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Abstract—Celahypodiol 1, an unusual 17-membered carbon diterpenoid with a novel skeleton, and a new triterpenoid 12-oleanene-
3B,6a-diol 2, together with four known compounds furreginol 3, suigol 4, 20(30)-lupene-3f, 29-diol 5, and 20(29)-lupene-1,3B-diol
6, were isolated from the stalks of Celastrus hypoleucus (Oliv.) Warb. Their structures were established by means of spectroscopic
analysis, including 2D NMR. The new compounds exhibited anti-tumor activities against a panel of human tumor cell lines.

© 2006 Elsevier Ltd. All rights reserved.

Some plants belonging to Celastraceae family have long
been used as traditional herb medicine to treat fever,
chill, joint pain, edema, rheumatoid arthritis, and bacte-
rial infection in Chinese folk medicine.! A lot of sesqui-
terpenes and triterpenes with anti-tumor and anti-HIV
activities have been isolated from this family.? Our
investigation of bioactive constituents of Celastrus
hypoleucus (Oliv.) Warb., a perennial plant belonging
to the family celastraceae, led to the isolation® of a
new 17-membered carbon diterpenoid with a novel skel-
eton: celahypodiol 1, and a new triterpene: 12-oleanene-
3B,6a-diol 2 together with four known compounds
furreginol 3, suigol 4, 20(30)-lupene-3pB, 29-diol 5, and
20(29)-lupene-1p,3B-diol 6. The new compounds were
tested for in vitro anti-tumor activity against four hu-
man-tumor cell lines and showed anti-tumor activities.

Celahypodiol 1 was obtained as a white powder (mp
168-170 °C) and was positive to FeCl; reagent. The
molecular formula was deduced as C;7H,,O5; by the
FT-ICR-MS [m/z: 273.1485 [M+H]*, caled for
C7H,,05", 273.1485]. Its IR spectrum showed charac-
teristic absorption bands for the hydroxyl group, the
carbonyl group, phenyl group, and double bonds
(3408, 1654, 1582, 1513, 1209, 1078, 892 cm™'). These
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assignments were confirmed by its °C and 'H NMR
spectral data (¢ 196.5 (s) ppm, 151.6 (s), 149.0 (s),
144.2 (s), 125.2 (s), 114.4 (d), 111.1 (d) ppm, 126.6 (s),
125.9 (s) ppm, and dy 6.93, 7.44 ppm) (Table 1). Since
six out of eight degrees of unsaturation were accounted
for, celahypodiol 1 was inferred to contain two more
rings.

The 'H NMR spectrum showed two para aromatic pro-
ton signals at dgg 6.93 (1H, s, H-11) and 6 7.44 (1H, s, H-
14), three tertiary-linked methyl signals at dy 1.07, 1.65,
and 1.67 (each 3H, s, Me-17, 15, 16). The '*C NMR
spectrum displayed 17 carbon signals, which were as-
signed by DEPT experiments as three methyls, three
methylenes, three methines, and eight quaternary car-
bon signals.

From the 'H, 'H-COSY, and HMQC spectra, the car-
bon signals at dc 33.5 and 29.8 could be assigned to
C-1 and C-2, respectively. In the HMBC spectrum of 1
(Table 1), the signals at dy 2.11 (H-2B)* and 2.26 (H-
2a) showed correlation with the signals at dc 33.5 (t,
C-1), 126.6 (s, C-3), 125.9 (s, C-4), 36.4 (s, C-10), and
19.5 (q, C-16); the signals at é¢ 2.70 (1H, d, J = 14.0,
H-5) correlated with the signals at dc 33.5 (t, C-1),
126.6 (s, C-3), 125.9 (s, C-4), 196.5 (s, C-7), and 21.8
(q, C-17); the signals at oy 1.65 (3H, s, Me-15) exhibited
cross peaks with both signals at ¢ 126.6 (s, C-3) and
45.7 (d, C-5); the signals at oy 1.67 (3H, s, Me-16)
showed correlation with dc 29.8 (t, C-2) and 125.9 (s,
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Table 1. NMR data of compound 1 (in acetone)*

Compound 'HP Bce 'H, 'H-COSY HMBC NOESY

la 1.59 m 33.5 (1)¢ H-2 C-2, 3, 5,10, 17 H-5, 11

1B 2.28 m H-11, 17

20, 226 m 29.8 (1) H-1 C-1, 3,4, 10, 16

2p 2.11m

3 126.6 (s)

4 125.9 (s)

So. 2.70 d (14.0) 45.7 (d) H-6 C-1,3,4,7,17 H-1a

60, 2.79d (17.7) 38.7 (t) H-5 C-4,5,7,10 H-15

6p 2.41 dd (14.0, 17.7) H-15, 17

7 196.5 (s)

8 125.2 (s)

9 149.0 (s)

10 36.4 (s)

11 6.93 s 111.1 (d) C-8, 10, 12, 13 H-1o, 1B, 17

12 144.2 (s)

13 151.6 (s)

14 7.44 s 114.4 (d) C-7,9, 12, 13

15 1.65s 15.4 (q) C-3,5 H-60, 6B

16 1.67 s 19.5 (q) C-2,4

17 1.07 s 21.8 (q) C-1,5,9, 10 H-1B, 6B, 11
#TMS was used as internal standard, J in ppm, J in Hz.
500 MHz.
€125 MHz.

