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Novel d2-isoxazolines as group II phospholipase A2 inhibitors
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Abstract—The synthesized imidazolyl substituted d2-isoxazolines were subjected to Phospholipase A2 (PLA2) enzyme inhibitory
activity against snake venom source and their structure–activity relationship with respect to different groups attached to this moiety
is reported for the first time. The crystal structure of the compound 2-butyl-5-chloro-3H-imidazolyl-4-carbaldehyde oxime 2, an
intermediate for the construction of isoxazolines is reported. These compounds exerted a significant PLA2 enzyme inhibitory activity
against group II PLA2. The in vivo activity on mice of selected compounds 3bI and 3bIV shows the comparable anti-inflammatory
activity with the known standard ursolic acid.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

The PLA2 class of enzymes catalyze hydrolysis of the 2-
acyl ester of 3-Sn phosphoglycerides to yield arachidonic
acid (metabolized to eicosanoids by cycloxygenase and
lipoxygenase) and lysophospholipid, which is a rate
limiting step of the production of pro-inflammatory
lipid mediators such as prostaglandins, leukotrienes,
lipoxins, and platelet activating factor.1–4 The impor-
tance of PLA2 enzyme in fertilization, cell proliferation,
smooth muscle contraction, hyper sensitization, chronic
inflammatory diseases, signal transduction, membrane
homeostasis has been recognized.5 Vipera russelli russelli
PLA2 enzyme has been classified as group II Asp 49
(which is critically involved in binding of Ca2þ) enzyme
based on its structure and mechanism of catalysis. It has
C-terminal tail, which forms an extra disulphide link
with a cysteine residue near the active site His 48.6

The literature survey on d2-isoxazoline derivative shows
that they represent an important new class of anti-
inflammatory agents.7 From this perspective, we have
initiated a study on the PLA2 enzyme inhibitors and
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structure–activity relationship of these type of mole-
cules. The results from this study by in vitro and the
selected compounds in vivo are presented in this paper.
2. Chemistry

As part of our drug discovery program,8 microwave-
assisted synthesis of 2-butyl-5-chloro-3H-imidazolyl-4-
carbaldehyde 1 and its X-ray crystallographic studies
have been reported.9 The key intermediate 2-butyl-5-
chloro-3H-imidazolyl-4-carbaldehyde oxime 2 was used
to construct novel imidazolyl d2-isoxazoline libraries10

(Scheme 1) through 1,3-dipolar cycloaddition reaction11

with the dipolarophiles like mono substituted alkenes.

Recently an aldoxime 2 crystal structure has been
determined by X-ray diffraction method,12 whose crys-
tallographic data was deposited on CCDC17 and the
probability of the molecule is as shown in Figure 1 with
some selected bond lengths.
3. Biological results and discussion

The PLA2 enzyme inhibitory activity assay were per-
formed by using standard protocol stabilized in our
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Figure 1. Oak ridge thermal ellipsoids (ORTEP) diagram16 of the

molecule 2 at 40% probability with crystallographic numbering

scheme. The selected bond lengths are: N5–O10: 1.354(13)�A, C8–N5:

1.33(2)�A, C1–N4: 1.38(1)�A, N4–C6: 1.327(13)�A, C6–N3: 1.349(13)�A,

N3–C2: 1.378(10)�A, C1–C2: 1.34(1)�A, C2–Cl9: 1.78(8)�A.
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Scheme 1. 3bI, R¼ –CN; 3bII, R¼ –C6H5; 3bIII, R¼ –COOC6H5; 3bIV, R¼ –COOC2H5; 3bV, R¼ –CH2COOCH3; 3bVI, R¼ –CH2OH; 3bVII,

R¼ –COOCH3.
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lab.13a;b An extended conformation of the d2-isoxazoline
derivatives of R groups appears to be required for
Table 1. Inhibitory effect of compounds 3b(I–VII) on Vipera russelli russelli

Compound Name

3bI 3-(2-Butyl-5-chloro-3H-imidazolyl-4-yl)-4,5-dihydro-isoxazo

3bII 3-(2-Butyl-5-chloro-3H-imidazolyl-4-yl)-5-phenyl-4,5-dihydr

3bIII 3-(2-Butyl-5-chloro-3H-imidazolyl-4-yl)-4,5-dihydro-isoxazo

3bIV 3-(2-Butyl-5-chloro-3H-imidazolyl-4-yl)-4,5-dihydro-isoxazo

3bV [3-(2-Butyl-5-chloro-3H-imidazolyl-4-yl)-4,5-dihydro-isoxazo

3bVI [3-(2-Butyl-5-chloro-3H-imidazolyl-4-yl)-4,5-dihydro-isoxazo

3bVII 3-(2-Butyl-5-chloro-3H-imidazolyl-4-yl)-4,5-dihydro-isoxazo

Standard Ursolic acid

a The PLA2 enzyme for in vivo (1 lg): d2-isoxazolines/ursolic acid (2.5 lM) m

footpads. Values of edema ratio are expressed as mean±SD (n¼ 4), P valu

Student’s t-test.
bND¼Not determined.
optimal filling of the hydrophobic active site of the en-
zyme with the common butyl substituent, since alter-
ation of this chain by addition of ethyl group increases
inhibitory potency (Table 1). This optimal length of R
groups for the series is critical as it has a characteristic
feature to displace His 48 of the enzyme and could
probably lie at the base of the hydrophobic cavity and is
unique. Also the mainly electron withdrawing groups of
d2-isoxazoline and the substituted imidazole rings at the
fifth position enhances the inhibitory activity while the
electron releasing groups do not, which is clearly con-
firmed by the experimental results. The benzene ring can
also form a nonbonded intermolecular interaction with
the tyrosine derived aromatic ring, by being angled to
one another. Such nonbonded interactions may con-
tribute significantly toward the binding affinity of 3bVII
and 3bII to the PLA2 enzyme. These results suggest that
the nonpolar functional groups are well tolerated within
the hydrophobic cavity and contribute much to inhibitor
binding and also easily hydrolyzable R group (ethoxy)
shown to be good inhibitors.

The relative potencies of the compounds as inhibitors of
the PLA2 are shown in Table 1. Compounds 3bI and
3bIV demonstrate very strong in vitro inhibition of
PLA2 enzyme. Edema inducing activity13c of group II
PLA2 was inhibited by 3bI and 3bIV, which positively
correlated with in vitro inhibition.

Amount of Vipera russelli russelli venom (Gift from
Prof. T. Veerabasappa Gowda) taken for each in vitro
venom PLA2 enzyme activity

Venom PLA2

IC50 (lM)

Edemaa ratio

le-carbonitrile 96.4 120± 2

o-isoxazole 142 NDb

le-5-carboxylic acid phenyl ester 195 NDb

le-5-carboxylic acid ethyl ester 86.2 116± 4

le]-5-acetic acid methyl ester 208.7 NDb

le]-methanol 151.5 NDb

le-5-carboxylic acid methyl ester 250 NDb

2.5 102± 1

ixture was preincubated at 37 �C for 1 h prior to injection into the mice

es <0.05 were considered significant when compared to the control by
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assay was 1.4 lg. Ursolic acid 2.5 lM (Sigma) was taken
as known PLA2 inhibitor. Compounds 3bI and 3bIV
alone did not cause edema when injected into mice
footpads.
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