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Six new vibsane-type diterpenoids, named neovibsanin O (1), neovibsanin M (2), neovibsanin L (3), (82)-
neovibsanin M (4), 15-0-methylvibsanin H (5), and 5-epi-15-O-methylvibsanin H (6), were isolated from
the leaves of Viburnum sieboldii by bioassay-guided fractionation using NGF-differentiated PC12 cells. The
structures of 1-6 were established by analyzing their spectroscopic data and comparing their NMR data
with those of previously reported vibsane-type diterpenoids. Compounds 3 and 4, and the known vib-
sane-type diterpenoids neovibsanins A (7) and B (8) significantly enhanced the neurite outgrowth of
NGF-mediated PC12 cells at concentrations ranging from 20 to 40 uM.

© 2010 Elsevier Ltd. All rights reserved.

Vibsane-type diterpenoids are quite rare natural products and
their occurrence has been limited to Viburnum awabuki, Viburnum
odoratissimum and Viburnum suspemsum.'>%-8 The carbon skele-
tons of these diterpenoids are further classified into three sub-
types: those with an eleven-membered ring, those with a seven-
membered ring, and the rearranged types, which are represented
by vibsanin B (9),>* vibsanin C (10)>* and neovibsanin A (7),°
respectively. Additionally, we have established the chemical corre-
lations between vibsanin B and vibsanin C, and neovibsanins,
which has allowed us to propose a plausible biosynthetic route
to the two other subtypes from vibsanin B (9).! Some vibsane-type
diterpenoids have attracted increasing attention in recent years be-
cause of their unique structures and wide-ranging biological activ-
ities.%"17 As part of our chemical and biological studies on vibsane-
type diterpenes, we have investigated the MeOH extract of the
leaves of Viburnum sieboldii, which exhibited neurite outgrowth-
promoting activity in NGF-mediated PC12 cells at 25 pg/mL, result-
ing in the isolation of six new vibsane-type diterpenenoids, which
were named neovibsanin O (1), neovibsanin M (2), neovibsanin L
(3), (8Z)-neovibsanin M (4), 15-0O-methylvibsanin H (5), and 5-
epi-15-0-methylvibsanin H (6). In this Letter, we report the struc-
tures of 1-6 and the NGF-potentiating effects of vibsane-type
diterpenoids on PC12 cells (Fig. 1).

The MeOH extract of the dried leaves (420 g) of V. sieboldii was
fractionated in order of increasing polarity by column chromatog-
raphy on silica gel with dichloromethane/ethyl acetate in order of
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increasing polarity to give seven fractions. The active fractions
were further purified by a combination of silica gel column chro-
matography and HPLC, furnishing six new compounds, neovibsa-
nin O (1), neovibsanin M (2), neovibsanin L (3), (8Z)-neovibsanin
M (4), 15-O-methylvibsanin H (5), and 5-epi-15-0O-methylvibsanin
H (6) together with the previously known neovibsanins A (7) and B
(8).°

Compound 1 had a molecular formula, C;4H3,0g, as established
by high resolution (HR)-FABMS. The spectroscopic data of 1
showed the presence of a B,p-dimethyl acrylate group [m/z 83; Zmax
229 nm; vpax 1733 cm™!; 6y 1.34 (d, J = 1.1 Hz), 2.02 (d, J = 1.1 Hz)
and 5.63 (qq, J=1.1, 1.1 Hz), 6c 163.0], a trisubstituted olefin (Jy
5.27, m), a disubstituted olefin [6y 7.67 (d, J=12.4 Hz), 5.07 (dd,
J=12.4, 11.1 Hz)], an oxymethylene [éy 3.96 (ddt, J=13.2, 3.0,
3.0 Hz), 4.33 (ddt, J=13.2, 3.0, 3.0 Hz); ¢ 68.3], two oxymethines
[6y 4.02 (dddd, J=7.3, 5.9, 2.9, 1.5Hz) and 4.46 (dd, J=7.7,
4.8 Hz); ¢ 66.2 and 80.3], three methyl groups [éy 0.71, 1.78,
and 1.88], and two carbonyl groups [dc 204.8 and 205.1; Vmax
1716 and 1704 cm™!]. These spectral data of 1 were found to be
inconsistent with those of the previously known vibsane-type
diterpenoids. Extensive analysis of 2D "H-'H COSY and HMQC gave
five partial structures (A-E) as shown in Figure 2 and six quater-
nary carbons (J¢ 33.0, 80.5, 135.7, 163.0, 204.8, and 205.1).

