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Abstract—The structures of three new sesqui-neolignans, fargenin (1) and fargenones A and B (2 and 3), together with two previously known
sesqui-neolignans, macranthol (4) and isodunnianol (5), isolated from the methanol extract of the pericarps of Illicium fargesii were elucidated
on the basis of spectroscopic data. Compounds 1-3 are the second three examples of the sesqui-neolignans that contain a variety of non-
aromatic rings, and their plausible biosynthetic routes from chavicol are proposed. Among the isolated sesqui-neolignans, isodunnianol
has been found to exhibit neurite outgrowth-promoting activity at the concentration ranging from 0.1 to 10 uM in the primary cultured rat
cortical neurons.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction structure elucidation of new compounds 1-3, their plausible
biosynthetic routes, and the neurotrophic property of the
Lllicium species that belong to the sole genus of the family isolated sesqui-neolignans (Fig. 1).

Iliciaceae are distributed mainly in the southern parts of
China,' and most of them are considered to be toxic plants.
seco-Prezizaane-type sesquiterpenes, prenylated C6-C3
compounds and sesqui-neolignans are the secondary metab-
olites characteristic of the Illicium plants.> Among them,
anisatin is well-known as one of the neurotoxic components
in the lllicium plants,3 whereas merrilactone A,* an anislac-
tone-type sesquiterpene isolated from Illlicium merrillia-
num, and jiadifenin,? a majucin-type sesquiterpene isolated
from Illlicium jiadifengpi, exhibit neurite outgrowth-pro-
moting activity in the primary cultured rat cortical neurons.
Additionally, bicycloillicinone asarone acetal® and tricy-
cloillicinone,” prenylated C¢—C3 compounds isolated from
Illicium tashiroi, are able to enhance ChAT (choline acetyl-
transferase) activity in the primary cultured P10 rat septal
neurons. Thus, the Illicium species have been regarded as
one of the attractive plant sources to find chemically and bio-
logically intriguing secondary metabolites. In our ongoing
search for neurotrophic substances from the Illicium species,
three new sesqui-neolignans named fargenin (1), fargenone
A (2), and fargenone B (3), together with two known ses-
qui-neolignans, macranthol (4)® and isodunnianol (5),°
were isolated from the pericarps of Illicium fargesii col-
lected in Yunnan, China. In this paper, we now report the
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2. Results and discussion

The methanol extract of the pericarps of I fargesii was
purified by a variety of chromatographic methods to afford
three new sesqui-neolignans 1-3 along with the previously
known macranthol and isodunnianol.

Fargenin (1) was obtained as an amorphous white solid.
The molecular formula of fargenin 1 was established as
C,7H,40, by high-resolution EIMS at m/z 380.1777 (M*,
4 —0.1 mmu), indicating 16 degrees of unsaturation. Its
IR spectrum displayed absorption due to an aromatic moiety
at 1636 cm~'. The "H NMR spectrum (Table 1) of 1 showed
signals corresponding to three allyl groups [0y 2.66 (2H,
ddd, J=7.1, 1.1, 1.1 Hz, H-7), 5.04 (ddt, J=17.3, 3.0,
1.1 Hz, H-9), 5.05 (ddt, J=10.2, 3.0, 1.1 Hz, H-9), 5.61
(ddt, J=17.3, 10.2, 7.1 Hz, H-8); o4 3.51 (2H, dt, J=6.9,
1.6 Hz, H-7'), 5.08 (ddt, J=16.8, 3.6, 1.6 Hz, H-9'), 5.09
(dt, J=10.2, 3.6, 1.6 Hz, H-9), 6.04 (ddt, J=16.8, 10.2,
6.9 Hz, H-8'); 6y 3.35 (2H, dt, J=6.8, 1.6 Hz, H-7"), 5.13
(ddt, J=16.8, 3.6, 1.6 Hz, H-9"), 5.14 (ddt, J/=9.9, 3.6,
1.6 Hz, H-9"), 5.96 (ddt, J=16.8, 9.9, 6.8 Hz, H-8")], two
1,2,4-trisubstituted benzene rings and a disubstituted double
bond with a Z-geometry at oy 5.98 (d, /=9.9 Hz, H-3) and
6.51 (d, J=9.9 Hz, H-2). The '3C NMR spectroscopic data
(Table 1) of 1 showed the presence of twenty seven carbons
including three quaternary sp? oxygen-bearing carbons at d¢
152.3, 153.9, and 157.2, a quaternary olefinic carbon at i
108.7, an oxy-methine carbon at oc 81.9, and a quaternary
sp> carbon at d¢c 51.2. These structure fragments (bold line
in Fig. 2), as being revealed by analysis of HMQC and
'H-'H COSY spectra, were assembled into a whole struc-
ture on the basis of the following HMBC analyses. HMBC
correlations of H-2 at 6y 6.51 to C-6 at 6c 108.7, H-3 to
C-4 at 6¢c 51.2 and C-1 at 6c 152.3, and H-5 to C-6, C-1,

