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1. Schemes for the synthesis of 18, trans-20, 28, 31 and  (±)-27 

Scheme S1. Synthesis of 2,5,5-trimethyl-2-vinyltetrahydro-2H-pyran (18) 

 
 

Scheme S2. Synthesis of trans-linalool oxide (trans-20) 

 
 

Scheme S3. Synthesis of 2,4-dimethyl-4-vinylcyclohexanone (28) and 2,4-dimethyl-4-vinylcyclohexanol (31) 

 
 

Scheme S4. Synthesis of (±)-27 

 



S4 

 

2. Comparison of 1H NMR spectra of olefinated product 21 when using trans-20 as the olefin or a 

mixture of trans- and cis-20. 

From the 1H NMR spectra, two sets of doublet peaks at around 7.45 ppm from the 

hydrogen at the position A are found for compound 21 when using both the trans-

20 and a mixture of trans- and cis-20 as the olefin, indicating that some 

racemization is occurring. Taking into consideration that the peaks assigned as 

Group I are larger in the reaction using trans-20, it can be expected that this 

group of peaks belong to the product (±)-21-A and (±)-21-B with a trans 

configuration at the olefin moiety. Therefore, the peaks of Group II belong to (±)-

21-C and (±)-21-D, that have the cis-configuration.  

 

3. Comparisons of NMR data of natural and synthetic products  

Table S1. Comparison of the 1H NMR data (CDCl3) of natural and synthetic yaequinolone B1 

Natural yaequinolone B 

ŭH [ppm, mult, J (Hz)] 

600 MHz 

Synthetic yaequinolone B 

ŭH [ppm, mult, J (Hz)] 

400 MHz 

Err (NaturalīSynthetic)  

ȹŭH (ppm) 

9.45 (bs, 1H) 9.44 (bs, 1H) +0.01 

7.80 (d, J = 16.5 Hz, 1H) 7.80 (d, J = 16.5 Hz, 1H) 0 

7.50 (bs, 1H) 7.70 (bs, 1H) ͡ 

7.50 (d, J = 8.1 Hz, 1H) 7.49 (d, J = 8.4 Hz, 1H) +0.01 

7.16 (d, J = 8.3 Hz, 2H) 7.20 ï 7.13 (m, 2H) ͡ 

6.84 (m, J = 8.3 Hz, 2H) 6.86 ï 6.78 (m, 2H) ͡ 

6.70 (d, J = 16.5 Hz, 1H) 6.70 (d, J = 16.5 Hz, 1H) 0 

6.40 (d, J = 8.1 Hz, 1H) 6.40 (d, J = 8.3 Hz, 1H) 0 
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4.61 (s, 1H) 4.62 (s, 1H) - 0.01 

3.77 (s, 3H) 3.77 (s, 3H) 0 

3.72 (s, 1H) 3.73 (s, 1H) - 0.01 

3.62 (s, 3H) 3.62 (s, 3H) 0 

2.35 (s, 3H) 2.35 (s, 3H) 0 

Table S2. Comparison of the 13C{H}  NMR data (CDCl3) of synthetic and natural yaequinolone B1 

Natural yaequinolone B 

ȹC (ppm) 

150 MHz 

Synthetic yaequinolone B 

ȹC (ppm) 

100 MHz 

Err (NaturalīSynthetic)  

ȹŭC (ppm) 

199.4 199.3 0.1 

165.4 165.5 - 0.1 

160.5 160.6 - 0.1 

157.4 157.5 - 0.1 

138.1 138.1 0 

137.5 137.2 0.3 

129.7 129.8 - 0.1 

128.4 128.6 - 0.2 

127.8 127.9 - 0.1 

126.8 126.8 0 

119.3 119.3 0 

114.5 114.5 0 

111.5 111.2 0.3 

107.6 107.5 0.1 

84.0 84.0 0 

78.7 78.8 - 0.1 

59.7 59.1 0.6 

55.4 55.5 - 0.1 

26.9 27.1 - 0.2 

Table S3. Comparison of the 1H NMR data (CDCl3) of synthetic and natural penigequinolone A and B1 

