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X-Ray Crystallographic Studies

Figure I. ORTEP structure of compound 3p. CCDC No. 2204378

Empirical formula C26H22F3N3

Formula weight 433.46
Temperature/K 298
Crystal system monoclinic
Space group P21/n

a/Å 9.7050(10)
b/Å 16.0805(14)
c/Å 13.7744(13)
α/° 90
β/° 93.165(9)
γ/° 90

Volume/Å3 2146.4(4)
Z 4

ρcalcg/cm3 1.341
μ/mm-1 0.098
F(000) 904.0

Crystal size/mm3 0.055 × 0.032 × 0.023
Radiation Mo Kα (λ = 0.71073)

2Θ range for data collection/° 5.066 to 65.708
Index ranges -14 ≤ h ≤ 12, -23 ≤ k ≤ 22, -17 ≤ l ≤ 19

Reflections collected 31693
Independent reflections 7578 [Rint = 0.0535, Rsigma = 0.0593]

Data/restraints/parameters 7578/3/317
Goodness-of-fit on F2 0.993

Final R indexes [I>=2σ (I)] R1 = 0.0773, wR2 = 0.1970
Final R indexes [all data] R1 = 0.1977, wR2 = 0.2869

Largest diff. peak/hole / e Å-3 0.39/-0.20
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EXPERIMENTAL SECTION

General Information and Method

1H NMR (400 MHz) and 13C{H}NMR (100 MHz) spectra were recorded in CDCl3 and (CD3)2SO. 

Chemical shifts for protons and carbons are reported in ppm from tetramethylsilane and are referenced 

to the carbon resonance of the solvent. Data are reported as follows: chemical shift, multiplicity (s = 

singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublet), coupling constants 

in Hertz and integration. High-resolution mass spectra were recorded on q-TOF electrospray mass 

spectrometer. Crystal structure analysis was accomplished on single needles X-ray diffractometer. TLC 

analysis was performed on commercially prepared 60 F254 silica gel plates and visualized by either UV 

irradiation or by staining with I2. All purchased chemicals were used as received. All melting points are 

uncorrected.

Reagents

All reagents were used directly as obtained commercially unless otherwise noted. HPLC grade ACN, 

THF, DMF, DMSO, MeOH, dioxane, hexane, ethyl acetate, and DCM were purchased from Merck 

Chemical Co. Sodium hydride, Aryl ester, 2-Methyl benzonitrile derivatives, Primary/Secondary 

amines, and Drugs were purchased from Sigma-Aldrich Chemical Co., Inc.

General procedure for the preparation of 2-(2-oxo-2-arylethyl)benzonitrile (1a-l)

To probe the viability of the designed tandem strategy, 2-(2-oxo-2-arylethyl)benzonitrile 1a-l were 

readily prepared by standard reported general procedure1. Initially, sodium hydride (4.0 equiv) was 

added to dimethoxyethane (DME) under a nitrogen atmosphere and stirred at room temperature for 20 

min then aryl ester 1.0 equiv, (10.0 mol) and 2-methylbenzonitrile 1.0 equiv, were added drop-wise via 

syringe and reaction mixture stirred at 90 oC for 4 hours. After the complete consumption of starting 

material, the reaction was monitored by TLC and cooled to room temperature, quenched in the brine 

solution. The mixture was extracted with ethyl acetate (2×40 mL). The combined organic layers were 

dried over anhydrous Na2SO4, filtered, and concentrated under a rotary evaporator. The residue was 

purified by column chromatography using (100-200) silica gel, furnishing the corresponding products 
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as white solids. The structure and purity of the starting materials 1a-1l were confirmed by spectral data 

1H NMR, 13C NMR and HRMS.
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2-(2-(4-Ethoxyphenyl)-2-oxoethyl)benzonitrile (1c). The product was obtained 

O
CN

OEt

as pale-yellow solid (1.51 g, 57%): mp 105–106 °C: 1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 8.9 Hz, 

2H), 7.67 (d, J = 8.9 Hz, 1H), 7.54 (t, J = 7.7 Hz, 1H), 7.37 (d, J = 7.6 Hz, 2H), 6.94 (d, J = 8.9 Hz, 

2H), 4.48 (s, 2H), 4.10 (q, J = 7.0 Hz, 2H), 1.44 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

194.0, 163.4, 139.4, 132.9, 131.1, 130.9, 129.12, 127.6, 118.3, 114.5, 113.5, 63.6, 43.3, 14.6; HRMS 

(ESI-TOF) [M+H]+ Calcd for C17H16NO2 266.1176, found 266.1178.

2-(2-(3-Fluorophenyl)-2-oxoethyl)benzonitrile (1e). The product was obtained as 

O
CN

F

off pale-yellow solid (1.31 g, 55%): mp 107-108 °C: 1H NMR (400 MHz CDCl3) δ 7.84 (d, J = 7.7 Hz, 

1H), 7.70 (t, J = 7.0 Hz, 2H), 7.58 (t, J = 7.6 Hz, 1H), 7.49 (dd, J = 13.5, 8.0 Hz, 1H), 7.43 – 7.35 (m, 

2H), 7.30 (t, J = 8.2 Hz, 1H), 4.52 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 194.4, 163.0 (d, J = 248.5 

Hz, 1C),  138.3 (d, J = 5.8 Hz, 1C),  133.0, 132.9, 131.1, 130.7 (d, J = 7.7 Hz, 1C), 127.9, 124.2, 120.9(d, 



S6

J = 21.2Hz, 1C),  117.9, 115.3, 115.1, 113.7, 43.7; HRMS (ESI-TOF) [M+H]+ Calcd for C15H11FNO 

240.0819, found 240.0837.

4-Bromo-2-(2-oxo-2-phenylethyl)benzonitrile (1f). The product was obtained as 

O
CN

Br

light-brown solid (1.08 g, 36%): mp119-120 °C: 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.6 Hz, 2H), 

7.62 (t, J = 7.4 Hz, 1H), 7.58 – 7.48 (m, 5H), 4.51 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 194.7, 140.4, 

136.0, 134.5, 134.0, 133.8, 131.2, 129.0, 128.5, 128.0, 117.4, 112.7, 43.4; HRMS (ESI-TOF) [M+H]+ 

Calcd for C15H11Br81NO 301.9998, found 301.9988.

4-Chloro-2-(2-(3-fluorophenyl)-2-oxoethyl)benzonitrile (1g). The product was 

O
CN

F
Cl

obtained as light-brown solid (1.15 g, 42%): mp 123-124 °C: 1H NMR (400 MHz, CDCl3) δ 7.83 (d, J 

= 7.8 Hz, 1H), 7.74 – 7.67 (m, 1H), 7.63 (d, J = 8.2 Hz, 1H), 7.51 (td, J = 8.0, 5.5 Hz, 1H), 7.40 (dd, J 

= 10.0, 1.8 Hz, 2H), 7.33 (td, J = 8.2, 2.6 Hz, 1H), 4.49 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 193.6, 

163.0 (d, J = 248.5 Hz, 1C),  139.9, 139.6, 133.9, 131.6, 130.7 (d, J = 7.7 Hz, 1C), 128.4, 124.2, 121.1(d, 

J = 21.2Hz, 1C),  117.2, 115.3, 115.1, 112.2, 43.6; HRMS (ESI-TOF) [M+H]+ Calcd for C15H10ClFNO 

274.0429, found 274.0437.

2-(2-Oxo-2-(pyrazin-2-yl)ethyl)benzonitrile (1i). The product was obtained as light-

O
CN

N

N

brown solid (0.69 g, 31%): mp 165-166 °C: 1H NMR (400 MHz, CDCl3) δ 9.25 (s, 1H), 8.79 (d, J = 2.4 

Hz, 1H), 8.72 – 8.66 (m, 1H), 7.69 (d, J = 7.1 Hz, 1H), 7.56 (t, J = 8.3 Hz, 1H), 7.43 – 7.33 (m, 2H), 

4.77 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 196.6, 148.4, 146.9, 144.0, 143.7, 138.2, 133.0, 132.9, 

131.2, 127.8, 117.9, 114.0, 43.20; HRMS (ESI-TOF) [M+H]+ Calcd for C13H10N3O 224.0818, found 

224.0823.

2-(2-Oxo-2-(thiophen-2-yl)ethyl)benzonitrile (1j). The product was obtained as 

O
CN

S

brown solid (1.3 g, 56%): mp123-124 °C: 1H NMR (400 MHz, CDCl3) δ 7.90 (dd, J = 3.8, 1.1 Hz, 1H), 
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7.71 – 7.64 (m, 2H), 7.57 (td, J = 7.7, 1.4 Hz, 1H), 7.45 (d, J = 7.3 Hz, 1H), 7.38 (t, J = 8.2 Hz, 1H), 

7.17 (dd, J = 4.9, 3.8 Hz, 1H), 4.46 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 188.5, 143.4, 138.0, 134.9, 

133.0, 132.9, 131.0, 128.5, 127.8, 118.0, 113.5, 44.0; HRMS (ESI-TOF) [M+H]+ Calcd for C13H10NOS 

228.0478, found 228.0480.

2-(2-(3,5-dimethoxyphenyl)-2-oxoethyl)benzonitrile (1k). The product was 

O
CN

OMe

OMe

obtained as white solid (1.2 g, 44%): mp109-110 °C: 1H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 6.9 Hz, 

1H), 7.57 (t, J = 8.4 Hz, 1H), 7.39 (t, J = 8.2 Hz, 2H), 7.18 (d, J = 2.3 Hz, 2H), 6.69 (t, J = 2.3 Hz, 1H), 

4.51 (s, 2H), 3.85 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 195.2, 161.0, 138.5, 138.1, 132.8, 132.8, 

131.0, 127.6, 118.0, 113.6, 106.2, 106.0, 55.7, 43.7; HRMS (ESI-TOF) [M+H]+ Calcd for C17H16NO3 

282.1125, found 282.1136.

General procedure for the synthesis of functionalized 1-amino-3-arylisoquinoline (3, 4, and 5)

In an oven-dried 10 mL sealed tube, a mixture of 2-(arylethyl)benzonitrile 1 (0.5 mmol) and corresponding 

amine 2 (0.6 mmol) in 2 mL of distilled H2O was heated at 100 °C for 4h. The progression of the reaction was 

monitored by TLC analysis; after the complete consumption of starting material, the reaction was cooled to 

room temperature. The reaction mixture was diluted with ethyl acetate (10 mL). The layers were separated, 

and the organic layer was dried over Na2SO4. The organic layer was concentrated under reduced pressure. 

The crude material so obtained was purified by column chromatography on silica gel (100−200) (hexane: 

ethyl acetate). The structure and purity of products were confirmed by comparison of their physical and 

spectral data (1H NMR, 13C NMR, and HRMS). 

4-(3-Phenylisoquinolin-1-yl)morpholine (3a). The crude product was purified by column 
N

N

Ph

O

chromatography (hexane/EtOAc = 90/10) to afford 3a as white-solid (137.7 mg, 95%): mp 200–201 

°C: 1H NMR (400 MHz, CDCl3) δ 8.20 (d, J = 9.5 Hz, 2H), 8.10 (d, J = 8.4 Hz, 1H), 7.80 (d, J = 8.2 

Hz, 1H), 7.74 (s, 1H), 7.62-7.58 (m, 1H), 7.52-7.47 (m, 3H), 7.43-7.39 (m, 1H), 4.02 (t, J = 4.7 Hz, 
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4H), 3.55 (t, J = 4.7 Hz, 4H); 13C NMR (100 MHz, CDCl3) δ 160.7, 148.4, 139.7, 139.2, 129.9, 128.7, 

128.5, 127.9, 126.8, 126.1, 125.4, 120.7, 111.7, 67.2, 51.9; HRMS (ESI-TOF) [M+H]+ Calcd for 

C19H19N2O 291.1492, found 291.1508.

