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Abstract—The acetone extract of dried root bark of Tripterigium wilfordii afforded D:A-friedo-24-noroleanane
triterpenoids including two new compounds named wilforols A and B. Their structures were established on the basis

of chemical and spectroscopic studies.

INTRODUCTION

Tripterigium wilfordii Hook f. is commonly known in
China as Lei-Gong-Teng (Thunder God vine) and is
widely distributed in southern China. Its powdered root
has been used as a contact insecticide by gardeners in
rural China. Clinically, a water extract of this plant has
been used to treat a variety of autoimmune diseases
such as rheumatoid arthritis (RA), systematic lupus
erythematosus (SLE) and Bechet’s disease in China [1].
Several diterpenoids and triterpenoids and other com-
pounds have been isolated from T. wilfordii [2].

The triepoxides, diterpenotids, triptolide and triptonide
from the roots of this plant have been shown to have
significant antileukaemic activity [3]. The immunosup-
ressive and antifertility activity of some fractions pre-
pared from metabolites of a cell culture line of this plant
has also been reported [4]. We have isolated two im-
munosupressive compounds, demethylzeylasteral (3) and
celastorol (tripterine, 6), from this plant (data not shown).

In the course of our study, we isolated two new D: A-
friedo-noroleanane triterpenes, 1,2-dihydroxy-6-oxo-
D:A-friedo-24-nor-1,3,5 (10), 7-oleanatetraene-29-oic
acid (1) and 25 (9 - 8)-abeo-D: A-friedo-1, 2-dihydroxy-
24-nor-1,3,5 (10), 6,8-oleanapetaen-29-oic acid (2), which
we have named wilfolol A and B, respectively, along with
four known triterpenoids: demethylzeylasteral (3), 23-
nor-6-oxodemethylpristimerol (4), demethylzeylasterone
(5) and celastrol (tripterin, 6). Compounds 3-6 were iden-
tified by comparisons of their physico-chemical and spec-
tral data with those in the literature [5-9]. The carbon
signals in the '*C NMR spectrum of 3 were completely
assigned by 2D-NMR experiments (‘H-'H COSY,
I3C-'HCOSY, HMBC, INADEQUATE) as shown in
Table 1. In this paper, we present the structural investiga-
tions of these novel compounds.

RESULTS AND DISCUSSION

An acetone extract of 7. wilfordii afforded two new
D:A-friedo-24-noroleanane triterpenes [wilforol A (1)
and wilforol B (2)].

Wilforol A (1) gave a positive response to both the
Liebermann-Burchard test for triterpenoids and the neu-
tral iron (III) chloride test for phenols. In the IR spectrum
of 1, adsorption bands at 3500-3000, 1702 and
1636 cm ™! indicated the presence of a hydroxyl group,
a carboxyl group and a conjugated ketone, respectively.
Acetylation and successive methylation (CH,N,) of 1 af-
forded a monomethyl ester—diacetate (1a) whose molecu-
lar formula C;H4,O-, was determined by HR mass
spectroscopy. The '3C NMR spectrum of 1 exhibited 29
carbon signals (Table 1) and the '"HNMR spectrum
showed five tertiary methyl signals, one aromatic proton
signal (66.84, s) and one olefinic proton signal (66.02, s).
Since these spectral data were very similar to those of 3,
1 was presumed to have the same skeleton as 3. The
EIMS of 1 showed fragments at m/z 466 [M]* and 218,
derived from cleavage around ring C [5]. These frag-
ments were smaller by 14 amu than those (m/z 480, 232)
of 3, indicating that the aldehyde group in 3 was replaced
by a methyl group in 1. By comparisons of the 'H and
13C NMR spectra of 1 with those of 3, it was confirmed
that the aldehyde group (6y 11.0; §-200.2) in 3 was
replaced by an aromatic methyl group (dy 2.47; 6c13.5) in
1. On the basis of above results, the structure of wilforol
A was formulated as 1,2-dihydroxy-6-ox0-D:A-friedo-
24-nor-1,3,5 (10), 7-oleanatetraen-29-oic acid (1).

Wilforol B (2) was assigned the molecular formula
C,H360, (HR-FABMS)., Analyses of the 'H and
3CNMR spectral data suggested the presence of an
aromatized A-ring with hydroxyl groups at the C-2 and
C-3 positions and a carboxyl group as in the other
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Fig. 1. X-Ray stereoscopic view of 2.
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Table 1. "*C NMR spectral duta of triterpenoids 17 (100 MHz, TMS as int. standard)

C 1* Tat 2* RN
1 108.4 117.5 1085 116.6
2 141.8 139.6 1429 150.7
3 149.1 145.2 141.9 150.0
4 124.8 1339 119.6 1170
5 121.0 127.8 238 1223
6 186.0 186.9 1209 186.3
7 125.3 126.0 1373 1252
8 170.2 171.9 433 174.4
9 *x* 40.5 1441 40.8
t0 1493 155.0 128.5 150.4
11 336 339 1194 337
2 29.3 29.8 326 296
13 38.5 39.0 394 394
14 44.0 449 40.1 45.1
15 28.0 28.6 233 287
16 36.0 36.4 36.7 36.4
17 30.0 30.5 3 30.5
18 43.6 44.3 46.3 443
19 300 309 30.7 30.8
20 39.3 40.4 383 40.1
21 29.3 299 29.2 29.8
22 34.5 348 37.2 348
23 13.5 14.5 11.1 200.2
25 374 37.3 224 363
26 20.7 203 19.1 20.5
27 18.0 18.4 187 18.7
28 313 316 327 36
29 179.3 178.7 1797 181.2
30 32.2 328 304 326
Me
516
Ac
20.7
20.8
167.9
168.1
*DMSO-d,.
+CDCl;.
iCD;0D.

