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Abstract

Five tirucallane-type triterpenes were isolated along with nine known triterpenes from the bark of Juliania adstringens. The
structures of the five triterpenes were determined by analysis of their 1H and 13C NMR and mass spectral data, and each compound
exhibited growth inhibitory activity against leukemia cells (L-1210).
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1. Introduction

J. adstringens (Julianiaceae) is a folk medicine which
has been used as a preventive medicine for the cancer of
digestive organs in Mexico. In our biological studies on
the alcoholic extracts of the bark of this plant, the
extracts were found to exhibit growth inhibitory activity
against leukemia cells (L-1210). In this paper, we
describe the isolation and structure elucidation of five new
tirucallane-type triterpenes 1–5 along with nine known
triterpenes 6–14 from dried bark of J. adstringens.
2. Results and discussion

The alcoholic extracts afforded nine known tri-
terpenes, schinol (6) (Mulholland and Nair, 1994; Jain
et al., 1995), 3b-hydroxy-masticadienolic acid (7)
(Monaco et al., 1974), masticadienonic acid (8) (Mul-
holland and Nair, 1994), oleanolic acid (9) (Mahato and
Kundu, 1994), oleanonic acid (10) (Konoike et al.,
1997), 3a-hydroxy-11a,12a-epoxy-oleanane-28,13b-olide
(11) (Ikuta and Morikawa, 1992), 3b-hydroxy-11a,12a-
epoxy-oleanane-28,13b-olide (12) (Melek et al., 1989),
b-sitosterol (13) and ocotillone (14) (Govindachari et
al., 1994). These triterpenes were identified by compar-
ison of their 1H and 13C NMR and mass spectral data
with those described in the literature. In addition, five
new triterpenes (1–5) were isolated from the extracts
(Fig. 1).
Compound (1) was isolated as a colorless powder, mp

233–234 �C, [�]D �29.9�(c 0.5, MeOH). Its MS spectrum
showed the molecular ion peak at m/z 470.3380 (M+)
corresponding to the molecular formula C30H46O4. The
1H NMR spectrum of 1 showed the presence of five
tertiary methyls (� 0.70, 0.94, 0.98, 1.41 and 1.73), a
vinyl methyl (� 2.16) and a secondary methyl [� 0.95 (d,
J=6.6 Hz)] groups, an oxymethine proton [� 3.60 (brs) ]
and two vinyl protons [� 5.88 (d, J=3.0 Hz), � 6.05 (t,
J=6.6 Hz). The 13C NMR DEPT spectra exhibited the
presence of twenty four sp3 carbons due to seven
methyls, eight methylenes, five methines including an
oxymethine (� 75.9), four quaternary carbons, four sp2

carbons besides carbonyl (� 201.5) and carboxyl carbons
(� 170.3). Comparison of these spectral data with those
of schinol (6) (Tables 1 and 2) suggested that the fra-
mework and the side chain moiety of 1 should be the
same as those of 6 except for the presence of a carbonyl
carbon. The UV spectrum of 1 exhibited absorption
maximum at 246 nm ("; 10,900, MeOH), suggesting the
presence of an a, b-unsaturated carbonyl group. The
location of this group was confirmed by analysis of its
HMBC spectrum (Fig. 2). As shown in Fig. 2, the H-5
signal (� 3.06) exhibited cross-peaks with the C-6 (�
201.5) and the sp2 carbon (C-7, � 125.1) as well as hav-
ing a correlation between the H-30 and the C-8 signals.
These facts indicated the presence of a 6-keto-7-ene
structure. The relative stereochemistry of 1was determined
by analysis of the NOESY spectrum. As shown in Fig. 3,
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NOE correlations were observed between the following
proton signals; H-19 and H-29; H-3 and H-28, H-29; H-
28 and H-5; H-9 and H-5, H-18. Thus, the structure of 1
was confirmed as 3a-hydroxy-6-oxo-7, 24Z-tirucalladien-
26-oic acid.
Compound 2 was isolated as a colorless powder, mp

