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On the basis of docking studies carried out using the recently published cannabinoid receptofhmadels,

1,8-naphthyridin-4(#)-on-3-carboxamide and quinol

in-4)-on-3-carboxamide derivatives were designed,

synthesized, and tested for their affinities toward the cannabinoida@8 CB receptors. CompountiO,
which presenteg-fluorobenzyl and carboxycycloheptylamide substituents bound in the 1 and 3 positions

of the 1,8-naphthyiridine-4-one nucleus, showed a

high &fBnity with a K; of 1.0 nM. The substitution

of the naphthyridine-4-one nucleus with the quinoline-4-one system determined a general increase in CB
affinity. In particular, theN-cyclohexyl-7-chloro-1-(2-morpholin-4-ylethyl)quinolin-4f}-on-3-carboxamide

(40) possessed a remarkable affinity, wikhof 3.3 nM, which was also accompanied by a high selectivity

for the CB receptor Ki(CBy)/Ki(CB;) ratio greater than 303). Moreover, ti€J]GTPy binding assay and

functional studies on human basophils indicated that
behaved as CBand CB receptor agonists.

Introduction
Cannabinoids are present in Indian her@@annabis satia

L., and have been used since antiquity as medicinal adents.

Interest in cannabinoid pharmacology has rapidly increased sinc
the discovery of the endocannabinoid system (ECS), whic

includes cannabinoid receptors, the endocannabinoids (anan

damidé and 2-arachidonoylglycer®)| metabolizing enzymes
(fatty acid amide hydrolagdeind monoglyceride lipa8 and a
specific cellular uptake system (the anandamide transporte
proteirf).

To date, two distinct cannabinoid receptors, :GBid CB,
have been identified in mammalian tissues and cldiféthese

receptors belong to the superfamily of G-protein-coupled

receptor (GPCR) seven-transmembrane receptors, which nega

tively regulate adenylate cyclase. The {QBceptor is mainly

located in the central nervous system, with the highest density
in the cerebellum, the basal ganglia, the substantia nigra par
compacta, and some regions of the globus pallidus. It is also
present in peripheral organs such as the adrenal glands, bon

marrow, lung, testis, and uter@&lnlike CBy, the CB receptor

is limited essentially to the cells associated with the immune
system, like spleen, thymus, and tondflsBecause of the
virtually exclusive peripheral expression of €&nd its presence
only in microglial cells in the central nervous system (CNS),
selective CB ligands should be devoid of the undesired central
nervous system effects typical ofJ-trans-A°-tetrahydrocan-
nabinol AS-THC), the major psychoactive component of
Cannabis satia L.1!

The finding of endogenous agonists at these receptors, the

endocannabinoids, opened new therapeutic possibilities throug
the modulation of the activity of the CB receptor. Moreover,
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the 1,8-naphthyridif)-d(it3-carboxamide derivatives

the molecular characterization of these receptors allowed the
development of synthetic compounds with cannabinoid and
noncannabinoid structures, which have found pharmaceutical
capplication’=*3Although the physiological role of CB receptors

h Is not yet completely explained, these receptors seem to be

involved in several pathophysiological diseakts particular,
selective CB receptor antagonists such as rimonabaate
currently under investigation in clinical human studies for
treating obesity through the control of appéfitt’ and may be
a helpful tool to stop smokin In contrast, A>-THC and
nabilone are currently marketed to reduce emesis and/or prevent
cachexia in AIDS or cancer patierisUnlike the CB receptor,
the physiological and putative therapeutic potential of the CB
receptor largely remains unexplored. However, selective ligands
could be useful for the treatment of p&fjnflammation2t
osteoporosid? growth of malignant glioma% tumors of
Jmmune origin?* and immunological disorders such as multiple
sclerosi€® Furthermore, CB agents could be exploited for
grevention of Alzheimer's disease pathology, given of the
presence of the CBreceptor in the brain microglial celf§:27
Finally, it has recently been shown that £&#&ceptor agonists
might provide neuroprotection by blockade of microglial
activation?8

Cannabinoid ligands are currently classified into different
structural classes, namely, classic cannabinoids (tricyclic diben-
zopyran derivatives produced by tl&nnabisplant and their
synthetic derivatives) such &8-THC, nonclassic cannabinoids
(bicyclic or tricyclic THC derivatives) such as$H]CP-55,-
9402930 endocannabinoids such as arachidonylethanolamide
AEA) and their synthetic derivatived,indoles (typified by

IN-55,212-2), pyrazoles? and indenes3

We have previously reported the synthesis and the binding
activity at mouse cannabinoid receptors of a series of 1,8-
" naphthyridin-4(H)-on-3-carboxamide derivatives whose general
structure isA (Figure 1)34

The binding results showed that the naphthyridine derivatives
generally exhibit a higher affinity for the GBhan for the CB
receptor, and for some of these compoundsi(€B,)/Ki(CB,)

r
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o o0 model predicted an affinity lower than 13 nM, whereas for one
compound a poor affinity was calculated.

~ | | NHRs Furthermore, our studies suggested that some features of the
Ry NN 1,8-naphthyridine derivatives did not seem to be important for
1'11 interaction with the CBreceptor. In particular, the methyl group
A (Rs) did not seem to interact strongly with any lipophilic residues
Figure 1. General structure of 1,8-naphthyridin-#{)ton-3-carbox- of the CB receptor, and thg N8'ato'm of the naphthyridine fing
amide derivatives. played a secondary role, since it did not interact with any polar

residue (see Figure 3).

ratio was higher than 20. Furthermore, some of these compounds The virtual screening in the GBeceptor of compounds in
exhibit a CB affinity value in the nanomolar rangé. which the methyl group (8 was removed or substituted with
We recently constructed the three-dimensional models of the & chlorine atom and of compounds in which the naphthyridin-
CB; and CB receptors by means of a molecular modeling 4-One ring was substituted with a quinolin-4-one as its central
procedure, and a series of €Bgands were docked into both ~ nucleus revealed that these ligands seemed to maintain good
receptors, showing that the GBmodel was reliable and CB:2 affinity, and in some cases the affinity seemed to be greater

predictive3 than that of their methyl-substituted and naphthyridine ana-
The docking study of structuré naphthyridine derivativé$ logues. . . . o
highlighted the liganetreceptor interactions that determine an ~ In light of these considerations, we synthesized new quinolin-

increase in affinity and selectivity. In particular, this analysis 4(1H)-on-3-carboxamide derivatives and some new 1,8-naph-
suggested that the preservation of good/CB; selectivity and ~ thyridin-4(1H)-on-3-carboxamide in which thesfnethyl group
the improvement of the GBaffinity seemed to require (i) the =~ Wwas removed or substituted with a chlorine atom.
presence of a nonaromatig Rubstituent capable of interacting Finally, all the 1,8-naphthyridine derivatives tested could form
in the CB receptor with the nonconserved residue F5.46(197) an intramolecular H bond between the carbonylic oxygen and
and (i) a lipophilic R substituent with an H bond acceptor the amidic NH, creating a pseudocycle planar with the naph-
atom capable of interacting in the g@Beceptor with the thyridine ring, and our studies suggested that this interaction
nonconserved S3.31(11%). was quite strong®

