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A series of novel 6-[w-(4-aryl-1—piperazinyl)alkyl]-S,6,7,8-tetrahydro-1,6-naphthyridines was
synthesized and evaluated for antivertigo activity by testing their ability to inhibit spontaneous
nystagmus in cats. Structure-activity relationships are discussed. Many of the compounds having
the 4-(2-alkoxyphenyl)piperazine group as the 4-arylpiperazine moiety showed more potent
antivertigo activity than diphenidol. Among them, 2-{2-[4-(2-ethoxyphenyl)- 1-piperazinyl]ethyl}-
1,2,3,4,6,7,8,9-octahydrobenzo[b][1,6]naphthyridine (NK 422, 41) was selected as a promising
antivertigo agent. NK 422 also exhibited a more potent inhibitory effect on apomorphine-induced
vomiting in dogs than diphenidol.

Keywords——antivertigo action; structure-activity relationship; 5,6,7,8-tetrahydro-1,6-
naphthyridine; 1-(2-alkoxyphenyl)piperazine; 1,2,3,4,6,7,8,9-octahydrobenzo[b][1,6]naphthyridine;
Michael addition

Previously, we have reported® that some simple tetrahydronaphtyridine derivatives such
as 6-allyl- (la), 6-isobutenyl- (1b), and 6-cyclopropylmethyl-5,6,7,8-tetrahydro-1,6-
naphthyridine (1¢) have potent antivertigo activity. The pharmacological characteristics of
these compounds were judged to be more favorable than those of the lead compound,
betahistine (2),” because they showed more potent antivertigo activity and less hypotensive
activity. Thus, our next investigation was focussed on compounds having a skeleton like 3,
where the n-electrons in the substituents of 1la—c are replaced with lone pair electrons of the
nitrogen atom. Accordingly, several dialkylamino-, piperidino-, and morpholino-ethyl or
propyl derivatives of 3 were synthesized, but their antivertigo activities were still un-
satisfactory. After several trials, the introduction of a 4-(2-alkoxyphenyl)-1-piperazinyl group
in place of the dialkylamino group of 3 was found to give a satisfactory result.

The present paper describes the synthesis and antivertigo activity of 6-[cw-(4-aryl-1-
piperazinyl)alkyl]-5,6,7,8-tetrahydro-1,6-naphthyridines.

Chemistry :
The synthesis of the 5,6,7,8-tetrahydro-1,6-naphthyridine ring (4a—g) was described in
our previous paper.'® Charts 2, 3, and 4 illustrate the synthetic route used for the introduction
of an amine-containing side chain into the 6-position of the 5,6,7,8-tetrahydro-1,6-
naphthyridine ring. In the case of the normal side chain (Chart 2), this nitrogen was easily
alkylated with 2-hydroxyethyl bromide or 3-hydroxypropyl bromide to give the correspond-
ing N-(w-hydroxyalkyl) derivatives (5a, b and 6a, b) which were converted into the
corresponding N-(w-chloroalkyl) derivatives (7a, b and 8a, b) as key intermediates by
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treatment with thionyl chloride. Nucleophilic displacement of the chloro group in these
intermediates by a variety of l-arylpiperazines afforded the desired N-[w-(4-aryl-1-
piperazinyl)alkyl] compounds (16—41 and 51—59) in good yields (method A). An alter-
native N-alkylation of 5,6,7,8-tetrahydro-1,6-naphthyridines (4c—g) with w-(4-aryl-1-
piperazinyl)alkyl chloride directly gave the desired N-[w-(4-aryl-1-piperazinyl)alkyl] com-
pounds (42—46) in good yields (method B).
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a: R,=R,=R;=H, b: R, +R,=(CH,),, R;=H, ¢: R, =Me, R,=R;=H,
d: R,=R;=H, R,=Me, e: R, =R,=H, R;=5-Me, f: R, =R,=H, R;=7-Me,
g: R, =R,=H, R;=8-Me

Chart 2

The synthesis of the derivatives with a methyl branched side chain is outlined in Charts 3
and 4 (method C). When 4a, b were treated with 4-(2-methoxyphenyl)- and with 4-(2-
ethoxyphenyl)-1-(2-chloropropionyl)piperazine, respectively, the corresponding amide de-
rivatives (9a, b) were obtained. The products (9a, b) were converted to the a-branched
compounds (47 and 48) by lithium aluminum hydride (LiAlH,) reduction, as expected. The
same starting compounds (4a, b) were treated with: 2-chloropropionyl chloride to give the
chloropropionyl compounds (10a, b). The reaction of 10a with 1-(2-methoxyphenyl)-
piperazine and the reaction of 10b with 1-(2-ethoxyphenyl)piperazine afforded the 4-(2-
methoxyphenyl)-1-piperazinyl (11a) and 4-(2-ethoxyphenyl)-1-piperazinyl (11b) compounds,
respectively. Like 9a, b, these products were smoothly reduced with LiAlH, to give f-
branched compounds (49 and 50).

The syntheses of a-branched, B-branched, and y-branched analogs (60—65) were
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Chart 3

accomplished by means of the Michael-type addition of the secondary amines to appropriate
unsaturated amides. As illustrated in Chart 4, the reaction of 4a, b with 4-aryl-1-
crotonoylpiperazine or with 4-aryl-1-methacryloylpiperazine afforded the corresponding
methylamides (12a, b and 13a, b), respectively. On treatment with LiAIH,, these amides (12a,
b and 13a, b) were reduced to the desired a-methyl (60 and 61) and B-methyl compounds (62
and 63). When 4a, b were acylated with crotonoyl chloride, the 6-crotonoyltetrahydronaph-
thyridines (14a, b) were obtained. The crotonoylamide smoothly underwent the Michael
reaction with 1-(2-methoxyphenyl)piperazine or 1-(2-ethoxyphenyl)piperazine to give the
corresponding adducts (15a, b). The LiAlH, reduction of 15a, b gave the y-methyl products
(64 and 65).

All the products thus obtained were transformed into the fumarates, for which the

melting points, recrystallization solvents, and results of elementary analysis are listed in Table
Iv.