4-(3-Phenylisoquinolin-1-yl)thiomorpholine (3b). The crude product was purified by 
N

N

Ph

S

column chromatography (hexane/EtOAc = 90/10) to afford 3b as light green-solid (143.8 mg, 94%): 

mp 177–178 °C: 1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 8.4 Hz, 2H), 8.03 (d, J = 8.5 Hz, 1H), 7.80 

(d, J = 8.1 Hz, 1H), 7.73 (s, 1H), 7.60 (t, J = 8.1 Hz, 1H), 7.52-7.46 (m, 3H), 7.42-7.39 (m, 1H), 3.82 (t, 

J = 5.1 Hz, 4H), 2.96 (t, J = 5.1 Hz, 4H); 13C NMR (100 MHz, CDCl3) δ 161.1, 148.2, 138.5, 138.0, 

128.7, 127.5, 127.3, 126.6, 125.6, 124.9, 124.2, 119.7, 110.5, 52.6, 26.7; HRMS (ESI-TOF) [M+H]+ 

Calcd for C19H19N2S 307.1263, found 307.1262.

3-Phenyl-1-(piperazin-1-yl)isoquinoline (3c). The crude product was purified by column 
N

N

Ph

H
N

chromatography (CHCl3/MeOH = 90/10) to afford 3c as white-solid (128.6 mg, 89%): mp 156–157 °C: 

1H NMR (400 MHz, DMSO-d6) δ 8.16 (d, J = 7.4 Hz, 2H), 8.10 (d, J = 8.4 Hz, 1H), 8.03 (s, 1H), 7.94 

(d, J = 8.2 Hz, 1H), 7.71-7.67 (m, 1H), 7.58-7.54 (m, 1H), 7.47 (t, J = 7.5 Hz, 2H), 7.39-7.36 (m, 1H), 

3.56 (t, J = 5.0 Hz, 4H), 3.33 (t, J = 5.0 Hz, 4H); 13C NMR (100 MHz, DMSO-d6) δ 160.1, 147.5, 139.3, 

130.9, 129.2, 129.1, 128.4, 127.2, 126.8, 125.7, 120.3, 112.3, 49.1, 43.9; HRMS (ESI-TOF) [M+H]+ 

Calcd for C19H20N3 290.1652, found 290.1648.

tert-Butyl 4-(3-phenylisoquinolin-1-yl)piperazine-1-carboxylate (3d). The crude 
N

N

Ph

N
Boc

product was purified by column chromatography (hexane/EtOAc = 90/10) to afford 3d as white-solid 

(188.6 mg, 97%): mp 154–155 °C: 1H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 8.5 Hz, 2H), 8.07 (d, J = 
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8.4 Hz, 1H), 7.81 (d, J = 8.1 Hz, 1H), 7.73 (s, 1H), 7.62-7.58 (m, 1H), 7.50-7.45 (m, 3H), 7.39-7.35 (m, 

1H), 3.73 (t, J = 5.0 Hz, 4H), 3.49 (t, J = 5.1 Hz, 4H), 1.51 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 

160.7, 155.1, 148.4, 139.6, 139.2, 129.9, 128.7, 127.8, 126.7, 126.1, 125.3, 120.8, 111.7, 79.9, 51.6, 

51.6, 51.5, 51.4, 51.3, 51.2, 51.0, 50.8, 44.5, 44.4, 44.2, 44.0, 43.8, 43.7, 43.6, 43.4, 28.6; HRMS (ESI-

TOF) [M+H]+ Calcd for C24H28N3O2 390.2176, found 390.2187.

1-(Azepan-1-yl)-3-phenylisoquinoline (3e). The crude product was purified by column 
N

N

Ph

chromatography (hexane/EtOAc = 95/5) to afford 3e as white-solid (144.9 mg, 96%): mp 98–99 °C: 1H 

NMR (400 MHz, CDCl3) δ 8.16 (d, J = 8.5 Hz, 2H), 8.10 (d, J = 8.4 Hz, 1H), 7.75 (d, J = 8.1 Hz, 1H), 

7.54 (t, J = 7.3 Hz, 2H), 7.46 (t, J = 7.6 Hz, 2H), 7.41-7.34 (m, 2H), 3.83 (t, J = 5.8 Hz, 4H), 1.98 (s, 

4H), 1.78-1.75 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 161.0, 148.0, 140.2, 139.9, 129.3, 128.6, 128.1, 

127.5, 126.8, 126.1, 124.8, 120.2, 109.1, 53.2, 29.3, 27.7; HRMS (ESI-TOF) [M+H]+ Calcd for 

C21H23N2303.1856, found 303.1851.

1-(4-Benzylpiperazin-1-yl)-3-phenylisoquinoline (3f). The crude product was purified 
N

N

Ph

N

by column chromatography (hexane/EtOAc = 90/10) to afford 3f as white-solid (191.4 mg, 99%): mp 

144–145 °C: 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 7.4 Hz, 2H), 8.08 (d, J = 8.2 Hz, 1H), 7.79 (d, 

J = 8.1 Hz, 1H), 7.70 (s, 1H), 7.58 (t, J = 7.4 Hz, 1H), 7.49-7.44 (m, 3H), 7.41-7.33 (m, 5H), 7.28 (t, J 

= 7.1 Hz, 1H), 3.66 (s, 2H), 3.57 (s, 4H), 2.77 (s, 4H); 13C NMR (100 MHz, CDCl3) δ 158.7, 148.2, 

139.3, 139.2, 131.2, 130.3, 130.2, 129.5, 128.8, 128.7, 128.3, 128.1, 126.7, 124.7, 120.2, 112.5, 60.9, 

50.7, 47.8; HRMS (ESI-TOF) [M+H]+ Calcd for C26H26N3 380.2121, found 380.2111.
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1-(4-(4-(tert-Butyl)benzyl)piperazin-1-yl)-3-phenylisoquinoline (3g). The crude 
N

N

Ph

N

t-Bu

product was purified by column chromatography (hexane/EtOAc = 90/10) to afford 3g as white-solid 

(211.0 mg, 97%): mp 136–137 °C: 1H NMR (400 MHz, CDCl3) δ 8.20 (d, J = 7.6 Hz, 2H), 8.10 (d, J = 

8.4 Hz, 1H), 7.80 (d, J = 8.1 Hz, 1H), 7.72 (s, 1H), 7.59 (t, J = 7.1 Hz, 1H), 7.51-7.45 (m, 3H), 7.41-

7.39 (m, 3H), 7.436-7.34 (m, 2H), 3.65 (s, 2H), 3.60 (t, J = 5.1 Hz, 4H), 2.79 (t, J = 4.3 Hz, 4H), 1.36 

(s, 9H); 13C NMR (100 MHz, CDCl3) δ 160.8, 150.0, 148.3, 139.9, 139.2, 135.0, 129.6, 129.0, 128.6, 

128.3, 127.7, 126.7, 125.7, 125.6, 125.2, 120.8, 111.1, 62.9, 53.3, 51.3, 34.6, 31.5; HRMS (ESI-TOF) 

[M+H]+ Calcd for C30H34N3 436.2747, found 436.2738.

1-(4-(4-Fluorobenzyl)piperazin-1-yl)-3-phenylisoquinoline (3h). The crude product 
N

N

Ph

N

F

was purified by column chromatography (hexane/EtOAc = 90/10) to afford 3h as white-solid (204.6 

mg, 97%): mp 157–158 °C: 1H NMR (400 MHz, CDCl3) δ 8.22 (d, J = 7.6 Hz, 2H), 8.11 (d, J = 8.2 Hz, 

1H), 7.80 (d, J = 8.0 Hz, 1H), 7.73 (s, 1H), 7.59 (t, J = 7.4 Hz, 1H), 7.52-7.46 (m, 3H), 7.42-7.36 (m, 

3H), 7.06 (t, J = 8.4 Hz, 2H), 3.60 (d, J = 9.5 Hz, 6H), 2.76 (s, 4H); 13C NMR (100 MHz, CDCl3) δ 

162.2 (d, J = 244.7 Hz, 1C), 160.9, 148.4, 139.8, 139.2, 134.0, 130.8, 130.7, 129.8, 128.7, 128.4, 127.8, 

126.8, 125.7 (d, J = 24 Hz, 1C),  120.8, 115.2 (d, J = 21.2 Hz, 1C),  111.3, 62.5, 53.3, 51.3; HRMS 

(ESI-TOF) [M+H]+ Calcd. for C26H25FN3 398.2027, found 398.2017.
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1-(4-(Benzo[d][1,3]dioxol-5-ylmethyl)piperazin-1-yl)-3-phenylisoquinoline (3i). 
N

N

Ph

N

O

O

The crude product was purified by column chromatography (hexane/EtOAc = 80/20) to afford 3i as 

white-solid (198.8 mg, 94%): mp 145–146 °C: 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 7.1 Hz, 2H), 

8.08 (d, J = 8.2 Hz, 1H), 7.79 (d, J = 8.1 Hz, 1H), 7.70 (s, 1H), 7.58 (t, J = 8.1 Hz, 1H), 7.46 (dd, J = 

15.0, 7.1 Hz, 3H), 7.39-7.35 (m, 1H), 6.94 (s, 1H), 6.83-6.77 (m, 2H), 5.96 (s, 2H), 3.56 (s, 6H), 2.74 

(t, J = 5.1 Hz, 4H); 13C NMR (100 MHz, CDCl3) δ 160.8, 148.3, 147.8, 146.7, 139.8, 139.2, 132.1, 

129.7, 128.7, 128.2, 127.7, 126.7, 125.8, 125.6, 122.4, 120.8, 111.3, 109.7, 108.0, 101.0, 63.0, 53.2, 

51.3; HRMS (ESI-TOF) [M+H]+ Calcd for C27H26N3O2 424.2020, found 424.2024.

1-(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl)-3-phenylisoquinoline (3j). The 
N

N

Ph

N

F F

crude product was purified by column chromatography (hexane/EtOAc = 90/10) to afford 3j as white-

solid (175.5 mg, 86%): mp 174–175 °C: 1H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 7.6 Hz, 2H), 8.03 

(d, J = 8.2 Hz, 1H), 7.78 (d, J = 8.1 Hz, 1H), 7.70 (s, 1H), 7.58-7.54 (m, 1H), 7.48-7.37 (m, 8H), 7.00 

(t, J = 8.7 Hz, 4H), 4.36 (s, 1H), 3.54 (s, 4H), 2.67 (s, 4H); 13C NMR (100 MHz, CDCl3) δ 162.0 (d, J 

= 238.0 Hz, 1C), 160.7, 148.3, 139.8, 139.1, 138.4, 129.7, 129.4, 129.4, 128.7, 128.4, 127.7, 126.7, 

125.7 (d, J = 21.0 Hz, 1C),  120.8, 115.6 (d, J = 18.2 Hz, 1C),  111.3, 74.8, 52.1, 51.5; HRMS (ESI-

TOF) [M+H]+ Calcd for C32H28F2N3 492.2246, found 492.2243.
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2-(4-(3-Phenylisoquinolin-1-yl)piperazin-1-yl)ethan-1-ol (3k). The crude product was 
N

N

Ph

N

OH

purified by column chromatography (CHCl3/MeOH = 95/5) to afford 3k as white semi-solid (144.8 mg, 

87%): mp 132–133 °C: 1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 8.5 Hz, 2H), 8.06 (d, J = 8.2 Hz, 

1H), 7.77 (d, J = 8.1 Hz, 1H), 7.70 (s, 1H), 7.59-7.55 (m, 1H), 7.50-7.44 (m, 3H), 7.40-7.36 (m, 1H), 

3.71 (t, J = 5.4 Hz, 2H), 3.57 (s, 4H), 3.28 (s, 1H), 2.81 (t, J = 4.5 Hz, 4H), 2.67 (t, J = 5.4 Hz, 2H); 13C 

NMR (100 MHz, CDCl3) δ 160.7, 148.4, 139.8, 139.2, 129.8, 128.7, 128.4, 127.8, 126.8, 125.9, 125.5, 

120.8, 111.4, 59.8, 58.0, 53.2, 51.3; HRMS (ESI-TOF) [M+H]+ Calcd for C21H24N3O 334.1914, found 

334.1907.

