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ABSTRACT

Staminolactones A (1) and B (2) and norstaminol A (3), three highly oxygenated staminane-type diterpenes having mild cytotoxic activities
against highly liver-metastatic colon 26-L5 carcinoma cells, were isolated from the aerial part of the Viethamese medicinal plant Orthosiphon
stamineus (Lamiaceae). Their structures were elucidated on the basis of the extensive spectral analyses.

Orthosiphon stamineBENTH. (Lamiaceae) is a medicinal  carbon framework “staminané”along with four new isopi-
plant grown in Southeast Asia and is used in treating urinary marane-type diterpenes, orthosipholsiFfrom a CHCE-
lithiasis, edema, eruptive fever, influenza, rheumatism, soluble fraction of an MeOH extract of the aerial part.
hepatitis, jaundice, and biliary lithiasishis plant has been  Interestingly,4 and 5, containing the novel carbon frame-
known to contain highly oxygenated isopimarane-type diter- work, show a mild cytotoxicity against highly liver-metastatic
penes, orthosiphols A—EAs part of our continued studies ~ colon 26-L5 carcinoma celfsWe thus further separated the
on Vietnamese medicinal plaritsye have isolated two new ~ Cytotoxic constituents of the CHgsoluble fraction by a
diterpenes, staminols A4f and B 6), having the novel combination of silica gel column chromatography and

(4) After our communication had been reported, Shibuya et al. also
T Institute of Natural Medicine, Toyama Medical and Pharmaceutical reported two “staminane’-type diterpenes, neoorthosiphols A and B.
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preparative TLC techniques and isolated three highly oxy- [ E|ENEGEGKGTTINGNG

genated staminane-type diterpenes exhibiting a mild cyto-
toxicity. They were identified as two secostaminane-type
diterpenes, staminolactones B @nd B @), and a norstami-
nane-type diterpene, norstaminol A (3), by spectroscopic
analyses. Here we wish to communicate the structure
elucidation of these compounds.

Staminolactones A (1) and B (2) were obtained as
colorless amorphous solids, and their molecular formulas
were determined to be identical44,0:,, Mz 691) by HR-
FAB-MS. The IR spectra ofl and 2 are similar and also
closely match those of and 5, showing the absorptions
characteristic of a hydroxy grougd,(3570 cnt; 2, 3500
cm™1), an ester carbonyl (1730 cr), and a phenyl ring
(1600, 1455 cmt). They are, however, characterized by the

presence of an absorption gflactone carbonyl (1, 1800

cmy; 2, 1770 cnmb). Figure 1. Connectivities (bold line) established by thd—1H
COSY and FG-pulsed HMQC spectra and key long-range correla-

tions (arrows) from the FG-pulsed HMBC spectrumlofa) and

ROESY correlations (dotted arrows) observed in the phase-sensitive

ROESY spectrum (mixing time, 0.5 s) @f(b).