In order to determine the connectivities between these five par-
tial structures (A-E) and the quaternary carbons, HMBC experi-
ments were carried out (Fig. 2). The HMBC correlation of Hs-20
with C-1 (¢ 36.2), C-10 (¢ 45.8), C-11 (6¢ 33.0), and C-12 (¢
47.3) indicated that the quaternary carbon C-11 was connected
to C-20, as well as C-12, C-10 and C-1 in A, D, and C, respectively.
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Figure 1. Structures of compounds 1-10.
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Figure 2. HMBC correlations of 1.

The H-6 and Hs-19 signals showed a cross-peak to the C-7 carbonyl
carbon at §¢ 205.1 and the H-14 signal correlated to the C-15 car-
bonyl signal at §c 204.8, suggesting that a methyl ketone was
bonded to C-6 in B and that another methyl ketone was bonded
to C-14 in A. The type of the linkage between the C-18 oxymethyl-
ene in C and the C-5 oxymethine in B failed to be confirmed by
HMBC experiments. However, in NOESY experiments (Fig. 3), H-
18B showed a clear NOE correlation to H-5, which indicated that
C-5 was connected to C-18 through an oxygen atom, demonstrat-
ing the presence of a tetrahydrofuran ring. The HMBC correlations
of H-10 in D to C-3 (6¢ 135.7), C-4 (5¢ 80.5), and C-5 (6¢ 80.3) dem-
onstrated the presence of the formation of a cyclohexene ring fused
with a tetrahydrofuran, which is the typical core structure of the
neovibsanin skeleton. Due to the absence of a HMBC correlation

between H-13 and C-4 (¢ 80.5), the type of linkage between the
C-13 oxymethine in A and the C-4 quaternary carbon remains un-
solved. However, taking the eight degrees of unsaturation into ac-
count, 1 must have a tricyclic structure. This allowed us to connect
C-13 and C-14 through an oxygen atom. Thus, the above-men-
tioned spectroscopic data culminated in our proposing the plane
structure 1, which is comprised of a 2-oxa-bicyclo[3,3,1]nonane
skeleton. The relative stereochemistry of 1 was elucidated based
on the NOESY data, as shown in Figure 3. The proposed bicyclic
framework automatically fixes the stereochemistry of C-4 and C-
11. The NOE correlations of H-12B/H-10, H-10/H-5, and H-6/H-14
indicated that the methyl ketone side chain at C-5 has an a-config-
uration. Additionally, the C-13 side chain was defined to be in the B
from sequential NOE correlations of H-12a/H-1a, H-13/H-10, H-
13/H-2, and H-13/H-120.. Additionally, the most stable conforma-
tion obtained by MM2 calculations using MacroModel® was able
to account for the observed NOEs. Hence, the structure of neovibs-
anin O was elucidated to be 1. It should be noted that neovibsanin
0 (1) is the second example of a nor-vibsane-type diterpenoids.®

Neovibsanin O (1) can be derived from neovibsanin as outlined
in Scheme 1. Namely, an auto-oxidation of neovibsanin occurs at
the C-15 position to give hydroperoxy a, which subsequently
undergoes a B-cleavage to lose one carbon, giving rise to methyl
ketone b. The resultant unsaturated ketone is then attacked in a
1,4-addition manner by the hydroxy group at the C-4 position to
produce 1.

Compound 2 had a molecular formula C,7H4006, as deduced by
HR-FABMS at m/z 483 [M+Na]*. The NMR data of 2 showed the
presence of four tertiary methyl groups [éy 0.89 (H3-20), 1.27
(H3-16), 1.27 (H3-17), 1.34 (Hs-19)], two methoxy groups (Jy
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R' = COCHC(CHa),

Figure 3. NOESY correlations and most stable conformation of 1 (calculated by Macromodel®).

