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Table S1. Cytotoxic activity of compounds 1-3 (μM). 

Compounds 
IC50 ± SD (μM) 

HL-60 A549 SMMC-7721 MCF-7 SW480 

1 19.82 ± 1.65 16.98 ± 2.40 20.35 ± 1.38 16.49 ± 0.45 18.70 ± 0.50 

2 15.85 ± 1.05 16.86 ± 1.22 22.47 ± 1.31 10.68 ± 0.16 18.71 ± 0.57 

3 18.38 ± 1.14 32.55 ± 1.16 >40 >40 >40 

cisplatin 1.81 ± 0.35 9.62 ± 0.19 8.58 ± 0.19 13.93 ± 0.29 13.73 ± 0.51 
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Figure S1. The chemical structures of compounds 1-3 and 1a-3a. 
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Table S2. NMR spectral data for naphthomycin O (1) in CDCl3
a. 

No. δC (mult.) b δH (mult., J in Hz) COSY HMBC ROESY 

1 168.2, C     

2 131.2, C     

2-Me 21.1, CH3 2.16, s 3 1, 2, 3, 4 3, 4, NH 

3 130.1, CH 6.73, d (11.9) 2-Me, 4 1, 2, 4, 5 2-Me, 5, 6, 7 

4 123.5, CH 6.59, overlap 3, 5 2, 3, 6 2-Me, NH 

5 133.4, CH 6.13, t (11.2) 4, 6 3, 4, 6, 7 3, 15 

6 125.9, CH 6.58, overlap 5, 7 4, 5, 8 3, 8, 8-Me 

7 139.7, CH 5.90, dd (15.3, 7.0) 6, 8 5, 8-Me, 9 8, 8-Me, 9 

8 43.0, CH 2.57, m 7, 8-Me, 9 5, 6, 9 6, 7, 8-Me, 9 

8-Me 15.1, CH3 1.09, d (6.9) 8 7, 8, 9 6, 8 

9 72.7, CH 3.86, m 8, 10a, 10b 7, 8, 10, 11 8 

10a 
38.6, CH2 

2.87, overlap 9, 10b 8, 9, 11 10, 13 

10b 2.60, dd (15.6, 5.8) 9, 10a 8, 9, 11 10 

11 202.9, C     

12 140.1, C     

12-Me 11.6, CH3 1.68, s 13 11, 12, 13 14a, 14b 

13 143.6, CH 6.43, dd (8.7, 5.0) 12-Me, 14a 14b 11, 14, 15 10a, 14b, 15 

14a 
38.0, CH2 

2.37, m 13, 14b, 15 12, 13, 15 12-Me, 13 

14b 2.20, m 13, 14a, 15 12, 13, 15 12-Me, 14, 15 

15 74.3, CH 3.91, m 14a, 14b, 16 13, 16, 17 5, 7, 13, 14b, 17 

16 132.7, CH 5.25, overlap 15, 17 17, 18 14a, 14b, 18, 18a 

17 137.8, CH 5.24, overlap 16, 18 16, 18 15 

18 42.1, CH 1.84, m 17, 18-Me, 19 16, 17, 19 16, 18-Me, 20-Me 

18-Me 16.2, CH3 1.07, d (7.0) 18 17, 18, 19 19, 20 

19 74.0, CH 3.82, d (8.9) 18, 20 17, 18, 20, 20-Me, 21 16, 20, 21, 30 

20 31.3, CH 2.88, overlap 19, 20-Me, 21 21, 22, 31 18-Me, 19, 20-Me, 21, 22-Me, 30 

20-Me 10.2, CH3 0.80, d (6.6) 20 19, 20, 21, 31  20, 21, 22-Me 

21 72.5, CH 3.32, d (11.8) 20 19, 20, 22, 23, 31, 31a 19, 20, 20-Me, 22-Me, 30 

22 88.0, C     

22-Me 16.3, CH3 1.60, s  21, 22, 23 20, 20-Me 

23 202.7, C     

24 117.2, C     

25 164.7, C     

26 129.0, C     

26-Me 15.3, CH3 2.34, s 27 25, 26, 27, 31a, 27 

27 134.0, CH 7.99, s 26-Me 25, 27a, 31, 31a, 26-Me 26-Me 

27a 110.5, C     

28 177.1, C     

29 133.0, C     

30 121.6, CH 8.16, s  21, 24, 25, 27a, 28, 29, 31, 31a 18-Me, 19, 20, 21, NH 

31 77.8, C     

31a 150.2, C     

25-OH  11.14, s    

NH  8.59, s  1, 28, 30, 31 2-Me, 4, 30 

a 600 MHz for 1H NMR and 150 MHz for 13C NMR. b Numbers of attached protons were determined by analysis of 2D NMR spectra. 



