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Table S1. Compounds evaluated in this work. 

No. 
Com-
pound Molecular Structure 

Reference as in manuscript: where there 
is no reference or additional information 

noted, the preparation is described in 
Methods (page 28) and NMR S1 (page 41) 

of this article 

1 
IVL-1 

 O

H3C CH3

OH

O
CH3

CH3 CH3 H

H

H

CH3

O

O

HO

O

O
HO

O  

[33] 

2 IVL-2 

 

[33] 

3 IVL-3 

 

See Methods S1 and NMR spectra S1 

4 
IVL-4 

 

 

[15] 

5 IVL-5 

 

[15] 

6 IVL-6 

 

[15] 

7 IVL-10 

 

[34] 

8 IVL-16 
 

 

[15] [32] 
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9 IVL-17 
CH3

H3C

CH3 H

O
H

H CH3

CH3

OH

O
CH3

O
HO

OH

OH

OH

OH
H  

[15] 

10 IVL-18 

 

[15] 

11 MC014 

 

[15] 
An additional 13C DEPT-q spectrum is  

provided in NMR spectra S1 

12 
MC015 

 

 

[15] 
See Methods S1 and NMR spectra S1 

13 MC017 

 

 
See Methods S1 

14 MC019 

 

See Methods S1 and NMR spectra S1 

15 MC022 
CH3 CH3

CH3

O

H3C CH3

CH3

O

H

H

H N
H

H3C

H3C

O

O CH3

 

See Methods S1 and NMR spectra S1 

16 MC023 

 

[15] 
See Methods S1 and NMR spectra S1 

17 MC024 

 

[15] 
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18 MC027 

 

[15] 

19 MC028 

 

[15] 

20 MC030 

 

See Methods S1 and NMR spectra S1 

21 MC031 

 

See Methods S1 and NMR spectra S1 

22 MC032 

 

See Methods S1 and NMR spectra S1 

23 MC033 

 

[15] 
See Methods S1 and NMR spectra S1 

24 MC034 

 

[15] 

25 MC035 
 

 

See Methods S1  

26 MC036 

 

See Methods S1 and NMR spectra S1 

27 MC037 

  

See Methods S1 and NMR spectra S1 
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28 MC038 

 

See Methods S1 and NMR spectra S1 

29 
MC042 

 

 

See Methods S1 and NMR spectra S1 

30 MC044 

 

See Methods S1 and NMR spectra S1 

31 MC048 

 

See Methods S1  

32 
MC055 

 

 

[15] 
See Methods S1 and NMR spectra S1 

33 MC056 

 

See Methods S1  

34 MC057 

 

[15] 
See Methods S1 and NMR spectra S1 

35 MC059 See Methods S1 and NMR spectra S1 

36 MC062 
 

 

See Methods S1 and NMR spectra S1 
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Table S2. NEJ motility and Ultrastructure (phenotype) scores derived from screening of hederagenin derivatives at 10 µM. 

No. Compounds Molecular structure 
Sub-

group 

Average phenotype of 25 NEJs with 

95% lower and higher confidence 

intervals (CI) indicated. 

 

Significance 

Adjusted 

P value* 

Average motility of 25 NEJs with 

95% lower and higher confidence 

intervals (CI) indicated. 

 

Significance 

Adjusted 

P value* 

24 hours 48 hours 72 hours 72 hours 24 hours 48 hours 72 hours 72 hours 

1 
IVL-1 

 O

H3C CH3

OH

O
CH3

CH3 CH3 H

H

H

CH3

O

O

HO

O

O
HO

O  

9 
1.84 

(1.3;2.3) 

2.16 

(1.6;2.6) 

2.72 

(2.1;3.3) 

Not Signifi-

cant 

1.96 

(1.5;2.3) 

2.52 

(2.1;2.9) 

3.24 

(2.8;3.6) 

Not Signifi-

cant 

2 IVL-2 

 

9 
2.12 

(1.5;2.6) 

2.68 

(1.9;3.3) 

2.88 

(2.2;3.5) 

Not Signifi-

cant 

2.32 

(1.8;2.7) 

2.68 

(2.1;3.2) 

3.68 

(3.2;4.1) 

Not Signifi-

cant 

3 IVL-3 

 

4 
3.00 

(2.3;3.6) 

3.84 

(3;4.6) 

5.40 

(4.9;5.8) 
p<0.05 

3.04 

(2.4;3.5) 

3.96 

(3.5;4.4) 

4.56 

(4.1;4.9) 
p<0.05 

4 
IVL-4 

 

 

4 
2.36 

(1.7;3) 

3.12 

(2.3;3.8) 

5.16 

(4.6;5.6) 
p<0.05 

2.12 

(1.5;2.6) 

2.92 

2.3;3.5) 

4.24 

(3.7;4.7) 
p<0.05 
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5 IVL-5 

 

3 
5.52 

(4.9;6) 

5.76 

(5.4;6.1) 

6 

(6.0;6.0) 
p<0.05 

4.6 

(4.1;5) 

5 

(5.0;5.0) 

5 

(5.0;5.0) 
p<0.05 

6 IVL-6 

 

5 
1.72 

(1.5;1.8) 

2 

(1.7;2.2) 

3.12 

(2.9;3.2) 

Not Signifi-

cant 

2 

(1.7;2.2) 

2.36 

(2;2.7) 

3.12 

(2.6;3.6) 

Not Signifi-

cant 

7 IVL-10 

 

10 
3.08 

(2.5;3.6) 

3.96 

(3.4;4.5) 

4.92 

(4.3;5.4) 
p<0.05 

3.56 

(3;4) 

4.24 

(3.8;4.5) 

4.44 

(4;4.8) 
p<0.05 

8 
IVL-16 

 

 

2 
1.84 

(1.4;2.2) 

2.36 

(1.7;2.9) 

2.64 

(2;3.2) 

Not Signifi-

cant 

2.12 

(1.7;2.4) 

2.64 

(2.1;3.1) 

3.00 

(2.4;3.5) 

Not Signifi-

cant 

9 IVL-17 
CH3

H3C

CH3 H

O
H

H CH3

CH3

OH

O
CH3

O
HO

OH

OH

OH

OH
H  

2 
1.80 

(1.6;1.9) 

2.20 

(1.6;2.7) 

2.56 

(2;3) 

Not Signifi-

cant 

2.16 

(1.8;2.4) 

2.88 

(2.3;3.4) 

2.76 

(2.2;3.2) 

Not Signifi-

cant 
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10 IVL-18 

 

2 
2.00 

(2;2) 

2.32 

(2.1;2.5) 

3.88 

(3.3;4.4) 
p<0.05 

4.80 

(4.6;4.9) 

4.84 

(4.6;4.9) 

5.00 

(5.5) 
p<0.05 

11 MC014 

 

4 
4.12 

(3.5;4.6) 

6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 
p<0.05 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 
p<0.05 

12 
MC015 

 

 

10 
2.24 

(1.6;2.8) 

2.84 

(2;3.5) 

3.56 

(2.7;4.3) 

Not Signifi-

cant 

2.56 

(2;3) 

3.08 

(2.4;3.6) 

3.12 

(2.4;3.7) 

Not Signifi-

cant 

13 MC017 

 

7 
3.28 

(2.5;4) 

4.04 

(3.3;4.6) 

4.12 

(3.4;4.7) 
p<0.05 

4.12 

(3.7;4.5) 

4.0 

(3.5; 4.4) 

3.92 

(3.3; 4.4) 
p<0.05 

14 MC019 

 

1 
2.40 

(1.8;2.9) 

3.20 

(2.6;3.7) 

3.40 

(2.7;4) 

Not Signifi-

cant 

2.24 

(1.7;2.7) 

4.00 

(3.7;4.2) 

4.36 

(3.9;4.7) 
p<0.05 
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15 MC022 

 

1 
4.60 

(4.2;4.9) 

5.08 

(4.7;5.4) 

5.88 

(5.6;6.1) 
p<0.05 

2.68 

(1.9;3.4) 

4.12 

(3.7;4.4) 

4.96 

(4.8;5) 
p<0.05 

16 MC023 

 

7 
5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 
p<0.05 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 
p<0.05 

17 MC024 

 

7 
5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 
p<0.05 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 
p<0.05 

18 MC027 

 

7 
3.32 

(2.5;4.1) 

4.64 

(3.9;5.3) 

5.48 

(4.9;5.9) 
p<0.05 

3.48 

(2.9;3.9) 

4.72 

(4.4;4.9) 

4.76 

(4.4;5) 
p<0.05 

19 MC028 

 

7 
2.24 

(1.6;2.8) 

2.76 

(2;3.4) 

2.72 

(2;3.4) 

Not Signifi-

cant 

2.32 

(1.8;2.7) 

3.52 

(2.9;4) 

2.60 

(1.9;3.2) 

Not Signifi-

cant 
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20 MC030 

 

6 
3.00 

(2.2;3.7) 

3.60 

(2.9;4.2) 

4.00 

(3.2;4.7) 
p<0.05 

3.20 

(2.6;3.7) 

3.92 

(3.5;4.2) 

3.96 

(3.4;4.4) 
p<0.05 

21 MC031 

 

8 
2.72 

(1.9;3.4) 

3.64 

(2.9;4.3) 

4.80 

(4.2;5.3) 
p<0.05 

2.96 

(2.4;3.4) 

2.76 

(2;3.4) 

3.44 

(2.6;4.2) 

Not Signifi-

cant 

22 MC032 

 

8 
2.52 

(1.7;3.3) 

2.64 

(1.8;3.4) 

2.80 

(2;3.5) 

Not Signifi-

cant 

3.20 

(2.6;3.7) 

3.12 

(2.5;3.6) 

3.12 

(2.5;3.7) 

Not Signifi-

cant 

23 MC033 

 

7 
3.28 

(2.7;3.8) 

3.44 

(2.8;4) 

4.04 

(3.3;4.6) 
p<0.05 

3.80 

(3.4;4.1) 

3.88 

(3.5;4.2) 

3.76 

(3.2;4.2) 

Not Signifi-

cant 

24 MC034 

 

10 
2.64 

(2.0;3.2) 