1-(4-(2-Methoxyethyl)piperazin-1-yl)-3-phenylisoquinoline (3l). The crude product 
N

N

Ph

N

O
Me

was purified by column chromatography (CHCl3/MeOH = 95/5) to afford 3l as white semi-solid (147.2 

mg, 90%): mp 128–129 °C: 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 9.5 Hz, 2H), 8.06 (d, J = 8.2 Hz, 

1H), 7.77 (d, J = 8.1 Hz, 1H), 7.69 (s, 1H), 7.58-7.55 (m, 1H), 7.49-7.43 (m, 3H), 7.39-7.35 (m, 1H), 

3.60 (t, J = 5.6 Hz, 6H), 3.39 (s, 3H), 2.85 (d, J = 4.5 Hz, 4H), 2.74 (t, J = 5.6 Hz, 2H); 13C NMR (100 

MHz, CDCl3) δ159.5, 147.2, 138.6, 138.0, 128.6, 127.5, 127.2, 126.6, 125.6, 124.7, 124.4, 119.5, 110.1, 

69.0, 57.9, 56.9, 52.5, 49.8; HRMS (ESI-TOF) [M+H]+ Calcd for C22H26N3O 348.2070, found 

348.2067.
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2-(2-(4-(3-Phenylisoquinolin-1-yl)piperazin-1-yl)ethoxy)ethan-1-ol (3m). The crude 
N

N

Ph

N

O

OH

product was purified by column chromatography (CHCl3/MeOH = 95/5) to afford 3m as white semi-

solid (158.4 mg, 84%): mp141–142 °C: 1H NMR (400 MHz, CDCl3) δ 8.15 (d, J = 8.4 Hz, 2H), 8.03 

(d, J = 8.3 Hz, 1H), 7.79 (d, J = 8.1 Hz, 1H), 7.70 (s, 1H), 7.58 (t, J = 7.1 Hz, 1H), 7.46 (t, J = 7.5 Hz, 

3H), 7.36 (t, J = 7.3 Hz, 1H), 3.81 (s, 1H), 3.73 (dd, J = 9.8, 5.3 Hz, 4H), 3.66 – 3.57 (m, 6H), 2.89 (s, 

4H), 2.76 (t, J = 5.2 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 160.4, 148.3, 139.6, 139.2, 129.8, 128.7, 

128.4, 127.8, 126.7, 126.0, 125.5, 120.6, 111.4, 72.6, 67.3, 62.0, 58.0, 53.4, 50.6; HRMS (ESI-TOF) 

[M+H]+ Calcd for C23H28N3O2 378.2176,found  378.2181.

1-([1,4'-Bipiperidin]-1'-yl)-3-phenylisoquinoline (3n). The crude product was purified 
N

N

Ph

N

by column chromatography (hexane/EtOAc = 90/10) to afford 3n as white solid (178.0 mg, 96%): mp 

128–129 °C: 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 7.3 Hz, 2H), 8.04 (d, J = 8.2 Hz, 1H), 7.74 (d, 

J = 8.1 Hz, 1H), 7.67 (s, 1H), 7.54 (t, J = 7.1 Hz, 1H), 7.49-7.42 (m, 3H), 7.37 (t, J = 7.3 Hz, 1H), 4.02 

(d, J = 12.8 Hz, 2H), 3.02 (t, J = 11.8 Hz, 2H), 2.62-2.52 (m, 5H), 2.02-1.86 (m, 4H), 1.67 (t, J = 5.1 

Hz, 4H), 1.49-1.45 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 161.2, 148.3, 139.9, 139.1, 129.7, 128.7, 

128.3, 127.7, 126.8, 125.8, 125.7, 120.9, 111.1, 63.3, 51.4, 50.4, 28.4, 26.3, 24.8; HRMS (ESI-TOF) 

[M+H]+ Calcd for C25H30N3 372.2434, found  372.2430.
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1-(4-(4-Fluorophenyl)piperazin-1-yl)-3-phenylisoquinoline (3o). The crude product 
N

N

Ph

N

F

was purified by column chromatography (hexane/EtOAc = 90/10) to afford 3o as white-solid (172.4 

mg, 90%): mp 166–167 °C: 1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 9.2 Hz, 2H), 8.12 (d, J = 8.4 Hz, 

1H), 7.82 (d, J = 8.1 Hz, 1H), 7.74 (s, 1H), 7.63-7.59 (m, 1H), 7.51-7.46 (m, 3H), 7.38 (t, J = 7.3 Hz, 

1H), 7.03-6.96 (m, 4H), 3.70 (t, J = 4.9 Hz, 4H), 3.42-3.39 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 

159.6 (d, J = 212.9 Hz, 1C), 156.1, 148.4, 148.2, 139.7, 139.2, 129.9, 128.7, 128.4, 127.8, 126.8, 125.7 

(d, J = 59.9 Hz, 1C), 120.8, 118.0, 117.9, 115.7 (d, J = 22.2 Hz, 1C), 111.6, 51.3, 50.4; HRMS (ESI-

TOF) [M+H]+ Calcd for C25H23FN3 384.1871, found  384.1867.

3-Phenyl-1-(4-(4-(trifluoromethyl)phenyl)piperazin-1-yl)isoquinoline (3p). The crude 
N

N

Ph

N

CF3

product was purified by column chromatography (hexane/EtOAc = 90/10) to afford 3p as yellow-solid 

(197.0 mg, 91%): mp 178–178 °C: HRMS (ESI-TOF) [M+H]+ Calcd for C26H23F3N3 434.1839, found 

434.1842.

1-(4-(2,4-Difluorophenyl)piperazin-1-yl)-3-phenylisoquinoline (3q). The crude 
N

N

Ph

N
F

F

product was purified by column chromatography (hexane/EtOAc = 90/10) to afford 3q as white-solid 

(180.5 mg, 90%): mp 152–153 °C: 1H NMR (400 MHz, CDCl3) δ 8.22 (d, J = 8.5 Hz, 2H), 8.14 (d, J = 
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8.4 Hz, 1H), 7.82 (d, J = 8.1 Hz, 1H), 7.75 (s, 1H), 7.63-7.59 (m, 1H), 7.53-7.48 (m, 3H), 7.43-7.39 (m, 

1H), 7.03-6.97 (m, 1H), 6.90-6.83 (m, 2H), 3.73 (t, J = 4.8 Hz, 4H), 3.33 (t, J = 4.8 Hz, 4H); 13C NMR 

(100 MHz, CDCl3) δ 160.6, 159.2 (d, J = 11.5 Hz), 156.9 (dd, J = 26.0, 11.6 Hz), 154.6 (d, J = 11.6 

Hz), 148.4, 139.7, 139.2, 136.9 (dd, J = 8.9, 3.4 Hz), 129.8, 128.7, 128.4, 127.8, 126.7, 125.9, 125.4, 

120.7, 119.7 (dd, J = 9.3, 4.2 Hz), 111.5, 110.7 (dd, J = 21.4, 3.7 Hz), 105.1, 104.8, 104.6, 51.6, 51.1; 

HRMS (ESI-TOF) [M+H]+ Calcd for C25H22F2N3 402.1776, found  402.1770.

N-Benzyl-3-phenylisoquinolin-1-amine (4a). The crude product was purified by 
N

Ph

HN

column chromatography (hexane/EtOAc = 95/5) to afford 4a as pale-yellow-solid (144.2 mg, 93%): 

mp 147–148 °C: 1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 7.3 Hz, 2H), 7.78 (d, J = 8.1 Hz, 1H), 7.71 

(d, J = 8.2 Hz, 1H), 7.62-7.58 (m, 1H), 7.55-7.50 (m, 5H), 7.44-7.41 (m, 4H), 7.36 (t, J = 7.3 Hz, 1H), 

5.55 (s, 1H), 5.02 (d, J = 5.1 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 154.5, 149.1, 140.3, 138.2, 129.9, 

128.8, 128.7, 128.3, 127.9, 127.4, 126.9, 125.8, 121.6, 117.5, 107.3, 46.1; HRMS (ESI-TOF) [M+H]+ 

Calcd for C22H19N2 311.1543, found 311.1537.

(S)-3-Phenyl-N-(1-phenylethyl)isoquinolin-1-amine (4b). The crude product was 
N

Ph

HN

Me

purified by column chromatography (hexane/EtOAc = 95/5) to afford 4b as pale-yellow-solid (151.1 

mg, 93%): mp 127–128 °C: 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 8.4 Hz, 2H), 7.79 (d, J = 8.2 Hz, 

1H), 7.73 (d, J = 8.1 Hz, 1H), 7.59-7.53 (m, 3H), 7.45-7.41 (m, 4H), 7.38-7.33 (m, 3H), 7.27 (d, J = 8.4 

Hz, 1H), 5.70-5.63 (m, 1H), 5.51 (d, J = 5.8 Hz, 1H), 1.74 (d, J = 6.9 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 153.6, 149.0, 145.4, 140.2, 138.1, 129.7, 128.5, 128.4, 128.0, 127.7, 126.9, 126.7, 126.4, 

125.6, 121.3, 117.3, 106.9, 50.8, 22.7; HRMS (ESI-TOF) [M+H]+ Calcd for C23H21N2 325.1699, found 

 325.1697.
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3-Phenyl-N-(4-(trifluoromethoxy)benzyl)isoquinolin-1-amine (4c). The crude 
N

Ph

HN

OCF3

product was purified by column chromatography (hexane/EtOAc = 95/5) to afford 4c as white-solid 

(173.4 mg, 88%): mp 156–157 °C: 1H NMR (400 MHz, CDCl3) δ 8.15 (d, J = 8.5 Hz, 2H), 7.74 (dd, J 

= 17.1, 8.2 Hz, 2H), 7.62-7.58 (m, 1H), 7.51-7.47 (m, 5H), 7.44-7.38 (m, 2H), 7.22 (d, J = 7.8 Hz, 2H), 

5.58 (s, 1H), 4.96 (d, J = 5.4 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 154.2, 149.0, 148.4, 140.1, 139.1, 

138.2, 130.0, 129.0 (d, J = 79.0 Hz, 1C),   128.3, 127.9, 126.8, 125.9, 121.4, 121.2, 117.4, 107.5, 45.2; 

HRMS (ESI-TOF) [M+H]+ Calcd for C23H18F3N2O 395.1366, found 395.1363.

N-(1-Cyclohexylethyl)-3-phenylisoquinolin-1-amine (4d). The crude product was 
N

Ph

HN

Me

purified by column chromatography (hexane/EtOAc = 95/5) to afford 4d as white-solid (151.8 mg, 

92%): mp 116–117 °C: 1H NMR (400 MHz, CDCl3) δ 8.25 (d, J = 9.5 Hz, 2H), 7.76 (d, J = 8.2 Hz, 2H), 

7.61-7.51 (m, 3H), 7.44 (dd, J = 16.0, 8.5 Hz, 3H), 5.18 (d, J = 7.4 Hz, 1H), 4.63 (dd, J = 12.0, 5.7 Hz, 

1H), 2.00 (d, J = 12.5 Hz, 1H), 1.88 (t, J = 16.1 Hz, 3H), 1.74 (d, J = 11.5 Hz, 2H), 1.37-1.19 (m, 8H); 

13C NMR (100 MHz, CDCl3) δ 154.4, 149.2, 140.6, 138.3, 129.7, 128.6, 128.2, 127.9, 126.8, 125.5, 

121.3, 117.5, 106.2, 50.7, 43.5, 29.8, 29.2, 26.8, 26.7, 26.6, 17.9; HRMS (ESI-TOF) [M+H]+ Calcd for 

C23H27N2 331.2169, found 331.2163.

