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ABSTRACT

Podocarpaside (1)

Podocarpaside (1), a novel arabinoside possessing a unique triterpene skeleton was isolated from Actaea podocarpa , a closely related species
to black cohosh (dietary supplement used for menopausal disorders). Podocarpaside belongs to a new class of triterpenoids, for which the
name “ranunculane” is proposed. Compound 1 possesses anticomplement activity.

Actaea, belonging to the family Ranunculaceae, consists of program aimed at the issues of adulteration, misidentification,
about 28 species distributed throughout East Asia, Europe,and bioequivalence of black cohosh related species in
and North Americd. Black cohosh A. racemosy a rich comparison with black cohosh, we reported the isolation and
source of cyclolanostane-type triterpefiesjs one of the structure elucidation of severakeco-lanostatane- and cy-
importantActaeaspecies and is used as a dietary supplement clolanostane-type triterpenes frofn podocarpaA. pachy-

for treating menopausal disordérdt is usually collected poda, andA. rubra’~—° Here, we describe the isolation, the
from the wild where the risk of adulteration is high due to structure determination, and a possible biogenetic origin of
cogrowth ofA. podocarpasummer cohosh). pachypoda  the unique structural features of podocarpasidefom the
(white cohosh), and\. rubra (red cohosh¥§.As part of our roots of A. podocarpa.
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William L. Brown Center, Missouri Botanical Garden, (C-16) anddnyc 2.45, 3.25 (2H-22)/212.2 (C-23); 2.60

Missouri. A voucher specimen has been deposited at the(2H-24)/212.2 (C-23)]. Furthermore, the position of the
Missouri Botanical Garden. Powdered, freeze-dried roots of Co—C;o double bond and the unique hydroxymethyl at C-11
A. podocarpa(543 g) were extracted with methanol (1.5 L were revealed by HMBC correlations [H-19a/C-12, 11, 9;

x 24 h x 5). The combined extracts were concentrated under

H-11/C-8, 9, 10, 13, 19; H-5/C-10; H-B&C-9; H-15/C-9,

reduced pressure to afford colored powder (53.3 g). Part (38.010; H-20/C-10; and H-pB/C-9]. Detailed HMBC associations

g) of this was subjected to vacuum liquid column chroma-
tography over silica gel (600 g) and eluted initially with
EtOAc to give three fractions, A (5.0 g), B (6.3 g), and
C (0.5 g), and then with methanol to afford fraction D
(21.1 g). Fraction B (6.0 g) was divided into 12 fractions
(B1—B12) by column chromatography (cc) over reverse-
phase silica (RP18, 300 g, MeOH/HO 7:3). Podocarpaside
(1, 69.3 mg) was obtained by cc from fraction B7 (silica
gel, EtOAc/CHCYMeOH/H,O 15:8:4:1).

Podocarpasidelj,!® [a]p?” —14.3 (c0.14, MeOH), was
obtained as a white powder, which showed a pseudomo-
lecular ion atm/z643 [M + NaJt in the positive ESIMS.
The 3C NMR spectrum showed 35 signals, which in
agreement with HR-ESIMS (found 643.3817, calcd 643.3822
for CasHsgNaQy) led to a molecular formula, $Hs¢0s. The

HSQC spectrum resolved the 35 carbon signals as 7 methyls

10 methylenes, 10 methines, and 8 quaternary carbons.

The 'H NMR spectrum displayed signals for six tertiary
methyls [&; 1.09 (s, Me-18), 1.21 (s, Me-26, Me-27), 0.93
(s, Me-28), 1.06 (s, Me-29), 0.70 (s, Me-30)], a secondary
methyl [0y 1.01 (d,J = 6.0 Hz, Me-21)], an anomeric
methine [¢ 4.36 (d,J = 6.2 Hz, H-1")], and two isolated
methylenesdy 1.88/2.17 (each dj= 18.0 Hz, 2H-15); 2.60
(s, 2H-24)]. The®*C NMR spectrum ofl showed two
carbonyls [¢ 219.7 (s, C-16) and 212.2 (s, C-23)], two
olefinic carbonsc 133.5 (s, C-9) and 135.1 (s, C-10)], and
three oxygenated carbong[88.1 (d, C-3), 69.1 (t, C-19),
and 70.3 (s, C-25)], in addition to five more oxygenated
carbons assignable toL-arabinopyranosef 106.4 (C-1),
72.8 (C-2'), 74.1 (C-3'), 68.8 (C-4'), and 65.7 (C-511.

