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Abstract—A series of new 2,5-cycloamino-5H-[1]benzopyrano[4,3-d]pyrimidines 3a–i have been synthesized and tested in vivo for
the anti-inflammatory/analgesic/antipyretic effects and in vitro to evaluate the antiplatelet activity on guinea-pig platelet-rich
plasma aggregated by collagen, adenosine-50-diphosphate (ADP) and arachidonic acid (AA). Title compounds were ineffective in
vivo; however, the pyrrolidino derivatives 3a and 3c exhibited an antiplatelet activity against all the aggregants differing from that
of acetylsalicylic acid (ASA) while the 5-morpholino derivatives 3g–i showed the most potent ASA-like antiplatelet activity. # 2001
Elsevier Science Ltd. All rights reserved.

We recently reported the synthesis and the pharmaco-
logical properties of original benzopyrano[4,3-d ]pyri-
midine derivatives 1a–f and 2a–f (Fig. 1). Compounds
1a–f,1 which are characterized by the presence of free
and substituted amino groups in position 2 and 5,
respectively, of the tricycle system, showed interesting
antipyretic, analgesic and antiphlogistic activities. They
were also endowed with antiplatelet and gastro-
protective properties, and were lacking in ulcero-
genicity. In particular, the pharmacological data
indicated that, generally, the 5-cycloamino derivatives
were more active than the 5-alkylamino congeners. The
presence of the 2-methylthio instead of the 2-amino
group in compounds 2a–f2 markedly impaired the in
vivo biological activities and, furthermore, seemed to
increase the in vitro antiplatelet effect. In fact, the
2-methylthio derivatives 2a, 2c and 2d were more effective
than the corresponding 2-amino analogues as inhibitors
of the ADP- and AA-induced aggregation. Moreover,
only the 5-pyrrolidino derivative 2d prevented etha-
nol-induced gastric ulceration sharing the gastro-
protective effect displayed by almost all the 2-amino
derivatives. Therefore, we concluded that the nature

of the substituent in position 2 can discriminate
between the in vivo or in vitro activities, while the
substituent in position 5 could be crucial to deter-
mine the potential of the biological activities in vitro.
Finally, the pyrrolidino moiety in position 5 is asso-
ciated with remarkable pharmacological properties
apart from the presence of an amino or methylthio
2-substitution.

Now, we planned new modifications of the same scaf-
fold in order to examine the structure–activity relation-
ships of these compounds and we therefore synthesized
a series of 2,5-cycloaminobenzopyrano[4,3-d]pyri-
midines 3a–i (Fig. 1). In these new molecules, we have
maintained in position 5 the pyrrolidino, piperidino or
morpholino ring, present in the most interesting pre-
vious compounds 1 and 2, whereas in position 2 we have
inserted a more hindered basic moiety instead of the
simple amino or methylthio groups. In this paper, we
report the synthesis and the evaluation of the anti-
inflammatory/analgesic/antipyretic activities and the
anti-aggregatory effect of these novel molecules. The
compounds were tested in vivo on rat paw edema, mice
writhing test and rat lipopolysaccaridic (LPS) fever and
in vitro on guinea-pig platelet-rich plasma aggregated
by collagen, adenosine-50-diphophate (ADP) and ara-
chidonic acid (AA).
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Synthesis

Compounds 3a–i have been prepared following the
previous synthetic method used for compounds 1 and
2a–f 1,2 with some proper modifications.

3-Formylchromone 4, which was obtained from 2-hy-
droxyacetophenone by a Vilsmeier reaction,3 has been
condensed with pyrrolidine-1-carboxamidine hydro-
chloride (5a) piperidine-1-carboxamidine sulfate (5b) or
morpholine-4-carboxamidine hydrochloride (5c) (start-
ing from S-methylisothiourea sulfate and the proper
amines by well known reactions),4,5 to give inter-
mediates 2-cycloamino-5-hydroxy-5H-[1]benzopy-
rano[4,3-d]pyrimidines 6a–c.6,7 Then, the hemiacetalic
hydroxy-group in position 5 of the benzopyrano[4,3-
d]pyrimidine system has been replaced with the suitable
amines in the presence of TiCl4, according to a method
already described1 to give the desired 3a–i8 (Scheme 1).

