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INTRODUCTION

E The most versatlle pa1r of solvent systems used for studymg the complemty of plant
extracts by two- dlmensmnal paper chromatography consists of a partltlonmg m1xture
for.the first d1rect10n followed by dilute acetic acid for the second Thls comblnatlon
due to ROBERTS AND W00D1 might not be 1deal for all complex mnstures of ﬂavono1d
- compounds, but offers the advantage of separatlon based on d1fferent pr1nc1p1es
for each dlrectlon . :

. In the part1tlomng syetems, for example, butyl alcohol—water mlxtures often
contalmng acetic acid, separation depends pr1nc1pa11y on the number of hydroxyl
groups substituent on the C,; skeleton, and also on the configuration, z.e. cés- or trans-
arrangement, of the main substituent groups at C atoms 2 and 3 in the heterocyclic
ring (see BATE-SMITH AND. WESTALLf" BRADFIELD AND BATE-SMITHS?, ROBJ:RTS4 5,
Roux AND EVELYNS® and Roux AND MA1ns?).

During “adsorpt1ve” separations in water, the mobility of the 015 compound is
apparently dependent on the non-planar nature of the compound (see Roux8, ROBERTS,’
- CARTWRIGHT AND Woon?, Roux aND EVELYN® and RoBERTS!9), and separatlons of
the optical i isomers of catechins and epicatechins have been shown to occur (RoBZRTS
~AND Woobp?1). RoUux AND I:VELYN“ showed that structural differences are also rée-
sponsible for variations of RF 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,
‘CLARK-LEWIS AND FORBESH FREUDENBERG!?, BIRCH CLARI\-LEWIS AND ROBERTSON“’
and WEINGESM,15, ' ‘ ‘ '

. e TEXPERIMENTAL AND RESULTS
Orzgm of subsmnces :
(—)-7, 3’4 -Tr1hydroxyﬂavan-3 4-diol from Schmopszs spp.1%1% 18 was hydrogenated
~unider conditions established by WDINGESM to give (+)- 2,3",4 -trxhydronyﬂavan-3 -ol
[(-+)-fisetinidol]. (——) -Fustin from Cotinus co ggygriat® was a gift from Dr. K. WEINGES.
(+)-Tr1hydromyﬁavan-3 4-d101 was similarly hydrogenated to (—)- 7,3’ 4 -tr1hydr0)ty-
flavan-3-ol*%. (+)- -Fustin was isolated from the heartwood of Acacia mollissima?0.
(—+—)—D1hydrorob1net1n was obtained from the heartwood of Robinia pseudacacm“
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.and hydrogenated under conditions establlshed by I‘RI:UDI:NBERG ‘AND Roux?! to
(+)-7:3".4",5" tetrahydromyﬂavan-g, 4-d10114 (—) Robmetmldol was 1solated from the
bark of A.mollissima?2. The Rp of (—)-7,3".4".5 -tetrahydroxyﬁavanﬁ 4-diol was
determined by using the racemate obtamed by the:hydrogenation .of (4 )-dihydro-
robinetin®3, (+)-Catechin, (—)- eplcatechm (—)-epicatechin gallate, ( +)-gallocatech1n
(=)- eplgallocatechm and (—)-epigallocatechin gallate were isolated from alr-dned
tea leaves and from the bark of Acacza pycnant/zw“

Chromatogmpkzc metkods

The pure substances were applied within the concentration range IO—20 wg on
‘Whatman No. 1 chromatographic paper and the chromatograms mounted on a
stainless steel frame. Chromatograms were developed simultaneously with 29,
aqueous acetic acid by upward migration to a point 13-14 inches (33-36 cm) from the
‘startlng line over a period of about 6-7 h. Affer: drying the solvent front was located‘
under ultra-v1olet light and accurately marked. Rp values were calculated and' the
»average of at least three values obtained in the presence on each sheet of the reference
compounds (+)-catech1n (Rr, ©. 35) and- (—— -roblnetmldol (Rr, 0.42). ‘

* 'When' different substances are applied to the same spot, a variable amount of
mutual interference often occurs during migration resulting in slightly anomalous
Rp values”. Only pure crystalline materials run singly from ‘individual spots were
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-compared, ..exceptions ' being: the pure racemate- (:}:)-7 3 14745 -tetrahydroxyﬁavan-
-3.4-diol and the (_—_t) -2,3~ dlhydroﬂavonols The Rp values ‘of compounds- havmg the
Viormulae I-V.are given in Table I. Values of the (#)-2,3- dlhydroﬂavonols are the
average. for the. optical: 1somers which ‘appear to-have close valuesas shown for: the
‘ enantlomorphous ( ) and (—) fustms (Rp, 0. 37 and 0. 35 respectlvely)