Natural penigequinolone A 

ŭH [ppm, mult, J (Hz)] 

600 MHz 

Natural penigequinolone B 

ŭH [ppm, mult, J (Hz)] 

600 MHz 

Synthetic penigequinolone A and B 

ŭH [ppm, mult, J (Hz)] 

400 MHz 

9.12 (bs, 1H) 9.12 (bs, 1H) 9.12 (bs, 1H) 

8.44 (bs, 1H) 8.44 (bs, 1H) 7.84 (bs, 1H) 

7.38 (d, J = 8.3 Hz, 1H) 7.39 (d, J = 8.3 Hz, 1H) 7.40/7.39 (d, J = 8.3 Hz, 1H) 

7.19 (d, J = 8.8 Hz, 1H) 7.18 (d, J = 8.8 Hz, 1H) 7.21 ï 7.16 (m, 2H) 

6.82 (d, J = 8.8 Hz, 1H) 6.81 (d, J = 8.8 Hz, 1H) 6.84 ï 6.80 (m, 2H) 

6.73 (d, J = 16.6 Hz, 1H) 6.73 (d, J = 16.6 Hz, 1H) 6.73 (d, J = 16.3 Hz, 1H) 

6.36 (d, J = 8.3 Hz, 1H) 6.36 (d, J = 8.3 Hz, 1H) 6.35/6.34 (d, J = 8.3 Hz, 1H) 

6.14 (d, J = 16.6 Hz, 1H) 6.13 (d, J = 16.6 Hz, 1H) 6.14/6.13 (d, J = 16.7 Hz, 1H) 

4.60 (bs, 1H) 4.60 (bs, 1H) 4.56 (bs, 1H) 

3.75 (s, 3H) 3.75 (s, 3H) 3.76 (s, 3H) 
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3.69 (s, 1H) 3.70 (s, 1H) 3.70/3.69 (d, J = 1.5 Hz, 1H) 

3.61 (s, 3H) 3.61 (s, 3H) 3.60 (s, 3H) 

3.38 (d, J = 11.2 Hz, 1H) 3.37 (d, J = 11.2 Hz, 1H) 3.38/3.37 (d, J = 11.3 Hz, 1H) 

3.23 (dd, J = 11.2, 2.0 Hz, 1H) 3.22 (dd, J = 11.2, 2.0 Hz, 1H) 3.24 ï 3.20 (m, 1H) 

1.81 (m, 1H) 1.81 (m, 1H) 1.84 ï 1.76 (m, 1H) 

1.71 (m, 1H) 1.71 (m, 1H) 1.73 ï 1.66 (m, 1H) 

1.45 (m, 1H) 1.45 (m, 1H) 1.51 ï 1.46 (m, 1H) 

1.33 (m, 1H) 1.33 (m, 1H) overlapped 

1.30 (s, 3H) 1.30 (s, 3H) 1.30 (s, 3H) 

1.00 (s, 3H) 1.00 (s, 3H) 1.00 (s, 3H) 

0.79 (s, 3H) 0.79 (s, 3H) 0.79 (s, 3H) 

 

Table S4. Comparison of the 13C{H}  NMR data (CDCl3) of synthetic and natural penigequinolone A and B1 

Natural penigequinolone A 

ȹC (ppm) 

150 MHz 

Natural penigequinolone B 

ȹC (ppm) 

150 MHz 

Synthetic penigequinolone A and B 

ȹC (ppm) 

