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Abstract—A series of benzoxazole derivatives of the mannopeptimycin glycopeptide antibiotics was synthesized via a novel ben-
zoxazole formation reaction by treating aminophenol of mannopeptimycin-b with an aldehyde and DDQ in DMF. Some of these
derivatives (e.g., 5b, 5d, 5m, and 7b) showed good activity against Gram-(+) bacteria when compared to the parent compound
mannopeptimycin-b.
# 2003 Elsevier Ltd. All rights reserved.
The need for new antibacterial agents to combat resis-
tance problems has rekindled our interest in anti-infec-
tive research, especially in the natural product area.
Previously, we reported the synthesis and activity of a
series of ether derivatives of the mannopeptimycin
glycopeptide antibiotics.1 These semi-synthetic ether
derivatives helped clarify the structure–activity rela-
tionship of the substitutions at various positions of the
terminal mannosyl disaccharide of the natural product,
mannopeptimycin-a (1).2�4 Mannopeptimycin-b (2) was
one of the components isolated from the mannopepti-
mycin complex; it could also be obtained from selective
removal of the mannosyl disaccharide (Fig. 1).3b In
continuation of the research to identify compounds with
improved biological activity and pharmacokinetic
properties, the synthesis of a series of benzoxazole deri-
vatives of mannopeptimycin-b (2) was investigated. Our
strategy was to introduce an amino group a to the
tyrosine hydroxyl group, then investigate the formation
of an oxazole ring using this aminophenol. Herein,
we describe the synthesis and antibacterial activities of
2-substituted benzoxazole mannopeptimycins.

Introduction of the key amino functionality was
accomplished as shown in Scheme 1. Treatment of
mannopeptimycin-b with KNO3 in TFA gave nitro
compound 3, catalytic hydrogenation of 3 gave the
desired aminophenol 4 in good yield. Though numerous
methods to generate benzoxazoles have been reported in
the literature, most involved reaction conditions that
were not suitable for our application.5 Therefore we
developed milder and more convenient conditions for
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Figure 1. Structures of mannopeptimycin-a and mannopeptimycin-b.
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benzoxazole formation, which involved treatment of
one equivalent of aminophenol 4 with excess aldehyde
and DDQ in DMF (Scheme 1).6

Aldehydes with different lipophilicity and steric bulk
were selected for the preparation of benzoxazoles 5a–p
(Fig. 2). Compound 5p with its sugar moiety was
designed to mimic the natural product. We found that
aldehydes with electron withdrawing groups such as 5a,
5c, 5d, and electron donating groups such as 5b, 5e, 5h,
and 5m readily underwent this transformation. Reaction
with alkenyl aldehyde such as 5j also proceeded
smoothly with good yields. The reactions were mon-
itored by ES/MS and most were completed in 1–3 h rt.
All final products reported herein were purified by
reverse-phase HPLC (acetonitrile–water–0.02% tri-
fluoroacetic acid).

Reaction of 4 with 1,1-thiocarbonyldiimidazole gave
compound 6 which served as a key intermediate for
subsequent alkylation reactions. Thus, alkylation with
bromides such as 7a, 7b, 7c, and 7d produced regiose-
lectively a series of novel 2-thiosubstituted benzoxazoles
7a–d (Scheme 2).7

Reaction of 4 with 2,3,4,6-tetra-O-benzoyl-b-d-glucopyr-
anosyl isothiocyanate gave thiourea 8 which underwent
Figure 2. Benzoxazole derivatives synthesized.
Scheme 1. (a) KNO3/TFA, rt, 2 h; (b) 10% Pd/C, H2, MeOH; (c)
RCHO, DDQ/DMF.
Scheme 2. (a) 1,1-Thiocarbonyldiimidazole/DMPU, rt, 2 h; (b) Di-
isopropylethylamine, RBr.
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cyclization upon treatment with mercury (II) chloride
(HgCl2) to give benzoxazole 9 (Scheme 3).

8

To determine the effect of the guanidine sugar moiety of
mannopeptimycin-b on the biological activity, benzox-
azole derivative 11 was prepared from the aglycone 103b

via a similar route previously described for the pre-
paration of 5 (Scheme 4).

The in vitro testing results of the benzoxazole deriva-
tives described above together with vancomycin and
piperacillin are summarized in Table 1. Most of the
benzoxazole derivatives showed good to moderate
activities against methicillin-resistant Staphylococcus
aureus and vancomycin-resistant Enterococcus. Many
compounds showed better activity than the parent
compound mannopeptimycin-b (2). Compound 11, a
benzoxazole derivative of aglycone, was much less
active than the derivatives of the mannopeptimycin-b
series. The most active compound of the thio-alkylated
analogues was 7b, which was significantly more potent
than 2. More extensive in vitro activities (MICs) of
selected compounds are shown in Table 2. The benzox-
azole derivatives 5b, 5d, and 5m demonstrated moderate
to good overall activity and are about three dilutions
(MIC) more potent than the parent compound 2.

