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2-(4-Alkylpiperazin-1-yl)quinolines as a New Class of Imidazole-Free Histamine
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With the aim of identifying structurally novel, centrally acting histamine Hs antagonists, a
series of 2-(4-alkylpiperazin-1-yl)quinolines was prepared. Systematic variation of the substit-
uents led to highly potent histamine Hs antagonists with low polar surface area and appropriate

log P for blood—brain barrier penetration.

Introduction

The histamine H3 receptor, discovered in 1983,! is a
presynaptic autoreceptor mainly localized in the central
nervous system that modulates the biosynthesis and
release of histamine from histaminergic neurons.23 The
human,* rat,> mouse,® guinea pig,” and monkey® hista-
mine Hjs receptors have recently been cloned, leading
to renewed interest in histamine research. Because the
histamine Hjs receptor is widely distributed in the
central nervous system (CNS), either as autoreceptor
on histaminergic neurons or as heteroreceptor on sero-
tonergic,? cholinergic,'? noradrenergic,!! and dopamin-
ergic!2 neurons, an important influence on physiological
processes of centrally acting histamine Hj receptor
antagonists is to be anticipated. Centrally administered
histamine Hj; antagonists lead to increased central
histamine levels and may therefore be useful for the
treatment of a variety of CNS disorders, such as
attention deficit and hyperactivity disorder, cognitive
disorders, schizophrenia, or obesity.211b:13 The precise
therapeutic potential of histamine Hs antagonists re-
mains, however, to be established.

Most of the early histamine Hj receptor antagonists,
identified by their functional activity or binding affinity
in rodent tissue, were imidazole derivatives, such as
thioperamide, ciproxifan, or clobenpropit (Chart 1).2
After the successful cloning of the human histamine Hg
receptor, several examples of imidazole-free Hs ligands
have, however, been discovered,'*~1° such as the potent
piperidine derivatives sketched in Chart 1.15:19¢

We recently reported the discovery of a new class of
histamine H3 antagonists, namely 1-alkyl-4-acylpipera-
zines such as 1 (Chart 2).2° Despite their high polar
surface area (PSA), which is currently the most gener-
ally accepted descriptor for predicting the ability of
compounds to cross the blood—brain barrier,?! some of
these acyl piperazines are able to reach the brain and
lead to significant food-intake inhibition in rats at high
doses.2? Nevertheless, compounds with lower PSA, low
molecular weight, and fewer rotatable bonds should
show higher oral availability?® and penetrate the blood—
brain barrier more efficiently than piperazine amides
as 1.2! Therefore, with the aim of identifying more
potent histamine Hjs antagonists, suitable as orally
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Chart 1. Representative Histamine H3 Receptor
Antagonists and Antagonist Potencies at the Human
Histamine H3 Receptor
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available, centrally acting anorectics, we decided to
explore other, less polar piperazine derivatives. Because
aryl- or heteroarylpiperazine derivatives, such as cloza-
pine (Chart 2),2¢ efficiently cross the blood—brain barrier
and also bind to rodent histamine Hj receptors, we
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Scheme 1. Synthesis of 2-(piperazin-1-yl)quinolines
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decided to investigate 2-(1-piperazinyl)quinolines 2 as
potential centrally acting histamine Hs antagonists.
Such quinoline derivatives would also be similarly
small, as a closely related benzothiazolyl derivative
described earlier (Chart 2), which showed weak Hjs
antagonistic acitivity at rodent tissue.1%> We considered
quinoline derivatives 2 to be synthetically better acces-
sible and to enable easier variation of the substituent
pattern at the arene than benzothiazoles or dibenzodi-
azepines. Compounds 2 appeared, furthermore, particu-
larly promising because some few 2-(1-piperazinyl)-
quinolines had previously been investigated by others
and shown to be orally available, centrally acting,
nonselective serotonin receptor ligands?® and serotonin
reuptake inhibitors.?6 The affinity of these compounds
for serotonin receptors usually drops off upon N-alky-
lation of the piperazine ring,2®* and because in our series
of piperazine amides (e.g. amide 1) a bulky N-alkyl
group was required for high binding affinity to the
human Hj receptor,?® we did not anticipate our new
histamine H3 antagonists to interact significantly with
serotonin receptors.

Chemistry

2-(1-Piperazinyl)quinolines 2 were prepared as
sketched in Scheme 1. Commercially available ethyl 3,3-
diethoxypropionate was saponified?® and converted to
3-ethoxyacryloyl chloride by treatment with thionyl
chloride.?? Treatment of various anilines with this
reagent yielded quantitatively the corresponding anil-
ides, which were cyclized to quinolones by treatment
with concentrated sulfuric acid.3? These quinolones were
heated with phosphorus oxychloride to yield 2-chloro-
quinolines, which were converted into the target com-
pounds by treatment with various 1-alkylpiperazines.262:29
1-Cyclopropylpiperazine was prepared as described
earlier.2? The bicyclic diamine required for the prepara-
tion of compound 2g (see Table 1) was prepared from
Boc-D-pipecolic acid as described by de Costa.3!

