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Abetract-The rates of hydrolysis of more than a hundred tkavonoid glycosides have been measured, using 
N HCl, /I-ghxosidase, j&ghrcuronidase or anthm. Themsultsshowthatsuchmeasurementsare 
useful (a) in distingukhmg 0- from C-glycosides, (b) in characterizing flavonoids having sugars attached 
to more than one hydroxyl group, and (c) for determining suitable conditions for the isolation of intermediate 
glycosides. Flavonols with glucuronic acid or glucose attached to the 7-hydroxyl are readily wed 
from those having rhamnose attached by their resistance to acid hydrolysis; timce for complete hydrolysis 
are 180,25 and 5 min respectively. ~-Glucosidase attacks the 3-, 7- and 4’-O-glucosides of quemetin at the 
same rate, but preferentially removes ghtcose from the 7hydroxyl group of quercetin 7ghrcoside-3-sophoro- 
side. Anthocyanase hydrolyses anthocyamdin 3galactosides, 3-ghxosides and 3-(d&cosides) much more 
rapidly than 3-rhamnosidm. 3-arabmosidee and acyiakd glycosides. 

These prckxdures have been applied in combination with other methods, to the identi6cation of tlavonol 
glycosides present in species of Allhun, Hel&wus. Luthyrus. Matthiola, Potentilla and D&a. New glycosides 
now characterized are: the 7-gl~ronide-3-rutinosides of kaempferol and quercetin, the 7-rhamnosida3- 
lathyroside and 7-rhamnoside-3+amnosylarabinoside) of kaempferol, and the 7ghrcoside3+yhxyl- 
ghrcoside), the 3,4’dightcoside. the 3,7diglucuronide and the 7-glucoside-3-(caffeoylsophoroside) of 
que=tin. 

INTRODUCTION 

ALTBOUGH it is accepted that flavonoid aglycones such as quercetin and cyanidin are almost 
universally distributed among higher plants,1 it has only recently become apparent that some 
of their glycosidic forms are very restricted in distribution and thus of potential phytochemical 
interest.2~3 This is particularly true of flavonoids having more than two monosaccharide 
units; of the eighteen known classes of anthocyanidin glycoside, no fewer than seven have 
three sugar units.2*4 Similarly, of the forty flavonol glycosidic types, fourteen have three 
s~gars;~ and a flavonol with three glucoses and a rhamnose is known in Solanum seed 5 and 
one with five sugars has been partly characterized from lii@s&utn leaf.6 While these are all 
O-glycosides, a series of flavonoid C-glycosides have also been found to occur widely in 
plants.‘0 s The best-characterized C-glycosides are all flavone derivatives (i.e. are glyco- 
flavones) but flavanone and isofiavone C-glycosides have also been descrihed.9~10 These 

l Part XIII. J. B. H-M and E. ILur_, Phytochem 3,453 (1961). 
1 T. SWAIN and E. C. B~m-!Ibn’rri, in Comparative Biochwtuktry (Edited by M. Fromrm and H. S. hfASON), 

VoL IIIA, p. 755, Academic Press, New York (1962). 
2 J. B. HARBORNE, in C/remicul Phmt Taronomy (Edited by T. SWA@, p. 359, Academic Press, London (1963). 
3 J. B. HARBORNE, BiochenuMy of Phenolic Compowdr, p. 129, Academic Press, London (1964). 
’ J. B. IUurom Phytochem. 2.85 (1963). 
5 J. B. H-run?., &ckn. J. 84,100 (1962). 
6 S. BECKMANN and H. Garcwa, Phytochem. 2,281(1963). 
7 L. Ho- and H. W~orrsa, in Chemistry of Natural Phetwlfc Cornpod (Edited b’ W. D. Ours). 

p. 185, Pergamon Press (l%l). 
* I_.. J. mmas, Advances in Carbohjdkate Chem. 18,227 (1963). 
9 W. E. Hnus and A. CARLA, Awt. J. Chem. 16,147 (1963). 

10 S. !kUlWTA, T. Mm and Y. N-WA, J. Pharm. Sot., Japan 79,757 (1959). 
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C-glycosides either occur as such or, more frequently, in O-glycosidic combination. While 
no flavonol C-glycoside (or glycoflavonol) has yet been fully characterized, such a structure 
was recently proposed to explain the resistance to acid hydrolysis of some flavonois occurring 
in certain plants of the families Leguminosae, Liliaceae, Ranunculaceae and Rosaceae.“** 

The problem, therefore, of characterizing flavonoid glycosides has become much more 
complex, depending as it does on distinguishing not only between 0- and C-glycosides. but 
also between a range of different 0-glycosidic combinations. Whilst a variety of methods 
(e.g. those based on spectral measurements,” HzOz oxidation,14 etc.) exist for doing this. 
there is little information about the response of the various glycosidic bonds to hydrolytic 
attack by acid or enzyme. Thus, on the one hand, it has been assumed that all 0-glycosidic 
bonds are split by acid treatment (2 N HClf at LOO’ for 30 min:r5 on the other, there are 
reports of 0-glycosides requiring several hours’ heating with acid for complete hydrolysis.16 
Similarly, while most workers report that C-glycosides arc unaffected by heating with I N 
acid for 24 hr, there is some evidence that hydrolysis does occur after shorter periods of 
heating.8 Furthermore, while the acidcatalyscd hydrolyses of many simple glycosides 
have been studied rather carefully (e.g. I’). there is no precise informatio~~ about the rate of 
hydrolysis of the more complex flavonol glycosider such as rutin. 

