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Abstract—The methanol extract of dried stem barks of Tripterygium wilfordii Hook fil. var regelii afforded
two new triterpenes: 22-hydroxy-3, 19, 24-trinor-D: A-friedoolenane-1(10), 5, 7-triene-2-oic acid methyl ester,
named regelone, and 3-methyl-23-ol-oxotingenol; a new diterpene—8p, 19-dihydroxy-3-oxopimar-15-ene; and
three known triterpenes—3-methyl-22-8, 23-diol-6-oxotingenol, tingenin B and cangoronin. Their structures
were established on the basis of chemical and spectroscopic studies. ©1997 Elsevier Science Lid. All rights

reserved

INTRODUCTION

In the course of our search for bioactive metabolites
from plants, we are investigating members of the Cel-
astraceae and have isolated active principles from
Tripterygium wilfordii var. regelii Makino [1-4]. In
our previous paper, we reported the isolation of three
new triterpenes regeol A, B and C, which have bio-
logical activities [5]. We now report on the isolation
of two new triterpenes, regelone (1) and 3-methyl-
23-ol-6-oxotingenol (3), one new diterpene, 88, 19-
dihydroxy-3-oxopimar-15-ene (4) and three known
triterpenes, 3-methyl-228, 23-diol-6-oxotingenol (2),
tingenin B (5), cangoronine (6) from the bark of this
plant. This paper deals with the structural inves-
tigations of these compounds.

RESULTS AND DISCUSSION

Repeated column chromatography of the ethyl-
acetate-soluble fraction from the methanol extract of
stem barks of T. wilfordii var. regelii yielded regelone
(1), 3-methyl-23-ol-6-oxotingenol (3), 88, 19-dihy-
droxy-3-oxopimar-15-ene (4) and the known tri-
terpenes 2, 5 and 6.

Regelone (1), obtained as a powder, showed a
molecular ion peak at m/z 454 [M]* in the El-mass
spectrum. Its IR spectrum contained absorption
bands due to hydroxy (3425 cm ') and carbonyl (1708
and 1640 cm™') groups. Its UV spectrum showed
absorption bands at 230 and 388 nm. The 'H NMR
spectrum revealed the presence of five tertiary methyls
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[¢ 0.85, 1.10, 1.23, 1.37, 2.38 (each 3H, s)] one sec-
ondary methyl [ 1.06 (3H, 4, J= 6.3 Hz)], one
methoxy [6 3.65 (3H, s)], three olefinic protons [d 5.95
(1H, s), 6.03, 6.74 (each 1H, d, J = 6.0 Hz)] and one
methine [§ 4.55 (1H, br s)] attached to an oxygen
function. The '*C NMR spectrum of 1 showed three
carbonyl carbon signals at § 167.6, 197.8 and 213.7,
three double bond carbon signals at § 115.4 (d), 116.4
(@), 132.1 (d), 133.7 (s), 1579 (5), 162.4 (s5), seven
methyl carbon signals, five methylene carbon signals,
three methine carbon signals and four quaternary car-
bon signals. The high resolution mass spectrum gave
a molecular formula of C;3H3,O5. Thus, compound 1
had one methoxy or carbomethoxy group, and its C-
skeleton contained 27 carbons. Many triterpenes have
been isolated from Celastraceae plants, i.e. Cy-type
(oleanane, ulsane, fridelin), C,s-type (pristimerin, cel-
astrol), Cae-type (tingenone, iguesterin), but C,,-type
triterpenes from Celastraceae plants have never been
described [6]. The "C NMR spectral data for the D-
and E-rings of 1 were similar to those of tingenin B
(5), indicating a ketone group at C-20 and hydroxy
group at C-21. To confirm the position of the car-
bomethoxy group, unsaturated ketone and other func-
tionalities, the 2D NMR spectra of 1 were measured.
From the '"H-"H COSY and “C-'H COSY spectra,
the partial structures, I: >CH-CH,~CH(CH,)-, 11,
III: -CH.,~CH,~ and IV: >CH=—CH < were sug-
gested and the partial structures of I, IT and III could
be placed on the C, D and E rings. In the '*C-'H long
range correlation spectrum, the proton signal at § 6.03
(1H, d, J = 6.0 Hz) showed a long range correlation
with the carbon signals at 6 40.6 (C-9), 44.7 (C-14)
and 133.7; the proton signal at 6 6.74 (1H, d, J = 6.0
Hz) with the carbon signals at é 1579, 162.4 and
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197.8; the proton signals ¢ at 5.95 (1H, s) with the
carbon signals at é 40.6 (C-9), 133.7 and 157.9; the
proton signal of the methylene at é 2.38 with the
carbon signal at § 197.8; the proton signal of the
methoxy at § 3.65 with the carbon signals at § 167.6;
the proton signal of the methyl at § 1.37 with the
carbon signals at 6 32.3 (C-11), 40.6 (C-9), 157.9 and
162.4. From these correlations, the carbon signals at
6 115.4, 197.8, 133.7, 132.1, 116.4, 162.4, 40.9 and
157.9 could be assigned to C-1, C-4, C-5, C-6, C-7, C-
8, C-9 and C-10, respectively (Table 1). The remaining
carbonyl carbon signal at § 167.6 could be assigned
to C-2. Thus, the structure of regelone was formulated
as 1, which is a unique structure in which the pen-
tacyclic triterpene skeleton lacks C-3. Regelone (1)
lacks the typical quinonemethide chromophore. It is
probably formed biogenetically from a quinone
methide precursor as a result of ring A oxidation.
More than 100 celastrolides have been isolated from
Celastraseae plants or derived from the congeners [6),
but the only example of a compound related to rege-
lone is celastrahydride, which was isolated from
Kokoona zeylanica [7).