Bearing this in mind, new 7-methyl-1,8-naphthyridin-Kij1 To verify the ability of our CB model to discriminate
on-3-carboxamide derivatives were synthesized and tested. Fobetween active and inactive ligands and also to verify whether
eight compounds in this series, the virtual screening in the CB the formation of a planar pseudocycle was important for

Table 1. Radioligand Binding Data of Compounés-20, 24—26, 29, 33, 38—40

(o) (0} H O (0] 0O
= | | NHR; = | NHR; | NHR>
NS \S
R; N ITI R; N ITJ R; ITI
R; R, R;
6-20, 29, 33 24-26 38-40
Ki (nM) predicted
compd R R, Rs CB2¢ Csz,c Ki(CBl)/Ki(CBz) Ki(CBz) (nM)
6 benzyl 4-methylcyclohexyl methyl NT NT NT 3.6
7 p-fluorobenzyl 4-methylcyclohexyl methyl 8% 1.6 1.4+0.1 6 4.0
8 o-fluorobenzyl 4-methylcyclohexyl methyl 375654 8.4+ 0.3 4 5.8
9 benzyl cycloheptyl methyl 14329.1 5.1+ 1.3 28 7.8
10 p-fluorobenzyl cycloheptyl methyl 43 0.6 1.0+0.1 4.3 2.7
11 o-fluorobenzyl cycloheptyl methyl 1494 1.8 13.4+ 4.7 11 3.6
12 benzyl cyclohexyl cloro 463.6: 1.1 24.6+ 4.7 19 63.6
13 p-fluorobenzyl cyclohexyl cloro 495.6 39.4 214+10 23 9.3
14 o-fluorobenzyl cyclohexyl cloro 171.212.3 18.1+ 2.7 9.5 7.8
15 1-ethyl-4-phenylpip cyclohexyl methyl >1000 >1000 2956.9
16 phenethyl cyclohexyl methyl >1000 16.3+£ 1.2 >62 4.5
17 p-methoxybenzyl cyclohexyl methyl >1000 35.8+ 2.1 >28 12.1
18 p-fluorbenzyl cyclohexyl H 384.% 25.3 13.0+1.4 29 73.7
19 benzyl cyclohexyl H >1000 48.6+ 12.0 >21 102.8
20 ethylmorph cyclohexyl H >1000 67.2+ 11.6 >15 57.8
24 o-fluorobenzyl cyclohexyl methyl >1000 >1000 1013.7
25 ethylmorph 4-methylcyclohexyl methyl >1000 >1000 777.4
26 benzyl cyclohexyl methyl >1000 >1000 1763.6
29 o-fluorobenzyl cyclohexyl o-fluorobenzyloxy NT NT 1312.6
33 ethylmorph 4-methylcyclohexyl Cl >1000 40.5+-7.7 >25 125.4
38 ethylmorph cyclohexyl H NT NT 70.0
39 benzyl cyclohexyl H >1000 48+ 04 >210 394
40 ethylmorph cyclohexyl Cl >1000 3.3t 04 >303 17.9
SDEP 0.69
4132 ethylmorph cyclopentyl methyl >1000 50+ 4 >20
4282 benzyl cyclohexyl methyl 12# 10 10+ 0.5 13
ACEA 3.9+0.2 120.8+ 14.5 0.03
JWH-133 458.0t 15.1 65+ 8.7 7.0

a Affinity of compounds for CB receptor was evaluated using mouse brain membranesai@H-55,940.2 Affinity of compounds for CB receptor
was evaluated using mouse spleen ait]¢P-55,940° NT = not tested because of insolubility in the solvent normally used in binding assays.



Carboxamide Detriatives as Agonists Journal of Medicinal Chemistry, 2006, Vol. 49, No.5829

Scheme 3.Synthesis of 14-Fluorbenzyl)-7-
(o-fluorobenzyloxy)-1,8-naphthyridin-4H)-on-3-carboxamide

Scheme 1.Synthesis of N-Substituted
1,8-Naphthyridin-4(H)-on-3-carboxamide Derivative&2(?
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Scheme 2.Synthesis of NSubstituted 4-Hydroxy-7-methyl-
1,2,3,4-tetrahydro-1,8-naphthyridin-3-carboxami@és 262
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a Reagents and conditions: (i) 4-methylcyclohexylamine, 42024 h;
(ii) NaNOy, HCI, 40°C, 3 h; (iii) 4-(2-chloroethyl)morpholine, NaH, DMF,
50°C, 24 h.

Scheme 5. Synthesis of N-Substituted Quinolin-4{})-on-3-

Carboxamide88—402

interaction inside the CBreceptor, we synthesized and tested

some new compounds characterized by the presence of a 3438 R‘ 36’37 R‘
hydroxy group in position 4 of the naphthyridine nucleus, instead
of the carbonyl oxygen atom, and by partial removal of the Comp|  Ri R o 0
aromaticity of the cycle (for which, as shown in Table 1, virtual 34,36 H H MN
screening predicted a GBffinity greater than 750 nM). 35,37 H a | )
Chemistr B | covan k2 h

: ¥ |-y w 3840 Ri

The compounds described in this study are shown in Table 0 | e

1, and their syntheses are outlined in Scheme$.1The

treatment of carboxamide derivative 2, 3, 4,3 and 5 in
anhydrous DMF with NaH fol h and then with the appropriate
benzyl chloride or arylalkyl chloride or 4-(2-chloroethyl)-
morpholine provided the desired 1,8-naphthyridin-4-one deriva- Nj-substituted 4-hydroxy-7-methyl-1,2,3,4-tetrahydro-1,8-naph-
tives6—20 (Scheme 1). 1-(2-Chloroethyl)-4-phenylpiperazine, thyridin-3-carboxamide4—26 (Scheme 2). As reported in
which was needed to prepalé, was synthesized following ~ Scheme 3, the diazotization of compouid* with NaNO; in

a8 Reagents and conditions: (i) cyclohexylamine, 22024 h; (ii) NaH,
DMF, R;iCl, 50 or 80°C, 24 h.

the method reported in the literatud#&The carboxamidé was

obtained by dehalogenation 4% with H, in the presence of

Pd/C as a catalyst.
The reaction of the 1,8-naphthyridin-4-one derivatids-

aqueous 96% sulfuric acid gave the 7-hydroxy derivafiée
which, by reaction witro-fluorobenzyl chloride under the same
conditions described above, gaMecyclohexyl-1-6-fluorben-
zyl)-7-(o-fluorobenzyloxy)-1,8-naphthyridin-4H)-on-3-car-

233 with sodium borohydride in anhydrous ethanol gave the boxamide 29).
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Table 2. Effect of 1,8-Naphthyridine Derivativeg and8 on [F*S]GTP/S Binding in Mouse Brain Membranes

compd R Ro Rs ECs02 (nM) Emax? (%)
7 p-fluorobenzyl 4-methylcyclohexyl methyl 2 4.7 172+ 9.6
8 o-fluorobenzyl 4-methylcyclohexyl methyl 138 21* 161+2.3
WIN-55,212-2 204+ 24 187+ 19

aData are the meatt SEM of at least four experiments, each performed in duplicate. Compound-medP&EaITPy'S binding data represent percentage
of stimulation over basal values (set as 100%)ax and EGo were determined by nonlinear regression curve fit (GraphPad Prism). ANGYA8) =
21.97,P < 0.002; &) P < 0.01 with respect to WIN-55212,2 arfd (+x) P < 0.05 with respect to WIN-55212,2 (NewmakKeuls test).

