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Abstract: The title compound was prepared by an aza-Michael addition reaction between 1-[1-(4-
chlorobenzenesulfonyl)-1H-indole-3-yl]prop-2-en-1-one and 2-piridylpiperazine catalyzed by SiO,.
The structural identity of the title compound was proven by elemental analysis and spectroscopic
methods (IR, NMR). The compound was assayed in a binding assay at the 5-HT¢ receptor, showing
poor affinity.
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1. Introduction

The serotonin receptor subtype 6 (5-HTs), a metabotropic receptor located exclusively within
the central nervous system [1-3], is considered a promising target for the treatment of several
illnesses such as Alzheimer’s disease, obesity, and major depressive disorder [4-6]. A 5-HTjg
antagonist pharmacophore has been previously described in the literature [7]. In our efforts
to prepare potent and highly selective antagonists targeting 5-HTg based on this reported
pharmacophore [8,9], we performed the synthesis of the title compound 1-[1-(4-chlorobenzenesulfonyl)-
1H-indole-3-yl1]-3-[4-(pyridin-2-yl)piperazin-1-yl]propan-1-one and evaluated its affinity for the 5-HTg
receptor in a standard binding assay.

2. Results and Discussion

Title compound 5 was synthesized through a series of reactions beginning from commercial
indole, and using methods reported in the literature (Scheme 1). First, indole was formylated
in C-3 employing the Vilsmeier-Haack synthesis, affording formylindole 1 in excellent yield [10].
Afterwards, N-sulfonylation in basic media gave N-(4-chlorobenzenesulfonyl)-3-formylindole 2 in
good yield [8]. A nucleophilic attack on the formyl group with the commercially available Grignard
reagent vinylmagnesium bromide led to secondary allylic alcohol 3, which was oxidized to the
corresponding «,f-unsaturated ketone 4 employing MnO,/MgSO, [10]. Synthesis of the title
compound involved an aza-Michael addition reaction, with 2-pyridylpiperazine. This reaction was
initially attempted using microwave irradiation [10]; however, yields were poor, and degradation
products were observed. We therefore attempted a reflux reaction in acetonitrile, employing SiO, as a
catalyst [11]. These conditions afforded the desired product 5, which was obtained as a crude product
and then purified by gravity column chromatography in 89% yield. Spectroscopic data confirmed the
structure of the product.

In the context of our interest to produce highly active antagonists towards the 5-HT receptor,
5 was tested in a standard radioligand competition binding assay, using membranes of HEK-293
cells expressing a recombinant human 5-HTjy receptor, as previously described [8,12]. The product
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was assayed as a free base at eight concentrations, in triplicate, to obtain the dose-response curve,
determine the IC5 value and calculate the Ki through the Cheng-Prusoff equation [13]. Using this
approach, it was determined that the Ki was 1.33 uM, and that the IC5p had a magnitude of 1.38 uM,
which is regarded as a poor affinity for the receptor (for the dose-response curve, see Figure 516).
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Scheme 1. Synthesis of 1-[1-(4-chlorobenzenesulfonyl)-1H-indol-3-yl]-3-[4-(pyridin-2-yl)piperazin-1-
yl]propan-1-one. Reagents and conditions: (i) POCl3, DME, 0 °C, 30 min; (ii) CH,Cl,, Et3N, DMAP,
4-chlorobenzenesulfonyl chloride; (iii) vinylmagnesium bromide, anhydrous THF, r.t.,, 8-10 h; (iv)
anhydrous CH,Cl,, MnO,, anhydrous MgSQOy; (v) Si0,, CH3CN, 2-pyridylepiperazine, reflux, 12-20 h.

3. Materials and Methods

3.1. Materials

Reagents were purchased from commercial suppliers, specifically Merck (Darmstadt, Germany)
and Sigma-Aldrich (St. Louis, MO, USA), and used without further purification. Solvents were
purchased from commercial suppliers and were purified by distillation prior to their use.