Neovibsanin
R : COCHC(CHj3),

1, 4- addition

Scheme 1. Plausible biosynthesis of 1.

3.11, 3.13), an oxymethylene [5y 4.17 (br d, J = 10.2 Hz), 4.80 (ddt,
J=10.2, 3.0, 3.0 Hz)], an oxymethine [y 4.65 (d, J=5.5 Hz)], two
disubstituted double bonds with an E-geometry [y 5.23 (dd,
J=12.4, 11.4Hz, H-9), 7.48 (d, = 12.4 Hz, H-8); ¢ 137.9 (C-8),
112.8 (C-9), and &y 5.52 (d, J= 16.2 Hz, H-14), 5.77 (ddd, = 16.2,
8.5, 6.0 Hz, H-13); 6c 127.4 (C-13), 139.1 (C-14)], a trisubstituted
double bond [5y 5.31 (m)], and a B,B-dimethylacrylate group. These
spectral features indicated that 2 is a typical rearranged vibsane-
type diterpenoid. In fact, the 'H and 3C NMR data of 2 were found
to be similar to those of neovibsanin B (8) except for the C-12-C-17
side chain and the presence of an extra methoxy group. The HMBC
correlations between a methoxy signal (dy 3.13) and C-7 (5¢c 108.9),
and between another methoxy signal (5y 3.11) and C-15 (¢ 74.8)
indicated that two methoxy groups were located at C-7 and C-15,
respectively (Fig. 4). The above spectroscopic data suggested the
plane structure 2 for neovibsanin M. The relative stereochemistry

of 2 was found to be the same as that of neovibsanin B (8) on
the basis of the NOESY (Table 1, Supplementary data, Fig. 7).

@ 127.4 0‘853
R = COCH(CHg), %62 25.9
2 Neovibsanin B (8)

Figure 4. Comparison of C12-C17 side chains between 2 and neovibsanin B (8).
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Compound 3 had a molecular formula (C27H4006) as established
by HR-FABMS. The spectroscopic data of 3 were similar to those of
2. 2D NMR analyses of 3 gave the same plane structure as 2. Thus,
compound 3 is an epimer of 2 with regard to C-7. The relative ste-
reochemistry of 3 was defined by NOESY (Supplementary data,
Fig. 8). Thus, on the basis of spectral data, the structure of neovibs-
anin L was elucidated as 3.

Compound 4 had the same molecular formula (Cy7H4006) as 2
and 3. The spectroscopic data of 4 were also similar to those of 2.
In the 'H NMR spectrum of 4, the coupling constant (Jgo = 6.6 Hz)
between H-8 and H-9 in 4 was small in contrast to the large J value
of 2 (Jgg=12.4 Hz). NOESY and the small Jg g value of 4 indicated
that the Agg double bond takes a Z-geometry. Thus, 4 was assigned
as (8Z)-neovibsanin M.

2569

Compound 5 had a molecular formula CygH3306 (m/z 469.2583
[M+Na]*). The NMR data of 5 were similar to those of vibsanin H'
except for the presence of a methoxy group (éy 3.10; é¢c 50.2).
These spectral data disclosed that the hydroxy group at the C-15
or C-18 position in vibsanin H is methylated in 5. In HMBC, the
methoxy signal (éy 3.10) showed a cross-peak to C-15 (6¢ 74.7),
suggesting that it was located on C-15 (Supplementary data,
Fig. 9). The relative stereochemistry of 5 was found to be the same
as that of vibsanin H on the basis of NOESY (Supplementary data,
Fig. 10). Thus, 5 was named 15-O-methylvibsanin H (Table 2).

Compound 6 had a molecular formula C,gH3506, as established
by HR-FABMS (m/z 469.2546 [M+Na]*). The NMR and physical data
of 6 were similar to those of 5. Analyses of the 2D NMR (HMQC,
'H-'H COSY, HMBC) data of 6 gave the same plane structure as

