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Figure S3 Cycloartenol



Figure S5 Cycloeucalenol



Table S1 'H (500MHz), 3C (100MHz) data for the mixture of cycloartenol, methylene cycloar-

tenol and cycloeucalenol.

Compound
Position
Cycloartenol 24 (28)- Cycloeucalenol
methylenecycloartenol
H d ppm (mult, | ®C 6 ppm | 'H 6 ppm (mult, BCd Hd ppm (mult, /) | ¥C 0 ppm
D D ppm
1 1.551H (m), 1.28 | 32.0 (CH2) | 1.551H (m), 1.28 32.0 1.55 1H (m), 1.28 30.4 (CH2)
1H (m) 1H (m) (CH) 1H (m)
2 1.92 1H (m), 1.65 | 26.5 (CHz) | 1.92 1H (m), 1.65 26.6 1.83 1H (m ) 1.59 27.0 (CHy)
1H (m) 1H (m) (CH>) 1H (m)
3 3.31 (m) 78.9 (CH) 3.26 (m) 79.1 (CH) 3.22 (m) 79.0 (CH)
4 - 40.5 () - 40.0 (O 1.32 (m) 415 (C)
5 1.32 1H (m) 39.6 (CH) 1.32 1H (m) 39.7 (CH) 1.32 1H (m) 41.8 (CH)
6 1.651H (m), 0.81 | 21.1 (CH2) | 1.65 1H (m), 0.81 21.1 1.65 1H (m), 0.81 20.9 (CH2)
1H (m) 1H (m) (CH) 1H (m)
7 1.151H (m), 1.32 | 26.0 (CH2z) | 1.151H (m), 1.32 26.0 1.15 1H (m), 1.32 26.5 (CH2)
1H (m) 1H (m) (CH>) 1H (m)
8 1.52 1H (m) 47.1 (CH) 1.52 1H (m) 47.1 (CH) 1.52 1H (m) 47.2 (CH)
9 - 20.1 (C) - 19.9 (C) - 23.6 (O
10 - 26.0 (C) - 26.1 (C) - 26.2 (C)
11 1.07 1H (m), 0.81 | 28.1 (CHz) | 1.07 1H (m), 0.81 28.1 1.07 1H (m), 0.81 28.1 (CHy)
(m) (m) (CH:) (m)
12 1.59 1H (m), 1.28 | 32.9 (CH2) | 1.59 1H (m), 1.28 35.7 1.59 1H (m), 1.28 32.9 (CH2)
1H (m) 1H (m) (CH) 1H (m)
13 - 45.2 (C) - 45.2 (C) - 45.3 (C)
14 - 48.7 (C) - 49 (C) - 49.0 (O
15 1.33 1H (m), 0.90 | 32.9 (CH2) | 1.33 1H (m), 0.90 329 1.33 1H (m), 0.90 32.9 (CH2)
1H (m) 1H (m) (CH) 1H (m)
16 2.021H (m), 1.32 | 71.8 (CHz) | 2.02 1H (m), 1.32 26.5 2.02 1H (m), 1.32 28.6 (CH2)
1H (m) 1H (m) (CH>) 1H (m)
17 1.65 1H (m) 52.3 (CH) 1.65 1H (m) 52.5 (CH) 1.65 1H (m) 52.2 (CH)
18 0.99 3H (s) 18.2 (CHs) 0.99 1H (s) 18 (CHs) 0.99 1H (s) 17.8 (CHs)
19 0.58 1H (d, 4.21), | 29.7 (CH2) | 0.58 1H (d, 4.21), 29.9 0.58 1H (d, 4.21), 29.9 (CH2)
0.35 1H (d, 4.18) 0.35 1H (d, 4.18) (CH) 0.351H (d, 4.18)
20 1.40 1H (m) 30.3 (CH) 1.40 1H (m) 36 (CH) 1.40 1H (m) 36.0 (CH)
21 0.92 3H (s) 18.0 (CHb) 0.92 3H (s) 18.3 0.92 3H (s) 18.4 (CHb)
(CHs)
22 1.33 2H (m) 35.5 (CH>) 1.33 2H (m) 35.6 1.33 2H (m) 35.6 (CH2)
(CH>)
23 1.77 1H (m), 0.97 | 24.9 (CHz) | 2.02 1H (m), 1.65 312 2.23 1H (m), 1.65 31.1 (CHy)
1H (m) 1H (m) (CH>) 1H (m)