S7 
 

Table S3. NMR spectral data for 1a in CDCl3
 a. 

No. δC (mult.) b δH (mult., J in Hz) COSY HMBC ROESY 

1 167.6, C     

2 129.3, C     

2-Me 12.9, CH3 2.15, s 3 1, 2, 3 4, 16, NH 

3 136.1, CH 7.19, d (11.4) 2-Me, 4 1, 2-Me, 5  

4 126.3, CH 6.52, dd (14.7, 11.3) 3, 5 5, 6 2-Me, 6 

5 139.4, CH 6.63, dd (14.9, 10.7) 4, 6 3, 4, 6, 7 7 

6 131.5, CH 6.32, dd (15.4, 10.6) 5, 7 4, 5, 8 8, 8-Me 

7 141.0, CH 5.81, dd (15.2, 8.6) 6, 8 5, 8-Me, 9 5, 8, 9 

8 44.0, CH 2.43, overlap 7, 8-Me, 9 6, 7, 8-Me, 9, 10  

8-Me 16.1, CH3 1.13, d (6.6) 8 7, 8, 9 9 

9 73.4, CH 3.45, m 8, 10a, 10b 7, 8, 8-Me, 11 7, 8-Me 

10a 
40.0, CH2 

2.41, overlap 9, 10b 9, 11  

10b 3.15, brd (13.9) 9, 10a 9, 11  

11 202.7, C     

12 139.5, C     

12-Me 11.4, CH3 1.74, s 13, 14a 11, 12, 13 14b 

13 142.2, CH 6.47, dd (9.3, 4.3) 12-Me, 14a, 14b 11, 12-Me, 15 9, 15 

14a 
37.7, CH2 

2.22, brd (16.2) 12-Me, 13, 14b, 15 13, 15 15 

14b 2.46, overlap 13, 14a, 15 15 12-Me 

15 73.4, CH 3.89, t (9.4) 14a, 14b, 16 13, 14, 16, 17 6, 14a, 16 

16 133.2, CH 5.47, dd (15.3, 8.0) 15, 17 14, 15, 17, 18, 18-Me 15, 18, 18-Me 

17 137.3, CH 5.34, dd (15.3, 9.0) 16, 18 15, 16, 18, 18-Me 15, 18, 18-Me 

18 42.0, CH 2.11, m 17, 18-Me, 19 18-Me, 19  

18-Me 16.3, CH3 1.17, d (6.7) 18 17, 18, 19 20 

19 73.5, CH 4.01, d (9.0) 18, 20 17, 18, 20, 20-Me 16, 21, 30 

20 31.4, CH 2.93, m 19, 20-Me, 21 20-Me, 21, 22 19, 20-Me, 22-Me, 30 

20-Me 10.3, CH3 0.91, d (6.5) 20 20, 21 18, 20, 21,22-Me 

21 73.0, CH 3.28, d (11.7) 20 20, 20-Me, 23, 31, 31a 19, 20-Me, 22-Me, 30 

22 87.7, C      

22-Me 15.7, CH3 1.63, s  21, 22, 23 20, 20-Me, 21 

23 202.3, C     

24 116.9, C     

25 164.7, C     

26 128.9, C     

26-Me 15.2, CH3 2.35, s 27 25, 26, 27 27 

27 133.9, CH 7.99, s 26-Me 25, 26-Me, 28, 31, 31a 26-Me 

27a 110.3, C     

28 177.0, C     

29 133.1, C     

30 121.1, CH 8.24, s  21, 27a, 28, 29, 31a 19, 20 

31 78.1, C      

31a 149.9, C      

NH  8.78, s  1, 28, 30, 31 18 

a 600 MHz for 1H NMR and 150 MHz for 13C NMR. b Numbers of attached protons were determined by analysis of 2D NMR spectra. 
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Table S4. NMR spectral data for naphthomycin P (2) in CDCl3
 a 