N-(2-Morpholinoethyl)-3-phenylisoquinolin-1-amine (4e). The crude product 
N

Ph

HN
N

O

was purified by column chromatography (CHCl3/MeOH = 98/2) to afford 4e as white semi-solid (156.5 

mg, 94%): mp 112–113 °C: 1H NMR (400 MHz, CDCl3) δ 8.19 (d, J = 8.1 Hz, 2H), 7.86 (d, J = 8.2 Hz, 

1H), 7.71 (d, J = 8.1 Hz, 1H), 7.58-7.54 (m, 1H), 7.49-7.36 (m, 5H), 3.85-3.80 (m, 5H), 2.61-2.54 (m, 

6H), 1.97-1.91 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 155.3, 149.2, 140.5, 138.1, 129.7, 128.5, 128.2, 
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127.7, 126.8, 125.4, 122.0, 117.7, 106.3, 67.1, 58.9, 54.0, 42.2, 24.6; HRMS (ESI-TOF) [M+H]+ Calcd 

for C21H24N3O 334.1914, found 334.1907.

N1-Benzyl-N2-(3-phenylisoquinolin-1-yl)ethane-1,2-diamine (4f). The crude 
N

Ph

HN
H
N Ph

product was purified by column chromatography (CHCl3/MeOH = 98/2) to afford 4f as white semi-

solid (144.0 mg, 85%): mp 126–127 °C: 1H NMR (400 MHz, CDCl3) δ 8.14 (d, J = 8.4 Hz, 2H), 7.92 

(d, J = 8.3 Hz, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H), 7.48 (t, J = 7.5 Hz, 2H), 7.44 – 

7.36 (m, 3H), 7.27 (dd, J = 16.0, 7.7 Hz, 5H), 6.43 (s, 1H), 4.91 (s, 1H), 3.90 (s, 2H), 3.84 (s, 2H), 3.10 

(t, J = 5.5 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 155.0, 148.8, 140.2, 138.0, 136.5, 130.0, 128.9, 

128.7, 128.6, 128.2, 128.0, 127.51, 126.8, 125.9, 122.4, 117.7, 107.1, 52.7, 47.8, 40.3; HRMS (ESI-

TOF) [M+H]+ Calcd for C24H24N3 354.165, found 354.1971.

1-(4-Benzylpiperazin-1-yl)-3-(p-tolyl)isoquinoline (5a). The crude product was 

N

N

N
Bn

Me

purified by column chromatography (hexane/EtOAc = 90/10) to afford 5a as white-solid (182.7 mg, 

93%): mp 138–139 °C: 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.1 Hz, 3H), 7.77 (d, J = 8.1 Hz, 

1H), 7.66 (s, 1H), 7.58-7.54 (m, 1H), 7.44 (d, J = 8.2 Hz, 1H), 7.40 (d, J = 8.7 Hz, 2H), 7.36-7.33 (m, 

2H), 7.29-7.25 (m, 3H), 3.65 (s, 2H), 3.56 (t, J = 5.1 Hz, 4H), 2.75 (t, J = 4.6 Hz, 4H), 2.40 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 160.8, 148.4, 139.2, 138.3, 138.2, 137.1, 129.6, 129.4, 129.3, 128.4, 127.6, 

127.2, 126.6, 125.6, 120.7, 110.6, 63.3, 53.6, 51.5, 21.3; HRMS (ESI-TOF) [M+H]+ Calcd for C27H28N3 

394.2278, found  394.2267.
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1-(4-Benzylpiperazin-1-yl)-3-(4-ethoxyphenyl)isoquinoline (5b). The crude 

N

N

N
Bn

OEt

product was purified by column chromatography (hexane/EtOAc = 85/15) to afford 5b as white-solid 

(195.0 mg, 92%): mp 129–130 °C: 1H NMR (400 MHz, CDCl3) δ  8.13 (d, J = 8.8 Hz, 2H), 8.07 (d, J 

= 8.2 Hz, 1H), 7.75 (d, J = 8.1 Hz, 1H), 7.62 (s, 1H), 7.56 (t, J = 7.1 Hz, 1H), 7.45-7.36 (m, 5H), 7.32-

7.29 (m, 1H), 7.01 (d, J = 12.0 Hz, 2H), 4.10 (q, J = 7.0 Hz, 2H), 3.68 (s, 2H), 3.59 (s, 4H), 2.79 (s, 

4H), 1.46 (t, J = 6.9 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 160.7, 159.5, 148.2, 139.4, 138.1, 132.4, 

129.7, 129.4, 128.4, 128.0, 127.6, 127.3, 125.6, 125.4, 120.4, 114.6, 110.1, 63.6, 63.3, 53.3, 51.3, 15.0; 

HRMS (ESI-TOF) [M+H]+ Calcd for C28H30N3O 424.2383, found  424.2375.

1-(4-Benzylpiperazin-1-yl)-3-(4-fluorophenyl)isoquinoline (5c). The crude 

N

N

N
Bn

F

product was purified by column chromatography (hexane/EtOAc = 90/10) to afford 5c as white-solid 

(190.6 mg, 96%): mp 118–119 °C: 1H NMR (400 MHz, CDCl3) δ 8.10 (dd, J = 8.8, 5.5 Hz, 2H), 8.01 

(d, J = 8.4 Hz, 1H), 7.78 (d, J = 8.1 Hz, 1H), 7.65 (s, 1H), 7.59 (t, J = 7.5 Hz, 1H), 7.48-7.44 (m, 1H), 

7.42-7.33 (m, 5H), 7.14 (t, J = 8.7 Hz, 2H), 3.88 (s, 2H), 3.68 (s, 4H), 2.99 (s, 4H); 13C NMR (100 

MHz, CDCl3) δ 163.2 (d, J = 247.6 Hz, 1C), 160.2, 147.4, 139.2, 135.8, 130.0, 129.9, 128.7, 128.5, 

128.4, 128.2, 127.8, 125.7 (d, J = 75.2 Hz, 1C), 120.5, 115.5 (d, J = 21.2 Hz, 1C),  111.3, 62.5, 52.5, 

50.2; HRMS (ESI-TOF) [M+H]+ Calcd for C26H25FN3 398.2027, found  398.2017.
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1-(4-Benzylpiperazin-1-yl)-3-(3-fluorophenyl)isoquinoline (5d). The crude 

N

N

N
Bn

F

product was purified by column chromatography (hexane/EtOAc = 90/10) to afford 5d as white-solid 

(194.5 mg, 98%): mp 123–124 °C: 1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 8.4 Hz, 1H), 7.93-7.90 

(m, 2H), 7.79 (d, J = 8.1 Hz, 1H), 7.68 (s, 1H), 7.61-7.57 (m, 1H), 7.49-7.33 (m, 6H), 7.28 (t, J = 8.5 

Hz, 1H), 7.08-7.04 (m, 1H), 3.66 (s, 2H), 3.58-3.55 (m, 4H), 2.76 (t, J = 4.7 Hz, 4H); 13C NMR (100 

MHz, CDCl3) δ 163.5 (d, J = 244.7 Hz, 1C), 160.9, 147.0, 142.4, 142.3, 138.7 (d, J = 75.2 Hz, 1C), 

130.0, 129.9, 129.9, 129.3, 128.4, 127.8, 127.2, 125.9 (d, J = 45.3 Hz, 1C), 121.9 (d, J = 103.0 Hz, 1C), 

115.1, 114.9, 113.8, 113.5, 111.5, 63.3, 53.4, 51.3; HRMS (ESI-TOF) [M+H]+ Calcd for C26H25FN3 

398.2027,found 398.2017. 

 1-(4-Benzylpiperazin-1-yl)-3-(2-fluorophenyl)isoquinoline (5e). The crude product 

N

N

N
Bn

F

was purified by column chromatography (hexane/EtOAc = 90/10) to afford 5e as white-solid (142.9 

mg, 72%): mp 117–118 °C: 1H NMR (400 MHz, CDCl3) δ 8.28 (t, J = 8.9 Hz, 1H), 8.08 (d, J = 8.3 Hz, 

1H), 7.87 (s, 1H), 7.78 (d, J = 8.1 Hz, 1H), 7.57 (t, J = 8.1 Hz, 1H), 7.50 – 7.44 (m, 1H), 7.32 (ddd, J = 

27.9, 16.8, 6.7 Hz, 7H), 7.15 (dd, J = 11.8, 8.0 Hz, 1H), 3.64 (s, 2H), 3.53 (s, 4H), 2.84 – 2.66 (m, 4H); 
13C NMR (100 MHz, CDCl3) δ 160.9(d, J = 249.5 Hz, 1C), 160.6, 143.6, 138.9, 138.3, 131.1, 129.7, 

129.4, 129.3, (d, J = 8.9 Hz, 1C), 128.4, 128.0, 127.7, 127.5, (d, J = 10.0 Hz, 1C), 126.3, 125.6, 124.4, 

120.9, 116.4, 116.0 (d, J = 13.5 Hz, 1C),  63.3, 53.4, 51.3; HRMS (ESI-TOF) [M+H]+ Calcd for 

C26H25FN3 398.2027,found 398.2017.

1-(4-Benzylpiperazin-1-yl)-3-(3, 5-dimethoxyphenyl)isoquinoline (5f). The 

N

N

N
Bn

OMe

OMe

crude product was purified by column chromatography (hexane/EtOAc = 90/10) to afford 5f as white-



S20

solid (197.5 mg, 90%): mp 123–124 °C: 1H NMR (400 MHz, CDCl3) δ  8.07 (d, J = 8.3 Hz, 1H), 7.78 

(d, J = 8.1 Hz, 1H), 7.67 (s, 1H), 7.58 (t, J = 8.0 Hz, 1H), 7.46 (t, J = 7.6 Hz, 1H), 7.42 – 7.32 (m, 6H), 

7.28 (t, J = 6.6 Hz, 1H), 6.50 (s, 1H), 3.89 (s, 6H), 3.65 (s, 2H), 3.55 (s, 4H), 2.76 (s, 4H); 13C NMR 

(100 MHz, CDCl3) δ 161.0, 160.7, 147.9, 142.0, 139.0, 138.2, 129.7, 129.3, 128.3, 127.7, 127.1, 125.9, 

125.5, 120.9, 111.5, 104.8, 100.5, 63.3, 55.5, 53.3, 51.2; HRMS (ESI-TOF) [M+H]+ Calcd for 

C28H30N3O2 440.2333, found 440.2360.

1-(4-Benzylpiperazin-1-yl)-6-bromo-3-phenylisoquinoline (5g).The crude 

N

N

N

Br

Bn

product was purified by column chromatography (hexane/EtOAc = 90/10) to afford 5g as white-solid 

(150.8 mg, 66%): mp 147–148 °C: 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 8.5 Hz, 2H), 8.12 (d, J = 

8.3 Hz, 1H), 7.83 (d, J = 8.1 Hz, 1H), 7.76 (s, 1H), 7.62 (t, J = 7.5 Hz, 1H), 7.55 – 7.45 (m, 5H), 7.38 

(t, J = 8.4 Hz, 1H), 7.03 (d, J = 8.7 Hz, 1H), 3.74 – 3.66 (m, 4H), 3.61 – 3.53 (m, 4H); 13C NMR (100 

MHz, CDCl3) δ 160.27, 153.37, 148.02, 142.54, 139.34, 129.90, 128.56, 128.31, 127.68, 126.50, 

126.27, 126.12, 125.14, 114.46, 111.54, 50.71, 47.77, 29.69;  HRMS (ESI-TOF) [M+H]+ Calcd for 

C26H25Br81N3 460.1206, found  460.1212.

1-(4-Benzylpiperazin-1-yl)-6-chloro-3-(3-fluorophenyl)isoquinoline (5h). 

N

N

N

Cl

Bn

F

The crude product was purified by column chromatography (hexane/EtOAc = 90/10) to afford 5h as 

white-solid (155.2 mg, 72%): mp 143–144 °C: 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.9 Hz, 1H), 

7.87 (d, J = 11.8 Hz, 2H), 7.75 (d, J = 2.1 Hz, 1H), 7.56 (s, 1H), 7.44-7.33 (m, 6H), 7.28 (t, J = 7.1 Hz, 

1H), 7.09-7.05 (m, 1H), 3.65 (s, 2H), 3.54-3.52 (m, 4H), 2.74 (t, J = 4.5 Hz, 4H); 13C NMR (100 MHz, 

CDCl3) δ 163.4 (d, J = 244.7 Hz, 1C), 162.2, 160.9, 148.2, 141.8, 141.8, 140.1, 138.1, 136.0, 130.1, 

130.1, 129.3, 128.4, 127.5, 127.3, 126.6 (d, J = 37.6 Hz, 1C),  122.2, 119.2, 115. (d, J = 22.2 Hz, 1C),, 
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113.9, 113.6, 110.5, 63.2, 53.2, 51.3; HRMS (ESI-TOF) [M+H]+ Calcd for C26H24ClFN3 432.1637, 

found  432.1632.

