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aDipartimento di Scienze Farmaceutiche, Università di Genova, Viale Benedetto XV 3, 16132 Genoa, Italy
bDipartimento di Medicina Interna, Sezione di Farmacologia Clinica, Università di Genova, Viale Benedetto XV 2,
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Abstract – The title compounds (8) were synthesized through the cyclocondensation of the corresponding N-substituted 4-amino-2-
chloro-1,8-naphthyridine-3-carboxamides (4) with the proper hydrazides, in order to evaluate their anti-inflammatory and anti-
aggressive properties. Several compounds 8 exhibited high anti-inflammatory activity (carrageenin-induced paw edema assay in the
rat) along with appreciable anti-aggressive properties (isolation-induced aggressiveness test in mice). With respect to anti-inflamma-
tory activity, the most active compounds (8n and 8c) produced a 61% edema inhibition at the 25 mg/kg dose, and 50 or 35%
inhibition, respectively, at the 12.5 mg/kg dose. The structure–activity relationships are discussed. © 2000 Éditions scientifiques et
médicales Elsevier SAS
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1. Introduction

As we previously described [1], the reaction of
2-aminonicotinic acid with the Vilsmeier type reagent
ethyl N,N-dialkylmalonamate/phosphorus oxychlo-
ride afforded the 1,8-naphthyridine derivatives 1, from
which N,N-dialkyl-2,4-dichloro-1,8-naphthyridine-3-
carboxamides 2 were easily obtained. In turn, com-
pounds 2 were treated with primary amines to give the
isomeric amino derivatives 3 and 4 (figure 1).

In a wide preliminary pharmacological screening of
some of the compounds 1–4, compounds 2 and 3
exhibited significant anti-inflammatory, anti-aggres-
sive, or anti-hypertensive properties, depending on the
structure [1].

Subsequently, a number of new compounds 2 and 3
were synthesized by us, their anti-inflammatory and
anti-aggressive activities evaluated, and some infor-

mation derived about structure–activity relationships
(SAR). Some compounds showed one or both of
these activities to a satisfactory extent, along with
quite low acute toxicity [2].

Besides, following a literature suggestion [3], we
had previously obtained the 4H-[1,2,4]triazolo[4,3-a ]-
[1,5]benzodiazepin-5-amines 6, endowed with anti-
inflammatory and/or analgesic activities, by fusing the
inactive 1,5-benzodiazepines 5 with the 1,2,4-triazole
ring [4, 5] (figure 2).

Considering the above results, we more recently
[6] prepared the 5-chloro[1,2,4]triazolo[4,3-a ][1,8]-
naphthyridine-6-carboxamides 7, in order to obtain
more active anti-inflammatory agents and/or to sepa-
rate anti-inflammatory from anti-aggressive activity.
Actually, none of the 15 compounds tested showed
anti-aggressive activity, but only four of them pro-
duced a statistically significant anti-inflammatory ac-
tivity in the carrageenin-induced edema assay in the
rat (the highest degree of protection was 40% at the
200 mg/kg dose) [6].

* Correspondence and reprints:
E-mail address: roma@unige.it (G. Roma).
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Figure 1. Structures of 1,8-naphthyridine-3-carboxamide
derivatives 1–4.

mary amines (anhydrous ethanol, room temperature,
1–24 h) afforded a mixture of the N,N-dialkyl-2-
(alkylamino or cycloalkylamino)-4-chloro-1,8-naph-
thyridine-3-carboxamides 3a,j,k,m,n and the isomeric
4-amino-2-chloro derivatives 4a,j,k,m,n (figure 3, table
I).

The desired 9-substituted N,N-dialkyl-5-(alkyl-
amino or cycloalkylamino) [1,2,4]triazolo[4,3-a ][1,8]-
naphthyridine-6-carboxamides 8a–x (table II) were
then obtained through the cyclocondensation of the
corresponding compounds 4a–n (table I) with the
proper hydrazides (Dowtherm A, 130–200 °C, 20–75
min) (figure 3). The starting compounds 4b–i,l were
previously described by us [1, 2].

Table I. Structures of 1,8-naphthyridine-3-carboxamide
derivatives 2a–d, 3a,j,k,m,n, and 4a–n.