100 MHz 

166.2 166.2 165.8 

160.2 160.2 160.4 

155.0 155.0 155.3 

134.3 134.3 135.5/134.43 

134.3 134.3 134.37 

129.0 129.0 129.1 

127.4 127.3 127.6 

127.4 127.3 127.5 

123.2 123.1 123.3 

121.9 121.9 122.1 

114.2 114.2 114.4 

110.8 110.8 110.9 

107.0 107.0 107.0 

84.2 84.1 84.3 

78.7 78.6 78.9 

74.3 74.3 74.5 

72.9 72.9 72.9 

58.9 58.9 59.0 

55.0 55.2 55.4 

33.5 33.5 33.7 

30.9 31.0 31.2/31.1 

29.6 29.6 29.9 

29.2 29.2 29.3 

26.5 26.5 26.8/26.7 

24.0 24.0 24.2 
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Table S5. Comparison of the 1H NMR data (CDCl3) of synthetic and natural yaequinolone C1 

Natural yaequinolone C 

ŭH [ppm, mult, J (Hz)] 

600 MHz 

Synthetic yaequinolone C 

ŭH [ppm, mult, J (Hz)] 

400 MHz 

Err (NaturalīSynthetic)  

ȹŭH (ppm) 

9.16 (bs, 1H) 9.15 or 9.16 (bs, 1H) +0.01 or 0 

7.28 (bs, 1H) 7.84 (bs, 1H) ˈ 

7.35 (d, J = 8.4 Hz, 1H) 7.37 or 7.36 (d, J = 8.2 Hz, 1H) - 0.01 or - 0.02 

7.16 (d, J = 8.4 Hz, 2H) 7.22 ï 7.17 (m, 2H) ˈ 

6.81 (d, J = 8.4 Hz, 2H) 6.85 ï 6.83 (m, 2H) ˈ 

6.81 (d, J = 15.7 Hz, 2H) 6.79 or 6.78 (d, J = 16.4 Hz, 1H) +0.02 or +0.03 

6.32 (d, J = 8.4 Hz, 2H) 6.33 (d, J = 8.3 Hz, 1H) - 0.01 

6.24 (d, J = 15.7 Hz, 2H) 6.25 or 6.23 (d, J = 16.2 Hz, 1H) - 0.01 or +0.01 

4.35 (bs, 1H) 4.56 or 4.57 (bs, 1H) ˈ 

3.89, (dd, J = 7.2, 6.6 Hz, 1H) 3.91 ï 3.83 (m, 1H) ˈ 

3.76 (s, 3H) 3.76 or 3.75 (s, 3H) +0.01 or 0 

3.68 (s, 1H) 3.69 or 3.68 (s, 1H) - 0.01 or 0 

3.60 (s, 3H) 3.60 (s, 3H) 0 

2.00, (ddd, J = 12.4, 7.5, 2.0, 1H) 

2.04 ï 1.75 (m, 4H) 

ˈ 

1.78, (ddd, J = 12.4, 7.2, 2.4, 1H) ˈ 

1.91, (ddd, J = 15.0, 6.6, 2.0, 1H) ˈ 

1.86, (ddd, J = 15.0, 7.5, 2.4, 1H) ˈ 

1.41 (s, 3H) 1.40 or 1.39 (s, 3H) +0.01 or +0.02 

1.24 (s, 3H) 1.24 (s, 3H) 0 

1.14 (s, 3H) 1.13 (s, 3H) +0.01 

Table S6. Comparison of the 13C{H}  NMR data (CDCl3) of synthetic and natural yaequinolone C1 

Natural yaequinolone B 

ȹC (ppm) 

150 MHz 

Synthetic yaequinolone B 

ȹC (ppm) 

100 MHz 

Err (NaturalīSynthetic)  

ȹŭC (ppm) 

165.5 165.7 - 0.2 

160.1 160.4 - 0.3 

155.3 155.4 - 0.1 

135.6 135.7 or 135.6 - 0.1 or 0 

134.3 134.5 or 134.4 or 134.3 - 0.2 or - 0.1 or 0 

129.0 129.2 or 129.1 - 0.2 or - 0.1 

127.9 128.0 - 0.1 

127.8 127.9 or 127.8 - 0.2 or 0 

121.9 122.0 or 121.9 - 0.1 or 0 

121.1 121.0 or 120.9 +0.1 or +0.2 

114.3 114.4 - 0.1 

110.8 110.9 - 0.1 

106.9 107.0 - 0.1 

85.8 85.8 or 85.7 +0.1 or 0 

84.3 84.3 0 
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83.3 83.4 or 83.2 +0.1 or - 0.1 

