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ABSTRACT

kadsuphilactone A (1)

Two novel triterpene dilactones, kadsuphilactones A (1) and B (2), were isolated from the Taiwanese medicinal plant

kadsuphilactone B (2)

Kadsura philippinensis

The structures of 1 and 2 were elucidated on the basis of extensive spectroscopic methods, including two-dimensional NMR techniques, and

confirmed by X-ray crystallographic analysis. Kadsuphilactone B (2) exhibited in vitro anti-HBV activity with IC

enzyme immunoassay.

50 values of 6 ug/mL by HBsAg

Hepatitis B virus (HBV) infection commonly results in

isolates fromKadsura species also showed antihepatitis

chronic and acute hepatitis and is associated with a high riskactivities and inhibitory activities against cholesterol bio-

of developing liver cancer in humahsRecently, it was

synthesis. A literature survey about a related shrub is well-

demonstrated that the hepatocellular carcinoma cell line, known to produce novel triterperiés®® that showed sig-

HepA2, containing the HBV genome, which continually

secretes hepatitis B surface antigen (HBsAQ) into the culture

nificant antiviral activity such as anti-HIV activity.

medium, can serve as a quick assay system for screening (s)Kuo, Y. H.; Li, S. Y.; Huang, R. L.; Wu, M. D.; Huang, H. C.; Lee,

agents for anti-HBV activity:® Plants of the genusadsura

(Schizandraceae) have been used in traditional Chinesgy,

medicine to treat a variety of disease&? Phytochemically,
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Kadsura philippinensisElmer, indigenous to southern
Taiwan, has not been studied chemicafiythis plant has

IR absorption bands at 1781 and 1724 énndicated a
y-lactone functionality and a carbonyl functionality. This was

been used as a folk medicine for the treatment of rheumatismsupported by CD absorption bands at 260 and 310 nm. The

and headache. To explore the origin of its bioacivity, an
investigation of the chemical constituents of this plant was

H NMR spectrum (Table 1) of showed the presence of

carried out that led to the isolation of two novel triterpene || NN

dilactones, kadsuphilactones B @nd B @), from the EtOAc
extract. This paper decribes the isolation and structural
elucidation of the unprecedented triterpeheand a new
triterpene2.

kadsuphilactone B (2)

kadsuphilactone A (1)

The leaves and stems Kf philippinensiswere extracted
with a mixture of CHCI, and acetone (1:1), and the extract
was partitioned between EtOAc and®i(1:1). The EtOAc-
soluble fraction was subjected to a Si gel columihéxane/
EtOAc, 1:0 to 0:1), from which a fraction (fraction 21) was
separated by Sephadex LH-20 (MeOH) followed by normal-
phase HPLC r{-hexane/CkHCl,/MeOH, 35:65:1), and re-
crystallization from MeOH—EtOH to furnish kadsuphilac-
tones A (, 0.00092%) and B2, 0.0012%). Kadsulactone
(3, 0.002%)” was directly obtained from fraction 9, while
schisanlactone B4 0.0001%)8 was isolated from extensive
Sephadex LH-20 (MeOH), Si gel column-fiexane/acetone,
7:1 to 1:1), and preparative thin-layer chromatography (n-
hexane/CHCI,/MeOH, 3:2:0.5) of fraction 19.

Kadsuphilactone A (1) was obtained as colorless prisms
(mp 193°C) and possessed the molecular formulgHzeOs,
as derived from its HRESIMSn{/z581.3086 [M+ Na]",
calcd 581.3090), indicating 10 degrees of unsaturdfidime

(14) Li, L. N.; Hong, X.Planta Med.1986, 492—493.

(15) Liu, J. S.; Hung, M. F.; Arnold, G. F.; Arnold, E.; Clardy, J.; Ayer,
W. A. Tetrahedron Lett1983,24, 2351—2354.
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Plants; The Council of Agriculture: Taipei, Taiwan, 1999; Vol. II, p 128.

(17) Ikeya, Y.; Taguchi, H.; Yosioka, |.; Kobayashi, Bhem. Pharm.
Bull. 1979,27, 1383—1394.

(18) Liu, J. S.; Huang, M. F.; Ayer, W. A.; Bigam, Getrahedron Lett.
1983,24, 2355—2358.