Pharmacological Results and Discussion

The antivertigo activities of all compounds synthesized in the present study were
evaluated by measuring the ability to inhibit spontaneous nystagmus induced by unilateral
destruction of the labyrinth in cats.” The activities were expressed as ID,, (umol/kg, i.v.) and
compared with those of betahistine (2) and diphenidol. The results obtained in this animal
model are shown in Table 1.

It can be seen that the most critical structure element for activity in this series is the
nature of the amine moiety. The compounds with amine moieties such as diethylamino,
piperidino, and morpholino groups exhibited no activity (ID;, > 100), regardless of the alkyl
substituents on the 5,6,7,8-tetrahydro-1,6-napthyridine and of the length of carbon chain and
the type of carbon chain between the naphthyridine ring and the amine moiety.

On the other hand, most of the compounds with 4-aryl-1-piperazinyl groups showed
potent activities (Table I). Among the compounds with a normal two-carbon chain, the 2-
methoxyphenyl analog (24) was about 25 times more potent than the unsubstituted phenyl
analog (16), whereas the 3-methoxy- (25) and 4-methoxyphenyl analogs (26) with the same
lipophilicity (n) as the 2-methoxyphenyl analog (24) showed about 5 times less activity than
24. Similarly, the activity of the 2-chlorophenyl analog (18) was more potent than those of the

NII-Electronic Library Service



3984 . Vol. 32 (1984)

I\
Me N N-Ar Me O Me
— 7
Y R SN N Ar LiAH Ry SN N-Ar
> L) —_— | a B vt
method C Ri NN RN
12a, b 60, 61

RS NH N/\/"\N N-Ar LiAlH Rz N’\/\N N-Ar
R y >R
1 1

4a,4b 0 13a, b 62, 63
N N-
> IC P s MO
R;”™N ]
14a, b 15a, b
LiAlH,
Me
a: R,=R,=H, Ar=2-MeO-C4H,
b: R;+R,=(CH,),, Ar=2-EtO-C;H, Rzm/\/l\N’_\N —Ar
! apT N/
Ri“™N
64, 65
Chart 4
TaBLE 1. Inhibitory Activities? of 6-[w-(4-Aryl-1-piperazinyl)-alkyl]-
5,6,7,8-tetrahydro-1,6-naphthyridines against
Spontaneous Nystagmus in Cats
y—N N
R S N7 N @R
4
Ry N
3
Compd. ID,,?
No. R, R, R, Y R, (umol/kg, i.v.)
16 H H H (CH,), H 79.3
17 H H H (CHy), 4-F 76.8
18 H H H (CH,), 2-Cl 5.6
19 H H H (CH,), 3-Cl 41.6
20 H H H (CH,), 4-Cl 22.4
21 H H H (CH,), 2-Me 82.7
22 H H H (CH,), 3-Me 97.8
23 H H H (CHy), 4-Me 91.4
24 H H H (CHy, 2-MeO 3.1
25 H H H (CH,), 3-MeO 15.2
26 H H H (CH,), 4-MeO 17.4
27 H H H (CH)), 2-EtO 2.2
28 H H H (CH,), 2-PrO 1.4
29 H H H (CH,), 2-BuO 1.8
30 H H H (CH,), 2-Me—4-Cl 90.5
31 H H H (CH,), 2-Me-5-Cl 44.8
32 H H H (CH,), 2,5-di-Me 54.9
33 H H H (CHy), 2,6-di-Me 59.2
34 H H H (CH,), 2,5-di-MeO 8.5
35 (CH,), H (CH,), H 70.6
36 (CH,), H (CH,), 3-Cl 73.9
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TaBLE 1. (continued)

Compd. ID;,”
No. R, R, R, Y R, (umol/kg, i.v.)
37 (CH,), H (CHy), 4-Cl 74.6
38 (CH,), H (CH,), 2-Me 61.8
39 (CH,), H (CH,), 2-MeO 2.0
40 (CH,), H (CH,), 4-MeO 15.3
41 (CH,), H (CH,), 2-EtO 1.4
42 Me H H (CH,), 2-EtO 2.0
43 H Me H (CH,), 2-EtO 2.6
44 H H 5-Me (CH,), 2-EtO 2.8
45 H H 7-Me (CH,), 2-EtO 2.8
46 H H 8-Me (CH,), 2-EtO 1.9
47 H H H CH(Me)CH, 2-MeO 12.6
48 (CHy), H  CHMe)CH, 2-EtO 9.4
49 H H H CH,CH(Me) 2-MeO 13.0
50 (CH,), H CH,CH(Me) 2-EtO 9.4
51 H H H (CH,), 4-F 76.8
52 H H H (CH,), 2-Cl 24.0
53 H H H (CH,), 3-Cl 89.5
54 H H H (CH)), 4-Cl 54.7
55 H H H (CH,), 2-Me 103.0
56 H H H (CH,), 2-MeO 2.9
57 H H H (CH,), 2-EtO 7.6
58 (CH,), H (CH,), 2-MeO 2.8
59 (CH,), H (CH,), 2-EtO 3.6
60 H H H CHMe)CH,CH, 2-MeO 5.3
61 (CH,), H CH(Me)CH,CH, 2-EtO 4.7
62 H H H CH,CHMe)CH, 2-MeO 6.8
63 (CH,), H CH,CH(Me)CH, 2-EtO 8.5
64 H H H CH,CH,CH(Me) 2-MeO 5.6
65 (CH,), H CH,CH,CH(Me) 2-EtO 9.4
Betahistine 417.2
Diphenidol 4.6

a) Each compound was injected as its salt (see Table IV).
b) See Experimental.

isomeric 3-chloro- (19) and 4-chlorophenyl analogs (20). Contrary to our expectation, the
activity of the 2-methylphenyl analog (21) was almost equal to that of the 3-methyl- (22) or 4-
methylphenyl analog (23), although the bulkiness (MR =5.65%) of the methyl group is very
close to that of the chloro (MR =6.03) group.