91–93 �C, [�]D �27.7� (c 1.0, MeOH). Its MS spectrum
showed a molecular ion peak at m/z 468.3215 (M+)
corresponding to the molecular formula C30H44O4. The
UV spectrum of 2 indicated the presence of an a, b-
unsaturated carbonyl group [lmax (MeOH): 255 nm (";
10,040)]. The 1H NMR spectrum of 2 showed the pre-
sence of a vinyl proton [�, 6.07 (br. t, J=6.6 Hz)], a
secondary methyl group [� 0.94 (�, J=6.0 Hz)] and six
tertiary methyl groups [� 0.72, 0.99, 1.09, 1.13, 1.28 and
1.92]. The 13C NMR spectrum of 2 suggested the pre-
sence of two carbonyl groups (� 197.4 and � 214.5) and a
tetra-substituted double bond (� 139.4 and 163.9). The
1H and 13C NMR spectra of 2 were very similar to those
of 1 except for a few changes, suggesting the framework
and the side-chain moiety must be the same as those of
1. The HMBC spectrum of 2 revealed cross-peaks
between the proton signals due to the geminal dimethyl
group at C-4 and the carbonyl carbon signal at � 214.5,
indicating presence of a carbonyl group at C-3. There
are two possibilities for the position (C-7 or C-11) of
the other carbonyl group. In the HMBC spectrum of 2,
the methyl proton signals at C-10 and C-14 showed long
range correlations between sp2 carbon signals at � 163.9
and � 139.4, respectively. Thus, the other carbonyl
group is at C-7 because the b-carbon signal of the a, b-
unsaturated carbonyl group generally appears at lower
field than that of an a-carbon (Silverstein and Webster,
1998). The stereostructure of 2 was confirmed as shown
in Fig. 1 from the results of NOE experiments.
Compound 3 was isolated as a colorless powder, mp

235–240 �C, [�]D �45.1�(c 0.1, MeOH). Its EIMS spec-
trum gave a molecular ion peak at m/z 470.3400 (M+)
corresponding to molecular formula C30H46O4. The

1H
and 13C NMR spectra of 3 were similar to those of 2
except for the appearance of carbon and proton signals
(�C 74.0 and �H 3.63) due to an oxymethine group and
loss of a carbonyl carbon signal. The HMBC spectrum
of 3 showed cross-peaks between gem-dimethyl proton
signals (� 0.92 and 1.10, 3H each) and the oxymethine
carbon resonance (� 74.0), suggesting the presence of a
hydroxyl group at C-3 position. The configuration of
the hydroxyl group was assigned to the a-orientation
Fig. 1. Structures of 1–14.
Fig. 2. Significant HMBC correlations for compound 1.
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because the NOESY spectrum exhibited cross-peaks
between the H-3 signal and both of the signals due to
the gem-dimethyl group. Thus, the structure of 3 was
represented as shown in Fig. 1.
Compound 4 was isolated as a colorless powder, mp

94–95 �C, [�]D �85.7� (c 1.2, CHCl3). Its MS spectrum
gave a molecular ion peak at m/z 484.3186 (M+)
(C30H44O5). The

1H and 13C NMR spectra of 4 sug-
gested that the compound must be a tirucallane-type
triterpene having a 3a-hydroxyl group and the same
side-chain moiety as in 1. Its UV spectrum exhibited an
absorption maximum at 270 nm (e; 6890), suggesting
the presence of 1,4-dione-2-ene system. This was further
confirmed by analysis of the HMBC spectrum of 4
which showed long range couplings between the fol-
lowing proton and carbon signals: � 2.21 (H-5) and �
200.5 (C-7); � 2.46, 2.65 (H-12) and � 202.4 (C-11); �
1.31 (H-19) and � 155.7 (C-9); � 1.08 (H-30) and � 149.9
(C-8). These facts indicated the presence of a 7,11-
dioxo-8-ene structure in the molecule. The relative ste-
reostructure of 4 was confirmed by NOE experiments as
shown in Fig. 1.
Compound (5) was isolated as a colorless powder, mp

95–98 �C, [�]D +255.1� (c 1.0, MeOH). Its high resolu-
tion-EIMS spectrum gave a molecular ion peak at m/z
486.3339 (M+) corresponding to the molecular formula
C30H46O5. The