(19) Mp 193 C; (% +211° (c 0.1, CHCl,); UV Amax (CHCN) nm
(log €) 207 (4.36); CD (CHCN, ¢ 0.17) nm {Q¢) 260 (+3.27), 310 ¢4.07);
IR (neat)vmax2974, 2940, 1781, 1724, 1466, 1375, 1227, 1123, 1064, 735
cm~% 'H NMR (CDClz, 300 MHz) and!3C NMR (CDCk, 75 MHz), see
Tables 1 and 2, respectively; FABM8/z581 [M + NaJ*, 559 [M + H]*;
EIMS m/z 454, 426, 315, 151, 111, 95, 83, 55; HREIM%z 581.3086
(calcd for G2Hae0s, 581.3090). Crystal data: s@H460s:CH3OH, M =
590.73, trigonal system, space grd®f), a = b = 10.4666(14)¢c = 25.264-
(6) A, V=2396.8(6) B, Z=3,d=1.228 g/cr. A crystal of dimensions
0.20x 0.60x 0.80 mm was used for measurements on a RIGAKU AFC7S
diffractometer with a graphite monochromater20 scans, Bma—= 52.0°),
Mo Ka radiation. The total number of independent reflections measured
was 3473, of which 2284 were observelf|f > 20|F[). The crystal
structure was solved by the direct method SHELX-86 (Sheldrick, G. M.;
University of Gottingen: Gottingen, Germany, 1985) and expanded using
difference Fourier techniques, refined by the program SHEXTL 97
(Sheldrick, G. M.; University of Gottingen: Gottingen, Germany, 1997)
and full-matrix least-squares calculations. Final indicBs= 0.043,R, =
0.113 (w= 1/[o¥F?) + (0.0726P§ + 0.3796P] where? = (Fe? + 2F2)/
3).
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Table 1. *H and?3C NMR Data of1?

no. Ou (mult, J, Hz) ocb HMBC ('H-13C)
1 4.15(d, 5.7) 81.3 H-2

2 2.83 (dd, 6.3,18.9)  35.1 H-1

2 2.61(d, 18.9)

3 174.9 H-2

4 84.1 H-5, Me-29, Me-30
5 1.94 (m) 60.4 Me-29, Me-30
6 1.50 (overlap) 33.3

7 1.51 (overlap) 274

8 2.37 (m), 2.04 (m) 23.5 Me-28

9 198.4

10 94.9 H-1,H-2, H-5
11 5.54 (brs) 75.5

12 1.90 (m), 2.50 (m) 37.8 H-11

13 50.7

14 47.9

15 1.42 (m), 1.74 (m) 25.7 Me-28

16 2.44 (m), 2.50 (m) 32.4

17 1.66 (m) 46.8 H-16, Me-21, Me-18
18 0.86 (s) 13.7

19 2.40 (d, 10.5) 43.3

19 3.19(d, 10.5)

20 2.00 (m) 39.9 Me-21, H-22
21 1.03 (d, 6.6) 14.1 H-22

22 444 (d, 12.9) 80.3 Me-21

23 2.08 (m) 26.1

24 6.59(d, 5.4) 139.6 H-22, Me-27
25 128.2 Me-27

26 166.6 Me-27

27 1.88 (s) 17.0

28 0.82 (s) 20.4

29 1.26 (s) 27.7 Me-30

30 1.09 (s) 21.0 Me-29

OAc 2.10(s) 20.5,170.9 H-11

aData were recorded in CD&bn a Bruker AM-300 MHz apparatus.
b Data assigned by HMQC and HMBC.

an acetyl methyl singlet, five methyl singlets, and a methyl
doublet. The®C NMR spectrum (Table 1) and DEPT
revealed thal contained four carbonyl groups of one ketone
and three esters, five quarternary carbons, including one
olefinic carbon and one oxygenated carbon, seven methines,
including one olefinic carbon, and three oxygenated carbons,
nine methylenes, and seven methyl groups. Among them,
the oxygenated carbons appeared &1.3 (C-1), 84.1 (C-

4), 94.9 (C-10), 75.5 (C-11) and 80.3 (C-22). Compond
possessing partial structures of ring A and ring B, was
observed from its HMBC studies, which indicated correla-
tions of H-2 ¢ 2.83, dd,J = 6.3, 18.8 Hz;0 2.61,d,J =