The introduction of the 2-methyl group into the phenyl ring resulted in no improvement
in the activity. The introduction of ortho substituents on the phenyl ring decreased the activity
in the order of methoxyl > chloro > hydrogen > methyl groups. Accordingly, these findings
suggest that the effect of the ortho substituents is attributable not only to a steric factor but
also to other factors, such as electronic factors, etc. Among 4-(disubstituted
phenyl)piperazinyl derivatives (30—34) with the methyl or methoxyl group at the ortho
position of the phenyl ring, compounds 31—33 showed moderately enhanced activities in
comparison with the 2-methyl compound 21, while compound 30 showed activity approx-
imately equal to that of 21. Furthermore, 34 was less active than the 2-methoxy compound
24. The relationships between physicochemical parameters of the substituents on the phenyl
ring and the activity seems not to be simple. Further investigation is required to clarify this
relationship.
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Thus, the 1-(2-methoxyphenyl)piperazinyl group was found to be the most favorable
amine moiety for appearance of activity. Then, a series of analogs with other alkoxyl groups
was synthesized and the antivertigo activities were examined: the 2-ethoxy- (27), 2-propoxy-
(28), or 2-butoxy-phenyl analog (29) showed potent antivertigo activity almost equal to that
of 24. Accordingly, the 4-(2-alkoxyphenyl)-1-piperazinyl group was found to be the best
amine moiety.

The length of normal carbon chain between the naphthyridine ring and the amine moiety
was investigated. Many of the compounds with the two-carbon chain were more potent than
those with the three-carbon chain, as compared to the compounds with the same amine
moiety (18 vs. 52, 19 vs. 53, 20 vs. 54, 21 vs. 55, and 27 vs. 57). ‘

In addition, the effect of a methyl-branched carbon chain was examined. The compounds
(47 and 49) with a methyl-branched two-carbon chain showed lower activities than compound
(24) having a normal two-carbon chain. The methyl-branched compounds (60, 62, and 64)
having a methyl-branched three-carbon chain also showed similar activities. The activities of
60, 62, and 64 were more potent than those of compounds with a methyl-branched two-
carbon chain. However, the activities of 60, 62, and 64 were less potent than those of the
compound with a normal two-carbon chain (24). Therefore, the normal two-carbon chain
between the naphthyridine ring and the amine moiety was found to be the best structure for
enhancing the activity.

It has already been mentioned above that the 5,6,7,8-tetrahydro-1,6-naphthyridine
drivatives bearing 2-[4-(2-alkoxyphenyl)-1-piperazinyllethyl groups showed potent anti-
vertigo activities. Chemical modification of the 5,6,7,8-tetrahydro-1,6-naphthyridine ring was
attempted with the aim of enhancing the activity: 2-methyl (42), 3-methyl- (43), 5-methyl-
(44), 7-methyl- (45), or 8-methyl-5,6,7,8-tetrahydro-1,6-naphthyridine (46), with the 2-[4-(2-
ethoxyphenyl)-1-piperazinyl]ethyl group on the 6-position, showed activities equipotent to the
unsubstituted compound (27).

On the other hand, compounds having a 1,2,3,4,6,7,8,9-octahydrobenzo[b][1,6]-
naphthyridine ring were investigated. The activities of the compounds with 2-[4-(3-chloro-
phenyl)-1-piperazinyl]- (36) and 2-[4-(4chlorophenyl)-1-piperazinyllethyl (37) groups were
considerably lower than those. of the corresponding 5,6,7,8-tetrahydro-1,6-naphthyridine

TaBLE II. Inhibitory Effects of 41 (NK 422), Diphenidol (DPD), and Chlorpromazine
(CPZ) on Emesis Induced by Apomorphine® in Dogs

Compd. Dose Number vomited  Latency (s)” Frequen.csl/” Duration (s)?

N mg/ke, b d Mean+S.E for 60 min Mean +S.E
o s.c. number teste -0 Mean +S.E. -
Control 6/6 162.5+10.1 123+1.4 1317.7+149.3
- NK 422 1.00 6/6 328.7+34.0 4.0+0.6 180.8 +57.8
1.73 4/6 378.8 +50.1 . 20404 120.3+80.4

3.00 0/6

DPD 1.00 6/6 230.2+14.4 7.740.8 779.5+63.9
1.73 6/6 235.7+20.3 5.5+0.6 550.2+139.4

3.00 6/6 379.5+53.3 43+1.1 325.7+30.9

CPZ 1.00 6/6 287.84+29.0 45408 197.2445.2
1.73 6/6 266.2 +23.5 3.2404 127.7+40.4

3.00 6/6 350.8 +25.9 2.5+0.3 102.5426.8

a) Apomorphine-HCIl 0.3mg/kg, s.c.
b) See Experimental.
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analogs (19 and 20), respectively. However, the activities of the benzo[b][1,6]naphthyridine
analogs with 2-methyl- (38), 2-methoxy- (39), and 2-ethoxyphenyl groups (41) were moder-
ately higher than those of the corresponding 1,6-naphthyridine analogs (21, 24, and 27,
respectively). The modification of these alkyl substituents on the 5,6,7,8-tetrahydro-1,6-
naphthyridine ring did not greatly improve the activity in comparison with the effect of
changing the amine moieties. The effects of the length and type of carbon chain in these
tricyclic analogs were examined. The elongation of carbon chain from two to three carbons
resulted in a decrease of the activities, as seen in the bicyclics. Introduction of a methyl-
branched carbon chain also decreased the activities (48 and 50 vs. 41, and 61, 63, and 65 vs.
59). :

Accordingly, the 2-[4-(2-alkoxyphenyl)-1-piperazinyllethyl derivatives exhibited the
strongest activities in this series. After additional pharmacological and safety evaluation
studies of these compounds, compound 41 (NK 422) was selected for clinical evaluation
as a candidate antivertigo agent.

In addition, the antiemetic action of compound 41 (NK 422) was examined in
comparison with those of diphenidol (DPD) and chlorpromazine (CPZ), because vertigo is
known to be closely related to vomiting.® As shown in Table II, NK 422 was found to be
more potent than DPD or CPZ.

Experimental

Chemistry

All melting points and boiling points are uncorrected. The structures of all compounds were consistent with the
infrared (IR), proton magnetic resonance ('H-NMR), and mass spectra (MS). IR spectra were measured on a JASCO
IR-G spectrometer. 'H-NMR spectra were recorded on a JEOL INM-PMX 60 spectrometer using Me,Si as an
internal standard. MS were determined with a Shimadzu GCMS-7000 spectrometer.