TABLE I
RF VALUES IN 2 % ACETIC ACID OF FLAVAN-3-OLS, FLAVAN-3,4-DIOLS,
,3-DIHYDROI‘LAVONOLS AND FLAVAN-3-GALLATES

Qompmmd } S ‘ N ' . o REp S
- (a) Resorcinol series -
. (D R=R'=H . . SR s
(+4)-Fustin (Ia) .. o S S .37
(=)= Flsctlmdol (ITa) - - 0.48
(+4)-7:3%.4 -Trxhydroxyﬂavan-g, 4 ~diol (IIIa) - - 0.52 ;. .
(—)-Fustin (Ib). , , , . ..0.35,
(). Plsetxmdol (IIb) " o L © 0,43
(== ) 7,37 ,4 -Tr1hydroxyﬂavan -3,4~ dwl (IIIb) : 047 .
@) R4 H R = OH T S R
: ./(#+)-Dihydrorobinetin (Ia) IR : Ce v 034 0 v
(—)- Rob1netm1dol (ITa) ' . . . 042 . -
(+)-7, 3 ,4 -Tetrahydroxyﬂavan-3 4 d1ol (I1Ia) S T 0,467

(—-—) 2.3%i4 ,5 -Tetrahydroxyﬁavan-3 4 -diol (IIIb) P 0/40" 00

() Phloroglucmol series
" (1) R = OH;R" = H. 4 S : :
‘ (:}:)-D1hydroquercetm (I ‘ _ Co : - B 3 B

(+)-Catechin (ITa)y - . 0.35.
- {—)-Epicatechin (IV) -~ e C s 0.30
(—)-Epicatechin gallate (V) - s . 0.23 .
~ (2 R=O0OH; R = OH :
(£)-Dihydromyricetin (I) . 0.24
(+)-Gallocatechin (IIa) : . 0.32
. (—)-Epigallocatechin (IV) . . - 0.24.
(-—) Engallocatechm gallate (V) o 0.20

DISCUSSION e

' Those moblle flavono1d compounds wh1ch have been stud1ed in Table I have the: ab-
- solute configurations 111ustrated in formulae I to V. Of these, the members of: the
-group: (+4)-fustin, (——)-ﬁset1n1dol and (+)-7 34 -trxhydroxyﬂavan-3 4-diol;:and -of
‘the group .(+)-dihydrorobinetin, - (—)-robinetinidol - and (+)-7.3",4 ,5-tetrahydromy-
flavan-3, 4-diol are interconvertible, and have been shown-by WEINGEs!4: 15 to have
the same absolute conﬁguratlon at C atoms 2 and: 3 as (-+)-catechin, whereas: (-—)-
fustin, . ( +)-ﬁsetm1dol and. (—)-7,3".4 -tr1hydroxyﬂavan-3 4-diol . correspond to (—)-.
.catechin. The ()~ and (—)-fustins??, ()~ and: (-—-)-ﬁsehmdols” (4+)-and (——)-7 3'.4'-
_tr1hydro:;yﬂavan-3 4-diols?% 20:and . presurnably also the (+)- and:(—-)-7,3",4",5 ~tetra-
hydloxyﬂavan-3 4-diols.are: enantiomorphous. pairs of compounds. These compounds
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as well as (=)-catechin!?, 12, (4)-gallocatechin??,. ( :{:f)-dihydroquerc‘e:‘ti‘n‘z‘3 and presum-
ably (&4)-dihydromyricetin have a 2;3-frans configuration of substituent groups,
- whereas: (—)-epicatechin, (—)-epigallocatechin and their gallates have a 2,3-cfs con-
figuration!!,12. Comparison of compounds:with the same or ‘with' dlfferent conﬁgura-
: t1ons, under .the following headmgs, is of interest: ‘ ‘ :

