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Tripterlides A−F were new abietane derivatives, obtained from Tripterygium wilfordii. 1−4 were 

novel 14(13→12),18(4→3)-diabeo-abietanoids possessing a 6/6/5 tricyclic ring system. 
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Tripterlides A−F (1−6), six new abietane diterpenoids derivatives, together with six known 

abietane diterpenoids (7−12) were obtained from the leaves of Tripterygium wilfordii. 

Especially that tripterlides A−C (1−3) were novel 14(13→12),18(4→3)-diabeo-abietanoids 

possessing a 6/6/5 tricyclic ring system. These unusual structures, including their absolute 

configurations, were determined using UV, IR, HRESIMS, 1D-, 2D-NMR data and through 

comparisons of the experimental and calculated electronic circular dichroism (ECD) spectra. 

The plausible biosynthetic pathway of 1−3 was proposed. Furthermore, in an in vitro 

bioassay, 5, 6, 8, 10−12 showed significant cytotoxic effects against five human cell lines, 

as well as that 6, 8, 10−12 exhibited moderate inhibitory activities on hypoxia-inducible 

factor 1 (HIF-1), which were relevant to the tumor development.  

Introduction 

Tripterygium wilfordii Hook. f. is widely distributed in the 

southern parts of China, which is known as Lei Gong Teng 

(Thunder God Vine) in traditional Chinese medicine. The roots 

of T. wilfordii have been traditionally used to treat rheumatoid 

arthritis, cancer and kill garden insects.1 Recently, an extract, 

derived from a water-chloroform extract of the roots (the so-

called “total multi-glycoside”) has been used in the clinical 

treatments of rheumatoid arthritis and other inflammatory and 

autoimmune diseases.2,3 Previous chemical investigations of 

this plant have revealed the presences of sesquiterpene polyol 

esters, sesquiterpene alkoids, diterpenes, triterpenes, and 

lignans.4-7 Triptolide (10), the typical compound of the 

18(4→3)-abeo-abietane diterpenoids was isolated from the 

roots of T. wilfordii by Kupchan.8 Since then, several triptolide 

analogues have been obtained from T. wilfordii.9-12 Anti-

inflammatory, immunosuppressive and anti-cancer activities of 

those diterpene lactone epoxide compounds were extensively 

reported.13 These findings prompted us to systematically 

investigate the leaves of T. wilfordii. As a result, six new 

abietane derivatives tripterlides A−F (1−6), together with six 

known 18(4→3)-abeo-abietanoids were isolated from the 

ethnolic extract of the leaves of T. wilfordii by several 

chromatographic technologies (Figure 1). Their structures were 

determined by spectroscopic analyses. Tripterlides A−C (1−3) 

possessed an unusual 6/6/5 tricyclic ring system and α,β-

unsaturated-γ-lactone, which might be biosynthetically from 

18(4→3)-abeo-abietane diterpenoid lactone by migration of the 

C-14/C-13 bond to the C-14/C-12 as the key step. It is the first 

time to obtain these abietane derivatives from natural products. 

The inhibitory effects on hypoxia-inducible factor 1 (HIF-1) in 

U251-HRE and cytotoxicities against five human cancer cell 

lines of 1−12 were also evaluated. We present herein the 

isolation and structural characterization of tripterlides A−F, as 

well as their bioactivities. 

Results and discussion 

Tripterlide A (1) was obtained as a pale yellow powder. Its 

molecular formula C20H24O4 was determined by the HRESIMS 

at m/z 351.1567 [M + Na]+ (calcd for C20H24NaO4, 351.1573), 

implying 9 degrees of unsaturation. The UV spectrum of 1 

exhibited an absorption maximum at 246 nm, which was 

characteristic of an α,β-unsaturated ketone. The carbonyl (1749, 

1701 cm-1) and methyl (1462, 1378 cm-1) groups were also 

observed in the IR spectrum of 1. 