The 7-acetamido-1,8-naphthyridin-#{ton-3-carboxylic acid is clear from a comparison of compounds-11 with the
ethyl ester30°” was heated at 120C in a sealed tube with  corresponding 3-carboxycyclohexylamide derivatives previously
4-methylcyclohexylamine (Scheme 4). Under these conditions, studied3*
the hydrolysis of the acetamido group also takes place, and thus, Furthermore, the substitution of the methyl group in position
the 7-amino-3-carboxamide derivati@d was obtained. Dia- 7 of the 1,8-naphthyridine nucleus with an atom of chlorine, or
zotization of this compound carried out in aqueous 37% the lack of any substituent in the same position, reduces the
hydrochloride acid afforded the 7-chloro derivat®2 which, CB; receptor affinity, as can be seen from a comparison of
by reaction with 4-(2-chloroethyl)morpholine at 3G, gave compoundsl2—14, 18—20, and 33 with the corresponding
the desired compoun®3 (Scheme 4). As reported in Scheme 7-methyl-1,8-naphthyridine derivatives previously studitd.

5, the reaction of quinolin-4{)-on-3-carboxylic acid ethyl ester Finally, the 4-hydroxy-1,2,3,4-tetrahydro-1,8-naphthyridine
34 or 35°8 in a sealed tube with cychlohexylamine at 12D derivatives24—26 and the quinolin-4(#)-one derivatives39
afforded the corresponding 3-carboxamide derivatBfsr 37, and 40 lack any affinity toward the CBreceptor, with aK;
respectively, which by treatment with NaH and then with benzyl value greater than 1000.

chloride or 4-(2-chloroethyl)morpholine gave the desired com-  These results show that some of the compounds studied

pounds38—40. possess an interesting affinity at the {dBceptor. In particular,
the 1,8-naphthyridine derivativgs 8, and10 exhibit a consider-
Results and Discussion able affinity but are not selective for this receptor.

Influence of CB; Ligands on [**S]GTPyS Binding. Among
all compounds showing a high affinity for GBeceptorsy and
8 were selected with the aim of investigating their agonistic or
antagonistic functions at the GBeceptor by means of &5]-
GTPyS binding assay, using mouse brain membranes. This assay
provides a functional measure of the interaction of the receptor
and the G protein. The first step in the activation of intracellular
signaling by the G-protein-coupled receptor is the induction of
an exchange of GDP for GTP on the guanine nucleotide binding
site of thea. subunit of a heterotrimeric G protein. The effects
of various cannabinoid receptor agonists on GDP-GTP exchange
133, as reference compounds at the,GAd CE receptors, can be determined from agonist-induced binding of the non-
respectively, are also included in Table 1. hydrolyzable GTP analogué®g]GTP,S 4041

Finally, the question of the 1,8-naphthyridine-4-one deriva- WIN-55,212-2, a CB receptor agonist, was used as the
tives functionality at the CBand CB receptors was investigated  |aoference compound33B]GTP/S binding was stimulated in a
by using a *S]GTPy binding assa#*'and functional studies  ¢oncentration-dependent and saturable mannef,b§, and
on human basophils, respectivéfy? WIN-55,212-2 (see Table 2). Maximal stimulatioBy) of

CB1 Receptor Affinity. The results reported in Table 1 for  [35S]GTPyS binding by WIN-55,212-2 was 18F 19%, with
the 1,8-naphthyridin-4{1)-on-3-carboxamide derivativés-20, an EGg of 204 + 24 nM. TheEmay values for7 and 8 were
29, and33 show that, as previously reportétthe compounds 1724 9.6% and 161 2.3%, respectively, with no significant
with an ethylmorpholino group in position 12¢ and 33), difference from theEnax produced by WIN-55,212-2 (ANO-
regardless of the nature of the carboxyamido substituent invA: F(2,8)= 1.04,P = 0.4068). The E¢, values for7 and8
position 3 and of the substituent in position 7 of the heterocyclic were 274+ 4.7 and 138+ 21 nM, respectively, both of which
nucleus, exhibited a poor affinity, witl; values greater than  were more potent than WIN-55,212-E(2,8) = 21.97,P <
1000. Analogously, compounds, 16, and17, which bear in  0.002]. These findings clearly indicate tha&and8 are agonists
position 1 of the naphthyridine nucleus a 1-ethyl-4-phenylpip- at the CR receptor. Furthermore, we may hypothesize that the
erazinyl group, a phenethyl group, andpamethoxybenzyl  other 1,8-naphthyridin-4()-on-3-carboxamide derivatives
group, respectively, possess a very low affinity, wittvalues ~ 9—20, 29, and33, which are structurally analogous Taands,
greater than 1000. The presence in position 1 of a benzyl group,possess the same kind of activity.
whether substituted or not, led to compounds with an interesting  CB, Receptor Affinity. The results obtained indicate that,

Pharmacology.Affinities at CB; and CB receptors for the
1,8-naphthyridin-4(H)-on-3-carboxamide derivative6—20,
24—26, 29, and33 and for the quinolin-4(#)-on-3-carboxamide
derivatives38—40 were determined by measuring their ability
to displace H]CP-55,940 from its binding site in a membrane
preparation from mouse brain (minus cerebellum) and mouse
spleen homogenate, respectiveSH]JCP-55,940 binding was
carried out following a modified version of the method
previously describeé The results of these determinations are
summarized in Table 1. Thk; values of ACEA and JWH-

affinity. In par'_[icular, thq)_—fluorobenzyl derivativeg an_d 10 in agreement with previous repdftthe N-benzyl-1,8-naphthy-
showed the highest affinity toward the €Beceptor, withK; ridine derivatives possess a higher affinity than Methyl-
of 8.7 and 4.3 nM, respectively. morpholino derivatives, as is clear from a comparison of

As regards the structural modifications in position 3 of the compounds, 8, 18, and19 with 20 and33. For theN-benzyl-
1,8-naphthyridine nucleus, the substitution of the carboxycy- 1,8-naphthyridine derivativeg{14, 17—19), the presence of
clohexylamide group with a carboxy-4-methylcyclohexylamide an atom of fluorine on the benzyl increases the affinity, above
group or a carboxycyclohepthylamide group leads to compoundsall if the substitution is in the para position. In particular, the
that exhibit an increase in affinity toward the Ciceptor, as p-fluorobenzyl-1,8-naphthyridine derivatives(K; = 1.4 nM)
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and 10 (K; = 1.0 nM) proved to be the compounds with the
highest affinity in this series. Furthermore, thephenethyl-
1,8-naphthyridine derivativ&6 showed a good affinity, with a
Ki of 16.3 nM. In contrast, the compound bearing a 1-ethyl-4-
phenylpiperazinyl group in position 1 of the naphthyridine
nucleus {5) possesses a very low affinity, with l§ value
greater than 1000.

As had previously been found for the €Beceptor, the
substitution of the carboxycyclohexylamide group in position
3 of the 1,8-naphthyridine nucleus with a carboxy-4-methyl-
cyclohexylamide or a carboxycyclohepthylamide group deter-
mines an increase in the affinity toward the ORceptor, as
confirmed by a comparison of compounds-11 with the
corresponding 3-carboxycyclohexylamide derivatives previously
studied*

Furthermore, the substitution of the methyl group in position
7 of the 1,8-naphthyridine nucleus with an atom of chlorine
(12—14 and 33), or the lack of any substituent in the same
position (L8—20), generally determines the maintenance or an
increase in the affinity (except for compournti3and19, which
showed a 4-fold and 5-fold decrease in affinity compared with
the methyl analogué$.