1-(4-Benzylpiperazin-1-yl)-3-(pyrazin-2-yl)isoquinoline (5i). The crude product was 

N

N

N

N

N

Bn

purified by column chromatography (hexane/EtOAc = 60/40) to afford 5i as white-solid (139.0 mg, 

73%): mp 155–156 °C: 1H NMR (400 MHz, CDCl3) δ 9.70 (s, 1H), 8.64 – 8.58 (m, 1H), 8.54 (d, J = 

2.5 Hz, 1H), 8.34 (s, 1H), 8.09 (d, J = 8.3 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.62 (t, J = 7.5 Hz, 1H), 

7.52 (t, J = 8.1 Hz, 1H), 7.41 – 7.32 (m, 4H), 7.28 (t, J = 7.1 Hz, 1H), 3.66 (s, 2H), 3.58 (s, 4H), 2.79 

(s, 4H); 13C NMR (100 MHz, CDCl3) δ 160.9, 152.0, 145.2, 143.8, 143.6, 138.8, 137.8, 130.1, 129.4, 

128.52, 128.4, 127.3, 127.0, 125.7, 122.0, 113.5, 63.2, 53.2, 51.2; HRMS (ESI-TOF) [M+H]+ Calcd for 

C24H24N5 382.2026, found  382.2031.

1-(4-Benzylpiperazin-1-yl)-3-(thiophen-2-yl)isoquinoline (5j). The crude product 

N

N

N

S

Bn

was purified by column chromatography (hexane/EtOAc = 90/10) to afford 5j as white-solid (179.0 

mg, 93%): mp 141–142 °C: 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.1 Hz, 1H), 7.73 (d, J = 8.1 Hz, 

1H), 7.64 (d, J = 3.6 Hz, 1H), 7.55 (t, J = 8.1 Hz, 2H), 7.43-7.33 (m, 6H), 7.30-7.26 (m, 1H), 7.12-7.10 

(m, 1H), 3.64 (s, 2H), 3.55 (t, J = 5.1 Hz, 4H), 2.74 (t, J = 4.6 Hz, 4H); 13C NMR (100 MHz, CDCl3) δ 

160.7, 146.3, 144.1, 139.1, 138.3, 129.9, 129.3, 128.4, 128.0, 127.5, 127.2, 126.5, 125.8, 125.5, 123.4, 

120.7, 109.1, 63.3, 53.3, 51.2; HRMS (ESI-TOF) [M+H]+ Calcd for C24H24N3S 386.1685, found  

386.1677.

General procedure for the synthesis of functionalized 3-aryl-N-(2-(4-(3-phenylisoquinolin-1-

yl)piperazin-1-yl)ethyl)isoquinolin-1-amine (6a-d)
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In an oven-dried 10 mL sealed tube, a mixture of 2-(arylethyl)benzonitrile 1 (0.5 mmol) and 2-(piperazin-1-

yl)ethan-1-amine 2r (0.3 mmol) in 2 mL of distilled H2O was heated at 100 °C for 4h. Progression of the 

reaction was monitored by TLC analysis; after complete consumption of starting material, the reaction was 

cooled to room temperature. The reaction mixture was diluted with ethyl acetate (10 mL). The layers were 

separated, and the organic layer was dried over Na2SO4. Organic layer was concentrated under reduced 

pressure. The crude material so obtained was purified by column chromatography on silica gel (100−200) 

(hexane: ethyl acetate). The structure and purity of products were confirmed by comparison of their physical 

and spectral data (1H NMR, 13C NMR, and HRMS). 

3-(p-Tolyl)-N-(2-(4-(3-(p-tolyl)isoquinolin-1-yl)piperazin-1-

N

HN

N
N N

Me

Me

yl)ethyl)isoquinolin-1-amine (6a). The crude product was purified by column chromatography 

(hexane/EtOAc = 70/30) to afford 6a as white-solid (247.7 mg, 88%): mp 162–163 °C: 1H NMR (400 

MHz, CDCl3) δ 8.12-8.08 (m, 5H), 7.85-7.81 (m, 2H), 7.73-7.71 (m, 2H), 7.65-7.55 (m, 2H), 7.49-7.41 

(m, 3H), 7.39-7.29 (m, 4H), 6.44 (s, 1H), 3.96 (s, 2H), 3.66 (s, 4H), 3.00 (d, J = 19.1 Hz, 6H), 2.41 (s, 

6H); 13C NMR (100 MHz, CDCl3) δ 160.5, 154.9, 149.1, 148.5, 139.3, 138.3, 138.1, 137.9, 137.6, 

136.9, 129.8, 129.5, 129.3, 127.7, 127.5, 126.6, 125.8, 125.6, 125.5, 122.0, 120.6, 117.6, 111.1, 106.2, 

56.8, 53.0, 50.9, 37.8, 21.4; HRMS (ESI-TOF) [M+H]+ Calcd for C38H38N5 564.3122, found  564.3108.

3-(3-Fluorophenyl)-N-(2-(4-(3-(3-fluorophenyl)isoquinolin-1-

N

HN

N
N N

F

F

yl)piperazin-1-yl)ethyl)isoquinolin-1-amine (6b). The crude product was purified by column 



S23

chromatography (hexane/EtOAc = 70/30) to afford 6b as white-solid (257.0 mg, 90%): mp 157–158 

°C: 1H NMR (400 MHz, CDCl3) δ 7.97 (dd, J = 12.7, 8.5 Hz, 2H), 7.83 (dd, J = 20.3, 8.3 Hz, 5H), 7.69 

(dd, J = 14.7, 7.0 Hz, 3H), 7.59 (dt, J = 21.1, 7.5 Hz, 3H), 7.52 – 7.47 (m, 1H), 7.40 (t, J = 8.0 Hz, 4H), 

7.05 (dd, J = 17.9, 9.3 Hz, 3H), 4.17 (s, 2H), 3.80 (s, 4H), 3.41 (d, J = 20.3 Hz, 6H); 13C NMR (100 

MHz, CDCl3) δ 163.4 (d, J = 243.7 Hz, 2C),  160.1, 154.8, 147.4, 146.9, 142.8, 142.0, 139.0, 137.8, 

130.2, 130.1, 129.9 (d, J = 8.7 Hz, 2C),  128.4, 128.0, 127.6, 127.4, 126.5 (d, J = 21.2 Hz, 2C),  125.3, 

122.2, 122.1(d, J = 6.7 Hz, 2C), 120.8, 120.4, 118.0, 115.5, 115.3, 115.3, 115.1, 114.9, 114.7, 113.7, 

113.5, 112.2, 107.3, 56.8, 52.8, 50.0, 37.5; HRMS (ESI-TOF) [M+H]+ Calcd for C36H32F2N5 572.2620, 

found  572.2611.

6-Chloro-N-(2-(4-(6-chloro-3-(3-fluorophenyl)isoquinolin-1-

N

HN

N
N N

F

F

Cl

Cl

yl)piperazin-1-yl)ethyl)-3-(3-fluorophenyl)isoquinolin-1-amine (6c). The crude product was 

purified by column chromatography (hexane/EtOAc = 70/30) to afford 6c as white-solid (257.0 mg, 

90%): mp 171–172 °C: 1H NMR (400 MHz, CDCl3) δ 8.00 – 7.84 (m, 5H), 7.70 (t, J = 5.7 Hz, 2H), 

7.62 (d, J = 1.9 Hz, 1H), 7.52 (s, 1H), 7.45 – 7.32 (m, 4H), 7.23 (s, 1H), 7.07 (td, J = 8.2, 3.9 Hz, 2H), 

6.23 (t, J = 3.8 Hz, 1H), 3.89 – 3.81 (m, 2H), 3.56 (s, 4H), 2.88 (dd, J = 13.6, 7.5 Hz, 6H); 13C NMR 

(100 MHz, CDCl3) δ 163.5 (d, J = 244.7 Hz, 2C),  160.8, 154.7, 148.9, 148.1, 142.4, 142.3, 141.7, 

141.6, 140.0, 139.0, 136.1, 136.0, 130.1 (d, J = 22.2 Hz, 2C), 129.9, 127.3, 127.0, 126.5 (d, J = 14.4 

Hz, 2C),  123.5, 122.1, 119.1, 116.0, 115.6, 115.4, 115.3, 115.1, 113.8, 113.6, 110.8, 106.0, 56.6, 53.0, 

51.4, 38.0; HRMS (ESI-TOF) [M+H]+ Calcd for C36H30Cl2F2N5 640.1841, found  640.1838.
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3-(Thiophen-2-yl)-N-(2-(4-(3-(thiophen-2-yl)isoquinolin-1-

N

HN

N
N N

S

S

yl)piperazin-1-yl)ethyl)isoquinolin-1-amine (6d). The crude product was purified by column 

chromatography (hexane/EtOAc = 70/30) to afford 6d as white-solid (257.1 mg, 94%): mp 147–148 

°C: 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 7.4 Hz, 1H), 7.74 (d, J = 8.1 

Hz, 1H), 7.66-7.52 (m, 6H), 7.42 (q, J = 7.7 Hz, 2H), 7.33-7.29 (m, 3H), 7.12-7.08 (m, 2H), 6.66 (s, 

1H), 3.99 (s, 2H), 3.76 (s, 4H), 3.10 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 160.2, 154.7, 146.8, 146.0, 

144.5, 144.0, 139.0, 137.8, 130.1, 130.0, 128.1, 128.0, 127.6, 127.3, 126.6, 126.0, 125.8, 125.7, 125.6, 

123.6, 123.0, 122.2, 120.5, 117.8, 109.6, 104.8, 56.8, 52.8, 50.5, 37.7, 30.2; HRMS (ESI-TOF) [M+H]+ 

Calcd for C32H30N5S2 548.1937, found  548.1927.

General procedure for the synthesis of drugs containing isoquinoline (7a-e)

In an oven-dried 10 mL sealed tube, a mixture of 2-(arylethyl)benzonitrile 1 (0.5 mmol) and corresponding 

drugs (0.6 mmol) in 2 mL of distilled H2O was heated at 100 °C for 4h. The progression of the reaction was 

monitored by TLC analysis; after the complete consumption of starting material, the reaction was cooled to 

room temperature. The reaction mixture was diluted with ethyl acetate (10 mL). The layers were separated, 

and the organic layer was dried over Na2SO4. The organic layer was concentrated under reduced pressure. 

The crude material so obtained was purified by column chromatography on silica gel (100−200) (hexane: 

ethyl acetate). The structure and purity of products were confirmed by comparison of their physical and 

spectral data (1H NMR, 13C NMR, and HRMS). 

N-((3S,5S)-Adamantan-1-yl)-3-phenylisoquinolin-1-amine (7a). The crude product 
N

Ph

NH

was purified by column chromatography (hexane/EtOAc = 95/5) to afford 7a as white-solid (138.0 mg, 
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78%): mp 109–110 °C: 1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 7.3 Hz, 2H), 7.68 (q, J = 4.1 Hz, 

2H), 7.53 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.6 Hz, 2H), 7.41-7.34 (m, 3H), 5.08 (s, 1H), 2.38 (s, 6H), 

2.19 (s, 3H), 1.80 (dd, J = 19.8, 12.4 Hz, 6H), 1.25 (s, 3H), 0.89-0.83 (m, 2H); 13C NMR (100 MHz, 

CDCl3) δ 153.9, 148.7, 140.5, 138.2, 129.4, 128.5, 128.0, 127.9, 126.7, 125.5, 121.4, 117.8, 105.9, 52.5, 

42.1, 37.0, 29.9; HRMS (ESI-TOF) [M+H]+ Calcd for C25H27N2 355.2169, found  355.2170.