1H and 13C NMR spectra of 5 were
quite similar, especially on the responses associated with
rings A and D (including the side-chain moiety), to
those of compound 2. The 13C NMR DEPT spectra
indicated that there is an additional sp3 quaternary car-
bon (� 62.2) other than C-4, C-10, C-13, C-14 and an
oxymethine carbon (� 75.9), suggesting the presence of a
secondary alcohol group in the molecule. In order to
Table 1
1H NMR spectral data of compounds 1–6 (�, ppm, 400 MHz)
Carbon
 1*1
 2*1
 3*1
 4*2
 5*2
 6*1
1
 1.38 m
 1.79 m
 1.52 m
 1.46 m
 1.41 m
 1.45 m
2.27 bt (9.5)
 2.17 m
 2.24 m
 2.24 m
 2.41 m
 1.98 m
2
 1.83 dd (3.0, 14.0)
 2.42 m
 1.87 dd (3.2, 14.1)
 1.67 m
 2.32 m
 1.84 bd (9.6)
2.00 m
 2.78 bt (5.9, 14.7)
 2.07 m
 2.07 m
 2.77 m
 2.01 m
3
 3.60 bs
 –
 3.63 bs
 3.51 t (2.6)
 –
 3.69 bs
4
 –
 –
 –
 –
 –
 –
5
 3.06 s
 2.14 m
 2.60 m
 2.21 m
 3.25 dd (3.9, 6.6)
 2.22 dd (12.5, 5.5)
6
 –
 2.38 m
 2.54 m
 2.42 m
 1.52 m
 1.98 m
–
 2.50 m
 2.58 m
 2.42 m
 2.23 m
 2.13 m
7
 5.88 (d, 3.0)
 –
 –
 –
 4.36 (t, 6.6)
 5.36 bs
8
 –
 –
 –
 –
 –
 –
9
 2.95 m
 –
 –
 –
 –
 2.50 bd (12.5)
10
 –
 –
 –
 –
 –
 –
11
 1.50 m
 2.27 dd (5.9, 11.3)
 2.23 m
 –
 1.69 m
 1.50 m
1.66 m
 2.36 m
 2.44 m
 –
 2.18 m
 1.60 m
12
 1.60 m
 1.80 m
 1.30 m
 2.46 d (19.1)
 1.81 m
 1.57 m
1.73 m
 1.80 m
 1.72 m
 2.65 d (19.1)
 1.92 m
 1.75 m
13
 –
 –
 –
 –
 –
 –
14
 –
 –
 –
 –
 –
 –
15
 1.40 m
 1.54 m
 1.75 m
 1.66 m
 1.34 m
 1.47 m
1.50 m
 2.15 m
 2.50 m
 2.16 m
 1.77 m
 1.60 m
16
 1.26 m
 1.38 m
 1.38 m
 1.38 m
 1.28 m
 1.32 m
1.98 m
 1.98 m
 2.09 m
 2.04 m
 1.94 m
 2.03 m
17
 1.50 m
 1.48 m
 1.55 m
 1.66 m
 1.60 m
 1.57 m
18
 0.70 s
 0.72 s
 0.73 s
 0.95 s
 0.73 s
 0.80 s
19
 0.94 s
 1.28 s
 1.05 s
 1.31 s
 0.90 s
 0.87 s
20
 1.41 m
 1.44 m
 1.48 m
 1.42 m
 1.42 m
 1.47 m
21
 0.95 d (6.6)
 0.94 d (6.0)
 1.01 d (6.0)
 0.89 d (6.6)
 0.94 d (6.6)
 0.97 d (5.8)
22
 1.24 m
 1.18 m
 1.26 m
 1.16 m
 1.16 m
 1.30 m
1.65 m
 1.56 m
 1.67 m
 1.56 m
 1.50 m
 1.68 m
23
 2.78 m
 2.44 m
 2.76 bs
 2.45 m
 2.42 m
 2.78 m
2.87 m
 2.60 m
 2.89 bs
 2.54 m
 2.56 m
 2.88 m
24
 6.05 t (6.6)
 6.07 t (6.6)
 5.97 t (6.6)
 6.06 t (7.0)
 6.07 t (6.6)
 6.06 d (7.3)
25
 –
 –
 –
 –
 –
 –
26
 –
 –
 –
 –
 –
 –
27
 2.16 bs
 1.92 s
 2.16 bs
 1.92 bs
 1.92 bs
 2.14 s
28
 1.73 s
 1.09 s
 1.10 s
 0.98 s
 1.10 s
 1.17 s
29
 1.41 s
 1.13 s
 0.92 s
 0.96 s
 1.08 s
 0.98 s
30
 0.98 s
 0.99 s
 1.15 s
 1.08 s
 1.20 s
 1.05 s
1H NMR spectra were measured in C5D5N (*1) and CDCl3 (*
2).
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allocate the quaternary and oxymethine carbons, the
HMBC spectrum of 5 was analyzed. As shown in Fig. 4,
the methyl proton signal (� 0.90, H-19) exhibited long-
range correlations with C-1, C-5 and C-10, and the
quaternary carbon (� 62.2) signals showed cross-peaks
with H-6, H-11, H-12 and the oxymethine proton (�
4.36) signals. Furthermore, the proton signal at � 4.36
displayed cross-peaks with the signal due to C-5 and the
carbonyl carbon signal (� 219.6, C-8) which showed
correlations with the methylene proton (H-11) and
methyl proton (H-30) signals. Thus 5 was represented
by a spiro-structure shown in Fig. 1. The stereostructure
of 5 was investigated by measurement of the NOESY
spectrum. The H-5 signal (� 3.25) exhibited a correlation
with the H-7 resonance (� 4.36) which in turn correlated
with the methyl proton signal (� 1.20) at C-14. Thus, 5
was confirmed as shown in Fig. 4.
The new compound (2) and known compounds, 6, 8,

