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Abstract*Two linear compounds were isolated from the ethyl acetate extract of residues resulting from olive
oil processing[ These compounds were characterized by NMR and identi_ed as 2!ð0!"hydroxymethyl#!"E#0!
propenylŁ glutaric acid and 2!ð0!"formyl#!"E#0!propenylŁ glutaric acid[ Spectra of the products resulting from
reduction and saponi_cation con_rmed the proposed structures[ These products are structural components of
a more complex molecule\ oleuropein\ which confers a bitter taste to olives[ Þ 0887 Elsevier Science Ltd[ All
rights reserved

INTRODUCTION

The Mediterranean basin is an area of relatively low
rainfall\which has a notable in~uence on the agri!
cultural practices in the area[ Traditionally\ olive trees
"Olea europea# have been grown in many Med!
iterranean countries[ The well!known nutritional
properties of olives and olive oil have led to the devel!
opment of many di}erent cultivars in this part of the
world[

The natural bitterness of olives is caused by a mol!
ecule known as oleuropein "Fig[ 0# ð0Ð2Ł[ Generally\
bitterness is eliminated before human consumption by
treating the fruit with sodium hydroxide "1) w:v#[
Alkaline hydrolysis of oleuropein yields various prod!
ucts "Fig[ 0#\ among which are oleuropein aglycone\
b!2\3!dihydroxyphenyl ethyl alcohol\ glucose and
elenolic acid ð0\ 3Ł[ Oleuropein aglycone also yields
further transformation products upon opening of the
nonaromatic elenoic ring[ These are dialdehyde
derivatives\ namely compound A and the diastereo!
isomers B and C in Fig[ 0 ð1\ 4Ł[

The ethyl acetate extract of solid residues resulting
from olive pressing for olive oil extraction is the most
interesting fraction for the identi_cation of chemicals
present in olive fruit ð5Ð7Ł[ In this extract a number of
aromatic compounds substituted with hydroxyl and
methoxyl groups and alkyl chains have been identi_ed
ð8\ 09Ł[ In the present study\ we have isolated and
identi_ed two compounds with the aid of NMR\ 2!ð0!
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"hydroxymethyl#!"E#0!propenylŁ glutaric acid and 2!
ð0!"formyl#!"E#0!propenylŁ glutaric acid\ which prob!
ably act as backbone elements providing the link
between the aromatic part of oleuropein and the
sugar[

RESULTS AND DISCUSSION

Semisolid residues resulting from olive pressing for
olive oil production were macerated in water and _l!
tered as described in the Experimental[ The aqueous
phase was acidi_ed and then a series of sequential
extractions using solvents of increasing polarity were
carried out[ The most abundant compounds identi_ed
in the hexane extract were triterpenes and fatty acids
ð00Ł[ The methylene chloride and ethyl ether extracts
contained mainly aromatic compounds substituted
with aldehyde\ methoxyl and hydroxyl groups "data
not shown#[ 0H NMR analysis of the ethyl acetate
extract revealed that it contained mainly aromatic
compounds substituted with carboxylic acid groups
"e[g[ syringic\ ferulic\ veratric\ 1\3! and 1\2!dihy!
droxybenzoic acids and p!hydroxyphenyl ethanol#[ In
addition\ a series of signals were tentatively assigned
to nonaromatic compounds\ which have not been
described previously in this extract[

To analyze the nonaromatic compounds\ the ethyl
acetate extract was methylated to decrease the polarity
of the components and then chromatographed under
pressure on a silica gel column using mixtures of hex!
ane and ethyl acetate as eluent[ Several fractions were
collected and analyzed by 0H NMR\ TLC and GC[

The products that eluted with hexaneÐethyl acetate
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Fig[ 0[ Structure of oleuropein resulting from its alkaline hydrolysis ð0Ð3Ł[