Taking into account the structure–activity relation-
ships suggested by the pharmacological data of com-
pounds 2, 3, 7 [1, 2, 6], we have now synthesized a
number of the novel 5-amino[1,2,4]triazolo[4,3-a ]-
[1,8]naphthyridine-6-carboxamides 8, designed with
the aim of obtaining more interesting anti-inflamma-
tory agents (figure 2).

2. Chemistry

The reaction of N,N-dialkyl-2,4-dichloro-1,8-naph-
thyridine-3-carboxamides 2a–d [1, 2] with excess pri-

Figure 2. Structures of 1,5-benzodiazepine derivatives 5, 6 and
[1,2,4]triazolo[4,3-a ][1,8]naphthyridine derivatives 7, 8.
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Figure 3. Synthetic route to substituted 5-amino[1,2,4]triazolo[4,3-a ][1.8]naphthyridine-6-carboxamides 8a–x.

The structures attributed to the compounds de-
scribed in this paper are supported by the results of
elemental analyses and IR and 1H-NMR spectral data
(see Section 5 and table IV).

The IR and 1H-NMR spectra of compounds 3 and
4 now synthesized are in accordance with those of
compounds 3 and 4 previously described by us [1, 2],
respectively.

Concerning the 1H-NMR spectra (CDCl3) of tri-
cyclic 5-(alkylamino) derivatives 8 (see table IV), they
closely agree with those of the corresponding 5-chloro
derivatives 7 [6]. Actually in both cases, as respects
the alkyl groups, the CH2 (particularly N�CH2) sig-
nals and the CH3 signals of �CH(CH3)2 moieties
suggest the chirality of these molecules, most likely
deriving from restricted rotation of 6-carboxamide
substituent around the C�6–CO bond. For instance,
in the case of compound 8k the protons of two of the
three N�CH2 groups appear chemical shift not equiv-
alent and clearly coupled with each other: two multi-
plets at d 3.23–3.50 and 4.07 for one N�CH2 group of
the CON(C2H5)2 substituent and two multiplets at d
2.66 and 3.23–3.50 for the N�CH2 group of the
amino substituent. On the other hand, also the CH3

groups of the isobutylamino substituent are not
chemical shift equivalent (two doublets at d 1.02 and
1.05). A similar behaviour was also shown by the
N-alkyl substituents of the bicyclic compounds 3 and
4 (see Section 5).

Finally, with regard to the IR spectra of com-
pounds 3, 4 (CHCl3) and 8 (KBr), the low frequencies
of the tertiary amide n CO bands (1600–1631 cm−1)
can be reasonably attributed both to the conjugation

of the carbonyl group with the b-(alkylamino) sub-
stituent and the intermolecular H-bonding between
these two groups.

3. Pharmacological results and discussion

Compounds 8a–x were tested in vivo for their
anti-inflammatory and anti-aggressive activities. All
the compounds were administered orally and assayed
at the initial dose of 200 mg/kg. Compounds that
exhibited a statistically significant activity at this dose
were further tested at doses decreasing by a factor of
two. The results of the pharmacological evaluation
are listed in table II.

Fourteen of the 24 tested compounds exhibited a
statistically significant but variably pronounced anti-
inflammatory activity in the carrageeenin-induced
paw edema assay in the rat. At the 200 mg/kg dose
the degree of edema inhibition ranged from 32 to 74%
and compounds 8n, 8b, 8c showed the greatest activi-
ties (74, 73, and 65% protection, respectively). On the
whole, the most active compounds were 8c and 8n
that displayed a statistically significant inhibition of
the paw edema down to the 6.25 mg/kg dose (33 and
27%, respectively). Compound 8m exhibited a statisti-
cally significant activity down to 25 mg/kg (33% inhi-
bition of the paw edema).

At the 200 mg/kg dose 15 compounds showed an
interesting anti-aggressive activity, evaluated in the
isolation-induced aggressiveness test in mice. At this
dose the highest protection was observed with com-
pounds 8b, 8d, 8e, 8m and 8n, which inhibited the
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Table II. Structures and pharmacological data of compounds 8a–x.
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Table II. (Continued)

aggressive behaviour in all the four mice treated.
However, the most active compounds were 8l and 8m
that still afforded a 50% protection at the 50 mg/kg
dose.

The three compounds that exhibited statistically
significant anti-inflammatory activity at the lowest
doses (8c, 8m and 8n) were further tested for antinoci-
ceptive activity (writhing test in mice) at the intermedi-
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Table III. Analgesic activity of compounds 8c,m,n.