This lack of information became particularly apparent when re-examination of some 
of the “glycoflavonols” in the plants mentioned above showed them to be Ravonol O-glyco- 
sides which were readily susceptible to enzymic hydrolysis. rH Again. although -glucosidase 
@-D-glucoside glucohydrolase) and /%glucuronidase (P-D-glucuronide glucuronohydrolasr) 
are used occasionally for purposes of flavonoid characterization, they are not used routinely 
and there is little information about their effect on glycosides other than simple P-glucosides 
or &$ucuronidcs. A third cnzymc, anthocyanase, is available for the hydrolysis of antho- 
cyanins,’ y but, apart from a brref study by Forsyth and Qucsnel”’ of the properties of cacao 
anthocyannse and our own preliminary observations.” little is known about its substrate 
specificity. 

In order, therefore, to extend the use of controlled acid and enzymic hydrolysis in the 
study of these glycosides. the rates of hydrolysis of series of known flavonoids have been 
examined and the results are reported here. Using these and other methods. some of the 
acid-resistant flavonol glycosides in the Leguminosac. Liliacene. Ranunculaceae and 
Rosaccac have been identified. 

RESULTS 

Twenty flavonoid monoglycosides were hydrolysed by heating at 100’ in 2 N HCl-ethanol 
(I : 1) in stoppered tubes. An acid-alcohol mixture was chosen in order (a) to bring some 

11 K. EGGER, Z. Natrrrforsck Mb, 401 (1959). 
12 E. C. BATE-SMTH and T. SWAIN, C&W. & M, ~~~~032) Ii32 (1960). 
f3 L. JURD, in Chemistry of‘FlaiotroidConrpoutti~~ (Edited by T. A. GFISSMAF;). p. 107. Perpamon Press (1962). 
l.~ B. V. CHANDLER and K. A. HARPER, .4ust. J. C%em. 14,586 (1961). 
Is E. C. BATE-SMITH. Sci. Pr~c. Ro.v. Dd~lit~ SW. 27. 165 (1956): J. f.mu. SW.. Lotrrlo~r (Boturt.~) 58.95 (1967). 
‘0 S. HAITORI. in Cknisrr.r r~ff%t~o,roid Compow~dr (Edited by T. A. GFJSSMAN). p. 317, Pergamon Press 

(1962). 
‘7 W. G. OVFXEND, C. W. REES and J. S. SEQUEIRA, J. C&n. SM. 3429 t 1962). 
ln J. 3. HARBORNE, Chern. & It&. U~tuioti) 222 (1963). 
I9 H. T. f&JANG.f. rlgr. Fad Ckm. 3.141 (19.54); Noiure 177. 39 (1956). 
1O W. G. C. FORSYTH and V. C. QIJESNEL, Biochem. J. 65,177 (1957). 
x J. B. HARMRNE and H. S. A. SHERRATT. Eiochem. J. 65.24P (1957). 
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aqueous-insoluble glycosides into solution, (b) to prevent the aglycone from uystaWng 
out during hydrolysis and (c) to prevent loss of aglycone by auto-oxidation (cf. Nordstrom 
et a1.).22 

Samples were taken at suitable time intervals and the aglycone and glpsi& present 
were separated by paper chromatography in 15 % aq. acetic acid. The aglycone and glycoside 
spots were cut out, eluted with 70 % ethanol and their proportions estimated spectrophoto- 
metrically; the rates of disappearance of glycoside and of appearance of aglymne were iu 
broad agreement with each other. The results, based on disappearance of the glycosides and 
expressed in terms of the time required for 50 per cent hydrolysis, are given in Table 1. The 

TABLB 1. RAT&~ OF HYDROLYSIS OP F~~vowm C~LYCDSIDES 

Glycosi&* 

Time required for 
50% bdrol& 

mm 

IWmated time for 

times for complete hydrolysis could not be measured with the same precision since rates of 
hydrolysis fell off towards the end of the reaction. The rata for seven quercetin glycosides 
are shown in Fig. 1. 

The results show that the most important factor in determining the rate of acid hydrolysis 
is the nature of the sugar moiety. The monosaccharides can be placed in the foIlowing order, 
based on ease of hydrolysis: x,-rhamnose = r.-arabinose > D-gluc.ose*~-gahtctose > 

21 C. G. Nomsritbd, R HAKAIAX and L. J. KARUMM, Siumwn IkmihWi 36B, 102 (1963). 
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r@ucuronic acid. The resistance of 0-glucuronides (or 0-glucosiduronic acids) to hydrolysis 
is a well-known phenomenon ; polysaccharidescontaining uranic acid residues 23 and saponins 
containing glucuronic acid 24 are also particularly resistant to acid hydrolysis. This resistance 
is apparently due to the fact that the conformation of glucuronides is different from that of 
other glycosides and not because of the polar nature of the carboxylic acid grouping in the 
fIGposition.* The position of substitution is also important: 3-glycosides are hydrolysed 
more rapidly than 4’-glycosides which are, in turn, hydrolysed more quickly than 7-glycosides 
(Table 1 and Fig. 1). These results agree with those of Simpson and Beton.‘” who have 
observed similar variations in the ease of demethylation of 3-. 7- and 4’-0-methylated 

FIG. 1. ftATE.S OF ACID HYDROLYSIS OF QUERCETIN MONOGLYCOSIDES. 

2 -3-Rhamnoside, ;; -3-glucoside and 3-galactoslde, o-4’-glucoside. A -7-glucoside, 
a-3-glucuroni&, l -7-glucuronide. 

flavones. The remarkable resistance of apigenin 7-0-glucuronide, which is only completely 
hydrolysed after 4 hr heating with acid, is thus due to the combination of these two factors, 
presence of an acidic sugar and position of substitution. 