No. δC (mult.) b δH (mult., J in Hz) COSY HMBC ROESY 

1 169.1, C     

2 133.8, C     

2-Me 21.2, CH3 2.12, s 3 1, 2, 3 3, 4 

3 125.7, CH 6.64, d (12.2) 2-Me, 4 1, 2, 2-Me 2-Me, 5, NH 

4 123.6, CH 6.25, t (12.6) 3, 5 2, 3 2-Me, 7, NH 

5 131.5, CH 6.06, t (11.6) 4, 6, 7 6, 7 3, 7, 8 

6 125.1, CH 6.38, dd (14.9, 11.5) 5, 7 4, 5 3, 7, 8 

7 140.8, CH 5.57, dd (14.9, 10.3) 6, 8 5, 8, 8-Me, 9 5, 8-Me, 9, 10 

8 44.7, CH 2.55, m 7, 8-Me, 9 6, 7, 9 6, 7, 8-Me 

8-Me 18.2, CH3 1.22, d (6.5) 8 7, 8, 9 7, 8 

9 74.6, CH 3.57, m 8, 10a, 10b 8-Me, 11 7 

10a 
40.0, CH2 

2.72, overlap 9, 10b 8, 11, 12 10b, 12-Me 

10b 3.18, dd (17.6, 3.3) 9, 10a 11 7, 10a, 13 

11 203.5, C     

12 141.3, C     

12-Me 11.1, CH3 1.86, s  11, 12, 13 14a 

13 138.5, CH 6.54, dd (9.4, 4.2) 14 11, 12-Me 10b, 14a, 14b, 15 

14a 
39.1, CH2 

2.72, overlap 13, 14b, 15 12, 13, 15 16 

14b 2.36, d (14.5, 4.2) 13, 14a, 15 12, 13 ,15 8-Me, 13, 15 

15 74.9, CH 4.27, t (9.3) 14a, 14b, 16 13, 16, 17 13, 14b, 16 

16 131.2, CH 5.88, dd (15.5, 8.2) 15, 17 15, 18 15, 18, 20 

17 135.8, CH 5.85, dd (15.3, 9.5) 15, 18 15, 18, 18-Me 15, 18, 20 

18-Me, 19, 22 18 39.0, CH 2.95, m 1.19, 5.85 16, 17, 18-Me 

18-Me 19.1, CH3 1.19, d (6.7) 18 17, 18, 19 18, 19 

19 77.1, CH 4.10, d (10.3) 18, 20 17, 18-Me, 20, 20-Me 18, 18-Me, 20, 22 

20 47.9, CH 1.72, m 19, 20-Me 20-Me, 21, 22, 31 20-Me, 22, 30 

20-Me 11.8, CH3 0.76, d (6.6) 20 19, 20, 21 19, 20 

21 76.0, C      

21-Me 30.9, CH3 1.30, s  21, 22, 23 22 

22 49.2, CH 3.55, s  20, 20-Me, 21, 21-Me, 23, 30, 31, 31a 18, 19, 20, 21-Me, 30 

23 206.1, C     

24 106.2, C     

25 162.0, C     

26 127.5, C     

26-Me 16.0, CH3 2.43, s  25, 26, 27 27 

27 133.7, C 8.42, s  25, 26-Me, 28, 31a 26-Me 

27a 119.9, C     

28 142.9, C     

29 120.2, C     

30 123.3, CH 7.23, s  22, 27a, 28, 29, 31a 20, 22, NH 

31 126.4, C     

31a 128.7, C     

25-OH  12.41, s  23, 24, 25, 26  

28-OH  9.90, s  29  

NH  8.82, s  1, 28, 29, 30 3, 4 ,30 

a 600 MHz for 1H NMR and 150 MHz for 13C NMR. b Numbers of attached protons were determined by analysis of 2D NMR spectra. 
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Table S5. NMR spectral data for 2a in CDCl3
 a. 

