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I. Experimental section

a. General remarks

Optical rotations were measured at 25 ºC in an Anton-Paar MCP500 polarimeter. 1H 

and 13C NMR spectra were recorded at 500 and 125 MHz, respectively, on a Bruker Avance 

NMR instrument. The 1H NMR spectra were referenced to residual protonated solvent (δ 

7.26 ppm for CDCl3 and 7.58 for Py-d5) and the 13C NMR spectra to the middle signal of 

CDCl3 (77.0 ppm) or Py-d5 (135.9). Processing of the spectra was performed using 

MestReNova software. High-resolution mass spectra were obtained by the electrospray 

ionization (ESI) technique, using an Agilent 6230 TOF LC/MS mass spectrometer. IR spectra 

were recorded on an Agilent Cary 630 FTIR spectrometer (range: 4000-600 cm-1). Column 

chromatography was carried out using a Teledyne Isco Combiflash apparatus and analytical 

thin-layer chromatography (TLC) on aluminum plates precoated with Silica Gel 60F-254. 

b. Characterization data 

5-Cholestane-3,6-diol (1a)

The purification of 1a from the crude was performed by flash chromatography on a 

Combiflash apparatus by a gradient elution starting from 100% hexane to 6:4 hexane/ethyl 

acetate for 30 min. Yields vary in dependence of temperature, see Table 1. Colorless solid 

mp 219 – 221 °C. Rf 0.283 (93:7 CH2Cl2/MeOH). []D +38 (c 1.0, CHCl3). IR: 3265 (OH), 

2929 (CH, aliphatic). 1H NMR (500 MHz, CDCl3 ):  3.58 (1H, m, H-3), 3.41 (1H, ddd, J6,5 

= J6,7ax = 10.7 Hz, J6,7eq = 4.1 Hz, H-6), 2.18 (1H, m, H-4), 1.98 (1H, m, H-12), 1.98 (1H, 

ddd, J7-6 = J7,8 = 4.7 Hz, Jgem = 11.1 Hz, H-7), 0.89 (3H, d, J21,20 = 6.6 Hz, CH3-21), 0.86 (3H, 

d, J26,25 = 2.5 Hz, CH3-26), 0.85 (3H, d, J27,25 = 2.5 Hz, CH3-27), 0.81 (3H, s, CH3-19), 0.64 
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(3H, s, CH3-18). 13C NMR (125 MHz, CDCl3 ):  37.4 (C-1), 31.2 (C-2), 71.4 (C-3), 32.4 

(C-4), 51.8 (C-5), 69.7 (C-6), 41.8 (C-7), 34.4 (C-8), 53.9 (C-9), 36.4 (C-10), 21.3 (C-11), 

39.9 (C-12), 42.7 (C-13), 56.3 (C-14), 24.3 (C-15), 28.3 (C-16), 56.3 (C-17), 12.2 (C-18), 

13.6 (C-19), 35.9 (C-20), 18.8 (C-21), 36.3 (C-22), 23.9 (C-23), 39.6 (C-24), 28.2 (C-25), 

22.7 (C-26), 23.0 (C-27). HRMS (ESI-TOF) m/z for C27H48O2 Calcd: 404.3654. Found: 

427.3543 [M+Na]+.

5-Cholestane-3,5-diol (1b)

The purification of 1b from the crude was performed by flash chromatography on a 

Combiflash apparatus by a gradient elution starting from 100% hexane to 85:15 hexane/ethyl 

acetate for 30 min. Yields vary in dependence of temperature, see Table 1. Colorless solid 

mp 223 – 224 °C. Rf 0.380 (93:7 CH2Cl2/MeOH). []D +19 (c 1.0, CHCl3). IR: 3421, 3309 

(OH), 2933 (CH, aliphatic). 1H NMR (500 MHz, CDCl3 ):  4.09 (1H, m, H-3), 1.98 (1H, m, 

H-12eq), 0.99 (3H, s, CH3-19), 0.89 (3H, d, J21,20 = 6.5 Hz, CH3-21), 0.86 (3H, d, J26,25 = 2.4 

