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1. Supplemental data for structure elucidation of compound 1

Table S1. The comparison of NMR data of compound 1 with similar compound 1a

Compound 1 15-Acetoxy-21a-hopane-34,22-diol (1a) [1]
POSitiOﬂ 13C-NMR lH-NI\/|R 13c_NMR 1H_NMR
(150 MHz) (600 MHz) (125 MHz) (500 MHz)
1 80.9 4.59 (1H, dd, 11.34 & 4.62 Hz) 80.9 459 (1H, dd, J = 11.5 & 5.0 Hz)
2 33.4 1.91 (1H, m, Hy) 33.4 1.62 (1H, m, H,)
1.62 (1H, m, Hp) 1.91 (1H, m, Hy)
3 75.2 3.31 (1H, dd, 12.24 & 4.26 Hz) 75.2 3.30 (1H, dd, J =125 & 4.5 Hz)
4 38.8 - 38.8 -
5 53.0 0.65 (1H, dd, 11.58 & 2.04 Hz) 53.0 0.65 (1H, dd, J =11.0 & 2.0 Hz)
6 17.9 1.57 (1H, m, H) 17.8 1.58 (m, Ha)
1.49 (1H, m, Hp) 1.50 (m, Hp)
7 33.1 1.40 (1H, m, Ho) 33.0 1.42 (m, Ha)
1.21 (1H, m, Hp) 1.22 (m, Hp)
8 42.2 - 42.2 -
9 50.7 1.45 (1H, m) 50.7 1.45 (m)
10 42.2 - 42.2 -
11 23.0 1.46 (2H, m) 23.0 1.46
12 238 1.46 (1H, m) 24.0 1.47 (m, Ha)
1.32 (1H, m) 1.34 (m, Hp)
13 48.6 1.32 (1H, m) 49.3 1.34 (m)
14 41.9 - 41.9 -
15 335 1.16 (1H, m, Hy) 345 1.36 (M, Ha)
1.32 (1H, m, Hp) 1.23 (M, Hp)
16 19.8 1.28 (1H, m, Hy) 21.9 1.93 (m, Hy)
1.48 (1H, m, Hp) 1.57 (m, Hp)
17 53.6 1.25 (1H, m) 53.9 1.44 (m)
18 44.3 43.9 -
19 40.9 1.51 (1H, m, Hy) 41.2 1.50 (m, Ha)
0.90 (1H, m, Hp) 0.91 (M, Hy)
20 26.6 1.43 (1H, m, Hy) 26.6 1.75 (m, Ha)
1.87 (1H, m, Hp) 1.48 (M, Hy)
21 42.0 2.34 (1H, m) 51.1 2.20 (1H, dt,J=11.0 & 8.5 Hz)
22 42.8 2.36 (1H, m) 73.9 -
23 27.9 0.97 (3H, 9) 27.9 0.96 (3H, 9)
24 15.0 0.77 (3H, 9) 14.9 0.78 (3H, 9)
25 12.8 0.98 (3H, s) 12.7 0.99 (3H, s)
26 16.9 0.94 (3H, 9) 16.9 0.97 (3H, 9)
27 16.6 0.91 (3H, 9) 17.0 0.93 (3H, 9)
28 15.7 0.70 (3H, s) 16.0 0.74 (3H, s)
29 183.6 - 28.7 1.17 (3H, )
30 17.6 1.13 (3H, d, 6.48 Hz) 30.9 1.20 (3H, s)
1 170.5 - 170.5 -
2 21.9 1.99 (3H, s) 21.8 1.99 (3H, s)

*The highlighted rows showed the main differences between two compounds.
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2. Supplemental data for structure elucidation of compound 2