By contrast, the nature of the aglycone has less effect on the rate of hydrolysis of the 
glycoside. Thus, analogous glycosides of kaempferol and quercetin behave similarly and the 
rates of hydrolysis of the 7-0-glucosides of flavonols, flavones, flavanones and dihydro- 
flavonols (Table 1) are all of the same order. Anthocyanins. however. differ from the other 
flavonoids in carrying a net positive charge and are, as expected. considerably more resistant 
to acid hydrolysis than tlavonol glycosides. For example quercetin 3-glucoside is hydrolysed 
within 5 min but cyanidin 3-glucoside requires 30 min for complete hydrolysis. Aromatic 
acyl groups attached to the sugars of flavonol glycosides and anthocyanins also increase 

23 R. L. WHISTLER and W. M. CORBETT, in The Carhohwares (Edited by W. PIGMAN). p. 641. Academic 
Press (1957). 

24 0. JEGER, Fortschr. C&m. Org. Naturstoffe 7, 1 (1950). 
25 T. E. nMELL, Chem. & Id (London) 503 (1964). 
16 T. H. SIMPSON and J. L. BETON, J. Gem. Sot. 4065 (1954). 
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resistance to acid hydrolysis. For example, tiliroside (kaempferol IO+u.mmaroylglu~ 
side))27 is not completely hydrolysed by 30 min heating with acid. 

Several flavone C-glycosides (including vitexin and lutexin) and the xanthone C-glucoside, 
mangiferin, were heated for 24 hr at 100“ with the alcohol-acid mixture used in the above 
experiments. No appreciable hydrolysis had occur14 at the end of the treatment and it is 
clear that these C-glycosides are much more resistant to hydrolysis than the most recalcitrant 
0-glycoside, i.e. apigeniu 7glucuronide. 

Enzymic Hydrolysis of Fkavonol Glycosidks 

The effects of &glucosidase and anthocyanase* on a series of kaempferol and quercetin 
glycosides were studied and the results are shown in Table 2. The /9glucosidase used was 
from a commercial source and had pgalactoside @-ogalactoside galactohydrolase) activity, 

TABIE 2. ENZYME HYDROI.~~~ op ~A~~XWX, o~~co,~~& 
(A,wrru ~L~~~IDASE;B,~~~ANTH~~Y~~) 

Rapid(< 1 hr) Slow (l-24 hr) None (after 24 hr) 

3-c+lucoeide 
7x&zo!Kide~ 
4’Qhuxxide 
3,7-Dighlakde 
3.4’~D@coside 
7-Glucoside-3isophomside&l 
f-Gala&&de 

3-Rlulmnoside 
3-Rutinoside 
3-Ghlaxide 
3,7-D@lcoside 

A 
3-GentiobiaGde 3-Sophorosidet 

3-Rhanmoside 
3-Rutinc6ide 
7-Rhamnosidb3-sophoroside 
7-Rhammxide-3+coaykphortide 
7-Rhamntide-3-rhamnosylOalactosidc 
3-(pcoumaro YWde) 

B 

3Gentiobkxiide 
7-Rhamnoside-3-8ophoroside. 
7-Rhanlnosid&- 

&=Y~ho~de 

l In most cases, both kaempferol and quercetin glytideg were studied; in some ins~xxs, only one or 
other of the two glycosidea was available. 

t The 3-sophoroside only shows sIight hydrolyG8 after 24 hr, and is not hydrolysed completely, even 
after 21 days’ Incubation (cf. L. BIRKOFER and C. KAISER, 2. Naturforsc~ 17b, 359 (1962)). 

$ ‘I-O-Ghxosides of dihydrokaempfcrol, of muinge& and of luteolin were alsO rapidly hydroMed. 
8 Give3 the 3-sophoroside (see text). 

but no appreciable a-glucosidase activity. The anthocyanase, a crude enxyme mixture from 
Aspergillus niger and also commercially available, was used because prelimmary studies 
indicated that, besides having /?-glucosidase, it contained appreciable amounts of a-rham- 
nosidase (cc-rkamnoside rhamnohydrolase). Thus, it hydrolysed methyl a-D-glucose, 
methyl a-r+mannose, maltose, rutinose (6-0-a-L-trhamnosyl-o-glucose) and rutir~.~~ 
Although a-rhamnosidase has been found in a number of higher plants,29 the fungal prepara- 
tion is a most convenient source of this enxyme. 

Results with ~glucosidase were as expected : all monoglucosides were rapidly hydrolysed, 

l StrictIyspeakin&thisnanxshouldberes~fortheenzymes whichs@fkaUyhydro~anthocyanim 
(see later). It is used here to indicate a crude enzyme preparation, which contains a number of hydrolases. 

2’ J. B. I%uuORN@, ~~~k?ck??& 3,151(1964). 
~8 P. A. J. G~IUN end A. S. PEWN, Can. J. Chmr. 37.1930 (1959). 
29 H. SUZUK& /I&I. B&hem. Blophys. 99.476 (1962). 

8 
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whereas other glycosides, if attacked, were only slowly hydrolysed. The 3-. 7- and 4’-O- 
glucosides of quercetin were all rapidly hydrolysed by /I-glucosidase. although Horhammer 
etaL30 have suggested that flavonol4’-0-glucosides are rather resistant to hydrolytic enzymes. 
The difference in the rate of hydrolysis of flavonol 3-sophorosides and 3-gentiobiosides is 
noteworthy, but the disaccharides themselves are known to vary considerably in their 
susceptibility to hydrolysis.3’ The slow hydrolysis of the 3-sophoroside @l-t2 link) as 
compared with the 3-gentiobiosidc (/I1 -;_6 link) may bc due to steric factors. The slow 
hydrolysis of these flavonol diglucosides means that monosaccharides may be removed 
preferentially from flavonols having two glucoses attached in one position and one in 
another. Indeed, quercetin 7-glucoside-3-sophoroside. on treatment with /3-glucosidase for 
1 hr. gave the 3-sophoroside in good yield. 

The results with anthocyanase were largely complementary to those obtained with 
&glucosidase. It hydrolyscd all those flavonol glycosides (c.g. rhamnosidcs) which were not 
attacked by /I-glucosidase or P-glucuronidase. It even attacked. albeit slowly, kaempferol 
3-triglucoside-7-rhamnoside. Anthocyanase is also useful for confirming the presence of 
a-linkages in flavonol glycosides. For example. the linkage of the three common flavonol 
3-rhamnosides (kaempfcritrin. quercitrin and myncitrin) must be the cxpectcd a-linkage 
since none is hydrolysed by p-glucosidase but all are rapidly hydrolysed by anthocyanase. 

