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4-Fluorinated UDP-MurNAc pentapeptide, 2, has been synthesized. In our previous study, UDP-MurNAc pentapeptide analogue 1 was found to
be incorporated into the bacterial cell wall through biosynthesis. Compound 2 showed growth-inhibition activity against Gram-positive bacteria
when it was added to growth media at 0.01 mg/mL.

The bacterial cell wall is composed of sugar chains made displayed on the surface of the bacteria. This finding has
up of N-acetyl glucosamine (GIcNAc) aridtacetyl muramic prompted us to create a novel inhibitor of cell wall synthesis.
acid (MurNAc) connected by peptides, and the sugar chain In this paper, we synthesized a UDP-MurNAc analogue,
structure is conserved in all bacteria (Figure 1). In our 4-fluorinated UDP-MurNAc pentapeptid® that cannot be
previous study;® UDP-MurNAc derivativel was found to incorporated into the cell wall, and investigated its inhibition
be metabolically incorporated into the bacterial cell wall effect on bacterial growth.

through its biosynthesis, allowing a fluorescent dye to be
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Figure 1. Biosynthetic route of the bacterial cell wall.
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Fluorine-substituted analogues of biologically active or-
ganic compounds have been widely studiédrluorinated

As illustrated in Scheme 1, we have established a synthetic
route to the key intermediate 4-F-MurNAc-1-phosphise

carbohydrate derivatives have widespread medical applica-from the less expensivid-acetyl galactosamine (GalNAc)

tions as substrate mimics for the inhibition of enzymatic

rather than MurNAc. The anomeric position of GalNAc was

processes because of the inability of enzymes to differentiateprotected by the allyl group. Using Lewis acid BEt,O as
between the fluorinated and original compounds. Some a catalyst, heating the commercially availabl&alNAc at

fluorinated glycosyl donors are recognized as artificial
substrates of glycosyltransferase$Recently, Walker et al.

70 °C for 2 h gave the desired-anomer3 in 80% yield.
Subsequent regioselective benzylidenation of the C-4 and

reported that fluorinated lipid | analogues can be a potent C-6 positions of the obtained allyl glycoside was performed

inhibitor of MurG, which catalyzes the transfer Nfacetyl
glucosamine from UDP to the C-4 hydroxyl residue of lipid
1. As muramic acid is a specific component in all bacteria,
a fluorinated muramic acid derivative would make a promis-
ing candidate for a new type of antibiotic.

(4) Williams, S. J.; Withhers, S. GCarbohydr. Res2000,327, 27-46.

(5) Dax, K.; Albert, M.; Ortner, J.; Paul, B. Larbohydr. Res2000,
327, 47-86.

(6) Burkart, M. D.; Vincent, S. P.; Duffels, A.; Murray, B. W.; Ley, S.
V.; Wong, C.-H.Bioorg. Med. Chem2000,8, 1937—1946.

(7) Kajihara, Y.; Endo, T.; Ogasawara, H.; Kodama, H.; Hashimoto, H.
Carbohydr. Res1995,269, 273—294.

(8) Hartman, M. C.; Coward, J. K. Am. Chem. So2002 124, 10036~
10053.

(9) Chen, L.; Men, H.; Ha, S.; Ye, X.-Y.; Brunner, L.; Hu, Y.; Walker,
S. Biochemistry2002,41, 6824—6833.
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using benzaldehyde dimethyl acetal and a catalytic amount
of camphor-10-sulfonic acid (CSA) in dimethylformamide
(DMF) to produce the partially unprotected sacchaddégth

a free 3-hydroxyl group. The compourdwas converted
into the fully protected glycosides by reaction with
4-methoxybenzyl chloride in the presence of sodium hydrate
and tetrabutylammonium iodide in tetrahydrofuran (THF)

at 40 °C. This reaction could not proceed at all at room
temperature. The benzylidene acetal was reductively opened
with sodium cyanotrihydroborate (NaBEN) and hydrogen
chloride in THF to provide the required®-benzyl etheb

(10) Czernecki, S.; Georgoulis, C.; ProvelenghiouT€trahedron Lett.
1976,17, 3535—3536.
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without the formation of the isomeric 4-O-benzyl ethér.

of 30% after purification by silica gel column chromatog-

We then focused our attention on the fluorination reaction raphy® This oxidation reaction was unsuccessful when

to obtain the key intermediateby treating6 with (diethyl-
amino)sulfur trifluoride (DASTY under nucleophilic dis-

performed with hydrogen peroxide because of a break in the
P—O bond.

placement conditions as shown in the scheme to give the Prior to the coupling reaction with a peptide moiety,

desired 4-fluoroglucosaminidéin 60%yield. Thep-meth-
oxyphenylmethyl (MPM) group of7 was successfully

deprotection of the carboxyl group with 1,8-diazabicyclo-
[5.4.0lundec-7-ene (DBU) in Ci€l, was carried out!

removed using 2,3-dichloro-5,6-dicyano-1,4-benzoquinone Pentapeptidel5 was synthesized from Baz-Ala-p-Ala-
(DDQ) in dichloromethane (DCM) to afford the intermediate  OMe by using Boc general protocol. Coupling pentapeptide

