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Isolated yields and spectroscopic data of synthesized compounds

N-Phenyl-N-(piperidin-4-yl) propionamide (norfentanyl) (4). Obtained from 5 via three step
synthesis already known from literature.’® Overall yield: 2.00 g (88.1 %); off-white solid; m.p.
83-84 °C. 'H NMR (500 MHz, CDCls): & = 7.46 — 7.36 (3H, m, Ar -H), 7.13 — 7.00 (2H, m, Ar-
H), 4.79 — 4.68 (1H, m, CH-H), 3.07 (2H, d, J = 12.3 Hz, CH>-H), 2.78 (1H, br. s, NH-H,
partially overlapped), 2.76 — 2.67 (2H, m, CH»-H), 1.92 (2H, q, J = 7.4 Hz, CH>-H), 1.84 — 1.74
(2H, m, CHz-H), 1.37 — 1.21 (2H, m, CHz-H), 1.01 (3H, t, J = 7.5 Hz, CH3z-H) ppm. **C NMR
(126 MHz, CDClz): 6 = 173.3, 138.9, 130.3, 129.3, 128.3, 52.1, 45.8, 31.5, 28.5, 9.6 ppm.

The spectra were in accordance with the previously reported data.

N-(1-(3-Chloropropyl) piperidin-4-yl)-N-phenylpropionamide (8a). Yield: 0.28 g (69.9 %); pale
yellow oil. *H NMR (500 MHz, CDClz): 6 = 7.55 — 7.29 (3H, m, Ar-H), 7.19 — 7.00 (2H, m, Ar-
H), 4.79—4.51 (1H, m, CH-H), 3.51 (2H, t, J = 6.5 Hz, CH2-H), 2.88 (2H, br. d, J = 12.0 Hz, CH,-
H), 2.41 (2H, t, J = 7.2 Hz, CH2-H), 2.21 — 2.04 (2H, m, CH>-H), 2.00 — 1.70 (6H, m, CH2-H),
1.59 — 1.28 (2H, m, CH2-H), 1.01 (3H, t, J = 7.4 Hz, CH3-H) ppm. *C NMR (126 MHz, CDCls):
6 =173.5, 138.9, 130.4, 129.3, 128.2, 55.3, 53.2, 52.1, 43.2, 30.5, 30.0, 28.4, 9.4 ppm.

8-(N-Phenylpropionamido)-5-azaspiro [4.5] decan-5-ium chloride (8b). Yield: 0.27 g (64.5%);
yellow oil. IR (ATR, cm™?): 2977.3 (C-H aliphatic), 1645.1 (C=0), 1272.8 (C-N amine). *H NMR
(500 MHz, CDCl3): 6 = 7.53 — 7.40 (3H, m, Ar-H), 7.14 (2H, d, J = 7.1 Hz, Ar-H), 4.82 — 4.59
(1H, m, CH-H), 4.02 — 3.74 (6H, m, CH»-H), 3.66 — 3.51 (2H, m, CH2-H), 2.23 (br. s, 4H), 2.12
(2H, d, J = 13.5 Hz, CH-2), 2.05 — 1.86 (4H, m, CH>-H), 0.98 (3H, t, J = 7.4 Hz, CH3-3) ppm. *C
NMR (126 MHz, CDCls): 6 =174.1, 139.1, 130.3, 129.7, 129.2, 67.1, 59.3, 57.7, 51.0, 41.2, 28.7,
26.0, 21.8, 21.2, 9.6 ppm. HRMS-HESI-Orbitrap: calcd. for C1gH27N20* [M] * 287.21179; found
287.21169.

