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Abstract: Problem statement: Medicinal plants derived anticancer were now besudjects of
many research groups especially, the secondarybwl@t triterpenoids trees which had enormous
potential to inspire and influence modern antigeshtive research. The study aimed to investigate
the chemical constitution and their potential useantiproliferative activity of purified compounds
derived fromF. virosa. Approach: The F. virosa was selectedand percolated withhexane, ethyl
acetate, acetone and methan®he extractswere purified and elucidated chemical structures.
Furthermore, the isolated compounds were testedbfological activity. The bioassays were
performed on two cancer cell lines, adriamycin-#eres erythroleukemia cells (K562) and
adriamycin-resistant erythroleukemia cells (K562/Adwhich overexpressed P-glycoprotein
(MDR1/ABCBL1). Results: Friedelin (1), epifriedelanol (3), stigmasterol @)d betulinic acid (5)
were isolated from the leaves and twigsFofvirosa. The molecular structures of these compounds
were determined using several spectroscopic methidas compounds i.e., 1, a chemically modified
compound 1 heptanolide (2), 3 and 4 showed a ldnitgotoxic activity towards human cancer cell
lines mainly due to a low aqueous solubility whiphevented their use in cell viability assays.
Interestingly, compound 5 exhibited a high cytotityi characterized by an effective concentration
value (IGo) equal to 9.7+2.1 pg.mt (21.2+4.6 uM) and 7.1+0.7 pg.ﬁ1YL(15.5J_rl.5 pM) for K562
and K562/Adr, respectively. Moreover, the antipieriative activity of compound 5 was independent
of the multidrug resistance phenotype exhibitedhgyK562/Adr cell line suggesting that compound
5 was not the effluxes out of the K562/Adr cells pR1 (ABCB1). Conclusion: The results
clearly showed that the betulinic acid of the fasolated compounds frork. virosa could be
considered as high potential source of cytotoxiovig.
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INTRODUCTION glycosides, glycerin  carbohydrate, anthraquine,

steroid¥!,  alkaloid§™  cardiac  glycosidés’,

Genus Flueggea, belonging to the Euphorbiaceaanthraquinon®, norsecurining®, pipecolinic acift,
family, contains 4 species wefe acidoton,  bergenif, 14, 15-epoxynorsecurinine, norsecuriffithe
F. neowawraea, F. tinctoria and F. virosa, which are  virosecurinin€®'”,  viroallosecurinin€”,  friedelin,
shrubs and widely distributed among the tropicalfriedelan-3i-ol, friedelan-3-ol, lupeol, glochidonol,
forests. Extensive survey of the genus Flueggea byglochilocudiol, betulonic acid and sitostétdl were
smittinand” indicated the presence Bf virosa single  chemical constituent of. virosa. As part of our

in Thailand. ongoing project on the discovery of new anti-cancer
The significant biological activities of extracdad  agents fronf. virosa.

important ethnomedical applicationsFofvirosa include, In this task, the hexane and ethyl acetate fraaifo

antimalaridf®,  antidiabeti®®,  antimicrobidf!,  Flueggea virosa (Roxb. ex Willd.) was studied and led

