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Strecker-type Degradation of Phenylalanine by Methyl
9,10-Epoxy-13-0x0-11-octadecenoate and Methyl
12,13-Epoxy-9-oxo0-11-octadecenoate
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The reaction of methyl 9,10-epoxy-13-0x0-11(E)-octadecenoate, methyl 12,13-epoxy-9-oxo-11(E)-
octadecenoate, 4,5(E)-epoxy-2(E)-heptenal, and 4,5(E)-epoxy-2(E)-decenal with phenylalanine in
acetonitrile—water (2:1, 1:1, and 1:2) at 80 °C and at different pHs and carbonyl compound/amino
acid ratios was investigated both to determine if epoxyoxoene fatty esters were able to produce the
Strecker-type degradation of the amino acid and to study the relative ability of oxidized long-chain
fatty esters and short chain aldehydes with identical functional systems to degrade amino acids. The
studied epoxyoxoene fatty esters degraded phenylalanine to phenylacetaldehyde. The mechanism
of the reaction was analogous to that described for epoxyalkenals and is suggested to be produced
through the corresponding imine, which is then decarboxylated and hydrolyzed. This reaction also
produced a conjugated hydroxylamine, which was the origin of the long-chain pyridine-containing
fatty ester isolated in the reaction and characterized as methyl 8-(6-pentylpyridin-2-yl)octanoate.
Epoxyoxoene fatty esters and epoxyalkenals exhibited a similar reactivity for producing phenyl-
acetaldehyde, therefore suggesting that nonvolatile lipid oxidation products, which are produced to
a greater extent than volatile products, should be considered for determining the overall contribution
of lipids to Strecker degradation of amino acids produced during nonenzymatic browning. In addition,
the obtained data confirm that, analogously to carbohydrates, lipid oxidation products are also able
to produce the Strecker degradation of amino acids.

KEYWORDS: Carbonyl —amine reactions; flavor production; furans; lipid oxidation; long chain pyridine-
containing fatty esters; Maillard reaction; nonenzymatic browning; oxidized fatty acids; pyridines; pyrroles;
Strecker aldehydes

INTRODUCTION in a first step. After rearrangement, decarboxylation, and
hydrolysis, a conjugated hydroxylamine and the corresponding

important reactions leading to final aroma compounds in the Strecker aldehyde are generated. The conjugated hydroxylamines

Maillard reaction (1—4). It involves the initial Schiff base are the p_r(_ecursors of 2-alkylpyridines. o o
formation of ana-dicarbonyl compound with an amino acid. ~ !n addition to 4,5-epoxy-2-alkenals, other lipid oxidation
After rearrangement, decarboxylation and hydrolysisg.ami- products with analogous structures should also be able to
no carbonyl compound and the corresponding Strecker aldehydeProduce an analogous degradation of amino acids. Particularly,
are generated (see, for example, 5dbr a general scheme of ~ €POXyoxoene fatty acids with analogous 4,5-epoxy-1-0xo-2-
Strecker degradation produced bydicarbonyl compounds). ~ Pentene system are produced when fatty acid hydroperoxides
a-Amino carbonyl compounds are precursors of pyraziges ( are treated with different catalysts containing iron, such as Fe(ll)
8) and many Strecker aldehydes are significant flavor com- (10), Fe(lll)—cysteine (11), and a soy extrate]. These com-
pounds (9). pounds react with amines and amino acids, producing long-
Strecker-type degradation of amino acids can also be pro- chain pyrrole derivativesl@), and they should also be able to
duced by the lipid oxidation products 4,5-epoxy-2-alkeng)s ( produce Strecker aldehydes analogously to 4,5-epoxy-2-alkenals.
The reaction takes place in a similar way to that described for ~ The first objective of this study was to determine if epoxy-
a-dicarbonyl compounds. Consequently, the imine is produced oxoene fatty esters are able to degrade amino acids analogously
to 4,5-epoxy-2-alkenals and to find out the mechanism of the
* To whom correspondence should be addressed. F¢84) 954 611 reaction. The second objective was to compare the reactivities
550. Fax: +(34) 954 616 790. E-mail fhidalgo@ig.csic.es. of aldehydes and ketones for the Strecker-type degradation of

