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Abstract-The structure of neoschaftoslde 1s shown for the first time to be 6-C-/?-D-glucopyranosyl-8-C-@-L-ara- 
bmopyranosylaplgenm A vanety of chemical and spectroscopic techniques are involved 

INTRODUCTION 

Ten years ago, two dl-C-glycosylapigenms (B and C) were 
isolated from Catananche caerulea by Prohac et al [l] As 
heating B or C with acid led to a mixture contammg both 
compounds, the name lsoschaftoslde was proposed for B 
after ldentlficatlon of C as schaftoslde (l), previously 
Isolated from Sdene schafta [2] Later work [3,4] on the 
mass spectra of permethyl (PM) C-glycosylllavones 
showed that B and schaftoslde were both 6-Ghexosyl-8- 
C-pentosylaplgenms and B was therefore renamed neo- 
schaftoslde The name lsoschaftoslde was correctly gven 
to the Wessely-Moser isomer (2) of schaftoslde Isolated 
from the complex mixture obtained by acid lsomerlzatlon 
of schaftoslde (which also contams neoschaftoslde) This 
renamed lsoschaftoslde was ldenttied by comparison 
with synthetrc 6-C-a-L-arabmopyranosyl-%C-/&D-gluco- 
pyranosylaplgenm [S], which confirmed its structure and 
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I R,=j3-o-Glc,, R,=o- L-Bra, 
2 R,=o-~-Ara,,, R,=p-o-Glc, 
3 R,= B-D-Glc,, R2=p- L -Arap 
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((The L-isomer of arabmose IS considered to be. present m the 

mterconvertible Isomers, schaftoside, tsoschaftoade, neoschaf- 
toside, on the basis that CD curves of lsoschaftoside and synthetic 
6-C-a+.arabmopyranosylvltexm are identical (cf ref [lo]) 

YDue to the presence of rotational isomers In DMSO-d, at 
90” coalescence. of these. signals was observed, eg the four 
signals m the spectrum of PDM neoschaftoslde were reduced to 
two 

also the 6-C-B-D-glucopyranosyl-8-C-a-L-arabinopyrano- 
sylaplgenm structure earher proposed for schaftoslde [6] 

Isoschaftoslde was later Identified as a natural product 
m Flourensta cernua, where It co-occurs with schaftoslde, 
neoschaftoslde and vlcemns [7] Since then, schaftoslde, 
lsoschaftoslde and neoschaftoslde have been shown to 
be widespread m the plant kingdom [8] The structure 
of neoschaftonde, however, remams to be defined and 
m the present paper we present evidence which proves It 
to be 6-C-B-D-glucopyranosyl-%C-b-L-arabmopyrano- 
sylapigenin (3) 

RESULTS AND DISCUSSION 

In previous work, the identity of natural neoschaftoslde 
with the corresponding Isomer of schaftoslde obtamed by 
acid treatment was based only upon comparison of 
absorption spectra, chromatographlc properties of the 
free compounds and their PM ethers, and mass spectra 
Attempts to get larger quantities of the acid lsomerzatlon 
product always led to a product contaminated by schaf- 
toslde This problem was overcome, however, by TLC 
purification of the perdeuteromethyl (PDM) ether of the 
schaftoslde Isomer, which produced sufficient material for 
determmatlon of the ‘H NMR spectrum This proved to 
be identical with that of PDM natural neoschaftoslde, 
thus cotirmng their identity and the presence of D- 
ghcosyl and L-arabmosyl 1) moletles m neoschaftoslde 
These sugars were both shown to be m their pyranosyl 
forms m neoschaftoslde by the Vlscontlm reaction [9] 
Thus periodate oxldatlon of schaftoslde and neoschaf- 
toslde followed by borohydrlde reduction and acid hy- 
drolysls led m both cases to a mixture of glycerol (ex 
glucose) and ethylene glycol (ex arabmose) 

