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Lupane and Oleanane Triterpenoids from the Cones ot.iquidamber styraciflua
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A new lupane- 1) and a new oleanane-typ@)(triterpenoid, together with a known compound, massagenic acid G,
were isolated from the cones biquidamber styracifluaThe structures of and2 were determined ag5630-dihydroxy-
3-oxolup-20(29)-en-28-oic acid and:dydroxy-11-oxoolean-12-en-28-oic acid, respectively, on the basis of spectroscopic

methods and chemical conversion. Compofirahd several structural analogues were evaluated for cytotoxicity against
the P388 (murine lymphocyte leukemia) and the A549 (human lung cancer) cell lines.

In an earlier report, we described the isolation and structure hydroxyl groups ¢max 3446 cnt?), a six-membered-ring ketone

determination of two new compounds, 25-acetoxy8/droxy- (vmax 1718 cnrl), a carboxyl groupifmax 31002700, 1699 cm?),
olean-12-en-28-oic acidb) and 3x,25-dihydroxyolean-12-en-28-  agemdimethyl group ¢max 1377 cnt?), and a terminal methylene
oic acid, from the cones dfiquidamber styraciflud.. (Hamamel- (Vmax 1645 cnrl). ThelH and3C NMR spectra (CDG) of 1 (Table

idaceae). Their cytotoxicity against a disease-oriented panel of 391) exhibited signals for six tertiary methyls, a primary hydroxyl
human cancer cell lines and the compounds 3,11-dioxoolean-12-group Py 4.55 (2H, s), 64.6 ()], 10 methylenes, four methines, a
en-28-oic acid§) and g-hydroxy-3-oxolup-20(29)-en-28-oic acid  secondary axial hydroxyl group 4.65 (1H, brs);0c 68.5 (d)],
(4) were also reportetiRecently, we described the in vivo two-  an exocyclic methylene grougj 5.21 (1H, d), 5.55 (1H, d)jc
stage mouse skin carcinogenesis inhibition evaluatio® ahd 106.1(t), 157.1 (s)], five quaternary carbons, a carboxylic agid [
34,25-epoxy-8.-hydroxylup-20(29)-en-28-oic acid6).? Further 178.8 (s)], and a saturated ketone grodg P15.7 (s)]. In the
careful examination of the cones bf styracifluahas led to the HMBC spectrum (Table S1, Supporting Information) hf cor-
isolation of two new lupane- and oleanane-type triterpendidsid relations were observed from Me-23(1.36) and Me-24d 1.66)
2, together with the known compound massagenic acid G. to C-3 (0c 215.7), C-4, and C-5; between H:§dy 4.65) and C-4,
The CHC} extract from the cones &f styracifluawas separated C-5, C-7, C-8, and C-10; and between-2B (04 5.21, 5.55) and
by silica gel column chromatography, Sephadex LH-20, and C-30 (¢ 64.6), C-20 §c 157.1), and C-19. Therefore, the secondary
medium-pressure liquid chromatography (MPLC), and two new ( and primary hydroxyl groups must be attached at C-6 and C-30.
2) and one known triterpenoid were obtained. The latter was The configuration of the C-6 hydroxyl group was assigned agC-6
confirmed as massagenic acid G, which has been isolated fromaxijal, because clear NOEs were observed between Hrél Me-
Melilotus messanensisand its physical and spectroscopic data 23. On the other hand, NOEs were observed between H-20A (
showed good agreement with those already publiSHe€8lC-MS 5.21) and H-18 and H-1%; H-29B (0 5.55) and H-30; and H-
data of 3,11-dioxoolean-12-en-28-oic aci@) (were reported 30 (O 4.55) and H-18, H-193, and H-21y, respectively. Methyl-
already?® although detailed spectroscopic data were not published ation with trimethylsilyl-diazomethane gave a methyl este),(
so far for the compound. Therefore, we describe the NMR data of c;,H,40, (M*+; m/z 500.3496) 0y, 3.63 (3H, s, COOMe). Finally,
3in Table 1. the complete structure was determined by synthesirifigm 63-
hydroxy-3-oxolup-20(29)-en-28-oic acid)( which was the most
abundant triterpene constituent in this cone (Figure S1, Supporting
Information). mCPBA oxidation of4 gave an epoxy derivative
(4a), and subsequent treatment with NaOEt gave an acetyl derivative
(4b) and a diol derivative4c). The synthetic compoundc was
identical with the natural compourid Therefore the structure of
1 was established as summarized in Figure S1, Supporting