Strecker degradation of amino acids is one of the most
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amino acids by quantifying the formation of the corresponding

Strecker aldehyde in diverse systems containing either 4,5-

epoxy-2-alkenals or epoxyoxoene fatty esters. All of these

studies were carried out with phenylalanine because its aldehyde

derivative phenylacetaldehyde has a high boiling point 195

can be easily determined by gas chromatography (GC), and is

a very powerful odorant (9).

EXPERIMENTAL PROCEDURES

Materials. A mixture of methyl 9,10-epoxy-13-oxo-1H#}-octa-
decenoatel@ and methyl 12,13-epoxy-9-oxo-H)foctadecenoate )
was prepared as described previously (18). Briefly, linoleic acid
was oxidized by soybean lipoxygenase to produce mainly the corre-
sponding 13-hydroperoxy derivative. Reduction of the hydroperoxides
with sodium borohydride, followed by oxidation, esterification, and

epoxidation, yielded the corresponding epoxyoxoene fatty esters (1).

4,5(E)-Epoxy-2(E)-heptenal and 4,5(E)-epoxy-2(E)-decenal were pre-

pared from 2,4-heptadienal and 2,4-decadienal, respectively, as de-

scribed previously X5). 2-Pentyl-1-phenethylH-pyrrole (7a) was
prepared by reaction of 4-hydroxy-2-nonenal with phenethylamine in
tetrahydrofuran (16). 4-Hydroxy-2-nonenal was prepared according to
Gardner et al. 7). Linoleic acid and soybean lipoxygenase were
purchased from Fluka Chemie AG (Buchs, Switzerland). 2,4-Hepta-
dienal, 2,4-decadienal, andphenylalanine (2) were obtained from
Aldrich Chemical Co. (Milwaukee, WI). All other chemicals were
purchased from reliable commercial sources.

Epoxyoxoene Fatty Ester/Phenylalanine and Epoxyalkenal/Phen-
ylalanine Reaction Mixtures. A solution of 0.025 or 0.05 mmol of
oxidized lipid [epoxyoxoene fatty estet)(or epoxyalkenal] in 1 mL
of a mixture of acetonitrile-water (2:1, 1:1, or 1:2), containing or not
10 uL of 2 N KOH in methanol, was treated with 0.05 mmol of
phenylalanine (2) and incubated at 8D. The pH of samples with no
KOH added was~5. The pH of samples containing KOH was9.
After overnight incubation, samples were cooled and treated with 300
uL of ethanol. The pH of incubated samples did not change significantly
upon incubation. These incubated samples(lLPwere then diluted
with 190uL of the corresponding acetonitritevater mixture (2:1, 1:1,
or 1:2), 25ulL of internal standard solution [8.43 mg ofZ¢nonenol

in 25 mL of methanol] was added, and samples were either studied by

GC—MS or their phenylacetaldehyde content was determined by GC.
GC—MS Analyses. GC—MS analyses were conducted with a
Hewlett-Packard 6890 GC Plus coupled with an Agilent 5973 MSD
(Mass Selective Detector-Quadrupole type). A fused-silica HP5-MS
capillary column (30x 0.25 mm i. d.; coating thickness 0.25) was
used. Working conditions were as follows: carrier gas helium (1 mL/
min at constant flow); injector temperature, 280 oven temperature,
from 70°C (1 min) to 240° C at 5°C/min and then to 328C at 10
°C/min; transfer line to MSD, 286C; ionization El 70 eV.
Determination of Phenylacetaldehyde (11) Content by GCGC
analyses were conducted with an Aligent 6890 GC Plus. Column and
working conditions were analogous to the above-described for the GC

MS analyses, and compounds were detected with a flame ionization

detector. Quantification of phenylacetaldehyd#)(was carried out by
preparing standard curves over a concentration range-805mol
phenylacetaldehyde (11) in the 225 of solution prepared for GC

injection (see above). For each curve, five different concentration levels

of the aldehyde were used. Phenylacetaldeh¥tipgontent was directly

proportional to the phenylacetaldehyde/internal standard area ratio

(r > 0.99,p < 0.0001). The coefficients of variation within this range
were lower than 5%.

