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Supplementary data 

 

1. Proliferation assay 

 

Scheme S1. Further tested derivatives. 



 S2 

Table S1 

Cytotoxicity of bicyclo[3.3.0]octanes against different transformed cell lines
a
 

Entry Compd L-929 (mouse) 

connective tissue 

IC50 (g mL
–1

) 

KB-3-1 (human) 

cervix carcinoma 

IC50 (g mL
–1

) 

1 9b >40 >40 

2 9c >40 >40 

3 9d >40 >40 

4 ent-10 >40 >40 

5 11c >40 >40 

6 11d >40 >40 

7 11e >40 >40 

8 11f >40 >40 

9 11g >40 >40 

10 11h >40 >40 

11 11i >40 >40 

12 19 >40 >40 

13 21c >40 – 

14 21d >40 >40 

15 21e >40 >40 

16 27a >40 >40 

17 27b >40 >40 

18 28 5.8 7.9 

19 29a >40 >40 

20 29b >40 >40 

21 29c >40 >40 

22 30 >40 >40 

23 31a 22 10 

24 31b 32 >40 

25 31c 15 14 

26 32a 40 7.5 

27 32b 40 6.2 

a
 Cell proliferation was measured by an MTT assay.

22
  

 IC50 values are means of two assays in parallel. 
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2. Synthesis 

The following hydropentalene derivatives are literature known: 9b–d,
18

 ent-10,
18

 

11e,f,h,i,
18,30–32

 29a–c,
33

 30,
2b,33

 31a
33

 and 32a.
25

 Compound 28 was obtained as a by-product 

in the synthesis of 13b/14b.
18

 

 

(3a'R,5's,6a'S)-5,5-Dimethylhexahydro-1'H-spiro[1,3-dioxane-2,2'-pentalen]-5'-yl propi-

onate (11c) 

To a solution of 10
18

 (100 mg, 0.44 mmol) and Et3N (1.20 mL, 16.2 mmol) in abs. CH2Cl2 

(3 mL) at 0°C was added propionylchloride (81.4 mg, 0.88 mmol) and the reaction mixture 

warmed to room temperature and stirred for a further 14 h. The reaction was quenched with a 

satd. NH4Cl solution (5 mL), the layers were separated and the aqueous layer was extracted 

with CH2Cl2 (3  5 mL). The combined organic layers were dried (MgSO4) and concentrated. 

The residue was purified by flash chromatography on SiO2 (hexanes/EtOAc, 10:1, Rf = 0.53), 

yield: 91 mg (0.32 mmol, 73%), colorless oil. 
1
H NMR (500 MHz, 

CDCl3):  = 0.94 [s, 6 H, C(CH3)2], 1.09 (t, J = 7.6 Hz, 3 H, 

CH2CH3) 1.59–1.64 (m, 4 H, 4‘-Ha, 6‘-Ha), 1.70 (dd, J = 13.6, 

6.9 Hz, 2 H, 1’-Ha, 3’-Ha), 2.02–2.12 (m, 2 H, 4’-Hb, 6’-Hb), 2.22–2.34 (m, 4 H, 1’-Hb, 3’-Hb, 

CH2CH3), 2.45–2.57 (m, 2 H, 3a’-H, 6a’-H), 3.45 (s, 2 H, OCH2), 3.46 (s, 2 H, OCH2), 5.06–

5.12 (m, 1 H, 5’-H) ppm; 
13

C NMR (125 MHz, CDCl3):  = 9.2 (CH2CH3), 22.6 [C(CH3)], 

28.0 (CH2CH3), 30.2 [C(CH3)2], 38.3 (C-3a’, C-6a’), 38.5 (C-4’,C-6’), 40.5 (C-1’, C-3’), 

71.6, 72.7 (OCH2), 77.9 (C-5’), 109.9 (C-2’), 174.3 (CO) ppm; FT-IR (ATR): ν~ = 2979 (m), 

2953 (m), 2868 (w), 2852 (w), 1732 (s), 1472 (w), 1462 (w), 1433 (w), 1395 (w), 1375 (w), 

1349 (w), 1330 (m), 1308 (w), 1278 (w), 1235 (w), 1236 (m), 1186 (s), 1118 (s), 1101 (vs), 

1055 (m), 1041 (m), 1026 (m), 1012 (m), 996 (m), 962 (w), 945 (w), 926 (w), 908 (w), 879 

(w), 807 (w), 791 (w), 767 (w), 751 (w), 698 (w), 610 (w), 579 (w), 565 (w) cm
–1

; MS (ESI): 

m/z = 305.2 [M + Na]
+
, 283.2 [M]

+
, 209.2, 123.1; HRMS (ESI): calcd. for C16H26O4Na

+
 

[M + Na]
+
 305.1723; found 305.1711. 

 

(3a'R,6a'S)-3a',5,5,6a'-Tetramethyltetrahydro-1'H-spiro[1,3]-dioxane-2,2'-pentalen]-

5'(3'H)-one 

In analogy to ref.,
18b,30b

 a solution of 7b (8.25 g, 49.6 mmol), 2,2-dimethyl-1,3-propanediol 

(5.19 g, 49.6 mmol) and catalytic amounts of p-TsOH in abs. toluene (100 mL) was heated at 

reflux for 2 h. After cooling to room temperature, a satd. NaHCO3 solution (40 mL) was 

added, the layers were separated and the aqueous layer was extracted with CHCl3 
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(3  30 mL). The combined organic layers were dried (MgSO4) and concentrated. The residue 

was purified by flash chromatography on SiO2 (hexane/EtOAc, 7:1) to give in a first fraction 

the bisketal (4.11 g, 12.1 mmol, 26%), in a second fraction the desired monoketal (6.18 g, 

24.5 mmol, 49%, purity >95 % by 
1
H NMR) as a colorless solid and in a third fraction 

unreacted 7b (2.11 g, 12.7 mmol, 24%). Rf = 0.33 (hexanes/EtOAc, 5:1), m.p. 61°C. 
1
H NMR 

(250 MHz, CDCl3):  = 0.95 [s, 6 H, C(CH3)2], 1.10 (s, 6 H, 3a’-CH3, 6a’-CH3), 2.06–2.17 

(m, 6 H, 1’-Ha, 3’-Ha, 4’-Ha, 4’-Hb, 6’-Ha, 6’-Hb), 2.48 (d, J = 19.2 Hz, 2 H, 1’-Hb, 3’-Hb), 

3.43 (s, 2 H, OCH2), 3.46 (s, 2 H, OCH2) ppm; 
13

C NMR (75 MHz, 

CDCl3):  = 22.25 [C(CH3)2], 22.32 (CH3-3a’, CH3-6a’), 29.9 

[C(CH3)2], 47.0 (C-1’, C-3’), 48.7 (C-3a’, C-6a’), 51.4 (C-4’, C-6’), 

71.9 (OCH2), 72.1 (OCH2), 108.0 (C-2’), 218.7 (C-5’) ppm; FT-IR (ATR): ν~  = 3054 (w), 

2954 (m), 2870 (m), 1738 (vs), 1471 (m), 1406 (w), 1332 (s), 1177 (m), 1134 (w), 1111 (m), 

1092 (s), 997 (m), 962 (w), 923 (w), 874 (w), 816 (m), 733 (vs), 703 (s), 614 (w) cm
–1

; 

MS (EI): m/z (%) = 252.2 (98) [M]
+
, 237.1 (9) [M – CH3]

+
, 224.2 (1), 169.1 (100) [M –

 C5H7O]
+
, 155.1 (34) [M – C6H9O]

+
, 83.0 (21), 69.1 (30), 55.0 (36); HRMS (ESI): calcd. for 

C15H24O3Na
+
 [M + Na]

+
 275.1618; found 275.1613. 