"2]1# contained products whose 0H NMR signals
clearly revealed they were not aromatic compounds[
TLC and GC analyses revealed two pure compounds
in two di}erent fractions and a mixture of the two in
another fraction[ To determine the structure of these
compounds we carried out analyses of 0H NMR\ 02C
NMR\ HETCOR\ COSY 89>\ NOE\ IR and EI mass
spectrometry of each of the fractions containing a
pure compound[ The molecular formula C00H05O4 for
compound 0 was assigned based on the mass spectrum
"see Experimental# and 02C NMR data "Table 0#[ The
IR spectrum of the compound revealed absorption
bands at 0623 and 0104 cm−0\ which were attributed
to the presence of a methoxycarbonyl group^ another
absorption band at 0572 cm−0 suggested the presence
of a conjugated aldehyde[ The 0H NMR spectrum
showed a doublet at d 8[15 "J � 1[9 Hz#\ typical of an
aldehyde group coupled with an ole_nic proton\ which
appeared as a broad quadruplet at d 5[55 "J � 6[0 Hz#
due to the doublet methyl at d 1[95 "J � 6[95 Hz#[

These data\ together with the results of 02C NMR\
suggested that 0 contains a vinylaldehyde substituent[
0H NMR analysis also revealed two dd at d 1[51 "1H\
J0 � 4[72 Hz\ J1 � 05[97 Hz# and d 1[65 "1H\ J0 � 7[8
Hz\ J1 � 05[97 Hz# "Table 0# and a multiplet at d 2[49Ð
2[58[ The methoxycarbonyl group was assigned to d

2[47[ 0H NMR\ 02C NMR and mass spectroscopic
data support that the structure of compound 0 is 2!
ð0!"hydroxymethyl#!"E# 0!propenylŁ glutaric acid[

For compound 1\ the EI mass spectrum exhibited
an ion at m:z 129 ðM¦Ł[ Its spectroscopic data were
similar to those of 0[ The IR spectrum revealed the
presence of a hydroxyl group "2574\ 2504 cm−0#\
whereas 0H NMR revealed a dd at d 3[55 "J0 � 01[7\
J1 � 58[85 Hz# and the corresponding carbon
appeared with a chemical shift at d 61[0 "Table 1#\ in
accordance with the allylic hydroxymethylene group[
This establishes that in compound 1 C!0? bears a hyd!
roxymethyl substituent rather than an aldehyde[ To
corroborate this observation\ compound 0 was
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Table 0[ 0H and 02C NMR data for compound 0

0H 02C

0 * 061[4
1a�\ 3a� 1[51 dd 25[6

"4[72^ 05[97#
1b�\ 3b� 1[65 dd 25[4

"7[8^ 05[97#
2 2[49Ð2[58 m 29[9
4 * 061[4
0? * 032[3
1? 5[55 bq 043[1

"6[0#
2? 1[95 d 04[0

"6[95#
HCO 8[15 d 084[9

"1[9#
OCH2 2[47 s 40[3
OCH2 2[47 s 40[3

Chemical shifts in ppm relative to TMS^ coupling con!
stants J in Hz[ � Exchangeable data[

Table 1[ 0H and 02C NMR data for compound 1

0H 02C

0$ * 060[8
1a� 1[32 dd 27[3

"8[15^ 05[03#
1b� 1[44 dd 27[3

"3[43^ 05[00#
2 2[21 quintuplet 18[5

"5[6#
3a 1[52 dd 24[1

"5[57^ 04[7#
3b 1[63 dd 24[1

"5[36^ 04[70#
4$ * 060[4
0% * 021[2
1% 4[53 q 014[0

"5[72#
2% 0[57 d 04[4

"5[87#
CH1OH 3[55 dd 61[0

"01[7^ 58[85#
OCH2 2[56 s 40[8
OCH2 2[56 s 40[8

Chemical shifts in ppm relative to TMS^ coupling con!
stants J in Hz[ � and % exchangeable data[

reduced with NaBH3 and as expected compound 1 was
obtained[ Other di}erences were observed between
the chemical shifts in the 0H NMR analyses between
compound 0 and compound 1 "Tables 0 and 1#[ The
trans!con_guration of the trisubstituted double bond
was assigned by means of NOE di}erence experi!
ments\ where irradiation of the methyl frequency
resulted in the NOE e}ect on the aldehyde group in
compound 0[