To resolve the overlapping of signaf] NMR spectra
of 1 were recorded in acetort; acetoneds— D0, pyridine-
ds, pyridine-¢—D,0,'2 CDCl3,*®* CD;OD, and DMSO-¢ at
400 or 600 MHz (see Supporting Information). Acetahe-
showed the best resolution, and NMR data recorded in this
solvent were utilized for structure elucidation.

The following unambiguous HMBC correlations (in
acetoneds or pyridineds) located the sugar at C-3j,c 3.31
(H-3)/106.4, 25.2, 15.0, 28.9, 31.7 (C-29, 30, 1, 2)Onic
4.36 (H-1")/88.1 (C-3)] and two carbonyls at C-16 and C-23
[Omic 1.88, 2.17 (2H-15)/219.7 (C-16); 2.32 (H-17)/219.7
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are shown in Figure 2. Analysis of thtH—H COSY
spectrum led to partial structures (Figure 1), which were
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Figure 1. Partial structures of.

tonnected by using HMBC correlations (Figure 2). The NMR
assignments (Table 1) were done by analyZiig'H COSY

— In acetone-dg
- -+ Inpyridine-d;

Figure 2. Unambiguous HMBC correlations df.

(Figure 1), HSQC, HMQC, 2D3-resolved, HMBC (Figure
2), and ROESY (Figure 3) spectra.

The coupling constants of H-3 € 4.8, 11.6 Hz) revealed
its axial a-orientation and ultimately equatorigloriented
3-hydroxylation. Assuming A-oriented 3-hydroxylation and
hence $-absolute confirmation, we defined the configuration
of the remaining stereogenic carbon atoms from the observed

(13)C NMR (CDCk, 600 MHz) 6¢ 28.2 (C-1), 30.6 (C-2), 88.1
(C-3), 41.1 (C-4), 48.1 (C-5), 23.2 (C-6), 25.2 (C-7), 41.2 (C-8), 132.2
(C-9), 134.5 (C-10), 37.9 (C-11), 31.7 (C-12), 45.2 (C-13), 42.3 (C-14),
48.9 (C-15), 220.0 (C-16), 60.9 (C-17), 17.8 (C-18), 68.4 (C-19), 27.2
(C-20), 21.0 (C-21), 50.8 (C-22), 213.0 (C-23), 53.6 (C-24), 70.1 (C-25),
29.5 (C-26), 29.6 (C-27), 18.9 (C-28), 24.7 (C-29), 14.7 (C-30), 105.3
(C-17), 73.0 (C-2'), 71.7 (C-3'), 68.2 (C-4'), 65.6 (C-3H NMR (CDCls,

600 MHz, most of the signals appeared broady.36 (br d,J = 5.4 Hz,
H-1'), 3.91 (br, H-4, H-5'e), 3.72 (br, H-3, 3.67 (br, H-3), 3.53 (overlap,
H-5'a, H-19a), 3.47 (br, H-19b), 3.30 (br, H-3), 3.21 (brJds 13.8 Hz,
H-22a), 2.71 (br d) = 13.2 Hz, H-1p3), 2.66 (d) = 18.0 Hz, H-24a), 2.56
(d, J=18.0 Hz, H-24b), 2.34 (br overlap, H-8, H-21, H-22b), 2.19Jek
8.4 Hz, H-17), 2.17 (br dJ = 14.4 Hz, H-124), 2.11 (dJ) = 17.7 Hz,
H-15p), 2.04 (br, H-2), 1.92 (d,J = 17.7 Hz, H-1%), 1.88 (br, H-®),
1.84 (br, H-12v), 1.78 (br, H-5), 1.74 (br, Hd), 1.52 (m, H-2v), 1.43 (br,
H-7p), 1.25 (s, 3H-27), 1.23 (s, 3H-26), 1.22 (overlap, ¢i-61-7a), 1.07
(s, 3H-18), 1.01 (br overlap, 3H-21, 3H-29), 0.88 (s, 3H-28), 0.68 (s,
3H-30).
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Table 1. NMR Data of Podocarpasidd.)

