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Phytochemical screening of the roots@dmphrena macrocephalaith particular attention to its triterpene glycoside
constituents, has resulted in the isolation of two new oleanane glycodidesi2) and a new taraxerane glycosid.(

The structures 0o1—3 were determined as #©]12a-epoxy-3-[(O-S-b-glucuronopyranosyl)oxy]olean-28,13-olid#) (
11a,120-epoxy-P-[(O--p-galactopyranosyl-(#3)-O-[5-p-glucopyranosyl-(3>2)]-4-p-glucuronopyranosyl)-
oxy]olean-28,13-olide 2), and 11,120-epoxy-3P-[(O-5-D-glucuronopyranosyl)oxy]taraxer-14-en-28-oic agieb-
glucopyranosyl esteB}, respectively, on the basis of their spectroscopic data and the results of hydrolysis. The aglycones
(1a and 3a) of 1—3 with an epoxy group showed cytotoxic activity against HSC-2 human oral squamous carcinoma
cells.

Gomphrena macrocephalt.-Hill. is a perennial herb belonging  28,13-olide? andp-glucuronic acid.p-Glucuronic acid, including
to the family Amaranthaceae and one of the well-known Brazilian its absolute configuration, was identified by direct HPLC analysis
medicinal plants. A decoction prepared from the rootsGof of the hydrolyzate, which was performed on an ion-exclusion
macrocephaldas long been used as a tonic and stimulant in Btazil. column of sulfonated polystyrene with isocratic elution in 5 mM
However, a literature survey showed that no systematic investiga- H,S0,, with detection carried out by using a combination of
tions have been done d@. macrocephalaoots? In connection refractive index (RI) and optical rotation (OR) detectors. The linkage
with our work on bioactive secondary metabolites from traditional position of -b-glucuronic acid was shown to be at C-3 of the

medicines, a chemical investigation has been done on-BieOH- aglycone by detecting a correlation between the anomeric proton
soluble fraction of the roots @. macrocephal®0% EtOH extract. atd 5.03 and the C-3 carbon 4t88.8 in the HMBC spectrum.

This has resulted in the isolation of two new oleanane glycosides rrom the above evidence. the structurd efas elucidated as bl-

(1 and 2) and a new taraxerane glycosid®).(This paper deals 12a-epoxy-F-[(O-B-b-glucuronopyranosyl)oxylolean-28,13-
with the structure elucidation of the three new triterpene glycosides oli

on the basis of their spectroscopic data and the results of hydrolysis.

The cytotoxic activity ofl—3 and their aglycone$aand3aagainst

HSC-2 human oral squamous carcinoma cells is also described. )
An 80% EtOH extract of the roots dB. macrocephalavas 993.4672, anéC NMR spectrum (48 carbon signals). THeNMR

suspended in O and then successively partitioned with EtOAc spectrum oR showed signals for three anomeric protons &t73

andn-BuOH. Then-BuOH-soluble portion was repeatedly subjected (d:J = 7.8 Hz), 5.31 (dJ = 7.8 Hz), and 4.91 (dJ = 7.6 Hz),

to column chromatography over silica gel, octadecylsilanized (ODS) &long with seven tertiary methyl groupscat .23, 1.21, 1.08, 1.05,

silica gel, and Sephadex LH-20 to gitg98.6 mg),2 (83.3 mg), O_.88, 0.81, and 0.7_8 (ea(_:h s). Acid hydrolysiafith 0.2 M HCI

and3 (41.3 mg). yielded p-glucuronic acid, p-glucose, andb-galactose as the
Compoundl was obtained as an amorphous solid. Its molecular carbohydrate moieties, whereas enzymatic hydrolysi€ afith

formula was derived as $Hs.O010 by the HRESITOFMS data, naringinase gaviéa. The results of the hydrolyses and t¢and

showing an [M+ H]* ion atm/z 647.3795, and’C NMR spectrum 13C NMR data indicated that the carbohydrate moiety2ofras

(36 carbon signals). The IR spectrumlohowed absorptions due ~ composed ofb-glucuronic acidp-glucose, ans-galactose. When

to hydroxy groups at 3324 crhand a five-membered lactone group  the **C NMR spectrum of2 was compared with that of, the

at 1774 cm. TheH NMR spectrum ofl showed signals for seven  resonances due to C-2 and C-3 of the glucuronosyl moiety were

tertiary methyl groups ab 1.30, 1.26, 1.13, 0.98, 0.90, 0.88, and displaced downfield by 3.2 and 8.9 ppm and were observed at