antidirrhoedl!, antioxidartf!, chemotaxomi®), anti- to the isolation of friedelin (1), epifriedelanoB)(
arrhythmi¢?, sedative?, antitrypanosomB! and  stigmasterol (4) and betulinic acids (5), in aduiti
anticonvulsait?. Previous chemical studies Bfvirosa  heptanolide (2) was modification from friedelin (1)
showed that tannins, flavonoids, sapofin¥! resin, (Fig. 1).
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Lx3 dayx13 times) and methanol (&Bdays7 times)
at room temperature, followed by filtration. The
filtrates were combined and evaporated to dryness
under reduced pressure to afford hexane extrac® ()38
ethyl acetate extract (70.0 g), acetone extrac{7(B§)
and a methanol extract (267.85 @), respectivelye Th
hexane extract (28.90 g) was separated by CC over
silica gel (350 g). Gradient elution was conducted
initially with n-hexane, gradually enriched withhgt
acetate (100:0, 95:5, 90:10, 80:20, 50:50, 30:70®),
followed by increasing amount of ethyl acetate in
methanol (80:20, 50:50, 0:100). Fractions were
collected and combined on the basis of their TLC
behavior. The solvents were evaporated to dryness t
afford ten fractions fF,,. Rechromatographed
subfraction E+F; (14.92 g), eluted by 5% EtOAc-n-
hexane. Gradient elution was pure n-hexane-EtOAc
(100:0, 95:5, 90:10) afford subfractions ;-As.
Repeated CC of A4.65 g) to afford subfractions,;C
C,, subtractions €(0.18 g) was further purified by
recrystallized afford 1 (0.14 g). Subfraction &.59 g,
eluted with hexane) was rechromatographed on easili
gel column. Elution with hexane- EtOAc (100:0, 95:5
to afford four subfractions (EE;). Repeated CC of
o 1+E> (2.50 g, eluted with hexane) over silica gel.
Fig. 1. Structures of compounds 1-5 and X-ray ORTEFEIution with hexane- EtOAc (100:0, 95:5) gradietus
diagram of 3 afford G-Gs.Subfraction G(0.84 g), eluted by pure n-

hexane, recrystallized obtain pure compound 3 (§)46

The structures of all compounds were elucidated ony :
. X - echromatography of subfraction; E1.61 g) was
the basis of spectroscopic methods. We herein itbescr performed on silica gel. Gradient elution with n-

the isolation, the modification and determinatidnfe .. ne Froac (95:5) to afford subfractions,-H,
structures, including their anticancer activities.

subfraction H (0.61 g), recrystallized obtain pure
compound 4 (0.08 g). The ethyl acetate extractOO0.
g) was separated by CC over silica gel (650 g).
Gradient elution was also of isolation hexane e&ttra

lected f Suratthani Provi f Thailand i Fractions were collected all fractions were momitbr
cofiected from  suratthani Frovince o atiand 1n y TLC and combined on the basis of their TLC

January, 2008. A voucher specimen (BKF no. 129958Eharacteristics The solvents were evaporatedytoeds
gas been dfep’(\)lsn_ed Iaﬁa tEe WFI(c)JIrI'?St H;rb;\lrlum[,o afford fractions }l4. Subfraction § (4.66 g, 10%
epartment of National Park, liafire ~an ant EtOAc-hexane) was rechromatographed on a silica gel
Con_servatlon, Ministry of. Natural Resources andcolumn. Elution with n-hexane-EtOAc (100:0, 95:5,
Environment, Bangkok, Thailand. 90:10, 80:20) gradients to afford; 43, subfraction K
(1.88 g) was rechromatographed one time to afford 5
General procedures: Mps: uncorr.; UV: MeOH; IR:  (1.33 g). The isolated 1 was modified, hence the
KBr. NMR spectra were recorded on aBer DPX 400  oxidative transformation of ring A of 1 was undéea.
in CDCl; or Pyridine-d5 using TMS as an internal Tpe Baeyer Villiger oxidation of 1 (50 mg) with
standard and X-ray diffraction, otherwise stated C MCPBA in CH,CI, at room temperature for overnight
was carried out on silica 60, 70-230 mesh. afforded the heptanolide (2) (60% yield).

MATERIAL AND METHODS

Plant material: The leaves and twigs &f virosa were

Extraction and isolation: The air-dried and finely Cell culture and cell viability assay: Cell viability
powdered leaves and twigs Bf virosa (3.6 kg) were  assays were performed on two cancer cell lines,
successively percolated with hexane (¥3Ldayx7  adriamycin-sensitive erythroleukemia cells (K562)a
times), ethyl acetate (7x3days18 times), acetone (7 adriamycin-resistant erythroleukemia cells (K562)Ad
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which overexpressed P-glycoprotein (MDR1/ABCB1). compound needed to inhibit by 50% £§Cthe cellular
The K562/Adr cells were cultured in RPMI-1640 proliferation.
medium supplemented with 10% fetal bovine serum,
1% antibiotic and 100 nM doxorubicin at 37°C and 5%