 

 

(3a'R,4'R,6a'R)- and (3a'R,4'S,6a'R)-3a',4',5,5,6a'-Pentamethyltetrahydro-1'H-spiro[1,3-

dioxane-2,2'-pentalen]-5'(3'H)-one (24a) and (24b) 

a) According to GP1 in ref.,
17

 from monoketal (0.48 g, 1.96 mmol) in abs. THF (3 mL),  

n-BuLi (1.6 M in hexane, 3.35 mL, 5.36 mmol), and bis[(R,R)-1-phenylethyl]ammonium 

chloride (0.55 g, 2.75 mmol) in abs. THF (50 mL). After stirring at –100°C for 1.5 h, the 

mixture was warmed to –78°C, treated with ClSiEt3 (0.66 mL, 0.59 g, 3.92 mmol) and stirred 

for a further 30 min. A satd. NaHCO3 solution (7 mL) was added, and the reaction mixture 

warmed to room temperature. The solvent was removed and the remaining aqueous layer was 

extracted with CHCl3 (3  10 mL). The combined extracts were dried (MgSO4) and concen-

trated. The residue was purified by flash chromatography on SiO2 (hexane/EtOAc/NEt3, 

50:1:1) to give the silyl ether (0.63 g, 88%) as a colorless oil. Rf = 

0.86 (hexanes/EtOAc, 5:1). 
1
H NMR (500 MHz, CDCl3):  = 0.66 

[q, J = 8.0 Hz, 6 H, Si(CH2CH3)3], 0.93 [s, 3 H, C(CH3)2], 0.96 [s, 

3 H, C(CH3)2], 0.97 [t, J = 8.0 Hz, 9 H, Si(CH2CH3)3], 1.00 (s, 3 

H, 3a’-CH3), 1.06 (s, 3 H, 6a’-CH3), 1.87 (dd, J = 13.9, 1.6 Hz, 1 H, 4’-Ha), 2.06–2.15 (m, 3 

H, 4’-Hb, 1’-Ha, 3’-Hb), 2,21 (dd, J = 5.3, 1.6 Hz, 2 H, 1’-Hb, 3’-Ha), 3.41 (s, 2 H, OCH2), 

3.45 (s, 2 H, OCH2), 4.50 (t, J = 1.6 Hz, 1 H, 6’-H) ppm; 
13

C NMR (125 MHz, CDCl3):  = 
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4.8 [Si(CH2CH3)3], 6.6 [Si(CH2CH3)3], 22.5 [C(CH3)2], 22.6 (CH3-6a’), 24.3 (CH3-3a’), 29.9 

[C(CH3)2], 48.7, 49.7 (C-1’,C-3’, C-4’), 71.8 (OCH2), 72.0 (OCH2), 107.8 (C-2’), 114.0 (C-

6’), 150.9 (C-5’) ppm; MS (EI): m/z (%) = 366.3 (29) [M]
+
, 351.2 (7) [M – CH3]

+
, 279.2 (58) 

[M – C5H11O]
+
, 234.2 (73) [M – OSiC6H16]

+
, 224.2 (100) [M – C8H14O2]

+
, 128.1 (38), 115.1 

(16), 87.1 (24); HRMS (EI): calcd. for C21H38O3Si
+
 [M]

+
 366.2590; found 366.2589.  

b) According to GP2 in ref.,
17

 from the silyl enol ether (0.40 g, 1.09 mmol), MeLi (1.6 M 

solution in Et2O, 750 µL, 1.20 mmol), MeI (140 µL, 0.31 g, 2.18 mmol, the same amount 

after 18 h), stirring for a further 24 h; extraction with CHCl3 (3  20 mL), flash chromatogra-

phy on SiO2 (hexanes/EtOAc, 10:1) gave a diastereomeric mixture of 24a : 24b = 4 : 1 (0.50 

g, 1.88 mmol, 58%, purity 92% by GC) as a colorless solid, m.p. 56°C. 

GC: column Bondex un  +  (25 m  0.30 mm), 0.5 bar H2 as carrier 

gas, temperature programme: 100°C isotherm, 1°C min
–1

 gradient to 

200°C; tR(24a) = 100.08 min, tR(24b) = 93.15 min. 
1
H NMR (500 

MHz, CDCl3):  = 0.937 [s, 3 H, (CH3)2], 0.941 [s, 3 H, C(CH3)2], 1.00 

(d, J = 7.6 Hz, 3 H, 4’-CH3), 1.07 (s, 3 H, 6a’-CH3), 1.11 (s, 3 H, 3a’-

CH3), 1.68 (d, J = 14.5 Hz, 1 H, 6’-Ha), 1.96 (d, J = 14.5 Hz, 1 H, 6’-Hb), 1.99 (d, J = 

13.9 Hz, 1 H, 1’-Ha), 2.11–2.16 (m, 1 H, 4’-H), 2.13 (d, J = 18.9 Hz, 1 H, 3’-Ha), 2.30 (d, J = 

13.9 Hz, 1 H, 1’-Hb), 2.47 (d, J = 18.9 Hz, 1 H, 3’-Hb), 3.40 (d, J = 7.6 Hz, 2 H, OCH2), 3.45 

(s, 2 H, OCH2) ppm; 
13

C NMR (125 MHz, CDCl3):  = 9.1 (CH3-4’), 20.3 (CH3-3a’), 22.3 

[C(CH3)2], 22.5 (CH3-6a’), 29.9 [C(CH3)2], 45.1 (C-3a’), 45.4 (C-1’), 47.6 (C-3’), 50.5 (C-

6a’), 53.3 (C-6’), 72.0 (OCH2), 107.8 (C-2’), 219.9 (C-5’) ppm; FT-IR (ATR): ν~  = 3054 (w), 

2957 (m), 2870 (m), 2361 (w), 1734 (s), 1460 (m), 1333 (m), 1265 (s), 1192 (w), 1128 (m), 

1093 (s), 1007 (w), 908 (s), 814 (w), 730 (vs), 703 (s) cm
–1

; MS (EI): m/z (%) = 266.2 (100) 

[M]
+
, 251.2 (11) [M – CH3]

+
, 238.2 (2), 195.1 (34), 182.1 (59), 168.1 (76), 155.1 (35), 128.1 

(26), 69.1 (71), 55.0 (36); HRMS (EI): calcd. for C16H26O3
+
 [M]

+
 266.1882; found 266.1883.  

 

(3a'R,4'R,5'R,6a'R)- and (3a'R,4'S,5'R,6a'R)-3a',4',5,5,6a'-pentamethylhexahydro-1'H-

spiro[1,3-dioxane-2,2'-pentalen]-5'-ol (25a) and (25b) 

Finely powdered NaBH4 (37.8 mg, 6.75 mmol) was added portionwise to a solution of 

24a,b (599 mg, 2.25 mmol) in abs. MeOH (15 mL) at 0°C and the reaction mixture stirred for 

15 min. The reaction was quenched with H2O (5 mL) and the mixture was extracted with 

CH2Cl2 (3  25 mL). The combined extracts were washed with brine (15 mL), dried (MgSO4) 

and concentrated. The residue was purified by flash chromatography on SiO2 

(hexanes/EtOAc, 10:1) to give 25a (267 mg, 1.00 mmol, 44 %) as a colorless greasy solid and 
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25b (325 mg, 1.21 mmol, 54 %) as a colorless viscous oil. 25a: Rf = 0.26 (hexanes/EtOAc, 

5:1). 
1
H NMR (500 MHz, CD2Cl2): δ = 0.74 (s, 3 H, 6a’-CH3), 0.88 

(d, J = 7.1 Hz, 3 H, 4’-CH3), 0.89 [s, 3 H, C(CH3)2], 0.91 [s, 3 H, 

C(CH3)2], 0.94 (s, 3 H, 3a’-CH3), 1.50 (d, J = 5.4 Hz, 1 H, OH), 1.57 

(d, J = 14.0 Hz, 1 H, 1’-Ha), 1.66 (dd, J = 13.0, 7.3 Hz, 1 H, 6’-Ha), 

1.81 (dd, J = 13.0, 8.0 Hz, 1 H, 6’-Hb), 1.89 (d, J = 13.9 Hz, 1 H, 3’-Ha), 1.94 (dq, J = 9.1, 

7.1 Hz, 1 H, 4‘-H), 2.14 (dd, J = 14.0, 1.1 Hz, 1 H, 1’-Hb), 2.20 (dd, J = 13.9, 1.1 Hz, 1 H, 3’-

Hb), 3.38 (s, 2 H, OCH2), 3.41 (s, 2 H, OCH2), 3.65–3.72 (m, 1 H, 5’-H) ppm; 
13

C NMR (125 

MHz, CD2Cl2): δ = 12.5 (CH3-4’), 18.4 (CH3-6a’), 22.5, 22.6 [C(CH3)2], 25.0 (CH3-3a’), 30.1 

[C(CH3)2], 47.7 (C-3a’), 48.2 (C-1’), 49.0 (C-6’), 50.7 (C-3’), 51.0 (C-4’), 51.2 (C-6a’), 71.9 

(OCH2), 72.3 (OCH2), 78.2 (C-5’), 108.6 (C-2’) ppm; FT-IR (ATR): ν~  = 3382 (br), 2953 (s), 

2869 (m), 1459 (m), 1394 (w), 1330 (m), 1242 (w), 1100 (vs), 1040 (m), 1006 (m), 988 (w), 

842 (w), 733 (w), 689 (w), 574 (m) cm
–1

; MS (EI): m/z (%) = 268.2 (41) [M + H]
+
, 253.2 

(15), 211.1 (14), 197.1 (100), 183.1 (37), 169.1 (30), 155.1 (37), 128.1 (43), 122.1 (39), 111.1 

(11), 83.0 (11), 69.1 (48), 55.1 (22), 41.0 (21). HRMS (ESI): calcd. for C15H28O3Na
+
 

[M + Na]
+
 291.1931; found 291.1930. 25b: Rf = 0.30 (hexanes/EtOAc, 5:1). 

