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Figure S1. Fractionation scheme of CMB-03404 

 

Figure S2. HPLC-DAD (210 nm) chromatogram (C8 column) of DCM partition of the crude extract CMB-03404 
{inset: UV spectra for compounds 1-15}  
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Figure S3. Molecular networking for five Ircinia sp. (CMB-01064, CMB-03363, CMB-01058, CMB-01693, CMB-

02014) and two authentic standards (7E,12E,20Z,18S)-variabilin (16), ircinialactam A (20) (yellow- nodes from all five 
Ircinia sp. and red- authentic standards)   
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Figure S4. Molecular networking for five Psammocinia sp. (CMB-03231, CMB-01018, CMB-03344, CMB-01757, 

CMB-02026) and two authentic standards (7E,12E,20Z,18S)-variabilin (16), ircinialactam A (20) (green- nodes from all 

five Psammocinia sp. and red- authentic standards)   
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Figure S5. Molecular networking for five Sarcotragus sp. (CMB-01788, CMB-01848, CMB-02707, CMB-002717, 

CMB-03390) and two authentic standards (7E,12E,20Z,18S)-variabilin (16), ircinialactam A (20) (pink- nodes from all 

five Sarcotragus sp. and red- authentic standards)   
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Figure S6. Molecular networking for two Ircinia sp. (CMB-01064, CMB-03363), Cacospongia sp.  (CMB-03404) and 

two authentic standards (7E,12E,20Z,18S)-variabilin (16), ircinialactam A (20) (yellow- nodes from Ircinia sp., red- 

authentic standards and pink- commonly present)  
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487.191

572.277

305.104

307.119

293.104

291.088

481.245

1033.98

583.258

463.235

321.135

1034.0

664.271 461.219

543.286

571.32 569.305

504.261

555.214

223.099
554.238

325.183

536.689979.243

981.567

1054.58

310.631

406.514 397.22415.284 399.25413.216 160.841 349.236 343.264357.191 341.197 339.181

520.256

503.302 503.651

519.298

499.211 495.224502.282 497.286 495.266

419.225433.298441.231 432.314458.297 430.299 422.251

463.235477.213477.255479.229479.229479.229

521.149521.314522.272544.323 521.516 520.256

555.318571.191828.503 566.293 559.521 555.318 554.244 550.303

459.271463.235 460.267463.235

237.111273.169 372.312199.097215.137317.158 249.114 160.841

495.224 490.9 486.246

519.298

479.229 479.229495.224 495.224 484.343

504.256 477.282 505.24 1066.65 1064.62 1009.64 973.5 946.564

876.449

1036.57

1109.59

1054.58

562.37

590.4

548.354

520.234
454.224

522.255

568.308 519.298

566.293 491.266

457.296

445.296

600.28 523.327 487.204 472.234195.139 550.299 831.498881.443883.415 845.483

(2/3/13) (4)

(14/15)

(8/9)

(8/9)(5)

(11/12)

(7)(10)

(16)
(20)

(6)

sesterterpene tetronic acid cluster sesterterpene butenolide clusters
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Table S1. NMR (600 MHz, CDCl3) data for cacolide A (1) 

a Overlapping signals 
  

no. dC dH, mult. (J in Hz) COSY HMBC ROESY 
1 142.7 7.33, br s 2, 4 2, 3, 4  
2 111.3 6.28, br s 1, 4, 5 1, 3, 4, 5 5 
3 125.2     
4 139.0 7.21, br s 2, 5 1, 2, 3  
5 25.2 2.45, t (7.7) 2, 4, 6 2, 4, 6, 7 7 
6 28.6 2.24, dt 7.3, 7.7) 5, 7 5, 7, 8  
7 123.9 5.16 (br t, 7.3) 6, 9, 10 5, 6, 9, 10 5, 10 
8 135.9     
9 16.2 1.59, s 7, 10 7, 8, 10, 11  
10 39.9 2.01, t (7.4) 7, 9, 11 7, 8, 9, 11 7, 12 
11 26.7 2.07, dt (7.4, 7.4) 10, 12, 14 10, 12, 13  
12 124.4 5.04, br t (7.4) 11, 14, 15 11, 14, 15 10, 15 
13 135.1     
14 16.0 1.57, s 11, 12, 15 12, 13, 15  
15 39.9 1.93a  12, 16 12, 13, 14, 16, 17 12 
16 25.2 1.36, m 15, 17 13, 15, 17, 18  
17 37.6 a 1.30, m   

b 1.16, m 
15, 16, 17b 
17a, 18 

15, 16, 18, 19, 20  

18 28.7 1.64, m 17b, 19, 20  22 
19 21.1 0.96, br d (6.7) 18 17, 18, 20  

20 44.9 a 1.94a 
b 1.74, m 

20b 
20a 

21  

21 106.2     
22 147.6 6.82, br s 25 21, 23, 24 18 
23 132.1     
24 171.9     
25 10.7 1.93a, s 22 22, 23, 24  

