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Abstract-Three new and two known dihydroagarofuran derivatives were isolated from the leaves of T. wilfordii and 
their structures established by chemical and spectroscopic means. 

INTRODUCTION 

Various dihydroagarofuran sesquiterpenes have been 
isolated from members of Celastraceae [l]. We have 
studied the sesquiterpene constituents of this genus and 
have described the isolation of triptofordin A (l), B (2), C- 
l (3) and C-2 (4) from Tripterygium wilfordii Hook fil. var. 
regelii Makino [2]. The structure elucidation of three new 
(S,6 and 7) and two known (8 and 9) constituents of this 
plant with the dihydroagarofuran skeleton is the subject 
of this paper. 

RESULTS AND DISCUSSION 

Repeated column chromatography of the ethyl acetate- 
soluble fraction from the methanol extract of leaves of 
T. wilfordii yielded ttiptofordins D-l (Sk D-2 (6), E (7) and 
compounds 8 and 9. The structures of compounds 8 and 9 
were identified from the spectral data as polyesters of 8- 
oxo- 1,2,4,6,9,1 S-hexahydroxydihydroagarofuran c31. 
These polyesters were isolated from Austroplenckia popu- 
lea (Celostruceae) as the active principle against the larval 
stage of Strongyloides stercoralis and hookworms 133. 

Triptofordin D-l (5) showed [M] + at m/z 634 in the 
mass spectrum. Its IR spectrum showed hydroxy absorp- 
tion at 3500 cm- t, and ketone and ester carbonyl bands at 
174Oand 1720cm-‘. The presence of bandsat 1635,160O 
and 1590 cm - ’ suggested that it contained cinnamate and 
benzoate groups, and the mass spectrum showed peaks 
due to the loss of one benzoic acid, one cinnamic acid and 
two acetic acid units. 

The t H NMR spectrum confirmed that Scontained one 
benzoate ester and one cinnamate ester [S 6.91-7.90 
(lOH), 65.80 and 7.33 (each lH, d, J = 16.1 Hz)]. Two 
sharp singlets at 62.11 and 2.16 (each 3H) were assigned to 
the two acetate methyl groups. Three singlets at 
61.43-1.66 (Table 1) were attributed to three tertiary 
methyl groups. One AB quartet at 64.40 and 5.20 was 
assigned to the methylene-bearing primary ester group. 
The signals observed at 65.57,5.98 and 6.67 were assigned 
to the protons attached to the carbon atoms bearing the 
secondary ester groups. The “C NMR spectrum (Table 2) 
of 5 showed four ester carbonyl carbons at 6 165.1-170.3, 

one methylene and three methines at 660.6,76.0,74.5 and 
79.5, and one ketone at 6 197.6. These facts agreed with a 
molecular formula for 5 of CJSHJBO, ,. It was concluded 
that 5 was based on the dihydroagarofuran skeleton of the 
sesquiterpene polyol esters found in other Celastraceae 
Cll. 

In the *H NMR spectrum of 5, the signal at 66.71 (d, J 
= 0.7 Hz) was assigned as H,-6 under the C-6 ester 
function since H,-6 of this type of compound is only 
weekly coupled to H -7 [4]. The chemical shifts of H-7 
(63.00) and C-7 (S65fl) indicated that the ketone group 
was located on C-8. The signal at 65.98 was assigned as H- 
9. The one methylene attached ester function was assigned 
as C-l 5 since the signal of H,,-was downfield of that of the 
15-Me compounds [S]. The signal at 65.57 (dd, ./ = 12.2 
and 3.9 Hz) was assigned to H,,-1 as found in all the 
sesquiterpenes with a dihydroagarofuran skeleton iso- 
lated from Celastruceae plants [ 11. The tertiary hydroxy 
group was responsible for a signal at 62.73 (exchangeable 
with DzO) and was placed at C4. These assignments were 
confirmed by NOE experiments (Table 3). Thus, when the 
H-9 signal was irradiated, an increase (17 %) of the H,,-1 
signal intensity occurred. On irradiation of the H-12 (Me) 
signal, the intensities of the H-8 and H-9 signals were 
increased, while on irradiation of the H-14 (Me) signal, the 
intensities of the H-6 and H-15 (CH,) signals were 
increased. These results indicated that the orientations of 
the protons attached to the oxygen-bearing carbon atoms 
were H,,-1, H,-6, H -8 and H,,-9. 