Table 1. 'H (600 MHz) and '*C NMR (150 MHz) data of 1 in CDCl,

Position  dy oc

1 152.3
2 6.51 (d, 9.9) 115.0
3 5.98 (d, 9.9) 135.5
4 51.2
5 5.98 (s) 81.9
6 108.7
7 2.66 (2H, ddd, 7.1, 1.1, 1.1) 44.7
8 5.61 (ddt, 17.3, 10.2, 7.1) 132.1
9 5.04 (ddt, 17.3, 3.0, 1.1); 5.05 (ddt, 10.2, 3.0, 1.1)  119.2
1 153.9
2 127.1
3 7.51 (d, 1.9) 119.2
4 135.4
5 7.10 (dd, 8.5, 1.9) 125.1
6 7.37 (d, 8.5) 111.2
7 3.51 (2H, dt, 6.9, 1.6) 40.2
8 6.04 (ddt, 16.8, 10.2, 6.9) 137.9
9 5.08 (ddt, 16.8, 3.6, 1.6); 5.09 (ddt, 10.2, 3.6, 1.6) 115.7
1" 157.2
2" 131.7
3" 7.03 (d, 1.9) 123.6
4" 132.5
5" 6.93 (dd, 8.1, 1.9) 128.5
6" 6.77 (d, 8.1) 109.8
7" 3.35 (2H, dt, 6.8, 1.6) 39.7
8" 5.96 (ddt, 16.8, 9.9, 6.8) 137.9
9" 5.13 (ddt, 16.8, 3.6, 1.6); 5.14 (ddt, 9.9, 3.6, 1.6) 115.6

Figure 2. HMBC correlations and two possible plane structures 1 and 1’ for
fargenin.

and C-3 at 6c135.5 led to the formation of a cyclohexadiene
ring. In the HMBC experiment, both the H-7 and H-3" pro-
tons correlated to C-4 and further H-5 showed a cross-peak
to the deshielded sp? C-1” resonated at dc 157.2, thereby
suggesting that both one allyl group and one 4-allylbenzene
unit were connected to the C-4 position of this cyclohexa-
diene ring, and a dihydrofuran ring should be closed between
C-5 and C-1". Further HMBC correlations of the H-3' proton
resonated at 0y 7.51 to C-6 suggested that the second 4-allyl-
benzene connects via C-2’ to C-6. These spectroscopic data
indicate that fargenin (1) belongs to a rarely occurred sesqui-
neolignan derived from three 4-allylphenols (chavicol), one
of which is modified to a non-aromatic cyclohexadiene
ring.!® The much deshielded oxygenated carbons of C-1
and C-1’ at dc 153.9 and the fact that no hydroxyl group
was present together with one remaining unsaturation degree
requirement suggested that a dihydrofuran ring was formed
between C-1 and C-1' as depicted in Figure 2, thereby culmi-
nating in the proposal of a plane structure 1. However an
alternative structure 1’ was not excluded by the observed
HMBC correlations, because the H-3 and H-5 signals ap-
peared at the same chemical shift at oy 5.98. If HMBC
cross-peaks from H-3 were swapped for those from H-5,
two possible structures 1 and 1’ would be consistent with
the analysis of the HMBC spectra.