Synthesis of the 1,6-naphthyridines (4a—g) was described in our previous paper.'¥ Most of the 1-arylpiperazines
used in this study were commercial products, with the exception of the following compounds which were prepared
according to the literature: 1-(2-ethoxyphenyl)piperazine- HCL,” mp 207—209 °C; 1-(2-propoxyphenyl)piperazine,®
bp 132—I135°C (1.5mmHg); 1-(butoxyphenyl)piperazine-HCL” mp [44—146°C; 1-(2,5-dimethoxyphenyl)-
piperazine,® bp 127—132°C (0.5mmHg).

1-(2-Chloroethyl)-4-(2-ethoxyphenyl)piperazine——A solution of 1-(2-ethoxyphenyl)piperazine-HCl (5.5 g,
23mmol), 1-bromo-2-chloroethane (9.9 g, 69 mmol), and Et;N (4.7g, 47 mmol) in dimethylformamide (11 ml) was
stirred at 5—10°C for 20h. The reaction mixture was poured into water and the pH was adjusted to pH 1.0 by
addition of 3N HCI, then the mixture was washed with ether. The aqueous layer was further neutralized to pH 5.5 by
addition of 309, NaOH under ice-cooling. The precipitated crystals were collected by filtration and the crude crystals
were recrystallized from petr. ether to give 1-(2-chloroethyl)-4-(2-ethoxyphenyl)piperazine (4.9 g, 80%) as colorless
needles, mp 69—70°C. "H-NMR (CDCl,) é: 1.40 (3H, t, J=8.0 Hz, OCH,CHS,), 2.5—3.3 (10H, m, =NCH,CH,Cl
and piperazinyl H), 3.56 (2H, t, J=7.0Hz, =NCH,CH,Cl), 4.02 (2H, q, J=8.0Hz, OCH,CH,), 6.82 (4H, s,
phenyl H). Anal. Calcd for C,, H,,CIN,O: C, 62.57; H, 7.87; N, 10.42. Found: C, 62.31; H, 7.80; N, 10.19.
6-(o-Hydroxyalkyl)-5,6,7,8-tetrahydro-1,6-naphthyridines (5a, b and 6a, b)

Typical Example: 6-(2-Hydroxyethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine (5a)——A solution of 5,6,7,8-
tetrahydro-1,6-naphthyridine (4a) (63.9 g, 0.48 mol), 2-bromoethanol (90.0 g, 0.72 mol), and Et,N (96.4 g, 0.95 mol) in
EtOH (650 ml) was refluxed for 9.5h. The reaction mixture was evaporated in vacuo to give the residue. This residue
was adjusted to pH 1.0 by addition of 6 N HCl and water, and then washed with toluene. The aqueous layer was made
alkaline with 309, NaOH and extracted with CHCl,. The CHCI, extract was dried over K,CO, and then evaporated
in vacuo to give the residue, which was distilled to give 5a (58.9 g, 69%) as an oil, bp 136—144°C (0.3 mmHg). IR
(neat) cm~': 3200 (OH). '"H-NMR (CDCl,) §: 2.3—3.2 (6H, m, C,-H, Cg-H, and =NCH,CH,0H), 3.67 (2H, s, C5s—
H), 3.75 (2H, t, J=5.0Hz, =NCH,CH,O0H), 4.29 (1H, s, OH, exchangeable by adding D,0), 7.00 (1H, dd, J=8.0
and 5.0 Hz, C;-H), 7.30 (1H, dd, J=8.0 and 2.0 Hz, C,~H), 8.33 (1H, dd, J=5.0 and 2.0 Hz, C,~H). This compound
was used in the next step without elementary analysis.

The following compounds were prepared by similar procedures and used in the next step without elementary
analysis.

2-(2-Hydroxyethyl)-1,2,3,4,6,7,8,9-octahydrobenzo[b][1,6]naphthyridine (5b): oil, bp 181—183 °C (0.35 mmHg).
Yield 879%.

6-(3-Hydroxypropyl)-5,6,7,8-tetrahydro-1,6-naphthyridine (6a): oil, bp 155—158 °C (0.8 mmHg). Yield 56%.
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2-(3-Hydroxypropyl)-1,2,3,4,6,7,8,9-octahydrobenzo[b][1,6]naphthyridine (6b): colorless prisms, mp 102—
103 °C (iso-Pr,0). Yield 44%,.
6-(w-Chloroalkyl)-5,6,7,8-tetrahydro-1,6-naphthyridines (7a, b and 8a, b)

Typical Example: 2-(2-Chloroethyl)-1,2,3,4,6,7,8,9-octahydrobenzo[5][ 1,6 naphthyridine Dihydrochloride (7b)
——Compound 5b (6.0 g, 26 mmol) was gradually added to SOCI, (9.2 g, 77 mmol) with stirring under ice-cooling,
and then the mixture was stirred at room temperature for 2h. The mixture was evaporated in vacuo to give the
residue, which was washed with a small amount of ether. The residue was treated with active charcoal in hot EtOH,
and then recrystallized from EtOH to give 7b (5.8g, 70%) as colorless prisms, mp 208—211°C (dec.). 'H-
NMR (D,0, Me,Si(CH,);SO;Na as an internal standard) é: 1.6—2.3 (4H, m, C;—H and Cg-H), 2.7—3.3 (4H, m,
C4—H and C,-H), 3.4—4.4 (8H, m, C,-H, C,~H, and =NCH,CH,Cl), 3.80 (2H, s, C;-H), 8.12 (1H, s, C;4-H).

Data for 7a, b and 8a, b prepared as described above are listed in Table III.

Reaction of 7a, b and 8a, b with 1-Arylpiperazines

Typical Example (Method A): 6-{2-[4-(2-Methylphenyl)-1-piperazinyl]ethyl}-5,6,7,8-tetrahydro-1,6-naphthyri-
dine Difumarate (21)—A mixture of 7a (2.70g, 10mmol), 1-(2-methylphenyl)piperazine-HCl (3.0 g, 12 mmol),
and Et;N (10 ml, 72 mmol) in EtOH (30 ml) was refluxed for 2h. The reaction mixture was evaporated in vacuo to
give the residue, which was partitioned between toluene and H,O. The toluene layer was separated, dried over
K,CO;, and then evaporated in vacuo to give the residue. This residue was recrystallized from iso-Pr,O to afford the
free base of 21 (2.0 g, 60%) as colorless prisms, mp 93—94 °C. 'H-NMR (CDCl;) é: 2.23 (3H, s, CH;), 2.5—2.8 (8H,
m, aliphatic H), 2.8—3.3 (8H, m, aliphatic H), 3.67 (2H, s, Cs—H), 6.7—7.4 (6H, m, aromatic H), 8.44 (1H, dd, J=
5.0 and 2.0Hz; C,-H). MS m/z (relative intensity): 336 (M™, 12.2), 189 (100), 159 (19.2), 147 (33.5), 70 (19.5).
This free base was converted to the salt (21) by treatment with fumaric acid in acetone.

