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INTRODUCTION ! 

., ‘.,. 
The ‘most Versatile pair of solvent systems:used for studying,,t.he complesity .of plant 

e_z+racts by two-dimensional paper chromatography ,consists of a partitioning mixture 

forthe first ,direction followed by dilute, acetic ,acid for the second. This combination, 

due to ROBERTS AND Woo&r, might not be ideal for all complex’mixture&f flaV&oid .’ :, 
compounds, but. offers .‘the advantage of, sep,aration based on different, principles 

for, each direction. . . . ‘,:“, ,’ ; ,,; ;; 
In the partitioning systems, for, example,, , butyl ,alcohol-water mixtures often 

containing acetic acid, separation depends principally on the number of hydrolcyl 

groups substituent on the C,, skeleton, and also on the configuration, i.e. cis- or trans- 

arrangement, of the main substituent groups at C atoms 2 and 3 in the heterocyclic 

ring (see BATE-SMITH AND WESTALL 2, BRADFIELD AND BATE-SMITHS, ROBERTSON 5, 

Roux AND EVELYNG and Roux AND MAI+‘). 

During “adsorptive” separations in water, the mobility of the C,, compound is 

apparently dependent on the non-planar nature of the compound (see Rouxa, ROBERTS,. 

CAETWRIGHT AND W,OOD~, Roux AND EVELYN~ and ROBERTS~O), and separations of 

the optical isomers-of catechins and epicatechins have been shown to occur (ROBERTS 

AND WOOD+ Roux‘ ‘AND EVELYN 0 showed that structural differences are also re- 

sponsible for variations of k> in water or dilute acetic acid. These factors ,may be, 

evaluated more accurately now that the stereochemical interrelationship between 

many flavonoid compounds has been established as a result of the work of KING, 

-CLARIC-LEWIS AND FORBES~, FREUDENBERG 13, BIRCH, CLARIC-LEWIS AND .ROBERTSON~~ 

and WEINGES~~~~~. 

’ “EXPERIMENTAL AND RESULTS 

Origin of wbstanqes 

(-)-7,3’,4’-Tr h d ‘i y roxyflavan-3,4-diol from Schino$sis spp.l”~17~18 was hydrogenated 

under conditions established by WEINGES 14 to give (:+)-7,3’,+‘-trihydroxyflavan-3-01 

[( +)-fisetinidol]. (-)-Fustin from’Co%zz~s coggygkials.was a gift from Dr. K. WEINGES. 

(,‘+)_Trihydr oxyflavan-3,+diol was similarly hydrogenated to (-)-j,3’&‘-trihydroxy- 

‘flavan-3-ollD; (+)-Fustin was isolated from ,the heartwood of Acacia moZZi&ima20. 
+)-Dihydrorobinetin’ was obtained from the heartwood of Robinia flsezcdacaciaf4 

:,:. ‘, . J. Clwomatog., 5 (196x) g-16 
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and hydrogenated under ,conditions established by FREUDENBERG AND Rouses to 
( +)-7,3’,4’,51-tetrahydroxyflavan-3,+diol14.’ (-)-Robinetinidol was isolated from the 
‘bark of A. mollissima”S. The Rp of (-)-7,3’,4’,5’-tetra’hydroxyfiavan-3,4-diol was 
determined -by using the racemate obtained by the,: hydrogenation .,of (&)-.dihydro- 
robinedna?. (+)-Catechin, (7) -epicatechin, (-)-epicatechin gallate, (+)-gallocatechin, 
CL)- p’g 11 c t h e 1 a o a ec in and (-)-epigallocatechin gallate were isolated from air-dried 
tea leaves and’from the bark of Acacia fiyc+zanti’za24. 

. 

Chtromatogra;bhtic methods 

The pure substances were applied within the concentration range IO--30 pg on 
Whatman No. I chromatographic paper and the chromat.tograms mounted on a 
stainless steel frame. Chromatograms were developed simultaneously with z o/0 
aqueous acetic acid by upward migration to a point 13-q inches (33-36 cm) from the 
starting line over a period of about 6-7 h. After drying’the solvent front was located 
under ultra-violet light and accurately marked. RIP values were calculated and’ the 
average of at ieast three values obtained in the presence on ‘each sheet of the’reference 
cbmponnds ‘( +)-‘catechin, (RF, 0.35) and (-)-robinetinidol’ (Rl;t, 0.42). 