Synthesis of Methyl 8-(6-Pentylpyridin-2-yl)octanoate (12)A
solution of 2.5 mmol of epoxyoxo fatty estet)(and 7.5 mmol of
phenylalanine (2) in 50 mL of dimethyl sulfoxide was heated under
reflux for 24 h. After that time, the reaction mixture was diluted with
water (50 mL) and extracted four times with 50 mL of diethyl ether.
The organic layers were washed twice with 50 mL of water and dried
over sodium sulfate. This extract was then fractionated by column
chromatography on silica gel 60 using hexae¢her (7:3) as solvent
[compoundl2 hadR: = 0.21 on silica gel TLC plates using hexane
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Figure 1. Total ion chromatograms of GC—MS analysis for the reactions
of epoxyoxoene fatty esters (1) and phenylalanine (2) in (A) acetonitrile—
water (2:1), (B) acetonitrile—water (1:1), and (C) acetonitrile—water (1:2)
after overnight incubation at 80 °C. The structure for the identified
compounds are given either in Schemes 1-3 or in the text. The internal
standard [3(2)-nonenol] is marked IS.

ether (7:3) as solvent]. This fractionation allowed purifying compound
12to a high extent. Final purification of compoud@ was carried out

by preparative TLC on aluminum oxide N-coated plates, and the solvent
employed was hexaneether (7:3) R = 0.53]: 'H NMR (CDCls) 6

0.89 (t, 3H, H-18), 1.21.4 and 1.551.75 (2m, 16H), 2.30 (] = 5.4

Hz, 2H, H-2), 2.74 (tJ = 8.1 Hz, 4H, H-8 and H-14), 3.66 (s, 3H,
OCHg), 6.94 (dd,J = 1.9 and 7.7 Hz, 2H, H-10 and H-12), and 7.49
(t, J = 7.7 Hz, H-11);C NMR (CDCk) 6 14.06 (C-18), 22.58 (C-
17), 24.92 (C-3), 29.06, 29.14, 29.23, 29.72, 29.96, 30.16 (C-14), 31.66
(C-16), 34.08 (C-2), 38.57 (C-8), 51.48 (OgH119.59 and 119.70
(ring C-3/C-5), 136.89 (ring G4), 161.75 and 161.92 (ring'@/
C'-6), and 174.36 (C-1); GEMS nvz (relative intensity, ion structure)
305 (2, M), 304 (2, M" — 1), 276 (11, M — ethyl), 262 (11, M —
propyl), 249 (19, methyl 8-(6-methylpyridin-2-yl)octanoate), 190 (15,
M* — (CH.)4sCO,CHg), 176 (33, M — (CH,)sCO,CHs), 163 (100,
2-methyl-6-pentylpyridine), 120 (63, 2-ethyl-6-methylpyridirel),

and 107 (53, 2,6-dimethylpyridine).

1H and *C NMR.*H and*C NMR spectra at 300 and 75.4 MHz,
respectively, were determined in a Bruker AC-300P (Karlsruhe,
Germany), with MeSi as internal standard. Two-dimensional NMR
was used to assign tHéC NMR spectra.

Statistical Analysis. Phenylacetaldehyde (11) determinations are
expressed as mean value$D of, at least, three experiments. Statistical
comparisons among different groups were made using ANOVA. When
significantF values were obtained, group differences were evaluated
by the Student—Newman—Keuls test (18). All statistical procedures
were carried out usingrimer of Biostatistics: The PrograMcGraw-

Hill, Inc., New York). Significance level ip < 0.05 unless otherwise
indicated.

