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Novel Antioxidant neo-Clerodane Diterpenoids from Scutellaria barbata
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Four new neo-clerodane diterpenoids, barbatines A-D (1-4),
have been isolated from the whole plant of Scutellaria
barbata (Lamiaceae), along with the known scutebarbatine
A (5), and their structures determined by spectral analysis,
including mass spectrometry and 2D NMR spectroscopy. The
absolute configurations of 2 and 5 were established from
their CD spectra by using the exciton chirality rule. A bioge-

netic pathway for these compounds is proposed based on
their structures. Barbatine A (1) and scutebarbatine A (5)
showed a significant ability to protect cells against H,O, with
EDjq values of 16.8 and 5.0 uMm, respectively.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Introduction

Scutellaria barbata D. Don (Lamiaceae) is widely used
in traditional medicine in Vietnam, China, and Korea as an
anti-inflammatory and antitumor agent.['-3 This plant has
attracted the attention of much research and neo-clerodane
diterpenoids,™® alkaloids,® ' and flavonoids!!>-!'¥ have
been isolated from this plant. Apigenin and luteolin have
also been isolated as antibiotics against methicillin-resistant
Staphylococcus aureus.">1° Recently, the extracts of S. bar-
bata were found to arrest cancer-cell growth in the G1
phase, to induce apoptosis in cancer cells, and to shrink
solid cancers.[!7-18]
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In the course of our research program investigating bio-
logically active compounds of Vietnamese medicinal plants,
we isolated four new neo-clerodane diterpenoids (1-4) from
the alkaloidal fraction of S. barbata, as well as the known
compound scutebarbatine A (5). Compounds 1 and 5 were
found to protect cells from oxidative damage induced by
H,0, and all the compounds showed weak cytotoxicity.

Results and Discussion

Compound 1 was obtained as a yellow solid and is op-
tically active. Its IR spectrum indicates the presence of car-
boxylic functionalities. Its HRESIMS spectrum shows the
protonated molecular ion [M + H]" at m/z = 619.2652. The
'H and '*C NMR spectra exhibit the signals of 34 carbon
atoms, including four tertiary methyl groups resonating at
oy = 1.21 (20-H), 1.37 (17-H), 1.43 (19-H), and 1.58 ppm
(18-H), an acetyloxy group at dy = 1.79 ppm (2'’-H) and
oc = 20.6 (C-2"") and 170.7 ppm (C-1""), and two nicotino-
yloxy moieties (Table 1). The remaining signals arise from
a carboxylic carbon atom, four sp® quaternary carbon
atoms, four sp® methines, five methylenes, and a double
bond assigned with the aid of DEPT and HSQC spectra.
The signals at 6c = 83.6 (C-8), 79.0 (C-16), 77.5 (C-13), 75.1
(C-6), 74.7 (C-11), and 74.1 ppm (C-7) are characteristic of
carbon atoms bearing oxygen. The 'H-'H COSY spectrum
reveals connectivities from10-H to 3-H via 1-H and 2-H,
from 6-H to 7-H, and from 11-H to 12-H. The planar struc-
ture of 1 was deduced from an HMBC spectrum analysis
(Figure 1, A). Cross-peaks of C-5 (6c = 43.2 ppm) with 3-
H and 1-H were observed. The two carbon atoms C-18 and
C-19 are correlated with 3-H and 6-H, respectively. HMBC
correlations [17-H with C-7 (¢ = 74.1 ppm) and C-9 (0c =
43.6 ppm); 20-H with C-8 (0c = 83.6 ppm) and C-10 (6c =
40.1 ppm)] were used to place the two other methyl groups
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Me-17 and Me-20. These data indicate the presence of the
two rings a and b. The a/b ring fusion was determined from
cross-peaks of C-4 with 6-H and of C-9 with 1-H. More-
over, the linkage between C-9 and C-11 was established on
the basis of cross-peaks of C-11 with 20-H. 3J-HMBC cor-
relations [C-13 with 11-H (dyg = 5.69 ppm), C-16 with 14-H
0y = 2.89 and 2.84 ppm) and 12-H (0 = 2.23 and
2.13 ppm), and C-15 (dc = 173.9 ppm) with 16-H (o = 4.48
and 4.29 ppm)] suggest a spiro system (c¢/d). The correlation
of C-1"" (0c = 170.7 ppm) with 7-H reveals the bonding of
the acetyloxy group at C-7. Similarly, the two nicotinoyloxy
fragments were determined to be linked to C-6 and C-11 by
3J-HMBC correlations of C-1' (6c = 164.4 ppm) with 6-
H and of C-1""" (6c = 165.1 ppm) with 11-H. The relative
configuration of 1 was assigned on the basis of 'H-'H vici-
nal coupling constant analysis and NOESY experiments. In

Table 1. NMR spectroscopic data for compounds 1 and 2 ('H:
500 MHz, '3C: 125 MHz, CDCl5).