1
H NMR (500 

MHz, CDCl3): δ = 0.83 [s, 3 H, C(CH3)2], 0.85 [s, 3 H, C(CH3)2], 

0.86 (s, 3 H, 6a’-CH3), 0.89 (s, 3 H, 3a’-CH3), 0.90 (d, J = 6.9 Hz, 3 

H, 4’-CH3), 1.50–1.57 (m, 2 H, 1’-Ha, 4’-H), 1.73–1.80 (m, 3 H, 3’-

Ha, 6’-Ha, 6’-Hb), 1.93 (d, J = 13.7 Hz, 1 H, 3’-Hb), 2.30 (d, J = 14.7 Hz, 1 H, 1’-Hb), 2.43 (d, 

J = 6.6 Hz, 1 H, OH), 3.29–3.44 (m, 4 H, OCH2), 3.90 (dq, J = 6.1, 2.0 Hz, 1 H, 5’-H) ppm; 

13
C NMR (125 MHz, CD2Cl2): δ = 12.5 (CH3-4’), 18.4 (CH3-6a’), 22.5, 22.6 [C(CH3)2], 25.0 

(CH3-3a’), 30.1 [C(CH3)2], 47.7 (C-3a’), 48.2 (C-1’), 49.0 (C-6’), 50.7 (C-3’), 51.0 (C-4’), 

51.2 (C-6a’), 71.9 (OCH2), 72.3 (OCH2), 78.2 (C-5’), 108.6 (C-2’) ppm; FT-IR (ATR): ν~  = 

3446 (br), 2950 (s), 2869 (m), 1471 (m), 1395 (w), 1330 (m), 1239 (w), 1102 (vs), 1039 (m), 

1006 (m), 822 (w), 574 (m) cm
–1

; MS (EI): m/z (%) = 268.2 (68) [M + H]
+
, 253.2 (26), 211.1 

(17), 197.1 (100), 183.1 (43), 169.1 (37), 155.1 (44), 128.1 (57), 69.1 (53), 55.1 (24), 41.0 

(22); HRMS (ESI): calcd. for C15H28O3Na
+
 [M + Na]

+
 291.1931; found 291.1932.  

 

tert-Butyl{[(3a'R,4'R,5'R,6a'R)-3a',4',5,5,6a'-pentamethylhexahydro-1'H-spiro[1,3-di-

oxane-2,2'-pentalen]-5'-yl]oxy}diphenylsilane (25c) 

Following the procedure in ref.,
18a

 from 25a (263 mg, 0.98 mmol) in DMF (2 mL), 

TBDPSCl (324 mg, 1.18 mmol) and imidazole (167 mg, 2.45 mmol); flash chromatography 

on SiO2 (hexanes/EtOAc, 30:1), colorless oil, yield: 489 mg (0.97 mmol, 99%). Rf = 0.73 
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(hexanes/EtOAc, 10:1). 
1
H NMR (500 MHz, CDCl3): δ = 0.63 (s, 3 H, 6a’-CH3), 0.74 (d, J = 

7.1 Hz, 3 H, 4’-CH3), 0.81 (s, 3 H, 3a’-CH3), 0.95 [s, 3 H, 

C(CH3)2], 0.98 [s, 3 H, C(CH3)2], 1.05 [s, 9 H, SiC(CH3)3], 1.47 

(dd, J = 13.2, 7.9 Hz, 1 H, 6’-Ha), 1.63 (d, J = 13.7 Hz, 1 H, 1’-

Ha), 1.75 (dd, J = 13.2, 6.5 Hz, 1 H, 6’-Hb), 1.94 (d, J = 13.7 Hz, 1 H, 3’-Ha), 2.17 (d, J = 

13.7 Hz, 1 H, 1’-Hb), 2.18 (dq, J = 7.5, 7.1 Hz, 1 H, 4’-H), 2.30 (d, J = 13.7 Hz, 1 H, 3’-Hb), 

3.44 (s, 2 H, OCH2), 3.49 (s, 2 H, OCH2), 3.76–3.82 (m, 1 H, 5’-H), 7.33–7.38 (m, 4 H, m-H, 

m’-H), 7.39–7.42 (m, 2 H, p-H, p’-H), 7.64–7.68 (m, 4 H, o-H, o’-H) ppm; 
13

C NMR (125 

MHz, CDCl3): δ = 12.9 (CH3-4’), 18.3 (CH3-6a’), 19.4 [SiC(CH3)3], 22.65, 22.72 [C(CH3)2], 

24.7 (CH3-3a’), 27.2 [SiC(CH3)3], 30.0 [C(CH3)2], 47.8 (C-3a’), 48.3 (C-1’), 48.6 (C-6’), 50.0 

(C-6a’), 50.4 (C-3’), 51.2 (C-4’), 72.0 (OCH2), 72.1 (OCH2), 79.4 (C-5’), 108.7 (C-2’), 

127.53, 127.54 (C-m, C-m’), 129.5, 129.6 (C-p, C-p’), 134.7, 135.0 (C-i, C-i’), 136.1 (C-o, C-

o’) ppm; FT-IR (ATR): ν~  = 3071 (w), 2954 (m), 2857 (m), 1589 (w), 1472 (m), 1428 (m), 

1393 (m), 1102 (vs), 1067 (s), 1006 (m), 941 (m), 908 (m), 822 (m), 738 (s), 701 (vs), 612 

(m) cm
–1

; MS (EI): m/z (%) = 506.4 (4) [M ]
+
, 491.4 (6), 449.3 (70), 363.2 (100), 305.2 (38), 

285.2 (12), 199.1 (80), 183.0 (11), 165.1 (14), 147.1 (14), 69.1 (11); HRMS (ESI): calcd. for 

C32H46O3SiNa
+
 [M + Na]

+
 529.3108; found 529.3110.  

 

tert-Butyl{[(3a'R,4'S,5'R,6a'R)-3a',4',5,5,6a'-pentamethylhexahydro-1'H-spiro[1,3-di-

oxane-2,2'-pentalen]-5'-yl]oxy}diphenylsilane (25d) 

Following the procedure in ref.,
18a

 from 25b (231 mg, 0.86 mmol) in DMF (2 mL), 

TBDPSCl (283mg, 1.03 mmol) and imidazole (146 mg, 2.15 mmol); 20 h reaction time; flash 

chromatography on SiO2 (hexanes/ EtOAc, 30:1), colorless oil, yield: 119 mg (0.24 mmol, 

28%). Rf = 0.74 (hexanes/EtOAc, 10:1). 
1
H NMR (500 MHz, CDCl3): δ = 0.83 (s, 3 H, 6a’-

CH3), 0.89 (d, J = 6.0 Hz, 3 H, 4’-CH3), 0.90 [s, 3 H, C(CH3)2], 

0.94 [s, 3 H, C(CH3)2], 1.01 (s, 3 H, 3a’-CH3), 1.08 [s, 9 H, 

SiC(CH3)3], 1.47 (dd, J = 14.0, 6.0 Hz, 1 H, 6’-Ha), 1.55 (dq, J 

= 7.1, 6.0 Hz, 1 H, 4’-H), 1.85 (dd, J = 13.3, 1.7 Hz, 1 H, 3’-Ha), 1.87 (dd, J = 14.0, 2.7 Hz, 1 

H, 6’-Hb), 1.97 (dd, J = 13.5, 1.8 Hz, 1 H, 1’-Ha), 2.25 (d, J = 13.5 Hz, 1 H, 1’-Hb), 2.53 (d, J 

= 13.3 Hz, 1 H, 3’-Hb), 3.43–3.54 (m, 4 H, OCH2), 4.24 (dt, J = 6.0, 2.7 Hz, 1 H, 5’-H), 7.32–

7.37 (m, 4 H, m-H, m’-H), 7.39–7.43 (m, 2 H, p-H, p’-H), 7.65–7.69 (m, 4 H, o-H, o’-H) 

ppm; 
13

C NMR (125 MHz, CDCl3): δ = 10.6 (CH3-4’), 19.4 [SiC(CH3)3], 22.6, 22.7 

[C(CH3)2], 22.8 (CH3-3a’), 24.8 (CH3-6a’), 27.2 [SiC(CH3)3], 30.0 [C(CH3)2], 43.0 (C-3’), 

48.3 (C-3a’), 49.2 (C-4’), 50.0 (C-1’), 50.5 (C-6’), 51.8 (C-6a’), 71.4 (OCH2), 72.5 (OCH2), 
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76.9 (C-5’), 108.5 (C-2’), 127.38, 127.40 (C-m, C-m’), 129.41, 129.44 (C-p, C-p’), 134.3, 

134.7 (C-i, C-i’), 136.2, 136.3 (C-o, C-o’) ppm; FT-IR (ATR): ν~  = 3072 (w), 3049 (w), 2953 

(m), 2857 (m), 1472 (m), 1428 (m), 1103 (vs), 1041 (s), 997 (m), 907 (w), 821 (w), 738 (m), 

701 (s), 612 (m) cm
–1

; MS (EI): m/z (%) = 506.4 (6) [M ]
+
, 491.4 (14), 449.3 (60), 363.2 

(100), 285.2 (9), 199.1 (58), 183.1 (14), 165.1 (9), 147.1 (15), 69.1 (10); HRMS (ESI): calcd. 

for C32H46O3SiNa
+
 [M + Na]

+
 529.3108; found 529.3107.  