24 521 IH (t, 3.68) 121.7 - 156.9 (C) - 156.5 (C)
(CH)

25 - 130.7 (C) 2.33 (m) 33.8 (CH) 2.33 (m) 33.9 (CH)

26 1.71 3H (s) 26.1 (CHa) 1.28 3H 21.8 1.026 d 22.1 (CHs)
(CHs)

27 1.63 3H (s) 18.2 (CHb) 1.02 3H (s) 23.7 1.03 3H (s) 23.3 (CHs)
(CHs)

28 0.90 3H (s) 19.3 (CHb) 0.90 3H (s) 19.1 0.90 3H (s) 19.1 (CHs)
(CHs)

29 0.83 3H (s) 14.0 (CHb) 0.83 3H (s) 10.1 0.83 3H (s) 14.46 (CHs)
(CHs)

30 0.99 3H (s) 25.5 (CHb) 0.99 3H (s) 25.7 459 1H (dd,, 2.74, | 106.9 (CH2)
(CHs) 1.38) 4.71 1H (d,

2.64)
31 4.691H (d, 1.59) 109.3
4.74 1H (s) (CH>)
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Figure S6 '"H NMR (500 MHz) spectrum of the mixture of cycloartenol, 24 (28)-cethylenecycloar-
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S2 Characterisation of PNG-F4-11 as Betulin

29
30)20

Figure S10 Structure of betulin

Table S2: 'H (500MHz), 3C (100MHz) data of betulin

Position Compound
(10)
Betulin
'H d ppm (mult, ] (Hz)) 1BC O ppm (mult)
1 1.66 1H (m) 0.89 1H (m) 37.3 (CH>)
2 1.57 1H (m) 1.07 1H (m) 28.0 (CH2)
3 3.191H (dd, J=114,4.8) 79.0 (CH)
4 - 38.7 (C)
5 0.68 1H (m) 55.3 (CH)
6 1.521H (dtJ=11.1,4.1) 1.41 1H (m) 18.4 (CH>)
7 1.41 2H (m) 34.2 (CH)
8 - 38.9 (O)
9 1.27 1H (m) 50.4 (CH)
10 - 37.2(C)
11 1.41 2H (m) 20.8 (CH>)
12 1.66 1H (m) 1.07 1H (m) 25.2 (CH2)
13 1.66 1H (m), 0.97 1H (m) 28.0 (CH)
14 - 40.9 (©)
15 1.61 1H (m), 1.07 1H (m) 27.1 (CH2)
16 1.95 1H (m), 1.27 1H (m) 29.2 (CH2)
17 - 42.7 (C)
18 1.57 1H (m), 48.8 (CH)
19 2.381H (td, J=11.0, 5.8) 47.8 (CH)
20 - 150.5 (C)
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21 1.411H (m), 1.20 1H (m) 29.8 (CHa)
22 1.85 1H (ddd, J = 12.3,8.5.1.3) 1.07 1H (m) 34.0 (CHz)
23 0.97 3H (s) 28.0 (CHs)
24 0.76 3H (s) 15.4 (CHs)
25 0.82 3H (s) 16.1 (CHs)
26 0.98 3H (s) 16.0 (CHs)
27 1.02 3H (s) 14.8 (CHs)
28 3.80 1H (dd, ] = 10.8, 1.9) 60.6 (CH>)
3.33 1H (d ] =10.6)
29 4681H (d]=22) 109.7 (CH2)
458 1H (m)
30 1.68 3H (s) 19.1 (CHs)
U (ddd)

J(12.3, .8.5, 1.3)
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53 Characterisation of PNG-F4-13 as Betulinic acid

29

S13 Structure of betulinic acid
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Table S3 'H (500MHz), 3C (100MHz) data of betulinic acid .

