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Abstract

A series of 2-cycloalkylamino-3-phenyl-1,8-naphthyridine derivatives, variously substituted in the 6- and 7-positions were
synthesized and tested for their ability to inhibit human platelet aggregation in vitro induced by arachidonate, collagen and ADP.
Compounds 5a,b, 7a,b, 8a and 10c,d showed a remarkable activity similar to that of indomethacin in the test with arachidonate
and collagen. In the test with ADP only compound 8a showed a significant activity. The presence of a morpholinyl or piperidinyl
group in position 2 and of a chloro or methoxy group in position 7 of the 1,8-naphthyridine nucleus seem to favour a higher
activity. However on the basis of the pharmacological results, no structure–activity relationship can be deduced. Compounds 5b
and 7b, which possess the best activity in the arachidonate test, were also shown to increase the c-AMP level significantly, without
involving the adenylyl cyclase system. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

In the course of investigations on platelet aggregation
inhibitors, some compounds carrying an N-
ethanolamine or N-diethanolamine side chain attached
to a heterocyclic nucleus were characterized for this
activity in the 1970s. Among these, dipyridamole at-
tracted the highest interest as a platelet aggregation
inhibitor drug [1,2].

In consideration of the alleged effects on platelet
aggregation of compounds bearing the 1,6-naph-
thyridine nucleus isoster of 1,8-naphthyridine [3], we
studied some 2- or 4-N-diethanolamine-1,8-naph-
thyridine derivatives (Fig. 1). These compounds dis-
played a remarkable ability to inhibit aggregation of
rabbit and rat platelets challenged with arachidonate,
collagen or ADP [4].

We then decided to examine the correlation between
dipyridamole and the 1,8-naphthyridine heterocyclic
system. A new series of 1,8-naphthyridine derivatives
carrying a piperidyl group or an N-diethanolamine side
chain in the 2-, 7- or 2,7-positions, were therefore
synthesized and tested for their ability to inhibit in vitro
human platelet aggregation induced by arachidonate,
collagen or ADP. Some compounds showed a remark-
able activity in the test with arachidonate and collagen,
whereas in the test with ADP the compounds tested did
not show any significant activity [5].

Several 2-(dialkylamino)chromones and 4-(1-piper-
azinyl)coumarins, as well as their angular benzo-fused

Fig. 1. General structure of 1,8-naphthyridine derivatives with an-
tiplatelet activity.
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benzopyranones and naphthopyranones [6], di-
alkylpyrimido[1,2-a ]quinolin-1-ones and dialkylpyrim-
ido[2,1-a ]isoquinolin-4-ones [7] and some substituted
pyridazinones [8] were prepared and tested in vitro for
their inhibitory activity on human platelet aggregation.

In a recent paper, we reported the synthesis and the
antiplatelet activity of 1,8-naphthyridines (1) (Fig. 1),
carrying piperidyl, carbethoxypiperazinyl or mor-
pholinyl groups in the 2- or 7-position. Some com-
pounds were tested for their ability to inhibit the
arachidonate- and collagen-induced aggregation of hu-
man platelets. Only compound 1a (R=morpholinyl,
R1=R3=H, R2=Cl, R4=OH) revealed an interest-
ing activity: the IC50 values (mM), calculated as the
concentration which reduced by 50% both inhibition of
maximal aggregation induced by 0.7 mM arachidonate
in human platelets in rich plasma, and inhibition of
aggregation rate, are 2.091.0 and 0.390.2 respec-
tively [9].

The compounds reported [1–9] carry various sub-
stituents on the heterocyclic ring, such as dialkylamino,
piperidyl, piperazinyl, morpholinyl or phenyl groups.

In light of these considerations, we decided to con-

tinue our chemical and pharmacological investigations
in this field, in order to evaluate the effects of structural
modification on antiplatelet activity. A series of deriva-
tives of 3-phenyl-1,8-naphthyridine carrying a mor-
pholinyl, piperazinyl or piperidyl group in the
2-position were consequently prepared and tested in
vitro for their inhibitory activity on human platelet
aggregation.

2. Chemistry

As illustrated in Scheme 1, the known 1,8-naph-
thyridine derivatives 2 were converted to the starting
compounds 3 and 4 by diazotization, as reported in a
previous paper [9].