As in the case of the CBreceptor, 4-hydroxy-1,2,3,4-
tetrahydro-1,8-naphthyridine derivative4—26 exhibit a poor
affinity toward the CB receptor, withK; values greater than
1000.

Finally, compounds$9 and40 in which the naphthyridin-4-

one system was substituted by the quinoline-4-one, possess a

remarkable affinity, as suggested by virtual screening, Wijth
values of 4.8 and 3.3 nM, respectively.

Very recently, quinolin-4-one derivativé$with structures
similar to those o839 and40, were synthesized; however, our
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Figure 2. Expression of CD203c by human basophils activated with
anti-Igg (1ug/mL) is reduced by compound® (A) and41 (B) in a
dose-related fashion. The inhibitory effect of compouB8sand 41

on basophil CD203c expression is reverted by SR 144528 (100 nM),
a CB; antagonist, but not by AM 251 (100 nM), a €Bntagonist. The

compounds were characterized by different substituents in values are the meah SEM of six independent experiments performed

positions 1, 3, and 7 of the heterocyclic nucleus.

Most compounds showed a good affinity for the 8Bceptor.

In particular, the 1,8-naphthyridin-4-one derivativesl1 and
the quinolin-4-one derivative39 and 40 possess a very high
affinity, with K; values less than 10 nM.

As for the selectivity toward the CBreceptor, the 1,8-
naphthyridine derivative$6—19 and33 show good selectivity,
with Kj(CB,)/Ki(CBy) > 21. Furthermore, quinolin-4-one de-
rivatives 39 and 40 exhibited very significant CBreceptor
selectivity, withK;(CB;)/K;(CBy) greater than 210 and greater
than 303, respectively, which were higher than reports for the
analogous compound¥i(CB,)/K{(CB,) = 143 for the best
compound)

Test for CB, Functionality. To assess the functionality of
the studied compounds at @Beceptors, functional studies on
human basophils were performed. Activation of ZBceptors
is known to down-regulate the immunological activation of
guinea pig mast cells and human basoptils.

N-Cyclohexyl-1-benzylquinolin-4{)-on-3-carboxamide3Q)
and N-cyclopentyl-7-methyl-1-(2-morpholin-4-ylethyl)-1,8-
naphthyridin-4(H)-on-3-carboxamide(l),3* which is structur-
ally analogous to the 1,8-naphthyridin-#)ton-3-carboxamide
derivatives studied in this paper, were used for functional

in triplicate: @) P < 0.001.

These results show that compour88and41 exert a CB-
mediated inhibitory action on immunological human basophil
activation. Furthermore, we hypothesize that both the quinolin-
4(1H)-on-3-carboxamidetO and the 1,8-naphthyridin-4€)-
on-3-carboxamide derivatives reported in this work possess the
same kind of activity.

Molecular Modeling. With the AUTODOCK 3.0 prograrf®
the compounds shown in Table 1 were docked into the CB
receptor, and their activities were predicted on the basis of the
published computational mode[(see Experimental Section for
details). As indicated by the SDEP value (0.69) reported in Table
1, there was quite a good correlation between the experimental
and the calculate#;. Furthermore, all the ligands with a GB
affinity higher than 1000 nM were predicted to have an affinity
higher than 750 nM.

As suggested by our model, the compound with the best CB
affinity was 10. The docking showed that the @Binding
pocket was delimited by TM3, TM4, TM5, and TM6, and the
cycloheptyl substituent of compourid was directed toward
the intracellular side of the receptor, interacting with W5.43-
(194) and F5.46(197) (see Figure 3). As for thé-benzyl

studies. Human basophils, pretreated with these compounds (1group, it interacted in a lipophilic pocket formed by L3.27-

nM to 1M, 30 min of preincubation, 37C), showed a reduced
expression of CD203c in response to immunological stimulation
(anti-lgE 1ug/mL, 30 min, 37°C). The inhibition was reversed
by the selective CBantagonist SR 144528 (SR, 100 nM, 30
min of preincubation, 37C) but not by AM251 (AM, 100 nM,

30 min of preincubation, 37C), a selective CBantagonist (see
Figure 2).

(108), P4.60(168), and L4.61(169), and the fluorine atom formed
an H bond with S3.31(112).

The docking of compoundO (see Figure 4), the most GB
selective ligand in this series, also revealed that the presence
of the chlorine atom might contribute to the increase in,CB
affinity and CB selectivity, since it might interact with the
nonconserved S6.58(268) (aspartate in the &8eptor).
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Figure 5. Compounds42 (magenta) an@®5 (sky-blue) docked into
the CB, receptor model.

the values predicted by the docking study. In particular,
compoundlO, which presenteg-fluorobenzyl and carboxycy-
cloheptylamide substituents bound in the 1 and 3 positions of
the 1,8-naphthyiridine-4-one nucleus, showed a high &fhity

with a Kj value of 1 nM.

The substitution of the naphthyridine-4-one nucleus with the
quinoline-4-one system determined a general increase in CB
affinity. For compound40, the good CB affinity was also
accompanied by a high selectivity toward the G8ceptor, and
the docking studies suggested that the interaction of the chlorine
atom in position 7 of the heterocyclic nucleus with the
nonconserved residue S6.58(268) in the, C&eptor seemed
to be one of the reasons for the high selectivity value.

Finally, the low affinity shown by the new 4-hydroxytet-
rahydro-1,8-naphthyridine derivatives confirmed the hypothesis
about the fundamental role of the presence of a planar
Figure 4. Compound40 docked into the CBreceptor model. pseudocycle with the naphthyridine nucleus obtained by an

intramolecular H bond between the carbonylic oxygen and the

Finally, the docking of the inactive compoundsi—26 amidic NH.
revealed that the lack of planarity determines a different position  These results provide an interesting addition to currently
of the central lipophilic core, determining weaker interactions ayailable structureactivity relationships for cannabinoid agonist
with the receptor. As shown in Figure 5, the central cor@®f  |igands, opening up a new field of research for designing new
compared with the position of the naphthyridine ring of cannabinoid receptor agonists characterized by a high selectivity
N-cyclohexyl-7-methyl-1-benzyl-1,8-naphthyridin-#{on-3- toward the CB receptor.
carboxamide 42),3* was shifted further way from TM3 and
directed toward TM5, determining weaker interactions with Experimental Section
M6.55(265) and L3.27(107); furthermore, this arrangement  chemistry. Melting points were determined on a Kofler hot stage
determined a weaker interaction of the cyclohexyl ring with apparatus and are uncorrected. IR spectra in Nujol mulls were
F5.46(197), at a distance of 4.7 A (while 42 the distance is recorded on an ATl Mattson Genesis series FTIR spectrometer.

