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ABSTRACT

In continuation to our earlier work and to improve upon the potentency of 2-piperazinylmethyl-N-aryl sulfonamide
indole derivatives, a new series of compounds were taken up for synthesis by inserting halo group at 3" position of
indole. The critical intermediate 3-halo-2-formyl indole was achieved through the Vilsmerier reaction, which on
further reductive amination followed by sulfonylation gave 3-chloro-2-piperazinylmethyl-N-aryl sulfonamide indole
derivatives as a targeted series of compounds. The design, synthesis and their in-vitro affinity towards the 5-HTg
receptor is discussed in this communication.

Key words: 3-halo-2-piperazinylmethyl Narylsulfonyl indole derivatives, Vilsmerier reamti, 5-HTs receptorjn-
vitro affinity.

INTRODUCTION

5-HTs receptor mainly found in limbic, cortical and hggampus region of the brain [1]. Due to exclusive
distribution of this receptor in the brain, makes ipromising and novel target for central nerveystem (CNS)
mediated diseases such as Alzheimer's diseaseppbhénia, anxiety and obesity [2 - 4].

In our earlier communication, we reported 2-(4-rykdiperazin-1-yl methyl)-1-(arylsulfonyl}H-indole derivatives

as the potential 5-Hreceptor ligands. In continuation to this effondao make these molecules more potent we
developed a new series of compounds by insertidmatif group at "3 position of indole nucleus. Thus, the main
aim of the study is to see the effect of insertibhalogen on the binding affinity towards the 5gH@&ceptor.
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Figure 1: Genesis of ligands
MATERIALS ANDS METHODS

2.1 Chemistry

Melting points of synthesized compounds were ddtethusing Electro Dermampen capillaryapparatus and are
uncorrected. Infra red spectra were recorded on #&r and in solid state using Perkin-Elmer mod&fQLFT-IR
spectrophotometer (Perkin-Elmer, Norwalk, CT, USEBectrospray ionization mass spectra were recoaiec
API 4000 triple quadrupole instrument (MDS-SCIEXr@ord, Ontario, CanadaH-NMR spectra were obtained
on a Bruker proton NMR spectrometer (Fallanden,t&wland) at 400 MHz. Deuterated reagents were ased
solvents and were commercially procured. Tetramsilape (TMS) was used as an internal standard mGiz
shift values are expressed in parts per millid &nd coupling constants are expressed in Hz. Tayer
chromatography (TLC) was performed on Merck silgel 60 ks, plates. Chromatography refers to column
chromatography performed using 60-120 mesh silied gnd executed under nitrogen pressure (flash
chromatography) conditions. All the reagents arehulsals used were of ‘reagent grade’.

2.2 General procedure for 2-(Carboxymethyl-amino)-kBnzoic acid derivatives (3)

To a stirred solution o2 (0.03 mol) in water (30 mL) was added NaOH (0.08)ndissolved in water (35 mL).
Chloroacetic acid (0.036 mol) was added to theti@aenixture and the reaction mixture was heate@d8C. After
completion of reaction, the reaction mixture wasled to RT and the separated solids were filteMd. was
discarded and the solid mass was taken in chillaten(50 mL). pH was adjusted to 3 using 10 % aqgsiddCl
solution. The resulting mass was extracted witlyletbetate (2 x 50 mL). Combined organic layer washed with
brine solution (1 x 25 mL) and dried over sodiurtfate. The solvent was removed under reduced presswobtain
the crude compound, which was purified by columroofatography using ethyl acetate to obtain

5-Bromo-2-(carboxymethyl amino)benzoic acid (3a; 8 Br): MR (°C): 205 - 206; IR (cm): 3351, 1720 (acid
carbonyl stretching), 1569, 1507, 122@:NMR (CDCl): 5 3.98 (2H, s, Ch), 7.12 - 7.13 (1H, d, aromatic), 7.60 -
7.63 (1H, dd, aromatic), 7.84 - 7.84 (1H, d, ara)aMass (m/z): 272.0, 273.9 (M-H)

2-(carboxymethyl amino) benzoic acid (3b* R H): IR (cm): 3373, 1726 (acid carbonyl stretching), 1665,4,57
1398, 1223!H-NMR (DMSO-d): 5 3.97 (2H, S, Ch), 6.56 - 6.60 (2H, m), 7.32 - 7.37 (1H, m), 7.77.81 (1H,
m), 8.10 (1H, bs, -NH), 12.72 (2H, bs, -COOH); Mé&®¢z): 193.9 (M-H)