3-(N-Phenylpropionamido)-6-azaspiro [5.5] undecan-6-ium chloride (8c). Yield: 0.29 g (66.2 %);
yellow oil. IR (ATR, cm™): 2943.0 (C-H aliphatic), 1647.4 (C=0), 1269.7 (C-N amine). *H NMR
(500 MHz, CDCl3): 6 =7.53 — 7.37 (3H, m, Ar-H,) 7.15 (2H, dd, J = 7.3, 1.9 Hz, Ar-H), 4.61 —
4.49 (1H, m, CH-H), 4.03 (2H, d, J = 12.6 Hz, CH>-H), 3.90 — 3.82 (2H, m, CH»-H), 3.78 (2H, t,
J =12.2 Hz, CH2-H), 3.59 (2H, br. s, CH2-H), 2.29 — 2.10 (2H, m, CH2-H), 2.07 (2H, d, J =13.1
Hz, CH2-H), 1.98 — 1.87 (4H, m, CH2-H), 1.79 (4H, br. s, CH2-H), 0.98 (3H, t, J = 7.4 Hz, CHas-
H) ppm. 3C NMR (126 MHz, CDCl3): § = 174.2, 139.8, 130.3, 129.3, 129.1, 64.2, 58.2, 53.7,
52.4, 28.8, 23.4, 21.3, 20.2, 19.7, 9.5 ppm. HRMS-HESI-Orbitrap: calcd. for C19H29N20" [M] *
301.22744; found 301.22694.

N-(1-(6-bromohexyl) piperidin-4-yl)-N-phenylpropionamide (8d). Yield: 0.36 g (71.2 %); pale
yellow oil. *H NMR (500 MHz, CDClz): 6 = 7.44 — 7.31 (3H, m, Ar-H), 7.14 — 6.98 (2H, m, Ar-
H), 4.73 — 4.56 (1H, m, CH-H), 3.50 (2H, t, J = 6.7 Hz, CH2-H), 2.91 (2H, d, J = 11.7 Hz, CH>-
H), 2.36 — 2.18 (2H, m, CH>-H), 2.09 — 1.98 (2H, m, CH»>-H), 1.92 (2H, q, J = 7.4 Hz, CH»>-H),
1.86 — 1.66 (4H, m, CHz-H), 1.47 — 1.34 (6H, m, CH2-H), 1.35 - 1.20 (2H, m, CHz-H), 1.01 (3H,
t, J = 7.4 Hz, CHs-H) ppm. $3C NMR (126 MHz, CDCls): & = 173.70, 139.07, 130.61, 129.44,
128.41, 58.71, 53.38, 52.44, 45.19, 32.67, 30.73, 28.69, 27.17, 27.08, 26.95, 9.80 ppm.
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N-phenylpiperidin-4-amine (12) Obtained from 9 via three step procedure already known from
literature.*°> Overall yield: 8.00 g (84.5 %); pale yellow oil. *tH NMR (500 MHz, CDCls): 6 =7.21
—7.09 (2H, m, Ar-H), 6.67 (1H, t, J = 7.3 Hz, Ar-H), 6.60 (2H, d, J = 7.7 Hz, Ar-H), 3.52 (1H, br.
s, NH-H), 3.36 (1H, br. s, CH-H), 3.11 (2H, dt, J = 12.8, 3.5 Hz, CH>-H), 2.71 (2H, td, J = 12.5,
2.5 Hz, CHy-H), 2.07 (2H, d, J = 12.5 Hz, CH2-H), 1.78 (1H, br. s, NH-H), 1.40 — 1.21 (2H, m,
CHz-H) ppm. 3C NMR (126 MHz, CDCls): & = 146.92, 129.26, 117.15, 113.21, 50.32, 45.50,
33.96 ppm.

4-chloro-1-(4-phenylpiperazin-1-yl) butan-1-one (13a). Yield: 0.90 g (97.3 %); pale yellow oil.
IR (ATR, cm™): 2916.3 (C-H aliphatic), 1644.4 (C=0), 869.9 (C-ClI). *H NMR (500 MHz, CDCls):
§=7.28 -7.17 (2H, m, Ar-H), 6.97 — 6.77 (3H, m, Ar-H), 3.76 — 3.67 (2H, m, CH-H), 3.64 —
3.54 (4H, m, CHz-H), 3.11 (4H, dt, J = 16.4, 5.2 Hz, CHz-H), 2.49 (2H, t, J = 7.1 Hz, CH>-H), 2.13
—2.05 (2H, m, CHz-H) ppm. ¥*C NMR (126 MHz, CDCls): § = 170.3, 151.0, 129.4, 120.7, 116.7,
49.8, 49.5, 455, 45.0, 41.7, 29.8, 28.0 ppm.