Compound 2 C;H3O,, showed a hydroxy band at
3470 cm ™' and ketone bands at 1713, 1679 and 1609
cm™' in its IR spectrum. Its UV spectrum showed
absorption at 250 and 312 nm. The 'H NMR spectrum
showed the presence of four tertiary methyls, one sec-
ondary methyl, one methoxy methyl, one methylene
[84.76,4.92 (each 1H, d, J = 12.1 Hz)] and one meth-
ine [6 4.54 (1H, s)] attached to an oxygen function,
and two olefinic protons [J 6.38, 7.08 (each 1H, s)]. A
total of 29 carbon signals observed in the *C NMR
spectrum of 2 were identified as Mex 6, CH, x 5,
—CH,0~, >CH-x2, >CHO-, -CH = x2, Cx4,
>C = x6, and >CO x 2 with the help of the DEPT
spectrum. The *C NMR spectrum of 2 was similar to
that of 1 and tingenin B (5) for the signals due to C-

2: R«OH
3 R=H

11 to C-23 (Table 1). It was concluded that compound
2 was based on the same skeleton as 1 and § in the C,
D and E rings. From the 2D NMR spectrum, the
structure of compound 2 was identified as 3-methyl-

Table 1. *C NMR spectral data for compounds 1-5 and 7

1 2 3 5 4 7
1 1154 1114  117.2  120.2 37.8 379
2 167.6 1533 153.1 1788 343 34.1
3 — 1447 1446 1465 2208 2172
4 1978 1348 1347 1176 50.9 474
5 133.7 1235 1234 1282 55.5 55.2
6 1321 1877 187.6 1341 18.3 18.8
7 1164 1255 1253 118.6 42.9 42.9
8 1624 1729 173.1 168.6 71.9 72.0
9 40.6 40.9 40.5 43.0 55.5 55.8
10 1579 1558 1558 165.1 36.4 36.7
11 323 344 355 344 17.8 17.5
12 29.6 302 30.1 30.4 38.0 383
13 39.0 40.5 40.4 44.7 36.6 36.5
14 44.7 452 447 41.0 51.5 51.5
15 28.1 283 28.5 28.7 151.1  151.0
16 29.6 29.6 32.0 299 1089 108.6
17 45.0 449 38.2 452 24.3 24.3
18 44.9 452 43.5 45.5 222 26.6
19 323 32.0 34.1 324 65.8 21.3
20 40.8 41.0 41.9 413 16.4 15.4
21 2137 2135 2136 2137
22 76.5 76.7 52.6 76.8
23 26.6 57.1 57.0 10.7
24 — — — —
25 30.0 38.6 384 39.6
26 213 21.0 20.7 22.0
27 22.6 20.7 19.7 20.9
28 25.0 25.2 32.6 25.4
29 — — — —
30 14.8 14.9 15.1 15.1
OMe 515 63.6 63.6 —
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22p,23-diol-6-oxotingenol, which had already been
isolated from the South American medicinal plants
Maytenus ilicifolia and M. chuchuasca (Celastraseae)
[8].

Compound 3, C,H;0s, showed the presence of
hydroxy and ketone absorptions in its IR spectrum.
Its UV spectrum indicated the same absorptions as
compound 2 at 250 and 315 nm. The '"H NMR spec-
trum of 3 showed four tertiary methyl signals at o
1.01, 1.02, 1.40 and 1.62 (each 3H, s), one secondary
methyl signal at § 1.00 (3H, 4, J =64 Hz), one
methoxy signal at § 3.95 (3H, s), one methylene signal
attached to oxygen function at 4 4.75, 4.99 (each 1H,
Abg, J = 11.7 Hz) and two olefinic proton signals at
4 6.41, 7.10 (each 1H, 5). The '"H NMR spectrum of 3
was very similar to that of compound 2, except for the
methine proton attached to an oxygen function at é
4.54 (1H, s) in compound 2. The *C NMR spectrum
was also similar to that of compound 2, especially the
chemical shifts of C-1 to C-15 and C-23 to C-26, which
were almost the same, differing only in the number of
methylene and methine signals (Table 1). On the basis
of the *C NMR spectra and molecular formula, the
structure of compound 3 was deduced to be 3-methyl-
23-ol-6-oxotingenol.