The remaining progem was the distribution of the ester 
groups. Previous workers have drawn attention to the 
unusual diamagnetic shift of one of the acetate methyl 
signals (61.5-1.7) which arises when an equatorially 
oriented acetate on C- 1 is shielded by an aromatic ester on 
C-9 [6,7]. The acetate methyl signals of 5 were in the 
usual region (62.1 l-2.16), which indicated that the ester 
groups on C-l and C-9 were either acetates or benzoate 
and cinnamate. Sodium borohydride reduction of 5 gave 
an 8-a-hydroxy derivative (5~) and a deacetyl-8-a-hydroxy 
derivative (Sb). On sodium borohydride reduction of 5, 
the hydride anion attack on C-8 occurred from the /?-side 
because the a-side on C-8 was blocked by H- 12 (Me). The 
structure of Sb was determined by means of its ’ H NMR 
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spectrum as the 6deacetyWhydroxy derivative, which 
indicated that one acetyl ester of 5 was attached on C-6 
while the other acetyl ester wasattached on C-15 as shown 
by the presence of the usual acetyl methyl signal. The 
position of the henzoate and cinnamate esters was 
determined by comparison of the ‘HNMR spectra of 
compounds 5,g and 9 which have a same stereochemistry 
in ring B. The chemical shift of H-9 (6 5.97) in compound 5 
was very similar to that of compound 9 (65.98) and 
established that the benxoatc ester of 5 was attached on C- 
9. From these results the structure of triptofordin D-l was 
formulated as 5. 

Compound 6, triptofordin D-2, CJ7Hd20r1, contained 
three acetate, one benzoate and one cinnamate residue 
(IR, UV, ‘H NMR and ‘)C NMR). The “C NMR spectra 
of 5 and 6 were very similar, except for the signals of C-7, 
C-8 and C-9. This suggested that compound 6 was also a 
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dihydroagarofuran sesquiterpene with the same stereo- 
chemistry as 5 except at C-8. In compound 6, the chemical 
shifts of C-7 and C-8 were up field of those of 5 which 
indicated that an ester group was attached a C-8 of 6. 
From a comparison of the ‘H NMR spectra (Table 1) of 5 
and 6, the signals at 65.48, 6.85, 2.64 and 4.61 were 
assigned to H,-1, H,-6, H,-7 and H- 15, respectively. The 
signal at 6 5.57 was assigned to H-8 from the coupling with 
H-7, then the signal of coupling with H-8 at 65.74 was 
assigned to H-9. From the coupling constant (J = 5.9 Hz) 
between H-8 and H-9 the orientation of H-8 and H-9 was 
not diaxial (SC: .I = 10.0 Hz) and had to be k-8-H,,-9, 
H,-8-H--9 or H,-8-H--9’ A series of NOE experiments 
(Table 3) established that the orientation was in fact H,-8 
and H--9. 

In the ‘H NMR spectrum of 6 the three acetate methyl 
signals appeared in the usual region. A signal at 65.48 was 
very similar to that of H-l(d5.42) of SC in terms of 
chemical shift and coupling pattern and placed the 
cinnamoyl ester group of 6 on C-l. The remaining 
benxoate ester was placed on C-9. The orientation of the 
cinnamate ester was confirmed by means of long range 
selective proton decoupling (LSPD) [8]. LSPD of the 
cinnamoyl methine signal on the double bond at 65.70 
collapsed the carbonyl signal (6 165.7) to a sharp doublet, 
whereas the LSPD of H,-1 collapsed the same carbonyl 
signal to a doublet. This clearly indicated that the ester on 
C-l was a cinnamoyl group. 

