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Starting from the 3-[2-(1-benzylpiperidin-4-yl)ethylamino]-6-phenylpyridazine 1, we performed
the design, the synthesis, and the structure—activity relationships of a series of pyridazine
analogues acting as AChE inhibitors. Structural modifications were achieved on four different
parts of compound 1 and led to the following observations: (i) introduction of a lipophilic
environment in the C-5 position of the pyridazine ring is favorable for the AChE-inhibitory
activity and the AChE/BUChE selectivity; (ii) substitution and various replacements of the
C-6 phenyl group are possible and led to equivalent or slightly more active derivatives; (iii)
isosteric replacements or modifications of the benzylpiperidine moiety are detrimental to the
activity. Among all derivatives prepared, the indenopyridazine derivative 4g was found to be
the more potent inhibitor with an 1Cso of 10 nM on electric eel AChE. Compared to compound
1, this represents a 12-fold increase in potency. Moreover, 3-[2-(1-benzylpiperidin-4-yl)-
ethylamino]-5-methyl-6-phenylpyridazine 4c, which showed an ICsg of 21 nM, is 100-times more
selective for human AChE (human BUChE/AChE ratio of 24) than the reference compound

tacrine.

Introduction

The neurodegenerative Alzheimer’s disease (AD) af-
fecting mainly aging populations in industrialized na-
tions is characterized by three major pathological signs:
p-amyloid plaques, neurofibrillary tangles, and synaptic
loss.12? A deficiency in cholinergic neurotransmission is
considered to be one of the major causes of memory
impairments in patients.3 A palliative treatment of AD
is possible by the use of agents that restore the level of
acetylcholine.> Acetylcholinesterase (AChE) inhibitors
such as tacrine,® donepezil” (Chart 1), galanthamine,®
and rivastigmine® are able to enhance memory in AD
patients. Recent studies'®!! have shown that AChE
inhibitors, which interact with both peripheral and
active sites of the enzyme,'?13could in addition to AChE
inhibition act as potential inhibitors of the formation
of SA4-amyloid protein (BAP). Thus, such AChE inhibi-
tors with central bioavailabality represent still a prom-
ising approach to the treatment of AD. In a previous
paper,'* we reported the synthesis and the biochemical
evaluation of a series of 3-aminoalkyl-6-arylpyridazine
derivatives based on the structure of minaprine,l®> an
original lead compound with antidepressive properties.
Among all the derivatives investigated, 3-[2-(1-benzylpi-
peridin-4-yl)ethylamino]-6-phenylpyridazine 1 (Chart 1)
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Chart 1

Y
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donepezil

was found to be one of the most potent AChE inhibitors
(ICs0 = 120 nM, electric eel) with a selectivity profile
more favorable than tacrine but less than donepezil.

In the present study, we describe the design, the
synthesis (Schemes 1—4), and the structure—activity
relationships (SAR) (Tables 1-5) of a series of 3-[2-(1-
benzylpiperidin-4-yl)ethylamino]pyridazine analogues
prepared with the aim of increasing the potency of
compound 1 and its selectivity toward AChE inhibition
versus BUChE inhibition.

Design

The crystallographic structure of AChE from Torpedo
californica’® has been well-known for 10 years. More-
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Figure 1. Comparison between the predicted position of
compound 1 (magenta) and the X-ray structure of decametho-
nium (green) are shown. (Nitrogen atoms are colored blue.)
Only the amino acid residues of the binding pocket are
displayed for clarity.

over, X-ray structures of the enzyme complexed with
inhibitors made the binding site characterization
possible.l’=20 These studies showed that AChE pos-
sesses two distinct binding sites for the substrate
acetylcholine: an active site (catalytic site) and a
peripheral site (allosteric site). The peripheral site is
localized at the entrance of a deep and narrow channel
(about 20 A long and as narrow as 4.5 A). This gorge,
which is lined with aromatic residues (ca. 40% of the
residues present in the binding pocket), leads to the
active site near the bottom. We used the X-ray structure
of AChE to investigate the possible binding modes of
our inhibitors. A preliminary molecular docking study
was carried out (as described in the Computational
Methods section) mainly on the previously described
inhibitor 1. Thus, Figure 1 shows the calculated and
predicted position of compound 1 (magenta) in the
binding pocket of the AChE-decamethonium crystal-
lographic structure!’(decamethonium shown in green).
The results of the docking studies allowed the identifi-
cation of some features of the aminopyridazine 1 binding
mode. The positively charged piperidine nitrogen achieves
a cation-z-cloud interaction with Phe330 and Trp84,
residues involved in the “anionic” part of the enzyme
active site. We observed no direct hydrogen bond
between the polar groups of the inhibitor and the
binding site. However, a water-bridged hydrogen bond
may occur between the piperidine nitrogen of the
inhibitor and Tyrl121 or Serl22 (as detected in the
AChE-donepezil crystallographic structure?). Other
comparable water-bridged hydrogen bonds have been
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Table 1. Anticholinesterase Activity of 4- and
5-Substituted-6-aryl-3-benzylpiperidinylethylaminopyridazines

Compnd Ry R, Mp,°C” Formula ICso (nM) ©
1° H H 268 C24HasN4. 2 HCL H,0 120+ 10
4a H Me 246 C,sHzoNg. 2 HCL 0.5 H,O 320+£20
4b H i-Pr 103 Cy7H34N4. 2 HCL 2 H,O 430+ 14
4c Me H 135 CysH3oNg. 2 HCL 1.2 H,O 21+3
4d Et H 270 Cz6Hi:Ny. 2HCIL. H,O 2712
4e Pr H 177 Cy7H34Ns. 2 HCL 1.5 H,O 6110
4f R 206  CagHoNa 2HCL 3 H,O0 440+ 42

N

a All melting points refer to hydrochlorides. ° Electric eel ace-
tylcholinesterase. ¢ Reference 14.

observed in the X-ray structure of AChE complexes.?!
Hydrophobic and van der Waals interactions are also
evident for the protein—inhibitor model. Inhibitor 1
takes advantage of the aromatic residues present in the
gorge by making a variety of interactions. van der Waals
interactions of the piperidine ring occur with the phenyl
rings of Phe331 and Tyr334. The benzyl ring of deriva-
tive 1 displays n—x stacking with the aromatic ring of
Trp84. It occupies the binding site for the quaternary
ligands, such as edrophonium or decamethonium.'” The
phenyl-aminopyridazine part of 1 is located at the
entrance of the gorge and interacts with two aromatic
residues (Trp279 and Tyr70) which are involved in the
AChE peripheral site. The phenyl ring, which is not
coplanar with the pyridazine heterocycle, seems to
display a m—x stacking with the aromatic ring of
Trp279. Thus, the aminopyridazine ring occupies the
same region in space as the quaternary trimethylam-
monium group of decamethonium in the corresponding
X-ray structure.l” In general, our inhibitor 1 seems to
interact with both peripheral and active sites of the
enzyme. Huperzine A dimer?? and bis-tetrahydroami-
nacrine??® were found to have the same binding mode.

Although this molecular modeling study provided us
some interesting information for the design of potent
inhibitors, this computational work was performed after
we started a classical structure activity strategy. Thus,
four types of structural modifications were investigated
in order to improve the anti-AChE activity of 1. First,
substitution of pyridazine ring at C-4 and C-5 positions
resulted in a series of 1 analogues (4a—f in Table 1).
Second, introduction of a methylene bridge between the
C-5 pyridazine position and the phenyl group gave
tricyclic analogues of 1 (4g—j in Table 2). Third,
replacement of the phenyl moiety by nonaromatic and
aromatic groups was also investigated (4k, 5, 6a—o, and
7 in Table 3). Finally, benzylpiperidinyl-ethylamine
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Table 2. Anticholinesterase Activity of
Tricyclic-6-aryl-3-benzylpiperidinylethylaminopyridazines

(CH), N’_®

S

ZI

Compnd n Mp, °C “ Formula ICso (nM) ®
1° 0 268 C24H2N4. 2 HCI. H,O 120+ 10
4g 1 dec CasHasNg. 2 HCL 1.5 H,O 10£3
4h 2 270 Cz6H30N4. 2 HCL. 2 H,O 395
4i 269 Ca6H2Ny4. 2 HCL 3.5 H,O 223
4j 3 160 C,7H3:N4. 2 HCL H,0 22£2

a All melting points refer to hydrochlorides. ° Electric eel ace-
tylcholinesterase. ¢ Reference 14.

chain analogues of compound 1 were also prepared (10,
12, 14a—c, 16a—b, and 18a—b in Table 4).

Chemistry

The 3-[2-(1-benzylpiperidin-4-yl)ethylamino]pyridazines
4a—k (Tables 1, 2, and 3) were synthesized according
to Scheme 1. Condensation of the iminochlorides 3 with
the 2-(1-benzylpiperidin-4-yl)ethylamine2* gave the final
pyridazines 4 as described previously.* Iminochlorides
3 were readily obtained from the corresponding 3(2H)-
pyridazinones 2 by action of phosphorus oxychloride.
Most of the 3(2H)-pyridazinones 2 were prepared ac-
cording to the literature.?5=3! The synthesis of 5-alkyl-
6-phenyl-3(2H)-pyridazinones 2c—e was realized by
using the one-pot procedure described by Coates et al.32
Condensation of the 3-chloro-5,6-dihydrobenzo[h]cinno-
line 3h3 with the benzylpiperidinyl-ethylamine by
using acid condition (NH4CI) gave the benzocinnoline
4i (Table 2) in 25% yield. The dihydrobenzocinnoline
derivative 4h was obtained in neutral condition without
solvent (e condition, Scheme 1). Suzuki coupling of
available aryl boronic acids with 6-chloro-3-[2-(1-ben-
zylpiperidin-4-yl)ethylamino]pyridazine 5 described pre-
viously®* was used to prepare 6-aryl-3-[2-(1-benzylpiper-
idin-4-yl)ethylamino]pyridazines 6a—o with good yields
(Scheme 2, Table 3). Nucleophilic displacement of
compound 5 by NaOMe afforded methoxypyridazine 7
in 50% yield (Scheme 2). The preparation of the isosteric
compounds 10 and 12 (Table 4) is shown in Scheme 3.
A slightly modified method described by Dutta et al.3®
allowed us to obtain the 1-benzyl-4-[(ethoxycarbonyl)-
methylene]piperidine 8 in 84% yield, which gave com-
pound 9 after reduction with LiAlH4. Condensation of
the sodium alcoolate of 9 with 3-chloro-6-phenylpy-
ridazine®® provided the alkoxypyridazine derivative 10.
Treatment of 9 with thionyl chloride allowed 1-benzyl-
4-(2-chloroethyl)piperidine®” 11 to be obtained which is
condensed with 3-mercapto-6-phenylpyridazine® to give
the alkylthiopyridazine derivative 12. The acetamidopy-
ridazine derivatives 14a—c (Scheme 4, Table 4) were
prepared by coupling the activated carboxylic acids
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Table 3. Anticholinesterase Activity of
6-Substituted-3-benzylpiperidinylethylaminopyridazines

Y

Compnd R Mp, °C * Formula ICso (nM) ®
1° Ph 268 Ca4HagN4. 2 HCL H,0 120+ 10
4k H 120 CigHuNs 2HCL 1.5H0  240+10
5 Ci dec C1sHxCING. 2 HCL H,0 7344
7 MeO 120 CyoHaeNsO.2HCL2H;0 220+ 10
6a“ 2-Me-Ph 95 CasHaoNs. 2 HCL H;0 90+5
6b 2-Et-Ph 115 CaHipNy 2 HCL 2,5 H,0 87+7
6¢”  2,4,6-(Me)s-Ph dec Cy7HaNy. 2HCL 1.5 H,0 3 000 £ 200
6d’ 2-MeO-Ph 128 CasH3oN4O. 2 HCL 3 H,O 110+ 10
6e 2-Cl-Ph 153 CaHpCINg 2HCI 2,5 H,0 80+ 6

6°  3,5-(CFs)-Ph 220 CaHaN4Fe. 2 HCI 56+3

6g” 2-naphthyl 205  CysHaeNg 2 HCL 125 H;0 56 + 10

6h 3-AcNH-Ph 236 C26H3;N50. 2 HCL 1.5 H>0 58+2

6i 3-Ac-Ph 243 C6H3oN4O. 2 HCL. H,0 54+4
6j 3,4-OCH,0-Ph 279 C25H2sN40,. 2 HCL H,O 73+3
6k 4-CN-Ph 247 C3sHz7Ns. 2 HCL 1.75 H,0 100+ 13
6l 4-F-Ph 253 Ca4H27FNy. 2 HCL 0.5 H,0 350+30
6m 4-(NMez)-Ph 145 Ci6H3,Ns. 3 HCL. 3.5 H,O 21010
6n 2-thiophenyl 227 C2;H326N4S. 2 HCL 2 H,O 97 +3
60 3-pyridiny! 131 C23H27Ns. 3 HCL 3 H,O 57+4

a All melting points refer to hydrochlorides. ° Electric eel ace-
tylcholinesterase. ¢ Reference 14. @ Reference 34.