The 2-hydroxy-1,8-naphthyridines 3 and 4 were
heated at 90°C with phosphoryl chloride to give the
corresponding 2-chloro derivatives 5 and 6, which,
when refluxed for 4 h with sodium methoxyde in
methanol, gave the 2-methoxyderivatives 7a,b and 8
(Scheme 1, Tables 1 and 2). Compound 5c was refluxed

Scheme 1. Synthetic route to 1,8-naphthyridine derivatives variously substituted in the 6- and 7-position.



P.L. Ferrarini et al. / Il Farmaco 55 (2000) 603–610 605

with sodium methoxide in methanol for 12 h to give the
7-methoxy-3-phenyl-2-(4-methoxycarbonylpiperazin-1-
yl)-1,8-naphthyridine (7c). Selective reduction of nitro
derivatives 4 and 8 was performed in methanol, in the
presence of Pd/C as the catalyst, to give the corre-
sponding amino derivatives 9 and 10 (Scheme 1). Com-
pounds 2d, 3d, 7d, 9d and 10d were then obtained by
alkaline hydrolysis of the compounds 2c [9], 3c [9], 7c,
9c and 10c respectively (Scheme 2, Tables 1 and 2).

3. Experimental

3.1. Chemistry

All compounds were routinely checked for their
structure by IR and 1H NMR spectroscopy. Melting
points were determined on a Köfler hot-stage apparatus
and are uncorrected. The IR spectra were measured
with a Genesis Series FTIR ATI Mattson. The 1H

NMR spectra were determined in DMSO-d6 or CDCl3
with TMS as the internal standard, on a Varian CFT-
20 NMR spectrometer. Analytical TLC was carried out
on Merck 0.2 mm precoated silica-gel glass plates (60
F-254) and location of spots was detected by illumina-
tion with a UV lamp. Elemental analyses of all com-
pounds synthesized for C, H and N were within
90.4% of theoretical values and were performed by
our analytical laboratory.

3.1.1. General procedure for the preparation of
2-chloro deri6ati6es 5 and 6

A suspension of 1.0 g of 2-hydroxy derivatives 3 [9],
4 [9] or 12 in 10 ml of phosphoryl chloride was heated
at 90°C for 45 min and, after cooling, crushed ice was
added. The solution was then made basic with concen-
trated ammonium hydroxide (pH$8) and the solid
was collected by filtration, washed with water and
purified by crystallization to give 5 and 6 (Tables 1 and
2).

Table 1
1H NMR chemical shifts (d ppm/TMS)

C6H5 (m)H4 (s) H5 SolventOthers(m)OCH3 (s)H6 (d)Comp.

CDCl32d 7.67 7.77(d) 6.59 7.56 2.83, 3.30 1.84 (brs,NH); 5.07 (brs,NH2)
DMSO3d 7.71 7.72(d) 6.22 7.47 2.55, 3.06
CDCl33.30, 3.557.485a 7.207.90(d)7.75

1.48, 3.13 DMSO8.22(d) 7.335b 7.488.04
5c DMSO1.31 (t,CH3); 4.00 (q,CH2)3.257.507.358.32(d)8.22

3.557.46 CDCl38.55(s)7.806a
1.48, 3.33 DMSO8.90(s)6b 7.518.08

7.93 8.67(s) 7.566c 3.50 1.23 (t,CH3); 4.13 (q,CH2) CDCl3
7a 7.98 8.10(d) 6.82 7.51 3.98 3.16, 3.52 DMSO

DMSO1.45, 3.113.987.507b 6.808.05(d)7.91
8.06 8.15(d) 6.88 7.607c 3.99 CDCl33.25 3.58 (s,COOCH3)

2.72, 3.10 DMSO3.987.526.838.28(d)7.907d
3.30, 3.50 DMSO8a 8.93(s)8.12 7.50 4.09

4.02 1.43, 3.278b DMSO8.05 8.90(s) 7.43
1.26 (t,CH3); 3.90 (q,CH2)8.67(s) DMSO8c 7.577.89 4.03 3.40

7.477.51(s)6.799a CDCl36.54 (brs,NH2)3.17, 3.63
1.46, 3.06 6.43 (brs,NH2) CDCl39b 6.24 6.69(s) 7.36