No. δC (mult.) b δH (mult., J in Hz) COSY HMBC ROESY 

1 170.7, C     

2 131.8, C     

2-Me 13.6, CH3 2.05, s  1, 2, 3 4 

3 133.2, CH 6.69, d (8.8) 2-Me, 4 1, 2-Me, 5 5, 7, NH 

4 126.4, CH 6.38, overlap 3, 5 2 2-Me, NH 

5 138.2, CH 6.37, overlap 4, 6 7 7 

6 130.8, CH 6.05, dd (15.2, 9.5) 5, 7 4, 5, 8 8 

7 140.9, CH 5.58, dd (15.1, 10.1) 6, 8 2, 8, 8-Me 3, 9, 8-Me, 10b 

8 45.3, CH 2.41, overlap 7, 8-Me, 9 7, 8-Me, 9 6 

8-Me 18.3, CH3 1.22, d (6.6) 8 7, 8, 9 8 

9 75.3, CH 3.68, m 8, 9-OH, 10a, 10b 8-Me 7, 8 

10a 
41.1, CH2 

2.79, dd (16.8, 4.3) 9, 10b 8, 9 ,11 10b 

10b 2.99, dd (16.8, 4.1) 9, 10a 11 10a, 13 

11 202.6, C     

12 140.2, C     

12-Me 11.8, CH3 1.79, s  11, 12 , 13 14b 

13 138.4, CH 6.58, t (7.2) 14a, 14b 11, 14, 15, 12-Me 15, 18 

14a 
39.4, CH2 

2.42, overlap 13, 14b 12, 15 13, 15, 27 

14b 2.63, dt (16.8, 4.3) 13, 14a, 15 12, 13, 15, 16 12-Me, 16 

15 75.2, CH 4.38, brs 14b, 16 16 13, 14a, 17 

16 135.1, CH 5.88, overlap 15, 17 15, 18 13-Me, 22 

17 132.4, CH 5.89, overlap 16, 18 15, 18 14b, 15, 18, 30 

18 39.2, CH 2.95, overlap 17, 18-Me, 19 16, 17, 18-Me 16, 18-Me, 19, 22 

18-Me 19.4, CH3 1.18, d (6.7) 18 16, 18, 19 17, 19, 22 

19 77.4, CH 4.08, d (9.9) 18, 20 16, 18-Me, 20, 20-Me 18, 20 

20 48.5, CH 1.70, m 19, 20-Me 21, 22, 31 20-Me, 22, 30 

20-Me 12.0, CH3 0.73, d (6.9) 20 21, 22 19, 20 

21 76.1, CH     

21-Me 31.3, CH3 1.29, s  21, 22 ,23 22 

22 49.7, CH 3.59, s  20, 20-Me, 21, 23, 30, 31, 31a 16, 18, 19, 20, 21-Me, 30 

23 206.1, C     

24 106.3, C     

25 162.1, C     

26 127.6, C     

26-Me 16.1, CH3 2.43, s 27 25, 26, 27 27 

27 133.9, CH 8.41, s 26-Me 25, 26-Me, 31a 26-Me 

27a 120.3, C     

28 142.9, C     

29 120.1, C     

30 123.6, CH 7.15, s  22, 28, 29, 31a 17, 20, 22, NH 

31 126.4, C     

31a 128.8, C     

9-OH  3.41, d (9.0) 9 8, 9, 10 8 

21-OH  3.97, s  21, 22, 23 21-Me 

25-OH  12.37, s  23, 24, 25, 26 26-Me 

28-OH  10.03, s  27a, 28  

NH  8.40, s  1, 28, 30 3, 17, 28-OH, 30 

a 600 MHz for 1H NMR and 150 MHz for 13C NMR. b Numbers of attached protons were determined by analysis of 2D NMR spectra. 
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Table S6. NMR spectral data for naphthomycin Q (3) in CD3OD a. 

