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Abstract-6-C-a-L-Arabinopyranosyl- and furanosylacacetins have been synthesized. They are isomerized by short 
acid treatment to give a mixture of the four anomer/ring size combinations without any Wessely-Moser isomerization. 
In the same conditions molludistin (8-C-u-L-arabinopyranosylgenkwanin) led only to a mixture of molludistin and 8-C- 
or-L-arabinofuranosylgenkwanin. This is the first demonstration of ring sugar isomerization in C-glycosylflavones. In 
usual solvent systems, cr-anomers are easily separated from fi-anomers, whereas corresponding pyranosyl and furanosyl 
anomers are not. However, they are easily separated after permethylation and characteristic features are found in the 
mass spectra of PM 6-C-arabinofuranosyl isomers. 

INTRODUCTION 

The most distinctive feature of C-glycosylflavonoids is 
their resistance towards acid hydrolysis that accounts for 
the difficulties encountered in the identification of the 
glycosyl residue. It was early recognized that partial 
isomerization often occurs under these conditions since 
saponarin (1) has been shown by Barger [l] and Nakaoki 
[2] to give glucose and a mixture of vitexin (2) and 
saponaretin (3). 

The characteristic difference between the chromato- 
graphic properties of vitexin and saponaretin allowed 
Seikel and Geissman [3] to demonstrate that acid treat- 
ment of each compound gives a mixture of both and led 
them to consider saponaretin as a hydrolysis product in 
which the cyclic ether side chain of vitexin proposed by 
Evans ef al. [4] would be opened into a linear poly- 
hydroxylated side chain. On the other hand, the acid 
isomerization of orientin (4) and homoorientin (5) was 
first interpreted by Koeppen [S] as a simple epimerization 
of the cyclic side chain and only later [6] as a 
Wessely-Moser rearrangement, a conclusion simul- 
taneously and independently reached by Horowitz and 
Gentili [7] about vitexin and saponaretin. This rearrange- 
ment implies hydrolytic opening of the flavone hetero- 
cycle and cyclodehydration of the intermediary fl- 
diketone (6) without any structural modification of the 
sugar residue. 

However, when 6-C-xylosyl-, 6-C-arabinosyl-, 6-C- 
galactosyl- and 6-C-rhamnosylapigenins became 
available on C-glycosylation of apigenin, it could be 
shown that acid treatment of 6-C-xylosyl-, 6-C- 
arabinosyl- and 6-C-galactosylapigenins gives on 2D-PC 
several spots showing the UV spectra and chromatogra- 
phic properties of C-glycosylapigenins whereas, in the 
same conditions, 6-C-rhamnosylapigenin only gives two 
spots corresponding to the pair of Wessely-Moser iso- 
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mers [8]. This could be ascribed to a further acid 
isomerization of the sugar heterocycle in the former 
compounds, but the available amounts precluded any 
structural study. Our interest in that field was renewed by 
the discovery of three natural 6,8-di-C-glycosylapigenins 
containing arabinose and glucose. Schaftoside from Silene 
schafta [9] was shown to be 6-C-fl-D-glucopyranosyl-8-C- 
a-L-arabinopyranosylapigenin [lo] and to give on acid 
treatment several isomers, of which one could be identi- 
fied with 6-C-u-L-arabinopyranosyl-8-C-P-D-gluco- 
pyranosylapigenin prepared by C-arabinosylation of vi- 
texin [l l] and with a natural compound isolated from 
Flourensia cernua [12]. This Wessely-Moser isomer of 
schaftoside was, therefore, named isoschaftoside, the 
name neoschaftoside being given to another isomer, 
chromatographically indistinguishable from a natural 
compound co-occurring with schaftoside in Catananche 
cerulea [13]. Permethylation of these compounds and 
comparison of the mass spectra of their PM derivatives 
[14] led to the conclusion that neoschaftoside was, like 
schaftoside, a 6-C-glucosyl-8-C-arabinosylapigenin, their 
difference being, therefore, at the sugar level. The natural 
occurrence of 0-L-arabinofuranosides then prompted us 
to synthesize a 6-C-arabinofuranosylflavone in order to 
compare it with its pyranosyl isomer and to study their 
acid isomerization. Later on, acid isomerization of mol- 
ludistin [ 151 a natural 8-C-a-L-arabinopyranosyl- 
genkwanin, could be examined and we now show that 8- 
as well as 6-C-arabinosylflavones undergoes a facile acid 
isomerization of the sugar residue leading to a mixture of 
anomeric C-arabinopyranosyl- and C-arabinofuranosyl- 
flavones [16]. 