4-chloro-1-(4-(3-methoxyphenyl) piperazin-1-yl) butan-1-one (13b). Yield: 0.99 g (95.9 %); pale
yellow oil. IR (ATR, cm™): 2919.8 (C-H aliphatic), 1590.8 (C=0), 746.9 (C-Cl). *H NMR (500
MHz, CDClz): 8 = 7.05 - 6.97 (1H, m, Ar-H), 6.94 — 6.82 (3H, m, Ar-H), 3.86 (3H, s, OCHz-H),
3.81-3.75 (2H, m, CHz-H), 3.69 — 3.60 (4H, m, CHz-H), 3.02 (4H, dt, J = 18.4, 5.1 Hz, CH2-H),
2.53 (2H, t, J = 7.1 Hz, CH,-H), 2.14 (2H, q, J = 6.5 Hz, CH2-H). ppm. *C NMR (126 MHz,
CDCls): 6 = 170.3, 152.4, 140.7, 123.7, 121.2, 118.5, 111.5, 55.5, 51.1, 50.7, 45.8, 45.0, 42.0,
29.9, 28.0 ppm.

4-chloro-1-(4-(2,3-dichlorophenyl) piperazin-1-yl) butan-1-one (13c). Yield: 1.14 g (97.9 %); pale
yellow oil. IR (ATR, cm™): 2921.7 (C-H aliphatic), 1644.6 (C=0), 784.2 (C-Cl), 715.0 (C-CI). 'H
NMR (500 MHz, CDClg): & = 7.24 — 7.13 (2H, m, Ar-H), 6.93 (1H, dd, J = 7.7, 1.9 Hz, Ar-H),
3.84 — 3.77 (2H, m, CH-H), 3.69 — 3.65 (4H, m, CH>-H), 3.07 — 2.98 (4H, m, CH»>-H), 2.56 (2H,
t, J = 7.1 Hz, CHz-H), 2.20 — 2.12 (2H, m, CH2-H) ppm. *C NMR (126 MHz, CDCls): = 13C
NMR (126 MHz, CDCI3) 6 170.4, 150.7, 134.2, 127.7, 125.3, 118.9, 51.7, 45.9, 45.8, 44.9, 41.9,
29.8, 28.0 ppm.

4-(4-(phenylamino) piperidin-1-yl)-1-(4-phenylpiperazin-1-yl) butan-1-one (14a). Yield: 0.34 g
(49.2 %); pale yellow oil. IR (ATR, cm™): 3340.7 (N-H amine), 3048.8 (C-H aromatic), 2939.2
(C-H aliphatic), 1637.7 (C=0), 1232.1 ( C-N amine). *H NMR (500 MHz, CDCls3): §=7.34—7.20
(2H, m, Ar-H), 7.22 — 7.07 (2H, m, Ar-H), 6.97 — 6.79 (3H, m, Ar-H), 6.76 — 6.63 (1H, m, Ar-H),
6.64 — 6.56 (2H, m, Ar-H), 3.86 — 3.73 (2H, m, CHz-H), 3.70 — 3.60 (2H, m, CHz-H), 3.51 (1H,
br. s, NH-H), 3.37 — 3.24 (1H, m, CH-H), 3.21 — 3.11 (4H, m, CH>-H), 2.89 (2H, d, J = 11.4 Hz,
CH-H), 2.51 — 2.34 (4H m, CH2-H), 2.25 - 2.10 (2H, m, CH-H), 2.06 (2H, d, J = 12.0 Hz, CH>-
H), 1.95 - 1.81 (2H, m, CH,-H), 1.60 — 1.37 (2H, m, CHz-H) ppm. 3C NMR (126 MHz, CDCls):
0=171.5,151.1, 147.2,129.4,129.4, 120.7, 117.3, 116.7, 113.4, 58.0, 52.5, 50.0, 49.9, 49.5, 45.6,
41.6, 32.6, 31.1, 22.8 ppm.
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1-(4-(3-methoxyphenyl) piperazin-1-yl)-4-(4-(phenylamino) piperidin-1-yl) butan-1-one (14b).
Yield: 0.33 g (45.1%); pale yellow oil. IR (ATR, cm™): 3340.4 (N-H amine), 3050.8 (C-H
aromatic), 2936.6 (C-H aliphatic), 1636.4 (C=0), 1241.5 (C-N amine). *H NMR (500 MHz,
CDCl3): 6 =7.21 — 7.11 (2H, m, Ar-H), 7.11 — 6.99 (1H, m, Ar-H), 6.96 — 6.87 (3H, m, Ar-H),
6.73 - 6.63 (1H, m, Ar-H), 6.62 — 6.56 (2H, m, Ar-H), 3.87 (3H, s, OCHas-H), 3.83 —3.77 (2H, m,
CH-H), 3.73 — 3.61 (2H, m, CHz-H), 3.52 (1H, br. s, NH-H), 3.34 — 3.24 (1H, m, CH-H), 3.01 -
2.96 (4H, m, CH2-H), 2.88 (2H, d, J = 11.0 Hz, 2H), 2.47 — 2.36 (4H, m, CH,-H), 2.14 (2H, 1, J =
11.0 Hz, CH2-H), 2.05 (2H, d, J = 11.8 Hz, CH2-H), 1.94 - 1.78 (2H, m, CHz-H), 1.58 — 1.35 (2H,
m, CHz-H) ppm. C NMR (126 MHz, CDCls): § =171.4, 152.3, 147.1, 140.7,129.3, 123.6, 121.1,
118.4,117.2, 113.3,111.4, 57.9, 55.5, 52.4, 51.1, 50.6, 49.9, 45.9, 41.8, 32.5, 31.0, 22.7 ppm.