S epamtwn of enantiomorphs

ROBERTS AND WooD? ﬁrst showed that the opt1cal 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-ol (ﬁsetlmdol) (4dRp, 0.05), and of the flavan-
3,4-diols, leuco-fisetinidin (ARF, 0.05) and leuco- robinetinidin (4Rp, 0.06) may
similarly be separated in water or 2 9, acetic acid (Table I). Also the 2,3-dihydro-
‘flavonols, (-+)- and (—)-fustin show differences in Rp (0.37. and 0.35) but the dif-
ference between the enantlomenc fustins, is. small (4Rp, ooz) compared with
enant1omer1c flavan-3-ols and ﬂavan-3 4-dlols (4dRp, o. .05-0. 06), and effective resolu-
tion occurs: only after prolonged 1rr1gat1on For. catechm gallocatechm fustin,
7,3 .4 -tnhydroxyﬁavan-3 4-diol and 7,3',4',5 -tetrahydroxyﬁavan-3 4-diol the (+)-
form has a hlgher Rp in water or 2 9 acetic acid than the (———-) -form. This sequence is
reversed for: epicatechin and epigallocatechin (see ROBERTS AND \V00D1) 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 WEINGES! and. between those of their
‘mirror-images'? 20, The same must apply to (—)-robmet1n1dol m relation to (4)-di-
hydrorobmetm and (+)-7 3,4",5 -tetrahydroxyﬂavanﬁ 4-d1ol

c zs—tmns relatwnsmp

(+)-Catechin and (—)- eplcatechm have the same conﬁguratmn (2 R) at C atom 2 but
differ at C atom 3 with (3 S) and (3 R) configurations respectivelyls, 29, The effect of
Rp on the tmns-—conﬁguratlon of the z-phenyl and 3-hydroxyl groups as in (-+)-
catechin as opposed to their cis- configuration as in (—)-epicatechin is shown in the
pairs (-+)-catechin (0.35) and (—)-epicatechin (0.30) (4R, 0.05), (+)- gallocatechm
.(0.32) and' (—) -epigallocatechin:(0.24) (4ARF, 0.08).  Similar;relative behaviour in. the
water direction is shown by:the pairs (—)-catechm and: (-1—)-ep1catech1n, (—)-gallo-
catechm and (+)—ep1ga.llocatech1n on the two-dimensional chromatograms illustrated
by RoBERTs AND Woob?. Catechins (ﬁavan-3 -ols) of the ‘/phloroglucinol series’> there-
fore have -higher .Rp values in aqueous medium- .compared with the. corre.,pondmg
ploatechms in which the 3-hydroxyl group is inverted. (4)-and (—)-Catechins also
have higher Rp values'than (-+)-and (—)-epicatechins in partitioning mixtures (see
BRADFIELD. AND BATE-SMITHS, and RoBERTs?5). and these effects may -be.due: to
disparity in. thelr molecular shape® 30 and: possibly to the nearly planar nature of the
epicatechins, with their 2-aryl group presumably in equatorial position®: 30,

S
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Galloyy groups n 3-posztwn

Comparlson of the Rp values of the’ pairs’ (——) -eplcatechm (o 30) and (—)-eplcatechm‘
gallate (0.25), (—)-eplgallo«,atechm (o 24) -and (——)eplgallocatechm gallate (0.22)
shows that in both instances (ARF, 0.05 and o0.02 respectwely) galloylation in the
3-position reduces the Rp slightly. Similar deduct1ons may be made from the Rp
values m water for these substances by ROBERTS CARTWRIGHT AND Woon9 '

'Carbonyl group n tke 4-posztzon :

Companson of the 2,3- dlhydroﬂavonols w1th the1r stereochemlcally related flavan-
3-ols (catechms), for example the pa1rs (—+)-fustin (RF, o. 37) and (—-—)-ﬁsetmldol
(Rg, 6. 48) (4dRp, 0. .I1), and (—)-fustin and (+)-ﬁset1n1dol (0. 35 and o. 43) (ARF, 0.08),
shows that 1ntroduct10n of a carbonyl group in the 4—p051t10n reduces the Rg con-
31derab1y Similar conclus1ons may be drawn from the ‘comparison of ( ;{:) dihydro-
_robinetin (0.35) and (—)-rob1net1n1d01 (o. 42) (ARF, o. 07) ( +)- dlhydromyrlcetm (0.24)
and ( +)-gallocatech1n (o 32) (ARF, 0.08), and (+)- dlhydroquercetm (0.28) and
(+)- catechm (o 35) (ARF, o. 07) The con51derab1e reductlon in Rpis ev1dent for both
‘ phloroglucmol and resorcmol series of compounds, although in the former group hydro-‘
gen bonds between the 5-hydroxy1 and 4-carbony1 almost certalnly emst7 ‘The lower"
Rp of the d1hydroﬂavonols compared w1th the catechins may be due to the equatonal
arrangement of .the bulky 2-phenyl group and also of the 3-hydr0).yl group as
suggested by MAHESH AND SESHARDI?, These equatorial arrangements will confer a
nearly planar structure to 2,3- d1hydroﬂavonols resulting, as in the (—)-epicatechins,
in a reduced RF in ‘water, compared w1th catechms where the °—phenyl group 1s
‘111\e1y to have an amal arrangement‘m