However, the NOESY data (Fig. 3) permitted us to distin-
guish 1 from 1'. The allylic H-7 showed the NOE correla-
tions to H-3, H-3”, and H-5, the latest one of which further
showed an NOE correlation to H-3'. In contrast, these
NOE data applied to the structure 1’ not only ruled out the
possibility of 1’ because the spatial distance between H-3
and H-3' is too far to observe NOE to each other, but also

NOE

Figure 3. Representative NOESY correlations of fargenin (1).
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Table 2. 'H (600 MHz) and '>C NMR (150 MHz) data of 2 and 3 in CDCl,

4245

Position 2 3
Oc On oc On
1 205.6 204.3
2 83.6 39.5 3.13 (dd, 20.0, 2.3)
3.30 (dd, 20.0, 4.2)
3 93.6 5.27 (s) 75.6 4.75 (dd, 4.2, 2.3)
4 514 52.8
5 88.5 5.07 (dd, 6.3, 1.4) 93.4 4.71 (s)
6 40.6 2.54 (dd, 14.0, 1.4); 2.82 (dd, 14.0, 6.3) 81.0
7 425 2.69 (dd, 13.5, 8.0); 2.76 (dd, 13.5, 3.9) 439 2.37 (dd, 13.7, 7.7); 2.50 (dd, 13.7, 6.5)
8 132.1 5.62 (dddd, 15.7, 11.5, 8.0, 3.9) 131.5 5.55 (dddd, 16.8, 10.2, 7.7, 6.5)
9 119.9 5.14 (dd, 11.5, 2.1); 5.15 (dd, 15.7, 2.1) 120.5 5.13 (dd, 16.8, 1.4); 5.17 (dd, 10.2, 1.4)
1 157.6 150.1
2 128.1 119.9
3 124.1 6.88 (d, 1.9) 127.1 7.37 (d, 2.2)
4 133.7 132.8
5 131.5 7.10 (dd, 8.4, 1.9) 130.2 6.82 (dd, 8.2,2.2)
6 110.7 6.86 (d, 8.4) 118.0 6.38 (d, 8.2)
7 39.5 3.28 (2H, dt, 6.9, 1.4) 39.3 3.24 (2H, dt, 6.9, 1.0)
8 137.2 5.88 (ddt, 17.6, 11.0, 6.9) 137.5 5.87 (ddt, 16.8, 10.2, 6.9)
9 116.0 5.03 (ddt, 17.6, 3.4, 1.4); 5.04 (ddt, 11.0, 3.4, 1.4) 115.6 4.95 (ddt, 16.8, 2.7, 1.0); 5.00 (ddt, 10.2, 2.7, 1.0)
1” 1574 158.7
2’ 125.7 128.7
3” 125.5 6.93 (d, 1.8) 124.0 6.96 (d, 1.4)
4" 132.4 132.0
5" 130.5 7.00 (dd, 8.2, 1.8) 129.4 6.82 (dd, 8.0, 1.4)
6" 109.6 6.72 (d, 8.2) 109.2 6.49 (d, 8.0)
7" 39.5 3.31 (2H, dt, 6.5, 1.6) 39.6 3.31 (2H, dt, 6.3, 1.4)
8" 1374 5.92 (ddt, 16.8, 10.2, 6.5) 138.1 5.94 (ddt, 16.5, 10.2, 6.3)
9" 1155 5.00 (ddt, 16.8, 3.6, 1.6); 5.02 (ddt, 10.2, 3.6, 1.6) 1154 5.04 (ddt, 16.5, 3.3, 1.4); 5.05 (ddt, 10.2, 3.3, 1.4)
2-OH 3.64 (s)
6-OH 4.40 (s)

proved the relative stereochemistry regarding C-4 and C-5 to
be cis. Thus, on the basis of the above spectroscopic data
coupled with the oxidative assembly of three chavicols,
the structure of fargenin was rigorously characterized as 1.

