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9-(3-Mesityl-4,5-dihydroisoxazol-5-yl) homo-N-nucleosides were prepared from the 1,3-dipolar cyclo-
addition reactions of mesityl nitrile oxide with 9-allyl derivatives of 6-chloropurine, 6-piperidinylpurine,
6-morpholinylpurine, 6-pyrrolidinylpurine, and 6-N,N-dibenzoyladenine. The new compounds were
tested in vitro for their ability: (i) to interact with 1,1-diphenyl-2-picryl-hydrazyl (DPPH) stable free rad-
ical, (ii) to inhibit lipid peroxidation, (iii) to scavenge the superoxide anion, (iv) to inhibit the activity of
soybean lipoxygenase, and (v) to inhibit in vitro thrombin. Most of them found to be potent thrombin
inhibitors and to inhibit in vitro lipid peroxidation. The majority of the compounds showed significant
lipoxygenase inhibitory activity.

� 2009 Elsevier Ltd. All rights reserved.
Oxidation is an important process which produces free radicals
in food, chemicals, and in living systems. Persistently high levels of
reactive oxygen species (ROS) are believed to produce pathological
conditions. The rate of ROS production is increased in many dis-
eases.1 ROS, like superoxide radical anion, hydrogen peroxide and
hydroxyl radical, are produced during the inflammation process
by phagocytic leukocytes at the inflamed site and they are involved
in the biosynthesis of prostaglandins and in the cycloxygenase-
(CO) and lipoxygenase-(LO) mediated conversion of arachidonic
acid into proinflammatory intermediates.2,3 LO products are regu-
lators of platelet [Ca2+]i mobilization and aggregation in response
to some agonists. LO inhibitors may work in part by modifying
platelet cyclic AMP metabolism. The most of the LO inhibitors
are antioxidants or free radical scavengers,4 since lipoxygenation
occurs via a carbon-centered radical. Antioxidants are defined as
substances that even at low concentration significantly delay or
prevent oxidation of easy oxidizable substrates and there is an in-
creased interest of using antioxidants for medical purposes in re-
cent years. Evidence points toward extensive cross-talk between
coagulation and inflammation, whereby inflammation not only
activate the coagulation pathway, but coagulation also consider-
ably affects inflammation. It has been proved that inflammation
plays an important role in post-thrombolytic complications
ll rights reserved.

: +30 2310997679 (K.E.L.).
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whereas it is induced by thrombolytic therapy in patients with
acute myocardial infarction.5 It is now widely accepted that activa-
tion of the coagulation cascade, with initiation of thrombin and fi-
brin deposition is a consequence of inflammation. Once thought to
be completely different processes, the boundaries between inflam-
mation and coagulation are now nearly indistinguishable.6

Thrombine, a serine protease of the trypsin family, is a proteolytic
enzyme7 that can elicit many inflammatory responses in microvas-
cular endothelium. Its multiple role in thrombosis makes thrombin
an important target for the therapeutic agents designed for throm-
bus prevention.8 LO inhibitors reduce platelet aggregation induced
by thrombin and U46619 and modify release of Ca2+ from intracellu-
lar9 stores. The development of selective, orally active, low molecu-
lar weight synthetic thrombin inhibitors have been an intense
research focus in the search for new anticoagulants.10

Nucleosides represent a class of compounds that possess very
interesting biological activities,11,12 especially antiviral and anti-
cancer. The adenosine (I) generated at inflamed site is receiving
increasing interest as an endogenous anti-inflammatory agent
and presents potential pharmacological uses as anti-inflammatory
agent.13,14 Initial studies of the effects of adenosine on human neu-
trophiles14 indicated that adenosine inhibits stimulated O2