When this reaction sequence was performed with
3-chloroaniline, the acid-mediated cyclization yielded a
mixture of two isomeric quinolones (quantified by 'H
NMR, Scheme 2). The main 7-chloro isomer was ob-
tained by recrystallization of the product mixture from
acetic acid (see Experimental Section). No pure 5-sub-
stituted quinolones could be readily prepared by this
methodology.

The quinolone required for the synthesis of compound
2m (R! = 6-cyano) could not be prepared from 4-cyanoa-
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Table 1. Antagonist Potency of Piperazinylquinolines 2a-g at
the Human Hjs Receptor, Determined by a Functional
GTPyI[S]-Assay, and clogP?” and PSA

shadiocs

RZ/N\)
2a-f

compd R? clogP PSA (A2 K; (aM) +SEM (n)
2a methyl 1.98 19.8 410 +£37(3)
2b ethyl 2.51 18.9 6.0 £ 0.79 (3)
2c isopropyl 2.82 18.5 6.8+2.1(3)
2d 3-pentyl 3.88 16.0 2.9+ 0.88(3)
2e cyclopropyl 2.25 18.8 13+ 0.33 (3)
2f cyclopentyl 3.37 18.6 28 +£5.5(3)
2g structure above 3.75 18.0 18+ 1.3(4)

Scheme 2
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2q (R3 = cyclopropyl; 39%)
niline; upon treatment of the corresponding 3-ethoxy-
acrylanilide with sulfuric acid (110 °C, 20 h), only water-
soluble material was obtained, probably due to hydrolysis
of the cyano group. The desired cyanoquinolone could,
however, be obtained in good yield by aromatic nucleo-
philic substitution of bromide by cyanide at the corre-
sponding bromoquinolone (Scheme 3). Similarly, this
bromoquinolone, upon copper-catalyzed aromatic nu-
cleophilic substitution with pyrazole, yielded 6-(pyrazol-
1-yD)-2-quinolone (Scheme 3), which was used as inter-
mediate for the preparation of compound 2o0. The
cyanoquinoline 2m was converted in low yields into
ketones 2p and 2q by treatment with a large excess of
the corresponding Grignard reagents at room temper-
ature (Scheme 3).

Results and Discussion
Initially we sought to identify the optimal substituent
R? for piperazinylquinolines 2 devoid of substituents at
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Table 2. Antagonist Potency of Piperazinylquinolines 2h—q at
the Human Hj Receptor, Determined by a Functional

GTPy[S]-Assay, and clogP?” and PSA
R1
4 5 1
SN 7 NN cl
N

@' ;

2i (R'= H)
VT e VT A
compd R! clogP PSA (A?) K; (nM)+SEM (n)

2h Cl 2.83 19.1 24 +7.2(4)
2i H 2.83 18.8 323 + 74 (3)
2j Cl 3.56 18.8 300 + 58 (3)
2k OMe 2.35 30.4 3.0£0.6(3)
21 CF;3 3.04 19.1 52+ 6(3)
2m  cyano 1.62 41.0 4.8 +0.77 (4)
2n cyclohexyl 4.68 19.1 33 £4.6(3)
2  l-pyrazolyl 2.86 356 1.140.14(3)
2p 4-FC¢H4CO 3.55 39.2 110 +19(4)
2q cyclopropanoyl 2.14 36.9 1.8 +£0.38(3)

the heteroarene (R! = H; Table 1). Interestingly, the
small increase of bulkiness of substituent R? when
exchanging R2 = methyl by R? = ethyl was sufficient to
provide potent Hs ligands. As in the series of acylpip-
erazines,?’ the 3-pentyl-substituted piperazine 2d showed
the highest potency at the human histamine Hs recep-
tor. Substituents R? containing heteroatoms (e.g. 2-meth-
oxyethyl) led to inactive compounds.

Although the N-ethyl, N-isopropyl, or N-(3-pentyl)
derivatives (2b—d) were rather potent, we decided to
focus on N-cyclopropyl derivatives (2e), because cyclo-
propylamines are approximately 10 times less basic
than normal aliphatic amines?® and a higher fraction
of nonprotonated amine at physiological pH should
facilitate penetration of the blood—brain barrier. Thus,
a series of 2-(4-cyclopropylpiperazin-1-yl)quinolines with
different substituents at the heteroarene were prepared
and tested (Table 2). Substituents at position 6 were
generally well-tolerated, whereas substituents at posi-
tion 7 (2i, 2j) or at position 3, 4, 5, or 8 of the
heteroarene (data not shown) consistently lowered the
potency of these quinoline derivatives. Lipophilic sub-
stituents at position 6 (e.g. Cl or CF3) led to weaker
compounds than substitution with hydrogen, as did
sterically very demanding substituents at this position
(cyclohexyl, 4-fluorobenzoyl). Small, polar groups (OMe,
CN, pyrazolyl, cyclopropanoyl), on the other hand,
improved the potency of these compounds at the human
Hjs receptor.

