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Abstract—From the methanolic extract of Orthosiphon stamineus, four novel highly oxygenated isopimarane-type diterpenes named
siphonols A—D (1-4) and a novel biogenetically interesting norisopimarane-type diterpene named siphonol E (5) were isolated. The
new compounds 1-3 and 5 showed more potent inhibitory effects on the nitric oxide (NO) production in lipopolysaccharide (LPS)-
activated macrophage-like J774.1 cells than a positive control N®-monomethyl-L-arginine (L-NMMA). Siphonols A-E (1-5)

represent the first examples of isopimaranes oxygenated at C-20.

© 2002 Elsevier Science Ltd. All rights reserved.

Nitric oxide (NO) is an important signaling molecule
that acts in many tissues to regulate a diverse range of
physiological processes. When certain cells are activated
by specific proinflammatory agents such as endotoxin,
tumor necrosis factor (TNF), interferon-gamma (IFN-y),
and interleukin-1 (IL-1), NO is produced by inducible
nitric oxide synthase (iINOS) and acts as a host defense
by damaging pathogenic DNA and as a regulatory
molecule with homeostatic activities.! However, exces-
sive production has detrimental effects on many organ
systems of the body leading to tissue damage, even
leading to a fetal development (septic shock).? There-
fore, effective inhibition of NO accumulation by
inflammatory stimuli presents a beneficial therapeutic
strategy.

Orthosiphon stamineus Benth. [syn.: O. aristatus (Bl.)
Miq., O. grandiflorus Bold., O. spicatus (Thumb) Bak.;
Lamiaceae] is one of the popular traditional folk medi-
cine extensively used in Southeast Asia for the treatment
of wide range of diseases: in Indonesia for rheumatism,
diabetes, hypertension, tonsillitis, epilepsy, menstrual
disorder, gonorrhea, syphilis, renal calculus, gallstone,
etc.;® in Vietnam for urinary lithiasis, edema, eruptive
fever, influenza, hepatitis, jaundice and biliary lithiasis;*
and in Myanmar to alleviate diabetes, urinary tract and
renal diseases.’> While in Okinawa prefecture of Japan, it
is consumed as a healthy Java tea to facilitate body

*Corresponding author. Tel.: +81-76-434-7625; fax: + 81-76-434-
5059; e-mail: kadota@ms.toyama-mpu.ac.jp

detoxification. In our search of biologically active com-
pounds from O. stamineus,®® we found that the metha-
nolic extract of an aerial part of O. stamineus collected
from Indonesia showed significant inhibitory activity on
the NO production in lipopolysaccharide (LPS)-acti-
vated macrophage-like J774.1 cells (ICsq, 40.1 pg/mL).
Further separation of the methanol extract led to the
isolation of four novel highly oxygenated isopimarane-
type diterpenes named siphonols A-D (1-4) and a novel
norisopimarane-type diterpene, siphonol E (5). In this
paper, we wish to report the identification of the novel
diterpenes as potent NO inhibitors.
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Siphonol A (1)'° was obtained as a colorless amorphous
solid and showed the quasimolecular ion at m/z
735.3030 M +H)* in HRFABMS, which corresponds
to the molecular formula C4oH460;35. The IR spectrum
of 1 showed absorptions of hydroxyl (3450 cm™"), ester
carbonyl (1720 cm~!) and phenyl (1605, 1455 cm™!)
groups. The '"H NMR spectrum of 1 displayed signals
due to three tertiary methyls (dy 1.22, 1.20, 0.94), a
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Table 1. 'H NMR data for compounds 1-5 in CDCls, 400 MHz (J values in parentheses)