18.8 Hz) with C-1, C-3 (6174.9), and C-10 (694.9),
correlations of H-5 ¢ 1.93 m) with C-10 and C-4: The

(20) Li, R. T.; Zhao, Q. S,; Li, S. H.,; Han, Q. B.; Sun, H. D.; Lu, Y ;
Zhang, L. L.; Zheng, Q. TOrg. Lett.2003,5, 1023—1026.
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latter carbon was also found to correlate with H-29 1.26)
and H-30 (¢ 1.09). The six-membered-methyl, oS-

1 should have a C-Rconfiguration?® According to IUPAC

sequence rules, the absolute configuration of the chiral car-

unsaturated-o-lactone was elucidated from mass fragmentbons was assigned aR 5S10R,11S13R,14R,17R,20S22R.

atm/z111 ([GH;0;]"),?? as well as HMBC correlations of
H-22 (0 4.44, d,J = 12.9 Hz) with C-20 (639.9) and C-24
(6 139.6) and correlations of the methyl singlet (H-27,
1.88) with C-24, C-25, and C-26 (166.6). This was further
supported by the COSY spectrum®fin which correlations

between H-24, H-23, H-22, H-20, and H-21 were observed.
Two isolated COSY correlations were also observed among

H-11 (6 5.54)/H-12 (62.50, 1.90) and H-19a/H-19b .40

d, 3.19 dJ=10.5 Hz). Since compouriicontains an acetyl
group (62.10) and a carbonyl groupd 198.4), two more
ring (rings C and D) were required after deduction of the

degrees of unsaturation. The relative stereochemistry of

kadsuphilactone A 1) was disclosed from the NOESY

correlations, which indicated cross-peaks between H-1 and

Me-29 and between H-11 and Me-28{.82s). The location
of the acetyl was revealed from HMBC correlation (H-11/

COCH). These findings suggested that the acetyl group

should be positioned on th#face of the molecule. Mutual

NOESY correlations were observed between Me-28/H-5 and

Me-28/H-17 but not between Me-18 and Me-28, indicating
that Me-18 wag3-oriented whereas H-5, H-17, and Me-28
possessed-orientation. However, the HRMS and even the
extensive two-dimensional NMR analyses, including the
HMQC, HMBC, and NOESY could not determine the
structure of the rings C and D due to overlappingtdtNMR
signals in ring C. Fortunately, single-crystal X-ray diffraction
analysis (Figure 1) allowed the structurelofo be solved.

Figure 1. Perspective drawing of the X-ray structure lof

Ring D is five-membered, while ring C reveals an unusual

eleven-membered system with a carbonyl group at C-9.

Therefore, the structure dfwas unambiguously established.
The 'H and 3C NMR assignment of rings C and D was
further determined by detailed analysis of COSY, HMQC,
and HMBC as shown in Table 1. The CD spectrumlof
exhibited positive Cotton effects at 260 nm, indicating that

(21) Li, R. T.; Li, S. H.; Zhao, Q. S.; Lin, Z. W.; Sun, H. D.; Lu, Y.;
Wang, C.; Zheng, Q. TTetrahedron lett2003,44, 3531—-3534.

(22) Chen, D. F.; Zhang, S. X.; Wang, H. K.; Zhang, S. Y.; Sun, Q. Z.;
Cosentino, L. M.; Lee, K. H. LJ. Nat. Prod.1999,62, 94-97.
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Kadsuphilactone B2), crystallized as colorless prisms,
had the molecular formula §H4.0s, as derived from its
HRESIMS (m/z483.3106 [M+ H]*, calcd 483.3110%*

Table 2. H and!3C NMR Data of22

no.  Om (mult, J, Hz) S HMBC (*H-13C)
1 6.11(d, 12.6) 150.7 H-5,H-9

2 5.91(d,12.6) 120.2

3 167.4 H-1,H-2

4 84.5 H-5, Me-29, Me-30
5 2.38(dd, 4.2,12.6) 464 H-1 H-19

6  0.79 (m), 1.87 (m) 24.1

7 1.22(m), 1.45 (m) 24.6

8§  1.80(m) 449 H-19, Me-28

9 284 H-1,H-12, H-19

10 335 H-2, H-19

11 2.10 (m), 1.61 (m) 29.0

12 1.75 (m) 33.0 Me-18

13 48.9 H-12, Me-18, Me-28
14 46.1 H-12, H-17, Me-18, Me-28
15 1.38 (m) 34.6 Me-28

16 1.58 (m), 2.05 (m) 215

17 1.94 (m) 50.5 Me-18, H-20, Me-21
18 1.16(s) 19.1

19 1.04(d, 5.1, 329 H-1

19 1.20(d,5.1)