. . When, d@erent substances’ are ‘alj’plied, to zthe same sp’ot, a variable amount of 
mutual interference often occurs during migration resulting in slightly anomalous 
RF values’. ‘Only pure ciystalline materials run singly from ,individual spots were 

I. ’ I. , ,’ . . . ,’ ‘. 
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co.mpared; :.exceptions being: .the pure racemate I_ (~~-.7,3’;~;.5!-tetrahydroxyflavan- 

3.4~$01, and the ( ~)Y2,3-dihydroflavonols:The RF values ‘of: compounds i having., the 
formulae 1-V are. given’ in’ Table’- 1: Values of the (&)-a;3-dihydroflavonols are’ the 
average’ for the optical isomers; which ,appear, to’ have:close ‘values as shown f6r the 
enantiomorphous (+)- and (-_)-fustins (RF, ,0.37,and .0.35 respectively). ,: :i : :;i. 

‘, 

TABLE I ‘,<_ : 

fib- VALUES IN 2 ‘/( ACETIC ACID OF FLAVAN-3-OLS, FLAVAN-3,4-DIOLS, 
.’ 23DIHYtiROFLAVdNOLS, ‘AND FLAVANis-GALLATES 

_. 
., 

, 
Cottlpolrrrd RF “I.: .“. 

(a) Resorcivtol series 1’ I .’ 

(<) R=,R’:=H ,.. ‘,,. 
( +) -Fustin (Ia) (’ (-)-Fisetinidol (IIa) ’ 

0.37 
0.48 

,(+)T7,3’,4’l’+ihydroxyflavan-3,4-diol (IIIa) ‘, 0.52 .’ 
(-)-Fustin (I+). 

,( +)-Fisdtinidol~ (IIb) ” * 
,o*35, .: :, 

: 0.43 
,, ‘, (--)-7,3’,4(-Trihydroxyflavan-3,4-dial (IIIb) ., .‘0.47 

.- 
(b) .R i &j’$ c 031’ . ‘,( ., ‘,, .’ 

” 
(‘+) -lXhy+orobitietin ‘( Ia) : o;3& .!, ,: 
(-) -Robin&in&lo1 (IIa) 
(+)-7,3’,4’,5’-TetrahydIxyflavan-3,4-di61 (IIIa) 1, y$, ‘, 

O;+ ‘. .I 

.’ I. (-)-7’,3’,4’,5’-Tetrahydroxyflavan-3,4-diol (IIIb) (I .: :: ’ 

(21) Pirlo~ogZ~&toZ series : 

(r).R = OH;.R’ = H. 
( &) -Qihydroquerceti,n (I) ’ 0.28 ‘.. ‘. -. ., 
( +) -Catechin (11s)’ 0*35 . , .; (-)-Epidatechin (IV) -’ 0.30 ,’ ‘, : 
(-)-Epicatkchin gallste ,(V) + 0.23 ., ‘. 

(a) .R = OH; R’ = OH 
( &) -Dihydromyricetin (I) 0.24 
(+)-Gallocatechin (IIa) 0.32 
(-);Epigallocatechin (IV) ..’ . 
(-)-Epigallocat&chin’ gallate (Vi; 

0.24, .’ 
0.30 

: .’ ‘. :.; 

