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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---5). 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 lithiasisJ '2 In our continued studies on Vietnamese medicinal 
plants, a 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. 4 Thus we fractionated the MeOH extract into hexane-sohible, 
CHCl3-soluble, AcOEt-soluble, BuOH-soluble and H20-soluble fractions. Among these fractions, the 
CHCl3-soluble fraction showed the strongest activity against colon 26-L5 cells. Separation by silica gel column 
chromatography followed by preparative "ILC procedures afforded five new diterpenes, named staminol A (1) 
and orthosiphols F m I  (2--5). Here we would like to communicate the structure elucidation of them by the 
spectroscopic analyses. 
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Starninol A (1) 5 was obtained as colorless amorphous solid and showed [Of]D 25 -24.3 ° (c = 0.5 I, CHCIa). Its 
molecular formula was determined by high-resolution FAB-MS measurement to be C4oI-I4~O~3 (m/z 734). The 
IR spectrum of 1 showed absorptions of hydroxy (3550, 3430, 3300 cm-~), ester carbonyl (1725 crn -~) and 
phenyl (1600, 1450 cm -t) groups. The IH-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 ]3C-NMR spectrum (Table 1) indicated the presence of a 
ketone and five ester carbonyl groups and four (two oxygen-substituted and two oxygen-non-substituted) 
quaternary carbons. Analyses of these signals by the IH-]H and ~H-~3C 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 (I-13-20) showed the long-range correlations with three 
methine carbons at 635.8 (d, C-5), 40.7 (d, C-9) and 74.4 (d, C-l) and with a quaternary carbon at 643.5 (s, C- 
10), indicating that the carbons, C-l, C-5, C-9, and the methyl group (H3-20) should be connected with the 
quaternary carbon (C-10). Furthermore, the methyl protons at ~$ 0.91 (H3-18) revealed the long-range 
correlations with the carbons at ~5 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 6 1.09 (H:19) with the carbons at 6 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 (6 54.3), C-14 (fi 
209.0) and C-17 (6 29.1) with the oxygen-substituted quaternary carbon C-13 (~ 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 (5 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 6 1.60 (3-OCOCH~) and 5.01 (H-3); the ester carbonyl carbon at 6 169.9 
(2-OCO-) with the protons at ~ 1.93 (2-OCOCH3) and 5.38 (H-2) and the ester cabonyl carbon at ~ 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 benzoyl groups were located at C-1 and C-11, based on the 
long-range correlations between the ester carbonyl carbon at 6 164.0 (1-OCO-) with the protons at ~ 8.13 (H- 
2',6') and 5.79 (H-I) and between the ester carbonyl carbon at ~ 166.8 (11-OCO-) with the protons at ~ 8.26 (H- 
2',6') and 6.29 (H-I1). 
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Fig. 2. Significant Long-range Correlations 
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Fig. 3. NOE's Observed in the Difference 
Observed in the FG-pulsed HMBC Spectrum of 1 NeE Experiment of  1 

The stereostructure of 1 was elucidated from the J values of each proton and the results of difference NeE 
experiments. The large J values for H-5 (Js.6~ = 13.5 I-Iz), H-9 and H-11 (Jg.. = 11 Hz) indicated them to be 
ax ia l ,  while the small J values of H-7 (J6~.7 = 3 Hz, J6~.7 = 0 I-Iz) and H-12 (Jnj2 = 3.5 Hz) suggested them to 
b e  e q u a t o r i a l .  I n  the  difference NeE experiments, the methyl protons H:18,  1-13-19, Hs-20 and H : I 7  showed 
NOE's with the protons H-3 and H-5, with H-2, H-3 and H:20,  with H-I, H-2, H-11 and H : 1 9  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), 6 G (3), 7 H (4) 8 and I (5) 9 were also obtained as amorphous solids, and they showed the 
~H- and t3C-NMR data (Table 1) similar to each other and to those of orthosiphol A (6), a diterpene isolated 
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from the plant cultivated in Okinawa) ° The analyses of the tHJH and IH-t3C COSY spectra of 2---5 led to the 
partial structures similar to those for 1, except for the CH-CH(O)--CH2 and vinyl (for 2----4) groups, 
CH---CO----CH2 and vinyl (for 5) groups and a non-oxygenated quaternary carbon instead of the 
CH-CH(O)--CH--CH=CH2 group and an oxygenated quaternary carbon in 1. These facts suggested 2---5 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 (x-orientation of the vinyl group, 
i.e., 2---5 are isopimarane-type diterpenes, while NOEs from H:20  to H-I I  in 2 4 suggested the a-  
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-I l-O-debenzoyl-orthosiphol A (3), 3-O-acetylorthosiphol 
A (4) and 3-O-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---5 suggest that the former should be biosynthesized from an isopimarane-type precursor 
through a migration of the vinyl group from C-13~ to C-12~. 

The new diterpenes 1- -5  showed moderate cytotoxic activity against colon 26-L5 carcinoma with a EDso 
of 61.7, 51.6, 89.7, 56.7 and >100/.tg/ml, respectively, n These and related diterpenes may have contributed to 
the cytotoxic activity of the MeOH extract of O. stamineus. 
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