Compound 2 appeared as a white solid. The negative HRESI-MS gave a peak at 459.3840 [M—H]"
(calcd. for CsoHs1057, 459.3843) which corresponded to chemical formula CsoHs,O3. The FT-IR showed
a hydroxy band at 3414 cm™. The *H-NMR indicated 8 singlet signals of methyl groups at 54 1.06 (3H,
s, H-23), 1.16 (3H, s, H-24), 1.19 (3H, s, H-25), 1.30 (3H, s, H-26), 0.91 (3H, s, H-27), 0.77 (3H, s, H-
28), 1.18 (3H, s, H-29), 1.21 (3H, s, H-30). Two peaks at oy 3.14 (1H, m, H-3) 3.14 (1H, m, H-6)
belongs to two oxygen-bearing carbons which were also confirmed by the presence of two signals these
at 8¢ 79.1 (C-3) and 69.0 (C-6) in 3 C-NMR and DEPT. Further analyzing carbon spectra proved that
there was an oxygenated quaternary carbon at d¢c 73.9 (C-22) characterized for a 2-hydroxy-2-propyl
fragment. Based on these 1D-NMR characteristics, compound 2 can be reasonably inferred as a
regioisomer of a hopanetriol [2].

To reveal the position of three hydroxy groups, HMBC analysis was recorded. The resulted spectra
displayed that carbon at d¢c 79.1 was C-3 due to the correlation with neighboured protons namely H-1,
2, 5, 23, 24. Additionally, the cross-peaks between carbon at 6c 69.0 and H-5, 7, 23 proved that this
oxygenated carbon was C-6. Finally, the obtained data also supported for the presence of 2-hydroxy-
2-propyl moiety at C-21 as indicated by the inter-correlations of H-17, 21, 29, 30 to hydroxyl carbon at
dc 73.9 (C-22) [Figure Sla].

More specifically, the relative position of C-1, C-3 and C-21 were readily interpreted by analyzing
NOESY spectrum. As shown in [Figure S1b], proton H-3 displayed nuclear overhauser effect with H-
la, 2, 5a, 23 evidenced that the hydroxy group of C-3 must be beta- configuration. By using the same
approach, carbon C-6 was similarly assigned for beta- configuration due to two important cross-signals
from H-6 to H-5, 23. Carbon C-21 was clearly proved to be alpha- configuration because of the H-
21/H-17 correlated signal. Based on the above evidence, compound 2 was solidly elucidated as 21 a-
hopane-34,64,22-triol.

»7 7ax NOESY

(a) (b)
Figure S1: Some selected key HMBC (a) and NOESY (b) correlations of compound 2
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Table S2. The spectroscopic data of compound 2 (CDCls, & in ppm, J in Hz)

No. JCNMR IH-NMR HMBC NOESY
© (150 MH2) (600 MHz) (*H - ) (tH - H)
1 40.8 1.67 (1H, m, Hp) C-2,3,5,10,25 H-1a, 25
0.93 (1H, m, H) c5 H-18, 28, 3,5,9
2 27.6 1.64 (1H, m, Hp) C-1,3,4,10 H-1a, 3, 24, 25
1.57 (1H, m, Hz) H-3
3 79.1 3.14 (1H, m) c-23 H-1a, 28, 2a, 5, 23
4 39.6 -
5 55.6 0.69 (1H, m) C-3,4,6,9,10,23,24,25 H-1¢,3,6,7a, 9, 23, 27
6 69.0 4.55 (1H, s) H-5, 7a, 783, 23, 24
7 41.0 1.72 (1H, m, Ha) C-5,6,8,14, 26 H-5,6, 7,27
1.47 (1H, m, Hp) C-5,6,9 H-6, 7a
8 42.0 -
9 50.9 1.26 (1H, m) C-12 H-18, 5, 23
10 36.7 -
11 24.2 1.45 (2H, m) c-9, 13
12 21.1 1.57 (1H, m, Hp) C-13
1.46 (1H, m, Ho) c-9, 11,13 H-27
13 48.8 1.47 (1H, m) C-11,12, 14 H-26
14 40.7 -
15 345 1.44 (1H, m, Hp) C-8 H-15¢, 16/
1.24 (1H, m, Ho) C-8, 12, 13,17, 27 H-78, 158, 16, 27
16 21.9 1.94 (1H, m, Hp) C-8, 15,17, 18 H-158, 15¢, 16¢, 17, 30
1.58 (1H, m, Hz) H-164, 27
17 54.0 1.46 (1H, m) C-16, 18, 22, 28 H-164, 194, 21
18 44.0 -
19 41.3 1.55 (1H, m, H) C-17, 18, 20, 21, 28 H-195, 28
0.97 (1H, m, Hp) C-13, 18, 20, 28 H-17, 19¢, 20
20 26.6 1.76 (1H, m, Hp) C-17,18, 19, 21 H-194, 20¢, 21
1.50 (1H, m, Hz) H-205, 28
21 51.1 2.23 (1H, dt, 10.8 & 9.0 Hz) C-18, 22 H-17, 203, 29, 30
22 73.9 -
23 276 1.06 (3H, s) C-3,4,5,6 H-3,5,6, 9, 24
24 16.9 1.16 (3H, s) C-3,4,5,23 H-28, 6, 23, 25
25 176 1.19 (3H, s) C-1,5,9, 10, 26 H-18, 23, 24, 26
26 17.3 1.30 (3H, s) C-78,9,14,25 H-6, 13, 25
27 17.0 0.91 (3H, 5) C-8,13, 14, 15, 28 H-5,7a, 12a, 150, 16c, 28
28 16.3 0.77 (3H, s) C-13,17, 18, 19, 27 H’-19¢, 204, 27, 29, 30
29 28.8 1.18 (3H, s) C-21, 22 H-21, 28
30 30.9 1.21 (3H, s) C-21, 22 H-164, 21, 28
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3. Supplemental data for structure elucidation of compound 3