Etqttlic Hydro1wi.v qf Anthocya~rins 

Before use, the commercial anthocyanase preparation was purified I Mold by ( NHJ)$S04 
precipitation: further purification with (NH&SO., gave no improvement in activity. The 
purified enzyme still retained considerable a-rhamnosidase and /3-glucosidase activity towards 

TABLE 3. ENZYMIC HYDROLYSIS Ot k?THOCYA\lM’ 

Hydrolysis with mrtl~ocytrc~sct 
Rapid (-z 4 hr) Slow (448 hr) Kane (after 72 hr) 

-- .--.-_--._.__ .- .- ..- - ._ __. ---- -- ._.-_---- _ 

3-Glucostdc 3-Arabinoside 3-(p_Co~lglucoside)-S-gluooside 
3Galactoside 3Rhamnoside 3-(Caffeoylglucoside)-5-glucoside 
S-Glucoside ?-Rutinoside 7-Glucoside-3-sophorosidc: 
3,SDiglucoside 5-Glucoside-3-rutinoside 
3Gentiobioside S-Glucoside-3-rhamnoside 
3-Sophoroside 5-Glucoside-3-sophorosidc 
3-Sambubiosidc 

l Glycosides of more than one of the six common anthocyanidins (pelargonidin. cyanidin. peonidin, 
delphinidin, petunidin and malvidin) were tested in each class and there was no evidence that the structure 
of the aglycone moiety appreciably affected the rate of hydrolysis. 

t Huang’s conclusionts that cyanidm 3-glucoside is not hydrolysed by P-glucosidase was confirmed and 
extended to a range of other anthocyanins. 

$ The fatlurc to hydrolyze this glycoside may have been due to the presence of an impurity inhibiting 
enzyme activity. Repeated attempts to purify thb glycoside failed. 

flavonols (see above). A range of different anthocyanins was incubated with the enzyme 
and the rates of hydrolysis were followed by taking aliquots at regular time intervals. The rate 
of disappearance of anthocyanin was noted; the anthocyanidin produced was irreversibly 
lost. due to pseudo-base formation at pH 4 and breakdown,” and did not interfere with 
spectral measurements on the anthocyanin in the visible region. 

30 L. H~RHAMMER, R. HANSEL and W. ENDRES, A&. Phcr~m. 289,133 (1956). 
st H. BAUMANN and W. PIMAN, in The Curbohydrates (Edtted by W. PI~MN). p. 562, Academic Press (1957). 
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The results (Table 3) show that all simple 3-O-~glycosides were rapidly hydrolysed, 
a-glycosides were slowly hydrolysed and acylated pigments were not atfected. The resistance 
to hydrolysis of the a-glycosides has preparative value, since good yields of 3-a-LAamno- 
sides may be obtained from the corresponding 5-glucosida3-rhamnosides.4 The resistance 
of rhamnosides, arabinosides and rutinosides to anthocyanasc indicates that this enzyme 
has very little a-anthocyanase activity. It differs in substrate specilkity from the cacao 
anthocyanase of Forsyth and Quesnel, *O which hydrolyses &r+galactoside and a-carabino- 
side, but not @@ucoside or @xyloside. Indeed, the fungal enxyme hydrolyses ~-B-D- 

glucoside and 3-/I-D-galactoside at very similar rates (see Fig. 2). 

FIG. 2. RAm OF ArmmcYANm HYDROLYSIS OF CYANIDIN c3LYcxslDEs 

~-W%a3sido, a--3-gahtoside, O-3-sophoroside, A-3-rutinoside 

Identification of Havonol3,7-Diglycosides 

The use of acidic and enzymic hydrolyses as an aid to identiiication may be illustrated 
by reference to the acid-resistant flavonols found by Egger” and by Rate-Smith** in plants 
of the Leguminosae, Lilkeae, Ranunculaceae and Rosaceae. It was earlier shown’* that 
these pigments are not glycoflavonols but are 7-0-glucosides or 7-O-glucuronides. It is now 
confirmed, from studying flavonol glycosides of representative species of these families, that 
only 0-glycosides are present in these plants and that the 7-0-glycosides arise by acid 
hydrolysis of 3,7diglycosides originally present in the plant extracts. Flavonol glycosides 
present in each of the four families mentioned will be considered in turn. 

(1) FkzvoncZs of the Ldiaceae. Leaves of the cultivated tulip were reported to give, after 
acid hydrolysis at 100” for 20 min, two tlavonols designated GK and GQ;i* in order to 
distinguish them from similar substances from other sources, they will be referred to here as 
GKl and GQl. After purification by paper chromatography, these two substances were 
hydrolysed with acid. They proved to be very resistant, but were completely hydrolysed 
after 34 hr treatment to kacmpferol or qucrcetin and D-&mUOIIk acid. In rate of 
hydrolysis, they were very similar to apigenin 7glucuronide (see Table 1). On treatment with 
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&glucuronidase, GKl and GQl were rapidly and completely hydrolysed, thus proving that 
they were simple &glucuronides. Spectral data (no shift in the presence of sodium acetate. 
see Table 4) show that they arc 7-O-glycosides; furthermore, they differ in Rf value and 
colour reactions from the correspondmg 3gIucuronides, isolated from P~r~.~e~l~s szrignrk”’ 
GKl and GQl are thus kaempferol and quercetin 7-U-glucuronides respectively. 

TABLE 4. CHR~MAIXXIRAPHIC AND SPECTRAL PROPER-I-IFS OF FLAVOWL GLYC~SIDLS 

R,wlues m 
,..---_: 

hgment source HAW 
~----_- - .---_.-.- __.-.- -...-_ _ . 