O O
O

1
4

5 7

9

10

14

13 17

19

20 22
25

24

OH
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Table S2. Table 2. NMR (600 MHz, CDCl3) data for cacolide B (2) 

aSignals are interchangeable 
  

no. dC dH, mult. (J in Hz) COSY HMBC ROESY 
1 170.0     
2 117.6 5.83, br s 4, 5 1, 3, 4, 5 5 
3 171.1     
4 99.5 6.01, br s 2 2, 3  
5 28.0 a. 2.52, m 

b. 2.39, m 
2, 4, 5b, 6 
2, 4, 5a, 6 

2, 4, 6, 7 2, 7 

6 25.3 2.30, dt (7.2, 7.2) 5, 7 5, 7, 8  
7 122.6 5.09, br t (7.2) 6, 9, 10 5, 6, 9, 10 5, 10 
8 136.9     
9 16.1a 1.61 (s) 7, 10 7, 8, 10, 11  
10 39.5 2.02, t (7.0) 7, 11 7, 8, 9, 11 7, 12 
11 25.9 2.09, dt (7.0, 7.0) 10, 12, 14 8, 10, 12, 13  
12 123.9 5.02, br t (7.0) 11, 14, 15 14, 11, 15 10, 15 
13 135.4     
14 16.1a 1.56 (s) 12, 15 12, 13, 15  
15 39.8 1.91, m 12, 16 12, 13, 14, 16, 17 12 
16 25.1 1.34, m 15, 17 13, 15, 17, 18  
17 37.5 a 1.29, m   

b 1.14, m 
15, 16, 17b 
17a, 18 

15, 16, 18, 19, 20  

18 28.6 1.64, m 19, 20   
19 21.1 0.94, br d (6.5) 18 17, 18, 20  

20 44.7 a 1.95, m 
b 1.71, m 

20b 
20a 

21  

21 107.0     
22 148.0 6.85 (br s) 25 21, 23, 24  
23 131.9     
24 172.6     
25 10.6 1.90 (s) 22 22, 23, 24  

O O
O

1
4

5 7

9

10

14

13 17

19

20 22
25

24

OH

OH

O
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Table S3. NMR (600 MHz, CDCl3) data for cacolide C (3) 

aSignals are interchangeable 
bOverlapping signals 

  

no. dC dH, mult. (J in Hz) COSY HMBC ROESY 
1 97.2 6.09, br s 2 3, 4  
2 144.1 6.84b, br s 5, 1 1, 3, 4, 5 5 
3 137.8     
4 172.5     
5 25.4 2.32, t (7.3) 2, 6 2, 4, 6, 7 2, 7 
6 25.6 2.26, dt (7.2, 7.3) 5, 7 5, 7, 8  
7 122.9 5.09, br t, (7.2) 6, 9, 10 5, 6, 9, 10 5, 10 
8 136.8     
9 16.1a 1.59, s 7, 10 7, 8, 10, 11  
10 39.5 2.01, t (7.0) 7, 9, 11 7, 8, 9, 11 7, 12 
11 26.1 2.08, dt  (7.0, 7.3) 10, 12, 14 8, 10, 12, 13  
12 124.2 5.04, br t (7.3) 11, 14, 15 11, 14, 15 10, 15 
13 135.3     
14 16.1a 1.56, s 12, 15 12, 13, 15  
15 39.8 1.92, m 12, 16 12, 13, 14, 17 12 
16 25.1 1.35, m 15, 17 13, 15, 17, 18  
17 37.5 a 1.30, m  

b 1.14, m 
15, 16, 17b 
17a, 18 

15, 16, 18, 19  

18 28.6 1.63, m 19  22 
19 21.2 0.94, br d (6.3) 18 17, 18, 20  

20 44.7 a 1.93, m 
b 1.71, m 

20b 
20a 

21  

21 107.0     
22 148.0 6.84b, br s 25 21, 23, 24 18 
23 131.8     
24 172.6     
25 10.6 1.90, s 22 22, 23, 24  

