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Abstract—Three new guaiane-type sesquiterpenes named awabukinol, 4-hydroperoxyawabukinol and 3-hy-
droperoxyawabukinol, which are characterized by the presence of a hydroperoxy function, have been isolated from
the wood of Viburnum awabuki. Their structures have been elucidated as (1,58,78)-3,10(14)-guaiadien-11-ol,
(1a,58,78)-48-hydroperoxy-2,10(14)-guaiadien- 1 1-ol and (1a,78)-3B-hydroperoxy-4,10(14)-guaiadien-11-ol,
respectively, by extensive analysis of spectroscopic data and some chemical transformations. The absolute
configuration of awabukinol has been assigned as (1R), (55) and (7R) on the basis of the CD octant rule applied to
its 10-oxo-derivative.

INTRODUCTION a novel skeleton consisting of an 1l-membered di-
terpene, along with inactive vibsanines B, C, D, E and
F. However, chemical constituents of the wood of V.
awabuki have not been studied. In the course of our
search for antioxidant natural products in subtropical
and tropical plants [4], the methanol extract of the
wood of V. awabuki has been found to inhibit lipid
peroxidation. This prompted us to investigate the
chemical constituents of V. awabuki. As a result, we
have isolated three new guaiane-type sesquiterpenes 1,
2, and 3, named awabukinol, 3-hydroperoxyawabukinol
and 4-hydroperoxyawabukinol, respectively, from the
methanol extract of the wood. Compounds 2 and 3 are
characterized by the presence of a hydroperoxy func-
tion. In this paper, we report the isolation and structural
elucidation of these new compounds.

Viburnum awabuki has been often cultivated as a hedge
and a windbreak in the south part of Japan, because it is
an evergreen and also strongly resistant against air
pollution and fire [1]. Its leaves are known to have been
used as fish poison for the purpose of catching fish in
Okinawa islands [2]. Kawazu (3, 4] reported that a
pisicidal principle of V. awabuki was vibsanine A with

RESULTS AND DISCUSSION

The wood of V. awabuki was extracted with metha-
nol and the methanol extract partitioned between ethyl
acetate and water. The ethyl acetate soluble portion was
fractionated by repeated column chromatography on
silica gel and Sephadex LH-20 and finally purified by a
recycling HPLC to give three new guaiane-type ses-
quiterpenes, awabukinol (1), 3-hydroperoxyawabukinol
(2) and 4-hydroperoxyawabukinol (3).

Compound 1 had a molecular formula of C,;H,,0,
2 R=00H 3 R=00H established by the HREI-mass spectrum (m/z 220.1826

OH OH

2a R=0H 3a R=0H +
2 2 ° [M]7). The IR spectrum of compound 1 showed the
presence of a hydroxyl group at 3395 cm™' and a
*Author to whom correspondence should be addressed. double bond at 1640 cm™'. The NMR spectra (Tables 1
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Fig. 1. Representative HMBC correlations (arrows) and partial
structural fragments (bold lines).

and 2) of 1 revealed the presence of two tertiary methyl
groups [8; 1.06 and 1.11 (each 3H, s); 8. 25.7 and
28.0), an olefinic methyl group at §, 1.56 and an
exomethylene [, 4.83 (m) and 4.84 (m); 8. 106.4 and
152.7] and also a trisubstituted double bond at &, 5.32
(t, J=2.0 Hz). The analyses of two-dimensional DQF-
COSY and HMQC experiments also showed the pres-
ence of the structural unit from C-4 to C-9, as shown
with bold line in Fig. 1. The HMBC experiment could
assemble the above structural fragments, as summa-
rized in Fig. 1. The two methyl signals (H,-12 and
H.-13) at §, 1.06 and 1.11 showed correlations with an
oxygen-bearing quaternary carbon (C-11) signal at §.
74.1, and thus formed a dimethy] carbinol group, which
should be linked to the C-7 position because of HMBC
correlations of both methyl signals (H,-12 and H,-13)
to the C-7 signal at 6. 48.9. Furthermore, the H-1 and
H-9 signals correlated to the quaternary carbon (C-10)
at . 152.7 of the exomethylene, which indicated that
C-10 bonded to both the C-1 and C-9 positions to form
a seven-membered ring containing the dimethyl car-
binol group at C-7 and the exomethylene at C-10. The
remaining olefinic methyl signal (H,-15) at §, 1.56
correlated not only with the sp” C-3 and C-4 signals but
also with the C-5 signal at 8. 51.0. This suggested that
the C-4 guaternary carbon appended with the methyl
group (H,-15) made a linkage with C-5 to construct a
five-membered ring. The spectral evidence disclosed
that the plain structure of 1 was 3,10(14)-guaiadien-

