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The separation of phenolic glucosides by gel filtration 

The naturally-occurring phenolic glucosides are heterogenous according to their 
structural components and to their molecular size. In different natural sources the 
main phenolic glucoside is always accompanied by a few other phenolic glucosides 
and carbohydrates. The methods of separation and purification of phenolic glucosides 
therefore attract great interest. 

In order to separate the phenolic glucosides and carbohydrates which occur in 
the bark and leaves of Po@&s tremzcla, we applied the method of gel filtration on 
Sephadex G-25 with water as eluent. In our previous paperl, we established. that it 
is possible to separate the glucosides salicin and tremuloidin from carbohydrates. 
Salicin and tremuloidin adsorb in a manner which does not conform with the theory 
of gel filtration. The phenolic glucoside salicin (mol. wt. 286) has an adsorbing 
aromatic ring in its molecule and the distribution coefficient is higher than expected. 
Tremuloidin (z-benzoylsalicin, mol. wt. 390) is adsorbed more strongly than salicin 
because of two aromatic rings in the molecule. 

In continuing our studies on the separation of phenolic glucosides, we applied 
the method of gel filtration to more complex mixtures of the naturally-occurring 
phenolic glucosides. 

The phenolic glucosides tested and their structures, are listed in Table I. 

TABLE 1 

I’HENOL;C GLUCOSIDES AND THEIR STRUCTURES 

Salicin 
Populin 
Tremuloiclin 
Fragilin 
Salircposiclc 

2-oxy-bcnzylalcohol-P-D-glucopyrsnosirtc 
6-bcnzoylsalicin 
a-benzoylsalicin 
6-acetylsalicin 
2,5-clioxy-benzylalcohol-p-D-(G-O-bcnzoyl)- 
glucopyranosicle 

256 

390 
390 
328 

406 
Grancliclentatin 

Triancltin 

cis-cyclohexancliol(~,z)-I-j?-I>-(z+cumaroyl)- 
glucopyranosicle 424 
3-(4-hyclroxyphenyl)-z-propen-I-ol-I-P-D- 
glucopyranosicle 312 

WC isolated from different natural sources three additional. phenolic glucosides 
besides salicin : tremuloidin, populin and salireposide. 

The freshly-obtained bark of various Salicaceae species (Po$z&cs trenzula, Salix 
alba, SaZix refiem) was extracted with 96% ethanol and the extract treated with an 
excess of basic lead acetate. The mixture was filtered and the lead removed from the 
clear filtrate by treatment with hydrogen sulphide. The resulting clear solution was 
concentrated under reduced pressure. After evaporation, crystals were collected and 
examined by means of paper or thin-layer chromatography. 

In our experiments we also tested samples of the phenolic glucosides, fragilin, 
triandrin and grandidentatin. 
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Filtration experiments were carried out using Sephadex G-25 and Sephadex 
.H-20 (Pharmacia, Uppsala, Sweden). Most of the experiments were performed on 
‘ephadex columns with a dimension of 1.104 cm. The dry Sephadex was allowed to 
well in water or in’s mixture of water and organic solvents used as an eluent. The 
ubstances to be tested were dissolved in an appropriate eluent and put on the 
olumn in a volume of 2-3 ml. The concentration of the tested substances varied 
between IO and 15 mg. All experiments were carried out in 12-18 h at room temper- 
.ture. The flow rate was approximately 2 ml/IO min. 

The fractions were analysed using Millon’s reagent (H. THIEME~; B. DOBRO- 
VOLSKA AND K. TWARDOWSKA~). Our investigation showed that, instead of Millon’s 
seagent, concentrated sulphuric acid can be used as a calorimetric reagent for the 
letermination of phenolic glucosides which give a red-coloured complex with sulphuric 
acid (only salireposide gives a yellow complex4). The absorption maximum of the 
:oloured complex salicin-sulphuric acid is at 510 nip. Concentrated sulphuric acid 
3 ml) was added to the fraction to be tested (I ml). After 20 min at room temperature 
:he optical density was measured at 510 mp. 

Fractionated glucosides were identified by m.eans of thin-layer chromatography 
In silica gel in a system of chloroform-methanol (4: I)6. 