RESULTS AND DISCUSSION 

In previous work on C-glycosylation of 5,7-dihydroxy- 
flavones, the resulting mixture of 0- and C-glycosides was 
usually heated with an acid to hydrolyse 
0-glycosides before chromatographic separation of the 
reaction products. This simplification was no longer 
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possible in the attempted C-arabinofuranosylation owing 2,3,5-tri-O-benzoyl-t-arabinofuranose. we prepared s(- 
to the risk of acid isomerization of the sugar residue. This bromo-2.3.Stri-0-acetyl-r;arabinofuranosc according to 
led us to choose acacetin (5,7-dihydroxy-4’-methoxy- Bock and Pedersen [ 171. Condensation of a very large 
flavone) for C-arabinosylation in order to keep an excess of the latter with acacetin (molar ratio 50: I b in the 
apigenin-derived skeleton and to limit the number of presence of lithium methoxide in methanol and poly- 
possible 0-glycosides in the reaction mixture. amide CC of the butanol-soluble fraction of the reaction 

No C-glycosylation being observed when using r-bromo- mixture led to a few mg of a crystalline compound (7) 
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showing the UV spectra, chromatographic properties and 
colour reactions expected for a 6-C-glycosylacacetin. Its 6- 
C-arabinofuranosylacacetin structure was confirmed by 
the ‘H NMR spectrum of its perdeuteriomethyl (PDM) 
derivative in which all sugar protons could be identified by 
their coupling constants. However, the coupling constant 
(J = 7.6 Hz) and chemical shift (6 5.47) of the anomeric 
proton did not indicate what the configuration was (later 
shown to be a). The EIMS of the permethyl (PM) 
derivative showed the same fragmentation pattern as PM 
6-C-arabinopyranosylapigenin [14], but characteristic 
differences could be observed in the relative intensities of 
some ions and in the metastable peaks. The molecular ion 
is now the base peak and the importance of ions c [M 
-47]+, n[M-117]+ and h[M-119]+ [14] is con- 
siderably increased, whereas a new important ion [M 
-79]+ appears. On the other hand, the characteristic 
decrease of the ion m/z 88 in the mass spectra of PM 
arabinofuranosides compared with PM arabinopyrano- 
sides [18] is also found here to a lesser extent. Moreover, 
the metastable ions found in the mass spectrum of PM 6- 
C-arabinofuranosylacacetin correspond to the transitions 
[M]+-+[M-15]+, [M-15]++[M-47]+ and [M 
- 47]+ -+ [M - 791’ instead of the transitions [M] + 
+ [M-31]+ and [M - 31]+ + [M -63]+ deduced 
from the metastable ions present in the mass spectra of 
PM 6-C-glycopyranosylflavones [ 191. In addition to 6-C- 
cc-I_-arabinofuranosylacacetin, another compound show- 
ing the UV spectra, chromatographic properties and 
colour reactions of acacetin-7-0-L-arabinofuranoside 
could be isolated, in too small amounts for a complete 
study. 

In a parallel experiment, condensation of acacetin with 
a large excess (molar ratio 25: 1) of a-bromo-2,3,4-tri-O- 
acetyl-L-arabinopyranose prepared according to ref. [20] 
led to 6-C-a-L-arabinopyranosylacacetin (8) and acacetin- 
7-O-L-arabinopyranoside. The structure of the former 
was assigned from the EIMS of its PM derivative which 
was identical with that of PM 6-C-arabinopyranosyl- 
apigenin and from the ‘HNMR spectrum of its PDM 
derivative in which the anomeric proton appears as a 
doublet (6 4.78) with a coupling constant, J = 9.8 Hz. The 
presence of a di-C-arabinosylacacetin in the first fractions 
was confirmed after acid hydrolysis and the same 6,8-di- 
C-a-L-arabinopyranosylacetin could be isolated when 
the condensation was followed by acid hydrolysis of the 
reaction mixture before separation by polyamide CC. It 
was characterized by the EIMS of its PM derivative which 
was found to be the same as those of the PM derivatives of 
di-C-pentosylapigenins isolated from Melilotus alba [21] 
and Hymenophyton leptopodum (HL-2) [22]. Moreover, 
the three PM derivatives showed the same migration on 
TLC, quite different from that of PM 6,8-di-C-P-D- 
xylopyranosylapigenin. 