D, 1 and2 show different correlations which correspond to
the structural differences. In the caselothe acetal carbon
(6 107.9) is correlated with the methine protonsdas.10
(H-9) and 4.00 (H-7), and the lactone carbonybat72.5
(C-14) and the oxygen-substituted quaternary carbod at
79.4 (C-13) both are correlated with ttegt-methyl atd 1.32
(Hs-17). In the case 02 a correlation is observed between
the acetal carbon (410.9) and theert-methyl até 1.59
(Hs-17), and the oxygen-substituted quaternary carbah at
78.9 is correlated with the oxymethined®.62 (H-9). Thus
the acetal and oxygen-substituted quaternary carboris of
are concluded to be C-8 and C-13, respectively, and those
of 2 are C-13 and C-8. Similarly, the location of the two
The 'H NMR spectra of1 and 2 are also similar and  benzoyl groups was determined to be at C-1 and C-11 and
closely match that ob (Table 1), showing the signals of that of the two acetyl groups at C-2 and C-3, based on the
one vinyl, five oxymethines, three methines, one methylene, long-range correlations of the ester carbonyl carbons. Thus
and four methyls in addition to those of two benzoyl and the planar structures of staminolactones A and B were
two acetyl groups. Thé’C NMR spectra are also similar  determined to bd and?2.
and reveal signals corresponding to the above groups (Table The relative stereochemistries band2 were elucidated
1), but those ofl. and2 are characterized by the presence of on the basis of the ROESY correlations and the analyses of
the carbon signals of one lactone carbonyl 1172.5;2, the coupling constants. The coupling pattern of H-1-H-2-
176.4) and one acetal (d,107.9;2, 6 110.9) and by the  H-3 and H-5-H-G,,H-6.H-7 of both1 and 2 suggests the
disappearance of the signals of one ketohe2{4.1) and  former three protons to beis, H-5 to beaxial, and H-7 to
one of two oxygen-substituted quaternary carborv{.2, be equatorial. In the ROESY spectraloénd?2, on the other
78.7). These spectral data and #e-'H COSY and FG-  hand, correlations are observed between the methyl protons
pulsed HMQC spectra [Figure 1a] suggest thahd2 should ~ H;-19 and the protons H-2, H-3 ands40, between the
be isomers on ring C, having the same rings A and B.as  methyl protons 20 and the protons H-1, H-2 and Hz6
The long-range correlations of thert-methyls H-18, Hs- and between H-5 and H-9, indicating the protons H-1, H-2,
19, and H-20 in the FG-pulsed HMBC spectra @fand 2 H-3, H-6,, H-7, Hs-19, and H-20 to becis (5); the protons
confirm the structures of the rings A and B. On rings C and H-5 and H-9 to becis (a); and the two groups to bians.
The coupling constant between H-9 and H-111a§ large
(7) Characterization Data. Collorless amorphous solicdy[p?® —97.24° (J = 11 Hz), while that of2 is small (nearly zero). Thus
ﬁcz?o?‘fggéi?%?'F'T\E?.”"GXSCQZ' = ?Mlioﬁl’a?’ 32@%%%%‘35“&701 H-11 of 1 should be axial and that & equatorial. In the
FAB-MS: 691.2731 [calcd for @HaiOrs (M + H)*, 691.2754]. ROESY spectrum of, on the other hand, correlations are
(8) Characterization Data. Colorless amorphous solidy]p?®> —98.88° observed between#P0 and H-11, between H-11 and H-12.
(c = 0.12, CHCY). IR vmax cm 1 3500, 1770, 1730, 1600, 1455, 1390, 4 porveon ti 1o andsH 7 [Figure 1b], while the ROESY

1370, 1270, 12001240. FAB-MSm/z: 713 (M+ Na)*, 691 (M+ H)™. -
HR-FAB-MS: 691.2746 [calcd for §H43012 (M + H)*, 691.2754]. spectrum of2 shows the correlations between-B0 and
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Table 1. 'H and3C NMR Data for Diterpene4&—3 in CDCl; (J Values Are Given in Parentheses)