78.1 78.9 - 0.8 

71.0 71.4 or 71.3 - 0.4 or - 0.3 

58.9 59.0 - 0.1 

55.4 55.4 0 

38.5 38.7 or 38.6 - 0.2 or - 0.1 

27.5 27.5 0 

26.7 26.7 0 

26.5 26.6 - 0.1 

24.4 24.6 or 24.5 - 0.2 or - 0.1 

 

Table S7. Comparison of the 1H NMR data (CDCl3) of synthetic and natural aspoquinolone C and D2 

Natural aspoquinolone C and D 

ŭH [ppm, mult, J (Hz)] 

500 MHz 

Synthetic aspoquinolone C and D 

ŭH [ppm, mult, J (Hz)] 

400 MHz 

9.10/9.08 (bs, 1H) 9.13/9.12 

7.34 (d, J = 8.3 Hz, 1H) 7.35 ï 7.31 (1H), overlapped 

7.30 (bs, 1H) 8.12/8.08 

7.15 (d, J = 8.8 Hz, 2H) 7.18 ï 7.14 (m, 2H) 

6.80 (d, J = 8.9 Hz, 2H) 
6.82 ï 6.73 (m, 3H), overlapped 

6.74 (d, J = 16.6 Hz, 1H) 

6.30 (d, J = 8.2 Hz, 1H) 
6.34 ï 6.21 (m, 2H), overlapped 

6.25/6.24 (d, J = 16.6 Hz, 1H) 

4.51/4.50 (bs, 1H) 4.59/4.57 (bs, 1H) 

3.86/3.83 (m, 1H) 3.90 ï 3.83 (m, 1H) 

3.74 (s, 3H) 3.75/3.74 (s, 3H) 

3.67 (d, J = 1.5Hz, 1H) 3.69 ï 3.68 (m, 1H), overlapped 

3.59/3.58 (s, 3H) 3.60/3.59 (s, 3H) 

1.98 (m, 1H) 

2.03 ï 1.74 (m, 4H), overlapped 1.88 (m, 2H) 

1.72 (m, 1H) 

1.39/1.38 (s, 3H) 1.40/1.38 (s, 3H) 

1.24/1.22 (s, 3H) 1.25/1.23 (s, 3H) 

1.12 (s, 3H) 1.13 (s, 3H) 

 

Table S8. Comparison of the 13C{H}  NMR data (CDCl3) of synthetic and natural aspoquinolone C and D2 

Natural aspoquinolone C and D 

ȹC (ppm), 125 MHz 

Synthetic aspoquinolone C and D 

ȹC (ppm), 75 MHz 

165.2 165.9 

160.3 160.4 

155.4 155.4 

135.5/135.3 135.7 or 135.6/135.3 or 135.2 

134.3/134.1 134.4 
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129.0 129.2/129.1 

127.9 128.0 

127.9 127.9/127.8 

121.9 122.0/121.9 

121.1/120.8 121.4 or 121.3/121.0 or 120.9 

114.3 114.4 

110.8 110.9 

106.7 107.0 

85.6/85.5 85.8/85.7 

84.2 84.3 

83.2/83.0 83.4/83.2 

78.8 78.9/78.8 

71.2/71.1 71.4/71.3 

58.8 59.0 

55.3 55.4 

38.5/38.0 38.7/38.6 

27.5/27.4 27.7/27.5 

27.3 27.4 

26.4 26.7/26.6 

24.4/24.2 24.6/24.5 

 

Table S9. Comparison of the 1H NMR data (CDCl3) of synthetic and natural aflaquinolone A and C3 

