
HIGH-PERFORMANCE LIQUID CHRQMATOGRAPHIC SEPARATION OF 
NATURALLY OCCURRIN G ESTERS OF PHENOLIC ACIDS 

SUMMARY 

High-performance liquid chromatographic (HPLC) data of cinamic and 
benzoic acid derived phenols, esterified with quinic acid at the Ccs, hydroxyl, and 
with glucose at the C,,, hydroxyl (~3 anomeric form), are presented for the 5rst 
time. These naturally occurring compounds have been obtained synthetically. They 
are chromatographed on reversed-phase and on dial HPLC systems. The four 
chlorogenic acid isomers are also chromatographed on these columns. 

JNFRODUCTiON 

Recently, Wulf and ETagel’, Court2, Murphy and Stutte3 and Price et QZ.~ have 
published data on the separation of plant phenolic acids OQ reversed-phase high- 
performance liquid cbromatographic (HPLC) columns. These acids are found in 
higher plants together wi& combined forms such as esters and glycosides. No 
HPLC data are given in the literature for the last two classes of compouzis. In 
this paper, twelve esters of phenolic acids (esterilication with quinic acid and 
glucose), which are very frequently reported in the literature as plant constituents, 
are synthesized and their behaviour on reversed-phase HPLC is studied_ Few normal- 

phase HPLC systems are known for tic analysis of plant polyphenols. Rapp and 
zieglefl, Morot-Gaudry et aL6 and Nagels and Parmentier’ use silica gel columns 
for their analysis. We now report the use of a diol type of column for the normal- 
phase separation of these compounds. 

MA- AND METHODS 

AlI analytical separations are performed with a Hewlett-Packard lOSOB 
liquid chromatograph equipped with an automatic injector. I&ction volumes are 
10 ~1. Detection is with an UV monitor at 280 nm. The reversed-phase C, column 
and the dlol colursm have inner diameters of 4.6 mm and len&s of 25 cm. The 
stationary phases are LiCbrosorb RP-8 aad LiCbrosorb 10 dial (E. Merck, Darm- 
stadt, G.F.R.) respectively. Both columns are packed by Chrompack. For preparative 



scale separations, we used an air-driven pneUmatiC ampli6eF pump from E&&e1 and 
a six-way injectim valve (Valco). The preparative cohmn (25 x 2.24 cm I.D.) is 
fl.lkd with LichrcSOFb If? PS-8 (Merck). 

Qzahic a&’ esters. These compoun& have the st~~ctmes shown in Fig. I (cf- 
dso Table I). The phenolic acid is esterifkd with the qS hydroxyl of quinic acid 
(new numbering is used throughout this text). 
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Fii l_ stnlchue of quink z&d esters. 

S-O-Ciinnamoy!quinic acid and lo-pcomaroylq-tic acid are sy&hesW as 
descx&ed by Nag&, 5-O-o-m umaroylquinic, IO-feruioylquinic and 5-O-sinapoyl- 
quinic acid by tie methods of De Poote~ and co-workers9*10 and 5-0-phydroxy- 
bcnzoylquinic acid by the methods of Dc Bruckefll. 

3- and 4O-caffeoylquinic acids are obtained in the following manner. 

TAELE I 
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chlorogenic acid (Flll& Euchs, Switzerland) is dissolved in a samti solution of 
NaIlco,.Tl~e tkznpemw is raised to 90". Heating is stopped after 30 n&I and 
E&SO+ added to pH 3. The obtained mixture of isomeric cafkoyIquinic acids is 
extracted witi ethyl acetate. The ethyl acetate phase is concentrated to dryness, the 
residue dissolved in water and chromatographed on preparativtxcale reversed-phase 
HPLC (CA, &~~~~ogrc@zk e@$mznt). Eluent: 10 mH E&PO.+-methanol (80:20]. 
Three isomers are obtained in this way, namely 3-, 4 and EO-caBoylquinic acid, 
the L-isomer being present in negligible amounts only, The 3- and Gsomers are 
cohcted. Fractions arc concentrated in vacuum to remove methanol and the 
residual aqueous phase is extracted wi*J ethyl acetate. This ethyl acetate phase is 
concentrated to dryness. l-O-CaEoylquinic acid is synthesized from l-(3’, 4’-ciicar- 

boethoxycaEeoyl)acetonequinide by refluxing with water for 6 h. The L-isomer is 
isolated from the reaction mixture by preparative scale RP HPLC (see other chloro- 
genie acid isomers). 