13a—c with the 3-amino-6-phenylpyridazine. The 2-(1-
benzylpiperidin-4-yl)acetic acid 13a was obtained by the
hydrolysis product of 2-(1-benzylpiperidin-4-yl)acetoni-
trile.’* Alkylation of commercial 1-benzylpiperazine and
4-benzylpiperidine by means of ethyl chloroacetate
followed by saponification gave, respectively, the 2-(4-
benzylpiperazin-1-yl)acetic acid 13b and the 2-(4-ben-
zylpiperidin-1-yl)acetic acid 13c. The diamine chains
15a and 15b were synthesized, respectively, by alkyla-
tion with halogenonitrile of the secondary amine (1-
benzylpiperazine and 4-benzylpiperidine, respectively)
followed by reduction. Gabriel synthesis with the com-
mercially available bromoalkylphthalimide can also be
used for the preparation of 15a and 15b (Scheme 4).
The carboxyamine chains 17a and 17b were prepared
starting from the corresponding commercially available
secondary amines by alkylation with chloroacetic chlo-
ride followed by a Gabriel synthesis (Scheme 4). Con-
densation of the 3-chloro-6-phenylpyridazine®® with
primary amines 15a—b and 17a—b yielded, respec-
tively, compounds 16a—b (acid conditions) and com-
pounds 18a—b (basic conditions) (Scheme 4).
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Table 4. Anticholinesterase Activity of 6-Phenylpyridazines
with Various Side Chains

O-erenlD
N-N

Compnd X Y Mp, °C 7 Formula ICso (UM) °
1° NHCH,CH; 268 C24HsNy. 2 HCIL H,O 0.12+0.01
10 OCH,CH,» 155  Cp4HyN30. 2 HCL 0.5 H,O 0.14 £0.02
j/_\N,
12 SCH,CH, — 210 C,4H7N3S. 2 HCL 0.063 £ 0.003
14a NHCOCH, 117 CagHa¢N4O. 2 HCL 5 H,0 42+16
16a NHCH,CH, 263 CxH,7Ns. 3 HCL H,O 1.5+0.1

TN
14b  NHCOCH; ‘N\;/N‘ 241 CpHpsNsO.2HCL2HO 1742

182  NHCH,CO 225 CyuHpsNsO.2HCL15SH O 15+1

16b  NHCH;CH; 186  CHasNa 2HCL 15H,O 2411
14¢  NHCOCH: ’ND‘ 234 CasHyN4O.2HCLOSHO 18£1

18b  NHCH.CO 215 Cz4Hz6N40. HCL 0.5 H,0 120+ 10

a All melting points refer to hydrochlorides. ° Electric eel ace-
tylcholinesterase. ¢ Reference 14.

Scheme 12
R2 RZ R3
a b — [
R; —_— Ri— o —
0 N-NH
2

/ /
N-N N-N
3 4a-k
R, =H, Ph (CH) =R,
R, = H, Me, Et, Pr —r n=1-3
R,=H, i-Pr T

a Reagents and conditions: (a) R3-CO-CO;H, rt; (b) NH;NH2-H0,
reflux; (c) POCls, 75 °C; (d) 2-(1-benzylpiperidin-4-yl)ethylamine,
NH4CI, n-BuOH, 130 °C; (e) 2-(1-benzylpiperidin-4-yl)ethylamine,
100 °C.

Results and Discussion

The pyridazine derivatives were tested for in vitro
inhibition of acetylcholinesterase on the commercially
available electric eel AChE (Tables 1—4). The results
obtained with this enzyme preparation allowed us to
investigate molecular modeling studies (described in
another paper3?) using the published AChE structure
which is also derived from the electric eel enzyme.'6 In
addition to electric eel AChE, we used human erythro-
cytes as a source of human AChE and human serum as
a source of human butyrylcholinesterase (BuChE) to
determine the selectivity profile of the most potent
inhibitors (Table 5). The esterase activity was deter-
mined according to the method of Ellman et al.*°

We observed that introduction of a lipophilic and
aliphatic group in the C-4 position of the pyridazine ring
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Scheme 22

e —~ -
CH3O—<_>—N A=\ /N
N-N N-N

7 6a-o

2 Reagents and conditions: (a) 2-(1-benzylpiperidin-4-yl)ethyl-
amine, HCI/H,O/acetone, 100 °C; (b) ArB(OH),, base, solvent, 100
°C; (c) MeONa, DMF, 130 °C.

Scheme 32

paeS<b
N N
8

J b

) s
ClV\gV@_f_,@/@N(:UQ

2 Reagents and conditions: (a) (EtO),P(O)CH,COzEt, THF,
K2COg, reflux; (b) LiAlH4, THF, reflux; (c) Na, THF; (d) 3-chloro-
6-phenylpyridazine, reflux; (e) SOCIl,, CH2Cly, reflux; (f) 6-phenyl-
3-thiolpyridazine, EtONa, EtOH, reflux.

led to compounds showing weaker activities (Table 1).
Thus, isopropyl derivative 4b was found to be 3 times
less potent than the lead compound 1. On the other
hand, the presence of an alkyl group in the C-5 position
(4c—e) increased the anti-AChE potency. Compound 4c
was the best compound from this series with an I1Csp =
21 nM (a 6-fold increase in activity compared to 1).
Slight increases were observed for derivatives with an
ethyl (4d) or propyl (4e) group. The combined introduc-
tion of an aromatic environment in the C-4 and C-5
position (phthalazine ring) gave a less potent derivative
(4f). In general, it seems that the C-5 substitution with
an aliphatic group is particularly favorable for anti-
AChE activity.

All the constrained tricyclic pyridazines (4g—j) showed
an increased inhibitory activity (Table 2). With an I1Cs
value of 10 nM, the indenopyridazine derivative 4g was
found to be 12 times more potent than compound 1. The
benzocinnoline compound 4i showed a slight increase
in activity compared to its saturated analogue 4h. The
ring extension (n = 3) led to the benzocycloheptapy-
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Scheme 42
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B=N 14a:A=CH,B=N
B=N 14b:A=N, B=N
B=CH 14c:A=N, B=CH

f,g HzN\/\A/\
i Ve

17a: A=N,B=N A=NH,B=CHorN 15a: A=N,B=N
17b:A=N,B=CH 15b:A=N,B=CH
H
Q N

18a:A=N,B=N
18b:A=N,B=CH

16a:A=N,B=N
16b:A=N,B=CH

a Reagents and conditions: (a) NaOH, EtOH, reflux; (b) CICH,CO;Et, toluene, TEA, reflux; (c) NaOH, MeOH, reflux; (d) (COCI)y, rt;
(e) 3-amino-6-phenylpyridazine, CH2Cl,, TEA, rt; (f) NCCHCI, K;COs3, reflux; (g) LiAIH4, THF, rt; (h) N-bromoethylphthalimide, xylene,
130 °C; (i) NH2NH2-H20, EtOH, reflux; (j) 3-chloro-6-phenylpyridazine, NH4Cl, n-BuOH, 130 °C; (k) CICH>COCI, CHCl,, reflux; (I)
phthalimide-K, DMF, rt; (m) NH2NH»-H>0, EtOH, A; (n) 3-chloro-6-phenylpyridazine, pyridine, reflux.

Table 5. Comparative Activity on Various Cholinesterases

activity I1Cso (nM) ratio of ICs
Compnd o " (hBuChE / hAChE)
tAChE “ hACHE ° hBuChE °

1 120 + 10 140+ 10 700 + 30 50

4c 21+3 39+3 940 + 60 24

4d 27+2 66+8 920 20 14

4g 103 7443 230+ 20 3.1

4h 395 190 + 10 280+ 10 15

4i 2243 190 + 20 270 + 10 14

4j 2212 120 £10 510 +20 42

10 140 + 20 710 + 50 1600 + 100 22

12 63 +3 47010 480+ 10 1.0
tacrine 39+4 95+6 21+2 0.22
donepezil 48+6 16 £1 8200 + 200 510

a From electric eel. ® From human erythrocytes. ¢ From human
serum.

ridazine 4j which is comparable in activity to compound
4i (ICs5p = 22 nM on electric eel AChE). The phenyl ring
of compound 4g is coplanar with the pyridazine hetero-
cycle contrary to derivative 4j. It seems that the
correlation between the uncoplanar phenyl ring ob-
served and the w—x stacking with Trp279 is not so
evident. However, the introduction of a flexible (4c—e)
or constraint (4g—j) lipophilic environment in the C-5
pyridazine position seems to be critical for the anti-

AChE activity. A hydrophobic and van der Waals
interaction with the enzyme binding site is probably
responsible for the potency increase.

Surprisingly, the deletion of the phenyl moiety (Table
3) induces only a 2-fold decrease in activity (4k, 1Cso =
240 nM). This finding could suggest the slight impor-
tance of the phenyl ring in the binding (hydrophobic
interaction) with the peripheral site. The replacement
of the phenyl group by a halogen atom (5) produces a
weak increase of the anti-AChE activity whereas the
replacement by a methoxy (7) leads to a less active
compound (compared to 1). The isosteric substitution
of the C-6 phenyl ring with thiophene (6n) and pyridine
(60) gives, respectively, comparable and 2 times more
potent derivatives. Phenyl ring substitution with elec-
trostatic or hydrophobic groups leads, in most of the
cases, to comparable or slightly more active compounds
(6a—6m) than 1. Derivative 6¢c showed a very weak
anti-cholinesterase activity (ICso = 3 uM). Among the
6-arylpyridazines investigated, 6g and 6i show, respec-
tively, 1Cso values of 56 and 54 nM, which represent a
2-fold increase in potency. On the other hand, the
p-dimethylaminophenyl derivative 6m was found to be
2 times less active than 1. The weak modification (2-
fold maximum) produced by the C-6 pyridazine substi-
tution could suggest rather a 7—x stacking between the
pyridazine ring (instead of the phenylpyridazine moiety)
and the indole part of Trp279.

The isosteric replacement of the exo nitrogen atom
of compound 1 by an oxygen and sulfur atom yield,
respectively, the ethoxypyridazine 10 and the ethylthi-
opyridazine 12 (Table 4). Derivative 10 was comparable
to 1 whereas 12 showed a 2-fold increase activity with
an ICso of 63 nM. The 4-benzylpiperazine 16a and
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4-benzylpiperidine 16b analogues were, respectively, 10
and 200 times less potent than the 1-benzylpiperidine
derivative 1. The position of the nitrogen atom in the
aliphatic heterocycle appears to be important for the
anti-AChE activity. The introduction of a carbonyl group
in the ethyl chain was realized in order to obtain an
additional interaction with the enzyme. In all cases
(14a—c and 18a—b), a decrease of the activity in
comparison to the non-carbonyl analogues (1, 16a, and
16b) was observed. All of these observations confirm
that the 1-benzylpiperidine linked to a hydrophobic
chain (as shown previously!4) is favorable for the
interaction with the enzyme.

The most active and representative compounds, as
well as two reference inhibitors, tacrine and donepezil,
were then compared in order to determine their relative
inhibitory effects (Table 5) toward human acetyl and
butyrylcholinesterase (ratio of 1Cso hBuChE/hAChE).
Compound 4g, which was the most active derivative on
electric eel AChE, and compound 4j have comparable
BUChE/AChE ratios remaining, however, inferior to
that of compound 1. The other tricyclic derivatives (4h
and 4i) did not present a selective profile (ratio close to
1). The 5-alkylpyridazines 4c and 4d were found to be,
respectively, 3- and 5-fold more selective for hAChE
than the reference compound 1. Thus, 3-[2-(1-benzylpi-
peridin-4-yl)ethylamino]-5-methyl-6-phenylpyridazine 4c
was the more selective inhibitor with a ratio of 24 (I1Cso
of 39 nM for hAChE). The O- (10) and S-isosteric
derivatives (12) present a weak selectivity profile de-
spite their satisfactory anti-AChE activity. Compared
to tacrine, compound 4c is about 100 times more
selective but remains less selective than donepeszil.

