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Abstract-Two novel stermdal glycosides, polypodosldes B and C, as well as three known compounds, polypodme B, 
(+)-catechm and (+)-afzelechm, were Isolated from the rhizomes of the sweet plant, Polypodrum qlycyrrhna By the 
apphcatlon of various spectral methods, polypodosldes B and C were asslgned the structures, 26-0-U-L- 
rhamnopyranosyl-polypodogenln-3-O-B_D-glucopyranoslde and 26-0-a-L-acofnopyranosyl-polypodogenin-3-O-/& 
D-glucopyranoside, respectively. Polypodoslde B tasted sweet, although polypodoslde C was devoid of this effect 

INTRODUCTION 

In previous work, we have estabhshed that the sweetness 
of the rhizomes of the North American fern, Polypodium 
glycyrrhiza D.C. Eaton (Polypodiaceae), IS mainly due to 
the presence of the steroidal glycoslde, polypodoslde A [I, 
26-0-u-L-rhamnopyranosyl-polypodogenin-3-O-~-L-rha- 
mnopyranosyl-( 1 -+ 2)-B-D-glucopyranoside] [ 11. The 
structure and stereochemistry of polypodogenin (Z), the 
known aglycone of 1, were established as (22S, 25R, 26R)- 
3B,26-dihydroxy-22,26-epoxy-6-oxo-5cc-cholest-7-ene by 
Czechoslovakian workers [24] Compound 1 was con- 
verted to Its aglycone, 2, usmg the enzyme, hespendmase, 
and polypodogemn (2) was fully characterized using 
modern spectroscopic methods [l] Polypodoside A (1) 
was found to be nonmutagenic and not acutely toxic for 
mice, and was rated by a taste panel as bemg 600 times 
sweeter than a 6% w/v sucrose solution Cl]. Other 
documented constituents of this plant part are the flavon- 
oids, (+)-afzelechm-7-0-fi-D-aploslde and polydm, which 
proved to be bitter and neutyal-tastmg, respectively [S], 
as well as sucrose [6] and several aromatic acids [7]. In 
the present commumcatlon, we wish to report the iso- 
latlon of additional steroidal and phenohc constituents of 
P. glycyrrhiza rhizomes, inclusive of two novel analogues 
of polypodoside A, which we have named polypodoside B 
(3) and polypodoslde C (4), and the known compounds, 
polypodme B, (+)-catechin and (+)-afzelechm. A prehmi- 
nary account of structure-sweetness relatlonshlps wlthm 
the polypodogemn glycoside class of intense sweeteners IS 
presented. 

RESULTS AND DISCUSSION 

As a result of the observation of a hthmm-catalysed 
molecular ion occurring at m/z 745 m its low-resolution 
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FABMS, the M, of polypodoslde B (3) was determined as 
738 The molecular formula of this isolate was confirmed 

as C39H6201 j by high-resolution FABMS The 
‘%NMR chemical shifts of thts compound were assig- 
ned with the assistance of a ‘H-‘% heteronuclear cheml- 
cal shift correlated (HETCOR) NMR experiment, and, 
after comparison with the ’ 3C NMR spectrum of poly- 
podoslde A (1) obtamed m our earlier mvestlgatlon [ 11, It 
was apparent that polypodoslde B (3) was also a glycoslde 
of polypodogemn (2), that varied structurally from 1 only 
Its saccharlde moieties, and that these sugar umts were 
also affixed to the C-3 and C-26 posltlons. 