N-(1-((3R,5R,7R)-Adamantan-1-yl)ethyl)-3-phenylisoquinolin-1-amine (7b). The 
N

Ph

Me NH

crude product was purified by column chromatography (hexane/EtOAc = 95/5) to afford 7b as white-

solid (160.5 mg, 84%): mp 116–117 °C: 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 7.3 Hz, 2H), 7.73 

(t, J = 7.6 Hz, 2H), 7.58-7.55 (m, 1H), 7.50-7.41 (m, 3H), 7.39-7.35 (m, 2H), 5.19 (d, J = 8.9 Hz, 1H), 

4.55-4.48 (m, 1H), 2.03 (s, 3H), 1.78-1.68 (m, 7H), 1.25 (d, J = 6.7 Hz, 3H), 0.91-0.84 (m, 1H); 13C 

NMR (100 MHz, CDCl3) δ 154.7, 149.2, 140.6, 138.3, 129.7, 128.5, 128.1, 127.8, 126.8, 125.5, 121.2, 

117.4, 106.0, 54.0, 39.0, 37.4, 36.6, 28.6, 14.8; HRMS (ESI-TOF) [M+H]+ Calcd for C27H31N2 

383.2482, found  383.2475.

8-Chloro-11-(1-(3-phenylisoquinolin-1-yl)piperidin-4-ylidene)-6,11-dihydro-
N

Ph

N

N

Cl

5H-benzo[5,6]cyclohepta[1,2-b]pyridine (7c). The crude product was purified by column 

chromatography (hexane/EtOAc = 80/20) to afford 7c as white-solid (230.8 mg, 90%): mp 184–185 

°C: 1H NMR (400 MHz, CDCl3) δ 8.43 (d, J = 5.9 Hz, 1H), 8.13-8.09 (m, 3H), 7.78 (d, J = 8.1 Hz, 1H), 

7.68 (s, 1H), 7.60-7.56 (m, 1H), 7.47-7.42 (m, 4H), 7.34 (t, J = 7.3 Hz, 1H), 7.22 (d, J = 8.2 Hz, 1H), 

7.16 (d, J = 7.7 Hz, 2H), 7.12-7.09 (m, 1H), 3.87 (dd, J = 12.2, 3.8 Hz, 2H), 3.48-3.36 (m, 2H), 3.20-

3.12 (m, 2H), 2.89-2.59 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 161.0, 157.6, 148.3, 146.7, 139.8, 

139.7, 139.2, 139.1, 138.0, 137.6, 133.6, 133.3, 132.9, 131.0, 129.8, 129.1, 128.6, 128.3, 127.7, 126.7, 
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126.2, 125.9, 125.6, 122.3, 120.9, 111.3, 52.8, 52.7, 31.9, 31.6, 31.4, 31.3; HRMS (ESI-TOF) [M+H]+ 

Calcd for C34H29ClN3 514.2045, found  514.2038.

1-(4-Benzylpiperazin-1-yl)-3-(pyridin-3-yl)isoquinoline (7d). The crude product was 

N

N

N

N

Bn

purified by column chromatography (hexane/EtOAc = 60/40) to afford 7d as white-solid (167.2 mg, 

88%): mp 145–146 °C: 1H NMR (400 MHz, CDCl3) δ 9.36 (s, 1H), 8.59 (d, J = 4.8 Hz, 1H), 8.41 (d, J 

= 9.9 Hz, 1H), 8.06 (d, J = 8.3 Hz, 1H), 7.76 (d, J = 8.1 Hz, 1H), 7.67 (s, 1H), 7.58 (t, J = 7.1 Hz, 1H), 

7.47 (t, J = 7.6 Hz, 1H), 7.42 – 7.31 (m, 5H), 7.31 – 7.22 (m, 1H), 3.64 (s, 2H), 3.55 (s, 4H), 2.74 (s, 

4H); 13C NMR (100 MHz, CDCl3) δ 161.1, 149.1, 148.3, 145.6, 138.9, 138.0, 135.3, 134.0, 130.0, 

129.4, 128.4, 127.8, 127.3, 126.4, 125.7, 123.5, 121.0, 111.6, 63.3, 53.3, 51.2; HRMS (ESI-TOF) 

[M+H]+ Calcd for C25H25N4 381.2074, found  381.2070.

1-(4-Methylpiperazin-1-yl)-3-phenylisoquinoline (7e). The crude product was purified 
N

N

Ph

N
Me

by column chromatography (CHCl3/MeOH = 95/5) to afford 7e as white semi-solid (148.5 mg, 98%): 

mp 77–78 °C: 1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 7.2 Hz, 2H), 8.06 (d, J = 8.3 Hz, 1H), 7.77 

(d, J = 8.1 Hz, 1H), 7.69 (s, 1H), 7.56 (t, J = 7.5 Hz, 1H), 7.53 – 7.43 (m, 3H), 7.38 (t, J = 7.3 Hz, 1H), 

3.61 (s, 4H), 2.75 (s, 4H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 160.6, 148.3, 139.8, 139.2, 

129.8, 128.7, 128.4, 127.8, 126.8, 125.9, 125.5, 120.7, 111.4, 55.2, 51.0, 46.2; HRMS (ESI-TOF) 

[M+H]+ Calcd for C20H22N3 304.1808, found 304.1802.

Gram-scale synthesis of 3d

In an oven-dried 50 mL sealed tube, a mixture of 2-(phenylethyl)benzonitrile 1a (4.52 mmol) and tert-butyl 

piperazine-1-carboxylate 2d (5.0 mmol) in 20 mL of distilled H2O was heated at 100 °C for 4h. The 

progression of the reaction was monitored by TLC analysis; after the complete consumption of starting 
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material, the reaction was cooled to room temperature. The reaction mixture was diluted with ethyl acetate 

(50 mL). The layers were separated, and the organic layer was dried over Na2SO4. The organic layer was 

concentrated under reduced pressure. The crude material so obtained was purified by column chromatography 

on silica gel (100−200) (hexane: ethyl acetate; 90/10). The product was obtained 3d as a white solid (1.65g, 

94%).

Reference:

1 L. Tang, S. Jiang, X. Huang, Z. Song, J.- b. Wang, M. Ma, B. Chen, Y. Ma, Org. Lett. 2022, 
24, 17, 3232–3237.

2. K. M.- S.  Adusumalli, L. N.- S. Konidena, H.- B. Gandham, K. Kumari, K.- R. Valluru, S. K.- R. 
Nidasanametla,  V. R.  Battula,  H.- K. Namballa, Beilstein J. Org. Chem. 2021, 17, 2765–2772.
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Copies of 1H, 13C NMR and HRMS
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1H NMR (400 MHz, CDCl3)
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HRMS

O
CN

OEt

2-(2-(4-Ethoxyphenyl)-2-oxoethyl)benzonitrile (1c)
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1H NMR (400 MHz, CDCl3)

O
CN

F

2-(2-(3-Fluorophenyl)-2-oxoethyl)benzonitrile (1e)
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13C NMR (100 MHz, CDCl3)
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2-(2-(3-Fluorophenyl)-2-oxoethyl)benzonitrile (1e)
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HRMS

O
CN

F

2-(2-(3-Fluorophenyl)-2-oxoethyl)benzonitrile (1e)
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1H NMR (400 MHz, CDCl3)

O
CN

Br

4-Bromo-2-(2-oxo-2-phenylethyl)benzonitrile (1f)
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HRMS

O
CN

Br

4-Bromo-2-(2-oxo-2-phenylethyl)benzonitrile (1f)
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1H NMR (400 MHz, CDCl3)

O
CN

F
Cl

4-Chloro-2-(2-(3-fluorophenyl)-2-oxoethyl)benzonitrile (1g)
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S36

HRMS

O
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F
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4-Chloro-2-(2-(3-fluorophenyl)-2-oxoethyl)benzonitrile (1g)
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S38

HRMS

O
CN

N

N

2-(2-Oxo-2-(pyrazin-2-yl)ethyl)benzonitrile (1i)
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1H NMR (400 MHz, CDCl3)
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S40

HRMS

O
CN

S

2-(2-Oxo-2-(thiophen-2-yl)ethyl)benzonitrile (1j)
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S42

HRMS

O
CN

OMe

OMe

2-(2-(3,5-Dimethoxyphenyl)-2-oxoethyl)benzonitrile (1k)
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1H NMR (400 MHz, CDCl3)
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S44

13C NMR (100 MHz, CDCl3)

N
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O

4-(3-phenylisoquinolin-1-yl)morpholine (3a)
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S45

HRMS

N

N

Ph

O

4-(3-phenylisoquinolin-1-yl)morpholine (3a)
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1H NMR (400 MHz, CDCl3)
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4-(3-phenylisoquinolin-1-yl)thiomorpholine (3b) 
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S47

13C NMR (100 MHz, CDCl3)

N
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Ph

S

4-(3-phenylisoquinolin-1-yl)thiomorpholine (3b)
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S48

HRMS

N

N

Ph

S

4-(3-phenylisoquinolin-1-yl)thiomorpholine (3b) 
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1H NMR (400 MHz, DMSO-d6)
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S50

13C NMR (101 MHz, DMSO-d6)
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3-phenyl-1-(piperazin-1-yl)isoquinoline (3c)
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S51

HRMS

N

N

Ph

H
N

3-phenyl-1-(piperazin-1-yl)isoquinoline (3c)
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1H NMR (400 MHz, CDCl3)
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tert-butyl 4-(3-phenylisoquinolin-1-yl)piperazine-1-carboxylate (3d) 
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S53

13C NMR (100 MHz, CDCl3)
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tert-butyl 4-(3-phenylisoquinolin-1-yl)piperazine-1-carboxylate (3d)

112116120124128132136140144148152156160164
f1 (ppm)

11
1.

74

12
0.

80

12
5.

32
12

6.
11

12
6.

72
12

7.
82

12
8.

37
12

8.
70

12
9.

90

13
9.

17
13

9.
63

14
8.

36

15
5.

06

16
0.

71

0102030405060708090100110120130140150160170180190200
f1 (ppm)

28
.5

7

42
.7

3
43

.8
4

44
.3

6
50

.8
7

51
.1

3
51

.7
2

76
.8

1
77

.1
3

77
.4

4
79

.9
1

11
1.

74
12

6.
11

12
6.

72
12

7.
82

12
8.

70
12

9.
90

13
9.

17
13

9.
63

14
8.

36
15

5.
06

16
0.