Compound 4, C,H;,0,, showed a hydroxy band at
3415 and a carbonyl band at 1694 cm~'. The '"H NMR
spectrum showed three tertiary methyls at 6 1.04, 1.24
and 1.28 (each 3H, s), one methylene attached to an
oxygen function at é 3.47, 4.02 (each 1H, d, J =113
Hz), and one vinyl group at § 4.83 (1H, 4, /= 10.7
Hz), 4.87 (1H, d, J =17.4 Hz) and 5.74 (1H, dd,
J =17.4,10.7 Hz). The '*C NMR spectrum of 4 indi-
cated the presence of three methyls, eight methylenes,
one vinyl, two methines and five quaternary carbons
including one carbonyl. These functional groups
accounted for two of the five sites of saturation
deduced from the molecular formula. This suggested
that compound 4 had three rings. From the 'H-
'H-COSY, "“C-'H COSY and “C-'H long range
correlation spectra, the presence of partial struc-
tures ~CH,CH,C(CH,;)CH <, -COC(CH,;)-CH <, —
CH,C(CH;)CH—CH, were suggested. The above
data were consistent with a primarane or isoprimarane
skeleton. The *C NMR spectrum data of 4 was very
similar to that of 88-hydroxy-3-oxopimar-15-ene (7)
[9]. except for the carbon signals at C-4, 18 and 19
(Table 1). In the NOESY spectrum of 4, the proton
signal at § 1.04 (H-20) was correlated with the hydroxy
methylene signals at § 3.47 and 4.02 (H-19). Thus, the
structure of this new diterpenoide was finally estab-
lished as 8§, 19-dihydroxy-3-oxopimar-15-ene (4).

The known triterpenoids tingenin B (5) [10] and
cangoronin (6) [11] were identified by comparisons of
their physicochemical and spectral data with those in
the literature.

EXPERIMENTAL

'"H NMR; 270 and 400 MHz with TMS as int. stand;
3C NMR: 100.2 MHz; CC: silica gel 60 (Merck),
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Sephadex LH-20 (Pharmacia) and TOYO peari HW-
40 (TOSO); HPLC GPC (H-2002, SHODEX).

Isolation of regelone (1) and compounds 26

The dry bark (3.8 kg) of T. wilfordii Hook fil. var.
regelii were collected in August 1991 on Mt Turugi
(Tokushima Prefecture, Japan) and extracted with
MeOH (201) at 60°. The MeOH extracts were concd in
vacuo to give a residue, which was partitioned between
EtOAc and H,O. The EtOAc layer was coned to give
a residue (409 g), to which CH,Cl, was added and sepd
into CH,Cl,-soluble and -insoluble frs. The CH,Cl,-
soluble fraction was concd in vacuo to give a residue
(255 g), which was chromatographed on a silica gel
column. The column was eluted with solvents of
increasing porarity (CH,Cl,-MeOH) to give 17 frs (frs
1-7). Fr. 14 (167 g) was chromatographed on a silica
gel column with CH,Cl,-MeOH to give 12 frs (14.1-
14.12). Fr. 14.6 (11.6 g) was chromatographed on
silica gel with hexane—Et,0 (1:1 to 1:2) to give 12 frs
(14.6.1-14.6.12). Fr. 14.6.4 (0.23 g) was chro-
matographed on Sephadex LH-20 with MeOH, silica
gel with CHCl-MeOH (19:1) and HPLC (GPC,
CHCL,) to give 14 mg of 1. Fr. 14.7 (22.9 g) was
chromatographed on silica gel with CHCl,-MeOH
(97:3) to give six frs (14.7.1-14.7.6). Fr. 14.7.2 (2.91
g) was chromatographed on Sephadex LH-20 with
MeOH to give five frs (14.7.2.1-14.7.2.5). Fr. 14.7.2.3
{0.49 g) was sepd on silica gel with CHCl;-MeOH
(19:1) and HPLC (GPC, CHCL,) to give 14 mg of 2.
Fr. 14.7.2.2 was sepd on silica gel with CHCl,-MeOH
(19:1) and repetitive HPLC (GPC, CHCl,) to give 4
mg of 3. Fr. 14.6.7 (0.98 g) was crystallized from
MeOH to give 40 mg of 6, the mother liquid was
concd in vacuo and chromatographed on Sephadex
LH-20 with MeOH to give 9 frs (14.6.7.1-14.6.7.9).
Fr. 14.6.7.6 (174 mg) was chromatographed on silica
gel with hexane-EtOAc (1:1) and HPLC (GPC,
CHCL,) to give 10 mg of 4. Fr. 14.6.3 (1.06 g) was
chromatographed on Sephadex LH-20 with MeOH to
give 404 mg of 5. ‘

