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Compound 1: HSQC (CDCl3) spectrum 
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Mixture of compounds 1 and 10: HMBC (CDCl3) spectrum 
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Compound 1: NOESY (CDCl3) spectrum 
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Compound 1: (+) HRESIMS 
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Figure S1 and Table S1. Ab initio density functional theory (DFT) calculations of compounds 1 and 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1. Ab initio (B3LYP/6-31G* level in the Gas Phase) optimized conformers (1a–1c and 10a–10c) derived from compounds 1 and 10. Highlighted as white spheres are those critical 

hydrogen atoms (H-15, H-16 and H-17) that allows us to confidently assign one of these six conformers (1a–1c and 10a–10c). Shown in parenthesis is the calculated relative energy (kcal/mol) 

normalized against the most stable conformers 1a and 10a. Color code: green = carbon, white = hydrogen, red = oxygen.  

 

Table S1. Conformation analysis of 1a–1c and 10a–10c. 

 1a 1b 1c 10a 10b 10c 

Relative Energy (kcal/mol) 0.00 0.08 0.11 0.00 0.27 1.22 

H15-H17 (Å) 2.52 3.78, 3.83 2.63 3.75 2.48, 3.08 2.40, 2.90 

H16-H17 (Å) 4.24 2.27, 2.62 2.83 2.26, 2.75 4.30 3.56, 3.94 

Relative energy, relative zero point energy, and relative Gibbs free energy at the B3LYP/6-31G* level in the Gas Phase. The calculated Boltzmann-averaged interproton distances (in Å) for all 

possible conformers (1a–1c and 10a–10c). 
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Compound 2: HSQC (CDCl3) spectrum 
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Compound 2: HMBC (CDCl3) spectrum 
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Compound 2: NOESY (CDCl3) spectrum 
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Compound 2: (+) HR-ESIMS 
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Compound 3: HSQC (CDCl3) spectrum 
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Compound 3: HMBC (CDCl3) spectrum 
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Compound 3: NOESY (CDCl3) spectrum 
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Compound 3: (+) HR-ESIMS 
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Compound 4: HSQC (CDCl3) spectrum 
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Compound 4: HMBC (CDCl3) spectrum 
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Compound 4: NOESY (CDCl3) spectrum 
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Compound 4: (+) HR-ESIMS 
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Compound 5: NOESY (CD3OD) spectrum 
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Compound 5: (+) HR-ESIMS 
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Compound 6: HSQC (CDCl3) spectrum 
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Compound 6: HMBC (CDCl3) spectrum 
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Compound 6: NOESY (CDCl3) spectrum 
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Compound 6: (+) HR-ESIMS 
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Compound 7: HMBC (CDCl3) spectrum 
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Compound 7: NOESY (CDCl3) spectrum 
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Compound 7: (+) HR-ESIMS 
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Compound 8: HMBC (CDCl3) spectrum 
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Compound 8: NOESY (CDCl3) spectrum 
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Compound 8: (+) HR-ESIMS 
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Compound 9: HMBC (CDCl3) spectrum 
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Compound 9: NOESY (CDCl3) spectrum 
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Compound 9: (+) HR-ESIMS 
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Compound 10: HSQC (CDCl3) spectrum 
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Compound 10: NOESY (CDCl3) spectrum 
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Compound 10: (+) HR-ESIMS 
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Compound 11: HSQC (CDCl3) spectrum 
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Compound 11: HMBC (CDCl3) spectrum 
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Compound 11: (+) HR-ESIMS 

 

 

 



73 
 

Spectroscopic Data of the Known Compounds 12˗39: 

Pinusolide acid (12): pale yellow oil, [α]D
20 

+45.0° (c 0.1, CDCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.62 (3H, s, Me-20), 1.08 (1H, m, H-1a), 

1.08 (1H, m, H-3a), 1.26 (3H, s, H-18), 1.32 (1H, dd, J = 13.4, 3.6 Hz, H-5), 1.56 (2H, m, H-2a, H-11a), 1.61 (1H, dd, J = 11.4, 3.5 Hz, H-9), 

1.78 (1H, m, H-6a), 1.82 (1H, m, H-1b), 1.86 (1H, m, H-11b), 1.88 (1H, m, H-2b), 1.93 (1H, m, H-6b), 2.01 (1H, dd, J = 13.0, 4.0 Hz, H-8a), 

2.13 (1H, m, H-12a), 2.19 (1H, m, H-3b), 2.45 (2H, m, H-8b, H-12b), 4.60 (1H, s, H-17a), 4.79 (2H, dd, J = 3.6, 1.6 Hz, H2-15), 4.91 (1H, s, 

H-17b), 7.12 (1H, t, J = 1.6 Hz, H-14); (+) ESIMS m/z 333 [M+H]
+
, 355 [M+Na]

+
. 