Besides the distilled vvater for gel filtration, mixtures of water-ethanol (CJ :I), 
water-methanol (g:~) and 96% ethanol were used as eluents. Consequently, our 
zxperiments are divided into three groups. 
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Fig. I. Separation of phcnolic glucosides on Scphaclex G-25 in clistillecl water. Red climcnsions: 
I. 104 cm. Samylc : 2 ml containing x0 mg of glucosicles. Flow rate 2 riil/10 min. 1 = snlicin; 
2 = populin; 3 = salireposidc. 

Sefiaratioqs of +ihkegtolic ghcosides on Sefilaadex G-25 with distilLed water as an eluent 
With distilled water as an eluent we separated salicin, populin (or tremuloidin) 

and salireposide (Fig. I). Fragilin (mol. wt. 32s) is collected in the same fractions as 
salicin (mol. wt. 2S6), which indicates the possibility of separating fragilin from 
populin (or tremuloidin) and salireposide, but not from salicin. With water as an 
eluent it is impossible to separate populin (6-benzoylsalicin, mol. wt. 390) from 
tremuloidin (2-benzoylsalicin, mol. wt. 390). 
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Fig. 2. Separation of phenolic glucosidcs on Sephadex G-25 in water-methanol (g:~). Bed dimcn- 
sions: 1.104 cm. Sample: 3 ml containing 3 mg of each glucoside. Flow rate z m1/10 min. I = sali- 
tin; 2 = populin; 3 = tremuloiclin; 4 = grandidentatin; 5 = salireposidc. 

Se$aration of $henolic ghccosides on Se$Jtadex G-25 with water-methanol (g:r) as an 
elue9at 

In order to increase the low solubility of phenolic glucosides in water, we 
performed some experiments with a mixture of water and methanol (Fig. 2). The 
results obtained show the possibility of separating populin (6-benzoylsalicin, mol. wt. 
390) from tremuloidin (2-benzoylsalicin, mol. wt. 390) ; tremuloidin is adsorbed more 
strongly than populin. With a mixture of water and methanol, we succeeded in 
separating salicin, populin, tremuloidin, salireposide and grandidentatin. Similar 
results were obtained when elution was carried out with water-ethanol (9: I). 

Sey5aration of $&enolic glauosides on Sefilaadex LH-20 with go% ethanol as an e&ace& 
With ethanol as an eluent on Sephadex LH-20, we separated salicin, populin, 

tremuloidin and salireposide. The results obtained are basically similar to the results 
obtained on Sephadex G-25, but the separation volumes are smaller (Fig. 3). 
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Fig. 3. Separation of phenolic glucosidcs on Sephadex LH-20 in ethanol. Bed dimensions : I, 106 cm. 
Sample: 3 ml containing 4 mg of each glucoside. Flow rate 2 ml/15 min. I ‘-- salicin; 2 = populin ; 
3 = tremuloidin; 4 = salireposidc. 
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Gel filtration on Sephadex G-25 and Sephadex LII-zo may give good separation 
Y phenolic glucosides. The phenolic glucosides adsorb in a manner which does not 
Inform with the theory of gel filtration and leads to higher elution volumes than 
tn be expected from the molecular size. The adsorption effect is related to the 
:ructure of the phenolic glucosides and increases with the number of aromatic rings 
lcluded in the structure of glucosides. Therefore, populin or tremuloidin (mol. wt. 
go) which have two adsorbing aromatic rings in their molecule, are adsorbed more 
trongly than salicin (mol. wt. 286). The adsorption effect also depends on hydroxyl 
roups included in the agluconic part of the glucosides: hydroxyl groups in the 
molecule seem to increase adsorption. None of the glucosides tested are irreversibly 
dsorbed onto the column. 

When elution was carried out with distilled water, we separated salicin, populin 
or tremuloidin) and salireposide. Better results in separation were obtained on 
lephadex G-25 with water-ethanol (g : I) or water-methanol (9 : I). With these 
luents, we separated salicin, populin, tremuloidin, salireposide and grandidentatin. 
he separation of populin from tremuloidin is completely eliminated when elution is 
arried out with distilled water. In all experiments fragilin and triandrin were eluted 
imultaneously with salicin. 

The authors wish to express their thanks to Dr. H. THIEME (Pharmazeutisches 
kstitut, Univerzitat, Leipzig, D.D.R.) and I. A. PEARL (Institute of Paper Chemis- 
ry, Appleton, Wise., U.S.A.) for kind1.y supplying the authentic samples of phenolic 
;lu cosides. 
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