8, which was reacted withS)-(—)-2-chloropropionic acid
to give the compoun8 in 80% yield. The protection of the
carbonyl group 0B with 2-phenylsulfonyl ethanol also led
to the formation of the compouriD. The anomeric position

15 with the muramyl carboxyl group ofl4 gave the
glycopeptidel6in 66% yield for the two steps. The benzyl-
protecting groups of the phosphate moiety 16 were
removed in the presence of trioctylamine. The hydrophilic

protected by the allyl moiety could be deprotected using (1,5- cationic counterion was used to increase solubility in the
cyclooctadiene)bis(methyldiphenylphosphine)iridium(l) hex- organic solvent in the next step. Subsequent reaction of the
anefluorophosphate reag&tit'to generate the intermediate  trioctylammonium phosphate salt with uridinerBonophos-

11 as ano.—f mixture. This deallylation was also attempted phomorpholidate and 1H-tetrazole in pyridine for 3 days

using palladium chloride in acetic acid, but the yield was produced the protected UDP-4-F-MurNAc pentapeptide.

much lower. Phosphorylation dfl was carried out with
dibenzyl diethylphosphoramidite (DDP)and triazole in
DCM to give dibenzyl phosphité2 as a mixture of. and

p. The stereo mixture ofl2 was oxidized withtert-
butylperoxide (TBHP) in THF at-10 °C to generate the
single o-isomer 13 (the coupling constant between the

Removal of the protecting groups was accomplished by rapid
treatment with agueous sodium hydroxide. The mixture was
purified by column chromatography, and the final compound
was confirmed by NMR and ESI mass spectroscopy (see
details in Supporting Information).

Gram-positive bacteria (L. plantarumiCM1149) were

anomeric and C-2 proton was 3.05 Hz) in an isolated yield incubated at 37°C in lactobacili MRS broth (Difco

(11) Oikawa, M.; Wada, A.; Yoshizaki, H.; Fukase, K.; Kusumoto, S.
Bull. Chem. Soc. Jpr1997,70, 1435—1440.

(12) Berkin, A.; Szarek, W. A.; Kisilevsky, RCarbohydr. Res2000,
326, 250—263.

(13) Tamura, J.-l.; Nishihara, J. Org. Chem2001, 66, 3074—3083.

(14) Mochizuki, T.; lwano, Y.; Shiozaki, M.; Kurakata, S.-I.; Kanai, S.;
Nishijima. M. Carbohydr. Res2000,324, 225—230.

(15) Yu, K.-L.; Fraser-Reid, BTetrahedron Lett1988,29, 979—982.
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Laboratories) in the presence®t a concentration of 0.01
mg/mL. Compound was dissolved in a buffered solution
and sterilized before addition to the bacteria. After 3, 5, 7,
and 10 h, the number of bacteria in the culture was counted

(16) Sim, M. M.; Kondo, H.; Wong, C.-HJ. Am. Chem. Sod993,
115, 2260—2267.
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compound2, fosfomycin, and compoun2 with fosfomycin: @)
without adding any antibiotics (negative controi@®)(compound
2; (O) fosfomycin; (¥) compoun@ with fosfomycin.

by the conventional plate counting method. Figure 2 shows
the time course of the growth of the bacteria in the presenceggnac as a starting material. Fluorine was introduced

of 2. Bacterial growth was significantly inhibited as com- through an interconversion reaction from a galacto- to a
pared to the negative control, which was cultured without gluco-configuration at the C-4 position. The UDP-4-F-

the addition of any antibiotics. _ MurNAc pentapeptide showed growth inhibition activity
In our previous study,enhanced incorporation of UDP-  against Gram-positive bacteria. We demonstrated that UDP-

MurNAc derivativel in the bacterial cell wall was observed  \yrNAc derivatives are useful not only as precursors to

by the addition of fosfomycin withl to the medium.  modify the bacterial cell wall but also as inhibitors of

Fosfomycin is an antibiotic that inhibits the early stage of pacterial growth. The kinetic details of inhibit@rwill be

GIcNAc to UDP-MurNAc. We consider that the added UDP-
MurNAc derivativel was used preferentially as a substrate  Acknowledgment. We thank Ms. S. Oka (Hokkaido
for cell wall biosynthesis because the production of natural University) for ESI mass spectrometry measurements. This
UDP-MurNAc in bacteria was depressed by fosfomycin. The work was partly supported by a grant for the “Glycocluster
inhibition of bacterial growth was greater in the presence of Project” from NEDO and a Grant-in-Aid for Exploratory
2 with fosfomycin than in the presence &for fosfomycin Research from the Ministry of Education, Culture, Sports,
alone. Compouna@ could be utilized as a substrate mimic  Science and Technology (MEXT).
by MraY and then block peptidoglycan synthesis at the MurG
step, or it could inhibit the MraY step directly. Supporting Information Available: Experimental pro-

In conclusion, we synthesized a UDP-4-F-MurNAc pen- cedures, spectroscopic data for all new molecules, and
tapeptide toward a novel inhibitor of bacterial growth from procedures used for the inhibition studies of bacterial growth.
This material is available free of charge via the Internet at
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L. C.J. Am. Chem. S0d998,120, 1916—1917.
(18) Wittmann, V.; Wong. C.-HJ. Org. Chem1997,62, 2144—2147. OL049598W
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