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Abstract—Several classes of peptidomimetics of the efflux pump inhibitor d-ornithine-d-homophenylalanine-3-aminoquinoline
(MC-02,595) have been prepared and evaluated for their ability to potentiate the activity of the fluoroquinolone levofloxacin in
Pseudomonas aeruginosa. A number of the new analogues were as active or more active than the lead, demonstrating that a peptide
backbone is not essential for activity. # 2002 Elsevier Science Ltd. All rights reserved.

Efflux mechanisms are increasingly recognized as caus-
ing resistance to many classes of antibacterial agents.
While certain pumps selectively extrude specific agents,
others, referred to as multidrug resistance (MDR)
pumps, expel a variety of compounds, regardless of their
structural class or mechanism of action.1 Organisms
such as Pseudomonas aeruginosa are increasingly refrac-
tory to available therapies in the clinic primarily
because of their ability to develop high-level MDR due
to an efflux mechanism.2 Therefore, inhibition of efflux
pumps may be an attractive avenue for improving the
clinical activity of antibacterial agents that are substrates
of such pumps.1�4

We recently reported the identification of a class of
agents that potentiate the activity of the fluoro-
quinolone levofloxacin (LVFX).5 These compounds
function as efflux pump inhibitors (EPIs) in P. aerugi-
nosa.6 Although the original series of EPIs was unstable
in several biological matrices such as mouse, rat, and
human serum, we identified a class of stable, structur-
ally related inhibitors, such as d-ornithine-d-homo-
phenylalanine-3-aminoquinoline (MC-02,595, 1; Chart
1), that maintained all of the favorable biological fea-
tures of the original series.7

Based upon these results, 1 became the new lead in our
program to explore the SAR of the EPIs. Since this

series is based on a peptide backbone, we were inter-
ested in evaluating analogues in which this feature was
modified. To this end we synthesized a variety of pepti-
domimetics of 1 and evaluated their ability to potentiate
LVFX against P. aeruginosa. The present report high-
lights the preparation and activity of a representative
sub-set of the scaffolds prepared for this study.

Schemes 1–5 illustrate the syntheses of the compounds
prepared for this study. The analogues were assayed in
the presence and absence of LVFX against PAM 1032,
a laboratory strain of P. aeruginosa that overexpresses
the MexAB-OprM pump.8 As a means of tracking
potentiation trends, the activity of the inhibitors was
quantified by the term MPC8. This value reports the
minimum concentration (mg/mL) of inhibitor required
to decrease (potentiate) the MIC of LVFX 8-fold. The
MIC (mg/mL) of each compound was also determined
to ensure that the potentiation effect observed was not
due to intrinsic antibacterial activity of the putative
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Chart 1.
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Scheme 2. Preparation of the tertiary amides 3a–3d.

Scheme 1. Synthesis of the ether and thioethers 2a–2b.

Scheme 3. Synthesis of analogues 4a–4e.
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EPI. A more complete description of the methods used
to monitor biological activity can be found in references
6 and 8.

The ether and thioether analogues 2a–2b (Scheme 1)
were prepared from the key intermediate N-Boc-d-
homophenylalaninol, synthesized via borane reduction

of the corresponding protected aromatic acid. Both com-
pounds enhanced (potentiated) the MIC of LVFX with
MPC8s as low as 1.25 mg/mL (Table 1). Although the
thioether 2b displayed more intrinsic antibacterial activity
than the ether 2a (64 mg/mL vs 128 mg/mL, respectively),
the overall selectivity (MIC/MPC8) of 2b was greater
than 2a.

Scheme 4. Synthesis of the oxazole derivatives 5a–5b.

Scheme 5. Preparation of analogues 6a–6c.
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The tertiary amides 3a–3d (Scheme 2), which lack one of
the two stereocenters, were readily accessible from
methyl acrylate and provided an opportunity to incor-
porate various structurally diverse building blocks that
could not otherwise be prepared from commercially
available amino acids. The aliphatic analogue 3d was
roughly as potent as the aromatic derivatives 3a–3c
(Table 1). In general, compounds from this class dis-
played a good separation between potentiation activity
and antibacterial activity.

Various benzoxazole, benzothiazole, and benzimidazole
derivatives were prepared via the modification of a lit-
erature procedure.9 Scheme 3 outlines the general route
for the preparation of a representative collection of
these analogues. The key cyanohydrin intermediate was
derived from the aldehyde of N-Boc-d-homo-
phenylalanine, which was prepared by reduction of the
corresponding Weinreb amide. Whereas the benzox-
azole analogues 4a–4c displayed good potency, the
benzimidazole and benzothiazole analogues (4d–4e)
were less active than the lead, 1 (Table 1).

Analogues 5a–5b (Scheme 4) were prepared via the ser-
ine derivative, which, when treated with Burgess’
reagent, dehydrated to furnish the oxazoline.10 Oxida-
tion of this intermediate with CuBr2 afforded the oxa-
zole,11 which was further elaborated to furnish the
desired compounds. The quinoline substituted analogue
5b displayed similar activity but considerably less anti-
bacterial activity than its partner, 5a (Table 1).

The hydroxyethylamino derivatives 6a–6c were pre-
pared from a key epoxide derivative (Scheme 5), which
was prepared by oxidation of the corresponding ole-
fin.12,13 The alkene, in turn, was prepared by Wittig
olefination of the aldehyde of N,N0-di-Boc-d-ornithine,

isolated as the di-protected hemiaminal. The epoxide,
when treated with various amines (whose syntheses are
described in Schemes 3 and 4) afforded the analogues
6a–6c. These derivatives, which incorporate the struc-
tural features found in 1 and compounds 4–5, had
MPC8s as low as 1.25 mg/mL (Table 1).

The results for compounds 2–6, when viewed collec-
tively, demonstrate that a peptide backbone is not
essential for the potentiation activity of this class of
compounds. They suggest that a di-cationic compound,
with an appropriate lipophilicity range, coupled with an
overall topology comparable to that of MC-02,595
appear to be features that lead to the inhibition of
MDR pumps in P. aeruginosa. Efforts are underway to
substantiate these predictions.
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5. Renau, T. E.; Léger, R.; Flamme, E. M.; Sangalang, J.;
She, M. W.; Yen, R.; Gannon, C. L.; Griffith, D.; Chamber-
land, S.; Lomovskaya, O.; Hecker, S. J.; Lee, V. J.; Ohta, T.;
Nakayama, K. J. Med. Chem. 1999, 42, 4928.
6. Lomovskaya, O.; Warren, M. S.; Lee, A.; Galazzo, J.;
Fronko, R.; Lee, M.; Blais, J.; Cho, D.; Chamberland, S.;
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Table 1. Intrinsic antibacterial activity and potentiation activity of

the peptidomimetic EPIs against PAM 1032a

Compd MICb (mg/mL) MPC8
c (mg/mL)

1 >512 10
2a 128 5
2b 64 1.25
3a >512 10
3b 256 5
3c 512 10
3d >512 10
4a >512 10
4b 128 2.5
4c 256 5
4d 512 20
4e >512 20
5a 16 2.5
5b 128 5
6a 128 1.25
6b 64 5
6c 128 2.5

aCompounds were evaluated in PAM 1032, a strain of Pseudomonas
aeruginosa derived from PA01 that over-expresses the MexAB-OprM
efflux pump.6,8
bMIC: minimum concentration (mg/mL) of efflux pump inhibitor
required to inhibit the growth of PAM 1032.
cMPC8: minimum concentration (mg/mL) of efflux pump inhibitor
required to reduce (potentiate) the MIC of levofloxacin 8-fold.
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