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Two series of 1,3,4-oxadiazoline heterocycle derivatives were designed, synthesized and identified. Bio-
activity assays showed that all synthesized compounds inhibited chitin synthesis in yeast, suggesting
they might be a novel class of potential inhibitors against chitin biosynthesis. The structure–activity rela-
tionships (SAR) of these compounds are discussed.

� 2008 Elsevier Ltd. All rights reserved.
Chitin (C8H13O5N)n is a linear polysaccharide (Fig. 1) chain con-
sisting of more than thousands of N-acetylglucosamine (GlcNAc,
2-acetamido-2-deoxy-D-glucose) residues joined by b-1,4 glyco-
sidic bonds.1–3 It is widely distributed in invertebrates, anthropods
and is an integral component in cell walls of fungi. Since it is absent
from plants and vertebrates, the biosynthesis of chitin is believed
to be a target pathway for the development of novel fungicides.4,5

Biosynthesis of chitin is dependant on chitin synthase, which use
uridine diphosphoryl-N-acetylglucosamine (UDP-GlcNAc) as sub-
strate donor to synthesize b-1,4-linked N-acetyl-D-glucosamine
(GlcNAc) (Fig. 1).6–9 Chitin synthase is undoubtedly an ideal target
for the development of drugs, pesticides and fungicides. However,
the structure of the active site of membrane-bound chitin synthase
is unknown due to its difficulties of the isolation and purification.
Therefore most ‘rational designed’ drugs claimed to be chitin
synthase inhibitors are more likely acting toward chitin
biosynthesis.4,10

The investigation on chitin biosynthesis inhibitors could be da-
ted to the discovery of fungicides such as the peptidyl nucleosides
polyoxins and nikkomycins,11,12 which are analogs of substrate do-
nor, UDP-GlcNAc (Fig. 2). Structural modifications of these com-
pounds have been reported, but with few success.13–21 Very
recently, other small organic molecules (Fig. 3) without any struc-
tural resemblance to UDP-GlcNAc, have been reported to have
inhibitory activity toward chitin biosynthesis.22–26 Most of these
All rights reserved.
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compounds are presumed to function through non-competitive
inhibition, meaning that they bind reversibly to the sites away
from the catalytic site of chitin synthase.27 All the novel com-
pounds are potential chitin synthase inhibitors whereas they are
not chemically related. A common structural feature of these
inhibitors is benzene rings or aromatic nitrogenated moieties, but
fine details of the inhibitory mechanism of these candidates re-
main elusive and general rules cannot be drawn. On the other
hand, their modest antifungal activities imply that further investi-
gation would be needed.

An oxadiazole ring that improves pharmacokinetic and in vivo
efficacy is often observed, which is known to be due to its higher
hydrolytic and metabolic stability. Oxadiazole heterocycles are
therefore important structural motifs in the design of novel
drugs.28–32 One example is DOW416 (Fig. 4),33 which interferes
with the formation of insect tissue and epicuticle and thus is con-
sidered to be a chitin synthase inhibitor. Other examples such as
oxadiazolyl 3(2H)-pyridazinones derivatives (Fig. 4) with antifee-
dant activity, are presumed to affect chitin biosynthesis. It is be-
lieved that the oxadiazole moiety may block the incorporation of
N-acetylglucosamine into newborn chitin chain.34–36

In this paper, two series of 1,3,4-oxadiazolines derivatives
C1–10 and C11–20 (Scheme 1) were designed and synthesized.
Since the oxadiazoline moiety may affect chitin biosynthesis, their
inhibitory activities against yeast chitin synthase were expected.
Their bioactivities indicated that they might be novel chitin bio-
synthesis inhibitors.

The target compounds 3-acetyl-5-aryl-2,3(2H)-1,3,4-oxadiaz-
oles C1–10 and 5-aryl-1,3,4-oxadiazole-3(2H)-carboxamide
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Figure 1. The biosynthesis of chitin. UDP-GlcNAc is as GlcNAc donor and chitin synthase is responsible for glycosidic bond.
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Scheme 1. Synthesis of 1,3,4-oxadiazolines derivatives C1–10 and C11–20.
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Figure 3. Some non-nucleoside compounds as chitin biosynthesis inhibitors.
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Figure 2. Representative structures of naturally occurring polyoxins and nikkomycins.
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derivatives C11–20 were prepared as depicted in Scheme 1. The
condensation reaction between acylhydrazides 3 and nonan-5-
one led to the formation of the important building blocks, the
substituted aroylhydrazones 4. The intermediates aroylhydrazones
4 undergo convenient heterocyclization reaction in the presence of
acetic anhydride to provide 3-acetyl-5-aryl-2,3(2H)-1,3,4-oxadiaz-
oles C1–10 using method A. For synthesis of C11–20 by method B,
the reaction of substituted aroylhydrazone 4 with various substi-
tuted benzoylisocyanate was at about 75–80 �C in toluene for about
0.5–1.5 h to obtain the target compounds C11–20 characterized as