Fargenone A (2) gave the molecular formula C,7H»60,,
as determined by high-resolution EIMS at m/z 414.1839
(M*, 4 0.8 mmu). Its IR spectrum displayed absorptions
due to a hydroxyl group at 3488 cm ™!, a carbonyl group at
1730 cm ™!, and an aromatic moiety at 1638 and 1612 cm ™!
The NMR data (Table 2) of 2 showed the presence of three
allyl groups and two 1,2.4-trisubstituted benzene units, indi-
cating being similar to those of 1 except for the presence of
a hydroxyl group, the proton signal of which resonated at oy
3.64 (s) exchangeable with D,O, as well as of a carbonyl
group at ¢ 205.6 (s). The '3*C NMR data showed signals
for three oxygen-bearing sp> carbons at o 83.6 (s), 88.5
(d), and 93.6 (d), two oxygen-bearing sp> carbons at ¢
157.4 (s) and 157.6 (s), and a carbonyl carbon at dc 205.6
(s). These data implied that 2 is another sesqui-neolignan
comprising two C6—C3 units and one non-aromatic C6—C3
unit. Analysis of H-H COSY and HMQC provided a struc-
ture fragment HC(5)-C(6)H, as denoted by the bold lines
in Figure 4a, in addition to three allyl groups and two kinds
of 1,2,4-trisubstituted benzene rings. Three allyl groups
were connected to C-4, C-4’, and C-4” from the HMBC cor-
relations (H-7/C-4 at 6¢c 51.4, H-7'/C-4" at 6c 133.7 and H-
7"/C-4" at 6c 132.4). These spectroscopic data together
with the biogenesis of the sesqui-neolignans form oxidative
coupling of three 4-allylphenol (chavicol) units postulated

that the two original 4-allylphenol units would be connected
to the third modified non-aromatic ring with the allyl group
at the C-4 position. The hydroxyl proton signal resonated at
0y 3.64 showed the HMBC correlation to a quaternary C-2 at
Oc 83.6, indicating the hydroxyl group being placed on the
C-2 position. Additionally, this hydroxyl proton showed the
HMBC correlations to C-1 at 6c 205.6 and C-3 at 6¢ 93.6,
and in turn the H-3 and H-5 signals correlated to C-1, C-2,
and C-4 and to C-1 and C-4, respectively. As a result, these
HMBC data suggested that the third center C6—C3 unit was
a cyclohexanone ring not only having the allyl and hydroxyl
groups at C-4 and C-2, respectively, but also containing three
consecutive quaternary carbons C-2, C-3, and C-4. Since

H-H COSY HMBC

Figure 4. HMBC correlations a and b for fargenones A (2) and B (3).
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Figure 5. Representative NOESY correlations a and b for fargenones A (2) and B (3).

two unsaturation equivalents were left, the presence of two
rings was suggested. The aromatic H-3' and the hydroxyl
proton attached at C-2 showed HMBC correlations to C-2
and C-2/, respectively, indicating the linkage between C-2
and C-2'. Additionally, the HMBC correlation between the
oxy-methine H-3 resonated at 6y 5.27 (s) and the deshielded
C-1" at 6¢ 157.6 suggested that C-3 and C-1" were connected
through an oxygen to form one dihydrofuran ring. The pres-
ence of another dihydrofuran ring was revealed from the
HMBC correlations (H-7/C-5 and C-2” and H-5/C-17).
Thus, these spectroscopic data culminated in proposing the
plane structure a in Figure 4 for fargenone A. The cis stereo-
chemistry at the C-2 and C-3 ring junctions was assigned by
the NOESY correlations observed between OH-2 and H-3,
the latter of which was cis disposed to the allyl group at
C-4 due to the observation of an NOE between H-3 and
one (0y 2.76) of the allylic methylene H-7. In addition, the
cis stereochemistry at the C-4 and C-5 ring junctions was de-
fined on the basis of an NOE correlation between the oxy-
methine H-5 and the olefinic H-8 as depicted in Figure 5a.
These NOE data confirmed that all the ring junctions took
the same spatial disposition. Thus, the structure of fargenone
A was established as 2.