In the ‘H NMR spectra of PDM schaftoslde and PDM 
noschaftoslde, the anomerlc protons appeared as four 
doublets7 (J = ca 10 Hz) m the range 64 8-4 5 consistent 
wrth the presence of /3-D-glucopyranosyl and a-L-arabmo- 
pyranosyl residues m these compounds In the spectrum 
of neoschaftonde, however, only one of the anomerlc 
protons appeared as two doublets m this range (1 e 6 4 82, 
4 53 in the ratio 1 2) and with the 1OHz coupling 
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charactenstlc of a truns-dlaxlal relationship between H-l 
and H-2 in the pyranose ring The other anomerlc proton 
gave rise to two broad singlets at 6 5 58 and 5 36 (ratio 
l-2), It follows that only one sugar residue was mod&d m 
the acld-catalysed lsomeruatlon of schaftoslde to 
neoschaftoslde 

The acid-modtied sugar residue was considered to be 
the arabmosyl residue on the following basis It 1s well 
known that even prolonged acid treatment of 6- or 8-C+ 
D-glucopyranosy~avones produces a clean Wessely- 
Moser rearrangement which does not a&t the sugar 
residue In contrast, acid treatment of either 6-C-a-L- 
arabmopyranosyl- or 6-C-a+arabmofuranosyl-acacetm 
(synthetic) for only a short time (30-45 mm) gives a 
rmxture of the 6-C-a- and fi-isomers of arabmopyranosyl- 
and arabmofuranosyl-acacetm [ 1 l] Natural 8-C-a-b 
arabmopyranosylgenkwanm (molludstm [ 121) under the 
same condltlons grves mainly a mixture of the pyranosyl 
and furanosyl isomers of 8-C-a+arabmosylgenkwanm 
WI 

That the L-arabmopyranosyl residue is the one modl- 
fied on acid lsomeruatlon of schaftoslde was also evident 
from a comparison of the ‘H NMR spectra of PDM 
neoschaftoslde with that of PDM 6-C-B-L-arabmo- 
pyranosylacacetm (synthetic) In the latter, the anomenc 
proton appeared as a broad singlet (le lacking crans- 
dlaxlal coupling) at 6 5 26 instead of the doublets observed 
in the spectra of PDM 6-C-a+arabmofuranosylacacetm 
(6 5 47, J = 7.6 Hz), PDM 8-C-a-L-arabmofuranosyl- 
acacetm (6 5 68, J = 7 6 Hz) and PDM 6-C-B-L-arabmo- 
furanosylacacetm (6 5 80, J = 7 2 Hz) Broad singlets 
at 6 5 58 and 5 36 m the spectrum of PDM neoschaftoslde 
represented the anomerlc proton of the and-affected 
sugar residue, whereas the other anomerlc proton 
was represented by doublets (J = 10 Hz) at 6 4.82 and 
4 53, similar to that of the glucose H-l m PDM ~-C-/&D- 
glucopyranosylaplgenm (PDM lsovltexm, 6 4 80, J 
= lOH2) 

On this basis, neoschaftoslde 1s defined as ~-C-/&D- 
glucopyranosyl-8-C-B-L-arabmopyranosylaplgenm, a 
structure which was also supported by the chemical shifts 
of the other sugar protons Thus, whereas the spectrum of 
PDM schaftoside (in the 6 4 4-3 2 regon) was eqmvalent to 
a superlmposltlon of the spectra of PDM ~-C-/&D- 
glucopyranosylaplgenm (PDM isovltexm) and PDM 8-C- 
a-L-arabmopyranosylgenkwanm (PDM molludlstm), the 
spectrum of PDM neoschaftoslde m this same recon was 
equivalent to a superlmposltlon of the spectra of PDM 
lsovltexm and PDM 6-C-j%arabmopyranosylacacetm 
(Ignoring the 4’-methoxyl signal m the latter) 

Subsequent to much of the above work, one of us 
(R M ) had discovered a new source of neoschaftoslde, the 
liverwort Radula complanata, which made available for 
the first time substantial quantities of neoschaftoslde This 
enabled ‘“C NMR studies to be carried out which provide 
further confirmation of the conclusions based on the 
evidence discussed above 