H
CH;0y CH,

1

11-0l. The relative stereostructure of awabukinol (1)
was assigned as (la,58,78)-3,10(14)-guaiadien-11-ol
on the basis of a NOESY experiment as shown in Fig.
2. In order to obtain the 10-oxo-derivative of compound
1 needed for measurement of the CD spectrum, selec-
tive oxidation of the A'®"*’ double-bond in compound
1 was attempted. However, treatment of 1 with OsO,—
NalO, [5] for a short period cleaved only the A’
double-bond to give rise to 4, whereas a long-term
oxidation caused the cleavage of both double bonds
yielding the hemi-ketal §. This result accounts for the
A" double-bond being less reactive than the A**
double-bond to dihydroxylation. Hence, at first, the
A**® double-bond was protected as an epoxide ring and
then the A'°"*® double-bond was cleaved with O,-
Me,S to yield the 10-oxo-derivative 6 (Fig. 3). The CD
spectrum of 6 showed the negative Cotton effect at
270 nm. The conformation of 6 elucidated by the
NOESY (Fig. 4) was applied to the octant rule and
thereby the absolute configurations on the chiral centres
in compound 1 were determined to be (1R), (55) and
(7R).

Compound 2 had the molecular formula of
C,;H,,0,, obtained from the quasi-molecular ion peak
at m/z 275 [M + Na] " in the FAB-mass spectrum; the
fifteen carbons were indicated by the 'C NMR spec-
trum. Its IR spectrum displayed absorptions attributable
to a hydroxyl group (3412cm ') and a double bond
(1625 cm'). The NMR spectra (Tables 1 and 2) of 2
showed the presence of three tertiary methyl groups
(6,4 0.97, 0.98 and 1.23; 6. 26.4, 27.8 and 19.2), two
(6 0.97, 0.98) of which showed HMBC correlations
with an oxygen-bearing quaternary carbon at &, 73.9
indicating the presence of a dimethyl carbinol group,
and also they showed the presence of an exomethylene
(64 4.71 and 4.75; 8. 106.9 and 153.4) and a disubsti-
tuted double bond (6, 5.81, dd, /=5.8, 1.5Hz and &
5.76, dd, J=5.8, 2.2Hz; &, 133.6 and 136.6). These
spectral data suggested that 2 was also a guaiane-type
sesquiterpene having two more oxygen atoms than 1. In
fact, the '>’C NMR data (Table 2) of compounds 1 and
2 revealed that the chemical shifts for C-7 ~ C-14 were
comparable, whereas those for C-1~C-5 were not
consistent. In addition, the DQFCOSY and HMQC
experiments showed that 2 had the same seven-mem-
bered ring as 1 and the disubstituted double bond was
placed on the C-2 and C-3 positions of the five-
membered ring. A low-field signal resonance at §,; 8.10

Fig. 2. Relative stereochemistry for compounds 1-3 based on NOESY, indicated by arrows.
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Fig. 3. Oxidative cleavage of the double bonds in 1.

Fig. 4. Projection formula (right) of 6 based on

implied the presence of a hydroperoxyl group in the
molecule of 2, and its presence was supported by a
positive Kl-starch test {7]. The hydroperoxyl group

the conformation (left) elucidated by NOESY.

could be verified as located on the C-4 positions as
follows. The C-4 quaternary carbon signal appeared
abnormally low-field at 6. 96.5 [8]. In the HMBC of 2,

Table 1. '"H NMR data of compounds 1-3 and 6

1*

2x

3*

6%

8a
83
Sa
98
12
13
14

15
OOH

2.61 brdd (11.4, 8.5)t

2.60 brdd (18.7, 2.0)

