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PAPER CHROMATOGRAPHY AND PAPER ELECTROPHORESIS 017 

PHENOLS AND GLYCOSIDEi 

Although some solvent systems have been reported for the paper chromatography of 
various phenolic substances l, the two reported here are valuable alternatives. 

PAPER CHROMATOGRAPHY 
n 

Sol?ve?tt systellcs 

Whatman No. 4 paper usecl; temperature of chromatography room, zoo & IO. 
(a) 13enzene-glacial acetic acid-water, (20: 5 : just saturated)2, used for ascending 

chromatography, gave results within S 11. 
(b) ?t-Butanol-ethanol-borate buffer3 (9.54 g/l sodium tetraborate), (I : I: I) was 

us~cl for ascending chromatography, with paper impregnated with the borate buffer 
which was dried before use. Adequate separation is obtainccl in IS II. W..\CM-~PVIBIS-~J’R’J 
has used a related solvent system. 

z,s-Dihydrosehenolic substances tend to streak in borate buffers, when used 
both for paper chromatography and electrophoresis. 

Detection reagents 

(a) A spray application of the EVANS’ quantitative o-dihydrosyphenol colour reaction” 
proved useful for detection of catechol substances on paper. Sodium molybclate 
(IO o/0, w/v)-hydrochloric acid (0.5 N), (z : I) misture was sprayed Arst ; o-dihyclric 
phenols gave a weal; yellow colour. Sodium nitrite solution (0.5 %, w/v) was then 
sprayecl, the spots turning greenish yellow in colour. A final spraying with sodium 
hydroxide solution (0.5 N) resulted in the spots immediately becoming a strong 
medium-toned pink. The paper should not be made too wet. This test is about as 
sensitive as the diazotised $-nitraniline reaction, but is better for photographic 
purposes, since background colour is almost absent. 2,+Dihydrosyphenolic compounds 
(e.g. gentisic or homogentisic acids) give a final medium brown colour, easily distin- 
guished from that of true catechol substances. 

(b) Diazotised fi-nitraniline, preparecl in the usual way, followed by sodium 
carbonate solutionl, was used as a spray for the detection of phenolic substances on 
chromatograms developed with both solvent systems. Catechol substances, gave a 
typical cherry red to purple colour, with this reagent, escept when borate buffers were 
used in the solvent system or as an electrolyte in p&per electrophoresis. In these cases, 

h!efew~rces 9: 379. 
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f?p AND COLOUR IZEAC’CIONS OF VI\RIOUS PHENOLS AND PHENOLIC ACIDS 

Ascending paper cl~rOn~atO~ral~l~y. (a) ‘Paper: Whatman No. 4. Solvent system : benzene-&da1 
ncctic acid-water (20 : 5 j ~1st saturatecl) . (II)) Paper: Whatman NO. 4, bwI_fcrecl with borate buffer 
(9.54 g/l sodium tctraborate). Solvent system: ?2-butanol-etlianol-borate buffer (1 : 1 : I). 
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1l~~~isce~zn~1e06l.s 

Catecliol 0.43 0.70 
I-‘IonlOcatlxllol 0.56 z- 0.72 
Pllloro~lucinol 0.00 - 0.87 

Resorcinol 0.12 0.9;{ 

Saligcnin 0.02 - 0.74 
S-I~yclrosyquin0line 0.60 - - 
3,‘F-Dihyclros?t-w-cl~loroncctoplienone 0.21 + 0.02 

DNP-glycine O.-j1 - 0.70 

DNY-ethanolamine 0.8s 0.90 

nd0~~~0hydr0,~y nc,ids 

o-Hyclrosybenzoic acid 1.00 _- 0.74 

,wz-Hyclrosybcnzoic acid 0.50 - 0.6S 

fi-Hyclrosylxnzoic acid 0.,12 - 0.05 

o-Hyclrosyphenyl-propionic acid 
lx-I-Ivclrosyplienyl-prop’ionic acid 

0.70 0.79 
O..j5 - 

fi-H.~clrosy~l~envl-propionic acid 
0.70 

0.53 - 
o-I-Iyclrosy-c,is-dnnan-iic acid 

0.73 
-. - o.Sr 

o-Hyclrosy-lwuk-cinnamic acid 0.G.5 - 0.74 
az-I-lyclrosycinnanlic acid 0.53 - 0.70 
$-I-Iyclrosycinnamic acid 0.50 - 0.06 
o-ETyclrosyphenyl-glyosylic acid 0 . ‘2 ‘2 - O+S3 

p-Hyclrosypl~cnyl-pyruwc ncicl 0.44 - 0.70 

Dilqulr~oxy~ cicids 
2,3-Dihyclrosyl~enz0ic acid O-43 -I- 0.49 
2,4-Diliyclrosybenzoic acicl 0.30 - 0.53 
2,5-Dihyclrosybenzoic acid 0.‘20 -a O.=JZ- 