Conclusion

The synthesis and biochemical evaluation of a series
of compound 1 analogues led to the design of potent and
selective AChE inhibitors. The most potent inhibitor,
49, which presents an ICsp of 10 nM on electric eel
AChE, is 60 000 times more active than our initial lead
compound, minaprine,* and 12 times more active than
1. Structure—activity relationships on four different
parts of 1 indicated that (i) introduction of a flexible or
constraint lipophilic environment in the C-5 pyridazine
ring causes an increase of the potency and human
selectivity; (ii) replacement or substitution of C-6 phenyl
group seems to be less determining for the anti-
cholinesterase activity; (iii) isosteric replacement or
modification of the 1-benzylpiperidine ethylamine chain
does not improve the inhibition or the selectivity. Among
all derivatives investigated, 3-[2-(1-benzylpiperidin-4-
yl)ethylamino]-5-methyl-6-phenylpyridazine 4c was found
to be one of the most potent and selective AChE
inhibitors: this derivative presents an ICsy of 21 nM
on electric eel AChE and a human selective ratio of 24
(100 more selective than tacrine).

During our preliminary molecular docking study, we
were able to show that our inhibitors interact with both
the cation-z part of the catalytic site and the peripheral
site of the enzyme. After we had performed our modeling
studies and before we had finished our structure—
activity approach, experimental data were published
which supported the applied docking strategy. The
crystal structure of the AChE complexed with the
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Figure 2. Comparison of the experimentally determined
AChE-donepezil complex and the predicted AChE-aminopy-
ridazine complex (magenta). The aminopyridazine inhibitor 4j
(magenta) adopts a conformation similar to that of donepezil
(green) in the corresponding complex.

benzylpiperidine derivative donepezil has been made
available.?° Like donepezil, our most potent inhibitors
contain a benzylpiperidine moiety which shows a similar
position and orientation when compared to the reported
X-ray structure (illustrated with compound 4j in Figure
2). Both kind of inhibitors adopt a comparable confor-
mation and position in the narrow binding pocket. The
indanone ring of donepezil stacks against the indole ring
of Trp279, in the peripheral binding site, by a classical
m—s interaction. A similar interaction was found for the
arylpyridazine part of our inhibitors. However, experi-
mental results showed that the pyridazine ring is
probably the part of the molecule which interacts with
Trp279.

At the present time, we consider synthesizing new
pyridazine derivatives according to the SAR observa-
tions and to a complete molecular modeling study.®® The
combination of the C-5 methyl substitution with, for
instance, the appropriate phenyl substitution should
allow us to obtain more potent inhibitors. Unfortunately,
the synthesis of such compounds is not so evident.
Indeed, the use of the Suzuki reaction for the 6-aryl-5-
methyl-3-[2-(1-benzylpiperidin-4-yl)ethylamino]py-
ridazines preparation is impossible. Moreover, the
synthesis of 6-aryl-5-methyl-3-chloropyridazine by the
classical route (Scheme 1) is in most of the cases very
difficult (low yields for some substituents on the phenyl

ring).

Experimental Section

Chemistry. *H NMR were recorded on a Bruker AC 200
(200 MHz) or a Bruker DPX 300 (300 MHz) spectrophotometer
at room temperature. Chemical shifts are given in ppm (9)
relative to SiMe; as internal standard. Coupling constants (J)
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are in hertz (Hz), and signals are designated as follows: s,
singlet; d, doublet; t, triplet; g, quadruplet; quint., quintuplet;
m, multiplet; brs, broad singlet; etc. The mass spectra were
obtained on a Mariner API-TOF. Melting points were deter-
mined with a Mettler FP62 apparatus and are uncorrected.
Elemental analyses were performed by the CNRS department
of microanalysis (CNRS, Vernaison, France) and are indicated
only by the elemental symbols within £0.4% of the theoretical
values unless otherwise noted. All chemicals and solvents were
obtained from commercial suppliers and used without purifica-
tion. THF and ethyl ether (Et,O) were freshly distilled from
sodium benzophenone ketyl. Flash chromatography was car-
ried out on Geduran silica gel Si 60 (40—63 um, Merck). Thin-
layer chromatography was carried out using plates silica gel
60 F2s4 (Merck). Spots were visualized either under UV light
(A = 254 nm) or by spraying with molybdate reagent (H.O/
concentrated HzSO4/(NH4)6M07024'4H20/(NH4)2—Ce(304)4'
2H,0, 90/10/25/1, viviwlw) and charring at 140 °C for a few
minutes. All chemical yields are unoptimized and generally
represent the result of a single experiment.

(1) 3(2H)-Pyridazinones. The 3(2H)-pyridazinones 2 nec-
essary for the synthesis of compounds 4a—k are already known
and were prepared according to literature procedures.?>=3! The
3(2H)-pyridazinone 2k is commercially available. Pyridazino-
nes 2c—e and 2j were synthesized by using the one-pot
procedure described by Coates et al.?

5-Methyl-6-phenyl-3(2H)-pyridazinone (2c). A stirred
mixture of glyoxylic acid monohydrate (54 mmol) and pro-
piophenone (163 mmol) was heated at 100—105 °C for 2 h and
allowed to cool to 40 °C, and then H,O (20 mL) was added
followed by concentrated aqueous NH,OH (4 mL). The mixture
was extracted with CH,Cl, (4 x 25 mL). The ammoniac
solution was stirred with hydrazine hydrate (54 mmol) and
heated under reflux for 2 h. After cooling, the precipitate
formed was collected by filtration and washed with H,O to give
2c: yield 70%; mp 210 °C (lit.?2 217—219 °C); *H NMR (300
MHz, CDCls) 6 2.19 (s, 3H), 6.89 (s, 1H), 7.44 (m, 5H), 12.57
(brs, 1H).

5-Ethyl-6-phenyl-3(2H)-pyridazinone (2d). Yield 35%;
mp 181 °C; *H NMR (200 MHz, CDCl3) 6 1.09 (t, 3H,J = 7.6
Hz), 2,48 (q, 2H, J = 7.4 Hz), 6.89 (s, 1H), 7.38—7.45 (m, 5H).

6-Phenyl-5-propyl-3(2H)-pyridazinone (2e). Yield 27%;
mp 128 °C; *H NMR (300 MHz, CDCls3) 6 0.86 (t, 3H,J = 7.0
Hz), 1.26 (m, 2H), 3.58 (m, 2H), 7.45—7.48 (m, 3H), 8.67 (s,
1H), 11.22 (brs, 1H).

2,5,6,7-Tetrahydro-3H-benzo[6,7]cyclohepta[1,2-c]py-
ridazin-3-one (2j). Yield 21%; mp 243 °C (lit.3° 235—239 °C);
1H NMR (200 MHz, CDCl3) ¢ 2.03 (quint., 2H, J = 7.3 Hz),
2.35(t, 2H, J = 6.9 Hz), 2.54 (t, 2H, J = 6.9 Hz), 6.74 (s, 1H),
7.10—7.32 (m, 3H), 7.42—7.46 (m, 1H), 12.21 (brs, 1H).

(1) General Procedure for 3-Chloropyridazines. The
appropriate substituted 3-(2H)-pyridazinone 2 was heated at
80 + 5 °C for 4 h with an excess (10 equiv) of phosphorus
oxychloride (POCI3). The excess of POCIl; was removed by
distillation under reduced pressure, and the residue was
carefully poured onto ice. The water was rendered alkaline
with 20% NaOH solution and extracted with EtOAc. The crude
3-chloropyridazine was purified by recrystallization in EtOH
or i-PrOH or by flash chromatography using a mixture of
hexanes—EtOAc as eluant. The 3-chloropyridazines 3 are
already known and were prepared according to literature
procedures_28,31733,36,41743

3-Chloro-4-isopropyl-6-phenylpyridazine (3b). Yield
94%; mp 72 °C (lit.** 71—74 °C); *H NMR (200 MHz, CDCls) 6
1.36 (d, J = 6,9 Hz, 6H), 3.35 (sept., 1H, J = 6.9 Hz), 7.51—
7.55 (m, 3H), 7.71 (s, 1H), 8.02—8.07 (m, 2H).

3-Chloro-5-methyl-6-phenylpyridazine (3c). Yield 95%;
mp 123 °C (lit.3245 123—124 °C); *H NMR (300 MHz, CDCl3) ¢
2.37 (s, 3H), 7.42 (s, 1H), 7.48—7.57 (m, 5H).

3-Chloro-5-ethyl-6-phenylpyridazine (3d). Yield 89%;
mp 64 °C; 'H NMR (300 MHz, CDClg) 6 1.18 (t, 3H, J = 7.5
Hz), 2.68 (q, 2H, J = 7.5 Hz), 7.46 (s, 1H), 7.49 (brs, 5H).
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3-Chloro-6-phenyl-5-propylpyridazine (3e). Yield 59%;
1H NMR (300 MHz, CDCls) ¢ 0.87 (t, 3H, J = 7.5 Hz), 1.55
(m, 2H), 2.62 (t, 2H, J = 7.9 Hz), 7.42 (s, 1H), 7.49 (brs, 5H).

3-Chloro-2,5,6,7-tetrahydro-3H-benzo[6,7]cyclohepta-
[1,2-c]pyridazine (3j). Yield 93%; mp 158 °C (lit.3! 155—156
°C); 'H NMR (300 MHz, CDCl3) 6 2.27 (quint., 2H, J = 7.2
Hz), 2.53 (t, 2H, 3 = 7.2 Hz), 2.57 (t, 2H, 3 = 7.2 Hz), 7.27—
7.30 (m, 1H), 7.39 (s, 1H), 7.43—7.46 (m, 2H), 7.81—7.84 (m,
1H).

(111) Preparation of the Amines. The 2-(1-benzylpiperi-
din-4-yl)ethylamine?* chain used in this work was obtained
from a commercial supplier as described in our previous
paper.'* The diamine chain 15a was prepared by alkylation
with an halogenonitrile followed by reduction whereas 15b was
obtained by Gabriel synthesis. These two procedures were
reported previously.'* The carboxyamine chains 17a and 17b
were synthesized starting from commercially secondary amines
according to literature procedure.

2-(1-Benzylpiperazin-4-yl)ethylamine (15a). (a) 2-(1-
Benzylpiperazin-4-yl)acetonitrile. Brown oil; yield 96%; mp
(dihydrochloride) 219 °C; *H NMR (200 MHz, CDCls) 6 2.49—
2.53 (m, 4H), 2.59—-2.65 (m, 4H), 3.49 (s, 2H), 3.51 (s, 2H),
7.24—7.33 (m, 5H).

(b) 2-(1-Benzylpiperazin-4-yl)ethylamine*® (15a). Yel-
low oil; yield 75%; mp (dihydrochloride) 247 °C; *H NMR (200
MHz, CDClIs) 6 1.38 (brs, 2H), 2.42 (t, 2H, J = 6.2 Hz), 2.48
(m, 8H), 2.78 (t, 2H, J = 6.2 Hz), 3.51 (s, 2H), 7.24—7.33 (m,
5H).

2-(4-Benzylpiperidin-1-yl)ethylamine (15b). Brown oil;
yield 85%; *H NMR (200 MHz, CDCl3) 6 1.18—1.38 (m, 2H),
1.50—-1.68 (m, 3H), 1.81-2.01 (m, 4H), 2.35 (t, 2H, J = 6.2
Hz), 2.57 (t, 2H, 3 = 6.6 Hz), 2.75 (t, 2H, J = 6.2 Hz), 2.85
(brd, 2H, J = 11.7 Hz), 7.14—7.30 (m, 5H).

2-Amino-1-(4-benzylpiperazin-1-yl)ethan-1-one (17a).
(a) 1-(4-Benzylpiperazin-1-yl)-2-chloroethan-1-one. To a
solution of chloroacetic chloride (13.8 mmol) in CH>Cl, (20 mL)
was added, at 0 °C, 1l-benzylpiperazine (11.5 mmol). The
reaction mixture was stirred at room temperature for 30 min.
H,O (100 mL) was added, and the mixture was rendered
alkaline with a 10% NaHCO; solution and extracted with
EtOAc. The organic layer, dried over Na,SO,4, was evaporated
under reduce pressure to give a yellow oil: yield 95%; 'H NMR
(300 MHz, CDCls) 0 2.47 (quint., 4H, 3 = 4.9 Hz), 3.50 (t, 2H,
J=4.9 Hz), 3.53 (s, 2H), 3.63 (t, 2H, J = 4.9 Hz), 4.06 (s, 2H),
7.25—7.32 (m, 5H).