The 1H NMR spectrum revealed the presences of 24 protons 

(Table 1) and indicated the presence of an isopropyl moiety [δH 

1.20 (3H, d, J = 7.2 Hz), 1.14 (3H, d, J = 6.6 Hz), 3.04 (1H, m)],  
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Figure 1. Abietane diterpenoids derivatives (1–12) obtained from the leaves of Tripterygium wilfordii.

a tertiary methyl [δH 0.93 (3H, s)]. Additionally, the 

oxymethylene [δH 4.84 (2H, m)] of an α,β-unsaturated-γ-lactone 

was also observed by the analysis of the 1H NMR spectroscopic 

data. The 13C NMR spectrum of 1 exhibited 20 carbon signals, 

which could be attributed to three methyls, six methylenes 

(including one oxygenated), three methines, and eight 

quaternary carbons (including four sp2 carbons and three 

carbonyls) by the DEPT spectrum. Analyses of these carbon 

signals indicated the presences of an α,β-unsaturated-γ-lactone 

[δC 173.9, 124.7, 163.1, 71.0], an α,β-unsaturated ketone [δC 

206.0, 140.2, 176.0], and an isolated ketone [δC 214.2]. These 

spectroscopic data suggested that compound 1 was a 

diterpenoid with a tricyclic ring system, similar to the known 

18(4→3)-abeo-abietane, such as triptolide analogues.8-12  

The HMBC correlations of H-1/C-3 (δC 124.7); H-2/C-3 (δC 

124.7), and C-4 (δC 163.1); H-19/C-3 (δC 124.7), and C-4 (δC 

163.1); and H-20/C-1 (δC 32.2), C-5 (δC 43.4), and C-10 (δC 

38.1) established ring A, and confirmed the locations of the α,β-

unsaturated-γ-lactone and the tertiary methyl [H-20 (δH 0.93) ], 

respectively (Figure 2). The ring B also could be established by 

the long-range correlations between H-6 and C-8 (δC 140.2); H-

7 and C-8 (δC 140.2), C-9 (δC 176.0); H-20 and C-9 (δC 176.0) 

observed in the HMBC spectrum. The 1H-1H COSY correlation 

of H-11/H-12, and the HMBC correlations of H-11/C-9 (δC 

176.0), and C-13 (δC 206.0); and H-12/C-8 (δC 140.2), C-9 (δC 

176.0), and C-13 (δC 206.0) established the unusual five 

membered ring C (Figure 2). The 1H-1H COSY correlations of 

H-15/H3-16, and H3-17 confirmed the isopropyl moiety, and the 

HMBC correlations of H-15/C-14 (δC 214.2), and H-16/C-14 

(δC 214.2) established the isobutyl ketone group. The HMBC 

long-range correlations of H-11/C-14, and H-12/C-14 

suggested that the isobutyl ketone was connected to C-12 of 

ring C.  

It was reported that plenty of abietane type diterpenoids 

including ent-abietanes and abietanes were isolated from 

various plants.14-19 In consideration of the chemical 

investigations of T. wilfordii, several abietanes and 18(4→3)-

abeo-abietanes were obtained.8-12 The 5α-H, 20β-CH3 and α,β-

unsaturated-γ-lactone were the structural characteristics of these 

18(4→3)-abeo-abietanes. The spectroscopic data analyses 

indicated that compound 1 was derivative of 18(4→3)-abeo-

abietanes similar to these isolated diterpenoids from T. wilfordii. 

The NOESY correlations of H-5/H-1a and H-20/H-1b revealed 

the trans-fused relationship of A/B, same as triptolide 

analogues.8-12 Therefore, the planar structure of 1 was 

established as a 14(13→12),18(4→3)-diabeo-abietane 

diterpenoid possessing a 6/6/5 tricyclic ring skeleton that likely 

derived from 18(4→3)-abeo-abietane on the basis of above 

spectroscopic data. 

Compound 2 had the same molecular formula as 1 deduced 

by the HRESIMS at m/z 329.1753. The planar structure of 2 

was established same as that of 1 on the basis of the 

spectroscopic data (Table 1). Therefore, compound 2 was 

defined to be a stereo-isomer of 1.  

Table 1. NMR Spectroscopic Data of Compounds 1, 2, and 3. 