The 13C NMR spectra of schaftoslde and neoschaf- 
toslde were found to be essentially identical apart from the 
sugar carbon resonances These are presented m Table 1 
and assignments listed for the schaftoslde spectrum are as 
reported by Markham et al [13] It 1s clear that the j-D- 
glucopyranosyl residue of schaftoslde 1s also present m 
neoschaftoslde and that it 1s the arabmosyl signals that are 
different None of the signals representmg the arabmosyl 
residue occurred at lower field than S72 3 and this 

Table 1 Assignments of sugar carbon signals m the 13C NMR 
spectra of schaftoslde and neoschaftoslde 

Am Schaftoslde Glc Neoschaftoslde* Ara 

812 G-5 
78 7 G-3 

A-3 75 1 
A-l 747 

73 6 G-l 

707 G-2 
A-5 707 

698 G-4? 
A-2 68 8 
A-4 68 8 

-61 5 G-6 

816 
790 

729 
723 A-3 
714 A-l 
708 

699 A-4t 
698 

67 1 A-5 
63 1 A-2 
616 

*Neoschaftoslde assignments A-5, assignment by ‘GASPE 
[lS], A-2, the only possible assignment for this high field slgnal, 
A-l, tentatively assigned by selective decouphng of the arabmose 
H-l, A-3, A-4, tentatively assigned on the basis of additive 
chemical shift correctlon (calculated from dlfferenccs between j- 
and a-O-L-arabmosldes [ 141) applied to a-C-L-arabmoslde 

t Assignments could be reversed 

excludes the posslblhty that arabmose is present m the 
furanose form [14] Of the two remammg possible 
structural variants of arabmose, a-L-arabmopyranose is 
present in schaftoslde thus leaving only B-L- 
arabmopyranose for neoschaftoslde Although no pub- 
lished data are available, the pattern of arabmose signals 
in the ’ 3C NMR spectrum of neoschaftoslde was approxl- 
mately that expected for a C-hnked b-L-arabmopyranosyl 
residue Thus, with the exception of the C-4 signal, all 
others occurred at higher field than the equivalent carbon 
signals m the spectrum of C-hnked a+arabmopyranose 
(e g m schaftoside, Table 1) This is the type of difference 
observed m O-linked glycosldes of these two arabmose 
isomers [14] On the basis of the above data, neoschaf- 
toslde 1s assigned the structure 6-C-j-D-glucopyranosyl- 
8-C-j?-L-arabmopyranosylaplgemn (3) 

EXPERIMENTAL 

lsolatlon ofneoschafioszdefrom Radula complanata AIrdrIed 
R complanata gametophytes with sporophytes (49 g) were 
ground and extracted with delomzed Hz0 at room temp The 
extracted tlavonoids were separated and purdied by CC (a) on 
rmcrocrystalhne cellulose (Merck) with 3 % and 15 % HOAc, (b) 
Sephadex LH-20 with 20 % aq MeOH and MeOH, and finally 
repcatedPConWhatman3MMpaper\Klth3”/,andlS”/,HOAc, 
and BAW Schaftoslde (38mg) was crystalbzed from 
MeOH-Hz0 and ne-oschaftoside (35 mg) was preclpltated with 
EtOAc-EtOH followmg final punfication on LH-20 (20”/, aq 
MeOH) Neoschaftoslde [a];’ - 66 5” (c = 0 2 %. H20), [schaf- 
toslde [a]f: + 110” (c = 0 5 y,, H,O) 163 

PDM neosch&oszde from schaftoszde actd lsomerlzatton 
Schaftoslde (2ClOmg), from Szlene schafta, m 8ml MeOH-4M 



Identdicahon of neoschaftoslde 161 

HCI (1 1) was refluxed for 9 hr and the resultmg products were 
separated by ZD-PC m BAW (4 1 5) and 2% HOAc on 
Whatman 3MM paper The spot correspondmg to neoschaf- 
toslde was cut out, eluted and rechromatographed on Whatman 
No 1 paper m BAW (4 1 5) The band correspondmg to 
neoschaftoslde was eluted and perdeuteromethylated (method, 
ref [16]) Prep TLC (sthca gel) of the resultmg mixture m 
CHCl,-EtOAc-Me&O (5 4 1) and elutlon of the band cor- 
responding to PDM neoschaftoslde gave a product Identical (‘H 
NMR) with the latter 