Compound Analgesic activityaDose
% protection(mg/kg p.o.)

8c 50 31
08m 50

13508n
100Dipyrone 58*

a Writhing test in mice; statistical significance versus control
group (54918.7 writhing movements) was evaluated by the
Mann–Whitney test (* PB0.05).

observed in this series for anti-aggressive activity: it
increased from 8k (R%%�CH3, 50% protection) up to 8m
and 8n (R%%�C3H7 and i�C3H7, respectively; 100% pro-
tection), then declined to 50 and 25% protection for
compounds 8o (R%%= i�C4H9) and 8p (R%%= tert-C4H9),
respectively.

Relatively low activities were displayed in both tests
by compounds 8q and 8r (R%%=CH2C6H5 or C6H5,
respectively).

(c) If we consider the series of compounds 8a, 8l, 8u
and 8x (differing from each other only in NR2 sub-
stituent), we can again observe that the lengthening of
R alkyl chain initially produced an increase in both the
activities, but further lengthening resulted in a sudden
decrease in pharmacological effects. In both tests
N(C2H5)2 proved to be the most effective NR2 group.

Finally, we can point out that, for some compounds,
an increase in the dose administered increased anti-infl-
ammatory activity until a maximum was reached,
further dose increase (up to 200 mg/kg) being practi-
cally ineffective. This behaviour was particularly evi-
dent in the case of compounds 8c, 8l and 8m, and might
be due to their low water solubility and consequent
uncompleted absorption at high doses.

4. Conclusions

In the light of pharmacological properties shown by
the 1,8-naphthtyridine derivatives 2, 3, 7 previously
described by us [1, 2, 6], we have designed and synthe-
sized the 5-amino[1,2,4]triazolo[4,3-a ][1,8]naphthyri-
dine-6-carboxamides 8, a new class of 1,8-naph-
thyridine derivatives, which have been tested for their
anti-inflammatory and anti-aggressive activities.

Several compounds 8 exhibited high anti-inflamma-
tory activity along with significant anti-aggressive
properties: this interesting behaviour prompts us to
plan for the near future the study of their mechanism
of action. As expected on the basis of SAR suggestions,
8n proved to be the most potent anti-inflammatory
agent among compounds tested (74% and 50% inhibi-
tion of carrageenin-induced paw edema in the rat, at
200 and 12.5 mg/kg doses, respectively).

5. Experimental protocols

5.1. Chemistry

Melting points were determined using a Fisher–Johns

ate dose of 50 mg/kg p.o. Although compounds 8c and
8n displayed a 31 and 13% protection, respectively,
none of the tested compounds showed a statistically
significant activity (table III).

At the highest dose administered (200 mg/kg), none
of the compounds 8a–x produced lethal toxic effects
in the animals treated. However, it is worth noting that
in all rats treated with compound 8c diarrhoea was
observed.

The anti-inflammatory and anti-aggressive activity
data obtained in the successive steps of the present
study allowed us to draw the following structure–activ-
ity relationships.

(a) Taking into account the possible sterical interac-
tion between CONR2 and NHR% groups, first of all we
synthesized and tested compound 8b and its analogues
8e,f,h,l, differing from it only in the R% substituent.
Compound 8b was chosen as a lead in this study due
to the intermediate sizes of its substituents and consid-
ering the pharmacological results previously afforded
by compounds 1–4, 7 [1, 2, 6]. On the whole, pharma-
cological data of 8b (R%�C2H5) and 8l (R%�i-C4H9)
appeared to be the most interesting in this series, but
R%= i-C4H9 was selected for the subsequent investiga-
tion step due to a better behaviour of 8l at the 50 mg/kg
dose in both tests.

(b) Compounds 8j,k,m–r (differing from each other
only in R%% structure) were then assayed, 8l being the
reference compound.

At the 200 mg/kg dose the anti-inflammatory activity
increased regularly from 8j (R%%�H) up to 8n (R%%�i-
C3H7; 74% edema inhibition) according to the size of
the R%% alkyl substituent, then suddenly dropped when
R%% was tert-C4H9 and, particularly, when it was i-C4H9

(8o: 0% edema inhibition). Both in the case of R%% (see
8n versus 8m) and of R% (see 8f versus 8e) the branched
substituent was more effective than its linear isomer.