334 S. Ke et al. / Bioorg. Med. Chem. Lett. 19 (2009) 332–335
N-(substituted-benzoyl)-1,3,4-oxadiazole-3(2H)-carboxamide. All
the structures were determined by 1H NMR, 13C NMR, IR, EIMS
and high-resolution mass spectra (HR-MS) data.37

The inhibition activity against chitin biosynthesis was assayed
using yeast cell extracts by the modified procedure described by
Lecuro and Bulik.38 All these compounds were evaluated. Nikko-
mycin Z (NZ), the well-known fungicide isolated from Treptomyces
tendae, was applied as positive control. And diflubenzuron (DFB),
the well-known insecticide, was used as negative control. Figures
5 and 6 indicated all the compounds, C1–10 and C11–20, were
bioactive.

To explore the influence of structural changes on activity, we
introduced various electron-withdrawing groups (such as halogen
atoms) and electron-donating substituents (Me, MeO, Et, etc.) into
the aromatic ring. As shown in Figure 5, all the synthesized com-
pounds 3-acetyl-5-aryl-2,3(2H)-1,3,4-oxadiazoles C1–10 displayed
moderate to high inhibitory activities on chitin biosynthesis at
250 lM, and compounds C1, C4, and C6 exhibited significant inhib-
itory effect on enzyme activity up to 91%, 69%, and 68% at 250 lM,
respectively. Among all the compounds containing electron-with-
drawing groups, the compound containing o-chloro-substituent
C1 is the comparably highest potent, which led to 91% inhibition.
This may be due to the incorporation of halogen atoms into the aro-
matic ring that increases lipophilicity. Nevertheless, position
changes of the chloro-substituent within the same ring (compounds
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Figure 5. The structures and relative activity relationships of 1,3,4-oxadiazolines deri
structures of compounds.
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Figure 6. The structures and relative activity relationships of 1,3,4-oxadiazole-3(2H)-
compounds; (B) the structures of compounds.
C1 and C4) dramatically changed the inhibition activity, suggesting
that the presence of a group in the ortho-position of benzene ring at-
tached to oxadiazoline heterocycle could introduce important steric
effects. The compound containing ortho-position substituent aro-
matic ring may increase the potent activity. On the other hand,
methyl group bound to benzene rings in compound C6 is better
for inhibitory activity than alkyl- or alkoxy-substituted analogs.
However, analogs with naphtalene and furane as aromatic ring
(compounds C9, C10) showed moderate inhibitory activities.

In order to improve the physicochemical properties, we intro-
duced a urea moiety known as an important structural element
for bioactivities,39–44 into 1,3,4-oxadiazolines heterocyclic struc-
ture. Figure 6 shows the effect on chitin biosynthesis by 1,3,4-oxa-
diazole-3(2H)-carboxamide derivatives C11–20. Compounds C13,
C15, C19 and C20 exhibited moderate inhibition activities at the
concentration of 250 lM, while compound C15 exhibited the high-
est inhibitory activity (about 86%). Other compounds displayed
relatively weak inhibition. Comparing with compounds C11 and
C4, the introduction of acylurea moiety in C11 significantly de-
creased the inhibitory activity. C11–20 possess structural moiety
similar to that of diflubenuron, which might explain their relatively
lower activity. As for the substituents on two aromatic rings when
the substituent R is 2,6-difluoro-substituent, the compound bear-
ing 3,5-dimethylphenyl (C20) is more favorable for inhibition
activities, which is in agreement with compound C6. Furthermore,
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Figure 7. Semi-logarithmic plot of the inhibitory activity of compounds C1 and C15
against chitin biosynthesis.
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compounds containing electron-withdrawing group such as
2,4-dichlorophenyl (C15 and C19) is more efficient than those with
alkoxy-substituents on the benzene ring. However, compound C11
containing p-chlorophenyl showed lower activity, suggesting that
the ortho-position steric effects of aromatic ring attached to
oxadiazoline ring were important for inhibitory activity.

Since compounds C1 and C15 displayed the highest inhibitory
activity, five serial dilutions were further tested for enzyme activ-
ity. As indicated in Figure 7, their inhibitory effects on chitin bio-
synthesis were concentration-dependent. Compounds C1 and C15
exhibited significant inhibition against chitin biosynthesis with
the IC50 values of 7.93 and 5.60 lM, respectively.

In conclusion, the novel 1,3,4-oxadiazolines derivatives C1–10
and C11–20 were designed as potential antifungal reagents, which
interfered with chitin biosynthesis. Compounds C1 and C15
showed the highest inhibitory activity at lower concentration.
The understanding of structure–activity relationship and assay of
these compounds may provide some insights into the rational de-
sign of new inhibitors of chitin biosynthesis.
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