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Pavlos Stampoulis,” Yasuhiro Tezuka,” Arjun H. Banskota,” Kim Qui Tran,’
Ikuo Saiki’ and Shigetoshi Kadota*“

*Institute of Natural Medicine, Toyama Medical and Pharmaceutical University, 2630-Sugitani, Toyama 930-0194, Japan.
*National University Hochiminh City, Hochiminh, Viemam.
Received 1 March 1999; revised 23 March 1999; accepted 26 March 1999

Abstract: From the aerial part of a Vietnamese medicinal plant, Orthosiphon stamineus BENTH.
(Lamiaceae), staminol A (1), a diterpene with a novel carbon framework, was isolated together with four
new isopimarane-type diterpenes, orthosiphols F—I (2—35). Their structures were elucidated by the
spectroscopic analyses. © 1999 Elsevier Science Ltd. All rights reserved.
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Orthosiphon stamineus BENTH. (Lamiaceae) is a medicinal plant grown in Southeast Asia and is currently
cultivated in Indonesia. The plant has been used in treating urinary lithiasis, edema, eruptive fever, influenza,
rheumatism, hepatitis, jaundice and biliary lithiasis."* In our continued studies on Vietnamese medicinal
plants,’ the MeOH extract of the aerial part of this plant was found to exhibit cytotoxic activity against a highly
liver-metastatic colon 26-L5 carcinoma cells.* Thus we fractionated the MeOH extract into hexane—soluble,
CHCl;-soluble, AcOEt—soluble, BuOH-soluble and H,O-soluble fractions. Among these fractions, the
CHCl;~soluble fraction showed the strongest activity against colon 26-L5 cells. Separation by silica gel column
chromatography followed by preparative TLC procedures afforded five new diterpenes, named staminol A (1)
and orthosiphols F—I (2—5). Here we would like to communicate the structure elucidation of them by the
spectroscopic analyses.
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Staminol A (1)’ was obtained as colorless amorphous solid and showed []p> -24.3° (¢ = 0.51, CHCL,). Its
molecular formula was determined by high-resolution FAB-MS measurement to be C,H,,0,; (m/z 734). The
IR spectrum of 1 showed absorptions of hydroxy (3550, 3430, 3300 cm™), ester carbonyl (1725 cm™) and
phenyl (1600, 1450 cm™) groups. The 'H-NMR spectrum of 1 (Table 1) revealed signals due to four tertiary
methyl, a vinyl, five oxygen-substituted methine and three aliphatic methine groups together with signals of
two benzoyl and three acetyl groups. Moreover, its >C-NMR spectrum (Table 1) indicated the presence of a
ketone and five ester carbony! groups and four (two oxygen-substituted and two oxygen-non-substituted)
quaternary carbons. Analyses of these signals by the '"H-'"H and 'H-"*C COSY experiments led to the partial
structures depicted in Fig. 1.
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Fig. 1. Partial Structures for Staminol A (1).

These partial structures were connected based on the long-range correlations observed in the FG-pulsed
HMBC spectrum (Fig. 2). The methyl protons at § 1.40 (H;-20) showed the long-range correlations with three
methine carbons at & 35.8 (d, C-5), 40.7 (d, C-9) and 74.4 (d, C-1) and with a quaternary carbon at § 43.5 (s, C-
10), indicating that the carbons, C-1, C-5, C-9, and the methyl group (H;-20) should be connected with the
quaternary carbon (C-10). Furthermore, the methyl protons at 6 0.91 (H,-18) revealed the long-range
correlations with the carbons at § 22.3 (q, C-19), 35.8 (d, C-5), 37.3 (s, C-4) and 76.1 (d, C-3), and the protons
at 8 1.09 (H,-19) with the carbons at § 28.3 (q, C-18), C-3, C-4 and C-5. Thus the carbons C-3, C-5, C-18 and
C-19 were connected with the quaternary carbon C-4. Moreover, the connectivity of C-12 (§ 54.3), C-14 (6
209.0) and C-17 (& 29.1) with the oxygen-substituted quaternary carbon C-13 (6 76.8) has established on the
basis of long-range correlations observed between the methyl protons at & 1.68 (H;-17) and the carbons C-12,
C-13 and C-14. Nineteen out of twenty carbons in the diterpene skeleton thus have been accounted, and the
remaining one carbon at & 77.4 (s) was assigned to C-8.

