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Five indolin-2-one derivatives bearing piperazinylbutyl side chains attached to the amide nitrogen were syn-
thesized from 2-indolinone. 1-(4-Bromobutyl)-indolin-2-one was reacted with 1-piperazinecarboxaldehyde
to form 1-(4-(4-formyl-1-piperazinyl)butyl)indolin-2-one (2). In the presence of H,SO,, the alde-
hyde moiety was removed from 1-(4-(4-formyl-1-piperazinyl)butyl)indolin-2-one and then 1-(4-(1-
piperazinyl)butyl)indolin-2-one (3) was obtained, this compound was reacted with benzaldehyde derivatives
to give the target compounds 4 a-e by N-alkylation reaction. The structures of the intermediates and the
target compounds were characterized by 'TH NMR, ESI-MS spectra and elemental analyses. In vitro recep-
tor binding assays at D, D3, D4 receptor subtypes of the target compounds were performed and the
five compounds showed selectivity towards D,-like receptors. Among them, 1-(4-(4-(4-hydroxybenzyl)-
1-piperazinyl)butyl) indolin-2-one (4c) exhibited a remarkable affinity and selectivity to D4 receptor with
Ki value of 0.5nM. The results indicated that 1-(4-(4-(4-hydroxybenzyl)-1- piperazinyl)butyl)indolin-2-one

might be a potential dopamine D4 receptor ligand.

1. Introduction

Disturbances of the dopaminergic system account for
many neurological and neuropsychiatric diseases, including
schizophrenia, Parkinson’s disease, depression, tardive dysk-
inesia, attention deficit hyperactivity disorder (ADHD) and
Tourette’s syndrome (Michealraj et al. 2014). Five subtypes
of dopamine receptors have been identified: D;, D,, D3, Dy
and Ds receptor. These subtypes are generally classified into
two groups, Dy like (D; and Ds) and D, like (D,, D3 and
Dy) receptors, based on their pharmacologic properties and pri-
mary structure homology (Benes et al. 2012). The dopamine
D, receptor is considered to be responsible for the antipsy-
chotic effects of neuroleptics. The side effects of neuroleptic
drugs, which primarily exert their effect via antagonism of D,
receptors, are known to be due to D, receptor antagonism in the
striatal regions of the brain. However, dopamine D, receptors
are primarily located in areas of the brain other than striatum,
suggesting that antagonists of the dopamine D4 receptor will be
devoid of extrapyramidal side effects. Consequently, D4 recep-
tor ligands, which are partial D4 receptor agonists or antagonists,
may have beneficial effects against psychoses (El-Mallakh et al.
2013; Cocker et al. 2014).

Most classical antipsychotic drugs bind to all D, like recep-
tor subtypes while the atypical antipsychotic clozapine displays
high affinity for D, receptor. Those ligands are far from ideal
as some of them display affinity for other brain receptors, such
as Dy, D3, o receptors, 5-HT receptors and this makes under-
standing of the experimental results using those radioligands as
tracers complicated and difficult (Banerjee et al. 2013; Samp-
son et al. 2014; Tomlinson et al. 2015). Thus, ongoing efforts
have been made to find selective ligands and radioligands for
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the D4 receptor to facilitate the research into the function of the
dopamine Dy receptor and its correlations with various disorders
(Abdelfattah et al. 2013; Moreland et al. 2004).

Some reports disclosed molecules with a butylamide link-
ing chain, an extended aromatic terminal on one end and an
arylpiperazine on the other end are selective dopamine D recep-
tor ligands, such as NGB 2904 (Banasikowski et al. 2012), GR
103691 (Cruz-Trujillo et al. 2013), BP 897 (Shinichiro et al.
2013). Structurally similar molecules made up of cyclic ben-
zamides linked through an alkyl spacer to piperazines were
evaluated as D,/5-HT, receptor antagonists and non-classical
antipsychotic agents (Résimont et al. 2010; Bhosale et al. 2014).
The cyclic benzamide building blocks were linked to piperazines
through a four-carbon spacer and that has been proven related
with activity. The butyl spacer enabled the compound to adopt
a folded conformation stabilized by an intramolecular hydro-
gen bond between the piperazine and the amide carbonyl. In
turn, the flexible butyl chain allowed an optimal conformation
and distance between the terminal pharmacophores resulting in
optimal binding to the dopamine receptors.