O O
O

1
4

5 7

9

10

14

13 17

19

20 22
25

24

OH

O

HO



	 12 

	
Table S4. NMR (600 MHz, CDCl3) data for cacolide D (4) 

aOverlapping signals 
  

no. dC dH, mult. (J in Hz) COSY HMBC ROESY 
1 102.6 5.74, br s 2 OMe, 3, 4 OMe 
2 142.2 6.78, br s 1, 5 1, 3, 4, 5 5 
3 138.6     
4 171.9     
5 25.5 2.34, t (7.3) 2, 6 2, 3, 4, 6, 7 2, 7 
6 25.7 2.26, dt (7.3, 7.2) 5, 7 5, 7, 8  
7 122.6 5.10, br t (7.2) 6, 9 5, 9, 10 5, 10 
8 136.8     
9 16.3 1.61, s 7, 10 7, 8, 10  
10 39.7 2.01, t (7.0) 9, 11 7, 8, 9, 11, 12 7 
11 26.5 2.08, dt (7.0, 7.3) 10, 12 10, 12, 13  
12 124.2 5.07, br t (7.3) 11, 14 11, 14, 15 15 
13 135.2     
14 16.1 1.57, s 12 12, 13, 15  
15 39.9 1.94a, m 16 12, 13, 14, 16, 17 12 
16 25.2 1.35, m 15, 17 13, 15, 17  
17 37.5 a 1.30, m   

b 1.17, m 
16, 17b 
17a, 18 

16  

18 29.0 1.65, m 19   
19 21.3 0.96, s 18 17, 18, 20  

20 44.9 a 1.94a, m 
b 1.73, m 

20b 
20a 

  

21 105.8     
22 147.6 6.84, br s 25 21, 24  
23 135.2     
24 171.2     
25 10.8 1.94a, s 22 22, 23, 24  
1-OMe 57.3 3.56, s  1 1 

O O
O

1
4

5 7

9

10

14

13 17

19

20 22
25

24

OH

MeO

O

1'
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Table S5. NMR (600 MHz, CDCl3) data for cacolide E (5) 

a, b Overlapping signals 
  

no. dC dH, mult. (J in Hz) COSY HMBC ROESY 
1 101.6 5.80, br s 2 OCH2CH3, 2, 3, 4 OCH2CH3 
2 142.5 6.78, d (1.4) 1, 5 1, 3, 4, 5  

3 138.3     
4 172.0     
5 25.5 2.33, t (7.3) 2, 6 2, 3, 4, 6, 7 7 
6 25.7 2.26, dt (7.2, 7.3) 5, 7 5, 7, 8  
7 122.7 5.10, br t (7.2) 6, 9, 10 6, 9, 10 5, 10 
8 136.9     
9 16.0 1.59, s 7, 10 7, 8, 10, 11  
10 39.7 1.99, t (7.0) 7, 9, 11 7, 8, 9, 11, 12 7 
11 26.5 2.06, dt (7.3, 7.0) 10, 12, 14 8, 10, 12, 13  
12 124.2 5.06, br t (7.3) 11, 14, 15 11, 14, 15 15 
13 135.3     
14 16.2 1.57, s 11, 12, 15 12, 13, 15  
15 39.8 1.93a, m 12, 16 12, 13, 14, 16, 17 12 
16 25.2 1.36, m 15, 17 13, 15, 17, 18  
17 37.3 a 1.27b, m   

b 1.15, m 
17b 
17a, 18 

15, 16, 18, 19, 20  

18 28.7 1.67, m 17b, 19, 20   
19 21.2 0.96, s 18 17, 18, 20  

20 44.8 a. 1.93a 
b. 1.73, m 

20b 
20a 

21  

21 106.1     
22 147.6 6.83, br s 25 21, 24, 23 18 
23 132.0     
24 172.0     
25 10.6 1.93a, s 22 22, 23, 24  
OCH2CH3 66.0 a 3.91, m 

b 3.73, m 
OCH2CH3 
OCH2CH3 

1, OCH2CH3 1 

OCH2CH3 15.2 1.27b, t (7.0) OCH2CH3 OCH2CH3  

O O
O

1
4

5 7

9

10

14

13 17

19

20 22
25

24

OH

O

EtO
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Table S6. NMR (600 MHz, CDCl3) data for cacolide F (6) 

no. dC dH, mult. (J in Hz) COSY HMBC 
1 96.9 6.05, br s 2  
2 143.8 6.89, br s 1 1, 3, 4 
3 137.8    
4 172.3    
5 25.5 2.32, m 6  
6 21.6 1.64a 5, 7 5, 7, 8 
7 41.5d a. 1.55b 

b. 1.50c  
6 5, 8 

8 73.5    
9 26.4 1.19, s  8, 10 
10 41.5d a 1.55b  

b 1.50c 
11 12 

11 22.9 2.07, m 10, 12  
12 125.1 5.27 (m) 11, 14  
13 135.2    
14 16.1 1.64a, br s 12  
15 39.3 1.97, m 16  
16 24.6 1.41, m 15, 17  
17 36.6 a 1.31, m 

b 1.11, m 
17b 
17a 

 