1-(4-(2,3-dichlorophenyl) piperazin-1-yl)-4-(4-(phenylamino) piperidin-1-yl) butan-1-one (14c).
Yield: 0.45 g (55 %); pale yellow oil. IR (ATR, cm™): 3341.4 (N-H amine), 3049.9 (C-H aromatic),
2940.6 (C-H aliphatic), 1638.1 (C=0), 1237.8 (C-N amine). *H NMR (500 MHz, CDCls): § = 1H
NMR (500 MHz, Chloroform-d) 6 7.21 — 7.11 (3H, m, Ar-H), 7.01 — 6.88 (2H, m, Ar-H), 6.71 —
6.64 (1H, m, Ar-H), 6.62 — 6.56 (2H, m, Ar-H), 3.84 — 3.77 (2H, m, CH>-H), 3.71 - 3.62 (2H, m,
CH>-H), 3.52 (1H, br. s, NH-H), 3.36 — 3.28 (1H, m, CH-H), 3.05 — 2.97 (4H, m, CH>-H), 2.94 —
2.85 (2H, m, CHz-H), 2.46 — 2.36 (4H, m, CH2-H), 2.22 — 2.11 (2H, m, CH»-H), 2.10 — 2.02 (2H,
m, CH2-H), 1.93 — 1.80 (2H, m, CHz-H), 1.60 — 1.41 (2H, m, CHz-H) ppm. *C NMR (126 MHz,
CDCl3): 6=171.5,150.7, 147.2,134.3, 129.4, 127.8, 127.7,125.3, 118.8, 117.3, 113.3, 57.9, 52.5,
51.8,51.2,50.1, 45.9, 41.9, 32.6, 31.0, 22.7 ppm.

N-phenyl-1-(4-(4-phenylpiperazin-1-yl) butyl) piperidin-4-amine (16a). Yield: 0.33 g (84.8 %);
pale yellow oil. IR (ATR, cm™): 3397.6 (N-H amine), 3053.4(C-H aromatic), 2938.4 (C-H
aliphatic), 1601.4(C=0), 1235.7 (C-N amine). *H NMR (500 MHz, CDCls): § = 7.32 — 7.24 (2H,
m, Ar-H), 7.21 - 7.14 (2H, m, Ar-H), 6.98 — 6.91 (2H, m, Ar-H), 6.91 — 6.83 (1H, m, Ar-H), 6.73
—6.65 (1H, m, Ar-H), 6.65 — 6.57 (2H, m, Ar-H), 3.46 (1H, br. s, NH-H), 3.39 — 3.28 (1H, m, CH-
H), 3.27 — 3.18 (4H, m, CHz-H), 2.92 (2H d, J = 11.0 Hz, CH>-H), 2.65 — 2.57 (4H, m, CHz-H),
2.46 — 2.35 (4H, m, CH2-H), 2.15 (2H, t, J = 11.1 Hz, CH>-H), 2.08 (2H, d, J = 12.1 Hz, CH»-H),
1.62 — 1.44 (6H, m, CH2-H) ppm. 3C NMR (126 MHz, CDCls): § = 151.3, 147.0, 129.3, 129.1,
119.6, 117.2, 116.0, 113.2, 58.5, 58.4, 53.2, 52.4, 49.1, 32.4, 25.0, 24.9 ppm.

