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A new approach toward the synthesis of the hydrophobic moiety of rhamnolipid derivatives has been
developed, involving two key cross-metatheses and an unusual Mitsunobu reaction. Small structural
variations of the side chains should enable a better understanding of the role of the lipid moiety in
immunostimulatory and plant defense eliciting properties.
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Introduction

Bacterial rhamnolipids,1 especially those produced by Pseudo-
monas aeruginosa2 and Burkholderia plantarii3 have shown a great
deal of promise for the environmental remediation of oil spills4

and toxic metals.5 They have also been described as immunostimu-
lators6 and have been reported for their antibacterial, mycoplas-
macidal, and antiviral activities.7 More recently, rhamnolipids
have been shown to efficiently induce a local resistance against
Botrytis cinerea and are promising as potential elicitors (Fig. 1).8

Typically, rhamnolipids are bioproduced as a mixture of com-
pounds with various chain lengths.9 Synthetic approaches are
scarce in the literature.6c,10 Most of them involve a selective reduc-
tion of a b-ketoester using Noyori conditions,6c,10c appearing early
in the overall synthesis, which can be a serious drawback in gain-
ing access to a wide range of compounds.

In a previous study, a smart solid phase strategy was used to
produce a glycolipid library. Immunostimulatory structure–activ-
ity relationship analysis indicated a specific recognition based
mode of action.6c Encouraged by a synthesis of (�)-(3S,6R)-3,
6-dihydroxy-10-methylundecanoic acid by Sabitha et al.11, we
investigated a different approach with a common key intermediate
subsequently submitted to cross-metathesis conditions in order to
produce a versatile library of derivatives (Scheme 1).

Results and discussion

We focused on the use of the well-known acetoxyester 5,12

easily prepared on a convenient scale (more than five grams, with
a 94% ee, measured by chiral HPLC with an IC column) using PS
Amano lipase as a biocatalyst for an enantioselective acetylation
(Scheme 2). The loss of half of the starting material, inherent with
an enzymatic resolution, was an initial drawback, but this fact later
proved beneficial.

Selective deprotection of the acetate group of compound 5 was
then accomplished using standard conditions to give the 4(S)
hydroxyester while treatment with trifluoroacetic acid gave the
carboxylic acid 6 in nearly quantitative yields (Scheme 3).

All our attempts to couple 4(S) and 6 via diverse esterification
procedures were unsuccessful (DCC/DMAP, EDCI, and TBTU with
diverse solvents). Surprisingly, compound 5 was the only observed
product as previously described by Duynstee et al.,10b While
attempting various coupling reactions, work was also in progress
to recycle the unwanted enantiomer 4(R). Reviewing the literature
showed that Mitsunobu reactions on allylic alcohols can be
performed with ‘non-aryl’ carboxylic acids.13 One particularly
interesting case was reported with a more complex structure.13c
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Table 1
Cross metathesis of ester 2 (m = 2)
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Scheme 1. Retrosynthetic approach to the hydrophobic moiety of rhamnolipid
derivatives 1 (m and n varying from 2 to 17).
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Figure 1. Two examples of natural rhamnolipids used as elicitors.8
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Two preliminary tests gave very promising results (Scheme 4). The
first one allowed us to recycle the undesired enantiomer 4(R),
while the second one solved two problems, the desired inversion
of configuration and coupling to furnish compound 7, a precursor
of double chain derivatives 1. This second example proved to be
an esthetic alternative to the desired previously unsuccessful cou-
pled reaction.

We then tested the cross-metathesis conditions on the pivotal
substrate 514 with sixteen different alkenes using conditions
recently described by Voigtritter et al.15 (Scheme 5). As the separa-
tion of Z and E-alkenes proved to be difficult in certain cases, we
decided to directly hydrogenate the crude mixture in a one-pot
sequence.

Deprotection of derivative 8 (m = 2) with CF3COOH in CH2Cl2

gave the carboxylic acid 3 (m = 2 in 89% yield) which was subjected

to a Mitsunobu coupling with hydroxylester 4(R) giving the
expected compound 2 (m = 2) in 58% yield (Scheme 6).
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Finally, to demonstrate the generality of our approach, a second
cross-metathesis reaction was performed on derivative 2 (m = 2)
with five different alkenes, followed by direct hydrogenation of
the reaction mixture (Table 1). In all cases, dimeric structures com-
ing from the alkenes and approximately 15% of starting materials
could be easily removed by silica gel column chromatography. Acid
hydrolysis then gave the desired acids in yields varying between
70% and 88%.

Conclusion

We have developed a short and efficient strategy for the synthe-
sis of the hydrophobic moiety of rhamnolipids. A first metathesis/
hydrogenation sequence gives access to a large number of func-
tionalized alkyl side chains. Mitsunobu conditions were then used
to couple the acid and the alcohol fragments. A second metathesis/
hydrogenation sequence was then applied to give the desired lipid
esters which were hydrolyzed to give the corresponding acids.
Subsequent rhamnosylation will then allow us to obtain hybrid
structures, in order to better understand the structure–activity
relationships of this fascinating class of elicitors. Work is in pro-
gress toward this goal.
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2CH2), 1.38–1.19 (m, 18H, 9CH2), 0.87 (t, 6H, 2CH3); 13C NMR (150 MHz,
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