Compound had the molecular formulaH740, on the basis
of the HRESITOFMS, exhibiting an [M+ Na]t peak atm/z

0.81 (each s) and one anomeric protom &.03 (d,J = 7.8 Hz). 78.7 and 87.1, respectively. This suggests that the C-2 and C-3
Enzymatic hydrolysis oflL with S-glucuronidase gave a known hydroxy groups of the glucuronosyl moiety are the positions at
triterpenoid (a), identified as 1&,12a-epoxy-3F-hydroxyolean- which the additionab-glucose andp-galactose units are linked.

In the HMBC spectrum, the anomeric proton resonancéssatr3
* To whom correspondence should be addressed. F8lt-42-676-4573. (H-1 of b-glucosyl), 5.31 (H-1 ob-galactosyl), and 4.91 (H-1 of

Fa>T<: +81-42-676-4579. E-mail: mimakiy@ps.toyaku.ac.jp. p-glucuronosyl) exhibited correlations with the carbon signats at
*L%?%Stggi\gg:%m Pharmacy and Life Science. 78.7 (C-2 of glucuronic acid), 87.1 (C-3 of the glucuronic acid),
8 Instituto de Botaica. and 89.4 (C-S’_ of aglycone), respectively. Accordingly, the structure
Y Meikai University School of Dentistry. of 2 was elucidated as £1120-epoxy-3-[(O-5-p-galactopyrano-
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Figure 2. NOE correlatlons of3a

e: —CugH—CpugHo—; f: —CpyHo—CpxHo—, as well as seven
methyl groups and a carbonyl group (Figure 1 and Figure 2). In
the HMBC spectrum o8a, a pair of the geminal methyl protons

of Me-23 (¢ 1.20) and Me-24 { 1.04) showed long-range
correlations not only with their attached C-¢139.2) but also with

C-3 (0 78.1) and C-5¢ 55.0), whereas the angular Me-25 protons
(6 1.06) were correlated with the C-d 89.0), C-5, and C-10)
37.0) carbons. These correlations gave evidence for a connection
of fragments a and b via the C-4 and C-10 quaternary carbons and
linkages of Me-23 and Me-24 to C-4, and Me-25 to C-10. Long-
range correlations between a methyl singled dt.14 attributable

to Me-26 and C-84 39.3)/C-9 ¢ 54.2)/C-14 ( 160.1) and between
another methyl singlet at 1.13 (Me-27) and C-12§(58.7)/C-13

(6 37.8)/C-14, as well as between an olefinic protondab.78
assigned to H-15 and C-14, implied a linkage of fragments ¢ and
d through the C-13 and C-14 quaternary carbons and the locations
of Me-26 and Me-27 at C-8 and C-13, respectively. Likewise, long-

Compound3, obtained as an amorphous powder, has a molecular range correlations between a pair of the geminal methyl protons of

formula of C;HgsO15 0ONn the basis of its HRESITOFMSM(z
831.4066 [M+ Na]™) and3C NMR data (42 carbon signals). The
NMR properties of3 were suggestive of a bisdesmosidic triterpene
glycoside. Acid hydrolysis 08 with 0.2 M HCI gave p-glucuronic
acid andb-glucose, and enzymatic hydrolysis2ivith naringinase
afforded3a. By the HRESITOFMS ([M+ H]*, m/z471.3448) and
13C NMR data (30 carbon signals), the molecular formulz3af
was determined to bexgHs04, corresponding to eight degrees of

Me-29 (0 0.99) and Me-30{ 1.10) and C-19{ 35.8)/C-20 §
29.3)/C-21 ¢ 34.4), as well as long-range cross-peaks observed
from H-18 (¢ 3.16) and H-22 (0 2.08 and 1.63) to the C-17
quaternary carbond(50.8) and C-28 carboxyl carbod (179.9),
confirmed a linkage of fragments e and f through the C-17 and
C-20 quaternary carbons and the locus of a carboxyl group at C-17.
Finally, the partially connected structural fragments, a/b, c/d, and
e/f, were combined by detecting HMBC correlations between H-11

unsaturation. The IR spectrum suggested the presence of hydroxy(é 3.27) and C-10, Me-25 and C-9, H-7aX 1.30) and C-14, Me-

groups (3376 cm') and a carboxyl group (1690 crt). The 'H
NMR spectrum oBadisplayed resonances for seven methyl groups