4.56 

(4.2;4.9) 

4.56 

(4.2;4.9) 
p<0.05 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 
p<0.05 

25 
MC035 

 

 

7 
6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 
p<0.05 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.5) 
p<0.05 
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26 MC036 

 

7 
1.80 

(1.6;1.9) 

3.04 

(2.2;3.7) 

3.16 

(2.4;3.8) 

Not Signifi-

cant 

2.64 

(2.3;2.9) 

2.80 

(2.1;3.4) 

3.60 

(3;4.1) 

Not Signifi-

cant 

27 MC037 

 

8 
6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 
p<0.05 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 
p<0.05 

28 MC038 

 

8 
2.32 

(1.7;2.9) 

2.92 

(2.1;3.6) 

3.48 

(2.7;4.2) 

Not Signifi-

cant 

2.96 

(2.3;3.5) 

2.80 

(2.2;3.3) 

3.32 

(2.7;3.8) 

Not Signifi-

cant 

29 MC042 

 

7 
6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 
p<0.05 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 
p<0.05 

30 MC044 

 

7 
1.92 

(1.7;2) 

2.04 

(1.8;2.2) 

2.48 

(1.9;3) 

Not Signifi-

cant 

2.64 

(2.3;2.8) 

2.64 

(2.3;2.9) 

2.76 

(2.3;3.1) 

Not Signifi-

cant 
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31 MC048 

 

7 
1.44 

(1.2;1.6) 
X 

1.88 

(1.7;2) 

Not Signifi-

cant 

1.40 

(1.2;1.5) 
X 

1.96 

(1.8;2) 

Not Signifi-

cant 

32 MC055 

 

6 
6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 
p<0.05 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 
p<0.05 

33 MC056 

 

6 
6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 
p<0.05 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 
p<0.05 

34 MC057 

 

7 
6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 
p<0.05 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 
p<0.05 

35 MC059 

 

7 
2.68 

(1.9;3.3) 

3.04 

(2.3;3.7) 

3.88 

(3.2;4.4) 
p<0.05 

2.84 

(2.3;3.3) 

3.20 

(2.7;3.6) 

3.20 

(2.6;3.7) 

Not Signifi-

cant 
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36 
MC062 

 

 

7 
6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 
p<0.05 

5.00 

(6.0;6.0) 

5.00 

(6.0;6.0) 

5.00 

(6.0;6.0) 

p<0.05 

 

DMSO (0.1%) in RPMI 1640** 
1.56 

(0.8; 1.1) 

1.86 

(0.7; 1.2) 

1.94 

(0.8; 1.1) 

Not Signifi-

cant 

1.76 

(0.7;1.2) 

2.18 

(0.7;1.2) 

2.86 

(0.7;1.2) 

Not Signifi-

cant 

Triclabendazole (40µM)** 
6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 

6.00 

(6.0;6.0) 
p<0.05 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 
p<0.05 

Significance is relative to parasites cultivated in RPMI 1640 containing 0.1% DMSO and *collected at the 72 hour time point for each 
concentration, ** the average phenotype and motility scores were obtained from 50 NEJs. The screening of IVL and MC series were 
conducted separately. 

Compounds marked in green or yellow are those selected for further examination in other assays; those in green were progressed 
to the final assay.  

X—data not available. In this Table, the compounds in the library are also subdivided according to their functionality into sub-
groups: 

1. Hederagenin 28-carbamates  
2. Anemoclemosides. 
3. Hederagenin 28-esters 
4. Hederagenin 3,23-acetals 
5. Hederagenin 3,23-protected 28-esters 
6. Hederagenin 28-ureas 
7. Hederagenin 3,23-protected 28-ureas 
8. Hederagenin 28-methanol derivatives  
9. Hederagenin esters of diacids 
10. Other 
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Table S3. Effects of selected compounds on motility of wild strain adult flukes at 40 µM over 72 
hours. 

Compounds Molecular structure Short-hand structure 

Average motility of 4 para-
sites with 95% lower and 
higher confidence inter-
vals (CI) at 72 hour time 

point indicated.  

Significance  
Adjusted 
 P value* 

MC014 
CH3 CH3

CH3

O

H3C CH3

CH3

O

H

H

H
OH

O

H3C

H3C  

 

6.00 
(6.0;6.0) 

p<0.05 

MC023 

 

 

4.75 
(3.5;5.9) 

p<0.05 

MC024 

 

 

4.25 
(3.2;5.7) 

p<0.05 

MC035 

 
 

5.75 
(5.2; 6.2) 

p<0.05 

MC037 CH3 CH3

CH3

HO

H3C CH3

CH3

HO

H

H

H
O CH3

O

 
 

3.25 
(2;4.4) 

Not Significant 

MC042 

 

 

6.00 
(6.0;6.0) 

P<0.05 
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MC055 

 

 

5.25 
(4.7;5.7) 

p<0.05 

MC056 

 

 

4.25 
(3.3;5.1) 

Not Significant 

MC057 

 

5.00 
(5.0;5.0) 

p<0.05 

MC062 

 

 

5.00 
(5.0;5.0) 

p<0.05 

IVL-5 

 

 

2.75 
(2.2;3.2) 

Not Significant 

DMSO (0.4%) in RPMI 1640 
1.00 

(1.0; 1.0) 
Not Significant 

Triclabendazole 6.00 
(6.0;6.0) 

p<0.05 

These compounds are those selected to screen on adult fluke based on their activity against NEJs. 
The full structure and a short-hand version showing the fixed triterpene skeleton and the variable 
functional groups are both presented. Significance is relative to parasites cultivated in RPMI 1640 
containing 0.4% DMSO and *collected at the 72 hour time point for each concentration. 
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Table S4. Effects of selected compounds on motility of immature flukes at 40 µM over 72 hours. 

Compound Molecular structure Short-hand structures 

Average motility of 4 
parasites with 95% 
lower and higher con-
fidence intervals (CI) 
at 24 hour time point 
indicated. 

Average motility of 4 
parasites with 95% 
lower and higher 
confidence intervals 
(CI) at 48 hour time 
point indicated. 

Average motility of 
4 parasites with 
95% lower and 
higher confidence 
intervals (CI) at 72 
hour time point in-
dicated. 

Significance 
Adjusted 
P value* 

MC014 
CH3 CH3

CH3

O

H3C CH3

CH3

O

H

H

H
OH

O

H3C

H3C

 

5.00 
(5.0;5.0) 

5.00 
(5.0;5.0) 

5.00 
(5.0;5.0) 

p<0.05 

MC035 

 

 

5.00 
(5.0;5.0) 

5.00 
(5.0;5.0) 

5.00 
(5.0;5.0) 

p<0.05 

MC042 

 

 
 

4.75 
(4.2;5.2) 

5.00 
(5.0;5.0) 

5.00 
(5.0;5.0) 

p<0.05 
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These compounds are those selected for evaluation on the basis of their effects on wild strain adult flukes. Significance is relative to parasites culti-
vated in RPMI 1640 containing 0.4% DMSO and *collected at the 72 hour time point for each concentration. 

  

MC055 

 

 

2.75 
(1.8;3.6) 

5.00 
(5.0;5.0) 

5.00 
(5.0;5.0) 

p<0.05 

MC057 

 

3.50 
(2.5;4.4) 

4.25 
(3.3;5.1) 

4.50 
(3.5;5.4) 

0.182 

MC062 

 

 

5.00 
(5.0;5.0) 

5.00 
(5.0;5.0) 

5.00 
(5.0;5.0) 

<0.05 

DMSO (0.4%) in RPMI 1640 
1.00 

(1.0,1.0) 
1.00 

(1.0,1.0) 
1.00 

(1.0,1.0) 
Not Signifi-

cant 

Triclabendazole  
5.0 

(5.0,5.0) 
5.0 

(5.0,5.0) 
5.0 

(5.0,5.0) 
<0.05 
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Table S5. Effects of dose response assay of MC042 on motility of Italian strain immature flukes over 72 hours. 

Compounds Molecular Structure Short-hand structures 

Average motility of 2 parasites 

treated with 4.4 µM; with 95% 

lower and higher confidence 

intervals (CI) at three time 

points indicated. 

Average motility of 2 parasites 

treated with 13.3 µM; with 95% 

lower and higher confidence in-

tervals (CI) at three time points 

indicated. 

Average motility of 2 parasites 

treated with 40 µM; with 95% 

lower and higher confidence in-

tervals (CI) at three time points 

indicated. 

Significance 

Adjusted  

P value*  

 

(for 40 µM 

treated worms 

for 72 hours) 24 hours 48 hours 72 hours 24 hours 48 hours 72 hours 24 hours 48 hours 72 hours 

MC042 

 

 

4.00 

(4.0;4.0) 

5.00 

(5.0; 5.0) 

5.00 

(5.0; 5.0) 

4.00 

(4.0;4.0) 

5.00 

(5.0; 5.0) 

5.00 

(5.0; 5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0;5.0) 

5.00 

(5.0,5.0) 
<0.05 

Triclabendazole 
5.00 

(5.0; 5.0) 

5.00 

(5.0; 5.0) 

5.00 

(5.0; 5.0) 
<0.05 

DMSO (0.4%) in RPMI 1640 
1.00 

(1.0,1.0) 

1.00 

(1.0,1.0) 

1.00 

(1.0,1.0) 

Not Signifi-

cant 
Significance is relative to parasites cultivated in RPMI 1640 containing 0.4% DMSO and *collected at the 72 hour time point for each concentration. 
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Table S6. Effects of dose response assay of selected compounds on motility of adult flukes over 72 hours. 

Compounds Molecular Structure Short-hand structures 

Average motility of 3 para-

sites treated with 4.4 µM; 

with 95% lower and higher 

confidence intervals (CI) at 

three time points indicated. 

Average motility of 3 para-

sites treated with 13.3 µM; 

with 95% lower and higher 

confidence intervals (CI) at 

three time points indicated. 

Average motility of 3 parasites 

treated with 40 µM; with 95% 

lower and higher confidence in-

tervals (CI) at three time points in-

dicated. 