�� or
H2O2 generation. The modified derivatives of adenine (with carbo-
cyclic ring in the place of the sugar moiety) aristeromycin (II) and
neplanocin A (III) are natural products with antibiotic and antion-
cogenic activities,15 whereas the synthetic derivative abacavir (IV)
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is an HIV inhibitor,16 while the derivative V has been tested for its
antitumorial activity.16 Modified nucleosides with heterocyclic
rings,17 such as isoxazolidine18–20 VI and isoxazoline deriva-
tives18–21 VIIa, b have been studied for anti-HIV and anticancer
activities. The homo-N-nucleosides with a CH2-group between
adenine and carbocyclic or heterocyclic ring possess higher confor-
mational22,23 flexibility to combine with the bases of DNA/RNA by
a lowering of the electrostatic repulsion.23 The derivative VIII was
prepared24 in the search for agents against HIV and hepatitis B
viruses in comparison to carbovir. The isoxazolinyl-derivative
IX23 is a special glucosidase inhibitor.
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In this work we present the reactions of mesityl nitrile oxide (4)
with 9-allyl-6-chloropurine (1),25 the adenine derivatives 3a–c
and 7 (Schemes 1 and 2) and we evaluate the resulting isoxazolines
5a–c, 6, 9, and 10 as lipid peroxidation and thrombin inhibitors. It
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Scheme 1. Reagents and conditions: (i) H2O, reflux, 24 h (for 3a, 3b); H2O, MW, 100 �C, 7
is therefore evident that the treatment of coronary artery diseases
could benefit from the use of drugs that combine anti-inflamma-
tory, antioxidant, and antithrombotic activity. Several methods
are used to estimate the efficiency of synthetic/natural
antioxidants, like the 2,20-azobis(2-amidinopropane) dihydrochlo-
ride (AAPH)/linoleic acid assay,26 and the 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH) assay.27

The adenine derivatives 3a–c were prepared28 by amination of
compound 1 with piperidine (2a), morpholine (2b), or pyrroli-
dine29 (2c) under microwave (MW) irradiation at 100 �C in H2O.
We synthesized also the piperidinyl and morpholinyl derivatives29
3a and 3b by refluxing in water in better yields (95% and 91%,
respectively) than before.28 The reaction29 of the 6-piperidinylpu-
rine derivative 3a with the nitrile oxide 4 in refluxing toluene re-
sulted to the isoxazolinyl derivative 5a (52%) after separation by
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min (for 3c); (ii) toluene, reflux, 2 d (for 5a), 6 d (for 5b, 5c); (iii) Toluene, reflux, 5 d.
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Scheme 2. Reagent and conditions: (i) toluene, reflux, 7 d.
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column chromatography, while 12% of the starting compound re-
mained unchanged. The analogous reactions of the 6-morpholi-
nylpurine 3b or 6-pyrrolidinylpurine 3c, gave29 the isoxazolinyl
nucleosides 5b (62%) or 5c (61%) along with unreacted compounds
3b (23%) or 3c (25%). From the reflux of a mixture of 9-allyl-6-chlo-
ropurine (1) with the nitrile oxide 4 in toluene we isolated the
isoxazolinyl derivative 6 (72%) (22% of compound 1 recovered).

The dibenzoyl protected adenine derivative 7, prepared30 by
benzoylation of 9-allyladenine (8), was heated under reflux with
mesityl nitrile oxide (4) to give,29 after separation and column
chromatography, the mono-benzoyl isoxazolinyl nucleoside 9
(37%) followed by the 9-allyl-6-N-benzoyladenine (11)31 (22%),
the 9-allyladenine (8) (35%) and the isoxazolinyl adenine deriva-
tive 10 (6%). The products obtained above are produced through
hydrolization of the 1,3-cycloaddition reaction product and of the
starting material 7 under the reaction conditions.

Compounds with antioxidant properties are expected to offer
protection in inflammation and thrombosis and to lead to effec-
tive drugs. Reduction of the DPPH stable free radical, by the
examined compounds, was studied32,33 at 0.05 mM and 0.1 mM
after 20 and 60 min (Table 1). The DPPH assay is the best-
known, most frequently employed, and most accurate method.
The new compounds (Table 1) did not present any reducing
activity in both concentrations and after 20/60 min, in compari-
son to the well known antioxidant agent nordihydriguaiaretic
acid (NDGA).
Table 1
Interaction% with 1,1-diphenyl-2-picrylhydrazyl (DPPH%) at 0.05 mM and at 0.1 mM; inh
(O2