Results and Discussion

All the compounds under study failed to exhibit anti-
inflammatory/analgesic/antipyretic activity when orally
administered up to 100mg/kg in rodents using the con-
ventional experimental models described in details in a

previous paper.1 On the other hand, they showed an
interesting in vitro antiplatelet effect. This activity was
studied by measuring the aggregation of guinea-pig
platelet-rich plasma (PRP) applying Born’s turbidi-
metric method.9 Platelet-rich plasma was incubated with
the test compounds (10–500 mM) or with dimethyl-
sulfoxide (0.5% maximal concentration, control) at
37 �C for 5 min and the aggregation was stimulated by
adding ADP (3 mM), AA (50 mM) or collagen (5 mg/mL)
at concentrations giving maximal aggregatory response,
as previously described in detail.1 The antiplatelet
activity was expressed as percent inhibition with respect
to control. Anti-aggregating potency of the test com-
pounds was indicated by IC50 values which were calcu-
lated by linear regression analysis of the concentration–
response curves obtained for each compound. Data are
reported in Table 1.

Most compounds under study showed antiplatelet effect
although with a different ability to prevent the aggrega-
tion induced by the three distinct aggregants. By com-
paring the IC50 values it emerges that only the 5-
substituted pyrrolidino derivatives (3a and 3c) possess
inhibitory activity against all the inducers of aggrega-
tion, whilst the introduction of morpholino function in
the same position confers to the molecules an ASA-like
activity. Indeed, 3g–i inhibited platelet aggregation

Scheme 1. (a) 5a.HCl and 5c.HCl:H2O, 100
�C for 30 min, then hot, satd BaCl2 solution; 5b.H2SO4: H2O, 40

�C for 16 h, then reflux for 8 h; (b) 6a
and 6c: EtONa, EtOH absolute, reflux for 3 h; 6b: NaOH 1 M, H2O, Et3N, 70–80

�C for 3 h; (c) TiCl4, toluene, anisole, HNR
0
2, reflux for 6 h.

Figure 1. Compounds 1a–f, 2a–f and 3a–i.
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caused by collagen and AA at concentrations close to
the IC50 value of ASA, which produced less than 50%
inhibition of ADP aggregation.

The present results, compared to the previous findings
obtained from the analogous series of benzopyrano[4,3-
d]pyrimidine derivatives (1a–f and 2a–f), strengthen the
hypothesis that a free amino group in position 2 is
essential to confer in vivo anti-inflammatory/analgesic/
antipyretic activities. However, the replacement of the
amino or methylthio groups with cyclic amines, pro-
duces a more potent in vitro antiplatelet activity. In
particular, the 2-morpholino derivatives (3c, 3f and 3i)
are effective against collagen-induced platelet aggregation,
while the 2-pyrrolidino substituted compounds (3a, 3d
and 3g) especially inhibit the AA-induced aggregation.
Moreover, the piperidine moiety in position 2 generates
only one compound (3h) endowed with antiplatelet
activity.

A potent ASA-like antiplatelet activity emerges when a
tertiary amino group in position 2 is coupled with a
morpholine residue in position 5 (compounds 3g–i).
Finally, it is noteworthy that the presence of a pyrroli-
dino substituent in 5, apart from the group in 2, confers
the capability of inhibiting the aggregation induced not
only by AA or collagen, but also by ADP (compounds
1d, 2d, 3a and 3c).

Actually, compounds 3a, 3c and 3g–i, endowed with a
wide and powerful anti-aggregatory activity in vitro
deserve additional in vivo investigations in order to
define their pharmacological profile in comparison with
ASA, whose useful antithrombotic effect10 is frequently
associated with gastrointestinal and hemorrhagic
adverse side effects.11
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Compounds Collagen-induced
aggregation
IC50 (mM)

ADP-induced
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IC50 (mM)

AA-induced
aggregation
IC50 (mM)

1d a 750 400
2d a 180 85
3a 170 200 80
3b ncb ncb ncb
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3d ncb ncb 90
3e ndc ndc ndc

3f 200 ncb ncb

3g 50 ncb 75
3h 60 ncb 25
3i 60 ncb 95
ASA 48 ncb 61

aData not available.
bNot calculable because maximal inhibition of aggregation is lower
than 50%.
cNot determined because of its low solubility (inactive up 250mM).
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