Pinusolide (13): pale yellow oil, [α]D
20 

+36.0° (c 0.1, CDCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.52 (3H, s, Me-20), 1.08 (2H, m, H-1a, H-3a), 

1.20 (3H, s, H-18), 1.32 (1H, dd, J = 13.4, 3.6 Hz, H-5), 1.56 (1H, m, H-2a), 1.56 (1H, m, H-11a), 1.61 (1H, dd, J = 11.4, 3.5 Hz, H-9), 1.78 (1H, 

m, H-6a), 1.82 (1H, m, H-1b), 1.86 (1H, m, H-11b), 1.88 (1H, m, H-2b), 1.93 (1H, m, H-6b), 2.01 (1H, dd, J = 13.0, 4.0 Hz, H-8a), 2.13 (1H, m, 

H-12a), 2.19 (1H, m, H-3b), 2.45 (2H, m, H-8b, H-12b), 3.63 (3H, s, H-21), 4.60 (1H, s, H-17a), 4.79 (2H, dd, J = 3.6, 1.6 Hz, H2-15), 4.91 

(1H,s, H-17b), 7.12 (1H, t, J = 1.6 Hz, H-14), 
13

C NMR (100 MHz, CDCl3): δ 39.2 (C-1), 19.8 (C-2), 38.2 (C-3), 44.3 (C-4), 56.3 (C-5), 26.1 

(C-6), 38.6 (C-7), 147.4 (C-8), 55.6 (C-9), 40.3 (C-10), 21.8 (C-11), 24.6 (C-12), 134.8 (C-13), 143.8 (C-14), 70.1 (C-15), 174.3 (C-16), 106.6 

(C-17), 28.8 (C-18), 177.7 (C-19), 12.5 (C-20), 51.2 (OCH3); (+) ESIMS m/z 347 [M+H]
+
, 369 [M+Na]

+
. 

16-Hydroxy-labda-8(17),13-dien-15,19-dioic acid butenolide (14): colorless oil, [α]D
20 

+42.0° (c 0.1, CDCl3). 
1
H NMR (400 MHz, CDCl3): δ 

0.61 (3H, s, Me-20), 1.04 (2H, m, H-1a, H-3a), 1.26 (3H, s, H-18), 1.32 (1H, dd, J = 13.4, 3.6 Hz, H-5), 1.52 (2H, m, H-2a, H-11a), 1.57 (1H, dd, 

J = 12.4, 3.2 Hz, H-9), 1.72 (1H, m, H-6a), 1.78 (1H, m, H-1b), 1.82 (1H, m, H-11b), 1.83 (1H, m, H-2b), 1.85 (1H, m, H-6b), 2.01 (1H, dd, J = 

13.0, 4.0 Hz, H-8a), 2.13 (1H, m, H-12a, H-3b), 2.40 (1H, m, H-12b), 2.45 (1H, m, H-8b), 4.52 (1H, s, H-17a), 4.92 (1H, s, H-17b), 5.88 (1H, s, 

H-14), 6.00 (1H, s, H-16), 
13

C NMR (100 MHz, CDCl3): δ 39.2 (C-1), 19.8 (C-2), 37.8 (C-3), 44.5 (C-4), 56.2 (C-5), 26.1 (C-6), 38.6 (C-7), 
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147.2 (C-8), 55.7 (C-9), 40.6 (C-10), 21.0 (C-11), 26.8 (C-12), 170.2 (C-13), 117.3 (C-14), 171.5 (C-15), 99.3 (C-16), 106.8 (C-17), 28.9 (C-18), 

183.2 (C-19), 12.7 (C-20); (+) ESIMS m/z 349 [M+H]
+
, 371 [M+Na]

+
. 

7-Oxo-12α,13β-dihydroxyabiet-8(14)-en-18-oic acid (15): pale-yellow amorphous powder, [α]D
20

 +12.5 (c 0.1, MeOH). 
1
H NMR (400 MHz, 

CD3OD): δ 0.95 (3H, s, Me-20), 1.03 (3H, d, J = 6.8 Hz, Me-16), 1.07 (3H, d, J = 6.8 Hz, Me-17), 1.27 (3H, s, Me-19), 3.91 (1H, br s, H-12), 

6.83 (1H, br s, H-14), 
13

C NMR (100 MHz, CD3OD): δ 38.9 (C-1), 18.7 (C-2), 38.0 (C-3), 47.1 (C-4), 46.9 (C-5), 39.9 (C-6), 202.3 (C-7), 137.6 

(C-8), 46.2 (C-9), 36.4 (C-10), 26.6 (C-11), 71.0 (C-12), 72.2 (C-13), 139.6 (C-14), 33.1 (C-15), 16.6 (C-16), 16.3 (C-17), 181.3 (C-18), 16.7 

(C-19), 14.6 (C-20); (+) ESIMS m/z 351 [M+H]
+
, 373 [M+Na]

+
.  