18 28.6 1.70, m 19  
19 21.1 0.94, br d (7.0) 18 17, 18, 20 

20 45.4* #   
21 107.5    
22 147.6 6.85, br s 25  
23 131.7    
24 172.0    
25 10.7 1.91, s 22 22, 23, 24 

a-c Overlapping signals 
dSignals are interchangeable 
*Detected from HMBC 

#Not detected 
  

O O
O

1
4

5 7

9

10

14

13 17

19

20 22
25

24

OH

O

HO

OH
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Table S7. NMR (600 MHz, CDCl3) data for cacolide G (7) 

no. dC dH, mult. (J in Hz) COSY HMBC 
1 101.8 5.82, br s 2 OCH2CH3, 3, 4 
2 142.6 6.81, br s 1, 5 4, 1, 3 
3 138.5    
4 171.9   2, 1 
5 25.9 2.30, (7.3) 2, 6 6, 7, 3, 2, 4  
6 21.9 1.64a  5, 7 5 
7 41.6d a. 1.64a 

b. 1.51b 
6 8, 5, 10, 6 

8 73.1    
9 26.9 1.18, s  10, 8, 7 
10 41.6d a 1.64a 

b 1.51b  
11 9, 7, 8, 11 

11 22.8 2.05, m 10, 12 13, 10, 12 
12 125.0 5.15, m 11, 14  
13 135.9    
14 16.0 1.60, br s 12 15, 12, 13 
15 39.5 1.96, m 16 13, 16, 12 
16 25.1 1.36, m 15  
17 37.5 a 1.33, m 

b 1.13, m 
17b 
17a 

 

18 28.6 1.66, m 19  
19 21.0 0.96, br d (6.8) 18, 20a 17, 18, 20 

20 45.1 a 1.93c, m 
b 1.72, m 

20b, 19 
20a 

19  

21 106.0    
22 147.5 6.83, br s 25 21, 24 
23 132.3    
24 173.0    
25 10.6 1.93c, s 22 23, 22, 24 
OCH2CH3 66.2 a 3.93, m 

b 3.74, m 
OCH2CH3 

OCH2CH3 
1, OCH2CH3 

OCH2CH3 15.2 1.27, t (7) OCH2CH3 OCH2CH3 
a-cOverlapping signals 
dSignals are interchangeable 

  

O O
O

1
4

5 7

9

10

14

13 17

19

20 22
25

24

OH

EtO

OH

O
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Table S8. NMR (600 MHz,	CDCl3) data for cacolide H (8) 

 
no. dC dH, mult. (J in Hz) COSY HMBC ROESY 
1 173.5     
2 121.0 5.91, br s 5, 4 4, 1, 5, 3 5 
3 162.3     
4 55.7 4.04, br s 2 2, 1 5, 6 
5 30.0 2.43, t (7.5) 2, 6 2, 3, 4, 6, 7 2, 4, 7 
6 26.0 2.28, m 5, 7 5, 7, 8, 3 4 
7 122.8 5.09, br t (7.0) 6, 9, 10 9, 10, 5, 6 5, 10 
8 136.8     
9 16.2 1.60, s 7, 10 10, 8, 7  
10 39.6 2.02, m 9, 7, 11 11, 9, 7, 8 7, 12 
11 26.2 2.09, m 10, 12 8, 10, 12, 13  
12 124.1 5.04, br t (7.0) 11, 14, 15 14, 11, 15 10, 15 
13 135.3     
14 16.1 1.56, br s 11, 12, 15 12, 13  
15 39.8 1.92, m 12, 14, 16 12, 14, 17, 16, 13 12 
16 25.1 1.36, m 15, 17 17  
17 37.4 a. 1.30, m 

b. 1.14, m 
17b, 16 
17a, 16, 18 

  

18 28.6 1.64, m 19, 17b   
19 21.1 0.94, br d (7.0) 18 17, 18, 20  

20 44.8 a 1.95, m 
b 1.70, m 

20b 
20a 

  