 1 2 3 

position δH
a
 δC

b
 δH

a
 δC

b
 δH

c
 δC

d
 

1 2.12 m 

1.82 m  

32.1 1.82 m 

1.54 m  

32.1 1.70 m 

1.59 m  

31.6 

2 2.36 m 

2.26 m  

18.4 2.30 m 

2.21 m 

18.5 2.41m 

2.28 m 

17.8 

3 - 124.7 - 124.7 - 124.9 

4 - 163.1 - 163.2 - 161.5 

5 2.64 brd 

(12.6) 

43.3 2.79 brd 

(13.6) 

42.4 2.86 brd 

(13.0) 

41.4 

6 1.99 m 

1.82 m 

19.1 2.00 m 

1.76 m 

19.5 1.93 m 

1.74 m 

19.1 

7 2.38 m 

2.22 m 

21.0 2.20-2.33 m 

 

20.8 2.44 m 

 

20.1 

8 - 140.2 - 139.7 - 140.1 

9 - 176.0 - 176.7 - 175.7 

10 - 38.1 - 38.4 - 37.8 

11 2.60 dd 

(18.0, 7.2) 

2.12 dd 

(18.0, 1.8) 

41.2 2.66 dd 

(18.0, 7.6) 

2.08  m 

41.0 2.73 dd 

(18.0, 7.5) 

2.21 dd 

(18.0, 2.0) 

40.8 

12 4.41 m 49.7 4.44 m 49.3 4.58 m 43.8 

13 - 206.0 - 206.0 - 205.7 

14 - 214.2 - 214.2 - 213.8 

15 3.04 m 42.5 3.00 m 42.3 - 77.5 

16 1.20 d (7.2) 18.6 1.17 d (7.2) 18.7 1.51 s 28.1 

17 1.14 d (6.6) 18.2 1.13 d (6.8) 18.3 1.47 s 27.4 

18 - 173.9 - 173.9 - 173.6 

19 4.84 m 71.0 4.84 m 70.9 4.70 m 70.3 

20 0.93 s 19.2 1.07 s 19.5 1.02 s 19.5 
a
 In actone-d6 (600 MHz for 1, 400 MHz for 2). 

b
 In actone-d6 (150 MHz). 

c
 In chloroform-d1 

(500 MHz).
 d
 In chloroform-d1 (125 MHz). 

Compound 3 showed the molecular formula C20H24O5 by 

HRESIMS at m/z 345.1701. The 1H NMR spectrum indicated 

the presences of three methyl groups [δH 1.51, 1.47, 1.02 (each 

3H, s)], and the oxymethylene [δH 4.70 (2H, m)] of an α,β-

unsaturated-γ-lactone. The 13C NMR spectrum of 3 exhibited 

20 carbon signals, which were similar to those of 2, as well as 

Page 3 of 7 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name ARTICLE 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 3  

the down shift of C-15 from δC 42.3 (2) to δC 77.5 (3). Analyses 

of the spectroscopic data (Table 1) of 3 suggested that the 

planar structure of 3 was also similar to that of 2, except for the 

hydroxylation of C-15 (δC 77.5).  

 

Figure 2. 2D NMR correlations of 1−−−−3. 

It was known that triptolide analogues as the natural products 

containing the 18(4→3)-abeo-abietane skeleton were just 

obtained from T. Wilfordii. Their fine stereo-structures were 

clarified by X-ray crystallographic analyses. As a result, the 

stereochemistry of 18(4→3)-abeo-abietane skeleton was 

identified as 5R, 10S.8,20 The absolute configurations of 1−3 

were determined as 5R, 10S, 12R (1), 5R, 10S, 12S (2), 5R, 10S, 

12R (3) by comparisons of the experimental ECD spectra and 

calculated ECD data using the time-dependent density 

functional theory (TD-DFT) method at the B3LYP/6-31G(d) 

level.  

 
Figure 3. Calculated ECD spectra of 5R, 20S, 12R (1a), and one 

of the optimized conformations (1ac2), and the experimental 

ECD spectrum of 1. 