RESULTS

Strecker-type Degradation of Phenylalanine (2) Produced
by Epoxyoxoene Fatty Esters (1)When a mixture of epoxy-
oxoene fatty esters1l] and phenylalanine2] was heated
overnight at 80°C, the formation of the Strecker aldehyde
phenylacetaldehyde 1) could be easily observed by G®S
(Figure 1). In fact, this compound appeared as a major reaction
product when a flame ionization detector was employed (data
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Scheme 1. Formation of Pyrrole Derivatives in the Reaction of
Epoxyoxoene Fatty Esters (1) with Phenylalanine (2)2
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aFor 1a, 3a, 4a, 5a, 6a, and 7a;: R! = (CH,);CO,CHs, R = CH3(CHy)a.
For 1b, 3b, 4b, 5b, 6b, and 7b: R! = CH3(CHy)s, R? = (CH,);CO,CHs.
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Scheme 2. Formation of Furan Derivatives from Epoxyoxoene Fatty
Esters (1) in the Presence of Phenylalanine (2)?
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2For 1a, 53, 8a and 9a: R' = (CH,);CO,CHs, R? = CH3(CH,)s. For 1b,
5b, 8b, and 9b: Rl = CH3(CH2)4, Rz = (CH2)7C02CH3

8-(5-(1-hydroxyhexyl)-1-phenethylHpyrrol-2-yl)octanoate@b)
could not be unambiguously identified, although two small peaks
with the molecular ion ain/z409 and having the fragment ion
for this isomer atm/z266 could be detected at retention times
close to those dba. Compoundsawas the only reaction product
that seemed to be dependent on the polarity of the incubation
media. Thus, it was produced in significant amounts in
acetonitrile—water (1:2) (Figure 1C), was produced to a lesser
extent in acetonitrile—water (1:1) (Figure 1B), and was absent
in acetonitrile—water (2:1) (Figure 1A).

The 1,2-disubstituted pyrroles appearedrat= 31.40 min
for 2-pentyl-1-phenethylH-pyrrole (7a) andtg = 42.7 min for
methyl 8-(1-phenethylH-pyrrol-2-yl)octanoateqb). The iden-

not shown). In addition, several other compounds were also tity of compound 7a was confirmed by comparison with
produced. These compounds were mostly pyrrole and furan authentic compoun@a synthesized from 4-hydroxy-2-nonenal
derivatives produced in the reaction between the epoxyoxoeneand phenethylaminel6). [GC—MSm/z(relative intensity, ion
fatty esters and the amino acid by nowadays well-known structure) of7a: 241 (30, M), 184 (100, M — butyl), 150

mechanisms (1319).
Pyrrole formation (Scheme 1) implies in a first step the
transformation of the imine trans carbecarbon double bond

(57, M™ — phenylethyl), 105 (63, phenylethyl), 94 (61), 91 (32,
benzyl), and 77 (19).] Compountb was identified by analogy
of its mass spectrum with those mass spectra of analogous

into a cis double bond, which can occur by conjugate addition— pyrrole derivatives13, 19). Thus, it exhibited the fragment ions

elimination of amine to the €C, well-known for oS-
unsaturated carbonyl compoun@9). This cis isomer of imine
would then convert to the indicated cyclic intermediate, the
transformation of which into produc8and4 is likely to occur

at m/z 236 and 184. [GC-MSm/z (relative intensity, ion
structure) of7b: 327 (17, M), 296 (9, M" — CH30), 236 (41,
M* — benzyl), 184 (100, M — (CH,)sCO,CHg), 105 (79,
phenylethyl), 91 (77, benzyl), and 55 (47).] Formation of

by electronic rearrangement. This electronic rearrangementcompounds? should be accompanied by formation of com-

implies the exit of either an aldehyd®&)( when compound is
produced, or the proton at position 5 of the ring of the
intermediate, producing compoung. Finally, the thermal
treatment of compound3and4 may produce their decarbox-
ylation to compound$ and 7, respectively. This heating may
occur, for example, in the injection port of the chromatograph.

