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Abstract—Novel 14-norcadinane-type sesquiterpenes, oxyphyllenodiols A and B, and 11,12,13-trinoreudesmane-type sesqui-
terpenes, oxyphyllenones A and B, were isolated from the methanolic extract of kernels of Alpinia oxyphylla. The absolute stereo-
structures of these norsesquiterpenes were determined on the basis of physicochemical and chemical evidence. In addition,
oxyphyllenodiol A and oxyphyllenone A were found to inhibit the NO production in lipopolysaccharide-activated macrophages.

© 2001 Elsevier Science Ltd. All rights reserved.

Previously, we have reported the bioactive constituents
from Zingiberaceae plants, Zingiberis Rhizoma' and
Zedoariae Rhizoma.? As a continuation of the study, we
have isolated two new l4-norcadinane-type sesqui-
terpenes, oxyphyllenodiols A (1, 0.0060% from the nat-
ural medicine) and B (2, 0.0010%), and two new 11,12,13-
trinoreudesmane-type sesquiterpenes, oxyphyllenones A
(3, 0.0008%) and B (4, 0.0004%), from the methanolic
extract of kernels of Alpinia oxyphylla MIQUEL culti-
vated in Hainan island (China) together with seven ses-
quiterpenes, one diarylheptanoid, one flavone, and two
glycosides.® The whole fruit of A. oxyphylla (yakuchi in
Japanese) have been used as Chinese and Japanese her-
bal medicine, and is listed in the Japanese Pharmaco-
poeia XIII as an aromatic stomachic. In the ancient
Chinese herbal literatures,* kernels were reported to be
utilized for medication of dieresis, ulceration as well as
dementia, and examination of the kernels’ extracts on
these activities has also been reported by the author.’

This communication deals with the elucidation of abso-
lute stereostructure of 1-4, and their inhibitory effect on

*Corresponding author. Tel.: +81-6-6721-2332; fax: +81-6-6730-
1394; e-mail: muraoka@phar.kindai.ac.jp

nitric oxide (NO) production in lipopolysaccharide
(LPS)-activated mouse peritoneal macrophages.

Oxyphyllenodiol A (1),% a colorless oil, [a]# +66.3 (¢
0.5, MeOH), C4H»,03, showed absorption bands due
to hydroxyl and enone functions [UV (MeOH, nm, log
€) 246 (2.30), IR (KBr) 3432, 1655cm~']. '"H NMR
(500 MHz, CDCI3) and '3C NMR (Table 1) spectra of 1
indicated the presence of a tert-methyl [6 1.22 (s, 15-
H3)], an isopropyl [0 0.92, 1.06 (both d, /J=7.0Hz, 12
and 13-H3), 2.21 (m, 11-H)], and a methine bearing a
hydroxyl group [d 4.17 (br s, 4-H)] together with four
methylenes and a methine. The connectivities of the
'H-'H and quaternary carbons (C-3, 5, 9, 10) in 1 were
clarified by 'H-'H correlation spectroscopy (H-H
COSY) and heteronuclear multiple bond correlation
(HMBC) experiments, and nuclear Overhauser effect
spectroscopy (NOESY) experiments as shown in Figure 1.
Oxyphyllenodiol B (2),” the 6-position isomer of 1, has
been characterized in the same way. The absolute ste-
reostructures of 1 and 2 were determined by the appli-
cation of the circular dichroic (CD) exciton chirality
method, a method commonly used for the determina-
tion of chirality of allylic alcohol benzoates.® The CD
spectra of the 4-p-bromobenzoyl esters (1a, 2a)° showed
the positive Cotton effect [CD Ae (n-hexane, nm): 1a;
—0.95 (232), +4.33 (250), 2a; —2.59 (233), +10.42
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(249)]. This evidence indicated the 4-position of 1a and
2a to be S, so that the absolute stereostructures of 1 and
2 were determined.

Oxyphyllenone A (3),'° colorless needles (from AcOEt),
mp 184-186°C, [a]% +75.4 (¢ 1.2, MeOH), C;,H 503,
showed absorption bands due to hydroxyl and enone
functions [UV (MeOH, nm, log &) 235 (1.90), IR (KBr)
3359, 1646ecm~']. 'H NMR (CD;0OD) and '3C NMR
(Table 1) spectra of 3 showed the presence of two tert-
methyls [0 1.41, 1.46 (both s, 15 and 14-H3)], a methine
bearing a hydroxyl group [6 3.69 (dd, /=2.8, 3.0 Hz, 3-
H)], and an olefin [d 6.01 (br s, 6-H)] together with four
methylenes and four quaternary carbons (C-4, 5, 7, 10),
whose connectivity was clarified by H-H COSY and
HMBC experiments as shown in Figure 2. Small cou-
pling constants of the signal at 6 3.69 due to the carbi-
nol proton indicated that the hydroxyl was axially
oriented, and the observed NOE correlation between
15-H; and 6-H suggested the equatorial configuration of
the methyl moiety at C-4. Finally, the relative stereo-