Compound 3 having the same molecular formula C,;H404¢
as that of 2, obtained from high-resolution EIMS at m/z
414.1837 (M*, 4 0.6 mmu), exhibited physical data very
similar to those of 2. Analysis of its NMR data (Table 2)
with H-H COSY and HMQC showed the presence of the
same structure fragments as those of 2, such as two 1,2,4-tri-
substituted benzene rings, three allyl groups, and CH,—CH-
O as depicted by the bold line in Figure 4b in addition to
hydroxyl and carbonyl groups although their chemical shift
values, in particular, assignable to the center cyclohexanone
ring were considerably different from those of 2. These spec-
troscopic data implied that 3 would be a variant of the middle
C6-C3 ring in the previously discussed structures 1 and 2. In
the HMBC spectra, the hydroxyl proton resonated at 0y 4.40
showed cross-peaks to the C-5 oxy-methine at dc 93.4, the
C-6 quaternary carbon at ¢ 81.0, and the C-1 carbonyl at
Oc 204.3, the latter of which in turn correlated to the methyl-
ene H-2 and the oxy-methine H-3 at oy 4.75 (dd, J=4.2,
2.3 Hz). These HMBC data resulted in C-1 being connected
to C-2 and C-6 as well as in the bond formation between C-3
and C-4. The allylic methylene H-7 showed HMBC

correlations to the quaternary C-4 at d¢c 52.8 and two kinds
of the oxy-methines at oc 75.6 and 93.4, accounting for
one allylic group attached to C-4 and the connection of C-
4 with C-3 and C-5. Thus, the HMBC data corroborated
the center C6—C3 unit to be a 3,4,5,6-tetrasubstituted cyclo-
hexanone ring as depicted in Figure 4b. Taking two remain-
ing unsaturation requirements into consideration, the
molecule of 3 must have two additional rings like in the
cases of 1 and 3. The connection of C-2” with C-4 was re-
vealed from HMBC correlation of H-5 and H-7 to C-2” at
0c 128.7, and also an ether linkage between C-1” and C-5
was unambiguously confirmed by the HMBC correlation
of H-5 to C-1” together with consideration of the deshielded
0c 93.4 and 158.7 assignable to C-5 and C-1”. Moreover, it
was rationally explained on the basis of the HMBC correla-
tions of H-3’ to C-6, and H-5 and OH-6 to C-2’ as well as of
H-3 to C-1’ together by considering the deshielded C-1" and
C-3 resonated at 6c 150.1 and 75.6 that C-6 and C-2' was
bonded and also an ether linkage was formed between C-1/
and C-3. These spectroscopic data allowed us to give the
pentacyclic plane structure b as depicted in Figure 4. The
relative configuration of 3, which was shown in Figure 5b,
was clarified from NOESY correlations with H-5/H-7 and
OH-6, OH-6/H-3/, H-7/H-2 and H-3, and H-3"/H-3 and
H-7. Thus, the structure of fargenone B was determined as 3.

Since macranthol (4) consisting of three C6—C3 units was
first reported in 1989 by Kouno et al., only three examples
of this natural products, dunnianol and isodunnianol (§)
from Illicium dunnianum.®='° and simonsinol from Illicium
simonsii'! have been documented in the literatures. A group
of these unique natural products have been commonly named
sesqui-neolignan according to a naming system of a group of
terpenoids. It should be noted that the sesqui-neolignans
have occurred solely in Illicium species, and have been never
found in other plants. The sesqui-neolignans are presumably
assembled by oxidative cross-coupling of three C6—C3 units
in an ortho—ortho or an ortho—para fashion.'® When resul-
tant trimers can undergo aromatization in a dehydration
step, macranthol (4) and isodunnianol (5) are produced.
On the other hand, fargenin (1), fargenones A (2), and B
(3) would be derived from the trimer A or B, which is the
cross-coupled product at the para and ortho positions
between 4-allylphenol and magnolol. Since the coupled tri-
mer A or B contains a non-aromatic cyclohexadienone ring
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trimer A

trimer B

Scheme 1. Plausible biosynthetic route of 1-4.

as the center unit, fargenin (1), fargenones A (2), and B (3)
would be formed by a tandem intramolecular 1,4-addition
and subsequent oxidation. As summarized in Scheme 1, an
intramolecular oxy-Michael addition of one phenol to the
center dienone (trimer A) would lead to 6, which in turn
would repeat an intramolecular oxy-Michael addition of
the other phenol to the center enone followed by oxidation
to give rise to fargenone A (2). Fargenin (1) would be bio-
synthesized from the trimer B via 8 and 9 by an intramolec-
ular oxy-Michael addition of the phenol attached at the C-4
position of the center ring to the dienone, followed by acetal-
ization with 4-allylphenol attached at the C-2 position of the
center ring and dehydration, whereas fargenin B (3) would
be produced from the trimer B in similar courses (10 and
11) as shown in Scheme 1.