Hz, CH3-26), 0.85 (3H, d, J27,25 = 2.4 Hz, CH3-27), 0.65 (3H, s, CH3-18). 13C NMR (125 

MHz, CDCl3 ):  31.0 (C-1), 30.9 (C-2), 67.5 (C-3), 44.0 (C-4), 75.5 (C-5), 34.5 (C-6), 26.1 

(C-7), 34.8 (C-8), 46.1 (C-9), 38.9 (C-10), 21.5 (C-11), 40.2 (C-12), 42.8 (C-13), 56.3 (C-

14), 24.2 (C-15), 28.4 (C-16), 56.4 (C-17), 12.3 (C-18), 16.4 (C-19), 36.0 (C-20), 18.8 (C-

21), 36.3 (C-22), 24.0 (C-23), 39.6 (C-24), 28.2 (C-25), 22.7 (C-26), 23.0 (C-27). HRMS 

(ESI-TOF) m/z for C27H48O2 Calcd: 404.3654. Found: 427.3551 [M+Na]+.

5-Cholestane-3,6-diol (1c)
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The purification of 1c was achieved from an enriched fraction mixed with 1e employing flash 

chromatography on a Combiflash apparatus by a gradient elution starting from 100% hexane 

to 85:15 hexane/ethyl acetate for 60 min. Yields vary in dependence of temperature, see 

Table 1. Colorless solid mp 194 – 196 °C. Rf 0.348 (93:7 CH2Cl2/MeOH). []D +38 (c 1.0, 

CHCl3:MeOH). IR: 3377 (OH), 2928, 2867 (CH, aliphatic). 1H NMR (500 MHz, CDCl30, ): 

 4.09 (1H, mbr, H-3), 3.70 (1H, mbr, H-6), 2.00 (1H, ddd, Jgem = 12.8 Hz, J4eq,5 = 4.2 Hz, J4eq,3 

= 3.1 Hz,  H-1eq), 1.82 (1H, ddd, J7-6 = J7,8 = 4.0 Hz, Jgem = 8.0 Hz, H-7), 1.77 (1H, m, H-5), 

1.14 (3H, s, CH3-19), 0.90 (3H, d, J21,20 = 6.7 Hz, CH3-21), 0.87 (3H, d, J26,25 = 2.3 Hz, CH3-

26), 0.85 (3H, d, J27,25 = 2.3 Hz, CH3-27), 0.68 (3H, s, CH3-18). 13C NMR (125 MHz, CDCl3 

):  40.1 (C-1), 34.4 (C-2), 66.2 (C-3), 33.6 (C-4), 43.7 (C-5), 73.4 (C-6), 28.3 (C-7), 24.2 

(C-8), 30.6 (C-9), 34.8 (C-10), 20.9 (C-11), 40.1 (C-12), 42.7 (C-13), 56.5 (C-14), 30.1 (C-

15), 27.5 (C-16), 56.3 (C-17), 12.1 (C-18), 26.2 (C-19), 35.8 (C-20), 18.7 (C-21), 36.1 (C-

22), 23.8 (C-23), 39.5 (C-24), 28.0 (C-25), 22.6 (C-26), 22.6 (C-27). HRMS (ESI-TOF) m/z 

for C27H48O2 Calcd: 404.3654. Found: 427.3552 [M+Na]+.

5-Cholestane-3,6-diol (1e)

The purification of 1e from the crude was performed by flash chromatography on a 

Combiflash apparatus by a gradient elution starting from 100% hexane to 6:4 hexane/ethyl 

acetate for 30 min. Yields vary in dependence of temperature, see Table 1. Colorless solid 

mp 192-193 °C. Rf 0.348 (93:7 CH2Cl2/MeOH). []D +11 (c 1.0, CHCl3). IR: 3402 (OH), 
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2932 (CH, aliphatic). 1H NMR (500 MHz, CDCl3 ):  3.79 (1H, ddd, J6,5 = J6,7ax = 2.8 Hz, 

J6,7eq = 2.4 Hz, H-6), 3.63 (1H, m, H-3), 1.99 (1H, ddd, Jgem = 12.4 Hz, J12,11 = 3.2 and 3.6 