(b) N-[2-(4-Benzylpiperazin-1-yl)-2-oxoethyl]phthalim-
ide. A mixture of 1-(4-benzylpiperazin-1-yl)-2-chloroethan-1-
one (45.1 mmol) and potassium phthalimide (45.1 mmol) in
DMF (60 mL) was stirred at room temperature for 5 h. A
saturated NH,CI solution (400 mL) was added, and the
reaction mixture was extracted with EtOAc. The organic layer
was washed with brine solution, dried over Na,SO,, and
evaporated under reduce pressure to give a white solid: yield
95%; mp 152 °C; *H NMR (200 MHz, CDCl3) 6 2.43—2.56 (m,
4H), 3.55 (s, 2H), 3.57—6.65 (m, 4H), 4.49 (s, 2H), 7.29—-7.35
(m, 5H), 7.70—7.74 (m, 2H), 7.84—7.89 (m, 2H).

(c) 2-Amino-1-(4-benzylpiperazin-1-yl)ethan-1-one (17a).
A mixture of N-[2-(4-benzylpiperazin-1-yl)-2-oxoethyl]phthal-
imide (8.2 mmol) and hydrazine hydrate (12.4 mmol) in EtOH
(25 mL) was refluxed for 30 min. The precipitate was filtered
off and washed with EtOH, and the filtrate was concentrated
under reduced pressure. Et,O was added to the residue, and
the precipitate was filtered. The filtrate, dried over Na;SOy,,
was evaporated to give a colorless oil: yield 98%; *H NMR (200
MHz, CDCls) 6 2.30—2.36 (m, 6H), 3.27 (t, 2H, J = 4.7 Hz),
3.33 (s, 2H), 3.43 (s, 2H), 3.55 (t, 2H, J = 4.7 Hz), 7.22—7.26
(m, 5H).

2-Amino-1-(4-benzylpiperidin-1-yl)ethan-1-one (17b).
(a) 1-(4-Benzylpiperidin-1-yl)-2-chloroethan-1-one. Or-
ange oil; yield 83%; 'H NMR (200 MHz, CDCl3) 6 1.71—-1.90
(m, 5H), 2.51—-2.66 (m, 3H), 3.05 (m, 1H), 3.81—3.86 (m, 1H),
4.08 (s, 2H), 4.52—4.62 (m, 1H), 7.13—7.28 (m, 5H).

(b) N-[2-(4-Benzylpiperidin-1-yl)-2-oxoethyl]phthalim-
ide. White solid; yield 75%; *H NMR (200 MHz, CDClz) ¢
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1.15-1.37 (m, 2H), 1.38—1.86 (m, 3H), 2.53—5.62 (m, 3H),
3.03—3.12 (m, 1H), 3.83 (brd, 1H, J = 13.5 Hz), 4.48 (s, 2H),
4.54 (m, 1H), 7.14-7.33 (m, 5H), 7.70—7.74 (m, 2H), 7.84—
7.88 (m, 2H).

(c) 2-Amino-1-(4-benzylpiperidin-1-yl)ethan-1-one (17b).
Yellow oil; yield 91%; *H NMR (200 MHz, CDClz) 6 0.96—1.20
(m, 2H), 1.56—1.75 (m, 3H), 1.84 (brs, 2H), 2.38—2.51 (m, 3H),
2.78 (td, 1H, J; = 13.3 Hz, J, = 1.2 Hz), 3.33 (s, 2H), 3.56
(brd, 1H, J = 13.5 Hz), 4.50 (brd, 1H, J = 13.2 Hz), 7.02—-7.12
(m, 5H).

(IV) General Procedure for the Substitution of the
Iminochlorides by Diamines. All the final 3-aminoalkylpy-
ridazines were prepared by substituting the iminochlorides 3
with the suitable amines. Compounds 4a—g, 4i—k, 16a, and
16b were obtained by using acid conditions (d condition,
Scheme 1) described in our previous paper.** Compound 4h
was synthesized in neutral conditions (e condition, Scheme 1)
whereas aminoethanone pyridazine derivatives 18a and 18b
were prepared in basic conditions (n condition, Scheme 4).

The corresponding hydrochlorides were prepared by treating
the free base dissolved in Et,O and/or EtOAc with gaseous
hydrogen chloride or with 2.1 equiv of 37% HCI. The collected
solids were crystallized in i-PrOH with Et;O or (i-Pr),0.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-4-methyl-6-
phenylpyridazine (4a). A mixture of 3-chloro-4-methyl-6-
phenylpyridazine 3a*}(0.63 g, 3.1 mmol), 2-(1-benzylpiperidin-
4-yl)ethylamine!4(1.34 g, 6.2 mmol), and ammonium chloride
(0.17 g, 3.1 mmol) in 1-butanol (10 mL) was refluxed for 48 h.
The solvent was removed by evaporation, and the residue was
diluted with 10% K,CO3 (100 mL) and extracted with EtOAc.
The organic layer was washed with a 10% citric acid solution,
and the combined aqueous phases were extracted with EtOAc.
The aqueous layer was rendered alkaline with K,CO3 and then
extracted with EtOAc. After drying over Na,SO, and removing
the solvent by evaporation, the free base (yellow oil) was
purified by flash chromatography (EtOAc—MeOH, 9:1 with 2%
(V) TEA): yield 19%; 'H NMR (200 MHz, CDCl3) 6 1.21-1.40
(m, 3H), 1.66—1.77 (m, 4H), 1.96 (brt, 2H, J = 11.3 Hz), 2.17
(s, 3H), 2.88 (brd, 2H, J = 12.0 Hz), 3.49 (s, 2H), 3.65—3.75
(m, 2H), 4.19 (brt, 1H, J = 5.1 Hz), 7.31—7.45 (m, 9H), 7.97—
8.01 (m, 2H).

Dihydrochloride (i-PrOH): mp 246 °C. Anal. (CasHzoNg*
2HCI-0.5H,0) C, H, N.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-4-isopropyl-
6-phenylpyridazine (4b). The free base (brown oil) was
purified by flash chromatography (EtOAc with 2% (v) TEA):
yield 13%; 'H NMR (200 MHz, CDCls3) ¢ 1.30—1.45 (m, 3H),
1.32(d, 6H, J = 6.9 Hz), 1.59—1.78 (m, 4H), 1.97 (brt, 2H, J =
10.9 Hz), 2.73 (m, 1H), 2.89 (brd, 2H, J = 10.9 Hz), 3.50 (s,
2H), 3.66—3.76 (m, 2H), 4.30 (brs, 1H), 7.22—7.31 (m, 5H),
7.39—7.41 (m, 4H), 7.97-8.02 (m, 2H).

Dihydrochloride (i-PrOH): mp 103 °C. Anal. (Cz7H3aNa-
2HCI-2H,0) C, H, N.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-5-methyl-6-
phenylpyridazine (4c). The free base (yellow oil) was puri-
fied by flash chromatography (EtOAc—MeOH, 9:1 and then
EtOAc with 2% (v) TEA): yield 22%; 'H NMR (200 MHz,
CDCl3) 6 1.28—1.43 (m, 3H), 1.56—1.63 (m, 2H), 1.69 (brd, 2H,
J = 11.7 Hz), 1.93 (brt, 2H, J = 11.3 Hz), 2.20 (s, 3H), 2.87
(brd, 2H, 3 = 11.7 Hz), 3.38—3.45 (m, 2H), 3.48 (s, 2H), 5.15
(brt, 1H, 3 = 5.6 Hz), 6.50 (s, 1H), 7.22—7.32 (m, 5H), 7.35—
7.46 (m, 3H), 7.50—7.54 (m, 2H).

Dihydrochloride (i-PrOH): mp 135 °C. Anal. (CzsH3oN4-2
HCI-1.2H,0) C, H, N.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-5-ethyl-6-phen-
ylpyridazine (4d). The free base (yellow oil) was purified by
flash chromatography (EtOAc—MeOH, 9:1): yield 28%; H
NMR (300 MHz, CDClg) 6 1.08 (t, 3H, J = 7.5 Hz), 1.26—1.47
(m, 3H), 1.57—1.64 (m, 2H), 1.70 (brd, 2H, J = 11,7 Hz), 1.95
(brt, 2H, J = 11.7 Hz), 2.55 (q, 2H, J = 7.2 Hz), 2.88 (brd, 2H,
J = 11.7 Hz), 3.40—3.47 (m, 2H), 3.49 (s, 2H), 5.08 (brt, 1H, J
=5.2 Hz), 6.53 (s, 1H), 7.23—7.35 (m, 5H), 7.39—7.45 (m, 5H).

Dihydrochloride (i-PrOH): mp 270 °C. Anal. (CysH3z2Na-
2HCI-H;0) C, H; N: calcd, 11.40; found, 10.93.
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3-[2-(1-Benzylpiperidin-4-yl)ethylamino]- 6-phenyl-5-
propyl-pyridazine (4e). The free base (colorless oil) was
purified by flash chromatography (EtOAc and then EtOAc with
2% (v) TEA): yield 10%; 'H NMR (200 MHz, CDCls) 6 0.87 (t,
3H, J = 7.3 Hz), 1.29-1.76 (m, 9H), 1.98 (brt, 2H, J = 10.8
Hz), 2.55 (t, 2H, J = 7.9 Hz), 2.91 (brd, 2H, J = 11.4 Hz), 3.40—
3.50 (m, 2H), 3.52 (s, 2H), 5.08 (brs, 1H), 6.53 (s, 1H), 730—
7.36 (m, 5H), 7.43—7.49 (m, 5H).

Dihydrochloride (i-PrOH): mp 177 °C. Anal. (Cy7H3sNa4*
2HCI-1.5H,0) C, H, N.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-6-phen-
ylphthalazine (4f). The free base (yellow solid) was purified
by flash chromatography (EtOAc—MeOH, 9:1): yield 59%; mp
170 °C; *H NMR (300 MHz, CDCl3) ¢ 1.17—1.29 (m, 3H), 1.55—
1.67 (m, 4H), 1.81 (brt, 2H, J = 10.9 Hz), 2.75 (brd, 2H, J =
10.6 Hz), 3.39 (s, 2H), 3.73 (m, 2H), 6.37 (brs, 1H), 7.19-7.27
(m, 5H), 7.38—7.46 (m, 3H), 7.57—7.69 (m, 4H), 7.84—7.87 (m,
1H), 8.10—8.13 (m, 1H).

Dihydrochloride (i-PrOH): mp 206 °C. Anal. (CasH3zoNa*
2HCI-3H;0) C, H; N: calcd, 10.19; found, 9.65.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-5H-indeno-
[1,2-c]pyridazine (4g). The free base (beige solid) was
purified by flash chromatography (EtOAc—MeOH, 9:1 with 2%
(v) TEA): yield 13%; mp 186 °C; *H NMR (200 MHz, CDCls)
6 1.29-1.39 (m, 3H), 1.57—1.73 (m, 4H), 1.95 (brt, 2H, J =
11.4 Hz), 2.88 (brd, 2H, J = 11.7 Hz), 3.40—3.47 (m, 2H), 3.49
(s, 2H), 3.82 (s, 2H), 4.83 (brt, 1H, J = 5.3 Hz), 6.74 (s, 1H),
7.24—7.32 (m, 5H), 7.36—7.50 (m, 3H), 8.11—8.15 (m, 1H).

Dihydrochloride (i-PrOH): mp dec. Anal. (CzsH2sN4-2HCI-
1.5H,0) C, H; N: calcd, 11.57; found, 11.15.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-5,6-dihy-
drobenzo[h]cinnoline (4h). The free base (white solid)
obtained after 24 h at 100 °C was purified by flash chroma-
tography (EtOAc with 2% (v) NH,OH): yield 15%; mp 113 °C;
IH NMR (300 MHz, CDCl3) 6 1.26—1.47 (m, 3H), 1.59—-1.73
(m, 4H), 2.81—-2.93 (m, 6H), 3.42—3.47 (m, 2H), 3.49 (s, 2H),
4.47 (brt, 1H, J = 5.2 Hz), 6.43 (s, 1H), 7.18—7.38 (m, 8H),
8.40—8.43 (m, 1H).

Dihydrochloride (i-PrOH): mp 270 °C. Anal. (CzsHzoNgs*
2HCI-2H,0) C, H; N: calcd, 11.04; found, 11.57.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]benzo[h]cin-
noline (4i). The free base (yellow solid) was purified by flash
chromatography (EtOAc): yield 25%; mp 160 °C; *H NMR (200
MHz, CDCl3) 6 1.26—1.45 (m, 3H), 1.54—1.76 (m, 4H), 1.98
(brt, 2H, 3 =11.2 Hz), 2.90 (brd, 2H, J = 12.2 Hz), 3.41-3.49
(m, 2H), 3.50 (s, 2H), 5.08 (brs, 1H), 6.78 (s, 1H), 7.29—7.39
(m, 6H), 7.58—7.81 (m, 4H), 9.33—9.36 (m, 1H).