Selected compounds were also tested at serotonin,
acetylcholine, and the other histamine receptors but
showed no significant affinity to these. For instance,
derivatives 2e and 2q did not bind to either the human
5-HTs receptor ([*H]ketanserine binding; IC50 > 10 000
nM) or to the rat cortex muscarinic receptor ([3H]-
oxotremorine binding; IC5p > 10 000 nM), and 2q did
not bind to the human H; ([*H]pyrilamine binding; ICs
> 1000 nM), H; ([125]]aminopotentidine binding; IC5o >
10 000 nM), or Hy ([*H]histamine binding; IC5, > 10 000
nM) histamine receptors.

Conclusion

We have identified 2-(4-alkylpiperazin-1-yl)quinolines
as a new class of potent antagonists at the human
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histamine Hj receptor. The calculated PSA and clogP
values suggest these compounds to be orally available
and able to cross the blood—brain barrier efficiently.
Because of their high potency, low molecular weight,
few rotatable bonds, and appropriate PSA and clogP
values, we expect that these quinoline derivatives will
be better suited as CNS drugs than the acylpiperazines
reported earlier, despite the higher in vitro potency of
the acylpiperazines. Being cyclopropylamine derivatives,
these new compounds are the least basic, imidazole-free
Hj; antagonists reported until now. Further evaluation
of these quinoline derivatives is currently in progress.

Experimental Section

Cloning and expression of the human histamine Hs receptor
and the [3S]GTPy[S] binding assay and data analysis were
performed as described earlier.?

Compound affinities for the human 5-HT9, H;, Hs, and Hy
receptors were determined using conventional binding assays.
Membranes from cells recombinantly expressing the respective
receptor were used together with the selective radioligands
[*H]ketanserin, [*H]pyrilamine, ['*I]aminopotentidine, and
[®Hlhistamine. The binding affinities of compounds for the rat
muscarinic receptor were determined using rat cortical mem-
branes and [*H]oxotremorine as radioligand.

Chemistry. General Procedures. Melting points were
determined with a B-545 melting point apparatus (Biichi) and
are uncorrected. 'TH NMR spectra were recorded on a 300 MHz
instrument. NMR signals are designated as follows: s, singlet;
d, doublet; t, triplet; q, quartet; quint, quintet; m, multiplet;
br, broad. 2-(4-Methylpiperazin-1-yl)quinoline (N-methylqui-
pazine), 1-methylpiperazine, 1-ethylpiperazine, 1-isopropy-
Ipiperazine, 1-(3-pentyl)piperazine, 1-cyclopentylpiperazine,
2-chloroquinoline, 2,6-dichloroquinoline, and 2-chloro-6-meth-
oxyquinoline were commercially available, and were used
without further purification. (R)-1,4-Diazabicyclo[4.4.0]octane
was prepared as reported.3!

3,3-Diethoxypropionic Acid.?® A mixture of ethyl 3,3-
diethoxypropionate (42.0 g, 0.22 mol), water (80 mL), and
NaOH (11.0 g, 0.28 mol) was stirred at 110 °C for 0.5 h. The
resulting clear solution was cooled to room temperature and
acidified by careful addition of 12 M HCI (20 mL, approx 240
mmol). The product was extracted with AcOEt and CHyCls
(after each extraction the aqueous phase was acidified with
HCI), and the combined extracts were dried (MgSO,) and
concentrated under reduced pressure to yield 30.3 g (85%) of
the title acid: 'H NMR (DMSO-dg) ¢ 0.89 (t, J = 7 Hz, 6H),
2.29 (d, J = 7 Hz, 2H), 3.27 (m, 2H), 3.38 (m, 2H), 4.61 (t,J =
7 Hz, 1H), 12.05 (br s, 1H).

3-Ethoxyacryloyl Chloride.? To the crude 3,3-diethox-
ypropionic acid (32.0 g, 197 mmol) was slowly added thionyl
chloride (70 mL), whereby strong gas evolution took place. The
mixture was heated to 80 °C for 1 h and then concentrated
carefully (T' < 50 °C, 20 mbar). The remaining oil (31.0 g) was
a mixture of the title compound and 3,3-diethoxypropanoyl
chloride (84:16, 'TH NMR): 'H NMR (CDCls, signals of title
compound only) 6 1.40 (t, J = 7 Hz, 3H), 4.04 (q, J = 7 Hz,
2H), 5.51 (d, J = 12 Hz, 1H), 7.78 (d, J = 12 Hz, 1H).