Hz, H-12), 1.03 (3H, s, CH3-19), 0.95 (3H, d, J21,20 = 6.4 Hz, CH3-21), 0.87 (3H, d, J26,25 = 

1.6 Hz, CH3-26), 0.85 (3H, d, J27,25 = 1.6 Hz, CH3-27), 0.69 (3H, s, CH3-18). 13C NMR (125 

MHz, CDCl3 ): 38.6 (C-1), 31.6 (C-2), 71.7 (C-3), 35.5 (C-4), 47.4 (C-5), 72.1 (C-6), 39.7 

(C-7), 30.5 (C-8), 54.3 (C-9), 35.5 (C-10), 21.2 (C-11), 40.0 (C-12), 42.6 (C-13), 56.2 (C-

14), 24.3 (C-15), 28.3 (C-16), 56.3 (C-17), 12.2 (C-18), 15.9 (C-19), 35.9 (C-20), 18.8 (C-

21), 36.2 (C-22), 24.0 (C-23), 39.6 (C-24), 28.1 (C-25), 22.7 (C-26), 22.9 (C-27). HRMS 

(ESI-TOF) m/z for C27H48O2 Calcd: 404.3654. Found: 427.3552 [M+Na]+.

(25R)-5-Spirostane-3,6-diol (2a): -chlorogenin

The purification of 2a from the crude was performed by flash chromatography on a 

Combiflash apparatus by a gradient elution starting from 100% hexane to 1:1 hexane/ethyl 

acetate for 45 min. Yields vary in dependence of temperature, see Table 1. Colorless solid 

mp 275-276 °C. Rf 0.270 (93:7 CH2Cl2/MeOH). []D –64 (c 1.0, CHCl3). IR: 3245 (OH), 

2926 (CH, aliphatic), 980, 898 (O-C-O spiroketal). NMR experiments were acquired on Py-

d5 since 2a showed low solubility on CDCl3. 1H NMR (500 MHz, Py-d5 ):  6.04 (1H, s, OH-

3), 5.81 (1H, d, JOH,6 = 4.8 Hz, OH-6), 4.54 (1H, m, H-16), 3.92 (1H, m, H-3), 3.66 (1H, m, 

H-6), 3.58 (1H, dd, J26eq,25 =4.0 Hz, J26eq,26ax = 11.2 Hz, H-26eq), 3.48 (1H, dd, J26ax,25 = 

J26eq,26ax = 11.2 Hz, H-26ax), 3.01 (1H, m, H-4eq), 2.25 (1H, m, H-7eq), 2.09 (2H, m, H-15 

and H-2eq), 1.97 (1H, dq, J17,20 = 8 Hz, J20,21 = 7.2 Hz, H-20), 1.84 (1H, dd, J17,20 = 8.0 Hz, 

J17,16 = 6.4 Hz, H-17), 1.15 (3H, d, J21,20 = 7.2 Hz , CH3-21), 0.89 (3H, s, CH3-19), 0.86 (3H, 

s, CH3-18), 0.70 (1H, m, H-9), 0.69 (3H, d, J27,25 = 6.0 Hz, CH3-27). 13C NMR (125 MHz, Py-

d5 ): 37.6 (C-1), 31.8 (C-2), 70.5 (C-3), 33.4 (C-4), 52.3 (C-5), 68.0 (C-6), 42.4 (C-7), 33.9 

(C-8), 53.8 (C-9), 36.2 (C-10), 21.0 (C-11), 39.7 (C-12), 40.4 (C-13), 55.9 (C-14), 32.0 (C-

S5



15), 80.6 (C-16), 62.5 (C-17), 16.3 (C-18), 13.4 (C-19), 41.6 (C-20), 14.7 (C-21), 108.6 (C-

22), 31.4 (C-23), 28.9 (C-24), 30.2 (C-25), 66.4 (C-26), 17.0 (C-27). HRMS (ESI-TOF) m/z 

for C27H44O4 Calcd: 432.3240. Found: 433.3319 [M+H]+.

