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Abstract—A series of 2,8-disubstituted benzoxazinones were synthesized and subjected to anti-platelet aggregation, inhibition of
superoxide anion generation, and inhibition of neutrophil elastase release assays. Among them, 2-(2 0-substituted-phenyl)-benzoxazi-
nones exhibited significant inhibitory effect to target assays. Additionally, all of them were more potent than aspirin on AA-induced
platelet aggregation, and these suggested that 2-(2 0-substituted-phenyl)-benzoxazinones also possess aspirin-like activity. On the
other hand, the compounds 6 and 16 showed inhibitory effects on neutrophil elastase release and superoxide generation.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Human neutrophils play an important role in a host�s
defenses against invasion by microorganisms and in
the pathogenesis of various diseases such as rheumatoid
arthritis, ischemia-reperfusion injury, chronic obstruc-
tive pulmonary disease, and asthma.1–5 In response to
diverse stimuli, activated neutrophils secrete a series of
haphazard cytotoxins, such as superoxide anion (O2

Æ�),
a precursor of other reactive oxygen species (ROS),
granule proteases, and bioactive lipids.2,6,7 The agents
exhibited the inhibitory effect on the neutrophils activa-
tion has been proposed to ameliorate these inflamma-
tory diseases. Furthermore, neutrophil elastase (NE) is
a major secreted product of activated neutrophils and
a major contributor to destruction of tissue in chronic
inflammatory disease. Therefore, NE appears to be a
target for therapy of chronic inflammatory diseases.8

On the other hand, numerous evidence indicate that
platelets contribute significantly to the pathogenesis of
arterial thromboembotic diseases, such as acute coro-
nary syndrome, and ischemic stroke, which are the ma-
jor causes of death in developed countries.9–11 However,
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current anti-platelet drugs still have considerable limita-
tion in their mode of action and efficacy. Therefore, in
continuing our research on anti-platelet aggregation
and anti-inflammatory agents from natural sources or
their derivatives, we found the 2-phenyl-benzoxazi-
nones, exhibited both anti-platelet aggregation and
anti-inflammatory effects.

2-Substituted benzoxazinones were as mechanism-based
inhibitors of standard serine proteases of the chrymo-
trypsin superfamily12,13 and inhibit by formation of an
acyl–enzyme complex through attack of the active site
serine on the carbonyl group.14,15 Therefore, the 2-
substituted benzoxazinones showed bioactivities on
human leukocyte elastase,13,15–17 C1r serine protease of
the complement system,18,19 cathepsin G,17 human chy-
mase,17 tissue factor VIIa,20 anti-HCoVs, and ICAM-1
inhibitors.21 Additionally, we synthesized a series 2-phe-
nyl substituted quinazolines, which exhibited significant
activities to platelet aggregation and superoxide (O2

Æ�)
generation of neutrophils recently,22 the structures were
similar to benzoxazinones. Furthermore, the foregoing
benzoxazinone derivatives were almost modified on the
C-5, 6, or 7 positions, and no one focus on the modifica-
tion of C-8.23 Therefore, a series of 2,8-substituted ben-
zoxazinones were synthesized. In here, we report the
preparation, preliminary pharmacological data, and
structure activities relationship of 2,8-disubstituted ben-
zoxazinones derivatives (Table 1) as potent anti-platelet
aggregation, and anti-inflammatory agents.

mailto:yachwu@kmu.edu.tw


Table 1. The compounds with benzoxazinone skeleton and their bioactivities

R1 R2 Anti-platelet aggregation IC50 (lM)a,b Anti-inflammatory IC50 (lM)

AA (100 lM) Col (10 lg/ml) Thr (0.1 U/ml) PAF (2 ng/ml) O2
��generation NE release