‘_ 

.’ .., : ,, 
DISCtSSION *‘* 

t 

..’ :. .’ ., 
,’ I’ ; ., 

Those mobile .flavondid* compounds, which.,have. been studied-in Table I have: thes,ab- 
solute configurations illustrated’ in formulae I to V. Of these, the members of. the 
‘group. (+)-fustin, (-)-fisetinidol and .(‘+)-7,31;4’-trihydroxyflavan-3,4-dial,. : and :of 
the, group (+)-dihydrorobinetin, (-)-robinetinidol and ( +)‘7;3’,4’;5-tetrahydroxy- 
&van-3,4-diol are interconvertible, .and. have been shown,by W~EINGES~~~ ls to have 
:the same absolute configuration:at C atoms. 2 and:, 3’ as ,(,+)+cat‘echin;‘whereas (F),- 
f&tin, : (+)-fisetirnidol and,. (-)-7,3’,4’$rihydroxyflavan-3,4diol ,correspond to (-)- 

catechin, The _( +)- and (-)tfustinslD,~ ( +)- and’(+)-fisetinidols?O; (+)- and (A)-7;3’,4’- 
trihydroxyflavan-3;4-diolP* 20. .and:presumably ,also the (+)-: and; (-)-7;3’,,4’;$+etr& 
hydroxyffavan-3,4-diols ,are’ enantiomorphous:pairs of compounds..These~compoutids 

I_ _’ .‘. J. Cirromutob., 5 (1961) g-:6 
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as,well. as ..(‘~)-catechinl.l’1,2, ( +) gallocatechin?; (-J-)-dihydroquercetin28 and presum- 
ably, (&).idi’hydromyricetin have a 2;3%auzs configuration. .of substituent groups, 
whereas (-)-epicatechin,, (7)-epigallocatechin and their gallates have a 2,3-&s. con- 
figuratiar+~ l?. Comparison of) compounds :with the same ‘or :wi th different. configura- 
tions, under.the following headings, is .of interest :’ . 

Se;baration of enantiomorj5hs 

ROBERTS AND WOOD! first showed that the optical antipodes of catechin and gallo- 
catechin and their epimers could be resolved ,using water as irrigant. The optical 
antipodes of 7,3’,4’-trihydroxyflavan-3-01 (fisetinidol) (ARp, o.o~), and of the flavan- 
3,4-diols, leuco-fisetinidin (AR%, 0.05) arid leuco-robinetinidin (ARp, 0.06) may 
si.milarly be separated in water’ or 2 o/o acetic acid (Table I). .Also the z,3-dihydro- 
.flavonols, (+)- and (-)-fustin show differences in Rp (0;37 ‘and 0.35) but the dif- 
ference between the enantiomeric fustins. is. .small (ARti, ‘.,o.o~) compared with 
enantiomeric ,flavan-3-01s and flavan-3,4-diols (AR F, 0.0549.,06), ‘and effective resolu- 
tion occurs ‘only after prolonged irrigation. For catechin,, gallocatechin, fustin, 
7,3’,4’-trihydroxyflavan-3,4-d@ arid 7,3’,4’,5’-tetraliydroxyfla+an-3,4-diol the (+)- 
form lias a higher RF in water or z o/o acetic acid .than.the”(-)-form. This sequence is 
reversed for epicatechiri and epigallocatechin (see RoI~ERTS' AND WOOD~) and also 
for the fisetinidols (Table I) ‘,and will .evidently also apply to the robinetinidols of 
which only the (-)-form is known. This reversed sequence for the fisetinidols confirms 
the stereochemical’ interrelationship between (+)-fisetinidol, (-)-fustin and (-)- 
7,3’,4’-trihydroxyflavan-3,4-diol shown by WEI%ES~* and, ,between those of their 
.mirror-image.9~ 20; The same must apply to (-)-robinetinidol ‘iu’relation to (+)-di- 
hydrorobinetin and (+)-.7,3’,4’,5’-tetrahydroxyflavan-3,4-diol. 

Cis-trans relation&@ ,I 

(+)-Catechin and (-)-epicatechin have the same con’figuration ,(2 lX> at C atom z but 
differ at C atom 3 with (3 S) and (3 R) configurations respectivelylepzO. The effect of 
RZJ on the tracts-configuration of the 2-phenyl and 3hydroxyl groups as in (+)- 
catechin as opposed to their &-configuration as in (--)-epicatechin is shotin in the 
pairs (+)-catechin (0.35) and (-)-epicatechin (0.30) (ARp, 0.05), (+)-gallocatechin 
_(0.32) ‘and,.(-)- epigallocatechin (0.24). (ARp, d.08) . . Similar; relative.behaviour in, the 
water direction is shown ,by, the pairs (L)-catechin Iand’ (,A-)-epicatechin, (-)-gallo- 
catechiu. and (+)-epigallocatechin on the two-dimensional chromatograms illustrated’ 
by ROBERTS ~~~W0~~1.Catechins@lavan-3-ols) ofthe'Iphloroglucino1 seriesl’,there- 
,fore have,.higher_ RF values ,in aqueous medium compared, with the'corresponding 