(25R)-5-Spirostan-3,5-diol (2b)

The purification of 2b from the crude was performed by flash chromatography on a 

Combiflash apparatus by a gradient elution starting from 100% hexane to 1:1 hexane/ethyl 

acetate for 45 min. Yields vary in dependence of temperature, see Table 1. Colorless solid 

mp 254-255 °C. Rf 0.337 (93:7 CH2Cl2/MeOH). []D –63 (c 1.0, CHCl3). IR: 3265 (OH), 

2929 (CH, aliphatic), 980, 897 (O-C-O spiroketal). 1H NMR (500 MHz, CDCl3 ):  4.38 (1H, 

ddd, J16,17 = 8.4 Hz, J16,15eq = 6.8 Hz, J16,15ax = 7.2 Hz, H-16), 4.07 (1H, m, H-3), 3.46 (1H, 

ddd, J26eq,26ax = 10.8 Hz, J26eq,25 = 4.8 Hz, J26eq,24eq = 1.2 Hz, H-26eq), 3.36 (1H, dd, J26ax,26eq 

= J26ax,25 = 10.8 Hz, H-26ax), 1.98 (1H, m, H-15), 1.00 (3H, s, CH3-19), 0.96 (3H, d, J21,20 = 

7.2 Hz, CH3-21), 0.79 (3H, d, J27,25 = 6.0 Hz, CH3-27), 0.76 (3H, s, CH3-18). 13C NMR (125 

MHz, CDCl3 ): 30.9 (C-1), 30.9 (C-2), 67.3 (C-3), 44.0 (C-4), 75.3 (C-5), 34.4 (C-6), 26.2 

(C-7), 30.4 (C-8), 45.9 (C-9), 39.0 (C-10), 21.3 (C-11), 40.1 (C-12), 40.7 (C-13), 56.0 (C-

14), 31.8 (C-15), 80.8 (C-16), 62.1 (C-17), 16.7 (C-18), 16.4 (C-19), 41.7 (C-20), 14.6 (C-

21), 109.2 (C-22), 31.4 (C-23), 28.9 (C-24), 34.4 (C-25), 66.8 (C-26), 17.3 (C-27). HRMS 

(ESI-TOF) m/z for C27H44O4 Calcd: 432.3240. Found: 433.3320 [M+H]+.

(25R)-5-Spirostane-3,6-diol (2c)
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The purification of 2c was achieved from an enriched fraction mixed with 2e employing flash 

chromatography on a Combiflash apparatus by a gradient elution starting from 100% CH2Cl2 

to 9:1 CH2Cl2/MeOH for 60 min. Yields vary in dependence of temperature, see Table 1. 

Colorless solid mp 282-284 °C. Rf 0.304 (93:7 CH2Cl2/MeOH). []D +60 (c 1.0, 

CHCl3:MeOH 1:1). IR: 3395 (OH), 2939 (CH, aliphatic), 982, 899 (O-C-O spiroketal). 1H 

NMR (500 MHz, CDCl3 ):  4.40 (1H, ddd, J16,17 = 8.3 Hz, J16,15eq = 7.6 Hz, J16,15ax = 7.6 Hz, 

H-16), 4.10 (1H, m, H-3), 3.71 (1H, m, H-6), 3.47 (1H, ddd, J26eq,26ax = 10.9 Hz, J26eq,25 = 4.1 

Hz, J26eq,24eq = 2.1 Hz, H-26eq), 3.37 (1H, dd, J26ax,26eq = 10.9 Hz, J26ax,25 = 11.9 Hz, H-26ax), 

1.16 (3H, s, CH3-19), 0.96 (3H, d, J21,20 = 7.3 Hz, CH3-21), 0.79 (3H, s, CH3-18), 0.79 (3H, 

d, J27,25 = 6.3 Hz, CH3-27). 13C NMR (125 MHz, CDCl3 ): 30.1 (C-1), 33.6 (C-2), 66.1 (C-

3), 34.6 (C-4), 40.2 (C-5), 73.2 (C-6), 27.4 (C-7), 30.2 (C-8), 43.7 (C-9), 35.0 (C-10), 20.7 

(C-11), 40.2 (C-12), 40.7 (C-13), 56.3 (C-14), 31.8 (C-15), 80.8 (C-16), 62.2 (C-17), 16.5 

(C-18), 26.1 (C-19), 41.6 (C-20), 14.5 (C-21), 109.3 (C-22), 31.3 (C-23), 28.7 (C-24), 30.3 

(C-25), 66.9 (C-26), 17.1 (C-27). HRMS (ESI-TOF) m/z for C27H44O4 Calcd: 432.3240. 