A similar behaviour at the 200 mg/kg dose was
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apparatus and are uncorrected. IR spectra were
recorded on a Perkin-Elmer 398 spectrophotometer. 1H-
NMR spectra were recorded on a Varian Gemini 200 (200
MHz) spectrometer, using (CH3)4Si as an internal refer-
ence (d=0), and chemical shifts (d) are reported in ppm.
Analyses of all new compounds, indicated by the symbols
of the elements, were within90.4% of the theoretical
values and were performed by the Laboratorio di Mi-
croanalisi, Dipartimento di Scienze Farmaceutiche, Uni-
versità di Genova.

Thin layer chromatograms were run on Merck silica gel
60 F254 precoated plastic sheets (layer thickness 0.2 mm).
Column chromatography was performed using Carlo
Erba silica gel (0.05–0.20 mm) or Carlo Erba neutral
aluminium oxide (Brockmann activity I).

5.1.1. General procedure for compounds 3a, j,k,m,n and
4a, j,k,m,n

A mixture of 4.0 mmol of the suitable compound 2 [1,
2], 40.0 mmol of the proper amine and 40 mL of
anhydrous ethanol was stirred at room temperature for
the time reported below for each case.

The reaction mixture was then poured into water (100
mL) and the resulting solution was exhaustively extracted
with dichloromethane. The combined extracts were dried
(anhydrous Na2SO4), then evaporated to dryness under
reduced pressure to give a viscous oil which was subjected
to column chromatography (silica gel), eluting first with
petroleum ether–dichloromethane–triethylamine (6:3:1).
The eluate obtained was evaporated affording a whitish
thick oil from which, after treatment with a little ethyl
ether–petroleum ether, the pure compound 3 separated
out as white or whitish crystalline solid which was then
recrystallized from the suitable solvent.

The corresponding isomer 4 was then recovered by
eluting with methanol. The thick oil obtained after
removing the solvent from this eluate was partitioned
between 0.5 N aqueous NaOH and chloroform, then the
aqueous phase was thoroughly extracted with chloro-
form. The combined chloroform phases were dried (anhy-
drous Na2SO4) and the solvent was removed to give a
whitish thick oil which, after treatment with some ethyl
acetate and standing, afforded the pure compound 4 as
white crystalline solid which was then recrystallized from
the proper solvent.

5.1.1.1. 2-(Isobutylamino)-4-chloro-N,N-dimethyl-
1,8-naphthyridine-3-carboxamide 3a and
4-(isobutylamino)-2-chloro-N,N-dimethyl-1,8-
naphthyridine-3-carboxamide 4a

The reaction (2 h) of 2a [1] (1.08 g) with isobutylamine

(2.93 g) afforded 3a (0.53 g, 43%) and 4a (0.46 g, 37%).
Compound 3a. M.p. 95–96 °C (from isopropyl ether);

IR (CHCl3), cm−1: 3430 (NH), 1631 (CO), 1608, 1553
weak, 1527; 1H-NMR (CDCl3), d : 0.96 [d, 6H,
NCH2CH(CH3)2], 2.00 [m, 1H, NCH2CH(CH3)2], 2.94
and 3.20 [2 s, 6H, N(CH3)2], 3.47 [m, 2H,
NCH2CH(CH3)2], 5.32 (near t, 1H, NH; disappeared with
D2O), 7.22 (dd, J6,5=8.5 Hz, J6,7=4.2 Hz, 1H, H-6), 8.30
(dd, J5,6=8.5 Hz, J5,7=2 Hz, 1H, H-5), 8.85 (dd,
J7,6=4.2 Hz, J7,5=2 Hz, 1H, H-7). Anal. C15H19ClN4O
(C, H, N, Cl).

Compound 4a. M.p. 187–188 °C (from ethyl acetate);
IR (CHCl3), cm−1: 3345 and 3320 broad (NH), 1626
(CO), 1600 weak, 1578, 1561, 1520 broad; 1H-NMR
(CDCl3), d : 1.01 [d, 6H, NCH2CH(CH3)2], 1.93 [m, 1H,
NCH2CH(CH3)2], 2.99 and 3.17 [2 s, 6H, N(CH3)2], 3.05
and 3.36 [2 m, 2H, NCH2CH(CH3)2], 5.46 (near t, 1H,
NH; disappeared with D2O), 7.38 (dd, J6,5=8.5 Hz,
J6,7=4.2 Hz, 1H, H-6), 8.25 (dd, J5,6=8.5 Hz, J5,7=2
Hz, 1H, H-5), 8.98 (dd, J7,6=4.2 Hz, J7,5=2 Hz, 1H,
H-7). Anal. C15H19ClN4O (C, H, N, Cl).