21 107.5     
22 148.0 6.82, br s 25   
23 131.7     
24 172.4     
25 10.8 1.90, s 22 22, 23, 24  
1¢ 43.7 a 4.22, m 

b 4.18, m 
 2¢  

2¢ 171.7     
	  

1'

2'

N O
O

CO2H

O
1

4

5 7

9

10

14

13 17

19

20 22
25

24

OH
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Table S9. NMR (600 MHz,	CDCl3) data for cacolide I (9) 
 

no. dC dH, mult. (J in Hz) COSY HMBC ROESY 
1 52.1 4.03, br s 2 2, 3 2 
2 136.9 6.77, br s 1, 5 4, 1, 3, 5 1, 5 
3 139.2     
4 173.3     
5 25.9 2.30, t (7.2) 2, 6 2, 3, 4, 6, 7 2, 7 
6 26.0 2.24, dt (7.3, 7.3) 7, 5, 10 3, 5, 7, 8  
7 123.7 5.11, br t (7.3) 6, 9, 10 9, 10, 5 5, 10 
8 135.9     
9 16.1 1.59, s 7, 10 7, 10, 8  
10 39.5 2.01, t (7.0) 6, 7, 9, 11 8, 9, 11, 12 7, 12 
11 26.1 2.08, dt (7.0, 7.0) 10, 12, 14 10, 12, 13  
12 124.3 5.04, br t (7.0) 11, 14, 15 14, 11, 15 10, 15 
13 135.4     
14 16.0 1.56, s 11, 12, 15 15, 12, 13  
15 39.8 1.92, m 12, 14, 16 12, 16, 13, 14, 17 12 
16 25.1 1.36, m 15, 17a 13, 15  
17 37.0 a 1.27, m   

b 1.13, m 
17b 
17a, 16, 18 

15  

18 29.1 1.62, m 19, 17a   
19 21.1 0.94, br s 18 17, 18, 20  

20 44.8 a 1.95, m 
b 1.69, m 

20b 
20a 

  

21 107.5     
22 148.0 6.83, br s 25 21, 24  
23 131.7     
24 171.9     
25 10.6 1.90, s 22 22, 23, 24  
1¢ 44.1 a 4.28, m 

b 4.25, m  
 1, 4, 2¢  

2¢ 172.6     
a, b Overlapping signals 

  

1'

2'

N O
O

CO2H

1
4

5 7

9

10

14
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19
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24
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Table S10. NMR (600 MHz,	CDCl3) data for cacolide J (10) 

 
no. dC dH, mult. (J in Hz) COSY HMBC 
1 51.7 4.00, br s 2 2, 3, 4 
2 136.0 6.74, br s 1, 5 1, 3, 4, 5 
3 139.9    
4 173.1    
5 26.3 2.32, t (7.2) 2, 6 2, 3, 4, 6, 7 
6 26.1 2.25, dt (7.3, 7.3) 7, 5, 10 3, 5, 7, 8 
7 124.1 5.15, br t (7.3) 6, 9, 10 5, 9, 10 
8 135.6    
9 16.1 1.60, s 7, 10 7, 8, 10 
10 39.6 2.03, t (7.0) 6, 7, 9, 11 8, 9, 11, 12 
11 25.9 2.10, dt (7.0, 7.0) 10, 12, 14 10, 12, 13 
12 124.2 5.06, br t (7.0) 11, 14, 15 11, 14, 15 
13 135.2    
14 16.0 1.56, s 11, 12, 15 12, 13, 15 
15 39.9 1.93, m 12, 14, 16 12, 13, 14, 16, 17 
16 25.1 1.37, m 15, 17 13, 15, 17, 18 
17 37.8 a 1.28, m   

b 1.16, m 
17b, 16 
17a, 16, 18 

15, 18 

18 28.8 1.64, m 19, 17b  
19 21.4 0.95, br s 18 17, 18, 20 

20 44.9 a 2.00, m 
b 1.71, m 

20b 
20a 

 

21     
22 148.1 6.83, br s 25  
23 132.0    
24 175.5    
25 10.7 1.91, s 22 22, 23, 24 
1¢ 43.8 a 4.25, m 

b 4.21, m  
1¢b, 3¢ 
1¢a, 3¢ 

2¢ 

2¢ 170.3    
3¢ 52.4 3.74, s 1¢ 2¢ 

  

1' 2'