3.2. Instrumentation

Melting points were determined on a Stuart Scientific SMP30 apparatus (Bibby Scientific Limited,
Stone, UK), employing open-glass capillaries. Infrared spectra were recorded on a BRUKER Vector
22 spectrometer using KBr pellets. NMR spectra were recorded on a Bruker Avance III HD 400
(Billerica, MA, USA) at 400 MHz for 'H and 100 MHz for 1*C-NMR spectra were recorded in CDCl3,
using the solvent signal as a reference. The chemical shifts are expressed in ppm (6 scale) downfield
from tetramethylsilane (TMS) and coupling constants values (J) are given in Hertz. The following
multiplicity abbreviations were utilized: singlet (s), broad signal (bs); doublet (d); doublet of doublets
(dd); multiplet (m). Elemental analyses were performed on a FISONS EA 1108 CHNS-O elemental
analyzer (Thermo Scientific, Waltham, MA, USA). Radioligand binding studies were performed by
Scottish Biomedical Drug Discovery.
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3.3. Synthesis

3.3.1. 3-Formylindole (1)

0]
H2 H
H3
N 1
H4 N
H5 H
1

POCl; (0.8 mL, 1.34 g, 8.74 mmol) was added dropwise over DMF (5 mL, 4.72 g, 64.58 mmol)
in a round-bottomed flask at 0 °C. Afterwards, indole (1 g, 8.54 mmol) was dissolved in another
round-bottomed flask containing DMF (5 mL). The POCl; solution was slowly added to the indole
solution. The mixture was stirred at 0 °C for 30 min, after which the contents were poured over a
water—ice mixture and the pH was regulated to 12. A pale yellow precipitate was formed, which
was filtered and dried in a stove. This product was used in subsequent syntheses without further
purification. Yield: 95%. m.p.: 189.1-192.5 °C (lit.: 193-195 °C [14]). 'H-NMR (400 MHz, DMSO-dj):
5 (ppm) 12.18 (s, 1H; NH); 9.99 (s, 1H; CHO); 8.31 (s, 1H; H1); 8.17 (d, ] = 7.2 Hz; 1H; H2); 7.56 (d,
] = 7.6 Hz; 1H; H5); 7.23-7.31 (m, 2H; H3, H4). 13C-NMR (101 MHz, DMSO-dg): & 185.43; 138.86; 137.55;
124.63; 123.93; 122.60; 121.32; 118.68; 112.90. IR (cm~1): 3169 (NH); 2932 (CH,,); 1634 (CHO). Anal.
calculated for CoH7NO (%): C: 74.47; H: 4.86; N: 9.65. Anal. found for CoH7NO (%): C: 74.02; H: 4.79;

N:9.92.