CO, for 3 days. Then, cells were grown in doxorubicin ) S
free medium for 2 weeks before cell viability Chemical structure identification of compounds: The

experiments. Both cell lines were cultivated in free ~ chemical structure of isolated compounds fiénvirosa
compound medium and growth inhibition curves wereand modified compound i.e., friedelin (1), epifetahol
generated using various concentrations of 4 pudrifie (3), betulinic acid (5) and heptanolide (2), were
compounds from F. virosa and a modification identified as follow:

compound. Cell viability was determined using the 3

(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazatiu ~ Friedelin (1): White needles from Cj€l,: MeOH m.p.
bromide (MTT) reduction. The formazan crystal 258.1-261.3°C (Lit” m.p. 262-263°C). IR (KBrDmax
production from MTT reduction was determined by 1715 (C = O stretching of ketone), 2927, 2870, 1463
measuring the absorption at 560 nm which correlate390 cm". 'H and **C-NMR data: Table 1. COSY
with the number of living cells. The percentage ofcorrelations H/H: 4/23. HMBC correlations: Table 2.
growth inhibition was calculated and plotted verthess EIMS (70 eV) m/z (%): 426 (¥ 39), 411 (13),
concentration of the compound tested. The341(34), 302 (22), 273 (69), 246 (81), 231 (62)9 18
antiproliferative ability of a compound against can  (53), 161 (67), 121 (70), 109 (100), 95 (76), 88)(&7
cell proliferation was expressed as the conceommati  (84).

RESULTS

Table 1: 400 MHZH-and 150 MHZC-NMR data of compound 1, 2, 3 and 5 (CP&hd Pyridine-d5) (cont.)

o &
Position f 2 3 5 12 2 3 5
1 1.99(m.) 1.25(obsc.) 1.39(obsc.) 1.68(obsc.) @2.3 29.71 17.50 37.95
2 2.42(dd,5.1,1.9) (a)2.64 (a) 1.45(obsc.) 1.88¢9 41.54 34.36 35.03 28.95
(dd,13.4,6.6) (b) 0.96(obsc.)
(br) 2.52 (t,12.8)
3 - - 3.73(d, 2) 3.46(m) 213.32 175.60 72.77 78.44
4 2.25(q,6.4) 4.22(q,6.4) 1.26(obsc.) - 58.23 849 4917 41.41
5 - - - 1.40(obsc.) 42.16 58.24 37.10 51.26
6 1.77(obsc.) 1.27(obsc.) (@) 1.73 1.57(obsc.) 1.2 41.30 41.72 19.08
(d(t),12.8, 3.1)
(b) 1.00(obsc.)
7 1.52(obsc.) (@) 1.93 1.42(obsc.) 1.42(obsc.) 28.2 18.24 15.79 35.13
(dd,14.6, 7.4)
(b) 1.49(obsc.)
8 1.41(obsc.) 1.30(obsc.) 1.29(obsc.) - 53.10 52.73 53.20 39.81
9 - - - 0.83(obsc.) 37.45 37.45 37.83 56.22
10 1.55(obsc.) 1. 12(obsc.) 0.92(obsc.) - 59.47 .0®4 61.34 37.81
11 1.25(obsc.) 1.18(obsc.) 1.91(obsc.) 1.23(obsc.) 35.63 35.63 35.34 21.51
12 1.35(obsc.) 1.34(obsc.) 1.30(obsc.) 1.95(obsc.) 30.51 30.60 30.64 26.42
13 - - - 1.65(obsc.) 39.70 39.35 39.67 39.59
14 - - - - 38.30 38.39 38.37 43.15
15 1.18(obsc.) 1.18(obsc.) 1.14(obsc.) 1.87(obsc.) 32.42 32.37 32.33 28.54
16 0.98(obsc.) 0.94(obsc.) 1.20(obsc.) 2.64(d,92.6 36.01 35.97 36.08 31.54
17 - - - 30.03 29.99 30.03 56.99
18 1.58(obsc.) 1.57(obsc.) 1.57(obsc.) 1.76(obsc.) 42.79 42.73 42.81 50.08
19 0.98(obsc.) 0.93(obsc.) 1.88(obsc.) 3.54(m) 85.3 35.31 35.18 48.07
20 - - - 28.18 28.16 28.18 151.71
21 1.20(obsc.) 1.20(obsc.) 1.52(obsc.) 2.26(obsc.) 32.77 32.75 32.81 30.59
22 0.95(obsc.) (a) 1.48(obsc.) 1.47(obsc.) 1.5%)bs 39.26 39.23 39.28 38.88
(b) 0.95(obsc.)
23 0.89(d,8) 1.21(s) 0.94(s) 1.23(obsc.) 6.83 16.20 11.63 28.54
24 0.73(s) 0.88(s) 0.98(s) 1.08(s) 14.66 13.44 6.4 15.20
25 0.87(s) 0.83(s) 0.88(s) 1.08(s) 17.95 17.90 518.2 16.73
26 1.01(s) 1.00(s) 0.99(s) 0.83(obsc.) 20.26 20.20 20.13 16.65
27 1.05(s) 0.99(s) 1.00(obsc.) 1.08(s) 18.68 18.58 18.66 16.73
28 1.18(obsc.) 1.17(s) 1.19(s) - 32.10 32.05 32.09 179.66
29 0.95(obsc.) 0.95(obsc.) 1.00(obsc.) (@) 4.78(s)  35.03 35.02 31.80 110.20
(b) 4.95(s)
30 1.01 (s.) 1.00 (s.) 0.96 (obsc.) 1.80 (s.) 31.79  31.75 35.00 19.78