1 2 3 5
fom Oc Oy dc On ¢ On dc
1 5.13brs 73.8 557 brs 71.8 5.29 brs 71.2 5.69 br s 74.0
2 5.34brs 66.6 5.57 brs 66.1 5.50 br s 66.0 5.38 brs 66.5
3 4.99d (3.1) 75.8 5.08brs 76.0 5.05d (2.9) 75.8 4.99d (2.9) 76.1
4 37.2 37.4 37.3 37.3
5 2.80 br d (13.8) 34.7 2.74d (11.7) 34.6 2.62 brd (13.3) 35.1 2.85d (12.7) 34.3
6 1.89 br t (13.8) 24.5 1.86 br t (13.9) 24.3 1.82 br t (13.3) 24.4 1.83 br t (12.0) 22.6
2.02 brd (13.8) 1.93 brd (13.9) 1.91 brd (13.3) 1.99 br t (12.0)
7 4.00 br s 69.7 4.17brs 67.9 3.80 brs 69.7 4.19brs 69.4
8 107.9 78.9 94.9 78.7
9 3.10d (11.0) 39.8 262s 42.5 2.74d (3.4) 45.3 3.10d (10.2) 40.6
10 42.8 43.0 41.7 43.7
11 5.71dd (11.0,6.1) 68.4 553d(5.2) 66.9 5.58 t (3.4) 64.6 6.21 dd (10.2, 3.1) 70.4
12 2.79dd (10.5, 6.1) 48.6  2.78dd (10.2,5.2) 50.2 2.41t(3.4) 43.8 3.05dd (9.5, 3.1) 54.7
13 79.4 110.9 104.8 77.2
14 172.5 176.4 214.1
15 5.56 dt (17.3, 10.5) 129.7  5.47 dt (16.9, 10.2) 131.0 459 brs 72.84 5.14 dt (16.6, 10.2) 144.7
16 4.88d (17.3) 1229 5.19d (10.2) 122.4 3.69 bd d (10.4) 72.77 4.58d (10.2) 121.2
5.03 d (10.5) 5.31d (16.9) 3.81bd d (10.4) 4.86 d (16.6)
17 1.32s 18.2 1.59s 22.1 1.66s 21.4 1.67s 28.2
18 1.03s 28.2 1.04s 27.8 1.04s 27.9 1.09s 22.3
19 1.11s 22.7 1.15s 22.2 1.12s 22.4 1.00s 28.1
20 1.40s 14.1 1.49s 17.3 1.33s 15.8 1.38s 15.7
1-OBz
1' 129.7 129.37 129.7 130.72
2'6' 8.06 d (7.3) 129.7 7.86d (7.6) 129.3 7.68d (7.3) 129.9 8.04 d (7.6) 129.7
3.5 7.52t(7.3) 128.4 7.10t(7.6) 127.9 7.29t(7.3) 128.1 7.42t(7.6) 128.4
4 7.63t(7.3) 1329 7.21t(7.6) 13255 7.53t(7.3) 132.7 7.48 t (7.6) 132.7
7 163.3 164.5 164.6 164.2
2-OAc
1" 170.1 170.6 169.9 170.2
2" 1.75s 20.7 1.992s 20.7 1.82s 20.7 1.98s 20.8
3-OAc
1" 170.6 170.5 170.6 170.8
2" 1.57s 205 1.742s 20.9 1.70 s 20.8 1.59s 20.5
11-0OBz
1" 130.6 128.5 129.9 130.32
2" 6" 7.72d (7.6) 130.7 7.52d (7.3) 129.44  7.58d (7.6) 129.3 8.16 d (7.5) 130.5
3" 5 7.33t(7.6) 1276  7.18t(7.3) 128.0 7.07 t (7.6) 128.0 7.42t(7.5) 128.2
4 7.53t(7.6) 1329 7.37t(7.3) 132.64 7.41t(7.6) 132.6 7.551t(7.5) 133.2
7" 166.2 163.1 165.5 166.7

aMay be interchanged in each column.

H-11, between B20 and H-12, between H-11 and H-12, H)*in FAB-MS, and its molecular formula was determined
and between H-12 andsH 7. Thus the protons H-11, H-12, by HR-FAB-MS to be G7H4;012, one carbon less than that
and H-17 should bes in both compounds. From these data, of 1 and2. The IR spectrum o8 indicates the absorption of
together with a consideration of the Dreiding stereomodel, 3 hydroxy (3550 cmt) and an ester carbonyl (1725 ci
ring C of 1 is determined to be chair and that®boat; i.e., The 'H and 3C NMR spectra of3 are partially similar to
thi:gﬁ;’:i r?rldge of has gf-orientation and that @ an  h,se of1 and2 (Table 1), but they are characterized by the
o= . . .
) lack of the signals of a vinyl group (C-15, C-16), a lactone
25 _ of~ —

Norstamlnol A (3), [alo™ —38.00°(c 0'41.’ CHCY), carbonyl (C-14), and an oxygen-substituted quaternary
was isolated as a colorless amorphous solid. It gave acarbon (C-13) and the presence of the signals of an

uasimolecular ion atn/z701 (M + Na)* and 679 (M+ )
a ( ) ( oxymethylene § 3.69, 3.81), an oxymethine (4.59), and

(9) Characterization Data. Clolorless amorphous solidy]p2> —38.00° an additional ketal carbon. ThEl—*H COSY and FG-pulsed
(€ =0.41, CHCY). IR vmax G % 3550, 1725, 1600, 1455, 1370, 1280, L\ spectra led to the structural units depicted by bold