General Procedure for the Preparation of Substituted
1H-2-Quinolones. 7-Chloro-2-quinolone.?’ A solution of the
crude 3-ethoxyacryloyl chloride (approximately 84 mmol) in
CH;Cl; (40 mL) was added in portions to a stirred solution of
3-chloroaniline (7.72 g, 60.5 mmol) and pyridine (10 mL, 124
mmol) in CHyCl; (75 mL). After stirring at 20 °C overnight,
water (300 mL) and 12 M HCI (10 mL, 120 mmol) were added,
phases were separated, and the aqueous layer was extracted
twice with AcOEt. The combined extracts were washed with
brine, dried (MgSO,), and concentrated under reduced pres-
sure to yield crude N-(3-chlorophenyl)-3-ethoxyacrylamide
(15.3 g) as a dark oil: "H NMR (DMSO-dg) 6 1.28 (t,J = 7 Hz,
3H), 3.97 (q, J = 7 Hz, 2H), 5.51 (d, J = 12 Hz, 1H), 7.06 (m,
1H), 7.31 (t, J = 8 Hz, 1H), 7.42 (m, 1H), 7.50 (d, J = 12 Hz,
1H), 7.84 (m, 1H), 9.90 (s, 1H). To this product was added
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concentrated sulfuric acid (95—97%, 80 mL, 0 °C), and the
mixture was stirred at 20 °C for 1.5 h. The resulting mixture
was poured into a mixture of water and ice (500 mL), and after
stirring for 1 h, the product was isolated by filtration. The solid
was dried by coevaporation with EtOH/MeCN/PhMe and then
recrystallized from boiling MeCN (800 mL) to give 5.50 g (51%)
of a mixture of 7-chloro-2-quinolone and 5-chloro-2-quinolone
(67:33; 'H NMR). Recrystallization of this mixture from boiling
AcOH (200 mL) yielded 2.94 g (27%) of the title compound as
needles: 'H NMR (DMSO-dg) 0 6.52 (d, J = 10 Hz, 1H), 7.21
(m, 1H), 7.32 (m, 1H), 7.69 (d, J = 9 Hz, 1H), 791 (d, J = 10
Hz, 1H), 11.84 (br s, 1H).

5,7-Dichloro-2-quinolone: yield 71%; '"H NMR (DMSO-
ds) 0 6.66 (d, J = 10 Hz, 1H), 7.32 (d, J = 2 Hz, 1H), 7.47 (d,
J = 2 Hz, 1H), 8.04 (d, J = 10 Hz, 1H), 12.05 (br s, 1H).

6-Trifluoromethyl-2-quinolone: yield 44%; 'H NMR (DM-
SO-dg) 0 6.63 (d, J = 10 Hz, 1H), 7.46 (d, J = 8 Hz, 1H), 7.81
(d, J = 8 Hz, 1H), 8.03 (d, J = 10 Hz, 1H), 8.13 (br s, 1H),
12.10 (br s, 1H).

6-Cyclohexyl-2-quinolone: yield 90%; '"H NMR (DMSO-
dg) 0 1.15—1.50 (m, 5H), 1.65—1.89 (m, 6H), 6.46 (d, J = 10
Hz, 1H), 7.23 (d, J = 8 Hz, 1H), 7.38 (dd, J = 2 Hz, 8 Hz, 1H),
7.48 (d, J = 2 Hz, 1H), 7.86 (d, J = 10 Hz, 1H), 11.70 (br s,
1H).

6-Bromo-2-quinolone:?? yield 64%; 'H NMR (DMSO-dg)
06.54 (d,J =10 Hz, 1H), 7.24 (d, J = 8 Hz, 1H), 7.63 (dd, J
= 2 Hz, 8 Hz, 1H), 7.88 (d, J = 10 Hz, 1H), 7.92 (d, J = 2 Hz,
1H), 11.85 (br s, 1H).

6-Cyano-2-quinolone. A mixture of 6-bromo-2-quinolone
(9.18 g, 41.0 mmol), N-methyl-2-pyrrolidinone (32 mL), and
CuCN (5.90 g, 65.9 mmol) was stirred at 20 °C overnight and
then at reflux temperature (202 °C) for 7 h. The mixture was
poured into water (250 mL) and filtered, and the solid was
washed twice with water. The solid was then mixed with 1 N
HCI (300 mL) and FeCls6 H3O (32.5 g, 120 mmol) and stirred
at 20 °C for 3 d. The mixture was filtered, and the solid was
washed twice with water, coevaporated with EtOH, and dried
under reduced pressure to give 6.37 g (91%) of the title
compound: 'H NMR (DMSO-ds) 6 6.63 (dd, J = 2 Hz, 10 Hz,
1H), 7.40 (d, J = 8 Hz, 1H), 7.88 (dd, / = 2 Hz, 10 Hz, 1H),
7.94 (d,J = 8 Hz, 1H), 8.24 (d, J = 2 Hz, 1H), 12.13 (br s, 1H).