Position H 13C
0 ppm (mult, | (Hz)) O ppm (mult)
1 1.57 1H (m) 0.81 1H (m) 38.3 (CH2)
2 1.43 2H (m) 27.2 (CH2)
3 2.951H (ddt, ] =16.5, 11.2, 5.6) 76.8 (CH)
4 - 38.5 (O)
5 0.62 1H (m) 54.9 (CH)
6 1.43 1H (m) 1.36 1H (m) 18.0 (CH>)
7 1.36 2H (m) 33.9 (CH2)
8 - 40.3 (C)
9 1.251H (dd, ] =12.7, 2.5) 49.9 (CH)
10 - 36.7 (O)
11 1.36 1H (m) 1.14 1H (m) 20.5 (CH2)
12 1.57 1H (m) 1.09 1H (m) 25.1 (CH2)
13 2.21 1H (td, J=12.3, 3.5) 37.6 (CH)
14 - 42.0 (C)
15 1.791H (q, ] =8.2, 6.8), 1.31 1H (m) 30.1 (CH2)
16 2.101H (m), 1.36 1H (m) 31.7 (CH2)
17 - 55.4 (C)
18 1.501H (d, ] =11.3) 46.6 (CH)
19 2.951H (ddt, ] =16.5, 11.2, 5.6) 48.6 (CH)
20 - 150.4 (O)
21 1.31 1H (m), 1.08 1H (m) 29.2 (CH2)
22 1.791H (q, ] =82, 6.8) 1.43 1H (m) 36.3 (CH2)
23 0.86 3H (s) 28.1 (CHs)
24 0.65 3H (s) 15.7 (CHs)
25 0.76 3H (s) 16.0 (CHs)
26 0.86 3H (s) 15.8 (CHb)
27 0.93 3H (s) 14.5 (CHs)
28 - 177.2 (C)
29 4.681H (d, J=25) 109.6 (CHz)
4.56 1H (s)
30 1.64 3H (s) 19.0 (CHs)

14
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54 Characterization of PNG-F4-18 as Madecassic acid

Figure S16 Structure of madecassic acid

16



Table S4 'H (500MHz), 13C (100MHz) data of madecassic acid.

Position Compound
12)
Madecassic acid
H  ppm (mult, ], (Hz)) 13C d ppm (mult)
1 0.711H, (t, J=11.9) 49.2 (t)
1.721H (dd, ] =12.5, 4.6)
2 3.51 (1H, m) 67.5 (d)
3 3.11 (1H, d, J=9.4 Hz) 76.2 (d)
4 - 43.4 (s)
5 1.151H (d, ] = 1.8 Hz) 47.0 (d)
6 4.25 (1H, m) 65.9 (CH)
7 1.58 (1H, m), 1.37 (1H, m) 40.0 (CH>)
8 - 42.2 (C)
9 1.52 (1H, m) 47.3 (CH)
10 - 38.3 (C)
11 1.95 1H (m), 1.52 1H (m) 23.4 (CH)
12 5.17 (q, 4.2) 124.9 (CH)
13 - 137.7 (C)
14 - 42,6 (C)
15 1.87 1H, (m) 28.1 (CHz)
0.951H, (t, ] =11.9)
16 1.95 1H (m), 1.02 1H (m) 23.8 (CH)
17 - 49.2 (C)
18 2.12 (m) 52.6 (CH)
19 1.31 1H (m) 38.5 (CH)
20 1.31 1H (m) 38.5 (CH)
21 1.43 1H (m) 30.2 (CHz)
1.31 1H (m)

22 1.37 (1H, m), 0.91 (1H, m) 38.8(CH2)
23 3.51 1H (m), 3.20 1H (d, ] = 10.5) 63.7 (t)
24 0.91 (3H, s) 15.0 (CHs)
25 1.00 (3H, s) 18.3 (CHb)
26 1.28 (3H, s) 18.2 (CHs)
27 0.99 (3H, s) 18.3 (CHs)
28 - 178.3 (C)
29 0.82 (3H, d, ] = 6.4 Hz) 17.1 (CHs)
30 091 (3H, d, J=5.9 Hz) 21.1 (CHs)

17
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S5 Characterization of PNG-F5 as 20-hydroxybetulin

Figure S19 Structure of 20-hydroxybetulin
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Table S5: 'H (500MHz), *C (100MHZz) data for 20-hydroxy betulin.