� %) at 100 lM; in vitro inhibition of soybean lipoxygenase (LO)% at 100 lM; in vitro

No. DPPH% 20/60 min 0.05 mM DPPH% 20/60 min 0.1 mM LP% at 10

5a nd/nd 1/1 60
5b nd/nd 4/4 81
5c 11/11 nd/nd 52
6 2/2 2/2 52
9 nd/nd 8/10 83
10 nd/nd nd/nd 5
NDGA 68/72 81/83
CA
NAPAP
Trolox 73

NDGA: nordihydroguaiaretic acid; CA: caffeic acid; NAPAP: Na-(2-naphthyl-sulfonyl-gly
reported experimental conditions; each experiment was performed at least in triplicate
In our studies AAPH was used as a free radical initiator to follow
oxidative changes of linoleic acid to the conjugated diene hydro-
peroxide.26,34 Compounds 5a, 5b, 5c, 6, and 9 showed excellent
inhibition of lipid peroxidation (Table 1) compared to 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox), used as a
standard (73%), whereas compound 10 was found to provide very
low inhibition of lipid peroxidation. No differences are observed
between compounds 5b (morpholinyl) and 9 (–NHCOPh).

Our results pointed out that the homo-N-nucleosides deriva-
tives highly inhibit lipid peroxidation. These compounds may
prove useful for treating a variety of inflammatory and coronary
artery diseases and may lead to the development of new drugs.
Compound 10 with a free NH2 group did not present any biological
activity under our experimental conditions. Thus, the presence of a
substituent to the amino group seems to be crucial for the inhibi-
tion of lipid peroxidation. The role of lipophilicity, as well as, the
role of the 6-substituent’s stereochemistry is not well defined.

Enzymatic superoxide anion radicals were generated by a hypo-
xanthine and xanthine oxidase (XOD) reaction system.34–36 The
majority of the compounds did not present/ or presented low scav-
enging activity at 0.1 mM compared to caffeic acid used as a stan-
dard (10%) (Table 1).

Compounds were further evaluated for inhibition of soybean
lipoxygenase (LO) by the UV absorbance based enzyme assay.32

Compounds 5b and 5c present equipotent inhibition (IC50 =
100 lM). No differentiation was observed between the pyrrolidi-
ibition of lipid peroxidation at 100 lM (LP%); superoxide radical scavenging activity
inhibition of thrombin (Thr%)34

0 lM O2
� % at 100 lM LO% inhb. at 100 lM Thr% inhb. at 100 lM

12 42 67
1 IC50 = 100 lM 28
nd IC50 = 100 lM 69
13 66 41
19 84 100
nd nd nd

10
100

cyl)-D,L-p-amidinophenylalanyl-piperidine); nd: not determined results under the
and the standard deviation of absorbance was less than 10% of the mean.
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nyl-(5c) and morpholinyl-(5b) substituents. No inhibition was
found for compound 10 under the reported experimental condi-
tions. Compound 9 presents higher % inhibition values, followed
by 6 and 5a. For all the compounds the LO% inhibition values are
in agreement with these on lipid peroxidation.

We evaluated the ability of the compounds to inhibit throm-
bin.37,38 Compound 9 is the most potent inhibitor, followed by 5c
and 5a which are almost equipotent. The presence of a –COPh group
as substituent at position 6- is significant for the inhibition of throm-
bin (100% inhibition). (Table 1) The presence of a piperidinyl or of a
pyrrolidinyl ring leads to similar biological responses (67% and 69%).

Our studies confirm that the presence of substituent at position
6- is an important structural feature for the antioxidant/antiin-
flammatory and anti-thrombin activity. This provides an impetus
for designing new dual acting agents using the N-substituted 6-
amino purine scaffold as the starting point.

It is evident that, from all the tested compounds, 9 exhibits sat-
isfactory combined antioxidant-antiinflammatory activity and
thrombin inhibitory ability (100% inhibition at 100 lM), whereas
compound 5c presents high LO inhibitory activity in combination
to significant anti-thrombin activity. Therefore the design of this
type of dual acting molecules should be further explored.
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