Table 2[ 0H and 02C NMR data for compound 2

0H 02C

0?a� 1[40 dd 24[0
"8[4^ 05[4#

0?b� 1[53 dd 24[0
"3[04^ 05[34#

0ý 4[53 q 014[5
"5[4#

1 * 064[7
1? * 061[0
1ý 0[63 d 03[1

"6[9#
2a� 1[60 dd 27[0

"5[6^ 04[7#
2b� 1[71 dd 27[0

"5[3^ 04[7#
3 2[5 m 29[3
4 * 021[0
5 3[60 dd 61[0

"01[8^ 55[9#

Chemical shifts in ppm relative to TMS^ coupling con!
stants J in Hz[ � Exchangeable data[

The structure of compound 1 was con_rmed after
chemical modi_cation[ Compound 1 was saponi_ed
and after acidi_cation product 2 was identi_ed[ The
spectroscopic data of compound 2 "Table 2# revealed
that this compound corresponded to a lactone\ whose
structure is given in Fig[ 1[ This lactone was methy!
lated with CH1N1 to yield compound 3\ which con!
tained a methoxycarbonyl group "spectroscopic data
in Table 3#[

The products resulting from the chemical modi!
_cation of compounds 0 and 1 support the fact that
the structures of the compounds present in the ethyl
acetate extract were 2!ð0!"hydroxymethyl#!"E#0!pro!
penylŁ glutaric acid "0# and 2!ð0!"formyl#!"E#0!pro!
penylŁ glutaric acid "1#[

Both compounds may thus be derived from ole!
uropein\ a more complex molecule "Fig[ 0#\ which
confers bitterness to olives[

EXPERIMENTAL

General

NMR were recorded on Bruker 499 AMX and 399
ARX instruments and referenced to residual solvent
signal[ The number of attached protons for 02C signals
was determined from DEPT 024 assays[

Extraction and isolation

Olive oil production residues were collected from
an olive oil mill in Villacarrillo\ Jae�n\ Spain[ The resi!
due "0[2 kg# was immersed in 02[649 l of H1O[ The
suspension was kept at room temp[ for 4 days\ with
occasional agitation to facilitate maceration[ The sam!
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Fig[ 1[ Molecular structure of 2!ð0!"hydroxymethyl#!"E#0!propenylŁ glutaric acid\ 2!ð0!"formyl#!"E#0!propenylŁ glutaric acid\
the lactone resulting from the saponi_cation and reduction of the _rst product and its methyl ester derivative[

Table 3[ 0H and 02C NMR data for compound 3

0H 02C

0?a� 1[34 dd:1[4 dd 24[0:24[9
"8[39^ 05[05#:"4[63^ 04[2#

0?b� 1[45 dd:1[50 dd 24[0:24[9
"3[32^ 05[10#:"3[4^ 05[76#

0ý 4[54 q 014[1:014[0
"5[4#

1 * 064[2
1? * 061[0:060[5
1ý 0[6 d:0[58 03[1:02[5

"5[49#:"5[08#
2a� 1[54 dd:1[61 dd 27[2:27[9

"5[51^ 04[71#:"5[51^ 09[85#
2b� 1[68 dd:1[68 dd 27[2:27[9

"5[33^ 04[25#:"5[33^ 04[25#
3 2[21 m:2[54 m 29[3:18[2
4 * 021[1:021[9
5 3[56 dd:3[57 dd 61[0