Position Compound
)
20-hydroxybetulin

'H d ppm (mult, J) BC b ppm
1 1.34 1H (m), 1.15 1H (m) 40.6 (CH>)
2 1.77 1H (m), 1.68 1H (m) 27.8 (CH)
3 3.251H (dd, / =11.10 5.53) 79.3 (CH)
4 - 38.2 (C)
5 0.87 1H (m) 55.9 (CH)
6 1.71 1H (m), 0.85 1H (m) 19.6 (CHz)
7 2.34 1H (m), 1.65 1H (m) 35.2 (CH2)
8 - 41.8 (C)
9 1.38 1H (m) 52.0 (CH)
10 - 39.1 (C)
11 1.81 1H (m), 1.05 1H (m) 29.1 (CH2)
12 1.40 1H (m), 0.84 1H (m) 28.8 (CHz)
13 1.40 1H (m) 36.0 (CH)
14 - 42.1 (C)
15 1.69 1H (m), 1.84 1H (m) 28.2 (CHz)
16 1.91 1H (m), 1.30 1H (m) 30.1 (CH)
17 - 48.8 (C)
18 1.85 1H (m) 50.4 (CH)
19 1.37 1H (m) 48.4 (CH)
20 - 73.6 (C)
21 1.69 1H (m), 1.84 1H (m) 28.2 (CHz)
22 2.30 1H (m), 0.88 1H (m) 33.8 (CH)
23 1.17 3H (s) 25.2 (CH3)
24 0.793H (s) 16.1 (CHs)
25 0.82 3H (s) 17.0 (CHs)
26 1.53 3H (s) 18.4 (CHs)
27 1.01 3H (s) 15.7 (CHs)
28 3.93(d, ] =12.0),4.02 (d, ] =12.0) 62.9 (CHz)
29 1.77 3H (s) 245 (CH3)
30 1.26 3H (s) 32.0 (CH3)
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56 Characterization of PNG-F6-512 as Mangiferonic acid (Figure S27) and Ambonic acid (Figure S28)

Figure S22 Structure of mangiferonic acid

Figure S23 Structure of ambonic acid

23



Table Sé6: 'H (500MHz), *C (100MHZz) data for mangiferonic acid and ambonic acid.