5.1.1.2. 4-Chloro-2-(cyclopropylamino)-N,N-dipropyl-
1,8-naphthyridine-3-carboxamide 3j and
2-chloro-4-(cyclopropylamino)-N,N-dipropyl-
1,8-naphthyridine-3-carboxamide 4j

The reaction (24 h) of 2b [2] (1.30 g) with cyclopropyl-
amine (2.28 g) yielded 3j (0.45 g, 32%) and 4j (0.76 g, 55%).

Compound 3j. M.p. 104–105 °C (from isopropyl
ether); IR (CHCl3), cm−1: 3415 (NH), 1628 (CO), 1604,
1551, 1512; 1H-NMR (CDCl3), d : 0.53 (m, 2H, cyclo-
propyl CH2), 0.70 and 1.02 [2 t, 6H, N(CH2CH2CH3)2],
0.80–1.08 (m, 2H, cyclopropyl CH2), 1.32–1.58 and
1.64–1.86 [2 m, 4H, N(CH2CH2CH3)2], 2.95–3.32 [m, 4H,
3H of N(CH2CH2CH3)2+cyclopropyl CH], 3.82 [m, 1H,
1H of N(CH2CH2CH3)2], 5.43 (s, 1H, NH; disappeared
with D2O), 7.29 (dd, J6,5=8.5 Hz, J6,7=4.2 Hz, 1H, H-6),
8.34 (dd, J5,6=8.5 Hz, J5,7=2 Hz, 1H, H-5), 8.90 (dd,
J7,6=4.2 Hz, J7,5=2 Hz, 1H, H-7). Anal. C18H23ClN4O
(C, H, N, Cl).

Compound 4j. M.p. 124–125 °C (from ethyl acetate);
IR (CHCl3), cm−1: 3445 weak and 3380 broad (NH),
1617 (CO), 1598, 1583, 1555, 1503; 1H-NMR (CDCl3), d :
0.62–0.80 (m, 2H, cyclopropyl CH2), 0.73 and 1.01 [2 t,
6H, N(CH2CH2CH3)2], 0.90–1.10 (m, 2H, cyclopropyl
CH2), 1.32–1.89 [m, 4H, N(CH2CH2CH3)2], 3.01–3.27
[m, 4H, 3H of N(CH2CH2CH3)2+cyclopropyl CH], 3.82
[m, 1H, 1H of N(CH2CH2CH3)2], 5.81 (s, 1H, NH;
disappeared with D2O), 7.36 (dd, J6,5=8.5 Hz, J6,7=4.2
Hz, 1H, H-6), 8.93 (dd, J5,6=8.5 Hz, J5,7=2 Hz, 1H,
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H-5), 9.00 (dd, J7,6=4.2 Hz, J7,5=2 Hz, 1H, H-7). Anal.
C18H23ClN4O (C, H, N, Cl).

5.1.1.3. 2-(Isobutylamino)-4-chloro-N,N-dipropyl-
1,8-naphthyridine-3-carboxamide 3k and
4-(isobutylamino)-2-chloro-N,N-dipropyl-1,8-
naphthyridine-3-carboxamide 4k

The reaction (2 h) of 2b [2] (1.30 g) with isobutylamine
(2.93 g) afforded 3k (0.49 g, 34%) and 4k (0.57 g, 39%).

Compound 3k. M.p. 102–103 °C (from isopropyl
ether); IR (CHCl3), cm−1: 3435 (NH), 1628 (CO), 1613,
1559, 1530; 1H-NMR (CDCl3), d : 0.73 and 1.02 [2 t, 6H,
N(CH2CH2CH3)2], 0.97 [d, 6H, NCH2CH(CH3)2], 1.52
and 1.76 [2 m, 4H, N(CH2CH2CH3)2], 1.96 [m, 1H,
NCH2CH(CH3)2], 3.14 [t, 2H, 2H of N(CH2CH2CH3)2],
3.21–3.61 [m, 3H, 1H of N(CH2CH2CH3)2+
NCH2CH(CH3)2], 3.78 [m, 1H, 1H of N(CH2CH2CH3)2],
5.26 (near t, 1H, NH; disappeared with D2O), 7.26 (dd,
J6,5=8.5 Hz, J6,7=4.2 Hz, 1H, H-6), 8.33 (dd, J5,6=8.5
Hz, J5,7=2 Hz, 1H, H-5), 8.86 (dd, J7,6=4.2 Hz, J7,5=2
Hz, 1H, H-7). Anal. C19H27ClN4O (C, H, N, Cl).