7.52(s) 7.416.61 3.259c 1.21 (t,CH3); 4.02 (q,CH2); 5.21 (brs,NH2) DMSO
6.68 7.22(s) 7.40 2.79, 3.05 2.15 (brs,NH); 4.23 (brs,NH2) CDCl39d

CDCl37.00 7.57(s) 7.40 4.19 3.19, 3.5610a
7.08 CDCl37.49(s) 7.39 4.17 1.41, 3.2810b

CDCl310c 7.01 7.59(s) 7.42 4.20 3.27 1.23 (t,CH3); 4.14 (q,CH2); 3.90 (brs,NH2)
CDCl31.82 (brs,NH)2.83, 3.134.207.336.9910d 7.57(s)
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Table 2
Physical data of 1,8-naphthyridine derivatives a

R1 R2 Yield (%)Comp. M.p. (°C)R Recrystallization solvent

H NH2 482d 246–248Pipz benzene
H OH 61Pipz 208–2103d petr. ether 100–140°C
H Cl 845a 205–207Morph petr. ether 100–140°C
H Cl 76Pip 170–1725b petr. ether 100–140°C

Cep5c H Cl 68 154–156 petr. ether 100–140°C
NO2 Cl 83Morph 158–1606a petr. ether 100–140°C
NO2 Cl 826b 162–164Pip EtOH/H2O
NO2 Cl 79Cep 218–2206c petr. ether 100–140°C

Morph7a H OCH3 77 128–130 petr. ether 100–140°C
H OCH3 75Pip 168–1707b petr. ether 100–140°C

Cmp7c H OCH3 68 188–190 benzene
7d Pipz H OCH3 75 240–242 petr. ether 100–140°C

NO2 OCH3 69Morph 190–1928a petr. ether 100–140°C
NO2 OCH3 728b 148–150Pip petr. ether 100–140°C
NO2 OCH3 82Cep 208–2108c petr. ether 100–140°C

Morph9a NH2 OH 85 204–206 toluene
NH2 OH 86Pip 165–1679b toluene

Cep9c NH2 OH 71 220–222 toluene
NH29d OHPipz 67 140–142 petr. ether 100–140°C
NH2 OCH3 85Morph 130–13210a petr. ether 100–140°C

Pip10b NH2 OCH3 70 182–184 toluene
NH2 OCH3 79 173–175 toluene10c Cep
NH2 OCH3 70 120–122Pipz petr. ether 100–140°C10d

a Cep, N-ethoxycarbonylpiperazinyl; Cmp, N-methoxycarbonylpiperazinyl; Morph, morpholinyl; Pip, piperidinyl; Pipz, piperazinyl.

Scheme 2. Hydrolysis of methoxy- and ethoxycarbonylpiperazino derivatives.
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3.1.2. General procedure for the preparation of
2-methoxy deri6ati6es 7 and 8

A solution of 10 mmol of freshly prepared sodium
methoxide and 1.0 mmol of the 2-chloro derivatives 5
or 6 in 10 ml of anhydrous methanol was refluxed for 4
h for 5a,b and 6 or 12 h for 5c and the reaction mixture
was evaporated to dryness in vacuo. The crude residue
was treated with water and neutralized with 10% hydro-
chloric acid, and the solid precipitate, collected by
filtration, was purified by crystallization to obtain 7 and
8 (Tables 1 and 2).

3.1.3. General procedure for the preparation of 3-amino
deri6ati6es 9 and 10

A solution of 1.1 mmol of 3-nitro derivatives 4 or 8
in glacial acetic acid was hydrogenated in the presence
of 0.03 g of 10% palladium on charcoal at room
temperature and at atmospheric pressure for 3 h. The
catalyst was filtered and the solvent evaporated to
dryness in vacuo to give compounds 9 and 10, which
were purified by crystallization (Tables 1 and 2).

3.1.4. General procedure for the preparation of
piperazin-7-yl-1,8-naphthyridine deri6ati6es 2d, 3d, 7d,
9d and 10d

A suspension of 1.0 mmol of the appropriate N-
ethoxycarbonylpiperazinyl derivatives 2c [9], 3c [9], 9c,
10c or N-methoxycarbonylpiperazinyl 7c, 15 ml of eth-
anol and 15 ml of 10% sodium hydroxide was refluxed
for 16 h and the organic solvent was evaporated in
vacuo. The aqueous solution was extracted with chloro-
form, dried (MgSO4) and evaporated to dryness in
vacuo to give compounds 2d, 3d, 7d, 9d and 10d, which
were purified by crystallization (Tables 1 and 2).

