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Table S1. 1H-NMR chemical shifts of compounds 1 to 6.a

Proton 1b 2ab 2bc 3d 4d 5b 6ab 6bb

3 3.93 (m) 3.87 (m) 4.01 (m) 3.99 (m) 4.11 (m) 4.32 (m) 3.91 (m) 3.90 (m)

4
2.25

(dd, 13.3, 11.8), 
1.40 (m)

2.59
(ddd, 14.4, 4.6, 2.2),

1.32 (m)

2.21
(ddd, 14.3, 4.9, 1.7),

1.66 (m)

1.87 (m),
1.70 (m)

5.42 (s, br)
2.13

(dd, 13.0, 11.7),
1.42 (m)

2.18
(dd, 13.3, 11.7),

1.44 (m)
6 3.16 (d, 4.2) 3.97 (d, 11.9) 3.77 (d, br, 2.8) 5.88 (d, 9.5) 5.50 (d, 9.8) 5.87 (d, 9.7) 3.14 (d, 3.6) 3.00 (d, 2.5)

7
5.54

(dd, 4.3, 2.9)
5.30 (t, 2.2) 5.50 (dd, 4.4, 2.9) 5.56 (d, 9.5) 6.21 (d, 9.8) 6.19 (d, 9.7)

4.43
(dd, 9.3, 3.2)

4.54 
(t, br, 2.3)

9 2.41 (m) 2.34 (m) 2.22 (m)
14 2.38 (m) 2.21 (m) 2.22 (m)

15
2.45 (m),
2.32 (m)

2.64 (m),
2.29 (m)

2.39 (t, 14.5),
2.25 (m)

18 0.56 (s) 0.57 (s) 0.62 (s) 0.90 (s) 0.90 (s) 0.92 (s) 0.85 (s) 0.88 (s)
19 1.08 (s) 1.19 (s) 1.26 (s) 1.16 (s) 0.77 (s) 0.90 (s) 0.86 (s) 1.02 (s)
21 0.91 (d, 6.5) 0.90 (d, 6.4) 0.91 (d, 6.5) 0.89 (d, 6.6) 0.95 (d, 6.6) 0.95 (d, 6.7) 0.92 (d, 6.6) 0.92 (d, 6.7)
26 0.85 (d, 3.0) 0.85 (d, 2.0) 0.86 (d, 2.6) 0.85 (d, 2.2) 0.86 (d, 1.1) 0.86 (d, 2.2) 0.86 (d, 2.8) 0.86 (d, 2.6)
27 0.86 (d, 3.0) 0.87 (d, 2.0) 0.87 (d, 2.6) 0.86 (d, 2.2) 0.87 (d, 1.1) 0.87 (d, 2.2) 0.87 (d, 2.8) 0.87 (d, 2.6)

a  All in CDCl3. b  600 MHz. c  500 MHz. d  400 MHz

Table S2. 1H-NMR chemical shifts of compounds 7 to 12.a,b

Proton 7 8 9 10 11 12a 12b

1
2.34

(dt, 13.7, 3.6),
1.53 (m)

2.33
(dt, 17.5, 3.8),

1.55 (m)

2.08
(dt, 13.8, 3.7),

1.22 (m)

2.05
(dt, 13.9, 3.5),

1.15 (m)
3 4.00 (m) 4.06 (m) 4.08 (m) 4.03 (m) 4.09 (m) 3.68 (m) 3.77 (m)

4

2.22
(ddd, 14.0, 4.8, 2.0),

1.60
(dd, 14.0, 11.0)

2.08
(dd, 14.4, 3.2),

1.79
(dd, 14.2, 11.6)

2.18
(ddd, 13.9, 4.8, 1.7),

1.65
(d, t, br, 12.6)

2.12 (m),
1.74 (m)

2.14
(ddd, 14.3, 4.9, 2.0),

1.74
(dd, 14.3, 11.5)