Compound 4k. M.p. 150–151.5 °C (from ethyl ace-
tate/petroleum ether); IR (CHCl3), cm−1: 3450 and 3350
broad (NH), 1619 (CO), 1601, 1582, 1560, 1516 broad;
1H-NMR (CDCl3), d : 0.74 and 1.00 [2 t, 6H,
N(CH2CH2CH3)2], 1.05 [d, 6H, NCH2CH(CH3)2], 1.39–
1.84 [m, 4H, N(CH2CH2CH3)2], 1.94 [m, 1H,
NCH2CH(CH3)2], 3.16 [t+m, 3H, 2H of N(CH2-
CH2CH3)2+1H of NCH2CH(CH3)2], 3.25–3.52 [m,
2H, 1H of N(CH2CH2CH3)2+1H of NCH2CH-
(CH3)2], 3.62 [m, 1H, 1H of N(CH2CH2CH3)2], 5.29
(near t, 1H, NH; disappeared with D2O), 7.38 (dd,
J6,5=8.5 Hz, J6,7=4.2 Hz, 1H, H-6), 8.28 (dd, J5,6=8.5
Hz, J5,7=2 Hz, 1H, H-5), 8.99 (dd, J7,6=4.2 Hz, J7,5=2
Hz, 1H, H-7). Anal. C19H27ClN4O (C, H, N, Cl).

5.1.1.4. 4-Chloro-2-(cyclopropylamino)-N,N-diisopropyl-
1,8-naphthyridine-3-carboxamide 3m and
2-chloro-4-(cyclopropylamino)-N,N-diisopropyl-
1,8-naphthyridine-3-carboxamide 4m

The reaction (24 h) of 2c [1] (1.30 g) with cyclopro-
pylamine (2.28 g) afforded 3m (0.49 g, 35%) and 4m (0.72
g, 52%).

Compound 3m. M.p. 145–145.5 °C (from isopropyl
ether); IR (CHCl3), cm−1: 3419 (NH), 1629 (CO), 1608,
1553, 1511; 1H-NMR (CDCl3), d : 0.53 (m, 2H, cyclo-
propyl CH2), 0.80–1.04 (m, 2H, cyclopropyl CH2), 1.09
and 1.21 [2 d, 6H, NCH(CH3)2], 1.59 and 1.61 [2 d, 6H,
NCH(CH3)2], 3.09 (m, 1H, cyclopropyl CH), 3.60 {m,
2H, N[CH(CH3)2]2}, 5.23 (near s, 1H, NH; disappeared

with D2O), 7.29 (dd, J6,5=8.5 Hz, J6,7=4.2 Hz, 1H,
H-6), 8.34 (dd, J5,6=8.5 Hz, J5,7=2 Hz, 1H, H-5), 8.90
(dd, J7,6=4.2 Hz, J7,5=2 Hz, 1H, H-7). Anal.
C18H23ClN4O (C, H, N, Cl).

Compound 4m. M.p. 219.5–220 °C (from ethyl ace-
tate); IR (CHCl3), cm−1: 3450 weak and 3390 (NH),
1619 (CO), 1599, 1582, 1554, 1500; 1H-NMR (CDCl3), d:
0.70 and 1.00 (2 m, 4H, cyclopropyl CH2’s), 1.07 and
1.25 [2 d, 6H, NCH(CH3)2], 1.58 and 1.60 [2 d, 6H,
NCH(CH3)2], 3.11 (m, 1H, cyclopropyl CH), 3.57 and
3.72 {2 m, 2H, N[CH(CH3)2]2}, 5.48 (near s, 1H, NH;
disappeared with D2O), 7.36 (dd, J6,5=8.5 Hz, J6,7=4.2
Hz, 1H, H-6), 8.96–9.06 (m, 2H, H-5,7). Anal.
C18H23ClN4O (C, H, N, Cl).