1 2
Position J¢ Oy [ppm], mult. Oc [ppm]  Jy [ppm], mult.
[ppm]  (J[Hz]) (J [Hz))
1 18.1 2.55, m 18.2 2.59, dd (6.5, 12.0)
1.82, m 1.84, m
2 26.0 2.17, m 26.1 221, m
3 1234 5.32, br. s 123.5 5.34, br. s
4 140.8 140.7
5 432 433
6 75.1 5.59, d (10.0) 75.2 5.76, d (10.5)
7 74.1 542, d (10.0) 75.5 5.65, d (10.5)
8 83.6 83.6
9 43.6 437
10 40.1 2.62, br. d (11.0) 40.2 2.62, br. d (12.0)
11 74.7 5.69,dd (4.0, 12.5) 74.7 5.72, dd (4.0, 13.0)
12 354 2.23,dd (13.0, 13.0) 35.1 2.27, dd (13.0, 13.0)
2.13, dd (4.0, 13.0) 2.15, dd (4.0, 13.0)
13 77.5 71.7
14 428 2.89, d (17.0) 42.8 2.84, br. s
2.84,d (17.0)
15 173.9 173.7
16 79.0 448, d (9.5) 79.0 449,d (9.5)
429, d (9.5) 4.33,d (9.5
17 19.5 1.37, s 19.8 143, s
18 20.5 1.58, s 20.5 1.59, s
19 17.3 143,s 17.3 148, s
20 16.8 121,s 16.9 1.27,s
g 164.4 164.4
2 126.0 125.7
3’ 150.7 9.20, d (2.0) 150.7 8.95,d (1.5)
5’ 153.8 8.80, dd (2.0, 5.0) 153.5 8.63, dd (1.5, 5.0)
6 123.5 741, dd (5.0, 8.0) 123.1 7.20, dd (5.0, 8.0)
7 136.9 8.25, dt (2.0, 8.0) 136.6 7.97, dt (1.5, 8.0)
1 170.7 165.1
2" 20.6 1.79, s 125.5
3" 150.6 9.20, d (1.5)
5" 154.0 8.84, dd (1.5, 4.5)
6" 123.7 7.46, dd (4.5, 8.0)
7" 1373 8.28, dt (1.5, 8.0)
| 165.1 165.0
20" 125.5 124.7
3 151.0 9.19,d (1.5) 151.1 8.96, d (1.5)
5" 154.0 8.84, dd (1.5, 5.0) 153.8 8.67, dd (1.5, 5.0)
6" 123.7 747, dd (5.0, 8.0) 123.2 7.27, dd (5.0, 8.0)
7" 137.3 8.28, dt (1.5, 8.0) 137.1 8.07, dt (1.5, 8.0)
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the '"H NMR spectrum, 10-H appears as a broad doublet
(/ = 11.0 Hz), which indicates it adopts an axial position
on the a ring. In the same way, 6-H and 7-H exhibit a strong
coupling constant of 10.0 Hz (anti) and had a trans diaxial
relationship. 11-H exhibits coupling constants of 12.5 (anti)
and 4.0 Hz (gauche), and adopts an axial position on the ¢
ring. In the NOESY spectrum, spatial interactions of 19-H
with 1,,-H and 20-H can be noted. This suggests that C-19
is axial on both the a and b rings with C-20 being axial on
the b ring. 11-H shows spatial cross-peaks with 17-H and
one of the protons of methylene-14, which indicates that
11-H, C-17, and C-14 are in axial positions on the ¢ ring.
These analyses permitted the assignment of a frans-fused
junction for the a/b rings and a cis b/c ring fusion (Figure 1,
B). This new neo-clerodane diterpenoid was named barbat-
ine A and its structure is close to that of 6-O-nicotinoyl-7-
O-acetylscutebarbatine G, except for the inversion of the C-
13 chiral center.[!%

R!=R3 = Nicotinoyl

Figure 1. Selected HMBC (A) and NOE (B) correlations of 1.

