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Solid-phase modular synthesis of fluorescent analogues of Park’s nucleotide, lipid I and II, is
described. The Fmoc protected lysine side chain of resin-bound intermediates was selectively
modified by various fluorescent groups. This is the first example of solid-phase synthesis of these
compounds. This synthetic strategy allows to prepare various fluorescent proves for
investigating the mechanisms of the bacterial cell-wall biosynthesis.

2009 Elsevier Ltd. All rights reserved.

Peptidoglycan, which is the main component of bacterial
cell walls, consists of repeating f-1-4-N-acetylglucosaminyl-N-
acetylmuraminic acid (B-1-4-GlcNAc-MurNAc) and cross-linked
polypeptide chains. Given that peptidoglycan is a characteristic
polymer found in bacteria, inhibition of its biosynthetic pathway
is an ideal target for the development of antibacterial agents.
Indeed, many inhibitors of peptidoglycan biosynthesis, such as -
lactams and vancomycin, are used as antibacterial drugs.'
Peptidoglycan biosynthesis involves several steps.”* First, Park’s
nucleotide (Fig. 1, 1) is synthesized by MurA-F in the cytoplasm.
Then, 1 is converted to lipid I (2) by a reaction with
undecaprenylphosphate  catalyzed by  phospho-MurNAc-
pentapeptide transferase (MraY), and the resulting 2 is further
transformed to lipid II (3) by N-acetylglucosamine transferase
(MurG). Lipid II is transported to the periplasm by Murl, a
recently identified flippase.*® Finally, peptidoglycan is produced
by the polymerization reaction of lipid II catalyzed by a
transpeptidase and a transglycosylase. Of note, 1-3 are used as
substrates in studies associated with peptidoglycan biosynthesis,
and their probe molecules also have contributed to discovering
inhibitors and investigating the mode of action of antibacterial
agents. °2! For example, a fluorescently modified analogue of 1
is used for screening of MraY inhibitors to develop novel
antibacterial agents.*” Kurosu and coworkers reported a
MraY/MurX inhibitory assay system using a fluorescently
labeled analogue of 2.%° Cheng’s group reported that a
fluorescent lipid II analogue can be used as a molecular probe to
evaluate inhibitory activity against transglycosylase.'” Recently,

high-throughput screening for inhibitors

UDP-GIcNAc

of peptidoglycan

H
NH? MurA-| F O

- “r*i =

Park nucleotide (1)

NH, MFEYH OH
Q : © I AcHN §_p_o-P_0-R
578

H
H N A
o H)k/ \gﬂu inNo

o o ﬁ
#Lof#uo o H
8 &

HO X0 lipid 1 (2): R = §
7

o] A~

neryhlipid I (4): R =}
NH2 OH
NHAc
HO
o o
T O HO ACH -P-0-P-0-R

g Mr ““ 0
o lipid 11 3): R = §

nerylipid Il (5): R = §f<—/:<

Fig. 1. Chemical structures of peptidoglycan biosynthesis precursors
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Scheme. 2. Synthesis of 6-8.
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biosynthesis?> and elucidation of the mode of action of
teixobactin, which is a recently isolated natural product
exhibiting strong antibacterial activity, were reported using
fluorescently modified 3. Although these fluorescent probes are
useful, there is no unified synthetic method applicable to prepare
analogues of Park’s nucleotide, lipid I and lipid II. The complex
chemical structures of 1-3, which consist of sugar(s), a peptide,
and phosphate(s), require multistep transformations such as
protection and deprotection of functional groups to obtain the
desired probes. In addition, their amphiphilic properties as well
as their molecular size occasionally represent difficulties in
purification during synthesis. Therefore, we have previously
developed a unified solid-phase synthesis of 1, neryl lipid I (4)
and neryl lipid II (5), which are derivatives of 2 and 3.* This
strategy allows wus to provide highly functionalized
macromolecules in a short time with a single purification step.
Herein, we report the application of this method for synthesizing
fluorescent probes of 1-3. The synthetic method allows the
modular introduction of various fluorescent groups into 1-3.

Our previous synthesis of 1, 4 and 5 utilized intermediates
containing an Fmoc-protected L-lysine side chain, and the amino
group of the L-Lys side chain could be selectively labeled by
various fluorophores in a late-stage modification. To demonstrate
the versatility of this synthetic strategy, we planned to synthesize
three fluorescent analogues 6-8; dansylated Park’s nucleotide 6,
neryl lipid I analogue with fluorescein 7, and neryl lipid 1T

analogue  possessing  4-(N,N-dimethylaminosulfonyl)-2,1,3-
benzoxadiazole (DBD) 8 (Scheme 1). Synthesis of the
fluorescent analogues was undertaken with 4-

(hydroxymethyl)bezoylamidyl polyethyleneglycol (HMBA-PEG)
resin-bound Fmoc-D-Ala 9. Given that the HMBA-PEG resin
swells extensively in various solvents, including water, both
organic solvent and water can be used in the synthesis.”> The
resin-bound Fmoc-L-Ala was converted into protected Park’s
nucleotide 10 over 10 steps as previously reported (for details,
see the ESI).>* The resin was further treated with piperidine to
remove the Fmoc group to yield 13. Then, the conventional
method using dansyl chloride and ‘Pr,NEt in DMF was applied
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for the dansylation of the liberated amine of 13. However, no
reaction occurred to provide the corresponding dansylated
product. After extensive investigation, we found that the
conditions using dansyl chloride and NaHCO; in aqueous
acetone cleanly afforded the desired dansylated product. The
completion of the reaction on the resin was confirmed by
Kaiser’s test. Considering the instability of diphosphate under
acidic conditions, cleavage from the resin should be conducted
under basic conditions. Thus, cleavage from the resin and global
deprotection were performed using NaOH in H,O/MeOH/THF,
and the resulting material was purified by reverse-phase HPLC to
afford 6 possessing the dansyl group as a fluorophore. The
analytical data of synthetic 6 agreed well with those reported.®
For the synthesis of 7, the Fmoc group of protected neryl lipid I
11, which was bound to the resin, was removed to give 14. Then,
the sequential two step reactions: (1) labeling with fluorescein
isothiocyanate (FITC) in the presence of Pr,NEt in DMF; (2)
cleavage from the resin and simultaneous global deprotection,
afforded 7 in 30% yield from 9. Similar to the synthesis of 7, 8
was synthesized from 12 using 4-(N,N-dimethylaminosulfonyl)-
7-isothiocyanato-2,1,3-benzoxadiazole (DBD-NCS) for labeling
the amino group of the L-lysine residue.

We also briefly examined an enzymatic transformation of 6 to
dansylated lipid 1. Namely, 6 and undecaprenylphosphate (Css-P)
were treated with MraY from S. aureus (MraYsa). and the
reaction progress was monitored by TLC. As a result, the
formation of a new spot was observed, suggesting the formation
of dansylated lipid I (for details, see the ESI).

In summary, a solid-phase method was developed for the
synthesis of fluorescent probes of 1-3. Many fluorescent probes
derived from Park’s nucleotide, lipid I and lipid II have been
prepared by liquid-phase synthetic methods. This study is the
first example to synthesize these probes by a solid-phase strategy.
This method enables the preparation of a range of analogues of
Park’s nucleotide, lipid I and lipid II possessing not only
fluorophores but also other functional groups, which is useful for
investigating the mechanism of peptidoglycan biosynthesis and
developing novel antibacterial agents.
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