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Abstract—Globomycin, a signal peptidase II inhibitor, and its derivatives show potent antibacterial activity against Gram-negative
bacteria. The synthesis and antimicrobial activity of novel globomycin analogues are reported. One of the analogues showed a more
potent activity against Gram-negative bacteria than globomycin and also exhibited antibacterial activity against methicillin-resis-
tant Staphylococcus aureus (MRSA).
# 2003 Elsevier Science Ltd. All rights reserved.
Globomycin (1a)1 and its congeners, SF-1902 A2–A5,
2

isolated by different researchers as antibiotics against
only Gram-negative bacteria are 19-membered cyclic
depsipeptides.1,2 The major component, 1a, has only
been proven to be a specific inhibitor of signal peptidase
II, a prolipoprotein-processing enzyme,3 that processes
the acylated precursor form of lipoprotein into
apolipoprotein and a signal peptide in Escherichia coli.4

Inhibition of signal peptidase II leads to the accumula-
tion of the lipoprotein precursor in the cytoplasmic
membrane and consequently to the death of the cell.5

Signal peptidase II represents an attractive target
because the mechanism is different from currently
available drugs. Previously, we reported the absolute
structure of 1a obtained by X-ray analysis and the first
asymmetric total synthesis of 1a and SF-1902A5 (1b).

1d,e

Now, we wish to report the structure–activity relation-
ships (SARs) of synthetic new globomycin analogues
that have potent inhibitory activity against Gram-nega-
tive bacteria. Structurally, these congeners were con-
structed from four natural amino acids, one N-methyl
amino acid and a b-hydroxy-a-methyl carboxylic acid.
Naturally occurring globomycin congeners are as shown
in Figure 1. The minor congeners, SF-1902 A3 and A4b,
have an l-Val in place of l-allo-Ile, and the other con-
geners, SF-1902 A2, A4a and A4b, have a shorter or
longer alkyl side chain in the fatty acid unit than that of
1a. It was reported that the antibacterial activity is quite
sensitive to the length of the alkyl side chain, either in a
fatty acid or in an amino acid.2 The congeners which
have a longer side chain, 1b, SF-1902 A4a and A4b, are
more potent than 1a (MIC: 1a, 6.25 mg/mL; 1b, 1.56
mg/mL against E. coli NIHJ JC-2). However, SF-1902
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Figure 1. Structure of naturally occurring globomycin (1a) and its
congeners.
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A2 with the shortest side chain showed the weakest
activity.2b

Furthermore, the congeners containing an l-Val, SF-
1902 A3 and A4b, are less active compared with 1a and
1b, respectively. In this paper, we focused on the length
of the alkyl side chain, the stereochemistry of allo-type
amino acids, the hydroxyl group in l-allo-Thr and the
N-methyl group.
Synthesis

The novel synthetic analogues (1c–1i) were prepared by
the convergent macrolactamization method using three
fragments6 (Fragment A, B and C) as shown in Scheme
1. Fragment A was prepared by an anti-selective boron
aldol reaction followed by hydrolysis.7 Fragments B and
C were synthesized from commercially available pro-
tected amino acids with PyBOP.8 Fragment C was con-
densed with Fragment A mediated by DEPC8 to give the
acylated tripeptide 2. The esterification of 2 was per-
formed with DIPC8 and Fragment B under Keck’s
condition11 to afford a fully protected seco-acid 3.
Sequential deprotections of TBS, allyl and Boc group
in 3 provided macrocyclization precursors. The mac-
rolactamization was performed by HATU8 or TBTU8

to give O-Bn derivatives under highly diluted condi-
tions. Finally, the removal of the benzyl group by
hydrogenolysis yielded novel globomycin analogues
(1c–1i). N-Demethyl derivative, 1i, only exists as a sin-
gle isomer in CD3OD, which is different from other
analogues.1d,e,13
Antibacterial Activity

Antibacterial activities of the synthetic globomycin
analogues (1a–1i) against Gram-negative bacteria are
summarized in Table 1. As a result, 1c14 possessing the
longest alkyl side chain shows the most potent activity
among the analogues (MIC: 1a, 12.5 mg/mL; 1b, 3.13
mg/mL; 1c, 1.56 mg/mL against E. coli SANK 70569).
The length of the alkyl side chain greatly affects the
Scheme 1.a Synthesis of globomycin (1a) and its analogues.
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antibacterial activity. Four-carbon increase in the fatty
acid side chain enhanced the activity by 4- to 8-fold
compared with 1a. Therefore, it may be possible to
produce a more potent inhibitor.