6-(1-Pyrazolyl)-2-quinolone. A mixture of 6-bromo-2-
quinolone (3.58 g, 16.0 mmol), DMF (15 mL), pyrazole (1.66
g, 24.4 mmol), KoCO;3 (3.33 g, 24.1 mmol), and Cul (0.76 g,
3.99 mmol) was stirred at 160 °C for 22 h. The mixture was
poured into water (300 mL) and the product was isolated by
filtration. After washing with water the solid was coevaporated
with EtOH and then heated to reflux in a mixture of EtOH
(50 mL) and MeCN (50 mL). After standing at 20 °C overnight
the product was filtered off, washed with MeCN, and dried
under reduced pressure to yield 1.7 g (50%) of the title
compound as a green solid: 'H NMR (DMSO-ds) 6 6.50—6.68
(m, 2H), 7.39 (br s, 1H), 7.74 (br s, 1H), 7.97 (br s, 2H), 8.12
(br s, 1H), 8.47 (br s, 1H), 11.85 (br s, 1H).

General Procedure for the Preparation of Substituted
2-Chloroquinolines. 2-Chloro-6-trifluoromethylquino-
line.3? A mixture of 6-trifluoromethyl-2-quinolone (3.59 g, 16.8
mmol) and POCl; (30 mL) was stirred at 110 °C for 2 h and
then at 20 °C overnight. The mixture was carefully poured
into a mixture of water and ice (400 mL) while being stirred
energetically. The product was isolated by filtration and dried
by coevaporation with MeCN/PhMe to yield 3.52 g (91%) of
the title compound as yellow solid: 'H NMR (DMSO-ds) 6 7.78
(d, J = 8 Hz, 1H), 8.08 (m, 1H), 8.17 (m, 1H), 8.61 (br s, 1H),
8.67 (d, J = 8 Hz, 1H).

2,7-Dichloroquinoline:?* yield 76%; 'H NMR (DMSO-de)
07.65(d,J =9 Hz, 1H), 7.72 (d, J = 9 Hz, 1H), 8.05 (br s,
1H), 8.12 (d, J = 9 Hz, 1H), 8.51 (d, J = 9 Hz, 1H).

2,5,7-Trichloroquinoline: yield 67%; "H NMR (DMSO-dg)
0 7.78 (d, J = 9 Hz, 1H), 8.03 (br s, 1H), 8.09 (d, J = 2 Hz,
1H), 8.59 (d, J = 9 Hz, 1H).