2 In CDCk; ™ In pyridine-d5
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Table 2: Observed HMBC correlation in compound,B3 and 5
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C 1 correlated H 2 correlated H 3 correlated H Betated H

1 2 2b, 3 25,9,3,5

2 1 - 4 3

3 2,1,23,4 2a,2b, 4 2b, 2a, 23 1,2,23,24
4 2,23,24 4,10, 23, 24 23, 2b, 24, 6b 2, 23526,

5 4,1,23,24 24 3,23,24 23,24,7,9,25
6 24 24,10,7a,7b 24 57

7 8 6,8 - 6

8 25,7,26,10,11,6 25, 26 25, 6a, 7, 6b, 26, 15 7,27,26,11,9
9 25 25,7,11 8,12 5,7,26,11,1
10 2,4,24,25,8 1, 2a, 2b, 4, 24,6, 8, 25 284425, 8, 11 9,25,1,5,6)
11 25 10, 25 25 12

12 11, 27 11, 27,18 27 13

13 27, 26, 15 18, 27,11, 12, 8, 26, 15, 19 27, 26 11, 18, 27

14 27,26 27,12,8,26,16,7 27,26, 8 15, 16278
15 26, 16 26, 16 26 27

16 15, 28 15, 28, 22a, 22b 28 -

17 28, 15, 16, 21, 19 15, 16, 18, 22 b, 28, 19 18816 16, 18, 21, 22
18 28, 27 27,12,16, 28,22 b, 19 28, 16, 27 16

19 29, 21, 30 29, 30 29, 30 18, 21, 29a, 29b, 30
20 19, 29, 30, 22 29, 30, 19 29, 30 293, 29b, 8019
21 19, 29, 30, 22 29,30,19,22b 29, 30 -

22 21, 28 16, 18, 28 16, 28 18

23 4 4 - 3

24 4 4 - 23

25 - 8,11 - 9

26 8, 15 8 8 9

27 18,12 12,18 18 -

28 22,16 16, 18,22 a,22b - 18, 22

29 30, 21 19, 30 30

30 29, 19 19, 29 29a, 29b

Heptanolide (2): White needles from C}l,: MeOH
m.p. 249.9-252.3°C. IR (KBrumax 1737 (C = O

1.53 (1H, obsc, H-7b), 0.93 (1H, obsc, H-8), 0.2H,(
obsc, H-9), 1.53 (2H, obsc, H-11), 1.16 (2H, obse,

stretching of lactone), 2930, 2868, 1464, 1385cm 12), 1.07 (1H, obsc, H-14), 1.57 (2H, obsc, H-1519
'H and *C-NMR data: Table 1. COSY correlations (2H, obsc, H-16), 1.08 (1H, obsc, H-17), 0.70 (3,
H/H: 2a/2b; 4/23; 7a/7b; 22a/22b. HMBC correlations H-18), 1.01 (3H, s, H-19), 2.04 (1H, obsc, H-203L