In this study, five indolin-2-one derivatives as potential D4 recep-
tor ligands were synthesized and in vitro evaluated through
receptor binding assay based on our previous work (Li et al.
2010).

2. Investigations, results and discussion
2.1. Synthesis of the indolin-2-one derivatives

Five indolin-2-one derivatives bearing piperazinylbutyl side
chains attached to the amide nitrogen were synthesized from
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Scheme 1: Synthesis of indolin-2-one derivatives 4a-e.

Table 1: Receptor binding assay data of compounds 4a-e

Comp K; (nM)
Dy D3 Dso Ki D>/ K;i Dy Ki D3/ KiDy
4a 803 650 4.2 191.2 154.8
4b 820 692 8.1 101.2 85.4
4c 1815 1225 0.5 3630 2450
4d 915 756 5.5 166.4 137.5
4e 1020 935 12.0 85 77.9

2-indolinone. The approach for the synthesis of compounds 4a-e
included alkylation of 1-piperazinearboxaldehyde with 1-(4-
bromobutyl)-indolin-2-one, amide hydrolysis and N-alkylation
of 1-(4-(1-piperazinyl)butyl)indolin-2-one (3) with benzalde-
hyde derivatives. In the amination of the carbonyl compound,
sodium cyanoborohydride was used as a selective reducing agent
and acetic acid was used to adjust pH (Scheme).

2.2. Dopamine receptor ligands binding activity

The affinity of compounds 4a-e for dopamine D,, D3, D4 recep-
tors were determined in vitro by measuring the ability to displace
the dopamine receptor ligand [*H]spiperone from dopamine
receptors. All points were sampled in triplicate for each exper-
iment and averaged values were reported. The affinities are
given as K; values in Table 1. In the receptor binding assay,
compounds 4a-e inhibited the [*H]spiperone binding compet-
itively to recombinant D4, receptor with K;(4.2, 8.1, 0.5, 5.5
and 12.0nM), respectively. The differences in dopamine D,, D3
and Dy, receptor binding may be attributed to the difference of
the side chain benzyl substituents. The dopamine Dyjop,, D3 and
Dy, receptor binding profiles of compounds 4a-e indicate clear
affinity for the Dy, receptor and weaker affinity for Dyjon, and
D; subtypes. Thus, compounds 4a-e could be potential ligands
for Dy, receptor and compound 4c¢ is the most potent deriva-
tive, with Kj =0.5 nM for the D4 receptor, thus it is 3,630—fold
selectivity over the D, receptor, 2,450-fold selectivity over the
D3 receptor, respectively.

The five indolin-2-one compounds showed affinity for the
dopamine D, receptor, and when the R group at the benzyl
side chain was changed from 4-H, 4-Cl to 4-hydroxyl, 4-methy]
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and 4-methoxyl, their affinities and selectivity for D, receptor
changed significantly.

2.3. Conclusion

Five indolin-2-one derivatives bearing piperazinylbutyl side
chains attached to the amide nitrogen were synthesized from
2-indolinone using a four-step procedure. Receptor bind-
ing assay disclosed affinity and selectivity of compounds
4a-e towards the Dj-like receptors. Among them, 1-(4-(4-
(4-hydroxybenzyl)-1-piperazinyl)butyl)indolin-2-one (4c) was
the most potent one with K;=0.5nM for the D4 receptor
and 3,630-fold selectivity over the D, receptor, 2,450-fold
selectivity over the D3 receptor. 1-(4-(4-(4-Hydroxybenzyl)-1-
piperazinyl) butyl)indolin-2-one displayed higher affinity and
selectivity towards dopamine D, receptor. The results indicated
that 1-(4-(4-(4-hydroxybenzyl)-1-piperazinyl)butyl) indolin-2-
one might be a potential dopamine Dy receptor ligand.