No. δC (mult.) b δH (mult., J in Hz) COSY HMBC ROESY 

1 170.1, C     

2 131.7, C     

2-Me 20.9, CH3 2.13, s 3 1, 2, 3 3 

3 132.3, CH 6.94, d (12.0) 2-Me, 4 1, 2-Me, 5 2-Me, 6 

4 124.0, CH 6.47, t (11.5) 3, 5 2, 6  

5 135.5, CH 6.18, t (11.1) 4, 6 3, 6, 7 7 

6 126.7, CH 6.71, dd (15.0, 11.4) 5, 7 4, 5, 8 3, 8, 8-Me 

7 142.1, CH 5.80, dd (15.0, 8.5) 6, 8 5, 8, 8-Me, 9 5, 8, 8-Me, 9, 10 

8 45.2, CH 2.38, m 7, 8-Me, 9 6, 7, 8-Me, 9 6, 7, 8-Me, 9, 10 

8-Me 16.6, CH3 1.11, d (6.73) 8 7, 8, 9 7, 8, 9, 10 

9 73.2, CH 3.97, m 8, 10  7, 8, 8-Me, 10, 13 

10a 
43.4, CH2 

2.79, dd (16.1, 5.1) 9, 10b 8, 9, 11 8-Me, 10, 13 

10b 2.83, dd (16.1, 7.7) 9, 10a 8, 9, 11 7, 8 

11 202.7, C     

12 139.8, C     

12-Me 11.8, CH3 1.75, s 13 11, 12, 13 14 

13 141.4, CH 6.76, t (7.1) 12-Me, 14 11, 12-Me, 14, 15 10, 14, 15 

14 38.0, CH2 2.47, m 13, 15 12, 13, 15, 16 12-Me, 13, 15, 16 

15 72.5, CH 4.18, m 14, 16 13, 17 13, 14, 16, 17 

16 134.6, CH 5.41, dd (15.5, 6.6) 15, 17 14, 15, 18 14, 15, 18, 18-Me 

17 133.6, CH 5.65, dd (15.5, 8.6) 16, 18 15, 18, 18-Me, 19 14, 15, 18, 18-Me 

18 41.9, CH 2.22, m 17, 18-Me, 19  16, 18-Me, 19 

18-Me 19.1, CH3 1.05, d (6.9) 18 17, 18, 19 18, 19 

19 79.9, CH 3.26, dd (8.5, 3.1) 18, 20 17, 18, 18-Me, 20, 20-Me, 21 16, 20, 21,  

20 38.9, CH 2.59, m 19, 20-Me, 21 19, 20-Me, 21, 22 16, 20, 20-Me, 21, 22-Me 

20-Me 16.4, CH3 1.03, d (6.7) 20 18, 19, 20, 21 4, 20 

21 145.9, CH 6.57, d (10.2) 20 19, 20, 22, 22-Me, 23  

22 128.5, C     

22-Me 13.2, CH3 1.82, s  21, 22, 23 18-Me, 20 

23 172.2, C     

24 116.8, CH 7.63, s  26, 28, 31a  

25 163.5, C     

26 133.9, C     

26-Me 16.3, CH3 2.26, s  25, 26, 27  

27 131.1, CH 7.79, s  24, 25, 26, 26-Me, 28, 31  

27a 123.4, C     

28 180.5, C     

29 132.2, C     

30 112.1, CH 7.29, s  25, 27a, 28, 29, 31  

31 187.4, C     

31a 142.0, C     

a 600 MHz for 1H NMR and 150 MHz for 13C NMR. b Numbers of attached protons were determined by analysis of 2D NMR spectra. 
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Table S7. NMR spectral data for 3a in CD3OD a. 