2.27 dddd (18.7, 114, 2.0, 2.0)
5.321(2.0)

243 ddd (8.5, 7.3, 5.9)

1.44 ddd (12.9, 7.3, 1.2)

1.79 ddd (12.9, 9.8, 5.9)

1.70 dddd (12.5, 9.8, 1.2, 1.2)
1.27 dddd (10.3, 10.3, 1.7, 1.2)
1.94 brddd (12.5, 10.3, 6.1)
2.11 ddd (14.6, 12.5, 1.7)
2.67 ddd (14.6, 6.1, 1.7)

1.06 s

1.11 s

483 m

484 m

1.56 s

2.70 ddd (8.6, 2.2, 1.5)
5.81 dd (5.8, 1.5)

5.76 dd (5.8, 2.2)

2.41 ddd (12.0, 8.6, 5.3)

1.58 ddd (13.7, 12.0, 2.0)

1.75 ddd (13.7, 13.7. 5.3)

1.46 dddd (13.7, 13.7, 2.6, 2.0)
1.77 ddd (13.7, 6.6, 2.6)

1.20 dddd (13.2, 13.2, 13.2, 1.7)
1.95 dd (13.2, 13.2)

2.48 ddd (13.2, 6.6, 1.7)

097 s

098 s

471 m

475 m

123 s

8.10 s

313 dd (83, 7.1)

1.99 ddd (13.6, 7.1, 5.1)

2.30 ddd (13.6, 8.3, 7.1)

4.73 dd (8.3, 5.1)

2.46 dd (13.0, 1.7)

1.97 dd (13.0, 13.0)

1.65 dddd (13.0, 13.0, 1.7, 1.7)
1.73 ddd (13.0, 6.3, 1.7)

1.12 dddd (13.0, 13.0, 13.0, 1.0)
1.98 ddd (13.0, 13.0, 1.7)

2.41 ddd (13.0, 6.3, 1.0)

094 s

097 s

4.82d(1.2)

493 d (1.2)

1.67 s

7.60 s§

2.43 ddd (13.7, 9.3, 87)

2.40 ddd (8.7, 8.7, 1.2)

1.86 dd (13.7, 8.7)

293 d(1.2)

1.59 ddd (10.7, 9.3, 6.1)

141 ddd (10.7, 10.7, 5.9)
1.80 ddd (10.7, 10.7, 6.1)
1.37 dddd (10.7, 7.9, 5.9, 1.0)
1.57 dddd (14.4, 54, 4.9, 1.0)
0.96 dddd (14.4, 12.9,7.9,2.7)
1.85 ddd (15.1, 12.9, 4.9)
2.56 ddd (15.1, 5.4, 2.7)

0.83 s

0.88 s

1.08 s

*400 MHz in CDy.
600 MHz in C,D,.
tCoupling constants (/ in Hz) are given in parentheses.
§400 MHz in CDCl,.
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Table 2. ''C NMR data of compounds 1, 2, 2a, 3, 3a and 6

C 1* 2+ 2a+ 3+ 3a* 6%
1 492 54.1 55.6 513 51.2 50.6
2 340 133.6 1320 358 35.1 27.9
3 123.1 136.6 139.1 92.6 78.8 63.6
4 142.0 9.5 85.3 130.1 134.9 66.1
5 51.0 483 52.8 143.4 139.6 424
6 323 274 27.0 29.0 30.5 27.8
7 48.9 48.7 49.7 45.8 46.0 47.7
8 26.2 27.3 26.6 30.4 30.5 23.1
9 41 39.4 40.1 349 35.1 455
10 152.7 153.4 153.6 153.1 1529 208.4
11 74.1 739 74.1 72.5 724 727
12 25.7 26.4 25.5 26.4 26.4 25.5
13 28.0 278 27.7 27.3 273 28.1
14 106.4 106.9 106.8 109.6 109.3 -
15 14.8 19.2 233 19.1 1.2 159

*100 MHz in C,D,.
1100 MHz in CDCl,.
150 MHz in C,D,.