Aspirinc 34.6 ± 1.0 34.9 ± 0.1 >100 >100

DPId 0.46 ± 0.21

1 OCH3 4 0-Bromo-phenyl >100 >100 >100 >100 >40 NT

2 OCH3 4 0-Chloro-phenyl >100 >100 >100 >100 >40 NT

3 OCH3 2 0-Bromo-phenyl 13.0 ± 0.8a 21.1 ± 4.0 4.4 ± 1.4 >100 16.67 ± 4.38 NT

4 OCH3 2 0-Chloro-phenyl 11.8 ± 1.9 35.5 ± 4.5 6.9 ± 0.7 >100 14.67 ± 5.01 NT

5 OCH3 2 0-Fluoro-phenyl 8.0 ± 2.0 39.4 ± 7.1 7.2 ± 2.8 >100 9.74 ± 1.40 NT

6 OCH3 2 0-Methoxy-phenyl >100 >100 >100 >100 13.99 ± 1.55 1.59 ± 0.11

7 OCH3 2 0-Methyl-phenyl 8.4 ± 2.2 34.3 ± 2.9 67.0 ± 2.9 >100 11.39 ± 0.56 10.56 ± 3.03

8 Cl 2 0-Bromo-phenyl 10.2 ± 2.4 47.0 ± 5.9 7.1 ± 0.5 87.5 ± 10.2 6.56 ± 3.09 1.69 ± 0.30

9 Cl 2 0-Chloro-phenyl 6.1 ± 2.3 30.0 ± 4.3 6.6 ± 0.3 69.5 ± 3.1 8.66 ± 1.44 1.89 ± 1.10

10 Cl 2 0-Fluoro-phenyl 12.7 ± 2.3 49.1 ± 13.9 14.7 ± 1.0 87.4 ± 7.2 >40 6.03 ± 0.65

11 Cl 2 0-Methoxy-phenyl 25.4 ± 5.2 44.9 ± 11.3 14.8 ± 2.3 70.3 ± 6.9 10.03 ± 0.59 1.91 ± 0.14

12 Cl 2 0-Methyl-phenyl 13.8 ± 3.9 63.3 ± 13.6 36.3 ± 3.6 91.9 ± 5.7 17.49 ± 2.69 >40

13 CH3 2 0-Bromo-phenyl 5.8 ± 2.3 49.8 ± 13.5 18.9 ± 5.5 89.3 ± 6.2 30.19 ± 7.24 >40

14 CH3 2 0-Chloro-phenyl 4.3 ± 2.5 12.6 ± 2.7 11.9 ± 0.5 >100 29.92 ± 0.44 >40

15 CH3 2 0-Fluoro-phenyl 6.8 ± 0.3 11.9 ± 1.9 34.3 ± 5.9 >100 10.75 ± 3.21 >40

16 CH3 2 0-Methoxy-phenyl 36.6 ± 13.1 54.7 ± 9.0 >100 >100 22.73 ± 1.84 7.23 ± 0.97

17 CH3 2 0-Methyl-phenyl 19.3 ± 6.7 >100 >100 >100 23.55 ± 3.98 >40

18 OCH3 Phenyl 47.3 ± 9.4 33.8 ± 4.9 48.2 ± 7.5 >100 >40 >40

19 OCH3 Methyl >100 >100 >100 >100 >40 >40

20 OCH3 Ethyl >100 >100 >100 >100 >40 >40

21 OCH3 Butyl >100 >100 >100 >100 >40 >40

a Platelets were pre-incubated with DMSO (0.5%, control), aspirin or test compound at 37 �C for 3 min, before addition of the inducer.
b The IC50 values are presented as mean ± SE (n = 3).
c Aspirin, a cyclooxygenase inhibitor, was used as a positive control in platelet aggregation assay.
d Diphenyleneiodonium (DPI), a NADPH oxidase inhibitor, was used as positive control.
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2. Chemistry

2,8-Disubstituted benzoxazinone derivatives, com-
pounds 1–21,21,24–27 (Table 1), were prepared by reac-
tion of 2-amino-3-methoxy-benzoic acid, 2-amino-3-
chloro-benzoic acid, and 2-amino-3-methyl-benzoic
acid, with corresponding substituted benzoyl chlorides.
All products were fully characterized using spectral
data.