pounds5. However, these carbonyl compounds rapidly react
with the amino compound present in the reaction and its
identification is not easyl@). Thus, in the analogous reaction
of epoxyoxoene fatty esters with butylamine, the methyl
9-oxononanoatebg) produced was detected as the imine methyl
9-iminononanoatel@). Analogously, a minor compound having

On the other hand, this heating did not influence the different a mass spectrum compatible with the imine produced between
pyrrole derivatives produced in the reaction because analogoushe methyl 9-oxononanoate and the phenylalanine was detected
heterocyclic derivatives were found in similar systems incubated in the epoxyoxoene fatty esters/phenylalanine reaction mixtures
at 37°C and studied by high performance liquid chromatography and has been tentatively marked %esin the figure. Its mass
(13,19). spectrum showed the molecular ionmatz 333 and the ion at

All these compounds could be easily identified in the m/z176, which is considered a fragment ion for the proposed
chromatograms. Thus, the long chain pyrrole fatty ester methyl structure. No equivalent product was detected for hexdirg] (
9-hydroxy-9-(5-pentyl-1-phenethyHtpyrrol-2-yl)nonanoateda) which should be produced in smaller amounts.
appeared in the dehydrated form as two isomertg at 43.9 The formation of pyrrole derivatives was produced in parallel
and 44.9 min, respectively. It was identified by MS. Its mass to the formation of furan derivatives. These last compounds are
spectrum was analogous to the mass spectra of similar longproduced without direct participation of the amino acid, but the
chain pyrrole fatty estersl®, 19). [GC—MS m/z (relative presence of the amino acid is necessary because furan derivatives
intensity, ion structure) ofa: 409 (52, M), 352 (55, M" — were not produced in its absence. The formation of furan
butyl), 318 (21, M — phenylethyl), 280 (69, M — (CH,)s- derivatives follows the mechanism indicated in the Scheme 2,
CO,CHg), 252 (32), 207 (16), 132 (28), 118 (15), 105 (100, which is analogous to the above indicated for pyrrole production
phenylethyl), 91 (37, benzyl), and 79 (20).] Its isomer methyl (Scheme 1). Thus, a cyclic intermediate is produced, the
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Scheme 3.  Strecker-type Degradation of Phenylalanine (2) Produced
by Epoxyoxoene Fatty Esters (1)2
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aFor 10a and 12: R! = (CH,);CO,CHs, R? = CHy(CHy)s. For 10b: Rt =
CH3(CH2)4, RZ = (CH2)7C02CH3

transformation of which into produc&and9 is likely to occur
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Figure 2. Total ion chromatograms of GC-MS analysis of methyl 8-(6-

pentylpyridin-2-yl)octanoate (12) in the different steps of its isolation: (A)
the complete reaction of epoxyoxoene fatty esters (1) and phenylalanine

40

by electronic rearrangement. This electronic rearrangement(2) in dimethyl sulfoxide after 24 h heating under reflux, (B) after the first

implies either the formation of an aldehyds,(when compound

fractionation by column chromatography on silica gel 60 using hexane—

9is produced, or the exit of the proton at position 5 of the ring ether (7:3) as solvent, and (C) after the second fractionation by preparative

of the intermediate, producing compoudd~urans8 and9 are

thin-layer chromatography on aluminum oxide N-coated plates using

major products of the reaction between epoxyoxoene fatty estershexane-ether (7:3) as solvent.

and phenylalanine.
Long-chain furan fatty ester methyl 9-hydroxy-9-(5-pentyl-

therefore, only one pyridine should be expected. Although

furan-2-yl)nonanoate (8a) appeared in the dehydrated form asPartially overlapped by one of the oxodienes (OD) produced in

two isomers atg = 37.4 and 38.6 min, respectively. The mass
spectrum of this compound was described previouk8) énd
exhibited the expected molecular ion at/z 306 and the
fragment ion atr/z 177, among others. Analogously, the minor
long-chain furan fatty ester methyl 8-(5-(1-hydroxyhexyl)furan-
2-yl)octanoate &b) appeared in the dehydrated form as two
isomers attg = 38.1 and 38.4 min, respectively. The mass
spectrum of this compound was also described previodsly (
and exhibited the expected molecular ionnaz 306 and the
fragment ion aim/z163, among others.