Dihydrochloride (i-PrOH): mp 269 °C. Anal. (CysH2sNye
2HCI-3.5H,0) C, H, N.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-2,5,6,7-tet-
rahydro-3H-benzo[6,7]cyclohepta[l,2-c]pyridazine (4j).
The free base (colorless oil) was purified by flash chromatog-
raphy (EtOAc—MeOH, 9:1): yield 30%; 'H NMR (300 MHz,
CDCls3) 6 1.24—1.45 (m, 3H), 1.54—1.69 (m, 4H), 1.91 (brt, 2H,
J = 11.3 Hz), 2.11 (quint., 2H, J = 7.1 Hz), 2.36 (t, 2H, J =
7.1 Hz), 2.51 (t, 2H, J = 7.1 Hz), 2.84 (brd, 2H, J = 11.6 Hz),
3.40—3.44 (m, 2H), 3.45 (s, 2H), 5.05 (brt, 1H, J = 5.2 Hz),
7.15—7.36 (m, 8H), 7.73—7.76 (m, 1H).

Dihydrochloride (i-PrOH): mp 160 °C. Anal. (C7H32Ng*
2HCI-H;0) C, H, N.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]pyridazine
(4K). The free base (brown oil) was purified by flash chroma-
tography (EtOAc—MeOH, 9:1 with 2% (v) TEA): yield 11%;
'H NMR (200 MHz, CDCl3) 6 1.28—1.46 (m, 3H), 1.61-1.74
(m, 4H), 1.98 (brt, 2H, J = 11.1 Hz), 2.91 (brd, 2H, J = 11.8
Hz), 3.37—3.49 (m, 2H), 3.52 (m, 2H), 4.92 (t, 1H, J = 5.0 Hz),
6.64 (dd, 1H, J; = 9.0 Hz, J, = 1.3 Hz), 7.15 (dd, 1H, J, = 9.0
Hz, J, = 4.5 Hz), 7.26—7.35 (m, 5H), 8.54 (dd, 1H, J, = 4.4
Hz, J, = 1.3 Hz).

Dihydrochloride (i-PrOH): mp 120 °C. Anal. (CigH24N4*
2HCI-1.5H,0) C, H; N: calcd, 14.14; found, 13.72.

3-[2-(4-Benzylpiperazin-1-yl)ethylamino]-6-phenylpy-
ridazine (16a). The free base (white solid) was purified by
flash chromatography (EtOAc—MeOH, 9:1 with 2% (v) TEA):
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yield 22%; mp 140 °C; *H NMR (200 MHz, CDClg) 6 2.52 (m,
8H), 2.68 (t, 2H, J = 6.2 Hz), 3.52 (s, 2H), 3.53—3.60 (m, 2H),
5.36 (brs, 1H), 6.73 (d, 1H, J = 9.1 Hz), 7.28—7.34 (m, 5H),
7.42—7.47 (m, 3H), 7.59 (d, 1H, J = 9.5 Hz), 7.-95—8.00 (m,
2H).

Dihydrochloride (i-PrOH): mp 263 °C. Anal. (Cx3H27Ns:
3HCI-H0) C, H, N.

3-[2-(4-Benzylpiperidin-1-yl)ethylamino]-6-phenylpy-
ridazine (16b). The free base (white solid) was purified by
flash chromatography (EtOAc—MeOH, 9:1 with 2% (v) TEA):
yield 22%; mp 135 °C; *H NMR (300 MHz, DMSO-dg) 6 1.32—
1.36 (m, 2H), 1.65—-1.69 (m, 3H), 2.05 (m, 2H), 2.37 (t, 2H, J
= 6.5 Hz), 2.75 (d, 2H, J = 6.9 Hz), 3.03 (m, 2H), 3.62 (m, 2H),
7.05 (d, 1H, J = 9.4 Hz), 7.27—7.60 (m, 8H), 7.92 (d, 1H, J =
9.0 Hz), 8.09 (m, 2H).

Dihydrochloride (i-PrOH): mp 186 °C. Anal. (C2sH2sNa-
2HCI-1.5H;0) C, H, N.

3-[2-(4-Benzylpiperazin-1-yl)ethan-1-one-2-amino3]-6-
phenylpyridazine (18a). The free base (white solid) obtained
after 24 h reflux in pyridine was purified by flash chromatog-
raphy (EtOAc and then EtOAc with 2% (v) TEA): yield 10%;
mp dec; *H NMR (200 MHz, CDCl3) ¢ 2.42—2.50 (m, 4H), 3.49—
3.53 (m, 2H), 3.54 (s, 2H), 3.71 (t, 2H, J = 5.1 Hz), 4.39 (d,
2H, J = 3.6 Hz), 5.84 (brs, 1H), 6.86 (d, 1H, J = 9.1 Hz), 7.31—
7.33 (m, 5H), 7.39—7.49 (m, 3H), 7.60 (d, 1H, J = 9.4 Hz),
7.95—-7.98 (m, 2H).

Dihydrochloride (i-PrOH): mp 225 °C. Anal. (C23H2sN50-
2HCI-2H,0) C, H, N.

3-[2-(4-Benzylpiperidin-1-yl)ethan-1-one-2-amino3]-6-
phenylpyridazine (18b). The free base (white solid) obtained
after 24 h reflux in pyridine was purified by flash chromatog-
raphy (EtOAc and then EtOAc with 2% (v) TEA): yield 16%;
mp 144 °C; *H NMR (200 MHz, CDCls) 6 1.18—-1.31 (m, 2H),
1.73-1.88 (m, 3H), 2.58 (d, 2H, J = 6.7 Hz), 2.63—2.71 (m,
1H), 3.01 (brt, 1H, J = 12.6 Hz), 3.87 (brd, 1H, J = 13.5 Hz),
4.41 (t, 2H, J = 3.3 Hz), 4.64 (brd, 1H, J = 13.3 Hz), 6.05 (t,
1H, J = 3.6 Hz), 6.89 (d, 1H, J = 9.3 Hz), 7.13—7.36 (m, 5H),
7.40—7.45 (m, 3H), 7.59 (d, 1H, J = 9.3 Hz), 7.96—8.05 (2H,
m).

Dihydrochloride (i-PrOH): mp 215 °C. Anal. (C24H26N4O-
HCI-0.5H,0) C, H; N: calcd, 12.97; found, 12.52.

(V) Special Procedures. The 6-chloro-3-[2-(1-benzylpi-
peridin-4-yl)ethylamino]pyridazine 5 necessary for the syn-
thesis of compounds 6a—o and 7 was prepared according to a
literature procedure.3* Aryl boronic acids were commercially
available except for the 2-ethylphenylboronic acid which was
synthesized. Substituted 3-amino-6-arylpyridazines 6a—o were
synthesized by using the Suzuki procedure described in our
previous paper3* where the 6-arylpyridazines 6a, 6c, 6d, 6f,
and 6g were already prepared.

General Procedure for the Preparation of 6-Aryl-3-
[2-(1-benzylpiperidin-4-yl)ethylamino]pyridazines. Ar-
gon was passed through a suspension of 5 (3.46 mmol, 1 equiv),
arylboronic acid (3.98 mmol, 1.15 equiv), 2 M sodium carbonate
(3.7 mL, 7.34 mmol, 2.12 equiv), toluene (20 mL), and possibly
EtOH for 30 min. Tetrakis(triphenylphosphine)palladium(0)
(0.10 mmol, 0.031 equiv) was added, and the mixture was
heated at 110 °C for 24 h. The toluene was removed in vacuo.
The residue was diluted with H,O and extracted with EtOAc
(3 x 5 mL). The organic layer was washed with H,O (3 x 5
mL) and concentrated in vacuo. The crude product was purified
by chromatography with a mixture of EtOAc, MeOH, and TEA.
The corresponding hydrochlorides were prepared using the
same procedure described previously.

Compounds obtained by this method are listed below.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-6-(2-ethyl-
phenyl)pyridazine (6b). (a) 2-Ethylphenylboronic Acid.
A solution of 2-bromoethyl-benzene (17.1 mmol, 1 equiv) in
THF was added dropwise to a solution of Mg turnings (20.5
mmol, 1.2 equiv) in THF. The mixture was stirred at 20 °C
over 1 h, and then after cooling at —78 °C, triisopropylborate
(51.4 mmol, 3 equiv) was added dropwise. The solution was
stirred at —78 °C for 1 h and allowed to warm to room
temperature over 48 h. Then, the mixture was hydrolyzed with
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water (25 mL, stirred 1 h, and extracted with EtOAc (3 x 25
mL). The organic layer, dried over Na,SO., was evaporated
under reduce pressure to give the boronic acid, purified by
trituration in a mixture Et,O/hexane: yield 80%; *H NMR (200
MHz, DMSO-dg) 6 1.15 (t, 3H, J = 7.5 Hz), 2.68 (q, 2H, J =
7.6 Hz), 7.24 (m, 4H), 7.55 (s, 2H); ES-MS m/z 150 [M + H]*
(100%).

(b) 3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-6-(2-eth-
ylphenyl)pyridazine (6b). The free base (colorless oil) was
purified by flash chromatography (EtOAc—MeOH, 9:1 with 2%
(v) TEA): yield 40%; *H NMR (200 MHz, CDCl3) 6 1.22 (m,
6H), 1.66 (m, 4H), 1.99 (brt, 2H, J = 9.0 Hz), 2.84 (m, 4H),
3.54 (m, 4H), 5.27 (s, 1H), 6.78 (d, 1H, J = 9.0 Hz), 7.30 (m,
9H), 7.68 (d, 1H, J = 9.0 Hz).

Dihydrochloride (i-PrOH): mp 115 °C. Anal. (C26H32N4-2HCI-
2.5H,0) C, H; N: calcd, 10.81; found, 10.29.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-6-(2-chloro-
phenyl)pyridazine (6e). The free base (colorless oil) was
purified by flash chromatography (EtOAc—MeOH, 9:1 with 2%
(v) TEA): yield 50%; *H NMR (200 MHz, CDCl3) 6 1.31 (m,
3H), 1.62 (m, 4H), 1.94 (brt, 2H, J = 9.0 Hz), 2.84 (m, 4H),
3.49 (m, 4H), 5.48 (s, 1H), 6.73 (d, 1H, J = 9.4 Hz), 7.08 (d,
1H, J = 9.3 Hz), 7.31—7.57 (m, 6H), 7.68 (d, 1H, J = 9.0 Hz),
7.58 (m, 1H), 7.82 (m, 1H), 7.84 (s, 1H).

Dihydrochloride (i-PrOH): mp 153 °C. Anal. (C24H27CINg*
2HCI-2.5H,0) C, H, N.

6-(3-Acetamidophenyl)-3-[2-(1-benzylpiperidin-4-yl)-
ethylamino]pyridazine (6h). The free base (brown oil) was
purified by flash chromatography (EtOAc—MeOH, 9:1): vyield
30%; 'H NMR (300 MHz, CDCl;) 6 1.24—1.37 (m, 3H), 1.55—
1.68 (m, 4H), 2.05 (brt, 2H, J = 12.4 Hz), 2.17 (s, 3H), 2.93
(brd, 2H, J = 11.3 Hz), 3.36—3.42 (m, 2H), 3.58 (s, 2H), 5.15
(brs, 1H), 6.69 (d, 1H, 3 = 9.4 Hz), 7.28—7.37 (m, 6H), 7.51 (d,
1H,J =9.4 Hz),7.62(d, 1H,J=7.9 Hz), 7.69 (d, 1H,J=7.9
Hz), 8.06 (s, 1H), 8.31 (s, 1H).

Dihydrochloride (i-PrOH): mp 243 °C. Anal. (CzH31NsO-
2HCI-1.5H,0) C, H, N.

6-(3-Acetylphenyl)-3-[2-(1-benzylpiperidin-4-yl)ethyl-
amino]pyridazine (6i). The free base (white solid) was
purified by flash chromatography (CH.Cl,—MeOH, 9:1): yield
80%; mp 108 °C; *H NMR (300 MHz, CDCl;) 6 1.20—1.45 (m,
3H), 1.59—1.72 (m, 4H), 1.98 (brt, 2H, J = 10.9 Hz), 2.65 (s,
3H), 2.90 (brd, 2H, J = 11.6 Hz), 3.45—3.48 (m, 2H), 3.51 (s,
2H), 5.09 (brs, 1H), 6.74 (d, 1H, J = 9.4 Hz), 7.24—7.31 (m,
5H), 7.53 (t, 1H, J =7.9 Hz), 7.63 (d, 1H, J = 9.4 Hz), 7.96 (d,
1H, J = 7.9 Hz), 8.17 (d, 1H, J = 7.9 Hz), 8.55 (s, 1H).