 

(3aR,4R,5R,6aR)-5-{[tert-Butyl(diphenyl)silyl]oxy}-3a,4,6a-trimethylhexahydropentalen-

2(1H)-one (26a) 

According to ref.,
21

 from 25c (417 mg, 0.82 mmol) in abs. acetone (5 mL) and catalytic 

amounts of p-TsOH; flash chromatography on SiO2 (hexanes/EtOAc, 20:1), colorless oil, 

yield: 315 mg (0.75 mmol, 92%). Rf = 0.54 (hexanes/EtOAc, 10:1). 
1
H NMR (500 MHz, 

CDCl3): δ = 0.73 (s, 3 H, 6a-CH3), 0.77 (d, J = 7.1 Hz, 1 H, 4-CH3), 0.91 (s, 3 H, 3a-CH3), 

1.05 [s, 9 H, SiC(CH3)3], 1.73–1.78 (m, 2 H, 6-Ha, 6-Hb), 1.95 (dq, J 

= 7.9, 7.1 Hz, 1 H, 4-H), 2.01 (dd, J = 18.5, 1.2 Hz, 1 H, 1-Ha), 2.20 

(d, J = 19.1 Hz, 1 H, 3-Ha), 2.29 (d, J = 18.5 Hz, 1 H, 1-Hb), 2.70 (d, 

J = 19.1 Hz, 1 H, 3-Hb), 3.99 (dt, J = 4.9, 7.9 Hz, 1 H, 5-H), 7.35–7.39 (m, 4 H, m-H, m’-H), 

7.41–7.45 (m, 2 H, p-H, p’-H), 7.63–7.66 (m, 4 H, o-H, o’-H) ppm; 
13

C NMR (125 MHz, 

CDCl3): δ = 12.4 (CH3-4), 16.3 (CH3-6a), 19.1 [SiC(CH3)3], 23.6 (CH3-3a), 27.0 [SiC(CH3)3], 

47.2 (C-6), 47.3 (C-3a), 50.0 (C-1, C-6a), 51.8 (C-4), 54.0 (C-3), 79.7 (C-5), 127.5 (C-m, C-

m’), 129.60, 129.61 (C-p, C-p’), 134.2, 134.4 (C-i, C-i’), 135.9 (C-o, C-o’), 219.4 (C-2) ppm; 

FT-IR (ATR): ν~  = 2960 (m), 2869 (m), 2254 (w), 1737 (s), 1471 (w), 1427 (w), 1384 (w), 

1109 (m), 1049 (m), 996 (m), 903 (vs), 822 (w), 727 (vs), 649 (m), 615 (w) cm
–1

; MS (ESI): 

m/z = 443.2 [M + Na]
+
, 343.2 [M + H – C6H6]

+
; HRMS (ESI): calcd. for C27H36O2SiNa

+
 

[M + Na]
+
 443.2377; found 443.2377.  

 

(3aR,4S,5R,6aR)-5-{[tert-Butyl(diphenyl)silyl]oxy}-3a,4,6a-trimethylhexahydropentalen-

2(1H)-one (26b) 

According to ref.,
21

 from 25d (96.0 mg, 0.19 mmol) in abs. acetone (4 mL) and catalytic 

amounts of p-TsOH; flash chromatography on SiO2 (hexanes/EtOAc, 20:1), colorless oil, 

yield: 70.0 mg (0.17 mmol, 90%). Rf = 0.55 (hexanes/EtOAc, 10:1). 
1
H NMR (500 MHz, 

CDCl3): δ = 0.90 (s, 3 H, 6a-CH3), 0.92 (s, 3 H, 3a-CH3), 0.95 (d, J 

= 7.1 Hz, 1 H, 4-CH3), 1.06 [s, 9 H, SiC(CH3)3], 1.63 (dd, J = 14.8, 

3.5 Hz, 1 H, 6-Ha), 1.85 (dq, J = 7.3, 7.1 Hz, 1 H, 4-H), 1.88 (dd, J = 
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14.8, 7.3 Hz, 1 H, 6-Hb), 1.94 (d, J = 18.8 Hz, 1 H, 3-Ha), 2.14 (dd, J = 18.7, 1.2 Hz, 1 H, 1-

Ha), 2.32 (d, J = 18.7 Hz, 1 H, 1-Hb), 3.04 (d, J = 18.8 Hz, 1 H, 3-Hb), 4.36 (dt, J = 3.5, 

7.3 Hz, 1 H, 5-H), 7.34–7.39 (m, 4H, m-H, m’-H), 7.40–7.45 (m, 2 H, p-H, p’-H), 7.58–7.65 

(m, 4 H, o-H, o’-H) ppm; 
13

C NMR (125 MHz, CDCl3): δ = 10.8 (CH3-4), 19.3 [SiC(CH3)3], 

21.7 (CH3-3a), 23.3 (CH3-6a), 27.2 [SiC(CH3)3], 46.8 (C-4), 57.6 (C-3a), 48.5 (C-3), 61.3 (C-

6), 51.5 (C-6a), 51.9 (C-1), 75.6 (C-5), 127.7 (C-m, C-m’), 129.7, 129.8 (C-p, C-p’), 134.0, 

134.5 (C-i, C-i’), 136.20, 136.22 (C-o, C-o’), 219.6 (C-2) ppm; FT-IR (ATR): ν~  = 3071 (w), 

3048 (w), 2957 (m), 2931 (m), 2893 (w), 2858 (m), 1734 (s), 1589 (w), 1471 (m), 1463 (m), 

1427 (m), 1405 (w), 1383 (m), 1300 (w), 1264 (w), 1197 (w), 1157 (w), 1105 (s), 1048 (s), 

1028 (m), 995 (m), 936 (w), 895 (m), 854 (w), 822 (m), 740 (s), 700 (vs), 613 (m), 596 (w), 

554 (w) cm
–1

; MS (ESI): m/z = 443.2 [M + Na]
+
, 343.2 [M + H – C6H6]

+
; HRMS (ESI): calcd. 

for C27H36O2SiNa
+
 [M + Na]

+
 443.2377; found 443.2371.  

 

(3a'R,6a'S)-5,5-dimethylhexahydro-1'H-spiro[1,3-dioxane-2,2'-pentalen]-5'-yl]methanol 

(11d) 

To a solution of 11f
23

 (143 mg, 0.64 mmol) in abs. THF (5 mL) at 0°C was added dropwise 

BH3 (0.71 mL, 0.71 mmol, 1 M solution in THF) and the reaction mixture was stirred for 1.5 h 

at room temperature. Then a 2 M NaOH solution (0.3 mL) and a 30%ic H2O2 solution (3.4 

mL) were added and the mixture was sonificated for 30 min. After addition of EtOAc (50 

mL), the organic layer was washed with a satd. NaHCO3 solution (2  20 mL) and brine (20 

mL), dried (MgSO4) and concentrated. The residue was purified by flash chromatography on 

SiO2 (hexanes/EtOAc, 3:1, Rf = 0.23) to give 11d (diastereomeric mixture 5:1) (94.0 mg, 0.39 

mmol, 61%) as a colorless oil. FT-IR (ATR): ν~  = 3405 (br), 2940 (m), 2861 (m), 2248 (w), 

1472 (w), 1395 (w), 1329 (w), 1217 (w), 1111 (s), 1074 (w), 1015 (w), 904 (s), 728 (vs), 649 