20 75.4  H-17, Me-21, Me-22
21 1.27(s) 20.8 H-22

22  4.25(dd, 4.5,12.0) 83.1 H-17, Me-21

23 2.30 (m) 25.6

24  6.58(d,5.1) 139.0 H-22, Me-27

25 128.3 Me-27

26 165.4 Me-27

27 1.90 (s) 16.8

28 0.89 (s) 19.1

29  1.33(s) 221 Me-30

30 1.35(s) 202  Me-29

aData were recorded in CDgEbn a Bruker AM-300 MHz apparatus.
b Data assigned by HMQC and HMBC.

The presence of the seven-membereg@-unsaturated
lactone and a six-membereaxdS-unsaturated lactone was
revealed from the IR absorption bands (1730, 1713, 1690,

(23) Tan, R.; Xue, H.; Li, L. NPlanta Med.1991,57, 87-88.

(24) Mp 167°C, [a]?®>p +128° (c 0.2, CHCly); UV Amax (CHsCN) nm
(log €) 206 (4.14), 248 (4.16); CD (CG4€N, c 0.14) nm Q¢) 237 (—8.54),
272 (+12.6); IR (neatymax 3497, 2950, 1730, 1713, 1690, 1667, 1650,
909, 858, 739 cmt; 'H NMR (CDCls, 300 MHz) and3C NMR (CDCE,
75 MHz), see Tables 1 and 2, respectively; FABW®& 505 [M + NaJ*,
483 [M + H]*; EIMS m/z482 [M]*, 464 [M — H,0]*, 439, 420, 353,
328, 285, 191, 173, 155, 107, 83, 71, 55; HRESIM& 483.3106 (calcd
for CgoH430s, 483.3110). Crystal data: 3¢H43050.5H,0, M = 491.64,
monoclinic system, space grof®;, a = 15.305(2),b = 11.735(3),c =
15.339(3) Af = 106.94(1)°V = 2636(1) B, Z=4,d = 1.239 g/cri. A
crystal of dimensions 0.2& 0.50 x 0.50 mm was used in diffraction
experiment (same as compourdd. The total number of independent
reflections measured was 5648, of which 3413 were obser\gd %
20|F|?). Final indices: R = 0.044,R,, = 0.117 (v = 1/[0¥(Fc?) + (0.082%)?

+ 0.3416P] whereP = (F?2 + 2F2)/3).
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1667, and 1650 crt) and NMR spectral data (Table 2). | NN

The DEPT spectra showed six methyl singletd €8, 19.1, Scheme 1. Plausible Biogenetic Relationships for Compounds
19.2, 20.8, 22.1, and 29.2). The mutually coupled doublets 1-4.

ato 1.04 and 1.20J = 5.1 Hz) indicated a cyclopropane.
The location of a tertiary hydroxyl group was revealed

by HMBC, in which H-22 § 4.25, dd,J = 4.5, 12.0 Hz), . b

H-17 (6 1.94 m), and Me-21§1.27 s) were correlated with 3 Baeyerviliger 4
C-20 0 75.4). Compoun@ showed a strong positive Cotton Ox'dam"/ _ ﬂhydrolysis
effect at 272 nm similar to that of kadsudilactor?, hydrexyiation

indicating arR configuration of C-22. The complete structure
and stereochemistry @were established from NOESY and
X-ray crystallographic analysis, and the solid-state conforma-
tion is illustrated in Figure 2.

Figure 2. Perspective drawing of the X-ray structure2f

A plausible biogenetic pathway dfand relationships for
these triterpenoids were proposed as shown in Scheme 1 on

the basis of recently published structures such as lancilactoneéfulture. medium was measured by enzyme immunoassay
C 12 micrandilactone Al and lancifodilactone A! Kad- (EIA; kit from Bio-Rad). The IGy is the concentration of

suphilactone A 1) might be produced from kadsulactone t€steéd compounds required for a 50% reduction in HbsAg
(3) and schisanlactone Bl through intermediateA—F. sec_retlon in hgpAZ_ cells. Kadsuphilactone _B (2_) exhibited
This pathway involves Baeyeilliger oxidation, hydroly- ~ @nti-HBV activity with 1Cso value at éug/mL in vitro.

sis, Michael addition, epoxidation, hydroxylation, and finally Acknowledgment. This work was supported by a grant
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