 
Figure 4. Calculated ECD spectra of 5R, 20S, 12S (2a), and one 

of the optimized conformations (2ac2), and the experimental 

ECD spectra of 2, and 3. 

The calculated ECD curves of 5R, 10S, 12R (1a), 5R, 10S, 

12S (2a) matched well with experimental data of 1 and 2, 

respectively (Figures 3 and 4). Additionally, the conformations 

analyses of 1a and 2a (Figure s29, s30) suggested that the 

optimized conformations 1ac1 (92.09%) and 2ac1 (88.67%) 

were major conformations, which have important roles in the 

calculated ECD of 1a and 2a. Meantime, it was found that the 

calculated ECD of conformations 1ac2 (5.71%) and 2ac2 

(9.98%) also matched very well with experimental data, which 

were illustrated in Figures 3, 4, and 5. 

 
1ac1 (92.09 %)                 1ac2 (5.71 %) 

 
2ac1 (88.67 %)                   2ac2 (9.98 %) 

Figure 5. The optimized conformations of 1a, and 2a. 

Plausible biogenetic pathways to compounds 1−3 are 

proposed as shown in Scheme 1. The biosynthetic precursor of 

1−3 could be traced back to a proposed 18(4→3)-abeo-abietane 

type (I). After protonation, I would undergo Pinacol 

rearrangement to give the key intermediates ΙΙ and ΙΙΙ, which 

would readily produce 1−3 respectively by loss of a proton and 

oxidation of C-13 (Scheme 1). 

 
Scheme 1. Plausible Biogenetic Pathway of 1−3. 

Compound 4, was obtained as a pale yellow solid. Its 

molecular formula was established as C19H22O5 by the 

HRESIMS with the ion peak at m/z 331.1543 [M + H]+ (calcd 

for 331.1540), implying 9 unsaturation degrees. The UV 

spectrum exhibited the absorption of unsaturated ketone (λmax 

243 nm). 1H NMR (CDCl3, 600 MHz) spectrum (Table 2) 

indicated the presences of one isopropyl moiety [δH 0.953 (3H, 

d, J = 6.6 Hz), 0.946 (3H, d, J = 7.2 Hz), 2.08 (1H, m)], one 

tertiary-methyl [δH 1.14 (3H, s)], one oxygenated methene [δH 

4.82, 4.74 (each 1H, s)], one methine [δH 2.71 (1H, brd, J = 

13.8 Hz)], and four methylene groups. 13C NMR spectroscopic 

data (Table 2) exhibited 19 carbon signals, including one α,β-

unsaturated-γ-lactone (δC 173.5, 125.8, 162.0, 70.3), and one 

α,β-unsaturated diketone (δC 156.3, 162.5, 200.8, 200.7). On 

the basis of above spectroscopic data, compound 4 was 

established as a nor-diterpenoid with 19 carbons, which was 

similar to the abietane diterpenoids isolated from T. wilfordii.8-

12 
1H-1H COSY spectrum displayed three separated spin-spin 

systems (H-1/H-2, H-5/H-6/H-7, H-14/H-15/H-16). In the 

HMBC spectrum, the long-range correlations of H-1 (δH 

2.92)/C-2 (δC 18.0), C-3 (δC 125.8), C-5 (δC 42.3), C-10 (δC 

35.7), and C-19 (δC 17.98) established the ring A and 
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confirmed the location of the α,β-unsaturated-γ-lactone. Ring B 

could be established by the HMBC correlations of H-6/C-5, C-

10, H-7/C-8, and C-9. The five membered ring C was deduced 

by the long-range correlations of H-19/C-9, H-7/C-13, H-14/C-

13, and H-16/C-12. The isopropyl moiety was established by 

the 1H-1H COSY spectroscopic data (H-14/H-15/H-16) and 

HMBC correlations (H-15/C-14, H-16/C-14). Analyses of the 

1D, 2D NMR data revealed that compound 4 was a nor-

diterpene with 18(4→3)-abeo-abietane skeleton, possessing a 

6/6/5 tricyclic ring system. 