The sugar units obtained after acid hydrolysis of 
compound 3 were Identified by GC-MS and TLC as D- 

glucose and L-rhamnose The linkages of the saccharide 
units to the aglycone unit of 3 were convemently estab- 
lished usmg the selective INEPT NMR technique 
[ 1, 5, 8,9]. The signals appearing at 6 5.05 and 5 64, which 
m turn were found to correspond to carbon signals 
appearing at 6102.19 and 101.87, were assignable, re- 
spectively, to the anomerlc protons of the glucose and 
rhamnose units of polypodoslde B (3). Thus, when the 
proton at 65 05 was Irradiated (3Jc-=6 Hz), only C-3 
(676 89) m the aglycone moiety was enhanced, although 
an enchancement was also observed for C-3’ (678 44) of 
the glucose umt Slmllarly, when the C-l” proton of the 
rhamnose umt of 3 was irradiated at 65.64 (3.J, = 6 Hz), 
C-26 (S 107.25) of the aglycone was enhanced, as were C- 
2” (672.70), C-3” (672&I), and C-5” (670 36) of the 
rhamnose unit. In this manner, It was established that the 
D-ghcOSe and the L-rhamnose umts were affixed, respect- 
ively, to posltions C-3 and C-26 in the molecule of 3. The 
configurations of the anomerlc protons of the sugar units 
of polypodoslde B (3) were determined as 38- and 26cr-, by 
comparison of the 13C NMR spectrum of this isolate with 
analogous data for sugars of known configurations 
[ 10, 1 l] Therefore, polypodoslde B (3) was assigned the 
structure, 26-O-cc-L-rhamnopyranosyl-polypodogenin-3- 
O-fl-D-glucopyranoside 

The M, of polypodoslde C (4) was proposed as 752, as 
protonated and sodium-catlomzed molecular ions were 
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apparent at m/z 753 and 775, m Its low-resolution 
FABMS, and the elemental formula of this compound 
was confirmed as C,,H,,O,, by high-resolution 
FABMS After the ‘H and 13CNMR spectra of 4 were 
correlated by a ‘Hp’3CHETCOR experiment, It was 
apparent that this compound was agam based on the 
aglycone, polypodogemn (2), and differed from 3 m only 
one of its saccharlde moleties 

Enzymatic hydrofysls of compound 4 with [I-~IUCOSI- 
dase afforded compound 5 and D-ghCOSC, wtth this sugar 
being Identified by GC-MS and TLC The D-glucose unit 
was determined as bemg attached to C-3 m 4, as a result 
of the observation of an upfield shift from fi 76 83 m the C- 
3 resonance m the 13C NMR spectrum of 4 to 670 67 m 
that of 5. This was confirmed by a selective INEPT exper- 
iment, m which irradiation of the anomerlc proton at C-l’ 
(6 5 07, “.&=6 Hz) of 4 resulted m the enhancement of 
C-3 (676.83). Therefore, polypodoslde C (4) was ldentlcal 
to polypodoslde B (3) m terms of the sugar unit attached 
to c-3 

slightly sweet, while the correspondmg 3”-O-methyl de- 
rivative, polypodoslde C (4) was devoid of this effect 
Although a detaded sensory evaluation of polypodoslde 
B (3) was not carried out, It was apparent that it was less 
intensely sweet than polypodoslde A (1) It may be 
pointed out that the known monodesmosldlc polypodog- 
enm analogue, polypodosaponm (6), was not associated 
with the sweetness of Its plant of origin, P cu!yur<, since 
this taste sensation was attributed entirely to the steroidal 
saponm, osladm, a compound based on a different agly- 
cone to polypodosldes A and B [I+, 151 Therefore, 
these observations indicate that sweet polypodogenm 
glycosldes must be bldesmosldlc to exhlblt a sweet taste, 
with saccharlde substltutlon occurring at the C-3 and C- 
26 posltlons Any alteration In either of these sugar untts 