Position 1 2 3 4 5
1 5.47d (2.9) 5.76 d (2.9) 5.49d (3.2) 5.66 br s 5.70 br s
2 549t (2.9) 5.5t(2.9) 4491t (3.2) 5.41t(3.0) 5.51t(3.4)
3 5.03d (2.9 5.04d (2.9) 5.03d (3.2) 4.94d (3.0) 5.03d (3.4)
5 2.60 dd (13.5, 2.2) 2.82 dd (15.2, 2.8) 2.53d (12.4) 2.76 dd 2.63d (12.4)
6 2.0l m 1.90 m 2.01d (12.4) 1.80 m 2.00 m
2.34d (13.5) 2.22m 2.22m 191 m 2.23dd (12.4, 4.5)
7 5.51 brs 431 brs 5.51brs 3.56 brs 551 brs
9 3.35d (5.6) 3.26d (2.7) 3.44d (5.6) 3.10d (3.9) 3.14d (2.6)
11 6.04 t (5.6) 5.82t(2.7) 6.13t(5.6) 5.86t(3.9) 5.83t(2.6)
12 2.05d (15.6) 2.40 dd (16.2, 2.7) 2.06 d (15.6) 2.14 d (11.5) 2.65 dd (12.6, 2.6)
2.72 dd (15.6, 5.6) 2.86 dd (16.2, 2.7) 2.73 dd (15.6, 5.6) 2.73dd (11.5,3.9) 2.74 dd (12.6, 2.6)
15 5.66 dd (17.5, 10.9) 5.86 dd (16.6, 10.8) 5.70 dd (17.5, 10.6) 5.71 dd (17.6, 10.7) 9.34s
16 4.60 (10.9) 4.58 d (10.8) 4.66 d (10.7) 4.55d (10.7)
4.83 (17.5) 4.86 d (16.6) 4.90d (17.5) 4.80d (17.6)
17 1.22s 1.39 s 1.24 s 1.88 s 1.33 s
18 0.94s 1.03s 0.92s 095s 0.94 s
19 1.20 s 1.09 s 1.13s 1.08 s 1.09 s
20 4.22d (12.2) 4.19d (12.1) 4.25d (12.0) 4.58 d (12.7) 4.21d (12.0)
4.45d (12.2) 4.31d (12.1) 4.48 d (12.0) 5.01d(12.7) 4.32.d (12.0)
1-OBz
2,6/ 7.71d (7.1) 7.63d (7.3) 7.25d (7.4) 7.59 d (7.8) 7.59d (7.5)
3.5 7.28t(7.1) 7.11t(7.3) 7.26 t (7.4) 7.13t(7.3) 7.11t(7.5)
4 7.51t(7.1) 7.36 t (7.3) 7.52t(7.4) 7.35dt (7.8, 1.2) 7.4t (7.5)
11-OBz
26" 7.63d (7.5) 7.41d (7.3) 7.53d (7.6) 7.40 dd (7.6, 1.0) 7.33d (7.5)
3”.5" 7.12t(7.5) 6.96 t (7.3) 7.13t(7.6) 6.95t (7.6) 6.97 t (7.5)
4" 7.40 t (7.5) 7.25t(7.3) 7.43 t (7.6) 7.25dt (7.6, 1.0) 7.27t (7.5)
2-OAc
COCH; 1.84 s 1.85s 1.75 s 1.87 s
3-OAc
COCH; 1.51s 1.57 s 1.52s 145s 1.54 s
7-OAc
COCHj; 222s 2.22s 2.27s
20-OAc
COCHj; 2.20 s

vinyl (0y 5.66, 4.83, 4.60) and five oxygen-substituted
methines (8y 6.04, 5.51, 5.49, 547, 5.03), one oxygen-
substituted methylene (6y 4.45, 4.22) and two oxygen-
nonsubstituted methylenes (dy 2.35, 2.01; 6y 2.72, 2.05),
together with those of three acetyl and two benzoyl
groups (Table 1), while its '*C NMR spectrum revealed
the signals of a ketone and five ester carbonyl and seven
oxygen-substituted carbons and three oxygen-non-
substituted quaternary carbons (Table 2). Analysis of
these signals by the COSY and HMQC spectra led to
the partial structures (bold line), which were connected
based on the long-range correlations observed in the
HMBC spectrum (Fig. 1a).

Significant correlations were observed between the ester
carbonyl carbon at 5170.6 (2-OCO) and the protons at
oy 1.84 (2-OCOCH;) and oy 5.49 (H-2), between the
ester carbonyl carbon at dc170.4 (3-OCO) and the pro-
tons at 0y 1.51 (3-OCOCH;) and &y 5.03 (H-3) between
the ester carbonyl carbon at §c169.0 (7-OCO) and the
protons at oy 2.22 (7-OCOCH;3) and 6y 5.51 (H-7),
between the ester carbonyl carbon at 5¢ 164.1 (1-OCO)
and the protons at 6y 7.71 (H-2/, 6) and 8y 5.47 (H-1),
and between the ester carbonyl carbon at 8¢ 166.4 (11-
OCO) and the protons at 8y 7.63 (H-2",6") and 6y 6.04
(H-11), allowing the locations of three acetoxyl groups
to be at C-2, C-3 and C-7 and of two benzoyloxy groups

