1H NMR and 13C NMR spectra of 6 (CD2Cl2) 
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h) 1H NMR and 13C NMR spectra of 7 (CD3COCD3) 
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i) 1H NMR and 13C NMR spectra of 14 (CD2Cl2) 
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j) 1H NMR and 13C NMR spectra of 15 (CD2Cl2) 
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k) 1H NMR and 13C NMR spectra of 16 (CD2Cl2) 
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l) 13C NMR of 4 obtained from the [U-13C3]glycerol feeding experiment 
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