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Synthesis and protein reactivity of 2E,4E,6E-dodecatrienal
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Abstract—An efficient approach for synthesis of the food odorant 2E,4E,6E-dodecatrienal (DTE) by extension of 2E,4E-decadienal
(DDE) is reported. DTE shows higher protein crosslinking ability than the lipid peroxidation products DDE and 4-hydroxy-
2E-nonenal.
� 2004 Elsevier Ltd. All rights reserved.
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2E,4E,6E-Dodecatrienal (DTE) 2 is a component of the
volatile fraction of soybean oil1 and roasted beef fat2

that contributes to their characteristic aroma, and is a
major constituent of the volatile fraction of roasted ses-
ame seeds.3 Although the biological properties of DTE
have not been investigated, the lower enals (2-enals,
and 2,4-dienals) have been studied extensively as cyto-
toxic reactive electrophilic products of lipid peroxida-
tion that are capable of modifying DNA and proteins.
For example, 2E,4E-decadienal (DDE) strongly inhibits
human erythroleukemia cell growth and is involved in
the beginning of DNA fragmentation.4 DDE modifies
DNA bases5 and was found to crosslink human erythro-
cyte ghost proteins.6 We recently found that DDE,
along with other common lipid oxidation products, 4-
hydroxy-2-nonenal (HNE) and 4-oxo-2-nonenal
(ONE), are capable of crosslinking protein7 and cross-
linking DNA and associated histone protein.8 We won-
dered if the reactivity of such compounds would extend
to the trienal series. For this reason, we synthesized
DTE by an efficient approach that should be applicable
to the preparation of other aliphatic polyene aldehydes.
In addition, we determined the protein crosslinking abil-
ity of DTE relative to HNE, ONE, and DDE.

To synthesize DTE (2) from commercial available DDE
(1), several reported approaches (Scheme 1) were first
tried. The most obvious approach was a Wittig elonga-
tion (Scheme 1A), and the required Wittig reagent was
commercial available. However, the reaction failed
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under a variety of reaction conditions, possibly because
1 is an aliphatic polyene aldehyde, and the Wittig elonga-
tion has been reported only for arylpolyene aldehydes.9

It was also reported that aliphatic polyene aldehydes
could be synthesized by two carbon homologation with
ethyl ethynyl ether, mediated by Schwartz�s reagent
(Cp2Zr(H)Cl) with a catalytic amount of AgClO4 in
dichloromethane (Scheme 1B).10 When this reaction
was carried out, the hydrozirconation appeared to pro-
ceed smoothly, but no product could be recovered from
the subsequent step with aldehyde 1 in the presence of
AgClO4. A more delicate approach to prepare polyene
aldehydes relies on the use of N-tert-butylacetaldimine
to prepare a,a-bis(trimethylsilyl)-tert-butylacetaldimine
as a precursor, which then reacts with polyene aldehydes
using ZnBr2 as catalyst (Scheme 1C).11 In our hands we
could not obtain 2 by this method. Lastly, in a report
investigating whether 2 might be a product of autoxida-
tion of arachidonic acid (it is not),12 a reference amount
of 2 was prepared by microsynthesis via aldol condensa-
tion of acetaldehyde and 1, though the yield was not
mentioned. We failed to obtain 2 from 1 on a prepara-
tive scale using this method under a variety of reaction
conditions.
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Figure 1. Protein crosslinking induced by unsaturated aldehydes.

RNase or Me2RNase (0.5mM) was incubated with HNE, ONE, DDE,

or DTE (5mM) for 48h in 50mM pH7.4 sodium phosphate buffer at

25�C. Lane A: RNase control; B: RNase + HNE; C: RNase + ONE;

D: RNase + DDE; E: RNase + DTE; F: Me2RNase control; G:

Me2RNase + HNE; H: Me2RNase + ONE; I: Me2RNase + DDE; J:

Me2RNase + DTE.
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The failure of the above one-step or one-pot procedures
led us to consider various multi-step methods. The for-
mation of a,b-unsaturated esters from saturated alde-
hydes or ketones and alkoxyacetylenes in the presence
of a Lewis acid catalyst is well known.13 It was reported
that arylpolyene aldehydes could be converted into
homologated esters using ethyl ethynyl ether in the pres-
ence of BF3ÆO(C2H5)2.

14 Although there has been no
report using this method to prepare aliphatic polyene
a,b-unsaturated esters, we found that this protocol
(Scheme 2) permitted the conversion of 1 to 3 quickly
and cleanly at �30 to �20 �C. The reaction proceeded
with greater than 95% E stereoselectivity (by NMR).
Compound 3 was reduced by DIBAL in CH2Cl2 quan-
titatively to give 4, which was converted into the known
215 with MnO2 in CH2Cl2 in high yield.16

Our research has demonstrated that the lipid peroxida-
tion products HNE, ONE, and DDE, can readily mod-
ify and crosslink proteins.7,17 A long term goal of this
work is to understand which other types of biologically
or environmentally relevant molecules might also have
this activity. Data shown in Figure 1 indicates that
DTE is a relatively potent protein crosslinking agent;
not as potent as ONE, but more potent than DDE
and HNE. The results suggest that extension of the con-
jugated C@C bond system increases reactivity toward
nucleophilic protein side-chains. The finding that con-
version of the accessible lysine primary e-amino groups
in RNase to tertiary dimethylamino groups (methylated
RNase, prepared as described17b) results in complete
abrogation of crosslinking, demonstrates that the lysine
e-amino group is an obligatory component of the cross-
links generated from these unsaturated aldehydes.

In conclusion, an efficient method for synthesizing the
natural product 2E,4E,6E-dodecatrienal (DTE) was pre-
sented, and this method should be able to be extended to
prepare other aliphatic polyene aldehydes. DTE was
shown to be capable of protein crosslinking and is ex-
pected to react readily with DNA nucleobases.
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