5.1.1.5. 2-(Isobutylamino)-4-chloro-N,N-
pentamethylene-1,8-naphthyridine-3-carboxamide 3n and
4-(isobutylamino)-2-chloro-N,N-pentamethylene-
1,8-naphthyridine-3-carboxamide 4n

The reaction (1 h) of 2d [1] (1.24 g) with isobutylamine
(2.93 g) afforded 3n (0.47 g, 34%) and 4n (0.58 g, 42%).

Compound 3n. M.p. 180–181 °C (from ethyl acetate);
IR (CHCl3), cm−1: 3430 (NH), 1624 (CO), 1610, 1554,
1527; 1H-NMR (CDCl3), d : 0.98 [d, 6H, NCH2-
CH(CH3)2], 1.34–1.85 (m, 6H, piperidine b+g-CH2’s),
1.98 [m, 1H, NCH2CH(CH3)2], 3.21–3.45 (m, 3H, 3H of
piperidine a-CH2’s), 3.52–3.70 [m, 2H, NCH2CH-
(CH3)2], 3.94–4.09 (m, 1H, 1H of piperidine a-CH2), 5.25
(t, 1H, NH; disappeared with D2O), 7.24 (dd, J6,5=8.5
Hz, J6,7=4.2 Hz, 1H, H-6), 8.30 (dd, J5,6=8.5 Hz,
J5,7=2 Hz, 1H, H-5), 8.86 (dd, J7,6=4.2 Hz, J7,5=2 Hz,
1H, H-7). Anal. C18H23ClN4O (C, H, N, Cl).

Compound 4n. M.p. 197–198 °C (from ethyl acetate);
IR (CHCl3), cm−1: 3455 and 3310 broad (NH), 1619
(CO), 1602, 1581, 1563, 1525; 1H-NMR (CDCl3), d : 1.02
and 1.04 [2d, 6H, NCH2CH(CH3)2], 1.40–1.90 (m, 6H,
piperidine b+g�CH2’s), 1.96 [m, 1H, NCH2CH(CH3)2],
3.00–3.16 [m, 1H, 1H of NCH2CH(CH3)2], 3.20–3.48
[m, 3H, 1H of NCH2CH(CH3)2+2H of piperidine a-
CH2’s], 3.78 (m, 2H, 2H of piperidine a-CH2’s), 5.40
(near s, 1H, NH; disappeared with D2O), 7.36 (dd,
J6,5=8.5 Hz, J6,7=4.2 Hz, 1H, H-6), 8.23 (dd, J5,6=8.5
Hz, J5,7=2 Hz, 1H, H-5), 8.97 (dd, J7,6=4.2 Hz, J7,5=2
Hz, 1H, H-7). Anal. C18H23ClN4O (C, H, N, Cl).

5.1.2. General procedure for N,N-dialkyl-9-alkyl or
phenyl-5-(alkylamino or cycloalkylamino)[1,2,4]-
triazolo[4,3-a][1,8]naphthyridine-6-carboxamides 8a–x

A mixture of 4.0 mmol of the proper compound 4
(1.23 g of 4a or 4b [1], 1.28 g of 4c [2] or 4d [1], 1.27 g
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of 4e [2] or 4f [1], 1.34 g of 4g [2] or 4h [2], 1.44 g of
4i [1], 1.39 g of 4j, 4m or 4n, 1.45 g of 4k, 1.55 g of
4l [2], 8.0 mmol of the suitable hydrazide (0.54 g of
formylhydrazine, 0.59 g of acetylhydrazine, 0.70 g of
propionylhydrazine, 0.80 g of butyrylhydrazine or
isobutyrylhydrazine, 0.90 g of isovalerylhydrazine or
pivaloylhydrazine, 1.18 g of phenylacetylhydrazine, or
1.09 g of benzoylhydrazine) and 10 mL of Dowtherm
A was stirred at 160 °C for 20 min (compounds
8c,n,o) or 1 h (compounds 8a,b,d–g,i–m, q–s,u,v,x) or
at 150 °C for 15 min then at 200 °C for 1 h (com-
pound 8p). For the preparation of compounds 8h,t,w
only 4.0 mmol (0.35 g) of propionylhydrazine were
used and the reaction was carried out at 130 °C for
1 h.

After cooling, compound 8 was recovered through
one of the three following procedures.