In the previous papers,'? we reported that honokiol and mag-
nolol, which belong to biphenyl-type neolignans, exhibited
neurotrophic activity in the primary cultured rat cortical neu-
rons. Since the sesqui-neolignans 1-5 share the same C6—C3
unit as honokiol and magnolol in the molecule, we expected
that they may have likewise neurotrophic property in the pri-
mary cultured rat cortical neurons. As a result, isodunnianol

10 1

fargenone B (3)

(5) was found to significantly promote neurite outgrowth of
the cultured rat cortical neurons in the range of concentration
from 0.1 to 10 uM, but the other compounds 1-4 exhibited
no efficacy at the same concentration.'> As shown in Fig-
ure 6, the measurement of longest neurite extending from
each cell body indicates that 5 can promote neurite out-
growth as effectively as bFGF, basic fibroblast growth factor.
It should be noted that two C6—C3 units of isodunnianol (5)
precisely correspond to the molecule of magnolol. This con-
sistency may be responsible for neurite outgrowth-promot-
ing activity of 5.

In conclusion, we have isolated three new sesqui-neolignans
(1-3) from I. fargesii, which are the second three examples
of sesqui-neolignans bearing non-aromatic C6—C3 units, and
have proposed a plausible biosynthetic route leading to these
sesqui-neolignans. The present chemical studies indicate
that 1. fargesii is rich in C6-C3 compounds but elaborates
few seco-prezizaane-type sesquiterpenes compared with
other Illicium species.'*!> More interestingly, isodunnianol
(5) shows potential as candidates of non-peptidal neuro-
trophic agents useful for treatment of neurodegenerative
diseases.!®
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Figure 6. Neurite outgrowth-promoting activity of isodunnianol (5) in the primary cultured rat cortical neurons. (A): morphology of neurons in control groups,
(B): morphology of neurons in 0.1 uM 5, (C): quantitative analysis of dose-dependent manner. In each group, the average length of the primary dendrite-like
process of 80 neurons was measured. Data were expressed as means+SE. The difference between groups was tested with one-way ANOVA followed by
Bonferroni post hoc means comparison or Student’s t-test. ###, *** p<0.001 vs control. Data presented here were derived from one of the two repeated
experiments with similar results. Bar=200 pm.

3. Experimental (9:1), CH,CIL,/EtOAc (1:1), CH,Cl,/EtOAc (1:9), EtOAc
(100%), EtOAc/MeOH (9:1), and EtOAc/MeOH (1:1) to
3.1. General experimental procedure give eight fractions (1-8). Fraction 1 (4.4 g) was first sub-

jected to a silica gel (Wako gel C-300) column chromato-
Optical rotations were measured on a JASCO DIP-1000 graphy eluting with n-hexane/EtOAc (4:1) to give fractions

digital polarimeter. IR spectra were measured on a JASCO (9-16). Fraction 11 (1.6 g) was separated by a silica gel
FT-IR 5300 infrared spectrophotometer. 1D and 2D NMR chromatography with n-hexane/EtOAc (4:1) to give frac-
spectra were recorded on a Varian Unity 600 instrument. tions (17-22), and fraction 19 (760 mg) subjected to a silica
Chemical shifts are given as ¢ (ppm) with TMS as an internal gel (Wako gel C-300) chromatography eluting with n-hex-
standard. MS were recorded on a JEOL AX-500 instrument. ane/CH,Cl, (4:1) to give fractions (23-27). Fraction 25
Column chromatography was carried out on Kieselgel 60 (80 mg) was purified by preparative silica gel TLC [n-hex-
(70-230 mesh) and Wako gel C-300. ane/CH,Cl, (1:1)] to give fargenin (1) (5.7 mg). Fraction