epicatechihs.in which the 3-hydroxylgroup is inverted;' (+)-:and (I)-Catechins also 
-have higher R~‘values.than. (+)-,sr?d (-)-epicatechins in partitioning mixtures (see 
BRADFIELD::AND BATE~SMITWS, and RoBERTs**~).~~~ these effects may .be .due:.to 

: _ 
disparity:in.their molecularshapet,?O and:possiblyto the nearlyplanar.nature,of the 
epicatechins, with their 2-arylgroup~presumablyin~equatorial,,position~~30. 

4 
;: 4, _I J. Chromatog., 5 (x961) g-16 
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GaUoyl :groqbs in 3-fiositi09i~’ p ,,.’ ,; 

Comparison’ of the RF values of the pairs ,(+-)GEjicatechin (0.30) ,‘and (-)‘-epicatechin 
gallate (0.25), (-)lepigalI.ocatechin (0.24) .‘and (-)epigallocatechin gallate’ (0.22) 

shows that in both instances (ARp, o.dg and 0.02, re.spectivelyj galloylation in the 
g-position reduces the RF slightly. Similar deductions ‘may be made from the’_Rp 
values in water for these substances by ROBERTS, CARTWR~GHT AND WOODY. 
..t ., 

Carbony groujb in the 4-9osition ’ 
. 

,’ 
Comparison of the 2,3-dihydroflavonols ‘with their stereochemically related flavan- 
3-01s (catechins), for example, the pairs (+);fustin (RF, 0.37) and (1):fisetinidol 
(Rp, o.48) (,A&, &II), &d (-)-fustin an& (+)$isetimdol(o.35 and 0.43) @RF, 0.08), I. ; 
shows that introduction of a carbonyl group in ‘the’ 4;position reduces the RF con- / 
sklerably. Similar ‘coiiclusions may be ‘drawn from the comparison of (&lihydro- 
robinetin (o35) and (-)Frobmetinidol (o.42) (LA&, o.o7), (f)-dihydromyricetin (0.24) 
and,, (-&)-gallodatechin (?.&j (ARp, 0.08)‘; an,d (&)-dihydroquercetki :, (0.28). and 
( +)fcatechm (0.55) 1 (AR?,, 9.67) .‘The considerable reduction in RF is evident, for both 
phloroglucinol’and resorcinolseries of compound$, although in t,he former group hydro- : 
gen ‘bonds between’ the gihydroxyl and 4-carbonyl. almost certainly ex&. The lo&r 
RF of the dihydroflavonols compared ‘with the catechins may be due' to the, equatorial . ,;,_, 
arrangement of . the bulky 2-phenyl group and kdso of’ ‘the’ Ij-hydroxyl group’ as 
suggested by MAHESHAND SESHARDI 31; These equatorial arrangements will confer a 
nearly planar structure to 2,3-dihydroflavonols, resulting, as in the (-)-epicatechins, 
in a reduced Rp in’ ‘water, compared with cat&ins ‘where the 2-phenyl g&u~ is 

,,. ,.’ 
#ely to have anaxial arrangement30. ,.. : 

Hy&oxyJation iut the $-&&on ..’ 
T,he,suggcstion’ made:by Rpux, AND EvELYNO,~~~~ hydrox$l&ion in the 4-position 

increases :$he:fiF,is confirmed by the comparison of stereqchqniqa.lJy re!ated flavan- 

3&,,and flavan-3,4-401s. Examination of. the pairs (-_)-fis+inidol,(&48) and (+)- 

7,3~,4'+hydroxyflavarq4-diol,(q.52) (a R p, 0.04),. (+)-fisetimdol (0~43) and (--)- 
7,,3!,4’-trihydroxyflavan-3,4+iol (0.47) (d Rp, 0.0,4),, (-)-robinctinidol ($42) and ,( +)- 
7,3/j4’,5’~t,etrahydroxyflavan-3,4_diol(o.46) (L&P, 0.04) shows that the- increase ,in RF 
is smaller than originally, anticipatedo. This effect.. may. ,be ‘expected. as introduction ,., 
o,f an abphatic hydroxyi on the heterocyclic ring should contrib.uto,to the sokbrlity 
of the Cl6 unit as a whole. 