1-(4-(4-(3-methoxyphenyl) piperazin-1-yl) butyl)-N-phenylpiperidin-4-amine (16b). Yield: 0.42 g
(84.2 %); pale yellow oil. IR (ATR, cm™): 3307.5 (N-H amine), 3052.1(C-H aromatic), 2939.0 (C-
H aliphatic), 1601.1(C=0), 1241.2 (C-N amine). *H NMR (500 MHz, CDCl3): § = 7.19 — 7.12
(2H, m, Ar-H), 7.03 - 6.94 (1H, m, Ar-H), 6.97 — 6.89 (2H, m, Ar-H), 6.88 — 6.82 (1H, m, Ar-H),
6.72 -6.64 (1H, m, Ar-H), 6.63 — 6.55 (2H, m, Ar-H), 3.85 (3H, s, OCHzs-H), 3.53 (1H, br. s, NH-
H), 3.40 — 3.24 (1H, m, CH-H), 3.10 (4H, br. s, CHz-H), 2.91 (2H, d, J = 11.2 Hz, CH»-H), 2.66
(4H, br. s, CH2-H), 2.47 — 2.35 (4H, m, CHz-H), 2.15 (2H, t, J = 11.0 Hz, CH2-H), 2.07 (2H, d, J
= 11.8 Hz, CH2-H), 1.56 (4H, br. s, CH2-H), 1.55 — 1.44 (2H, m, CHz-H) ppm. *C NMR (126
MHz, CDCls): 6 = 153.8, 148.6, 142.9, 130.9, 124.5, 122.6, 119.8, 118.8, 114.8, 112.8, 60.1, 56.9,
55.0, 54.0, 52.2, 51.4, 33.9, 26.6 ppm.

1-(4-(4-(2,3-dichlorophenyl) piperazin-1-yl) butyl)-N-phenylpiperidin-4-amine (16c¢). Yield: 0.46
g (83.1 %); pale yellow oil. IR (ATR, cm™): 3399.9 (N-H amine), 3051.9 (C-H aromatic), 2936.4
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(C-H aliphatic), 1602.2 (C=0), 1242.3 (C-N amine), 781.3 (C-CI). *H NMR (500 MHz, CDCls):
0=7.19-7.05 (4H, m, Ar-H), 6.70 — 6.63 (1H, m, Ar-H), 6.62 — 6.56 (3H, m, Ar-H), 3.50 (1H,
br. s, NH-H), 3.34 — 3.21 (1H, m, CH-H), 3.12 — 2.93 (4H, m, CH2-H), 2.86 (4H, d, J = 10.7 Hz,
CH2-H), 2.39 — 2.29 (4H, m, CH2-H), 2.15 — 1.99 (6H, m, CH2-H), 1.55 — 1.47 (4H, m, CHz-H),
1.50 — 1.41 (2H, m, CH2-H) ppm. *C NMR (126 MHz, CDCls): 6 = 13C NMR (126 MHz, CDCI3)
0 151.8,147.2,134.1,129.4,127.5, 124.7, 124.6, 118.8, 117.3, 113.3, 58.7, 52.6, 51.4, 50.1, 46 .4,
32.7, 25.4.ppm.

