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1.1 1H-NMR spectrum for Arjunolic acid 1 recorded in CH3OD
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1.2 13C-NMR spectrum for Arjunolic acid 1 recorded in CH3OD
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2. NMR data for compound 2
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2.1 1H-NMR spectrum for compound 2 recorded in CDCl3

AcO

H
O

OH

H

AcO

AcO

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.512.0
f1 (ppm)

-500

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

5500

6000

2.
89

2.
97

3.
13

3.
20

2.
96

3.
05

3.
08

2.
98

2.
92

1.
02

1.
07

1.
00

0.
73

0.
86

0.
89

0.
91

1.
07

1.
10

1.
97

2.
01

2.
08

2.
79

2.
80

2.
82

2.
83

3.
56

3.
59

3.
81

3.
84

5.
05

5.
07

5.
11

5.
12

5.
14

5.
15

5.
16

5.
17

5.
26

2.2 13C-NMR spectrum for compound 2 recorded in CDCl3
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3. NMR data for compound 3
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3.1 1H-NMR spectrum for compound 3 recorded in CDCl3
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3.2 13C-NMR spectrum for compound 3 recorded in CDCl3
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4. NMR data for compound 4
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4.1 1H-NMR spectrum for compound 4 recorded in CDCl3
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4.2 13C-NMR spectrum for compound 4 recorded in CDCl3
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5. NMR data for compound 5
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5.1 1H-NMR spectrum for compound 5 recorded in CDCl3
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5.2 13C-NMR spectrum for compound 5 recorded in CDCl3
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6. NMR data for compound 6

6.1 1H-NMR spectrum for compound 6 recorded in CH3OD
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6.2 13C-NMR spectrum for compound 6 recorded in CH3OD
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7. NMR data for compound 7

7.1 1H-NMR spectrum for compound 7 recorded in CDCl3
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7.2 13C-NMR spectrum for compound 7 recorded in CDCl3
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8. NMR data for compound 8

8.1 1H-NMR spectrum for compound 8 recorded in CDCl3
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8.2 13C-NMR spectrum for compound 8 recorded in CDCl3
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9. NMR data for compound 9

9.1 1H-NMR spectrum for compound 9 recorded in CDCl3
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9.2 13C-NMR spectrum for compound 9 recorded in CDCl3
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10. NMR data for compound 10

10.1 1H-NMR spectrum for compound 10 recorded in CDCl3
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10.2 13C-NMR spectrum for compound 10 recorded in CDCl3
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11. NMR data for compound 12

11.1 1H-NMR spectrum for compound 12 recorded in CDCl3
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11.2 13C-NMR spectrum for compound 12 recorded in CDCl3
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12. NMR data for compound 14

12.1 1H-NMR spectrum for compound 14 recorded in CDCl3
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12.2 13C-NMR spectrum for compound 14 recorded in CDCl3
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13. NMR data for compound 15

13.1 1H-NMR spectrum for compound 15 recorded in CDCl3
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13.2 13C-NMR spectrum for compound 15 recorded in CDCl3
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14. NMR data for compound 16

14.1 1H-NMR spectrum for compound 16 recorded in CDCl3
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14.2 13C-NMR spectrum for compound 16 recorded in CDCl3
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15. NMR data for compound 17

15.1 1H-NMR spectrum for compound 17 recorded in CDCl3
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15.2 13C-NMR spectrum for compound 17 recorded in CDCl3
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16. NMR data for compound 18

16.1 1H-NMR spectrum for compound 18 recorded in CDCl3
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16.2 13C-NMR spectrum for compound 18 recorded in CDCl3
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17. NMR data for compound 19

17.1 1H-NMR spectrum for compound 19 recorded in CDCl3
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17.2 13C-NMR spectrum for compound 19 recorded in CDCl3
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18. NMR data for compound 20

18.1 1H-NMR spectrum for compound 20 recorded in CDCl3
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18.2 13C-NMR spectrum for compound 20 recorded in CDCl3
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18.3 COSY spectrum for compound 20 recorded in CDCl3
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18.4 NOESY spectrum for compound 20 recorded in CDCl3
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18.4 HSQC spectrum for compound 20 recorded in CDCl3
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18.4 HMBC spectrum for compound 20 recorded in CDCl3
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19. NMR data for compound 22

19.1 1H-NMR spectrum for compound 22 recorded in CDCl3
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19.2 13C-NMR spectrum for compound 22 recorded in CDCl3
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20. NMR data for compound 23