Found: 433.3319 [M+H]+.

(25R)-5-Spirostane-3,6-diol (2e): -chlorogenin

The purification of 2e from the crude was performed by flash chromatography on a 

Combiflash apparatus by a gradient elution starting from 100% hexane to 1:1 hexane/ethyl 

acetate for 45 min. Yields vary in dependence of temperature, see Table 1. Colorless solid 
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mp 231-233 °C. Rf 0.304 (93:7 CH2Cl2/MeOH). []D +62 (c 1.0, CHCl3:MeOH 1:1). IR: 

3379 (OH), 2948 (CH, aliphatic), 982, 899 (O-C-O spiroketal). 1H NMR (500 MHz, CDCl3 

):  4.38 (1H, ddd, J16,17 = 8.0 Hz, J16,15eq = 6.8 Hz, J16,15ax = 7.6 Hz, H-16), 3.80 (1H, ddd, 

J6,7ax = J6,5 = 2.8 Hz, J6-7eq = 2.4 Hz, H-6), 3.64 (1H, m, H-3), 3.46 (1H, ddd, J26eq,26ax = 10.4 

Hz, J26ee,25 = 2.4 Hz, J26eq,24eq = 0.8 Hz, H-26eq), 3.36 (1H, dd, J26ax,26eq = 10.4 Hz, J26ax,25 = 

11.2 Hz, H-26ax), 1.04 (3H, s, CH3-19), 0.96 (3H, d, J21,20 = 6.8 Hz, CH3-21), 0.80 (3H, s, 

CH3-18), 0.79 (3H, d, J27,25 = 7.2 Hz, CH3-27), 0.69 (1H, ddd, J9,8 = J9,11ax = 12.4 Hz, J9,11eq 

= 2.4 Hz, H-9). 13C NMR (125 MHz, CDCl3 ): 38.6 (C-1), 31.6 (C-2), 71.6 (C-3), 35.5 (C-

4), 47.4 (C-5), 71.9 (C-6), 39.8 (C-7), 30.4 (C-8), 54.3 (C-9), 35.6 (C-10), 21.0 (C-11), 40.1 

(C-12), 40.7 (C-13), 56.1 (C-14), 31.9 (C-15), 80.8 (C-16), 62.2 (C-17), 16.1 (C-18), 15.9 

(C-19), 41.7 (C-20), 14.6 (C-21), 109.2 (C-22), 31.4 (C-23), 28.9 (C-24), 30.1 (C-25), 66.9 

(C-26), 17.3 (C-27). HRMS (ESI-TOF) m/z for C27H44O4 Calcd: 432.3240. Found: 433.3319 

[M+H]+.

S8



II. Details of X-ray collection, solution, and refinement of 2b, 1c, 2c, and 1e

Suitable single crystals for compounds 2b, 1c, 2c and 1e were obtained by slow evaporation 

of MeOH:CH2Cl2 solutions, at room temperature. Diffraction data were collected at 295 K 

on a STOE-Stadivari diffractometer [1] equipped with an AXO micro-focus source (Ag K 

radiation,  = 0.56083 Å; 65 kV @ 0.55 mA) and a DECTRIS Pilatus-100K detector. 

Structures were solved and refined using SHELX programs [2]. Compounds synthesized 

starting from cholesterol, 1c and 1e, display disordered lateral chains bonded to the D ring, a 

common feature in cholestane derivatives. Compound 2b crystallized as an hemihydrate, 

with Z’ = 2. In all cases, H atoms bonded to C atoms were placed in calculated positions, and 

refined as riding to their carrier atom, while hydroxyl H atoms (H3 and H6) were found in 

difference maps, and refined with free coordinates, without geometric restraints. All H atoms 

were refined isotropically, with Uiso = 1.2 Ueq(carrier atom) (methine and methylene 

groups) or Uiso = 1.5 Ueq(carrier atom) (methyl and OH groups).