3. Experimental
3.1. Materials and equipment

2-Indolinone was purchased from Fluka Chemie GmbH (Switzerland).
1-Piperazinecarboxaldehyde and 1,4-dibromobutane were obtained from
Lancaster Synthesis Ltd (England). Benzaldehyde, 4-chlorobenzaldehyde,
4-hydroxybenzaldehyde, 4-methylbenzaldehyde 4-methoxybenzaldehyde
and sodium cyanoborohydride were ordered from Acros Chemical Co., Ltd
(Belgium). D2jong, D3 receptors were purchased from Sigma Company and
Dy, receptor was purchased from PerkinElmer Company (USA). Other
chemicals were obtained from Shanghai Chemical Company (China) and
used without further purification.

Thin layer chromatography (TLC) was carried out on glass palte precoated
with GFps4 silica gel (Sijia Biochemical Plastics Factory, Zhejiang, China)
and was detected by a UV lamp (Anting Electronic Instrument Factory,
Shanghai, China) at 254 nm. ' H NMR assays were noted on an AVANCE 500
NMR spectrometer (BRUKER). Mass Spectra were recorded on a Micro-
Mass GCT CA 055 mass spectrometer or a quadrupole mass spectrometer
(Agilent LCMSD-SL, Agilent Technologies, Palo Alto, CA). The elemental
analyses were performed on Elementar Vario EL III (Germany).

3.2. General procedure for the preparation of the indolin-2-one
derivatives 4a-e

Indolin-2-one derivatives 4a-e were synthesized according to the following
procedure (Scheme).

Compound 1 (1-(4-bromobutyl)indolin-2-one) was prepared according
to published procedures by the reaction of 1,4-dibromobutane with 2-
indolinone.
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Table 2: Receptor competition binding assay protocol

TB* (L) NSB * (uL) SB * (uL) Control (L)
Bufter solution 100 80 80 80
[*H]Spiperone 20 20 20 20
Sample or Reference / (+)-Butaclamol 20 20 (DMF)20
Receptor 80 80 80 80

* TB: Total Binding; NSB: Nonspecific Binding; SB: Specific Binding.

A mixture of 1-(4-bromobutyl)indolin-2-one (0.536g, 2.0 mmol), 1-
piperazinecarboxaldehyde (0.342 g, 3.0 mmol) and triethylamine (3 mL)
in absolute DMF (7 mL) was stirred and heated at 80 °C under nitrogen.
The reaction course was monitored by TLC. At the end of the reaction,
the mixture was poured into ice-water and extracted with chloroform. The
extracts were passed through an anhydrous sodium sulfate column, filtered
and evaporated under reduced pressure. The residue was then purified by
flash column chromatography to give a light yellow oil (2).

A mixture of 1-(4-(4-formyl-1-piperazinyl)butyl)indolin-2-one (2) (0.300 g,
0.995 mmol) and 4 mol/L H,SO4 (10 mL) was heated at 80 °C for 9 h. The
solution was cooled to room temperature and poured into 4 mol/L. NaOH.
The resulting basic suspension was extracted with dichloromethane and the
organic layer was dried over anhydrous MgSOy. After filtration, evaporation,
the crude compound was purified by flash column chromatography and
compound 3 was obtained.

To a solution of 1-(4-(1-piperazinyl)butyl)indolin-2-one (3) (0.120g,
0.439 mmol) in methanol (10 mL), benzaldehyde (70 nL, 0.689 mmol)
(or 4-chlorobenzaldehye 60 L, 0.568 mmol; 4-hydroxybenzaldehye
70 nL, 0.647 mmol; 4-methylbenzaldehye 70 nL, 0.591 mmol; 4-
methoxybenzaldehye 100 pL, 0.807 mmol), NaBH3CN (0.034 g, 0.550
mmol) and CH3;COOH (80 L) were added. The mixture was stirred at room
temperature for 3 h. After extraction the mixture with dichloromethane and
water, the organic layer was passed through an anhydrous sodium sulfate
column. Next, the residue was concentrated under reduced pressure and then
purified by flash column chromatography to give 4a-e, respectively.