Compound 7, triptofordin E, C3sH3s0rJ, contained 
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Table 1. ‘HNMR data for triptofordins D-l (9 D-2 (a), E (7L and compounds 5% 8, 9 
(200 MHz, Cm,) 

H 

1 

2 

6 

7 

8 

9 

12 
13 
14 
15 

AC 

5 

5.57 dd 
(12.2). 
(3.9) 

6.67 d 

(1.0) 
3.00 d 

(1.0) 

5.98 s 

1.63 s 
1.66 s 
1.43 s 
4.40, 
5.20 ABq 
(12.6) 
2.11 
2.16 

k 

5.42 dd 
(12.1) 
(4.0) 

6.57 s 

274 d 

(3.3) 
5.65 dd 
(10.0) 

(3.3) 
6.10 d 
(10.0) 
1.57 St 
1.73 St 
1.37 s 
4.53, 
4.59 A& 
(12.8) 
1.86 
2.14 
2.42 

6 

5.48 dd 
(11.4) 

(4.5) 
- 

6.85 br s 

2.04 d 

(4.0) 
5.57 dd 

(5.9) 
(4.0) 
5.74 d 

(5.9) 
1.68 s 
1.57 s 
1.40 s 
4.61, 
5.16 ABq 
(13.2) 
206 
2.14 
2.34 

7 

5.90 d 

(3.4) 

5.44 ddd 

(3.4) 
(3.4) 
(3.4) 
6.71 d 

(0.7) 
3.04 d 

(0.7) 

6.02 s 

1.59 s 
1.65 s 
1.69 s 
4.77, 
5.18 ABq 
(13.1) 
2.09 
2.14 
2.18 

8 

5.54 d 

(4.0) 

5.31 m 

6.66 br s 

3.01 s 

5.88 s 

1.62 s 
1.66 s 
1.56 s 
4.60, 
5.00 ABq 
(12.0) 
1.51 
2.06 
2.12 
2.16 

9 

5.72 d 

(3.4) 

5.39 m 

6.70 d 

(0.7) 
3.03 d 
(0.7) 

5.97 s 

1.60 s 
1.64 s 
1.68 s 
4.67, 
5.16 ABq 
(13.2) 
2.08 
2.14 
2.17 

5: bcnzoatc and cinnamate C66.67 and 7.33 (each lH, ABq, J = 16.1 Hz), 6.91-7.90 (10 H)]; SC 
benzoatc and cinnamate ca6.10 and 7.35 (each lH, ABq, J = 16.1 Hz), 6.94-7.79 (IOH)]; 6: 
bcnzoate and cinnamatc [65.70 and 7.29 (each lH, A&, J = 16.0 Hz), 6.89-7.94 (lOH)]; 7: 
bcnzoate x 2 [66.91-7X (lOH)]. 

*Figures in parentheses are coupling constants in Hz. 
t Values may be interchanged. 

Tabk 2. ‘“C NMR data for the skcktal carbons of triptofordins D-1 (5) D-2 
(a), E (7) and compounds 49 

C 5 6 7 8 9 

1 76.0 d 75.3 d 74.3 d’ 74.1 d’ 74.3 d’ 

2 25.3 t 25.1 t 68.8 d 68.3 d 68.8 d 
3 38.3 t 37.9 t 42.1 t 42.0 t 42.1 t 
4 70.5 s 70.5 s 69.8 s 69.8 s 69.8 s 
5 93.6 s 92.1 s 93.4 s 93.3 s 93.4 s 
6 74.5 d 72.6 d 74.6 d* 74.4 d’ 74.6 d’ 
7 65.1 d 53.2 d 65.0 d 64.9 d 65.0 d 

8 197.6 s 78.1 d 197.1 s 197.0 s 197.1 s 
9 79.5 d 70.3 d 79.7 d 79.7 d 79.7 d 

10 52.2 s 52.4 s 53.1 s 52.6 s 53.1 s 
11 84.8 s 82.7 s 85.2 s 85.1 s 85.2 s 
12 24.6 9 24.3 9 25.2 9 25.2 9 25.3 9 
13 29.3 9 29.5 9 29.3 9 29.2 9 29.3 9 
14 23.8 9 22.7 9 24.6 9 24.5 9 24.6 9 
15 60.6 t 60.5 t 61.1 r 61.0 t 61.1 r 

l Values in any vertical column may be interchanged. 