3.2. Pharmacological methods

Human blood samples were drawn from the anticu-
bital vein and were anticoagulated with 3.8% sodium
citrate (9:1 v/v). Platelet rich plasma (PRP) was pre-
pared in accordance with the method described by
Miceli et al. [10]. The platelet count was adjusted to
about 280 000 cell/ml.

Platelet aggregation was measured turbidimetrically
in accordance with the method described by Born and
Cross [11], using an aggregometer (Daichii model PA-
3220).

ADP (3.0 mM), arachidonate sodium (0.7 mM) and
collagen (2.0 mg/ml) were used as aggregating agents.
Arachidonate sodium, ADP, papaverine, ASA, ibupro-
fen and indomethacin were provided by Sigma Chemi-
cals, and collagen (from bovine tendon) was provided
by Menarini Diagnostics.

Experiments were conducted by the following proce-
dures. Substances at different concentrations, ranging
from 10 to 0.1 mM, were added to PRP and incubated

for 10 min at 37°C before the addition of the aggregat-
ing agent. To express the aggregation of platelets, the
transmittance of PRP itself was set at 0% while the
platelet poor plasma (PPP) was set at 100%. The aggre-
gation rate was also evaluated from the slope of the
experimental plot of aggregation as a function of time.

The test substances were dissolved in DMSO and the
stock solution was diluted with water to obtain the
experimental concentration. The DMSO solutions of
compounds 2d, 3d, 5a–c, 6a,c, 7a–c, 8a, and 10b,c were
diluted with water and a few drops of 0.1 M hydrochlo-
ric acid. The pH was then set to 7.4 with sodium
hydrogen carbonate. Compounds 6b, 8b,c and 9b–d,
were insoluble under these experimental conditions.
The final DMSO concentration was 0.5% v/v. Control
aggregation was studied in the presence of DMSO at
the same concentration used for treated platelets.

Both adenylate cyclase and intracellular c-AMP level
were measured by a radioimmunoassay technique using
commercially available tests (Rianen c-AMP 125I-RIA
kit; 32P-ATP; NEN-Du Pont). Adenylate cyclase was
measured in platelet plasma membranes prepared in
accordance with the method described by Kahn and
Sinha [12], while c-AMP levels were measured in intact
platelets. 200 ml of PRP was centrifuged at 200g for 30
min. The supernatant was gently decanted, and the soft
pellet containing intact platelets was suspended in 12 ml
of Tyrode buffer, pH 7.4; the final number of platelets
was adjusted to ca. 108/ml. For each sample, 300 ml
aliquots of this suspension were preincubated at 30°C
with the phosphodiesterase inhibitor 3-isobutyl-1-
methylxanthine (0.5 mM), both in the absence and the
presence of 1 mM EGTA. 10 min later, the compounds
to be tested were added where required to a final
volume of 500 ml. Incubation was stopped after 10 min
by the addition of 1 ml of 3% perchloric acid. Samples
were sonicated and centrifuged at 30 000g for 15 min.
The supernatant was neutralized with an excess (about
100 mg) of CaCO3.

The samples were then centrifuged twice at 30 000g
for 15 min to remove the excess of CaCO3 and 100 ml
aliquots of the supernatant were assayed for their cyclic
AMP. c-AMP was measured in triplicate determina-
tions using the above-mentioned RIA kit.