Table 2. EIMS (70 eV) m/z (%): 442 (M23), 426
(13), 398 (23), 383 (38), 274 (65), 245 (43), 268)(

(3H, s, H-21), 5.16 (1H, dd, J = 15.15, 8.59 HZ22);
5.02 (1H, dd, J = 15.17, 8.66 Hz, H-23), 1.54 (fbkc,

204 (67), 189 (57), 161 (53), 149 (39), 121 (85, 9 H-24), 1.45 (1H, obsc, H-25), 0.85 (3H, s, H-26B10
(3H, s, H-27), 1.18 (2H, obsc, H-28), 0.68 (3HHs,

(100), 67 (97).

Epifriedelanol (3): White needles from CiEl,:
MeOH m.p. 281.2-282.6°C. IR (KB 3475 (OH
stretching), 2933-2869, 1457, 1386 ¢ntH and **C-

29). ®*C-NMR150 MHz, CDCJ: & 37.26 (C-1), 31.67

(C-2), 71.82 (C-3), 42.31 (C-4), 140.76 (C-5), TAL.
(C-6), 31.91 (C-7), 45.84 (C-8), 50.14 (C-9), 36(52
10), 21.10 (C-11), 39.78 (C-12), 42.22 (C-13), 96.7

NMR data: Table 1. COSY correlations H/H: 4/23; (C-14), 24.37 (C-15), 26.08 (C-16), 55.96 (C-172.06

19/18; 2b/2a; 6a/6b. HMBC correlations: Table 2VIEI

(C-18), 19.40 (C-19), 40.50 (C-20), 21.23 (C-21),

(70 eV) m/z (%): 428 (N| 12), 413 (50), 395 (25), 275 138.33 (C-22), 129.28 (C-23), 51.25 (C-24), 31.88 (

(34), 257 (40), 233 (57), 206 (51), 191 (41), 16B)(
147 (67), 121 (75), 109 (80), 95 (93), 67 (100).

Stigmasterol (4):® White needles from CjEly:
MeOH m.p. 145.8-148.9°C. IR (KBMma: 3430 (OH

25), 19.83 (C-26), 18.99 (C-27), 25.42 (C-28), 11.8
(C-29). COSY correlations H/H: 2/3, 1a; 3/4a; 7h/7a

6/7a, 7b. HMBC correlations C/H: 1/19; 2/4a; 3/2b,

4, 1a; 4/6; 5/19, 1b, 4, 1a, 6, 7b; 6/4; 7/6; 94, 6,
8; 12/18; 13/18; 14/18; 17/21, 22; 18/12, 17; 2022,

stretching), 1639-1655 (C = C stretching), 29387286 21/22; 22/21, 20, 23; 23/22, 20, 25, 28; 24/22, 2%,

1464, 1383-1368.cth 'H-NMR 400 MHz, CDC}:
1.87 (1H, obsc, H-1a), 1.84 (1H, obsc, H-1b), 122,

25/27; 26/27; 28/23. EIMS (70 eV) miz (%): 412*(M
38), 396 (75), 381 (40), 329 (87), 273 (43), 258)(5

obsc, H-2), 3.53 (1H, m, H-3), 2.29 (1H, obsc, H-4) 231 (98), 213 (100), 199 (64), 163 (50), 161 (A5
5.35(1H, d, J = 4.92 Hz, H-6), 2.03 (1H, obsc, H;7a (67), 133 (48), 105 (40), 91 (50), 81 (53), 79 (29)
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Table 3: The logP value and cytotoxic activity ofrg compounds  methylene carbons connected to a carbonyl group wer
extract from hexane and ethyl acetate fractioreafés and characteristic by the low-field shifts than nornald

twigs of F. vi . .
HgS O TR 41.54 and 58.23, respectively. The mass fragmentati

IC at 125 pg.mt* (%
. ho.mt (%) ions in the mass spectrum of 1 at m/z 426][M11,

Compound logP K562 K562/Adr 341, 302, 273, 246, 231, 109 (base peak) and 6& wer
Friedelin (1) 9.13 No activity No activity useful in obtaining the structure of’l The presence
Heptanolide (2) 8.53 34 18 : ;
Epifriedelanol (3) 8.81 No activity 26 '?ff t?e Carbotn-yl grotjp }Ivafogofnflrm(e)g ?:S ?t\:ldenced by
Stigmasterol (4) 782 5 13 e fragment ions at m/z orHO". Furthermore,
Betulinic acids (5)  7.38 100 100 the fragment ions at m/z 273, 341 and 302 were stow
& Calculated from chemical structure by using CherbBéw Ultra  specific characteristic of m/z values of ions in
11.0 friedelane derivativés!. Compound 1 was finally