4.0 A). IH NMR spectra were recorded with a Bruker AC-200 spectrometer
in 0 units from TMS as an internal standard. Mass spectra were
Conclusions obtained with a Hewlett-Packard MS system 5988. Elemental

analysis results (C, H, N) were withih0.4% of theoretical values
In the present study, by means of a structure-based approachand were performed on a Carlo Erba elemental analyzer model 1106
we tried to improve the activity and selectivity of 1,8- apparatus.

naphthyridin-4(H)-on-3-carboxamide derivatives, which had General Procedure for the Synthesis of WSubstituted 1,8-
proved to be a new class of GBgands3* Naphthyridine Derivatives (6—20 and 33).An amount of 1.2
For this purpose, following the suggestion obtained from the mmol of NaH was adci:ed to a solution of 1 mmol Bfor of
docking of ligands into a CBreceptor modets new 1,8-  /-Mmethyl- @, 2, and 3%) or of 7-chloro-1,8-naphthyridine-3-

naphthyridin-4(H)-on-3-carboxamide derivatives and quinolin- carboxamide derivative4®? and 32) in 10 mL of dry NN-

. A . . dimethylformamide. After 1 h, the appropriate chloride (1 mmol)
4(1H)-on-3-carboxamide derivatives were designed, syntheS|zed,WaS added and the mixture was stirred for 24 h at room temperature

and tested on the GEand CE receptors. o for compounds$—11, 15, 18, and19 or at 50°C for compounds
Some of these compounds showed a good selectivity toward12—14, 16, 17, and33 or at 50°C for 48 h for20. The reaction
the CB receptor and a high CBaffinity, in agreement with mixture, after cooling in the cases B2—14, 17, and33, was treated
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with water, and the precipitate formed was collected by filtration, 3H, Ar), 4.70 (m, 2H, CH), 3.80 (m, 1H, CH), 3.03 (m, 4H,
whereas forl6, the solvent was evaporated in vacuo and the solid piperazinyl), 2.73 (m, 2H, C}), 2.66 (s, 3H, ChH), 2.60 (m, 4H,

obtained was treated with water and collected by filtration.
N-(4'-Methylcyclohexyl)-1-benzyl-7-methyl-1,8-naphthyridin-
4(1H)-on-3-carboxamide (6).Yield 0.310 g, 80%; mp 239241
°C (crystallized from ethyl acetate); M®&'z 389 (M*); *H NMR
0 10.20, 9.75 (2d, 1H, NH), 9.08, 9.06 (2s, 1Hz)H8.52, 8.60
(2d, 1H, H), 7.48 (d, 1H, H), 7.33 (m, 5H, Ar), 5.80 (s, 2H, C},
4.12, 3.69 (2m, 1H, CH), 2.63 (s, 3H, G$2.20-0.86 (m, 12H,
cyclohexyH— CH3) Anal. (Cz4H27N30z) C, H, N.
N-(4'-Methylcyclohexyl)-1-(p-fluorobenzyl)-7-methyl-1,8-naph-
thyridin-4(1 H)-on-3-carboxamide (7).Yield 0.270 g, 66%; mp
167—-169 °C (crystallized fromn-hexane); MSWz 407 (M*); H
NMR ¢ 10.18, 9.77 (2d, 1H, NH), 9.12, 9.10 (2s, 1H;)H8.59,
8.52 (2d, 1H, H), 7.50 (m, 3H, Ar+ Hg), 7.16 (m, 2H, Ar), 5.77
(s, 2H, CH), 4.18, 3.70 (2m, 1H,CH), 2.65 (s, 3H, G 1.98-
0.86 (m, 12H, cyclohexyt CH3). Anal. (G4H26FN3O,) C, H, N.
N-(4'-Methylcyclohexyl)-1-(-fluorobenzyl)-7-methyl-1,8-naph-
thyridin-4(1 H)-on-3-carboxamide (8).Yield 0.245 g, 60%; mp
183-185°C (crystallized fromn-hexane); MSmz 407 (M*); H
NMR ¢ 10.18, 9.77 (2d, 1H, NH), 9.09, 9.07 (2s, 1Hz)H8.58,
8.52 (2d, 1H, H), 7.46 (d, 1H, H), 7.36-7.14 (m, 4H, Ar), 5.81
(s, 2H, CH), 4.15, 3.70 (2m, 1H, CH), 2.61 (s, 3H, G}12.00-
0.86 (m, 12H, cyclohexyl CH3). Anal. (G4H26FN3O,) C, H, N.
N-Cycloheptyl-1-benzyl-7-methyl-1,8-naphthyridin-4(H)-on-
3-carboxamide (9).Yield 0.225 g, 58%; mp 198200 °C (crystal-
lized from cyclohexane); M$vz 389 (M"); 'H NMR 6 9.88 (d,
1H, NH), 9.07 (s, 1H, H), 8.55 (d, 1H, H), 7.48 (d, 1H, H), 7.33
(m, 5H, Ar), 5.79 (s, 2H, Ch), 4.15 (m, 1H, CH), 2.64 (s, 3H,
CHs), 1.85-1.39 (m, 12H, cycloheptyl). Anal. (GH>7N30,) C,
H, N.
N-Cycloheptyl-1-(p-fluorobenzyl)-7-methyl-1,8-naphthyridin-
4(1H)-on-3-carboxamide (10).Yield 0.300 g, 75%; mp 194196
°C (crystallized from hexane); M8Vz 407 (M"); 'H NMR ¢ 9.91
(d, 1H, NH), 9.10 (s, 1H, b), 8.55 (d, 1H, H), 7.48 (m, 3H, Ar
+He), 7.16 (m, 2H, Ar), 5.77 (s, 2H, Chi 4.15 (m, 1H, CH),
2.64 (s, 3H, CH), 1.85-1.39 (m, 12H, cycloheptyl). Anal. (GH2e
FN3;O,) C, H, N.
N-Cycloheptyl-1-(o-fluorbenzyl)-7-methyl-1,8-naphthyridin-
4(1H)-on-3-carboxamide (11).Yield 0.255 g, 63%; mp 188189
°C (crystallized from cyclohexane); M&z 407 (M"); 'H NMR o
9.90 (d, 1H, NH), 9.07 (s, 1H, %, 8.55 (d, 1H, H), 7.46 (d, 1H,
He), 7.32-7.14 (m, 4H, Ar), 5.81 (s, 2H, C}), 4.15 (m, 1H, CH),
2.61 (s, 3H, CH), 1.85-1.39 (m, 12H, cycloheptyl). Anal. (GH26
FN3;O,) C, H, N.
N-Cyclohexyl-1-benzyl-7-chloro-1,8-naphthyridin-4(H)-on-
3-carboxamide (12). Yield 0.275 g, 70%; mp 258260 °C
(crystallized from hexane); M8vz 395 (M"); IH NMR ¢ 9.72 (d,
1H, NH), 9.12 (s, 1H, ), 8.66 (d, 1H, H), 7.67 (d, 1H, H), 7.32
(m, 5H, Ar), 5.73 (s, 2H, Ch), 3.85 (m, 1H, CH), 1.851.32 (m,
10H, cyclohexyl). Anal. (g:H22CIN3O,) C, H, N.
N-Cyclohexyl-7-chloro-1-p-fluorbenzyl)-1,8-naphthyridin-
4(1H)-on-3-carboxamide (13).Purified by flash chromatography
(ethyl acetate/hexane, 5:6), yield 0.100 g, 25%; mp-12&0 °C
(crystallized from cyclohexane); M8vVz 413 (M*); IH NMR 6
9.72 (d, 1H, NH), 9.14 (s, 1H, #), 8.65 (d, 1H, H), 7.68 (d, 1H,
He), 7.44 (m, 2H, Ar), 7.18 (m, 2H, Ar), 5.71 (s, 2H, G 3.89
(m, 1H, CH), 1.96-1.17 (m, 10H, cyclohexyl). Anal. (GHz:-
CIFN3O,) C, H, N.
N-Cyclohexyl-7-chloro-1--fluorbenzyl)-1,8-naphthyridin-
4(1H)-on-3-carboxamide (14).Yield 0.300 g, 73%; mp 198200
°C (crystallized from cyclohexane); M®&z 413 (M"); IH NMR 6
9.72 (d, 1H, NH), 9.11 (s, 1H, §l, 8.65 (d, 1H, H), 7.67 (d, 1H,
He), 7.41-7.12 (m, 4H, Ar), 5.76 (s, 2H, CH), 3.85 (m, 1H, CH),
1.98-1.32 (m, 10H, cyclohexyl). Anal. (5H2:CIFN;O,) C, H, N.
N-Cyclohexyl-7-methyl-1-[2-(4-phenylpiperazin-1-yl)ethyl]-
1,8-naphthyridin-4(1H)-on-3-carboxamide (15) Purified by flash