Information.
Compound2 was assigned aszgHs604 (MT; m/z 470.3395) by
1: R,=H, R;=OH 2. R;=0-OH,R,=H, R;=0,R,=H HREIMS. The IR spectrum o2 showed a hydroxylymax 3436
1a: R, = CHj, R; = OH 3: R;=O,R;=H,,R;=0,R4=H cmY), an a,B-unsaturated six-membered-ring ketomg 1655
4 Ri=H R;=H 5: Ry=0a-OH,R,=H,, R;=H,, R, = OCOCH; cm2), a carboxyl groupimax 3100-2750, 1700 cm?), andgem
8 R, =0,R,=p-OH,R3=H,,Ry=H

dimethyl groups #max 1386 cnt?l). TheH and3C NMR spectra
of 2 (Table 1) exhibited signals for seven tertiary methyls, nine
methylenes, three methines, a hydroxymethine groy®[41 (1H,
t); Oc 75.8 (d)], a trisubstituted double bondy[5.63 (1H, S);0¢
128.1 (d), 168.3 (s)], six quaternary carbons, a conjugated ketone
[6c 200.6 (s)], and a carboxylic acidf 181.7 (s)]. These IR and
NMR data were similar to those of 3,11-dioxoolean-12-en-28-oic
acid @), which was obtained fronk. styraciflug except for the
C-3 substituent. In the HMBC spectrum, H-®4(3.41) correlated

6 7 with C-1, C-2, C-4, C-5, C-23, and C-24. The configuration of the
The molecular formula of compouridwas assigned as;H4¢0s C-3 hydroxyl group was established as @-&xial because the

(M*; m/z 486.3335) by HREIMS. The IR spectrum showed Proton signal was observed as a triplet when the coupling constant
was 2.7 Hz. NOEs were shown from k-84 3.41) to Me-23 and

* To whom correspondence should be addressed. Tel and F&%- Me-24 in the NOESY spectrum. Another NOE was observed
72-690-1084. E-mail: tanakar@gly.oups.ac.jp. between H-12 and H-18 therefore the C/D ring was assigned with

10.1021/np0581014 CCC: $33.50 © 2006 American Chemical Society and American Society of Pharmacognosy
Published on Web 12/16/2005



Notes Journal of Natural Products, 2006, Vol. 69, No. 143

Table 1. NMR Data for Compound4,2 2, and3® (125 and 500 MHZ)

12 2b 3

position 6(: (SH 6(: 5H 60 (SH

la 4251 1.26m 334t 1.35m 39.7t 1.44m

15 1.90 ddd (12.8,6.2,2.7) 2.57 dt (13.5,3.0) 2.96m

20 34.8t 2.35ddd (14.7,4.4,2.5) 25.4t 1.51m 34.2t 2.37 ddd (15.8,7.0,4.2)

26 2.92m 2.01 ddd (3.0,4.1,14.2) 2.60 ddd (15.8,10.8,7.0)

36 215.7s 75.8d 3.41t(2.7) 217.2s

4 49.4s 375s 47.7s

50 56.9d 1.26m 48.4d 1.22m 55.3d 1.30m

60 68.5d 4.65 brs (w/2=9.0) 17.3t 1.45m 18.7t 1.50m

63 1.31m 1.50m

7o 42.4t 1.68 m 32.8t 1.63m 32.2t 1.64m

6 1.84m 1.34m 1.40m

8 405s 45.2s 448s

9a 51.2d 1.47 dd (8.2,5.5) 61.6d 244 s 61.0d 242s

10 37.2s 37.4s 36.8s

11 200.6 s 199.6 s

1o 216s 1.40m

118

120 27.3t 1.29m 128.1d 5.63s 127.9d 5.67s

128 1.83m

133 37.2d 2.89ddd (12.6,12.6,3.5) 168.3 s 168.8 s

14 43.0s 435s 43.6s

1500 304t 1.30m 27.7t 1.26 m 27.8t 1.29m

15 1.97m 1.71m 1.73m

160 32.8t 1.58 m 22.7t 2.05m 226t 2.07 ddd (13.5,5.1,3.3)

166 2.63dt(12.6,3.2) 1.73m 1.76 m

17 56.6s 459s 46

18a 50.4d 2.04dd (11.2,11.2)

188 41.4d 2.97 dd (13.2,4.3) 41.4d 3.00dd (12.0,5.2)