9, 11, 12 and 14 showed moderate cytotoxicity against
leukemia cells (L-1210: IC50=30, 20, 20, 40, 30, 20 and
20 mg/mL), respectively.
3. Experimental

3.1. General

Melting points were measured on a Yanagimoto
micro melting-point apparatus (uncorr.). 1H- and 13C-
NMR spectra were acquired on a JEOL JNM lambda-
400 spectrometer in CDCl3 or C5D5N containing TMS
as internal standard, whereas MS spectra were recorded
on a HITACHI M-2000 instrument. Optical rotations
were measured using a JASCO DIP-360 digital polari-
meter. Column chromatography was carried out on
silica gel (Wakogel C-200) and Diaion HP-20 (Nippon
Rensui). HPLC was conducted with a Spectra Physics
SP 8800 and Sensyu SSC-3160 pump equipped with
either a ERC-7520 (ERMA)-RI or HITACHI L-400-
UV detectors. Silica gel 60 F254 (Merck) precoated
TLC plates were used with detection carried out by
spraying 10% sodium moribdene phosphorus solution
followed by heating. Leukemia cells were obtained from
the National Cancer Center Research Institute, Japan.

3.2. Plants material

Plant material was identified by Dr. G.O. Calderon
(Herbario Nacional de Mexico, Instituto de Biologia,
UNAM) and herbarium specimens have been depositied
at the Instituto de Biologia, UNAM and the herbarium
of the College of Pharmacy, Nihon University.