3.2.1. 1-(4-(4-Formyl-1-piperazinyl)butyl)indolin-2-one (2)

Yield 65.1%; Oil; 'H NMR (CDCl3, 500MHz) §: 1.66 (m,
2H, J=7.5Hz, -CONCH,CH,CH,CH;N-), 1.75 (m, 2H,
J=7.5Hz, -CONCH,CH,CH,CH;,N-), 245 (t, 2H, J=7.5Hz, -
CONCH;CH,CH,CH3N), 2.62 (br s, 4H, -(CH;)>N piperazinyl), 3.18
(br s, 4H, -(CH2)2N piperazinyl), 3.53 (s, 2H, CH,CON indolin), 3.75 (t,
2H, J=7.7Hz, -CONCH,CH,;CH,CH,N), 6.80 (d, 1H, J=2.5Hz, 4-H),
7.02(dd, 1H, J=2.2, 2.2 Hz, 5-H), 7.23 (dd, 1H, J=2.2, 2.2 Hz, 6-H), 7.51
(d, 1H, J=2.7Hz, 7-H), 7.80 (s, 1H, CHO). ESI MS m/z (%):301.4 (M*,
19), 302.4 (M + 1%, 100). Anal. calcd for C17H»3N30,: C 67.75, H 7.69, N
13.94; found C 67.09, H 7.95, N 13.26.

3.2.2. 1-(4-(1-Piperazinyl)butyl)indolin-2-one (3)

Yield 76.2%; Oil; 'H NMR (CDCl3, 500MHz) §: 1.65 (m,
2H, J=7.1Hz, -CONCH,CH;CH,CH;N-), 177 (m, 2H,
J=7.6Hz, -CONCH,CH,CH,CH;N-), 244 (t, 2H, J=7.6Hz, -
CONCH;CH,CH,CH;N), 2.65 (br s, 4H, -(CH;),N piperazinyl), 3.23
(br s, 4H, -(CH2)2N piperazinyl), 3.55 (s, 2H, CH,CON indolin), 3.77 (t,
2H, J=7.5Hz, -CONCH,CH,CH,;CH;N), 6.80 (d, 1H, J=2.4Hz, 4-H),
7.07(dd, 1H, J=2.3, 2.2 Hz, 5-H), 7.27 (dd, 1H, J=2.2, 2.2 Hz, 6-H), 7.50
(d, 1H, J=2.7Hz, 7-H). ESIMS m/z (%): 274.4 (M + 1%, 100). Anal. calcd
for C;¢H23N30: C 70.29, H 8.48, N 15.37; found C 71.15, H7.96, N 15.91.

3.2.3. 1-(4-(4-Benzyl)-1-piperazinyl)butyl)indolin-2-one (4a)

Yield 453%; Oil; 'H NMR (CDCl;, 500MHz) §: 1.68 (m,
2H, J=72Hz, -CONCH,CH,CH,CH;N-), 1.75 (m, 2H,
J=7.6Hz, -CONCH,CH,CH,;CH;N-), 250 (t, 2H, J=7.7Hz, -
CONCH;CH,CH,CHN), 2.62 (br s, 4H, -(CH2),;N piperazinyl), 3.19
(br s, 4H, -(CH2),N piperazinyl), 3.25(s, 2H, -NCH>Ar-), 3.57 (s, 2H,
CH,CON indolin), 3.78 (t,2H, J=7.5 Hz, -CONCH,CH;CH,CH;N), 6.82
(d, 1H, J=2.0Hz, 4-H), 7.05(dd, 1H, J=2.2, 2.2 Hz, 5-H), 7.26 (dd, 1H,
J=2.4,2.4Hz, 6-H), 7.28~7.30 (m, 1H, Ar-H), 7.34~7.36 (m, 4H, Ar-H),
7.50 (d, 1H, J=2.8 Hz, 7-H). ESI MS m/z (%): 364.5 M + 1%, 100). Anal.
caled for Co3H29N30: C 75.99, H 8.04, N 11.56; found C 75.06, H 8.55, N
11.93.
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3.2.4. 1-(4-(4-(4-Chlorobenzyl)-1-piperazinyl)butyl)indolin-2-one
(4b)