26 and C-7 § 40.5), H-18 and C-12, H19 (6 1.57 and 1.40) and
C-13, Me-27 and C-18, and H6 (0 2.90 and 2.22) and C-17,

ato 1.20, 1.14, 1.13, 1.10, 1.06, 1.04, and 0.99 (each s) and anallowing construction of a modified taraxerane skeleton (Figure

olefinic proton até 5.78 (dd,J = 8.0, 3.5 Hz). Thel*C NMR
spectrum combined with various DEPT spectra indicated the
presence of seven methyl grougs 2.5, 29.5, 28.5, 27.3, 20.9,
17.1, and 16.3), a trisubstituted double botdl60.1 and 118.5),

a carbonyl groupd 179.9), six methines)78.1, 58.7, 55.0, 54.2,
52.0, and 41.8), eight methylene% 40.5, 39.0, 35.8, 34.4, 33.3,
31.6, 27.8, and 19.2), and six quaternary carb@ns(.8, 39.3,
39.2, 37.8, 37.0, and 29.3).

Detailed analysis of thtH—H COSY, HOHAHA, and HMQC
spectra of3a allowed the sequential assignments of tHeNMR
signals and the one-bond coupl&C NMR signals as shown in
Table 1, giving rise to the following six structural fragments, a:
—C(l)Hz—C(z)Hz—C(3)H(—O—)—; b: —C(5)H—C(6)H2—C(7)H2—; C:
~CigH—CupH(—0—)~CuxH(-0-)— ~CasH—CugHa—;

1). Acetylation of3a with Ac,O in pyridine gave a monoacetate
(3b; C32H4505). When thetH NMR spectrum of3b was compared
with that of 3, the signal due to H-3 was shifted downfield by
1.24 ppm throughO-acetylation and was observed at4.69;
however, the signals attributable to H-11 and H-223(23) were
almost unaffected. On the other hand, treatmer®aofith CH,N»
in MeOH vyielded a methyl este3¢, C31H4g0,). These findings
indicate thaBahas a hydroxy group at C-3, an epoxy ring between
C-11 and C-12, and a free carboxyl group at C-17. Thus, the planar
structure of3a was established.

In the phase-sensitive NOESY spectrunBaf NOE correlations
between Me-25 and H-2a% (1.94)/Me-26, H-5 ¢ 0.83) and H-3
(6 3.45)/H-7ax/H-9, H-18 and Me-26/Me-30, Me-27 and Héd (
1.19)/H-16x (0 2.22)/H-1% (6 1.57), and H-16 and H-22x (6
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Table 1. 'H NMR Data for1 and3 in CsDsN—D,0O (5:1) and3ain CsDsN