Position Compound
) ®)
Mangiferonic acid Ambonic acid
H d ppm (mult, ]) 13C d ppm H d ppm (mult, ]) 1BC d ppm
1 1.88 1H (m), 1.57 1H (m) 33.4 (CH2) 1.68 1H (m), 1.40 1H (m) 32.7 (CH)
2.73 1H (td, 13.84, 6.40) 37.4 (CH2) 2.73 1H (td, 13.84, 6.40) 37.4 (CH)
2.33 1H (td, 14.17, 3.49) 2.33 1H (td, 14.17, 3.49)
3 - 216.6 (C) - 216.6 (C)
4 - 50.2 (C) - 50.2 (C)
5 1.73 1H (dd, 12.17, 4.33) 48.4 (CH) 1.73 1H (dd, 12.17, 4.33) 48.4 (CH)
6 1.57 1H (m), 0.97 1H (m) 21.5 (CH2) 1.57 1H (m), 0.97 1H (m) 21.4 (CH)
7 1.40 1H (m), 1.16 1H (m) 25.9 (CH2) 1.40 1H (m), 1.16, 1H (m) 25.9 (CH)
8 1.58 1H (m) 47.8 (CH) 1.58 1H (m) 47.8 (CH)
9 - 21.0 (O) - 21.0 (C)
10 - 25.9 (C) - 25.9 (©)
11 2.07 1H (m), 1.19 (m) 26.7 (CHz) 2.07 1H (m), 1.19 1H (m) 26.6 (CH>)
12 1.68 1H (m), 1.19 1H (m) 32.7 (CHz) 2.07 1H (m), 1.68 1H (m) 32.7 (CHy)
13 - 45.3 (C) - 45.3 (©)
14 - 48.7 (C) - 48.7 (C)
15 1.58 1H (m), 1.40 1H (m) 35.5 (CH2) 1.58 1H (m), 1.40 1H(m) 35.5 (CHz)
16 1.91 1H (m), 1.68 1H (m) 28.0 (CH2) 1.91 1H (m), 1.68 1H (m) 28.0 (CH)
17 1.68 1H (m) 52.2,1H 1.68, 1H (m) 52.2 (CH)
(CH)
18 1.01 3H (s) 18.0 (CHs) 01.02 3H (s) 18.0 (CHb)
19 0.81 1H (d, 3.55) 29.5 (CH2) 0.81 1H (d, 3.55) 29.5 (CH)
0.59 1H (d, 3.73) 0.59 1H (d, 3.73)
20 1.40 1H (m) 35.9 (CH) 1.40 1H (m) 35.9 (CH)
21 0.94 3H (d, 6.31) 18.2 (CHs) 0.94 3H (d, 6.31) 18.2 (CHb)
22 1.19 1H (m), 1.58 1H (m) 34.7 (CHz) 1.19 1H (m), 1.58 1H (m) 34.5 (CH)
23 2.28 1H (m), 2.15 1H (m) 25.8 (CH2) 2.21 2H (m) 31.6 (CH)
24 6.93 1H (t, 7.52) 145.8 (CH) - 148.0 ()
25 - 126.6 (C) 3.19 1H (q, 7.08) 45.6 (CH)
26 - 173.3 (C) - 180.2 (C)
27 1.86 3H (s) 11.9 (CHs) 1.333H (d, 7.0) 16.3 (CHb)
28 1.07 3H (s) 22.1 (CHs) 1.07 3H (s) 19.3 (CHs)
29 1.12 3H (s) 21.1 (CHs) 1.12 3H (s) 22.1 (CHb)
30 0.93 3H (s) 19.3 (CHb) 0.913H (s) 20.7 (CHb)
31 - - 4.99 (1H, s), 4.95 (1H, s) 111.0 (CH>)
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57 Characterization of PNG-F6-S15 as Isomangiferolic acid (Figure 532 and Ambolic acid (Figure S33)

Figure 526 Structure of Isomangiferolic acid

31

Figure S27 Structure of Ambolic acid

26



Table S7: '"H (500MHz), *C (100MHz) data for isomangiferolic acid and ambolic acid.

Position Compound
2 (6)
Isomangiferolic acid Ambolic acid

H o ppm (mult, ]) 13C d ppm H o ppm (mult, ]) 13C O ppm
1 1.74 1H (m), 1.04 1H (m) 27.5 (CHz) 1.92 1H (m), 1.27 1H (m) 32.0 (CH2)
2 1.92 1H (m), 1.64 1H (m) 28.5 (CH2) 1.74 1H (m), 1.52 1H (m) 30.3 (CH)
3 3.51H (m) 77.1 (CH) 3.51H (m) 77.1 (CH)
4 - 39.5 (C) - 40.5 (C)
5 1.831H (m) 41.1 (CH) 1.27 1H (m) 47.1 (CH)
6 1.65 1H (m), 0.80 1H (m) 21.1 (CH2) 1.651H (m), 0.80 1H (m) 21.1 (CH2)
7 1.27 1H (m), 1.14 1H (m) 25.7 (CHz) 1.27 1H (m), 1.14 1H (m) 26.0 (CH>)
8 1.52 1H (m) 48.0 (CH) 1521H (m) 48.1 (CH)
9 - 19.8 (C) - 19.8 (C)
10 - 26.5 (C) - 26.5 (C)
11 2.03 1H (m), 1.14 (m) 26.3 (CH2) 2.03 1H (m), 1.14 1H (m) 26.3 (CH>)
12 1.65 2H (m) 32.9 (CH2) 1.65 2H (m) 32.9 (CH)
13 - 45.3 (C) - 45.3 (C)
14 - 48.9 (C) - 48.9 (C)
15 1.34 2H (m) 35.5 (CH2) 1.34 2H (m) 35.5 (CH)
16 1.92 1H (m), 1.30 1H (m) 28.1 (CH2) 1.92 1H (m), 1.30 1H (m) 28.1 (CH2)
17 1.65 1H (m) 52.2 (CH) 1.65 1H (m) 52.2 (CH)
18 0.90 3H (s) 18.0 (CHb) 0.90 3H (s) 18.1 (CHb)
19 0.54 1H (d, 4.09) 29.8 (CH2) 0.54 1H (d, 4.09) 29.8 (CH2)