The locations of five ester (three acetyl and two benzoyl) groups were also determined by the analyses of
the FG-pulsed HMBC spectrum. Significant correlations were observed between the ester carbonyl carbon at &
170.5 (3-OCO-) with the protons at & 1.60 (3-OCOCH,) and 5.01 (H-3); the ester carbonyl carbon at § 169.9
(2-OCO-) with the protons at § 1.93 (2-OCOCH,) and 5.38 (H-2) and the ester cabonyl carbon at 6 169.3 (7-
OCO-) with the protons at § 2.19 (7-OCOCH,) and 5.37 (H-7) suggested that three acetyl groups should be
located at C-2, C-3 and C-7. On the other hand, two benzoy! groups were located at C-1 and C-11, based on the
long-range correlations between the ester carbonyl carbon at 8 164.0 (1-OCO-) with the protons at § 8.13 (H-
2',6') and 5.79 (H-1) and between the ester carbonyl carbon at & 166.8 (11-OCO-) with the protons at & 8.26 (H-
2',6") and 6.29 (H-11).

Fig. 2. Significant Long-range Correlations Fig. 3. NOE's Observed in the Difference
Observed in the FG-pulsed HMBC Spectrumof 1~ NOE Experiment of 1

The stereostructure of 1 was elucidated from the J values of each proton and the results of difference NOE
experiments. The large J values for H-5 (Js¢, = 13.5 Hz), H-9 and H-11 (J;,, = 11 Hz) indicated them to be
axial, while the small J values of H-7 (Joq; = 3 Hz, Jg,,; = 0 Hz) and H-12 (J,;, = 3.5 Hz) suggested them to
be equatorial. In the difference NOE experiments, the methyl protons H;-18, H;-19, H;-20 and H,-17 showed
NOE's with the protons H-3 and H-5, with H-2, H-3 and H,-20, with H-1, H-2, H-11 and H;-19 and with H-11
and H-12, respectively. These and other NOE’s depicted in Fig. 3 indicated the stereostructure of 1.

Orthosiphols F (2).° G (3),” H (4)° and I (5)° were also obtained as amorphous solids, and they showed the
'H- and ®C-NMR data (Table 1) similar to each other and to those of orthosiphol A (6), a diterpene isolated