2-Chloro-6-cyanoquinoline: yield 80%; 'H NMR (DMSO-
d¢) 0 7.78 (d, J = 9 Hz, 1H), 8.12 (m, 2H), 8.58 (d, J = 9 Hz,
1H), 8.73 (s, 1H).
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2-Chloro-6-cyclohexylquinoline: yield 56%; 'H NMR
(DMSO-dg) 6 1.27 (m, 1H), 1.35—1.55 (m, 4H), 1.73 (m, 1H),
1.85 (m, 4H), 2.71 (m, 1H), 7.55 (d, J = 9 Hz, 1H), 7.73 (dd, J
=2 Hz, 9 Hz, 1H), 7.84 (br s, 1H), 7.88 (d, J = 9 Hz, 1H), 8.38
(d, J = 9 Hz, 1H).
2-Chloro-6-pyrazol-1-ylquinoline: yield 81%; 'H NMR
(DMSO-ds) 6 6.64 (t, J = 2 Hz, 1H), 7.66 (d, J = 9 Hz, 1H),
7.85(d,J = 2 Hz, 1H), 8.08 (d, J = 9 Hz, 1H), 8.38 (dd, J = 2
Hz, 9 Hz, 1H), 8.51 (m, 2H), 8.69 (d, J = 2 Hz, 1H).
General Procedure for the Preparation of 2-(4-Alky-
lpiperazin-1-yl)quinolines. 2-(4-Cyclopropylpiperazin-1-
yD-6-pyrazol-1-ylquinoline Dihydrochloride (20). A mix-
ture of 1-cyclopropylpiperazine (0.25 g, 1.98 mmol), 2-chloro-
6-pyrazol-1-ylquinoline (0.23 g, 1.00 mmol), and propionitrile
(1.0 mL) was stirred at 95 °C for 20 h. More 1-cyclopropylpip-
erazine (0.25 g) was added and heating was continued for 24
h. Saturated aqueous NaHCO; (50 mL) was added and the
product was extracted with AcOEt. The combined extracts
were washed twice with water and then extracted with 0.1 M
HCI (25 mL). The acidic aqueous extract was concentrated
under reduced pressure, and the residue was coevaporated
once with EtOH and then recrystallized from EtOH to give
225 mg (57%) of the title compound as a yellow solid: mp 315—
329 °C; 'H NMR (DMSO-ds) 6 0.83 (m, 2H), 1.22 (m, 2H), 2.88
(m, 1H), 3.30—3.80 (m, 6H), 4.79 (m, 2H), 6.61 (m, 1H), 7.59
(d, J = 6 Hz, 1H), 7.81 (s, 1H), 8.10—8.30 (m, 2H), 8.34 (s,
1H), 8.41 (d, J = 6 Hz, 1H), 8.59 (s, 1H), 11.47 (br s, 1H);
HPLC-MS m/z 320 (MH"). Anal. (C19H21N52HCI1-0.25H50) C,
H, N.
2-(4-Ethylpiperazin-1-yl)quinoline dihydrochloride
(2b): yield 100%; mp 290 °C (EtOH); 'H NMR (DMSO-de) 6
1.31 (t, J = 7 Hz, 3H), 3.16 (m, 4H), 3.60—3.80 (m, 4H), 4.82
(m, 2H), 7.47 (m, 1H), 7.54 (m, 1H), 7.74 (m, 1H), 7.90 (m,
1H), 8.15 (m, 1H), 8.41 (m, 1H), 11.35 (br s, 1H); HPLC-MS
m/z 242 (MH"). Anal. (C15H19N32HCI) C, H, N.
2-(4-Isopropylpiperazin-1-yl)quinoline dihydrochlo-
ride (2¢): yield 50%; mp 271-274 °C (EtOH); 'H NMR
(DMSO-dg) 6 1.31 (d, J = 7 Hz, 6H), 3.19 (m, 2H), 3.52 (m,
3H), 3.72 (m, 2H), 4.79 (m, 2H), 7.45 (m, 2H), 7.68 (m, 1H),
7.86 (m, 1H), 8.03 (m, 1H), 8.31 (m, 1H), 11.45 (br s, 1H);
HPLC-MS m/z 256 (MH"). Anal. (C16H2:N35-2HC]) C, H, N.
2-[4-(1-Ethylpropyl)piperazin-1-yllquinoline dihydro-
chloride (2d): yield 48%; mp 260—263 °C (EtOH); 'H NMR
(DMSO-dg) 6 0.99 (t, J = 7 Hz, 6H), 1.65 (m, 2H), 1.94 (m,
2H), 3.12 (br s, 1H), 3.33 (m, 2H), 3.57 (m, 2H), 3.93 (m, 2H),
4.83 (m, 2H), 7.44—17.58 (m, 2H), 7.76 (m, 1H), 7.92 (m, 1H),
8.25 (br s, 1H), 8.42 (m, 1H), 11.20 (br s, H); HPLC-MS m/z
284 (MH™). Anal. (C1sH25N3-2HCI-H20) C, H, N.
2-(4-Cyclopropylpiperazin-1-yl)quinoline dihydrochlo-
ride (2e): yield 16%; mp 240—242 °C (EtOH); 'H NMR
(DMSO-ds) 0 0.83 (m, 2H), 1.19 (m, 2H), 2.87 (br s, 1H), 3.30—
3.80 (m, 6H), 4.74 (m, 2H), 7.45 (m, 1H), 7.52 (d, J = 8 Hz,