0.85 
2 ,G-Dihyclrosybenzoic ncicl 0.16 - 0.78 
3,4-Diliyclrosybenzoic ncicl 0.0s + 0.30 
3,5-DihyclrosybenzOic acicl 0.02 - Oe.54 
2,3-Diliyclrosyplicnyl-acetic acicl 0.15 + 

2, j-‘Dihyclrosyphenyl-ncctic acid 0.03 - O.G5 
3,4-Dihyclrosyphenyl-acetic acid 0.0-j 0.39 
2,3-Dihyclrosyphenyl-propionic acid 0.2S T OS45 
2,5-Dil~yclro~ypl~enyl-propionic acid 0.09 - 
3,4-Dihyclrosyphcnyl-propionic acid 0.13 -l- 0.42 
2,5-Dihyclrosyphe~~yl-cinn;~mic acicl 0.04 - ?,4- 

0.0 
3,4-Dil~yclrosycimwmic acid 0.0s -I- 0,40 

~~/lo~aol~.ydvoxj~dicci~~o~~yl~ic acids 

3-Hyclrosyplitlialic acicl l 
- - - 

4-l-Iyclrosypl~tlialic acid 0.02 - 0.4.I ’ 

D~ll.yd~oxyd*icnl~boxyl%c rcdcls 
7?:4-Diliyclrosypllthalic ncicl 0.02 + 0.20 
4,5-Dil~yclrosyphtl~alic acid 0.01 + - 

---._ . 
* 3-.I-Iyclrosyphtlialic acid does not appear to give a cliazo+NA dour. (Codd. on p. 376) 

Refe~e~llces p: 379. 
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:I'!\ l3c15 I (cont?h?zrcd) 

quenched colours (yellowish brown instead of dark cherry red to purple colours) were 
observed. The borate complesing effect, noted by WACXITMEISTER~~, is presumably 
responsible for the quenching of the diazo colour of c&echo1 substances. These reac- 
tions are useful confirmatory tests for catechol substances. Table I gives RF values and 
colours obtained using a variety of phenolic substances. 

Table I shows the e:ffect on Z?F of the position of the hydrosyl group in monohydrosy- 
aromatic acids (ortho > theta > +~a). The introduction of a seconk hydrosyl group 

leads to a reduction of RF values. Increased separation of the hydrosyl groups recluces 
the RF value in the benzene-acetic acid-water, solvent-e.g. 2,3- > 2,4- > a,~- > 

2,Gdihydrosybenzoic acicls, but increases the Xp values in the +butanol-ethanol- 
borate buffer solvent. In the former solvent further separation of the substituents in 
the aromatic nucleus (e .g. 3,4- and 3,5-dihydrosybenzoic acids) decreases the RF even 
further. This decrease in the RF values is presumably connected with an increase in 
solubility of the free acids in water. 

The “anomalies” which occur when the qz-butanol-ethanol-borate buffer system 
is used are probably due to two factors : firstly, the phenolic acids are partitioned as 
their sodium salts, and secondly, the complesing effect of the borate ion influences the 
partition of catechol substances. 

PAPER ELECTROPHORESIS 

The application of this technique to the separation of phenolic substances using a 
weak borate buffer (9.54 g/l, sodium tetraborate) also proved to be useful. 

Horizontal paper electrophoresis was employed (paper’ strip : 24” x G”) and the 
time taken was 7 h (To V/cm ; S-10 mA). The migration values of various phenolic 
substandes are given in Table II. Zero marker : DNP-ethanolamine, The detection 
reagent used was diazotised $-nitraniline. 

This buffer can be used for the study of sugars, glycosides and related aglycones. 
Preliminary results show that this borate buffer is also suitable for the study of plasma 
proteins, (Azocarmine I3 detection). , 

Xefe4ences p. 379. 
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i\I l)c; VALUES AND COT-OUR REACTIONS OP VARIOUS I’MJ~NOLS AN11 I’HENOLIC ACLDS 

AJ’TER PhPER ISI~IEC’~ROPI-IOIiBSlS 

13OKl,t~ buffer : gs5d& g/l sodium tetraborste, Zero marltcr : J~NP-cthatiolamine. 