0.37 1H (d, 4.03) 0.37 1H (d, 4.03)
20 1.44 1H (m) 36.0 (CH) 1.44 1H (m) 36.0 (CH)
21 0.92 3H (d, 6.31) 18.0 (CHa) 0.94 3H (d, 6.31) 18.1 (CHa)
22 1.58 1H (m), 1.19 1H (m) 34.8 (CH2) 1.58 1H (m), 1.19 1H (m) 34.6 (CH2)
23 2.27 1H (m), 2.14 1H (m) 25.9 (CH2) 2.03 1H (m), 1.92 1H (m) 25.9 (CH2)
24 6.921H (td, 7.52, 1.57) 145.7 (CH) - 148.7 (C)
25 - 126.6 (C) 3.191H (q, 7.13) 45.6 (CH)
26 - 173.0 (C) - 45.7 (O)
27 1.86 3H (s) 12.0 (CHb) 1.323H, 7.05) 16.3 (CHb)
28 0.99 3H (s) 25.8 (CHs) 0.99 3H (s) 25.4(CHs)
29 0.97 3H (s) 21.2 (CHs) 0.83 3H (s) 14.0 (CHs)
30 0.92 3H (s) 19.3 (CHb) 0.92 3H (s) 19.3 (CHb)
31 - - 498 (1H, s) 111.0 (CHz)
494 (1H, s)
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S8 Characterisation of PNGS17 as hydroxymangiferolic acid

Figure S30 Structure of 27- Hydroxyisomangiferolic acid
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Table S8 'H (500MHz), 3C (100MHz) data for 27- Hydroxyisomangiferolic acid.

Position Compound
(3)
27- Hydroxyisomangiferolic acid

H 5 ppm (mult, ]) 1BC O ppm
1 1.851H (m), 1.26 1H (m) 28.1 (CH)
2 1.92 1H (m), 1.55 1H (m) 29.1 (CHy)
3 3.06 1H (q, 4.75) 77.1 (CH)
4 - 39.6 (C)
5 1.78 1H (m) 40.6 (CH)
6 1.47 1H (m), 0.75 1H (m) 21.1 (CHy)
7 1.26 1H (m), 1.14 1H (m) 25.0 (CHz)
8 1.55 1H (m) 47.8 (CH)
9 - 19.5 (C)
10 - 26.7 (C)
11 2.211H (s), 1.14 1H (m) 26.3 (CH)
12 1.55 2H (m) 33.0 (CHy)
13 - 45.3 (C)
14 - 48.9 (C)
15 1.26 2H (m) 35.5 (CH)
16 1.92 1H (m), 1.26 1H (m) 28.2 (CH)
17 1.60 1H (m) 52.1 (CH)
18 0.94 3H (s) 18.3 (CHs)
19 0.49 1H (d, 3.96), 0.30 1H (d, 3.86) 29.7 (CHy)
20 1.47 1H (m) 35.9 (CH)
21 0.87 3H (d, 3.55) 18.4 (CHs)
22 1.551H (m), 1.14 1H (m) 35.5 (CHy)
23 2.29 1H (m), 2.12 1H (m) 26.1 (CH)
24 6.62 1H (t, 7.7) 145.8 (CH)
25 - 132.8 (C)
26 - 171.1 (C)
27 4.11 2H (s) 55.8 (CHz)
28 0.94 3H (s) 26.1 (CHb)
29 0.88 3H (s) 21.7 (CHs)
30 0.88 3H (s) 19.8 (CHs)
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Figure S31 '"H NMR (500 MHz) spectrum for 27- hydroxyisomangiferolic acid in DMSO-d6
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