1 3 3a
position H J (Hz) H J (Hz) H J(Hz)
leq 1.68 m 1.74 brd 134 1.94 brd 13.3
ax 1.05 t-like 11.9 1.16 m 1.34 br dd 13.3,12.1
2eq 2.27 br dd 13.7,4.4 2.26 dd 13.4,4.2 1.87 m
ax 191 br ddd 13.7,13.7,11.7 1.90 br ddd 13.4,13.4,11.6 1.94 br ddd 13.1,13.1,11.0
3 3.37 dd 11.7,4.4 3.36 dd 11.6,4.2 3.45 dd 11.0,4.8
4
5 0.74 brd 11.8 0.72 brd 11.2 0.83 dd 11.8,1.6
6 eq 1.48 brd 16.1 1.45 m 1.59 brd 13.4
ax 1.35 br dd 16.1,13.2 1.28 br dd 12.2,11.2 1.43 m
7eq 1.04 brd 125 211 brd 11.8 1.99 br dd 13.0,3.5
ax 1.25 m 1.25 m 1.30 br dd 13.0,4.4
8
9 1.65 brs 1.07 d 5.0 1.19 d 4.9
10
11 3.03 brd 3.7 3.12 dd 5.0,4.5 3.27 dd 4.9,4.6
12 3.22 d 3.7 3.10 d 45 3.23 d 4.6
13
14
15a 1.02 br dd 11.4,5.5 5.98 dd 7.9,3.3 5.78 dd 8.0,3.5
p 1.70 ddd 13.1,11.4,4.2
16a 2.17 ddd 13.1,13.1,55 2.18 dd 14.6, 3.3 2.22 dd 14.7,35
B 1.29 m 2.93 dd 14.6,7.9 2.90 dd 14.7,8.0
17
18 2.53 dd 13.7,2.9 2.98 dd 14.1,3.2 3.16 dd 14.0,34
19a 1.99 dd 15.6,13.7 1.50 dd 14.1,13.3 157 dd 14.0,13.4
p 1.73 brd 15.6 1.33 dd 13.3,3.2 1.40 dd 134,34
20
2la 1.37 ddd 14.0,14.0,4.8 1.14 m 1.33 brd 13.4
B 1.17 brd 14.0 1.33 m 1.45 br dd 13.4,2.9
220 1.69 br dd 14.0, 3.6 1.54 ddd 13.9,11.2,2.9 1.63 ddd 13.8,13.8,3.2
B 181 ddd 14.0,14.0,4.2 1.98 brd 13.9 2.08 br dd 13.8,3.2
23 1.30 S 1.25 S 1.20 s
24 0.98 s 0.98 s 1.04 s
25 0.88 s 0.93 s 1.06 s
26 1.13 s 1.15 s 1.14 s
27 1.26 s 1.10 s 1.13 s
28
29 0.90 s 0.91 S 0.99 S
30 0.81 s 0.99 s 1.10 s
1 5.03 d 7.8 5.00 d 7.8
2 4.16 dd 8.7,7.8 4.12 dd 8.9,7.8
3 4.34 dd 9.0, 8.7 4.32 dd 9.2.8.9
4 4.63 dd 9.7,9.0 4.58 dd 9.7,9.2
5 4.71 d 9.7 4.67 d 9.7
6
1" 6.17 d 8.1
2" 4.16 dd 9.0,8.1
3" 4.25 dd 9.3,9.0
4" 4.32 dd 9.3,9.3
5" 3.98 ddd 9.3,4.6,2.2
6" a 4.38 dd 11.9,2.2
b 4.32 dd 11.9,4.6

1.63) provided evidence for the triterpenoid ring fusions of A/B
trans, B/C trans and D/Ecis, and the 18 configuration. The
p-equatorial orientation of the hydroxy group at C-3 was revealed
by the coupling constants of H-3 (dd,= 11.0, 4.8 Hz) and was
supported by NOEs between H-3 and H-1&x1(34)/H-5. Further
NOE correlations between H-11 and Me-25/Me-26 and between
H-12 and Me-26 revealed the-configuration of the epoxy ring.
The structure of the new triterpeBamay thus be defined as .}
120-epoxy-$-hydroxytaraxer-14-en-28-oic acid.

In the HMBC spectrum o8B, the anomeric proton signals at
5.00 and 6.17, which were assigned to H-1/eb-glucuronosyl
and H-1 off3-p-glucosyl, respectively, exhibited three-bond-coupled
carbon signals ad 89.1 (C-3 of aglycone) and 176.5 (C-28 of
aglycone).

From the data described above, the structur@wés elucidated
as 11, 120-epoxy-3-[(O-S-p-glucuronopyranosyl)oxy]taraxer-14-
en-28-oic acigs3-p-glucopyranosyl ester.

Compoundsl and 2 are new oleanane glycosides, ahds a
glycoside of a new taraxerane derivatiBay, Triterpenes with the
taraxerane skeleton have been rarely found in natural sotrtes,
and this is the first isolation of a taraxerane glycoside. Compounds
1-3 and their aglyconeda and 3a were evaluated for their
cytotoxic activity against HSC-2 cells. Althoudh-3 did not show
apparent cytotoxicity at a sample concentration of B0 laand
3a were cytotoxic to HSC-2 cells (g 21 uM) as potent as
etoposide (IG 24 uM) used as a positive control.