1% 441t 1.63m 44,1t 1.63m

19 43.5d 3.55ddd (11.4,11.4,4.1) 1.22m 1.22m

20 157.1s 30.7s 30.7s

21a 33.1t 1.69m 33.6t 1.39m 33.6t 1.38 m

218 2.42m 1.28m 1.30m

220 375t 1.70 m 316t 1.68 m 315t 1.66 m

226 2.26m 1.78m 1.78 m

23 25.2q 1.36s 28.5¢ 0.95s 26.5q 1.09s

24 239q¢q 1.66s 22.3¢q 0.84s 21.3q 1.04s

25 17.0q 1.58s 16.1q 1.12s 15.6 q 1.23s

26 17.2q 1.69s 19.2q 0.93s 18.6 q 0.96s

27 15.1q 1.06 s 23.8q 1.38s 235q 1.37s

28 178.8 s 181.7s 183.0s

29A 106.1t 5.21d(1.8) 32.8q 0.94s 32.8q 0.94s

29B 5.55d(1.8)

30 64.6t 4.551(1.4) 23.4q 0.94s 23.4q 0.95s

a Pyridineds. ® CDCls. ¢ Assignments confirmed by decoupling, H/H COSY, NOESY, HMQC, and HMBC spettralues are given in Hz.

Experimental Section

General Experimental ProceduresMelting points were measured
with a Yanagimoto micro-melting point apparatus without correction.
Optical rotations were determined with a JASCO DIP-1000 digital
polarimeter. IR spectra were recorded using a Perkin-Elmer 1720X
FTIR spectrophotometefid and*3C NMR spectra were obtained on a
Varian INOVA 500 spectrometer with standard pulse sequences,
operating at 500 and 125 MHz, respectively. CP&hd pyridinees
were used as the solvent and /8e(TMS) as the internal standard.
EIMS were recorded on a Hitachi 4000H double-focusing mass
spectrometer (70 eV). Column chromatography was carried out over
silica gel (76-230 mesh, Merck), and medium-pressure liquid chro-
matography (MPLC) was carried out with silica gel (238000 mesh,
Merck) and LH-20. HPLC was run on a JASCO PU-1586 instrument

®) equipped with a differential refractometer (RI 1531). Fractions obtained
: - from column chromatography were monitored by TLC (silica gel 60
Figure 1. Selected NOESY correlations &f
9 F2s4, Merck). Preparative TLC was carried out on Merck silica ggh F
the cis configuration (Figure 1). Accordingly, compourtiwas plates (20x 20 cm, 0.5 mm thick).
established asa@3hydroxy-11-oxoolean-12-en-28-oic acid, which Extraction and Isolation. The extraction and preliminary silica gel
is a new natural product. column chromatography of the CHCextract of the cones of.

Compounds, 4, 4b, and5—8 were tested for in vitro cytotoxity styracifluahe}ve been reportédyith separation into nine mai_n fra_ctions
against the P388 (murine lymphocyte leukemia) and the A549 (A-1). I§olat|on of 25-acetoxy<$—hydroxyolean-l_Z-en-28-0|c acig)( _
(human lung cancer) cell lines using the MTT method. Compounds 3a,25-dihydroxyolean-12-en-28-oic acid, 3,11-dioxoolean-12-en-28-oic

. . acid @), and @-hydroxy-3-oxolup-20(29)-en-28-oic aci residues
2 and3 were not assayed becaus_e they. were obtained only in _smaIIE G%nd H?/gvaz alsoyreportédgepe(atgd column chrg)rgbeiltography of
amounts. The EE values are listed in Table S2, Supporting the filtrate of5 (residue G) on silica gel (1 kg) eluting with CHEI

Information. CompoundS—8 were found to show weak activity  gtoAc (5:1) afforded a crystalline solid (fractions-387, 575.0 mg),
against the P388 and A549 tumor cell lines. Compouhdsd 8 which was recrystallized from MeOHCHCI; to give compoundB

are skeletal isomers, and the activity&ivas slightly more potent (212.0 mg). Further elution with the same solvent gave an amorphous
than that of4. gum, which was subjecteded to LH-20 using CgtMeOH (1:1) and
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recrystallized from MeOHCHCI; to give compounds (43.8 mg);
further elution with the same solvent afforded crystalline solids
(fractions 73-77, 8.9 mg, and fractions 13650, 526.6 mg). The
former was recrystallized from MeOHCHCI; to give compoundl
(12.1 mg), and the latter was subjected to LH-20 using GH®IeOH
(1:1) and recrystallized from MeOHCHCI; to give compoun@ (2.7
mg). Repeated column chromatography of residue H on MPLC (300
g), eluting with CHC}—EtOAc (5:1), afforded two crystalline solids
(fractions 5153, 547 mg, and fractions 7¥7, 34.4 mg), which were
recrystallized from MeOH CHCls, respectively, to give compourd
(185.0 mg) and massagenic acid G (221. mg).