§Recorded at 125 MHz.

4* 5% 61 7+
HIO.S 124 120.7 108.8
144.1 152,61 178.3 143.5
148.6 1435 147.1 142.0
s 120.4 1207 120.3
1219 1218 127.5 124.5
183.1 185.8 1356 1224
1234 1248 118.3 138.6
1737 17744 1729 44.2

394 417 43.1 143.8
1509 15174 165.0 130.3
321 350 338 119.8
29.1 30.8 29.5 334
389 40.7 393 40.9
44.5 464 453 41.1
283 300 28.7 24.2
36.0 376 36.3 374
300 36 30.7 319
437 457 442 47.4
301 319 311 318
39.1 41.3 399 39.3
203 309 293 30.1
345 36.0 34.5 380
17319 10.5 11.1

63 7.4 38.4 226
20.3 213 214 19.6
18,0 19.4 18.7 19.1
313 21 315 33.0
179.4 182.5¢ 182.5 180.2
322 332 324 30.8
OMe

51.9

||. ¥ Assignments may be interchangeable in each column.

**Signal is hidden in a solvent.
t+Data were taken from ref. [10].

compounds presented above. The UV data (4., 251, 255
and 308 nm) of 2 indicated the presence of a styrene-type
chromophore as in isopristimerin Il (7} and isotin-
genone 11T [10]. The 3C NMR data of 2 showed good
agreement with those of 7 (Table 1), except for the methyl
ester signal (351.9) in the '*C NMR spectrum of 7 . Thus
2 was presumed to have a C-29 carboxyl group. Finally,
the structure of wilforol B was established as 25 (9 — §)-
abeo-D: A-friedo-1,2-dihydroxy-24-nor-1,3.5 (10), 6.38-
oleanapentaen-29-oic acid (2) by X-ray crystallography.
Itokawa et al. reported that they had isolated the same
type triterpenes as 2, isopristimerin IIT (7) and isotin-
genone III as natural products [ 10]. However, there still
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remains the possibility that wilforol B (2) may be an
artefact arising from celastrol (6) as the result of an
acid-catalysed rearrangement [6].

Demethylzeylasteral (3), 23-nor-oxopristimerol (4) and
demethylzeylasterone (5) have been isolated from
Kokoona zeylanica which belongs to the same family
(Celastraceae) as T. wilfordii.

EXPERIMENTAL

General. Mps: uncorr., 'HNMR: 500 or 400 MHz,
"*C NMR: 125 or 100 MHz with TMS as int. standard;
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2D-NMR; 500 MHz under standard conditions; EIMS:
70 eV; CC: Kieselgel 60 (70-230 mesh).

Plant material. Roots of Tripterigium wilfordii were
collected in Jingling county and Tailing county (China)
and were identified by W. Z. Qin and C. X. Yang.

Isolation procedure. The dried root bark of T. wilfordii
(30 kg) was extracted (x2) with Me,CO (1501) under
reflux. The Me,CO extract was evapd in vacuo to give
a brown mass (1.5 kg) which was chromatographed over
cellulose (2 kg, eluting with n-hexane (201) then 25%
Me,CO-n-hexane (251). The 25% Me,CO-n-hexane
eluate (527 g) was loaded on an MCI CHP 20P (Mit-
subishi Chemical Industries, 75-150 ym, 15 i.d. x 80 cm)
column and eluted with 80% MeOH-H,O (151, fr. M1,
185 g), 85% MeOH-H,0 (20 |, fr. M2, 140 g), then 100%
MeOH (101, fr. M3, 67 g). Fr. M1 was dissolved in 11
Et,O and extracted ( x 3) with 300 ml of 1% HCI The
ethereal layer was washed ( x 2) with 300 ml satd NaCl
soln, dried over MgS8Q,, filtered and evapd. This fr.
(136 g) was chromatographed on silica gel with increas-
ing amounts of MeOH in CHCl; to give 3 frs (fr. LI:
8.5g, fr. L2: 12.0 g, fr. L3: 6.6 g). Fr. L3 was subjected to
Sephadex LH20 CC (MeOH) and the frs which showed
a blue colouration with FeCl; were combined (2.6 g) and
then purified by prep. HPLC (TSK ODS 80 Ty 21 id.
x 300 mm; mobile phase, MeOH-MeCN-H,0, 2:1:1)
to give 2 compounds. Both were crystallized from
Me,CO to give 4 (1.4 g) and 1 (470 m g), respectively. Fr.
M2 was crystallized from Me,CO and afforded mixed
crystals of 2 compounds (60 g). The mixture was repeat-
edly chromatographed on Sephadex LH-20 (CHCl;-
EtOH, 7:3) to give the individual compounds. Each
compound was crystallized from Me,CO to give 2 (22 g)
and 3 (15 g). The mother liquor of these compounds was
applied to Diaion HP-20 and eluted with H,O (21),
MeOH (21) then 2% HCI-MeOH (1.51). The 2%
HCI-MeOH eluate was concd in vacuo, the residue dis-
solved in H,O (500 ml) and extracted ( x 3) with EtOAc
(250 ml). The EtOAc extract (10 g) was chromatographed
on Sephadex LH-20 (CHCIl,-EtOH, 7:3) to give a com-
pound which showed a blue colouration with FeCl;. It
was crystallized from Me,CO to give 5 (1.6 g). Fr. M3
was applied to a silica gel column and eluted with 8%
then 15% Me,CO-n-hexane. The 15% Me,CO-n-
hexane eluate (55 g) was crystallized from EtOH to give
6 (15.5 g).

