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Short refereed paper

Synthesis and characterization of 4-hydroxy-2-nonenal
derivativesfor gas chromatographic analysiswith
electron capture detection (GC-ECD)

Enzo Santaniellp Alessandro RepettolLuca Maria ChiesaPier Antonio Biondi

IDipartimento di Medicina, Chirurgia e Odontoiatra, Facolta di Medicina e Chirurgia and
2Dipartimento di Scienze e Tecnologie Veterinarie per la Sicurezza Alimentare,
Facolta di Medicina Veterinaria, Universita degli Studi di Milano, Milano, ltaly

4-Hydroxy-2-nonenal (HNE) has been prepared from the corresponding dimethylacetal (HNE-
DMA), in turn synthesized by a conventional approach with a few modifications of the experimental
protocol and some improvements in the purification of the final product. In order to exploit the
sensitivity of gas-chromatography with electron capture detector (GC-ECD) in the analysis of HNE
derivatives, reaction of HNE with 2,4,6-trichlophenylhydrazine (TCPH) and 3,5-dichlorophenyl-
hydrazine (DCPH) was tested. Reaction with TCPH afforded a mixture of products, whereas with
DCPH a single major product was formed that was prepared on a millimolar scale and purified.
IH-NMR analysis established that the derivative of HNE with DCPH is HNE 3,6-dichloro-
phenylhydrazone, that can be used as standard for GC-ECD analysis.

Keywords 4-Hydroxy-2-nonenal (HNE), gas-chromatography with electron capture detector (GC-ECD),
gas chromatography-mass spectrometry (GC-MS), 3,5-dichlorophenylhydrazine

INTRODUCTION 4-Hydroxy-2-nonenal dimethylacetal (HNE-DMA) has
been prepared as source of HNE by a conventional

4-Hydroxy-2-nonenal (HNE), one of the most abundant anépproach with a few improvements of the experimental
toxic lipid-derived alkenals generated from peroxidation ofprotocol. Also, the purification of HNE-DMA by column
w-6 polyunsaturated fatty acitlss present at micromolar chromatography has been revised and, after acid hydro-
levels in biological tissués.Several analytical methods have lysis, the reaction of HNE with halogenated phenyl-
been developed for quantification of HNE, including high-hydrazines such as 3,5-dichlorophenylhydrazine (DCPH)
performance liquid chromatography (HPLC) or gasand 2,4,6-trichlophenylhydrazine (TCPH) has been studied.
chromatography-mass spectrometry (GC-MS) of suitable
HNE derivatives?® In connection with other studies related
to evaluation of malonaldehyde, another important bio- MATERIALS AND METHODS
marker of lipoperoxidatiohye decided to investigate gas-
chromatographic analysis of HNE levels using electrorThe 'H-NMR spectra were recorded on a Bruker AM
capture detection (GC-ECD). For this analytical method500 spectrometer operating at 500.13'FbrThe central
derivatives with halogenated reagents such as pentpeak of CDC] signals (7.27 ppm folH) was used as
fluorophenyl ortrichlorophenylhydrazines amequirec®®  internal standard. The chemical shifts are reported in
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parts per million and coupling constani¥ §re given in ~ The organic solvent of the combined fractions was evap-
Hertz. GC analysis were performed on a HP-5 MS colerated and the resulting aqueous phase was extracted
umn (15 mx 0.25 mm, 0.2%m), using helium as carrier with ethyl acetate¢H NMR (CDCL) 6 7.46 (1H, broad s,
gas (0.7 ml/min) with a temperature program fromNH), 7.41 (1H,d,J=9.3 Hz, H>N-), 6.93 (2H, d,J =
100°C to 290°C (10°C/min) by a Gas-Chromatographl.8 Hz, ortho-aromatics), 6.84 (1H, t, J = 1.8 Hzmara
Trace GC Ultra (Thermo) connected to an electron caparomatic), 6.46 (1H, dd,J = 9.3 and 15.7 Hz,
ture detector or to a mass spectrometer (Trace DS@HC-CH=NH), 5.98 (1H, ddJ = 6.5 and 15.6 Hz,
Thermo) operating at 70 eV with electronic impact.—CHOH-CH=), 4.30 (1H, dtJ = 6.5 and 6.5 Hz, 4G0OH),
Fumaraldehyde bis(dimethyl acetal), pentylmagnesiuni.63-1.56 (8H, m, 4 x Cjj 0.92 (3H, tJ = 6.9 Hz,-CH,).
bromide (2 M solution in diethyl ether), reagents and
solvents were supplied by Sigma-Aldrich Italia.