3.3.2. 1-(4-Chlorobenzenesulfonyl)-3-formylindole (2)
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Triethylamine (Et3N; 0.44 mL, 0.318 g, 3.14 mmol) and 4-dimethylaminopyridine (DMAP; 0.048 g,
0.31 mmol) were added over a stirred solution of 1 (0.46 g, 3.14 mmol) in CH,Cl, (30 mL). After 10 min,
p-chlorobenzenesulfonyl chloride (0.796 g, 3.77 mmol) is added. Reaction progress was monitored by
TLC until the starting materials had disappeared. At this point, the reaction was quenched by adding a
1 M HCl solution. The organic layer was extracted with EtOAc (3 x 20 mL) and dried over anhydrous
Na,S0Oy. Solvent was removed under a vacuum, affording a crude product that was purified by gravity
column chromatography, employing silica gel as adsorbent and CH,Cl, as eluent. This purification
affords a white crystalline solid. Yield: 76%. m.p.: 152.8-155.1 °C (lit.: 152-154 °C [15]). 'H-NMR
(400 MHz, CDCl3): 6 10.09 (s, 1H; CHO); 8.26 (d, ] = 7.3 Hz; 1H; H2); 8.21 (s, 1H; H1); 7.92 (d, ] = 8.2 Hz;
1H; H5); 7.89 (d, ] = 8.7 Hz; 2H; H1’, H2'); 7.45 (d, ] = 8.7 Hz; 2H; H3’, H4’); 7.35-7.42 (m, 2H; H3, H4).
I3C-NMR (101 MHz, CDCl3): § 185.69; 142.06; 136.34; 136.09; 135.54; 130.50; 128.96; 126.98; 126.76;
125.75; 123.20; 123.18; 113.52. IR (cm™!): 3137 (CHpe); 3086 (CHar); 1664 (C=0); 1380 (SO,); 1182
(50,). Anal. calculated for C15H19CINO3S (%): C: 56.34; H: 3.15; N: 4.38; S: 10.03 Anal. found for
Ci5H19CINO3S (%): C: 56.38; H: 3.20; N: 4.94; S: 10.16.
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3.3.3. 1-[1-(4-Chlorobenzenesulfonyl)-1H-indole-3-yl]-prop-2-en-1-ol (3)

H3"

H2"

2 was added to a round-bottomed flask, which was purged with Nj. Afterwards, anhydrous
THF and vinylmagnesium bromide were added. The contents were stirred for 8-10 h, after which the
reaction was quenched adding a saturated NH4Cl solution. The product was extracted with CH,Cl,
(3 x 20 mL) and dried over Na;SOj. Solvent was removed under vacuum, affording an orange-colored
oil, which was purified by gravity column chromatography, employing silica gel as adsorbent and
CH,Cl, as eluent. The purified product corresponds to a yellow oil. Yield: 83%. 'H-NMR (400 MHz,
CDCl3): $7.94 (d, ] =8.3 Hz; 1H; H2); 7.79 (d, | = 8,6 Hz; 2H; H1’, H2"); 7.62 (d, | = 7.8 Hz; 1H; H5);
7.50 (s, 1H; H1); 7.30-7.36 (m, 3H; H3, H3’, H4"); 7.23 (t, ] = 7.5 Hz; 1H; H4); 6.08-6.12 (m, 1H; H1");
5.40-5.44 (m, 2H; H3”, H4"); 5.27 (d, J s = 10.2 Hz; 1H; H2”); 2.25 (bs, 1H; OH). 13C-NMR (101 MHz,
CDCl3): 6 140.97; 138.89; 136.82; 135.87; 130.04; 129.39; 128.61; 125.58; 125.26; 123.97; 123.45; 121.19;
116.90; 113.99; 69.23. IR (cm~1): 3441 (OH); 3128 (CHa,), 3055 (CH2), 1363 (asymmetric R-SO,-R); 1173
(symmetric R-SO,-R). Anal. calculated for Cy1H17NO3S (%): C: 69.40; H: 4.71; N: 3.85; S, 8.82. Anal.
found for Cy1H17NO3S (%): C: 69.22; H: 5.07; N: 3.56; S: 8.93.