7-Oxo-13β,15-dihydroxyabiet-8(14)-en-18-oic acid (16): pale-yellow amorphous powder, [α]D
20

 +17.5 (c 0.1, CDCl3). 
1
H NMR (400 MHz, 

CDCl3): δ 0.92 (3H, s, Me-20), 1.19 (3H, s, Me-19), 1.28 (3H, s, Me-16), 1.32 (3H, s, Me-17), 7.05 (1H, br s, H-14), 
13

C NMR (100 MHz, 

CDCl3): δ 37.8 (C-1), 17.8 (C-2), 36.8 (C-3), 45.9 (C-4), 44.1 (C-5), 38.6 (C-6), 202.6 (C-7), 137.5 (C-8), 51.5 (C-9), 35.4 (C-10), 18.6 (C-11), 

32.0 (C-12), 72.6 (C-13), 139.2 (C-14), 75.0 (C-15), 23.9 (C-16), 24.7 (C-17), 182.2 (C-18), 16.2 (C-19), 14.5 (C-20); (+) ESIMS m/z 335 

[M+H]
+
, 357 [M+Na]

+
.  

7-Oxo-13ɑ,15-dihydroxyabiet-8(14)-en-18-oic acid (17): pale-yellow amorphous powder, [α]D
20

 -17.5 (c 0.1, CDCl3). 
1
H NMR (400 MHz, 

CDCl3): δ 0.86 (3H, s, Me-20), 0.94 (3H, d, J = 6.8 Hz,  Me-16), 0.97 (3H, d, J = 6.8 Hz, Me-17), 1.24 (3H, s, Me-19); (+) ESIMS m/z 335 

[M+H]
+
, 357 [M+Na]

+
.  

Abiesadine E (18): colorless oil, [α]D
20 -27.0 (c 0.1, CDCl3). 

1
H NMR (400 MHz, CDCl3): δ 0.93 (3H, s, Me-20), 1.02 (3H, d, J = 6.8 Hz, 

Me-16), 1.05 (3H, d, J = 6.8 Hz, Me-17), 1.29 (3H, s, H-19), 1.58 (2H, m, H2-2), 1.62 (1H, m, H-3a), 1.82 (1H, dd, J = 13.6, 3.6 Hz, H2-1), 2.05 
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(2H, m, H2-12), 2.11 (1H, dd, J = 14.1, 3.9 Hz, H-5), 2.22 (1H, dd, J = 12.8, 3.6 Hz, H-3b), 2.27 (1H, dd, J = 15.8, 14.1 Hz, H-6a), 2.42 (1H, dd, 

J = 15.8, 3.9 Hz, H-6b), 2.51 (1H, m, H-9), 2.86 (1H, sept., J = 6.8 Hz, H-15), 6.14 (1H, dd, J = 5.0, 2.4 Hz, H-12), 6.86 (1H, s, H-14), 
13

C NMR 

(100 MHz, CDCl3): δ 37.6 (C-1), 17.9 (C-2), 37.4 (C-3), 45.9 (C-4), 43.9 (C-5), 37.0 (C-6), 199.7 (C-7), 133.9 (C-8), 48.5 (C-9), 34.6 (C-10), 

26.2 (C-11), 131.9 (C-12), 141.1 (C-13), 142.2 (C-14), 26.1 (C-15), 21.6 (C-16), 22.0 (C-17), 184.5 (C-18), 16.6 (C-19), 14.5 (C-20); (+) ESIMS 

m/z 317 [M+H]
+
, 339 [M+Na]

+
. 

Abiesanordine K (19): white amorphous powder, [α]D
20 +8.0 (c 0.1, CDCl3). 

1
H NMR (400 MHz, CDCl3): δ 1.17 (3H, s, Me-20), 1.28 (3H, s, 

Me-20), 2.59 (3H, s, H-16), 4.85 (1H, br s, H-7), 7.38 (1H, d, J = 8.4 Hz, H-11), 7.86 (1H, dd, J = 8.4, 2.1 Hz, H-12), 7.94 (1H, d, J = 2.1 Hz, 

H-14), 
13

C NMR (100 MHz, CDCl3): δ 38.1 (C-1), 18.4 (C-2), 37.4 (C-3), 46.6 (C-4), 39.3 (C-5), 30.6 (C-6), 67.7 (C-7), 136.0 (C-8), 154.6 

(C-9), 39.2 (C-10), 124.8 (C-11), 128.1 (C-12), 135.4 (C-13), 131.2 (C-14), 198.2 (C-15), 26.6 (C-16), 183.5 (C-18), 16.3 (C-19), 24.1 (C-20); 

(+) ESIMS m/z 317 [M+H]
+
, 339 [M+Na]

+
. 

16-Nor-15-oxodehydroabietic acid (20): colorless oil, [α]D
20 +47.0 (c 0.1, CDCl3). 