N O
O

1
4

5 7

9

10

14

13 17

19

20 22
25

24

OH

O

O

O 3'
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Table S11. NMR (600 MHz, CDCl3) data for cacolide K (11) 

no. dC dH, mult. (J in Hz) COSY HMBC ROESY 
1 173.2     
2 121.5 5.93, br s 4, 5 1, 4 5 
3 161.8     
4 55.6 4.04, br s 2 1, 2, 3 5, 6 
5 30.3 2.40, t (7.5) 2, 6 2, 3 2, 4 
6 22.3 1.66a, m 7, 5  4 
7 41.5d a 1.54b 

b 1.52c 
6 6, 8  

8 72.7     
9 27.0 1.19, s 10 7, 8, 10  
10 41.5d a 1.54b 

b 1.52c  
9, 11 11, 12, 8 12 

11 23.0 2.07, m 10, 12 12, 13  
12 125.0 5.15, br t (7.0) 11, 14  10, 15 
13 134.8     
14 16.1 1.59, br s 12 15, 12, 13  
15 39.5 1.96, m 16 13 12 
16 24.7 1.39, m 15   
17 37.1 a 1.32, m 

b 1.11, m 
17b 
17a 

  

18 28.6 1.66a, m 19   
19 21.3 0.94, br d (7.0) 18 17, 18, 20  

20 44.9* #    
21 #     
22 147.5 6.81, br s 25   
23 132.0     
24 172.0     
25 10.6 1.91, s 22 22, 23, 24  
1¢ 44.1 4.21, br s  2¢  
2¢ 171.6     

a-cOverlapping signals 
dSignals are interchangeable 
*Detected from HMBC 

#Not detected 
  

N O
O

1
4

5 7

9

10

14

13 17

19

20 22
25

24

OH

O

OH

CO2H
1'

2'
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Table S12. NMR (600 MHz,	CDCl3) data for cacolide L (12) 

 

Pos. dC dH, mult. (J in Hz) COSY HMBC ROESY 
1 52.1 4.02, br s 2 2, 3 2 
2 136.9 6.78, br s 5, 1 4, 1 1, 5 
3 139.4     
4 173.0     
5 26.5 2.32, t (7.5) 2, 6 2, 3, 4, 6 2 
6 22.3 1.61, m 5, 7   
7 41.5e a. 1.52a 

b. 1.50b 
6 8, 9, 10  

8 73.4     
9 26.8 1.18 (s)  8, 10  
10 41.5e a 1.52a 

b 1.50b 
11 11, 12 12 

11 22.8 2.05, m 10, 12 10, 12, 13  
12 125.1 5.14, br t (7.0) 11, 14 14, 11, 15 10, 15 
13 135.4     
14 15.9 1.59, br s 12 15, 12, 13  
15 39.4 1.95d 16 16, 13 12 
16 24.5 1.39, m 15   
17 37.0 a 1.33, m 

b 1.10, m 
17b 
17a 

  

18 28.5 1.65, m 19   
19 21.1 0.94, br d (7.0) 18 17, 18, 20  

20 45.2 a 1.95d  
b 1.73, m 

20b 
20a 

  

21 107.8     
22 148.1 6.83, s 25   
23 131.7     
24 172.4     
25 10.8 1.90, s 22 22, 23, 24  
1¢ 44.4 4.23, s  4, 2¢  
2¢ 171.3     

a-dOverlapping signals 
eSignals are interchangeable 

  

N O
O

CO2H

1 4

5 7

9

10

14

13 17

19

20 22
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1'

2'

O



	 21 

	
Table S13. NMR (600 MHz, CDCl3) data for cacolic acid A (13) 

no. dC dH, mult. (J in Hz) COSY HMBC ROESY 
1 171.4     
2 118.0 5.85, br s 4, 5 1, 4 6 
3 169.5     
4 99.3 5.99, br s 2 1  
5 27.9 2.46, m 2, 6 3 7 
6 25.3 2.32, m 7, 5 7, 8, 3 2 
7 122.6 5.09, br t (7.3) 6, 9, 10 9, 10, 6 5, 10 
8 137.3     
9 16.2 1.59, br s 7 10, 8, 7  
10 39.4 2.03a 7, 11 7, 8, 9, 11, 12 7, 12 
11 26.1 2.09 (m) 10, 12 8, 12, 13  
12 124.1 5.03, br t (7.0) 11, 14, 15 14, 11, 15 10, 15 
13 135.5     
14 16.1 1.57, br s 12 15, 12, 13  
15 39.7 1.94, m 12, 16 12, 13, 14, 16, 17 12 
16 25.2 1.37, m 15, 17 17  
17 36.4 a 1.25, m 

b 1.15, m 
17b, 16, 18 
17a, 18, 16 

  