With regard to stereoisomers, the activity of 1d dimin-
ished and the activity of 1e and 1f were completely lost.
In particular, the stereochemistry of the hydroxyl group
in l-Thr is quite important for the activity. Compound
1e was inactive although the deoxy derivative 1g and
methyl ether derivative 1h retained their activity.
Therefore, the hydroxyl group in l-allo-Thr is not
essential for the activity.15 Finally, N-demethyl deriva-
tive 1i also lost its activity.

Surprisingly, 1c showed moderate activity against all
Gram-positive bacteria tested such as Staphylococcus
aureus (MRSA) (MIC=12.5 mg/mL) even though 1a
and 1b were almost inactive as shown in Table 2. This is
the first example that the antibacterial spectrum of glo-
bomycin analogues was expanded to also include Gram-
positive bacteria. These results suggest that lipoproteins
are essential for not only Gram-negative bacteria but
also Gram-positive bacteria and signal peptidase II
inhibitors would probably be effective against most
bacteria. Finding such an inhibitor would lead to
development of a new class of antibiotics. Finally, the
antifungal activity of these analogues was tested. How-
ever, no activity was observed against Candida albicans,
Candida glabrata and Aspergillus clavatus.

In summary, we disclosed the SAR of synthetic new
globomycin analogues and succeeded in producing a
promising antibiotic, which shows activity against not
only Gram-negative bacteria but also Gram-positive
bacteria. Now, further investigations on SARs are cur-
rently underway.
Measurement of Antibacterial Activity

Bacteria were inoculated on Nutrient Agar (Eiken
Chemical Co., Ltd.) and the MIC was determined by
the agar dilution method.16
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Table 1. Antibacterial spectrum of globomycin (1a), SF-1902 A5 (1b) and the synthetic analogues (1c–1i)
Organisms
 MIC (mg/mL)
1a
 1b
 1c
 1d
 1e
 1f
 1g
 1h
 1i
Escherichia coli SANK 70569 (NIHJ JC-2)
 12.5
 3.13
 1.56
 12.5
 >100
 >100
 25
 25
 >100

Escherichia coli SANK 72290
 12.5
 3.13
 1.56
 12.5
 >100
 >100
 25
 25
 >100

Salmonella enteritidis SANK 72390
 25
 6.25
 3.13
 50
 >100
 >100
 100
 50
 >100

Klebsiella pneumoniae SANK 72490
 25
 3.13
 1.56
 25
 >100
 >100
 50
 50
 >100

Enterobacter cloacae 846
 6.25
 1.56
 1.56
 6.25
 100
 >100
 12.5
 12.5
 100
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 50
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 3.13
 50
 >100
 >100
 >100
 100
 >100
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 100
 12.5
 3.13
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 >100
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 >100
 >100
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 >100
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 >100
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 >100

Pseudomonas aeruginosa SANK 73090
 >100
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Pseudomonas aeruginosa SANK 73190
 >100
 >100
 >100
 >100
 >100
 >100
 >100
 >100
 >100

Pseudomonas aeruginosa SANK 3719
 >100
 >100
 >100
 >100
 >100
 >100
 >100
 >100
 >100
Table 2. Antibacterial spectrum of globomycin (1a–1c) against

Gram-positive bacteria
Organisms
 MIC (mg/mL)
1a
 1b
 1c
Staphylococcus aureus SANK 70668
 >100
 50
 6.25

Staphylococcus aureus SANK 71790
 >100
 50
 6.25

Staphylococcus aureus SANK 71890a
 >100
 50
 12.5

Enterococcus faecalis SANK 71990
 >100
 100
 12.5
aMRSA.
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