GKl 
GQI 1 0.53 

Tulijm leef 
0.26 
0.26 
0.20 

TGl 
TG2 
GK2 c 
V4 
GQ2 
Hi 
H2 
H1.2 I 
LF4 
Incanin 
PRl 
Kaempferol.3~ghrcuronide 
Quercetin 3glucuronide 
Robinin 

zathn us Yertlus leaf 0.52 
0.20 
0.32 

HeI~eboncr fietitks petal 

L.u1I?)‘rus odorarus petal 
Mutthida incarra petal 
Potetitilla reptats leaf 

A ilium cepa leaf 

0 21 
0.16 
0.14 
0.53 
0.58 
0.16 
0.53 
040 
0.48 
0.35 
0.23 

-. 
H:O 

0.04 
0.02 
0.92 
090 
o-02 
*70 
0~00 
064 
0.65 
0.61 
0.71 
0.59 

067 
O-69 
tt.54 
0.29 
0.03 

BEW PhOH 
-.._-. .._ 

0.34 o-35 
0.25 0.18 
0. I 7 0.39 
0.12 028 
0.42 066 
0.07 o-54 
0.32 O-40 
0.47 0.39 
0.35 0.38 
0.20 0.37 
048 0.73 
0.54 0.72 
0.23 0.27 
0.51 0.25 
044 0.16 

X:G 0.72 0.42 
0.19 0.34 

95” EtOH EtOH- EtOH- EtOH- EtOH- ’ .* 

r Band I 
\ NaOEt NaOAc H3BGs Ah& 

Band II Band II Band I Band II Band ii 
-- _.I____~ .-.-- ---- --. - _ .__-_.-. _-_--_-_-__-.____ 

Kaempferol glwzoside~ : 
3-Gluwronide 
%GIycosides (GKI and 

GK2) 
3,7-Diglycosides (TGI. 

PRI, V4. LF4, incanin) 

Quet cetbt g!,.co.sides: 
3-Glucuronide 
7-Glycosides (GQI. GQ2) 
3.FDtglycosidw (TG?,, 

H2, H1.2) 
Caffeoyi deriv. (Hl) 

Qu2 

Qu3 

Methyiation and Hydro- 
lysis product of Qu2 

264 352 394 274 352 349.380 
268 368 422 268 370 355.425 

267 350 388 267 351 348,384 

258 364 41Y 264 374 364,390 
257 37s 421 256 385 405,425 
3.58 360 438 258 382 370.400 

254 
36Wnfl.) 
259(infl.) 
267 
256 
265(infl.) 
275 

33.5 

350 
371 
42O(inR.) 
363 

412 
350 
380(infl.) 
427 

256 
368(infl.) 

270 
256 

364 

352 
371 

426 
26S(mfl.) 
276 362 

334,406 

34% 397 
351.423 

325.417 

31 C. A. Mwwr. h’u~~rrc 176, 176 ( 195s) (see also Experimental). 
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Examination of tmhydrolysed extracts of TU&M leaf showed that two glycosides TGl 
and TG2 were present. They gave, as expected, GKl and GQl on acid hydrolysis and were 
hydrolysed by ~glucuronidase to give kaempferol and quercetin 3-rutinoside, respectively. 
These results, together with the spectral data (Table 4), show that TGl and TG2 are the 
7-0-glucuronide3-0-rutinosides of kaempferol and quercetin. Glycosides similar to TGl 
and TG2 also occur in the flowers of most cultivated tulips. They are presumably charac- 
teristic of the genus, since Bate-Smith33 has noted that GKl and GQl are present in acid 
hydrolysates of the leaf extracts of some twenty-three T&pa species. 

Bate-Smith33 also found compounds similar to GKl and GQl in acid-hydrolysed extracts 
of some other plants belonging to the Liliaceae, as well as of a few other related mono- 
cotyledons. The onion, Allium cepa, was chosen for study, partly because Herrmann3’ 
has already examined the flavonols present in the bulb. He found three quercetin glycosides, 
one of which he was able to identify as quercetin rl’glucoside. One of the other glycosides 
present, Qu2, has now been identified as quercetin 3,4’diglucoside (for details, see Table 4).* 
It is interesting that on acid hydrolysis Qu2 gives quercetin, the 4’glucoside and glucose, 
whereas on /3glucosidase hydrolysis, the only intermediate that could be detected was the 
3glucoside. The third glycoside, Qu3, was not present in any quantity, but its spectral 

Pigment Reagent Time of hydrolysis Prodwta(ratiosinparenthcses) 

GKl 

GQl 

TGl 

TO2 

GK2 

v4 

GQ2 

Hl 

H2 

H1.2 
LF4 

j3-GlU%Xidase 
Acid 
Acid 

@GlUXXXi~ 
Acid 

K 
f: 1 ;: :: 

1omin 
25min 1 

3hr 
15UlilI 
1omin 
15ti 1 
2hr 

45 min 
45 min 

4zn 
1omin 

smin 

3br 
lOmill 

Kaempferol and glucuronic acid 

Kaempferol3-rutinosib and glmmmic acid 
GKl 
Quexcctin 3-rutintide and ghmmmic acid 
GQ1 
Kaempferol and gluam 

Kaanpfeml3-sophoroside 
GK2 

Qwcetinandgluruse 

H1.2 and caffeic acid 
Caffcic acid, caffeoylglucae and GQ2 
GQ2, quercetin (0*8), glwxe (2-O) and xylae 

(l-17) 
Quercetin 3-xylo&#coside 
GQ2, quercetin (l*O), and glucose (2.89) 
Kaempferol (O-78). xylose (l-04). rhamncee (1-O). 

gala&se (1.13) and kaempferol7-rhamnosido 
Kaempferol (O-87), arabinaso (l-19, rhamnose 

(2-O) and kaempferol ‘I-rbamnoside 
Queatin, glucose and quercctin 3-ghacoside 
Qumetin, glucos and quemtin 4’-gldde 

+Thisglycosidchasalsobeenrcportedtooccurinho m&estnuts @I. WAONW, Narunviss. 48,54 (1961). 
butitspresenceinthissoumcouldnotbcconfinncdinthislaboratory0rbyAH.W~ (PliVXtO 

communication). 