H ydroxylatzon 'm the 4-1>osztzon o

'lhe suggestmn made: by ROUx AND EVELYN“ that hydromylatmn in. the 4-p0$1t10n
increases the Rp, is conﬁrmed by the comparison of stereochemically related flavan-
3-ols and ﬂavan-3 4-~diols. Examination of the pairs (—)-fisetinidol (0.48) and (4)-
7,374 -tr1hydroxyﬁavan-3 4—d101 (0. 52) (4Rp, 0.04), (+)-fisetinidol (0,43) and (—)-
7, 3 4 -tr1hydroxyﬂavan-3 4-diol (0.47) (4Rp, 0.04), (——-)-robmetmldol (o 42) and ( +)-
7,3":4,5 -tetrahydroxyﬁavan-3 4-diol (0.46) (dRpF, 0.04) shows that the increase in Rp
is smaller than or1g1na11y ant101pated6 This effect-may. be e}.pected as mtroductmn
of an ahphat1c hydroxyl on the heterocyclic ring should contribute to the solublhty

of the Cy5 umt as a whole o

H ydroxylatzon m the 5-posztzon

Compamson of the stereochemlcally related palrs (+)-catech1n (o 35) and (—)-ﬁse-
tinidol (0.48) (4Rp; 0.13), and (+)-gallocatechin (0.32) and (—)-robinetinidol (0:438)
(ARp, 0.16) shows that for the flavan-3-ols introduction of.a (phenolic) hydroxyl
in the. 5-posxtxon causes a.large reduction in Rpz. Thls also-applies to the 2,3-dihydro-
flavonols e.g. ( :t)-dlhydromyncetm (o. 24) and (;t)-dlhydrorobmetm (0.35).:(4Rp,

L
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0.11), and (:l:)'dihydroquercetin (0.28) and (;i:)-fusin (0.36) (4dRp, 0.08) ‘although
the 5-hydroxyl 1s probably hydrogen-bonded w1th the 4-carbonyl in this group of
compounds7

Hydroxylatzon in the 5 -j)osztzon

ROBERTS, CARTWRIGHT AND WooD? have shown that with water as 1rr1gant mtrodu(‘s
tion of a hvdroxyl group in the 5 -pos1t1on causes a slight reduction in the flavan-3-ols
of the phloroglucinol series. Similar behaviour is shown in 2 9, acetic acid by these
compounds, for emample (-+)-catechin (0.35) and (+)-gallocatechin (0.32) (dRF, 0. 03),
(—)-ep1catech1n (o. 30) and (—-—)-eplgallocatechm (0. 24) (4Rp, o. 06) (—)-eplcatechm
gallate (0.25) and (—)-eplgallocatechm gallate (0.22) (ARF, 0.03), and also by flavan-
3-ols of the resorcinol series (—)-ﬁsetnudol (o. 48) and (—-—)-rob1net1n1dol (0.42) (ARE,
0.06). 2,3—D1hydroﬂavonols show the same ‘behaviour, for example (+)-fustin (o. 36)
and (&4)- dlhydrorobmetm (0.33) (ARF, 0.03), (£)- d1hydroquercet1n (0.28) and (£)-
dlhydromyncetm (0. 24) (4RF, 0.04). The above data show that cateclnns (ﬂavan-3—ols)
of the phloroglucmol” and ‘‘resorcinol” ~series w1th 2 3-—tnms conﬁguratlon of
substltuent groups, | those of the ° phloroglucmol” series with "2; 3-czs conﬁgurauon
and their ga]lates and 2,3- dlhydroﬂavonols of both senes (all 2, 3-z‘mns conﬁgurat1on31)
show similar small reductlons of Rp (0.03-0.06) with the 1ntroductlon of a hydroxyl
group m the 5 -p051t10n us1ng 2 % acetlc a01d as chromatographlc 1rr1gant