proved to be friedelin by direct comparison of ‘it
and ®C-NMR (Table 1) spectral data with those
reported in the literatuf€. The results from 2D NMR

) f experiments supported the assignments of protods an
3464 (O.H s’Fretchlng), 1686 (C = O stretching of o4 1hons in the structure (Table 1). In order tongaore
car_k;ox;llhc aC|d),131639 (C = C stretching), 2943887 jntormation about the structure activity relatioipshthe
cm” "H and “C-NMR data: Table 1. COSY jgqated friedelin (1) was modified hence the ofica
correlations H/H: 2/3; 6/7; 18/19; 21/22. HMBC ansformation of ring A of friedelin was undertake
correlations: Table 2. EIMS (70 eV) m/z (%): 456(M Tpe Baeyer Villiger oxidation of friedelin (1) with
7), 438(9), 411(5), 395(28), 248 (88), 228(5), AJ(  MCPBA in CH,CI, at room temperature for overnight
203(30), 190(50), 189(100), 175(46), 119(47), 9R(38  afforded the heptanolide (2) (60% yield). The
heptanolide (2) possesses a supplementary oxygen at
compared to compound 1, by their EIMS at m/z 443[M
for 2 (GoHs¢O). The IR (KBr) spectra showed the

Betulinic acids (5): White powder from MgCO:
MeOH m.p. 279.5-281.3°C. (Lf! m.p. 282°C). UV
(MeOH) Anax nm (log g): 223 (3.04). IR (KBr)Umax

The antiproliferation activity of compounds:
Bioactive investigation of purified compounds from

hexane and ethyl acetate fraction of leaves angstof ) : i
: ' bsorption bands corresponding to the C = O stirgch
F. howed that the f ds testecf _ <
rosa snowed Tid, among e e Compouncs esie of 7-membered ring lactone at 1737 ¢nThe'H and

only compound 5 displayed a strong antiprolifeeativ L
actK/ity orl13 K562 and Ii(S}GISZIAdr cell I?nes. |?Ne found “C-NMR spectral data of 2 was quite similar to those
that the 1G, value of compound 5 is 9.7+2.1 AL of 1 with some difference observed in ring A. With
(21.2+4.6 EIM) and 7 1+g7 ug n'1]L(1-5 §+1 SH?LM) respect to the analogous signals observed in 1, the
for K562 and K562/Adr respectively, while thesh®f do(;/vgflflig’szmg 60Ltzr)18205'§ (?n? _C;; ;'anZ?IZEng(f

0 y - . y . 3 . y - . y
compound 1, 2, 3 and 4 are undetectable. The %l 4'Hz), respectively. The C-4 signals in 6-NMR

values of all compounds at the concentratibn spectra abe. 84.94 for compound 2 was due to the
-1 H C .

125 pg.mL" were presented in Table 3. effect of the C-5-C-6 bond and the C-3 carbonythie

DISCUSSION ring A lactone. Other connectivities were confirmad

2D NMR caorrelation experiments (Table 2). Compound
Compound 1 exhibited [ peak at m/z 426 in the 3 was obtained as white needles from,Cht MeOH.