18 29.7 2.03a 17, 19, 20 19, 20  
19 20.1 0.91, br d (6.7) 18 17, 18, 20  

20 52.6 a 2.53, m 
b 2.35, m 

20b, 18 
20a, 18 

18, 19, 21 22 

21 202.9     

22 133.8 7.11, br s 25 21, 24, 25 20 

23 140.5     

24 170.7     

25 14.4 2.20, s 22 22, 23, 24  
a Overlapping signals 
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19
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OH
O

CO2H
22
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Table S14. NMR (600 MHz,	CDCl3) data for cacolic acid B (14) 
 

no. dC dH, mult. (J in Hz) COSY HMBC ROESY 
1 171.4     
2 118.0 5.88, br s 4, 5 5, 4, 1, 3 5, 6, 7 
3 169.5     
4 99.3 6.01, br  2 2, 1 5, 6 
5 27.9 2.47a  2, 6  2, 4, 7 
6 25.3 2.33, m 5, 7 5, 7, 8, 3 2, 4, 7 
7 122.8 5.10, br t (7.3) 6, 9, 10 9, 10, 5 2, 5, 6, 10 
8 137.0     
9 16.1 1.64b, br s 7 10, 8, 7  
10 39.4 2.06, m 7, 11 7, 8, 12 7 
11 25.8 2.12, m 10, 12 8, 10, 12, 13  
12 124.1 5.06, br t (7.0) 11, 14 14, 11, 15 15, 16 
13 135.2     
14 16.1 1.59, br s 12 15, 12, 13  
15 39.5 1.98, m 16 12, 13, 14, 16, 17 12 
16 25.6 1.42c  15, 17b 17 12 
17 33.4 a 1.64b  

b 1.42c  
17b, 18 
17a, 16 

16, 20  

18 39.2 2.47a  17a, 19 19, 17, 20, 16 19 
19 17.2 1.19, br d (7.2) 18 17, 18, 20 18 

20 180.2     
a-cOverlapping signals 
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Table S15. NMR (600 MHz, CDCl3) data for cacolic acid C (15) 

no. dC dH, mult. (J in Hz) COSY HMBC ROESY 
1 97.2 6.09, br s 2 3, 4 2 
2 143.9 6.84, br s 1, 5 1, 3, 4 1, 5, 6 
3 138.6     
4 172.3     
5 25.3 2.32, t (7.3)  2, 6 2, 3, 4, 6, 7 2, 7 
6 25.6 2.25, dt (7.3, 7.2) 5, 7 5, 7, 8 2, 7 
7 123.0 5.09 (br t, 7.2) 6, 9 9, 10, 5 5, 6, 10 
8 137.3     
9 16.2 1.64a, s 7 7, 8, 10  
10 39.6 2.02, br t (7.0) 11 8, 9, 11, 12 7 
11 26.1 2.09, dt (7.2, 7.0) 10, 12 10, 12, 13  
12 124.4 5.04, br t (7.2) 11, 14 14, 11, 15 15 
13 135.6     
14 16.2 1.57, s 11, 12 15, 12, 13  
15 39.6 1.96, m 16 16, 13, 12, 14, 

17 
12 

16 25.6 1.42b 15, 17a 17  
17 33.6 a 1.64a 

b 1.42b 
16, 17b, 18 
17a, 18 

16, 20  

18 39.1 2.47, m 17a, 17b, 19 17, 16 19 
19 17.3 1.17, br d (7.0) 18 17, 18, 20 18 

20 180.4     
a, b Overlapping signals 
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Figure S7. 1H NMR (600 MHz, CDCl3) spectrum of cacolide A (1) 

Figure S8. 13C NMR (150 MHz, CDCl3) spectrum of cacolide A (1) 
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Figure S9. 1H NMR (600 MHz, CDCl3) spectrum of cacolide B (2) 

 

Figure S10. 13C NMR (150 MHz, CDCl3) spectrum of cacolide B (2)  
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Figure S11. 1H NMR (600 MHz, CDCl3) spectrum of cacolide C (3) 

 

 

Figure S12. 13C NMR (150 MHz, CDCl3) spectrum of cacolide C (3) 
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Figure S13. HSQC NMR (600 MHz,CDCl3) spectrum of cacolide C (3) 
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Figure S14. 1H NMR (600 MHz, CDCl3) spectrum of cacolide D (4) 