Hz*yZation 61% the ppositiofi 
‘. ;: ,: .: .I. 

,’ ,, 

Comparison of the stereochemically related pairs ( +)-catechin (0.35) and. (-)-fise- 
tinidol (0.48) (ARF; 0.13-j), and (+)-gallocatechin (0.32) and (7)-robinetini$ol.(0;48) 

(ARp, 0.16) shows that for the flavan-3-01s introduction of:. a (phenolic) hydroxyl 
in the,5-position causes a large reduction in RF. This,.also--ap’plies to .the 2,3-dihydro- 
flavonols e.g. (&)tdihydromyricetin ~ (0.24) j and (&)-dihydrorobinetin .(0135) I j (A&P, 

J.Chvkatog.,-5 (1961) g-r6 
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0.1x), and (-J-)-dihydroquercetin (o.28) and (j-)-fusin (0~36) (~RJP, 0.03) ,although 
the, 5-hydroxyl is probably hydrogen-bonded with the, 4-car,bonyl in this..group, of 
compounds7. ,‘,’ ’ 

Hydroxylation in the z-‘-$osition 

Ro~ER~‘s, CARTWRIGHT.AND W&OD~ have shown that with water as irrigant, in-troduc- 
tion of a hydroxyl group in the g’-position causes a slight reduction in the flavan-3-01s 
of the phloroglucinol series. Similar behaviour is shown in 2 ?/O acetic acid by these 
compounds, for example (+)-catechin (0.35) and (+)-gallocatechin (0.32) (A&, o.o3), 
(Y)-epicatechin (0.30) and ,(-)-eljigallocatechin (0.24) (+~J?F, 0;06), (-)-epicatechiil 
gallate (0,~~s) and ‘(-)-epigallocatechin gallate (0.22) (dRp, o.o3), ‘and also by flavan- 
3-01s of the resorcinol series’ (A)&setinidol (0148) and (-)-robinetinidoi (0.42) (A’&, 
0.06). 2,3-I%hydroflavonols show the same’behaviour, for example (&)-fustin ‘(0.36) 
and _(f)-dihydrorobinetin’ (0.33) (AR,, &3), (f)-dihydro’quercetin (0.,28) and, (&)- 
dihydromyricetin (o-24) (n$~, 0.04). The above data show that catechins,(flavan-3-ols) 
of the “phloroglucinol’? and. ‘cresorcinol” series with 2,ptrqzs configuration of 
substituent ’ groups, those of the “~hloioglucinol” series with- ‘*2&c&s configuration 
and their gall&es, and 2,3-dihydroflavonols of both series (ah 2,3&& connguratior&) 
show similar small reductions’ of. RF’ (o.og-0’.06) with the introduction of a’ hydrosyl 
group 3n the 5’-position, ‘using 2’y0 acetic acid as chromatogra$hick&zkt. 

.:, ,’ ..! . (.” 

Correlatiorf bettitieti mobiZity,‘$lanarity and soLzibi(ity 
i ,’ 

. , _’ 
Flavonoid compounds which ‘are completely ’ ‘piauar, for example anthocyanidins; ‘, 
flavonols, flax&es, au&es and cha&ie& ‘do not migrate in ‘watera,s;9s lo. Although 
this apparent affinity for the cellulose has been’ ascribed to planaritys-io and to 
special adsorption effects associated with the planar structurea, it appears Jnore 
likely that planarity and low solubility are also associated properties in the’ Cl, group: 
The above groups of-compounds $11, have ,low solubilities in cold water, and flavonols’; 
although not ‘mobile in cold ‘water, migrate’ on cellulose columns deveioped ‘with hot 
water: Furthermore the. addition of formic ‘or acetic acid to’ :the; aqueous irrigant, 
allows for the migration of all these substances on ‘a cellulose ‘substrate ‘irka regular 
mannera*. Low solubility associated with a planar structure is therefore almost certain- 
ly responsible, for the ‘iero RF in water or “2 o/o acetic acid: Solubility.might also be a 
Ijredominant single factor, ‘aflectirig- ‘the migration of those. ‘flavonoids which are 
mobile in predominantly aqueous systems. 