No. δC (mult.) b δH (mult., J in Hz) COSY HMBC ROESY 

1 169.3, C     

2 129.9, C     

2-Me 12.8, CH3 2.07, s  1, 2, 3 4 

3 138.1, CH 7.09, d (11.1) 4 1, 2, 5 5 

4 127.3, CH 6.57, overlap 3, 5 6 2-Me, 6 

5 142.1, CH 6.65, dd (14.7, 10.5) 4, 6 3, 4, 7 2-Me, 3, 7 

6 132.1, CH 6.32, dd (15.2, 10.5) 5, 7 4, 5, 8 4, 8, 8-Me 

7 142.8, CH 5.92, dd (15.2, 8.3) 6, 8 5, 8-Me, 9 5, 8, 8-Me, 9, 10 

8 45.1, CH 2.36, m 7, 8-Me, 9 7, 8-Me, 9 6, 7, 8-Me, 9, 10 

8-Me 16.4, CH3 1.11, d (6.8) 8 7, 8, 9 6, 7, 8, 9, 10 

9 73.1, CH 3.97, m 8, 10  13, 7, 8, 8-Me, 10 

10a 
43.3, CH2 

2.79, dd (16.1, 4.4) 9, 10b 8, 9, 11 8, 9, 13 

10b 2.83, dd (16.1, 8.4) 9, 10a 8, 9, 11 7, 8-Me,13 

11 202.7, C     

12 139.8, C     

12-Me 11.8, CH3 1.75, s  11, 12, 13 14 

13 141.4, CH 6.76, t (7.0) 14 11, 12-Me, 14, 15 9, 10, 14, 15, 16, 18-Me 

14 38.0, CH2 2.47, m 13, 15 12, 13, 15, 16 12-Me, 13, 15, 16, 17 

15 72.5, CH 4.18, dt (6.5, 6.5) 14, 16 13, 17 13, 14, 16, 17 

16 134.6, CH 5.41, dd (15.6, 6.5) 15, 17 15, 18 13, 14,15, 18, 18-Me,  22-Me 

17 133.6, CH 5.66, dd (15.5, 8.6) 16, 18 15, 18, 18-Me 13, 15, 18, 18-Me, 19, 20 

18 41.8, CH 2.24, m 17, 18-Me, 19 18-Me 16, 18-Me, 19, 21 

18-Me 19.1, CH3 1.05, d (6.9) 18 17, 18, 19 7, 13, 16, 17, 20 

19 80.0, CH 3.26, dd (8.5, 3.0) 18, 20 17, 18, 20, 21 17, 18, 18-Me, 20, 20-Me, 21 

20 38.9, CH 2.58, dq (7.1, 7.0) 19, 20-Me, 21 19, 20-Me, 21, 22 20-Me, 22-Me 

20-Me 16.4, CH3 1.03, d (6.7) 20 19, 20, 21 12-Me, 18, 19, 20, 21 

21 145.1, CH 6.53, dd (11.0, 3.9) 20 19, 20, 22-Me, 23 3, 6, 18, 19, 20 

22 129.3, C     

22-Me 13.4, CH3 1.82, s  21, 22, 23 18-Me, 20 

23 173.1, C     

24 116.2, CH 7.57, s  26, 28, 31a 2-Me 

25 163.6, C     

26 133.9, C     

26-Me 16.4, CH3 2.26, s  25, 29 27 

27 131.1, CH 7.80, s  25, 26, 26-Me, 28, 31 15, 26-Me 

27a 123.3, C     

28 180.7, C     

29 132.2, C     

30 112.1, CH 7.28, s  25, 27a, 28, 29, 31  

31 187.4, C     

31a 142.2, C     

a 600 MHz for 1H NMR and 150 MHz for 13C NMR. b Numbers of attached protons were determined by analysis of 2D NMR spectra. 
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Figure S2. Key COSY and HMBC correlations of naphthomycin O (1). 

 

Figure S3. Key ROESY correlations of naphthomycin O (1). 

 
 

 

Figure S4. Key COSY and HMBC correlations of 1a. 

 

Figure S5. Key ROESY correlations of 1a. 
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Figure S6. Key COSY and HMBC of naphthomycin P (2). 

 

Figure S7. Key ROESY correlations of naphthomycin P (2). 

 

Figure S8. Energy minimized model of simplified naphthomycin P (2) a) model of 21S*, 22R*, b) model of 21R*, 

22S* (calculated by Chem3D ver 15.0, red = oxygen, blue = nitrogen, white = hydrogen, gray = carbon, pink = lone 

pair, double solid arrow = ROESY correlation). 

 

 

21S*, 22R* 21R*, 22S* 

H-20-H-30: 2.179 Å H-20-H-30: 2.166 

H-20-H-22: 2.559 Å H-20-H-22:3.287 Å 

H-22-21-Me: 3.009 Å H-22-21-Me: 2.759 Å 

H-19-H-22: 2.250 Å H-19-H-22: 4.819 Å 

a) b) 
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Figure S9. Key COSY and HMBC correlations of 2a. 

 

Figure S10. Key ROESY correlations of 2a. 

 

 

Figure S11. Key COSY and HMBC correlations of naphthomycin Q (3). 

 

Figure S12. Key ROESY correlations of naphthomycin Q (3). 
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Figure S13. Key COSY and HMBC correlations of 3a. 

 

 

Figure S14. Key ROESY correlations of 3a. 