Table 1. '3C NMR data for 1-4

12 2a 3b 42

C-1 21.4 20.8 35.2 37.8
C-2 32.0 31.3 253 26.5
C-3 72.2 70.3 76.1 76.8
C-4 75.0 72.5 73.9 76.3
C-5 158.2 156.5 172.6 173.8
C-6 39.9 41.3 126.0 123.3
C-7 22.1 22.0 203.4 200.5
C-8 349 35.6 34.8 335
C-9 200.0 199.9 40.9 40.6
C-10 132.4 133.5 36.5 36.0
C-11 29.6 29.2

C-12 19.1¢ 18.6¢

C-13 21.5¢ 21.5¢

C-14 25.4 24.7
C-15 21.7 252 25.5 22.8

aThe spectra were taken in CDCl; at 125 MHz.
®The spectra were taken in CD;OD at 125 MHz.
°May be interchangeable within the same column.

m— H-H COSY
— HMBC

1,2

Figure 1. Structural elucidation of oxyphyllenodiols (1 and 2).

structure of 3 was elucidated by X-ray crystallographic
analysis (Fig. 3).!!

Oxyphyllenone B (4),'> a colorless oil of the same
molecular formula as 3, showed similar spectroscopic
properties to those of 3, the same skeletal structure
being suggested. The large coupling constant (J=12.0)
of the carbinol proton and the observed NOE correla-
tion between the proton and 2B-H indicated that the
proton was at the B-side of the cyclohexane ring which
is in the twist boat conformation. Furthermore, NOE
correlations between the signals of the following proton
pairs (3-H and 15-Hj; 6-H and 15-H3) supported the
equatorial orientation of the methyl moiety at C-4.
Thus, the relative stereostructure of 4 was elucidated as
the 4-position isomer of 3.

oxyphyllenone A (3) : R'=OH, R?=CHj
oxyphyllenone B (4) : R'=CHg, R%=OH

0.03 +0.01
'f( ) 003
+0.12
) +0.06
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HO S OH © RO 27 000 O
-0.08
3,4 4a : R=§R;-MTPA
4b : R=(S)-MTPA
— H-H COSY
— HMBC Ad values in ppm

(= S4p— 4z in 500 MHz, CDCly)

Figure 2. Structural elucidation of oxyphyllenones (3 and 4).

Figure 3. Perspective view of oxyphyllenone A (3).
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Table 2. Inhibitory effects of oxyphyllenodiols A (1) and B (2), and oxyphyllenones A (3) and B (4) on NO production in LPS-activated macro-

phages
Compounds Inhibition (%)

3uM 10 M 30 uM 100 uM 1Cso (UM)
Oxyphyllenodiol A (1) 11.8+£3.3 16.9+3.8* 52.5+5.9%* 101.7+£0.4%* 28
Oxyphyllenodiol B (2) —42+1.9 —0.4+6.2 19.6£3.2%* 40.1£3.6%* >100
Oxyphyllenone A (3) 1.6+3.9 —29+43.5 43.042.2%* 85.7+£3.5%* 35
Oxyphyllenone B (4) —8.1£3.9 04+34 19.2+£2.3* 41.2+4.9%* >100
L-NMMA 20+1.6 17.7+£2.8%* 52.34+1.5%* 79.24+0.9%* 28

Each value represents the mean+SEM (n=4).
Significantly different from the control: *p <0.05, **p <0.01.

Next, the absolute stereostructures of 4 were determined
by application of the modified Mosher’s method.!3
Namely, signals due to protons at C-1, 2, and 14 of the
(R)-MTPA ester (4a) appeared at higher fields than
those of the (S)-MTPA ester (4b) (Ad: positive), while
signals due to protons attached to C-15 of 4a were
observed at lower field as compared to those of 4b [Ad:
negative].!* Consequently, the absolute configuration at
the 3-position in 4 has been elucidated to be R and the
absolute stereostructure of 4 has been determined as
shown in Figure 2. The absolute configurations at C-3
and C-10 of 3 were speculated to be the same as those of
4 on the basis of the specific rotation properties.

The NO production inhibitory effects of 1-4 were
examined using a bioassay to test the inhibitory activity
against NO production in LPS-activated mouse perito-
neal macrophages.!> As shown in Table 2, 1 and 3 were
found to inhibit the NO production, and their activities
were similar to that of L-NMMA (N®-monomethyl-L-
arginine), which is commonly used as the reference
compound, in efficacy.!®
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