5-Chloro - 2-(carboxymethyl amino) benzoic acid ¢(R& = Cl): IR (cm*): 3352, 1724 (acid carbonyl stretching),
1562, 1524, 1230H-NMR (DMSO-d): 4.01 - 4.04 (2H, d, C}), 6.59 - 6.64 (2H, m), 7.75 - 7.80 (1H, d), 8.23
(1H, bs, -NH), 12.82 (2H, bs, -COOH); Mass (m/Z82, 230.4 (M-H)

2.3. General procedure for 3-Chloro-2-formyl indolederivatives (4)

To a stirred solution 68 (0.01 mol) in DMF (25 mL) was added PQ@.06 mol) at -10C. The above mixture
was stirred for 30 minutes maintaining the tempegatbelow -5 °C and then heated at 90 °C for 7 ferA
completion of reaction, the mixture was quenchedd ine water (100 mL) and pH made neutral with segd
sodium acetate solution (50 mL). The aq. layer easacted with ethyl acetate (2 x 50 mL) and washid brine

910
www.scholarsresearchlibrary.com



Anil K. Shinde et al Der Pharma Chemica, 2012, 4 (3):909-914

solution (1 x 25 mL). The combined organic layersvelied over sodium sulphate and evaporated uredierced
pressure. The residual crude product was purifiedldsh chromatography using 5 % ethyl acetatedrane to
afford 4 in moderate yield.

5-Bromo-3-chloro-2-formyl indole (4a, R= 5-Br): MR (°C): 255.7 - 258.6; IR (ci): 3273 (indole NH stretching),
1653 (aldehydic carbonyl stretchinghi-NMR (DMSO-d): & 7.38 - 7.44 (2H, m), 7.81 - 7.82 (1H, m), 10.0# (1
aldehydic), 12.02 (1H, indole NH); Mass (m/z): 25&58.1 (M+H]).

3-Chloro-2-formyl indole (4b, R = H): MR (°C): 169 - 172; IR (c): 3288 (indole NH stretching), 1655
(aldehydic carbonyl stretching#4-NMR (CDCL): & 7.24 - 7.26 (1H, m), 7.44 - 7.47 (2H, m), 7.7577/(1H, m),
9.17 (1H, indole NH), 10.06 (1H, aldehydic); Mas¥Z): 178.3, 180.2 (M-H)

3,6 -Dichloro-2-formyl indole (4c, R= 6-Cl): MR (°C): 219 - 220; IR (cm): 3277(indole NH stretching)1651
(aldehydic carbonyl stretching}d-NMR (CDCL): 5 7.20 - 7.23 (1H, dd, J= 8.6, 1.48 Hz), 7.43 - 134, d, J=1.1
Hz), 7.67 - 7.69 (1H, d, J= 8.6 Hz), 9.04 (1H, ildNH), 10.03 (1H, aldehydic); Mass (m/z): 211.9338 (M-H).

2.4 General procedure for 3-Chloro-2-(4-methylpiperazinl-ylmethyl)-1H-indole derivatives (5)

To a stirred solution of (0.0038 mol) in EDC (10 vol) was added N-methyépazing0.46g, 0.0046 mol) followed
by acetic acid (2-3 drops) and the resulting mixtuas stirred at RT for 2 h. Sodium triacetoxybguride was
addedo thereaction mixture and the reaction was stirred atf®T4 h. After completion of reaction on TLC, the
mass was diluted with DCM (50 mL) and washed witlitew (50 mL). Collective organic layer was drieceov
N&SQO, and the organic volatiles were evaporated undercesdi pressure to obtain a crude mass, which wtsefur
purified by column chromatography using 1% TEA ihy acetate to obtaifiin good yields.

5-Bromo-3-chloro-2-(4-methyl-piperazin-1-ylmethyl)H-indole (5a, R = 5-Br) : MR (°C): 179.2 - 183.5; IR (cin
1): 3109 (indole NH stretching), 1451, 1290, 11589;7H-NMR (CDCk): & 2.29 (3H, s, N-Ch), 2.46 - 2.54 (8H,
bs, piperazinyl) 3.69 (2H, s, -GH 7.15 - 7.19 (1H, d, C-3 = 8.6Hz), 7.26 - 7.29 (1H, dd, C-6, J = 2 HzR9/-
7.70 (1H, d, C-4, J = 1.6 Hz); Mass (m/z): 342.3484.2 (M+H]J.