(m) cm
–1

; 11d: 
1
H NMR (500 MHz, CDCl3): δ = 0.96 [s, 6 H, C(CH3)2], 1.08 (dt, J = 11.5, 

8.6 Hz, 2 H, 4’-Ha, 6’-Ha), 1.39 (s, br, 1 H, OH), 1.69 (ddd, J = 13.4, 4.1, 1.4 Hz, 2 H, 1’-Ha, 

3’-Ha), 2.00–2.06 (m, 2 H, 4’-Hb, 6’-Hb), 2.06 (ddt, J = 16.6, 11.3, 

6.3 Hz, 1 H, 5’-H), 2.18 (dd, J = 13.4, 8.8 Hz, 2 H, 1’-Hb, 3’-Hb), 

2.48–2.53 (m, 2 H, 3a’-H, 6a’-H), 3.47 (s, 2 H, OCH2), 3.48 (s, 2 H, 

OCH2), 3.59 (d, J = 6.3 Hz, 2 H, 1’’-H) ppm; 
13

C NMR (125 MHz, 

CDCl3): δ = 22.6 [C(CH3)2], 30.1 [C(CH3)2], 37.3 (C-4’, C-6’), 40.2 

(C-1’, C-3’), 40.4 (C-3a’, C-6a’), 45.8 (C-5’), 67.0 (C-1’’), 71.8, 

72.2 (OCH2), 110.9 (C-2’) ppm. 11d': 
1
H NMR (500 MHz, CDCl3): δ = 0.96 [s, 6 H, 

C(CH3)2], 1.37–1.44 (m, 5 H, 1’-Ha, 3’-Ha, 4’-Ha, 6’-Ha, OH), 1.56 (ddd, J = 13.2, 6.2, 
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1.6 Hz, 2 H, 1’-Hb, 3’-Hb), 2.27 (ddt, J = 16.6, 3.7, 6.2 Hz, 1 H, 5’-H), 2.36 (ddd, J = 13.0, 

6.8, 2.2 Hz, 2 H, 4’-Hb, 6’-Hb), 2.53–2.59 (m, 2 H, 3a’-H, 6a’-H), 3.46 (s, 2 H, OCH2), 3.49 

(s, 2 H, OCH2), 3.57 (d, J = 6.8 Hz, 2 H, 1’’-H) ppm; 
13

C NMR (125 MHz, CDCl3): δ = 22.6 

[C(CH3)2], 30.1 [C(CH3)2], 36.1 (C-1’, C-3’), 39.3 (C-3a’, C-6a’), 40.7 (C-4’, C-6’), 40.9 (C-

5’), 66.6 (C-1’’), 71.4, 72.9 (OCH2), 109.2 (C-2’) ppm. 

 

N'-[(3a'R,6a'S)-5,5-Dimethyltetrahydro-1'H-spiro[1,3-dioxane-2,2'-pentalen]-5'(3'H)-yli-

dene]-4-methylbenzenesulfonohydrazide (11g) 

Under vigorously stirring (3a'R,6a'R)-5,5-dimethyltetrahydro-1'H-spiro[1,3-dioxane-2,2'-

pentalen]-5'(3'H)-one
17

 (333 mg, 1.48 mmol) was added portionwise to a solution of p-tosyl-

hydrazine (275 mg, 1.48 mmol) in abs. EtOH (7 mL) and the reaction mixture stirred at reflux 

for 30 min. The precipitate was filtered off and washed with ice-cold EtOH (15 mL), yield: 

502 mg (1.28 mmol, 86%), a white solid. 
1
H NMR (300 MHz, DMSO):  = 0.85 (s, 3 H, 

CH3), 0.86 (s, 3 H, CH3), 1.40–1.66 (m, 2 H, 3’-Ha, 1’-Ha), 2.01–

2.23 (m, 4 H, 3’-Hb, 1’-Hb, 3a’-H, 6a’-H), 2.37 (s, 3 H, Ar-CH3), 

2.39–2.51 (m, 4 H, 4’-Ha, 4’-Hb, 6’-Ha, 6’-Hb), 3.32 (s, 2 H, 

OCH2), 3.38 (s, 2 H, OCH2), 7.37 (d, J = 8.2 Hz, 2 H, 2”-H), 7.71 (d, J = 8.2 Hz, 2 H, 1”-H), 

9.94 (s, 1 H, NH) ppm; 
13

C NMR (75 MHz, DMSO):  = 21.0 [Ar(CH3)], 22.1 [C(CH3)], 29.6 

(C-4‘, C-6’), 34.5 (C-3a’, C-6a’), 38.6 (C-3‘, C-1’), 70.7, 71.3 (OCH2), 109.5 (C-2’), 127.5 

(C-1”), 129.4 (C-2”), 136.5 (C-3”), 143.2 (SO2C), 168.1 (C-5’) ppm; FT-IR (ATR): ν~  = 3446 

(w), 2250 (w), 2125 (w), 1661 (w), 1053 (vs), 1024 (vs), 820 (m), 758 (s), 660 (w), 623 (w), 

576 (w) cm
–1

; MS (EI): m/z (%) = 392.2 (14) [M]
+
, 307.1 (1), 237.2 (100), 222.2 (6), 209.2 

(2), 169.1 (1), 151.1 (55), 139.0 (3), 123.1 (31), 109.1 (4), 79.1 (10), 69.1 (15), 55.1 (5), 41.1 

(9); HRMS (EI): calcd. for C20H28N2O4S [M]
+
 392.1770; found 392.1765. 

 

(1a'R,1b'S,4a'S,5a'S)-Hexahydro-1a'H-spiro[1,3-dioxolane-2,4'-pentaleno[1,2-b]oxirene 

(21c) 

To a solution of (3a'R,6a'S)-3',3a'6',6a'-tetrahydro-2'H-spiro[1,3-dioxolane-2,1'-penta-

lene]
34

 (120 mg, 0.72 mmol) in CH2Cl2 (5 mL) at room temperature was added NaHCO3 

(320 mg, 3.6 mmol) followed by m-CPBA (308 mg, 1.4 mmol), and the suspension was 

stirred for 24 h. Then the reaction mixture was hydrolyzed with H2O until complete dissolu-

tion of the suspension. The layers were separated and the aqueous layer was extracted with 

CH2Cl2 (3  20 mL). The combined organic layers were washed with a satd. NH4Cl solution 

and dried (MgSO4). The solvent was removed under vacuum and the residue was purified by 
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chromatography on SiO2 (hexanes/EtOAc, 10:1, Rf = 0.1), yield: 69 mg (0.38 mmol, 53%), 

colorless oil. 
1
H NMR (500 MHz, CDCl3):  = 1.41–1.49 (m, 1 H, 8-Ha), 1.69–1.78 (m, 2 H, 

4-Ha, 7-Ha), 1.81–1.91 (m, 2 H, 7-Hb, 8-Hb), 2.10–2.16 (m, 1 H, 4-Hb), 2.18–

2.24 (m, 1 H, 5-H), 2.81–2.86 (m, 1 H, 1-H), 3.32–3.33 (m, 1 H, 2-H), 3.50–

3.52 (m, 1 H, 3-H), 3.82–3.94 (m, 4 H, OCH2CH2O) ppm; 
13

C NMR 

(125 MHz, CDCl3):  =  22.7 (C-8), 30.3 (C-4), 33.1 (C-7), 43.4 (C-1), 46.5 (C-5), 58.9 (C-3), 

62.0 (C-2), 64.0, 64.9 (OCH2CH2O), 118.7 (C-6) ppm; FT-IR (ATR): ν~  = 2960 (m), 2880 

(m), 2362 (w), 2250 (w), 1736 (w), 1449 (w), 1397 (w), 1340 (m), 1230 (m), 1275 (w), 1211 

(m), 1109 (vs), 1072 (m), 1052 (m), 1033 (s), 1013 (s), 944 (s), 920 (vs), 838 (vs), 727 (s), 

647 (w) cm
–1

; MS (EI): m/z (%) = 182.1 (10) [M]
+
, 154.1 (40), 135.1 (15) [C9H13O2], 138.1 

(15) [C8H10O2], 123.1 (10) [C8H11O], 109.1 (20) [C7H9O], 100.0 (50) [C5H8O2], 99.0 (50) 

[C5H7O2], 94.0 (12), 86.0 (80) [C4H6O2], 81.0 (20), 67.1 (15) [C5H7], 55.0 (40) [C3H3O], 53.1 

(10) [C4H5], 39.1 (15), 27.1 (15) [C2H3]; HRMS (EI): calcd. for C10H14O3 [M]
+
 182.0943; 

found 182.0948. 