the C-4 signal showed cross-peaks with the H-3 and
H-5 signals, and the methyl signal (H,-15) at §, 1.23.
Moreover, reduction of the hydroperoxy function in 2
with triphenylphosphine smoothly proceeded to give
the diol 2a, in which the §_. value of C-4 shifted up to
85.3 ppm confirming the presence of the hydroperoxyl
group at the C-4 position. The above spectral and
chemical evidence led to the proposal of the plane
structure of 4-hydroperoxy-2,10(14)-guaiadien-11-ol
for 2. The relative stereochemistry of 2 was elucidated
on the basis of NOEs as shown in Fig. 2. Thus, the
structure of 4-hydroperoxyawabukinol (2) was repre-
sented as  (1a,58,78)-4B-hydroperoxy-2,10(14)-
guaiadien-11-ol.

Compound 3 was found to have the same molecule
formula C,;H,,0, as 2 on the HRFAB-mass spectrum
(m/z 275.1624 [M + Na] ") and showed a positive KI—
starch test, indicating the presence of a hydroperoxyl
group. The spectral data for 3 suggested the presence of
a dimethylcarbinol group [3380 cm™'; 6, 0.94 and 0.97
(each 3H, s); 6. 264, 27.3 and 72.5], and olefinic
methyl group (8, 1.67) and an exomethylene
(1642cm™'; 8, 4.82 and 493 (each 1H, d, J=
1.2 Hz)], indicating that the structure of 3 is closely
related to that of awabukinol (1). The NMR spectra
(Tables 1 and 2) of compound 3 disclosed the presence
of tetrasubstituted double bond (8. 130.1 and 143.4),
and an oxymethine (8, 4.73, dd, J=8.3, 5.1 Hz; &,
92.6), which should bear a hydroperoxyl group owing
to the fact that its abnormally low 6. value (92.6) was
shifted to high-field at 6. 78.8 by reduction of 3 to 3a
with  triphenylphosphine.  This  hydroperoxylated
methine (H-3) was verified to make a partial structure,
-C(1)H-C(2)H,-C(3)HOOH-, by analyses of DQF-
COSY and HMQC. In the HMBC experiment, the H-3
signal showed cross peaks to the sp” quaternary carbon
signals at 8. 130.1 and 143.4, which in turn correlated
to the H-1 signal at 8§, 3.13. Thereby, the tetrasubsti-
tuted double-bond must be placed at the A**’ position

on the five-membered ring of the guaiane framework.
The presence of the same seven-membered unit as 1
and 2 was also confirmed by the routine two-dimen-
sional NMR experiments. Finally, compound 3 was
found to adopt the relative stereochemistry as shown in
Fig. 2 because of the observation of NEOs (H-1/H-7,
and H-1/H-2a/H-3). Thus, the structure of 3-hydro-
peroxyawabukinol (3) was assigned as (1a,78)-38-
hydroperoxy-4,10(14)-gunaiadien-11-ol.

Allylic hydroperoxides are not rare among natural
products, and have been often found in a group of
guaianes and guainolides [9]. The compounds 2 and 3
might be rationalized to be derived from awabukinol
(1) by a phyto-oxidative process involving activated
oxygen [10]. No vibsanine-type diterpenoids that occur
in the leaves of V. awabuki have been found in the
present study on its wood. None of the compounds (1,
2 or 3) exhibited antioxidant property [11].

EXPERIMENTAL

General. 'H and "’C NMR: TMS as int. standard.
CC: silica gel (Merck, 230~400 mesh and Wakogel
C-300) and Sephadex LH-20 (25 ~ 100 m, Pharmacia).
TLC: precoated silica gel F254 (Merck). Spots were
visualized by UV (254 nm) and 10% CeSO,-H,SO,.

Plant material. Wood of V. awabuki was collected on
October 1993 in Tokushima, Japan. A voucher speci-
men has been deposited in this institute.