at C-1 and C-11, respectively. The relative stereo-
chemistry of 1 was assigned on the basis of the ROESY
correlations and the coupling constant data. The
ROESY correlations H-2/H-3, H-2/H3-19, H-2/H,-20,
H-3/H3-19, H;-19/H»-20, H,-20/H-63 and H-5/H-9
indicated rings A and B to have a chair conformation
(Fig. 1b) with trans-fused ring junctions and -axial
orientation of H-2. On the other hand, a small axiale-
quitorial coupling constants (2.9 Hz each) between H-1,
H-2 and H-3 indicated a benzoyloxy and two acetoxy
substituents at C-1, C-2 and C-3 to be in a-orientated.
Similarly, a small coupling constant observed for H-7
(br s) indicated it to be in B-equitorial orientation. As
for ring C, the ROESY correlations H-1/H-11, H,-20/
H-11, H-11/H-12 and H-12/H3-17 indicated a boat
conformation of ring C and a small axialequitorial cou-
pling constant between H-9 and H-11 (J=5.6 Hz) indi-
cated the B-equitorial orientation of H-11. This is also
supported by absence of trans-diaxial coupling between
H-11 and H-12a. The significant ROESY correlations
between H-16 [0y 4.83 (1H, d, J=17.5)] and an acetyl
methyl signal [8y 2.22 (3H, s)] indicated that the vinyl
group at C-13 was a-oriented.

The absolute configuration of 1 was established by
application of exciton chirality method.'"-!> In the cir-
cular dichroism (CD) spectrum of 1, a positive maximum
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Table 2. '3C NMR data for compounds 1-5 in CDCls, 100 MHz

Position 1 2 3 4 5

1 69.8 69.3 74.4 68.5 69.1
2 67.6 67.3 66.6 67.0 67.0
3 75.8 75.7 78.1 75.7 75.6
4 37.1 37.5 37.0 35.8 37.4
5 36.6 36.3 36.7 37.0 37.5
6 21.7 23.5 21.6 23.3 22.0
7 70.7 68.6 70.7 68.4 69.4
8 74.0 76.6 74.1 71.7 74.8
9 43.2 44.6 43.0 42.5 45.1
10 48.4 49.3 48.7 47.1 49.0
11 69.5 70.3 70.1 69.6 69.0
12 38.6 37.3 38.5 38.2 32.8
13 47.3 473 47.3 47.8 56.3
14 207.2 215.3 207.3 213.99 204.9
15 142.3 142.5 142.2 141.9 199.0
16 112.9 112.7 113.2 113.2

17 27.4 29.2 27.4 28.1 23.9
18 28.0 27.5 27.9 27.9 27.6
19 21.7 21.9 22.0 21.9 21.8
20 61.9 62.6 61.9 63.6 62.7
1-OBz

g 130.1 129.5 129.8 130.0 129.5
26 129.6 129.6 129.7 129.6 129.3
3.5 127.9 128.0 128.0 127.9 127.9
4 132.8 132.7 133.2 132.5 132.9
7' 164.1 165.2 166.9 164.3 165.3
11-OBz

1" 130.0 129.5 129.6 129.9 129.2
26" 129.5 129.4 129.5 129.4 129.1
3".5" 127.7 127.5 127.9 127.5 127.8
4" 132.4 132.1 132.6 132.0 132.4
7" 166.4 165.9 166.0 165.7 164.6
2-OAc

COCH; 20.7 20.7 20.6 20.7
COCH; 170.6 170.8 169.9 170.5
3-OAc

COCHj3 20.3 20.6 21.1 20.4 20.5
COCH; 170.4 170.6 171.0 170.7 170.3
7-OAc

COCH; 21.1 20.4 21.3
COCH; 169.0 169.0 169.3
20-OAc

COCHj; 21.1

COCHj; 171.4

([0]41 +29815) due to two chromophoric benzoates at
C-1 and C-11 was observed and indicated that C-11 has
an R configuration.!3-!4

The HRFABMS of siphonol B (2)'° showed the quasi-
molecular ion at m/z 693.2943 (M+H)™, consistent
with the molecular formula C3gH4401,. The IR spec-
trum of 2 was similar to that of siphonol A (1) and
showed absorptions of hydroxyl, ester carbonyl and
phenyl groups. The 'H and '3C NMR spectra of 2 also
closely resembled those of 1, but they were character-
ized by the disappearance of signals due to one of three
acetyl groups in 1. The location of the deacetylation was
determined to be at C-7 based on the upfield shift of H-
7 (b 4.31), which was confirmed by the HMBC spec-
trum. The stereochemistry of 2 was determined to be the
same as 1, that is chair conformation in rings A and B
and boat conformation in ring C, based on the ROESY
correlations of H-2 with H-1, H-3, H3-19 and H,-20, of
H-11 with H5-20 and of H-5 with H-9 and small coupling