COOH COOH
OH OH
3a 3b
Divaricatic acid 2-O-Methylnordivaricatic acid

Figure S2: The two possible structures of compound 3
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Table S3. H and **C-NMR of compound 3 and divaricatic acid 3a in acetone-d6 and MeOD-d4

Acetone-d6 MeOD-d4
Position Compound 3 Divaricatic acid 3a [3] Compound 3 Divaricatic acid 3a [4]
13C-NMR IH-NMR BC-NMR IH-NMR BC-NMR IH-NMR BC-NMR IH-NMR
(125 MH2) (500 MH2) (150 MH2) (600 MH2) (125 MH2) (500 MH2) (100 MH2) (400 MH2)
1 105.7 105.4 107.3 105.5
2 166.1 166.4 165.6 163.9
3 99.8 6.39 (1H, d, 2.5 H2) 999  6.41(1H,d,25Hz) 100.1 6.40 (1H, d, 2.5 Hz)  98.54 6.30 (1H, )
4 165.3 165.6 165.4 163.7
5 1113 6.45(1H, d, 2.5 H2) 1116  6.46(1H,d,25Hz) 1112 6.42 (1H,d, 25 Hz) 109.4 6.08 (1H, s)
6 148.4 148.6* 148.4 146.8
7 170.2 169.2 170.5 1715
8 39.3 2.95 (2H, overlap) 39.3* 293300 (2H,m) 395 293 (2H,t, 7.5 Hz)  38.0 2.79 (2H, 1, 7.6 Hz)
9 25.9 1.70 (2H, m) 25.7%  161-1.77(2H,m)  26.4 165-1.73 (2H,m)  24.7 1.57 (2H, m)
10 14.4 0.95 (3H, t, 7.0Hz) 144*  093-1.00(3H,m) 145 0.99 (3H,t, 75 Hz) 133 0.94 (3H, , 7.2 H2)
1 116.2 112.2 116.9 110.1
2 165.3 165.2 164.5 157.9
3 1145 657 (1H, d, 2.5Hz) 1093 679 (1H,d,23Hz) 1152 6.54 (1H,d, 2.0 HZ) 99.8 6.08 (1H, d, 2,4 Hz)
4' 152.8 155.0 153.4 159.3
5 1082  6.50 (1H, d, 2.5Hz) 1166  6.77(1H,d,23Hz) 108.3 6.49 (1H, d, 25 Hz) 108.8 6.08 (1H, d, 2,4 Hz)
6’ 149.3 149.1* 149.5 148.0
7' 176.7 173.3 # 175.12
8 38.0 3.12 (2H, t, 7.5 Hz) 38.7* 293300 (2H,m) 384 314 (2H,t,7.5Hz)  37.31 3.00 (2H, t, 7.6 Hz)
o 255 163 (2H, sextet, 75 Hz)  259%  161-177 (2H,m)  26.1 165-1.73 (2H, m) 247 1.57 (2H, m)
10’ 14.4 0.90 (3H, t, 7.0Hz) 145%  093-1.00(3H,m) 146 0.98 (3H,1,65Hz) 13.1 0.93 (3H, , 7.2 H)
2-OH - 11.17 (1H, s) ;