Extraction and isolation. The MeOH extract was
partitioned between EtOAc and water. The EtOAc-
soluble portion (50 g) was sept by CC on silica gel
(Merck) alternately with n-hexane, n-hexane—EtOAc
(9:1; 7:3; 4:6), EtOAc and EtOAc-MeOH (9:1) to
give 6 frs (1-6). Fr. 3 (8.6 g) was again sepd by CC on
silica gel (Merck) with CH,CI,—-EtOAc (10:1) to give
7 frs (7-14). Fr. 9 (1.5 g) was purified by repeated CC
on silica gel (C-300) with n-hexane—EtOAc (7:3) to
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give awabukinol (1) (42mg) and 4-hydro-
peroxyawabukinol (2) (24 mg). Fr. 10 (1.0 g) was sepd
by CC on LH-20 with EtOH followed by recycling
HPLC (recycled X 5; JAIGEL-1H (20 X 600 mm i.d.),
CHCI, (35mimin~')] to yield 3-hydro-
peroxyawabukinol (3) (15 mg).

Awabukinol (1). Oil. [a]%' +161.2° (c 0.74, CHCL,).
EI-MS m/z (rel. int.): 220.1826 [M]" (calc. 220.1827
for C,;H,,0) (8), 159 (100). IR »- cm™': 3395
(OH), 1640 (C=C).'H and ""C NMR: Tables 1 and 2.

Oxidation of 1. To a soln of 1 (20 mg) in THF-H,O
(2:3; 0.8 ml) was added OsO, (0.7 mg) at room temp.
and stirring continued for 1 min. After NalO, (66 mg)
was added, the reaction mixt. was stirred at room temp.
for 2min. The reaction mixt. was filtered and the
filtrate was evapd in vacuo. The residue was chromato-
graphed on silica gel (n-hexane—EtOAc, 4:1) to yield 4
(1.5mg) as an oil. HREI-MS m/z (rel. int.): 252.1723
[M]™ (calc. 252.1725 for C,H,,0,). 'H NMR
(200 MHz, CDCl,): 6 1.04 (3H, s, H-12), 1.18 (3H, s,
H-13), 2.21 (3K, s, H-15), 3.32 (1H, ddd, J = 10.0, 5.0,
5.0Hz, H-5), 473 (1H, brs, H-14), 4.96 (1H, brs,
H-14), 9.53 (1H, dd, J =2.0, 1.0 Hz, H-2).

Oxidative degradation of 1. To a soln of 1 (11 mg)
in THF-H,O (2:3; 0.5 ml) was added OsO, (0.7 mg)
at room temp. and stirring continued for 15 min. After
NalO, (33mg) was added, the reaction mixt. was
stired at room temp. for 45 min. The reaction mixt.
was filtered and the filtrate was evapd in vacuo. The
residue was chromatographed on silica gel (n-hexane—
EtOAc, 1:3) to yield § (7.6 mg) as an oil. HREI-MS
m/z (rel. int): 254.1553 [M]™ (calc. 254.1518 for
C,,H,,0,). '"H NMR (400 MHz, CDCl,): § 1.24 (6H,
s, H-12, 13), 1.50 (1H, dddd, J=126, 11.6, 7.1,
49Hz, H-1), 1.72 (1H, ddd, J=12.5, 11.6, 4.6 Hz,
H-2), 2.09 (1H, dd, J = 12.5, 7.1 Hz, H-2), 2.19 (3H, s,
H-15), 2.67 (1H, m, H-7), 2.86 (1H, ddd, J = 12.6, 6.2,
6.2 Hz, H-5), 5.59 (1H, d, J =4.6 Hz, H-3).

Preparation of 6. A mixt. of 1 (Smg) and m-
chloroperbenzoic acid (3.96 mg) in CH,Cl, (1 ml) was
stirred at 0° for 15 min. The reaction mixt. was diluted
with CH,Cl, and washed successively with 2M NaOH
soln, 2M HCI soln, H,O and satd NaCl soln. The
solvent was removed in vacuo to give the residue,
which was purified by CC on silica gel (n-hexane-
EtOAc, 2:1) yielding the epoxide (3.9 mg). In the soln
of the obtained epoxide in MeOH (2 ml) was bubbled a
slow stream of O, at —78° for 15min. After di-
methylsulfide (0.5 ml) was added, the soln was stood at
—78° for 30min and at room temp. for 1hr. The
removal of a solvent provided residue, which was
purified by CC on silica gel (n-hexane—EtOAc, 2:1)
yielding the ketone 6 (2.0 mg). EI-MS m/z (rel. int.):
238.1588 [M]" (53) (calc. 238.1569 for C,,H,,0,),
220 [M ~H,0]" (18), 59 (100). IR ».. cm ': 3453
(OH), 1698 (C=0). CD (EtOH); Ae (270 nm) — 0.35.
'H and "’C NMR: Tables 1 and 2.