N-Phenyl-N-(1-(4-(4-phenylpiperazin-1-yl) butyl) piperidin-4-yl) propionamide (1a). Yield: 0.22
g (83 %); pale yellow oil. IR (ATR, cm™): 3058.6 (C-H aromatic); 2939.1(C-H aliphatic); 1655.8
(C=0); 1238.4(C-N-amine). *H NMR (500 MHz, CDCls): § = 7.49 — 7.32 (3H, m, Ar-H), 7.29 —
7.20 (2H, m, Ar-H), 7.11 —7.00 (2H, m, Ar-H), 6.94 — 6.88 (2H, m, Ar-H), 6.89 — 6.81 (1H, m,
Ar-H), 4.73 — 458 (1H, m, CH-H), 3.22 — 3.15 (4H, m, CH»-H), 2.94 (2H, d, J = 11.4 Hz, CH>»-
H), 2.62 — 2.53 (4H, m, CH»-H), 2.34 (4H, dt, J = 20.1, 6.2 Hz, CH»-H), 2.08 (2H, t, J = 11.5 Hz,
CH2-H), 1.92 (2H, q, J = 7.3 Hz, CH>-H), 1.78 (2H, d, J = 11.6 Hz, CH2-H), 1.53 — 1.44 (4H, m,
CHo-H, partially overlapped), 1.44 — 1.35 (2H, m, CH»-H, partially overlapped), 1.01 (3H, t, J =
7.4 Hz, CHz-H) ppm. $3C NMR (126 MHz, CDCls): 8 = 173.6, 151.4, 138.9, 130.5, 129.4, 129.2,
129.2, 128.4, 119.7, 116.1, 58.5, 58.4, 53.3, 53.2, 52.2, 49.1, 30.5, 28.6, 25.1, 24.9, 9.7 ppm.
HRMS-HESI-Orbitrap: calcd. for C2sHaoN4O [M+H] * 449.32749; found 449.32844.

N-(1-(4-(4-(3-methoxyphenyl) piperazin-1-yl) butyl) piperidin-4-yl)-N-phenylpropionamide (1b).
Yield: 0.25 g (85.6 %); pale yellow oil. IR (ATR, cm™): 3058.2 (C-H aromatic); 2939.1 (C-H
alkane); 1655.5 (C=0); 1241.4 (C-N amine). *H NMR (500 MHz, CDCls): § = 7.44 — 7.34 (3H,
m, Ar-H), 7.11 — 7.04 (2H, m, Ar-H), 7.03 - 6.97 (1H, m, Ar-H), 6.96 — 6.90 (2H, m, Ar-H), 6.89
—6.83 (1H, m, Ar-H), 4.78 — 4.54 (1H, m, CH-H), 3.86 (3H, s, OCH3z-H), 3.09 (4H s, CH2>-H),
2.95 (2H, d, J = 11.4 Hz, CH2-H), 2.64 (4H, s, CH2-H), 2.44 — 2.36 (2H, m, CH2>-H), 2.37 — 2.28
(2H, m, CHz-H), 2.08 (2H, t, J = 11.3 Hz, CH»-H), 1.93 (2H, q, J = 7.3 Hz, CH2-H), 1.79 (2H, d,
J=11.5Hz, CH2-H), 1.58 — 1.44 (4H, m, CH-H, partially overlapped), 1.46 — 1.34 (2H, m, CH.-
H, partially overlapped), 1.02 (3H, t, J = 7.4 Hz, CHz-H) ppm. *C NMR (126 MHz, CDCls): § =
173.6, 152.3, 141.4, 138.9, 130.5, 129.4, 128.3, 123.0, 121.1, 118.3, 111.3, 58.6, 58.5, 55.4, 53.5,
53.2, 52.3, 50.6, 30.5, 28.6, 25.2, 24.9, 9.7 ppm. HRMS-HESI-Orbitrap: calcd. for C29H42N4O>
[M+H]* 479.33805; found 479.33886.

N-(1-(4-(4-(2,3-dichlorophenyl) piperazin-1-yl) butyl) piperidin-4-yl)-N-phenylpropionamide
(1c). Yield: 0.26 g (84.2 %); pale yellow oil. IR (ATR, cm™): 3057.9 (C-H aromatic); 2940.2 (C-
H aliphatic); 1653.8 (C=0); 1242.7 (C-N amine), 735.7(C-Cl). *H NMR (500 MHz, CDCls): & =
7.45-7.33 (3H, m, Ar-H), 7.16 — 7.10 (2H, m, Ar-H), 7.10 — 7.02 (2H, m, Ar-H), 6.99 — 6.89 (1H,
m, Ar-H), 4.71 - 4.60 (1H, m, CH-H), 3.05 (4H s, CH2>-H), 2.96 (2H, d, J = 11.5 Hz, CH»>-H), 2.62
(4H's, CH2-H), 2.47 — 2.37 (2H, m, CH2-H), 2.37 — 2.30 (2H, m, CH»-H), 2.10 (2H, t, J = 11.6 Hz,
CH-H), 1.97 — 1.88 (2H, m, CH>-H), 1.78 (2H, d, J = 12.6 Hz, CH>-H), 1.53 — 1.46 (4H, m, CH>-
H, partially overlapped), 1.46 — 1.35 (2H, m, CH2-H, partially overlapped), 1.01 (3H, t,J = 7.4 Hz,
CHs-H) ppm. 3C NMR (126 MHz, CDCls): § = 173.6, 151.3, 138.9, 134.1, 130.4, 129.4, 128 4,
127.5, 124.6, 118.7, 58.4, 58.3, 53.3, 53.1, 52.2, 51.2, 30.4, 28.6, 24.9, 24.8, 9.7 ppm. HRMS-
Heated ESI-Orbitrap: calcd. for C2sHzsCI2N4O [M+H] ™ 517.24954; found 517.25082.