71



S54

HRMS

N

N

Ph

N
Boc

tert-butyl 4-(3-phenylisoquinolin-1-yl)piperazine-1-carboxylate (3d)
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1H NMR (400 MHz, CDCl3)
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S56

13C NMR (100 MHz, CDCl3)

N
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1-(azepan-1-yl)-3-phenylisoquinoline (3e)
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S57

HRMS

N

N

Ph

1-(azepan-1-yl)-3-phenylisoquinoline (3e)
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1H NMR (400Hz, CDCl3)
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1-(4-benzylpiperazin-1-yl)-3-phenylisoquinoline (3f)
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S59

13C NMR (100 MHz, CDCl3)

N
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Ph

N

1-(4-benzylpiperazin-1-yl)-3-phenylisoquinoline (3f)
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S60

HRMS

N

N

Ph

N

1-(4-benzylpiperazin-1-yl)-3-phenylisoquinoline (3f)
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1H NMR (400 MHz, CDCl3)

N

N

Ph

N

tBu

1-(4-(4-(tert-butyl)benzyl)piperazin-1-yl)-3-phenylisoquinoline (3g) 

6.97.07.17.27.37.47.57.67.77.87.98.08.18.28.38.48.5
f1 (ppm)

2.
09

2.
94

3.
24

1.
09

1.
00

1.
01

1.
02

1.
99

7.
25

7.
34

7.
36

7.
39

7.
41

7.
44

7.
47

7.
49

7.
51

7.
57

7.
59

7.
61

7.
72

7.
79

7.
81

8.
09

8.
11

8.
19

8.
21

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

9.
02

3.
97

3.
98

2.
02

2.
09

2.
94

3.
24

1.
09

1.
00

1.
01

1.
02

1.
99

1.
36

2.
78

2.
79

2.
80

3.
60

3.
61

3.
65

7.
25

7.
34

7.
36

7.
39

7.
41

7.
44

7.
47

7.
49

7.
51

7.
57

7.
59

7.
61

7.
72

7.
79

7.
81

8.
09

8.
11

8.
19

8.
21



S62

13C NMR (100 MHz, CDCl3)
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1-(4-(4-(tert-butyl)benzyl)piperazin-1-yl)-3-phenylisoquinoline (3g)
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S63

HRMS

N

N

Ph

N

tBu

1-(4-(4-(tert-butyl)benzyl)piperazin-1-yl)-3-phenylisoquinoline (3g)
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1H NMR (400 MHz, CDCl3)
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1-(4-(4-fluorobenzyl)piperazin-1-yl)-3-phenylisoquinoline (3h)
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S65

13C NMR (100 MHz, CDCl3)

N

N

Ph

N

F

1-(4-(4-fluorobenzyl)piperazin-1-yl)-3-phenylisoquinoline (3h)
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S66

HRMS

N

N

Ph

N

F

1-(4-(4-fluorobenzyl)piperazin-1-yl)-3-phenylisoquinoline (3h)
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1H NMR (400 MHz, CDCl3)
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1-(4-(benzo[d][1,3]dioxol-5-ylmethyl)piperazin-1-yl)-3-phenylisoquinoline(3i)
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S68

13C NMR (100 MHz, CDCl3)
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1-(4-(benzo[d][1,3]dioxol-5-ylmethyl)piperazin-1-yl)-3-phenylisoquinoline(3i)
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S69

HRMS

N

N

Ph

N

O

O

1-(4-(benzo[d][1,3]dioxol-5-ylmethyl)piperazin-1-yl)-3-phenylisoquinoline(3i)
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1H NMR (400 MHz, CDCl3)
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1-(4-(bis(4-fluorophenyl)methyl)piperazin-1-yl)-3-phenylisoquinoline (3j)
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S71

13C NMR (100 MHz, CDCl3)

N

N

Ph

N
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1-(4-(bis(4-fluorophenyl)methyl)piperazin-1-yl)-3-phenylisoquinoline (3j)
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S72

HRMS

N

N

Ph

N

FF

1-(4-(bis(4-fluorophenyl)methyl)piperazin-1-yl)-3-phenylisoquinoline (3j)
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1H NMR (400 MHz, CDCl3)
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2-(4-(3-phenylisoquinolin-1-yl)piperazin-1-yl)ethan-1-ol (3k)
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S74

13C NMR (100 MHz, CDCl3)

N

N
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2-(4-(3-phenylisoquinolin-1-yl)piperazin-1-yl)ethan-1-ol (3k)
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S75

HRMS

N

N

Ph

N

OH

2-(4-(3-phenylisoquinolin-1-yl)piperazin-1-yl)ethan-1-ol (3k)



S76

1H NMR (400 MHz, CDCl3)
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1-(4-(2-methoxyethyl)piperazin-1-yl)-3-phenylisoquinoline (3l)
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S77

13C NMR (100 MHz, CDCl3)
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1-(4-(2-methoxyethyl)piperazin-1-yl)-3-phenylisoquinoline (3l)
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S78

HRMS

N

N

Ph

N

OMe

1-(4-(2-methoxyethyl)piperazin-1-yl)-3-phenylisoquinoline (3l)



S79

1H NMR (400 MHz, CDCl3)
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2-(2-(4-(3-phenylisoquinolin-1-yl)piperazin-1-yl)ethoxy)ethan-1-ol (3m)
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13C NMR (100 MHz, CDCl3)
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2-(2-(4-(3-phenylisoquinolin-1-yl)piperazin-1-yl)ethoxy)ethan-1-ol (3m)
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HRMS
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2-(2-(4-(3-phenylisoquinolin-1-yl)piperazin-1-yl)ethoxy)ethan-1-ol (3m)



S82

1H NMR (400 MHz, CDCl3)
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1-([1,4'-bipiperidin]-1'-yl)-3-phenylisoquinoline (3n)
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S83

13C NMR (100 MHz, CDCl3)

N
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1-([1,4'-bipiperidin]-1'-yl)-3-phenylisoquinoline (3n)
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S84

HRMS

N

N

Ph

N

1-([1,4'-bipiperidin]-1'-yl)-3-phenylisoquinoline (3n)
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1H NMR (400 MHz, CDCl3)

N

N

Ph

N

F

1-(4-(4-fluorophenyl)piperazin-1-yl)-3-phenylisoquinoline (3o)

6.86.97.07.17.27.37.47.57.67.77.87.98.08.18.28.38.48.5
f1 (ppm)

4.
05

1.
01

3.
10

1.
01

1.
00

0.
99

1.
04

1.
96

6.
96

6.
97

6.
98

6.
99

7.
01

7.
03

7.
25

7.
36

7.
38

7.
40

7.
46

7.
47

7.
48

7.
50

7.
51

7.
59

7.
61

7.
63

7.
74

7.
81

7.
83

8.
11

8.
13

8.
17

8.
19

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

DBR-6113
single_pulse

4.
03

4.
00

4.
05

1.
01

3.
10

1.
01

1.
00

0.
99

1.
04

1.
96

0.
01

3.
39

3.
40

3.
42

3.
69

3.
70

3.
71

6.
96

6.
97

6.
98

6.
99

7.
01

7.
03

7.
25

7.
36

7.
38

7.
40

7.
46

7.
47

7.
48

7.
50

7.
51

7.
59

7.
61

7.
63

7.
74

7.
81

7.
83

8.
11

8.
13

8.
17

8.
19



S86

13C NMR (100 MHz, CDCl3)

N
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F

1-(4-(4-fluorophenyl)piperazin-1-yl)-3-phenylisoquinoline (3o)
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S87

HRMS

N

N

Ph

N

F

1-(4-(4-fluorophenyl)piperazin-1-yl)-3-phenylisoquinoline (3o)
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HRMS

N

N

Ph

N

CF3

3-phenyl-1-(4-(4-(trifluoromethyl)phenyl)piperazin-1-yl)isoquinoline (3p)
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1H NMR (400 MHz, CDCl3)
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1-(4-(2,4-difluorophenyl)piperazin-1-yl)-3-phenylisoquinoline (3q)
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S90

13C NMR (100 MHz, CDCl3)

N

N

Ph

N

F

F

1-(4-(2,4-difluorophenyl)piperazin-1-yl)-3-phenylisoquinoline (3q)

104108112116120124128132136140144148152156160
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S91

HRMS

N

N

Ph

N

F

F

1-(4-(2,4-difluorophenyl)piperazin-1-yl)-3-phenylisoquinoline (3q)



S92

1H NMR (400 MHz, CDCl3)
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11-(2-Bromo-5-methylphenyl)-11,12-dihydrobenzo[c]phenanthridin-6-amine (4a)
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S93

13C NMR (100 MHz, CDCl3)

N

Ph
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HN

11-(2-Bromo-5-methylphenyl)-11,12-dihydrobenzo[c]phenanthridin-6-amine (4a)
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S94

HRMS

N

Ph

Ph

HN

11-(2-Bromo-5-methylphenyl)-11,12-dihydrobenzo[c]phenanthridin-6-amine (4a)



S95

1H NMR (400 MHz, CDCl3)
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(S)-3-phenyl-N-(1-phenylethyl)isoquinolin-1-amine (4b)
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S96

13C NMR (100 MHz, CDCl3)

N
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Me

(S)-3-phenyl-N-(1-phenylethyl)isoquinolin-1-amine (4b)
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S97

HRMS

N

Ph

Ph

HN

Me

(S)-3-phenyl-N-(1-phenylethyl)isoquinolin-1-amine (4b)
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1H NMR (400 MHz, CDCl3,)

N
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OCF3

3-phenyl-N-(4-(trifluoromethoxy)benzyl)isoquinolin-1-amine (4c)
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S99

13C NMR (100 MHz, CDCl3)

N

Ph

HN

OCF3

3-phenyl-N-(4-(trifluoromethoxy)benzyl)isoquinolin-1-amine (4c)
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S100

HRMS

N

Ph

HN

OCF3

3-phenyl-N-(4-(trifluoromethoxy)benzyl)isoquinolin-1-amine (4c)
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1H NMR (400 MHz, CDCl3)

N

Ph
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Me

N-(1-cyclohexylethyl)-3-phenylisoquinolin-1-amine (4d)
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S102

13C NMR (100 MHz, CDCl3)

N

Ph

HN

Me

N-(1-cyclohexylethyl)-3-phenylisoquinolin-1-amine (4d)

105110115120125130135140145150155160
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S103

HRMS

N

Ph

HN

Me

N-(1-cyclohexylethyl)-3-phenylisoquinolin-1-amine (4d)



S104

1H NMR (400 MHz, CDCl3)

N

Ph

HN
N

O

N-(2-morpholinoethyl)-3-phenylisoquinolin-1-amine (4e)
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S105

13C NMR (100 MHz, CDCl3)

N

Ph

HN
N

O

N-(2-morpholinoethyl)-3-phenylisoquinolin-1-amine (4e)

104108112116120124128132136140144148152156160
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S106

HRMS

N

Ph

HN
N

O

N-(2-morpholinoethyl)-3-phenylisoquinolin-1-amine (4e)
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1H NMR (400 MHz, CDCl3)
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N1-benzyl-N2-(3-phenylisoquinolin-1-yl)ethane-1,2-diamine (4f)
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S108

13C NMR (100 MHz, CDCl3)

N

Ph

HN
H
N Ph

N1-benzyl-N2-(3-phenylisoquinolin-1-yl)ethane-1,2-diamine (4f)

104108112116120124128132136140144148152156160
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S109

HRMS

N

Ph

HN
H
N Ph

N1-benzyl-N2-(3-phenylisoquinolin-1-yl)ethane-1,2-diamine (4f)



S110

1H NMR (400 MHz, CDCl3)
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1-(4-benzylpiperazin-1-yl)-3-(p-tolyl)isoquinoline (5a)
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S111

13C NMR (100 MHz, CDCl3)

N

N

N
Bn

Me

1-(4-benzylpiperazin-1-yl)-3-(p-tolyl)isoquinoline (5a)
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S112

HRMS

N

N

N
Bn

Me

1-(4-benzylpiperazin-1-yl)-3-(p-tolyl)isoquinoline (5a)



S113

1H NMR (400 MHz, CDCl3)
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1-(4-benzylpiperazin-1-yl)-3-(4-ethoxyphenyl)isoquinoline (5b)
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S114

13C NMR (100 MHz, CDCl3)

N

N

N
Bn

OEt

1-(4-benzylpiperazin-1-yl)-3-(4-ethoxyphenyl)isoquinoline (5b)
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S115

HRMS

N

N

N
Bn

OEt

1-(4-benzylpiperazin-1-yl)-3-(4-ethoxyphenyl)isoquinoline (5b)



S116

1H NMR (400 MHz, CDCl3)

N

N

N
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F

1-(4-benzylpiperazin-1-yl)-3-(4-fluorophenyl)isoquinoline (5c)
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S117

13C NMR (100 MHz, CDCl3)

N

N

N
Bn

F

1-(4-benzylpiperazin-1-yl)-3-(4-fluorophenyl)isoquinoline (5c)
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S118

HRMS

N

N

N
Bn

F

1-(4-benzylpiperazin-1-yl)-3-(4-fluorophenyl)isoquinoline (5c)



S119

1H NMR (400 MHz, CDCl3)

N

N

N
Bn

F

1-(4-benzylpiperazin-1-yl)-3-(3-fluorophenyl)isoquinoline (5d)