Signifi-

cance ad-

justed P 

value* (for 

40 µM 

treated 

worms at 72 

hours) 
24 hours 48 hours 72 hours 24 hours 48 hours 72 hours 24 hours 48 hours 72 hours 

MC014 
CH3 CH3

CH3

O

H3C CH3

CH3

O

H

H

H
OH

O

H3C

H3C  
 

1.00 

(1.0;1.0) 

1.00 

(1.0;1.0) 

3.00 (1.8; 

4.1) 

1.33 

(0.6;1.9) 

1.66 

(0.3;2.9) 

3.33 

(2.6;3.9) 

3.33 

(2.6;3.9) 

4.00 

(4.0;4.0) 

5.33 

(4.0;6.6) 
<0.05 

MC035 

 
 

1.00 

(1.0;1.0) 

1.00 

(1.0;1.0) 

1.00 

(1.0;1.0) 

1.00 

(1.0;1.0) 

1.00 

(1.0;1.0) 

3.66 

(2.3; 4.9) 

2.33 

(1.6;2.9) 

4.33 

(3.6;4.9) 

5.00 

(3.8;6.1) 
<0.05 

MC042 

 
 

1.00 

(1.0;1.0) 

2.00 

(2.0; 2.0) 

3.00 

(3.0; 3.0) 

3.66 

(3.0;4.3) 

4.00(4.0; 

4.0) 

4.00 

(4.0; 4.0) 

5.33 

(4.6;5.9) 
5.66 

(5.0;6.3) 
5.66 

(5.0,6.3) 
<0.05 
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MC055 

 
 

1.00 

(1.0;1.0) 

1.00 

(1.0;1.0) 
3.00 

(3.0;3.0) 
1.00 

(1.0;1.0) 
1.00 

(1.0;1.0) 
4.66 

(3.3;5.9) 
3.00 

(3.0;3.0) 
3.66 

(3.0;4.3) 
5.00 

(5.0;5.0) 
<0.05 

MC062 

 

1.00 

(1.0; 1.0) 

1.00 

(1.0; 1.0) 

3.00 

(1.0; 1.0) 

1.00 

(1.0; 1.0) 

1.66 

(1.0; 2.3) 

5.00 

(5.0; 5.0) 

3.00 

(3.0;3.0) 

4.00 

(4.0;4.0) 

5.00 

(5.0;5.0) 
<0.05 

Triclabendazole 1.00 

(1.0; 1.0) 

1.00 

(1.0; 1.0) 

1.00 

(1.0; 1.0) 

1.00 

(1.0;1.0) 

1.33 

(0.6;1.9) 

2.00 

(0.8; 3.1) 

2.33 

(1.6; 2.9) 

5.66 

(5.0; 6.3) 

6.00 

(6.0; 6.0) 
<0.05 

DMSO (0.4%) in RPMI 1640  
1.00 

(1.0,1.0) 
1.00 

(1.0,1.0) 
1.00 

(1.0,1.0) 
Not Signifi-

cant 

Significance is relative to parasites cultivated in RPMI 1640 containing in 0.4% DMSO and *collected at the 72 hour time point for each concentration. 
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Table S7. Summary of anthelmintic activities and selectivity indices. 

Compounds EC50 with 95% lower and higher 
confidence intervals (CI) on 

Adult Flukes (µM) 

EC50 with 95% lower and 
higher confidence intervals 

(CI) on Immature Flukes 
(µM) 

CC50 with 95% lower and 
higher confidence inter-
vals (CI) on MDBK cells 

(µM) 

Selectivity Index (SI) on Adult Flukes 
SI=CC50/EC50 

Selectivity Index (SI) on Im-
mature Flukes SI=CC50/EC50 

 24 hour 72 hour 24 hour 24 hour 24 hour 72 hour 24 hour 

MC014 13.46 
(7.07; 23.62) 

9.30 
(2.83; 17.98) 

NA Undefined Undefined Undefined Undefined 

MC035 Not deter-
mined* 

14.27 
(9.87; 21.99) 

NA 79.84 
(46.45; 198.9) 

Undefined 5.59 NA 

MC042 13.02± 
7.15 

(5.27; 9.22) 
1.07 

(0.07; 3.04) 
47.48 

(36.41; 65.29) 3.64 6.64 44.37 

MC055 
Not deter-

mined* 
6.06 

(2.69; 9.36) NA 
34.70 

(29.93; 40.11) Undefined 5.72 NA 

MC062 Not deter-
mined* 

5.61 
(3.89; 7.24) NA 13.65 

(11.59; 16.05) Undefined 2.43 NA 

Not determined*—the accurate estimation of EC50 value in GraphPad software is not possible for this time point without the inclusion of additional 
higher compound concentrations. 

±—lower and higher 95% CI are very wide. 

NA—Not applicable or investigation not conducted. 
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Figure S1. Scatter and dot plot showing the effects of 36 hederagenin derivatives on Ultrastructure (phenotype) and motility of Fasciola hepatica Newly 
Excysted Juveniles (NEJs). 

 
Figure S1(a): F. hepatica Newly Excysted Juveniles (NEJs) treated with MC series of compounds. 
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Figure S1(b): F. hepatica Newly Excysted Juveniles (NEJs) treated with MC series of compounds. 
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Figure S1(c): F. hepatica Newly Excysted Juveniles (NEJs) treated with IVL series of compounds. 
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Figure S1(d): F. hepatica Newly Excysted Juveniles (NEJs) treated with IVL series of compounds. 
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Figure S2. Microscopic images showing ultrastructure (phenotype) of F. hepatica NEJs treated with MC014, MC035, MC042, MC055 and MC062.
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Methods S1 – Synthesis of new compounds  
This section includes additional data for some known compounds referenced in Ta-

ble S1. 
RT – room temperature; DPPA – diphenylphosphoryl azide; DMF – dimethylforma-

mide; DCM – dichloromethane; petrol – petroleum b.p. 40 – 60 oC. 

(4aR,6aR,6bS,8aS,14bR)-8a-Isocyanato-2,2,4a,6a,6b,11,11,14b-octamethyl-
4a,4b,5,6,6a,6b,7,8,8a,9, 10,11,12,12a,14,14a,14b,15,16,16a-eicosahydro-4H-piceno[3,4-
d][1,3]dioxine (MC015) 

To a solution of MC014 (0.50g, 0.98mmol) and DPPA (0.40g, 0.31mL, 1.47mmol) in 
dry toluene (25mL), NEt3 (0.17g, 0.23mL, 1.76mL) was added, and the mixture was then 
heated to 90°C under a nitrogen atmosphere for 1 hour. The reaction mixture was then 
adsorbed on silica and the material was applied directly to a silica; column chromatog-
raphy (10:1 petrol:ethyl acetate; silica NEt3 neutralized) afforded the product [15],as a 
white, crystalline solid (0.40g; 80%); Rf (SiO2; 6:1 petrol:ethyl acetate) = 0.49; 1H NMR 
(400MHz, benzene-d6) δH : 5.21 (t, J = 3.6 Hz, 1H), 3.59 (d, J = 10.4 Hz, 1H), 3.43 (dd, J = 11.8, 
3.8 Hz, 1H), 3.34 (d, J = 10.5 Hz, 1H), 2.40 – 2.30 (m, 1H), 2.00 (td, J = 13.4, 4.4 Hz, 1H), 1.89 
– 1.59 (m, 5H), 1.59 – 0.97 (m, 13H), 1.54 (s, 3H), 1.34 (s, 3H), 1.19 (s, 3H), 1.08, (s, 3H), 1.03 
(s, 3H), 0.92 (m, 1H), 0.87 – 0.76 (m, 1H), 0.85 (s, 3H), 0.80 (s, 3H), 0.79 (s, 3H), 0.74 – 0.68 
(m, 1H); 13C NMR (101MHz, benzene-d6) δC : 142.8, 124.5, 123.3, 99.0, 77.9, 72.8, 62.0, 52.0, 
49.4, 48.1, 47.6, 41.8, 40.1, 39.2, 37.9, 37.5, 37.0, 35.7, 32.83, 32.75, 30.8, 30.4, 27.3, 27.1, 25.9, 
24.1, 23.79, 23.74, 19.5, 17.9, 17.2, 16.7, 13.0; HMRS [M+H]+: 527.4204. C33H55O2N2 requires: 
527.4207. 

1-Benzyl-3-((4aR,6aR,6bS,8aS,14bR)-2,2,4a,6a,6b,11,11,14b-octamethyl-4a,5,6,6a,6b,7,8, 
9,10,11,12,12a,14,14a,14b,15,16,16a-octadecahydro-4H-piceno[3,4-d][1,3]dioxin-8a(4bH)- 
yl)urea (MC017) 

A solution of MC015 (0.049 g, 1 mol.eq.) and benzylamine (0.06 mL, 5.7 mol.eq.) in 
anhydrous toluene (1 mL) was refluxed for 1 hour. The mixture was allowed to cool to RT 
and was then concentrated under vacuum. The residue was purified by chromatography 
(4:1→2:1 petrol:ether) to afford the product as a white solid (0.057g; 96%); Rf (SiO2; 4:1 
petrol:ether) = 0.26. 1H NMR (400MHz, benzene-d6) δH : 7.23 (d, J = 7.2 Hz, 2H), 7.21 – 7.17 
(m, 2H), 7.12 – 7.05 (m, 1H), 5.29 – 5.25 (m, 1H), 4.33 (m, 2H), 4.28 (m, 1H), 4.02 (s, 1H), 
3.61 (d, J = 10.5 Hz, 1H), 3.46 (dd, J = 11.7, 3.7 Hz, 1H), 3.35 (d, J = 10.5 Hz, 1H), 2.66 (dt, J = 
13.9, 3.4 Hz, 1H), 2.50 – 2.39 (m, 1H), 2.29 (dd, J = 13.6, 4.2 Hz, 1H), 1.98 – 1.59 (m, 8H), 1.58 
(s, 3H), 1.54 – 1.13 (m, 8H), 1.36 (s, 3H), 1.23 (s, 3H), 1.18 (s, 3H), 1.03 (s, 3H), 1.09 – 0.81 
(m, 3H), 0.91 (s, 3H), 0.89 (br. s, 6H), 0.78 – 0.69 (m, 1H). 13C NMR (101MHz, benzene-d6): 
δC 158.1, 145.5, 142.3, 130.0, 128.5, 125.3, 100.3, 79.1, 74.0, 56.8, 53.2, 49.3, 48.8, 48.4, 45.6, 
43.1, 41.4, 40.3, 38.7, 38.3, 37.0, 35.4, 34.4, 33.7, 33.2, 32.2, 31.6, 31.5, 28.0, 27.4, 25.5, 25.3, 
25.1, 24.3, 20.8, 19.2, 18.4, 18.0, 15.6, 14.2. 