Melting points, recrystallization solvents, and elementary analyses of the salts are listed in Table IV.
Reaction of 4c—g with 1-(2-Chloroethyl)-4-(2-ethoxyphenyl)piperazine

Typical Example (Method B): 6-{2-[4-(2-Ethoxyphenyl)-1-piperazinyl]ethyl}-5,6,7,8-tetrahydro-8-methyl-1,6-
naphthyridine Difumarate (46)——A solution of 4g (1.8 g, 12 mmol), 1-(2-chloroethyl)-4-(2-ethoxyphenyl)piperazine
(3.9 g, 15mmol), and Et;N (2.5g, 24 mmol) in EtOH (25ml) was refluxed for Sh. The mixture was evaporated in
vacuo to give the residue, which was partitioned between toluene and H,O. The toluene layer was separated, dried
over K,CO,, and then evaporated in vacuo to give the free base of 46 (3.3 g, 727;) as an oil. 'H-NMR (CDCl,) §: 1.35
(3H, d, J=7.0Hz, Cg-CH,), 1.45 (3H, t, J=7.0 Hz, OCH,CHj,), 2.4—3.3 (14H, m, aliphatic H), 3.66 (2H, s, C;—H),
4.05 (2H, q, J="7.0Hz, OCH,CH,), 6.7—7.4 (6H, m, C;-H, C,~H, and phenyl H), 8.40 (1H, dd, J=5.0 and 2.0 Hz,
C,-H). MS m/z (relative intensity): 380 (M *, 8.8), 219 (100), 206 (11.5), 204 (9.4), 189 (9.4), 161 (9.4). This free base
was converted to the salt (46) by treatment with fumaric acid in acetone.

Melting points, recrystallization solvents, and elementary analyses of the salts are listed in Table IV.

2-(2-Chloropropionyl)-1,2,3,4,6,7,8,9-octahydrobenzo[ 5][ 1,6 Inaphthyridine (10b)——A solution of 2-chloro-
propionyl chloride (3.0 g, 24 mmol) in CHCl, (20 ml) was added dropwise to a solution of 4b (3.8 g, 20 mmol) and
Et,N (2.4g, 24 mmol) in CHCI; (100 1ml) under ice-cooling. The reaction mixture was stirred at room temperature
for 1h and evaporated in vacuo to give the residue, which was partitioned between 3N HCl and toluene. the aque-

Taste III.  6-(w-Chloroalkyl)-5,6,7,8-tetrahydro-1,6-naphthyridines

Ry N/(CHz)nCI - 2HCI
l
R N Analysis (%)
Compd. Yield mp? Recrystn. Calcd (Found)
No. R, R, n ) ¢C) solvent Formula
C H N
7a H H 2 60 218—221 MeOH C,oH,sCLN, 4455 561 10.39
(44.16 5.93 10.08)
7 (CH,), 2 70 208211 EtOH C.H, CLN, 5195 654 865
(52.24 6.81 8.97)
8a H H 3 74 197.5—200 EtOH C,H,,CLN, 4658 604 9.8
(46.60 6.25 10.15)
8b (CH,), 3 54 233235 MeOH-ACOEt CH,,CLN, 5335 686 8.29

(53.74 6.54  8.50)

a) All the compounds melt with decomposition.
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TABLE IV. The Salts® of 6-[w-(4-Aryl-1-piperazinyl)alkyl]-5,6,7,8-tetrahydro-1,6-naphthyridines

Analysis (%)

Compd.  Yield” . mp? Recrystn. Calcd (Found)
No. ©) Method® ¢0) solvent Formula
C H N
16 85 A 189190 EtOH CyoHyN, -2C,H,0, 60.64 6.18 10.10
(60.80 6.21 9.94)
17 65 A 182—183 EtOH C,0H,sFN,-2C,H,0,  58.73 581 9.78
(5896 5.77 9.92)
18 64 A 189—190 EtOH CyH,sCIN, -2C,H,0,  57.09 565 9.5
(56.73 5.72 9.35)
19 52 A 191193 EtOH C,0H,sCIN, -2C,H,0,  57.09 565 9.5
(56.80 5.48 9.76)
20 69 A 190—193 EtOH C,0H,sCIN, -2C,H,0,  57.09 565 9.5
(5723 5.82 9.58)
21 70 A 198202 EtOH Cy HyN, -2C,H,0, 6126 638  9.85
(61.09 641 9.90)
2 54 A 194—196  EtOH- C, H,;sN, -2C,H,0, 6126 638  9.85
iso-PrOH (60.98 6.33 9.75)
23 60 A 182—186 EtOH C,,HyN, -2C,H,0, 61.26 638  9.85
(60.97 644  9.66)
24 57 A 168—169 iso-PrOH C, HN,0-2C,H,0,  59.58 621 9.58
(59.87 604  9.76)
25 76 A 188—190 EtOH C, H,N,0-2C,H,0,  59.58 621 9.58
(59.78 6.43 9.71)
26 74 A 182185 EtOH C, H,iN,0-2C,H,0,  59.58 621  9.58
(59.30  6.36 9.84)
27 57 A 177—181 EtOH C,,Hy N,0-2C,H,0,  60.19 640 936
(59.88 6.68  9.49)
28 59 A 178—180 EtOH C,,H,,N,0-2C,H,0, 6078 658 9.14
(61.02 6.35 9.37)
29 62 A 178—179 EtOH C,,H, ,N,0-2C,H,0, 6133 675 894
(61.07 6.45 9.26)
30 66 A 208209 MeOH-EtOH  C,H,,CIN,-2C,H,0, 57.76 585 9.29
(5798 6.14 9.03)
31 72 A 204—207 EtOH C, H,,CIN,-2C,H,0, 5776 585 9.9
(57.63 5.67 9.46)
R 64 A 204—207 EtOH C,,HyoN, - 2C,H,0, 61.84° 657  9.62
(62.11 6.60 9.39)
33 54 A 198—201 EtOH C,,H,N, - 2C,H,0, 61.84 657 9.62
(61.97 6.34 9.38)
34 36 A 164—167 EtOH C,,HyN,0,-2C,H,0, 58.62 623 9.12
(58.34 6.51 8.82)
35 81 A 208—210 EtOH C,.H,,N, - 2C,H,0, 63.15 662 9.20
(62.40 6.38 9.06)
36 48 A 211213 EtOH C,,H,,CIN, -2C,H,0, 59.77 6.1 8.7l
(60.02 6.34 8.57)
37 65 A 194—196 EtOH C,.H,CIN, - 2C,H,0, 59.77 611 871
(59.69 620  8.66)
38 72 A 21222 EtOH C,sH,,N, - 2C,H,0, 63.65 '6.80  9.00
(6347 693  8.94)
39 67 A 206—207  MeOH- C,sH, N,0-2C,H,0,  62.06 663 8.77
iso-PrOH (62.34 6.78 8.59)
40 68 A 199202 EtOH C,sHy, N,0-2C,H,0,  62.06 663 8.77
(61.83 6.73 8.90)
41 71 A 185187 MeOH-EtOH  C,H,N,0-2C,H,0,  62.57 6.79. 8.58