1
H NMR (400 MHz, CDCl3): δ 1.19 (1H, m, H-3a), 1.25 (3H, 

s, Me-20), 1.29 (3H, s, Me-19), 1.33 (1H, m, H-1a), 1.54 (1H, m, H-1b), 1.56 (1H, m, H-6a), 1.75 (2H, m, H2-2), 1.80 (1H, m, H-3b), 1.87 (1H, 

m, H-6b), 2.26 (1H, dd, J = 12.4, 2.4 Hz, H-5), 2.56 (3H, s, Me-16), 7.63 (1H, d, J = 8.4 Hz, H-11), 7.66 (1H, d, J = 2.0 Hz, H-14), 7.72 (1H, dd, 

J = 8.4, 2.0 Hz, H-12), 
13

C NMR (100 MHz, CDCl3): δ 37.7 (C-1), 18.4 (C-2), 36.6 (C-3), 47.3 (C-4), 44.2 (C-5), 21.5 (C-6), 29.9 (C-7), 135.4 

(C-8), 155.5 (C-9), 37.6 (C-10), 124.6 (C-11), 125.8 (C-12), 134.5 (C-13), 129.2 (C-14), 198.2 (C-15), 26.6 (C-16), 183.2 (C-18), 16.3 (C-19), 

24.8 (C-20); (+) ESIMS m/z 301 [M+H]
+
, 323 [M+Na]

+
. 

17-Nor-7,15-dion-8,11,13-abietatrien-18-oic acid (21): colorless oil, [α]D
20 +28.0 (c 0.1, CDCl3). 

1
H NMR (400 MHz, CDCl3): δ 1.19 (1H, dd, 

J = 12.8, 4.0 Hz, H-3a), 1.29 (3H, s, Me-20), 1.32 (3H, s, Me-19), 1.54 (1H, br d, J = 13.4 Hz, H-1b), 1.75 (2H, m, H2-2), 1.80 (1H, br d, J = 
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12.8 Hz, H-3b), 2.33 (1H, br d, J = 13.4 Hz, H-1a), 2.42 (1H, dd, J = 16.8, 3.2 Hz, H-6a), 2.63 (3H, s, Me-16), 2.68 (1H, dd, J = 14.0, 3.2 Hz, 

H-5), 2.86 (1H, dd, J = 16.8, 14.0 Hz, H-6b), 7.52 (1H, d, J = 8.4 Hz, H-11), 8.18 (1H, dd, J = 8.4, 2.0 Hz, H-12), 8.56 (1H, dd, J = 2.0 Hz, 

H-14), 
13

C NMR (100 MHz, CDCl3): δ 37.7 (C-1), 18.4 (C-2), 36.6 (C-3), 47.3 (C-4), 45.2 (C-5), 38.5 (C-6), 199.5 (C-7), 132.4 (C-8), 161.0 

(C-9), 37.8 (C-10), 124.6 (C-11), 134.8 (C-12), 136.5 (C-13), 128.5 (C-14), 198.2 (C-15), 26.6 (C-16), 182.2 (C-18), 16.3 (C-19), 24.8 (C-20); 

(+) ESIMS m/z 315 [M+H]
+
, 337 [M+Na]

+
, 629 [2M+H]

+
. 

Methyl 13-acetyl-7-oxo-podocarpa-8,11,13-trien-15-oate (22): colorless oil, [α]D
20 +39.0 (c 0.1, CDCl3). 

1
H NMR (400 MHz, CDCl3): δ 1.19 

(1H, dd, J = 12.8, 4.0 Hz, H-3a), 1.29 (3H, s, Me-20), 1.32 (3H, s, Me-19), 1.54 (1H, br d, J = 13.4 Hz, H-1b), 1.75 (2H, m, H2-2), 1.80 (1H, br d, 

J = 12.8 Hz, H-3b), 2.33 (1H, br d, J = 13.4 Hz, H-1a), 2.42 (1H, dd, J = 16.8, 3.2 Hz, H-6a), 2.65 (3H, s, Me-16), 2.68 (1H, dd, J = 14.0, 3.2 Hz, 

H-5), 2.86 (1H, dd, J = 16.8, 14.0 Hz, H-6b), 3.69 (3H, s, OMe), 7.52 (1H, d, J = 8.4 Hz, H-11), 8.18 (1H, dd, J = 8.4, 2.0 Hz, H-12), 8.56 (1H, 

dd, J = 2.0 Hz, H-14); (+) ESIMS m/z 329 [M+H]
+
, 327 [M-H]

－
. 

8(14)-Podocarpen-13-on-18-oic acid (23): pale yellow oil, [α]D
20 +12.0 (c 0.1, CDCl3). 

1
H NMR (400 MHz, CDCl3): δ 0.87 (3H, s, Me-20), 

1.26 (3H, s, Me-19), 6.01 (1H, br s, H-14), 
13

C NMR (100 MHz, CDCl3): δ 38.4 (C-1), 17.8 (C-2), 36.8 (C-3), 47.1 (C-4), 47.7 (C-5), 24.0 (C-6), 

35.3 (C-7), 168.7 (C-8), 51.7 (C-9), 38.1 (C-10), 20.0 (C-11), 36.1 (C-12), 202.6 (C-13), 125.7 (C-14), 184.6 (C-18), 16.7 (C-19), 15.6 (C-20); 

(+) ESIMS m/z 277 [M+H]
+
, 299 [M+Na]

+
. 