Compound 2 is optically active and has a molecular for-
mula of C3gH39N30,, as determined by HRESIMS analy-
sis. The IR spectrum suggests the presence of a y-lactone
and ester groups. The 1D NMR spectra of 2 are similar to
those of 1 except for the replacement of the acetyl group by
a nicotinoyl group. Complete interpretation of the 'H and
13C NMR data for 2 with the aid of 'H-'H COSY, HSQC,
and HMBC spectra indicate the presence of the neo-clerod-
ane skeleton as in compound 1 as well as three nicotinoy-
loxy moieties (Table 1). The linkage of these nicotinoyloxy
fragments to C-6, C-7, and C-11 of the neo-clerodane moi-
ety was deduced from the HMBC cross-peaks [correlations
of C-1" (6c = 164.4 ppm) with 6-H (dyy = 5.76 ppm), C-1"’
(0c = 165.1 ppm) with 7-H (dyg = 5.65 ppm), and C-1""’
(0c = 165.0 ppm) with 11-H (dyg = 5.72 ppm)]. The relative
configuration of 2 was determined to be similar to that of
1. In the '"H NMR spectrum, 10-H appears as a broad
doublet with coupling constants of 11.0 (anti) and <1.0 Hz
(gauche), and adopts an axial disposition on the a ring.
Similarly, 6-H, 7-H, and 11-H adopt axial positions, as de-
duced from their coupling constants (Table 1). Strong spa-
tial interactions of 14-H with 11-H and 17-H were ob-
served. Hence, C-14 and C-17 are axial on the ¢ ring. NOE
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interactions of 20-H with 7-H and 19-H were also observed.
Thus, C-20 and C-19 are in axial positions on the b ring.
The CD spectrum of 2 shows a negative first Cotton ef-
fect at 236 nm (Ae = -28.6 mdeg) and a positive second
Cotton effect at 218 nm (Ae = +4.8 mdeg; Figure 2). By ap-
plying the exciton chirality rule!'”) to these data, R and S
configurations were assigned to C-6 and C-7, respectively.
Based on the relative configuration established above, the
absolute configuration SR,6R,7S,8R,9R,10R,11S,13R was
determined for 2. This compound was named barbatine B.
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Figure 2. CD spectrum of 2.

The difference between the 'H chemical shifts of methyl-
ene-14in 1 (6 = 2.89 and 2.84 ppm) and 2 (dy; = 2.84 ppm)
can be explained by an aromatic shielding effect of the nico-
tinoyl ring at C-7 in the structure of 2, whereas for 1 with
an acetyl group at C-7, such an effect is not present. This
is in agreement with the lowest-energy conformation of 2
(Figure 3) obtained by the AM1 method with the Hyper-
Chem program (v. 8.0.3)% in which one of the C-14 pro-
tons is oriented towards the plane of the nicotinoyl ring at
C-7 and is thus shielded.

- ,."gronnatic shielding effect

Figure 3. Prefered conformation of 2 according AM1.

Compound 3 was isolated as an optically active yellow
solid. Its IR spectrum also suggests the presence of a y-
lactone and ester groups. The HRESIMS spectrum indi-
cates the molecular formula C;yH3;NOy. Signals of a nicot-
inoyloxy moiety and two acetyloxy groups were observed
in the "H and '3C NMR spectra. In addition, signals of four
5812
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tertiary methyl groups, characteristic of the neo-clerodane
diterpenoid skeleton as in compounds 1 and 2, were ob-
served at oy = 1.08 (20-H), 1.11 (17-H), 1.34 (19-H), and
1.66 ppm (18-H). However, in the '"H NMR spectrum, the
signals arising from methylene-14 (0 = 3.10 and
2.54 ppm), methylene-16 (o = 4.31 and 4.11 ppm), and
methine-1 (0 = 5.77 ppm) are significantly different to
those observed in the "H NMR spectra of 1 and 2. Analyses
of the COSY, HSQC, and HMBC spectra revealed the
planar structure of 3 in which the nicotinoyloxy is linked to
C-1 and the two acetyloxy groups are bonded to C-6 and
C-7 of the neo-clerodane moiety. 10-H appears as a doublet
with a coupling constant of 9.5 Hz (anti), which indicates
a trans diaxial relationship with 1-H. 6-H and 7-H were
determined to be in an axial position on the b ring on the
basis of their large coupling constants (/ = 10.0 Hz). In the
NOESY spectrum, 19-H shows cross-correlation peaks with
1-H and 20-H. This indicates their axial dispositions. 17-H
presents spatial interactions with 16-H. Thus, the configu-
ration of the C-13 chiral center of 3 is inverted in compari-
son with that of compounds 1 and 2. Complete analysis
of the NOESY spectrum revealed trans- and cis-fused ring
junctions of the a/b and b/c rings, respectively (Figure 4).
This neo-clerodane was named barbatine C.