3.3. Extraction and isolation

Dried bark of J. adstringens (2 kg) was extracted with
ethanol (4.0 l�8) under ultrasonication. The EtOH
extract was concentrated under reduced pressure to give
an oily material (225 g) and then 100 g of it was applied
upon a Diaion HP-20 resin column, thus being eluted
Fig. 4. HMBC and NOESY correlation for compound 5.
Table 2
13C NMR spectral data of compounds 1–6 (d, ppm, 100 MHz)
Carbon
 1*1
 2*1
 3*1
 4*2
 5*2
 6*1
1
 3.17
 35.5
 29.5
 28.4
 30.5
 31.9
2
 25.8
 34.2
 26.5
 25.7
 34.5
 26.6
3
 75.9
 214.5
 74.0
 74.9
 219.4
 73.5
4
 37.5
 47.3
 38.0
 37.5
 46.3
 37.9
5
 60.9
 49.5
 45.8
 42.4
 48.7
 44.9
6
 201.5
 36.2
 36.2
 36.0
 35.7
 24.3
7
 125.1
 197.4
 197.8
 200.5
 75.9
 118.5
8
 150.1
 139.4
 138.8
 149.9
 219.6
 146.5
9
 50.5
 163.9
 166.2
 155.7
 62.2
 49.1
10
 43.8
 39.1
 39.6
 38.3
 48.0
 35.1
11
 17.7
 24.0
 23.6
 202.4
 24.5
 18.3
12
 32.9
 29.8
 30.2
 51.7
 31.1
 34.0
13
 43.1
 44.6
 44.9
 45.5
 46.2
 43.7
14
 52.3
 47.7
 48.1
 48.0
 61.3
 51.5
15
 33.1
 31.4
 32.2
 32.2
 29.8
 34.4
16
 27.8
 28.6
 29.0
 28.2
 26.5
 28.5
17
 52.5
 48.6
 49.1
 49.5
 49.9
 53.2
18
 21.7
 15.5
 15.7
 18.7
 16.8
 22.1
19
 14.7
 18.1
 18.5
 17.9
 19.6
 13.4
20
 36.2
 36.2
 36.7
 36.4
 35.3
 36.5
21
 18.4
 18.6
 18.9
 18.4
 18.6
 18.5
22
 36.0
 35.8
 36.5
 35.7
 35.4
 36.2
23
 27.0
 26.8
 27.0
 27.1
 26.7
 27.1
24
 142.2
 146.9
 140.8
 146.7
 146.6
 142.6
25
 128.1
 126.0
 129.7
 126.4
 126.2
 128.6
26
 170.3
 173.1
 172.0
 172.9
 173.1
 170.7
27
 21.5
 20.6
 21.7
 20.9
 20.5
 21.5
28
 29.1
 24.5
 28.1
 27.9
 29.3
 28.7
29
 22.2
 21.4
 22.0
 22.2
 21.9
 22.2
30
 25.0
 24.3
 24.7
 24.2
 22.5
 27.5
13C NMR spectra were measured in C5D5N (*1) and CDCl3 (
*2).
Fig. 3. Observed NOEs for compound 1.
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successively with MeOH–H2O (4:6, 5 l), MeOH–H2O
(7:3, 8 l), 100% MeOH (8 l) and acetone (7 l). Each was
concentrated in vacuo to give an MeOH–H2O (4:6)
derived eluate (Fr. A, 59.2 g), a MeOH–H2O (7:3)
derived eluate (Fr. B, 38.0 g), a MeOH derived eluate
(Fr. C, 16.6 g) and an acetone derived eluate (Fr. D,
20.1 g). Fr. C was subjected to silica gel CC, this being
eluted successively with n-hexane:EtOAc=15:1, 10:1,
5:1, 1:1, from EtOAc and MeOH to give fractions (Fr.
C-1–Fr. C-8). Fr. C-3 (1310 mg) was recrystallized from
EtOAc to give compound 6 (330 mg). Fr. C-6 (932 mg)
was separated by normal phase HPLC (Kaseisorb LC
60-5, 10f�250 mm, n-hexane:EtOAc=2:1, flow rate; 3.0
ml min�1). The eluate with a retention time 13–23 min
was concentrated and recrystallized from CH3CN to
give compound 1 (31 mg). The mother liquor was con-
centrated and separated by reversed phase HPLC (Sen-
syu Pak PEGASIL ODS, 10f�250 mm, MeOH–H2O
(85:15) at a flow rate of 3.0 ml min�1) to give 2 (11 mg,
Rt=22.4 min), 3 (5 mg, Rt=18.7 min), 4 (6 mg,
Rt=12.0 min), 5 (22 mg, Rt=10.6 min); 7 [3 mg, Rt was
eluated at 24.3 min with a MeOH–H2O (9:1) at a flow
rate of 3.0 ml min�1)]. Fr. C-2 (1452 mg) was purified
by normal phase HPLC (Diachroma Silica N-5 mm,
10f�250 mm, n-hexane:EtOAc=3:1, flow rate; 3.0 ml
min�1) to give 8 (132 mg, Rt=7.5 min), 9 (6 mg, 14.9
min), 11 (29 mg, Rt=15.7 min) and 12 (5 mg, Rt =23.3
min). Fr. D was subjected to silica gel CC and eluted
successively with n-hexane:acetone=50:1, 30:1, 10:1,
5:1, 1:1, from EtOAc and MeOH to give fractions (Fr.
D-1–Fr. D-7). Fr. D-3 (577 mg) was purified by normal
phase HPLC (Senshu Pak Silica 4251-N, 10f�250 mm,
n-hexane:EtOAc=3:1, flow rate; 3.0 ml min�1) to give
13 (83 mg, Rt=14.0 min) and 14 (3 mg, Rt=23.0 min).
Fr. D-4 (2758 mg) was purified by reversed phase HPLC
(CAPCELL PAK C18-UG 120 Å–5mm, 10f�250 mm,
MeOH–H2O (9:1) at a flow rate of 3.0 ml min�1) to give
10 (46 mg, Rt=23.3 min).