Chromatographic comparison of 6-C-a-L-arabino- 
pyranosyl and furanosylacacetins showed they are not 
separated on cellulose or paper in BAW and 15 y0 acetic 
acid or on silica gel in ethyl acetate-pyridine- 
water-methanol (80: 12: 10: 5), i.e. in solvent systems 
classically used in the separation of C-glycosylflavones. 
An important consequence is that the existence of C- 
arabinofuranosylflavones may be overlooked if only 
cochromatography with standard C-arabinopyranosyl- 
flavones in usual solvent systems is used for comparison. 
However, two systems were found to give a good separ- 
ation on Si gel TLC, namely ethyl acetate-methyl ethyl 

ketone-formic acid-water (5: 3: 1: 1) and chloroform- 
methanol (5: 1). Moreover, the PM derivatives are easily 
separated on Si gel TLC in chloroform-ethyl 
acetate-acetone (5:4: 1). 

Comparison of IR spectra (KBr) disclosed interesting 
differences in the region 100&l 100 cm-’ characteristic of 
the sugar residue: 6-C-arabinopyranosylacacetin as well 
as acacetin-7-0-arabinopyranoside present a strong ab- 
sorption band around 1075 cm-’ whereas 6-C-arabino- 
furanosylacacetin as well as acacetin-7-O-arabinofurano- 
side present a minimum around 1075 cm- ’ and a maxi- 
mum around IllOcm-‘. 

Isopropylidenation of 6-C-a-L-arabinopyranosyl- 
acacetin with 2,2_dimethoxypropane according to Jarman 
and Ross [23] led to a monoisopropylidene ketal charac- 
terized by the mass spectrum of its PM derivative which 
showed interesting features: importance of the ions [M] + 
(498), [M - 15]+ and [M - 31]+ (100%) the persistence 
of which agrees with the presence of a 2”-methoxyl, 
presence of ions h-I [ 141 at m/z values encountered in PM 
6-C-arabinopyranosylacacetin, but with a considerably 
reduced importance of i (from 100 to 16%) in agreement 
with a transfer of the 3”-methoxyl to the C-l” of the PM 
sugar residue in the formation of this ion [19], presence of 
the transitions [Ml+ *[M-31]+ and [M-31]+ 
-+ [M - 89]+ indicated by metastable ions, the latter 
corresponding to the loss of acetone characteristic of 
isopropylidene sugars [24]. 

After this preliminary characterization of the a- 
furanosyl and pyranosyl isomers, they were heated in 
methanolAN HCl (1: 1) at loo” in a sealed tube 
and the resulting mixture was studied by ZD-PC and 
TLC. It was observed that heating times of 45 min or less 
did not lead to any significant Wessely-Moser isomeriz- 
ation, since all compounds formed showed with dia- 
zotized benzidine the red colour of 6-C-glycosyl-5,7- 
dihydroxyflavones. They were best separated on Si gel in 
chloroform-methanol (5:1), the same four spots being 
obtained from both isomers. Two of these spots cor- 
responded to the a-furanosyl and a-pyranosyl isomers, the 
latter being the main one, the two others to unknown 
compounds showing a higher migration. 

The more easily available 6-C-a-L-arabinopyranosyl- 
acacetin was then repeatedly submitted to acid isomeriz- 
ation and the two unknowns could be isolated by prep. 
TLC in sufficient amounts for permethylation and per- 
deuteriomethylation. Mass spectrometry of the PM de- 
rivatives showed that both were 6-C-arabinosylacacetins, 
one being a 6-C-pyranosyl isomer, the other a 6-C- 
furanosyl isomer, from their similarity with those of the 
above PM 6-C-a-pyranosyl and 6-C-a-furanosyl isomers. 
The 6-C-/?-I=arabinopyranosylacacetin (9) structure was 
deduced from the ‘H NMR spectrum of the correspond- 
ing PDM derivative which showed the anomeric proton 
as a broad singlet at 65.26, whereas in the ‘H NMR 
spectrum of the other PDM derivative, the anomeric 
proton appeared as a doublet at 6 5.80 with a coupling 
constant J = 7.2 Hz. In spite of the similar values of the 
coupling constants, the 6-C-B-L-arabinofuranosyl- 
acacetin (10) structure could be ascribed to this isomer 
(and a to the other) on the basis of the 6values of the 
anomeric protons, since it is well-known that the anom- 
eric proton is found at lower field in aldofuranonucleo- 
sides bearing c&related substituents on C-l’ and C-2’ 
[25]. This indeed is the case with the closely related C- 
nucleoside, 5-b-D-arabinofuranosylisocytosine (II), 
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