 
 

 
Figure S15. 13C NMR (150 MHz, CDCl3) spectrum of cacolide D (4) 
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Figure S16. 1H NMR (600 MHz, CDCl3) spectrum of cacolide E (5)  

 

 

Figure S17. 13C NMR (150 MHz, CDCl3) spectrum of cacolide E (5) 
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Figure S18. 1H NMR (600 MHz, CDCl3) spectrum of cacolide F (6) 
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Figure S19. 1H NMR (600 MHz, CDCl3) spectrum of cacolide G (7) 

 
 

 
 

Figure S20. 13C NMR (150 MHz, CDCl3) spectrum of cacolide G (7) 
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Figure S21. 1H NMR (600 MHz, CDCl3) spectrum of cacolide H (8) 

 
 

 
Figure S22. 13C NMR (150 MHz, CDCl3) spectrum of cacolide H (8)  
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Figure S23. 1H NMR (600 MHz, CDCl3) spectrum of cacolide I (9) 

 

 
 

Figure S24. 13C NMR (150 MHz, CDCl3) spectrum of cacolide I (9) 
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Figure S25. 1H NMR (600 MHz, CDCl3) spectrum of cacolide J (10)  
 
 
 

Figure S26. 13C NMR (150 MHz, CDCl3) spectrum of cacolide J (10) 
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Figure S27. 1H NMR (600 MHz, CDCl3) spectrum of cacolide K (11) 
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Figure S28. 1H NMR (600 MHz, CDCl3) spectrum of cacolide L (12) 

 

 
Figure S29. 13C NMR (150 MHz, CDCl3) spectrum of cacolide L (12)  
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Figure S30. 1H NMR (600 MHz, CDCl3) spectrum of cacolic acid A (13) 

 
Figure S31. 13C NMR (150 MHz, CDCl3) spectrum of cacolic acid A (13) 
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Figure S32. HSQC NMR (CDCl3) spectrum of cacolic acid A (13) 
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Figure S33. 1H NMR (600 MHz, CDCl3) spectrum of cacolic acid B (14) 

 

 
Figure S34. 13C NMR (150 MHz, CDCl3) spectrum of cacolic acid B (14) 

  

2030405060708090100110120130140150160170180 ppm

283032343638 ppm

1

2

3 4

5
6

7

8 9,
14

10
11

12

13

15 1617
18

1920

CDCl3

1.52.02.53.03.54.04.55.05.56.06.57.0 ppm

3.
41

3.
16

3.
18

4.
34

2.
50

2.
74

2.
49

2.
12

3.
46

1.
18

1.
30

1.
08

1.
00

4
2

7 12
5, 18

6

11

10

15

9, 17a

14

16, 17b

19

CHCl3

1 4

5 7

9

10

14

13 17

19

20 OH

O
O

OH

O



	 40 

 

 
Figure S35. 1H NMR (600 MHz, CDCl3) spectrum of cacolic acid C (15) 

 

 
Figure S36. 13C NMR (150 MHz, CDCl3) spectrum of cacolic acid C (15) 
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Figure S37. Antimicrobial activity of cacolides A-I (1-9), K-L (11-12) and cacolic acids A-C (13-15) 
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Figure S38. Cytotoxic activity of cacolides A-I (1-9), K-L (11-12) and cacolic acids A-C (13-15) against human 
colorectal (SW620) and lung (NCI-H460) carcinoma cells 
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Figure S39. HR-ESIMS data for cacolide A (1) 

  

Figure S40. HR-ESIMS data for cacolide B (2) 
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Figure S41. HR-ESIMS data for cacolide C (3) 

 
Figure S42. HR-ESIMS data for cacolide D (4) 
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Figure S43. HR-ESIMS data for cacolide E (5) 

Figure S44. HR-ESIMS data for cacolide F (6) 
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Figure S45. HR-ESIMS data for cacolide G (7) 

  

Figure S46. HR-ESIMS data for cacolide H (8) 
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Figure S47. HR-ESIMS data for cacolide I (9) 
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Figure S48. HR-ESIMS data for cacolide J (10) 
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Figure S49. HR-ESIMS data for cacolide K (11) 

 

Figure S50. HR-ESIMS data for cacolide L (12) 
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Figure S51. HR-ESIMS data for cacolic acid A (13) 

Figure S52. HR-ESIMS data for cacolic acid B (14) 
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Figure S53. HR-ESIMS data for cacolic acid C (15) 