Correlatzon between mobzhty, planamty and solubzhty

Flavonoxd compounds whlch are completely planar for ehample anthocyamdms
flavonols, flavones, aurones. and chalcones, do not migrate in ‘water$ 8,9,10, Although
this apparent affinity for the cellulose has been ascribed to planar1ty8 —10 and to
special adsorption effects associated with the planar structureS, it appears more
likely that planarity and low solubility are also associated pr opert1es in the C,5 group
The above groups of- compounds all have low solubilities i cold water, and flavonols,
although not iobile in cold water, migrate on cellulose columns developed ‘with hot
water. Furthermore ‘the add1t1on of formic or acetic acid to ‘the’ aqueous irrigant,
allows for the migration of all these substances on'a cellulose substrate in'a regulzu
manner?2. Low solublhty associated with a. planar structure is therefore alimost certain-
ly responsible for the zero Rp in- water or 2 9, acetic acid. Solublhty m1ght also be a
predomlnant single factor  affecting: the m1grat1on of those ﬂavonmds Wh1ch are'
moblle in predommantly aqueous systems. ' ' : S S

Summarzsed concluszons

Compansons of some stereochemlcally related flavonoid compounds as det'uled.
above, has: shown ‘that: the enantiomers of flavan-3-ols, flavan-3, 4-d101s and 2;3-di-
hydroﬁavonols may be separated in water, sometimes with a. reversali in the sequence‘
of ‘migration ‘of ‘the (+)- -and- (—)-forms ‘Amongst the ﬂavan-3 ols, those of 1 2;3-
trans configuration of substituent groups always have an appreciably hlgher Rp-than.
the related epimer of 2;3cés configuration in which the 2z-hydroxyl group is inverted. '

J. Chromatog., 5 (1961) 9%;6‘
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Regardmg the functional groups it was shown that a galloyl group in the 3-position
slightly reduces the Rrpofthe correspondmg 2,3-cis-flavan-3-ol (4Rp, —0.02 to—0.05) .
The presence of a carbonyl group in‘the 4-position (2,3-dihydroflavonols) introduces
a pronounced 1educt10n in Rp compared with the corresponding flavan-3- ol (4Rr,
—0.07 to —o0.11). Hvdroxy lation in the 4-position (aliphatic hydroxyl) produces a
small increase of RF, (Rp, +0.04) whereas the introduction of hydroxyl groups in
positions 5 and 5” (both phenolic hydroxyls) produces large (AR_F, —o0.08 to —0.16)
and very small (4Rp, —0.03 to —0.06) reductions in Rp values respectively. The
solubility of flavonoid compounds in water appears to be a predommant factor in
determining their Rp on cellulose substrates.
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SUMMARY

I‘actors affectmg the chromatographic behawour of some flavonoid compounds in
aqueous medium may be evaluated'more accurately now that their: stereochemlcal
interrelationships have been established. The effect of the followmg factots on. Rp
have been examined: (a) the separation of enantiomorphous flavan-3-ols, lavan-
3,4-diols and 2,3-dihydroflavonols; (b) the cis-trans relationship of substituents in
the heterOcyClic-riné‘of. flavan-3-ols, (c) the introduction of a carbonyl group in the
4-position, hydroxyl groups in the 4, 5 and 5'-positions, and a galloyl group in the
3-position. The zero Ry 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 Rp of flavonoid compounds in aqueous medium:.- ‘

NOTE ADDED IN PROOF

’H ydroxylatzon in the 3-position

(-+)-Butin (3-deoxyfustin) (o.22) prepared from butein by alkali 1somer14at10n 33 has
a lower Ry in 2 % acetic acid (4Rp, 0.14) than (+)-fustin (0.36). Similarly (4)-7,3’,4'-
trihydroxyflavan-4-ol (0.33, 0.28) obtained from the reduction of (4-)-butin 34, has a
lower Rp (ARp, 0.19) than either (£)- or (—)-7,3',4'-trihydroxyflavan-3,4-diols
(0.52, 0.47). Substitution of hydromyls (aliphatic) in 3-position in both flavanones
and flavans produces large Rpincreases in 2 % acetic acid (4Rp, 0.14-0.19) contrasting
with the small increase (ARF, 0.04) accompanymg hydroxylation (aliphatic) in the

4-p051t10n
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