12 was separated by a silica gel chromatography with n-hex-
3.2. Plant material ane/CH,Cl, (4:1) to give fraction (32—41), and fraction 41

(376 mg) was separated by a silica gel chromatography with
The pericarps of I. fargesii were collected in Yunnan, China, n-hexane/CH,Cl, (2:1) to give fraction (42—48). Addition-
in August 1998. A voucher specimen has been deposited at ally, fraction 46 was subjected to a silica gel chromatography
Beijing University of Chinese Medicine. with n-hexane/EtOAc (15:1) to give fractions (49-58), fol-

lowed by preparative reversed-phase TLC [MeOH (100%)]
3.3. Extraction and isolation of fraction 51 to give fargenone A (2) (3.5 mg). Fraction 2

(1.1 g) was first subjected to a silica gel (Wako gel C-300)
The dried pericarps of 1. fargesii were extracted with MeOH chromatography eluting with n-hexane/EtOAc (10:1) to give

to yield 600 g of MeOH extract. The extract (240 g) was fractions (59-66). Fraction 64 and 65 were separated by pre-
chromatographed over a silica gel (Kieselgel 60) eluting parative reversed-phase ODS TLC [MeOH/H,0 (98:2)] to
with a step gradient of CH,Cl, (100%), CH,Cl,/EtOAc give fargenone B (3) (8.4 mg).
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3.3.1. Fargenin (1). Amorphous solid; [a]? —12.7 (c 0.80,
CHCly); IR (film) v, 1636 (aroma.) cm™'; UV (EtOH)
Amax 293 nm (e 3300), 306 nm (& 3200); EIMS m/z (rel int.)
380 [M]* (57), 339 (21), 298 (100); HREIMS m/z 380.1777
(M*, calcd for Co7H,40,, 380.1776); 'H and '3C NMR data
see Table 1.

3.3.2. Fargenone A (2). Amorphous powder; [a]3 +14.2 (¢
1.53, CHCLy): IR (film) v,y 3488 (OH), 1736 (C=0), 1638,
1612 (aroma.) cm™!; UV (EtOH) Ap. 292 nm (e 3100);
EIMS m/z (rel int) 414 [M]* (37), 373 (9), 199 (52);
HREIMS m/z 414.1839 (M*, calcd for C,7H550y,
414.1831); 'H and 'C NMR data see Table 2.

3.3.3. Fargenone B (3). Amorphous powder; [a]& —19.2 (¢
1.54, CHCl); IR (film) v, 3463 (OH), 1730 (C=0), 1638,
1612 (aroma.) cm™'; UV (EtOH) A« 286 nm (¢ 2200);
EIMS m/z (rel int.) 414 [M]* (70), 373 (2), 197 (6); HREIMS
miz 414.1837 (M, calcd for Cp7Hp60,, 414.1831); 'H and
13C NMR data see Table 2.

3.4. Neurotrophic activity in the primary cultured rat
cortical neurons

After freshly isolated cortical neurons were cultured in
poly-L-lysine-coated 24-well plates at a density of 5000
cellscm™2 for 24 h, culture medium was changed from
DMEM/10% FBS to Neurobasal medium/2% B27 with var-
ious concentrations of test samples and bFGF as positive
control. After further culture for 6 days, the neurons were
fixed with 4% paraformaldehyde in PBS for 20 min, and per-
meated with 0.1% Triton X-100 in PBS for 20 min after
endogenous peroxidase activity was blocked by freshly
prepared 0.3% H,O, for 20 min. For anti-MAP2 staining,
the neurons were incubated in primary antibody [anti-
MAP2 (1:1000)] overnight at 4 °C followed by incubation
with horse peroxidase-conjugated second antibody [Sim-
pleStain PO (1:2)] for 1 h, and then peroxidase was devel-
oped with 200 pl substrate SimpleStain DAB solution. The
length of primary (longest) process stained in each proce-
dure was determined with image analysis software system
LuminaVision 1.0/MacScope 2.6. At least 80-well immuno-
histochemically stained neurons, which did not grow on or
near glial cells and made no connection to more than two
cells, were selected for measurements of their primary neu-
rite length.
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