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Abstract—Spontaneous condensation of a glyoxylic acid amide derivative incorporating a palmitoyl group with tris(hydroxy-
methyl)aminomethane followed by Dess–Martin oxidation led to an heterocyclic amphiphilic aldehyde, which was successfully
engaged in hydrazone formation in partial aqueous media. © 2001 Published by Elsevier Science Ltd.

The modification of the surface properties of a phos-
pholipid bilayer, such as the introduction of adhesion
motifs,1 or of receptor ligands,2 can be accomplished by
insertion of a peptide or oligosaccharide into the mem-
brane. Most of the time, these biomolecules are highly
hydrophilic so that their stable anchoring into phos-
pholipid bilayers requires their derivatization by a
lipidic foot composed of at least two alkyl chains.3

However, the modification of peptides or oligosaccha-
rides by hydrophobic moieties is often a challenging
task due to the generally low solubility of the conju-
gates. To circumvent these difficulties, convergent
strategies have been developed where the purified
biomolecule is chemoselectively ligated to a functional-
ized lipidic anchor already inserted in the membrane.4

In the search of novel lipophilic aldehydes for the
membrane immobilization of unprotected peptides
through hydrazone ligation, we have developed a rapid
and low cost access to amphiphilic aldehyde 1 (Fig. 1).
Compound 1, composed of an aldehyde group and two
palmitic acid-derived arms assembled on a 1-aza-3,7-
dioxabicyclo(3.3.0)octane core, was synthesized in four
steps starting from D,L-tartaric acid (Schemes 1 and 2).
D,L-Tartaric acid was esterified in ethanol in the pres-
ence of Amberlyst resin. Diester 2 was then treated with
an excess of 1,3-diaminopropane to give diamine 3 in
81% yield. Diamine 2 was solubilized in water and the
pH was adjusted to 3.25 with solid citric acid before the

periodic oxidation. Compound 4 was not isolated due
to its high solubility in water. Thus, the pH of the
reaction mixture was adjusted to 8.5 with tris(hydroxy-
methyl)aminomethane (THAM) followed by the addi-
tion of palmitic acid succinimidyl ester and t-BuOH to
allow the solubilization of the fatty-acid derivative.
This procedure led to the isolation of alcohol 5 as the
major product (52% starting from diamine 3, one
diastereoisomer5), together with 13% of the a-oxo-alde-
hyde 6.6 Compound 5 could be hydrolyzed back to
a-oxo-aldehyde 6 in the presence of trifluoroacetic acid
(Scheme 1).

The ease of formation of 1-aza-3,7-dioxabicyclo-
(3.3.0)octane derivative 5 in an aqueous medium is
unexpected on the basis of the few papers describing
the synthesis of this heterocycle.7 For example, Pierce
and co-workers synthesized 1-aza-2,8-dialkyl-5-hydroxy-
methyl-3,7-dioxabicyclo(3.3.0)octanes by reaction of
aliphatic or aromatic aldehydes with THAM in reflux-
ing benzene using a water separator. Analogously,
Broadbent et al. isolated 2,6-dioxa-10-azatricyclo-
(5.2.1.0)decanes by reaction of 2-amino-1,3-propane-

Figure 1. Amphiphilic aldehyde 1.
* Corresponding author. Tel.: 33 (0)3320871215; fax: 33 (0)-

320871233; e-mail: oleg.melnyk@pasteur-lille.fr

0040-4039/01/$ - see front matter © 2001 Published by Elsevier Science Ltd.
PII: S0040 -4039 (01 )00032 -6



D. Bonnet et al. / Tetrahedron Letters 42 (2001) 1875–18771876

Scheme 1.

Scheme 2.

diols with 2,5-hexanediones. To our knowledge, gly-
oxylic amide derivatives were never studied in this
context. Spontaneous formation of the 1-aza-3,7-dioxa-
bicyclo(3.3.0)octane heterocycle may result from both
the use of a large excess of THAM and the high
reactivity of a-oxo-aldehydes, which are essentially in
the hydrated form in aqueous media.8

With compound 5 in hand, we turned our attention to
the last step of the synthesis, i.e. the oxidation of the
primary hydroxyl group (Scheme 2). This conversion
was cleanly effected using the Dess–Martin periodinane
reagent, which was selected for its mildness, to take
into account the sensitivity of 5 to acid catalyzed
hydrolysis.9 Dess–Martin periodinane was freshly pre-
pared using the modification of Frigerio et al.10 Using
1H NMR, compound 1 was found to be essentially in
the hydrated form (92%).

The reactivity of the aldehyde moiety of compound 1
was examined using 3-methyl-2-benzothiazolinone
hydrazone (MBTH), which is known to react efficiently

with aldehydes (Scheme 3).11 Aldehyde 1 was found to
be readily soluble in partial aqueous media. Reaction
with MBTH at pH 5.8 led to hydrazone 7 in 69% yield
following purification, thus showing that the aldehyde
moiety of 1 is accessible to hydrophilic reagents and not
masked by aggregation. Further studies devoted to the
reactivity of heterocycle 1 in liposome formulations are
under way.
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