6.97.07.17.27.37.47.57.67.77.87.98.08.18.28.3
f1 (ppm)

0.
97

1.
15

5.
10

1.
11

1.
04

1.
00

1.
00

1.
98

0.
99

7.
03

7.
05

7.
08

7.
25

7.
26

7.
28

7.
30

7.
33

7.
35

7.
37

7.
40

7.
40

7.
42

7.
44

7.
45

7.
47

7.
49

7.
57

7.
59

7.
61

7.
68

7.
78

7.
80

7.
91

7.
93

8.
07

8.
09

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)

4.
04

4.
00

2.
00

0.
97

1.
15

5.
10

1.
11

1.
04

1.
00

1.
00

1.
98

0.
99

2.
75

2.
76

2.
77

3.
55

3.
57

3.
58

3.
66

7.
03

7.
05

7.
08

7.
25

7.
26

7.
28

7.
30

7.
33

7.
35

7.
37

7.
40

7.
40

7.
42

7.
44

7.
45

7.
47

7.
49

7.
57

7.
59

7.
61

7.
68

7.
78

7.
80

7.
91

7.
93

8.
07

8.
09



S120

13C NMR (100 MHz, CDCl3)

N

N

N
Bn

F

1-(4-benzylpiperazin-1-yl)-3-(3-fluorophenyl)isoquinoline (5d)
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f1 (ppm)
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S121

HRMS

N

N

N
Bn

F

1-(4-benzylpiperazin-1-yl)-3-(3-fluorophenyl)isoquinoline (5d)



S122

1H NMR (400 MHz, CDCl3)
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F

1-(4-Benzylpiperazin-1-yl)-3-(2-fluorophenyl)isoquinoline (5e)
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S123

13C NMR (100 MHz, CDCl3)

N

N

N
Bn

F

1-(4-Benzylpiperazin-1-yl)-3-(2-fluorophenyl)isoquinoline (5e)
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S124

HRMS

N

N

N
Bn

F

1-(4-Benzylpiperazin-1-yl)-3-(2-fluorophenyl)isoquinoline (5e)



S125

1H NMR (400 MHz, CDCl3)
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1-(4-Benzylpiperazin-1-yl)-3-(3,5-dimethoxyphenyl)isoquinoline (5f)
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S126

13C NMR (100 MHz, CDCl3)

N

N

N
Bn

OMe

OMe

1-(4-Benzylpiperazin-1-yl)-3-(3, 5-dimethoxyphenyl)isoquinoline (5f)
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S127

HRMS

N

N

N
Bn

OMe

OMe

1-(4-Benzylpiperazin-1-yl)-3-(3, 5-dimethoxyphenyl)isoquinoline (5f)



S128

1H NMR (400 MHz, CDCl3)
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1-(4-benzylpiperazin-1-yl)-6-bromo-3-phenylisoquinoline (5g)
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S129

13C NMR (100 MHz, CDCl3/DMSO-d6)

N

N
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Br

Bn

1-(4-benzylpiperazin-1-yl)-6-bromo-3-phenylisoquinoline (5g)
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S130

HRMS

N

N

N

Br

Bn

1-(4-benzylpiperazin-1-yl)-6-bromo-3-phenylisoquinoline (5g)



S131

1H NMR (400 MHz, CDCl3)
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1-(4-benzylpiperazin-1-yl)-6-chloro-3-(3-fluorophenyl)isoquinoline (5h)
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S132

13C NMR (100 MHz, CDCl3)
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F

1-(4-benzylpiperazin-1-yl)-6-chloro-3-(3-fluorophenyl)isoquinoline (5h)
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S133

HRMS

N

N

N

Cl

Bn

F

1-(4-benzylpiperazin-1-yl)-6-chloro-3-(3-fluorophenyl)isoquinoline (5h)



S134

1H NMR (400 MHz, CDCl3)
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1-(4-benzylpiperazin-1-yl)-3-(pyrazin-2-yl)isoquinoline (5i)
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S135

13C NMR (100 MHz, CDCl3)

N
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1-(4-benzylpiperazin-1-yl)-3-(pyrazin-2-yl)isoquinoline (5i)
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S136

HRMS

N

N

N

N

N

Bn

1-(4-benzylpiperazin-1-yl)-3-(pyrazin-2-yl)isoquinoline (5i)



S137

1H NMR (400 MHz, CDCl3)
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1-(4-benzylpiperazin-1-yl)-3-(thiophen-2-yl)isoquinoline (5j)
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S138

13C NMR (100 MHz, CDCl3)

N

N

N

S

Bn

1-(4-benzylpiperazin-1-yl)-3-(thiophen-2-yl)isoquinoline (5j)
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S139

HRMS

N

N

N

S

Bn

1-(4-benzylpiperazin-1-yl)-3-(thiophen-2-yl)isoquinoline (5j)



S140

1H NMR (400MHz, CDCl3)
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3-(p-tolyl)-N-(2-(4-(3-(p-tolyl)isoquinolin-1-yl)piperazin-1-yl)ethyl)isoquinolin-1-amine (6a)
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S141

13C NMR (100MHz, CDCl3)

N

HN

N
N N

Me

Me

3-(p-tolyl)-N-(2-(4-(3-(p-tolyl)isoquinolin-1-yl)piperazin-1-yl)ethyl)isoquinolin-1-amine (6a)
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f1 (ppm)

10
6.

24

11
1.

11

11
7.

63

12
0.

57
12

1.
95

12
5.

45
12

5.
64

12
5.

82
12

6.
63

12
7.

47
12

7.
71

12
9.

27
12

9.
45

12
9.

76

13
6.

92
13

7.
63

13
7.

95
13

8.
05

13
8.

31
13

9.
25

14
8.

44
14

9.
08

15
4.

89

16
0.

47

0102030405060708090100110120130140150160170180190200
f1 (ppm)

21
.3

8

37
.8

4

50
.8

5
52

.9
8

56
.8

2

76
.8

0
77

.1
2

77
.4

4
10

6.
24

11
1.

11
11

7.
63

12
1.

95
12

5.
45

12
5.

64
12

5.
82

12
6.

63
12

7.
47

12
7.

71
12

9.
27

12
9.

45
12

9.
76

13
6.

92
13

7.
95

13
8.

31
13

9.
25

14
8.

44
14

9.
08

15
4.

89
16

0.
47



S142

HRMS

N

HN

N
N N

Me

Me

3-(p-tolyl)-N-(2-(4-(3-(p-tolyl)isoquinolin-1-yl)piperazin-1-yl)ethyl)isoquinolin-1-amine (6a)



S143

1H NMR (400MHz, CDCl3)
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3-(3-fluorophenyl)-N-(2-(4-(3-(3-fluorophenyl)isoquinolin-1-yl)piperazin-1-yl)ethyl)isoquinolin-
1-amine (6b)
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S144

13C NMR (100MHz, CDCl3)

N

HN

N
N N

F

F

3-(3-fluorophenyl)-N-(2-(4-(3-(3-fluorophenyl)isoquinolin-1-yl)piperazin-1-yl)ethyl)isoquinolin-
1-amine (6b)
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S145

HRMS

N

HN

N
N N

F

F

3-(3-fluorophenyl)-N-(2-(4-(3-(3-fluorophenyl)isoquinolin-1-yl)piperazin-1-yl)ethyl)isoquinolin-
1-amine (6b)



S146

1H NMR (400 MHz, CDCl3)

N

HN

N
N N

F

F

Cl

Cl

6-chloro-N-(2-(4-(6-chloro-3-(3-fluorophenyl)isoquinolin-1-yl)piperazin-1-yl)ethyl)-3-(3-
fluorophenyl)isoquinolin-1-amine (6c)
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S147

13C NMR (100 MHz, CDCl3)

N

HN

N
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F

Cl

Cl

6-chloro-N-(2-(4-(6-chloro-3-(3-fluorophenyl)isoquinolin-1-yl)piperazin-1-yl)ethyl)-3-(3-
fluorophenyl)isoquinolin-1-amine (6c)
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S148

HRMS

N

HN
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6-chloro-N-(2-(4-(6-chloro-3-(3-fluorophenyl)isoquinolin-1-yl)piperazin-1-yl)ethyl)-3-(3-
fluorophenyl)isoquinolin-1-amine (6c)



S149

1H NMR (400MHz, CDCl3)

N

HN

N
N N

S

S

3-(thiophen-2-yl)-N-(2-(4-(3-(thiophen-2-yl)isoquinolin-1-yl)piperazin-1-yl)ethyl)isoquinolin-1-
amine (6d)
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S150

13C NMR (100MHz, CDCl3)

N

HN

N
N N

S

S

3-(thiophen-2-yl)-N-(2-(4-(3-(thiophen-2-yl)isoquinolin-1-yl)piperazin-1-yl)ethyl)isoquinolin-1-
amine (6d)
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S151

HRMS

N

HN

N
N N

S

S

3-(thiophen-2-yl)-N-(2-(4-(3-(thiophen-2-yl)isoquinolin-1-yl)piperazin-1-yl)ethyl)isoquinolin-1-
amine (6d)



S152

1H NMR (400MHz, CDCl3)

N

Ph

NH

N-((3S,5S)-adamantan-1-yl)-3-phenylisoquinolin-1-amine (7a)
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S153

13C NMR (100MHz, CDCl3)

N

Ph

NH

N-((3S,5S)-adamantan-1-yl)-3-phenylisoquinolin-1-amine (7a)
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S154

HRMS

N

Ph

NH

N-((3S,5S)-adamantan-1-yl)-3-phenylisoquinolin-1-amine (7a)



S155

1H NMR (400MHz, CDCl3)

N

Ph

Me NH

N-(1-((3r,5r,7r)-adamantan-1-yl)ethyl)-3-phenylisoquinolin-1-amine (7b)
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S156

13C NMR (100MHz, CDCl3)

N

Ph

Me NH

N-(1-((3r,5r,7r)-adamantan-1-yl)ethyl)-3-phenylisoquinolin-1-amine (7b)
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S157

HRMS

N

Ph

Me NH

N-(1-((3r,5r,7r)-adamantan-1-yl)ethyl)-3-phenylisoquinolin-1-amine (7b)



S158

1H NMR (400MHz, CDCl3)

N

Ph

N

N

Cl

8-chloro-11-(1-(3-phenylisoquinolin-1-yl)piperidin-4-ylidene)-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridine (7c)
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S159

13C NMR (100MHz, CDCl3)

N

Ph

N

N

Cl

8-chloro-11-(1-(3-phenylisoquinolin-1-yl)piperidin-4-ylidene)-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridine (7c)
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S160

HRMS

N

Ph

N

N

Cl

8-chloro-11-(1-(3-phenylisoquinolin-1-yl)piperidin-4-ylidene)-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridine (7c)



S161

1H NMR (400 MHz, CDCl3)

N

N

N
Bn

N

1-(4-benzylpiperazin-1-yl)-3-(pyridin-3-yl)isoquinoline (7d)
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S162

13C NMR (100 MHz, CDCl3)

N

N

N
Bn

N

1-(4-benzylpiperazin-1-yl)-3-(pyridin-3-yl)isoquinoline (7d)
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S163

HRMS

N

N

N
Bn

N

1-(4-benzylpiperazin-1-yl)-3-(pyridin-3-yl)isoquinoline (7d)



S164

1H NMR (400 MHz, CDCl3)

N

N

Ph

N
Me

1-(4-methylpiperazin-1-yl)-3-phenylisoquinoline (7e)
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S165

13C NMR (100 MHz, CDCl3)
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Ph

N
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1-(4-methylpiperazin-1-yl)-3-phenylisoquinoline (7e)
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S166

HRMS

N

N

Ph

N
Me

1-(4-methylpiperazin-1-yl)-3-phenylisoquinoline (7e)



S167

1H NMR (400MHz, CDCl3)
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S168

13C NMR (100MHz, CDCl3)
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S169

HRMS

N

N

Ph

N
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D

1-(4-benzylpiperazin-1-yl)-3-phenylisoquinoline-4-d (3f-D)