RI=R2=Ac
R3 = Nicotinoyl

Figure 4. Key NOE correlations of 3.

Compound 4 is optically active, its molecular formula of
C34H33N>09 was deduced from the HRESIMS spectrum.
The 1D NMR spectra of 4 are similar to those of 3, except
for the presence of a nicotinoyloxy group in place of an
acetyloxy group. This suggests that 4 has a neo-clerodane
skeleton like compound 3. Analysis of the HMBC spectrum
indicated that the two nicotinoyloxy groups are linked to
C-1 and C-6 by correlations of C-1" (dc = 164.2 ppm) with
6-H (0y = 5.71 ppm) and of C-1""" (6c = 164.5 ppm) with
1-H (0g = 5.84 ppm). The remaining acetyloxy group is
bonded to C-7, as indicated by the HMBC cross-peak of C-
1" (0c = 170.8 ppm) with 7-H (0 = 5.43 ppm). The relative
configuration of 4 is identical to that of 3, as deduced from
an analysis of the 3Jy_y coupling constants (Table 2) and
NOESY data. 11,,-H shows spatial interactions with 17-H

Eur. J. Org. Chem. 2009, 5810-5815



Novel Antioxidant neo-Clerodane Diterpenoids

Eur

and one of the C-16 protons revealed a 1,3-diaxial relation-
ship for C-16 and C-17. This compound is reported here
for the first time and was named barbatine D.

Table 2. NMR spectroscopic data for compounds 3 and 4 ('H:
500 MHz, '3C: 125 MHz, CDCl5).

3 4
Posi- ¢ Oy [ppm], mult. (J/  J¢ Oy [ppm], mult. (J
tion [ppm] [Hz]) [ppm] [Hz])
1 71.7 5.77,ddd (6.0, 6.0, 71.6 5.84, ddd, (6.0, 6.0,
9.5) 9.5)
2 33,0 2.70, m 33,1 276, m
2.16, m 2.22, m
3 119.9 529, br. s 120.3 533, m
4 143.3 143.2
5 44.3 44.7
6 73.1  5.39,d (10.0) 74.3  5.71,d (10.5)
7 74.0 5.23,d (10.0) 73.9 5.43,d (10.5)
8 80.8 80.9
9 38.6 38.8
10 43.1  2.71,d (9.5) 434 2.81,d (9.5
11 28.6  2.01, m 28.6  2.06, m
1.59, m 1.64, ddd (3.0, 14.5,
14.5)
12 292 2.04, m 29.3  2.09, m
1.69, m 1.75, ddd (4.0, 4.0,
14.5)
13 76.4 76.6
14 442 3.10,d (17.5) 443  3.15,d (17.5)
2.54,d (17.5) 2.60, d (17.5)
15 173.5 173.4
16 76.3  4.31,d (9.0) 76.4 4.19,d (8.5)
4.11,d (9.0) 4.15,d (8.5)
17 19.6 1.11,s 19.6 1.16,s
18 20.0 1.66,s 20.2  1.66, s
19 16.6 1.34,s 16.8 1.52,s
20 21.1  1.08,s 21.1  1.15,s
1 169.7 164.2
2’ 20.7 1.99,s 126.0
3 151.0 9.20, dd (1.0, 2.0)
5 153.9 8.81, dd (2.0, 5.0)
6 123.6 7.43, ddd (1.0, 5.0,
8.0)
7' 136.9 8.25, dt (2.0, 8.0)
1" 170.8 170.8
2 214  2.06,s 20.6 1.79,s
1" 164.4 164.5
2" 126.0 125.9
3 150.7 9.12,d (1.5) 150.8 9.16, dd (0.5, 2.0)
5 153.7 8.78,dd (1.5, 4.5) 153.8 8.80, dd (2.0, 4.5)
6"’ 123.5 7.41,dd (4.5, 7.5) 123.5 7.41, ddd (0.5, 4.5,
8.0)
7" 136.8 8.19, dt (1.5, 7.5) 136.8 8.22, dt (2.0, 8.0)

