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Abstract—The quorum sensing mechanism in Gram-negative bacteria uses small intercellular signal molecules, N-acyl-homoserine
lactones (AHLs), to control transcription of specific genes in relation to population density. In this communication, we describe the
parallel synthesis of new AHL analogues, in which substituents have been introduced into the 3- and 4-positions of the lactone ring.
These analogues have been screened for their ability to activate and inhibit a Vibrio fischeri LuxI/LuxR-derived quorum sensing
reporter system. # 2002 Elsevier Science Ltd. All rights reserved.

Introduction

Many host-associated bacteria use pheromone signal
molecules (autoinducers) to monitor population density
and control expression of specific target genes encoding
virulence factors and other functions.1 This phenom-
enon has been termed quorum sensing (QS). The QS-
system in most Gram-negative bacteria is composed
basically of two components: a LuxI homologue which
synthesizes an acyl homoserine lactone (AHL) auto-
inducer, and an autoinducer-dependent transcriptional
activator, a LuxR homologue.

LuxI/LuxR from the bioluminescent marine bacteria
Vibrio fischeri was the first AHL-based QS-system to be
described.2 LuxI constitutively synthesizes the auto-
inducer N-(3-oxohexanoyl)-l-homoserine lactone 1 (Fig.
1), which binds to the LuxR protein when a threshold
concentration has been reached. AHL binding activates
LuxR, which initiates transcription of the lux operon
and, in turn, confers the bioluminescent phenotype.

Mutants with defects in their QS-system are sig-
nificantly less virulent3 and the QS-systems have there-
fore been envisaged as a potential novel target for

development of anti-infective drugs.4 A well established
example is Pseudomonas aeruginosa, a prevalent oppor-
tunistic human pathogen that causes chronic pulmonary
infections in patients with cystic fibrosis. P. aeruginosa
produces a battery of extracellular virulence factors.
Expression of many of these are controlled by QS reg-
ulation.5 Evidence also suggests that QS is involved in
formation of bacterial biofilms, which renders the sessile
population less susceptible to anti-infectives.6

One strategy to modulate QS is by an autoinducer ana-
logue, which inhibits activation by the natural auto-
inducer. Several reports describe the synthesis and
screening of autoinducer analogues to investigate the
specificity of autoinducer interaction with LuxR homo-
logues and to identify small-molecule inhibitors.7 These
reports mainly focus on the effect of varying the fatty
acid tail of the AHL molecules. Using this approach, a
few inhibitors specific to certain bacterial QS-systems
have been identified.7 We envisioned that modification
of the invariable homoserine lactone part of the auto-
inducer molecule could potentially generate a new, more
general class of QS inhibitors.

0960-894X/02/$ - see front matter # 2002 Elsevier Science Ltd. All rights reserved.
PI I : S0960-894X(01 )00756-9

Bioorganic & Medicinal Chemistry Letters 12 (2002) 325–328

Figure 1. LuxR natural autoinducer 1 and furanone QS inhibitor 2.
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Halogenated furanone type QS inhibitors 2 (Fig. 1),8

isolated from the red marine alga Delisea pulchra, have
been shown to inhibit several different QS-systems uti-
lizing different autoinducer molecules. The furanone
type inhibitors have substituents in the 3- and 4-positions
of the furanone ring 2. The structural resemblance
between the furanone inhibitors and AHL suggests that
it would be interesting to explore AHL substituted in
the 3- and 4-positions (Fig. 1).

Only a few examples exist where the homoserine lactone
part of the AHL molecules has been substituted. To the
best of our knowledge there are no reports on analogues
with substituents in the 3- and 4-positions of the homo-
serine lactone ring. Introduction of substituents should
also provide interesting information of the interaction
between the LuxR homologue and the autoinducer
homoserine lactone moiety.

Herein, we describe a new strategy which enables the
introduction of a variety of different substituents into
the 3- and 4-positions of the homoserine lactone ring
in a stereoselective way. These analogues have been
screened for their ability to activate and inhibit a LuxR-
based quorum sensing system.

Chemistry

We envisioned that a range of 3- and 4-substituted
autoinducers could be synthesized in a parallel manner
by using enantiopure cis- and trans-3-hydroxy and
4-hydroxymethyl substituted l-homoserine lactones as
central scaffolds. Acylation, carbamoylation, and alkyl-
ation would then allow the introduction of sustituents
with different size and character.

The cis-(5) and trans-(6) 4-hydroxymethyl substituted
homoserine lactones9 were synthesized (Scheme 1) in
only six linear steps starting from l-serine via a new
synthesis of protected l-allylglycine. First, l-serine was
protected as the appropriate Cbz amino protected
methyl ester. Tosylation of the hydroxy group followed

by substitution with NaI afforded the iodide 3. Similarly
to methods developed for the equivalent Boc derivative,
treatment with Zn afforded the insertion product 3a.10

Palladium catalyzed Negishi cross coupling reaction
with vinyl bromide in presence of 5% Pd2(dba)3 and
P(o-Tolyl)3 afforded protected l-allylglycine 4.
Dihydroxylation by the Upjohn procedure11 was fol-
lowed by spontaneous ring closure to afford a diastero-
meric mixture of the most stable g-lactones 5 and 6. The
mixture was separated by flash chromatography to give
enantiopure lactones 5 and 6.12