EIMS corresponding to a molecular formulggds,O.  The IR (KBr) spectrum of 3 exhibited the absorption
Its IR (KBr) spectrums showed the absorption baatds bands at 3475 crh (O-H stretching) and 2933-2869
Vimax 1715 cm' (for 6-membered ring ketone) and 2927, cm™ (for C-H stretching of sphybridization) which
2870 cm’ (for C-H stretching of sphybridization).The  suggested that 3 had friedelane skeleton. The EINVES
'H-NMR spectrum (Table 1) of 1 displayed a showed the [M at 428, corresponding to a molecular
characteristic low field shift of multiplet fou-proton  formula of GeHs,O. Compound 3 is clearly related to
ketone at position 2 and 4 &R2.42 and 2.25, as well as compound 1, except that 3 has one hydroxyl group in
the one secondary and seven tertiary methyls of ththe structure. The'H and '3C-NMR spectra of
friedelane moiety were observed in tHel-NMR  compound 3 were almost same as those of compound 1.
spectrum as a doublet&0.89 (J = 8.0 Hz, Me-23) and The differences were the absence of a ketone sajdal
singlet atd 0.73, 0.87, 0.95, 2(1.01), 1.05 and 1.18,213.32 (C-3 in 1) and the presence of hydroxyl gr@u
respectively. A part from the most very low fielifss  3.73, H-3 and® 72.77, C-3) in 3. Based on the above
carbon signal ab 213.32 represented the 3-keto groupmentioned data and the reported chemical struaifire
of friedelin. Additionally, the presence of the two triterpene, they were in good agreement with
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epifriedelanol, which was reported in the literafit.
Furthermore, the structure of compound 3 was fnall
proved by single-crystal X-ray diffraction and theray

CONCLUSION

In conclusion, it is interesting to note that aligh

ORTEP diagram is as shown in Fig. 1. Compound $he occurrence of triterpenoids have been reparted

was obtained as a white powder from &6: MeOH.
The EIMS spectrum exhibited a [Mions peak at m/z
456 corresponding to a molecular formula g§HzgOs.

Its IR spectrum displayed the carboxylic carbonyl
absorption at 1686 ct In additionally, the strong
absorption band at 3464 chwas revealed the O-H
stretching. The fragmentation ions in the masstspec

of 5 at m/z 456(M, 7), 438(9), 411(5), 248(88), 228(5),
207(37), 203(30), 189(100) were also useful in
obtaining the structure®. The ions at m/z 438 and
248 were the results of carboxylic group in the
structure. Furthermore,
angular carboxylic group is readily eliminated from
triterpenes was provided by the EIMS spectrum, tvhic
exhibited an intense M-45 peak (4%4) The'H-NMR
spectrum of 5 exhibited characteristic proton Sig)rd
the isopropenyl group a downfield singlet of vieyli
methyl atd 1.80 and a pair of broad singlets due to
exomethylene protons &t4.78 and 4.95. The multiplet
at 6 3.46 (m) in the spectrum of 5 was typical for a
triterpene with 3-hydroxy substituent. THEC-NMR
spectrum data odc 179.66 which the most downfield

signal confirmed the presence of the carbonyl of

carboxylic group. In order to obtain more inforroati
about the location of carboxylic group in componc
2D NMR HMBC was carried out. The correlations
observed atd 1.76 (H-18) andd 1.57 (H-22) were
exhibited the carbon signal & 179.66 (C-28). In
addition to the carbon signal @t110.20 indicated that
the presence of exomethylene carbon in the streictur
By the result of antiproliferation activity on azer
cell lines, we can determine the g}Cvalue only in

compound 5. In fact, we observed that the aqueoug

solubility of compound 1, 2, 3 and 4 was very |ae
logP values which characterized the solubility loé t
compounds were calculated from their

printed in Table 3. According to this calculation,

compound 5 has the smallest logP value. Compaaing t

the chemical structure and bioactivity, the substn
of hydroxyl group on C-3 of compound 3 resultechin

decrease of the logP value and an increase in the

cytotoxic activity on both cancer cell lines, whillee
oxidative transformation on ring A of 1 resulted an
higher cytotoxicity on K562/Adr. However, the
generation of growth inhibition curves for all
compounds except compound 5 was rendered difficu
due to the low aqueous solubility of these compsund

independent evidence that

chemical
structure using ChemBioDraw Ultra 11.0 and were

several species of plants or in living system, coamals
possessing significant antiproliferative activityre a
particularly rare. Our research demonstrated that
betulinic acid was the triterpene compound dispigyi
the higher antiproliferative activity. In additiorthis
compound is easily extracted from the virosa. Our
work emphasized the importance of the compound
solubility parameter as the key obstacle rajats

in vitro antiproliferative evaluation on human cell lines.
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