MUG = 
Migration of substancti 

Migration of IlNill?-glycinc 
Time: 7 11. xoV/cm, -5-7 In/\, Wliatnlan No. 4. 

.Sll/lSt~ftlCC AllX 
..--- -----__-_ 

N iscellaneow 

C.atcchol 1.1s 
Hon~ocatccliul 1.02 
I?liloroglucinol I .‘I7 

(streslc>~) 
Rcsurcinol 0.4” 
Saligcnin I .O’Z 
3,‘~-Diliyclrusy-co-cl~loroacctopl~enonc 0.70 
~~~~l~7l~il~_~d~~O,~yl~l/.O~~fJ~~l~~O.~~~~iC acids 

o-~~I~~clrosyl~cnzoic acid 1 * 2 s 
Irr-~lyclrosybctizoic acid I .2s 
~-l%ytlrosybenzoic acid I.39 
o-l_Zytlrosyplicnyl-propionic acid 1.13 
err-~t[yclrosyphenyl-proPioni~ acid .I * 0.5 
p-l-lyclrosyplicnyl-propionic acid I .os 
~-Ilyclrosyplicnvl-pyrli~ic acicl 
o-Mytlrosv-cis-cInnaniic acid 

I.13 
1.0s 

o-Il\?tlrosy-i~nl~s-cirlllaniic acid I.20 
rrr-HyclrosycinJiRmic acid J . I .j 
~-Hytlrosycinnamic acid J .‘27 
o-Wyclrosyplienyl-gl?rosylic acid J.35 

I~i?tydr~oxyrrto~2nctr.vboxj,ll:c acids 
~,3-nihydrosybciizoic acid I .‘{O 
0 ,LC.-.Diliycl~osyl~cnzoic acid I .oo 
2,-T-Dil~yclrosybenzoic acid I .20 
2 ,G-I~ih~clrosybctlzoic acid ’ 937 
3,4-13iliyclrosybcnzoic acid I *TO 
3,5-‘Diliyclroxybenzoic ncicl ’ *3-F 
a,3-Dil~yclrosyplicnyl-acetic acid J .cJO 
z,fj-Dil~yclrosypl~enyl-acetic acid I. 1-l +_j.j 

(streak) 
3,4-Dil1yclrosyplicnyl-acetic acid J .70 
~,3-Dihyclrosyplienyl-propionic acid I,60 
2,5-l~iliyclrosyplimyl-propionic acid .I .“5- I.540 

(streak) 
3,4-l~il~yclros~~plicn)ll-propionic acicl L s 5 3 
~,_~-l~iI~~~cl~osyciJiJininic acid 1.3-l .g 

(strcalc) 
3,4-L)iliycl~osyciJiJiaJiiic acid T .‘1_9 
~,5-I>iliyclrosyplicnyl-pyrLJvic acid O.SS 

rkt0li.es 
’ 2,~-l~iliycl~os~~~hcnyl-acctic ncicl lactone o.g-r. .85 

(strcsk) 
.d Idchydes 
2,5-l~iliyclrosybenzalclel~yclc o.So 
3,‘~-Dil~yclroxybcnzslclehydc I.10 
~~~o~loI~ydr~ox~~~~~icc~~~~o.~y~~ic acids 

3-Hyclrosypl~tl~alic acicl - 
4-~-Iyclrosyplitlialic acid I.S3 
J~~il~yc~voxyd~car2loxy~~c cmids 
3,4-lXhyclrosyplitlialic acicl 2.00 
L~,~-Diliyclrosyplitl~alic acid 2,05 

Colow by r/ici,-o-p-N.4 rcccf.pwl 
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h!p VALUES OF VARIOUS SUGARS AND RELATEI> COhlPOUNI>S 

Ascending paper chromatography. Paper : Whatmczn No. 4 buffcrccl with _l)o_rat.c bui’fcr. Solvent: 
12.-l>utanol-ethanol-borate buI:fer (I :I : I). Buffer: sodium tetraborstc (9.54 g/l). Detection 
reagent : a.llta.line AgNO,. 
-- _--- - __~~-- 

s rrilsttr ItCL’ I\‘p .~lrl~sf:rrlcc IQ: 

.-\ lxbi11ose 
Arbutin 
:\scorbic acid 
Ccllol~~iosc 
Erytliritol 
l~l~uctose 

FUCZOSC! 