"01[73^ 80[90#:"01[73^ 77[32#
6 2[58 s 41[9

Chemical shifts in ppm relative to TMS^ coupling con!
stants J in Hz[ Chemical shifts of two isomer products are
separated by a slash[ � Exchangeable data[

ple was then decanted and _ltered through a wire
funnel to remove solids[ The pH of the _ltered soln
was 3[4\ which was acidi_ed with 1 N HCl to pH 2[
The acidi_ed aq[ phase was successively extracted with
di}erent solvents of increasing polarity[ The solvents
used were hexane\ CH1Cl1\ Et1O and EtOAc[ The
EtOAc extract was kept for further studies and after
evapn in vacuo\ 1[78 g of EtOAc extract was recovered[
This was methylated with CH1N1ÐEt1O and after
usual work!up\ 2[00 g of methylated extract was
obtained[ This extract was then chromatographed
under pressure on a silica gel column using silica gel
59 "Merck\ 69Ð129 mesh# and products were eluted

with mixts of hexaneÐEtOAc "09]9Ð9]09#[ The frs
obtained "14 ml# were analyzed by TLC\ 0H NMR
and GC[ Three frs that eluted from the column with
hexaneÐEtOAc "2]1# appeared to be free of aromatic
compounds and were kept for further analysis[ The
_rst fr[ "8 mg# contained a pure compound\ which
was identi_ed as 2!ð0!"hydroxymethyl#!"E#0!propenylŁ
glutaric acid "0#[ The third fr[ "06 mg# also contained
a pure compound\ identi_ed as 2!ð0!"formyl#!"E#0!
propenylŁ glutaric acid "1#[ The second fr[ "5 mg# con!
tained a mixt[ of these two compounds[

2!ð0!"Hydroxymethyl#!"E#0!propenylŁ glutaric acid
"0#[ EIMS m:z "rel[ int[#] 117 ðMŁ¦ "C00H05O4#\ 116
"7[98#\ 102 "16[15#\ 199 "19[74#\ 087 "00[46#\ 086
"08[98#\ 074 "07[90#\ 071 "5[33#\ 070 "01[66#\ 058
"02[68#\ 055 "26[68#\ 043 "01[80#\ 042 "68[10#\ 030
"01[34#\ 027 "35[93#\ 026 "08[21#\ 012 "56[04#\ 009
"13[92#\ 098 "35[47#\ 097 "34[08#\ 84 "51[73#\ 83 "16[21#\
70 "45[68#\ 68 "79[39#\ 56 "78[94#\ 55 "20[21#\ 48 "099#\
40 "35[81#\ 32 "87[44#[ IR nmax cm−0] 2919\ 0623\ 0572\
0372\ 0104\ 646[

2!ð0!"Formyl#!"E#!0!propenylŁ glutaric acid "1#[
EIMS m:z "rel[ int[#] 129 ðMŁ¦ "C00H07O4# "4[05#\ 118
"18[10#\ 104 "2[32#\ 088 "19[67#\ 087 "05[35#\ 086
"57[09#\ 072 "08[38#\ 068 "52[08#\ 057 "06[27#\ 056
"59[64#\ 054 "27[50#\ 049 "70[85#\ 028 "18[00#\ 026
"50[73#\ 010 "62[67#\ 008 "16[31#\ 000 "16[99#\ 096
"61[60#\ 82 "37[56#\ 80 "53[13#\ 70 "65[72#\ 79 "06[80#\
68 "74[56#\ 56 "55[27#\ 48 "76[48#\ 42 "28[21#\ 32 "099#[
IR nmax cm−0] 2574\ 2504\ 0266\ 2908\ 1865\ 1816\
0625\ 0326\ 0104\ 0979\ 0936\ 0911\ 818\ 645\ 557[

Reduction of compound 0

Compound 0 was reduced with NaBH3 in MeOH
at room temp[ After usual work!up\ 00 mg of a mixt[
of products was obtained\ which were identi_ed as
compounds 1 and 2[



Glutaric acid derivatives from olives 0204

Saponi_cation of compound 1

Compound 1 was saponi_ed in a 1 N KOHÐMeOH
soln[ After usual work!up\ the lactone derivative "2#
was obtained[

Methylation of compound 2

Upon methylation of compound 2 with CH1N1Ð
Et1O\ compound 3 was obtained[
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