Spectra of the final compounds
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“C NMR (126 MHZ,CDCI,)
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'H NMR (500 MHZ,CDCl,)
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“C NMR (126 MHZ,CDCI,)
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DEPT(126 MHZ,CDCI,)
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"H NMR (500 MHZ,CDCl,)
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“C NMR (126 MHZ,CDCI,)
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Spectra of the undesired products
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APT(126 MHZ,CDCI,)
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'H NMR (500 MHZ,CDCI,)
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“C NMR (126 MHZ,CDCI,)
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APT(126 MHZ,CDCI,)
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'H NMR (500 MHZ,CDCI,)
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“C NMR (126 MHZ,CDCL,)

1o —

0ETIT
mZ:V
ayErr <
ELLTTN
szart
Nmm:N
SoTET \
prTEL
vezzl

C9ECL
6v621 7

080F] ~
9HTHT <7

TL9PT —

9EZ5T —

PETLT
LVTLT >

aromatic carbons

19
22

18

20 21

16
17
|

L

e

1 (ppm)

219

16



— 17146
152.36)

APT(126 MHZ,CDCI,)

s AR e D
¥ 23 T LmcCnaaen THIoED 2§ Tne =
o = o L R - - L R TR~ O o Mg a
- 8 aNANNmoHnd BEAARER ¢ ¢ HAER A
| A [ ' ANAN O] NV |

aromatic carbons

2 5
6
3 N7
9 6
20 3
21
8 13 12 1
NGE o
16N o
4 i 12 aul4 8 42
[} 13
15b
170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20
f1 (ppm)

220

— |Ii|1” l T{ll“"m'

HSQC (500 MHZ,CDGl,)

Lo by

221
222

{2.083241 L 30
{2.4131.05(\(2,42:%)
13.81,81.89,
\ £3.68,46.013 re
s {3.04,50.74& w0
- 2.66,53.58) -
* {S'SS'ES‘SZVME’SSM} j jzm,sa.nﬁ}
I 60
F70
10 18 ree
M o g
N\ﬂ o o2
Y17 HeT -
1 15 | 100
2 5
RN 6 L 110
16.92,1 m.szs. co 12100 3 Nl
(701,123«55K~A“)s 0 9 6 L 120
(7‘17.129-43}\ "6.99,122.90} 20 3 21
8 13 12 F130
16N o I 140
4 12 14
13 o
o] I 150
15b
7‘.5 7’0 6‘5 6‘.0 5‘.5 ‘ :5 4‘.0 3:5 3‘.0 2’.5 2‘ 0

5.0 4
f2 (ppm)

17



223
224

225
226
227
228
229
230
231
232
233

234

235

236

237

References
1. 1. V.Micovi¢, M. D. Ivanovi¢, D. M. Piatak, V. D. Boji¢, Synthesis, 11 (1991) 1043

2. A.J.Walz, F.-L. Hsu, Org. Prep. Proced. Int. 49 (2017) 467

3. L.-Y.Hu, T.R. Ryder, M. F. Rafferty, C. P. Taylor, M. Rose Feng, B.-S. Kuo, S. M. Lotarski, G.

P. Miljanich, E. Millerman, M. Siebers, B. G. Szoke, Bioorg. Med. Chem. 8 (2000) 1203
4. 1. 1. Jevti¢, L. Dosen-Micovié, E. R. Ivanovi¢, N. M. Todorovi¢, M. D. Ivanovi¢, Synthesis 49
(2017) 3126

5. G. M. Wuts, T. W. Greene, Greene’s Protective Groups in Organic Synthesis, 4th Edition, John

Wiley & Sons, Inc., Hoboken, NJ, USA, 2006

18