3.3.1. 3�-Hydroxy-6-oxo-7,24Z-tirucalladien-26-oic acid
(1)
Colorless powder, mp 233–234 �C; [�]D �29.9�

(MeOH, c 0.5); TLC: Rf 0.43 (Merck, silica gel, n-hex-
ane:EtOAc=1:2), IR (KBr) cm�1: 3368, 1691, 1673,
1649, UV lmax (MeOH) nm ("): 246 (10,900), HR-
EIMS (70 eV): m/z 470.3380 (M)+ (calcd for C30H46O4,
requires 430.3393); for 1H and 13C NMR spectral data,
see Tables 1 and 2.

3.3.2. 3,7-Dioxo-8,24Z-tirucalladien-26-oic acid (2)
Colorless powder, mp 91–93 �C; [�]D �27.7� (MeOH,

c 1.0), TLC: Rf 0.58 (Merck, silica gel, chloroform:
acetone=2:1), UV lmax (MeOH) nm ("): 255 (10,040),
HR-EIMS (70eV): m/z 468.3215 (M)+ (calcd for
C30H44O4, requires 468.3237); for 1H and 13C NMR
spectral data, see Tables 1 and 2.
3.3.3. 3�-Hydroxy-7-oxo-8,24Z-tirucalladien-26-oic acid
(3)
Colorless powder, mp 235–240 �C, [�]D �45.1� (c 0.1,

MeOH), TLC: Rf 0.32 (Merck, silica gel, solvent; n-
hexane:EtOAc=1:1), lmax (MeOH) nm ("): 256 (9,970),
HR-EIMS (70 eV): m/z 470.3400 (M)+ (calcd for
C30H46O4, requires 470.3396); for 1H and 13C NMR
spectral data, see Tables 1 and 2.

3.3.4. 7,11-Dioxo-3�-hydroxy-8,24Z-tirucalladien-26-oic
acid (4)
Yellow powder, mp 94–95 �C, [�]D �85.7� (MeOH, c

1.0), TLC: Rf 0.24 (Merck, silica gel, n-hex-
ane:EtOAc=1:1), lmax (MeOH) nm ("): 270 (6,885),
HR-EIMS (70 eV): m/z 484.3186 (M)+ (calcd for
C30H44O5, requires 484.3188); for 1H and 13C NMR
spectral data, see Tables 1 and 2.

3.3.5. 3,8-Dioxo-7�-hydroxy-7,9-cycro-7,8-seco-24Z-
tirucalladien-26-oic acid (5)
Colorless powder, mp 95–98 �C [�]D +255.1� (MeOH,

c 1.0), TLC: Rf 0.34 (Merck, silica gel, n-hexane:
EtOAc=1:1); HR-EIMS (70 eV): m/z 486.3339 (M)+

(calcd for C30H46O5 requires 486.3345); for 1H and
13C NMR spectral data, see Tables 1 and 2.
4. Cytotoxic activity

The effects of isolated compounds on growth of leu-
kemia cells (L-1210) were investigated as follows. Cells
were suspended in RPMI 1640 medium (NISSUI) con-
taining 10% fetal bovine serum supplemented respec-
tively with l-glutamine and sodium carbonate. Aliquots
(2 ml) of cell suspension (approximately 1�105 cells
ml�1) were transferred into vials. After addition of
compounds to be tested individually at the concen-
tration indicated, the cells were incubated under an
atmosphere containing 5% CO2 at 37

�C for 3 days and
then viable cell numbers were counted. Cytotoxicity was
determined by comparing viable cell numbers with that
of the control.
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