1.96
(dd, 13.6, 4.7),

1.28 (m)

1.92
(dd, 13.3, 11.6),

1.47 (m)

6 5.54 (d, 9.4)
3.72

(d, br, 7.2)
3.50 (m)

7 6.36 (d, 9.4) 5.68 (d, br, 1.4) 5.68 (s) 5.66 (s, br) 6.04 (s) 4.89 (s, br)
5.13

(dd, 5.0, 1.9)

9
2.51

(ddd, 11.8, 7.1, 2.4)

11
6.06

(dt, 6.9, 1.9)

12
2.54 (m),

2.26 (d, 17.9)

14
2.73

(dd, 10.8, 6.9)
2.52 (m) 2.40 (m) 2.37 (m)

15
2.46 (m),
2.36(m)

6.09 (t, 2.5)

16

2.49
(ddd, 17.0, 7.6, 3.6),

2.08
(dd, 17.0, 10.8)

18 0.87 (s) 0.61 (s) 0.61 (s) 0.60 (s) 0.91 (s) 0.51 (s) 0.53 (s)
19 0.99 (s) 1.03 (s) 1.13 (s) 0.95 (s) 1.05 (s) 0.90 (s) 0.95 (s)
21 0.93 (d, 6.7) 0.93 (d, 5.5) 0.93 (d, 6.2) 0.94 (d, 6.5) 0.95 (d, 6.5) 0.89 (d, 6.5) 0.89 (d, 6.4)
26 0.86 (d, 2.5) 0.86 (d, 2.8) 0.87 (d, 2.9) 0.86 (d, 2.9) 0.87 (d, 1.5) 0.84 (d, 3.0) 0.83 (d, 2.4)
27 0.87 (d, 2.5) 0.87 (d, 2.7) 0.88 (d, 2.9) 0.87 (d, 2.9) 0.88 (d, 1.5) 0.85 (d, 3.0) 0.85 (d, 2,4)

a  7-11 in CDCl3, 12a and 12b in DMSO-d6. b  600 MHz.
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Table S3. 13C-NMR chemical shifts of compounds 1 to 12.a

Carbon 1 2a 2b 3 4 5 6a 6b 7 8 9 10 11 12a 12b
1 25.9 29.1 28.8 27.7 29.3 33.8 32.3 33.1 27.6 25.6 29.1 30.5 25.2 26.5 26.9
2 31.0 30.9 31.8 30.9 31.0 29.4 31.3 31.4 31.5 30.3 30.3 30.4 30.3 30.6 31.0
3 68.5 66.7 66.9 66.1 67.2 68.5 68.8 68.8 66.4 67.4 67.5 67.6 67.3 65.4 65.8
4 40.1 34.2 34.9 35.8 41.8 125.9 39.7 39.7 36.0 37.5 35.0 36.7 37.1 40.0 40.2
5 68.4 88.4 86.7 85.9 74.1 145.5 67.9 63.7 85.4 79.9 77.6 78.0 79.6 76.8 77.3
6 55.8 73.2 72.3 135.7 130.2 125.8 61.5 60.4 129.6 197.5 198.1 198.4 197.3 69.1 71.6
7 116.9 123.3 122.7 128.8 128.0 126.4 65.3 65.1 128.5 120.1 118.4 119.8 119.1 121.1 120.4
8 151.8 141.8 142.0 63.9 124.6 124.9 125.2 126.8 126.6 164.2 155.0 165.5 154.1 141.0 141.2
9 73.6 84.3 84.8 87.0 39.8 45.6 38.8 40.6 86.5 74.8 140.4 44.1 74.9 73.4 73.7