Experimental Section

General Experimental Procedures.Optical rotations were mea-
sured using a JASCO DIP-360 (Tokyo, Japan) automatic digital
polarimeter. IR spectra were recorded on a JASCO FT-IR 620
spectrophotometer. NMR spectra were recorded on a Bruker DRX-
500 spectrometer (500 MHz féH NMR, Karlsruhe, Germany) using
standard Bruker pulse programs. Chemical shifts are givéavasues
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with reference to TMS as an internal standard. ESIMS data were Table 2. 13C NMR Data for1—3 in CsDsN—D,0 (5:1) and3a

obtained on a Micromass LCT mass spectrometer (Manchester, U.K.).in CsDsN

Diaion HP-20 (Mitsubishi-Chemical, Tokyo, Japan), Sephadex LH-20

(Pharmacia, Uppsala, Sweden), silica gel (Fuji-Silysia Chemical, Aichi,
Japan), and ODS silica gel (Nacalai Tesque, Kyoto, Japan) were used
for column chromatography. TLC was carried out on precoated
Kieselgel 60 Es4 (0.25 mm, Merck, Darmstadt, Germany) and RP-18
Fz54 S (0.25 mm thick, Merck) plates, and spots were visualized by
spraying with 10% HSO, followed by heating. HPLC was performed
by using a system comprised of a CCPM pump (Tosoh, Tokyo, Japan),
a CCP PX-8010 controller (Tosoh), an RI-8010 detector (Tosoh) and
a Shodex OR-2 detector (Showa-Denko, Tokyo, Japan), and a Rheodyne
injection port with a 2QuL sample loop. The following reagents were
obtained from the indicated companies: Dulbecco’s modified Eagle
medium (DMEM) (Gibco, Grand Island, NY); fetal bovine serum (FBS)
(JRH Biosciences, Lenexa, KS); penicillin and streptomycin sulfate
(Meiji-Seika, Tokyo, Japan); and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-H-tetrazolium bromide (MTT) (Sigma, St. Louis, MO). All
other chemicals used were of biochemical reagent grade.

Plant Material. The roots ofG. macrocephalavere collected in
the fields of the Brazilian Cerrado if"8#&aulo, Brazil. This plant was
identified by comparison with a specimen deposited in the Herbarium
Maria Eneida P. K. Fidalgo of Instituto de Botanica dé Szaulo,
Brazil, by one of the authors (M.H.) (voucher #GM-92-12).

Extraction and Isolation. The plant material (dry weight 4.0 kg)
was extracted with 80% EtOH at room temperature for 30 days. The
extract was concentrated under reduced pressure, and the viscous
concentrate was partitioned betweesOHand EtOAc and then between
H,O andn-BuOH. A 58.5 g portion of the-BuOH extract (148 g)
was subjected to silica gel column chromatography (85 mmxi.200
mm) eluted with a stepwise gradient mixture of ChtaMeOH—H,O
(20:10:1; 7:4:1; 6:4:1; 5:4:1) and finally with MeOH alone, giving seven
fractions (I, II, Ill, IV, V, VI, and VII). Fraction Il was subjected to a
silica gel column (60 mm i.dx 200 mm) eluted with CHGH-MeOH—

H,O (80:10:1; 30:10:1; 20:10:1) and a Sephadex LH-20 column (65
mm i.d. x 250 mm) with MeOH to givel (98.6 mg). Fraction IV was
chromatographed on ODS silica gel (45 mm i:d.230 mm) eluted
with MeOH—H,0 (6:4; 7:3) and MeCNH,0 (1:2) to yield2 (83.3
mg) and3 (41.3 mg).

Compound 1: amorphous solid;d]p?* +28.0 € 0.10, MeOH); IR
(film) vmax 3324 (OH), 2933 and 2870 (CH), 1774©), 1508, 873
(epoxy) cntl; 'H NMR, see Table 1;*3C NMR, see Table 2;
HRESITOFMS m/z 647.3795 [M + H]" (calcd for GgHssO10,
647.3820).

Enzymatic Hydrolysis of 1. CompoundL (9.9 mg) was treated with
[-glucuronidase (Sigma, EC 3.2.1.31; 9.5 mg) in a phosphate buffer
(pH 6.9, 2.5 mL) at room temperature for 48 h. The reaction mixture
was passed through a Sep-Pak C18 cartridge (Waters, Milford, MA)