Abiesanordine E (24): pale yellow oil, [α]D
20 +12.0 (c 0.1, CDCl3). 

1
H NMR (400 MHz, CDCl3): δ 0.86 (3H, s, Me-20), 1.26 (3H, s, Me-19), 

2.35 (1H, m, H-12a), 2.42 (1H, s, H-12b), 2.58 (1H, dd, J = 14.0, 3.2 Hz, H-5), 2.64 (1H, dd, J = 12.8, 3.0 Hz, H-9), 4.39 (1H, br s, H-7), 6.01 

(1H, br s, H-14), 
13

C NMR (100 MHz, CDCl3): δ 37.9 (C-1), 18.0 (C-2), 36.5 (C-3), 46.5 (C-4), 41.4 (C-5), 31.5 (C-6), 71.2 (C-7), 163.0 (C-8), 

47.3 (C-9), 38.9 (C-10), 20.1 (C-11), 36.5 (C-12), 201.0 (C-13), 128.1 (C-14), 184.0 (C-18), 16.5 (C-19), 14.9 (C-20); (+) ESIMS m/z 293 
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[M+H]
+
, 315 [M+Na]

+
. 

8(14)-Podocarpen-7,13-dion-18-oic acid (25): pale yellow oil, [α]D
20 +22.0 (c 0.1, CDCl3). 

1
H NMR (400 MHz, CDCl3): δ 0.97 (3H, s, Me-20), 

1.30 (3H, s, Me-19), 2.37 (1H, m, H-12a), 2.50 (1H, dd, overlapped, H-5), 2.50 (1H, dd, overlapped, H-6a), 2.52 (1H, dd, J = 16.8, 14.0 Hz, 

H-5), 2.56 (1H, dd, J = 13.6, 3.6 Hz, H-9), 2.66 (1H, br d, J = 15.8 Hz, H-12b), 4.39 (1H, br s, H-7), 6.01 (1H, br s, H-14); (+) ESIMS m/z 291 

[M+H]
+
, 313 [M+Na]

+
. 

7-Oxo-13-Hydroxy-podocarpa-8,11,13-trien-18-oic acid (26): pale yellow oil, [α]D
20 +29.0 (c 0.1, CDCl3). 

1
H NMR (400 MHz, CDCl3): δ 

1.25 (3H, s, Me-20), 1.31 (3H, s, Me-19), 2.48 (1H, dd, J = 17.2, 2.4 Hz, H-12a), 2.64 (1H, dd, J = 14.2, 2.4 Hz, H-5), 2.70 (1H, dd, J = 17.2, 

14.0 Hz, H-9), 2.66 (1H, br d, J = 15.8 Hz, H-12b), 7.06 (1H, dd, J = 8.0, 2.0 Hz, H-12), 7.24 (1H, d, J = 8.0 Hz, H-11), 7.49 (1H, d, J = 2.0 Hz, 

H-14), 
13

C NMR (100 MHz, CDCl3): δ 37.2 (C-1), 18.1 (C-2), 36.9 (C-3), 46.1 (C-4), 43.6 (C-5), 36.5 (C-6), 199.4 (C-7), 131.4 (C-8), 148.0 

(C-9), 37.7 (C-10), 125.1 (C-11), 112.8 (C-12), 154.5 (C-13), 122.3 (C-14), 182.7 (C-18), 16.1 (C-19), 23.6 (C-20); (+) ESIMS m/z 289 [M+H]
+
, 

311 [M+Na]
+
, 577 [2M+H]

+
, 599 [2M+Na]

+
. 

12α-Hydroxyabietic acid (27): pale-yellow amorphous powder, [α]D
20 +32.0 (c 0.1, CDCl3). 

1
H NMR (400 MHz, CDCl3): δ 0.88 (3H, s, Me-20), 

1.02 (1H, m, H-1a), 1.08 (1H, m, H-3a), 1.09 (3H, d, J = 7.2 Hz, Me-16), 1.11 (3H, d, J = 7.2 Hz, Me-17), 1.27 (3H, s, Me-19), 1.50 (1H, m, 

H-2a), 1.82 (1H, m, H-11a), 1.92 (1H, m, H-1b), 1.94 (2H, m, H-2b, H-6a), 1.97 (1H, m, H-11b), 2.02 (1H, m, H-6b), 2.17 (1H, br d, J = 12.4 Hz, 

H-3b), 2.21 (1H, dd, J = 13.5, 3.6 Hz, H-9), 2.35 (1H, dd, J = 13.5, 3.6 Hz, H-5), 2.42 (1H, sept., J = 7.2 Hz, H-15), 4.25 (1H, br s, H-12), 4.52 

(1H, br s, H-7), 5.86 (1H, br s, H-14); (+) ESIMS m/z 319 [M+H]
+
, 331 [M+Na]

+
. 