The cis-(9) and trans-(10) 3-hydroxy substituted homo-
serine lactones13 were synthesized (Scheme 2) from l-
methionine in only six steps by taking advantage of a
modified literature procedure for protected vinylglycine
8.14 Protection of l-methionine followed by oxidation
with metaperiodate gave the sulfoxide 7. Thermal elim-
ination generated protected vinylglycine 8. Dihydroxy-
lation under the conditions as described for the
allylglycine derivative afforded a mixture of 8a, 9 and
10. Full conversion to the g-lactone was accomplished
by heating in the presence of 5% PTSA in toluene. The
diastereomeric mixture was purified by column chro-
matography to afford enantiopure 9 and 10.12

A new simple one-pot procedure for substituting the
Cbz group with an appropriate fatty acid chain, similar
to the natural autoinducers, was developed.15 Hydro-
genolysis of the Cbz group over Pd/C in MeOH was
accomplished in the presence of hexanoic acid hydroxy-
succinimide ester, which acylates the liberated amino
group (Scheme 3). All four scaffolds (5, 6, 9 and 10)
were subjected to this mild one-pot procedure to give
the corresponding hexanoylated derivatives (5a, 6a, 9a and
10a). Analogues with more bulky substituents derived
from ethylisocyanate were synthesized on a small scale.
The hydroxy group of the hexanoylated lactones (5a, 6a
and 9a) underwent reaction with ethylisocyanate in the
presence of CuCl in THF (Scheme 3) to give the corre-
sponding carbamate lactones (5a, 6a and 9a).16 Lactone
(10a), however, decomposed under these reaction con-
ditions as well as the Cbz-protected lactone 10.17

Scheme 1. Reagents and conditions: (a) AcCl, MeOH, reflux; (b) CbzCl, K2CO3, EtOAc/H2O; (c) TsCl, pyridine; (d) NaI, acetone, reflux; (e) Zn,
DMA; (f) 1.0M vinylbromide in THF, Pd2(dba)3 (5%), P(o-tolyl)3; (g) K2OsO4

.2H2O (1%), NMO, acetone; H2O; (h) separation of diastereomers
by flash chromatography.
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Biological Results and Discusion

The Cbz protected compounds (5, 6, 9 and 10) and the
hexanoylated compounds (5a, 5b, 6a, 6b, 9a, 9b and
10a) were screened for their ability to activate and inhi-
bit a LuxR-based QS reporter system (Fig. 2). The QS
reporter system contains elements of V. fischeri quorum
sensing circuit encoded by luxR-PluxI fused to a reporter
gene encoding an unstable form of the green fluorescent
protein (Gfp).18 The genetic construct, termed pJBA89,

is harbored by a pUC18 vector maintained in Escheri-
chia coli JM105. The green fluorescent QS reporter
system is activated by exogenous autoinducers. Quan-
tification of the Gfp generated fluorescence gives a
direct measure of the degree of activation. N-Hexanoyl-
l-homoserine lactone 11 was able to activate the QS
reporter system and used as positive control. In corre-
spondence with previous studies,7 this indicates that the
fatty acids’ 3-oxo group is not an absolute requirement
for activity.

Scheme 3. Reagents and conditions: (a) H2 (1 atm), 5% Pd/C ( 2.7 mol%), MeOH; (b) CuCl, THF. *not observed; decomposition of starting
material 10a.

Scheme 2. Reagents and conditions: (a) AcCl, MeOH, reflux; (b) CbzCl, K2CO3, EtOAc/H2O; (c) NaIO4, MeOH/H2O; (d) xylene, reflux;
(e) K2OsO4

.2H2O (1%), NMO, AcOH, acetone, H2O; (f) PTSA, toluene, 100 �C; (h) separation of diastereomers by column chromatography.

Figure 2. Ability of 3- and 4-substituted homoserine lactones to activate and inhibit a LuxR-based QS screening system. N-Hexanoyl-l-homoserine
lactone 11 was included as positive control in screening for activation. Inhibition was measured by adding the natural autoinducer 1 (concentration 2
nM) together with the compound. A furanone-based inhibitor 2 was included in the experiment as a positive control. After 3 h, green fluorescence
was measured at 535 nm and bacterial density (OD) at 450 nm.
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The Cbz protected compounds (5, 6, 9 and 10) were
neither able to activate nor inhibit the QS-system. This
underlines the importance of the fatty acid chain moiety
of these autoinducer molecules, as also demonstrated in
other studies.7 The 4-substituted analogues (5a, 5b, 6a
and 6b) were only very weak activators, implying that
this part of the AHL molecule is crucial for recognition
of the autoinducers by LuxR. One can speculate that
this part of the molecules is embedded in a narrow
binding pocket of the LuxR protein. In contrast, the
3-substituted analogues (9a, 9b and 10a) were sig-
nificantly more potent as activators. Interestingly, 9awas
able to activate LuxR as efficiently as 11, while inverting
the hydroxy group as in 10a reduced the potency by an
order of magnitude. Derivatization of 9a hydroxy group
as in the case of 9b reduced the potency dramatically.

Compounds 5a and 6a were able to inhibit QS at max-
imum concentration tested, though less efficiently than
the furanone inhibitor 2. Even though the other syn-
thesized analogues did not show significant antagonistic
activity, our results suggests that further exploration of
3- and 4-substituted analogues could generate a potent
QS inhibitor. This is being pursued at the moment,
together with 3- and 4-substituted analogues having a
3-oxo-dodecanoyl fatty acid side chain for targeting the
therapeutically important QS-system of P. aeruginosa.
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