Butyl ((4aR,6aR,6bS,8aS,14bR)-2,2,4a,6a,6b,11,11,14b-octamethyl-4a,5,6,6a,6b,7,8,9,10, 
11,12,12a,14, 14a,14b,15,16,16a-octadecahydro-4H-piceno[3,4-d][1,3]dioxin-8a(4bH)- 
yl)carbamate (MC019) 

A solution of MC015 (0.04 g, 1 mol.eq.) in n-butanol (0.5 mL) was left to stand for 2 
weeks at RT, the solvent being allowed to evaporate slowly to leave a cream colored, waxy 
residue. The residue was purified by chromatography (8:1 petrol:ether) to afford the prod-
uct as a white, crystalline solid (0.042g; 92%); Rf (SiO2; 4:1 petrol:ether) = 0.84. 1H NMR 
(400MHz, benzene-d6): δH 5.08 – 5.01 (m, 1H), 4.50 (s, 1H), 4.22 - 4.14 (m, 1H), 4.13 - 4.05 
(m, 1H), 3.59 (d, J = 10.5 Hz, 1H), 3.43 (dd, J = 11.8, 3.8 Hz, 1H), 3.33 (d, J = 10.5 Hz, 1H), 
2.63 – 2.52 (m, 1H), 2.30 – 2.19 (m, 1H), 2.18 – 2.10 (m, 1H), 1.92 – 1.62 (m, 7H), 1.60 – 1.07 
(m, 13H), 1.57 (s, 3H), 1.34 (s, 3H), 1.20 (s, 3H),1.10 (s, 3H), 1.04 – 0.98 (m, 1H), 0.96 – 0.76 
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(m, 2H), 0.94 (s, 3H), 0.93 (s, 3H), 0.86 (s, 3H), 0.84 (s, 3H), 0.83 (t, J = 7.4 Hz, 3H), 0.73 – 
0.66 (m, 1H). 13C NMR (101MHz, benzene-d6): δC 154.7, 143.2, 124.6, 99.0, 77.9, 72.8, 64.0, 
55.1, 51.9, 48.1, 46.94, 46.91, 41.7, 40.0, 39.0, 37.4, 37.0, 35.6, 33.4,33.1, 32.4, 31.8,30.9, 30.4, 
26.6, 26.1, 24.08, 24.05, 23.7, 22.6, 19.52, 19.49, 17.8, 16.9, 16.6, 13.9, 13.0. 

1-((4aR,6aR,6bS,8aS,14bR)-2,2,4a,6a,6b,11,11,14b-Octamethyl-4a,5,6,6a,6b,7,8,9,10,11, 
12,12a,14,14a, 14b,15,16,16a-octadecahydro-4H-piceno[3,4-d][1,3]dioxin-8a(4bH)-yl)-3- 
propylurea (MC022) 

A solution of MC015 (0.045 g, 1 mol.eq.) and n-propylamine (0.026 g, 5 mol.eq.) in 
anhydrous toluene (1 mL) was stirred at RT for 24 hours. The mixture was then concen-
trated under vacuum and the residue was purified by chromatography (2:1 petrol:ether) 
to afford the product as a white, crystalline solid (0.044g; 88%); Rf (SiO2; 1:1 petrol:ether) 
= 0.68. 1H NMR (400MHz, benzene-d6): δH 5.36 – 5.28 (m, 1H), 4.22 (t, J = 5.9 Hz, 1H), 4.17 
(s, 1H), 3.59 (d, J = 10.5 Hz, 1H), 3.46 (dd, J = 11.7, 3.7 Hz, 1H), 3.34 (d, J = 10.6 Hz, 1H), 3.26 
(dq, J = 13.2, 6.7 Hz, 1H), 3.09 (dq, J = 12.9, 6.6 Hz, 1H), 2.74 (dt, J = 13.8, 3.3 Hz, 1H), 2.61 – 
2.49 (m, 1H), 2.31 (dd, J = 13.5, 4.1 Hz, 1H), 2.03 – 1.80 (m, 6H), 1.68 (m, 2H), 1.57 (s, 3H), 
1.55 – 1.18 (m, 9H), 1.35 (s, 3H), 1.22 (s, 3H), 1.21 (s, 3H), 1.09-0.99 (m, 2H), 1.06 (s, 3H), 
1.00 (s, 3H), 0.94 (s, 3H), 0.92 (s, 3H), 0.91-0.85 (m, 1H), 0.88 (t, J = 7.4 Hz, 3H), 0.78 – 0.72 
(m, 1H). 13C NMR (101MHz, benzene-d6): δC 157.2, 144.4, 124.1, 99.1, 77.9, 72.7, 55.3, 51.9, 
48.1, 47.8, 47.1, 42.1, 41.9, 40.2, 39.1, 37.5, 37.1, 35.9, 34.3, 33.2, 32.4, 31.0,30.4, 26.9, 26.2, 
24.36, 24.32, 24.1, 23.9, 23.0, 19.5, 17.9, 17.1, 16.7, 13.0, 11.6. 

N-((4aR,6aR,6bS,8aS,14bR)-2,2,4a,6a,6b,11,11,14b-Octamethyl-
4a,5,6,6a,6b,7,8,9,10,11,12,12a,14,14a, 14b,15,16,16a-octadecahydro-4H-piceno[3,4-
d][1,3]dioxin-8a(4bH)-yl)- pyrolidine-1-carboxamide (MC023) 

A solution of MC015 (0.045 g, 1 mol.eq.) and pyrrolidine (0.037 mL) in anhydrous 
toluene (1 mL) was stirred at RT for 18 hours. The mixture was then concentrated under 
vacuum and the residue was purified by chromatography (application of residue to silica 
in DCM; 1:1 petrol:ether→10:1 chloroform:methanol) to afford the product [15], as a white, 
resinous solid (0.045g; 88%); Rf (SiO2; 1:1 petrol: ether) = 0.44. 1H NMR (400MHz, benzene-
d6): δH 5.35 – 5.25 (m, 1H), 4.05 (s, 1H), 3.59 (d, J = 10.5 Hz, 1H), 3.44 (dd, J = 11.7, 3.8 Hz, 
1H), 3.34 (d, J = 10.5 Hz, 1H), 3.29 – 3.11 (m, 4H), 2.91 (dt, J = 13.9, 3.4 Hz, 1H), 2.70-2.57 
(m, 1H), 2.48 – 2.34 (m, 1H), 2.09 – 1.75 (m, 6H), 1.75 – 1.52 (m, 2H), 1.57 (s, 3H), 1.51 – 1.13 
(m, 12H), 1.35 (s, 3H), 1.21 (s, 3H), 1.17 (s, 3H), 1.04 (s, 3H), 1.03-0.81 (m, 3H), 0.95 (s, 3H), 
0.91 (s, 3H), 0.86 (s, 3H), 0.71 (dd, J = 11.6, 2.1 Hz, 1H). 13C NMR (101MHz, benzene-d6): δC 
155.6, 144.5, 124.0, 99.0, 77.9, 72.7, 55.6, 51.9, 48.08, 47.91, 47.4, 45.8, 42.0, 40.1, 39.0, 37.4, 
37.1, 35.8, 34.1, 33.2, 32.2, 31.0, 30.4, 26.7, 26.0, 25.8, 24.2, 24.1, 23.8, 22.9, 19.5, 17.9, 17.1, 
16.6, 13.0. [M+H]+: 581.4676. Calculated for C37H61O3N2: 581.4677. 

1-((4aR,6aR,6bS,8aS,14bR)-2,2,4a,6a,6b,11,11,14b-Octamethyl-4a,5,6,6a,6b,7,8,9,10,11, 12, 
12a,14,14a, 14b,15,16,16a-octadecahydro-4H-piceno[3,4-d][1,3]dioxin-8a(4bH)- yl)urea 
(MC024) 

A gentle stream of ammonia gas was passed through a solution of MC015 (0.045 g, 
1mol.eq.) over 30 minutes. The occasional addition of solvent was necessary in order to 
compensate for evaporative losses. The percolation of gas was then suspended, and the 
flask was sealed with a greased glass stopper. Vigorous stirring was maintained at RT for 
18 hours. The mixture was then concentrated under vacuum and the residue was purified 
by chromatography (10:1 chloroform:methanol) to afford the product as a white powder 
(0.037g; 80%); Rf (SiO2; 10:1 chloroform:methanol) = 0.54. 1H NMR (400MHz, CDCl3): δH 
5.20 (m, 1H), 4.35 (s, 1H), 3.44 (d, J = 10.6 Hz, 1H), 3.43 – 3.38 (m, 1H), 3.35 (d, J = 10.6 Hz, 
1H), 2.21 (dt, J = 13.8, 3.5 Hz, 1H), 2.04 – 1.92 (m, 2H), 1.80 (m, 3H), 1.70 – 1.46 (m, 6H), 1.38 
– 1.29 (m, 3H), 1.35 (s, 3H), 1.32 (s, 3H), 1.25 – 1.01 (m, 4H), 1.05 (s, 3H), 0.98 – 0.77 (m, 3H), 
0.96 (s, 3H), 0.86 (s, 3H), 0.84 (s, 3H), 0.80 (br. s, 6H), 0.74 – 0.67 (m, 1H). 13C NMR (101MHz, 
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CDCl3): δC 157.7, 143.3, 124.6, 99.1, 77.7, 72.7, 55.8, 51.6, 47.7, 47.5, 46.5, 41.7,39.9, 39.0, 37.3, 
36.9, 35.3, 33.3, 33.0, 32.0, 30.9, 30.0, 26.3, 26.0, 24.1, 23.61, 23.59, 22.3, 19.5, 17.8, 16.8, 16.6, 
12.6.  