Dihydrochloride (i-PrOH): mp 243 °C. Anal. (CysH3oN4O-
2HCI-H;0) C, H, N.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-6-(3,4-meth-
ylenedioxyphenyl)pyridazine (6j). The free base (white
solid) was purified by flash chromatography (EtOAc—MeOH,
9:1): yield 66%; mp 160 °C; *H NMR (300 MHz, CDCl3) ¢ 1.26—
1.43 (m, 3H), 1.59—1.73 (m, 4H), 1.96 (brt, 2H, J = 10.9 Hz),
2.89 (brd, 2H, J = 11.7 Hz), 3.43—3.48 (m, 2H), 3.50 (s, 2H),
4.71 (brs, 1H), 6.01 (s, 2H), 6.66 (d, 1H, J = 9.0 Hz), 6.87 (d,
1H, J = 8.3 Hz), 7.24—7.39 (m, 6H), 7.50 (d,, 1H J = 9.4 Hz),
7.56 (d, 1H, J = 1.5 Hz).

Dihydrochloride (i-PrOH): mp 279 °C. Anal. (CasH2sN4O2*
2HCI-H;0) C, H, N.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-6-(4-cyano-
phenyl)pyridazine (6k). The free base (yellow oil) was
purified by flash chromatography (EtOAc—MeOH, 9:1): yield
50%; *H NMR (300 MHz, CDCls3) 6 1.28 (m, 3H), 1.72 (m, 4H),
1.98 (t, 2H, J = 8.0 Hz), 2.91 (d, 2H, J = 11.0 Hz), 3.49 (m,
4H), 4.32 (s, 1H), 6.69 (d, 1H, 3 = 9.0 Hz), 7.25 (m, 5H), 7.91
(m, 4H), 8.16 (d, 1H, J = 9.0 Hz). ES-MS m/z: 398 [M + H]*
(100%).

Dihydrochloride (i-PrOH): mp 247 °C. Anal. (CsH27Ns-
2HCI-1.75H,0) C, H, N.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-6-(4-fluoro-
phenyl)pyridazine (61). The free base (yellow oil) was
purified by flash chromatography (EtOAc—MeOH, 9:1): yield
45%; *H NMR (300 MHz, CDCls) 6 1.31 (m, 3H), 1.67 (m, 3H),
1.67 (m, 4H), 1.81 (t, 2H, J = 8.0 Hz), 2.75 (d, 2H, J = 11.0
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Hz), 3.50 (m, 4H), 4.73 (s, 1H), 6.84 (d, 1H, J = 9.4 Hz), 7.75
(m, 7H), 7.98 (d, 1H, J = 9.4 Hz), 8.01 (m, 2H). ES-MS m/z:
391 [M + H]* (100%).

Dihydrochloride (i-PrOH): mp 253 °C. Anal. (C4H27FN4*
2HCI-0.5H;0) C, H, N.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-6-(4-dimeth-
ylaminophenyl)pyridazine (6m). The free base (yellow oil)
was purified by flash chromatography (EtOAc—MeOH, 9:1):
yield 65%; *H NMR (300 MHz, CDCl3) 6 1.33 (m, 3H), 1.71
(m, 4H), 1.95 (t, 2H, J = 8.0 Hz), 2.84 (d, 2H, J = 11.0 Hz),
3.48 (m, 4H), 4.96 (s, 1H), 6.81 (m, 3H), 7.32 (m, 5H), 7.71 (d,
2H, J = 8.6 Hz), 7.84 (d, 1H, J = 9.2 Hz). ES-MS m/z: 416 [M
+ H]* (100%).

Trihydrochloride (i-PrOH): mp 145 °C. Anal. (CzsH32Ns:
3HCI-3.5H,0) C, H, N.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-6-(thiophen-
2-yl)pyridazine (6n). The free base (white solid) was purified
by flash chromatography (CH.Cl,—MeOH, 95:5): yield 22%;
mp 164 °C; 'H NMR (300 MHz, CDCl3) 6 1.55—1.59 (m, 3H),
1.75-1.88 (m, 4H), 2.17—2.22 (m, 2H), 3.07 (brd, 2H, 3 = 10.9
Hz), 3.60—3.66 (m, 2H), 3.69 (s, 2H), 4.83 (brs, 1H), 6.76 (d,
1H,J3=9.1Hz), 7.20—7.23 (m, 1H), 7.39—7.47 (m, 6H), 7.56—
7.57 (m, 1H), 7.62 (d, 1H, J = 9.3 Hz).

Dihydrochloride (i-PrOH): mp 227 °C. Anal. (C22H2sN4S-
2HCI-2H;0) C, H, N.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-6-(pyridin-3-
yl)pyridazine (60). The free base (colorless oil) was purified
by flash chromatography (EtOAc and then EtOAc—MeOH,
9:1): yield 24%; *H NMR (300 MHz, CDCl3) 6 1.37—1.42 (m,
3H), 1.62—1.72 (m, 4H), 1.97—2.05 (m, 2H), 2.93 (brd, 2H, J
= 11.5 Hz), 3.44—-3.51 (m, 2H), 3.54 (s, 2H), 5.22 (brs, 1H),
6.75 (d, 1H, J = 9.0 Hz), 7.27—7.39 (m, 6H), 7.59 (d, 1H, J =
9.3 Hz), 8.32 (dt, 1H, J, = 8.1 Hz, J, = 1.8 Hz), 8.60 (dd, 1H,
J; = 4.6 Hz, J, = 1.6 Hz), 9.10 (d, 1H, J = 1.8 Hz).

Trihydrochloride (i-PrOH): mp 131 °C. Anal. (Cz3H27Ns-
3HCI-3H;0) C, H; N: calcd, 13.04; found, 12.08.

3-[2-(1-Benzylpiperidin-4-yl)ethylamino]-6-methoxy-
pyridazine (7). To a solution of 3-[2-(1-benzylpiperidin-4-yl)-
ethylamino]-6-chloropyridazine 5 3* (1.6 mmol) in DMF (10 mL)
was added at room temperature a solution of MeONa (Na, 3.2
mmol) in MeOH (5 mL). The mixture was heated at 130 °C
for 20 h. After cooling, the reaction mixture was poured onto
H,O (100 mL), rendered alkaline with a 10% K,COj3 solution,
and extracted with EtOAc. The organic layer was washed with
brine, dried over Na,SO,, concentrated under reduce pressure,
and purified by flash chromatography (EtOAc—MeOH, 9:1
with 2% (v) TEA) to give a yellow oil: yield 50%; *H NMR (200
MHz, acetone-ds) 6 1.70—1.90 (m, 7H), 2.60 (m, 2H), 3.21 (brd,
2H,J =10.9 Hz), 3.50—3.55 (m, 2H), 3.98 (s, 2H), 6.05 (s, 1H),
6.83 (d, 1H, 3 = 9.1 Hz), 7.05 (d, 1H, J = 9.1 Hz), 7.41-7.47
(m, 3H), 7.67—7.72 (m, 3H).

Dihydrochloride (i-PrOH): mp 120 °C. Anal. (C19H26N4O-
2HCI-2H,0) C, H, N.

3-[2-(1-Benzylpiperidin-4-yl)ethoxy]-6-phenylpy-
ridazine (10). (a) 1-Benzyl-4-[(ethoxycarbonyl)methyl-
ene]piperidine® (8). A mixture of K,CO3 (84.7 mmol) and
triethyl phosphonoacetate (84.7 mmol) in dry THF (40 mL)
was stirred at room temperature for 15 min and then refluxed
for 20 min. After cooling, 1-benzyl-4-piperidone (56.4 mmol)
was added, and the mixture was heated under reflux for 48 h.
After cooling, a 10% K,COj3 solution (100 mL) was added, and
the mixture was extracted with EtOAc. The organic phase was
dried over Na,SO, and evaporated under reduce pressure. The
crude product was purified by flash chromatography (EtOAc—
hexane, 1:9). A colorless oil was obtained: yield 84%; *H NMR
(300 MHz, CDCl3) 6 1.27 (t, 3H, J = 7.2 Hz), 2.31-2.36 (m,
2H), 2.53 (t, 4H, J = 5.6 Hz), 2.98 (t, 2H, J = 5.6 Hz), 3.53 (s,
2H), 4.15(q, 2H, 3 = 7.2 Hz), 5.64 (s, 1H), 7.17—7.27 (m, 5H).

(b) 1-Benzyl-4-(2-hydroxyethyl)piperidine % (9). To a
suspension of LiAlIH, ((38.5 mmol) in dry THF (30 mL) was
added, at 0 °C, 1-benzyl-4-[(ethoxycarbonyl)methylene]pi-
peridine 8 (77.1 mmol) in dry THF (10 mL). The mixture was
refluxed for 20 h, and after cooling unreacted LiAlIH, was
guenched by careful addition of 10% NaOH solution (60 mL).
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The solution was filtered and washed with H,O and EtOAc.
The filtrate was extracted with EtOAc, and the combined
organic layers, dried over Na,SO,, were concentrated to give
a colorless oil: yield 95%; *H NMR (200 MHz, CDCl3) 6 1.34—
1.53 (m, 5H), 1.95 (brd, 2H, J = 11.8 Hz), 1.98 (brt, 2H, J =
11.4 Hz), 2.90 (brd, 2H, J = 11.7 Hz), 3.52 (s, 2H), 3.70 (t, 2H,
J = 6.6 Hz), 7.30—7.36 (m, 5H).

(c) 3-[2-(1-Benzylpiperidin-4-yl)ethoxy]-6-phenylpy-
ridazine (10). A mixture of sodium (7.2 mmol) and 1-benzyl-
2-(hydroxyethyl)piperidine) 9 (7.2 mmol) in dry THF (10 mL)
was stirred vigorously at 50 °C for 1 h. 3-Chloro-6-phenylpy-
ridazine®® (7.2 mmol), dissolved in dry THF (10 mL), was added
dropwise, and the mixture was refluxed for 1 h. After cooling,
the mixture was hydrolyzed with H,O, and THF was removed
under reduced pressure. The residue was extracted with
EtOAc, and the organic layer, dried over Na,SO,, was evapo-
rated under reduce pressure. The crude product was purified
by flash chromatography (EtOAc) to obtain a white solid: yield
10%; mp 149 °C; 'H NMR (200 MHz, CDCls3) ¢ 1.23—1.52 (m,
3H), 1.64-1.86 (m, 4H), 1.90—2.03 (m, 2H), 2.89 (brd, 2H, J
= 11.7 Hz), 3.49 (s, 2H), 4.62 (t, 2H, J = 6.7 Hz), 7.02 (d, 1H,
J = 9.2 Hz), 7.28-7.34 (m, 5H), 7.44-7.51 (m, 3H), 7.78 (d,
1H, J = 9.2 Hz), 7.99—8.03 (m, 2H).

Dihydrochloride (i-PrOH): mp 155 °C. Anal. (C2sH27N3O-
2HCI-0.5H,0) C, H; N.

3-[2-(1-Benzylpiperidin-4-yl)ethylthio]-6-phenylpy-
ridazine (12). (a) 1-Benzyl-4-(2-chloroethyl)piperidine’
(11). To a solution of 1-benzyl-4-(2-hydroxyethyl)piperidine 9
(4.3 mmol) in CH,CI; (10 mL), was added dropwise SOCI, (8.6
mmol) with ice cooling. The mixture was refluxed for 2 h and
then evaporated. The residue was rendered alkaline with 10%
K,COs solution and extracted with EtOAc. The organic layer,
dried over Na,SO,, was evaporated under reduce pressure to
give a yellow oil: yield 81%; *H NMR (300 MHz, CDCls) ¢
1.21-1.34 (m, 2H), 1.48—1.52 (m, 1H), 1.65—1.76 (m, 4H), 1.96
(td, 2H, J; = 11.5 Hz, J, = 2.1 Hz), 2.88 (brd, 2H, J = 11.5
Hz), 3.50 (s, 2H), 3.57 (t, 2H, J = 7.2 Hz), 7.25—7.32 (m, 5H).

(b) 6-Phenyl-3-thiolpyridazine.® A mixture of 3-chloro-
6-phenylpyridazine (2.6 mmol) and thiourea (2.6 mmol) in
EtOH (10 mL) was refluxed for 30 min. The mixture was
evaporated, and H,O (20 mL) was added to the residue,
followed by Na,COs3 (1.3 mmol). The precipitate was collected
by filtration and washed with Et,O. A yellow solid was
obtained: yield 82%; mp 167 °C (lit.%¢ 160 °C); 'H NMR (200
MHz, CDCl3) 6 7.48—7.55 (m, 4H), 7.79—7.86 (m, 3H).

