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ABSTRACT

Oxygen can react with organic substrates (RH) to yield hydroperoxides, which in many instances are the first products of oxidation to
be analytically isolated. A study of the structure of hydroperoxides could elucidate the reaction mechanisms activated during the first
steps of oxidation processes. The simplest structural model used in the study of oxidation mechanisms of fats is methyl oleate. In this
work the structures of methyl oleate hydroperoxides (MOHPs) were determined by gas chromatography—ion-trap detector mass
spectrometry (GC-ITD-MS) of the corresponding hydroxystearates (MSHs). The hydroperoxides were reduced to methyl hydroxyoc-
tadecenoates (MOHs), which were separated into the cis and trans fractions by argentation thin-layer chromatography. By hydrog-
enation of the double bond the cis- and trans-MOHs were reduced to MSHs for GC-ITD-MS analysis. Methods to isolate and
determine the positional isomers of MOHPs were tested. The analytical techniques used were preparative high-performance liquid

chromatography and GC-ITD-MS, solid-phase extraction-GC-ITD-MS and direct GC-ITD-MS.

INTRODUCTION

To understand the oxidation processes of unsat-
urated fractions of fatty substances, it is necessary
to determine the relative composition and the con-
centration of the isomers of methyl oleate hydro-
peroxides (MOHPs). These isomers are defined
with respect to double bond position and config-
uration, and peroxide group position.

The separation of MOHPs can be conveniently
carried out only by liquid chromatography (I.C) or
high-performance liquid chromatography (HPLC),
because they are thermally labile and chemically un-
stable. However, by using these techniques it is not
possible to separate cis from trans isomers.

Grosh [1] described a method for the separation
of MOHPs using HPLC, but the individual deter-
mination of cis and trans isomers for the MOHP
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system is limited to the use of gas chromatography
(GC)—mass spectrometry (MS) and GC-nuclear
magnetic resonance techniques [2,3]. The data ob-
tained with these techniques are in agreement but,
due to a lengthy sample preparation and to instru-
mental requirements, these techniques cannot be
used for the analysis of a large number of samples.

This paper describes the HPLC separation of hy-
droxyoctadecenoates (MOHs) obtained from the
reduction of MOHPs following the separation of
isomers into cis and trans fractions by argentation
thin-layer chromatography (TLC).

EXPERIMENTAL

Materials and reagents

Methyl oleate standard (> 99%) was supplied by
Nu-Chek-Prep (Elysian, MI, USA). Reagents and
solvents (analytical or HPLC grade) were supplied
by Carlo Erba (Milan, Italy).

Solid-phase extraction (SPE) columns (Bond
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Elut, Analytichem International, Varian, CA,
USA) packed with 500 mg of silica were used.

HPLC

A Varian Model 5040 liquid chromatograph
equipped with a Varian CDS 401 data system and a
Varian UV 50 detector operating at 212 nm was
used. The column (15 cm x 4.6 mm I.D.) was a
Spherisorb CN (alkylnitrile) of 3 um particle size
(Phase Separations, Deeside, UK). Separations
were performed under isocratic conditions at a
flow-rate of 1.5 ml/min, using a solution of 0.3%
anhydrous ethanol in n-hexane as the mobile phase.

GC and GC—ion-trap detector mass spectrometry

A Carlo Erba Model Mega 5160 high-resolution
gas chromatograph equipped with a split-splitless
injector and a flame ionization detector was used.
The fused-silica column was an SP 2340 column
(Supelco, Bellefonte, PA, USA), 30 m X 0.32 mm
I.D., 0.2 um film thickness, and the temperature
ranged from 80 to 240°C with a gradient of 5°C/
min. The carrier gas (helium) flow-rate was 1.6 ml/
min and the split ratio 1:80 (v/v). The injector and
detector temperatures were 230 and 240°C, respec-
tively.