Methyl (((4aR,6aR,6bS,8aS,14bR)-2,2,4a,6a,6b,11,11,14b-octamethyl-4a,5,6,6a,6b,7,8,9,10, 
11,12,12a, 14,14a,14b,15,16,16a-octadecahydro-4H-piceno[3,4-d][1,3]dioxin-8a(4bH)-yl)- 
carbamoyl)-L-valinate (MC027) 

A solution of L-valine methyl ester hydrochloride (0.044 g, 5 mol.eq.) and NEt3 (0.038 
mL, 5.1 mol.eq.) in dry toluene (2.5mL) was stirred at RT for 10 minutes prior to the addi-
tion of a solution of MC015 (0.027 g, 1 mol.eq.) in dry toluene (2.5mL). The mixture was 
stirred at RT for 18 hours, then concentrated under vacuum and the residue purified by 
chromatography (4:1→1:1 petrol:ether) to afford the product as a white, resinous solid 
(0.035g; quant.); Rf (SiO2; 4:1 petrol:ether) = 0.17. 1H NMR (400MHz, benzene-d6): δH 5.27 – 
5.19 (m, 1H), 4.78 (dd, J = 8.8, 4.7 Hz, 1H), 4.66 (d, J = 8.8 Hz, 1H), 4.08 (s, 1H), 3.60 (d, J = 
10.5 Hz, 1H), 3.45 (dd, J = 11.7, 3.8 Hz, 1H), 3.34 (d, J = 10.5 Hz, 1H), 3.29 (s, 3H), 2.64 (dt, J 
= 13.9, 3.3 Hz, 1H), 2.39 – 2.26 (m, 2H), 2.10 (pd, J = 6.9, 4.8 Hz, 1H), 2.02 – 1.54 (m, 8H), 
1.58 (s, 3H), 1.53 – 1.40 (m, 2H), 1.39 – 1.10 (m, 5H), 1.35 (s, 3H), 1.21 (s, 3H), 1.15 (s, 3H), 
1.07-0.87 (m, 3H), 1.04 (s, 3H), 1.02 (s, 3H), 0.98 (d, J = 6.8 Hz, 3H), 0.89 (s, 3H), 0.88 (s, 3H), 
0.85 (d, J = 6.9 Hz, 3H), 0.75 – 0.69 (m, 1H). 13C NMR (101MHz, benzene-d6): δC 174.1, 156.4, 
144.1, 124.3, 99.0, 77.9,72.8, 57.9, 55.6, 51.9, 51.5, 48.1, 45.8, 47.2, 41.8, 40.2,39.1, 37.4, 37.1, 
35.8, 34.0, 33.1, 32.3, 31.8, 31.0, 30.4, 26.7, 26.2, 24.3, 24.1, 23.8, 22.9, 19.5, 19.3, 17.96, 17.91, 
16.9, 16.7, 13.0.  

1-((4aR,6aR,6bS,8aS,14bR)-2,2,4a,6a,6b,11,11,14b-Octamethyl-4a,5,6,6a,6b,7,8,9,10,11, 
12,12a,14,14a, 14b,15,16,16a-octadecahydro-4H-piceno[3,4-d][1,3]dioxin-8a(4bH)-yl)-3- 
((3R,4R,5S,6R)-2,4,5-tri-hydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-3-yl)urea 
(MC028) 

A mixture of D-(+)-glucosamine hydrochloride (0.022 g, 1.05 mol.eq.) and NEt3 (0.015 
mL) in dry DMF (1 mL) was stirred at RT for 5–10 minutes prior to the addition of solid 
MC015 (0.05 g, 1 mol.eq.) in one portion. The mixture was heated to 50°C for 2–4 hours, 
whereupon the DMF was removed under high vacuum and the residue was purified by 
chromatography (10:1 chloroform:methanol) to afford the product [15], as a white crystal-
line solid (0.065g; 96%); Rf (SiO2; 10:1 chloroform:methanol) = 0.28.  

((4aR,6aR,6bS,8aS,14bR)-2,2,4a,6a,6b,11,11,14b-Octamethyl-
4a,5,6,6a,6b,7,8,9,10,11,12,12a,14,14a, 14b,15,16,16a-octadecahydro-4H-piceno[3,4-
d][1,3]dioxin-8a(4bH)-yl)methanol (MC029) 

A solution of MC014 (0.067 g, 1 mol.eq) in dry THF (15.0 mL) was added dropwise 
over 1–2 min to a suspension of LiAlH4 (0.25 g, 5 mol.eq) in dry THF (5.0mL) cooled to ≈ 
+10°C. The mixture was heated under reflux at 85°C for 2–3 hours, then cooled to 0°C and 
quenched carefully with sat.aq. sodium sulphate (≈ 5-10mL), diluted with Et2O (15mL) and 
stirred vigorously for 0.5–1 hour at RT. The mixture was then filtered, by suction, through 
a plug of celite, the plug being washed thoroughly with Et2O (20mL) and warm chloro-
form (15 mL). The filtrate was concentrated under vacuum and the residue was purified 
by chromatography (2:1 petrol:ether) to afford the product as a white solid (0.59g; 91%); 
Rf (SiO2; 5:1 petrol:ether) = 0.55. 1H NMR (400MHz, benzene-d6): δH 5.19 (t, J = 3.7 Hz, 1H), 
3.60 (d, J = 10.5 Hz, 1H), 3.54 (d, J = 10.6 Hz, 1H), 3.44 (dd, J = 11.7, 3.7 Hz, 1H), 3.34 (d, J = 
10.5 Hz, 1H), 3.14 (d, J = 10.6 Hz, 1H), 2.09 (dd, J = 13.7, 4.3 Hz, 1H), 1.93-1.52 (m, 9H), 1.57 
(s, 3H), 1.51-1.14 (m, 9H), 1.34 (s, 3H), 1.24 (s, 3H), 1.21 (s, 3H), 1.07 – 0.99 (m, 1H), 0.98 – 
0.91 (m, 1H), 0.94 (br. s, 9H), 0.87 – 0.78 (m, 1H), 0.86 (s, 3H), 0.72 (dd, J = 12.1, 2.0 Hz, 1H). 
13C NMR (101MHz, benzene-d6): δC 144.6, 122.6, 99.0, 77.9, 72.8, 69.4, 51.9, 48.1, 47.0, 42.8, 
42.0, 40.3, 39.2, 37.36, 37.30, 37.1, 34.6, 33.5, 32.5, 31.5, 31.2, 30.4, 26.2, 26.1, 24.1, 23.84, 23.76, 
22.5, 19.5, 17.9, 16.91, 16.84, 13.0. 
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1-((4aS,6aS,6bR,9R,10S,12aR)-10-Hydroxy-9-(hydroxymethyl)-2,2,6a,6b,9,12a-hexa- me-
thyl-1,3,4,5,6, 6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-octadecahydropicen-4a(2H)-yl)- 3-
((3R,4R,5S,6R)-2,4,5-tri-hydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-3-yl)urea 
(MC030) 

To a solution of MC028 (0.0325 g) in THF (1 mL), H2O (0.1 mL) was added, followed 
by HCl/Et2O (2M, 0.15 mL). The mixture was stirred vigorously at RT for 1.5 hours. The 
mixture was then concentrated under vacuum and the orange oily residue was purified 
by chromatography (85:12.5:2.5 chloroform:methanol:H2O) to afford the principal product 
as a white crystalline solid (0.02g; 65%); Rf (SiO2; 75:22.5:2.5 chloroform:methanol: H2O) = 
0.62. A minor product (0.01 g) was also isolated, a white solid (0.01g); Rf (SiO2; 75:22.5:2.5 
chloroform: methanol: H2O) = 0.49. 

((4aR,6aR,6bS,8aS,14bR)-2,2,4a,6a,6b,11,11,14b-Octamethyl-
4a,5,6,6a,6b,7,8,9,10,11,12,12a,14,14a, 14b,15,16,16a-octadecahydro-4H-piceno[3,4-
d][1,3]dioxin-8a(4bH)-yl)methyl acetate (MC031) 

To a solution of MC029 (0.04 g, 1 mol.eq.), NEt3 (0.012 mL, 1.05 mol.eq.) and DMAP 
(0.01 g, 1 mol.eq.) in dry DCM (1.0 mL), cooled to ≈ +5°C, acetyl chloride (0.0066 g, 1.05 
mol.eq.) was added dropwise over a period of 1–2 minutes. The mixture was stirred for 2 
hours with gradual warming to RT. The mixture was adsorbed on silica and the material 
was applied directly to a silica column; chromatography (10:1 petrol:ether) afforded the 
product as a clear, colorless oil (0.030g; 69%); Rf (SiO2; 10:1 petrol: ether) = 0.43. 1H NMR 
(400MHz, benzene-d6): δH 5.19 (t, J = 3.7 Hz, 1H), 4.30 (d, J = 11.1 Hz, 1H), 3.86 (d, J = 11.1 
Hz, 1H), 3.59 (d, J = 10.5 Hz, 1H), 3.43 (dd, J = 11.8, 3.7 Hz, 1H), 3.33 (d, J = 10.5 Hz, 1H), 
2.12 (dd, J = 13.6, 4.4 Hz, 1H), 1.93 (td, J = 13.6, 4.2 Hz, 1H), 1.86 – 1.71 (m, 8H), 1.75 (s, 3H), 
1.57 (s, 3H), 1.51 – 1.09 (m, 9H), 1.33 (s, 3H), 1.21 (s, 3H), 1.19 (s, 3H), 1.03 – 0.77 (m, 3H), 
0.98 (s, 3H), 0.93 (s, 3H), 0.90 (s, 3H), 0.81 (s, 3H), 0.71 (dd, J = 12.0, 2.0 Hz, 1H). 13C NMR 
(101MHz, benzene-d6): δC 170.2, 143.8, 123.3, 99.0, 77.9, 72.8, 70.7, 52.0, 48.1, 46.7, 43.1, 41.9, 
40.3, 39.2, 37.3, 37.1, 36.2, 34.4, 33.4, 32.5, 31.9, 31.1, 30.4, 26.3, 26.1, 24.1, 23.76, 23.73, 22.6, 
20.6, 19.5, 17.9, 16.9, 16.8, 13.0. 