 
Figure 6. The experimental ECD of 4, and calculated ECD 

spectra of 4 (12S) and its 12-epimer (12R). 

The absolute configuration of C-12 was determined to be 

12S by the comparison of the experimental ECD and calculated 

CD curves of 4 and its 12-epimer (Figure 6). Therefore, 

compound 4 was elucidated as shown, named tripterlide D. 

Compound 5, obtained as a white, amorphous solid, had the 

molecular formula C20H22O6, deduced from the [M + H]+ ion 

peak at m/z 359.1489. The IR spectrum displayed the 

absorptions of hydroxyl (3550 cm-1), carbonyl (1764 cm-1), 

methyl groups (1444, 1371 cm-1). 1H NMR spectrum (Table 2) 

exhibited the presences of cyclic olefinic bond [δH 5.56 (1H, d, 

J = 9.6 Hz), 6.17 (1H, d, J = 9.6 Hz)], one isopropyl [δH 1.02 

(3H, d, J = 7.2 Hz), 0.89 d (3H, d, J = 7.2 Hz), 2.23 (1H, m)], 

one tertiary-methyl [δH 1.20 (3H, s)], one oxygenated methene 

[δH 4.82 (2H, m)], and four oxygenated methines [δH 3.36, 3.44, 

3.54, 3.76]. 13C NMR spectroscopic data (Table 2) exhibited 20 

carbon signals, which could confirm above moieties and 

revealed the presence of one α,β -unsaturated lactone [δC 170.8, 

157.9, 123.8, 69.5]. Analyses of the spectroscopic data 

indicated that compound 5 was an 18(4→3)-abeo-abietane 

diterpenoid, which was similar to triptolide.8 

 
Figure 7. Key 1H-1H COSY, HMBC and NOESY Correlations 

of Compound 5. 

The long-range correlations of δH 1.02/δC 65.6 (C-13), δH 

1.20/δC 42.0 (C-10), δH 4.82/δC 123.8 (C-3), 157.9 (C-4) 

observed in the HMBC experiment (Figure 7) confirmed the 

18(4→3)-abeo-abietane skeleton. Compared with triptolide, it 

was obvious that there was one more cyclic olefinic bond in 5. 

Additionally, the HMBC correlations of δH 5.56/δC 123.8 (C-3), 

δC 39.9 (C-5), δH 6.17/δC 123.8 (C-3), δC 157.9 (C-4), δC 42.0 

(C-10) suggested that the cyclic olifinic bond located at C-1/C-

2. The relative configuration could be established by the 

NOESY experiment. The NOE correlations of H-5(α)/H-7, H-

11, H-7/H-14, H-12/H-16 (Figure 7), and the coupling constant 

of H-11/H-12 (J = 3.0 Hz) indicated that the relative 

configuration of 5 was same as triptolide and its analogues.8 

Thus, 5 was elucidated as shown, named tripterlide E. 

Table 2. NMR Spectroscopic Data of Compounds 4, 5, and 6. 

 4 5 6 

No. δH
a
 δC

b
 δH

a
 δC

b
 δH

a
 δC

b
 

1 2.92 dd  

(13.2, 6.6) 

1.60 m 

29.4 5.56 d (9.6) 134.9 7.32 d (7.2) 123.9 

2 2.47 m 

 

18.0 6.17 d (9.6) 115.3 7.80 d (7.2) 124.7 

3 - 125.8 - 123.8 - 126.1 

4 - 160.0 - 157.9 - 145.3 

5 2.71 brd 

(13.8) 

42.3 3.12 m 39.9 - 127.5 

6 2.00 m 

1.78 m 

18.4 2.27 m 22.1 3.33 d 

(18.0)  

3.20 d 

(18.0) 

26.3 

7 2.83 dd  

(20.4, 6.0) 

2.43 m 

21.1 3.37 d (5.4) 59.4 3.62 m 57.6 

8 - 156.3 - 60.7 - 59.6 

9 - 162.5 - 64.9 - 60.9 

10 - 35.7 - 42.0 - 137.4 

11 - 200.8 3.76 d (3.0) 59.8 3.66 m 64.0 

12 - 78.2 3.54 d (3.0) 54.6 3.62 m 54.9 

13 - 200.7 - 65.6 - 65.9 

14 2.08 m 34.6 3.44 d 

(10.8) 