carbon 1 2 3 3a

1 38.4 38.2 38.6 39.0
2 26.3 26.0 26.2 27.8
3 88.8 89.4 89.1 78.1
4 39.6 39.5 39.3 39.2
5 54.9 54.7 54.9 55.0
6 17.7 17.6 18.8 19.2
7 31.3 31.2 40.3 40.5
8 41.6 41.5 39.3 39.3
9 51.1 50.9 54.0 54.2
10 36.4 36.2 36.5 37.0
11 52.7 52.7 51.9 52.0
12 57.3 57.2 58.4 58.7
13 87.6 87.6 37.6 37.8
14 40.9 40.8 159.7 160.1
15 27.0 26.9 118.9 118.5
16 21.6 215 32.4 33.3
17 44.1 44.0 51.4 50.8
18 49.8 49.7 42.0 41.8
19 38.0 37.9 35.5 35.8
20 315 314 29.1 29.3
21 34.4 34.3 33.9 34.4
22 27.6 27.5 30.6 31.6
23 27.8 275 27.8 28.5
24 16.4 16.0 16.6 16.3
25 17.2 17.1 17.0 17.1
26 20.3 20.3 26.9 27.3
27 18.9 18.8 20.8 20.9
28 178.9 179.0 176.5 179.9
29 33.1 33.0 32.2 32,5
30 23.4 23.4 29.1 29.5
1 107.3 105.0 107.1

2 75.5 78.7 75.2

3 78.2 87.1 77.8

4 73.4 71.7 73.2

5 77.9 76.9 77.6

6 172.9 171.6 172.5

1" 103.6 96.2

2" 76.2 73.9

3" 78.3 78.5

4" 72.3 70.8

5" 77.9 79.0

6" 63.2 61.9

i 104.9

2" 72.7

3" 75.0

q 59.9

5" 77.1

6" 62.0

eluted with 30% MeOH (6.0 mL) followed by MeOH (6.0 mL). Column
chromatography of the MeOH eluate fraction on silica gel (25 mm i.d.

x 100 mm) was eluted with CHg+MeOH (9:1) to givela (3.0 mg)?

J=13.5, 2.4 Hz, H-18), 2.16 (1H, ddd= 13.2, 13.2, 5.6 Hz, H-1®),

The 30% MeOH eluate fraction was passed through a Sephadex LH-2.09 (1H, br ddJ = 13.2, 4.4 Hz, H-2eq), 1.97 (1H, dd,= 13.5,

20 column (18 mm i.d.x 160 mm) using MeOH to yield a sugar

fraction (1.1 mg). The sugar fraction was analyzed by HPLC under

the following conditions: column, Aminex HPX-87H (7.8 mm ix.

300 mm, 5 mm, Bio-Rad Laboratories, Hercules, CA); solvent, 5 mM

H,SQOy; flow rate, 0.6 mL/min; detection, Rl and OR. Identification of

D-glucuronic acid present in the sugar fraction was carried out by
comparison of its retention time and polarity with those of an authentic

sample: tr (min), 8.16 p-glucuronic acid, positive polarity).
Compound 2: amorphous solid;d]p?? +21.7 € 0.12, MeOH); IR
(film) vmax 3376 (OH), 2927 and 2873 (CH), 1777 and 1615~Q),
871 (epoxy);*H NMR (CsDsN—D-0, 5:1)6 5.73 (1H, d,J = 7.8 Hz,
H-1"), 5.31 (1H, dJ = 7.8 Hz, H-1"), 4.91 (1H, dJ = 7.6 Hz, H-1),
4.54 (1H, dJ= 9.5 Hz, H-8), 4.49 (1H, dd,J = 10.8, 3.1 Hz, H-Ba),
4.48 (1H, ddJ = 9.2, 7.8 Hz, H-2'), 4.47 (1H, ddJ = 9.5, 8.7 Hz,
H-4'), 4.45 (1H, ddJ = 8.7, 7.6 Hz, H-2), 4.44 (1H, ddJ = 10.6, 6.0
Hz, H-6"a), 4.43 (1H, m, H-4'), 4.38 (1H, dd]) = 8.7, 8.7 Hz, H-3,
4.32 (1H, ddJ= 9.1, 4.5 Hz, H-8b), 4.31 (1H, ddJ = 10.6, 3.8 Hz,
H-6""b), 4.26 (1H, ddJ = 9.0, 9.0 Hz, H-3), 4.13 (1H, m, H-5"),
4.12 (1H, ddJ = 9.0, 9.0 Hz, H-4), 4.11 (1H, ddJ = 9.1, 3.2 Hz,
H-3"), 4.07 (1H, ddJ = 9.0, 7.8 Hz, H-2), 3.85 (1H, ddd,] = 9.0,
4.5, 3.1 Hz, H-B), 3.22 (1H, ddJ = 12.5, 4.4 Hz, H-3), 3.20 (1H, d,
J = 3.9 Hz, H-12), 2.99 (1H, br dJ = 3.9 Hz, H-11), 2.50 (1H, dd,