((4aR,6aR,6bS,8aS,14bR)-2,2,4a,6a,6b,11,11,14b-Octamethyl-
4a,5,6,6a,6b,7,8,9,10,11,12,12a,14,14a, 14b,15,16,16a-octadecahydro-4H-piceno[3,4-
d][1,3]dioxin-8a(4bH)-yl)methyl palmitate (MC032) 

To a solution of MC029 (0.04 g, 1 mol.eq), NEt3 (0.012 mL) and DMAP (0.02 g, 1 
mol.eq) in dry DCM (2 mL), cooled to ≈ +5°C, palmitoyl chloride (0.023 g, 1.05 mol.eq.) 
was added dropwise over 1–2 minutes. The mixture was stirred for 2 hours with gradual 
warming to RT, then adsorbed on silica and applied directly to a silica column; chroma-
tography (20:1 petrol:ether) afforded the product as a clear, colorless oil (0.054g; 91%); Rf 

(SiO2; 10:1 petrol:ether) = 0.87. Repetition of the chromatographic purification was deemed 
necessary in order to give a sample of acceptable purity. 1H NMR (400MHz, benzene-d6): 
δH 5.22 (t, J = 3.6 Hz, 1H), 4.33 (d, J = 11.0 Hz, 1H), 3.94 (d, J = 11.1 Hz, 1H), 3.59 (d, J = 10.5 
Hz, 1H), 3.44 (dd, J = 11.7, 3.6 Hz, 1H), 3.34 (d, J = 10.5 Hz, 1H), 2.26 (t, J = 7.3 Hz, 2H), 2.17 
(dd, J = 13.5, 4.4 Hz, 1H), 1.98 (td, J = 13.6, 4.2 Hz, 1H), 1.91 - 1.38 (m, 46H), 1.57 (s, 3H), 
1.23 (s, 3H), 1.20 (s, 3H), 1.05 - 0.95 (m, 2H), 1.01 (s, 3H), 0.94 (s, 3H),0.93 (s, 3H), 0.92 (t, J 
= 7.0 Hz, 3H), 0.87 - 0.78 (m, 1H), 0.80 (s, 3H), 0.75 – 0.68 (m, 1H). 13C NMR (101MHz, 
benzene-d6): δC 173.1, 143.9, 123.4, 99.0, 77.9,72.8, 70.6, 52.0, 48.1, 46.8, 43.0, 41.9, 40.3, 39.2, 
37.3, 37.1, 36.3, 34.6, 34.5, 33.4, 32.5, 32.4, 32.0, 31.1, 30.4, 30.24, 30.22, 30.19, 30.13, 30.04, 29.9, 
29.8, 29.6, 26.3, 26.1, 25.6, 24.1, 23.78, 23.77, 23.2, 22.8, 19.5, 17.9, 17.0, 16.8, 14.4, 13.0. 

(((4aR,6aR,6bS,8aS,14bR)-2,2,4a,6a,6b,11,11,14b-Octamethyl-
4a,5,6,6a,6b,7,8,9,10,11,12,12a,14,14a, 14b,15,16,16a-octadecahydro-4H-piceno[3,4-
d][1,3]dioxin-8a(4bH)-yl)carbam- oyl)-L-proline (MC033) 
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A mixture of MC015 (0.031 g, 1 mol.eq.) and L-proline (0.035 g, 5 mol.eq.) in absolute 
ethanol (1.3 mL) was heated briefly to reflux (1–2 minutes) in order to effect the dissolution 
of the amino acid. The mixture was then stirred vigorously for 19 hours at RT. The mixture 
was then concentrated under vacuum and the residue was purified by chromatography 
(10:1 chloroform:methanol) to afford the product [15], as a white, waxy solid (0.038g; 
quant.); Rf (SiO2; 10:1 chloroform:methanol) = 0.43. 1H NMR (400MHz, pyridine-d5: δH 5.41 
– 5.31 (m, 1H), 5.01 – 4.71 (m, 2H), 3.72 – 3.59 (m, 3H), 3.59 – 3.42 (m, 2H), 2.74 – 2.62 (m, 
1H), 2.61 – 2.47 (m, 2H), 2.29 – 1.60 (m, 12H), 1.59 – 0.82 (m, 11H), 1.53 (s, 3H), 1.48 (s, 3H), 
1.20 (s, 3H), 1.19 (br. s, 6H), 0.96 (s, 3H), 0.94 (s, 3H), 0.89 (s, 3H). 13C NMR (101MHz, 
pyridine-d5): δC 156.7, 144.7, 124.5, 99.5, 80.3, 78.1, 73.0, 60.4, 56.4, 51.9, 48.4, 47.7, 47.6, 46.8, 
42.4, 40.6, 39.4, 37.9, 37.5, 36.2, 34.5, 33.5, 32.7, 31.4, 30.8, 30.6, 27.1, 26.6, 25.6, 24.6, 24.5, 
24.3, 23.3, 20.1, 18.4, 17.6, 17.1, 13.4. [M+H]+: 625.4583. Calculated for C38H61O5N2: 625.4575. 

N-((4aR,6aR,6bS,8aS,14bR)-2,2,4a,6a,6b,11,11,14b-Octamethyl-
4a,5,6,6a,6b,7,8,9,10,11,12,12a,14,14a, 14b,15,16,16a-octadecahydro-4H-piceno[3,4-
d][1,3]dioxin-8a(4bH)-yl)piper- azine-1-carboxamide (MC035) 

A solution of MC015 (0.03g, 0.059mmol) and piperazine (0.006g, 0.065mmol) in an-
hydrous toluene (1.0mL) was allowed to stir at RT for 19 hours. The reaction mixture was 
then concentrated in vacuo and the residue was purified by column chromatography (1:1→ 
0:1 petrol:ethyl acetate → 10:1 chloroform:methanol; silica NEt3 neutralized), to afford the 
principal product as a white solid (0.026g; 75%); Rf (SiO2; 10:1 chloroform:methanol) = 0.30; 
1H NMR (400MHz, benzene-d6) δH : 5.26 (t, J = 3.6 Hz, 1H), 4.30 (s, 1H), 3.60 (d, J = 10.5 Hz, 
1H), 3.49 – 3.40 (m, 1H), 3.34 (d, J = 10.5 Hz, 1H), 3.29 – 3.17 (m, 4H), 2.90 (dt, J = 13.9, 3.4 
Hz, 1H), 2.65 – 2.56 (m, 1H), 2.56 – 2.50 (m, 1H), 2.49 – 2.42 (m, 4H), 2.32 (dd, J = 13.5, 4.2 
Hz, 1H), 1.97 – 1.75 (m, 6H), 1.74 – 1.55 (m, 2H), 1.58 (s, 3H), 1.52 – 1.44 (m, 1H), 1.44 - 1.11 
(m, 6H), 1.36 (s, 3H), 1.24 (s, 3H), 1.15 (s, 3H), 1.09 – 0.76 (m, 3H), 0.99 (s, 3H), 0.93 (s, 3H), 
0.90 (s, 3H), 0.86 (s, 3H), 0.74 – 0.68 (m, 1H); 13C NMR (101MHz, benzene-d6) δC: 156.3, 
144.3, 124.3, 99.1, 77.9, 72.7, 55.7, 51.9, 48.08, 47.99, 47.2, 46.0, 45.1, 41.9, 40.1, 39.0, 37.4, 37.1, 
35.7, 33.7, 33.1, 32.1, 31.0, 30.4, 26.7, 26.1, 24.19, 24.07, 23.8, 22.6, 19.5, 17.9, 17.0, 16.6, 13.0. 

((4aS,6aS,6bR,9R,10S,12aR)-10-Hydroxy-9-(hydroxymethyl)-2,2,6a,6b,9,12a-hexame-
thyl-1,3,4,5,6,6a, 6b,7,8,8a,9,10,11,12,12a,12b,13,14b-octadecahydropicen-4a(2H)-yl)me-
thyl acetate (MC037) 

To a solution of MC031 (0.012 g, 1.mol.eq.) in DCM (0.5 mL), H2O (0.05 mL) was 
added, followed by HCl/Et2O solution (2 M, 0.15 mL). The mixture was stirred vigorously 
at RT for 0.5 hour. The mixture was then concentrated under vacuum and the residue was 
purified by chromatography (10:1 chloroform:methanol) to afford the principal product 
as a white solid (0.011g; quant.); Rf (SiO2; 10:1 chloroform:methanol) = 0.42; 1H NMR 
(400MHz, benzene-d6): δH 5.20 (t, J = 3.7 Hz, 1H), 4.32 (d, J = 11.1 Hz, 1H), 3.86 (d, J = 11.1 
Hz, 1H), 3.54 (d, J = 10.5 Hz, 1H), 3.51 (dd, J = 12.0, 4.0 Hz, 1H), 3.20 (d, J = 10.2 Hz, 1H), 
5.20 (br. S, 1H), 2.23 (s, 1H), 2.12 (dd, J = 13.7, 4.4 Hz, 1H), 1.98 – 1.70 (m, 5H), 1.74 (s, 3H), 
1.67 – 1.37 (m, 6H), 1.37 – 1.10 (m, 7H), 1.18 (s, 3H), 1.08 – 0.67 (m, 4H), 1.01 (s, 3H), 0.92 
(s, 3H), 0.90 (s, 3H), 0.85 (s, 3H), 0.84 (s, 3H). 13C NMR (101MHz, benzene-d6): δC 170.3, 
143.9, 123.4, 76.1, 71.4, 70.8, 49.8, 48.0, 46.7, 43.1, 42.1, 41.9, 40.1, 38.6, 37.0, 36.2, 34.3, 33.4, 
32.7, 31.9, 31.1, 27.2, 26.2, 26.1, 23.9, 23.7, 22.6, 20.5, 18.7, 17.0, 16.0, 11.9. 