20.1 1H-NMR spectrum for compound 23 recorded in CDCl3
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20.2 13C-NMR spectrum for compound 23 recorded in CDCl3
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21. NMR data for compound 24

21.1 1H-NMR spectrum for compound 24 recorded in CDCl3
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21.2 13C-NMR spectrum for compound 24 recorded in CDCl3
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22. NMR data for compound 25

22.1 1H-NMR spectrum for compound 25 recorded in CDCl3
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22.2 13C-NMR spectrum for compound 25 recorded in CDCl3
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23. NMR data for compound 26

23.1 1H-NMR spectrum for compound 26 recorded in CDCl3
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23.2 13C-NMR spectrum for compound 26 recorded in CDCl3
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24. NMR data for compound 27

24.1 1H-NMR spectrum for compound 27 recorded in CDCl3
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24.2 13C-NMR spectrum for compound 27 recorded in CDCl3
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25. NMR data for compound 28

25.1 1H-NMR spectrum for compound 28 recorded in CDCl3
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25.2 13C-NMR spectrum for compound 28 recorded in CDCl3
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25.3 COSY spectrum for compound 28 recorded in CDCl3
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25.4 NOESY spectrum for compound 28 recorded in CDCl3
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25.5 HSQC spectrum for compound 28 recorded in CDCl3
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25.6 HMBC spectrum for compound 28 recorded in CDCl3
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26. Some COSY correlations for compound 20
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29. Some COSY correlations for compound 28

H
O

O

H

HO

O
H

H
HHH

H
H

H
H

H

H

30. Some NOESY correlations for compound 28

H
O

O

H

HO

O
H

H

31. Some HMBC correlations for compound 28

H
O

O

H

HO

O
H

H
H
H



65

32. Proposed mechanism for the formation of derivatives 13-20.
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33. Proposed mechanism for the formation of derivatives 21-28.
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34. In Silico studies.

After generation of SMILES notation, drug-likeness and absorption, distribution, metabolism, 
excretion, and toxicity (ADMET) parameters were predicted for compound 26 using SwissADME 
[1] and pkCSM [2] online softwares, as previously performed by some of us. [3) 

34.1 In silico molecular properties of compound 26 using the SwissADME predictive database.a.

Descriptor Value
Molecular weight 496.72 g/mol

iLog P 4.37
MLog P 5.16

nON 4
nOHNH 1

n-rot 5
TPSA 63.60 Å2

Lipinski Yes; 1 violation (MLogP>4.15)
Drug-likeness 

Veber Yes
PAINS 0 alert

Medicinal Chemistry 
Brenk 2 alerts: aldehyde, isolated alkene

a Octanol-water partition coefficient (LogP; iLogP is implicit LogP; MLogP is Moriguchi LogP); number of 
hydrogen bond acceptors (nON); number of hydrogen bond donors (nOHNH); number of rotatable bonds 
(n-rot); topological polar surface area (TPSA); Lipinski’s rule of five: molecular weight < 500 Da; Log P < 5; 
n-OHNH < 5; n-OHNH < 10. A maximum of 1 violation is permitted. Veber’s parameters: n-rot ≤ 10; TPSA 
≤ 140 Å2 or total of nON and nOHNH ≤ 12.
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34.2 In silico pharmacokinetic (absorption, distribution, metabolism, and excretion) and 
toxicity parameters of compound 26 using pkCSM and SwissADME predictive databases.a.

Property Model Name Predicted Value
Water solubility −6.102 b

Intestinal absorption (human) 100%Absorption
P-glycoprotein substrate Yes

P-glycoprotein I and II inhibitor Yes
BBB permeant No

LogBB −0.572Distribution
LogPS −1.429

CYP1A2 inhibitor No
CYP2C19 inhibitor No
CYP2C9 inhibitor No
CYP2D6 inhibitor No

Metabolism

CYP3A4 inhibitor No
CYP2D6 substrate No
CYP3A4 substrate Yes
Log total clearance 0.078c

Excretion
Renal OCT2 substrate No

AMES toxicity No
hERG I inhibitor No
hERG II inhibitor No

Hepatotoxicity No
Toxicity

Skin Sensitisation No
a Blood-brain barrier (BBB); logarithm of permeability in blood-brain barrier (logBB) < −1 are poorly 
distributed; blood-brain permeability-surface area product (logPS) > −2 are considered to penetrate the 
central nervous system and logPS < −3 are considered as unable to penetrate the central nervous system; 
human ether-a-go-go-related gene (hERG). b log(mol/L). c log(mL/min/kg).
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