I :,I ‘, 

: <I, 

Szcmmarised conclusions 

Comparisons of some stereochemically rel’ated flavonoid com&unds as detailed 
above,. has .‘shown that i the b enantiomers of flavan-3-01s; ‘ flavan-3,4-hiols and 2;3-di- 
hydroflavonolsmay be separated:in water, sometimes kith a,reversaUin the sequence 
of :,migration. ‘of- the (+)- *and-.:(i)-form’s. .‘Amongst the :flavan-3-01s;: thdse. ,of: ‘2;3- 
tr&zs:confi&xation .of substituent grou$ always have an appreciably higher, ,Rr;l. than. 
.ilie related epimer of: 2;‘3kis config-kation’ in kwhicll,.the’ 2ihydroxyl group is inverted. 

J. Chromafog., 5 (1961) 51~16 
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Regarcling the functional groups, it was shown that a galloyl group in the 3-position 
slightly reduces the RF of the corresponding 2,3-cis-flavan-3-01 @RF, -o.‘oi to,-‘0.05) . 
The presence of a carbonyl group in ‘the 4-position (2,3-dihydroflavonols) mtroduces 
a pronounced reduction in RF compared with .the corresponding flavan-3iol ‘(dRp, 
-0.07 to -+I,I): Hydroxylation in the 4;position (aliphatic hydroxyl) produces a 

.I., : 
small increase of RF, (RF, +0:‘04) whereas the introduction, of hydroxyl groups in 
positions 5 and 5’. (both phenolic hydroxyls) produces large (A&?, -0.08 to -0.16) 
and very small (ARF, -0.03 to -0.06) reductions in RF values respectively. The 
soluhility of flavonoid compounds in water appears to be a predominant factor in 
deterrnining their RF on cellulose substrates. 

‘. ’ 
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SUMMARY 

Factors affecting the chromatographic behaviour of some flavonoid compcurids in 
aqueous medium may be evaluated:more accurately now that their stereochemical ,‘I 
interrelationships have’ been ,established. The effect of the following ‘fact@ on 3~ 

liave been examined: (a) the separation of enantiomorphous flavan-3-ok, ‘flavan- 
3,4-diols and a,3-dihydroflavonols ; (b) the cis- trans relationship of substituents in 

I 
the heterocyclic ring of flavan-3-c&, (c) the introduction of a carbonyl group in the 
4-position, hydrosyl groups in the 4, 5 and g’-positions, and a galloyl group in the 
3-position. The zero RF of flavonoid compounds of planar structure is likely to be 
due to their low solubility in water. Solubility appears to be one of the predominant 
factors affecting the RF of flavonoid compounds in aqueous medium.. 

Hydroxydation in. the pfiosition 

NOTE ADDED IN PROOF 

(-&)-&tin (3-deoxyfustin) (0.22) prepared from butein by alkali isomerization 33 has 
a lower RR in 2 y0 acetic acid (ARF, 0.14) than (&)-fustin (0.36). Similarly ( -J)-7,3’,4’- 
trihydroxyflavan-4-01 (0.33, 0.28) obtained from the reduction of (&-)-butin,3*, has a 
lower RF’ (ARp, o.~g). than either (&)- or (-)-7,3’,4’-trihydrosyflavan-3,4-diols 

(0.5% 0.47). Substitution of hydroxyls (aliphatic) in 3-position in both flavanones 
and flavans produces large RF increases in 2 ob acetic acid (ARF, 0.x4-0.19) contrasting 
with the small ,increase (ARF, 0.04) accompanying hydrosylation (aliphatic) in the 
4-position. 
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