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AbstractÐA series of novel nikkomycin analogue inhibitors of the chitin synthase of fungal cell wall was synthesized and evaluated
for their inhibitory activities. Among them, the compound having a phenanthrene group at the terminal amino acid was found to
possess strong anti-chitin synthase activity. # 2000 Elsevier Science Ltd. All rights reserved.

The opportunistic infections caused by various patho-
genic fungi have progressively increased and become a
serious problem in chemotherapy. The reasons for this
serious problem include the increasing resistance of fungi
against antifungal drugs, toxicity of antifungal drugs,
and an increasing number of immunocompromised
hosts.1 There is a clear need to identify new antifungal
agents with di�erent targets/modes of action that are
highly selective for the fungus.2

The component of the fungal cell wall is the chitin unit,
which is biosynthesized from uridine diphosphate N-
acetylglucosamine (UDP-GlcNAc) by chitin synthase
(Chs). The natural product nikkomycin Z (NZ: 1) is a
well known Chs inhibitor which acts as a competitive
inhibitor, presumably due to its structural similarity to
the UDP-GlcNAc (2), a substrate of Chs3 (Fig. 1).

Some research groups have been modifying a terminal
amino acid of NZ (1) as di/tri-peptide to improve its
biological activity.4 Recently, a synthetic study of NZ (1)
was reported by a Schering±Plough group, but the struc-
ture±activity relationship of Chs inhibition is still unclear.5

Thus, our e�orts have been focused on designing/syn-
thesizing of novel NZ (1) analogues with enhanced Chs
inhibitory activity. As a result, we have discovered novel
NZ derivatives which have potent Chs inhibitory activities
comparable to that of NZ (1).

Synthesis

The synthesis of novel NZ derivatives is outlined in
Scheme 1.

Uracil polyoxcin C (UPOC: 3)6 is the starting material
in the synthesis of novel NZ derivatives. The 50-amino
group of UPOC (3) was acylated with variety of N-tert-
butoxycarbonyl protected amino acid derivatives (4) in
the presence of N-hydroxysuccinimide/DCC to furnish
protected NZ derivatives (5) in 16±60% yield.

In the ®nal step, the protecting groups of 5 were removed
with TFA, and the resulting TFA salt of 6 was subjected
to ion-exchange resin (Dowex XFS-43279). After lyophy-
lization of the products, white±pale yellow powders were
obtained as novel NZ derivatives (6) in 19±98% yield.7

Biological Properties

The newly synthesized NZ analogues were designed to
have a simpli®ed chemical structure as a variety substituent
at the terminal amino acid moiety, e.g., S-alkyl-l-Cys
groups (6a±d), S-aryl-l-Cys groups (6e±j) and S-aryl-
methyl groups (6k±q).

Their Chs [isolated from Candida albicans] inhibition
rate (%) at a concentration of 100 mg/mL and IC50 values
are summarized8 and nikkomycin Z (NZ:1) is also pre-
sented as a reference compound9 in Table 1.

The Chs inhibitory activity of the S-alkyl-l-Cys derivatives
(6a±d) and S-aryl-l-Cys derivatives (6e±j) were weak.
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Despite having the same atoms as a spacer in the term-
inal amino acid in the NZ (1), the S-aryl-l-Cys deriva-
tives (6e±j) showed the weakest anti-Chs activity. While
6g has the same functional group (3-hydroxypyridine)
as NZ (1), its IC50 value was 100 times less than NZ (1).

On the other hand, S-arylmethyl-l-Cys derivatives (6k±p)
showed the most potent anti-Chs activity in this series.
Anti-Chs activity was enhanced by introducing a b-dime-
thyl group by using l-penicillamine instead of l-Cys of 6k
as the b-methyl group of NZ (1). Furthermore, the
introduction of a hydroxyl group into the terminal aryl
moiety resulted in signi®cantly enhanced anti-Chs activ-
ity. However, the compound 6q, a replacement of the
hydroxyphenyl group in the terminal amino acid with the
3-hydroxypyridine group as NZ (1), showed very weak
anti-Chs activity. Conformational analysis of 6q and
NZ (1) using a molecular mechanics calculation10

showed that the acidic hydroxyl group of 3-hydroxy-
pyridine moiety on NZ (1) could coincide with the basic
nitrogen atom of the 3-hydroxypyridine moiety on 6q.
We concluded that the character of the Chs inhibition
site on 6q was reverse to the corresponding NZ (1), and
that its anti-Chs activity of 6q was therefore less than
that of the other phenolic compounds (6m±o).

In order to ®nd an active compound with high anti-Chs
activity, we investigated a receptor site model study for
NZ (1).11 The receptor site model cannot postulate a
three-dimensional arrangement of atoms or functional
groups common to the binding compounds, but can
directly represent the essential features of the receptor site
in view of complementarity between the shape and prop-
erties of the receptor site and the binding compounds.

The outcome of the above study is shown in Figure 2.
The surface is colored brown to map the hydrophobic
areas of the model. Areas that were not hydrophobic are

white. In this study, areas from the g-methyl group to the
pyridine moiety of NZ (1) were classi®ed as hydro-
phobic. Therefore, assuming complementarity between
the hydrophobicity of Chs and its inhibitors, we thought
that compounds having such aryl groups as phenyl,
naphthyl and phenanthrenyl etc., might enhance Chs
inhibitory activity and designed/synthesized compounds
having a series of hydrophobic groups at the b-position
of the terminal amino acid.

As expected, newly designed hydrophobic compounds
(6r±u) exhibited strong anti-Chs activity. The compound
with a phenanthrene group at the terminal amino acid
(6u; KFC-431) showed anti-Chs activity as strong as
that of natural NZ (1).

Figure 1.

Scheme 1. Synthesis of novel nikkomycins.

Figure 2. Receptor site model of nikkomycin Z (1) and 6u (green).
Brown: hydrophobic area white: non hydrophobic area.
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Table 1. Chitin synthases inhibition activity of novel nikkomycins

No. R Chs inhibition No. R Chs inhibition

Rate (%) IC50 (mg/mL) Rate (%) IC50 (mg/mL)

1 Ð 0.393 6l 97 9.83

6a 64 Ð 6m 88 13.8

6b 22 Ð 6n 100 4.91

6c 65 Ð 6o 99 5.89

6d 67 Ð 6p 94 1.42

6e 48 Ð 6q 58 Ð

6f 64 52.5 6r 99 4.83

6g 73 36.0 6s 96 6.43

6h 42 Ð 6t 99 4.69

6i 44 Ð 6u 99 0.31

6j 40 Ð 6v 34 Ð

6k 78 Ð 6w 82 19.8
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In conclusion, molecular design of novel NZ (1) analo-
gues with hydrophobic groups at the b-position created
novel NZ analogues with strong anti-Chs activity with-
out the b-methyl and g-hydroxyl groups which are the
original functional groups in NZ (1). As a result, we
found the phenanthrene derivative 6u (KFC-431) by the
receptor site model study. Finally, these investigations
could reduce the two stereo centers from terminal amino
acid in NZ (1) and exploit an easy way to develop novel
NZ analogues.
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