RESULTS

Fumaraldehyde dimethylacetd)( HNE-DMA was synthesized by a conventional procegtire
starting from commercially available fumaraldehyde bis
Fumaraldehyde dimethylacetd&) (vas obtained by partial (dimethylacetal)1) as reported in Figure 1. A few improve-
acid hydrolysis of fumaraldehyde bis(dimethylacefgl)lfy =~ ments of various experimental protocols have been realized
a modification of a described procedt@ifeumaraldehyde in order to keep yields reproducibléthin a 30-45% yield
bis(dimethylacetal)l{ 0.200 g, 1.135 mmol) weedded to  range of obtained HNE-DMA3]. The controlled hydro-
Amberlyst-15 catalyst in acid form (40 mg) in diethyl lysis of fumaraldehyde bis (dimethylacetal) (n the
ether (5 ml) under magnetic stirring at room temperapresence of Amberlist (in acid form) was originally
ture. Stirring was continued for 60 min, then the reactiordescribed in acetone solution with addition of water. We
mixture was filtered through a bed of anhydrous sodiunhave carried the hydrolysis in a diethyl ether solution of
carbonate and sodium sulphate 1:1, w:w. Average yieldthe compoundl) and stopped the reaction by removing
were between 55-65%. the acidic resin and filtering on a 1:1 mixture of sodium
carbonate and anhydrous sodium sulphate. This pre-
vented further hydrolysis of fumaraldehyde dimethyl
4-Hydroxy-2-nonenal dimethylacetal (HNE-DNV3), acetal ) and afforded a solution ready for reaction with
pentylmagnesium bromide (2 M solution in diethyl
The compound was obtained as descfibesing pentyl-  ether). Finally, purification of HNE-DMAZJ) by silica
magnesium bromide as a 2 M solution in diethyl ethergel chromatography invariably caused some hydrolysis
instead ofin situ preparing the Grignard reagent. Theto HNE @) and it was found that purification with
product was purified by column chromatography usingFlorisil® could improve recovery of required produg. (
Florisil® as stationary phase; by elution with 20% ethyl In order to exploit the quantitative determination of HNE
acetate in petroleum ether 50-70% average yields dify the sensitive GC-ECD analysis, standard déres of
HNE-DMA were obtained. HNE with halogenated phenylhydrazines were required.
DCPH and TCPH were selected and the formation of the

4-Hydroxy-2-nonenal 3,5-dichlorophenylhydrazone [ FCHs
(HNE-DCPH,5) HCO/IH( e N
f OCH; 4 o
C<H, MeBr
HNE (4) was generated by hydrolysis of HNE-DM3) ( ! ook, 2 y Rl
(50 mg, 0.3 mmol) in 1 ml of 1 mM HCI (30 min).
Aliquots (5 ml) of a DCPH solution (0.09 mmol/ml in 1 OH

OH

mM HCI) were added to the HNE solution and the rea
tion mixture was maintained for 60 min at room tempe
ature. The resulting derivative HNE-DCPH, afte SENEDMY 100’ N\, cann)

addition of HSO, (96%, 30 ml) at 0°C, was extractec H
with ethyl acetate (3 x 5 ml). The organic solution wz

CH
treated with anhydrous N8O, and, after filtration, cl
evaporated under a stream of nitrogen to afford a yelllk —— ==
—N——NH:
]

solid. A small amount of pure derivative (5 mg) wa
obtained by repeated HPLC separations on a rever
phase Discovery C-18 column (250 x 4.6 mmrb;

Supelco) using 30% water in acetonitrile solution asreu  Fig. 1. Synthesis of HNE-DMA, HNE and HNE-DCPH.

5 (HNE-DCPH)
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Fig. 2. (a) GC spectrum of HNE-TCPH; (b) GC spectrum of HNE-DCPH; (c) MS spectrum of HNE-DCPH.
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related phenylhydrazones investigated. Preliminarynents aim/z+2 and +4, as expected by an ion containing
experiments with TCPH gave contrasting results and G@vo chlorine atoms (Fig. 2c). GC-ECD analysis of HNE-
analysis showed a mixture of products with two predombCPH derivative shows a detection limit lower than one
inant peaks (Fig. 2a). For the peak at RT 13.34 min, M@icomole injected (Fig. 3).

analysis showed a main fragment corresponding to a

trichlorophenylanilium ionr/z194) typical for hydra-

zone derivatives. In the second peak at RT 15.07 min, DiscussIiOoN

the most abundant fragmentratz259 was attributed to

a N(1)-2,4,6-trichlorophenyl-5-methylenepyrazolinium MS analysis of HNE-DCPH did not show the expected
ion. On the other hand, the reaction of HNE with DCPH3,5-dichlorophenylanilinium ion at/z161, while the main
gave a predominant product (Fig. 2b) and MS analysifagment was an ion at/z225 that could corspond to a
showed a main peakm@iz225 accompanied by other frag- cyclization product (a pyrazolinium or equivalent six
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Fig. 3. GC-ECD analysis of HNE-DCPH.
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