no.

d¢? (Oc?) (mult)

oy (mult., J, Hz)

op® (mult., J, Hz)

la  28.9(29.0)t 1.72 (m) 1.83 (overlap)

18 2.77 (br d, 13.6) 2.89 (br d, 8.4)
20 31.7(31.8)t 2.02 (m) 2.33 (m)

26 1.52 (m) 1.83 (overlap)

3a  88.1(88.00d 3.31(dd, 4.8,11.6) 3.56 (dd, 3.8, 11.0)°
4 42.0 (41.9) s

500 49.1(48.9)d 1.93 (m) 1.91 (overlap)

6a  24.1(23.9)t 1.75 (m) 1.72 (m)

643 1.32 (m) 1.21 (overlap)

Ta 26.2(26.0) t 1.29 (m) 1.21 (overlap)

78 1.47 (m) 1.34 (m)

8p 42.2 (41.9)d 2.42 (overlap) 2.38 (overlap)

9 133.5(133.3) s

10 135.1(134.9) s

1la  39.3(39.5)d 3.10 (br m) 3.33 (br m)

1200 32.1(32.2)t 1.82(dd, 8.8,14.4)  1.93 (overlap)
128 2.37 (br d, 14.4) 2.71 (d, 13.2)¢

13 46.1(45.9) s

14 43.1(42.9) s

1500 49.5(49.5)t 1.88 (d, 18.0) 1.99 (d, 18.0)
155 2.17 (d, 18.0) 2.22 (d, 18.0)

16 219.7 (219.9) s

1700 61.6(61.6)d 2.32(d, 9.0) 2.41(d, 8.4)

18 18.2(18.3) q 1.09 (s) 1.16 (s)

19a 69.1(68.9)t 3.45(dd, 6.0,11.0)  3.82 (overlap)
19b 3.49 (dd, 6.0, 11.0)¢

20 28.1(28.1)d 2.32 (overlap) 2.64 (m)

21 21.2(21.4) q 1.01 (d, 6.0) 1.15(d, 6.6)

22a  51.6(51.8)t 2.45(dd, 8.4,17.0) 2.69 (dd, 8.4, 17.0)°
22b 3.25(dd, 1.6,17.0)  3.56 (dd, 3.0, 17.0)°
23 212.2 (211.4) s

24a  55.4(56.4)t 2.60 (s) 2.80 (d, 15.0)
24b 2.60 (s) 2.83 (d, 15.0)

25 70.3 (70.1) s

26 30.1(30.6) q 1.21 (s) 1.48 (s)

27 30.3 (30.9) q 1.21 (s) 1.47 (s)

28 19.1(19.2) q 0.93 (s) 0.90 (s)

29 25.2 (25.4) q 1.06 (s) 1.31(s)

30 15.0 (15.3) q 0.70 (s) 0.88 (s)

l'a

X 106.4 (107.5)d 4.36 (d, 6.2) 4.78 (d, 6.9)

2'eq 72.8(73.4)d 3.64 (dd, 6.2, 8.2) 4.41(dd, 6.9, 8.4)
3'a

X 74.1(75.1)d 3.57 (dd, 3.2, 8.2) 4.16 (dd, 2.4, 8.4)
4eq 68.8(69.9)d 3.81 (brs) 4.32 (brs)

5'a

X 65.7(67.1)t 3.52(dd, 3.2,12.0) 3.78 (dd, 2.4, 12.0)°
5'eq 3.82(dd, 3.6,12.0) 4.27 (brd, 12.0)

Figure 3. ROESY correlations of.

a Data were recorded indDsO at 400 MHz and in €DsN at 600 MHz.
b Chemical shifts (9) are in ppnt.Coupling constants were recorded on a
2D J-resolved spectrum.