33 E. C. BATIFSMTH, unpublished results. 
34 K. m, Arch. Pharm 291.238 (1958). 
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characteristics (Table 4), &values and colour reactions suggest that it is the 7,4’-diglucoside 
of quercetin. None of these three glycosides appears to be present in the leaf of the onion; 
instead, a substance behaving like a flavonol3,7-diglycoside is present. 

(2) Flavonols of the Leguminosae. The only plant of this family reported to contain a 
glycoflavonol is Lathyrus wrnus. Re-examination of the tlavonol (GK2) produced on acid 
hydrolysis of leaf extracts showed it to be kaempferol 7-0-glucoside. GK2 was identified 
by direct comparison of its properties with authentic material (Table 4) and by a study of 
its acid and enzymic hydrolysis. The unhydrolysed leaf extract of this plant contains at 
least five different flavonol glycosides. One of them, V4, gave kaempferol3-sophoroside on 
/I-glucosidase hydrolysis and. from its spectral characteristics and Ii’, is provisionally 
identified as the 7-glucoside-3-sophoroside of kaempfcrol (Table 51. This kacmpferol 
glycoside has been found in flowers of Petwlia35 and of Galanthm nivali.~.36 

Lathyrus wms is distinct from all other Luthyrm species in producing kaempferol 
7-glucoside on acid hydrolysis of a leaf extract. However, flavonol3,7-diglycosides do occur 
in other species, notably in flowers of L. odoratus. lR These are interesting since they represent 
a contrasting group of flavonol 3.7-diglycosides. the 7-sugars of which are rapidly lost on 
acid hydrolysis. The identification of kaempferol3.7-dirhamnoside and knempfcrol Mathy- 
rosidc-7-rhamnoside (LF3) from this plant arc therefore here included. The first of these 
glycosides has been found in several other legumes. but the second one is a new glycosidic 
type and is of interest because of its relationship to the anthocyanins uith which it occurs.4 

A flavonol 3,7diglycoside similar to LF4 in its lability towards acid is incanin. a knemp- 
ferol derivative in white flowers of Matthioka incana (Crucifcrae). The sugars are L-rhamnosc 
(2) and L-arabinose (1) and the detection of kriempferol7-rhamnoside ;1s an intermediate of 
acid hydrolysis shows the position of one sugar. Attempts to determine the order of the 
other two sugars attached at the 3-position have so far failed. 

(3) Flavonols of the Ranunctrlacrae. The prcsencc in many plants of the Ranunculaceac 
(thirty-four out of fifty-one spccics examined) of one or other of t\so unusual flavonols 
related in structure to kaempferol and quercetin was reported by Egger in 1959.” Later, 
Bate-Smith and Swain’” found that these t\vo flavonols corresponded in R,- vnluc to GK 
and GQ of Tulipu. Subsequently. Egger3’ isolated kaempferol 3.7-diglucoside from petals 
of Pueonia albijora and concluded that the GK found in acid-hydrolysed extracts of this 
plant during his earlier survey arose from this pigment (i.e. was kaempferol 7-0-glucoside). 
Helleborus foetidus, a plant of the Ranunculaceae rcportcd earlier to contain tiQ. has now 
been examined and the flavonol formed after acid hydrolysis (GQZ) of a petal extract has 
been identified as quercetin 7-0-glucoside (see Tables 4 and 5). The pctnls contain two 
glycosides. Hl and H2. which have been identified by the usual procedures as quercetin 
%caffeoylsophoroside)-7-glucosidc and quercetin 7-glucoride-3-(xylosylglucoside). Deacy- 
lation of HI gives quercetin 7-glucoside-3-sophoroside (HI.?), which has previously been 
identified in Petuniu flowers 3s but the xylose-containing pigment, H2. is a new glycosidc. 

(4) FIavonols of the Ro.wceac. The distribution of GK and GQ in the Rosnccac is of 
systematic interest. since they are restricted to Potentilla and the t\vo related genera, G’CI~I~ 
and Waldsteinia.38 In order to isolate material for rc-investigation. ilttention 1~~s turned to 
the leaves of the common weed, Potenrilla rep/mu. Difficulty ~‘a< expcricnced in isolating 

35 L. BWOFER and C. KAISER. Z. Nufurforsch. 17b. 329 (1963). 
J6 J. B. H4RRoRNE, unpublished results. 
37 K. EUGER, Z. X~rurfi~sch. 16b. 430 (1961). 
3* E. C. BATF-SW I tt. J. Lim. SC , Lnrrdm (Botmf,) 58. 39 (1961). 
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5vonoids from this plant because of the large amount8 of saponins and other interfering 
substances present. However, the spzctral properties of the main glycoside present (PRl 
Table 5) indicated that it was a quercetin 3,7-diglycoside. On hydrolysis with&@uronidase 
PRl gave glucuronic acid and quercetin; PRl was not hydrolysed by &glucosidase and on 
acid hydrolysis, it gave a 5vonol chromatographically identical with quercetin 7-O-glucuron- 
ide from Tdipu. These provisional results show that PRl is quercetin 3,7diglucuronide 
and it is thus unlikely that glycoflavonols are present in this plant. 

DISCUSSION 

In a recent review, Haynes* points out the difficulty of distinguishing unequivocally 
between 5vonoid 0- and C-glycosides from the results of hydrolytic studies. The present 
work shows that as long as acids as well as a range of enzymes are employed, there is rarely 
any di&ulty in differentiating the two classes of glycoside. 