 

 

Figure S15. HPLC analysis of retro-Friedel-Crafts acylation reaction of naphthomycin E (4), with the aid of a Lewis 

acid, SnCl4. (I) reaction time of 10 min; (II) reaction time of 20 min; (III) reaction time of 35 min; (IV) reaction time 

of 50 min; (V) reaction time of 80 min; (VI) reaction time of 110 min; (VII) standard 3a; (VIII) standard 3; (IX) 

standard 4. 

 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

3a 

3 

4 
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2. NMR and HRESIMS spectra of compounds 1-3 and 1a-3a 

Figure S16. 1H NMR spectrum (600 MHz) of naphthomycin O (1) in CDCl3. 
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Figure S17. 13C NMR spectrum (150 MHz) of naphthomycin O (1) in CDCl3. 
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Figure S18. COSY spectrum (600 MHz) of naphthomycin O (1) in CDCl3 
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Figure S19. HSQC spectrum (600 MHz) of naphthomycin O (1) in CDCl3 
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Figure S20. HMBC spectrum (600 MHz) of naphthomycin O (1) in CDCl3 
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Figure S21. ROESY spectrum (600 MHz) of naphthomycin O (1) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S22 
 

 

Figure S22. HRESIMS spectrum of naphthomycin O (1). 
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Figure S23. 1H NMR spectrum (600 MHz) of 1a in CDCl3. 
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Figure S24. 13C NMR spectrum (150 MHz) of 1a in CDCl3. 
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Figure S25. COSY spectrum (600 MHz) of 1a in CDCl3 
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Figure S26. HSQC spectrum (600 MHz) of 1a in CDCl3 
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Figure S27. HMBC spectrum (600 MHz) of 1a in CDCl3 
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Figure S28. ROESY spectrum (600 MHz) of 1a in CDCl3 
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Figure S29. HRESIMS spectrum of 1a. 
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Figure S30. 1H NMR spectrum (600 MHz) of naphthomycin P (2) in CDCl3. 
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Figure S31. 13C NMR spectrum (150 MHz) of naphthomycin P (2) in CDCl3. 
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Figure S32. COSY spectrum (600 MHz) of naphthomycin P (2) in CDCl3 
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Figure S33. HSQC spectrum (600 MHz) of naphthomycin P (2) in CDCl3 
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Figure S34. HMBC spectrum (600 MHz) of naphthomycin P (2) in CDCl3 
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Figure S35. ROESY spectrum (600 MHz) of naphthomycin P (2) in CDCl3 
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Figure S36. HRESIMS spectrum of naphthomycin P (2). 
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Figure S37. 1H NMR spectrum (600 MHz) of 2a in CDCl3. 
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Figure S38. 13C NMR spectrum (150 MHz) of 2a in CDCl3. 
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Figure S39. COSY spectrum (600 MHz) of 2a in CDCl3 
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Figure S40. HSQC spectrum (600 MHz) of 2a in CDCl3 
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Figure S41. HMBC spectrum (600 MHz) of 2a in CDCl3 
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Figure S42. ROESY spectrum (600 MHz) of 2a in CDCl3 
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Figure S43. HRESIMS spectrum of 2a. 
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Figure S44. 1H NMR spectrum (600 MHz) of naphthomycin Q (3) in CD3OD. 
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Figure S45. 13C NMR spectrum (150 MHz) of naphthomycin Q (3) in CD3OD. 
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Figure S46. COSY spectrum (600 MHz) of naphthomycin Q (3) in CD3OD 
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Figure S47. HSQC spectrum (600 MHz) of naphthomycin Q (3) in CD3OD 
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Figure S48. HMBC spectrum (600 MHz) of naphthomycin Q (3) in CD3OD 
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Figure S49. ROESY spectrum (600 MHz) of naphthomycin Q (3) in CD3OD 
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Figure S50. HRESIMS spectrum of naphthomycin Q (3). 
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Figure S51. 1H NMR spectrum (600 MHz) of 3a in CD3OD. 
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Figure S52. 13C NMR spectrum (150 MHz) of 3a in CD3OD. 
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Figure S53. COSY spectrum (600 MHz) of 3a in CD3OD 

 



S54 
 

Figure S54. HSQC spectrum (600 MHz) of 3a in CD3OD 
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Figure S55. HMBC spectrum (600 MHz) of 3a in CD3OD 
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Figure S56. ROESY spectrum (600 MHz) of 3a in CD3OD 
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Figure S57. HRESIMS spectrum of 3a. 

 