7-Oxo-13-epi-pimara-8,15-dien-18-oic acid (28): white amorphous powder, [α]D
20

 +65.0 (c 0.1, CHCl3).
 1
H NMR (400 MHz, CDCl3): δ 1.00 
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(3H, s, Me-20), 1.12 (3H, s, Me-17), 1.27 (3H, s, Me-19), 4.88 (1H, br d, J = 17.0 Hz, H-16a), 4.96 (1H, br d, J = 11.0 Hz, H-16b), 5.68 (1H, dd, 

J = 17.0, 11.0 Hz, H-15), 
13

C NMR (100 MHz, CDCl3): δ 36.0 (C-1), 17.8 (C-2), 36.8 (C-3), 46.3 (C-4), 44.8 (C-5), 34.6 (C-6), 199.6 (C-7), 

129.0 (C-8), 165.8 (C-9), 39.1 (C-10), 22.8 (C-11), 33.5 (C-12), 34.4 (C-13), 33.3 (C-14), 144.8 (C-15), 111.7 (C-16), 28.0 (C-17), 181.5 (C-18), 

16.2 (C-19), 18.0 (C-20); (+) ESIMS m/z 317 [M+H]
+
, 329 [M+Na]

+
.  

Piceanolactones A (29): white amorphous powder, [α]D
20

 +15.0 (c 0.1, CHCl3).
 1
H NMR (400 MHz, CDCl3): δ 1.31 (3H, d, J = 7.2 Hz, Me-16), 

1.31 (3H, d, J = 7.2 Hz, Me-17), 1.39 (1H, m, H-1a), 1.50 (1H, m, H-3a), 1.63 (3H, s, Me-20), 1.67 (3H, s, Me-19), 1.85 (2H, m, H2-2), 2.18 (1H, 

m, H-3b), 2.34 (1H, br d, J = 12.4 Hz, H-5), 3.04 (1H, sept., J = 7.2 Hz, H-15), 7.48 (1H, d, J = 8.0 Hz, H-11), 7.52 (1H, dd, J = 8.0, 2.0 Hz, 

H-12), 8.18 (1H, d, J = 2.0 Hz, H-14); (+) ESIMS m/z 311 [M+H]
+
, 621 [2M+H]

+
.  

Piceanolactones B (30): white amorphous powder, [α]D
20

 +15.0 (c 0.1, CHCl3).
 1
H NMR (400 MHz, CDCl3): δ 1.61 (3H, s, Me-16), 1.61 (3H, s, 

Me-17), 1.63 (3H, s, Me-20), 1.65 (3H, s, Me-19), 7.50 (1H, d, J = 8.0 Hz, H-11), 7.82 (1H, dd, J = 8.0, 2.0 Hz, H-12), 8.32 (1H, d, J = 2.0 Hz, 

H-14); (+) ESIMS m/z 327 [M+H]
+
, 653 [2M+H]

+
.  

Piceanolactones C (31): white amorphous powder, [α]D
20

 +15.0 (c 0.1, CHCl3).
 1

H NMR (400 MHz, DMSO-d6): δ 1.24 (3H, d, J = 7.2 Hz, 

Me-16), 1.24 (3H, d, J = 7.2 Hz, Me-17), 1.34 (1H, m, H-1a), 1.50 (1H, m, H-3a), 1.56 (3H, s, Me-20), 1.59 (3H, s, Me-19), 1.85 (2H, m, H2-2), 

2.11 (1H, m, H-3b), 2.22 (1H, br d, J = 12.4 Hz, H-5), 3.30 (1H, sept., J = 7.2 Hz, H-15), 7.06 (1H, s, H-11), 7.98 (1H, s, H-12),
 13

C NMR (100 

MHz, CDCl3): δ 40.7 (C-1), 20.4 (C-2), 37.7 (C-3), 48.4 (C-4), 147.6 (C-5), 143.9 (C-6), 175.7 (C-7), 124.4 (C-8), 153.8 (C-9), 44.2 (C-10), 

113.0 (C-11), 162.0 (C-12), 137.0 (C-13), 126.6 (C-14), 28.5 (C-15), 23.2 (C-16), 23.2 (C-17), 182.1 (C-18), 22.0 (C-19), 25.4 (C-20); (+) 

ESIMS m/z 327 [M+H]
+
, 349 [M+Na]

+
. 
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Dehydroabietic acid (32): pale yellow oil, [α]D
20 

+30.0° (c 0.1, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 1.19 (1H, dd, J = 12.8, 4.0 Hz, H-3a), 

1.23 (3H, d, J = 7.2 Hz, Me-16), 1.23 (3H, d, J = 7.2 Hz, Me-17), 1.25 (3H, s, Me-20), 1.29 (3H, s, H-19), 1.54 (2H, m, H-1a, H-6a), 1.75 (2H, 

m, H2-2), 1.80 (1H, m, H-3b), 1.87 (1H, m, H-6b), 2.26 (1H, dd, J = 12.4, 2.4 Hz, H-5), 2.33 (1H, br d, J = 13.5 Hz, H-1b), 2.92 (2H, m, H2-7), 

2.94 (1H, sept., J = 7.2 Hz, H-15), 6.91 (1H, d, J = 2.0 Hz, H-14), 7.02 (1H, dd, J = 8.0, 2.0 Hz, H-12), 7.19 (1H, d, J = 8.0 Hz, H-11); (+) 

ESIMS m/z 301 [M+H]
+
, 323 [M+Na]

+
. 