1H), 7.73 (m, 1H), 7.89 (d, J = 8 Hz, 1H), 8.02 (br s, 1H), 8.38
(m, 1H), 11.22 (br s, 1H); HPLC-MS m/z 254 (MH"). Anal.
(C16H19N3'2HCI‘H20) C, H, N
2-(4-Cyclopentylpiperazin-1-yl)quinoline dihydrochlo-
ride (2f): yield 13%; mp 272—275 °C (EtOH); 'H NMR (DMSO-
ds) 0 1.62 (m, 2H), 1.82 (m, 2H), 1.96 (m, 2H), 2.09 (m, 2H),
3.25 (m, 2H), 3.55—3.70 (m, 5H), 4.83 (m, 2H), 7.46—7.60 (m,
2H), 7.80 (m, 1H), 7.94 (m, 1H), 8.13 (m, 1H), 8.42 (m, 1H),
11.52 (br S, lH); HPLC-MS m/z 282 (MH+) Anal. (C1sH23N3‘
2HCI-H,0) C, H, N.
(9aR)-2-Quinolin-2-yloctahydropyrido[1,2-alpyra-
zine dihydrochloride (2g): yield 59%; mp 302—304 °C
(EtOH); 'H NMR (DMSO-dg) 6 1.40—1.55 (m, 1H), 1.65—2.10
(m, 5H), 2.92 (m, 1H), 3.25 (m, 1H), 3.35—3.90 (m, 5H), 4.90
(m, 2H), 7.49 (m, 1H), 7.59 (d, J = 8 Hz, 1H), 7.77 (m, 1H),
7.92 (d, J = 8 Hz, 1H), 8.32 (br s, 1H), 8.46 (m, 1H), 11.69 (br
S, lH); HPLC-MS m/z 268 (MH+) Anal. (C17H21N3‘2HCI‘1.5
H,0) C, H, N.
6-Chloro-2-(4-cyclopropylpiperazin-1-yl)quinoline di-
hydrochloride (2h): yield 16%; mp 234—235 °C (EtOH); 'H
NMR (DMSO-dg) 6 0.81 (m, 2H), 1.14 (br s, 2H), 2.88 (br s,
1H), 3.25—3.70 (m, 6H), 4.67 (m, 2H), 7.44 (d, J = 8 Hz, 1H),
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7.61 (d, J = 8 Hz, 1H), 7.72 (m, 1H), 7.91 (br s, 1H), 8.18 (br
d, J = 8 Hz, 1H), 10.75 (br s, 1H); HPLC-MS m/z 288 (MH™).
Anal. (C16H;5CIN5-2HCI-1.75H,0) C, H, N.
7-Chloro-2-(4-cyclopropylpiperazin-1-yl)quinoline di-
hydrochloride (2i): yield 46%; mp 257—259 °C (EtOH); 'H
NMR (DMSO-dg) 6 0.82 (m, 2H), 1.20 (m, 2H), 2.87 (br s, 1H),
3.25—3.75 (m, 6H), 4.72 (m, 2H), 7.40 (d, J = 8 Hz, 1H), 7.46
(d, J =8 Hz, 1H), 7.87 (d, J = 8 Hz, 1H), 7.94 (br s, 1H), 8.29
(d, J = 8 Hz, 1H), 11.29 (br s, 1H); HPLC-MS m/z 288 (MH™").
Anal. (C16H;5CINs-2HCI'H;0) C, H, N.
5,7-Dichloro-2-(4-cyclopropylpiperazin-1-yl)quino-
line dihydrochloride (2j): yield 46%; mp 283—291 °C
(EtOH); '"H NMR (DMSO-ds) 6 0.82 (m, 2H), 1.19 (m, 2H), 2.86
(m, 1H), 3.20—3.65 (m, 6H), 4.69 (m, 2H), 7.51 (d, J = 8 Hz,
1H), 7.56 (s, 1H), 7.68 (s, 1H), 8.30 (d, J = 8 Hz, 1H), 11.24
(br s, 1H); HPLC-MS m/z 322 (MH"). Anal. (C16H17Clo2N3-2HCI)
C, H, N.
2-(4-Cyclopropylpiperazin-1-yl)-6-methoxyquinoline di-
hydrochloride (2k): yield 20%; mp 249—251 °C (EtOH); 'H
NMR (DMSO-dg) 6 0.81 (m, 2H), 1.20 (br s, 2H), 2.86 (br s,
1H), 3.25—3.75 (m, 4H), 3.85 (s, 3H), 4.09 (m, 2H), 4.73 (m,
2H), 7.41 (m, 2H), 7.55 (m, 1H), 8.14 (m, 1H), 8.37 (m, 1H),
11.51 (br s, 1H); HPLC-MS m/z 284 (MH™). Anal. (C17H2:N30-
2HCI1-0.5H20) C, H, N.
2-(4-Cyclopropylpiperazin-1-yl)-6-(trifluoromethyl)-
quinoline dihydrochloride (2]): yield 16%; mp 230—232 °C
(EtOH); 'TH NMR (DMSO-dg) 6 0.81 (m, 2H), 1.19 (br s, 2H),
2.88 (br s, 1H), 3.25—3.65 (m, 6H), 4.77 (m, 2H), 7.53 (d, J =
8 Hz, 1H), 7.88 (m, 2H), 8.26 (br s, 1H), 8.37 (br d, J = 8 Hz,
1H), 11.12 (br s, 1H); HPLC-MS m/z 322 (MH"). Anal.
(Cl7H18F3N3‘2HCI'O.5H20) C, H, N
2-(4-Cyclopropylpiperazin-1-yl)quinoline-6-carboni-
trile dihydrochloride (2m): yield 51%; mp 280—283 °C
(EtOH); 'H NMR (DMSO-ds) 6 0.83 (m, 2H), 1.15 (m, 2H), 2.87
(br s, 1H), 3.20—3.65 (m, 6H), 4.74 (m, 2H), 7.49 (d, J = 8 Hz,