 

(3a'S,4'R,5'S,6a'S)-Hexahydro-2'H-spiro[1,3-dioxolane-2,1'-pentalene]-4',5'-diol (21d) 

To a solution of (3a'R,6a'S)-3',3a'6',6a'-tetrahydro-2'H-spiro[1,3-dioxolane-2,1'-pentalene] 

(60 mg, 0.35 mmol) in acetone/H2O/t-BuOH/CCl4 (7.5 mL/1.6 mL/0.8 mL/1 mL) at room 

temperature were added NMO (170 mg, 1.3 mmol) and catalytic amounts of K2OsO4·2H2O, 

and the reaction mixture was stirred for 15 h. After addition of sodium sulfite (1.25 g), the 

mixture was stirred for a further 30 min. Then H2O was added until dissolution of the 

precipitate. The layers were separated and the aqueous layer was extracted with EtOAc (3  

20 mL). The combined organic layers were dried (MgSO4), and the solvent was removed 

under vacuum. The residue was purified by chromatography on SiO2 (hexanes/EtOAc, 

2:11:1), yield: 57 mg (0.29 mmol, 80%), colorless solid. Rf = 0.05 (hexanes/EtOAc, 1 : 1). 

1
H NMR (500 MHz, CDCl3):  = 1.39–1.45 (m, 1 H, 8-Ha), 1.62–1.65 (m, 2 H, 7-H), 1.79–

1.87 (m, 2 H, 4-H), 1.90–1.97 (m, 1 H, 8-Hb), 2.49–2.54 (m, 1 H, 1-H), 

2.63–2.67 (m, 1 H, 5-H), 3.74–3.76 (m, 1 H, 2-H), 3.84–3.94 (m, 4 H, 

OCH2CH2O), 4.15 (td, J = 5.5, 3.8 Hz, 1 H, 3-H) ppm; 
13

C NMR (125 

MHz, CDCl3):  =  26.4 (C-8), 32.0 (C-4), 34.6 (C-7), 46.2 (C-5), 46.7 (C-

1), 64.1, 64.9 (OCH2CH2O), 74.7 (C-3), 80.1 (C-2), 118.1 (C-6) ppm; FT-IR (ATR): ν~  = 

3384 (br), 2951 (m), 2888 (m), 1445 (w), 1337 (m), 1213 (m), 1151 (m), 1092 (vs), 1024 (vs), 

946 (s), 917 (m), 866 (w), 835 (w), 729 (w), 549 (w) cm
–1

; MS (ESI): m/z = 201.1 [M]
+
, 
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157.1, 139.1, 121.1, 111.0, 103.5, 95.1, 91.1; HRMS (EI): calcd. for C10H16O4Na
+
 [M + Na]

+
 

223.0941; found 223.0945. 

 

(3a'S,4'R,5'R,6a'S)-5,5-Dimethylhexahydro-2'H-spiro[1,3-dioxane-2,1'-pentalene]-4',5'-

diol (21e) 

To a solution of a diastereomeric (>95 : 5) mixture of (1b'S,4a'S)-5,5-dimethylhexahydro-

1a'H-spiro[1,3-dioxane-2,4'-pentaleno[1,2-b]oxirene] (400 mg, 1.78 mmol) in DMSO/H2O 

(3:1) (16 mL) was added KOH (8 pellets) and the reaction mixture heated at 170°C for 3.25 h 

in a microwave. The reaction was terminated by addition of a satd. NaHCO3 solution, diluted 

with H2O and extracted with EtOAc (10  5 mL). The combined organic layers were dried 

(MgSO4) and the solvent was removed under vacuum. The residue was purified by 

chromatography on SiO2 (EtOAc) to give 21e (400 mg, 1.65 mmol, 93%) and as a byproduct 

the cis-diol (25 mg, 0.10 mmol, 5%). 21e: colorless solid, Rf = 0.05 (hexanes/ EtOAc, 1:1). 
1
H 

NMR (500 MHz, CDCl3):  = 0.83 [s, 3 H, C(CH3)2], 1.09 [s, 3 H, 

C(CH3)2], 1.54–1.61 (m, 1 H, 4-Ha), 1.65–1.75 (m, 3 H, 7-Ha, 8-H), 2.19–

2.33 (m, 1 H, 4-Hb), 2.24–2.27 (m, 1 H, 7-Hb), 2.70–2.75 (m, 1 H, 5-H), 

2.78–2.85 (m, 1 H, 1-H), 3.42–3.62 (m, 4 H, OCH2), 3.75–3.78 (m, 1 H, 2-

H), 4.11–4-15 (m, 1 H, 3-H) ppm; 
13

C NMR (125 MHz, CDCl3):  =  20.1 

(C-8), 22.1, 22.7 [C(CH3)2], 29.5 (C-4), 30.0 [C(CH3)2], 32.2 (C-7), 42.6 (C-1), 47.5 (C-5), 

71.9, 72.6 (OCH2), 78.9 (C-2), 79.7 (C-3), 107.7 (C-6) ppm; FT-IR (ATR): ν~  = 3347 (br), 

2957 (m), 2884 (m), 2252 (w), 1729 (m), 1471 (w), 1354 (w), 1286 (w), 1100 (s), 1037 (w), 

903 (vs), 728 (vs), 649 (s) cm
–1

; MS (EI): m/z (%) = 242.1 (10) [M]
+
, 224.1 (5), 198.1 (10), 

185.1 (5), 169.1 (70), 160.1 (20), 141.1 (100) [C8H13O3], 129.1 (35), 128.1 (35), 121.1 (10), 

110.1 (20), 96.1 (55), 83.0 (70), 69.1 (65), 55.0 (45), 41.0 (25); HRMS (ESI): calcd. for 

C13H22O4Na
+
 [M + Na]

+
 265.1410; found 265.1416. 

 

(1R,3aS,4R,5R,6aS)-1,4-Diallyl-5-hydroxyhexahydropentalen-2(1H)-one (27a) 

According to GP3 in ref.,
19

 from the respective silyl ether (120 mg, 0.26 mmol) and TBAF 

(248 mg, 0.79 mmol), colorless oil, yield: 49.0 mg (85%), Rf = 0.44 (hexanes/EtOAc, 2:1), 

20

D]α[  = –25.2 (c = 1.0, CH2Cl2). 
1
H NMR (500 MHz, CDCl3): δ = 1.29 (dt, J = 12.1, 9.5 Hz, 1 

H, 6-Ha*), 1.53 (ddd, J = 13.1, 7.4, 5.5 Hz, 1 H, 6-Ha), 1.62–1.67 (m, 1 H, 4-H*), 1.66 (ddd, J 

= 14.3, 8.8, 6.9 Hz, 1 H, 4-H), 1.91 (s, br, 2 H, OH, OH*), 1.93 (ddd, J = 18.1, 15.0, 1.2 Hz, 1 

H, 1’-Ha*), 2.04–2.08 (m, 2 H, 6-Hb*, 3-Ha*), 2.11 (ddd, J = 15.0, 8.0, 1.1 Hz, 1 H, 1’-Ha), 

2.15–2.20 (m, 1 H, 1’’-Ha*), 2.20–2.50 (m, 10 H, 1-H, 3a-H, 6a-H, 1’’-Ha, 1’’-Hb, 3-Ha, 1’-
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Hb, 1’’-Hb*, 1-H*, 3a-H*), 2.40 (ddd, J = 13.1, 8.2, 7.1 Hz, 1 H, 6-Hb), 2.44 (dd, J = 19.1, 

9.3 Hz, 1 H, 3-Hb), 2.56–2.62 (m, 1 H, 1’-Hb*), 2.69 (ddd, J = 19.1, 10.9, 1.9 Hz, 1 H, 3-Hb*), 

2.76 (ddt, J = 11.9, 6.9, 8.7 Hz, 1 H, 6a-H*), 3.94 (ddd, J 

= 9.4, 7.0, 5.8 Hz, 1 H, 5-H*), 3.97 (dt, J = 14.8, 7.3 Hz, 

1 H, 5-H), 4.99–5.14 (m, 8 H, 3’-H, 3’’-H, 3’-H*, 3’’-

H*), 5.74 (dddd, J = 17.3, 9.8, 7.2, 6.7 Hz, 1 H, 2’-H), 

5.86 (dddd, J = 17.1, 14.5, 10.2, 7.1 Hz, 1 H, 2’’-H), 

5.75–5.85 (m, 4 H, 2’-H*, 2’’-H*) ppm; 
13

C NMR (125 

MHz, CDCl3): δ = 30.5 (C-1’*), 34.7 (C-1’), 36.1 (C-6*), 37.2 (C-1’’), 38.2 (C-1’’*), 39.5 (C-