The 1,2-disubstituted furar®swere also produced in parallel
to long-chain furan fatty este& These compounds have also
been described previousyl¥), and their mass spectra were

the reaction, the reaction mixture analyzed by-6\S exhibited
one peak atr = 37.7 min that had a mass spectrum compatible
with the pyridine structure. The mass spectrum of compound
12 is collected in the Experimental Procedures section. In an
attempt of unambiguously confirming the structure of this
compound, it was isolated and characterized'Hyand 13C
NMR.

Isolation and Characterization of Methyl 8-(6-Pentylpyr-
idin-2-yl)octanoate (12) Produced in the Reaction between
Epoxyoxoene Fatty Esters (1) and Phenylalanine (2)lhe
reaction between epoxyoxoene fatty esters and phenylalanine
is very complex, and the different products are formed in diverse
proportions depending on the solvent employed. This is likely

computer-matched with the reference mass spectra of the NBSa consequence of the different solubilities of oxidized lipids

data base. 2-Pentylfura®d) appeared atg = 7.7 min and

and amino acids and the different reactions involved. To isolate

exhibited the expected mass spectrum with the molecular ionthe pyridine (12), different solvents were assayed to find the

atm/z138 and the base peakratz81. The methyl 8-(2-furyl)-
octanoate (9b) appeared & = 25.5 min and exhibited the
expected mass spectrum with the molecular iom&t224 and
the base peak amh/z95.

In addition to pyrrole and furan derivatives, the formation of
the Strecker aldehyde phenylacetaldehytig) (was also ob-

best conditions for obtaining the highest proportion of this
compound. In all assayed solvents, phenylacetaldetiyijevas
produced. However, the cyclization reaction of the conjugated
hydroxylamine 10) to the pyridine 12) was produced prefer-
entially in some solvents versus others. Thus, compd2wias

not produced when the reaction was carried out in ethyl acetate

served as a major reaction product by GC when a flame and was formed in very low amounts when the reaction was
ionization detector was employed (data not shown). According carried out in 1,4-dioxane, ethanol, or 2,6-dimethyl-4-heptanone.
to the previously described Strecker-type degradation of amino Higher amounts of compourit® were observed in acetonitrile

acids produced by epoxyalkenaly,(the reaction should follow

or N,N-dimethylformamide, in mixtures of water with acetoni-

the mechanism described in Scheme 3. This mechanism involvedrile, and in different aqueous buffers, including sodium

the formation of the imine, which after decarboxylation,

phosphate, pH 6.5, and sodium borate, pH 9.0. Nevertheless,

rearrangement, and hydrolysis produces the phenylacetaldehydeompound12 was mainly produced when the reaction was

(11) and the conjugated hydroxylamiri®]. This last compound
is presumably unstable and should produce the pyridi2g. (
This pyridine is identical when starting frofda and 1b, and

carried out in dimethyl sulfoxide. Figure 2A shows the total
ion chromatogram of GEMS analysis for the reaction between
the epoxyoxoene fatty ester$)(and the phenylalanine (2) in
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Table 1. Formation of Phenylacetaldehyde (11) in Mixtures of producing the Strecker-type degradation of the phenylalanine,
Epoxyoxoene Fatty Esters (1) or Epoxyalkenals with Phenylalanine (2) in particular when the assayed aldehyde was 4,5-epoxy-2-
at Different Lipid/Amino Acid Ratios? heptenal.