Regelone A (1). Amorphous powder, [«]5’ +208.5”
(CHCI; ¢ 1.0). IR vEBrem™": 3425, 1708, 1640, 1579,
1454, 1381, 1308, 1193, 1121, 1063, 1030; UV iy
nm (¢): 263 (4200), 338 (6800); 'H NMR: & (CDCl,):
0.85 (3H, s, H-27), 1.06 (3H, d, J = 6.3 Hz, H-28),
1.10 (3H, s, H-25), 1.23 (3H, s, H-26), 1.37 (3H, s, H-
24), 2.38 (3H, s, H-23), 3.65 (3H, s), 4.55 (1H, s, H-
22), 5.95 (1H, 5, H-1), 6.03 (1H, 4, J = 6.0 Hz, H-7),
6.74 (1H, d, J = 6.0 Hz, H-6); *C NMR (CDCl,):
Table 1; EI-MS m/z (rel. int.): 454 [M]™ (7), 439 [M—
Me]* (100), 201 (5); HR-MS m/z 454.2705 [M]*
C,sH3,0, required 454.2719.

Compound 2. Amorphous powder, [o]5’ —55.9°
(CHCl, ¢ 1.8). IR VK& cm™': 3470, 1713, 1679, 1609,
1561, 1456, 1378, 1252, 1196, 1119; UV AN nm (e):
259 (12600), 315 (7800); 'H NMR: é (CDCl;): 0.88
(3H. s, H-27), 1.02 (3H, s, H-25), 1.06 GH, d, J = 6.3
Hz, H-28). 1.42 (3H. s, H-26), 1.63 (3H, s, H-24), 3.94
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(3H, s), 4.54 (1H, s, H-22), 4.76, 4.92 (each 1H, 4,
J =12.1 Hz, H-23), 6.38 (1H, s, H-7), 7.08 (1H, s, H-
1); *C NMR (CDCl,): Table 1; EI-MS m/z (rel. int.):
432 [M]* (43), 467 [M~Me]* (100), 245 (10), 231 (58);
HR-MS m/z 4822677 [M]* Cy,H,;0O¢ required
482.2668.

Compound 3. Amorphous powder, [¢]3° —33.8°
(CHCl, ¢ 0.77). IR vE5 em~': 3417, 1708, 1640, 1579,
1456, 1381, 1311, 1031; UV AN nm (g): 250 (9900),
315 (5600). '"H NMR: 6 (CDCL,): 1.00 (BH,d, J=6.5
Hz, H-28), 1.01 (3H, s, H-26), 1.02 (3H, 5, H-27), 1.40
(3H, s, H-25), 1.62 (3H, s, H-24), 3.95 (3H, 5), 3.95
(3H, s), 4.75, 4.99 (each 1H, d, J = 11.7 Hz, H-23),
6.41 (1H, s, H-7),7.10 (1H, 5, H-1); “"C NMR (CDCl,):
Table 1; EI-MS mj/z (rel. int.): 466 [M]* (48), 451 [M-
Me]* (100), 248 (18), 231 (45), 95 (11); HR-MS m/:z
466.2692 [M]* CaoH 10, required 466.2719.

Compound 4. Amorphous powder, [¢]3° +19.5°
(CHCl; ¢ 0.51). IR vKE cm~": 3415, 1694, 1650, 1579,
1035; UV AMOH nm (e): 250 (9900), 315 (5600); 'H
NMR: ¢ (CDCl;): 1.04 (3H, s, H-20), 1.24 (3H, s, H-
17), 1.28 (3H, s, H-18), 1.98 (1H, ddd, J = 15.2, 8.3,
4.7 Hz, H-1), 2.45 (1H, ddd, J = 16.1, 9.1, 4.7 Hz, H-
2), 2.57 (1H, ddd, J = 16.1, 8.2, 8.1 Hz, H-2), 3.47,
4.02 (each 1H, ABgq, J = 11.3 Hz, H-19), 4.83 (1H, 4,
J =10.7 Hz, H-16), 487 (IH. d, J = 17.4 Hz, H-16),
5.72 (1H, dd, J = 17.4, 10.7 Hz, H-15); C NMR
(CDCL): Table 1; EI-MS m/z (rel. int.): 320 [M]* (30),
305 (72), 290 (71), 272 (58), 203 (33), 189 (55), 137
(56), 109 (79), 81 (100), 55 (90), 41 (72); HR-MS rm/z
320.2358 [M}* C,H;,0, required 320.2351.
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