Table 1
'H (600 MHz) and '3C (150 MHz) NMR data for 1-3 in C¢Dg
Position 1 2 3
dc ou dc Ou Jc Ou
1 362 1.50 (ddt, 36.1 1.70 (m) 33.0 158 (brd,
19.2,3.0,3.0) 1.82 (br dt, 18.4)
1.58 (br d, 18.6, 3.0) 1.96 (br d,
19.2) 18.4)
2 1219 527 (m) 1208 5.31 (m) 1203 522 (m)
3 135.7 138.2 137.8
4 80.5 91.6 90.6
5 80.3 4.46 (dd, 7.7, 86.5 4.65 (d, 87.6 4.50 (d,
48) 5.5) 4.1)
6 42,5 261 (dd, 46.5 1.68 (dd, 454 2.25(d,
16.2, 4.8) 14.0, 5.5) 14.3)
2.80 (dd, 2.43 (d, 2.31 (dd,
16.2, 7.7) 14.0) 14.3,4.1)
7 205.1 108.9 110.8
8 1392 7.67(d,12.4) 137.9 7.48(d, 1374 7.52(d,
12.4) 12.1)
9 1104 5.07 (dd, 1128 5.23 (dd, 1127 5.14 (dd,
12.4,11.1) 12.4,11.4) 12.1,12.1)
10 458 1.99(d, 11.1) 485 2.34(d, 485 2.68(d,
11.4) 12.1)
11 33.0 36.3 35.7
12 473 0.85 (dd, 439 2.09 (dd, 42.1 2.36 (dd,
13.0, 1.5) 13.7, 8.5) 13.7, 6.5)
1.15 (dd, 2.71 (dd, 2.96 (dd,
13.0, 2.9) 13.7, 6.0) 13.7, 8.7)
13 66.2 4.02 (dddd, 127.4 5.77 (ddd, 128.0 5.75 (ddd,
7.3,5.9, 2.9, 16.2, 8.5, 15.7, 8.7,
1.5) 6.0) 6.5)
14 49.8 2.01 (dd, 139.1 5.52(d, 139.4 5.52(d,
15.5, 5.9) 16.2) 15.7)
2.32 (dd,
15.5, 7.3)
15 204.8 74.8 74.7
16 301 1.78(s) 265 127 (s) 262 124(s)
17 262 1.27(s) 264 1.25(s)
18° 68.3 3.96 (ddt, 70.5 4.17 (brd, 70.1 4.16 (d,
13.2,3.0,3.0) 10.2) 10.8)
4.33 (ddt, 4.80 (ddt, 4.56 (ddt,
13.2,3.0,3.0) 10.2, 3.0, 10.8, 3.0,
3.0) 3.0)
19 303 1.88(s) 233 1.34(s) 239 1.44(s)
20 287 0.71(s) 257 0.89(s) 262 091 (s)
1 163.0 163.2 163.1
2 115.1 5.63(qq, 1.1, 1151 5.66 (qq, 115.1 5.66 (qq,
1.1) 1.4, 1.4) 1.1,1.1)
3 159.7 159.9 159.6
4 202 2.02(d, 1.1) 20.2 2.04 (d, 20.2 2.03 (d,
1.4) 1.1)
5 270 134(d,1.1) 270 137(d, 27.0 1.36(d,
14) 1.1)
CH30-7 502 3.13(s) 499 320 (s)
CH;0- 489 3.11(s) 502 3.10(s)
15