Natural aflaquinolone A and C 

ŭH [ppm, mult, J (Hz)] 

500 MHz 

Synthetic aflaquinolone A and C 

ŭH [ppm, mult, J (Hz)] 

400 MHz 

Err (NaturalīSynthetic)  

ȹŭC (ppm) 

9.08 (bs, 1H) 9.11 or 9.09 (bs, 1H) - 0.03 or - 0.01 

7.52 (bs, 1H) 8.35 or 8.33 (bs, 1H) ˈ 

7.40 (d, J = 8.3 Hz, 1H) 7.39 (d, J = 8.3 Hz, 1H) +0.01 

7.26 ï 7.33 (m, 2H) 

7.34 ï 7.25 (m, 5H), overlapped 

ˈ 

7.26 ï 7.33 (m, 2H) ˈ 

7.30 (m, 2H) ˈ 

6.67 (d, J = 17.0 Hz, 1H) 6.61 (d, J = 16.5 Hz, 1H) +0.06 

6.35 (d, J = 8.3 Hz, 1H) 6.36 (d, J = 8.2 Hz, 1H) - 0.01 

6.26 (d, J = 17.0 Hz, 1H) 6.27 (d, J = 16.6 Hz, 1H) - 0.01 

4.60 (bs, 1H) 4.69 or 4.67 (bs, 1H) - 0.09 or - 0.07 

3.67 (d, J = 1.5 Hz, 1H) 3.69 (d, J = 1.6 Hz, 1H) - 0.02 

3.60 (s, 3H) 3.61 (s, 3H) - 0.01 

2.53 (dp, J = 13.0, 6.0 Hz, 1H) 2.65 ï 2.44 (m, 2H), overlapped ˈ 

2.47 (ddd, J = 14.0, 14.0, 5.8 Hz, 1H) ˈ 

2.22 (ddd, J = 14.0, 4.5, 2.5 Hz, 1H) 2.28 ï 2.21 (m, 1H) ˈ 

2.13 (m, 1H) 
2.21 ï 2.08 (m, 1H), overlapped 

ˈ 

2.09 (m, 1H) ˈ 

1.71 (td, J = 14.0, 4.5 Hz, 1H) 1.76 ï 1.68 (m, 1H) ˈ 

1.45 (t, J = 13.0 Hz, 1H) 1.43 ï 1.39 (m, 1H), overlapped ˈ 
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1.09 (s, 3H) 1.10 (s, 3H) - 0.01 

0.96 (d, J = 6.4 Hz, 3H) 0.93 or 0.92 (d, J = 6.5 Hz, 3H) +0.03 and +0.04 

 

Table S10. Comparison of the 13C{H}  NMR data (CDCl3) of synthetic and natural aflaquinolone A3 

Natural aflaquinolone A 

ȹC (ppm) 

150 MHz 

Synthetic aflaquinolone A 

ȹC (ppm) 

100 MHz 

Err (NaturalīSynthetic)  

ȹŭC (ppm) 

213.7 214.0 or 213.6 - 0.4 or +0.1 

165.1 165.9 - 0.8 

155.0 155.0 0 

137.2 137.4 - 0.2 

135.9 136.0 - 0.1 

134.3 134.5 or 134.4 - 0.2 or - 0.1 

129.2 129.4 - 0.2 

128.9 129.1 or 129.0 - 0.2 or - 0.1 

127.2 127.4 or 127.3 - 0.2 or - 0.1 

126.2 126.4 - 0.2 

122.5 122.6 - 0.1 

122.3 122.5 or 122.4 - 0.2 or - 0.1 

110.9 110.9 or 110.8 0 or +0.1 

106.9 107.2 - 0.3 

84.0 84.2 - 0.2 

79.0 79.0 0 

58.9 59.1 - 0.2 

47.5 47.7 or 47.6 - 0.2 or - 0.1 

41.3 41.5 - 0.2 

38.6 38.7 - 0.1 

38.4 38.5 or 38.2 - 0.1 or +0.2 

37.3 37.4 - 0.1 

30.4 30.6 - 0.2 

14.4 14.7 or 14.6 or 14.3 - 0.3 or - 0.2 or +0.1 

 