10 38.7 54.3 51.0 50.6 39.1 35.9 36.0 35.0 51.0 42.0 42.1 40.6 42.1 40.4 40.1
11 27.8 22.8 23.3 19.9 19.8 19.3 19.2 19.5 23.4 29.0 132.3 22.1 27.8 26.8 27.5
12 35.7 36.8 36.8 33.6 36.9 36.6 36.8 37.4 33.7 35.1 42.7 39.1 34.6 34.9 35.1
13 43.0 42.3 42.2 40.6 44.2 43.9 43.3 44.0 43.9 45.6 43.6 45.1 47.1 43.4 43.4
14 51.8 52.1 52.1 75.3 151.7 150.1 152.8 151.9 152.4 51.9 52.4 55.9 148.8 49.8 50.1
15 23.2 23.2 23.3 26.6 25.1 25.1 25.1 26.0 25.7 22.6 22.9 22.7 131.4 22.4 22.6
16 27.9 28.1 28.1 27.7 27.4 27.4 26.8 27.6 27.3 27.8 28.2 27.8 36.3 27.6 27.8
17 55.9 55.8 55.8 55.7 55.8 56.0 56.9 55.4 55.8 56.4 56.4 56.4 58.9 55.5 55.7
18 11.7 11.4 11.6 15.5 15.9 19.1 18.1 19.3 17.0 12.1 11.6 12.6 17.2 11.2 11.4
19 20.4 16.3 17.4 15.7 19.1 18.5 16.7 17.1 16.4 20.7 24.2 16.6 20.4 20.1 21.5
20 36.2 36.1 36.2 34.3 34.9 34.8 34.7 34.8 34.6 36.1 36.0 36.1 34.0 35.6 35.7
21 18.9 18.9 18.9 18.9 19.0 19.2 19.1 19.0 19.0 18.9 18.6 18.9 19.0 18.7 18.7
22 36.1 36.2 36.1 33.6 36.0 36.1 36.0 36.0 36.0 36.1 36.0 36.1 36.1 35.5 35.6
23 24.0 24.0 24.0 23.7 23.8 23.9 23.8 23.8 23.8 24.0 24.0 24.2 23.8 23.2 23.3
24 39.6 39.6 39.6 39.6 39.7 39.7 39.7 39.6 39.6 39.6 39.6 39.6 39.6 38.9 39.0
25 28.1 28.1 28.1 28.1 28.2 28.2 28.2 28.2 28.2 28.2 28.2 28.1 28.2 27.4 27.5
26 22.7 22.7 22.7 22.7 22.7 22.7 22.7 22.7 22.7 22.7 22.7 22.7 22.7 22.4 22.5
27 23.0 22.9 23.0 22.9 22.9 23.0 23.0 22.9 22.9 23.0 23.0 23.0 22.9 22.7 22.7

a
 1-11 in CDCl3, 12a and 12b in DMSO-d6
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UV and HRMS of isolated oxysterols:  

5,6-Epoxycholesta-7-en-3,9-diol (1). Small impurity (< 15%) cannot be separated with either normal phase or 
reverse phase HPLC. UV, max = 222 nm (10% 2-propanol in hexanes). HRMS (ESI) [M+Na]+, calculated for 
C27H44O3Li, 423.3451, found, 423.3454. 

5,9-Epidioxycholesta-7-en-3,6-diol (2a). HRMS (ESI) [M+Na]+, calculated for C27H44O4Na, 455.3137, found, 
455.3127. 

5,9-Epidioxycholesta-7-en-3,6-diol (2b). HRMS (ESI) [M+Na]+, calculated for C27H44O4Na, 455.3137, found, 
455.3155. 

5,9-Epidioxy-8,14-epoxycholesta-6-en-3-ol (3). HRMS (ESI) [M+Li]+, calculated for C27H42O4Li, 453.3243, 
found, 453.3226. 

Cholesta-6,8(14)-dien-3,5-diol (4).1 UV: max = 252 nm (10% 2-propanol in hexanes). HRMS (ESI) [M+Li]+, 
calculated for C27H44O2Li, 407.3501, found, 407.3492. 