4. Results and discussion

To evaluate the antiplatelet properties, the substances
were subjected to a preliminary screening estimating the
effects of a fixed concentration (10 mM) on the platelet
aggregation induced by 0.7 mM arachidonate (Table 3).
It was thus possible to determine the inhibition of the
maximum aggregation due to the agonist, and the speed
of aggregation or ‘slope’ which gives the amount of
platelets aggregating in the time unit, whose levels are
expressed as a percentage.
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On the basis of these results, the substances tested
were subdivided into two different groups, in accor-
dance with the inhibition values observed: from 0 to
50%, from inactive to moderately active; from 51%
onward, really active

Compounds 2d, 3d, 5c, 6a,c, 7c,d, 9a and 10b dis-
played a poor activity, while we were unable to state
the efficacy of compounds 6b, 8b,c and 9b–d, because
they could not be dissolved by the procedures used. The
IC50 for the dose-dependent inhibition of platelet aggre-
gation induced by arachidonate was evaluated for com-
pounds 5a,b, 7a,b, 8a, 10a,c and 10d. As shown in
Table 4, all the compounds exhibited a very low IC50,
ranging from 1.0 to 6.0 mM for both parameters, simi-
lar to values of the reference compounds, with the
exception of 10a for the maximal aggregation.

With the aim of excluding a possible selective inhibi-
tion of the membrane enzyme phospholipase A2, the
inhibition of the aggregation induced by collagen at a
concentration of 2.0 mg/ml was evaluated for com-
pounds 5a, 7a,b and 8a, which were active towards

arachidonate. The results obtained confirmed high in-
hibitory activities for these compounds (IC50 ranging
from 0.6 to 6.0 mM), as shown in Table 4, similar to the
values seen in the arachidonate patterns.

The collagen-induced aggregation made it possible to
evaluate the latency time of aggregation, that is the
time, expressed in seconds, between the addition of the
agonist and the start of aggregation of platelets. This
parameter expresses the delay of platelet aggregation
activation mechanisms.

On the basis of results for this parameter, compared
with a mean basal value of 72 s, we can state that all
the compounds tested, 5a, 7a,b and 8a, delayed the start
of aggregation by 360 s evaluated at a concentration of
10 mM and by a time lag ranging from 168 to 177 s at
the 5.0 mM concentration (Table 5).

To complete the study on the effects of these com-
pounds on platelet aggregation, the dose/effect curve
towards the major physiological agonist ADP was plot-
ted. The results obtained show that only compound 8a
exhibited a significant biological activity (IC50=23.09

Table 3
Preliminary screening for inhibition of arachidonate-induced (0.7 mM) platelet rich plasma (PRP) aggregation by tested compounds at a
concentration of 10 mm a

Comp. R1R R2 BASolvent used

592391DMSO–HClNH2HPipz2d
Pipz H OH3d DMSO–HCl 1994 1596

99935a 10090Morph H Cl DMSO–HCl
Cl DMSO–HCl 9793 100905b HPip

10925c 2797Cep H Cl DMSO–HCl
6a 0893DMSO–HClClNO2Morph

n.t.not sol.Cl n.t.NO2Pip6b
9936c 1294Cep NO2 Cl DMSO–HCl

Morph H OCH37a DMSO–HCl 9594 10090
7b Pip H OCH3 DMSO–HCl 9595 9495

2910DMSO–HClOCH37c HCmp
Pipz H OCH37d DMSO 492 693

8a Morph NO2 OCH3 DMSO–HCl 9396 10090
OCH3 not sol. n.t. n.t.8b NO2Pip

Cep NO2 OCH38c not sol. n.t. n.t.
9a Morph NH2 OH DMSO 2593 2896
9b Pip NH2 OH not sol. n.t. n.t.

Cep NH2 OH9c not sol. n.t. n.t.
9d NH2 n.t.n.t.not sol.Pipz OH
10a NH2 OCH3Morph DMSO 5895 4296
10b Pip NH2 OCH3 DMSO–HCl 1293 1894

6597DMSO–HClOCH3 6095NH2Cep10c
Pipz NH2 OCH3 DMSO 8996 829910d

a A, % inhibition of maximal aggregation; B, % inhibition of aggregation rate. Values are means9SD of at least three independent experiments.
n.t. not tested.
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Table 4
Inhibition of platelet rich plasma (PRP) aggregation induced by 0.7
mM arachidonate and 2.0 mg/ml collagen a

IC50 (mM)Compound

Arachidonate Collagen

B A BA

2.090.55a 5.891.53.491.2 4.591.0
1.491.0 n.t.5b n.t.1.390.8
5.091.0 3.291.55.591.5 0.690.27a
1.291.0 5.792.17b 5.991.51.891.0
6.191.5 3.592.06.091.0 1.390.78a
6.391.5 n.t.10a n.t.31.792.2
2.991.5 n.t.5.792.0 n.t.10c
1.090.5 n.t.10d n.t.2.391.2