1H), 7.72 (d, J = 8 Hz, 1H), 7.86 (d, J = 8 Hz, 1H), 8.24 (d, J
= 8 Hz, 1H), 8.35 (s, 1H), 10.88 (br s, 1H); HPLC-MS m/z 279
(MH™). Anal. (C17H1sN4+2HCI-0.5H,0) C, H, N.
6-Cyclohexyl-2-(4-cyclopropylpiperazin-1-yl)quino-
line dihydrochloride (2n): yield 28%; mp 286—293 °C
(EtOH); 'H NMR (DMSO-dg) 6 0.83 (m, 2H), 1.10—1.55 (m,
8H), 1.70—1.93 (m, 4H), 2.65 (m, 1H), 2.86 (m, 1H), 3.30—3.70
(m, 6H), 4.72 (m, 2H), 7.50 (m, 1H), 7.66 (m, 1H), 7.72 (m,
1H), 7.99 (br s, 1H), 8.35 (br s, 1H), 11.29 (br s, 1H); HPLC-
MS m/z 336 (MH"). Anal. (C22H29N3-2HCI-0.25H,0) C, H, N.
[2-(4-Cyclopropylpiperazin-1-yl)quinolin-6-yl](4-fluo-
rophenyl)methanone Dihydrochloride (2p). To a solution
of 2-(4-cyclopropylpiperazin-1-yl)quinoline-6-carbonitrile (0.21
g, 0.75 mmol) in THF (5.0 mL) was added a solution of
4-fluorophenylmagnesium bromide in Et;0O (3.75 mL, 2 M, 7.5
mmol), and the mixture was stirred at 20 °C overnight. Water
and 1 N HCl were added until the mixture was acidic, followed
by the addition of saturated aqueous NaHCO;. The product
was extracted with AcOEt and purified by preparative HPLC.
Conversion to the dihydrochloride by coevaporation with dilute
HCI and EtOH yielded 80 mg (24%) of the title compound as
colorless solid: mp 255—257 °C (EtOH); 'H NMR (DMSO-ds)
0 0.84 (m, 2H), 1.14 (m, 2H), 2.89 (m, 1H), 3.25—3.90 (m, 6H),
4.77 (m, 2H), 7.44 (m, 3H), 7.76 (m, 1H), 7.86 (m, 2H), 7.98
(m, 1H), 8.21 (s, 1H), 8.34 (d, J = 8 Hz, 1H), 10.65 (br s, 1H);
HPLC-MS m/z 376 (MH™"). Anal. (C23H32FN30-2HCI) C, H, N.
Cyclopropyl[2-(4-cyclopropylpiperazin-1-yl)quinolin-
6-yllmethanone Hydrochloride (2q). Cyclopropylmagne-
sium bromide was prepared from magnesium (6.68 g, 275
mmol) and cyclopropyl bromide (18.4 mL, 230 mmol) in THF
(145 mL). To the freshly prepared Grignard reagent at 12 °C
was added a solution of 2-(4-cyclopropylpiperazin-1-yl)quino-
line-6-carbonitrile (4.25 g, 15.3 mmol) in THF (70 mL) and the
resulting mixture was stirred at 20 °C for 5 h. Water and ice
(200 mL) were carefully added, followed by acidification with
6 M HCI. After stirring for 20 min, CHsCly (200 mL) was
added, and the pH was adjusted to 8.5 with aqueous 4 M
NaOH. The mixture was filtered, phases were separated, and
the aqueous phase was extraced twice with CHyCls. The
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combined extracts were washed with water and brine, dried
(MgSO,), and concentrated under reduced pressure. The crude
product was purified by column chromatography (silica gel;
elution with PhMe/AcOEt), followed by conversion to the
dihydrochloride by coevaporation with dilute HCI and recrys-
tallization from EtOH to yield 2.49 g (39%) of the title
compound: mp 241—243 °C; 'H NMR (DMSO-ds) 6 0.83 (m,
2H), 1.07 (m, 4H), 1.18 (m, 2H), 2.88 (m, 1H), 3.00 (quint, J =
7 Hz, 1H), 3.30—3.70 (m, 6H), 4.76 (m, 2H), 7.50 (d, J = 8 Hz,
1H), 7.82 (br s, 1H), 8.18 (d, J = 8 Hz, 1H), 8.37 (d, J = 8 Hz,
1H), 8.66 (s, 1H), 11.05 (br s, 1H); HPLC-MS m/z 322 (MH™").
Anal. (CQOH23N30'2HC]'H20) C, H, N.
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