6a*), 39.8 (C-1*), 41.13 (C-6), 41.15 (C-3a), 41.8 (C-6a), 43.3 (C-3), 44.4 (C-3*), 51.8 (C-

3a*), 53.8 (C-4), 55.2 (C-4*), 55.5 (C-1), 78.6 (C-5*), 78.9 (C-5), 115.9, 116.5 (C-3’*, C-

3’’*), 116.8, 116.9 (C-3’, C-3’’), 135.5 (C-2’), 136.4 (C-2’*), 136.8 (C-2’’), 136.9 (C-2’’*), 

218.4 (C-2*), 220.5 (C-2) ppm (* denotes signals of the epimer); FT-IR (ATR): ν~  = 3426 (s, 

br), 3076 (w), 2919 (s), 1730 (vs), 1640 (m), 1439 (m), 1413 (m), 1342 (w), 1165 (m), 1082 

(m), 995 (m), 913 (vs), 651 (w) cm
–1

; MS (EI): m/z (%) = 220.1 (100) [M]
+
, 202.1 (52) [M –

 H20]
+
, 187.1 (12), 173.1 (20), 160.1 (71) [M – H2O – C3H6]

+
, 145.1 (23), 133.1 (50), 119.1 

(71) [M – H2O -2 C3H6]
+
, 105.1 (35), 91.1 (68), 79.1 (79), 76.1 (47), 55.0 (32), 41.0 (59); 

HRMS (EI): calcd. for C14H20O2
+
 [M]

+
 220.1463; found 220.1465.  

 

(1S,3aR,5R,6R,6aS)-1,6-Diallyl-5-hydroxyhexahydropentalen-2(1H)-one (27b) 

According to GP3 in ref.,
19

 from the respective silyl ether (37 mg, 80.7 mol) and TBAF 

(76.4 mg, 242 mol), colorless oil, yield: 17.0 mg (96%), Rf = 0.43 (hexanes/EtOAc, 1:1), 

20

D]α[  = –22.6 (c = 1.0, CH2Cl2). 
1
H NMR (500 MHz, CDCl3): δ = 1.27 (s, br, 1 H, OH), 1.46 

(dt, J = 13.2, 7.6 Hz, 1 H, 4-Ha), 1.75 (dq, J = 6.9, 6.6 Hz, 1 H, 6-H), 2.10 (dt, J = 8.8, 6.6 Hz, 

1 H, 6a-H), 2.14–2.27 (m, 4 H, 1’’-Ha, 1’’-Hb, 1’-Ha, 3-Ha), 2.28–2.36 

(m, 2 H, 1-H, 4-Hb), 2.36–2.42 (m, 1 H, 1’-Hb), 2.48 (dd, J = 18.9, 

10.1 Hz, 1 H, 3-Hb), 2.55–2.64 (m, 1 H, 3a-H), 3.98 (dt, J = 7.6, 6.6 Hz, 

1 H, 5-H), 3.97 (dt, J = 14.8, 7.3 Hz, 1 H, 5-H), 5.03–5.14 (m, 4 H, 3’-H, 

3’’-H), 5.71 (dddd, J = 16.9, 10.1, 7.5, 6.7 Hz, 1 H, 2’-H), 5.85 (dddd, J = 17.1, 10.1, 7.6, 

6.9 Hz, 1 H, 2’’-H) ppm; 
13

C NMR (125 MHz, CDCl3): δ = 32.9 (C-3a), 34.2 (C-3), 36.5 (C-

1’, C-1’’), 40.5 (C-4), 43.6 (C-1), 47.8 (C-6a), 52.4 (C-6), 53.2 (C-1), 77.9 (C-5), 115.8 (C-

3’), 116.3 (C-3’’), 134.4 (C-2’), 135.8 (C-2’’), 220.1 (C-2) ppm; FT-IR (ATR): ν~  = 3371 (s, 

br), 3066 (w), 3031 (w), 3004 (w), 2924 (s), 2870 (m), 1728 (vs), 1640 (w), 1496 (w), 1454 

(m), 1440 (w), 1413 (w), 1207 (w), 1177 (w), 1080 (w), 1020 (s), 914 (m), 803 (w), 737 (s), 
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699 (s), 596 (w) cm
–1

; MS (EI): m/z (%) = 220.1 (100) [M]
+
, 202.1 (43) [M – H20]

+
, 187.1 

(15), 178.1 (98) [M – C3H6]
+
, 161.1 (87) [M – H2O – C3H6]

+
, 145.1 (30), 135.1 (67), 119.1 

(97) [M – H2O – 2xC3H6]
+
, 105.1 (39), 95.1 (53), 81.1 (70), 67.1 (58), 55.0 (41), 41.0 (88); 

HRMS (EI): calcd. for C14H20O2
+
 [M]

+
 220.1463; found 220.1465.  

 

2-Bromo-7-{[tert-butyl(dimethyl)silyl]oxy}decahydro-8H-spiro[cyclopenta[a]indene-3,2'-

[1,3]dioxolan]-8-one (31b) 

A solution of 31a
33

 (0.05 g, 0.16 mmol) in CH2Cl2 (3 mL) and 2,6-lutidine (0.06 mL, 0.06 

g, 0.47 mmol) at 0°C was stirred for 20 min. After addition of TBSOTf (0.05 mL, 0.06 g, 0.24 

mmol), the reaction mixture was stirred for a further 1 h and then hydrolyzed by addition of a 

satd. NaHCO3 solution (5 mL). The layers were separated and the aqueous layer was 

extracted with CH2Cl2 (3  10 mL). The combined organic layers were dried (MgSO4) and 

concentrated. The residue was purified by flash chromatography on SiO2 (hexanes/EtOAc, 

6:1) to give 31b (25 mg, 0.06 mmol, 35%) as a colorless oil. Rf = 0.7 (hexanes/EtOAc, 5:1). 

1
H NMR (500 MHz, CDCl3): δ = 0.03 (s, 6 H, SiMe), 0.77–0.99 (m, 

10 H, SiC(CH3)3, 4-Ha), 1.20–1.27 (m, 1 H, 6-Ha), 1.38 (dt, J = 13.1, 

4.2 Hz, 1 H, 5-Ha), 1.48–1.58 (m, 1 H, 6-Hb), 1.64–1.77 (m, 2 H, 4-

Hb, 5-Hb), 2.21 (ddd, J = 14.6, 6.5, 5.6 Hz, 1 H, 1-Ha,), 2.36–2.46 

(m, 2 H, 1-Hb, 3b-H), 2.75–2.80 (m, 2 H, 3a-H, 7a-H), 2.94 (td, J = 10.1, 6.9 Hz, 1 H, 8a-H), 

3.89–4.10 (m, 5 H, 2-H, OCH2CH2O), 4.14–4.18 (m, 1 H, 7-H) ppm; 
13

C NMR (125 MHz, 

CDCl3): δ = –5.0, –4.6 (SiMe), 18.0 (C-5), 18.7 [SiC(CH3)3], 25.7 [SiC(CH3)3], 30.6 (C-4), 

31.4 (C-6), 32.3 (C-3b), 36.2 (C-1), 45.8 (C-8a), 47.9 (C-3a), 54.4 (C-2), 56.2 (C-7a), 65.5, 

65.8 (OCH2CH2O), 65.9 (C-7), 117.1 (C-3), 218.6 (C-8) ppm; FT-IR (ATR): ν~  = 3054 (w), 

2987 (w), 2307 (w), 1421 (w), 1264 (s), 895 (w) cm
–1

; MS (ESI): m/z = 469.1, 467.1 [M + 

Na]
+
, 447.1, 445.1 [M + H]

+
, 315.1, 313.1, 102.1; HRMS (EI): calcd. for C20H33BrO4Si [M + 

Na]
+
 467.1229; found 467.1224. 