2.1. Pharmacological evaluation and discussion

As mentioned above, benzoxazinones showed significant
inhibition of thrombin and tissue factor VIIa.20,28 Both
of them were induced pathway of blood coagulation.
Furthermore, on the basis of our unpublished data, ben-
zoxazinones also showed prolong thrombin-induced
fibrinogen clotting time. Therefore, we focused on the
anti-platelet aggregation activities of compounds. Four
inducers, AA (arachidonic acid), Col (collagen), PAF
(platelet activating factor), and Thr (thrombin), were
used in the platelet aggregation assays, and aspirin was
also assayed as a positive control.29 The results of the
screening are presented in Table 1. Almost all 2-(2 0-
substituted-phenyl)-benzoxazinones showed inhibitory
effect on Thr, AA, and Col-induced platelet aggregation.
Furthermore, except for 8–13, all compounds were inac-
tive toward PAF-induced aggregation. To our knowl-
edge, benzoxazinones were as thrombin inhibitors,
while this is the first time found they also inhibited plate-
let aggregation which was induced by AA and Col. On
the other hand, superoxide anion is considered as an
important role in injury to some organs, in which ische-
mia or inflammation happen. Therefore, finding a mod-
ulator of the generation of O2

Æ� to prevent human
diseases is necessary. O2

Æ� in neutrophils can be induced
during phagocytosis and by treatment of the cells with
various chemoattractants and activators of protein
kinase. However, neutrophil function can be primed
by a variety of pro-inflammatory stimuli, and the resting
neutrophils in the blood circulation are poorly respon-
sive to agonists. Therefore, the superoxide anion
generation of human neutrophils by fMLP (formyl-
Met-Leu-Phe) and PMA (phorbol myristate acetate)
and the neutrophil elastase release induced by fMLP
were examined.30–33 Similar to anti-platelet test, almost
all 2-(2 0-substituted-phenyl)-benzoxazinones showed in-
hibitory effect on superoxide anion generation and neu-
trophil elastase release of human neutrophils by fMLP
(Table 1), but not the PMA-activated ones. According
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to these results, several structure–activity relationship
conclusions were summarized from the screen tests:

1. In the anti-platelet aggregation assays of 2-(2 0-
substituted-phenyl)-benzoxazinones, they showed
inhibition on AA-induced effect except for 6, on col-
lagen-induced effect except for 6 and 17, and on
thrombin-induced effect except for 6, 16, and 17.
Compound 6 is unique and displayed strong
anti-inflammatory effects related to superoxide anion
generation and NE release, whereas vanished in
anti-platelet aggregation.

2. The 8-chloro series were exhibited significant inhibi-
tory activities on neutrophils elastase release, but the
activities were nil or decrease while the C-8 were
replaced by the methyl group. Expect for 10, 8-chloro
series were more potent than 8-methoxy and 8-methyl
series on superoxide generation of neutrophils. Addi-
tionally, 8-chlorine substituted analogues, such as 8, 9,
and 11, provide a chance to develop lead drugs with
wide-spectrum targets including PAF in both anti-
platelet aggregation and anti-inflammatory activities.

3. Compound 14 showed the best inhibition in AA-
induced platelet aggregation, as well as significant
inhibition in thrombin- and collagen-induced effects,
respectively. In the improvement of the activity
induced by collagen, the best analogues, compounds
14 and 15, implied that 8-methyl- and 2 0-small halo-
gen substitutions are beneficial.

4. The 2 0-methoxyphenyl-benzoxazinones, compounds
6, 11, and 16, are potent on neutrophils elastase
release. However, these methoxy-derivatives were
inactive or significantly decrease the activities on
anti-platelet aggregation induced by AA, collagen,
and thrombin.

5. The bioactivities were totally vanished while the pres-
ence of 2-(4 0-chloro- or 4 0-bromo-phenyl)- or 2-alkyl-
substitutions.

In conclusion, according to the results of screen tests,
the bioactivities of compounds were present a dramatic
relationship with the substitution on C-8. This is the first
report for the structure–activities relationship studies on
C-8 of benzoxazinones. Furthermore, compounds 3, 4,
5, and 7–18 showed significant inhibition on platelet
aggregation. Except for 16, all of them were more potent
than aspirin on AA-induced platelet aggregation. These
results suggested that benzoxazinones also can be de-
signed and possess aspirin-like activity in addition to
their anti-thrombin effects. Additionally, compounds 6
and 16 showed inhibitory effect on neutrophil elastase
release and superoxide generation. To our knowledge,
benzoxazinones were as neutrophil elastase inhibitors.
These results suggested the inhibitory effect on neutro-
phil elastase release of 6 and 16 may not only by inhib-
ited neutrophile elastase, but also inhibited the
neutrophil activation.
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