(c) 3-[2-(1-Benzylpiperidin-4-yl)ethylthio]-6-phenylpy-
ridazine (12). To a solution of 6-phenyl-3-thiolpyridazine (1.6
mmol) and EtONa (1.6 mmol) in EtOH (5 mL) was added at
room temperature 1-benzyl-4-(2-chloroethyl)piperidine 11 (1.6
mmol) dissolved in EtOH (5 mL). The mixture was refluxed
for 4 h. The solvent was evaporated, H,O was added, and the
residue was extracted with EtOAc. The organic layer, dried
over Na,SO,4, was evaporated under reduced pressure, and the
crude product was purified by flash chromatography (EtOAc—
hexane, 1:1 and then EtOAc) to give a white solid: yield 20%;
mp 152 °C; 'H NMR (200 MHz, CDCls) ¢ 1.18—1.39 (m, 2H),
1.39-1.57 (m, 1H), 1.66—1.77 (m, 4H), 1.93 (brt, 2H, J = 11.3
Hz), 2.86 (brd, 2H, J = 11.7 Hz), 3.36—3.44 (m, 2H), 3.46 (s,
2H), 7.23—7.35 (m, 6H), 7.45—7.48 (m, 3H), 7.60 (d, 1H, J =
9.0 Hz), 8.00—8.04 (m, 2H).

Dihydrochloride (i-PrOH): mp 210 °C. Anal. (C4H27N3S-
2HCI) C, H; N.

3-[2-(1-Benzylpiperidin-4-yl)acetamido]-6-phenylpy-
ridazine (14a). (a) 2-(1-Benzylpiperidin-4-yl)acetic Acid
Hydrochloride (13a). A mixture of 2-(1-benzylpiperidin-4-
ylacetonitrile** (15.1 mmol) and a 1 M solution of NaOH in
ethanol (EtOH—H0, 9:1) (30 mL) was refluxed for 28 h. The
reaction mixture was concentrated by evaporation, acidified
with concentrated HCI, and concentrated again by evaporation.
2-Propanol was added, and the residue was evaporated to give
a beige moss: yield 95%; *H NMR (300 MHz, CD;0D) 6 1.22—
1.34 (m, 2H), 1.66—1.80 (m, 3H), 2.00 (brt, 2H, J = 12.0 Hz),
2.10 (d, 2H, J = 7.1 Hz), 2.87 (brd, 2H, J = 12.0 Hz), 3.49 (s,
2H), 7.22—7.31 (m, 5H).
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(b) 3-[2-(1-Benzylpiperidin-4-yl)acetamido]-6-phenylpy-
ridazine (14a). A mixture of 2-(1-benzylpiperidin-4-yl)acetic
acid hydrochloride 13a (5.2 mmol) and (COCI); (14 mL) was
stirred at room temperature for 30 min. The (COCI), excess
was evaporated, and a solution of 3-amino-6-phenylpyridazine
(2.6 mmol), TEA (7.8 mmol), and CHCl, (30 mL) was added
to the residue. The reaction mixture was stirred at room
temperature for 2 h, and the CH,Cl, was removed in vacuo. A
10% citric acid solution was added to the residue. The aqueous
layer was washed with EtOAc, rendered alkaline with K,COs,
and then extracted with EtOAc. The organic layer, dried over
Na,SO4, was concentrated under reduced pressure and purified
by flash chromatography (EtOAc—MeOH, 9:1) to give a white
solid: yield 15%; mp 293 °C; *H NMR (300 MHz, CDCl3) 6
1.39—-1.51 (m, 2H), 1.78 (brd, 2H, J = 12.8 Hz), 1.96—2.05 (m,
3H), 2.66 (d, 2H, J = 6.7 Hz), 2.88 (brd 2H, J = 10.9 Hz,),
3.49 (s, 2H), 7.07—7.23 (m, 5H), 7.24—7.52 (m, 3H), 7.91 (d,
1H, J = 9.4 Hz), 8.03—8.06 (m, 2H), 8.65 (d, 1H, J = 9.4 Hz),
10.12 (s, 1H).

Dihydrochloride (i-PrOH): mp 117 °C. Anal. (C24H26N40-2
HCI-5H,0) H; N; C: calcd, 52.42; found, 52.88.

3-[2-(4-Benzylpiperazin-1-yl)acetamido]-6-phenylpy-
ridazine (14b). (a) Ethyl 2-(4-Benzylpiperazin-1-yl)ace-
tate. A mixture of ethyl chloroacetate (43.3 mmol), 1-ben-
zylpiperazine (28.8 mmol), and TEA (28.8 mmol) in toluene
(60 mL) was heated at 80 °C for 7 h. After cooling, the solvent
was removed by evaporation and H,O was added. The reaction
mixture was extracted with EtOAc. The organic layer, dried
over Na,SO,, was concentrated under reduce pressure and
purified by flash chromatography (EtOAc) to give a yellow
oil: yield 95%; *H NMR (200 MHz, CDCl3) 6 1.28 (t, 3H, J =
7.0 Hz), 2.54—2.62 (m, 8H), 3.21 (s, 2H), 3.53 (s, 2H), 4.20 (q,
2H, J = 7.0 Hz), 7.27—7.34 (m, 5H).

(b) 2-(4-Benzylpiperazin-1-yl)acetic Acid Dihydrochlo-
ride (13b). A mixture of ethyl 2-(4-benzylpiperazin-1-yl)-
acetate (28.0 mmol) and 2 M NaOH solution (28 mL) in MeOH
(100 mL) was refluxed for 1 h. After cooling, the reaction
mixture was concentrated by evaporation, acidified with
concentrated HCI, and concentrated again by evaporation.
Et,0O was added to the residue, and the solvent was evaporated
to give a beige solid: yield 77%; mp 249 °C; *H NMR (200 MHz,
CDs0D) ¢ 3.67—3.79 (m, 8H), 4.25 (s, 2H), 4.52 (s, 2H), 7.50—
7.65 (m, 5H).

(c) 3-[2-(4-Benzylpiperazin-1-yl)acetamido]-6-phenylpy-
ridazine (14b). This compound was prepared using the same
procedure described in the preparation of 14a. White solid,;
yield 18%; mp 241 °C; 'H NMR (200 MHz, CDCl3) 6 2.62—
2.73 (m, 8H), 3.26 (s, 2H), 3.59 (s, 2H), 7.29—7.38 (m, 5H),
7.53—7.57 (m, 3H), 7.92 (d, 1H, J = 9.2 Hz), 8.06—8.11 (m,
2H), 8.59 (d, 1H, J = 9.2 Hz), 10.24 (brs, 1H).

Dihydrochloride (i-PrOH): mp 241 °C. Anal. (Cx3H2sNs0-
2HCI-3H;0) C; H; N.

3-[2-(4-Benzylpiperidin-1-yl)acetamido]-6-phenylpy-
ridazine (14c). (a) Ethyl 2-(4-benzylpiperidin-1-yl)ace-
tate. This compound was prepared using the same procedure
described in the preparation of ethyl 2-(4-benzylpiperazin-1-
yl)acetate. Orange oil; yield 92%; 'H NMR (300 MHz, CDCls3)
0125 (t, 3H, J = 7.1 Hz), 1.36—1.45 (m, 2H), 1.46—1.54 (m,
1H), 1.61 (brd, 2H, J = 13.9 Hz), 2.09 (brt, 2H, J = 11.3 Hz),
2.53 (d, 2H, 3 = 6.7 Hz), 2.90 (brd, 2H, J = 11.3 Hz), 3.16 (s,
2H), 4.16 (q, 2H, J = 7.1 Hz), 7.11-7.19 (m, 3H), 7.23—7.28
(m, 2H).

(b) 2-(4-Benzylpiperidin-1-yl)acetic Acid Hydrochlo-
ride (13c). This compound was prepared using the same
procedure described in the preparation of 13b. Beige moss;
yield 98%; *H NMR (300 MHz, CDCls) 6 1.84 (m, 5H), 2.61 (d
2H, J = 5.7 Hz), 3.03 (m, 2H), 3.68 (brd, 2H, J = 11.3 Hz),
3.81 (s, 2H), 7.12—7.30 (m, 5H), 7.47 (m, 1H).

(c) 3-[2-(4-Benzylpiperidin-1-yl)acetamido]-6-phenylpy-
ridazine (14c). This compound was prepared using the same
procedure described in the preparation of 14b. White solid,;
yield 20%; mp 160 °C; *H NMR (200 MHz, CDCl3) 6 1.15—
1.65 (m, 5H), 2.17 (brt, 2H, J = 10.3 Hz), 2.50 (d, 2H, J = 6.0
Hz), 2.85 (brd, 2H, J = 11.8 Hz), 3.10 (s, 2H), 7.06—7.25 (m,
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5H), 7.40—7.48 (m, 3H), 7.80 (d, 1H, J = 9.3 Hz), 7.96—8.00
(m, 2H), 8.48 (d, 1H, J = 9.3 Hz), 10.12 (brs, 1H).

Dihydrochloride (i-PrOH): mp 234 °C. Anal. (C24H2N4O-
2HCI-0.5H,0) C; H; N.

Biological Studies. In Vitro Measurement of Acetyl-
cholinesterase and Butyrylcholinesterase Inhibition.
Acetylcholinesterase and butyrylcholinesterase inhibitory ac-
tivity were measured by the spectrophotometric method of
Ellman et al.*® Electric eel AChE (Type IlI, electric eel, Sigma
Chemical Co.) and human erythrocytes AChE (Type XIII,
human erythrocytes, Sigma Chemical Co.) were used as
sources of AChE, and lyophilized human serum (crude powder,
Sigma Chemical Co.) was used as source of BUChE. AChE
preparations (from electric eel and human erythrocytes) and
BuChE (from human serum) were dissolved in 0.1 M potas-
sium phosphate buffer pH 7.2 such as to have an enzyme
solution stock with 2.5 units/mL AChE activity. Acetylthio-
choline iodide and butyrylthiocholine iodide (Sigma Chemical
Co.) were used as the substrates of the enzymatic reaction and
5,5-dithiobis(2-nitrobenzoic) acid (DTNB) for the measurement
of cholinesterase activity. In this procedure, 940 uL of 0.1 M
potassium buffer pH 8 with 60 mg/500 mL DTNB, 20 uL of
test compound solution, and 20 uL of enzyme stock solution
(electric eel and human erythrocytes AChE and human serum
BuChE) were mixed. After 10 min of preincubation, 20 uL of
10 mM acetylthiocholine/butyrylthiocholine iodide was added
to the assay solution. The final assay volume was 1 mL. The
change in absorbance at 412 nm was recorded (spectropho-
tometer SHIMADZU UV-2401PC) during 1 min at 25 °C. The
reaction rate was calculated. Different concentrations (range
of 10™° M—10"% M) of the test compound were assayed
(triplicate), and the percent inhibition due to the presence of
test compound was calculated. 1Cso values were determined
graphically from log concentration—inhibition curves.

Computational Methods. (a) Inhibitor Structures. The
crystal structure of minaprine retrieved from the Cambridge
Structural Database was used as template to construct the
inhibitors. All molecules were assumed to be monoprotonated
under physiological conditions, and their molecular structures
were generated accordingly using the SYBYL 6.5 software
(Tripos Associates, St. Louis, MO). The geometry of the
inhibitors was optimized using the Tripos force field and the
conjugate gradient method until the energy difference between
successive cycles was below 0.01 kcal mol~*. Partial atomic
charges were calculated using the semiempirical method AM1.

(b) Crystal Structures. The crystal structures of AChE
from T. californica complexed with decamethonium, edropho-
nium, huperzine, and tacrine were retrieved from the Brookhaven
Protein Database. For the docking studies of the 3-aminopy-
ridazines, we selected the AChE crystal structure complexed
with decamethonium, since our developed inhibitors show the
closest resemblance with the size and shape of decametho-
nium. The ligand structure of the complexes was deleted,
hydrogen atoms were added, and charges from AMBER 7 were
loaded. AM1 “® charges were calculated for the ligands. All
water molecules observed in the receptor crystal structure
were deleted, and the enzyme structure was subjected to a
minimization using the AMBER force field, keeping all protein
backbone atoms at fixed positions.

Acknowledgment. We thank Prof. G. Cignarella
(Faculty of Pharmacy, University of Milano) for his
advice on the synthesis of the tricyclic derivatives.

References

(1) Kowall, N. W. Alzheimer Disease 1999: A Status Report.
Alzheimer Dis. Assoc. Disord. 1999, 13, S11—-S16.

(2) Fine, R. E. The Biochemistry of Alzheimer Disease. Alzheimer
Dis. Assoc. Disord. 1999, 13, S82—S87.

(3) Davies, P.; Maloney, A. J. Selective loss of central cholinergic
neurons in Alzheimer’s disease. Lancet 1976, 2, 1403.