 

2-Bromo-7-{[tert-butyl(dimethyl)silyl]oxy}decahydro-2H-spiro[cyclopenta[a]indene-3,2'-

[1,3]dioxolan]-8-ol (31c) 

To a solution of 31b (0.08 g, 0.18 mmol) in MeOH (3 mL) at 0°C was added NaBH4 (0.06 

g, 0.26 mmol) and the reaction mixture stirred for 1 h. The reaction was hydrolyzed by 

addition of a satd. NaHCO3 solution (5 mL) and the aqueous layer was extracted with EtOAc 

(3  10 mL). The combined organic layers were dried (MgSO4) and concentrated. The residue 

was purified by flash chromatography on SiO2 (hexanes/EtOAc, 6:1) to give 31c (0.08 g, 
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0.17 mmol, 95%) as a colorless oil. Rf = 0.8 (hexanes/EtOAc, 3:1). 
1
H NMR (500 MHz, 

CDCl3): δ = 0.00, 0.03 (s, 6 H, SiMe), 0.90 [s, 9 H, SiC(CH3)3], 

0.98–1.56 (m, 5 H, 4-H, 5-H, 6-Ha), 1.63–1.83 (m, 2 H, 6-Hb, 7a-H), 

1.90–2.00 (m, 1 H, 3b-H), 2.04–2.15 (m, 1 H, 1-Ha), 2.15–2.26 (m, 1 

H, 3a-H), 2.28–2.41 (m, 1 H, 1-Hb), 2.45–2.56 (m, 1 H, 8a-H), 3.20–

3.48 (m, 2 H, OCH2CH2O), 3.51–3.77 (m, 4 H, 7-H, 8-H, OCH2CH2O), 4.00 (dd, J = 10.0, 

6.4 Hz, 1 H, 2-H) ppm; 
13

C NMR (125 MHz, CDCl3): δ = –4.3, –2.9 (SiMe), 18.1 

[SiC(CH3)3], 19.6 (C-5), 26.1 [SiC(CH3)3], 27.0 (C-4), 35.1 (C-6), 37.2 (C-1), 37.7 (C-3b), 

47.1 (C-8a), 48.0 (C-3a), 52.0 (C-7a), 54.3 (C-2), 65.4, 66.3 (OCH2CH2O), 71.5 (C-7), 81.9 

(C-8), 116.5 (C-3) ppm; FT-IR (ATR): ν~  = 3503 (w), 2929 (m), 2789 (m), 2280 (s), 1550 

(w), 1330 (m), 895 (m), 812 (m) cm
–1

; MS (ESI): m/z = 471.1, 469.1 [M + Na]
+
, 449.1, 447.1 

[M + H]
+
, 317.1, 315.1, 299.1, 297.1, 255.0, 253.0, 235.1, 217.1, 173.1, 145.1, 102.1; HRMS 

(EI): calcd. for C20H35BrO4Si [M + Na]
+
 469.1386; found 469.1380. 

 

tert-Butyl(cycloheptyloxy)diphenylsilane (32b) 

A solution of cyclohexanol (32.4 mg, 34.0 L, 0.28 mmol), imidazole (21.3 mg, 

0.31 mmol) and TBDPSCl (82.0 L, 85.8 mg, 0.31 mmol) in DMF (3 mL) was stirred under 

N2 atmosphere at room temperature for 24 h. After addition of a satd. NH4Cl solution (5 mL), 

the mixture was extracted with Et2O (3  10 mL). The combined organic layers were dried 

(MgSO4) and concentrated. The residue was purified by flash chromatography on SiO2 with 

hexanes (Rf = 0.45), yield: 100 mg (0.28 mmol, quant.), colorless liquid. 
1
H NMR (300 MHz, 

CDCl3):  = 1.06 [s, 9 H, C(CH3)3], 1.15–1.33 (m, 2 H, 2-Ha, 7-Ha), 1.37–1.76 

(m, 10 H, 2-Hb, 3-H, 4-H, 5-H, 6-H, 7-Hb), 3.84–3.96 (m, 1 H, 1-H), 7.31–7.47 

(m, 6 H, Ar-Hm, Ar-Hp), 7.67 (dd, J = 7.8, 1.8 Hz, 4 H Ar-Ho) ppm; 
13

C NMR 

(75 MHz, CDCl3):  = 19.2 [C(CH3)3], 22.5 (C-3, C-6), 27.1 [C(CH3)3], 28.2 (C-4, C-5), 37.3 

(C-2, C-7), 73.5 (C-1), 127.4 (CAr-meta), 129.4 (CAr-para), 134.9 (CAr-yps.), 135.8 (CAr-ortho) ppm; 

FT-IR (ATR): ν~  = 3070 (w), 2927 (m), 2855 (m), 1589 (w), 1460 (w), 1427 (m), 1389 (w), 

1360 (w), 1260 (w), 1188 (w), 1169 (w), 1106 (s), 1052 (s), 1006 (m), 987 (m), 937 (w), 839 

(w), 821 (m), 738 (m), 699 (vs), 610 (m) cm
–1

. 
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3. Configuration determination of derivative 23a 

      

 

Figure S0. 2D NOESY spectrum of alkylation product 23a. 
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4. 1H and 13C NMR spectra 

 

 
Figure S1. Compound 11a (

1
H NMR in CDCl3, 500MHz) 

 

 
Figure S2. Compound 11a (

13
C NMR in CDCl3, 500 MHz) 
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Figure S3. Compound 11b (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S4. Compound 11b (

13
C NMR in CDCl3, 500 MHz) 
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Figure S5. Compound 11c (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S6. Compound 11c (

13
C NMR in CDCl3, 500 MHz) 
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Figure S7. Compound 12 (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S8. Compound 12 (

13
C NMR in CDCl3, 500 MHz) 
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Figure S9. Compound 13a (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S10. Compound 13a (

13
C NMR in CDCl3, 500 MHz) 
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Figure S11. Compound 13b (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S12. Compound 13b (

13
C NMR in CDCl3, 500 MHz) 
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Figure S13. Compound 13c (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S14. Compound 13c (

13
C NMR in CDCl3, 500 MHz) 
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Figure S15. Compound 13d (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S16. Compound 13d (

13
C NMR in CDCl3, 500 MHz) 
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Figure S17. Compound 14a (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S18. Compound 14a (

13
C NMR in CDCl3, 500 MHz) 
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Figure S19. Compound 14b (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S20. Compound 14b (

13
C NMR in CDCl3, 500 MHz) 
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Figure S21. Compound 14c (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S22. Compound 14c (

13
C NMR in CDCl3, 500 MHz) 
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Figure S23. Compound 14d (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S24. Compound 14d (

13
C NMR in CDCl3, 500 MHz) 
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Figure S25. Compound 16b (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S26. Compound 16b (

13
C NMR in CDCl3, 500 MHz) 
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Figure S27. Compound 17 (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S28. Compound 17 (

13
C NMR in CDCl3, 500 MHz) 
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Figure S29. Compound 18 (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S30. Compound 18 (

13
C NMR in CDCl3, 500 MHz) 
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Figure S31. Compound 21a (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S32. Compound 21a (

13
C NMR in CDCl3, 500 MHz) 
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Figure S33. Compound 21b (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S34. Compound 21b (

13
C NMR in CDCl3, 500 MHz) 
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Figure S35. Compound 22 (

1
H NMR in CDCl3, 300 MHz) 

 

 
Figure S36. Compound 22 (

13
C NMR in CDCl3,300 MHz) 
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Figure S37. Compound 23b (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S38. Compound 23b (

13
C NMR in CDCl3, 500 MHz) 
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Figure S39. Compound 25a (

1
H NMR in CD2Cl2, 500 MHz) 

 

 
Figure S40. Compound 25a (

13
C NMR in CD2Cl2, 500 MHz) 
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Figure S41. Compound 25b (

1
H NMR in CD2Cl2, 500 MHz) 

 

 
Figure S40. Compound 25b (

13
C NMR in CD2Cl2, 500 MHz) 



 S38 

 
Figure S41. Compound 25c (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S42. Compound 25c (

13
C NMR in CDCl3, 500 MHz) 
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Figure S43. Compound 25d (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S44. Compound 25d (

13
C NMR in CDCl3, 500 MHz) 
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Figure S45. Compound 26a (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S46. Compound 26a (

13
C NMR in CDCl3, 500 MHz) 
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Figure S47. Compound 26b (

1
H NMR in CDCl3, 500 MHz) 

 

 
Figure S50. Compound 26b (

13
C NMR in CDCl3, 500 MHz) 
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Figure S51. tert-Butyl(cyclopentyloxy)dimethylsilane (

1
H NMR in CDCl3, 300 MHz) 

 

 
Figure S48. tert-Butyl(cyclopentyloxy)dimethylsilane (

13
C NMR in CDCl3, 300 MHz) 
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Figure S49. (Cyclopentyloxy)(triisopropyl)silane (

1
H NMR in CDCl3, 300MHz) 

 

 
Figure S50. (Cyclopentyloxy)(triisopropyl)silane (

13
C NMR in CDCl3, 300 MHz) 
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Figure S51. tert-Butyl(cyclopentyloxy)diphenylsilane (

1
H NMR in CDCl3, 300 MHz) 

 

 
Figure S52. tert-Butyl(cyclopentyloxy)diphenylsilane (

13
C NMR in CDCl3, 300 MHz) 

 