The thio-alkylated compound 7b showed good in vitro
activity (MIC) against staphylococcal isolates, including
methicillin-resistant S. aureus (MIC 1–8 mg/mL) and
methicillin-resistant Coagulase-negative Staphylococci
(MIC 1–4 mg/mL). Against the enterococcal strains,
Scheme 3. (a) HgCl2/MeOH, rt.
Scheme 4. Benzoxazole derivative of aglycone: (a) KNO3/TFA; (b)
10% Pd/C, H2, MeOH; (c) PhCHO, DDQ, DMF.
Table 1. In vitro activity of oxazole derivativesa
Minimum inhibitory concentration (MIC), mg/mL
Compd
 S. aureus
 Streptococcus spp.
 Enterococcus spp.
5a
 >128
 128
 128

5b
 8
 16–32
 8–64

5c
 8–16
 4–8
 8–64

5d
 8–16
 4–16
 16–

5e
 8–16
 8–64
 4–128

5f
 16–32
 8–32
 8–64

5g
 2–4
 8–16
 2–8

5h
 8–32
 8–32
 8–64

5i
 32–64
 32–128
 16–128

5j
 8–16
 4–16
 8–32

5k
 8–32
 16–32
 16–128

5l
 16–64
 32–64
 32–128

5m
 4–8
 1–4
 4–8

5n
 4–16
 16–64
 4–64

5o
 8–16
 4–32
 4–16

5p
 >128
 128!128
 128!128

7a
 8–16
 8–32
 4–64

7b
 2–8
 2–8
 2–16

7c
 4–16
 4–16
 4–32

7d
 8–32
 2–4
 2–64

9
 32–64
 4–32
 4–32

11
 32–64
 32–64
 32–64

2
 64–128
 ND
 32–128

Vanco
 1–4
 0.25–0.5
 05!64

Piper
 0.5–128
 �0.12–2
 0.25!128

aRange of MICs (minimum inhibitory concentration) for Staph. (10
strains, including MRSA); Strep. Species (5 strains, including PRSP);
Enterococcus species (11 strains, including VRE); Vanco (vancomycin);
Piper (piperacillin).
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including vancomycin-resistant isolates, good activity
was observed (MICs 2–16 mg/mL). The compound
also demonstrated good streptococcal activity (MIC
2–8 mg/mL).

In summary, a series of benzoxazole derivatives of
mannopeptimycin-b and its aglycone were synthesized
to explore SAR. 5b, 5d, 5m, and 7b showed improved
activity against a number of pathogens when compared
to the parent compound 2. The good activities demon-
strated by these derivatives suggested that the mannosyl
disaccharide moiety might not be essential for
antibacterial activity.
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mixture stirred at rt for several days (followed by ES/MS). The
mixture was diluted with diethyl ether and solid collected. The
solid then dissolved in MeOH and treated with mercuric chloride
(350 mg). The reaction was stirred for 18 h and diluted with di-
ethyl ether and the solid collected. The product was purified by
reverse-phase HPLC to give 9. MS (ES), m/z 795.9 (M+2H)2+.
Table 2. In vitro antibacterial activity of selected benzoxazole deri-

vatives
Compd
Organism; (MIC) mg/mL
 Piper
 5b 5d
 5m 7b
S. aureus (GC 1131) MRSA
 >64
 8 8
 8 4

S. aureus (GC 4541) MRSA
 >64
 8 16
 8 4

S. aureus (GC 4542) MRSA
 64
 8 8
 8 4

S. aureus (GC 4543) MSSA
 1
 8 8
 4 2

S. aureus (GC 4544) MSSA
 4
 8 8
 8 4

S. aureus (GC 4545) MSSA
 8
 8 8
 4 2

S. aureus (GC 2216) MSSA
 4
 8 8
 8 8

Staphylococcus hemolyticus (GC 4546) MRCNS
 >64
 4 4
 4 1

SCN (GC 4547) MRCNS
 >64
 4 8
 8 4

SCN (GC 4548) MRCNS
 16
 4 4
 4 2

SCN (GC 4549) MSCNS
 32
 2 16
 4 1

SCN (GC 6257) MSCNS
 4
 4 4
 2 1

SCN (GC 4551) MSCNS
 4
 8 8
 4 4

Enterococcus faecalis (GC 4552) VSE
 2
 64 64
 8 2

E. faecalis (GC 4553) VSE
 >64
 16 16
 4 4

E. faecalis (GC 4554) VSE
 1
 32 64
 8 16

E. faecalis (GC 2242) VRE
 2
 32 32
 4 16

E. faecalis (GC 4555) VSE
 1
 32 64
 8 16

Enterococcus faecium (GC 2243) VRE
 64
 16 32
 8 8

E. faecium (GC 4556) VSE
 1
 64 64
 8 8

E. faecium (GC 4557) VSE
 0.12
 8 8
 4 2

E. faecium (GC 4558) VRE
 >64
 16 16
 4 4

Streptococcus pyogenes (GC 4563)
 �0.06
 16 4
 1 2

Streptococcus agalactiae (GC4564)
 0.12
 32 8
 4 4

Streptococcus pneumoniae (GC 4565) PSSP
 �0.06
 32 16
 4 8

Bacillus cereus (GC 4561) assay organism
 1
 32 64
 8 1

Micrococcus lutea (GC 4562)
 �0.06
 2 2
 1 16

E. faecalis (GC 2691) VSE
 2
 32 32
 8 16

E. faecalis (GC 6189) VRE
 2
 32 32
 8 16

E. faecalis (GC 3059) VRE
 2
 64 64
 8 32

S. pneumoniae (GC 1894) PRSP
 2
 32 16
 4 8

S. pneumoniae (GC 6242) PSSP
 �0.06
 32 8
 4 8

S. aureus (GC 3051) GISA
 64
 8 16
 4 4

S. aureus (GC 3066) GISA
 0.5
 8 16
 4 4
MRSA (methicillin-resistant S. aureus); MSSA (methicillin-susceptible S.
aureus); MRCNS (methicillin-resistant Coagulase-negative Staphylo-
cocci); MSCNS (methicillin-susceptible Coagulase-negative Staphylo-
cocci); VRE (vancomycin-resistant Enterococci); PRSP (penicillinresistant
Strep. pneumoniae); GISA (glycopeptide tntermediate S. aureus); Piper
(piperacillin).
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