In most cases (compounds 8c–e,g,i–t,v,w) the reac-
tion mixture was partitioned between chloroform and
10% aqueous Na2CO3. The organic layer was collected
and the aqueous phase was extracted several more
times with chloroform. The combined extracts were
dried (anhydrous Na2SO4), then evaporated to dryness
under reduced pressure to give an oily residue which
was chromatographed on a silica gel (compounds
8d,e,g,i–m,p–t,v,w) or neutral aluminium oxide column
(compounds 8c,n,o) eluting with dichloromethane
[petroleum ether–dichloromethane (9:1) in the case of
8n] until Dowtherm A was completely removed. The
nearly pure compound 8 was then recovered by eluting
with the suitable solvent [dichloromethane for com-
pound 8n; ethyl acetate for compounds 8c,o; acetone
for 8g,i,p–s; chloroform–methanol (9:1) for 8d,e,j–m,t;
acetone–chloroform–methanol (50:45:5) for 8v; ben-
zene-triethylamine (9:1) for 8w]. The solid or thick oily
residue obtained from the eluate was then crystallized
from the proper solvent.

In the case of compounds 8a,b,u, the reaction mix-
ture was nearly devoid of the starting compound 4
(TLC) and was partitioned between ethyl ether and
2N aqueous HCl. The aqueous layer was collected and
the organic phase was alternately extracted several
times with 2N aqueous HCl and water. The combined
aqueous phases were then cooled in an ice-bath, then
carefully made alkaline with 6N aqueous NaOH. The
resulting turbid solution was exhaustively extracted
with chloroform and the combined extracts (dried over
anhydrous Na2SO4) were evaporated in vacuo to give
a solid residue which was then crystallized from the
appropriate solvent.

In the case of compounds 8f,h,x, the crystalline
solid present in the final reaction mixture (hydrochlo-
ride of compound 8) was recovered by filtration,
washed with ethyl ether and dried. This solid was then
suspended and stirred some minutes at room tempera-
ture in 10% aqueous Na2CO3, then the mixture was
exhaustively extracted with chloroform. The combined
extracts were dried (anhydrous Na2SO4), then evapo-
rated to dryness in vacuo to give the nearly pure com-
pound 8 as a solid which was crystallized from the
suitable solvent.

Compounds 8a–x are yellow or pale yellow crys-
talline solids. Their data are reported in table IV.

5.2. Pharmacology

Male albino Swiss mice (22–30 g) and male
Sprague–Dawley rats (100–120 g) were used. All the
test compounds were administered by oral gavage in a
0.5% carboxymethylcellulose suspension.

5.2.1. Anti-inflammatory acti6ity
The carrageenin-induced paw edema test [7] was

used on groups of five rats. Sixty minutes after the
administration of the test compound, 0.1 mL of a 1%
carrageenin solution in saline was injected into the
plantar surface of the right hind paw of each rat. Paw
volume, as determined by measuring the amount of
water displaced after immersing the paw to the level
of the lateral malleolus, was recorded immediately af-
ter the carrageenin injection, and again 3 h later. The
difference between these two values was taken as
edema volume. The percent inhibition of the edema of
treated rats with respect to controls was calculated.
Indomethacin (6 mg/kg p.o.) was used as reference
standard.

5.2.2. Anti-aggressi6e acti6ity
The isolation-induced aggressiveness test [8] was

used on groups of four mice. Mice at least 4-weeks-
old were isolated in a cage for several weeks. Sixty
minutes before test compound administration aggres-
sive isolated mice were selected by placing an intruder
in the cage of the isolated mouse. Mice showing more
than three fighting episodes in 3 min were chosen. The
same procedure was repeated 60 min after the admin-
istration of the test compound: mice showing less than
three fighting episodes in 3 min were considered pro-
tected. Diazepam (10 mg/kg p.o.) was used as refer-
ence standard.
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5.2.3. Analgesic acti6ity
The writhing test [9] was used on groups of six mice.

One hour after the administration of the test compound,
0.01 mL/g of a 0.6% acetic acid solution was injected
intraperitoneally in each mouse. The writhing movements
of each animal were counted for 15 min (between the 5th
and 20th min after the injection of the irritant). The
antinociceptive effect was expressed as the percentage of
protection compared with the control group. Dipyrone
(100 mg/kg p.o.) was used as reference standard.
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