4-Hydroperoxyawabukinol (2). Oil. [af]f:,0 +73.4° (¢
0.66, CHCL,). FAB-MS m/z (rel. int.): 275 [M + Na] ",
115 (100). HREI-MS: 234.1608 [M —H,0]" (calc.

745
234.1620 for C, H,,0,). IR vi. cm™': 3412 (OH),
1625 (C=C). 'H and "°C NMR: Tables 1 and 2.
Reduction of 2. To a soln of 2 (4.6 mg) in benzene
(3ml) was added triphenylphosphine (6 mg) at room
temp. and stirring continued for 2hr. The reaction
mixture was evapd in vacuo to give the residue, which
was chromatographed on LH-20 (n-hexane—CHCl,,
2:3) to yield 2a (1.5 mg) as an oil. FAB-MS m/z (rel.
int.): 259.1688 [M + Na]™ (50) (calcd 259.1674 for
C,;H,,0,Na), 115 [M—l44] (100). IR »% em™":
3399 (OH), 1642 (C=C). 'H (400 MHz, CDCl,): &
1.18 (3H, s, H-12), 1.20 (3H, s, H-13), 1.23 (3H, s,
H-15), 2.07 (1H, m, H-9), 2.59 (1H, ddd, J =13.2, 6.1,
1.7 Hz, H-9), 291 (1H, ddd, J =17.6, 1.7, 1.2 Hz, H-1),
4.60 (1H, brs, H-14), 4.66 (1H, brs, H-14), 5.77 (1H,
dd, J =5.6,1.7Hz, H-3),5.80 (1H, dd, J = 5.6, 1.2 Hz,
H-2). >C NMR: Tables 2.
3-Hydroperoxyawabukinol (3). Oil. [az]f)1 +33.0° (¢
0.41, CHCL,). FAB-MS m/z (rel. int.): 275 [M + Na} ™,
115 (100). HRFAB-MS: 275.1624 [M + Na]" (calcd
275.1624 for C, H,,0,Na). IR »L. cm™': 3380 (OH),
1642 (C=C). 'H and '>C NMR: Tables 1 and 2.
Reduction of 3. To a soln of 3 (4.8 mg) in benzene
(2.5 ml) was added triphenylphosphine (6 mg) at room
temp. and stirring continued for 15 min. The reaction
mixture was evapd in vacuo to give the residue, which
was chromatographed on silica gel (n-hexane—EtOAc,
2:1) to yield 3a (1.5 mg) as an oil. FAB-MS m/z (rel.
int): 259.1696 [M + Na]” (30) (calcd 259.1674 for
C,H,,0,Na), 115 [M — 144]" (100). IR »5; cm™":
3358 (OH), 1642 (C=C). 'H (400 MHz, C,D,): § 0.96
(3H, s, H-12), 097 (3H, s, H-13), 1.53 (lH, ddd,
=12.9, 7.6, 6.3 Hz, H-2a), 1.62 (3H, s, H-15), 1.62
(1H, dddd, J = 11.5, 11.5, 3.2, 3.2 Hz, H-7), 1.77 (1H,
dddd, J =129, 11.5, 6.8, 6.4 Hz, H-88), 1.96 (1H, 44,
=16.0, 11.5 Hz, H-68), 1.99 (1H, ddd, J =127, 6.8,
6.8 Hz, H-9«), 2.35 (1H, ddd, J =129, 7.3, 73 Hz,
H-28), 2.39 (1H, ddd, J=12.7, 6.4, 1.0Hz, H-98),
2.51 (1H, dd, J=16.0, 3.2 Hz, H-6a), 3.09 (1H, dd,
J=17.6, 7.3 Hz, H-1), 430 (1H, dd, J=13, 6.3 Hz,
H-3), 4.81 (lH, 4, J=1.7Hz, H-14), 4.89 (lH, d,
J =1.7Hz, H-14). °’C NMR: Tables 2.
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