73.3 3.78 d 

(10.4) 

72.7 

15 0.953 d (6.6) 17.3 2.23 m 28.2 2.31 m 28.5 

16 0.946 d (7.2) 17.3 1.02 d (7.2) 16.9 0.95 d (6.0) 17.0 

17 - 173.5 0.89 d (7.2) 17.8 1.08 d (6.0) 17.9 

18 4.82 m 

4.74 m 

70.3 - 170.8 - 170.5 

19 1.14 s 17.98 4.82 m 69.5 5.28 d 

(14.4) 

5.21 d 

(14.4) 

68.5 

20 - - 1.19 s 15.3 - - 

a
 In chloroform-d1 (600 MHz for 4, 5, 400 MHz for 6).

b
 In chloroform-d1 (150 MHz for 

4, 5, 100 MHz for 6). 

Compoud 6 showed the molecular formula C19H18O6 by the 

HRESIMS. Analyses of the spectroscopic data indicated that 6 

possessed the same 18(4→3)-abeo-abietane skeleton as that of 

5, except for ring A. Compared with 5, one extra olifinic bond 

(δC 137.4, 127.5) was observed, as well as the absence of CH3-

20. Ring A could be established as an aromatic ring by the 

long-range correlations of δH 7.80/δC 145.3, 137.4, δH 7.32/δC 

126.1, 127.5 in its HMBC spectrum. On the basis of its 1D, and 

2D NMR spectroscopic data, it was suggested that 6 had the 

same ring B, and C as 5. Therefore, 6 was established as 

tripterlide F. 

The six known diterpenes were identified as [5aS-

(5aα,5bα,8β,9α,9aR*,10aβ)]-4,5a,5b,8,9,10a,11,11a-octahydro 

-5b,8,9-trihydroxy-5a-methyl-8-(1-methylethyl)-1H-oxireno 

[8a,9]phenanthro[1,2-c]furan-3(5)-one (7),21 isotriptolide (8),22 
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triptriolide (9),23 triptolide (10),8 triptolidenol (11),24 tripdiolide 

(12),8 from their spectroscopic data upon comparisons with 

values reported in the literatures. 

Hypoxia-inducible factor-1 (HIF-1) inhibitory effects of 1−−−−12. 

Hypoxia-inducible factor-1 (HIF-1), a critical transcription factor 

to reduce O2 availability, has been demonstrated to be extensively 

involved in tumor survival, and considered as a potential anticancer 

target.25, 26 In an in vitro bioassay, Compounds 6, 8, and 10−12 could 

inhibit the hypoxia-inducible factor 1 (HIF-1) in U251-HRE with the 

IC50 9.82, 5.87, 0.02, 0.06, 0.17 µM, respectively (Table 3).  

Cytotoxic activities of compounds 1−12. 

In bioassay experiments using the 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT) method,27 5, 6, 8, and 

10−12 exhibited significant cytotoxicities against five human cell 

lines HCT-116, HepG2, BGC-823, H460, and SK-OV-3 as shown in 

Table 3.  

Table 3. Cytotoxicities and Inhibitory Effects of HIF-1 on the U251-

HRE Cells of compounds 1−12. 

 
Cytotoxicity IC50 (µM) 

HIF-1 inhibitory 

IC50 (µM) 

No. HCT-116 HepG2 BGC-823 H460 SK-OV-3 U251-HRE 

1 >10 >10 >10 >10 >10 >10 

2 >10 >10 >10 >10 >10 >10 

3 >10 >10 >10 >10 >10 >10 

4 >10 >10 >10 >10 >10 >10 

5 0.97 1.63 3.16 0.93 8.47 >10 

6 0.90 0.63 0.85 0.17 2.30 9.82 

7 >10 >10 >10 >10 >10 >10 

8 <0.10 0.15 0.34 >10 >10 5.87 

9 >10 >10 >10 >10 >10 >10 

10 <0.10 <0.10 <0.10 <0.10 <0.10 0.02 

11 0.39 0.77 0.20 2.16 0.41 0.06 

12 0.73 1.65 0.91 34.58 1.36 0.17 

Experimental 

General experimental produces. 
1H-, Optical rotations were measured on a JASCO P-2000 