PDM neoschaftoslde ‘H NMR (250 MHz, CDCl,) S 8 06 (2H, 
d, J = 9 Hz, H-2’, 6’), 699 (2H, d, J = 9 Hz, H-3’, S), 663 (lH, 
s, H-3), 5 58 and 5 36 (lH, s, H-l, Ara), 482 and 4 53 (lH, d, 
J = 10 Hz, H-l, Glc), 4 20 (IH, m, H-Glc), 4 08 (lH, m, H-Am), 
3 83 (3H, m, 3H-Ara), 3 58 (3H, m, 2H-Glc, lH-Ara), 3 40 (lH, m, 
H-Glc), 3 25 (ZH, m, 2H-Glc) 

PDM schajioszde ‘H NMR (250 MHz, CDCI,) 6 8 06 (2H, d, 
J = 9 Hz, H-2’, 6’), 7 01(2H, d, J = 9 Hz, H-3’, S), 6 62 (lH, s, H- 
3), 4 79, 4 74, 4 66, 4 58 (d’s, J = 10 Hz, H-l, Glc and Ara), 4 30 
(2H, m, ZH-Ara) 4 10 (lH, m, H-Glc), 3 79 (lH, s, H-Ara), 3 58 
(3H, m, 2H-Glc, lH-Ara), 3 42 (2H, m, lH-Glc, lH-Ara), 3 24 (2H, 
m, 2H-Glc) 

PDM zsovttexzn ‘H NMR (250 MHz, CDCI,) S 7 91 (2H, d, J 
= 9 Hz, H-2’, 6’), 7 00 (2H, d, J = 9 Hz, H-3’, 5’), 6 82 (lH, s, H-S), 
667(1H,s,H_3),480(1H,d,J= lOHz,H-l,Glc),408(1H,m,H- 
Glc), 3 60 (2H, m, 2H-Glc), 3 42 (lH, m, H-Glc), 3 24 (2H, m, 2H- 
Glc) 

PDM molludzstzn ‘H NMR (250 MHz, CDCl,) see ref [12] 
PDM 6-C-/I-L-arabznopyranosylacacetztz ‘H NMR (250 MHz, 

CDCI,) 6 7 84 (2H, d, J = 9 Hz, H-2’, 6’), 7 02 (2H, d, .I = 9 Hz, 
H-3’, 5’), 6 81 (lH, s, H-S), 6 60 (lH, s, H-3), 5 26 (lH, s, H-l, Ara), 
4 04 (lH, dd, J = 8 5 Hz, J’ = 3 5 Hz, H-Ara), 3 89 (3H, s, OMe- 
4’), 3 82 (lH, br s, H-Ara), 3 74 (2H, m, ZH-Ara), 3 64 (lH, m, H- 
Ara) 

Perzodate oxzdatzozz according to ref [9] was carried out on 
0 40 7 pmol of molludlstm, cytaoslde, adenosme, neoschafto- 
side and schaftoslde After NaBH., reduction and acid hydrolysis, 
the resulting polyols were separated on s~hca gel TLC m 
EtOAc-pyndme-H,O (7 2 1) and detected by spraymg with 
NaIO, and benvdme Cytlsoslde and adenosme gave one spot R, 
048 (glycerol), molludlstm one spot R, 068 (ethylene glycol), 
neoschaftoslde and schaftoslde two spots R, 0 48 and 0 68 

‘“C NMR spectra were measured on a Vartan FT-8OA spectro- 
meter usmg DMSO-d, solns of neoschaftoslde (22 mg) and 
schaftoslde (19mg) at 30” Data for neoschaftoslde (ppm from 

TMS) 6 182 1 (C-4), 163 O/162 8 (C-2/7), 1612 (C-4’), 159 8 (C-5), 
152 5 (C-9), 128 5 (C-2’, 6’), 1210 (C-l’), 116 0 (C-3’, 53,109 1 (C- 
6), 102 9/102 5/102 2 (C-3/8/10), for sugar carbon resonances see 
Table 1 
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