Ghco~e esfers. SmcW formulae of these compounds are shown in Fig. 2 (CY, 
Table EI for substitution patterns). 

Acyl groups 

Fs Z Stnrccure of ghxuse esters. 

TABLE II 

TRIVIAL NAMES OF GLUCOSE ESTERS 

ESfffS % & R3 

Benzoylglucose is synthesized by reaction of ethyl I-i&h-B-D-glucopyranoside 
with silver be1~4~3te in 2C&Otitiik. The compound k Z&O ptied with p~pr&iVe 

reversed-phase HPLC. p_Coumaroyl-, ca&oyl-, feruloyl- and galloylghcose are 
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o&&ned from their acetyl derivatives by deacetylation with sodium methanolate in 
methanolE*u. ARer removal of the acetyl protecting groups, ;rcetic acid is added to 
the reaction mixture to slightly acidic pH_ ‘Water is added and methanol removed 
by vacuum evaporation. Sodium ions are eliminated by eluting the resultant aqueous 
phase over a Servacel cellulose ion exchanger (EL+) (Serva, Heidelberg, G.F.R.). 
The crude reaction mixture is extracted with ethyi acetate_ The water phase contains 
a mixture of isomeric glucose esters. These are separated by preparative reversed- 
phase column chromatography. The structures of all the described compounds are 
verified with nuclear magnetic resonance spe&roscopy. 

RESUU-S AND DISCUSSION 

Chromaiograms of the twelve synthesized esters and of the 4 chlorogenic 
acid isomers on a reversed-phase column are shown in Figs. 3 and 4, respectively_ 
These components are not completely separated by the system. It is clear that 
complex mixtures of phenoiic compounds (as found in plant extracts) will seldom 
be resolved by one technique, such as reversed phe HPLC, alone. A group separa- 
tion of the phenolic compounds will usually be necessary. In an earlier publicatiorP 
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Fig_ 3_ Separakon of quinic acid and gkose esters of phenolic acids on rewxsed-phase HPLC 
sepaatedcoml?ounds: 1 = galIoylgIucose; 2 = caffboylglucose; 3 = phydroxybenzoylquinic acid; 
4 = p-coumaroylgbose and ber~oylgIucose; 5 = calTeoyIquinic acid; 6 = feruloylglucase; 7 = p 
coumaroy~quinic acid; 8 = feruIoylqtinic acid and sinapoylquinic acid; 9 = u-coumaroy!quinic acid; 
and lO= cinnamoylquinic acid_ Flow-rate, 4-O mI/min. Gradient eIution: solvent A = 10 m.M 
H,FQ, solvent B = methanol; from 10% B to 80% B ia 4Omin. 

Fig. 4. Rexrsed-phase chromatography of chIo~wgenic acid isomers (numbers refer to position of 
&e&cation, cf, Fg_ 1). Linear gradient elution at a flow-rate of 4 ml/&: solvents as in Fii 3; 
fmmS%Bto#)%BinlSmin. 
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we described such a separation (based on the charge differences of phenohc com- 
pounds at pH 7) using ECTEOLA~llulose_ When the above fifteen phenohc com- 
pounds are subjected to this separation, we obtain two groups: ghmxe esters 
(marked A in Fig. 3) and quinic acid esters (marked q ). Poorly resolved com- 
ponents such as p-coumaroy1glucose, chlorogenic acids and feruloylglocuse (see 
Fig. 3) are completely separated by the use of this technique. (Since cblorogenic 
acid is a very abundant phenolic compound in higher plant tissues, the lower 
amounts of these two glucose esters will be completely masked by the former com- 
pound if no group separation is used.) Benzoylglucose and pcoumaroylghxcose are 
unresolved by this reversed-phase chromatography_ pCoumaroylglucose has one phe- 
nohc hydroxyl function, benzoylglucose has none. The increase in po1arity caused 
by this grouping is matched by the increase in hydrophobic character of the molecule 
caused by the conjugated double bond. 