Figure 1. (a) Partial structures (bold line) deduced by the COSY and
HMQC spectra and significant HMBC correlations (arrows) and (b)
ROESY correlations for 1.

constant value of H-9/H-11 (J=2.8 Hz). Thus, the
structure of siphonol B was assigned to be 7-O-deacetyl-
siphonol A (2). A positive cotton effect ([0],4; +34704)
observed in the CD spectrum revealed the absolute ste-
reostructure of 2 to be same as 1.

The 'H and '3C NMR spectra of siphonol C (3)'¢ also
closely resembled those of siphonol A (1), but they were
characterized by the disappearance of signals of one of
three acetyl groups in 1. The location of deacetylation
was determined to be at C-2 based on the upfield shift of
H-2 (6y 4.49), as indicated by COSY and HMQC spec-
tra. Thus, orthosiphonol C (3) was concluded as 2-O-
deacetylsiphonol A, which was confirmed by the COSY,
HMQC, HMBC, ROESY and CD spectra.

The molecular formula of siphonol D (4)!7 was deter-
mined by HRFABMS to be C40H460]3, the same as
that of orthosiphonol A (1). The 'H NMR spectrum of
4 displayed signals due to three tertiary methyls, five
oxygen-substituted methines, one oxygen-substituted
methylene and two oxygen-nonsubstituted methylenes,
together with those of three acetyl and two benzoyl
groups (Table 1). These data were similar to those of
siphonol A (1). However, the 'H NMR spectrum of 4
showed upfield shift of H-7 (8 3.56) and downfield shift
of H,-20 (6y 5.01, 4.58). These data suggested that the
acetoxyl group at C-7 in 1 should be replaced by the
hydroxyl group in 4, and the hydroxyl group at C-20 in 1
should be replaced by acetoxyl group in 4. This was
confirmed by the HMBC correlations between the ester
carbonyl carbon at 6c171.4 (20-OCO) and the protons at
On 2.20 (20-OCOCHj3) and oy 5.01 and 4.58 (H,-20). The
relative stereochemistry was assigned by the ROESY
experiment and a positive maximum ([0]43 + 18414) in
CD spectrum confirmed its absolute configuration to be
the same as 1.



34 S. Awale et al. | Bioorg. Med. Chem. Lett. 13 (2003) 31-35

Siphonol E (5)'® was obtained as a colorless amorphous
solid. The positive ion HRFABMS showed a quasimo-
lecular ion at m/z 737.2818 (M +H)™", consistent with
the molecular formula C39H44014. The IR spectrum of 5
showed absorptions due to hydroxyl (3400 cm™1), alde-
hyde (2850, 2750 cm™!), ester carbonyl (1725 cm™') and
phenyl (1605, 1455 cm~!) groups. The 'H NMR spec-
trum of 5 displayed signals due to an aldehyde proton
(0 9.34), three tertiary methyls, five oxygen-substituted
and two aliphatic methines and one oxygen-substituted
methylene, together with those of three acetyl and two
benzoyl groups (Table 1), while its '*C NMR spectrum
revealed the signals of a ketone carbonyl, an aldehyde
carbonyl, five ester carbonyls, seven oxygen- substituted
carbons and two oxygen-nonsubstituted quaternary
carbons (Table 2). Excluding the '3C NMR signals for
two benzoyl and three acetyl groups, 5 possessed only
19 carbon signals in its main carbon framework, sug-
gesting it to be a norditerpene.

The partial connectivities C—C,—C3, Cs—C¢—C; and
Cy—C1;—C;, were obtained by the analysis of the COSY
and HMQC spectra, and these were connected from the
long-range correlations observed in the HMBC spec-
trum (Fig. 2a). Significant long-range correlations
between the aldehyde carbon (8¢ 199.0) with H3-17 and
H>-12 confirmed the aldehyde group to be C-15. On the
other hand, the locations of the two benzoyl and three
acetyl groups were determined to be at C-1 and C-11
and at C-2, C-3 and C-20, respectively, based on the
HMBC correlations between the ester carbonyl carbon
at 3¢ 165.3 (1-OCO) and the protons at 6y 5.70 (H-1)
and 7.59 (H-2',6'), between the ester carbonyl carbon at
dc 170.5 (2-OCO) and the protons at i 5.51 (H-2) and
1.87 (2-OCOCH3), between the ester carbonyl carbon at
dc 170.3 (3-OCO) and the protons at 6y 5.03 (H-3) and
1.54 (3-OCOCHj3),between the ester carbonyl carbon at
d¢c 169.3 (7-OCO) and the protons at oy 5.51 (H-7) and
2.27 (7-OCOCHj3;) and between the ester carbonyl carbon