4241

‘uwnjod yoea ungim padueyaiaul aq Aew siuswudissy (q'(e

1'991 8691 8991 Wl
ezel aneye 1'zet awigL  ¢eel (1'HNI9L o
6'LT1 @®I1zIL 9LTL ®)1669 €871 @®18p°L
L'6T1 a3 PPOYL S6Tl apeperL. 90¢el ('g)ppoTs
60€l ®COEL 5741
4dod0-11
£l L'€91 1991 S¥91 i L
6T€l a'gugsL  LTEl ('g)npse  8T€l C1ssL el aUwerL  0€El anssL N4
4741 @®iorL 8L @®1zeL €820 CLIerL 08Tl @®1TL €8t @IITrL SLE
00€! A8)PPII'S 96T (1'9)PPOL'L  86T1 CLope0s  L6TH ('9pPesL  S6CI (1'8)pPEl'S 9T
ol 80€1 80El ©€0tL S8zl A
4dod0o-1
60T TIT )
L891 S61'C £691 s6l't *HO0DOL
9'€T €02 @90T (%174 $0T
90LL SLLUL  SOLY StPl @90LE S99'L  L'OLI SOS'L SOLt s09'l *HOODO€
9°€T Lot @01z Loz Loz
1'0L1 S66'1 1oLl SY8'l  (80LL SL61 1oLl S8l 6691 sg6'l *HO0D0-T
€91 sl §91 szl 1'91 sep'l TLI LA B SOb'1 0z
12 STII £TT syl't §TT SEI'T 12e STl €TT 5601 61
8LT $860 6LT 060 08¢ SOOI 6LT 5660 €8¢ 5160 81
16T SYI'l ¥9T SEl 197 STl L'Le S9T'1 1'6T $89°1 Ll
©LDPLYY wopisy ©LypL8Y ©LOPSSY (S1LDPPE]Y
911 appeory el anescy  €ril GDpP6Yy €€l appiLy 'zt 1D PPISY 91
6'8¢l 1'SLDPPSES 61vl (LDpPPLYs  L1vl (L'SL)PPLSS 611 AL'SLDPPLLS TIEL  (S6'LDWSIS Sl
I'iie 8807 SEIT (15214 060 71
S'6v 6Ly 6'8% 6Ly 89L €l
SUPILT (T S’S1)PPS6'} FSYDPPEL] P SHPPELT
I'Ly @BDP9T L6 S'sspPP8sT  6¢r  (SSSCYDPPSET 1'6¢ ©TsDPPITT €95  (SE'SEIPPYET i
L'S0T 989  (T'S'SOPPPOSS L9 wepy 689 ©CTLsHPPPYYS TOL  (SEIPP6TY 1
8T L'€Yy 9'€d (1324 SEY o1
o1s sebe Sy ©9)P8IE 9 ®pro9c sTp Cyproe LoV aveire 6
8L 8'6L 1'8L I'8L L 8
069 €DI6TY 9oL ®©I1sr's €69 ©1viy €69 Comwy  ¢oL ©)rLes L
(ST'SDPL Wz wgE'| ©TYDP 68l (€1)13480°7
$07  T'SEL'SDPPPWOT €1T wp)T v wzgl €T (STEL'PDPPPEOT 0T (€1) piq 88’y 9
8PE @SEDPPLYT L9t (€°cTPPSYT  T'SE weezT  95E (CTEPP69T  8SE  (T'CEPPEYT S
TLE TLE ¥LE SLE £LE 14
1'9L €)P80'S 1'9¢ WP66Y  TIL (cEIPSOS 1'9L ©pr66v 19 ©rios €
659 €©119¢  +99 @yrepiss 899 €T'COPPISS €99 ©I1¥5s  +'99 @'OPPRES (4
vEL (€)P6£9 STL @P9rs L EDPOYS  61L €)pP6Ts ybL @preLs I
oY H, Ja H, U: H, It H, ar H,
S v € 7 [

(sosayuared ut sanfea r) QD ul §—I spunodwo) 10y Bred YWN-D,, Pue -H, T 9qEL



4242

from the plant cultivated in Okinawa.'® The analyses of the '"H-'H and 'H~'*C COSY spectra of 2—5 led to the
partial structures similar to those for 1, except for the CH-CH(O)-CH, and vinyl (for 2—4) groups,
CH—CO—CH, and vinyl (for §) groups and a non-oxygenated quaternary carbon instead of the
CH-CH(O)-CH-CH=CH, group and an oxygenated quaternary carbon in 1. These facts suggested 2—S5 to be
pimarane- or isopimarane-type diterpenes, which was supported by the HMBC correlations. The HMBC
correlations of the ester carbonyl carbons elucidated the location of each ester group. The configuration of the
rings A and B was indicated by NOEs observed in difference NOE experiments to be the same as 1 and 6.
About the configuration of the ring C, NOEs from H-9 to H-16 indicated the a-orientation of the vinyl group,
i.e., 2—S§ are isopimarane-type diterpenes, while NOEs from H,-20 to H-11 in 2—4 suggested the o-
orientation of H-11. From these data, orthosiphols F—I were concluded to be 3-O-acetyl-7-O-
deacetylorthosiphol A (2), 3-O-acetyl-7-O-deacetyl-11-O-debenzoyl-orthosiphol A (3), 3-O-acetylorthosiphol
A (4) and 3-0O-acetyl-7-O-deacetyl-11-debenzoyloxy-11-oxo-orthosiphol A (5).

To the best of our knowledge, staminol A (1) represents the first example of the novel carbon framework,
to which we propose the name "staminane". The co-existence of the novel type diterpene 1 with isopimarane-
type diterpenes 2—S§ suggest that the former should be biosynthesized from an isopimarane-type precursor
through a migration of the vinyl group from C-13ato C-12¢.

The new diterpenes 1—S showed moderate cytotoxic activity against colon 26-LS carcinoma with a EDj,
of 61.7, 51.6, 89.7, 56.7 and >100 ug/ml, respectively.“ These and related diterpenes may have contributed to
the cytotoxic activity of the MeOH extract of O. stamineus.
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