2~ OCHs 55.9 3.86 (3H, s) ; - 55.9 3.84 (3H, ) - -

4-0OCH3s - - 55.9 3.86 (3H, s) 54.4 3.78 (3H, s)

~COOH 14.22 (1H, brs)

* These signals were interchangeable

# This signals was not observed in 3C-NMR
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4. Scanned spectra of all compounds

Full mass spectrum
Spectrum from DA.EAO4+ESI_TUAN.wiff2 (sample 3) - DA.EA04+ESI_TUAN, -TOF MS (70 - 150...om 0.185 min, noise filtered (noise multiplier = 1.5), Gaussian smoothed (0.5 points)

2.0e5 515.3734
o 156 713.4743
E10e5 5163775 |723:5030

1031.7572
1053.7400

724.5065

5.0e4
¢ 431.0983 740.4934 949.6729

N
0.060 ool b
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

Mass/Charge, Da

Expanded spectrum
Spectrum from DA.EA04+ESI_TUAN.wiff2 (sample 3) - DA.EA04+ESI_TUAN, -TOF MS (70 - 150...om 0.185 min, noise filtered (noise multiplier = 1.5), Gaussian smoothed (0.5 points)

2.0e5 5153734
£ 1565
§ 1005 5163775

50e4 517.3805
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Formula (M) lon formula m/z Calcd m/z Diff (ppm)
Cs2H5205 Cs2Hs105~ 515.3734 515.3736 0.39 ppm

Figure S3: (-)HRESI-MS of compound 1 (1/-acetoxy-3/-hydroxy-21o-hopan-29-oic acid)
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Figure S5: Full *H-NMR of compound 1 (14-acetoxy-34-hydroxy-21a-hopan-29-oic acid)
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Figure S7: Extended *H-NMR of compound 1 (14-acetoxy-34-hydroxy-21a-hopan-29-oic acid)
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Figure S8: Full *C-NMR of compound 1 (1-acetoxy-3-hydroxy-21o-hopan-29-oic acid)