S9

Compound / CCDC 2b / 1921283 1c / 1921284 2c / 1921285 1e / 1921286
Formula C27H44O4∙(H2O)0.5 C27H47D1O2 C27H44O4 C27H48O2

fw 441.63 405.66 432.62 404.65
Crystal size (mm3) 0.60×0.39×0.04 0.60×0.33×0.12 0.30×0.20×0.20 0.59×0.15×0.09
Space group P21 P212121 P212121 P212121

a (Å) 11.3797(10) 8.1858(3) 8.2099(2) 8.3599(3)
b (Å) 8.0820(4) 10.4115(6) 9.1989(3) 10.7489(4)
c (Å) 28.058(2) 30.9258(12) 32.4182(14) 28.4769(14)
β (°) 99.811(6) - - -
V (Å3) 2542.7(3) 2635.7(2) 2448.29(15) 2558.93(18)
Z, Z’ 4, 2 4, 1 4, 1 4, 1
Diffractometer Stadivari Stadivari Stadivari Stadivari
Radiation Ag Kα Ag Kα Ag Kα Ag Kα
T (K) 295 295 295 295
Calc. density (Mg/m3) 1.154 1.022 1.174 1.050
Transmission fact. 0.2935 - 1 0.3630 - 1 0.5416 - 1 0.4766 - 1
Refl. collected 42679 45768 37982 55190
Senθ/λ (Å-1) 0.62 0.68 0.65 0.65
Rint (%) 15.44 8.16 6.48 11.43
Completeness (%) 99.3 99.2 98.0 99.8
Data/parameters 9025 / 594 6932 / 284 5592 / 290 5952 / 312
Restraints 1 0 0 158
R1, wR2 [I > 2σ(I)] 4.10, 5.71 4.93, 11.81 3.91, 7.68 4.30, 8.62
R1, wR2 [all data] 13.76, 6.98 12.41, 13.81 6.81, 8.30 9.87, 9.77
GOF on F2 0.602 0.811 0.863 0.767
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III. Copies of NMR spectra
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1H NMR (500 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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COSY experiment (500 MHz, CDCl3)
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HSQC experiment (500 MHz, CDCl3)
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HMBC experiment (500 MHz, CDCl3)
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1H NMR (500 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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COSY experiment (500 MHz, CDCl3)
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HSQC experiment (500 MHz, CDCl3)
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HMBC experiment (500 MHz, CDCl3)
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1H NMR (500 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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COSY experiment (500 MHz, CDCl3)
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HSQC experiment (500 MHz, CDCl3)
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HMBC experiment (500 MHz, CDCl3)
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1H NMR (500 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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COSY experiment (500 MHz, CDCl3)
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HSQC experiment (500 MHz, CDCl3)
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HMBC experiment (500 MHz, CDCl3)
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1H NMR (500 MHz, Py-d5)
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13C NMR (125 MHz, Py-d5)
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COSY experiment (500 MHz, Py-d5)
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HSQC experiment (500 MHz, Py-d5)
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HMBC experiment (500 MHz, Py-d5)
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1H NMR (500 MHz, CDCl3)
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13C NMR (125 MHz, CDCl3)
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COSY experiment (500 MHz, CDCl3)



S48

HSQC experiment (500 MHz, CDCl3)



S49

HMBC experiment (500 MHz, CDCl3)



S50

1H NMR (500 MHz, CDCl3)



S51

13C NMR (125 MHz, CDCl3)



S52

COSY experiment (500 MHz, CDCl3)



S53

HSQC experiment (500 MHz, CDCl3)



S54

HMBC experiment (500 MHz, CDCl3)



S55

1H NMR (500 MHz, CDCl3)



S56

13C NMR (125 MHz, CDCl3)



S57

COSY experiment (500 MHz, CDCl3)



S58

HSQC experiment (500 MHz, CDCl3)



S59

HMBC experiment (500 MHz, CDCl3)