3-Chloro-2-(4-methyl-piperazin-1-ylmethyl)-1H-indel (5b, R = H): MR (°C): 179.2 - 183.5; IR (ci): 3114
(indole NH stretching), 2838, 1480, 128®-NMR (CDCI3): & 2.24 (3H, s, N-Ck), 2.44 - 2.52 (8H, bs,
piperazinyl) 3.72 (2H, s, -CH) 7.10 - 7.23 (4H, m); Mass (m/z): 364.2, 366.1+{)".

3,6-Dichloro-2-(4-methyl-piperazin-1-ylmethyl)-1Hadole (5¢, R = 6-Cl): MR (°C): 176.1 - 178.2jR (cm™):
3128 (indole NH stretching), 2819, 1455, 1349:NMR (CD;OD): & 2.27 (3H, s, N-Ch), 2.43 - 2.64 (8H, bs,
piperazinyl) 3.72 (2H, s, -Chl 7.04 - 7.06 (1H, dd, C-3 = 8.4, 1.84Hz), 7.34 - 7.35 (1H, d, C-7, J =HZ, 7.39 -
7.41 (1H, dd, C-4, J = 8.4 Hz); Mass (m/z): 29298.1 (M-H).

2.5. General procedure for l-arylsulfonyl-3-chloro2-(4-methyl-piperazin-1-ylmethyl)-1H-indole derivatives

(6)

To astirred solution of sodium hydride (0.65 mol, 50s#4spension in mineral oil) in 10 mL THF was added a
solution of5 (0.5 mol) dissolved in 5 mL of THF under nitrogatmosphere at 25 - 3. The mass was further
stirred for 45 min. A solution of aryl sulfonyl aride (0.65 mol) in 5 ml THF was added to the ab@axtion mass
and the mass was further stirred for 2 hr at 28 °G The progress of the reaction was monitored b@ TAfter
completion of the reaction, the mass was quenched water and the product was extracted with etlogtate (2 x
25 mL). The combined organic layer was washed wWifhe solution (1 x 100 mL) and dried over anhydrou
magnesium sulfate. Organic volatiles were removediet vacuum to obtain the title compound. The pcbdvas
purified by flash chromatography using 1% TEA ihytacetate.

5-Bromo-3-chloro-2-(4-methyl-piperazin-1-ylmethyl){toluene-4-sulfonyl)-1H-indole (6a, R= 5-Br, R = 4'-
CHs) : MR (°C): 142.4 - 151|R (KBr, cm®): 2935, 2792, 1595, 1442, 1379 (Sébretching), 1177 (SGtretching),
1011;'"H-NMR (CDCL): & 2.27 (3H, s, N-Ch), 2.37 (3H, s, -CH), 2.59 - 2.61 (8H, bs, piperazinyl), 3.96 (2H, s,
benzylic), 7.21- 7.23 (2H, d, J= 8.2 Hz), 7.4245/(1H, dd, J= 8.2, 1.84 Hz), 7.65 - 7.66 (1H, &,1.76 Hz), 7.96
-7.98 (1H,d, J = 8.2 Hz), 8.11 — 8.13 (2H, d8J2Hz); Mass (m/z): 496.2, 49gM+H]".
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5-Bromo-1-(2-bromobenzenesulfonyl)-3-chloro-2-(4-thgl-piperazin-1-ylmethyl)-1H-indole(6b, R = 5-Br, R =
2'- Br) : MR (°C): 209.2 - 211|R (KBr, cmi*): 2941, 1446, 1372 (SGtretching), 1178 (SGstretching), 1011%H-
NMR (CDCl): 5 2.04 (3H, s, N-Ch), 2.14 — 2.35 (8H, bs, piperazinyl), 3.86 (2Hbsnzylic), 7.29- 7.34 (1H, m),
7.43 - 752 (3H, m), 7.73 - 7.74 (1H, d, J = 1.98,H.96 - 7.98 (1H, d, J = 8.98 Hz); Mass (m/£25564.1
[M+H]".