Phenylacetaldehyde (11) formation was analogous for the
three acetonitrile water ratios assayed at the different pHs and
carbonyl compound/amino acid ratios. Nevertheless, two reac-
tions produced phenylacetaldehyde to a slightly lower extent

AW 11 11 1:2
lipid ratio? (PH5) (PH9) (PH 5)
epoxyoxoene fatty ester (1) 21 144 +12¢ 61+ 6C 126 + 3¢
11 121+15cd 38+ 7cd 93 + 6de

12 119+7cd  60+1dc 102+ 6e when the solvent was acetonitrile—water (1:1).
4,5-epoxy-2-heptenal 21 86+10d 28+13d 78 +9d Phenylacetaldehyde (11) formation depended on the amount
11 9%6+17d  23+7d 81+ 6d of carbonyl compounds present in the reaction. Thus, phenyl-
12 94+l6d  44+ded  86£7d acetaldehyde content decreased in the presence of a lower
4=-epoxy-2-decena ﬁ iigfgz f’éfggg %gﬂge concentration of carbonyl compounds and was not produced
12 154+022c  4l+lded 124 +6c when the carbonyl compounds were not present (data not
shown). In addition, phenylacetaldehyde was produced in higher
aValues are given in micromole of phenylacetaldehyde per milimole of amounts at pH 5 than at pH 9, in accordance with the optimal
phenylalanine. The reactions (1 mL) were heated overnight at 80 °C. Means in pH found for phenylacetaldehyde formation in the reaction of
the same column with different letters are significantly different (p < 0.05). Fifty epoxyalkenals and amino acids (5).
micromoles of each reactant was employed in 1:1 lipid/amino acid ratio reactions
and 25 umol of lipid and 50 «mol of amino acid in 1:2 lipid/amino acid ratio DISCUSSION

reactions. ? AIW = acetonitrile/water.
Although Strecker degradation of amino acids has been

dimethyl sulfoxide after 24 h of heating under reflux. The first traditionally believed to be produced by carbohydrates, a recent

part of the chromatogram is not shown because it is hidden by study showed that amino acids are also degraded by some lipid
the solvent. oxidation products, in particular short-chain aldehydes having

a 4,5-epoxy-1-oxo-2-pentene systeh). (The results obtained
in the present study extend this ability also to long-chain ketones
with an analogous functional system.

During lipid peroxidation, lipids are attacked by oxygen
species, the result of which is the formation of lipid hydroper-
oxides. These hydroperoxides can then be converted into a

The isolation of compoundl2 was carried out in two
chromatographic steps to obtain an almost chromatographically
pure compound (Figure 2C). The incubated reaction of epoxy-
oxoene fatty esterslj and phenylalanine2j in dimethyl
sulfoxide was first fractionated by column chromatography on
silica gel 60 using hexanesther (7:3) as solvent. This procedure o ety of secondary products including both nonvolatile fatty
allowed considerable purification of compoub®(Figure 2B).  4ig derivatives and volatile products. Although volatile products
However, the presence of some impurities was observed. 5rq only a small part of decomposition products of hydroper-
Curiously, these compounds were present in very low amounts pyjdes, for example Fe(ll)/Fe(lll)-catalyzed linoleic acid hy-
in the initial mixture and seemed to be small pyridine deriva- groperoxide decomposition produced volatiles comprising less
tives. Final purification of compound2 was carried out by  than 5 mol % of total products (22), these volatile products have
preparative thin-layer chromatography on aluminum oxide received much more attention than nonvolatile products. This
N-coated plates. This procedure allowed compo@@do be is probably due to an easier availability of these compounds.
obtained with a high purity (Figure 2C). Nevertheless, the above results suggest that, at least for the