Table 2
H (600 MHz) and '3C (150 MHz) NMR data for 4-6 in C¢Dg
Position 4 5 6
dc ou dc On dc On
1 380 1.69(brd, 365 1.81(m) 387 1.82(dd,
18.4) 1.90 (m) 16.5, 8.1)
227 (brd, 2.10 (dd,
18.4) 16.5, 4.8)
2 1207 533(m) 1368 6.19 (dddd, 1389 6.13 (dddd,
9.2, 6.6, 6.0, 8.2,6.5,59
5.4) 48)
3 139.6 142.4 144.0
4 90.6 204.7 2034
5 89.1 4.54 (d, 47.7 2.88 (ddd, 48.4 3.50 (ddd,
5.8) 99,623, 5.1) 8.8, 4.4, 4.4)
6 47.5 1.79 (dd, 439 2.53 (dd, 441 1.91 (dd,
13.7, 5.8) 17.9, 5.1) 18.1, 4.4)
2.44 (d, 2.75 (dd, 3.03 (dd,
13.7) 17.9, 6.3) 18.1, 8.8)
7 109.5 206.3 205.6
8 136.2 7.50 (d, 138.0 7.20(d, 137.7 7.38 (d,
6.6) 12.4) 12.4)
9 110.0 5.00 (dd, 112.8 5.15 (dd, 1119 5.33 (dd,
10.6, 6.6) 12.4,11.5) 12.4,11.8)
10 477 3.00 (d, 443 229 (dd, 476 2.09 (dd,
10.6) 11.3,9.9) 11.8, 4.4)
11 36.0 40.9 41.1
12 374 2.33(dd, 431 1.76 (dd, 459 2.02 (m)
14.2,7.7) 13.7, 6.6) 2.05 (m)
2.70 (dd, 1.82 (dd,
142, 7.8) 13.7,82)
13 127.8 5.67 (ddd, 125.6 5.37 (ddd, 124.8 5.51 (dt,
12.1, 7.8, 15.7, 8.2, 13.2,5.5)
7.7) 6.6)
14 139.1 5.55(d, 139.9 5.44(d, 140.8 5.51(d,
12.1) 15.7) 132)
15 74.7 74.7 74.7
16 262 1.26(s) 259 1.21(s) 262 1.26(s)
17 264 1.26 (s) 26.1 1.22(s) 262 1.27(s)
18° 70.1 4.22(d, 63.6 4.29 (dd, 64.1 4.20 (dd,
9.9) 13.2, 6.6) 12.9, 5.9)
489 (ddt, 443 (dd, 430 (dd,
9.9, 3.0, 13.2, 6.0) 12.9, 6.5)
3.0)
19 239 126 (s) 295 178 (s) 297 172 (s)
20 262  0.98 (s) 237 0.68 (s) 245 0.66 (s)
1 163.1 163.1 163.2
2 1151 557(qq, 1148 5.65 (qq, 1149 5.62 (s)
14, 1.4) 1.4, 1.4)
3 159.6 160.4 160.3
4 202 2.04(d, 202 202(d, 1.4) 203 2.02(s)
1.4)
5 270 1.36(d, 270 135(d, 14) 270 134(s)
1.4)
CH;0-7 499 3.12(s)
CH50- 502 3.12(s) 502 3.10(s) 502 3.14(s)
15
OH-18 2.33 (dd, 2.09 (dd,
6.6, 6.0) 6.5, 5.9)

3 Having long-range couplings with H-2 and H-1 determined by 'H-'H COSY.

 Having long-range couplings with H-2 and H-1 determined by 'H-'H COSY.
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Figure 5. Neurite outgrowth-promoting activities of neovibsanins A (7) and B (8) in PC12 cells. (A) Morphology of PC12 cells in the control groups. (B) Morphology of PC12
cells in 40 pM neovibsanin A + 20 ng/mL NGF. (C) Morphology of PC12 cells in 40 pM neovibsanin B + 20 ng/mL NGF. (D) and (E) Quantitative analysis of neurite outgrowth.
PC12 cells were cultured in DMEM/2% HS + 1% FBS with or without 20 ng/mL NGF and different concentrations of neovibsanins A and B for 48 h. PC12 cells were fixed and
then the percentage of cells bearing neurites was quantified, and the primary neurite length was measured. Over 40 fields were randomly selected under a microscope for
analysis of the percentage of cells bearing neurites. At least 200 cells were selected for calculating the neurite length. Data are expressed as mean + SE. P <0.001 compared
with NGF only by one-way ANOVA followed by Bonferroni’s post hoc means comparison. ###P <0.001 versus control according to the Student’s t-test.
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Figure 6. Neurite outgrowth-promoting activities of compounds 3 and 4 in PC12 cells. (A) Morphology of PC12 cells in 20 ng/mL NGF. (B) Morphology of PC12 cells in 40 pM
neovibsanin B (8) + 20 ng/mL NGF. (C) Morphology of PC12 cells in 40 uM neovibsanin L (3) + 20 ng/ml NGF. (D) Morphology of PC12 cells in 40 uM (8Z)-neovibsanin M
(4) + 20 ng/mL NGF. (E) Quantitative analysis of neurite outgrowth. PC12 cells were cultured in DMEM/2% HS + 1% FBS with or without 20 ng/mL NGF and different
concentrations of 3 and 4 for 48 h. PC12 cells were fixed and the percentage of cells bearing neurites quantified and the primary neurite length was observed. Over 40 fields
were randomly selected under a micrgscope for analysis of the percentage of cells bearing neurites. At least 200 cells were selected for calculating the neurite length. Data are