Thus, all of some hundred O-glycosides studied were hydrolysed by acid or enzyme, 
without the use of “forcing” conditions. * The two types of reagent are often complementary 
in their action; for example, those glycosides (i.e. 7-O-glucuronides, 7-O-glucosides) which 
are the most resistant to acid hydrolysis are rapidly hydrolysed by the appropriate enzymes. 
Some O-glycosides have been reported to require prolonged heating (4-6 hr) but this is 
almost certainly because they are rather insoluble in aqueous acid. Hatto# states that 
luteolin 7-glucoside requires 6 hr heating with 30 % H2S04 for complete hydrolysis, but our 
results show that it is hydrolysed by N HCl and ethanol (1 :l) within an hour. Diosmin, 
another glycoside said to be dif&zult to hydrolyse,16 is a notoriously insoluble pigment. In 
the present experiments using an acid-alcohol mixture, the most refractory O-glycoside 
(i.e. apigenin 7-0-glucuronide) was hydrolysed completely after 4 hr heating at 100”. Al- 
though 5vonol glycosides and anthocyanins having acylated sugars are resistant to enzymic 
attack, they are hydrolyzed by acid only slightly less quickly than unacylated 0- glycosides. 
In doubtful cases, these acyl groups should be removed by mild alkaline saponification 
before hydrolytic studies are attempted. 

By contrast with all the O-glycosides mentioned above, C-glycosides are not appreciably 
hydrolysed when they are heated for 24 hr with the standard acid-alcohol reagent and no 
glycosidase is known which will hydrolyse carbon-carbon linked sugars. Thus, the di!Eculties 
descrii by Haynes are more apparent than real. It must be admitted, however, that this 
resistance to hydrolysis of C-glycosides is “negative” evidence of structure and more positive 
experiments using “forcing” conditions to produce the aglycone or its formyl derivative 
or its sugar are very desirable. 

The present studies also show that measurements of the approximate rates of hydrolysis 
of 0-glycosides by acid or enzyme oAen provide useful structural information. All the 
5vonoid monoglucosides e xamined were rapidly hydrolysed by excess pglucosidase, 
whereas those 5vonoids having 0-D-gluu~yl-~-glucose units (e.g. gentiobiose or sophorose) 
were only slowly hydrolysed. Thus, when the measurement of sugar-aglycone ratios is 
impracticable, enzymic evidence is of considerable value in establishing the presence or 
absence of simple 0-mono-glucosidic links. The complementary use of acidic and enzymic 
hydrolyses in dete rmining the structures of 5vonoids having sugars attached at more than 
one hydroxylgrouparei here by studies of a number of new 5vonol3,7-diglycosides. 

* That is h&ing with cont. acid at temperatures ovor loo” (e.g. witb cont. H$304 or Hl in phenol at the 
b.p.). 
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Anthocyanase has already been used to advantage for determining the structure of antho- 
cyanins having rhamnose or rutinose substituents in the 3-position (see e.g.3n 3. 

The glycoflavonol structures, suggested by previous workers”*” for substances detected 
in the acid-hydrolysates of certain plant extracts, are no longer tenable because every pigment 
that has now been reexamined is readily hydrolysed by /I-glucuronidase or fi-glucosidase. 
Indeed, these substances have been shown to be 7-0-glucosides or 7-0-glucuronides. formed 
as intermediates in the acid hydrolysis of flavonol 3.7-diglycosides originally present in the 
leaf extracts. There is no definite proof that glycoflavonols occur in nature and it seems 
unlikely, if they do exist, that they are present at all frequently. as compared with glqcoflavones 
such as vitexin. 

TABLE 6. NATURAL Dl5TRl~unoN OF FLAvOxOL 3.%DICiLYCOSIDrS* 

Group and family Genus Glycosidic type (aglycone in parenthesesi) 
_ _-- __-- -- - __--___ __ 

Monocotyledons 
LiliaceaeJ 

Amaryllidaceae. 
Dicotyledons- 

Archichlamydeae 
RZUlUIXUlaceaeg: 

Cruciferae. 
Leguminosae 

Rosaceae 
Dicotyledons- 

Sympetalae 
Apocyn= 
Violaceae 
Solanaceae 

Caprifoliaceae 

Tulipa 
Galanthur 

Helleborus 

PaeOIlia 
Matthiola 
Celastt us 
Idigofera 
Luthw us 

LrsperIe.3 
Lotus 
Phaseduc 
Purrarid 
R(ditticc 
l5’k.U 
PotmtilIa 

Vitrca 
Vioiu 

Petunia 
.~u/u/rurn 

7,4’-Diglucoside (Qu) 
X4’-Diglucoside (Qu) 
7-Glucuronidc3-rutinoside (Km, Qu) 
7-Glucosidc-3-sophoroside (Km) 

7-Glucosidc-3-sophoroside (Qu) 
7-Glucoside-3-xylosylglucoside (Qu) 
3,FDiglucoside (Km) 
3-Arabinosylrhamnoside-7-rhamnoside (Km) 
3.7-Dirhamnoside (Km) 
3,FDirhamnoside (Km) 
3.7-Dirhamnoside (Km), 3-lathyroside-7-rhamnoside 

(Km). 7-glucoside-3-sophnroside (Km) 
3.7-Dirhamnoside (Km) 
3.7-Dirhamnoside (Km) 
7-Rhamnoslde-3-robinibioside (Km) 
7-Rhamnosidc-3-robinibioside (Km) 
7-Rhamnoside-3-robnubioside (Km) 
3.7-Diglucoside (Qu) 
?.7-Diglucuronide CQU) 

7-Rhamnoside-3-robinibioside (Km) 
7-Rhamnoside-3-rutinoside (Km. Qu) 
7-Glucoside-3-sophoroside (Qu) 
7-RhamnoPide-3-sophorocldc (Km) 
7-Rhamnosldc-3-~rlglucoslde (Km) 
3,7-Diglucnsidc (Km1 

l Survey limited lo angiosperms: two kaempferol 3.7diglycosides have been found in the pteridophyte. 
,+isetunr Survey only includes fully characterized glycosides. 