Yield 35.6%; Oil; 'H NMR (CDCl3, 500MHz) §: 1.65 (m,
2H, J=7.0Hz, -CONCH,CH,;CH,CH;N-), 1.76  (m, 2H,
J=7.2Hz, -CONCH,CH,CH,CH;N-), 2.50 (t, 2H, J=7.3Hz, -
CONCH;CH,CH;CH;N), 2.62 (br s, 4H, -(CH),N piperazinyl), 3.22
(br s, 4H, -(CH;);N piperazinyl), 3.24(s, 2H, -NCH,Ar-), 3.58 (s, 2H,
CH,CON indolin), 3.77 (t, 2H, J=7.1Hz, -CONCH,;CH,;CH,;CH,N),
6.80 (d, 1H, J=2.9Hz, 4-H), 7.02(dd, 1H, J=3.2, 2.2Hz, 5-H), 7.19(t,
2H, J=8.0Hz, Ar-H), 7.27 (dd, 1H, J=2.4, 3.5Hz, 6-H), 7.37 (q, 2H,
J=6.0Hz, Ar-H), 7.53 (d, 1H, J=3.9Hz, 7-H). ESI MS m/z (%): 398.9
(M + 1%, 100). Anal. calcd for C3HsN30CI: C 69.42, H 7.09, N 10.56;
found C 69.25, H7.42, N 11.07.

3.2.5. 1-(4-(4-(4-Hydroxybenzyl)-1-piperazinyl)butyl)indolin-2-one
(4c)

Yield 39.3%; Oil; 'H NMR (CDCl;, 500MHz) §: 1.69 (m,
2H, J=73Hz, -CONCH,CH,CH,CH;N-), 1.77  (m, 2H,
J=7.0Hz, -CONCH,CH,CH,CH;N-), 2.56 (t, 2H, J=7.5Hz, -
CONCH;CH,;CH,CH>N), 2.64 (br s, 4H, -(CH,);N piperazinyl), 3.20
(br s, 4H, -(CH2);N piperazinyl), 3.27(s, 2H, -NCHAr-), 3.55 (s, 2H,
CH,;CON indolin), 3.75 (t, 2H, J=7.4Hz, -CONCH;CH,;CH,;CH;N),
6.84 (d, 1H, J=3.6Hz, 4-H), 7.06(dd, 1H, J=3.5, 2.9Hz, 5-H), 7.22(t,
2H, J=7.0Hz, Ar-H), 7.25 (dd, 1H, J=5.2, 3.9Hz, 6-H), 7.38 (q, 2H,
J=7.0Hz, Ar-H), 7.58 (d, 1H, J=6.1Hz, 7-H), 9.36 (s, 1H, OH). ESI MS
m/z (%): 380.5 (M + 1%, 100). Anal. calcd for Co3Hp9N30,: C 72.79, H
7.70,N 11.07; found C 72.92, H 7.86, N 11.32.