Cholesta-4,6,8(14)-trien-3-ol (5).1 UV: max = 285 nm (2-propanol); 283 nm (10% 2-propanol in hexanes). HRMS 
(API) [M+H+-H2O]+, calculated for C27H41, 365.3208, found, 365.3218. 

5,6-Epoxycholesta-8(14)-en-3,7-diol (6a). HRMS (ESI) [M+Na]+, calculated for C27H44O3Na, 439.3188, found, 
439.3179. 

5,6-Epoxycholesta-8(14)-en-3,7-diol (6b). HRMS (ESI) [M+Li]+, calculated for C27H44O3Li, 423.3451, found, 
423.3460. 

5,9-Epidioxycholesta-6,8(14)-dien-3-ol (7). UV: max = 255 nm (2-propanol); 252 nm (10% 2-propanol in 
hexanes). HRMS (ESI) [M+Na]+, calculated for C27H42O3Na, 437.3032, found, 439.3032. 

3,5,9-Trihydroxycholesta-7-en-6-one (8). UV, max = 238 nm (2-propanol); 237 nm (10% 2-propanol in 
hexanes); 238 nm (acetonitrile/methanol = 7/3). HRMS (ESI) [M+Na]+, calculated for C27H44O4Na, 455.3137, found, 
455.3123. 

3,5-Dihydroxycholesta-7,9(11)-dien-6-one (9).2 UV, max = 296 nm (2-propanol); 292 nm (10% 2-propanol in 
hexanes); 293 nm (acetonitrile/methanol = 7/3). HRMS (ESI) [M+Li]+, calculated for C27H42O3Li, 421.3294, found, 
421.3290. 

3,5-Dihydroxycholesta-7-en-6-one (10). UV, max = 247 nm (2-propanol); 246 nm (10% 2-propanol in hexanes). 
HRMS (ESI) [M+Na]+, calculated for C27H44O3Na, 439.3188, found, 439.3192. 

3,5,9-Trihydroxycholesta-7,14-dien-6-one (11). UV, max = 301 nm (2-propanol); 296 nm (10% 2-propanol in 
hexanes); 298 nm (acetonitrile/methanol = 7/3). HRMS (ESI) [M+Li]+, calculated for C27H42O4Li, 437.3243, found, 
437.3235. 

Cholesta-7-en-3,6,5,9-tetraol (12a). HRMS (ESI) [M+Li]+, calculated for C27H46O4Li, 441.3556, found, 
441.3569. 

Cholesta-7-en-3,6,5,9-tetraol (12b). HRMS (ESI) [M+Li]+, calculated for C27H46O4Li, 441.3556, found, 
441.3548. 
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Mass Spectra (APCI) of isolated oxysterols: 
5,6-Epoxycholesta-7-en-3,9-diol (1): 

 
5,9-Epidioxycholesta-7-en-3,6-diol (2a): 

 

5,9-Epidioxycholesta-7-en-3,6-diol (2b): 

 

050190904_090519120521 #377-399 RT: 6.35-6.72 AV: 23 NL: 6.75E7
T: + c APCI sid=12.00  Q1MS [350.000-450.000]
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050190905_090519124720 #609-632 RT: 10.26-10.65 AV: 24 NL: 2.29E8
T: + c APCI sid=12.00  Q1MS [350.000-450.000]
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050190906_090519134111 #500-533 RT: 8.42-8.98 AV: 34 NL: 1.28E8
T: + c APCI sid=12.00  Q1MS [350.000-450.000]
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5,9-Epidioxy-8,14-epoxycholesta-6-en-3-ol (3): 

 
Cholesta-6,8(14)-dien-3,5-diol (4): 

 
Cholesta-4,6,8(14)-trien-3-ol (5): 

 

 