polarimeter. UV spectra were measured on a JASCO V650 

spectrophotometer. IR spectra were recorded on a Nicolet 5700 

FT-IR microscope instrument (FT-IR microscope 

transmission). CD spectra were obtained from a JOUAN Mark 

II spectropolarimeter. NMR spectra were acquired with VNS-

600, Bruker-500, and Mercury-400 spectrometers. HRESIMS 

spectra were collected on an Agilent 1100 series LC/MSD ion 

trap mass spectrometer. Preparative HPLC was performed on a 

Shimadzu LC-6AD instrument with a SPD-20A detector, using 

a YMC-Pack ODS-A column (2×25 cm, 5 µm). Column 

chromatography was performed with silica gel (200−300 mesh, 

Qingdao Marine Chemical Inc., Qingdao, People’s Republic of 

China) and ODS (50 µm, YMC, Japan). TLC was carried out on 

glass precoated silica gel GF254 plates. Spots were visualized 

under UV light or by spraying with 10% sulfuric acid in EtOH 

followed by heating. 

Plant material.  

The leaves of Tripterygium wilfordii were collected in 

Taining, Fujian, China, in September 2009. A voucher 

specimen (No. 20090034) was identified by Professor Lin Ma 

from the Institute of Materia Medica, Chinese Academy of 

Medical Sciences and Peking Union Medical College and was 

deposited at the herbarium of the Institute of Material Medica, 

Chinese Academy of Medical Sciences and Peking Union 

Medical College, China.  

Extraction and isolation.  

Air-dried leaves of Tripterygium wilfordii (50 kg) were 

extracted with 80% ethanol (400 L × 2h × 3). After evaporation 

of EtOH in vacuo, the aqueous residue was diluted with water 

and then partitioned with EtOAc (30 L × 3). The EtOAc extract 

(4000 g) was subjected to passage over polyamide by elution 

with water and 30%, 60%, and 95% EtOH−water in sequence 

to give fractions A1 (478 g), A2 (743 g), A3 (828 g), and A4 

(1000 g). Fraction A1 (478 g) was subjected to column 

chromatography on silica gel with CHCl3−MeOH (1:0−10:1) to 

afford 10 fractions (B1−B10). Fraction B7 (52 g) was separated 

by a silica gel column (200−300 mesh) eluted with 

CHCl3−MeOH (80:1−10:1) to afford 43 fractions (F1−F43). 

Subfraction F12 (2.3 g) was passed over an RP-18 column with 

MeOH−water (20−80%) and finally purified by preparative 

HPLC (detected at 210 nm, 8 mL/min) to give 1 (6 mg), 2 (7 

mg), 3 (4 mg), 4 (3 mg), 5 (2 mg), 6 (4 mg), 7 (2 mg), 8 (6 mg), 

9 (3 mg), 10 (34 mg), 11 (21 mg), and 12 (7 mg). 

Structure characterization. 

Tripterlide A (1): pale yellow powder; [α]
25

D  + 39.2 (c 0.1 

CHCl3); UV (CHCl3) λmax (log ε) 246 (3.75) nm; IR 

(microscope) νmax 2958, 2927, 1749, 1701, 1462, 1378, 1020, 

753 cm-1; CD (CH3CN) λmax (∆ε) 287 (- 1.10), 248 (- 1.37), 220 

(+ 11.20), 199 (- 2.80) nm; 1H and 13C NMR data, see Table 1; 

HRESIMS m/z 351.1567 (calcd for C20H24NaO4, 351.1573). 