3.2.6. 1-(4-(4-(4-Methylbenzyl)-1-piperazinyl)butyl)indolin-2-one
(4d)

Yield 40.1%; Oil; 'H NMR (CDCl3, 500MHz) §: 1.63 (m,
2H, J=7.6Hz, -CONCH,CH,CH,CH;N-), 1.73  (m, 2H,
J=7.2Hz, -CONCH,CH,CH,CH;,N-), 249 (t, 2H, J=7.0Hz, -
CONCH;CH,CH;CH>N), 2.55(s, 3H, -CHj3), 2.61 (br s, 4H, -(CH;),N
piperazinyl), 3.23 (br s, 4H, -(CH2),N piperazinyl), 3.25 (s, 2H, -
NCH>Ar-), 3.59 (s, 2H, CH,CON indolin), 3.81 (t, 2H, J=7.0Hz,
-CONCH,CH,CH,CH;N), 6.82 (d, 1H, J=2.7Hz, 4-H), 7.06(dd, 1H,
J=2.5, 2.5Hz, 5-H), 7.19(t, 2H, J=7.0Hz, Ar-H), 7.28 (dd, 1H, J=2.7,
2.5Hz, 6-H), 7.38 (t, 2H, J=6.4 Hz, Ar-H), 7.56 (d, 1H, J=3.6 Hz, 7-H).
ESIMS m/z (%): 378.5 (M + 1%, 70). Anal. caled for Co4H31N3O: C 76.35,
H 8.28, N 11.13; found C 76.91, H 8.82, N 10.55.

3.2.7. 1-(4-(4-(4-Methoxybenzyl)-1-piperazinyl)butyl)indolin-2-one
(d4e)

Yield 46.2%; Oil; 'H NMR (CDCl3, 500MHz) & 1.62(m,
2H, J=7.0Hz, -CONCH,CH;,CH,CH,N-), 1.72(m, 2H,
J=173Hz, -CONCH,CH,CH,CH;N-), 250 (t, 2H, J=7.2Hz, -

CONCH;CH,;CH,CH;N), 2.62(br s, 4H, -(CH;)2N piperazinyl), 3.22
(br s, 4H, -(CH;);N piperazinyl), 3.25 (s, 2H, -NCH»Ar-), 3.57(s, 2H,
CH,CON indolin), 3.80(t, 2H, J=7.2Hz, -CONCH,;CH;CH,;CH;,N),
3.85(s, 3H, -OCH3), 6.83 (d, 1H, J=2.9Hz, 4-H), 7.02 (dd, 1H, J=3.0,
3.0Hz, 5-H), 7.22(t, 2H, J=7.2Hz, Ar-H), 7.27(dd, 1H, J=2.7, 2.5Hz,
6-H), 7.39 (t, 2H, J=6.4 Hz, Ar-H), 7.60 (d, 1H, J=3.6 Hz, 7-H). ESI MS
m/z (%): 394.4 M+ 1%, 70). Anal. calcd for C Co4H31N30,: C 73.25, H
7.94, N 10.68; found C 73.02, H 8.31, N 10.36.

3.3. Invitro receptor binding assays with D3jy,g, D3, Dy > dopamine
receptors

The in vitro receptor binding assay of compounds 4a-e was performed by
a modification of the procedure described by Hiibner et al. (2000) and the
protocol is given in Table 2. Briefly, the mixtures of protein, [*H]spiperone
and binding buffer (Tris-HCI 50 mmol/L, NaCl 120 mmol/L, KC1 5 mmol/L,
MgCl; 5 mmol/L, CaCl, 1.5 mmol/L, EDTA 5 mmol/L, pH 7.4) were incu-
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bated with different concentrations (1.0 x 10 'mol/L~1.0 x 10 mol/L) of
compounds 4a-e in a total volume of 200 L. Incubation was carried out
at 30°C for 1h and was terminated by rapid filtration through Whatman
GF/C glass fiber filters which were presoaked in 0.1% polyethyleneimine
solution for 1h, and filters were rinsed three times with 2 mL of ice-cold
Tris-HCl buffer. Receptor-bound radioactivity was determined in a Beckman
LS6500 liquid scintillation counter (USA). The specific binding of com-
pounds 4a-e were determined experimentally from the difference counts
in the absence or presence of (+)-Butaclamol hydrochloride (Sigma-RBI
Company), respectively. All assays were performed in triplicate.

Data were analyzed using Graphpad Prism programs.
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