050190903_090519112334 #342-358 RT: 5.76-6.03 AV: 17 NL: 1.27E8
T: + c APCI sid=12.00  Q1MS [350.000-450.000]
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050190904_090519120521 #422-435 RT: 7.11-7.33 AV: 14 NL: 1.54E8
T: + c APCI sid=12.00  Q1MS [350.000-450.000]
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09020926 #209-213 RT: 3.51-3.58 AV: 5 NL: 7.52E7
T: + c APCI sid=12.00  Q1MS [350.000-450.000]
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5,6-Epoxycholesta-8(14)-en-3,7-diol (6a): 

 
5,6-Epoxycholesta-8(14)-en-3,7-diol (6b): 

 
5,9-Epidioxycholesta-6,8(14)-dien-3-ol (7): 

 
 
 

04270917_090428041134 #821 RT: 13.84 AV: 1 NL: 2.94E7
T: + c APCI sid=12.00  Q1MS [350.000-450.000]

350 360 370 380 390 400 410 420 430 440 450
m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
tiv

e 
A

bu
n

d
an

ce

399.30

381.27

363.29

400.34
382.27

364.31353.30 383.30371.31 401.33397.30 441.37355.26 415.27384.31 431.34411.33 423.37 447.33

04270918_090428045318 #928 RT: 15.65 AV: 1 NL: 6.59E6
T: + c APCI sid=12.00  Q1MS [350.000-450.000]
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09020921 #313-323 RT: 5.27-5.44 AV: 11 NL: 3.97E7
T: + c APCI sid=12.00  Q1MS [350.000-450.000]

360 370 380 390 400 410 420 430 440
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

a
tiv

e 
A

bu
n

da
nc

e

397.26

415.27

379.24
398.25

416.27
369.27

380.26
361.25 395.25 413.25399.26

381.25370.27 417.28362.25 393.24 435.27357.24 411.23400.30 431.29 439.32426.33



S8 
 

3,5,9-Trihydroxycholesta-7-en-6-one (8): 

 
3,5-Dihydroxycholesta-7,9(11)-dien-6-one (9): 

 
3,5-Dihydroxycholesta-7-en-6-one (10): 

 

 

09020922 #443 RT: 7.46 AV: 1 NL: 1.99E7
T: + c APCI sid=12.00  Q1MS [350.000-450.000]
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09020923 #512-527 RT: 8.63-8.88 AV: 16 NL: 5.99E7
T: + c APCI sid=12.00  Q1MS [350.000-450.000]
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09020924 #410-423 RT: 6.91-7.12 AV: 14 NL: 4.22E7
T: + c APCI sid=12.00  Q1MS [350.000-450.000]
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3,5,9-Trihydroxycholesta-7,14-dien-6-one (11): 

 
Cholesta-7-en-3,6,5,9-tetraol (12a): 

 
Cholesta-7-en-3,6,5,9-tetraol (12b): 
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NMR Spectra: 
5,6-Epoxycholesta-7-en-3,9-diol (1).  
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5,9-Epidioxycholesta-7-en-3,6-diol (2a).  
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5,9-Epidioxycholesta-7-en-3,6-diol (2b).  
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5,9-Epidioxy-8,14-epoxycholesta-6-en-3-ol (3).  
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Cholesta-6,8(14)-dien-3,5-diol (4). 
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Cholesta-4,6,8(14)-trien-3-ol (5). 
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5,6-Epoxycholesta-8(14)-en-3,7-diol (6a).  
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5,6-Epoxycholesta-8(14)-en-3,7-diol (6b).  
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5,9-Epidioxycholesta-6,8(14)-dien-3-ol (7).  
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3,5,9-Trihydroxycholesta-7-en-6-one (8).  
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3,5-Dihydroxycholesta-7,9(11)-dien-6-one (9).  
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3,5-Dihydroxycholesta-7-en-6-one (10).  
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3,5,9-Trihydroxycholesta-7,14-dien-6-one (11).  
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Cholesta-7-en-3,6,5,9-tetraol (12a).  
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Cholesta-7-en-3,6,5,9-tetraol (12b).  
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