Tripterlide B (2): pale yellow powder; [α]
25

D  + 56.8 (c 0.1, 

CHCl3); UV (CHCl3) λmax (log ε) 245 (3.90) nm; IR 

(microscope) νmax 2968, 2932, 1754, 1702, 1464, 1385, 1071, 

1019, 754 cm-1; CD (CH3CN) λmax (∆ε) 295 (+ 1.82), 244 (+ 

9.07), 222 (- 11.42), 206 (+ 3.32) nm; 1H and 13C NMR data, 

see Table 1; HRESIMS m/z 329.1753 (calcd for C20H25O4, 

329.1747). 

Tripterlide C (3): pale yellow powder; [α]
25

D  + 30.6 (c 0.1 

CHCl3); UV (CHCl3) λmax  (log ε) 245 (3.71) nm; IR 

(microscope) νmax 3431, 2928, 2852, 1747, 1702, 1460, 1385, 

1073, 1021, 756 cm-1; CD (CH3CN) λmax (∆ε) 315 (+ 0.49), 247 

(+ 3.47), 224 (- 4.01) nm; 1H and 13C NMR data, see Table 1; 

HRESIMS m/z 345.1701 (calcd for C20H25O5, 345.1697). 

Tripterlide D (4): pale yellow solid, [α]
25

D  + 58.4 (c 0.08 

CHCl3); UV (CHCl3) λmax (log ε) 243 (4.25) nm; CD (CHCl3) 

λmax (∆ε) 239 (+ 12.05), 267 (- 2.25), 333 (+ 0.486) nm; 1H 

NMR  and 13C NMR data see table 2; HRESIMS m/z 331.1543 

(calcd for C19H23O5, 331.1540). 

Tripterlide E (5): white amorphous solid, [α]
25

D  − 17.5 (c 

0.17 CHCl3); UV (CHCl3) λmax (log ε) 233 (0.93), 275 (2.12) 

nm; IR (microscope) νmax 3550, 2966, 2933, 1764, 1444, 1371, 

1034, 1020, 745 cm-1; 1H NMR  and 13C NMR data see table 2; 

HRESIMS m/z 359.1489 (calcd for C20H23O6, 359.1496). 

Tripterlide F (6): white amorphous solid, [α]
25

D  − 50.27 (c 

0.09 CHCl3); UV (CHCl3) λmax (log ε) 245 (4.67), 277 (0.24), 

286 (0.24) nm; IR (microscope) νmax 3456, 2958, 2919, 1777, 

1763, 1467, 1399, 1078, 1038 cm-1; 1H NMR  and 13C NMR 

data see table 2; HRESIMS m/z 343.1176 (calcd for C19H19O6, 

343.1179). 

Inhibitory Effects on hypoxia-inducible factor 1 (HIF-1) in 

U251-HRE.  

Compounds 1−12 were tested for their ability to inhibit 

hypoxia-inducible factor 1 (HIF-1) in U251-HRE cells. This 

assay was carried out as previously described.28 
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Cytotoxicties Assay.  

Compounds 1−12 were tested for cytotoxicities against HCT-

116 (human lung carcinoma), HepG2 (human liver carcinoma), 

BGC-823 (human stomach carcinoma), H460 (human colon 

carcinoma), and SK-OV-3 (human ovarian carcinoma) cell 

lines by means of the MTT method as described in the 

literature.25 

Conclusions 

In conclusion, twelve abietane derivatives were obtained 

from the traditional Chinese medicine Tripterygium wilfordii 

Hook. f.. Especially, three novel 14(13→12),18(4→3)-diabeo-

abietane diterpenoids, tripterlides A–C (1–3), were isolated, 

which possessed 6/6/5 tricyclic ring skeleton that likely derived 

from 18(4→3)-abeo-abietane. It is the first time to report these 

abietane derivatives isolated from natural products. 

Additionally, these diterpenoids displayed potential HIF-1 

inhibitory effects, which were suggested to be the main 

bioactive substance of T. wilfordii. On the basis of the 

structures and bioactivities, preliminary structure & activity 

relationship was deduced. It was suggested that the epoxy 

groups of the abietanoids may play important role in the 

cytotoxicties against cancer cells and HIF-1 inhibitory effects. 

These findings prompt us to pay more attentions to trace 

bioactive diterpenoids in chemical studies of medicinal plants. 
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