((4aS,6aS,6bR,9R,10S,12aR)-10-Hydroxy-9-(hydroxymethyl)-2,2,6a,6b,9,12a-hexame-
thyl-1,3,4,5,6,6a, 6b,7,8,8a,9,10,11,12,12a,12b,13,14b-octadecahydropicen-4a(2H)-yl)me-
thyl palmitate (MC038)  

To a solution of MC032 (0.0134 g, 1 mol.eq.) in DCM (0.5 mL), H2O (0.05 mL) was 
added, followed by HCl/Et2O solution (2 M, 0.15 mL). The mixture was stirred vigorously 
at RT for 0.75 hour, then concentrated under vacuum and the residue was purified by 
chromatography (10:1 chloroform:methanol) to afford the principal product as a clear, 
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colorless oil (0.008g; 63%); Rf (SiO2; 10:1 chloroform:methanol) = 0.51. 1H NMR (400MHz, 
benzene-d6): 5.23 (t, J = 3.6 Hz, 1H), 4.34 (d, J = 11.1 Hz, 1H), 3.94 (d, J = 11.1 Hz, 1H), 3.54 
(d, J = 10.6 Hz, 1H), 3.50 (dd, J = 12.0, 8.0 Hz, 1H), 3.20 (d, J = 10.2 Hz, 1H), 2.25 (t, J = 7.4 
Hz, 2H), 2.21 – 2.13 (m, 2H), 1.96 (td, J = 13.4, 4.0 Hz, 1H), 1.91 – 1.61 (m, 8H), 1.60 –1.15 
(m, 37H), 1.19 (s, 3H), 1.06 – 0.74 (m, 3H), 1.04 (s, 3H), 0.93 (m, 9H), 0.854 (s, 3H), 0.850 (s, 
3H). 13C NMR (101MHz, benzene-d6): 173.2, 143.9, 123.4, 76.1, 71.4, 70.6, 49.8, 48.1, 46.7, 
43.0, 42.12, 41.95, 40.12, 38.7, 37.0, 36.3, 34.62, 34.43, 33.4, 32.7, 32.4, 32.0, 31.1, 30.23, 30.21, 
30.18, 30.12, 30.02, 29.87, 29.77, 29.58, 27.3, 26.23, 26.11, 25.6, 23.9, 23.8, 23.2, 22.9, 18.7, 17.1, 
16.0, 14.4, 11.9. 

N-((4aR,6aR,6bS,8aS,14bR,16aS)-2,2,4a,6a,6b,11,11,14b-Octamethyl-
4a,5,6,6a,6b,7,8,9,10,11,12,12a, 14,14a,14b,15,16,16a-octadecahydro-4H-piceno[3,4-
d][1,3]dioxin-8a(4bH)-yl)- morpholine-4-carboxamide (MC042) 

A solution of MC015 (0.04g, 0.078mmol) and morpholine (0.0082g, 0.0083mL, 
0.094mmol) in anhydrous toluene (1.0mL) was stirred at RT for 19 hours. The reaction 
mixture was then concentrated in vacuo and the residue was purified by column chroma-
tography (1:1 petrol:ethyl acetate), to afford the product as a white, resinous solid (0.049g; 
quant.) [15]; Rf (SiO2; 10:1 chloroform:methanol) = 0.64; 1H NMR (400MHz, benzene-d6) δH 

: 5.31 – 5.23 (m, 1H), 4.23 (s, 1H), 3.61 (d, J = 10.5 Hz, 1H), 3.45 (dd, J = 11.8, 3.9 Hz, 1H), 
3.40 – 3.29 (m, 5H), 3.21 – 3.07 (m, 4H), 2.86 (dt, J = 14.0, 3.4 Hz, 1H), 2.62 – 2.53 (m, 1H), 
2.32 (dd, J = 13.6, 4.2 Hz, 1H), 1.98 – 1.72 (m, 6H), 1.68 (dd, J = 12.5, 3.3 Hz, 1H), 1.64 – 1.55 
(m, 1H), 1.58 (s, 3H), 1.53 – 1.44 (m, 1H), 1.43 – 1.08 (m, 7H), 1.36 (s, 3H), 1.24 (s, 3H), 1.15 
(s, 3H), 1.06 – 0.77 (m, 3H), 1.00 (s, 3H), 0.90 (s, 3H), 0.89 (s, 3H), 0.85 (s, 3H), 0.75 – 0.68 
(m, 1H); 13C NMR (101MHz, benzene-d6) δC : 156.2, 144.2, 124.3, 99.1, 77.9, 72.7, 66.7, 55.8, 
51.9, 48.01, 47.91, 47.2, 44.6, 41.9, 40.1, 39.0, 37.4, 37.1, 35.7, 33.7, 33.1, 32.1, 31.0, 30.4, 26.7, 
26.1, 24.17, 24.07, 23.8, 22.5, 19.5, 17.9, 17.0, 16.6, 13.0. 

1, 3-bis(tert-Butoxycarbonyl) guanidine urea derivative of MC015 (MC044) 
A solution of MC015 (0.03 g, 1 mol.eq.) and 1,3-bis(tert-butoxycarbonyl) guanidine 

(0.017 g, 1.1 mol.eq.) in anhydrous toluene (1.0 mL) was allowed to stir at RT for 18 hours. 
The mixture was then concentrated under vacuum and the residue was purified by chro-
matography (15:1→5:1 petrol:ether) to afford the product as a white, resinous solid 
(0.038g; 84%); Rf (SiO2; 10:1 petrol:ether) =0 .38. 

Methyl (((4aR,6aR,6bS,8aS,14bR,16aS)-2,2,4a,6a,6b,11,11,14b-octamethyl-4a,5,6,6a,6b,7, 
8,9,10,11,12, 12a,14,14a,14b,15,16,16a-octadecahydro-4H-piceno[3,4-d][1,3]dioxin- 
8a(4bH)-yl)carbamoyl)-L-histidinate (MC048) 

A suspension of L-histidine methyl ester dihydrochloride (0.016 g, 1.1 mol.eq.) and 
NEt3 (0.02 mL, 2.42.mol.eq.) in dry DCM (0.3mL) was stirred at RT for 5 minutes prior to 
the addition of a solution of MC015 (0.03 g, 1 mol.eq.) in dry DCM (1.0mL). The reaction 
was stirred at RT for 18 hours, whereupon the mixture was concentrated under vacuum 
and the residue was purified by chromatography (10:1 chloroform:methanol; silica NEt3 
neutralized) to afford the principal product as a white solid (0.025g; 63%); Rf (SiO2; 10:1 
chloroform:methanol) = 0.36. A secondary product was also isolated; Rf (SiO2; 10:1 chloro-
form:methanol)=0.71. 1H NMR (400MHz, methanol-d4): δH 7.59 (d, J = 1.1 Hz, 1H), 6.85 (d, 
J = 1.1 Hz, 1H), 5.50 (d, J = 1.8 Hz, 1H), 5.29 – 5.25 (m, 1H), 4.48 (dd, J = 7.6, 5.4 Hz, 1H), 
3.68 (s, 3H), 3.62 (dd, J = 11.9, 3.8 Hz, 1H), 3.53 (s, 2H), 3.02 (dd, J = 14.9, 5.4 Hz, 1H), 2.95 
(dd, J = 14.9, 7.6 Hz, 1H), 2.30 (dd, J = 13.6, 4.2 Hz, 1H), 2.07 (dt, J = 13.7, 3.4 Hz, 1H), 2.03 
– 1.27 (m, 15H), 1.45 (s, 3H), 1.35 (s, 3H), 1.27 – 1.08 (m, 3H), 1.18 (s, 3H), 1.06 (s, 3H), 1.03 
(s, 3H), 1.00 – 0.80 (m, 2H), 0.97 (s, 3H), 0.94 (s, 3H), 0.90 (s, 3H). 13C NMR (101MHz, meth-
anol-d4): δC 174.5, 159.0, 144.8, 136.2, 124.9, 100.4, 78.9, 73.5, 56.4, 54.1, 52.5, 47.9, 47.8, 42.7, 
41.0, 39.9, 38.3, 37.9, 36.4, 34.7, 33.38, 33.32, 31.7, 30.8, 30.1, 27.3, 26.5, 24.6, 24.5, 24.4, 23.8, 
19.7, 18.7, 17.5, 17.1, 13.0.  
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N-((4aS,6aS,6bR,9R,10S,12aR)-10-Hydroxy-9-(hydroxymethyl)-2,2,6a,6b,9,12a-hexame-
thyl-1,3,4,5,6, 6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-octadecahydropicen-4a(2H)-yl)pyr-
rol- idine-1-carboxamide (MC055) 

To a solution of MC023 (0.05g, 0.086mmol) in dichloromethane (1.0mL), H2O (0.05 
mL) was added, followed by HCl/Et2O solution (2M solution; 0.05mL, 0.1mmol). The mix-
ture was stirred vigorously at RT for 45 minutes. Hydrochloric acid (2M aq. soln.; 5 drops) 
was then administered, and the reaction mixture was stirred vigorously for a further pe-
riod of 1 hour at room temperature. The mixture was then concentrated in vacuo and the 
residue was purified by column chromatography (20:1 chloroform:methanol; silica NEt3 
neutralized), to afford the product [15], as a white solid (0.046g; quant.); Rf (SiO2; 10:1 chlo-
roform:methanol) = 0. 40; 1H NMR (400MHz, chloroform-d) δH : 5.30 (t, J = 2.3 Hz, 1H), 4.33 
(s, 1H), 3.72 (d, J = 10.2 Hz, 1H), 3.67 – 3.60 (m, 1H), 3.42 (d, J = 10.2 Hz, 1H), 3.33 – 3.21 (m, 
4H), 2.67 (br. s, 2H), 2.38 (dt, J = 13.7, 3.5 Hz, 1H), 2.23 – 2.10 (m, 2H), 1.96 – 1.82 (m, 7H), 
1.81 – 1.54 (m, 7H), 1.52 – 1.10 (m, 7H), 1.13 (s, 3H), 1.05 – 0.74 (m, 3H), 0.96 (s, 3H), 0.94 
(s, 3H), 0.90 (s, 3H), 0.89 (br. s, 6H); 13C NMR (101MHz, chloroform-d) δC : 155.5, 143.5, 
124.2, 77.0, 72.4, 56.3, 50.0, 47.7, 47.4, 46.9, 46.5, 41.9, 41.8, 39.7, 38.3, 37.0, 35.4, 33.4, 33.0, 
32.2, 30.9, 26.7, 26.3, 25.9, 25.7, 24.1, 23.7, 22.6, 18.6, 17.1, 15.8, 11.6; [M+H]+: 541.4361. 
C34H57O3N2 requires: 541.4364 