13.5 Hz, H-1%9), 1.82 (1H, br dddJ) = 13.2, 13.2, 12.5 Hz, H-2ax),
1.78 (1H, dddJ = 15.2, 14.1, 4.3 Hz, H-29), 1.71 (1H, ddJ = 13.5,
2.4 Hz, H-19), 1.68 (1H, br dJ = 14.1 Hz, H-22(), 1.46 (1H, br d,
J=10.1 Hz, H-6eq), 1.23 (3H, s, Me-27), 1.21 (3H, s, Me-23), 1.15
(1H, br d,J = 15.2 Hz, H-2B), 1.08 (3H, s, Me-26), 1.05 (3H, s,
Me-24), 1.01 (1H, br dJ = 13.2 Hz, H-7eq), 0.88 (3H, s, Me-29),
0.81 (3H, s, Me-25), 0.78 (3H, s, Me-30), 0.65 (1H, bdes 10.1 Hz,
H-5); 13C NMR, see Table 2; HRESITOFM®z 993.4672 [M+ Na]"
(calcd for GgH74020Na, 993.4671).

Enzymatic Hydrolysis of 2. Compound (27.3 mg) was subjected
to enzymatic hydrolysis of naringinase (Sigma, EC 232-962-4; 48.1
mg) in an HOAc/KOAc buffer (pH 4.3, 10.0 mL) at room temperature
for 408 h. The reaction mixture was passed through a Diaion HP-20
column (20 mm i.dx 160 mm) eluted with 20% MeOH followed by
EtOH—Me,CO (1:1). The EtOHMe,CO (1:1) eluate fraction was
purified by silica gel column chromatography (30 mm ixd100 mm)
eluted with CHC{—MeOH—H,0 (20:10:1) and ODS silica gel column
chromatography (20 mm i.dk 160 mm) with MeOH-H,0 (13:2) to
yield 1a (6.6 mg)?

Acid Hydrolysis of 2. A solution of 2 (5.3 mg) in 0.2 M HCI
(dioxane-H;0, 1:1, 2.0 mL) was heated at 9& for 1 h under an Ar
atmosphere. The reaction mixture was diluted witfOHand then
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neutralized by adding AgC9 The resulting precipitate was filtered

Notes

added to the sample solution and allowed to stand at room temperature

off, and the filtrate was passed through a Sep-Pak C18 cartridge elutedfor 12 h. The reaction mixture was chromatographed on silica gel (10

with H,O (6.0 mL) followed by EtOH (6.0 mL), giving a sugar fraction
(2.3 mg) and an aglycone fraction (2.1 mg). TLC analysis of the
aglycone fraction showed that it contained several unidentified artifacts.
HPLC analysis of the sugar fraction under the same conditions as in
the case ofl. showed the presence af-glucuronic acidp-galactose,
andp-glucoseg (min) 8.07 -glucuronic acid, positive polarity), 8.99
(p-glucose, positive polarity), 9.624{galactose, positive polarity).

Compound 3: amorphous solid;d]p?° —40.0 € 0.01, MeOH); IR
(film) vmax 3388 (OH), 2926 and 2867 (CH), 1741 and 1604-Q), 874
(epoxy);*H NMR, see Table 1}3C NMR, see Table 2; HRESITOFMS
m/z 831.4066 [M+ Na]" (calcd for GoHssO15Na, 831.4143).

Enzymatic Hydrolysis of 3. Compound3 (13.8 mg) was subjected
to enzymatic hydrolysis with naringinase (30.0 mg) in an HOAc/KOAc
buffer (pH 4.3, 10.0 mL) at room temperature for 240 h. The reaction
mixture was purified by silica gel column chromatography (20 mm
i.d. x 100 mm) using CHGH-MeOH—-H,0 (7:4:1; 30:10:1) to yield
3a (7.0 mg).