FEk

expressed as mean + SE.  P<0.001, P<0.01, P <0.05compared with NGF only by one-way ANOVA followed by Bonferroni’s post hoc means comparison. P <0.001 versus
NGF only, ###P <0.001 versus control according to the Student’s t-test.
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5. In a comparison of 'H NMR spectra between 5 and 6, 6 had a
smaller vicinal H-5/H-10 coupling constant (4.4 Hz) than 5
(9.9 Hz), indicating that compound 6 is the C-5 epimer of 5. The
relative stereochemistry of 6 was defined by NOESY. Namely, the
NOE correlations of H3-20/H-6 and H3-20/H-9 indicated that the
methyl ketone side chain at C-5 takes a B-configuration. Accord-
ingly, the structure of 6 was determined to be 5-epi-15-O-meth-
ylvibsanin H.

Since compounds 1-8 were isolated from the active fractions
that promoted neurite outgrowth from NGF (20 ng/mL)-mediated
PC12 cells,'® they were evaluated for their ability to induce neurite
outgrowth in PC12 cells according to a previously reported exper-
imental procedure.’® 22 None of the compounds had morphologi-
cal effects on PC12 cells in the absence of NGF, whereas, in the
presence of NGF (20 ng/mL), neovibsanins A (7) and B (8), neovibs-
anin L (3), and (8Z)-neovibsanin M (4) significantly promoted neu-
rite outgrowth from PC12 cells in a dose-dependent manner at
concentrations ranging from 20 to 40 uM. The degree of their ef-
fects on neurite outgrowth in PC12 cells was demonstrated by
morphological observations and quantitative analysis of the neu-
rite length extending from the cell bodies (Figs. 5 and 6). The mean
neurite length of the NGF-mediated PC12 cells treated with 7, 8, 3
or 4 increased dose-dependently. The seven-membered vibsane-
type diterpenes 5 and 6 showed no activity at concentrations rang-
ing from 0.1 to 40 uM in the presence of 20 ng/mL NGF. In a com-
parison of the mean neurite length between 7 and 8, 8 seemed to
be a more potent NGF-potentiator than 7. Likewise, in a compari-
son of the mean neurite length between 3 and 4, 4 seemed to be
more potent NGF-potentiator than 3. It should be noted that both
4 and 8 carry an a-methoxy group on their C-7 acetal carbon. These
results suggest that in addition to the neovibsanin skeleton, which
is regarded as a structural requirement for neurite outgrowth-pro-
moting activity, the stereochemistry of the methoxy group at the
C-7 position plays an important role in the enhancement of NGF-
potentiating activity in PC12 cells.

In conclusion, six novel diterpenoids, neovibsanin O (1), neo-
vibsanin M (2), neovibsanin L (3), (8Z)-neovibsanin M (4), 15-0-
methylvibsanin H (5), and 5-epi-15-0-methylvibsanin H (6), were
isolated from V. sieboldii.>®> Neovibsanin O (1) is the second exam-
ple of a vibsane-type 17-norditerpenoid and has a unique 2-oxa-
bicyclo[3,3,1]nonane structure. This is the first time type a natural
product has been reported to have such a structure. Compounds 3,
4,7, and 8, all of which possess a neovibsanin skeleton, had signif-
icant NGF-potentiating effects on PC12 cells, and therefore were
identified to be responsible for the neurite outgrowth-promotion
of NGF-mediated PC12 cells induced by the MeOH extract of V. sie-
boldii. Among the subtypes of vibsane-type diterpenoids, the pres-
ent study demonstrates, for the first time, that only neovibsanins
with an acetal group in their molecule show potent NGF-potentiat-
ing activity in PC12 cells. Compounds with a neovibsanin structure
are expected to be investigated with the aim of developing drugs

for the treatment of neurodegenerative diseases such as Alzhei-
mer’s disease.
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