Table S11. Comparison of the 1H NMR data (acetone-d6) of synthetic and natural scopuquinolone B3 

Natural scopuquinolone B 

ŭH [ppm, mult, J (Hz)] 

400 MHz 

Synthetic scopuquinolone B 

ŭH [ppm, mult, J (Hz)] 

400 MHz 

Err (NaturalīSynthetic)  

ȹŭC (ppm) 

9.29 (bs, 1H) 9.55 (bs, 1H) ˈ 

Not shown 9.33 (bs, 1H) ˈ 

7.43 (d, J = 8.0 Hz, 1H) 7.44 or 7.42 (d, J = 8.3 Hz, 1H) - 0.01 or +0.01 

7.35, overlapped 7.37 ï 7.32 (m, 5H) ˈ 

6.63 (d, J = 16.4 Hz, 1H) 6.65 ï 6.55 (m, 2H), overlapped ˈ 

6.57 (d, J = 8.0 Hz, 1H) ˈ 

6.20 (d, J = 16.4 Hz, 1H) 6.20 or 6.17 (d, J = 16.5 Hz, 

1H) 

0 or +0.03 
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3.66 (d, J = 1.2 Hz, 1H) 3.66 (d, J = 1.5 Hz, 1H) 0 

3.52 (s, 3H) 3.52 or 3.51 (s, 3H) 0 or +0.01 

3.35 (d, d, J = 5.2 Hz, 1H) Not shown ˈ 

3.02 (m, 1H) 3.06 ï 2.97 (m, 1H) ˈ 

1.78 (m, 1H) 
1.81 ï 1.68 (m, 3H), overlapped 

ˈ 

1.74 (m, 1H) ˈ 

1.71 (m, 1H) ˈ 

1.54 (m, 1H) 

1.64 ï 1.27 (m, 3H), overlapped 

ˈ 

1.49 (m, 1H) ˈ 

1.39 (qd, J = 13.6, 3.2 Hz, 1H) ˈ 

1.07 (t, J = 12.8 Hz, 1H) 1.07 (t, J = 12.9 Hz, 1H) ˈ 

1.01 (s, 3H) 1.01 (s, 3H) 0 

0.96 (d, J = 6.8 Hz, 3H) 0.96 (d, J = 6.4 Hz, 3H) 0 

 

Table S12. Comparison of the 13C{H}  NMR data (acetone-d6) of synthetic and natural scopuquinolone B4 

Natural scopuquinolone B 

ȹC (ppm) 

100 MHz 

Synthetic scopuquinolone B 

ȹC (ppm) 

100 MHz 

Err (NaturalīSynthetic)  

ȹŭC (ppm) 

166.3 166.3 0 

155.9 156.1 - 0.2 

140.2 140.3 - 0.1 

137.5 137.6 - 0.1 

136.8 136.9 - 0.1 

129.6 129.7 - 0.1 

129.5 129.6 - 0.1 

127.4 
127.5 or 127.4 

- 0.1 or 0 

127.4 - 0.1 or 0 

122.5 122.6 - 0.1 

122.3 122.3 0 

112.1 112.1 0 

107.7 107.7 0 

85.7 85.8 - 0.1 

80.0 80.0 0 

76.7 76.8 - 0.1 

58.9 59.0 - 0.1 

46.9 46.9 0 

37.7 37.7 0 

37.6 37.7 - 0.1 

36.9 37.0 or 36.9 - 0.1 or 0 

 33.0 33.1 - 0.1 

31.8 31.9 or 31.8 - 0.1 or 0 

19.3 19.5 or 19.4 - 0.2 or - 0.1 
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4. 1H NMR and 13C{H}  NMR spectra 
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