3.3.4. 1-[1-(4-Chlorobenzenesulfonyl)-1H-indole-3-yl]-prop-2-en-1-one (4)
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A solution of 3 (0.382 g, 1.10 mmol) in anhydrous CH,Cl, (30 mL) was prepared. Afterwards,
v-MnO; (1.91 g) and anhydrous MgSOy (0.127 g, 1.10 mmol) were added. The mixture was stirred
vigorously while monitoring the reaction progress by TLC. Once oxidation was complete, MnO, was
removed by filtration, and the solvent was removed under a vacuum. The resulting crude product
was purified by gravity column chromatography, employing silica gel as adsorbent and CH,Cl, as
eluent, affording a pale yellow amorphous solid. Yield: 51%. m.p.: 137.7-140.1 °C. "H-NMR (400 MHz,
CDClz): 6 8.42 (d, ] = 6.7 Hz; 1H; H2); 8.26 (s, 1H; H1); 7.94 (d, | = 7.3 Hz, 1H; H5); 7.88 (d, ] = 8.4 Hz;
2H; H1’, H2"); 7.45 (d, ] = 8.5 Hz; 2H; H3’, H4'), 7.38-7.42 (m, 2H; H3, H4); 7.07 (dd, Jirans = 17.0 and
Jeis = 10,5 Hz; 1H; H1”); 6.51 (d, Jirans = 17.0 Hz, 1H; H3”); 5.90 (d, s = 10.5 Hz; 1H; H2”). 13C-NMR
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(101 MHz, CDCl3): 6 185.77; 141.89; 136.25; 135.33; 133.43; 132.20; 130.42; 129.22; 128.88; 128.41; 126.64;
125.57; 123.88; 122.27; 113.37. IR (cm™1): 3122-3122 (CH ,), 3054 (=CH,), 1665 (C=0), 1603 (C=C), 1373
(asymmetric R-SO;-R); 1174 (symmetric R-SO,-R). Anal. calculated for C17H12CINO3S (%): C: 59.05;
H: 3.50; N: 4.05; S: 9.27. Anal. found for C;7H1,CINO3S (%): C: 58.89; H: 3.67; N: 4.59; S: 9.60.

3.3.5. 1-[1-(4-Chlorobenzenesulfonyl)-1H-indole-3-yl1]-3-[4-(pyridin-2-yl)piperazin-1-yl]propan-1-one (5)
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4 (0.185 g, 0.53 mmol), 2-pyridylpiperazine (0.105 g, 0.64 mmol) and a catalytic amount of silica
gel (5i0;, 0.01-0.1 g), were dissolved in CH3CN (40 mL). The mixture was refluxed for 12 to 20 h,
and the reaction progress was monitored by TLC. The product, once purified by gravity column
chromatography employing silica gel as adsorbent and EtOAc as eluent, corresponds to an amorphous
white solid. Yield: 89%. m.p.: 154.9-158.9 °C; IH-NMR (400 MHz, CDCl3): 6 8.34 (d, ] =7.3 Hz; 1H;
H2); 8.26 (s, 1H; H1); 8.20 (bs, 1H; H5"); 7.92 (d, ] = 7.5 Hz; 1H; H5); 7.87 (d, | = 8.1 Hz; 2H; H1’, H2’);
7.46 (m; 3H; H3’, H4',H7’); 7.38 (m; 2H; H3, H4); 6.65 (m; 2H; H6’, H8'); 3.56 (bs, 4H; H3”, H4"); 3.15 (t,
] = 7.0 Hz, 2H; H6, H7); 2.91 (t, ] = 7.0 Hz; 2H; H8, H9); 2.64 (bs, 4H; H1”, H2”). 13C-NMR (101 MHz,
CDCl3): 6 195.01; 159.88; 148.38; 141.89; 137.86; 136.29; 135.27; 131.99; 130.43; 128.85; 128.05; 126.46;
125.55; 123.71; 122.19; 113.79; 113.36; 107.49; 53.59; 53.50; 45.61; 38.31. IR (cm ™~ 1): 3141-3065 (CHa,),
1664 (C=0), 1382 (R-SO;-R), 1174 (R-SO,-R). Anal. calculated for CyHsCINgO3S (%): C: 61.35; H:
4.95; N: 11.01; S: 6.30. Anal. found for CygHy5CIN4O3S (%): C: 61.83; H: 5.04; N: 10.56; S: 6.05.

3.4. Radioligand Binding Studies

Affinity of the title compound for 5-HTg receptors was evaluated using HEK-293 cells
expressing human 5-HTgR, employing the iodinated specific radioligand ['%°1]-SB-258585
(4-iodo-N-[4-methoxy-3-(4-methyl-piperazin-1-yl)-phenyl]-benzenesulfonamide); Kd = 1.3 nM;
2200 Ci/mmol). Competitive inhibition assays were performed according to standard procedures,
briefly detailed below.