piperazinyl), 1.85-1.08 (m, 10H, cyclohexyl). Anal. (£H3sNsO5)
C,H,N

N-Cyclohexyl-7-methyl-1-phenethyl-1,8-naphthyridin-4(H)-
on-3-carboxamide (16).Purified by flash chromatography (ethyl
acetate/hexane, 2:3), yield 0.110 g, 28%; mp-1480°C (crystal-
lized from hexane); MSwz 389 (M"); 'H NMR 6 9.86 (d, 1H,
NH), 8.85 (s, 1H, H), 8.54 (d, 1H, H), 7.48 (d, 1H, H), 7.24 (m,
5H, Ar), 4.76 (m, 2H, CH), 3.90 (m, 1H, CH), 3.10 (m, 2H, CHi
2.69 (s, 3H, CH), 1.85-1.23 (m, 10H, cyclohexyl). Anal.
(C24H27N30,) C, H, N.

N-Cyclohexyl-7-methyl-1-(4-methoxybenzyl)-1,8-naphthyri-
din-4(1H)-on-3-carboxamide (17).Purified by flash chromatog-
raphy (ethyl acetate/hexane, 2: 1), 0.283 g, 70%; mp-172°C
(crystallized from hexane); M8Vz 405 (M"); 'H NMR: ¢ 9.90
(d, 1H, NH), 9.05 (s, 1H, b), 8.54 (d, 1H, H), 7.47 (d, 1H, H),
7.35 (d, 2H, Ar), 6.89 (d, 2H, Ar), 5.70 (s, 2H, GH3.80 (m, 1H,
CH), 3.70 (s, 3H, OCH), 2.67 (s, 3H, Ch), 1.90-1.30 (m, 10H,
cyclohexyl). Anal. (G4H27N303) C, H, N.

N-Cyclohexyl-1-(p-fluorbenzyl)-1,8-naphthyridin-4(1H)-on-3-
carboxamide (18).Yield 0.185 g, 49%; mp 193195°C (crystal-
lized from hexane); MSwz 379 (M*); 'H NMR ¢ 9.80 (d, 1H,
NH), 9.15 (s, 1H, H), 8.90 (dd, 1H, H), 8.67 (dd, 1H, H), 7.62
(m, 1H, Hs), 7.37 (m, 2H, Ar), 7.15 (m, 2H, Ar), 5.81 (s, 2H, GH
3.85 (m, 1H, CH), 1.861.23 (m, 10H, cyclohexyl). Anal. (GH2>-
FN3O,) C, H, N.

N-Cyclohexyl-1-benzyl-1,8-naphthyridin-4(H)-on-3-carbox-
amide (19).Yield 0.200 g, 55%; mp 182183°C (crystallized from
hexane); M3z 361 (M"); 'TH NMR 6 9.95 (d, 1H, NH), 9.12 (s,
1H, Hy), 8.90 (dd, 1H, H), 8.70 (dd, 1H, H), 7.70 (m, 1H, H),
7.29 (m, 5H, Ar), 5.84 (s, 2H, Chl, 3.85 (m, 1H, CH), 1.861.30
(m, 10H, cyclohexyl). Anal. (&H23N30;) C, H, N.

N-Cyclohexyl-1-(2-morpholin-4-yl-ethyl)-1,8-naphthyridin-
4(1H)-on-3-carboxamide (20).Yield 0.155 g, 40%; mp 142144
°C (crystallized from hexane); M8Vz 384 (M"); TH NMR ¢ 9.84
(d, 1H, NH), 8.98 (s, 1H, b), 8.90 (dd, 1H, H), 8.68 (dd, 1H,
Hs), 7.60 (m, 1H, H), 4.66 (t, 2H, CH), 3.86 (m, 1H, CH), 3.49
(m, 4H, morpholine), 2.70 (m, 2H, G 2.44 (m, 4H, morpholine),
1.85-0.82 (m, 10H, cyclohexyl). Anal. (&H2gN4O3) C, H, N.

N-(4'-Methylcyclohexyl)-7-chloro-1-(2-morpholin-4-yl-ethyl)-

1,8-naphthyridin-4(1H)-on-3-carboxamide (33) Purified by flash
chromatography (ethyl acetate/hexane, 1: 1), yield 0.130, 30%; mp
191-193°C (crystallized from cyclohexane); M&/z 432 (M");
H NMR ¢ 10.20, 10.00 (2d, 1H, NH), 8.65, 8,61 (2s, 1Hz)H
8.20, 8,18 (2d, 1H, k), 6.87 (d, 1H, H), 4.51 (m, 2H, CH), 4.00
(m, 1H, CH), 3.51 (m, 4H, morpholine), 2.67 (m, 2H, gH2.44
(m, 4H, morpholine), 1.890.76 (m, 12H, cyclohexyt CHs). Anal.
(C22H2oCINJO3 ) C, H, N.

N-Cyclohexyl-1,8-naphthyridin-4(1H)-on-3-carboxamide (5).

A solution of 7-chloronaphthyriding3* (0.40 g, 1.31 mmol) in
methanol (20 mL) was submitted to hydrogenation in the presence
of 10% Pd/C (0.04 g) at room pressure and temperature for 3 h.
The catalyst was filtered off, and the solvent was evaporated to
dryness under reduced pressure to give a residual solid, which was
purified by flash chromatography (ethyl acetate) and crystallized
from hexane to givé& (0.110 g, 31%): mp 215218°C; IH NMR

0 9.85 (d, 1H, NH), 8.84 (dd, 1H, H, 8.68 (s, 1H, H), 8.65 (dd,

1H, Hs), 7.55 (m, 1H, H), 3.85 (m, 1H, CH), 1.861.22 (m, 10H,
cyclohexyl). Anal. (GsH17N30,) C, H, N.