The configurations of the C-13 chiral center in the struc-
tures of 1-4 should be indicated by the chemical shifts of
the methylene-14 and -16 groups. In the cases of 1 and 2,
in which C-14 is in an axial disposition, the chemical shifts
of the two protons of C-14 are not significantly different
(they even overlap in the case of 2), whereas for 3 and 4 (the
configuration of C-13 is inverted and C-14 is equatorial) the
chemical shifts of these protons are remarkably different
(Table 2). Moreover, owing to 1,3-diaxial interactions with
11,,-H and methyl-17, the '3C chemical shifts of C-14 for
1 and 2 and of C-16 for 3 and 4 are displaced upfield.
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Compound 5 was obtained as an optically active yellow
solid. Its HRESIMS spectrum indicates a molecular for-
mula of C5,H34N,0O,. The 'H and '*C NMR spectra reveal
two nicotinoyloxy moieties and four tertiary methyl groups
at oy = 1.08 (17-H), 1.29 (20-H), 1.46 (19-H), and 1.58 ppm
(18-H). Furthermore, three olefinic protons were observed
at oy = 5.94 (14-H), 6.40 (11-H), and 6.46 ppm (12-H). Full
interpretation of the 1D NMR spectra (Table 3) with the
aid of COSY, HSQC, and HMBC spectra revealed that 5 is
identical to scutebarbatine A, which has already been iso-
lated from this plant.®] The trans configuration of the
double bond C11=C12 was assigned from the large cou-
pling constant (J = 17.0 Hz) observed between 11-H and
12-H.

R and S configurations were assigned to C-6 and C-7,
respectively, by applying the exciton chirality rule!*?! to the
CD spectrum data of 5 [negative first Cotton effect at
237 nm (Ae = -24.9 mdeg) and a positive second Cotton
effect at 217 nm (Ae = +5.6 mdeg)]. Taking into account the
relative configurations established on the basis of the 'H-
'H vicinal coupling constants and NOE interactions, the
absolute configuration 5R,6R,7S,8R,9R,10R was defined
for 5.

As 1, 3, and 4 were isolated from the same plant as 2
and 5, the absolute stereochemistry of the chiral centers of
the neo-clerodane moiety was suggested to be identical for
these compounds. As a consequence, based on the relative
configurations determined above, compound 1 has the same
absolute configuration as 2, whereas the absolute stereo-
chemistry 1R,5R,6R,7S,8RI9R,10R,13S was suggested for
compounds 3 and 4.

The antioxidant activity of the isolates was examined.
Barbatine A (1) and scutebarbatine A (5) showed an inter-
esting capacity to prevent cell damage induced by H,O,
with EDj5, values of 16.8 and 5.0 um, respectively. The cyto-
toxicity of these compounds was also evaluated against dif-
ferent cancer cell lines (KB, MCF-7, and Hep-G2), how-
ever, only barbatine D (4) slightly inhibited KB cell growth
with an ICs, value of 32.0 pm.

The neo-clerodane diterpenoids 1-4 contain a (15—16)
lactone moiety. However, compounds 1 and 2 differ from 3
and 4 by an inversion of the chiral center C-13. Based on
the structures of the isolates from the Scutellaria genus, we
can propose a biosynthetic pathway. Clerodanes are be-
lieved to be biogenetically closely related to the labdanes.
The precursor 6 is biosynthesized by proton-initiated cycli-
zation of geranylgeranyl pyrophosphate. Clerodane 7 is pro-
duced from 6 through a series of successive hydride and
methyl shifts (Scheme 1).12!1 Oxidation of 7 followed by lac-
tonization yield the intermediate 8, which is oxidized and
then esterified with nicotinic acid or nicotinamide adeno-
sine dinucleotide?>?3 to afford scutebarbatine A (5). Due
to rotation around the C12-C13 bond of intermediate 8,
additive cyclizations of the OH group at C-8 to the double
bond lead to the formation of two diastereoisomers with an
inverted configuration at C-13 (13R for 1 and 2, and 13S
in the case of 3 and 4). The presence of scutebarbatine A
(5) in S. barbata and of several constituents having the same
5813

