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USE OF THE SELECTIVE INEPT NMR TECHNIQUE IN THE STRUCTURE ELUCIDATION OF
(+)-AFZELECHIN-7-O-8-D-APIOSIDE, A BITTER PRINCIPLE OF POLYPODIUM GLYCYRRHIZA
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Summary: The position of sugar attachment of a novel bitter flavonoid glycoside, (+)-afzelechin-7-O-g-D-
apioside, was conveniently established by the application of selective insensitive nuclei enhanced by
polarization transfer (INEPT) NMR experiments.

The rhizomes of the fern Polypodium glycyrrhiza D.C. Eaton (Polypodiaceae) exhibit a bittersweet

tastel, and have a history of human consumption both for use as a food and medicinal agent, and during
certain religious ceremonies in the Pacific northwest region of North Americaz. From a !-butanol extract of
this plant part a novel bitter flavonoid glycoside, (+)-afzelechin-7-O-g-D-apioside (1), was isolated by
repeated chromatography over silica gel and Sephadex LH-203. By high-resolution electron-impact mass
spectrometry, the elemental formula of 1 was determined as C20H22094. Assignments of the 1 H-NMR and
13C-NMR spectra of 15 were carried out with the use of 1H--IH COSY and 1H-BC HETCOR 2D-NMR studies.
In the 1H-NMR spectrum, the doublet of doublets resonating at §2.71 and § 2.42 (1H each) and the doublet at
& 4.60 (J = 7.5 Hz) indicated 1 to be a flavan-3-ol derivative with trans-substitution (2R,3S) of ring ct.
Furthermore, two 2H doublets centered at § 7.16 and & 6.75 (J = 8.5 Hz) were suggestive of 4'-

monosubstitution in ring B of 1. Chemical shifts in the 13

C-NMR spectrum supported the assignment of 1 as
a flavan-3-ol type of compound7, and, in addition, provided evidence that the saccharide moiety of the
compound was D-apioses. Hydrolysis of 1 afforded (+)-afzelechin and D-apiose, which were identified by
direct comparison with authentic samples9.

Conventional methods to determine the position of attachment of a sugar moiety to a flavonoid

13C-NMR analysislo, which are either time-consuming or can

aglycone have involved methylation and 1H- or
lead to ambiguous results. In this investigation, the position of sugar attachment of 1 was determined by a
selective INEPT NMR experiments on the intact heteroside. The selective INEPT technique was developed

recentlyl L

, and is used to determine connectivity in the molecule by emphasizing three-bond C-H
couplingslz. When 1"-H of 1 was irradiated at § 5.34 (A1 and A, for J = 6 Hz), only the C-7 and C-4" carbons
were enhanced in the resultant polarization-transfer spectrum (Fig. 1d)13. Analogous irradiations of the
uequatorial_ (5 2.71) and 28 - (6 4.60) protons of 1 selectively enhanced carbons 5 and 9 (Fig. 1b) and carbons
9, 1, 2, and 6' (Fig. lc), respectively. Use of this technique therefore demonstrated that the carbon of
attachment of D-apiose in the aglycone of 1 was C-7, and also enabled the assignment of all quaternary-

13

carbon chemical shifts in the "~ C-NMR spectrum of this compound. The sugar attachment was determined as
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Figure 1. Downfield regions of the Be nmr spectra of afzelechin apioside (1) (a-d) and polydin (2) (e-h).
(a,e) Proton-noise decoupled spectra; (b-d; £-h) selective INEPT spectra obtained by irradiation of & eq'H’ 2-H,

and 1"-H, respectively.



3657

8- by the application of Klyne's rulew. The structure elucidation of 1 using the selective INEPT technique
was completed in only two hours using about 40 mg of material. Compound 1 represents the first isolation of
a glycoside of (+)-afzelechin from a natural source.

In order to confirm the methodology proposed herein, we have also investigated a neutral-tasting
constituent of P. glycyrrhiza rhizomes using the selective INEPT technique, namely, polydin (2), which has the
known structure, (+)-catechin—7-_C_)_-a-L-rhamnoside15. Irradiation of H-1" of 2at 6 5.27 (4 and A,, J = 6 Hz)
enhanced only the one expected carbon on the aglycone, carbon 7 (Fig. 1h), while similar irradiations of H-l&e
(5 2.66) and H-2g (5 4.53) again enhanced carbons two or three bonds distant from the sites of irradiation
(Fig. 1f and g). The selective INEPT experiment also allowed unambiguous assignments to be made for the

13C-NMR spectra of 216 and its aglycone, (+)—catechin17.

first time of quaternary carbons C-5 and C-7 in the
The present method offers an alternative for the establishment of glycoside sugar attachment to a 2D-COSY
NMR procedure, utilizing long-range couplings, that was recently used to confirm the structure of a flavonoid

constituent of Gutierrezia grandis
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