36.093.1 42.095.630.092.0 54.095.2ASA
16.090.3Pap 20.992.0 66.091.5

6.290.44.290.5Ibu b

1.890.4Indo 1.990.61.590.5 1.690.5

a IC50 of compounds calculated as % inhibition of maximal aggre-
gation (A) and % of aggregation rate (B) induced by 0.7 mM
arachidonate and 2.0 mg/ml collagen. Values are means9SE of at
least three independent experiments. nt, not tested; ASA, acetylsali-
cylic acid; Pap, papaverine; Ibu, ibuprofen; Indo, indomethacin.

b Value obtained from [13].

7.0 mM), while the remaining substances exhibited a
lower inhibitory activity (Table 6), which does not
support a probable mechanism of action in which we
can accept the selective inhibition of phosphodiesterase
by these compounds, as reported in a previous paper
for similar compounds [5].

All the compounds synthesized generally showed a
poor solubility. In particular the presence of the sub-
stituent in position 6 leads to a lowering of the solubil-
ity, and consequently some compounds of this class
were not tested.

The activity of the compounds tested does not seem
to be clearly related to the substituent present in the
different positions of the 3-phenyl-1,8-naphthyridine
nucleus, as reported in previous papers [5,9].

However, on the basis of the above pharmacological
results, it is interesting to point out that in the arachi-
donate test, the most effective substituents in position 2
of the 1,8-naphthyridine ring system seem to be the
morpholinyl and piperidyl groups.

The influence of the amino or nitro group, in posi-
tion 6 of the heterocyclic ring, on the inhibition of
aggregation induced by arachidonate in these series of
compounds is not clear at this time, most probably
because of the limited pharmacological data obtained.

When an amino or hydroxy group was introduced
into position 7 of the 1,8-naphthyridine nucleus, com-
pounds were obtained that show an unimportant activ-
ity (3–25% of inhibition at a concentration of 10 mM),
as reported in a previous paper [9]. On the contrary,
substituents such as a chloro or methoxy group, in the
same position, seem to favour an increase in activity.
All the compounds that show a remarkable activity
present a chloro or methoxy group in position 7.

In the collagen test, the compounds tested showed an
activity similar to that obtained in the arachidonate
test, as reported in a previous paper [5].

Four compounds were also tested for their ability to
inhibit the aggregation induced by ADP: only one
compound showed a significant activity.

In conclusion, on the basis of the above pharmaco-
logical results, no structure–activity relationship can be
deduced, at this time.

Regarding the possible inhibitory action, the func-
tional studies performed do not permit us, at this time,
to assign to the compounds tested a certain mechanism
of action. The study of intracellular events due to
contact of intact platelets with compounds 5b and 7b
showed a significant increase in c-AMP levels, as shown
in Table 7, independently of the activation of adenylate
cyclase, whose activity was, on the contrary, reduced by
the compounds tested (data not shown) and probably
mediated by inhibition of phosphodiesterase.

Further studies on the mechanism of action of these
compounds are in progress.

Table 5
Effects of compounds tested on latency time (s) of collagen-induced
aggregation (2.0 mg/ml) a

5 mM10 mMComp.

360905a 170912
360907a 177915
360907b 170910
360908a 168915
7297Basal value

a Values are means9SE from at least three independent experi-
ments. The basal value is the mean of latency times of aggregation
without the test compounds.

Table 6
IC50 (mM) of active compounds in ADP-induced platelet aggregation
(3.0 mM) a

Comp. IC50

Inhibition of maximal Inhibition of
aggregation value aggregation rate

5a \50 \50
40.095.55b 38.596.2
\507b \50
23.097.08a 21.496.7

Pap 121.095.5 104.096.1

a Values are means9SE from at least three independent experi-
ments. Pap, papaverine.
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Table 7
Percentage increase of c-AMP levels in intact platelets a

% IncreaseComp. (mM)

5b 25.095.110
85.094.520
75.097.1107b
84.093.520

a A probability level of PB0.05 was considered statistically signifi-
cant (Students’ t-test). Values are means9SE from at least three
independent experiments, each performed in triplicate. The basal
value of c-AMP was 16.1590.55 pmol×108 cells.
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