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Abstract

Phyllaemblic acid, a novel highly oxygenated norbisabolane was isolated from the roots ofPhyllanthus emblica,
and its structure was fully characterized by spectroscopic and chemical means. The absolute stereochemistry was
determined by applying modified Mosher’s method to an opportune degradation product. © 2000 Elsevier Science
Ltd. All rights reserved.
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Phyllanthus emblicaL., an euphorbiaceous plant, is widely distributed in subtropical and tropical areas
of China, India, Indonesia, and the Malay Peninsula, and has been used for the anti-inflammatory and
antipyretic treatment by many traditional medicinal systems, such as Chinese herbal medicine, Tibetan
medicine, and Ayurvedic medicine. The minorities living in the Southwest of China use its root for the
treatment of eczema and the Nepali use it as an astringent and hematostatic.1 As a part of our chemical
studies on this plant, we report here the isolation and structure elucidation of a novel highly oxygenated
norbisabolane named phyllaemblic acid (1), from the root (Fig. 1).

Fig. 1.
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Acetone extract (60% Aq.) of the air-dried roots ofP. emblica2 was partitioned between EtOAc and
water, and then the organic phase was successively subjected to chromatographies over Sephadex LH-
20, Chromatorex ODS and silica gel to afford1 (0.0421%), as a yellowish amorphous powder.3 The
molecular formula C21H24O9 of 1was determined by FABMS [m/z421(M+H)+] and elementary analysis.
3 The 13C NMR spectrum of1 showed a set of signals for a benzoyl group and 14 carbon resonances
(Table 1). From the1H, 13C,1H–1H COSY and HMQC spectra, the two partial structures of C-1 to C-5 (A
ring) and C-9 to C-12 (C ring) were deduced. HMBC data (Table 1) of1 suggested a spiro-acetal structure
at C-8, a benzoyl ester at C-10, and the connectivities of C(9)–C(8)–C(7) and C(1)–C(6)–C(5) of which
the latter was supported by a W-letter-type coupling between H-1 and H-5. Considering chemical shifts
of C-1, C-5 and C-6, the connectivities between the A, B and C rings were deduced as shown in Fig. 1.
Proton coupling constants of1 indicated that H-1, 5 and 10 were equatorially orientated while H-3 and
H-11 were axially orientated, and the ring junction at C(5)-C(6) wascis.

Methylation of 1 with CH2N2 yielded 2,4 which was further acetylated with acetic anhydride in

Table 1
1H, 13C NMR, HMBC and NOESY spectral data for1 and4a
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pyridine to give 1-O-mono (3) and 1,6-O-di (4) acetate.5 The NOESY spectrum of4 (Table 1) showed a
cross peak between H-5 and H-12, which confirmed the relative configuration of C-8 spiro-acetal carbon.
The NOE correlations of benzoyl protons with H-3 and the methoxyl group at C-13 revealed that rings
A and C adopted flattened chair conformation, and the benzoyl group was extended over the A ring.
In addition, the remaining NOEs listed in Table 1 established the relative configuration of1. These
structural features were similar to those of phyllanthoside, a glycoside with a bisabolane aglycone and
relative stereochemistry being determined by crystal X-ray analysis, fromP. brasiliensis.6,7

The absolute stereochemistry of1 was determined by applying the modified Mosher’s method to an
opportune degradation product (Scheme 1). Oxidation of1 with KMnO4/NaIO4 in MeOH/H2O afforded
5,8awhich was further hydrolyzed and methylated to give6.8b Large coupling constants of H-3 (J2ax,3=9.6
Hz for 5 and 10.8 Hz for6, J3,4=4.5 Hz), indicated axial orientation of H-3 in5 and6. Treatment of two
aliquots of6 with (+) and (–)-MTPA in the presence of DCC and DMAP provided mono ester derivatives
7 and8,9 respectively. According to the modified Mosher method10,11 for secondary alcohols, the��
(S–R) values (Fig. 2) assigned theS configuration at C-3 of6, corresponding to C-10 of compound1.
Hence, based on the above evidences, the absolute configuration of phyllaemblic acid was concluded to
be as shown in1. Although several norbisabolenes with a skeleton lacking one of the terminal dimethyl
carbons of bisabolane skeleton have so far been known,12 phyllaemblic acid, with an highly oxygenated
structure, is the first norbisabolane biogenetically synthesized by oxidative removal of the central methyl
carbon.6 The presence of glycosides of1 and its related compounds has already been confirmed, and
studies on structure and biological activity of these compounds are now in progress.

Scheme 1. (a) NaIO4/KMnO4, MeOH:H2O (2:3); (b) 10% KOH, MeOH; (c) CH2N2/ether, MeOH; (d) (R) or (S)-MTPA, DCC,
DMAP, CH2Cl2

Fig. 2.�� (S–R) values (ppm) for MTPA ester derivatives of compound6
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