(62.85 6.99 8.72)

NII-Electronic Library Service



3990

Vol. 32 (1984)

TaBLE IV. (continued)

Analysis (%)
Compd. Yield” . mp? Recrystn. Calcd (Found)

No. ©) Method? ¢C) solvent Formula
C H N
) 85 B 216—217 EtOH C,,H,N,0-2C,H,0,  60.78 658 9.14
(60.54 6.43 9.25)
43 50 B 200201 EtOH C,,H,N,0-2C,H,0,  60.78 6.58 9.14
(61.03 672  9.40)
44 30 B 102105 CH,COCH,  C,Hy,N,0-2C,H;0,? 5470 6.51 823
(5506 679  8.42)
45 37 B 99—103 CH,COCH,  CpHy,N,0-2C,H,0.2 5470 6.51 823
(5498 6.81 8.17)
46 ) B 161—163 EtOH C,;H,N,0:2C,H,0, 6078 658 9.14
(60.95 6.48 9.38)
47 53 C 94-96  CH,COCH;  CpHyN,0-2C,H,O¢? 5405 635  8.40
(54.30 6.57 8.25)
48 65 C 129131 EtOH C,H,N,0:2C,H,0, 6305 695 840
(6274 7.02  8.26)
49 92 C 120122  CH,COCH,  C,,H,N,0-2C,H,0,  60.19 640 9.36
' (6043 6.51 9.08)
50 60 C 91-94  CH,COCH,  C,;HyN,0-2C,H,O¢? 57.21 6.86  7.62
(57.40 6.69 7.53)
51 34 A 204—207 EtOH C,H,,FN,-2C,H,0,  59.38 601  9.55
(59.16 597  9.41)
52 88 A 169—171 EtOH C,H,,CIN, 2C,H,0, 5776 585 9.29
(57714 5.76 9.47)
53 60 A 208210 EtOH C, H,,CIN,-2C,H,0,  57.76 585  9.29
(5791 5.98 9.40)
54 55 A 215218 EtOH C, H,,CIN,-2C,H,0, 5776 585  9.29
(5745 6.12 9.44)
55 79 A 176—179 EtOH C,,H,,N, -2C,H,0, 61.84 657  9.62
(62.03 6.87 9.47)
56 48 A 179—182 EtOH C,,Hy,N,0-2C,H,0,  60.19 640  9.36
(6041 640  9.75)
57 36 A 138142 EtOH C,H,N,0-2C,H,0,  60.78 658 9.14
(60.49 6.63 9.46)
58 77 A 201—202 EtOH C,HyN,0-2C,H,0, 6257 679 858
(6225 7.02  8.73)
59 36 A 192194 MeOH-EtOH C,H,sN,0-2C,H,0, 6305 695 8.40
(62.81 7.28 8.12)
60 85 C 108—112  CH,COCH,  C,;Hy;,N,0-2C,H,O;? 5470 651 823
(54.52  6.73 8.01)
61 86 C 116—119  CH,COCH,  CnHyN,0-2C,H, O 5774 7.06  7.48
(5799 6.85 7.34)
62 88 C 9295  CH,COCH,  C,H;,N,0-2C,H,0? 5470 651 823
(54.56 6.41 8.50)
63 91 C 99102 CH,COCH,  CnsHypoN,0-2C,HeO(? 5774 7.00  7.48
(5746 687  7.72)
64 82 C 106109 CH,COCH;  C,H;,N,0-2C,H,0? 5470 651 823
(5491 672  8.04)
65 90 C 117—120  CH,COCH;  C,sHupoN,0-2C,H,0® 57.74 7.00  7.48
(57.59 7.27 7.19)

a) Fumarate unless othewise noted.
free base.
e) dl-Tartrate.

¢) See Experimental.
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ous layer was separated, made alkaline with 309, NaOH under ice-cooling, and extracted with toluene. The toluene
extract was dried over K,COj; and evaporated in vacuo to give the residue. These crude crystals were recrystallized
from iso-Pr,O to give 10b (4.2g, 75%) as colorless needles, mp 113—115°C. IR (KBr)cm~*!: 1644 (C=0). 'H-
NMR (CDCl;) : 1.6—2.1 (4H, m, C,-H and C4-H), 1.68 (3H, d, J=6.0 Hz, =NCOCHCICH,;), 2.5—3.2 (6H, m,
C,—H, C¢-H, and Cy-H), 3.88 (2H, t, /=7.0Hz, C,-H), 4.60 (1H, q, J=6.0 Hz, =NCOCHCICH,;), 4.65 (2H, s,
C,-H), 7.10 (1H, s, C,y—H). 4nal. Calcd for Cy5HoCIN,O: C, 64.62; H, 6.87; N, 10.05. Found: C, 64.27; H, 6.98:;
N, 9.86.

6-(2-Chloropropionyl)-5,6,7,8-tetrahydro-1,6-naphthyridine (10a) was similarly prepared from 4a as an oil.
Yield 897;. This compound was used in the next step without further purification.