9 Multiplicities DEPT experiments in parentheses: s: quaternary; d: CH; t: CH,, and q: Me C-atoms.

C-4); while the signals at éy; 1.07 (3H, s, Me-17) showed
correlation with d¢ 33.5 (t, C-1), 45.7 (d, C-5), 149.0 (s,
C-9), and 36.4 (s, C-10). These indicated the presence of
structure unit ring A with a double bond at C-3 and C-4,
a methyl group at C-10, and two methyl groups linked
to C-3 and C-4, respectively. Ring B was formed by con-

Figure 1.

The structure of compounds 1-6.

necting the structural unit -CH,~CO-C=C- through C-
5 and C-10, which was judged from the HMBC correla-
tion from the two proton signals at oy 2.41 (1H, dd,
J=14.0, 17.7, H-6PB) and 2.79 (1H, d, J=17.1, H-6a)
to the carbon signals at dc 125.9 (s, C-4), 45.7 (d, C-
5), 196.5 (s, C-7), and 36.4 (s, C-10). HMBC correlations

IS4

5R'=OH, R*=CH;
6 R'=H, R>=CH,OH
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from the proton signal at dy 6.93 (s, H-11) to the carbon
signals at dc 125.2 (s, C-8), 36.4 (s, C-10), 144.2 (s, C-
12), and 151.6 (s, H-13); from the proton signal at dy
7.44 (s, H-14) to the carbon signals at oc 144.2 (s, C-
7), 149.0 (s, C-9), 144.2 (s, C-12), and 151.6 (s, C-13)
suggested that ring C was constructed by connecting
the structural unit -CH=CH-CH=CH- through C-8
and C-9. The above conclusions were further confirmed
by 'H, "H-COSY spectral data of 1 (Table 1).

Thus, the structure of celahypodiol 1 was elucidated to
be 12,13-dihydroxy-3,8,11,13-celastratrtraen-7-one. This
evidence indicated that compound 1 was a diterpenoid
with a novel skeleton containing a 3,4-dimethyl structur-
al unit but no isopropyl group substituent at C-13,
which is different from 19 [4 — 3] abeo-O-demethyl cry-

NOESY correlation from H-1a (65 1.59) to H-5 suggest-
ed that H-1o and H-5 are on the same face of the mol-
ecule and H-5 is an a-configuration. Similarly, a
NOSEY correlation from H-1B (dy 2.28) and H-6
(0y 2.41) to Me-17 placed Me-17 on the opposite face
of the molecule from H-5, suggesting an axial orienta-
tion for Me-17 (B-configuration) and hence a trans ring
junction. So, the relative stereochemistry of 1 is pro-
posed as shown in Figure 1.

Compound 2 was obtained as colorless needle crystals
(mp 239-241°C) and showed positive Liebermann—

Table 3. Cytotoxic activities of compounds 1, 2 and Mitomycin (ICs
values in pg/ml)

tojaponol® (neo-clerodane skeleton) and (+)-podocarpic Compound I Compound2 _ Mitomycin
acid® (podocarpane skeleton). Beap 37 24.42 14.56 233
RKO 27.16 12.20 1.75
The relative stereochemistry of 1 was determined SMMC 7721~ 38.03 22.69 244
through 2D NOESY analysis. The observation of a K362 1621 121 335
Table 2. NMR Data of compound 2 (in CDCl5)*
Compound 'H® B3ce 'H, 'H-COSY HMBC NOESY
1 1.02m 38.6 (1) H-2 C-3, 5,10, 25
1.64 m
2 0.96 m 27.1 (t) H-1,3 C-1,3
1.00 m
3 3.20 dd (11.2, 4.4) 79.0 (d) H-2 C-1,23,24 H-5
4 39.3 (s)
5 0.92m 60.5 (d) H-6 C-4, 6, 10, 25 H-3, 23
6 4.08 t, d (10.8, 4.0) 69.2 (d) H-5,7 C-5,7,8, 10 H-24, 25, 26
7 1.57m 45.2 (1) H-6 C-5, 6, 8, 9,14, 26
1.64 m
8 4.1 (3)
9 1.97 m 47.4 (d) C-10, 11, 12, 13, 25, 26
10 39.3 (s)
11 1.85m 23.9 (t) H-12 C-9, 10, 12, 13, 25, 26
12 519t (4.8) 121.9 (d) H-11 C-9, 11, 14, 18
13 145.1 (s)
14 415 (s)
15 1.80 26.4 (t) C-13, 27
16 1.66 m 27.0 (t) C-15, 17, 28
2.00 m
17 327 (s)
18 1.62m 47.3 (d) C-12, 13, 19
19 1.02m 47.0 (t) C-13, 17, 18, 20, 21, 30
20 313 (s)
21 1.1l m 34.9 (1) C-17, 19, 20, 22
1.36 m
22 1.27m 37.3 (t) C-16, 17, 20, 28
1.43m
23 1.34 s 31.2 (q) C-3,4,5,24 H-5
24 1.02's 15.9 (q) C-3,4,5,23 H-6, 25
25 1.00 s 16.6 (q) C-1, 5,9, 10 H-6, 24, 26
26 1.06 s 18.4 (q) C-7,8,9, 14 H-6, 25
27 1.17 s 26.2 (q) C-8, 13, 14, 15
28 0.81s 28.6 (q) C-16, 17, 18, 22 H-18
29 0.87 s 33.6 (q) C-19, 20, 21, 30
30 0.81s 239 (q) C-19, 20, 21, 29