As will be shown below, a diol column differentiates these two compounds 
(hydrogen bonding is more important here). Another material (low pressure) that 
can separate these two components is ecteola celiul~se~~. This material separates 
neutral phenolics on the basis of their hydrogen-bonding capacities. When it is 
used as a complementary putication step before HPLC analysis on RP columns, the 
two glucose esters are determined without interference. Feruloyl- and sinapoyl- 
quinic acid also are unresolved on PP columns. They are partly separated by chro- 
matography on a dial column (I?= = 0.6). According to Gorse and PattersorG5, 3-0- 
sinapoylquinic acid and cblorogenic acid are unresolved on paper chromatography. 
They are separated on RP columns (Fig. 3), whi1e on diol the resolution between 
these components is much higher (Fig. 7). 

The chlorogenic acid isomers are resolved on RP columns, (Fig_ 4) The 
isomers with the c&eoyl moiety axially disposed (l- and 3-O-caReoylquinic acid) 
elute first; 4- and 5O-caffeoylquinic acid, where the caffeoyl group is in an equato- 
rial position, have higher retention volumes. The reverse elution order has been 
given by Har~son’~ for the four clnnamoylquinic acid isomers on a low-pressure silica 
gel column. For the chlorogenic acid isomers, a diol type HPLC column and a low- 
pressure silica gel column have the same selectivity. This can be concluded when 
comparing Fig. 5 with chromatographic data from the hterature16. The 1- and 3- 
isomers are only partly resolved by the diol column. The selectivity of this material 
and of silica gel columns are also comparab1e for other phenolic compounds 
(see refs. 6 and 17). Silica gel columns have the disadvantage that their water conteut 
is very critical, and varies during a gradient run. This is not the case with a diol 
column, which also has the advantage that low viscosity organic solvents can be 
used, resulting in low column pressures. 

A complete separation of the five synthesized glucose esters, together with 
some commerciahy availabte phenolic compounds, is shown in Fig. 6. 

The quinic acid esters are also chromatographed on the diol column (Fig. 7). 
Wnen the retention orders of the phenolic components on RP and on diol columns 
are compared, it is interesting to note that they are not mere1y inverted. This 
means that both cohuuns have different se1ectivities, and may be used to com- 
plement each other. 
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Fs 5. Dial colurm~ Ch.IU~t~~hy of chlorogenic acid isosners (ncmbcring sefw to position of 
%ztio~, cf_, Fii l)_ The t?rst &&xl ptsk is ca&ic acid (not ntzmbexed). The l-ko~ is in- 

jected separately (dotted he). Fhw-rate, 4 rnl/nGn. Linear gndiknt ehtion: fmrh 3 % B to 23% B 
in ZOmin; sdvcnt A = C&C&acetic acid (!W:l), sokent B = l-propanol. 

5 10 mln 

Fii. 6. !hparation of phenok ghose aters together with cow phenoks on a dial cokunn. 
R&S:l=CiWZIGC acid; 2 = catechol; 3 = pcousnaric acid; 4 =phydroxy b+enznk acid; 5 = 
rcsoxcinoi; 6 = nxthyl gidiate; 7 = catWe add; 8 = 3&dihy~bznzaic acid; 9 = baxzoyi- 
Sha5sc; 10 = fauloylglucr%e; 11 = cbbxogenic acid; 12 = &l.k add; 13 =pcoumaroyIglucosc; 
14 = mffeoufgtrmaxe; 15 = gaROY~~ Row-rate. 4 mumin. Gradient ehti~~ fsorn 3 % B to 
12%Bin10xninandth~to4O%Bin lOin.h;soXventA =CHzCl+x&icacid(W5zO_5),salvent 
B = l-propanoL 
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Fe. 7. Bchaviour of phenolic quinic acid esters on a dial coIun.m. peaks: 1 = s-ocinnamoylquinic 
acid; 2 = %O-&apoyIqtic acid (sepax+te injection); 3 = feFlloylqu.inic acid; 4 = pcounaroyl- 
quinic acid; 5 = phy&oxyixnzoyIqu.ink acid; and 6 = cklomg&c acid_ Linmr gradient eItiori 
ata~ow~~of4mt/-3lin:from3%Bto90%Bin~O;soIventA=~~~acid(9:1), 
SohrentB = l-prOpi+IlJL 
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HPLC offers a convenient method for the anaiysis of plant pheaolic esters. 
Reversed-phase chromatography and nomat-phase chromatography on the weakly 
polar dial column can be wed to complement each other. For complex mixtures, 
prior to injection on one of these cdumns, are recommencied, group separations on 
low-pressure column chromatography on carbohydrate-based anion exchangers. 
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