5-Bromo-1-(2-chlorobenzenesulfonyl)-3-chloro-2-(4ethyl-piperazin-1-ylmethyl)-1H-indole(6¢c, R = 5-Br, R =
2'- Cl) : MR (°C): 186.8 - 187.8; IR (KBr, ci): 2945, 2796, 1452, 1372 ($Gtretching), 1179 (SCstretching),
1008;*H-NMR (CDCL):5 2.03 (3H, s, N-Ch), 2.06 - 2.35 (8H, bs, piperazinyl), 3.85 (2Hbenzylic), 7.29- 7.42
(3H, m), 7.43 - 7.46 (1H, dd), 7.73 - 7.75 (1H, m)95 - 7.98 (1H, d, J = 8.96 Hz); Mass (m/z): 81618.1
[M+H]".

3,6-Dichloro-1-(4-isopropylbenzenesulfonyl)-2-(4-thgl-piperazin-1-ylmethyl)-1H-indole (6d, R = 6-Cl, R =
4'-i-Pr) : MR (°C): 156.6 - 161; IR (KBr, cif): 2945, 2796, 1452, 1372 ($6tretching), 1179 (SOstretching),
1008;'H-NMR (CD;0OD):3 1.21 - 1.23 (6H, d), 2.00 (3H, s, N-@H2.40 (8H, bs, piperazinyl), 2.91 -2.99 (1H,
sept), 3.98 (2H, s, benzylic), 7.35 - 7.38 (1H, & 1.74, 8.46 Hz), 7.40 - 7.43 (2H, dd), 7.52547(1H, d, J= 8.42
Hz), 7.89 - 7.91 (2H, dd), 8.16 - 8.17 (1H, d, J421Hz); Mass (m/z): 480.2, 482.1 [M+H]

3,6-Dichloro-1-(2-bromobenzenesulfonyl)-2-(4-methyiperazin-1-ylmethyl)-1H-indole (6e, R = 6-CI, R = 2'-
Br) : MR (°C): 169.8 - 172.1; IR (KBr, ci): 2934, 2794, 1452, 1366 ($6tretching), 1174 (SGstretching), 1007;
'H-NMR (CD;0D):3 1.97 - 2.40 (11H, N-Ckandpiperazinyl), 2.91 - 2.99 (1H, sept), 3.88 (2Hbenzylic), 7.37 -
7.40 (1H, dd, J= 1.68, 8.43 Hz), 7.47 - 7.66 (4K, ™83 - 7.85 (1H, d, J= 7.86 Hz), 8.03 - 8.04 (@HJ= 1.6 Hz);
Mass (m/z): 516.2, 518.2 [M+H]

3,6-Dichloro-1-(4-fluorobenzenesulfonyl)-2-(4-methgiperazin-1-ylmethyl)-1H-indole (6f R= 6-Cl, R = 4'- F)
: MR (°C): 226.4 - 228.1; IR (KBr, ci): 2944, 2794, 1592, 1494, 1358 (S€dretching), 1178 (SOstretching),
1009;'H-NMR (CD,0D): 82.79 - 2.97 (11H, N-Chlandpiperazinyl), 4.08 (2H, s, benzylic), 7.30 - 7.4MH( m),
7.53 - 7.55 (1H, d, J= 8.42 Hz), 8.05 — 8.10 (24}, 8.14 - 8.15 (1H, d, J = 1.42 Hz); Mass (m/64458.1
[M+H]".

1-Benzenesulfonyl-3-chloro-2-(4-methyl-piperazinylmethyl)-1H-indole (6g, R = 6-Cl, R = H) : MR (°C):
203.1 - 206.7; IR (KBr, cif): 2960, 2787, 1592, 1366 ($@tretching), 1171 (SOstretching), 1098*H-NMR
(CD,0OD):3 2.56 - 3.00 (11H, N-Ckiandpiperazinyl), 4.11 (2H, s, benzylic), 7.54 - 7.58H, m), 7.81 - 7.87 (4H,
m), 8.17 (1H, d); Mass (m/z): 438, 440.2 [M+H]

3,6-Dichloro-2-(4-methyl-piperazin-1-ylmethyl)-1-(wene-4-sulfonyl)-1H-indole (6h, R* = 6-Cl, R = 4’- CH,) :
MR (°C): 179.3 - 181.3; IR (KBr, cif): 2939, 2797, 1599, 1452, 1382 (S€retching), 1179 (SOstretching),
1006;*H-NMR (CD;OD): 8 2.21 (3H, s, N-Ch), 2.20 - 2.26 (4H, bs, piperazinyl), 2.37 (3H;GH,), 2.56 (4H,
piperazinyl), 3.95 (2H, s, benzylic), 7.32 - 7.35( m), 7.49 - 7.51 (1H, d, J= 8.39 Hz), 7.92947.(2H, dd, J=
8.42 Hz), 8.13 - 8.14 (1H, d, J= 1.71 Hz); Masszjm452.1, 454 [M+H].