#TMS was used as internal standard, ¢ in ppm, J in Hz.
©500 MHz.
°125 MHz

9 Multiplicities DEPT experiments in parentheses: s: quaternary; d: CH; t: CH,, and q: Me C-atoms.
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Buchard reaction. The molecular formula was assigned
as C;3oHs00, based on FT-ICR-MS (m/z: 441.3725
[M—H]_, calcd for C30H4902_, 4413727) and the
NMR data (Table 2). Its IR spectrum indicated the pres-
ence of hydroxyl group (3424cm™') and olefinic
(1637 cm™ ") group.

The '"H NMR spectrum showed eight tertiary methyl
signals at oy 0.81 (6H, s, Me-28, 30), 0.87 (3H, s, Me-
29), 1.00 (3H, s, Me-25), 1.02 (3H, s, Me-24), 1.06
(3H, s, Me-26), 1.17 (3H, s, Me-27), and 1.34 (3H, s,
Me-23), two protons geminal to secondary alcoholic
group at og 3.20 (1H, dd, J=11.2, 4.4, H-3) and 4.08
(1H, dd, J=10.8, 4.0, H-6). The latter observation,
combined with the shape and position of the olefinic
proton signal: triplet 6y 5.19 (1H, t, J = 4.8, H-12), cor-
related to the C-atom at d¢ 121.9 (C-12) and the quater-
nary olefinic C-atom C-13 appearing at 145.1 suggested
that the compound was most probably a diol of olean-
12-ene type triterpene.” The '*C NMR and DEPT spec-
tra of compound 2 allowed the assignment of 30 carbon
signals to eight methyls, nine methylenes, six methines
groups, and seven quaternary C-atoms.

The coupling constants of H-3 (éy 3.20, 1H, dd,
J=11.2, 4.4) in the "H spectrum and the "H-">C long
range correlation of H-3 with C-1, C-23, and C-24 sug-
gested a B configuration for the hydroxyl group at C-3.”
Then the only point remaining to be established is the
position of the second secondary hydroxjyl group. The
most significant differences between the '*C NMR data
of compound 2 and B-amyrin’ are the resonances of
C-5, C-6, C-7, and C-8 atoms. In the 'H, 'H-COSY
spectrum, H-6 displaying cross peaks with H-5 and H-
7 revealed that the second OH is connecting to C-6.
The coupling constants and the up-shift of the proton
signal (0g 4.08, t, d, J=10.8, 4.0, H-6) compared with
those of the 6B-OH type triterpenoid daturadiol® (5y
4.54, br, s, H-6) and the 6B-OH type triterpenoid 6a-hy-
droxy-12-oleanene-3-one® (6y 3.94, t, d, J=10.4, 4.5)
suggested a 60-OH configuration. This deduction was
confirmed by the HMBC and NOESY spectra. The
HMBC spectrum showed the correlations from H-6
(0 4.54) to ¢ 60.5 (d, C-5), 45.2 (t, C-7), 42.1 (s, C-
8), and 39.3 (s, C-10), respectively, and the cross-peak
of H-6 with Me-24, Me-25, and Me-26 was observed
in NOESY spectrum. Further NOESY correlation from
H-5 to H-3 and Me-23, and from Me-25 to Me-24 and
Me-26, from H-18 to Me-28 determined the relative ste-
reochemistry as shown. Thus, compound 2 was identi-
fied as 12-oleanene-3p,6a-diol.

Furthermore, four known compounds, furreginol 3, sui-
gol 4, 20(30)-lupene-3fB, 29-diol 5, and 20(29)-lupene-
1B,3B-diol 6, were identified by comparison of their
spectroscopic data with those of literature.'”

The new compounds 1 and 2 were tested for in vitro
anti-tumor activity against four human tumor cell lines
using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-

nyltetrazolium bromide] colorimetric method,!' and
they showed moderate anti-tumor activity against hu-
man mammary carcinoma (Bcap 37), human colon car-
cinoma (RKO), human hepatocellular carcinoma
(SMMC 7721), and human erythroleukemia (K 562)
with the ICsy values from 11.21 to 38.03 pg/ml, respec-
tively (Table 3). Under the same test condition, the po-
sitive control (Mitomycin) exhibited anti-tumor activity
at 1.75-3.35 pg/ml, respectively.
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