12-Hydroxydehydroabietic acid (33): pale yellow oil, [α]D
20 

+35.0° (c 0.1, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 1.22 (3H, s, Me-20), 1.25 

(3H, d, J = 7.2 Hz, Me-16), 1.27 (3H, d, J = 7.2 Hz, Me-17), 1.29 (3H, s, H-19), 1.52 (1H, m, overlapped, H-6a), 1.52 (1H, dd, overlapped, 

H-1a), 1.70 (1H, m, H-3a), 1.74 (2H, m, H2-2), 1.79 (1H, m, H-3b), 1.82 (1H, m, H-6b), 2.22 (1H, dd, J = 12.5, 2.2 Hz, H-5), 2.25 (1H, br d, J = 

13.5 Hz, H-1b), 2.83 (2H, m, H2-7), 3.12 (1H, sept., J = 7.2 Hz, H-15), 6.64 (1H, s, H-11), 6.85 (1H, s, H-14), 
13

C NMR (100 MHz, CDCl3): δ 

37.9 (C-1), 18.5 (C-2), 36.7 (C-3), 47.4 (C-4), 44.5 (C-5), 21.9 (C-6), 29.2 (C-7), 127.0 (C-8), 147.8 (C-9), 36.8 (C-10), 110.8 (C-11), 150.7 

(C-12), 131.8 (C-13), 126.7 (C-14), 26.8 (C-15), 22.7 (C-16), 22.5 (C-17), 184.5 (C-18), 16.2 (C-19), 25.0 (C-20); (+) ESIMS m/z 317 [M+H]
+
, 

339 [M+Na]
+
. 

15-Hydroxydehydroabietic acid (34): pale yellow powder, [α]D
20

 +16.5 (c 0.1, MeOH). 
1
H NMR (400 MHz, CDCl3): δ 1.24 (3H, s, Me-20), 

1.31 (3H, s, Me-19), 1.50 (1H, m, H-1a), 1.52 (1H, m, H-6a), 1.58 (6H, s, Me-16, 17), 1.60 (2H, m, H2-2), 1.70 (1H, m, H-3a), 1.82 (1H, m, 

H-6b), 1.94 (1H, m, H-3b), 2.24 (1H, dd, J = 12.5, 2.2 Hz, H-5), 2.26 (1H, m, H-1b), 7.17 (1H, d, J = 2.0 Hz, H-14), 7.24 (1H, dd, J = 8.4, 2.0 

Hz, H-12), 7.26 (1H, d, J = 8.4 Hz, H-11), 
13

C NMR (100 MHz, CDCl3): δ 38.5 (C-1), 18.2 (C-2), 37.1 (C-3), 47.3 (C-4), 45.3 (C-5), 22.1 (C-6), 

30.5 (C-7), 136.2 (C-8), 148.2 (C-9), 37.3 (C-10), 124.2 (C-11), 122.9 (C-12), 147.7 (C-13), 125.7 (C-14), 71.3 (C-15), 32.5 (C-16), 32.5 (C-17), 

180.8 (C-18), 17.1 (C-19), 25.2 (C-20); (+) ESIMS m/z 317 [M+H]
+
, 329 [M+Na]

+
.  
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Abieta-8,11,13,15-tetraen-18-oic acid (35): white amorphous powder, [α]D
20

 +55.0 (c 0.1, MeOH).
 1
H NMR (400 MHz, CDCl3): δ 1.25 (3H, s, 

Me-20), 1.29 (3H, s, Me-19), 1.50 (2H, m, H-1a, H-6a), 1.72 (1H, m, H-3a), 1.75 (2H, m, H2-2), 1.80 (1H, m, H-3b), 1.84 (1H, m, H-6b), 2.14 

(3H, br s, H-17), 2.25 (1H, dd, J = 12.4, 2.1 Hz, H-5), 2.33 (1H, br d, J = 13.5 Hz, H-1b), 2.94 (2H, m, H2-7), 5.04 (1H, br s, H-16a), 5.34 (1H, 

br s, H-16b), 7.16 (1H, d, J = 2.0 Hz, H-14), 7.20 (1H, d, J = 8.0 Hz, H-11), 7.26 (1H, dd, J = 8.0, 2.0 Hz, H-12); (+) ESIMS m/z 299 [M+H]
+
, 

321 [M+Na]
+
.  