Wilforol A (1). Tan yellow needles (Me,CO), mp 348°
(decomp.). [2]57 — 99° (pyridine; ¢0.32); UV AEOH nm
(loge): 253 (4.15), 304 (3.93); IR vKBr cm ™ !: 3432, 2944,
1702, 1636, EIMS m/z (rel. int.): 466 [M]* (100), 451 (57),
257 (12), 218 (74); '"H NMR (DMSO-d,, 400 MHz): §0.66
(3H, s, H-27), 1.08 (3H, s, H-28), 1.12 (3H, s, H-30), 1.26
(3H, s, H-26), 1.46 (3H, s, H-25), 2.47 (3H, s, H-23), 6.02
(1H, s, H-7), 6.84 (1H, 5, H-1); '3C NMR: Table 1.

Methyl-diacetyl wilforol A (1a). Amorphous powder.
[«]d* — 59° (CHCly; ¢0.83); IR vKBr cm~1: 2944, 1778,
1730, 1654; EIMS m/z (rel. int.): 564 [M]* 564 [M]~ (83,
caled for C34H4404: 564.30870, found: 564.30839), 522
(79), 480 (199), 465 (46), 260 (60), 218 (74); 'HNMR
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(DMSO-dg 400 MHz): 60.59 (3H, s, H-27), 1.10 (3H, s,
H-28),1.17 (3H, s, H-30), 1.30 (3H, s, H-26), 1.58 (3H, s,
H-25), 2.30 (3H, s, Ac), 2.34 (3H, s Ac), 2.55 (3H, s, H-23),
3.35 (3H, 5, OMe), 6.29 (1H, s, H-7), 7.23 (1H, s, H-1);
3CNMR: Table 1.

Wilforol B (2). Plates (Me,CO), mp 194° (decomp.).
[a]3* — 46° (CHCl,, c0.68); UV AEOH nm (loge): 251
(4.53), 255 (4.53), 308 (3.70); IR vKBrcm™1: 3452, 3308,
2940, 1710, 1688; EIMS m/z (rel. int.): 450 [M]* (58), 435
(31), 241 (100), 214 (99); 'H NMR (DMSO-d,, 400 MHz):
50.90 (3H, s, H-26), 0.94 (6H, s, H-27), 0.95 (3H, s, H-25),
1.03 (3H, s, H-30), 1.13 (3H, s, H-28), 2.06 (3H, s, H-23),
541 (1H, d, J = 5.2 Hz), 6.22 (1H, 4, J = 10.0 Hz), 6.32
(1H, d, J = 10.0 Hz), 6.59 (1H, ), 1>*C NMR: Table 1.

X-Ray analysis of 2. The crystal size of 2 was
0.3x0.25x0.25 mm. The unit cell dimension was ob-
tained by least-squares refinement using 23 centred re-
flections for which 18° < 260 < 24° (graphite mono-
chromatized CuKa, 4 = 1.54184 /3.). Intensity data were
collected at w/268 scans on an Enraf-Nonius CAD-4 with
three check reflection at intervals of 100 reflections.
Other crystal data were: C,oH330, - C3HO, monoclinic,
space group P2,,Z = 2,a = 11.747(3) A, b = 7.853 (2) A,
c=16.164 (3) A, f=1008481° (3), V = 1465 (1) A3,
D = 1.154 gem ™3 and (CuKg) with 5.0 cm ™. Inten-
sities were measured for 2644 reflections in the range
2°< 20< 130° with 2610 considered as observed by the
criteria 1 > 3¢ (I). The data were corrected for Lorentz
and polarization effects. No absorption correction was
applied. The structure was solved by the direct-method
program Multan and was refined by full-matrix least-
squares, using the Enraf-Nonius SDP programs. All the
non-hydrogen atoms were refined anisotropically. Hy-
drogen atoms were located from difference maps. The
last difference Fourier map was essentially featureless
with no peaks greater than 0.14° A3, The final discrep-
ancy index was R = 0.036.
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