For GC-ion-trap detector mass spectrometric
(ITD-MS) analysis a Varian 3400 capillary gas
chromatograph, coupled to a Varian Saturn ion-
trap detector, was used. The fused-silica column
was a DB-5 column (5% phenylmethyl) (J&W, Fol-
som, CA, USA), 30 m x 0.255 mm LD., 0.25 um
film thickness. The oven temperature was pro-
grammed from 220 to 300°C with a gradient of 5°C/
min. The injection was in the split mode (split ratio
1:70) with helium as the carrier gas at a flow-rate of
1 ml/min. The injector, transfer line and manifold
temperatures were 300, 300 and 320°C, respectively.
The filament emission current was 10 mA. Samples
were injected as trimethylsilyl (TMS) derivatives.

Preparation and isolation of MOHP

Before carrying out the oxidation process, the
methyl oleate standard was purified by passing
through an alumina (neutral) liquid chromato-
graphic column (2cm x 1 ¢m 1.D.), using hexane as
the elution solvent.

The oxidation step was carried out by transfer-
ring 1 g of methyl oleate in a PTFE-lined screw-cap
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tube and placing it in oven at 80°C for about 120-
140 h. The sample was then dissolved in 1 ml of
n-hexane and loaded onto a SPE silica column pre-
viously conditioned with 5 ml of n-hexane. The col-
umn was eluted with 10 ml of n-hexane (fraction 1)
and with 5 ml of an n-hexane—diethyl ether (1:1, v/v)
mixture (fraction 2).

Fraction 1 contained the main part of non-reac-
ted methyl oleate, whereas fraction 2 contained
MOHPs together with other polar products of the
oxidation. Fraction 2 was loaded on a silica gel
TLC plate, 20 x 20 cm, 0.25 mm thickness and
eluted with an n-hexane-diethylether (65:35, v/v)
mixture. The band corresponding to MOHPs, vi-
sualized under UV light (254 nm) after spraying
with a 0.2% ethanolic solution of 2,7-dichlorofluo-
rescein sodium salt, was scraped off, extracted with
chloroform and evaporated under nitrogen flow.

Reduction of MOHPs

MOHPs were reduced to the corresponding
MOHs in 1 ml of methanol by adding a spatula tip
of solid NaBH, [4]. After the disappearance of bub-
bles (about 30 min), the solution was acidified with
2-3 drops of 6 M HCl and its volume reduced under
a stream of nitrogen. After the addition of 0.5 ml of
water, hydroxides were extracted twice with 2 mi of
diethyl ether. The ether extract was dried with an-
hydrous Na,SO, and evaporated to dryness under a
flow of nitrogen.

Argentation thin-layer chromatography

MOHs were separated on a TLC plate, 15 x 20
cm, 0.25 mm thickness, impregnated with silver ni-
trate [5]. The two fractions were detected by viewing
under UV light after spraying the plate with the
2,7-dichlorofluorescein solution. The two bands
corresponding to trans and cis isomers were extract-
ed with chloroform and evaporated to dryness un-
der a nitrogen flow.

HPLC and GC-ITD-MS

MOHPs, the corresponding MOHs and the two
trans and cis isomer fractions, were analysed by
HPLC (Fig. 1). The cis and trans isomer mixtures of
MOHs were fractionated into the single isomers by
collecting the corresponding peaks at the outlet of
the HPLC detector cell.

To confirm the structure of the eight positional
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Fig. 1. HPLC chromatograms of (A) MOHPs; (B) MOHs; (C)
trans-MOHs and (D) cis-MOHs.

and cis/trans isomers of MOHs, each single com-
pound was analysed by GC-ITD-MS as the TMS
ether. Using a similar procedure their correspond-
ing methyl stearate hydroxides (MSHs), obtained
by hydrogenation of each single MOH isomer using
platinum as catalyst {2}, were analysed.

For quantitative purposes the trans and cis iso-
mer mixtures were analysed by GC-ITDMS with
the same procedure before and after hydrogenation.

Preparation of the TMS ethers
The samples were silylated with about 0.1 ml of a
pyridine-hexamethyldisilazane—trimethylchlorosi-
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lane (5:2:1, v/v) mixture, by storing them for 30 min
at room temperature in a desiccator. After evap-
oration to dryness under nitrogen flow the samples
were redissolved in 30-50 ul of benzene.