ROESY associations (Figure 3). Thus, kbl-8hows associa-
tion with H-5a, H-5a with H-7a, H-7a.with Me-28a, and
Me-28awith H-17a. The latter association then indicates a
p-orientation of the C-17 side chain. H-20 associates strongly
with Me-18 and hence confirms thgorientation of this
methyl group. Finally, Me-18 shows association with both
H-8 and the C-19 oxymethylene protons to confirm the

[-orientation of these groups. These associations then permit

definition of the absolute configuration of podocarpaside as
3S, R, &, 15, 1R, 145, and 17R. The 20Rbsolute
configuration is assumed on the basis of the predominance
of 20S-configured naturally occurring lanostane-type triter-
penes* Note that the spatial arrangement of the substituents
at C-20 in podocarpaside is the same as that for 20S-
configured lanostane-type triterperté3he configuration is
inverted because of a reversal of Catingold—Prelog
sequencing. Thes-oriented C-11 hydroxymethyl group,
based on theg-position of the cyclopropyl moiety in the
cycloartane skeletof1,® is also supported by the proposed
biogenetic pathway (Figure 4). The sugar obtained after

Podocarpaside (1) 4

Figure 4. Proposed biogenetic pathway for podocarpaside.
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standard acid hydrolysis was identified asrabinose by
comparing its TLC (EtOAc—CHGHMeOH—-H,O 12:8:8:
4) and specific rotationd]?® +102.8 € 0.51, HO) with a
reference sample of-arabinose purchased from Sigma-

effect up to 50Q:M, in a cell-based assd§ No antioxidant
activity was observed up to 30M in HL-60 cells by a
DCFH-DA assay’ However, it inhibited Human Comple-
ment activity with an IG, value of 190uM in an in vitro

Aldrich. On the basis of these spectroscopic data, compoundassay using sensitized RBCs and human sérumsolic acid

1 was defined as/319,25-trihydroxy-16,23-dioneranuncul-
9(10)-ene 3-O-a-arabinopyranoside.

and oleanolic acid were used as positive controls showing
ICso values of 54 and 8QM, respectively. The anticomple-

Podocarpaside belongs to a new class of triterpenoids, forment activity of some triterpenes has been reported earlier

which the name “ranunculane” is proposed. It probably
originates from a cycloartane precursag) (by initial

oxygenation of thex-equatorial C-11 hydrogen (Figure 4).
The a-alcohol (3) is then susceptible to acid-catalyzed

with ICsp values in the range of 1641804M.8 The Human
Complement System (HCS) is an integral part of the body’s
immune response against infections, but it may cause adverse
effects when activated inappropriately. Activation of HCS

rearrangement of the strained cyclopropane into cyclobutaneis known to be initiated by a number of agents such as

analogued. Hydrolytic ring cleavage then affects the equiv-
alent of the methyl migration and generation of the-C,o

pathogens, foreign molecules, and immune complexes.
Therefore, the modulation of complement activity becomes

double bond. The lanostane and its rearranged classes oimportant under pathological conditions of inflammation and
triterpenoids are shown in Figure 5.

Lanostane Cycloartane

Dammarane

Cucurbitane

Figure 5. Lanostane and its rearranged classes.

Podocarpaside was tested for cytotoxicity toward mam-
malian kidney fibroblasts (Vero) and epithelial (LLC-BK
cells and for anticancer activity in a panel of human solid
tumor cells (SK-MEL, KB, BT-549, and SKOV-3) in an
assay described earli&rThe compound was not cytotoxic
to kidney cells up to 4@M. It did not exhibit any estrogenic

5532

during organ transplantatidf!®
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