Compound12 was identified as methyl 8-(6-pentylpyridin-  Strecker-type degradation of amino acids, nonvolatile products
2-yl)octanoate on the basis & and3C NMR spectra. Both may be as reactive as volatile products, and therefore, nonvola-
spectra were almost identical to those previously published for tile lipid oxidation products should be considered for determin-
methyl 8-(6-pentylpyridin-2-yl)octanoate (21). The only sig- ing the contribution of lipids to the overall Strecker degradation
nificant difference was the signal of protons H-10 and H-12, of amino acids produced during nonenzymatic browning.
which was described by Lie Ken Jie and Pasha as a doublet Furthermore, epoxyoxoene fatty esters (1), which exhibited
with J = 1.46 Hz, and the signal is, as should be expected, a & reactivity similar to that of 4,5-epoxy-2-decenal, seemed to
double doublet with = 1.9 and 7.7 Hz. be more reactive for the Strecker degradation of amino acids
than the shorter epoxyheptenal based on formation of phenyl-
acetaldehyde (11). This may be a consequence of the compe-
tence among the different reactions that are taking place
simultaneously in these systems. Thus, the imine produced
between the carbonyl compound and the amino acid may evolve
either the cyclic intermediate indicated in Scheme 1 or the
decarboxylation indicated in Scheme 3 (these schemes are also

Comparative Formation of Phenylacetaldehyde (11) in the
Reactions of Epoxyalkenals and Epoxyoxoene Fatty Esters
(1) with Phenylalanine (2).In an attempt of comparing the
relative reactivities of aldehydes and ketones for producing
Strecker-type degradation of amino acids, formation of phen-
ylacetaldehydel(l) was studied in the reaction of epoxyoxoene

fatty esters1), 4,5-epoxy-2-heptenal, and 4,5-epoxy-2-decenal ;i tor epoxyalkenals with R= H). For some reason, the
with phenylalanine (2). Table 1 collects the results obtained in presence of a longer chain it KR! is penty! in epoxydecénal
di_verse mixturesf of epoxyalkenals_ and epoxyoxoene faFty esters; g 1b, (CHy),CO,CH in 1a, and only ethyl in epoxyheptenal)
with phenylalanine heated overnight at 80 in acetonitrile- either facilitates the decarboxylation of the imine or inhibits
water (2:1, 1:1, or 1:2) at different pHs and carbonyl compound/ the formation of the cyclic intermediate. The similarity of
amino acid ratios. reactivity between epoxyoxoene fatty estesgnd 4,5-epoxy-
The obtained results showed that epoxyoxoene fatty esters2-decenal suggests that the groupRays a lesser important
(2) did not produce less phenylacetaldehyti®) than analogous  role for all these reactions.
epoxyalkenals with independence of the acetonitril@ter ratio, Pyrrole formation has been suggested as the last step of the
the pH, and the carbonyl compound/amino acid ratio assayed.lipid peroxidation process when it takes place in the presence
In fact, ketones seemed to be more reactive than aldehydes foof amino acids, amino phospholipids, and proteig8, 23—
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25). The results obtained in this, and in the previous st&ly (

are in agreement with this hypothesis but suggest that amino

group pyrrolization, which may be easily followed spectropho-
tometrically (25—27), is only one of the final steps of the lipid

Zamora et al.

(12) Gardner, H. W.; Kleiman, R. A soy extract catalyzes formation
of 9-oxo-trans-12,13-epoxy-trans-10-octadecenoic acid from 13-
hydroperoxy-cis-9,trans-11-octadecenoic atigids 1977,12,
941-944.

peroxidation process. Another final step is the Strecker-type (13) Hidalgo, F. J.; Zamora, R. In vitro production of long chain

degradation of amino acids, which is produced by aldehydes
and ketones with a 4,5-epoxy-1-o0xo-2-pentene system and also

by other lipid oxidation products such as 4-hydroxy-2-alkenals

(Zamora et al., unpublished results). This Strecker-type degrada-
tion of amino acids may also be contributing to the appearance

of 2-ethylpyridine and 2-pentylpyridine in processed fo&s
30). However, the presence of the pyridine-containing long-
chain fatty ester (12) has not been yet described.

All these data confirm that, analogously to carbohydrates,

lipid oxidation products are also able to produce the Strecker

degradation of amino acids, therefore contributing to the
production of Strecker aldehydes with significant flavor proper-

ties. Additional studies are needed both to study competitively

the ability of lipids and carbohydrates to produce this reaction

and to determine the interplays of both macronutrients in the

Strecker degradation of amino acids (31).
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