General Procedure for the Preparation of N-Substituted
4-Hydroxy-7-methyl-1,2,3,4-tetrahydro-1,8-naphthyridin-3-car-
boxamides 24-26. NaBH, (0.30 g, 8 mmol) was added to a
solution of the appropiate 7-methyl-1,8-naphthyridin+4)(Zn-3-
carboxamide derivativezl—23%** (0.38 mmol) in absolute ethanol
(7.5 mL), and the mixture was stirred at room temperature for 12
h. The organic solvent was evaporated from the reaction mixture

chromatography (ethyl acetate/hexanef/triethylamine, 10:1:0.2), yield under reduced pressure to obtain a residue, which was treated with

0.120 g, 25%; mp 147149 °C (crystallized from hexane); MS
m/z473 (M*); H NMR 6 9.87 (d, 1H, NH), 8.94 (s, 1H, $), 8.53
(d, 1H, Hy), 7.46 (d, 1H, H), 7.18 (m, 2H, Ar), 6.96:6.71 (m,

H,0. In the cases d24 and 26, the solid precipitate obtained was
collected by filtration and purified by crystallization from hexane,
whereas for25 the mixture was extracted with chloroform, the
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NH), 8.64 (m, 2H, H + Hs), 7.62 (d, 1H, H), 3.80 (m, 1H, CH),

under reduced pressure, and the crude solid was purified by 1.97-1.00 (m, 9H, cyclohexyl), 0.89, 0.92 (2d, 3H, @HAnal.

crystallization from cyclohexane.
N-Cyclohexyl-1-(-fluorbenzyl)-4-hydroxy-7-methyl-1,2,3,4-
tetrahydro-1,8-naphthyridin-3-carboxamide (24).Yield 0.170 g,
87%; MSm/z 397 (M"); IH NMR 6 7.82 (m, 1H, NH), 7.40 (d,
1H, Hs), 7.30-7.08 (m, 4H, Ar), 6.44 (d, 1H, ¥}, 5.63 (d, 1H,
OH), 4.95-4.69 (m, 3H, CH + H,), 3.56 (m, 1H, CH), 3.30 (m,
2H, 2H,), 2.23 (s, 3H, CH), 1.68-1.11 (m, 11H, cyclohexyh-
H3). Anal. (C23H28FN302) C, H, N.
4-Hydroxy-N-(4-methylcyclohexyl)-1-(2-morpholin-4-ylethyl)-
7-methyl-1,2,3,4-tetrahydro-1,8-naphthyridin-3-carboxamide (25).
Yield 0.100 g, 61%; MSWz 416 (M*).*H NMR ¢ 7.81 (m, 1H,
NH), 7.34 (d, 1H, H), 6.35 (d, 1H, H), 5.55 (m, 1H, OH), 4.61
(m, 1H, Hy), 3.78 (m, 1H, CH), 3.5#3.33 (m, 8H, morpholine-
NCH; + 2Hy), 2.45 (m, 6H, morpholing- CH,), 2.22 (s, 3H, CH),
1.70-1.05 (m, 13H, cyclohexyl CH; + H3). Anal. (C3sH3eN4O3
) C, H, N.
N-Cyclohexyl-1-benzyl-4-hydroxy-7-methyl-1,2,3,4-tetrahydro-
1,8-naphthyridin-3-carboxamide (26).Yield 0.080 g, 52%; MS
m/z 379 (M*); H NMR: ¢ 7.48 (d, 1H, H), 7.31 (m, 5H, Ar),
6.48 (m, 1H, H), 6.00 (d, 1H, OH), 4.92 (m, 3H, CHt+ H,), 3.74
(m, 1H, CH), 3.40 (m, 2H, 2b), 2.57 (m, 1H, H), 2.38 (s, 3H,
CHj3), 1.84-0.83 (m, 10H, 5CH). Anal. (G3H29N30, ) C, H, N.
N-Cyclohexyl-7-hydroxy-1,8-naphthyridin-4(1H)-on-3-car-
boxamide (28). Sodium nitrite (0.55 g, 8.0 mmol) was added
portionwise to a cooled solution—(0 °C) of 7-amino-1,8-
naphthyridine-3-carboxamid&r®4 (0.44 g, 1.6 mmol) in 7 mL of
concentrated sulfuric acid. After standing #h atroom temper-

(C16H18CIN3O2 ) C, H, N.

N-Cyclohexyl-quinolin-4(1H)-on-3-carboxamide (36) and\-Cy-
clohexyl-7-chloroquinolin-4(1H)-on-3-carboxamide (37) A mix-
ture of 1 mmol of quinoline-3-carboxylic acid ethyl esté4 or
35%8 and 10 mmol of cyclohexylamine in a sealed tube was heated
at 120°C for 24 h. After cooling, the reaction mixture was treated
with ethyl ether to give a solid residue, which was collected by
filtration and purified by crystallization from ethyl acetad&: yield
0.230 g, 88%; mp 112114 °C; 'H NMR ¢ 10.10 (d, 1H, NH),
8.72 (s, 1H, H), 8.24 (d, 1H, Ar), 7.70 (m, 2H, Ar), 7.47 (m, 1H,
Ar), 3.82 (m, 1H, CH), 1.861.31 (m, 10H, 5CH). Anal.
(C16H18N202 ) C, H, N.37: yield 0.275 g, 90%; mp 132135°C;

H NMR 6 10.18 (d, 1H, NH), 8.72 (s, 1H, §1 8.21 (d, 1H, Ar),
7.69 (s, 1H, Ar), 7.40 (d, 1H, Ar), 3.81 (m, 1H, CH), 1:85.08
(m, 10H, cyclohexyl). Anal. (&H17CIN,O, ) C, H, N.

General Procedure for the Synthesis of NSubstituted N-Cy-
clohexylquinoline-3-carboxamide Derivatives 3840.NaH (4.36
mmol, 50% in mineral oil) was added to a hot solution (&) of
N-cyclohexylquinoline-3-carboxamide derivativ@é or 37 (0.92
mmol) in 9.2 mL of dry DMF. After 1 h, 4-(2-chloroethyl)-
morpholine hydrochloride or benzyl chloride (0.92 mmol) was
added, and the mixture was stirred for 24 h at°&80(38 and40)
or at 80°C (39). After the mixture was cooled (3 °C), the
addition of water caused the precipitation of the title compounds,
which were purified by crystallization.

N-Cyclohexyl-1-(2-morpholin-4-ylethyl)-quinolin-4(1H)-on-3-
carboxamide (38).Yield 0.180 g, 50%; mp 169170°C (crystal-

ature, the mixture was poured over crushed ice and the pH waslized from ethyl acetate); M&/z 383 (M™); *H NMR ¢ 10.04 (d,
adjusted to 8 with aqueous concentrated ammonium hydroxide. ThelH, NH), 8.80 (s, 1H, k), 8.34 (d, 1H, Ar), 7.90 (m, 2H, Ar),

solid obtained was collected by filtration, washed with water, and
purified by crystallization from toluene to obtai?8 (0.490 g,
94%): mp 303-305°C; H NMR ¢ 10.49 (d, 1H, NH), 8.45 (s,
1H, Hy), 8.10 (d, 1H, H), 6.25 (d, 1H, H), 3.78 (m, 1H, CH),
1.82-1.26 (m, 10H, cyclohexyl). Anal. (gH17N303 ) C, H, N.
N-Cyclohexyl-1-(o-fluorobenzyl)-7-(o-fluorobenzyloxy)-1,8-

naphthyridin-4(1H)-on-3-carboxamide (29).NaH (0.05 g, 1.08
mmol, 50% in mineral oil) was added to a solution of 7-hydroxy-
1,8-naphthyridine28 (0.25 g, 0.87 mmol) in 6 mL of dry DMF.
After 1 h, 2-fluorobenzyl chloride (0.125 g, 0.87 mmol) was added
and the mixture was stirred for 3 days at D. After the mixture