RESULTS AND DISCUSSION

For the collection of polar compounds from a
methyl oleate peroxidation mixture we used an SPE
column, which allows the elimination of the largest
portion of non-reacted methyl oleate. This clean-up
step made the improved isolation of the MOHP
fraction from low oxidized systems possible.
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Fig. 2. ITD mass spectra of (A) peak 1 of Fig. 1C and (B) the
same compound after hydrogenation.
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Fig. 3. ITD mass spectra of (A) peak 2 of Fig. 1C and (B) the
same compound after hydrogenation.

The HPLC chromatograms showing the separa-
tion of the MOHPs, the corresponding MOH and
the trans and cis isomers mixture are presented in
Fig. 1.

Similarly to what was observed for silica HPLC
columns [6], with the alkylnitrile HPLC column it
was not possible to separate either the eight MOHP
isomers or the corresponding MOHs. In contrast,
the trans isomers, and to a lesser degree the cis iso-
mers, were fairly well resolved. This separation al-
lowed the collection of each single isomer as it elut-
ed from HPLC instrument.
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Fig. 4. ITD mass spectra of (A) peak 3 of Fig. 1C and (B) the
same compound after hydrogenation.

In Figs. 2-5, the ITD mass spectra of peaks 1-4
in the HPLC chromatogram (Fig. 1C) of the trans-
MOHs are shown. The corresponding spectra of
peaks 1-4 in the HPLC chromatogram (Fig. 1D) of
the cis-MOHPs are shown in Figs. 6-9.

The mass spectra of the four frans isomers of
MOHs showed a very intense peak (base peak) at
m/z 285, 271, 227 and 241, respectively. These ions
are characteristic of MOH positional isomers, and
have the —OH group in the 11, 10, 9 and 8 position,
respectively. They originate from the homolytic
cleavage of the C-C bond next to the -O-TMS
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Fig. 5. ITD mass spectra of (A) peak 4 of Fig. 1C and (B) the
same compound. after hydrogenation.

group (« bond) on the opposite side of the double
bond [7]. The structures of these ions are represent-
ed in Fig. 10.

The mass spectra of the corresponding MSHs
show four pair of peaks at m/z 201/287, 215/273,
229/259 and 243/245, respectively. These pairs of
ions originate from the homolytic cleavage of the
C-C bonds next to the -O-TMS group and confirm
the position that was previously assigned to the
—OH group [7].

To the peaks in the HPLC chromatogram of
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Fig. 6. ITD mass spectra of (A) peak 1 of Fig. 1D and (B) the
same compound after hydrogenation.

trans MOHs (Fig. 1C) of the following positional
isomers were assigned: 11-OH 4° (peak 1); 10-OH
A® (peak 2); 9-OH A" (peak 3); 8-OH 4° (peak 4).

A homologous sequence of positional isomers
was obtained for the peaks in the HPLC chromato-
gram of c¢is-MOHs (Fig. 1D): 11-OH 4° (peak 1);
10-OH 4® (peak 2); 9-OH 4'° (peak 3); 8-OH 4°
(peak 4).

The order of MOH elution obtained with this
type of HPLC column is similar to that achieved in
the separation of the corresponding MSH isomers
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Fig. 7. ITD mass spectra of (A) peak 2 of Fig. 1D and (B) the
same compound after hydrogenation.

using a silica column [6]. Thus we suggest that the
position of the -OH group determines the order of
elution, with 11-OH being the less retained isomer.
With respect to the geometric isomerism, the trans
isomers are slightly less retained than the corre-
sponding cis isomers.