OAc H \_/ OAc

Figure 2. (a) Partial structures (bold line) deduced by the COSY and
HMQC spectra and significant HMBC correlations (arrows) and (b)
ROESY correlations for 5.

at 0¢c 164.6 (11-OCO) and the protons at 6y 5.83 (H-11)
and 7.33 (H-2",6").

The relative stereochemistry of 5 was determined to be
the same as 1, on the basis of the ROESY correlations
(Fig. 2b) and the coupling constant data. The absolute
stereochemistry was established by the application of
the exciton chirality method in the CD spectrum
([0]p44 + 14249).13.14

To the best of our knowledge, siphonols A-E (1-5)
represent the first examples of isopimarane-type diter-
penes oxygenated at C-20. Among them, 1-4 are iso-
pimarane-type and 5 is biogenetically interesting
norisopimarane-type, which might have been produced
by the oxidative cleavage of the vinylic group in 1. All
these compounds were tested for their inhibitory activ-
ities against NO production by LPS-activated macro-
phage-like J774.1 cells.'” Siphonols A-E (1-5) displayed
significant dose-dependent inhibition (Fig. 3), and the
activities of 1-3 and 5 (ICsq: 1, 10.8 uM; 2, 17.3 uM; 3,

20 -
—o—1
—H—2
15 4 -3
—@— L-NMMA

Nitrite (uM/10° Cells)

0 50 100 150 200

Concentration (M)
20

—_— 4
15 —&-5
—e— L-NMMA

Nitrite (uM/10° Cells)

0 50 100 150 200
Concentration (uM)

Figure 3. Dose-dependent inhibition of NO production in macro-
phage-like J774.1 cells by orthosiphonols A-E (1-5) and L-NMMA.
Each data is the mean+SD of quadruplet experiment. *P <0.05,
**P<0.01.
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22.9 uM; 5, 23.0 uM) were more than the positive con-
trols NS-monomethyl-L-arginine (L-NMMA; 1Cs, 26.0
pM), polymixin B (ICsy, 27.8 pg/mL) and dexa-
methasone (ICsg, 169.5 pM), and 1 displayed the most
potent activity with an ICsy value of 10.8 uM. The
decrease in the inhibitory activity of 4 (ICsq, 46.5 uM)
compared to the other diterpenes may indicate the
importance of the C-20 hydroxyl group for the activity.

The diterpenes isolated from this plant species have been
shown to exhibit antiproliferative activities,*° suppres-
sive effect on contractile responses in rat thoracic aorta'
and inhibitory activity against the inflammation induced
by a tumor promoter 12-O-tetradecanoylphorbol-13-
acetate (TPA) on mouse ears.!> The NO inhibitory
activity in endotoxin-activated macrophages by the
diterpenes further verifies the anti-inflammatory utility
of O. stamineus.
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h at 37°C in a humidified atmosphere containing 5% CO,.
Then the medium was replaced with fresh medium, containing
LPS (10 pg/mL) and test compounds at indicated concentra-
tions, and the cells were incubated for 24 h. NO production
was determined by measuring the accumulation of nitrite in
the culture supernatant. Briefly, 50 puL of the supernatant from
96-well plate were incubated with equal volume of Griess
reagent (0.5% sulfanilamide and 0.05% naphthylene-diamide
dihydrochloride in 2.5% H3PO,) and were allowed to stand
for 10 min at room temperature. Absorbance at 550 nm was
measured using HTS 7000 microplate reader. The nitrite con-
centration in the medium was determined from the calibration
curve (Y=0.0038—X0.0043, r=0.9998) obtained by using dif-
ferent concentrations of sodium nitrite (NaNO,) in the culture
medium as standard. The blank correction was carried out by
subtracting the absorbance due to medium only from the
absorbance reading of each wells.



	Siphonols A-E: Novel nitric oxide inhibitors from Orthosiphon stamineus of Indonesia
	Acknowledgements
	References and Notes