Fractions of 45 pL of diluted 5-HTs membrane preparation were incubated at 27 °C for 180 min
with 25 5-HTgR L of [1%°1]-SB-258585 (0.2 nM) and 25 5-HT4R L of WGA PVT SPA beads (4 mg/mL),
in the presence of increasing concentrations (1071 to 10~* M) of the competing drug (5 uL) or
DMSO, in a final volume of 100 pL of assay buffer (50 mM Tris, 120 mM NaCl, pH 7.4). Non-specific
binding was determined by radioligand binding in the presence of a saturating concentration of
100 uM of clozapine. Binding of [12°1]-SB-258585 to 5-HTg receptors directly correlates to an increase
in signal that was read on a Perkin Elmer Topcount NXT HTS (PerkinElmer, Waltham, MA, USA).
Compounds were tested at eight concentrations, in triplicate. Clozapine was used as an internal
standard for comparison. Data generated were analyzed using GraphPad Prism version 7.0 (GraphPad
Software Inc., La Jolla, CA, USA). A linear regression line of data points was plotted, from which the
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concentration of the competing ligand that displaces 50% of the specific binding of the radioligand
(ICsg value) was determined and the Ki value was calculated based upon the Cheng—Prusoff equation,
Ki=1C5p/(1 + L/Kd), where L is the concentration of free radioligand used in the assay and Kd is the
dissociation constant of the radioligand for the receptor.

4. Conclusions

In this work, we report the synthesis of 1-[1-(4-chlorobenzenesulfonyl)-1H-indole-3-yl]-3-
[4-(pyridin-2-yl)piperazin-1-yl]propan-1-one by a route starting from commercial indole. The final step
of this route, which leads to the title compound, involved an aza-Michael addition reaction between
1-[1-(4-chlorobenzenesulfonyl)-1H-indole-3-yl]prop-2-en-1-one and 2-piridylpiperazine. Use of SiO,
as a catalyst afforded the desired final product in excellent yield. Both the title compound and its
precursors had their structural identity proven employing spectroscopic methods, and a complete
physical characterization was provided for all of them. In the context of our efforts to produce potent
and selective novel 5-HTy receptor antagonists, we measured the title compound’s affinity for this
receptor employing a standard radioligand binding assay. Unfortunately, the results of said assay
revealed that the title compound displays a poor affinity for the receptor. Nevertheless, this study
highlights an interesting synthetic route to the preparation of arylsulfonylindolepropanones, thus
providing orientation for the design of future ligands acting as 5-HT receptor antagonists.

Supplementary Materials: The following are available online, Figure S1: 'H-NMR spectrum of 1; Figure S2:
I3C-NMR spectrum of 1; Figure S3: 'H-NMR spectrum of 2; Figure S4: '*C-NMR spectrum of 2; Figure S5:
TH-NMR spectrum of 3; Figure S6: 3C-NMR spectrum of 3; Figure S7: 'H-NMR spectrum of 4; Figure S8:
BBC-NMR spectrum of 4; Figure S9: TH-NMR spectrum of 5; Figure S10: IBC-NMR spectrum of 5; Figure S11: IR
spectrum of 1; Figure S12: IR spectrum of 2; Figure 513: IR spectrum of 3; Figure S14: IR spectrum of 4; Figure S15:
IR spectrum of 5; Figure S16: Dose-response curve for the 5-HT receptor of 5.
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Abbreviations

5-HT serotonin

5-HT¢R serotonin receptor subtype 6

Anal. elemental analysis

| (@) half maximal inhibitory concentration
IR infrared spectroscopy

Ki inhibition constant

NMR nuclear magnetic resonance spectroscopy
TLC thin layer chromatography

TMS tetramethylsilane
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