1-Acyl-4-arylpiperazines were similarly prepared by the method described above.

1-(2-Chloropropionyl)-4-(2-methoxyphenyl)piperazine: oil. Yield 85 7o+ This compound was used in the next step
without further purification. '

1-(2-Chloropropionyl)-4-(2-ethoxyphenyl)piperazine: colorless prisms (petr. ether), mp 68—68.5°C. Yield 68%,.
Anal. Caled for C;sH,;CIN,0,: C, 60.70; H, 7.13; N, 9.44. Found: C, 60.51; H, 7.02; N, 9.08.

2-{2-[4—(2-Eth0xyphenyl)-l-piperazinyl]propionyl}-1,2,3,4,6,7,8,9-octahydrobenzo[b][1,6]naphthyridine (11b)—
—A solution of 10b (4.2 g, 15 mmol), 1-(2-ethoxyphenyl)piperazine - HCI (4.4 ¢, 18mmol), and Et;N (3.6 g, 36 mmol)
in EtOH (80 ml) was refluxed for 76 h. Evaporation of the reaction mixture in vacuo gave the residue, which was
partitioned between 3N HCl and toluene. The aqueous layer was made alkaline with 309 NaOH and extracted with
toluene. The toluene extract was dried over K,CO,, and evaporated in vacuo to give 11b (5.7 g, 84%) as an oil. This
compound was used in the next step without further purification. IR (CHCl;) em™1: 1635 (C=0). 'H-NMR (CDCly)
6:1.27(3H, d, J=7.0Hz, =NCOCH(CH;)N =), 1.50 (3H, t, J=7.0 Hz, OCH,CH,), 1.6—1.9 (4H, m, C,-H and Cy—
H), 2.5—3.2 (14H, m, C,-H, C4+H, C,-H, and piperazinyl H), 3.3—4.3 (5SH, m, C;-H, OCH,CH,, and
=NCOCH(CH;)N =), 44—4.9 (2H, m, C,-H), 6.85 (4H, s, phenyl H), 7.10 (1H, s, Cio—H).

6-{2-[4-(2-Methoxyphenyl)-1-piperazinyl]propionyl}-5,6,7,8-tetrahydro-1,6-naphthyridine (11a) was similarly
prepared as colorless prisms (ether), mp 122—123°C. Yield 79%. Anal. Caled for C,,H,4N,0,: C, 69.45; H, 7.42; N,
14.72. Found: C, 69.71; H, 7.60; N, 14.53.

6-{2-[4-(2-Methoxyphenyl)-1-piperazinyl]-1-methyl-2-oxoethyl}-5 ,6,7,8-tetrahydro-1,6-naphthyridine (9a) was
similarly prepared in 609 yield as an oil from 4a and 1-(2-chloropropionyl)-4-(2-methoxyphenyl)piperazine. Further,
2-{2-[4-(2-ethoxyphenyl)-1-piperazinyl]-1-methyl-2-oxoethyl}-1,2,3,4,6.7 ,8,9-octahydrobenzo[b][1,6]naphthyridine
(9b) was similarly prepared in 739 yield as an oil from 4b and 1-(2-chloropropionyl)-4-(2-ethoxyphenyl)piperazine.
These compounds (9a, b) were used in the next step without further purification.

6-Crotonoyl-5,6,7,8-tetrahydro-1,6-naphthyridine (14a)——A solution of crotonyl chloride (3.14 g, 30 mmol) in
CHCI; (25 ml) was added dropwise to a solution of 4a (3.35g, 25 mmol) and pyridine (2.4 ml, 30 mmol) in CHCl,
(125 ml) with stirring under ice-cooling. During the addition, the reaction temperature was kept below 10 °C. After
the addition, the reaction mixture was stirred for 2 h at ca. 5°C and then at room temperature overnight. After a small
amount of hydroquinone had been added to the mixture, the whole was evaporated in vacuo to give the residue. This
residue was partitioned between 1N HCI and toluene. The aqueous layer was separated, made alkaline with 10%
NaOH, and extracted with toluene. After the toluene layer had been dried over K,CO,, a small amount of
hydroquinone was added to the toluene layer, which was then evaporated in vacuo below 30°C to give the residue.
Recrystallization of the residue from iso-Pr,O gave 14a (4.2 g, 84%) as colorless prisms, mp 58 °C. IR (Nujol) cm™*:
1660 (C=0). 'H-NMR (CDCl,) 6: 1.93 (3H, dd, J=6.4 and 1.3 Hz, -CH =CHCH,), 3.06 (2H, t, J=5.8 Hz, Cg—H),
3.92 (2H, t, J=5.8 Hz, C,-H), 4.79 (2H, s, Cs-H), 6.33 (1H, dd, J=15.2 and 1.3 Hz, ~CH=CHCH,), 6.6—7.3 (2H,
m, C;-H and -CH=CHCHy), 7.43 (1H, dd, J=7.2 and 1.2 Hz, C,~H), 8.42 (1H, dd, J=4.9 and 1.2 Hz, C,-H). Anal.
Caled for C,,H,;\N,0: C, 71.26; H, 6.98; N, 13.85. Found: C, 71.45; H, 6.72; N, 13.96.

2-Crotonoyl-1,2,3,4,6,7,8,9-octahydrobenzo[b][1,6]naphthyridine (14b) was similarly prepared as colorless pri-
sms (iso-Pr,0), mp 82—=85 °C. Yield 98%,. Anal. Calcd for Ci6H3oN,0: C, 74.97; H, 7.86; N, 10.93. Found: C, 74.77;
H, 7.69; N, 10.69.

The following 4-acyl-1-piperazines were prepared by a similar method using methacryloyl chloride and
crotonoyl chloride from 1-(2-methoxyphenyl)- and 1-(2-ethoxyphenyl)piperazine.

4-Methacryloyl-1-(2-methoxyphenyl)piperazine: colorless needles (iso-Pr,0), mp 89—90.5°C. Yield 78%. Anal.
Caled for C,5H,,N,0,: C, 69.21; H, 7.74; N, 10.76. Found: C, 68.97; H, 7.69; N, 10.58.