WWW.eurjoc.org



FULL PAPER

V. H. Nguyen, V. C. Pham et al.

Table 3. NMR spectroscopic data for compound 5 ('H: 500 MHz, '3C: 125 MHz, CDCl,).

Position oc [ppm] oy [ppm], mult. (J [Hz]) Position Jc [ppm] Jy [ppm], mult. (J [Hz])
1 19.3 1.69, m 17 22.5 1.08, s

1.38, m
2 26.2 2.05, m 18 20.1 1.58, s
3 123.4 5.26, br. s 19 17.4 1.46, s
4 140.6 20 15.5 1.29, s
5 43.4 Iy 164.8
6 76.2 5.94, d (10.0) 2’ 125.8
7 76.6 5.74, d (10.0) 3 150.7 9.00, d (1.5)
8 76.9 5! 153.6 8.65, dd (1.5, 4.5)
9 48.4 6 123.3 7.23, dd (4.5, 8.0)
10 42.8 2.40, br. d (11.5) 7 136.7 8.04, dt (1.5, 8.0)
11 146.6 6.40, d (17.0) 1 164.7
12 122.1 6.46, d (17.0) 2" 124.8
13 162.0 3" 151.0 9.04, d (1.5)
14 115.1 5.94, s 5" 153.8 8.68, dd (1.5, 4.5)
15 174.0 6" 123.3 7.27, dd (4.5, 8.0)
16 70.7 5.01, s 7" 137.1 8.10, dt (1.5, 8.0)

skeleton as 8 previously isolated from S. barbata,* S.
baicalensis,* and S. Drummondii*®! supports this hypo-
thesis.

- intermelecular addition
{ - oxidation

Y - intermelecular addition
{ - oxidation
; - esterification 8

; - esterification

bop
y- esterification
¥
scutebarbatine A (5)

13R-isomer compounds (1 and 2) 13S-isomer compounds (3 and 4)
Scheme 1. Proposed biogenetic pathway for neo-clerodane diter-
penoids of Scutellaria genus.

Experimental Section

General: Infrared spectra were recorded as thin films on NaCl
plates with a Fourier transform (FTIR) Nicolet Impact 410 spec-
trometer. Melting points are uncorrected. Optical rotations were
measured with a Polartronic D Schmidt + Haensch polarimeter.
Mass spectra were recorded with a HB 5989 B series 11 spectrome-
ter by using the electrospray technique. '*C NMR spectra were re-
corded with a Bruker AC 500 spectrometer operating at
125.76 MHz. 'H and 2D NMR spectra were recorded with a
Bruker Avance 500 spectrometer operating at 500.13 MHz. 'H
chemical shifts are referenced to CHCl; at § = 7.24 ppm and '3C
chemical shifts to the central peak of CDCl; at 6 = 77.0 ppm. For
HMBC experiments the delay (1/2J) was 70 ms and for the NOESY
experiments the mixing time was 150 ms.

5814
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Extraction and Isolation: The plant S. barbata was collected in
Lang Son, Vietnam, in June 2008 and identified by Prof.
Nguyen Xuan Phuong. A specimen (PHUONG 16128) was de-
posited at the Institute of Ecology and Natural Resources, VAST.
The dried and ground whole plant of S. barbata (2.0 kg) was ex-
tracted with CH,Cl, (3 X4 L) at room temperature. The solvents
were removed under reduced pressure. The CH,Cl, solubles (129 g)
were suspended in 5% aqueous HCI (250 mL) and washed with
EtOAc (3 X200 mL). The aqueous solution was neutralized with
25% NH4OH until pH = 8 and then extracted with EtOAc
(3 X100 mL). The EtOAc solubles (2.9 g) were purified by open
column chromatography over silica gel and eluted with n-hexane/
EtOAc (100:0 to 0:100) to afford 18 fractions (1-18). Fraction 13
was subjected to preparative TLC (20% of EtOAc in n-hexane) to
yield compound 3 (8 mg). Fraction 17 was purified on a Sephadex
LH-20 column and eluted with CH,Cl,/MeOH (1:9) to provide 1
(15 mg) and 4 (10 mg). Similarly, 2 (11 mg) and 5 (3 mg) were ob-
tained from fraction 18 by purification on a Sephadex LH-20 col-
umn (10% MeOH in CH,Cl,).