(4) Terry, R. D.; Masliah, E.; Salmon, D. P. 30. Ann. Neurol. 1991,
572-580.

(5) Giacobini, E. From molecular structure to Alzheimer therapy.
Jpn. J. Pharmacol. 1997, 74, 225—241.



2718 Journal of Medicinal Chemistry, 2001, Vol. 44, No. 17

(6)

@)
®)
9)

(10)

(11

-

(12

(13)

14

(15)

(16)

a7

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

Wagstaff, A. J.; McTavish, D. Tacrine. A review of its pharma-
codynamic and pharmacokinetic properties, and therapeutic
efficacy in Alzheimer’s disease. Drugs Aging 1994, 4, 510—540.
Bryson, H. M.; Benfield, P. Donepezil. Drugs Aging 1997, 10,
234-239.

Fulton, B.; Benfield, P. Galanthamine. Drugs Aging 1996, 9, 60—
65.

Enz, A.; Boddeke, H.; Gray, J.; Spiegel, R. Pharmacologic and
clinicopharmacologic properties of SDZ ENA 713, a centrally
selective acetylcholinesterase inhibitor. Ann. N.Y. Acad. Sci.
1991, 640, 272—275.

Inestrosa, N. C.; Alvarez, A.; Perez, C. A.; Moreno, R. D.; Vicente,
M.; Linker, C.; Casanueva, O. |.; Soto, C.; Garrido, J. Acetyl-
cholinesterase accelerates assembly of amyloid-beta-peptides
into Alzheimer’s fibrils: possible role of the peripheral site of
the enzyme. Neuron 1996, 16, 881—891.

Giacobini, E.; Mori, F.; Lai, C. C. The effect of cholinesterase
inhibitors on the secretion of APPS from rat brain cortex. Ann.
N.Y. Acad. Sci. 1996, 777, 393—398.

Taylor, P.; Lappi, S. Interaction of fluorescence probes with
acetylcholinesterase. The site and specificity of propidium bind-
ing. Biochemistry 1975, 14, 1989—1997.

Schalk, 1.; Ehret-Sabatier, L.; Bouet, F.; Goeldner, M.; Hirth,
C. Trp279 is involved in the binding of quaternary ammonium
at the peripheral site of Torpedo marmorata acetylcholinest-
erase. Eur. J. Biochem. 1994, 219, 155—159.

Contreras, J. M.; Rival, Y. M.; Chayer, S.; Bourguignon, J. J.;
Wermuth, C. G. Aminopyridazines as Acetylcholinesterase
Inhibitors. J. Med. Chem. 1999, 42, 730—741.

Wermuth, C. G.; Exinger, A. Le dichlorhydrate de la morpholi-
noéthylamino-3 méthyl-4 phényl-6 pyridazine (Agr 1240). Agres-
sologie 1972, 13, 285—2809.

Sussman, J. L.; Harel, M.; Frolow, F.; Oefner, C.; Goldman, A.;
Toker, L.; Silman, 1. Atomic Structure of Acetylcholinesterase
from Torpedo californica: A Prototypic Acetylcholine-Binding
Protein. Science 1991, 253, 872—879.

Harel, M.; Schalk, I.; Ehret-Sabatier, L.; Bouet, F.; Goeldner,
M.; Hirth, C.; Axelsen, P. H.; Silman, I.; Sussman, J. L.
Quaternary ligand binding to aromatic residues in the active-
site gorge of acetylcholinesterase. Proc. Natl. Acad. Sci. U.S.A.
1993, 90, 9031-5.

Harel, M.; Quinn, D. M.; Nair, H. K.; Silman, I.; Sussman, J. L.
The X-ray Structure of a Transition State Analogue Complex
Reveals the Molecular Origins of the Catalytic Power and
Substrate Specificity of Acetylcholinesterase. J. Am. Chem. Soc.
1996, 118, 2340—2346.

Raves, M. L.; Harel, M.; Pang, Y. P.; Silman, I.; Kozikowski, A.
P.; Sussman, J. L. Structure of Acetylcholinesterase Complexed
with the Nootropic Alkaloid, (—)-Huperzine A. Nat. Struct. Biol.
1997, 1997, 57—63.

Kryger, G.; Silman, l.; Sussman, J. L. Three-dimensional
structure of a complex of E2020 with acetylcholinesterase from
Torpedo californica. J. Physiol. Paris 1998, 92, 191—-194.
Koellner, G.; Kryger, G.; Millard, C. B.; Silman, I.; Sussman, J.
L.; Steiner, T. Active-site Gorge and Buried Water Molecules in
Crystal Structures of Acetylcholinesterase from Torpedo cali-
fornica. J. Mol. Biol. 2000, 296, 713—735.

Carlier, P. L.; Du, D. M.; Liu, J.; Perola, E.; Williams, I. D.; Pang,
Y. P. Dimerization of an Inactive Fragment of Huperzine A
Produces a Drug with Twice the Potency of the Natural Product.
Angew. Chem., Int. Ed. 2000, 39, 1775—1777.

Pang, Y. P.; Quiram, P.; Jelacic, T.; Hong, F.; Brimijoin, S. Highly
Potent, Selective, and Low Cost Bis-tetrahydroaminacrine In-
hibitors of Acetylcholinesterase. J. Biol. Chem. 1996, 271,
23646—23649.

Sugimoto, H.; Tsuchiya, Y.; Sugumi, H.; Higurashi, K.; Karibe,
N.; limura, Y.; Sasaki, A.; Kawakami, Y.; Nakamura, T.; Araki,
S.; Yamanishi, Y.; Yamatsu, K. Novel Piperidine Derivatives.
Synthesis and Anti-Acetylcholinesterase Activity of 1-Benzyl-
4-[2-(N-benzoylamino)ethyl]piperidine Derivatives. J. Med. Chem.
1990, 33, 1880—1887.

Leclerc, G.; Wermuth, C. G. Dérivés pyridaziniques présentant
un intérét thérapeutique. 111 — Préparation de pyridazone-3 et
de dihydropyridazones-3, leur réduction par les hydrures mixtes.
Bull. Soc. Chim. Fr. 1967, 4, 1307—1310.

(26) Wermuth, C. G.; Leclerc, G.; Schreiber, J. Dérivés pyridaziniques

@7

présentant un intérét thérapeutique V1. Synthéses d'analogues
de la morpholinoéthyl-2 méthyl-4 phényl-6 pyridazinone-3 (Ag
246) modifiés au niveau des atomes de carbones 4 et 5. Chim.
Ther. 1971, 2, 109—115.

Lespagnol, A.; Deprey, J. Pyridazine Derivatives Il. Bull. Soc.
Chim. Fr. 1962, 2, 1117-1122.

(28)

(29)

(30)

31

(32

(33

(34)

(35)

(36)

(37

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

Contreras et al.

Rival, Y.; Hoffmann, R.; Didier, B.; Rybaltchenko, V.; Bourgui-
gnon, J. J.; Wermuth, C. G. 5-HT3; Antagonists Derived from
Aminopyridazine-type Muscarinic M1 Agonists. J. Med. Chem.
1998, 41, 311-317.

Cignarella, G.; Grella, G.; Loriga, M.; Curzu, M. M. Inattesa
Attivita Antiinflammatoria Di Strutture Rigide Derivative Da
6-Arilpiridazinoni Antipertensivi. Il Farmaco 1978, 33, 866—
874.

Holava, H. M.; Partyka, R. A. Benzocycloalka[1,2-c]pyridazones.
J. Med. Chem. 1971, 14, 262—264.

Holava, H. M.; Partyka, R. A. 3-Hydrazinobenzo[h]cinnolines and
3-Hydrazinobenzocyclohepta-[5,6-c]pyridazines. U.S. Patent
3464988, 1969, 8 pp.

Coates, W. J.; McKillop, A. One-Pot Preparation of 6-Substituted
3(2H)-Pyridazinones from Ketones. Synthesis 1993, 3, 334—342.
Ravina, E.; Fueyo, J.; Teran, C.; Cid, J.; Garcia Mear, G.; Orallo,
F.; Bardan, B. Synthesis, hypotensive and diuretic activities of
several 3-hydrazino-5,6-dihydrobenzo[h]cinnolines. Pharmazie
1992, 8, 574-577.

Parrot, I.; Rival, Y.; Wermuth, C. G. Synthesis of Substituted
3-Amino-6-arylpyridazines via Suzuki Reaction. Synthesis 1999,
7,1163—-1168.

Dutta, A. K.; Xu, C.; Reith, M. E. A. Structure—Activity
Relationship Studies of Novel 4-[2-[Bis(4-fluorophenyl)methoxy]
ethyl]-1-(3-phenylpropyl) piperidine Analogs: Synthesis and
Biological Evaluation at the Dopamine and Serotonin Trans-
porter Sites. J. Med. Chem. 1996, 39, 749—756.

Libermann, D.; Rouaix, A. Sur les hydrazino-dérivés de quelques
séries hétérocycliques. Bull. Soc. Chim. Fr. 1959, 5, 1793—1798.
Sugimoto, H.; Tsuchiya, Y.; Sugumi, H.; Higurashi, H.; Karibe,
N.; limura, Y.; Sasaki, A.; Araki, S.; Yamanishi, Y.; Yamatsu,
K. Synthesis and Struture—Activity Relationships of Acetylcho-
linesterase Inhibitors: 1-Benzyl-4-(2-phthalimidoethyl)piperi-
dine and Related Derivatives. J. Med. Chem. 1992, 35, 4542—
4548.

Kumagai, K. Studies on pyridazine derivatives V. Synthesis of
pyridazinethiols. Chem. Abstr. 1962, 56, 3478h.

Sippl, W.; Contreras, J. M.; Parrot, 1.; Rival, Y. M.; Wermuth,
C. G. Structure-based 3D QSAR and Design of Novel Acetyl-
cholinesterase Inhibitors. J. Comput. Aided Mol. Des. In press.
Ellman, G. L.; Courtney, K. D.; Andres, V.; Featherstone, J.;
Featherstone, R. M. A New and Rapid Colorimetric Determina-
tion of Acetylcholinesterase Activity. Biochem. Pharmacol. 1961,
7, 88—95.

Leclerc, G.; Wermuth, C. G. Dérivés pyridaziniques présentant
un intérét thérapeutique X. Nouvelles classes au départ de la
méthyl-4 phényl-6 pyridazinone-3. Bull. Soc. Chim. Fr. 1971,
1752—1756.

Hayashi, E.; Oishi, E. N—Oxidation of 1-Phenylphthalazine and
Chemical Properties of 1-Phenylphthalazine-3-oxide. Yakugaku
Zasshi 1966, 86, 576—584.

Loriga, M.; Pinna, G. A.; Cignarella, G. Inattesa Attivita
Antiinflammatoria di Strutture Rigide Derivate Du 6-Arilpiri-
dazoni Antiipertensivi. Il Farmaco 1979, 34, 72—80.
Samaritoni, J. G.; Babbitt, G. Homolytic Alkylations of Substi-
tuted Pyridazines. J. Heterocycl. Chem. 1991, 28, 583—587.
Wermuth, C. G.; Bourguignon, J. J.; Schlewer, G.; Gies, J. P,;
Schoenfelder, A.; Melikian, A.; Bouchet, M. J.; Chantreux, D.;
Molimard, J. C.; Heaulme, M.; Chambon, J. P.; Biziere, K.
Synthesis and Structure—Activity Relationships of a Series of
Aminopyridazine Derivatives of y-Aminobutyric Acid Acting as
Selective GABA-A Antagonists. J. Med. Chem. 1987, 30, 239—
249.

Saxena, M.; Agarwal, S. K.; Patnaik, G. K.; Saxena, A. K.
Synthesis, Biological Evaluation, and Quantitative Structure—
Activity Relationship Analysis of [5-(Aroylamino)ethyl]piper-
azines and -piperidines and [2-[(Arylamino)carbonyl]ethyl]-
piperazines, -piperidines, -pyrazinopyridoindoles, and -pyrazino-
isoquinolines. A New Class of Potent H1 Antagonists. J. Med.
Chem. 1990, 33, 2970—2976.

Weiner, S. J.; Kollman, P. A.; Case, D. A.; Singh, U. C.; Ghio,
C.; Alagona, G.; Profeta, S.; Weiner, P. A New Force Field for
Molecular Mechanical Simulation of Nucleic Acids and Proteins.
J. Am. Chem. Soc. 1984, 106, 765—784.

Singh, U. S.; Kollman, P. A. An Approach to Computing
Electrostatic Charges for Molecules. J. Comput. Chem. 1984, 5,
129-145.

JM001088U