7.52 (m, 1H, Ar), 4.58 (m, 2H, Ch), 3.90 (m, 1H, CH), 3.49 (m,
4H, morpholine), 2.65 (m, 2H, CH 2.42 (m, 4H, morpholine),
1.88-1.22 (m, 10H, cyclohexyl). Anal. ($8H290N303 ) C, H, N.
N-Cyclohexyl-1-benzylquinolin-4(H)-on-3-carboxamide (39).
Yield 62%; mp 239-240 °C (crystallized from hexane); M8vVz
360 (M"); H NMR 6 10.05 (d, 1H, NH), 8.97 (s, 1H, i 8.54
(d, 1H, Ar), 7.6%7.15 (m, 8H, Ar), 5.48 (s, 2H, Chl, 3.98 (m,
1H, CH), 2.02-1.44 (m, 10H, cyclohexyl). Anal. (£H24N20, )
C, H, N.
N-Cyclohexyl-7-chloro-1-(2-morpholin-4-ylethyl)-quinolin-
4(1H)-on-3-carboxamide (40).Yield 0.200 g, 52%; mp 229231

was cooled, water was added and the solid obtained was collected®C (crystallized from ethyl acetate); M&z 417 (M*). 'H NMR 6

by filtration, purified by flash chromatography (ethyl acetate/hexane,
1:1), and crystallized from cyclohexane to giz@(0.130 g, 30%):
mp 198-200°C; MSm/z503 (M"); IH NMR 6 9.94 (d, 1H, NH),
9.03 (s, 1H, H), 8.52 (d, 1H, H), 7.477.10 (m, 8H, 2 Ar), 7.03
(d, 1H, Hs), 5.80 (s, 2H, CH), 5.43 (s, 2H, CH), 3.85 (m, 1H,
CH), 1.32 (m, 10H, cyclohexyl). Anal. ¢gH>7F:N305) C, H, N.
N-(4-Methylcyclohexyl)-7-amino-1,8-naphthyridin-4(1H)-on-
3-carboxamide (31).A mixture of 1,8-naphthyridine-3-carboxylic
acid ethyl esteB0®” (0.276 g, 1 mmol) and 4-methylcyclohexy-
lamine (1.130 g, 10 mmol) was heated in a sealed tube af@20
for 24 h. After cooling, the reaction mixture was treated with ethyl
ether to give a solid residue, which was collected by filtration and
purified by crystallization from ethyl acetate to obt&h(0.250 g,
83%): mp 198-200°C; *H NMR ¢ 10.45, 10.18 (2d, 1H, NH),
8.33 (s, 1H, H), 8.13 (d, 1H, H), 7.12 (s, 2H, NH), 6.55 (d, 1H,
Hg), 3.80 (m, 1H, CH), 1.860.85 (m, 12H, cyclohexyit CHs).
Anal. (Q6H20N402) C, H, N.
N-(4-Methylcyclohexyl)-7-chloro-1,8-naphthyridin-4(1H)-on-
3-carboxamide (32).Sodium nitrite (0.34 g, 5.0 mmol) was added
portionwise to a cooled solution-6 °C) of 7-amino-1,8-naphthy-
ridine-3-carboxamide31 (0.3 g, 1.0 mmol) in 54.5 mL of
concentrated hydrochloric acid. The mixture was stirred3fb at
40 °C and, after cooling, was poured over crushed ice. The pH
was adjusted to 45 with aqueous concentrated ammonium
hydroxide. The solid obtained was collected by filtration, washed
with water, and purified by flash chromatography (ethyl acetate/
hexane, 1:1) to obtair82 (0.100 g, 31%): mp 271273 °C
(crystallized from ethyl acetate}d NMR ¢ 10.00, 9.63 (2d, 1H,

10.00 (d, 1H, NH), 8.80 (s, 1H, H 8.35 (d, 1H, Ar), 8.05 (m,
1H, Ar), 7.60 (m, 1H, Ar), 4.50 (s, 2H, CHi 3.80 (m, 1H, CH),
3.47 (m, 4H, morpholine), 2.45 (m, 6H, GH morpholine), 1.46-
1.05 (m, 10H, cyclohexyl). Anal. (GH2sCINzO3 ) C, H, N.

Pharmacology.Male DBA/J2 mice (Charles River, Como, ltaly),
weighing 20-25 g, were maintained on ad libitum food and water
and were used in all experiment8HJCP-55,940 (168 Ci/mmol)
and P5S]GTPyS (1250 Ci/mmol) were purchased from Perkin-
Elmer Life Science (Boston, MA) 3H]CP-55,940 and WIN-55,-
212-2 were obtained from Tocris (Ballwin, MO). Guanosirie 5
diphosphate (GDP) and guanosiriécs(3-thiotriphosphate) (GTFS)
were obtained from Sigma/RBI (St. Louis, MO). For biochemical
experiments, drugs were dissolved in dimethyl sulfoxide (DMSO).
DMSO concentration in the different assays never exceeded 0.1%
(v/v) and had no effects oHI]CP-55,940 binding and{S|GTP/S
binding assay.

[BH]CP-55,940 Binding Assay.Mice were sacrificed by de-
capitation, and the brain (minus cerebellum) and spleen were rapidly
removed and placed on an ice-cold plate. After thawing, tissues
were homogenated in 20 volumes (w/v) of ice-cold TME buffer
(50 mM Tris-HCI, 1 mM EDTA, and 3 mM MgGl pH 7.4). The
homogenates were centrifuged at 1§36r 10 min at 4°C, and
the resulting supernatants were centrifuged at 4§G6030 min
at 4°C. Aliquots of membranes were frozen-a80 °C until the
day of experiment.

The Bradford® protein assay was used for protein determination
using bovine serum albumin (BSA) as a standard in accordance
with the supplier protocol (Bio-Rad, Milan, Italy).
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[3H]CP-55,940 binding was carried out following a modified weeks. They gave explicit informed consent to their enroliment in
version of the method previously describ@d®riefly, the brain or this study. About 400 mL of venous blood was collected from each
spleen membranes (4®0 ug of protein) were incubated for 1 h  of them; 64 mL of a citrate solution (CPD) was added as an
at 30°C with [?H]CP-55,940 (0.5 nM) in a final volume of 0.5 mL  anticoagulant. The blood was centrifuged at 3500 rpm (11 min, 20
of TME buffer containing 5 mg/mL BSA. Nonspecific binding was  °C) in a slow-stop centrifuge (Sorvall RC 12 BP, Kendro Laboratory
determined in the presence of 4 [3H]CP-55,940. Incubation Products). Plasma was removed by an automatic press (NPBI
was terminated by rapid filtration through Whatman GF/C filters Compomat 64). After 24 h of gentle stirring in a platelet incubator
pretreated with 0.5% (w/v) polyethyleneimine (PEI), using a (Helmer) at 22°C to reduce cell stress, the buffy coat was
Brandell 24-sample harvester (Gaithersburg, MD). Filters were centrifuged at 900 rpm (9 min, 2TC). Platelet-rich plasma was
washed three times with ice-cold Tris-HCI buffer (pH 7.4) removed by the same automatic press. An amount of 30 mL of the
containing 1 mg/mL BSA. Filter-bound radioactivity was coun