HPLC peak areas were used to calculate ratio
compositions of each fraction of trans and cis posi-
tional isomers of MOHPs. The corresponding ratio
compositions of each fraction of the trans and cis
positional isomers of MSHs were also calculated
using the relative intensities of the pairs of GC-MS
ions, 201/287, 215/273, 229/259 and 243/245 for the

R. Bortolomeazzi et al. | J. Chromatogr. 626 (1992) 109-116

108 71
W r
A
129
e
llC-
ke
i
i
H
55 9%
183 3?7
) hoad s s = L %9 w |
DML INLUREI LALAEAARE I RS R M M B2 4 B AR LR AR AR MR RS ARAS RS 2R 1) LN ARSH B
58 1 158 288 =0 300 408 458 80
1882 259
1 [
B
339
35
A WA TR - !
LD o) L8 ) BA B T T
380 358 L] 458
m/z

Fig. 8. ITD mass spectra of (A) peak 3 of Fig. 1D and (B) the
same compound after hydrogenation.

11-OH, 10-OH, 9-OH and 8-OH isomers, respec-
tively. The mass spectra were obtained by computer
processing, by averaging all scans containing the
singlet ion monitoring (SIM) peaks. In fact, the
SIM analysis showed that with our conditions only
a partial separation of the MSH isomers can be
achieved, as already noticed by other workers [3,8].
Compositions of trans and cis positional isomers, as
calculated with the HPLC and GC-ITD-MS meth-
ods, are listed in Table I. The results obtained by
comparing these two independent methods are in
good agreement.

Isomers 9 and 10 were present in trans fractions
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Fig. 9. ITD mass spectra of (A) peak 4 of Fig. D and (B) the
same compound after hydrogenation.

in larger amounts than isomers 8 and 11. In con-
trast isomers 8 and 11 predominated in the cis frac-
tions; in particular, the isomer 8 alone accounted
for about 50% of this fraction.

Table I also indicates the ratio compositions of
the total trans- and cis-MOH isomers, as calculated
using chromatographic areas obtained with the cap-
illary column SP 2340, which resolved the cis from
the trans isomers as TMS derivatives.
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Fig. 10. Structures of ions present in the mass spectra of the four
trans-MOH (or cis-MOH) isomers.

CONCLUSIONS

The use of an SPE column in the purification step
of MOHPs allowed the elimination of the largest
portion of non-reacted methyl oleate. This step
made possible the isolation of MOHPs on a single
TLC plate. With this procedure it is possible to col-
lect very small amounts of MOHPs and this is a key
factor in the study of the first steps of the reaction
mechanisms in the oxidation of lipids. The compo-
sition of positional and cis/trans MOH isomers ob-
tained by reducing the corresponding MOHPs and
separating them by argentation TLC can be deter-
mined by a simple HPLC method. The results are in
good agreement with those obtained by GC-1TD-
MS. The use of a polar capillary column allows the
rapid and direct determination of the cis and trans
isomers ratio. This shortened procedure facilitates
the complex analysis needed for the study of ox-
idation of model systems.
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TABLE I
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COMPARISON BETWEEN THE PERCENTAGE COMPOSITIONS OF THE POSITIONAL AND trans/cis ISOMERS OF THE
METHYL HYDROXYOCTADECENOATES AS DETERMINED BY HPLC AND GC-ITD-MS

Conditions Position Trans (84.8%) Cis (15.2%)
isomers
HPLC GC-ITD-MS$* HPLC GC-ITD-MS*
80°C; 140 h 11-OH 4° 22.3 21.1 23.0 20.9
10-OH 4* 27.1 28.0 17.3 20.1
9-0OH 4" 26.8 26.6 15.7 16.2
8-OH 4° 23.8 24.3 44.0 42.8
Trans (84.7%)" Cis (15.3%)°
HPLC GC-ITD-MS*® HPLC GC-ITD-MS*
80°C; 120 h® 11-OH 4° 224 22.3 17.4 19.8
10-OH 48 29.0 28.2 16.3 17.8
9-OH 4'° 28.3 27.5 14.1 12.2
8-OH #° 20.3 22.0 522 50.2
80°C; 120 h* 11-OH A° 20.1 24.1 19.6 21.2
10-OH 4® 27.1 27.4 15.8 17.0
9-OH 4'° 28.4 25.3 12.6 114
8-OH 4° 24.4 23.2 52.0 50.4

¢ Determined as methyl hydroxystearates TMS.
® Two sets of analyses shown for comparison.
¢ Mean of two determinations.
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