Galnctose 
Glucosaminc 
Glucose 
G1 ucuronic acid 

lactollc 

0.‘7’2 

0.7’ 

0.2s 

0.3.5 
0.27 
0.2 3 
0.40 
0.2 7 

0,24-0,40 
0.28 

0.20 

Jnoeitol 
hIannitol 
Quinic xicl 
liafinosc 

1311n11111osc 

Snlicin 
Shiltimic acid 
Sorbitol 
Sorbose 
Sucrose 
Sylusc 

0.24 
0.30 
0.4’ 

0.2.5 

0.50 

0.77 

0.2 7 
0.2c) 

0.2 - 3 
0.4” 
0.23 

_-~___- -.- -__-_-_ ____-_-.-.__--.--_I. 

MDG \',\I_UES OF V.\RIOUS SUGARS AND 1<15r..A*rJ,:I.) CO~ll’OUKI3S 

Obtninccl I>!* Paper clectrophorcsis using a hratc bu ITcr (9.5 g/l socli II m tctrnborate) . .Dctection 
rcngcnt : alkaline &NO:,. Time: 7 11. IO V/Cm, 5-7 Ink\. \Vllat~llall No. 4 IXLpt?r. 

__- - --- 

.srfbstrrllcc .lIDG SlrhltrJ~rr . 1 i\ll.JG 
--- - - -___- 

Arnbinose ‘I -03 CJuiniC acid 0 ,+j 1. 

Collobiosc 0.227 lin I’finosc 0.30 
Fucose 0,g1 Rllnlllnosc 0.53 
Galactosc 1 .oo Sucrose 0. I(3 
Glucose f . r ‘2 .S?‘IC)SC I .O_i 
Inositol 0.53 Ascorbic acid 1.10 

The separation of sugars using tile gz-butanol-ethanol-borate buffer solvent was not 
as satisfactory as the results obtained for phenolic substances ancl hence it cannot be 
used as a general solvent system but it may prove useful in the separation of certain 
mistures (seeTable III). The same can be said of tlie paper electrophoretic results for 
the sugars (Table IV). CONSDEN &JD STANIER~ have usecl similar electrolytes for 
sugars. 

Tlw application of these paper-chromatograpllic and paper-electrophoretic 
methods to some glycosides and related aglycones has been carried out (Table V). 
Good separation of the glycosides and some of the related aglycones has been achieved. 

Fractionation of other types of glycosicles has been reported elsewhere”. sm 
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TABLE V 

l?p AND NIIDG VALUIZS OF VARIOUS GLYCOSIDES AND AGLYCONISS 

Solvent : tt-butanol-cthatzoI_boratc buffer (I : I :I). (a) Sodium tetraborate solution (9.54 s/l). 
(1)) CONSl>EN’S kuratc buffcra. Paper: Whatman No. 4 imprcq-wtccl with rcspcctivc buifcr. Dctcc- 

tion: U.V. 

Gi~JGosities 

Qucrcctrin’ * 
Pliloricl7in 1 
.SZutin 

0,44 (oh) 
0.79 
0.29 

0.69 (0.95) 
-. 

0.29 

0.9s (o.So) 
0.67 
o.ss 

0.43 (0.49) - 0.80 (o.gY) 
o..+o - 0.0s 
0.91 0.2-j 
o.SG - 0.01 

0.92 -- -0.30* 
0.10 - 0.03 
0.15 - 0.03 
0.3s (0.84) 0.15 (-) 0.36 (-0.~0) 
0.1’2 - O.Zj 

O+.jO - -0,30* 

0.g0 - 0,oo 

0.70 - 1 .oo 

‘4 glycmres 

&Cntccliin l * 
l’isctin 
Formonc~nctin 
Gcnistcin 
Khcllin 
Morin 
iv1 yricctin 
Qucrcctin’+ 
liobinetin 
Tricin 

.DNP deviaalives 

DNIJ-cthanolaminc 
.lDNP-&lycinc 

l ’ Comnicrcial snmplcs contained an nclclitional unlcnown minor constitllcnt ; the value for the 
iinknown is given in lxx.cl;cts. 

We are indebted to Dr. P. F. LJ_OUU for the DNP derivatives, to Dr. R. 13. B>K.~~~uRY 
for.genistein and formononetin and to 1Mr. W. S. FERGUSON, for tricin. WC are grateful 
to the A.R.C. for support. 

‘I’hc paper chrvmatogral?hy of plxxiols (cspccially plienolic xi&), aglyconcs, glycosiclcs and certain 
sugars is carriccl out wit11 two new solvents. Tlic authors have also csnminccl thcsc substnnccs with 
tlic aid of paper clcctroplioresis and a borate buffer. A clctection reagent for o-cliplicnols on paper is 
clescrilxtl. 
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