apparently profoundly affects sweetness 

That the other sugar unit of polypodoslde C (4) was 
attached to the C-26 position was confirmed by a selec- 
tlve INEPT NMR experiment When the anomerlc pro- 
ton at C-l” was Irradiated (6 5 65, 3Jcu = 6 Hz), carbon C- 
26 was the only carbon on the aglycone of 4 to be 
enhanced In the ‘HNMR spectrum of compound 4, a 
methoxy group signal appeared at 63 56, and the posltlon 
of this functlonahty was investigated by a further selective 
INEPT experiment Irradiation of the methoxy group at 
63 56 (3Jc.= 8 Hz) led to the enhancement of C-3” 
(682.62) on the C-26-affixed saccharlde unit, and showed 
unambiguously that the methoxy group was not directly 
attached to the aglycone of 4, as m the case of the 
known compound 26-0-methyipolypodosapomn [2] 
The methoxy group of this sugar unit was confirmed 
as occurrmg at the 3”-position, since the ‘“CNMR 
data observed for this sugar unit closely corre- 
lated with those obtained for the L-acohose (= ~-O-L- 
rhamnose) unit of the compound, digttoxlgenm Z-L- 
acofrioslde [ 121. The identity of this sugar was confirmed 
after hydrolysis of compound 5 usmg methanohc HCI 
and direct comparison with an authentic sample of 
methyl L-acofrloslde Acofrlose 1s of apparently limited 
distribution m the plant kingdom [ 131 The configuration 
of this sugar umt at C-26 was assigned as s(- on the basis of 
13CNMR chemical shift comparison of the respective 
anomerlc carbons of compounds 1 [1] and 3 The struc- 
ture of compound 4 was therefore assigned as 26-0-a-~- 
acofriopyranosyl-poiypodogenln-3-O-~-D-glucopyrano- 
side 

Three nonglycostdic isolates were also obtained m this 
mvestlgatlon The ecdysterol, polypodme B, was Ident- 
ified by interpretation of Its spectral characteristtcs. and 
confirmed direct by comparison with the authentic sub- 
stance Also isolated were the flavonolds, (+)-catechm 
and (+)-afzelechm, which were both identified by com- 
parison with authentic standards Herout and coworkers 
obtained polypodme B and (+)-catechm as constituents 
of another species m the genus Polypodmm, namely, P. 
uulgarr [14, 151 

In the present mvestlgation, polypodosldes B (3) and C 
(4) were obtamed as minor polypodogemn glycoslde 
constituents of P. qlycyrrhza rhizomes During the frac- 
tionatlon procedure that led to the isolation of polypodo- 
side A (1) as the maJor intensely sweet prmciple of this 
plant part, tt was found that polypodoslde B (3) was 

EXPERI%lEKTAL 

Mps uncorr UV EtOH. IR KBr disc ‘H and WNMR 
spectra were recorded on 300 or 360 MHz Instruments with 

TMS as mt std EIMS (70 eV) data were measured with a direct 

probe 
Plant mater& The rhizomes qf PolypodIum glycprrhrza DC 

Eaton (Polypochaceae) were collected m south Oregon m the 

autumn of 1983 Specimens documentmg these collectIons have 

been deposlted m the herbarmm of the FEeId Museum of Natural 

Hlstory, Chlcago, Ilhnols 

Extracrlon and ~solutron protedure The extractlon of the air- 

dried, nulled plant material with 80% MeOH-H,O, partrtlon of 

the residue on drymg between n-BuOH and H,O, and CC of the 
n-BuOH extract over slhcd gel, have been described prevrously 

[I] A portlon (1 38 g) of a fractron eluted by CHCI,-MeOH 

(7 1) was further pullfied by gel filtration chromatography over 

Sephadexa LH-20 (IOOg) usmg MeOH as eluent An nutlal 

fraction (097 g) was purified by low-pressure CC (slhca 

gel, 100 g, 230-400 mesh, eluent CHCI, -MeOHPH,O (13 7 2, 

lower layer) to afford polypodoslde B (3. 280 mg, 0 05% w/w), 

while a second fraction (0 34 g) ylelded (+)-catechm (15 mg, 

0.0028% w/w) and (+)-afzelechm (5 mg, 00010% w/w) after 

prep TLC using CHCl,-MeOH-H,O (13.7 2. lower layer) as 

developmg solvent A portlon (3 53 g) of a fraction eluted by 

CHCI,-MeOH (8 I) after gel iiltrdtlon chromatogrdphy was 

a-L-rha 
” * n 

3 a-L-rha 

4 p-D-& a-L-rha-3-Me 

5 H a-L-rha-3-Me 

6 @-D-glc2-a-L-rha H 
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