3-Chloro-1-(4-fluoro-benzenesulfonyl)-2-(4-methylgerazin-1-ylmethyl)-1H-indole (6i, R* = H, R® = 4’- F) :
Oily mass; IR (KBr, crit): 2930, 2791, 1582, 1484, 1356 (S€tretching), 1179 (SOstretching);*H-NMR
(CD,0D): 2.71 - 2.99 (11H, N-Ciandpiperazinyl), 4.06 (2H, s, benzylic), 7.30 - 7.8H( m), 7.91 — 8.10 (2H,
m); Mass (m/z): 422, 424.1 [M+H]

3-Chloro-2-(4-methyl-piperazin-1-ylmethyl)-1-(tolme-4-sulfonyl)-1H-indole (6}, R= H, R = 4’- CHs) : Oily
mass; IR (KBr, cit): 2934, 2783, 1570, 1474, 1366 (Séretching), 1170 (SOstretching);H-NMR (CD,OD): &
2.23 (3H, s, N-CH), 2.25 - 2.30 (4H, bs, piperazinyl), 2.35 (3H,-GH,), 2.58 (4H,piperazinyl), 3.93 (2H, s,
benzylic), 7.29 - 7.38 (6H, m), 7.91 — 8.15 (2H; Mpss (m/z): 418, 420.2 [M+H]

RESULTS AND DISCUSSION

The general synthetic strategy used for the préparaf titte Compounds 6a-jhas been summarized$theme 1
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The commercially available substituted anthraralgds were treated with chloro acetic acid in pneseof aqueous
sodium hydroxide at reflux temperature [5] to obttie dicarboxylicacid derivativels These derivatives showed a
broad absorption band at 1700 - 1720afoe to acid carbonyl group stretching and pe&@aatl cni for the -OH
stretching. The dicarboxylicacid derivativé3) were further subjected to cyclization in presenéghosphorus
oxychloride (POG) and dimethyl formamide (DMF) at 3C [6].

The IR spectra of these derivatives show broad péakl653 crif due to the aldehyde carbonyl stretching, while
peak at ~3273 ciffor indole NH confirmed the ring closer.
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The aldehyde derivativgd) were further reacted with N-methyl piperazine ur@eluctive amination condition to
obtain intermediat®, which was confirmed by analytical data. The sujfation was achieved in presence of strong
base, NaH and substituted arylsulfonyl chloride®MF solvent. All final compounds were charactetizey IR,
NMR and Mass spectral data.

5-HTg Receptor binding studies
Thein-vitro 5-HT; receptor binding assay [7] was carried out on Humezombinant receptor expressed in HEK-
293 cells; Radioligand used was [3H]LSD (60-80 @iat). Final ligand concentration was 1.5 nM, Nordfic

Determinant was Methiothepin mesylate - [U¥l]; Reference Compound was Methiothepin mesylatssitRe
Control was Methiothepin mesylate.
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Table -1: 5-HTe receptor binding data

% Inhibition at

2
Compound No. R R 1uM

6a 5-Br 4'-ChH 46.21 %
6b 5-Br 2-Br 48.30 %
6¢c 5-Br 2'-Cl 40.81 %
6d 6-Cl 4'-iPr 45.81 %
6e 6-Cl 2’- Br 39.80 %
6f 6-Cl 4'-F 61.15 %
69 6-Cl H 85.86 %
6h 6-Cl  4'-CH; 79.12 %
6i H 4'-F 62.30 %
6i H  4-CHs 46.679

All the synthesized compounds were screened far feinhibition towards the human 5-HTeceptor at @M
concentration. All derivatives have shown improvema the binding affinity towards the 5-Treceptor as
compared to the parent series of compounds. Congs@giand6h showed the highest inhibition of 85.86 % and
79.12 % respectively.

CONCLUSION

In summary, we successfully synthesized a new sefi&-Chloro-2-piperazinylmethyl-N-aryl sulfonareidihdole
derivatives using the Vilsmerier reaction. By comipg thein-vitro data with the parent series, we came to the
conclusion that insertion of halo groups 4t@sition of indole nucleus is not only advantagebut also improves
the binding affinity towards the 5-HTeceptor. The detailed profiling of these derivesiis under progress.
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