Compound 3a: amorphous solid;d]p*® —6.0 (€ 0.10, CHC}); IR
(film) Ymax 3376 (OH), 2933 and 2857 (CH), 1690<0), 871 (epoxy);
1H NMR, see Table 1!3C NMR, see Table 2; HRESITOFM8vz
471.3448 [M+ H] " (calcd for GoHa704, 471.3474).

Acid Hydrolysis of 3. A solution of 3 (4.6 mg) was subjected to
acid hydrolysis as described f@rto give a sugar fraction (1.8 mg)
and an aglycone fraction (2.4 mg). TLC analysis of the aglycone fraction
showed that it contained several unidentified artifacts. HPLC analysis
of the sugar fraction under the same conditions as in the cade of
showed the presence pofglucuronic acid and-glucose.

Acetylation of 3a. Compound3a (1.3 mg) was treated with A©
(2.0 mL) and pyridine (1.0 mL) at room temperature for 20 h. After
the addition of HO (3.0 mL) into the reaction mixture, followed by
evaporation to dryness, it was chromatographed on silica gel (10 mm
i.d. x 135 mm) eluted with hexareMe,CO (5:1) to yield3b (1.1
mg).

Compound 3b: amorphous solid; IR (filmymax 2930 and 2861
(CH), 1733 and 1691 (€0), 865 (epoxy)*H NMR (CsDsN) 6 5.76
(1H, dd,J = 8.0, 3.3 Hz, H-15), 4.69 (1H, dd,= 11.0, 5.3 Hz, H-3),
3.23 (1H, d,J = 4.1 Hz, H-12), 3.22 (1H, t-like) = 4.1 Hz, H-11),
3.17 (1H, ddJ = 14.6, 8.1 Hz, H-18), 2.22 (1H, dd,= 14.7, 3.4 Hz,
H-160), 2.07 (3H, s, Ac), 1.14, 1.1% 2, 1.01, 1.00, 0.89, 0.87 (each
3H, s, tertiary methyls); HRESITOFM®/z513.3604 [M+ H] * (calcd
for C32H4905, 5133580)

Methylation of 3a. Compound3a (3.1 mg) was dissolved in MeOH
(3.0 mL) and cooled at OC. A large excess of Cil; in EtO was

mm i.d. x 160 mm) eluted with hexareMe,CO (5:1) to yield3c (1.9
mg).

Compound 3c: amorphous solid; IR (filmymax 3325 (OH), 2925
and 2859 (CH), 1724 (€0), 866 (epoxy)H NMR (CsDsN) 6 5.62
(1H, dd,J = 8.0, 3.6 Hz, H-15), 3.67 (3H, s, OMe), 3.45 (1H, dd=
11.1, 4.6 Hz, H-3), 3.24 (1H, dd,= 5.0, 4.6 Hz, H-11), 3.13 (1H, d,
J = 4.6 Hz, H-12), 2.94 (1H, dd] = 14.0, 3.4 Hz, H-18), 2.63 (1H,
dd,J = 14.8, 8.0 Hz, H-1B), 2.12 (1H, ddJ = 14.8, 3.6 Hz, H-16),
1.22, 1.08, 1.07 2, 1.03x 2, 0.96 (each 3H, s, tertiary methyls);
HRESITOFMSmz 485.3631 [M+ H]* (calcd for GiH4dO4, 485.3631).

Cell Culture and Assay for Cytotoxic Activity. HSC-2 cells were
maintained as monolayer cultures at 37 in DMEM supplemented
with 10% heat-inactivated FBS in a humidified 5% £&@mosphere.
Cells were trypsinized and inoculated ak610° to 1.2 x 10* per each
96-microwell plate (Falcon, flat bottom, treated polystyrene, Becton
Dickinson, San Jose, CA) and incubated for 24 h. After washing once
with PBS, they were treated for 24 h without or with test compounds.
The cells were then washed once with PBS and incubated! fiowith
0.2 mg/mL MTT in DMEM supplemented with 10% FBS. After the
medium was removed, the cells were lysed with 0.1 mL of DMSO
and the relative viable cell number was determined by measuring the
absorbance at 540 nm of the cell lysate, using Labsystems Multiskan
(Biochromatic, Helsinki, Finland) connected to a Star/DOT Matrix
printer JL-1078 The 1Gs, value, which reduces the viable cell number
by 50%, was determined from the desesponse curve.
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