Compound 1: colorless prisms; mp 169110 °C (from MeOH-
CHCL); [0]p?” —23.8 € 0.10, CHCH); IR (KBr) vmax 3446 (OH), 3106
2700 and 1699 (COOH), 2929, 2870, 1718«Q0), 1645 (G=CH,),
1458, 1377, 1364, 1180, 1051, 967, 927, 898, 758¢cAH and'°C
NMR, see Table 1; EIMSnz 486 (1) [M]*, 468 (7) [M — H;O] *,
422 (3), 285 (3), 232 (21), 219 (26), 217 (31), 205 (42), 203 (100),
187 (68), 185 (63), 175 (49), 148 (47), 133 (54); HREIM& C30H4Os
(M™; m/z 486.3335, requires 486.3342).

Methyl 64,30-dihydroxy-3-oxolup-20(29)-en-28-oate (1ap MeOH
(1 mL) and GHe (1 mL) solution of compound (10.8 mg) was added
to a trimethylsilyldiazomethane 2.0 M solutionrirhexane (TMSCHY
(0.5 mL) and left fo 5 h atroom temperature. Evaporation of the solvent

Notes

and 1700 (COOH), 2927, 2857, 16554C—C=0), 1386, 1364, 1181,
803, 753 cm?; 'H and 3C NMR, see Table 1; EIMS$nz 470 (33)
[M]*, 452 (5) [M — HxO] *, 424 (8), 303 (73), 263 (12), 262 (100),
257 (56), 248 (15), 235 (16), 217 (44), 203 (19), 193 (13), 189 (59),
187 (16), 175 (80), 161 (19), 135 (28), 119 (37), 105 (24); HREIMS
Mz CaoH4604 [M+; m/z 470.3395, requires 470.3393].

Assay for Cytotoxicity. A549 and P388 cells were cultured in
RPMI-1640 supplemented with 10% (v/v) fetal bovine serum (FBS)
at 37°C in a humidified incubator containing 5% GO he cytotoxicity
against cancer cells was measured with the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assa¥he cells (1x 10*
cells/well) were cultured in 96-well culture plates with the compounds
for 72 h. Stock MTT solution (5 mg/mL) was added to each well (10
ulL/well), and the plates were incubated at°&7for another 4 h. Acidic
SDS solution (5Q:L of 0.02 N HCI in 20% SDS solution) was added
to each well and mixed thoroughly. The absorbance was read on a
microplate reader using a test wavelength of 570 nm and a reference
wavelength of 620 nm.
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sodium sulfate and evaporated under reduced pressure. The residue waReferences and Notes

purified by HPLC using MeOHCHCl; (80:20) as an eluent to afford
20,29-epoxy-B-hydroxy-3-oxolupan-28-oic acidtg) (507.6 mg) as a
colorless powder. To a solution & (388.8 mg, 0.8 mmol) in EtOH
(10.0 mL) was added sodium ethoxide (157.8 mg, 2.3 mmol), and the
reaction mixture was stirred at room temperature for 72 h. The mixture
was neutralized with AcOH and extracted with &Hb. The CHCI,
layer was chromatographed over a silica gel column with a GHCI
EtOAc—MeOH gradient as the eluent. The EtOARleOH (100:1)
eluate (167.2 mg) was further purified by HPLC using Me©HO
(70:30) as the eluent to affordb (37.8 mg) and4c (50.5 mg) as
colorless powders. Compoudd was identical with natural compound
1.

Compound 2: colorless crystals; mp 169.70°C (MeOH-CHCl);
[a]p?t +76.2 € 0.15, CHCY); IR (KBr) vmax 3436 (OH), 3106-2750

(1) Sakai, K.; Fukuda, Y.; Matsunaga, S.; Tanaka, R.; Yamori).T.
Nat. Prod.2004 67, 1088-1093.

(2) Fukuda, Y.; Sakai, K.; Matsunaga, S.; Tokuda, H.; Tanak&hem.
Biodivers. 2005 2, 421-428.

(3) Bohlman, F.; Trinks, C.; Jakupovic, J.; King, R. M.; Robinson, H.
Planta Med.1984 50, 276-277.

(4) Macias, F. A.; Simonet, A. M.; Galindo, J. C. G.; Pacheco, P. C.;
Sanchez, J. APhytochemistryi998 49, 709-717.

(5) Van Der Doelen, G. A.; Van Der Berg, K. J.; Boon, J.Stud.
Consep. 199§ 43, 249-264.

(6) Van Der Doelen, G. A.; Van Der Berg, K. J.; Boon, J. 1.
Photochem. Photobiol. A: CherR00Q 134, 45—-47.

(7) Mosmann, TJ. Immunol. Method4983 65, 55—-63.

NP0581014