1-(2-Ethoxyphenyl)-4-methacryloylpiperazine: colorless oil, bp 165—175°C (0.8 mmHg). Yield 79%. This
compound was used in the next step without elementary analysis.

1-Crotonoyl-4-(2-methoxyphenyl)piperazine: colorless needles (iso-Pr,0), mp 65 °C. Yield 93%. Anal. Calcd for
CisH3oN,0,: C, 69.21; H, 7.74; N, 10.76. Found: C, 68.98; H, 7.60; N, 10.99.

1-Crotonoyl-4-(2-ethoxyphenyl)piperazine: colorless oil, bp 175—185°C (1.3mmHg). Yield 96%. This com-
pound was used in the next step without elementary analysis.
The Michael Reaction of Unsaturated Amides with Amines

Typical Example: 2-{3—[4—(2—Ethoxyphenyl)-1-piperazinyl]-1-methyl-3-oxopropyl}-1,2,3,4,6,7,8,9-0ctahydr0-
benzo[5][1,6 Jnaphthyridine (12b)——A solution of 4b (3.4g, 18 mmol), l-crotonoyl-4-(2-ethoxyphenyl)piper-
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azine (4.1g, 15mmol), and Triton B (2ml) in EtOH (20ml) was refluxed for 48h. After evaporation of the
reaction mixture in vacuo, the residue was made alkaline with 309, NaOH and then extracted with toluene. The tolu-
ene extract was dried over K,CO, and evaporated in vacuo to give a viscous oil, which was purified by SiO, column
chromatography using CHCl,-EtOH (10: 1, v/v) as an eluent to afford 12b (5.0g, 7177) as a gum. This compound
was used in the next step without elementary analysis. IR (CHCl,) cm ™! 1625 (C=0). 'H-NMR (CDCl,) §:
1.20 (3H, d, J=6.0Hz, =CHCHj,), 1.45 (3H, t, J=7.0Hz, OCH,CH,), 1.6—2.1 (4H, m, C,-H and C¢-H), 2.2—
3.2 (15H, m, aliphatic H), 3.2—3.9 (6H, m, aliphaticH), 4.07 (2H, q, /=7.0Hz, OCH,CH,), 6.89 (4H, s, phenyl
H), 6.99 (1H, s, C,,—H).

The following compounds were prepared by a similar method as gummy compounds and used in the next step
without elementary analysis: 6-{3—[4-(2-methoxyphenyl)-1-piperazinyl]-1-methyl-3—oxopropyl}-5,6,7,S-tetrahydro-
1,6-naphthyridine (12a), 6-{3-[4-(2-methoxypheny])-1-piperazinyl]-2-methyl-3-oxopropy1}-5,6,7,8-tetrahydro-1,6-
naphthyridine (13a), 2-{3-[4-(2-ethoxyphenyl)-1-piperazinyl]-Z—rnethyl-3-0x0pr0py1}-1,2,3,4,6,7,8,9-oxtahydro-
benzo[b][1,6]naphthyridine (13b), 6-{3—[4-(2-methoxyphenyl)-l-piperazinyl]butyryl}—5,6,7,8-tetrahydro-1,6-naph-
thyridine (15a), 2-{3-[4-(2—ethoxyphenyl)-l—piperazinyl]butyryl}-l,2,3,4,6,7,8,9-octahydrobenzo[b][1,6]naphthyri-
dine (15b).

Reaction of Amide Derivatives with LiAIH,

Typical Example (Method C): 2-{2-[4-(2-Ethoxyphenyl)-1-piperazinyl]propyl}-1,2,3,4,6,7,8,9-octahydrobenzo-
[5][1,6]naphthyridine Difumarate (50)——A solution of 11b (5.4g, 12mmol) in dry ether (40 ml) was added drop-
wise to a suspension of LiAlH, (0.5g, 12mmol) in dry ether (80 ml) and the mixture was refluxed for 4 h. The mix-
ture was cautiously quenched by treatment with H,O (1 ml) below 10°C. After the mixture had been stirred for an
additional 2 h, the precipitate was filtered off, and then washed well with ether. Evaporation of the combined ethe-
real filtrate in vacuo gave the residue. This residue was purified by SiO, column chromatography using toluene—
EtOH (5: 1, v/v) as an eluent to afford the free base of 50 (3.10 g, 60%) as an oil. tH-NMR (CDCly) §: 1.13 (3H, d,
J=7.0Hz, =CHCH,), 1.43 (3H, t, J=7.0Hz, OCH,CH,), 1.6—2.0 (4H, m, C,~H and Cg-H), 2.3—3.3 (19H, m,
aliphatic H), 3.62 (2H, s, C,—H), 4.05 (2H, q, J=7.0Hz, OCH,CH,), 6.6—7.1 (5H, m, aromatic H). MS m/z (relative
intensity): 434 (M ™, 1.9), 234 (17.5), 233 (100), 231 (6.5).

This free base was converted to the salt (50) by treatment with dl-tartaric acid in acetone. Melting points,
recrystallization solvents, and elementary analyses of the salts are listed in Table I.

Pharmacological Methods

Spontaneous Nystagmus——The methods described in this report were the same as those previously
reported.*? The effect of each compound was expressed as inhibition percent, / (%), based on the following formula: I
(%) =(4— B) x 100/4 (%), where A and B are the values of total beat number of nystagmus for 60 min before and
after the administration of the compounds, respectively. Mean 7 (%) at not less than 3 screening dose levels was
obtained from at least three different preparations, and ID;, of each compound was determined graphically from the
dose-response curves plotted on semilogarithmic paper.

Antagonism of Emesis All experimental procedures were carried out according to Janssen’s methods.® Six
beagle dogs weighing 9.0—13.0kg were previously selected based on sensitivity to apomorphine-HCI (0.3 mg/kg,
s.c.). They were used at weekly intervals. After a fast of 12—18h, they were fed 1h prior to the experiment.
Compound 41 (NK 422), diphenidol-HCI (DPD), chlorpromazine - HCl (CPZ), and saline (control) were given
subcutaneously 30 min before the administration of apomorphine-HCI (0.3 mg/kg, s.c.). The following phenomena
were recorded: a) onset of time of vomiting (latency), b) frequency of vomiting, and c) duration of vomiting (time
interval between first and last emesis). These phenomena were observed for 1h after the administration of
apomorphine- HCI.
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