Compound 1 (13C, CDCls, 150MHz) - ex

v08'¢T—

8b6°b T,
8£9'ST~,
69591~
75891~
2€9'LT—
106217

L6L'6T—

PS8’ T
646'CC~
TLLET~

TLS'9C—
v16'LC—

9L0°e€
wwm.mmW
€9'€E

P6L'8E—

¥98'0%
mwm.ﬁv/
200°2h~
0LTCy
LET Y
8¥8'ch
NmN.Tv.\

6098 —

8€L0S—

046'25—
8b9'ES—

6¢6'Ty—
20072y —

04T ey —
LECTY—

14

10

9/0°€E—

88E°EE~
€9p'EE—

21

~

-
—

5

42.0 418
ppm

42.2

28

o

23

33.433.233.0
ppm

18

46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12

50 48

52

54

ppm

Figure S9: Extended *C-NMR of compound 1 (1-acetoxy-34-hydroxy-21a-hopan-29-oic acid)
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Figure S10: Full DEPT of compound 1 (15-acetoxy-34-hydroxy-21a-hopan-29-oic acid)
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Figure S11: Full COSY of compound 1 (15-acetoxy-38-hydroxy-21a-hopan-29-oic acid)
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Compound 1 (HSQC, CDCl;)
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Figure S12: Full HSQC of compound 1 (1-acetoxy-34-hydroxy-21a-hopan-29-oic acid)
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Figure S13: Extended HMBC of compound 1 (1-acetoxy-34-hydroxy-21c-hopan-29-oic acid)
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Figure S14: Extended HMBC of compound 1 (1/-acetoxy-34-hydroxy-21a-hopan-29-oic acid)
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Figure S15: Extended HMBC of compound 1 (1-acetoxy-34-hydroxy-21a-hopan-29-oic acid)
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Compound 1 (NOESY, CDCl3)
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Figure S16: Full NOESY of compound 1 (1/-acetoxy-34-hydroxy-21a-hopan-29-oic acid)
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Figure S17: Extended NOESY of compound 1 (15-acetoxy-3-hydroxy-21a-hopan-29-oic acid)
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Figure S19: FT-IR of compound 2 (21 a-hopane-34,6f,22-triol)
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Compound 2 (1H, CDCl3, 600 MHz) - full
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Figure S20: Full *H-NMR of compound 2 (21 a-hopane-38,68,22-triol)
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Figure S21: Extended *H-NMR of compound 2 (21 a-hopane-3p,68,22-triol)
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Figure S22: Extended *H-NMR of compound 2 (21 a-hopane-34,68,22-triol)
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Compound 2 (13C, CDCl3, 150 MHz) - full
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Figure S23: Full 3C-NMR of compound 2 (21 a-hopane-34,6/3,22-triol)
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Figure S24: Extended *C-NMR of compound 2 (21 a-hopane-38,6/3,22-triol)
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Figure S25: Full DEPT of compound 2 (21 a-hopane-34,6f,22-triol)
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Figure S26: Full HSQC of compound 2 (21 a-hopane-34,6/3,22-triol)
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Compound 2 (HSQC, CDCI3) - full

|
7
z M@wh "J L

2.4 2.3 2.2 2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.0 0.9 0.8 0.7

Figure S27: Extended HSQC of compound 2 (21 a-hopane-34,64,22-triol)
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Figure S28: Full HMBC of compound 2 (21 a-hopane-34,64,22-triol)
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Figure S29: Extended HMBC of compound 2 (21 a-hopane-34,64,22-triol)
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Figure S30: Extended HMBC of compound 2 (21 a-hopane-34,64,22-triol)
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Compound 2 (NOESY, CDCI3) - full

Figure S32: Extended NOESY of compound 2 (21a-hopane-34,64,22-triol)
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Figure S33: Extended NOESY of compound 2 (21 a-hopane-34,64,22-triol)

Full mass spectrum
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Figure S34. (-)HRESI-MS of compound 3 (2'-O-MethylInordivaricatic acid)
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Figure S36: Full tH-NMR of compound 3 (2'-O-Methylnordivaricatic acid)
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Figure S35: FT-IR of compound 3 (2'-O-Methylnordivaricatic acid)
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Figure S37: Extended *H-NMR of compound 3 (2'-O-Methylnordivaricatic acid)
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Figure S38: Full *C-NMR of compound 3 (2'-O-Methylnordivaricatic acid)
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Compound 3 (DEPT, acetone-d6) - full
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Figure S39: Full DEPT of compound 3 (2'-O-Methylnordivaricatic acid)
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Figure S40: Full HSQC of compound 3 (2'-O-Methylnordivaricatic acid)
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Compound 3 (HMBC, acetone-d6) - full
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Figure S41: Full HMBC of compound 3 (2'-O-Methylnordivaricatic acid)

Compound 3 (HMBC, acetone-d6) - ex1

L

@@ i @

=S
=
=
=

r10
r20
r30
r40
r50
r60
r70
r80
ro0
r100
r110
r120
r130
r140
r150
r160
r170
+180

65 60 55 50 45 40 35 30 25 20 15 1.0

Figure S42: Extended HMBC of compound 3 (2'-O-Methylnordivaricatic acid)
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Figure S43: Extended HMBC of compound 3 (2'-O-Methylnordivaricatic acid)
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