Barbatine A (1): Yellow solid; m.p. 125-127 °C. [a]F = -27.2 (¢ =
0.81, CHCly). IR (thin film, NaCl): V,,,,, = 2929, 1784, 1724, 1530,
1640, 1435, 1280, 1033 cm™'. UV (MeOH): /. [log(e/Mem )] =
219 [4.20], 262 [3.79]nm. HRMS (ESI, +ve): caled. for
C34H39N,09 619.2656 [M + H]"; found 619.2652. For the NMR
data, see Table 1.

Barbatine B (2): Yellow solid; m.p. 154-156 °C. [a]® = -79.0 (c =
2.9, CHCI,). IR (thin film, NaCl): V., = 2929, 1785, 1730, 1588,
1422, 1286, 1221, 1104 cm™!. UV (MeOH): /.y [log(e/mtem )] =
219 [4.48], 263 [4.03]nm. HRMS (ESI, +ve): caled. for
C3gHyoN309 682.2765 [M + H]*; found 682.2771. For the NMR
data, see Table 1.

Barbatine C (3): Yellow solid; m.p. 130-132 °C. [a]¥ = —40.9 (¢ =
4.2, CHCl,). IR (thin film, NaCl): V., = 2982, 1785, 1747, 1722,
1593, 1375, 1252, 1116, 1028, 773 cm™!. UV (MeOH): Aoy [log (e
M Tem )] = 218 [4.07], 262 [3.57] nm. HRMS (ESI, +ve): calcd. for
C30H3sNOy 556.2547 [M + H]*; found 556.2542. For the NMR
data, see Table 2.

Barbatine D (4): Yellow solid; m.p. 119-121 °C. [a]y = —43.9 (¢ =
0.66, CHCL). IR (thin film, NaCl): V,,,, = 2923, 1785, 1728, 1591,

1551, 1423, 1278, 1118 cm™!. UV (MeOH): /. [log(e/Mtem )] =
220 [4.27], 262 [3.76]nm. HRMS (ESI, +ve): caled. for
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C34H3oN,0o, 619.2656 [M + H]*; found 619.2661. For the NMR
data, see Table 2.

Scutebarbatine A (5): Yellow solid; m.p. 154-156 °C (ref.®] 148
150 °C). [a]E = —60.0 (¢ = 0.2, CHCl5). IR (thin film, NaCl): ¥,
= 2966, 1783, 1728, 1626, 1548, 1435, 1289, 1117cm!. UV
(MeOH): Ay [log(e/m 'em )] = 218 [4.20], 260 [4.24] nm. HRMS
(ESI, +ve): caled. for C3H3sN,0; 559.2444 [M + H]*; found
559.2446. For the NMR data, see Table 3.

Cell Viability Assay: Rat liver cells (1 X 10%) were seeded in each
well of a microtiter plate and allowed to attach overnight at 37 °C
in air/CO,; (95:5). Cells were treated with various doses of test sam-
ples and plates were maintained for 2 h at 37 °C and then H,O,
(100 pm) was added for another 2 h. MTT [3-(4,5-dimethylthiazol-
yl-2)-2,5-diphenyltetrazolium bromide] in PBS (phosphate buffered
saline) (50 uL) was then added to each well followed by incubation
for 4 h at 37 °C. Formazan crystals forming from MTT were dis-
solved in DMSO. The optical density was determined with a micro-
culture plate reader at 492 nm.I?7-281 The EDs, values were defined
as the dose of a sample that is effective for 50% of the population
exposed to the sample.

Cytotoxicity Assays: Cytotoxicity evaluations were performed by
following the previously described protocols.>)

Supporting Information (see footnote on the first page of this arti-
cle): 1D and 2D NMR spectra of the isolated compounds 1-5.
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As a result of a technical error, the arrows in Scheme 1 of the Early
View version were not converted properly; it has since been corrected.
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