7-Oxocallitrisic acid (36): white amorphous powder, [α]D
20

 +59.0 (c 0.1, CHCl3).
 1

H NMR (400 MHz, CDCl3): δ 1.26 (3H, d, J = 7.2 Hz, 

Me-16), 1.27 (3H, d, J = 7.2 Hz, Me-17), 1.29 (3H, s, H-19), 1.30 (3H, s, Me-20), 1.35 (3H, s, Me-19), 1.60 (1H, m, H-2a), 1.78 (1H, m, H-2b), 

1.82 (1H, m, H-1a), 1.88 (1H, m, H-3a), 1.93 (1H, m, H-1b), 2.39 (1H, dd, J = 17.4, 2.8 Hz, H-6a), 2.45 (1H, br d, J = 13.5 Hz, H-3b), 2.67 (1H, 

dd, J = 14.0, 2.8 Hz, H-5), 2.82 (1H, dd, J = 17.4, 14.0 Hz, H-6b), 2.93 (1H, sept., J = 7.2 Hz, H-15), 7.41 (1H, d, J = 8.0 Hz, H-11), 7.51 (1H, 

dd, J = 8.0, 2.0 Hz, H-12), 7.83 (1H, d, J = 2.0 Hz, H-14); (+) ESIMS m/z 315 [M+H]
+
, 629 [2M+H]

+
.  

15-Hydroxy-7-oxo-8,11,13-abietatrien-18-oic acid (37): pale yellow powder, [α]D
20

 +16.5 (c 0.1, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 1.27 

(3H, s, Me-20), 1.29 (3H, s, Me-19), 1.58 (6H, s, Me-16, 17), 1.68 (1H, m, H-1a), 1.80 (5H, m, H-1b, H2-2, H2-3), 2.42 (1H, dd, J = 17.0, 3.2 Hz, 

H-6a), 2.68 (1H, dd, J = 13.5, 3.2 Hz, H-5), 2.86 (1H, dd, J = 17.0, 13.5 Hz, H-6b), 7.38 (1H, d, J = 8.4 Hz, H-11), 7.76 (1H, dd, J = 8.4, 2.1 Hz, 

H-12), 8.06 (1H, d, J = 2.1 Hz, H-14), 
13

C NMR (100 MHz, CDCl3): δ 37.7 (C-1), 18.1 (C-2), 37.0 (C-3), 46.3 (C-4), 43.5 (C-5), 36.4 (C-6), 

198.8 (C-7), 130.4 (C-8), 153.8 (C-9), 37.3 (C-10), 123.6 (C-11), 130.7 (C-12), 147.3 (C-13), 123.3 (C-14), 72.4 (C-15), 31.7 (C-16), 31.5 

(C-17), 182.5 (C-18), 16.1 (C-19), 23.6 (C-20); (+) ESIMS m/z 331 [M+H]
+
, 353 [M+Na]

+
.  

Methyl 15-hydroxy-7-oxo-dehydroabietate (38): pale yellow powder, [α]D
20

 +36.5 (c 0.1, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 1.29 (3H, s, 

Me-19), 1.37 (3H, s, Me-20), 1.61 (6H, s, Me-16, 17), 1.63 (1H, m, H-1a), 1.80 (5H, m, H-1b, H2-2, H2-3), 2.40 (1H, dd, J = 17.0, 3.2 Hz, H-6a), 
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2.42 (1H, dd, J = 13.5, 3.2 Hz, H-5), 2.75 (1H, dd, J = 17.0, 13.5 Hz, H-6b), 3.67 (3H, s, OMe-21), 7.38 (1H, d, J = 8.4 Hz, H-11), 7.75 (1H, dd, 

J = 8.4, 2.1 Hz, H-12), 8.08 (1H, d, J = 2.1 Hz, H-14); (+) ESIMS m/z 345 [M+H]
+
, 367 [M+Na]

+
, 689 [2M+H]

+
. 

Abiesadine O (39): pale yellow powder, [α]D
20

 +26.0 (c 0.1, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 1.19 (3H, s, Me-20), 1.29 (3H, s, Me-19), 

1.47 (1H, m, H-1a), 1.54 (6H, s, Me-16, 17), 1.66 (1H, m, H-6a), 1.68 (1H, m, H-3a), 1.72 (1H, m, H-2a), 1.80 (1H, m, H-2b), 1.92 (1H, m, 

H-3b), 2.16 (1H, br dd, J = 17.0, 13.2 Hz, H-6b), 2.39 (1H, m, H-1b), 2.56 (1H, dd, J = 13.2, 3.2 Hz, H-5), 3.07 (3H, s, OMe), 4.75 (1H, br s, 

H-7), 7.31 (1H, d, J = 8.4 Hz, H-11), 7.34 (1H, dd, J = 8.4, 2.0 Hz, H-12), 7.37 (1H, d, J = 2.0 Hz, H-14); (+) ESIMS m/z 347 [M+H]
+
, 369 

[M+Na]
+
. 

 

 