1200—1240, 1110. FAB-M$n/z: 701 (M+ Na)*, 679 (M + H)*. HR- ] . ) :
FAB-MS: 679.2788 [calcd for §Has0:12 (M + H)T, 679.2754]. lines, which units are connected on the basis of the long-
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range correlations in the FG-pulsed HMBC spectrum [Figure on the other hand, the ROESY correlations of H-11 with
2a]. The acetal carbon &t 104.8 was located at C-13 on Hsz-20, H-12, and K17 indicated that H-11, H-12, and:H
the basis of the long-range correlations with the methyl 17 should bef. The proton H-12 also show ROESY
protons atd 1.66 (H-17) and the oxymethine proton éat correlations with H-15 and H-}% and the small coupling
4.59 (H-15), while the other acetal carb@94.9) is assigned  constants of H-15 with H-12 and,H6 suggest that the
as C-8 on the basis of the long-range correlations with the hydroxy group at C-15 should haeeconfiguration and that
protons H-7 and H-9. Moreover, the oxymethylene proton ring C should have a boat conformation. At last, the
H-16 shows a correlation with the former acetal carbon (C- configuration of the epoxy ring, i.e., C-7 and C-8, was
13), indicating the presence of a furane ring. Although there concluded to bex on the basis of the ROESY correlation
is no long-range correlation to deduce the pyrane ring, it between H-17 and H-20. Thus, the structure of norstaminol
would be reasonable to connect the two acetal carbons (C-8A was concluded to be represented by the structure formula
and C-13) through an oxygen and to suspect the presence 08.

an epoxide ring at C-7 and C-8, because the molecular Staminolactone A X) is 8,14-secostaminane-type and
formula of 3 (CsH4201,) indicates that there is no other atom. staminolactone B (2) is 13,14-secostaminane-type, while
The locations of the ester groups were also determined bynorstaminol A 8) is 14-norstaminen-type with am-alkyl-

the analyses of the FG-pulsed HMBC spectrum, i.e., two oxy-epoxide. Usually, am-alkyloxy-epoxide is easily hy-
benzoyl groups at C-1 and C-11 and two acetyl groups at drolyzed to ano-hydroxy-ketone. Thex-alkyloxy-epoxide
C-2 and C-3. in 3, however, is very stable, because the alkyloxy group
constitutes the rigid pyrane ring. The coexistence of stami-
nolactones A (1) and B2) with staminol B (5) suggested
that the former two should be biosynthesized from the latter
through a BaeyerVilliger oxidation° and further oxidation,
including oxidative decarboxylation, would lead to norsta-
minol A (3).

The new diterpene$—3 showed moderate cytotoxicity
against colon 26-L5 carcinoma with Epvalues of 68.5,
79.8, and 56.Lg/mL, respectively! which were comparable
with those of orthosiphols F—I and staminols A (4) and B
(5). These and related diterpenes may contribute to the
cytotoxicity of the MeOH extract 00. stamineus.
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Figure 2. Connectivities (bold line) established by thd—1H (10) Baeyer—Villiger oxidation was reported to correspond to the
COSY and FG-pulsed HMQC spectra and key long-range correla- biosynthesis of antibiotics and brassinolides. (a) Prado, L.; Fernandez, E.;

tions (arrows) from the FG-pulsed HMBC spectrum3ofa) and Weissbach, U.; Blanco, G.; Quiros, L. M.; Brana, A. F.; Mendez, C.; Rohr,
ROESY correlations (dotted arrows) observed in the phase-sensitiveJ" salas, J. AChem. Biol.1999,6, 19. (b) Lacave, C.; Laneelle, M. A

o . Daffe, M.; Montrozier, H.; Laneelle, GEur. J. Biochem1989,181, 459.
ROESY spectrum (mixing time, 0.5 s) 8f(b). (c) Lee, J. J.; Lee, J. P.; Keller, P. J.; Cottrell, C. E.; Chang, C.; Zahner,
H.; Floss, H. GJ. Antibiot.1986,39, 1123. (d) Grove, M. D.; Spencer, G.
F.; Rohwedder, W. K.; Mandava, N.; Worley, J. F.; Warthen Jr., J. D;
. . . Steffens, G. L.; Flippen-Anderson, J. L.; Cook, J. C.Nature1979,281,
The configurations at the chiral centers C-1, C-2, C-3, C-5, 16. PP N
C-9, and C-10 were determined to be the same thode in (11) Cytotoxicity was determined by a standard 3-(4,5-dimethylthiazol-

. . . 2-yl)-2,5-dimethyltetrazolium bromide (MTT) assay method as described
and2, on the basis of the ROESY correlations [Flgure 2b] previously. Banskota, A. H.; Tezuka, Y.; Prasain, J. K.; Matsushige, K.;

and the coupling constants. For the configuration of ring C, Saiki, I.; Kadota, SJ. Nat. Prod.1998,61, 896.
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