((3S,4R,6aR,6bS,8aS,14bR)-3-Hydroxy-4,6a,6b,11,11,14b-hexamethyl-8a-(pyrrolidine-1-
carbox-amido)-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,14,14a, 14b-icosahydropicen-4-
yl)- methyl acetate (MC057) 

To a solution of MC055 (0.03 g, 1 mol.eq.), NEt3 (0.0089 mL) and DMAP (0.0007 g) in 
dry DCM (1.2 mL), cooled to ≈ +5°C, a solution of acetyl chloride (0.0043 mL) in dry DCM 
(0.2 mL) was added dropwise over 2–3 minutes. The mixture was stirred at ≈ +5°C for 0.75 
hour, then concentrated under vacuum and the residue was purified by chromatography 
(1:1 → 2:3 petrol:ether; silica NEt3 neutralized) to afford the principal product [15] as a 
white solid (0.018g; 56%); Rf (SiO2; 1:1 petrol:ether) = 0.23. 1H NMR (400MHz, benzene-d6): 
δH 5.30 (t, J = 3.6 Hz, 1H), 4.34 (d, J = 11.4 Hz, 1H), 4.06 (s, 1H), 3.90 – 3.83 (m, 1H), 3.51 – 
3.41 (m, 1H), 3.23 (td, J = 6.9, 2.8 Hz, 2H), 3.17 (dt, J = 9.2, 6.3 Hz, 2H), 2.89 (dt, J = 14.0, 3.4 
Hz, 1H), 2.64 – 2.52 (m, 1H), 2.42 (dd, J = 13.5, 4.2 Hz, 1H), 2.24 (br. s, 1H), 2.03 (td, J = 14.3, 
4.6 Hz, 1H), 1.97– 1.74 (m, 5H), 1.68 (s, 3H), 1.64 – 1.55 (m, 3H), 1.50 – 1.13 (m, 11H),1.15 
(s, 3H), 1.09 – 0.96 (m, 2H), 1.04 (s, 3H), 0.98 (s, 3H), 0.94 – 0.65 (m, 2H), 0.89 (s, 3H), 0.85 
(s, 3H), 0.76 (s, 3H). 13C NMR (101MHz, benzene-d6): δC 170.7, 155.7, 144.5, 124.1, 72.3, 67.2, 
55.7, 48.5, 48.3, 47.8, 47.3, 45.8, 42.3, 41.9, 39.9, 38.6, 37.1, 35.8, 34.1, 33.1, 32.4, 31.0, 26.67, 
26.61, 25.84, 25.80, 24.2, 24.0, 22.9, 20.5, 18.5, 17.2, 16.0, 12.4. [M+H]+: 583.4476. Calculated 
for C36H59O4N2: 583.4469. 

A second product, the bis-acetate (MC056; Mr=624.91 gmol-1), was isolated as a white 
solid (4.2mg; Rf (SiO2; 1:1 petrol:ether) = 0.38). 1H NMR (400MHz, benzene-d6): δH 5.29 (t, J 
= 3.6 Hz, 1H), 5.07 (dd, J = 11.9, 4.6 Hz, 1H), 4.05 (s, 1H), 4.01 (d, J = 11.7 Hz, 1H), 3.91 (d, J 
= 11.6 Hz, 1H), 3.25 (dt, J = 9.2, 6.5 Hz, 2H), 3.17 (dt, J = 9.1, 6.3 Hz, 2H), 2.91 (dt, J = 14.0, 
3.4 Hz, 1H), 2.61 (d, J = 10.0 Hz, 1H), 2.47 – 2.39 (m, 1H), 2.04 (td, J = 14.1, 4.4 Hz, 1H), 1.98 
– 1.67 (m, 6H), 1.74 (s, 6H), 1.66 – 1.15 (m, 13H), 1.18 (s, 3H), 1.13 – 0.93 (m, 2H), 1.05 (s, 
3H), 0.99 (s, 3H), 0.93 – 0.71 (m, 2H), 0.90 (s, 3H), 0.83 (s, 3H), 0.77 (s, 3H). 13C NMR 
(101MHz, benzene-d6): δC 170.1, 169.9, 155.6, 144.6, 123.9, 74.2, 65.5, 55.6, 48.3, 48.1, 47.9, 
47.3, 45.8, 41.9, 40.9, 39.9, 37.9, 36.9, 35.8, 34.1, 33.1, 32.3, 31.0, 26.6, 25.85, 25.82, 24.2, 23.9, 
23.4, 22.9, 20.8, 20.4, 18.3, 17.2, 16.0, 13.3. 

1-Methyl-3-((4aR,6aR,6bS,8aS,14bR,16aS)-2,2,4a,6a,6b,11,11,14b-octamethyl-4a,5,6,6a, 
6b,7,8,9,10,11, 12,12a,14,14a,14b,15,16,16a-octadecahydro-4H-piceno[3,4-d][1,3]dioxin- 
8a(4bH)-yl)-1-((2S,3R,4R,5R)-2,3,4,5,6-pentahydroxyhexyl)urea (MC059) 

To a solution of N-methyl-D-glucamine (0.008 g, 1.05 mol.eq.) in dry DMF (1.6 mL), 
solid MC015 (0.02 g, 1.0 mol.eq.) was added in one portion. The mixture was heated to 
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70°C for 0.5 hour, whereupon the DMF was removed under high vacuum and the residue 
was purified by chromatography (10:1 chloroform:methanol; silica NEt3 neutralized) to 
afford the product as a white solid (0.017g; 61%); Rf (SiO2; 10:1 chloroform:methanol) = 
0.23. 13C NMR (101MHz, methanol-d4): δC 160.0, 144.9, 124.7, 100.4, 78.9, 74.3, 73.5, 73.4, 
73.1, 70.5, 64.8, 57.3, 52.7, 52.5, 48.2, 47.9, 47.6, 42.8, 41.0, 39.9, 38.3, 37.9, 36.6, 36.0, 34.5, 
33.4, 33.2, 31.7, 30.1, 27.3, 24.51, 24.50, 24.48, 23.9, 19.7, 18.7, 17.9, 17.0, 12.9, 9.2. 

4-Methyl-N-((4aR,6aR,6bS,8aS,14bR,16aS)-2,2,4a,6a,6b,11,11,14b-octamethyl-4a,5,6,6a, 
6b,7,8,9,10,11, 12,12a,14,14a,14b,15,16,16a-octadecahydro-4H-piceno[3,4-d][1,3]dioxin- 
8a(4bH)-yl)piperazine-1-carboxamide (MC062) 

To a solution of MC015 (0.024g, 0.047mmol) in dry DCM (1.0mL), 1-methylpiperazine 
(0.0052g, 0.0057mL, 0.052mmol) was administered in one portion, and the mixture was 
stirred at RT for 19 hours. The mixture was then concentrated in vacuo and the residue was 
purified by column chromatography (10:1 chloroform:methanol; silica NEt3 neutralized), 
to afford the product as a white solid (0.02g; 70%); Rf (SiO2; 10:1 chloroform:methanol) = 0. 
46; 1H NMR (400MHz, benzene-d6) δH: 5.29 – 5.23 (m, 1H), 4.35 (s, 1H), 3.59 (d, J = 10.5 Hz, 
1H), 3.48 – 3.30 (m, 6H), 2.92 (dt, J = 14.0, 3.4 Hz, 1H), 2.69 – 2.57 (m, 1H), 2.37 – 2.26 (m, 
1H), 2.16 – 2.04 (m, 4H), 1.99 (s, 3H), 1.97 – 1.75 (m, 6H), 1.74 – 1.53 (m, 2H), 1.58 (s, 3H), 
1.52 – 1.11 (m, 8H), 1.36 (s, 3H), 1.23 (s, 3H), 1.16 (s, 3H), 1.07 – 0.77 (m, 3H), 1.00 (s, 3H), 
0.95 (s, 3H), 0.89 (s, 3H), 0.85 (s, 3H), 0.75 – 0.68 (m, 1H); 13C NMR (101MHz, benzene-d6) 
δC: 156.3, 144.3, 124.3, 99.0, 77.9, 72.7, 55.7, 55.1, 51.9, 48.03, 48.01, 47.2, 46.1, 44.4, 42.0, 40.0, 
39.0, 37.4, 37.1, 35.7, 33.7, 33.2, 32.1, 31.0, 30.4, 26.7, 26.1, 24.2, 24.1, 23.8, 22.5, 19.5, 17.9, 
17.1, 16.6, 13.0. 
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NMR spectra 
NMR Spectra S1: Proton and carbon NMR spectra of compounds prepared and evaluated in this work 
This section includes data for some known compounds referenced in Table S1. 

Run at 400 MHz for proton and 101 MHz for carbon (solvents described in text above for each sample). Carbon spectra are determined using the DEPT-q method. 

Compound MC014 
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Compound MC015 
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Compound MC019 
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Compound MC022 
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Compound MC023 
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Compound MC024 
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Compound MC027 
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Compound MC028 
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Compound MC030 
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Compound MC031 
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Compound MC032 

 



Pharmaceutics 2022, 14, x FOR PEER REVIEW 11 of 55 
 

 

Compound MC033 
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Compound MC034 
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Compound MC037 

 

  



Pharmaceutics 2022, 14, x FOR PEER REVIEW 14 of 55 
 

 

 
Compound MC038 
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Compound MC042 
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Compound MC044 
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Compound MC055 

 
 

  



Pharmaceutics 2022, 14, x FOR PEER REVIEW 18 of 55 
 

 

Compound MC057 
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Compound MC059 
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Compound MC062 

 

 