7 Aglycone abbreviations: Km, kaempferol: Qu. quercetin. 
2 3,FDiglycosides also probably present in Colchirutn. Er~!kroniunr, DdJnrion. Galauthrm H~acitrthus. 

Veratrum and Z.~~adetnrr. 
$ 3.7-Diglycosides provisionally identified in .4rlaru, ~~IWMOM. . 4qrtilcgiu. Cdthu. Ckcmatis, Dclphiniurn, 

Pulsutilla. Rutumculus and Thulic*twtrr. 

The fact that the unusual substances found in the Liliaceae, Leguminosae, Ranunculaceac 
and Rosaceae are not. after all, glycoflavonols but are derived from flavonol 3,7-di-O- 
glycosides does not detract from their botanical interest: such glycosidcs do. in fact. appear 
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to be restricted in distribution to ten plant families (‘Iable 6). But it should be remembered 
that surveys carried out on acid-hydrolysed plant extracts only detect flavonol3,7diglycosides 
in which the 7-sugar is ghtcose or glucuronic acid; rhamnose and other pentoses at the ‘I-posi- 
tion are rapidly lost under these conditions. 

The occurmnce of 3,7diglycosides in such diverse families as those shown in Table 6 
shows that these glycosides have no broad taxonomic significance and, in fact, are likely to 
be found in other unrelated families when sought. Studies of their occurrence at the generic 
and specific level are likely to be more rewarding. It already appears that the 7glucuronide- 
3-rutinosides of Tulipa are characteristic of this genus, being present in most cultivated forms 
as well as twenty-three wild species.33 Related flavonol3,7diglycosides OCCUT in the quite 
distant genus PutentiZZa; here they are found in species of the subsection Gymnocarpae, 
but they do not appear in species of the Trichocarpae.38 Finally, the distribution of 3,7- 
diglycosides in Luthyrus must be mentioned, since L. vernus is the only species to have a 
3,7diglycoside in which the 7-sugar is glucose rather than rhamnose, while L. odoratus is 
characterized by having a kaempferol3-lathyroside-7-rhamnoside. 

EXPERIMENTAL 

Plant material. Most of the plants used were grown at this Institute. Potentilla reptw 
leaf and a tulip leaf extract were kindly provided by Drs. E. C. Bate-Smith and T. Swain, 
Cambridge. 

Authentic jlavonoiak The majority of these were available from earlier studies in this 
laboratory (for details see earlier papers in the “Plant Polyphenols” series). A few were 
kindly donated by Dr. H. W. Siegelman, Beltsville, and Professor L. H&hammer, Munich. 
Kaempferol ‘I-rhamnoside was obtained by heating robinin at 100” with NHCI for 5 min 
and isolated by paper chromatography. Kaempferol and quercetin 3glucuronide were 
isolated by paper chromatography from Phaseolus vulgaris leaf, in which they occur in 
conjunction with the corresponding frutinosides. While the 8tructure of quercetin 3glucu- 
ronide has been established,3g that of the kaempferol derivative has not. However, the 
spectral data given in Table 4 show that it is the 3glucuronide and its sugar-aglycone ratio 
wasmeasuredandfoundtobe 1:l. 

Chromatography. This was carried out on Whatman No. 1 paper, using the following 
solvent8 : BAW, n-butanol : acetic acid : water (4 : 1: 5) ; BEW, n-butanol : ethanol : water 
(4:1:2*2); PhOH, water-saturated phenol; and distilled water. 

Spectroscopy. Measurements were made on a Unicam S.P. 500 spectrophotometer 
using well-described procedure8.4~ V3 

Enzyme sources. fi-Glucosidase and ~glucuronidase were purchased from L. Light & Co. 
The anthocyanase preparation was provided in powder form by Rohm and Haas, Co., Pa., 
and was purikd as follows. It was dissolved in water (1 g/5 ml) and the solution saturated 
with (NI-L&S04. The precipitate was collected by centrifugation, redissolved in water, 
dialysed against water, and then freezedried. The resulting powder had 15 times the activity 
of the original material. 

Acid hy&oZysis. Solutions of flavonoids were prepared in 95 % EtOH-2NHCl(l :l, by 
vol.) and O-3 ml samples were heated in 10 ml securely stoppered test tubes at 100” for 
known time intervals, then quickly cooled. Aliquots (O-025 ml) were applied to Whatman 
No. 1 paper and the flavonoids were separated in 15% acetic acid. After the papers were 

39 I. A. PEARL and S. F. DARLING, J. Org. Chem. 28,1442 (1%3). 
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thoroughly dried. the aglycone and glycoside spots were excised and eluted separately 
with 4 ml of 70% EtOH for 4 hr. The optical densities of the eluates were measured at the 
appropriate flavonoid long wavelength maxima. 

Eq~~ic ~~~?~~~~~~ was carried out at 37’ in an appropriate buffer solution, using excess 
enzyme and flavonoid (about 1 mg/ml): the rate of hydrolysis was followed chromato- 
graphically and, in the case of the anthocyanins. by spectral measurements in the visible 
region. For /?-glucosidase and &glucuronidase hydrolyses, acetate buffer. pH 50, was used: 
for anthocyanase hydrolysis, lactate buffer. pH 3.95, or acetate buffer. pH 4.0, was used. 
For anthocyanase and jt3-glucosidase. the hydrolysis of aesculin was included in every set 
of experiments as a control. 

.~c~tlowfeffg~~t~r~-The author is grateful to the Rohm and Haas. Co.. for generous supplies of anthoqana.. 
preparations. He also thanks Dr. H. S. A. Shcrratt, University of Newcastle. for purifying this enzyme and 
for many valuable discussions. 


